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IN OC10BER1984, 
1 MEGABIT BUBBLES · 

WILL BE $99.* 

* ln 1980, we guaranteed the lowest 1 MB bubble price through 1982 and delivered. Now we're doing it again. With our BPK70-4, in quantities 
of 25 ,000 or more. So call (800) 538-1876 for details. In California. (800) 672-1833. And book your order now 
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Lundy graphics terminals 
are setting standards because we set 

high standards for Lundy. 
Standards: no other 3D graphics vector work-station delivers more speed or a higher IQ than 

the UltraGrat;™only our color raster scan display products offer resolution as high as 1,536x1,024 pixels. 
But there's still another standard you should investigate-the one we set for our company. 

Be careful. The fast-paced world of high 
tech breeds a lot of companies that 
don 't survive; five years from now, many 
graphic terminal manufacturers won't be 
around anymore. Which means you 
could be left without service, support 
or enhancements. 

Lundy: a company 
as good as its products. 

Thats why we think its important you 
know as much about our company as 
our products . We're a high tech com
pany thats been able to balance stan
dard-setting technology with solid 
business sense-no small achievement. 

Now, don't take our word for that, 
take Forbes magazines instead. Lundy 
was on Forbes' Up&Coming List for 1982, 
a select roster of companies that look 
good for the long term because they've 
paid attention to basics: low debt load, 
consistently good profit picture, sound 
management, investment in service, 
support and R&D. 

T5680 color raster, 3D UltraGraf'"and T5470 

Lundy maintains the largest service 
infrastructure-52 locations. 

Our graphics terminals feature the 
best price/performance ratios available 
today 

We have developed a new software 
subroutine package with exceptional 
compatibility Its 300 functions deliver a 

new high in high powered productivity 
Lundy continues to invest in ex

panded R&D each and every year. Be
cause R&D is the name of this highly 
competitive game-and we intend to 
keep setting standards. 

We'll help you 
see more in graphics. 

When you take a close look at our 
graphics terminals, service, support, 
software, systems capability, enhance
ments-and our company-you'll 
understand why Lundy can help you 
see more in graphics now and in the 
long term. 

For more information, write: 
Lundy Electronics & Systems, Inc. , 
Glen Head, New York 11545, 
or call: (516) 671-9000. 

Mt. Everest, symbolic of aiming high, was generated on the Lundy T5680 raster: It offers 16 colors and 136 shades from a palette of 4,096 colors. 
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Great office networks 
from little micros grow 
by Howard Falk 
Micro/personal computers have 
already revolutionized business 
planning; now, system developers are 
finding ways to link them into 
multiple-unit systems for even greater 
office productivity. 

37 
An expert for every office 
by Richard Parker and 
Nicolas Mokhoff 
Knowledge-based systems can 
improve office productivity by 
applying artificial intelligence to 
routine office tasks. 

51 
Sizing up 16-bit portable 
computers 
by Deb Highberger 
Designing powerful, lightweight 
tote-alongs takes low power circuitry, 
adroit packaging-and maybe a 
second look at the relationship 
between system architecture and 
software support. 

61 
Tying it together in the 
integrated office system 
by Barbara Babcock 
A successful information management 
system combines operating systems, 
communications, data management, 
and languages to provide a mix of 
office automation and decision 
support. 

69 95 
A common interface, Baseband LAN fine 
the heart of office tunes token-passing 
automation technique 
by David M. Stroll by Edwin A. Bertness 
The critical element in a whole-a token-passing scheme can solve 
system-one that se io con tention and performance problems 
and executives as we! as cler~k/ 
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Office automation is not 
just for typists 
by Charles R. Miller 
Professionals, managers, and 
executives make the greatest 
contribu tions to business objectives 
and have the greatest impact on salary 
expenditures. Automated support of 
their knowledge/information activities 
is therefore essential . 

81 
Optical disks make office 
sense 
by Larry Fu jitani and Gordon Knight 
Cost effectiveness and media 
removability boost optical storage to 
complement magnetic media in 
electronic offices. 

89 
There's more to a wand 
than meets the eye 
by Serge L. Blanc 
Improved circuitry of optical 
recogni tion systems introduces 
applications that could include 
office work. 

101 
Ergonomics: more than 
just swivel and Ult 
by David M. Gilfoil 
First-level ergonomic objectives such 
as detachable keyboards and nonglare 
displays just scratch the surface of 
user friendliness. Now, sophisticated 
system-level interfaces must be 
developed to meet the needs of a wide 
range of operators. 
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The system builder's best choice 
for color graphics Is a C55000 
color system from SCION. Its basic 
component Is MlcroAngclo~ the 
single board graphics display 
computer that has revolutionized 
monochrome display capablllty 
with low cost 51tx480 pixel 
graphics resolution and 40 line 
by 85 character text capacity. 
When MlcroAngelo boards arc combl ncd, they create 
high resolution color graphics that have a unique ad· 
vantage. The displayed Image Is a combination of 
transparencies. So you can add, modify or delete 
Images by transparency rather than as an entire Image. 
SCION's Series CS5000 builds an image with up to 8 bit 
planes, each generated by a MicroAngelo board. You 
select the assignment of those bit planes to transpar
encies. Each transparency can display 2n -1 colors where 
n is the number of bit planes it uses ... 2 bit planes would 
make a three color transparency, 8 bit planes would 
make a 255 color transparency. Once each transparency 
has been defined, your host can work w ith it inde
pendently, generating and modifying its graphics and 
text without interacting with the others. The indepen
dent transparencies are combined by the Color Mixer 
board which also assigns one of 16.8 million possible 
colors to each color of each transparency. 

Your computer talks to the SCION 
Color System in SCREENWARE'~ 
SCION's high level display firm
ware language. SCREENWARE 
commands are used by the com
puter in each MicroAngelo bit 
plane to generate graphics and 
text primitives. User interface is 
made simple with prompted sys
tem set-up using SCION's ColorPak. 

MicroAngelo based color graphics systems are easy to 
use. Just plug the boards into your Multibus or S-100 
host. Or use the freestanding work station configuration 
with its RS-232 interface. In each case, you get high reso
lution color graphics for such a low price you can't 
afford to design your own. 

Think SCION for your graphics display needs. 
Think MlcroAngelo. call us at (703) 476-6100. 

CIRCLE 4 

System shown 1s a Model CSSOSOS 
·A trademark of Intel Corp 

SC/c:JN 
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12310 Pinecrest Rd./Reston, VA 22091 
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EDITORIAL 

The automated office and its 
people are here to stay 

Of all the areas using computer 
technology, not one involves the human 
element more than the automated 
office. Certainly there is no area where 
the human element is more readily 
apparent-and more important. 

Rather than causing a decrease in the 
number of available jobs-as critics 
of automation continue to predict
office automation has resulted in an 
increased need for people. Even within 
our own editorial offices, for example, 
automation has improved our 
efficiency, but without loss of personnel. 
Actually, we continue to add people to 
our group . 

Moreover, office automation has 
expanded beyond the word processing 

level of the past few years . It is now a part of the day-to-day activities of th e 
professional, the manager, and the executive, as well as the typist. The whole
office or even the whole-company system is now common. In practice today, 
office automation can involve multiple offices, buildings, cities, and even 
countries. r--

Of course, this trend has obsoleted many of the systems that were 
considered state-of-the-art only a few years ago. Yet it is a healthy trend. 
Besides increased efficiency and other benefits to individual companies, it has 
sparked an tndustry that remains U.S. dominated and is growing rapidly. 

Although they differ in amounts, all educated forecasts indicate a dramatic 
increase in the sales of computers, disk drives, printers, terminals, and other 
associated devices for the office automation industry. Again, this is not limited 
to word processing equipment. It also involves some very sophisticated 
executive systems that enable high level personnel to access needed 
information at a touch of a screen-no convoluted and time-consuming series 
of keyboard maneuvers are required. Nor does the executive need to ask 
someone else to find the data . 

As you will note when reading the articles in this issue, office automation 
involvement also includes some facets that are hidden from the user. For 
example, whether or not the user cares, artificial intelligence will play a major 
part in future systems . And, optical disks for archival and alterable storage are 
not far off. 

Overall, the next few years will prove very exciting for office automation and 
the design of automated office systems . This issue of Computer Design will 
update you to important trends in the field . We hope you enjoy and profit 
from our efforts . 

Sydney F. Shapiro 
Special Edition Editor 

COMPUTER DESIGN/Fal l 1983 5 



© 1983 Advanced Micro Devices, Inc. 

PHILlfS 
. jJ-__ ____, 

T FUJ 

EU~OP E 

A TLANTI c (j( 

Write or call for a free Sunnyvale poster and all the facts on our memories. 



A WOR• D PERSPECTIVE. 

+ 

If you're looking for the world's fastest 
MOS static RAMs, don't look in Holland. 

Searching for the world's fastest 
bipolar PROMs? Forget Texas or Arizona. 

And you won't find the world's fastest 
EPROMs anywhere near Mt. Fuji. 

They're all right here in Sunnyvale. 
At Advanced Micro Devices. 

Everything we make is fast. 
Including the Amm56, the world's 

fastest 256K EPROM. 
The Am27256is170ns fast. It's the 

only EPROM quick enough to keep up with 
a lOMHz MPU without a wait state. 

And we've got the 40ns Am27S43A, 
the world's fastest 32K bipolar PROM. 
And the 35ns Am2167, the world's fastest 
16K static RAM. 

With leading-edge parts like these, 
it's no wonder memories account for half 
our total sales. 

And our other products are just as hot. 
Controllers. Bipolar and MOS micro

processors. Communications circuits. 
Signal processors. We've got 'em all, and 
then some. 

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

Next time your design demands high 
performance memories, or any high
performance parts, look us up. 

We put high performance on the map. 

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

For direct factory response call (408 ) 749-5000. Ou tside California, call toll free (800) 538-8450, ext. 5000. 
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Amphenol® 
D-subminiatures. 
weve got your 
numbers. 
When you 're looking for D-subminiatures, 
Amphenol has the answers. Choose from several 
different families. With a wide range of dielectric 
materials, contact types, configurations, and 
accessories, whatever your design and cost re
quirements, we can probably meet them. And you 
can quote us! 

For low-cost, high-volume applications, the 
Poke-Home® 17RR Series has reel-fed rear-release 
crimp contacts and 94V-O rated insulators. The 



170 Series, for low-cost fixed-contact applications, 
comes in four contact termination styles. Both 
series conform to EIA RS-232C/RS-449. 

Original Poke-Home 17 Series connectors have 
been an industrial standard for years. Removable 
screw-machine contacts can be inserted in various 
arrangements in five shell sizes. With extended 
nylon insulators, they virtually eliminate sleeving 
or potting. 

For flat-ribbon cable in data communications 
applications, 17DFR Series plastic shell and 842-817 
Series metal shell connectors are low profile and 
fully intermateable with other D-subminiatures 
with standard 0.054" (1 .37mm) contact centers. 
No cable preparation is needed. 

For military applications, the 17DMM Series 
conforms to MIL-C-24308 with monoblock OAP 
insulators and fixed contacts. The 17DF Series, for 
industrial and telecommunications applications, 
conforms to NFL 93 425 and EIA RS-232C/RS-
449. The two-piece insulators are 94V-O rated. 

Standard contact plating is 30 microinches gold 
over nickel. Contacts are fixed. Both series accept 
solder pot, straight or right-angle PC board and 
wire-wrappable contacts. Filter; power; coax and 
high-voltage contacts are also available. 

For the numbers you want to hear; check with 
us today. For more information, technical assistance, 
and prices . .. 

Call the Amphenol D-sub quote line 

1-800-323-7298 

Amphenol 
An §LIED Company 

Amphenol World Headquarters: Oak Brook, IL 60521 
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and you'll know why HP's new 
Protocol Anal~r is your key to increased 

profits in datacommunications. 

Success in today's highly competitive datacommunications 
marketplace demands timely introduction of new products and 
services. You can help secure that important edge with HP's 
new 49SSA Protocol Analyzer. The 49SSA saves you design 
time by simulating network components. Exercise your hard
ware and software as it's being developed, not after it's installed. 
Monitor, simulate, and trigger from SO bps to 72 kbps. The 
HP 49SSA has the power and flexibility to handle your needs 
today and far into the future . With it, you can bring your 
products to market faster, and with a greater level of reliability 
than ever before. 

Easily identify protocol problems at the physical interface 
frame, and packet levels using the 49SSA's multiple display 
formats. One format, for example, gives you data simul
taneous with lead transitions, so you can instantly pinpoint hand
shaking faults. 

For non-stop versatility, the 49SSA supports major protocols 
and standard data codes. Using a proprietary protocol and 
architecture? No problem. Our datacomm-enhanced BASIC 
lets you program sophisticated test routines and 
perform higher-level protocol analysis .I Create 
statistical displays (tables, graphs, histograms) 
and perform detailed message manipulation 
for your own network needs. Add to that the 
capability of printer output and you have per
manent records of network performance. No 
matter the task, the 49SSA improves your 
efficiency for network planning, installation, 
and expansion. 

Quickly debug and troubleshoot communi
cations problems either on-line or in a post
processing mode. The 63 triggers, the most ex
tensive in the industry, allow you to work and 
trap in real time, to catch elusive problems. 
The intelligent 128K-character capture memory 
increases your real data storage by eliminating line
idles without sacrificing timing information. 

All this, at the touch of a few softkeys. From 
power-on right through complex measurement 

~!j:!jOM~ HP·IB:NotpstUE~Ba.~tt~ 
h•rltw•..,.docurnt:nlation•nd 

•uf)90fltMtd<:IM:nolhcshon.ut 
SYSTEMS ~h to• musumncnt •ystcm. 
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sequences. Our softkey command structure frees you from 
having to memorize cryptic syntax by presenting only valid 
choices every time you select a menu setup or change. 

The HP 49SSA Protocol Analyzer. It speaks your language. 
It speaks your network's language. It's your key to increased 
profits in the datacommunications marketplace. 

For a technical data sheet, write to Hewlett
Packard, Literature Distribution, 1820 
Embarcadero Rd., Palo Alto, California 94304 
or for more information, call your local HP 
sales office listed in the telephone directory 
white pages. Ask for an HP Instruments 
Field Engineer. 

HEWLETT 
PACKARD 

3801302A 



How the Plastics Fanatics lower 
the ceiling on housing costs. 

When tight deadlines and tighter profit margins put the pinch on you and 
your electronic enclosure costs, no one can help ease the squeeze quite like 
an American Hoechst service technician. Here's why. 

First, he's part of an experienced team of specialists that has worked 
closely with the electronics industry in developing a total family of American 
Hoechst V-0 polystyrenes to solve a wide range of enclosure design and 
processing problems. 

He also knows what it takes to fill your complete needs when it 
comes to modified, high impact polystyrenes that will give you the durabil
ity, heat and creep resistance, color stability and finish characteristics you 
need-without costly overengineering! He's familiar, too, with all the ins and 
outs of agency classifications including U.L., IEC, CSA, VDE and others. 

Why not give the American Hoechst Plastics Fanatics an opportu
nity to show you what they can do to help bring your electronic enclosure 
in on target in terms of time, costs and performance. Circle the reader 
service number and we'll mail you our free V-0 polystyrene brochure 
and a special design evaluation form. American Hoechst,289 North Main 
Street, Leominster, MA 01453. 
we)re the Plastics Fanatics.TM 

American Hoechst Corporation 
HDPE/Polystyrene!EPSIUHMW Polymer 

Hoechst t8 
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SYSTEM TECHNOLOGY 

First erasable optical disk completes 
IM record/erase cycles 
A prototype optical memory sys
tem reverses the structure of re
corded materials on an optical 
disk without damaging the disk 
surface . In allowing for up to a 
million updates and replacements, 
Matsushita's 811 erasable optical 
disk may bring office system de
signers one step closer to viable 
optical memory storage. The com
pany plans to release the compact 
erasable technology by early 1985. 

It is too soon to tell whether 
optical memory disk systems will 
supplant magnetic storage media 
in the office . All the same, gigabyte 
storage potential combined with 
the ability to process image as well 
as digital data make optical storage 
an enticing option (see "When op
tical disks make office sense," by 
Larry Fujitani and Gordon Knight, 
p 81). Current estimates are that 
about 70% of all information in
volved in office-related electronic 
data processing is nonnumerical . 
In the near term, optical memory 
disk systems promise at least to 
complement magnetic storage me
dia by their ability to handle pat
tern, image, audio, and character 
information. 

For archival applications, drop-

SEMICONDUCTOR LASER 
IRECORD:NG/PLAYBACK) 

out rates and memory degradation 
are paramount concerns. Prelimi
nary tests on the erasable memory 
disk suggest an error rate of 1 in 
10 - 5, the same as for the com
pany's write-once optical disks . In
dications are that the erasable 
disks will retain data for five years, 
which is half the storage lifetime 
anticipated for the write-once ver
sions. However, these estimates 
are considered to be conservative. 

Both versions store up to 10,000 
A4 (letter-sized) documents on video 
models, and up to 15,000 such 
documents on digital models. 
Present plans are to write on one 
side of the optical disk, though the 
company acknowledges that its 
technology will permit writing on 
both sides. 'fypical data retrieval 
time is one-half second. 

The optical disk is a 3-layer 
structure positioning a thin-film 
recording layer of tellurium oxide 
onto a base material that forms a 
protective layer on the film . This 
protective layer seals the recording 
material to prevent deterioration of 
signal characteristics caused by 
dust and scratches . 

Matsushita's proprietary eras
able technology builds on this 

TRACK ADDRESS 

PHOTODETECTOR 

Matsushita's prototype erasable optical memory disk system applies a single 
focusing lens to two semiconductor lasers. This allows almost simultaneous 
erasing and recording. 

write-once structure. Adding a 
small amount of submetals such as 
germanium, indium, and lead al
lows an irradiated gallium-alumi
num-arsenide (GaAlAs) laser beam 
to change the structure of the re
cording materials back and forth 
between crystalline and amor
phous (noncrystalline) phases. 

The compact disk has 23,000 spi
ral tracks, each divided into 32 
radiant sectors. The recording 
track scrolls in 2.5-µm pitch (video) 
or 1.65-µm pitch (digital ); disk 
speed is 1800 rpm . Data appear on 
the pregrooved, preformatted disk 
surface as spots having different 
reflectivities . A spot irradiation of 
the laser beam creates the phase 
transition . During the recording 
and playback process, the high re
flectivity crystalline phase converts 
itself into the amorphous phase of 
low reflectivity . The opposite oc
curs during the erasing process. 

One laser beam with 0.83-µm 
wavelength is used for both re
cording and playback; 8 mW of 
incident power initiates the re
cording process, during which the 
laser beam shades the disk. For 
retrieving information, 1 mW of 
incident power is used to pick up 
the shaded pattern . The erasing 
laser has a 0.78-µm wavelength 
and uses 10 mW of incident power. 
Significant difference between the 
laser's reflectivities in recorded 
and erased areas creates a high 
signal-to-noise ratio . Matsushita 
Electric Industrial Co, Ltd, 1 
Panasonic Way, Secaucus, NJ 
07094. 

-Deb Highberger 
Senior Associate Editor 

GOOD, BAD, OR SO-SO? 
Did you rate all the articles in 
the Special Edition? If not, do so 
in the Editorial Score Box on the 
Reader Inquiry Card. 
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SYSTEM TECHNOLOGY 

Fiber optic LANs may eliminate future 
bottlenecks in office communications 

It has been well established that 
office system designers must in
corporate some kind of high speed 
local networking scheme to 
achieve efficient communication 
among various office equipment. 
While the early debate between 
baseband and broadband local 
area networks is continuing un
abated . designers are now starting 
to pay closer attention to the third 
option-the fiber optic local area 
network. For point-to-point high 
speed (SOOM-bpsJ data transmis
sion, the fiber optic network re
mains unsurpassed, even though 
few vendors currently offer fiber 
optic local area networks . 

The well-known obstacles of 
high component costs and rela
tively difficult splicing problems in 
field installations had made ven
dors reluctant to enter the office 
automation market. However, 
some manufacturers are now inde
pendently developing affordable fi
ber optic local area networks 
(IA s); but without the benefit of 
any standards for either fiber optic 
components or access protocols . A 
few brave vendors are even begin
ning to offer these IANs as alterna
tives to metallic-based networks 
for the office. 

Easily expandable topologies 
Current proposed topologies for 

office-based fiber optic networks 
are ring-structured and passive/ 
active star-based types . These are 
more suitable for point-to-point 
communications and are fairly 
easy to expand . Since unique 
access protocols do not exist for 
fiber optic IANs, current configu
rations are being designed around 
protocols that were developed for 
baseband and broadband net
works. 

In a paper to be delivered at 
Fiber Optic Conference IAN'83 this 
month, Anis Husain of the Hon
eywell, Inc Technology Strategy 
Center (Roseville, Minn) summa
rizes the current efforts in develop-
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ing fiber optic lANs. According to 
Husain, the primary thrusts in fi
ber optic local area networking for 
computers and office automation 
equipment appear to be in using 
the ring, active star, and the pas
sive star topologies, in that order. 
He projects that the active star 
network market will grow more 
rapidly than the passive star-based 
market because it is more cost 
effective, although somewhat less 
reliable. 

Husain lists fiber optic experi
mental ring networks for office 
automation applications that are 
either proposed or in use today. 
These included networks by Sumi
tomo Co, of Japan; Illinet from the 
University of Illinois; The Ring Cen
tury Bus from Toshiba 's R&D Cen
ter; Desnet from the Destek Group; 
an IBM/Texas Instruments com
bined effort that is based on IEEE 
802 specifications using a 4M-bps 
drop-and-insert loop star configu
ration; a 20M-bps ring from TRW's 
Technical Research Center; DANET 
from the Institute of Defense 
Analysis ; the Magna Loop from A.B. 
Dick; ring networks from ITT and 
L.M. Erikson, and Honeywell's own 
HI 1ET. Husain predicts that if the 
IBM/TI network is developed com
mercially, the ring topology will 
assuredly become the predomi
nant design for fiber optic lA i s. 

Current commercial ring-based 
products that incorporate or can 
easily incorporate fiber optics in
clude Fujitsu's RIPS network, Sie
mens 's DIKOS, Hasler A-G 's Silk, 
Protean Associates's Pronet, Hita
chi 's Sigmanet, Mitsubishi 's Ga
manet, Honeywell 's Alpha-Delta 
1000, and Phoenix Digital Carp's 
Optonet. Active star-based fiber 
optic networks include, at the low 
end the 64 Net from American 
Photonics Inc, which intercon
nects personal computers. Other 
organizations that have star-based 
networks in the works include Xerox 
with Fibernet II which.implements 
a carrier sense multiple access/ 

collision detection (CSMA/CDJ pro
tocol ; Johns Hopkins Applied 
Physics Laboratory with its IACN 
and DBCSI ; and Waseda University 
with the Integrated Services local 
fiber network. Also, Canstar Com
munications Ltd's Hubnet, which 
uses a dual-rooted tree architec
ture, has been undergoing tests. 

Star networks 
Recently , passive star-based 

topologies have been developed 
and configured into fiber optic net
works that are being offered com
mercially. Fiber Optic Net/one is an 
Ethernet-compatible fiber optic 
IAN that was jointly developed by 
Ungermann-Bass Inc, Siecor's Fi
berIAN division, and Codenell 
Technology Corp . Toshiba has also 
developed a passive star network 
that fully conforms to IEEE 802 
CSMA/CD standards . This network 
uses a novel star coupler that is 
based on combining eight 3:1 ta
pered couplers using heat-bond
ing techniques. 

Passive star experimental sys
tems include those by TRW (D-Net) 
and a high speed 100M-bps system 
developed by Honeywell . Honey
well also developed a virtual token 
protocol called HBRAM that is 
based on a passive star configura
tion. One hybrid configuration of 
note is EC 's C&CNet, which com
bines two star subsystems and a 
branch all tied to a loop. This 
configuration can thus handle not 
only data, but also voice and video 
applications-a definite advantage 
in the automated office . The 
branch subsystems is coaxial 
based while the loop and the star 
are fiber based . This makes for 
many protocol conversion prob
lems, but NEC claims that it is 
actively pursuing all the popular 
standards to accommodate their 
specifications within the network. 
The IAN is readily expandable and 
can be interfaced to outside com
puters via standard interfaces. The 
network operates at 32M bps. 
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In general, a number of possible 
topologies are feasible for fiber op
tic lANs (Figure 1). The taxonomy 
of fiber optic topologies has three 
general classes-loop, bus, and hy
brid. In loop topologies, data circu
lates in the network from source to 
destination . Loop topologies typi
cally use point-to-point compo
nents, which are lower in cost and 
more reliable than their multipoint 
counterparts . Although loop topol
ogies allow a larger number of 
nodes, the delay associated with 
each node may limit the actual 
number of nodes because of ac
cess protocol requirements . One 
disadvantage of loop topologies is 
that a single failure to a path node 
causes network failure. Thus, re
dundant paths or fail-safe nodes 
are required for network survival. 

Bus topologies broadcast data 
from a source . The destination 
node has the responsibility of rec-

ognizing and accepting the data as 
its own. Bus topologies can be 
further subdivided into global bus 
and star topologies. A global bus 
uses the shared medium that is 
spatially distributed among all the 
nodes, while star topologies usually 
extend from a central star to each 
node . Thus, star topologies are bet
ter suited for applications in which 
the nodes are clustered than for 
inline applications. 

Using repeaters, hybrid applica
tions extend or combine bus topol
ogies . These repeaters require 
power and represent a single point 
of failure . For star-based hybrids, 
the repeater must include blank
ing circuitry to avoid recirculating 
data . Hybrid topologies are further 
subdivided into concatenated, hier
archical, and integrated topologies. 
A concatenated hybrid topology is 
formed by placing repeaters 
between sections of a bus topol-

[ TOPOLOGIES J 
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GLOBALJ 
BUS STAR 

r l 
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Figure l A taxonomy of fiber optic topologies include bus, loop, and 
hybrid architectures. Because current LANs that are wire based rely mostly on 
bus topologies and on access protocols geared mostly to bus structures, fiber 
optic system developers are forced to design along the same path until unique 
standards for fiber optic systems are developed. A reliable topology is 
currently critiqued in terms of how a failed node affects the rest of the network. 
To susta in network integrity, many combinations of the three basic 
topologies have been developed. 

ogy. The repeaters introduce an 
additional delay in the network 
that is equal to the total number of 
repeaters times the repeater delay. 
Hierarchical hybrid topologies are 
formed by placing repeaters 
between levels of bus topologies in 
a hierarc hy, while integrated 
topologies combine different types 
of bus topologies with repeaters 
between the sections . 

Fiber optic engineers generally 
agree that for fiber optics to have a 
major impact on LANs, the multi
point components and interfaces 
developed must be compatible with 
the existing or developing LAN stan
dards. The Table lists various fiber 
optic components that are more 
suitable for a particular topology. 

Today's major access protocols 
are more suitable for a bus-type 
topology. For a fiber optic imple
mentation, this generally requires 
complex bus transceivers with 
intermessage gap detection, fast 
automatic gain control circuits, 
and large optical dynamic range 
capabilities . The bus transceiver is 
a critical component for imple
menting both bus and hybrid to
pologies . Recently, Honeywell 's 
Optoelectronics Div developed a 
gap detection IC bus transceiver 
that can be used directly with a 
star or global bus topology. Topol
ogies requiring bidirectional cou
plers and/or repeaters are still too 
costly. Reflections can also be a 
severe problem when several bidir
ectional taps are used. For bus and 
hybrid networks, the coupler and 
connector costs per node are an 
order of magnitude higher than 
those used in metal-based lANs . 

Repeaters used in hybrid net
works represent the one compo
nent that can bring the network 
down, and thus they must be highly 
reliable . To achieve this, current 
components incorporate built-in 
redundancy. For instance, an opti
cal bypass switch with two or more 
repeaters in parallel is needed to 
configure hybrid topologies . In the 
case of s tar-based hybrids, a blank
ing repeater with delay is essential 
to avoid recirculating messages . 
For the drop-and-insert active 
loop, only simple point-to-point 
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fiber optic transceivers are needed . 
However, an optical bypass mech
anism at each node is required to 
eliminate a single point of failure . 
Also, built-in diagnostic functions 
are essential to verify transceiver 
operation . 

Active stars such as Fibernet II, 
active global buses, or the drop
and-insert loop star from IBM 
require only point-to-point trans-

ceivers. However, these types 
require some intelligence at the 
active center and again represent a 
single point of failure. These points 
of failure are major contention areas 
for choosing the most reliable to
pology available . Protean Asso
ciates (Waltham, Mass) chose the 
ring topology just for that reason. 
Its ProNET is a lOM-bps token
passing ring network that is config-

ured similarly to a dual-redundant 
scheme. As shown in Figure Z, this 
is simply done by doubling up on 
the connections. In such a scheme, 
for each unidirectional channel, 
two transmitters, two cables, and 
two receivers are used. The nor
mally active path is the primary 
one and the auxiliary path is sec
ondary. Any single component fail
ure in this configuration, whether 

Components for Fiber Optic Topologies 

Topology 

Global bus 

Global bus loop 

Unidirectional global bus 

Passive star 

Active star 

Drop-and-insert loop 

Drop-and-insert 
passive loop 

Drop-and insert loop star 

Concatenated bus 

Concatenated star 

Hierarchical star 

Hierarchical bus 

Integrated bus star 

Integrated star bus 

• OPTIONAL 
xREOUIRED 
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it be an optoelectric component or 
the optical path itself, need not 
bring down the whole network. 
Given a single-component failure 
and the proper sensing and 
switching capability, the dual-re
dundant system can bypass the 
malfunctioning channel by switch
ing to the alternate secondary 
channel. 

A multimedia fiber optic LAN 
Another recent entry in fiber 

optic lANs is Agora, a system 
developed by the Aetna Telecom
munications Laboratory of West
borough, Mass. This multimedia 
fiber optic IAN uses a star topol
ogy that interconnects up to 19 
identical concentrating nodes. A 
passive-transmissive star coupler 
provides uniform distribution of 
transmitted signal energy from the 
sending node to all other listening 
nodes. This coupler efficiency is 
the key to expanded connectivity. 

The Agora network's fiber seg
ment can be wired in place with
out regard to the scope or type of 
eventual use, since the one inert 
fiber link will support all forms of 
communication. Thus, nodes can 
be located in the telephone utility 
space of a building floor with un
connected fiber left terminated at 
those locations. Future users 
would specify their requirements 
and have their nodes simply con
nected. In this manner, the activated 
node acts as the concentrator to 
funnel the additional data stream 
onto the fiber highway, employing 
the spare capacity already inher
ent in the network. 

Agora developers chose the star 
topology for its advantages over 
other network topologies, such as 
rings, in that no bypass switching 
or second rings are required to 
circumvent a failed node. Trans
missions over an entirely passive 
link eliminate the need for inter
mediate switches or repeaters . 

Driving Agora is a protocol that 
allows a dynamically variable queue 
of users to access the network 
sequentially on demand. This is a 
form of time-division multiple ac
cess . Optical link capacity is suffi
ciently high so that users will 

HOST 
E 

Figure 2 One method to circumvent the problem of a failed node forcing 
the entire network to go down is to design redundancy into the network. In a 
dual-redundant ring configuration, a single component failure or the fiber 
link itself need not bring the entire network down. It simply bypasses the 
malfunctioning channel by switching to the alternate channel. Even ring 
topologies can thereby be made reliable at an increased design cost. 

experience an acceptably low 
blocking capability . Since all 
nodes, including the sending 
node, receive all transmissions, the 
network has inherent broadcast 
capability. With the action of the 
control protocol and packet 
addressability, a form of token 
passing occurs without the need 
for a separate circulating token. 
This virtual token scheme has the 
advantage of not losing the token, 
a common occurrence in conven
tional token-passing protocols 
used in ring architectures. In the 
event of any node's failure, the 
Agora protocol, acting upon the 
advice of built-in diagnostics, auto
matically steps around the failed 
unit. For the same reason, a node 
taken offline is automatically 
dropped from the queue. No sepa
rate switching or other action is 
required. 

Agora's signaling rate over a 19-
node network is 20M bps. If fewer 
nodes are connected, a higher sig-

naling speed is possible . The 
20M-bps capacity is sufficient to 
support up to 16 simultaneous 2-
way communications. Up to 64k 
bps can be sent between the send
ing node and an equal number of 
connected devices spread around 
the network. Alternatively, the 
same capacity allows four to eight 
times as many slow speed data 
interactions at 9600 bps . 

With acceptable blocking proba
bility, each node in the Agora net
work can support 64 telephones or 
56k-bps devices, or 128 to 256 slow 
speed data terminals at each loca
tion. The entire 19-node network 
interconnects a total of 1214 
phones or 2432 to 4864 terminals 
or equipment combinations. Tak
ing the ratio of one terminal for 
every two telephones, the network 
can connect typically 1000 lines, 
500 terminals, and 30 high speed 
data devices . 

While many vendors are working 
to provide customers with total 
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GRAYHILL 
STANDARD 

OR CUSTOM 

SEALED 
KEYBOARDS 

Nowin5x4 
as well as 
3 x 4and 
4x 4formats 

You can hear and feel the 
actuation: Snap dome contact 
system provides positive 
audible and tactile feedback 
to the operator and 3,000,000 
operations per button! 

The colorful graphic overlay that 
seals the Series 88 keyboard and 
its contacts resists contaminants, 
making the surface washable and 
suitable for outdoor use. Grayhill 
offers the Series 88 in 3 x 4, 4 x 4 
and 5 x 4 button configurations on 
W' button centers, with a variety 
of standard legend colors and 
formats . (Custom graphic overlays 
too.) Flange mounted; optional 
gaskets seal the flange surface 
for either front panel or sub-panel 
mounting. Available circuitry 
includes matrix, 2 out of 7, 2 out of 8, 
or single pole common bus. 

Ask for our free Keyboard Catalog, 
with engineering data, prices and 
full color graphics. 

561 Hillgrove Ave . La Grange , IL 60525 
Phone (31 2) 354-1040 • TWX 91 0-683-1850 
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system solutions, manufacturers of 
fiber optic components are also 
rying to enter the LAN market. One 
company that stands as a provider 
of virtually all components for a 
full system is Fibronics Interna
tional, Inc. This Hyannis, Mass 
company offers optical transmit
ters and receivers, optical splitters, 
cable, and even computer control
lers that interface computers to 
peripheral equipment in lANs. Its 
FM-1600 data distribution system 
can be applied to IBM and IIT 
Courier communication control 
units, and peripheral equipment 
such as data terminals and high 
speed printers . It can transmit and 
receive data at distances of up to 
10,000 ' between such systems as 
IBM 3270-type terminals and IBM 
systems 34, 36, and 38. The FM-
1600 controller ranges in price 
from $5200 to $9700 . 

Sooner or later, fiber optic lANs 
will also interface to full-fledged 
fiber optic networks. To that end, 
an entire system-to-system con
nection dedicated to one company's 
computers can be made using the 
Fiber Optic Extension (FOX). Devel
oped by Tandem Computers, Inc 
(Cupertino, Calil) this fiber optic 
link allows up to 14 Tandem Non
stop II systems to communicate 
over a 1-km distance. The configu
ration can be as complex as 16 
processors per system for a total of 
224 processors . Each link trans
mits at a 4M-bps rate using a ring 
topology to further enhance fault 
tolerance. 

These systems are only the tip of 
the iceberg in fiber optic applica
tions for computer systems . Many 
other systems now under develop
ment could spring up in the near 
future as commercial products. 
Thus for system designers, oppor
tunities abound for designing in 
fiber optic systems into office envi
ronments. The never-ceasing de
mand for more information 
capacity in office work is bound to 
have a major effect on having data 
flow via lightwave fibers as an al
ternate to metal conductors. 

-Nie Mokhoff, Senior Editor 

WHY YOU 
SHOULD 
MAKE A 
CORPORATE 
CONTRIBU
TION TO 
THE AD 
COUNCIL 
The Advertising Council is the biggest 
advertiser in the world. Last year, with 
the cooperation of all media, the Coun
cil placed almost six hundred million 
dollars of public service advertising. 
Yet its total operating expense budget 
was only $1,147,000 which makes its 
advertising programs one of America's 
greatest bargains . . . for every $1 cash 
outlay the Council is generating over 
$600 of advertising. 
U.S. business and associated groups 
contributed the dollars the Ad Council 
needs to create and manage this 
remarkable program. Advertisers, ad
vertising agencies, and the media 
contributed the space and time. 
Your company can play a role. If you 
believe in supporting public service 
efforts to help meet the challenges 
which face our nation today, then your 
company can do as many hundreds of 
others-large and small-have done. 
You can make a tax-deductible con
tribution to the Advertising Council. 
At the very least you can, quite easily, 
find out more about how the Council 
works and what it does. Simply write to: 
Robert P. Keim, President, The Adver
tising Council, Inc., 825 Third Avenue, 
New York, New York 10022. 

1!111 A Public Service of This Magazine 
~ & The Advertising Council. 

The cost of preparation of this advertisement 
was paid for by the American Business Press, 
the association of specialized business publi
cations. This space was donated by this 
magazine. 
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.. Now Adaptive Data Offers XEBEC1410 
Users a Better Choice: 
A Plug Compatible Disk Controller With 
Significantly Greater User Benefits 

The user's perception 
Just what is the user's per

ception? The systems controller 
specialists at Adaptive Data be
lieve it's performance. And when 
performance is measured by the 
user, it is their perception of 
throughput. 

But so many times through
put is as much a function of your 
controller as that of your CPU. 
Which is why we introduced 
the DAVID rM Winchester disk 
controller. It has features that 
result in better systems through
put than the controller you· re 
presently using. 
One-to-one interleaving 

In other words, the ability 
to read every sector on the disk 
in just one pass. Just one quick 
revolution of the media. The 
benefit to you, the systems de
signer, is that your CPU has the 
option to access data from the 
disk at faster rate than previously 
thought. 
Variable buffer size 

The DAVID also features 
variable buffer sizes, which 
means you no longer have to 
suffer throughput penalties 

because your present CPU is 
just slightly slower than the 
disk's speed. 

We supply you with onboard 
buffers in sizes ranging from lk 
to 8k bytes, depending on the 
speed in which your CPU can 
take information. 
Supports new high perform
ance drives having up to 16 
heads 

The DAVID also supports 
the new higher performance 
Winchester disk drives having 
anywhere from 8 to 16 heads. 
Each DAVID supports up to 2 
ST506 drives. Additional features 
include 256 and 512 byte block 
sizes, overlapping seek capa-

bility and standard ST506 
mounting holes. The DAVID is 
also equipped with mount
ing holes compatible with 
XEBEC's 1410. 
Host interface 

The DAVID interfaces with 
the host through the SASI bus 
and it is completely upgrade
able to the developing industry 
standard Small Computer System 
Interface (SCSI). 

What's more, we also support 
and have a complete family of 
disk, tape, printer and local area 
network SCSI compatible con
trollers for you to evaluate. 

Call today toll free at ( 800) 
824-0114 for more information. 

~~· .. ~ y~lt:i•I*t l 
2627 Pomona Blvd. Pomona, CA 91768 714/ 594-5858 
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The 32-Bit Advantage 
For OEMs and system 
integrators, getting the 
jump on the competition 
means leapfrogging to 
the most advanced tech
nology available. Today, 
that means making 
the jump to 32-bit archi

tecture. Now. When it 
can give you a decisive 

advantage. 

32-Bit Memory 
on a 32-Bit Bus 

The Universe 68/05 is a true 32-bit 
system because it handles 32-bit data 
transfers in parallel on its 20Mb/sec 
VERSAbus, while most 68000-based 
machines are still limping along with 
16-bit buses. With the next generation 
of processors (like the MC68020), a 
full 32-bit bus will be a requirement 
on all systems. VERSAbus is there 
now, and it's non-proprietary. 

32-Bit Cache, 12.5MHz 68000 
Our new Universe 68/05 is the first 
commercial product built and deliv
ered using the new 12.5MHz 68000 
microprocessor. Its 4Kb 32-bit cache 
memory virtually eliminates wait 
states, while a separate 68000 VO 
processor offloads the main 68000. 
Its MIPS rate-1.25 million instruc
tions per second- outstrips a 
VAX 1 ln50 that costs several times 
as much. 

Universe 68 provides performance comparable to VAA, at a 
price far below V/'\X.. 

32/64-Bit Hardware 
Floating Point 
Our new lEEE-format hardware 
floating point unit handles 32- and 
64-bit operands fast. In fact, with 
floating point performance in the 
40-50K flops range, it holds its own 
very nicely with VAX-level machines. 
Yet the Universe 68's price tag 
is only a fraction of a VAX's. 

The First 32-Bit System 
Under $10,000 
The Universe 68/05's under
$10,000 OEM-quantity-one price 
includes 32-bit central processor, 
lOMb Winchester, l.26Mb floppy, 
256Kb RAM (expandable to 3Mb ), 
and four serial VO ports (expandable 
to 64). You can build multiterminal 
systems around a 68/05 at a cost
per-user that will embarrass work
station systems. For even more 
horsepower and expandability, you 
can hop over to the compatible 
Universe 68/37 or47. 

The 32-Bit, Real-Time, Bell UNIX 
UNOS, our multi-user 

• 
operating system, 

brings real-time, 
transaction-oriented 

capabilities to the 
UNIX-compatible world. 

And UNOS now runs 
Bell-licensed UNIX System Ill 

tools for development. Plus 
Fortran, RM/COBOL, BASIC, 

Pascal, C, and DBMS. 
Leap into the 32-bit future now. 

With Universe 68 from Charles River 
Data Systems. 

r-------------1 
I D Send me "The lnsider"s 

Guide to the Universe;· an 
informative 24-page dis
cussion of the technical 
concepts behind the 
Universe 68 family of .~ ; · r l 
computers. 

D Have a sales engineer call. 

Company _____ ___ _ 

Address _________ _ 

I 
I 
I 
I 
I 
I 
I 

City ____ State __ Zip __ I 
Telephone ________ _ I 

Return to Charles River Data Systems, I 

TM 

multi-language 983 Concord St., Framingham. MA 01701 I 
..1!!!'1\11!.---... -~1.?2_655-~0~-~1~-J 
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Great office networks from 
little micros grow 

Micro/personal computers have already revolutionized business planning; now, 
system developers are finding ways to link them into multiple-unit systems for 

even greater office productivity. 

B oth microcomputers and so
called personal computers 

were once used only as individual 
business tools by a few managers 
and professionals. Now, however, 
despite complexities, these little 
machines are commonly linked into 
wide-scope office systems. This 
evolution has come about through 
simple switch resource sharing, via 
networking, by adding onto multi
user computers, and by combining 
many of these methods . 

Assortments of dissimilar micro/ 
personal machines are sharing com
mon central records through file
transfer mechanisms, and through 
techniques allowing direct access. 
File integrity problems are being 
solved for multiple users with both 
centralized and distributed records. 
Multi-user database management 
systems (DBMSs) are helping to 
simplify software maintenance 
and development of the multiple 
computer configurations. And, key 
to the solution is the growing avail
ability of network software that 
allows machines with compatible 
individual operating systems to 
transparently access computer 
and peripheral resources . 

Driving these developments is a 
ground swell of awareness among 
business people that their competi-

Howard Fa lk is a free -lance w riter based 
in Montclair , NJ. 
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tive survival depends upon increased 
productivity in the years ahead. In 
the office, that means making the 
best possible use of computers. 

When microcomputers are linked 
together to pe1form business tasks, 
they present a practical way to 
implement many automated office 
features . Paperwork production activ
ities such as order processing, bill
ing, and payroll can be handled by 
microcomputers that provide local 
intelligence for screen handling or 
store and forward . Also, micro
computers acting as word pro-

Photo courtesy ot l>atapomt Corp. 

cessors can share central disks and 
printers to coordinate secretarial 
work and create paperless files . 

How to dolt 
Various design approaches can 

be used to configure interconnect
ed micro/personal computers for 
office applications . For example, 
several micros can be connected to 
a dedicated resource seiver to 
share central peripherals such as 
disks and printers. Micros can also 
be interconnected through local 
area networks (LANs) to communi
cate and share resources. In addi
tion , a multi-user central 
microcomputer can provide 
shared access for several terminals 
and micro/personal computers . 
These three approaches do not 
exhaust all the possibilities, varia
tions, and combinations, but do 
indicate the range of design possi
bilities . 

The simplest method of sharing 
a resource such as a printer or disk 
is to use a switch that connects the 
resource to several computers (Fig
ure 1). For example, a switch box 
called The Dumpster (manufac
tured by Switch & Mux, Inc of 
Merrimack, NH) connects up to 
eight personal computers to a sin
gle printer. Cables have a standard 
RS-232-C, 25-pin connector at the 
personal computer end, and a 
small 4-pin connector at the 
switch box end that carries a data 
line, a busy line, and a ground 
connection . This switch checks 
each port in succession, stops at 
the first port that has data, and 
then seives the port. Busy lines at 
the other port are all activated 
while this first port is seived. The 
incoming data present set a timer 
in the switch. When printing is 
completed, the timer winds down 
and the switch again polls the 
ports for data. During printing, the 
printer busy signal is fed through 
to the selected port. Thus, no data 
will be overrun at the printer. 

Similar devices use software 
control instead of line toggling to 
switch from one computer to an
other. For instance, Advanced Sys
tem Concepts (Altadena, Calif) , has 
a box that allows four computers 
to contend-using ASCII codes
for a single peripheral line. When 
one grabs the line, the other three 
computers receive busy signals. 
The winning computer can then 
lock the line to exclude the others 
until it decides to unlock. More 
often, when the winner stops 
sending data, the other three are 
free to contend for control. Either 
RS-232 or Centronics parallel inter
faces can be used. Disks, as well as 
printers and modems, have been 
shared using this kind of switch. 

During the past year, a number 
of printer spooling devices de
signed for use with micro/personal 
computers have appeared. In addi
tion to buffer storage, some of 
these, such as the Digital Multi
Spool from Digital Laboratories 
(Watertown, Mass), provide ports 
for connecting several computers 
and peripherals. Costs for these 
resource sharing switches are low 
(about $100 per connected ma
chine) but they leave many commu
nication problems unresolved. 

Devices such as the programma
ble Cl cluster controller from 
Bridge Communications (Cuperti
no, Calif) offer smoother switching. 
Using a menu presentation the Cl 
generates, system developers can 
resolve their interface problems. If 
a Diablo printer is connected, in
terface menu choices for the print
er would include 1200 baud, 
DTX-ATX Diablo flow control, 8 
stop bits, etc . 

Similar choices are made for the 
connected micro/personal com
puters . The controller then auto
matically resolves the differences 
between the connected computers 
and peripherals to allow smooth 
operation . There are also two bo
nus features : the Cl provides 
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TERMINAL 

TERMINAL SWITCH 

TERMINAL 

Great office networks from 
little micros grow 

PRINTER PERIPHERAL 
DEVICE 

Figure l Peripheral devices, including d isks, can be shared with the help of 
multiport switches that line toggling or codes control. 

direct access to Ethernet, and al
lows connected devices to be ac
cessed by name rather than by 
port number, or another physical 
address . However, this 8-port con
troller costs about $10,000 . 

The arrangement shown in 
Figure 1 is limited, but neverthe
less can support a wide variety of 
office functions . If the shared 
peripheral is a disk, the connected 
computers can share central files . 
The cleanest way to do this with
out a central directory or file man
ager is to partition the file into 
separate segments that serve each 
attached system. Such an arrange
ment does not provide for direct 
communication from one computer 
to another. But even a partitioned 
file can be used to exchange mes
sages between connected computers. 
Specific areas of each computer's 
partition can be set up as message 
receipt buffers, where each of the 
other computers can deposit elec
tronic mail, memos, and daily 
orders, and where the receiving 
computer can read these items. 

Almost any sophisticated use of 
this simple resource sharing ar
rangement involves special soft
ware development. Even with clever 
schemes, applications may run 
slow due to equipment limitations, 
need for file transfers, and the one
at-a-time nature of equipment 
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access. However, growth potential 
for this arrangement is limited. 
Resource sharing equipment can 
be cascaded to offer more connec
tion ports, but that will quickly 
multiply access times and become 
impractical. 

With the essentially naked cen
tral file this simple resource shar
ing arrangement presents, there is 
no room for any centrally managed 
file security. However, as long as 
the individual computers are 
physically secure, their individual 
files are secure from one another. 

Network possibilities 
By far, networking offers the 

most flexible way to configure mul
tiple computers and peripherals. 
Most IANs use bus or ring archi
tectures. Messages are typically 
sent over the network in packet 
form. The most widely used con
trol technologies are carrier sense 
multiple access with or without 
collision detection, token passing, 
or polling by a master unit . For 
specific applications, there may be 
advantages in a particular control 
choice, but more practical factors 
such as simplicity, cost, familiarity, 
and availability are usually the 
most important ones to system de
velopers. 

The network itself can be 
thought of as a series of nodes 

connected by cables. Some forms 
that microcomputer office networks 
can take are shown in Figure 2. 
Several microcomputers can act as 
servers for different shared periph
erals, a single micro can act as a 
universal server, or a separate server 
unit can be used. 

A separate server frees a micro
computer for general use while 
handling peripheral sharing with a 
lower cost unit . For example, the 
Corvus Systems (San Jose, Calif) 
Omninet Utility Server can handle 
one parallel-connected peripheral 
and two RS-232-connected periph
erals at transfer rates up to 9600 
baud. The unit is software con
figurable , provides time and date 
stamping, and sells for under 
$1,000 . 

With a computer as the disk 
server, there can be central control 
of shared records, and many com
puters can have concurrent con
trolled use of those records . It is 
therefore possible for all computers 
connected to the network to share 
and use both data files (for 
accounting, inventory, and sales) 
and word processing files (for cor
respondence and mailing). 

Microcomputer manufacturers 
such as Cromemco (Mountain 
View, Calif) , Digital Microsystems 
(Oakland, Calif), and Zilog (Camp
bell, Calif) have chosen to provide 
captive network capabilities that 
are essentially inseparable from 
each of their computer and periph
eral lines. If a designer uses network
ing from such manufacturers, their 
equipment and software must also 
be used. This arrangement offers 
very tangible benefits to system 
developers who are ready to attach 
themselves to a single supply 
source . The network business then 
becomes a simple extension of the 
traditional system development 
business . These manufacturers 
supply network equipment that 
tends to be inexpensive and easy 
to install; network software is 
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gen erally a straightforward elabo
ration of th e single-user software 
they offer. 

However, working with captive 
networks can impose severe limita
tions on the system developer. The 
freedom to choose equipment and 
software across the entire micro
computer marketp lace is lost . And, 
to attach a "foreign" micro/personal 
computer to a captive network, the 
system developer may have to be
come a network equipment and 
software designer. General p ur
p ose networks, in which the nodes 
and cables operate independent of 
th e attach ed equipment, remove 
th ese limitations. The cost of gen
eral purpose networking tends to 
be higher (often from two to three 
times) than that of captive net
working. Because general purpos~ 
networking technology is often dif
ficu lt to h andle, developers spe
cializing in that kind of work 
frequ ently in stall such networks . 

Centering on multi-users 
Multi-user microcomputers are 

now available to concurrently han
d le as many as four or five h eavy 
users, plu s a larger number of 
moderate and ligh t system users . 
These micros can accommodate 
both terminals and oth er micros as 
slave units . Table 1 gives a partial 
list of su ppliers wh ose multi-user 
microcomputers feature network
ing capabilities. 

The basic multi-user arrange
ment can be extended to connect 
to local micro/personal computers 
(Figure 3). These can function as 
independent units or in emulation 
mode as ordinary terminals . In ad
dition, the multi-user host can 
accommodate them as a server of 
shared disk and other peripheral 
resources. On the outside, the host 
can be linked through a modem to 
telephone lines . In larger compa
nies, it can be connected through 
a local network node to different 
computers in oth_er departments. 

Cutting costs 
Although cost is not the only 

consideration in choosing a sys
tem design approach, it is certainly 
a d ecisive one . In multi-micro 
computer systems, costs should be 
based on the entry (or startup) 
cost, p er-user cost, and incremen
tal cost (Table 2). 

Entry cost is the minimum 
amount n ecessary to get from 

MODEM PRINTER 

TERMINAL TERMINAL 

where you are to wh ere you want 
to be. For example, if a company 
has already purch ased several per
son al computers, the entry cost for 
a dedicated resource server system 
is the total of the server , plus 
shared peripherals, interconnec
tions, and related software. Simi
larly, the entry cost of networking 
those personal computers is the 
total of necessary network equip-

DISK 

TERMINAL 

DISK 

TERMINAL TERMINAL TERMINAL PRINTER 

MODEM 

DISK 

TERMINAL TERMINAL SERVER PRINTER 

MODEM 

Figure 2 Network interconnections allow various configurations for sharing 
equipment. In addition to the bus-type network connections shown here, ring 
and star arrangements are frequently used. 
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TABLE 1 

Great office networks from 
little micros grow 

Suppliers of Multi-user Microcomputers with 
Networking Capabilities 

Altos Computer Systems 
San Jose. Calif 

CompuPro 
Hayward. Calif 

Computer Automation 
Irvine. Calif 

Cosmos Systems. Inc 
Sunnyvale. Calif 

Cromemco. Inc 
Mountain View. Calif 

Datamedia Corp 
Pennsauken, NJ 

Digital Microsystems 
Oakland. Calif 

MCM Computers. Ltd 
Rexdale. Ontario. 
Canada 

Micro Five Corp 
Irvine. Calif 

Micro Products Co 
Sterling. Va 

Molecular Computer 
San Jose. Calif 

OSM Computer 
Mountain View. Calif 

System Sales International 
Austin. Tex 

586 systems 

MP 10 

Omnix 186 system 

Starfield 68000 

68000 systems 

Datamedia 932 

DMS-4 

MCM systems 

series 3000 

MPC 200/300 

Supermicro systems 

Zeus4 

Challenge CSlOOO 

ment and software, plus the cost of 
the shared peripherals. Finally, the 
entry cost of the multi-user micro 
arrangement is the total of multi
user hardware and software, plus 
the cost of interconnecting the ex
isting personal computers to the 
central micro . 

Per-user cost provides a way to 
weigh the overall expense of a 
complete in-place system. The 
per-user cost of a resource server 
system is the average cost of a 
personal computer plus its part of 
the system's shared portion . In a 
network, the per-user cost would 

26 COMPUTER DESIGN/Fa ll 1983 

average the micra's cost plus its 
network share. In a multi-user micro 
arrangement, it is the per-station 
cost of the system. 

Finally, incremental cost exam
ines the system's future or marginal 
expansion. If a resource server sys
tem is already in place, the cost of 
adding one more user is the cost of 
an additional personal computer, 
plus the cost of interface and soft
ware to connect it . With a network 
already in place, the incremental 
cost is the personal computer's 
cost plus necessary added net
working equipment and software . 
The incremental cost for the multi
user micro arrangement could 
simply be the added cost of anoth
er dumb terminal with a suitable 
interface . 

DBMSs for multicomputers 
Many system developers prefer 

to avoid using database managers . 
Some feel the limited command 
structure of these tools is too re
straining. They prefer the software 
design freedom conventional com
puter languages offer to the ease of 
creating and modifying applica
tions that database packages offer. 
But, when multicomputer systems 
are involved, the reasons for using 
database software seem to gain 
force . 

In a multicomputer configura
tion, each user's computer has its 
own database software copy, while 
all users access a shared central 
disk. The database dictionary re
sides on the shared disk. To access 
the disk, users must come in 
through the dictionary. Programs 
stored on the disk that are all in 
pseudocode, are available to all 
network users. Thus, if a program 
is originally prepared on a Z80 
computer, it is still able to run on a 
68000 computer, provided that a 
data base, such as the Sensible 
Solution from O'Hanlon Computer 
Systems (Seattle, Wash) is resident 
on the 68000. 



Many microcomputer DBMS 
packages suitable for use in net
works and other multicomputer 
systems are now available. These 
include MDBS from ISE (Lafayette, 
Ind); LOGIX from Logical Software 
(Cambridge, Mass); LISA from Eidos 
Systems (Nashville, Tenn); Oracle 
from Oracle Corp (Menlo Park, 
Calif); Sequitur from Pacific Soft
ware (Berkeley, Calif) ; Ingres from 
Relational Technology (Berkeley, 
Calif), and O'Hanlon Computer's 
Sensible Solution. In addition to 
record-locking capabilities, some of 
these DBMS packages provide roll
back to undo deadlocks, dangling 
locks and other faults . Some also 
provide timestamping. 

Business file transfers 
If office microcomputers are to 

take up their share of the overall 
processing load, and still participate 
in coordinated computing activity, 
transfers of files and portions of 
files from one machine to another 
are needed. For example, sales 
managers who need to forecast 
orders may want to transfer data 
from sales files on one machine to 
a micro-based spreadsheet on 
another, where they can work out 
projections and plans . In larger 
companies, transfers to and from 
files attached to mainframes are 
frequently required. It is also valu
able to be able to transfer software 
from one machine to another. 
Then, programs can be run where 
needed. In addition, storing multiple 
copies of seldom-used programs 
becomes unnecessary. Such soft
ware transfers are feasible if the 
two machines use the same oper
ating system. In some cases, it may 
be necessary to recompile the pro
gram on the target machine . 

Until very recently, accomplish
ing file transfers between micro/ 
personal computers, and between 
micros and mainframes, invariably 
meant that the system developer 
had to write a different custom 

software piece for each combina
tion of computers and files or data 
bases . Today, many packaged file 
transfer programs are available, 
and more reach the marketplace 
every month . Most equipment 
manufacturers, both of multi-user 
micros and of captive microcom
puter networks, make some type of 
file transfer software available. In 

fact, application software develop
ers such as Novell, Inc (Orem, 
Utah), VisiCorp (San Jose, Calif) , 
Management Science America (At
lanta, Ga), and McCormack & 
Dodge (Needham Heights, Mass), 
are producing file transfer pack
ages, along with communication 
equipment manufacturers such as 
Hayes Microcomputer Products 

MODEM 

TO NETWORK 

SHARED PERIPHERALS 

DISK 

MULTI-USER 
MICROCOMPUTER 

TERMINALS 

PRINTER 

MICRO/PERSONAL 
COMPUTERS 

Figure 3 With a multi-user microcomputer acting as the central server, 
micro/personal computers as well as terminals can share peripherals and 
obtain connections to larger networks. 

TABLE 2 

Approximate Costs for Three Multi-micro 
Approaches 

Entry coat Per-user coat Incremental coat 

Resource 
server Low** High High* 

$6000 to $12.000 $4500 to $6000 $3500 to $4500 

Network Moderate** High High 
$9000 to $15.000 $5500 to $6500 $4000 to $5000 

Multi-user 
micro High Moderate*** Low* 

$20.000 to $35.000 $2000 to $3500 $500 to $1000 

·um1ted expansion capab1hty 
••for 5-user system with printer and disk 
***For lO~user system 
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(Norcross, Ga), database software 
producers such as Alpha Software 
(Burlington, Mass), and many com
munication software houses. 

Most of these packages are suit
able for file transfers between simi
lar micro/personal computers : 
Apples and Apples, TRS-80s and 
TRS-80s, IBM PCs and IBM PCs. 
Software houses such as IE Sys
tems (Newmarket, NH) and Orion 
Software (Waltham, Mass) special
ize in linking micros to IBM and 
Digital Equipment Corp computers 
using synchronous communications. 
Hardware conversion equipment 
used to connect micro/personal 
computers to synchronous links is 
available from vendors such as 
Protocol Computers (Woodland 
Hills, Calif) and Backus Data Sys
tems (San Jose, Calif), as well as 
through file transfer software ven
dors . 

The file transfer facilities of Al
pha Software's Database Manager 
II are an interesting example of the 
capabilities now available. To 
transfer database information to a 
spreadsheet, the user selects the 
appropriate menu. Available 
menus are for VisiCalc, Multiplan, 
and 1.2.3. The fields to be sent are 
then selected one at a time. Pressing 
a function key optionally sends all 
the fields . The numbers of the first 
and last record to be sent are 
specified. Then the software trans
mits the desired file . Multiplan and 
1.2.3 allow variable column widths. 
For these, the software automati
cally generates the needed widths. 
Users must adjust the VisiCalc col
umn width manually. All character 
code differences are automatically 
reconciled. Internally, the software 
rewrites database files into DIF for
mat for VisiCalc, into SYLK format 
for Multiplan, or into 1.2.3 binary 
format . 

On the return path from spread
sheet to data base, the menu asks 
if the spreadsheet's first row con
tains the field names (column 

28 COMPUTER DESIGN/Fall 1983 

Great office networks from 
llttle micros grow 

Both 8- and 16-bit industry-standard software are executed simultaneously on 
CompuPro's model MP 10, a 4-user multiprocessor microcomputer system. An 
enhanced version of the MP/M 8-16 operating system supports word/data 
processing and communication functions . Resulting speeds are said to be 
faster than with personal computer-based networks. 

headings). If yes, they are automat
ically picked up. The software then 
scans the spreadsheet columns for 
the longest entries to determine 
needed field widths. This auto
mates the time-consuming pro
cess of entering individual field 
names and widths. 

Network operating systems 
Amidst all the micro/personal 

computer office application pack
ages now available, only a few are 
written to be compatible with multi
computer configurations. As appli
cation programmers turn to these 
configurations, it is likely they will 
work in environments that are 
familiar, yet promise to provide 
broad markets in the future. The 
operating system environments 
showing this kind of promise now 
seem to be limited to CP/M-MP/M, 
MS-DOS, Unix, and UCSDp-System. 
Soffech Microsystems (San Diego, 
Calif) is said to have networking 
software for the UCSDp-System en
vironment under development. 

A supermicrocomputer that serves 
up to 16 workstations, the Datamedia 
932 contains from a standard 9 to an 
optional 19 ports. Memory is 
expandable from the standard 256K 
bytes to I.SM bytes. This multi-user 
system is based on a 68000 
microprocessor. 



Network operating systems pro
vide the services and coordination 
that need to take place between 
interconnected computers, just as 
local operating systems handle 
housekeeping chores within the 
individual computers. One of the 
most desirable features for the lo
cal operating systems is multitask
ing. Then, while working on their 
local job-perhaps a spread
sheet-users can concurrently 
transmit and receive information 
from the other computers on the 
network. At present, relatively few 
single-user multitasking operating 
systems are available for micro/ 
personal computers. Those that 
are seem to be for use with 16-bit 
machines. For example, there is 
Concurrent CP/M-86; a multitasking 
version of MS-DOS under develop
ment; and Unix-like, single-user 
multitasking operating systems 
including Xenix and Cromemco's 
Cromix. 

To work effectively with many 
different kinds of network links, 
most network operating systems 
leave their interfaces flexible. The 
job of writing interface software 
therefore falls to the system devel
oper. When communications have 
to be handled character by charac
ter, the programming task can be a 
difficult one. This is because real
time requirements must be met to 
prevent any information loss. In
terface software is much simpler to 
write when network messages are 
handled by the controllers that 
buffer and validate them before 
handing them off to the receiving 
processors. 

File and record locking may be 
provided at several levels. Multi
user operating systems like MP/M 
may include locking capabilities; 
network operating systems and 
database managers designed for 
multi-user access may also provide 
locking. From the system developer's 
viewpoint, the more the merrier. 
Storage overload for carrying 

Cromemco's dual-processor System Three, like other members of the 
company's multi-user D-series computer systems, contains both a 16/32-bit 
68000 and an 8-bit Z80A microprocessor. Therefore, the system can run 
software written for either microprocessor. 

OSM Computer Corp's multiprocessor Z80A-based Zeus4 uses the company's 
proprietary multi-user system executive (MUSE). It is fully compatible with CPI 
Mand MP/Mat the RM Cobol and CB80 level. From two to eight users can be 
supported simultaneously. 
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unused redundant locking facili
ties are negligible, and there is a 
wider choice of locking commands 
and techniques . With centralized 
files, using locking procedures at 
the file server is probably the most 
convenient. But, with distributed 
files , uniform network-wide lock
ing procedures can ease system 
development. 

Network software 
Several network operating sys

tems have been developed around 
the Digital Research (Pacific Grove, 
Calif) CP/M and MP/M operating 
systems. The first, called CP/NET, 
came from Digital Research itself 
and is essentially a way to tie 
together a master machine with 
several slave machines. With MP/M 
resident on the master machine 
and CP/M on each of the slaves, 
CP/NET provides access to the 
central resources from the slaves. 

CP/NOS, a version of CP/NET, is 
designed for use with slaves that 
have no disk storage. It does all file 
transac tions over the network 
while locally supporting a terminal 

Great office networks from 
llttle micros grow 

and printer. Available in read only 
memory (ROM) format, CP/NOS is 
packaged in book-sized boxes with 
single-board processors and 16K of 
memory. The boxes, with a net
work port on one side and an 
RS-232 port on the other, sell from 
$400 to $700. They convert dumb 
terminals into network-connected 
personal computers . 

Under development at Digital 
Research is a network operating 
system for 8086-based micros . It is 
designed to work with Concurrent 
CP/M, the company's multitasking 
single-user operating system. With 
the new network software, both 
slaves and master computers will 
use Concurrent CP/M. Because all 
the connected computers will be 
able to act as file or peripheral 
se1vers1 resmrrces can be distributed. 
Remote queue calls will allow syn
chronization of processes running 
on separate machines . Concurrent 
CP/M and the more recent concur
rent MP/M software both have syn
chronization flag capabilities . The 
new network software will also 
have an electronic mail feature. 

Any combination of six computers and printers can interface through Digita l 
Laboratories' MultiSpool. A 64K-byte buffer that frees the computer for othe r 
tasks, the multiport spooler a llocates data for printing to individual spool 
buffe rs . If necessary , it then holds the data in queue until printers are 
available. 
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CP/NET's shortcomings created 
a market opening into which Tur
boDOS, the operating system from 
MuSYS (Irvine, Calif), moved. Sin
gle-user TurboDOS versions are in
stalled on each slave machine, and 
a multi-user version on the master 
machine . These operating systems 
are designed to run all application 
programs written for CP/M or MP/M. 

One CP/NET shortcoming that 
TurboDOS is designed to over
come is a more standard approach 
to device drivers. In CP/NET, the 
system developer often has to re
write these routines (called SNIOs) 
when a given device is used in a 
new system configuration. With 
TurboDOS, the same driver should 
work in almost any system config
uration. 

TurboDOS also allows access to 
peripherals connected to the slave 
machines. A forwarding table in 
the master file server routes these 
peripheral requests and provides 
transparency. Thus, the user pro
gram simply names the peripheral 
to gain access . In this way, the user 
can access up to 16 logical drives 
and 16 other peripheral devices. 

A multimaster version of Turbo
DOS allows entire networks to be 
linked to one another. Slave com
puters serve as inter-network gate
ways. Requests for access are routed 
through store and forward tables . 

Although MuSYS stresses Turbo
DOS's compatibility with CP/M and 
MP/M, some system developers are ~ 

skeptical. What they fear is that the 
compatibility may not be able to 
survive future changes in Digital 
Research languages. They recall 
that when the most recent MP/M 
version was released, it would no 
longer run Microsoft (Bellevue, 
Wash) Basic programs. This forced 
MP/M users to turn to Digital Re
search Basic. 

The NET 8-16 network operating 
system from Gifford Computer Sys
tems (San Leandro, Calif) is de
signed to link together CompuPro 
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21 MIPS-Move over VAX 
and MV/10000, the fast lane 
belongs to Perkin-Elmer. 

The benchmarks are in . 
Perkin-Elmer has won again-by 
executing 21 MIPS on our Model 
3200MPS with a sustained 1/0 
bandwidth of 40 MB/sec. 

King of the road 
Consider this. The VAX 11 /780 

can execute 12 MIPS. The 
Eclipse MV/10000 fares a little 
better at 2.5 MIPS. But the 
Perkin-Elmer 3200MPS gives you 
a plug-in parallel processing 
system that starts at 3 MI PS 
and can be expanded up to an 
astonishing 21 MIPS. 

Maneuverability 
The Model 3200MPS gives you 

new freedom in estimating jobs 
that are difficult to size . You can 
start with a 3 MIPS processor 
priced at only $150,000. Then , as 
your needs grow, you can add 
anywhere from one to nine Auxil
iary Processing Units (APUs) at 

an extremely affordable $35,000 
each . 

Automatic shifting 
The Model 3200MPS is de

signed to handle demanding real
time applications as well as heavy 
streams of independent number
crunching tasks . You can segment 
your application into multiple task 
modules, with each APU perform
ing a set of related functions . 

Our virtual task manager gives 
you full virtual capability without 
the virtual overhead . 

Ease of handling 
The Model 3200MPS provides 

maximum flexibility for software 
development , system maintenance, 
and system extension . 

Our state-of-the-art universally 
optimizing FORTRAN VII Z 
enables you to use modular pro
gramming techniques for 
programmer productivity while 

© 1983 The Perkin-Elmer Corporation 

maximizing real-time efficiencies. 
The Model 3200M PS can be 

structured to permit continued 
system operation though one or 
multiple APUs may fail. 

To find out more about 21 MIPS 
mainframe-style crunching on our 
Model 3200MPS write or call 
today: The Perkin-Elmer 
Corporation , Two Crescent Place, 
Oceanport, NJ 07757 Tel: 
800-631-2154. In NJ 201-870-4712. 
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Computer Automation 's Omnix 186 multi-user, 16-bit microcomputer system is 
based on an 8-MHz 80186 microprocessor. A user-transparent, 16-bit input/ 
output processor serves disk and terminal management to free the main 
processor for application tasks. 

computers using MP/M-86 or 
MP/M 8-16 operating systems. 
NET 8-16 features include time
stamping, record locking, pass
word protection, and automatic 
backup. 

At Microsoft, where a network 
operating system is under devel
opment, the goal is to provide 
equality for all network nodes . In
stead of having a master computer 
act as a central file server, individ
ual units operating in the network 
will either be equipped with Micro
soft MS-DOS or Xenix operating 
systems. 

File locking capabilities are al
ready embodied in Xenix, and the 
network version of MS-DOS is 
expected to have similar capabili
ties . Local device drivers that work 
into each local operating system 
will handle disks and other periph
erals. Links to outside environ
ments, like mainframe files , are to 
be treated as device drivers . 
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Having reached the conclusion 
that there will be no useful stan
dards for IANs in the foreseeable 
future, Microsoft is designing its 
network operating system device 
interface to accommodate virtually 
any type of interconnection links. 
When it is offered, this Xenix-com
patible network operating system 
may have a side effect: to direct 
more system developers toward 
using Unix-like system software. 

Unix and Unix-like system soft
ware have attractive features for 
use in multicomputer systems . 
Unix is very portable and runs on a 
wide variety of 16-bit micro/per
sonal computers and minis . How
ever, it has not been widely used 
among system developers who 
work with micro/personal comput
ers . One reason is that, for ma
chines equipped only with floppy 
disks, Unix is a disk-hog. Therefore, 
the lowest cost computers are not 
generally suitable for Unix. 

System developers used to work
ing with CP/M or MS-DOS do not 
relish the idea of spending pre
cious working hours learning the 
details of using Unix, and gaining 
experience in applying it . As they 
move into multicomputer configu
rations, developers would rather 
work with more familiar software . 
Nevertheless, networking software 
based on Unix and Unix-like oper
ating systems is beginning to 
appear in the marketplace. 

UNET communication software 
from 3COM Corp (Mountain View, 
Calif) links together Unix-based 
computers for a limited number of 
common services . These include 
transfers of both ASCII and binary 
files between computers; immedi
ate and queued electronic mail 
delivery; full-duplex communica
tion between application pro
grams on different computers; and 
a datagram service for implement
ing user-defined protocols . Store 
and forward procedures allow 
transparent use of these services. 

A more elaborate Unix-based net
work operating system, called NOS, 
is available from Plexus Computers 
(Santa Clara, Calif) for use with the 
company's equipment. Designed 
to link multi-user micros together 
via Ethernet, it supports distributed 
files and provides transparent access 
and locking capabilities. At any 
point on the network, users can 
log on to another computer and 
process jobs there. Access to periph
erals is also transparent and net
work wide. 

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

High 701 
Average 702 
Low 703 



When 1exas Instruments and 1ektronix 
team up, brilliant ideas take shape. 

• For high-resolution color graphics and 
lower costs, Tektronix uses Tl's 
TMS4416 64K ORAM in its top-of
the-line graphics terminal (Page 2). 

• Tl's comprehensive choice for 
microprocessor-based systems: 64K 
DRAMs, static RAMs, controllers, 
and comparators (Page 3). 

• First low-cost 64K DRAM chip car
rier doubles the density of DIPs and 
provides all the advantages of TI plas-
tic ]-lead design (Page 4 ). .... 



Tl's new. 
memory 
125 MHz pixel-rate performance. With 
memory part count cut by 75%. And 
cost savings more than 50%. The unique 
TMS4416 16K x 4 DRAM from Texas 
Instruments is the first 64K dynamic 
random-access memory (DRAM) in the 
world that could provide this perfor
mance at that price. And that's why it 
was chosen for the new, advanced 
Tektronix 4115B Computer Display 
Terminal. 

Designed for the most demanding 
CAD/CAM applications, the Tektronix 
4115B features a high-resolution color 
raster-scan display. This 60-Hz, non
interlaced, flicker-free display provides 
resolution of 1280 x 1024 pixels. Up to 
256 colors can be displayed at one time 
from its palette of 16 million colors! 

System-wide cost savings 
By upgrading from four 16K devices per ~ 
single in-line package to one TMS4416 
ByFour· DRAM (see photo), Tektronix 
cut costs by more than 50% and memory 
part count by four times. 

System costs also were lowered, due to 
fewer interconnects and support circuits. 
This reduced inventory, cut power re
quirements, and enhanced reliability. 

Lower power, 
higher reliability 

With one 5-V power supply at 130 mW 
per 64K, the TMS4416 significantly cut 
power consumption. This increased 
power supply margins and reduced noise. 
Plus, lower heat dissipation and fewer in- 1-

terconnects improved system reliability. 
Equally important, TI met Tektronix's 

critical delivery schedule. 

Meets many design needs 
Where can the TMS4416 help you? In 
personal and small business computers. 
Intelligent terminals requiring 16K- and 
32K-byte memory modularity. Single
board microcomputers. And more. 

The output/enable feature makes inter
facing the TMS4416 with micro
processors simple. • 

•An exceptionally "clean solution," Tl's 
TMS441616Kx4 DRAM enabled 
Tektronix to reduce memory component 
count by four in its new 4115B Computer 
Display Terminal. Each TMS4416 replaced 
four 16K devices mounted on a single in-line 
package. 'Trademark of Texas Instruments 



.16Kx4D cuts 
costs by 50% for 1.ektronix. 

For a cost-effective, low-power memory sys-
• tern that uses minimum board space, com
bine the TMS4416 or the TMS4164 64K 
DRAM with the TMS4500A. 

One TI chip 
links DRAMs 
with CPUs. 

Tl's TMS4500A DRAM controller saves 
design time and IC costs. 

Easy to use, the TMS4500A supplies a 
reliable, single-chip interface between dy
namic memory and the microprocessor. 

The TMS4500A speeds and simplifies 

1your design task by providing address 
multiplexing, cycle timing, arbitration 
logic, and refreshing-all on one chip. It 
saves substantial design time, circuitry, 
board space, and power. Plus replaces as 
many as 15 discrete support ICs. 

Highly versatile, the TMS4500A in
erfaces with all popular microprocessors. 

And is compatible with DRAMs from 
4K up-from any manufacturer. 

Think of the board space and time 
savings and power reductions possible 
when you combine TMS4416 or 
TMS4164 64K DRAMs with a 

1TMS4500A. 
Using the TMS4500A, you can easily 

handle up to 256K bytes per controller 
with TMS4416s or TMS4164s.With ad
ditional decodes, you can go to 512K 
bytes and more. 

For details on the TMS4500A, check 
umber 1 on the next page. • 

Tl's fast 
64KDRAM 

just got faster. 
Now, Tl's pacesetting TMS4164 64K x 1 
DRAM comes in a still speedier version. 
Our new TMS4164-12 provides 120-ns 
access time, 230-ns cycle time, and just 
175-m W typical power consumption per 
device. Two other speeds also are avail
able: 150 and 200 ns. 

We've also taken another positive step. 
To increase board density and lower 
costs, the TMS4164 now can be yours in 
0.285 in. x 0.425 in. plastic chip carriers. 

Like the TMS4416, the TMS4164 re
quires only a single 5-V power supply. 
This-combined with fewer sense ampli
fiers-reduces power dissipation and in
creases system reliability. 

In addition, both the TMS4164 and 
the TMS4416 employ interlocked inter
nal clocks, which provide more precise 
timing sequences. This allows all chips to 
run at maximum speeds without the dan
ger of race conditions. And these clocks 
reduce power consumption by ensuring 
that each clock is activated only as long 
as necessary. 

When you need high-quality 64K 
DRAMs, rely on Tl's two outstanding 
choices. For high speed and low power, 
select the TMS4164. For high band
width and modularity, choose the 
TMS4416. Both are cost effective. Easy 
to design with. And state of the art. 

For more information on the 
TMS4416 and TMS4164, check number 
2 on the coupon. • 

Fast, low-cost 
16K static RAMs. 

For an economical, high-density mem
ory in smaller systems and peripherals, 
you can't do better than Tl's TMS4016 
static RAM. 

Interchangeable with Tl's TMS2516 
and all other 16K, 5-V EPROMs, the 
TMS4016 makes board design simple 
and fast. This gives you flexibility to pro
totype and de-bug in RAM, then con
vert to EPROM or ROM for production. 
All in the same socket. 

Just right for microprocessors, the 
TMS4016 features 2K-by-8 organization 

and single 5-V power supply. And oper
ates at 120, 150, 200, or 250 ns with 385 
mW maximum power dissipation. 

For more facts on the low-cost 
TMS4016, check coupon number 3. • 

New cache-tag 
comparator speeds 
system throughput. 

Tl's new TMS2150 cache address com
parator can improve high-performance 
microprocessor or bit-slice system 
throughput by up to three times. Plus re
duce cache memory IC count, board 
area, power dissipation, and cost. 

With the TMS2150, no wait states 
need to be implemented in micro
processor access cycles in response to 
slower-cycling DRAMs. The TMS2150, 

High-speed cache memory systems utilizing 
the TMS2150 will enable high-performance 
microprocessors to set new cost-performance 
standards with large, low-cost dynamic 
main memory. 

in combination with high-speed static 
RAMs, completes an entire high
performance cache memory system. With 
a maximum 45-ns delay from address to 
match valid , the TMS2150 can provide 
TTL performance at one-tenth the part 
count and 10% the power. 

Operating from a single + 5-V power 
supply, the TMS2150 consists of a high
speed 512 X 9 static RAM array, parity 
generator and checker, and a 9-bit high
speed comparator. 

For more specifics, check number 4 
on the coupon. • 



Tl's 64K DRAM chip carrier. Authorized 
More tnetnory for less tnoney. !!11_~¢butors· 

Increased board density can be achieved economically wich Tl's exclusive plascic 64K DRAM 
chip carriers-an industry firsL 

Now you can pack even more memory 
into less space for less money. Tl's unique 
plastic TMS4164 chip carrier gives you 
the high-density memory option you 
need. At a price you can afford. 

Dramatic reductions in 
board size 

Tl's low-cost 64K DRAM chip carrier 
provides twice the density of the conven
tional DIP. System size can be substan
tially reduced. And significant cost 
savings realized. 

Unlike conventional D!Ps, Tl's ad
vanced TMS4164 in chip carriers can be 
surface mounted. As a result, the num-

ber of layers in the printed circuit board 
is greatly reduced, and fewer boards are 
required. 

Ideal for SIPs 
Tl's 0.285 in. x 0.425 in. surface
mounted chip carriers are designed to 
meet the critical height requirement of 
single in-line modules (S!Ps), as well as 
offer the necessary low power dissipation. 
And, now TI has in development single 
in-line module arrays in various organiza
tions to meet your future system needs. 

For more information on the world's 
first low-cost 64K DRAM chip carrier, 
check number 5 on the coupon. • 
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ARIZONA: l'tloenll, Kierultt (602) 243-4101 ; Marshall (602) 968-6181 : Wyle 
(602) 249-2232: l lmon, Klerultt (602) 624-9986. 

CALIFORNIA: LOI Angel11/0r1nge County, Arrow (213) 701-7500, (714) 
851 -8961; Kierultt (213) 725-0325, (714) 731-5711 ; Marshall (213) 
999-5001 , (213) 442-7204 , (714) 556-6400; R.V. Weathertord (714) 
634-9600, (213) 849-3451 , (714) 623-1261 ; Wyle (213) 322-8100, (714) 
641-1600, San Diego, Arrow (619) 565-4800; Kierultt (619) 278-2112; 
Marshall (619) 578-9600: R. V. Wealhertord (619) 695-1700: Wyle (619) 
565-9171 : Sin Fnincl1eo Bly Ar11, Arrow (408) 745-6600: Kierultt (415) 
968-6292: Marshall (408) 732-1100; Wyle (408) 727-2500; S1nll Blrll1r1, R. 
v. Weathertord (805) 965-8551 . 

COLORADO: Arrow (303) 758-2100; Kierultt (303) 790-4444; Wyle (303) 
457-9953. 

CONNECTICUT: Arrow (203) 265-7741 ; Diplomat (203) 797-9674; Kierultt 
(203) 265-1115: Marshall (203) 265-3822; Milgray (203) 795-0714. 

FLORIDA: Fl. L1udenl1le, Arrow (305) 776-7790; Diplomat (305) 971-7160; 
Hall-Mark (305) 971-9280; Kierultt (305) 652-6950; Ort1ndo, Arrow (305) 
725-1480; Diplomat (305) 725-4520; Hall-Mark (305) 855-4020; Mllgray (305) 
647-5747; T1mp1, Diplomat (813) 443-4514; Hall-Mark (813) 576-8691 ; 
Kierultt (813) 576-1966. 

GEORGIA: Arrow (404) 449-8252; Hall-Mark (404) 447-8000; Klerultt (404) 
447-5252; Marshall (404) 923-5750. 

ILLINOIS: Arrow (312) 397-3440; Diplomat (312) 595-1000; Hall-Mark (312) 
860-3800; Klerultt (312) 640-0200; Newark (312) 638-4411 . 

INDIAJIA: lndl1n1poll1, Arrow (317) 243-9353; Graham (317) 634-8202; Fl. 
Wlynt , Graham (219) 423-3422. 

IOWA: Arrow (319) 395-7230. 

KANSAS: K1n111 City, Component Specialties (913) 492-3555: Hall-Mark 
(913) 888-4747; Wlchlll , LCOMP (316) 265-9507. 

MARYLAND: Arrow (301) 247-5200; Diplomat (301) 995-1226; Hall-Mark 
(301) 796-9300; Kierultt (301) 247-5020; Milgray (301) 468-6400. 

MASSACHUSETTS: Arrow (617) 933-8130; Diplomat (617) 429-4120: Klorul tt 
(617) 667-8331 ; Marshall (617) 272-8200; Time (617) 935-8080. 

MICHIGAN: Detroit, Arrow (313) 971-8200; Newark (313) 967-0600; Gnind 
R1pld1, Arrow (616) 243-0912. 

MINNESOTA: Arrow (612) 830-1800; Hall-Mark (612) 854-3223; Klerulff (61 2) 
941-7500. 

MISSOURI: K1n111 City, LCOMP (816) 221-2400; SI. Louis, Arrow (314) 
567-6888; Hall-Mark (314) 291-5350; Klerulff (314) 739-0855. 

NEW HAMPSHIRE: Arrow (603) 668-6966. 

NEW JERSEY: Arrow (201) 575-5300, (609) 235-1900; Diplomat (201) 
785-1830; General Radio (609) 964-8560; Hall-Mark (201) 575-4415, (609) 
424-7300, JACO (201) 778-4722, (800) 645-5130; Kierultt (201) 575-6750: 
Marshall (201) 882-0320; Mllgray (609) 983-5010 , (800) 645-3956. 

NEW MEXICO: Arrow (505) 243-4566; ln1erna1ional Electronics (505) 
345-8127. 

NEW YORK: Long l1l1nd, Arrow (516) 231-1000; Diplomat (516) 454-6334; 
Hall-Mark (516) 737--0600; JACO (516) 273-5500; Marshall (516) 273-2424; 
Milgray (516) 546-5600, (800) 645-3986; Hall-Mark (516) 737-0600; 
Roch11ttr, Arrow (716) 275-0300; Marshall (716) 235-7620; Rochester Radio 
Supply (716) 454-7800; Syn1cu11, Arrow (315) 652-1000; Diplomat (315) 
652-5000; Marshall (607) 754-1570. 

NORTH CAROLINA: Arrow (919) 876-3132, (919) 725-8711 ; Hall-Mark (919) 
872-0712: Klerultt (919) 852-9440. 

OHIO: Clnclnn1tl , Graham (513) 772-1661 ; Hall-Mark (513) 563-5980: 
Cl1vol1nd, Arrow (216) 248-3990; Hall-Mark (216) 473-2907: Klerulff (216) 
587-6558; Columbu1, Hall-Mark (614) 891-4555, 01yton, Arrow (513) 
435-5563; ESCO (513) 226-1133; Marshall (513) 236-8088. 

OKLAHOMA: Arrow (918) 665-7700; Component Specialties (918) 664-2820; 
Hall-Mark (918) 665-3200; Kierultt (918) 252-7537. 

OREGON: Kierultt (503) 641-9150; Wyle (503) 640-6000. 

PENNSYLVANIA: Arrow (412) 856-7000 , (215) 928-1800; General Radio (215) 
922-7037; Hall-Mark (215) 355-7300. 

!UAS: AU1tln , Arrow (512) 835-4180: Component Specialties (512) 
837-8922; Hall-Mark (512) 258-8848: Klerultt (512) 835-2090: 011111, Arrow 
(2t4) 386-7500; Component Specialties (214) 357-6511 ; Hall-Mark (214) 
341-1147; International Electronics (214) 233-9323; Kierultt (214) 343-2400: 
El P110, International Electronics (915) 778-9761 : Hounon, Arrow (713) 
491-4100: Component Specialties (713) 771-7237; Hall-Mark (713) 781-6100; 
Harrison Equipment (713) 879-2600; Kierulff (713) 530-7030. 

UTAH: Diplomat (801)486-4134; Kierulff (801) 973-6913: Wyle (801) 974-995:\

VIRGINIA: Arrow (804) 282-0413 . 

WASHINGTON: Arrow (206) 643-4800; Kierultt (206) 575-4420; Wyle (206) 
453-8300. 

WISCONSIN: Arrow (414) 764-6600; Hall-Mark (414) 761-3000: Kierultt (41 4) 
784-8160. 

CANADA: C1lg1ry, Fu1ure (403) 259-6408; Varah (403) 230-1235; H1mtlton, 
varah (416) 561-9311 ; Mon1r11I, CESCO (514) 735-5511 ; Future (514) 
694-7710; Dtt1w1, CESCO (613) 226-6905; Future (613) 820-8313; Ouebtc 
City, CESCO (418) 687-4231 ; Toron1o, CESCO (416) 661-0220; Future (416) 
663-5563; V1ncoum, Future (604) 438-5545; varah (604) 873-3211 ; .. ,~ •oo'~T~XAS 'f . 
INSTRUMENTS 

Creating useful products 
and services for you. 
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An expert for every off ice 
Knowledge-based systems can improve office productivity by applying 

artificial intelligence to routine office tasks. 

by Richard Parker, Contributing Editor, and Nicolas Mokhoff, Senior Editor 

A rtificial intelligence con
cepts for automating office 

work are starting to emerge from 
industrial and university laborato
ries. The concepts have recently 
been embodied in the form of in
telligent computers that can solve 
all kinds of problems pertaining to 
typical office tasks. These include 
management, accounting, person
nel departments, billings, market
ing and sales, and distribution. 

Key to intelligent computers are 
advanced software packages that 
configure computers as "expert 
systems." (See the Panel, "How ex
pert systems work.") The software 
offerings allow managers and sec
retaries to use conversational En
glish when interacting with the 
computer. In addition, the soft
ware packages enhance the inter
face between the user and the 
computer with such features as 
interactive graphics and split
screen displays with multiple win
dows. 

Until recently, expert systems 
have been used mostly in military 
applications and for electrical, me
chanical, chemical, and civil engi
neering designs. They have also 
been used in such applications as 
automotive and medical diagnos
tics, oil exploration, and image 
interpretation. \>Vhile expert systems 
still predominate in these applica
tions, new office automation appli
cations are joining the list. 

Truly intelligent computer sys
tems can enhance automation for 
office workers who wade through 

~ CIRCLE 50 

an abundance of information to 
assemble, analyze, and interpret it . 
The systems can thus unburden 
workers from detailed office tasks 
and make them more productive, 
which could increase business 
profits . 

One way for office workers to 
use intelligent computers is to ac
cess large data bases of informa
tion easily. For instance, a single 
query like, "How many salaries of 
$30,000 or more?" suffices for an 
artificial intelligence expert system 
to list all applicable individuals in 

several different offices of the com
pany, with other data like sex, age, 
etc . In fact, the computer system 
can infer from a query like, "Atlanta 
clerk salaries" that the operator 
wants salary information for all 
clerks in the company's Atlanta 
office. This would be a trivial task 
for human interpretation but is a 
complex task for an artificial intel
ligence computer. 

Many possibilities must be in
cluded in the data base for the 
computer to make the proper in
ference . Thus , to a question 
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like, "Who lives in Washington?" 
the computer should be smart 
enough to ask for further clarifica
tion, possibly providing the user 
with a multiple-choice format, for 
example: 

Which do you mean? 
1. Washington, DC 
2 . The state of Washington 
Select and enter the appropriate num
ber 

On the other hand, a query like, "Is 
this order of apples from Washing
ton?" might be a clue to the com
puter that the user could mean 
Washington state, since that state has 
an abundant supply of apple crops-
inferred information the computer 
has stored in its data base. 

A number of limiting factors 
slow the development of expert 
systems. The main obstacle is the 
small number of artificial intelli
gence experts with experience in 
that discipline. Also, current sys
tems that do not live up to the 
claimed performance have raised 
many false expectations . 

Moreover, users have to under
stand that, like human experts, an 
expert computer system can make 
mistakes and provide false an
swers. After all, an expert computer 
system is not designed to provide 
go/no-go or yes/no answers. It is 
based on inference concepts that 
yield judgment calls in answers to 
intelligent questions. All these fac
tors result in a long design cycle 
for expert computer systems. The 
average design cycle time it took to 
develop the current, more note
worthy, expert systems was five 
man-years (Figure 1). 

Artificial intelligence experts be
lieve that for future computers to 
be truly intelligent, they must yield 
answers based on the high proba
bility that an event will occur. That 
is, they must be able to develop a 
line of reasoning based on either 
uncertain or partial evidence . A 
number of expert systems have 
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Figure 1 The design cycle for developing an artificial intelligence expert 
system is very long. As the more noteworthy ones available show, it takes 
about five man-years to come up with an expert system. (Source: Sperry 
Corp.) 

been developed that include these 
partial thinking characteristics. 

For instance, the Prospector de
veloped by SRI International (Menlo 
Park, Calif) identifies mineral de
posits in the ground. Users specify 
a "confidence level" when query
ing the Prospector for information 
about a potential mineral site. 
Prospector then ranks the evi
dence about a potential mineral 
deposit according to the evi
dence's strength and the need to 
establish the existence of the min
eral's deposit . In lieu of a simple 
yes/no answer about a particular 
potential mineral site, Prospector 
provides the site's probability of 
mineral ore concentration. Proof of 
Prospector's performance came 
about two years ago when it 
helped identify a Canadian molyb
denum ore deposit, worth several 
million dollars . 

Company-specific uses 
Although expert systems are not 

common office equipment today, 
many organizations, including ma
jor electronics firms, are starting to 
apply them for office work. For 
example, Digital Equipment Corp 

(Maynard, Mass ), working with 
Carnegie-Mellon University, has de
veloped three artificial intelligence 
expert systems in its Hudson, Mass 
office for expediting routine office 
procedures. 

Using XCON, which is based on 
the Rl expert system, DEC person
nel can configure orders for VAX 
computers including items such 
as cables, memory boxes, and 
components. Prior to XCON (which 
stands for excellent configurer) 
DEC workers experienced prob
lems that caused delays in VAX 
configurations, due to the shortage 
of qualified configuration experts. 
XCON, which was installed in Jan
uary 1981, allowed the company to 
fill some 17,000 orders by the mid
dle of this year, with 98% accuracy. 
XCON uses some 2000 rules in its 
knowledge base. The rules specif)' 
hundreds of product descriptions 
that allow XCON to determine per
missible system component con
figurations. In checking a VAX order, 
XCON typically runs through 
about 1000 rules in about 2 min. 

DEC has gone one better on 
XCON with XSEL (for excellent sell
ing assistant), an expert system to 



help company salespeople con
figure and order computers right 
from the customer's office. The 
company is field testing XSEL in 
the Washington, DC area. 

XSEL has 4000 rules that smooth 
the order-taking process between 
a company and its customer and 
minimize manufacturing and 
warehousing problems. The expert 
system customizes orders by let
ting customers order items such as 
additional terminals, disk memo
ries, and environmentally rugged 
housings. A salesperson uses XSEL 
to converse with a larger regional 
computer via a portable terminal 
in an English language format, to 
determine the validity of a specific 
order . XSEL then determines 
whether parts that a customer has 
ordered are compatible with his or 
her system by analyzing all electri
cal, mechanical, and environmen
tal component specifications. The 
system even informs the salesper
son when the customer fails to 
order an essential component. 

Thus, XSEL provides a road map 
of the ordered system, showing a 
proper floor plan for every part 
location and the connections be
tween the system's elements . It 
also provides price and delivery 
information and analyzes the im
pact of part substitutions on the 
ordered computer system. 

DEC is developing yet another 
artificial intelligence expert system 
called XSITE. This expert system 
will assist engineers in making site 
selections for the company'.s 
computers . XSITE will determine 
all the site 's requirements includ
ing computer power, space, and 
cable lengths. 

Other electronics firms are de
veloping expert systems for various 
applications. IBM Corp (Armonk, 
NY) has Epistle, an expert system 
that reads the mail and informs 
the recipient of important parts of 
the mail. Hewlett-Packard Corp 
(Palo Alto, Calif) has an expert sys-

A plethora of 
intelligent 
support tools for 
expert systems is 
also emerging. 

tern that forwards messages and 
generates its own notices, moni
tors responses, and coordinates 
managers' schedules . 

Speny Corp (Salt Lake City, Utah) 
has been using its own Order Edit 
expert system for configuring com
puter communication systems 
since 1980. An engineer reviews 
orders interactively with the sys
tem, after which the Order Edit 
system sends work authorizations 
to computer terminals in the Sper
ry plant. Sperry is working on ex
panding Order Edit 's role to cover 
other company products. 

Several companies have recently 
begun to offer expert systems com
mercially that can be used for a 
variety of office applications . Such 
systems often allow their users to 
talk with a computer in English, 
even if the conversational language 
contains grammatical errors and 
uses poor syntax. Nearly all of the 
founders of these firms are former 
academic researchers who worked 
at some of the leading research 
centers. These include Stanford 
University, Massachusetts Institute 
of Technology, Yale University, and 
Carnegie-Mellon University. 

One such academic offspring is 
Artificial Intelligence Corp (Wal
tham, Mass). The company has 
been marketing its Intellect expert 
query system for about three years. 
Office workers ranging from clerks 
to presidents can use Intellect for 
retrieving sales, marketing, and 
personnel data. Its built-in library 

includes such data processing func
tions as statistics (minimum, maxi
mum, average, total ), countings, 
correlations, comparisons, totals 
and subtotals, percentage-of-totals, 
total ratios, "top n" and "bottom 
n " statistics, ranked comparisons/ 
subtotals/percentage-of-totals, yes/ 
no decisions, and histograms . 

Large organizations such as the 
Bank of America, Aetna Casualty, 
SoCal Edison, and Avco Corp have 
adopted Intellect. At Filene's de
partment store in Boston, Mass, 
executives use Intellect to obtain 
information about the company's 
finances , employees, and mer
chandise using a natural, conver
sational English language format. 

Intellect is easy to use because it 
combines a natural language front 
end with a database management 
system (DBMS). The system pro
vides the forum for an off-the-shelf 
DBMS to answer a wide range of 
questions about a subject, without 
knowing anything about the subject 
itself. The DBMS stores common 
information-retrieval elements 
such as files , records and fields, as 
well as search and linguistic con
cepts such as words and grammat
ical rules. The frontend provides 
the natural language interface. Sev
eral other artificial intelligence 
companies are adopting this ap
proach. 

To retrieve information about 
marketing personnel from an em
ployee file, an Intellect user need 
only type in, "Show me all the 
marketing managers in the Hous
ton office who earn less than 
$75,000," and the system responds 
with all names and salary figures on 
the computer's cathode ray tube 
(CRT) display. Even if the user's 
query was rephrased (eg, "Hous
ton, marketing manager salaries, 
under $75,000") or misspelled (eg, 
"Show me all the makting mgrs in 
the Huston office ... "), the Intellect 
system would still understand and 
respond properly (Figure 2). The 
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user need not learn special codes, 
programming languages, etc, to 
use Intellect. What's more, as an 
option, Intellect can move raw data 
to a finished graph in 10 to 15 s. 

A linked approach 
Intellect is available for use with 

Artificial Intelligence Carp's own 
DBMS called Derived File Access 
Method (DFAM) as well as with 
ADABAS from Software AG of North 
America (Reston, Va) and VSAM 
from IBM. Other popular DBMSs 

may also be adapted. Recently, 
IBM signed a third-party agree
ment with Artificial Intelligence 
Corp to sell Intellect with an inter
face to IBM's Structured Query 
Language (SQL) system. The Intel
lect expert system will be linked to 
IBM's Presentation Graphics Fea
ture software. 

tion about the structure and con
tents of an existing data base from 
the database manager, during an 
initial user-system query. This in
formation is then used to modify 
TEAM's translation mechanism so 
that queries can be made in the 
host computer's native language. 

To serve many different artificial 
intelligence markets , Cognitive 
Systems Inc (New Haven, Conn) 
customizes its natural language 
front ends for various data bases. 
For example, the firm offers the 

SRI Intemational 's Transport
able English Access Mechanism 
(TEAM) also uses this approach of 
linking natural language front ends 
with DBMSs. TEAM elicits informa-

How expert systems work 
Most currently available artificial intelligence expert 
systems arrive at intelligent solutions to queries by 
building up the answers using pieces within the expert 
system's data base. The expert system scans through 
its data base to find the pieces of information that 
apply to the problem at hand. These knowledge-based 
systems are also known as heuristic systems. 

Knowledge for such a system is extracted from a 
human expert on the subject in which the expert 
system is expected to specialize. The knowledge is 
then stored in the expert system's data base for use 
when needed. 

Most often, knowledge is stored in the form of 
"IF ... THEN ... " statements (known as rules). One 
example can be, "IF the animal has four legs, and is 
carnivorous, THEN it may be a leopard." On the other 
hand, additional information about a leopard's color 
can cause the system to reason, "IF the animal has 
four legs, and is a carnivore, and has black spots, 
THEN it is a leopard." 

This collection of rules is interpreted by an inference 
engine, which navigates througlLlhe knowledge base 
much like a human would reason through a problem 
(see Figure). Each rule can have one or more 
statements in its IF and THEN parts. If all the premises 
of the IF part hold true, the conclusions reached by the 
expert system in the THEN parts are also true and the 
rule is said to "fire." Furthermore, the conclusion of a 
certain rule may exist as a premise of another rule that 
may itself fire and ignite other rules in succession, until 
a final conclusion is reached. This process is known as 
forward chaining. 

A more complex control strategy is backward chaining. 
Here , the inference engine traverses the knowledge 
base rules backwards, from conclusion to initial 
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premises. There are even hybrid knowledge-based 
expert systems with both forward- and backward
chaining control. 

To simulate the semilogical reasoning process of 
human beings, certainty factors can be associated 
with each IF ... THEN ... rule. This allows the expert 
system to hypothesize a conclusion with a degree of 
certainty. 

Forward- and backward-chaining knowledge
based systems require a large memory to accom
modate many rules in the data base. The more rules a 
system accommodates, the more powerful it becomes. 
To conserve memory space, semantic knowledge 
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Explorer expert system for the oil
well industry, the Marketeer for 
marketing-analy sis applications, 
and the Broker for stock-market 
applications . All these expert sy s
tems work on DEC 's Sy stem 20. 

data processing training to gener
ate reports and analyze such data
base information as forecasting, 
promotion, evaluation, selection, 
and test market readings (Figure 3). 

pert knowledge and offer advice in 
a variety of fields . Two such sys
tems are the Automated Will Writer 
and Estate Planner for lawyers, 
and the Automated Tax Assistant 
for accountants . The latter not 
only fills out IRS tax forms, but also 
advises the user on the required 
income to be reported, on deduct
ible expenses, and on all pertinent 
government tax regulations. H&R 
Block, which prepares tax forms 
fo r a fee, plans to use this advisory 
program. 

Marketeer is a natural language 
front end for Access, a market
analysis program d eveloped by 
Dialogu e Inc (New York, NY). Mar
keteer provides access to both in
ternal data and syndicated sources 
su ch as Nielsen data bases. It al
lows marketing analysts with no 

Broker, another natural lan
guage front end, allows users to 
gain access to Standard & Poor's 
Compustat data base to retrieve 
financial, statistical, and market in
fo rmation on several thousand 
companies. 

Cognitive Systems also markets 
advisory systems that embody ex-

representation is sometimes used. Here, nodes repre
sent concepts or objects that are interconnected by 
pointers to ease inference engine reasoning. The 
pointers symbolize the relationship between the 
nodes, a relationship that is expressed in the form of 
"is-a, " "has-a," "lives-in ," "is-made of, " etc, statements. 

For example, a node can represent the word 
"typewriter. " This node can also be connected by an 
"is-a" pointer to another node representing the words 
"office machine. " And the latter node may be further 
connected by another pointer, this one an "is-made of" 
pointer, to a node representing the word "metal." Thus, 
the expert system's inference engine can reason that a 
typewriter is an office machine made of metal. 
Additional pointers can also be attached to and from 
the typewriter node, providing other information such 
as typewriter color, model, particular office location, 
etc, to create a useful knowledge base. Besides 
conserving memory space, semantic knowledge
based systems facilitate deductive reasoning. 

A more recent innovation in semantic knowledge
based expert systems is the use of frames. Nodes are 
made up of 2-part frames. One part is fixed and 
specifies the permanent features of an object (eg, the 
color and make of a typewriter). The other part is a 
changing one that identifies the object 's variable status 
(eg, the typewriter's age, when and in what office it is 
used). Framing greatly increases the deductive 
reasoning power of knowledge-based systems. It 
allows artificial intelligence systems to expand their 
knowledge by fitting random information into a preex
isting conceptual framework. 

Some artificial intelligence experts believe the truly 
intelligent computer systems can only be created with 
a different, more dynamic approach such as using 

program generators. They contend that rule-based 
and semantic networks do not truly understand the 
problems they address , since they are only a ssociating 
words and phrases with one another-an approach 
that doesn't reflect real understanding. 

In the program generator, an algorithm is used to 
produce results. The program generators have been 
applied to database management and report-genera
tion applications. The algorithm can be formed by a 
selection process similar to that of a knowledge-based 
system. For example, the expert system can fall back 
on stored solutions in its da ta base, stringing such 
solutions together to form an a lgorithm. The program
generation approach is an active approach , where 
problems are solved by composition instead of by a 
process of elimination. In this way, it diffe rs from rule
based and semantic systems. 

Because a program generation system builds up 
solutions from elemental general-purpose p ieces of 
information, it requires much less memory. But a 
program generator is also more rudimentary in its 
scope of problem solving, compared with knowledge
based systems. Despite the advantages of the 
program-generator approach, it has found limited 
use in artificial intelligence systems. Microsoft Corp 
(Bellevue, Wash), however, is developing an entire 
line of expert system software packages based on the 
program-generator approach. One such package is 
designed to work with Microsoft's Multiplan spread
sheet program. It provides built-in expertise in budget 
planning and financial statements. The user can 
converse interactively with a computer to define a 
custom application. Then the software generates a 
unique programmed form of Multiplan , producing a 
linked set of spreadsheets. 
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An expert for every office 

Teknowledge Inc (Palo Alto, Calif) 
specializes in artificial intelligence 
consulting and training services 
for companies that n eed expert 
advice but are not ready for an 
expert system. Teknowledge devel
oped a computer hardware order-

entry and configuration system for 
NCR (Dayton, Ohio). 

vale, Calitl, however, is developing a 
natural language expert system for 
p ersonal computers that the com
pany hopes to sell for less than 
$2000. But the exp ert system's 
m emory size will be limited and 
thus restrict the system from using 

Despite their laudable peifor
mance levels, all of these commer
cially available expert systems carry 
high price tags, often in the $50,000 
to $100,000 range. Semantek (Sunny-

TRANSCRIPT 

AIC 's INTELLECT IS NOW READY FOR YOUR QUESTIONS 
PLEASE ENTER YOUR NAME 
AIC's INTELLECT DEMONSTRATION 

PLEASE ENTER YOUR FIRST REQUEST. 
l. HOW MANY CLERICAL PEOPLE WORK FOR THE COMPANY? 
COUNT THE EMPLOYEES WITH EEO GROUP = CLERICAL. 

ANSWER: 56 

NEXT REQUEST. 
2. COUNT THE CLERICAL PEOPLE. 
COUNT THE EMPLOYEES WITH EEO GROUP = CLERICAL. 

ANSWER: 56 

NEXT REQUEST. 
3. HOW MANY EMPLOYEES ARE CLERICAL? 
COUNT THE EMPLOYEES WITH EEO GROUP = CLERICAL. 

ANSWER: 56 

NEXT REQUEST. 
4. GIVE ME THE NUMBER OF EMPLOYEES IN CLERICAL. 
COUNT THE EMPLOYEES WITH EEO GROUP = CLERICAL. 

ANSWER: 56 

NEXT REQUEST. 
5. CLERICAL COUNT. 
COUNT THE EMPLOYEES WITH EEO GROUP = CLERICAL. 

ANSWER: 56 

NEXT REQUEST. 
6. PLEASE REPORT THE SALARY OF CLERCL PEOPLE IN THE WEST AND 
SOUTH. 
I'M NOT FAMILIAR WITH THE WORD "CLERCL". 
IF IT'S A WORD YOU EXPECT TO FIND IN THE DATABASE HIT THE ENTER 
KEY. 
OTHERWISE EITHER FIX ITS SPELLING OR ENTER A SYNONYM FOR IT. 
CLERICAL 
PRINT A REPORT OF ANNUAL SALARY AND LAST NAME OF ALL 
EMPLOYEES WITH EEO GROUP = CLERICAL & STATE = ALASKA, 
ALABAMA, ARKANSAS, ARIZONA. CALIFORNIA. COLORADO, FLORIDA, 
GEORGIA, HAWAII . IDAHO. MISSISSIPPI. MONTANA, NORTH DAKOTA, 
NEW MEXICO. NEVADA, OKLAHOMA, OREGON, SOUTH CAROLINA, 
SOUTH DAKOTA, TENNESSEE, TEXAS, UTAH, VIRGINIA, WASHINGTON, 
WEST VIRGINIA, OR WYOMING 

ANNUAL 
SALARY LAST NAME 

$30,000 DRISKILL 
$31. 000 WHITE 
$32,000 SAGERT 

END OF PAGE-HIT THE ENTER KEY TO CONTINUE. 

7.GIVE ME THE TOTAL WAGES AND ALSO WAGES 'l.!2. 
PRINT THE TOTAL ANNUAL SALARY AND (ANNUAL SALARY 'l.!2) OF 

ALL EMPLOYEES. 

ANNUAL 
SALARY 

$3,!;l!O, 192 

ANNUAL SALARY 
' 1.12 

$4,009,815.04 

COMMENT 

QUESTIONS I TO 5 ILLUSTRATE THAT YOU CAN PHRASE THE SAME 
QUESTION MANY DIFFERENT WAYS. INTELLECT UNDERSTANDS THEM 
ALL. 

IF YOU MAKE A SPELLING ERROR OR KEY IN SOMETHING INTELLECT 
DOES NOT UNDERSTAND. YOU CAN CORRECT IT. INTELLECT DOES NOT 
LEAVE YOU WONDEPING WHAT HAPPENED. IT TELLS YOU IT HAS A 
PROBLEM. YOU DON'T HAVE TO TYPE THE WHOLE QUESTION. JUST THE 
PROBLEM WORD. 

INTELLECT FIGURED OUT THAT WEST AND SOUTH WERE MUTUALLY 
EXCLUSIVE (IE, NO ONE LIVES IN THE WEST AND SOUTH). INSTEAD OF 
SAYING, "NO RECORDS SATISFY YOUR REQUEST," AS IN A NORMAL 
SYSTEM, IT FIGURED OUT WHAT YOU WANTED. INTELLECT DEALS WITH 
THE AMBIGUITY OF CONVERSATIONAL LANGUAGE. SPECIFICALLY, 
INTELLECT CHANGED • AND" TO "OR .• IT ALSO CHANGED WEST AND 
SOUTH INTO A LIST OF STATES. 

CALCULATIONS CAN BE DONE. 

Figure 2 A sample query of the Intellect expert system from Artificial 
Intelligence Corp shows its ease of use. The system can be used for virtually 
any office task and allows its user to converse with a computer in a natural 
English language dialogue. 
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(a ) 'HO ARE WIDGET! AND WIDGET2 DOING? 

BY HO. DO YOU MEAN HOW (Y OR N)? 'Y 

REPORT IS: RANKED COMPARE-BY-PRODUCT 

MARKET: 
PRODUCT: 
MEASURE: 
TEST-PERIOD: 
COLUMN RESULT; 

TOTAL OR AVERAGE: 
ACTUAL OR TREND DATA: 

TOTAL-MARKETS 
WIDGET2 WIDGET! 
UNITS 100 
82108 I MONTH 

TOTAL 
ACTUAL 

(THIS SUMMARY WILL GENERATE A REPORT SUCH AS THE ONE BELOW:) 

NATION: TOTAL US 
MEASURE: TOTAL ACTUAL UNITS (IOO'S) 
BASE PERIOD: 811182 THRU 8131182 

TEST 
PRODUCT 

WIDGET I 
WIDGET2 

BASE TEST 

673 
72 

DIFFERENCE INDEX RANK 

TOTAL 2 

526 
90 

616 

(b) ' SHOW EACH MARKET. 

745 

147 
- 18 

129 

REPORT IS: RANKED PRODUCT-SUMMARY 

MARKET: 
PRODUCT: 
MEASURE: 
TEST-PERIOD: 
COLUMN RESULT: 

TOTAL OR AVERAGE: 
ACTUAL OR TREND DATA: 

' DO IT IN DOLLARS. 

'TRY THOUSANDS OF DOLLARS. 

ALL-MARKETS 
WIDGET2 WIDGET ! 
UNITS 100 
82108 I MONTH 

TOTAL 
ACTUAL 

(c) ' SHOW ME A REPORT IN HUNDREDS OF DOLLARS FOR 

127 
80 

I04 

'THE LARGE WIDGET AND GIVE AVERAGES FOR LAST MONTH. 

REPORT IS: RANKED COMPARE-BY-PRODUCT 

MARKET: 
PRODUCT: 
MEASURE: 
TEST-PERIOD: 
COLUMN RESULT: 

TOTAL OR AVERAGE: 
ACTUAL OR TREND DATA: 

'SHOW MARKETS OVER $10000. 

TOTAL-MARKETS 
WIDGETS 
DOLLARS 100 
82107 I MONTH 

AVERAGE 
ACTUAL 

REPORT IS: SELECTED COMPARE-BY-MARKET 

MARKET: 
PRODUCT: 
MEASURE: 
TEST-PERIOD: 
COLUMN RESULT: 

TOTAL OR AVERAGE: 
ACTUAL OR TREND DATA: 
SELECTION-CRITERIA: 

ALL-MARKETS 
TOTAL-PRODUCTS 
DOLLARS I 
82108 I MONTH 

TOTAL 
ACTUAL 
> $10000 

Figure 3 Example queries from the Marketeer expert system for marketing 
decisions highlight the system's natural language interface. Cognitive 
Systems has developed queries to products (a), product markets (b), and 
market sizes (c) . 

the full range of English language 
syntax. 

Apart from that effort, Semantek 
is finishing development on 
Straight Talk, a natural language 
expert system . Available through 
the Dictaphone Carp 's (Rye, NY) 
Sy stem 6000 word processor, 
Straight Talk is CP/M based and 
deals with a somewhat smaller 
subset of the English language 
than other natural language expert 
systems on the market . Neverthe
less, Straight Talk is powerful 
enough to learn new words and 
concepts during a query session 
with a user. 

For example , when asked, 
"What's the salary of the vice presi
dent of production?" the system 
will not recognize the words, "vice 
president of production." It can, 
however, be taught the person's 
identity by having the user specify 
that information. And from there
on, the system will remember it. 

Straight Talk can then be further 
instructed that "the executive vice 
president of marketing is the boss 
of the president of production" 
and the system will remember ac
cordingly. Finally, a question like, 
"What is the salary of the boss of 
the vice president of production?" 
will elicit an immediate response 
from Straight Talk. Straight Talk 
accesses only its own data base 
directly. Semantek plans a similar 
package for the IBM Personal Com
puter. 

More lntelllgent support tools 
In addition to artificial intelli

gence expert systems, a plethora of 
intelligent support tools for expert 
systems is also emerging. An example 
is the Intelligent Program Editor 
(IPE) from Advanced Information 
& Decision Sy stems (Mountain 
View, Calif) . IPE applies artificial 
intelligence techniques to the ma
nipulation and analysis of artificial 
intelligence software programs by 
explic itly representing textual, 
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syntactic, semantic, and pragmatic 
software program structures. Pro
gram Reference Language (PRL), a 
subset of IPE, can locate portions 
of a software program based on 
user-supplied descriptions. 

IPE is made up of three major 
parts . First, the Extended Program 
Model (EPM) provides knowledge 
on program structures and how to 
access them. Second, a Program
ming Context Model (PCM) lets IPE 
understand some of the user's in
tent when accessing or modifying 
software code. Third, a collection 
of semantic-analysis and manipu
lation tools gives the programmer 
a more powerful vocabulary for 
manipulating the program. A 
prototype version of IPE is under 
development and is targeted to 
work on languages like Ada and 
CMS-2 . It will initially run on a 
Symbolics Inc (Cambridge, Mass) 
model 3600 Lisp-based computer. 

Research and development of 
better artificial intelligence tools is 
being pursued in many academic 
and corporate laboratories . The 
University of Illinois at Urbana
Champaign, for instance, is working 
on a Knowledge-Based Program
ming Assistant (KBPA). This sup
port tool helps programmers in 
various phases of program produc
tion such as design, coding, de
bugging, and testing. The work is 
partially supported by IBM's Palo 
Alto Scientific Center. 

KBPA is composed of several 
major parts that are expert sys
tems in their own right. This con
figuration lets a programmer to 
develop programs in so-called sub
domains (Figure 4). Each unit, 
while acting as an advisor in its 
own subdomain, can communi
cate and consult with other units if 
necessary. KBPA's knowledge base 
is made up of individual knowl
edge bases in addition to global 
knowledge that is available to all 
constituent parts. KBPA is under
going prototype implementation. 
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Figure 4 More intelligent development tools like the Knowledge-Based 
Programming Assistant (KBPA) from the University of Illinois (a) enhance and 
speed up expert system development. The system, developed under partial 
support from IBM's Palo Alto Scientific Center, makes possible an integrated 
set of development tools (b). 
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Figure 5 GETREE is a knowledge management tool that reduces the cost of 
knowledge acquisition and error rates. General Electric uses rules to 
represent AND/OR arguments in graphical form. 

Its inference program is written in 
Pascal and is currently being in
stalled on the USCD p-System for 
the IBM Personal Computer. 

At General Electric Co's Corpo
rate Research and Development 
Center (Schenectady, NY), research
ers have come up with a knowl
edge management tool to reduce 
the high cost of knowledge acqui
sition and knowledge error rates. 
GETREE (Figure 5) graphically rep
resents rules as a set of AND/OR 
assumptions . Each fact within the 
knowledge base is a terminal node, 
and each interior node represents 
a subgoal to be achieved in identi
fying an object, person, animal, etc. 

GETREE 's interactive graphic 
approach helps the user to better 
understand the inference mecha
nisms. A researcher in artificial in
telligence can immediately see the 
effects of changing decision strate
gies or system organization . And 
an end user can acquire this 
knowledge and develop confi
dence in it by verifying the logic as 
the program runs . Neither the user 

nor the expert using GETREE re
quires the amount of training nor
mally required for rule-based 
IF . .THEN ... " systems, because the 
workings of the rule interpreter or 
inference engine are readily dis
played on the system's CRT. 

The experimental GETREE is cur
rently implemented on the VAX/ 
VMS operating system using DEC's 
VT100 terminal and a graphics 
character set . With General Elec
tric maintenance procedures, the 
system can now handle simple 
AND/OR logic functions in arbi
trarily large inference nets . 

Many of the powerful program
ming tools that support expert sys
tems are expert systems in their 
own right . Stanford University has 
developed a number of such tools. 
AGE, for example, allows artificial 
intelligence experts to isolate a 
number of inference, control, and 
knowledge-representation tech
niques from a few previously devel
oped expert systems . The experts 
can then reprogram the tech
niques for domain independence . 

Other tools available from Stan
ford University include UNITS, a 
knowledge-acquisition system; 
EMYCIN, a domain-independent 
version of Stanford 's MYCIN, 
which is an expert system for 
medical diagnostics; and Teiresias. 
This last program eases the human 
expert's transfer of knowledge to 
an expert system via a natural lan
guage dialogue. 

From Carnegie-Mellon Univer
sity comes OPS5, a programming 
language built on top of Lisp. OPS5 
makes production rules easy to 
use. Rand Carp 's Rosie is a general 
rule-based programming language 
that is useful for developing large 
knowledge bases. Finally, SRI In
ternational developed KAS, a pro
gram that supervises development 
of knowledge bases in SRI's Pros
pector expert mining system. 

A Lisp for every expert 
Most available artificial intelli

gence expert systems, as well as the 
programming tools that make them 
possible, run on Lisp or Lisp
derived languages. One Lisp-de
rived system is Loops, which was 
developed by researchers at Xerox 
Carp's Palo Alto Research Center 
(PARC) in California. Loops is based 
on Interlisp-D, which combines a 
number of artificial intelligence 
paradigms including rule-based, 
object-oriented, and data-oriented 
programming. Object-oriented 
programs are treated as communi
cating entities with hierarchies of 
properties, while data-oriented 
programs are used for monitoring 
program behavior. While Loops 
has been running exclusively on 
the company's high speed, high 
end computers like the Dorado 
and Dolphin, Xerox plans to make 
Loops available on its new $30,000 
Dandelion, a software-modified 
version of Xerox's Star office work
station. 

Lisp Machine Inc (Culver City, 
Calif) and Symbolics also offer 
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computers that run on Lisp and 
are used in the artificial intelli
gence community to develop ex
pert systems . Lambda, Lisp 
Machine's next-generation artifi
cial intelligence development com
puter, is the industry 's first 
machine that runs on Lisp with 
virtual control memory. This fea
ture allows nearly limitless flexibil
ity in the specification of a 
computer's instruction set . In 
combination with a Lisp Machine 
microcompiler, this customizes 
the computer's instruction set to a 
specific application. 

Several features on the Lambda 
are said to enhance the man
machine interface and increase 
programmer productivity. For ex
ample, the computer's window 
display is implemented by using 
the company's Flavors object
oriented languages . Also, Lamb
da's message-passing ability allows 
each displayed window to be treat
ed as an object with certain char
acteristics that may be defined by 
the programmer or drawn from a 
library of routines . The window 
system can also be used as part of 
ZMACS, a powerful, fast editor that 
can debug a program by letting the 
programmer look at the program 
source and its execution at the 
same time. Furthermore, by calling 
up the desired library routine, the 
window system can be built into 
the final application software 
package. 

Lambda is based on the 32-bit 
Nubus architecture that was origi
nally developed at the Massachu
setts Institute of Technology. This 
communication-centered architec
ture uses a 40M-byte transfer bus 
rate to tie many processors to vari
ous subsystems. Lambda's 4-board 
Lisp processor has a 24-bit-wide 
67M-byte virtual address space 
and a 4K-byte cache memory. The 
computer's 64-bit-wide, 64K-byte 
virtual control store is paged 16 
words at a time into a 64-bit-wide, 
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POINTER TO METHODS 

Figure 6 Symbolics' Flavors system allows artificial intelligence 
programmers to blend the attributes of many data types through the process of 
instantiation. "Window" flavor types and "border" flavor types can be 
combined into a new flavor, "window with border." 

16K-byte physical control memory, 
of which BK bytes are reserved for 
basic system control. The com
pany licenses the software for 
Lambda. A 40-bit Lisp processor is 
also planned. That machine will 
have a 32-bit-wide 21 .SG-byte 
virtual address memory space, 
along with 32-bit arithmetic capa
bility, thus allowing IEEE floating 
point implementation. 

Model 3600 from Symbolics also 
uses the Flavors object-oriented lan
guage. Symbolics ' Flavors allows 
programmers to bind operation 
and data structures together, and 
to construct well-defined message 
paths for user-machine interfaces 
(Figure 6). Flavors is integrated into 
Symbolics ' Zetalisp compiler, 
which allows online editing, inter
active compilation of Fortran pro
grams, and the ability to inspect 
and debug software code. Flavors 
is loosely based on the Smalltalk 

language's window function. In 
Symbolics ' 3600, Flavors is used to 
call up objects or applications from 
the processor's virtual memory sys
tem, which holds up to lG byte of 
memory space . 

The 3600 is built around a dedi
cated, microprogrammable 36-bit 
processor whose architecture allo
cates 32 bits for integers (28 for bit 
pointers and 4 for data types), and 
4 bits for keeping track of stack 
pointers and other bit manipula
tions. 

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

High 704 
Average 705 
Low 706 
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Be advised: the NS16000 family is 
establishing all new benchmarks for 
8--, 16--, and 32--bit microprocessors. 
Here is proof beyond doubt that 
any NS16000-based product 
will outperform any other micro
processor-based product. 

Of course, comparing the NS16000 
family and the microprocessors your 
competition is banking on is difficult
perhaps even irrelevant-because the 
NS 16000 family is, fundamentally, much 
more advanced. 

No other commercial processor 
(micro, mini or mainframe) is designed 
to fully support the use of high-level 
languages. All members of the NS16000 
family of CPUs! however, feature not 
only 32-bit internal architecture, but also 
a high degree of regularity in the 
arrangement and use of their 32-bit 
registers. Data can be read or written 1, 
8, 16, or 32 bits at a time, as sophis
ticated programs require, and transfers 
from one register to another are not 
restricted. 

Moreover, the symmetrical instruc
tion set of the NS16000 CPUs includes 
over 100 genuine two-operand instruc
tion types, but avoids special-case 
instructions that compilers cannot use. 
All instructions can be used with the 
addressing modes common to most 
microprocessors (register, immediate, 
absolute, and register relative), as well 
as with powerful HLL-oriented modes 
that only the NS16000 offers: top
of-stack, scaled indexing, memory rela
tive, and external. And any operand 
length and any general-purpose register 
may be used with any mode. 

The combination of these virtues 
makes it possible to write especially lean 
high-level language programs on 
NS16000-based systems. The simplicity 
with which a programmer can imple
ment a compiler, for instance, is matched 
only by the compiler's increased speed 
of execution. In effect, the dream of 
being able to pack the enviable working 
environment and performance of a 
large computer into a microprocessor has 
become reality. 

HIGH-LEVEL LANGUAGE COMPARISONS' 
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Putting large-computer perform
ance into a microprocessor is 
further advanced through the 
implementation of the NS16000's 
Demand Paged Virtual Memory 
-a strategy equivalent to that 
used in such systems as the V AX-11 
series and all present IBM 
mainframes. 

With an architecture that supports 
uniform addressing, the NS16000 is 
the first commercial microprocessor able 
to feature Demand Paged Virtual 
Memory as a means of solving large
memory-management problems. As 
a result, an NS16000-based system, 
blessed with this completely flexible 
memory configuration, can maximize 
the use of its physical and virtual memory 
resources and achieve a level of per
formance heretofore unrealized. 

With the NS16082 Memory Manage
ment Unit (MMU), only the infor
mation most recently used is kept in 
RAM: other information is swapped in 
and out from mass storage, as needed. 
Consequently, each programmer, each 
program, each task has access to a 
uniform addressing space of 16 Mbytes 
simultaneously and independently, 
without reservation or special exception. 
(And more efficiently than on any 

other commercial processor - micro, 
mini, or mainframe.) 

Among the reasons for the MMU's 
prowess is its support of a two-level page
table translation, whose process is 
speeded up by an associative on-chip 
cache. Utilizing a very fast Least
Recently-Used (LRU) algorithm and 
a powerful "referenced bi( the NS16082 
MMU achieves a translation cache 
hit rate of over 98 percent. 

The NS16081 Floating Point 
Unit (FPU) extends the NS16000 
instruction set with very high· 
speed floating-point operations for 
both single· and double-precision 
IEEE operands. 

Designing the FPU into a system 
allows programmers to treat floating- ..: 
point numbers as they would any 
other data types, and to use any of the 
addressing modes to reference them. 
fur example, the scaled index mode per
mits an array of floating-point data 
elements to be addressed by its logical 
index, rather than its physical address. 
The power this can add to a system 
makes it especially applicable for graphics ~ 
and engineering work-stations. 

FLOATING POINT OPERATION COMPARISONS3 
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With the introduction of National's 
proprietary GENIX™ operat-
ing system, even the advantages 

Ii of using UNIX® on a large 
computer have been ported to the 
NSl 6000 microprocessor family. 

I 

GENIX is an elegant implementation 
of the proven Berkeley 4.1 bsd version 
of UNIX. Created in-house, to facilitate 
the development of software for 
NS16000-based applications, it is the 
first UNIX operating system to sup
port Demand Paged Virtual Memory in 
a microprocessor. 

Here, then, is a demonstration not 
only of the pure functionality of the 
NS16000 family architecture, but of the 
large-computer-like results now pos
sible on a microprocessor-based system 
using GENIX. 

KERNEL CODE SIZE COMPARISON 

0 .8 

NS18000-BASED 
SYSTEM 
(GENIX) 

1.0 

VA.X-11n50 
{BERKELEY 4.1 BSD UNIX 

IMPlEMENTATIQN) 

When you consider applications 
for the NS16000 micro
processor family-from elegant 
personal and business computers, 
to graphics work-stations, to 
industrial control systems-keep 
in mind that: 

~ 1. The NS16032 CPU and the NS16201 
TCU are in production now. 

2. The NS16082 MMU, the NS16081 
FPU, and the NS16202 ICU are being 
sampled now. 

3. Evaluation tools are available now. 
4. Development tools are available now. 
5. Training classes are in progress now. 
6. Third-party software for the family 

is available now and increasing daily. 
7. The software you write now will 

work without modification if you move 
your product line from one NS16000 
CPU to another in the future . 

Similarly, the optional use of the 
NS16000's MMU and FPU slave 
processors - integral parts of the 
NS 16000 architecture -will allow you 
to determine price/performance 
trade-offs while preserving your initial 
software investment. 

8. Only the NS16000 family can make it 
possible for you to put a large
computer-like product on the market 
today-at microprocessor prices. 

CIRCLE 14 

Footnotes: 
1. 
The NSl6032 CPU the first of the NSl6000 
CPUs, has a 16-bit-widc data path co memory and 
32-bit internal architecture . Before che end of 
this year, CPUs implementing the same 32-bit 
internal architecrure, but with 8- and 32-bit· 
wide data paths to memory will also be available, 
co allow maximum pricc/pcrfonnance flexibility 
within your product line. 

2. 
Resulcs for the 68000 were taken from Corrpucer 
Architecture News, \bl. IO, No. 4. June 1982, 
pp. 17-28. The 68000 was run at IOMHz , with 
no Wait States. Source programs in Pascal. 

Results roe the NSl6032 wece obrained on a 
DB16000 at IOMHz, with no Wait Scates. Source 
programs in Pascal. All variable sizes are 32-bic. 

3. 
Results for the 68000 were obtained on a SUN 
System at lOMHz, with no Wait States, using 
Motorola's ROM-based floating point subroutine 
package. 

Results roe the NSl6032, utilizing the NSl6081 
FPU were obtained on a 0816000 at lOMHz, 
with no Wait States. IEEE floating point, variable 
sizes. 

Results for the VAX-11/750 were obtained 
without using floating point accelerator. 

NS16000 
Elegance is everything. 

See it. 
The NS16000 micro

processor family will be on 
exhibition at WESCON. 

Talk with us. 
Please call the National Sales 

Representative nearest you 
for more information, and the 
answers to your questions. 
Ask to meet with one of our 
Field Applications Engineers, 
too. Or, circle the number 
below. 

Read about it. 
You haven't heard the last 

word on the NS16000 micro
processor family yet. In the 
meantime, you may want to fur
ther your understanding of 
what we've accomplished by 
requesting copies of NS16000: 
Demand Paged Virtual Memory 
and NS16000: Benchmarks. 

VAX 1s a trademark of Digital Equipment 
Corporation 
U!"-JIX 1sa n:g1stered trademark of Bell Laboramnes 
GENIX 1~ a trademark of National Semiconductor 
Corporation. 

~ National Semiconductor 



You don't need a computer 
to talk to another computer. 

DISPLAY (VP3012D). High 
performance, 12" diagonal , 
non-glare. green phosphorus -
screen. 

RESIDENT MENUS. User-friendly 
terminal set-up and 
phone directory maintenance. 

DIRECT CONNECT MODEM. 

AUTO DIAL. Tone or pulse dialing 

VIDEO OUTPUT. Selectable 80 
or 40 characters x 24 lines 

TV OUTPUT. Displays 
40 characters x 24 lines 
on Ch. 3 / Ch. 4 of standard TV set. 

MEMORY BACKUP. Minimum 
48-hour storage of directory, log
on and other parameters without 
plug-in power. No batteries 

of up to 26 stored phone~~u~m:b:er~s·~~~~~§~~~~~lll-~ voice or data base calls. 

AUTO-LOG-ON. Enters information 

/required. 

./FUNCTION KEYS. User 
/ programmable or 

downloadable automatically after auto dialing. _....._--.:. 
from host computer. 

The new RCA APT (All Purpose Terminal) 
expands your data communications capabilities 

for a lot less money. 
For business, professional and personal data 

communications, you'll find more user-friendly fea
tures and greater communications capabilities in 
the RCA APT than in other terminals selling for up 
to three times the price. 

The new APT terminals are ideally suited to 
multi-data base time sharing and dedicated, direct 
computer-connected applications. They feature 
menu-controlled operation and a programmable 
"personality" to match specific communications 
requirements for your data bases. 

A single keypress can dial a stored number, 
send the log-on sequence to the host computer, 
and return terminal control to the user. Password 
protection prevents unauthorized access to desig
nated numbers. APT can also be used as an auto
dialer for voice communications. 

OTHER FEATURES 
RS232C port for direct computer connections at data rates 
to 9600 baud, or for connecting high speed modems and 
other accessories. Parallel printer port for hard copy. 
Numeric keypad, can dial phone numbers not in terminal 
directory. Built-in speaker with adjustable volume control for 
audio monitoring of phone line. Smooth scroll display. Auto
matic screen blanking to reduce possibility of burn. Brief
case size: 17" x 7" x 2". Weight: under 4 lbs. 

Quite simply, matching features with price, 
there is no other professional quality terminal avail
able today that can do as much at such low cost. 

APT terminals list for $399, in your choice of 
full stroke or membrane keyboard versions. Either 
style is also available with a display monitor for 
$598 list. The data display monitor alone, VP3012D, 
$229 list. 

For more information-or to order-call 800-
233-0094. In Penna., call collect to 717-393-0446. 
Or write for fully descriptive brochure to RCA 
MicroComputer Products, New Holland Avenue, 
Lancaster, PA 17604. OEM and dealer pricing avail
able. The new RCA APT. Expansive. Not expensive. 

keyboard version 
designed for travel 

and hostile 
environments. 

ROii 
CIRCLE 49 See it at COMDEX - Booth No. 3205 
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Sizing up 16-bit portable 
computers 

Designing powerful, lightweight totealongs takes low power circuitry, adroit 
packaging-and maybe a second look at the relationship between system 

architecture and software support. 

by Deb Highberger, Senior Associate Editor 

R ight now, 16-bit "portable" 
computers fall into two cate

gories: the truly portable and the 
transportable . Portables typically 
run from three to eight hours off 
an internal battery pack and weigh 
about 12 lb (5 kg). They come with 
128K to 256K bytes of main mem
ory, at least 320K bytes of auxiliary 
storage, a full-sized programmable 
keyboard, a less-than-full-sized 
flat-panel display, and input/out
put provisions such as an RS-232 
port, 300-baud modem, and ac 
adapter. A great part of the 
groundwork for portable com
puters is being laid in the areas of 
complementary metal oxide semi
conductor technology, power
efficient flat-panel displays, and 
internal solid state memory. 

Transportable computers--apart 
from their heftier size-can be 
characterized by their reliance 
upon an external power source 
and proprietary maneuvering of 
conventional technology to match 
the IBM Personal Computer. For 
the most part, the chief design goal 
of transportable computers is to be 
as compatible with the de facto 
IBM desktop microcomputer stan
dard as possible . 

By 1988, 18% of all professional 
microcomputers will be portable 
or transportable, according to 

Laura Lundquist, a market analyst 
at Future Computing (Richardson, 
Tex). Portables are ripe for devel
opment by both hardware and 
software OEMs in vertical applica
tions that exploit their size/perfor
mance advantage. Gavilan Com
puter Carp 's (Campbell, Calif) 
President Manny Fernandez, for 
example, sees his 9-lb (4-kg) mobile 
computer as an adjunct to the IBM 
Personal Computer-not a re
placement. 

Display technology is the num
ber one operational limitation of 
the briefcase-sized portables: 
when on the road they rely on 8-
or 16-line liquid crystal displays 
(LCDs). Grid Systems Carp's (Moun
tain View, Calif) portable does use 
a full-sized electroluminescent 
display, but the computer is not 
truly portable in that it operates 
from an external power outlet. By 
comparison, most transportable 
computers use a small-screen 
CRT. 

LCDs are used in battery-oper
ated portables-because of their 
low power drain-at the expense 
of performance and resolution . 
Plasma and electroluminescent 
displays promise superior graph
ics, but they consume too much 
power at present for battery opera
tion . For an overview of ac plasma 

and thin-film electroluminescent 
displays, see "Flat displays-an al
ternative to CRTs?" by Tom Engi
bous and Greg Draper, Computer 
Design, Sept 1983, p 199. 

Full-screen displays will become 
available in all three technologies 
over the next few years. However, 
truly portable computer displays 
will probably continue to exploit 
liquid crystal in the near term, 
while transportables may explore 
plasma and electroluminescence. 
John Zepecki, vice president of 
hardware at Gavilan, remarks : "We 
looked at electroluminescence 
particularly. Power consumption 
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Sizing up 16-blt portable 
computers 

Transportable 16-bit Computers Rival Desktop Micros 

Company Model CPU OS 

.Anderson-Jacobson AJ PaHport aoa9·· MS-DOS 
(San Jose, Calif) 

Columbia Data Columbia VP aoa9•• MS-DOS 
Products CP/M-86 
(Columbia. Md) 

Compaq Computer Compaq 8088 •• MS-DOS 
(Houston, Tex) 

Computer Devices Dot 8088 •• MS-DOS 
(Burlington. MaH) (Z80 option) (CP/M option) 

Computer Systems PC/8088 aoa9·· MS-DOS 
(St. Clair Shores. (Z80 option) (CP/M and 
Mich) Unix options) 

Corona Data Systems Portable PC 8088 •• MS-DOS 
(WHtlake Vlllage. CP/M-86 
Calif) 

Back at the office, 16-bit transportable computers still carry 
a lot of weight. Hazarding their engineering development 
efforts in a desktop computing field where the IBM Personal 
Computer has become a de facto standard, transportable 
designers follow a simple strategy: Step into IBM's market 
to meet demands IBM can't keep up with. "For the most 
part," says Future Computing's John Hemphill, "a 
transportable computer is a desktop computer that I can 
move more conveniently than I can move an IBM PC." 
Future Computing estimates that 33% of all transportable 
and portable microcomputers shipped in 1983 will be IBM 
or IBM PC compatible, and that 58% of all such units in 1988 
will be IBM compatible. 

Lug-along IBM PC look-alikes primarily target the large 

Dimensions Weight 
RAM CRT (H x W x D) (lb) 

256K 7" 8.8" x 18.3" x 11 .3" 20 

128K/256K 9" 8" x 18" x 14" 32 

128K/256K 9" 8.5" x 20" x 16" 28 

128K/256K 9" 8.5" x 18" x 15" 31 

64K/512K 7 .5" x 19" x 20" 25 to 30 

128K/512K 9.6" x 18.8" x 19.8" 28 

pool of application software already in the public domain. 
"Compatibility is the biggest issue, " affirms Dave Howse '1t 
Columbia Data Products. Other companies that place a 
premium on a high degree of compatibility, such as 
Compaq Computer, Seequa Computer, and Corona Data 
Systems, agree. 

"A lot of us are copy cats," comments Herb Cummer, 
marketing manager at Seequa. "But beyond that is 
anticipation. F.or example, we have anticipated the worlp 
moving to a networking environment, " he reveals. "An 
800k-baud synchronous communication feature allows the 
Chameleon Plus to become a viable part of an integrated 
network." 

Graphics and networking are the two main areas 

has dropped, but not enough for 
battery operation." 

Playing it cool 
Complementary metal oxide 

semiconductor (CMOS) technology 
has provided an attractive alterna
tive to N-channel metal oxide 
semiconductors (NMOS) in power 
critical and rugged systems for 
years. CMOS can give up to 90% 
reduction in power consumption 

over NMOS. Other CMOS virtues 
include high electromagnetic 
noise tolerance, broad operating 
temperature and voltage ranges, 
low heat generation, and the ability 
to power down in the static state . 
Moreover, low system operating 
temperatures with few electrome
chanical parts can directly trans
late into rugged portable systems 
that operate reliably in sealed en
closures without fans or other 

cooling equipment. 
Last summer's announcement 

of the first 16-bit CMOS micro
processor and attendant family of 
peripheral support circuits could 
prove to be the starting gun in a 
technology-driven sprint toward 
high performance, compact com
puting power. The 80C86 proces
sor was developed jointly by Harris 
Corp (Melbourne, Fla) and Intel 
Corp (Hillsboro, Ore). Intel sup-
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Dimensions Weight 
Company Model CPU OS RAM CRT (H x W x D) (lb) 

1 
Dynalogic Info-Tech Hyperion 8088** MS-DOS 2S6K r 8.8" x 18.3" x 11.3" 21 

(Ottawa. Canada) 

Modular Micros Zorba 2000/16* 8088 MS-DOS 320K 9" 9" x 17.5" x 16" 21 
(Lawrence. Kans) Z80A CP-M/86 

Concurrent 
CP/M-86 

~ Otrona Advanced Attache 8:16* 8086** MS-DOS 320K 5.5" 5.75" x 12" x 13.6" 19.5 
Systems Z80A CP/M 
(Boulder. Colo) 

Seequa Computer Chameleon 8088** MS-DOS 2S6K 9" 8'' x 18" x 15.5" 28 
(Annapolis. Md) Plus ZSOA CP/M-80 

CP/M-86 

SKS Computers 2502 Nano• 80186 MS-DOS 208K 9" 6.5" x 18.1" x 15.6" 28 to 30 
(Hilliard/Columbus. Z80A CP/M 
Ohio) 

• Upgrade from 8-bit model .. With socket for optional 8087 arithmetic coprocessor 

transportable designers as a group earmark for 
enhancement. Graphics resolution is generally 640 x 2SO 
(or 200), though several companies, like Computer Devices 
and Computer Systems, up the pixel count to JOS6 x 2S4 
and 1024 x 1024, respectively. All provide RS-232 serial 
and/or parallel I/O port(s), several offer IEEE 488/GPIB 
interface, and besides Seequa the following have 
options for synchronous communications: Otrona up to 
SOOk baud, and Dynalogic and Anderson-Jacobson, 
lOOk baud. 

In general, transportables are tracking the desktop micro 
niche, and keep peripherals like printers on the outside. 
Many features and options of the transportable computers 
are kept on the same scale as desktop microcomputer 

choices. Most offer two internal SW' floppy disk drives 
storing from 640k to 800k bytes. Beyond that, Corona Data, 
Otrona, and Seequa offer external hard disk backup of lOM 
bytes, and SKS Computers, SM bytes. 

When it comes to the advantages of 16-bit transportable 
computers over 8-bit transportables, Robert Harp, 
chairman of Corona, points out that the two operate at 
about the same speed because present software for 16-bit 
systems is not ideally tailored to 16-bit processors. He sums 
up the value of 16 bits over 8 bits in terms of addressing 
capability. "Sixteen-bit systems," he observes, "can 
eliminate problems encountered with 8-bit systems such as 
not being able to generate programs large enough to fill 
the needs." 

plied design and test information 
for its 8086, 8088, and peripheral 
chips to ensure functional and 
software compatibility between 
the NMOS and CMOS versions . 
Harris executed those chips using 
its pmprietary CMOS process . 

Ramifications of the 80C86/ 
80C88 CMOS microprocessors are 
particularly expected to branch 
through the ranks of 16-bit por
table computers since most of the 

current players use an NMOS ver
sion of one or the other. Pin-for
pin compatible with its counter
part, the 80C86 meets TTL level 
input/output (110) specifications, 
performance parity at a 5-MHz 
operating frequency (an 8-MHz 
version is planned for year's end), 
and complete software compati
bility with the 8086 devices . Static 
design allows the device to operate 
from de and features a standby 

current of 500 µA max over an 
operating temperature range of 
-55 to 125 °C. CMOS power con
sumption is linearly proportional 
to frequency, so power consump
tion decreases as frequency de
creases. Operating current of 10 
mA/MHz is substantially lower 
than that of the NMOS 8086, 
which is as much as 340 rnA at 
5 MHz. 

Athena Computer & Electronic 
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Briefcase-computer architecture like Sharp's PC-5000 can be adapted to 
vertical applications that complement or extend desktop systems or stand 
alone. 

Systems (San Juan Capistrano, Calif) 
is the first to announce a portable 
computer using the 16-bit CMOS 
processor. The BOCB6 board plugs 
into the modularly designed 

54 COMPUTER DESIGN/Fall 1983 

Athena I computer with 256K bytes 
of random access memory (RAM), 
and runs the MS-DOS operating 
system. CP/M 2.2 resides in ROM . 
When first released, the 16-lb 

(7-kg), 3.3B" x 11 .BB" x 14.5" (B.59- x 
30.lB- x 36.B-cm) computer was 
based on dual CMOS B-bit NSC BOO 
processors-one dedicated to 
computation, and the other to 
communication. 

The Athena is mostly solid state. 
Its LCD shows 12B- x 512-pixel 
graphics or 16-line x BO-character 
alphanumerics. Solid state dynam
ic RAM "disks" storing 12BK to lM 
bytes perform 3 to 10 times faster 
than electromechanical floppy 
disks . A 5%" floppy does attach 
externally to load data into mass 
storage and save programs and 
files . On the 16-bit processor 
board, all peripheral chips except 
dynamic memory are CMOS. Bat
tery operation is about three 
hours, with standby data retention 
in mass storage for six hours. 

The Gavilan mobile computer 
was announced with the NMOS
version BOBB processor, but John 
Zepecki, vice president of hard
ware engineering, reveals that 
most of the other components are 
CMOS. "CMOS parts are very low 
power consumers," affirms Ze
pecki. "In addition, we switch off 
and on the various elements inside 
the box depending on whether 
we're using them or not. So, typi
cally, there 's no power on in those 
parts of the system that are not 
being used at that particular time." 
The result is a machine that runs 
off batteries for eight hours be
tween recharges. Moreover, plug
in CMOS RAM capsules with 
onboard lithium batteries provide 
virtually nonvolatile storage . Be
sides these, the computer accepts 
ROM-based cartridges that store 
application software. 

The 9-lb (4-kg), 2.75 11 x 11 .4" x 
11.4" (6.99- x 29.1- x 29.1-cm) unit 
has a 16-bit BOBB CPU, BOK bytes of 
main memory (with 32K user 
space), 12BK-byte additional mem
ory via the plug-in RAM capsules, 
12BK-byte additional processor 
memory, an B-line x BO-character 



, 

LCD with bit-mapped graphics, 
and full-sized keyboard. Also stan
dard are 31/211 internal floppy disks 
that store 320K bytes, an integral 
300-baud modem, and 9.6k-baud 
RS-232 serial interface. An optional 
thermal-ribbon printer comes with 
its own battery pack. 

Sharp Electronics Carp's (Osaka, 
Japan) PC-5000 stores system-level 
software in 192K bytes of CMOS 
ROM containing MS-DOS and GW 
Basic . The 8088-based computer 
comes with 128K- to 265K-byte 
main memoryi 128K bytes of plug
in bubble memmy are optional . 
Sharp uses bubble cartridges to 
house application software and is 
considering ROM-based removable 
software as well. Software can also 
be loaded from an optional exter
nal 5% 11 floppy disk drive. 

The 11-lb (5-kg), 3.43 11 x 12.81 11 x 
1211 (8.71- x 32.54- x 30-cm) com
puter comes with an LCD having 
8-line x 80-character alphanumeric 
format and 640- x 80-dot bit
mapped graphics, and a full-sized 
typewriter style keyboardi a ther
mal transfer printer is optional . 
The portable typically runs for 
eight hours off an external bat
tery pack. 

Inside mass storage 
Three types of internal auxiliary 

memory are currently used in mo
bile computers : bubble, dynamic 
RAM, and microfloppy diskette . 
Solid state bubbles are attractive 
because they are extremely resis
tant to shock and vibration. The 
drawback to using the higher ca
pacity bubbles right now is power 
drain and high cost relative to 
magnetic disk technologies. 

Grid's Compass and Sharp's PC-
5000 computers use bubble memo
ry as auxiliary storage. Gavilan held 
back from that technology in first
round product introductions. "We 
looked at bubble as a possible re
movable media," Zepecki reveals. 
"We felt it was important to have 

Athena Computer's 16-bit upgrade to the Athena I is first to market with the 
80C86 CMOS processor. The dynamic RAM pseudodisk, however, presently 
limits standby data retention to six hours. 

Gavilan's mobile computer was built around human interface software and 
a solid state "mouse" control pa nel. Plug-in CMOS RAMs with onboard 
battery retain data for about a year. 
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Sharp Electronics' PC-5000 features pop-in bubble memory cartridges for 
128K bytes of nonvolatile storage. A high resolution LCD generates 
640- x 80-dot bit-mapped graphics. 

removable media on some kind of 
removable mass storage unit." Gavi
lan believed the cost of bubble was 
too high, so it went to micro
tloppy disk. 

Athena Computer takes a dif
ferent tack. "We looked at bubble 
memory," company President Dave 
Mitchell admits, "but at present 
bubble memory is much slower 
than standard solid state memory 
and dynamic RAM chips." However, 
Mitchell expects CMOS dynamic 
RAM chips to stretch the time the 
Athena's internal mass storage will 
retain data. "Right now our standby 
time is six hours," he reasons. "Ifwe 
can cost-effectively use CMOS dy
namic RAM, odds say we'd draw 
one-tenth the power. That means 
the standby time would go to 60 
hours ." Mitchell acknowledges that 
nonvolatility is a significant trade
off. ''What we're really waiting for is 
CMOS static memory to come down 
in price. I think that is going to win 
out over bubble and everything 
else," he predicts. 
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Sub-4" floppy disks like Gavilan's 
and small Winchester disks are like
ly to play a role inside future tote
alongs, but the chief drawbacks 
associated with rotating memories 
must be overcome first : namely, 
power drain and limited toleration 
of shock, vibration, and fluctuations 
in the ambient environment. 

Software inroads 
To weather the jostling that goes 

along with portability, application 
software and backup memory must 
be rugged and removable as well as 
nonvolatile. To make a plug-in ap
proach feasible, the operating sys
tem must recognize add-in cart
ridges as soon as they connect. 
Then it must treat them as part of 
the overall system architecture-
preferably without further user in
teraction. 

Gavilan built an integrated mobile 
system around the software inter
face. To achieve this design goal, the 
company created lnterpac, an inter
preter language derived from Forth. 

"It's oriented toward being a very 
compact code, designed to mini
mize the overll.ead that's traditional
ly associated with interpreters," 
explains John Banning, vice presi
dent of software at Gavilan. Human 
interface software calls entry points 
in the application program to ac
complish certain tasks. "Context
sensitive responses refer to the 
document being worked on at the 
time, rather than to an absolute 
command," he says. 

From the operator's point of view, 
there are no special application pro
grams. From the system's perspec
tive, switching from one program to 
another is the same as switching 
from one type of operation in a 
document to another. This software 
design effort characterizes the trend 
toward addressing a simplified user 
interface at the system level. Anoth
er important ergonomic concern is 
to maintain consistent data/com
mand structures across applica
tions (see "Ergonomics: more than 
just swivel and tilt," by David M. 
Gilfoil, p . 101). 

In Grid's system, of 18 possible 
commands, 14 are universal to all 
applications. Commands are mode
less and go directly to the proper 
function, eliminating the need to 
branch through separate menus 
and submenus. A common inter
change file format lets users move 
data between all applications. 

Grid's proprietary operating sys
tem has a Unix-like file structure in 
which files can dynamically shrink 
and expand without preallocation. 
This frees programmers from 
worrying about file capacity and 
location. Dynamic memory manage
ment allows relocatable programs 
to run anytime in any available 
memory. 

Tying it together 
Basically, Athena has taken a net

work system like those that exist 
between separate computers and 
applied the network between one 
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circuit board and another within 
the machine, according to Mitchell. 
"The computer is a true network 
design," he claims. "Each circuit 
board is a node or point on the 
network." Up to 15 Athena comput
ers connect together for common 
database and mass storage access; 
each system in the network can 
read the memory of any other sys
tem. A 30M-byte hard disk subsys
tem lets all networked units share 
common data files. 

Athena's proprietary hierarchical 
network protocol allows an MS-DOS 
program to run on its 16-bit proces
sor board concurrently with a CP/M 
program on the 8-bit board. 'When
ever a program executing on either 
processor board requires input or 

, output, that request is directed to 
the communication module, which 
houses a 4-MHz NSC 800 and 4K 
bytes of memory. The 4-MHz NSC 
800 processor node addresses 64K 
bytes of RAM; the 16-bit 80C86 
board is another node in the net
work, and accesses 256K bytes. The 
fourth board is the solid state "disk" 
that holds up to lM byte of dynamic 
RAM, which the system addresses 
as a floppy disk drive. Either proces
sor board can be the network mas
ter to request use of the network to 
communicate with another board 
or computer. 

Beyond the LAN 
Portable computer designers ac

knowledge the need for their ma
chines to communicate in local area 
networks, and several hint that they 
will back hardware-independent 
systems now being developed by 
third parties. Many, however, balk at 
the idea of tying up a mainframe 
link with a low-end microcomputer. 
Grid's 8086/8087 coprocessing sys
tem, on the other hand, attributes 
the ability to talk to minicomputers 
or mainframes of several varieties as 
one of its greatest strengths. 

Dubbed the Porsche of por
tables, the Compass computer is 

viewed by its developers as a total 
systems approach that integrates 
portable management decision
making tools with an existing opera
tional environment. The high-end 
11-lb (5-kg), 211 x 11.5" x 15" (5- x 292-
x 38-cm) machine comes with a 16-
bit 8086 microprocessor and an 
8087 arithmetic coprocessor chip, 
384K bytes of bubble memory ad
dressable as a disk drive, full-sized 
typewriter style keyboard, 611 diame
ter electroluminescent display 
showing up to 24-line x 80-character 
display in selectable type sizes, and 
320- x 240-dot bit-mapped graphics. 
RS-232/RS-422 and IEEE 488 inter
faces and integral 1200/300-bps mo
dem come standard. 

Outside, a 360K-byte portable disk 
drive and lOM-byte hard disk sub
system connect to the Compass, 
along with up to 15 peripherals sup
ported by one general purpose in
terface bus (GPIB) line. Moreover, 
the company supplies terminal em
ulators that enable the Compass to 
communicate interactively with 
programs running on IBM 370, 30 
series, 3080 mainframes, and DEC 
VAX-11 superminicomputers. 

Though the Grid now offers MS
DOS and will probably back a GPIB 
interface to Ethernet, the propri
etary nature of the computer's 
present network links is a drawback 
in an industry searching for stan
dards. However, the Grid computer 
participates in the emerging trend 
toward portables that extends the 
desktop computing environment 
and stands alone in the field . 

As communication interfaces, 
CMOS technology, flat-panel dis
plays, and static solid state memory 
continue to make lightweight porta
bles more powerful, easier to handle 
traveling companions, the next or
der of business will be software. It 
will be up to software developers to 
port flexible applications that ex
ploit the particular strengths of so
phisticated totealongs to plug-in 
capsule and microfloppy style media. 

InfoCorp's President Richard 
Matlack looks ahead to 1987's por
table computer. It will be based on 
a high speed 16-bit CMOS proces
sor with 8-bit auxiliary processors 
for peripheral and special func
tions. The machine will probably 
offer lM-byte static CMOS main 
memory, lM-byte bubble memory, 
and lOM to 20M bytes of rotating 
storage. Software is likely to in
clude a standard multitasking op
erating system, relational database, 
and query language, along with 
integrated word processing, 
spreadsheet, and graphics applica
tion software. Other features to 
look for are a full-page flat-panel 
display with graphics, built-in 
printer, typewriter style keyboard, 
and 8-hour rechargeable battery 
pack. 

Full communications and exter
nal peripheral options will include 
interface to a local network or 
standard terminal emulation for 
hookup to a host computer. Mat
lack expects the whole package to 
weigh less than 20 lb (9 kg) and 
offer functions equivalent to a large 
minicomputer in 1983. 

Among others, Athena Com
puter's Dave Mitchell is optimistic. 
"If we can upgrade our memory 
modules to 256K bytes instead of 
64K bytes, maybe a year from now 
our machine could be running 
with 4M bytes of solid state disk 
and a 32-bit CMOS processor with 
half a megabyte of its own. A 4.5M
byte machine with a 32-bit proces
sor will have performance roughly 
equivalent to that of a VAX-11 . And 
this is something that will fit in 
your briefcase ." 

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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Presenting StacPac '" systems and modules. 
This is a brand new deal for systems integrators. 
StacPac systems and modules. Modular storage and 

backplane units that stand alone or stack together to form 
the basis of a small but powerful tabletop computer. 

They're available in either DEC®- or Multibus®
compatible versions. And there are lots of advantages to both. 

On the DEC side, you can put a StacPac system in places 
a rack-mount just doesn't fit. 

On the Multibus side, you can use our StacPac system to 
deliver serious minicomputer performance with microcom
puter economy. 

Either way you get greater flexibility to configure just the 
right system. And the easy upgradability to expand it when
ever you like. 

But perhaps one of the most important advantages is that 
you can protect your software investment-and your custom
ers'..-because inside, you're still selling the same system.You'd 
just never know it to look at it. 

Which brings up another point. 
Underneath that slick, compact exterior is the very latest 

in storage technology. 8" slimline floppy drives. High 
capacity, highly reliable 8" Winchesters. Compact W' 
cartridge tape drives. And the best high performance con
trollers in the business. (Packaged systems are also available 
without controllers at your option.) 

And if you're thinking about SW' storage, there's our 51/.i" 
Winchester /floppy module. (Available in the Spring of 19 83.) 

Configuring an elegant system solution is a simple matter 
of picking out the storage option you want and adding your 
own CPU boards, I/O and memory to our uncommonly 
accommodating backplane units. 

Naturally, we back it all up with HyperDiagnostics;· 
Rapid Module Exchange '" and HyperService:· Some of the 
most economical and intelligent service features ever devised. 

And you can have more information about StacPac 
modules just by writing for our brochure. 

But you just watch. You start marketing your systems in 
our StacPac modules and your competition will say you have 
an unfair advantage. 

And you know something? They'll be right. 
Corporate Headquarters: 2241 Lundy Avenue, San Jose, 

CA 95131. Eastern Region Sales and Service: Norwood, MA, 
(617) 769-7620. Central Region Sales and Service: Dallas, TX, 
(214) 980-4884. Western Region Sales: Santa Clara, CA, 
(408) 727-3163. 

DATA SYSTEMS DESIGN 
INTERNATIONAL SALES: Australia 03/ 544 3444; Belgium and Luxembourg 02 / 7209038; Canada 416/ 625 1907; Denmark 02/ 63 22 33; Finland 
90 /885011; France 03/ 4115454; Hong Kong and Peoples Republic of China 03 / 696231; Israel 52-52444; Italy 02/4047648; Japan, Osaka 06 / 3231707, 
Tokyo 03/ 345 1411; Netherlands 02977-22456; New Zealand 04 / 693 008; Norway 02/78 94 60; Singapore, Malaysia, and Indonesia 2241077; Spain 
OV 433 2412; Sweden 08/ 38 03 70; Switzerland 01/7414111; United Kingdom 7073/ 34774; West Germany and Aus tria 089/1204-0; Yugoslavia 61/263 261 
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Bit error rate performance is what 
everyone demands in a 2 I 2A Modem. 
This new, advanced CTS integral Modem 
delivers far better signal-to-noise rejec
tion consistently because CTS uses digi
tal signal processing. And it does it with 
excellent front end dynamic range of 
72dB which is considerably higher than 
usual. You get consistent error-free signal 
transmission and reception-free from 
garbled data or lost bits due to less than 
adequate phone lines. Synchronous 
detection . in the low speed mode, allows 
increased performance to 600bps FSK. 

Tightly controlled. rigidly maintained 
manufacturing processes assure consis
tent performance-from the first modem 
to the 50.000th unit. And with years of 
experience in supplying high-reliability 
electronics, CTS was a natural choice to 
be the sole supplier of modems to a lead
ing personal computer firm. 

Write for complete data on these 
CTS 2 I 2A Modems. customized to your 
needs. without a price premium. Contact 
CTS Corporation. 1201 Cumberland Ave. , 
West Lafayette. IN 4 7906. 
Phone: (317) 463-2565 . 

CTS 1neans Reliability 
CTS CORPORATION• ELKHART. INDIANA 

Microcomputer 
Integral Modem 

Point-of-Sale Modem 
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Remote Monitoring 
Equipment Modem 

CTS builds Custom Modems your 
way-Bell compatible, offering super
ior performance-without a price pre
mium. • 0-600 or I 200bps operation . 
•Both synchronous and asynchronous. 
•Custom connectors: flat cable. card 
edge or any variety you specify. •Both 
DTMF and pulse dialing capability.• Inter
face by software command or RS232 . 
•Full telephone line status information. 
•Excellent bit-error rate performance. 
•Built in diagnostics and full loopback 
features. •Smallest 2 I 2A customized 
Modem we've seen to date. Less than 40 
square inches! •FCC Part 68 approval 
and UL certified. • CCITT V.22 capability. 

•Minimum yearly quantity- IOOO units 
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Tying it together in the 
integrated office system 

A successful information management system combines operating systems, 
communications, data management, and languages to provide a mix of office 

automation and decision support. 

L arge organizations consider
ing the next step in automating 

their offices today are concerned 
with three things : profitability, ap
plicability, and cost. Although 
many firms already have pilot pro
grams, their management still needs 
to know if integrated systems will 
provide increased productivity, 
and what such a system should 
optimally include . An integrated 
office system that incorporates 
powerful, interactive computing 
power, and both shared and dis
tributed logic addresses these con
cerns . And this is the approach 
now used to achieve higher pro
ductivity offices . 

Optimal office productivity will 
never be achieved by simply giving 
a secretary a word processor. And, 
although it is among all levels of 
personnel that productivity en
hancements need be made, giving 
a manager a word processor will 
not solve all problems either. 

For example, look at some of the 
problems faced in office life, such 

Barbara Babcock is currently manager of 
product requirements at Data General 
Corp, Information Systems Div, Westboro, 
Mass, where she is responsible for office 
automaticn. Ms Babcock holds a BA in 
English from Carleton College and an 
MBA from Northeastern University . 

by Barbara Babcock 

as arranging a meeting. When a 
meeting is to be scheduled, each 
attendee must be telephoned to 
set up a day and time. In this 
sequence of telephone calls, every 
time one person can't make the 
arranged time, all the others must 
be re-called. This is done over and 
over. And each time, a conference 
room must be rescheduled as well . 
Although this may seem like a triv
ial, common task, it involves a lot 
of time for a secretary. 

A bigger problem is simple mes
saging .and the resultant "tele
phone tag." You phone someone 
for a brief discussion and she isn 't 
in. When she calls you back, you're 
in a meeting. You call back. She's 

out to lunch. The time wasted in 
re-calling each other mounts up. It 
could be, and often is, days. You 
finally connect, but a simple mes
sage should be easier to deliver. 

Whether secretary, professional, 
or manager, we all can identify 
with these situations. Due to the 
changing cost relationships-that 
is, hardware costs falling and labor 
costs rising- it is universally 
agreed that the office is ripe for 
investment to address the produc
tivity problem. A system that inte
grates certain key elements into a 
combined office automation/dis
tributed data processing (OAIDDP) 
information system can alleviate 
these problems and enhance pro
ductivity. 

Historically, advances in tech
nology and office equipment have 
found their way into the office to 
solve isolated, specific problems. 
But these efforts are often wasted 
because they fail to take into ac
count the relationship of one office 
function to another (Figure 1). No 
single function is discrete : a typical 
office operation is a process in 
which each function is systemati
cally related to all others, within 
and between departments, locally 
and remotely. 

An integrated office system com
bines office automation with data 
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processing and data communica
tions . The result is integrated in
formation management: the use of 
information within an organiza
tion as a corporate resource. Keep 
in mind that information is much 
more important than data. With 
the widespread use of computers, 
American business is threatened 
with an overwhelming glut of data. 
In raw form, data are not useful. 

There are, then, two challenges: 
turning data into information, and 
getting the right information to the 
right person at the right time. Inte
grated information management 
(Figure 2) accepts these challenges 
by pooling all of an organization's 
data-data processing files , text, 
and graphics-and then providing 
tools to convert these data into 
useful form. 

The successful integrated infor
mation management system is 
constructed on four major DDP 
technologies: operating systems, 
communications, data manage
ment, and languages (Figure 3). 
Each office user views the system 
in some mix of office automation 
and decision support, which con
stitutes office processing. Each of 
these DDP elements fits into the 
office process and contributes to 
office productivity. 

Tying it all together 
Perhaps the most important ele

ment in an office system of any 
kind is communications. Commu
nications ties all sizes of systems 
together-microcomputers, minis, 
superminis, and mainframes. 

There are no geographical limits. 
Systems can be in the same building, 
across the street, across the countiy, 
or around the world. The means of 
connection can be a local network, 
leased or dial-up telephone lines, a 
public data network-using such 
media as coaxial cable, fiber optics, 
microwave, satellites, or radio 
waves. In short, the options are 
extensive. 
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Tying it together in the 
integrated office system 

LOCAL REMOTE 

Figure l Relationships within a typical office operation form a process in 
which each function is systematically related to all others, within and between 
departments, locally and remotely. No single function can stand alone 
without backup from the others. 

There are two primary technical 
issues : what combination of op
tions are needed for today's situa
tions and for grovvth into the 
future? And, how do these options 
work together? The strength of 
building on a DDP base is a variety 
of communication options available 
from one source and the flexibility 
to mix and match those options
and the use of industry standards 
to make them work together, 
within a single-vendor or multi
vendor installation. By industry 
standards, one generally means 
X.25 plus whatever IBM does. 

Communications, as the back
bone for the office processing sys
tem, can solve many traditional 

information flow problems using 
traditional office procedures as the 
interface between the user and the 
communication system. For exam
ple, with electronic mail, a com
pany branch manager can send his 
or her updated report on Friday 
for Friday delivery, rather than an 
incomplete one on Monday for Fri
day delivery by regular mail . Or, 
meeting notices can be sent to all 
salespeople by electronic mail ; 
there can be no excuses that "the 
letter didn't arrive" because the 
sender is automatically notified as 
each recipient reads the notice. Or, 
a department budget in an elec
tronic file drawer can be constantly 
updated directly without supplying 

• 
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DATA BASES 

COMMUNICATIONS 

DECISION 
SUPPORT 

Figure 2 Integrated information management is a pool of an organization's 
data-data processing files, text, and graphics-prior to conversion of those 
data into a useful form. An automated system addresses use of information 
throughout the organization. 

WORD 
PROCESSING 

ELECTRONIC 
MAIL 

ELECTRONIC ADMlNISTRATIVE 
FIUHG SUPPORT 

LANGUAGES 

DATA 
MANAGEMENT 

COMMUNICATIONS 

OPERATING 
SYSTEMS 

DECISION 
SUPPORT 
SYSTEM 

PERSONAL 
COMPUTING 

Figure 3 Integrated information management is built on fou r DDP 
technologies: languages, data management, communications, and operating 
systems. Each DDP element plays a technical role within office processing 
and impacts productivity. 

large, expensive printouts by mail. 

Data management 
Another crucial element in a truly 

integrated system is data manage
ment, ranging broadly from simple 
sequential and random files, to a 
variety of indexed file methods, to 
complex database management 
systems. The degree of complexity 
and sophistication is directly de
pendent on the requirements of 
the specific application. Also, the 
requirements vary in office pro
cessing, and different methods may 
be applicable within one system for 
different user needs. 

Data management capabilities 
play three roles in office processing. 
First, they provide the foundation 
for building a user filing system. 
The way the user is allowed to 
view files is dependent on the 
structure available. For example, to 
model the electronic filing system 
on the office creating cabinets, 
drawers, folders , and documents 
requires a hierarchical indexed 
data management system. To al
low users to share files requires 
another degree of sophistication 
such as subindexing. 

Second, the data management 
system controls what can be filed: 
whether it is simple text, such as 
letters, memos, or boilerplate ma
terials, or whether it includes data 
processing files , reports , and 
graphics. The filing system's archi
tecture will also dictate its expand
ability into other technologies 
such as image, video, and voice. 

And third, the data management 
system dictates how data can be 
accessed. Simple files can be ac
cessed solely by one criteria, such 
as document name, while more 
sophisticated systems may have 
multiple access methods such as 
author, date created, and subject. 

The appropriate choice of data 
management foundations in con
structing an office filing system is 
necessary to fill two primary 
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needs: first , to make access to in
formation convenient, and second, 
to make data available throughout 
the office processing system to 
those who need it. Convenience 
means ensuring quick access to 
information by the person who 
needs it, where it is needed. Avail
ability means viewing data as a 
corporate information resource, 
accessible by whatever programs 
require it-whether it 's word pro
cessing, data processing, electronic 
mail, electronic filing, or any other 
application. 

Languages like Basic, Fortran, 
Cobol, PUI, and so on, vary in their 
ease of use and in their appropri
ateness over a wide range of com
mercial applications. Basic is most 
often viewed as the personal com
puting language. It is easy to use 
and enables rapid development of 
simple programs. For some reason, 
despite its highly symbolic nature, 
APL has captured the hearts of 
financial analysts. It is therefore 
often found in econometric and 
financial applications, and re
cently in decision support 
systems. 

Availability of application lan
guages brings personal computing 
to those office users who desire to 
write some of their own unique 
applications . Such languages 
bridge the gap between personal 

Optimal off ice 
prod ucti vi ty will 
never be 
achieved by 
simply g iving a 
secretary a word 
processor. 
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integrated office system 

computers and decision support 
systems. The kinds of applications 
that can be developed are unlimited. 
No single vendor could hope to 
supply application programs that 
suit all the varied business needs. 

Decision support 
The wide acceptance of per

sonal computing seems to have 
combined with the overflow of raw 
data to provide a catalyst in popu
larizing decision support systems . 
Decision support and office auto
mation present complementary 
user views of a truly integrated ON 
DDP system. While office automa
tion focuses on administrative and 
time management, decision sup
port focuses on management of 
the decision-making process . 
These two elements together auto
mate the office process. 

While all levels of personnel use 
office automation, decision sup
port is really designed for profes
sionals and managers who have no 
data processing background and 
no knowledge of database struc
tures. These office workers can use 
decision support tools to extract 
and to manipulate data from the 
corporate data bases and then to 
produce the information needed 
to make better informed decisions 
faster. Decision support systems 
can be viewed as the culmination 
of a good implementation of an 
integrated ONDDP and communi
cation system. It is in the area of 
decision support that major devel
opments should be anticipated, 
because decision support holds 
the maximum potential for im
proving office productivity. 

Because an integrated ONDDP 
system enables automation of the 
office process, it has the potential 
to achieve maximum improve
ments in office productivity. In 
addressing the office process, a 
well-integrated solution deals with 
the needs of all levels of personnel. 
Historically, application of auto-

Decision support 
and office 
automation are 
complementary 
factors in an 
integrated 
system. 

mation in the office has focused on 
the clerical/secretarial tasks, while 
the real costs clearly point to the 
professional and manager as the 
prime targets for more substantial 
improvements. 

An integrated system should be 
based on flexible communications, 
an expandable data management 
system, sophisticated operating 
systems, and a variety of applica
tion languages. If this is done well, 
the resulting solution can offer the 
full range of office processing func
tions: word processing, electronic 
mail, electronic filing, administra
tive support, and decision support. 

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

High 710 
Average 711 
Low 712 



To start with, they're faster. 
The CalComp Model 945 and 965 

plotters deliver accelerations of up 
to 4g. And diagonal plot speeds of up 
to 42 inches per second. 

CalComp really pulls away in 
multi-color plots. In fact, the Models 
945 and 965 are typically 75% faster. 
That's because everytime you need 
a different color or line width the 
competition's single-pen mechanism 
has to stop and travel to the side of 
the plotter to exchange pens. But 
the CalComp Model 945 and 965 

c ,, 

plotters use a four-pen mechanism that 
changes pens on the fly-eliminating 
the stop/start waste of plotters that 
carry only one pen at a time. 

We outdistance the competition 
in other ways, too. For instance, our 
user-friendly control panel provides 
local control and plot manipulation 
with an easy-to-use 32-character mes
sage display. And we're out in front 
in things like rugged durability and 
easy installation. 

So if you want to see who's setting 
the pace in the industry, take a closer 
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look at CalComp's Model 945 CD-sized) 
and 965 CE-sized) plotters. 

For more information, call or 
write: CalComp, 2411 West La Palma 
Avenue, PO. Box 3250, Anaheim, 
CA 92803. In continental U.S., except 
California, call C800) 556-1234, ext. 
156. In California call C800) 441-2345, 
ext. 156. 

CALCOMP 
A Sanders Graphics Company 

~SANDERS 
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Lower bus fares. 
Hop on Amphenol's rapid routes to reduced 
radiated emissions and costs-Amphenol® 408 
and 488 Series interface bus cable assemblies. 
Designed in accordance with IEEE 488-1975, 
"Standard Digital Interfaces for Programmable 
Instrumentation:· these assemblies minimize 
cross-talk, susceptibility to external noise and 
emissions in systems environments. 

408 Series cables with plastic connector 
shells come in both single- and double
shielded configurations. 

The 488 Series is a unique multi-shielded 
design featuring tight-bending, double-shield
ing cable with additional shielding around inner layers. The nickel plated, die-cast 
aluminum connector shell has overlapping seams and conductive-coated 
stainless steel screws. 

488 Series cable assemblies offer improved shielding performance over com
petitive designs and meet or surpass MIL-STD-416A, VOE 0871 and VOE 0875. 
Typical cable capacitance is 120-130 pF/meter, compared to 150 pF/meter for 
competitive designs. 

The cables are terminated with 24-contact Amphenol 57 Series connectors, 
are intermateable with older style IEEE 488 cables, and come in stock lengths of 
0.5 to 8 meters. 

We've got a wide range of modem/data cables for RS-232C/RS-499 too, with 
molded or die-cast aluminum backshells. The die-cast series uses dimpled 
electroless tin-plated D- subminiature connectors and offer twice the EMl/RFI 
protection of molded or mechanical backshell connectors. 

With Amphenol bus and modem cables you get great performance and low 
fares. Hop on today. For more information, technical data and price ... 

Call the Amphenol quote line 

1-800-648-4200. 

Amphenol 
An ~ED Company 

Amphenol World Headquarters: Oak Brook, IL 60521 
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Distributors Worldwide 
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The IBM PC is an 
effective development 

system for products 
which use the 8086 

and 8088. 
MTOS real-time 

operating systems 
are compatible with 

the IBM PC ... 

What a marriage! 

100 Jericho Quadrangle, Jericho, New York 11753 

(516) 938-6600 •Telex : 429808 (ITT) 

IBM IS A TRADEMARK OF INTERNATIONAL BUSINESS MACHINES CORP. 



A common interface, the 
heart of off ice automation 
The critical element in a whole-office system-one that serves professionals and 

executives as well as clerk/typists- is a common software interface that is 
transparent to all users. 

C urrent thrusts in office auto
mation development are to

ward professional and managerial 
support systems needed in an in
creasingly information- and service
oriented economy. The shift of 
emphasis from discrete clerical 
tasks to comprehensive profes
sional functions has created a ma
jor software design dilemma for 
vendors and users alike. While 
clerical applications are similar 

by David M. Stroll 

across industries-they tend to be 
forms and transaction based and 
are highly routine-the applica
tion needs of professionals and 
executives in different industries 
are just the opposite-they are 
highly skill oriented and non
routine. 

Also, as the cost of hardware has 
gone down, the proportionate cost 
of software development has gone 
up. Simply stated, a company can 

afford to buy computers for man
agers, purchasing agents, and sales 
reps, but can it afford to write the 
application software each one 
needs to perform his or her partic
ular job more effectively? 

When software engineers at 
Digital Equipment Corp began the 
development process that led to 
the company's ALL-IN-1 office 
automation (QA) package, they 
were faced with this dilemma. In 
order to solve it, the software de
sign problem had to be attacked 
from the user's point of view. 

At each point of interaction be
tween users and systems, software 
interfaces perform a mediating 
function appropriate to the level of 
expertise and job function that de
fine a group of users. An interface 
that enables sy stem analy sts to re
trieve and modify records from a 
data base, for example, is quite 
different from the interface that 
enables credit clerks to retrieve 
information from the same re
cords. The larger and more com
plex the network and the larger 
the number of applications, the 
greater the number of interfaces 

David M. Stroll is currently base product 
marketing manager at Digital Equipment 
Corp, Nashua, NH. He is responsible for 
office systems programs. Mr Stroll holds a 
BS from Leicester University, England. 
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that must be developed, imple
mented, and maintained. 

In a very rich networked envi
ronment, it is neither practical nor 
manageable to support an unlimited 
number of different software inter
faces. Nor is it realistic to expect a 
busy administrative assistant, 
technical professional, or group 
manager who may use a number 
of applications to master an equal 
number of different sign-on proce
dures and command sets . 

Therefore, in order to maintain 
economy of scale and at the same 
time accommodate the custom 
application needs of a multiplicity 
of users, a common interface is a 
critical element of an OA system 
aimed at supporting the informa
tion and communication needs of 
the whole office. Addressing the 
whole office means reconciling 
two points of view and two sets of 
problems. First, the individual 's 
point of view must be considered; 
and second, since the office is 
about teamwork and not just a 
collection of individual contribu
tors, both sets of solutions must be 
tied together. 

Before OA systems can be de
signed, then, it is necessary to de
fine user functions and determine 
how the users can obtain value 
added from a capital investment in 
such systems. The challenge to OA 
software developers has been to 
build an integrated system at a 
price that users could afford and 
that could meet the needs of all 
user groups. In addition, such a 
system must deliver value added 
(ie, speed and accuracy) for the 
clerical/secretarial group and time 
for professional and management 
groups. 

What we all do at the office 
To the user, the interface is the 

system. Most of the workers in the 
major user groups neither know 
nor care what is behind the key
boards and display screens of the 

70 COMPUTER DESIGN/Fall 1983 

A common interface, the heart 
of office automation 

computers they use. Operating 
systems, languages, utilities, input/ 
output operations, and communi
cation protocols are irrelevant to 
getting the job done unless one is 
a data processing technical 
professional. 

In order to design a software 
interface that would serve all three 
groups equally well, DEC engineers 
had to look for their common 
needs-the generic applications 
that answer fictional detective 
Mike Hammer's question, "What 
do you do when you go to the 
office?" They found that there are 
essentially six generic applications 
for office automation systems--in
terlocking tasks that virtually every
one performs in support of his or 
her function no matter what that 
function may be: 

• Document preparation involves 
logic. Letters, words, punctuation 
marks, numbers, and symbols are 
put together to express information. 
Word processing and text editing 
capabilities available via the com
mon interface are necessary not 
only for widely implemented QA 
applications like report writing and 
correspondence, but also for newer 
ones like electronic mail. 

• Presentation and printing is the 
physical production of the informa
tion that has been created in a 
document, slide, or computer pro
duced graph, for example. The user 
should be able to output a docu
ment on any device within the QA 
network. 

• Mail and information exchange in
volves moving information from one 
person to another or group of peo
ple. The kind of information it is 
possible to communicate should in
clude everything from simple text 
messages to complex documents, 
data files, voice messages, and visual 
images. 

• Calculation and modeling deals 
with numbers and probabilities. It 
allows us to ask all the "What if?" 
questions. This is the traditional 
data processing component of the 

QA system, ranging from desktop 
calculator functions to complex sci
entific analysis and accounting 
procedures. 

• Time and resource management in
volves the individual 's time, that of 
others, and their intersection . Cal
endar keepers for appointments and 
conference room scheduling, for ex
ample, are specific applications un
der this general functional heading. 

• Filing and retrieval can be handled 
electronically much more efficiently 
than by old manual methods. How
ever, this task is the most difficult 
software component to design for 
an QA system. By substituting elec
tronics or big metal file drawers, 
manila folders, and piles of idiosyn
cratically organized documents and 
scribbled notes, computers take 
away the spatial coordinates users 
are all so used to. Most users know 
where things are and constantly 
review work information by pawing 
through it looking for something 
else. In order to compensate for the 
loss of physical handling, DEC's 
software package designers had to 
include the ability to "browse" 
through electronic files via a flexible 
cross-indexing system that allows 
users to access files under a variety 
of headings. 

Business-specific applications 
In addition to the six generic 

applications that must be made 
available to all users via a single 
interface, software designers con
sider four sets of factors that deter
mine what custom application 
software is likely to be needed in 
an office automation environment: 

• Each industry has its own unique 
way of performing certain business 
functions . 

• Even companies within industries 
differ in their procedures. 

• Occupations within a company dif
fer in their application needs . 

• The individual user's role or posi
tion in the corporate hierarchy can 
also affect the nature of the applica
tion software he or she requires to 
function better. 
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Computer programs that enable 
workers to perform tasks defined 
by these four factors are so narrow 
that they must be developed either 
by in-house data processing sup
port personnel or by third-party 
software vendors who specialize in 
writing packages for specific in
dustries or occupations . While the 
OA system cannot economically 
deliver custom applications for every 
unique job function or ad hoc re
quirement, it can be designed to 
allow application programs to be 
accessed via the common interface 
and to interact with the six generic 
applications . 

Integrated applications 
Building in the generic applica

tions makes an OA system eco
nomical in terms of return to scale. 
Allowing users to access generic 
applications and business specific 
applications in whatever combina
tion and sequence they choose 
makes an office automation system 
adaptable to highly individualized 
end-user needs . 

From a design engineering 
standpoint, the user interface 
must map each job through all 
generic and specific functions 
transparently. In order to do that, 
the designer must decompose the 
interface into three basic func
tions-navigation and control, 
help, and for lack of a better word, 
customize-ability. All three soft
ware services are provided in the 
interface : 

• Navigation and control simply 
means that the OA software auto
matically p erforms all the complex 
electronic and logical transactions 
that must take place within the 
system if u sers are to achieve the 
end products they want-a printed 
report, a m em o sent to eve1yone on 
an extensive and currently up-to
date distribution list, or a set of 
inventory shrinkage statistics called 
from the last five years' records. 
Easy-to-use, consistent m enus give 

users a series of choices and simple 
operating instructions to thread 
them through data bases and tasks 
quickly and simply. 

• HELP on the ALL-IN-1 common in
terface is available on several levels . 
The system includes a computer
based instruction package that pro
vides the user with a full-fledged 
instructional course, detailed descrip
tions of specific commands and 
tasks, and short reminders. 

• The ability to customize the office 
automation system easily by adding 
business-specific applications is 
one of the major keys to success in 
QA. Two professionals in the same 
department, an engineer and a mar
ket researcher, for example, may 
need very different statistical pack
ages tailored to his or her unique 
function. 

Customizing is both more eco
nomical and technically easier 
when the entire software system is 
built on a stable, fully integrated 
and flexible operating system, such 
that software design conventions 
for the interface are accessible to 
application developers . Integrated, 
multi-application office automa
tion for the whole office-profes
sional and management workers 
as well as clerical personnel-is 
complex from a network manage
ment standpoint. It requires not 
only support for a multiplicity of 
generic and business-specific ap
plications, but support for a variety 
of hardware devices as well . Some 
workers require only terminals 
tied to a central host system on 
which the OA software resides. 
Others may need professional 
workstations like those available 
for laboratory and industrial de
sign environments. 

Personal computers certainly 
play an important role in an office 
automation network. They can 
provide users with rapid response, 
local resource control, and to some 
degree, support for custom appli
cations . However, they cannot sup-

port applications requmng large 
data bases and complex data man
agement resources . Comprehen
sive OA systems, then, imply by 
definition the use of a sophisticated 
host computer capable of support
ing high volume communications 
and data management activity. 

Layered software allows the soft
ware designer to integrate multiple 
OA functions on one system and 
make them all accessible on a sin
gle terminal and via a single inter
face. A common interface makes it 
possible for users to use any auto
mated function and data base nec
essary for them to do their jobs 
better without worrying about the 
esoterica of operating systems, 
programming languages, commu
nication protocols, or file struc
tures . 

Integrated OA systems with a 
common user interface represent a 
solution to what is perhaps the 
major software dilemma the com
puter industry has faced in the last 
decade-how to design a system 
that can provide virtually unlim
ited application flexibility without 
sacrificing standard-system econ
omy, consistency, and manage
ability. 

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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o other co1npa•1l 
to 1neet die ne 

Operating a manual control with a finger seems 
simple enough. But the process of designing the interface 
between people and machines can be complicated. To 
communicate effectively, the operator needs to understand 
and react to the appearance, sound and feel of the 
machine's controls. In addition to these human factors, 
there are other considerations like aesthetics, reliability 
and the availability of components. 

Ultimately, to choose the best manual controls for 
your interface, you'll need a wide selection of products to 
choose from. And probably some help making the choice. 

Only one company meets all these needs. 
MICRO SWITCH. 
With MICRO SWITCH you'll get design flexibility 

from the broadest selection of manual switches available 
ffom a single source anywhere in the world. You get more 

options on both 
sides of the 
panel, so you 
have more free
dom to design 
your product 
the way you 
want it. 

Up front, 
your func
tional choices 

The videotex terminal for the hotel/motel room, 
designed and manufactured by Dallas based QUAZON 
CORPORA TJON for the Travelhost Network, 
features this MICRO SWITCH custom touch panel. 

include discrete manuals such as pushbutton, toggle. 
paddle, and rocker switches, as well as keyboards and 
touch panels. Most discrete manuals are in stock, or can 
be assembled on a modular basis to fit your exact needs. 
Keyboards and touch panels are easily custom-designed to 
meet your special requirements. All together, there's a 
virtually limitless combination of colors, legends and types 
of illumination possible. 

Behind the panel , your choices continue with a 
variety of military qualifications and worldwide agency 
approvals. Electrical ratings range from just a few 
milliamps to twenty-five amps, in contact or solid state 
varieties. You can also choose oiltight sealing and other 
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protection for severe environments, as well as a wide 
variety of package sizes, including a new miniature line. 

Having this wide selection means you can specify 
the best combinations of performance and price for a 
variety of needs, while enjoying the economy of working 
with just one company. 

Manual controls are the critical point of communica
tion between your product and its operator. Based on our 
human factors experience, we can help you design for the 
human half of this interface. Your options include visual, 
audible and tactile feedback, plus a variety of sizes, shapes 
and colors. 

In addition to our other advantages, you get the kind 
of quality that makes your product better, too. Because 
our manual switches are built to do what we say they will, 
as long as they're meant to. And they share a distinctive, 
high-quality look. Giving your product a consistent, 
aesthetically pleasing appearance. 

Whatever your man-machine interface needs, give 
MICRO SWITCH a chance to help. Our experienced field 
sales and application engineers are eager to get involved 
early in your design process, to counsel you on the 
selection of manual controls for your application. And no 
matter where you do business, MICRO SWITCH is nearby 

with manufactur
ing, sales, and 
service locations 
worldwide
including our 
network of 
distributors 
for local service 
and availability. 

For the 
location of a 
sales office or 
authorized 
distributor near you, call 815-
235-6600. Or write to MICRO SWITCH, Freeport, IL 61032. 

With our help, you'll find the manual controls that 
work best. For fingers. And for you. 

Together, we can find the answers. 

MICRO SWITCH 
a Honeywell Division 
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Compact 9.5"W x 11.2"H x 17"D table top package 

Available now! 256Kb main memory (4Mb addressability) 

And SMS is 
Expansion space for 4 dual LSl-11 boards 

not afraid 
to show it 
A Micro Winchester System 

8" RX02 and 1.2Mb I BM floppy backup 

Auto self-test for CPU, memory, disk drives 

Easy access to LED display of system faults 

-------------------
10.6Mb or 15.9Mb 51/.i'' Winchester package 

Advanced disk controller with ECC, flaw management, bootstrap, 
error retry, and direct non-interleave data transfer 

AVAILABLE WITHOUT CPU and memory for volume requirements 

•Trademark of Digital Equipment Corporation. "Trademark of Western Electric. 
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PDP-11 * architecture compatible with DEC* 
RT-11, RSX-11 Mand Unix** software 

LSl-11/23 processor 

' 4 serial ports 

Scientific Micro 
Systems, Inc. 

' 

.. 

777 E. Middlefield Road 
Mountain View, California 94043' 
(415) 964-5700 

AUTHORIZED SMS DISTRIBUTOR FOR DEC 
Q-BUS PRODUCTS: FIRST COMPUTER 
CORPORATION (312) 920-1050 

SMS SALES OFFICES: 
Phoenix, Arizona (602) 978-6621 ; 
Boston, MA (617) 246-2540; Atlanta, Georgia 
(404) 296-2029; Morton Grove, Illinois (312) 
966-2711 ; Yorba Linda, California (714) 993-3768. 
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Off ice automation is not 
just for typists 

Professionals, managers, and executives make the greatest contributions to 
business objectives and have the greatest impact on salary expenditures. 
Automated support of their knowledge/information activities is therefore 

essential. 

0 ffice automation benefits all 
office workers who use the 

relevant technology-particularly 
the up-to-date methods-to meet 
their objectives. Most individual 
objectives are aimed at realizing 
overall business objectives such 
that each member of the office 
team has the necessary tools to 
generate, manage, and communi
cate his or her particular forms of 
information more effectively. 

People in the office can be 
grouped into four main categories: 
clerl<!typists, professionals, managers, 
and executives . Each category 
involves a particular set of respon
sibilities, but all involve the pro
cessing of some form of information. 

Up to this time, emphasis in 
office automation has been placed 
on providing tools for the clerk/ 
typists. In terms of salary expendi
tures and contribution to business 
objectives, however, professionals, 
managers, and executives make up 
the largest office segment. There is 

Charles R. Miller is director of the 
advanced systems laboratory at Wang 
Laboratories, Inc, 1 Industrial Ave, 
Lowell, MA 01851. He is responsible for 
human factors research. He holds a 
Certificate of Data Processing from the 
Data Processing Management 
Association. 

by Charles R. Miller 

no question that automated sup
port of the knowledge/information 
activities of the upper-echelon 
worker is the next step in office 
automation design. 

As knowledge specialists, profes
sionals deal with information in 
nonroutine and, sometimes, crea
tive ways. They spend a good deal 
of time analyzing and synthesizing 
information from a variety of 
sources. 

Much of the information manag
ers deal with is unstructured and 
comes from many sources . Manag
ers need decision support systems 

in order to gather information in a 
usable form and in a timely man
ner. They need to both receive and 
send information expeditiously 
and retrieve whatever they need 
on demand. In carrying out their 
jobs, they, too, are beset by numer
ous menial details and can there
fore benefit from automation . 

Executives gather recommenda
tions and general information from 
lower levels within the organiza
tion, as well as outside the organi
zation . As with managers, most of 
the information executives deal 
with is diverse and in various 
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stages of assimilation. But it is on 
their shoulders the responsibility 
rests for setting policy and over
seeing implementation. Executives 
must analyze much diverse infor
mation and must therefore be as 
reliably informed as possible on 
any given subject. The caliber of 
their decisions depends on the 
quality and timeliness of the infor
mation on which these decisions 
are based. 

Both in theory, and in prac
tice, executives have the most 
information-intensive jobs. They 
are the supreme generalists who 
must sort through huge amounts 
of information to form a conceptu
al overview on any given topic 
affecting corporate image and ac
tion. The corporate mainframe has 
always been the primary informa
tion cruncher that executives use 
to help form opinion. Report con
solidation is a vital executive 
requirement. 

Office automation ls not just 
for typists 

For these reasons, the executives 
need easy access to automated 
support on demand-not when 
the computer room can run the 
job. In search of excellence, execu
tives cannot afford to base deci
sions on incomplete facts . A major 
challenge of office automation is to 
aid this harried knowledge worker 
with automated support that is 
powerful, intelligent, and easy to 
use. 

Ideal system architecture 
Office automation tools have 

evolved in a variety of forms . There 
are personal microcomputers for 
the individual professional. De
partmental support systems exist 
in the form of minis and super
minis . Site support systems take 
the form of a shared resource 
accessed by all departments, or all 
departments within a building. 
Corporate support systems deal 
with shared data bases across the 

organization, with an emphasis on 
security and access . And there are 
public services, such as legal data 
bases and teletex. 

Profes s ionals are initially 
concerned with an individual in
formation domain consisting of 
preparation of in-process informa
tion for departmental, and other 
communication. Thus, we see a 
proliferation of personal comput
ers and off-the-shelf decision 
support modules . This trend rep
resents an assertion of information 
control (ie, I bought it, I load it, I 
am responsible for it, I put it away 
in my desk). The competence of 
professionals is determined by 
their ability to expeditiously col
lect and use information in sup
port of business goals. 

But beyond the individual infor
mation domain, professionals are 
involved in attending meetings 
(calendars and to-do lists), sending 
and receiving mail and messages, 

PROFESSIONAL PROFESSIONAL 

/a,~----.:..J c~ ~ TYPIST 

CLERKITYPIST CLERIC/TYPIST 
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using the phone. This is where, 
ideally, professionals use a power
ful personal computer (a profes
sional computer) that provides 
standalone processing, and also 
connects to the departmental clus
ter for accessing the added value 
functions and departmental-level 
information . Overall, graphics, 
voice store and forward, word pro
cessing, electronic mail and mes
saging, and data processing are all 
pertinent, as is access to data 
bases both within and without the 
organization. 

Lastly, managers and executives 
must sort through reams of dispa
rate information and also rely 
heavily upon the telephone . (Tele
phone tag is a particular manage
rial annoyance, and voice store 
and forward digitization can help 
greatly.) Facsimile is probably a 
tool that could most help them 
gain control over the mass of mate
rial they deal with, allowing for the 
quick capturing and storing of pos
sibly vital information . But any 
workstation that managers or ex
ecutives use should also connect 
to the departmental cluster calen
dar scheduling (thereby reducing 
the hassle of trying to call meet
ings ), electronic mail, electronic 
messaging, and a dictation tran
scription service. Executives can 
also benefit from online financial 
reports , teleconferencing, and 
easy-to-use graphics and general 
information retrieval . Actually, in 
aiding this group of decision makers, 
a versatile but simple method of 
accessing general information is 
probably the single most impor
tant aspect of office automation . 

All groups in the organization 
may also need to interact with the 
corporate mainframe. This points 
out the fact that corporations con
sist of stacks of departments as 
just described . These departments 
may be housed in the same build
ing, or in a group of buildings, or 
may be scattered around the globe. 

A prime directive of executives is to 
consolidate information from all parts 
of an organization's operation for 
big-picture estimates. An essential 
workhorse in this overall scheme is 
the large number cruncher, acting 
as a hub in a cluster of distributed 
systems. 

Ideally, developments in artifi
cial intelligence will bring a higher 
degree of integration to the diverse 
support functions. Artificial intelli
gence should prove interesting in 
relation to voice-actuation and 
realtime language translation and 
analysis. It may be the ultimate key 
to providing executives with a 
powerfully functional automated 
support system and will likely 
transform the modus operandi of 
every player in the office. 

Office Environment Impact 
Consequences of the new tech

nology are far-reaching. For exam
ple, digitization has changed the 
way we work and promises to be 
even more influential. There is 
much more to automating than 
simply reducing staff costs. 

Office automation does shift 
labor-intensive procedures to the 
machine. The result may well be 
that fewer people can do more 
work, but this is not guaranteed. 
To realize full system potential, 
proper support, implementation, 
and re-training are needed. In this 
way, a new division of labor is 
created . Office automation intro
duces changes that must be prop
erly understood and managed, with 
careful consideration for the opti
mal balance among people, systems, 
and operational procedures . The 
technology necessarily changes of
fice processes , but-given the 
proper initiative-there are a num
ber of quantitative and qualitative 
benefits to be realized. The ma
chines really can help people work 
better and easier. 

Changing to automated offices 
can be justified even if it merely 

facilitates the establishment of 
controls. Automation can provide 
a level of control to ensure that 
each step in the process is han
dled, even independent of the in
dividual normally responsible for a 
step in the process . In other 
words, the system provides a 
framework for the logical and 
steady processing of information. 
In tum, users can attain uniquely 
facile control over the generation, 
access, management, and commu
nication of vital organizational 
information. 

Thus, digitized information is open 
to any variety of manipulations 
and applications . This technology 
is undoubtedly evolving toward a 
level of support in which office 
automation tools become a natural 
extension of the intelligence of in
formation and knowledge workers. 
It enables workers to choose what
ever information processing activi
ties they need to complete individual 
and organizational objectives . 

In the final analysis, the digitiza
tion of information in all its forms 
will probably be known as the 
most fascinating development of 
the 20th century-ie, the ultimate 
tool by which we manage informa
tion and, by implication, every other 
resource. It is anybody's guess as 
to where it will lead. The present 
materials of digital technology 
have yet to be used fully, and the 
future holds promise of totally new 
materials and approaches with 
even greater possibilities. 

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 
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Any Way You Look At It, 
Superior Storage Solutions. 

What you see here are two different views 
of one very different drive. 

Sure, the camera angle on each view is the 
same. But "front" and "back" refer, in this 
case, not to a photographic perspective, but 
rather to an applications perspective. They 
ref er to the fact that this revolutionary 
cartridge drive is the most versatile and 
economical storage device you can buy for a 
full range of applications-from back-up and 
archival storage to up-front primary storage. 

Front View: High Reliability 
Primary Mass Storage. 

There are several powerful reasons to 
seriously consider the Alpha 10 as a primary 
mass storage device. First of all, each car
tridge stores 10 Mbytes of data-easily 
matching capacity with today's Winchesters. 

But just as important, the Alpha 10 
matches the Winchesters in reliability, thanks 
to several IOMEGA innovations in flexible 
disk and removable cartridge technology. 
As for versatility, the unique cartridge format 
of the Alpha 10 speaks for itself-a straight
forward approach to library management and 
data interchange. 

See us at Comdex Las Vegas Convention Center Booth #4760. 

II 

Back View: High Versatility 
Back-Up And Archival Storage. 

The Alpha lO's advantages for back-up 
and archival storage are just as impressive. 
For instance, a 10 Mbyte Winchester file can 
be dumped onto a single Alpha 10 cartridge 
in literally minutes, not the usual hours. 
You can look forward to a new standard of 
reliability that is integral to our design. And, 
because our cartridges are the most inexpen
sive on the market today, archival storage 
doesn't cost you an arm and a leg. 

Overview: The Careful Evolution, 
And Immediate Availability, 
Of A Drive Design Revolution. 

Any way you look at it, the Alpha 10 is a 
breakthrough in data storage device design. 
Actually, it's a series of breakthroughs, 
including non-contact head-to-disk interface, 
high linear bit densities, a run-length limited 
code that compresses the data stream from 
the host, and closed servo control of the head 
positioning, all to achieve the economy and 
versatility of flexible disks with the capacity 
and reliability of hard disks. 

But the best part of the technology is that 
it's here, now, packaged and available in 
OEM quantities. Get the whole story, today, 
on the Alpha 10 from IOMEGA. -l•MS'GA™ 

IOMEGA Corporation, 4646 South 1500 West 
Ogden, Utah 84403 (801) 399-2171 
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Optical disks make 
off ice sense 

Cost effectiveness and media removability boost optical storage to complement 
magnetic media in electronic offices. 

by Larry fujitani and Gordon Knight 

A key computer system ele
ment for the fully automated 

office is a mass storage device that 
can store and retrieve large 
amounts of data quickly and accu
rately. The new generation of opti
cal disk drives, based on laser rather 
than magnetic technology, repre
sents a breakthrough in mass stor
age that will greatly impact office 
work. Offering up to 10 times the 
storage capacity of Winchester 
disk drives, optical storage systems 
are well suited to a wide range of 
applications including electronic 
file cabinets, central file servers in 
local area networks (lANs), and 
image storage. 

By early 1984, several manufac
turers are expected to announce 
optical disk drive products that 
will increase the areal storage den
sity up to 20 times . In addition, the 
optical disks offer a lower-cost
per-byte advantage and their large 
capacity (1G byte) makes them ideal 
for archival storage . 

Larry Fujitani is product marketing 
manager at Shugart Corp, Optimem Div, 
Sunnyvale, Calif. He holds BSEE and 
MBA degrees from the University of 
Hawaii. 

Gordon Knight is director of technolagy at 
Shugart Corp, Optimem Div. He holds a 
BSEE degree from the Massachusetts 
Institute of Technology and an MSE 
degree and a PhD degree from Stanford 
University. 

Some users may question the 
need for a lG-byte drive in an 
office where a word processor's 
1M-byte floppy disk is often con
sidered adequate . Until recently, 
however, the document creation 
process has been the focus of of
fice automation. As an information 
storage and retrieval process, docu
ment creation has merely replaced 
the filing of a piece of paper with 
filing a piece of paper and a floppy 
disk. Very little progress has been 
made in managing document-based 
information as opposed to com
puter-generated information-ie, 
from a management information 
system. 

A large proportion of the infor
mation received and handled by 
office workers comes from external 
sources . The format of these docu
ments is not suitable for conven
tional digital filing . Also, many 
internally generated memos are 
appended with handwritten notes 
prior to filing . Thus, as a replace
ment for the file cabinet, an elec
tronic storage and retrieval system 
must be able to store encoded data 
such as that generated by a word 
processor, bit-mapped image data for 
graphics, and handwritten material. 
The only medium that is capable 
of doing this economically is the 
optical disk. 
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Optical disks make office 
sense 

TABLE 1 

Density Specification Comparison 

OEM Cost Capacity BPI TPI Areal 
density (BPSI) 

Optimem $7000 lOOOM bytes 15.000 15.000 225 x 108 

SAU OO $1000 

3380 $18.000 

An optical disk drive that ad
dresses the low-end market is being 
readied by Shugart's Optimem Di
vision. The first product will be 1G 
byte drive for a single-sided, 12." 
removable disk cartridge. Users 
will be able to write data on the 
disk only once and retrieve the 
data manifold. Table 1 compares 
density specifications for Opti
mem's 12." drive with those for 
Shugart 's SA1100 and IBM 's 3380 
8" Winchester drive. Initial cost for 
this product will be in the $6000 to 
$7000 range in original equipment 
manufacturer quantities. 

As Table 1 shows, with the opti
cal disk the bit density equals the 
track density because a uniform 
circular spot of light reads and 
writes data on the disk. This yields 
a high storage capacity of 1G byte 
of storage on a 12." disk. High areal 
density disks require less power 
for rotation, especially if they are 
made of plastic. Thus, a drive can 
be designed that consumes less 
than 200 W-a significant feature 
for office use . 

Design reliability has also been 
ensured . The optical disk has a 
laser read beam focused through a 
protective plastic layer. The focus
ing lens of the optical read/write 
head is designed to provide 1 to 2. 
mm (4 x 10 - 12 to 8 x 10 - 2 in .) of 
space between the lens and the 
disk surface. This contrasts with 
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34M bytes 6000 

1200M bytes 15.000 

1x10- 5 to 2. x 10-s in. between the 
read/write head and the disk in 
current Winchester technology 
drives. 

Passing the read beam through a 
thick protective layer of a clear 
material can further protect the 
recording layer. With the air sand
wich configuration (see Figure), 
the protective layer also serves as 
the substrate, while the recording 
layer is deposited on the second 
surface. The read beam passes 
through a 1-mm thick layer of plas
tic, which translates a 1-µm spot 
on the recording layer to more 
than 1-mm spot at the entrance 
surface. The large space between 
the lens and disk combined with 
the plastic layer protects the disk 
from particle contamination. Thus, 

RECORDING LAYER 

500 3 x lo& 

800 12 x 106 

a removable disk system can be 
implemented without an expen
sive sealed cartridge system. It also 
obviates an air purging cycle and 
eliminates the need for absolute 
air filtration. Just in case, a low 
cost cartridge system is available to 
protect the disk against poor han
dling. 

Interfaces ease integration 
For any products implementing 

a new technology, a major concern 
is how the product fits in with 
proven technology. Fortunately, 
available intelligent disk control
lers with host-level interfaces like 
the small computer system inter
face (SCSI) facilitate the integration 
of optical disks with office equip
ment. Shugart developed this 

COVER 

READ/WRITE BEAM 

The med ium being developed for Shugart's Optimem optical disk drive is a 12" 
disk enclosed in a hard plastic cartridge for maximum protection. A substrate 
consisting of a clear material protects the recording layer. This diagram 
depicts the disk itself before it is enclosed in the cartridge. 
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Inside the optical disk drive 

The features that differentiate an optical disk drive 
from a magnetic disk drive are the optical read/ 
write head and pregrooved write-once disk itself. 
The other major components are functionally 
similar. 

An optical head consists of a semiconductor 
laser diode, the beam collection and correction 
optics, a polarizing beam splitter, a quarter wave 
plate, a routing mirror, a 2-axis head, and a 
detector with its associated beam forming optics. 

Each of the optic elements serves a specific role 
in the optical read/write head. The semiconductor 
laser diode emits a coherent beam of light at a 
nominal wavelength of 830 nm (infrared), but the 
beam diverges as it emerges from the laser. 

The collection lens then gathers the light and 
forms a collimated (parallel) beam of light. The 
beam is elliptical in profile because the 
divergence angle of the beam coming from the 
laser is smaller in the plane along the 
semiconductor junction than in the plane across 
the junction. The anamorphic correction prism 
transforms the elliptical beam into a circular 
beam. 

This beam enters a polarizing beam splitter and 
passes through the quarter wave plate, which 
then rotates the polarization of the beam by go0 

and passes it to the spot-forming objective lens 
that is part of a 2-axis actuator system. 

The actuator focuses the lens in the vertical 
direction on the recording layer within the optical 
disk and in the radial direction under tracking 
servo control. This keeps the beam centered in the 
pregrooved track. The reflected light from the disk 
is collected and collimated by the objective lens 
and passes through the quarter wave plate again, 
rotating it another go 0

• 

Because the light has been rotated go 0 twice, it 
has a polarization of 180° out of phase relative to 
the entrance beam, causing it to be reflected by 
the polarizing beam splitter. The beam then goes 
through additional optics that relay the beam onto 
a quad photodetector. The signal from the quad 
detector is amplified and produces feedback 
information for the focus and tracking servos as 
well as the raw read channel data signal. This 
signal is then processed in a manner similar to 
that in a magnetic disk drive to provide nonretum 
to zero data and clock at the drive interface. 

The beam follows the same optical path through 
the read/write head during both the read and 
write modes. During a read operation, the laser is 

operated at a low power output level of 1 to 2 mW 
with a continuous light output. The difference in 
reflectivity between an unwritten area and a 
written spot causes an amplitude modulation in 
the reflected read signal, which is detected and 
decoded in the read channel. During a write, the 
laser is operated in a pulsed mode with a peak 
power level of 15 to 20 mW. The laser power 
control circuit turns the write beam on and off. 
And, as dictated by the data modulation encoder, 
it also modulates the amount of current flowing 
through the laser diode. 

A raw, uncoated pregrooved optical disk is 
manufactured using a process similar to 
producing the Laservision optical video disk and 
the laser digital audio disk (DAD) products . A 
polished glass master disk coated with a 
photo-resist material is written on a mastering 
station using a laser. The three disk processes 
differ only in the modulation code used to turn the 
laser beam on and off. 

A pregrooving process can be used for radial 
servo tracking feedback, data synchronization, 
and preformatting to provide head positioning 
feedback. In this way, the precision required to 
achieve the high (2 x 108 bits per square inch) 
areal density is put onto the disk instead of into the 
disk drive. In magnetic media, this would lead to 
very expensive disks; however, for replicated 
optical disks this precision need be achieved only 
in the mastering station for thousands of molded 
disk substrates. 

Digital optical disks are preformatted because of 
low cost and the ability to randomly access data. 
A preformatted disk costs no more than a plain 
pregrooved disk, where formatting on a drive 
would take up more than half an hour per disk. 
Also, the format information is needed to provide 
random access of the entire disk surface. With the 
track-to-track spacing on an optical disk less than 
8 x 10 - 5 in. , the only economical way of 
determining the position of the optical read beam 
on the disk is to read an address directly off the 
disk. 

Software programs can also be mastered along 
with the other information on the disk. The 
replication process can be used to publish large 
software program libraries or data bases that will 
not only distribute the access to information, but 
also create an entirely new form of electronic 
publishing. This will make information more 
readily available to users. 
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interlace under the name Shugart 
Associates System Interlace (SASI) . 
This system interlace includes a 
group of six generic commands 
that are implemented only once 
into the host computer's operating 
system, thereby making peripherals 
truly independent. In this way, 
system integrators can upgrade 
rotating memory peripherals and 
other devices without any need to 
design a new controller or change 
the operating system peripheral 
driver. 

By providing a logical block ad
dress interlace, the SCSI allows 
transmission of error-corrected 
data back to the host computer. An 
Optimem disk drive with a SCSI/ 
SASI controller can receive data 
from the drive with no more than 
one error in 1012 bits transferred. 
This alleviates a major concern 
about raw error rates, which might 
bother potential optical disk drive 
users . Since data on the drive are 
addressed in logical blocks of 1024 
bytes, integrating a drive with many 
more tracks than a Winchester 
disk need not be a problem to 
potential users. The first genera
tion of optical disk drives should 
have as many as 40 ,000 tracks per 
surface. 

Actually, SCSl/SASI is the de facto 
interlace standard for 5%" and 811 

Winchester disk drives . Many sys
tems implementing optical disk 
drives will most likely use small 
Winchesters, (50 to 500M bytes) as 
scratchpad memories. This gives 
additional incentive for system in
tegrators to implement SCSl/SASI 
when developing systems with 
optical drives, thereby facilitating 
quick integration into new or exist
ing systems. Such systems could 
use both optical and Winchester 
drives in a file server attached to a 
IAN interlace . 

With the exception of archival 
applications, the major task facing 
the system integrator of optical 
disk drive products is that of devel-
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Optical disks make office 
sense 

The medium used with the Optimem 
1000 laser-based optical disk drive is 
covered by a plastic cartridge as 
shown in the top photo. Once the 
medium has been loaded, the plastic 
cartridge is removed (bottom photo) . 
When the drive is turned off , the 
cartridge is replaced over the 
medium and both are removed from 
the drive for safe offline storage. 

oping software that efficiently uses 
write-once media. Standard disk 
drive operating systems are writ
ten for devices with erasable disk 
storage. Because of this, it is neces
sary for new software to developed 
for the nonerasable optical disk 
drive. 

The file structures and access 
method must handle updating by 
relocation and must be able to 
rapidly reassemble a file from re
cords scattered over the disk due 
to periodic updating. This calls for 
strategies that would lead to using 
scratchpad magnetic disk drives 
for data requiring rapid or frequent 
updating while using the optical 
disk drive for permanent file stor
age. Users should determine when 

to migrate updated files onto new 
disks . This should be done in or
der to avoid an unacceptably long 
file reconstruction time. 

A possible solution to this obsta
cle is an intelligent database pro
cessor. This back-end processor 
could be programmed to make all 
file migration decisions automati
cally for any specified application. 
A back-end processor could han
dle activities such as file backup, 
migration between magnetic and 
optical disks, managing the perma
nent partitioning of files into archi
val storage, and updating files with 
a link between the two files . 

The combination of very high 
capacity, low-cost-per-byte, and 
nonerasable storage makes optical 
disk drives suitable for many appli
cations, including electronic file 
cabinets, x-ray image storage, and 
as the central file server in lANs . 

The greatest benefit of electronic 
filing is not the ability to store 
information in less space, but the 
ability to rapidly and accurately 
retrieve the information. Thus, the 
automated office will probably store 
more information in machine-read
able form so information searches 
can be conducted by document 
content as well as by index searches. 
Increased use of electronic mail 
and dramatic reductions in the 
cost of optical character recogni
tion through the use of very large 
scale integration will contribute to
ward that end. 

The cost differential 
As electronic file cabinets, opti

cal disks can be cost-effective if 
data compression techniques are 
used. For instance, a page of ASCII
coded data from a word processor 
occupies only about ZK bytes of 
storage. Most pages can be com
pressed from ratios of 10:1 to 15:1. 
Thus, a typical page that is not 
machine readable would occupy 
between 33K to SOK bytes. This 
results in a lG-byte disk storing 



) 

TABLE 2 

Comparable Cost of File Cabinet versus Optical Disk Storage 

Initial purchase of 
file cabinets 
250.000 pages of data 

Total initial investment 

Annual cost spread 
over 5-year period 

( T~tal ) 

Office space cost 
Labor 

Total annual cost 

Cost/page/year 

( 
Total annual cost ) 

250.000 pages 

from 20,000 to 30,000 pages of im
ages . 

Assuming that half the pages are 
ASCII-encoded data and half are 
images, the storage capacity per 
12" disk is approximately 56,000 
pages. At a projected end-user 
price of $250 per disk, the cost per 
page of storage, then, is $0.004 per 
p age-about half the cost of paper. 
The cost savings is even greater if 
u sers consider they are storing in
formation, not paper. For example, 
if a company pays $2000 for a 250-
p age market research report, the 
cost per page is $8.00--far above 
the cost of paper alone. 

An example of the cost trade-offs 
between storing data in a typical 
file cabinet and in its electronic 
equivalent shows almost an equiva
lent cost per page over a year's 
time (Table 2). The retrieval time, 
however, is incomparable. 

File cabinet 
cost 

$1200 (4 files) 

$2500 

$3700 

$740 

$800 
$3000 

$4540 

$0.018 

(manual filing) 

Even more dramatic cost savings 
can be expected with future opti
cal disks . This will result in part by 
using efficient storage methods 
such as storing only the necessary 
portion of documents (eg, signa
tures and drawings in bit-image 
format ). Then the storage require
m ents will be approximately 4K 
bytes per page. As the capacity of 
disks increases to 2G bytes per 
disk without an appreciable cost 
increase, close to 500,000 pages 
can be stored on a disk. Using 
Table 2, this would provide a 
document storage cost of $0.008 
per page. 

No matter what their cost effec
tiveness, optical disk drives will 
obsolete neither floppy nor Win
chester disk drives . The IAN exam
ple shows a system using both 
technologies with the optical disk 
drive serving a central file server, 

Optical disk system 
cost 

$20.000 (hardware and 
software) 

$1000 (4 disks) 

$21.000 

$ 4200 

$100 
$200 

$4500 

$0.018 

(preventive 
maintenance) 

and the Winchester disk used for 
scratchpad work in progress . This 
configuration allows both optical 
and magnetic disk drives to exist 
side by side, and will do so for at 
least another decade while the 
floppy disk drive continues to be 
the storage workhorse for the per
sonal workstation. 

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 
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Introducing the Scorpion™ half-height 5%" mini streamer. 
Once again, Archive has the Winchester back-up others will have to 

, measure up to. Only this time, they also have 
to measure down. Because the Scorpion is 
only 1.625" high. 

It fits the footprint of half-height floppy 
disk drives. So no change in existing cabinetry 
is necessary. Yet it still gives you up to 60MB 
of storage. 

Now system designers can choose from a 
wider variety of storage combinations. For 
example, half-height Scorpion, half-height 
floppy and 5>i" Winchester. 

And our standards meet your stan- r - - - - - - - - - - - -1 
dards. The standard Archive (QIC-02) FREE' 
~nterface and _QIC-24 for~at are both STREAMING TAPE 
incorporated in the Scorpion. 

But that's only part of the story. HANDBOOK. 
Thanks to Archive's advanced LSI ro receive your copy, return 

this coupon to 
technology, the half-height Scorpion Archive corporation 

3540 Cadillac Ave. 
gives YOU higher Capacity and more Costa Mesa, CA 92626 

functions than many 8" streaming Attn : Marketing Dept. or call 
(714) 641-0279 

tape drives. Yet it has fewer parts, Name __________ _ 

uses less power and is competitively Title ___________ _ 
priced. Company __________ _ 

For complete details and a free Address __________ _ 
City _____ State __ Zip __ _ 

copy of our 176-page streaming Telephone( _________ _ 

handbook, return the coupon. Or O Sendmemyfreebook. O SendanArchivesales 

Ca 11 Arch l·ve today. D Send me additional infer- representative . 
mation about Archive %" 
Streaming Tape Drives. 

"'Scorpion is a trademark of Arch ive Corporation . 

CORPORATION 
CIRCLE 24 





There's more to a wand 
than meets the eye 

Improved circuitry of optical recognition systems introduces applications that 
could include office work. 

I n an ideal computer system, 
entered data should pass di

rectly from one computer to an
other without printing on paper. 
Improved communication capabil
ity may one day allow this ideal to 
be achieved. However, for at least 
the rest of this decade, data trans
fer will continue to require the use 
of such printed items as invoices, 
sales tags, checks, and other turn
around documents. Since all of 
these documents must also be un
derstandable to the people who 
process them, optical character 
recognition systems are a natural 
choice to allow this kind of data 
capture . 

The largest proportion of today's 
installed base of optical character 
recognition (OCR) systems is in the 
retail industry. But a new genera
tion of large/very large scale inte
gration (LSWLSI) chips will allow 
the systems to be integrated into 
larger pieces of equipment. This 
will make OCR powerful enough to 
tackle more complex tasks, partic
ularly in office applications and 
more specifically, in the financial 
industry. 

Serge L. Blanc is currently vice president 
of engineering at Caere Corp, Los Gatos, 
Calif. He holds a BSEE from the University 
of California, Los Angeles and an MSEE 
from the University of Southern 
California. 

by Serge L. Blanc 

A particularly useful application 
for OCR equipment is the routine 
reading of numbers that are printed 
on checks in special magnetic ink. 
The equipment that magnetically 
reads these numbers is expensive 
and thus suitable only for batch 
processing of checks in large dis
tribution centers. Comparatively, 
OCR systems are relatively inex
pensive for use at individual bank 
tellers ' windows, where they could 
enhance customer service and 
raise worker productivity. 

Today, this application has a 
stumbling block. Checks generally 
do not have a clearly readable OCR 
band, so that extracting useful data 
from the optically complex back
ground is sometimes difficult . To 
overcome this problem, the easiest 
course would be to reserve an op
tically clear band on the check. 
Thus, the numbers would appear 
against a white background. This 
would, however, require some 
changes in the way checks are 
produced in the United States. A 
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Figure 1 A basic OCR system performs six essentia l func tions: data capture , 
characte r isola tion , characte r recognition , data valida tion, data processing, 
a nd operator feedback. Traditional systems used up to 150 discrete 
components to generate these functions. 

more practical approach is to im
prove OCR technology so that the 
system could extract the informa
tion from all but the most difficult 
backgrounds. 

The key to suitable OCR applica
tions is that data be easily read, as 
well as easily recorded. Human 
recognition, for example, is not or
dinarily required in batch-processing 
jobs where magnetic media or bar 
codes are suitable alternatives. 
However, the equipment for reading 
magnetic media is relatively ex
pensive, and bar codes require 
special printing techniques . 

Primary data capture-moving 
information from a human source 
into a machine-intelligible form for 
the first time---will probably re
main the province of standard key
boards . While voice recognition 
may prove viable for some special
ized applications, such as tele
phone order entry, this technology 
is still in the formative stages . Once 
information has been typed on a 
keyboard, however, any further 
manual processing is merely a 
waste of time. The value of data 
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captured with OCR is that such a 
technology helps minimize the 
cost of manipulating information, 
once it has been printed. 

A data retrieval system should 
likewise be versatile, small, and 
inexpensive. Thus, the OCR market 
growing the fastest is small OCR 
systems with handheld wands or 
slot readers . This market can be 
expected to expand even further as 
new technology substantially en
hances the power and versatility of 
small OCR systems. 

How the system works 
A basic OCR system must be 

able to perform six essential func
tions: data capture, character iso
lation, character recognition, data 
validation, data processing, and 
operator feedback (Figure 1). Data 
are captured when light from a 
wand or slot reader is reflected 
from a printed character and con
verted into analog electrical im
pulses by a photodiode array. A 
character isolation unit converts 
this signal from an analog to a 
digital format and separates indi-

vidual characters from extraneous 
background images : Isolated char
acters pass to the recognition unit, 
where they are compared with an 
acceptable character set in a refer
ence font. 

Recognized characters must be 
validated to prevent errors. The 
validation process uses rules that 
are stored in a format-definition 
memory. Data are accepted only in 
limited character fields, which are 
established by the format rules . 
Extraneous characters or an in
complete field invalidate the data 
set . An operator must therefore 
reenter data until a confirmation 
signal-usually a beeping sound
is given as feedback. Valid data 
then pass to a host sy stem such as 
a terminal, computer, or modem. 

In traditional OCR sy stems, 
character isolation and recogni
tion are completed using template 
matching techniques . Inside the 
wand, a rectangular array of di
odes produces a 2-dimensional 
image that is transmitted to a pro
cessor, which matches the entered 
image to various known images . 
Each character read is approxi
mately 0.06" wide and 0.12" tall. 
Breaking the character image into 
pixels of about 0.008" square thus 
requires an array of 8 x 15 pixels . 
However, diode arrays are usually 
16 x 32 pixels to accommodate 
improper positions and motions of 
the wand. 

Since the entire image is ana
lyzed as a unit, very little expensive 
random access memory (RAM) is 
needed. Transmitting and analyzing 
relatively large 2-dimensional arrays 
does however require a high band
width in the communication link 
from wand to processor, together 
with a large amount of read only 
memory (ROM) in the processor to 
hold all possible character templates 
for matching. The analysis also uses 
up considerable processing time . 

Another problem with template 
matching is its relatively poor 
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accuracy. Whole character images 
can be rejected or read inaccurately 
due to inferior print quality. These 
images are also subject to geomet
ric distortion resulting from an 
operator holding the wand at an 
angle . 

The older OCR systems also 
used nearly 150 discrete compo
nents to handle the analog to digi
tal conversion, since they were 
limited by the capability of avail
able integrated circuits (!Cs). Such 
components substantially added 
to the cost and bulk of an OCR 
system and limited its ability to 
compensate for varying light levels, 
different background colors, and 
ink nonuniformity. Advances in 
custom !Cs have eliminated m any 
of these problems. 

THRESHOLD 
PROM 

Caere Carp 's series 500 OCR sys
tem uses a customized LSI device 
to replace approximately 80 smaller 
!Cs in the character isolation sec
tion, and another custom chip to 
replace more than 100 discrete 
components in the analog to digi
tal conversion (ADC) circuit (Figure 2). 
As a result, the area the circuitry 
occupies in the series 500 is roughly 
50 in2 compared with about 180 in2 

for the older model. One plug-in 
circuit board replaces three boards 
and is small enough to be inte
grated into some large terminals, 
rather than being the heart of a 
separate standalone unit . 

A different design approach 
Today's fast, low cost RAMs that 

complem ent LSI circuits allow a 

DIGITIZED 
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Figure 2 Modern approaches to OCR systems are exemplified by the Caere 
series 500, an all-LSI unit. One LSI device replaces approximately 80 smaller 
ICs in the character isolation section, and another replaces more than 100 
discrete components in the ADC circuit. 

fundamentally different approach 
to the design of character isolation 
and recognition circuits in the series 
500. Instead of using a 2-dimen
sional array to capture the com
plete character image, the series 
500 uses a linear array of diodes in 
the wand. The array can be 
thought of as 1 pixel wide and 32 
pixels high, although a somewhat 
more complex proprietary arrange
ment of diodes is used. The diodes 
are scanned electronically from 
top to bottom, producing an ana
log signal that corresponds to the 
light intensity at each pixel along 
the vertical array. 

This process effectively creates a 
series of "slices" through a charac
ter, which are then stored in the 
RAM of a custom LSI device. A 

OPERATOR 
FEEDBACK 

LED AND BEEPER 

uo 

RECOGNITION 
PROGRAM 

ROM 

TO HOST 
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complete image is subsequently 
reconstructed by assembling 
successive slices. By greatly reducing 
the number of pixel signals to be 
analyzed and relying much more 
heavily on RAM, this technique 
lowers both communication band
width and processing time by a 
factor of 16, compared with similar 
requirements of older 2-dimen
sional arrays . 

The image processing IC is an 
N-channel metal oxide semicon
ductor (NMOS) chip that operates 
at 12 MHz and performs four related 
character isolation fun c tions : 
direction detection, data packet 
extraction, scan speed compensa
tion, and error condition sensing. 
The image processor then reports 
matrices of isolated characters to 
the character recognition system, 
together with timing and control 
parameters . If the image processor 
detects a possible error (eg, an 
oddly placed ink spot), it passes 
along this information as well. 

Character recognition in the series 
500 is performed using a modified 
feature analysis technique, rather 
than template matching. Individual 
features such as stroke positions of 
a character, revealed by the se
quential slices, are analyzed during 
feature analysis . The features are 
compared with a library of known 
features for each character. 

Proprietary algorithms that per
form character recognition are 
based on best-fit calculations in
side the system's 8085 micro
processor. Recognition algorithms 
isolate characters from a linear ar
ray in real time . This could only be 
accomplished by using the fast 
processing speed and large RAM 
capacity of the NMOS LSI chip . 

A second device, the custom video 
processing chip, converts signals 
from analog to digital format using 
switched-capacitor filters that are 
implemented on the complemen
tary MOS (CMOS) chip. Thus, the 
need for a multitude of discrete 
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There's more to a wand than 
meets the eye 

Figure 3 The Caere system 
includes a control unit and handheld 
wand connected by a reader cable. 
Electronics in the control unit convert 
the a na log images to recognizable 
characters, while the scanner 
converts optical images to analog 
electrical impulses. 

components is eliminated. The fil
ters rapidly sample an incoming 
signal and digitize the amplitude 
of this signal. The emerging digital 
signal is then adjusted for back
ground, using information from a 
programmable read only memory 
(PROM) that stores threshold levels. 
The video processor also controls 
the intensity of lamps in the wand 
to compensate for aging, media 
reflectivity, and other system vari
ables. 

Raw data resulting from the 
character recognition stage must 
be interpreted and checked to en
sure that characters are valid and 
properly arranged. The data for
mat is contained in an electrically 
erasable programmable ROM 
(EEPROM) that compares the char
acteristics of incoming data, in
cluding field and global param
eters. 

Field parameters define charac
ters to be accepted from each posi
tion within a data field, the rules 
for special symbols, and any spe
cial output processing. Global 
parameters control indicator and 
beeper, output character codes, 
and generate a message preamble/ 
postamble . Much of this data for
mat is user programmable . For 
example, the system can be pro
grammed to accept data only from 
credit card imprints with numbers 
of fixed lengths arranged in series . 
Imprints that have numbers in any 
other format will be rejected auto
matically. 

Validated data are placed in a 
buffer prior to either serial or 
parallel transmission to the host 
system. The specific output mes
sage codes and formats, as well as 
transmission parameters, are user 
programmable. While the series 
500 OCR was initially designed as a 
standalone unit, the circuitry is 
small enough to be integrated 
directly into the host sy stem 
(Figure 3). 

Another revolution in circuit im
provement could bring OCR sys
tems to market with a significantly 
better cost :performance ratio . 
These VLSI-based systems would 
then be small enough for integra
tion into host terminals for a broad 
range of applications. And they 
would provide reduced power 
consumption for use in portable 
sy stems. 

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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This New Fiber Optic Modern 
Ylill Extend a DCE Interface 

to Any Point in Your 
Local Area Network. 

Plus a whole lot more. 
•Can also be used for 
standard modem appli
cations 

•Automatically accepts or 
supplies DCE/DTE clocks 

•Fully supports all EIA 
handshaking signals 

•Provides secondary data 
channel 

In short, you can use our 
new fiber optic modem be
tween any two plug compati
~ Unitii in your local area 

And it won't re
-rigging or 
and tnterface 

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 

=E [ ~ I i rate and continual signal 
E E{}--<J-- quality monitoring means 

that you'll op~rate with 4 
MODEMIDCEI FOM-7 

Once our fiber optic mo
dem is installed and opera
ting it'll really begin to 

~1· ~~ 

higher throughput 
downtime 

Ve 



,.. 

The no compromise 
monitor 

When you visit your dealer and compare the 
Princeton HX-12 with other monitors. you'll see what 
we mean by no compromise. For price /perform
ance, nobody does it better. 

The HX-12 has the highest resolution 
(690x240) and finest dot pitch (.3lmm) 
in its class. And yet its suggested re-
tail price ($695) is comparable to many 
medium resolution monitors. 

But the real difference is what you see on the 
screen: a cleaner. sharper image with a full 
range of colors. Uncompromising color con
vergence. Crisp whites without red bleed. 

The non-glare screen is another feature your 
eyes will really appreciate in a long work session. 

PC and XT compatible 
The Princeton HX-12 comes with a shielded 

cable that plugs directly into the IBM PC or XT. 
Then all it takes is the color graphics card and you're 

PGiS 

ready to burst forth into 16 superb colors. 

Apple compatible 
With the addition of the PGS RGB-80 board, the ., 

HX-12 now brings no compromise color to 
the Apple lie, too. The RGB-80 board 

also improves the video output quality 
and adds 80 column text capability to 

your Apple lie. 
800-221-1490 
Ask your dealer for a demonstration and let your .,. 

eyes decide. Or call for our free brochure "How (and 
why) to choose a color monitor" and the name of 
your nearest dealer. 

GRADUATE TO THE PRINCETON HX-12 
HIGH RESOLUTION RGB COLOR MONITOR 

Princeton 
craphic Systems 

1101-1 State Road • Princeton , NJ 08540 • (609l 683 -1660 • 800-221 -1490 • TLX: 685 7009 PGS Prin . 
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Baseband LAN 
fine tunes token

passing technique 
A token-passing scheme can solve contention and performance problems that 
plague heavily trafficked CSMA and CSMA/CD networks. It also provides an 

inexpensive link to broadband applications. 

W hen it comes to local area 
networks-broadband, 

baseband, carrier sense multiple 
access, token passing-the method 
is important only insofar as it 
achieves the goal. From the user's 
perspective, a broadband network is 
an obvious first choice. With a sin
gle broadband system, any office 
communication, be it voice, data, 
or video, can take place: one cable, 
one network, no problems. The 
chief drawback is that many data 
communication installations can
not support the high cost of broad
band networking. Since present 
applications still run mostly digital 
communications, a baseband co
axial link that will plug into a 
broadband system with only a lit
tle modification will provide com
patibility with future automated 
office developments such as video 
conferencing. 

Edwin A. Bertness is a senior systems 
a nalyst for Datapoint Corporation, 
9725 Datapoint Dr, San Antonio, TX 78284, 
where he is responsible for planning and 
support for local area/data networks. He 
holds a BA in physics a nd mathematics 
from Concordia College, Moorehead, 
Minn. 

by Edwin A. Bertness 

No matter what the media, the 
access method must allow data 
interchange between two nodes at 
a time, without interference from any 
other node. An efficient protocol 
must thoroughly define the inter
change and prevent data from being 
lost. The token-passing approach is 
totally deterministic, whereas car
rier sense multiple access (CSMA) 
and carrier sense multiple access 
with collision detection (CSMAICD) 
schemes are nondeterministic . 

The basic premise in a token
passing system is that there will be 
no contention for the line. Each 
node is allocated a specific time in 
which to transmit data. Overall, 
such systems are much more pre
dictable than CSMA or CSMA/CD 
schemes. In fact, on a message-by
message basis, there is no way to 
ensure that the target node actu
ally receives the packet sent in a 
CSMA or CSMAICD system. 

The basic CSMA approach is 
simple-listen first , then talk if the 
line is clear. Access time is quick, 
and cost is low. However, data 
packets are occasionally lost when 
they collide with other packets, 
and this makes the performance of 
a busy network unpredictable. 
Also, the host's software burden is 
extensive because determining 
whether the target node success
fully receives a message is left up 
to the transmitting node . There is 
no provision for acknowledgments 
from the target node. Cy clic redun
dancy check bytes can ensure 
message integrity, but this does 
not provide a solution because 
usually a collision destroys the en
tire packet. 
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Adding collision detection in the 
hardware somewhat reduces the 
host processor's software, but this 
means only that some of the time 
hardware rather than software will 
determine that a message is lost . 
Lack of acknowledgments on a 
packet-by-packet basis still leaves a 
lot of work for the host software. 
Some CSMA/CD networks address 
the problem by implementing the 
software on a microprocessor placed 
alongside the rest of the hardware 
interface. Though this reduces the 
host's burden, it increases the cost 
and complexity of the network 
hardware significantly. 

System degradation in a ve1y 
busy token network is much less 
noticeable than it is in a CSMA or a 
CSMA/CD network. In addition, 
token-passing access can function 
in a variety of topological configu
rations and interface directly into a 
broadband system without the 
complicated rf modem modifica
tions necessa1y for a CSMA/CD sys
tem. In a broadband system, for 
instance, there are separate chan
nels, one for transmitting and one 
for receiving. A node transmits 
data on the transmit channel. The 
headend device retransmits the 
data on the receive channel to all 
the nodes including the transmit
ting node. Thus, the transmitting 
device always hears its own trans
mission with some amount of delay. 
Since a CSMA/CD device must 
listen for collisions between its 
data and data from another device, 
it cannot turn its receiver off dur
ing this time. The best way to allow 
a CSMA/CD system to function in a 
broadband network is to compare 
the delayed data on the receive 
channel to the actual transmitted 
data on a bit-by-bit basis. 

Datapoint 's Attached Resource 
Computer® (ARC) local area network 
(IAN) fine tunes the token-passing 
scheme for optimal performance. 
In most token-passing networks, 
control is passed (via the token) to 
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Baseband LAN fine tunes 
token-passing technique 

• 

• 
• 

• 

• RIM 
HUB 

Figure l Network topology resembles a cluster of connected stars. Hub 
approach can furnish a diagnostic center from which to resolve network 
problems and maintains compatibility with broadband techniques. 

each successive node, starting at 
the lowest identification number 
(ID) and progressing to the highest 
ID, then looping back to the lowest 
ID. The ARC system minimizes 
node-to-node trip time by learning 
and remembering the identity of 
the next successive node in the 
system-the next ID (NID). The 
system will acknowledge all suc
cessful data transmissions except 
for broadcasts. otice, the respon
sibility for generating this acknowl
edgment belongs to the interface 
module instead of the host soft
ware. Moreover, a free-buffer en
quiry in the protocol eliminates 
the possibility of losing a data 
packet transmitted before the in
tended receiving node enables its 
receiver by allocating buffer space. 

Topology and Interconnection 
The system includes IAN proto

cols and signaling devices . Exclu
sive of high level system software, 
the ARC network (ARCNET) is the 
physical link and consists of coaxi
al cable, hubs, and specially de-

signed interface chips. Topo
logically, the network looks like a 
group of connected stars (Figure 1). 
The processor interface at each 
extremity is called a resource in
terface module (RIM) and the cen
tralizing hardware unit at each 
junction is called a hub. Logically, 
the system's configuration is both 
a ring and a bus. It is a ring in the 
way the token is passed, and a bus 
in that every node hears all the 
communications on the system. A 
single tapped bus arrangement 
was considered, but problems fol
lowing from insertion loss and re
flections make this approach 
undesirable. 

The hub provides ideal taps for 
baseband coaxial line, using an 
internal transistor-transistor logic 
(TTL) bus. While any port in a hub 
is receiving data on its cable, that 
port 's transmitter is disabled and 
all other ports in that hub have 
their receivers disabled. This pre
vents reflections received on a port 
that has an improperly terminated 
cable from propagating through 



I ALERT BURST I EQT I DID I DID I 1NVITATION TO TRANSMIT (THE TOKEN) 

I ALERT BURST I ENQ I DID I DID I FREE-BUFFER ENQUIRY (ENQI 

i----1 TO 253 BYTES---\ 

I ALERT BURST I SOH I SID I DID I DID I COUNT I SYSTEM CODE AND DATA BYTES I CRC I CRC I DATA PACKET 

I ALERT BURST I ACK I ACKNOWLEDGMENT (ACK) 

I ALERT BURST I NAK I NEGATIVE ACKNOWLEDGMENT (NAK) 

ALERT BURST = SIX MARKS 
ACK = ASCH ACKNOWLEDGMENT 
COUNT = NUMBER OF DATA BYTES IN PACKET 
CRC = CYCLIC REDUNDANCY CHECK 
DID = DESTINATION IDENTIFIER (ADDRESS OF TARGET RIM) 
ENQ = ASCII ENQUIRY 
EQT = ASCH END OF TRANSMISSION 
NAK = ASCH NEGATIVE ACKNOWLEDGMENT 
SID = SOURCE IDENTIFIER (ADDRESS OF TRANSMITTING RIM) 
SOH = ASCH ST ART OF HEADER 

Figure 2 Data formats comprise the invitation to transmit (the token), free
buffer enquiry, data packet, Acknowledgment, and Negative 
Acknowledgment. Protocol sends the token to successively higher IDs, 
eventually looping it back to the lowest. 

the system. Echo suppression per
sists for approximately 6 µs, the 
propagation time down and back 
the allowed maximum 2000' (600 m) 
of cable from hub to RIM or from 
hub to hub. A hardware device like 
a hub can perform this type of 
conditioning because token-passing 
is a contentionless system. 

Network protocol 
Each RIM possesses a unique ID 

between 1 and 255; a transmission 
to ID 0 indicates a broadcast to all 
RIMs. The token passes to succes
sively higher IDs, eventually loop
ing back to the lowest. Figure 2 
shows the token, along with the 
other four types of data transmis
sion. Each time the RIM having the 
token attempts to pass it to the 
NID, it starts a 74-µs counter. If the 
74 µs elapse with no line activity, 
the RIM increments the number in 
its own NID register and attempts 
to pass the token to its new NID. 
This process repeats until the RIM 
whose ID is in the sending RIM's 
NID register accepts the token. 
Consequently, a RIM can leave the 
system at any time without affect
ing the network. 

When a host passes data to a 
RIM to be transmitted, two status 
bits, ·Transmitter Available and 
Transmitted Message Acknowledged, 
are reset. The Transmitter Avail
able bit indicates that any previous 
transmission has been completed, 
while the Transmitted Message Ac
knowledged bit indicates that an 
Acknowledgment to the last trans
mitted message was received. The 
RIM has access to these bits and 
sets them during transmission. 

When a RIM receives the token, 
it may pass the token, transmit a 
broadcast, or transmit a message 
to another specific RIM. The RIM 
will first check its status register to 
see if Transmitter Available and 
Transmitted Message Acknowl
edged are reset. If not, it simply 
passes the token . If there are data 
to be transmitted, the transmitting 
RIM will first check to see if the 
message is broadcast. If it is, the 
RIM will transmit the message, 
then pass the token. 

If the message to be transmitted 
is not a broadcast, the transmitting 
RIM will first send a free-buffer 
enquiry to the specified target RIM. 
Again, three possibilities exist. If 

the target RIM is not online, the 
transmitting RIM will receive neither 
an Acknowledgment or a Negative 
Acknowledgment. If the target RIM 
does not have any buffer allocated, 
the transmitting RIM will receive a 
Negative Acknowledgment. Or, if 
the target RIM is ready to accept 
data, the transmitting RIM will re
ceive an Acknowledgment. 

In the first instance, the trans
mitting RIM sets Transmitter Avail
able, but not Transmitted Message 
Acknowledged, to indicate to the 
host processor that the target RIM 
did not respond; it then passes the 
token. In the second instance, the 
transmitting RIM simply passes 
the token and sends out a free
buffer enquiry the next token trip. 
In the third instance, the transmit
ting RIM sends the data packet 
and waits 74 µs for an Acknowl
edgment. If an Acknowledgment is 
received, the transmitter sets 
Transmitter Available and Trans
mitted Message Acknowledged to 
indicate to the processor that the 
message was transmitted and ac
knowledged. It then passes the token. 
If no Acknowledgment is received, 
(ie, data packets do not receive a 
Negative Acknowledgment), only 
Transmitter Available is set and the 
token is passed. 

Error checking 
Hardware also checks the asyn

chronous data format for errors on 
the basis of the following five crite
ria: at least one mark and exactly 
one space before each character; 
an End of Transmission, free-buffer 
enquiry, Start of Header, Acknowl
edgment, or Negative Acknowledg
ment following the alert burst; 
proper cyclic redundancy check 
on all data packets; proper number of 
characters (1, 3, or 8 to 260) ; and at 
least nine spaces following the last 
character. Failure of any of the five 
implies that the receiving RIM will 
not Acknowledge the message and 
that it should be retransmitted. 
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When a RIM leaves the system 
while possessing a token, the sys
tem senses that the token has been 
lost and reconfigures itself imme
diately. On sensing an idle line for 
more than 78 µs , all RIMs go into 
reconfiguration mode. Each RIM at 
that time places it own ID in its 
NID register, then starts an inter
nal timer equal to 146 µs times the 
quantity 255 minus its own ID) . 
The RIM with the highest ID will 
timeout first and attempt to pass 
the token to the RIM whose ID is 
held in its NID register. This fails 
the first time because the RIM is 
attempting to pass the token to 
itself. Other RIMs on the system 
will see the line activity and abort 
their timeout procedures. The RIM 
that is attempting to pass the to-

Baseband LAN fine tunes 
token-passing technique 

ken will increment NID and try 
again, looping in this mode until it 
finds the next RIM in the network. 
The token thus passes around the 
ring, with each RIM retaining in its 
NID register the number of the 
RIM to which it successfully 
passed the token. This procedure 
continues until the first RIM again 
has the token, at which time the 
system is fully configured. The en
tire reconfiguration process will 
take between 24 and 61 ms, de
pending on the number of RIMs in 
the network. 

Reconfiguring the system to al
low new RIMs to participate is also 
simple. When a RIM first powers 
on, or when it has not received an 
invitation to transmit for 840 ms, it 
will transmit a reconfiguration 

CABLE 
INTERFACE 

PULS! 
RXIN 

PULS2 
(OA) 

osc 

20-MHz 
OSCILLATOR 

Figure 3 Besides the controller chip, a RIM contains lK-byte static memory, 
clock generator/transceiver gate array, hybrid line driver, and host processor 
interface. Logical separation of controller and transceiver allows interface 
with many different types of media. 
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burst. This burst consists of eight 
marks and one space, repeated 750 
times. The period of the reconfig
uration burst is sufficient to de
stroy the token, and the system 
will reconfigure as described in the 
preceding paragraph. If data are 
being transmitted by a RIM when a 
reconfiguration burst occurs, the 
Acknowledgment is not received. 
Hence the message will retransmit 
immediately after, or possibly dur
ing, the reconfiguration. 

Software Interface 
The software interface between 

RIM and host processor is equally 
uncomplicated. The RIM and host 
processor communicate over an 
8-bit multiplexed address/data 
bus. To the host processor, the 
RIM appears as a status register, a 
write command register, and 1024 
bytes of buffer memory. Data can 
be transferred over three different 
paths: RIM controller chip to or 
from buffer memory, host proces
sor to or from buffer memory, or 
host processor to or from RIM 
control registers . Arbitration to or 
from buffer memory is controlled 
by the RIM controller chip and 
transparent to the host processor. 

The status register updates the 
host concerning Transmitter Avail
able, Transmitted Message Acknowl
edged, reconfiguration occurred, 
power on reset occurred, and re
ceiver inhibited conditions . To 
command the RIM, the host pro
cessor may write Disable Trans
mitter, Disable Receiver, Enable 
Transmit, Enable Receive, and 
Clear Flags commands to the RIM 
write command register. Enable 
Transmit addresses one of four 
256-byte buffer memory areas and 
Enable Receive addresses one of 
four 256-byte buffer memory areas. 
(Broadcasts may also be enabled or 
inhibited with this command.) 
Clear Flags affects power on reset 
and reconfiguration flags only. 

Figure 3 describes the RIM 



architecture. Together, the link in
terface portion of the gate array 
and the hybrid line driver form the 
transceiver portion of the network 
hardware. Separate controller and 
transceiver sections allow interface 
with fiber optic, free-air optical, or 
microwave links, as well as base
band or broadband coaxial cable. 

Making connections 
Although token-passing net

works are generally perceived to be 
more complicated and therefore 
more expensive to implement than 
CSMA and CSMNCD systems, the 
average single-unit cost for a 2.SM
bps ARCNET interface, counting 
the required hub port, is approxi
mately $500. At present, Tandy 
Corp employs Datapoint's technol-

ogy to network its Radio Sh ack 
TRS-80 Models II, 12, and 16 com
puters. Nestar is marketing its own 
Plan 4000 network for IBM Personal 
Computers and for th e Apple II 
and III, based on the Datap oint 
controller chip. In teractive Sys
tems, a division of 3M Co, recently 
announced a broadband produ ct 
incorporating th e same network 
controller chip. Wang Lab's Local 
Interconnect Option also incorpo
rates the device. 

As of 1981, the RIM chip has 
been available from Standard Micro
systems, and a new LAN line driver 
is now commercially available 
from Zenith CRT & Components 
Operations. The driver provides 
the link interface between the con
troller and the transmission cable. 

Th e new line driver/receiver hybrid 
provides the circuitry required to 
interface the controller to the base
band coaxial serial data link. It has 
the n ecessary noise immunity and 
fil tering for interferen ce-free trans
m ission on the cable. With the n ew 
LAN driver and the RIM chip now 
publicly available, only the proces
sor interface needs to be designed 
to get this desktop n etwork up and 
run ning. 

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

High 725 
Average 726 
Low 727 

WEBSTER combines 
CAD/CAM with 
magnesium die casting 
to get your ideas ... . .. to market FASTER 

and BETTER! 
Webster has incorporated the latest design and 
manufacturing techniques such as CAD/ CAM and 
statistical process controls to become a leader in the 
magnesium die casting f ield. 

Our quality and savings start with careful planning. 
To discuss your specific requirements contact our 
Sales Manager at: 
(519) 455-1220, or write: 

rlNFOWEBSTER:Th~efinit iv~~~fo~--1 
CAD/ CAM magnesium die casting. 
Name _________________ _ 

Title _________________ _ 

Company ________________ _ 

Address-----------------
City __________________ _ 

State Zip Code _____ _ 

~ WEBSTER MFG. (LONDON) LIMITED 

CIRCLE 28 

P.O. Box 4580, 1161 King Street, 
London, Ontario, Canada N5W 5K4 
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We have the 
components that 

make your disc 
drive drive. your 

printer print. 
etc.I etc. 

We have the electromechanical components you need for 
your computers and peripherals. And the responsiveness 
you need to keep your production rolling. 

For memory units, we supply solenoids and a complete 
line of brushless DC motors designed for 51.I" to 18" disc 
drives. And linear actuators that position read/write heads in 
precise digital steps. 

For printers, we make rotary steppers and subfractional 
HP motors, and magnetic pick-ups. 

For microcomputers, minis and mainframes, Airpax 
magnetic circuit breakers assure positive protection. They're 
unaffected by ambient temperature, and serve the dual 
function of power switch and overload protection. 

And Airpax thermostats monitor cabinet temperatures, 
and shut down systems instantly when overheat threatens 
sensitive circuits. 

You can select from our thousands of standard models. 
Or we'll create a custom model for you, and produce a 
few dozen for prototypes, or millions for a production run . 

Ask us for engineering data. Airpax Corporation, a 
North American Philips Company, W. Johnson Ave., Box A, 
Cheshire, CT 06410. (203) 272-0301. 

AIR Pa 
We give you control. 
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Ergonomics: more than 
just swivel and tilt 

First-level ergonomic objectives such as detachable keyboards and nonglare 
displays just scratch the surface of user friendliness. Now, sophisticated 
system-level interfaces must be developed to meet the needs of a wide 

range of operators. 

E rgonomics is much more 
than a wish-list of features for 

operator-flexible hardware. In its 
broadest sense, "ergonomics" en
compasses everything in the work
ing environment from safe, 
comfortable hardware to software 
with understandable and workable 
command/data structures, pattem
recognition algorithms, and recov
ery facilities. Because people must 
ultimately interact with hardware 
and software, ergonomic designs 
must start with an understanding 
of the "human" level. By learning 
to think in ergonomic terms, engi
neers can build fundamental hu
man requirements into the initial 
phases of the hardware and soft
ware design process. 

Four human processes directly 
influence a person's interactions 
with computers. Designers must 
evaluate each of these in order to 

David M. Gilfoil is manager of corporate 
ergonomics at Exxon Office Systems Co 
(EOSC), 777 Long Ridge Rd, Stamford, CT 
06902. He is responsible for design, 
testing, and evaluation of EOSC products' 
user-interface aspects. Mr. Gilfoil holds a 
BA in psychology from the University of 
Massachusetts at Amherst and an MA in 
experimental psychology from the 
College of William and Mary. 

by David M. Gilf oil 

make completely user friendly 
computer system and work envi
ronments . First, cognitive processes 
involve mental organization, deci
sion making, and memory. Soft
ware contributions in these areas 
can relieve the user from ponder
ing how the computer system 
works in order to do the job at 
hand. Second, sensory/perceptual 
interactions focus on vision, hear
ing, and touch. Therefore, lighting, 
display' screen color, sounds emit
ted from the terminal or worksta
tion environment, and tactile 
responses to work objects such as 
keycaps or equipment boxes must 
be design concerns. 

Third, physical considerations 
call for a combined study of anthro
pometrics, the measurement of 
human body parts and functions, 
and biomechanics, the body in 
motion. To ensure comfort for op
erators spanning a range of physical 
types, hardware should be adjust
able and fatigue resistant. Optimum 
screen viewability and accessible 
keyboard controls that keep hand! 
~ye movement to a minimum sup
port this goal. Fourth, and equally 
as important as the cognitive, sen
sory, and physical criteria, is the 
affective, or emotional, aspect of 
ergonomic study. Psychologically, 
human interactions with computer 
systems can be satisfactory, moti
vating, or frustrating. By strength
ening factors that positively influence 
a person's alertness and concen
tration, while safeguarding privacy 
and self-esteem, designers can 
create systems that enhance the 
operator's accuracy, throughput, 
and morale. 

In theory, designing a system 
that satisfies the average person's 
requirements in all four areas is 
simple . In reality, averaging alone 
does not work because no two 
people are exactly alike. Individ
uals vary considerably in size and 
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shape, in hearing and seeing, in 
technical sophistication, and in 
psychological maturity. Current 
high quality ergonomic designs 
strive to accommodate all users 
from the 5th to the 95th percentile 
of human shapes and sizes; more 
advanced designs will add greater 
degrees of inherent flexibility for 
adjusting to individual situations . 

Reaching ergonomic goals 
Computers should be easy to 

learn, easy to use, and easy to tailor 
to changing operator requirements . 
Each of these design goals covers 
broad ground to accommodate all 
users . After all, a computer that is 
easy for a novice to learn may not 
be easy for an advanced technician 
to use. An inexperienced user often 
welcomes a menu-based interface 
with detailed prompts and mes
sages . However, the same interface 
will be scorned by the veteran, 
who wants the quickest, most effi
cient means of getting the job 

Ergonomics: more than just 
swivel and tilt 

done. Each individual 's require
ments present specific design ob
jectives. 

As far as possible, computer 
operations should be natural, con
sistent, and simple, regardless of 
the operator's skills . Familiar terms 
and action sequences that adhere 
to the user's expected model of 
basic concepts (eg, a green light to 
mean "go," yellow for "caution," 
and red for "stop") should be used. 
Assignments of commands, ac
tions, and functions should be sta
ble across all program modes . 
One-for-one compatibility between 
screen display and output is im
portant . Procedures should be 
data independent and demand lit
tle abstract thinking on the opera
tor's part. The number of input 
actions needed to effect process
ing, and ad hoc vocabulary to under
stand the machine, are best kept to 
a minimum. 

Provisions for easy data move
ment and manipulation of data 

Ergonomic resources 
Countries such as Germany, Sweden, Norway, England, 
Canada, and the United States are proposing ergonomic 
guidelines oriented to workstation environments, display 
characters, keyboards, and other discrete elements of a system's 
architecture. Topics range from display-screen symbol contrast , 
luminance, image polarity, and refresh rate, to viewing distance , 
percent active area , display height, and workstation dimensions. 
One comprehensive review of current ergonomic study is the 
"Human Factors Guidelines in Computer Graphics: A Case 
Study," by Elaine Davis and Robert Swezey of the Behavioral 
Sci13nces Research Center in McLean, Va (International Journal of 
Man-Machine Studies, vol 18 pp 113-133, 1983). This article covers 
color graphics and black-and-white alphanumeric displays, 
menu-selection dialogues, graphics tablets, alphanumeric 
keyboards, and workspace environments. Another eminent 
source-with an extensive bibliography-is Ergonomic Aspects of 
Video Display Terminals, edited by E. Granjean a nd E. Vigliani 
(Taylor & Frances, Ltd, London , 1980). This book discusses 
common ergonomic problems in video display design, reviews 
applicable standards, and makes recommendations where 
appropriate. 
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and command structures make a 
system flexible for users with vary
ing skill levels. Visual feedback 
helps users to "see" where they 
are and where they can go in the 
command and data structures . In 
addition, any changes in data 
structure that have occurred be
cause of their actions are readily 
available for inspection. Finally, users 
must be allowed to "get away 
with" small typographical errors . 
Interruptibility and recoverability 
functions like an UNDO command 
make the system forgiving . Perti
nent controls and labels for all 
manipulated functions must be 
self-evident. 

Moreover, computer systems 
need to be flexible in adapting to 
changing operator conditions. New 
command functions and features , 
as well as data structures, must be 
incorporated easily. Users must be 
able to readily create macro func
tions, define new data structures, 
change command structures, and 
provide mechanisms that let them 
change style as they gain experi
ence . 

Comprehensive ergonomic prod
uct design requires appropriate 
planning, testing, and production . 
It must combine in-house ergo
nomic expertise and commitment 
with testing facilities and methods 
that mesh, rather than compete, 
with other company departments 
and goals . Three types of profes
sionals are therefore essential to 
an ergonomic department-psy
chologists to lend an understanding 
of basic human nature; engineers 
to provide system analysis and 
simulation techniques for a me
thodical, quantitative link to the 
real world; and industrial designers 
to turn ergonomic theories into 
working, testable prototypes . 

An in-house ergonomic depart
ment should design the user inter
face . It is responsible for researching 
existing user-interface techniques 
and testing the feasibility of 

; 



company and competitive prod
ucts . The ergonomic laboratory 
takes charge of developing tools 
and methods for generating ergo
nomic feature ideas and planning 
such strategies as which functions 
are best designed into hardware, 
and which into software. Since de
sign changes become increasingly 
costly as systems move from con
cept to detailed design, prototype 
testing, and production, proposed 
ergonomic features must be pre
tested and ready to be incorporat
ed into the earliest stages of the 
design cycle. 

Assessing the interface 
A top-down , structured ap

proach to user-interface design 
begins with defining the problem. 

This task addresses target market, 
user categories, and tasks to be 
supported, as well as preliminary 
functional requirements . Next, cri
teria are evaluated and weighted, 
and goals set. Design alternatives 
and constraints are identified to 
determine minimum requirements 
for processing support . This is 
achieved by assessing the best 
match of task-related functions 
with available technologies . 

The ideal function/technology 
matchup then passes through a 
number of filters based on existing 
company needs and resources . 
These include competitive consid
erations that help set priorities for 
ergonomic features, cost/perfor
mance factors that may rule out 
certain technologies or designs; 

TABLE 1 

and in-house expertise that can 
clarify how substantially the com
pany can afford to invest in new 
technology. · 

Sample rating systems (Table 1) 
can help the ergonomic department 
to evaluate alternative features. A 
final ranking for each design is 
determined by multiplying the box 
score by the weight of the ergo
nomic criterion in its row, then 
adding these numbers for each 
column. The totals can then be 
incorporated into a second rank
ing chart that gives each company 
department an opportunity to 
rank the same alternatives. After 
company departments are as
signed their own relative weight, 
all numbers are compiled to arrive 
at the optimum feature choice. 

Design Alternatives: Function-Key Labeling 

Criteria (weight = 0 to 10) 

Low cognitive 
processing 

Low eye travel 

Easy to read/ 
low clutter 

Easy to switch 
or change 

Hard to break. 
bend. or damage 

Hard to inadvertently 
detach 

Easy to store 

Upgradable/adaptable 
to future needs 

Adheres to family 
aesthe tics 

Totals 

2.0 

l.7 

l.3 

l.l 

l.l 

0.8 

0.0 

0.6 

0.6 

10.0 

Snap-in 
strip 

8 

8 

8 

5 

7 

8 

7 

7 

6 

73.0 

Hinged 
hood 

7 

7 

6 

4 

5 

7 

4 

2 

5 

56.6 

Rotating 
block 

6 

7 

5 

9 

9 

6 

9 

6 

3 

67.6 

Slip-in 
guides 

8 

8 

8 

6 

6 

9 

7 

7 

7 

81.0 

Flip 
book 

3 

3 

3 

8 

3 

4 

5 

9 

4 

44.7 
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Next, basic design rules are 
translated into checklists, guide
lines, and tools . Design alternatives 
are then allocated to functional 
requirements. This leads to evalua
tions of frequency of use and criti
cal needs and, finally, selection of 
the best user-interface philosophy. 
User-interface philosophy deter
mines the choice of input/output 
devices and allocation of coding 
techniques . For input, which may 
affect keyboard layout as well as 
command menu techniques, the 
trade-off is between ease of opera
tion and syntactical complexity 
(see the Figure). A natural-lan
guage interface that accepts 
speech or handwriting input re
quires greater internal, syntactical 
complexity than do command- or 
menu-driven languages . However, 
a menu operation requires in
creased vocabulary and keystrok
ing complexity on the user's part. 
Designers currently have to choose 
the best compromise between the 
task-related function and available 
technology. 

Future generations of adaptive 
software, however, should make it 
possible for a single machine to 
select appropriate interface styles 
for each of several types of 
users . 

A growing number of user
interface design tools are available 
for measuring and analyzing the 
properties of ergonomic features . 
Commonly in use are simulators 
and emulators for soft-key menus, 
display design testing, business 
graphics, and database management 
system analysis . Also, software 
packages such as Prometheus, 
from Clarkson College; Combiman, 
from Dayton University; Skeleton, 
from Maryland University ; and 
CHESS (Crew Human Engineering 
Software System), from Boeing Co, 
can stimulate posture analysis and 
dynamic body motion by depicting 
3-dimensional human models or 
graphic mannequins. 

1 04 COMPUTER DESIGN/Fal l 1983 

Ergonomics: more than just 
swivel and tilt 

USER INTERFACE PHILOSOPHIES 

NATURAL LANGUAGE I COMMAND LANGUAGE MENU DRIVEN 

INCREASING 
------~------~~~fl:i,.A.i ---------j~~~ ....... -, 

INCREASING 

SPECIAL -----~.:.-,.;""""~""" 
VOCABULARY 

SPEECH QWERTY 

HANDWRlTING FUNCTION BOX 

QWERTY 

I 
I TOUCH SCREEN 

I I FUNCTION BOX 

I CURSOR DRIVEN 

I 
I 

Significant trade-offs exist betwee n levels of user friendliness and 
machine complexity. Whatever the final determination, the interface 
should include a migration path that promotes flexibility in future refinements. 

Building in ergonomics 
Understanding how ergonomic 

considerations can fit into the 
overall design process helps maxi
mize effectiveness. The concept 
development process begins with 
a reason for developing or improv
ing a product and ends with an 
idea ready for implementation. 
During the preliminary design 
phase, analyses of task, function, 
input/output, and work require
ments identify specific functions, 
then allocate those functions to 
human, machine, or both. 

The detailed design phase de
fines job descriptions, display/key
board design, interface/workspace 
design, and documentation. Deci
sion analysis assesses the level of 
human decision making that a 
product function or feature re
quires . Contingency analysis takes 
into account the degree of perfor
mance degradation resulting from 
a feature error or malfunction, and 

develops procedures for handling 
potential problems. Link analysis 
observes how effectively and effi
ciently product components interact 
with humans in a given environ
ment. Job analysis includes matching 
jobs with people, forming similar jobs 
into families for efficient operation, 
and refining records and machine 
actions based on experience. 

During the implementation phase, 
designers observe the system with 
equipment and people in place. 
Finally , at evaluation, the design is 
tested against original functional 
criteria. 

What's ahead 
The primary force behind state

of-the-art ergonomic performance 
will be software, though hardware 
designs and technologies will con
tinue to contribute (Table 2) . Soft
ware technologies are creating 
user-driven programming and 
modeling languages; natural Ian-

> 

' 



TABLE 2 

Hardware Development Priorities 

Cost Development Impact on 
Development Impact on Competition Technical 

Technology product risk 

Displays 

Flat High Moderate Moderate Moderate 
Bit map Low Low High Low 
Color Low High High Low 
Graphics Low Low High Low 

Speech 

Synthesis High Moderate High Moderate 
Recognition Moderate High High Moderate 

Optical scanners ' 

Handwriting 
recognition High Moderate Low High 
Stroke 
recognition Low Low Low Low 

Keybo.'.._)_ds J_ 

Non-QWERTY Low Low Low Low 
Modified 
QWERTY Low Low Low Low 

Control devices 

Mouse Low Moderate High Low 
Trackball Low Moderate Modera te Low 
Lightpen Low Low Moderate Low 
Touch panel Moderate Low Moderate Low 

guage translation programs; and 
relational, associative, and spatial
graphics user-query languages . 
Special algorithms that promise 
positive impact on ergonomic 
developments include decision
support tech niques such as proba
bility estimation, event prediction, 
group decision theory, and knowl
edge-based "learning" systems. 
Adding linguistic analysis, including 
spelling, syntax, and semantics, 
will strengthen future machines in 
interpreting user rnieds and com
mands. 

Another significant algorithm de-

velopment now becoming a reality 
is adaptive pattern recognition, 
through which the computer can 
interpret a user command based 
on past experience with that or 
similar commands . Such a system, 
for instance, corrects for misspellings 
or syntactical errors by judging 
how close an operator entry is to a 
known command pattern . 

Such features are heading to
ward user-adaptable front ends 
that will grant each user a comfort
able degree of flexibility. Systems, 
for example, might profile each 
valid operator's level of expertise 

schedule office Customer 
(years) productivity acceptance 

2 to 4 Moderate Moderate 
0 to 2 Moderate High 
0 to l Moderate Moderate 
0 to 2 High High 

0 to 2 Moderate Moderate 
0 to 4 High Varied 

2 to 5 Very High High 

1 to 3 Moderate Moderate 

0 to 2 Moderate Low 

1 to 3 Moderate Moderate 

0 to 1 Moderate High 
0 to 1 Low Low 
0 to l Low Moderate 
l to 2 Moderate Moderate 

and automatically ad just the dia
logue to befit the user. Eventually, 
people may refine computer dia
logue to the point at which it is 
nearly as comfortable as talking to 
a friend . 

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

High 728 
Average 729 
Low 730 
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the $10,000 desktop 
inainfrante. -

THE NEW APOLLO DN300 
WILL COMPLETELY 

CHANGE 
THE WAY TECHNICAL 

PROFESSIONALS 
USE COMPUTERS. 

T he D N300 is quite possibly the single 
most important computer system ever 
introduced for the technical professional. 
For the firs t time ever, these technical 
professionals have finger tip access to a 

., desktop mainframe, and all the power 
'' that goes with it. The power to utilize 

time in the most efficient possible way. 
The power to increase technical produc
tivi ty and innovation. T he power to try 
out and refine new ideas and concepts. 
T he power to reduce design-time cycles . 
The power to create better, more cost
effective products. 

' 

,, 

In a unit tha t takes no more space 
than a daily newspaper, the DN300 gives 
you a high performance, 32-bit virtual 
memory processor, high resolution bit 
map graphics, and an integrated local 
area network that provides network
wide virtual memory access. 

The DN300, latest in the family of 
DOM AIN processing nodes, supports 
up to 1.5 million bytes of main memory 
and 15 concurrent processes of16 million 
bytes each, so you can execute large pro
grams. Its 17-inch 1024 x 800 pixel land
scape display provides the high- resolu
tion graphics you need for technical 

A DOMAIN professional 
productivity network puts an 

application specific mainframe on 
every user's desktop. 

The truly exciting aspect of a DOMAIN 
network is its ideal combination of indi
vidual initiative and teamwork. Users get 
not only the benefits of a high perfor
mance, 32~bit computer dedicated to their 
application, but also retain the benefit of 
shared resources. 
For example, use the color DN600 or 
monochromatic DN420 nodes for solids 
modeling, VLSI CAD,finite element 
analysis, pre- and post-processing, and 
image analysis .. .. Use the DN300for 
computer-aided software engineering, 
design documentation, high-quality 
presentation graphics, drafting, and 
electrical design capture and simulation. 

applications. The 12 million 
bit-per-second high speed 
token-passing network lets 
you access data anywhere in 
the network without sacrific
ing performance. 

The DN300 is fully compatible with 
Apollo's DN400, 420, and 600 and sup
ports multiprogramming environment, 
large virtual address space, network 
communications, multi-window display 
management, and extensive command 
library. 

SOFTWARE YOU NEVER 
THOUGHT YOU'D SEE ON 

YOUR DESKTOP. 
Standard with every DN300 is AEGIS, 
the only network-wide virtual memory 
operating system available . 

Optional software includes ANSI
FORTRAN 77, Pascal , C, SIGGRAPH 
Core Graphics, X .25, HASP, 3270, 
D3M distributed database system and 
AUX, a software environment based on 
UNIX'" System III. 

NEW DOMAIN SERVER 
PROCESSOR-A LOW COST 

WAY TO HANDLE NETWORK 
PERIPHERALS AND 

GATEWAYS. 
The new DSP80 intelligent peripheral 
server lets DOMAIN users freely share 
the same , centrally located peripherals . 

That relieves indi
vidual nodes of 
peripheral sup

port. So nodes 
have more time 

and more power 
to handle applica

tion-related computing. 
And you save money by sharing disks, 

tape drives, printers and plotters. T he 
DSP80 also provides every user with 
access to communication gateways, 
large-scale file storage, and print/plot 
spooling. 

FIND OUT MORE 
The DOMAIN network gives you low 
entry cost, high performance, easy and 
natural incremental growth, reliability, 
and long-term investment protection. 
And it gives your technical staff the 
excitement and satisfaction of working 
with an innovative, highly productive 
new tool. For more information call 
Apollo's marketing department at 
(617) 256-6600, extension 608, or write 
Apollo Computer Inc., 15 Elizabeth 
Drive, Chelmsford, MA 01824. 

UNIX is a trademark of Bell Laboratories. 

USA price $9,933, system builder, quantity 35 
DN300 with .5Mb memory, 17-inch graphics 
display, network interface, and AEGIS operating 
system. 

Architectural/Engineering /Construction 
Mechanical Engineering 

DN600 DN420 DN600 

Domain, The Next Generation 

CIRCLE 30 



Save your customers time, 
space, and money with ~" 
data cartridges. 
When 3M invented the X " 
data cartridge, they designed 
it to be fast, dependable, 
small in size, and big in 
capacity- up to 67 megabytes 
today, with more in store 
for the future. No wonder 
more and more systems 

designers are finding it the 
perfect choice for backing up 
Winchester drives. 45 mega
bytes of data can be transferred 
from disk to tape in under 
nine minutes-with no time 
lost for media changes. One 
cartridge does it all! It would 
take a stack of 38 eight-inch 
floppies* to hold the same 
amount of data. The cartridge 

is small enough to fit in a 
coat pocket-and rugged 
enough to be transported that 
way, too. 
New rules of standardization. 
Industry standards are now 
being formulated which will 
improve interchangeability of 
X" recorded data cartridges 
across most major manufac
turers' X" drive systems. 



This means concerns about 
compatibility are diminishing. 

The logical choice. 
The J.I "data cartridge is the 
logical choice for designers 
specifying back-up systems 
for Winchester drives. It's 
small , reliable, easy to handle 
and transport, and has a 
very low cost per megabyte. 

These high capacity car
tridges are useful for archival 
storage and program loading, 
too. So don't wait, give your 
customers the future. Put 
this innovative technology to 
work in the next computer 
system you design. Data 
cartridge drives are available 
from over 30 manufacturers 
throughout the world. 

For more information: 
For more information on 
how 3M J.I" data cartridges 
can save your customers 
time, space, and money, write 
to Chris Binner, National 
Sales Manager-OEM 
Market, Data Recording 
Products Division, Building 
223-5N, 3M Center, St. Paul, 
MN 55144. 

"Double sided/ double density 1024 format 8" diskettes. 

3M hears you ... 

3NI 



Highly Versatile ZX-86 
Single Board Computer 

For Your Next 8086/MULTIBUS Project 

Beats "The Giant's" SBC-86/05 Six Ways: 
• On-Board Socket for the 8087 Numeric Co-Processor. 
• 5, 8 or NOW 10 MHz OPERATION. 
• Three SBX Connectors (to their two). 

• Tho Serial Ports Available On-Board (to their one). 

• Multi-Layer Board Design for Low Noise Operation. 
• New Memory Module Doubles On-Board Memory. 

Expands Memory from 8KB RAM, and up to 64KB 
ROM, to 16KB RAM and up to 128KB ROM with a 
single module. 

The ZX-86 is a plug for plug replacement for the SBC-86/05 
and is fully software compatible with the SBC-86/12A. 

In fact, if you are considering working with any other 8086 
processor board, look at the ZX-86. Not only is it highly 
versatile and highly capable, but it can save you a 
great deal of money. 

But having a single piece of quality hardware 
is not enough to win the battle-not 
even if it is the ZX-86. So Zendex 
supports the ZX-86 with the 
software and other MULTI
BUS products to create a com
plete 16-Bit "development 
thru target" ENVIRONMENT. 

• We have RMX-86 and 
CP/M-86 COMPLETELY 
ported to the ZX-86 and 
floppy and Winchester 
controllers. 

• We support the ZX-86's three SBX connectors with a 
complete line of ZBX Modules, including: Serial I/O, 
Parallel 1/0, an IEEE-488 interface, a Centronics 
printer interface, an SBX display and a clock/calendar. 

• With the ZX-86, you can use three of these modules, in 
addition to the two serial ports On-Board. This means 
as many as FIVE RS-232C ports on a single processor 
board. We also offer a ZBX Module floppy disk control
ler and have CP/M-86 ported to this controller with the 
ZX-86. 

• We offer a complete line of Table-Top or Rack-Mount 
chassis for both your development system and your tar
get system. 

COMING SOON: THE ZX-186, a High Performance 80186 
MULTIBUS processor board. If you are planning to use a 186 

board or design your own, CALL ZENDEX NOW! We'll 
save you time and money, even if you want a custom 
version. 

The ZX-86 is only one of ZENDEX's more 
than 50 MULTIBUS boards, subsystems 

and systems, including: 8-bit and 16-bit 
processor boards, disk controllers, de
sign aids, PROM programmers, ZBX 
Modules, chassis, development systems 
and microcomputer systems. 

'Trademark of Zendex Corp. 
Multibus, RMX, Multimodule, SBC, SBX are 

trademarks of Intel Corp. 
CP/M is a trademark of Digital Research 
Corporation. 

The Other Giant in the Multibus Market.* 
Zendex Corporation, 6644 Sierra Lane, Dublin, CA 94568, (415) 828-3000. TWX 910 389 4009. 

Send for our new expanded Product Catalog or CALL 800-227-2634 Ext. 922 (outside Calif.) 



Q-bus tra nsportable 
In a 22 .S-lb (10.2-kgJ, 411 x 1311 x lS" 
(10- x 33- x 38-cm) chassis, the 11/ 
M12 packs an LSI-11/23 CPU with 
memory management and 2S6K 
bytes of RAM, along with a half
height 10M-byte fixed Winchester 
disk (emulating two RLOls) and 
S12K-byta floppy drive (emulating 
an RX02). Four serial ports accept 
RS-232-C and 20-mA current loop. 
The box, which comes without dis
play monitor, contains operator 
controls, a 110-V power supply, 
and a spare card slot. Standard 
DEC software, including RT-11, 
TSX-Plus, and RSX-llM, runs on 
the machine . Quantity-one, the 
system costs $8400 . Andromeda 
Systems, Inc, 9000 Eaton Ave, 
Canoga Park, CA 91304. 
CIRCLE 260 

Small nonimpact printers 
Two printers based on laser tech
nology produce 300-dot/in resolu
tion at a rate of 12 pages/min. 
Noise level under SS dBa makes 
units suitable for the office envi
ronment. The HP 2687A desktop 
text model offers up to four char
acter fonts/printed page; two re
side permanently in the machine 
and two are user changeable . Sev
eral fonts , including Script, Couri
er, Letter Gothic, and Pica, are 
available in cartridge form . When 
used in conjunction with the com
pany's word processing software, 
the HP 2688A text-and-graphics 
printer becomes a document gen
erator that outputs charts, graphs, 
and diagrams . It also replaces pre
printed forms by electronically 
storing them, then merging data 
and printing simultaneously. The 
2688A combines up to 32 character 

SYSTEM COMPONENTS 

fonts per page. Other features in
clude page rotation and 2:1 or 4:1 
reduction. Manufactured by Ricoh 
Co, the 2687A printer costs $12,800. 
The 2688A combines Ricoh 's laser 
printing technology with HP elec
tronics and packaging. Including 
interactive formatting and graph
ics software, it costs $29,9SO. 
Hewlett-Packard Co, 1820 Embar
cadero Rd, Palo Alto, CA 94303. 
CIRCLE 261 

Touch-sensitive interface 
Scanning infrared beams, rather 
than a screen overlay, are key to a 
touch-input system for two 1211 

VT100 compatible Datamedia ter
minals. Infrared LEDs and photo
transistor detectors mount around 
the video screen, creating a lattice 
of light beams in front of the dis
play surface. A touch obstructs the 
light beams and causes X-Y coordi
nates to be transmitted to the 
computer. Optical devices are con
cealed by an infrared-transparent 
bezel, so the workstation looks like 
a conventional terminal. Choice of 
five operating modes for coordi
nate report format is user selec
table . The touch-input system now 
works on the monochrome Excel 22 
and the Colorscan 10 color graphic 
terminals. Single-unit price is 
$13SO. A version for the 1411 Excel 
24 is planned by year's end. Car
roll Touch Technology Corp, 
2902 Farber Dr, Champaign, IL 
61821 . 
CIRCLE 262 
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Integrating small 
business computers 
Series 1600 16-bit computers bring 
MS-DOS compatibility to HP and 
DEC systems. Model 162S is host 
compatible with the HP 3000, and 
has an application-specific key
board and HP terminal personality 
with full block-mode capabilities. 
Model 1631 combines DEC VT100 
terminal personality with IBM PC 
functions, while complying with 
ANSI X3.64. The 8088-based ma
chines, which run at 7.7 MHz, 
operate as both 128K-byte MS
DOS-based microcomputers and 
full-function host-specific termi
nals . This lets users transfer data 
back and forth between the host 
and the micro. Standard features 
include 64K bytes of terminal dis
play memory, two 320K-byte S%11 

floppies, two RS-232-C async ports, 
and a high-resolution screen. Be
yond that, options for both trans
portable systems include CP/M-80 
and CP/M-86 operating systems; 
ZOM-byte integral hard disk for lo
cal online storage; a 212A-compati
ble modem; Plot 10 graphics; 128K 
bytes additional memory; and two 
more communication ports sup
porting several protocols, includ
ing SNA. Either computer costs 
$399S, quantity-one. D irect In c, 
4201 Burton Dr, Santa Clara, CA 
9SOS4. 
CIRCLE 263 

DID YOU "BORROW" 
THIS COPY? 
If you are reading someone 
e lse's copy of this Special 
Edition , please circle 746 on 
the Reader Inquiry Card. 
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Four-color plotter 
Model 410 produces presentation 
quality graphs and charts for 
Apple II and III computers on pa
per or transparencies. Software 
commands interchange pens auto
matically during plotter operation. 
The 3.94-ips plotter has 0.004" res
olution and 0.008" repeatability. 
Variable width plotting bed and 
adjustable pinch roller mechanism 
handle media sizes up to 1111 x 17" 
(28 x 43 cm). The unit's standard 
RS-232-C interface connects directly 
to the Apple III's built-in serial 
port; an additional serial interface 
card is necessa1y for Apple II mod
els. Single-unit price is $995. Apple 
Computer, Inc, 10260 Bandley Dr, 
Cupertino, CA 95014. 
CIRCLE 264 

Modular OCR scanners 
Compact Alphaword® series 80 
page readers can improve word 
processing efficiency 400% by in
putting typewritten materials di
rectly into automated office 
systems. With an accuracy rate of 
fewer than one substitution error 
in 300,000 characters, the device 
reads popular typestyles like Cou
rier 10, Courier 12, Prestige Elite, 
Prestige Pica, Letter Gothic, and 
OCR-B. Friction feed mechanism 
handles documents from 311 to 8.5" 
(8 to 21.6 cm) wide and 511 to 14" (13 
to 36 cm) long. A document detec
tor prevents double feeds of 
creased, worn, or sticky pages . 
Built-in numeric keypad and 16-
character liquid c1ystal message 
display allow operators to alter 
margins of the scannable area for 
fast reads of documents that con
tain unscannable letterhead or 
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embedded graphics. Automatic 
insertion of codes required to 
preserve text format, such as para
graph codes, tabs, and under
scores, minimizes the need to 
reformat or clean up text. Models 
A and B scan 145 pages/hour and 
model C, 250 pages/hour. Each 
supports an RS-232-C compatible 
async or sync interface . The desk- , 
top module measures 12.5" x 16" x 
20 11 (31.8 x 41 x 51 cm); pedestal 
version, 29" x 7" x 20" (74 x 18 x 51 cm). 
Prices are : model A, $12,990; model 
B, $13,990; and model C, $14,990. 
Compuscan, Inc, 81 Two Bridges 
Rd, Fairfield, NJ 07006. 
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Integrated terminal 
G0-140 alphanumeric/graphics 
terminal emulates DEC's VT100 
and Tektronix's 4010, 4012, and 
4013. Alphanumeric features in
clude 24 lines x 80 or 132 columns, 
selectable status line, 96 display
able ASCII characters, and smooth 
bidirectional scrolling. Bit-mapped 
graphics display features 512- x 
390-pixel resolution, with 60-Hz 
noninterlaced refresh. The termi
nal generates a 4:3 display aspect 
ratio; a 1:1 pixel aspect ratio for 
equivalent horizontal and vertical 
pixel spacing eliminates image dis
tortion. When used with the DEC 
LASO, Epson FX-80, or Epson FX-
100 printer, the G0-140 produces 
an exact hard copy of the graphics 
display without distortion. Single
unit price is $1995. GraphOn 
Corp, 2255H Martin Ave, Santa 
Clara, CA 95050 . 
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What is "The Alps Advantage", and why 
is it important to you. our customers? 

Essentially. The Alps Advantage 
encompasses a whole series of customei: 
benefits. brought together to help give y1 
a competitive edge in your marketplace. 

Wei For design come engineers. it melir 

To The a vast a~ray of electro
mechanical componen AlpS and system products-

particularly noteworthy 

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

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

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

We look forward to the opportunity 
of putting The Alps Advantage to work 
for you - to get started, please contact 
the Alps Sales Rep nearest you: 

AL Huntsville (Jack Harvey & Assocs.) . . (205) 536-4.,.1 • 
AR Phoenix (Eltron) .................. (602) 266-216· 
CA Santa Clara (Nova-Tronix, Inc.) . . (408) 727-95~1 

CA Woodland Hills (Relcom, Inc.).. (213) 340-914: 
CA San Diego (Cereo) . (714)560-914: 
CO Englewood (Nelligan Co.) (303)761-212 
FL Plantation (Gallagher & Assocs.) . . (305) 473-210 
GA Norcross (Jack Harvey & Assocs.) . . (404)449-464' 
IL Arlington Heights (Micro Sales. Inc.) . (312) 956-100 
IN Indianapolis (Jack Harvey & Assocs.).. (317)872-103 
IN Kokomo (Jack Harvey & Assocs.). . (317) 453-4jl61 
KS Kansas City (BC Electronic Sales. Inc.). (913) 342-121 
KS Wichita (BC Electronic Sales.Inc.) . (316)942-9841 
MD Timonium (AllenAssocs.) (301)252-41 :3: 
MA Waltham (Technology Sales.Inc.).. (617)647-570! 
Ml Oak Park (A. Blumenberg Assocs.. Inc.) (313)968-323( 
MN Minneapolis (P.S.I.) . . . . (612)944-854! 
MO St. Louis(BCElectronicSales,lnc.) . (314)291-110· 
NJ Boonton (PAFAssocs.). (201)335-06& 
NY Smithtown (PAF Assocs.) . . (516) 360-094( 
NY Albany (Reagan/Compar).. (518)489-477' 
NY Enclwell (Reagan/Compar) (607) 723-8'14; 
NY Fairport (Reagan/Compar) (716) 271-223( 
NY New Hartford (Reagan/Compar) .. (315)732-37'~ 

NC Raleigh (Burgin-Kreh Assocs .. Inc.) (919) 781-1 HX 
OH Rocky River (Norman Case Assocs.) . (216) 333-040< 
OK Tulsa (Norcom.lnc.) .......... . .. .. (918)832-774'. 
PA Willow Grove (Harry Nash Assocs.). (215)657-221< 
TN Johnson City (Jack Harvey & Assocs.) . (615) 928-7581 
TX Dallas (Norcom. Inc.) (214) 386-488! 
TX Austin (Norcom.lnc.)........... (512)451-275'. 
TX Houston (Norcom, Inc.) . . . . . . . . (713) 933-6(Y.!1 
VA Lynchburg (Bergin-Kreh Assocs .. Inc.) (804) 239-262! 
WA Bellevue (Venture Electronics) . . . . (206) 454-45fl< 
CANADA: St. Laurent (Vitel Electronics) .. (514) 331-739' 
CANADA: Mississauga (Vitel Electronics) . (416) 676-972( 
CANADA: Stitsville (Vitel Electronics) . . . . . (613) 836-177€ 





U.S. mall-computer link 
Based on a VAX-11/730 system and 
4.8k-baud modem using the ALL
IN-1 integrated office system and 
DECnet, the Electronic Mailroom 
transmits messages to the U.S . 
Postal Service E-COM network for 
conversion to printed mail. Appli
cation software provides an inter
active interface that guides 
operators at the workstation termi
nal through letter creation, editing, 
printing, and mailing processes. A 
command mode interface handles 
custom letters. The system formats 
messages, dials up a serving post 
office, and transmits the letters 
over telephone lines . In turn, the 
post office prints the letters, folds 
and stuffs them into addressed 
envelopes, sorts them by zip code, 
pays the first-class postage, and 
delivers them by the next mail . 
Per-letter charge is $0.26. System 
prices start at $99,980. Digital 
Equipme n t Corp, Maynard, MA 
01754. 
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High performance 
16-blt microcomputer 
Fully compatible with Naked Mini 4 
hardware and software, the NM 4/12 
features a half-card processor with 
128K bytes of onboard dynamic 
RAM, addressable in byte or word 
mode . VLSI technology gives the 
processor a high level of functiona
lity. Processor architecture in
cludes eight programmable regis
ters, six levels of priority-vectored 
interrupts, seven processor traps, 
DMA, and auto and programmed 
110 data transfers. Active DMA exe
cution allows processing to occur 
in parallel with direct memory 
transfers when RAM references are 
not required. Under software con
trol, up to 32K bytes of onboard 
EPROM can be enabled or dis
abled, overlaying the top portion of 
the address space. A battery-regu
lated half-card option keeps de 
input between 6 and 12 V. NM 4112 
costs $1600, quantity-one. Com
puter Auto mation, Naked Mini 
Div, 18651 Von Karman, Irvine, CA 
92713 . 
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Printer mechanism 
Heavy-duty 9/80 ME adds high 
quality, 80-column dot-matrix for
mat to the company's 132-column 
line. The mechanism features in
dependent horizontal and vertical 
axis control for accurate dot place
ment in multipass printing and 
computer graphics output . lt 
prints a standard 9 x 7 array at up 
to 300 chars/s; optical character 
recognition, bar codes, and other 
graphics can also be handled at 
high speeds . The mechanism has a 
9-wire printhead, and will soon 
offer a letter quality, 18-wire ver
sion. Paper can enter from front, 
bottom, and rear, and exit from top 
and back. The unit has space for 
internal paper roll, provision for 
mounting a sheet feeder for 8V211 x 
1111 cut paper or envelopes, and 
external fan-folded, sprocket driven 
paper. It measures 5.88" x 20 .75" x 
16.25 " (14.93 x 52 .71 x 41.28 cm), 
weighs 17 lb (8 kg), and costs less 
than $300. Hi-G Printe r s Corp, 96 
W Dudleytown Rd, Bloomfield, CT 
06002. 
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Shielded cables 
Custom-molded emilrfi protected 
cables are designed to meet 
RS-232-C, RS-449, and IEEE specs 
and fully comply with FCC Docket 
20780. The computer tested cables 
also conform to UL File 
#E79426(M) and CSA LR 50395-1. 
Cables come in various connector 
configurations, with or without 
captive jackscrews or swagged-in 
nuts. They feature built-in strain 
relief. Cable System s & Assembly 
Co , In c, 210 Broadway, Everett, MA 
02149. 
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Microcomputer bundle 
A package designated C-10MP 
combines popular MicroPro pro
grams with Cromemco's C-10 per
sonal computer and software. 
Expanded offerings include Word
Star® word processing, InfoStar 
database management and report
ing, CalcStar® spreadsheet, and 
MailMerge® file merging programs. 
Cromemco's software contribution 
is WriteMaster word processing; 
PlanMaster spreadsheet; Money
Master financial planning; struc
tured Basic programming language; 
screen editor; and C-DOS, a CP/M
like operating system . Special 
menus for MicroPro programs run
ning on the C-10 can be custom
ized to fit particular needs. 
Cromemco, Inc, 280 Bernardo 
Ave, PO Box 7400, Mountain View, 
CA 94039 . 
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Bar-code translator 
BC/101 automatically recognizes 
interleaved 2 of 5, code 3 of 9, and 
codabar symbologies, and reads 
most commonly used industrial 
bar codes . It also handles 2-way 
communication with a host com
puter. A 51-character keyboard ac
cepts operator input to the host, 
and 32-character LCD shows host 
messages to the operator. Rugged, 
all-metal construction protects the 
unit against harsh application en
vironments . Quantity-one price is 
$980 . Bar/Code Inc, 1251 Ex
change Dr, Richardson, TX 75081. 
CIRCLE 272 



Applicon wanted to 
make still another mark 
in CAD/CAM. 

They wanted to 
build a lower cost, com
pact, desktop workstation 
to use with their state-

/ of-the-art Series 4000 
JenySabath,ProjectManager, CAD/CAM system. A 

Appticon unit that could deliver 
high resolution graphics, like the more 
expensive bit-slice approach. 

Their only problem was in finding the 
right set of components that would deliver bit
shce performance, for a fraction of the cost. 

We delivered their solution. 
Applicon selected the recently intro

duced Intel iAPX 186 microprocessor and the 
Intel 82720 Graphics Controller. Together, 
these two chips provided twice the perform
ance of the processor you thought was the 

best for graphics. And at two-thirds the cost. 
We saved them space, too. Because 

of the high level of integration built into our 
186 and 82720, we were able to do the job 
with 15 fewer chips than any other micro
processor. Making their desktop system even 
smaller. 

Allowing Applicon to take a bit larger 
slice out of the CAD/CAM pie. 

Start saving with us now. Write: Intel, 
Lit. Dept. F-6, 3065 Bowers Avenue, Santa 
Clara, CA 95051. 

Or cut that cost 100%, by calling us 
toll-free. (800) 538-1876. In California, (800) 
672-1833. ·int_ rdeliv~rs 

1 'e' solutions 
United States and Canadian Distributors: 

Alliance , Almac Electronics Corporation, Arrow Electronics, Avnet Electronics, 
Hamilton/ Avnet, Hamilton Electro Sales, Harvey, Kierulff 

Electronics , Inc., L.A. Varah, MTI Systems Sales, Mesa Technology Corporation, 
Pioneer, Wyle Distribution Group, Zentronics. 

In Europe and Japan, contact your local Intel Sales Office. 
© 1983 Intel Corporation. 
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YOUR ANSWERS TO 
THESE QUESTIONS HELP 
US SERVE YOU BETTER 
YOUR ANSWERS ARE IMPORTANT. The results of these surveys help 
our editors select topics, features and technical data that will be on 
target with your design activities. Your inputs also alert manufacturers 
to your needs and can result in the development of product speeds, 
ranges, capacities, and other specs that you require. 

YOUR ANSWERS CAN ALSO WIN YOU 
A VALUABLE PRIZE! 
Each questionnaire returned gives you a chance to win a special prize. 
Drawings are made after each issue, with a grand prize drawing at 
year end. 

MONTHLY DRAWING - HP 41CV PROGRAMMABLE CALCULATOR 
The HP 41CV offers advanced problem-solving power yet is easy to use. 
Communicates in words as well as numbers. Can be programmed to meet 
your specific needs. Fifty-eight popular functions , 130 total functions in pro
gram library. Memory expandable to almost 6,500 bytes. 

ANNUAL DRAWING - HP 85 DESK TOP COMPUTER 
This portable (20 lb.) unit .includes an alphanumeric keyboard , tape drive, 
thermal printer, built-in 56K byte memory, CRT screen, and 150 built-in 
BASIC language commands. You can add peripheral and software packages 
to expand system capability. A $2800 value! 



Double VS-90 memory 
The EMC-VS-90E memory subsys
tem for Wang's model VS-90 mini
computer boosts main storage to 
8M bytes. Added memory cards 
perform transparently to the VS 
operating system(s) and are com
patible with resident main memory. 
Modules are also upwardly com
patible with the VS-100 system. 
Each lM-byte increment costs 
$7900. EMC Co r p , 385 Elliot St, 
Newton, MA 02164. 
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Orthographic software 
An interactive spelling correction 
system, DECspell runs as part of 
the ALL-IN-1 integrated office sys
tem or as layered software on the 
VMS operating system. The com
pany claims that the spelling pack
age is the first to recognize and 
correct multiple spelling errors in 
the same word. A built-in dictio
nary contains over 70,000 entries 
based on Houghton Mifllin 's Amer
ican Heritage Dictionary. Software 
uses algorithms to "pronounce" a 
word, display corrections, and ver
ify possible alternatives. In addi
tion, the program supports personal 
or shared user dictionaries, special 
terminology, and interfaces wth 
file types such as ASCII and DEC
mate DX document format . The 
DECspell verifying package costs 
$4000; add another $1000 for Brit
ish English lexicon. Digital Equip
ment Corp, Maynard, MA 01754. 
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Compatible keystrokes 
The CP/M-based WPS-80 word pro
cessing system runs on Rainbow 
100 and Vf180 personal computers 
as well as on DECmate II and the 
Professional 350. It creates key
stroke compatibility between the 
professional and personal word 
processing systems to expedite 

transition between models . WPS-
80 operates ·with most DEC print
ers, as well as with other printers 
using the RS-232 interface. Sug
gested unit price is about $100. 
Exceptiona l Business Solutions, 
11738 Moorpark St, Suite J, Studio 
City, CA 91604. 
CIRCLE 275 

tic Compcnents '10 \Ou 
need transformers, solenoids, coils, torroids or simil 
, ECC has the experience, personnel and facilities to d 

r your parts . . . on time. 

Whatever techniques your magnetic components require: 
HIGH SPEED WINDING • HAND WINDING • ASSEMBLY 

MOLDING• POTTING• VACUUM IMPREGNATION . 

We are ready to put our facility to work for you. 
For a complete capabilities brochure, call us at: 

~ ~tt 
Endicott Coll Co., Inc. 

24 Charlotte Street• P.O. Box 67 •Binghamton, NY 13905 
607-797-1263 
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Display filter 
The CP-70 reduces glare and im
proves contrast between the video 
signal and the background. The 
unit's circular polarizer absorbs 
ambient light falling on the screen 
to prevent it from bouncing back 
to the operator's eyes. Made in 
over 20 sizes, the CP-70 fits most 
word processor and computer ter
minal screens. A self-adhesive 
mount attaches to the screen be
zel. Polaroid Corp, 575 Technol
ogy Sq, Cambridge, MA 02139. 
CIRCLE 276 

SYSTEM COMPONENTS 

Graphics transmission 
EPS/COMM software/modem com
bination allows Intelligent Systems' 
desktop computers to communi
cate with most other computers
including subscription data bases-
by telephone . The system enables 
the computer to automatically an
swer the phone and transfer chart 
or graph files. Price, which in
cludes software, modem, manual, 
and cables, is $1155 . Executive 
Presentation Systems Corp, an 
Intelligent Systems Co, 5854A 
Peachtree Corners East, Norcross, 
GA 30092. 
CIRCLE 277 

GOOD, BAD, OR SO·SO? 
Did you rate all the articles in 
the Special Edition? If not, do so 
in the Editorial Score Box on the 
Reader Inquiry Card. 

f) IJll t• IJ'l1S ... 
Yf)IJll t•t~f)llY 

IN't11l01)1JC:~ING (~IJS'l10)1 (~ lU!.&1 1~...!L!l;A s 
l~Oll OEtlS l~llOtI l)Jl\711) .. I~ 

We think you should getthe glory. After all, who finds the customers, writes 
the applications software, answers all the questions and provides cheerful 
after-sales service? YOU do! So, why should your customers see an one else's 
name on the enclosure? 

YOU llE 'l1HE llEH.O We're not shy, b twe'dratherspendtirne 
manufacturing our powerful little systems to your specifications.And we 

have plenty to be proud about. Our 05-4/6 line 
offers you systems built aro nd the Oavidge Ind stry 
proven 4MHz or 6MHz Z-80singte board computer. 
Get 64K RAM, boot ROM, a hard disk port, parallel 
printer port, the disk controller, and up to 4 RS-232 

ports (One is modern configured). Select 
single or double density 8" or 51/.''floppy 
drives, and hard disk drives, a CP/M* operat-
ing system, and now get ready for the fun part. 

You can have all of our system enclosures in 
whatever color you choose, silkscreened with 
your company name and logo, and we even 

r. custom print the system manuals to match. 

''HY ))0 l\7E ))0 1'11? Simple. Our glory is building them. That's 
what we do best. And once you see our prices you'll do what you do best. 
Sell them. • zao is a registered trademark of Zllog. "CP/M is a registered trademark of Digital Research. 

~ Call Davidge today, ( 415) 964-9497 
1951 Colony St. Suite X, Mountain View, CA 94043 
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Winchester upgrade 
A 3-platter, 25.52M-byte Winches
ter disk drive incorporates a tem
perature compensation servo for 
increased track density. Fully com
patible with ST506 controllers, the 
5Vi' ST425 drive is an upgrade to 
the company's 12M-byte ST412 
and 19M-byte ST419 small Win
chesters . The ST425's average ac
cess time is 60 ms, compared to 
85 ms for the other ST400 drives. 
Track-to-track access is 16.5 ms, 
including settling. Track density 
jumps from 345 to 480 tpi, yielding 
a total of 408 cylinders and 4.25M 
bytes/surface. Using oxide coated 
media, the ST425 operates at a flux 
density of 9074 flux changes per 
inch (9074 bpi). Transfer rate is 
SM bps. In 500-lot quantities, the 
ST425 costs $1090. Seagate Tech
nology, 920 Disc Dr, Scotts Valley, 
CA 95066 . 
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Unix applications 
Writer's Workbench and Instruc
tional Workbench software are the 
first application programs that 
Western Electric is licensing for 
use with Unix systems. Over 24 
Writer's programs check spelling 
and punctuation, analyze prose 
style, and impart writing princi
ples . Through a single command, 
programs can be used separately, 
in various combinations, or all to
gether. Instructional Workbench 
programs give self-paced instruc
tion on the fundamentals of Unix 
System V. Western Electric, 222 
Broadway, New York, NY 10038. · 
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Text editor 
Word Palette, a full-functioned 
word processor for the Basis-108 
computer, includes personalized 
mass mailing and labeling features . 
The program can also edit Apple 
DOS sequential text files , such as 
VisiCalc or MultiPlan; built-in text 
conversion equips it to edit Apple
soft programs. A separate program 

transfers any CP/M program or text 
file into a DOS file compatible with 
Word Palette. Two modes-editor 
and file command-handle all op
erations. Fifteen preassigned func
tion keys are dedicated to editing 
commands . GM Enterprises, Inc, 
10404 Carryback Cir, Dallas, TX 
75229. 
CIRCLE 280 

::iijjiiiil~EZ~.PRO II 
brings you exceptional microprocessor 
development capability at modest cost. 

Start with IBM. EZ-PRO II is a development station which 
connects to your personal computer via RS232. Use MS-DOS™ 
2.0 and the IBM editor to generate source code and EZ-PRO II 
supplies the rest 
Bundled Software. Each In-Circuit Emulator comes 
equipped with the appropriate cross assembler, linking editor 
and debugger which operate on your PC. 
Emulators. EZ-PRO systems offer the widest choice of trans
parent in-circuit emulators available from any single source. 
Check the chart and see. 
Modest Cost. The EZ-PRO II Development Station costs only 
$3,995 and emulators range in price from $1,395 to $3,395. For 
example, the 12.5 MHZ 68000/8110 
emulator is $3,395 and the 2 MHZ 
6809/9E is $1,395. 

American Automation, 
14731 Franklin Avenue 
Tustin, Colifornia 92680 (714) 731-1661 

Telex 11: 910-595-2670 
AMAUTO TSTN 

amerlcan 
automatloo 

Prices subject to change without notice. 
IBM is a trademark of International Business Machines, Inc. 
MS-DOS is a trademark of Microsoft Corporation. 

PROCESSORS SUPPORTED 
l6 BITS 

Z800112. 8086, 68000/10 

10 BITS 
1610 

B BITS NMOS & CMOS 
6502/3/4/5/617 /12/13/14/15 

8035139/48149 
8031/51 

BBITSCMOS 
146805E2. 1802/5/6, NSC800 

8 BITS NMOS 
6800!2/8, 6809/9E. 8085A/A-2, 8088, 

ZBONB. 68008 

8 BITS BIPOlAR 
8X300/305 

CIRCLE 39 

Top-load tape transport 
PCT-1000 half-inch, 9-track tape 
transport stores 138M bytes in a 
standard 811 dual floppy disk foot
print. The IBM- and ANSI-compati
ble unit records at 800 chars/in 
(NRZI) and 1600 chars/in (phase 
encoded), as well as at switch
selectable dual densities of 3200/ 
1600 chars/in . For Winchester 
backup applications, tape streams 
at 100 ips; start/stop mode is 25 and 
50 ips. Ibex Computer Corp, 20741 
Marilla St, Chatsworth, CA 91311. 
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Office minicomputer 
The VS 85 entry-level 32-bit mini
computer for small- to medium
sized offices supports 32 users 
concurrently. Optional 32K-byte 
cache memory allows a variety of 
configurations for up to 48 concur
rent users and over 5G bytes of 
disk storage. The basic system in
cludes a 32-bit CPU with lM to 4M 
bytes of main memory, 2 .5G bytes 
of mass storage, the VS operating 
system, assembler language, a 16-
port serial I/O processor, 48K-byte 
archiving workstation, and one 
compiler. Software-compatible VS 
systems run Cobol, Fortran, Basic, 
RPG II, PUI, assembler, and proce
dure languages . Base price for the 
system is $63,000 . Wang Labora
tories, Inc, One Industrial Ave, 
Lowell, MA 01851. 
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Memory subsystems 
Two peripheral subsystems com
bining an 811 Winchester disk drive, 
quarter-inch cartridge tape back
up, switching power, and fan, 
come with a controller board that 
interfaces to most host computers. 
The 82.9M-byte model 8055 and 
41.4M-byte model 4055 drives have 
a recording density of 9006 bpi and 
a data transfer rate of 1209k bytes/s. 
Average seek time is 30 ms (55 ms 
max), and the 3600-rpm spindle 
has an 8.33-ms average rotational 

delay. Companion 4-track model 
6455 tape transport uses serpen
tine recording. An adapter board 
converts its 8-bit bidirectional bus 
interface to meet the Industry 
standard for half-inch tape trans
ports. With this, the quarter-inch 
tape cartridge emulates a 9-track, 
reel-to-reel half-inch tape trans
port without operating system 
changes. Standard 3M-type car
tridges give unformatted capacities 
of 11.5M, 17.3M, and 23M bytes. 
Read/write speeds are 30 ips; data 
transfer is 192k bps with 6.4k-bpi 
recording density. Built-in 200-W 
switching supply provides Win
chester, cartridge transport, and 
related electronics with 5, 12, and 
24 V. Input voltage is from 110 to 
240 V, 47 to 63 Hz. In quantity-100, 
system 8055 sells for $5300, and 
system 4055, for $4600. Kennedy 
Co, 1600 Shamrock Ave, Monrovia, 
CA 91016. 
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WordStar interface 
WS-Patch machine language pro
gram allows an operator to use all 
printer functions through Micro
Pro 's WordStar software. The inter
face rewrites the word processing 
system's print menu so that th e 
control codes for enhanced printer 
capabilities are displayed by Word
Star whenever control-Pis pressed. 
Custom-installed software comes 
in formats for a wide range of 
printers. Quantity-one lists for 
$49.95. CMB3 Enterprises, PO Box 
3061, Walnut Creek, CA 94598. 
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DID YOU 11 BORROW" 
THIS COPY? 
If you are reading someone 
else's copy of this Special Edi
tion , please circle 746 on the 
Reader Inquiry Card. 

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

• PC I Series Ill file transfer 
software included. 

• 100% software compatible with 
Series Ill. 

• PCSBC - Upload, download & 
debug target system (Option) . 

• UDEBUG - Onboard debugging 
tool (Option) . 

• Over 800 licensed RTCS/UDl's 
in use . 
PRICE $500 

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

• More versatile than Intel's 
System 86/330. 

• Intel Utilities, Edit, Link, Locate, 
Librarian & ASM included. 

• Intel Pascal 86, Fortran 86, PL/M 
86 and C 86 Languages optional. 

• Ethernet, GPIB and Hard Disk 
options . 

• Available for COMPAQ, Tl 
Professional and DEC Rainbow 
PRICE $2 ,250 

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

• Pascal , PL/M , Fortran 77/66 
and C compatible compilers. 

• Superior object code optimiza-
tion and in-line 8087 code. 

• Support large arrays (over 64K) . 
• Overlay loading. 
• Object modules run on IBM PC 

and XT. 
• Special large program utilities 

option . 
• Available for COMPAQ, Tl 

Professional and DEC Rainbow. 
PRICE $4 ,850 
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• Source code interface. 
• High level Trace, Single Step 

and Breakpoints. 
• Access to Symbols and Line 

Numbers. 
• Machine disassembly and 

Floating Point support. 
• Goes beyond Intel 's Pscope. 

PRICE $995 

All RTCS Software products support the 
8087 Numeric Data Processor. 
Soft-Scope is a trademark of Concurrent 
Sciences, Inc. 
MS-DDS is a trademark of Microsoft Corp . 
iRMX is a trademark of Intel Corporation . 
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Power control console 
IPC provides six individually 
switched IEC-320/CEE-22 outlets 
in two separately filtered banks of 
three . Two pilot lights monitor the 
differential and common mode 
protection status. Noise filtering 
provides up to 52-dB insertion loss 
at 10 MHz. Surge protection ab
sorbs 318 J at 18.2 kA. IPC is rated 
for 10 A max with 100- to 260-Vac 
operation, 50/60 Hz. It comes in a 
6.2511 x 511 x 2.2511 (15.88- x 13- x 5.72-cm) 
case and weighs 2.5 lb (1.1 kg). 
Ka lglo Electronics Co , Inc, 6584 
Ruch Rd , E Allen Tpk, Bethlehem, 
PA 18017. 
CIRCLE 285 

D-language office software 
Version 8A9 of the LEX-11 word 
processing and office automation 
software runs under P/OS on the 
DEC professional system 325. Orig
inal LEX-11 programs for the Pro
fessional 350 Winchester system 
were modified to function on the 
325's single floppy disk drive . In 
the process, LEX-11 software was 
completely rewritten in the D lan
guage . This improves software 
speed and eases implementations 
on a variety of processors . The 
package provides full-screen edi
tor, forms creations, mass mailing, 
and calculator. It runs on many 
DEC operating systems, personal 
computers, PDP-Us, and VAX, as 
well as on processors used by IBM 
and Altos systems . EEC Syste m s 
Inc, 327/E Boston Post Rd, Sud
bury, MA 01776. 
CIRCLE 286 

Extended screen display 
An updated version of the Lazy 
Writer word processing system for 
Radio Shack's model IV computer 
displays text in 80-character x 24-
line format . Text created using this 
package is fully compatible with 
text created on 64-character x 16- , .. 
line model I and III versions. Soft
ware comes with two complete 
program sets, one for model III 
DOS and another for TRS DOS 6. In 
addition, a Lobo MJ\X-80 release 
features the 80-character x 24-line 
display and works with the L-DOS 
operating system. Upgrade/original 
price for either package is $39.95/ 
$175 . AlphaBit Co mmunications, 
Inc, 13349 Michigan Ave, Dear
born, MI 48126 . 
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Image capture/processing 
A hardware/software image pro
cessing allows nongraphic CRT 
terminals to access display image 
information. First, an IPC-100 digi
tizing station digitizes an image in 
formats up to 1720 x 2592 x 8 bits . 
Image data are then placed on an 
IBM-compatible 9-track, 1.6k-bpi 
tape drive . Data are read from tape 
and placed in the host 's disk stor
age . Software utilities for IBM 
mainframes assist in storing, for
matting, retrieving, and transmit
ting the image data . Nongraphic 
CRTs equipped with the company's 
Videograph station can detect data 
on the network, decompress that 
data, then shift the video signals to 
display that image data on their 
screens . Datavisio n Corp, 10 Ci
der Mill Ln, Upton, MA 01568. 
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Howto install 
chip carriers without 

all the overhead. 
Overhead is now at an all-time low. 
AMP cut the cost of installing 

ceramic chip carriers with the lowest 
height socket around. It offers more 
cooling air space, requires less 
clearance to make your equipment even 
more compact. 

Assembly operations run smoother, 
faster, cheaper, too. Our simple hand 
tool quickly aligns the socket to your 

· board. The carrier is keyed for exact 
registration to gold-plated contacts. 
Probe points allow chip testing without 
removal. Snap the cover on without 
tools. Lift it off with a simple screwdriver. 

Invest in product, not overhead. See 
this state-of-the-art ceramic chip carrier 
socket. 

AMP Facts 
[ ~-=====-] Hold-down frame 

accommodates 
cooling fins. 

Accepts JEDEC 
TypeA&B 
leadless ceramic ......_,==:r--' 
chip carriers. 

I .275" installed 
~ "".~ht,;OOuding 

chip earner. 

I Accommodates 
.500" board spacing. 

0 
. fo 

44 52 68 es1gns r , , , 
84 and 100 positions. 

For more information, call the AMP Chip 
Carrier Socket Desk at (717) 780-4400. 
AMP Incorporated, Harrisburg, PA 17105. 

-··-al-~. 



Configurable micro 
Modular design allows the Zeus5 
multiprocessor computer to be ex
panded from 2 to 32 users . A 
2-board Z80A master processor lo
cated in the basic CPU module 
controls the system. User module 
cartridges enlarge system configu
ration in 2- or 4-user increments. 
Each user gets 64K of RAM and 
two RS-232 async I/O ports. Users 
communicate through the master 
processor to peripherals and mass 
storage, in any combination of 5%" 
and 811 floppy or 5%" hard disk 
drives . Seven modules make up the 
system: the basic CPU, power sup
ply, mass storage, expansion CPU, 
expansion mass storage, user car
tridge, and Winchester controller. 
The mass storage module has its 
own 100-W switching power supply, 
and comes in dual-floppy, dual
Winchester, or mixed configura
tions . Floppy disk capacity is SOOK 
bytes/drive, and hard disks contain 
6M1 12M, 19M, or 25M bytes . MUSE, 
the multi-user system executive, is 
accessed through specialized 
main, help, and error menus. Sepa
ration of text code from source 
code allows any word processor or 
text editor to edit text portions of 
the menu display. MUSE 5.0 runs a 
variety of programming languages 
and most application programs 
written for CP/M. OSM Computer 
Corp, 665 Clyde Ave, Mountain 
View, CA 94043. 
CIRCLE 289 

GOOD, BAD, OR SO-SO? 
Did you rate all the articles in 
the Special Edition? If not, do so 
in the Editorial Score Box on the 
Reader Inquiry Card. 
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Surge suppressor 
Solid state Electra-Guard system 2 
eliminates submicrosecond over
voltage transients from electrical 
circuits. The 15-A, 120-V system 
can handle six devices not exceed
ing 1875 W, providing line-to-line 
and line-to-ground clamping pro
tection with a response time of 
less than 5 ns to overvoltage spikes 
and surges. Compatible with 50/60-Hz 
ac power mains, the unit exceeds 
the IEEE 587-1980 guidelines for 
surge control in low voltage ac 
circuits . It can be plugged into a 
wall outlet or wired into the elec
trical system. Quantity-one costs 
$49.95. Computer Power Solu
tions, Inc, 8800 49th St N, Suite 
203, Pinellas Park, FL 33565. 
CIRCLE 290 

Miniature Winchester 
Series 350 hard disk 31/z" drives 
hold 5M and lOM bytes of for
matted storage within one-quarter 
the volume of standard 5%" Win
chesters . The drives have the 
ST506 interface and 5- and 12-V 
power, but actual power con
sumption is less than half that of a 
standard 5%" Winchester. Model 
351 is a single-platter drive, and 
352 a double-platter drive . Both 
use open-loop head arm position
ing with a double-precision step
per motor. Data are recorded at 
600 tpi with over 11,000 bpi. Aver
age access time is 85 ms with a 
track-to-track access of 15 ms; data 
transfer is 5M bps . Physical dimen
sions are 1.625" x 4" x 5.2511 (4.128 x 
10 x 15.34 cm). Rodime PLC, 25801 
Obrero, Mission Viejo, CA 92691. 
CIRCLE 291 

PC-mainframe hookup 
The Please software package 
makes it possible to transmit data 
files between the IBM PC and vir
tually any VM/CMS mainframe sys
tem. Moreover, Please allows IBM 
PCs running Relay communication 
software to upload and download 
data over normal async telephone 
lines with full error detection and 
correction in both directions. It 
handles text or data files of any 
length or format, and accurately 
transmits them even if they in
clude control characters or binary 
data. The software also automati
cally handles character transla
tions between the PC and the 
mainframe. VM Personal Com
puting, Inc, 60 E 42nd St, New 
York, NY 10165. 
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Magnetic tape drive 
A 125-ips drive operates with 32-bit 
Megamini computers. The HPTD/ 
125 is compatible with the compa
ny 's model 3205, 3210, 3230, 
3250XP, and 3200MPS supermini
computers. High data throughput 
and gapless mode option equip 
the magnetic tape drive for high 
speed data acquisition, large data
base backups, and information ex
change with other systems. The 
unit adds performance character
istics such as improved data integ
rity (GCR format), data transfer 
rates to 780k bytes/s, and data com
paction to 180M bytes/reel. It can 
read or write in 800-, 1600-, and 
6250-bpi formats . Recorded media 
is ANSI and IBM compatible . Stan
dard features include auto-thread/ 
load, auto-power window, internal 
diagnostics/maintenance panel, 
and formatter . The HPTD/125 sys
tem, including tape transport, for
matter, controller, 56" cabinet, 
cables, and documentation, costs 
$49 ,500 ; $51 ,500 with gapless 
operation. Perkin-Elmer, Data 
Systems Group, 2 Crescent Pl, 
Oceanport, NJ 07757. 
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Whatever you design, the Bruel & Kjaer 
3360 can help you keep it quiet. 

The secret to designing quieter machines is 
knowing where the noise comes from, not just how loud it 
is. Bruel & Kjaer's 3360 Sound Intensity Analyzer lets you 
know exactly that. Because it measures and records not 
only the noise level of your product, but the sound intensity 
as well. 

This means you can perform detailed noise 
mapping that precisely locates excessive noise sources. 
And you can use our processor/plotter or your own to cre
ate hard-copy maps that let you compare sound intensity 
readings both before and after design fixes. 

The B&K 3360 mea
sures sound intensity across 
the entire frequency spec

trum in real time in 36 one
thi rd or 12 one-octave 

increments to ANSI standards. 
It performs complete conventional sound 

pressure analyses, too. 
So, if your're trying to design a product end

users will love, keep it quiet with the 3360 Sound Intensity 
Analyzer. Circle the reader service number, or call us today 
for complete information and the name of your nearest 
B&K field engineer. 

~ Bruel & Kjaer Instruments, Inc. 
185 Forest Street, Marlborough, Massachusetts 01752 • 617-481-7000 • TWX 710-347-1187 

World Headquarters: Naerum, Denmark. Sales and service in principal U.S. cities and 55 countries around the world. 
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aLF 
IGH 

S1A" 
Floppy Disk Drives 

TE A( i FD-SS n Series 
AT 15/e'' HIGH, TEAC FD-55 SERIES 51/4'' FLOPPY DISK 

drives use half the space and run cool at half the 
power of conventional drives. High-reliability, low
noise brushless DC motors provide an MTBF of over 
10,000 hours, backed by a one-year parts and labor 
warranty. 

FD-55A 
• 48tpi 
• 40 track 
• 250KB 
•single side 

FD-558 
• 48tpi 
• 40 track 
• 500KB 
• double side 

FD-55E 
• 96tpi 
• 80 track 
• 500KB 
•single side 

FD-55F 
• 96tpi 
• 80 track 
•1MB 
•double side 

Power Requirements: 
DC +12V ± 5% 0.3A typical, 0.7A max. 
DC + 5V ± 5% 0.5A typical, 0.7 A max. 

Phone, write or wire TEAC Corporation of America for 
complete technical data, price and delivery. 

TEAC Corporation of America 
Industrial Products Division 
7733 Telegraph Road 
Montebello, CA 90640 
213/726-0303 

© 1982 TEAC Corp. 
MP82501M 
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Introducing the terminal 
that gives you everything 

DEC VT 102 gives you, 
and more 

1. Tilt and swivel standard. 
PROOUCT SPECIFICATION 

Not available with DEC VT 102. Terminal Type 

~ 
Will replace DEC VT 100, VT 101 , VT 102 & VT 131 

2. A large 14"non-glare screen standard. 
Not available with DEC VT 102. ;>-

Communication Interface 

RS232C/current loop 
X on. X all protocol (operator seleclable) 
Full duplex compatible with WE modem #103A, 

212A 
Baud rate· selectable 75, 110. 134.5, 150, 300. 

600. 1200, 1800, 2000. 2400, 4800, 9600, 19.200 
Parity· selectable odd. even. 1 or O 
Word length 7 or 8 b1ls 

Auxiliary Interface 
RS232C compatible 
61-direcllonal 
Remote control· on lme without display, auto pnnt, 

ltne pnnt. page pnnt 
Baud rate· selectable 75, 110, 134 5, 150, 300. 

600, 1200. 1800, 2000. 2400, 4600, 9600, 19 200 

System Oriented Features 

4. Editing capabilities not 
available with DEC VT102. 

/ 
A~a~n~d ~unl\'!ll!l!li~il"' .. ~~i!il!lllllli~""l!!!i 

3. Low-profile sculptured kevboard 
-meets European standards. + 

Programmable, double width character line or 
double width/height character line 

Smooth scroll 
Une drawing graphics 
Cursor, selectable as box or blinking underhne 

Monitor Performance 
Green phosphor· 14 1nch (35 6cm) d1agonal±l% 

geometry 
Dot frequency, 22MHz 
19 5 KHz horizontal frequency 
50160 Hz non·interlaced refresh 

inclu 1 
Typamatic 
Four function keys 
Audible keyclick (operator selectable) 
Seven visual 1nd1cators 
Editing function - Tab, insert line. delete hne. insert 

character, delete character, clear, home and 
back tab 

Upper/ lower case with all caps light 
Local pnnt 

When compared to the DEC'"* VT 102, the new 
Esprit Executive 10/102 not only outperforms 
DEC, but delivers all the reliability and quality 
expected by today's sophisticated terminal users . 

Physical Characteristics 
Mechanical 

Height· 15 inches (381 cm) 
Width - 18~ inches (47 3 cm) 
Consoledepth - 151" 1n (403cm) 
Keyboarddepth-8'h in (216cm) 

Weight · 35 lbs. (15 9 kg) 

Electrical 
Power consumption· 48 walls 
Power input selectable· 115 

±10% and 230±100/e (50- 60 Hz ± 1%) 

Environmental 

Temperature-10° C to 40° C 
Hum1d1ty - up to 90% relative non-condensing 
Shock - SOg in 3 axis (in container) 
Vibration · 10 to30 Hz (in container) 

Spec1hcation subjeet to ch11ngc 
wuhoul pno1 nonce 

5. Legible 132 column format. 

At a price totally unexpected-just $995. 
The Executive 10/102-the latest in our broad 

range of terminals-delivers high performance, 
without the high price. 

100 Marcus Drive, Melville, New York 11747 • 516-293-5600 • Telex: 221666ESPRI *(Regis tered trademark for Digital Equipment Corporation) 
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They give you that 
competitive edge. 

From home computer user to OEM , our 12-, 15-
and 19-inch Digitizers now put a Touch Screen within 
your reach. 

And, of course, each model includes all the features 
and the quality that you have come to expect from 
TSO-ease of operation, high resolution and troublefree, 
long life. 

Easily mounted on existing displays, the excellent 
resolution of the TSO Touch Screens even permits the 
entry of graphic data. 

Act now to take advantage of our low prices. OEM and 
quantity discounts available. 

AND DELIVERY IS FROM STOCK! 

TSD DISPLAY PRODUCTS. INC. 
Sales • 35 Orville Drive • Bohemia, NY 11716 
Tel 516-589-6800 • Telex 14-4659 
Customer Service • Tel. 516-589-506715068 
Manufacturing • Tel. 613-592-1774 
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QlJIPTRON 
COMPUTER 
FURNITURE 

for the electronic office 

QUIPTRON is a totally new line of 
ergonomically-designed modular computer • 
furniture. The new QUIPTRON line offers 
perhaps the largest selection of sizes 
available. Included are work stations 
with electron ic compartments 
featuring E.l.A. hole 
spacing, CRT terminal 
stands, universal printer 
stands, pedestal and 
angular work stations. 
All are available in 8 standard 
colors and unlimited 
special colors. 

Static control systems 
to solve static discharge 
problems are offered for the 
entire product line. Included 
are conductive floor and table mats, grounding kits, and 
operator heel and wrist straps. 

Call or write us for a colorful new folder describing 
QUIPTRON MODULAR WORK STATIONS. 

EQVIPTO ELECTRONICS CORPORATION 
449 Woodlawn Avenue Aurora, IL 60507 (312) 897-4691 
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~REAL-TIME COMPUTING 
With Applications to Process 

, Data Acquisition and Control 
by Duncan A. Mellichamp 

Become expert at controlling and monitoring a 
wide variety of EDP processes. Real-Time 
Computing shows you how to design the best 

•system for specific applications, effectively 
manage each system, and use sampled-data 
mathematics to design and analyze computer
controlled processes. It explains the use of 
multitask programming, multiple computer 
systems, and hierarchical configurations. 

t 
$39.50 CIRCLE 455 

\ 
\ 

ALGORITHMS FOR GRAPHICS 
AND IMAGE PROCESSING 
by Theo Pavlidis 

Technological developments over the past ten 
years have made computer graphics and image 
processing by computer popular. Contained in 
this book is an indepth treatment of pictorial 
information processing by computer, in
cluding computer graphics, computer image 
processing and pictorial pattern recognition. 
An ideal reference source fo r students, indus

.,trial employees and advanced hobbyist. 
Computer Science Press, 1982, 416 pages, ISBN 
0-9 1489465-X, $26.95 CIRCLE 457 

AREA-EFFICIENT VLSI 
COMPUTATION 
~by Charles E. Leiserson 

The microelectronics revolution has obliter
ated the traditional distinctions between hard
ware and so.ftware. The complexity of very 
large scale integrated (VLSI) circuits has 
become so great that each integrated circuit 
~hip is a complicated system. The award
winning research reported in this book shows 
how techniques of algorithm design, which are 
usually applied to software programs, can be 
applied directly to the design of VLSI systems. 
136 pages, 41 illus., S22.50 CIRCLE 459 

ALGORITHMIC PROGRAM 
DEBUGGING 
by Ehud Y. Shapiro 

This book formulates and explores a potentially 
productive new subarea of computer science 
that combines elements of programming lan
guages and environments, logic, and inductive 
inference. It devises a theoretical framework 
for program debugging and develops tech
niques that will partly mechanize this activity. 
In particular, it formalizes and validates algo
rithmic solutions to finding and then fixing 
program bugs. 
232 pages, 8 illus., S30.00 CIRCLE 458 

OPERATING SYSTEMS 
A Pragmatic Approach 
by Harry Katzan 

Computer pro Harry Katzan provides here 
authoritative coverage of the construction, 
functions, and terminology of operating 
systems. He fully explains such areas as 
dynamic loading and address translation, use 
of public and private storage, and virtual 
memory, data sets, and access methods. "A 
valuable addition to any computing library." 
374 pp, 6 x 9, SI0.95, February CIRCLE 456 

HOW TO ORDER: 

15-DA Y FREE EXAMINATION 

(U.S. AND CANADA ONLY) 
Simply circle the appropriate num
ber(s) on the Reader Inquiry Card at 
the back of this magazine. 
Your book will be sent to you for your 
15-day free trial . If you are satisfied, 
keep the book and an invoice will 
follow. Otherwise re turn the book by 
the end of the 15-day period, and owe 
nothing. 
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for rates and information 

LOW tMI AC DIP RELAY 
Teledyne's 645V meets FCC and VOE 
stds. Features 3.8 to 32V input and TTL 
logic compatibility , up to 1 amp switching 
at 2 50VRMS, back to back SCR output, 
low leakage current of 1 mA RMS, 
3750VRMS VOE level optical isolation, 
low insertion factor of ± 1.5V, high noise 
immunity, and virtually no switching tran
sients. $6 .35 ea for 5000 pcs . TELEDYNE 
RELAYS, 12525 Daphne Ave, Hawthorne, 
CA 90250. Tel : (213)777-0077 

CIRCLE 476 

WIREMASTER 

Whip your wire wrap 
and PC layout 
problems with 
WIREMASTER 

WIREMASTER is a software tool for design, 
layout, and assembly of hardware. Your 
schematic is fed to WIREMASTER, which 
produces network maps, cross-references, 
wire and parts lists, and debug checklists. 
CHANGEMASTER keeps track of fixes and 
updates. PLOTBOARD and PRINTBOARD 
give pictures of the layout. Post-processors 
for wirewrap machines available. Runs on 
8 and 16 bit CP/M, COOS, and MSDOS. $195. 

AFTERTHOUGHT ENGINEERING 7266 Court
ney Dr., San Diego, CA 92111 , (619) 279-2868. 
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68000 'VERSABUS'rM SUPER BOARD 
0 8,10, 12MHzOPERATION-NOWAIT 

STATES 
0 256K DUAL PORT RAM W/BYTE PARITY 
0 ON-BOARD OPTIONAL MMU 
0 64K ROM, 2 FLEXIBLE SERIAL PORTS, 
0 BUFFERED PARALLEL PORT, TIMERS, 

POWERFUL INTERRUPT STRUCTURE 
0 'SASI'™ BUS DISK/TAPE INTERFACE 
0 FULL VERSABUS IMPLEMENTATION 
0 RlJNS UNIX, ADA, PASCAL, CP/M 68K 
0 COMPLETE ST AND ALONE, OR MUL Tl -

PROCESSOR SYSTEM 
BRI, 748 Cascadilla St, Ithaca, NY 14850. 
Tel : (607)273-3300. 
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@~~~ ~~~ 
Maureen Sebastian 
(800)225-0556 
in MA 486-9501 

ZX-914 SINGLE BOARD MULTIBUS 
PROM PROGRAMMER 
Programs 2764s in 1.5 minutes ... up to 8 programmed 
and verified at the same time . Programs seria lly : up to 
four consecutive 2764 (SK x 81 EPAOMs. Utilizing Intel ' s 
" Intelligent Programming Algorithm " cuts PROM pro
gramming time to one-fifth for 2764s and 27128s. 
" SPLIT PROGRAMMING" separates odd and even bytes 
for 16-bit CPUs, including 8086, 801 86 , and 80286. 
ISIS-11 • , CP/M-80, CP/M-86 programming utilities are 
available now. RMX-86 • programming utility available 
soon . $850 with prepayment. 2 -4 week delivery. 
ZENDEX CORPORATION, 6644 Sierra Lane, Dublin CA 
94568. Order by phone, call : 141 51828-3000, TWX 
910 389 4009 . 
"ISIS, Multibus and RMX are trademarks of Intel Corp . 

CP/M is a trademark of Digital Research Inc. 
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A NEW AUDIENCE= 

MORE HOT SALES LEADS ... 
Computer Design's Hotline Action Cards 
are mailed to a special list of .65,000 
readers including the most recent inquirers 
to our new product editorial items . Rates 
start at $895 per card . If you run 2 or more 
cards in Computer Design's regular Direct 
Action Card Mailings your Hotline Card 
costs only $795.00 - A $100 saving! 
Closings : May 21, August 21 , October 21 . 
Contact Shirley Lessard , COMPUTER 
DESIGN, 11 9 Russell St, Littleton, MA 
01460. Tel : Toll Free (800)225-0556 . 
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At Approvals Consulting, we specialize in 
handling product submittals and providing 
~ffective design analysis for companies 
whose products require listing or recognition 
· oy Underwriters Laboratories. 

We'll help you to avoid the costly and time 
consuming mistakes often made by compa
nies attempting to obtain approval on thei r 
own. 

If you have any questions or would like to 
~scuss a specific product, contact us today. 

APPROVALS CONSUL TING COMPANY 
P.O. Box 286 • Huntington, N.Y. 11743 

516-423-2762 

CIRCLE 482 

LOW COST ADVERTISING 

You can market your products to over 
90,000 systems builders 

Hardware 
Software 
Services 
Consulting 

For only $595.00 your ad w ill be typeset, 
laid out, and appear in this space. Sales 
leads will automatically be sent to you as 
we receive them . 

Start today! Call Shirley Lessard for details 
on how to start a low cost advertising pro
gram . Your sales results wi ll tell you that it 
is the best decision you have ever made . 

COMPUTER DESIGN 
(800)225-0556 (Outside Mass) 
(617 )486-9501 

CIRCLE 485 

10809 STD BUS SINGLE CARD 
COMPUTER/CONTROLLER 
µses 6809 (E)MPU . Provides cost effective 
multicard capability-2K CMOS RAM may 
be battery backed (power fail / interrupt on 
board), sockets for 28 pin EPROM/EEPROM, 
RS232/423 serial 1/0, 32 lines parallel 1/0, 
4 timers . Other 10000 SERIES MICROCOM
PUTER MODULES include 10812 6502 
SCC/C, 10764 Universal Non-volatile 
Memory, 10701 Non-volatile RAM. Custom 

esign/mfg . to your requirments . Call today. 
"NTERPRISE SYSTEMS CORP, Box 698 
Dover, NH 03820 . Tel: (603) 742-7363. 
SINGLE CARD COMP/ CONTROLLER 

CIRCLE 488 

DATA INTERFACE ANALYZER 
ACCURATE DATACOMM TESTING IS 
EASY with new tri-state LED display of red, 
green and mixture (orange). The unique 
Model 700 EIA RS-232 Interface Analyzer 
utilizes tri-state LED ' s to clearly display 
polarity, activity, and validity of all key inter
face signals simultaneously . 24 mini
switches allow signal isolation and testing . 
Includes minipatchcords. Battery powered , 
ideal for computer room or field service use. 
On GSA schedule . Immediate delivery: Elec
tro Standards Laboratory, Inc., Box 9144, 
Providence, R.L 02940 (401) 943-1164. 

MAGNETIC SHIELDS & 
MATERIALS 

CIRCLE 483 

Magnetic shields for storage , photomulti
plier and cathode ray tubes , ESCA, auger 
spectrometers , special applications. 
Design, engineering, production services . 
Materials available in sheets or coils for 
forming your own shields. Also preserver 
cases for magnetic tape . Catalog, 
Designer's Reference MUSHIELD CORP, 
1 21 Madison St, Malden, MA 02148 . Tel: 
(6 17)321-4410. 

CIRCLE486 

ARRAY PROCESSORS.SINGLE BOARD 
Single board array processors for Multi 
bus* computers. Key features include : 
Dual Port Access-to both program and 
data memory; Speed-16 million opera
tions per second; Memory Mapped - 4k by 
48 bit program memory and BK by 24 bit 
data memory ; Standard Routines-for 
FFTs, PSDs, correlations , deconvolutions 
and digital filtering ; Versatile - other rou
tines may be developed using Marinco's 
MARASM assembler; lnterger and Full 
Floating Point operation . MARINCO COM
PUTER PRODUCTS, 11760 Sorrento 
Valley Rd , San Diego, CA 921 21 . Tel : 
(619)453-5203, TLX 69 -7901 . 
·1NTEL™ CIRCLE 489 

IV-1611 VMEbus 512K 
DYNAMIC RAM BOARD 

Maximum capacity and performance; 512K/2M Byte 
w/panty; 210 ns typ. read access; 250 ns typ. cycle 
time: 8, 16, 32 bit t ransfers; On-board Interleave; 
Transparent Refresh; $1795 (1-5). 

Full Line of VMEbus boards and systems - Develop
ment System w/Color Graphics, UNIX, CP/M 68K, 
Real-Time Executive, C, Fortran, Cobol, Basic: 
IV-1600 12.5 MHz SBC; EVERYTHING in VMEbus! 
Send for complete information. 

IRON I CS INCORPORATED 
11 7 Ea stern Hts. Drive P.O. Box 35 6 CIRCLE 

484 Ithaca , NY 148_5Q___ __ l6071277 -4060 

THE $49.00 LINE DRIVER! 
NOW AT A GREATLY REDUCED PRICE 
The Bo-Sherrel M-3 Asynchronous Line 
Driver provides full duplex Data Transmis
sion over regular 4-wire lines. It is end-to-end 
compatib le with our new M -1 A Short Haul 
Modem, but requires power from the at
tached terminal. CONTACT: BO-SHERREL 
COMPANY, 36133 Niles Blvd , Fremont, CA 
94536. Tel : (41 5) 792-0354. Quantity dis
counts available. CIRCLE 487 

COMPUTER ~ FAST J DESIGN'S EFFECTIVE 

Direct Action ----POSTAL MAILERS ---= -
LOW COST POSTCARD MAILINGS 
Here' s a way for your company to test 
new product acceptance, offer catalogs , 
find new applications , or support ongoing 
product lines. Computer Design 's POSTAL 
MAILERS go to our 74,000 domestic sub-
scribers 4 times each year . Rates start at 
$995 per card and go down with fre -
quency . Next closing December 21, 1983. 
Contac t Shirl ey Lessard , COMPUTER 
DESIGN , 119 Russe ll St , Littleton , MA 
01460 . Tel : Toll Free (800)225-0556 . 

CIRCLE 490 
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If it 
Wasn't 

Important, 
We Wouldn't 

Ask You 
to Do It 

Every year, Computer Design 's 90,000 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 immediate, 
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 DESIDI 
PennWell Publishing Company, 
Advanced Technology Group 
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