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How To Hang On Terminals
Without Getting Hung Up.

Don't send a host-to-host network
to do a terminal network’s job!

A lot of manufacturers will tell
you that a “network is a network'—
but while contention-type networks
may be appropriate for the long inter-
active file transfers of host-to-host
communications, they can be more
of a problem than a solution for high-
volume terminal communications. In
fact, when large numbers of terminals
are clamoring for network access, the
software and collision overhead can
become so overwhelming that it can
cause a dramatic slowdown—or even
crash the whole network.

So give your terminals what they
deserve—a non-contention
network without the software
overhead associated with long
packet communications, but
with the true flexibility to
put terminals and printers
wherever you need them. With
the complete support of T-1,
RS-422 and fiber optics for
remote networking. With access
to multiple hosts—PC resource
sharing—real ease of use.
Because when the question
18 terminal networking, the
answer is ABLE.

ATTACH is patented.

ATTACH—the True Terminal
Network

ATTACH is a multihost terminal
network which supports from 8 to
over 15,000 ports (at 128 terminal
lines per subsystem), all of which can
be connected to any host by a single
composite cable. ATTACH is compat-
ible with all DEC host operating
systems and, with its Magic Key, al-

lows single-stroke, no-menu switching.

MUX MASTER™—128 Terminals
with a Single Cable

Get rid of the sea of terminal
cables with MUX MASTER, a multi-
drop distributed multiplexer system,
which supports up to 128 connections

From an individual board to a 15,000-line system—
ABLE meets communications network requirements.
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through a high-speed composite link
on any UNIBUS or Q-BUS computer.
MUX MASTER LS allows PCs to share
resources as well as access a central host,
while the new MUX MASTER LP gives
you control of parallel high-performance
line printers where you need them.

Communication Boards Boost
MicroVAX II Productivity

And when your Q-BUS computer
needs a throughput boost, turn to
ABLE for the largest offering of
asynchronous connections to Q-BUS
on the market. Ask for QDHU, QHYV,
and QHV Plus—all at a very low cost
per line. So hang on terminals with-
out getting hung up. Call ABLE
COMPUTER, (714) 979-7030,
3080 Airway Ave., Costa Mesa,
CA 92626, TWX 910-595-1729,

TLX 668307. CANADA, Suite 101,
101 The Queensway West, Mississauga,
ON L5B 2P7, Canada, (416) 270-8086.
EUROPE, 287 London Road, Newbury,
Berkshire RG13 2QJ, England, (0635)
32125, TLX 848715.

DEC, MicroVAX, UNIBUS, and Q-BUS are trademarks of Digital Equipment Corporation.
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PINCOMM 73S Up to 4MB
for PDP-11/73, MicroVAX |

PINCOMM 23SX Up to
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MessageNet
Delivers

the Promise
of Electronic Mail

Electronic mail promised you the
world. Now MessageNet™ delivers! With
a fully automated electronic mail system
that lets you send messages to anyone,
at anytime, around the world.* Without
a specially trained operator. Imagine.
No more phone tag.

Now, with MessageNet, you can
send messages via telex, the U.S. Post
Office, cablegram, telegram, EasyLink,
or MCI Mail quickly and easily. And
you can schedule your mail for delivery
anytime until the year 2175.

Sending or receiving ASCII and
binary data directly between computers?
MessageNet delivers.

MessageNet is your complete
electronic mail system. Included are

*Available for all VAX/VMS SYSTEMS. From $2,000. Available for IBM PC soon.

M

features such as a menu driven address
book, an integrated word processor,
an inter-office mail facility, a cost
estimator, a filing and archival system
for all outgoing and incoming messages
and more.

To learn how much more, call us
today. We'll put you in touch with the
world of MessageNet.

Products
that Set the
% Standard™
s&h computer systems, inc.

1027 17th Avenue South, Nashville, TN 37212
(615) 327-3670) telex 786577 S AND H UD

Easy Link is a trademark of Western Union.
MCI Mail is a trademark of MCI. VAX/VMS
are trademarks of DEC. IBM PC is a
trademark of IBM.
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Process Control .

. Travel Bookings

DEC
Networking

Network
Interconnec

ISDN/SS7.

We specialize in designing and building totally
customized network solutions for DEC users, Solutions that
allow DEC systems to communicate with foreign networks and
protocols. Solutions to networking problems using a DEC
hardware and software base.

Solutions like CommUnity™, our fully DECnet-
compatible networking software. It allows non-DEC systems—
including the IBM PC—to become nodes in a DECnet
network, communicating with VAX/VMS systems.

Solutions like ARMS, the transaction gateway
switching system we designed and implemented for
Woodside Management Systems, Inc., the country’s
largest travel management agency network. ARMS
uses DEC VAX and PDP-11 computer systems in a

IBM PC and SNA are registered trademarks of International Business Machines
Corporation. UNIX is a registered trademark of Bell Laboratories.

Expand your
universe of
DEC networkmg
with
engineering
solutions
from

Technology
Concepts.

Ethernet*

§ CommuUnity™/DOS .

HDLC/SDLC -

CommUnity™/UNIX’

Workstations : .

translate and switch

:transactw s between 16 airline, hotel, and rental car

reservation systems, communicating in SNA/SDLC, BiSync,
and UT400 protocols.

Solutions like the communication front-end controller
we built for the Saddlebrook Corporation, linking 3270 SNA
multidrop bank teller terminals to a VAX host system for a
banking transaction application.

So now you don'’t have to think in terms of
networking problems—because now you know
about the company that thinks in terms of solutions.
Technology Concepts.

Find out about the solution we have for
you. Contact the Sales Department now for
more information.

DOS is a copyright of Microsoft Corporation. DEC, DECnet, VAX, VMS and PDP-11
are registered trademarks of Digital Equipment Corporation

Technology Concepts Inc.




The Leader

I ogicraft’s mission is to
. provide DEC users
IIlthl‘atlng economic access to the vast

PC Software Library.

PC ,S With " - For DEC users,

CARDWARE
DEC m Provides PC capability as

a shareable system
1111 resource
Computers ; 1 m Allows VT terminals to
| run PC Software
m Full PC capability for less
than 1/10th the cost of a
PC




And to provide PC
users with easy direct
access to the VAX data
files and peripherals.

For PC users,

DATAWARE T

a DEC System files appear v
as PC attached logical
disks

= PC Data back-up and
security provided
centrally by the VAX

m A full set of terminal
emulators to run any
DEC application

= No more expensive
PC peripherals

!

Call LOGICRAFT today to arrange
for an on-line modem demonstration
of how you can run actual PC
programs on your DEC terminal.

—

JLOGICRAFT

410 Ambherst Street
Nashua, NH 03063

(603) 880-0300
Telex 70 3961

West Coast: (213) 458-3161

CAITED N0 MM DEARED CADDY




Panand Zoom.

Getti g

the critic

When you get down to details, the
differences among composite termi-
nals really become clear. Especially

if you have a GraphOn 200 Series
terminal with true pan and zoom.
GraphOn offers the most complete set
of local pan and zoom capabilities
available today in an alphanumeric
graphics terminal.

We started by building a bulletproof
emulation of DEC VT 220 and 100
alphanumeric terminals, DEC ReGIS
and Tektronix
4010 through
4015 graphics
terminals.
Thenwe added
advanced
features that

With GraphOn lg€al
pan and zoom abill
you can zoom in
an image, and then
pan and zoom again
until you see every
detail. The zoomed
image can be saved
locally and called
back to the screen
quickly and easi

downto
al details.

help you work more productively
than ever before.

MOVE IN, OUT AND
AROUND. FAST.

GraphOn terminals provide true
zoom, not just pixel replication.

You can zoom in on the finest details,
enlarging any part of an image up to
16 times its original size. Unlike other
graphics terminals with 10-bit (1024 x
1024) display resolution, GraphOn
terminals store coordinates just as they
come from the host in 12-bit (4096 x
4096) resolution. So you can be sure
that every bit of data transmitted from
the host is available for clear display in

/
B )}
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the enlarged image.

Lt — % - A, s

With GraphOn 200 Series terminals,
you can zoom in or out, edit an image
while it's zoomed, add text, zoom and
editagain, and print the image in its
enlarged or reduced form.

LOCAL POWER FOR SPEED
AND CONVENIENCE.

We've built powerful local capabilities
into GraphOn 200 Series terminals,
giving you maximum speed and flexi-
bility without burdening the host.
Panning and zooming are local func-
tions, controlled locally through
keyboard or mouse commands, or
remotely from the host, if you choose.
As many as 10 graphic images—
including zoomed images—can be
stored locally. The GO-240 and GO-
250 terminals have display list memory
sizes of up to 200 KB.

WHY GRAPHON?
[T'S PERFECTLY CLEAR.

At GraphOn, we won't compromise
our reputation for quality, reliability
and responsive service. Every terminal
we build delivers bulletproof emula-
tion, high-speed data communications,
and fast, flicker-free video refresh.

But we don't stop there. We provide

an unparalleled set of additional fea-
tures to help you work better. Faster.
Smarter. Features like local interactivity,
ReGIS compatibility, and a complete

set of raster operators to enhance

your terminal’s performance and
functionality.

Call us today to set up a demonstration
atyour site. Just dial 1-800-GRAPHON,
or write GraphOn Corporation,

1901 S.Bascom Ave, Campbell,CA 95008,
When you get down to details, the
GraphOn difference is pertectly clear.
GraphOn and GO are registered trademarks of GraphOn Corporation

DEC, VT and ReGIS are trademarks of Digital Equipment Corporation
Tekironix is a trademark of Tektronix. Inc

GraphOn

drawing out the beat
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2 8 Systems Integrators Need Practical Solutions
To Bring WORM Technology Online
Magneto-optic technologies will eventually
deliver erasable media, but meanwhile a
combination of media and a special host file
system layer can be used/by Chuck Dugwette

40 Maturing Parallel Transfer Disk Technology
Finds More Applications
The bottleneck in many applications created
by serial channel disk drives is overcome
with PTDs, but the price/Mbyte is high and
the technology is still being refined/by
Michael Gamerl

51 Fixed And Removable Hard Disk
Subsystems

Parallel transfer disk technology—page 40

6 4 The Future Of Optical Disks In Archival
Storage
With standards issues largely resolved,
optical storage is now expected to fulfill its
potential/by Jim Meade

The Creation Of AI Application Systems

From expert system programming languages
to shells to complete environments, the VAX
user has many tools for developing
information management and decision
support applications/by Clyde W. Holsapple and
Michael D. Gagle

| | 7 4 Expert System Development Tools Facilitate

7 8 Inductive Expert Systems Technology Uses
Historical Data To Generate Behavior
Guidelines/by Ken Begbie
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allll
Expert system development tools—page 7

DEc COMPATIBLE SYSTEMS PERFORMANCE ENHANCEMENTS
87 The Automatic Digitizer Performs A Critical 92 Unibus Electrical Characteristics Limit
Function In The Production Of Technical Optimum System Performance Accumulated
Documentation Digitizing of engineering capacitive, resistive, and inductive effects on the
drawings for storage in CAD/CAM databases Unibus reduce its reliability and throughput, but
continues to play an important role in the design solutions to these problems exist/by John Jones

documentation process/by Ebbe Reker
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The future of optical disks—page 64
PERIPHERAL CONTROLLERS
104

New High End Disk Alternatives For Digital
Systems Now it’s possible to connect high capacity,
high performance industry standard disk drives to
VAXclusters and VAXBI systems through Digital’s
Standard Disk Interface/by Larry Tashbook

PERIPHERAL DEVICES
112

Tape Alternatives For The Digital Environment
Keep Pace With Industry Trends Advances in the
rapidly changing tape market become available for
Digital users from a variety of third party
manufacturers/by Edward Judge

WORM technology—page 28

CoMPUTER GRAPHICS
119

MicroVAX II Realtime Image Processing
Single-board hardware integration and

the low cost/high performance of the MicroVAX II
bring full-functioned image processing systems to
users who previously couldn’t afford them/by Ross
Chapman and Thomas DiGennaro

DAtA COMMUNICATIONS
AND INTERCONNECTS

124

Digital To IBM Networking Solutions Stress
Standardization And Minimal Changes To
Existing Systems Networking nonhomogeneous
environments has taken several different directions
but is now standardizing on certain industry-wide
interconnection schemes/by Donald R. Anselmo

SOFTWARE
129

Digital’s Document Interchange Format
Facilitates Desktop Publishing DDIF will place
Digital in a better position than before to
participate in the burgeoning electronic publishing
market/by Jim Meade

DEPARTMENTS

Publisherts.Defk. [0, o i i Il et S S S 12
CallBor PaDers ). v« i ions F st ap et L Sl St 14
Litiens & . o4 sall sl e o s e o Sl S 16
Newsline: Ross Systems and Virtual

Microsystems Mergars .55 - waii s SRatiaalie Fh R 19
Calendai s . v s s a s 0 stos NS ot SR B 1R s 133
RroductiNews, (21, < o: 3. iR e SER MR ot ity 133
MUDIVEEE i o - s S TS S N Sl POl B e LSt 153
New/Used Equipfaent’ L. i on bt Sl oL o 154

COLUMNS

The VAXmate Report by Theodore Needleman . . ....... 91
The Assembly Line by Dr: Robert J. Schlesinger

and Sylra TIYSTeN- s sni s s ot s s s va e 102
Interface Update by Joe Jaworski and Vipul Mehta . . . .111
Graphics Perspective by Alan Bridges ............... 123

Networking by Larry Campbell . ..................... 128
The UNIX Connection by Walter Zintz

This month’s cover, a photo
illustration by Southern
California commercial
photographer Lee Karjala,
depicts the dynamics of
parallel transfer disk
technology. The PTD was
supplied by Ivis Systems Inc.
(Westlake Village, Calif.).
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NOW THE PRICE,
OF SUPERIORITY
BEGINS AT
ONLY *13%.

Here's our superior propo-
sition: Invest a few minutes of
your time and see how the
VISUAL family of graphics ter-
minals can deliver more perfor
mance for less money than
you might ex

For example, compare the
VISUAL 241 color graphics ter-
minal to the DEC VT 2417 The
VISUAL 241 gives you superior
ReGIS graphics resolution on its

non-glare sc

ys, including
15 non-volatile; four displayable
colors (16 optionally) from a
palette of 64; twc iliary ports;
and a variable tilt lay. All
this plus enhanced Tektronix
4010/4014™ emulation not avail-
able from DEC.

Now, if you expect to pay a
premium for graphics termi-
nals that outperform those

Vi color graphics
terminal is now only $1,895.
The VIS 240, its mono-
chrome ¢ on, i
only $ And for a limited
time, we can make these
exciting offers: buy only five
SUAL 240s and get one
VISUAL 241 absolutely FREE!
Or, buy five V 241s and
get FREE color upgrades (16

¢ See for yourself.

Visual Technology Incorporated

Visual Technology Incorporated, 1703 Middlesex Street, Lowell, MA 01851, Telephone 1-800-VISUAL-C or 1-617-459-4903.
gistered trademark of Digital Equipment Corporation. Tektronix 4010/4014 is a registered trademark of Tektronix, [nc

displayable colors from &
palette of 64) for ALL
terminals!

If the prospect of getting
more graphics terminal for
less mone ompatible with
your way of doing business,
it's time to call. Because the
only way to uperiority 1s
to see a demonstration. So
call 1-800-VISUAL-C and see
for yourself.

®




EASIER
THAN
1-2-3...

CCALC
SPREADSHEET
WITH GRAPHICS

It's simple. C-CALC from DSD Corporation is
more flexible, has more functions, and is easier
to use than the best selling spreadsheet. We
made it that way for a very simple reason. You'll
get more work done and make better decisions
in less time. That's what makes you successful
whether you are planning for the future, fore-
casting trends, or analyzing profits.

Our On-Line Help facilities, prompts and menus
allow even someone with minimal experience
to see meaningful results in very little time. Our
built-in training procedures let you pace your
own learning with tutorial topics that range
from basic to advanced. As you become more
experienced, C-CALC allows you to bypass
prompts and menus to save even more time.

C-CALC is currently available for DEC (VMS,
UNIX, RSTS, RSX, P/0S, MS/DOS), AT&T3B,
DATA GENERAL (AOS/VS), ELXSI, GOULD,
CONCURRENT (Xelos, 0S/32), HP-UX, NCR
TOWER, PYRAMID, SEQUENT, SPERRY, SUN,
IBM/CSOS and others.

C-CALC 1s a registered trademark of DSD Corporation. UNIX is a registered
trademark of Bell Labs. P/OS, RSTS and RSX are registered trademarks of
Digital Equipment Corporation. AOS/VS is a registered trademark of Data
General Corporation. MS/DOS is a registered trademark of Microsoft
Corporation. CSOS is a registered trademark of IBM

PO. BOX 2669
KIRKLAND, WA 98083
(206) 822-2252

psp corpoRaTiON  Telex 5106006428

ENTER 220 ON READER CARD
. EFFECTIVE SOFTWARE
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Opportunity In Bad Times

hen the computer industry suffers yet another lackluster no-

growth year, with predictions of still another slowdown, Digital

Equipment Corp. keeps pumping out higher sales and profits

quarter after quarter. When the financial media echoes the

remarks from the boardroom of “unfair competition,” “weak
economy,” “tax disadvantage,” and “market consolidations,” Digital keeps
coming up with new solutions and products. At a time when the Dow Jones
Indicator breaks through the 2,000-point barrier and most computer stocks are
catatonic, Digital is breaking through new highs almost daily.

It really feels good to be at the right place at the right time. The strength of
Digital also gives way to opportunity in the form of career advancement within
the responsibility and structure of existing positions. Digital’s products can now
address problems of office automation, factory automation, and communications
in parallel with the engineering and scientific applications long the mainstay of
the company. Those who have a keen grasp of management’s need for
information, and the credentials, can seek those high visibility jobs with yearly
salaries as high as $250,000. These positions were once only available to IBM-
oriented managers.

The position of Chief Information Officer is being created at many of
America’s leading manufacturing, financial, and service companies. Wells Fargo
Bank, Aetna Life, Goodyear Tire & Rubber, Exxon, and Security Pacific Bank
are just a few that not only have created the CIO position, but boast of saving
countless millions of dollars in overall corporate functionality.

The key words here are “corporate functionality.” It is no longer justifiable
for MIS directors and CIOs to contribute after-the-fact analysis of accounting
data only. Information officers also have a dramatic impact on how their
companies sell and market their products. Companies that have realized
computers can actually contribute to gaining a competitive advantage will also
realize enhanced profits and growth. An example of this is the advantage
Federal Express has gained in its sales and marketing because of its automation
strategy. Federal Express literally uses computers as a competitive weapon
encompassing everything from the handling of all internal corporate functions
to its advertising campaigns.

When one company makes the move to use computers to achieve a strategic
marketing advantage, competitors must follow or take on that adversary
without all the resources available to them.

Most people filling the current positions of CIO are not strictly computer
types. They have extensive business knowledge and experience. The experience
one might get when using VAXes to develop products for sale or manufacturing.
They must not only be capable of understanding and grasping the technologies,
but more important, they must know what works, as opposed to how it works.
The theories behind the software and applications are strategic, not the coding.

For the past year, Hardcopy has transitioned its editorial package to give you
the foundation and information you “need to know” to harness the power of the
current information and technologies offered. Those $250,000/yr. jobs can now
be sought by Digital-oriented managers, and we intend it to be that way.

Publisher
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The Silent 700™ Data Terminal Series from Texas Instruments.

It pays to get good connections.

TDs line of portable data terminals
leads the market in keeping people
connected to their operations no mat-
ter where they are, or where they’re
going.

For 15 years, whether you've needed
to keep in touch with satellite offices,
supply your field sales force with com-
munications tools, access a remote data
base or eliminate telephone tag, T1 has
always had the right data terminals for
the job. They're easy to operate. Rug-
ged. Self-contained. Lightweight.
Affordable. And quiet.

The TravelMate ™ Portable
Terminal.

The latest addition to the Silent 700
Series brings the convenience of both a
desktop display and printer to a portable
terminal. The TravelMate comes with
built-in editing capability, and an easy-
to-read, pop-up LCD display so you
can see what’s happening before you

transmit, or as you receive. [ts printer
control key allows you to print selec-
tively on its quiet printer. Of course, all
the communications capabilities are
built-in, and you can choose a 300 or
300/1200 baud internal modem. There’s
even a model designed for direct con-
nection to your computer.

Programmed to do your business.
Personalized Application Cartridges
are what make TI terminals custom-
izable. They can be programmed with
features and functions that satisfy your
specific communications, data entry

ENTER 140 ON READER CARD

and retrieval needs. Application-spe-
cific cartridges can be developed for
remote sales automation, data base
inquiry, or electronic mail, to name
a few.

For more information on TI’s
tamily of Silent 700 Series Portable
Data Terminals, call toll-free

1-800-527-3500.

I

TEXAS
INSTRUMENTS

© 1986 TI 31593

Silent 700 and TravelMate are trademarks of Texas Instruments
Incorporated

VTI00 is a registered trademark of Digital Equipment Corp

*Please consult with your participating TI reseller
for specific emulation characteristics.
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At 51 milliseconds, CALL FOR PAPERS

the I/0O completion

. time for our he editors at Hardcopy are interested in
Winchester storage hearing about your unique computer-related
. experiences. We are issuing a call for papers to
is 173% faster be published in the June, July, and August 1987
than DEC. issues of Hardcopy. If you've successfully
overcome any major roadblocks that have caused a
In a recent benChm?rkv 3 serious problem for you or your company, we're
we compared our QE-2000 interested in knowing how you dealt with the problem

ESDI subsystem with DEC’s
KDAS0/RA8]. Results? Total

I/O completion time for the

- following topics:
QE-2000 was 51 milliseconds, . . e
vs. 139 msec for DEC. That's ® choosing a printer or plotter to do a specific job;

173% faster. ® combining workstations from a variety of vendors
on a single LAN;

® selecting hardware and software for an integrated
technical document production system;

and the steps you took in finding the right solution. Your
papers should deal with some aspect of any of the

Qualogy ESDI subsystems
are the first to feature con-
trollers with 1 megabyte of

high speed cache on board for ® prpducing effective presentation graphics;
Q-bus™ microprocessors. ® using software based on Al concepts to develop
And, best of all, Qualogy application programs from a workstation;
speeds in at a lower cost per ® implementing a state-of-the-art graphics terminal
megabyte than DEC. for applications requiring extremely high resolution;
For product literature, a ® breakthrough applications for image processing;
copy of the benchmark report, ® supporting a VAX host with an array processor for
or to have a sales representa- computation-intensive processing;
tive get in touch with you, ® using micros in a mainframe environment;
call toll free today: ® optimizing the performance of a VAXcluster;
(800) 556-1234, ext.86 ® using layered software to build powerful networks
In Calif., (800) 441-2345, and clusters; or
ext.86 @ achieving better performance with fiber optics.
Or write: Qualogy. ] Prospective authors are requested to submit a
2241 Lundy Ave,, San Jose, CA 200-500 word abstract (outline) no later than March 1,
95131 TLX 4993489 1987. Send your abstract to: Dan Reese, Editor,
Hardcopy, Seldin Publishing Inc., 1061 S. Melrose Ave.,
QU ALOGY Ste. D, Placentia, CA 92670-7180. Please include a
telephone number where you can be reached

narks of Qualogy Inc. DEC, Q-bus during the day

arks of Digital Equipment Corp,
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ttonn Announces Five New
ts For Improved DEC “xterlty

CM-MXV11-B

S ()-bus™ Multifunction Mod- - ; ‘ ‘ 3 i

ule C1User-selectable Bootstrap [ Dual CMX-780/785 MX-830-
Serial orts CIRS 232 and RS-422 Compatible g 51 . 11/785™ Memory MicroWX P ECC Ve
CIEight-bit Switch Register CJFour-bit LED ory Module [18 Megabytes

Module (11 or 4 Megabytes CIMS780-E,

Display Register (1 128K EPROM [JReal-time High Reliability Memory [JSingle-bit

Clock/Calendar with Battery Backup [ Line- ™ and I Memory Subsystem Compatible Errors Corrected Automatically CILED
time Clock (1 User-Command Register CJECC For Data Integrity Display of Single-bit Errors [ Double-bit

[JPage-control Read/Write Register Errors Signalled to CPU as Parity Errors

- : CM-DRV11-WA
LSII™ and MicroVAX ™ General

Purpose DMA Controller C1High Speed

Parallel Data Transfer C1Single Word, Burst

Mode and Block Mode Transfer Support

(11,000,000 Word/sec Speed 1 22-bit Q-

\A bus Addressing CEtch Revision
, Level D & E Support

CM-DMV16-D
16-Line Serial Communi-
cations Multiplexer CIDHVII Compatible
[10ver 65,000 Characters/second
Throughput CJDMA or Programmed
Transmission CJ Comprehensive Self-
Test CIRS-232/RS-422/
RS-423
Support

# More Inform-
ation. Or send

the coupon to

p Camintonn, An

” AST. Research Company,

2121 Alton Ave., Irvine, CA 92714-4992.

cAminconn

An AST Research Company

Camintonn

enhances DEC™
computers with a variety of
low-cost, innovative solutions.
Our family of memory, communi-
cation and multifunction boards offer
increased power and versatility for
DEC computers.

And each memory board is backed
by our 5-year factory direct warranty
featuring 24-hour replacement
Or repair.

Call 1-800-843-8336, in Cali-
fornia 1-714-553-0247, For

ENTER 118 ON READER CARD
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Mass
Storage
Sppce
Available.

Build
to Suit.

For Q-bus systems,
we build ESDI storage
solutions that exactly

suit your needs.
Up to 1.24 Gigabytes.

For systems based on MicroVAX
II™ or MicroPDP-11," DEC can give
you mass storage up to 159 Mega-
bytes per 5%4" drive. In the stan-
dard DEC package.

But for rigid disks without rigid
packaging options, look at our
QE-2000™ family of ESDI storage
subsystems. Available in a range
of capacities from 140 to 310
Megabytes on a single 5% inch
Winchester, up to 1.24 Gigabytes
on 4 drives packaged together.

QE-2000 systems let you start
with the amount of Q-bus™ storage
you need now. Then field upgrade
to the Gigabyte level by adding
other drives later. And, they come
in a variety of packages, including
rackmount and our attractive
MicroPAC™ pedestal chassis,
or a subsystem that fits right in to
your DEC BA23 or BA123 chassis.

To find out more about our
flexibility, call toll free today:
(800) 556-1234, ext.86
In Calif., (800) 441-2345, ext.86

Or write: Qualogy.

2241 Lundy Ave., San Jose, CA 95131.
TLX 4993489

QUALOGY

Qualogy, QE-2000, MicroPAC are trademarks of Qualogy. Inc. DEC
MicroVAX II. MicroPDP-11, Q-bus, BA23, BA123 are trademarks of
Digital Equipment Corp.
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LETTERS

ETHERNET

Ken O’Mohundro consistently
underevaluated Ethernet in his recent
series of articles on networking (Hard-
copy, January 1986-October 1986).
Ken’s company, Able Computer (Costa
Mesa, Calif.), markets an alternative
(from my understanding a very good
one) to the Ethernet terminal server
solution. I will be the first one to
admit that serving terminal 1/0 is not
the best utilization of the Ethernet’s
high bandwidth, and that the protocol
overhead can be a significant CPU
burden, especially on a smaller ma-
chine (I would say this is the more
serious problem). I think it is impor-
tant for these issues to be brought up
(Digital sure won’t mention it).

However, he gives the impression
that performance will immediately
fall off the end of the Earth as soon as
any servers are connected, and doesn’t
give equal time to the many undeni-
able conveniences of the servers
(which is worth the performance price
for many sites). I might add that in
the future many functions (editing,
screen, ete.) will no doubt be offloaded
to the servers, making them actually a
performance enhancement.

I would take issue with the state-
ment in Ken’s column that Ethernet
throughput is 10% of bandwidth under
DECnet. He has derived that figure
from task to task transfer speeds be-
tween two 11/780s with DEUNAs
(actually, the speed is 1300 Kbyte/sec.,
or 13% ). The DEUNA’s throughput is
1.4 Mbyte/sec., so it is clear where the
bottleneck is. I have heard that the
transceiver is also a performance limi-
tation, not to mention the 780’s
processing of all the upper DECnet
layers. I don’t think the actual Ether-
net is even breaking a sweat under
these conditions. Yet, his assertion is
made in a paragraph claiming to ana-
lyze contention network throughput!
In order to realistically measure
throughput, why not do task to task on
an 8550 with BI interface and one of
the newer transceivers, or better yet,
six 8550s simultaneously transferring?

The point is that many machines
can share in the Ethernet’s high speed,
not that a 780 only transferred data at
1.3 Mbyte/sec. under DECnet (which
is quite fast; I note that the Ethernet’s
DECnet performance is actually supe-
rior to the CI's because of the larger

packets; I'm not going to say the
Ethernet is faster than the CI). When
vou add the possibility of isolating
bandwidth with the LAN bridge, you
could have 40 or more Mbits of aggre-
gate speed.

I am not saying Ethernet is the
ultimate network, and that two ma-
chines can transfer data over it at 40
Mbyte/sec. I'm just saying let’s stop
clouding the issues.

Tom O’Toole

Johns Hopkins School of Medicine
Dept. of Biophysics

Baltimore, Md.

In the April 1987 issue of Hardcopy,
Ken O’Mohundro will be addressing the
issues presented in this letter as well as
other Ethernet-related topics.

—Ed.

RT-11 PERSPECTIVE

I was very disappointed to find
that Milton Campbell’s “RT-11 Per-
spective” has been discontinued. I
found his discussions to be very useful
in my work. Please consider returning
the column for the many readers that
find it so helpful.
Robert R. Wolfe
Professor
Rutgers University/Cook College
New Brunswick, N..J.

Many Hardcopy readers have re-
sponded to the discontinuation of
Milton Campbell’s “RT-11 Perspective.”
In response, Mr: Campbell will be writ-
ing a quarterly department feature in
which he will devote several pages to
pertinent aspects and developments in
RT-11. His first installment, which will
explore RT-11 for the VAX, will appear
in next month’s issue as a software
department feature. If you're having a
problem with RT-11 or would like to
share a unique solution to a problem,
please send correspondence to Brad
Harrison, technical editor; Hardcopy
magazine, 1061 S. Melrose Ave., Ste. D,
Placentia, CA 92670-7180. Your ques-
tions / solutions will be considered for
publication in “Technical Support,” a
newly installed question and answer
column devoted to searching out an-
swers for any Digital-related
hardware/ software problems.



Dataram: The only full-spectrum

Few companies in any industry can offer a full
spectrum of products, from the most sophisticated
to the most basic. At Dataram, we’ve created our full
line of DEC memory products with one aim in mind:
To help you make the most of your system, and
your system investment.

We’re uniquely qualified for the job.

It’s a matter of experience. We've been building
DEC-compatible memory products for 20 years. That’s
a continuity and dedication unparalleled in memory.

It’s a matter of depth. We know DEC systems inside

and out, in all their considerable strengths. More
important, we've come to know their vulnerabilities,
and how to overcome them.

It’s a matter of quality. We stress-test every device
type. We pay a premium to buy only pretested IC’s.
Every Dataram product meets the demands of real-
world applications problems.

We speed advanced radar and ultrasound imaging
through our 200 MB/sec Wide Word™ system. We

power flight simulators and robotic warehousing

DEC memory

company.

. -

bbb " 111

systems with our BS-207 solid-state disc. We boost
the performance of every application with our board-
level products.

Our top-to-bottom approach means that every Dataram
product benefits from our high-level research and
engineering, whether it’s the DR-286 for the VAX
8600/8650 or the DR-224 for the MicroVAX II. You
can be certain that all Dataram memory products
are 100% compatible with DEC hardware and
software. Dataram also offers you a lifetime warranty
on memory boards ...competitive prices...and
prompt delivery.

Call us today — because wherever your memory needs
fit on the spectrum, Dataram is there.

VAX and MicroVAX are registered trademarks of Digital
Equipment Corporation. Wide Word is a trademark of Dataram
Corporation.

DATARAM

Dataram Corporation
P.O. Box 7528, Princeton, NJ 08543-7528
1-800-822-0071, (609) 799-0071 TWX: 510-685-2542

EUROPEAN HEADQUARTERS — United Kingdom: Dolly's Cottage, Dedmere Road, Marlow, Bucks SL7 1PD, Tel: (06284) 74815; TLX: 846272
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At National we're an open book.

We're the biggest independent pro-
ducer of DEC-compatible memory
products in the business. That’s a complete line.

Anything you need, any time you need it.

And because we're big enough to keep
production high, we keep our prices low.

Another thing. Every National memory
board’s guaranteed a full five years.

And maybe most important of all: Ask our
customers what they think of us. We believe
you'll like what you hear. After all, we've
got yourreputation to live up to
as well as our own.

National Semiconductor

“Relax, it’s Nation

-
]
-
A sampling. There's much more.
VAX 11/725, 11/730, 11/750, 11/780, 11/785, 8600/8650
* NS865-16 (16mb) * NS789 (4mb)
* N§789 (1 mb) * N§753 (1mb)
VAX Memory Upgrade Kits 11/750, 11/780
MICRO VAX 1
* NS23C (%-1 mb) * NS235 (1-4 mh)
* Ns23D (2mb)
MICRO VAX TI
* NS630 (1-4 mb) * NS638 (8 mb)
Q-BUS PDP 11/23, 11/23+, 11/73, MICRO PDP 11, 11/53 -
* NS23C (Yo-1mb) * NS23$ (1-4 mb)
* Ns23D (2mb)
UNIBUS PDP 11/24, 11/34, 11/44, 11/45
* NSU (1 mb)

Phone 800-538-8510 In CA 800 545-4006

DEC,VAX, PDP, LSI, UNIBUS, Q-BUS and MICRO VAX are
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N ms L I N E Edited by Milo B. Shiff

Ross SYSTEMmS
AnD VIRTUAL
MicRoSYSTEMS MERGER

Ross Systems Ine. (Palo
Alto, Calif.) and Virtual
Microsystems Inc. (VMI-
Berkeley, Calif.), two of the
leading players in the Digi-
tal marketplace, have
merged to form RossData

comes one of the industry’s
largest suppliers of VAX
applications software and
IBM PC/VAX communica-
tions products, with an
estimated combined sales
of more than $17 million.
Kenneth Ross, formerly
the president of Ross Sys-
tems, has accepted the post
of president and chief exec-
utive officer of RossData.
RossData will function as a

parent to Ross Systems and : '4

VMI, which will otherwise
maintain their separate
identities. VMI is best
known for its communica-
tions links that allow VAX
users to run IBM PC soft-
ware from their terminals,
or let IBM PCs function as
intelligent VAX terminals.
Ross Systems offers a fi-
nancial management
applications software line
for VAXes called Manage-
ment Accounting and
Planning Software
(MAPS).

For VMI, the merger
represents an opportunity
to expand by getting into
specific software applica-
tions and opening untapped
marketing channels. For
Ross Systems, it’s a chance

: keting and advertising,” he
. added. “When our sales

: force goes out, all of our

: prospects are prospects of
: Virtual products.”

There are two potential

: advantages of the merger

- to end users of products

: from each of the original

¢ firms. The users will be

: backed by a larger corpora-
: tion with more economic

to interconnect its software :

with important new envi-

ronments. “When we sell to :

a large corporation, we
have found that all of the
people want to use Lotus

and IBM PC software,” said :
: Ron Feibusch of Integrated
. Device Technology Inc.

. (Santa Clara, Calif.), a

¢ semiconductor manufac-

¢ turer that runs all of Ross’

Ross. “It was inevitable
that we start looking into
integrating with micros.
“There will also be a lot
of synergy in terms of mar-

Corp. The new company be- : clout. And RossData plans

.:J(.)[-E.C.R,-I\ET.R.EF.S.“”““_'“.“““““““

: modules on a VAX-11/785,

¢ and also has several PCs.

. “Depending on what they

: come out with, we’ll give it
: heavy consideration when

: the time comes.”

The terms of the agree-

. ment were orchestrated by
: Broadview Assoc. (Fort

: Lee, N.J.), an independent

. investment bank that spe-
: cializes in mergers and

¢ acquisitions of software

QIR g
FDTRERRL e

: to announce an integrated
product that combines the
. important capabilities of
the two systems, according
¢ to Ross.

2 “In the long run, it (the
: merger) will give us more

capabilities,” explained

: companies.

Will the Ross-VMI

. merger spur further acqui-
: sitions and alliances in the
: Digital market? “It’s diffi-
. cult to know what the

¢ fallout will be,” said Jim

¢ Bender, the president of

. Logicraft Inc. (Nashua,

: N.H.), a competitor of VMI.
¢ “Right now, we're self-suf-
: ficient and have no

: motivation for a merger.”

But VMI President

. Gianluca Rattazzi sees a

. possible trend. “I still re-

: main independent—I have

. my operation,” said

: Rattazzi. “On the other

: hand, 'm now part of a

. public company.” Rattazzi

. plans to create further ties
: with applications software
: firms in the form of busi-

: ness partnerships.

—FEvan Birkhead

:“ OpTICAL DiSKS LoOK LIKE
| © TAPE STORAGE

Noticing similarities be-

{ : tween optical disk and tape
- drives, Aviv Corp. (Wo-

: burn, Mass.) has built their
¢ optical disk system so that

¢ it emulates a tape drive, as
: compared to the common

: approach of emulating a

: magnetic disk drive.

The product, the Optical

: Storage System Model

| : 2000, consists of three

: units, a tape controller, an
. optical disk controller, and
: the optical disks. Each of

: the systems can be set up

. with one to four optical

: disks, each disk holding ap-
¢ proximately 1 Gbyte of

- information, or the equiva-
¢ lent of seven reels of tape.

“The throughput and

| + the application reminded
| 1 us of tape,” explained Haim
1 % Brill, president of Aviv
: Corp. “The transfer rates
: are slow, relative to mag-
“{ ! netic disk, like tape. The
. disks are write once read
: many and are not likely to
| : beused as a random access
-+ disk. The typical applica-
: tion is archival or
: maintaining lots of data
: online. This sounds like
* fanes

The system includes the

. capability of converting

. tapes to optical disk with-

: out use of the computer.

: This is possible because all
¢ of the software for running
: the system is included in

: the memory for an on-

: board 68000.
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NEWSLINE

SOURCE GobE
ANALYZER IMPROVED

Digital is improving its
Source Code Analyzer
(SCA), a static develop-
ment tool that allows a
developer to examine an
entire software system.
When the SCA becomes
available in early May, it

reference, analysis, valida-
tion, and search
capabilities for software

guages, as well as the VAX
Language-Sensitive Editor

for May release.
The seven languages

BLISS-32, C, FORTRAN,
Pascal, and PL/I. Other
languages, most notably
COBOL, will be added in
the future, according to
Larry S. Pearl, one of Digi-
tal’s software product
managers.

The SCA will allow the
designer or programmer to

system. Cross reference
and search capabilities in-
clude the ability to locate
variable, constant, and
module names, references,
declarations,
initializations, locations,
reads, and writes. Analysis
capabilities include build-
ing trees of the
relationship between
routines called, including
indicating recursive calls.
Validation capabilities in-
clude checks on route calls,
examination of the number
and types of arguments
passed, and examination of
types of returned values.
Powerful library features
allow the programmer to
create, load, use, and exam-
ine libraries of modules.
The Language-Sensitive
Editor is a multilanguage,
multiwindow, screen-ori-
ented editor designed to
assist the programmer in

will include extensive cross :
. Coverage Analyzer.

written in one of seven lan- :
: The LSE costs between

: $750 for the VAXstation II
(LSE) V. 2.0, also scheduled :
: 8800.

supported are: Ada, BASIC, ELECTRONICS

EMPLOYMENT

. developing, writing, and

: maintaining source code.

: The new versions of the

: SCA and LSE are tightly

. coupled with each other.

: The LSE also will have new
. editing capabilities added.

These products are de-

: signed for static

: development work. Dy-

! namic, runtime analysis

. will still be performed with

the VAX Performance and

The SCA costs between

$600 for VAXstation II and

$12,000 for the VAX 8800.

and $15,000 for the VAX

California continues to

: have the greatest employ-
- ment of electronics workers :
. (586,000), with more than
: double the next closest

. state (New York with

- 222,000). The recent down-
examine an entire software : turnin the electronics :
. business has resulted in na- :
: tional employment falling

- by 50,000 jobs, led by Cali-
: fornia (20,000 jobs lost),

: Massachusetts, and Illinois
: (12,000 each). The greatest
: gains were in Maryland

: and Michigan (5,000 new

. jobs each), and North Caro- :
: lina (3,000). :
. —Information provided by :
: the American Electronics
: Assoctation.

© CANADIAN VAX MARKET
© ORIENTATION

The Canadian Digital

. VAX market has a much

: smaller emphasis on dis-

: crete manufacturing than

. the U.S. market, among

: other key differences noted
: in a study recently released
. by Computer Intelligence

: (CI) of La Jolla, Calif., a

: market research firm.

INDUSTRY PROFILE DEC VAX SERIES

MEDICAL/

B8 usa
PRODUCT GROUP CANADA
AGRICULTURE/
MINING/ B
CONSTRUCTION
PROCESS
MANURACTURING {222 )

MANUFACTURING Vo / /A 1%

28%
EDUCATION b2/ /L L LA Ll L/ /7 32%

23%

il (R e e

0 10

PERCENT OF Ci DAIA FILE SITES

20 30 40

*  (OPYRIGHT COMPUTER INTELLIGENCE

These differences have

: important implications for
: marketing and sales forces,
. according to CI.

The study shows that

¢ discrete manufacturing is

: much more heavily repre-

: sented among U.S. VAX

. sites than Canadian sites.

: In Canada almost ! of all
: VAX sites are involved in

. either medical or education
. industries.

Canada has approxi-
mately Yo the number of

. VAX sites, as the U.S. CI

. estimates that there are

: 41,500 VAX systems within
. more than 25,000 sites in

. the United States, as com-
¢ pared to an estimated 4000
: systems within more than
: 2500 Canadian sites.

Further differences

. show that the United

: States has a greater em-

. phasis in engineering

: applications and that Can-
: ada has a greater emphasis
. in commercial and educa-

: tional applications.

Approximately 46% of

NOVEMBER 1986

. U.S. VAX system usage (as
: a percentage of total sites)
. is devoted to engineering

. applications, in contrast to
: 87% in Canada. A total of
: 63% of Canadian sites is

. devoted to commercial

. (53%) and educational

* (10%) applications, in con-
. trast to American totals of
. 47% commercial and 7%

¢ educational (Figure 1).

The CI study showed

: that a significantly larger

. percentage of Canadian

. VAX sites (55% ) have in-

. stalled database

: management software than
: U.S. sites (46%). This trend
. shows up in most other

. product groups (Figure 2).

The Canadian VAX

: sites appear to purchase

: more software per site than
: U.S. VAX sites, the CI

: study concluded.

: BIOMETRIC DATA ENTRY

Typing patterns offer a

: new method of safeguard-
: ing computer data. The

20 HARDCOPY/February 1987
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Electronic Signature Lock
Corp. (Ardmore, Pa.) has
been granted a patent for a
system that applies math-
ematical analysis to
measure the timing be-
tween keystrokes compared
to a statistical record of the
user’s typing to determine
whether to grant access.
Each user has a differ-
ent typing pattern, which
can be used to uniquely
identify the person at-
tempting to gain access to
the computer, according to
the company’s research.
These typing patterns, the
time between keystrokes
for some phrase (such as
the individual’s name or
password), are compared to
a stored statistical record.

varying levels of security,
with a trade-off between
increased security and ease
of access. At a typical set-
ting, the user will sign in
correctly on the first at-

.................................

: tempt about half the time,

: while unauthorized users

: will have a less than one in
: amillion chance of access,

. even if he or she knows the
: access phrase. The system

. is claimed to work for typ-
: ists of all skills, even

: though there is less consis-
: tency with novice typists.

: much lower cost than other
: current biometric methods,
. such as fingerprint or palm
: analysis, written signature
. analysis, or voice analysis.
: The use of a mathematical
. process and a standard

: keyboard or other data in-

: put device means that the

: method can be imple-

: mented in either hardware
: or software.

The system can be set to :
. sured between successive

: strokes of a keyboard as

: the individual enters his or
- her name. A timing vector,
: which is constructed from

The technique has a

Time delays are mea-

SQL BRINGS TOGETHER
Lorus 1-2-3 AND
VAX/UMS RDBMS

Oracle Corp. (Belmont,
Calif.) recently released a
VAX/VMS version of
SQL*Cale, a Lotus 1-2-3
compatible interface to Or-
acle’s relational database
management system
(RDBMS).

According to Ken Co-
hen, Oracle’s director of
product marketing,
SQL*Calc is the first prod-
uct to combine the IBM/
ANSI SQL interface with
the Lotus spreadsheets
interface.

“We released it initially
in the PC-DOS environ-
ment and it’s now being
ported to other environ-
ments,” explained Cohen,

should be available some-
time in 1987. The VMS
version appears to be iden-

adding that a UNIX version

0% USEB D2(SQL.A A)=select classification into £d2.d2 Iml Mdunry where §

Worksheet  Range Copy Layout File  Print |

Control ORACLE- Worksheet interactions, or show related datal ase mlmmnwn

: Querying with SQL—The value of the SIC code is used in an SQL query (left) to retrieve
i thename of an industry group. Further querying (right) yields detailed information about

: a company in the group.

tical to the PC version.
For Oracle’s users, the
primary advantage of
SQL*Cale (pronounced Se-
quel-Cale) will be that it

lets the operator enter SQL

commands into PC spread-
sheet cells to directly
access and modify data in
the VAX database. This al-
lows them to move

between the VAX and PC.

ers are finding themselves
at workstations in front of

. the time delays, is statisti-

: cally compared with a

: stored timing vector de-

. rived from several sample

: attempts recorded earlier

¢ from the authorized user. If
. the timing vectors are sta-

. tistically similar, the

. individual will be granted

. access to the resource.

: the most consistent and
. unique access phrase was

spreadsheets and databases :

“More and more end us- :

Some users will have to

: re-enter their access

: phrase, but the company

: feels that this is not a seri-
: ous drawback in a system

: that requires a great deal

. of security. Additionally,

. each user will have to

: spend some time becoming
: accustomed to the system

- before his or her signature
: stabilizes and an accurate
. set of reference signatures
. can be recorded. This time
: varies, being greatest with
: novice, one-finger typists.

Research showed that

COMPANY

Consolidated Foods

Worksheet

a VAX,” noted Cohen, “and
most of them know how to
use 1-2-3.”

SQL*Cale should at
least give VAX systems
managers more flexibility.

now be able to run 1-2-3
spreadsheets from a dumb
terminal, while IBM PCs
and VAXmates can be con-
figured to look like
spreadsheet workstations.
The package also fea-
tures relational retrieval,

which allows changes made :

: the individual’s own name,
: possibly due to familiarity
: and emotional involvement.
: The statistical methods ap-

- distance function and em-

. OPTICAL SYSTEM

: that emulates a normal

. drive and its associated

. software (including the de-
: vice drivers), called

- OPTIFILE 11, is set up to

. exactly emulate a disk

: drive, allowing the use of

. According to the company,

21
2% USED, u(snl.m.n)=mm company, sales profit hlu b, eAlz 1rom forbes

Range Copy Prin
Control ORACLE- Workshnl interactions, or show related daunnu mlnvmznon

: in each Lotus field to be

¢ reflected in related figures
- on each updated spread-

: sheet from the database.

: SQL*Calc is available in 9-
VT220 and VT240 users will :
: price of the software

: ranges from $1,000 for the
: initial license on a Micro-
¢ VAX to $18,000 on a VAX

: 8800.

- initial “flood of orders will
: come from our current end

plied were Mahalanobis

pirical covariance matrix.

EMULATES MAGNETIC
DisK DRIVE

An optical disk system
magnetic disk drive is

available from KOM Inc.
(Ottawa, Ont.). The disk

all standard DCL com-
mands and Q-10 calls.

the system should fully
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He thinks

he’s got the MicroVAX
all to himself.

That’s how good

TarboMUX is.

See us at DEXPO/Europe — Booth #402

Imagine a communications con-
troller continuously transmitting
over 100,000 characters per second
on a MicroVAX II with only 14%
CPU overhead.

And it runs seven times as fast
as the DEC DHV11 on MicroVAX!
Seven times faster than DEC’s DHUIL
on VAX.

Imagine a controller that cuts
program running time up to 1/9 of
DHYV emulations. A controller that
reduces the system interrupt rate by
more than 40 to 1 over DHV. Tremen-
dously low overhead.

No wonder we named it TurboMUX
—the DHU Communications Sub-
system from MDB Systems.

TurboMUX runs under any Q-Bus,
Unibus, MicroVAX, or VAX operating
system —as well as TSX-Plus®

One CPU slot gives you all the
channels you need.

Only one quad-sized board is
plugged into the MicroVAX II back-
plane, and it cables into a desk-top
or rack-mount terminal adapter unit

which accommodates 32 terminals.
Not only is backplane real estate con-
served, but the desk-top unit con-
tains its own power.

Up to eight adapter units can be
slaved — offering up to 256 channels
going to terminals, PCs, printers,
and other serial devices.

One TurboMUX does the work of
32 eight-channel DHV boards — at an
incredible cost per line of under $130.

TurboMUX is available with full
modem control, supporting all the
DEC baud rates from 50 to 38.4KB.

The terminal adapter units can
be located up to 1000 feet away from
the CPU. They support terminals
up to 4000 feet away, with RS-232-C
and RS-423-A compatibility. TurboMUX
saves the headache and cost of long,
multiple cables.

Network congestion on Ethernet is
cleared up completely.

Contact us for more information on

TurboMUX — the incredibly fast, power-

Jul asynchronous multiplexor that
keeps CPU overhead at a minimum.

SYSTEMS INC.
— We put the State of the Art to work —

MDB DHU IS THE FASTEST ASYNC

MULTIPLEXOR FOR THE MICROVAX IX
Max DMA Output Rate Under VMS Driver
(000) Characters/Second

100

80

60

40

20

EMULEX

MDB ABLE CAMIN- DEC
TONN

DEC, Q-Bus, Unibus, PDP-11, LSI-11, MicroVAX 11,
MicroVMS are trademarks of Digital Equipment Corp.
TSX-Plus is a registered trademark of S&H Com-
puter Systems.

Corporate Headquarters 1995 N. Batavia Street, Box 5508, Orange, CA 92613-5508 - TEL: 714-998-6900 - TWX: 910-593-1339 - FAX: 714-637-4060
roruvirep kivepon  MDB Systems U.K., Ltd. Basingstoke, Hants - TEL: 0256 464 767 - TELEX: 858389 MDBSYS G « FAX: 025659748
ror westery Evkore. MDB Systems IRL., Ltd. Portumna Co. Galway, Republic of Ireland - TEL: (0509) 41163/41413 - TELEX: 50918 MDBEI - FAX: (0509) 41447
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support existing software.

The Canadian company
has taken the approach of
writing directory informa-
tion directly onto the disk,
eliminating magnetic disk
caching of directory or
other data. One result is
that the platters can be
transported between VAX/
VMS and PDP/RSX sys-
tems, allowing upgrades
and compatibility in a
mixed-machine environ-
ment. On the other hand,
disk space is used for direc-
tory information. The
directory and data are in-
terspersed on the disk,
preventing the problem of
overrunning preallocated
directory space.

The system features a
special high speed mode of
operation for data acqui-
sition. In this mode,
verification of data writes
is turned off, but the user
gains high throughput,
with write operations
reaching a sustained trans-
fer rate of 250 Kbytes/sec.
in best case.

UT100 Look-ALIKE MADE

A VT100 look-alike has
been introduced by CIE
Terminals Inec. (Irvine,
Calif.). The CIT 101XL ter-
minal emulates the Digital
VT100 and the CIT-101e.

The new product is be-
ing manufactured at a time
when most other manufac-
turers have either dropped
or are dropping a VT100
look-alike from their prod-
uct line.

“We were approached
by several customers re-
questing the terminal,”
explained John W. Knox,
CIE’s vice president of
marketing. “A number of
customers are accustomed
to the layout and the keys
of the VT100 or the CIT-
101e (the company’s
previous VT100 look-alike).

“The VT100 replace-

. ment market is still fairly

¢ healthy,” he continued.

- “We estimate that between
1 75,000 and 80,000 terminals
: will be sold in 1987.”

 VAX BASIC IMPROVED

VAX BASIC V. 3.0, re-

. cently released, offers

improvements including

extensive graphics capabil-

ities, structured error
handling techniques, and

. other enhancements.

The language now sup-

¢ ports the ANSI-standard
. Graphical Kernel System
: (GKS), allowing the pro-
: grammer to use

: workstation graphics on

: any hardware supporting

the GKS standard without

. learning complex
: interfaces.

Among the numerous

. graphics enhancements
. are: use of GKS libraries,
. convenient definition of

. values for attributes, the

. ability to write device inde-
. pendent programs, self-

. documenting statements,

: support of windows and

: viewports, input state-

: ments for interactive

: devices, pop-up menus, and
. the ability to build libraries :
. of reusable routines .

The VAX BASIC now

. includes structured error

. handling capabilities of

: WHEN ERROR as speci-

. fied in the ANSI-standard

: BASIC, as well as continu-
: ing to support the older ON
. ERROR for compatibility.

The new BASIC costs

: between $1,060 on a VAX-
. station IT and $15,900 on
: a VAX 8800. It is

. available now.

© REALTIME PROCESSING

In an effort to satisfy
VAX users’ persistent de-
mands for increased

. processing responsiveness

: with minimal overhead,

: Digital Equipment Corp.

. has developed new hard-

: ware and software products
. that constitute an impor-

. tant step toward realizing

: true realtime performance

on the VAX. The products

. are enhancements to the

: VAXELN programming

: environment, a VMS soft-

. ware toolkit that loads into
. arealtime target system

. and requires no disks.

With minimal resident

: memory, VAXELN is in-

. tended to maximize system
. performance and predict-

: ability with low overhead

- and a great deal of

¢ flexibility.

The announcement of

: VAXELN V. 3.2 coincided
. with the release of the
- KA620 single board com-

puter, a 32-bit VAX board
that is Digital’s most ad-
vanced realtime

....................................................................................................

DRUM STORAGE ENDS

Vermont Research
Corp. (North Springfield,

drum storage devices late
last year, in what marks
the end of an era. The com-
pany was probably the last
manufacturer of the prod-
ucts, according to Evered
W. Hinkley, manager tech-

nical communications.

Vt.) stopped manufacturing

Highly reliable but out-of-date—Drum storage devices
implemented a separate read/write head for every data track.

Vermont Research had

. been building the fixed-

. head (head-per-track)

. drums since 1960, and had
- sales of more than $4 %

. million in fiscal year ‘86,

: primarily in drum storage.
: At press time, the company
: still had a limited number
¢ of orders on its books. The
. last order will go to

: Samsung, a Korean

: company.

Drum storage “is

. mighty reliable, but was

: getting costly to manufac-
* ture,” Hinkley explained.

. “They are primarily used in
: telephone or telecommuni-
: cations switch control,

. process control, in any

: application where medium
. to low capacity, fast access,
. and high reliability are

: needed.”

With a read/write head

: for every data track, head-
: per-track storage retained
: a hold in the storage mar-
. ket because of its high

: performance and reliabil-

: ity, compared to moving-

. head disks, at a lower cost
. than solid-state storage. In
. recent years the cost of

: semiconductor memory has
: dropped dramatically.

The company will con-

. tinue to support its drum

. systems, but is switching to
. the manufacture of dy-

: namic RAM-based solid

* state storage devices.




Get your high speed laser printer
from Dataproducts, the company who makes

your high speed band printers.

Buy, rent or lease the
Dataproducts LZR2600 series
laser printers from MTI—
“The Laser Experts”

Dataproducts high speed band printers are
the industry standard, and their new high
speed laser printers have the same high
quality and performance.

The Dataproducts LZR2600 Series print at
26 pages a minute, are excellent in a multi-
user environment and provide unique
paper handling capabilities: accommodates
11 x 17 paper, has a 2000 sheet paper
capacity and optional ten bin sorter.

And the LZR2600 series provide you a
choice of applications:

LZR2610 Line printer applications
LZR2620 Bar codes and forms overlay

LZR2630 Word Processing. Provides
Diablo 630 emulation includ-
ing proportional spaced fonts.

LZR2655 CAD/CAM plotter output, (plot
10). Supports Interleaf’s
RIPrint,™ a popular page
composition and printer
command language

LZR2665 Desktop Publishing
Supports Adobe’s PostScript™
electronic publishing system.
Also provides Diablo 630
emulation

MTI Systems—the ‘‘Laser Experts,’” is an
authorized distributor of Dataproducts,

so we can provide fast delivery and very
competitive prices. Our sales staff has been
specially trained to help you choose the
laser printer that best fits your budget and
your application.

We also stock Dataproducts accessories
and supplies. Whether you buy, lease,
or rent, MTI is your one source for all
the computer and data communications
equipment, applications expertise and
service you’ll ever need. At great prices,
too. Call MTTI today.

MTI SYSTEMS CORP.

A SUBSIDIARY OF DUCOMMUN INCORPORATED

. . .

For more information
on the Dataproducts
printers, call the MTI
office nearest you.
New York:
212/226-2337
516/621-6200
518/449-5959
718/767-0677

New Jersey:
201/227-5552
Pennsylvania:
412/931-9351
Massachusetts:
617/270-9890
California:
818/718-0073
714/220-6487
Illinois:
312/773-2300
Ohio:

216/464-6688
Kentucky:
502/499-6656

OR CALL
800/645-6530

P4 Dataproducts

ENTER 102 ON READER CARD
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applications processor to
date. The 8.4-in. x 10.5-in.
board is Q-bus compatible,
and was specifically de-
signed for developing
dedicated number crunch-
ing applications for
realtime VAXes in both
standalone and distributed
installations.

In addition to support-
ing the KA620, VAXELN
V. 2.3 supports three high
end VAXBI-based CPUs—
the VAX 8500, 8550, and
8700.

The VAXELN Toolkit
provides tools that help the
user create execute-only

applications that run under :

the VAXELN kernel on
dedicated systems.

It can reportedly be eas-
ily merged into Ethernet or
DECnet LANs in a wide
range of data collection and

—FEvan Birkhead

GSPI INTRODUCES
FAMILY OF ARRAY
PROCESSORS

CSP Inc. (Billerica,
Mass.) has introduced a
family of array processors
with performance rated
from 38 to 280 million
floating point operations
per second (MFLOPS). The
processors, called the Mini-
MAP XL, are targeted at
signal processing
applications.

The four models contain
from one to four array pro-
cessors. Each array
contains three processors:
an arithmetic processing
unit, an integer processing
unit, and a coprocessor.

A proprietary bus called :
: City consulting firm. The

: firm predicts a national av-
. erage growth of 6%, based

: on asurvey of leaders in

. banking, communications,

the IOMYV, transfers data
between array processors
at 2 Mbytes/sec. It also
permits several processors
to calculate a single prob-

lem in parallel. A library of :
: services.

routines is available for
the bus.

Existing Mini-MAP us-

. ers can upgrade to the XL

. version. The XL version in-
: cludes from 38-280

: MFLOPS capacity, FOR-

: TRAN compiler, a

: scientific subroutine li-

: brary with 450 routines, :
: and up to 64 Mbytes of data :
: memory. List price of the f
. Mini-MAP XL ranges from
: $32,000 to $138,000. Deliv-

. ery is 90 days after receipt
. of order.

© SALARIES AND
: $ALES DowN

A downtrend in the

: computer industry as a

: whole is evidenced by a

: drop in sales of electronics
. products and services last
: year and the slowest

: growth in data processing
data processing applications.:

salaries in years.
Sales of U.S. domesti-

¢ cally produced electronics

. products and services fell

: 1.8% during the first 9

. mths. of 1986 from the

: comparable 1985 period, ac-
: cording to the American

: Electronics Association.

The association esti-

- mated that electronics

. sales in the first 9 mths. of

. last year were $165.3 billion
: compared with $168.4 bil-

: lion a year earlier.

. However, 1986 third quar-

. ter electronics sales were

. $55.9 billion, up 1.3% from
. $55.2 billion for the same

: quarter the previous year.

Similarly, salaries for

. data processing profes-

: sionals will grow at the

: slowest rate since 1979, de-
. spite continued stiff

: competition for trained

. staff, according to Edward

Perlin Assoc., a New York

industry, and financial

The slower rate of sal-

Emulex Corp. (Costa
Mesa, Calif.) has intro-
duced a modular,

tem called the Emulex
Removable Winchester
Disk Subsystem (EMR),
which is aimed at markets
where data security or re-
mote data recording is
important.

“The EMR packaged
subsystem addresses the

claimed Joe Traficante, di-
rector of product
marketing, storage. “Be-
cause the user’s removable
Winchester disk drives can
be secured in a safe over-
night, one can ensure that
top-level security needs are
met. This advantage over
permanently installed
disks makes EMR
subsystems very attractive
to government intelligence
and security agencies.”

removable disk storage sys-

need for ultimate security,”

Removable disks—Emulex introduces removable disks for
Digital Equipment Corp. computers.

EMULEX’ REMOVABLE DISK SUBSYSTEM

The system can also be
used to provide workers
with their own disk mod-
ules, allowing each
individual to maintain data
separately, removing it
from the system every time
they leave.

Because the system uses
the Small Computer Sys-
tem Interface (SCSI), the
system can be used to
gather data at remote sites
on a small personal com-
puter, bringing the data to
a central mini or main-
frame for analysis. Q-bus
and Unibus adaptors are
available that will allow
connecting the EMR to Mi-
croVAX, VAX, PDP,
MicroPDP, or LSI-11.

The system can store
between 170 and 760
Mbytes of data. Daisy-
chaining the devices can
increase storage capacity to
3.0 Gbytes.

..................................

. ary growth comes in the

¢ face of high staff turnover,
. predicted to average more
: than 15% nationally.

“We have noted an ef-

: fort to bring data :
: processing professional sal- :
¢ ary growth rates more in
. line with non-DP employ-
: eesin other areas of

: companies,” explained

: Roger O’Connor, a spokes-
: person for Perlin Assoc.

“This trend has proved

: frustrating to many corpo-
. rate personnel directors
. who are painfully aware of

the near record levels of

: DP professional staff turn-
. over. It looks like high

levels of turnover will con-

: tinue unabated in 1987.”
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If You've Got
A Second




. We'll Show You How To Tiransfer
3 Megabytes.

y »
disk transfer rate on yourV
11/750* through VAX 8600/86.
computer:

¢ Higher throughput and much,
much faster turnaround times
on each disk access.

¢ Higher user satisfaction as
response times shrink.

» More efficient use of your
DEC* processor time and mem-
ory resources.

Think of it. A screenful of
graphics in a fraction of a second.
Updated files stored in an instant.
More and more uses and applica-
tions—without slowing down =
your system.Which translates
into an even greater return
on your VAX investment.
One-of-a-kind combinatio

How do we
do it? By com-
bining the only
controller com-
patible with
both the VAX
CMI or SBI and N\
the 3-Mbyte/second
Control Data* XMDII
Model 9772 SMD-E
disk drive.

gwes you a space-savmg, nergy-
conserving 858 Mbytes of storage
on a single spindle—twice the
capacity of the biggest drive DEC
can supply. Plus an astonishing
16-millisecond average access time
—nearly twice as fast as the best
DEC can offer. And reliability:
30,000 MTBF and a 3-year war-
ranty on the HDA—without any
preventive maintenance.

: \ New vitality for

Conventional

lers would
limit, how-
ever, the
added perfor-
mance you could expect
from these features.
By comparison,
Emulex’s new eight-
drive SC7003 gives
your VAX new vitality.
It pushes the new
SMD-E industry stan-
dard to its upper limits—with-

'RH750 slot in aVAX ]1/750 Or
mount the board in either slot of
an Emulex V-Master card cage

in a VAX 780/785, or in an Emulex
Side Car on a VAX 8600/8650.

So don'’t delay. Let us show you
how this new CDC/Emulex storage
subsystem can make your day. It'll
only take a second!

For XMD information from CDC
call 1-800-828-8001 Extension
2173 (in Minnesota 1-612-853-3400
Extension 2173). Or call EMULEX
at 1-800-EMULEX3 (in California
1-714-662-5600).

G2

CONTROL
DATA

8100 34th Ave. South
PO. Box 0
Minneapolis
Minnesota 55440

3545 Harbor Blvd.
PO. Box 6725
Costa Mesa

CA 92626

*VAX, DEC are registered trademarks of Digital Equipment Corporation. CDC is a registered trademark
of Control Data Corporation. Emulex is a registered trademark of Emulex Corporation. Emulex Side Car, Emulex

is a registered trademark of Emulex Corporation.
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Magneto-optic technologies will
eventually deliver erasable media, but
meanwhile a combination of media and a special
host file system layer can be used

SYSTEMS INTEGRATORS NEED

PRACTICAL
SOLUTIONS

TO BRING WORM
TECHNOLOGY ONLINE

by Chuck Dugwette
U.S. Design Corp.

Conny Johannesson Photography

ow that both compact disk,

read-only memory (CD-

ROM), and write-once

read multiple (WORM)

technologies are commer-

cially available, the optical disk can be

recognized as a genuine technological

wonder. The raw specifications show

why. A single 12-in. WORM disk stores

up to 3.2 Gbytes of data. This is the

equivalent of 12,000 floppy disks or 160

20-Mbyte hard disks. This is more than

1.4 million pages, almost 3000 books.

Yet any piece of information on the disk

can be located and retrieved within a
few sec.

One of the key questions concerning
the integration of WORM disks into
computer systems is how to deal with
the characteristic limitation of WORM
disks—namely, their inability to erase,
or to write data more than one time.
Magneto-optic technologies will even-
tually deliver erasable media, but until
that time, system integrators need
practical solutions to bring WORM
technology online.

File System Requirements

File systems based on magnetic
disks form the backbone of most large
capacity data applications. From com-
mercial databases to manufacturing
control systems, the magnetic disk and
its associated file system pervade the
data processing environment.

Certainly the most attractive way

of integrating optical technology would
be to add the optical devices into the
file systems that already exist for mag-
netic disks. An immediate benefit from
optical capacity would thus ensue. Na-
tive write-once technology cannot,
however, suffice for the implementa-
tion of most file systems.

In order to implement the mecha-
nisms of file access and storage alloca-
tion control, a disk file system typically
requires the ability to perform multiple
writes to the same location on the me-
dia. The file access mechanism provides
the means to go from a particular file-
name to the physical storage location
where the data for that file resides. The
storage allocation control mechanism
ensures that new files go in unused
space and that space held by existing
files remains secure. To the application
environment, these functions are
transparent, but both typically require
the ability to rewrite the underlying
media.

Chuck Dugwette, director of ad-
vanced technology and software de-
velopment for U.S. Design Corp.
(Lanham, Md.), holds a B.A. in math-
ematics from Georgetown University
and an M.S. in computer science from
John Hopkins University. He has 10
yrs. experience in the computer in-
dustry, and has pioneered numerous

caching techniques.
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“...the key argument against file system
extensions for WORM drives is that the extension
becomes a permanent part of the

data retrieval mechanism.”

Figure 1 shows the typical hierar-
chical structure of a file system. The
file systems of VMS, UNIX, and MS-
DOS all conform to this type of organi-
zation. A root directory provides the
starting point for entry into the file
system. Under a UNIX file system, the
super block describes this structure;
under a VMS Files-11 system, it is the
master file directory at 000000.DIR.
The path to any one file may follow di-
rectly from the root, or may follow
through a number of directories and/or
subdirectories. Each directory struc-
ture lists the names of files and pro-
vides a mapping between those names
and the file locations.

Under MS-DOS, a file search ends
at the directory where the physical lo-
cation of the file itself can be found.
Under VMS Files-11 and UNIX file sys-
tems, directories map to a secondary
structure, that, in turn, contains the ac-
cess information for the files. Under
VMS Files-11, the system file called IN-
DEXF.SYS contains file headers to
hold file location information. Under
UNIX, the system i-list links together a
set of i-nodes, each of which performs
the function of a file header.

As files are created and built under
each of these operating systems, the di-
rectory structure, as well as any associ-
ated secondary structure, must be up-
dated to reflect changes to the file

system. Hence the need for multiple
writes to the same locations—namely,
the locations of the individual control
files.

File system storage allocation con-
trol mechanisms also require multiple
write support. VMS Files-11 uses BIT-
MAP.SYS as a storage bit map file to
control the available space on a volume,
as well as an index file bit map in IN-
DEXF.SYS to control the available
space for file headers. UNIX employs a
linked list to chain together all the free
blocks in a file system. MS-DOS em-
ploys a file allocation table (FAT) to
assign disk blocks from a list of avail-
able space in its files area. Each of
these disk resident structures must be
initialized and updated by the native
file system.

On a WORM drive, the media can be
written to only once. The requirement
for multiple writes that is inherent in
the file access and storage control
mechanisms of magnetic-based file
systems must be satisfied some other
way if transparent operation with a
WORM drive is desired.

General Multiple
Write Mechanism

One way to achieve transparent op-
erations under an existing file system
would be to build an extension for

Figure 1—In the hierarchical structure of a typical file system, the path to any
one file may follow directly from the root, or may follow through a number of
directories and/or subdirectories.
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WORM drives. Such an extension
would emulate most of the standard
file system structures on an optical vol-
ume, but would add an additional layer
to allow the optical disk to be treated as
a standard file system volume. The ad-
ditional layer would comprise the intel-
ligence necessary to transform updates
into new writes to unused locations,
and to provide the interface between
the actual optical disk structure and
the native file system.

The problems inherent in building
file system extensions to support
WORM disks are twofold. First, there’s
the effort itself, which must be carried
out for each file system implementa-
tion on each operating system that sup-
ports that file system. Second, there’s
the life expectancy of WORM disks.
The most notable shortcoming of cur-
rent optical technology is the inability
to erase portions of the media in order
to rewrite that area of the disk. Yet the
optical industry does not intend to stay
in the handicapped position. Erasable
technology will come. In the long term,
expect to see optical disks implement-
ing rewritable file systems in their na-
tive mode—then file system extensions
for WORM disks will become obsolete,
or at best redundant.

But perhaps the key argument
against file system extensions for
WORM drives is that the extension be-
comes a permanent part of the data re-
trieval mechanism. While the extended
file system exists to allow the building
of WORM disk file systems, it must also
be present in order to read data record-
ed in the extended format. This may
lead to unwanted duplication of the ex-
tended file system at read-only sites.

So it’s desirable to pursue a solution
that is independent of modifications to
any one particular file system, yet suf-
ficiently powerful to allow the imple-
mentation of diverse file systems. Any
particular file system implementation
should be in exact conformance with
the rules of that file system.

To this end, consider a sequence of
disk sectors {s(i)}, 0 <= i < N ad-
dressed by a native file system. Let this
sequence comprise the logical block ad-
dress space made available by the de-
vice. The value N denotes the number of
blocks available to the file system and
is equal to the number of fixed size
storage blocks on the device, less a frac-
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MicroVAX 11
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You can unleash the incredible power of your
MicroVAX II with a little help from Emulex.

Emulex pioneered high performance disk and tape
controllers for DEC computers and the tradition
continues for the MicroVAX Il with a complete line of
software transparent controllers. Here’s just a few.
Disk.

QD-32. A DEC KDA-50 emulation with advantages
such as adaptive DMA, a bigger buffer and more. It’s
just one of our high performance controllers for
today’s high-capacity SMD drives.

QD-21. This is the controller that lets you add two
high performance ESDI disks on the Q-bus—both
with 10M bits/sec disk data rate and up to 2M bytes/sec
DMA transfer rate.

DMO2. This is a dual-function controller that
simultaneously interfaces up to two ESDI Winchesters
and two SA450 compatible floppies.

Tape.

For tape, choose from a variety of TS11 transparent
tape controllers including:

TCO3. This tape controller handles data rates up to
800K bytes per second, allowing operation with
high-performance transports of up to 6250 bpi at
125 ips.

Storage Subsystems.

EMS Kits. Our EMS Kits let you specify a subsystem
in small incremental steps from 146MB to 1.2GB
(formatted) using high performance ESDI controllers.
Plus we designed the EMS kits to fit neatly inside
DEC’s BAI23 World Box.

EQ3. To grow outside the World Box, look at our EQ-3
subsystems with 146MB to 640MB of formatted
ESDI Winchester storage packaged in an attractive
enclosure.

Optical Disk Subsystems. If you need gigabytes of
on-line, removable storage for your MicroVAX II, our
LX400 optical subsystem is the solution.

Memory upgrades.

LM04. Our LM04 is dual-wide so you can add 4MB
and still have a slot available for other Emulex
enhancements. A
LMO08. Reach the 16MB MicroVAX Il memory limit by
using two LM08 memory boards.
Communications.

With all those enhancements, you can now add
more users!

CS02. With our CS02 you can add up to 16 asynchron-
ous lines in the same space DEC gives you 8.
CS04. And with the CS504, you can add up to 64
asynchronous terminals with full modem control —
using a single backplane slot.

Unlock the power of your MicroVAX II now.

For more information on these and other Emulex
MicroVAX 11 products, call toll free 1-800-EMULEX3. In
California, call (714) 662-5600. Or write: Emulex
Corporation, 3545 Harbor Blvd., PO. Box 6725,

Costa Mesa, CA 92626.

@ Eﬂ Wehavethekey

DEC, Q-bus, and MicroVAX Il are wrademarks of Digital Equipment Corporation.
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YOU'VE SEEN TEK GRAPHICS
PERFORMANGE LIKE THIS.
BUT NOT AT $2495.
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The industry graphics

standard offers a dra-

matic price/performance

breakthrough with the
Tektronix 4200 Family of
Intelligent Color Graphics
Terminals.

Equally dramatic are the
capabilities you gain for your
Data Analysis, CAD
and Shop Floor/Manu-
facturing applications.

®
i
]

The powerful 4200 feature
set includes graphics in-
telligence to boost through-
put of those graphics
applications. And with local
segments, you can use
such popular features as
true zoom and pan to view
data well beyond display
resolution.

To take full advantage of
those features, you'll find 4200
compatibility with the world’s
leading software and hard-
ware vendors. And because
the 4200 Series are members
of the broad Tek product fam-
ily, your investment in that

TEK GRAPHICS

AVQAd

Buusaubu
soisAudoan euarg

software, hardware and
training time stays protected
now and in the future.

You can bring your 4200-
applications to life by adding
a Tek Color Ink-jet Printer. That
enables high-resolution color
hardcopy output on paper or
transparencies. To further
enhance productivity, there's
4200 background copy that
allows system use even while
you're printing.

To learn more about the
4200 Family of Intelligent
Color Graphics Terminals,
contact your Tek represent-

ative. Or call

PROCESSING SYSTEMS. 207>

Tektronix

COMMITTED TO EXCELLENCE
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“The definition of a multiple write interval
can precede any file access to that interval —
that is, a rewritable interval can be

defined before it’s used.”

iure 2—The res ‘ presed t syst a vieed a s f

rewritable subsequences plus a set of nonrewritable subsequences.

tion devoted to media control.
Consider the properties of the ad-
dress space in terms of multiple write
characteristics. In the magnetic case,
all elements of the sector sequence are
automatically assumed to be rewrit-
able. But to implement a file system,
such universality isn’t required. Rather
(Figure 2), the address space can be
viewed as consisting of a set of subse-
quences where multiple writes are re-
quired, plus a much larger set of subse-
quences where write-once character-
istics would suffice. Roughly speaking,
the first set corresponds to file system
control areas, while the second set cor-
responds to actual data areas on the
volume.
Following this line, a collection of
subsequences can be derived:
[s,e](i) the ith rewritable subsequence
with
s(i) = starting logical address in the
subsequence
e(i) = ending logical address
= s(i) + x(i) - 1 with
x(i) = extent of the ith rewritable
subsequence
where the collection of such intervals

Figure 4—The
mapping inter-
face allows for
what appear as
writes to an opti-
cal disk by
supporting both
optical and mag-
netic devices.
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represents that portion of the file sys-
tem that must allow multiple writes.
This rewritable collection will consist
of both static and dynamic intervals.
Static intervals are defined when the
device is initialized under the file sys-
tem; dynamic intervals arise as the vol-
ume is used.

The definition of a multiple write
interval can precede any file access to
that interval—that is, a rewritable in-
terval can be defined before it’s used.
This follows from the requirement that
a file must be created before it can be
opened, or that a file already created
must be extended before the extension
can be accessed. Hence those areas of
the file system that require multiple
writes can be identified prior to their
being used. This means that files that
require multiple writes can be stored
on a different media—one on which
rewritability is allowed.

Magnetic media could thus be used
to maintain the rewritable portions of a
WORM resident file system. Accord-
ingly, let each definition of a multiple
write interval by the native file system
be associated with the assignment of a

Figure 3—The magnetic mapping for
optical disk concept implements an
intelligent layer that defines multiple
write intervals to an associated map-
ping interface.

magnetic segment to be mapped to the
host file process. Each such magnetic
segment consists of a contiguous range
of defect free blocks, based at an arbi-
trary address on a magnetic disk. The
set of magnetic segments substitutes
for the WORM media where rewritabil-
ity is required.

Figure 3 illustrates this concept. A
user application delivers requests
through a file management services
system. This, in turn, generates file
system requests to an added intelli-
gence layer that has the singular re-
sponsibility of defining multiple write
intervals to an associated mapping in-
terface. Otherwise, requests are passed
directly to the underlying magnetic de-
vice driver. The magnetic device driver
communicates to the optical disk
through the mapping interface. The
mapping interface connects to the opti-
cal disk and also to a dedicated magnet-
ic map disk.

Figure 4 illustrates the mapping in-
terface. Essentially a caching machine,
the mapping interface maintains a
search structure to record what por-
tions of the optical address space, are



Whos
the leading
supplier of VAX
accounting
software?

y Go with the leader. For FREE product information on
MCB A MCBA’s VAX COBOL software, mail us the coupon, or call
L] (818) 242-9600. *Source: Computer Intelligence

MCBA has been setting the standard in the Digital world ,
since 1974, when we created the very first packaged software. _ Iwanttogo with the leader. Please send me FREE information

Now, our most powerful product ever is taking the VAX world w  onyour VAX COBOL software.
by storm. Name
Integrated accounting and distribution modules, written in = Title
COBOL. With manufacturing packages to follow in 1987. = Company
MCBA’s VAX COBOL software is the latest version of an  Address
already proven and much installed product. Designed specially m City State

for the VAX user, it offers the highest functionality of any

MCBA software to date. Phone ( ) O Please call.
Like multikey RMS ISAM. Full integration with, but no . OEnd User; O Software Reseller; 0 OEM; O Consultant.

requirement for, DEC layered products like CDD, Datatrieve,  Mail to: MCBA, Inc.

DECNet, and A-to-Z. It runs on single VAXs, VAX clusters, : 425 W. Broadway Software

networks, and Local Area Terminals. And it comes with source .

ZIP Country

" Hc2g7  Glendale, CA 91204-1269 y
code, for easy customization. o B SOluthIlS
‘ that Mean
D Business™

|

425 W. Broadway # Glendale, CA 91204-1269 # Telephone: (818) 242-9600 # Telex: 194188

MCBA’s VAX COBOL Software (call for specific package availability): Accounts Payable, Accounts Receivable, Bill of Material Processor, Capacity Requirements Planning, Customer
Order Processing, Fixed Assets and Depreciation, General Ledger, Inventory Management, Job Costing, Labor Performance, Master Scheduling, Material Requirements Planning, Payroll,
Purchase Order and Receiving, Sales History, Shop Floor Control, Standard Product Costing, and Standard Product Routing. PDP-11 software also available.

Copyright © 1986 by MCBA, Inc. All rights reserved. MCBA is a registered trademark of MCBA, Inc. VAX and DEC are registered trademarks and Datatrieve, DECNet, and A-to-Z are trademarks of Digital Equipment Corporation.
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“When multiple writes are limited to the
essential components of the file control system...
less than 5% of the full optical capacity needs
to be represented on magnetic disk.”

mapped to multiple write intervals.
The mapping interface acts as a device
adapter for host accesses to the optical
disk, while maintaining a concurrent
data link to a magnetic map device. Ac-

cesses to the optical disk arrive at the
mapping interface, where they are
checked against the list of map inter-
vals. A map hit causes the access to be
revectored to the magnetic cache area.

Nightmares Erased!

Head
Crashes

Corrupted
Files

All can cause permanent loss of critical data and programs. The best
protection? Regular disk backups. How? RT-11 and TSX-Plus users choose
BACK/REST, the file-oriented backup and restore utility from Horizon
Data Systems.

Most backup/restore utilities move entire devices between online and
offline storage. Only BACK/REST copies selected files of any size to
multiple disk packs or diskettes, or to magnetic tape. Empty disk space is
never copied; non-critical files can be omitted. And, unlike device-oriented
programs, BACK/REST restores individual files without affecting
unrelated files on the target disk!

BACK/REST runs on all LSI-11, PDP-11, Micro PDP-11, and Professional
Series computers running RT-11 or TSX-Plus. And it works with all
supported disk and tape drives, including streamers and cartridge systems.

BACK/REST DELIVERS PERFORMANCE . . .

® RLO2 packs filled in well under 2 minutes, RX02 and RX50 diskettes in
less than 1.

Accidental
Deletions

® Magnetic tape written at tape speeds, up to 5 Mbytes/min or more.

... BUT IS EASY TO USE

e [nteractive user dialog replaces complex command lines and switches.

e Command file execution for routine procedures.

At $595 for a single CPU, BACK/REST is inexpensive insurance against the
cost and inconvenience of reconstructing even a single critical file. Gener-
ous multi-CPU discounts are offered for larger installations.

For more information on BACK/REST and our other
quality RT-11/TSX-Plus software products, contact:

rr‘ Horizon Data Systems

¢ 1901 Wildflower Terrace
l I | ‘ Richmond, Virginia 23233
(804) 740-9244
RT-11 is a trademark of Digital Equipment Corporation; TSX-Plus is a trademark of S & H Computer Systems, Inc
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All manipulations of the file control
system are thereby performed on mag-
netic media. Transfer of the magnetic
cache data to the optical disk is done
when the file control system is closed.
Implementation of this mapping
scheme requires support for the cre-
ation of WORM-based file systems, but
no support for the reading of the result-
ing disks, other than an optical device
adapter. At each station where WORM
disks are written, three support compo-
nents are required. The first is an add-
ed layer of intelligence in the host sys-
tem to communicate with the mapping
interface. The second is the mapping
interface itself, a programmable map-
ping intelligence that accepts map in-
tervals as input and performs data re-
vectoring as output. The third support
component is the magnetic map device.
The use of magnetic media as cache
memory for the portions of the optical
file system that require multiple writes
ensures complete conformance with
the rules of the host file system. It has
the further advantage of requiring a
special WORM system only during the
creation of the WORM disk files. Also,
the file system so implemented on the
WORM disk will, by virtue of its exact
conformance with the native file sys-
tem, be compatible with future file sys-
tems on erasable optical media.
Consider also the comparative cost
of magnetic caching for WORM disks.
When multiple writes are limited to the
essential components of the file control
system, and efficient use is made of the
large optical data volume, then less
than 5% of the full optical capacity
needs to be represented on magnetic
disk. At roughly $2/Mbyte for WORM
disks and $10/Mbyte for magnetic
cache, the combination station may
cost $2.25-$2.50/Mbyte for one-time
use. But, as the magnetic cache can be
reused, the cache cost is amortized over
the creation of multiple WORM
disks. H

How would you rate the technical
information in this article?

Too complex Enter No. 608

Just right Enter No. 612

Too simplistic  Enter No. 616



VAX 8650

EMC just gave the most
advanced SI:lpermlms the most

advance

EMC'’s 16MB supermemory for the 8650 and 8600 superminis:
The first commercially available memory boards to utilize
high-density Megabit chip technology.

No longer does your VAX™ system have to be limited to
DEC'’s 68MB memory capacity. Now you can give it as much
memory as your current and future applications require—from
20MB all the way up to 128MB.

And do it with the most reliable memory ever manufac-
tured, giving your VAX system enough speed and performance
to rivaFmost mainframes.

Each EMC 16MB supermemory board takes up only one slot.
Maximum capacity 128MB.

16MB 16MB 16MB 16MB 16MB 16MB 16MB 16MB
g —— ~5= Sy T Y= -
|
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Each DEC 16MB memory board takes up two slots.
Maximum capacity 68MB.

TERMINATOR

Our 16MB supermemory design takes half

the space of DEC"™ add-in memory boards.

One of the big differences between EMC’s new 16MB super-
memory and DEC'’s 16MB memory is obvious at a glance.
DEC's board is twice as fat as ours.

DEC also uses older 256K RAM technology and surface-
mounted devices with nearly five times as many board connec-
tions as on our new supermemory. As a result, DEC’s board
takes up two slots while our board occupies just one.

By making full use of every available slot, our new

supermemory.

supermemory virtually doubles your VAX system’s main
memory capacity.

You can configure our supermemory with any combina-
tion of EMC or DEC 4MB or 16MB memory boards into either
an 8650 or 8600.

Super reliability plus the industry’s only unconditional
lifetime warranty.
Our new supermemory’s greater density of RAM delivers the
highest reliability per bit or byte ever offered by any manufacturer.
Every single EMC supermemory board undergoes a rigor-
ous 100-hour test and burn-in procedure.

Because EMC memory boards are so reliable, there are
no maintenance charges of any kind as compared to a stiff
$24,000 per DEC card over five years.

And it’s available now for immediate delivery.
We're already delivering our revolutionary new 16MB super-
memory. And we'll be happy to provide you with a free cost
analysis of your needs.

For more information—or to order—just call us at the toll-
free number below. Or write EMC Corporation, 12 Mercer Road,
Natick, MA 01760.

For information or to order, call today:

1-800-222-EMC2
(In MA, call 617-655-6600)

European Headquarters: In London (088385) 2434; International Number -44 88 385 2434
In West Germany 089 230 35266. U.K. TELEX 917750 BTHTEL G; U.S. TELEX 948615

VAX and DEC are registered trademarks of Digital Equipment Corporation

I S:M( :2 No one is more committed
to memory.
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Bigger. Better.

Exciting news for independent service customers. GE and RCA,
the two best names in the business, are now in business together. And
the result proves that bigger really can be better.

We've combined resources, geographic coverage, and service
capabilities to form the industry’s leading independent service company.
Together, we've doubled our ability to deliver quality service. Service
already rated best in the industry.

Now you can:

« Count on over 1,100 field « Benefit from the industry’s
technicians and engineers widest service capability for
and 1,200 support personnel mini-computers, lEC’s, data
in 280 service locations communications equipment
nationwide — almost double  and electronic instruments.
our former depot and on-site  The single source for all your
coverage. service needs.

« Expect rapid response times «Conserve capital with GE
24-hours a day, 7-days a week. rental and leasing services.

« Relax while our flexible Our state-of-the-art equip-
service plans ensure national ~Ment inventory lets you
consistency and unsurpassed €Xpand your systems over-
quality. Multivendor systems ~ Dight without stretching
are our specialty. your budget.

« Rely on our extensive
inventory — critical parts
there when you need them.

We're fast. We're reliable. We're flexible. We're backed by e
the reputation and resources of the combined General Electric and RCA -~ o™
companies. We're bigger and better. The powerful new force for AR

independent service excellence.

COMPUTER
SERVICE

A GE/RCA Enterprise 5
A
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The bottleneck in many applications

created by serial channel disk drives is overcome
with PTDs, but the price/Mbyte is high and the
technology is still being refined
by Michael Gamerl

Fujitsu America Inc.
Lee Karjala Photography

or many data-intensive ap-

plications, such as image

processing or the large-

scale computations of su-

percomputers and special-

ized parallel processors, the data

transfer rate of serial disk drives isn’t

fast enough to keep up with
computations.

Just a few years ago, the bottom line
in benchmarking disk drive perfor-
mance was access time. But with high
performance drives all competing in
the 15-20 msec average-access time
range, incremental improvements to
that specification will be slow to
materialize.

Another factor is that the longer
record lengths of digitized images de-
emphasize the time spent finding a rec-
ord. In such systems, seek time and la-
tency are not the largest piece of the
disk-access time problem. More impor-
tantly for these systems is how quickly
the record can be transferred into the
host system’s memory once the heads
are positioned over the data. The bot-
tom line now is the data transfer speed.

Consider the problems of high reso-
lution, image processing systems, such
as those used in medical imaging. A
flicker-free display requires that the
entire image be refreshed at 30 frames/
sec. To process a 512 x 512 pixel black
and white image with 8 bits grey scal-
ing at that uninterrupted rate requires
that the system be able to handle sus-
tained data transfer rates at a mini-
mum of 7.8 Mbytes/sec. For processing
an RGB (red-green-blue) color image,

the necessary data transfer rate is clos-
er to 24 Mbytes/sec. And this is just for
medium resolution graphics. High res-
olution systems require 1024 x 1024 pix-
el images. You can’t get close to the level
of I/0 performance required with Win-
chester drives that rely on a serial
interface.

Parallel transfer drives (PTDs) are
appropriate for such high speed opera-
tions. These drives feature multiple
synchronized data channels that read
and write data simultaneously to over-
come the bandwidth limitations of seri-
al disk drives. The most recent drives
feature data transfer rates as high as
12 Mbytes/sec. in 4- or 5-channel
operation.

American engineers haven’t yet
learned how to take full advantage of
these powerful drives. But high per-
formance PTDs have already been suc-
cessful in solving many system per-
formance problems.

Parallel Disk Basics

The basic design considerations and
functionality of the PTD are the same
as for a conventional serial drive. The
differences lie in the configuration of
read/write heads and data surfaces. In
Fujitsu’s 689-Mbyte (unformatted)

Michael Gamerl, product line manag-
er for Fujitsu America Inc. (San
Jose, Calif) has dealt with PTD tech-
nology for 4 yrs., and worked as a sup-
port engineer on Fujitsu’s first PTD.
Currently he is researching and plan-
| ning for future PTD products.
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M2360A disk drive, for example, there
SPINDLE are six 10%-in. platters and two heads
for each of the 10 data surfaces—the
S top surface isn’t used and one other
g::i g::g surface is reserved for prerecorded con-
0-9 20-8 tinuous servo information (the servo
DISKS ‘Sﬁ?%____ surface has its own head). The high
\?:;7.\(0*_:’ ACTUATOR storage density of the drive (18,620
L06204 bits/in. linear density and 880 tracks/
}83?:5 in. areal density) magnifies every
0 ~o<o tracking error, so continuous closed-
(© loop servo tracking is imperative.
Because the drive has 20 indepen-
PO dent read/write heads, there are theo-
retically 20 parallel read/write data
1= 0.4 channels. In practice, however, the lim-
L iting factor isn’t the number of heads,
- §:§ but the number of independent posi-
o SERVOS, tioning arms—in this case five. Al-
% ACTUATOR though you can conceivably read and
>—1:0%1;_3—— write simultaneously with all four
<0302 heads on any given arm, you can’t con-
< 01090 trol the position of any one head rela-
®) e . tive to the other three heads. And seek-
ing a new position in between read/
SR write operations defeats the advantage
of parallel data transfer. The diagram
— shown in Figure 1 illustrates the rela-
>§—T>§-T—— tionship between the logical head ad-
2-3X,2-2 dress and the physical read/write
s channel assignment for the heads on
DA 312470 Akt each of the five arms.
= tg To support true parallel read/write
T operation for each arm (each set of four
Figure 1—The possible >1%—_— heads), the drive has separate pream-
configurations of disks © U 4-34-2 plifiers, read/write circuits, and vari-
and heads in a 6-platter able frequency oscillators (VFOs) as
PTD wnclude 1 channel/ shown in Figure 2. Most of the other
20-head groups (a), 4 chan- X=X circuitry, such as the servo logic, motor
nel/ 5-head g:‘)ou(ps (b), and T LOGICAL HEAD ADDRESS control, and seek control is the same as
5 channel / j-head groups (c). i Sl you would find in any high perfor-
mance serial Winchester drive.
145K ENCLOSURE
Figure 2—To support L L
each PTD arm separately, V| oot PREANPLEER Iy
drive hardware is dupli- |+ bOVER F—’ 5 s« [N I o [0 et
cated for each. Otherwise, St g %’ % 5L é—
; ) B W | S
the structure of a PTD is g 2 VO cReur EVETIE o e
similar to high perfor- 2 g L VFO| eyt PREAMPLFER —-2———%{
mance serial drives. BCHANNEL | pvery || e P 5
o i e I
FEATURE) % SEEK srvo  —s{PREAVPLFER sewvo/
g CONTROL CIRCUIT mﬁ,
Q
5 ]
é POWER
& ANPLFER
- FAULT
DETECTOR
CH RIW
PANEL CONTROL
AC POWER
DC
JREMOTE POWER CONTROL | POWER :D DC POWER
» SUPPLY
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Too many people
have been led to believe
only DECis experienced

enough to service
-~ their computers.
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For years, you've believed that only DEC has the expertise to service your computer.
But that’s just not true.
Because at Control Data, we’ve been in the computer maintenance business for
over 25 years. And we fix everything from PCs to mainframes, even mixed peripherals.
So before you're led into signing another one of their service contracts, call us
instead. 1-800-828-8001, ext. 58B. In Minnesota, 612-921-4400, ext. 58B.

(G2 CONTROL DATA
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that arise due to electrical
or mechanical variances.

Putting The Drives To Work

At the high data transfer rates that
PTD drives reach, the data being read
from four or five independent read/
write channels can easily be skewed, or
misaligned, by as much as 3 bytes.
Skewing is caused by minor variances
in the drive’s components, including:

® mechanical factors (e.g., head
alignment and tracking); and

® c¢lectrical characteristics (e.g.,
propagation delay and rise time).

These factors can be dealt with us-
ing optional plug-in de-skew circuitry.
Some controller manufacturers also
provide de-skew, or in the case of multi-
ple drive subsystems, a specialized de-
skew circuit to meet system require-
ments. Regardless of who provides the
circuitry, the basic principles remain
the same.

An optional de-skew circuit is
shown in Figure 3. It will reduce bit
skew to less than 1 bit, and the control-
ler will be better able to handle incom-
ing data. The five independent input
channels accept data from the read
channels and store it in a shift register,
with data strobed by the clock signal.
When the input channel detects the
sync byte pattern in the incoming da-
tastream, it begins to send the read
data to the first-in-first-out (FIFO)
buffer. The data moves to the final
stage of the FIFO, automatically acti-
vating each channel’s output ready
signal.

When all of the input channels have
activated their output ready signals,
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the de-skew circuitry can begin to syn-
chronously output the data to.the con-
troller. A shift-out clock strobes the
data in each FIFO into its output state.
All data is now synchronous with the
clock signal that triggers the output
clock generator, which strobes data
from the output buffer to the control-
ler. Essentially all skewing has been
absorbed by the shift register.

In some systems, designers want to
combine multiple drives in parallel for
even wider data transfers. A controller
that uses four of the read/write chan-
nels from each of two drives, for exam-
ple, provides a mass-storage subsystem
configuration that can easily handle
byte-wide data transfers. Strobing a
byte of data at a time into a dual-ported
video memory provides one of the fast-
est attainable methods of refreshing
and updating video RAM. And for par-
allel processors capable of handling 32-
or 64-bit data words, word-wide sub-
systems can be constructed by the addi-

tion of even more drives. The problems
of synchronizing so many parallel
channels make this configuration com-
plex, but the payoffs in throughput can
be exceptional.

To ensure the reliability of data
transfers that involve more than one
drive, some PTDs feature a rotation
sync pulse that can be generated inter-
nally for single-drive subsystem con-
figurations, or externally for multiple-
drive systems. When the external pulse
is selected, the controller sends each
drive the same rotation sync pulse and
each drive adjusts its spindle motor ro-
tation so that the track index synchro-
nizes with the rotation sync pulse’s
phase. Using a common rotation sync
pulse for all of the drives in a subsys-
tem will maintain rotation synchroni-
zation within *+130 usec—this is the
possible variation in time between the
leading edge of the index pulse and the
leading edge of the rotation sync pulse
(Figure 4).

Figure 4—The index pulse can lag or lead the rotation sync pulse by as much

as 130 usec.
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asler:

600+ megabytes of storage
Highest possible performance
Nationwide service and support

607 megabytes of formatted
storage capacity

Highest possible performance - 16
msec averafe seek, 4 msec track-
track, 24 Mb/s transfer, 1:1 interleav-
ing, 1 megabyte of Cache for
effective average access times
down to 7.6 msec

Maximum storage capacity for the
dollar -less than $33/MB

100% MicroVAX and MicroPDP-11
compatible - hardware and software,
full MSCP emulation

DEC, MicroVAX, MicroPDP-11, MSCP are

registered trademarks of Digital Equipment Corp.

MasterDisk is a registered trademark of
American Digital Systems.

NieLro

-..yOUr next move

If your limited MicroVAX Disk Storage
has you in check, then make. . .

MasterDisk your next move.

MasterDisk® Checkmates
the Competition

Model Capacity Avg Seek $MB
ADD-IN SUBSYSTEMS

RD53/RQDX3 71 MB 36.3 msec $83

MasterDisk® 152MB 7.26 msec $42
ADD-ON SUBSYSTEMS

DEC RAS81 456 MB 36.6 msec $59

Eagle/QD32  370MB 263 msec  $41

SI QDAS50 960 MB 28.3 msec $44

MasterDisk® O607MB 7.26 msec $33

-

75 Union Ave., Sudbury, MA 01776
(617) 443-7711

ENTER 120 ON READER CARD

¥ Maximum storage capacity for the dollar
¥ Highest quality/reliability
¥ 100% MicroVAX and MicroPDP-11 compatible

Nationwide service and sup-
port through CDC Field Service
and free ADS hotline support

Highest quality/reliability - a. claim
we back-up with a full one year
warranty, not 90 days

Available in 3 add-on configurations
in DEC’s BA23 floor stand (show
above with BA123 MicroVAX 1),
rack mount, or table top and

as an add-in to MicroVAX or
MicroPDP-11 starting at 152 MB

Optional 125 Megabyte cartridge
tape for fast and easy backups

®  Eagle is a registered trademark of Fujitsu.
® QDASO is a registered trademark of Systems
Industries.




“In some applications,
an intelligent interface— one that assumes
the tasks of keeping track of the
disk I/0 operations and relieves the host
computer of the overhead—makes sense.”

Stop Reinventing the Wheel!

Automated Change and Configuration Control (CCC™)
is here, today.

With CCC you manage tool users,

not tool builders.

S0
—
wW-

CCC is the New Standard
For Automated Change
and Configuration Control.

management reporting, emergency
maintenance, parallel development, and
system builds on demand, with ease ...

I b
Change Control: CCC records all Completh confataf Rl Provenses

the changes occurring in your
environment. It handles not only
source code, but object code, executa-
bles, job control, data base compo-
nents, procedures, documentation,
fourth-generation languages, etc. It
can reconstruct previous ver-
sions on demand as well as #
track trouble reports ...
complete control of all
information components
and their relationships.

Product Integration: CCC is
) ., an integrated system. Other ven-
= /= _dors require multiple products
4 ), toperform only a subset of the
: l }ﬂ functions that CCC handles.

1 CCC is a Proven Product:
Over 1,500 Softool products are
installed worldwide. CCC is
supported on DEC VAX
(VMS and ULTRIX); on IBM
MVS/SP, MVS/XA, and VM/
CMS; and is available for DG
MV, Gould, Honeywell 6000
. series, and Sun Micro-
systems computers.

Configuration Control:
CCC manages development X
and maintenance. It supports

g Softool Corporation

340 South Kellogg Avenue - Goleta, California 93117 - (805) 683-5777 - Telex: 658334
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If you consider the role of de-skew-
ing circuits in managing multiple data
paths, the effect of minimizing latency
from individual drives is clear. The
closer in time that the drives receive
parallel data into the de-skew input
buffers, the more regular the data flow
out of the de-skew circuits—the buffers
of some channels aren’t waiting for the
output ready signal from other chan-
nels. This translates directly into high-
er sustained data throughput rates.

Sharing A Drive

Another performance feature of
PTDs that specifically supports high
performance applications is a dual-
ported architecture. This feature al-
lows two independent disk controllers
to directly access the same drive, pro-
viding two different systems access to
one set of data. Thus, two specialized
processors can have high speed access
to images stored on disk without wait-
ing for intersystem transfers.

At the time of this writing, any ap-
plications implementing this function
are unknown, but the potential for
sharing the cost of a single high per-
formance data storage device among
two workstations should appeal to a va-
riety of designers of turnkey image pro-
cessing systems. This approach en-
hances and extends the basic architec-
ture of high performance parallel pro-
cessing engines by giving each proces-
sor direct access to data.

Combining the multiple drive con-
figuration with system sharing via the
dual porting feature, for example, lets a
system integrator configure a system
that updates 32- or 64-bit-wide data at
high speed to multiple independent
processors. Correlation, integration,
and even formatting of the results of
the two specialized image processors
can be handled by a supervisory proces-
sor that doesn’t require direct access to
the raw data.

There are, however, system consid-
erations that make it important for the
drive to operate exactly like a serial
drive. Although the drives are express-
ly designed for high speed 4- or 5-chan-
nel operation, under software control
they can also transfer data via a single
channel. This feature is important if
the PTD is the only drive in the system,
since it allows the I/0 system to load
the operating system (in serial mode)
from a special partition on the disk.
The parallel device driver, which is
stored on disk, will then toggle the
drive to parallel operation.

Because the operating systems of
most of today’s high end computers
won’t fit on a single floppy, a system



Dilog Gives You More
[n DEC-Compatible
Communications.

Right now, DILOG is delivering the latest genera-
tion of asynchronous communications control-
lers for QBUS and UNIBUS systems. Highlighted
in the table, these four advanced products offer
impressive, across-the-board advantages
over DHUIl and DHVIL. Here’s
how we give you
more. ..

e R
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~
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; More Economy k
,’ DILOG's new generation
1 communications control-
J lers save from $40 to $90
I perline. Multiply that by
¢ the lines in your system, and
+ vou'll see substantial bottom-

I |ine benefits.

§~~
-~
-~
-~
-~

More Useable Space

In every instance, DILOG uses
a smaller board — typically
dual-size — or puts more lines
on the same size board.

How DILOG
excels in
character
throughput.
More Throughput
Compare the competitions
throughput to DILOG. Yes, we
deliver an advantage of bet-
ter than 400%! Results? Less
load on the system and fewer
pauses in data transfers.
DILOG controllers feature 32
character transmit buffers

on each channel and support
data rates to 38.4K baud.

15K 65K
DHVIl/DHUIL DILOG

b i ) =L &5

S
g
More Available Power
DILOG communications
controllers draw far less wat-
tage per line. This way, you
don't have to sacrifice peri-
pherals when you add
communications to
QBUS systems. And
with UNIBUS, you can
eliminate the need
for an expansion
chassis for
controllers.

K b
11 POWER USAGE TN WA

DiLog POwy R

SAGT IN W {175

More Information?

Call today and see why DILOG
has shipped over 60,000 control-
lers to some of DEC’s best OEMs.
Contact: DILOG Corporate Head-
quarters, 1555 S. Sinclair St.,
Anaheim, CA 928006; (714)
037-5700 TLX: 6836051. Eastern
Regional Sales Office: 64-A
White Street, Red Bank, NJ 07701;
(201) 530-0044. UK Sales
Office: Chester House, Chertsey
Rd., Woking, Surrey GU21 5BJ;
(4862) 70262 TLX: 859231,
International Sales & Manufac-
turing: Route de Boudry 14,
2016 Cortaillod, Switzerland;
(4138) 424454

TLX: 952751.

More Connectivity

A comprehensive choice of
distribution panels simplifies
installation, provides appli-
cation flexibility, and assures
easy migration to new
configurations.

DISTRIBUTED LOGIC CORPORATION

DEC, QBUS, UNIBUS, MicroVAX, MicroPDP [SI-11, VAX and

PDP are trademarks of Digital Equipment Cory
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“When PTDs were first introduced

bJ

they cost $75/ Mbyte; this year, in
reasonable OEM quantities, the
drives are priced at $17,500.”

integrator would have to boot the OS
from a standard serial Winchester disk
drive if his PTD had no single channel
capability. Then the PTD would be used
only for storage of the data used in high
speed operation. Certainly this ap-
proach works well, but it does little for
a system’s cost effectiveness to have a
serial drive that does nothing once the
system is booted.

Special serial-data partitions and
serial data transfer capability make it
possible to eliminate the requirement
for a serial drive that isn’t used after
the system boots up.

The Interface:
Intelligence Or Obedience?

The debate over the relative merits
of intelligent interfaces rages at this
end of the performance spectrum as
strongly as it does at the low end. The
Intelligent Peripheral Interface (IPI) is
certainly a contender. Fujitsu’s PTD
comes with the modified Storage Mod-
ule Drive (SMD) interface shown in
Figure 5. The specific modifications
support 4- or 5-channel parallel data
transfers. In particular, the differences
from the SMD specification are:

UNIT SELECT TAG

Figure 5—The
modified SMD

terface uses

UNIT SELECT 1,2,4 (3)

two 60 pin cables
to support 4- or

TAG 1-5(5)

5-channel trans-

BUS 0-9 (10)

DRIVE

fers. An optional
C-cable provides

CONTROLLER

S i SN

AC power se-

< STATUS 0-7 (8)

OPEN CABLE DETECT

quencing to the
drives.

~_ BUSY

~ SPINDLE SEQUENCE PICK

SPINDLE SEQUENCE HOLD

Al

A-CABLE (60-PIN CONNECTOR)

~_ UNIT SELECTED

~__ SEEKEND

INDEX

SECTOR

I

1F WRITE CLOCK

WRITE DATA CHANNEL 0-4 (5)

CONTROLLER

DRIVE

READ DATA CHANNEL 0-4 (5)

2%

<L READ CLOCK CHANNEL 0-4 (5)

__ SECTOR COMPLETE

~ WRITE CLOCK

(GND)

Y

ROTATION SYNC PULSE

Y

B-CABLE (60-PIN CONNECTOR)

i PUS

HOLD

CONTROLLER

PICK

DRIVE

A

C-CABLE (3-PN CONNECTOR)

the data-transfer rate;

track capacity (40,960 bytes);
timing of read/write operations;
addition of new tags; and

set sector/read sector.

The SMD interface offers integra-
tors the advantage of relative simplic-
ity (compared to more intelligent inter-
face designs) and benefits from wide-
spread acceptance in existing high per-
formance computer systems.

For some applications, however, an
intelligent interface makes more
sense—one that assumes some track-
ing of the disk I/0 operations and re-
lieves the host computer of the over-
head. But the overhead of an intelligent
controller usually means lower data
throughput. These different goals have
to be reconciled before there is a wide-
spread application of intelligent paral-
lel-transfer drives.

The Price Of Storage

Perhaps the major stumbling block
to the widespread application of PTDs
to workstations and high end computa-
tional engines such as parallel proces-
sors has to do with the way engineers
view the price of mass storage. The cur-
rent rule of thumb is to assume that
high performance mass storage will
cost a system manufacturer in the
range of $10/Mbyte. But PTDs inherent
complexity will always put it at a pur-
chase price disadvantage compared to
serial drives. However, as we have seen,
PTDs don’t compete directly with seri-
al drives any more than conventional
Winchester drives compete with tape
drives (which offer significant savings
over disks in terms of dollars/Mbyte).

When PTDs were first introduced,
they cost $75/Mbyte; this year, in rea-
sonable OEM quantities, the drives are
priced at $17,500. As high performance
disk storage in the 700-Mbyte range,
PTDs still appear expensive. It is in
their creative application to problems,
where data rates are a concern, that en-
gineers will recognize that PTDs aren’t
just another version of the standard
disk drive. They offer a new approach
to mass storage that provides the de-
signer with a way of efficiently and di-
rectly contending with critical system
bottlenecks. And, as designers begin to
use PTDs in higher volumes, their
prices will decrease accordingly. H

How would you rate the technical
information in this article?

Too complex  Enter No. 656

Just right Enter No. 660

Too simplistic  Enter No. 664



MicroVAX

BOOSTER

© 1986 Cipher Data Products, Inc , Spectra Logic Products, 297 North Bernardo Avenue. Mountain View, California 94039-7260 TWX 910-339-9566 Telex 1
International Sales Office: c/o Ciper Data Products, (U.K ) Ltd . 0734-775757 Telex 846434

Now boost the performance of your MicroVAX,
VAX, PDP 11 and LS| minis.

Spectra MICROMAX with Spectra 15-Plus/
25-Plus controllers outperform other controllers
by a factor ofupto 2to 1.

Here's why:

» Mass storage capacity can be expanded
to 1.5 Gigabyte

* Any SMD disk drive can be attached with
transfer rates up to 2.5MB/sec.

* Block mode DMA of up to 3.5MB/sec. on
the Q-BUS adds more system bandwidth.

» Read ahead cache buffer provides
substantially reduced average latency for
faster 1/0 disk access times.

» Multifunction disk/tape controller uses
only one slot and less power.

The Spectra MICROMAX kit is loaded. A com-
plete performance package with disk driver, tape
driver, configurator, formatter, auto-booting and
self diagnostics. And it's easy to install and use.

Call (800) 843-3751. In California call
(800) 772-0670 or (415) 964-2211. Or call your
Spectra Logic distributor.

ey

lllll wnducts, inc.

Spectra Logic Products

72524 SPL MNTV.

ENTER 143 ON READER CARD



Optlcal disk teChnology for EEC users
| that out of thisworld.. .

Finally, an optical disk file server for DEC commands (such as mount, dismount, read, write,
users. Optifile is a multiuser file server peripheral  insert, append). Optifile runs now under RSX-11M/
for PDP-11 and VAX systems. Optifile uses large ~ PLUS and VMS and a DECnet option turns the
capacity “Write-once”’ removable optical disks system into a file server node. For more information
and provides high level file and volume related call 1-800-267-0443 or write KOM Inc.

’ - -
ENTER 226 ON READER CARD ”” b ’ f , ’ e

KOM Inc. (U.S.A.) 14180 West 78th Street, Suite 120, Eden Prairie, Minnesota, U.S.A. 55344. (CANADA) 145 Spruce Street, Ottawa, Ontario, Canada K1R 6P1




FIXED AND REMOVABLE

HARD DISK SUBSYSTEMS ***

Torrance, CA 90503
213-540-2639  Enter No. 907

2
>
3|8
Price | = |& Controller** Eacny
(Quantity Host J DEC ytes,
Company Product One) | Type Bus Model Emulation Drive** formatted)
ADV COMPUTER SYSTEMS INC. MicroVAX Il Disk Subsystem  $7,495 . Q-bus DMV210 MicroVAX Il NEC D2268H 300
e 54 QbusDisk Subsystem-DU__ §74%5 = Qtus DDG26  MSCP NECD2268H 300
617-804-3278  Enter No. 900 Q-bus Disk Subsystem-RM05 §$7,495 . Q-bus DDQ228 RM05 NT 8212X 300
ALPHA DATA INC. Atlas 520 $10850 - Q-bus, Unibus D, SL Most Atlas 520 400 +
20750 Marilla St.
Chatsworth,CA 91311-4488
818-882-6500 Enter No. 901
AMERlCAN DATA SYS. MKT. INC. Concept 21 PTD $42200 - Q-bus, Unibus  SC Concept21 N/A F M2350A 462
g? fon, M A 02072 Concept 31 PTD $48900 - Q-bus, Unibus  SC Concept 31 N/A F M2360A 672.8
617-341-0171 Enter No. 902 DCM2351 $17,000 - CMI E SC700X RM05/80/ex. FM2351A 4138
DCM 2361 $17500 - CMI E SC700X RMO05 F M2361A 551.8
DQV2351 $11900 - Q-bus EQD32 MSCP FM2351A 367.8
DQV2361 $12900 - Q-bus E QD32 MSCP FM2361A 538.9
DUX2351 $12950 - Unibus ESC31 RM80 ex. F M2351 405.2
AMERICAN DIGITAL SYSTEMS INC. MasterDisk/MDE607-A* $6,450 . Q-bus W ADS/ MSCP CWren lll (1-4)  152/drive
75 Union Ave. MDC001
Sudbury, MA 01776
617-443-7711  Enter No. 903
APTEC COMPUTER SYSTEMS INC. DSS-1412 Aptec Disk $118000 - Q-bus, Unibus, Aptec Ibis Disk  N/A 11400 1200
P.0. Box 6750 Subsystem Bl-bus Adaptor
Portland, OR 97228
503-626-9000 Enter No. 904
AVIV CORP. DFS 904-1182 $6,450 . Q-bus DFC 904 MSCP CWrenlll 152
by o DFS 904-1380 §7900 - Qdus DFCOM4__ MSCP M 4380 319
617-933-1165 Enter No. 905 DFS 904-2182 $12150 - Q-bus DFC 904 MSCP CWrenlll 2) 152/drive
DFS 904-2380 $14350 o Q-bus DFC 904 MSCP M 4380 (2) 319/drive
DFS 904-3182 $16,050 - Q-bus DFC 904 MSCP CWrenlll 2) 152/drive
DFS 904-3380 $19000 - Q-bus DFC 904 MSCP M 4380 (3) 319/drive
DFS 904-4182 $19950 - Q-bus DFC 904 MSCP C Wren Ill (4) 152/drive
DFS 904-4380 $23650 Q-bus DFC 904 MSCP M 4380 (4) 319/drive
DFS 917-2333 $10800 - Q-bus DFC917 MSCP F 2333 280
DFS 917-2351 $12500 - Q-bus DFC917 MSCP F 2351 402
DFS 917-2361 $13700 - Q-bus DFC917 MSCP F 2361 573
DFS 9179772 $14550 - Q-bus DFC917 MSCP Cc9772 725
%@%N (I:I‘LII)UST}}{%? INC. Cl-70-WC $3,750 . Q-bus AUDCH1 MSCP F 2334 70
ia Colinas
Nostakevioge Ch 91362 CH20-WC $4450 - Qbus AUDCIT_ MSCP M1140 120
818-991-2254" Enter No. 906 CI-550-10WF* $2,895 . Q-bus AUDC11 MSCP S 10
Cl-550-20WF* $3,095 . Q-bus AUDC1 MSCP S 87225 20
Cl-550-45W $3,450 . Q-bus AUDC11 MSCP R 204E 45
Cl-820-20* $3,895 o Q-bus AUDC11 MSCP, RX02/03 S ST225 20
Cl-820-45* $4,494 . Q-bus AUDC11 MSCP, RX02/03 R 204E 45
Cl-820-70* $5,495 . Q-bus AUDC11 MSCP, RX02/03 F2334 70
C1-820-120* $5,950 . Q-bus AUDC11 MSCP, RX02/03 M 1140 120
Cl-1340-MB $8,295 . Q-bus EQD32 MSCP P 807-23 300
Cl-1340-MBB $13295 Q-bus EQD32 MSCP P 807-23(2) 300/drive
Cl-1340-MD $19.000 - Q-bus EQD32 MSCP T 900
DAX Special 1-MV2* $12590 - Q-bus SL Spectra25 RM, TS F M2333 337
3868 Carson St. #310 Special 2-MV2 $22090 -  Qbus SLSpectra25 RM, TS FM2361A 689

“Product additionally includes a tape and/or floppy device. **See key to codes on page 63. Controllers and drives withcut codes are manufactured by subsystem vendor. ***

Product listings for many companies aren't

comprehensive — contact vendors for complete information on subsystem integration possibilities. POR — price on request; INP — information not provided; N/A — not applicable. The vendors listed in this buyers
guide responded to a survey conducted by Hardcopy. To be included in the Hardcopy hard drives database, please contact Cindy Grant-Thurman at 714-632-6924
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Price | . Controller** Capacity
(Quantity| Fi [Re|  Host DEC (Mbytes,
Company Product One) | Type Bus Model Emulation Drive** formatted)
DIGITAL CONSULTANTS 9900/2361, 9900/2351, 9900/ $20400, +  SBILCMI 19900 Al RH 7507780, F 2361/2351/2333 512.2, 4138,
246 Knolwood Dr. 2333 17,000, RMO5 (2351-¢x ) 256.2
Newbury Park, CA 91320 14,800
8054984577  Enter No. 908 QD/2361,QD/2351, QD/2333 $18300, «  Q-bus ALEQD3  MSCPKDAS0  F2361,2351,  INP
10,900, 2333
8,700
SCTXXX/2361, SCTXXX/ 17,245, +  CMI ESC7003 Al RH750,RM05 F2361,2351, 51224138,
2351, SCTXXX/2333 13,995, (2351-¢x) 2333 256.2
VM2361, VM2351,VM2333  $18615, -  SBI EVMaster  Al:RH780,RM05 F2361,2351,  512.2, 4138,
16,200, (2351-¢x) 2333 256.2
13,445
DIGITAL DYNAMIC SYSTEMS INC. MAX2-85/95° $682 -  Qbus EQDO! MSCP C 94155 72
g‘gﬁf’e‘?‘g‘,\ﬁﬁﬁe- F2 MAX2-140/95° §750 -  Qbus EQDO1 MSCP M2140 116
404-449.8747 Enter No. 909 MAX2-190/95" $982 - Qtus EQDO! MSCP M2190 165
MAX2-380/0 $10316  +  Qbus EQDO! MSCP M2190(2) 165/crive
MAX2-382/95" $11287 .+  Qbus EQD2! MSCP M 4380 32
MAX2-764/0 $13300 -  Qbus EQD21 MSCP M 4380 2 322drive
EAKINS ASSOCIATES INC. As configured POR -  CM,SBI  E7003 RH F 2361 585
AR S L SRR As configured" PR - Qs SL5M_ RM F 2361 565
4159695109 Enter No.910 As configured* POR . Q-bus E DMO1 MSCP F 2243 68
As configured* POR . Q-bus EDM02 MSCP M EXT 4380 323
As configured POR . Q-bus EQD32 MSCPKDAS0  F2333(1-2) 286
As configured POR -  Qbus EQD32 MSCPKDASO  F2361(1-2) 585
As configured POR -  Qbus EQD33 MSCPKDASO  F2361,2333 585,286
As configured POR B Q-bus SL15 RM P DX548 465
As configured POR -  Qbus SL501 MSCP F2361,2333 585,286
THE 11 CONNEXION 11X-MSCP-5W/XX gz,eoo- . Qbus MTLWE  MSCP FM 10-1200
1105 Pamplona Ave. 9,900
D ik o 11X-RLO2-5W/XX g%gg- . Qbus MTMLVIM  RLO2 F 10-40
EMULEX CORP. RO310/BX $9,895 . Qbus SCO3BX  RMO02(03 co70 674
kil R RO310/XX §100%5 .+ Qbus SCO3MS___ MSCP corio 652
7146625600 EnterNo.912 R0366/BX $17,020 . Qbus SCO3BX  RMOS C 9766 256.2
e s, o s o o vl T RO3B6/XX §17220 - Otus SCO3MS___ MSCP C 766 2478
drive subsystems) R3110 $11,350 « Unibus SC31/BX RM02/03 C9710 67.4
R3OV $11,500 « Unibus SC31BX  RM02(03 Co710 674
R3166/J $17,750 « Unibus SC31/BX __ RMO5 C9766 256.2
R3166/V $17,900 « Unibus SC31/BX _ RMO5 C9766 256.2
R3210/XX $10,295 . Qbus QD32 MSCP coT0 67.0
R3266/XX $17,420 < Qbus QDa? MSCP C 9766 267
R4110/ $11,950 « Unibus SCAIMS  MSCP o710 62.5
RATION $11,950 « Unibus SC4IMS  MSCP coT0 65.2
R4166/J $18,350 « Unibus SCAIMS  MSCP C 9766 2478
R4166V $18,350 « Unibus SCAIMS  MSCP C 9766 2478
R7210/BX $15,000 « Unibus SC72BX  RM02/03 o710 674
R7266/BX $21,400 « Unibus SC72/BX  RMO5 C9766 256.2
R7510/BC $14,500 . CMI SC7002RC  RMO3 9710 674
R7566/BC §20,900 « CM SC7002/BC  RMO5 C9766 256.2
R7810/BC $14,500 . Bl SC7002/BS  RMO3 o710 674
R7810/BS $18,550 . Bl V78DIBS  RM03 9710 674
R7866/BC $20900 . Bl SC7002BS  RM05 C9766 256.2
R7866/BS $24 950 . SBI V783DIBS  RM05 C9766 256.2
W0315-340/BX $13100 -  Qbus SCO3BX  RMOS CO715340 2562
W0315-340/XX $13300 -  Qtus SCO3MS____ MSCP Co715340 2704

“Product additionally includes a tape and/or floppy device. “*See key to codes on page 63. Controllers and drives without codes are manufactured by subsystem vendor. ***Product listings for many companies aren't
comprehensive — contact vendors for complete information on subsystem integration possibilities. POR — price on request; INP — information not provided; N/A — not applicable.
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Sigrno
Innforesnofion
Soyystiorms

3401 E. La Palma Ave., Anaheim, CA 92806

(714) 630-6553 TLX 298607 SGMA
ENTER 227 ON READER CARD

CA  (714) 633-0652

(714) 771-7320

(714) 633-1548

(408) 241-3770
CO  (303) 528-8893
FL  (305) 682-4084
i (312) 490-0700
MA  (617) 938-1310
MD  (301) 921-8898
Mi (313) 227-3010
MN  (612) 435-6550

Mo
NM
™

WA
AUSTRALIA
BENELUX
DENMARK
FINLAND
FRANCE
GREECE

(314) 532-3035
(505) 294-5423
(713) 890-8011
(214) 790-2777
(208) 451-7966
(02) 728-2622
(02) 720-9038
(08) 57 46 10
(00) 523 722
(01) 4786 2504
(01) 9514 944

GREECE (01) 9520 589
ISRAEL 052-552494
ITALY (02) 445-9351

(02) 445-0131
N.ZEALAND  (09) 59 02 49

NORWAY (02) 68 52 30
SPAIN (03) 204 2099
SWEDEN (08) 235 540
switz. (056) 87 11 51
u.K (0372) 37 88 11

W. GERMANY (02202) 520 42

MSCP and MicroVAX Il are trademarks of Digital Equipment Corp.
WOMBAT is a trademark of Webster Computer Corp.
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Price | Controller** Capacity
(Quantity| Fi [Re|  Host DEC (Mbytes,
Company Product One) | Type Bus Model Emulation Drive** formatted
EMULEX CORP. (cont.) W0315-500/BX $14750 - Q-bus SC03/BX RMO5 ex. € 9715-500 436.8
W0315-500/XX $14950 - Q-bus SCO3/MS MSCP € 9715-500 427.3
W0351/BX $14600 - Q-bus SC03/BX RP%%ex.‘ RM02  FM2351 348.8-413.9
ex./80 ex.
W0351/XX $14800 - Q-bus SCO3/MS MSCP F M2351 3701
W0371/BX $17985 Q-bus SC03/BX RMO05/ex. c9mm 512.4-704.6
W0371/XX $18185 Q-bus SCO3/MS MSCP cormn 678.1
W0398/BX $14100 - Q-bus SC03/BX RMO5/ex. F M2298 268.4-512.2
W0398/XX $14300 - Q-bus SCO3/MS MSCP FM2298 525.5-527.5
W3115-340/J $13900 - Unibus SC31/BX RMO05/ex. € 9715-340 256.2-279.6
W3115-340/V $14050 - Unibus SC31/BX RMO5/ex. € 9715-340 256.2-279.6
W3115-500/J $15600 «  Unbus SC31/BX gg’ge RM02ex./ (C9715-500 348.8-436.8
X.
W3115-500/V $15750 - Unibus SC31/BX (F)!SPgG, RM02ex./ (C9715-500 348.8-436.8
X.
W3151/J $14550 - Unibus SC31/BX ggoe, RM02ex./ FM2351 348.8-413.9
ex.
W3151/V $14700 - Unibus SC31/BX Rggﬁ, RM02ex./ FM2351 348.8-413.9
X.
W3171/J $17850 - Unibus SC31/BX RMO05/ex. corm 512.4-704.6
W3171/V $18,000 - Unibus SC31/BX RMO5/ex. com 512.4-704.6
W3198/J $14850 Unibus SC31/BX RMO05/ex. F M2298 512.4-570.4
W3198/V $15000 - Unibus SC31/BX RM05/ex. F M2298 512.4-570.4
W3215-340/XX $13500 Q-bus QD32 MSCP C7915-340 286.3
W3215-500/XX $15150 Q-bus QD32 MSCP C 9715-500 4428
W3233/XX $12000 - Q-bus QD32 MSCP F M2333 280.7
W3251/XX $15000 - Q-bus QD32 MSCP F M2351 403.0
W3261/XX $18,000 Q-bus QD32 MSCP F M2361 5745
W3271/XX $18385 Q-bus QD32 MSCP co9TM 718.2
W3298/XX $14500 - Q-bus QD32 MSCP F M2298 567.9
W4115-340/J $14500 Unibus SC41/MS MSCP C 9715-340 270.4
W4115-340/V, W4115-500V 314,500. . Unibus SC41/MS MSCP C9715-340 270.4,427.3
16,200, 9715-500
W4115-500/J $16200 - Unibus SC41/MS MSCP € 9715-500 4273
W4133/J $14700 - Unibus SC41/MS MSCP F M2333 265.0
W4133)V $12903 - Unibus SC41/MS MSCP F M2333 265.0
W4151/J $15150 - Unibus SC41/MS MSCP F M2351 370.1 or 404.5
W4151/V $15150 - Unibus SC41/MS MSCP F M2351 370.10r 404.5
W4161/J $20700 - Unibus SC41/MS MSCP F M2361 525.5 or 527.5
W4161/V $20700 - Unibus SC41/MS MSCP F M2361 525.5 or 542.2
W4171/J $18450 - Unibus SC41/MS MSCP C9711 525.5-643.7
W4TV $18450 - Unibus SC41/MS MSCP corn 525.5-643.7
W4198/J $15450 - Unibus SC41/MS MSCP F M2298 525.5 or 527.5
W4198/V $15450 Unibus SC41/MS MSCP F M2298 525.5 or 527.7
W7215-340/BX $17550 - Unibus SC72/BX RMO05/ex. € 9715-340 256.2-279.6
W7215-500/BX $19,250 - Unibus SC72/BX (F)%g’OB, RM02ex./ C9715-500 348.8-436.8
ex.
W7251/BX $18200 - Unibus SC72/BX g[r;oe, RM02ex./ FM2351 348.4-413.9
ex.
W7271/BX $21500 Unibus SC72/BX RMO05/ex. ot 512.4-704.6
W7298/BX $18500 Unibus SC72/BX RMO05/ex. F M2298 512.4-570.4
W7515-340/BC $17,050 - CMI SC7002/BC  RMO5/ex. C9715-340 256.2-279.6
W7515-500/BC $18750 - CMI SC7002/BC  RMO02ex./05ex. (C9715-500 436.8
W7533/BC $17750 - CMI SC7002/BC  RMO05/ex./02ex. FM2333 256.2-269.7
W7551/BC $17,700 ~ CcMI SC7002/BC g(l)VIOQ ex./05ex./ FM2351 405.2-4139
ex.

“Product additionally includes a tape and/or floppy device. **See key to codes on page 63. Controllers and drives without codes are manufactured by subsystem vendor. ***Product listings for many companies aren't
comprehensive — contact vendors for complete information on subsystem integration possibilities. POR — price on request; INP — information not provided; N/A — not applicable.
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FIXED AND REMOVABLE HARD DISK SUBSYSTEMS ***

Price | . Controller** Capacity
(Quantity| Fi [Re|  Host DEC (Mgvtes.
Company Product One) | Type Bus Model I Emulation Drive** formatted)
EMULEX CORP. (cont.) W7561/BC $23,750 CMI SC7002/BC  RMO5/ex./02ex. FM2361 512.4-551.8
W7572/BC $25750 CMI SC7003/BC ggAOS/ex./OQ ex/ C9772 512.4-697.3
ex.
W7598/BC $18,000 - CMI SC7002/BC  RMO05/ex. FM2298 512.4-570.4
W7815-340/BC $17,050 - SBI SC7002/BS  RMO5/ex. C 9715-340 256.2-279.6
W7815-340/BS $21100 - SBI V783/D1/BS  RMO5/ex. € 9715-340 256.2-279.5
W7815-500/BC $18,750 - SBl SC7002/BS Q%VIOQ ex./05ex./ C9715-500 428.1-436.8
ex.
W7815-500/BS $22800 - SBI V783/DI/BS gngz ex./05ex./ €9715-500 428.1-436.8
ex.
W7833/BC $17.750 - SBl SC7002/BS ggAOQ ex./05ex./ FM2333 256.2-269.7
ex.
W7833/BS $21,800 - SBI V783/DI/BS  RMO5/ex./02ex. FM2333 256.2-269.7
W7851/BC $17,700 - SBI §C7002/BC 58/102 ex./05ex./ FM2351 405.2-413.9
ex.
W7851/BS $21750 - SBl V783/DI/BS Q(S\AOQ ex./05ex./ FM2351 405.2-413.9
ex.
W7861/BC $23750 SBI SC7002/BS  RMO05/ex./02ex. FM2361 512.4-551.8
W7861/BS $27,800 - SBI V783/DI/BS  RMO05/ex./02ex. FM2361 512.4-551.8
W7872/BC $25750 - SBl SC7003/BC Eé\/lOS/ex./O2 ex/ C9772 512.4-697.3
ex.
W7872/BS $29800 - SBI V783/DI/BS ?6\/!05/ex./02 ex/ C9722 512.4-697.3
ex.
W7898/BC $18000 - SB SC7002/BS  RMO05/ex. F M2298 512.4-570.4
W7898/BS $22050 SBl V783/DI/BS  RMOS5/ex. F M2298 512.2-570.4
GENERAL ROBOTICS CORP. MWD67 $2,850 . Q-bus MWV22 RL02, RM02 C9415 F2243 675
B a0y WDD270 $6665 - Qbus SMV22  RMO2RMO5  NT8310 210
414.673-6800 Enter No. 913
GROUP lll ELECTRONICS Guardian 3175 $4,955 . Q-bus D DQ686 MSCP M4175 155
bl il Guardian 3380 70 - Qs DDQ6B  MSCP M 4380 319
213-643-6997 Enter No.914 Guardian 3422 $7,263 . Q-bus D DQ226 MSCP F M2322 130
Guardian 3450 POR . Q-bus D DQ226 MSCP F M2351 358
Guardian 3460 $16,495 Q-bus D DQ262 MSCP F M2361 588
Guardian 3483 $9,055 . Q-bus D DQ226 MSCP F M2333 260
As configured POR . Q-bus D MV210 MSCP F M2351 404
As configured POR . Q-bus D MV210 MSCP F M2322 143
As configured POR . Q-bus D MV230 MSCP F M2361 590
As configured POR . Q-bus DMV230 MSCP F M2333 290
As configured POR . Unibus D DU215 MSCP F M2351 358
J.P. HERNE & ASSOCIATES JPH380 $7,980 . Q-bus W WQESD MSCP M EXT-4380 320
2426 Townsgate Rd.
Westlake Village, CA 91361
805-497-4442" Enter No. 915
MCS COMPUTER PRODUCTS INC. SMS 1000 Model 60* 24,220- . Q-bus SM0107 MSCP INP INP
2599 White Bear Ave. 16,010
St. Paul, MN 55109
612-770-5232 Enter No. 916
MDB SYSTEMS INC. MLSI-D-SMD-512 $23591 . Q-bus MLSI-DK11-RM RM05 FM233K (2) 512/drive
il e MLSI-S-SMD-134 $9640 -« Qbus MLSIDK11-RM RAMO3 F2322 134
Ori CA 92613-5508 MLSR-S-SMD256 $12850 Q-bus MLSI-DK11-BM RM05 F M2333K 256
714996600~ Enter No. 917 MV-D-SMD-540 §2379%5 - Obus MLSIDK11-RM RMO5 custom  F2333K(2)  540/drive
driver from vendor)
MV-S-SMD-134 $9,747 . Q-bus MLSI-DK11-RM RMO3 (custom  F2322 134
driver from vendor)
MV-S-SMD-270 $12957 - Q-bus MLSI-DK11-RM RMO5 (custom M 2333K 270
driver from vendor)
RCS-P-1 $19,070 » Q-bus DECRQDX3  MSCP DEC RD53 51
RCS-P-2 $21,320 ¢ Q-bus MSCI-ESDI-RM RMO03 F 2246E 134.84

*Product additionally includes a tape and/or floppy device. **See key to codes on page 63. Controllers and drives without codes are manufactured by subsystem vendor. ***Product listings for many companies aren't
comprehensive — contact vendors for complete information on subsystem integration possibilities. POR — price on request; INP — information not provided; N/A — not applicable.

February 1987/HARDCOPY 55






b

“\a\:\\‘e

C-Series

Available Since 7/86

100% DSA/MSCP Compatible
More Capacity

Faster Access

Greater Reliability

Interested?

System Industries
560 Cottonwood
Milpitas, CA 95035
(408) 432-1212
Telex 6839138

ENTER 119 ON READER CARD



D) AND H UVAB ARD U =
Price | . Controller** Capacity
(Quantity Fi [Re|  Host DEC X (Mbytes,
Company Product One) | Type Bus Model Emulation Drive** formatted)
MDB SYSTEMS INC. (cont.) RCS-P-6 $25,160 » Q-bus MLSI-ESDI-RM RM05 F 2246E (2) 134.84/drive
RCS-P-7 $29,210 » Q-bus MLSI-ESDI-RM RM05 SE1300(2) 256/drive
RMS-A-1 $12,450 o Q-bus RQDX3 MSCP DEC RD53 51
RMS-A-2 $18,040 e Q-bus RQDX3 MSCP DECRD53(2)  51/drive
RMS-B-1 $9,670 o Q-bus MLSI-ESDI  RMO3 F 2246E 171.7
RMS-C-1 $14,525 o Q-bus MLSI-ESDI-RM RM05 SE 1300 256
RMS-C-2 $23,100 o Q-bus MLSI-ESDI-RM RM05 SE 1300 (2) 256/drive
MICRO TECHNOLOGY INC. (MTI) MD4910 $4,800 * Q-bus MLV1IIM RLO2 RI5130(2) 10/drive
1620 Miraloma Ave.
Placentia, CA 92670
714-632-7580
Enter No. 918
NISSHO ELECTRONICS (USA)CORP.  N1700 $4500 o o Qbus 1700Q RLO2 Custom (both) ~ 31.2(f), 104 (1)
Inwood Park #200
17310 Red Hill Ave.
Irvine, CA 92714
714-261-8811 Enter No.919
PLESSEY PERIPHERAL SYSTEMS 1X1Q* $2,085+ Q-bus N/A N/A R202E (addon) 21
bl b X0 $2589+ «  Qbus N/A N/A R20E(addon) 42
714-261-9945  Enter No. 920 1X3Q* $4318+ - Q-bus N/A N/A M XT1085 (add on) 67.1
1X4Q* $7,042+ - Q-bus N/A N/A M XT1140 (add on) 112.8
1X6Q or U* $6,599+ Q-bus, Unibus  N/A N/A FM2312 (add on) 84
1X7Qor U* 7317+ Q-bus, Unibus  N/A N/A F M2322 (add on) INP
2351Qor U $131414+ Q-bus, Unibus  ESCO3/BX,  RP06 FM2351A 352
SC31/BX
2X1Q° $3070+ Q-bus PM-FCV21 RLO2 R 202E 21
2X2Q* $3620+ Q-bus PM-FCV21 RLO2 R 204E 42
3x2Q* $3620+ - Q-bus PM-DCV51 ~ MSCP R 204E 42
3X3Q* $49794+ - Q-bus PM-DCV51 MSCP M XT1085 67.1
3xX4Q* $7,796+ - Q-bus PM-DCV51  MSCP MXT1140 112.8
4X6Qor U* $7838+ Unibus, Q-bus  PM-DCO2B,  RM02, RM03 F M2312 INP
PM-DCV03
4X7Qor U* $8556+ Unibus, Q-bus PM-DCO2B,  RM02, RMO03 F M2322 INP
PM-DCV03
5X6Qor U* §9148+ . Q-bus, Unibus EA 8D32, SC41/ MSCP F M2312 INP
5X7Qor U* $9,866+ Q-bus, Unibus ,\E/| g032, SC41/ MSCP F M2322 INP
9710QorU $9,151+ e Qbus, Unibus PM-DCV03,  RMO03, RM02 C9710-80 67
PM-DC02B
9762Qor U $10,232+ » Qbus, Unibus PM-DCV03,  RM03, RM02 C 9762 67
PM-DC02B
9766Q or U $17,000+ e Qbus,Unibus PM-DCV03,  RMO03, RM02 C 9766 256
PM-DC02B
9771QorU $14507+ - Q-bus, Unibus  ESC03/BX,  RP06 c9m 512
SC31/BX
%%LE)UGJ IIXC. D934GL $5,495 . Q-bus Cyclone MSCP M XT1140 120
ndy Ave.
San Jose, CA 95131 DI38GL $5,795 . Q-bus Cyclone MSCP M XT2190 160
408-434-5200 Enter No. 921 D964GL $8,495 . Q-bus Cyclone MSCP M XT1140 240
DI68GL $8,695 . Q-bus Cyclone MSCP M XT2190 320
D998GL $14595 Q-bus Cyclone MSCP M XT2190 640
D1120-023 $3995+ . Q-bus Cyclone MSCP M XT1140 120-240
D1120-123 $3995+ - Q-bus Cyclone MSCP M XT1140 120-480
D1160-023 $4695+ Q-bus Cyclone MSCP M XT2190 160-320
D1160-123 $4695+ Q-bus Cyclone MSCP M XT2190 160-640
D885-8-L* $6575 Q-bus 8836 RLO1/02 QQ2010 78
D885-30-L* $8575 . Q-bus 8836 RL02 Q Q2040 312
D885-8-P* $6575 . Unibus 8830 RLO1/02 QQ2010 78

“Product additionally includes a tape and/or floppy device. **See key to codes on page 63. Controllers and drives without codes are manufactured by subsystem vendor. ***Product listings for many companies aren't
comprehensive — contact vendors for complete information on subsystem integration possibilities. POR — price on request; INP — information not provided; N/A — not applicable.
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IF YOUR

DATA STORAGE

IS

BUDGET

DISKORIENTED,
YOU NEED

ARCHIVER.

ARCHIVER

Archiver is a sensible, cost-effective
disk to tape archive and retrieval
package for VAX/VMS systems.
Archiver performs like a **virtual
disk™ by allowing the easy transfer of
files from disk to tape and by provid-
ing an on-line directory of archived
files for efficient retrieval. Seldom-
accessed files are stored inexpensively
on tape but can be returned to disk
as needed.

When your data storage needs are
diskoriented, Archiver puts your
files on call instead of on disk! Call
Strategic Information today to learn
how Archiver will give you maximum
levels of profitability through proper
management of your data storage
facilities.

CALL 1-800-227-1209
In Massachusetts call (617) 273-5500

STRATEGIC INFORMATION

80 Blanchard Road
Burlington, MA 01803

ENTER 228 ON READER CARD




) AND H DVAD ARD U

Price | _ Controller** Cagaclty
(Quantity| Fi [Re|  Host DEC_ ytes,
Company Product One) | Type Bus Model Emulation Drive** formaned)
QUALOGY INC. (cont.) D885-30-P* $8,575 . Unibus 8830 RL02 QQ2040 312
D2310-023 $7,1954+ . Q-bus QE-2 MSCP M EXT4380 310-620
D2310-123 $7195+ . Q-bus QE-2 MSCP M EXT4380 310-1240
D2140-023 $3295+ . Q-bus QE-2 MSCP F M2246E 140-280
D2140-123 $3495+ o Q-bus QE-2 MSCP F M2246E 140-560
QE2100 $5,995 . Q-bus QE-2 MSCP F M2246E 140
QE2200 $9,290 . Q-bus QE-2 MSCP F M2246E 280
QE2400 $15880 - Q-bus QE-2 MSCP F M2246E 560
QE2150 $8,995 . Q-bus QE-2 MSCP M EXT4380 310
QE2250 $16,095 - Q-bus QE-2 MSCP M EXT4380 620
QE2450 $30295 Q-bus QE-2 MSCP M EXT 4380 1240
D924GT * $5,095 . Q-bus Cyclone MSCP Q Q540 36
D930GT * $6,395 e Q-bus Cyclone MSCP MXT1105 88
D934GT * $6,895 . Q-bus Cyclone MSCP M XT1140 120
D938GT * $7,195 . Q-bus Cyclone MSCP M XT2190 160
D9B4GT * $9,795 . Q-bus Cyclone MSCP M XT1140 240
D968GT * $10,095 - Q-bus Cyclone MSCP M XT2190 320
SCIENTIFIC MICRO SYSTEMS (SMS) SMS 1000 Model 60* 000- - Q-bus 0107 MSCP ST506interface 10240
Kﬂﬂ Et Mld\;ﬂefieICA o 0 10,000 drives
lountain View 7 ;
SMS 1000 Model 68 4000- Q-bus 0108 Triple MSCP ESDIor ST506  25-700
415.964.5700 Enter No. 922 Yo Ul b
STORAGE CONCEPTS INC. Concept 21 Real Time Disk ~ $42,000 Q-bus, Unibus  QB21,UB21  Driver supplied for FM2350 PTD 474/drive
%10 98- GMAlrporCt/‘I\.g(%% ;-)Gr System VMS (1-4)
sta Mesa e ; : 5 :
Concept 31 Real Time Disk ~ $48,000  « Q-bus, Unibus  QB31,UB31  Driver supplied for FM2360APTD  689/drive
714557-1862  Enter No. 923 Systenﬁ s PP (1)
SYSTEM INDUSTRIES 9733 Fixed POR . Unibus, Q-bus, 9900, SDA50, RM, MSCP F M2X33 244-256
?AGIO i?on%r}\wgggslgr. CMI, SBI QDA50
iipitas, A i
408.943.1217  Enter No. 924 9733 Removable POR ggbth(l)-bus, %%O&gDASO, RM, MSCP F M2333 244-256
9751 . Unibus, Q-bus, 9900, SDA50, RM, MSCP F M2351 340-414
CMI QDA50
9751/C POR . Unibus, Q-bus, DECHSC50,  RA8X F M2351 360
BI,Cl HSC70, UDASO,
KDA50, KDB50
9761 POR . Unibus, Q-bus, 9900, SDA50, RM, MSCP F M2361 502-551
SBI, CMI QDA50
9761C POR . Unibus, Q-bus, DECHSC50,  RA8X F M2361 522
BI,Cl UDA50, KDASO,
KDB50, HSC70
9798 POR . Unibus, Q-bus, 9900, SDA50, RM, MSCP F M2398 497-536
SBI, CMI QDA50
TRIMARCHI & ASSOCIATES RD53AE $3,350 . Q-bus DECRQDX3  MSCP RD53E 72/drive
gioi ng“560 oy (custom)(1-4)
ate College 3
: RD54AE $5,350+ Q-bus DECRQDX3  MSCP RD54E 159/drive
814-234.565  Enter No. 925 (customy14)
As configured $3150+ - Q-bus WSRQD11-B  MSCP MI 1325 (1-2) 72/drive
As configured $4300+ Q-bus W,D MSCP MI 1370 (1-2) 155/drive
UNITRONIX CORP. System 4000* $6,800+ Q-bus EDQ32, DQ132 RA80/81 FEagel, Il 360-580
50 County Line Rd.
Somerville, NJ 08876
201-231-9400 Enter No. 926
U.S. DESIGN CORP. HCS 175 Series §6,500— . Q-bus, Unibus 1108, 1158 MSCP M 4175 (1-4) 140/drive
5100 Philadelphia Way 15,250
Iégqhgr; BAB%O 072nter No. 927 HCS 380 Series g\]’ (1)888— . Q-bus, Unibus 1108, 1158 MSCP M 4380 (1-4) 300/drive
VIP Series* §8,500- . Q-bus, Unibus 1108, 1158 MSCP M 4175, 4380 140-300/drive
34,500 (1-4)
WINCHESTER SYSTEMS INC. 1xRL02-1R $5,400 e Qbus Custom RL02 Custom 104
o e RLO2-1R 5,800 - Qbus Custon _ RLO2 INP 21
617-933-8500 Enter No. 928 2xRL02-2R $7,700 e Qbus Custom RL02 INP 21

“Product additionally includes a tape and/or floppy device. **See key to codes on page 63. Controllers and drives without codes are manufactured by subsystem vendor. ***Product listings for many companies aren't
comprehensive — contact vendors for complete information on subsystem integratior. possibilities. POR — price on request; INP — information not provided; N/A — not applicable.
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Thinking of Image Processing on a MicroVAX II?

Fred Molinari, President

Are we out of our skull? Data Translation’s Image Pro-
cessing boards and software for the MicroVAX II are priced
way below the competition’s. Yet they offer a wider range
of functions.

Since Fred Molinari sets prices, we had his head exam-
ined. As you can see, Fred and his skull are doing quite well.

And so is Data Translation. We're selling a lot of Image
Processing boards and software for the MicroVAX II, for
reasons other than price: * Full-functionality-on-one board

Think Data Translation.

» Real-time processing * Different resolutions for different
applications * Standard video, VCR, or slow-scan capability *
Application and subroutine library software under MicroVMS.

Simply put, Data Translation has the best values on the
widest range of Image Processing boards and software for
the MicroVAX 1I.

Now, can you think of using anyone else’s Image Pro-
cessing products? If so, may we suggest that you have your

head examined? CA| I, (617) 481-3700

1Buffer
256x256x8 (64 KB)

To learn more, see us in Gold Book
1987, or call to receive our first-ever
1987 3-Book Set, including 1987
Catalog, Product Summary Price List,
and Applications Handbook

sy,
ITEZ. reer,,

L rey,

/ ;uﬂGWBuHu pel

512x512x16 (512 KB)

Grab and DT2658
Aux. Frame Proc

DTIRIS | $2995
(§1995) | $1895

Data Translation is a registered trademark of Data Translation, Inc. MicroVAX Il is a registered trademark of Digital Equipment Corp

DATA TRANSLATION

World Headquarters: Data Translation, Inc., 100 Locke Dr., Marlboro, MA 01752 (617) 481-3700 TIx 951 646

European Headquarters: Data Translation, Ltd., 13 The Business Centre, Molly Millars Lane, Wokingham Berks, RG112QZ, England TIx 851849862 (#D)

International Sales Offices: Australia (61) 2-6635289; Belgium (32) 2-7352135; Canada (416) 625-1907; Chile (2) 2-253689; China (408) 727-8222; Denmark (45) (02) 187188; England
(44) 734-79383; Finland (358)-90-372144; France (33) 146306839; Greece (30) 951-4944; Hong Kong (852) 3-318585; India (91) 2-231040; Israel (372) 3-324298; Italy (39) 2-81821;

Japan (81) 3-502-5550, (81) 3-375-1551; Korea (82) 778-0721-5; Malaysia (60) 3-36299; Morocco (21) 9-30-6949; Netherlands (31) 70996360; New Zealand (61) 2-663-5289; Norway
(47) (02) 559050; Peru (51) (14) 31-8060; Philippines (63) 818-0103; Portugal (351) 1545313; Singapore (65) 271-3163; South Africa (27) 12469221; Spain (34) 14558112
Sweden (46) 8-7617820; Switzerland (41) 17231410, (41) 22360830; Taiwan (86) 2-709-1394; (86) 2-531-2434; West Germany (49) 89809020

ENTER 229 ON READER CARD




Any disk backup system
cansaveyourdata,
This one'can save your life.

Most people would agree that life
is too short to spend sitting in front
of a tape drive, swapping reels or car-
tridges while disk backup grinds on
and on.

It's boring, error-prone, and
expensive.

It's also unneccessary.

Just get an inexpensive MegaTape
drive. Plug it in right where your 9-
track was (your system won't know
the difference). Pop in a cartridge.
Push the button.

Then turn out the lights and
go home.

When you come back in the morn-
ing, all your data—up to an amazing
030 megabytes—will be safe and
sound on a single book-size cartridge.
That's an entire RA-81 or Fujitsu Eagle
with room to spare. Room enough
even for the next generation of ultra-
high capacity drives.

No other tape backup system—
existing, rumored or announced—
offers anything close to this kind of
convenience. And we've been deliver-
ing it for over two years.

So why waste your life babysit-
ting a backup, when with MegaTape
you can save it for more important
things?

"EgaTape

BECAUSE ONE IS ENOUGH
AND TWO IS TOO MANY.

)

ENTER 162 ON READER CARD

¥

N e £ 5
© 1986 MEGATAPE CORPORATION 1041 Hamilton Road, Duarte, CA 91010-0317
(818) 357-9921/TELEX 510 600 7131



FIXED AND REMOVABLE HARD DISK SUBSYSTEMS ***

Price e Controller** Capacity

Company Product : One) | Bus Model Emalation Drive** f.‘;'r‘m?ﬁh)
WINCHESTER SYSTEMS INC. 3xRL02-1R $6,600 Q-bus Custom RL02 INP 21(H,10.4 (1)
(cont.) 4xRLO2-1R $6,950 Q-bus Custom RLO2 INP 31(), 104 ()

4xRLO2-2R $8,600 Q-bus Custom RL02 INP 4

DataSafe 11R + 11R $7,700 Q-bus Custom MSCP Custom 2

DataSafe 11 + 11R $8,850 Q-bus Custom MSCP Custom 44

DS 11R $5,600 Q-bus Custom MSCP Custom 1

DS70+ 11R $8,700 Q-bus Custom MSCP MI, custom 70(f), 11()

DS90 +11R $7,100 Q-bus Custom MSCP MI, custom 90 (), 11(r)

DS110 +11R $11,150 Q-bus Custom MSCP MI, custom 110(f), 11(r)
ZOLTECH CORP. VCQ-16/53 * $2,950 Q-bus DCW-RL02  RL02 WDD-5F-53(4) 41 10.25/drive
Lgma'lf%‘}(‘g"fm VCQ-16/85° $4,540 Q-bus DCW-MSCP  MSCP WDD5F85 71
818-780-1800  Enter No. 929 VCQ-16/190 * $8,395 Q-bus DCW-MSCP-B MSCP WDD-5F-190 160

VCQ-16/380 * $10,395 Q-bus Egmnsca MSCP WDD-5F-380-ESDI 310

VHQ-16/1.6G $34,529 Q-bus DCW-MSCP-  MSCP WDD-5F-380-ESDI 310/drive

ESDI-4 (4)
VHQ-16/600TF* $22,795 Q-bus Egmnscn MSCP g}oo.smaaesm 310/drive

*Product additionally includes a tape and/or floppy device. **See key to codes on page 63. Controllers and drives without codes are manufactured by subsystem vendor. ***Product listings for many companies aren't
comprehensive — contact vendors for complete information on subsystem integration possibilities. POR — price on request; INP — information not provided; N/A — not applicable.

A — Andromeda Sys. Inc.
9000 Eton Ave.

Canoga Park, CA 91304
818-709-7600

Enter No. 930

C— Control Data Corp. (CDC)
8100 34th Ave. S.
Minneapolis, MN 55440
612-931-3131 Ext. 3422

Enter No. 931

D — Distributed Logic
Corp. (DILOG)

1555 S. Sinclair

P.O. Box 6270
Anaheim, CA 92806
714-937-5700

Enter No. 932

DEC — Digital Equip. Corp.
146 Main St.

Maynard, MA 01754-2571
617-897-5111

Enter No. 933

E — Emulex Corp.
3545 Harbor Blvd.
Costa Mesa, CA 92626
714-662-5600

Enter No. 912

F — Fujitsu America Inc.

Storage & Peripheral Div.
3055 Orchard Dr.

San Jose, CA 95134-2017
408-946-8777

Enter No. 934

Key To Disk Controller And Drive OEMs

| — Ibis Systems Inc.

5775 N. Lindero Cnyn. Rd.
P.O. Box 5082

Westlake Village, CA 91362
Enter No. 935

M — Maxtor Corp.
150 River Oaks Pkwy.
San Jose, CA 95134
408-942-1700

Enter No. 936

MI — Micropolis Corp.
21123 Nordhoff St.
Chatsworth, CA 91311
818-709-3300

Enter No. 937

MT — Micro Tech. Inc.(MTI)
1620 Miraloma Ave.
Placentia, CA 92670
714-632-7580

Enter No. 918

NEC — NEC Info. Sys. Inc.
1414 Massachusetts Ave.
Boxborough, MA 01719
617-264-8000

Enter No. 938

NT — Northern
Telecom Inc.

2100 Lakeside Dr.
Richardson, TX 75081
214-437-8000

Enter No. 939

P — Priam Corp.

20 W. Montague Expwy.
San Jose, CA 95134
408-946-4600

Enter No. 940

Q — Quantum Corp.
1804 McCarthy Blvd.
Milpitas, CA 95035
408-262-1100

Enter No. 941

R — Rodime Inc.

901 Broken Sound. Pkwy. N.W.
Boca Raton, FL 33431
305-994-6200

Enter No. 942

Rl — Ricoh Systems Inc.
2071 Concourse Dr.

San Jose, CA 95131
408-946-6200

Enter No. 943

S — Seagate Technology
920 Disc Dr.

Scotts Valley, CA 95066
408-438-6550

Enter No. 944

SC — Storage
Concepts Inc.

3198-G Airport Loop Dr.
Costa Mesa, CA 92626
714-557-1862

Enter No. 923

SE — Siemens Info. Sys.
5655 Lindero Canyon Rd.
Ste. 325 Westlake Village,
CA 91362

818-706-8872

Enter No. 945

S| — System Industries
560 Cottonwood Dr.
Milpitas, CA 95035
408-942-1212

Enter No. 924

SL — Spectra Logic Corp.
297 N. Bernardo Ave.
Mountain View, CA 94043
415-964-2211

Enter No. 946

SM — Scientific Micro
Systems (SMS)

777 E. Middlefield Rd.
Mountain View, CA 94043
415-964-5700

Enter No. 922

T — Toshiba America Inc.
Information Systems Div.
2441 Michelle Dr.

Tustin, CA 92680
714-730-5000

Enter No. 947

W — Webster Comp. Corp.
1037 N. Fair Oaks Ave.
Sunnyvale, CA 94089
408-749-0660

Enter No. 948
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ptical disk technology today
is in some respects like
videocassette recorder
technology of the 1970s.
> Almost everyone believes
shnology has a bright future. But
problems, too. The biggest prob-
as to do with standards—the
ization of the storage method
platters.
1 disk is an “emerging” tech-
field belongs, for the most
ring innovators and pio-
computers used in the field
ital Equipment Corp. and
e actual storage media may
own giants as well—3M,

.: ith standards issues largely resolved, optical
storage is now expected to fulfill its potential

Eastman Kodak, Hitachi. But the true
optical disk technology, the interface
between the optical disk and the CPU is
not yet available from the giants.
Neither Digital nor IBM has an-
nounced a product in the write once
read many (WORM) technology that
makes up most archival storage. (Digi-
tal has announced a product in CD
ROM—compact disk read only memo-
ry—used primarily for information
distribution rather than storage. But it
is not currently marketing the product
aggressively.) WORM technology is
coming from system integrators and
third party manufacturers like TECEX
(Placentia, Calif.), KOM (Ottawa, Can-




Most experts feel that
optical production can
surge ahead, even
without a standard for
the media.

ada), U.S. Design (Lanham, Md.), and
Emulex Corp. (Costa Mesa, Calif.).

For an emerging technology, optical
disk has emerged quite far in the past 2
yrs. Mike Befeler, who works for third
party integrator Reference Technology
(Boulder, Colo.), characterizes 1985 as
the “Year of Education” in optical disk,
1986 as the “Year of Prototypes,” and
1987 as the “Year of Production and Ap-
plications.” While he is referring pri-
marily to CD ROM, the characteriza-
tion is almost equally true for write-
once technology. Optical disk is moving
from the drawing board to the comput-
er room.

Freeman Assoc. (Santa Barbara,
Calif.), projected in 1984 that by 1990
sales of optical disk drives would top
$7.4 billion. In revised projections (see
Table), Freeman now estimates sales of
only $2 billion by 1991. Though lower
than the forecasts of 1984, the new fore-
casts reflect a solid industry that has
been learning from experience, reports
Lee Elizer, vice president of Freeman
Assoc.

People expected too much too soon
from optical, says Elizer. “It took a
while to get the systems integration is-
sues resolved just in general,” he ex-
plains, “because optical doesn’t really
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look like a disk and it doesn’t really look
like a tape drive.” And, of course, in-
place storage systems are disks and
tapes. Optical disk, though, is not mag-
netic at all. It uses a laser beam to scan
and read the holes or bumps on plastic
media, much as batch computers read
punch cards.

Because optical disk isn’t magnetic
media, it offers a number of distinct ad-
vantages over the established form of
storage—primarily the ability to store
much more data within the same space.
A laser beam can read and write much
smaller—orders of magnitude small-
er—than a read-write magnetic head.
Emulex Corp. summarizes the storage

capacity of a current 12-in. optical disk
by saying, “Each removable 12-in. car-
tridge typically holds 1 Gbyte of data.
That means you could store 240,000
pages of single-spaced text or 4800 un-
compressed digital images on one car-
tridge. It would take approximately 26
magnetic tapes at 1600 bits per in. (bpi)
or 3200 floppy disks to do the same job.”

For all its advantages, though, peo-
ple initially expected too much of the
glamorous-sounding technology. Opti-
cal disk proved to be no simple replace-
ment for magnetic disk. Both optical
and magnetic devices were storage
technologies, but the similarity ended
there. And, as developers soon discov-
ered (if they didn’t know it already), the
problems began there as well.

There are four main components in
an optical disk system, just as in a mag-
netic storage system—a controller, a
disk drive, and the storage media itself.
There’s also the operating system soft-
ware that interfaces between the CPU
and the controller and manages the
files on the media.

When optical systems first began to
appear in the marketplace 2 yrs. ago,
there were no existing standards for
any of the media itself or for interfaces
in an optical storage system. “It has
been pretty much a free-for-all,” says
one third party integrator.

Magnetic tape storage systems nev-
er had to go through such infighting.
IBM set the standard early, and every-
one went along with it. The big, open
reels of tape were interchangeable
from an IBM to a Burroughs to a Uni-
vac to a Digital system. The IBM stan-
dard became an ANSI standard.

Table 1—Projected Worldwide Revenue

All Optical Disk Drives

($ Million

at OEM If- 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991
Sold Level)

Read-Only 26| 168| 40.0| 708 104.8| 131.4| 158.6| 174.0
Write-Once 52| 40.2| 180.7| 340.3| 561.7| 855.9(1144.6|1488.6
Erasable — — = 0:2] ~47:8] 794 192.0| 347.5
TOTAL 79| 57.0| 220.7| 411.7| 684.0|1066.4|1490.2|2010.1
Growth From

Previous Year 624% | 288%| 87%| 66%| 56%| 40%| 35%

Copyright 1986 by Freeman Associates Inc.



Introducing the most reliable
DEC-compatible terminal ever built.

The'leleVideo 9220

“Why do we want thousands
of TeleVideo® terminals?
Because we can't afford
thousands of problems.’

Susan Kennedy should know. She's
a product analyst at Leasametric,
a company that rents, sells, and
services DP equipment all over
the country. Including thousands
of terminals. And since reliability
is crucial to Leasametric, they
tear each evaluation unit apart
piece by piece. Then, they give it
a series of tests that make MIT
exams look easy.

“Too many terminals just don't
measure up,” says Susan. “I've
seen machines with questionable
ergonomics. .. keyboards that
flexin the middle when you type. ..
even cheap little diodes that
could drop off.

“But TeleVideo starts with solid
engineering, and follows through
with every detail. Overall, they've
built the same quality into the
9220 that's made all their other
terminals last so long’”

And there's more to the 9220
than quality and reliability. There's

also an extended feature set,
including full VT-220 compatibility.
A super-dark 14” amber screen.
Atiltand swivel base. 30 program-
mable function keys. Plus the best
thought-out ergonomics around.
All for exactly $619.

The TeleVideo 9220. For
more information, or the name of
your nearest distributor, call
800-835-3228.

TeleVideo

Settle for more.

TeleVideo Systems, Inc., 1170 Morse Avenue, P.O. Box 3568, Sunnyvale, CA 94088-3568 (408) 745-7760

Regional Offices: West (408) 745-7760, Southwest (714) 476-0244, South Central (214) 550-106

Southeast (404) 447-1231, Midwest (312) 397-5400,

East(516) 496-4777, Northeast (617) 890-3282. Amsterdam: 31.2503.35444, Paris: 33.1.4687.34.40, London: 44.9905.6464

DEC and VT-220 are trademarks of Digital Equipment Corporation

ENTER 230 ON READER CARD

©1986 TeleVideo Systems, Inc:




“Digital ... seems to enjoy a strong
advantage in optical disk, because many of
its computers are already in environments best
suited to optical disk applications.”

But IBM hasn’t yet set a standard
for optical disk media, and most play-
ers now believe there may never be a
standard for the media itself. Some op-

tical disks are single-sided, some dual-
sided. The disks range in size from 5%,
8,12, and 14 in. Some are available as a
single removable platter, and some

If you own a

Attention DEC users:.

If you run

PDP 11/34
PDP 11/04
PDP 11/24
PDP 11/40
PDP 11/60

” € NISSHO

NISSHO ELECTRONICS
(U.S.A.) CORP

17310 Redhill Avenue,
Suite 200

Irvine, California 92714

DON'T SGRAP
YOUR INVESTMENT!

Triple performance with the
NISSHO N1100 SINGLE BOARD COMPUTER
... The “LATE LIFE KICKER""
for PDP 11/04, /24, /34, /40 or /60's.

Combine the power of the J-11 with 2 Megabyte and high speed memory
on a single hex board. Just drop it into any SPC slot and transform your
state of the past components into a state of the art machine.

The N1100 makes an ideal front end processor
for any DEC compatible network you may be planning.

For full information call Ed Griffin
1-800-233-1837 Ext. 420

In California call

1-714-261-8811 Ext. 420

ENTER 139 ON READER CARD

RSTS

RSK

RTM

UNIX
MUMPS
GAMMA 11

POP 11/34, PDP 11/04, POP 11/24,
POP 11740, PDP 11/60. RSTS,

RSX. RT 11 are registered trademarks
of DIGITAL EQUIPMENT COMPANY

*N1100 has been so designated
by Dignal Review in its
September 1985 feature article
setting forth all technical
specifications and test results
A repnint of this article will
be included with matenal sent
In response to inquines from
this ad.
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come in “jukebox” arrangements, with
up to 50 platters online and accessible
under program control. There is also no
standard yet for the file structures on
the disk.

Standardization Problems

Although the media itself hasn’t
been standardized, almost all the other
“systems integration issues’” Elizer
mentioned have been solved. “Those is-
sues appear to be resolved right now,
across the board,” says Elizer.

As Befeler explains, there are four
areas of standardization: 1) the physi-
cal media itself, 2) the interfaces, 3) the
file manager, and 4) the applications
software. While standards have not
been set for all four, most feel that the
“necessary” standards have been set.

The biggest problem to have been
effectively resolved has been the need
for a standard interface between the
controller and the optical disk drive it-
self. Most products now support the
Small Computer Systems Interface
(SCSI). Disks from Toshiba, CDC, Opti-
mem, OSI, Alcatel Thompson, and Hi-
tachi—for example—all now work with
the SCSI interface.

For the file manager, a standard
known as the “High Sierra Standard”
was set by a committee whose members
included Digital and IBM. Most expect
it to become an ANSI standard. Appli-
cations software, says Befeler, will al-
ways allow room for innovation.

That leaves only the physical media
to be standardized. “If IBM were to an-
nounce a standard-size platter today,
everyone would probably follow it,”
says Eva March of Cygnet Technologies
Inc. (Sunnyvale, Calif.). But, with the
other standards established, most ex-
perts feel that optical production can
surge ahead, even without a standard
for the media. If the software and in-
terfaces are standardized and work
with a variety of disks, that is all the
“standard” users need.

Optical Disk Vendors

Digital itself is known to be devel-
oping a WORM product, but the prod-
uct is not announced. A number of third
parties, though, have concluded that



write once technology is indeed ready
for the marketplace, and Digital’s ab-
sence makes the market all the more
inviting. The marketplace is respond-
ing well, say the vendors.

TECEX, for example, offers a com-
plete archiving subsystem called TEC-
OAS/1 (Figure 1). The optical disk sys-
tem operates with MSCP and Files-11.
According to TECEX, it requires no
patches or changes to a company’s ex-
isting Digital software device driver or
utility packages. TEC-OAS/1 connects
to the host CPU via a Q-bus or Unibus
adapter emulating a standard UDA50
magnetic disk controller. There has
been a growing momentum in the mar-
ketplace after a slow start, according to
TECEX spokesman Michael P. John-
son. TECEX sold more than 100 drives
in 1986, and has been active in the mar-
ket for 18 mths.

KOM Ine. is likewise finding a grow-
ing enthusiasm in the marketplace.
KOM’s OPTIFILE is a software/host
adapter package that allows most of
the major optical disk drives to run in
both the VAX and PDP-11 Digital envi-
ronments. Perceptics Corp. (Knoxville,
Tenn.) sells optical disk operating soft-
ware for VMS too, packaging it with
hardware from other vendors.

Figure 1—The TEC-OAS/1
Optical Archiving Subsys-
tem for VAX architectures

from the Q-bus to the

U.S. Design Corp. also offers optical
disk products for the Digital environ-
ment. Its 1108 (Q-bus) and 1158 (Uni-
bus) SCSI host adapters have been
firmware “tailored” for support of all
major manufacturers of optical disk
drives, including OSI, Sony, Hitachi,

Unibus was configured by

TECEX.

Alcatel Thompson, and Optimem. In
addition, it offers an archival software
utility package called OPUS that per-
forms archival backup and restore
functions for optical disks. A third
product is Virtual Optical Storage
(VOS), which Manager Jeff Lessner de-

eet. ee ®
Does Your VAX Spreadsh
o « Offer DCL Interface,
. Provide High-Quality Integrated s
558 . Include @ Host Language
re slides
« Prepare word/pictu :
: S -oﬂermofoquMliooming
G et o .
e - PRINTRONL;X‘.OO __MICROVAX and Cluster licenses
: $&EC. HP LASERJET, LASO, - '
TRIEVE and otherCDDmes K Plan .
- Read DATA :
Read LOTUS files, read/write DIF files Wemm
« Include Simplex Linear Programming
Algorithm
the answer is YES!

For information about our demonstration package, contact:

Stone Mountain Computing

1096 Cambridge Dr., Santa Barbara, CA 93111 (805) 964-9101

AN
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Figure 2—The
VOS drive

configuration,
designed by U.S.
Design Corp.,
incorporates
multiple optical
disks and a VIP
subsystem to
supplement the
WORM technology
with magnetic
media.

o

Figure 3—
Emulex’s Laser
Optical Subsys-

tem (LX,00
Series) uses the
UC04/UCL, host
adapters and s

designed for both
Q-bus and Unibus
computers.

scribes as “a complete turnkey system
that brings the optical disk WORM
technology completely into the Digital,
MSCP, Files-11 environment” (Figure
2). The USDC Virtual Information Pro-
cessor (VIP) additionally allows the use
of magnetic media to supplement the

There are other players in the Digi-
tal marketplace as well. TD Systems
(Lowell, Mass.) offers SCSI host adapt-
ers for optical support. Its TDL-12 con-
nects to the Q-bus, says Vice President
of Engineering Don Brickman, and its
UHA-11 connects to the Unibus. A new
product, the Viking, Model QSC, is
available for the Q-bus, while a Unibus
version is forthcoming.

Emulex Corp. offers a Laser Optical
Subsystem (LX400 Series) that uses the
Emulex UC04/UC14 host adapters to
provide what spokesman Larry Tash-
book calls “a complete optical solution
for the Q-bus and Unibus systems”
(Figure 3).

Adept Digital Systems also offers a
complete subsystem. While most third
parties pride themselves on making an
optical disk look like a magnetic disk,
Adept has taken a different approach.
“We feel that the optical disks are
unique,” says President Fred Huebner.
“They’re not magnetic tapes and
they’re not magnetic disks. We’'ve
found our greatest success with the op-
tical disk with imaging type applica-
tions, where large contiguous files are
put on the optical disk.”

Other activity reaching the Digital
marketplace is aimed not at end users,

E— —
G Ve “LOW BOY" :
—J RACK optical storage.
2.4 GIGABYTES
L oS PER DOUBLE SDED
SIS B
e
ADDITIONAL
OPTICAL DRIVES
3

Adept Digital Systems Inc.

Vendors Directory

Emulex

Optimem

TECEX

1430 Koll Cir., #111
San Jose, CA 95112
408-287-2331 Enter No. 500

Alcatel Thompson

470 Totten Pond Rd.
‘Waltham, MA 02154
617-890-6801 Enter No. 501

Control Data Corp.

8100 34th Ave. S.
Minneapolis MN 55440
612-931-3131 Enter No. 502

Cygnet Technologies Inc.
1296 Lawrence Station Rd.
Sunnyvale, CA 94089
408-734-9946 Enter No. 503

Eastman Kodak’s Co.
343 State St.

Rochester, NY 14650
716-724-4000 Enter No. 504

Business Systems Markets Div.

3545 Harbor Blvd.

P.O. Box 6725

Costa Mesa, CA 92626
714-662-5600 Enter No. 505

Hitachi America Ltd.

950 Benicia Ave.
Sunnyvale, CA 94086
408-773-8833 Enter No. 506

KOM Inc.

145 Spruce St.

Ottawa, Ontario

Canada, K1R 6P1
613-238-7766 Enter No. 507

Optical Storage International
3333 Scott Blvd.

P.O. Box 58063

Santa Clara, CA 95052
303-593-7900 Enter No. 508

435 Oakmead Pkwy.
Sunnyvale, CA 94086
408-737-7373 Enter No. 509

Perceptics Corp.
Pellissippi Center
Knoxville, Tenn. 37932
615-966-9200 Enter No. 510

Reference Technology Inc.
5700 Flatiron Pkwy.
Boulder, CO 80301
303-449-4157 Enter No. 511

Scientific Micro System
777 E. Middlefield Rd.
Mountain View, CA 94943
415-964-5700 Enter No. 512

Sony Corp. of America
Information Products Div.
One Sony Dr.

Park Ridge, NJ 07656
210-930-6585 Enter No. 513

1061 S. Melrose Ave.
Placentia, CA 92670
T14-632-6672 Enter No. 514

TD Systems Ine.

24 Payton St.

Lowell, MA 01853
617-937-9465 Enter No. 515

Toshiba America Inc.
Information Systems Diyv.
2441 Michelle Dr.

Tustin, CA 92680
714-730-5000 Enter No. 516

U.S. Design Corp.

5100 Philadelphia Way
Lanham, MD 20706
301-577-2880 Enter No. 517
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DISK SUBSYSTEM ON A QUAD BOARD

The CMD Technology CQD-100 is a cost effective
disk subsystem that consists of an on-board 3'2 inch
Winchester drive and an MSCP compatible controller.

Y Available Now: 20MB: CQD-100-20 and 40 MB: CQD-100-40

B 22-Bit Q-Bus, MSCP B Easy to Install For more information or to order call:
compatible " Directly int
ugs Directly into
B 20 or 40 MBytes the Q-Bus Backplane of 1 800 4 CM D TEC
32 Inch Drive LSI-11 or MicroVAX Il (1-800-426-3832)
B 7 to 1 Sector Interleave B Requires 1 Quad-wide In California call: (714) 549-4422
slot and 3 Dual-wide sl
W Block Mode DMA Rl il
! B Connector for Second
W 32 Bit ECC ST506/412 Drive ! _—_‘_!\;
- = = =

16 KB Sector Buffer B Competitive Prices w

CMD Technology, Inc

* Inquire for Unibus Version and other emulations. 3851 South Main Street
* Dealer inquiries welcome. Santa Ana, California 92707
* MSCP. Q-Bus, LSI-11, Unibus, MicroVAX Il are trademarks of Digital Equipment Corporation (714) 549-4422 » FAX: (714) 549-4468
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but at the systems integrators them-
selves. Scientific Micro Systems
(Mountain View, Calif.), for instance,
has developed a chip to interface be-
tween a controller and the SCSI inter-
face. Its NG 8510 chip, says Advanced
Development Manager Gary Lee, drops
the raw error rates on optical disk
drives to one in 10-13, SMS hopes the
chip will become an industry standard.

Cygnet Technologies sells only to
OEMs, VARs, and system integrators
and provides high performance optical
disk jukeboxes and subsystems for im-
aging and data management. Jukebox-

es hold many optical disks—up to 50—
and make it possible to access data on-
line in seconds that might take days or
weeks to locate on stored magnetic
tapes.

Market Advantages

The marketplace itself, then, tends
to confirm projections like those of
Freeman Assoc. Activity is no longer
simply in the prototype stage. Optical
disk is surging into the market from
both systems integrators and suppliers
to those integrators. Digital and IBM
may be behind for now, but the market

Connections
in high places:
TCP/IP Ethernet
for VMS Systems

Now you can have maximum throughpt
overhead on your VAX or MicrovAX Il connected to a
TCP/IP Ethernet.

Presenting Ethernet Node Processors for UNIBUS
and Q-bus from Communication Machinery Corporation.
These intelligent high speed front-end
processors allow TCP/IP devices to com-
municate over an Ethernet network. The
entire TCP/IP protocol suite has been im-
plemented including FTP for
file transfer and TELNET for
Virtual Terminal access. Both
hardware and software come
in an easy-to-install kit so you
can be up and running the
same day.

Since the boards are res-

ENP and Ethernet Node Processor are

communlcaﬁons processing, your host
Wms are freed-up to run their own applications —
applications they were built and bought to run.

In addition to UNIBUS and Q-bus, CMC offers a
broad range of networking solutions for VMEbus,

VERSAbus, MULTIBUS and the PC/AT,

as well as a series of bridges,
gateways and servers.

Take a load off your system
and budget. Call CMC today.

(805) 963-9471

‘
1421 State Street, Santa Barbara, CA 93101

Machinery VMS, MICroVAX, UNIBUS, Q-bus, CompacTape are trademarks of Digital Equipment Corporation.
mmmumummn MULTIBUS is & trademark of Intel Corporation.

ENTER 124 ON READER CARD

72 HARDCOPY/February 1987

will undoubtedly surge even more when
they announce their products.

Digital, in particular, seems to en-
joy a strong advantage in optical disk,
because many of its computers are al-
ready in environments best suited to
optical disk applications. Applications
most often mentioned for optical disk
are archival files; audit trails for all in-
dustries; banking, insurance, and legal
documents; CAD/CAM graphics; engi-
neering drawings; medical imaging;
satellite data capture; seismic, oil, and
gas explorations; and government and
military applications.

“T am aware of a lot more activity in
integrating optical storage to Digital
VAXes and PDP-11s than I am to IBM
minis and mainframes,” observes Les
Cowan of Rothchild consultants in San
Francisco. “Although there are some
people doing it with IBM, those are
higher end systems, highly special-
ized.” In applications for the personal
computer, IBM, of course, dominates.

Aside from being in the right place
at the right time, Digital enjoys other
advantages in the optical marketplace.
“Digital has all the pieces in place al-
ready,” says TECEX’s Michael P. John-
son. “Integrated office automation,
DECslide and DECgraph, desktop pub-
lishing, connectivity. They’re ready for
large storage.”

Optical disk may not yet have solved
all of its problems. It is still more ex-
pensive than tape storage. Though de-
fenders argue that the cost per bit is
competitive, most people do not buy by
cost per bit but by cost per media. And
optical disk costs much more than tape.
Optical disk, too, is not erasable,
though at Comdex in November, East-
man Kodak’s Verbatim division an-
nounced what may be the first erasable
optical disk.

Whatever problems remain, optical
disk’s biggest problems apparently lie
behind it. With the systems integration
problems solved, the other problems
seem minor. Solutions for them are cer-
tain to develop over time.

The future for optical disk, then,
looks bright indeed. And it looks partic-
ularly bright within the Digital mar-
ketplace. The technological pioneers
have done their work. No one is certain
when the technology will fully come
into its own—perhaps by 1990, perhaps
not until 1995. No one knows either
whether it will be a $1 billion market or
$2 billion or larger. But few who are
familiar with it doubt that it will in-
deed come into its own and that it will
be big. H

Jim Meade is a Hardcopy contribut-
ing author
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STEVEN HUNT/IMAGE BANK

From expert system programming languages to shells to complete
environments, the VAX user has many tools for developing

management and decision support applications

EXPERT SYSTEM DEVELOPMENT TOOLS
FACILITATE THE CREATION OF

Al APPLICATION
SYSTEMS

by Clyde W. Holsapple and Michael D. Gagle

xpert systems are rapidly
emerging from a special-
ized and experimental
niche into the practical
computing mainstream.
With their abilities to emulate the rea-
soning behavior of human experts,
these systems allow computers to offer
advice about a wide variety of problems
facing their users. When a human ex-
pert is unavailable, a user can consult
an expert system for recommendations
and justifications of those recommen-
dations. The benefits of expert system
technology are further amplified when
it is integrated with other computing
techniques for the construction of man-
agement information systems, decision
support systems, and even robotic sys-
tems that embody human reasoning.
Expert system technology can be
used in many areas including engineer-
ing, accounting, finance, manufactur-
ing, marketing, operations manage-
ment, and strategic planning. The
technology is delivered to systems de-

Micro Data Base Systems Inc.

velopers through a growing arsenal of
software tools. Regardless of whether a
developer is building expert systems or
the more ambitious artificially intelli-
gent (AI) application systems for infor-
mation management, decision support,
or robotic behavior, the choice of an ap-
propriate development tool is crucial.
The tool will determine what can and
cannot be developed, the speed of devel-
opment, the ease of development, and
the development cost. There is a con-
tinuing trend among producers of ex-
pert system development tools to make
improvements along these lines. Today,
tools exist that do not require extensive
formal training in Al as a prerequisite
to rapid construction of interesting ex-
pert systems.

Following an introduction to the ba-
sics of expert systems, this article iden-
tifies three types of expert system de-
velopment tools. VAX-based represen-
tatives of each are examined with re-
spect to such issues as knowledge rep-
resentation, the treatment of uncer-

tainty, inference controls, and user in-
terfaces. The central objectives are to
emphasize the distinction between ex-
pert systems and the tools with which
they can be built, provide a framework
for understanding available tools, and
suggest factors that should be kept in
mind when assessing a tool.

“lyde W. Holsapple, associate profes-
sor of management at Krannert
Graduate School of Management,
Purdue University, holds a Ph.D. in
management science from Purdue.
His teaching and research interests
are in the areas of database manage-
ment, decision support, Al, knowl-
edge management, and software inte-
gration. Michael D. Gagle, senior vice
president of research and develop-
ment for Micro Data Base Systems
Inc., holds a Ph.D. in management in-
Sformation systems from Purdue. He
has a long-standing interest in Al as
applied in the business world.
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“Expert system technology can be used in many areas....”

The Basics

Simply put, an expert system is a
computer based consultant. When a
user faces a problem, an expert system
is able to accept a request for advice,
draw on its knowledge of the problem
area, interact with a user to further
clarify the specifics of the problem, in-
fer a solution to the problem, present
the solution as a recommendation to
the user, and explain the line of reason-
ing used in reaching the solution.

In principle, the derived advice is
comparable to what a human expert in
the problem area would recommend.
The benefit of expert systems is in-
creased productivity for those who seek
advice, for those who give advice, and
for the organizations that use expert
systems. While the benefits can be sub-
stantial, they should not be overesti-
mated. Though an expert system is able
to reason logically, it doesn’t have cre-
ative imagination or exhibit intuition.

The raw material for an expert sys-
tem’s reasoning activities consists of
reasoning knowledge that has been
elicited from a human expert and
stored as part of the expert system.
This knowledge is typically represent-
ed in the guise of rules. Though many
syntactic variations are possible when
stating a rule, it has at least two basic
parts: a premise and a conclusion. If the
situation described by a rule’s premise
can be determined to be true, then the
actions specified in its conclusion can
be deemed valid.

The active software component of
an expert system is traditionally called
an inference engine. This software sup-
ports one or more user interfaces and
allows problems to be posed. When a
user requests advice about some prob-
lem, the inference engine uses the rules
to try to reach a conclusion that solves
the problem. During this reasoning
process, the inference engine may
prompt the user to provide further de-
tails about the problem and, in turn,
provide explanations about why it is
asking for additional details. When a
solution is inferred, it is presented as
advice to the user who can then interro-
gate the inference engine to explore the
rationale for that advice.

The way in which an inference en-
gine uses rules as it reasons about prob-
lems can be designed to proceed along
any of many possible avenues. The pro-
cessing of two inference engines can
differ, not only in terms of the sorts of
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rules they can process, but also in terms
of their strategies for selecting what
rule to examine next, evaluating multi-
ple conditions in a rule’s premise, tim-
ing interactions with the user, reusing
rules, and assessing when a consulta-
tion has become sufficiently rigorous to
report its results. However, at the most
elementary level, inference processing
takes some variant of a forward or
backward chaining approach to using
rules.

In forward chaining, a selected
rule’s premise is evaluated. If the
premise evaluates to true, then the in-
ference engine fires the rule, which
means the actions in its conclusion are
performed. This process continues with
each selected rule until the inference
engine detects that a sufficient degree
of reasoning rigor has been achieved.
At that point, the results of rule firings
serve as a solution to the consultation
problem, provided it’s possible to infer
a solution from the available set of
rules.

In backward chaining, an inference
engine processes rules by first examin-
ing a rule’s conclusion and then its
premise. The inference engine begins
by selecting a rule with a conclusion
that might directly solve the problem.
It then tries to determine whether that
rule’s premise is true or false. If it is
true, then the rule is fired to yield a
solution. If the premise is false, the en-
gine selects another rule with a conclu-
sion that could solve the problem, and
proceeds to test its premise.

There is a third possibility. The
premise may be neither true nor false.
In this case, the premise’s unknown
variables become new subproblems.
The inference engine works to solve
each of these subproblems (i.e., estab-
lish values for the unknown variables)
by the same backward chaining pro-
cess. This may, of course, involve many
levels of recursion before the originally
selected rule’s premise can be deter-
mined to be either true or false.

Regardless of whether it uses some
variant of forward or backward chain-
ing (or both), an inference engine may
also be able to cope with uncertainty.
Just as human experts are able to rea-
son about uncertain situations, so too
can an expert system. This is typically
accomplished by the inference engine’s
ability to process certainty factors. A
certainty factor is a numeric indicator
of the degree of certainty that exists

about a piece of information provided
by the user (or some other source), or
about the applicability of an action in a
rule’s conclusion. The way in which
multiple certainty factors are com-
bined during a reasoning process is
called a certainty factor algebra. The
inference engine uses such an algebra
to calculate what degree of certainty it
should attach to the advice it offers.

Like a human expert, an expert sys-
tem’s advice may consist of multiple,
alternative solutions to a problem.
Rather than a single, definitive answer,
there is a multivalued, fuzzy answer in
which each value has an associated de-
gree of certainty. The inference engine
of such an expert system is able to ma-
nipulate fuzzy variables in the course of
its reasoning. These are variables that
can simultaneously have multiple val-
ues, each of which is subject to modifi-
cation as rules are fired. The certainty
of each fuzzy value is calculated just as
the certainties of single-valued
variables.

When a consultation’s inference
process terminates, the expert system
presents the derived advice. The pre-
sentation may take many guises rang-
ing from line-oriented output of vari-
able values to more elaborate forms-
oriented and graphical portrayals. In
response to user requests, the inference
engine can explain how it arrived at a
particular result (i.e., what rules were
fired and in what sequence) and why
particular rules were used (i.e., what
values were established to make their
premises true).

To the extent that an information
management system or a decision sup-
port system can be designed to incorpo-
rate the foregoing expert system capa-
bilities, it becomes artificially intelli-
gent. In addition to the other kinds of
knowledge with which it traditionally
deals, it becomes able to accommodate
and process reasoning knowledge as
well. Expert system technology is not
limited to building standalone expert
systems, but can also be applied to dra-
matically enhance the behaviors of
more conventional kinds of systems.

Development Tools

One of the most important factors
in the practical application of expert
system technology is the choice of a de-
velopment tool that is appropriate to
the tasks at hand. Historically, there
has been a progression through three



types of tools, all of which are available
today for the VAX. The earliest expert
systems were built with programming
languages such as LISP. A second type
of development tool is an expert system
shell. The forerunner of today’s com-
mercial shells was EMYCIN in the late
1970s. More recently, a third type of
tool has appeared. Tools in this catego-
ry are environments that integrate ex-
pert system development and consulta-
tion capabilities with other computing
capabilities.

When a programming language
serves as the development tool, it is
used to devise the inference engine
software. With such a tool, a developer
has a great deal of flexibility in defin-
ing an expert system’s user interface,
rule representation mechanism, and in-
ference process. The ability to handle
certainty factors, fuzzy inference vari-
ables, and post-inference explanations
can all be programmed into the infer-
ence engine software. The disadvan-
tage of programming an expert system
is the extensive time and effort re-
quired for development and mainte-
nance of nontrivial expert systems.

Expert system shells were a signifi-
cant advance, in that they eliminated
the need for programming during the
development of expert systems. With a
shell, the developer can concentrate on
eliciting and specifying human experts’
reasoning knowledge. This is because a
shell furnishes a ready-made inference
engine that is able to process any set of
rules specified according to the rule
representation protocols supported by
the shell. Instead of writing programs,
the developer states rules. This may be
accomplished with a general purpose
text editor. Alternatively, some shells
provide software for rule set manage-
ment, including the creation, mainte-
nance, and analysis of rules.

While a shell’s inference engine and
rule set manager can facilitate expert
system development, they also provide
less flexibility than programming lan-
guages. Although a typical shell doesn’t
allow developers to significantly alter
its inference strategy, the primary
source of shell inflexibility comes from
limitations in knowledge representa-
tion. A shell supports one knowledge
representation method (some syntactic
variation of rule specification) and fo-
cuses on reasoning knowledge. Of
course, a developer may want to use
multiple representation methods and
store other types of knowledge, in addi-
tion to reasoning knowledge. Because
this is not readily possible with a shell,
the developer is (at best) forced into
various mental gymnastics in an at-
tempt to overcome the limitations it

imposes on knowledge representation.

Expert system environments are
tools that break down the knowledge
representation limits of shells without
requiring developers to resort to pro-
gramming. Like a shell, an environ-
ment provides ready-made inference
and rule set management capabilities.
Unlike a shell, they are not provided as
isolated tools. Instead, these capabili-
ties are integrated with other comput-
ing capabilities (such as database man-
agement and spreadsheet processing)
to yield a single tool. Each of these
other capabilities supports a different
knowledge representation method. All
of the knowledge representation meth-
ods can be used as desired when devel-
oping an expert system. For instance, a
rule could reference databases and
spreadsheets in its premise and conclu-
sion. This implies that the environment
software blends database management
and spreadsheet analysis capabilities
with inference engine capabilities.

Unlike the other two kinds of tools,
an environment can be directly used by
end users, as well as developers. Not
only is it a tool for development, it is
also an environment for consultation
and other end user activities, such as
database management or spreadsheet
processing. End users can freely exer-
cise any of the integral capabilities as
desired, and can customize the environ-
ment’s behavior to suit their own tastes
and needs.

Figure 1 suggests that a continuum
exists among the three types of tools.
Specific VAX-based tools effectively
cover this continuum. There are the
pure programming languages such as C
and LISP. These and other program-
ming languages can also be used to cre-
ate software that is not an expert sys-
tem. For instance, these two program-
ming languages are commonly used to
create the shells and environments
that are used to develop expert sys-
tems. Though PROLOG and OPS5 are
often described as programming lan-
guages, it is also, in many respects, fair
to regard them as shells. In the VAX
world, KES is perhaps the best com-
mercial example of a pure shell. The

KEE, Knowledge Craft, ART, and S.1
tools go a step beyond shells by sup-
porting programmatic and frame-ori-
ented knowledge representations in ad-
dition to rules. A more full-blown
realization of an environment is Guru,
which synergistically integrates a vari-
ety of knowledge representation meth-
ods including rules, relational data-
bases, spreadsheets, text, program-
matic models, and forms.

Although other tools exist for the
VAX (Figure 1), these are among the
most prominent and are representative
of what is available today for building
VAX-based expert systems. Selecting
an appropriate development tool is ar-
guably one of the most important de-
terminants of successful expert system
projects. The overviews provided here
are intended to give a basic familiarity
with available possibilities. More de-
tailed examination is advisable when
actually selecting a tool. For example,
Chapter 12 of Business Expert Systems
(C. Holsapple and A. Whinston, Irwin,
Homewood, IL) contains an extensive
checklist of tool selection criteria.

Logic Programming

PROLOG is billed as a language for
“logic programming.” It implements a
subset of first-order predicate calculus,
allowing knowledge to be represented
in terms of Horn clauses. A Horn clause
can be regarded as a rule that may have
multiple conditions in its premise and,
at most, one action in its conclusion. All
conditions and actions are specified as
predicates [e.g., as GT(SALARY,20000]
rather than SALARY>20000). It is
traditional to state a PROLOG rule’s
conclusion before its premise.

In addition to this facility for repre-
senting reasoning knowledge, PRO-
LOG also allows descriptive knowledge
to be represented. Each descriptive fact
(e.g., Jack is an employee with salary of
22000) is specified as a predicate [e.g.,
EMP(Jack,22000)] that stands on its
own apart from rules. These singleton
predicates are legitimate Horn clauses
and may be thought of as premiseless
conclusions or assertions. Collectively,
they are sometimes called a “data-

continued on page 80O

Figure 1—VAX-based expert systems development tools effectively cover the
continuum of all types of expert system development tools.
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INDUCTIVE EXPERT SYSTEMS TECHNOLOGY USES
HISTORICAL DATA TO GENERATE BEHAVIOR GUIDELINES

n expert system can ac-
quire its knowledge base
by being given a set of
rules by an expert. It can
also, if appropriately

programmed, develop its own set of

behavior guidelines by looking at the
patterns and histories of past events.

Expert systems that look at past his-

tories to create their own rule base ex-

ist today, and are commonly called in-
ductive expert systems.

Much of the original theoretical
work in this area was done by Profes-
sor Ross Quinlan, chairman of the De-
partment of Computer Science at the
New South Wales Institute of Technol-
ogy. In 1977, he developed and pub-
lished an algorithm for transforming
raw historical data into decision trees
(Figure 1). The methodology has be-
come known as ID3, an abbreviation
for iterative dichotomizer three.

ID3 is now a public domain algo-
rithm. It has spawned a number of
commercial software products, a few
of which are fairly well known—Rule-
master, KDS, and Expert-Ease. Pro-
fessor Quinlan’s contribution to this
field continues, however, and in 1986

by Ken Begbie
BBJ Computers International

he announced a new generation of the
algorithm—C4. C4 supports a number
of real-world requirements—includ-
ing the handling of “noisy” data—
that were omitted from the more the-
oretically based ID3.

The underlying concept of induc-
tive expert systems is both interest-
ing and subtle. Given that experts
learn by experiencing past events
(causes and effects) in various combi-
nations, might not it be possible to go
directly to records of past events (i.e.,
historical data) and do something
worthwhile with that information?

If so, the time, tedium, and ex-
pense of teaching rules to an expert
system could be virtually eliminated.
Costs of constructing usable expert
systems for specific business situa-
tions, such as banking, finance, or in-
surance, would drop significantly. The
rule gathering would actually be ac-
complished by the expert system.

There have been many successes,
and observations in the field indicate
that the fundamental ID3 technology
and its algorithm work. ITT has used
the technology for diagnosing circuit
board faults and has, in published

statements, referred to a savings of
more than $1,000,000/yr. Westing-
house has applied the technology to
nuclear fuel processing process
control.

Experience has shown that—for
certain classes of business application
situations (i.e., those where there al-
ready exists a large base of historical
computer-readable data)—the induc-
tive methodology is an almost perfect
solution. What then, does the process
look like (Figure 2)?

The first step is a selection process
in which key data elements and their

Ken Begbie, president of BB.J
Computers International (Santa
Clara, Calif), holds a B.S. from the
University of Melbourne and is a
member of the Australian Computer
Society. In addition to his work with
inductive expert systems, Begbie
was project coordinator for MAR-
LOWE, a PROLOG-based research
effort conducted during 1985 at the
University of Melbourne. MAR-
LOWE was the prototype for a rule-
based expert system designed to de-
tect whate-collar computer crime.
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Figure 1—In this simplified example of a decision tree,
related data is sorted through by querying the user and

L

EXAMPLES . . 5
INPUT inductively learning

expert system can

J Figure 2—An

EXAMPLES
SET

learn from accumu-
lated, existing data
files by dividing
the data
2 examples
il and test sets.

HISTORY
(ATTRBUTE
VALUES)

DECISION TREE

CONSULTATION

INFORMATION

WEAR
SLACKS

TREE
REPORT

CONSULTATION

EXPLANATIONS
(BACK TRACK)

DEDUCTIONS
(GOALS)

78 HARDCOPY/February 1987




formulas Ilke my PC spreadsheet
o o N— e o o8 S e rx—gz*
T QQ f‘aon f want fo haye to buy
THOSE EXCUSES -
I Release 2.0.
20/20 is the leading spread-
sheet for multi-user systems. And
in response to our customers, our

new 20/20 Release 2.0 for VAX

incorporates over 50 improvements.
Now, it's even more powerful.
Easier to use. Integrates with any
OA system. More Lotus-like. And
? very fast.
Best of all, 20/20 Release 2.0
lets you exploit the full potential of

A S A A your VAX system by letting everyone
15 Itwgwgr)’u& iy share spreadsheet data. Whether
‘macros li like emy PC they're on PCs, minis or mainframes.

eaa‘sﬁee‘t'ﬁb““ Wit 20/20 Release 2.0. There’s no
r excuse not to try it.

orgamzaﬁon

GUESS WHAT. YOU JUST

RAN OUT OF EXCUSES.

If you're skeptical of the
advantages of a spreadsheet on
bigger computers like DEC's VAX,

Sou th Natick, MA Ol/bU (61/) 655 9191
6 Chapel Street, Marlow, Bucks SL7 1DD

W adishe S l (06284) 75517.
e B 100 SIoW: "~ HELP WOU|C| be that helpful | Attached is my business card or letterhead
g Jae.ab etoseg- | Please send the following

2

5&onuldn‘tbeableto use™ .o -19. 1 wouldr
Hepaesy 5 DR ANHER and graphs

[J Information on a 20/20 Release 2.0

|

|

|

|

|

|

| O Information on 20/20 Release 2.0 |
| Evaluation Kit }
i

l

| Computer Model

20VOH

|4

my othef s,tem wyzr“%i’ﬁt wouldntdo multlple
R i o ‘seéﬁowaeo S s 8 key sorts
wonoHﬁhALHNﬂ}'f’:; o '

= T@’T‘d’oﬂ‘%ea“re&f Tiiorks:-
on VAX; if it won't work on my PCs
: 11 lt could never read my

FSUDDOFTIﬂteman‘ o8 irer

ft“W@uidnt give me the

i dafe andHime formats. . . -
roy ndmgieawres my f’nance 27, would have f t@ emernber
people need: - ey 1 ‘ioo manyfllewnmﬁe%
20/20 is a trademark of Access Technology, Inc. DEC VAX, DATATRIEVE, WPS-PLUS and ALL-IN-1 are trademarks of Digital Equipment Corporation. Lotus 1-2-3 is a trademark of Lotus Development Corporation

ENTER 136 ON READER CARD



“ Today, [expert system development] tools exist that do not require
extensive formal training in Al as a prerequisite to rapid construction
of interesting expert systems.”

continued from page 77

base.” However, it should be noted that
PROLOG does not offer database man-
agement capabilities in the normal
sense of the term.

PROLOG’s clausal representation
isn’t particularly well-suited for nu-
meric processing. It has no built-in
mechanisms for handling uncertainty
or for supporting fuzzy variables.
Within such limits, a developer uses a
text editor to specify a collection of
clauses that pertain to some problem
area.

The PROLOG interpreter (or com-
piler) is able to accept a problem stated
as a predicate. This predicate should
appear as the conclusion for at least

one Horn clause specified by a develop-
er. To respond to such a problem, the
PROLOG software applies the resolu-
tion technique of predicate logic. In ef-
fect, this means the software functions
as an inference engine that uses back-
ward chaining on the clausal rules. The
clauses are selected for processing in
the order in which they were specified
with the text editor. A developer has
little control over the inference process
proper.

In addition to Horn clauses, a devel-
oper can specify modest procedures
that a user can execute, composed of
the problem predicate embedded in a
series of input and/or output instruc-
tions for interacting with the user.

These can be programmed to carry out
the expert system’s explanation activi-
ties, as well as its requests for further
inputs from the user during the infer-
ence process.

Programming Language

OPS5 is often described as a “pro-
gramming language” for production
systems. The OPS5 interpreter is able
to interactively accept various com-
mands from a user. When it has execut-
ed a command, the interpreter is ready
to read the user’s next command. These
commands can accomplish such tasks
as allocating memory elements, open-
ing and closing files, executing external
programs written in LISP, and execut-

values are extracted from the mass of
available historical data and placed
into a history file. The individuals
managing this process must, of
course, have a strong sense of the “ex-
pertise” that they are trying to re-
create. They must identify those data
items that they believe to be essential
components of the problem, and their
judgement as to what is relevant mat-
ters a great deal. This data can be
stored in any reasonable format, so
long as the data items within it can be
found and understood by the program
that will be actually used to generate
the decision tree.

The selected historical data is then
usually divided into two randomly se-
lected portions. The first, called the
examples set, is used as input to the
program that subsequently generates
the tree. The second set, called the test
set, is held for future use in testing the
accuracy of the “expertise” gleaned
from the first portion of the data.

After the decision tree is generat-
ed from the examples set, an iterative
and interactive process occurs in
which the expert system developer
works towards satisfying himself
that the tree built from the given ex-
amples is correct and complete. There
are a number of techniques that can
be used here, including extensive tree
pruning methods used to rid the tree
of misleading or incorrect historical
data. Essentially, examples that do
not fit well are referred back to the
expert for ongoing resolution and
modification.

This, then, is one of the salient
characteristics of working with in-
ductively developed expert systems.

The system’s expertise is tuned and
adjusted by modifying not the rules
and principles deduced from the data,
but the actual data contained within
the examples set instead.

Given large amounts of historical
data, such modifications to the exam-
ples set eventually prove arduous, and
perhaps even impractical. For this
reason, the process supports the gen-
eration from the decision tree of a
component known as the critical set.
The examples set must have attained
a certain level of correctness before
the critical set can be generated.

The critical set is defined mathe-
matically as the minimum set of val-
ues and conditions required to gener-
ate the same decision tree that would
be created from all of the data in the
examples set. Working with the criti-
cal set gives the person building an ex-
pert system maximum control over
the evolution of the knowledge base,
while minimizing the amount of data
that actually has to be manipulated
and changed. It can be generated as
many times during the process as re-
quired, and greatly speeds the con-
struction of accurate and complete de-
cision trees.

The final steps come after the deci-
sion tree has finally attained the de-
gree of accuracy and consistency de-
sired. The tree then becomes available
to the organization as a representa-
tion of the particular knowledge re-
source. It can be accessed via special-
ized consultation software (offering
standalone consultative use) or by in-
tegration with normal business appli-
cation programs—providing that the
programmatic and user interfaces

have been built correctly.

For the many kinds of circum-
stances where the availability and
completeness of historical informa-
tion permit use of the ID3/C4 method-
ologies, there are several advantages
above and beyond the obvious ones re-
lating to the ease of setting up the ini-
tial knowledge base. For one, induc-
tively learning systems execute
efficiently. Being inherently goal-ori-
ented, they traverse relatively short
paths to make decisions, in contrast to
some rule based systems that have to
scan the rules and knowledge base to
decide the next rule to execute.

Other advantages include their al-
most uncanny ability to “discover”
knowledge that was apparently not
there. Human experts often do not
really understand the processes they
go through to solve problems. The ob-
jectivity of inductively learning sys-
tems often results in surprising and
valuable findings that were either
missed or filtered out by human rule-
makers.

What appears to be an essential
next step is the creation of more com-
plete and accessible expert systems
development and execution environ-
ments. Almost all of the pieces are in
place to permit the closer integration
of regular business application sys-
tems with induced expert system
technology, resulting in an effective
blend of fourth- and fifth-generation
capabilities. When this merger of
technologies is complete, application
software systems may be given easy
and direct access to the induced
knowledge bases that surround them
in abundance. H
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ing a production system. It is this latter
capability that allows OPS5 to be fairly
regarded as an expert system shell.

A production system is an unor-
dered collection of statements called
productions. A production consists of a
left hand side (LHS) and right hand
side (RHS). In expert system terminol-
ogy, an OPS5 production is a rule with a
premise that is the LHS and conclu-
sion, the RHS. The OPS5 interpreter
employs forward chaining to process
the reasoning knowledge embodied in a
production system (i.e., in a rule set).

OPS5 allows multiple conditions in

a premise and multiple actions in a con-
clusion. Both equality and inequality
operators are allowed in the conditions,
and the operands in these conditions
can be constants and variables. OPS5
requires that each variable be defined
as part of a memory element, which is a
named collection of variables. Thus, the
OPS5 interpreter tests the validity of a
rule’s premise by examining current
working memory contents. The actions
in a rule’s conclusion can be any of a
dozen different commands. Some of
these involve creating, deleting, and
modifying working memory (e.g.,
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changing a variable’s value), and oth-
ers involve such tasks as calling exter-
nal LISP programs, manipulating files,
and line output. Modest numeric pro-
cessing is supported by a “compute”
function, and there are also functions
to accept streams of user input.

OPS5 has no built-in support of cer-
tainty factors, fuzzy variables, or rea-
soning explanations. It does provide
some minimal control of inference en-
gine behavior by allowing either of two
rule selection strategies to be used. To
facilitate the expert system develop-
ment process, OPS5 allows various
kinds of inference tracing and the se-
lective designation of inference
breakpoints.

System Shell

KES is an expert system shell. It
provides an inference engine that can
process rules that have been parsed by
the KES parser. A set of rules is speci-
fied and maintained with an external
text editor. Each rule has the familiar:
[F premise THEN conclusion
appearance. Each condition in a prem-
ise can involve an equality or inequality
with operands as expressions contain-
ing literals and/or variables (i.e., “at-
tributes” in KES terminology). Two
kinds of actions are allowed in a conclu-
sion: assignment statements and line
output statements.

In addition to rules, a KES rule set
can contain an initialization sequence
and variable descriptors. An initializa-
tion sequence is a series of commands
executed at the outset of any consulta-
tion involving the rule set. These can be
commands for rudimentary line input
or output, consultation invocation, as-
signing of a value to a variable, and re-
questing of automatic tracing of the in-
ference process that follows initializa-
tion. A variable description denotes the
existence and various characteristics
(its possible values) of a variable used
during the inference process.

The KES inference engine processes
a rule set’s rules via backward chain-
ing. As it does so, it’s able to obtain val-
ues for unknown variables from the
user by either line-oriented prompts or
numbered menu options. In the case of
a prompt, the user can, prior to typing
in a response, enter commands to dis-
cover why the requested information is
needed. This interrupt mechanism can
also be used by a developer to alter and
examine variable values in the midst of
consultation testing.

As it processes rules, the KES infer-
ence engine is able to incorporate un-
certainties about variable values into
its reasoning process, so that generated
solutions are qualified by varying de-



KES provides an inference engine that can process rules that have

been parsed by the KES parser.

grees of certainty. However, only one
built-in certainty algebra is supported
and there are no fuzzy variable opera-
tors. In general, there are few built-in
controls for tailoring the inference en-
gine’s processing behavior (alternative
rule selection strategies are not al-
lowed), and there is no built-in mecha-
nism for preserving the full history of a
consultation. Aside from the inference
engine, KES provides two other stand-
alone programs that are not used for
expert system construction—a Bayes-
ian calculator and a diagnostic system.

Skeletal Environments

The KEE, Knowledge Craft, ART,
and S.1 tools can be viewed as skeletal
environments. All four support a
frame-oriented approach to knowledge
representation, in addition to the rule
representation allowed by shells. All
recognize the need for more diverse and
flexible knowledge representation fa-
cilities. They address this need not by
supporting familiar knowledge repre-

sentation techniques such as databases
and spreadsheets, but by requiring de-
velopers to design frames.

Generally, a frame denotes an ob-
ject or class of objects. Each frame is
composed of slots with values that de-
fine the nature of a frame. For in-
stance, slots of a customer frame char-
acterize the class of customers (e.g., the
number of customers and the average
customer account balance). At a more
concrete level, there may be frames for
specific customers. For example, there
may be a frame with slots that have the
values John Doe and 2000.

In a situation where one frame rep-
resents a member of the class denoted
by another frame, the two can be linked
in a frame hierarchy in such a way that
designated slots in the class frame are
inherited by each member frame. For
example, slots such as customer name
and account balance may be declared
for the customer frame. Every member
frame is assumed to inherit these two
slots and to have values for each.

When a frame is created, the devel-
oper can program various methods for
that frame. A method is software that
carries out certain actions on the
frame’s slot values. As with slots,
methods can be inherited by members
of a class. Messages can be sent from
one frame to another. When a message
is sent, the target frame and method
are stated. The indicated method is exe-
cuted and a reply may be sent back to
the message sending frame. Frame im-
plementations commonly allow proce-
dures to be attached to individual slots.
When such a slot is referenced, its pro-
cedure is automatically executed.

Frame Handling

Each of the four tools previously
mentioned supports some variation of
frame handling. The basic idea is that a
developer can use such a tool to repre-
sent and process descriptive and proce-
dural knowledge in terms of classes of
objects, individual concrete objects,
and their respective methods. Reason-
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“ Like KES rule sets, a Guru rule set can have an initialization

sequence in addition to rules.

rr

ing knowledge is still represented as
rules. For instance, KEE provides a
predefined rule set class, having pre-
programmed forward chaining and
backward chaining methods. These
KEE methods are implemented as
LISP programs. As a developer instan-
tiates a rule set, “if-then” rules can be
specified in terms of slots. The two
built-in inference engines are not de-
signed to handle uncertainty or fuzzy
variables (i.e., “fuzzy slots”). Develop-
ers who want to alter an inference pro-
cess or user interface can do so by revis-
ing or creating LISP programs (and
perhaps frame structures) to exhibit
the desired behavior. Due to the com-
plexity of the frame approach, tools
that focus on this representation tech-
nique fall short of the expert system
environment ideal of allowing end us-
ers, as well as developers, to make di-
rect use of the tool.

Guru is an environment that accom-
modates both developers and end users.
This is accomplished by making the no-
tion of frames “invisible.” Rather than
implementing raw frame facilities for
designing object classes from scratch, a
variety of prefabricated classes and as-
sociated methods are available in the

Guru environment. These object class-
es include such techniques as variables,
arrays, spreadsheets, relational data-
base tables, forms, templates, proce-
dures, and textual passages. Another
prefabricated object class is provided
for rule sets. Built-in methods are sup-
ported for each class of objects. As con-
crete members of these classes are
specified for a particular problem do-
main, they inherit the ready-made
slots and methods of their parent class-
es. In addition, new special-purpose
methods can be specified.

Rule Specification
And Rule Sets

Guru’s rule specification possibili-
ties are shown in Figure 2. Any rule can
directly reference any of many differ-
ent kinds of knowledge and can carry
out many kinds of knowledge process-
ing actions in its conclusion.

Beyond a premise and conclusion, a
rule can optionally have other charac-
teristics. It can have a sequence of
preactions that the inference engine
will carry out once it has selected the
rule for consideration, but before an at-
tempt is made to evaluate the premise.
If a reason is specified, the inference

engine will present the reason’s text to
a user when explaining the usage of the
rule. Comment text can be included for
internal documentation purposes. Var-
ious refined inference controls are
available to indicate how the rule can
be processed during a consultation
(e.g., what strategy to use when testing
its premise, and a cap on the maximum
number of times the rule can be fired in
a consultation). If these are omitted,
standard defaults are assumed.

Like KES rule sets, a Guru rule set
can have an initialization sequence in
addition to rules. All of the kinds of ac-
tions that are allowed in the conclu-
sions and preactions of rules are al-
lowed in an initialization sequence.
They are also permitted in a rule set’s
completion sequence. This is simply a
sequence of actions that the inference
engine carries out as soon as it has fin-
ished processing the rules.

A rule set can have various other
aspects such as security codes and vari-
able descriptions. Security codes gov-
ern who will be able to consult the rule
set. A variable description can influ-
ence the way in which a variable will be
treated during the inference. This in-
cludes issues such as how fuzzy a vari-
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able can be, how its value is to be found,
how rigorous the inference engine will
be when deriving its value, and which
of the 16 built-in certainty factor alge-
bras should be used for determining the
certainty of its value. Rule sets can be
created and maintained with Guru’s in-
tegral text processing or rule set man-
agement facilities.

The Guru inference engine supports
many variants of both forward and
backward chaining. No programming
is needed to use the desired chaining
variant. Instead, many environment
switches are provided (e.g., for govern-
ing the rule selection strategy). These
can easily be set to yield the desired in-
ference behavior.

The Guru environment allows a rule
set to be consulted in many different
ways. A menu-guided interface is pro-
vided, allowing end users to do data
management, spreadsheet analysis,
rule set consultation, and many other
activities by making menu selections.
Alternatively, a consultation (as well
as other kinds of knowledge process-
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Product: S.1
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ing) can be requested through Guru’s
natural language interface.
Tremendous advances in VAX-
based expert system development tools
have been made in the past 2 yrs. The
possibilities that they present for more
numerous, higher quality, more power-
ful, and less costly VAX expert systems
are only just beginning to be exploited.
Perhaps of even greater significance,
some of these tools blend expert system
and other computing capabilities to fa-
cilitate the creation of artificially intel-
ligent application systems for informa-
tion management and decision support.

The full realization of such potentials
for the VAX will depend on a broad and
clear understanding of what expert
systems are, what artificially intelli-
gent application systems are, what
kinds of tools are available, and what
their distinctive characteristics are. 's

How would you rate the technical
information in this article?

Too complex  Enter No. 606

Just right Enter No. 610

Too simplistic Enter No. 614
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DEG COMPATIBLE SYSTEMS

The Automatic Digitizer Performs
A Critical Function In The Production

Of Technical Documentation

Digitizing of engineering drawings for storage in CAD/CAM databases
continues to play an important role in the design documentation process

by Ebbe Reker
SysScan Inec.

illions of manhours are

stored on engineering

drawings. These draw-

ings are stored in filing

cabinets, desk drawers,

archiving centers, and even on top of

drafting tables. When CAD/CAM sys-

tems came into the engineering design

scene, many thought that would be the
end of the drawings.

However, the drawings are still
there. Even though CAD/CAM has en-
hanced engineering design, valuable in-
formation still remains on drawings.
Assuch, a major issue for CAD/CAM is
what to do with the investment in man-
ually drawn documentation.

The necessity to input drawings into
CAD/CAM systems isn’t only expen-
sive, but time consuming as well. Rede-
sign mandates that the existing draw-
ing is entirely redrawn on the CAD
system, and thus prone to errors being
introduced into the CAD design. A
skilled CAD operator is necessary for
the operation.

Likewise, tracing the drawing with
a stylus or puck via a manual digitizer
isn’t necessarily more accurate. Al-
though a less skilled person is required,
the procedure is still time consuming
and error prone.

Automatic Digitizers

With more companies converting to
CAD/CAM, the need for automatic dig-
itizing is on the upswing. These sys-
tems optically acquire graphic infor-
mation from a variety of engineering
drawings and convert it to a compatible
database format. Presently, more than
a dozen companies are involved in this
market. Current systems are fast, accu-
rate, and affordable. An additional
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Figure 1—A typical system configuration for the automation of technical docu-
mentation enables review, revision, and composition of both graphics and text
data, as well as the storing and distribution of it.

presented in technical documentation
(Figure 1), the automatic digitizing

market area has developed for just the
scanning of drawings—that is, the
scanning of all technical documenta-
tion including tech manuals, mapping,
and surveying documentation.

As CAD/CAM use increases during
the next decade, manually drawn docu-
mentation will greatly decrease
through attrition. Even so, the need for
automatic digitizers is expected to be a
billion dollar market until it peaks at
the end of this decade and then gradu-
ally tapers off until the end of the
century.

Because of the complex information

Ebbe Reker, president of SysScan
Inc. (Jericho, N.Y.), holds an M.B.A.
Jrom NYU. He has been president of
SysScan for the past 2 yrs. With 25
yrs. of high tech experience, Reker
has been involved with telecommumni-
cations, navigation, and dynamic po-
sitioning products. Prior to SysScan,
Reker was an executive with Kongs-
berg Vaapenfabrikk in Kongsberg,
Norway.
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Figure 2— When an image 1s automatically digitized, it is first scanned, then
vectorized. Neuxt it is reduced to its component parts and the intelligent out put

model 1s produced.

process must be capable of combining
narrative content (text) with illustra-
tions (graphics). In addition to inte-
grating paper-only graphics, systems
must also integrate word processing,
CAD, new line art, and generate hard-
copy (including automated typesetting)
output. Having the capability to inte-
grate with CAD systems requires ras-
ter to vector conversion.

The system must be able to review,
revise, and compose both graphics and
text data, then store and distribute it
efficiently. A database and directory
management structure with secure
data access are vital to the distribution
of up-to-date information for engineer-
ing, manufacturing, product support,
and marketing.
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Providing for a modular, flexible,
and expandable system requires com-
bining computer graphics and distrib-
uted processing to automate the pro-
duction of technical documents. By
using a local graphics server with its
own processing power, the high cost of
telecommunicating with a central pro-
cessor is minimized and the perform-
ance of each user workstation is maxi-
mized. In addition, an upgradable
series of review stations is useful for
redlining of text and graphics. Suitable
main processors are the Digital VAX
series, and IBM PC XTs or ATs are good
review stations.

In general, there are four major
steps involved in the automatic digitiz-
ing process (Figure 2): scanning, vec-

torizing, classifying, and the intelligent
output model.

Scanning, which is the fastest of the
four processes, can scan a day’s work in
an hour. The operator then sets a series
of filters for preprocessing and image
enhancement. This process runs in
batch mode on all the scanned draw-
ings and passes the results to the vec-
torization algorithms. Once data has
been vectorized (Figure 3), it is passed
to a software package.

The software performs two major
functions: segment—where the text
and geometry are separated, and struc-
ture—where the data is classified as
text, text strings, or symbols, and ge-
ometry is reduced to its geometric
primitive (i.e., circle = center point and
radius). The result of this process
vields greatly reduced file sizes and
more intelligent data for CAD usage.

A hybrid database can provide
quick access to technical data on the
graphics local area network (LAN)
within each activity. The communica-
tions server provides the capability to
connect with remote graphic LANS,
packet switching networks, satellite
communications, and other computer
networks.

Optical Scanning

Most automatic digitizing systems
start by scanning the drawing or docu-
ment to capture and digitize a raster
image file. There are two kinds of scan-
ners that are particularly useful.

One uses a pass-through method
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on image data previous to its being
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whereby the drawings are passed over
a scanhead consisting of a linear array
of charge-coupled devices (CCDs), cov-
ering the full width of the image area.
Raw data from the CCD sensors is rep-
resented by a series of 8-bit digital
greytone values, which are then adjust-
ed according to information obtained
from an initial calibration process.
Corrected data is converted to a com-
pressed binary format that defines
each element of the image as either
black or white. The whole process takes
place in realtime. Drawings up to 54 in.
wide with an image to 52 in. wide
(26,000 pixels) can be accepted. Since a
pass-through method is used, almost
any length can be considered. Average
scan speed is 0.2 in./sec.

Another scanner is a flatbed system
whereby drawings are scanned by pass-
ing a scanhead over the drawing in a
series of strips. This scanhead also con-
sists of a linear array of CCDs and is
mounted on a moving traverse. The
flatbed is a high precision machined ta-
ble with a vacuum system securing the
drawing. This prevents bends in the
drawing media that might cause dis-
torted geometry. Typical scan speed for
an E-size drawing with 50u resolution
is 260 sec.

The pass-through system is used for
high quality, binary scanning of illus-
trations, engineering drawings, maps,
or graphic and half-tone images with a
low to medium density of detail. The
flatbed is used where a high degree of
geometric accuracy is required such as
topographic applications and utility
maps used for gas, electricity, water,
and telephone systems. Scan data from
both systems can be stored on hard
disk, magnetic tape, high-density car-
tridge, or it can be transferred to an
online host computer.

Different drawing media, such as
paper, diazo, sepia, velum, and mylar
may be scanned, and a continuously ad-
justable scanning threshold is used to
help compensate for poor quality origi-
nals. Operators are guided through the
scanning process by a user-friendly
menu system. Scanned drawings are
transferred to the database via a high
capacity magnetic cartridge.

A special software package is sup-
ported on the scanner and database
server that provides functions for im-
age scanning, data files compressing,
and entering these files into the user’s
database, using either the cartridge or
via a direct communications link. Re-
rasterizing and scaling of scanned data
is also supported to produce resolutions
coarser than 500 dots/in.

Graphics Workstations

Many drawings require revisions or
upgrading. Countless engineering
change orders often leave many draw-
ings with no relation between dimen-
sions and actual measurements. Re-
gardless of the reason, there is often
human judgement required and a pow-
erful graphics workstation facilitates
the display, revision, merging, compos-
ing, and compression of graphic image
data, whether the data is from the

scanner, input from CAD systems,
printed text, or by user creation at the
console.

Image data is displayed on a high
resolution 256-color monitor, which is
controlled with a keyboard, data tablet,
and puck. The software provides inter-
active raster image composition, edit-
ing, and illustration maintenance. It
can include the following:

® prompting and help files;

® realtime image zooming, scaling,
translation, and rotation;
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DEC COMPATIBLE SYSTEMS — Automatic Digitizer

® multilayering;

® geometric vector/raster-based
design and updating lines, areas, ellip-
ses, line types and thickness, textures,
help lines (isometric) coordinate or im-
age-based;

® realtime raster to vector conver-
sion of selected parts within an image
(vectorization);

® symbols, image macros, standard
parts library, selectable in raster or
vector/stroke representation, and

® composition of onscreen page lay-
out, including merging of raster, text,
and vector represented onscreen
images.

Automatic Digitizing

Because many companies have
rushed into CAD, there are often more
problems created than there are solu-
tions, mainly in management and per-
sonnel. While the economics of CAD/
CAM can be disputed, the benefits of
CAD/CAM cannot. With its accuracy
and its forcing of various engineering
disciplines toward unification and
standardization, CAD/CAM is here to
stay.

However, the problem of engineer-
ing drawings remains. Actually, justi-
fying automatic digitizing is quite easy.
If manual redesign is used to enter pre-
vious manually drawn documentation
into a CAD system, automatic digitiz-
ing will easily cut that cost in half.

But there are more considerations
than just the entering of drawings. The
whole issue of engineering documenta-
tion is concerned. With digitizing
equipment, text, old drawings, CAD
generated material, and photographs
can all be merged together through one
system. The output can be archived,
printed, or relayed via electronic
communications.

Applications

Although the automated digitizing
of drawings for integration into CAD/
CAM systems is widely publicized as
the most pressing need, data compres-
sion and archiving are equally
important.

I[llustrating the need for automatic
digitizing is best exemplified through
actual and planned installations. At
Grumman Aerospace, an automatic
digitizer system is used to scan and dig-
itize 70,000 metal aircraft templates at
the company’s Long Island, New York
headquarters. The system provides sig-
nificant time, labor, and cost savings
over a manual measuring and digitiz-
ing method initiated by Grumman
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about 6 yrs. ago, and is more accurate,
achieving tolerances of 1/10,000 in.
During the first two months the system
was in operation, over 4000 templates
were processed. Previously, it required
a year to process just 1000 templates
via the manual method.

Scan data is reduced to geometric
primitives for use by Grumman’s IBM
CADAM “autonesting” program that
feeds numerical control output genera-
tion of aireraft parts. Automated man-
ufacturing is a key factor in reducing
the price of government military con-
tracts and cutting costs and improving
turnaround time for spare parts pro-
duction and retrofitting of aircraft.

‘“Because of the
complex information
presented in technical
documentation, the
automatic digitizing
process must be
capable of combining
narrative content (text)
with illustrations

(graphics).”

Turnaround time has already been re-
duced from 30 to 90 days to just under
21 days.

The system used by Grumman con-
sists of a 26'2 x 39 in. scanning digitiz-
er, two raster/vector color worksta-
tions, a VAX-11/785 computer, and a
variety of related hardware, peripher-
als, and specially developed software. A
second phase of the program calls for
the system to be used to digitize back-
ground documentation for aircraft
projects including text, graphics, engi-
neering drawings, and publication ma-
terials. In the future, the system will be
integrated with the development
stages of engineering drawings and
publications, plus it will be able to com-
municate information to remote sites.

Scandinavian Airlines Systems
(SAS) plans to use an automated docu-
ment scanning/data compression sys-
tem to digitize, update, store, and
transfer aircraft maintenance docu-
ments. It will be used to electronically
convert aircraft maintenance docu-
ments, such as technical drawings, op-

erations manuals, and work procedures
from paper to digital form. Existing
documents can then be updated directly
on a computer graphics screen, thereby
eliminating duplication and decreasing
the time making record changes. Docu-
ments will be stored in digital form in a
computer database, eliminating the
manhours and space necessary to
maintain them in paper form. The sys-
tem will be able to electronically trans-
mit documents to SAS facilities world-
wide through network and satellite
links in a matter of hours. Presently
with manual systems, this can take
days and even weeks.

Total Communications

An automatic digitizing system
should be looked at as the beginning
link of an integrated engineering data-
base communications system. Like-
wise, it can be viewed as the beginning
link of an engineering electronic pub-
lishing system.

With a local area network (LAN)
for graphics, the database of each ac-
tivity can be connected with the graph-
ics server supporting each user console.
The graphics server provides the pro-
cessing power to drive the applications
software for each graphics console. Lo-
cal equipment within each activity,
such as the review terminal network or
the regional business data collector,
may also be connected to the LAN and a
LAN gateway can be used to handle any
necessary protocol changes.

Users have access to all system fa-
cilities via a menu-driven system. This
user-friendly interface acts as a buffer
between the user and computer opera-
tions and guides the user through
available options and database queries.

And for communications with the
outside world, the database of each ac-
tivity has communication links to re-
mote locations via X.25 packer switch-
ing, Systems Network Architecture
(SNA), RS232, and V.35 serial data pro-
tocols. These functions are centralized
at each activity by a communications
server. This server may also handle
high speed communications between
activities, if the physical connections
are available to support them.

Automatic digitizing systems
should not be viewed as the panacea to
all engineering communications. How-
ever, such systems can be the catalyst
to developing totally integrated engi-
neering data systems, as the automatic
digitizer is the first step in actually
converting paper drawings to an elec-
tronic format. H



The VAXmate
Report

2 by Theodore Needleman

The VAXmate is not intended to be a standalone PC

igital Equipment Corp.’s

recent announcement of

the VAXmate has gener-

ated a lot of excitement.

Many questions are being

asked as to what the system can do, and

the best ways to accomplish certain

tasks. This column was established to

provide Hardcopy readers with some of

the answers. In upcoming columns,

we’ll examine both the hardware and

the software (MS-DOS and VMS) that

drive the system. We encourage you to
write us with your questions.

Since the September 4 announce-
ment, I've been frequently asked if the
VAXmate will be a success and if I rec-
ommend purchasing one. There’s no
doubt in my mind that the VAXmate
will be successful because of Digital’s
definition of success, and the VAXmate
system itself.

It may be a bit of a mystery how a
company can consider the Rainbow a
failure with between one quarter and
one-half million units sold, yet will con-
sider the VAXmate a success if it sells
the same one-half million. Part of this
seeming paradox has to do with expec-
tations. When the Rainbow was intro-
duced, Digital felt that the buying pub-
lic would flock to a superior engineered
microcomputer. When they bought 9
million IBM and compatible PCs in-
stead, Digital withdrew from the retail
scene.

The VAXmate, on the other hand, is,
contrary to popular belief, not an IBM
compatible system. It may have a large
degree of compatibility, but it was de-
signed for a completely different pur-
pose. The compatibility is a bonus, not
the system’s primary selling point. This
may disappoint Rainbow owners who
hoped the VAXmate would be their next
step up—the system the Rainbow
should have been, but never was. Be-
cause it wasn’t designed as a “mass-
market” system, Digital doesn’t have
any grandiose expectations for it. In
the retail market, half a million ma-
chines represents a failure. To a niche
market, especially the one Digital has

designed the VAXmate to fit into, the
same number of sales will mean Digital
has been successful in meeting the par-
ticular need that they set out to fulfill.
That need, as Ken Olsen has pointed
out frequently, is to do networking—to
do it well, and deliver it now. And that
leads to the second reason for success,
the VAXmate’s design. As its name sug-
gests, the VAXmate was designed from
the start to fit into a VAX-based net-
work. It does so superbly. On the hard-
ware side, the built-in Ethernet board
allows easy connection to the network,
and rapid transfers in both directions.
The 80286 processor and 1 Mbyte of
memory provide sufficient power to

“...the first time you
use VMS Services’
ability to access the
VAX’s disk as a VAXmate
virtual device, you’ll
wonder how you ever
managed to get along
with standalone PCs.”

offload tasks of considerable size from
the network. Tasks requiring more
computing resources are handled by
more powerful nodes.

The hardware, while well designed
(except for the pizza box overheating
problem), is not the most impressive
piece of engineering that Digital per-
formed on the VAXmate system. This
honor belongs to the software compo-
nents—PC All-In-1 (on the VAXmate
side), and VMS Services for MS-DOS
(on the VAX side). These (along with
MS-Windows when used with VMS Ser-
vices) allow the VAXmate to treat the
rest of the network simply as addition-
al resources, accessible as easily as any
peripheral included in the VAXmate’s
system box.

This sounds like a simple thing. In
theory and concept it probably is. In the
real world, however, it hasn’t been par-
ticularly easy up to now. Networking is
relatively new, and the development of
“drop-in-and-use” network compo-
nents represents a significant
achievement.

And the very success in meeting this
particular need answers the question of
whether the VAXmate represents a
good buy. If your need is for standalone
microcomputing, go buy an IBM PC, a
compatible, or an Apple Macintosh. The
VAXmate is not for you, and chances
are very good that you’ll be sorry if you
purchase it for this purpose. That’s if
you're even able to purchase just one.
Digital has been very honest with po-
tential buyers. They make no bones
about it not being intended as a stand-
alone DP system, and will not exten-
sively support it as such. While I have
no doubts that somewhere there will be
Digital VARs selling turnkey systems
built around the VAXmate, if you ask a
Digital sales representative about the
best micro-based general ledger pack-
age for the VAXmate, be prepared for a
blank look.

On the other hand, if you are build-
ing, or if you have, a VAX-based net-
work, it’s a different story. The VAX-
mate will give you the ability to run
whatever IBM-AT software you’d like,
but it also offers three different user
interfaces (MS-DOS, MS-Windows,
and PC All-In-1) and almost effortless
integration into the network. It’s not
inexpensive, but you wouldn’t have
bought Digital in the first place if you
weren’t impressed with the value of
Digital’s engineering. And the first
time you use VMS Services’ ability to
access the VAX’s disk as a VAXmate
virtual device, you’ll wonder how you
ever managed to get along with stand-
alone PCs.

Address correspondence to: Idea
Technology, PO. Box J, New City, NY
10956; MCI Mail to Theodore Needle-
man, or Source Mail to TCA920.
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PERFORMANGE ENHANCEMENTS

Unibus Electrical Characteristics Limit
Optimum System Performance

Accumulated capacitive, resistive, and inductive effects
on the Unibus reduce its reliability and throughput,
but solutions to these problems exist

he Unibus is a parallel, bidi-

rectional, asynchronous

bus composed of 56 signal

lines and provides the

computer’s major data

highway, performing all transfers

among the system peripherals, memo-
ry, and CPU.

Due to its asynchronous design, it
handles devices of widely varying data
transfer rates without increasing sys-
tem overhead. Because each device runs
at its fastest possible rate, replacing an
older, slower device with a newer, fast-
er one means the system runs faster
with no other hardware or software
changes.

Full direct memory access (DMA ) is
inherent in the structure with byte,
word, or multiple word transfer capa-
bility, and is available to all DMA de-
vices simultaneously.

Memory is the primary speed con-
trol device, and with MOS memories
operating at 650-700 nsec, the Unibus
can handle a 2-byte data transfer in ap-
proximately 900 nsec. This translates
to more than a 2.2.Mbyte/sec. transfer
rate that is available to any device on
the system.

Its modular design allows maxi-
mum ease of configuration as virtually
any device can be connected where
there is physically enough room (Fig-
ure 1). This scheme also implements
automatic priority selection and non-
polled high speed vectored interrupts.
Power fail and auto restart are sup-
ported with either core memory or bat-
tery backed up MOS memory systems.

The Unibus architecture is also sup-
ported on many CPUs that aren’t limit-
ed by the 256-Kbyte memory address-
ing scheme. These CPUs access their
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Figure 1—The Unibus supports both standard PDP-11 (a) and VAX (b)

architectures.

memory on a separate bus that the Uni-
bus can also access; they can have main
memory capacities up to 64 Mbytes.

Unibus Protocol

Unibus protocol consists of han-
dling 56 signal lines grouped as ad-
dress, data, control, arbitration, and
failure reporting. These lines are as-
serted low (<=.8V) true, high
(>=2.5V) false, with the five grant
lines vice versa.

The signals of primary importance
are the control signals, as these are ef-
fective immediately upon assertion or

de-assertion, and are not de-skewed (as
are the address and data). Another im-
portant item in an asynchronous bus is
the fact that leading edges (asserting)
and trailing edges (de-asserting) have

Johm Jomes, president of Setasi Re-
search and Development (Hollywood,
Fla.), holds a Ph.D in computer sci-
ence from the Umiversity of Massa-
chusetts. He and his partner, Bud De-
Fore, worked at Digital Equipment
Corp. for many years as a customer

troubleshooting team.




equal importance in the successful
completion of a transfer.

An example of a simple Unibus
transfer best explains this. Consider
that the CPU needs data from memory
and is ready to use the bus. The follow-
ing events occur (Figure 2).

® The CPU checks to see if any
higher priority device is requesting use
of the bus.

® [f not, the CPU, now bus master,
asserts bus busy (BBSY) to notify all
other devices the bus is in use.

® The CPU then asserts the address
of the location in memory on address
lines A0-A17 and .control lines CO and
C1 to indicate a read word operation.

® The CPU waits 150-180 nsec for
the lines to settle (de-skew), then as-
serts master sync (MSYN) to notify all
devices on the bus that a command is
waiting for the slave identified by the
address.

® The slave device—memory—de-
codes that it is to respond to this ad-
dress, does an internal select, drives the
selected data onto the data lines, then
asserts slave sync (SSYN) to indicate to
the master that its request has been
fulfilled.

® The CPU, upon receipt of SSYN,
latches the data on the data lines, then
de-asserts the two lines commanding
the bus, BBSY and MSYN.

® Memory, upon the de-assertion of
MSYN, knows the transaction is com-
plete, performs an internal de-select,
and de-asserts drive on both the data
lines and slave sync.

® The cycle is now complete and the
bus is again ready for use.

While this transfer was occurring,
the next bus cycle was being primed in
the bus arbiter, and commences as soon
as BBSY is de-asserted. The new bus
master then asserts BBSY and the pro-
tocol implemented for its cycle—either
interrupt request or DMA.

Transmission Line Effects

Transmission line effects can be
grouped into several categories. Each
imposes a different affect on the
transmission.

High frequency cable loss—This is
typically referred to as “skin effect,”
and occurs when a wire is driven with a
fast-changing signal such as encoun-
tered in digital signals on the leading or
trailing edge. It’s desirable that the sig-
nal change from one state to the other
as rapidly as possible. However, as this
occurs, the wire stops carrying energy
through its entire cross section and

Bus busy

Address 0-17

Control C0.C1

e e by

Master sync

Data 0-15

Slave sync

Figure 2—The Unibus waits a de-skew time of 150-180 nsec for the bus to settle
down before asserting the master sync signal to notify all devices on the bus that
a command is waiting for the slave identified by the address.
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Figure 3—Due to high frequency cable loss, the quality of the digital signals on
the Unibus deteriorates as the signal moves through the cable (a). Propagation
delay is another problem, and is defined as the difference in time between when a
signal occurs and when it is received by the affected component (b).

current flow is confined to the very out-
er perimeter of the conductor. Thus the
resistance of the cable during the rapid
transition appears to be much higher
than the actual DC resistance of the
conductor. This changes what was a
sharp edge at the point of drive into the
wire, into a type of stepped pulse at the
other end (Figure 3a).

Propagation delay—This is the time
required for a signal to travel from one
point to another through a conductor.
Contrary to popular belief, electricity
does not flow through a conductor at
the speed of light, but travels more typ-
ically somewhere between 50-90% of it,
dependent on the materials used in the
cable. The result is a very distinct dif-
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ference in time between when the sig-
nal is received at the end of the cable
and when it was transmitted. When us-
ing a cable with more than one conduc-
tor, or transitioning through a connec-
tor block, some of the conductors can
become different lengths, resulting in a
skew of times between transmission
and reception (Figure 3b).

Impedance matching—This is a
technique used to control the AC reac-
tance of a line and thereby ensure that
the energy put into the transmission is
received at the other end. It’s usually
implemented by using a cable with a
signal conductor and a ground conduc-
tor running parallel a particular dis-
tance from each other over the cable’s
length. This creates a characteristic
impedance. Since this impedance is
only true, considering no other losses, if
the wire is of infinite length, it’s fur-
ther augmented by resistor termina-
tion (in the value of the impedance cho-
sen) at both ends of the cable segment
(Figure 4).

Cabled resistance and connector
losses—These are due to the material
used to make a conductor. A piece of
wire has a small amount of resistance

45 .5 | Figure 6—
Crosstalk
occurs when
lines of flux cut

V. :)‘) ) ) across conduc-
‘& tors (a). The
NS resulting
waveform
shapes in the
= = conductors are
@ distorted (b).
® NS

per length, and as lengths become long
enough to be useful, there’s enough re-
sistance to impact the amplitude of the
signal received at the end due to the
voltage drop on the cable. There’s also
resistance added at any point of me-
chanical connection, such as edgecard
connectors or backplanes (Figure 5).
Cross talk—This occurs in a multi-

ple conductor cable when many lines
change simultaneously. The changes
cause magnetic flux to develop around
the changing conductors and can cou-
ple, with a transformer action, into an-
other line in the cable that wasn’t sup-
posed to change (Figure 6).

Stubs and inductance—Stubs are
connections to the transmission line to
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Figure T—Wire stubs act as capacitors when connected to a transmission line. The
cable impedance caused by the segmenting of the bus is represented by the five
inductors, and the stub equivalent capacitances are represented by the capacitors.
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Figure 8—The electrical representation (a) of a sample system bus structure (b)
shows the complex RLC make-up of an actual system bus.
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Figure 9—A complex stub layout (a) is the reality behind an actual system bus.
These stubs have a substantial effect on bus signals (b).

link the information on the line to a de-
vice that needs to communicate over
the line. They are formed of short
pieces of wire that connect electrically
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from the main transmission path to
some point on a module, and have the
effect of connecting a capacitor to the
line. The amount of capacitance is re-

lated to the length and mechanical po-
sition of the connecting wire. The in-
ductance of cable runs between and
within transition blocks, which can
have variations, depending on the ca-
ble’s proximity to metal chassis and
racks, needs to be considered in an an-
alysis of signal transitions (Figure 7).

Transmission Line Effects

Figure 8 shows a sample system bus
structure and its electrical representa-
tion when transmission line effects are
considered. The Unibus is a very com-
plex RLC (resistor, inductor, capacitor)
network. Fortunately, however, just
one item is responsible for the majority
of problems encountered.

The bus is no longer a clean piece of
wire strung between two terminators
with only one driver and receiver. Fig-
ure 9a is a representation of the stub
layout for the sample bus structure of
Figure 8. The stubs are the short pieces
of wire connecting the IC’s on the mod-
ules to the bus conductor.

“Systems using the
Unibus range from the
low end PDP-11/05 to
the VAX 8000 series.”

The major effect on the transmitted
signal is produced by the stubs. They
“de-tune” the transmission line. This
occurs because they act as an energy
storage point that dumps or absorbs
energy during a transition, and as a
varying resistance during a transition
that causes impedance mismatches.

As shown in Figure 9b, when a sig-
nal is asserted (high to low) on the bus,
it propagates down the conductor with
a stepped wavefront. As this front en-
counters a stub (capacitive load) that
was previously charged to the quies-
cent voltage of the bus, energy stored in
the capacitor is discharged onto the
bus. This discharge causes the signal
level to rise above the lower level of the
wavefront that was initially transmit-
ted, and reflect back toward the trans-
mitting device. If the capacitive load
stored more energy than the transmit-
ting device could instantaneously dissi-
pate, its output level also rises. Since
this reflection is directed back at the
transmitting device from both direc-
tions on the bus, the waveform at the
driver is composed of the two reflec-
tions superimposed. Thus added, it re-
sults in a level rise that may cross the
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threshold of other receivers on the bus.
The same phenomena occurs at de-as-
sertion of the signal (low to high), but
with a low-going transition during the
reflection.

To gain an understanding of the ef-
fect this has on a system, consider the
previous example of a data transfer be-
tween CPU and memory, but occurring
in the system environment.

In this example, there are more
than two devices connected to the bus,
and while only one device is to be active
at any given time, a second device is
arbitrated and ready immediately fol-
lowing the finish of the current trans-
action. This is commonly referred to as
pipelining and is implemented to allow
maximum throughput.

Assume the following conditions.

® The CPU is just finishing a trans-
fer from a slave.

® The disk controller has been arbi-
trated for a nonprocessor request
(NPR) cycle next.

Figure 10—A high level of activity on
the Unibus allows for many possible
errors due to the effect of stubs. See text
Jfor an explanation of this bus activity.
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® The DZis requesting an interrupt
on level 5.

® The line time clock is requesting
an interrupt on level 6.

® Other DMA (NPR) activity may
also occur at any time.

Figure 10 shows the timing se-
quence. The NPR cycle occurs first; it
has the highest priority, but even if it
hadn’t, it has already been arbitrated.
As soon as it starts, the interrupt re-
quest will be arbitrated with level 6
winning right to the next bus cycle, and
when the arbitrator allows during the
service level 6 routine, the level 5 re-
quest will be honored. This assumes
that no other NPRs appear, as they can
be interlaced within the level 6 service
routine.

During this time, there have been
several points at which control signals
changed when another device was
primed to use the bus. At these points, a
glitch in one of the signals could have
crossed the threshold of a receiver IC,
allowing two devices to use the bus si-
multaneously. This results in the
wrong data going to the wrong place,
with possibly no failure indication, or
an illegal interrupt. Or it may result in
a data transfer being cut short with
wrong data transferred or a cycle being
hung, resulting in a bus timeout and a
trap 4 crash.

Transfers that are garbled due to
transmission line effects cause, at
minimum, lost data or retransfers of
data, requiring more system overhead.
At the high end, total system corrup-
tion can occur.

Crash dump analysis tapes and er-
ror logs rarely indicate what caused the
system to fail in these circumstances,
as they only record events the system
can logically sort out. This is the logical
explanation for most illogical system
crashes.

Bandwidth

Bandwidth is a term often misused
in the computer industry. It refers to
the operating frequency of a particular
item, and is a count of complete cycles
per a given unit of time, usually 1 sec.
Properly used, it indicates a television
receiver uses a 5-MHz bandwidth to
display a standard video signal with
syne and sound, or a high resolution
graphics monitor may have a 35-MHz
bandwidth required to plot all of the
pixels required for sharp graphics. It’s
a measure of how many times some-
thing occurs, not how much informa-
tion was transferred.

Throughput is the measurement of
how much a specific commodity is

moved within a given period of time.
For computers, this is usually mea-
sured in megabytes per second
(Mbytes/sec).

Another item that must be taken
into account is the difference between
theoretical and realistic throughput
ratings. It’s very typical of manufac-
turers to give a throughput specifica-
tion based upon a particular operating
mode of a given architecture. While
what they say is true, in a real system

application, achieving even a 50% mark
may be unrealistic.

Consider the VAX-11/780 system. It
has a bus rated at 13 Mbyte/sec. This is
the theoretical upper limit, and with
the proper data transfer sequence oc-
curring and proper hardware installed,
it could be realized. Realistically, how-
ever, this rarely happens in a system
application.

When disk data transfer rates in the
2.2 Mbyte/sec. range became available
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some years ago, the 780 needed to be

upgraded to two interleaved memory”

controllers to handle it. On the surface
this seems contradictory, but in reality,
while the bus could handle the transfer
rate, the devices connected to it could
not. With system overhead and the disk
transferring simultaneously, this be-
came a problem.

The synchronous architecture of the
VAX-11/780 SBI can transfer from 1 to
8 bytes/cycle time. One full eycle typi-

cally requires seven or eight 200 nsec
cell times, or about 1.4 usec, which re-
sultsin a.7 Mbyte/sec. to approximate-
ly 5 Mbyte/sec. average throughput,
depending on the devices using the bus.
The architecture uses the same amount
of time to handle a fast device as it does
a slow one. In typical applications, ap-
proximately a 3 Mbyte/sec. throughput
is more realistic.

This in no way degrades the 780 ar-
chitecture; it is simply mentioned to
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distinguish theoretical from realistic
values.

The Unibus is an asynchronous bus,
which means its cycle time varies de-
pendent upon the device using it. The
primary speed controlling device is
memory. Most MOS memories used re-
quire approximately 650 nsec access
time and 250 nsec bus overhead time to
complete a cycle. This translates to a
bandwidth of about 1.1 MHz and,
whether doing a 1- or 2-byte transfer,
either 1.1 Mbyte/sec. or 2.2 Mbyte/sec.
throughput rate. This maximum rate is
available to any DMA device on the bus,
since DMA is the highest priority for
bus use.

In both the Unibus and the SBIbus,
interrupts were not considered in the
throughput analysis. While they are a
very necessary part of the overall oper-
ation, they make up only a small por-
tion of total bus activity. An asynchro-
nous bus also wins here, as it will
usually handle an interrupt twice as
fast as its synchronous counterpart.

Some other major differences be-
tween synchronous and asynchronous
busses should also be considered.

A synchronous bus gets around
transmission line effects by adding de-
skew to each of its clock cell times, re-
sulting in the time for the operation
plus about 100 nsec/clock cell as a mini-
mum. This severely limits the length of
the bus. Asynchronous busses must
handle these effects only once per cycle,
not seven or eight times.

On synchronous systems, degrada-
tion in speed of a device very rapidly
results in system failures; thus fixes
are required that help keep devices op-
erating near peak performance. Con-
versely, asynchronous device slow-
downs in response simply cause the
system to slow down to accommodate
them. These may take the form of
slowed slave responses, illegal inter-
rupts that waste CPU time, or passive
bus releases.

Running at its standard DMA
transfer rate, a Unibus can move
enough data to fill a 700-Mbyte system
disk in about 5 min. That is, if the sys-
tem can accumulate that much data
that fast, and if the disk can handle
that transfer rate. Since that’s more
data than is usually handled in a day, it
should be of little concern.

The Unibus will move enough data
to support virtually any standard ap-
plication, and most high speed applica-
tions. This assumes, however, that the
bus is configured to attain its maxi-
mum throughput.



Solutions

There are several means of ap-
proaching an ailing Unibus problem.
These are not in terms of solutions for
root problems that affect a properly
configured but heavily loaded bus, but
in terms of making the bus as clean as
possible. They are as follows:

® make cable lengths as short as
practical;

® agcertain the BC11A cables have
foam between the two runs;

® verify the cleanliness of the con-
nectors on the ends of the cables;

® have a “bus tuner” tune the Uni-
bus to the specific configuration.

While the first three are reasonably
easy to accomplish, the last is close to
impossible, and quite impractical. As-
suming the first three items are imple-
mented in a system, the most uncompli-
cated method of enhancing bus integ-
rity is to install a segment isolator/
high speed repeater on the system, such
as the VSI/HSR available from MRI
Computers (Ft. Lauderdale, Fla.).

Segment isolation causes the Uni-
bus to be broken into two or more
smaller segments instead of a single
long bus, with proper termination at
each end of a segment. This helps by
distributing the capacitance to electri-
cally isolated pieces of the bus, thereby
reducing the amount of capacitive load-
ing and impedance mismatch affecting
the signal in that segment. This re-
duces the reflections that are the main
source of the problem. As it changes
timing, shortens duration, and lowers
the amplitude of reflections that do oc-
cur, it in essence renders them harm-
less and of no consequence to proper op-
eration. By shortening the length of the
bus segment, it also lowers the voltage
drop due to the length of bus cable,
thereby providing a better signal level
to the entire bus segment.

High speed repeating means that
the propagation time through the re-
peater is fast enough that the system
operates with virtually no degradation
in speed due to increased bus cycle
time, and adds an additional driver at
each point where one is installed. This
helps keep reflections in hand by hav-
ing extra drive capability to sink the
energy found in a reflection. It also
means that an additional set of DC
loads can be added to the bus.

Quite often, an overall system re-
sponse time decrease (i.e., the system
runs faster) is noted when the segment
isolator/high speed repeater is in-
stalled. In most cases, this is due to re-

duced system overhead by eliminating
most data transfer errors, which con-
verts system time previously spent on
retries to useful data processing time.

It also allows the system configura-
tor greater flexibility in the bus struc-
ture as high speed devices will operate
through several segment isolators/
high speed repeaters without system
degradation.

A segment isolator/high speed re-
peater is not just for large busses. On

any size bus, it provides continuous in-
tegrity verification of the bus transac-
tions, and often helps make an inter-
mittent type problem very repeatable,
and therefore easily repairable. H

How would you rate the technical
information in this article?
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Too simplistic Enter No. 605
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by Dr. Robert J. Schlesinger
and Sylvia Tiersten

CIM, Al and telecommunications fuel market for CIOs

ove over CEO and CFO,

here comes CIO—no

longer a typographical

error on a business

card, but a legitimate

job title. The salary range for a chief

information officer can run up into the

$200,000 range or higher, according to

Herb Halbrecht of Halbrecht Assoc., a

Stamford, Conn. executive research

firm. Computer integrated manufac-

turing, artificial intelligence, and tele-

communications are fueling the market

for CIOs or their equivalent; alterna-

tive titles include VP of information

and strategic services, VP of informa-

tion and logistic services, and VP of in-
formation resource management.

Halbrecht’s hypothetical CIO is a
kind of corporate visionary who works
for a large corporation, probably re-
ports to a CEO or some other high rank-
ing official, is responsible for strategic
aspects of management, and has a
knack for spotting and tracking break-
through technologies. He or she has “a
passion for technology, some hands-on
management experience with technical
activities—but doesn’t have to be a
technologist,” says Halbrecht. Finally,
this individual “is not preoccupied with
day-to-day DP functions.”

If a company wants to install LANs
on the factory floor or expert systems
in the front office, then it’s up to the
CIO to assess the impact of the new
technology on the company and its
workers, and the availability of re-
sources for making such a change.

Where does the qualified CIO come
from? Only occasionally from the ranks
of DP or MIS managers, says Hal-
brecht, although ‘“some MIS people
would like to be CIOs. Sometimes they
are just looking for the title change,”
but once they have it, “their role doesn’t
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change dramatically at all. And if it
did,” Halbrecht reflects, ‘“they
wouldn’t be able to do the job.”

Years ago, he recalls, there was con-
siderable talk about the four stages of
the MIS executive. At the bottom is the
tinkerer who is interested in comput-
ers. A notch or two higher is the techie,
who “knows technology—but doesn’t
understand its implications,” Hal-
brecht says. The third category is the
expert, a technically competent indi-
vidual who understands the implica-

“If a company wants to
install LANs on the
factory floor or expert
systems in the front
office, then it’s up to
the CIO to assess the
impact of the new
technology on the
company and its

workers....”

tions of the new technology, “but can-
not market the thing internally.” Stage
four is the facilitator, who can “weave
the technology into the corporation.”
The CIO represents stage five in a
corporate environment “where tech-
nology is actually a major factor in
driving the company. Stage two and
three individuals almost never get to
that level.” says Halbrecht. At present,
he knows of no university that is specif-
ically grooming its grads for the CIO
role, which is probably as it should be.

After all, ponders Halbrecht, “how do
you train someone to be intuitive and
creative?”
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The pros and cons of offshore manu-
facturing continue to consume mega-
gallons of printers’ ink. Recent articles
in Business Week and Forbes suggested
that the United States is squandering
its intellectual capital and manufactur-
ing skills by turning to overseas suppli-
ers. “Our technology is leaking abroad
almost as fast as we develop it,” warned
the editor of Forbes. At a seminar titled
“How Offshore Opportunities Can Im-
prove Your Competitive Edge” at the
Wescon/86 electronics engineering
show in Anaheim, Calif., speakers took
a more bullish approach. But even in-
vited lecturer Harry Bowers, whose
contract manufacturing firm has
maintained a presence in Asia since
1981, conceded that going offshore may
be fraught with peril—particularly for
the uninitiated.

Bowers, a vice president at Flex-
tronics, a Newark, Calif.-based concern,
began with a discussion of contract
manufacturing. Many U.S. firms, he
noted, including General Motors, no
longer build their own products from
the ground up. To circumvent complex
technologies and procurement systems,
they hire an outside subcontractor to
manufacture either the entire product
or some portion of it.

Although Flextronics maintains
some domestic fabricating facilities,
the company also has plants in Singa-
pore and Hong Kong and plans to put
one in Thailand as part of a joint ven-
ture with Japan. “These days,” says
Bowers, “you don’t go to Asia for cheap
labor. The issue is material.” He claims
that 90% of all materials that are rou-



tinely used in electronic products cost
less in Asia than they do in the United
States.

As to whether a company should
build its products on or offshore, “there
is no black and white answer,” he says.
“If your product has eight custom chips
and the chips are no less expensive in
Asia, then you might want to assemble
your product at home.”

Security—or the lack of it—remains
a major issue. Countries such as Hong
Kong and Singapore have acknowl-
edged piracy as a threat to their own
industrial success. Therefore, product
rip-offs seem least likely in these Asian
countries. On the other hand, political-
ly unstable Korea “is still a great risk. I
have witnessed a product coming back
from a customer that is painted a dif-
ferent color with a different name,”
says Bowers.

Another Wescon speaker, Joseph T.
DiBene, president of international op-
erations at Maxtor Corp. (San Jose,
Calif.), chided American companies for
their egocentricity: “We must begin to
look at foreign places as a shopping ar-
cade. The world really is that small and
accessible if you are going to be suc-
cessful today.” For more than 20 yrs.,
he noted, Japan has been shopping at
its “secret supermarket—Southeast
Asia—and the Japanese are masters at
buying.”

DiBene fears that many American
firms are still “chasing cheap labor all
over the world” and “still worrying
about the wrong problem.” Unlike the
50/50 ratio of material-to-labor costs of
electronic products some 10 yrs. ago,
material now accounts for 80-85% of
the total cost.

Ticking off possible procurement
strategies in Asia, he cited working
through an Asian trading office, mak-
ing twice-yearly trips to the continent,
“putting one of your men in a small of-
fice in some key offshore area,” build-
ing the product offshore, and subcon-
tracting. “Above all,” DiBene warned,
“don’t go offshore until you get your act
together at home first.”

Dr: Robert J. Schlesinger, a registered
professional engineer, teaches courses in
operations research, manufacturing,
and automated production at San Diego
State University. Sylvia Tiersten is a
business writer who frequently reports
on computer topics.
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PERIPHERAL GONTROLLERS

New High End

Disk Alternatives For Digital Systems

Now it’s possible to connect high capacity, high performance industry
standard disk drives to VAXclusters and VAXBI systems through
Digital’s Standard Disk Interface

by Larry Tashbook

Emulex Corp.

n the past 3 yrs., the performance
boundaries of the VAX architec-
ture have been extended in sev-
eral areas. Bus performance is
one of the more dramatic exam-

ples: The VAXBI introduced 1 yr. ago
touts a 13.3 Mbyte/sec. throughput that
greatly surpasses the 1 Mbyte/sec.
throughput of the Unibus. Much great-
er performance is also reflected in pro-
cessor speed—the top-of-the-line VAX
8800 is capable of 12 million instruc-
tions per sec. (MIPS) compared to the 1
MIPS peak of the VAX-11/780, once the
industry standard for minicomputer
performance.

Along with the increase in process-
ing power, the VAX now has greatly ex-
panded access to data and computing
resources due to the VAXcluster archi-
tecture. The loosely coupled VA Xcluster
makes it possible to build a computing
complex with the equivalent of 60 MIPS
processing power and several hundred
Gbytes disk storage that supports
thousands of users.

Yet, while recent VAX CPUs have
been reaching new heights, the disk
storage peripherals available from Dig-
ital Equipment Corp. for the VAX have
been in a holding pattern that dulls the
luster of system performance gains.
Unless all the elements that determine
overall system performance—includ-
ing the processor, main memory, 1/0,
and disk storage—are in close propor-
tion, a system will fail to achieve its full
potential.

In the past, when a typical Digital
installation had a 1 MIPS VAX-11/780
and Unibus peripherals, the top-of-the-
line 456-Mbyte RA81 disk drive with its
2.2 Mbyte/sec. burst data rate was ade-
quate. The Unibus was the bottleneck
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that limited overall performance. With
the Unibus fading out of the picture as
VAXclusters and VAXBI systems gain
popularity, the RA81 has now become
the bottleneck.

Digital is not yet delivering disk
drives with the performance, capacity,
and reliability necessary to make the
most of increased VAX capabilities. As
of this writing, the rumored RA82 has
increased capacity, but offers no great-
er throughput.

On the other hand, companies that
make a living solely from manufactur-
ing disk drives would soon be out of
business if they failed to keep up with

As VAXclusters and
VAXBI systems gain
popularity, Digital’s
RAS81 disk drive has

become a performance
bottleneck.

the latest technology. A very competi-
tive market has spurred manufacturers
to develop drives that clearly eclipse
the RA81 in virtually every respect, of-
fering higher transfer rates, lower ac-
cess times, greater capacity, longer
meantime between failure (MTBF) rat-
ings, and exceptional price/perform-
ance ratios.

While these drives clearly go a long
way toward easing and possibly elimi-
nating the bottleneck caused by the
RA81 on VAXBI-based systems and

VAXclusters, Digital restricts its users’
choice to its own proprietary RA series
drives. Digital controllers support only
Digital’s Standard Disk Interface
(SDI) used by the RA drives, so the far
more competitive industry-standard
drives such as those using the Storage
Module Drive (SMD) interface are not
supported by Digital.

Digital also discourages indepen-
dent development of controllers that
implement the SMD interface on VAX-
BI and VAXcluster systems. The VAXBI
is closed to vendors not licensed by Dig-
ital and protected by Digital’s desire to
uphold its “intellectual property
rights” in court. Companies providing
competitive mass storage products will
not be granted BI development licenses.

There is, however, a straightfor-
ward solution that doesn’t infringe on
Digital’s patents. Make the high per-
formance disk drives that are available
on the market, particularly SMD/
SMD-E drives, appear like RA drives
through an emulating interface for the
SDI port on Digital controllers. One
such interface is the Storage Module
Disk Interconnect (SMDI) from Emu-
lex Corp. (Costa Mesa, Calif.). With
SMDI installed, the user can connect an
industry standard disk drive with the
SMD or SMD-E interface to any Digital

Larry Tashbook, director of strategic
marketing, storage products for
Emulex Corp. (Costa Mesa, Calif),
holds a B.S. in geophysics and geology
Jfrom City College of New York and an
M.B.A. from Pepperdine University.
He was previously vice president of
marketing for U.S. Design Corp.
(Lanham, Md.).




INTRODUCING THE FIRST Q-BUS DUAL-WIDE %" TAPE COUPLER.
It's called the MSV15. The first serious alternative to
quad-wide 14" tape couplers.
Consider: a dual-wide design that frees up backplane
slot space. Virtually unmatched low cost. And DEC TS11/
TSVO5 emulation so true, it even runs DEC diagnostics.
Best of all, the MSV15 is available right now for use
in all popular Q-Bus based systems, including DEC'’s
LSI-11 series and of course, the MicrovAX I and II.

The MSVO05 is the most widely used Q-Bus 4" streaming
tape coupler today.

Its also the most imitated.

Yet no ones matched its impeccable field reliability.
Its excellent cost to performance ratio. Nor its true DEC
emulation.

Put the 4" tape coupler that started it all to work in
all your Q-Bus based systems.

Call on MTT. For advanced solutions to all your
Q-Bus storage needs, call MTI at (714) 632-7580. Or write
Micro Technology Inc., 1620
Miraloma Avenue, Placentia,
CA 92670.

I MicroTechnology; Inc.

We don’t just meet the standards.
We make them.
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PERIPHERAL CONTROLLERS — Disk Alternatives

Figure 1—Several

Digital controllers

use one common
interface: SDI. By

transparently
converting SMD bus
protocol signals to
SDI signals, an

HSC&0/70

SDI/SMD converter
can work with a
variety of Digital
systems and VAX-

clusters.
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disk controller that supports SDI, in-
cluding the HSC50/70 used on VAXclus-
ters and the KDB50 used on VAXBI
systems.

The “C” series of disk drives from
System Industries (Milpitas, Calif.)
also provides RA emulation, but unlike
SMDI, the emulation circuitry is con-
tained within the drive and is available
only through SI. The SMDI consists of
an independent converter that can con-
nect to many different drives using the
SMD/SMD-E interface.

100% DEC Compatible

Using a disk-emulating interface
rather than building a new controller
represents an approach that provides
Digital users an alternative in selecting
compatible disk storage peripherals for
Digital systems. It offers both complete
compatibility with the Digital Storage
Architecture (DSA) used on all large
VAX systems and VAXclusters and
protects the user’s investment in disk

106 HARDCOPY/February 1987

storage peripherals.

Because SDI bus protocol signals
are transparently converted to those
used by SMD disk drives and vice versa,
resulting in a logical emulation of Digi-
tal’s RA80/81 drives, no operating sys-
tem modifications are required and all
the features of DSA are maintained.

One of the key features of DSA is
the ability to support different drives,
and SDI/SMD converters take full ad-
vantage of this capability. Prior to the
development of DSA, offering a new
disk drive was a cumbersome task re-
quiring the writing or modification of
the disk device driver—a real headache
for the vendor and user. DSA and the
Mass Storage Control Protocol (MSCP)
were developed to solve that problem
by providing a generic disk “class driv-
er.” Now, all that’s required to support
new disk drives is providing the con-
troller with the parameters of the new
drive.

Thus, it’s possible to connect almost

any size disk drive to a VAX system
whether it’s a Digital drive or an SMD
drive made to look like a Digital unit.
When the Digital controller checks for
the drive type and parameters, the
SMD drive is identified as an RA81, but
with different size and performance
parameters. Since DSA is designed to
accommodate drives of different sizes
and performance, the controller simply
adjusts to the new parameters and goes
to work.

The approach of emulating the SDI
interface provides an easy migration
path across different Digital systems.
SDI is the interface used by DSA-com-
patible controllers, including the
HSC50/70, KDB50, KDA50, and the
UDAS5O (Figure 1).

Full RA81 Emulation

In addition to emulating SDI, an
SDI/SMD converter is designed to
make SMD drives appear functionally
like an RA81 in many respects, provid-



ing support for full diagnostics and
RA81-like front panel switches.

The SMDI is housed in a 19-in. rack-
mountable enclosure that contains a
power supply, room for up to four SM80
SDI/SMD converter boards, and a
front panel assembly. The 5% -in.-high
unit is typically contained in a cabinet
with room for up to four disk drives,
similar in size to the RA81 cabinet used
by Digital.

At the heart of the SMDI is the hex-
size SM80 board that mounts in the
SMDI chassis. Each SM80 can support
one SMD disk drive, with transfer rates
of up to 3.125 Mbyte/sec. An Intel 8085
microprocessor is used to drive the
unit. To support dual porting, the SM80
is equipped with two SDI ports.

A single 512 x 8 PROM used for
drive configuration can contain up to
four different predefined configura-
tions, with alternative configuration
PROMs available. The maximum sec-
tors per track is 256, and the maximum
number of cylinders per drive is 65,535.
Configurations are selected by option
switches located on the SMR0.

The front panel switches and LED
indicators located on the SMDI system
unit provide the same level of control as
on the RA81. Switches and indicators
are provided for run, port select, write
protect, fault, and diagnostic modes.

As for diagnostic modes, the SMDI
has three basic diagnostic sequences.
The power-up sequence runs whenever
the unit is turned on. A default se-
quence runs whenever a request is
made from the SDI controller. And the
user can initiate an internal diagnostic
sequence of 18 tests from the front pan-
el. The internal test thoroughly checks
the subsystem, running through the en-
tire chain of operations from disk in-
terface to drive read/write heads, and
back to the adapter.

Formatting of drives is a special
consideration. For new installations,
preformatted SMD disk drives are
available. For users who want to mi-
grate their present disk drives, disks
can also be formatted in the field. An
SMDI Field Format Unit is available
that can format drives from the drive
manufacturer’s defect lists or from a
user-entered defect list in about 30 min.

Performance And Capacity

To date, the SMDI is the only DSA
compatible product available that can
support a variety of different disks
with a 3.0 Mbyte/sec. data transfer
rate. Only the HSC50/70 with the 13.3-
MHz clock rate can support a 3.0

Mbyte/sec. data transfer rate. The
HSC50/70 with a 12-MHz clock rate,
the UDA50, and KDA50 can only main-
tain a maximum data transfer rate of
2.8 Mbyte/sec.

Of course, the Digital controllers all
offer higher transfer rates than the
RA81 at 2.2 Mbyte/sec. More impor-
tantly, in multiuser inquiry response
environments, the RA81 is hampered
by its comparatively slow seek time of
28 msee. SMD disk drives can help ease

the bottleneck caused by the RAR&1’s
slow seek times by providing seek times
as low as 16 msec.

A representative sample of what'’s
available in the industry today is the
9772 14-in. disk drive from Control
Data Corp. (Minneapolis, Minn.) using
the SMD-E interface. This drive fea-
tures a 3.0 Mbyte/sec. data transfer
rate, an average seek time of 16 msec, a
formatted capacity of 661 Mbytes, and
an MTBF rating of 30,000 hrs.—or 3%

Q-Bus Removable 54"
Winchester Subsystems

200 MB

DataSafe Subsystem
Configurations up to |

® 15 and 26 MB removable hard disk cartridges

® Fast 2-5 minute back-up and restore

® Instant “load and go” environment exchange

m Perfect for classified data and workstation applications
® TK-50 replacement. .. because tapes have reel

limitations!

For more detailed information, call today:

800-325-3700
(in Mass. 617-933-8500)

WINCHESTERS S/EIVIS

400 West Cummings Park, Woburn, MA 01801
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PERIPHERAL CONTROLLERS — Disk Alternatives

yrs. of continuous service. At the same
time, the CDC 9772 is one of the most -
cost-effective disk drives ever produced e = e
on the basis of price per formatted
Mbyte. With a list price of $16,800, the
661-Mbyte drive (formatted) costs less \ \ b 4,
than $25/Mbyte. The RA81 has a per VAX VAX VAR
Mbyte cost of $42, while the RA80 costs
$116/Mbyte.

Unlike Digital, which is sitting on
the laurels of its almost 5-yr.-old RAS8]1,
other disk drive manufacturers have
been continuously introducing ever
more powerful and more diverse prod-
ucts. At Fall Comdex, CDC introduced e COUPLER
a new version of the 9772 drive, offering SD‘/EMD STORAGE
1330 Mbytes (unformatted) storage ca- SUBSYSTEM
pacity. The drive is scheduled to start HSC 50/70
shipping during the second quarter of 9 _

1987, %__

Also making their debut at Comdex

were several high capacity 8-in. disk HSC5X-BA 9 9

drives using the SMD-E interface.
Drives using an 8-in. form factor make é HSC5X-BA
a lot of sense in many VAXBI installa- L@ 9

tions. With systems such as the VAX Ré 80/81
8200 and 8300, Digital has greatly re- RIVES
duced the size of the processor in com- - — -— - - -
parison to the VAX-11/780 and 11/785. Figure 2—In an existing L»L\('/N.\'ter installation, SDI/SMD storage subsystems
But the footprint of the disk storage | can be added to, or mixed with, existing RA80/81 drives.

Look into this proven design tool that’s currently helping on proj-
ects ranging from 4 man-months to 400 man-years.
¢ Interactive. Encourages use of accepted Software Engineering
L St Methods.
= FEATURES. . . Effectively supports multi-user design teams.
Tew-Code Generation: Ada®, Provides on-line design analysis.

C, Fortran, Pascal Provides full design documentation automatically.
ew-Graphic Output Saves significantly during System Life-Cycle—particularly in
New-support for Design, Coding, Integration and Testing phases.

Mil-Std-2167
Vew~-Add® -superPDL™

superPDI™ is currently available for VAX/VMS systems.
For detailed information about super PDL™, please contact:

Advanced Technology International, Inc.
350 Fifth Ave. 19th Floor, New York, N.Y. 10118
Tel: (212) 947-4755 Telex: 237048 B TADUS UR

Add® is a registered trademark of the U.S. Goyernment
VAX and VMS are trademarks of Digital Equipment Corporation

ENTER 186 ON READER CARD

108 HARDCOPY/February 1987



subsystem has stayed constant. Eight-
in. drives can be mounted two-abreast
in a standard cabinet to boost the
amount of storage that can be packed
into a given footprint.

At Comdex, new 8-in. drives with
capacities of more than 600 Mbytes
were on display. Fujitsu America’s
(San Jose, Calif.) latest 690-Mbyte, 8-
in. model offers an average access time
of 18 msec and a 2.46 Mbyte/sec. trans-
fer rate. Rodime PLC (Glenrothes,
Scotland) announced an 8-in. unit using
the SMD-E interface with 674 Mbytes
(unformatted) storage capacity.

Universal Application

The need for high capacity, high
performance, reliable, low cost disk
drives is universal in the Digital envi-
ronment. With virtual memory paging
Mbyte after Mbyte of data in and out of
memory, and the advent of increasingly
sophisticated programs that require
greater storage, disk performance is a
critical element of system perform-
ance. Compared to solid state RAM, all
systems are in a sense disk bound and
can benefit from faster disk drives.
Random access memecry can retrieve
data in 120 nsec, while the mechanical
heads in disk drives take an average of
15 msec.

Although any Digital system can
derive performance gains from the in-
stallation of improved disk storage pe-
ripherals, VAXclusters and VAXBI-
based systems have the most critical
need. In clusters especially, the sheer
volume of disk drives that can be in-
stalled makes large capacity, cost-ef-

Vendors Directory

Control Data Corp.
8100 34th Ave. S.

Minneapolis MN 55440
612-931-3131 Enter No. 650
Emulex

3545 Harbor Blvd.

P.O. Box 6725

Costa Mesa, CA 92626
T14-662-5600 Enter No. 652
Fujitsu America Inc.

Storage & Peripheral Prod. Div.
3055 Orchard Dr.
San Jose, CA 95134
408-946-8777 Enter No. 654
System Industries

1855 Barber Ln.

Milpitas, CA 95035

408-942-1212 Enter No. 656

fective drives a must. The HSC50 can
support up to 24 RA80/81 and/or SDI/
SMD disks. The HSC70 expands this
number to 32 storage units. Each disk
channel connection on an HSC50/70
costs more than $7,000; disk drives that
provide the maximum capacity possible
are able to take full advantage of that
investment.

Since an SDI/SMD adapter can be
used in virtually any Digital environ-
ment, clustered or nonclustered, SMDI
disk drives can be intermixed with RA

series drives on the same controller,
just as the same controller can support
different Digital drives (Figure 2).
SMDI provides the user with sever-
al migration possibilities. An installa-
tion that begins with a single VAX, but
plans to eventually move to clusters,
could protect its investment in data
storage by beginning with SMD disks
and a third party SMD disk controller.
When an HSC cluster controller is add-
ed, the drives could be migrated via
SMDI. "

Computers are a big invest-
ment. Without complete pro-
tection, the risks can be great.
Loss of hardware, software,
and data are obvious concerns.
While accidental interruption
and shutdown are constant
dangers.

Secure Cover™ provides total
protection for the MicroVAX.
Models SC123 and SC23 pre-
vent unauthorized access and
theft, while offering easy access
to controls for authorized users
through key-operated Lexan®
windows.

Easy to install and operate,
Secure Cover provides opera-
tional flexibility and aesthetic
appeal. No MicroVAX is com-
plete without it.

Secure Cover is a trademark of Secure Technologies Inc.
MicroVAX is a registered trademark of Digital Equipment
Corporation.

Lexan is a registered trademark of General Electric.

THERE'S TIGHT SECURITY
SURROUNDING THIS MICROVAX

For a demonstration, more
information, or OEM pricing,
call us at (617) 326-7979. Or call
the representative nearest you:

NORTHEAST PALL

REGION — ASSOCIATES, INC.
(617) 461-0402

MID- JODFREY

ATLANTIC ASSOCIATES, INC.

REGION — (301) 469-6700

CENTRAL ADVANCED

REGION — INTEGRATED
TECHNOLOGY
(615) 381-4388

WESTERN DECTECH

REGION — (408) 275-1133

= =—— SECURE

TECHNOLOGIES INC.

297 High St., Dedham, MA 02026
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Richard Lloyd & Son (Computers) Ltd.

The CAD/CAM and CIM
specialists announce

RLS
WORKSTATION
CONTROL

The answer to drawing and file control for
CAD/CAM and CAE packages on stand-alone or
networked microcomputers.

Say NO to lost files, duplicated versions or access
by unauthorised people.

Say YES to security of drawings, version numbers and
archiving with

RLS WORKSTATION CONTROL

Ring now on 0884 259333 at
The Market House, 18, Bampton Street,
Tiverton, Devon, England
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Interface Update

by Vipul Mehta and Joe Jaworski

Third party manufacturers must remain flexible to flourish in the
changing Digital marketplace

s we enter 1987, it may be an
opportune time to reflect
on the past year’s events in
the marketplace, and take
a closer look at what is

likely to happen in the new year. Of
course, there have been a lot of changes
in the past 12 mths., and the next 12 will
be equally eventful.

As in the past, we’ll see a flurry of
new products and new faces. Third par-
ty suppliers will be busy pushing the
limits of technology, and Digital
Equipment Corp., in turn, will continue
to push the independent suppliers. Us-
ers will continue to demand higher per-
formance and better support at a lower
cost. However, there’s one thing that
won’t change—the evolution of Digital
computing into new levels of power,
performance, and price.

Overall, 1986 was a good year for the
Digital world, including Digital itself.
While most of its rivals succumbed to
“weak demand” and “adverse market
conditions,” Digital soared to new
heights. Products were introduced
across the board—from low end PC
compatibles to the most powerful ma-
chines in Digital’s history. During the
next few years, the competition (IBM
included) will be scurrying around to
find “VAX buster” products, as the
minicomputer market once again fol-
lows the pace set by Digital.

Traditionally, the fortunes of inde-
pendent DEC compatible suppliers
have run parallel to Digital’s own per-
formance levels. Lately, though, third
party suppliers have been wondering if
this still holds true. For one thing, none
of the independents have come close to
duplicating Digital’s financial success
throughout 1986. Secondly, Digital has

created barriers that are crippling the
ability of third party suppliers to inter-
face to new busses and mass storage ar-
chitectures. What will this do to the fu-
ture of independent suppliers of mass
storage controllers and subsystems?
There is no doubt that many third
party suppliers will be able to capital-
ize on Digital’s success. Last year, a
sudden flurry of new products and dif-
ferent architectures from Digital took

‘“As we transition into
1987, there will be new
issues and new
complexities to contend
with.”

the industry by surprise. Engineering
groups at most of the third party sup-
pliers were inundated with data and
new specifications that took time to di-
gest. But rest assured that 1987 will
witness the introduction of many new
products supporting the new architec-
tures. There will be memory boards,
controllers, and subsystems for new Q-
bus computers, and the VAXBI.
Digital’s efforts to close its archi-
tectures have been less than successful.
While the legal issues continue to drag
on in the courts, the independent sup-
pliers are free to develop and market
new products. And they are doing just
that. There is no shortage of mass stor-
age control protocol (MSCP) control-
lers or subsystems in today’s market. In
fact, Peripheral Concepts’ recently pub-

lished Controller Concepts 1986 lists
more than 40 MSCP compatible con-
troller products from 11 different man-
ufacturers. The majority of these prod-
ucts support the MicroVAX on Q-bus
and some work with the Unibus. Fur-
thermore, some third party suppliers
have already found ways to attach pe-
ripherals on the new VAXes by circum-
venting the VAXBI altogether.

Industry growth projections also
remain upbeat. For example, Control-
ler Concepts 1986 predicts that reve-
nues from third party DEC compatible
peripheral controllers will jump from
$72.5 million in 1985 to $128.2 million
by 1989. Q-bus compatible controllers
will benefit handsomely from the
closed nature of the VAXBI. They will
account for 64.9% of 1989’s total mar-
ket, up from only 58.9% in 1985. This
doesn’t mean that the VAXBI won’t
grow, but most of the growth will be
captive to Digital. On the other hand,
the Unibus and other VAX busses like
the Synchronous Backplane Intercon-
nect (SBI) will continue to decline
through 1989.

As we transition into 1987, there
will be new issues and new complexities
to contend with. The key to survival will
be following Digital’s changing direc-
tions, strategies, and new products. But
there will also be a strong growing mar-
ket that brings a host of new opportuni-
ties. It all boils down to satisfying the
needs of the end user, be it 1987 or 1977.

Joe Jaworski and Vipul Mehta are
the principals of Peripheral Concepts, an
Irvine, Calif-based consulting and mar-
ket research firm. The company also
publishes several market reports on Dig-
ital and other interface techmologies.
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PERIPHERAL DEVICES

Tape Alternatives For The Digital Environment
Keep Pace With Industry Trends

Advances in the rapidly changing tape market become available for
Digital users from a variety of third party manufacturers

by Edward Judge

ntil recently, magnetic

tape wasn’t widely avail-

able for small systems

because of cost, but

that’s changing. Third

party vendors offer Digital Equipment

Corp. computer users a wide variety of

options at significant savings over sim-
ilar Digital products.

Magnetic tape has many attributes
that make it desirable as a means of
backing up disk drives. It has a low
cost/Mbyte and high capacity; it’s
highly standardized, rugged and com-
pact in form, and highly reliable. Ex-
tensive data archiving is done almost
exclusively on tape.

Tape systems are available in five
basic formats: Y2-in. reel-to-reel (RTR),
Yo-in. cartridge, Y -in. cartridge, Y%-in.
cassette, and 's-in. cassette. RTR is
subdivided into start/stop (convention-
al tape drives), and streaming tape
drives.

The Y-in. cassette is of the audio
type and is used almost exclusively for
low end personal computers. The %-in.
cassette is used mostly in micro dicta-
tion (the micro-cassette recorder). No
major system using these form factors
is currently available for any Digital
system.

History

Mag tape began as a media for inex-
pensively transporting programs and
information between IBM systems (a
role that the floppy disk was later
deigned to handle for IBM’s smaller
systems).

The first modern tape system was
the 9-track, 800 bits per inch (bpi) non-
return-to-zero inverse (NRZI) drive. It
had several 7-track predecessors at 200
and 556 bpi, but came together in the
800-bpi 9-track, a machine with ade-
quate speed and error checking for the
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Figure 1—MTI'’s
MSV15 TSV05/
TS11 compatible %-
. tape coupler for
the Q-bus is an ex-
ample of the new
dual-wide high per-
Sformance tape
control boards.

time. It stored about 20 Mbytes and ran
at 45 in. per sec. (ips).

Today’s drives range from inexpen-
sive 12.5 ips, 800 bpi low end to super
high performance 200 ips, 6250 bpi
group-coded recording (GCR) ma-
chines available from $35,000 to
$50,000. Current machines are typically
800/1600/6250 bpi (along with 3200 bpi
phase-encoded [PE] machines made
popular by Cipher Data Products Inc.
[San Diego, Calif.] with their Micro-
streamer) and 45-125 ips.

There are two commonly used
standard '2-in. tape drive interfaces:
Pertec (from Pertec Peripherals Corp.
in Chatsworth, Calif.) and STC (from
Storage Technology Corp. in Louisville,
Colo.). There are others, such as the
Telex (from Telex Computer Products
Inc. in Tulsa, Okla.) and Kennedy Co.’s
(Monrovia, Calif.) Pico, but these are in
limited use. The Pertec interface is
most common among small Digital sys-
tems, with the faster (and more expen-
sive, and bigger) STC interface more
common for larger systems. The limit
for the Pertec is about 125 ips, and most
drives in the 200 ips range use the STC.

Today most controllers are actually
couplers that assume the electronics
exist in the drive system to format the
incoming data as needed. Currently,
there exist three common densities/
modes for RTR—NRZI, PE, and GCR.

In the changing cartridge world, stan-
dards aren’t as common; density is con-
stantly increasing, and some form of
GCR is usually used.

Using well-known NRZI recording
techniques with better error detecting
techniques, GCR is considered the most
reliable of the three methods. Many
GCR designs are very expensive be-
cause of the required electronics, but
VLSI is changing this dramatically.

Using RTR

Dan Sullivan, vice president of mar-
keting sales for Micro Technology
Inc.—MTI (Placentia, Calif.) has cited
what the tape industry thinks are ac-
ceptable rates for the backup process—
three media changes and less than %
hr. to back up the Fujitsu 2351 Eagle.

Currently, %-in. tape dominates
most markets, with the exception of the
price sensitive personal computer mar-
ket. In 1986, three times more %-in. de-
vices were sold, but the value was about
30% of RTR value.

Using Kennedy as an example, a
typical moderately high technology
drive is found in its tri-density 9400
drive. It’s rated for 800/1600 bpi at 75
ips, and 6250 bpi at 45 ips. It’s perfectly
matched in transfer rate by a new cou-
pler—the MSV15 (Figure 1) from MTI.
The MSV15 coupler has about 10%
more throughput than the maximum
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transfer rate of the 9400, and is a dual-
wide card.

More than just data is written to
tape. To bring down the cost of per-
formance in tape drives, the drive mo-
tor is given some space (the inter-
block/record gap—to accelerate the
tape from where it halts between data
blocks. This allows drive motors to
bring the tape up to the speed that the
read/write electronics are designed to
work at most efficiently. The IBG can
vary from .3-in. to .75-in.

With a less expensive drive motor, a
streaming drive can be assembled with
equivalent performance of the more ex-
pensive start/stop drive. Streaming
technology has lowered the price of
moderate performance RTR systems.
The streamer offers high performance
at lower cost than standard systems
with some restrictions. They can han-
dle the same format as the standard
systems, but they do it “on the fly.”

Using software and hardware (par-
ticularly caching techniques) to pre-
vent interruptions in data transfer,
streamers use less expensive drive me-
chanics and take advantage of the eco-
nomics of LSI and VLSI technology to
keep parts count down and reliability
up. This makes a streamer the perfect
backup device, offering reliability, por-
tability, performance, and a low cost
relative to start/stop drives. Streaming
at 100 ips in GCR is a good performance
rating. Some of the newer streamers
are showing repositioning times near
30-40 msec. Most streamers have fig-
ures around 200-300 msec.

Kennedy’s 9400 drive is now avail-
able as the 9600 streamer, and is also
available in quad-density (800/1600/
3200/6250)—the 9610 (Figure 2). The
9600 series will also operate in the
start/stop mode at 50 ips. This is a basi-
cally more powerful drive than the 9400
in a much smaller package, and could
be a price/performance breakthrough

Figure 2—The Kennedy 9610 is a
quad-density streamer that will also
operate in start/stop mode. The M9660),
shown here, is the 9610 with a cover:
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in a full-featured streaming tri-density
RTR drive. The newest MTI controller,
the MUV15, uses the GCR mode at full
speed, along with Tape Mass Storage
Control Protocol (TMSCP) emulation.

With an RTR tape, you can change
the block size. Each block has its own
minimum overhead—headers, error
checks, IRGs—so if you make the block
larger, up to a point, you can substan-
tially lower the overhead and increase
storage.

There can be a problem with back-
ing up many small files. If they are
smaller than the block size, they will
still need at least a block of storage, so
there’s the possibility of wasting stor-
age. You can get around this by storing
small files together in one logical disk
file.

There’s an ANSI standard that uses
512-byte blocks, the same size as used
on most common DEC compatible disk
storage devices. Using GCR and the
Digital standard, which is very close to
the ANSI standard, you can get approx-
imately 75,000 blocks (38 Mbytes) on a
2400 ft. tape using PIP. This means that
approximately only 22% of the tape is
being used for data.

There is nonDEC software that can
help with this problem. Typical of
these, ARK from Network Dynamics
Inc. (Cambridge, Mass.), writes to the
tape using special system subroutines
that allow more choice in tape block
size. ARK automatically selects the
largest blocking possible with available
memory, using up to a 16-Kbyte block,
and can store about 150 Mbytes, using
about 80-85% of the tape for data. ARK
can also be run from a command file,
which allows a batch-like backup pro-
cedure to be handled by less skilled per-
sonnel, and maintains a directory on
the beginning of the tape.

With the recent introduction of Dig-
ital’s TMSCP protocol, a tape version of
the disk-based MSCP protocol, many
suppliers are introducing emulating
versions of their controllers.

MTI plans to ship its MUV15, which
supports TMSCP, two tape drives, and
GCR to 200 ips on a dual-wide card, ear-
ly this year. Scientific Micro Systems—
SMS (Mountain View, Calif.), recently
introduced its SMS0108 TMSCP board
(Figure 3). It’s usually sold with a com-
plete subsystem rather than sold
separately.

Using Cartridge Tape
Although streaming has produced

some very low cost RTR systems, they
simply can’t be as inexpensive as a de-
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Figure 3—SMS'’s SMS0108 is a triple-
Sfunction (Winchester, floppy, QIC-02 %-
in. tape) TMSCP controller that
represents a trend in highly integrated
multifunction controllers.

vice that has a 5%-in. form factor and
handles a small cartridge or cassette
with small, inexpensive motors and
lower parts counts. Thus, the main rea-
son to go to cartridge format is that it
results in a large, immediate decrease
in cost and size, with more capacity
than most PE RTR drive systems.

Cartridges are also easy to handle,
store and manipulate, and are relative-
ly immune to environmental hazards.
Most accepted standard tape cartridge
formats are multisourced, so media
will usually be available at a reason-
able cost, and this cost is steadily
dropping.

IBM recently introduced its 3480 Y2-
in. cartridge tape. Its storage capacity
is 200 Mbytes (and a 600-Mbyte model
is expected), and supports a transfer
rate of 3 Mbyte/sec. with a hard error
rate of 1 in 1013 on 18 parallel tracks at
38 Kbpi. Most likely, some form of this
drive will become the next OEM stand-
ard. Cipher is working with IBM to pro-
duce a lower cost drive using the 3480
cartridge.

Many vendors are trying to produce
a lower cost 3480 version for the after-
market, probably using the new (and as
yet to be agreed upon) half-in./tape
cartridge (HI/TC) standard. Most no-
table among this group is Megatape
(Duarte, Calif.), which is already ahead
in capacity with its ‘2-in. 500-Mbyte
and 750-Mbyte (unformatted) car-
tridge products.

HI/TC for the 3480 cartridge is a
breakthrough in the %-in. realm. Drive
specifications are 26 serpentine tracks
at 18 Kbpi, for a 240-Mbyte formatted
capacity. It will be implemented using
the enhanced storage device interface
(ESDI) with a small computer systems
interface (SCSI) host adapter, and the
transfer rate will be 250 Kbyte/sec.—
2% x faster than the TK50, with 2% x
the capacity.



Digital’s TK50 has been slow in be-
ing accepted, as it has been plagued by
reliability problems. It has been
claimed that Digital wouldn’t sell any
if it weren’t the standard MicroVAX II
tape drive and a main software distri-
bution media. The TK50 is one of the
slowest and lowest capacity drives
available.

The TK50’s reliability problems
have been attributed to “hot spots” in
the new boxes that have compartments
for 5%-in. devices, and Digital suppos-
edly already has a fix. They work well
in a rack-mount system. Digital is the
sole supplier of TK50 cartridges, and
they are somewhat costly (about $30
each) and fragile.

The TK50 has a 16-Kbyte cache to
maintain tape motion, but it handles
data-late situations by essentially
writing a blank block so it won’t have to
stop and reposition. In worst case situ-
ations, the TK50 can lose as much as
half of its stated capacity. Also the
TK50 has no end of tape (EOT) sensor.
It counts revolutions. The TK50 will not
become a standard in its present form.

Digital plans to remedy the TK50’s
problems with a TK52 and a rumored
TK70. The TK52 will have a storage ca-
pacity of 190 Mbytes—twice that of the
TK50—and the TK70 will store 380
Mbytes. If Digital steps up the transfer
rate (currently at 62.5 Kbyte/sec. for
the TK50), a new drive will probably do
the job. The coming of the RD54 159-
Mbyte disk (a Maxtor Corp.—San Jose,
Calif.—XT-2000) for the MicroVAX II
will probably hurry this along, as Digi-
tal likes to back up with one media.

Evaluating The Tape Market

Richard Hicksted, president of MTI
and driving force behind the company’s
intention to garner a large part of the
new half-wide, full-funetion controller
market, says that MTI’s priorities place
highest emphasis on performance. A
new level of user friendliness is sec-
ond—typified by such features as on-
board diagnostics and direct RS-232 ac-
cess to the boards diagnostics and set-
up features—followed by cost effective-
ness.

Some companies, like Aviv Corp.
(Woburn, Mass.), specialize in making
just controllers, buying its drives from
others to deliver complete systems.
Haim Brill, president of Aviv, states
that his company’s goal is the deliver-
ing of the highest quality subsystems
in all capacities. Aviv offers a full
range of products, including the 200 ips
Fujitsu GCR systems along with Mega-

tape’s cartridge system. All products
are chosen because of their high reli-
ability, but none are inexpensive.

Tape companies are trying to fill a
specific systems niche. The third party
manufacturer’s charter is to have a re-
liable, high quality, technologically
current alternative, available at prices
lower than Digital’s. Differing capaci-
ties and levels of performance are
available for differing needs, and most
offer complete systems, ready to “plug

in and play.” Many offer “%-in. tape
cartridge systems.

When considering a component-lev-
el purchase, ensure that the system you
are choosing either exactly emulates a
Digital tape system (TM11, TS11,
TSV05) supported by your operating
system, or is supplied with a handler.
Most companies offer handlers, but
some charge extra for them.

The Y%-in., 5%-in. form factor
drives, often using the SCSI and quar-
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ter-in. cartridge-02 (QIC-02) standards
are developing rapidly. Many of these
devices are slightly longer than a
standard 5% -in. device, though there’s
usually no problem with fit.

Because of emerging standards such
as SCSI and ESDI, more of the intelli-
gence of the Y-in. tape controller re-
sides in the drive, the traditional con-
troller being reduced to a simplified
version called a host adapter. A host
adapter controls the host bus interface.
Host commands are higher level than
found with conventional controllers,
resulting in reduced CPU overhead.

The major manufacturers of intelli-
gent Y%-in. cartridge tape devices are
Archive Corp. (Costa Mesa, Calif.),
Kennedy, Cipher, and Wangtek Inc.
(Simi Valley, Calif.). These companies’
drives are standardized to read tapes
written on each others’ drives. Most of
these drives are on IBM personal com-
puters, and are now showing up on
higher performance systems, as com-
panies eliminate their %-in. RTR
drives and replace them with smaller,
higher capacity devices.

In the QIC world, manufacturers
have instituted a “round-robin” session
of exchanging QIC tapes with each
other to ensure tape and drive compati-
bility. This process began 3 yrs. ago and
the manufacturers hope to continue to
iron out any differences before making
the standard final.

Digital makes the TK25, a 55 ips, 60-
Mbyte backup tape system, using the
3M (St. Paul, Minn.) 300XL cartridge
and a Control Data Corp.—CDC (Bloo-

mington, Minn.) Sentinal drive in an 8-
in. form factor. Dan Sullivan says his
company is experiencing a brisk sale of
controllers and subsystems with drives
that are faster than Digital’s TK25
unit. The new, backward compatible
QIC-120 should be available soon, with
more tracks and backward compatibili-
ty with QIC-02 tapes, and 125-Mbyte
storage. Media breakthroughs will be
required to stretch the capacity much
further, and some manufacturers con-
sider Y -in. tape a dead-end technology.

The QIC-02 standard is essentially
the QIC-02 bus standard. This standard
defines electrical characteristics to
communicate over the 50-pin cable that
connects with the tape device’s basic
control electronics.

The drive interface electronics cur-
rently implement a QIC-36 standard
that expects to see a QIC-24 format car-
tridge. A QIC-150 cartridge standard
recently proposed would double the ca-
pacity while using essentially the same
QIC-02 bus commands and modified
QIC-36 commands, but using the new
3M DC600XTD cartridge. But since this
new cartridge hasn’t been widely avail-
able, the QIC 120 format was pro-
posed—a cartridge that allows a capac-
ity of 125 Mbytes with the important
ability to read older QIC-24 cartridges.

The Y-in. cartridge drives are in-
herently more error prone than RTR
drives. This is because the motor is
small and the instantaneous speed
variation can be as much as +10%.
This causes errors in the 1 in 1010 range
rather than the 1 in 1012 range seen in

Vendors Directory

Y2-in. reels. Some may find this
unacceptable.

Considerations In Using Tape

Especially for RTR systems, some
tapes work better on some drives than
others. Try several tape brands by
reading and writing to them several
times, and verifying the data. Car-
tridges seem to be somewhat more con-
sistent, but problems can occur.

The amount paid for tapes doesn’t
seem to be related to whether the tapes
work well with any given drive. For
GCR, you can often use the cheapest
GCR certified tape available without
worry, due to the extensive error han-
dling that is implemented.

In an effort to get even more stor-
age, a 3600-ft. 10%-in. reel of tape is
offered by some tape manufacturers.
The standard 2400-ft. reel is made of
12 mil tape that works well on all
drives. The 3600-ft. reel is made of 1 mil
tape—50% thinner.

The coating used to capture the in-
formation on a tape is a very fine, abra-
sive compound. As a tape runs over the
head, it polishes away the guides and
heads, sometimes cutting grooves in
them if the tape track is out of align-
ment. This damages the tape that
passes over them later. The tape path
has to be kept clean, but glass cleaners
can be sudden death for some of the
sensors on an RTR drive, leaving films
and possibly damaging materials. Iso-
propanol that is 91% pure is recom-
mended, not rubbing alcohol.

Humidity as low as 45% can cause
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greatly accelerated tape wear, on the
order of at least four times. And “back-
coated” tapes can further increase
wear, according to some large users.

Some general environmental pro-
tection is needed for tape reels. Tape
seals, which completely seal the reel,
are quick to use, cheap, and effective.
Contaminants include dust, smoke par-
ticles, and grease and oil. Handle tapes
as though you will have to reenter the
data by hand.

Write enable rings fit on the back
side of the reel in a circular slot, allow-
ing you to write on the tape. Write en-
able rings function in the same way as
write protect notches do on floppies
and cartridges. There is a switch near
the tape drive hub that prevents writ-
ing on the tape unless it is pressed
down, which is what the rings do. Check
the write-enable light on the panel, as
it is easy to load up the tape and have to
unload it and load it again with the ring
in position.

Use reel or cartridge labels. Infor-
mation on the label is helpful, but it
may be best to consider how much in-
formation you want to place on them if
you think security will be a problem.
There are complete self-sticking num-
ber labeling systems for log-book index
methods.

Tape’s Future

Certainly there’s a trend toward
smaller form factors, probably leveling
out with the 5%-in., but without new
media, more storage capacity will be
more difficult to achieve. Even with
new media, some feel that the maxi-
mum capacity of the %-in. tape is going
to be about 600 Mbytes. The '2-in. tape
cartridge will probably reach a Gbyte.

Newer coating techniques will let
tapes handle many more flux reversals
per in., and new head technology will
also help. And there’s the optical disk,
with talk of small “jukebox” devices
with tens of Gbytes of storage. These
now exist in the 30-Gbyte range. The
possibilities for optical devices are
enormous, particularly when erasable
media is demonstrated.

Another trend is multifunction con-
trollers. These combine hard disk, flop-
py, and backup tape interfaces on one
board, for less than the cost of separate
controllers. SMS’s SMS0108 is of this
type.

Intelligence is coming on strong in
newer controllers. Software setup and
diagnostics are becoming common, as is
an RS-232 port directly on the control-
ler for direct communications to these

programs. EEPROM may make avail-
able revisable on-board controller pro-
gram storage. When a new revision be-
comes available, you don’t have to buy
an expensive set of new PROMs.

Joe Traficante, product manager
for Emulex Corp. (Costa Mesa, Calif.),
thinks that the HI/TC and QIC systems
are going to come along even further,
and he has another thought—video
tape backup using standard video cas-
settes. Corvus Systems Inc. (San Jose,

Calif.) and Alpha Microsystems (Ca-
noga Park, Calif.) tried this several
years ago, but price, capacity, and reli-
ability wasn’t good enough for market
penetration at that time. Traficante
thinks that a low cost video cassette
backup system storing around 400
Mbytes may be on the horizon, using
standard recorders. H

Edward Judge is a Northampton,
Mass.-based freelance writer:
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Systems’ MAPS family of financial software
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MicroVAX II Realtime Image Processing

Single-board hardware integration and the low cost/ high performance of
the MicroVAX II bring full-functioned image processing systems to users
who previously couldn’t afford them

by Ross Chapman and Thomas DiGennaro

ince its introduction, Digital

Equipment Corp’s Micro-

VAX II has enjoyed tremen-

dous popularity because of

its speed, size, and cost. It’s

only natural that the MicroVAX II find

its way into the limelight of the ex-

panding market for image processing
applications.

The MicroVAX II supermicrocom-
puter is an ideal host for an image pro-
cessing system. It’s inexpensive, very
powerful, and has an open architecture
and small footprint. In addition, it’s
compatible with a vast array of appli-
cations software, communications pro-
tocols, and third party peripherals.
Three operating systems are available
for the MicroVAX II: MicroVMS, Ul-
trix-32, and VAXELN. The MicroVAX
IT provides a powerful programming
environment that supports multiple us-
ers, and is familiar to a large audience
of programmers. Digital’s Digital Net-
work Architecture (DNA) provides ac-
cess to networks based upon DECnet,
Ethernet LANs, Systems Network Ar-
chitecture (SNA) gateways, and X.25
protocol, thus allowing a MicroVAX II-
based image processing workstation
access to large databases of images lo-
cated offline from the workstation
itself.

There’s a large base of third party
peripherals available for the Q-bus, the
architecture upon which the MicroVAX
IT is built. With the introduction of the
VAXstation II/GPX, users have the
ability to merge graphics technology
with their image processing applica-
tion—a trend that is gaining momen-
tum in the image processing world. The
MicroVAX II is a powerful environ-
ment in which to build a high perform-
ance image processing application.
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Figure 1—Image processing hardware for the MicroVAX II can be integrated

onto a single board.

Image Processing
Capabilities

Until a few years ago, image pro-
cessing was available only to those in-
stitutions with large budgets, large
computers, and a staff of full-time pro-
grammers. Typically, a pre-digitized
image would be loaded, and the host
CPU would proceed to perform opera-
tions on the image data that would mo-
nopolize the CPU for extended periods
of time. Now, however, there’s special-
purpose image processing hardware
that offloads the image processing task
from the host, thus freeing it for over-
all system functions. Image processing
modules are available to handle all of
the digitization, processing, storage,
and display functions required by most
applications.

Typical image processing subsys-
tems have previously required multiple
boards. Separate boards were used for
image acquisition and display, image
storage, and special image processing

functions. Now there are single board
solutions that can perform all of the ba-
sic functions and implement realtime
arithmetic and logical functions, such
as those required for image averaging
and subtraction algorithms.

A typical board accepts analog vid-
eo from a camera and digitizes it to 8
bits resolution (Figure 1). Once digi-
tized, the image is stored in an on-

Ross Chapman, product manager for
Imaging Technology Inc. (Woburn
Mass.), holds a B.S.E.E. in computer
engineering from Northeastern Uni-
versity and specializes in analyzing
mage processing industry trends and
applications. Thomas DiGennaro,
manager of software engineering for
the company, holds a B.S. in physical
chemistry from the University of Illi-
nois. He has been associated with. the
laboratory for computer graphics at
Harvard University and has exten-
siwe experience in digital signal
processing.
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board frame buffer where it can be pro-
cessed via a 4096 x 12-bit feedback/
input look-up table (LUT). This mecha-
nism is part of a digital feedback circuit
that processes data in the frame memo-
ry so that realtime transformations
and arithmetic operations can be per-
formed on combinations of stored and
newly acquired data. There’s also dis-
play circuitry that converts the image
back into an analog form for display on
a high resolution monitor. All of these

operations occur at realtime rates.

Realtime Image Processing
Realtime in the image processing
realm refers to a frame rate of 30/sec.
This means that every second, 30
frames of video images are acquired,
stored, processed, and displayed. This
corresponds roughly to 100 nsec to pro-
cess each pixel in a 512 x 512 pixel im-
age. Older image processing systems
were very slow because the immense
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amount of data that comprised a single
image had to be transferred to the host
bus. In addition, the CPU speed of the
host precluded image processing sys-
tems of the past from operating at real-
time rates.

A key element in implementing the
realtime processing capability lies in
the frame memory and feedback LUT.
The frame memory is 12 bit planes
deep. This allows two 6-bit images to be
imposed on each other at the same loca-
tion. These two images are fed back
into the feedback input LUT where
they are treated as two 6-bit operands.
The LUT is pre-programmed with the
desired function of the 6-bit operands.

Integrating Image Processing
Into The MicroVAX II

When integrating any peripheral,
including image processing hardware
and applications software, into an envi-
ronment such as the MicroVAX II, us-
ers must consider both host environ-
ment and operating system factors.

To integrate the hardware, users
must consider.

® Bus compatibility—What are the
power requirements, physical form fac-
tor, and the signal requirements of the
host/peripheral interface?

® [/0O and memory mapping—
What other peripherals are present
and what portions of bus address space
do they require?

® [nterrupt generation—What is
the system-wide convention used for
interrupts? What levels of interrupts
are the other peripherals in the system
likely to generate?

To integrate with VMS, you must
consider the following items.

® [ile system use—Image data files
typically require large amounts of stor-
age space.

® Process context—Are there other
processes using the system that may
conflict with the image processing
application?

® [ser interface drivers—What
sort of special considerations must be
made with respect to the host environ-
ment and the way one must handle ter-
minals, bit-mapped displays, and/or
mice?

® [nterrupt handlers—In a mul-
tiuser, time-sharing environment,
smooth handling of interrupts keeps all
users happy.

Bus compatibility is an important
factor. One stumbling block, which in
the past has hindered implementation
of image processing on the Q-bus, is the
absence of a -12 volt power supply
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(which most digitizers require for ana-
log-to-digital conversion). An external
power supply and/or some sort of cus-
tomization of the MicroVAX II can be
used, or the product can be designed not
to require this voltage.

Assuming that the image process-
ing hardware has been designed to
meet Q-bus standards, it must be con-
figured (usually with jumpers) to have
a physical address that doesn’t conflict
with any other system component. Fur-
thermore, the interrupt vector as-
signed to the board must be consistent
with the system wide use of interrupts.
Integration is greatly simplified if the
interrupt vector assigned is used only
by the image processing hardware and
is jumper-selectable. This allows the
image processing hardware to fit more
easily into the host environment (as op-
posed to requiring the environment to
accommodate the peripheral).

Using the VMS SYSGEN utility
program (“SHOW /CONFIG”), users
can determine the control and status
register (CSR) addresses of existing
boards in the system, as well as the in-
terrupt vectors in use. The board to be
installed must not conflict with exist-
ing hardware.

One must also determine whether
the image processing hardware is to be
a shared system resource. That is, will
applications be allowed to use it in ways
similar to those, for example, for a
shared printer?

When any board is added to the host
environment, a shared resource is cre-
ated. To reduce early integration prob-
lems, users are advised to complete the
configuration carefully. Usually, this is
performed by the system manager, who
has the necessary privileges to config-
ure the system so that users will be able
to accomplish their tasks (e.g., mapping
of global sections to the image process-
ing hardware).

When a Q-bus board is added to ex-
isting hardware, the SYSTEM user
must create some system resources to
enable unprivileged users to access the
boards. When the system is configured,
the PFNMAP privilege is required to
create permanent global sections that
provide access to the board. When these
sections are created (via a call to
$CRMPSC), public access permission
will allow any user to access the board.
A section will be created for the 1/0-
mapped portion of the board (i.e., the
registers), and a separate section is cre-
ated for the memory-mapped portion
(i.e., the frame buffer). For simplicity
and performance, it’s desirable that
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Figure 2—Using a utility
at system start-up, image
processing hardware is
mapped into MicroVAX
physical address space.

this frame buffer section be large
enough to allow one frame buffer (512
Kbytes) to be mapped at once. A utility
can do the work of creating these glo-
bals and inform VMS of the board’s
presence, and allowing users access to
the board as a system resource. These
sections are referenced by name and
the user process must map them into
its virtual address space.

In addition to the creation of these
sections, the utility sets up the Q-bus
adapter mapping registers (Figure 2).
Since an image processing board is of-
ten designed to power up without the
frame buffer enabled as memory on the
Q-bus, the configuration program must
enable the frame buffer and clear the
mapping registers that correspond to
it. Each mapping register controls how
the Q-bus adapter interprets Q-bus ad-
dresses for one page of Q-bus address
space. The mapping registers allow Q-
bus DMA devices to access MicroVAX
physical memory directly, even though
this memory doesn’t reside on the Q-
bus. When a mapping register (4 bytes)
is set to zero, it marks the register as

invalid, meaning that the area of mem-
ory addressed resides on the Q-bus di-
rectly. The utility clears these mapping
registers and creates a separate, tem-
porary global section to access them.
The utility should be run automatically
at boot time as part of the site-specific
start-up procedure. In order to avoid
conflict with system use of mapping
registers, the memory-mapped frame
buffer must not reside in the first (low-
est) %4 Mbyte of memory space.

Once configuration is complete, a
system-wide lock is created. When an
application program needs to use the
image processing hardware, it calls an
initialization function that attempts to
allocate the exclusive lock. If this suc-
ceeds, then the image processing hard-
ware’s permanent global section is
mapped into the process’ virtual ad-
dress space. If the lock fails, it means
another application process is using the
hardware. In a multiuser, time-shared
system, this prevents conflicting use of
the hardware by two simultaneous ap-
plication processes.

After the board has been mapped
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into the process’ virtual address space
(via another call to §CRMPSC), the ap-
plication is free to use its functions. The
application must release the lock when
done. The operating system, however,
performs that function automatically
when the process terminates.
Although VMS is a multiuser oper-
ating system, an image processing
board should be considered a single-
user resource—only a single user can
use the board at any given time. This

means that the driver for the board
doesn’t need to be a full-blown VMS de-
vice driver. Instead, the user may use
the CONINTER (connect to interrupt
device) call through a $QIO system call.
This will enable the image processing
board’s interrupt to be caught, serviced
at high priority and high performance,
and a user completion function (AST)
called to provide the user notification
of the event.

Within a system being used for im-
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age processing, there are several other
processes that can be shared. These
include:

® image files,

® LUT files,

® convolution kernels, and

® algorithm routines.

The typical method of handling
these is to create a specific subdirec-
tory, usually owned by the system man-
ager. A logical symbol for this directo-
ry is then created and used by all image
processing applications (e.g., “sys$ima-
geprocess”). Naturally, individual us-
ers also have their own image process-
ing storage areas, but early agreement
on conventions is essential to reduce
conflicts and to eliminate redundant
storage.

Integration And
Application Programs

After the hardware is configured
and operating system considerations
settled, programming an image pro-
cessing application is not very different
from any other type of application.
There are subroutine packages avail-
able for use in the MicroVAX II envi-
ronment that provide most of the basic
image processing operations users re-
quire. These packages allow program-
mers to concentrate on the application,
without unnecessary concern about ex-
actly what part of the image processing
hardware is performing any given
function.

To provide maximum performance
and flexibility in image processing ap-
plication programs, it’s important that
the image processing functions are
asynchronous. This allows an applica-
tion to start an image processing task,
then proceed to other tasks. This has
obvious uses for time-consuming activ-
ities like moving images between frame
memory and system storage. It also be-
comes important if successive frames
are processed through several sequen-
tial steps. For example, if an applica-
tion processed each frame with several
sequential tasks, the completion func-
tion for each task (called as an AST
when the task completes) would initi-
ate the next task. The last task would
then inform the application of comple-
tion via the standard VMS interprocess
communication methods.

A few years ago, realtime, high per-
formance image processing functional-
ity cost hundreds of thousands of dol-
lars. But now, with more capable image
processing hardware and the Micro-
VAX II, powerful systems can be built
very cost effectively. H



............................................

Graphics |
Perspective

............................................

by Alan Bridges

SIGGRAPH ’86 Brings Together State-Of-The-Art Graphics Hardware
And Provides A Glimpse Of What’s Ahead

tate-of-the-art ideas and

technologies were presented

at SIGGRAPH ’86 through

presentations, exhibits,

courses, panels, the film and

video show, and the retrospective art
show.

Many high resolution (1024 x 1024
pixels or higher) IBM PC/AT graphics
coprocessors were introduced from
manufacturers including Imagraph,
Parallax, Microfield, Texnai, and Omni-
comp. These include Vectrix Pepe,
Number Nine PepperPro Series, and
Verticom’s H-16ACS International’s
GraphAX 2020.

The trend toward higher resolution
graphic board sets for the PC actually
began a couple of years ago with prod-
ucts such as the VXPC from Vectrix
Corp. VLSI technology (e.g., high speed
shifter RAMs and better graphics co-
processors) became available to meet
the demand for higher resolution
graphics.

The availability of high perform-
ance microprocessors, including the In-
tel iIAPX286 and iAPX386, means high
performance graphic processing power
no longer has to be limited to 32-bit
workstations. In fact, when the
iAPX386 becomes available, there may
be very little distinction between be-
tween the low end 32-bit micro or mini-
computer workstations.

For example, Adage (Billerica,
Mass.) introduced a 1280 x 1024 resolu-
tion VLSI-based graphics processor for
the PC/AT. Ramtek’s (Santa Clara,
Calif.) OWL display system, based on
application specific integrated circuit
(ASIC) technology, provides 1280 x
1024 pixel display capability for the
PC/AT or PC/RT.

Availability of high quality soft-
ware on PC/AT graphics workstations,
such as Rendition from Numerical De-
sign Ltd. (Chapel Hill, N.C.), Model-
maker (Cubicomp Corp., Berkeley,
Calif.), Personal Designer (Compu-

terVision, Bedford, Mass.), AutoCAD
(Autodesk, Sausalito, Calif.), and Ver-
saCAD (T&W Systems, Huntington
Beach, Calif.), will add to this trend.

Digital Equipment Corp. showed its
newly configured, color, 4-plane VAX-
station II/GPX workstation and a new
workstation graphics tablet. The VSII/
GPX consists of a MicroVAX II plat-
form with floating point unit, pedestal
enclosure, 5 Mbytes of memory (ex-
pandable to 16 Mbytes), 71-Mbyte disk,
95-Mbyte streaming tape drive, Ether-
net controller, operating system and
workstation software (ULTRIX-32M or
MicroVMS), 4-plane graphic coproces-
sor, and black and white or color moni-
tor (1024 x 864 resolution).

Digital also showed the VAXstation
II/RC and the VAXstation 500 Series.
Sun and Apollo introduced 32-bit work-
stations. The significance of these in-
troductions is that low-cost, expand-
able 32-bit workstations with up to 8-
bit planes are available from $20,000 to
$30,000. These include the VAXstation
II/GPX, Apollo’s DN3000, IBM PC/RT,
Sun’s 3/110C, and Hewlett-Packard’s
HP 9000 Model 320C. These worksta-
tions have CPU ratings of 1-2 millions
of instructions per sec. (MIPS). Apollo
and Sun offer some form of PC-DOS or
AT compatibility, while HP and Digital
offer VMEbus and Q-bus, respectively.

High-performance workstation
manufacturer Silicon Graphics (Moun-
tain View, Calif.) announced plans to
incorporate the MIPS Computer RISC
processor into its next generation su-
perworkstation in order to offer 10
times the current graphic performance
of the IRIS 3000 Series. Silicon Graph-
ics also introduced the 10 MHz Geome-
try Engine that performs object ma-
nipulation at a rate of 110,000 3D
floating point coordinates/sec.

General Electric’s (GE) Graphicon
700 uses 10-MHz semicustom integrat-
ed circuits to implement 3D geometry
and image-rendering algorithms. Ac-

cording to GE, the Graphicon 700 per-
forms 30 million (IEEE) floating point
operations per second (MFLOPS).

Pixar’s (San Rafael, Calif.) Image
Computer was demonstrated in a vari-
ety of image processing and computer
graphics applications. Symbolices’
SCOPE, an intelligent image process-
ing and synthesis workstation, com-
bines the Symbolics 3675 AI engine
with the Pixar Image Computer.

Alias Research’s (Toronto, Canada)
Alias/1 used the Pixar Image Comput-
er as a fast rendering engine in con-
junction with a Silicon Graphics inter-
face. Wavefront Technologies (Santa
Barbara, Calif.) showed the Pixar Im-
age Computer manipulating Wave-
front-animated dynamic images in
realtime.

The first pixel-plane machine ever
built was on display at SIGGRAPH ’86.
This machine represents a radical solu-
tion to the problem of speeding up ras-
ter image development. The pixel-
planes machine is based on logic-
enhanced memory chips for storing
images.

Meiko Inc. (Oakland, Calif.) demon-
strated a 3,000 MIPS computer utiliz-
ing more than 300 processors. This new
system uses a Computing Surface in a
supercomputer architecture formed by
configuring a mixture of VLSI comput-
ing elements in an application specific
topology.

Trends in these superworkstations
include pipelined processors, semicus-
tom, or full-custom VLSI graphics en-
gines for geometry and image render-
ing, multiple processor and multiple-
bus architectures, high-resolution
(1280 x 1024), and predominance of the
VMEbus. The prime reason for these
trends is to support high-end pseudo 3D
realtime graphics (as opposed to true
3D stereographic displays).

Alan Bridges 1s a Hardcopy

colummast.
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DATA GCOMMUNICATIONS AND INTERCONNECTS

Digital To IBM Networking Solutions Stress
Standardization And Minimal Changes To

Existing Systems

Networking nonhomogeneous environments has taken several different
directions but is now standardizing on certain industry-wide

interconnection schemes

by Donald R. Anselmo
Mitek Systems

ost of today’s data com-

munications networks

are serving a nonhomo-

geneous computing en-

vironment. In most

cases, this environment wasn’t de-

signed but instead evolved over time as

both user needs and technology

changed. Unrelated departmental is-

lands of computing developed overlap-

ping functions, causing noncompatibil-

ity issues and, in many cases, organiza-

tional conflict. The focal point for

solutions to these problems is in data

networking for a heterogeneous envi-

ronment, building on large current in-

vestments in existing hardware and
software systems.

A typical large company has a data
processing department that’s equipped
with large business mainframes, such
as an IBM or compatible. Within these
companies, individual departments use
their own processors and workstations
to meet their needs. Digital Equipment
Corp. and IBM are the dominant ven-
dors in the departmental computing
arena, and the personal computer has
become the dominant intelligent work-
station. Office automation systems,
like those from Wang (Lowell, Mass.),
meet specialized needs.

Wide-area networks (WANs) have
been used for years by large corpora-
tions to move data between main-
frames. Local area networks (LANSs)
have created departmental islands that
now need to be interconnected. The cur-
rent “hot button” is how to connect all
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of these networks in an effective way
with corporate data processing centers.
In many cases, Ethernet-based net-
works have become the LAN of choice,
largely due to its stable existence in
many markets.

Connectivity

System requirements are becoming
clearer in many corporate accounts.
Critical requirements are high per-
formance file transfer, an effective ap-
plication program interface (API) to
deal with Systems Network Architec-
ture (SNA) in mini and workstation
software environments, 3270 terminal
support, 3770 capability, and a path to
Logical Unit 6.2 (LU6.2) and Document
Interchange Architecture (DIA) capa-
bility. The installed base of Digital
computers makes DECnet an impor-
tant factor in any system’s solution to
the distribution of SNA to the depart-
mental user. There are several current
connectivity solutions bridging Trans-
mission Control Protocol/Internet Pro-
tocol (TCP/IP) networks to DECnet.
Two of these, D Bridge and stored
DEUNA, were discussed in the August
1986 issue of Hardcopy. These solutions
permit the DECnet user to share net-
work resources, avoiding duplicate
hardware. This also permits the shar-
ing of wide-area facilities.

Standards

Systems integrators and architects
must choose a data communication sys-
tem to use for a heterogeneous comput-

ing and networking environment. This
system must address both the local and
the wide-area requirements. In the lo-
cal environment, the devices must in-
clude terminals, keyboards, computers,
and telecommunications equipment,
while the network may include LANs
and interfaces with a WAN. To bridge
to both private and public WANSs, the
architect must select a network tech-
nology that will not strand or obsolete
the capital investment already in place.

The solution to these problems is
the use of a common communications
environment across all the different
vendors’ systems. But getting the many
vendors to follow one standard set of
communications rules isn’t easy.

One of the early efforts to solve this
problem was attempted by the Interna-
tional Standards Organization (ISO) in
the early '70s. As the efforts to develop
the “one solution solves all” standard
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tems (Sanm Diego, Calif), holds a
B.S.E.E. from Virginia Polytechnical
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progressed, it became clear that com-
mon definitions and descriptions of the
problems and rules would be required.
This led to the definition of the Open
Systems Interconnect/Reference Mod-
el (OSI/RM).

OSI/RM categorizes the common
problems to be solved in a data commu-
nications environment into seven func-
tional areas and arranged as a hierar-
chy. The seven functional areas are
called layers and each is given a general
layer name.

OSI/RM also describes the need for
the functional layers to communicate
among one another. Layers can com-
municate only with adjacent layers
within a system, and with the same lay-
er as itself in other systems. The com-
munications between layers within a
system are called interfaces. When a
layer needs to communicate with a peer
layer in another system, the informa-
tion flow is called a protocol.

It’s important to understand that
OSI/RM describes only these func-
tions, names them, and names their
communications to other functions. It
doesn’t define the protocols or inter-
faces to be used. Unfortunately, this
has led to confusion and a general lack
of communication between vendor sys-
tems, which the vendors still claim are
OSI compatible.

This communications systems mul-
tivendor standards anarchy has led to
several user revolts. Two of the most
well-known in the United States are
the U.S. government’s TCP/IP and the
Manufacturing Automation Protocol
(MAP) users group.

The U.S. government is a very large
user of computers and communications
equipment, and has procurement re-
quirements that force multivendor en-
vironments. So, through the Defense
Advanced Research Projects Agency
(DARPA), the U.S. government estab-
lished a communications system stan-
dard called TCP/IP.

TCP/IP has the advantage of being
implemented in more than 60 different
vendors’ computers today, supporting
LANs with Ethernet and WANs with
X.25. TCP/IP provides for actual lan-
guage interface specifications rather
than just protocols. This makes possi-
ble the addition of compatible interface
programs to support the use of other
systems, such as SNA.

The MAP users group is a coalition
of communications users and vendors
who collaborated to achieve standard-
ized communications out of the confu-
sion of the OSI protocols. This group,

TCP/P NETWORK
SNA WORK VAX VAX
SERVER STATION UNIX VMS
VTAM
SNA HOST

Figure 1—An SNA server links a TCP/IP network to a host using SNA. Using
an API, a software bridge is created that provides UNIX or VMS access to SNA

host data.

which started in General Motors, was
initially interested in plant automation
and the resulting communications re-
quirements between the various auto-

“TCP/IP has the
advantage of being
implemented in more
than 60 different
vendors’ computers
today, supporting LANs
with Ethernet and WANs
with X.25.”

mation components. This became a ma-
jor protocol because of the buying
power of the user group’s members.

The MAP users group also devel-
oped the Technical/Office Protocol
(TOP). The TOP environment is intend-
ed to address the need of technical and
office communications requirements,
and to implement as far as possible the
same standard protocols used by MAP.

MAP and TOP have pointed out the
user demand for general purpose non-
vendor specific communications sys-
tems to be used as building blocks to
solve business communication needs.
Several users have made corporate pol-
icies that force vendors to show plans to
support the MAP/TOP protocols in or-
der to continue obtaining their
business.

Basic networking standards that
must be accommodated in any broad
solution are SNA, OSI, and an evolu-
tion to Integrated Switched Digital
Network (ISDN). IBM has stated that
the choice of SNA will not be a problem
for the customer as the communica-
tions world implements ISDN. Howev-
er, what this means specifically is yet
to be determined. Other protocol stan-
dards that must be accommodated to
meet customer needs include Ethernet
802.3, MAP, TOP X.25, SNA X.25, Syn-
chronous Data Link Control (SDLC),
and High Level Data Link Control
(HDLC).

Distributing SNA
Services Via Ethernet

Customers requiring IBM main-
frame connectivity to devices linked
with Ethernet accomplish this either
by using IBM applications and retain-
ing a full IBM environment, or by mov-
ing departmental applications into the
mainframe environment. The latter ap-
proach effectively uses the mainframe
as a compute server, while the former
approach distributes information to
the departmental environment without
perturbing the integrity of the main-
frame system. Both approaches work.

Another approach is to preserve the
IBM SNA environment on the main-
frame and distribute SNA services to
the nonIBM environment. The provi-
sion of an API for both 3270 and 3770
environments is a powerful applica-
tions tool to link both environments.

Use of a LAN SNA server, as shown
in Figure 1, provides an extension of
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API that, in essence, provides UNIX or
VMS application software access to
mainframe data.

The LAN Server
Implementation

The SNA LAN server networking
architecture is illustrated in Figure 2.
The server effectively bridges SNA and
TCP/IP environments by using the
standard TCP/IP interface specifica-
tion called a socket. No modifications
are required to either the IBM or the
TCP/IP computer. The user of the
TCP/IP computer can access the IBM
environment via standard IBM 3770
RJE for job submission and retrieval,
standard 3270 terminal emulation, ap-
plication access, and support. Concur-
rent 3270 and 3770 operations are per-
mitted from the same host or multiple
hosts. Application program interfaces
for both 3270 and 3770 and application
program-to-program communication
are available to be used in conjunction
with the application software resident
in the departmental resources.

The server is provided with options
for direct channel attach or remote link
attach through RS-232 and V.35. Be-
cause of the layered implementation of
SNA, this can be done without effect on
the TCP/IP environment. All main-

Figure 4—LAN servers can be ex-
tended to interface to a
commumications service node in addi-
tion to bridging dissimilar networks.



frame SNA operating systems are sup-
ported, including OS/MVS, VM, and
DOS; access is through VTAM, which
supports CICS, IMS, TSO, VM/CMS,
JES2, and JES3 applications.

What’s Next?

Once SNA and LAN environments
are linked, how these local environ-
ments can be linked to WANS, and how
their links will migrate compatibly
with ISDN facilities when they are
widely available must be addressed.
Figure 3 illustrates the function of a
communications service node as the in-
terface between the premises or local
area environment and the WAN facili-
ties provided by the common carrier.
The service node functions can be inte-
grated with electronic digital Private
Automatic Branch  Exchanges
(PABXs) and electronic switches. The
interface to the customer’s premises
will be an evolution of the current
channelized interfaces to the new ISDN
primary and basic rate interface. For
the United States, the primary or PRI
rate interface is composed of 24 slots
(23B+D) and the basic rate (BRI) in-
terface is 3 slots (2B+D). Each slot is a
64-Kbit clear channel. PRI is expected
to be used for all major traffic sources,
such as LAN host computers and
PABXs. Full utilization of these capa-
bilities cannot be exploited until fiber
optic (or equivalent) access is in place
with substantial coverage.

The LAN server can be extended to
include a PRI/BRI or a broadband
packet interface as illustrated in Fig-
ure 4. If the service node is a PABX, the
issue of voice and data integration is
raised. Who knows how many custom-
ers will implement integrated voice/
data solutions? Currently, many take
the position that first they must fully
integrate a solution to their data net-
working problems, then they will ad-
dress voice/data integration.

Challenging, new functions will
have to be integrated into network
servers as customers demand complete
end-to-end voice and data service. Cur-
rently, only the basic connectivity is-
sues such as protocol conversion have
been addressed. In nonhomogeneous
environments, it’s more difficult to
provide, except in very specific applica-
tion environments, transaction routing
and processing network security, and
end-to-end network management in
nonhomogeneous environments.

It appears that islands of incompat-
ible computing resources are causing
managers to be cautious in implement-

ing leading-edge but unproven solu-
tions. Many are looking to maximize
current investments and, in addition,
define solutions that offer open archi-
tectures that provide flexibility to ex-
pand around a government program.
As managers distribute more comput-
ing resources to the end user, effective
and controlled distribution of corpo-
rate information to those end users be-
comes an ever more important issue.

A universal device meeting this

spectrum of customer needs seems un-
likely, but the size of the market and
the number and variety of products
make it likely that users will find prod-
ucts that meet their needs. H

How would you rate the technical
information in this article?

Too complex Enter No. 666
Just right Enter No. 668
Too simplistic Enter No. 670
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Networking
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by Larry Campbell

PCSA—Digital’s Answer To The IBM PC Network

ast fall, Digital Equipment

Corp. introduced the VAX-

mate, an innovatively pack-

aged PC/AT compatible

workstation with built-in

Ethernet adapter. Along with the VAX-

mate, Digital also debuted the first

round of products in.what it calls

PCSA—the Personal Computing Sys-

tems Architecture. This software ar-

chitecture actually delivers complete

and almost seamless integration of the

MS-DOS workstation with departmen-
tal and mainframe computing.

PCSA is a blend of the industry-
standard Microsoft Network’s (MS-
NET) networking protocols (Microsoft
Corp., Redmond, Wash.), with Digital’s
own networking protocols, DECnet and
LAT (Local Area Transport). The first
set of PCSA products, dubbed “VAX/
VMS Services for MS-DOS,” allows
personal computers to become full-
fledged members of a DECnet.

Most personal computer networks
today, including IBM’s PC Network, are
just that—personal computer net-
works. Period. The PCs can only talk to
each other; they can’t exchange data

with minis or mainframes. Even worse,

these networks are LANs only. Want to
share your data with the West Coast di-
vision? Sorry.

Digital’s PCSA, however, allows
personal computer users to transpar-
ently share files with VAX users. And it
functions equally as well over wide area
networks (WANSs) as it does over Digi-
tal’s Ethernet LAN.

How does this work? The answer
starts with Microsoft’s MS-NET, a ge-
neric networking product that Micro-
soft sells to its OEMs, including Digi-
tal. It’s generic in the sense that the
OEM can provide his own network
transport layer—that part of the soft-
ware responsible for routing data from
one node to another. To produce IBM’s
PC Network product, IBM glued togeth-
er LAN hardware and transport soft-
ware developed by Sytek Inec. (Moun-
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tain View, Calif.), MS-NET from Mi-
crosoft, and user interface software
IBM developed. The result is a network
that can support only IBM PCs and
IBM Series/1 minis, and provides file
sharing only among PCs.

Digital’s PCSA is a result of the in-
tegration of MS-NET and DECnet, with
some creative programming added by
engineers at Digital’s Littleton, Mass.
facility. Digital used its existing DEC-
net-DOS product as a transport layer
underneath MS-NET, so MS-NET ap-
plications running under PCSA can go
anywhere DECnet goes. They’re not
limited to the confines of a single LAN.

Like IBM, Digital supplies a PC-
based server software product that al-
lows a VAXmate or PC to act as a file
server for other PCs in the network.
Digital one-upped the industry, howev-
er, by also supplying a file server soft-
ware product—the PC File Server
(PCFS)—that runs on VAXes, allowing
PC users to store their files on a VAX
and to share files with VAX users.

It’s important to note that PC files
stored on a VAX are ordinary VAX files
that can be read and written by ordi-
nary VAX applications—and this hap-
pens completely transparently.

The PC user sees the VAX as just
another MS-DOS drive letter, J:, for ex-
ample. To establish a connection be-
tween an MS-DOS drive letter and a di-
rectory on the VAX, the PC user issues a
NET USE command with the drive let-
ter, the VAX’s node name, a directory
name, and (optionally) a password.
This is usually done automatically at
boot time, through the MS-DOS start-
up command file, AUTOEXEC.BAT.
Once this connection is established,
drive J acts like any MS-DOS drive—
but the files actually live on the VAX.

A VAX user can look in the directory
corresponding to drive J and see all the
files created by the PC user. In fact,
some VAX users like to connect an MS-
DOS drive to their login directory, so
they can edit their ordinary VMS text

files (LOGIN.COM, for instance) using
MS-DOS editors like Microsoft Word.

There are a few obvious limitations.
MS-DOS filenames are limited to eight
characters in length, so an MS-DOS
user can’t see VMS files named
A_VERY_LONG_FILENAME. TXT.
But the advantages of this approach to
file sharing are enormous.

® PC users can keep all their files
on a VAX, and let the VAX operators do
backups for them.

® VAX disk storage expandability is
virtually unlimited, compared to the
limitations on PC-based file servers.

® The PC File Server need not be on
the same Ethernet—it can be anywhere
in an extended, wide-area DECnet.

® The PC File Server also provides
access to VAX printers, allowing a large
number of PC users to share high speed
printers like the LNO1 laser printer.

® By connecting (via the NET USE
command) to the same directory on the
same VAX, other PC users can also
share these files.

® Any number of connections can
be made to any number of VAXes, limit-
ed only by the 26 drive letters available
to MS-DOS.

File sharing is only part of the sto-
ry. Digital also provides two very dif-
ferent and highly capable terminal em-
ulators. The VT220 emulator runs
within MS-Windows and also provides
VT100 and VT220 emulation. The
VT240 emulator runs outside of MS-
Windows, and provides VT240 (ReGIS)
emulation. Both emulators can access
host systems on an Ethernet using Dig-
ital’s highly efficient (but proprietary)
LAT protocol.

At last Fall’'s VAXmate announce-
ment, Digital announced its intent also
to release versions of the PCSA soft-
ware for Rainbows and IBM PCs. At
press time, though, no release dates
have been announced.

Larry Campbell s a Hardcopy
colummast.
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Digital Document Interchange Format
Facilitates Desktop Publishing

DDIF will place Digital in a better position than before to participate in
the burgeoning electronic publishing market

by Jim Meade

igital Equipment Corp. is

preparing to announce

Digital’s Document Inter-

change Format (DDIF)—a

standard for the inter-

change of documents between one com-

puter or peripheral and another—ac-

cording to a number of sources close to

Digital. DDIF is now being readied for

the announcement by Digital’s Robert

Sanfacon within the Document Pro-

cessing Marketing group in Merrimack,
N.H., headed by Jackie Kahle.

Standards like DDIF facilitate elec-
tronic publishing and offer a number of
advantages to users, say experts in
technical publishing. For Digital itself,
the biggest benefit is likely to be in-
creased sales of computer equipment,
suggest analysts like Associate Editor
Peter Dyson of The Seybold Report on
Publishing Systemsin Media, Pa. By of-
fering a formatting standard, Digital
will be in a better position than before
to participate in the burgeoning elec-
tronic publishing market.

Electronic publishing was a $3.4 bil-
lion market in 1985 and by 1989 will
grow to a $7 billion market, says Wood-
row Vandever, executive vice president
of Interconsult Inc. of Cambridge,
Mass.—a consulting company that co-
sponsors the well-known Corporate
Electronic Publishing Systems (CEPS)
conferences. Desktop publishing was a
$221 million segment of the overall
electronic publishing market in 1985,
representing a small, but growing,
piece of a whole that also includes com-
mercial publishing (newspapers, maga-
zines, and books) and all forms of cor-
porate publishing from technical
manuals to annual reports.

One indication of the size of the
CEPS market is the number of various

-
-
-

Major benefit—Interleaf Inc. markets
an electronic publishing system for Mi-
croVAX IT and VAXstation 11
hardware. The company views DDIF
as a major benefit to itself and its
customers.

corporations becoming active in it.
Companies that were in the typesetting
business, like Interleaf of Cambridge,
Mass. and Texet of Arlington, Mass., of -
fer products for electronic publishing.
Office automation companies like
Wang and NBI are moving into elec-
tronic publishing. Film companies like
Dupont, Agfa, Kodak, and 3M are en-
tering electronic publishing, because
publishing takes place on film as well
as on paper. And computer companies
like IBM and Digital are entering the
marketplace as well.

Digital has not been among the ear-
ly leaders in the best known electronic
publishing fields—desktop publishing
and newspaper publishing. Within the

desktop marketplace, for instance, the
leading companies, at present, are Ap-
ple with its Macintosh Plus system and
Apple LaserWriter printer, Hewlett-
Packard with its HP LaserJet printer,
and IBM. A number of smaller compa-
nies dominate high end publishing, like
Scitex of Israel.

Digital dropped out of the market-
place for commercial newspaper publi-
cation, notes Stephen Edwards of The
Seybold Report, and has been con-
cerned about its slippage in both the
low and high ends of the electronic pub-
lishing marketplace.

DDIF can provide Digital with a ba-
sis for competing more effectively in
electronic publishing. A standard like
DDIF does for a formatted document
what the well-known ASCII standard
does for character transmissions. It
specifies that transmitted characters
be a certain size—a certain number of
dots or magnetic bits. Standards like
DDIF establish specifications for the
formats in a document, as opposed to
the alphanumeric characters in a text
stream.

The Navy has such a standard, says
Dyson, which is known as the Docu-
ment Interchange Format (DIF). IBM
also has a standard widely known to
IBM users—Document Content Archi-
tecture (DCA). And a national commit-
tee has prepared a standard known as
Standard Generalized Markup Lan-
guage (SGML) that according to some
experts is gaining acceptance more
slowly than its proponents had hoped.

A document interchange format al-
lows a document to pass from one sys-
tem to another without losing its docu-
ment format. Without a formatting
interface, a markup expert has to recre-
ate the formats each time the document
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passes from one system to another. And
documents often pass from one system
to another several times. A chart from
a technical manual, for instance, may
appear later in a slide presentation
and, again, in a company annual report.

Without document formatting con-
ventions, such elements as paragraph
structure, emphasis (bolding and un-
derlining), headlines, and footnotes all
tend to be lost when a document is sent
from one computer to another or from

one system to another (i.e., a Wang
word processor to an Interleaf desktop
publishing system).

According to Dyson, a good markup
language controls more than 250 struc-
tures including major headlines, minor
headlines, subheads, lead-ins, first em-
phasis, second emphasis, footnote style
1, footnote style 2, and bulleted lists.

Numerous markup languages now
exist. What has been missing—and
missing for users of Digital comput-

user-definable commands.
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ers—has been a standard for all mark-
up languages that allows direct inter-
change between a computer system
using one markup language and anoth-
er system or peripheral using another.
DDIF is expected to provide such a
standard for the Digital marketplace.

For users, the first benefit is what
Vandever describes as “a well-integrat-
ed system for exchanging documents
within a corporation.”

A more direct benefit to users,
though, is likely to be the ability to con-
form to requirements for government
work. In many cases, those who partici-
pate in the multibillion dollar govern-
ment contracting business, notes Dy-
son, must submit documents that
conform to the government’s exacting
MIL. standards, including the stan-
dards of the Navy’s DIF.

Asked if computer manufacturers
are under pressure to help their cus-
tomers comply with such government
standards, Dyson responds, “Yes, of
course.” In fact, he concludes, the big-
gest reason for a computer manufac-
turer to provide a formatting specifica-
tion is to enable end users to comply
with U.S. formatting standards.

Vendors Directory
Caddex Corp.

18532 142nd Ave. N.E.
Woodinville, WA 98072

206-481-7751 Enter No. 518
Datalogics

325 W. Huron

Chicago, IL 60610

312-266-4444 Enter No. 519

Interleaf Inc.
Ten Canal Park
Cambridge, MA 02141

617-577-9800 Enter No. 520

NBI Inc.

3450 Mitchell Ln.
P.O. Box 9001
Boulder, CO 80301
303-444-5710 Enter No. 521
Texet Corp.

37 Broadway

Arlington, MA 02174
617-641-2900 Enter No. 522
Wang Laboratories Inc.

One Industrial Ave.

Lowell, MA 01851
617-459-5000

Enter No. 523



The biggest potential users of for-
matting standards, though, are pub-
lishers, according to Dyson. If stan-
dards for electronic publishing become
accepted, then publishers will be able to
distribute and archive a library of titles
electronically, in machine searchable
form.

Reportedly, the Library of Congress
is evaluating standards for document
formatting, with an eye toward distrib-
uting documents electronically. While
no one believes that a “paperless Li-
brary of Congress” is imminent, the
possibility does begin to emerge as for-
matting standards become accepted.
Should the Library of Congress require
publishers to submit documents in a
standard electronic format, research-
ers could as easily request a tape or disk
from the library as they do the old-
fashioned hardbound book.

Among the first to benefit from the
expected announcement will be Digi-
tal’s OEMs in electronic publishing, ac-
cording to one such Digital marketing
partner. Interleaf Inc. markets an elec-
tronic publishing system for Digital’s
MicroVAX II and VAXstation II hard-
ware. The company sees the DDIF
standard as a “major benefit to itself
and its customers,” in the words of
company spokesmen.

Interleaf already has an internal
policy that it will support DDIF when
announced. The biggest benefit to In-
terleaf, say the spokesmen, is that such
a standard frees the company’s engi-
neers to work on the company’s special-
ties—document formatting, image
editing, and creation—instead of on the
interface between Interleaf and the
Digital system.

Digital also had marketing agree-
ments with two of the other leading
companies in electronic publishing—
Datalogics Inc. (Chicago, I11.) and Cad-
dex Corp. (Woodinville, Wash.)—which
will both similarly benefit from the
standard.

Though there are presently no soft-
ware products from Digital known to
adhere to the DDIF standard, word
processing products are most likely to
follow the standard as it emerges.
Third party vendors in the competitive
Digital word processing market will
likewise find it “reasonable to be up-
ward compatible with DDIF,” accord-
ing to several analysts.

“If companies are going to make
these standards work, they’re going to
have to write filters or translation pro-
grams to go from a word processing file
to a markup coded file [that meets the

standard],” explains Dyson. Word pro-
cessing companies with such filters in
place will be best able to participate in
the burgeoning market for electronic
publishing.

At the moment, of course, no one
outside of Digital knows precisely what
form the standard will take. According
to one source close to the company, even
those inside Digital may not yet be cer-
tain of the standard. A vote within the
company will ultimately decide the

standard. The announcement will then
follow.

Digital declined to describe the
standard until after announcing the
product—an announcement that one
source close to Digital says is “about to
take place” and another estimates may
be as much as 6 mths. away or more. '8

Jim Meade is a Hardcopy contribut-
ing author:
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| by Walter Zintz

The power of metacharacters

etacharacters ... even

the name sounds omi-

nous. They’re the char-

acters in a UNIX sys-

tem command line or

text line that aren’t themselves. On

many systems the @ sign is the line-kill

character. If you want to insert an @ in

a line, you have to type something else,

because typing a plain @ only erases

everything you've already typed on the
current line.

The power of metacharacters has a
hefty price tag: user confusion. This is
one place where you can’t just learn the
metacharacters you want to use. You
must know them all, if only to avoid the
catastrophes that arise from acciden-
tally typing a metacharacter where you
wanted the plain ASCII character.

UNIX systems aggravate this prob-
lem by using differing sets of meta-
characters at different points within
even a single line, and by having usage
variants for the same mode or function
within various utilities. All in all, me-
tacharacters are about as nasty a haz-
ard as the intermediate user faces.

Most of the confusion can be cleared
away by organizing metacharacters,
first in your mind and then on paper.
The structure I've found effective uses
two common and simple computing
concepts: look-« o tables and push-down
stacks.

When you type at your terminal, the
first software that interprets what you
type is the TTY driver. Try thinking of
it as taking each character as you type
and looking it up in a table. The left-
hand column of the table has one char-
acter on each line, and if the character
just typed doesn’t match one from this
column (it usually won't), the TTY driv-
er puts it back in its place in the line
you're typing. If it matches, the driver
checks the same line in the right-hand
column to see what to do next.

Sometimes the instruction will re-
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place the character with another char-
acter, a string of characters, or with
nothing at all, as in ASCII NUL. Other
lines may have commands in the right-
hand column, and the driver executes
the command instead of inserting any-
thing in the line you’re typing. An ex-
ample of this is Control-S, which pre-
vents the system from sending any
characters to your terminal until you
type a Control-Q.

The driver then passes the line to
the program you’re running, which has
at least one look-up table of its own. If
you're in vi and typing in a search pat-
tern, the left-hand column for this
mode has characters like * and  with
appropriate listings in the right-hand
column, and it also has other charac-
ters, like * and §, that use a center col-
umn in the table. The center column
lists conditions that determine whether
the referenced character is found. For
instance, = is a metacharacter only if
it’s the first character in the search
pattern. As with the table for the TTY
driver, when a character is found, and
fulfills any condition in the center col-
umn, the instruction in the right-hand
column is executed; otherwise the char-
acter takes its place in the search
pattern.

Sometimes the instruction in the
right-hand column invokes a pushdown
stack. If our vi search pattern contains
a [ character, the system discontinues
searching for characters in the search
pattern table and checks another table
for character classes. One of the left-
hand column entries in the character
class table is ] and the right-hand col-
umn instruction for this ends the char-
acter class. In which case, the stack
pops up the table you were using before
you entered the character class—in this
case, the search pattern table—and
checks each character here until a char-
acter whose right-hand column in-
struction ends the search pattern.

Most of these look-up tables also
have characters that temporarily sus-
pend the look-up table to let you putina
metacharacter as itself. In either shell,
different quote marks switch to a table
with the same metacharacters but few-
er of them, or with no metacharacters
at all, but in either case, the table con-
tains the same quote mark that invoked
it as a command to return to the next
level of the stack. The \ character
doesn’t even have the pop-the-stack
command; the stack is always popped
after the next character following the \
is read.

Finally, some of the right-hand col-
umn instructions alter the tables them-
selves, either the table currently in use
or another one. In an ex editor substitu-
tion command such as s/dog/cat/c, the
slashes that separate the string to come
out and the string to replace it from
each other and from the rest of the com-
mand are optional. Almost any punctu-
ation mark could have been used if the
same one was used in all three places.
This is equivalent to a substitution
command table that, when it finds any
punctuation mark at the end of an s
command, switches to the out-pattern
look-up table, but also adds that punec-
tuation mark to both the out-pattern
and replacement-pattern tables as one
that means end this pattern.

With these basic parameters, you
can construct a table, or a sequence of
tables, which analyzes and clarifies any
UNIX utility’s use of metacharacters.
It’s a shame that none of the ambitious
publishers of quick reference cards for
UNIX system users has thought to pub-
lish something like this, but it’s so easy
to make the tables yourself that per-
haps it hardly matters.

Please send correspondence to: The
UNIX Connection, Walter Zintz, c¢/o
Uni-Ops Books, 2138 36th Ave., San
Francisco, CA 94116-165.
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Turnkey Systems

Desk-Top Computer
First-Mate Portable; Mi-
cro 11/23, Micro 11/73, or Mi-
croVAX II; utilizes a VT100/
200 compatible amber elec-
troluminescent screen, a
VT220-style keyboard, a 4-
slot, Q-bus backplane, and a
200 W switching power sup-
ply; is portable and expand-
able with Q-bus compatibili-
ty; uses Y% Mbytes—16
Mbytes of CPU memory, 10—
100 Mbytes disk storage; can
accommodate up to 32 users
with remote terminals, de-
pending upon the CPU in-
stalled; basic unit, $4,995; Mi-
cro11/23, $9,995; Micro 11/73,
$11,995; MicroVAX II,
$19,995; shipping now.

Industrial  Computer
Products, 43 Mitchell Rd.,
Ipswich, MA 01938-1218,
617-356-7500. Enter No. 17

Mapping Database System
Distributed VAX Center
(DVC); VAX; operates as a
standalone workstation and
as a self-contained work cen-
ter that serves as the host for
up to eight users, including
three additional graphic
workstations; designed to op-
erate as a node on a distribut-
ed information processing
network; $93,700; software
only, $35,000; shipping now.
Synercom, 10405 Corpo-
rate Dr., Sugar Land, TX
77478, 713-240-5000.
Enter No. 79

Superminicomputers
9810 and 9820; features

Pyramid Technology’s sec-
ond-generation reduced-in-
struction set computing
(RISC)-based CPUs, high-
speed input/output proces-
sors, and the XTEND system
bus in tightly coupled parallel
processing configurations;
9810, $199,950; 9820, $299,950.
Pyramid
Corp., 1295 Charleston Rd.,
PO. Box 7295, Mountain
View, CA 94039-7295,
415-965-7200. Enter No. 751

Performance

Enhancements

ESDI Controller

DQ696; MicroVAX, Mi-
¢roPDP-11, and LSI-11: RT-
11, RSX-11M+, RSTS/E, Mi-
croVMS, Ultrix, UNIX, and

Technology

DSM; fully compatible with
the ESDI standard, including
support of the ESDI parame-
ter passing commands and
disk drive manufacturers’
flaw maps used in drive for-
matting; handles ESDI data
transfer rates to 1.9 Mbytes/
sec.; $1,450; shipping now.

DILOG, 1555 S. Sinclair
St., PO. Box 6270, Anaheim,
CA 92806, 714-937-5700.

Enter No. 753
U S DR e SRS,

Disk Controller
SDC-RQD11-EC; Q-bus to
ESDI interface disk control-
ler; RT-11, RSX-=11, TSX,
RSTS/E, MicroVMS, and
UNIX; on-board WOMBAT
utilities provide comprehen-
sive off-line, menu-driven
formatting and diagnostics;
includes 1 Mbyte of cache
memory; simultaneous disk

CALENDAR

Feb. 9,10

Software Project
Management, Atlanta;
Georgia Institute of
Technology, Dept. of
Continuing Education,
Atlanta, GA 30332.
404-894-2547

Feb. 9-12
Supercomputers And Al
Machines, Chicago;
Technology Transfer
Institute, 741 Tenth St.,
Santa Monica, CA 90402-
2899. 213-394-8305

Feb. 9-12

VAX/VMS Real-Time
Applications Design, San
Francisco; Digital
Educational Services,
Seminar Programs, BUO/
E58-15, 12 Crosby Dr.,
Bedford, MA 01730.
617-276-4949

Feb. 10-12

Computer Aided
Publishing CAP ’87
Conference And
Exposition, Washington,
D.C.; CAP 87,90 W.

Montgomery Ave., Ste. 200,
Rockville, MD 20805.
301-294-8710

Feb. 10-12

Optical Memory
Technology And
Applications, London;
Technology Opportunity
Conference, 256 Laguna
Honda Blvd., San
Francisco, CA 94116-1496.
415-681-3700

Feb. 10-13

High Performance
Computer Architectures,
Boston; Integrated
Computer Systems, 5800
Hannum Ave., P.O. Box
3614, Culver City, CA
90231-3614. 213-417-8888

Feb. 10-13

Introduction To
Multicomputer System
Design, Toronto; Integrated
Computer Systems, 5800
Hannum Ave., P.O. Box
3614, Culver City, CA
90231-3614. 213-417-8888

Feb. 10-13

Machine Vision And Image
Recognition, San Diego;
Integrated Computer
Systems, 5800 Hannum
Ave., P.O. Box 3614, Culver

City, CA 90231-3614.
213-417-8888

Feb. 11,12

Software Production,
Atlanta; Georgia Institute
of Technology, Dept. of
Continuing Education,
Atlanta, GA 30332.
404-894-2547

Feb. 11-13

VMS System Security
Features, Boston; Digital
Educational Services,
Seminar Programs, BUO/
E58-15, 12 Crosby Dr.,
Bedford, MA 01730.
617-276-4949

Feb. 16-20

20th Annual DECUS
Canada Symposium,
Montreal; DECUS, 505
University Ave., 15th F1.,
Toronto, Ontario M5G 2H2.
416-597-3437

Feb. 19

Understanding Computers,
Bakersfield, CA; Padgett-
Thompson, Padgett-
Thompson Bldg., P.O. Box
8297, Overland Park, KS
66208. 913-451-2900.

Feb. 19,20
Local Area Networks, Los
Angeles; Data-Tech

Institute, Lakeview Plaza,
P.O. Box 2429, Clifton, NJ
07015. 201-478-5400;

Other Dates/Locations:
Feb. 26,27—Baltimore, MD

Feb. 23-25

VAX FORTRAN V4
Advanced Programming
Concepts, Orlando, FL;
Digital Educational
Services, Seminar
Programs, BUO/E58-15, 12
Crosby Dr., Bedford, MA
01730. 617-276-4949

Feb. 24-27

Computer Network Design
& Protocols, Washington,
D.C.; Integrated Computer
Systems, 5800 Hannum
Ave., P.O. Box 3614, Culver
City, CA 90231-3614.
213-417-8388

Feb. 25-27

Managing Your MicroVAX,
Orlando, FL; Digital
Educational Services,
Seminar Programs, BUO/
E58-15, 12 Crosby Dr.,
Bedford, MA 01730.
617-276-4949

Feb. 26-28

Commtex International,
Atlanta; ICIA, 3150 Spring
St., Fairfax, VA 22031-2399.
703-273-7200
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FOR THE VAXmate - IBM PC - XT - AT

WPS-PC now directly reads and writes
DECmate document disks using the
IBM PC, XT, AT 1.2MB drive.

GOLD KEY STYLE
WORD PROCESSING.
$275EACH.

PLUS $3.75 SHIPPING

Exchange fully formatted documents with
WPS-PLUS/VMS and ALL-IN-1. Print one
document while editing another. Spell check
documents with a 60,000 word dictionary.

= Designed for fast response on a minimum configuration of
128KB of memory and two floppy diskettes; runs on hard
disks as well = Fully formatted DX and AX document
exchange with DECmate |, Il and Ill, WS-78, Rainbow
computers running WPS-80, WPS-DOS, or WPS-PLUS/
Rainbow;, IBM-PC running WPS-PC or WPS-PLUS/PC as

well as VAXs with WPS-PLUSNVMS and ALL-IN-1 = VT-102
terminal emulation and CX communication = Supports over
50 popular serial and parallel printers, including the LNO3
and the HP LaserJet = Supports popular keyboards,

including the new AT keyboard and the KeyTronics KB5151 =
List Processing customizes form letters from a mailing list =
WPS-DOS includes a diskette to diskette conversion program
for WPS-8 and WPS-80 documents = Full-screen, menu-driven
editor with powerful DECmate-style editing features.

Call for information on a demonstration system.
Dealer inquiries invited. Educational discounts available.

IBM PC, XT and AT are trademarks of IBM Corp. WPS-PC and WPS-DOS are trademarks of Exceptional Business Solutions, Inc
VAX, VMS, WPS-PLUS, VAXmate, ALL-IN-1, DECmate and RAINBOW are trademarks of Digital Equipment Corp. HP LaserJet is
a trademark of Hewlett Packard Corp

Exceptional Business SolutionsInc.
10811 Washington Blvd., #240 Culver City = CA = 90230 213/558-3435
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ProDUCT NEWS

and Q-bus transfers for
blocks in cache; can be pro-
grammed to perform “look-
ahead” reads in anticipation
of data requests; whole tracks
or more can be read into
cache; $1,325; shipping now.
Sigma Sales, 3401 E. La
Palma Ave., Anaheim, CA
92806, 714-630-6553. g

Enter No. 755

Parallel Processor
Butterfly—Enhanced
User Interface; VAX; acts as
a user-transparent server on
an Ethernet network; in-
cludes X Windows, a window-
ing and graphics capability,
and the remote Butterfly
shell that allows users to exe-
cute Butterfly programs from
a UNIX environment;
$37,000-$375,000; shipping

now.

BBN Advanced Comput-
ers Inc., 10 Fawcett St., Cam-
bridge, MA 02238,
617-497-3700. Enter No. 757

Memory Conver-

sion Subsystem

STRETCH-16; VAX 11/
750; VMS; allows user to re-
place 2-3 standard 1-Mbyte
memory boards with 4-Mbyte
memory arrays, for total of
14-16 Mbytes; basic subsys-
tem (memory controller and
two 4-Mbyte memory arrays),
$7,900; shipping now.

EMC Corp., 12 Mercer Rd.,
Natick, MA 01760,
800-222-EMC2. Enter No. 759

Communications

Controller

VMExICC; VME-based
systems; features six serial
channels (asynchronous or
synchronous), downloadable
software protocols, multiop-
erating system support and
device drivers, 2-Kbyte FIFO
RAM and counters, Z80 mi-
croprocessor, 64-Kbyte RAM,
2-Kbyte BOOT-RAM; has
selftest and debug capabili-
ties, and optional Token Ring
LAN controller or X.25 port;
$1,495; shipping now.



ISKRA VME Technolo-
gies, 222 Sherwood Ave.,
Farmingdale, NY 11735,
516-753-0400. Enter No. 761

SMD/SMD-E Controller
UD33; Unibus-based sys-
tems; allows Unibus users to
upgrade to 24 MHz SMD-E
interface; up to 3.0-Mbyte/
sec. throughput and more
than 700 Mbytes/spindle; in-
cludes MSCP implementa-
tion; $3,500; shipping now.
Emulex Corp., 3545 Har-
bor Blvd., PO. Box 6725, Cos-
ta Mesa, CA 92626,
714-662-5600 Enter No. 763

Storage Subsystems

Mass Storage Device

Gigastore; stores data on
standard VHS cassette; em-
ploys an error correction
technique with automatic
write-retry when an error is
detected; this results in a typ-
ically corrected error rate of 1
in 1023; electrical interface is
the industry standard (PER-
TEC), which looks like a 9-
track streamer; Has 256-
Kbyte cache buffer that al-
lows transfer rates up to 7
Mbytes/min.; features a high
speed search mode with an
average acquisition time of
2.5 min.; $4,780; shipping now.

Digi-Data Corp., 8580
Dorsey Run Rd., Jessup, MD
20794, 301-498-0200.

Enter No. 765
e e g s amin

SMD To DSA Interconnect

Storage Module Disk In-
terconnect (SMDI); VAX host
and SMD/SMD-E drives;
connects variety of Storage
Module Disk (SMD) products
to Digital’s Digital Storage
Architecture (DSA); allows
transfer rates of up to 3.0
Mbyte/sec. and capacities of
up to 2.5 Gbytes formatted
per subsystem; system with
cabinet and one 850-Mbyte
(unformatted) SMD-E disk
drive, $20,500; shipping April
1987.

Emulex Corp., 3545 Har-
bor Blvd., PO. Box 6725, Cos-
ta Mesa, CA 92626,
714-662-5600. Enter No. 767

Disk Drive Expansion

SA-H157; 8-in. Priam disk
drive expansion chassis; sup-
ports two 8-in. Winchester
disk drives (Priam Models
806, 807, and 808); includes
mounting space, power and
data cables, and rear 1/0 ca-
ble connections for the drives;
$1,250; shipping now.

Sigma Sales, 3401 E. La
Palma Ave., Anaheim, CA
92806, 714-630-6553.

Enter No. 769
R T =S S

SCSI Disk
Drive Subsystem

Power Tower; requires
SCSI interface; uses one or
two hard disk drives for up to
640 Mbytes of storage with

For additional product information, please write the appro-
priate reader service number on the Reader Inquiry Card.

512 Kbytes-16 Mbytes of on-
board cache RAM; transfer
rate of 1.5 Mbytes/sec.;
$3,995-$15,000; shipping now.
CMS, 3080-A Airway Ave,
Costa Mesa, CA 92626,
714-549-9111. Enter No. 771

Terminals And Monitors

ASCII Terminal

WY-60; VT 52/100 looka-
like; includes a 14-in., flat-
screen CRT in green, amber,
or white phosphor, a 7 x 12
character matrix in a 10 x 16
character cell with 3-dot de-
scenders, 44 or 26 lines of text
in an 80-column or 132-col-
umn format, respectively,
and up to seven pages of local
display memory; $599.

Wyse Technology, 3571 N.
First St., San Jose, CA 95134,
408-433-1000. Enter No. 773

Terminal

Freedom ONE Plus and
Freedom ONE Turbo; emu-
lates VT220, VT100, VT52;
Freedom ONE Plus takes full
ASCII set of the Freedom
ONE and adds a PC terminal
operating mode; Turbo incor-
porates three major operat-
ing modes—ASCII, ANSI and
PC Terminal; adds true emu-
lations of ANSI standard ter-
minals; Freedom ONE Plus,
$549; Freedom ONE Turbo,
$599; shipping now.

Liberty Electronics USA
Inec., 625 Third St., San Fran-
cisco, CA 94107, 415-543-7000.

Enter No. 775

Printers And Plotters

Dot-Matrix Printer
MP-1300; Lets user switch

What’s keeping your disks from becoming...

CoAME N T=N
/ !’\"\\'VIM\I\}\" ‘E\l/'

» What makes every VAX/VMS system slow down?
» Why does VAX/VMS bog down with no unusual user load on the system?
» Your VAX/VMS disks and files are being fragmented right now.

» With every fragmented file comes poor performance and slow response.

» Only one thing will stop this needless fragmentation and keep it stopped.

DISKEEPER , a true online disk defragmenter

Diskeeper runs as a detached process, defragmenting disks by converting fragmented files to

contiguous ones and consolidating spaces on the disk.

Diskeeper solves the fragmentation problem permanently.

"y
”
i

It cleans up a disk online, while

the system is active, then automatically keeps the disk defragmented by periodically checking
the disk and defragmenting as needed. No system manager intervention is required. The
performance gains are dramatic, and the cost in machine resources is insignificant. Written
entirely in MACRO-32 assembly language, Diskeeper can keep disks such as DEC's RA8B1
drive fragmentation free in two to five minutes of CPU time per day. Diskeeper works well
even with disks that are nearly full.

Diskeeper is priced at $750 for the MicroVAX, $1,500 for the VAX-11 series, and $2,500 for
the VAX 8000 series. The package includes a fragmentation analysis utility at no additional
charge. To order or for more information contact Executive Software, Inc., 5132 Ocean View

Boulevard, La Canada, CA 91011-1240, or call us at (818) 249-4707.

Trademarks: "Diskeeper” Executive Software Inc, "VAX/VMS” Digital Equipment Corp.
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MANDATE 11

The First Ideal Travel Partner
For Mini Computer Users.

MANDATE 11 is the only portable mini computer with

a 10 slot Q-Bus Backplane.

It is DEC compatible, completely portable and self-

contained and offers a variety of unique features.

For more information about this product please call:

MDI

661 N. Plano Rd., Suite319 Richardson, Texas 75081

(214) 470-9996 (800) 232-5829
ENTER 107 ON READER CARD

MicroVAX II*
VAX*
" PDP*
SYSTEM UPGRADES
AND INTEGRATION
@5 Control Data
€ Emulex

ZA National Semi
(@) micmo-remmunc.  PRINTRONIX

DEC MicroVAX Il Q1-Q4

Trimm Industries

EMULEX/CDC/Fujitsu Available Call
DEC 11-84 11-83 11-73

Software Application Packages

SYSTEM UPGRADES
e Disk and Tape Subsystems
e Terminals e Memory

* Printers e Communications
CALL FOR LITERATURE

8229 E. WASHINGTON ST.
CHAGRIN FALLS, OHIO 44022
(216) 543-1411

1-800-HOT COMP

SALES REPRESENTATIVES WANTED

*DEC registered trademark of Digital Equipment Corp

ENTER 108 ON READER CARD
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PrODUCT NEWS

from black and white to color
printing; optional snap-in
color printing kit adds com-
plete color character and
graphics printing capability
to the printer; MP-1300, $699;
color printing kit, $155; ship-
ping now.

Seikosha Co. Ltd., 10080
N. Wolfe Rd., Ste. SW3/249,
Cupertino, CA 95014,
408-446-5820. Enter No. 777

Printers

Linewriters 855T and
1200T; provides tamper-proof
security by preventing the es-
cape of radio frequency and
electromagnetic emanations
from information processing
equipment; performs at
speeds of 800 lines-per-min-
ute (Ipm) and 1200 lpm re-
spectively; 855T, $14,500;
1200T, $16,900; shipping now.

Centronics Data Comput-
er Corp., One Wall St., Hud-
son, NH 03051, 603-883-0111.

Enter No. 779
TR o i S g e

VAX-11/750 Upgrade
NX750-SPU; VAX-11/750;
increases the overall CPU
and memory performance of
the VAX-11/750 system; con-
sists of an enhanced CPU
board, a memory controller,
and three 4-Mbyte memory
arrays; increases overall CPU
performance 18%; uses 256K
RAM technology; recognizes
both 64K and 256K technolo-
gy; $13,100; shipping now.
Nemonix Inc., 106 South
St., Hopkinton, MA 01748,
800-435-8650 or 617-435-9087.

Enter No. 781
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Pen Plotter

Autoplot; most CAD pro-
grams; D-size open frame
flatbed pen plotter; 256-
Kbyte buffer (expandable to
1-Mbyte) for downloading
complete drawings from host;
processor to examine con-
tents of buffer and reorder
drawing instructions to in-
crease speed; makes drawings
up to 22 x 34-in. with up to 8
pens at 0.001-in. resolution;
one pen and 256K input buff-

er, $4,995; shipping now.
GTCO Corp., 7125 River-
wood Dr., Columbia, MD

21046, 301-381-6688.
Enter No. 783

Laser Printer

LaserPower III; targeted
for business applications; 10
pages/min.; 300 dpi resolu-
tion; up to four font car-
tridges (multiple fonts per
cartridge); emulation mod-
ules for Diablo 630, IBM
Graphics, Hewlett-Packard
LaserJet Plus, others sched-
uled; monthly duty cycle of
6000 pages; handles letter and
legal size paper, envelopes,
and transparencies; $3,495;
shipping now.

CMS, 3080-A Airway Ave.,
Costa Mesa, CA 92626,
714-549-9111. Enter No. 785

Graphics

Digitizer

DIGI-PAD 1724L; has ac-
tive area of 17 x 24 inches (up
to C-size), while maintaining
0.001-in. resolution; aspect
ratio is suited to screen point-
ing; gives enough room for ex-
tensive menus; $2,000; ship-
ping now.

GTCO Corp., 7125 River-
wood Dr., Columbia, MD
21046, 301-381-6688.

Enter No. 787

Graphics System

928 Graphics Engine;
Ethernet, VME, RS-232; in-
teractive 3D graphics display
systems designed for single
operator trainers, target pro-
jectors, avionics displays, and
simulators; optimized for de-
veloping sophisticated real-
time graphics; uses finite
state logic to allow the devel-
opment and display of com-
plex shaded models in real-
time; user can create and
display realistic combat sce-
narios with 16.7 million si-
multaneous colors; $34,900;
shipping now.

Megatek Corp., 9645



For additional product information, please write the appro-
priate reader service number on the Reader Inguiry Card.

Scranton Rd., San Diego, CA
92121, 619-455-5590.
Enter No. 789

3D Design Package
Assembly Modeller; lets
the architect and engineer
manipulate 3D building com-
ponents within a 2D environ-
ment; features all the flexi-
bility, speed, and familiarity
of 2D drawing techniques
with the benefits of a 3D
model; $3,000; shipping now.
McDonnell Douglas, In-
formation Systems Group,
325 McDonnell Blvd., St. Lou-
is, MO 63042, 314-232-3965.
Enter No. 791

Graphics Controller
QG-1280A; MicroVAX I or
IT; 1280 x 1024 graphics con-
troller board set for the Q-
bus; operates at 60Hz non-in-
terlaced and has 8 bit planes
with a 256 of 16 million color
palette; VT-100 operation and

local graphics input support
for mice and trackballs;
$4,995; shipping now.

Matrox Electronics Ltd.,
1055 St. Regis Blvd., Dorval,
Quebec, HI9P 2T4, Canada,
514-685-2630. Enter No. 793

Asynchronous
Digitizing Module
MAX-SCAN; VMEbus-
compatible; digitizes non-
standard video and analog in-
put signals from asynchro-
nous sources with different
resolutions and frame rates:;
can set pixel conversion rate
from as slow as needed, up to
a maximum speed of 10 MHz:
conversion rate can be locked
into and governed by an at-
tached sensor’s sampling
pulse rate, or internal clocks
can control the camera’s sam-
pling pulse; lines of scanned
information can be pro-
grammed to be up to 4,096
pixels long; can be adjusted to
accept resolutions from 1 x 1

MANDATE 11

The First Ideal Travel Partner

For Mini Computer Users.

THE MANDATE 11 IS A FULLY INTEGRATED,
COMPLETELY PORTABLESYSTEM IN AN EASY
TO TRANSPORT PACKAGE.

THESYSTEMIS FULLY SELF-CONTAINED AND
HAS THE FOLLOWING FEATURES:

—DEC COMPATIBLE
—10 SLOT Q-BUS BACKPLANE

—RUGGED ENCLOSURE

—COMPATIBLE WITH THE MICRO VAX Il
/73 & 11/23

—UP TO 4 MEGABYTES OF MEMORY

—40 MEGABYTE HARD DISK AND MINI
FLOPPY DISK

—TRUE VT 100 COMPATIBLE CRT

—CUSTOM CONFIGURATIONS AVAILABLE

TO FIND OUT HOW YOU CAN PURCHASE
MANDATE 11, CALL OR WRITE:

MDI
661 N. PLANO RD. SUITE 319
RICHARDSON, TEXAS 75081
(214) 470-9996 (800) 232-5829

ENTER 109 ON READER CARD
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products

® Current Model Products
® Older Model Products

assist you

and networking needs.

Terminals

Peripherals

Options

Accessories & Supplies

Network Hardware

Software Media, Manuals
& Licenses

ALSO AVAILABLE

LEASE & RENTAL

* |Improve Cash Flow

e Satisfy Temporary Needs
e Try Before You Buy
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SCHERERS

/)" WE'RE SPRINGING INTO THE NEW YEAR
X ‘Q@ Never Fear—SCHERERS Is Here!!

We at Scherers are here to serve you, the customer.
We sell a complete line of Digital Equipment Corporation

We are specialists in our field—we have a technical sales staff to

® Friendly, customer oriented specialists on staff
to provide solutions for your hardware, software

Call us to discuss all your Digital Equipment Product needs
® DEC Hardware Maintenance

B DEC Software Maintenance

B Equipment Testing &

ENTER 110 ON READER CARD

® Extensive Inventory
® Competitive Prices
® Warranty

Contracts
Contracts

Quality Assurance

614-889-0810
2050080

Authorized Distributor

MasterCard & VISA Accepted

*OIDIMIMIOMN*OIMIMION*OIMIMION*OIMIMION+*

*SCHERERS*SCHERERS *SCHERERS *SCHERERS*

TERMINALS FROM TRANSNET
SALES N_SERVICE N LEASING

PERSONAL COMPUTERS

Apple
AT&T
DEC
NCR
Panasonic
Wyse

DEC NEC
Wyse Epson
Northern Telecom Okidata
Televideo Brother
CIE DEC

TI CIE
Paper

Ribbons

Modems

Furniture

MS-DOS /UNIX
SOFTWARE & SUPPLIES

@) = P —s A T =
H'T M= L= 0

Software

12-24-36 MONTH LEASE/RENTAL PROGRAMS - IMMEDIATE DELIVERY
QUANTITY DISCOUNTS - REFURBISHED EQUIPMENT AVAILABLE

E IRANSINET CORPORATION

1945 ROUTE 22 » UNION, NJ 07083 * 201-688-7800 X2
OUTSIDE NJ - 800-526-4965 X4
Offices In Philadelphia - 215-592-4247 X {1
New York City - 212-714-0233 13
ENTER 111 ON READER CARD
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Excelan Networking Series

DEC Users

Connect Your VAX,
MicroVAX, or PDP/11
to Ethernet with TCP/IP

-
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= Complete solution for VMS,
MicroVMS, RSX 11M and RSX 11M +

= Applications: Mail (SMTP), FTR TELNET for VMS
and MicroVMS—-FTP, TELNET for RSX 11M
and RSX 11M +

= Hardware: On board TCP/IP and TELNET Server
with 512K RAM

= Development library: A QIO programming interface
= 1 year warranty on hardware

= Field proven, hundreds of DEC customers

= Unbeatable price performance

For all the details to suit your individual needs,
Call 800-EXCELAN or 800-521-3526 in Calif.

EXXCELAN ENTER 141 ON READER CARD

2180 Fortune Drive, San Jose, California 95131 Fax 408-434-2310 Telex 176610
Weir Bank, Bray on Thames, Berkshire, SL62ED England, U.K. (0628)34281

PRODUCT NEWS

to 4,096 x 4,096 pixels; frame
rates from several sec/frame
to 1,000 frames/sec.; $3,250;
shipping now.

Datacube Inc., 4 Dearborn
Rd., Peabody, MA 01960,
617-535-6644. Enter No. 795

Color Printing System

CPS-201; RS-232; consists
of a Lasergraphics rasteriz-
ing computer and a high-res-
olution high-speed color ther-
mal transfer printer from
Calcomp; accepts Laser-
graphics Language (LL); the
thermal transfer printer pro-
duces paper and overhead
transparencies at 200 dots
per inch, in color or black and
white, with over a million
possible halftoned colors or
100 shades of gray; $9,950;
shipping now.

Lasergraphics Inc., 17671
Cowan Ave., Irvine, CA 92714,
714-660-9497. Enter No. 797

Terminal Emulation/
Communications
Software

Reflection Series 2.0; emu-
lates VT220 and VT102; stan-
dardizes the features avail-
able from the company’s pre-
vious programs designed for
IBM PCs; expands the back-
ground multitasking feature
to the entire Reflection Series
line; “pop-up” feature allows
users to move between emu-
lation and PC modes with a
single keystroke; users can
continue to work in PC pro-
grams while communications
tasks, such as file transfer,
continue in the background;
$199-$499; shipping now.

Walker Richer & Quinn,
2825 Eastlake Ave. E., Seat-
tle, WA 98102, 206-324-0350.

Enter No. 799

Statistical Multiplexers
SPL; on-line manual is ac-

cessed through a separate

asyncronous port that auto-



bauds at 300, 1200, 2400, and
9600 bps; this port displays
all set-up options and statis-
tics about composite channel
and terminal port activity
and status; multiplexers con-
centrate up to 14 asyncronous
terminal ports over one com-
posite communications chan-
nel; full duplex composite
may be either asynchronous
or synchronous; $795-$2,995;

shipping now.
DCB, 807 Pioneer, Cham-
paign, IL 61820, 800-637-1127.
Enter No. 801

Modem

9650PA; 9600 bps synchro-
nous modem; provides four
integral automatic dialers,
full front-panel control and
V.29 and V.27 ter compatibili-
ty; targeted at 2-wire dial-up
applications, such as micro-
to-mainframe SNA and bi-
sync data transmission,
point-of-sale, R.J.E. batch
processing, and database
uploads common among auto-
motive dealers, retail chains,
and others; operates at 9600,
7200, and 4800 bps; $1,695;
shipping now.

Racal-Vadic; 1525 McCar-
thy Blvd., Milpitas, CA 95035,
408-946-2227. Enter No. 803

Fiber Optic
Multiplexer Card

Versitron MP959; fea-
tures a single channel, RS-
232, synchronous interface
port card for the company’s
fiber optic multiplexers; op-
erates at up to 38.4 Kbps in a
high speed configuration or
up to 19.2 Kbps in a low speed
configuration; shipping now.

Versitron, 6310 Chillum
Pl, Washington, DC 20011,
202-722-8600. Enter No. 805

Statistical Multiplexers
Commander 16 and 32; de-
signed to accommodate 16
and 32 channels; use checking
routines to protect data from
errors; an automatic retrans-
mitting queue (ARQ) algo-
rithm and a cyclic redundan-
c¢y check (CRC) ensure that

when line errors occur, data
is automatically checked and
retransmitted; any channel
may be configured for syn-
chronous or asynchronous
operation; Automatic Baud
Recognition (ABR) permits
the multiplexers to recognize
the speed of dialup inputs,
eliminating the need for sep-
arate speed-dedicated lines,
computer ports, or telephone
rotaries; Commander 16,

For additional product information, please write the appro-
priate reader service number on the Reader Inquiry Card.

from $1,900; 32, from $2,800;
shipping now.

ITRON, Cherry Hill In-
dustrial Ctr.-9; PO. Box 5730,
Cherry Hill, NJ 08003-1688,
800-257-8352 or 609-424-9400.

Enter No. 807
S
Data Protection System

Transaction Tracking
System (TTS); requires Sys-

tem Fault Tolerant (SFT)
NetWare Level II; protects
database integrity in the
event that workstations or
file servers on a local area
network (LAN) fail during
network operation; TTS, $995;
SFT NetWare Level 11, $3,995;
shipping now.

Novell Inc., 748 N. 1340 W.,
Orem, UT 84057, 801-226-8238
or 800-453-1267.

Enter No. 809
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High-End I/0
Computer System

I/0 Computer System 200
(IOC 200); running rates of
200 Mbytes/sec.; routes I/0
traffic to and from attached
devices such as high-speed
disk and tape, array proces-
sors, general-purpose com-
puters, telemetry systems,
data acquisition equipment
and custom devices; dedicates
a high-performance 1/0 pro-
cessor (IOP) to any mix of at-
tached devices; handles data
streams at rates as high as 12

Mbytes/sec., while perform-

ing data manipulations con-
currently; $35,000-$100,000;
shipping in March 1987.

Aptec Computer Systems,
9605 S.W. Nimbus Ave., Bea-
verton, OR 97005,

503-626-9000. Enter No. 811

Synchronous
Communications

Network Interface Unit
140 (NIU-140); requires two
Ungermann-Bass High Speed
Remote bridges and a T-1
line; connects two synchro-

nous devices over T1 lines at
up to 1.544 Mbps transmis-
sion speed; supports common
synchronous protocols from
Digital, IBM, Sperry, and
Honeywell; baseband models,
$2,595; broadband models,
$2,995; shipping now.
Ungermann-Bass Inc.,
3900 Freedom Circle, Santa
Clara, CA 95052-8030,
408-496-0111. Enter No. 813

Modems
Datalink 4800, 9600, and
9600 Fast Train; receives

—

e Convenient

HI-TECH TRAINING CO., INC.

72 Hosmer Street, Suite J2
Marlboro, MA 01752

KNOWLEDGE IS POWER

Our Training gives your Technicians the Knowledge to
quickly and effectively repair your DEC hardware.

Our on-site training format gives you the Power to
effectively schedule your maintenance training needs.

Our on-site hardware maintenance courses are:

e Cost Effective

Let us give you the Knowledge and Power.
For a FREE course catalog call us at (617) 481-2992.

DEC is a registered trademark of Digital Equipment Corporation

e Flexible

ENTER 151 ON READER CARD

Does your VMS* or RSX* system need HELP?
Is your staff overworked and/or behind schedule?

cMd SERVICES can help you!

Systems Support

Applications

CcMd SERVICES

24349 Beech Rd. ® Southfield, M| 48034

313/355-9484

ENTER 152 ON READER CARD

'VMS & RSX are trademarks of Digital Equipment Corporation
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“signal quality” graph; fea-
tures auto-dial backup; re-
mote monitor screens; multi-
drop message broadcast,
diagnostic feature update,
additional quick setup func-
tions, and a setup summary;
Datalink 4800, $1,295; 9600,
$1,795; 9600 F'T, $1,995; ship-
ping now.

Penril DataComm, 207
Perry Parkway, Gaithers-
burg, MD 20877-2197,
301-921-8600. Enter No. 815

Communications

Software

3780Plus; VAX; Ultrix; en-
ables Ultrix to talk directly to
mainframe computers via
2780 or 3780 BSC protocols;
$1,595; shipping now.

Cleo Software, 1639 N. Al-
pine Rd., Rockford, IL 61107,
815-397-8110. Enter No. 817

Token Ring LAN

p1380; PC/AT interface to
a token ring LAN; Digital
Equipment Corp., Sun Micro-
systems, Masscomp, Intel,
and Motorola; plugs into two
AT slots to allow access to
Proteon’s ProNETR-80, and
80 Mbit/sec. token ring LAN;
$4,900; shipping now.

Proteon Inc., Two Tech-
nology Dr., Westborough, MA

01581-5008, 617-898-2800.
Enter No. 827

Patch Panels

Data Communication
Patch Panels; available in 24,
48, 64, and 96 1/0 ports con-
figured for 2, 4, 6, or 8 wire;
functions as a fully connec-
torized (manual) port selec-
tor, switch demarcation point
or multi-drops; $150-$595;
shipping now.

Cable Management Sys-
tems Inc., 17955 Skypark Cir-
cle, Ste. F, Irvine, CA 92714,
714-261-2622. Enter No. 823

Monolithic
VME Backplanes

J1/J2; VME; 21-, 10-, and
T-slots; features 8-layer con-



struction with stripline de-
sign for uniform impedances
and signal delay, with no for-
ward crosstalk; reduces RFI
because all signal traces are
on the inside layers and the
two outside layers are power
and ground planes; optional
ground to chassis connection
further reduces RFI; $1,195;
shipping now.

Vector FElectronic Co.,
12460 Gladstone Ave., P.O.
Box 4336, Sylmar, CA 91342-
0336, 818-365-9661.

Enter No. 819

Ethernet Software

Bridge compatibility op-
tion for FUSION Network
Software (FNS); VAX; VMS,
UNIX, MS-DOS, 8086 and
68000; provides compatibility
with the network products
from Bridge Communications
Inc.; processors can connect
over Ethernet with non-pro-
cessing devices currently sup-
ported by the RS-232-based
Bridge CS/1, CS/100, CS/200,
and LS/1 terminal servers;
supports both the TCP/IP
and XNS protocols; FNS sup-
ports the upper levels of the
ISO model for open systems
interconnection to provide
the transport and session lev-
el protocols to communicate
with Bridge devices; from
$100; shipping now.

Network Research Corp.,
2380 N. Rose Ave., Oxnard,
CA 93030, 805-485-2700.

Enter No. 825

Packet Assembler

Disassembler

Model 1000; for X.25 net-
works; provides convenient
network management facili-
ties such as downline loading,
local and remote loopback,
and remote control terminal
capabilities; performs self-di-
agnostics on power up; re-
tains all configuration pa-
rameters if power fails; inte-
grated easily into any data
network; functions as a prac-
tical alternative in multiplex-
er applications; $1,725; ship-
ping now.

Develcon Inc., 6701 Sierra
Ct., Ste. E, Dublin, CA 94568,

415-829-6200.

Enter No. 821

Systems Software

SPACE Fore-

casting Software
SPACE; VAX; VMS; al-

For additional product information, please write the appro-
priate reader service number on the Reader Inquiry Card.

lows the facility manager or
space planner to store and re-
trieve information about the
space requirements of large
groups; generates standard
reports on topics such as de-
tailed space needs for individ-
ual groups, adjacency re-
quirements and workplace
assignments; generates
graphic reports such as
organizational charts, adja-

cency matrices, bubble dia-
grams and bar charts show-
ing relative group size in
terms of area and number of
personnel; supports up to six
planning dates for forecast-
ing facility requirements;
$7,500-$20,000; shipping now.

HOK/CSC, 802 N. First
St., St. Louis, MO 63102-2529,
314-621-4700. Enter No. 829

is for
bridging
databases

*Effective Spring, 1987

PowerHouse is a registered trademark of Cognos
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NEW HIGH
SPEED VMS
BACKUP

RAXCO’s RABBIT-5 Backup
Management System...the safest,
fustest backup restore system

in the world,

RABBIT-5

replacement” for your
present backup program. It’s
a completely new approach
that combines administrative,
operational and programmed
solutions for the modern

data center.

Replace your old backup
problems with new RABBIT-5
solutions:

® Run Rabbit-5 during first
shift and go home early.
It’s so frugal with VMS®
system resources, users
won’t even know (or care)
when you run it.

e RABBIT-5’s librarian
tape management feature
prompts operator for the
correct backup tape and
checks the label,
safeguarding backup
data.

e RABBIT-5 Archiver
locates lost files by tape
number for fast data
restores.

® Run concurrent RABBIT-5
backups and utilize 100%
of all tape drives while
increasing throughput up
to five times.

Good Investment:

RABBIT-5 is efficient — it
gets the job done quickly.
R-5 is safe — it gets the job
done right. R-5 eliminates
many backup headaches and
saves countless hours of
operator and CPU time.

Try R-5. It pays for itself
in real dollars — fast.

Just Contact:
RAXCO

1370 Piccard Drive
Rockville, Maryland
20850

(301) 258-2620

RAXCO European Distributors:
Software Intelligence Ltd.,
Portland House, 21 Narborough,
Cosby, Leicester LE9 5TA

United Kingdom, (0533) 866613

Software Intelligence International
Keizersgracht 62/64

1015 CS Amsterdam

Netherlands, (3120) 225177

RABBIT

SOFTWARE

ENTER 149 ON READER CARD
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CASE Software
ProMod/RT; VAX, IBM/
PC/XT/AT and compatible
systems; a systems software
CASE environment for the
analysis and design of real-
time programs; combines
structural analysis and soft-
ware design concepts into a
common structure to improve
quality, reliability and pro-
ductivity in realtime soft-
ware development; provides
text editing and graphics
tools to create the control
flow diagrams, specification
matrices and tables neces-
sary in realtime analysis;
syntex and structure check-
ing (leveling and balancing)
cross-checks all elements for
consistency and complete-
ness; VAX from $25,000; PC
from $9,950; shipping now.
Promod Inc., 22981 Alcal-
de Dr., Laguna Hills, CA

92653, 714-855-3046.
Enter No. 831

System

Management Software

V-X Master; VAX or Mi-
croVAX; VMS; V-X Master I
provides menu-driven system
management for installa-
tions without a full-time data
processing person; provides
error-checked screens, que-
ries, and on-line help for nov-
ice managers; V-X Master II
provides tools for full-time
system managers running
multiple VAX systems in
data center and remote sites;
V-X Master I starts at $3,000
for MicroVAX II; V-X Master
IT starts at $3,500.

American Management
Co. Inc., 420 Bedford St., Lex-
ington, MA 02173,

617-861-6262. Enter No. 833

Electronic Mail Utility
MASS-11, V. 6-C; VAX,
MicroVAX, IBM PC, Rain-
bow; features support for up
to 500 mechanical and laser
printers on a single VAX net-
work; communications utility
permits the transfer of
MASS-11 MANAGER data-
base files between PCs and



VAXes; features the ability to
create and edit related col-
umns on-screen by using mul-
tiple left and right margins in
a ruler; index generator al-
lows users to create a words/
phrases index document
against which documents are
checked for indexed words
and phrases; file integration
command lets users integrate
graphics files from popular
graphics software packages
into MASS-11 documents on
the VAX; hyphenation pro-
gram permits a hyphenation
and formatting pass for pro-
portional documents; fea-
tures optional line number-
ing for documents; PC,
$195-$395; MicroVAX 1II,
$5,750; VAX Systems 8500,

$17,250; shipping now.
Microsystems Engineer-
ing Corp., 2400 W. Hassell
Rd., Ste. 400, Hoffman Es-
tates, IL 60195, 312-882-0111.
Enter No. 835

Textual Data Management

BASIS-UNIX capability;
VAX, MicroVAX II, Ultrix 32,
Ultrix 32M; allows business,
industrial and office environ-
ments to take advantage of
BASIS’s textual data man-
agement features united with
UNIX’s capabilities; features
a full-text, modular system
that also runs on IBM, Con-
trol Data Corp., Wang and
PRIME minis and main-
frames; VAX, from $15,200;
MicroVAX II, from $17,250.

Information Dimensions
Ine., 655 Metro PI. S., Dublin,

OH 43017-1396, 614-761-7300.
Enter No. 837

Resource Manager
Resource Manager 3 with
Windows; features prede-
fined inquiry windows; is an
installation and system utili-
ties package for the 14-mod-
ule Open Systems Accounting
Software (OSAS) product
line; Upgrade prices $55-195
per module; shipping now.
Open Systems Inc., 6477
City West Pkwy., Eden Prai-
rie, MN 55344, 612-829-0011.

Enter No. 839

Disk Restructurer

DISKIT/VMS, V. 4.4,
VAX, MicroVAX II; VMS; re-
structures disks to create
contiguous files and grouped
free space, allowing specific
file placement, disk restruc-
turing in batch mode, and the
ability to restructure multi-
ple disks simultaneously;
VAX, $2,950; MicroVAX II,
$1,950; shipping now.

For additional product information, please write the appro-
priate reader service number on the Reader Inquiry Card.

Software Techniques Inc.,
6600 Katella Ave., Cypress,
CA 90630, 714-895-1957.

Enter No. 841

Operating

System Interface
Mimesis; VMS and MS-
DOS; emulates the input of a

variety of operating systems;
comes with either a sample
VMS- or MS-DOS-style shell
already created, and the MI-
MESIS compiler, the tool
used to create and modify
user interfaces; can be used to
limit the command set for a
designated number of users;
$2,000-$10,000 per CPU; ship-
ping now.

J & L Software Inc., 1337
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If your disk
doesn’t cut it,
the MegaRam
Disk Emulator
does

If your disk cannot access
information fast enough to keep
your CPU operating efficiently. ..

The MegaRam eliminates all delays associated
with mechanical motion and can allow the system to
run more than five times faster than with
conventional disk drives.

If downtime caused by disk
failures is catastrophic...

The MegaRam, with no moving parts, can provide
many years of trouble free operation requiring virtually
no maintenance.

If your system is subjected to
hostile environments...

The all solid-state MegaRam construction allows
error free operation to continue even in the presence
of dust, dirt, shock and vibration.

) imperial Technokods e

Designed for the following computers:

DEC, Data General, Sperry Univac (V77 Series), Modcomp,
Hewlett Packard, SEL, CDC (System 17).

Features:

¢ Capacities from 2 megabytes to 40 megabytes in
2 megabyte increments.

* Up to 40 megabytes in a 7" chassis.
* Battery back-up.
» Streaming drive back-up.

m Imperial Technology, Inc.

p | ' 831 S. Douglas Street - El Segundo,
. California 90245 « Phone: (213) 536-0018
Telex: 664469 ENTER 209 ON READER CARD

PrRODUCT NEWS

Heidi Dr., Plano, TX 75023,
214-423-1960. Enter No. 843

COBOL Compiler

ACUCOBOL; VAX; VMS,
Ultrix; features 3,500 lines-
per-minute compiles; sup-
ports 16 open files in the Ul-
trix environment; incorpo-
rates a built-in “windowing”
option that speeds and sim-
plifies windowing program
development; from $3,000;
shipping now.

Computer Cognition, 6696
Mesa Ridge Rd., San Diego,
CA 92121-2906, 619-453-6660.

Enter No. 845

Fourth Gener-
ation Language

ZIM v 2.53; MicroVAX II,
VAX 11/7xx, VAX 8xxx;
VMS; 4GL includes compati-
bility across several operat-
ing systems, full access to any
VMS program, terminal de-
scription utility, compact da-
tabases, page locking and
concurrency, optional logs for
audit, screen formats;
$3,500-$20,000; shipping now.

Zanthe Information Inc.,
1200-38 Antares Dr., Nepean,
Ontario, Canada K2E 7V2,

613-727-1397. Enter No. 847
Developer
Support Software

ZIM Development Assis-
tant; MicroVAX II, VAX 11/
7xx, and VAX 8xxx; VMS and
ZIM; provides developer facil-
ities for ZIM, including auto-
matic application generation,
menu generation, on-line
help, and full-screen data dic-
tionary manipulation; $700--
$5,000; shipping now.

Zanthe Information Inc.,
1200-38 Antares Dr., Nepean,
Ontario, Canada K2E 7V2,

613-727-1397. Enter No. 849

Device Driver

Talaris 800/1200/2400 de-
vice drivers; permits users of
the device independent Preci-

sion Visuals’ graphics soft-
ware packages to take full ad-
vantage of the Talaris line of
laser printers; supports the
Talaris Models 800, 1200, and
2400; can produce from 8 to 24
pages of output per minute at
a resolution of 300 dpi; pro-
vide text generation, with a
hardware generated exact
size font, as well as nine
standard fonts; additional
fonts are available from Ta-
laris; $1,000; shipping now.
Precision Visuals, 6260
Lookout Rd., Boulder, CO

80301, 303-530-9000.
Enter No. 851

Graphics
Conversion Utility

Universal Raster Com-
paction Utility; converts ras-
ter data to Versatec Data
Standard (VDS) compacted
data for output to Versatec
electrostatic color and mono-
chrome plotters, resulting in
less data for faster output in
remote and online plotting
applications; designed to
work with most computer op-
erating systems; output is ei-
ther in one-dimensional or
two-dimensional optimized
raster format; One-dimen-
sional compresses each scan
line in the x-direction and re-
quires less CPU time; $1,000;
shipping now.

Versatec, 2710 Walsh
Ave., Santa Clara, CA 95051,
800-538-6477.

Enter No. 658

System Manage-

ment Package

SystemMaster, V. 3.0;
VAX; VMS; features on-line
help, user interface, and sys-
tem management tasks, in-
cluding user authorization,
internal authorization, queue
management, device manage-
ment, process management,
software update and installa-
tion, cluster management,
and DCL functions; $7,500;
shipping now.

Ziff-Davis Technical In-
formation Co., 80 Blanchard
Rd., Burlington, MA 01803,
800-227-1209. Enter No. 853



For additional product information, please write the appro-

priate reader service number on the Reader Inquiry Card

Runtime Query/
Report Software

ZIM Query Runtime; Mi-
croVAX II, VAX 11/7xx, and
VAX 8xxx; VMS and ZIM;
Adds ad-hoc query and report
abilities for end users;
$1,580-$8,000; shipping now.

Zanthe Information Inc.,
1200-38 Antares Dr., Nepean,
Ontario, Canada K2FE 7V2,
613-727-1397. Enter No. 855

C Cross Compiler

Lattice MS-DOS C V. 3.1;
VAX T7xx, VAX 8xxx, IBM
370; VMS, UNIX, Berkeley
UNIX; allows a team of pro-
grammers to work on the
same source code; uses Phoe-
nix Overlay Linker; object
module library, disassembler,
more than 300 built-in func-
tions, debugging; from $5,000

Lattice, PO. Box 3072,
Glen Ellyn, IL 60138,
312-858-7950. Enter No. 857

ASN.1 Compiler

ASN.1; encodes and de-
codes data packets directly
from C-language structures;
ISO users can side-step man-
ually encoding the protocol
data units in a complex lan-
guage syntax, Abstract Syn-
tax Notation One (ASN.1);
$19,750; shipping now.

Communication Machin-
ery Corp., 1421 State St., San-
ta Barbara, CA 93101,
805-963-9471. Enter No. 859

Pascal Compiler

Pascal-2; VAX; PDP-11,
VAX, VAXmate, MicroVAX,
68000/20, and 32000; features
a large-memory model and
32-bit integer support, so-
phisticated debugger, error
walkback, the Intel CELS87
mathematics library, an as-
sembler interface, an execu-
tion profiler, and other utili-
ties, including an interface to
programmable BRIEF text
editor; $350; shipping now.

Oregon Software, 6915
S.W. Macadam Ave., Port-
land, OR 97219, 503-245-2202.

Enter No. 861

Applications Software

Mapping

Database System
INFORMAP III; VAX, Mi-

croVAX II, and VAXstation;

VMS; combines interactive

graphics, geo-relational data-

base management, rule-
based data capture, and spe-
cialized cartographic func-
tions into a single, integrated
software system; is a key
component of the company’s
recently announced distrib-
uted architecture and is fully
compatible with other Syner-
com software; from $35,000.
Synercom, 10405 Corpo-
rate Dr., Sugar Land, TX

77478, 713-240-5000.

Enter No. 863

Statistical Software

S Software; VAX; VMS,
UNIX; features an interac-
tive high level language, fully
interactive graphics capabili-
ty, statistical analysis tools
including EDA, robust meth-
ods, and univariate and mul-
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Vilzigl  Smart
V1V Business.
BH8000 VAX YALLUA VAX

Whether you are currently a VAX user, or are contem-
plating buying a VAX, you need to know about the
Ultimate VAX (and the Ultimate MicroVAX II™).

The Ultimate VAX gives you immediate access to over
1,000 of the best applications ever developed for
business. We offer proven solutions for banking,
construction, education, government, health care,
insurance, investment, professional services, public
utilities, publishing, retail/distribution — and

many others.

The Ultimate VAX provides you with a high-speed
co-processor dedicated to the Ultimate applications
environment. With the simple addition of two boards,
you get two systems in one. And you'll get all this
without taking anything away from your current
VMS™ efficiency.

So make the smart choice. Get the Ultimate VAX.

1-800-654-0134. In NJ: 1-201-887-9282.
ENTER 208 ON READER CARD

b . ‘ N . L] »
| £y
| World Headquarters: 717 Ridgedale Avenue, East Hanover, NJ 07936

I 1 need the Ultimate VAX solutions now. Call me with complete information.
[ Please send me your Ultimate VAX brochure.

| Name Title

I Company

| Address

I City State Zip
).

(
Phone
l It takes the ULTIMATE Commitment to outperform the competition.



PRODUCT NEWS

tivariate techniques; includes
integrated data management
and structuring capabilities;
$800-$3,000; shipping now.
Qualtech Systems Inc.,
PO. Box 1128, Provo, UT

84603-1123, 801-379-3736.
Enter No. 865

Document Editor

EditPRO;, Sun 2 or Sun 3
workstation; Sun 2.x, Sun 3.x,
Sun Windows; permits an op-
erator to correct errors and
potential errors detected by
the CDP (Compound Docu-
ment Processor) as part of its
omnifont character recogni-
tion process; unrecognized
and potentially misrecog-
nized characters are flagged
for correction; misspelled
words are indicated; $1,500.

The Palantir Corp., 2500
Augustine Dr., Santa Clara,

CA 95054, 408-986-8006.
Enter No. 867

Spreadsheet

20/20; VAX, MicroVAX II,
VAXmate, Wang, IBM, Data
General, Prime, AT&T; fea-
tures integrated spreadsheet
with graphics, database man-
agement, and project model-
ing; includes interface to Dig-
ital’s All-In-1; MicroVAX II,
$3,300; VAX 8800, $14,700;
shipping now.

Access Technology, 6

Pleasant St., S. Natick, MA
01760, 617-655-9191.

Enter No. 869

CIM MRP Software

MANMAN/ENGINEER;
VAX; links engineering de-
sign information with a man-
ufacturing system (MAN-
MAN/MFG); provides engi-
neers with a database for new
parts and product structures
and transfers the product
structures to the production
database when design fin-
ished; turnkey system,
$12,000-$17,000; software
only, $16,000-$23,000; ship-
ping now.

ASK Computer Systems
Inc., 730 Distel Dr., Los Altos,
CA 94022, 415-969-4442.

Enter No. 871

For additional product information, please write the appro
priate reader service number on the Reader Inquiry Card

Developer’s Tool Kit

FlexTools; VAX; VMS,
UNIX; includes an online pro-
grammer’s reference guide;
trade secret utility; data and
file relocation; documenta-
tion and maintenance; $195

DataAccess Corp., 8525
S.W. 129th Terrace, Miami,
FL 33156, 305-238-0012.

Enter No. 873

SQL-based RDBMS
Easy*SQL; VAX, Micro-
VAX, IBM PC; provides a vi-
sual interface for ORACLE
users; interface is provided by
the use of point-and-select
techniques aided by pop-up
windows, function keys, flexi-
ble menus, and automatic
hints and context-sensitive
help; mouse support is avail-

able on the IBM PC; provides
facilities for report writing,
color graphics, database table
creation and maintenance;
capabilities also include data
entry and updates using fill-
in-the-blanks techniques;
With ORACLE IBM PC,
VAX, $1,000-$48,000; ship-
ping now.

Oracle Corp;, 20 Davis Dr.,

is for
everyone

PowerHouse is a registered trademark of Cognos

Fveryone,
MIS and
end-users,
together build
Systems faster
and easier
with the
PowerHouse®
development

language

FAFALAC

RS~

In the U.S. call 1-800-4-COGNOS
In Canada call 1-613-738-1440

In the U.K. call + 44 344 486668

ENTER 207 ON READER CARD
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ZSTEMpc-VT100
Choice of
the U.S. Airforce

5,000-10,000
ZSTEMpc-VT100
Packages
AFCAC 254
March 86

VAX & PC USERS

ZSTEMpc™-VT100 Emulator

High  performance COLOR VT100. Double high/wide, smooth
scrolling. 1SO and attribute mapped color. XMODEM and KERMIT,
softkey/MACROS, DOS access. $99.00

ZSTEMpc™-VT220 Emulator

All the features of ZSTEMpc-VT100 plus 8-bit mode, downloadable fonts, user
defined keys, full national/multinational modes. Extended macros. True
132-column support on TSENG EVA $150.00
Available Soon: VT220 style replacement keyboard.

ZSTEMpc™-4014 Emulator

Use with ZSTEMpc-VT100, VT220, or stand-alone. Interactive zoom and pan.
Save/recall images to/from disk. Keypad, mouse, printer, and plotter
support. $99.00
DECKHAND™ Utilities

MS-DOS Utilities with VAX/PDP-11 switch processing. DIR, COPY, DELETE,
RENAME, TYPE with wildcards, full DATE processing, attribute processing,

query, backup and more. For all MS-DOS systems. $49.00
Satisfied ZSTEM users at the following locations:

 Blue Cross & Blue Shield o AT&T

o Caterpillar Tractor * General Motors

¢ Dictaphone Research e Hughes Aircraft

* European Space Agency * |BM

* Zenith Data Systems o Telex

* Scores of U.S. Air Force, Navy, Army Bases

Hundreds of Universities and Colleges

KEA Systems Ltd.

2150 West Broadway, Suite 412, Vancouver, B.C. Canada V6K 4L9
Technical Support (604) 732-7411

Order desk (800) 663-8702 Toll Free

Telex 04-352848 VCR

Call today: VISA and MasterCard accepted. Quantity and dealer discounts available.
30 day money back guarantee. AIR MAIL POSTAGE Included for U.S. and Canada.

Trademarks IBM PC, XT, AT - IBM Corporation. VT, PDP DEC, VAX — Digital Equipment Corp. ZSTEMpc, DECKHAND - KEA Systems Ltd.

ENTER 203 ON READER CARD

IlH\l'I'I without investing

a fortune $799 . -

Grant Technology Systems’ Model 312 is an unbeatable combina-
tion of price and performance for the DEC,* Q-bus* and MicroVAX*
computers. This DHV11 equivalent features eight full-duplex asyn-
chronous serial communications channels on a dual-height board.
DMA or single character programmed output, a large 256 character
FIFO buffer and automatic flow control are all standard.

But Model 312’s high-performance story continues. It features
self-contained diagnostics, programmable baud rates
and full modem support for auto-dialup. And set up is
programmable too, even with split baud rates. The
Model 312 is the ideal communications solution.

Call or write for our extensive catalog of communi-
cations, analog I/O, digital I/O and diagnostic systems
for the Q-bus and VMEbus*: Computer Products, Grant
Technology Division, 321 Billerica Rd., Chelmsford,

MA 01824. Tel: (617) 256-8881, TELEX: 510-600-8133.

COWIPUTER
PRODULTS
GRANT TECHNOLOGY DIVISION

*(Q-bus, DEC, DHVI11 and MicroVAX are registered trademarks of Digital Equipment Corporation. VMEbus is a
registered trademark of Motorola, Inc

ENTER 204 ON READER CARD

148 HARDCOPY/February 1987

PRODUCT NEWS

Belmont, CA 94002,
800-345-DBMS.  Enter No. 875

Dental System

DENT-11, V. 4.0; Micro
PDP-11; accounting and pa-
tient management system;
designed specifically for the
medium to large dental prac-
tice or clinic; allows each user
to control four processes con-
currently from a single ter-
minal; provides screen edit-
ing with merge capability for
correspondence and patient
treatment; general practices
or specialists; can be custom-
tailored; $26,000-$100,000;
shipping now.

J.L. Computer Systems,
3401 Lancaster Ave., Wil-
mington, DE 19805,

302-998-8030. Enter No. 877
Financial
Planning Software

BOS Planner, V. 1.1; VAX;
PDP-11; has facilities for
budgeting, cash flow fore-
casting, “what-if” investiga-
tions, NPV, IRR, calculation
of depreciation, etc.; single-
user, $450; multi-user, $900;
shipping now.

BOS National, 2607 Wal-
nut Hill Lane, Dallas, TX
75229, 214-956-7722.

Enter No. 879

Document
Production Software

Scribe; VAX;VMS; UNIX;
supports PrintServer 40; is
electronic publishing soft-
ware that produces docu-
ments in a variety of fonts;
creates documents such as re-
ports, manuals, journal arti-
cles, technical specifications
and proposals for printing on
laser printers and photocom-
posers; includes footnotes,
bibliographies, table of con-
tents, indices, mathematical
equations, and cross-refer-
ences; $4,000-$25,000; ship-
ping now.

Unilogic Ltd., Ste. 240,
Commerce Ct., 4 Station Sq.,
Pittsburgh, PA 15219-1119,
412-281-5959. Enter No. 881



..............................

Calendar

Management Software

TARGET->  CALEN-
DAR, V. 5.0; VAX; VMS; pro-
vides complete personal and
group calendar management;
users can maintain all daily
appointments and meetings;
can be accessed by other us-
ers in “read” or “write” mode
once appropriate authoriza-
tion has been granted; on-line
help is available; entries may
be “searched” for specific
text; allows the user to print a
hardecopy listing of their cal-
endar; users are notified of
current appointments when
they log on to their system;
MicroVAX, $395; 11/7XX
VAX, $595; 8XXX VAX, $795;
shipping now.

Target Systems Corp., 33
Boston Post Rd. W., Marl-

boro, MA 01752, 617-460-9206.
Enter No. 883

Typographic System
Mini-Set; PDP-11/73;
minicomputer-based typo-
graphic system; comprised of
four RP-500 editing termi-
nals, a PDP-11/73 minicom-
puter with 2 Mbytes of memo-
ry, an 80-Mbyte Winchester
disk for program and job
storage, a 70-Mbyte tape car-
tridge for job archiving and
Winchester backup, and a se-
rial photo unit interface; con-
tains an asynchronous com-
munications multiplexer
with eight serial port hook-
ups for word processors, per-
sonal computers and mo-
dems; includes four expan-
sion slots for added options
such as additional terminals,
the RayPort make-up station,
and magnetic tape; $45,000.
RayPort Systems Inc., 10
Union Pl., New Windsor, NY

12550, 914-562-1982.
Enter No. 887

Decision
Support Software
DecisionMaker; VAX; re-
quires MANMAN; links
ASK’s MANMAN Informa-
tion System directly to man-
agers who need summary in-
formation in order to make
decisions; includes exception

CONNECT

VMS, RSX, RT to UNIX

with TCP/IP Ethernet
File Transfer Software
and your DEQNA, DELUA

Process Software Corporation’s complete TCP/IP File Transfer
Software can work concurrently with DECnet or by itself. It lets
you share the same DEQNA, DELUA, or DEUNA you use or plan
to use with DECnet. No special hardware to buy. No messy
installation.

Versions are available for VMS, MicroVMS, RSX-11M, RSX-
11M-PLUS, Micro RSX, P/0S, IAS, RT-11, & TSX-Plus.

You won't find a better lower-cost way to connect to UNIX
systems and workstations!

Interested? Call Process Software Corporation today.

_ﬁgﬁﬁ%ﬁz\ﬁ 3[14%

= 35 Montaque Road + PO Box 746

ENTER 205 ON Ambherst, Massachusetts 01004
READER CARD

413-549-6994 - Telex 517891

DECnet, IAS, RSX. RT, and VMS are trademarks of Digital Equipment Corporation.
UNIX is a trademark of AT&T. Ethernet is a trademark of Xerox Corporation.
TSX-Plus is a trademark of S&H Computers.

OUR MODEL 370
JUST MADE THE DRV11-WA TOO SLOW

AND TOO EXPENSIVE

Introducing the Model 370
from Grant Technology.
650 1 1

The Model 370 is an enhanced, high-performance replacement for

the DEC DRV11-WA* DMA interface with:

« Block mode DMA for increased data transfer [
rates '

« Optional input FIFO buffer for even greater
throughput

« DRV11-WA software and diagnostics
compatibility

« Q-bus* and MicroVAX II* compatibility

For more information on our extensive line of

Q-bus compatible and VMEbus* products —

all designed to provide more performance at |

lower cost— call or write: Computer Products, -

Grant Technology Division, 321 Billerica Rd.,

Chelmsford, MA 01824. Tel.: (617) 256-8881 or Telex: 510-

COWMIPUTER ENTER 206 ON
PROMUCLTS |  READER CARD

GRANT TECHNOLOGY DIVISION

*‘DEC, DRV11-WA, MicroVAX Il and Q-bus are registered trademarks of Digital Equipment Corporation
VMEbus is a registered trademark of Motorola, Inc

i

00-8138.




GHONT-80

THE FORTRAN GRAPHICAL
OUTPUT SYSTEM

® Creates files in your Apollo, Cray, Prime,
VAX and Whitechapel

® Writes files to your plotters, printers

and screens

® Networks files between different

computers

® Accesses file pictures directly

® Stores files for future use

CONTACT

CULHAM LABORATORY

Jurvey
Dete of completion + IT/6/65
S11e Referenca + 0137-OA/DOR"
Hop Ruference + 31-24-67/81-80-3

PIII]I]III:T NEWS

reporting; $8,100-$15,000;
shipping now.

ASK Computer Systems
Inc., 730 Distel Dr., Los Altos,
CA 94022, 415-969-4442.

Enter No. 885

Systems Security And
Power Conditioners

Uninterruptible

Power System

7000 series-rack mount
version; assures on-line, reg-
ulated, continuous AC power
for computers and other criti-
cal equipment in the 3 KVA
power range; operates at 60
Hz with 120 VAC input and
provides 120 VAC output to
the critical load; $5,195; ship-
ping now.

RTE Deltec, 2727 Kurtz
St., San Diego, CA 92110,
800-854-2658. Enter No. 889

Backup Power Unit

Model 500; prevents sys-
tem “mis-matching” and fea-
tures a “self-test” function to
assure that the unit is opera-
tional at all times; if over-
loaded by a computer system,
either in the ac or inverter
mode, an internal circuit is
tripped, setting off an audible
alarm and a red indicator
lamp; features a fast 1-2 msec
transfer time; fully synchro-
nized transfer of power to in-
verter and back to the ac line
allows the proper operation
of all phase-sensitive equip-
ment; $795; shipping now.

Safe Power Systems Inc.,
528 W. 21st St., Tempe, AZ
85282, 602-894-6864.

Enter No. 891

Computer Security Utility

KBLock; VAX; VMS; tem-
porarily blanks and locks
sereens; secures users’ termi-
nals by intercepting and

* Utility Package for TSX-Plus'™

(You'll wonder how you ever got along without it!)
® Over 60 programs ® System management tools ® Security aids

For use with TSX+ only:

CTRLC* Control-C another user’s
program when it hangs (instead of
KILLing the job)

HANDMP* Write a snapshot copy
of handler memory to a disk file
for later analysis

HANLOD* Load a fresh copy of
handler (“fixes" some hung
device situations)

LDSHOW* Show another user's
logical disk subset (or

subdirectory) mounts

PDUMP* Dumps out memory of
TSX+ or of another user's running
program

SETOP* Sets operator console
(terminal that OPERATOR
messages go 10).

SHOFIL* Lists all open files' file
name. size, date, for each running
program with job number and
program name

SQSY* Squeeze system disk from
non-operator console terminal

under TS,

TSBOOT* Reliably boot RT-11"
from TSX+ (for unsupported TSX+
devices)

TTPEEK* Most wanted utility!
Displays what is being output to
another user's terminal
Invaluable for locating problems
with dialup users.

XSEND* Extended SEND
command, sends to terminal
whether or not logged on
time/date stamps message

USAS* Show another user’s
assignments

® Full documentation

For use with either TSX+
and/or RT-11:

® Hardware configuration/testing programs ® Program test & development tools

® One or two of these utilities is worth the price of the entire package!
Here's a sample of what's included—

SEARCH High speed search and
optional replace through
file(s) or devices

CMPRES Data compression
program minimizes data
transmission time or storage
space

COPBLK Generalized copy utility
Copies blocks. or byte strings,
optionally concatenates at high
speed

CRSEG* Adds a segment to a

directory (use with ?PIP-F-Device

tull).

€S Compute CRCs of files on a
disk, or display names of those
files that have changed since last
run

DIRBAK* Create a backup copy of
a disk directory in case the
directory becomes corrupted. A

‘must” program.

DIRDMP* Display directory in
dump format (Octal, ASCII).

DIRRST* Restore a disk directory
from the backup copy made by
DIRBAK

DMPMAC Convert binary ME (=
TRANSF SAV) to MACRO f
down-loading to a remote sysu-‘m

DSKCOM High speed disk
compare.

FIXDIR* Patches an invalid
directory to ignore bad segments

MTCOPY Copy betweén magnetic
tape and disk files. Duplicate
arbitrarily formatted tape.

MTDUMP Dump a tape. Necessary
tool for tape analysis

NCRYPT Encrypt or decrypt a file

SET* Allows SET command of RT
handlers under TSX+ and vice-
versa, also invaluable for
debugging SET routines in
handlers.

SETSHO* Display device handler
set option values, and handler
statistics, and SYSGEN
configurations.

TRUNC Program to truncate a file
to a smaller size.

UNDEL* Undeletes files selected
by wildcards. Preserves original
date. Works when Cl
command fails

YT Type a file backwards (for
looking at the end of a file—
where error messages are found)

ZFILE* Zeros a file/device/tape at
high speed (for security reasons)

For use with RT-11 only:

BD Use BD to recover files on a
disk when directory becomes un
readable (if DIRBAK has been
fun)

DLTEST Show CSR/Vector/
Speeq or UL-11’s on system. Emit
test parern 10 a seleciea port

SR For debugging a program
which traps to 4 or 10. Dumps

registers, stack, and instructions
TC Display trace of EMTs when a
program is run (decodes each
EMT with directive name and
argument values)
TERMSW Switch console to DL-11

; with user specifiable encryption port (no Multi Terminal Support
key. required)
|ng On e ep One SDIR Search through (possibly ZT Switch console to DZ-11 port
nested) subdirectories without (no Multi Terminal Support

A user must have sufficient

Uxiorashirg W s: 1o4107 Cllg B anq '° ::;:l:rkmg IJynamu?s Corporation
OX 4 3DB telex 83189 Fusion G e o

This month’s special 2D 1234 N. Edgemont St., Suite 214, Hollywood, CA 90029
USA & European distributor

$395% (reguiarly $595) C~  (213) 668-0077 Telex: 311017 (NETWRK)

Other Products available for TSX+ and/or RT-11 include:

TSX-Plus The user-friendly multi-user TSX-NET “Transparent CT*0S Full-featured word
. operating system communications between processor (with full multi-
en u I rl eS Welcome DBL DIBOL compiler for RT-11 and RT-11 & TSX+ national character set)
TSX-Plus ARCHIVE Tape utility for saving JSAM Coming soon: multi-key
MAIL A comprehensive & user-friendly and restoring disk files and ISAM for DBL 2.2 users
electronic mail system subdirectories in convenient DU+ Driver for a HUGE MSCP

DE Driver The “Eagle"” disk driver fo “save-3ais. disk

adding a HUGE disk

VAX is a registered trademark of Digital Equipment Corporation
TSX-Plus s a trademark of S&H Computers

ENTER 202 ON READER CARD DBL 15 a trademark of Digital Information Systems Corp. RT-11 and DIBOL are Irademarks of Digital Equipment Corp
ENTER 232 ON READER CARD
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For additional product information, please write the appro-
priate reader service number on the Reader Inquiry Card.

throwing away unauthorized
input; lock is initiated by
pressing a user definable con-
trol character; no input is ac-
cepted until the correct pass-
word is entered; MicroVAX,
$700; VAX 8600, $1,200; ship-
ping now.

Clyde Digital Systems,
P.O. Box 4500, Provo, UT
84603, 801-224-5306.

Enter No. 893

Uninterruptible
Power Systems

5, 7.5, 10, and 15 kVA se-
ries; features electronic
pulse-width-modulation in-
verters in both single- and 3-
phase designs; operates con-
tinuously from the inverter
during normal line-power
conditions to provide voltage
regulation plus isolation
from line noise and tran-
sients; $12,200-$24,800; ship-
ping now.

Sola, 1717 Busse Rd., Elk
Grove Village, IL 60007-5666,
312-439-2800. Enter No. 895

Test Devices

Communications Analyzer
Datamon; RS-232 net-
works; communications ana-
lyzer, monitor, and patch
panel; allows the user to view
a realtime data transfer in
several different formats as
well as the recording of data
to its standard 32K buffer
memory; provides complete
“Break-out Box” capability,
status LED monitoring, baud
rate conversion, and data pat-
tern triggering—all through
on-screen menu driven firm-
ware; $795; shipping now.
Standard Logic, 132 Busi-
ness Center Dr., PO. Box
2319, Corona, CA 91720,
714-735-8610. Enter No. 897

COMPUTERS & PERIPHERALS
IN STOCK PROMPT DELIVERY

QUALITY NEW & USED

dlijglilt]all B8

SYSTEMS - MODULES
PERIPHERALS
VAX * Q-BUS

UNIBUS

COMPETITIVE PRICING
CALL TODAY

617-547-4005 « 800-892-9230
TELEX 374-8460

LET US QUOTE YOU
ON ALL OF YOUR DEC NEEDS

ELI HEFFRON
& Sons inc.

139 HAMPSHIRE ST. CAMBRIDGE,
MASSACHUSETTS 02139 U.S.A.

ENTER 210 ON READER CARD

UNSURPASSED FLEXIBILITY
ANDROMEDA UDC 11

RealWorld Software

T MSCP DISK CONTROLLER
B Controls any combination of 4 Winchester, Cartridge, and
Floppy Drives B RX50 Floppy Compatible Il ST 506 Winchester
Compatible B MSCP (Mass Storage Control Protocol) l Over
50% faster than DEC RQDX1 M Block Mode DMA B LSI-11 and
MicroVax Compatible B Drive configurations stored in EE Rom
for user convenience M Available Now

Up and running on the MicroVAX II

The full set of RealWorld Accounting and Distribution business software pack-
ages are available for all VAX and PDP-11 computer systems. RealWorld
software is acclaimed for its full functioned, full featured, comprehensive set of
modular and integrated business software. RealWorld software is extremely
easy o use, menu driven and has excellent documentation written in a tutorial
style. The complete system includes General Ledger, Accounts Receivable,
Accounts Payable, Payroll, Order Entry/Billing, Inventory Control, Sales
Analysis, and Job Costing

Source code is available, and RealWorld is written in Cobol! Both our versions
run in virtual environments, so they run fast

ENTER 211 ON READER CARD

22 ANDROMEDN
e SYSTEMS

9000 Eton Avenue, Canoga Park, California 91304 U.S.A. (818) 709-7600
TWX-910-494-1248
ENTER 212 ON READER CARD

LSI-11, MicroVax, DEC, MSCP and QBus are Digital Equipment Corporation Trademarks. ST 506 trademark of Seagate Technology.

Glenn A. Barber & Associates, Inc.
12229 Ventura Boulevard

Studio City, CA 91604

(818) 980-6622
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DATA CONVERSIONS

n( >
Transfer data between your

VAX, PDP, Rainbow, Decmate
and over 500 others

Quick Turn-Around
Prices from $9 from $9 per disk
Call or write for cu

FREE CATALO

PORT-A-SOFT
555 S. State, Suite 12
P.O.Box 1685 Orem, UT 84057
(801) 226-6704

ENTER 188 ON READER CARD

MEADOWLARK
o ENTERPRISES

37 High Street

Danvers, MA 01923

We need to buy your excess
DEC equipment
now!

VAX & PDP-11

Turn your unwanted
computer equipment
into cash!

v~ Large inventory
v~ Immediate availability
v~ Super Prices

617-777-4666 0o0=-

ENTER 191 ON READER CARD

Hardcopy ™
AVAILABLE ON
MICROFICHE

DIRECT INQUIRIES TO:
MICRO PHOTO DIVISION

BELL& HOWELL

OLD MANSFIELD, ROAD
WOOSTER OH 44691
Contact Christine Ellis
Call toll-free (800) 321-9884
In Ohio, call (216) 264-6666 collect

TAPE SHARE
TAPE DRIVE(S) TO MULTIPLE CPUs

from $1795.
TAPE

20R

<
o
T
m
m o> -

m>ID>»IT0

DRIVE(S)
* MAXIMIZE TAPE DRIVE
USAGE

~ BTEAST EVELYN AVE.

* EXPANDABLE/CONVENIENT
MT. VlEW CA 84041

ASSOC | ATESic

= (415)969-5109
ENTER 189 ON READER CARD

B orrmsne

for Micro-VAX II> & PDP-11?

» Turnkey Manufacturing Systems and

hardware upgrades in the So. Calif. area
= Training and Software Support
- Distributors for Saturn®. TSX + *. & DBL
» We are looking for end users or resellers

who may be interested in ISAM files for
MCBA s Shop Floor Control Package

« USED PDP-11 44 SYSTEM FOR SALE
160 Mb & 80 Mb CDC drives '2" tape 3 Mb
mem 16 lines O S SW. MCBA SW licenses

NOW! MCBA VAX COBOL!
Call (714) 662-0123

CSa i

BUSINESS COMPUTERS
3151 Airway Ave ® Suite F206 ® Costa Mesa CA 92626
Registered™ 1) MCBA In ) Digital Equipment

Corp 3) Saturn Systems Inc 4) S&H Computing
Inc 5) DISC Inc

ENTER 192 ON READER CARD

Your One-Stop Integrator
for
4.3 BSD UNIX, SUN NFS &
complete MicroVAX systems
*Network File System for
powerful intra - CPU
communications;
*4.3 for VAX - supporting
DEC / non - DEC peripherals;
* Aggressive pricing to meet
your budget.
To learn more about the Software
and Hardware Alternative to
DEC call:

CAKINS B
= S1i1ad 2
=

AlS|S)IOIC) 1)AITIE])Sinc.

(415) 969-5109

ENTER 194 ON READER CARD
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‘ RENT*BUY*TRADE*SELL I

NEW & USED
DEC° HARDWARE

* Quality
Systems
780  Integration

* Competitive
» > Pricing

* Multi-Million
Dollar
Inventory

Member (33O Digital Dealers Association

YOUR BEST SOURCE FOR VAX® & PDP-11° SYSTEMS

BROOKVALE ASSOCIATES
Our 13th Year Serving the DEC* Community

WEST COAST: 800-252-6200 EAST COAST: 800-645-1167
206-392-9878

516-273-7777
FAX: 516-273-7648 TELEX: 4973833

ENTER 190 ON READER CARD

TAPE/DISK
CONVERSION
SERVICES

* CPT * Xerox 860
* [BM Systems 3, 34, 36, 38
¢ DisplayWriter ® MS DOS
¢ CP/M * DEC RT11
* All Wordprocessor formats
* Typesetting Systems
* Honywell Level 6

UNIX & XENIX

Over 500 Formats Available

Conversion
Development

Call (202) 745-1911
or (202) 293-2845
Washington, D.C

ENTER 193 ON READER CARD

DEC RAINBOW

SOFTWARE SALE
FOR MS-DOS OR

CP/M-86/80
List Sale
Price Price
® Professional Text Processor $179.00 $69.00
® Professional Spelling Checker $125.00 $49.00
© Touch Typist Typing Course $ 79.00 $29.00
FOR MS-DOS ONLY
List Sale
Price Price
® Busi Basic Compiler $159.00 $ 79.00
© VuSoft Do-it $125.00 $ 79.00
® VuSoft Switch-it 99.00 $ 69.00
® VuSoft Switch-it/Desk $125.00 $ 89.00

® VuSoft Switch-it & Desk Combo ~ $199.00 $149.00
Add $3.00 per item for shipping & handling

====Newline Sofrware P.0. Box 289
Tiverton, RI 02878
M/C & VISA welcome (401)-624-3322

ENTER 137 ON READER CARD
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Introducing

The Portables . ..

First]|Mate " 11/23, First][Mate™ 11/73, First][Mate™ MV

The FirstZZMateT portables

/" 9 = — . .
e " weighing only 28 Ibs.
L ey ghing only *
k7 ~ ‘ ‘ = CPU PDP 11/23, PDP 11/73 or Micro VAX Il
1 ® Memory 256K bytes to 16M bytes
\ //;,—*‘ \
===/ m Storage  10M bytes to 100M bytes fixed disk

400/800K bytes RX50 floppy or
10M bytes removable disk

® Display Electro-luminescent Screen
VT 100/200 Emulation

m Bus 4 Q Bus, 22 Bit, 2-CD
m Power 120 Vac, 240 Vac

® Enclosure Molded plastic

m Size 21" (W) x 22" (D) x 5"(H)
® Weight 28 bs.
® Prices starting at below $5,000

‘PDP, Micro VAX Il and QBUS are registered trademarks of Digital Equipment Corp = e

43 Mitchell Road === Tel. (617) 356-7500
Ipswich, MA 01938-1218 = ' FAX (617) 356-9855

Industrial Computer Products ———

We are X of the largest dealers of
new and pre-owned DEC* equipment.

Industrial Computer Products maintains a full line of DEC computers from
custom-configured CPUs and printers to tape drives, disk drives, modules
and options. Call or write for our current catalogs and pricing today.

*‘DEC s a registered Trademark of Digital Equipment Corp
\ ENTER 166 ON READER CARD
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DE BEST DEALS
BUYING OR SELLING!

REE

Subscription to “DEC-BEST DEALS"”’
our quarterly catalog packed with
hundreds of great values on DEC
equipment from small options to full
systems, Q-BUS through VAX.

Call or write today for your copy! B New and used equipment

M DEC maintenance guaranteed

W Cash offers for surplus equipment
VAXePDP11 Q-BUSPDP8 M Rent systems and peripherals

SYSTEMS * MEMORY ® PERIPHERALS W Fixed price freight/installation
OPTIONS® TERMINALS packages
COMMUNICATIONS ® SPARES

dataware 1500 Northwest 62nd Street
Suite 512 R
Fort Lauderdale, FL 33
H’WCO(DQVOT@C{ Telephone 305/771.7600,

ENTER 169 ON READER CARD St

BUYING or SELLING CALL (305) 771-7600

Selling and Leasing Computers for 18 Years

2408 Timberloch Place, B-9
The Woodlands, TX 77380

Dealers in computer equipment since 1974

Fort Lauderdale, Florida - our ONLY /ocation. 713-363-9126
ENTER 167 ON READER CARD

lilgliltlal R = - dlilaliltlall
BOSTON BOARDS & SYSTEMS, INC.

: 630 Park Street, Stoughton, MA 02072
[ | 1N | LA Make One More Call: Ask For Sales!! r‘ l l 1 L

617-344-2263

Our Guarantee Is Our Reputation

Boston Boards Boston Bnlrd\

& &

Systems Systems
DRIVES!! Ililégjl?:CTION' 1y DEC SYSTEMS!
RA60 TU77 SR /03 11/70

RAS80 TU78 " 11/23 11/730
AAs0  TUTB READY TO SHIP!! "2 1170
RD53 TK50 COMMUNICATIONS!! 11/24 11/780
R 11/44 11/785
3 8'&%1 Bmgg 11/84 MicroVAX Il

HSC50-AA HSC5XCA DMCT1 i MEMORY!!
SC008-AC CI750 — PDP/VAX

HSC5XBA CI780 KENNEDY FUJITSU MicroVAX

(RIS

WE ALSO BUY NEW & USED ﬁ CP) Sy ..
EXCESS *DEC INVENTORY EMC Anln pmducgnc LONTROL EMULEX _Semiconductor

{:nig,ﬂuau TELEX #928067 Dlgltal is a registered trademark of Digital Equipment Cﬁoratlon 7 EATi . T !ngnnanl

ENTER 168 ON READER CARD
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Upgrading ?

FOR SALE
new | A X usen

TAPE

Dec and Compcatibles

. . ACCESS
Best Price, Deli
e, Delivery, Terms SWITCH
€L CAMINO e S
FOR: PERTEC FORMATTED, TELEX
RESOURCES LTD OR STC INTERFACE TAPE DRIVES
$1,185 — 10 piece

List Price

Outside CA (800] 367'3646 ALSO AVAILABLE: T%7E7>;$ é&gfmg?gg TAPE DRIVES FOR
.o (714) 250-8991

STORAGE DATA SOURCES
16691 Milliken Irvine, CA 92714 (415) 685-2902

1170 Burnett Ave/Ste. P/Concord/ CA 94520
ENTER 173 ON READER CARD

ENTER 170 ON READER CARD

TRY BEFORE YOU BUY!

— Conserve Capital

— Preserve Credit Lines

— Protect Against Obsolescence
— 90 Day — 60 Month Terms

— Credit Towards Purchasing

D.E.C. VAX, PDP-11 Systems and related D.E.C.
and D.E.C.-Compatible Peripherals

We’ll buy your used or surplus equipment.

(800) 854-0350 DATALEASE (714) 632-6986

(From Outside California Only)

ENTER 171 ON READER CARD
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Surplus?

WANTED
new A X usep

Dec and Competibles
IMMEDIATE CASH

€L CAMINO

RESOURCES LTD

ausice 4 (800) 367-3646
nca(714) 250-8991

16691 Milliken Irvine, CA 92714

ENTER 146 ON READER CARD

MRI(‘()‘\II’("I'I{RS

WE BUY & SELL

NEW e USED
DEC COMPUTER HARDWARE

SYSTEMS e CPU'S
DISK e TAPE e TERMINALS
PRINTERS ® MEMORY e PARTS
DEC COMPATIBLE EQUIPMENT

GREAT PRICES SUPER VALUE!

WARRANTED ELIGIBLE
FOR DEC MAINTENANCE

NEED BETTER UNIBUS
PERFORMANCE?
CALL US ABOUT USI/HSR

As featured in the Sept. '86 and Feb. '87 issues of Hardcopy.

USIHSR ACCEPTED FOR DEC MAINTENANCE

7310 W. McNab Rd. Ste. 209 =
Ft. Lauderdale, FL. 33319 AL

305 5- 9 72 5500  ENTER 172 ON READER CARD

b DEC CABLES
DEC / COMPATIBLES
ETHERNET CABLES
BNE3 (A,B,C,D) — Transceiver Cable
RABI-AA  NEW $11700  FUJI2358 NEW CALL BNE2 (A,B) — Trunk Cable
RABI-FA  NEW  $14700  FUJI2361 NEW CALL BC26V — UDA-50 Cable
RABIJA NEW $5000  SICONTROLLERS  INSTOCK CALL 4 e s
RAS1-CA USED §11000  EMULEXCONTROLLERS INSTOCK CALL BCO&R « BCO5L « BCOSR « BCO8S
RAGO-AA  USED $10700  WMZ32 USED  §1100
RAGO-CA USED §f1800  DHOM USED  § %00 CABLES fOI‘
FUJI2333 NEW CALL 05211 USED  $1300 .
o we we| | DEC Compatibles
Call Those Who Offer More Than Just Price And Availabilty “A & B” Cables shielded or unshielded
— AND -
DIGITAL CONSULTANTS TERMINATORS for CDC, FUJITSU
TAPE DRIVE Cables for Cipher, Kenpedy
VAX - PDP + LSI EMULEX « DILOG « Spectra-Logic
— CALL FOR PRICING -
CS Electronics
Bt s B 3621 W. MacArthur Blvd., Ste. 105
r Rd. Y
Newbury Park. CA 91320 (009) 4384577 o il i
ENTER 122 ON READER CARD (714) 241-8550 FAX # (714) 241-8890
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aasms IBM PC/VT220

EM220 VT220, VTIO02 emulation
$169 Hot key

110-19200 Baud

ASCII and binary file transfer
132 column modes

Soft keys

Color support

Enhanced keyboard support

EaamE TEK 4010/4014

EM4010
$249

Tektronix 4010/4014 emulation

VT220 and VT102 emulation

High resolution dot matrix hardcopy
Local picture files

Plotter support

IBM Color, IBM Enhanced, Hercules,
Tecmar, and AT&T

Site Licenses

Diversified Computer Systems, Inc.

3775 Iris Ave. Suite IB
Boulder, Colorado 80301
Telex: 9103800693 (DCSINC)

Runs on IBM PC, XT, AT and Compatibles

(303) 447-9251

Trademarks: VTI02, VT220 — Digital Equipment; IBM PC, XT — IBM Corp.; Hercules — Hercules Computer Technology

ENTER 174 ON READER CARD

Used computers
should not be sold

@hkeausedcar...

%ook for

this logo .

' 3 DIGITAL
LT = DEALERS
ASSOCIATION

When you are buying or
selling used equipment in the
DEC* marketplace — your
assurance of a reputable dealer!

For more information:

(313) 475-8333

107 S. Main Street
Suite 202
Chelsea, MI 48118

A\N

(

<C

9|

*DEC is a registered
trademark of Digital
Equipment Corporation

ENTER 176 ON READER CARD

tm'ul
|||I ‘\‘

~-

i
~-

lgle ctar;y a comﬁl:z — ALL NEW EQUIPMENT
roauct - line on a ow > =
g manufactures ot b o IN STOCK
dlifgliftlalt
MicroVAX Il Systems in stock RA81-AA $ 11,995
DH630 Q2-FA MS630-CA 2,300
DH630 Q3-FA MS630-BB 1,225
MS750-CA 1,372
MS780-FA 2,520
VT220*
DEC MVAXIIAMB  § 705 AL B 1,495
Compatibe  MVAXIIBVB 1,500 vien i
Memory  VAX7501MB 525 VWi eyboid gac Do
AR s
FUJITSU
I T M.
== QD32 $ 1,650 M2351A  $ 7,900
X SC41/MS 3,675 M2361A 9,300
EMULTEEA( CS21-FE 2592 M2333K 4,150

140 Route 17 North ¢ Suite 210 « Paramus NJ 07652
800-843-4009 « In NJ 201-387-0872

ABOVE ARE THE REGISTERED TRADEMARKS OF:
DILOG, FUJITSU,DIGITAL, EMULEX AND NATIONAL SEMI CONDUCTOR

ENTER 175 ON READER CARD

PRICES SUBJECT TO CHANGE WITHOUT NOTICE
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DEC & DEC COMPATIBLE SALES AND
SERVICE SPECIALIZING IN
PDP-11 AND MICROVAX I

EQUIPMENT SERVICES

e SYSTEMS e Custom Integration
Q-BUS Base

e Self Maintenance-Support
e SUBSYSTEMS e On-Site Maintenance
FUJITSU ® Logistics Services
CDC s Debot Reba;
EMULEX epot Repair
e MEMORY
Clearpoint
e TERMINALS
C-ITOH New & Used Equipment
DEC Quality @ Service @ Integrity

0 Spartin Computer Services, Inc.

14925-A Memorial Drive, Houston, Texas 77079
713-496-4004

*DEC is a registered trademark of Digital Equipment Corp.

ENTER 179 ON READER CARD

PRINTER/TERMINAI
(2] EPZEEB, BOOEPAN. csrimsssscorsssrsmmmmasinisiuingisns $5350
B LATRONRE e s immcssiimanians 925
LS T T DO s ovesomsssontomascsarasiiiansanion 375
P BE N b el D S 465
[B A ) A e i oo seieniasiois 100
B o Ty e 1650
I3 DA T OO L it Bhasmmisasvessssnsimbssisenioss 725
T R DN s ok e i ginessedoicersoadibnidis imminns 575

* Prices good while quantities last.

WANTED TO BUY: 11/785's, RA6O’s, TU78'’s,
MICROVAX II's, FUJITSU 2351, 11/70’s, 11/45

Y1 YY)
|

9‘ ;: Tl o 41‘.‘,‘ 7~
[ V:l .,Mi Il | [ CUJ!
ENTER 178 ON READER CARD

1

model. Add full factory certification
and you're getting more than one

Remanufacture-

R Q Repair and Resale

West Coast Depot: 9601 Lurline Ave., Chatsworth, CA 91311
East Coast Depot: Route 13, Milford, NH 03055

OUR SECONDS ARE
FIRST-RATE.

When it comes to quality and value,  good printer. You're getting a one-  BP1500- 1500 LPM Band Printer

Factory remanufactured models
now in stock

B300—- 300 LPM Band Printer

B310 Acoustic — 300 LPM Band Printer
B600—-600 LPM Band Printer

B610 Acoustic— 600 LPM Band Printer
B1000- 1000 LPM Band Printer

our remanufactured OEM printers  of-a-kind opportunity. oo el ey
5 Qe 3 i 2290900 LPM Drum Printer
e S(C(c)lnd t(f) "()“l‘.i(A” look like Call Dataproducts today 2470 — 1250 LPM Drum Printer
o B e et tor - West Coast (818) 888-4007 g0 Viocr iava et
ess than o the cost oI 4 new East Coast (603) 675_9100 PMr?r?tgrL (labels) Graphic — 140 CPS Matrix

M120 - 180 CPS Matrix Printer
M200— 340 CPS Matrix Printer
DP55—55 CPS Daisy Wheel Printer
8010/12— 180 CPS Matrix Printer
8020/22 - 180 CPS Matrix Printer
8050/52 — 200 CPS Matrix Printer
8070/72—400 CPS-Matrix Printer

P Dataproducts.

DIGITAL
DEALERS
ASSOCIATION

ENTER 177 ON READER CARD
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MSV11-DD
MSV11-PK .
MSVAT-PL i o i v vt vummemsn e sanes
POP11/05Mem .........coocnnnnnen

PDP 11/05 CPU
PDP 11/24-AC. ..

PDP 11/34A-YX . esseane
PDTINISOCE......civoacs

BA11-AA ... !

H7140-AA Power Supply . . $2,600
H721 Power Supply ................. $495
H740D Power Supply ................ 9280
H744 Power Supply ................. 8135
H745 Power Supply R
H773-A Power Supply -.............. $380
H775-BA i e $650
H984 Cabinet e CSesdiaita 8235
LA36-CE e e T
M8394 WCS VAX 730 .. .....$1,600
M9301 o s it v RO
MJ11-B S A 3400
VT52-AA P -
VT62-AC. . i V2N
VT103-AA Sl B S R $995

DISKS
RB730 Controller M8388 .....$1,900
RKOSK-DC ... 885
RAK11-D ..... 3475
RL11 Controller Module . .. v vn 4 9800
RLV11 Controller. . . .. i S ATE
RL8 A M8433 RLO1 Control . .. . $595
RX01-BA ..... %495
RX02-PA o : $795
RXV21 Controller . . .. vev... 8258
cPU BOARDS

11. 03 KD11-F $230
1/03 M7264 KD11-Q b B e 8185
11/04 CPU Board KD11-D ........ .. 8325
11/05 CPU Set .. ot $600
11/23 KDF11-AA $650
11/23+ CPU Board KDF11-B $795
11 24 KDF11-UA $1,100

QEI

INCORPORATED

(617) 275-6800
In L.A. (504) 641-6140

119 The Great Road
Bedford, MA 01730

11/34 CPU Set KD11-E .
11/34A CPU Set KD11-EA

11/44 KD11-Z . : caswees
KXT11-AA..........
KXT11-CA......
VAX 730 CPU Kit
VAX 11/785 Modules g
VAX 8600 Modules . ................

OPTIONS
QA-CI1780-00 .........co0vncnnnnnnn $9,000
4A-DR780 Spares Kit . . ..
ADV11-A .........

BDVI1-AA ........oncevevcnannsans

DL11-A . .s

DL11-E M7800

DLIT-W.......

DEVIY (oveccencnsivoses

DLV11-F

DMC11-MA ... ..

DMF32-AC

DMF32-M ... ;cacivses

DMZ32-Module ... ..

DU11 M7822 .......

DW11-A Interface . . .

DW7B0 .. ..o oo o <o sxmnnes

DZVII-M .....0000

OEID. .. o s ... $885
DZ11-M ..« 8675
DZ11-N ... 8595
DZ32m . . e )
FP11-A ... $695
FP11-C . ..$1,100
FP11-F ..$1,300
FP86 ..$19,500
FPZ30 ..covovommsnanerme ..$1,750
FP 780 $5,400
FRRS R o oy $600
KE44-A "CIS $1,775
KG11-A ............ $400
KK11-A 5475
KK11-B. $1,250
RLS-A G iivs oo cssonsnan wsauans $275
KTF11-AA MMU Chlp b x o aim $175
KU 780 WCS ...... on Ay S $900
L0002 11/750 CPU Board . . . . $2,200
L0003 11/750 CPU Board $1,900
L0004 Unibus Interface ... $1,900

L0005 11/750 CPU Board . 8475

L0006 Diagnostic Module $3,000
L0007 Massbus Adaptor, RH750 $1,600
L0011 750 Controller . $475
LP11 Interface . . . . $325
RH70 e < 8975
R#780 Mass Bus Control ..$1,895
TMB 11 Tape Control ‘ $675
TS11-AA e $2,495

DIGITAL
DEALERS
ASSOCIATION

Immediate Delivery

L.A. Branch 800-331-6140

ENTER 180 ON READER CARD

ULTTTRONICS /NC.

BUYS — SELLS — LEASES — NEW and USED DEC®
VAX COMPUTER SYSTEMS and PERIPHERALS
VAX 8800 — 8650— 8600 — 785 — 780 — 750 — MVII
CLUSTER and 50 CYCLE SPECIALISTS

IMMEDIATE DELIVERY T™M SAVE UP TO 50% OFF
ON90% OF ALL t MFG'S LIST PRICE
DEC® ITEMS!

WHEN YOU NEED HARDWARE FAST, CALL MULTITRONICS!
CALL TODAY FOR QUOTE MULTITRONICS, INC.
WITHIN MASSACHUSETTS: (617) 584-2800 340 MANLEY STREET
OUTSIDE MASSACHUSETTS: (800) 438-4887 WEST BRIDGEWATER. MA 02379
M h TRONEW YORK OFFICE: (201) 587-8830 TX 517030

ks of Digital E Ci "

DEC EQUIPMENT
* Immediate Delivery
* Fully Guaranteed * Lowest Prices

ESS COMPUTER
123 E. MAIN
WEST FARGO, ND 58078

EXX"  701-282-8380

090

We Buy & Sell

DEC

Systems
Components

- call: 713-
o ter 445-0082

600 Kenrick, Suite C22
esale Houston, TX 77060

*DEC is a trademark of

Digital Equipment Corp

D-M-DRIVER
Disk in Memory
for Micro/RSX, P/0S,
RSX-11M & M-Plus

Call 415-420-9579

Proto Systems
1238 Josephine St.
Berkeley, CA 94703

RSX & P/OS are trademarks of
Digital Equipment Corporation

To tap the lucrative DEC mar-
ket effectively and economi-
cally, start with a Hardcopy
classified. Hardcopy Class-
ifieds are an economical way
to advertise equipment ser-
vices/repairs,  selling/trading

equipment, help wanted or pos-
itions wanted. Place your class-
ified ad today.

Call
714-680-0811

T
|

L

-
-

Kimberly Electronics

ALL NEW EQUIPMENT
IMMEDIATE DELIVERY!

0E0020
MVAX Il CPU BOARDS
DH630Q2 - FA

DH630Q3 - FA
TU78-AJ

785XA - AJ
FP785 - AB
TEUZT - FD
TEU78 - FD

EMULEX V783-D2 V MASTER

We specialize in International distribution of
DEC, Fujitsu, Emulex
and National Semiconductor Memory.
140 Route 17 North @ Suite 210 ® Paramus, NJ 07652
800-843-4009 ® In NJ 201-387-0872

ENTER 181 ON READER CARD
DIGITAL and DEC are registered trademarks of Digital Equipment Corp.
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TR T AR A ST S .
. RECRUITMENT 30-DAY WARRANTY
The Only COmpletely Self‘contalned Fast growing, dynamic 17 year old OVERN,GHT DELIVERY

GEO processing company has the
P O RTAB LE M ] C ROVAX l l st AAT1-DA.......AD11 MODULE SPARE....... $500
SYSTEMS OPERATOR ADB-EA......A231 & A841 A/D CONV %603

. v : i iont i ADO1...... MODULES ONLY SPARES KIT ...... 60
Individual will be proficient in all
system available TODAY aspecs ofcata communicatons, | AL - MO1 AW MODUES o 470
trouble-shooting with users, AHOD2.. A002 OP-AMP SPARE..
. experience in floor-plan engineering, B A207 DIFF-AMP SPARE ...
O thl‘lS gl AN11........ W/SUPPLY & BKPLANE .....
p and:general captil; mornitonngland AR11.. M7809 MODULE ONLY SPARES ...
installing experience with cables and 8........ EXPANSION CHASSIS 8/L !
® Up to 9 MB memory terminals. Install experience at user MODULES ONLY SPARES KIT ......
- it iri iah i . CHASSIS, H720 SUPPLY ...
e Up to 380 MB winchester 2;23;3“'"”9 Mt g . CHASSIS, H750 SUPPLY ..
: - vvvverr. EXP, CHASSIS 10%” ...
e RX50 compatible floppy SYSTEMS ANALYST . EXP. CHASSIS 217H1AZ....
® 1600/3200 BPI tape backup Wg "Zedlahigh energy, well qualified G CHASSIS,WO SUPPLY .. $
; individual to join our systems group. BA11-LA.... 5"CHASS & H777A SUPPLY ...$425
® 12 MB removable disc You will be the first interface for BATI-MA.. cAASSIS, 7270 w/ 4xs... $680
Y i -ME....... EXP.CHASS H780,4x4 ...
® 8 slot quad backplane :JrsertJlre!aLed ?r:Obfle"::st.‘ ptesniing BA124.....A124 4-CH FET MUX MODULE.....$
® Built in CRT/keyboard pteena ackrihipiatin Coon
systems administration context. We

need a background in data
communications, heavy PRIME

DIGITAL PORTABLE SYSTEMS, INC. | - [5eisse eres iucih

Super Redlands location, excellent

2426 Townsgate Rd. Unit E benefits and compensation. Send
Westlake Village, Ca. 91361 your resume TODAY with salary . BACKPLANE PDP-8 20 SLOT ...... $
history and references to: MOUNTING FRAME UDC11/8 ......
: : CHASSIS 11/05 W/HT50......
Tel: 805-497-4442 Chuck Becker, Personnel Director e L
Fax: 805-373-6176 ESRI MG86 DRIVER 12-BIT SS..
ENTER 183 ON READER CARD 380 New York St . PAPER TAPE LOADER. ..

Redlands, CA 92373 ...DISK LOADER ROM..
(714) 793-2853 .BOOT, FLOPPY DISK...

BUY/SELL We are an equal opportunity/ affirmative | ~ BM8/3-YB...... M873-YB BOOTSTRAP.......
| action employer M/E/HYV. | BMB/3-TL...... M873-YC BOOTSTRAP.......

USED EQUIPMENT YE.MOTS.YF BOOTSTRAD

DEC

OMPUTER

® Decmates EVISIONS, LTD ,
1 ! 1 O SWams /] bwisl... W?742 UDC-8 SS CONT INTR.....
. Erl.ntifrs ® ggg%A MODULES ONLY 4-CHAN & CTRL....
® Lhalnbows BUY/SELL AL g
: cCoa
® Terminals DEC .ewuseo M

® Lasers VAX — PDP
ITEM, INC.

’
5510 Cherokee Ave. #320 SVStem S— LR DEC_
Alexandria, VA 22312 options /
800-367-4836 or 703-941-1860 3 s g
Perlpherals & NEW & USED “M7311 I/F MODULE ... ...
L WVV f DB .M7317 I/F MODULE.............
< Compatibles BUY—SELL—EXCHANGE e
SYSTEMS & \) B ; ——— | DDO1-AP..] BKPLANE UDC-P 4-SLOT..... $25
PERIPHERALS b A\ Quality Eqmpment At PDP11 & VAX BKPLANE UDC11 4-SLOT..
=3 Low Prices .4-SLOT BACKPLANE
THE ol Spare Parts & COMPATIBLES .4-SLOT BACKPLANE $50
Al e 4-SLOT BACKPLANE
One-Son Thousands Of Spare SYSTEMS e PROCESSORS 3510 MEMORY BKPLH %?22
EXCHANGEI ety I stk For MO TIONS s MOBULES ~ | N due for 10-DAYS
! : : NS e MODULES o payments due for 10-DAYS to
® CPUS o TERMINALS Immediate Delivery. givepy}c;u time to install and test
. INTERFACES ETC (Gatngn Seus Bracrus) LAKEWOOD Secepiod. (We iy DROP.SHIP
g 10432 Highway 152 COMPUTER CORP. directly to your customers under
@ D‘;GITM Maple Grove, MN 55369 436 LINK LANE your name if needed.) Same day
COMPUTER BA0 612-420-6510 FORT COLLINS, CO. 80524 shipping on most items. No extra
EXCHANGE INC T : (303) 493-6406 charge to expedite orders. Many
27773 Indusirial BIvG _ Hayward. CA 94545 S more spares and options are listed
Gall (415) 887-3100 ' £0 w3 Loy’ sl
a " L s o s
SOFTWARE labs. Products include software for ~ documentation. Send for FREE 1-(,("813,06)‘#(24,;?2;239 0
s_naltysm o;llgantd tblndmg, e?zyme catalog. FEDERATED CONSULTANTS
Inetics. breast tumor, estrogen 2306 COUNTRY VALLEY
PHARMACOLOGY/ and progesterone receptor con- LUNDON SOFTWARE INC. GARLAND, TX 75041
IMMUNOLOGY tent, “and multiple exponential  P.O.Box 21820 4

: e e e
VAX-VMS, Laboratory software for  curve analysis. Products are menu Cleveland, OH 44121
use in both clinical and research  driven and include external  216-371-6220 VIR 162 ON IEAUET GO
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ADVERTISERS INDEX

Reader

Inquiry Page

Number Number

167 ACS Equipment Corp. .......cccccoeervunniinnnnnns 155
713-363-9126

198 Able Compuber ...:o.co.ivaiossessasinssenss Cover I1
714-979-7030

136 Access Technology .i:iuscrisivinssivssmssssivssions 79
617-655-9191

186 Advanced Technology International ............. 108
212-947-4755

120 American Digital Systems ..........cccccceeerrnnnnns 45
617-443-T711

L R R ) SR P TR N 83

TAS ANBYOIIOOR iivivsrinsvivsinirssinsprvasivstanasnives 151
818-709-7600

133 Artifical Intelligence Technologies ............... 83
914-347-6860

168 Boston Boards & Systems Inc. .................. 155
617-344-2263

216 British Power Systems ..........ccccoceeierunnnnnns 152

190 Brookvale Associates ...........ccccccuiieirnniinnnens 153
West Coast 800-252-6200
East Coast 800-645-1167

A0 CORL s eisessmrsisnsesesvassrsasrivesssansissvonss 94
818-709-2681

152 CMD BerVIoRE - osuvissscavsassninacsiomsdssivasosson 140
313-355-9484

231 CMD Technology INC. ....ccviamsiriisscaonssasnsoss 3!
800-426-3832 In Calif. 714-549-4422

Q92 (S ADERCG v véisas tsvonberyessoansvagss oy ous Shsnisions 153
T14-662-0123

TERUS FIBOUIOMIRE .. .. vonsrminsirsbsdbsnas raahtoinsisnns 157
714-241-8550

I A B B O, S L i ean 2ot ckarn b mrinsin 15
800-843-8336  In Calif. 714-553-0257

125 Chrislin Industries ..........cccccoveviiiiiinnniinnennns 73
818-991-2254

114 Clearpoint THE. ..i.sioeioessssseiasssonaises Cover IV
800-CLEARPT In Mass. 617-435-5395

LIV COBRE ooiisoivnsvoniraiuiisnisssssmisisosusinmsionssisssisn 99
303-776-0472

153 Cognos Inc. ...
106 Cognos Inc. ...
150 Cognos Inc. ...
105 Cognos Inc. ... g
i BT N T e e B G R R 147
In U.S. 800-4COGNOS
In Canada 613-738-1440

124 Communication Machinery Corp. ................. 2
805-963-9471

204 Computer Products/Grant Tech. ................. 148

206 Computer Products/Grant Tech. ................. 149
617-256-8881

145 Contrgl DAt COrD:: susissirmvssivivasisess ssonsasnses 43

800-828-8001 ext. 58B
In Minn. 612-921-4400 ext. 58B

193 Convertype Computers ............cccoeeennennnnns 153
202-745-1911

202 Culham Laboratories ........c...cco.eovieevnneannns 150

SRIUEIREY 5005 i drsc R R e i St M A Vet bt 12
206-822-2252

154 Datability Software Systems ............ Cover III
800-DIAL-DSS In NY 212-807-7800

127 Data Center Software ..............cccoevenrernnnnns 85
617-887-3656

AT DRLAIGBRE o500 i Vhayshs s vadusvionh smtudosuus vanarias 115

215 Datalease ... .

171 Datalease
800-854-0350 In Calif. 7

EOAIDBERIIEN D, ss s cvsehesstraninmas asaneoninepuabelatnuss sas 122
503-687-2520

SIRIRIEAPIDANCER L .. .. acc o il e s enaranasstesasinsnnbans sas 98

L £ 8 0 o7 1 o o S S WS 159

West Coast 818-888-4007
East Coast 603-673-9100

SRR TIORNETINI v .ot et a v enWhcis bis e b idhnbeniistns 17
609-799-0071  800-822-0071

228 DRtatranBlabion vi:u..ciasssresissimvinsssorsdossain 61
617-481-3700

169 Dataware TN0. oo, inmmanissisensvisnssmass sy 550 155
305-T71-7600

122 DIt Consulbants: ... . wssesassiasvaseasssing 167
805-498-4577

176 Digital Dealers Association ...............ccccee.... 158
313-475-8333

162 HARDCOPY/February 1987

Reader
Inquiry
Number

217 Digital Electronic Brokers Ltd.

P DO coiinc ciiinicinssninninmmivensasinsmensersasin
714-937-5700

174 Diversified Computer Systems ................... 158
303-447-9251

130 MU COTD ;. cics copisnssvsbinsadsnss aaiseomsses swaassions 37
800-222-EMC2 In Mass. 617-655-6600

189 Eakins Associates Inc.

194 Eakins Associates Inc.
415-969-5109

170 El Camino Resources

146 El Camino Resources
800-367-3646 In Calif. 714-250-8991

210 Eli Heffron & Sons Inc. ....
800-892-9230  617-547-4005

214 EmuleX COrp: o ceosimnsessiornsimsssssiasnss 26,27

132 Emulex Corp. .

163 Emulex Corp. ............
800-EMULEX3 In Calif. 714-662-5600

141 Excolan TN 020 T et ctesn shuannesilrhersr ooy 134
800-EXCELAN In Calif. 800-521-3526

112 Exceptional Business Solutions .................. 134
213-558-3435

113 Executive Software .........ccc.ceeeeeveeeeennennnens 135
818-249-4707

182 Federated Consultants ...........ccccceeevvuennnnen 161
800-443-6400 In Texas 214-278-4031

ZILGABR ..o soivonanserinateavsinsassasss sosspsnsssass 151
818-890-6622

201 General Bleetrie .. .v.ansocmvivans vanssessrnssnss 38,39

224 AT I O I oMo s R it s onie s Suua i 8
800-GRAPHON

$01 T2 TR TN L o £ v bt fisengmenssesussnnse 140
617-481-2992

129 Horizon Data Systems ...........cccccviieererennnnn. 36
804-740-9244

16L ISEITNC, Jiiiie i ssisvsnnsivssriasarssmssinsginssanss 103
213-837-8339

209 Imperial Technology Inc. .........cccceeeevvunnnnns 144
213-536-0018

166 Industrial Computer Products ................... 154
617-356-7500

155 Interactive Technology .............cccoevvnnnnnnn. 120
800-362-6203 In OR 503-644-0111

183 J.P. Hearne & Associates ...............ccccuvunn. 161
805-497-4442

226 BOMVENG: o 0fxteviniss roess ot aes sk b odonitsns g inns 50
800-267-0443

203 Kea Systems (Z Stem Comm.) ................... 148
800-663-8702

175 Kimberly Electronics ..........ccccoceeeeaniiinanans 158

181 Kimberly ElectrOnics ...c.c.uecersesesrscorssorsnsns 160
800-843-4009 In N.J. 201-387-0872

135 Lanpar Technology .:.ssievisvesessisissosinsssaonnnss 81
800-387-4205

200 LOgIerafl ... .csusiinnesisivinssisrransstorisses 6,7
603-880-0300 West Coast 213-458-3161

P10 1835700 o e eRee N TN ok it e e 8 35
818-242-9600

(1165 5511107 TR S s - SRR R S ft ey, 22
T714-998-6900

i1 ) o oA P ¢ SRR e R S Rt 157
305-972-5500

102 MTI Systems Corp: «...osseeissvssssosssassssossvmss 24
800-645-6530

198 MeadoWIark . .. icqensvisssevissiissssssmnmsssivssininns 153
617-T77-4666

TOT Mgl DR ...iiinsisiiniminssvnssenurtssesosins 136

(10 55 SIS TRl et (o e 137
214-470-9996  800-232-5829

182 Metdape COrp. ...yt st sikiaiasvibisasenyoss 62
818-357-9921

184 Micyo TechRolopy «..i5vise e cisivehessansssssesanssos 105
800-325-9056

178 Minnecomputers Inc. ............ccevvvveereeeennn. 159
612-884-6601

134 Monolithic Systems .........c.coeeeemneeennnnreennnans 82
800-525-7661

D08 NCL o oxcunsasionsssvaiossmsrssssassisrasisansioransessss 136
800-HOT COMP

100 National Semiconduetor ................coeveeennnns 18
800-538-8510

In Calif. 800-345-4006

Reader

Inquiry Page

Number Number

232 Networking Dynamics .........ccccoevevenriinaneens 150
213-668-0077

137 Newline Software ...........ccccccciiiiiiiiiniinnnnn. 153
401-624-3322

139/ Nisgho El6etronies, .. . :: wssissersssssarprasrenssne 68
800-233-1837 ext. 420
In Calif. 714-261-8811 ext. 420

08 OB ENE. -l . e bt st ki 101
617-491-4180

B4 PR Bt Lt s i v s ciod s S S g RS et 113
615-966-9200

b TN N MR AR B S R (1 97

188 PORIRA-SOMY < oo crsiznsssiisasassissmnsniesassssisonssa 153
801-226-6704

205 Process SoIEWware. .. ..; ... avessassssssseensssanssannn 149
413-549-6994

159 Pulizzi Engineering Inc. .........cccocevvieinnnans 103
714-540-4229

TS ) LT D S R R D 160
617-275-6800

117 Qualogy . =

LR VAT g WRT R S R . = sl e £
408-434-5200

T0BIRAAD0 . s i ovessssvnarieisvai i nenes niads s d AR 94
800-543-1986 In OH 513-752-6880

MG BARCD o s s aipvassedonassenssnesnsnsasarnsssansh s shsenss 142
301-258-2620

158 Richard Lloyd & Sons Comp. Ltd. ............. 110

115 RosS SYSIEING ... ccitasivianidsiessiouessissarvatissn 118
415-856-1100

1578 & B AIOMOPREETR 1.0 iveas s vsviunainisssstysciyonins 4
615-327-3670

¥ LS T RSO AR L I i . o 137
614-889-0810

187 Secure Technologies Inc. ..........coeevvvuneeennnns 109
617-326-7979

227 Sigma Information Systems .............ccccceuunn 53
714-630-6553

222 Signal TeehNOlOZY ... cocuacvscsnsssssssanshonsossans 100
800-235-5787

144 Softool Carp. ..iviceisdstcpnissisarosssassisizsntsn 46
805-683-57TT7

164 Software HOUSe ........iesieissesessnssmsssyrssssosson 130
617-661-9440

179 SHAPEINSEPVICEE, .. uviapbteanisy GATRERL AL 159
713-496-4004

2 SPEOErs RORIC. ALl isarhus b T s s 49
800-843-3751 In Calif. 800-772-0670

138 Stone Mountain Computing ..............cceevenns 69
805-964-9101

173 Storage Data Sources ..........c.ccceeeeeneenncnenens 156
415-685-2902

228 Strategic Information ...........cccceeereennnnnnnnns 59
617-273-5500  800-227-1209

119/ Systems IndustrieB ......-cicsessssirsmssvesssssoa 56,57
408-432-1212

116 Technology CONCepts: .......coxvisvavsnsveisisvsrssviss 5
617-443-7311

20 TR, (it ocesignyiamonnindiimeni oy in 32,33
800-225-5434 In OR 235-7202

230 Televideo Systems Inc. .........ccceeevvvuevnneeeeens 67
800-835-3228

140/ Texas INEIMEnts i asiisinsomnessmsarstaserhiss 13
800-527-3500

IR T anROOltIOrD.. v oiesvihs Raarantanauas oo s tras v en 137
201-688-7800

199 Trendata/Standard Memories ....................... 3
T714-540-3605

195,196 "Prinim INARBLITOR: ..oxviacicotimest iapsnssasan 95
818-983-1833

208 Ultimate Corp., THe ... icsiveisiisosavasaavasss 146
800-654-0134 In NJ 201-887-9282

100 D TE RS A WO kv /sy Sns oo o 5 s S s oot o 131
800-222-0550 In NJ 201-985-8000

142 Virtual Microsystems ...........ccceeeeevvruennnenns 127
415-841-9594

225 Visugl TeehnBlopy e . . ... ninisrsvnt ins sngmunine 1
800-VISUAL-C

185 Winchester Systems ...........ccceeeeeeeerrvnnnnnnns 107
800-325-3700 In Mass. 617-933-8500

159 Z-LiNG; < o.iiinnrcosiniisnsivinysamsssmminssssnsnnnsissars 103

Publisher is not responsible for typographical errors.



FINALLY, A MICRO-TO-MAINFRAME
PIPELINE THAT LET

~ WITH A FULL D

INTRODUCING DATABILITY'S
RAF REMOTE ACCESS FACILITY."

IT BRINGS DEC MAINFRAMES
DOWN TO MICRO SIZE.

What if you could use spread sheet programs, like Lotus 1-2-3,
Multiplan or Symphony, on your PC to directly access, retrieve
and update worksheet files stored on a VAX or DECSYSTEM-207
Or edit DEC mainframe files direct from your PC.

What if you could extend the reach of your PC so that ANY PC

program you use or develop could transparently manipulate data
stored on VAX's or DECSYSTEM-20's?

FREEDOM'S JUST ANOTHER WAY OF SAYING RAF

RAF combines the capabilities of your PC with those offered by
DEC mainframes setting a new standard for all communications
products. The RAF approach: Allow PC users to remain PC users.

FREEDOM TO ACCESS REMOTE DATA

RAF provides you with the freedom to access actual DEC
mainframe files directly from the PC programs you use today.
Even MS-DOS commands can manipulate remote files. Imagine

having the freedom to back up your PC onto the mainframe with

a standard COPY command.

uonesodio) YOsouNW JO SHJewapey pasaisiBal ae ueidninpy pue SOQ-SW

uogeJsodio) juaiudinb3z ey Jo syiewapen pasaisibal aie 001LA PUe 02730 ‘XVA 30
‘uonjelod.o) uawdolanag smo7 JO SHlewapes) pasaisibas ase AuoydwAs pue g-2-| Snj07

THE FREEDOM TO ACCESS REMOTE COMPUTERS

What's more, RAF provides you with other freedoms. Like
automatic access to remote computers through a scripting mech-
anism that allows you to define each step of an automatic login.
Or if you prefer, a complete VT100 terminal emulator unlike any
other software system. Enjoy the freedom to instantly jump from
a PC program to your DEC mainframe as a VT100 terminal and
return to your PC exactly as you left it.

THE FREEDOM TO USE MAINFRAME POWER
DIRECTLY FROM PC PROGRAMS.

For the first time, programmers can develop PC programs
that call remote subroutines or entire programs to solve prob-
lems. Imagine accessing mainframe data base software DIRECTLY
from the PC, WITHOUT user involvement.

FOR A DETAILED BROCHURE OR MORE
INFORMATION WRITE OR CALL:

-DATABIUTY
1-800-Dial DSS

In New York, 212 807-7800

Datability Software Systems, Inc.
322 Eighth Avenue, New York, N.Y. 10001

ENTER 154 ON READER CARD



FREE: Clearpoint’s 80-page Authotative Text
on Add-in Memory and Our New Catalog

Contains: m Important information Contains: A colorful, technical

on over 20 system buses m details on presentation of Clearpoint’s full line
memory design for high performance of DEC-compatible memory products
buses m considerations in configuring as well as VMEbus, VERSAbus, IBM,
a system and selecting memory and SUN Microsystems.

products = analysis of economic

factors and = an industry overview of

this genuinely unique market.

T A I
&

ADD.J
N MEM( RY SELECTYK IN
GUIDE

A Designer’s Guide b
to Add-in Memory e
: \Ay’h'l\‘ﬂ‘\L'YI\A"\-'A ance s

CLEARPOINT INC.

The Designer’s Guide ’
to Add-in Memory will be

invaluable to anyone who has waded through
product literature to buy a memory board. It
provides answers to: what all those
specifications really mean in terms of
performance; how to look for reliability and
quality control in a product; and how to get
honest value for your dollar.

The Clearpoint Catalog
and Memory Selection

Gu1de is a colorful and comprehensive
technical brochure presenting the full
spectrum of Clearpoint products,
manufacturing procedures, customer support
services, and specifications.
mThe DEC-compatible products include:
MicroVAX II, VAX 8600/8650, VAX 780
and 750, Unibus, PMI-Bus, and Q-Bus.
mOther high performance memory: VMEbus,
IBM PC/RT, VERSAbus and Sun
Microsystems.

The Guide contains m More than thirty pages
of facts you should know on over 20 buses
® Memory designs for high performance
applications—over 25 pages of technical
details, calculations, charts and formulas

® Management/Design considerations and
reliability issues—from build vs. buy to open
vs. proprietary architecture m Four major

Write or Call for Your Copres

99 South Street ® Hopkinton, MA 01748

factors in selecting a product—features CLEARPOINT INC.  US.A. 1-800-CLEARPT Telex: 298281
density, EDC vs. Parity, and power N FAX: 617-435-6184
requirements and @ The business side— Find Out Why Clearpoint  Massachusetts 617-435-5395
economy, ease-of-use, delivery and more. Should Be Your Vendor Asia EPRO Ltd. (Hong Kong) 3-7213300

. Telex: 51853JUNWIHX
DEC, MicroVAX 11, VAX, PMI-Bus, Q-Bus, are all register 5
trademarks of Digital Equipment Corporation. '?;:;p';lgé%piaéd’f‘ I]:It?\”_( Netherlands) (31 ) SN0
IBM PC/RT is a registered trademark of International Business X e

: . United Kingdom Computer Marketing Services, Ltd.
A e A ENTER 114 ON READER CARD (0708) 851725 Telex: 261507

Sun is a trademark of Sun Microsystems.




