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Make Short Work 
of Long Problems 

with a Single Board 
from Afarinco 

Now you can solve complex math- It can be ordered with standard al- And for such industrial tasks as 
ematical problems in seconds, not in gorithms in PROM. Or as a program- vibration analysis and power tran
minutes. The Marinco APB-3024 ar- mable version with RAM in program sient monitoring and well logging. 
ray processor achieves speeds up to memory. Yet the price is only $4250. (Quan-

8 million operations per second. And And behind this new array pro- tity discounts available.) 
it leaves the host computer free for cessor is a staff of engineers and pro- If numbers have you in a crunch, 
other important work. grammers that offer, as needed, com- call us. We 'II show you how to make 

The array processor plugs directly prehensive hardware and software short work of long problems. 
into your Multibus. Without fuss. And support. 
takes up only a single slot. The APB-3024 is fast enough for 

To the host, it looks like 64K of ex- real-time analysis, versatile enough 
tra memory. With memory mapping, to handle almost any algorithm and 

it's easy to access. simple enough to talk with easily. Specifications: 
The processor has both fixed point Which is why the processor is in Program memory 2K X 48 bit word 

and full floating point capabilities. demand for military applications Data memory expandable BK X 24 
Data flows to and from the board ei- such as radar processing, simulation bit word Data word 24 bits long, 8-bit 
ther through dual port memory or and C3 analysis. exponent, 16-bit mantissa Maximum 
through the auxiliary high speed I I 0 For commercial uses such as im- Power Required 25 watts Standard 
port. Cycle stealing and simul- age processing, financial analysis, Routines fast fourier transform, 
taneous access of data can also be computer aided design and geo- power spectral density, inverse FFT, 
accomplished. physical analysis. auto correlation and FIR digital filter 

Trademark: Multlbua. Intel 
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Save your customers time, 
space, and money with X ff 
data cartridges. 
When 3M invented the Xff 
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 ff recorded data cartridges 
across most major manufac
turers' X ff drive systems. 



This means concerns about 
compatibility are diminishing. 

The logical choice. 
The ~ 11 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 ~ 11 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 
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20 major capabilities 
together for tlie first time 

on a single SMD controller! 

. • Data capacity 
figuration 

Switch selectable auto-co~ed •TRUE SMD interface 
:pto 1,024gigabytes (forma . jrs) -;Eiliulates RM02, 
(standard drivers and re~e1: Mixes emulation modes 
RM03, RM05, R.K06, RK~roller • Compatible with all 
on a single Unibus con s--OEC and others (uses 
major Operating System uired) • DEC diag-

d . rs no patches req "d t 
standard nve - . t buffering (no a a 

'bl • Disk sec or 
nostic compat1 e . If-test upon power up 

") • Automatic se . 
lates • OMA throttle - no inter-
• Built-in bootstrap loader . •TRUE 

. 16 18 22 - bit addressing 
leaving reqwred . • .. , •• TRUE DEC ECC/CRC 
media compat1b11tty 
implementation • Multiple word size block tran~fer 
• Up to four physical drives per controller • Up to e1g~t 
logical drives per controller • Stand~rd DEC m~d1a 
defect flagging • Standard DEC device addressing, 
interrupt priority and interrupt vectoring-others can be 
user selectable • Maximizes disk data transfer rate for 
any bus band width (grows with technology) 

Sometime a picture isn't 
as good as 10,000 words. 

MIJn I THE WORLD 'S LARGEST I 1 I IJ INDEPENDENT MANUFACTURER 

SYSTEMS INC. OF COMPUTER INTERFACES. 

GSA #GSOOK8401 S5502 

Write 4 for LSl-11 ; Write 6 for PDP-11 

Corporate Headquarters 
1995 N. Batavia St, Box 5508, Orange, CA 92267-0508 
714-998-6900 TWX 910-593-1339 FAX 714-637-4060 
MOB Systems, U.K., L TO./Tel. (06286)(67377) 
MOB Systems Europe, lnc./Tel. (41 )(22)(367697) 
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· Together 
for the first time. 

IBM-PC 
68000 
PDP-11 

VAX 
UNIX 

MS-DOS 
VMS 

3COM 
INTERLAN 

CMC 
XNS 

TM 

We've kept the promise of Ethernet. 
With Fusion network software, 

with exceptional performance 
and compact code size. 

you can now mix a variety of pro
cessors, operating systems, and 
local area network vendors' hard
ware. All on the same Ethernet 
cable . File transfer, remote pro
gram execution, remote login 
and a wealth of network utilities 

FUSIO~~ is a trademark of Network Research 
Corporation 

Unix is a trademark of Bell Laboratories 
Ethernet is a trademark of Xerox Corporation 
VAX, PDP- 11 and VMS are trademarks of Digital 

Equipment Corporation 
MS-DOS is a trademark of M icrosoft Corporation 

If you are looking for THE 
Ethernet software solution, contact : 

Kyle Todd 
Network Research Corporation 
Dept: 03140 
1964 Westwood Blvd 
Los Angeles, CA 90025 
(213) 474-7717 EXT: 314 

Network 
Research 
Corporation 
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This Lundy has an all-pervasive 
breath-takingly beautiful 4097th color. 

Ifs called high resolution. 
Lundy's T5484 Color Raster Graphics Tenninals have the highest color resolution available. 

Think of that resolution as a Super Hue-a 4097th color-that mixes with all other 4096 colors 
to make each as sharp as you've ever seen. 

Our 5480 Series of colo r raster termi
nals and workstations aren't the only 
ones with 4096 colo rs. But the colors 
have never looked so good. Because 
reso lution has neve r been highe r. 

New standards. 
The 1536 x 1024 pixe ls set a new 

standard fo r displayable resolution. 
Raster staircasing is significantly reduced 
without the complexity of anti-aliasing. 

But new standards don't stop with 
highest resolution. Areas are filled vir
tually instantaneously so the 5480 Series 
also sets a new standard for po lygon fill. 

Vector generation sets a new standard, 
too. The time lapse between the mo
ment you draw until the picture is 
generated is as much as 50 percent 
faster than many others. 

Enemy of obsolescence. 
You shouldn 't be forced to ditch 

programs in place when you buy a new 
te rminal. Fo r that reason, standard with 
all 5000 Se ries mode ls is a Tektronix 

Lundy's '5484 color raster desig n u •o rksta t ion. 

4010 or 4014 Emulato r with mixed-mode 
software switch for enhancing existing 
programs with color-native protocol. 

Current!); our terminals can be driven 
by many of the leading software prod
ucts. And the list is growing rapidly 
Because Lundy is committed to an ag
gressive third-party software develop-

ment program to provide the most 
comprehensive application packages. 

Lundy will help you 
see more in graphics. 

Whe n you look at our 5480 Series, 
take a close look at Lundy, too. We're a 
company thats as good as its products. 

A company that balances high tech 
with solid business sense. 

A company as proud of its service 
(one of the largest service organizations 
in the industry-39 locations nation
wide) as its engineering expertise. 

A company you can count on to help 
you see more in graphics-and get 
more out of graphics-both now and in 
the long te rm. 

Fo r more info rmation, write 
Lundy, Glen Head, New York 11545, 
or call : (516) 671-9000. 

7hc L1 111d1· ')688 ch'fllt11·s .2)6 bi!!,h rcso/111io11 co/01x c11a1i111c. l ·scr do11 ·11 /oaduhle cham c1er fo111s: pro!!,ram mu/J/e character sizes. 
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SCANBE. THE 
BEST CHOICE. 

MULTIBUS® card Cages 

Low noise backplanes, local distributor stock and a wide 
selection of 4 through 26-slot versions make Scanbe's MICRO
FILE '" family the better choice for MULTIBUS® card cages. 
And only MICRO-FILES offer Deep-Track'" card guides. There 
are other features too: rugged, lightweight aluminum con
struction; attractive black anodized finish: compact size; 
unparalleled quality; and Scanbe's unsurpassed experience 
in card cage design and manufacture. Available with or with
out backplanes, optional Parallel Priority Resolution Circuitry, 
and custom design capability all make Scanbe ... the better 
choice for MULTIBUS® card cages. 

Scanbe, Division of Zero Corporation, 3445 Fletcher Avenue, 
P.O. Box 4159, El Monte, CA 91731, Phone 12131 579-2300, 
TWX: (910l 587-3437 

LEADERS IN PACKAGING TECHNOLOGY 
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l];n us your thoughts Digital Design is your 
forum - your inputs 
help keep the magazine 
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interesting and vital to 
the design community. So let us know how we · re doing and how we can serve 
you better in the future . We want to know what you like or d1sl1ke about Digital 
Design, the subiects you d like to see us address. how you fee l about the 
problems you face every day as design professionals . 

If you have thoughts your peers should know about . put them 1n a letter 1n 
Digital Design. Have your say 1n your magaz1ne1 Send letters and comments to 
Ec1tor. D1g1tal Design, 1050 Commonwealth Ave .. Boston. MA 02215 . 

Digital Design 
EDITORIAL AND SALES OFFICES 
Digital Design 
1050 Commonwealth Avenue 
Boston, MA 02215 
Telephone: (617) 232-5470 

....,.. MORGAN-GRAMPIAN 
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02215, (617) 232-5470. Brian Rowbotham, 
Chairman ; Ronald W. Evans, President ; 
Charles Benz, H. G. Buchbinder, Robert 
Poggi , Vice Presidents. 

EXPOSITIONS GROUP 
Morgan-Grampian Expositions Group, 2 
Park Avenue, New York, NY 10016 (212) 
340-9700. 

The following is a list of conferences spon
sored by the Expositions Group: 
ATE West CADCON East 
CADCON West ATE Central 
ATE Northwest CADCON Central 
ATE East 
In addition to Digital Design , Morgan-Gram
pian publishes the following in the United 
States: Circuits Manufacturing • Electronic 
Imaging • Electronics Test • Computer & 
Electronics Marketing 
Morgan-Grampian also publishes the fol
lowing in the United Kingdom: Electronic 
Engineering • Control & Instrumentation 
• Electronics Times • What's New in 
Electronics • What 's New in Computing • 
Business Computing and Communica
tions. 
DIGITAL DESIGN serves the manufacturers of 
computer-related OEM products. This includes 
primary computer and systems manufacturers. 
systems integrators. components and peripheral 
manufacturers. integrating OEM's and commercia l 
end users. These companies manufacture prod
ucts used to control machinery. equipment and in
formation in manufacturing. material processing. 
machine tools. packaging . health care. defense. 
data processing. communications. instrumenta
tion . and scientific and business operations. 

~ADP WBPA 
SUBSCRIPTION POLICY 

DIGITAL DESfGN is circulated only to qualified re
search. development and design engineers and 
engineering managers primarily responsible for 
computer products and systems in OEM plants. To 
obtain a complimentary subscription. request (on 
company letterhead) a qualification card from Cir
culation Director. For change of address. attach 
old address label from recent issue to new com
pany letterhead or note. Send this plus request for 
new qualification card to : 

Circulation Department 
DIGITAL DESIGN 

Berkshire Common 
Pittsfield . MA 01201 

Subscription rates : non-qualified subscribers (US 
and Canada) - $35 yr : foreign - surface mai l -
$45: air mail - $70. Single copies - $4 . 

DIGITAL DESIGN solicits editorial material and ar
ticles from engineers and sc ientists. Contributors 
should submit duplicate manuscripts typed with 
two spaces between lines. All illustrations should 
be clear: components on all schematics and line 
drawings should be labeled . The editors assume 
no responsibility for the safety or return of any un
solicted manuscripts. 
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Put powerful instrument control_..., .• 
at your fingertips. 

The new Fluke 1722A Instru
ment Controller combines the 
computational ability and inter
facing flexibility you need with 
the rugged packaging and easy
to-use human interface your fac
tory demands. All at a new, low 
price. Now you can integrate your 
next factory test, process control 
or OEM system faster and put 
your people to work sooner. 

The power of the 1722A is a 16-

bit single-board computer with 
136K bytes of main memory. Its 
12 MHz speed puts it in the same 
class as many minicomputers. 
Four programming languages are 
available to simplify program
ming,including Interpreted and 
Compiled BASIC, FORTRAN and 
Assembly. Each includes special 
adaptations for controlling IEEE-
488-compatible programmable 
instrumentation. And if you 

already own a 1720A Instrument 
Controller, you can run existing 
software on the 1722A-without 
modification. 

The modular mainframe easily 
mounts in a standard 19 inch rack 
and allows you to configure the 
interfaces and memory to your 
exact needs. The IEEE-488 (1980) 
and RS-232-C interfaces can be 
expanded with an optional IEEE-
488 and RS-232-C interface card, 
parallel interface card or dual 
serial interface card. Onboard 
memory is expandable to 2.6M 
bytes with RAM cards or 1.4M 
bytes with bubble memory. 

The 1722A's touch-sensitive 
display dramatically simplifies 
system operation. Once pro
grammed, your system can be 
operated entirely from the CRT. 
The 1722A displays only the per
tinent options, allowing you to 
structure the user's response to 
a system. This helps reduce mis
takes and increase throughput. 

The 1722A is priced at $7 450 
(U.S. list), including BASIC Inter
preter, documentation and a lim
ited one-year factory warranty. So 
get in touch with your local Fluke 
Sales Engineer or Representative. 
Or call us toll free at 800-426-0361 
for more information. 
IN THE U.S. AN D NON· 
EUROPEAN COUNTRIES: IN EUROPE: 
John Fluke Mfg. Co., Inc. Fluke (Holland) B.V. 
P. O. Box C9090, MIS 250C P.O. Box 5053, 5004 EB 
Everett, WA 98206 Tilburg, The Nethe rl ands 
!206) 356-5400, Ti x: 152662 (013) 673973, Tix: 52237 

IFLUKEI ====® 

Use the neu· graphics 
capability of our 16-line. 
BO-character touch-sensi
tive display to create more 
effective operator prompts. 

Copyri ght 1983, J ohn Fl uke Mfg. Co., Inc. 
All rights reserved . 
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EDITOR'S 
COMMENT 

During recent months there has been tremendous 
movement within the world of computer and elec

tronics manufacturers . The recent collapse of Osborne 
Computers in Santa Clara has brought home many pre
dictions about the imminent shakeout of the personal 
computer industry. The recurrent losses of several com
puter firms may indicate that other closings are soon to 
follow. At the same time, history repeats itself as larger 
manufacturers of computers such as IBM and Hewlett
Packard work to consolidate their market position and 
begin the war for percentage points of their ~o~peti
tors ' sales. The rapid rise of IBM to leadership m the 
personal computer industry has made the PC impor
tant to the long term health of the company, rather 
than just being another successful product. With aU of 
the wisdom of hindsight we can see that IBM's maior 
reorganization in 1980 has had profound effects upon 
its ability to compete . The likely secondary benefits to 
IBM from the PC should be considered in light of new 
products offered for the computer by others. IBM has 
shown the willingness to use outside sources for exper
tise or technology that it may not have the time to de
velop internally. By design or by chance the impact of 
the PC provides the company with access to the means 
to move ahead of the growth curve in the remarkably 
volatile market of small computers. 

Digital Equipment Corporation recently held "DEC
TOWN" at the Hynes Auditorium in Boston , this ap
parently the result of the recent reorganization of the 
company and indicative that it re~ognizes the ~eed for 
more responsive marketing plans m changmg times . 

Events such as this may show that while the larger 
computer firms have relatively slow moving organiza
tions, what was once perceived as a hindrance to com
petition in new technology does have its advantages . 
In light of Pioneer Osborne, we might conclude that 
the advantage is not always to the first entry. The eco
nomic success of a small manufacturer of computers 
may be dependent upon narrowly focussed technical 
expertise. where a firm the size of IBM is in the oppo
site position. Events within the marketplace also have 
less affect upon managers at larger corporations. DEC 
notwithstanding. Rather, these companies are able to 
benefit in times of adversity, refining their approach in 
response to events . 

One of the most evident trends in response to both 
market changes and rate of change is apparent in the 
growing number of cooperative develop~~nts of te~h
nology. Chairmen and Presidents are wtllmg to relin
quish the "not invented here " approach and openly ad
mit that technology is so complex that no one 
company can hope to accomplish everything. C_ontrol 
Data Corporation is a pioneer in the orga111zat1on _of 
technology consortia, indeed it was the effort of Chair
man Norris that lead to the foundation of the Micro 
Electronics & Computing Consortium . CDC has had 
several successful experiences in the area over the last 
years . Sharing development costs for new technology 
reduces both capital outlay and the dependence of par-
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Jerry Borrell and William N. Stout, President, Lundy. 

ticipants on third parties which a system integrat~r 
may have little control. IBM's flexibility has allowed 1t 
to take part in these movements as well , perhaps best 
represented by its acquisition of significant shares of 
stock from ROLM and Intel Corporations. NCR 
which integrates several products in its sytems has simi
larly acquired a portion of its suppliers' stock, notably 
Convergent Technologies. 

New areas of technology continue to be developed 
and announced , but once set into production success 
brings immediate emulation. 

One area currently with a robust profile is that of 
the computer workstation . As one developer terms _the 
growing attitude "JAWS" amongst system us_ers , "Just 
another workstation" . The number of graphic related 
workstations for PC design, IC Design, general engi
neering applications , graphics arts , and office applica
tions is proliferating-and is the subject of an article m 
the December Digital Design. While we might be 
tempted to draw further parallels from the small com
puter marketplace for the currently ebullient worksta
tion market, the Editors of Digital Design have had 
ample opportunity to observe the uses to which these 
systems are being put. The basis for success of many 
workstation products is tied to the expanding market 
for system components as represented by the areas of 
bus technolooies Digital Design has covered through
out the year7 S-100, VME, Versabus . Multibus , 0-
Bus , Unibus and others . The success of the secondary 
suppliers is limited only by their ability to react_ to new 
semiconductor products, and therefore to rap1d1ty of 
design-the very market towards which the worksta
tions are directed. 

In summary, I see a healthy development continuing, 
despite possible Wall Street perceptions of what might 
become a "general shakeout" of the computer industry. 

Jerry Borrell 
Editor-in-Chief 
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NEED A HIGH PERFORMANCE 
CMOS GATE ARRAY IN A 

HURRY? HOW ABOUT 
6 WEEKS*FROM TODAY! 

YOUR INPUTS 

are shipped to you-air ex
press, if necessary. 

We specialize in fast turn
around. We have to. Most of 
our customers are in com
puters or peripherals. Fast
breaking markets with nar
row windows. Our 6-week 
design cycle helps them hit 
these windows. Here's how 
we do it. 

~ YOUR SAMPLES 

From engineering draw
ings to silicon in 6 weeks. 
That's the kind of service 
that can help you beat your 
toughest competition into 
the marketplace. It's the dif-

Weeks 1 and 2-We computer-capture your sche
matic and create a net list. Next, we run complete logic 
and circuit simulations. Any problems are noted , dis
cussed with you, and fixed . Then , we start developing 
the test program. 

Week 3-Using computer assistance, we place and 
route your circuit. All functions are implemented with 
standard precharacterized macrocells. 

Week4-Weverifythecircuitdesign . Engineering 
and design rules are checked. Any violations are re
paired. Then, the IC layout is verified against the net list. 
This guarantees the actual silicon will be error free. 

Week 5-We generate PG tapes and convert them 
to masks. Test program development is completed . 

Week 6-Your wafers are personalized and die 
sorted . Good dice are packaged in our prototype shop 
and retested. Then, 10 functional engineering samples 

ference between winning 
and losing . First prize versus the booby prize. 

The Products-At Universal , you have a choice of 
two technologies. Choose our fast IS0-5 process for 
toggle rates to 25M Hz. If you need more speed, our ul
trafast IS0-3 process can take you to 40 MHz. Eighteen 
different arrays, ranging in size from 180to 2400 gates, 
are available. Chances are, there's an array to fit your 
circuit perfectly. Also, we offer a complete assortment 
of packages including leaded plastic ch ip carriers. 

Our Philosophy-Service is our business. Your 
problems are our problems. You 're more than a cus
tomer to us-you're a partner. Your success will be our 
success and we know it. 

Give Universal a try! Call us at (408) 279-2830 today. 
Or contact us at Universal Semiconductor Inc., 1925 
lanker Road , San Jose, California 95112 . 
TWX 910 338 7617. 

UNIVERSAL SEMICONDUCTOR INC. 
The Fastest CMOS in the West!™ 

·soo gate complexity. 1925 Zanker Road, San Jose, CA 9511 2 (408) 279-2830 © 1983 Universal Semiconductor Inc. 
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NEWS 
UPDATE 
Level II COBOL for 
UNIX Market 
Cadmus Computer Systems (Low
ell , MA) , and Micro Focus Inc ., 
(Palo Alto, CA) have completed a 
joint development effort to place 
mainframe COBOL capabilities on 
high-performance, 68000-based su
perm icrocom pu ters and worksta
tions. The LEVEL II COBAL com
piler and Micro Focus VISUAL 
PROGRAMMING tools are the 
first application software packages 
ported to Cadmus 68000-UNIX 
based 9000 Series of high-perfor
mance systems and workstations. 
The software is the first outside-de
veloped software to be ported to 
the UNIX-based Cadmus 9000 
and the port connects Micro Focus 
software to the Cadmus Q-bus , 
which enhances existing compatibil
ity with Digital Equipment Corp. 's 
YAX and PDP-11 minicomputers. 

FAA Awards Design Contracts 
As part of a program to replace the 
air traffic control computers used in 
the air route control centers , the 
Federal Aviation Administration 
has awarded two design contracts 
valued at $76 million to IBM and 
Sperry Corp . The nearly two-year 
long competition phase will end 
when the FAA selects one of the 
two systems to replace the IBM 
9020 computer which is currently 
used by the FAA . The FAA placed 
the IBM contract at $40 .5 million 
and Sperry 's at $35.6 million. 

Smart Card 
Intelmatique , the international mar
keting arm of the French telecom
m un ica tions administration . an
nounced that the French Ministry 
of Post and Telecommunications 
will issue one and a half million 
Multi-Service Smart Cards in 1984. 
The smart card, which is plastic and 
the size and shape of a credit card. 
has one or more embedded micro
circuit chips which are programma
ble and intelligent, with memory 
storage capabilities . The card will 
be used in a variety of consumer 
service applications. The present 
smart card point-of-sale trials in the 
cities of Blois, Caen , and Lyon are 
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being conducted by the Post Office , 
French banks , and the telecommuni
cations authority of the Common 
Economic Interest Group (GIE) . 

Marketing Peripherals 
The Peripherals Marketing Associ
ation was recently formed to ad
dress the marketing concerns of 
manufacturers of computer periph
eral equipment. The newly formed 
PMA is designed to be an effective 
tool in responding to common mar
keting interests, such as industry 
standards, sales channels , trade 
shows and government regulations . 
Membership includes over 20 com
panies who manufacture disk 
drives , tape drives , printers , termi
nals, controllers and/or other pe
ripheral devices . For more infor
mation on membership and the 
upcoming meetings, please contact: 
Joseph Sheppard , President , Xico, 
lnc., 120 Ocean Way, Santa Moni
ca , CA 90403 , (213) 459-1044. 

Systems Link Via 
Remote Line Printer 
Digital Associates Corporation an
nounced the availability of an inter
face for a wide variety of computer 
systems with the Xerox 2700 laser 
printer. Using its Remote Line 
Printer System (RLPS) , Digital As
sociates has engineered a solution 
to the problem of placing a 12-
page-per-minute Xerox 2700 laser 
printer in a location remote from a 
user 's host computer. By providing 
both remote and local plug compati
libity for the 2700 with many sys
tems , including those manufac
tured by Digital Equipment Corpor
ation , D ata General, Hewlett
Packard, Prime , Tandem and IBM , 
more users will be allowed to take 
advantage of the 2700's unique 
print capabilities in an increasing 
range of environments , chiefly in 
the office environment. 

Orcatech Contracts 
With Market Vision 
Orcatech Inc. , a manufacturer of 
computer graphics workstations an
nounced the signing of an estimat
ed $10 million (CON) agreement 
with Market Vision of New York , 

N. Y. for the supply of graphic com
puters to be used in commodity fu
tures information system. The ter
minals will form the base for a 
sophisticated commodity futures in
formation system used by brokers 
and traders to display time vari
ations and statistical analysis of 
trading occurring on various U.S . 
commodity exchanges. 

Graphics Merger 
Mentor Graphics Corp. and Cali
fornia Automated Design Inc. 
(CADI) announced that they have 
agreed to merge , under which 
terms, Mentor Graphics and CADI 
will form a joint company which 
will be called Mentor-CADT in the 
United States . Mentor-CAD! will 
offer turnkey, CAE and CAD sys
tems on both engineering worksta
tions and host computers . The 
move is expected to strengthen 
Mentor 's and CAD I's position as de
velopers of computer-aided engi
neering (CAE) workstations, and 
CAD systems, respectively. 

p-Systems Licences 
SofTech Microsystems recently 
signed over $1 million in new li
censes with five major microcom
puter manufacturers , including Ep
son , NCR, Olivetti , Wang and 
Zenith. The contracts award the 
manufacturers the right to distrib
ute the p-System , a microcomputer 
operating system. The irite.ractive 
p-System will be an important sys
tems software component for each 
of these manufacturers: Epson 
America , Inc. licensed the p-Sys
tem for their QX-10 personal com
puter ; NCR Corp. will offer the p
System as well as compilers for 
UCSD Pascal, FORTRAN-77 and 
BASIC; Olivetti plans to market 
the p-System , as well as UCSD Pas
cal and FORTRAN-77 , on their 
new M20 business microcomputer 
in both the domestic and the Euro
pean markets; Wang will offer the 
p-System on its 8086-based Profes
sional Computer ; and Zenith will 
also distribute the p-System for its 
8086/8088-based ZlOO with hard 
disk support. 
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• mamp tions 

in secon&,not hours. 
Wttb Mini-MAR:.The Array Processor 

for The Graphics OEM 

For tough image processing 
problems like pixel rotation, 
'picture regeneration, or hid
den line removal from wire 
frame models, Mini-MAP 

is available for Mini-MAP. 
For optimum performance, 
high-level FORTRAN 
control languages are 
provided for both the host 
and Mini-MAP. gets results in seconds, not 

hours. Attach a Mini-MAP, 
model MM-111, to a PDP-11 
UNIBUS and you have an 
interactive number cruncher 
that is ideal for image processing, 
CAD/CAM, solid modeling, 

Courtesy of Al Barr, Raster Technologies, Inc 

Memory is expandable up to 
16 MBytes. Configurations 
include a four-board set with 
DEC-type backplane or 
fully packaged systems. 

simulation, and animation. 
Shared memory simplifies programming and 
provides the unprecedented throughput necessary 
for truly interactive image processing of complex 
algorithms. 32-bit floating point arithmetic, along 
with 7 MFLOPS of number crunching power, adapts 
to any input data format with ease. 

System integrators are finding Mini-MAP is the most 
cost-effective number crunching solution for image 
manipulation. Write for information or call toll-free 
1 800 325-3110 for applications assistance. 

• 32-bit floating point precision 
• Shared memory UNIBUS interface 
• 150 FORTRAN callable arithmetic routines 
• Up to 16 MBytes of memory 
• 1024 x 1024 2-D real FFT in 8.8 seconds 
• 1280 x 1024 4-color image rotation (Raster Scan 

Storage Format) in 2 7. 5 seconds. 
DEC, PDP-11 , and UN IBUS are trademarks of Digita l Equipment Corp. 
Mini -MAP and MM -111 are trademarks ofCS PI 

CBPI 
THE ARRAY PROCESSORS 

40 Linnell Circle, Billerica, Massachusetts 01821•617/272-6020 • TWX: 710-347-0176 
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WASHINGTON 
REPORT 
by Anne A. Armstrong 

Selling computers and data pro
cessing equipment to the federal 
government will be faster and less 
complicated this fall thanks to a 
new ruling from the General Ser
vices Administration which raises 
the amount agencies can spend 
without prior GSA approval. Pre
vious regulations were designed 
for larg; centralized equip;nent 
systems; procedures were com
plex and ill-suited for dealing with 
the surge of agency requests for 
smal ler end-user systems. 

Under the new system the 
threshold for blanket GSA delega
tion of procurement authority has 
been raised sign ifi cantly across the 
board (Figure l ). Another change 
is the way the cost of different sys
tems is measured- under $25.000. 
a decision can be based on the 
lowest offered price rather than 
on the life-cycle cost. 

Old Spending New Spending 
Item Threshold Threshold 

ADP equipment 
purchase. competitive 5500.000 2.500.000 
annual rental. competitive 150.000 1.000.000 
purchase. sole source 50.000 250.000 
annual rental. sole source 18.000 100.000 

Software 
competitive $100.000 1.000.000 
sole source 50.000 100.000 

Maintenance 
compet1t1ve $200.000 1.000.000 
sole source 50.000 100.000 

Commercial ADP services 
competitive 5300.000 2.000.000 
sole source 50.000 200.000 

Figure I : GS!\ Proc11re111e111 Spending 

For observers who follow GSA. 
the most dramatic change in the 
new regulation is the shift from 
precontract to postcontract re
view ... Agencies will be held re
sponsible for their purchases. but 
they do not need prior approval 
to spend money ... said Robert Dor
nan. program director of Interna
tional Data Corporation's procure
ment information management 
service. " It represents a change in 
management philosoph y to give 
agencies more autonomy. 

Within GSA. officials acknowl-
edge that the change was prompt
ed not only by philosophy. but 
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also by GSA's diminishing staff. 
"We decided our limited resources 
could be better spent on the larger 
contracts ." said one GSA exec
utive . 

To check up on the use of this 
higher blanket authority. GSA 
plans to send special teams 
around to the agencies to conduct 
reviews similar to those of Inspec
tor Generals · offices or the Gener
al Accounting Office. Agencies 
that do not u~e their new ~ power 
well will find their purchasing 
authority reduced . 

Telecommunications Tangle 

It's a sign of the times that press 
kits handed out to reporters at the 
Federal Computer Conference hy 
AT&T contained business cards 
with the name American Bell 
scratched out and AT&T Informa
tion Systems scribbled in. The 
loss of the Bell name for its unreg
ulated subsidiary was the latest 
modification made by Judge Har
old H . Greene to the divestiture 
agreement under which AT&Twill 
spin off its local companies and 
set up an independent subsidiary 
to market information systems. 

The divestiture and the issues it 
raises are driving most telecom
munications activity in Washing
ton current ly. The loss of the Bell 
name was only one skirmish. Al
though AT&T chairman Charles 
Brown said his company was sor
ry to lose the name and bell logo . 
he said they had decided not to 
fight the decision because "we do 
not want to continue with the un
certainty that has dOl!l!Cd us over 
the last 'decade. .. ~~ 

For everyone else in the world 
of telecommunications . the big is
sue is access charges-how much 
should inter-city carriers be charged 
for hooking up to the local phone 
system and should business users 
carry the burden for residential us
ers. The Federal Communications 
Commission has stepped into the 
middle of thi s battle. Judge 
Greene blasted the commiss i ~rn 
verbally and Congress rcsronded 
with no less than 15 bills aimed at 
guaranteeing universal phone se r-

I '• . 

vice and reducing the financial 
burden on individuals. 

What concerns most businesses 
more than the FCC ruling is the 
threat of some new legislation 
that will completely change the 
rules. Most telecommunications 
providers and users would rather 
live with the current si tuation than 
deal with the uncertainty of Con
gress making some sweeping 
change at the last minute. 

Lobbying to table any new legis
lation is intense. The American 
Council for Competitive Telecom
munications (ACCT) has urged 
Congress to "slow down the steam 
roller and get the facts before 
acti ng." ACCT charges that the 
new bills would hobble the tele
communications industry. penalize 
efficient compan ies. reward ineffi
cient companies , raise all telecom
munications costs, and give too 
much power to state regulators. 

The Computer and Business 
Equipment Manufacturers Associ
ation (CBEMA) has also entered 
the fray with a new analysis re
port of the entire issue ... Pcrspec
t ivc on Universal Service Legisla
tion ... CBEMA opposes the idea 
of subsidies to large groups or indi
viduals contained in most of the 
new bills . "They (the new bills) 
could stitlc competition and tech
nological advances in telecom
munications ... says Vien Henri
ques . CBEMA president. 

Meanwhile . on Capitol Hill. an 
early fall markup was expected by 
the Senate Commerce Committee 
on bills guaranteeing universal ser
vice and low costs. includinl! Sen. 
Robe rt Packwood's bill S. ~ 1160. 
and H. R. 3621. introduced by 
Reps . John Dingell and Timothy 
Wirth. How far the bills get after 
that will depend on the pressure 
applied to Congress by the var
ious interest groups. If the mem
be rs do not sense a large constitu
ent reaction to higher phone costs. 
they arc likel y to let the legisla
tion flounder. The pressure ap
rli ed by an almost united business 
community demanding a halt to 
the rule-changing will be hard to 
resist. 
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The logical switch to color has 
never cost less. Now you can get 
immediate delivery on an lntecolor 
2405D single evaluation unit at the 
special 10th Anniversary price of 
$995 (U.S. domestic only). 

You'll have the advantage of 
vector graphics on an 80 column by 
24 line screen, without sacrificing 
the most important capabilities you 
want from DEC's VT100/131 or 
VT220 terminals. Plus, the 2405D's 
eight colors convey more informa
tion, more quickly and with greater 
comprehension than VT100/131's 
monochrome. 

Our ANSI X3.64 terminal has all the VTl00/131 
and VT220 features you'll ever need in a 
conversational terminal. Plus eight colors and 
vector graphics. Available now. 

ANSI X3.64 compatibility. The 
2405D is the ideal replacement or 
add-on terminal. Highly compatible 
with VT100/131/220 and numerous 
other ANSI X3.64 terminals, the 
2405D is easily integrated into any 
ANSI X3.64 environment. It includes 
ASCII codes and a VT52 mode. The 
2405D is also compatible with lnte
color's 2427 bit-mapped color 
graphics terminal. 

With all the features you need. 
Terminal based vector graphics. 
Data transmission baud rates from 

50 to 19,200. English language 
menu set-up mode. Non-volatile 
set-up memory. Two full pages of 
screen RAM. In-line CRT. Auto 
degaussing. Powerful, 6MHz 8085 
CPU with four hardware interrupts. 
Detached keyboard. Our 10th 
Anniversary $995 offer includes 12 
function keys (with 36 program
mable functions), normally optional. 
Another 12 keys are optionally avail
able for $100. Shipment less than 
30 days after acceptance of order. 

Plus lntecolor Quality. Since 1973, 
lntecolor has been a pioneer in high 
quality color graphics terminals for 
industrial/scientific markets. And we 
are continually setting new stan
dards of reliability. 

10th Anniversary price good 
through 1/31/84. After that, our 
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regular single-piece price of $1295 
(100 piece: $1075) goes into effect, 
and the first 12 function keys are 
$95 with a total cost of $1390. Save 
$395 by acting now! Take full advan
tage of the color, vector graphics 
and ANSI X3.64 compatibility of the 
lntecolor 2405D at this special price. 

For the name of the distributor or 
sales representative in your area, or 
for complete specs, ask about our 
10th Anniversary $995 special: 
Call 1-800-241-7595. 

U lntecolor 
AN INTELLIGENT SYSTEMS COMPANY 

lntecolor Drive, 225 Technology Park. 
Norcross, GA 30092. TWX 810-766-1581 



A Masterpiece in design, 
performance and reliability ... 

with 
service to match_ 
Plessey. an accomplished master 
in the computer and electronics 
industry. manufactures a broad 
line of DEC* - compatible 
products. With over fourteen 
years of experience. Plessey is 
firmly committed to producing 
quality products you can rely on. 
Plessey memories use the latest 
technology. We offer one 
megabyte memories for the 
VAX*. LSI* BUS and UNIBUS* 
systems. Our LSI 11/23 and 
UNIBUS memories support 22-bit 
addressing and give you a 
system compatibility of up to 
four megabytes of main 
memory. Every memory is 
thoroughly tested and comes 
with a one-year. return-to
factory warranty. 
Plessey also manufactures a 
large variety of DEC - compatible 
controllers and interfaces for LSI 
and UNIBUS systems. Our one 
board controllers use less space 
and run cooler for greater 
reliability. The result is lower 
maintenance costs. 
All Plessey products are sold at 
prices that make Plessey your 
best bargain -- for single unit 
buys and large quantity orders. 
OEM. GSA and educational 
discounts are also available. 

We offer direct , worldwide service from experienced. factory trained Plessey specialists. You get fast. 
responsive professional service from people who know their products -- from the inside out. 

To find out how you can add Plessey reliability to your system contact: 
Plessey Peripheral Systems. Computer Products Division. 1674 McGaw Avenue, Irvine. CA 92714. 

(714) 540-9945 or (800) 992-8744 

8 PLESSEY. ASK ANYBODY. 

*DEC. VAX. LSI and UNIBUS are trademarks of Digital Equipment Corporation. 
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Technology Trends 

New Directions for Engineering Workstations Indicated in 
Announcements From Calma, Lundy, and Megatek 

Figure I: The Sticks Package on the 
new Apollo. 

Calma has joined companies such 
as Auto-Trol, ICM, and Compu
tervision in basing their CAD 
products on a second party proces
sor, which in this case is the color 
workstation from Apollo. 

The company will support 
Sticks software, its Design , Draft
ing, and Manufacturing package 
(DDM), for symbolic IC design , 
and the CHIPS software for IC de
sign on the system. In addition the 
companies other product lines for 
applications such as Architectural 
Engineering and Dimension III 
Construction will be available on 
the system. 

The shift may represent a trend 
of designing hardware among de
velopers of software for CAD sys
tems. The announcement is signifi
cant because Cal ma , as one of the 
largest firms in CAD, will influ
ence the work of smaller systems 
integrators. One cause of the shift 
is the increasing sophistication of 
graphics components available 
from smaller manufacturers , and 
the increasing cost of developing 
graphics software for specific 
applications. 

Calma has also introduced third 
party software, the rights to which 
were purchased folll the Commu
nications Satellite Corporation. 
The package called TEGAS, de
signed to run on a larger configura
tion of the company's offerings in 
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Figure 2: Megatek 's 8086-based 
terminal. 

minicomputer environments , indi
cates that even software is being 
sought by the larger vendors in 
their efforts to retain market 
share. (Figure 1 shows the Sticks 
Package on the new Apollo work
station.) 

The new 6100 workstation se
ries from Lundy is indicative of 
two trends among graphics sys
tems manufacturers: ergonomic 
design considerations and the im
plementation of graphics standard 
operating software for systems. 
Lundy is said to be the first to pro
vide full G KS functionality on a 
monochrome and color graphics 
terminal. Others such as Spectra
graphics and Megatek have imple
mented partial functions for GKS 
on their terminals, but Sigma , the 
licenser of the workstation's de
sign has had special access to 
GKS expertise through Ray Spiers, 
one of the formulating committee 
members for GKS. (Figure 3 
shows the Sigma workstation.) 
The company notes that graphics 
standards are going to be required 
if users and purchasers of systems 
are going to be able to maintain 
their software equity while acquir
ing new systems as they become 
available. 

One shortage of the G KS is 
that it does not address some of 
the issues raised by the new work 
in solid modeling including color 

Figure 3: Sigma's workstation. 

shaded surfaces. William Stout, 
the company's President , expects 
that these issues will be addressed 
when software has matured to the 
point where there are large groups 
of users . The high resolution 
(1536 and 1024) terminal provides 
for both Tektronix 4014 and DEC 
VT-100 emulation. The work sta
tion incorporates other features 
such as display manipulation and 
work surface manipulation that 
are embodied in new ergonomic 
standards. 

The final trend in this triumvi
rate of releases is from Megatek 
(San Diego , CA) which has just 
announced the lowest price of its 
high performance terminal line 
(Figure 2) . Based upon an 8086 
16-bit processor, the terminal is 
hardware and software compati
ble with the company's other prod
ucts while allowing the user a 
much lower cost alternative for ac
cess to the company's strength in 
functions such as 2D rotations, 
translations , and scaling. The pro
cessor retains the 32-bit Megatek 
graphics engine of the more pow
erful systems, incorporating the 
display list and making real time 
dynamics possible . The product is 
said to be the precurser of an en
tirely new product line that will of
fer similar functions in 30, and 
likewise, offer lower cost than is 
possible to date . -Borrell 
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Market Trends 

In The Government Marketplace 

Several new products geared for 
the government market were re
cently introduced at the Federal 
Computer Conference in Washing
ton , D .C. Capitalizing on the in
terest in DOD's new standard lan
guage , Gould Electronics has 
demonstrated its ADA Learning 
Environment, a system of hard
ware and software packages which 
teach a programmer how to use 
ADA. 

Since DOD requires ADA as 
the programming language on all 
future projects, Gould believes a 
large potential market is available 
to train the people who will use 
the new systems . 

The Gould ADA Learning En
vironment is available in three ba
sic packages , each with a different 
CONCEPT/32 computer. Also in
cluded in each package is the 
Gould UTX operating system , 
ICSC-ADA Translator, on-site 
training , installation and all neces
sary documentation. A rental pro
gram is also available . 

The model 1815-3 ALE Pack
age is an entry level offering 
which includes a Gould CON
CEPT 32/27 computer with 2 

Mbytes of main memory and eight 
alphanumeric CRT terminals . The 
purchase price is $129,000. The 
top of the line package sells for 
$366 ,000. Gould is offering just 
the ADA Translator Software for 
$30,000 to customers who already 
have the basic hardware. 

Hewlett-Packard added · two 
new laser printers to its product 
line . The HP Series 1200 Models 
2687 A and 2688A are desktop 
printers with 300 dots-per-inch res
olution and a 12-page per minute 
output. The text only model sells 
for $12,800 and the graphics mod
el goes for just under $30 ,000. HP 
stresses that the graphics model 
can print forms and the data 
which goes on them at the same 
time, eliminating the need for 
most preprinted forms . 

Teleram Communications Cor
poration , whose pr,oducts are 
used by several government agen
cies , has introduced a portable 
disk drive to expand the memory 
of its 9-pound notebook comput
er. The T-3620 is a 5'14'' dual-densi
ty, double-sided , portable floppy 
disk drive. It has a formatted ca
pacity of 320 KB and is used to 

The Changing Custom Chip Factory 
Full-custom chip designs are man
ufactured in exactly the same way 
as is any standard product , and 
therefore is causing little change 
in factory methods or tools. It is 
the semi-custom chip , however, 
which promises to change the way 
factories are run. 

In both the gate array and the 
standard cell approach to semi-cus
tom chip manufacturing, the indi
vidual devices and circuit cells are 
predesigned; and with gate arrays 
they are also prefabricated . Ac
cording to VLSI Research , Inc. 
(San Jose , CA) the standard cell 
approach is expected to become 
the manufacturing method adapt
ed by most merchant firms , while 
the gate array approach is expect
ed to find greatest application 
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among captive manufacturers. 
This is because standard cell meth
ods are more suitable to factories 
in which all activities are per
formed in one central location, 
while gate array methods are 
more suitable for decentralized op
erations. Consequently, the cap
tive gate array factory is expected 
to act as the forerunner of future 
custom chip factories . 

A future factory designed for 
producing gate arrays can be ex
pected to depart radically from 
one designed for producing stan
dard chips. VLSI Research cites 
the difference as the gate array fac
tory is underutilized and conse
quently, equipment intensive. An
other difference is that it is 
optimized for quick turnaround 

D = Processor 

O = File 

Load 
Module 

Error 
Messages 

External 
Libraries 

Figure 1: JCSC-ADA enables users of 
Gould CONCEPT/32 computers to 
learn ADA and develop ADA pro
grams to satisfy emerging require
ments of military and scientific com
puter applications. 

load and unload programs and 
data from the computer's built-in 
bubble memory. 

-Armstrong 

from design through the finished 
product , thus tieing circuit design 
to final test. A third difference is 
that it is application specific, and 
more closely related to system 
manufacturing than to semicon
ductor manufacturing. 

As the gate array factory 
evolves , wafer processing will 
split into two segments. One seg
ment , to become known as pre-me
talization processing, will develop 
into the foundry. It will chunk out 
standard wafers with predefined 
cells whose designs seldom, if 
ever, change. The other segment , 
known as post-metalization pro
cessing, will be the circuit pattern
ing processes which determine the 
characteristics of each final prod
uct. These activities include metal 
deposition , metal etch, CAD , 
automatic testing and assembly. 
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fdlcl~fa:eay to 
operatorfrusti'atlon. 

Desfgned to be cost-effective 
to OEM systems builders, 
the SummaMouse 
requires minimum power 
and easily interfaces to 
standard RS232 and 
TTL ports. 

With its self-contained 
microprocessor, the 
SummaMouse 
facilitates two
way communi
cation with the 
host computer 
to offer highly
responsive user 
interaction. 

The SummaMouse 
is also format compatible 

with Summagraphics new 
MM™ Series digitizers and the industry 

standard Bit Pad™, so you can add full data 
tablet capability at any time with minimum 
integration costs. 

So if you're looking for a low-cost 
mouse, don't get trapped. Specify 

SummaMouse so you know you'll get 
reliability, quality, on-time volume 

deliveries and worldwide technical 
support. 
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Call or write for complete 
information. Summagraphics 
Corporation, 35 Brentwood Avenue, 
P.O. Box 781, Fairfield, CT 06430. 
Telephone (203) 384-1344. 
Telex 96-4348. 



Graphics System Design 

Roam, Zoom, World Window Functions 
Offer Design Flexibility 

A nationwide emphasis on high 
productivity in both R&D and 
manufacturing supports expecta
tions of a 60% market growth for 
lower cost CAD/CAM systems. 
Smaller companies, when exposed 
to the productivity gains of CAD/ 
CAM , are expected to seek fully 
integrated automation of their de
sign and manufacturing process . 

Telesis Corp. (Chelmsford, 
MA) , a manufacturer of turnkey 
systems for electronic CAD/CAM 
applications , is designing systems 
for companies that were previous
ly unable to take advantage of full 
CAD/CAM capability, because of 
price or training time limitations . 
A Telesis system starts at under 
$70,000, substantially reducing 
the investment required for full 
function CAD/CAM. Traditional
ly lengthy and complex operator 
training time is reduced through 
the Telesis proprietary "Function 
Screen® " which replaced the usu
al array of input/output devices, 
computer languages, and codes 
with simple English commands. A 
graphics processor and placement 
and routing capability were recent
ly added to the low-end system. 

The Telesis Graphics Processor 
utilizes three microprocessors and 
dual-ported memory architecture, 
offering advanced functions such 
as Roam, Zoom, World Window , 
and user-definable color priority. 
The processor integrates with cur
rent first generation Telesis sys
tems. 

The Graphics Processor has the 
ability to store a picture with a res
olution of up to 2,000 x 1,000 pix
els. The system can display a print
ed circuit board with a defined 
"tight" grid of 15 mil and 30" on 
one side without having to repaint 
the picture. Through the use of 
the Roam controls, the designer 
can roam over the entire picture. 

Roam. The Roam feature is con
trolled through the Telesis propri
etary, patent-pending , " Function 
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Figure 1: The Telesis Function Screen. 

Screen ," which replaces the con
ventional array of input/output de
vices, computer languages and 
menu codes with a single, user
friendly device. The Function 
Screen utilizes a method whereby 
simple English commands and 
messages interactively pace the op
erator through the design steps. 
The Graphics Processor provides 
two operator-optimized methods 
of allowing the user to scan 
through the stored picture , and 
adds new dimensions to the capa
bility of the Function Screen . In 
the "joystick" mode , the Function 
Screen takes on the characteristics 
of a velocity joystick , where dis
placement from the initial point in
creases the velocity of picture 
movement , enabling the user to 
rapidly roam from one end of the 
picture to the other by simply 
moving the light pen across the 
Function Screen. 

In the "natural" Roam mode , 

the designer works in a normal 
manner on that portion of the pic
ture currently appearing on the 
display screen. When the user 
moves the cursor to the outer lim
its of the displayed portion, the 
system automatically detects these 
limits and, after a short pause, be
gins to move the picture in the ap
propriate direction . 

Zoom. The Zoom control en
ables the designer to increase the 
size of the existing picture in steps 
of 1, 2, or 4X magnification. This 
gives the designer the ability to fo
cus in on a particular section of 
the board design for detailed edit
ing. All system editing commands 
are fully operational in the Zoom 
mode . Since the Telesis database 
ensures that all features and func
tion ~ are re-entrant , when changes 
are made to the design in the 
Zoom mode, all other parts of the 
design are automatically and accu
rately updated . 
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GX 
The added dimension of graphics. 

Presenting the QVT 211 GX™ terminal 
fromQume . 

Now you can get all of the features and 
ergonomic design of the high performance 
QVT 102™ - plus full graphics capabilities! 

The QVT 211 GX features a 14-inch green 
display as standard (amber o ptional) . The 
completely independent graphics memory can 
be displayed simultaneously with the alpha
numeric memory. 

The QVT 211 GX is compatible with the 
Tektronix™ 4010* and 4014* command sets, 
which makes it ideal as a preview terminal for 
CAD/CAM and Tektronix PLOT - 10 
application s. Also, in its na tive graphics mode, 
microprocessor-based vector generation greatly 
simplifies programming. Specify the endpoints 
and the QVT 211 GX creates the line! Arcs , 
circles, boxes, and fill can be quickly generated 
with single commands. These powerful 
features bring a full spectrum of business 
graphics within the reach of micro and mini
computer users . Image size and loca tion , as well 
as additional features-such as variable display 
windows, relocatable origin and area fill-are 
easily programmed by the user. 

In the Qume tradition , the QVT 211 GX 
delivers a powerful array of graphics capabilities, 
at a cost well within reach. 

Graphics Features 
• Full , interactive vector graphics • Separate 
display memo ry for graphics • Switchable 
video• Absolute and relative addressing 
• Variable gain and relocatable origin • Draws 
lines, boxes, and arcs (including circles) • Area 
fill• Selectable power-up option• Graphics 
memory dump to h ost • Cross hair cursor • 
Native Command Mode• Large addressable 
a rea (65Kx65K) •Addressable screen area 
2500x2000 • Vector generated line, box, arc and 
circle • Area fill • Relocatable origin • Variable 
gain •Tektronix Emulation Mode • 4010 
and 4014 software compatibility - PLOT-10 • 
Addressable plot area 4096x4096 • Vector 
variation (dot, dash , and lines) • Incremental 
plot • Write through plot• Resolution 644x288. 

*Tektronixs 40IO and 40 14 arc regis tered trademarks of 
Tektronixs Inc. 

*D igita l Resea rch is a trademark of Digital Research Inc. 

Alphanumeric Features 
Display Format 

24 Lnes x 80 characters 
25th sta tus/sec-up line 

Character Formation 
7 x 9 matrix in a 9 x 12 cell 

Displayed Character Set 
96 ASCII characters, 15 line-d rawing symbols, and 
32 control character symbols 

Editing 
Cursor: up, down. left. right , and home. Character/ 
line insert and delete, erase to end of line/field/page, 
cab, back cab, field tab, field back tab . 

Communications Interface 
ElA RS232-C with optional 20 mA current loop 

Communication Protocols 
DTR and/or X-ON/X-OFF 

Communication Modes 
Full or half duplex, block/line. block/page; 7 or 
8 data bits 

Baud Rates 
16 selections from 50 to 19.2K 

Auxiliary Port 
Bidirectional ElA RS23 2-C. partial/fu ll screen 
copy, transparent print. 

Screen 
Tile/swivel 14-inch diagonal standard non-glare 
green (optional non-glare amber) 

Character Attributes 
Blink, blank. normal video, reverse video, under
line, half intensity 

Keyboard 
Detached, adjustable-ci lc, low-profile (home row 
30mm from work surface). alphanumeric keys, 
14-key numeric pad, 12 function keys (8 user pro
grammable), defeacable autorepeat and key click. 
Print, setup, and no-scroll keys. 

Fields 
Protected and unprotected fields 

Parity 
Odd, even, mark. space 

Screen· saver 
Screen shut off after IS minutes of inactivity with 
no data loss 

Emulations 
Hazeltine 1500, Lear Siegler ADM-3A/S, 
Televideo 910 

Set-Up Mode 
Menu style, preserved in non-volatile memory 

Power Requirements 
95-125 VAC 
200-264 VAC 
50160 Hz. 40 W 

Dimensions 
Keyboard l.S"(H) X l8"(W) X 8" (D) 
Display 14"(H) X 13" (W) X 12"(D) 

Weight 
Display 20 lbs, keyboard 3 lbs 

Options 
Amber phosphor screen 
Foreign character sets 
20 mA current loop (passive or active) 

Character Sets 
USASCII and APL 

Software 
A library of PLOT -10 compatible subroutines 
which speed s the development o f graphics 
applications programs is available from 
Tektronix Corporation. The libra ry is available 
under RT-11, RSK- llM , and VMS. The 
subroutines a re written in FORTRAN, but any 
higher level language which supports a 
FORTRAN-style call can be linked to the 
package. Business graph ics package for person al 
computers is available from Digital Research~ 

Autho rized Qume Distributor/Dealer 

Ou me CorPQrat1on 
Koll Center 

Oume CorPQrat1on 
1820 East Gary Avenue 
Suite 104 

Qume CorPQrat1on Ou me Corporation Oume Corporation Qume Corporation 
19 Crosby Drrve 
Bedford, MA 01730 
(617) 275-3200 

CANADA FRANCE 
OUMEGmbH 

224 Brokaw Road 
Suite 175 
San Jose, CA 95110 
(408) 920-2500 

Qume CorPQrat1on 
6011 Bristol Parkway 
Suite 150 
Culver City, CA 90230 
(213) 410 -1 458 

Santa Ana, CA 92705 
(7 14) 957-4040 

Gurne Corporation 
Shamrock Park Ott1ce 
Suite 1 lOG 
2323 Soulh Troy Slreet 
Aurora, CO 80014 
(303) 752-3000 

Con ten~ ol this pubhcahon may be prehm1noiry and/or may 
be changed at any time without notice and shall not be 
reoarded as a warranty 

2354 Hassel Road t 925 Westrrdge Drrve 20 Mayfield Road 
Hoffman Estates, IL Irving, TX 75062 Edison, NJ 08837 
60196 (214) 659-0745 (201) 225-5005 
(312) 490-9320 

oumecorPQrat1on Qume 5335 Far Hil ls Avenue 
Suite 107 ® 

g~~)~3~-~t~i29 A Subsidiary of ITT 

Qume Corporation 2350 Qume Drive 
San Jose, Californ ia 95 131 

Ou me Corporation 
4319 Cov1ng1on Hwy. 
Suite 212 
Decatur, GA 30035 
(404) 284-8500 

OUME Canadian Ott1ce 
207 Place Frontenac 
PTE Claire 
Quebec. Canada H9R4Z7 
(514 ) 695-3837 

ENGLAND 
OUME (UK) Ltd . 
Bridgewater Close 
Reading . Berkshire UK 
PH 734-584-646 

Bureau de Liaison France 
20. rue Thiers 
92100 Boulogne. France 
PH: (1) 6082334 

GERMANY 
OUMEGmbH 
Eichelsstr 31 
4000 Dusseldort 13 
West Germany 
PH 211743016 
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Figure 2: A Zoom closeup of a completed routing scheme. Figure 3: Ratnested Placement. 

World Window. With the Graph
ics Processor, the designer has the 
freedom to switch from a view of 
the entire schematic or board de
sign being developed (the world) 
to that portion which is stored in 
the picture space (the window). 
The system performs this switch 
in less than 0.5 sec., and main
tains synchronization between 
both representations. The design
er has complete control over the 
relationship of the window to the 
world , and can increase or de
crease the window area at will. 
When in the world mode, the sys
tem dynamically highlights the 
window portion for visual verifica
tion of its relationship to the en
tire design. 

A unique feature of the Graph
ics Processor is its ability to allow 
the designer to assign a color to a 
designated class of functions, such 
as a particular layer. The system 
then commits the color to that lay
er (or other function) independent
ly of its overlap with other colors 
or layers, for superior visualiza
tion. The designer may establish 
which color is on " top" in order to 
view the represe'ntation from one 
direction or another. 

The graphics processor is imple
mented using a pipeline architec
ture , incorporating the following 
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microprocessors: the 8 MHz Mo
torola 68000, the Intel 8085, and 
the NEC 7220 graphics processor. 
By utilizing dual-ported memory 
architecture and an optimized 
cross-compiler, graphics software 
originally written for the first gen
eration Telesis graphics processor 
can be downloaded to the 68000 
microprocessor and executed at 
speeds of up to five times faster 
than before . The data stored in 
pages on the Winchester disk can 
then act on this data and pass the 
results to the 7220 processor. The 
architectural structure of the 
graphics processor currently pro
vides 512 Kbyte of de<;licated 
memory, and it is expected that 
this will be significantly expanded 
in the future. 

Routing And Placement 
Software 
With interactive re-entrant rout
ing, a designer can interrupt auto
matic routing at any point , man
ually delete , add or change any 
connections which appear on the 
screen, using standard editing 
commands and then re-start the 
process in the same or another al
gorithm of his choice. The system 
utilizes three customized routing 
algorithms, and provides a high 
degree of user-defined control. Ca-

pabilities include routing an entire 
board, routing a window or a net, 
and addition of single layers to a 
previously routed board. 

The placement process auto
matically selects locations for com
ponents and places the required 
components on the board draw
ing. The placement routing is opti
mized to fully exploit the features 
of the router and thereby maxi
mize the number of successful 
automatic connections on the 
board, while minimizing the num
ber of unwanted vias (feed-thru 
holes). The placement process em
ploys a concurrent algorithm 
which simultaneously considers a 
set of components, as opposed to 
most other placement systems 
which can only consider one com
ponent at a time . Subsequent to 
automatic or manual positioning 
of a component, the designer may 
"lock-in" any placed component 
to its assigned location. Once 
locked , a component is not sub
ject to modification by placement 
routines , thus providing the user 
with a convenient and effective 
means of controlling the location 
of position-sensitive critical com
ponents. If design considerations 
dictate , the designer may " un
lock" any component previously 
designated as "locked." Write 231 
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Performance-Oriented Architecture 
Strengthens Graphics Capabilities 

Figure I: The MASSCOMP workstation with Floating Point/Array Processor. 

In today's workstation market, 
participants range from main
frame vendors to micro computer 
suppliers. For OEMs to decide on 
what and how to buy technology, 
they must clearly identify their 
unique contribution in respect to 
the industry 's driving forces. 
These forces could be character
ized as computational perfor
mance , communications capabili
ty, graphics requirements, and 
applications software. 

Because graphics requirements 
are both applications and technol
ogy driven, no one vendor can yet 
support varied requirements in res
olution, speed, refresh rate and 
special enhancements. The system 
architecture should permit the ad
dition (or subtraction) of graphics 
processors or monitors depending 
on OEM needs. The computation
al power of workstations rides the 
fastest ~oving part of the technol
ogy curve, therefore performance 
oriented architecture is required. 
The architecture must encompass 
and accomodate µP indepen
dence , CPUs with cache, Floating 
Point processors, array processors 
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and high performance peripherals . 
MASSCOMP (Littleton, MA) 

recently introduced a 32-bit virtu
al memory workstation with an in
tegrated floating point and array 
processor. By combining en
hanced processing power with a 
performance-oriented arch i tec
ture , MASSCOMP has strength
ened the workstation's computa
tion and graphics capability for 
real-time numerical analysis in 
CAD, CAE, and other scientific 
and engineering applications. 

The MASSCOMP Workstation 
500 supports two 19" raster dis
plays-either 1024 x 800 resolu
tion monochrome , or an 832 x 600 
resolution color unit , each with a 
dedicated graphics processor. 
Workstation 500 executes a mul
tiuser/multitasking, virtual mem
ory UNIX operating system, fea
turing RTU , MASSCOMP's 
software enhancements for real
time operation. The system design 
features a 8 MB/sec memory inter
connect bus, closely coupling dual 
32-bit 10 MHz VLSI processors 
(MC68010 and MC68000) with a 4 
Kbyte cache; a 1024-element trans-

lation buffer; and a 1024-entry 1/0 
map, with up to 6 Mbytes virtual 
address space. 

Within this system CPU, an in
tegrated, independent floating 
point processor, or combined float
ing/array processor can be added. 
The independent floating point 
processor performs a single-preci
sion (32-bit) add or multiply in 
1.6 microseconds. The floating 
point processor also provides dou
ble-precision (64-bit) IEEE stan
dard arithmetic. The FP-501 Float
ing Point Processor (FPP) is 
closely coupled to the central 32-
bit CPU through the high-speed 
500-Series Bus. The FP-501 is a 
pipelined design implemented us
ing high-speed Advanced Schottky 
logic. In order to provide the 
maximum level of system perfor
mance , the FP-501 is closely coup
led to the central VLSI 32-bit pro
cessor via the 8 Mbyte/sec 500 
Series Bus. 

The Floating Point Processor is 
supported by the C and FOR
TRAN 77 compilers, and is also 
supported under the Pascal-2 pack
age which includes a symbolic de
bugger. The performance of a pro
gram which has extensive floating 
point computation can be expect
ed to increase by an order of 
magnitude . All computation is car
ried out to full accuracy specified 
by the IEEE floating point stan
dards. 

The AP-501 Array Processor 
(APP) was designed to enable 
500-Series systems to provide sin
gle and double precision, floating 
point, vector computation. The 
AP-501 features a pipelined de
sign implemented using high
speed NMOS VLSI logic. Both 
the Adder and Multiplier are inde
pendently pipelined with a stag
ing-time of 200 nsec. The pipeline 
design allows the initiation of a 
new arithmetic operation without 
waiting for the previous one to 
complete . Maximum arithmetic 
processing capability is achieved 
through parallel operation of the 
Adder and Multiplier. Parallel op
eration is crucial because many al
gorithms are expressed predomi
nately by a series of multiply and 
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add opera tio ns. 
Mos t arra y processing fun ctio ns 

invo lve a se ri es of bas ic oper
ati ons (add . multip ly. e tc .) o n a 
given se t of data. To reduce the 
amo unt o f host me mo ry access 
during a seq uence of such ope r
at ions, the AP contains 16K 32-bit 
e lements o f loca l memo ry. T he re
fore, syste m me mory is accessed 
on ly during the ini ti a l data load , 
and to re tr ieve the fin a l results. 
No program loads a re required 
with the A P-50 1. 

T he AP-50 1 operates in con
junctio n with the FP-501 Floa ting 
Po int Processo r (which is a pre req
uisite). T he FPP is used as the 
double precisio n math e ngine for 
the AP. T he single precisio n 
square-root and divide instruc
tions a lso utili ze the FPP to pe r
fo rm the necessa ry computatio n . 
T he AP-50 1 is contained on a sin
gle boa rd which communica tes 
with the FP-50 1 vi a an "ove r-the
top" connection . 

Eac h MASS C OMP I nd e p e n
dent G raphics Processo r ( IG P) 
conta ins an 8 MHz MC68000 with 
its own 128 Kbyte progra m sto re. 
" Because the IG P indepe ndently 
processes its graphic im ages, it 
frees the C PU to ru n applica tio ns 
progra ms. Thus , the design avo ids 
the overa ll perfo rm a nce degrada
tion common in syste ms which 
use a single processo r to bo th gen
erate graphics and execute applica
tio ns code," stresses A ll a n Wal
lack , MASSCO MP's Y. P. Market
ing. 

To suppo rt rapid (dyna mi c) im
age tra nsform atio ns a nd mu lti
pla nar di splays, each IG P ca n 
have up to 1.2 Mbytes of ras ter 
me mory in dua l fra me buffe rs up 
to 10 planes deep . A MA SS
COMP IGP dri ves a 19" mo no
chro me di spl ay with a single me m
o ry plane . o r a 19" co lor di spl ay 
with either 6 or 10 me mory 
pla nes . T he IG P d isplay's 60 Hz 
non-interl aced refresh rate e limi
na tes sc reen im age fli cke r tha t 
causes operato r fa tigue. Both co l
or a nd monochro me d isp lays fea
ture a 117-key. low-profi le key
board , plus an opti ona l mo use o r 
data table t a nd puck . W rite 232 
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CONVERT RGB to 
COMPOSITE VIDEO 

with LENCO's 
CCE-850 ENCODER. 

Now you can display compu
ter colorgraphics on a stand
ard NTSC color television 
monitor, or videotape the 
information for distribution. 

.,., ... , • 
6' 

~ 

Lenco's CCE-850 Color Encoder is specifically designed to 
encode most RGB colorgraphics displays to NTSC type 
video. 

This small , self-contained unit may be used in either 
tabletop or 19" rack mounted configuration, and includes 
a built-in color reference bar test pattern to ensure proper 
NTSC color monitor alignment. 

Check these outstanding features : 
• RGB To Composite Video • Auto Sync Detector 
• Detailed Enhancement • High Resolution 
• Color Test Patterns • Self-Contained 

Call or write today for detailed specifications, application 
notes, and price. 

LENCO, INC., ELECTRONICS DIVISION 
300 N. Maryland St. , Jackson MO 63755, (314) 243-31 47 

Write 31 on Reader Inquiry Card 
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The merger between 
voice and data 
communications 
assures the future 
of the PABX in the 
automated office 
scenano. 

Jose Reines started the operations 
of American Telecom , Inc. in 
1976. He is President and CEO, 
and a member of the Board of Di
rectors. Mr. Reines started his pro
fessional career at IBM's T. J. 
Watson Research Center and, pri
or to starting A Tl, was Director of 
Development Operations for ITT's 
Central Office and PA BX switch
ing in North America. He is a sen
ior member of IEEE and several 
engineering honor societies. 
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by Jose Reines 

When considering the spec
trum of the telecommunica

tions industry today, the most sig
nificant observation is its present 
identification as a new and emerg
ing industry of the SO's. In fact, 
telecommunications is not a "new" 
industry at all. Leading edge de
velopments in the industry date 
back more than fifty years ago, 
with Bell Laboratories' research 
and developments on semiconduc
tors and the invention of the tran
sistor, paving the way for the com
puter industry. A popular 
misconception is that telecom
munications is a recent spin-off of 
the computer industry, when al
most the reverse is true. 

From its beginning, the telecom
munications industry operated un
der rigid governmental regulatory 
practices. This caused a lack of en
trepreneurial opportunities and in
vestment interest on the part of 
the business community and , as a 
result , the industry was slow mov
ing in independent technological 

research and development. Unlike 
telecommunications, the comput
er industry has never operated un
der regulatory policies, and be
cause of this, has always attracted 
tremendous interest from major in
vestors and entrepreneurs. 

The U.S. government began to 
deregulate telecommunications in 
the early 70's. In the short amount 
of time in which telecommunica
tions has operated under the prin
ciples of free enterprise, the in
dustry has surfaced as highly 
competitive and assumed a prima
ry position in office automation. 

When presenting an overview 
of telecommunications , it is cru
cial to bear in mind its history, as 
well as events currently in motion, 
prior to naming key players and 
significant technological achieve
ments. A combination of factors 
including current legislation, past 
industry policies and present mar
ket conditions are critically im
pacting the direction of research 
and development. Further, these 
factors distinguish the position of 
one manufacturer from another. 
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Two looks at telecommunications sate
li t es. Photos courtesy Harris 
Corporation. 

Office Automation 

Until recently, the idea of the com
puter maintaining the dominant 
role in the automated office was 
another popular assumption, pos
sibly generated by their sheer 
visibility. However, many manufac
turers and consultants are begin
ning to see an eventual merger of 
two disciplines: the data process
ing manager and communications 
manager. 

In the broader sense, the merg
er between voice and data commu
nications is already complete. 
Most computers can utilize tele
phone lines for the transfer of 
data, and most major PABX (pri
vate branch exchange) systems 
now utilize resident data switching 
capabilities, for the transmission 
of data communication. Voice
data switching is a significant tech
no lo gica 1 accomplishment by 
PABX manufacturers since the 
ability to transfe data via the 
PABX allows for a faster and less 
expensive alternative for data com
munication. Assuring the future 
of the PABX in the automated of
fice scenario, voice-data capabili
ties also presents itself as a gate
way for information from a 
variety of sources, including per
sonal computers , word processing 
terminals and public information 
networks. 

In addition, the microprocessor, 
first popularized by the computer 
industry, is permitting the PABX 
manufacturer to offer feature-rich 
systems with the same cost-effec
tive, user-friendly designs that char
acterized the microcomputer. Manu
facturers are capable of addressing 
the needs of every market : small, 
medium and large businesses, as 
well as highly specialized markets 
such as healthcare and lodging 
communications systems , with 
unique requirements due to the na
ture of their respective business 
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environments . The image of the 
PABX is undergoing a transforma
tion from that of a large box in the 
out-of-the-way equipment room 
routing the usual voice-only calls, 
to a facet of an automated system 
that can provide the end-user and 
management with highly flexible 
means of cost-displacement and 
detailed call-accounting informa
tion, which serves to justify the ex
pense of automated equipment on 
a return on investment basis. 

The electronic terminal or cus
tom telephone, is the telecom
munications industry's response to 
a shift toward more flexible and in
teractive terminals in the office 
place . Microprocessor-controlled 
electronic terminals often com
bine traditional voice communica
tion with LCD information dis
plays , multi-line capabilities and 
single-button access to advanced 
features. 

When supported by a major 
PABX system , these display termi
nals may also transfer data, as 
well as replace traditional hand
written messages on pads with 
electronic message systems. More 
sophisticated terminals represent 
the telecommunications industry's 
jump on related office automation 
concepts, such as electronic mail 
and environmental control/surveil
lance systems , priming the PABX 
for the seat of "Office Con
troller." 

Key telephone systems com
plete the basic product line of 
most manufacturers. These sys
tems are designed to provide 
small businesses, requiring under 

100 lines of service with the sophis
tication of a larger, more ad
vanced communications system. 

Reselling Telephone Services 
As a result of a Federal Communi
cations Commission (FCC) ruling, 
which took effect December 18, 
1980, American Telephone & Tele
graph's monopoly on telephone 
service was overturned, and al
lowed the reselling of interstate 
telephone service. The reselling, 
however, of telephone service be
gan much earlier with companies 
now very familiar to the general 
public: Microwave Communica
tions, Inc. (MCI) and Sprint. En
trepreneurs envisioned the alterna
tives to AT&T by utilizing their 
own technologies and the . ability 
to interconnect with AT&T. Their 
idea was to carve a high-growth 
niche out of the market: reduced 
long-distance rates. 

In 1974, MCI filed an antitrust 
suit against AT&T. The suit al
leged that AT&T had illegally im
peded MCI's entry into the long 
distance private line market. MCI 
sought damages of nearly $900 
million. In a trial ending June 
1980, the jury found in favor of 
MCI on 10 of 15 specific com
plaints and MCI was awarded an 
unprecedented $1.8 billion judg
ment-the largest in U .S. history. 

The Breakup of AT&T 

No other industry event has drawn 
as much attention as the court-or
dered divestiture of American 
Telephone & Telegraph Co., and 

31 



Telecommunications 

for good reaso n. Not only is it the 
largest corporate breakup in U.S . 
history, but the company has pro
vided approximately 75 o/c of the 
nation's customers for nearly a 
century with "one-stop" shopping 
for t e lephone eq uipmen t and 
services. 

The significance of the breakup 
is multi-faceted . Most important
ly, it has divided AT&T into te le 
phone companies that provide 
telephone services and telccom 
m uni cations equipment. The 
" new" AT&T has faced it s tough
est competition the longest period 
of time- long distance se rvice and 
telecommunication s eq uipme nt 
markets . According to a recent re
port from market researchers at 
the Eastern Management Group. 
nearly 80 '/r of the $3.1 billion 
spent this year on PABXs. will go 
to AT&T competitors. Approxi
mate ly $3 billion or 8 <1£- of the to
tal long distance market will be 
spent this year on long-distance 
phone calls made outside the Bell 
system through such compani es as 
MCI Communications, ITT Long
er Distance and GTE Sprint. 

American Bell (renamed AT&T 
In formation Systems) enters the 
equipment market a t a time when 
competition is fierce . Compani es 
such as Northern Telecom and 
Rolin have long-es tabli shed posi
tions in the PABX market backed 
by solid reputations for reliable 

1\ cirrnil hoard from a PA BX. 

eq uipment. Both companies tout 
the widest range of equipment 
product lines. promoted by hon
ing teams of sales and marketing 
professionals already expe rtly 

Shares U. S. PBX Market (Lines Shipped) 

(!) 2.8% 

1983 
3.25 Million 

1985 
3.56 Million 

Copyright 1983, S & R Consultants Ltd. 

Figure I : S/111re.1 of U.S. l'FJX lv/11rke1 I Lines Slii11ped). 
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aware of the market. 
There arc juxtapositional sides 

on the subject of American Bell. 
with many ana lysts predicting the 
company will have to play a game 
of ""catch-up"": that the traditional 
marketing strategy of "we're the 
only logica l choice"" when the com
pany was primari ly in the tele
phone service market, is no long
er a viable plan. The fact is , 
consumers have never had a great
er selection of manufacturers and 
suppliers to choose from. 

The recent introduction of Sys
tem 8SC'". an advanced digital 
PABX , was a cl ea r move on the 
part of Be ll to alert customers and 
competition that the company has 
no intention of forfeiting its share 
of the market. System 85 was criti
cized for being too expensive for 
the features it offered: customer 
reaction was modest. American 
Bell. with the assistance of West
ern Electric. was quick to respond 
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with improvements which the com
pany claims have helped to boost 
sales and raise Western Electric's 
1984 production forecasts. 

In other camps, smaller firms 
such as American Telecom. Mite!, 
Siemens and Ericsson are betting 
that enormous size can also be a 
hindrance. since it is assumed that 
larger firms arc also slow-moving 
in response to the market and cus
tomer needs. 

The debate invariably leads to 
the entire inustry's primary con
cern: has the long awaited shake
out already come. or is it just be
ginning') Obviously, there is no 
definite answer to the question at 
this point in time. But much of 
the answer lies in the course of ac
tion taken by the Regional Bell 
Operating Companies (RBOCs). 
which officially go into operation 
January I. 1984. 

As a result of the AT&T break
up. the RBOCs will be forced to 
act as separate companies respon
sible for individual profitability. In 
view of their immediate lack of 
sales and marketing forces. how 
will they set about to capture a 
share of the market? Will consum
ers passively remain with their re
gional telephone company? Since 
the court-ordered breakup pre
cludes the RBOCs from making 
their own product. will th~ 
RBOCs look to other manufactur-
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Tech11icia11s perfor111ing system testing on main a11endant consoles afier pro 
gra111111i11g. 

ers as their suppliers, and if so, 
will they continue the policy. or 
will it be dropped in favor of ac
quiring their own manufacturing 
subsidiaries? 

As these decisions arc made by 
the RBOCs. the immediate future 
of the industry will appear less 
complicated. And at least one of 
those decisions has already been 
made. since the RBOCs are ac
tively lining up suppliers. Ameri
can Telecom recently signed an 
agreement with PacTel Communi
cations Systems worth $15 million 
to the company for its office com
munications equipment aimed at 
small and medium-sized busi
nesses. (PacTcl is the equipment 
subsidiary of Pacific Telesis. the re
sult of the union between Pacific 
Telephone and Nevada Bell). For 
businesses requiring 10.000 to 
25.000 lines of capacity PacTcl has 
announced it will sell equipment 
manufactured by Northern Tele
com. Ltd. 

The Market 

Interest in telecommunications 
market opportunities, though com
petitive. is nearly as bullish as the 
oil industry experienced a decade 
ago. As a result of continuing de
regulation . the breakup of AT&T 
and growing integration of voice 
and data communications , the in-

dustry is attracting interest from 
sales and service, suppliers, manu
facturers and service carriers. 

Central office-based Centrex sys
tems , once the only alternative for 
large businesses requiring 10,000 
to 20,000 lines of communications 
service, have been losing ground 
to manufacturers such as North
ern Telecom and Harris. For 
years, telephone companies mar
keted Centrex service and reliabil
ity without the maintenance wor
ries; however, steadily rising 
Centrex costs and the interest in 
integrating voice-data communica
tions has caused the corporate 
buyer to look again at privately 
owned large business exchanges. 

As little as two years ago, the 
large system market was consid
ered the most volatile. Marking 
the industry's incredible pace, that 
opportunity is described by most 
analysts as "closed" to new
comers. Companies such as North
ern Telecom, American Bell and 
Rolm have introduced very large 
systems to pull the lion's share 
away from Centrex. 

Marketing savvy and system reli
ability are key factors in manufac
turer's sales. Consumers in the un
der 1,000 line range are typically 
purchasing their first major com
munications system. Primary con
cerns to management are easy 
maintenance. system expansion 
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and equipment that provides a re
turn on investment. For example. 
American Telecom's FOCUS$92/ 
digital PABX is widely recognized 
for its re li ab ility and its modular 
concept for system expansion. 
Ericsson , Siemens and Mite! have 
a lso gained significant influence in 

this area of the market. 
Key telephone systems address

ing the needs of the small business 
environment under 100 lines is not 
a new market. Yet. advanced tech
nology is be ing introduced to this 
market which permits manufactur
ers to offer the sma ll business mar-
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One Board 
Says 
It All 

© Computalker, 1983 

TELEPHONE INTERFACE 
• FCC Approved 
• Initiate & Answer Phone Calls 
• Touch·Tone Generator & Decoder 
• Detect Phone Line Status 

(busy, ringing, answered , etc .) 

VOICE DIGITIZER 
• Record Speech 
• Speech Storage in RAM or Disk 
• Speech Output 
• Choice of 5 Bit Rates 

IEEE-696 / 5·100 BUS 

CompuFone: COMPUTER INTERACTION BY TELEPHONE 
Access and enter data to your computer from any telephone via the 
Touch-Tone® keys. Verify your transactions by recorded speech. 
So many exciting applications for the CompuFone are possible: 
voice mail , telephone answering machine, electronic funds transfer, 
telephone soliciting and data gathering, electronic Rolodexf data 
base query with voice output, order entry and inventory control , tele
phone banking-and that's just the beginning. 

COMPUTALKER, 1730 21st St. , Santa Monica, CA 90404 
Call us at (213) 828·6546 

Write 32 on Reader Inquiry Card 

ket . premature in its need for a 
PABX, with a microprocessor-con
trolled key syste m that offers 
some of the sophistication of larg
er systems, automatic route selec
tion (ARS), station message de
tail recording (SMDR), visual 
displays and hands-free dialing. 

Optimism Is Guarded 
Since the early 70's, the PABX 
market has enjoyed robust sa les, 
however, 1982-1986 ann ual PABX 
line sales will reflect the industry 's 
period of transition and analysts 
are guarded in their predictions. 

A key factor in the high sales 
figures in the early 70's was the 
" replacement factor··. The replace
ment factor helped to conceal the 
fact that the true PABX market is 
much smaller than it was ten 
years ago. From 217 ,000 installed 
systems in 1971 , the market tight
ened to 145.600 "pure" PABXs 
displacing old switches in 1981. 

In actuality, the drop in PABX 
installations is being compensated 
by non-PABX devices , such as 
key telephone systems . This point 
underscores how important it is 
for manufacturers to understand 
the PABX market ; to ana lyze ge
neric product types , since the mar
ket is greatly determined by the 
life expectancies and eventual re
placements of these older installa
tions. 

According to Eastern Manage
ment Group , a Boston-based re
search firm that tracks the tele 
communications industry, as the 
inventory of o ld er-ge n eration 
PABXs about to be replaced is ex
hausted and dwindling numbers of 
replaceable Centrex systems re
main, several markets are begi n
ning to narrow-most significant
ly, the 100-400 line market or mid
size business system. The research 
firm predicts a drop by 29 % in an
nual line shipments in this market 
from year-end 1982 to year-end 
1985. Key systems, being a glam
or market, is expected to reach a 
$1.5 billion market by the mid-
1990's, with the over-1,000 line 
market reaching $2. l billion. 
While other markets begin to lev
el off by the late 80's, the third gen-
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Dual Floppy Disl{ 
Sub-System 
Two Qume Trak 842 drives provide more than 2.4 Mbytes of 
storage. With all-metal enclosure. Disk lA controller. rugged power 
supply. cables. and software: Digital Research's CP/M 2.2 and 
CP/M-86®. Sorcim's SuperCalc-86'" spreadsheet. and Ashton-Tate's 
dBASE II'" database manager. 

Eight-Inch Floppy/ 
40-Megabyte Hard Disl{ 
Subsystem 
One Qume Trak 842 floppy disk drive and one Quantum 0540 
40-Mbyte 5 V.. -inch hard disk drive in all-metal enclosure with 
controller. rugged power supply. cables and software: CP/M-80™ 
and CP/M-86. 

Desl{top Enclosure 2 
With shielded/terminated 20-slot motherboard. power supply. fan. 
dust filter. rugged all-metal construction. 

Interface Boards 
Interfacer l.'" Two RS-232C serial ports. 
Interfacer 2.™ Three parallel ports plus RS-232C serial port. 
Interfacer 3.'" Eight RS-232C serial ports 
(2 synchronous/asynchronous. 6 asynchronous). 
Interfacer 4.™ Three RS-232C serial ports. one parallel port. one 
Centronics/Epson parallel port. 

High-Performance 
Motherboards 
Shielded with active termination. 6. 12 or 20 slots. 

System Support I ™ 
Clock/calendar: RAM/ROM/math processor options: RS-232C 
serial port: interval timers and interrupt controllers: much more. 

MPXI™ 
Multi-user system front end processor with 16K on-board RAM. 

Systems 
Choose from CompuPro's System 816'" family of high
performance computers. featured on the first page. or our new 
CompuPro 10'" multi-processor. multi-user business system. 
CompuPro 10 offers the lowest cost per user of any high
performance multi-user computer. plus nationwide on-site service 
and a full 12-month warranty. 

Documentation 
"Bits, Bytes and Buzzwords" is a primer for those who want to 
get started right in business computing. 32 pages. Request 
publication no. B3. 
"CompuPro Product User Manuals: 1975-1980:· 250-plus pages. 
"CompuPro Product User Manuals. Volume 2:· 300-plus pages. 
"Interfacing to 5-100/IEEE 696 .Microcomputers:· By .Mark 
Garetz and Sol Libes. 321 pages. 
Individual technical manuals also available. 

Call (415) 786-0909 extension 206 for a product catalog and the location 
of the Full Service CompuPro System Center nearest you. CompuPro 
products are backed by a one-year limited warranty (two years for boards 
qualified under the Certified System Component high-reliability program). 
CP/M and CP/M·86 are registered trademarks and MP/M and CP/M·80 are trademarks of Digna! Research Inc 
SuperCalc-86 ts a trademark of Sorcim Corp. dBASE I! is a trademark of AshtonTate: CPU 68K. CPU 86/87. CPU 
8085/88. CPU Z. CPU 16032. CPU 286. SPU-Z. Disk IA. DisY 2. Disk 3. RAM 10. RAM 17. RAM 21. RAM 22. M-Dnve/H. 
Interlacer l. Interfacer 2. Interfacer 3. Interfacer 4. System Support l. MPX l. System Bib and CompuPro ID are 
trademarks of CompuPro Prices and spec1f1callons sub1ec1 to change without notice 

A GODBOUT COMPANY 

3506 Breakwater Court , Hayward, CA 94545 
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cration PABX market will surge. 
Projections for the 1983 PABX 
market arc in the area of $3 bil
lion in sa les. 

In lines shipped. both AT&T 
and Northern Telecom have 
shipped nearly 501/c of all PABX 
lines in 1983. which will total in 
the area of 3.25 million. Rolm is 
expected to increase its share of 
line shipments substantially by 
1985. competing on equal turf 
with Northern Telecom for the 
more than 3.5 million line mar
ket. (Figure 1). 

Bottom-line indications point to 
a saturated market and the prog
nosis for the industry. though 
healthy in general. is that some ca
sualties will be unavoidable. 

Mergers And Joint Efforts 

Indications also suggest that the 
staying power of telecommunica
tions manufacturers will weigh 
heavily on the ability to raise nec
essary capital to conduct new re
sea rch and development projects. 
In the last few yea rs. Lcxar_.s ac
quisition by United Technok;gies . 
IntcCom's search for financing 
from sources other than Exxon. 
and Rolm 's sale of 15 r;- of its 
shares or $228 million to IBM . 
stro ngly suggest the expense 
PABX manufacturers face in or
der to move away from traditional 
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voice-only systems. 
A number of firms already sub

sidiaries of computer conglomer
ates. such as American Telecom 
(majority owned by Fujitsu-Japan 
with $-LO billion in sales). may 
face fewer roadblocks in getting 
new products to the market. And 
the trend will undoubtedly contin
ue for joint efforts. such as the 
one recently announced by Erics
son and Honeywell to develop a 
research and development firm 
aimed at supplying Ericsson with 
data switching capabilities for its 
newly-introduced MD 10'"' digital 
PABX . 

But capital alone will not guar
antee success. as recently wit
nessed by a pull-out by Datapoint 

Worker 11.1·s£'111hli11g 
111i11111e pieces of 
I ' I \IL \ ' ( /! r i \'ii /(' 

hrn11cli l'Xcll!lnge) 
cirrnit ho11rds. ( 'ir
c11i1 ho11rds. tlie 
11111i11.1w1· of' 1/ie 1T.1-

/e111. c1111 he 11ro
gru111111ed /IJ /11111dlc 
tl1!111.rn11d.1 of rnlls 
rncli '1011 r. 

and Rockwell International (Wes
com) from the PABX market. 
Many joint efforts result in drag
ging schedules for promised 
voice-data capabilities and other 
product enhancements. Ultimate
ly. it is the combination of operat
ing capital. a quality product and 
the often overlooked ability to 

stage a sound marketing plan . sup
ported by a competent sales force 
that lead to success. 

Looking Ahead 

Despite areas of confusing and 011-

going regulation changes. most in-

sidcrs agree that with some casual
ties certain. the industry's period 
of transition remains a healthy 
sign. The eminent threat of an in
dustry shake-out is regarded as a 
positive indication that free enter
prise will encourage competition. 
as well as research and develop
ment of new technologies. The 
most promising technologies al
ready being tested include elec
tronic or teleconferencing . cellu
lar mobile radio. fiber optics and 
vidcotcx. 

Teleconferencing is being care
fully scrutinized as an alternative 
to executive travel. As travel ex
penses have continued to escalate. 
the costs of video tclcconfcrcnc
ing have comparably lowered. 
Particularly of interest to large 
multi-site establishments. telecon
ferencing is a growing portion of 
the industry. While competition 
continues to heat up between cam
era. projectors and coder/decoder 
manufacturers. improvements in 
electronic component technology 
arc paving the way for more versa
tile applications. According to 

Quantum Science Corporation. a 
New York-based research group. 
by the end of 1982. an estimated 
30 full-motion compressed-video 
teleconferencing rooms were in 
operation. The number is expect
ed to triple in 1983 and reach 300 
by 1985. 

Of all the new technologies . cel
lular mobile radio is causing the 
greatest stir. Its attraction is conve
nience that leads to increased pro
ductivity. and it is seen as the step 
before a watch-size portable tele
phone. With cellular mobile ra
dio. the business executive and 
general consumer arc assured of 
two-way voice communication al
most anywhere in the nation with
out distortion. fading or typical 
problems associated with mobile 
communications of the past. Ac
cording to Kuhn Loeb Research 
Industry. potential markets in
clude public safety and health 
workers. utility firms. press and 
business executives. handicapped 
drivers. as well as the general pub
lic . Future annual sales figures 
have been projected at $7 billion 
by 1987. D 
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CHOOSE the 
SYSTEM 
COMPONENTS 
with BUILT-IN 
PERFORMANCE, 
QUALITY and 
RELIABILIT~ 

CompuPro system components deliver 
results in the toughest business. scientific and 
industrial computing environments . . . from IB.M. 
to NASA. to the local pizza parlm 

When you're integrating a high-level 
computing system. choose the components that 
other pros use: IEEE 696/5-100 from CompuPro. 

CPU and SPU Boards 
CPU 68K.'" 68000 based board with sockets for memory manage· 
ment unit and up to BK x 16 (16 Kbytes) of EPROM. 
CPU 86/87.'" Includes sockets for 8087 math co-processor and 
80130 firmware chips. factory installed 8087 also available. 
CPU 8085/88.'" The original. much imitated dual processor board 
delivers 8-bit. 16-bit. or 8- and 16-bit computing. 
CPU Z.'" Includes all standard Z80B features. Downward 
compatible with most older S-100 mainframes. 
CPU 16032.'" features minicomputer-like. true 32-bit internal 
architecture. 
CPU 286.'" This iAPX 286-based board protects your software 
investment by running all existing 8086/8088 software. while 
creating new possibilities by combining an advanced instruction 
set with the use of four on-chip processors. 

SPU-Z.'" Our new slave processor lets multiple users share 
expensive resources such as disk drives. printers and modems
not to mention data-without tying up the more costly CPU. 

Disl< Controller Boards 
Disk lA.'" High speed DMA floppy disk controller. 
Disk 2.'" High speed DMA hard disk controller for Fujitsu 2301 
and 2302 8-inch drives and Memorex 101 series 8-inch drives. 
Disk 3.'" High speed DMA hard disk controller for up to four 
Seagate Technology 500 series compatible drives or four Shugart 
SAllOO series compatible drives. 

CMOS Static 12 MHz 
Memory Boards 
RAM 16.'" 64K x 8 or 32K x 16-works automatically with 8- or 
16-bit systems. 
RAM 17.'" 64K x 8. ultra low power. 
RAM 21.'" 128K x 8 or 64K x 16-works automatically with 8- or 
16-bit systems. 
RAM 22.'" 256K x 8 or 128K x 16-works automatically with 8- or 
16-bit systems. 

M-Drive!H™ 
M-Drive/H is a 512K memory board (cascadable up to 4 Mbytes 
for even more storage) which emulates disk drive operation and 
runs under CP/M® or MP/M.'" Can increase operating speeds up 
to 3500 %. 

© 1983 CompuPro 



The System 816. 
The fastest, most cooperative computer you can buy. 

OEMs and systems integrators are busy 
people. Too busy to waste time with an 
uncooperative computer system. 
That's why every System 816 from 
CompuPro is built to work long 
and hard without a whine or 
a whimpec 

More Dependable. 
With ten years of pioneering 

successes built into it. the 
System 816 is backed by the 
industry's longest warranty 
coverage. Depending on your 
needs. our warranties range from 
12 to 36 months. Most other 
computer manufacturers expect 
you to be satisfied with 90 days. 
which typically covers parts only. 

You can also depend on 
complete hardware and software 
support. flexible configurations and upgrades. and 
system training. 

More Powerful. 
The System 816 squeezes more performance out of the 

IEEE-696/S-100 bus than any other system you can buy. 
A choice of CPUs-and up to 4 Mbytes of our exclusive 
M-Drive/H™ RAM disk-give multiple work stations all 
the speed and power they can ask foe Standard RAM 
memory is expandable to one megabyte or more. 

Disk storage capacity ranges up to 4.8 Mbytes on 
floppy drives and as much as 320 Mbytes per controller 
on hard disk. 

(~.impuPro. 
A GODBOUT COMPANY 

3506 Breakwater Court, Hayward , CA 94545 

CP/M and CP/M-86 are registered trademarks and CP/M-68K. MP/M-86. Concurrent 
CP/M-86 and FORTRAN 77 are trademarks of Digit.31 Research Inc. CP/M 8-16 and 
MP/M 8·16 are compound trademarks of Digital Research Inc. and CompuPro. 

More Versatile. 
All family members share a common 

modular architecture. So it's a 
simple matter to upgrade or 

reconfigure any of them to keep 
up with your needs. All the while 
maintaining complete software 
compatibility up and down the line. 

And the S-100 bus allows you 
the flexibility to plug in any 
compatible board to add graphics 
capabilities or boards for your 
own unique applications. 

You also get your choice of 
operating environments. including 
CP/M"! CP/M-86"! Concurrent 
CP/M-86™. MP/M-86 ™ and 
CP/M-68K™. and our own 
CP/!1®8-16™ and MP/M™8-16™. 
At the programming level. the 

System 816 family supports Pascal. C. FORTH. BASIC. 
COBOL. PL/1. FORTRAN TlrM and more. 

More Information. 
Your customer's satisfaction is important to both of us. 

so don't get stuck with a system that's more of a 
hindrance than a help. Send in the coupon and find out 
what peace of mind is all about. 

for business. scientific and industrial computing 
solutions. call (415) 786-0909 ext. 506 for the location of 
our dealers worldwide. or the full Service CompuPro 
System Center nearest you. 

D Send me your free System 816 brochure. 

D Send me the name of my nearest full Service 
CompuPro System Center or dealer 

NAf"IE~------------------
TITLE ____ ______________ _ 

ADDRESS 
CITY __________ STATE __ ZIP __ _ 

.Mail to: CompuPro. Attn: Sales Dept. 
3506 Breakwater Court. Hayward. CA 94545 

Prices and specifications subject to change without notice 
System 816 from panel design shown is available from full Service CompuPro 
System Centers only. 1983 COMPUPRO 
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Designer's Guide To Disk Drives 

Winchester disk drive 
technology is one of the fastest 

changing, fastest growing 
segments of the 

computer industty. 

40 

by Doug Eidsmore and Bob Hirshon, 
Contributing Editors 
Nothing sparks design innovation like a complex chal
lenge paired with an insatiable demand . This explains 
why Winchester disk drive technology is one of the fast
est changing, fastest growing segments of the computer 
industry. 

Winchester design provides a challenge not only in 
the area of electrical engineering, but also in mechani
cal design , electro-optics , magnetic materials , coating 
deposition, aerodynamics, ferrofluidic seals, surgically
steri le manufacturing and a diverse assortment of other 
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disciplines. Each of these areas poses specific chal
lenges for industry specialists and provides numerous 
footholds for innovation . 

Significant innovation can mean significant rewards , 
thanks to the current demand for memory. The bottom 
line is an estimated $15 billion to $20 billion annual 
market for Winchester disk drives by 1986. 

The activity resulting from this design potential and 
high demand has had both positive and negative conse
quences. On the positive side, improvements in small 
Winchester price/performance have been exponential, 
making possible vastly increased local mass memory, 
especially in small systems and work stations. In fact , 
the availability of low-cost , high-capacity Winchesters 
has been a key force in making powerful , local process
ing possible in such memory-intensive applications as 
solids modeling and image processing . 

On the other hand , frenetic activity has made stan
dardization difficult and has also led to such a profu
sion of technology that it's difficult to distinguish the 
viable new ideas from those that sound good, but 
won't make it out of the lab. Countless early announce
ments of unproven technologies , generally by compa
nies seeking venture financing , haven 't helped the 
situation. 

Sound Winchester evaluation under these conditions 
means keeping abreast of drive technology, being 
aware of interface options , and understanding the rela
tionships between applications and drive selection. Re
garding technology, functional areas currently exhibit
ing particularly great activity include disk media , R/W 
heads , and head positioning systems. 

Drive Technology: Media 
Magnetic recording on today 's Winchester disk drives 
is similar to magnetic recording first employed in tape 
recorders 40 years ago. Particulate gamma iron oxide 
(l'Fe20 3) is still the medium of choice to act as the re
cording surface . The gamma (')') refers to the phase of 
the iron oxide: -yFe20 3 indicates the low-temperature , 
metastable phase, while aFe20 3 , or alpha iron oxide , 
refers to a high-temperature , stable phase . Because of 
the structure of aFe20 3 , its magnetic moments tend to 
cancel each other out, resulting in little net magnet
ization . 

The needle-shaped particles of gamma iron oxide 
act like miniature bar magnets , each with a north and 
south pole. Consequently, when arranged in a line, 
they may lie one of two ways: either north-pole-first or 
south-pole-first. By selectively altering the direction of 
these magnets , the write head records information . By 
detecting the resultant changes in polarity as it moves 
along this string of magnetiz~d particles , a read head 
deciphers the information . A north-to-south change in 
polarity may indicate a digital " I" , in which case a 
south-to-north change would indicate a "O". 

A single line of these magnetized regions is called a 
track; in disk drives, tracks occupy concentric rings 
around the disk surface. In drives recording on multi
ple disk surface, the term cylinder refers to a given 
track on all of the disk surfaces. In other words, if you 
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(a) 

(b) 
Figure I: Although ferrite and thin-film disks look equally 
smooth to the naked eye, these 40,000X electromicrographs 
reveal that thin -film media (b) is smoother and more uniform 
than particulate iron oxide media (a). (Photos Courtesy 
Memorex) . 

construct an imaginary cylinder at the radius of, say, 
track 24 on disk surface 1, extending downward 
through the stack of platters, the tracks through which 
the cylinder passes together comprise cylinder 24. Disk 
surfaces divide radially into sectors, resembling slices 
of a pie. 

The densi ty of information that may be recorded 
along a track is measured in flux changes per inch 
(fcpi) or bits per inch (bpi). In actual operation, the 
two may or may not be equivalent , depending on the 
encoding method used to record data , but for media 
comparisons the terms are often used interchangeably. 
Radial density is measured in tracks per inch (tpi). 
Areal density, measured in bits per square inch (bits/ 
in2), is the product of these two values. 

Getting more bits into a square inch of area requires 
smaller particles of iron oxide deposited in a thinner 
layer. Conventional particulate ferric media consists of 
iron oxide mixed with non-magnetic binders and 
fillers , and may be deposited as thin as 300 µinches 
(.75µ). This allows a bit density of about 15 ,000 bpi 
and a track densit~ of about 1000 tpi, for an areal den
si ty of 15 Mbits/in-. Theoretically, this density could be 
doubled , but at higher densities there are so few mag
netic particles per bit cell that signal resolution and am-
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CONTROL DATA: 
AFTER 25 YEARS, 
STILL THE LEADER IN 
THE PERFORMING ARTS. 

Designing peripherals with exceptional performance is as 
much an art as a science. We know. We've been doing it since 
1962. From the beginning, we've been dedicated to giving 
you solutions to on-line and back-up storage needs. Example: 
the Storage Module Drive (SMD) we introduced became the 
industry standard for removable media disk drives. The SMD 
is just one of the high-performance products that helped 
make us the world's leading independent supplier of 
storage peripherals. 

We're still adding star performers to our product family. 
The LARK with a combined 50 Mbytes of fixed and removable 
media. The WREN high-performance 5-1/4" winchester drive. The 
Sentinel 1/4" cartridge streaming tape drive and the RSD that 
provides 80 Mbytes of removable media in a unit one-half the 
size of the original SMD. 

Today there are more than 35 different products designed 
to help you meet any storage or back-up requirement, with 
maximum reliability and low cost of ownership built right in. 

There's more-the direct support that Control Data offers. 
We can deliver maintenance on everything we make. So 
wherever your customers are, Control Data peripherals can 
be counted on for less downtime and more 
productivity than unsupported 
products. Our spare parts 
programs help ensure that 
your reputation for excellent 
service with your customers 
is backed to the hilt, 
24 hours a day, 
365 days a year. In the 
United States and around the globe. 

Add to this the commitment to research, 
to development and to manufacturing 
quality that a corporation the size of 
Control Data contributes, and you're 
looking at precisely the kind of 
performance that makes our OEM 
peripherals top-rated in independent 
preference studies year after year. 

Every performance needs a program. 
We'll send you one free: our new 48-page 
OEM products catalog. Write OEM Product 
Sales, Control Data Corporation, P.O. Box 0, 
HQN08H, Minneapolis, MN 55440. 

(5 2) CONTR_OL DATA 
Write 25 on Reader Inquiry Card 
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Deposition 
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Electroless 
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Figure 2: According to a survey conducted by Memorex, 29 
companies manufacture thin-film media , using four 
processes. 

plitude are extremely low. In addition, quality control 
of the media becomes extremely critical since small dis
continuities translate to large error rates. Also, current 
R/W head positioning technology is limited to about 
1000 tpi . Still , even 15 Mbits/in is dense enough to 
pack 15 Mbytes on a 5.25" disk surface. 

Thin-Film Media 
Higher densities than that may be obtained by using 
thin-film , or plated, media (Figure 1) . Both of_ these 
terms refer to a disk coated with a continuous layer of 
extremely fine , uniform , non-ferric magnetic particles, 
usually a combination of nickel , cobalt, phosphorous , 
chrome and/o r the alloys of these metals . The film may 
be as thin as 1 µinch (.075µ). However, thin film isn 't 
necessarily thin: it may be deposited 300 µinches thick 
for use in older, head-per-track disk drives . 

Nor is plated media always plated. "Plating" general
ly refers to chemical or electroplating processes , but 
thin-film media may also be made by high vacuum de
position and sputtering (Figure 2). Sputtering is a depo
sition technique involving bombardment of the magnet
ic material with positive ions in the presence of the 
surface to be coated. 

Track density isn't much higher for plated media 
than for particulate media, but bit density, resolution , 
amplitude , data integrity, and durability all are marked
ly improved . Because thin film doesn 't require fillers 
and binders , there 's more magnetic material in a small
er area, increasing resolution and amplitude at high bit 
densities. Thinner media provides a narrower, more 
concentrated signal with less head fringing (Figure 3) . 
And thin film media is more durable and abrasion re
sistant than is standard iron oxide media, although 
thin-film media manufacturers have had to cope with 
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long term corrosion problems . 
A study published in May by Memorex surveyed 26 

disk drive manufacturers concerning their attitudes 
about thin-film media and found that availability, and 
not corrosion problems, was the chief reason many of 
them weren't using plated media . Most felt that individ
ual media companies were solving corrosion problems , 
but they weren 't so sure about their ability to meet 
growing demands for the media. Memorex 's conclu
sion? "The need for plated media is here today, but the 
industry supplying this product , in the volumes that 
will be demanded , won't be viable for at least 18 to 24 
months ." 

This estimate may be several months on the pessimis
tic side, in light of recent developments . First of all, 
Winchester disk manufacturers , tired of waiting for 
high-volume shipments from media manufacturers , 
have begun to produce their own plated media . This 
will cut back somewhat on demand. 

In addition, Ampex has stepped up production of its 
San Jose manufacturing facility, opened earlier this 
year. The plant now produces 15 ,000 units of Alar
brand plated media per week , ramping up for an even
tual output of 38,000 per week by 1986. Also , Ampex 
has licensed Computer and Communications Technol
ogy Corp. (Santa Barbara , CA) to produce Alar me
dia . A number of other companies have also recently 
announced plans to manufacture various types of plat
ed media in high volume. 

Of course, " high volume" is a relative term. To 
smaller Winchester drive manufacturers building high 
capacity, high performance drives , it means several 
hundred units per week . To a company like Seagate 
Technology, high volume means several thousand units 
per week . The "high volume" requirements of the for
mer will undoubtedly be met well before those of the 
latter. 

Head Fringing 
I Field 

' \ 

-a 
-b 

Recording 
Medium 

c 
A 

Recorded Signal 

Figure 3: Thin-film (a): less head fringing and a higher-am
plitude recorded signal than thicker media (b, c). (Cou rtesy 
Evotek). 
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Smart Graphics™ GX-100 
The Modgraph GX-100 is the first 
low cost graphics terminal to offer 
multi-page high resolution graphics 
and alphanumerics. Designed to be 
compatible with Plot-10® (4010/4014) 
and DEC's VT-100 and VT-52 . We call 
it Smart Graphics™ and with good 
reason - powerful graphics. multi
page alphanumerics and more. 

GRAPHICS 
As a graphics tool the GX-100 is the 
smart choice; TWO pages of 768 x 
585 viewable resolution on a 15" 
screen. Information from one 
graphics screen can be added and 
subtracted to the other with the 

push of a key. Circle, Rectangle. 
Vectors. Points. Patterns, Complex 
Area Fill and of course Plot-10® 
(4010/4014) compatibility. 

ALPHANUMERICS 
The independent alphanumeric plane 
allows alphanumeric overlay without 
overwriting graphics. Two independ
ent pages store a total of 6 scrollable 
screens in 80 x 24 format with selec
table scrolling methods including win
dow scroll. This and VT-100, VT-52 
compatibility, all designed to help you 
work smarter not harder. 

• Direct access of microprocessor 
via host allows downloading of 
code for stand alone use. 

Modgraph, Inc., 1393 Main Street, Waltham, MA 02154 (617) 890-5764 

Write 14 on Reader Inquiry Card 

• Optional Floppy Disc Drive with 
CP/M O/S. 

To fully appreciate the Modgraph 
GX-100 you have to see it in action. 
Drop us a line, or give us a call. We'll 
arrange for a demonstration and 
show you how powerful graphics can 
be yours with Smart Graphics™ 

Plot- I O Trademark Tektronix 

Vf· I OO T radcmark Digi tal Equip. Corp. 



Perpendicular Recording 
Even with thin-film media , maximum bit densities are 
approximately 30 Mbits/in2

. This maximum density is 
set by two factors. First of all, to prevent the north and 
south poles of each magnet from demagnetizing each 
other, the magnets must be considerably longer than 
they are wide. So as more magnetized regions are 
squeezed into less space longitudinally, and they are 
made shorter in length , their width must be decreased 
proportionately. As a result , the mass of each magnet 
drops dramatically as bit density increases . Eventually, 
there is so little magnetic material per bit that the out
put signal is too weak to be detected above random 
noise. 

Secondly, with magnetized regions adjacent to each 
other linearly, there are south poles adjacent to south 
poles and north poles adjacent to north poles. The re
pulsion of these like charges causes demagnetization 
and physical deformities that become more exaggerat
ed at higher bit densities. 

Perpendicular recording is one solution to these prob
lems . Rather than arranging the magnetic regions lying 
linearly along the track , perpendicular recording (also 
known as vertical recording) arranges them standing 
down into the track (Figure 4). Since the magnetic re
gions are much narrower than they are long, for the 
reasons mentioned above, this vertical configuration 
immediately increases linear bit density; width of the 

New Servo Techniques Provide High Performance And 
Reliability At Low Cost 
As 5114' Winchester disk drive capaci
ties and performance reach levels 
exceeding those of past 14" Winches
ters, manufacturers are placing in
creasing emphasis on the design of 

reliable , low-cost high-performance 
head-positioning mechanisms. The 
open-loop servo systems common in 
first generation and low-end (500tpi) 
5114' Winchesters are not up to the 

task of accurately positioning read/ 
write heads in the new high-track 
density drives, which feature densi
ties of about 1000tpi. At the same 
time, virtually all current dedicated 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~surlace ciosed-~op servo sy~ems , 

FEATURES: 
A closer look will 
show you why 
Beau Brushless 
DC Motors should 
be your next 
choice. 
BEAU Brushless DC Motors 
• Continuous ring magnet 
• 24 slot lamination - (low cogging) 
• Precision shafts to (.0002 T.l.R.) 
• High efficiency 
• 4 and 8 pole available 
• Designs to fit your needs 

URIC 
BEAU MOTOR DIVISION 
UMC Electronics Company 
460 Sackett Pooni Road 
North Haven, Connecticut 06473 
Phone (203) 288-7731 

46 

• ,-· Cii1f tside CT) 800-243-6178 for our 
~- Beau Brus less DC Motors Catalogue and the name 

of your local Beau Motor Representative 

Write 21 on Reader Inquiry Card 

particularly the di-biUtri-bit servos, 
are relatively expensive and require 
defect-free media surfaces. 

Disk drive reliability and cost is of 
primary concern to system integra
tors. Pressure is bearing on 5114' Win
chester manufacturers to provide 
higher performance at lower cost, 
while maintaining high reliability. 
Closed-loop servo systems using a 
dedicated disk surface for track fol
lowing allow not only higher perfor
mance over stepper motor actuators, 
but also higher data reliability. ·The 
rule of thumb for maximum head-to
data track offset while maintaining 
data reliability is 10% of track pitch. 
Therefore , a high performance 
1000tpi machine must maintain 100 µ, 
inches or less off-track, including all 
servo tolerances and non-servoable 
factors . Environmental temperature 
variations cause a shift in head to 
disk position that can be corrected by 
a closed-loop servo system. In step
per actuator systems, there is no 
closed-loop feedback for a shift in 
head-to-disk position. Such open
loop stepper actuator drives are limit
ed to 400 to 500tpi , especially if data 
reliability is required over a wide tem
perature range. 

The dual-frequency design from 
Vertex uses a fully dedicated surface 
of one of the disks for track servo in
formation . A read head picks up the 
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JI Qyality 'Family of 
Dis Drives. 

FROM FUJITSU 
Quality means more when it comes from Fujitsu. · 

You get the latest Winchester disk drive technology. A total vertically 
integrated manufacturing operation. And a solid reputation built on more 
than 15 years experience. 

Our broad base of customers have come to rely on this level of 
quality over the years. Quality that's exclusively Fujitsu. 

For more information contact the 
Fujitsu America Sales Office nearest 
you. Northwest: (408) 988-8100, 
East Coast: (617) 229-6310, Southwest: 
(714) 558-8757, Europe: 44-1/493-1138. 

~See us at 
\g/Booth No. 1736 

(~ffl~~~~Xf 
Fall '83 

November 28-December 2. 1983 
Las Vegas Convention Center. 

Las Vegas. Nevada 

CAPACITY (M Bytes) 

AVG.POSITIONJNG TIME (ms) 

TRANSFER RATE (K Bytes/s) 

INTERFACE 

POSITIONING METHOD 

A 
14-INCH 

84 / 168 I 336 

27 

1,012 

SMD 

Rotag 
Voice- oil 

11111111111111111111111111111111111111 

HlGH PERFORMANCE 

B c 
101/2-INCH 8-INCH 

474 48 / 84 / 168 

18 20 

1,859 1,229 

ModifiedSMD SMD 

Ro tag 
Voice- oil 

Rotag 
Voice- oil 

MICRO-STORAGE 

D E 
8-INCH 5 1/4-INCH 

24 I 48 7 I 13 I 20 / 27 

70 83 

593 I 1,200' 

SA4000 

Buffered 
Stepper 

625 

ST506/SA4000 

Buffered 
Stepper 

*48 M Bytes Configuration available only in 1200 K Bytes/s 

FUJITSU 

Write 28 on Reader Inquiry Card 



track servo information from the dedi
cated surface and through electronic 
manipulation a position error or off
track signal is developed that is used 
for feedback to the actuator motor to 
correct any off-track error that occurs 
as the disk rotates under the servo 
read head. Because the servo read 
head is fixed to the data read/write 
heads by a rigid actuator arm, any 
movement of the servo head is trans
lated to all other read/write heads of 
the disk. 

The off-track error signal is also 
used during a seek operation . As the 
actuator is moving across the disk 
during a seek, the error signal pro
duces track crossing pulses that may 
be counted in order to determine 
track location. 

The difference between a dual-fre
quency servo system and the more 
common di-bit or tri -bit servo systems 
is in track servo information recorded 
on the dedicated servo surface and 
how this servo information is manipu
lated to develop an off-track error sig
nal. Once the off-track error signal is 
developed, the dual-frequency and 
di-bit or tri-bit servos are virtually the 
same. 

The dedicated servo surface in a 
dual-frequency system has alternat
ing tracks recorded with two frequen
cies, f1 and f2. A third frequency, f3 , 
is recorded on several inside and out
side tracks as a guardband frequency 
to indicate the extent of useable area 
of the disk. A fourth frequency, f4, is 
recorded on track 0 to indicate the 
home position of the actuator (See 
Figure) . The f1 and f2 used in the 
Vertex design are 700kHz and 
1020kHz respectively. The choice of 
the f1 and f2 frequencies is limited for 
the low frequency by track fringing 
and harmonic distortion characteris
tics and the high frequency by data 
frequencies. The R/W heads are "on
track" when the servo head is located 
midway between an f1 and f2 fre
quency band, so that the relative am
plitude of the f1 component and f2 
component signal is equal as read by 
the servo head. Any "off-track," 
where the servo head is more in the 
f1 band than the f2 band , will produce 
a higher signal amplitude of f1 . If the 
servo head is positioned more in the 
f2 band than the f1 band, then a high
er signal amplitude of f2 is produced . 

The servo head continuously sam
ples f1 and f2 frequencies . The servo 
electronics separates the f1 and f2 
component, sums and averages the 
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signals and positions the head at the 
point where this averaged signal is 
zero-exactly between the two f1 , f2 
frequency bands. 

This servo technique offers a sta
ble and accurate feedback control 
system with an "error" signal that tells 
how much and in which direction the 
R/W head is· "off-track." Off-track 
accuracy is maintained at :±: 100 
µ,inches. 

The dual-frequency servo offers 
both cost and reliability benefits over 
the classical di-bit/tri-bit servo de
signs. The most significant benefit is 
the dual-frequency method's relative 
insensitivity to defects in the servo 
disk surface. Di-bitltri-bit methods 
require error-free servo surfaces. 
Because the dual-frequency servo 
continuously samples f1 and f2 am
plitudes, media defects are averaged 
out and not sensed by the servo. The 
result is a significant improvement in 
manufacturing yield of servo surfaces 
of at least two to one over di-bit/tri-bit 
methods. A corresponding improve
ment in field reliability is also enjoyed 
since servo surface defects that oc
cur in the field do not affect servo 
performance, whereas with a di-bit/ 
tri-bit type servo, a servo surface de
fect may cause a failure of the servo 
and require disk drive maintenance to 
repair. 

The dual-frequency servo system 
does not provide a write clock or an 
index mark from the servo informa
tion as with the di-bit/tri-bit technique. 
However, 5114' Winchester formats do 
not use servo-generated index or 
clock information, making both super
fluous . The 5114' Winchesters are de
signed with tight tolerance spindle 
speed control , while the data format 
allows for large index tolerance so 
that an index may be generated ex
ternally or within the spindle motor. 

Manufacturing servo writing equip
ment required to precisely record the 
servo tracks is less complex for dual
frequency servo systems. Precise 
servo track position accuracy is im
portant to any servo method. Howev
er, the di-bit/tri-bit methods require 
exact bit and phase close, an index 
mark, and precise phasing of the di
bits or tri-bits from track to track. This 
requires complex servo writing equip
ment that cost roughly $250,000, 
compared to dual-frequency servo 
writers costing around $50,000. 

The servo read head azimuth 
alignment is critical in di-bit/tri-bit ser
vo methods to insure precise phase 

Inner 
Guard Band 

Outer 
Guard Band 

\ '\\\'' 
~ 
Servo 
Read Head 

Figure I : Servo disk surface. 

relationship of bit sync information. 
Because the dual-frequency method 
uses a relative amplitude difference 
of f1 and f2 frequencies, servo head 
azimuth alignment is not critical, thus 
reducing production costs and ser
vice requirements. 

An additional advantage of the 
dual-frequency servo system is the 
ease of separating write data noise 
out of the servo read channel. The f1 
and f2 frequencies are recorded well 
below data frequency, so write data 
noise that may be injected into the 
servo read channel via a read/write 
head to servo head cross talk can 
easily be filtered out. 

The dual-frequency servo system 
is a key reason Vertex Winchester 
drives have achieved performance of 
30 msec average access and 72MB 
capacity while maintaining low cost. 
This cost-effective servo technology 
can easily provide much higher per
formance levels as well , and may be
come the dominant servo technology 
in low-cost, high-performance 5114' 
Winchesters. 

John Fravel 
Electrical Engineering Manager 
Vertex Peripherals 
San Jose, CA 
Write 356 
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A CRASH COURSE 
IN DISK AND DRIVE 

TESTING: 

Disk Testing 
ADE RVA instruments will 
show you how to test 
excessive acceleration, 
flatness, radial waviness, 
datum positioning, axial 
run-out and thickness. 

Spindle Testing 
Learn the nuances of 
testing axial and radial 
runouts, bearing quality, 
axial/radial acceleration, 
non-repetitive runout, 
radial resonance, 
wobble, and high 
frequency vibration. 

ADE Corporation 
77 Rowe Street 
Newton, MA 02166 
Telephone: (617) 969-0600 
Telex: 922415 

! 

Head/Assembly 
Testing 
ADE RVA instruments give 
you advanced instruction 
on head positioning accu
racy, head motion studies, 
dynamic flight character
istics, pitching and rolling. 

~·l -:tor. 

••a•a• =••=•• 

ADE RVA instruments 
maintain quality control 
from design through 
production. Only ADE 
systems can measure 
dynamic displacements 
from tenths of microinches 
to thousandths of an inch 
from 0 to 50 KHz frequency 
response. Sign up for the 
ADE course (every major 
manufacturer of disks 
and drives already has). 

~·.:: --- )1 11<1'.A 

aaa•==a•a- ===••a ~=• 

1._ _ __ :J_j 
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magnet , rather than length , now determines bit densi
ty. The vertical dimension of the magnet can remain 
long, as the width decreases , effectively increasing the 
length-to-width ratio of each magnet , thus improving 
its magnetic qualities. Also , eliminating adjacent areas 
of like polarity allows packing the magnets closer to
gether without demagnetization and deformation . 

Although ultra-thin media is not a necessity with ver
tical recording, the media must be made of a crystal
line substance, such as chromium cobalt, that will mag
netize along a perpendicular axis. As a result, lack of 
media is a more serious problem for vertical recording 
even than for thin film recording. According to a sec
ond Memorex survey, this one of 29 media suppliers, 
only three manufacturers surveyed plan on producing 
media to support vertical recording in the near future. 
Three more said they will eventually support it, and 
three other manufacturers said their media would sup
port vertical or longitudinal recording. 

The Japanese seem to be at the forefront of vertical 
recording, not only for use in computer-related prod
ucts , but also for use in audio and visual recording 
equipment for the entertainment industry. There are, 
however, major R&D efforts going on at many large 
rigid disk drive companies in the US. Lack of an
nouncements concerning vertical recording from these 
companies doesn't necessarily indicate a lack of activ
ity · so much as a demand for secrecy. And at least one 
US-based firm , Applied Information Memories (Milpi
tas , CA), has outpaced even the Japanese, and plans 
to have a vertical-recording Winchester on the market 
by next year. 

The promise of perpendicular magnetic recording is 
considerable. By eliminating demagnetizing problems 
associated with longitudinal recording , bit densities on 
the order of 100,000 bpi are predicted . Theoretically, 
areal densities of 100,000 x 100,000, or 1010 bits per 
square inch would be recordable, if R/W heads could 
be positioned to fine enough tolerances. And one Japa
nese company has projected even higher possible densi
ties, on the order of 440 ,000 bits per inch . If attain
able, bit densities of these magnitudes would allow 
single-surface 5.25" disk capacities measurable in giga
bytes. Of course, these densities aren't attainable with 
current or even projected technologies. But if perpen
dicular recording fulfills even a small part of that prom
ise , constraints other than media should become the 
limiting factors in magnetic recording capacity. 

R/W Heads 
Headlines of two years ago read "Thin Film Heads In
vade Micro-Winchesters". Rather than an invasion , 
however, thin film heads are engaged in more of an in
exorable migration into Winchester disk drives . Eventu
ally, they will all but replace conventional heads. But 
today, two years since the "invasion", non-thin film 
heads are still the dominant R/W head technology in 
Winchesters. 

Conventional head technology hasn 't stagnated in an
ticipation of thin film heads . A number of improve
ments have been made over traditional monolithic nick-
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Figure 4: Vertical recording (b) reduces demagnetizing effects 
caused by adjacent poles of like charge, and produces a 
sharper surface magnetic field than conventional horizontal 
recording (a). (Courtesy Vertimag). 

el-zinc-ferrite heads used in larger disk drives to create 
heads more suitable to mini- and micro-Winchesters 
(Figure 5) . For example, use of manganese-zinc rather 
than nickel-zinc boosts the heads' signal output , and 
provides a frequency response better suited to small 
Winchesters . Composite heads isolate the MnZn or 
NiZn core, and allow a shorter flux path. The result is 
increased signal output and decreased parasitic 
inductance. 

The combination of a low mass slider (the slider is 
the block on which the transducer is mounted) and a 
thin , rigid load beam is known as the Whitney_ suspen
sion/slider, and was developed as part of IBM's 3370/ 
3380 second-generation Winchester disk drive project. 

Figure 5: The heads shown from Applied Magnetics are, from 
left: Standard, full-size monolithic ferrite slider on the Win 
chester suspension; full-size composite slider on Winchester 
suspension; mini-monolithic ferrite slider on Whitney suspen
sion; and a mini-composite slider on the Whitney suspension. 
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The Only Way 
You Can Get Q-BUS * Compatibility 

And Interface Flexibility 
With ANY or ALL These 
5 V4" Winchester Drives 

is With 
These Two Controllers 

AMPEX FUT/TSU MINISCRIBE SEAGATE 
ATAS/ /Ml MP/ (Micro Peripherals) SHUGART 
ATHENAEUM MAXTOR NEC SYQUEST 
CDC MEMOREX NISSE/ SANGYO TANDON 
CM/ MICROPOLIS PRIAM TOKYO ELECTRIC 
COG/TO MICROSCIENCE QUANTUM TULIN 
DISCTRON (RMS) INTERNATIONAL ROD/ME VERTEX 

THE ONLY WAY! 
You can't get it with DEC. Or any other independent controller manufacturer. 
That's because these controllers feature DILOG's exclusive Universal Formatting™ That means 

you can mix or match any two compatible drives (ST506/412), regardless of heads, parameters, 
capacity, etc. This powerful feature offers you real flexibility in drive selection now .. . and expansion 
in the future. It's simple as unplugging one drive and plugging in another. 

Model 00615 Model 00614 
• RK06/07 compatible • RL01/02 compatible 
• Formatted drive capabilities 222.4 MB • Formatted drive capacities 41.6 MB 
• Maximum 8 logical units-two physical • Maximum 4 logical units-two physical 

They both have enhanced 32-bit ECC, 22-bit addressing and RT-11 , RSX-11 , RSTS and 
TSX-Plus. 

DILOG Universal Formatting™ is also offered for the largest SMD 1/0 drives. And for your back 
up there are controllers for 112 11 tape, 1/411 cassette and 51/411 and 8" floppy drives. 

Contact your nearest sales office, distributor or DILOG directly for complete data on the way to 
unmatched 0-BUS compatibility and drive flexibility ... THE ONLY WAY! 

~~nmm 
DISTRIBUTED LOGIC CORPORATION 

12800 Garden Grove Blvd. • Garden Grove, CA 92643 • (714) 534-8950 • TLX 681399 
64-A White Street • Red Bank, NJ 07701 • (201) 530-0044 

12 Temple Square • Aylesbury, Buckinghamsh ire, England HP 20 20L • 44 (0296) 84101 • TLX 837038 

Write 30 on Reader Inquiry Card 
·Trademark of D1g1tal Equipment Corp 



Figure 6: A photo/mask/etch deposition
type process can produce several hun
dred RIW heads from a single 3'//' sili
con wafer (shown actual size) . The 
heads are produced in pairs (b) for re
dundancy purposes, and have extremely 
fine gaps between the copper " wires" 
(c) which, in conventional ferrite head 
manufacturing, would be hand-wound 
copper wire. 

(a) 

Whitney technology a llows lower head flying height, 
improved head stabi lity, higher tracking accuracy, and 
higher signal-to-noise ratio . The result is higher poten
tial area l density and fewer errors. 

In addition, the low mass sliders , narrow suspension 
and decreased flying height have other benefits : Max
tor (San Jose , CA) found that they could save enough 
space with Whitney sliders and suspensions to squeeze 
eight platters into their 5 .25" Winchester drive. 

Thanks to these and other improvements , conven
tional-style heads now allow 10 Mbits/in 2 in the field , 
and 20 Mbits/in 2 in the lab. 

Thin Film Heads 
Beyond the 20 Mbits/in 2 level , thin film heads become 
necessary. Thin film heads have little in common with 
thin film media , except that both are manufactured us
ing the sort of deposition techniques used to make se
micondU<.:turs (Figure 6) . With media, these fabrica 
tion techniques allow a thinner, more consistent 
coating. With heads , thin film fabrication allows a nar
rower gap between the magnetic pole tips on the trans-
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ducer. lt also allows a greater number of narrower cop
per transducer windings. As a result , thin film heads 
are expected to provide 32 Mbits/in2 by next year. 

Perhaps more important than the increased bit densi
ties thin film heads allow is the potential for decreased 
head manufacturing costs . As head manufacturers re
fine and perfect thin film head production, they should 
be ab le to produce a much more consistent product at 
higher yields, and benefit from the elimination of me
chanical and manual manufacturing techniques used 
for conventional heads (Figure 7). 

Positioning Systems 
No matter how many tracks per inch heads can write 
and media can retain , it's of little consequence unless 
the heads can be positioned precisely enough to distin
guish them. To accomplish this task, all movable head 
disk drives have, in addition to the spindle motor, a 
second motor, or actuator. This motor moves an arm 
assembly, to which are fixed the R/W heads. Position
ing accuracy and speed are functions of the motor 's 
ability to quickly and precisely move the arm assembly. 
and the arm assembly 's ability to translate that motion 
smoothly to the R/W heads. In addition, some drives 
employ a servo positioning system . In these drives ref
erence data on the disk surface provide the R/W heads 
with location information . 

In most cases, either a stepper motor or a voice coil 
moves the head assembly. Each has its advantages . 
Stepper motors are inexpensive , extremely reliable , 
and allow the drive to be easily mounted in any orienta
tion without loss of performance. Voice coils are more 
accurate and faster, but are also considerably more ex
pensive. Also , some voice coil positioning systems re
quire that the drive be mounted flat. 

The arm assembly can be either linear, meaning it 
moves back and forth , or rotary, meaning it pivots on a 
shaft. Linear positioning is the more direct technique, 
minimizing dynamic instability. However, linear sys
tems usually require more space in the drive package, 
and most must be mounted flat. Rotary positioners 
consume less space , and can be balanced to allow 
mounting in any orientation . 

R/W head positioning systems may be closed-loop 
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REAL GRAPHICS POWER 
FOR THE Q-BUS! 

ONE CARD DISPLAYS 
256 COLORS. THE OTHER 
HAS HIGH RESOLUTION 
"WINDOWING" CAPABILITY. 
EACH IS AMAZINGLY COMPACT. 
AND YOU WON'T BELIEVE 
THE PRICE. 

We made them small 
(just 5.2"x 8.9"). 

We made them powerful. 
We made them easy to use (with 

a complete lib rary of graphics utilities). 
And above al l, we made them 

inexpensive, especially when you 
consider the alternatives. 

Since 1979 Peritek has been a 
leading supplier of high-performance 
modular display components that plug 
directly into the 0-bus* But we've 
never been more excited than at the 
introduction of our H-Series products. 

Our Model VCH-Q dual high 
card can simultaneously display 256 
colors from a palette of 16 million via 
Periteks random access look-up table. 

We packed lots of features into 
this board to make applications devel-

opment easy For example, under 
program control you can select alter
nate color map settings on a frame
by-frame basis so that special effects, 
animation and so on are possible. 
You can also double the number of 
apparent colors by displaying from 
alternate maps on adjacent pixels. 
Periteks extensive software wi ll pro
vide all the support you need. 

The Model VRH-Q graphics and 
character video display interface 
produces both a high resolution 
1024x 1024 monochrome bit-mapped 
graphic image and an overlaid 
64x128 alphanumeric display. 

Because the character sets are 
stored in random access memory, 
you can download an unlimited 
library of characters and symbols 
from a host computer. 

The VRH-0 can simultaneously 
display several processes on different 
parts of the screen, making it particu
larly suitable for interactive applica
tions. Typical uses include CAD/CAM, 
robotics and vision systems, and 
high resolution work stations. 

Write 27 on Reader Inquiry Card 

EXTRAORDINARY COST EFFECTIVENESS 
If you're presently building or 

using a 0-bus machine, you have 
a substantial software investment in 
your system architectu re and instruc
tion set. Doesn't it make more sense 
to simply add a compact plug-in 
board for $6,000 or less, rather than 
write more code or pay over $10,000 
for a serial device? 

Price of the VCH-0 is just $2995, 
with even lower prices in OEM quan
tities. The VRH-0 is also $2995. 
In addition, Peritek offers a variety 
of accessories and other 0-bus 
hardware to help you meet your 
design goals affordably. 

For more information call or write 
Peritek at 5550 Redwood Road, 
Oakland, CA 94619. (415) 531-6500. 
TWX: 910-366-2029. 

Peritek 
"0-bus 1s a trademark of D1g1tal Equipment Corporation 



2nd Generation 

Bond Pads 

Copper Turns 

Figure 7: The vertical-recording RIW head at left is a narrow-gap composite head manufactured using conventional techniques. 
The "probe-style" head at right can be made using thin-film processes. (Courtesy Applied Magnetics). 

or open-loop . Closed-loop systems sense their location 
from reference data stored on the disk surface and 
feed this information back to the actuator for more 
precise head positioning. Open-loop systems operate 
blindly, relying on the mechanical accuracy of the actu
ator mechanism to locate the proper track . 

Open-loop systems , obviously, are much simpler and 
less expensive than closed-loop systems. But because 
the R/W heads of open-loop systems are not position
sensing , they rely directly on the accuracy of the actu
ator-they have no way of determining if they are off 
track. At low track densities , this is not a problem , but 
as track density increases , open-loop systems become 
unsuitable . Also , open-loop systems can 't compensate 
for environmental factors , such as vibration and ther
mal expansion . Consequently, they are limited to lower 
capacity, lower track density disk drives. 

Closed-loop, or servo , positioning systems have ser
vo heads that read reference information that was per
manently written onto the disk surface during manufac
ture . This positioning information is then fed back to 
the actuator that controls head movement , thereby 
keeping the heads on track , despite mechanical off
tracking, vibration or thermal stress . 

Closed-loop systems may be either dedicated servo 
systems or embedded servo systems. Dedicated sys
tems reserve one disk surface solely for reference data , 
and one head solely to read it. The servo head posi
tions itself according to the reference data on the disk 
surface. As it does so, it also positions the R/W heads 
serving the other disk surfaces , since they are physical
ly attached to the servo head . The biggest problem 
with this technique is that it devotes an entire disk sur
face to reference data , lowering overall drive capacity. 
Also , because of the physical distance between the ser
vo head and the R/W heads , mechanical off-tracking 
may occur, creating the very problem the closed-loop 
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system was intended to overcome. 
Embedded servo systems have reference data right 

in the data storage tracks, and the R/W heads double 
as servo heads . Some disk capacity is lost due to the 
space taken up by the reference data , but it is less than 
that lost in dedicated servo systems. And since R/W 
heads and servo heads are one in the same , off-track
ing is kept in control , even under varying environmen
tal conditions. 

Positioning systems determine not only how many 
tracks can be read and written, but also how fast data 
can be accessed. Seek time indicates how long it takes 
the positioning system to put a R/W head on a particu
lar track. Of course , this varies , depending on whether 
you 're looking for track 9 or track 109, so. average seek 
time , which is the average required for all possible 
seeks , is more meaningful. 

To look for a particular block of information , more 
than the proper track is required ; the correct sector is 
also necessary. Latency time is the amount of time it 
takes for a given sector to rotate into alignment with 
the R/W head once seek is complete. This is deter
mined not by the positioning system, but by the disk 
spindle speed . Average latency is usually calculated as 
one-half of a disk rotation. 

Access time is the total time required for the R/W 
head to locate a particular piece of data and begin data 
transfer, and is the sum of the seek time and the laten
cy time . Average access time , one of the most common
ly used performance specs for Winchester disk drives , 
is the sum of average seek time and average latency. 

Device Level Interfaces 
To the OEM or system integrator, the characteristics of 
a drive may be of less importance than the interface 
that the drive is designed to . The SW' Winchester mar
ket has flourished adhering to the de facto ST506/412 

Digital Design • November 1983 



Because it's a truly complete, ready-to-work subsystem, FD840/H 
all but eliminates your hardware/software selection-integration 
decisions; lets you solve other problems. 

How complete is it? You get two 8" half-height slimline DSDD 
floppy disk drives and one 5-1/4" hard disk drive - plus an 
intelligent disk controller. It's a dynamic combination STD BUS 
users won't find available anywhere else. Then you get a powerful 
software support package that includes a CP/M• operating system 
plus three utility software modules that give you highly effective 
control of data storage and retrieval. And of course, you get a STD 
BUS interface, cables, manuals, etc.! 

Learn all about FD840/H and our Modular design COl'ICl!iM~ 
or write: 

APPLIED 
MICRO ~@©[h)[Jl)@~©~W TM 

.. . the innovative STD BUS company 

Applied Micro Technology, Inc. 
Box 3042 • Tucson, Arizona 85702 • (802) 822-8806 • TWX 910-952-1184 

a Burr-Brown Company CPIM• is a regiatered trademerk of Dlgltel "-di 
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standard. But the low transfer rate and lack of fl exibil
ity of the interface restricts the performance of high
end SW' drives . As a result , there are now three pro
posed standards that threaten the dominance of the 
ST506/412 interface . A ll three promise higher perfor
mance, higher capacity memory sub-systems than 
cou ld be obtained by adhering to the established inter
face. For example, IO Mbi t/s, very high capacity drives can 
create the illusion that each user in a LAN has his own 
processor and CAD stations will be able to pull data 
off a drive rather than from inordinately large RAM 
memory. 

The new interface contenders are , in the order of 
their introduction , the Enhanced Small Disk Interface 
(ESDI), an ANSI approved standard and a high perfor
mance Seagate inspired interface, the ST412HP (Fig· 
ure 12). All three open up the 5Mbit/s ST506 transfer 
rate to at least lOMbit/s. The ESDI and ANSI inter
faces also move the data separator from the controller 
onto the drive , and data is transferred in a Non-Return 
to Zero (NRZ) format. This arrangement means each 
drive will require its own separa tor, a costly duplica
tion in multiple drive systems, but it offers increased 
flexibility. 

Figure 8: The positioning system on Seagate 's 12. 76-Mbyte 
ST412 uses a split-band actuator and a stepper motor for an 
average access time of 85 msecs. 

The ESDI specification defines two implementation 
modes , Serial and Step . The Step mode is used with 
stepper motor positioners and the Serial with linear 

and voice coi l motors . The Serial mode uses NRZ data 
transfer along with serial commands and seria l config
uration and status reporting across the command ca
ble . The Step mode also uses NRZ data transfer ; how
ever, the STEP and DIRECTION lines are used to 
cause actuator motion, meaning configuration and sta-

Analyzing Disk Drive Specifications 

With a few basic terms under your 
belt, you can avoid the pitfall of com
paring apples to oranges when shop
ping for rigid disk drives. As with 
most product selection and evalua
tion projects, choosing a rigid disk 
drive for a specific application in
volves collection and analysis of data 
on the various alternatives available 
from manufacturers. Since no univer
sal standard regulates the presenta
tion of information in disk drive data 
sheets and advertisements, the po
tential buyer must become familiar 
with how manufacturers handle key 
specification areas to make product 
comparisons. This necessitates fo
cusing on those areas where manu
facturers use ' different approaches to 
present basic statistical information, 
identifying the way popular industry 
terms are used, and looking for im
portant information which may be 
omitted . 

Most manufacturers specify the to
tal storage capacity in a given drive in 
its unformatted state. Formatted ca
pacity, the actual usable storage 
space, may be different among drives 
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of the same unformatted capacity. For 
example, some high performance 
drives have sophisticated spindle 
speed control circuits , and less for
mat overhead is required for speed 
tolerance. These drives can support 
33 sectors per track (256 bytes 
each), in addition to the more com
mon 32 sectors format, therefore 
yielding a higher formatted capacity 
even though the unformated capacity 
of the drives is the same. 

While very few vendors misrepre
sent their specifications intentionally, 
a lot of confusion surrounds the defi
nition of Access Time. Part of this 
confusion stems from the fact that the 
list of 5114' Winchester drive manufac
turers includes companies from both 
floppy and rigid disk backgrounds. 

Simply stated, Access Time is the 
delay between requesting data and 
getting it. At the drive level , there are 
two components to Access Time : 
Seek Time (positioning the read/write 
heads on the desired track) and Ro
tational Latency (rotating the disks 
until the desired track is found) . Ac
cess Time and Seek Time are not 

synonymous. 
The actual Seek Time of a drive is 

observed at the "Seek Complete" in
terface signal , which is false for the 
duration of the seek. By definition , 
Seek Time includes the head settling 
delay, although some vendors mis
takenly quote this separately. 

An important factor to consider in 
comparing Seek Time specifications 
is the way "Step" pulses are handled. 
Most drives now support "buffered 
mode" seeking, where a burst of step 
pulses are transmitted to the drive at 
high speed . By contrast, early drives 
could accept pulses only as fast as 
their stepper motor positioners could 
move. The step pulse rate becomes 
important because most drives don't 
begin positioning until the entire burst 
of "step" pulses has been received. 
If, for example, step pulses are sent 
at 100 µs intervals, a 200 track seek 
requires 20 ms to buffer the pulses 
before the positioner begins to move. 
Since the step pulse rate is ,;: ~t by the 
controller, not the drive, those Seek 
Time specifications that do not take 
this into account are not represented 
properly. 

The more technically advanced 
drives address this situation by initiat
ing movement immediately with the 
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• Disk Drive Manufacturers 
•Computer Manufacturers 
• System Integrators 
Applied Circuit Technology's 
UTS-Unit Test Station provides you 
with the expandability and sheer 
number of test slots to maximize your 
test room throughput while breaking 
the test room bottleneck. Each UTS 
comes configured to test 4 devices 
simultaneously. The optional 
networking capability allows the UTS 
to link up to 8 systems together in a 
master/slave configuration, providing 
simultaneous testing of up to 32 
devices. The UTS' industry-leading 
design and electronics provide the 
power to perform any level of test 
required; therefore, insuring the 
performance and reliability of any 
rotating memory device. The UTS 
combines the highest degree of 
correlation of test results from slot to 
slot and system to system, and a 
detailed test data sheet with floppy 
back-up for archival purposes. The 
exclusive versatility of the UTS system 
will provide your testroom with a 
productive, usefu I tool. 

• Final Production Test 
• Receiving Test 
•Engineering Development 
Disk drive manufacturers can use the 
UTS to insure the throughput to make 
shipments while assuring final 
production reliability. Computer 
manufacture rs and system integrators 
can use the UTS to insure drive and 
interface performance on incoming 
devices before they get into the 
production line, keeping productivity 
high . Engineering departments can use 
the UTS to test and verify prototype 
designs and to troubleshoot failed 
production units. Overall flexibility 
and portability (it's caster mounted) 
will make the UTS the most sought 
after test system in your company. 
Since the UTS is totally software
driven, applications can be changed in 
the time it takes to call up a new 
program. With the UTS' built-in 10 
megabyte Winchester drive, the 
process is quick and easy. The UTS' 
ability to provide both hardcopy and 
floppy test results allows you to track 
and analyze failures. 

Write 41 on Reader Inquiry Card 

•Hard Disk 
• Floppy Disk 
• Tape Devices 
By means of a simple board change, 
the UTS employs a// of its power and 
flexibility to test any hard disk, floppy 
disk or tape device, regardless of 
interface, storage capacity or transfer 
rate. Applied Circuit Technology's 
systems today test more than 2,000 
5 %''Winchester drives daily. They 
have greatly contributed to an 
under-3 % return rate for manufactur
ers, and are quickly becoming the 
industry standard for rotating memory 
device test. The UTS system has no 
planned obsolescence ... its three (or 
should we say nine) personalities allow 
the system to expand and fill the needs 
of your production, receiving or 
engineering departments with 
maximum efficiency and minimum 
conversion time. The UTS is 
competitively priced while providing 
features the competition can 't touch. 

- ------ ------ ------- -- ------- ---- - ----- ----- ----- ---- -

Applied 
Circuit 
Technology 

2931 La Jolla St., Anaheim, CA 92806 
(714) 632-9230 

Achieve the Standard with Applied Circuit Technology's UTS-The O nly System with Three (ni ne) Personalities. 

Regional sa les offices: Westlake Village, CA (805) 496-8778; San Jose, CA (408) 287-8720; Boulder, CO (303) 466-1763 
© Applied Circuil Technology 1983 



first pulse. As additional pulses are 
received, the positioner velocity can 
be optimized for minimum Seek 
Time. A properly written specification 
will note the relationship between 
Seek Time and the step pulse rate. It 
is for this reason that one drive with a 
comparatively slower Seek Time 
specification than another can in fact 
be faster from an Average Access 
Time viewpoint, which is the real is
sue. In summary, look for the mini
mum time between "Step" pulses, the 
ability to seek and buffer pulses si
multaneously, and no settling time 
requirement. 

The definition of Average Seek 
Time is another source of confusion. 
Most data sheets fail to define the 
meaning of "Average", but the most 
widely accepted technique is to mea
sure the time of a 113 length seek. 
(The average distance between any 
two cylinders is % the number of cyl
inders.) Some specifications use an 
averaging method such as dividing 
the total time required to do all possi
ble length seeks by the number of 
seeks performed. For a fair compari
son , find out which technique is used 
in quoting the Average Seek Time. 

Average Seek Time specifications 
are also subject to distortion by the 
drive's capacity and configuration. 
Obviously, a high capacity drive with 
more cylinders and/or surfaces pro
vides access to more data within the 
limits of a V3 seek than does a low 
capacity drive. A more realistic com
parison might result if the Seek Time 
is measured over the same number 
of cylinders or over the same amount 
of data. In some cases, the operating 
system software may dictate a seek 
length typical of normal system oper
ation. Comparison on this basis 
yields "real world" results. 

The form factor of 5%" rigid disk 
drives has been adopted from the 
5%'' flexible disk drives developed by 
Shugart Corporation, and is widely 

accepted as the industry standard. 
This permits OEM's to buy drives 
from multiple sources without chang
ing mounting requirements . Some 
drives, however, exceed the standard 
8" length and require additional depth 
in the system enclosure. 

The shock isolation figures stated 
under the Physical Statistics section 
of a data sheet must also be carefully 
examined. If, for example, the drive 
you are considering requires addi
tional shock isolation· material it may 
exceed the standard form factor en
velope. Your best bet may be a drive 
with shock isolation built into the in
dustry-standard form factor. 

Drive mounting statistics are often 
omitted in the physical statistics sec
tion of many data sheets. Information 
should be provided indicating the var
ious positions in which the drive can 
be mounted and still operate properly. 
Some drives restrict mounting orien
tation to one or two of the three pos
sible mounting axes. In addition , the 
mounting statistics should be careful
ly scrutinized by users installing sys
tems in unstable environments, such 
as moving vehicles. 

Another service rarely provided in 
the physical statistics section of the 
typical 5%'' rigid disk drive data sheet 
is a description of the bezel and indi
cators . Specifically, system integra
tors need to know if the exterior ap
pearance of the drive unit will be 
compatible with most systems on the 
market. For the most part, a data 
sheet should indicate if the unit's be
zel compliments the black, textured 
design, which has become the de 
facto industry standard. If the unit de
viates from this standard, a complete 
color and style description should be 
provided. The location of the "select
ed" LED indicator, for example, varies 
considerably among vendors. 

Acoustic noise statistics, another 
important issue frequently over
looked, should state the dBA level 

one meter away from the unit. If this 
statistic is missing, and the system 
will be installed in an office environ
ment, you may be looking at a unit 
too noisy for the application you have 
in mind. 

To be sure you are getting accurate 
MTBF statistics look for those 5%" 
rigid disk data sheets that show sep
arate HDA (Head Disk Assembly or 
"clean" area) and overall unit MTBF 
figures . Circuit board problems can 
often be fixed in the field by exchang
ing a spare board, but HDA failures 
require the drive to be returned to the 
vendor (with data still on it) for clean 
room repair. Buyers should also be 
aware of the fact that if the electron
ics have been isolated from the clean 
area, or HDA, a very high HDA 
MTBF figure will undoubtedly be pre
sented along with a lower figure for 
the typical repair time. 

When stating media defects in the 
reliability section of a data sheet, 
most manufacturers mention that the 
tracks on cylinder O (system tracks) 
are error-free. However, for complete 
media defect information you should 
look for an indication as to how de
fects outside this area are accounted 
for. For example, is a hardcopy defect 
map provided? How many defects 
are allowed in total? This information 
frequently is not included on a data 
sheet and must be requested. 

Solid purchasing decisions can be 
made if the buyer understands how 
manufacturers present information. If 
you know the right questions to ask 
and are able to convert statistics to a 
common denominator, you can sig
nificantly improve the chances of 
finding the right product to fit your 
needs. 

Bob Mortenson, 
Applications Engineering Manager, 
Micropolis, Chatsworth, CA 
Write 357 

tus reporting are unavailable over the interface. It is 
up to the disk drive manufacturer which mode to im
plement. Both may be implemented and a selection 
method established if the manufacturer so desires . 

The specification has been revised since its release 
last spring. The latest version , dubbed Revision B, in
cludes changes to the command structure . The number 
of basic commands has been decreased . But more flexi
bility and capability has been provided through com
mand modifier bits . 

specification is the 10 Mbit/s transfer rate. At one time 
there was movement in the ESDI camp to establish a 
higher transfer rate. The two other proposed 10 Mbit/s 
interfaces may provide the needed impetus to up the 
transfer rate to 15 or 20 Mbit/s. Such a move would set 
high performance ESDI drives, such as Maxtor 's, 
apart from the others . But such a move would have 
been easier to make earlier in the development of the 
specifications. Now, disk and controller electronic de
signs may have to be modified . 

One thing that hasn 't changed from the original The ANSI standard is being sponsored by Priam and 
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Figure 9: Using a stepper motor and linear actuator, Evo1ek's 
5000 series drive provides an average access time of 49 msecs. 

Xebec (Sunnyvale, CA). This standard was originally 
developed for 8" Winchesters , but the promoters feel it 
can be , and is worth , adapting to 5 V4 11 drives . The main 
benefit the ANSI spec provides, they say, is that it is 
already defined and proven . For example, some of the 
8" control electronics being produced by semiconduc
tor companies are ANSI compatible. The interface sup
ports addressability of up to 8 devices in a daisy chain 
configuration. Radial attention and selection is support
ed throughout the daisy chain bus . 

Critics of the ANSI interface point out that the stan
dard by itself does not guarantee plug compatibility. To 
obtain device interchangeability, an operational specifi
cation must be defined . Neither the operating specifica
tion, the power requirements , nor the format used to 
write or read are defined. 

The only manufacturers claiming to develop ANSI 
compatible products are Priam and Xebec. They have 
also announced the intention to establish an indepen
dent non-profit corporation, DISC Labs, Inc. , to test 
and confirm that drives and controllers meet the 
standard. 

The proposed standard has stirred up little interest 
among drive and controller companies. In fact. Priam's 
commitment seems less than wholehearted, as the com
pany is also supporting the new ST412HP. The ·· HP '" 
(for high performance) was developed by Seagate and 
along with Priam is supported by drive manufacturers 
Tandon and Atasi and by the controller companies 
Adaptec and Western Digital. 

Designed to minimize the engineering required to 
upgrade systems based on lower speed ST506/4 l 2-com
patible Winchesters, the ST4 l2HP resembles the estab
lished ST506/412 interface. With the exception of one 
pin-out designation (RECOVERY MODE), the 
ST412HP interface is physically the same as the lower 
capacity ST506/412 standard . The addition of the RE
COVERY MODE signal gives the controller the abili-
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ty to microposition the head carriage during read oper
ations. This provides the controller with an added data 
recovery technique on drives having higher track densi
ties. Electrically, the ST506/412 and the new ST412HP 
interface are the same with the exception of the higher 
speed drivers and receivers needed to handle increased 
transfer rates. The old interface drivers and receivers 
were limited to a rate of about 7.5 Mbit/s. The new dif
ferential receivers/drivers will support transfer rates up 
to 15 Mbit/sec. 

Like ESDI, ST412HP-compatible controllers will op
erate in the step mode , and can convert to the serial 
mode for drives with closed-loop servo positioning sys
tems and linear or rotary voice coil actuators. But , 
ST412HP retains the modified frequency modulation 
(MFM) encoding scheme characteristic of ST506/412 in
terfaces . This interface will also support run-length 
limited (RLL) encoding schemes, permitting even high
er drive capacities. 

If adopted by a sizeable part of the industry, this 
new interface will create a booming demand for con
trollers. Other companies can be expected to enter the 
fray. One of the first companies to bet on such a de
mand is Seagate. They have added low cost controllers 
based on the Small Computer Systems Interface to 
their product line. The first "ST9000" devices will sup
port SCSI at the systems level, and the 5 Mbit/s 
ST506/4 l 2 transfer rate specification at the drive level. 
Future Seagate controllers will incorporate the SCSI 
standard with the ST412HP drive-level interface . 

Figure JO: Priam 's 500 series features a linear voice coil actu
ator delivering an average access time of 32 msecs. 

Adaptec is supporting the standard with their ACS-
1000 chip set. The set includes the AIC-100 Winches
ter controller chip; the AIC-250 encoder/decoder chip; 
and the AIC-300 buffer controller chip. They claim to 
be the first controller manufacturer to design and deliv-
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MLl I for Winchesters-emulates RL02 and more. This 
quad-size board delivers up to 30% higher storage density 
on an 8"disk. For enhanced data integrity, ECC is 56-bits. 
Includes efficient defect sector mapping with one addi· 
tional sector per track. 

MX22 for floppies-emulates RX02, 03 and more. It 
can intermix and control up to four 5-1 /4" and-or 8" drives 
with a single quad-size board. Features built-in diagnos· 
tics with LED display. 

As you can't see, Micro 
Technology's newest trans
parent controllers are com
pletely DEC® compatible in 
form, fit and function. Your 
Unibus-based system won't 
notice any difference in hard
ware or software (diagnos
tics, operating systems or 
application programs) . But 
you'll spot major advantages 
in price.* And performance. 
Take a closer look. 

See the jumper-selectable 
features-write precompen
sation enable/disable, alter
nate address/vector selection 
and device interrupt priority 
selection level. And don't 
overlook the built-in boot
strap capability. 

We can give you an even 
better look. 

Upon request, we'll 
include information on our 

·save up to 15% on all standard products. In addit ion, all 
orders (from 1·99 piecesj placed and delivered before 
12/31 /83, will be discounted at the lOO-piece price. AIOI 

comprehensive line of DEC 
compatibles-more than 20 
products, including Q-bus® 
controllers as well as 
complete subsystems with 
controllers and drives. All 
reliably built, competitively 
priced.* Call or write now for 
a clearer view of your DEC 
alternatives. 

Unibus, Q-bus and DEC are registered trademarks of 
Digital Equipment Corporation. Micro Technology, Inc. 
Micro Technology, Inc.• 1620 Miraloma Avenue • Placentia, CA 92670 •Telephone: (714) 632-7580 
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er chips capable of a 10 Mbit/s transfer rate and are 
the only company currently shipping such products. 
These chips can be used to build ST412HP interface 
controller boards. Adaptec will offer an ST412HP 
board-level product when the drives become avai lable. 
The company will continue to support other small 
drive level interfaces including ST506, SMD and 
ESDI. 

Western Digital Corporation, another controller 
manufacturer, announced it is developing ICs and con
troller boards to support the proposed interface . West
ern Digital plans to offer board controllers that sup
port the ST412HP interface in conjunction with the 
industry standard SCSI/SASI , Multibus and VME host 
interfaces, as well as selected custom bus interfaces for 
its key customers. 

Figure I I: With a rotary voice coil positioning system, Max
tor's XT-4000 provides an average access time of 30 msecs. 

Drive Selection 
With such a myriad of drive and controller technol
ogies available and now interface options, how does an 
OEM or system integrator evaluate and select a drive? 
Unfortunately there aren't any clear decision trees 
available. But a rough cut, in terms of drive capacity 
and performance , can be made by looking at some 
gross host system characteristics. 

Some factors that influence capacity include : num
ber of users , number of tasks, the operating system, 
the applications and the desired performance. A single 
user system can usually be supported by a 20-Mbyte or 
less , stepper motor, open-loop, 5 Mbit/s drive. These 
drives are often referred to as low-end drives. Some 
single user systems, such as engineering work stations, 
will require much higher capacities and higher perfor
mance than can be obtained by low-end drives, as will 
most multiuser systems. 

The amount of memory each user needs in a mul
tiuser system is a function of the systems and applica-
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tions software used . Multiuser operating systems use 
memory to varying degrees . UNIX is a notorious mem
ory consumer as are data base and spreadsheet applica
tions packages. A central file server in a multiuser sys
tem may require more than 30 Mbytes. Because users 
are accessing a shared data base, disk contention can 
be a problem that will severely restrict system perfor
mance. Fast disk access is therefore required. Fast ac
cess and high capacity almost demand a high perfor
mance closed-loop servo system and linear or rotary 
voice coil motors. In the past these two types of drives 
represented the two ends of the 5 V4 11 drive spectrum. 
With the high performance interfaces becoming avail
able, the range of drive possibilities is being stretched. 

To drive manufacturers , integrators always seem to 
want more capacity than they logically need. But many 
integrators have learned that memory feeds on itself; 
as you use more you demand more. Choosing a higher 
capacity than is apparently needed is one way to allow 
for unforeseen memory demands . Another method of 
dealing with unforeseen memory demands down the 
road is to structure the memory subsystem so that 
drives can be added as needed. 

Once the capacity, performance and interface param
eters have been defined, products can be evaluated. 
This evaluation should include cost , reliability and 
availabi lity. In terms of cost , low-end drives are usually 
evaluated in terms of cost per drive and high-end 
drives in terms of cost per megabyte. These days drive 
manufacturers are in general very quality conscious. 
But many integrators subject drive samples to a· bat
tery of tests . Rough handling is a big enemy of hard 
disk drives. Shock and vibration testing by prospective 
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J1 

J2 Drive 1 

J3 Ground Tab 

~ 

Controller J1 

J2 Drive 2 

J3 Ground Tab 
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J2 Drive 3 

J3 
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Data t---- J 
Separator 

J1 

J2 Drive 4 
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DC Voltages -
J 
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Figure 12: This diagram depicts a typical fo ur-drive ST412HP 
system. Note that unlike the ESDI, th e data separator is not 
on the drive. 
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customers is not uncommon. The type of positioner 
used is a major factor in determining a drive's ability 
to withstand shock . Balanced rotary positoners absorb 
shock at the fulcrum. Linear positioners usually must 
be kept flat and if jarred move easi ly across the disk 
surface . Standard rotary positioners will also sweep 
data out of a disk area . 

would think that competition from other technologies 
would be of little concern . However, Winchesters are 
not the only technology benefitting from the current 
demand for memory. Flexible disks-some expected to -
use vertical recording-challenge Winchesters at the 
low end, whi le optical memory could make a show of 
it at the high end. The biggest market is in the middle , 
however, and there Winchesters seem secure. Availability of the drive and its components must be 

determined . Integrators should make sure that the 
drive can be manufactured in the required volume. 
Multiple platter, half height , sub-micros and exotic 
technology drives should be especially scrutinized. If 
thin film heads , plated media or new interface control
lers or other specialized electronics are used , a check 
on their sources is called for. High-end performance or 
capacity doesn 't demand that risks be taken . Fujitsu 
America is offering an 80 Mbyte 51/4'' with standard 
heads and six standard platters . 

Predictions about the future of Winchester disk 
drives are notoriously inaccurate-even compared to 
the computer industry in general. Even three years is 
too long a period to allow meaningful forecasts . In 
1978, a year before IBM delivered the first 8" Winches
ter, how many predicted that in three years, 61 ,000 
5.25" Winchesters would be sold? And in 1980, the 
year Seagate delivered the first 6 Mbyte 5.25" drives, 
who predicted that 380 Mbyte 5 .25" drives would be 
announced in 1983? Plainly, any predictions for 1986 
should be taken with a rather large grain of salt. Finally, a look at alternative solutions other than a 

51/4'' or other Winchester can be worthwhile. For exam
ple, a 3.3 Mbyte 51/411 floppy disk may be a better an
swer for some single user systems. Or, at the other ex
treme, consideration may be given to an 8" Winchester 
as a high-end solution . 

But although specific predictions of technological de
velopments are impossible , one broad prediction of 
the Winchester industry is easy. Given Winchester tech
nology's superior potential for improvement , and given 
the diverse areas of engineering throughout which this 
potential is scattered , it's certain that Winchester tech
nology will not only keep up with demand, but will ac
tually drive demand in the coming years . D 

Winchester Outlook 
With Winchester technology evolving so rapidly, one 

VIDEO TERMINAL BOARD 
This board uses a 6502 Microprocessor and a 6545-1 CRT 
con trol ler. It displays 80 columns by 25 Imes of UPPER and 
lower case characters . Data is transferred by RS232 at rates 
of 11 0 baud to 9600 baud. Asssembled and tested #82-
018A $199 .95 We have a complete line of Industrial Control 
Products . OEM Pricing Available . 

JOHN BELL ENGINEERING , INC. 
1014 Center St., San Carlos, CA 94070 

(415) 592-8411 

Write 33 on Reader Inquiry Card 
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TAP Into TOWER 
And, tap into the Cambridge Digital "Edge." Yes, Cambridge Digital is 
now the East Coast distributor of NC R's Tower products. For the first 
time, system builders from Maine to Virginia can get the best computer 
system in the industry, combined with the famous "Edge." 

The Tower gives you the performance of the 68000 processor, the 
flexibility of multi bus architecture , and the power of *UNIX in a single 
system. The "Edge" gives you the assurance that your system is fully 
tested and ready to run the day of delivery. Add NCR service, and you 
have a system builder's dream. 

Our complete system package delivers the performance of a mini
computer at the size and price of a micro, coupled with a support and 
service organization that guarantees your system is up and running 
anywhere in the world. 
For more information call or write . l) 
Main Office Dept. 7 400 , 
P.O. Box 568, 65 Bent St. 
Cambridge, Massachusetts 02139. 
Telex 92-1401 /COMPUMART CAM. 
800-343-5504. 
In Mass. call 617-491-2700. 
New York District Office 516-935-3111 

Cambridge 
'"~~~~Digital 
The Edge in System Integration. 

800-343-5504 
*UNIX is a trademark of Bell Laboratories. 

Write 35 on Reader Inquiry Card 
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Looking At Plotters 

Recent advances in plotter technology 
have been at a pace rivaling that 
of computer technology itself. 

by Ram Appalaraju 

Numerical output from the comput
er and the need to make that out
put easily read and understood has 
been a longstanding problem in the 
industry. From that need has 
emerged the graphic output device , 
i.e. the plotter. Recent advances in 
this technology have been at a pace 
rivaling that of computer technol
ogy itself. 

One variety of hard copy output 
device primarily used in CAD appli
cations is the digital plotter. Plot
ters may be classifieJ into pen plot
ters and electrostatic plotters. The 
pen plotters may be further divided 
into drum and flat-bed types. 
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In the drum type , the pen moves 
on one axis only and the bi-direc
tional movement on the other axis 
is achieved by the movement of the 
drum . In the flat-bed type , the pa
per is held down by electrostatic or 
vacuum suction, and pen moves on 
both axes. The flat-bed type pen 
plotters suffer from limited paper 
size, and although the drum type 
pen plotters have no length restric
tion on one axis, they offer less res
olution than flat-bed plotters . 

Electrostatic plotters , on the oth
er hand , use a row of styli instead 
of a pen, which create lines on stati
cally charged paper, and are pre
ferred in applications which require 
a large volume of graphic output. 

Photo courtesy Ca/Comp 

Figure I : Hew/ell-Packard H P7475A 
six-pen p/011er provides hard copy out
put for personal computers. 

The fact that they provide output in 
raster format, as opposed to the 
vector format of the pen plotter, 
makes them faster. 

Often, the sophistication of a 
plotter is determined by its resolu
tion, but in practical terms, the res-
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Plotters 

olution is usually considered in 
terms of its application. Resolution 
is specified as the reciprocal of the 
number of addressable points per 
unit length in each axis. According
ly, a specification of 0.002" means 
that there are 500 addressable 
points (Jines) per inch on each X 
and Y axis. Sometimes , resolution 
is classified as both addressable res
olution and mechanical resolution. 
The first is what the user can ex
pect from the plotting equipment 
and the second is what the equip
ment actually gives. Further, the 
term resolution depends on the abil
ity of the electronics in the system 
to interpolate the data. 

For a given application, the disad
vantages associated with higher res
olution plotters should also be con
sidered. The higher the resolution, 
the higher the cost. The output 
string (i.e . the number of bits to de
fine each point to be plotted) in 
high resolution equipment is high, 
resulting in the consumption of a 
large amount of memory. 

Many plotters that are available 
today have been designed with "in
telligence". By incorporating a mi
croprocessor in the plotting unit , 
some of the software burden is tak
en from the host computer. The mi
croprocessor also executes certain 
other functions such as changing 
colors (changing pens) , implement
ing character sets. and arcs and 
vectors. 

The microcomputer in the WX 
46XX series from Watanabe Instru
ments Corp. (Tokyo, Japan) in
cludes a Z80A microprocessor, 
three 4 Kbyte EPROMs, and two 
2114 RAMs. Two 8255's and three 
LS 368's are mounted as I/O ports . 
One of the I/O ports is used as an 
I IO data line from/to the interface 
board. The other ports are used for 
the 1/0 processing such as motor 
drives, keyboard, etc. 

The software in the microproces
sor unit controls the pen speed 
through a WAIT circuit logic. The 
other functions of the microproces
sor unit include establishing hand
shaking protocol between the inter
face and 1/0 ports , DIA conversion 
circuitry for motor drive , and con
trol paperfeed mechanism , etc . The 
plotters from Watanabe have differ-

66 

Figure 2: Th e Houston Instrumen ts DM P-41 drum type pen plotters can accommo
date large size papers. 

ent types of interfaces like RS-232-
C and GP-IB to make them com
patible with various hosts. 

Other similar intelligent plotters 
are Houston Instruments DMP se
ries; Strobe; Hewlett-Packard 7470, 
7475 ; Benson 1332, 1333; Numon
ics 5400; and IBM. The XY/750 
from IBM is the company's first in
telligent graphic output device. The 
plotter is provided with RS232 and 
IEEE488 to make it globally com
patible . The features of this micro
processor controller plotter in
clude up and down scaling without 
change of program , offline and on
line , offscale data handling , and 
automatic linear interpolation with 
absolute and relative coordinates. 

Houston Instrument, a division 
of Bausch and Lomb, has various 
models of dumb plotters on the 
market. The DMP-29 is the com
pany 's largest flat-bed model. The 
DMP-41 and DMP-42 differ only in 
the size of paper used . The features 
of the plotters include a user 
addressable resolution of 0.001'' , 
0.005" or 0.1". The addressable res
olution allows GRAPH mode ad
dressing of the plotter on a matrix 
of 4096X by 4096Y points . This in
creases the address resolution by a 
factor of four over the standard 
1024X x 1024Y. This resolution re
quires two additional bits be added 
to each axis address. bringing the 

total to 12 bits ; therefore an "ex
tra " byte must be inserted in the 
vector addressing string. 

The CalComp plotters from Cali
fornia Computers (Anaheim, CA) 
have designed a hybrid type of plot
ter known as a belt-bed . Their mod
el 945/965 provides graphic output 
up to an acceleration of 4g and diag
onal pen positioning speeds up to 
42"/sec. The plotter incorporates a 
drum that drives a moveable belt 
which holds precut drafting media. 
The pen cartridge rides on a station
ary beam. All the inking takes 
place over the drum portion of the 
plotter. The model 945/965 has 
eight vector plot movements . The 
other standard features of the plot
ter include a message display, select
able electronic limits, plot param
eter inputs , re-settable plot-time 
meters , and plot size counters. 

Hewlett-Packard's HP 7475 is the 
company's latest 6 pen plotter. The 
plotter can be specified by two in
terfaces, HPIB (HP's enhanced ver
sion of the IEEE-488 bus) or RS-
232-C. 

Of late, some manufacturers 
have been involved in more than 
one type of plotter technology. Ben
son, for example, has made drum , 
flat-bed and electrostatic types. 
The latest in the drum type series 
are the 1332/33 members. These 
plotters incorporate DC servomo-
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Good things come in 2s. 
The DMP-40-2 is a good example. 

TWO PENS, poised and able, help you create 
vivid multicolor business graphics quickly and 
simply, or let you plot and draw different line 
widths for critical drafting applications . 

TWO FORMAT SIZES give you the freedom 
to generate vibrant graphics for reports and pre
sentations. The standard 8 l/2 x 11" format is 
ideal for use in the report body, while the larger 
size is suitable for foldouts and photo reduc
tions . Both the standard and larger 11 x 17" for
mats are available in bond, vellum and acetate 
film (for colorful overlays or overhead trans
parencies). The two formats are interchangeable 
with drafting sizes A and B. No extra-cost ac
cessories are needed when plotting on different 
surfaces. 

TWO INTELLIGENCE LEVELS provide 
the flexibility to plot in either a 'smart'or incre
mental mode. With internal firmware that oc
cupies 16-thousand bytes, the DMP- 40-2 
borders on brilliance. It's capable of automat
ically generating such complex figures as circles, 
arcs, ellipses and general curves with a single 
simple command. 

More software is tailored to the Houston In
strument DMP-40 Series than for any other 
plotter. Well over a hundred programs are avail
able, offered by scores of capable vendors. Each 
program has been configured in concert with 
Houston Instrument, so there are no rude sur
prises when you hit 'return.' Versatile programs 
for business graphics, investment analysis and 
computer-aided drafting are all available, with 
more added virtually on a daily basis. 

Choose 2 for the show, and treat yourself to 
superior multi-color graphics at a very 'budget 
friendly*' price. 

For the name, address and phone number of your 
nearest distributor or dealer, write Houston Instru
ment, 8500 Cameron Rd., Austin, Texas 78753. 
Phone 512-835-0900 or 800-531-5205 if outside 
Texas . In Europe contact Bausch & Lomb Belgium 
NV., Rochesterlaan 6, 8240 Gistel, Belgium. Tel. 
059-27-74-45, tlx 846-81399 . 

houston instrument 
DIVISION OF BAUSCH & LOMB~ 

*Suggested US Retail $995 . 

Meers FCC class B requirements. UL Listed . 4POII 

Write 40 on Reader Inquiry Card 



Plotters 

- ..... 
Supplr 
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Principles of operation diagram 

Figure 3: M P-1000: An intelligent fiat-bed pen plotter from 
Watanabe Instruments Corporation . 

Figure 4: Versatec's color electrostatic plotter-principle of 
operation. 

tors for high speed plotting. One 
prominent feature is the hardware 
character generation . 

Benson's 9300/9400 electrostatic 
plotters produce graphic images on 
paper or film by applying a toner 
consisting of carbon particles in sus
pension to a charged electrostatic 
pattern created on the paper. The 
charged dots are created by apply
ing a high voltage charge to a row 
of conducting metal styli. Further
more , the technology uses quadra
scan technique. This technique al
lows overlapping the charged areas 
from each stylus by arranging the 
styli in an offset pattern . Four styli 
are arranged such that , by delaying 
input data, the styli will overlap 
charged areas and produce a solid 
print line . 

The paper or film of the 9300/ 
9400 plotter is pulled past the writ
ing styli in high-speed incremental 
steps by the drive roller. The appro
priate bits in the plotter input turn 
on the styli in the first row of the 
writing head . The remaining bits 
are delayed in the shift registers. 
The proce·ss continues through 
rows of styli and allows stylus over
lap of 50% as required by the plot. 
The drive roller is incremented by a 
step motor driven in microstep 
mode. The charged pattern is pro
duced by a short pulse of 600- 800 
V applied between segmented back
plate and styli. The thousands of 
styli are driven by multiplexed sig-
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nals developed by plotter control 
electronic circuits. The electrostatic 
pattern intensity is sufficiently 
strong that it will last for hours if 
necessary. A suspension of very 
fine carbon particles in a dielectric 
fluid is applied to the paper sur
face. The carbon particles are at
tracted to the charged areas and re
main on the surface of the paper. 
The paper is passed over a drying 
roller, which removes the toner liq
uid by capillary action . 

The whole process appears to be 
quite complex. The 9300/9400 se
ries houses Intel's 8085 which per
forms the plotter control functions. 
In order to improve the resolution 
of electrostatic plotters, recent mod
els are provided with a suprascan 
device . Of these, Benson 's provides 
a resolution of 400 dots per inch. 

The first electrostatic plotter on 
the market was from Versatec. To 
obtain color, the plotter repeatedly 
backs up the paper and runs it un
der the print head and toner, once 
for each primary pigment. The pri
mary pigments are black, cyan, ma
genta, and yellow. Over 400 colors 
are possible by interspersing dots of 
these primary colors. 

Versatec's V-80 plotter plots com
plex 11" x 8112'' drawings in 8.5 sec
onds with a resolution of 200 dots 
per inch. The system can hold up 
to a gallon of toner and the toner 
concentrate can be added by a mi
croprocessor controlled push but-

ton that prevents inadvertent over
concentrating. A unique feature of 
the V-80 is the plotter 's ability to 
handle papers with a width of 72". 

At present, technology is more 
advanced in pen plotters than elec
trostatic. The microcomputer boom 
is popularizing low-cost plotters 
that are becoming compact and por
table. However, for applications 
which require large drawings or fast 
plotting, electrostatic plotters are 
the automatic choice . The difficulty 
associated with design of plotters to
day is to accommodate papers of 
large dimensions , a problem which 
becomes more prominent if the pa
per is to move back and forth . 

Many manufacturers have staFt
ed R&D efforts into ink jet technol
ogy. However, the technology's ex
orbitant price has kept it from be
coming very popular. 

The intelligence of plotters is on 
the increase. A considerable number 
of functions are being implemented 
by the plotters without the help of 
the host CPU. Furthermore , the 
user interaction is being lessened. 
The rapidity with which prices are 
falling has made the plotter an in
dispensable item in a CAD worksta
tion. Large arrays of numeric out
put which are a result of scientific 
simulations make a lot more sense 
when they are plotted graphically. 
Although hardcopy devices have 
proved successful , their full poten
tial is yet to be realized . 0 
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At last 
A plotter designed to run 

both cut sheet and roll media 
The most flexible 'V" format 
8-pen plotter ever. 

A FORMAT 
PLOTS 

DFORMAT 
PLOTS 

t 
Plot lengths 
up to 170 
feet using 
continuous 
feed roll ~ 

media . ..__ _______ __, .,[, 

f- (Plots up to 24.5" or 594 mm) -1 
Now you can create virtually any 

size plots you want up to 24.5" wide, 
including ANSI sizes A-D and ISO sizes 
A4-A 1, on cut sheet or roll media. Use 
standard bond paper, glossy bond, vel
lum, clear film or mylar. 

Run dozens of entirely different 
plots automatically thanks to a built-
in microcomputer that can be pre
programmed to plot on roll media up to 
170 feet . Then quickly switch to cut 
sheet plotting - great for your pre
printed forms. The ZETA 822 is the only 
plotter that can do both. 

Best of all , we've got line quality 
and throughput at a price that makes us 
the cost-effective choice for just about 
anybody's plotter applications. You'll get 
vector independent speed of25 ips. And 
2 g acceleration insures the plotter 
reaches top speed fast . With resolution 
of one-one thousandth's of an inch. 

Change character sets 
just by plugging-in 
a ROM chip. 

Our firmware 
character generator pro
duces typeset quality lettering simi
lar to the popular Helvetica font with ~Nicolet 

I \, • • ~· \ ll I,\\ 'j 

(r1 "'\.\ '' 1
1 

I. \.. t __ ,.r ..,. ,1 11 
\ ~\ \\ 

user-controlled proportional spacing. 
Now you can add special character sym
bol sets for both engineering and archi
tecture simply by plugging in a new 
ROM chip. 

Eight color, carriage-mounted 
pens eliminate time-consuming 
pen changes. 

Incredibly, some plotters still grind 
to a dead stop to change pens. Not ours. 
We put all eight pens on the carriage. 
You'll be amazed at what that does for 
plot throughput. And when you want to 
use our liquid ink option, just snap in 
our four-pen cartridge. 

You have total user control over 
such variables as speed, pen pressure, 
acceleration and pen up/ down delay 
times. Touch controls automatically 
adjust the ZETA 822 for perfect liquid 
ink plots. 

Naturally, we support most com
puter protocols. And you can use the 
ZETA 822 on-line, off-line or remotely 
via RS 232C or IEEE 488 interfaces. 

Call (415) 671-0600. Or write: 
Nicolet Zeta Corporation, 
2300 Stanwell Drive, Concord, 
C4 94520 TWX 910-481-5951 

Write 16 on Reader Inquiry Card 



Jk FOR HEALTH 
By Lawrence Lee, MD 

Dr. Lee is a leading South· 
ern California Internist , 
spec1aliz1ng 1n cardio
logy. He 1s a co-founder 
and board chairman of 
LH Research, Inc. This 
column is presented as 
a public service for bet· 
ter understanding of 
top<:al med<:al problems 
and possible solutions. 

HERPES! 
Some Facts 

You Should Know. 
This is the first in a series of columns 

by Dr. Lee on medical subjects of current 
interest, although perhaps not fully 
understood, by the public. If you have 
a question, please write Dr. Lee at 
LH Research, Tustin, CA 92680. 

Did you know, for instance, that 
there are actually four types of Herpes 
virus that infect humans. They include 
Herpes Simplex (Types I and II), 
Varicella Zoster (chickenpox/shingles), 
Cytomegalo virus, and Epstein-Barr 
virus (infectious mononucleosis). 
What Is a virus? 

A virus is a group of minute, infectious 
agents not seen in a light microscope, 
and only visible in an electron micro
scope. A virus is characterized by not 
having its own metabolism, and only 
being able to propagate (multiply) in the 
cells of a living host. Thus, a virus can
not propagate in food, water or any other 
" non-living" hpst. 

Herpes used to mean any inflam
matory skin disease characterized by a 
cluster of small vescicles (blisters less 
than 1 cm. in diameter). The most com
monly known type of this disease is 
Herpes Simplex, which comes in two 
types. Type I (HSV-1) infects mucous 
membranes of the mouth , the skin 
around the lips and mouth , the eyes, 
and other skin areas of the body above 
the waist. 

Herpes Simplex Type II (HSV-2) usually 
infects the genitalia, rectal area and 
other skin areas below the waist. This is 
the widely publicized type of Herpes cur
rently receiving national media attention. 

In future columns, I will discuss the 
details of this and other types of Herpes 
virus, the methods of avoidance and 
potential cures. 

m 
The Power Supplier. 

The W>rld's Largest Manufacturer 
of Switching Regulated Power Supplies. 

J!k FOR RELIABLE POWER 

NEW! 50-240W Multi-Output Switchers 
That Meet All Safety & Emissions Specs, 

And Are Price-Competitive with Linears. 

At last! A broad line of low power 
switchers that is priced competitive
ly with linear power supplies. 

The new International-MITE 
Series offers you a broader selection 
of high performance, reliable power 
at low, low prices. 

Available in three basic config
urations, the new IM Series is 
designed to meet or exceed the 
most stringent federal and inter
national safety and emissions 
specifications. And every supply is 
made by LH Research, your best 
assurance of quality and reliability. 

• State-of-the-Art MOSFET Circuitry. 
• 130 Standard Models. 
• Three Basic Configurations: 

Enclosed - Base Mounted -
PC Card. 

• Four Basic Terminations: 

Barrier Strip - AMP/Molex -
Edge Card Compatible. 

• Regulated & Semi-Regulated 
Models 

• Designed to Meet UL, CSA, VDE 
and IEC Safety Specifications. 

• Designed to Meet VDE and FCC 
Emissions Specifications. 

• Automatic Shutdown and Restart 
on AC Power Surge* 

• Up to 8 Outputs Available. 
• 115V to 230V, User-Selectable. 
• Off-the-Shelf Delivery. 
•Available 1984 

Ask for all the details on the new 
IM Series. It's a sure cure for your 
power problems. 

Call 714/730-0162 
Full Range of Modifications to 
Standards. High Volume Customs. 

Ill 
The Power Supplier. 

The World's Largest Manufacturer of Switching Regulated Power Supplies. 
LH Research, Inc., 14402 Franklin Ave ., Tustin, CA 92680 · (714) 730·0162. 

Write 72 for Immediate Application. Write 29 for Literature Only. 



Interlacing The Z-Bus 
Peripherals 

The Z-Bus peripherals can interface easily 
to most multiplexed address/data bus 
structures, while the Z8500 peripherals 
interfacetomostnon-multiplexed 
address/data bus structures. 

by John D. Kennedy and the signals that control these 
lines . Multiplexing data and ad
dresses onto the same lines makes 
more efficient use of pins and facili
tates expansion of the number of 
data and address bits. Multiplexing 
also allows straightforward address
ing of a peripheral 's internal regis
ters , which greatly simplifies I/O 
programming. 

+ 5 v 

VI ~ 

A. 
A00 -AD, 5 

COMPONENTS 

The Z-Bus uses a daisy-chained 
priority mechanism to resolve inter
rupt and resource requests, thus al
lowing distributed control of the 
bus and eliminating the need for 
separate priority controllers. In an 
interrupt daisy-chain, for example, 
the peripherals are connected to
gether via their Interrupt Enable In
put (IEI) and Interrupt Enable Out
put (IEO) pins. The interrupt 
sources within a device are similar
ly chained together, with the overall 
effect being a daisy-chain connect
ing all the interrupt sources. T he 
daisy chain allows higher priority in
terrupt sources to preempt lower 
priority sources and, in the case of 
si multaneous interrupt requests , de
termines which request will be 
acknowledged. 

The Zilog microprocessors that 
can act as master of the Z-Bus in
clude : Z8000, Z800 (16-bit bus ver-

INT 

~ AD0 -AD7 

It has always been customary for 
designers of microprocessor-based 
products to look to their CPU sup
pliers to provide them with the nec
essary peripheral support compo
nents . This is because peripherals 
have traditionally been designed as 
members of particular component 
fam ilies and have been bound to 
parent CPUs. Zilog, Inc. has an ar
ray of third-generation peripherals 
which can free designers from this 
restriction: the Z8000 peripherals 
(or Z-Bus peripherals) can inter
face easi ly to most multiplexed ad
dress/data bus structures , while the 
Z8500 peripherals (or Universal 
peripherals) interface to most non
m ul tiplexed address /data bus 
st ructures . 

\f 

lo~ 
v Address : 

v 
_,. 

CS0 

The following is a discussion of 
the Z-Bus and other multiplexed 
bus structures, alo ng with tech
niques for interfacing the Z-Bus 
peripherals. A detailed example is 
given using Intel 's 8086/8088 CPU . 
Software sequences are also includ
ed to provide examples of how to 
initialize the Z-Bus peripherals for 
some simple app lications. 

At the heart of the Z-Bus is a set 
of multiplexed address/data lines 

John Kennedy is an Applications 
Engineer with Zilog Corp. , I 3 I 5 
Dell Ave., Campbell, CA 95008. 
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Figure I: /111erface between a Z8000 CPU and a Z -Bus peripheral. 
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Great 



ideas come in threes 
The reliability is locked in-and so is 
the control-in these new Multibus* 

serial 1/0 boards from Central Data ... 
now with built-in locking headers. 

~See us at 

(Om~~~~~ ,. 

Fall '83 
Booth# 

2590-2592 

You 'II save valuable production time and 
eliminate the need for hand soldering with 
these new boards for the Multibus* . All three 
come complete with flat cable locking head
ers for reliable direct connect from the 
boards to DB-25 connectors . And reliability 
is built into each board with our tough 
Vacrel* coating . 

The Intelligent Octal Serial Interface in
cludes two 60-pin locking right angle 
headers to provide all connections required 
for the eight RS-232 interfaces the board 
supports . Controlled by the Signetics 2650 
microprocessor, this four-layer board now 
has 2661 USARTs and is fully programmable 
to meet the needs of OEMs . $520, 100-249 
quantity. 

The Octal Serial Interface features two 60-
pin locking right angle headers for up to eight 
interfaces , each controlled by a Signetics 
2661 USART with on-chip baud rate gener
ator. The baud rate on each channel can be 
individually selected . The full 16-bit dip-

switch addressing is strap selectable for a full 
range of interrupt capabilities . $295, 100-
249 quantity. 

The Quad Serial Interface provides four 26-
pin locking right angle headers for reliable 
cable connections. The board uses four 
8251A USARTs to accomplish parallel to 
serial conversion and three interval timers to 
control the baud rate of each USART. For 
maximum system flexibility , baud rates and 
specifications for data transmission are 
totally programmable by the host computer. 
$235, 100-249 quantity. 

It's great ideas like these that have made 
Central Data the OEM 's choice for Multibus 
quality and reliability . Make Central Data your 
choice-call or write today for more infor
mation on our new 1/0 boards with locking 
headers and the full line of Multibus boards. 

OEM quantities and pricing are available on these boards 
and on Central Data 's complete line of Multibus boards. 

Central Data 
Central Data Corporation 
1602 Newton Drive 
Champaign, IL 61821-1098 
(217) 359-8010 
TWX 910-245-0787 

~ou.~~e\0 
~9 ~~ 

c0 ~\\O e 
--------------------------------------. ~~~~G Quality from the inside out in a full line. e;,O 

'~ -
*Multibus is a trademark of Intel Corporation. 
• *Vacrel is a trademark of the DuPont Corporation. 
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Z-Bus 

sio n) , and ZS. The Z -Bus peripher
als include : 

peripherals are: 8085, 8086, 8088, 
and NS 16032. T he Z -Bus peripher
als lend themselves conveniently to 
designs based on these processors 
because of the multiplexed address/ 
data bus architecture and the fact 
that they allow the CPU direct ac
cess to all of their data aRd control 
registe rs. Futhermore, the Z -Bus 
peripherals are asynchronous in the 
sense that they do not need to be 
synchronized wi th the CPU clock ; 
all timing informa tion is provided 
by the cont rol signals. Of course, 
the designer must provide the inter
face logic but , as will be shown, the 
amount of external hardware is 
minimal. Table 2 associates the 
Z8000 contro l signals with the anal
ogous cont ro l signals of the non-Zi
log CPUs . 

• Z801 6 OTC Direct Memo ry Ac
cess Transfer Contro ller 

• Z8030 Z-SCC Serial Communica
tions controlle r 

• Z8031 Z -ASCC Asy nchro no us 
Se ri a l Co mmuni ca ti o ns 
Contolle r 

• Z8036 Z -C IO Co unt e r/Time r 
and Paralle l 1/0 U nit 

• Z8038 Z-FIO FIFO Input/O ut
put Interface U ni t 

• Z8060 FIFO Buffe r Uni t and Z
FrO Expander 

• Z8070 APU A rithmetic Process
ing Unit 

• Z8090 Z-UPC U ni versa l Periph-
era l Cont ro ller 

Figure 1 shows an interface be
tween a Z8000 CPU and a Z-Bus 
periphera l, while Table 1 gives de
scriptions of each signal invo lved in 
the interface. 

Interfacing Non-Zilog CPUs 
Among the no n-Zilog C PUs that 
can eas ily interface to the Z-Bus 

In the simplest case (where the 
CPU must merely read fro m and 
wri te to the peripheral) , the only 
bus cycles that need to be consid
ered are the 1/0 Read and 1/0 
Write bus cycles. The peri.£.b._erals 
need an Address Strobe (AS) to 
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INT Interrupt Request (output, open-drain, active 
Low). This signal is pulled low when the periph
eral requests an interrupt. In Figure 1 it is con
nected to the VI (Vectored Interrupt) input of the 
28000. 

AD0 - AD, 5 Z-Bus Address/Data lines (bidirectional/3-state) . 
These multiplexed Address/Data lines are used 
for transfers between the CPU and the 
peripheral. 

CS0 and CS, Chip Select O (input, active Low) and Chip Se
lect 1 (input, active High) . CS is latched with the 
rising edge of AS while CS is unlatched. In Fig
ure 1, CS is tied high and CS is generated with 
the address decode logic. 

INTACK Interrupt Acknowledge (input, active Low) . This 
signal indicates to the peripheral that an Inter
rupt Acknowledge cycle is in progress. In Fig
ure 1, INTACK is driven by the VIACK (Vectored 
Interrupt Acknowledge) output of the status 
decoder. 

AS Address Strobe (input, active Low) . The Z-Bus 
peripherals sample addresses, INTACK, and CS 
while AS is low. 

DS Data Strobe (input, active Low) . Data strobe 
provides timing for the transfer of data into or 
out of tile Z-Bus peripherals. 

R/W Read/Write (input) . R/W indicates that the CPU 
is performing a read (High) or a write (Low) 
operation. 

PCLK Peripheral Clock (input, TTL-compatible). The 
maximum frequency is 4 or 6 MHz depending 
on the grade of the component, and it can be 
asynchronous to the system clock. 

Table I : Th e Z-Bus 
signals. A hardware 
reset of a Z-Bus pe
ripheral is perform
ed by drawing AS 
and DS low simul
taneously . 

tell them when the address and the 
state of CS0 are valid , a Data 
Strobe (OS) to tell them when the 
bus contains va lid data (write) or 
when to drive data on to the bus 
(read), and a Read/Write (R/W) sig
nal to tell them whether the present 
transactio n is a read o r write. 

All of the processo rs in Table 2 
generate a signal that is analogous 
to the Z-Bus AS. The NS 16032 
generates the A DS signal, which 
has the same polarity as AS, while 
the 8085, 8086, and 8088 generate 
the A LE (Address Latch E nable) 
signal which must be inverted if it 
is to dri ve AS. Similarly, a ll of the 
processo rs generate signals fro m 
which the~-Bus OS can be de
rived. If OS is not directly ava il
ab le then it can easily be generated 
using external logic. For example, 
Figure 2 (in the hardware example) 
shows how the RD (Read) and 
WR (Write) signals of the 8085, 
8086, and 8088 can be used to con
tro l OS. The Z-Bus R/W signal can 
be driven by ODIN of the NS 
16032 or by an inversio n of DT/R 
of the 8086/8088. Since the 8085 
does not generate a DT/R signal, it 
requires an external fl ip-flop which 
is set when A LE goes high and re
se t when WR goes low. 

In the case of a system with a 
da isy-chai n co ntro ll ed inte rrupt 
scheme , the designer must consider 
the Interrupt Acknowledge bus cy
cle. The Z-Bus peripherals inter
pret the present bus cycle as an 
Interrupt Acknowledge cycle when
ever the INTACK input is la tched 
low with the ri sing edge of AS. Dur
ing the Interrupt Acknowledge cy
cle , the daisy-chain determ ines 
which interrupt source is being ac
knowledged in the fo llowi ng way: 
Any interrupt source that has an in
terru pt pending and is not masked 
fro m the chain will hold its IEO 
low. Similarly, sources that a re cur
rently under service (i.e. have their 
IUS bit set) will a lso hold their 
I EO low. A ll ot he r i n ter ru pt 
sources make IEO fo llow !E I. T he 
result is that only the highest prio r
ity, unmasked source will have a 
high IE I input; only this interrupt 
source will be acknowledged. T he 
hardware example that fo llows 
shows how the Z-Bus interrupt ac-
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Z8000 
CONTROL 
SIGNALS 

AS 

OS 

RtW 
V1 

IOREF2 

(1/0 Reference) 

VIACK2 

Note: 

ANALOGOUS CONTROL SIGNALS 
OF NON-ZILOG CPUs 
8085/8086/8088 
ALE (Address Latch Enable) 

RO, WR (Read, Write Strobes) 

OT/A (Data Transmit/Receive)' 

INTR (Interrupt) 

10/M (lnput-OutpuVMemory)3 

INTA (Interrupt Acknowledge) 

1. DTIR is not available on the 8085. 
2. Must be decoded from CPU status. 
3. MllO on 8086. 

NS 16032 

ADS (Address Strobe) 

OS/ FLT 
(Data Strobe/Float) 

ODIN (Data Direction In) 

INT (Interrupt) 

IAM 
(Interrupt Acknowledge, 
Master) 2 

Table 2: ZBOOO Control Signals and Analogous Control Signals of 11011-Zilog CPUs. 

knowledge protocol can be made 
compatible with the 8086/8088. 

A Hardware Example 
The Z-Bus peripherals are easily in
tegrated into , and can satisfy many 
of the peripheral support require
ments of a typical 8086/8088-based 
system. Figure 2 shows the inter
face logic that links the 8086/8088 
to Zilog's Serial Communicat ions 
Controller (Z8030 Z-SCC), Count
er/Ti mer- Parallel 110 Unit (Z8036 
Z-CIO), and FIFO 1/0 Cont ro ller 
(Z8038 Z-FIO). The 8086/8088 is 
assumed to be running at 5 MHz in 
the Minimum Mode. 

Bus Timing. Each bus cycle be
gins with an ALE pulse, which is in
verted to become AS . The tra iling 
edge of this strobe latches the ad
dress, as we ll as the states of CS0 
and INTACK within the peripheral. 
DS is then used to gate data to 
(write) o r from (read) the selected 
register, provided that an active 
CS0 has been latched . The impor
tant timing parameters to consider 
are the Data Strobe Width and the 
Write Data Setup Time to DS . 

ns. It is clear that one wait state 
(T w) in the bus cycle ensures a suf
ficiently wide Data Strobe fo r both 
types of bus cycles . 

The Z-Bus specifica tions also re
quire that the CPU put valid data 
on the bus prior to the fa lling edge 

Z-Bus 

of DS on write cycles. The mm1-
mum setup time is 30 ns for the 4 
MHz devices, and 20 ns for the 6 
MHz devices. The D flip-flop guar
antees this setup tim~ delaying 
the fa lling edge of WR until the 
next fa lling edge of SYS CLK (Fig
ures 3 and 4 are the Read and 
Write cycle timing diagrams) . 

Wait State Generation. Since 
8086/8088-based systems typically 
use an 8284 Clock Chip , which syn
chronizes the CPU 's READY input 
to the system clock , the task of de
signing a wait state generator re
duces to designing a circuit that con
trols RDY l of the 8284 (RDY2 is 
assumed to be grounded) . 

For the processor to enter a wait 
state after T3 , the RDYl input 
must be low during the falling edge 
of SYS CLK at the end of T. Then , 
fo r the processor to enter T4 after 
the wait state , RDY l must be high 
during the next fa lling edge of SYS 
CLK. To make sure that these lev
els are valid within the required set-

The Z-Bus peripherals have a 
m inimum re quir e me nt fo r th e 
wid th of Data Strobe: 390 ns fo r 
the 4 MHz peripherals, and 250 ns 
for the 6 MHz peri pherals. On read 
cycles, DS has the same width as 
RD which is at least 325 + 200Nw 
ns, where Nw is the number of wait 
states in the bus cycle . O n wri te cy
cles , the D fl ip-flop shortens this 
minimum width to 210 + 299Nw 

STANDARD MICROSYSTEMS. 
THE ONE TO WATCH. 

ARCNET"' is a registered trademark of the Datapoint Corporation 
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FROm THE LEADER 
Look to the leader - Dataram - for your 
DEC-compatible semiconductor ADD-IN 
memory. Offering not only the broadest, 
most complete line of semi ADD-!Ns, but 
the most capable ... no matter what your 
yardstick. Compatibility, throughput, cost, 
power efficiency, size ... no matter how you 
measure capability, Dataram 
DEC-compatible semi ADD-INs are the clear 
leader. 

A leadership position earned by improving 
on DEC's price and delivery ... and then 
adding features available from no one else in 
the industry. 

The chart provides a glimpse at the 
industry-pacesetting family of 
DEC-compatible semi ADD-lNs. Call us 
today at (609) 799-0071, and we'll give you a 
close-up look at the products that have made 
us the leader. 

1am;m.~1 
Princeton Road 

Cranbury, New Jersey 08512 
Tel: 609-799-0071 TWX : 510-685-2542 

LSI-I I® 

LSI-I I 

LSI-I I 

PDP®-11 

PDP-I I 

PDP-I I 

PDP-I I 

PDP-I I 

YAX®-11 /750 
PDP-11 /70 

YAX-11 /750 
VAX-11 /730 

YAX-11 /780 

YAX-11 /780 

DECSYSTEM 2020® 

DEW! 
1.DmB 
UAH730 
1.ome 
UAH750 
2.DmB 
UAH780 

DR-I 15S dual 

DR-215 dual 

DR-213 quad 

DR-1145 hex 

DR-I 14SP hex 

DR-214 hex 

DR-144 hex 

DR-244 hex 

DR-175 hex 

DR-275 hex 

DR-178 extended hex 

DR-278 extended hex 

DR-120 extended hex 

64 KB 

256 KB 

1.0 MB 

256 KB 

256 KB 

1.0 MB 

256 KB 

1.0 MB 

256 KB 

1.0 MB 

512 KB 

2.0 MB 

256 KB 

DFC. DFCS YSTEM 2020. PD P and VAX are registered tradema rks of Dig ita l Equ ipment Corporatio n. 

Dataram also provides core ADD-!Ns, 
core and semiconductor ADD-ONs, 
memory system units, memory 
management, and a wide range of 
memory-related accessories for DEC 
users. 
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Z-Bus 

Figure 2: Interface Logic . 

up time , the single wait state gener
ator should toggle RDYl using the 
clock edges that precede the sam
pling edges. The circuit in Figure 5 
performs this function and gener
ates a sin~ wait state whenever 
one of the CS0 inputs is active. 

Though read/write operations re
quire only one wait state, Interrupt 
Acknowledge transactions require 
multiple wait states to allow for dai
sy-ch a in settling, which is ex
plained in the next section. In the 
preceding discussion of the single 
wait state generator, we established 
that RDYl must be high at the end 
of T3 for the processor to enter T4 

after the wait state. In general, the 
8086/8088 will continue to insert 
wait states until RDYl is driven 
high, and the number of wait states 
is equal to the number of clock cy
cles that RDYl is held low after 
the rising clock edge in T2 . 

A convenient way to implement 
a multiple wait state generator is to 
use a serial shift register such as an 
74LS164. Figure 6 shows a wait 
state generator that requests one 
wait state on Read/Write cycles , 
and up to seven wait states on Inter
rupt Acknowledge cycles. When 
RD , WR , or INTA goes active , the 
74LS164 is taken out of the clear 
state and logic "ones" are allowed 
to shift sequentially from QA to 
Q8 . On Read/Write cycles, RDYl 
is held low until the leading "one" 
appears at Q 8 , and on Interrupt Ac
knowledge cycles, RDYl is held 
low until the leading "one" appears 
at Q8 . The next section shows how 
INTACK can be generated and dis
cusses the complete interrupt 
interface. 

Interrupts. In Figure 1 the IN
TACK input to the Z-Bus peripher
al is tied high . This does not mean 
that the peripheral can't interrupt 
the CPU; it just means that it won 't 
respond to the CPU's interrupt ac
knowledge . The designer can, how
ever, implement a circuit that will 
drive INTACK, and allow the 8086/ 
8088 to properly acknowledge the 
interrupts of the Z-Bus peripherals. 

Recall that a Z-Bus interrupt dai
sy-chain resolves interrupt priority 
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8086/8088 
(5 MHz) 

MN/MX 

OT/A 

ALE 

RD 

WR 

AD0-AD ,5 
(Note 3) 

M/iO 
(Note 4) 

+ 5 v 

i 

+5Vf 

PR 

0 

LS74 

SYS 
Q 

Clock 
Source 

(Note 1) 

Z-SCC 
Z-CIO 
Z-FIO 

PCLK 
,_ ___ __,(Note 2) 

+ 5 v 

CLK 

CLR 

___ 

4

cs, 
(Note 2) 

'-----t INTACK 

Note: 
1. The source of PCLK can , but need 

not, be derived from the System CLK. 
2. Does not apply to Z-FIO. 
3 . AD0 -AD7 and A8 -A, 5 on 8088. 
4. 10/M on 8088. 

Address 
Decoder 

STANDARD MICROSYSTEMS. 
THE ONE TO WATCH. 

IBM® is a trademark of the International Business Machine Corporation 
ARCNET® is a registered trademark of the Datapoint Corporation 
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. -· .-- i. ""'UCiCI NG 
rDRMS 
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ReV1ews! 
Looking for a trouble-free 

bar code, graphics, forms printer? 
Here's the feedback we've been getting 

on our 600 I..PM matrix: 
"Print quality at 600 LPM is eve.ty bit as good as competitive 300 LPM machines. " 

'Dependable . . . without the reliability problems that plague other units. " 

''Exceptionally quiet . . . for any offlce. " 

"The intelligent controller makes graphics easy to program and fast to output." 

"Cheap to own because of reliability, diagnostics and modular design." 

''Prints anything - logos, graphics, bar codes, labels, forms, mixed type sizes, 
any type font, any character set, plus OCR and near letter quality printout." 

Send us samples of your printing requirements. We'll show you how 
the AD-30/60 printers can do the job-quickly, reliably, with 

consistent pinpoint registration. They are part of a full line from one 
of the world's largest and most experienced printer manufacturers. 

nsA ~(OMD~~}Xf 
Booth #3840 

NISSEI SANGYO AMERICA, LTD. 

Boston: New York: San Francisco: In Europe contact: 
40 Washington Street 825 Third Avenue 460 E. Middlefield Road Nissei Sangyo G.m.b .H. 
Wellesley Hills. MA 02181 New York, NY 10022 Mountain View. CA 94043 Mannheim (Tel. 0621 -406051) 
(617)237-9643 (212)755-2900 (415)969-1100 NisseiSangyoCo. Ltd. 

London (Tel. 01 427-5612) 
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200 
(Note 1) 

SYS CLK 
(5 MHz) 

ALE 

AD,.-ADo 
(Note 2) __, ,.__.___, ,,,_ 

DS 

Write Cycle Timing 

Note: 
1. All timing in ns. 
2. A,,-A8 and AD,-AD0 on 8088. 
3. 6 PCLK cycles + 200 ns for Z-SCC. This pa
rameter only applies to consecutive accesses to 
the same device. 

Figure 3: Read and Write cycle timing. 

by way of a signal that propagates 
from high priority interrupt sources 
to low priority sources during IN
TACK cycles. To make sure that 
this daisy-chain signal has settled 
by the time DS gates the vector 
onto the bus, the Z-Bus peripherals 
require a sufficie~ delay between 
the risin~dge of AS and the falling 
edge of DS during INTACK cycles. 
For a particular daisy-chain, the de
lay is T hi,gh for the highest priority 
device , plus T 10w for the lowest pri
ority device, plus T mid for each de
vice in between. 

The 8086/8088 Interrupt Ac
knowledge (INTA) sequence con
sists of two identical INTA bus cy
cles with two clock cycles in
between . In both cycles , RD and 
WR remain inactive while an INTA 
strobe is issued with the same tim
ing of a WR strobe. The 8086/8088 
requires an interrupt vector to ap
pear on AD0-AD7 at least 30 ns 
before the beginning of T4 in the 
second INTA cycle. This protocol 
is normally used to read vectors 
from an 8259 Interrupt Controller 
but it can easily be adapted to the 
Z-Bus Interrupt Acknowledge 
protocol . 

The first function of the Interrupt 
Acknowledge circuit is to generate 
the Z-Bus INTACK signal from 
INTA of the 8086/8088. Since 
INTA goes active after ALE has ter
minated , the peripherals do not 
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Z-Bus 

Note: 
1. All timings in ns. 
2. A05-A8 and AD,-AD0 on 8088. 

525 -
Min 

1000 

Min~ote3) 

3. 6 PCLK cycles + 200 ns for Z-SCC. This parameter only 
applies to consecutive accesses to the same device 

Figu re 4: Read and Write cycle timing. 

latch an active INTACK during the 
first INTA cycle. However, if the 
rising edge of INTA is used to t_Qg: 
gle INTACK, then an active IN-

TACK is latched with the nsmg 
edge of AS in the second INTA cy
cle. Thus a rising-edge triggered 
toggle flip-flop can be used to gen-

' STANDARD MICROSYSTEMS. 
THE ONE TO WATCH. 

ARCNET® is a registered trademark of the Datapoint Corporation 
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A New Dimension In 
Removable Disk Reliability 

The highly reliable VRC 8520 is a complete memory system that fits 
in practically anywhere. and is available now. In a self-contained 
package you get 11 megabytes on a standard ANSI 8" cartridge 
and 11 megabytes on a fixed disk in a one-over-one configuration. 
A fully integrated SASI intelligent controller and power supply makes 
it easy and inexpensive to interface with any host system. Non
contact start/stop heads do not touch the media during start-up. 
stop or shipping. And something few other manufacturers offer 

Non-contact heads 
fly twice as high as 
other 8" drives, 
closed-loop 
air filtration system. 

8.5'' wide by 7" high by 19.4" deep 
memory package includes power supply, 

SASI intelligent controller, 
drive electronics. 

- more than two decades of experience designing and manufac
turing rotating memory products for hostile environments. 

For more information about the VRC 8520 or the VRC 8010- a 
single. removable disk drive with 11 megabytes of storage. contact 
.Vermont Research Corporation. Precision Park. North Springfield. 
VT05150. Tel: 802/886-2256. TWX: 710/363-6533 . In Europe call 
or write: Vermont Research Ltd .. Cleeve Road. Leatherhead. Surrey. 
England. Tel : Leatherhead 376221. TLX: 23280. 

generates less heat. 
uses most 
power systems worldwide. 
provides rapid start/stop. 

VERMONT RESEARCH CORP. 
VERMONT RESEARCH LTD. 

Memory Products for Systems That Can't Stand Failure 

See Us at Comdex! Write 45 on Reader Inquiry Card 



-::; 

AS 

SYS 
CLK 

LS74 

D 

a 
CLK 

erate INTAC K (see Figure 6). 

J 

K 

The next functio n of the Inter
rupt A cknowledge circuit can be 
broken down into three operations: 
first , it must cause the CPU to en
ter a series of wait states after T 3 in 
the second INTA cycle; then it 
must activate OS after a sufficient 
daisy-cha in settling time; lastl y, it 
must bring the C PU out of the wait 
sta te condition when the vector is 
avai lab le o n the bus. 

T he multiple wait state generator 
can be used to perform each of 
these opera tions . While INTACK is 
high it operates normally; the num
ber of wait states it requests is de
termined by the positioning of the 
jumpe r o n the Q outputs. When IN
TACK goes low, it opera tes as fol
lows: the nex t acti va tio n of INTA 
brings the shi ft register out of the 
clear sta te , and logic "ones" shift 
into Q until they fill the entire regis
ter. When the leading "one" ap
pears at Oc" DS is driven low ; when 
it appears at QH, the CPU is ta ken 
out of the wait state condition. 

T his arra nge ment takes adva n
tage of the full le ngth of the shift 
register and provides a daisy-chain 
set tling time of more than 1300 ns, 
which a llows the imple mentation of 
a chai n with as ma ny as seven Z
Bus devices. 

Hardware reset. The designer 
may want to incorporate a ha rd
ware reset in the interface design. 
This can be accomplished with two 
NOR gates . The NOR ga tes a llow 
a system RESET signa l to pull AS 
and OS low simulta neo usly, and 
hence put the periphera l in a reset 
state . A hardware reset is not neces
sary, however, because a ll of the 
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Z-Bus 
8086/8088 

(5 MHz) 

WR t-e------< 

SYS 
CLK 

Z-SCC 
Z-CIO 
Z-FIO 

LS73A 
,- - - -- - -+sv ] 

CLK 

CLR 

a TO RDY 1 
8284 

A. Figure 5: Single 
wait state gener
ator . 
.... Figure 6: Inter
rupt acknowledge 
circuit (dot ted line 
shows wait state 
generator) . 

periphera ls are eq uipped with soft
ware reset commands. 

Designers need no t be limited to 
periphera ls offe red by their CPU 

I 
I 
I 
I 
I 

+5V 

IEI 

suppliers. Z ilog 's Z-B us peripherals 
are designed with the fl ex ibility to 
interface to most multiplexed ad
dress/data bus structures . 0 

STANDA D MICROSYSTEMS. 
THE ONE TO WATCH. 
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COMPONENTS 

Q-Bus Line Offers Design 
Flexibility For The OEM 

by Dave Wilson, Technical Editor 

Two conflicting forces , increased 
system design times and shortened 
product life cycles have placed new 
competitive pressures on OEMs. 
One way to remove some of the 
pressure is to move to a higher lev
el of integration of the basic hard
ward and to a higher level of soft
ware. The tremendous market for 
single-board computers highlights 
this trend. Competitive pressure 
will continue to be the driving force 
behind new introductions in the 
OEM microcomputer market (Fig
ure 1) . 

Competitive 
pressure will 

continue to be the 
driv ing force behind 
new introductions 

in the OEM 
microcomputer 

market. 

This new OEM microcomputer 
systems market has seen product in
troductions from two classes of 
manufacturer: the conventional IC 
house and the third party. Intel's 
new 286/310 and 286/380 are exam
ples of offerings from one IC 
house's systems division which are 
bui lt around Intel 's µP (in this case 
the 80286 and 80287 numeric co
processor); the NCR Tower, on the 
other hand , represents one third
party design based around the 
NS16000 from National Semicon-
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These two boards constitute the CPU of Digital Equipment Corp. 's MicroVAX-/ . 

--- ---------.., 
CPU I 

RODX1 
Controller 

512 KB 
Memory 

Array 

I 
Memory Data Bus I 

I 
I 

I 
I 

Console 
Terminal 

Front 
Panel 

._ __ ...._ ____ ....-____ ,__ ____ ...._ __ ,__ ________ ...._~ · 

022 Bus I... __ ____ _ __ __ J 
Other 

022 Bus 
Peripherals 
(Optional) 

Figure 2: Schematic drawing of the Micro-VAX J which illustra/es its two-board Q
bus configuration. (Figure courtesy Digital Equipment Corp.) 

ductor. The inexpensive computing 
power of these new microcom
puters, coupled with their operat
ing system support (in many cases 
UNIX or some version of it) , is 

challenging the position of the large 
mini-mainframe manufacturer, such 
as Digital Equipment Corporation. 
Indeed , many manufacturers of 
such systems, compare their sys-
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LSl-11 Q-bus 
Floating-Point 

Number Cruncher 
New Low Price! $4,900 ~ · 
New ILS Support! 
New 22-Bit Addressing! ~ - · 

One Million Floating-Point 
Operations Per Second for: 
• Vector & Matrix Math 
• Digital Filtering 
• Signal Processing 
• Image Enhancement 
e NMR 
•Graphics 

Performance Benchmarks 
FUNCTION 11/23 VAX 11/780 11/23 

with EIS with FPA780 with SKYMNK 

1024 FFT 11 .0 sec. 250 ms. 53ms. 

512 x 512 20 FFT 5500 sec. 125 sec. 26 sec. 

16K FFT 186.8 sec. N/A .9 sec. 

Matrix Inversion 171 .3 sec. 5.25 sec. 4.8 sec. 
50x50 

1024 pt. Sin , Cos, 3430 ms 61 ms.• 69ms. 
Log, Sq. Root, etc. (typ) (typ) (typ) 

1024 pt. Vector Arith. 171 ms. 4.8 ms. 8.4 ms. 
+ , - , x, etc. (typ) (typ) (typ) 

ILS Benchmark 109 sec. 3.7 sec. 9.3 sec. 

*Without FPA780 

Simple FORTRAN, Pascal, or Macro 
calls to the SKYMNK-Q Array Processor 
will put your LSl-11 system into the 
V AX-11 /780 class. 

The SKYMNK is now available with ILS, 
the world leader in signal processing 
software. Also, full 22-bit addressing 
enables access to 4 MB on your Q-bus 
system. 

Call now for complete benchmark information. OEM and University discounts available. 

+ 4~ 
t iH'T) 

SKY COMPUfERS, INC. Foot of]ohn Street Lowell, MA 01852 (617) 454-6200 TELEX 4991331 SKYMNK 
Write 46 on Reader Inquiry Card 



Q-Bus 

$1 Million 

$100K 

$10K 

32-BIT 
MAINFRAMES 

• Large Address 
Space 

• High Throughput 

16-Bit 
Minis 

• Interactivity 
• Low Cost 
•Multi User 

B·Bit 

• Very Low Cost 
• Very Small Size 

• Large Address 
Space 

• High Throughput 
• Interactivity 
•Lower Cost 

16-Bit 
"Supermicros" 

32-Bit 

• Large Address 
Space 

• High Throughput 
• Interactivity 
•Multi User 

$1 Million 

$100K 

• Very Low Cost $10K 
/---------- • Small Size /--'----

(Figure courtesy Charles River Data) 

This chart depicts the development of the 32-bit supermicro, one of the new introductions in the OEM microcomputer market. 

terns to Digital's VAX line. 
Charles River Data , for exam

ple, currently claims that it 's Uni
verse 68/05 (under $10 ,000, and sup
ported by UNOS , a UNIX Rev 7 
compatible operating system) com
pares favorably with the VAX 11/ 
750. Momentum Computer Sys
tems compares its 32/E supermicro 
with the VAX 11/780 claiming that 
"you get 80% of the VAX's perfor
mance for 10% of the price" . A Sys
tem III UNIX operating system is 
available for the machine. 

Recognizing this as clear competi
tion, DEC has recently released a 
new series of VAX machines that in
cludes the Micro-VAX 1, a two
board Q-bus configuration in a mi
cro-PDP 11 look-alike box that will 
se ll for less than $10 ,000. The ma
jor components of the Micro-Vax 1 
include the KD32-AA CPU, 
RQDXl controller, RX50 floppy 
drives, RD51 or RDXX fixed disk , 
Q22 memory with block mode capa
bility, console terminal and front 
control panel (see Figure 2) . 

Micro-VAX 1 implements the Mi
cro VAX architecture which is a 
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strict subset of the VAX architec
ture. It features a 4 Gbyte virtual 
address space , 32-bit word size, full 
memory management (virtual to 
physical address translator and 
page protector mechanism) and 
emulation support for the full VAX 
instruction set (except PDP-11 com
patibility mode) . "The reason for 
putting the micro-VAX 1 on the Q
bus is that it's the lowest cost bus 
we've got today," says Ian Evans, 
Product Development Manager at 

DEC's (Hudson, MA) plant. "Fur
ther, it provides a means for the 
user to maintain his hardware 
investment. " 

The system busses which inter
connect the modules in the micro
VAX 1 are the memory data bus, 
the memory control bus and the ex
tended LSI-11 Q-bus. The memory 
data bus and the memory control 
bus connect the two CPU modules 
(DAP and MCT) . The 32-bit bidi
rectional data bus is implemented 

DESIGN/PRODUCTION TIME 

CHIP 
OEM 
18-24 

BOARD 
OEM 
12-18 

MONTHS 

SYSTEM 
OEM 
6-9 

MONTHS MONTHS 

UNIT VOLUME > 10,000/YEAR 300-10,000/YEAR 20-500/YEAR 

HARDWARE DESIGN VERY HIGH 
EXPERTISE REQUIRED (TYP) 

APPLICATION SOFTWARE LOW-MEDIUM 
VALUE-ADDED (TYP) 

UNIT PRODUCT COST LOW 

HIGH 

MEDIUM 

MEDIUM 

LOW 

HIGH 

MEDIUM
HIGH 

Courtesy of Intel 

Figure/: Changing OEM requirements are pushing manufacturers toward standard 
chip, board, and system requirements and causing them to buy higher levels of i111e
gration . 
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using an over the top 50-pin cable. 
The 8-bit memory control bus is im
plemented using the CD intercon
nect on the backplane . The remain
ing lines on the CD interconnect 
are used for dock distribution , sta
tus and miscellaneous control logic. 
Slots 1 & 2 on the backplane are 
for the two CPU modules which 
must be placed in Q22/CD slots . 

The data path module (M7135) 
contains the data path , instruction 
decode , microsequencer and mis
cellaneous logic needed to imple
ment the microVAX instruction set. 
The memory controller module 
(M7136) is the interface between 
the main data path , the microma
chine , the Q22 110 and the memory 
subsystem. An on-board data and 
instruction cache , consists of a 2K 
by 32-bit wide data store and a 2K 
by 16-bit wide tag store. It is the 
main element of a mechanism that 
transparently translates 16-bit data 
from the Q22 bus into the 32-bit 
data that the macromachine needs . 

The I I 1725 uses Digital Equipment 's 
o wn 26 Mbyte fi xed/26 Mby te rem ov
able technology. 

Along with their hardware an
nouncement , DEC has introduced 
three software products that com
plement the VAX line . Micro VMS 
(the version of VMS that wi ll run 
on the micro VAX) will allow any 
native mode non-privileged VAX 
program to run on the microVAX. 
VAXElan is specifically tailored for 
the development of dedicated real
time systems for VAX machines, 
and VAX Ultrix will be DEC's 
UNIX-like operating system. 

Although the microVAX may be 
the most significant product from 
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Customers will find changing to 
newer architectures offered by the 
Motorola 68000 processor family 
(32-bit internal architecture) or 

the Intel 8086 family (16-bit 
architecture) far less attractive. 

DEC for a number of years , two 
other new VAX models should not 
be overlooked. The 111725 is an 
open office environment VAX that 
uses DEC's own 26 Mbyte fixed/26 
Mbyte removeable technology. The 
111730 comes as a set of modular 
building blocks that the user may 
configure a system from. The latter 
emphasizes DEC's commitment to 
offer price competitive products in 
an extremely active third party 
market . 

Does this mean DEC has neglect
ed to support its board OEM busi
ness? Not at all. DEC has recently 
strengthened its support of the Q
bus product line by the introduc
tion of several new boards aimed at 
both computation and 1/0 intensive 
applications. 

Although there has been no 
change in the architecture of the Q
bus itself, the new offerings will 
give the designer the flexibility to 
upgrade his existing Q-bus designs , 
without sacrificing the investment 
he has made in software develop
ment. One of the products, the 
LSI-11173 is DEC's first implemen
tation of the J-11 microprocessor. 
Offered as a dual-height module , 
the 11173 includes integral floating 
point instructions , 8 Kbytes of on
board cache memory, and 4 Mbytes 
of memory addressing. LSl-11/23 
users who require increased perfor
mance can insert the 11/73 board in 
the 11/23 slot and run their current 
application software with only mi
nor configuration changes . These 
changes may include the replace
ment of a multifunction module 
used for bootstrapping . For exam
ple , many designers have integrat
ed the 11/23 with the MXVllA mu!-

- Andrew Davis, Doto Tmnslation (Marlboro , MA) 

tifunction module that together 
provide the basic essentials for a 
computer. 

If those 11/23 users need the pow
er of the 11/73, it will be necessary 
to replace the MXVllA with DEC's 
latest revision , the MXVllB , since 
the A version will not support the 
11173 board. Relative to the LSI 11/ 
23 , DEC is claiming a four times in
crease in performance for this prod
uct. "This is a critically important 
product for DEC" says Gene Ban
man , Director of Marketing at 
Data Systems Design in San Jose , 
CA. "The LSl-11/73 will help DEC 
preserve their existing base of cus
tomers in two ways . First , the 11/73 
provides a fully compatible up
grade path for customers who have 
pre.viously been constrained by the 
performance limitations of Q-bus 
systems , such as the LSI 11/23. Sec
ond , it provides a low cost solution 
for customers who have been using 
the Unibus-based PDP 11/34 and 
PDP-11/44 systems. Without the 
LSl-11/73 alternative , many custom
ers may have defected to other su
permicro solutions based on the 
68000 or Intel 286 chips ," he 
concludes. 

The LSI 11/73 should create sig
nificant new business opportunities 
for Digital. Recent enhancements 
to the Q-bus such as block mode 
DMA transfers, 22-bit addressing 
and now the 11/73 announcement , 
make the Q-bus competitive with al
ternative bus solutions, such as In
tel's Multibus . Although DEC is 
touting the new product as a solu
tion to computation-intensive appli
cations , such as CAD/CAM and 
graphics, (areas that require a high 
performance processor with float-
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compatible vendors to alleviate I/O 
bottlenecks when using DEC's ar
chitecture," adds Bill Wollan , Na
tional Sales Manager for MOB Sys
tems (Orange CA). As with any 
DEC introduction , the KXT 11-C 
has led many to attempt to predict 
DEC future plans. Richard Hick
stead, President of Micro Technol
ogy feels that the 11-C may simply 
be a lead-in to a product which will 
add an I/O Q-bus in parallel with 
the normal Q-bus and dual-ported 
memory, a rumor that has been 
around the industry for several 
months . Only time will tell. 

The 11173 will be offered as a dual height module and includes integral floating point 
instructions. 

The third DEC introduction, the 
Falcon-Plus , replaces the Falcon 
SBC-11121 as DEC's low-cost PDP-
11 SBC for ROM-based dedicated 
applications. It offers a T-11 CPU, 
RAM memory with sockets to sup
port additional RAM or ROM 
memories , a real-time clock , and a 
Q-bus interface to provide bus ex
pansion should the application ever 
require it. "A whole lot of custom
ers thought the (original) Falcon 
was a great machine for dedicated 
ROM-based a pplications," says 
Philip Pomeroy of DEC's Technical 
Volume Group. " ... but they ex
pressed the need for a low-cost 
PDP-11 that they could use for 
more general purpose applications 

ing point capability), Roger Aoui
zerat , President of Ranyan Comput
er Enhancement Systems , has some 
doubts . "The primary problem with 
the Q-bus engines is their program 
space," he says. "This, even more 
than computer power, is very impor
tant to CAD/CAM, image process
ing and data acquisition applica
tions . It 's a problem that remains 
unsolved with the J-11 , partricular
ly in comparison with 68000-based 
Q-bus boards available on the mar
ket already that address both com
pute power and address space 
problems ." 

The second new DEC introduc
tion , and the most important of the 
new announcements is the KXTll
C I/O processor board . The board 
functions as an intelligent controller 
optimized to handle communica
tion processing from a wide variety 
of I/O devices. Since it has a dedi
cated µP, the bus arbiter CPU is 
free to perform other functions re
quired by the application. "l/OP's 
are DEC's shot at what might be 
called multiple computing," says 
Robert Maiorana , Product Market
ing Manager at Digital's Hudson 
Facility. 

It is possible to add as many as 
14 KXT 11-C boards in the same Q
bus configuration, each dedicated 
to a specific task within the applica
tion . Each KXTll-C has its own 
16-bit microprocessor, RAM and 

86 

ROM memory, asynchronous and 
synchronous communication inter
face and two-channel OMA control
ler. For systems designers the com
bination of the KXTll-C with the 
LSI 11/73 or 11/23 provides an ar
chitecture of multiple dedicated 
processors previously unavailable 
on DEC's Q-bus products . But 
" this kind of a solution is already 
being offered by many of the DEC 

The KXTI 1-C 110 processor board fi111ctio ns as an intelligent controller optimized to 
handle co11111 11111icatio11 processing. 
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for which they would need an oper
ating system ." 

Falcon-Plus , with its 16KB of 
RAM , and optional additional 
32KB not only accommodates the 
RT-11 single-user real-time operat
ing system running on-board , but 
also improves the performance of 
programs written in MicroPower/ 
Pascal. MicroPower/Pascal was an
nounced in 1981 with the Falcon 
SBC-11/21. It is a software tool kit 
that is actually an operating system 
and a high-level real-time program
ming language . Micro Power/Pascal 
allows realtime programmers to se
lect only those software resources 
they need to build efficient run time 
kernals . 

Development of MicroPower/Pas
cal programs is performed on a sep
arate host system. Code is written , 
compiled and linked on the host sys
tem , then down-line loaded over a 
serial line into the MicroPower tar
get CPU for execution . Debugging 
also takes place from the host sys-

tern. In the past, Micropower/Pas
cal development was only possible 
on RT-11 systems. Many customers 
who had RSX-llM RSX llM-Plus , 
and VAX/VMX systems had to pur
chase single-user RT-11 systems to 
develop MicroPower programs . 
They also wanted to have more 
than one programmer developing 
code for the same application on a 
development system . 

With the annoncement of Micro
Power /Pascal-VMS and Micro
Power/Pascal-RSX, multi-user Mi
croPower development is possible 
on 32-bit and 16-bit DEC Systems . 
Each is a layered software product 
that allows multiple programmers 
to develop MicroPower applica
tions concurrently on the same 
VAX/VMS, RSX-llM or RSX
llM-Plus system. Programmers can 
divide the application into tasks , 
share common files , code and com
pile separate MicroPower modules, 
and then link them together into a 
single customized runtime kernal us-

Solid-State 
Disc 

Q-Bus 

ing special MicroPower utilities. 
Finally, DEC has bowed to com

petitive pressure in offering a one 
year, return-to-factory warranty on 
the three new Q-bus products , the 
11173 , 11-C, and Falcon Plus, a stan
dard in the DEC compatible indus
try for years. All of these products 
indicate DEC's renewed interest in 
the low-end OEM world , and the 
new introductions will go a long 
way in retaining the large market 
DEC has already captured. 

With DEC recently making avail
able the J-11 chip set to designers , 
it will be interesting to observe the 
third parties that take advantage of 
the large base of DEC software , 
while introducing products based 
around the J-11 onto the Multibus 
or the VME bus. Many companies 
interviewed during the preparation 
of this article indicated that a few 
such designs are currently under de
velopment and should be available 
early next year. 
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Dramatic increases in throughput. 
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reliability. 

Our customers demand 
state-of ·the-art technology. 
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rotating MegaRam provides the software compatibili ty of a 
disc wi th the performance of main memory. Ideal for 
swapping, scratch fi les, overlay storage, process contro l, 
telecommunications, graphics, data acquisi tion, array 
processi ng. etc. 

Let us show you how the MegaRam can enhance the 
performance of your computer while provid ing outstanding 
reliabili ty. 

~ Imperial Technology, Inc. 
I I I 831 S. Douglas Street • El Segundo, 

California 90245 · Telephone: (213) 536-0018 
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•BLOCK MODE OMA on a full 
megabyte board- available now! ...,......,.....,.....,.....,.,.. 

•Up to 32 MB on a standard Q-Bus 
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Q-RAM 22B~ 

• 1/2 MB on a dual-height card 

•All boards have on-board control and status regis
ters (CSR) and LED to indicate parity errors. 
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COMPUTERS/SYSTEMS 

Solids Modeling 
Becomes The Driving 
Force Behind Automation 

Solid modeling systems have been 
available for over a decade but recent 
developments in semiconductor memozy 
and processing capabilities have 
brought SM to the forefront of active 
development and promotion. 

by Jerry Borrell , Editor-in-Chief 

The annual Autofac show, he ld in 
Detroit and sponsored by the Soci
ety of Manufacturing Engi neers, 
has become one of the premier 
events at which robotics, computer 
graphics, and manufacturing pro
cesses are brought together to dem
onstrate the progress in new tech
nology. This year, a key focus of 
the event will be the integration of 
computer aided design , computer 
a ided engineeri ng, and computer 
aided manufacturing by system 
builders , integrators, and software 
developers . This integration centers 
upon what is known as "Solid Mod
eling" (SM), and is occurring be
cause the data stored by the com
puter to geometrically describe the 
shape of a solid model is useful in 
all three of the disciplines men
tioned above. 

One of the most contentious is
sues for potential users of SM is the 
need to understand what the term 
means , and how to obtain access to 
the technology. One of the difficul
ties in doing this is that SM is a 
term often applied to hardware . 
software, and integrated systems. 
For instance, a CAD system may 
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be said to have SM capability if it 
allows the user to define (for any 
given model) points within , adja
cent to , or outside of a plane of the 
object. Others take a much more 
demanding view and state that a 
system may be said to have SM ca
pability if it allows for design , draft
ing , or analytic functions related to 
solid objects. There are several 
manufacturers of graphics proces
sors that are particularly suited for 
SM applications who claim to have 
SM systems, whether or not they 
are able to provide software c;:ipa
bility to the user. Simi larly software 
developers claim to have solid mod
elers, and their relationship to the 
display device and the central pro
cessor are secondary. Finally, there 
has been confusion about what sort 
of software capabilities may be 
used to define a SModeler. In this 
area there are several issues. One 
re lates to the manner in which the 
system or software organizes its 
data for storage, often as either a 
faceted (approximate) or a pre
cise model. Another issue is wheth
er or not the displays are wire 
frame drawings or color rendered 
(smooth shaded). The last and 
most current misconception is that 
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Solids Modeling 

Above: Editing f unctions performed by 
SDRCs IDEAS modeling package 2D 
equivalent ji111ctions such as stretching 
and 11•arping as well as functions unique 
to SM: blending, thickening. and bend
ing. Other lllsks unique to SM include 
surface operations such as tweaks for 
deformation. 

The use of SM as a point of' integration 
for industry in computer aided design, 
complller aided engineering. and co1n
pwer aided analysis is occurring at 
firms such as Control Data (leji) 1l'here 
all of these disciplines are being united. 
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Figure 2: Patran-G, one of the most 
widely available finite element model
ers, demonstrates the use of SM for in
terferences in this shot where the inter
nal construction of the combustion 
chamber in green overlaps with its hous
ing in yellow. 

a system may have to allow for op
erator interaction with geometric 
primitives to qualify as a solid mod
eler. Unfortunately, many of these 
issues will not be readily answered 
because the announcements of prod
ucts for this fall will offer systems 
that provide for operations within 
many of these functions. At least 
one company, Phoenix Data Sys
tems and its designer Donald 
Meagher, raise questions about the 
viability of the mathematical ap
proach that most system providers 
have taken, and advocate their 
unique solution for more sophisti
cated models-initially medical 
displays. 

In this article we examine how 
SM systems have developed, how 
the functions for CAD/CAM/CAE 
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are being integrated in SM, discuss 
the new products from graphics 
display processor manufacturers 
which are oriented to faster render
ing of shaded images, examine how 
systems are being provided by mar
keting groups, and consider the de
signer interaction tools offered with 
SM systems. 

Development Of Solid 
Modeling Systems 
Many of us forget that solid model
ing systems have been available for 
over a decade, primarily because re
cent developments in semiconduc
tor, memory, and processing capa
bilities have brought SM to the 
forefront of active development 
and promotion. Early research and 
development at and near the Uni
versity of Cambridge , the Cam
bridge Design Center, and at firms 
such as Compeda and CIS led to 
the development of SM software in 
the late '60's based upon storage 
tube display systems. A great deal 
of work also went towards provid
ing an interface for the numerical 
control of manufacturing devices 
and several machining and milling 
control packages were developed. 
The geographical isolation from US 
CAD firms , and their lack of color 
rendering provided a superficial bar
rier to the implementation of these 
systems in the US . Even in cases 
where there was an effort to supply 
them , the marketing efforts have 
been less than successful. Over the 
last few years , many young math
ematicians and designers have left 
British firms and institutions with 
experience in solid modeling , subse
quently joining firms such as Com
putervision and McAuto providing 
for an effective transfer of technol
ogy. Several firms have been ac
quired, for example, the recent pur
chase of CIS by Computervision , 
Shape Data Ltd . by Evans and 
Sutherland, and Compeda by Prime 
Computers. Other US systems have 
roots of development in France, in
cluding the CATIA package IBM 
acquired from Dassault, and Euclid 
developed by Matra of France and 
marketed in the US by Matra 
Datavision. 

During the same period of time 
in the US the emphasis of devel-

opment was towards applications 
packages for 2D drafting and de
sign ; with Computervision, Appli
con , Intergraph (formerly M&S) 
and Auto-trol being prominent ex
amples . One firm, the Mathemat
ical Applications Group Inc. of 
New York (MAGI) was performing 
extensive work for the military to 
investigate armor piercing capabili
ties of projectiles which led them to 
develop a software program which 
came to be known as Synthavision. 
This software , long ignored by the 
leading CAD firms , became a bas
tion of available expertise and li
censing for several US CAD firms , 
who in the late 70's were seeking to 
develop their own SM capabilities. 
Synthavision applied a ray tracing 
technique to determine impact char
acteristics of projectiles that was 
also suitable for rendering color sur
faces. fo addition, they popularized 
the use of a stored group of geomet
ric primitives which allowed their 
systems to be used to create solid 
object models rapidly. Control 
Data, Applicon , and others either 
made use of or studied their soft
ware to help them enter the field 
more quickly. 

Another effort to develop SM 
tools came from a group of manu
facturers including General Motors 
that funded a research program for 
SM at the University of Rochester, 
called the Production Automation 
Project under the direction of Herb 
Voelckler. The project developed 
two important programs, PAD-L 
and PAD-L II which have been 
widely licensed and remain excel
lent educational tools. Two compa
nies , GM and McDonnell Douglas 
have used this research as a basis 
for their development of SM sys
tems called GM Solid and UNISO
LIDS respectively. Another prod
uct developed as a result of 
research is the TIPS modeler, from 
Hokkaido University. This package 
is sold as an educational tool as 
well, by the CAM-I of Austin, 
Texas. 

Several currently available pack
ages have been developed by indi
viduals either from the companies 
above or from research environ
ments where solid geometry was a 
basic consideration. The Anvil 
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SOLID-MODELING 
ON A MICROCOMPUTER? 

You betl With our new CS-5 solid 
modeling system. creating crayons like 
these is mere child's p lay 

The CS-5 makes it very easy to 
define three-dimensional objects. You 
don't have to type in coordinates or do 
any programming. 
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generated quickly with just a few 
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lines automatical ly removed. 
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advanced system costs very little. The 
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and performance. 
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terminal, 3-D graphics workstation. or as 
a stand-alone graphics system. It displays 
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Solids Modeling 

Figure 3: Crea1ion of a manifold design on SDRC's IDEAS suppor1ed by Lexidata's So!idl'iew. The system demonstrates the 
problem of parametric inpw in terms of lime required, and the technique's flexibility in the creation of complex designs. Another 
advantage of SM in general is shown by the ability 10 define internal views once geometry is input. 

packages, for instance, were devel
oped by Pat Hanratty who had ex
perience with 2D CAD manufactur
ers. The ICM modeler from Larry 
Barinka resulted from earlier work 
developing modeling systems for 
CAD in the nuclear power plant de
sign arena. SDRC of Milford, Ohio 
developed a SM capability as a re
sult of work with the analysis of vi
bration study for the automotive 
industry. 

It is difficult, perhaps needless , 
to consider the origins further be
cause today the bodies of code 
used to build these software pack
ages have been redefined or rewrit-

ten to such an extent that they bear 
only marginal resemblance to their 
sources. The marketplace has be
come so active that most SM sys
tem providers are developing a sec
ond generation of SM technology. 
Large companies that originally 
took inefficient approaches have 
purchased the rights to or licenses 
for SM capabi lity. In addition, 
there is ongoing research in com
mercially available packages at cen
ters such as Purdue Universities' 
Graphics Lab , and in corporations 
such as IBM and Grumman, where 
there are proprietary SM systems 
in use. 

Graphics Processors 

Two factors are driving develop
ment of graphics processors for 
SM-the demands for color and in
teractivity. When these two com
bine they tax the abi lity of system 
providers to compete effectively 
with 2D and 3D CAD systems. As 
one might expect, the complexity 
of solid geometry makes rendering 
in color difficult. Two approaches 
are taken by manufacturers today: 
allowing the design process to be 
performed in "faceted" or approxi
mate representations of the SM 
(which speeds the process greatly), 

Figure 4: Boolean operations allow users of SM systems to manipulate geometric shapes quickly. An intersection of plane and 
block is performed to perfora1e 1he plane. or to create 1he rol11111e of the i11tersectio11 in this example. 
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and assigning a device to the specif
ic functions of rendering the mod
el's surfaces. Only a year ago, the 
universe of SM systems could be di
vided into those who stored data as 
precise or faceted files . At present , 
many systems maintain both types 
of data files for some portion of the 
design process. In merely inputting 
or editing a geometry there is little 
need to dedicate processor time to 
producing a display that has the 
same quality required for product 
promotion or advertising. 

The demand for color is ad
dressed by devices such as Lexida
ta 's Solidview, Raster Technology's 
125S , Weitek 's Tiling Engine, and 
custom processors such as those de
veloped by Megatek , Intergraph , 
Applicon and others. While these 
devices still do not support dynam
ic manipulation of SM with the fa
cility available on 20 and 21/20 sys
tems , their rendering ability is now 
very close to being "interactive". 
This demand has brought six an
nouncements on the Lexidata Solid-

A Figure 5: Techniques of software 
editing include operations of revo
lution shown in white and extrusion 
in blue. Both types of operations 
allow 2D planar outlines to be 
translated across space to quickly 
generate solid parts. 

view: ICM of Virginia, Prime Com
puter, MCS's OMNISOLID , Matra 
Datavision 's Euclid , SDRC 's 
IDEAS, and Patran-G from PDA. 
The first three of these represent 
new product lines based upon the 
processor. The Solidview is a sepa
rate product which at this point is 

~ Figure 6: Image generated on 
Raster Technologies' new 1255 of a 
ball bearing/axe/ chassis created by 
Olin Lathrop and David Kirk. 

added to systems as a post proces
sor. ICM has implemented an Apol
lo 300 workstation for the faceted 
modeling and the Solidview for col
or rendering in what is the fastest 
capability for rendering color SM 
in a precise form available at 
present. 



The Weitek Tiling Engine repre
sents a similar approach. but is be
ing sought by several manufactur
ers as an OEM product. to be 
manufactured to the integrators sys
tem and bus specification to allow a 
color capability. For instance. Ram
tek. Auto-trol. and Sun are said to 
be seeking agreements to add the 
engine as an integral portion of 
their display; an advantage because 
the engine could then be made to 
accept data for rendering in the 
form used by the system. rather 
than having to convert to the for
mat of the processor itself. 

Why cannot the well established 
high performance processor deve l
opers such as Evans and Suther
land . Mega tek . Ramtek. Gen isco. 
and Adage immediately support 
SM rendering? The answer lies in 
the need to provide the additional 
memory for the Z axis. so called 
"ZBuffer" memory. The Z buffer is 
used to process the shape elate for 
the models . and render the surfaces 
eit her from polygons or primitives 

and perform functions such as light
ing and clipping . Devices such as 
those from Lexidata , Weitek , Ras
ter Technologies, Parallax , and GTI 
are ideally suited for the Z buffer 
sorting. This capability would have 
to be combined with the fast re
fresh rates for drawing vectors to 
provide a SM system with color 
shading that is not only. interactive, 
but which would support dynamic 
operations such as translations and 
rotations. 

Phoenix of Albany combines ex
isting graphics processors , high ca
pability minicomputers, and its cus
tom processor to provide rendering 
capabilities of the most complex so
lids being rendered , medical dis
plays of brain scans. Both Ramtek 
and Intergraph indicate the use of 
gate arrays in their new products , 
at up to a 5000 gate level which 
may show that the third generation 
of SM display processors has yet an
other alternative for implementa
tion. These solutions are aimed in 
the near term at providing render-

How to remote 
graphicsw 
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ing and not dynamics and render
ing. One indication about this sort 
of capability is shown by Weitek 
who indicates that their next genera
tion product will combine their til
ing engine and floating point proces
sor in silicon. 

Promising directions in technol
ogy come from those firms work
ing with 16 bit microprocessors and 
new display processors such as Cu
bicomp of Berkeley, Vectrix of 
Greensboro, Catronix of Atlanta, 
and Graftek of Colorado. Cubi
comp's processor is designed specifi
cally for the IBM PC, Vectrix is ini
tially configured for the Apple, 
Catronix has been written for the 
Terak, and Graftek is now being im
plemented on the new N-GEN sys
tem from Convergent Technologies. 
The common problem for all of 
these systems' developers is that 
the majority of software developed 
for SM has been on the mini and su
per minicomputers . The effort by 
these four manufacturers then has 
had to be both developing their 
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own less costly display processors, 
and to write SM software suitable 
for 16 bit processors. Catronix has 
demonstrated a Romulus in the 
first effort of a small system to pro
vide access to one of the estab
lished packages. While many of the 
systems have generated a great deal 
of excitement , as shown by the ca
pabilities of Cubicomp in the illus
tration , it may be necessary for 32 
bit microprocessors to be available 
for systems integration before it is 
practical to mount much larger 
packages. Joint efforts by Hewlett
Packard and Gerber, and Hewlett
Packard and Metheus show the 
trend towards this area . 

Design Interaction 
Design Input 
One of the greatest potentials for 
enhanced efficiency through SM 
use is found in the design function . 
While the bulk of software design 
techniques for SM are those of 2D 
and 2Y2D CAD, several manufac
turers have developed techniques 

Figure 7: Applicons' Solid Modeling II is a second generation SM system and in
corporates one of the most advanced DBMS, pre, and post processor interface 
packages for interactive design, and development of displays for engineering analy
sis and design, under the BRA VO product line. 

that offer more benefits. These may 
be divided into two categories: 
those for the input of geometry and 
those used in editing functions. The 
input techniques may be further 
subdivided into those systems using 
constructive solid geometry (often 
geometric primitives) for the ere-

ation of designs or those who use 
design parameters and more tradi
tional lines, points , and 2D primi
tives (circles, etc.). The latter dis
tinction has, however, become 
blurred, because of systems such as 
Solids Modeling II from Applicon 
which maintain a database of primi-

Light years ahead in 
Artel fiber optic systems bring 

your graphics to your desk. 

, noise-free video and 
dcitD transmrssion, freedom from ground 

faults, communications security, intrinsic 
safety, and lightning immunity. And they 

dramatically reduce the amount of cabling 
you need. 



tives , but which nevertheless re
quire some parameter input to call 
up the primitives. 

There are advantages in both ap
proaches. While the input of a de
sign's geometry may be much 
slower with parametric techniques 
(see series of slides) there may be 
advantages in that if a 20 drawing 
is required for drafting purposes , 
the geometry is already available 
and may not require extensive com
puting . In addition , no CSG SM 
system can maintain a library of pri
mitives large enough to always 
avoid having to create new primi
tives . In the case of developing 
models for related applications 
such as finite element analysis the 
designer will have to use paramet
ric input to define complex sur
faces. The delay in this application , 
20 drafting , and CSG SM is that in 
order to display lines , the user must 
extract edge and vertices informa
tion from the display files. A final 
advantage in the wire frame or para
metric approach is that many of 

Our systems are plug compati 

these systems have been developed 
from 20 CAD systems and already 
have the capability of drafting , an
notation , and plotter interface : Me
dusa , Romulus, Euclid , Omnisolid , 
Solid Modeling II , PAOL, ICEM , 
and others . Both approaches have 
suffered in applications requiring 
fast rendering, as noted above . 

Design Editing 
Just as SM is useful to the designer 
by providing more information 
about an object , the same character
istics can prove to be detrimental 
or beneficial in editing functions . 
One of the primary benefits is seen 
in the rapid ability to provide sec
tional views . Sections become even 
more easily defined when the sys
tem has Boolean capability shown 
in the slides from Phoenix. Boolean 
functions provide the designer with 
the capability of intersecting , union
ing, or subtracting models from 
one another. Boolean operation 
may also be considered an input 
function , but is most efficient for 
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sections . 
The broadest range of SM edit

ing techniques is demonstrated in 
the series of slides from SORC. 
Many of the editing functions are 
the SM equivalent of 20 functions. 
Stretching, for instance , is the 30 
equivalent of scaling or rubberband
ing. Sweeping functions have been 
used in 20 and allow design modifi
cation through rotating the outline 
or profile of an object about a hori
zontal or vertical axis. Similarly, 
skinning or warping functions are 
equivalent to 20 interpolations 
of shape between two endpoints. 
An especially complex example is 
shown in the creation of a manifold 
example from SORC in which sev
eral midpoint and two endpoint 
planes were parametrically defined 
and joined. 

There are unique functions to 
SM. Bending and blending , for ex
ample , perform what the name de
scribes (shown in illustrations) but 
in 30. There is also a series of 
complex surface editing functions 

Adage I lkonas, Aydin Controls, Colma, 
Computervision, Digital Equipment Corp., 

Gould De Anza, IBM, Lexidata, Megatek, 
Metheus, Ramtek, Sanders I Calcomp, 

Symbolics, and more. 

We've shown the light to the 
Fortune 500. 

If you'd like to see the light too, call or wrlit 
Artel Communications Corp., 93 Grand 

Street, Worcester, MA 01610. (617) 752-
5690, Cable: Arte/. 

We've installed fiber optic communication 
systems for CAD/CAM in aerospace, auto

motive and computer 

See us at AUTOFACT 5, 
booth no. 1114. IAITELI 

Lighting the way In fiber optic communications. 
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best exemplified in SDRC in which 
a surface may be deformed, or 
"tweaked." These functions are vi
tal if the system is to have ready ap
plication in CAE for the definition 
of surfaces is at the heart of most 
analysis. These functions vary from 
system to system, and may prove a 
vital point of evaluation for the pur
chaser. Parametric based surface op
erators such as tweaks may allow 
for easy manipulation, and have 
secondary benefits in readily provid
ing surfaces and edges upon which 
to define meshes. CSG surface or 
planar primitives lack this but are 
defined with a fraction of the 
effort. 

Both parametric and CSG in
put based systems have the abil
ity to store primitives of conve
nience, that is those objects that 
may be frequently modeled can be 
stored and retrieved when needed. 
Unique primitives created by the 
operator may be the most effective 
applications of this design function. 

The last consideration of design 
interaction is that of the physical in
terface; keyboards, joysticks, track
balls , and voice. Until recently one 
of the inhibitions to the use of SM 
was the lack of a physical device in
terface. In working with MAGI, 
for instance, where rendering time 
was significant , a single edit would 
entail a lengthy wait before the op
eration could be inspected. This 
type of interface is addressed with 
faster rendering devices. Related to 
the slowness of interaction was the 
lack of a tablet interface which has 
become a standard design tool for 
drafting systems in CAD. 

Another insufficiency relates to 
the development of interactive tech
niques for CAD from 2D systems 
where cursor controllers such as joy
sticks and trackballs were suffi
cient. In manipulating solids, these 
tools had limitations in both input 
of geometry and for editing. This 
has been addressed by the develop
ment of the 3D cursor from Lexi
data and the 3D trackball. 

Several of the systems have re
tained a keyboard means of interac
tion , in part due to a research-limit
ed origin , and in part to the 
European systems being related to 
systems that had strong use of 
text and annotation for traditional 
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CAD application. 
More than any other aspect of 

SM, design interaction becomes an 
area where systems slowly emulate 
one another bringing a commonal
ity of functions. This is not true of 
applications functions where any 
manufacturer develops expertise 
and software in areas were subject 
expertise is represented. Intergraph 
has been the first to successfully 
sell voice interaction devices into 
the market , perhaps resolving the is
sues above. 

Interface To CAD And 
Analysis 
One of the most problematic issues 
for the developers and users of SM 
systems is the integration of analy
sis and manufacturing capabilities. 
Conceptually the advantages are ob
vious-in describing the geometry 
for an object's shape the designer 
also deals with the information that 
may be used in subjecting a model 
to analysis or in transfer to numeri
cally controlled machine tools. In 
practice, the requirements of pro
cessor time and capacity, and the 
need to transfer information from 
one set of data files to another be
comes onerous. Beyond this is the 
need to unite all of these oper
ations in a single set of operating 
commands and system menus, rep
resenting enormous tasks-best ad
dressed, to date, by Applicon, 
Control Data, and MCS. System de
velopers must consider this in light 
of the relatively recent addition of 
graphics capabilities to what has tra
ditionally been the statistical and 
tabular evaluation of designs by en
gineers. However, as analytic func
tions become available in graphics 
displays , the effort to integrate de
sign and analytic functions has in
creased. The link to manufacturing 
functions is relatively primitive in 
graphics terms, but applications 
such as interference investigation in
dicate trends in the area. 

Design and Analysis 
Two of the most commonly used 
techniques for engineering design 
and analysis are the generation of 
meshes and the use of analytic pro
grams based upon the structural in
formation provided by the mesh. 
While several of the larger manufac-

Figure 8: ICM has implemented a facet
ed modeling technique on the Apollo 
300 workstation for interface with Solid
view to provide one of the fastest ren
derings of a precise model SM system 
commercially available. A worm screw 
housing is seen displayed in color wire 
frame , rendered as exploded and 
united. 

turers such as Control Data, Appli
con, Intergraph, and MCS have suf
ficient expertise to write their own 
mesh generators , the majority of 
firms rely upon well established 
companies with finite element mod
eling packages used for mesh gen
eration, most often GE's subsidiary 
SDRCS' Supertab or PDA Engin
eering's Patron-G. The second step 
is to subject these models to an ana
lytic program where the best 
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ADVANCED COLORING. PARTS I, II & III. 
NOT MUCH IN 
LIFE IS BLACK 
AND WHITE. 

Newspapers, 
penguins, old 1Vs. 

Including 16 bright 
colors, an area-fill 
capability, both fat 
line and large point 
generation, over
laying and more. 

All with quick, 
clean raster dis-

But if what 
you do involves 
designing cir
cuits and circuit 
boards, facilities 
planning for 
anew plant 
depicting seismic 

, . ___ ... .,... play performance 
second to none. 

data or engineering cars for 
1990, you need more than 
black and white. 

You need a 21st century 
graphics workstation. You need 
Spectragraphics. 
PART l EMULATING THE 
3250. IN COLOR. 

Our 1250, as an example, 
gives you IBM-compatible 
color. 

At a very attractive price. 
The secret is an advanced

design master graphics control
ler complete with an expanded 
3250 order set that provides a 
number of new features. 

PART.fl. 2D AND 
3D COLOR. IN A 

DISTRIBUTED SYSTEM. 
Our System 1500 colorfully 

combines high-resolution dis
plays, fast screen updates and 
a distributed workstation net
working concept. 

Thanks to advanced archi
tecture, workstations can be 
grouped in the next room, the 
next building or miles away. 

All generating superb 
graphics. And flicker-free. 
Objects can be rotated, scaled 
and translated-and multiple 
viewports can be defined with 
transformed images cleanly 
clipped to their boundaries
all at real-time rates. 

PART III. 2D AND 3D DISTRIBUTED 
COLOR.PLUS 3250-COMPATIBILITY. 

·The best of both worlds. 
Combine the 1500's capa

bilities with 3250 emulation 
and you've got an extremely 
potent new weapon in your 
problem-solving arsenal. 

A simple floppy disk addi
tion converts the 1500's standard 
order set to an expanded 3250 
color order set. Where you take 
it from there is your own busi
ness. Structural drawings, stress 
tests, mapping. The list goes on. 
APOPOUIZ. 

Now, what's the company 
that offers IBM-compatible 
color at a very attractive 
price? 

20 and 30 color graphics 
in a distributed workstation 
configuration? 

2D and 3D distributed 
color combined with 3250 
capability? 

Spectragraphics? 
Right. Go to the head of the 

class. And then call or write for 
more information. 

I I I 111111111 SPECTRAGRAPHICS 
Spectragraphics Corporation/ 10260 Sorrento Valley Road/ San Diego. Ca. 92121/( 619) 450-0611 
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CALCULATING ... 
~~~~ 

5329A Z80 APU/FPP WITH SERIAL SBC 
• Full STD Z80 Bus compatible 
• Up to 32k onboard memory space 
• 9511 (APU)/9512(FPP) device 
• APU/FPP Interrupts utilized 
• Accepts up to 4 Bytewide memory devices (24 or 

28pin) 
• Memory address decoding of any 2k increment on 

any 2k boundary 
• Flexible onboard memory and 1/0 address decoding 
• RAM/EPROM may be intermixed 
• Supports Phantom ROM Switching 
• RS-232/449 Serial Channel 
• Software Serial Channel baud rate programmable 

up to 76.8k baud with split Rx/Tx clock capability 
• 3 additional cascadable Countertrimers Channels 
• Fully buffered bidirectional address. data, and 

control busses allowing external DMA to onboard 
devices 

• Full Z80 Mode 2 interrupt support 
• 4 External maskable interrupt channels 
• Selectable wait state generation for memory. 110. 

and interrupt acknowledge cycles 
• Transparent automatic dynamic memory refresh 
• MEMEX AND IOEXP are software controlled 

The STD MICROSYSTEMS 5329A zao APU/FPP with 
Serial Channel Single Board Computer is a high per
formance module implementing an Arithmetic Pro
cessor or a Floating Point Processor with up to 32k of 
onboard memory and a RS-232/449 Serial Channel. 
This module is ideal in heavy computational indus
trial applications. 

The 5329A Module is fully STD zao Bus compatible. 
Onboard memory is four bytewide 2. 4. or BK 
RAM/ROM/EEPROM (24 or 28 pin) devices. STD 
MICROSYSTEMS 5329A Module has fully buffered 
bidirectional address. data. and control busses. 
thereby making onboard memory and 110 completely 
available to external Bus masters (DMA) and pro
viding minimum Bus loading for maximum system 
expandability. 

AVAILABLE CONFIGURATIONS: (w/Serial SBC) : 

05329-01A $595 Z80APU (9511A) 2.5MHz 
05329-0ZA 625 Z80APU(9511A-1)4.0MHz 
05329-03A 655 Z80APU(9511A-1)6.0MHz 
05329-04A 685 Z80APU (9511A-1)8.0MHz 
05329-11A 595 Z80FPP(9512A)2.5MHz 
05329-12A 625 zao FPP (9512A-1) 4.0MHz 
05329-13A 655 Z80FPP(9512A-1)6.0MHz 
05329-14A $685 zao FPP (9512A-1) 8.0MHz 

STD MICROSYSTEMS manufactures a broad line 
of application oriented Z80 SINGLE BOARD COM
PUTER MODULES for integration in your micro
processor system The modular organization of STD 
MICROSYSTEMS many products allows the designer 
to select from many single and multifunctional mod
ules ut ilizing various processors. memories, 1/0 and 
analog functions. For additional information on other 
microcomputer products 

STD MICROSYSTEMS 
399 Sherman Ave Palo Alto. CA 94306 

C4 15J 327-6800 
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known independently written pack
ages are MSC NASTRAN Mac 
Neil Swindler, Swanson 's Ansys , 
and STRUDL. The companies men
tioned above as having written 
their own mesh generators have 
also been able to develop analytic 
packages. SDRC and CDC, for ex
ample , have particularly broad of
ferings for analysis . 

While the data used for these pur
poses and for SM is basic to the in
formation needed in post process
ing work such as the creation of 
tapes to drive numerical control de
vices , extensive work is required to 
develop the interface between the 
programs. The best known include 
tool path generators such as Com
pact II or APT for milling use . 

It is practical for companies such 
as Control Data to maintain an ex
pertise related to all of these fields 
in house , but for the majority of 
firms , the effort at comprehensive 
availability of several types of these 
functio ns must be directed towards 
providing interfaces that will pro
vide for common computer system 
operation . Even where device inter
faces are provided for a broad 
group of software applications , the 
size of any given area may over
whelm the capability of a single sys
tem to provide interactive use of 
the programs. SDRC's mesh genera
tion alone requires over a quarter 
of a million lines of code. Given 
the large amounts of data operated 
upon by the programs, the limita
tions become evident. Storage 
alone becomes a significant prob
lem , as does the speed at which this 
quantity of data can be transferred. 
In the face of such issues , the prob
lems of adding an interactive dis
play capability based upon use of 
these sophisticated programs re
mains to be solved . 

Summary 
The race towards the automation of 
industry has many centers of focus 
and is known under acronyms such 
as : computer integrated manufac
turing, or factory of the future. All 
of these areas are dependent upon 
the ability of the computer to ma
nipulate information , and upon the 
ability of devices like robots to ma
nipulate processes in manufacture. 

Computer manufacturers seek to 

either maximize the number of inde
pendent software developers provid
ing SM packages that wi ll operate 
on their computers , seek to add SM 
hardware capabi lity to their sys
tems through OEM purchase of 
products from graphics processor 
companies , or hope to provide to
tally integrated capabilities for SM 
including training, support, consult
ing, and maintenance. The graphics 
processor manufacturers seek to in
sure the software houses write the 
interface needed so that their pack
ages can prevent the loss of sales to 
other producers. Software develop
ers similarly seek the widest base of 
device interfaces to allow custom
ers easier access to their products . 
Finally, the designer must consider 
that there is a new generation of 
technology soon to be availab le 
that may resolve several of these 
issues at one time-potentially slow
ing processes of acquisition or eval
uation. Thus advances in technol
ogy are at once providing new 
promise for the automation of in
dustry and at the same time requir
ing that the user or designer be a 
more sophisticated evaluator not 
only of the systems and their appli
cations but of the trends of technol
ogy at large . D 

Solids Modeling 
Manufacturers 
For more information on the following so
lids modeling manufacturers wri te in the 
appropriate number on the Digital Design 
Reader Inquiry Card. 

Applicon ....... . Write 612 
Auto-Trol ...... . .. . . .. . .. Write 613 
IBM .... .. .. .. ....... .. ..... Write 614 
DEC ... . ........ .. ... .. ... . . Write 61 5 
Lexidata ................... . Write 61 6 
Raster Technologies ....... . Write 617 
Prime .... .. .... . .. .. .. . .... Write 618 
Apollo ........ . .....•....... Write 619 
Ramtek .. .. .... . ........... . Write 620 
Megatek . .... . . .. ... ... .... . Write 621 
SDRC ...... . .............. . Write 622 
Calma ..... .. . .. ...... ...... Write 623 
PDA ............ .. ... .. ..... Write 624 
Cubicomp . ..... . ........... Write 625 
Grattek .... .. .. . . ......... .. Write 626 
Catronlx ........ . ..... . . .... Write 627 
Lundy .... . ..... . .. . ... ..... Write 628 
Control Data ... ....... . .. ... Write 629 
Intergraph ............. . .... Write 630 
Weitek . . . ... ............. . . Write 631 
Jupiter ....... .. ..... .. . , ... Write 632 
Computervision . . . .. ....... Write 633 

Digital Design • November 1983 



ICM GEOMETRICAL MODELLING SYSTEM TM 

Solids Modelling for CAD/CAM/CAE Applications 

SOLIDS MODELLING CAPABILITIES 

• Interactive User Interface 
• Keyword Command Language 
• Graphical Sketching Mode 

• Geometrical Modelling Attributes 
• 2-D Drawing 
• 3-D Sweeping 
• 2-D & 3-D Primitives 
• 2-D & 3-D Set Operations 
• 2-D & 3-D Coordinate Operations 
• User Primitive & Parametric Procedures 
• Help & Utility Aids 

• Computational Attributes 
• 2-D & 3-D Mass Properties 
• Optional CAE Analysis Links 

• Visualization Attributes 
• Wire Frame. Haloed Line, Hidden Surface Displays 
• Color Line & Color Shaded Images 
• Isometric, Perspective, Cutaway Views 

• Data & Model Files & Records 
• Audit Trail 
• Input Error Processing 
• "Exact" Procedure Files 
• "Approximate" Model Files 

ICM: Interactive Computer Modelling, Inc. (ICM ) is a 
professional consulting corporation specializing in the finest 
in computer assisted engineering (CAE) software products 
and services. 

MODELLING PHILOSOPHY: The ICM Geometrical Mod
elling System™ employs a hybrid implementation of the 
constructive solid geometry and boundary representation 
approaches that combines the advantages and minimizes 
the disadvantages of "exact" and "approximate" geometric 
models. 

DESIGN APPLICATIONS: The ICM Geometrical Modelling 
System™ is ideal for conceptual , preliminary, parametric 
and final design and visualization considerations, and 
provides a highly cost-effective alternative for the replace
ment or delay of constructing physical scale models. 

ANALYSIS APPLICATIONS: The same inexpensive geo
metrical model may be used for post-processing analysis 
involving FEM structural analysis, interference detection, 
pipe and duct routing , pressure vessel and plant design, 
architectural design and office planning , as well as NC 
simulation and automated drafting. 

INTERACTIVE COMPUTER MODELLING, INC. 
Reston International Center 
11800 Sunrise Valley Drive - Suite 1535 
Reston, Virginia 22091 

Phone (703)476-1600 

ICM Geometrical Modelling System™ is a trademark of Interactive Computer Modelling . Inc. 

Write 54 on Reader Inquiry Card 

REMEMBER : "" If a picture is worth a tho u
sand words, then an ICM geometrical mode l 
is worth (at least) a mil lion words!"" 



LAN A Solution To Efficient 
Computer Interaction 

by Ram Appalaraju 

Applications in which computers 
separated by a short distance (a 
few kilometers) are interacting be
tween themselves and not with a 
distant device are said to be in
volved in local area computing. 
The networks in such applications , 
known as Local Area Networks 
(LANs), are an offspring from dis
tributed data processing environ
ments. A LAN may be defined as a 
network that covers an area within 
a radius of a few kilometers , a total 
data rate exceeding 1 Mbps, and 
single organization ownership. 

Since the late 1970s, many com
panies have entered the LAN mar
ket. Today, various types of net
works have become standardized, 
helping the users, and manufactur
ers of supporting devices. The 
IEEE 802 standard on LANs is 
widely accepted , however, the 
IEEE 802 defines only with the 
physical and data link layers of the 
7-layer open system interconnec
tion model developed by the Inter
national Standards Organization . 
The seven layers and their func-

Ram Appalaraju is a research 
scholar at Northeastern University , 
Department of Electrical and Com
puter Engineering. He is a student 
member of IEEE and can be con
tacted through Digital Design, 1050 
Commonwealth Ave. , Boston , MA 
02215 . 
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Ethernet Controller for Multibus based processors- Inter/an NI 3010. 

tions are represented in Figure 1. 
Terms such as interfaces and proto
cols may be defined based on the 7-
layer model. An interface can exist 
only between a module in one layer 
with the layer below it. Protocols 
are relationships between equiv
alent modules in different worksta
tions (also known as nodes). The 
formats and the rules for exchange 
of messages are defined by the 
protocols. 

According to the IEEE 802 
standard, LANs may be classified 
into Carrier Sense Multiple Access 
with Collision Detect (CSMA/CD) 
and Tokenpass. The CSMA/CD 
is further classified into base
band , ( < lOMb/sec) and broadband 

(> lOMb/sec) networks . Token pass 
networks are divided into bus and 
ring. Further classification is based 
on the media of communication, 
which, to a large extent, determines 
bandwidth and range . A detailed 
performance comparison of differ
ent media is made in Table 1. 

The physical and data link layers 
of the 7-layer model has been imple
mented in hardware in recent prod
ucts. The hardware implementation 
is either VLSI Cs or Field Pro
grammable Logic Arrays (FPLAs). 
Apart from the media of commu
nication , factors such as topology 
and speed of transmission must be 
considered in the design of the 
hardware. The nature in which 
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A LAN may be defined as a network that 
covers an area within a radius of a few 
kilometers, a total data rate exceeding 1 
Mbps, and single organization ownership. 

the different nodes are connected 
through links constitute the topol
ogy. Though rings and busses are 
growing in popularity, stars and 
meshes are also in existence. 

The CSMA/CD networks are 
based on a contention technique, 
basic funda mentals of which in
clude: no errors except collision, 
constant length packets, delay very 
small compared to transmission 
time and absence of capture effect. 

The nodes in the network have 
the abi lity to determine the traffic 

1 ISO I 
Layer Seven 
No. Layers 

in the channel. In CSMA/CD net
works, each node transmits only if 
the node senses that the channel is 
free (i.e . no traffic). It is , of 
course, possible for two different 
nodes to detect that there is no traf
fic on the channel at the same in
stant. In such a case , if both nodes 
attempt to transmit at the same 
time , a collision occurs. The hard
ware at each node determines the 
varied energy level on the channel 
and thus detects the colli sion. After 
waiting an arbitrary length of time, 

Functions DNA Layers 

7 Application Support user and applications tasks. User 
Network (user) Overall network management. 

Management 

6 Presentation The encoded data is translated and 
connected to display on terminals, Network Appl ication 
screens and printers. Under user con-
trol. 

5 Session Bridges gap between transportation 
layer and logical functions under oper- Session Control 
ating systems. Controls system depen-
dent aspects of communications. 

4 Transport Once the path is established, the layer 

(Design Courtesy Daisy Systems Corp.) 

each node will try again to access 
the channel and initiate transmis
sion . The waiting period (though ar
bitrary) is unique to each node. 
This faci lity prevents subseq uent 
colli sions between the same nodes. 
All workstations are informed of a 
colli sion by hardware means. 

The Ethernet Approach 
Ethernet , a baseband LAN, is a 
popular CSMA/CD network. The 
development and testing of the Eth
ernet approach to LANs was a 
joint research project of Xerox, 
DEC and Intel. DECs implementa
tion of Ethernet uses coaxial cable 
in a bus topology. The network can 
link up to 1024 nodes in a range of 
2.8 kms. with a maximum transmis
sion speed of 10 Mb/sec. The char
acteristics of the data link layer in
clude a variable packet length 
allocation from 64 to 1518 bytes . 

DEC has integrated Ethernet 
into the Digital Network Architec-

Function 

File Transfer 
Remote Source Access 
Down Line System Load 
Remote Command File 
Submission 
Virtual terminals 

Task to Task 

allows exchange of data reliably and End Communications 
sequentially. 

3 Network Addresses messages, sets up paths Routing Adaptive Routing 
between communicating nodes. 

2 Data Establishes an error free communica-
Link lions path between nodes over chan- Data Link Point to Point 

X2.5 Ethernet nel, frames messages, checks the Multipoint 
data. 

1 Physical Electrical and mechanical aspects of Physical Link 
interfacing to medium. 

Figure I: 7-/ayer ISO 111ode/ as i111ple111 e11Ted by DEC. 
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LANs 

(20MHz) EMl/RFI 
MEDIUM RANGE BANDWIDTH LOSS IMMUNITY SECURITY 

(Shielded) < 1200m < 100kHz High Very Good Fair 
Twisted Pair < 100 < 10MHz 

Twinax < 1km < 200MHz 50-100dB/km Very Good Fair 

Multiconductor < 100m < 10MHz High Poor Fair 
Flat Cable 

Coaxial Cable < 2km < 400MHz 6.5dB/km Fair Fair 
60dB/km 

Fiber-Optics 2-10km > 500MHz-km 1-8d8/km Excellent Very Good 

Telephone Line - < 60kHz High Poor Poor 
(PABX, PBX) 

Infrared 300m < 20MHz High Good Fair 
(radiation) 

Microwave < 50km > 100MHz 1 /r2 Poor Fair 
(radiation) (horizon) 

Table /: LAN media compurison. Courtesy Proteon Associates. 

ture (DNA) in its DECnet prod
ucts. The layers of DNA which sat
isfy the ISO model for Open 
System Interconnection are shown 
in Figure 1. The data from the high
er layers of DNA pass through the 
data link layer to be formatted into 
packets and transmitted through 
the medium. The packet formation 
of data encapsulation is done at the 
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6 Bytes 

6 Bytes 

I 
46-1500 Bytes I 

I 

I 

4 Bytes 

Preamble 

Destination 

Source 

.,, pe 

Data 

Frame Check 
Sequence 

II I I II I I 
Bits Within Byte 
Transmitted 
Lett-To-Right 

data link layer so that data may be 
transmitted over Ethernet. Typical
ly the packet format of Ethernet 
comprises five fields. The specifica
tions and functions of each layer is 
depicted in Figure 2. 

The transmission is initiated by 
the higher layers at the node . The 
data link layer forms a packet by ar
ranging different fields in a proper 

Bytes 
Within Packet 
Transmitted 
Top-To-Bottom 

Figure 2: Ethernet 
Packet Format, 
courtesy DEC. 

Figure 3: PRON ET 
Ring Architecture. 

COST COMMENTS 

Low Inexpensive 
Limited Range 

High 'Controlled lmpedence' 
can be 802 compatible 

High Shielding available 
Can be byte parallel 

Very High Can be 802 compatible 
Low 

$1-10/m Costs lowering rapidly 

Low Low Cost 
Installed Base 

Currently (Free Space) line of 
High sight ; reduced range in 

Potentially fog ; (moisture depen-
Low dent) 

High (Free Space) line of 
sight ; subject to scat-
tering ; link loss de-
pends on antenna size 

order. The physical layer senses the 
traffic in the channel and signals the 
data link layer when the channel is 
clear. The physical layer serially ac
cepts the formatted packet from 
the data link layer and starts trans
mission by sending the preamble to 
synchronize all receiving stations. 
The physical layer then transmits 
the bits of the packet into Man
chester-phase-encoded form. Dur
ing transmission , the physical layer 
of the sender monitors the channel. 
Any change in the energy level , due 
to collision, will be detected by the 
physical layer and a collision detect 
signal will be generated. 

As soon as a node starts to trans
mit , all stations accept the pream
ble and synchronize their clocks . 
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LANs 

The physical layer at the receiving 
stations then pass on the informa
tion to the data link layer where the 
destination address of the received 
packet is checked. If the packet is 
intended for that station the infor
mation is passed to higher layers , 
otherwise the bit stream to the data 
link layer is halted . 

Interlan manufactures single 
board Ethernet Communications 
controllers to interface the host pro
cessor and the tranceiver unit. The 
four controllers from Interlan are 
availab le for Intel's Multibus , Digi
tal 's Q-bus , Unibus, and Data Gen
eral Systems. 100 Work stations sep
arated up to 2-5 km can interact at 
a maximum rate of 10 Mbps . 

The Ethernet communications 
controller board and the transceiver 
unit together perform the functions 
of the first two layers of the ISO 
model. Even under 70% loading 
conditions the waiting time for any 
node to transmit is just 10 msecs. 

The NTlO Ethernet tranceiver 
unit which connects an Ethernet 
controller to coaxial cable contains 

VLSI Ethernets 

optional colli sion-detection test ca
pability. The unit provides pro
tection for the circuit board and 
shielding against e lectromagnetic in
terference . The tranceiver ho uses 
the transmitter, receiver, collision 
detector, and power converter. 

The collision detect essentia lly 
performs as an error amplifier. 
When the average signal vo ltage ex
ceeds the reference voltage (due to 
collision), a collision presence sig
nal is sent to the host station. The 
host immediately orders the cont rol
ler to reinitiate the attempt to trans
mit. Considering the speed of trans
mission in most cases the problem 
due to reinitiation is trivial. Usual
ly the time lost due to collision is in 
the order of milliseconds or even 
microseconds. 

The Token Pass Network 
The other classification determined 
by the IEEE 802 specification is the 
token pass network. The token ap
proach , which is already popular in 
Europe is gaining interest in the US 

VLSIC technology has resulted in the production of an IC 
for both the data link and physical layers of ISO's open 
systems model. In early 1980, the spe~ifications of the 
IEEE 802 standard, according to Mostek, was not firm 
enough to base a VLSI C chip design on. Moreover, it was 
not possible to build a controller that would operate at the 
high data rate of Ethernet (10 Mbits/sec). Hence, Mostek 
offered a solution in the form of a high performance N
channel MOS VLSI C for the. protocol controller. 

Ethernet, as incorporated by Mostek, has two compo
nents: the Local Area Network Protocol Controller 
(LANPC) with on-chip OMA and the bipolar Serial Interface 
Adapter (SIA) . The functions of SIA includes encoding and 
decoding of the Manchester data stream and interfacing to 
the Ethernet cable connector. The LANPC, on the other 
hand, monitors the data link layer which includes serial to 
parallel connection and address recognition . The LANPC 
also houses the 48 byte FIFO. 

because of its ability to outperform 
CSMA/CD networks under some 
conditions. Some of the token pass 
ne twork manufacture rs include 
PRONET from Protean Associates 
(Waltham, MA) , Prime ne t from 
Prime Computer, Inc . (Natick , 
MA) , Xodiac from Data General 
(Westboro, MA) , and IBM (Re
search Triangle Park , NC). The to
pology of the token pass networks 
may be either a bus or a ring. 

The organization of the transmis
sion media in a token pass scheme 
is fundamentally different from 
CSMA/CD networks . The consecu
tive stations are connected through 
point-to-point cables (Figure 3). 
Unlike CSMA/CD, the ne twork 
and the interfaces used in token 
pass networks are active. The to
ken , a special bit pattern , keeps cir
culating around the ring in a par
ticular direction when there is no 
traffic in the channel. The right to 
use the channel by each node is in 
a predetermined o rder. A node at
tains excl usive access to the net
work only on capturing the token. 

Intel's solution to Ethernet also has two VLSI circuits, 
one for the data link layer and other for a part of the phys
ical link control. The Local Communications Controller 
(LCC) (82586) which handles the data link layer, is user
configurable to a 8 or 16 bit data bus. This provision allows 
the LCC to be directly interfaced to 8 or 16 bit processors 
from Intel. The 82586 consists of two units : The Command 
Unit and the Receive Unit. The function of the Command 
Unit is to execute the host CPU commands and the tasks 
of the Receive Unit include buffer management, address 
recognition and cyclic redundancy checking . The interac
tion between the CPU and 82586 takes place through a 

Figure 1: 8001- Ethernet Data Link Controller performs 
functions of data link layers of ISO model. Courtesy Seeq 
Technology, Inc. 
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Make sure your 
disk drive bearing 

has these six 
critical characteristics. 

Today two great challenges face 
the designer of computer sys
tems: performance and reliabili
ty. The right disk drive bearing 
plays a critical part in seeing 
that both of these challenges 
are fully met. Here are its char
acteristics: 

1.Low 
Vibration 
Level 
High-density 
magnetic disk 
spindles require 
high dynamic ac

curacy. Hoover-NSK makes bearings 
specifically for that level of accuracy. 
We can provide the spindle designer 
with the dynamic characteristics of a 
bearing, so that resonance with a 
particular spindle frequency can be 
avoided . 

2.Long 
Life 
Durability testing 
has shown that 
nothing outper
forms Hoover
NSK's combination 

of vacuum-degassed high-carbon 
chromium steel and Super Finish 
surface honing. Add a special filtered 
lubricant, and you have a bearing 
capable of outlasting its application. 

3. High 
Running 
Accuracy 
The more perfect 
its raceway round
ness, the more 
perfectly a bearing 

will run . Hoover-NSK establishes its 
prototype characteristics using 
equipment that detects runout devia
tions as small as 1 microinch. This 
equipment enables us to set manu
facturing parameters that maintain or 
exceed ABEC 7 standards, even in 
large production runs. 

4.Low Noise 
Level 
Bearing noise can 
have a substantial 
effect on perform
ance. Hoover-NSK 
employs an ane

choic chamber to establish noise 
levels for its prototypes and to test 
production samples. The result is a 
disk drive bearing capable of per
forming to levels as low as 30 db. 

5. Minimum 
Torque 
Starting torque 
generated by 
most bearings can 
eventually ruin a 
DC brushless motor. 

Hoover-NSK has minimized this prob
lem in two ways: first , through manu
facturing techniques that produce a 
virtually frictionless bearing; and, 
second , through the use of an exclusive 
patented V Labyrinth Seal. This seal 

retains the lubricant without actually 
contacting the bearing inner ring. 

6.High 
Lubricant 
Integrity 
In some cases or
dinary bearing
seal designs can 
permit the volatile 

compounds of a lubricant to evapo
rate . Hoover-NSK has developed a 
special contact seal for these appli
cations. When paired with a V 
Labyrinth Seal, this combination pro
vides excellent lubricant integrity and 
maintains low torque characteristics. 

Send for your copy of the 
Hoover-NSK Design Reference 
Guide for Disk Drive Bearings. It 
contains all the information you'll 
need for proper design and 
specification, including data not 
normally easy to find. 

Hoover-NSK 
Disk Drive Bear
ings. Designed, 
tested, and 
manufactured to 
help meet today's 
engineering 
challenges. 

hoover-NSK 
Disk Drive Bearings 

Hoover-NSK Bearing Company, 3861 Research Park Drive , P.O. Box 1507, Ann Arbor , Michigan 48106 
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LANs 

shared memory structure called the System Control Block 
(SCB) . The Command and Receive units are controlled 
and monitored by the host CPU through the system control 
block. The System Control Block contains pointers to two 
other memory structures, the Command Block List (CBL) 
and Receive Frame Area (RFA) . The CBL and RFA hold 
lists of commands to be executed by LCC and hold all re
ceived frames respectively. The SCB also has status regis
ters and counters. 

The host CPU loads the shared memory with the data to 
be transmitted. The other memory blocks inform the LCC 
where the actual data buffer locations are located. When 
the CPU is to receive data it makes room in the shared 
memory. As data packets are received, the 82586 checks 
for both errors in the information field , and exact numbers 
of bytes received. It also checks if the received packet 
meets the protocol requirements . The pipelined architec
ture of the 82586 allows the above functions to be per
formed simultaneously and supports task completion more 
quickly. 

The other features of the 82586 include 4 on-chip OMA 
channels for efficient transfer of data, serial transmission 
from 100K bps to 10M bps and an independent 8 MHz sys
tem clock input. 

The other chip which performs most of the function of 
the physical layer is the Ethernet Serial Interface (ESI) 
(82501 ). The 82501 is directly pin compatible with 82586. 
Like the SIA of Mostek the ESI also performs noise filter
ing and Manchester decoding. When in receive mode, the 
ESI provides signals to the LCC indicating the presence of 
data to be received. When in transient mode, the ESI in
forms the LCC of collisions, if any. 

When the node is transmitting, the ESI (after receiving 
data from LCC) performs retrieving, Manchester encoding 
on the data stream, and passes the information to the 
communications channel. 

The 82501 also performs functions like diagnostic loop
backs for fault detection and isolation and prevents con
tinuous transmission in case of any channel error. 

Seeq Technology offers two types of Ethernet Data Link 
controllers (EDLC) to perform Data Link Functions. The 
8001 and 8003 EDLCs perform medium access control, 
data capsulation , data decapsulation and error detection 
functions. The physical layer functions , carrier sense, colli
sion signal detection and data encoding and decoding are 
performed by the 8002 Manchester Code Converter. 

The 8001 and 8003 EDLCs are both single 40-pin 
NMOS VLSI devices with a capacity to transmit up to a 
speed of 10 MHz. These devices are provided with a uni
versal system interface which will interface with most µPs, 
and µCs. The difference between the 8001 and 8003 is 
basically in the application. The 8001 has direct provisions 
to be interfaced to FIFO where as 8003 is suitable for 
OMA interface. 

The 8002 MCC comes in a 20 pin DIP and is manufac
tured in CMOS technology. The chip has both analog 
(phase-locked loops, preamplifiers, etc.) and digital cir
cuits, making CMOS a more appropriate technology for its 

Bus 
Interface Microcode 

ROM 

OMA 
Unit 

Processor 

Receive/ 
Data Transmit 

Switch FIFO's 

n Control & Status 

J Registers 

Receiver Transmitter 

8258&--Lan Communications Controller 

Figure 2: 82586-VLSI Local A rea Network Communica
tions Controller f rom Intel. 

implementation. The 8002 performs Manchester encoding 
by exclusive-ORing the clock and data prior to transmis
sion, and decoding by deriving the clock from the data with 
a PLL and exclusive-ORing, this time with the incoming 
signal, thus recovering the original data. 

The data link layer of the ISO model is implemented by 
Fujitsu with advanced CMOS technology. The MB8795A is 
the Ethernet data link controller configured in two sec
tions-transmitter and receiver-each with its own client 
layer parallel interface port. The collision is detected by 
the "Time Domain Reflectometer" function of the device. 
The MB8795A uses a 14-bit counter which counts the 
number of bits transmitted in each packet. The counter is 
cleared at the beginning of each transmission and counts 
bits from that time until the carrier drops or a collision hap
pens. The purpose of the function is to provide a rough 
measure of the distance of the unit on the network to some 
cable fault , either an open or short on the coax. 

Fujitsu implements the physcial layer functions through 
MB502A Encoder/Decoder-a low power bipolar Schottky 
device. Apart from Manchester encoding/decoding func
tions, the device interfaces to the baseboard coax cable 
transceiver and handles the signal distortions. 

The application oriented layers of the ISO model handle 
functions like error control , buffer management, etc. which 
means that it is entirely up to the user to make the inter
face work. However, when it comes to hardware, VLSI 
technology supporting LANs has resulted in a global com
patibility with various CPU's available in the market today. 

To initiate transmission , a node 
firs t rece ives the token and trans
forms it into a connector. T he con
nector a lso forms the beginn ing of 
message (BOM). The BO M is fo l
lowed by des tin atio n address , 

source address, the data and end of 
message. The entire sequence com
prises the data fo rmat. Fina ll y, the 
sending station places the token 
back on the ring. 

other nodes in the ring are responsi
ble fo r identifying the message. If 
the message is addressed to it , the 
node receives the infor mati on. If 
not , the node repeats the message 
and passes it o n to the other nodes . When a node is transmitting, the 
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Figure 4: Data Encapsulation Format of Ringnet works, courtesy Protean Associates. 

The ring interface operates in two 
modes: listen and transmit. In the 
listen mode , the interface checks if 
the receiving bits form a token . 
Once the token is tranformed into 
BOM, the ring interface switches to 
transmit mode. Since the change 
over from listen mode to transmit 
mode happens in 1-bit time , the 
ring interface is usually supported 
by a buffer to store a few packets 
of information . 

Ring Networks 
Unlike CSMA/CD networks , ring 
networks are free of collision . The 
ring network architecture from Pro
tean Associates known as PRO
NET, has the capacity to support 
255 work stations per ring. Even un
der full traffic conditions data is 
sent at a rate of 9.94 Mbits/sec. The 
transfer rate is limited by the host 
bus bandwidth . Furthermore, PRO
NET is compatible with different 
media on the same network. Three 
different PRONET models are 
available for three popular busses : 
Digital's Unibus, Q-bus and Intel's 
Multibus . 

Each mode in the PRONET ar
chitecture consists of a ring control 
board (CTL) and host specific 
board (HSB) . The tasks of CTL in
cludes network control and signed 
modulation /demodulation. The 
HSB module houses a full duplex 
direct memory access (OMA) inter
face to the host bus . The HSB is de
signed to minimize the software 
burden on the host. Two complete 
OMA controllers on board allow 
full duplex operation. Both OMA 
transfers from host to transmitter 
packet buffer, and receiver packet 
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buffer to host, are simultaneous. 
The data encapsulation is done 

at the data link layer. The data for
mat is shown in Figure 4. As much 
as 2044 bytes of data (1022 words) 
can be encapsulated. The link par
ity and refused bits perform mainte
nance/acknowledgement functions. 
The control characters of PRO
NET, viz. source address , destina
tion address , BOM , EOM, and to
ken are uniquely defined. If a 
character in the data stream hap
pens to be similar to any of the con
trol characters , bit stuffing is per
formed. The de-stuffing of the 
extra bit is automatically done at 
the receiving station. 

The error recovery scheme of 
PRONET uses three hardware tim
ers . The token timer sends " ring 
not OK" status signal to HSB. The 
flag timer along with "ring not 
OK" reports an absence of a con
trol character on the ring . The third 
timer known as a "message lost tim
er" informs the host if a message is 
not returned to the sender. This 
only happens if there is a cut in the 
ring . If the token is lost due to any 
such discrepency the ring is reinitia
lized. The reinitialization is done 
by any of the hosts by placing a to
ken on the ring. If two hosts at
tempt to reinitialize at the same 
time , a collision occurs and the sta
tions try again after an arbitrary 
length of time . 

The low error possibility is attrib
uted to the one-to-one connection 
between the nodes, and each con
nection is a terminated , properly 
connected , matched network. This 
means that optical fibers are best 
suited as the medium of communi-

cation. Since the connections are 
one-to-one , the medium of two sub
sequent links can be of different 
materials. 

Ring networks have a distinct ad
vantage over CSMA/CD networks 
in collision free performance. On 
the other hand, the CSMA/CD ap
proach allows faster transmission. 
If, for example , station A is trans
mitting to station B , the message 
has to travel from A to B to all oth
er nodes in the ring and finally to 
A. This makes the ring networks 
slower. Furthermore, the right to 
access the transmission medium is 
random and quicker in the case 
of CSMA/CD networks since the 
node need not wait for a token as 
in ring networks. The advent of 
Ethernet chips has made them com
pact but expensive. The FPLA 
(Field Programmable Logic Array) 
technique, implemented by Pro
tean Associates , provides reliable 
ring networks at a lesser cost. The 
dual redundant ring networks from 
Protean Associates perform in 
spite of breaks in the ring, since 
subsequent nodes can form a ring, 
a feature made possible by two way 
links between subsequent nodes in 
the ring. 

In the event of a collision in the 
channel, the transmitting nodes of 
CSMA/CD networks that do not 
know about the collision will contin
ue to send messages . This deficien
cy in CSMA/CO networks is over
come in token pass networks. The 
characteristics of the token network 
are that only that node that has the 
token can utilize the network . Dur
ing this time, the other nodes can 
only listen to the network . Since 
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LANs 

Globally Compatible LAN Architecture To 
Perform In A MultiVendor Environment 

Most LAN devices available today cater to the require
ments of a particular manufacturer. In order to make the 
LAN globally compatible lnterlan (Westford, MA) released 
a networking architecture to function in a multivendor envi
ronment known as NET/PLUS. The network is designed to 
meet the Ethernet IE!=E 802.3 CSMNCD industry 
standard. 

A variety of computer systems such as DEC's VAX and 
PDP family, Data General's Computers, and Intel 's Multi
bus Systems, are supported by the NET/PLUS communi
cation controllers. The performance of NET/PLUS is 
achieved through a Network Terminal Server (NTS 1 D) 
and Multi-Vendor personal computer Networking Software. 

The NTS 10 is an interface between any EIA RS232-C 
asynchronous serial 1/0 device onto the Ethernet LAN. 
The hardware of the NST 10 consists of Intel's iAPX 186 
(80186) and Intel's local communications controller 
(82586) . The device, however, establishes only visual cir
cuit connections allowing easy electronic switching. The 
terminal server is fabricated in four or eight port units to 
suit different applications. 

The other functions of the NTS 10 terminal server in
clude two types of virtual connections: switched virtual cir
cuits and permanent virtual circuits. Typically the types dif
fer only in the method by which connections are 
established and terminated. 

When in swtiched virtual circuit mode a workstation can 
create a logical connection to another device on the net
work by issuing a call command to the NTS 10. Once con
nected, either of the nodes has the capability to discon-

SYSTEMS SUPPORTED BY NET/PLUS 

Microcomputer 
Personal Development 
Computers Systems 

Apple II (DOS) Intel Series I and II 
Apple II (CP/M) Motorola Exercises 
Digital DECmate II 
Digital Rainbow 100 
Digital P350 
Digital VT/180 
IBM PC (MSDOS) 
IBM PC (CP/M-86) 
Televideo 802 
TRS-80 Model II 
Xerox 820 

Mini
computer 

Digital VAX 
" RSTS/E 
" RSX-11M( + ) 
" RT-11 

NTS 10 offers a LAN solution to global compatibility. 

nect. But the node that caused the connection has the 
added privilege that the NTS 10 supports multiple open 
connections per port. By issuing "Switch" and "Resume" 
commands, a terminal user can switch between the differ
ent connections that were previously established. The per
manent virtual circuit connection , on the other hand, is es
tablished and terminated by a network manager. An 
example of this connection is the establishment of a per
manent connection between a printer and a computer port. 

An interesting feature of the NET/PLUS is the ability to 
support a variety of computer systems which include per
sonal computers, microprocessor development systems 
and mainframe systems (Figure 1 ). The Multi-Vendor Per
sonal Computer Networking Software is made possible by 
incorporating body-TAM and poly-XFR packages of Poly
gon Associates, Inc. 

The poly-TAM package converts a PC into a terminal 
that can make connections on the network and log on host 
computers or other devices. The package facilitates trans
fer of ASCII files between a PC and a host. The poly-XFR 
package provides transfer of binary data files and ASCII 
text files to and from another system running in poly-XFR 
software. This is accomplished by dividing the file into 
"packets". Each packet is sent with a sequence number 
and a CRC error checking value. The flexibility is due to 
software device drivers in the NET/PLUS that allows appli
cations programs running under a variety of operating sys
tems to interface with the appropriate lnterlan Communi
cations controller. 

the token networks a re synchro
no us , each workstation can access 
the channe l within a prede te rmined 
period of time. 

Nodes in the ring ne tworks a re 
usua ll y connected to the channe l 
th ro ugh e lectromagne tic re lays . If 

the node experiences any malfunc
tioning (e.g. a soft ware problem at 
host , power failures , o r broken ca
ble between host and ring) the re
lay is immediate ly de-energized . 
This makes the token or the data 
stream by-pass the defecti ve node. 

In ne tworks invo lving a number of 
nodes , to ken pass ne tworks a re like
ly to consume mo re power than 
CSMA/CD ne tworks. The synchro
nous nature of the token pass 
scheme makes it prone to erro r. 
IBM uses concentrators in the ir 
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ring network architecture to regen
erate lost tokens. In the event of a 
failure in the node, the concentra
tors set up a by-pass around the de
fective node. 

One other advantage of token 
pass networks is that unlike CSMA/ 
CD LANs, the token approach is 
not a function of the length of the 
communicating channel and the 
transmission rate (whereas the 
CSMA/CD networks can detect 
collision only within a certain 
distance). 

However, considering the fact 
that a number of interface products 
are available for Ethernet LANs , it 
appears the inherent defect ( colli
sions) is considered trivial by the 
manufacturers. Ethernet chip manu
facturers include Intel, Mostek, 
Seeq Technology, Inc. , 3Com , Un
germann-Bass , Fujitsu, Advanced 
Micro Devices, Digital Equipment 
Corporation, etc., whereas there 
are only a few chip manufacturers 
for ring networks. The rapidity 
with which the cost of !Cs is 
declining may further popularize 
Ethernet. 

Conclusion 
So far, hardware supports the lower 
two layers of the open system inter
connection model of ISO, and the 
software protocols that are avail
able have made the entire process 
of networking very efficient. The ra
pidity and volume of data that is to 
be processed in applications such 
as robotics and computer graphics 
necessitates the services of different 
processing elements to yield high 
performance . The VLSI and FPLA 
techniques have reduced the entire 
interface between workstation and 
medium of communication to just a 
couple of boards . Parallel advance
ments in the media include fiber 
optics and infrared channels, re-

moving bandwidth limitations. Fur
thermore , satellite communication 
techniques can reliably link two 
computers from geographically dis
tant locations. 

There has been a significant 
breakthrough in the software too . 
Networking software that caters to 
the upper layers of the ISO model , 
is available from many different 
vendors. This means there will 
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most likely be reductions in the 
cost associated with each worksta
tion . What remains to be seen is 
the outcome of an efficient media 
for transmission. Though the co
axial cables are quite popular now, 
they lag far behind fiber optics in 

the matter of immunity to EMI and 
RFI. A technological breakthrough 
in terms of cost is expected soon in 
this area. Therefore, whatever has 
been achieved until now in local 
area networks is just the be
ginning. D 

DATA COUPLING 
TRANSFORMERS 

O High 
Frequency 

D Board 
Mountable 

For Your 
Local Area Networks 

D Low Leakage 

D Fast Rise Time 

D Low Price 

Pulse Transformers for Data 
Coupling applications have been 
standard parts with Pulse Engineering 
for years. Millions have been shipped. 
Here is a partial list of Data Coupling 
Transformers. For complete data, 
send for Catalog 811 . 

Available From Stock 

Package Inductance ET Constant Cwtw LL 
Configuration (µH) (V-µs) (pF) (µ H) 

DIP (16 Pin) 20-500 1.5-4.3 6-25 .35-.6 

Mini DIP (6 Pin) 80 2.0-2.5 12-15 .10-.1 8 

DIL 0.4" Centers 200-5,000 5-25 18-60 .30-1.3 

DIL 0.5" Centers 60-20,000 30-250 24-87 1.2-14 

Pulse Engineering @ 
P.O. Box 12235, San Diego, CA 92112 (619) 279-5900 varian 

Write 57 on Reader Inquiry Card 
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COMPUTERS/SYSTEMS 

Ada For Large-Scale Software 
Systems 

by Michael R. Gardner, Ph.D. 

In spo nsoring the design of Ada, 
the US D epartment o f D efense was 
concerned tha t the new la nguage 
be suita ble fo r use in embedded 
milita ry co mputer syste ms . Howev
e r, Ada's designers included ma ny 
fea tures which ma ke the language 
useful fo r la rge-sca le so ftwa re sys
te ms, regardless o f the a rea of 
applicatio ns. 

Consistency 
The p ackage is Ada's single most 
useful fea ture fo r proj ects invo lv
ing thousa nds of lines of code a nd 
severa l programme rs. A package 

The contribution of 
Ada's package 

concept to software 
design is the way 
abstraction and 

information hiding 
are built into the 

language. 

co ntains a se t of declara tio ns a nd 
subprograms designed to so lve a 
group of re la ted proble ms. It ca n 
be used by severa l progra ms, each 
of which needs to so lve some o r a ll 
of these proble ms. 

Fo r a single project , such as a 
pay roll system , one ca n pl ace dec
la ratio ns and subp rogra ms needed 

Michael R . Gardner, Ph .D ., is u 
Senior A pplicarions Programmer 
f or Inre//ima c, 6001 Monrrose Road, 
Six rh Floor, Rock ville, MD 20852 . 
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Figure 1: Three conceptions of a stack. 

by mo re than one program in a 
package; in thi s case, a ll the decl a
rations of the record-types fo r a ll 
the payro ll-re la ted fil es. The Ada 
compiler checks eve ryone's pro
gram fo r consistency with the 
sha red decl arations of identifiers 
and subp rogra ms. 

Well-designed packages also pro
mote unifo rmity of interface with 
the user. For example, every pro
gram using lnte llimac utility pack
ages will enfo rce the same syntacti
ca l requirements fo r the use r 's 
entry. Fo r exa mple, a date o r do lla r 
amount entry will write the sa me 
erro r messages fo r the same e rro rs, 
and will write them on the sa me 
place a nd display-mode o n the 
screen . This uni fo rmity across pro 
grams makes it easier to lea rn to 
use a system. 

Productivity 
The use of packages also pro motes 
programmer producti vity, since a 
given ve rsion of a package needs to 
be compiled o nl y o nce. Separa te 
compila tion has been ava il able fo r 
some time with o lder languages 

As Linked List 

such as Fortran . T he nove l contri
bution of the Ada package concept 
to softwa re des ign is no t thi s, but 
the ways in which the softwa re-en
gineering principles of "abst rac
tion" and " in fo rmatio n hid ing" are 
built into the la nguage . 

A bs traction is the separa tion of 
the fun ctio nality of a program unit 
from the de tail s of its imple me nta
tion . Thi s se rves two ma in func
tions: first , it reduces the a mount 
of compl ex ity a nd deta il o ne copes 
with while wo rking o n a p ro ble m; 
second , it ma kes it possible to 
cha nge the way a given capab ility is 
imple mented witho ut affecting the 
code using the capab ili ty. 

Abst ractio n is especia ll y im po r
tant in a la rge-sca le projec t , whe re 
it is he lpful fo r one progra mme r to 
be a bl e to use the wo rk of a no ther 
without unde rsta nding a ll of its de
ta il s . In stacks, one sho uld not 
have to think a bo ut links o r a rray 
indices whe n using Push o r Pop ; 
no r sho uld o ne's uses of these oper
ations de pe nd upon their im ple
me ntation . 

Abstractio n is rea li zed in A da by 
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Versatec draws away 
from IBM,DEG and PRIME 

Your mainframe or mini can deliver drawings, 
maps, and printout to remote users faster and more reli
ably with Versatec remote printing/plotting systems. 

Versatec printer/plotters are perfect for re
mote applications. They don't require a computer room 
environment or a data processing operator. No adjust
ments. No balky pens. No extra maintenance or super
vision. Yet they draw faster than any pen plotter; print 
faster than most impact printers. 

Versatec remote systems require no changes to 
your operating system or applications programs. They 
support leading communications protocols and emulate 
remote job entry stations for 377x/SNA, 3780, HASP, 
and bisync. They cut transmission time and cost with 

IBM 370/4300 
30XX 308X 

DEC VAX 

'-----t PROCESSOR 
OR TAPE 

DEC PDP-11 

PRIME 

377 X SNA, 3780, HASP or b1sync protocols under IBM OS, VS, VM CMS. 
DEC VAX, VMS. RSX-llM M-Plus & RT-II , PRIME PRIMOS, and other popular operating systems. 

See Us at Autofact! 

exclusive compression algorithms. Some completely 
eliminate host computer overhead for plot processing. 

Faster processing. Random element processors 
and fully integrated Versaplot rn Random software pro
cess plots as much as 25 times faster than a mid-sized 
mini. They drive Versatec plotters at high speed for bet
ter quality, non-stop plotting and faster response to 
plotting requests. 

Faster communications. While conventional 
telecommunications lines can be used, Versatec fiber 
optic links offer faster data rate (150 KBS), low noise, 
and more security over distances to 1. 8 miles. 

And the price is right. A Versatec controller and 
printer/plotter can cost less than competitive electro
static controllers alone. 

Draw away from your computer. Circle our 
readers' service number for a free "Output Systems" 
brochure. 

==VERSATEC 
Ill A XEROX COMPANY 

2710 Walsh Avenue, Santa Clara, California 95051 
Te lephone: (408) 988-2800 TWX: 910-338-0243 Telex: 334421 

Versatec European Marketing 
27/35 London Road, Newbury, Berkshire, England 
Telephone: (0635) 31221 Telex: 84 7259 

XEROX* 1s a trademark of XEROX CORPORATION. 
Vt:rsaplot is a trademark of Versatec. 
IBM is a registered trademark of IBM Corporation. 
DEC is a registered trademark of Digital Equipment Corporation. 
PR IM E 1s a trademark of Prime Computer. Inc. 
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ADA 

means of the di stinctio n be tween a 
p ac kage's a bs trac t " spec if ica ti o n 
pa rt" a nd its " body." A specifica
tio n pa rt co nta ins the decla ra tio ns 
a nd s u b p rogra m s access ib le b y 
code o utside the package. To use 
a no ther p rogra mmer 's package. it 
should be sufficie nt to read the 
brief specificatio n pa rt. The rest . 
the package body, sho uld o nly con
ta in de ta il s o f how the specifica ti o n 
part is imple mented . Since the 
package specificatio n part is a t a 
higher level of abstracti o n th an the 
bod y, it provides capabilities which 
could be imple mented in a va ri e ty 
of ways, the de ta il s of which need 
no t co ncern the user of the capa
bilities. 

If a change is made to the pack
age hody but not to the speci fica
tio n pa rt. the p rogra ms using the 
package ca n use the new package 
o bj ect code witho ut the mse lves be
ing revised o r even recompiled . 
Co n sequ e ntl y, o n e p rog ra mm e r 
ca n e nha nce the speed o r accuracy 
of hi s imple me nta ti o n of a process 
desc ribed in the specifica ti o n pa rt . 
witho ut affecting e ither the source 
o r object code of hi s co-worke rs 
who use the package. 

It is o ft en desira bl e to enfo rce 
a bst ractio n by " infor ma tio n hid
ing": rendering imple me nta ti o n de
ta il s loca ted a t lower le ve ls in acces
sible at highe r leve ls of abstractio n. 
Ada packages p rovide two ma in 
ways of achiev ing thi s so rt of hid 
ing . One is tha t the use r o f a pack
age canno t access those of its va ria
bles o r ca ll those o f its subp ro
grams which do no t appea r in the 
specifica tio n pa rt. T his mea ns th a t 
if he does happen to use a ny of the 
same ide ntifiers. he will no t un wit
tingly inte rfe re with what occurs in 
the body. 

The second mecha n ism fo r in fo r
matio n hiding is the A da fac il ity for 
" private" a nd " limited p ri vate·· 
types . A type is a, se t of possib le 
va lues of a va ri able and a se t of o p
era tio ns o n those va lues . If a type 
decla red in a package specifica ti o n 
part is de fin ed as p ri va te. a user of 
the package ca nno t ma ke d irec t use 
of the structure of objects of those 
types. T he o nl y a llowable o pe r
a tio ns upo n the objects. except 
equa lity a nd ass ignme nt. are those 
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decla red as subroutines in the 
specificatio n pa rt . Even prede fined 
equality and assignment a re rul ed 
o ut fo r limited priva te types. If a 
progra mmer has used a priva te o r 
limi ted priva te type , he ca n then 
cha nge the way in which he has im
ple mented a given abstract struc
ture-e.g.. a stack of dynami c 
str ing-witho ut affecting the source 
code of programs that a re us ing the 
package. 

There are two main adva ntages 
of pri va te or limited pri.va te types. 
One, is th at maintai nab ili ty is en
hanced th ro ugh grea ter indepen
dence of separa te code modules. 

Strong typing 
provides two ways 
to catch errors: the 
wrong type will be 
caught at compile-

time, and an out-of
range value will be 
caught at run-time. 

The o ther is that with limi ted p ri 
va te stacks. no p rog ra mmer can 
vio la te the des igner 's inte nti o ns by 
pe rforming some o ther o pera ti o n 
o n the package . By cont ras t. in 
nea rl y any other language, no thing 
in the compiler o r runtime support 
could prevent such access. 

A da pro motes the p roducti vity 
of a team of prog rammers work ing 
o n a la rge-sca le project by e nha nc
ing their ab ility to coordin ate ef
fo rts. It does th is by minimizing the 
ex tent to which they need to under
sta nd the de ta il s of each o ther 's 
wo rk , max imizing the exte nt to 
whi ch their code modul es are inde
pende nt of each o ther. a nd mini 
mizing the num ber of ways in 
whi ch o ne programmer's work ca n 
interfe re with a no ther ·s. 

Supplements to Ada 
Pac kages also enable supple me nt
ing the language by add ing fea tures 

no t required by the la nguage speci
fi ca tio ns. Fo r example , A da p roper 
does not co ntain dyna mi c str ings, 
complex numbers. o r sets. but 
these ca n be added by writing ap
propria te packages. 

One impo rtant o mi ss io n is the 
d yna mic string. But thi s proble m 
has been overcome by using a dy
namic-string package . 

In a sense, it is possible to "sup
p lement " a ny la nguage by crea ting 
a library of subprograms. But Ada , 
unlike Fortran . Cobo l, PL/I , and 
Pasca l, 

• enab les grouping of subp ro
grams-for exa mple, fo r the pu r
pose of defi ning a new type o f o b
ject and o pera ti o ns thereon ; 

• prov ides be tte r cont ro l over 
visibility of identi fie rs in the lib rary 
th an la nguages wh ich lack local 
variab les o r have no thing like a 
package specifica tio n pa rt ; 

• a llows limits o n opera tio ns o n 
a n o bject as defense aga inst e r ro rs. 

Strong Typing 
Types or sets of possib le va lues of a 
va ri ab le a nd se ts of opera ti o ns o n 
those va lues a re importa nt for 
A da, whi ch is st ro ngly typed. In 
A da . every va riab le must be de
cla red by specifying its type, and 
the poss ib le types are not limited to 
such sta nda rd o nes as characte rs. 
strings , intege rs. fl oa ting-po int a nd 
fi xed-po int num bers. but may be 
defin ed by the p rog ra mme r fo r spe
cia l purposes. Convers io ns be tween 
types (e.g., fro m intege rs to strings 
or to fi xed- point num be rs) a re nev
er implicit in assignment sta te me nts 
o r subprogra m ca ll s as in PL/ I. but 
require exp li cit ca ll s to co nve rsio n 
functio ns. 

When a variab le is first int ro
duced , the progra mmer must de
cla re what va lues it can ta ke a nd 
what opera tio ns can be pe rfo rmed 
o n it. T his t.l ec lara tio n provides two 
ways to ca tch e rrors: a sta te ment 
using o ne type whe re a no ther is re
q uired will be caught at compile
time . a nd a n ass ignme nt of a va lue 
which is o ut of ra nge for the type 
will be ca ught a t ru n-ti me . T he 
Ada compile r he lps in sure th at us
age of a given va ri ab le o r type is 
consistent th ro ugho ut a ll pa rt s of 
the pro ject wh ich use it. Moreover. 

(continued 011 p . 123) 
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Like Babe Ruth connected with 
home runs, Mini/Micro Computer 
Conferences connect you with a 
hard to reach audience: 
The high technology OEM key 
systems integrators, assemblers, 
designers and software specialists. 

Plus, it gets you together with 
these people on their own turf .. . 
and that 's important. 

The philosophy of Mini/Micro is to 
bring the show to the people on a 
regular basis. We believe OEMs 
will allow their technical people to 
attend conferences which are aim
ed directly at local area audiences. 

~ 
~ ~~ 

Mini/Micro 

Connects. 
Just like in baseball , fans don 't 
follow the team around the country, 
they go to the game when the team 
is in town. 

Another benefit to you: 
Mini/Micro Computer Conferences 
run concurrently with their sister 
shows: Wescon, Midcon, Electro, 
Southcon, and Northcon. This 

generates a substantial cross-over 
from the engineering audiences. 
Mini/Micro West-82, in Anaheim, 
had an attendance of some 30,093 
including " cross-overs:' 

We're ready to sign you to our win
ning team. All you have to do is call 
toll free 800/421-6816. 
In California dial 800/262-4208. 

1983 - 1984 Mini/Micro Show Schedule 

Mini/Micro West San Francisco, CA November 8 - 11 , 1983 

Mini/Micro Southeast Orlando, FL January 17 - 19, 1984 

Mini/Micro Northeast Boston , MA May 15 - 17, 1984 

Mini/Micro Midwest Dallas, TX September 11 - 13, 1984 

Mini/Micro Northwest Seattle , WA October 2 - 4, 1984 

Mini/Micro West Anaheim, CA October 30 - November 2, 1984 

Computer Conference and Exhibition 
Produced by Electronic Conventions, Inc. · 8110 Airport Blvd ., Los Angeles, CA 90045 • 213/ 772-2965 
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To help you f ind the products you need, we've compiled a subject index of the ads and new products that 
appear in this issue. Organized by general product area, the listings include the name of the manufacturer, the 
page on which the product appears and a wri te number fo r addit ional information on that product. Bold type 
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the declaratio ns the mse lves en
ha nce the cl a rity of the code a nd 
there by fac ilita te ma inte na nce by 
progra mmers. 

Strong typing ca n be nega tive fo r 
certa in kinds o f proj ects, such as 
coding a genera l-purpose screen
edito r o r re po rt-write r. Whil e such 
p rograms a re fa irl y easy to write in 
a wea kl y typed la nguage such as 
Basic, the fac t tha t Ada p rograms 
must specify in ad va nce the types 
they use ma kes such jobs mo re di f
fi cult. 

St ro ng typing may a lso appea r to 
be a d ra wback whe n perfo rming es
sentia ll y the sa me o pera tio ns upo n 
o bj ects of di ffe rent types. Each 
subprogram has a fixed li st of pa
rameters, each of which has a fix ed 
type. He nce, the sa me subp rogram 
call " Put (Ite m)" ca nno t work if 
Ite m ca n be e ithe r a strin g o r a n in
teger. This proble m can be ove r
co me by "o verloading"-tha t is. 
using the sa me ide nti fie r "' Pu t'· to 
re fe r t o diffe re nt s u b p rog r a m s 
which do essenti a ll y the sa me thing 
to o bjects o f di ffe re nt types. T he 
compile r ca n then use the type of 
the ac tua l para mete r to de termine 
which subp rogra m is mea nt. 

In full A da. but no t the current 
ve rsio n of Te leSoft -Ad a, o ne ca n 
a lso ge t a round stro ng typing by us
ing generic p rogram units. If o ne 
package, fo r exa mple, ca n be o b
tained fro m a no ther by glo ba l re
placement of a type-n ame a nd per
haps o the r e ntiti es such as num
bers, the two packages ca n be 
co nsolidated into a single ge neri c 
o ne which ta kes the type a nd o the r 
entiti es as pa ra me ters. T hus o ne 
co uld have a single package con
cerning stacks o f cha racters o r inte 
gers o r strings. whe re the max imum 
stack-size is a va ri able as we ll. 

Enumeration Types And 
Exceptions 
In additio n to types a nd packages. 
o ne o the r fea ture which e nha nces 
o ne p rogramme r ·s ab ility to use a n
o ther ·s source code is the e numera
tio n type . a seque nce of identi fiers 
(o r charac te rs) which com prise the 
se t of poss ibl e va lues of a va ri ab le 
of th at type. T his feat ure enab les 
o ne to na me things exp lic itly ra the r 
th a n just refe rring to the m by num-
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ber. A n enumeratio n type ca n be 
used to index a rrays a nd a lso to 
cont ro l loops. 

Tho ugh the fi e lds a re no t me re 
numbe rs, they still have a nume ri 
ca l o rde r. Thus, there can be o pera
to rs (ca ll ed ··attributes" ) which de 
liver such obj ects as the first or last 
fi e ld , o r the predecesso r o r succes
so r of a given fi e ld. "Fi e lds ·first" 
always refers to the first fi e ld , even 
if the definiti on o f the type Fi e lds 
changes. Hence, the use of a ttri 
butes makes program revision eas i· 
er. Enumera tion types a nd a ttrib
tues a llow increased cl a rity a nd 
ma intain ability o f p rog ra ms. as 
we ll. 

One fin al adva ntage of A da is its 

Enumeration types 
and attributes 
allow clarity, 

maintainability and 
ease of revision of 

programs. 

exceptio n-handling. Dissa ti sfactio n 
with the handling o f e xce ptio na l 
situa tio ns by exi sting la nguages was 
one reason the DoD chose no t to 
adopt o ne of them . An ··exceptio n" 
is a conditio n necessita ting suspe n
sio n of no rm al p rogra m executio n . 
When such a conditio n a rises (" is 
rai sed"). o ne usua ll y wants the er
ror to be repo rted. a nd ofte n wa nts 
the progra m to do something rea
so nab le to ge t the e rro r co rrected. 
o r a t least to co ntinue to ha nd le 
subseq uent cases witho ut ha lting. 

In a program which edits . prints. 
or othe rwise processes a se ri es of 
records in a fi le . o ne ca n have a 
subprogra m to process a single rec
o rd . If an excep tio n is ra ised during 
that subp rogra m . a n exceptio n
handl er a t the end of it ca n re port 
what e rro r occurred a nd then pass 
cont ro l back to the ma in program . 
which then processes the nex t rec
ord by ca lling the subprogra m . 

Ada exce pti ons ca n be simul a ted 
in o lder la nguages by writing ··if 

. . . the n" sta te me nts refe rring to 
poss ible e rro rs and using erro r
codes passed as para me te rs by sub
programs. But Ada exce pti o n-ha n
dle rs are cl ea re r, since they' re 
separated fo rm the no rm a l code. 
and effici e nt since they' re executed 
only when excepti o ns actua ll y a re 
ra ised . 

A de fect of the la nguage specifi
ca tio n is the lack of a ny s imple way 
to re port wh at exceptio n has a ri s
en . For every poss ib le exceptio n , 
an exceptio n-h andle r must be writ
te n to re po rt that the pa rticul a r ex
ception has ari sen . It wo uld be 
preferable to have a functo n o f ex
ceptio ns which re turns the ir na mes. 
so th a t a single excepti o n-h a ndle r 
could re po rt a ny exceptio n . 

Using Ada 
So me critics o f Ada have cla imed 
that the la nguage is excessive ly 
co mplex a nd difficult to lea rn to 
use in writing re li able progra ms. 

But sta rting with a knowledge o f 
such la nguages as Basic , Pasca l, 
a nd PL/I , o ur programmers we re 
abl e to study books o n Ada a nd be 
come reaso nably compe te nt in us
ing the la nguage in about three 
week s. Mo reover. they can use a 
subset of the language co rrectl y 
witho ut kno wing the entire la n
guage. A da's des igne rs a tte mpted , 
with considerable success. to crea te 
a language which is re la tive ly easy 
to unde rsta nd and re me m ber be
ca use its constructs co rrespo nd to 
intuiti ve expecta tio ns. 

Whil e some of Ada 's mos t di s
tincti ve fea tures (such as tasks) suit 
it fo r milita ry o r o the r e m bedded 
syste ms, o ther fea tures a re exce l
le nt for a much wide r cl ass o f soft
wa re p rojects. In pa rti cul ar. the fa 
ciliti es fo r packages . st ro ng typing. 
enumeratio n types a nd excepti o ns 
a re ex tre me ly he lpful in the effi
cient p roductio n of re liable . fa ult
to lera nt. readable, a nd ma inta in
ab le code fo r la rge-sca le syste ms in 
a ny area o f applica tio n . D 
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Innovative Design 

Single Board Solution To 
Distributed Measurement And Control 

Combining the signal conditioning 
hardware of industrial control 
systems and the programming 
ease of personal computers , the 
µMAC-5000 offers a single-board 
solution to distributed measure
ment and control. The board incor
porates a 16-bit microcomputer 
based on the Intel 8088 , and ex
pandable analog/digital I/O de
sign , and a BASIC programming 
language compatible with MI
CROSOF'T'@ BASIC. To permit 
OEM manufacturers, system 

houses and end-users to customize 
the system for particular applica
tions, the µMAC BASIC program
ming language borrows some of 
the structured concepts of PAS
CAL and ADA. Structured pro
gramming improves software de
velopment time by allowing users 
to add custom keywords to the 
language. 

System Hardware 

Board-level data acquisition sys
tems have been typically assem-

Power Supply 
AC 

Serial lnpuVOutput 

bled from a collection of bus-com
patible boards. The practice of 
combining a microcomputer, ana
log and digital I/O board , memory 
board and communications card 
into a system , however, has a num
ber of hardware limitations. Bus
compatible input/output boards , 
for the most part , are designed to 
handle high-level analog inputs , 
have a fixed analog-to-digital con
version speed and resolution, and 
are unprotected against power 
supply interruptions . To overcome 
these limitations requires external 
hardware . 

The µMAC-5000 from Analog 
Devices (Norwood , MA), com
bines a flexible signal condition
ing and data conversion design 

Power 24V de Digital lnput!Output 
To Expansion 

Boards 

+sv - 1sv + 1sv 

4 

Amplifier 
Multiplexer 

Signal 
Conditioners 

4 Analog 
Channels 

Figure I: µMAC-5000 block diagram. 
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44 AND BO COLUMN FIXED HEAD 
THERMAL PRINTER/PLOTTERS: 
QUIET, RELIABLE, HIGH QUALITY 
PRINTING AND GRAPHICS. 
High tech applications demand the 
performance and quality of Gulton's 
Microplot 44 and 80, 5" and 8%" 
fixed head thermal printer/plotters. 
Designed to interface with digital 
data sources, they provide the high 
quality graphics and maintenance 
free operation w 'ch you cannot get 

with electrosensitive or impact 
printers. 

Both models provide full graphic 
capabilities and alphanumeric printing 
in a variety of fonts on both X and Y 
axes for annotation of the graphics. 

To really appreciate the full capa
bilities of the Microplot 44 and 80, 
you must see them demonstrated. 
To arrange a demonstration at your 
office, call or write Gulton. 

GRAPHIC INSTRUMENTS 
DIVISION 
Gulton Industries, Inc. 
East Greenwich, RI 02818 
(401) 884-6800 
TWX 710-387-1500 
(800) 343-7929 

Write 52 on Reader Inquiry Card 



Innovative Design 

with o n-board protection against 
e lectrical fa ults. A master board 
contai ns the analog/digital 110 
hardware , data conversion circuit
ry, power supply, communication 
and expansion ports. Mounted di
rectly to this board is a 16-bit mi
crocomputer, up to 64 Kbytes of 
battery-backup RAM and 96 
Kbytes of ROM. The 12 analog in
put channels have three , four
channel signal conditioning mod
ules which can be interchanged 
according to the sensor require
ments of the application. The user 
attaches the sensor to the screw 
terminal connections , and the 
hardware automatically provides 
up to + lOOOY isolation, filtering , 
amplification , excitation for RTD 
inputs and cold-junction compen
sation for thermocouples. The sys
tem also automatically linearizes 
and converts the information to en
gineering units through built-in 
firmware routines. Digital inputs 
and outputs (of which two chan-

nels support pulse or frequency in
puts) and an expansion port are 
avai lable to increase the number 
of I/O channels. 

Since conversion speed and res
olution requirements can vary 
from channel to channel , the 
µ.MAC-5000 uses a software pro
grammable analog-to-digital con
verter. An integrating converter 
provides to 14-bits of resolution. 
Higher conversion rates can be ob
tained with a minimum of 11 bits 
of resolution. Communication 
rates are also flexible. Selectable 
baud rates for a remote and local 
seria l communication channels 
ease interfacing the µMAC-5000 
to a variety of host computers . 
The two serial communications 
ports support RS-232C , RS-422 , 
RS-423 and 20mA (remote port) 
at baud rates from 110 to l9 .2K. 
The on-board power supply oper
ates from either AC or battery
backup + 24V de. The system 
automaticall y switches to de upon 

NOW AVAILABLE TO 
ELECTRONICS __ 
.____PROFESSIONALS 

an ac power interruption . 

Software Design 
Although a number of single
board microcomputers support 
high-level languages such as BA
SIC or FORTRAN , none are di
rectly oriented toward measure
ment and control applications . 
The µMAC-5000 supports a high
level language called µMAC BA
SIC. The language is an extension 
of Microsoft® BASIC. To the 
standard library of BASIC com
mands it adds analog and digital I/ 
0 commands , program interrupts 
and a number of time-keeping 
commands . In addition , the pro
gramming language permits users 
to develop and add custom key
words to the language. The soft
ware extensions in µMAC BASIC 
simplifies acquiring data , process
ing it and sending out control sig
nals. Rather than having to resort 
to low-level programming com
mands for data acquisition and 

The National Digest of Employment 
Opportunities for Electronics and 

Computer Professionals . 

A Complete Reference Manual 
More than 2,000 verified career opportunities for pro

fessionals in electronics industries . Entry level to highly 
experienced . EE's, ME 's, CS's, and others. Indexed by geo
graphic area and job function. Includes all required 
qualifications of applicants. Each monthly update presents 
new career opportunities. 

Here's a new shielded cord for 
CRT's and other interface 
devices. Interference is 
controlled to comply with 
FCC Docket 20780. 
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Now you can investigate career opportunities across the 
country or determine your actual market value to prepare 
for that crucial Annual Review with your current employer. 

SUBSCRIBE TODAY 
3 months: $12.00 1 year : $30.00 

Subscriptions include our Resume Referral Service
FREE. Your career data are maintained by us and 
distributed to companies offering opportunities for which 
you are qualified. Your present employer will not receive 
your resume . 

Send Check or Money Order to: 
HIGH TECH CAREERS 

1190 Park Ave ., Dept. P-54 
San Jose, CA 95126 

CALL TOLL FREE: 800-227-1617 ext. 192 
In California: 800-227-3545 - ask for ext. 192 

Vi sa and MasterCard Accepted 

Write 63 on Reader Inquiry Card 

Custom-engineered cables and 
assemblies to meet your needs. 

Call collect 203-677-2657. 
Ask John Douglass for 
technical information and 
design assistance. Or send 
specifications for quotation 
to: AWC Dept. DD 

~\V.a ~~~~~~~~~~ 
.. , &.;i FARMINGTON,CONN.06032 

Write 62 on Reader Inquiry Card 
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control the programmer uses com
mands such as AIN, AOT, DIN 
and DOT for analog and digital 
inputs and outputs. An example 
of this is: 10 PRESSURE = 
AIN(12) 

This assigns the value (in engi
neering units) of analog input 
channel number 12 to the variable 
PRESSURE. µMAC BASIC also 
allows variable names up to 256 
characters to improve program 
documentation. Two other major 
enhancements to µMAC BASIC 
are software interrupts and the 
ability to call assembly routines 
through a CALL statement. Two 
clock-based interrupts, two com
munications interrupts and two 
event-based interrupts alter the ex
ecution of the main program to 
branch to interrupt procedures . 
The software interrupts give a de
gree of real-time operation to the 
system and minimize system re
sponse times. To further improve 
execution speed the BASIC pro
gram can access user-written as
sembly language routines. 

Program Development 

A programmer can use a dumb 
terminal or any computer to devel
op programs . The µMAC-5000 
has an on-board incremental com
piler that will compile a line of 
code as it is entered from the ter
minal. The system also has a work 
station operating system software 
package , half of which resides on
board and half in a host computer. 
Software packages for the APPLE 
Il e, IBM PC and MAC 150 are 
availab le. User developed work
station operating systems for oth
er computers take less than 100 
lines of user developed code. The 
workstation permits the program
mer to develop a program on a 
host computer using all of its facili
ties including the CRT, disk drives 
and printer and downloading the 
program into the µMAC-5000. A 
user can therefore write a pro
gram using a word processing 
package , download the program 
and then debug it on the µMAC-
5000. 
- John Sylvan, Analog Devices, 
In c., Norwood, MA Write 233 
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Facit, Inc. 

Dear Sir: 

Facit , Inc . was listed in two loca
tions in the September, 1983 issue 
of Digital Design. However, both 
listings were incorrect. In the arti
cle , "Keeping Pace With Print
ers," (page 88) we were listed as 
Facit , Inc., Greenwich , CT. We 
have not been in Greenwich , CT 
since January 1983. We are now 
located in Nashua , NH. 

We were also listed in the arti
cle , "Tape Drives Vie For Disk 
Back-up Market ," on page 106. 
Facit does not manufacture tape 
drives. Thank you for your co
operation. 

George Bausewein 
Director of Advertising 

Facit , Inc. 
235 Main Dunstable Rd. 

Nashua , NH 03061 

Stratus Computer, Inc. 
Dear Sir: 

Stratus Computer, Inc . was pleas
ed to be included in the article, 
"Fault Tolerant Architectures" 
(Digital Design, August , 1983). 
However, we were somewhat dis
appointed at the comparative lack 
of detail accorded to the propri
etary hardware architecture of the 
Stratus/32 Continuous Process
ing® System. 

The architecture of the Stratus/ 
32 includes comparative circuitry 
and duplicate components which 
permit the system to continue pro
cessing despite the loss of one or 
more functional components. 
Each major printed circuit (PC) 
board includes two identical sets 
of logic circuitry. Each set per
forms the same operations on iden
tical data and the results are com
pared . A duplicate PC board 
performs the same operations as 
its partner. If the sets of logic cir
cuitry on either board do not pro
duce identical results , the failed 
board immediately shuts itself off 
while operation of the sytem con
tinues uninterrupted with the part
ner board. Other major compo
nents , such as disk drives and 
power supplies, are also duplicat-

Letters 

ed to operate in parallel with a 
partner. 

The Stratus hardware approach 
enables the company's systems 
software developers and its cus
tomers ' programmers to develop 
software without the need to take 
account of the special software 
techniques inherent in software ap
proaches to fault tolerance. This 
feature improves the productivity 
and efficiency of such program
mers and makes it easier to con
vert previously developed appli
cations to run in a fault tolerant 
mode. This architecture also elimi
nates the software overhead that 
can consume processing capacity 
of a system using a software 
approach. 

The Stratus/32 has other impor
tant features in addition to fault 
tolerance. It is modular in design, 
permitting system expansion with
out the replacement of existing 
hardware or software and without 
interrupting operations. An entry 
level system consists of a single 
processing module with 4 million 
bytes of memory and 60 million 
bytes of disk capacity and is 
priced at approximately $140,000. 
A processing module can be ex
panded to contain up to 16 million 
bytes of memory, 16 disk drives 
with a total capacity of 4.5 billion 
bytes and 64 communications 
ports . A system can be expanded 
to include up to 32 processing mod
ules using StrataLINK®, a high
speed interface , and multiple sys
tems can be connected in a 
network using standard telecom
munications facilities with Stra
taN ET® software. Processing 
modules can also be connected to 
IBM or other manufacturers' com
puters through industry standard 
communications protocols . 

In summary, the Stratus hard
ware approach to fault tolerance 
provides several advantages over 
other approaches that readers of 
Digital Design will appreciate. 

William E. Foster 
President 

Stratus Computer, Inc. 
17-19 Strathmore Rd . 

Natick, MA 01760 
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Applications Notebook 

Terminal Design With The 8052 

A basic challenge in designing 
terminals is how to handle arbi
tration of the CRT peripheral con
troller and the microprocessor ac
cessing video memory. With some 
systems. such as the 8275 or 8276 
CRT controllers. the CRT control
ler interrupts the processor when 
it needs one row of characters. 
This happens every 60 ns. Conse
quently. the design usuall y in
cludes a OMA controller to feed 
one row of characters to the con
troller quickly so the microproces
sor can resume its control pro
gram. Another approach is used 
in 68-15-typc systems where the 
CRT controller gets video charac
ters itself from memory as need 
ed. In this approach the micro
processor shares memory read 
cycles with the CRT controller. As 
a result. logic is necessary to arbi
trate accessing video memory 
from the processor or CRT con
troller. Some processors have an 
on hoard signal for this. hut this 

requires faster memory speeds 
than the row buffer approach. 

The 8052 provides a highly inte
grated solution to the multiple pe
ripheral needs which was not pos
sible with earlier less powerful 
single chip processors. The te rmi
nal serial requirements can readily 
be handled by the serial port. This 
supports asynchronous communi
cation at a variable rate. as deter
mined by an internal dedicated 
16-bit timer driven from the inter
nal clock. Variable rates from 110 
to 38K baud arc obtainable by 
loading values under software con
trol. The port causes an on-chip 
interrupt when a byte is rccci\'cd 
or transmitted. Rece ived cha1«1c
tcrs arc double buffered. This wa\' 
fast interrupt responses arc not re
quired in avoiding overwriting re
ceived characters. 

The on-board interrupt control
ler provides five interrupts. Each 
one can he enabled and priori
ti zed (two level) under software 

control. One inte rrupt source is 
the serial port. as mentioned earli
er: two others arc internal timers. 
One of these controls OMA. The 
other timer interrupt can be used 
as a slow timer. e.g. 50 ns. Each 
interrupt causes the keyboard to 
be scanned for changes in keys de
pressed. 

There arc two external inter
rupt sources which are inputs to 
the 8052. One will be used to initi
ate a OMA request for the CRT 
controller. The other interrupt is 
also from the CRT controller. but 
is used to indicate an end of verti
cal scanning which causes reset
ting the row pointe rs for OMS. 

The 8052 memory includes 8K 
of ROM . which should be more 
than adequate for most ··dumb .. 
te rminals . Also. 256 bytes of 
RAM provides man y features. in
cluding a variable length stack for 
saving data by PUSH and POP 
instructions for subroutines. Also 
there are four banks of eight regis
ters in RAM. Bv one or two sim
ple bit set instructions. the work-
111g hank of registers 1s changed. 

OMA Req 

INTR 0 
INTR 1 

P2 

8052 A•E 

PO 

P1,P3 

RD WR PSEN 

Keyboard 
Matrix 

Switches, 
Indicators 

8 

8 
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ENA 

Data 
Bus 

Transceiver 

Transceiver 

"'NOP'" 

Address 
16 Bus 

End of Vert Scan 

RD 

DATA 

Video 
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PSEN 
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RD 
ADR 

RD 
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Char 
ROM 

Shift 
Reg 

t 
Video 
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7 

Figure/ : 805118175 hloc/.;. di(/gm111. (/'osi1i1·c /me logic .1ig11({/.1 s/101rn /i1r co11cc11111({/ il/11s1m1io11). 
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This is useful for quick context 
switches to interrupts or sub ro u
tine ca ll s. For a termina l thi s may 
be necessary for quick servicing of 
OMA requests, whe re pointers 
must be re-adjusted to reference a 
new row. Figure 1 contains a 
block di ag ram of the termina l. 
General l/O pins a re used fo r 
scanning the keyboa rd matrix , 
rea din g te rmin a l configuration 
switches such as baud rate and o ut
putting to LED 's o r audible 
alarms for termin a l status. 

OMA is accomplished with 
minimal SS! "glue". The overall 
operation is as follows: On power 
up , blanks are first written to the 
video RAM by the 8052. After 
that , characte rs a re written to the 
8052 as they arrive at the se ri a l 
po rt o r read from the keyboa rd . 

The C RT controller, an 8275 (or 
lower cost 8276) is "fed' ' 80 char
acte rs by OMA . These cha racters 
go to an intern a l 8275 buffer for 
genera ting dot signals for a ll the 

PROGRAMMER/ELECTRONICS 
ENGINEER 

Knowledge of computers, electrical engi
neering, computer hardware. Converts 
scientific, engineering and other technical 
problem formulations to format processa
ble by computer. Confers with engineering 
& technical personnel to resolve problems 
of intent, inaccuracy or feasibility of com
puter processing. Reviews results of com
puter runs with interested personnel to de
termine necessity for modifications or 
reruns. Develops new subroutines or ex
pands program to simplify statement, pro
gramming or coding of future problems. 
S.S. in Electronic Engineering required . 
40 hrs., $22,000/year. Send resume to : 
Ohio Bureau of Employment Services, 
1832 Adams St., Toledo, OH 43624 Attn : 
Clearance Rep. 
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hori zonta l sca n lines in that row. 
The 8275 has two interna l row 
buffers so one buffer ca n be used 
to genera te video o ut while the 
nex t row is being fill ed . 

The OMA ope ra tio n is simple. 
Whenever the 8275 requires a row 
of characters, it interrupts the 
8052. Internal memo ry has an 
initialized 16 bit po inte r to the 
proper row to be re freshed . The 
program counter then jumps to 
that loca tion. When thi s happens. 
the 8052 senses the memory ad
dress is beyond the inte rn al 8K 
and automatically acti va tes the 
PS EN signal. Normally PS EN 
(Progra m Storage E nab le) would 
be a read signal for program mem
o ry. But rather than enabling an 
external ROM , PS E N enables a 
transce iver to the 8052 data bus 
which jams a dumm y " NOP" in
struct ion . Also the 8052 data bus 
is blocked to the video RAM and 
8275 so the dummy " NOP" is not 
seen by them. 

At the same time, PS E N is al
lowed to strobe the video RAM 
read input and 8275 write input. 
The ne t result is that the proces
sor continues to incre ment its ad
dress while reading " NOPS " and 
the video RAM outputs da ta to 
the 8275 fo r the cha racte r row. 
The speed of OMA by thi s tech
nique is 2 MHz for a 12 MHz 
8052 clock . Slightly slower clocks 
will be necessary to meet 8275 tim
ing. By now you may be asking, 
" how does it a ll stop?" Reme mber 
the 8052 has timers o n the board 
which can cause inte rrupts. Also 
the timer " ticks" are directly re lat
ed to memo ry cycles. As a conse
quence , an exact number of exte r
nal "NOP" o r OMA cycles can be 
set up . (Note th at actu ally two 
OMA cycles occur pe r instructio n 
cycle si nce the 8052 has a prefe tch 
queue fo r fas ter th roughput. ) 
-Steve Mihalik, Int el Co rp . , 
Phoenix, AZ. 

Write 234 

UNIVAX Your PDP 
Put the speed and performance of a VAX and the power of the UNIX* 
operating system in your PDP-11 /23 with Cambridge Digital 's new 
UniVax board . 

Our 32-bit , MC68000-based UniVax features a throughput that 
approaches 1 MIPS, a complete memory management unit that pro-
vides 16 Mbytes of logical address space within the 4 Mbytes physical 
address space of the Qbus, a dual bus architecture with a dual port 
memory that allows uninterrupted high speed 1/0 transfer and direct 
memory access. Plus, the UNIX operating system, all on a single quad 
board designed to replace your present PDP-11 /23 processor module. 
Protect your PDP investment, call Cambridge Digital Systems today for 
our new system catalog . 
Main Office Dept. 7400, 
P.O. Box 568, 65 Bent St. 
Cambridge, Massachusetts 02139. 
Telex 92-1401 /COM PU MART CAM. 
800-343-5504 . 
In Mass. call 617-491 -2700. 
New York District Office 
516-935-3111. 

Cambridge 
lllllllDi ital 
DIVISION OF COMPUMAAT g 
The Edge in System Integration. 

800-343-5504 
*UNIX 1s a trademark of Bell Laboratories. 

Write 61 on Reader Inquiry Card 
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NEW PRODUCTS 

COMPUTERS/SYSTEMS 

CACHE DISK ACCELERATOR 

1 mSec Access Time 

T he Cache Disk Accelerator 
from Gould Inc ., Computer 
Systems Division , is designed 

for their Concept 32 line of super min
icomputers. The subsystem supports 
eight disk drives which can be any 
combination of 40, 80, 160, 300 and 
600 Mbyte storage modules . The ac
celerator is useful in app lications 
which require extensive disk 110 be
cause it provides 1-16 Mbytes of 
cache memory on a microprocessor 
based controller. Specifically, a write 
operation is completed as soon as the 
CPU transfers data from main to 
cache memory (in the contro ller) rath
er than when it is written on the phys
ica l disk. During read operations , the 
cache memory stores programs and 
data fi les. The accelerators ' moving 
head disk has an average access time 
of 2msec and the system has specific 
applications in transactional systems, 

DATA PROCESING SYSTEM 

256 Kbytes Memory 

T he Model 2 l/lO is a single siatio n data pro
cesing system that feat ures 256 Kb ytes o f 
memo ry, SDLC communications, and an 80 
cps printe r. The sys te m has 5 to 15 Mbytes 
of fixed disk sto rage and double-density dis
kettes with I Mbyte capac it y. The 2 1/1 0 also 
supports 40. 45 and 120 cps printe rs. Price is 
$6.000. to $20.000 . Mowhawk Data Sciences . 
Pa ri sippany. NJ Wr ite 138 

RASTERIZING COMPUTER 

Connects Tektronix Printer To 
Graphics 

The U l- IOOT computer connects the Te k
tronix 469 1 ink jc t printer with any color 
graphics capable host computer. No color 
terminal is required for print ing the image. 
The Ul-IOOT accepts graphic commands 
from the host compute r over an RS-232 se r
ial ASCII li ne and converts the commands 
into a raste r format which is transmitted to 
the 4691. Resolutio n is 140 x 150 dots/in . 
The Ul-!OOT includes software-se lectab le 
resident fonts (six included in the standard 

130 

large data base applications. CAD 
and image te leprocessing. Price is 
$77,000. Gould . Ft. Lauderdale . FL 

Write 154 

configuration). Price is $9,950. Lasergra
phics, Irvine. CA Wr ite 140 

DEVELOPMENT SYSTEM 

616 Kbytes Storage 

The KDS-908 development statio n features 
dual SVl' fl oppy disk drives with 616 Kbytes 
o f storage which are integrated into the ter
minal. It contains a Z80 C PU , 256 Kbytes of 
RAM , two RS-232 ports, a Centronics-com
patib le printer port and four expa nsio n 
slo ts. The KDS-908 runs C P/M, version 2.2 
and can be used as a single-user system , a 
sta tion on a KDS-901 CP/NET deve lopment 
syste m ne twork , o r as a termina l o n the 
KDS-968 UN IX system. Price is $6,500 . 
Kontron Electronics, Culver Cit y, CA 

TERMINAL CONVERTER 

64 Kbytes NMOS 

Write 131 

The TC3278 unive rsa l termina l conve rter is 
a se lf-contai ned microprocessor-based sys
te m that turns an I BM 3278 or 3 178 termi
nal o r IBM plug-compat ible terminal into a 
stand-a lo ne workstation with personal com
puting capab ilities. It a llows termina l users 
to maintain their ex isting connection to the 
IBM hos t computer, and by emu lati ng asyn
chono us terminals like the VT 100. provides 
access to other host computers wit hi n the o r
ganiza tio n . The TC3278 -has a Z80A micro
porcessor with 64 Kbytes of RAM and 16K 
of ROM. It features two RS232-C compati 
ble po rt s and two coaxial interfaces. There is 
a ser ia l printer interface o n the main proces
sor board. Avatar, Wes tboro . MA Write 148 

DISPLAY TERMINAL 

132 Column Capability 

The WY-50 and WY,75 are smart edit ing al
pha-numeric termina ls which fea ture 14" 
screens with se lectable 80 or 132 column 
widths. The terminals include no nvolatil e 
me mo ry which enables terminal parameters 
such as cursor type , transmission speed and 
operating mode, to be entered from the de
tached keyboa rd . Prices are $695. (WY-50) 
and $795. (WY-75). Wyse Technology, Sa n 
Jose. CA Write 134 

WORK STATION 

Dual Flopy Subsystem 

The Micro- 11 Computer System , features an 
11123 Plus operating system , a 10.4 Mbyte 
Wincheste r disk drive a nd a dual floppy sub
system. The fl oppy diskette is RXV21 soft
ware and RXS02 media compatible a llowing 
tran sfers to and from DEC syste ms. T he sys
tem accommodates MOB inte rface mod ules 
such as multiplexors. line pr inter cont ro llers. 
disk a nd tape controllers, OMA and inter
processor-link modules. The unit includes a 
re movable front panel , a BPA84-T back
plane/card guide assembly, with 22-bit ad
dressing and revolvable bus terminator. 
Price is $9,200. MOB , Orange , CA Write 152 

VMEBUS OPERATING SYSTEM 

For 16-, 32-, And 64-bit Operations 

The VMEFORTH/32 is rea l-time opera ting 
sys te m which uses 68000 a nd 68010 proce-
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A HANDFUL 
INSTEAD OF A ROOMFUL 

The Andromeda 11 

16-bit LSl-11/23 Compu 

• DEC LSl-11/23 Processor 
-Addresses up to 4MB main 

memory 
-256KB included 

• 1 OMS 5%" Winchester and 512KB 
removable 5%" floppy emulate 
standard DEC devices 

• Includes 4 RS232 serial channels 
-16 selectable data rates from 

50 baud to 19.2 Kbaud 

r in a Small Package. 

• 5 x 2 Q-Bus card cage 
-1 free slot in standard configu

ration 

• 13"W x 4"H x 15"D. 22.5 lbs. 

• Runs DEC PDP-11 compatible 
software 

• Standard 11/M12-W10 configu
ration priced at only $8,400* 

*Quantity 1, USA Domestic Price Only 

Whatever your application ... financial planning, data base management, 
program development, time-sharing, scientific, engineering, or word processing 
.. . the Andromeda 11/M12 is designed to give you all of the power and features 
of a minicomputer in a package that you can hold in your hands. 

Andromeda also offers a wide selection of compatible software, terminals, 
printers, and other peripherals. LSl-11/Q-Bus compatible memories, controllers 
and interfaces are also available. 

Call or write for more information . 

DEC, LSl-11 and PDP-11 are trademarks of the Digital 
Equipment Corp. 

ANOMOMEO~ 
S'::'S,EMS. 
9000 ETON AVENUE INC. 
CANOGA PARK, CA 91304 
Ph: [213) 709-7600 
TWX: [910) 494-1248 

Write 59 on Reader Inquiry Card 



NEW PRODUCTS 

COMPUTERS/SYSTEMS 

sors in it s VM Eb us structure . 16- . 32- a nd 
64-bit mathe matica l operations ca n be per
formed o n the 32-bit language syste m . The 
VME-FORTH/32 add resses 16 Mbytes of 
me mo ry, has control of the 68000 from the 
resident sys te m, contains a disk sto rage o f 
2,000 Gbytes a nd has 230 Kb ytes o f user pro
gram space in 256K partition. It is compati
ble with 68000 , 680 10 and 68008 processor 
co nfigura tion s to 4 Gbytes o f memo ry. As
traea Computer, Sunnyvale, CA Wr ite 135 

DEVELOPMENT SYSTEM 

Supports 60 Workstations 

The EMU ET-2. is a microprocessor devel
o pme nt system designed fo r use with DEC's 
VMS o pera ting sys te m. Emunet-2 supports 
60 hardware/softwa re workstations a t dis
ta nces of 5.000 ft. a nd has a I Mbaud data 
tra nsfer rate . Each softwa re-onl y worksta
tio n is linked to the VAX by a RS232 line. 
The links can accommodate 15 hardwa re/ 
software workstations. A typical E M UNET-
2 'Y'tem co nsis ts of six sate llite hardware/ 
software works ta tio ns and six software-onl y 
sta tio ns. (not including VAX). Pri ce is 
$ 11 O.ClOO. Emulogic , Norwood. MA 

GRAPHICS TERMINAL 

512 x 920 Resolution 

d '\ . 

Write 141 

The G0- 140 is an int egra ted a lph anumeri c/ 
graphics termina l which e mul ates the DEC 
YTIOO a nd Tekt ro ni x 4010 se ri es of te rmi 
nals. It s a lph anumer ic features include 24 
lines o f 80 or 132 cha racte rs . se lectab le sta-

132 

tus line. and bidirectional scro lling. The 
G0- 140 has 5 12 by 390 pixe l reso lutio n and 
can sto re fo ur a lpha numeric pages. lt has 3 1 
MHz bandwidth mo ni tor. detached key
board communicates via an RS-232 inte r
face. Price is $ 1995. GraphOn, Santa C lara. 
CA Write 147 

WORKSTATION 

Based On MC6800 

The Minibox is a multiuse r UN IX worksta
tion based on the MC68000. It has a C com
piler, six Multibus slots , single and dua l fl o p
py disk drives and 3 1. 2 to 140 Mbytes of 
Wincheste r storage (expa ndab le to 420 
Mhytes). The Minibox is built around the 
Heruiko n HK68 microcomputer and pro
vides C PU. fl oppy disk drive cont ro ll e r. Win
chester and tape interfaces . 4 to 8 ser ia l 
ports and 650K bytes of RAM in two of the 
fo ur or six Multibus ca rd slo ts. It has two 
fo rward a nd rear disk d rive bays which 
ho use the Winchester disk drives. Heurikon 
Corp., Madison, WI Write 132 

IBM-COMPATIBLE COMPUTER 

With Built-In LAN 

The PCte rmin al is an inte lligent termina l 
which functions in an IBM network ca lled 
PCnet. T he terminal includes a monito r. ke y
board. 8088 microprocessor. se ri a l and paral
le l inte rfaces. four expa nsion slots for periph
era l cards. 256 K of RAM me mory. built-in 
ne tworking capabilities and a connec tio n for 

an 5 1/4' flo ppy disk drive. It runs unde r 
IBM-DOS a nd SCS-DOS and ha' a IMhit/ 
sec transmiss ion rate . 16 PC te rmin a ls ca n 
be connected to a n I BM PC or IBM XT. 
Price is $1.295. Santa Clara Systems, San 
Jose, CA Write 153 

DEVELOPMENT SYSTEM 

For 16-Bit System Designers 

The SYSl6 multi-use r development sys te m 
is based on the NS 16032 16-b it micro proces
sor. a llowing access to an asse mbler. C and 
PASCAL compilers , and rea l-t ime ISE 
too ls. T he SYS 16 includes both processor 
and disk tape modules th at provide ha rd 
disk me mo ry and streame r tape backup. 
One te rmina l is provi ded and a n add itio na l 
8 may be added . Each user ca n address 16 
Mbytes of memory. The C PU hoard co nta ins 
timing . and interrupt control unit s as well as 
d iagnostic firmwa re and a paralle l printer 
port. National Semiconductor, Santa C lara. 
CA Write 146 

GRAPHICS TERMINAL 

With Dual Video Generator 

T he !D-200 se ri es of graphics termin als have 
1280 x 480 pixel reso lu tio n . a nd display writ
ing rates of 1.25 million pixels/sec. The mod
e l ID200 has a dual video genera tor that per
mits images to be sp lit and disp layed o n 
sepa rate mo nito rs. It features NTSC color 
signal o utput which a llows gra phics to be re
corded o n TV recorders. The lD-200 has 128 
fonts. a pa le tt e of 16 colo rs. and inde pen
dent co lo r p la ne contro l. Suppo rt for interac
tive and ha rd copy devices is provided in the 
terminal. ID Systems, Hillia rd . O H Wr ite 129 

OPERATING SYSTEM 
Support 256 Processors 

T he SI o perat ing syste m . with it s mod ul ar 
design. ca n be configured as a workstation 
or as a multiuser/mult itasking sys te m. lt ca n 
be tai lo red for o the r specific purposes. like 
deve lopment. as well. It is capable of 
netwo rking and ca n support 256 processors 
simultaneously. The SI can read and wr ite 
fi les to a nd from CP/M. MP/M 11. MS
DOS. UN IX . XENIX and o thers. It also fea
tures printer. plo tter. and terminal suppo rt. 
Multisolutions Inc. Write 137 
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NOW ... 
THERE'S 

COMDEX/WINTER, 
TOO. 

ANNOUNCING the most important new computer event for 1984 -
COMDEX/Wi:iter! The third U.S. COMOEX - the show that brings computer 
industry manufacturers and resellers together again. 

Everyone knows you can't run software without hardware and related 
products. That's why COMDEX/Winter makes sense. The new computer 
show that helps you keep ahead of new product announcements, new 
companies, and new technologies - software and hardware. It's the right 
place for you to build, expand, upgrade, and support your ISO network, just 
as you always have at COMDEX but... 

IT'S A SOFTWARE ONLY SHOW 
That's right. COMDEX/Winter offers the option of separate software and 
hardware sections in the same exhibition facility ! You 'll get double the 
benefit that "software only " and other product-specific expositions could 
possibly offer ... plus ... 

IT'S A HARDWARE SHOW, TOO 
COMDEX/Winter provides the added pull of hardware and related products 
exhibited with software in one place at one time! There's no need to invest 
your trade show dollars in anything less, because COMDEX/Winter is ... 

BUILT ON THE PROVEN COMDEX SUCESS FORMULA 
COMDEX is recognized as the trade show for the computer rmllar network. And , 
like other COMDEX shows, COMDEX/Winter is a high pay-back investment. 
It delivers the highly-qualified ISOs that you want - and need - to do 
business with! And, it couldn 't come at a better time. The computer industry 
is growing and evolving so fast that nothing lass than a third COMDEX can help 
you stay In the lead! 

Don't settle for software only when COMDEX/Winter will bring it all to you 
- software, hardware, and all the related products. Come do business and 
profit at COMDEX/Winter '84. And , do it in April in Los Angeles - the 
home of the 1984 Olympics! Get all the facts. Call us today, toll-free at 
(800) 325-3330/in Massachusetts (617) 449-6600. 

®~@m~~}~~7Winter '84 
DON'T SETTLE FOR ANYTHING LESS. 

April 5-7, 1984 
Los Angeles Convention Center 
Los Angeles, California 

Write 97 on Reader Inquiry Card 



NEW PRODUCTS 

PERIPHERALS 

CAE WORKSTATION 

Uses HP-9000 32-Bit Processor 

A 
vera Corp .'s E DS-2 100 is the 
o nl y co mput e r-Aid e d E ngi
nee ring Design Wo rkstati on 

based on the Hewlett-Packard 9000 
32-bit processo r. The syste m and its 
softw are was developed for custom , 
semicustom, integrated circuit. hybrid 
and PC boa rd design . Avera's product 
is significant because as !Cs become 
denser they will require mo re power. 
In its desktop co nfiguration the EDS-
2100 provides Y" to 2 Y" MI PS of pow
er, which is comparable to th at of the 
VAX II -750/780. The 19" te rmin a l has 
a resolution of 1024 x 1280 pixe ls, au
toconverge nce . and a 60 Hz non-inte r
laced refresh rate. It can be integrat
ed with the Avera 1000 se ri es and 

PRINTER/PLOTTER 

6 or 8 LPI Selection 

T he Print ro nix 4260 is designed fo r high reso
lutio n engineer ing and scie nti fic gra phics as 
we ll as ha r codes. It fea tures a Ccnt ro nics 
compatible para ll el inte rface and softwa re 
co mm ands fo r fo rms cont ro l. It has a print 
speed of 130 I pm and a plo t speed of 136 
lpm . T he -11 60 has an ASC II 96 charac te r 
se t and huilt -in d iagnos ti cs . Opt io ns include 
a fi e ld insta ll ed PRO M se t a nd OC R A cha r
acte r se t. Pr intronix . Irvine. CA Write 151 

DISK SUBSYSTEM 

31.2 Mbyte Storage Capacity 

The Sabre is a 5 1/i' Winchester disk subsys
tem which is so ftware transpare nt and ope r
ates under D EC LSI-II syste ms. T he disk is 
fo rmatted as three RL02 uni ts th at p rov ide 
3 1. 2 M bytes o f sto rage. A n add itio nal 10.4 
Mbytes are in backup. T he UCO l/LX host 
ada pter e mbeds in the QBus backplane of 
the LSI-II C P,U . The U CO I is a bipo lar, mi
croprocessor-based , quad-wide circuit board 
that e mulates two DEC RLVll /RLVl 2 con
tro ll ers, using two registe r se ts. a llowing 
four drives per cont ro lle r. The cont ro ll er and 
suppo rting D EC software provide 22-bit ad
dress ing capacity o n the LSI-11 /23 + comput
e r. Price is $9595. Emulex, Cos ta Mesa, 
C A Write 167 

134 

used as a stand -a lone worksrntion or 
as a suppl ementary design station. Po r
tions of la rger designs can be upl oad
ed to the EDS-2 100 for analys is and 
asse mbl y. Pri ce will b e a r o und 
$1200,000 and deliveries sta rt Janu ary 
I . Avera Corp. Scotts Valley. CA 

Write 150 

MICRO-FLOPPY DISK DRIVE 

80 Tracks/Side 

The TC !000 Drive tte has a sto rage capacity 
o f one Mbyte o n a 3'14'' form at. It is plug 
a nd data compatible with double-sided and 
density 96 tpi, 5\1.i" dri ve. It has a media fo r
mat o f 80 tracks/side and users can down
load 5\/J' softwa re packages to the unit 's d is
kettes with no mod ifica tion . Compo nents o f 
the TC 1000 Drivette include a direc t drive 
spind le mo tor. a lead screw head-actuato r 
mechanism that records a t 140 tpi , and R/W 
a nd mo tio n-cont ro l electronics boa rds. Price 
is $295. Tabor, Westfo rd , MA Write 157 

ELCTROSTATIC PLOTTER 

Emulates HASP And 3780 

The Versa tec electrosta ti c remote plo tt ing 
system e mulates HAS P and 3780 worksta
tio ns . and suppo rt s binary synchro no us com
munica tio ns pro tocols under D EC VA X/ 
VMS . RSX- I I M/M-Plus or RT-I I operatin g 
sy tems. It includes a remote plo tting co nt ro l
ler. rando m clement processor. and electro
sta ti c plo tt ing so ft wa re. T he random e le
ment processor handles plo t da ta o rde ring 
and ras te ri za tion and the di sk-based proces
sors suppo rt remote color plo tting. Pri ce is 
$6.500 . Versatec, Sama Clara. C A Write 160 

STORAGE SYSTEM 

With Cluster Caching 

T his di sk cont ro ller fro m U .S. Design is de
signed fo r it s CSS-800 line of Winches ter 
storage sys te ms. It contains 64 Kbytes o f 
cache me mory and includes fea tures such as 
look-ahead bu ffe ring, cluster caching a nd 
adaptive cont ro l. The syste m is co nfigured 
with 60 Mbytes o f disk , W' cartridge 
backup , 0 -bus interface 32 Kbyte caching 
cont ro lle r. Price is $9,995. U.S. Design, Lan
ham. MD Write 165 

JOURNAL PRINTER 

For Electronic Measurement 
Systems 

The Pres ide nt Printe r is a 40 co lumn do t ma
trix impact jo urn a l print e r. It is packaged fo r 
a n industri al enviro nment a nd fo r use with 
Du ra nt ·s e lec t ro nic count and measure ment 
sys te ms. The printer is interfaced to the 
count cont ro l o r toa lize r by a co nnecting ca
ble . The pr inter provides a record o f produc
tio n to tals. tes t results. and ma nu fac turing 
da ta. Eaton Corp . . Watertown. WI Wr ite 159 

NETWORK SERVER 

Connects Instruments And 
Peripherals 

The ne two rk interface se rve r connects micro
compute rs, pe ripherals , cont ro lle rs a nd in
struments through a n RS 232. RS 422, para l
le l o r IE E E 488 port . It contains the 
ne two rk inte rface. host 1/0 inte rface and 
timing and cont ro l logic based o n a n illlerna l 
C PU. The unit conta ins its own enclosure , 
power supply a nd co nt ro l firm ware in 
ROM . Connectio n to the network is made 
vi a a transce ive r ac tive tap or a da isy cha in 
configuratio n th ro ugh Type F connectors. 
Destek, Sunnyva le, CA Write 172 
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DUAL MODE PRINTER 

150 CPS Draft Mode 

T he O MNI 800 Mode l 8545, is a dual mode 
do t matri x printe r fo r word and data process
ing applica tio ns. It has a 150 cps dra ft mode 
and is compatible with industry-standard es
cape codes, fea turing Epson , Qume and Di a
blo data streams. Three fo nts ca n be 
plugged in simulta neously. permitting the 
user to switch print styles without sto pping. 
Each fo nt module prov ides d raft a nd le tt e r
qua lit y character sets. It has two matrix fo r
mats , 9 x 9 and 32 x 18. Price $935.-$995. 
Texas Instruments . Dall as. T X Write 176 

PROM PROGRAMMER 

With Self-Test Diagnostics 

T he Mode l G P- 11 40 provides ga ng progra m
ming capabilities fo r NMOS devices includ
ing E PROM s. EEPROM s. a nd MP Us. Nine 
devices may be programmed. Fea tures in
clude d iske tte storage o f chip maste rs and 
command fil es. se lf-tes t di agnosti cs . a nd 
chip erro r de tectio n . The GP- 11 40 has a 
clamp lever for group insertio n and re mova l 
and ada ptors fo r auxilli ary dev ices. Price is 
$6995. Var ix . Dallas, TX Write 175 

BACK-UP SYSTEM 

With Interface Adaptors 

·-1 ~ ...... ., 
c;f.~ 

· ~-~ 
T he d isk back-up syste m fro m A DI C has in
terface adapters fo r most systems a nd buses 
includi ng SAS!. Q IC-02. S- 100. Mul tibus 
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and G PIB . The system utili zes a 16 track W' 
da ta ca rtridge. Each track has 4096 addres
sagble blocks with I 024 bytes o f data. The 
sy tem fea tures a 600 ft ca rtridge. error co r
rectio n ro utine, and o n boa rd microproces
sor cont ro l. Adie , Kirl and . WA Write 163 

WINCHESTER DISK DRIVES 

10.48 to 31.46 Storage Capacity 

Models T L2 13, TL226, a nd TL240 a re half
height Winchester d isk dri ves which o ffer 
10.48 to 3 1.46 Mbytes o f for matted sto rage. 
Features include plated medi a. auto matic 
spindle brake and actuato r lock . dedica ted 
head la ndin g/shippin g zo ne. fo ur-p o int 

NEW PRODUCTS 

PERIPHERALS 

shock mo unting. single PC B . a nd inte rn al 
diagnosti cs. T he three drives use standa rd 
ST50614 I 2 inte rfaces. Access times a re 
95 ms-average. 20ms- track to track . a nd 
230ms max. Standa rd transfe r rate is 5.0 
Mbitslsec. Prices a re: Mode l TL2 13-$650 , 
Model TL226--$850 a nd Mo de l T L24G
$ I 055. Tulin , San Jose . C A Write 171 

MULTIPLEXER 

5 MbiUsec Transfer Rate 

\ ~ _7-~ - . 
- . -"" -

When combined with a ha rd d isk subsys te m , 
thi s multiplexer e nables users to sha re a 
ha rd di sk with fo ur compute rs wit ho ut the 
need fo r add itio na l ha rd di sk dri ves. The 
Multiplexer is a pa ra ll e l t ra nsfe r device with 
t ransfer speeds o f 5 Mbitlsec and is compati
ble with mos t 5 '/o" fi xed and re movable ha rd 
drives. B.T. Enterprises . Bo he mi a. NY 

Write 173 

MEET OUR FAMILY 

~ I l. 

And not a black sheep in the group! All are 
used to long hours of hard work under tough 
conditions. As with all families, ours comes in 
many sizes, shapes and with individualized 
talents. We'd like for you to meet the group 
now. Here's Impact Dot Matrix, Thermal, 
Electro-sensitive, Modular Impact and Plotter/ 
Printer units, all ready to go to work for you. 

From one column to eighty columns, you can 
specify complete printers or OEM mechanisms 
and count on quality at all times. 

So when you're buying printers, don't forget 
to keep it in the family- the Hecon family, 
that is. 

It's got to be good. It's a Hecon. 
3 1 Park Road, Tinton Falls, N.J. 
Phone (20 1154 2-9200 Zip 07724 

Write 64 on Reader Inquiry Card 
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NEW PRODUCTS 

COMPONENTS 

PROCESSOR BOARD 

32-Bit 

T he 32-bit UniYax processor 
from Cambridge Digital is a 
68000-b a se d bo a rd for th e 

DEC PDP- I I product line. The Uni
Yax replaces the PDP- 11 both in 
te rms of power and speed because of 
its 32-bit processor. The ope rating sys
tem , 68000 processor and memory is 
avail able at boa rd leve l o r as part o f 
an integrated system. Cambridge Digi
ta l will offe r the ir Mult i-Use r Sys te ms 
58 and 94 with the Univax processo r. 
The UniVax provides 16 Mbytes o f 
logical address within the Q-bus' 4 
Mbyte address pace and dua l bus ar-

VOICE PROCESSING SUBSYSTEM 

For Remote Data Entry Systems 

J. 
The Vo iceStbr Mode l 30 voice storage sub
sys te m is des igned for integra tio n with sys
te ms to provide voice response and vo ice 
sto rage re tri eva l. Applica tio ns include re
mote data entry teleprocessing. a nd message 
b roadcas t sys tems. Model 30 suppo rt s thir
ty- two simu ltaneous vo ice cha nne ls a llowi ng 
access on an asynchro no us basis. T he sys
te m interface is a RS-232C cont ro l channe l. 
a nd syste m commands include record and 
play back o n the spec ified cha nne l a lo ng with 
s upe rviso ry a nd maint e nan ce fu ncti o ns. 
VoiceTek . Ne wt o n. MA Write 187 

COLOR GRAPHICS BOARD 

320 x 200 Resolution 

The Colo r/G raphics Mo ni tor Ada pte r Boa rd 
p rov ides co lor display and graphi cs ca pab ili
ti es o utput fo r the Eagle PC. Eagle 1600 Sc-
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chitecture with dual po rt memory. 
Throughput is around l MPS. Price is 
$8.0 00 . Cambridge Digital . Ca m 
bridge , MA Write 208 

ri es , IBM PC and most IBM PC co mpatib le 
microco mputer syste ms. It has a resolut io n 
o f 320 x 200 pixels and 16 foreground and 
eight backgrou nd colo rs in the colo r mode. 
640 x 200 pixe ls may be di splayed in the 
mo nochrome mode. The adapter has two 
operationa l modes . A/N and APA. Eagle 
Computer , Los G atos, CA Write 188 

DISK CONTROLLER 

Supports St 506 Drives 

The P Series is an IBM PC 1/0 bus compati
ble ST506 Winchester di sk contro ll e r. It has 
an on board microprocessor and is compati 
ble with PC-DOS 2. 0. Other fea tures in
clude , a single card in terface , mu lt ip le sec
to r R/W o perations. 8 bit error co rrec tio n , 
and an on board socket for 8 Kbyte boot 
E PROM . The P Seri es support s drives with 
16 heads. Adaptive Data, Po mona, C A 

MICROCOMPUTER SYSTEM 

Contain 64K RAM 

Write 205 

The MCP U-900 is a microcomputer syste m 
loca ted o n a STD bus card . It fea tures a 
4MHz Z-80A processo r. 64 K RAM . a 28 pin 
ROM/E PROM socket fo r accepting a 2 K, 
4K. 8K. or 16K device. a nd 1/0 and periph
era l cont ro l devices. The cont ro ll e r handles 
fo ur 5" o r 8" di sk dri ves in e ither single o r 
do uble density. It s para llel printer inte rface 
functions as either the hard copy o utput o r 
as a strobed 8-bit output. Price is $795. Mill
e r Technology, Los Gatos. CA Write 193 

STD BUS A/D BOARD 

32-Channel 

T he DT27 12 is a STD Bus compatible AID 
sys tem that ope ra tes with a ny STD Bus 8 or 
16-bit microcomputer. The DT27 12 provides 
IO-bits o f resolution o n 32 single-e nded ana
log in put c h a nn e ls . Input s ig n a ls a r e 
scanned at a th roughput ra te o f 3300 sam
ples/sec. and the board is jumper se lectable 
fo r 1/0 mapped o r me mory- mapped address
ing. and suppo rt s softwa re po lled o r vec
to red interrupt sche mes . Price in q uantities 
o f 100 is $ 195. Data Translation , Marlboro , 
MA Write 202 

CONTROLLER BOARD 

10 Mbyte Transfer Rate 

The WD2000 boa rds, a VLSI and cont ro ller, 
fea ture 10 Mbyte/sec transfer ra tes , run 
limited codes (2. 7 type) , buffered ste p ra tes 
and recovery modes. The boards incl ude on
board di agnosti cs a nd on-board IO Mbyte/ 
sec data separators. The WD20 1 l VLS I con
tro ll er fea tures o n-chip ECC re-e ntry algo
rithm and OMA interface. Western Digital , 
Irvine, C A Write 186 

FLOPPY DISK CONTROLLER 

RC Or Logic Compatible 

----J, -- -1::0" 

1~ --
Select - -E l 

fni.ble !.!!__ CT;if 

7L - cr 1 

Vrnf lrc f WG HS 

The MC347 l P is a mo no lithic integrated 
Wri te Contro ll er/Head Driver des igned to in
terface the data a nd cont ro l signa ls and the 
heads fo r Tunne l o r Stradd le-erase floppy 
disk syste ms. Features include write curre nt 
switching, track compensa tion . a nd o n-chip 
erase de lays. Price in qua ntities o f I 00-999 is 
$4.25. Motorola, Phoenix, A Z Write 194 
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NEW PRODUCTS 

COMPONENTS 

INTERFACE ADAPTER 

With 8-Bit Data Ports 

YG-150 displays 1400H x llOOY pixels no n
intcrl aced (60 Hz field ra te) and is software 
programmable. Features include a bipolar 
16 bit contro ller, transparent me mo ry. graph
ics primitives and proprietary microcode. 
Datacube, Peabody, MA Write 201 

Price is $1.495. Innovative Electronics, Mi
a mi , FL Write 207 

16-BIT MICROPROCESSOR 

MC8000L 12-Compatible 

COMMUNICATIONS PROCESSOR 

Emulates IBM 3274-51C Controller 

The HD68000-1 2 is a l 2.5 MHz 16-bit micro
processo r which is pin- a nd software-com
patible with Motorola's MC68000Ll2 . It has 
a minimum instruction execution cycle time 
of .32 µ secs and operates from a supply of 
SY consuming l.75W at maximum. Oper
at ion temperat ure ranges from O.C-70°C. 
Prices in lots of 1,000 are HD68000- 12 (dual 
in-line package) $18,000 . , HD68000Yl 2 
( pin- g rid a rr ay packa ge) $20,000., 
HD68000Z 12 (leadless chip-carrier package) 
$21 ,000. Hitachi , Tokyo , Japan Write 203 

The HD632 1 is a C MOS ve rsio n of the 
NMOS para llel 1/0 peripheral interface 
adapter. Characteristics include two se ts o f 
8-bit parallel data port s, four inte rrupt in 
puts, and handshake control. It is packaged 
in a 40-pin DIP a nd has a 10 mA curre nt con
sumptio n during opera tion. and 500 A dur
ing standby. Hitachi , San Jose. CA Write 198 

DATA CABLES 

With 25 Connected Conductors 

DISPLAY CONTROLLER 

Graphics Applications 

VG 150 is a displ ay cont ro ller fo r graphics 
compositio n applica tions. The unit is a sin
gle board with IEEE 796 compatibility. The 

The MC-80/600-1 communicatio ns processor 
emulates the IBM 3274-5 1 C communica
tions controller which runs configurations 
support level A. The device conve rts a DEC 
YT-100 compat ible terminal into either a 
IBM 3277- 1, 3278- 1 a nd 3278-2 termin al us
ing a BSC protocol. The MC-80/600- 1 per
form s mapping and any data displayed on 
the terminal will be the same as an IBM 
3277/3278 display sta tion. with virtual screen 
sizes of 480. 960, a nd 1920 characters. All 
sc reen formatting capab iliti es are supported. 

The 232/25 and 232/RIB seri es of ca ble con
nectors are ava ilab le in standard and fl a t 
ribbon configurat ions. Both contain 25 con
nected conductors and come in polarity con
figuratio ns: male- to-male, male-to-female . 
and fem ale-to-female. St andard a nd custo m 
lengths a re avai lab le. Electro Standards, 
Providence. RI Write 190 

AHi 
Adut1i:ff Network lnte11,•Hon 

--

Local Data Switches Brochure. Dcvel
co n Electronics· full-color brochure de
scribes the Devclnet modular. intelligent 
local data switches, o r nodes. which can be 
expanded to a use r 's networking needs. 
Each node supports 248 data lines wi th a 
throughput of 3 million characters/sec. 
Many sta nda rd features such as password
protectcd access. prioritized queuing. uni
versa l line access and operator defi ned 
configura tions arc detailed. 
Develnet Wr ite 261 

Networking Brochure. The four-page il
lustra ted bulletin from lnfotron Systems 
describes Adva"nced Network I ntcgra tion 
(AN I). a n approach to data comm unica
tio ns that permi ts interconnection of 
nodes. transmission speeds. protoco ls. in 
terfaces. a nd formats . The bu lletin covers 
connec ti vit y. globa l and local area net
works. and network growth . 
lnfotron Write 263 

Programmable Logic Guide. Data I/O's 
32-page guidebook expla ins progra mmable 
logic a nd its adva ntages ove r fixed-func
tion LSI/MS! logic and custom logic. The 
book detail s a des ign problem . showing 
how des ign eq uations a rc ge nerated and 
translated into fuse tables and how a PAL 
or IFL device is programmed and func-
tionally tested. 
Data 1/0 Write 264 
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New Literature 
Encoder/Decoder Bullet in. Thi s e ight 
page product da ta bul le tin from !LC Data 
Devi ce Corp. descr ibes their MT32008 
MI L-STD-155 3 E nco der/ De coder. The 
MT32008 is a single chip device which acts 
as an interface between a ser ia l da ta bus 
transceiver and a subsys te m 16 bit parallel 
data highway. It is designed for operation 
as e ither a remote termina l or bus control 
le r. The product bu ll e tin contains a general 
desc riptio n . 
DOC Wr ite 265 

CMOS-LSI Databook. The 588-pagc Da
tabook. SSD-260A. provides technica l in
forma tio n o n RCA's line of C MOS-LSI 
products. Included are the 1800-sc ri cs 
CMOS microprocessors. CMOS me mo
ries. CMOS periphera ls, a nd RCA alter
nate-source types to the 6805 C MOS se ri es 
of microprocessor products. 
RCA Wr ite 267 

Optical Encode r Brochure. This six-page 
colo r brochure describes Teledyne Gur
ley\ modul ar a nd linea r encoders. high
lighting the red. white and blue lines of ro
tary encoders. Photographs and charts 
det a il size. tolera nces. a nd accuracy. A lso 
discussed arc the e lec tronics of the e n
code rs a nd the ava ilability of disks. 
TRL Write 268 
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Calendar 

November 28-December 1 
NAT A 14th Annual Convention and Ex
hibition Showcase. Sheraton Washington . 
Washington. D.C. Contact: North Ameri
can Telecommunications Assoc., Box 75 196, 
Washington, D.C. 20013. (202) 547-4450. 

November 28-December 2 
COMDEX Fall '82. Las Vegas. Y. Con
tact: The Interface Group, 300 First Ave .. 
Needham, MA 02194. (617) 449-6600. 

December 1-3 

SEMICON/Japan '83. Mountain View, 
CA. Contact: SEMI , 625 Ellis St. , Moun
tain View, CA 94043. (415) 964-5111. 

December 5-6 

Computer Conference. San Diego State 
Universi ty, San Diego, CA . Contact: Pro
fessor Nenad Marovac , Dept. of Math
ematica l Sciences, San Diego State Univer
sity, San Diego , CA 92182. (6 19) 265-
4345. 

December 5-6 

The Southwestern Conference on CAD/ 
CAM. San Diego, CA. Contact : Nenad 
Marovac, Dept. of Mathematica l Sciences. 
San Diego State University, San Diego. 
CA 92182. (619) 265-4345. 

Advertiser Index 

ADE . . ........ ......... .... 49 
Adirondack Wire & Cable ... 126 
Andromeda Systems ....... . 131 
Applied Circuit Technology ... 57 
Applied Micro Technology .... 55 
Arte!. ...... ... ..... 94,95,96,97 

John Bell Engineering ........ 63 

California Devices . ........ .. 21 
Cambridge Digital. .. ..... 63 ,129 
Central Data ....... ...... 72,73 
COMDEX/WINTER '84 .... 133 
CompuPro .......... .. . 36,37,38 
Computalker ...... .... . .. ... 34 
Control Data ...... ...... 42 , 43 
Clearprint ... . . .......... . . 105 
Clearpoint .. ............ . ... 87 
CSPI ............. .. ........ 13 
Cubicomp .... ....... ....... 91 

Dataram ..... . . .... ......... 76 
DILOG ..... .... ....... . ... 51 
Diversified Technologies ...... 15 
dy4 ... ............. ... ..... 59 

Epson America ... . ......... C3 
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December 5-7 

International Workshop on Data Manage
ment in Distributed Real Time Telecom
munication Systems. West Palm Beach. 
FL. Contact: Subir Purkayastha , Ameri 
can Bell Inc., Crawfords Corner Rd ., 
Holmdel, NJ 07733. (20 1) 834-4774 . 

December 5-8 

National Database & 4th Generation Lan
guage Symposium. Boston, MA. Contact: 
Rad isso n-Fe rn croft. 50 Ferncroft Rd .. 
Danvers , MA 01923. (6 17) 777-2500. 

December 7-9 

Workshop For EDP Professionals. Ritz
Car lt o n , Bos to n , MA. Contac t : T he 
American Institute fo r Professional Educa
tion , 100 Kings Rd ., Madison, NJ 07940. 
(20 I) 377-7400. 

December 7-9 

SNA Seminar. Washington Hilton. Wash
ington, D.C. Contact: The American Inst i
tute for Professiona l Education. 100 Kings 
Rd ., Mad ison, NJ 07940. (20 1) 377-7400. 

December 7-9 

Software Maintainance Workshop. Monte
rey, CA. Contact: H . Schneidwind , Com
puter Science Dept., Nava l Postgraduate 
School, Monterey, CA 93940. (408) 646-
27 19. 

Fluke .. .... ............ . .... 9 
Fujitsu America .......... . .. 47 

Gulton Industries ........... 125 

Hecon ...... .. ......... . . .. 135 
High Tech Careers .......... 126 
Hoover NSK ............... 107 
Houston Instrument .......... 67 

Imperial Technology ......... 87 
Intecolor ........ .. ... .. .... 16 
Interactive Computer 

Modelling Inc. . .......... 101 

Kennedy .... . ......... . .... C2 

Lenco ...... ....... ... . . .... 29 
Lexidata ..... . .... . . ....... . 93 
L.H. Research ...... . ....... 70 
Lundy ...... . ............ .. .. 7 

3M .............. . ......... 2,3 
Marinco ..................... 1 
Megatek . ............... . .. C4 
MOB ....................... 4 
Microtechnology ...... . . . . ... 61 
Mini Micro ......... . ..... . . 117 

December 13 

Computer Networking Symposium . Silver 
Spring, MD. Contact: Compute r Network
ing. Box 639, Silver Spring, MD 20901. 
(30 1) 589-8142. 

December 13-15 

Fifth Israel Conference And Exhibition on 
CAD/CAM. Tel Aviv, Israe l. Contact: The 
Israel Society for CAD/CA M, Box 3473 , 
Tel Aviv 6 1033. 

December 13-16 

Designing With 16-Bit Micros. Los Ange
les, CA. Contact: Ruth Dordick, Integra t
ed Computer Systems. 6395 Arizona Pl. , 
Los Angeles , CA 90045. (213) 450-2060. 

December 19-21 

22nd IEEE Conference On Advanced 
Automation. Taipei. Taiwan. Contact: J . 
T. Tou, Center For In fo rmation Research. 
Universi ty of Florida , Gainesville, FL 
326 11. (904) 392-0920. 

January 9-12 

ATE West Conference. A naheim. CA. 
Contact: Morgan-Grampian Expositions 
Group , 2 Park Ave., New York , NY 
1001 6. (212) 340-9780. 

Modgraph ......... . .. . ..... 45 
Multi Solutions ........ . .... 109 

Network Research ..... ....... 6 
Nicolet-Zeta ..... ..... ..... . 69 
Nissei Sangyo : ....... . ...... 78 

Panasonic ... . ..... . .... . . ... 65 
Peritek .... . ...... . .... . .. . . 53 
Plessey . . .............. . .... 19 
Pulse Engineering ........... 113 

Qume .............. .... . 25,26 

Scanbe .. . ................... 8 
Sky Computers ..... ... .. .. .. 83 
Spectragraphics .... .... ...... 99 
Standard 
Microsystems ........ 75,77,79,81 
STD Microsystems .......... 100 
Summagraphics . ... . ... .... .. 23 

UMC Electronics .. . .. ..... .. 46 
Universal Semiconductor .... . 11 

Vermont Research . .. .. ...... 80 
Versatec .. . .. . ... . ......... 115 
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EPSON PRINTER MECHANISMS: 
THEY COME WITH A HELPING HAND. 

PORTABLE/ HAND-HE_L_D_ C_ OMPUTER_P_R_IN- TERS ----- You've heard that Epson delivers more printer 
>---M-o-d-el~---H-ea_d_ co-lu-m~-;--' -·-- speed weight mechanisms than anyone else. That's true. More 
>--M- 1X--X- -+--1-m_p_a-ct_S_h_u_ttl-e·--4-1-6_t_o _4_0__,_0_4 to o 7 LPS 2 1 oz than 600,000 sh1pµed per month. 
>--M- 2x- x--+--7- w- ire impact 21 to 31 2 4 LPS 28 0 oz You've heard that our out-of-box failure rate 

MSXX 7 wire impac t 40 3 0 LPS 59.0 oz i~ ·n.:asured in lOths of a percent. True again. 

40 
---+--

5
-
2
-
0
-z--1 But maybe you're concerned that the leader in 

M12XX Thermal 0 5 LPS 
>--------+---------+------+--- ECR and POS pnnrers is too busy to worry about 

M3XXX 9 wire impac t 80 80 CPS 4 4 lb 
your application. Not a chance' 

That's how we got where we are. By canng about your problems. Lending you a helping hand in 
selecting a printer for your application. Helping you package it as an integral part or as a stand-alone. 
And always delivering a cost-effective, quality ~ulution. On schedule. 

The printer mechanisms shown here can easily be designed inro 
portable and hand-held computers. We have many more. In many 
variations. For many applications. Call or wnte us today. Let us start 
by giving you a helping hand. 

SW Region (714 ) 75 1-19 19 . NW &g;on (408) 985-8828 
SE Reg;un ( 404 ) 458 9660 •NE Reg;on (61 7) 245 &Xl7 
CENTRAL Reg;on i815J 338-58 10 

Write 51 on Reader Inquiry Card 

EPSON 
EPSON AMERICA, INC. 
OEM Products Division 
Printer Group 
3415 Kashiwa Street , Torrance, 
CA 90505 (213) 533-8277 
Telex: 182412 



Introducing 
the Whizzard®3355. 

Now you can break the 
speed limit without 

paying the price. 
Whizzard 3355. Meet the Whizzard 
3355, the newest computer graphics system 
from Megatek. Up to 400 thousand vec
tors per second. The fastest high speed per
formance of any system in its price range, 
thanks to our Graphics Engine'." Upward 
compatibility with every Whizzard. And 
a high resolution color raster display with 
2D real-time dynamic transformations. 

Now you can have the speed you want, 
and pay a lot less for it in the bargain. 

The Whizzard 3355 is a full-function com
puter graphics system that cost-effectively 
supports your graphics applications. Espe
cially in the areas of mechanical or elec
tronic CAD, simulation, or command and 
control. And its RS232C interface, with its 
own 16-bit processor and up to 500 Kbyte 
dedicated local RAM , offloads the host 
computer and allows serial communications. 

The Whizzard 3355's standard features 
include a 19" 10242 60 Hz non-interlaced 
monitor, 16 simultaneously displayable colors 
out of a possible 4096, complex 2D graphics 
transformations (rotate, translate, contin
uous scale, and clip), and proprietary local 
processor with serial interface. You also 
get VT-100™ emulation, an ergonomic key-
board, and a host of available options. Then 
there's graphics software. Megatek's WAND~ 
TEMPLATE' and a wide variety of third party 
application packages, too. 

The Whizzard 3355. High speed perfor
mance, and true cost-effectiveness. 

That's Megateknology. 

•••MEGATEK 
••• CORPORATION 
••• • A UNITED TELECOM COMPANY 

Making History out of State-of-the-Art 

g "'"'" "rn°'"'~" · """ '"""'" """ · ~" """' °''''""" wm · "'° ,;; ;;~ · n« om ,,,.,,,., gy. European Headquarters· 34, avenue du Tribunal-Federal • CH-1005 Lausanne, Switzerland ·Telephone: 41 21 20 70 55 ·Telex: 25 037 mega ch 
Vf-100 is a trademark of Digital Equipment Corporation 

Write 2 on Reader Inquiry Card 


