DARATAMATION.




not a grapefruit in 500 miles

One microscopic bump or particle
on a computer tape—equivalent in
size to a grapefruit sitting on a
500-mile, four-lane highway—is all
it takes to cause a parity error. O
There are no “grapefruits” on
Ampex tape. New formula Ampex
computer tapes are clean and

error-free to begin with, and are
formulated to stay that way for
hundreds of thousands of equip-
ment passes. You get more data
through-put, unparalleled data re-

AMPEX
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liability. O Prove it on your own
computer. Call your Ampex repre-
sentative for a demonstration. Or
for the latest information write
Ampex Corporation, 401 Broadway,
Redwood City, California 94063.
0 You can be sure we won't sell
you a lemon — or a grapefruit.



AMBILOG 200 — the computer chosen
to solve these signal processing problems

BIOMEDICAL MONITORING

An Adage AMBILOGT™ 200 system is
in use at the University of Virginia
School of Medicine as an intensive-care
patient monitor following complex op-
erations such as open-heart surgery.

A “flood” of biomedical data is ac-
quired and processed on line from 40
input sources such as electrocardio-
grams, continuous biochemical and
blood gas determinations, cardiovascu-
lar pressures, and multi-point tempera-
tures. Instantaneous analysis of these
- complex waveforms — detection of
maxima and minima, slopes and dis-
continuities, and measurement of their
times of occurrence — provides sec-
ondary and derived data such as pulse
propagation time, lung compliance,
work of breathing, and cardiac output.
Visual presentation of selected vari-
ables is provided attending physicians
by an array of digital and analog dis-
plays under AMBILOG 200 control.
Patient data is also stored on digital
magnetic tape for off-line use in studies
of cardiovascular and pulmonary con-
trol systems.

A completely new kind of signal
processor, the AMBILOG 200 is de-
signed from the ground up to exploit
the best of both analog and digital
techniques. It combines parallel hy-
brid arithmetic with stored-program
sequential operation: the first true
hybrid. High processing speeds (often
many times faster than comparably-
priced conventional machines) and ex-
tensive input/ottput for both analog
and digital data make AMBILOG 200
ideal for Telemetry data processing *
Wind tunnel and test stand instrumen-
tation « Display generation ¢ Space-
vehicle simulation ¢ Laboratory re-
search ¢« Radar signal processing °
Communications research < Flight
trainer control * Automatic test and
* check-out — among others.

v
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SONAR SIGNAL PROCESSING

At the U.S. Navy Underwater Sound
Laboratory, New London, Ct., an
AMBILOG 200 system calculates
power spectral density functions of
sonar signals to obtain norms for sea
noises.

The computer acquires data by read-
ing directly from analog tape, sampling
at a real-time rate of 83 kc. The de-
sired signal is selected from any of 14
channels, passed through a parallel
bank of 40 narrow-band logit filters,
digitized, squared and integrated.

A double table look-up algorithm
and a specially-designed bank of log-
arithmic amplifiers calculate PSD
components to an accuracy of 1 db
over a range of 60 db signal amplitude.
The PSD solutions are formatted and
recorded on digital magnetic tape.

All operations, from initial acquir-
ing of data to final recording, are under
stored-program control.

Complete user services for the
AMBILOG 200 are provided. The pro-
gram library includes ASA Basic
FORTRAN, an assembly system, ap-
plications programs, source language
editing, on-line symbolic debugging and
control programs, and a wide range of
subroutines. Full system documenta-
tion, programmer and maintenance
training, and installation and mainte-
nance services are furnished.

Fortechnical reports describing in detail
these and similar AMBILOG 200 appli-
cations, or for a demonstration, write
Irving Schwartz, Vice President,
1079 Commonwealth Avenue,
Boston, Mass. 02215,

SEISMIC RESEARCH

The California Institute of Technol-
ogy’s Kresge Seismological Labora-
tory -and The Institute of Geophysics
and Planetary Physics of the University
of California (San Diego) are using
AMBILOG 200 computers in research
programs aimed at recognizing under-
ground nuclear explosions by distin-
guishing their tremors from other seis-
mic events, ‘

The Caltech system acquires and
processes seismic signals read from a
multi-channel FM analog tape unit and
filtered through a Butterworth array.
Time records written in VELA format
are decoded. The computer performs
time-domain digital filtering for accom-
plishing waveform pattern recognition.
Digitized raw data and processed re-
sults are recorded on a magnetic tape,
with provision made for “quick look”
and analog playback.

The Institute of Geophysics and
Planetary Physics’ system has been
processing seismic signals on line —
sensor outputs are fed directly to the
computer — dt the Tonto Forest Seis-
mological Observatory. Data from
multi-channe] inputs is multiplexed,
edited (scaled, offset and monitored),
digitized, and formatted for tape re-
cording. The machine is also pro-
grammed to produce Fourier trans-
formations of selected signals.

e e e
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The new GE/PAC 4020

process control computer gives you
invested...in a compact and reliable




GE/PAC 4020—newest member of the General Electric
family of process control computers—combines high-speed,
advanced design and low cost for both process control and
scientific applications in the small computer field. Designed
for either an upright cabinet or a desk, GE/PAC 4020 has
a price tag below $50,000 including a basic input/output
typewriter with integral paper tape equipment. The econ-
omy and flexibility of GE/PAC 4020 makes process auto-
mation a reality in broad new application areas in UTILITIES,
CHEMICAL, PETROLEUM, STEEL, .PAPER, CEMENT, TEXTILES,
TRANSPORTATION, FOOD PROCESSING, RUBBER, DISCRETE
PRODUCTS, MACHINE TOOLS, AND MUNICIPAL SERVICES.

Look at these advanced features!

INTEGRATED CIRCUITS bring you highest per-
formance, reliability and compactness. Vulner-
ability to connection failure is greatly reduced
and a high degree of immunity to electrical noise
is achieved. 1.6 MICROSECOND SPEED gives
you greater throughput per dollar invested.
Process functions are performed faster, allow-
ing time-sharing via I/O typewriters and other
devices under control of the GE/PAC Free-
time program. OFF-THE-SHELF GE/PAC SOFT-
WARE, compatible across the line, puts your
process control computer on-line faster, with
simplified programming utilizing GE/PAC’s
established 24-bit word length. The benefits—
earlier return on your investment and lower

highest performance per dollar
system!

programming costs. DIRECT DIGITAL CONTROL
CAPABILITY is inherent through GE/PAC 4020’s
high-speed, reliability, and flexibility using stand-
ard input/output and man communication
devices. TOTAL INFORMATION SYSTEMS with
unit responsibility from General Electric are en-
hanced by the addition of GE/PAC 4020. Such

. systems can include other GE/PAC 4000 com-

puters, Compatibles/400 and 600 business com-
puters, Directo-Matic® II controls, GE/MAC
instruments and GE/TAC telemetering and
control.

Contact your nearest General Electric Apparatus
Sales Office or the Process Computer Section,
P.O. Box 2918, Phoenix, Arizona 85002.

GENERAL @D ELECTRIC
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*Trademark of General Electric Co.



ANNOUNCES
the '
UCC PROGRAM
TRADING
CENTER

If You or Your Company:

has developed and implemented a new
EDP application solution

has designed and implemented an effi-
cient operating system

" has built and implemented a new or modi-
fied language or compiler

UCC will purchase Your system, or market
Your system on an attractive royalty basis.
"This will enable you to:

recover most or all of your development
costs

produce a regular repetitive income with
little or no assistance on your part

Programs accepted for distribution will be
nationally advertised and marketed in key
metropolitan areas. '

In the event your system is presently being
marketed, we can assist in selective areas.

Give our Program Trading Center staff an
opportunity to study a narrative description
of your program.

For additional information regarding The
Program Trading Center contact:

*Pricing, documentation and distribution will be supplicd by UCC

UNIVERSITY
COMPUTING
. COMPANY .

Attention: PTC
1330 Exchange Bank Building
Dallas, Texas 75235
Telephone: 214 FL 7-0246
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3M TASK FORCE Reports:

There’s a group of systems
development people at the 3M
Company called the 3M Task Force.
Their aim is to improve methods of
storing and retrieving the mountains
of information needed to keep our
complex world going.

Now and then, the 3M Task Force
will air a few of its activities and
ideas in this publication . . .

on the chance you might find a line
of thought worth further probing.

Medium “‘reborn”’

For the recording of total information,
microfilm has no peer. Whether the
information is of the quantitative type
we process as data, or qualitative

and textual, or purely graphic

in nature, all types of information

can be recorded on microfilm

for storage and retrieval.

The growing attention to microfilm
in basic information systems suggests
that this medium, originally valued
for purposes of security and

dead storage, has been “reborn.”

Computer graphics in
parts catalog preparation

and distribution

EDP systems generate a large quantity
of printed output on bulky paper
forms using relatively slow,
mechanical printers.

Developments in electron beam
recording technology now make
possible the direct microfilm printing
of this information at electronic
speeds with varied character font
and format. This approach

utilizes a unique electron beam
recording film which is instantly
processed for immediate use.

COMPUTER

L

ELECTRON BEAM RECORDER

RECORDED FILM MASTER

RN

REPRODUCTION AND DISTRIBUTION

Computers are widely used for
processing spare parts data in support
of systems for equipment maintenance,
inventory accounting or spare parts
sales at retail outlets. These systems
require frequent distribution of
updated listings to many locations.
An EBR system provides for the
creation of a reproducible microfilm
master at data rates compatible

with internal memory operations.

The reproduction program uses
duplicate film rather than the

hard copy as the published medium.
This means low cost duplication
(1/10 cent per page), reduction in

February 1966

handling and distribution cost
and easier retrieval.

Parts catalogs often contain

line drawings and other graphics.
Pictorial data can be input to

the electron beam recorder from

a digital source or from film for
integration with the alpha-numerics
on the output film. Graphics must
be superimposed or interspersed for
preparation of a catalog containing
a combination of digital and

analog data:

DRAWING
PREPARATION

FILMED
DRAWINGS

RECORDED FILM with digital and drawing information

COMPUTER

L

ELECTRON BEAM
RECORDER

MULTIPLE FILM COPIES FOR DISTRIBUTION

For more information about

electron beams and computer graphics,
get in touch with Rolf Westgard
(612-733-4995) 3M Co., Building 209,
Dept. FDJ-26, St. Paul, Minn. 55119.

Heartbeats on microfilm

The instrumentation and recording

of biomedical data which is displayed
on oscilloscopes or recorded
graphically on paper can now be
accomplished in yet another way. An
example is this new method for

the recording of electrocardiograms:

A unique computer program for the
analysis of ECG’s is being
developed by M.D.’s at a well-known
midwestern university. And a
microfilm system is an important part
of this program.

A proposed ECG Center will function
as a central recording station for

all electrocardiograms which are now
recorded in two hospitals and the
university’s medical school.

Regardless of the patient’s location,
electrocardiograms will be
transmitted via existing telephone
circuits to the centralized recording
station. With the new system,

the technician will attach all leads
to the patient at once, instead of

one at a time as in the past.

He will use any telephone to call the
Electrocardiographic Center.

Once contact is established and

verified, he will turn a switch and
transmit up to six leads at one time,
using the existing telephone or

wired connections. In rapid sequence,
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all twelve standard orthagonal leads
will be transmitted. Transmission

of vector loops will also be
accomplished in the future. All
transmissions will be monitored at
the monitor control console and
recorded from the slave oscilloscope
mounted beneath a special camera.

Here is where the microfilm aperture
card system comes in. At the Center,
the ECG data will be directly
photographed from an oscilloscope
screen by a microfilm processor-camera.
In 45 seconds, the image is reduced
to one frame of microfilm mounted on
a data-processing card. After each
ECG is recorded, a dry silver print is-
made for the cardiologist’s
interpretation. A microfilm viewer

" may also be used for interpretation.

Later, this information will be coded
into the aperture card. The card

is then filed and available for
immediate recall. Whenever a :
cardiologist needs to look up an ECG,
he simply puts the card in a
Reader-Printer and the image appears
on a large screen. He can get as many
working-size copies as he needs by
pressing a button. These copies can be
sent back to the referring institution.

PATIENT
IDENTIFICATION
[ CODER Al

ECG PICK-UP
AMPLIFIER

DATA
1 TRANSMISSION [— —
LINE

SLAVE
MONITOR 0SCILLOSCOPE
CONTROL LLos
CONSOLE

CAMERA

) | J

Y Y
PATIENT LOCATION ECG CENTER

Immediate viewing of ECG’s for
consultation and training within
each hospital in the complex will be
possible by means of a closed-circuit
TV hook-up. At the present time,

it is possible to transmit a single
channel ECG signal potential over
any ordinary telephone circuit by
means of a telephone link. ECG’s from
any out-patient or in-patient may
be transmitted by a centralized
ECG Center using this system.

A more efficient means of transmission
will be the simultaneous transmission
of 3 or 6 channels of data.
Simultaneous recording on magnetic
tape will facilitate the computer
analysis of ECG’s, which is

the eventual aim of this project.

We are interested in talking with
people about the areas of

biomedical instrumentation recording.
Write or call Walter F. Creigh
(612-733-4884), 3M Co.,

Building 209,

Dept. FDJ-26, St. Paul, 3m
Minn. 55119. COmPANY




Ever have days when you get this sinking feeling? Tape problems — trans-
port problems — dropout problems? ' ‘
Next time maybe we can help. Before you go down for the third time,
call your nearest Computron Regional Office and shout “Mayday”. Your
Computron customer engineer will be on his way in a trice. He is fully qualified
in all phases of EDP. He is not a salesman. He knows tapes — he knows com-
puters — and he has had a great deal of experience in getting them to talk
‘to each other.

Of course, many people have solved their data recording problems simply
by switching to Computape. ‘

In any case, we are at your service. For advice, application assistance,
problem solving, or just a reel of tape, call your nearest Computron office.

i PR s
P Gowadd T H LAED

A PRODUCT OF COMPUTRON, INC.

MEMBER OF THE M@’F GROUP
122 CALVARY ST., WALTHAM, MASS. 02154



L b 2 PROCESS CONTROL by Thomas M. Stout. This tutorial article explai
‘ - , . . . plains
ﬂe r L]aﬁ y why control computers are installed (manpower reduction is not a prime factor),

the role of the computer, its operating problems and difficulties in system design

1 9 6 6 . and installation.

volume 12 number 2 28 CONTROL IN THE IRON & STEEL INDUSTRY, by Thomas R.

Schuerger and Frank Slamar. Hampered by the difficulty of sensing and
measuring changes in an on-going process, the industry nevertheless moves toward
modified forms of control gear and the integration of control systems.

N

33 PROCESS CONTROL SOFTWARE, by James D. Schoeffler. The
structure of control software and the classes of process disturbances with which
they must contend are defined, and features needed in future software are ad-
vanced. :

45 A SURVEY OF THE CHARACTER RECOGNITION FIELD, by Law-

rence A. Feidelman. In addition to an equipment comparison chart article ex-
plains methods by which documents are read, and includes selection criteria and
developmental trends.

53 CONTROLLING COMPUTER OPERATIONS, by R. S. Haas. Treating

the avoidance and handling of dp-center operations problems, article covers orga-
nization, scheduling, machine use accounting, reporting of problems and reruns, and
mechanizing of internal operations. :

61 SIMULATED SHIPPING, by I. M. Datz. Mathematical model permits

studies of the effects of proposed ship designs in terms of anticipated cargo, routes,
seasonal variations, and defense mobilization.

66 TIME-SHARING: A STATUS REPORT, by Art Rosenberg. An exam-

ination of this multi-facéted topic includes a clarification of terms, and a look at
the technical and economic problems and the effects on corporate organizational
structure.

130 THE CLICHE EXPERT DISCUSSES COMPUTERS. Witha bow to Frank

Sullivan, our local cliche’ expert makes a sales call on a carefully qualified prospect.

datamation departments
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time-sharing computer5 .
already it speaks
eight languages.

Q&L b

The SDS 940 is a low-cost, high-performance computer
designed specifically for general-purpose time sharing.

The complete system is in operation now, and we’ll make
the first customer delivery in April.

If you’d like a demonstration, come to Santa Monica and
converse with the system in any of its eight fully documented
and debugged languages.

"~ Or rent a Teletype and call up the system from where you
are.

The 940 is very easy to talk to. No expert interpreters
required.

It can handle an unlimited number of user stations. With
more than 30 users talking at once, the 940 can respond in
two to three seconds. With six simultaneous users the response
time is less than one second.

The 940 does multi-programming, real-time processing
and on-line remote data processing. Its hardware is designed
to minimize programmed overhead and make the whole sys-
tem available to the user.

Hardware features include monitor and user modes,
dynamic program relocation, automatic memory fragmenta-
tion control, and system protection.

Users may be individuals, machines, or both at once, and
they’ll never get in each other’s way. The Monitor program,

Fﬁﬁ?ﬁﬁﬁﬁ QE&,

WHAT &ﬁﬁﬁﬁ&ﬁﬁﬁ ﬁRE &V&IL&

and hardware protection, keep users from destroying or gain-
ing unauthorized access to programs or data of other users.

The Executive program lets you call for the language that
best suits your problem and your ability to operate the
machine. Another program, HELP, tells you how to use the
language.

The following subsystems are operating now (with full
documentation) :

.CAL (Conversational Algebraic Language). Resembles
Joss. Is primarily aimed at small numerical problems in a
highly interactive environment. It relieves the user of all
burdens of storage allocation for both programs and data.

FORTRAN. Has all the features of the standard SDS 900

Series FORTRAN 1II. Can accept symbolic source-language

input created on-line by QED, and thus an on-line compile-
execute-edit-compile cycle is easily achieved in the system.

QED. A generalized text editor that allows the on-line user
to create and modify symbolic text for any purpose. Includes
inserting, deleting and changing lines of text; a line-edit fea-
ture; a powerful symbolic search feature; automatic tabs the
user can set; and ten string buffers. The user can automatically
save a set of editing commands for “canned” execution latcr
(cliches).

SYMBOLIC MACRO-ASSEMBLER. A two-pass assem-



bler with subprogram, literal, and powerful macro facilities.
It is similar to the standard SDS Meta-Symbol assembler. The
output is accepted for use by the debugging program DDT,
providing all the symbol tables for effective program checkout
in terms of source languages.

DDT. A versatile, sophisticated on-line debugging pack-
age. Permits the user to examine, search, change, and insert
break-point and step-trace instructions in his program at the
symbolic level. Permits the use of literals in the same manner
as the assembler. Can load both absolute and relocatable
assembler-produced files. Its command language is geared
to rapid interactive operation by the on-line user.

LISP. An extremely powerful symbol-manipulating lan-
guage that uses recursive, list-processing techniques. Partic-
ularly valuable for nonnumeric applications and logical analy-
sis. In its current application it is interpretive and has the
added capability of employing M-expressions, which are
closer to the user’s problem language than the normal input
form.

SNOBOL. A programming language that provides com-
plete facilities for the manipulation of strings of characters.
Is particularly applicable for programs associated with text
editing, information retrieval, linguistics, compiling, and sym-
bolic manipulation of algebraic expressions.

HELP. A valuable aid to the inexperienced. Provides on-
line question-answering service for use by the time-sharing
Executive and the above-described subsystems. HELP gives
users convenient access to a direct self-teaching facility, which
accepts questions on system or subsystem usage in natural
language and answers in English.

Other subsystems are well along in development, including
ALGOL.

When not required for time sharing, the 940 operates as an
SDS 930—a high-powered general-purpose and real-time
computer.

An almost unlimited number of SDS peripheral devices
may be used with the 940, including Random Access Disc
(RAD) files, single-capstan magnetic tape unit, display scopes
with character and vector generators, line printets, card read-
ers and punches, paper tape equipment and digital plotters.

The SDS 940 is not an interim time-sharing system which
will be obsolete in a couple of years when software for the
“big” systems is delivered. You'll still be contentedly using
your 940 system five years from now.

You can start using it in six months if you hurry

Scientific Data Systems

1649 Seventeenth Street, Santa Monica, Californi
Offices in principal cities throughout the world,

CIRCLE 9 ON READER CARD



" When you need 3 conversaton pece

[or Tast-{alk with busy computers..

Consider an “interpreter”
from Tasker. Like this versa-
tile, modular input/out
console—one of the vital units
used in programming, check-
ing out, and monitoring such
delicate unmanned space
flights as the Mariner mission
to Mars.
Human-engineered for fast,
fatigue-free operation, this
multiple-input console works

through a data communica-
tions channel to four main
computers. Its operator can
alter programs, call out
subroutines, make preflight
checks, run tests and observe
the status of all computers
and peripheral equipment.
Among the principal features:
a single-line, 72-character CRT
readout that lets the operator
verify entire alphanumeric
messages before transmission.

The modular, easily modi-
fied console and its proven,
long-life circuitry (estimated:
above 82,000 consecutive
hours) typify a Tasker talent:
“quick reaction” ability to
solve special problems and
customize as needed. If you
have problems in display,
computer control, or radar
and tracking ... try Tasker
for good solutions.

[asker

Tasker Instruments Corp./ 7838 Orion Ave. / Van Nuys, Calif. 91409/ (213) 781-3150
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calendar

@ sHARE xxvI will meet Feb. 28-Mar.
4, El Cortez Hotel, San Diego, Calif.

@ American Management Assn. will
sponsor a conference on dp, Feb. 28-
March 2, Statler Hilton Hotel, New
York City. Fee: $85, members, $10Q,
non-members; and a briefing session,
“Planning Direct Access Systems Us-
ing Remote Data Terminals,” March
2-4, Hotel Roosevelt, New York City,
Fee: $150, members, $175, non-

members.

@® Computer Usage Education Inc.
is sponsoring four seminars: “IBM
System/360 Software,” March 1-3,
International Hotel, Los Angeles;
“Data Communication,” March 8-10,
Jack Tar Hotel, San Francisco; “In-
formation Retrieval,” March 14-16,
and “Time-Sharing,” March 22-24,
Barbizon-Plaza, New York. Fee: $195.

@® In-residence short courses on dp
orientation for administrators and key
personnel will meet on Calif. State
Polytechnic College’s Voorhis Campus
Education Center, March 7-8 and 21-
22. :

@ Course in edp audit and controls
will be held March 7-11, Sheraton-
Lincoln Hotel, Houston, Texas; April
25-29, City Squire Motor Inn, New
York City; May 16-20, Jack Tar Hotel,
San Francisco, Calif. Sponsor is Auto-
mation Training Center. Fee: $250.

@ Canadian Operational Research
Society’s conference will be held
March 12-13, McGill Univ., Montreal,
Canada. :

@ Course in theory and techniques
of linear programming will be given
by Univ. of California Extension,
March 15-25, San Francisco, Calif.

@® Lomond Systems Inc. and Chevy
Chase Travel, Inc.,, Bethesda, Md.
will sponsor a group seminar tour of
edp executives in eight European
countries, March 21-April 7. Fee:
$1455.

DATAMATION



@® The Div. of Continuing Educa-
tion, Univ. of Texas Graduate School
of Biomedical Sciences, is sponsoring
a symposium “Biomathematics and
Computers in Life Sciences,” Mar. 24-
26, Houston, Texas.

@® Univ. of California Extension, Los
Angeles, is offering two courses: “Use
of Computers in Structural Engineer-
ing,” Mar. 28-Apr. 8; “Hybrid Com-
putation,” April 25-May 6. Fees: $300.

@® One-day technical symposium,
sponsored by six southern California
ACM chapters, will be held March 29,
Disneyland Hotel, Anaheim, Calif.

@ “The Challenge of Cybernetics to
Education” will be presented by the
American Univ., March 29-31, Twin
Bridges Marriott Motor Hotel, Wash-
ington, D.C. Fee: $150.

@® ACM symposium on symbolic and
algebraic manipulation will be held
on Mar. 29-31, Washington D.C.

@ Symposium on process automation
will be held April 18-20, Newporter
Inn, Newport Beach, Calif. Sponsors
are Beckman Instruments, Scientific
Data Systems, Consolidated Electro-
dynamics Corp. and Control Data
Corp.

@ International conference on dp in
hospitals will meet April 20-23, Hotel
Marienlyst, Elsinore, Denmark.

@ Meeting of the American Society
of Mechanical Engineers on the theme
“Computers and Instrumentation” will
be April 25-27, Charleston, W.Va,

@ Bionics symposium, sponsored by
Air Force Systems Command’s Aero-
space Medical Div. and Research and
Technology Div., will meet May 2-5,
Sheraton Hilton Hotel, Dayton, Ohio.

@ Telecommunications exposition to
be held in conjunction with meeting
of Industrial Communications Associa-
tion will be May 2-5, Queen Eliza-
beth Hotel, Montreal, Canada.

@ Data processing conference will
meet May 3-5, Univ. of Alabama DP
Center, Birmingham, Ala.
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$5000
Mathatron digital computer
uses a new
computer language...

...algebra

Tap in the problem, digit by digit, sign by sign, with decimal
points and parentheses and power of 10 exponents, just as if

you were writing it out. The Mathatron prints the problem
on paper tape, then prints out the answer. As simple as that.

Four or eight independent storage registers, 24 or 48

step ferrite core memory, 100 column number capacity,

8 to 9 significant digit accuracy, automatic decimal placement,
electronic speeds, optional pre-wired programs, all solid

state logic and circuitry. It won't solve everything, of course.

If you already have a large data processor, consider this:

80% of the Mathatron owners have big computers, too.

But they can't stand the time lag, or the hourly cost,

or the gaff. The Mathatron is twice the size of a typewriter

and is accessible, immediately, to the whole department.
Write for further information.

MATHATRONICS, INC.

257 Crescent St., Waltham, Mass. 02154 (617) 894-0835
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HOW TO
MAKE

PROCESSED
DATA AVAILABLE

Few question the value of effective data processing for
improving administration, production, and other busi-
ness procedures. However, unless the processed data is
available when and where it's needed—its effectiveness
is lost. That's why data communications is so much a
part of any system for collecting, processing, and dis-
tributing business information.

Speeds Information as Needed Teletype machines are
the most widely used for transmitting data. They are the
most efficient and least costly equipment to speed infor-
mation from where it originates to where it must go to
be most useful.

An added advantage—Teletype Models 33 and 35 page
printers and automatic send-receive sets operate on the
same permutation code as approved by the American
Standards Association for information interchange. There-
fore, they speak the same language as most computers
and other business machines.

Provides Versatility as Needed Teletype equipment is
being used in data processing systems as input/output
devices for computers as well as for on-line commu-
nications. Messages and data can be punched on paper

machines that make data move

February 1966

tape off-line for later transmission on-line at full capac-
ity to distant points or directly to computers.

A new 4-row keyboard makes operation easy for any
typist. There’s no longer any need to “shift” between
letters and numbers. And, Teletype machines can print
on business forms providing multiple copies both locally
and at remote stations. This speeds clerical procedures,
as well as improves order processing, and production
and inventory control.

Cuts Order Processing 75 Percent Getting informa-
tion where it’s needed as quickly as possible has helped
a metal products manufacturer cut order processing time
75 percent. By using Teletype ASR (automatic send-
receive) sets, minutes after an order comes in the data
is sent to shipping and production departments—each
one receiving the accurate information it needs. The re-
sults have been same-day shipment of in-stock items,
orders scheduled into production 3 to 7 days faster,
overtime reduced, errors nearly eliminated, and up-to-
date sales reports and analyses provided to management.

Learn More About Moving Data These Teletype
machines are made for the Bell System and others who
require dependable and low cost communications. To
learn more about how this equipment is used in other
effective data communications systems, write for our
“HERE’S HOW"’ brochure. Teletype Corporation, Dept:
81B, 5555 Touhy Avenue, Skokie, Illinois 60078.

TELETYPE
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New Acme Visual Control Panels
mastermind electric brains
at Department of Defense -
worldwide general supply center

Have you a tough problem of production
programming, sales quota policing, budg-
eting, contract coordinating? Then see
how swiftly and efficiently two new Acme
Visual Control Panels heip Uncle Sam do
a kindred job of appalling proportions.
Computers at the Defense General Sup-
ply Center receive punch card data on
daily transactions from every supply
depot. From these, they prepare a com-
plete inventory of assigned general supply
items to the Armed Forces.

And that's just one of 150 jobs these
machines must do. Yet the work flows
smoothly, 24-hours a day, thanks to just
two Acme Control Panels that mastermind
these electric brains. Let an Acme rep-
resentative show you exactly how these
remarkable control panels, with their
movable tapes, sliding signals and cali-
brated frames, can heip you stay on top
of almost any program...at a glance!
Meantime, send the coupon for complete
facts on new Acme Visual Control Panels.

ACME VISIBLE RECORDS, Inc.
7502 West Allview Drive, Crozet, Va.

Please let me have full details on new Acme Visual
Control Panels.

fm————————

Name.

Company

Address.

City. Zone State

________________ -l
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u.k. sunshine

Sir:

May I offer some sunny touches to
your gloomy picture (Editor’s Read-
out, Dec., p. 23) of computer educa-
tion and the industry in the U.K.? The
British Computer Society is growing
fast, 30% in the last eight months, to
over 5,000 . . . A BCS survey of U.K.
computer education shows at least 350
courses available at various levels
from universities down, excluding
courses by manufacturers.

It is not universities but traditions
that are likely to drown.

The BCS 5-day real-time symposium
expected 600 participants; we got
2,500. I hope your readers will not
write off the U.K.—history is very much
against them.

J. G. MACKARNESS, SECRETARY
British Computer Society
London, England

computers & redistricting

Sir:

Some remarks are necessary on the ar-
ticle, “Computers and Redistricting,”
by John F. Banzhaf III (Dec., p.
103), where I am quoted as saying
that the computer’s plans for redistrict-
ing the state of Connecticut were not
much better than the one that came
out of the smoke-filled room.

In the first place, if we had pre-
sented the plan for redistricting the
House of Representatives which the
state legislature arrived at by its de-
liberations, it would very likely have
been rejected by the federal district
court because the population devia-
tion would have been in excess of that
permitted us in a computer solution.
The reason for the rather large popu-
lation deviation in the legislature’s
solution is the built-in error (reach-
ing £50% in some instances) in-
herent in the use of a rather large
unit, namely the traditional township,
in forming the legislative districts. Qur
solution would have used a smaller
unit for constructing the House dis-
tricts, thus reducing the population
deviation to an error not in excess of
+10%.

Whenever the number of legislatiye
districts to be constructed is not much
smaller than the number of units upon

which the districts are based—in math-
ematical terms, whenever the number
of degrees of freedom is small—one is
faced with an ill-conditioned problem
and, as in the case of linear algebra,
standard techniques of solution may
not necessarily lead to the best solu-
tion. In the redistricting problem ill-
conditioned problems have not, to my
knowledge, been adequately studied
but clearly will require investigation
if the constraints of the problem re-
quire a small number of degrees of
freedom. However, even with pres-
ent techniques a solution by computer
carries the merit of being non-partisan.
Morris S. Davis, DIRECTOR
Computer Center

Yale University

New Haven, Connecticut

programming the 360

Sir: ‘

Your December article, “System/360
Assembly Language” by Martin E.
Hopkins, warns: “One of the largest
sources of errors in 360 coding is in-
correct alignment on byte boundaries.”
I submit that a greater source of er-
rors is the hexadecimal to decimal con-
version, or vice versa.

For example the middle of page 74
illustrates X’150" is equivalent to 320,
and decimal 57943 is equivalent to
X‘E261’. However, this is not true,
Hexadecimal or X150’ = 336 (or 320
= X'140’), and decimal 57943 = X‘'E -
257 (or X'E261" = 57953).

Because of such recurring errors,
which is quite common to 360 and
Spectra 70 programming, the Spectra
70 Training Manual has a “Hexadeci-
mal-Decimal Conversion Table” which
is a great ajd to the programmer. -
MELyIN F1sHEMAN
Systems Information
RCA-EDP

-‘Camden, New Jersey

Author’s reply: Thank you for correcting me and
bringing the excellent RCA conversion chart to
my attention. However, the value of this or any
other hexadecimal conversion chart is, | believe,
limited. Exprienced programmers tend to oper-
ate within a number base. They think in hex . . .
add and subtract in hex. The assembly language
assists by ullo'wi,ng one to express oneself in
hex, further reducing the need for conversion
.. ..For those cases in which one must work with
data in decimal, dumps are available which give
the desired format.

It is hard to pinpoint the cause of bugs, but a
poll of 10 programmers in our shop, each hav-
ing two years’ coding and checkout experience
on the 360, reveals that none can remember
when they last manually converted a number;
over half claim they never had to. All mentioned
boundary alignment or its effect, a specification
interrupt, as a frequent cause of error.

DATAMATION



short-word computers

Sir:

Re: “Comparing the Compacts” by
Edward O. Boutwell, Jr. (Dec., p. 61).
In Fig. 3, p. 73, I believe the line
sloping down to the right should be
labeled “$/Performance,” rather than
“Performance/$.”

Joun C. TAyLOR

System Sciences Division
Conirol Data Corporation
Los Angeles, California

Unfortunately, the curve was labeled incorrectly;
the horizontal line between the 1" and “'per-
formance/$" was left out. The parameter which
is treated in the paper is “performance/$.” The
reciprocal of the parameter was plotted in order
to better illustrate the combined effects of per-
formance/$ improvements and increasing sys-
tem complexity, and at the same time to conform
to the general practice of labeling the ordinate

axis “increasing’’ in the up direction.

computer & the arts
Sir:
Much unpublished activity is going
on in the application of computers to
the arts. I would like to compile a
list of research projects involving vis-
ual design, architectural design,
music, ballet, poetry, drama, film and
the like. Those working in this area
are requested to send a brief descrip-
tion of the work.

I would also like to know how much
interest there is in a conference on
“The Computer and the Arts.”

L. MEeze1

York University

2275 Bayview Avenue
Toronto 12, Ontario
Canada

5/é,§-,_
WEAVER.
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‘how to get
“your A-D Converter
- “made to order”

2

For your choice of more than 10,534
TT converters, just select the input/
output functions that meet your re-
quirements. Then you get an A-D
Converter composed of carefully
engineered, field-proven functional
modules that exactly fit your job

. . . “made to order” from TI.

With Series 846 Converters, you'll
get speed as high as 69,000 conver-
sions/sec including built-in sample
and hold. You'll get accuracy to
0.025¢/ of full scale and high input
impedance (100 megohms) for sin-
gle-ended or differential units. And
for low-level conversion, you get
high common-mode rejection.

INDUSTRIAL
PRODUCTS
GROUP

L EORVERTER
grt i

You can also have your choice of TI
Multiplexers from 32 different mod-
els. Multiplexers can be furnished to
accommodate 10 to 160 channels at
sampling rates to 50,000 channels/
sec. Four channel-select versions are
offered: addressable, addressable/
sequential, sequentiél or direct
channel-select. -

When you need an A-D Converter
or Multiplexer, choose one of the
“made to order” instruments from
Texas Instruments. For more infor-
mation, contact your nearest TI
Authorized Representative or write
directly to the Industrial Products
Group in Houston.

TEXAS INSTRUMENTS

INCORPORATED

P. O. BOX 66027 HOUSTON, TEXAS 77008
118 RUE du RHONE GENEVA, SWITZERLAND

751
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| Would you believe it,
| ASI increased its

computer sales the z
past year by 186%?

Y

THE FACTS ARE: Actual growth in 1965 was
more than 300%. In three short years ASI has
successfully developed, designed, manufactured,
sold, and are servicing a line of computers in ,
the scientific field starting with the 210 and the
2100. These were followed by the remarkable
ADVANCE Series 6020, 6040, 6050, and 6070.

Our hardware, software, and peripheral
equipment are second to none in our area; in
addition, we provide the most eager assistance
and support in the business.

ADVANCED SCIENTIFIC INSTRUMENTS
DIVISION OF ELECTRO-MECHANICAL RESEARCH, INC.

8001 Bloomington Freeway, Minneapolis, Minn. 556420
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Programmers at IBM enjoy
professional status. Get full
support from management. Work
closely with systems designers.

As an IBM programmer, you'd

rub elbows with the profession’s
leaders. Be exposed to all

aspects of advanced programming.
Have an active part in helping

to advance the frontiers of
programming knowledge.

You'd get the chance to grow.
Take on new responsibility. And
realize all the accompanying
rewards. You’d enjoy continuing
career-oriented assignments.

Soon, IBM programmers will be
writing control programs for
post-lunar launches. They’ll
develop time-shared systems for
overlapping missions. They'll
work on multiprocessors, dynamic
storage allocation, and adaptive,
self-organizing systems.

They'll even use computers to
design other computers. But
that’s in the future. Your
future with IBM. Let’s talk
about now.

We have immediate openings in
our Federal Systems Center in
Bethesda, Maryland. These posi-
tions require a B.S. or B.A.
degree, or equivalent, and at
least one year’s experience in
programming. To learn where
your programming talents could
take you in IBM’s Federal Systems
Center, mail the coupon today.

We'll contact you within a week.
IBM pays relocation expenses.
An Equal Opportunity Employer.

o o e e ————

Mr. J. B. Farrington

Dept. 701-0 IBM
IBM Federal Systems Center

7220 Wisconsin Avenue ®

Bethesda, Maryland 20014

| am interested in career
oppertunities in programming at IBM.

Name

Address

City

State Zip Code
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RETURN OF THE GIANTS
The Jan. 21 announcement of IBM's new "super" series,
the 360/90, came as a surprise, since it hadn't been
too long since IBM told some folks that it was getting
out of the giant machine business (shades of Stretch).
A sudden reversal was noted after IBM had withdrawn
from competition at the Stanford Linear Accelerator
Center in December, then came back in with a 360/91
bid three weeks later. It may be IBM's last shot
at an AEC installation for awhile: it looks as if CDC
might have the inside track at Argonne and at
Los Alamos. Awaiting final AEC approval, Argonne
will probably get a 3800 to supplement its 3600
until a 6800 arrives early in '68. Los Alamos looks
as if it's ready to spend up to 7 megabucks on a
6800 which will be preceded by an interim 6600.
The system will supplement three 7094's, a Stretch,
and the home-made Maniac-II.

Meanwhile, Lawrence Radiation Labs at Livermore
is on the prowl again for more hardware. (An old
gag about Livermore: Don't worry if we can't fly to
the moon; pile up all the computers there and
climb up). This time, the rfp is for a parallel
network computer, which really means several
(10-100 maybe) small computers with restricted
command repertoires which are hooked together. No
such machine is now on the market, although )
Westinghouse has designed one. They, along with IBM
and CDC, will probably bid. Another possible
surprise entry: General Precision Librascope. The
cost for the gear, expected to be better than
anything now available: hopefully not more than
$5 million.

«+.WHILE LITTLE ONES

STAGGER FORWARD
Meanwhile, not all is quiet on the 1i'l machine,
small company front. In Sunnyvale, Calif., Jim Chao's
Information Technology, Inc. is shipping out its
first 4900 computer, has orders for 12 more.
The 4900 will go i.c.; memory cycle time has dropped
from 6 usec to 1.75, and internal speeds hiked
two to three times. The company has also installed
some printer systems, Some memory systems and
multiplexers.

Decision Controls, in southern California, has
delivered five of its Data Machines machines, has a
backlog of 10, with maybe 60 cliff-hangers out on bid.

Texan outfit Scientific Control Systems says
things are going great, but won't offer any
supporting evidence, opining only that they have
lots of money and that the Texas weather that day
was terrible (does that mean it was raining pennies?).

One casualty amongst the little guys is GFI of
Encino, California. (See Sept. '64, p. 17). The
company sold its breadboard, then folded. Founder
Marc Goldwater has turned to consulting; his partner,
David Fuchs, is with IBM.

GOVERNMENT ROUNDS OUT

ADP MANAGEMENT TEAM

The Bureau of the Budget has-acquired a quarterback
for its efforts to rationalize Government computer
operations with the appointment of Joseph Cunningham
to the newly created post of chief of the Bureau's
ADP policy staff. Cunningham is a veteran computer
hand who was associate director and ranking civilian
in the AF's Data Automation Directorate. He'll be
responsible for creating the broad policy guidelines
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If If you've
you’ve done it
ever with

gottena  just one, Scientific Pr

program call us
working collect!
with |
two .
assemblies,

write |

to CUC.

B Let’s talk. And let’s be frank. We need you and people
like you.

We think we've built the kind of company you'd find
stimulating.

You've probably heard how choosy we are. And you've
heard about the kind of work we do. But can you imagine
the satisfaction you'd get from working with an outfit
like CUC? To find out more about us mail this coupon.

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

Computer Usage Development Corp.
344 Main St., Mt. Kisco, N. Y. 10549
914-666-6741 Ext. 25

Send us a copy of your 24 Page Capability Report
“One Day in May”
NAME
COMPANY NAME
ADDRESS

An Equal Opportunity Employer CITY. STATE 2IP
OFFICES IN: NEW YORK CITY; WASHINGTON, D.C.; BALTIMORE; PHILADELPHIA; CHICAGO; BOSTON; LOS ANGELES; SAN FRANCISCO; HOUSTON.
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look ahead

AFIPS READIES
INITIAL INDUSTRY REPORT

RUMORS AND
RAW RANDOM DATA

February 1966

under which BOB, General Services Administration,
and Bureau of Standards will try to help the biggest
user of them all move toward hardware and software
compatibility, equipment coordination and sharing,
improved selection and procurement, better edp
management in general.

‘ Cunningham will also be involved in translating
the dictates of the recently passed Brooks Bill --
including the revolving fund proviso -- into action.
And his staff will work closely with those of GSA's
Ed Dwyer and Norm Ream of the Bureau of Standards.
Their general charter: make sure that the nation gets
its money's worth out of what the President estimated
last month as $2 billion/year in ADP expenditures.

Concern over a lack of information and statistics
about the edp industry (see this month's Readout)
has led AFIPS to finance preparation of a literature
search” of certain aspects of the field.

Under a $5K contract, CEIR has compiled a report
which attempts to establish the number of machines,
people employed in various types of jobs in the
industry and their salaries, with projections for all
three over the next several years. Now being
scrutinized by AFIPS chieftains, the survey may be
made available in condensed form at the next SJCC.
Although limited, the survey will undoubtedly be
welcomed by many as a step in the right direction.
And its limitations might inspire more. thorough,
better financed research.

Fabri-Tek has acquired Costello & Co., edp rep
organization with offices in California, Arizona and
Texas. Head man Joe Costello moves to Minneapolis
as administrative vp, leaving Will Little as head
man of the new subsidiary...Two OEM firms seek

to broaden and diversify markets: Potter pushes a
PS-6000 print station combining printer and tape
unit ; Data Products develops special upper/lower case
printer/tape combo for printing of "personalized"
form letters...It looks as if Univac has cornered
the last big airline reservation order from Air
France...Look for ASI to change its name soon in an
attempt to make better use of its association with
parent firm EMR, rich stepchild of financial goliath
Schlumberger...Radiation, Inc. has won an $8-million
contract from the Bureau of Naval Weapons to build
one-way airborne data links for installation on
jets, whose landing approach will be controlled by
computer aboard the carrier...More dough for the

U. of Utah, where ARPA plans to spend $500K over
next two years for research in graphic 1/0 terminals
and ancillary software, with emphasis on economics...
Rumors are that the Reuben Donnelly airline
reservation system may switch from ITT hardware to
GE 600 series...We hear GE is delivering a GE 615
(stripped down 625?) to one customer. It may be the
forerunner of an attempt to stretch the 600 line
downward toward the 400 series.- Also new from GE:
Datanet 70...Nominees for new president of ACM:
Harvard's Tony Oettinger, Bob Rector of Informatics
... Burroughs is trying to decide if its 2000 series,
due out this spring, should be 360 compatible.
Meanwhile, there's talk about the possibilities of
upgrading the 5500...Stan Naftaly has been appointed
chairman of an ACM committee to study the
implications of the DPMA's certificate exam.
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If you use a computer
to draft your own paycheck,

GEORGE SPELVIN 061-16-2265

PAID TO_. i,
STATEMENT OF EARNINGS AND PAYMENTS FOR EMPLOYEE'S RECORD —— DETACH BEFORE CASHING CHECK
EXPLANATION OF YOUR EARNINGS OUT DOF YOUR TOTAL EARNINGS WE HAVE PAID FOR YOU
PERIOD TOTAL — = TOTAL BALANCE
‘ 1 1 "} MY PAID TQ YOUR OF
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you owe 1t to yourself to use
the tape that never misses a bit

N

NG

PRECISION MA

Everybody on the payroll stands to benefit if you use the
computer tape least likely to develop errors caused by drop-
outs. Conventional tapes begin to shed dropout-causing
oxide particles after only a few paydays. Memorex computer
tape—using advanced coating formulations and processing
methods to achieve a superior bond between the oxide par-
ticles—is essentially free from redeposition problems. Hence

- < =
! AN
Potommens |

GNETIC TAPE

Memorex precision tapes are widely preferred for such im-
portant figures as your payroll records.

If you write Memorex Corporation at 210 Memorex Park,
Santa Clara, California 95052, we will send you computer
tape specification data and a complete bibliography of tech-
nical information available from the Memorex library of
reprints.

Memorex Branch Offices in New York, Philadelphia, Washington, Atlanta, Orlando, Dayton, Chicago, Detroit, Dallas, Los Angeles, San Francisco;

Offices and Affiliates in London, Cologne, and Paris
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editor’s read-

Ut

THE MISSING DATA BASE

In Wolf Point, Montana, a bright high school senior wonders if perhaps
information processing might offer him a career. He wants to know what
positions he might begin to study for, which colleges offer the best programs.
In California, the head of a university computer sciences department won-
ders how many people with what capabilities and backgrounds the industry
will need 5, 10, 20 years from now.

The management of a Southern California defense-oriented electronics
firm interested in diversifying wonders if there’s a wider market for some
of its consoles and display devices.

The marketing manager of a New England computer manufacturer won-
ders if there are special applications not now being served, or if there is
some way to group or classify applications to point the way to a special
system, a new software package or marketing approach. Across the country,
the product planning manager of another computer maker wonders if indeed
scientific computing and business. data processing are becoming more similar.
Will one programming language really do the job?

In Washington, D. C., a government employee charged with helping to
channel research money wonders how to allocate it. What are the biggest
bottlenecks in information processing? Who's tackling them now? What
organizations and individuals are capable of taking on what kinds of work?

A New York investment counselor, manager of several large portfolios,
wonders how to choose information processing firms in which to invest his
clients’ funds.

All of these fictional people have actual counterparts in real life. And
they’re asking these questions and other toughies with increasing frequency

. and frustration. For there is no single source of information or statistics
on which to base intelligent planning for education, research, product devel-
opment, and investment in the information processing industry.

The information processing industry is, to put it mildly, information poor.
How many computers of what classes are installed? What are they being
used for? How much time is spent on sorting, on file maintenance, on com-
piling? What’s the average life of a computer? How many hours a day are
computers used? How much of that is productive? How much preventive
maintenance is performed?

The answers — try to get them —to such questions would be extremely
useful: They could mean better computers, more intelligently directed re-
search, better planning by edp departments, wiser investment of capltal
greater profits for manufacturers, users and investors.

The information on which answers to these and equally important ques-
tions could be based does exist. Some of it is made available in bits and
drabs . . . sometimes clandestinely, sometimes as the result of privately sup-
ported research for a client here, a client there. But this is not the way a
mature profession or industry goes about informing itself and its publics
about its business. For an industry which so profoundly affects an amazingly
wide spectrum -of intellectual and economic activities, there is too much at
stake for us to continue acting like a secret society or a high school sorority.

It’s time that leaders of professional societies, manufacturers, user groups,
in universities and government start thinking about what kinds of information
and statistics are needed about our industry . . . and how we should go about
collecting, synthesizing and making them available.

In a subsequent issue, we'll examine some of the possible sources and
focal points for such an information gathering activity . . . and suggest some
concrete courses of action,
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PROCESS
CONTROL

by THOMAS M. STOUT

"1 Several years ago, according to reports, a vice
| president of a chemical company showed his wife

;1 around a computer-controlled plant. Passing

-1 through the control room, in the presence of five
process operators, he thumped the computer and remarked
to his wife, “Here’s the machine that’s going to put these
men out of work.”

Whatever the accuracy of this prediction for his plant,
the gentleman in question probably deserves a low rating
for diplomacy and, on an industry-wide basis, a fairly poor
score for prophecy. A survey of companies using about one-
fourth of the process control computers installed in the
United States showed many instances of no reduction in
operating manpower, an average of about one operating
employee per computer, and frequent offsetting additions
of technical and maintenance personnel.

If—contrary to popular understanding—manpower reduc-
tions are not a primary motivation, why are managements
in the process industries installing control computers? What
are the operating problems behind use of an on-line process
control computer? What functions does it perform? What
difficulties are encountered in system design and installa-
tion? :

This article attempts to answer these questions in a gen-
eral way. The following articles in this issue expand on
these points with examples from specific industries.

process objectives

For purposes of this article, a process is an assembly of
equipment performing physical and chemical transforma-
tions on raw materials to convert them into more useful or
valuable products. Processes for making gasoline, chemi-
cals, steel, paper, glass, synthetic rubber, and many other
materials easily fit this definition. With only a slight stretch
of the imagination, it can also be applied to generating
electricity from coal, oil, gas or atomic fuels. It can even
be stretched to include transport of gas or liquids by pipe-
lines, where the material gains value by being moved close
to the consumer.

22

a tutorial

As a further definition of the area of technology under
discussion, the articles do not deal with plants and proce-
dures for making consumer products such as automobiles
and refrigerators. Nor do they consider on-line applications
of control devices, computers, or digital equipment to such
diverse jobs as machine tool control, engine testing, missile
checkout, medical data collection, mail sorting, toll regis-
tration, television switching, or automatic warehousing,
even though the same computers, techniques, and problems
may be involved. Process control has enough unique as-
pects to warrant a discussion of its own.

Process owners and operators have a number of objec-
tives. Since a process is generally run to return a profit to
its owners, an operator’s first objective may be to maximize
earnings from equipment under his supervision. However,
he must also consider a number of secondary, but neverthe-
less important, related objectives:

e R B AN ) BT Ta R T T T T L L T e Y 1

The author is now president of
Profimatics, Inc., a Los Angeles
firm offering consulting serv-
ices on control technology for
the process industries. He was
formerly manager of Bunker-
Ramo’s Advanced Process Con-
trol Systems Dept., having
joined Ramo-Wooldridge in
1956. He holds a BSEE from
lowa State College, and the
MSE and PhD degrees from the
University of Michigan.
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1. Meet production schedules and have products ready
for shipment at the desired times;

2. Keep product qualities within specifications;

3. Minimize waste of fuel, water, electricity, steam,
catalysts, solvents, and so on;

4. Avoid conditions leading to equipment breakdowns,

lost operating time, and unexpected or unnecessary
- maintenance costs;
5. Protect personnel from injury and equipment from
destruction due to explosions or other catastrophes.

These objectives may be difficult to satisfy simultaneous-
ly. An operator may detect that one product quality is out-
side its specification and correct the situation, only to find
that his correction has caused another product quality to
become unacceptable; a number of corrections may be
necessary to bring all of the product characteristics within
the prescribed limits.

In some cases, these objectives may even be contradic-
tory. Efforts to boost production rates, for example, may
entail overloads of pumps and compressors (with increased
maintenance costs), less efficient removal of impurities
(with a degradation of product quality), or operations
with more hazardous combinations of materials (with an
increased risk of explosion). Improvements in quality may
mean higher costs for removing contaminants or greater
amounts of raw material. At very high production rates,
yields may decline so much that excessive amounts of raw
materials are required; operation at the high rates may
then be uneconomic, even though necessary to meet a cus-
tomer commitment.

By combining financial and technical considerations,
process supervisors could determine a combination of proc-
ess conditions providing the best compromise between the
numerous objectives. The real need, unfortunately, is not
a page describing a single set of process conditions but a
whole book or library of books containing pages applicable
to the many situations encountered in any process plant.
This need arises from changes affecting the process:

1. Customers increase or decrease their orders, or ask
for better or different products;

2. Prices for raw materials and products change from
time to time;

3. Chemical and physical characteristics of raw ma-
terials vary; .

4. The quantity of raw material available for processing
increases or decreases;

5. Performance characteristics of process equipment
change as catalysts lose their -activity, heat ex-
changer surfaces become fouled, bearings wear, and
SO on;

6. New equipment is added to expand or improve the
process;

7. Equipment breaks down unexpectedly and through
no fault of the operators;

8. Weather conditions (such as air temperature, humid-
ity, and wind velocity) vary continuously and may
have significant effects on process performance.

Without changes or disturbances of these kinds, no proc-
ess control devices or procedures would be needed. In con-
tinuous processes, valves could be locked in place at posi-
tions leading to manufacture of the required products in
the desired guantities. In batch processes, cam-actuated
valves (which pay no attention to the progress of the opera-
tion) could be used to enforce pre-planned variations of
process conditions. Because changes do occur, this ap-
proach is impractical.

The basic tool of industrial process control is the con-
ventional controller. This device embodies means for meas-
uring the condition to be controlled, comparing the meas-
ured value with a desired value, and automatically taking
action to bring the two values into agreement. An early
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example was the steam engine governor. Controllers were
soon used to regulate a wide variety of process conditions:
flow, pressure, temperature, level, and speed, to name just
a few.

A typical automatic control system is shown in Fig. 1.
In this system, a process fluid is heated by passing through
a pipe (or pipes) around which steam is made to flow. At
the outlet of the heat exchanger, a measuring device
senses the actual temperature of the process fluid. In the
controller, a signal corresponding to the measured tempera-
ture is compared with a desired value which has been in-
serted by an operator. If the measured value is less than
the desired value, a signal goes to the valve causing it to
open wider, increasing the flow of steam to the heat ex-
changer and raising the temperature of the process fluid.
If the measured temperature is greater than the desired
value, the controller acts to close the valve, reducing the’
steam flow and lowering the temperature of the process
fluid. The system shown in Fig. 1 performs the same
function as a household thermostat.

By substituting different types of measuring devices, the
technique illustrated in Fig. 1 can be used to regulate a

Fig. 1. Typical Automatic Control Loop
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wide variety of process variables. In recent years, great
effort has been exerted to develop analysis instruments
which measure material qualities such as chemical compo-
sition, water or moisture content, thickness, hardness, opac-
ity, color, viscosity, density, octane number, and so on.
Instead of measuring the environment in which a product
is made, these instruments sense characteristics of direct
significance to the consumer. At the same time, they allow"
control to closer tolerances on these characteristics and thus
production of higher-quality products.

As a supplement to conventional measuring and control
devices, the automatic data logger was proposed about ten
or fifteen years ago. Data loggers consisted of means for
sequentially converting process variables to digital form
and operating electric typewriters to produce a permanent
record of process conditions. The equipment could perform
some rudimentary calculations, such as multiplying incom-
ing signals by a constant to give outputs in proper units,
e.g., degrees Fahrenheit or gallons per minute. With the
addition of an auxiliary memory, it could also provide daily
totals for raw material consumption or production.

Data loggers cost perhaps $50,000 to $100,000 or more,
depending on the number of variables involved. Justifica-
tions for such expenditures were supposed to be found in
better data, for both accounting and engineering use; elimi-
nation of some standard recorders; and reduction in clerical
labor needed to get routine accounting data from process
records. In general, benefits proved less than adequate to
justify the investments, and data loggers never became
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popular. Their functions are now performed in a growing
number of plants by digital computers.

control techniques

The conventional, one-variable controller executes what
is known as “feed-back control.” That is, a direct measure-
ment of a product quality or process condition is made
and used to initiate control action at an earlier point in the
process to correct any deviation of the measured variable
from its desired value. Information flows generally in a
direction opposite to material flow in the process. Very
little knowledge of the process is required to implement
this type of control, generally only a knowledge that an
increase (or decrease) in a manipulated variable will
eventually restore the measured variable to its desired
value.

In computer control systems, on the other hand, control
is exercised to a large extent in a “feed-forward” manner in
which disturbances are sensed and corrective actions taken
before the process has had a chance to be upset. These sys-
tems rely heavily on measurements of raw material charac-
teristics and ambient conditions, rather than measurements
of product characteristics as in “feed-back” systems. To
exercise control in this manner, the computer must employ

Fig. 2. Schematic Diagram of Computer Control System
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a set of process equations or a mathematical model to pre-
dict the effect of accidental or deliberate changes in proc-
ess conditions.

In addition to continuous adjustment of process condi-
tions, a control computer can also be programmed to carry
out the complex sequence of operations needed to start up
or shut down a large plant. The sequence used may be
planned in advance or it may depend on measurements re-
ceived from the process. Frequently, a control computer
checks instrument readings for indications of trouble in the
process by comparing the incoming signals against high
and low limits, ’ ‘

The sort of process computer application just described
is known as supervisory control; the computer assumes
some of the supervisory functions of the operator. In case
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of a computer failure or other emergency, the operator can
resume his original role.

With a sufficiently reliable digital computer, the control-
lers can be eliminated and the computer connected direct-
ly to the valves at the various locations in the process. As in
other computer control systems, the computer receives
measurements of process temperatures, flows, pressures,
and other variables. Now, however, the computer checks
each variable in turn, compares the present value with the
desired value, and sends out signals to open or close the
appropriate valve. This mode of control has been called
direct digital control (DDC), because a digital device is
connected directly to the valves controlling process con-
ditions. DDC is now receiving serious attention from both
users and equipment manufacturers.

equipment configuration

A schematic diagram of a process control computer sys-
tem is shown in Fig. 2. Process sensing devices are connect-
ed to the computer through converters which change the
original signals into a form acceptable to the computer.
Most process instruments provide continuous signals in the
form of an electrical voltage or an air pressure which is
proportional to the quantity, such as temperature or flow,
which is being measured. These signals must first be
changed to a common electrical form, using suitable ampli-
fiers or pneumatic-to-electric converters. When computer
outputs are used for control purposes, they must generally
be converted from a digital form into a continuous electri-
cal signal. Often. conversion of this type of signal into a
corresponding air pressure is also required to operate
pneumatic equipment.

A control computer communicates with process operators
in two ways: to receive data, instructions, and programs for
guiding its actions, and to send out information that may be
useful to the operators. Three main methods are used for

letting the operators communicate with a control computer:

1. Mechanical or optical devices for reading paper tape
or cards (used to get the original program and later
changes or corrections into the computer memory);

2. Push buttons and switches whose position can be
detected by the computer (used to specify some
special action by the computer);

3. Dials and keyboards for putting numerical data into
the computer (used, for example, to insert results of
laboratory tests which serve as a substitute for di-
rectly-connected instrument readings).

Many techniques are used to allow the computer to in-

form process operators of its actions and to record data for
future use:

1. Automatic typewriters (used for special messages and
also for routine summaries of process data, either
periodically or on demand);

2. Lights, buzzers, bells and other on-off devices (used
as alarm indicators to announce emergency con-
ditions);

3. Arrays of indicators for display of decimal quantities
and other symbols (used to show current values of a
variable, or several in sequence, with appropriate
identification);

4. Electrical meters which show, by the position of a
pointer along a scale, the present value of a variable
(used to give a continuous indication of the value);

5. Recorders, generally employing one or more pens
writing on a strip or circular piece of paper (used to
give a permanent and continuous record of process
variables for visual inspection);

6. Devices to prepare punched cards, punched paper
tape or magnetic tape (used to feed data into the
same or another computer for later processing).

These devices may be located on or near a central opera-
tor’s desk, or they may be placed throughout a plant at
convenient places remote from the computer itself.
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Digital computers for process control are general-purpose
computers, capable of doing all the operations carried out
by similar machines used for business or scientific data proc-
essing. In addition, they are provided with analog input-
output systems and relatively sophisticated priority inter-
rupt facilities. In contrast with the conventional controller,
a digital computer used as a process controller is able to
compare two numbers (“Is flow rate A greater than flow
rate BP” or “Is Pump 5 loaded beyond its capacity?”); to
make decisions (“Since the pump is overloaded, it is neces-
sary to open Valve 1077); to take simultaneous control ac-
tions at many points in the process with due consideration

of their effects on each other; and to produce detailed rec-

ords of the incomnig data, results of intermediate calcula-
tions, and its control actions.

The full capabilities of a general-purpose digital comput-
er are not necessary in all applications. For particular
tasks, such as data logging or DDC, simpler special-purpose
digital devices have been designed and offered for sale.
In general, they have not enjoyed wide acceptanice. To
some extent, the expected equipment economies are offset
by custom design charges, higher manufacturing costs,
or both. Also, by comparison with the general-purpose
computers, the special-purpose devices are not readily ex-
panded to fit process growth, new instruments, or changing
control concepts. For these reasons, greater emphasis has
been placed on systems built around general-purpose com-
puters.

control computer functions

Control calculations are the most publicized element of

the process computer’s program. In addition, however, a
process computer has a number of other essential functions.

In preparation for calculations, incoming data are gener-
ally subjected to individual limit checks to detect instru-
ment failures or out-of-normal process conditions, converted
from their original form into meaningful engineering units,
averaged or smoothed to minimize the effects of random
variations, and perhaps tested for reasonableness by com-
parisons between variables. Where a given variable can be
calculated in several ways from different sets of data, the
results may be used to obtain more accurate data or to
detect instrument failure.

Control calculations performed by a process computer
often fit into one of three categories:

1. Status — Where is the process operating now? (This
class of calculations is especially significarit when
values of certain variables, which can be computed
but not measured directly, are necessary as a starting
point for other control calculations).

2. Optimization — Where is the best operating point,
that is, the best combination of flows, temperatures,
pressures, levels, speeds, and other manipulated varia-
bles? Or, alternately, where is a better operating
point? (If repeated enough times, a method for finding
a better operating point will eventually find the best
operating point; if done rapidly enough, such methods
can be as effective as one which finds the best
operating point in a single step).

3. Regulation — Given the results of the optimization
calculations or merely an arbitrary but acceptable
operating point, how should the computer maintain
the desired process conditions? If the process is not at
its desired operating point because of a disturbance
which is not measured and does not appear in the
process equations, how should the manipulated varia-
bles be changed to return the process to the desired
operating point? (For a process with numerous ob-
jectives, time lags and interactions between the varia-
bles, the regulating function alone may constitute
adequate justification for using a control computer).

Since the characteristics of any process change with
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time, control computers are usually programmed to keep
the process equations up-to-date by periodically revising
some of the numbers in the equations on the basis of data
from the actual operation. For example, the yield for a
chemical process may be expressed as

Y=k{; (vi) £y (va) £5 (vy) ...
where Y is the ratio of a product rate to a raw material
rate; k is a catalyst activity; and the fs are functions
expressing the effects of reaction time, temperature, pres-
sure, composition, and so on. Taking the f’s as known, the
value of k is found by substituting measured values of Y and
the v’s into this equation. Over a short time interval, the
equation may be used for control calculations with a fixed
value of k: If the catalyst gradually declines in activity
with time, as is often the case, new values of k must be
determined at regular intervals. To a limited extent, these
revisions are made automatically. More extensive modifica-
tion of the process equations, based on data accumulated

~over a long period of operations, is usually left to an engi-

neer.

Beyond its control calculations, the process computer
can develop information for use by operators, technical
personnel, or management. Examples are efficiencies, heat
and material balances—quantities not directly measurable
but easily computed from the available data. Other exam-
ples are production costs, average and total quantities of
products and raw materials for the accounting department.
Under some conditions, the process computer can perform
other engineering or business calculations, using either
parts of its control program or completely unrelated pro-
grams.

justification

To many users, a control computer is viewed as a means
for putting management in real charge of the operating
process. If a particular operating policy is desired, it can
be built into the computer program and executed round-
the-clock, even when the responsible supervisors are out
of the plant. In the same fashion, research workers can
insure that process conditions are held constant or are de-
liberately varied over a range of acceptable values to
give them new data for testing theories or improving the
mathematical model of the process. A computer control
system represents an advance over previous techniques be-
cause it allows the continuous application of the most ad-
vanced knowledge of process behavior rather than the
simiplified procedures and control schemes that would
otherwise have to be employed. )

Investments in these advanced control systems are being
justified by several kinds of benefits:

. Increased production;

Improved control of product quality;" -

Better use of raw materials, catalysts, solvents, elec-
tricity, fuel, and so on;

Reduced maintenance;

Greater safety for personnel;

Reduced manpower;

Better technical and accounting data;

Increased process knowledge.
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Although reduced labor costs are a potential source of
benefits, manpower reductions have played a negligible
part in justifying advanced control systems for plants which
already use automatic control devices in great numbers;
managements of process plants have not looked upon labor
savings as the primary reason for installing a control com-
puter.

Management in the process industries takes a hard look
at expected costs and benefits before installinga computer
control system. A desire to “keep up with the Joneses™ plays
an insignificant part in the decision. Despite a technical
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capacity to do all sorts of wonderful things, process comput-
er users make strenuous efforts to select system functions
offering a reasonable economic benefit in relationship to the
costs involved.

Processes for which control computers are installed have
had the following characteristics:

1. Value added in the process (the difference between
product value and raw material cost) or the cost of
operation is large;

2. Disturbances are frequent and have significant effects;
3. Best operating conditions are not obvious or are dif-
ficult to maintain, even for experienced operators;

4. Adequate instrumentation and process knowledge are
available.

Suitable processes involve $3-30,000,000 per year in prod-
uct value, sometimes more, a sufficient number of dollars
that small improvements in performance will recover the
cost of a computer control system in a short time.

The direct cost of a computer control system is com-
posed of several elements:

1. Computer and associated peripheral devices (includ-
ing logging and alarm typewriters, tape and/or card
readers and punches, input selector, analog-to-digital
converter, and so on);

. New instruments and analyzers

Transducers for connecting new and existing instru-

ments and analyzers to the computer;

. Equipment for connection of the computer to actu-

ators (such as analog controller set points or valves);

Wiring, instrument air tubmg, conduits, and so on;

. Special consoles and devices for operator-computer

communications;

. Site preparatxons (such as space to house the new

equipment and air conditioning);

. Engineering effort and other labor directly associated
with equipment planning, design, selection, testing,
and installation;

9. Technical effort for developing process equations and
control schemes;

10. Programming;

11. Project administration (for coordinating schedule,

costs, and documentation);

12. Trammg,

13. Maintenance.
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At the present time, the cost of a computer control sys-
tem can be expected to fall between $200,000 and $400,-
000, possibly more for an unusually large system. The cost
of the computer itself, item (1) above, is $50,000-$150,-
000; the remainder of the system cost arises from the other
items in-the list. In most cases, process management de-
mands annual benefits equal to or greater than the system
cost before approving its installation.

progress and problems
Approximately 20,000 digital computers are installed
around the world for all applications, about 90 per cent
of them in the United States. Of this total, only 2-3 per
_ cent or 400-600 digital computers are installed or ordered
for process control applications, again a substantial por-
tion being in the United States. From the fiist pioneering
installations by such organizations as Louisiana Power and
Light, Texaco, Standard Oil, Monsanto, B. F. Goodrich,
and Union Carblde starting in 1958-59, ‘the use of process
control computers has grown rapidly. More and more com-
panies are taking their first steps in this field, and some of
the pioneers now have six or more systems.
The path of progress has not always been smooth, how-
" ever, and potholes still lie in the way of the uninitiated.
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Many of the systems now operating have required large ex-
penditures of effort and money before reaching their pres-
ent status. A few systems have been judged to be mistakes
and removed. While a full explanation of the difficulties
would require another article, some of the more significant
problem areas can be summarized.

A major problem area has been people: the number and
competence of people assigned to process computer proj-
ects, their motivation and continuity on the project, and the
kind of support received from management. Successful
projects have been characterized by adequate teams of
engineers and programmers, anxious to do a good job and
fully backed by their company.

Another source of trouble has been poor project defini-
tion. Projects have been started with only a vague idea
of either project or system objectives; expected system per-
formance has been inconsistent with the accuracy of proc-
ess measurements; system goals (such as increased pro-
duction) have not been defined broadly enough to cope
with later market developments; and effort has not been
concentrated in areas of greatest potential return. Some
of these difficulties can be traced to viewing projects as re-
search efforts, aimed at acquiring knowledge, rather than
as programs for improving process performance. The most
satisfying projects have focused on well-defined, attainable
objectives with immediate significance to management.

Related problems, of a more technical nature, have re-
sulted from faulty system concepts. These problems include
belated recognition of the need for data editing; inade-

. quate updating procedures; excessive use of manual in-

puts and poorly designed input panels; too much depend-
ence on regression analysis to develop process models; and
unwise division of computer and operator functions, such
as asking the operators to take frequent and high-speed
control actions while leaving infrequent tasks to the com-
puter.

Equipment problems have taken many forms. Computers,
input-output systems, and process instruments have been
debugged in the field. Computer memory and speed have
sometimes proved inadequate, causing useful functions
to be discarded and forcing system designers to substitute
ingenuity for more direct but cumbersome methods. Oc-
casionally, where installations were attempted for new
plants, ordinary process problems pushed the computer

‘project into the background.

Several years ago, it was predicted that volume-produc-
tion economies and general improvements in computing
techniques would lead to reductions in computer equip-
ment costs. To date, however, technical advances have
resulted in the obsolescence of process control computers
before very many copies of a given model were delivered.
(More accurately, systems in operation continue to do the
jobs for which they were designed, but users are attracted
to new and more capable models for subsequent installa-
tions.) Thus a Volkswagen-like approach to hardware,
emphasizing continual improvement of an acceptable piece
of equipment, has not proved possible.

Furthermore, these technical advances have generally
been exploited by offering far more capable computers at
somewhat lower prices. Evidence to support this point can
be found in comparison of current offerings with the early
computers marketed for process control: arithmetic speeds
are measured in micro- rather than milliseconds, core mem-
ories with disc or drum backup have replaced all-drum
memories, interrupt facilities are much improved, and
mainframe prices are one-third to one-half as great.* No

* The small heat load of today’s solid-state computers has fostered the
hope that they would operate without air conditioning in any sort of
plant environment, but good reliabiilty still requires stable ambient
conditions. '
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particular cost reduction trends have been observed in
other equipment elements of a complete system. Thus,
when the costs of the peripheral equipment necessary for
process control are added to the basic computer prices,
the cost ratio is less than two-to-one.

Manpower costs for developing and programming proc-
ess equations and control schemes have been a major ele-
ment in total system cost. Economies were expected here,
too, as a result of experience gained in early installations.
However, few truly duplicate processes have been found,
and later systems have generally been designed for more
complex processes, taking more engineering effort. Hence
the anticipated savings have not materialized.

The programming area offers real opportunities for cost
reductions. These savings could be realized in at least
three different ways:

1. Wider markets so that development costs for general
software could be spread over a larger number of
computers; :

2. Greater use of standard non-control programs;

3. More efficient techniques for writing special control
programs.

General software does exist: computer vendors are ex-
pected to supply an extensive library of programs, includ-
ing:

1. Assembler and compiler routines
2. Tape and card loading routines
3. Floating-point and double-precision arithmetic
routines
4. Code conversion routines
a. Decimal and binary-coded decimal to binary
b. Binary to decimal and binary-coded decimal
. Tape and card output routines
Subroutines for special functions
Exponentials
. Logarithms
Sine-cosine
. Square root
Arc tangent
and so on
Utility routines for program debugging
. Special-purpose programs
a. Matrix inversion
b. Solution of simultaneous equations
c. Linear programming
" d. Curve fitting and regression analysis
9. Diagnostic programs
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Many computer vendors have also been supplying a
variety of so-called non-control programs, such as:

. Executive routine
. Scan routines
. Alarm routines
. Logging routines
a. Data editing and formating
b. Periodic logs
c. Trend logs .
d. Summary logs
5. Control output routines
6. Data entry routines
a. Laboratory test data
b. Time R
7. Operator request routines
8. Display routines

QO DO

These non-control routines are useable, in general, for
any computer control system, Programmers continually face
the choice of writing either widely applicable routines or
efficient routines (in terms of running time or memory re-
quirements). And they frequently reject available standard
routines, writing new ones which better fit their particular
application. The user plays a role, too, by asking for varia-
tions on the ‘standard routines which cause his own or the
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vendor’s programmers to expend additional time. Greater
discipline on both sides, and possibly improved techniques
for organizing and writing programs, might pay big div-
idends in this area.

Many potential process computer users see the use of
compilers such as FORTRAN, already understood by proc-
ess engineers, as a means for reducing the effort needed for
programming of process equations and control schemes
unique to a particular installation. Two difficulties are en-
countered in this approach: the need for additional mem-
ory to store the compiler itself (unless the computer is
taken off its control functions to make memory available
for temporary storage of the compiler), and the relative in-
efficiency of compiler-produced programs compared with
programs written in either machine or symbolic language.
Clearly, a trade-off between programming and equipment
costs is involved here, but no careful comparisons have
been reported; with the availability of relatively cheap
bulk memory, the trend appears to be toward investing in
equipment to save effort.

conclusion

As a technology, computer control of industrial proc-
esses is well established; announcements of new installa-
tions by user organizations, both veterans and newcomers
to the field, testify to acceptance of the concept. Despite
difficulties and frustrations, installed systems are now per-
forming useful functions and earning dollars for their own-
ers. Lessons learned in past projects, coupled with avail-
ability of cheaper and more capable equipment, open the
way to new applications. ,

One concept receiving much attention these days is di-
rect digital control. As mentioned earlier, DDC consists
of using a single computer to exercise control in sequence
over a large number of process conditions, replacing an
equivalent number of conventional controllers. DDC
performs no new functions but simplifies. implementation
of control techniques which are otherwise impractical. Not
quite justified on a straight equipment cost basis, DDC
is installed with hopes of better control and reduced main-
tenance costs, allowing some credit for data processing and
logging that can be done at slight additional expense. It
will undoubtedly find its greatest acceptance in new plants,
where no existing equipment will have to be scrapped.

Multi-unit control, in which a single computer exercises
control over several processes within a plant, is another
concept now receiving consideration. Most of the presently
installed systems control only a single unit, such as a roll-
ing mill, a fluid catalytic cracking unit in a refinery, or a
pulp digester in a paper mill. In the future, more atten-
tion will be given to computer applications for plant-wide
control. These installations, employing several intercon-
nected small computers or a single large computer, will
concern themselves primarily with the relationships be-
tween units.

For the equipment vendors, the future will be a period
for demonstrating that computer control is a business as
well as a technology. In the last few years, many suppliers
have been attracted to this field but few, if any, have
found it profitable. Competitive pressures have pushed
prices down, leaving no room for contingencies. At the
same time, eager salesmen have made rash promises and
inexperienced technical staffs have underestimated their
work; both groups often and unwisely acquiesced to un-
reasonable customer requests. Frequent model changes
and short product life have caused high development and
debugging costs. As a result, many entrants in the field
have backed out, leaving their customers with make-shift
arrangements for maintenance and other support. For the
sake of both vendors and users, one may hope for greater
stability in the future. : ]
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problems and progress

IRON AND STEEL

INDUSTRY

by THOMAS R. SCHUERGER and FRANK SLAMAR

"‘*‘*“ Steelmaking, in principle, appears to involve
only a relatively few, simple steps. The principal
J iron ores used in the United States consist-of
iron oxide mixed with varying percentages of
useless earthly materials. To remove the oxygen and use-
less materials, the iron ore is mixed with coke and lime-
stone and charged into a blast furnace. Hot air blown into
the blast furnace burns the coke to generate heat. The hot
carbon of the coke and the carbon-bearing gases generated
by its burning combine with the oxygen of the iron oxide,
leaving the iron in metallic form. The iron collects in a mol-
ten state in the hearth at the bottom of the blast furnace.
The limestone combines with the useless part of the ore to
form molten slag that floats on top of the pool of molten
iron.

In the ironmaking process, the iron becomes saturated
with some of the carbon from the coke. The product of the
blast furnace, pig iron, may contain somewhat over 4% car-
bon. To make steel from pig iron, some of the carbon must
be removed. (Most steels contain considerably less than 1%
carbon). The unwanted carbon' is removed during steel-
making, now principally accomplished in the open-hearth
furnace and the basic oxygen steelmaking furnace. In basic
oxygen steelmaking, oxygen is blown directly into the mol-
ten iron bath to burn out the excess carbon. The final prod-
uct, steel, is poured into molds to form ingots, which are
then formed into useful shapes by rolling or other forming
processes.

A modern, integrated steel plant is made up of a group

of massive, complex, interrelated, individual processes. The
chemical, metallurgical, and thermal aspects of the steel-
making processes seem to be fairly obvious and simple. In
practice, this is not quite so. Measurements are difficult to
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make and process theory is complex; consequently, precise
knowledge of the state of the process is not always avail-
able. Much of the present-day process control actually con-
sists of control of the processing machinery.

Raw materials, many times, are put through complex
beneficiation or preparation processes before they are use-
ful for iron or steelmaking. Many low-grade ores are now
being mined which must be concentrated and then further
prepared before they are available for blast-furnace
burden. The preparation of coal as the metallurgical coke
required for the blast furnace has, in present-day steel-
making, become a veritable chemical complex. Byproduct

Mr. Schuerger is section super-
visor of Systems Engineering,
Instrumentation and Control
Div., U. S. Steel Applied Re-
search Laboratory, Monroe-
ville, Pa. Before joining the
firm in ‘54, he was a consult-
ant for the glass industry with
Preston Labs, Butler, Pa. A
senior member of the ISA and
member of the ASME and
Natl. Society of Professional
Engineers, he holds a BS in
physics from Case and MS in
mechanical engineering from
Univ. of Pittsburgh.

DATAMATION



coal-chemical processes have led to large processing plants
for anhydrous ammonia, pheriols, and other chemicals.

The blast furnace itself is a large and expensive indus-
trial complex. Modern furnaces are well over a hundred
feet in height, and the regenerators, or stoves, used to
‘heat the blast air are equally large. Three stoves are used
for each blast furnace. Raw materials are charged into the
top of the blast furnace in batches, and liquid iron is
periodically discharged from the hearth. The reduction of
iron ores inside the furnace takes place continuously, how-
ever, and it is a major task to start and stop the furnaces.
Modern-day blast furnaces produce well over 2500 tons of
iron a day. :

Steelmaking, in the open-hearth or in the basic oxygen
steelmaking furnace, is a batch process. These processes
turn out hundreds of tons of steel per heat, or batch. In the
open-hearth furnace, a heat of steel may be made in six to
eight hours. In the basic oxygen steelmaking furnace, a heat
of steel would be made in under one hour.

After steelmaking, the molten steel is poured into ingots,
many tons in weight. These ingots are permitted to solidify;
the mold is then removed and the ingot is placed in a soak-
ing pit. The soaking pit brings the ingot to a uniform speci-
fied temperature in preparation for the rough-rolling or
semifinishing operations.

blooms, billets & slabs

In the semifinishing operations an ingot is rolled into
blooms (large, essentially square sections), or billets
(small, essentially square sections), or slabs (flat sections).
Each of these primary sections is intended for a special
type of finishing operation. Blooms are sent to rail or struc-
tural mills for the rolling of steel rails and steel structural
shapes. Billets are intended for bar, rod, wire, pipe, and
tube mills. Slabs are sent to plate mills or hot-strip mills,
Coils from hot-strip mills move to cold-reduction mills and
then perhaps to tinplate mills.

All these rolled and finished products have both metallur-
gical and size specifications. During rolling operations, hot
and cold working must be regulated to obtain desired
metallurgical properties. The intermediate stages of anneal-
ing and tempering must also be regulated for metallurgical
purposes. In addition, there are size specifications on both
semifinished and finished products. Tolerances on the fin-
ished products in the finishing mills can be quite strict.

For example, commercial standards for steel sheet thick-
ness permit a *10% thickness variation. However, the steel
industry strives to maintain an even closer tolerance of +5%.
This tolerance amounts to +0.0005 inch for point-to-point
control of rapidly-moving 0.010-inch thick strip.
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During all these rolling operations massive problems in
material handling are encountered. Tons of steel must be
manipulated on roll tables, often at extremely high tempera-
tures. On sheet and strip mills, operating often at several
thousand feet per minute, precise control must be main-
tained over both temperatures and finished dimensions.
It is apparent that the control required in the modern iron
and steel industry is both broad and intense. All imaginable
types of control problems are encountered at one phase or
another of the operation. Chemical analysis must be known
of raw materials, liquid iron and steel, and solid steel prod-
ucts. Temperatures of liquid and solid metals in various
states must be measured. Dimensions of semifinished and
finished products must be measured. Environments in the
steel industry are harsh, and measurement and control
equipment must be extremely durable if it is to function
properly.

In the past, considerable progress has been made in the
development of a wide variety of elementary control sys-
tems for such processing variables as temperature, position,
and speed. However, the integrated control of these sub-
systems has been left primarily to the operator because to

Fig. 1 The Principal Steps in Making Steel Products
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provide such control by means of equipment was extremely
complicated. The required equipment must be capable of
handling and manipulating the large amounts of data which
are used in properly controlling the process under a wide
range of operating conditions.

With the advent of the modern industrial computer,
equipment became available which made the extension of
automatic process control feasible. Recognition of this is
evidenced by the fact that many process-control computers
have already been applied in the steel industry, and others
are being planned. These applications include installations
in sintering plants, blast furnaces, basic oxygen steelmaking
plants, rolling mills, continuous annealing lines and elec-
trolytic tinning lines.

move toward integrated control

It is interesting to note that although this computer con-
trol equipment is generally equivalent in all cases, the use
of the equipment ranges from data collection to highly
sophisticated automatic control. Thus, it appears that the
industry is presently in a transitional stage of process control
in which the control equipment is changing in form, and
objectives are leading to a greater extension in the integra-
tion of control systems.

An example of this transition can best be seen by looking
at some of the facilities. First, consider the blast furnace.
The blast furnace might be thought of as two separate com-
ponent facilities—the regenerators, which preheat blast air,
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and the furnace, which reduces the ores to iron. Standard
controllers of commercial manufacturers are used extensive-
ly to regulate the quantity and temperature of the blast air
obtained from the regenerators. These regenerator con-
trols are closed-loop feedback controls of the most simple
functional types. The furnace itself, however, has essential-
ly no feedback control. The operator calculates a burden,
or charge, of raw materials. He has theoretical or empirical
formulas available from which to make the calculations.
Burden calculation might be thought of as a feed-forward
type of control. There is feedback control through the
operator by means of chemical analysis of samples of iron
taken as the furnace is cast. In the ordinary sense, however,
the operator uses the instrumentation on the blast furnace
as a guide to the state of the furnace and then he manually
controls the furnace operation. Extensive control rooms are
found in most blast furnaces, but the majority of the instru-
mentation tells the operator the state of the various blast-
furnace auxiliaries.

Recently, computers have been installed on blast furnac-
es for data logging and alarm monitoring. In a few cases,
computers have been used to calculate the burden require-
ments for the operator, and in even fewer cases, to perform
a limited amount of feedback control.

As in the blast-furnace process, the function of the basic
oxygen steelmaking process is to produce a product of
specified chemical composition. However, in addition to

Fig. 2 Typical Blast Furnace Instrumentation
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composition, the process must also produce steel at a speci-
fied temperature. Again, the operator has a great deal of
difficulty determining the state of his process while steel is
being produced. No method is presently available for con-
tinuously making temperature measurements in the furnace
or, for that matter, determining the composition of the
steel in the furnace. Both measurements must be made by
stopping the furnace or at least stopping the blowing of
oxygen into the furnace to take a single measurement sam-
ple. Again, knowledge of the process provides means for
calculating the charge of liquid iron, flux materials, and
oxygen required to produce the given temperature and
composition. The charging, however, still lacks the desired
precision largely because of inaccuracies in the measure-
ment of the composition of input materials and sometimes

in the quantities of materials charged. There are at present.

no generally used automatic feedback systems on the basic
oxygen steelmaking process itself. There are, however, some
experimental systems in operation. Even though there is
room for improvement, the digital process computer has
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already made a significant contribution to process regula-
tion.

For example, computer-control systems for basic oxygen
steelmaking include the prediction of charge and blowing
requirements for desired endpoint steel composition, the
automatic interpretation of data from an off-line analyzer
of steel samples, and the automatic handling of order in-
formation and information for various bookkeeping, metal-
lurgical and data-logging functions. In these systems, order
information (or the heat specifications), chemical analysis
of iron from the off-line analyzer, and iron temperature are
inputs to the computer which permit calculation of charge
and blowing requirements. These requirements are auto-
matically displayed on pulpit consoles for action by the

Fig. 3 Open-loop Computer System for Oxygen-Steel-
making
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operator. Interpretation of analyzer results is automatic in
the computer through a direct-wire connection. Process
information is handled automatically through wired inputs.
Systems of this type constitute on-line, open-loop com-
puter control.

feedback in the reversing mills

Perhaps a more dramatic example of changes occurring
in control technology are those associated with the regula-
tion of hot reversing mills. In this process, a hot ingot or
slab is rolled back and forth in a single-stand mill to convert
the original slab to a wider and much thinner shape or
plate. As many as 25 passes, or reversals, might be required
for this operation. In the early control forms, all control de-
cisions and executions were performed by the operator. On
each pass the operator would preset the roll gap to reduce
the thickness of the steel shape. He had to do this in such a
way that the plate being rolled would not become too cool
but would end up at the proper final width and thickness.
In addition, he controlled cooling sprays, the tables the
plate moved on, manipulaters, side guards, and turn-
arounds.

Although the operations were manual, this was, in effect,
a type of feedback system. The operator observed what
was happening during rolling, and when the rolling was
finished, measurements of width and thickness would be
made and signalled back to the operator. If the plate was
undersize it might have tp be discarded. If it was oversize
and still of suitable temperature, the operator could reduce
it further. In this rolling operation, it is clear that the op-
erator has two different functions which, of course, are
closely coupled. One function is decision making: the opera-
tor must decide, on the basis of available information, just
what must be done. The other function is the control execu-
tion, in which he performs various physical and mechanical
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operations to implement his decision making. The control
step taken in the recent past was to split these two func-
tions.

Controls, called card-program systems, were installed on
reversing mills. Here the decisions were still made by the
operator, but the execution was performed automatically
in accordance with the decisions previously prepared and
put on punched cards. These control functions, of course,
were the manipulation of the mechanical aspects of the
rolling operation: the movement of the plate on the roll
tables, the movement of the rolls up and down, the speed
of the rolls, and similar functions. This type of control—
in which decisions are made by an operator and the ex-
ecution is automatic—is adequate when variability due to
the process is small and changes are at a relatively slow
rate.

It was frequently difficult to realize the full advantages
of the .card-program type of system because many cards
would be required to include all the various types and
sizes of steel that were to be made on the plate mill. Conse-
quently, a more advanced type of control system was pro-
posed that includes not only all the sequencing, or logic,
functions provided by the previous card-program mills but
also the decision-making functions for determining the best
rolling schedules consistent with existing workpiece condi-
tions and mill capabilities. In this control system, the only
information provided is that of general instructions and limi-
tations for all rolling—that is, the dimensions of the slab,
the grade of steel, and the desired dimensions of the fin-
ished piece.

The feedback in this system does not include the opera-
tor. Instead, a new rolling schedule is calculated automati-
cally for the remaining passes any time a discrepancy exists
between measured performance and predicted performance
in a particular pass. Computer systems of this type have
been installed and are partially operable in the industry.
Experimentation with them is still continuing,.

highest degree of control

The hot-strip mill is, perhaps, one of the most highly
controlled processes in the steel industry. First in a hot-
strip mill are the reheat furnaces for heating slabs to a
specified uniform temperature. These slabs are then de-
livered to a multistand roughing mill where preliminary
reduction and width control is obtained. After the rough-
ing stands, the steel is fed continuously to a multistand, con-
tinuous finishing mill. Here the steel is reduced to fin-
ished dimensions, cooled to a specified temperature on a
runout table, and coiled. The finishing speed in these mills
is several thousand feet per minute. During the processing,
metallurgical requirements demand that temperatures be
controlled, and product specifications require certain fin-
ished dimensions. These mills have elaborate electrical con-
trols for driving and positioning the rolls. In addition, much
equipment is employed in the form of ‘gage-, force-, and
temperature-measuring instrumentations. In the finishing
stands, the steel strip is in all the stands at the same time
so that reduction of strip thickness is accomplished not
only through the position of the rolls in squeezing the steel
but also through tension between the stands; therefore,
roll position as well as interstand tensions must be carefully
regulated. Present-day mills use fairly standard forms of
continuous measuring equipment through feedback systems
to regulate the thickness of the steel strip. The strip enters
and moves through the mill at such a high rate of speed,
however, that the mill stands must be properly set before
the strip enters.

The requirements of a modern hot-strip mill are pre-
sently being integrated through computer systems. These
requirements include strip tracking, roughing- and finishing-
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mill setup, temperature control, mill pacing, furnace assign-
ment, and data logging. The computers do not usually
function as closed-loop regulators, but they are used to cal-
culate certain functions, send out references to the regula-
tors previously mentioned, monitor individual operations,
and coordinate the functions of various regulators. The high
speed of the rolling operation and the precision required

Fig. 4 Computer Control for a Hot Strip Mill
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in the finished product make this an excellent application
of computer systems.

The effective control of any process, whether manual or
automatic, requires quantitative information on demand
relative to the state of the process. Therefore, a prime requi-
site for control is instrumentation that will adequately
translate selected process variables from their physical or
chemical units to some usable form. These instruments can
usually be considered in two parts: first, the conversion
of a primary variable to an electrical signal, and second,
the conversion of the electrical signal to a form that will
provide a meaningful output. In many cases, these func-
tions present no particular difficulties, but there are still
some measurement needs that have not, as yet, been ade-
quately covered in either or both of these respects.

measurement problems

Consider the continuous measurement of the tempera-
ture of molten metal in an open-hearth or basic oxygen
steelmaking furnace. This would be a fairly straightforward
measurement with the use of thermo-couples except that,
to date, no suitable material is known that will withstand
chemical attack under these operating conditions. No other
approach is suggested at this time that might provide a
continuous temperature measurement in this environment.

On the other hand, some quality measurements such as
surface inspection of steel strip are difficult, not because of
an inherent difficulty in obtaining a variety of electrical
responses from the surface being inspected, but because
the quantitative interpretation of these signals in terms of
established standards would require extensive complex
equipment that makes such instruments impractical and
uneconomical.

One approach to these measurement problems is to use
an indirect measure that utilizes existing types of practical
instrumentation. In the indirect method, the variable to be
measured is calculated in accordance with the functional
relationship that exists between it and other measurable
variables.

The indirect-measurement approach can be used most
effectively when the digital control computer is available.
For example it is impractical at present to measure the
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thickness of steel in excess of two inches with radiation-
type measurement gages. However, the thickness can be
measured during a rolling operation if the opening between
the rolls and the amount the mill flexes during the rolling
process are known. Since the mill is equipped with instru-
mentation to measure roll opening and rolling force, or mill

loading, it is relatively simple, by means of Hook’s law, to

calculate the actual roll gap, which is the steel thickness.

In another example, it is necessary to know the average
temperature of a steel piece being rolled because of the
effect of this temperature on the resistance to rolling de-
formation, or reduction. Because surface temperatures are
difficult to measure reliably under operating conditions and
because average temperature in this case is more impor-
tant than surface temperature, mathematical relationships
are developed that relate the initial temperature of the
piece, the time of furnace discharge, the changing geo-
metric form of the piece, and the energy added during
rolling. These calculated temperatures are then used as an
indirect measurement for mill control. Although the use of
computers may in some cases increase the demands on
instrumentation, these are examples in which the computer
can minimize or reduce the instrumentation requirements.

There is no doubt that the trend toward more and higher
forms of automatic control is increasing in the iron and
steel industry. The reasons for this trend are many. Process
and product specifications are continually being tightened
because of customer demands and the need for more econo-
mies in production. Along with these demands for tighter
controls has come the search for new knowledge of the
basic chemical and metallurgical aspects of the iron and
steelmaking processes. These facts not only direct the indus-
try toward more intensive control means; they, in them-
selves, make more control means possible. In addition, iron
and steelmaking technology is tending toward a higher-
speed, more closely coupled operation. Continuous casting
is an example of a fairly new highspeed, close-coupled
operation. Here, instead of making ingots of the steel from
the steelmaking furnace, the steel is poured directly into an
open-ended mold, and the slab itself is cast. The ingot,
ingot stripping, and rough-rolling operations are eliminated.
Needless to say, close regulation is required of this process
to make it a feasible high-tonnage operation.

direct digital control

There presently appears to be a general trend toward the
use of digital techniques in process control. The most com-
mon form of these trends is called direct digital control.
Here general-purpose types of digital control computers are
being used to replace individual analog controllers now in
common use on process equipment, Considerable success
has apparently been obtained in various industries with this
approach. Success is judged on the basis of performance
and overall economics. Although the iron and steel industry
has had very little experience to date with direct digital
control, we expect to see more efforts made. In the begin-
ning, these efforts will be experimental to establish reliabili-
ty factors, economics, and in some cases, quality of con-
trol.

Computers as control means, or as overall directing

means, are being installed in very nearly all the finishing
mills under construction in this country at the present time.
Computers are becoming fairly common in the installation
of new basic oxygen steelmaking processes. This does not
necessarily mean that higher levels of control are being
achieved, but it does point out the efforts being made to
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obtain them. Perhaps a stimulus is the decreasing cost of
computer equipment. These present systems are mainly di-
rected at actual process control: physical control over the
particular product being formed or manufactured in the
process.

As in other process industries, other aspects of control in
the iron and steel industry being considered are only in the
very formative stages. In Great Britain, an installation is
presently under way in which not only the process is under
the direction of computers, but several in-line processes are
also tied together through what, at present, must be con-
sidered fairly loose control links. In this installation, control
is extended to include process control and the regulation of
information between processes, such as product specifica-
tion and product and machinery requirements.

integrating dp & control
The use of computers in data processing, production

-planning, and decision making is quite common. The indus-

try can look forward to the day when these functions will
be combined with the process-control functions. Production
planning, scheduling, customer orders, and production or-
ders will all be coordinated to the actual process operator
and process machinery. This coordination constitutes a form
of multilevel control that will take into account the overall
system economics in planning company-wide objectives, as
well as the individual process requirements.

Extensive efforts are being made by the iron and steel
industry through research, development, and application to
continually improve its position. In the area of process con-
trol, or overall plant control, these efforts are demonstrated
by the examples that have been given. However, much re-
mains to be done. A great deal of effort is still required in
the area of developing new means for process measurement.
Process-control equipment is readily available, ranging from
individual analog controllers through large-scale digital
control computers. However, such equipment must be
tested under actual operating conditions. One of tht most
promising avenues though, for increasing the level of proc-
ess control comes from the chemical, metallurgical, and
process research presently under way. The development of
more intensive knowlege of processing functions makes
practical many computer-type predictive controls that
seem, at present, to be most needed for the industry.

The very nature of control is perhaps what makes it one
of the most difficult disciplines to implement in the field.
Control requires the knowledge of many different disci-
plines. The control systems engineer, the process engineer,
the electronics engineer, the mechanical engineer—all must
work together to establish control technology, process tech-
nology, electronics, and electrical and mechanical equip-
ment requirements. Only when all these functions are
accomplished together in a practical sense can control sys-
tems be made workable and usable. m
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PROCESS
CONTROL
SOFTWARE

by JAMES D. SCHOEFFLER

! 1 The early expectation that process control com-
‘ puters would require little software support (be-
J cause they would be programmed once and for
i all to do a specific job) was very quickly re-
placed by the realization that not only was all of the so-
phistication of conventional software required but, in ad-
dition, the real-time aspects of the process control applica-
tion also had to be supported by software. This realization
has led to a complete time-shared executive system with
an extensive library of subroutines for communication be-
tween the computer and process. During process free-time,
these executives permit use of the computer for off-line
tasks under the control of a subroutine called the off-line
monitor to distinguish it from the executive itself. The
library of subroutines represents, in a sense, a language
for process control, allowing programming of quite exten-
sive real-time control systems. Process control software may
best be understood by considering the control problem
itself and the software and hardware needs it generates.

A description of typical processes and the problems en-
countered in controlling them are contained in Dr. Stout’s
article in this issue. Since the objective of such control sys-
tems is to successfully operate the process despite the pres-
ence of many disturbances, it is appropriate to partition the
disturbances according to their relative frequency and con-
sider the control of the system in the presence of each of
these disturbances separately. The resulting control system,
hierarchical in form, is shown in Fig. 1. (See p. 34)

The highest frequency disturbances which must be con-
sidered are physical upsets which cause process variables
to deviate from their “reference” values. For example,
flows, temperatures, pressures, and the like will not long
stay constant without the continual intervention of a con-
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growing complications

trol of some kind. Such control is usually fast and, if accom-
plished by a digital computer, termed direct digital control
(DDC), and is generally regulatory in nature, Often this
first level of control is accomplished by analog controllers
with the digital computer supplying only the higher levels
of control (such a control system is termed a supervisory
control system). This is especially true in existing plants
which already have analog control and add the supervisory
control in order to increase production, cut costs, etc. The
operator communication task in Fig. I is concerned mainly
with this first level of control. One of the most important
tasks at this level is alarming in case any process variable
exceeds prescribed safe limits. This involves informing the
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process operator and then either taking appropriate action
or turning control over to the operator. The computer is es-
pecially efficient in alarming and displaying overloads and
is a tremendous assist to the human operators.

The second set of disturbances of importance are less fre-
quent in nature and are caused by the changing mode of
operation of the process. For example, a power system has
drastically different load requirements during day and
night hours and the operation of the process differs con-
siderably at high and low loads. The second level control
system which compensates for these disturbances has two
functions. First, as the disturbance changes, it may be
desirable to change the operating points (reference values
for process flows, pressures, etc.) in order to make the
operation as economically attractive as possible. Such a
control system supplies new reference points to the first

Fig. 1
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level analog controllers or direct digital controllers and is
termed an optimizing. controller. Secondly, on the same
level, the dynamics of the process itself may change as
the operating conditions of the process change, requiring
modification of the first level controllers if adequate dy-
namic performance is to be retained. Adaptive control is
implemented on this level to update or adapt the param-
eters of the first level direct digital controllers. This is
most easily done if the first level of control is DDC rather
than analog control since the controller parameters are
then merely numbers stored in machine memory.

The third class of disturbance is even slower in frequen-
cy and consists of changes in the parameters of the process
itself. This may be due to seasonal changes, aging, corro-
sion, and many other factors.

If the optimizing control is to be effective, it must have
an accurate mathematical model and consequently the ob-
jective of the third level controller is to make use of process
data to update or adapt the parameters of the mathemat-
ical model of the process itself.

The highest level of control compensates for the lowest
frequency disturbance of all, changing process structure
(in contrast to changing process parameters). This fourth
level of control is seldom automated but rather supplies
appropriate information to management and operators of
the process so that they can make the proper decision as

34

to structural changes in the overall control system and
process (Fig. 1). This level might include emergency re-
start of the process, emergency shut down, etc.

Observe that this breakdown of the problem results in a
hierarchical control system in which each level of control
effects directly the level of control directly below it and in
turn is controlled by the level immediately above it. This
structure is attractive not only from a conceptual viewpoint,
but also because each level can be designed somewhat in-
dependently of each other level, thereby permitting the de-
sign of a complex control system by means of building
blocks which are easily changed and improved upon as
the appropiate technology becomes available.

From a software point of view, this division of a large
task into many independent subtasks is very desirable,
since the programming of each subtask may be done inde-
pendently and is then easily documented and updated at
later times. However, the various subtasks are not neces-
sarily performed at the same rate or even in the same se-
quence. In fact, various tasks may be performed under
emergency conditions or upon demand of management or
the process operator. Consequently, the software must per-
mit the programmer to efliciently control the sequencing of
these tasks and to change the sequence easily when it is
desired. Of particular interest is the observation that the
computational load is approximately the same for each
level of control. That is, going up in level decreases the fre-
quency at which the computation must be performed, but
the complexity of computation increases with the result
that the load (product of computation time and frequen-
cy) remains about constant. In fact, it has been stated that
such a division is desirable.!

real-time implications

Implementation of such a control system in real time re-
quires certain hardware which significantly affects software
requirements. Most important of these are the analog input
and output hardware which requires relay and, possibly,
solid state multiplexing devices together with a multilevel
priority interrupt system. Since reliable operation of the
control system is very important, it is necessary to make
maximum use of the hardware to insure that the control
system will seldom fail. For example, it is inexcusable to
permit failure because of a card reader jamming or a relay
multiplexor receiving an illegal address. Hardware inter-
rupts and indicators are provided to check such contingen-
cies and to obviate them. This of course complicates tre-
mendously the software requirements since they generally
must be written for the “worst case” situation. Moreover
the slow operating speed of the analog multiplexor (50 to
100 points per second, for instance) and the need for data
in real time necessitates careful consideration of the real-
time control programming problem.

As control systems such as those described here were

" implemented, it became apparent that not only was the

control system not to be programmed once and then run
for many years but rather that it would probably be chang-
ing constantly throughout the life of the process and control
systems. This is due in part to increasing knowledge of the
process which permits better control systems to be design-
ed for various levels, and also to the ever-changing charac-
teristics of the process itself as it undergoes improvements,
new instrumentation is added, and the like.

There is a significant difference in the programming re-
quirements of the first and higher levels of control. The
simple algorithms of first level control are applied to proc-
esses in which there are many variables, all of which are
regulated in a similar fashion. Consequently the computa-
(Cont’d. on p. 39)

11, Lefkowiiz, Multilevel Approach Applied to Control System Design,
1965 JACC Proceedings, pages 100-109.
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One of a series on topics of importance to data processing management ” II

COBOL

COBOL, the collaborative effort by the computer user and manufacturer to develop a standard programming
medium for business data processing, has come of age. It has evolved as a precise, well defined and fully mature
' data processing language. This report discusses the major factors behind the growing importance of COBOL,
indicates the cost and performance areas management must take into account when evaluating COBOL, and
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HONEYWELL REPORT ON COBOL

briefly describes Honeywell’s efforts to provide the best possible COBOL systems
for its users.

Composed essentially of familiar business terms, COBOL can be learned more
easily by new programmers and help them become more productive sooner. As a
standard language, it aids communication between projects and between pro-
grammers and management.

When properly implemented, COBOL simplifies the problem of exchanging pro-
grams among various makes of computers and eases the transition to newer, more
powerful models.

COBOL as a system minimizes program checkout and debugging, provides dis-
ciplined documentation, and simplifies program maintenance.

COBOL —A TOOL FOR MANAGEMENT

Many of the nation’s largest users have adopted COBOL as their standard pro-
gramming language. More and more prospective users are making COBOL a
pivotal issue in their computer selection process. As a result, COBOL has been, or is
being, implemented for virtually every major computer model or family of models.

More than a common business-oriented language, COBOL is a powerful manage-
ment tool that can provide definite and precise answers to problems in the six major
decision areas shown below. In each of these areas, COBOL’s contribution to
effective computer utilization can be measured directly in terms of time and
money saved.

DECISION AREA HOW COBOL HELPS
Machine independence of COBOL
language offers a substantial
reduction in programming costs.

INTERSYSTEM COMPATIBILITY
... the effect of computer hard-
ware differences on program and
systems conversion requirements.

Provides a communication
INTRAPROJECT COMMUNICA- medium that offers a common
TION . . . the organization and base for data nomenclature, flow
cooperation of project personnel. charting and programming
i conventions.

Standards within the language
lead to standards within the
application area.

COBOL compilers always produce
mechanically correct code. Cleri-
cal mistakes and logical errors
are quickly pinpointed and
eliminated, usually with only

one recompilation.

STANDARDIZATION . . . the uni-
versality of a precisely defined
programming language.

PROGRAM TESTING . .. the cost
of nonproductive debugging time.

Programmers need be concerned
with only a finite number of
familiar terms, not the inner work-
ings of the computer.

PROGRAMMER TRAINING ...
the time it takes a programmer to
become productive.

Close relationship between state-

Consider the benefit of being able to move
from one computer to another without
a major reprogramming effort. As COBOL
language is not dependent on the logic of
any particular computer, any reprogram-
ming effort is mainly a clerical one. More-
over, one of the design features of Honey-
well’s Series 200 COBOL compilers makes
it possible for the compiler itself to perform
much of this clerical function.

The following example, based on an actual
benchmark situation, demonstrates how
COBOL can minimize program conver-
sion time. The program in the example
was, by comparison to the average COBOL
program, very large: 2,100 statements. It
was originally written to be run on a com-
puter with 192,000 characters of memory.
The program was converted to run on
a much smaller computer, a Honeywell
Model 200 with 32,000 characters of
memory. The following timetable gives a
breakdown of the total conversion time to
create an executable object program from
the original source program:

1. Preprocessing of 2100-
statement COBOL program
(A special feature to assist

the conversion process) ...... 10 min.

2. Programmer time to make
all manual changes indi-

cated by preprocessing ...... 60 min.

3. First compilation (pro-
duced object code greater

than 32K char.) .....c.cceen. 6 min.

4. Programmer time to
change program file block-

ing descriptions .................. 10 min.

5. Second compilation (pro-
duced object program ex-
ecutable in available mem-

10) ') SRR 6 min.

Total conversion time to
create executable object pro-
[ -1 11 RO ORI 1 hr. 32 min.

the basis for program mainte-
nance and modification.

& & S 29 RY =

PROGRAM DOCUMENTATION...

ment of problem and COBOL
solution to problem. Compiler
automatically provides compre-
hensive program documentation.

It is estimated that had the program been
written in the assembly language of the
original computer, reprogramming time
would have been measured not in hours,
or even days, but months.



SOFTWARE . ..

tional load is very repetitive in nature and efficient pro-
gramming and core allocation are necessary. On the other
hand, the higher levels of control are relatively complex
and non-repetitive in nature and it is more advantageous
here to use an algorithmic language in order to provide
flexibility and good documentation. ‘

The extensive input-output facilities of a process control
computer may be needed by any one or all of the levels of
control, since all make use of process data during their
operation. Consequently, many decisions must be left to
the programmer to make for each particular installation.
For example, rate of scan of analog inputs, type of scan
(sequential or random}), changes in scan rate, strategy in
case of input or output error detection, etc . . . all vary
from application to application and in fact from one level
of control to another within a given application. Thus any
software system necessarily must permit the programmer
to communicate easily with all of the hardware in the
computer and cannot incorporate arbitrary decisions about
these problems in a single executive.

Most of the software systems currently available for
process control are designed to support the higher levels of
control (the so-called supervisory control levels) rather
than the first lével, and are in the form of an executive
system with real-time Fortran as the basic language. Two
factors permit such executives to be used with supervisory
control systems.? First, the speed of machines has signifi-
cantly increased so that Fortran-level programs can com-
pete in terms of speed with machine-language programs in
the earlier machines. Secondly, secondary storage has be-
come readily available, permitting large executive systems
and efficient storage and saving of programs outside of
core. The problem of servicing the first level of control can
be solved without sacrificing the executive if a two-com-
puter system is used: one computer doing primarily first
level control (DDC) and the second, under control of the
executive system, performing supervisory tasks as well as
backup of the DDC comiputer.

process control executives

The objective of an executive system is to relieve the
programmer of the more burdensome tasks connected with
real-time operation. It responds to interrupts, saves and re-
stores partially executed programs, allocates primary and
secondary storage, sequences programs, and responds to
error conditions. In addition, if any time is left after the
process control programs are executed, the executive often
permits off-line use of the machine. That is, the executive
permits the machine to be shared by the process and an
off-line user. Thus non-process programs may be assembled,
compiled, simulated, and debugged without interfering
with the process. Such a use of the machine is usually called
time-sharing by the computer manufacturers.

A diagram of a typical process control software structure
is shown in Fig. 2. The key program is a monitor which re-
sponds to interrupts, determines the appropriate action to
be taken with respect to servicing of an interrupt, se-
quences programs, and in general takes care of the book-
keeping and interprogram communication tasks in a real-
time system. When free time is available, the monitor calls

the off-line monitor, which is similar to any stack-job

monitor.system except that all calls to input-output devices
are trapped and prevented unless there is no possibility
of interference with the process. All assembling, compiling,
and debugging is done under the control of the off-line
monitor. A particularly interesting and useful routine is
the simulator, which allows the testing of process programs
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without interference with the actual process. Input-output
requests, interrupts, analog data, etc. are simulated, allow-
ing efficient debugging of process control programs and
interrupt routines while the computer is on-line. It is the
rule rather than the exception that process control pro-
grams change often and it is very desirable to be able to do
this at the installation without taking the computer off-line.
The value of changes made at the installation far out-
weighs the slow running speed of such simulators. Within
the off-line monitor are the usual utility routines which

Fig. 2

ON-LINE
MONITOR
ON-LINE
LIBRARY PROCESS PROGRAM
OFF-LINE
SIMULATOR ,
OROGRAN MONITOR
REAL TIME Y OFF-LINE
FORTRAN ROUTINES PROCESS
COMPILER AND PROGRAMS
ASSEMBLER

permit the control of programs stored in secondary memory
and the changing of programs which are used for on and
off-line process control.

The main task of the executive is the running of user-
written process control programs which necessarily are
greatly concerned with the many input-output devices.
Although the executive cannot permit direct programming
of input-output devices, it does permit their control through
calls to a library of real-time subroutines. The combina-
tion of the Fortran language and these library routines
results in something akin to a process control language
which permits programming of any of the higher level con-
trol problems.

Elements of this “language” vary, of course, among dif-
ferent computers, but the basic functions are similar. The
subroutines of the IBM Time Shared Executive are used
here as illustrations. 3

examples of the language

Commands may be divided into three categories. The
first is Sequence Control, statements which permit the pro-
grammer to control the order in which tasks are performed,
interrupts serviced, and off-line jobs permitted. Such con-
trol is important, since the various levels of control are
necessarily carried out in sequence rather than in parallel
and the order is critical. For example, a sequence of tasks
might be to collect certain data, use a statistical identifica-
tion routine to determine parameters of the process, and
finally to use an adaptive routine to change the controller
parameters. An optimizing routine too large for core can be
executed in parts if the programmer has control over the
sequence of programs. Commands which give him this

2 K. Stapleford, PCP-88, Foxboro publication.

3 IBM 1800 Time-Sharing Executive System Specification, IBM publi-
cation.
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control include CHAIN (which specifies the next program
to be executed), QUEUE and UNQUE (to enter or re:
move program in a waiting queue), VIAQUE (to call the
highest priority program waiting in the queue to be ex-
ecuted next in sequence), and SHARE (to indicate free
time is available in which non-process programs may be
executed under the control of the off-line monitor). Such
statements may be freely imbedded within process pro-
grams written in Fortran. Through use of these commands
within programs, the programmer can control the frequency
and order in which the various levels of control are per-
formed. Even when various levels are not performed on a
regular basis (for example, when a certain function is per-
formed only upon operator demand), these commands
permit control over the sequence. In response to an oper-
ator-initiated interrupt, the interrupt subroutine can decode
the request and call for the appropriate program to be en-
tered in the queue and then executed when it has the high-
est priority. Of equal importance is the ease by which
sequence is changed as the process control problem changes
with time.

A second division of the language is Interrupt Control,
the control of the routines which service intefrupts and
the control of the interrupts themselves. For example, dur-
ing certain routines it may be advantageous to delay the
servicing of interrupts to minimize exchanges of programs
(when it is known that a program is short and the inter-
rupts can wait) or to prevent certain interrupts entirely
(as when a routine cannot be used recursively and may
be called from more than one level). Commands to permiit
this control include SPECL (to stop the program in prog-
ress, save it in secondary storage, and execute another
program ), BACK (to return to a program which was only
partially executed), SERVE (to service interrupts which
were not serviced at the time they occurred) and CLEAR
(to ignore interrupts which occurred but were recorded
rather than serviced immediately). These commands are
most useful within interrupt subroutines which can deter-
mine the present status of the process (alarms, overloads,
etc.) and decide what actions to take, including com-
plete restart of the programs, aborting of certain actions,
or even turning control over to the operator. Control over
the iiiterrupts themselves implies actual inhibiting or allow-
ing of the interrupts to occur. This control is obtained
through commands such as MASK, UNMASK, SAVE-
MASK, and RESTOREMASK, which inhibit or allow spec-
ified levels of interrupts and permit determination of the
status of the interrupt levels (inhibited or not) at any
time. Through selective use of masking, data channels
can keep operating for the transmission of data in and
out of core while process interrupts are inhibited until the
short routine in progress is complete (assuming the hard-
ware permits this). These masking control commands must
be available to the programmer, for only he can decide in
a given situation whether or not it is permissible to delay
servicing of certain interrupts from the process. These com-
mands give the programmer the opportunity of increased
efficiency of execution of his program, but also place on
him the burden of insuring that essential process functions
not be prevented by indiscriminate masking of interrupts.

The third division of language statements, Input-Output
Control, includes statements which permit communica-
tion between the process itself and the computer. At any

level of control, data from the process may be necessary,
requiring that any program be able to request analog or
digital input data from specified locations in the process.
Commands which permit this are various subroutine names
which are programmed to convert one or more analog
signals into digital form and store them in prescribed loca-
tions or to take prescribed variables, convert them to digital
form and output them to the process. Such routines
make use of the interrupt structure of the computer and
data channels (if available) in order to perform such tasks
asynchronously. These subroutines include various scan-
ning options (sequentially, random, single variable) and
alternatives in case of detection of errors. Because all of
these subroutines make extensive use of data channels,
device indicators, and interrupts, the form of the subrou-
tines themselves is not under the control of the program-
mer. For example, a call for an analog input may find
the multiplexor busy, in which case the subroutine may
51mply wait until it is free or return to the calling program

dependmg on the particular routine. Detection of an
error in transfer of data may result in repeated attempts to
read the data, the number of attempts being built into
the subroutine. In some applications these subroutines
might not be suitable because of the speed at which they
run, the arbitrary way they respond to error conditions, etc.

It is, of course, possible to provide additional simple sub-
routines which test indicators for various error conditions
and to call these before attempting to use a device. An
extensive set of such routines is available in the General
Electric GE/PAC executive system, including routines
for saving machine indicators and registers.” * An impor-
tant device is the interval timer, a counter which may be
set up to cause a program interrupt at any desired time.
This permits a watchdog type of operation for maximum
reliability. For example, after performing some operation,
an interrupt after a given length of time may be requested
which will call out a program which determines if the
operation actually was carried out.

The interval timer can be used to sequence certain oper-
ations by requesting an interrupt after a specified time
interval followed by execution of the task. In the hier-
archical control system, the higher the level, the less often
the tasks are performed. Frequency of operation of the
optimizing function, for example, may depend upon the
detection of disturbances by a lower level and/or may be
done at a fixed time interval through use of the interval
timers.

another approach

One exception to the real time Fortran approach
to process control lariguages is the CONTRAN system
being developed by Honeywell. This language is an out-
growth of the Consequent Procedure language developed
by Fitzwater and Schweppe.” " Their language, called
TASK 64, is a modification of ALGOL 60 to include task
processing statements and consequent procedures (pro-
cedures which are initiated when certain prescribed con-
ditions are fulfilled). Such a langudge operates within an
executive system as does Fortran, but goes a step further
than the subroutine library approach Control of sequence
of various portions of the control program is obtained by
the specification of a set of Boolean variables or switches
for each program so that the program will be executed
when, and only if, these conditions are fulfilled. Thus these
conditions, rather than the order of program statements or
routines, determine the sequence of their operation. Con-

4+ GE/PAC 4000 Free-Time System User’s Manual, GE publication.
3 GE/PAC 4000 Monitor User’s Manual, GE publication.
6 D. R. Fifzwater, E. J. Schweppe, Consequent Procedures in Conventional
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Computers, FJCC, 1964.
7D. R. Fitzwater, D. E. McFarland, TASK 64-A Consequent Procedure
Real Time Computer Language, lowa State University, Ames, lowa.
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trol of interrupts and communication between the proc-
ess and the computer through input-output devices are
obtained through subroutine calls as in real-time For-
tran.

With sufficiently large core storage (8K minimum) one
of these executive systems can respond efficiently to process
demands. A possible allocation of core is shown in Fig. 3.
The skeleton executive program is permanently resident
in core and includes all routines necessary for communica-

Fig. 3
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tion, with secondary storage and the servicing of interrupts
with very short response time requirements (mostly high
speed data transfer devices). The non-permanent portion
of core storage includes process programs and interrupt
routines whose response time is slower than that of the
permanent routines. Any interrupt which is not part of
the skeleton executive system or loaded with the process
program is serviced by exchanging the process program
for a service routine in secondary memory followed by
restoration of the interrupted program. To minimize sec-
ondary storage exchanges, such routines are usually not
interruptible except by interrupts whose service routines
are in the skeleton executive. Thus there are basically three
response times for interrupts and the programmer may
choose the combination which is best for a given applica-
tion.

not for everyone

The supervisory executive déscribed above:-is a very
significant advance in process control software and should
service the needs of a majority of control installations. What
are the disadvantages of such executive systems which pre-
vent their application at times? Three types of installa-
tions are not efficiently serviced by these execuitives.

The first are the very small systems which cannot justify
the additional core storage and secondary storage neces-
sary to use the executives. Many installations (at least in
the past) started out small and, consequently, with spe-
cial programming systems written especially for that job.
Later they grew large enough to justify the use of an
executive system. However, it is difficult to decide to scrap
a great deal of working software in order to use an execu-
tive . . . even though in the long run it might be the best
solution. Often a middle of the road solution which is not
satisfactory to anyone is chggen.

The second type of instalfatiqn which cannot directly use
the executive is a system which is primarily first-level
(DDC). Efficiency, reliability, speed, and quick response
time are the objectives here rather than simplified program-
ming and convenience. As mentioned, when this function
can be delegated to a separate computer with its own soft-
ware the executive can still be used in the supervisors com-
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puter. This may be the solution in the long run as indi-
cated by several installations in which this is now being
applied.

The third exception application is a critical process
where special programming requirements are necessary.
For example, the nuclear reactor control system supplied
by Control Data placed so great an emphasis on reliability
that no executive now available could efficiently satisfy
the requirements.8 Of importance here is that such unique
applications will occur more and more often as the volume
of process control applications grows and some software
support must become available.

software trends ,

Two solutions to the problems mentioned here are being
considered. First, special software for DDC or first-level
control is being considered. The importance of simple flex-
ible software for DDC cannot be overemphasized, since
it must be used by plant engineers, -for example, in all
process phases from startup through regular plant oper-
ation. A number of manufacturers are considering a DDC
compiler system whose input language is a block diagram
specification of the control algorithms to be implemented.
The output of the compiler would then be a machine
language program which could run by itself in a DDC
computer. Such a block diagram language is similar to
digital simulation languages such as Midas and Pactolus.
A simple example of such a program is shown in Fig. 4.
Changes in the first level of control would then merely

Fig. 4
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require perhaps a recompilation of the block diagram
statements. One ddvantage of this approach: this type of
programming is familiar to plant engineers, since it is used
in analog simulation. This approach is very attractive in
that different sets of “blocks” could be supplied for dif-
ferent industries and applications, making it very easy for
customers to make use of the computer. The problem is
one of economics. Although the language may not
differ much from one application to another, the imple-
mentation may be quite different because of different oper-
ating speeds required for scanning and output of data. Con-
sequently, a different compiler might be required for dif-
ferent applications, making the approach uneconomical.

Within whatever DDC software is supplied, there may
be included a routine which permits communication with

8 J, E. Smith, Program Structure Considerations of Digital Control in
d Nuclear Power Plant, JACC Proce~edings, 1964.
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a supervisory computer operating under an executive sys-
tem. Such systems are now available. For example, the
PCP-88 system supplied by Foxboro is made up of two
PDP-8 computers with Foxboro interfaces and a com-
plete real-time Fortran executive system for the super-
visory computer and DDC software for the first level com-
puter.® Two big advantages of such an approach are the
separation of the programming problem into two parts,
with each serviced by the most convenient language . . .
and the increased reliability of the system because of the
duplication of central processors.

The second solution of problems of executive systems
might be the development of a true process control lan-
guage. The main difficulty with the Fortran library system
of subroutines is that the programmer has no control over
the inner workings of the executive system -and the
interrupt and error handling characteristics of the individ-
ual subroutines. It might be desirable to develop a real-
time process control language which is algorithmic in na-
ture and sufficiently powerful to produce the executive it-
self together with the subroutine library. Such a real-time
language must permit control over the allocation and
freeing of core and secondary storage, specification of ‘in-
terrupts and responses to interrupts and other functions
which are normally reserved for the executive rather than
being under the control of the programmer. If such a
real-time language were available, the programming sys-
tem shown in Fig. 5 could result.

9 R. Rankin, A Summary Description of the Standard DDC Functions,
Foxboro publication.

If the language were sufficiently powerful and efficient,
the executive could be written in this language, thereby
permitting easy changes for various applications which can-
not use a standard executive. Special-purpose languages
for DDC and other applications (process-oriented lan-
guages) could then be designed and compilers written to
produce the real-time language as an intermediate rather

Fig. 5
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than machine language. This would decrease the cost
of producing such special languages and decrease the
problem of obsolescence because of hardware changes.
With the rapid increase in the number of computer con-
trol installations and the shortage of qualified systems en-
gineers and programmers to install these systems, process
control software will quickly develop in the direction of
further simplification of the programming problem. W

BILLING COMPUTER TIME?

automate your
timekeeping— - -

ACCURATELY & SIMPLY!

Y7 Automate the operation of any monitor-programmed
IBM computer—including the System/360—by plug-
ging in a Chrono-Log Programmable Clock/Calendar -
System. -

o |dentify each job by date as well as time.
Record computing time automatically for each job.
Summarize computing time, down-time, and non-
productive time.
Bill each job automatically. P
Sequence jobs on or off the computer without
operator intervention.
Chrono-Log Clock Systems use existing tape
commands . . . their accuracies are inde-
~ pendent of the computer . . . they are not
affected by computer down-time or program-
ming errors. To get the full story on these
accurate and reliable solid-state clock/cal- -
endars, write for Bulletin No. 729/360, or -
phone (215) EL-6-6771.
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MISSING OUT ON MIS?

How goes your management information system? About to become unglued by the whole GIGO mess?
You say it all started with a bunch of systems experts who refused to bother with details, like acknowledging
the unwritten procedures? Now your implementation schedule is backlogged until after 19767 In the
meantime, your entire MIS is adrift in a sea of data? Even the simplest request brings down a Niagara of
solutions? But never for any of management’s problems? In fact, the only answers you're getting are for
questions you’re not asking? So now you're locking for a software group which combines systems design
and programming know-how with solid management understanding? In a word, you're looking for IDC.

Most people think of IDC as the house that software built on a foundation of unparalleled experience in real time,
compilers, operating systems, and other programming staples. True, as far as it goes, but don’t overlook IDC’s creden-
tials for designing and implementing a total management system. For example, IDC has just created a new program-
ming package called BASIC (Business and Systems Information Controller). BASIC makes every manager his own
- computer systems expert, using ordinary business language. Decision-makers can now define their own problems for
EDP, organize their own files for computer storage, and schedule report cycles in their own terms without recourse to

ning MIS from scratch, discover today how IDC’s profit-oriented approach can INFORMATION
be tailored to meet your management goals. Write on company letterhead for DEVE LOPMENT
more information concerning BASIC or any other perspective of your software COMPANY
management problem. 1621 E. 17th St., Santa Ana, Calif. Call (714) 547-8861.

computer specialists, Whether you’re extending your present system or plan-
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From the way they
talk, you’d think
Wilson Jones invented
the Nylon Post Binder-.

And they’'ve been the leader ever
since. :

They developed and perfected
the binder for marginal-punched
unburst sheets—the remarkable
time-saving, money-saving binding
method that thousands of firms
with high-volume data processing -
departments are using today.

Sheets are bound exactly as they come from print-out—
without stripping, punching and bursting—without any
other extra steps. Wilson Jones developed binders for
every conceivable data processing need. Binders for
burst sheets...for stripped and unstripped sheets... for
sheets of mixed sizes...loose-leaf forms...frequent or
infrequent addition or removal of sheets...permanent
binding...top and bottom loading. Binders in a wide
range of colors for coding reports and records. And in-

©1966 W. J. CO

dexes tofitthesebinders, as shown
in the photograph.

In fact, Wilson Jones makes a
total of 314 different binders to
house the 47 stock sizes of “tab”
forms made today!

So, if you think you have an E.D.P.
housing problem that can’t be
solved, you haven’t checked the in-
ventor of the nylon post binder recently! Just remember
the name, “Wilson Jones”, when you call your stationery
or “tab” supply dealer. Or write directly to the inveritors.
Ask for Catalog GL 264-2.
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A SURVEY

OF THE
CHARACTER
RECOGNITION

by LAWRENCE A. FEIDELMAN

In the early days of electronic data processing,
when the amounts of information being han-
dled in most computer applications were rela-
tively small, the need to manually keypunch the
information in a machine-readable code caused no partic-
ular concern. Today, when vastly more sophisticated ma-
chines are being used to store, retrieve, and process large
amounts of information, this manual operation has come to
be viewed as a fundamental weak point in computer-
based information systems—too slow, expensive, and un-
reliable to be tolerated in applications involving large
volumes of input information. The one solution to this
problem is the automatic character reader—a device that
has been developed to the point where it has replaced
manual keypunching in selected application areas, although
it still lacks the functional refinements to become standard
across the full spectrum of computer input operations.

The character reader is a machine for directly convert-
ing alphanumeric characters or symbols into a machine-
readable code. The output of the reader may be in the
form of punched cards, punched paper tape, or magnetic
tape . . . or the reader may be operated on-line (directly
connected) to a computer.

Most current machines are rather severely limited in the
type fonts they can read, and, in some cases, the size of
the character set (alphanumeric vocabulary) they can han-
dle, even in special type fonts. On the other hand, charac-
ter readers are in effective and economically efficient use in
several major industries. Banking is one, and probably is
the largest application area for character readers. The
credit-card industry, led by the oil companies, and utility
bill processing are other major application areas. In addi-
tion, some retail merchandising firms have recently begun
using character readers, and the United States Post Office
has expressed interest in seeing a character reader de-
veloped to read hand-written addresses.

The character reader offers the advantage of being
faster and more accurate than manual keypunching, since
it permits printed data to be entered directly into the
data-processing system without any additional human ac-
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a growing choice

FIELD

tion. The present purchase price of commercidl magnetic
character readers averages around $80,000. The prices for
optical character readers range from $75,000 upward, de-
pending upon the speed and sophistication of the machine
(rentals run between $3,000 and $15,000 per month).

character reader types and functions

There are two basic types of character readers: mag-
netic and optical. Magnetic character readers are used
almost exclusively within the banking industry. They
can handle only special type fonts printed in magnetic
ink. The font most widely used in the United States and
adopted as a standard by the American Bankers Associa-
tion is E-13B (see Fig. 1), which can be used to repre-
sent only 10 numerics and four special symbols. Another
font, which was developed by Compagnie des Machines
Bull-General Electric, is capable of representing all

Mr. Feidelman, a member of
the technical staff at the Auver-
bach Corporation, is a sys-
tems analyst and designer ac-
tive In computer communica-
tions work. He has a BA in
mathematics from NYU and
an MS in engineering from
the Moore School, Univ. of
Pennsylvania, with research
emphasis in pattern recogni-
tion and artificial intelligence.

This article is based on information from AUERBACH Standard EDP
Reports.
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the characters in the alphabet as well as all the numeric
symbols. However, this font, which has been adopted as
a standard by the European banking community, can
presently be read only by the Bull CMC-7 and- Olivetti
7750 magnetic character readers.

Since magnetic readers detect only magnetic marks,
non-magnetic common dirt or other marks do not cause
reading errors. However, considerable care must be taken

Fig. 1. Sample of E-13B Font Characters
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with the quality of the printing on the documents. Ink
densities and character image are both critical. Relatively
high quality-control standards must be maintained in
the printing process to prevent character deterioration and
extraneous ink spots.

Optical character readers are used in nearly all the
major application areas other than banking. They work
on the principle of recognizing the difference in contrast
between the characters and the background on which
they are printed. Some do not require special fonts and
are theoretically capable of reading most type fonts with
suitable adjustment. So far, however, this theoretical
capability is too expensive to realize for commercial use,
although there are several optical character readers that
can read more than one type font. The least expensive
units are restricted to one font usually specially designed
for low error rate and often restricted to numerics plus a
few special symbols. Also, the optical reader tends to be
somewhat less reliable than the magnetic reader because
of its sensitivity to dirt, document creases, and poor paper
quality. Despite these drawbacks, optical readers seem
to offer the most promise for the future, and new tech-
niques are being explored and developed to overcome
the major functional problems.

All existing commercial character readers, whether
magnetic or optical, consist of three basic functional units:

1. Document tiansport

2. Scanner

3. Recognition unit

A block diagram of a character reader is shown in Fig. 2.
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Fig. 2. Character Reader Block Diagram

Documents
Transport " Scanner "  Recognition
Unit Unit Unit
S— e — |
Document Punched Cards o—l
Output Magnetic Tape s—— |
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Punched Paper Tape Data

Control Signals — _ — g Processor
Data Flow — g

The function of a character reader’s document trans-
port is to move each document to the reading station, posi-
tion it properly, and move it into an “out” hopper.
Transport mechanisms can be divided into two basic types:
one for handling individual documents (paper sheets or
cards) and the other for handling continuous rolls (cash
register or adding machine tapes).

The function of a character reader’s scanner is to con-
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vert the alphanumeric characters and symbols on a docu-
ment into some analog or digital representation that can
be analyzed by the recognition unit. There are two basic
methods for accomplishing this—magnetic and optical—
and the method used is the basis of a character reader’s
designation as one type or the other.

The recognition unit is the heart of the character
reader. This unit matches patterns from the scanner against
the reference patterns stored in the machine and either
identifies the patterns as specific characters or rejects
them as being unidentifiable.

document transports

Document transports in character readers designed to
handle adding machine or cash register tapes .consist
of a tape well, in which the paper roll is loaded;
paper guides; and a paper drive control. Once the tape
is manually threaded, the paper is automatically moved
past the read head in a manner similar to the movement
of a film reel in a movie projector. A vacuum system
is frequently used to keep the paper flat. The maximum
length of the paper roll that can be handled ranges
from 100 feet for the National Cash Register Optical
Journal Reader to any reasonable length for the Recogni-
tion Equipment Journal Tape Reader. The paper-roll mech-
anisms are usually designed so that the roll can be backed
up any time rereading is required. A special feature of the
feeder mechanism used in the Recognition Equipment
Journal Tape Reader is an automatic tape advance, which
speeds up tape movement when there are large spaces be-
tween print lines. In the other readers, tape speed is
constant at all times.

In character readers designed to handle individual sheets
or cards, the document-transport function is divided into
two phases: (1) feeding the documents from the input
hopper, and (2) transporting the documents past the
reading station. A common  device for document feeding is
called a friction feeder. This consists of a belt wound
around capstans and partially resting on the document
stack. Constant pressure is exerted against the belt by
the document stack. As the belt moves across the top
of the stack, it pushes the top documents into a separa-
tor station, where a combination of rollers and another
belt separates the top document from all documents below
it. This technique is used in the IBM 1419 Magnetic
Character Reader.

Vacuum or suction feeders are also used to lift docu-
ments off the input stack. One example of a vacuum
feeder is used in the Philco General-Purpose Character
Reader, which employs a pair of vacuum belts to lift the
document from the stack and carry it forward to the trans-
port unit.

Both the friction and vacuum devices, however, have
problems in handling dobuments of thin paper and may
occasionally feed more than one document at a time. A
new type of feeder, which has been designed by Rabinow
Electronics (subsidiary of Control Data Corporation), uses
a set of cone-shaped rollers for feeding the documents. The
rolling cones engage a corner of the top-most document
and roll the corner away from the pile up into paper
rollers, which carry the document to the transport unit.
This unit is said to eliminate the possibility of feeding two
sheets at a time.

A popular method for transporting the document

-to the reading station is a vacuum-drive conveyor belt.

Some character readers, such as the IBM 1428 and the
Rabinow RUR model, use the conveyor belt to place
the dociment on a rotating drum, which moves the
document past the read head. The paper is held to the
drum by means of a vacuum.
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One of the basic disadvantages of the above mechani-
cal techniques is that they cannot move the document
as fast as it can be read. One approach to this problem
has been the use of a high-resolution CRT scanner,
developed by Philco Corporation, which can scan the
entire document without requiring any mechanical move-
ment. Another method, used by UNIVAC Division of Sperry
Rand Corporation, uses a vidicon scanner which takes a
picture of the entire document at once. Both of these systems
will be discussed later in this article.

scanner units — magnetic

Scanner units, as previously mentioned, are divided into
two basic categories: magnetic and optical, designations
that are used to characterize the readers themselves.

Since the banking field represents the major applica-
tion area for magnetic character readers, all of the mag-
netic readers produced in the United States have scanning
units designed to handle the E-13B font.

Most scanning units convert the magnetic characters
into an analog voltage waveform for subsequent identi-
fication. The principle used is based on the electrical signal
that is generated by moving a character past the read
head. Each character generates a signal that has a unique
waveform, which the recognition unit matches against
reference waveforms. The companies presently using this
technique are Burroughs, General Electric, and National
Cash Register.

IBM uses a digital scanning technique, which is ex-
emplified by the IBM 1419 Magnetic Character Reader.
In this machine, the character is scanned by thirty mag-
netic heads stacked vertically and interconnected to
give ten outputs. The outputs are transmitted to a 70-bit
shift register in the recognition unit, where they are matched
against stored reference patterns.

Another type of digital scanning technique is used in the
Compagnie des Machines Bull-General Electric CMC-7
and Olivetti-General Electric 7750 magnetic readers, which
are designed for the special BULL magnetic font shown
in Fig. 3. This font, which has been adopted by the
European banking community, can be used to represent

Fig. 3. Sample of BULL Magnetic Reader Type Font
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26 alphabetical characters, 10 numerals and 5 special
symbols. Also, it is easy for human beings to read. Each
character is composed of seven vertical strokes, which
define six intervals of short and long duration (ie., gap
widths between strokes). The reader scans each charac-
ter from left to right and records the variations in mag-
netic flux, which indicates the width of the gap between
the strokes. Each character is then identified by the num-
ber and sequence of narrow and wide gap widths."

scanner units — optical

The optical-scanning methods are based on the differ-
ence in contrast between the characters and the back-
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ground on which they appear. The function of the scanner
is to sample either portions of a character or a complete
character to determine the relationship between light
and dark areas. The common scanners used are mechani-
cal discs, flying spot scanners, parallel photocells and a
vidicon scanner.

Mechanical-Disc Scanner. The mechanical-disc scanner
consists of a lens system, a rotating disc, a fixed aperture
plate and a photo-multiplier as shown in Fig. 4. The
characters to be read are flooded with light, which is
reflected from the surface of the document into a rotating

Fig. 4. Mechanical Disc Scanner
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LIGHT
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disc via the lens system. The disc has apertures extending
from its center toward its periphery. As the disc rotates,
the apertures pick up light samples. A fixed aperture
plate regulates the amount of light and directs the light
to a photo-multiplier. The photo-multiplier tube converts
the eight samples into signal pulses. By varying the voltage
threshold, the photocell outputs can be adjusted for different
background colors.

The mechanical-disc scanner senses a character of data
at a time. Movement between characters and lines is ac-
complished either by moving the document, as in the
NCR Optical Journal Reader, or by respositioning the lens
system, as'in the IBM 1428 Alphameric Optical Reader.
Consequently, this type of scanner is relatively slow,
as compared with the other scanners mentioned.

Flying-Spot Scanner. The flying-spot scanner consists
of a cathode ray tube, a projection lens, a phototube and
a control unit. A beam of light is generated on the cathode
ray tube and deflected across the CRT in a scan pat-
tern. The lens system projects this scanning light spot
onto the document, from which it is reflected into a photo-
tube. The phototube generates a voltage signal whose
level is proportional in each instant to the amount of
reflected light, thus indicating light and dark areas. The
resulting signals are then either fed directly to the rec-
ognition unit in analog form or first transformed into digital
form.

The flying-spot scanner offers more flexibility than the
mechanical disc, since its scanning pattern can be auto-
matically adjusted by the control unit. This permits the

(Cont’d. p. 50)

CHARACTER READER
COMPARISON CHART

The accompanying comparison chart summarizes the signif-
icant characteristics of representative optical and magnetic
character readers in terms of the type of document feed
and transport unit, document size, document speed (docu-
ments/minute) types of scanners and recognition units,
type font, character set, and reading speed. It should be
noted that the reading speed represents a potential speed.
The actual speed is dependent on the size and number of
documents being read. The notation N/O denotes that no’
information has been obtained on this characteristic for the
specified device.
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Name . Document Document " Document Documents
of Equipment Feed Transport Size per Scanner Recognition Reading Speed
Company Model Type Type {inches) Minute Type Type Type Font Character Set (Characters/Sec.)
Burroughs Typed Page Reader  Vacuum Drum 8%z x 11 N/O Optical—Flying  Matrix Matching Upper Case Alphanumerics, 75
Spot .Scanner Standard Elite Type  Punctuation Marks
" B102 & B103 Friction Conveyer Length: 5.94-9.06 1,000 to Magnetic Analog Waveform E-13B Numerals, Four Max. 1,300
. Sorter-Reader Belt Width: 2.69-4.06 1,565 Matching Special Characters
Farrington Selected Data Vacuum Drive From: 4.5 x 5.5 (1) Optical— Stroke Analysis Selfchek 12F and/or Alphanumerics, Max. 200
Electronics, Inc. Page Scanner Rollers To: 8.5 x 13.5 Mechanical Disc Selfchek 12L Punctuation Marks,
Special Symbols
1P Page Reader Vacuum .Drive From: 4.5 x 5.5 (2) Optical— Stroke Analysis Selfchek 12F and/or Alphanumerics, Max. 280
Rollers To: 8.5 x 13.5 Mechanical Disc Selfchek 12H or 121, Punctuation Marks,
.A.S.A. Font, IBM 1428 Special Symbols
ID Document Vacuum Drive Card Stock: Max. 440 Optical— Stroke -Analysis Selfchek 7B, 12F Alphanumerics, Max. 330
Reader Rollers From: 2.2 x 2.75 Mechanical Disc and/or Seifchek 12H Punctuation Marks,
To: 8.5 x 6.0 IBM 403 Special Symbols
Documents: IBM 1428
From: 2.625 x 2.75
To: 8.5 x 6.0
9SP Model Series Vacuum Drive Standard Tab. Max. 180 Optical— Stroke Analysis Selfchek 12F Numerals Max. 330
Rollers Cards: Mechanical Disc and/or 7B
80 column or
51 column
2J3M Tape Vacuum Length: to 350 ft. 2,880 lines Optical—Flying  Stroke Analysis Selfchek 9B or 12F ' Alphanumerics, Max. 1,000
Journal Tape Spool Conveyer Width: 1%s to per minute Spot Scanner IBM 1428, Special Symbols,
Reader Belt 4> inches maximum NCR Optical Font, Limited Punctuation
) A.S.A. Font
2S3C Vacuum Drive Standard Tab Max. 550 Optical— Stroke Analysis Selfchek 7B, 7BR, Alphanumerics, Max. 600
Self-Punch Rollers Cards; 51 or 80 Mechanical Disc 9B, 12F and 12L Special Symbols,
column Punctuation
General MR-20 Vacuum Conveyer Length: 4.75 1,200 Magnetic Analog Waveform  E-13B Numerals, Special Max. 1,800
Electric S-12D Belt to 9.0 Matching Symbols
Width: 2.5
to 4.1
Compagnie des LD-1 Friction Conveyer Length: 2.36-8.75 330-620 Magnetic Frequency Analysis  Bull Font Alphanumerics Max. 700
Machines BULL-  (CMC-7 Reader) Belt Widith: 2.75-4.50 {CMC-7)
General Electric
Olivetti- 7750 Friction Conveyer Length: 5% Max. 750 Magnetic Frequency Analysis  Bull Font Alphanumerics Max. 1,888
General Electric Belt to 8% (CMC-7)
Width: 2%
to 4V
IBM IBM 1428 |, Friction Vacuum From: 32 x 24 Max. 400 Optical— Matrix Matching IBM No. 1428 Alphanumerics, Max. 480
It & it Drum and To: 8.75 x 44 Mechanical Disc Symbols
Conveyer
Belt
IBM 1412 Friction Drum Length: 6 to 8% Max. 950 Magnetic Matrix Matching E-13B Numerals, 4 special  Max. 1,600
Width: 2% to 3% Symbols
IBM 1282 Friction Clutch 50-80 Max. 200 Optical Matrix Matching 1428-Farrington Numerals, N/O
column cards . . Optical Code 3 Symbols
IBM 1419 Friction Conveyer Length: 6 to 8.75 Max. 1,600 Magnetic Matrix Matching E-13B Numerals, 4 special  Max. 2,112
Model | Belt ‘Width: 2.75 to 3.67 Symbols
IBM 1418 Friction Vacuum Drum Length: 5.875 Max. 420 Optical— Mairix Matching IBM 407-1 Numerals, special Max. 500
I-and I --and Conveyer to 8.75 Mechanical Disc Font or 407-E-1 Symbols

(1) Dependent upon number of lines and fields within lines to be read.

Belt

Width: 2.75 to 3.67

(2) Maximum processing speed is 5 lines per second; minimum 2.5 lines per second.
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Dependent upon number of lines and fields within lines to be read.
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(2) Maximum processing speed is 5 lines per second; minimum 2.5 lines per second.

mark sense

Name Document Document Document Documents
of Equipment Feed Transport Size per Scanner Recognition Reading Speed
Company Model Type Type (inches) Minute Type Type Type Font Character Set {Characters/Sec.)
IBM 1285 Vacuum Conveyer Journal Rolls Max. 2,190 Optical Matrix Matching 1428-NCR Optical Numerals, Max. 365
: Belt Width: 1%¢ CPM code 7 symbols
to 32
Length: 36 to 200’
National Cash 420-1 Automatic Journal From: 1.31 x 26 lines Optical— Matrix Maiching NCR Selfcheking Numerals, special Max. 832
Register Co. Cash Register Tape 10.00 to per second Mechanical Disc Symbols
Tape Spooling Reader 3.25 x 12.00
Device
402-3 Friction Conveyer Length: 5.25 Max. 750 Magnetic Analog Waveform  E-13B Numerals, 4 special Max. 1,200
MICR Belt to 10 Matching Symbols
Sorter Width: 2.5
-Reader to 4.5
407-1 Friction Conveyer Length: 4 to 8.75 Max. 1,200 Magnetic Analog Waveform  E-13B Numerals, 4 Special  Max. 3,200
MICR Sorter-Reader Belt Width: 2.75 to 4.5 Matching Symbols
Univac Readatron Picker Card Credit Card Size Max. 200 Optical— Matrix Matching No. 281 Numerals Max. 580
Division Belt credit cards Vidicon Scanner
Sperry Rand
Corp.
Philco Corp. General Vacuum Conveyer From 3 x 5 to 180 for 8%2 x 11 Optical—Flying  Mairix Matching Multiple Type Fonts  Alphanumerics, Max. 2,000
(Div. of Ford Purpose Belt 8% x 11 documents 360 Spot Scanner Punctuation,
Motor Company) Print Reader for 3 x 5 cards Special Symbols
Rabinow RUR 3200-1 Vacuum Conveyer 5.5 x 8.63 Max. 400 Optical— Matrix Matching Billing Open Type Numerals Max. 1,000
Electronics Belt Parallel
(Subsidiary of Photocells
Control Data
Corp.)
RUR 4100-1 Tape Continuous — — Optical— Matrix Matching Cash Register Type 10 Digits and 14 Max. 110
Spooling Tape Parallel Alpha Characters
Device Photocells
. (Retina)
Control Data Vacuum Conveyer Length: 2%2 to 14 Max. 180 Optical— Matrix Matching Upper Case Alphanumerics, Max. 370
915/Page Reader Belt Width: 4 to 12 for8%2 x 112 Parallel Type Fonts Punctuation
Photocells.
Radio Corp. 5820 Vacuum Conveyer Max. 4 x 82 Max. 1500 Optical— Stroke Analysis RCA N-2 10 Numerals, Max. 1,500
of America Belt Min. 22 x 2V Min. 750 Vidicon 5 Symbols
Scanner
70/251 Vacuum Conveyer Max. 4 x 8%2 Max. 1800 Optical— Stroke Analysis RCA N-2 10 Numerals Max. 1,500
Belt and Min. 2V2 x 2V Vidicon 5 Symbols
Drum Scanner
Recognition Electronic Retina Vacuum Conveyer From: 2.00 x 2.00 1,200 Optical—Parallel Matrix Matching Multiple Alphanumerics, Max. 2,400
Equipment, Inc. Document Carrier Belt To: 5.00 x 8.75 Photocells (Retina) type fonts Punctuation marks,
special symbols,
mark sense
Journal Tape Tape Roll Journal Width: 1%s Max. 1,800 Optical-—Parallel Matrix Matching Multiple Alphanumerics, Max. 2,400
Carriage Reader to 6 lines per Photocells (Retina) type fonts Punctuation marks,
minute special symbols,
mark sense
Electronic Retina N/O Conveyer From: 3.25 x 4.88 Max. 30 Optical-—Parallel Matrix Matching Multipie Alphanumerics, Max. 2,400
Rapid Index Page Belt and To: 10.00 x 14.00 Photocells (Retina) type fonts Punctuation marks,
Reader Drum special symbols,



CHARACTER RECOGNITION.. ..

use of different scanning modes (i.e., scanning certain
character fields, scanning specified portions of document).
Also, being completely electronic, it is faster than the
mechanical disc and is generally classified as a medium-
speed device.

The introduction of high-resolution cathode ray tubes
(2000 optical lines) has made manufacturers look to the
development of a reader in which a complete doctiment
can be scanned without any document motion, other than
that required to position it under the read station. A
scanner of this type is now being manufactured by Philco
Corporation. Sylvania Corporation was also developing
a similar device, which was expected to achieve very high
reading speeds of up to 6000 characters per second, al-
though it is not known if this work is being continued.

Parallel Photocells. The use of a vertical grouping of
photocells speeds up scanning operations by simultaneously
sampling a number of points, which combined, add up to
a complete vertical slice of the character. The electrical
signals generated by the photocells are then quantitized
into either black, white, or grey levels. This data is fed
into a shift register and stored until data on the entirc
character is accumulated. Due to the parallel sampling,
this scanner can achieve higher speeds than the flying-spot
scanner.

A variation of this method that eliminates the need
for shift registers uses a full “retina” of photocells to
sample an entire character rather than just one vertical
slice. Besides eliminating the shift register, this method
also increases reading speed to approximately 2400 charac-
ters per second. Presently, Rabinow Electronics (subsid-
iary of Control Data Corporation) and Recognition Equip-
ment are two of the companies using a retina of
photocells for sampling. This sampling technique has the
present capability for achieving a higher speed than any
of the previously mentioned techniques.

Vidicon Scanner. So far, we have discussed scanning
methods that read characters by reflecting light from the
document to one or more photocells. A totally different
method being used is to project the characters onto a
vidicon television camera tube and scan the active sur-
face with an electron beam. The resulting video signals
are quantitized to digitally indicate black or white.

This type of scanner is presently being used by UNIVAC
Division of Sperry Rand Corporation. By storing a group
of characters on the tube (the NDP vidicon scanner can
store 45 characters), the need for document movement
during the scanning operation is eliminated in cases where
the document contains a small number of characters. The
advent of high-resolution vidicon tubes could permit the
character capacity to be increased to the point where docu-
ment movement during scanning will be eliminated on
most documents.

Another advantage of the vidicon scanner is speed.
Since it takes only 30 milliseconds for the beam to scan
the entire tube, a full grouping of stored characters can
be read in that time. At present, due to the limited num:
ber of characters that can be stored on the tube, the
scanner is only medium speed (i.e., 500 characters per
second). However, once this limitation no longer exists,
this type of scanner should be as fast as or faster than
the flying-spot type.

recognition units

Recognition units probably represent the area of great-
est technical development in the character reader field.
Because of the rapidity of the progress being made,
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we will limit our discussion to the five most common types
of recognition units now available commercially.

1. Optical matching

2. Analog waveform matching

3. Frequency analysis

4. Matrix matching

5. Stroke analysis

Optical Matching. Optical matching is one of the earliest
recognition methods to be used. It is based on the use
of two photographic masks for each character. One mask
is a positive transparency of the character and the
other is a negative transparency. The positive transparency
shows all the significant areas that should be covered
by the character, and the negative transparency shows
those areas that should be left blank.

The negative and positive images of the unknown
character are projected onto their opposite masks, i.e.,
the positive image onto the negative mask and the nega-
tive image onto the positive mask.

Phototubes behind each mask detect any light passing
through. A character is identified by first measuring the
total light passing through the reference masks and select-
ing the one that passes the smallest amount. Character
identification or rejection is then made by comparing the
amount of light passed through the selected mask against
a threshold value. Ideally, no light should pass through the
reference mask if it matches the character being identi-
fied. In practice, however, the match is seldom precise
enough to completely blank out all light, which is the rea-
son for the threshold value.

The RCA multi-font reading machine, which employs an
optical-matching technique, can read up to 500 characters
per second.

Although most readers using this technique do so in
conjunction with a conventional scanning unit, a scanner
is not required. For example, an optical character reader
being designed by Rabinow Electronics uses a mirror
beam splitter for projecting the character onto the optical
masks. If developed, this should result in a significant in-
crease in reading speed.

The advantages of the optical matching technique are
its ability to identify a full alphanumeric character set
and its relative simplicity, which makes it less expensive
than some of the other techniques. Also, the masks can be
manually changed to enable the reader to handle different
character fonts. The major disadvantage is that errors are
easily caused by characters that do not meet strict standards
of shape and registration. Also, there may be problems in
distinguishing between such similar letters as “Q” and “O”
or between different punctuation marks.

Analog Waveform Matching. Analog waveform match-
ing is another recognition method that has been in use
for some time, particularly in the magnetic character
readers used by the banking industry. It is based on the
principle that each of certain characters passing under
a read head will produce a unique voltage waveform as a
function of time; that is, the waveform of each character
will differ either in shape or length with respect to time.
Characters are identified by matching their waveforms
against reference waveforms.

Machines using this technique have reading speeds of
approximately 500 characters per second. The principal
disadvantage of this system is that only a limited number
of characters have unique waveforms. Consequently, this
technique is found in those systems dealing with a limited

character set.

Frequency Analysis. Frequency analysis is a digital rec-
ognition method developed for fonts consisting of closely-
spaced vertical lines. The outstanding example of this
kind of font is the BULL magnetic-ink font shown in Fig.
3. Naturally, the BULL CMC-7 and Olivetti 7740 magnetic
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The ONE computer/ built to

DATA [ 620 Matches your System

Designed for integrated information, processing, and control
systems. Independent GP Memories for simultaneous operation-—Two
memory access channels standard, 555KC and 200KC—Party-Line I/0
communication for time sharing and plug-in expansion— Micro-Exec
for sub usec processing rates—Six types I/0 facilities and up to 64
devices— Simultaneous I/0 rates of over 500,000 words per DMA —
Power and thermal failure protect with interrupt standard.

DATA [ 620 Matches your Engineering

Specifically designed to provide engineering flexibility and
economy-—16 or 18 bits, 1.8 usec core memory—Over 100 machine
commands; 9 hardware registers, universal bus organization— Modular
construction for varied configurations—Front access, 267 inches of
rack space—0-45°C.— 7500 hours MTBF-—0-12V Logic levels, 4V noise
rejection— VersaLOGIC circuits, VersalLOGIC modules for interfacing.

DATA | 620 Matches your Budget

Designed for today’s and tomorrow’s systems. Economical to
program and use—FORTRAN in 4K, Assembler, Aid, Maintain, all
open-ended— Low initial cost ($27,900.00) and low subsequent opera-
tional cost— Low incrémental plug-in expansion cost.

We have the complete DATA/620 story in a fact filled 36 page brochure.

If you would like one, write to:

DATA MACHINES

1590 Monrovia Avenue, Newport Beach, California « Telephone (714) 646-9371

Division of DECISION Control, Inc.

TWX (714) 642-1364
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CHARACTER RECOGNITION. ..

character readers use this recognition technique.

The width of the gaps between the vertical lines of
each character is measured by variations in magnetic flux.
An unknown character is identified by comparing the
sequence and number of its narrow and wide gaps with
stored codes for each of the alphanumeric characters. An
analog version of this technique is undergoing investigation
at General Electric.

The advantage of the frequency-analysis technique is
that it can accommodate a full character set. Speed is
another advantage; the BULL CMC-7 magnetic reader,
which uses this technique, has a maximum speed of 1300
characters per second.

Matrix Matching. This technique, one of the more
widely used, stores the scanner signals in a digital register
that is connected to a series of resistor matrices. Each
matrix represents a single reference character. The other
end of each matrix is connected to a second digital register,
whose voltage outputs are representative of what should
be obtained if the reference character were present. Recog-
nition is based upon the resultant output voltage obtained
from each matrix.

The advantage of the matrix-matching technique is
that the resistor matrices can be modified easily, making
it easy to change character fonts. In addition, a full
alphanumeric character set can be read. The technique
also has the advantage of being quite fast, since the match-
ing is done by resistor matrices. Reading speeds of up to
2400 characters per second have been obtained. The
technique is similar in theory to the optical-matching
technique described earlier, but it can handle mis-regis-
tered characters much more effectively. The numerous ma-
chines using this technique are listed in the comparison
chart.

Stroke Analysis. This technique, used by Farrington
Electronics, is based on the stroke or line formation of each
character. The characters are differentiated from each
other by the number and position of vertical and hori-
zontal strokes. The formation of the unknown charac-
ter is matched by a special-purpose computer against
a character truth table, which indicates the stroke forma-
tion for each reference character. At present, this tech-
nique is limited to identifying only a special character font
called the Selfchek font, which emphasizes straight
lines. Work is being done to apply the technique to any
character font.

Stroke analysis has the advantage of being able to han-
dle a full alphanumeric character set. However, the maxi-
mum speeds obtainable by the Farrington character
readers are about 300 characters per second, which is
low compared to the 2400 characters per second obtained
by machines using the matrix-matching technique. Also,
the stroke-analysis method does not have the font flexibility
of the matrix-matching technique because of the need to
rewire the wired recognition program in the special-
purpose computer every time you want to change the
character font.

does it pay?

The question of whether it pays to replace a manual
keypunching operation with an automatic character
reader cannot be answered in any general way. The an-
swer depends upon the characteristics of the specific
application, particularly the volume of input data that must
be regularly handled, the accuracy requirements of the
input operation, and the speed of the computer. A rule of
thumb that can be helpful in reaching a preliminary
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decision on whether to seriously investigate the use of
a character reader is that an installation preparing 10,000
input documents per day or requiring 8 to 12 keypunch
operators might gain from wusing character-recognition
equipment. As the daily input volume approaches 30,000
This is because human beings read letters within the
context of the entire word and words within the con-
text of the entire  sentence. Consequently, the word
“Ouic” in the phrase “Ouic and dirty” would easily be
identified in context by a human reader as the word
“Quick,” even though the first letter of the word is an “O”
and the last letter is missing.

The first thing needed to automate this process is a
group of fundamental rules that will aid the machine in
identifying the character on the basis of the context in
which it is used. These context rules must be chosen to
agree with the type of material being read. If a new
application is desired, then new rules should be in-
stituted. Changes of these rules can be accomplished
by utilizing either hardware (i.e., plugboards) or pro-
gramming techniques.

Although context recognition is not yet sophisticated
enough to become the major part of a recognition scheme,
it can be used as a backup method for recognizing
illegible' characters. The most obvious advantage is the
ability to identify a complete word even if one or two
characters present recognition difficulties. Context
recognition will certainly involve an enormous increase in
the storage capacity and logical capabilities of character
readers, but this may be justified by the increase in effi-
ciency that could be attained. However, the economics of
context-recognition readers will remain highly speculative
until considerably more development work has been under-
taken.

‘Context recognition also promises to be useful in the
problem of reading handwriting. It could be the
basis of a technique for reading complete words rather
than a character at a time. Again, it would radically
increase the storage requirements and the cost for a reader,
but the results might well be worth it; the economics will
remain unclear, pending additional development work.

Another, but less critical, area of development emphasis
in character-reader engineering is speéd. The major
limitation on reading speed is the amount of time it takes
to mechanically move the document past the reading
station. Work now under way indicates that this limita-
tion will be removed by overlapping the two functions
of transporting and scanning documents. This is already
being done in the UNIVAC READATRON by using a
vidicon scanner, which photographs an entire card-type
document and performs the scanning function within the
CRT tube. This allows a new document to be moved into
place while the previous one is being read. Speed can be
further increased by the use of control logic that permits
selective scanning; i.e., scanning only necessary parts of
the document.

summary

The character recognition field is still relatively new,
with much work to be done on improving equipment per-
formance and developing character readers at lower
cost. Consequently, it is in an active state of develop-
mental flux that can be expected to continue for several
years. In the near future we can expect to see the
multi-font capability in all standard character readers.
Further away, possibly in five years, character readers
able to read handwriting should be commercially avail-
able. By that time, we can expecct to see the character’
reader replacing punch cards as the primary computer
input medium. n
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CONTROLLING
COMPUTER
OPERATIONS

by R. S. HAAS

The lack of published articles on the operation
.of a computer center leads me to believe that
operational personnel are busy in the machine
room trying to keep the temperature down
and the humidity up, trying to squeeze a trajectory run
between PERT cosT and PERT TIME, or negotiating with
service personnel on whether they can have the machine
between 5 and 6 a.m. or not at all, because of the exces-
sive machine load.

However, they might just be hurrying to meet the sched-
ules on stock inventory control and material status, two
jobs delayed because lightning hit the high-tension lines
and blew out the CPU’s power supply. These are but a
few of the normal and repetitive problems encountered
by operations people. And this paper will attempt to fill
a void by proposing solutions to some of these installa-
tion problems as well as to some of the more mundane
problems of the operations area—with the hope that it
will stimulate others to advance even better ones.

At the Martin-Denver computer facility, we have the
following configurations: One IBM 7094 model II cur-
rently running about 425 meter hours a month, with power
on 6% days a week on a 3-shift basis. One IBM 7074
recording approximately 325 meter hours a month with
power on 5 days a week, 3 shifts a day. One IBM 7044
averaging 200 meter hours a month with power on 2
shifts a day, 5 days a week. All this equipment is utilized
as main computing equipment and is supported by periph-
eral equipment as follows: Two IBM 1401 systems,
each with two slow-speed tapes since these systems are
used only for input/output. One GE 415, which includes
three printers, one card punch, and one card reader with
total simultaneity. These are 1200-lpm printers, and all
five units can be operational at the same time. One Strom-
berg-Carlson 4020 utilized in the production of microfilm
and hardcopy to minimize volume output. Two Univac
1004 systems prepare data and provide edit checking for
engineering personnel prior to input to the main equip-
ment.

The 1401 systems have power on 3 shifts a day, six
days a week, and are each averaging 400 hours of meter
time a month. The GE 415 system also has power on
3 shifts, 6 days a week and is running 525 meter hours a
month. The S-C 4020 and Univac 1004s are all running
less than 200 hours a month on the meter and have
power on for two shifts a day, 5 days a week. This equip-
ment is supported by four administrative people (one
manager and three section chiefs) and 148 people. The
personnel are distributed in the following manner:

Keypunch (2 shifts) 65 people
Machine Operators (3 shifts) 41 people
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problems & solutions

Data Control (3 shifts) 39 people
Quality Control (3 shifts) 3 people
This will give you some perspective into the type of equip-
ment at Martin-Denver and provide you with a base for
comparison.

organization
The organization of the computer operations area itself

takes the form of three basic groups.

1. Data Control, sometimes called Input/Output Control,
is the customer contact area; it accepts, checks, and
edits input before moving it to Keypunch or the ma-
chine room. ’

2. Keypunch and verification punches and verifies cards
from input transmittals.

3. Machine Operations. Here, the job is run on the com-
puters as set up by Data Control. All control cards,
tape assignments and detail input decks are assembled
by Data Control. Operations personnel do not do any
manipulating of the input; they run the job as set up
by Data Control on whatever hardware is made avail-
able.

4. Quality Control. Whenever a job aborts on the comput-
er, a trouble report is prepared by the operator indicat-
ing (to his best knowledge) the situation at abort time.
This is given to the Quality Control personnel for imme-
diate analysis and rescheduling. This effort is manned
round the clock to find the source of the job problem
and get it back on the machine in time to meet the
schedule. These problems range from trivial procedure

Mr. Haas is section chief of
Computer Control, in the Den-
ver, Colo., division of the Mar-
tin Co. He has been in opera-
tions for the past four years,
following three years in the
area of data reduction pro-
gramming associated with
missile flight testing. Prior to
that, he was a programmer in
engineering and data reduc-
tion- applications with the
Douglas Long Beach division.
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WAVCOR 1050
CUSIHOMI ZEIDRKEVBOARDS

Tired of searching for the right keyboard to fit
your requirements? 1050 Keyboards solve that
problem with unsurpassed versatility.

Do you require numeric or alphanumeric lay-
out, special key arrangements, standard or
special letters, numerals or symbols? They're
all available in the 1050 Series, in rack mount-
ing or table top models, along with a choice
of switch closure or pulse outputs.

Diode matrix plug-in cards provide outputs in
the form of any binary code of up to 15 bits,
and a variety of special options, including out-
put interface signals, blanking, electronic inter-
lock, and automatic protection against both
double strike and slur errors.

Heart of the 1050 Keyboard is the remarkable
new KM Key. Magnetically actuated, with less
than one millisecond bounce on make or break,
the contacts are sealed in glass for environ-
mental immunity and a life expectancy of over
100 million operations. Keys are mounted on
standard 34" centers at a 10° slope.

You can quit searching right now. Just mail in
the coupon for the answers to your problem.

NAVIGATION COMPUTER CORPORATION

Dept. DA-002 » Norristown, Pennsylvania ¢ 215-666-6531

DISTRICT / Seabrook, Maryland  301-577-2010
OFFICES / Garden Grove, California e 714-839-0232

E 1 1 1 1 I 1

WAVCO .

Valley Forge Industrial Park
Norristown, Pennsylvania

OKAY, I’'M INTERESTED! Send me all the details on
your Model 1050 Keyboard.

Name
I Title

Company
Address
City

State i Zip
Dept. DA-002
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problems to the more complex hardware or software

problems.

Following is the flow of work through, and the organi-
zational structure of, the computer operations section.

Machine Quality
Customers Data Control Keypunch Operations Controt
Engineers Data is Keypunching
accepted, and key-
logged § === verifying
Commercial processed as
Customers documen-
tation
Subcontract demands.
Customers
Cards are
counted,
balanced &
processed per Job is card- If the job
procedures. to-taped, run fails, analysis
Job is on the main of job failure
pProcessed per s————— computer, and & resolution of
schedule & printed on ———s the problem is
priority. peripheral accomplished
. equipment. here.
Output is

processed per
Customers -«——procedures,
burst,
decollated,
bound and
mailed.

Where does the operations organization stand in relation
to the hardware justification and the systems programming
organizations? The three should be under a common super-
visor or should have a very good working relation with
each other. Operations must run the hardware recommend-
ed by the hardware justification organization. If they do
not report to a common supervisor, many problems will go
unsolved. On accepting a new machine, failures can occur
in the hardware, in the software, or on the part of the op-
erator due to inexperience. In the checkout of new equip-
ment, both in software and hardware, all problems en-
countered should be relayed to the hardware justification
people; this information is important to them in their con-
sideration for future vendors. Therefore, a good working
relationship must exist among operations, systems program-
ming, and the hardware development group to iron out
new hardware problems.

scheduling

The distribution of workload in any shop determines the
type of schedule that must be developed. By distribution
of load is meant the mix of engineering vs. commercial
applications. In my particular experience the work mix is
about 50% engineering and 50% commercial. This mix leads
to the type of schedule and amount of commercial work
that can be scheduled on any one night. A detailed sched-
ule of commercial applications must be established to show
the flow of work through the shop and to fix group responsi-
bility. Detailed schedules also define the responsibility of
data processing to the customer and the customers re-
sponsibility to data processing.

The schedule should include schedule (amount) of input
from the customer and maximum volumes of input he will
provide at various times of the day or week. It should also
include the time each group in the data processing area has
to do its function, and the time it is to be run on the com-
puter (daily, weekly, or monthly). These schedules are de-
veloped through negotiation with the customer, program-
mer, and systems people. Time to be returned to the cus-
tomer must be the last entry. The schedule may represent a
daily, weekly, monthly, quarterly, or semi-annual run. It
can be based on the calendar month or the accounting
month, and must be flexible enough to take into account

“priority runs on a crash basis.

Many business jobs may not be scheduled but may be on
an “on request” basis. A schedule should still be created on
the “on request” job to control the customer’s input time
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and keypunch volume so as to avoid a last minute input
problem. ‘

With written schedules in hand and customer control
on these schedules, it is then possible to do long-range
scheduling studies to determine if schedules can or should
be changed to improve the shop capacity and reaction
time. The total shop load for any particular day might
look something like this:

1. Scheduled Business (Schedule of each job) 8 hours
2. On Request Business (Schedule of each job) 3 hours
3. Engineering work 6 hours
4. Monitors (Monitoring non-scheduled runs) 1 hour
5. Checkout 5 hours

TOTAL 23 hours

The monitor work represents time used by a programmer
in the execution of his production program that has not
formally been turned over to operations because his docu-
mentation of the program is not complete.

With setup time taking about 18% of the load (in this
case 4.1 hours) and maintenance of the equipment taking
one hour per day, 5.1 hours has already been consumed for
this day. Therefore, with 19.9 hours available and 23 hours
of work to do there would be a backlog of 3.1 hours in the
morning. If this would be a consistent load, a subcontract
might have to be let to assure that schedules could be met
on a daily basis.

documentation

In order to efficiently process the data for any particu-
lar commercial application, procedures must be provided
to the operations personnel showing “in detail” each step of
the process. This is necessary because of the complexity
of any particular job. An example of this would be a stock
inventory control application. Depending on the definition
of the system and the manner in which it was programmed,
Data Control will receive the input in various forms: on
input transmittals, cards punched in another area, marked-
up cards previously punched and input for repunching,
etc. Procedures must state what Data Control must do.
Would they edit this data for validity? Count the data for
balancing later? Retain the data for later use? Since there
are multiple input forms, Keypunch must be provided with
procedures for each type of input so as to create the data
correctly. Machine operators must card-to-tape the data
using the correct program and must run the job according
to a prescribed tape setup as determined by Data Control
through procedures provided. The reports must be printed
on the correct preprinted paper, spaced properly, burst
and decollated correctly, and sent to the correct customer.

This all requires detailed procedures, and is provided to
operations by the programmer at the time the program is
signed off as a production job and documentation is bought
off by operations. It is important to have a sign-off process
so that transfer of responsibility is set properly. Until the
time of sign-off, the programmer is responsible for all re-
ports and must “walk through” the job to assure job validi-
ty. After sign-off, operations takes over that responsibility.

Documentation of commercial jobs is imperative and
must be controlled carefully. Some would question the
need for this but consider 75 to 100 different commercial
jobs, all on different schedules with different inputs and
outputs, and all programmed by 25 or 50 different people
with different ideas. The need for detailed documentation
is evident. The documentation must include such things as:
1. A narrative procedure, a step-by-step process that pro-

vides Data Control and the machine operators with all

the information they might need to make proper deci-
sions during the execution of this job. Consider that
this job is being run during the night and must be out
correctly in the morning. Any problem must be resolved
by the operations people at the time of execution and
must be resolved correctly. Narrative procedures are de-
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signed to help operations make appropriate decisions.

2. A Keypunch procedure for every type of input transmit-
tal.

3. Samples of input forms and output forms to show opera-
tions the type of input to expect and proper alignment of
reports.

4. A program deck or program tape thoroughly checked
out and ready for production.

priority system

In any active production shop a priority system is neces-
sary to differentiate between the “hot,” “very hot,” and the
“absolutely hot” jobs. The priority system utilized at Mar-
tin-Denver is as follows: Consider that there are two dis-
tinct classes of jobs, Engineering and Business. The sched-
ule (as described previously for business jobs) determines
what night of the month this job will run. The engineering
work is accepted all day long and is run during the night,
based on its priority. Checkout work is run during the day
since the programming staff is available at that time. In
determining what jobs run on what priorities, certain com-
pany goals must be established. The old argument of how
much cost for how much computer capability raises its
head each time there is insufficient computer time avail-
able to do all the work. The following goals have been set
for computer turnaround time. Checkout will be turned
around in two hours. Engineering work will be turned
dround overnight. Business jobs will meet their schedule,
usually out by 8:00 in the morning. As long as there is
adequate machine time available, all schedules and goals

,can be met and few problems are encountered.

A priority system is necessary to take care of the excep-
tions, and a priority system is mandatory when the shop
load goes up and the shop goals are no longer met. At
this time serious consideration must be given to subcon-
tracting work or providing additional hardware during the
peak load. An effective priority system similar to the one
utilized at Martin-Denver is a two-digit numbering system
utilized at Martin-Denver is a two-digit numbering system,
with each group of 10 signifying the category involved and
the nine digits within each group determining their order
of importance. Since work is batched for the computer,
batch number within priority number is an intermediate
priority rating. As can be seen, the lower the priority num-
ber the more important the job.

0-10 Reserved for the ‘‘absolutely hot!’ jobs (directors’ signatures required on
jobs such as missile flights or major problems)

%g : gg (Managers’ signature for very hot jobs—immediate access to the computer)

30 - 40 (Checkout—2-hour turnaround)

40 - 50 {Monitor priority—customer will stay into 2nd and 3rd shift for output)
50 - 60 (Scheduled and on-request business)

70 - 80 (Section chief request for hot job)
90 - 99 (Engineering work—first come, first served)

So a priority might look like this: 56 batch 4732. This
would mean it is a scheduled business job and would be
run after all checkout and after all monitor time, and in its
order within the 50 - 60 priority category. The “signature”
authority is a questionable method of priority in that when
computer time is not available, many priority requests are
received and soon the shop is saturated with priority work.
However, I propose the question: “Show me a better way.”

machine utilization accounting

To minimize the cost to your customers, it is essential
to have a good automatic clocking system. Many installa-
tions still use a manual clock which allows no automatic
clocking of jobs on and off the machine. With current com-
puter costs as. high as $10 per minute, and the time to
manually clock a job on and off the machine, there may be
several dollars’ loss per job. To be fair to vour customer, an
automatic clock with an operational system that clocks

55



COMPUTER OPERATIONS . . .

him on and off the machine based on utilized time will
minimize his computer costs.

In some installations the meters on the equipment will
determine the vendor’s billable time. However, in those
installations without meters, the vendor will use the in-
stallation’s recorded time. The more accurate accounting
system you have, the fairer you are to yourself and to the
vendor. It has been my experience that any automatic
clocking will save your installation money and provide ex-
cellent records at auditing time.

From the time analysis work, a record of the job, custo-
mer’s name, badge number, department, and elapsed time
is created. This should be recorded on magnetic tape
as a master file of information and a report generator
program utilized to extract reports for customer interroga-
tion of computer usage.

Lesson to be learned from our mistake: We once had
a restricted-area buzzer wired into the same 110-volt out-
let as the automatic clock. Each time the buzzer was sound-
ed, the machine fell out of automatic and caused the job
to blow. Not too frequent an occurrence, but it took some
time to find.” After using a different 110 plug for the auto-
matic clock the problem was solved.

reporting of problems and reruns

To run a better data processing shop, the responsible
individual must have information concerning problems in
the shop so as to make corrections. The “trouble report”
is used as the tool to provide this information. The position
is taken that every job should be put on the machine and
should run correctly at that time without restarts or reruns.
If a restart or rerun is encountered, a trouble report is pre-
pared by the operator and his best knowledge is recorded
at the time of the problem as to the reason for the failure.
These trouble reports go to a “Quality Control” man imme-
diately for detailed analysis to determine what the real
problem was—card-to-tape failure, input error, magnetic
tape failure, etc.

From this analysis, a decision can be made concerning
the problem. Perhaps a rerun is in order, or the program-
mer may have to be called to fix a program problem, or it
may be input error requiring the customer’s attention. It
should be mentioned here that the day’s schedule flags
jobs as critical or non-critical, and this. is the key for the
night shift supervisor as to the requirement for that job.
If the job is critical and operations has tried all corrections,
the programmer will be called in for consultation and action
immediately. Reports are then prepared by the Quality
Control man, pinpointing the problem. This Quality Con-
trol man is a person who has experience with hardware,
software, and operations procedures. It should also be em-
phasized to your people that the trouble report is a tool to
improve procedures, programs, etc., and not a weapon with
which to crucify each other. If this point is made, you will
find trouble reports being submitted by the people who
made an error and have corrected it themselves, but still
writing the report to point out a system flaw which might
be improved. :

magnetic tapes .

A competitive tape-testing process in the shop is invalu-
able. Our experience indicates that tapes purchased on a
lowest-bid basis are troublesome; they develop bad spots
(recoverable and unrecoverable) too soon, and cause un-
necessary reruns. Therefore, after competitive tests, choose
the vendor best suited for your installation and keep logs
on the usage of your tapes. This will help determine their
life span.
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In my opinion, the magnetic tape storage is the weakest
link in the computing loop. Dropouts, both permanent and
non-permanent, can cause a complete rerun of the job or
result in excessive machine cost in the attempts to clean
the tape by using the programmed backspace-and-try-
again techniques; after repeated failures a skip and blank
must be done-in order to continue. Consider the expense
incurred if an extremely bad tape is present in your tape
file. If it is extremely bad you could be utilizing only half
of the tape and be spending more money in trying to write
the tape than the tape itself is worth, The point is,
know the condition of your magnetic tapes. If you don’t,
you could be wasting more money monthly than your en-
tire file is worth. Once you know the condition of your
file, intelligent action can be taken. Examples of action
might be:

1. Clip your tapes periodically to ensure best reliability
and least cost.

2. Make use of the commercial tape cleaning services avail-
able to determine what the condition of your file is or
to increase the reliability of your file through periodic
cleaning of tapes.

3. Physically destroy tapes after:

a. They reach some minimum length which renders

them useless for your needs.

b. The tape cleaning service has proven that a section

of your file is not cleanable due to excessive errors.

4. Totally recondition all or parts of your tape file when
new equipment is justified and a higher bit rate or
more channels on your existing tapes are to be used.
The relationship of the magnetic tapes to the tape drives

used in any given installation is often a critical one. The

argument will arise as to whether the problem is a drive or
the tape itself. Shop standards should determine what is to
be done at the time of the problem to isolate the trouble.

When a tape-oriented problem arises:

1. Clean the tape drive head and retry. If the job works,
write a trouble report based on a dirty unit.

2. If it fails again, mount the tape on another unit and
retry. If it works, write a trouble report on the original
unit and have the customer engineers inspect it.

3. If the job fails again, use a different tape on the same
unit. If the job works, write a trouble report on the
physical tape and have it reconditioned.

4. I, after all this, the job still fails and it is a critical job,
recreate the tape being read by rerunning the previous-
ly scheduled cycle and then rerun this cycle.

In line with this, tape drives should be cleaned every eight

hours. They are opened completely and cleaned thorough-

ly to eliminate contamination. (Cleanliness is important in
the shop. The floor should be cleaned and waxed weekly
and the subfloor vacuumed twice a year. Smoking should
be prohibited, but in some cases this causes considerable
lost time and must be a decision of the shop supervisor).

managing our own business

Machine Operations has many applications which lend
themselves to mechanization. This requires programming
time, checkout of the program, documentation of the appli-
cation, and sign-off by operations prior to production status.
In these cases we become our own customers.

One of the most obvious applications is that of the
schedule. All job schedules can be punched on cards,
retained as a master file on tape, and sorted by date, thus
producing a daily, weekly, or yearly schedule if necessary.
It is only the scheduled business jobs which lend them-
selves to this since checkout; on-request Business and Engi-
neering work are walk-in applications. The mechanized
schedule must therefore accept card input, which represent
the walk-in activity as well as the master file information,
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Some businesses are too small
to use electronic data processing.

But not very many. Small busi-
nesses right down to little neighbor-
hood grocery or hardware stores
can now reap the fruits of elec-
tronic data processing. Because
you don't have to buy, or even rent,
your own computer system any

more. You can use ours. By mail.
Just send us the tape from your
NCR cash register or adding ma-
chine equipped with “Optical Font”
printing. (That's so our computer
can read the printing as easily as
you can.) NCR does the rest. Process

your tapes at a nearby NCR Data
Processing Center. Mail back re-
ports on every phase of your busi-
ness...accounts receivable,
accounts payable, or whatever. At
low cost. If you use a cash register,
you're big enough for EDP.

THE NATIONAL CASH REGISTER COMPANY ®
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to present a total daily picture. The report generator can

be used to extract the yearly schedule of one job or to ex-

tract the daily schedule. This application can be run
weekly on the computer to produce the daily schedules.

Record keeping for magnetic tape ownership and usage
is another excellent programmed application. A master file
of information can be established where each record repre-
sents a physical tape and all of the information concerning
that tape. This would include:

1. Who owns that tape today and the title of the informa-
tion on the tape.

2. How many times this tape has been used and how many
recoverable and non-recoverable errors have occurred
on that tape to date.

3. When was the tape placed in service in the file and what
footage has been used on an average.

This application would have action against it daily since
tapes would be canceled by some users and requested by
others. Tapes must be inserted into, and purged from, the
file. This record keeping is best done through a mecha-
nized system. With tape files today in some installations
pushing the 30,000 to 40,000 mark, the programming of
this type of application is mandatory.

Stock inventory control is another function that can be
placed on the computer. An installation using many differ-
ent preprinted forms and multiple card stock, as well as
much stock paper, has a stock control problem. A maxi-
mum, minimum, order-level, danger-level program can be
developed with daily reports telling stock control personnel
just when and how much to order. Cost data can be includ-
ed in this system and the reports output can indicate cost
and usage per day, providing the tool to minimize cost
and optimize maximum quantities required. Do not over-

look the advantages of mechanizing this application in any
shop.

Many other applications arise, depending on the type of
computer loads and organizations involved. We (Opera-
tions) run the computers and sometimes forget that appli-
cations in our own house can be just as important as our
outside customers. One note of warning: don’t become your
own best customer. Overhead expenses should be con-
trolled. ' :

unscheduled occurrences

In this dynamic business, consider some of the less repet-
itive but frustrating experiences. There was the time too
much static electricity was building up in the machine
room; each time someone walked past the CPU a static
spark would jump from the person to the CPU and cause
the machine to halt, thus blowing the job on the machine.
This caused immediate concern, and after using a different
wax on the floor and increasing the humidity, the problem
was solved.

Then there was the time the high-pressure water hy-
drant came close to bursting. If it had, it would have filled
the computer-room subfloor with water. Fortunately, it
was corrected without any major problem occurring, but
it brings to light questions that operations people should be
asking. Is there an automatic (or manual) power-off switch
for the machine room? Is adequate fire protection and
medical attention available in case of fire or electrical
shock? Do people know what to do in case of an emer-
gency? If these questions bother you, be sure you can an-
swer them to your own and your company’s satisfaction.

I have felt for some time the lack of written material on
the computer operations area, and I believe the time has
come for an increased exchange of information about oper-
ations problems and solutions, |

Your Most Complete Source for

Punched Tape Handling Equipment

: Since its founding in 1948, Cycle Equipment Com-
PPy pany has developed a unit to fit your every need

) for automatic handling of punched paper tape up
oo to 1" wide, at speeds up to 50" per second.

The line now includes:
CYCLE UNIVERSAL and
STANDARD TAPE MINDERS.

Model 500 Series DRIVE UNIT
providing up to 160 variations to
wind or feed tape.

NAB REEL MOUNT to receive any
manufacturer's conventional NAB
reels to 1" width.

UNIVERSAL REELS in all sizes,
with or without NAB HUB.

UNWINDERS adaptable to any

positioning.

PANEL TAPE MINDERS and TAPE
TRANSPORTS for any relay rack
panel.

PLUS many other innovations.
Write today for descriptive litera-
ture #D-2.

DEALER INQUIRIES INVITED

CYCLE-EQUIPMENT-COMPANY-Jige Tl
17480 SHELBURNE WAY | NW\r1
LOS GATOS, CALIFORNIA H\mme
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NEW

LOW COST
REGTANGULAR
SWITCH-LITES
OFFER 5 OPTIONS,
14 LENS CGOLORS

SPST normally open switch and indicator; two normally
open switches, DPST without indicator; or indicator only
are available in this .870” x 1" x 146" deep module. Choice
of front or rear replaceable lamps and variety of iens colors
complete the options. Lenses may be hot stamped. TEC-
LITE RSL Series can be mounted individually or abutting in
vertical or horizontal rows. Lamps are incandescent or neon
and the 500,000 operation switch is rated at 100 ma at 120
VAC, non-inductive. Push button force is 8 ounces, travel
.090". Pin terminal diameter is .041" to accept collect
connectors.

Price: $1.00 each without lamp in 100-499 quantities.

RSL Series

INDICATING
DEVICES

H | [Bee0 {0

INDICATORS | DATA-PANEL READOUTS |TEC-SWITCH

Transistor Electronics Corporation
Box 6191 Minneapolis, Minnesota 55424 Phone (612) 941-1100
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k How to spoon feed
a high speed
printer.

Simple. Feed it Machine Mated forms.

They're designed to operate flawlessly on your high
speed printer. And we guarantee it. Here's how.

We work with the manufacturer who makes your printer.
We find out what it can do. The range of forms. The
sizes. The plies. The carbons. The fastenings.

Then we consider your needs. Draw up the specs to
meet them. And follow them to the letter.

All of which means less printer downtime.
More printer output. And a good reason for calling
our local representative. Or for writing
Standard Register, Dayton, Ohio 45401.

We'll show you why it pays to pamper your printer.

MACHINE MATED"FORMS BY STANDARD REGISTER

>3
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kissin’
cousins

These two digital modules are directly related to 99
other standard Flip Chip™ modules. They are related
electrically, physically, and logically, and they all carry
the same 10-year guarantes,

Together with their kinfolk&they can be arranged to
make an up countef, a down'counter, a shift register,
a jam transfer buffer, a high speed parallel adder, an
analog to digital converter, or a vice versa.

Or a signal multiplexer, a typewriter driver, a Gray to
binary converter, a vice versa, a paper tape punch
control, a reader control, a pseudo random sequence
generator, a data acquisition system, or an interface
between peripherals and a real time computer.

Sometimes it pays to have a big family.
Write for a catalog.

DIGITAL

MODULES.COMPUTERS

DIGITAL EQUIPMENT CORPORATION, Maynard, Massachusetts 01754, Telephone: (617) 897-8821 « Cambridge, Mass. « Washington, D. C. « Parsippany, N. J. «
Rochester, N.Y. « Philadelphia » Huntsville « Orlando » Pittsburgh « Chicago » Denver « Ann Arbor « Los Angeles «.Palo Alto « Seattle » Carleton Place and Toronto,
Ont. « Reading, England « Paris, France » Munich and Cologne, Germany » Sydney and West Perth, Australia « Modules distributed also through Allied Radio
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SIMULATED
SHIPPING

by I. M. DATZ

The U. S. merchant marine is passing through some
| very critical days. We are pricing ourselves out of
the world shipping market. Japanese and Russian

' commercial tonnage is growing at a phenomenal
rate. Even the leading maritime powers, the United King-
dom and Norway, have expressed deep concern. Ship
automation, considered essential to the reduction of our
high operational costs, is being more quickly adopted by
our foreign competitors than by us. The unfavorable cost
gap is widening at a significant rate. Though this nation
has been in the forefront in developing the basic technology
and actual hardware of automation, institutional problems
have restricted their application. Government subsidies,
direct and indirect, have done little to remedy the crucial
situation.

It has become apparent that we must examine the total
transportation system if we are to have any chance of solv-
ing the highly complex problems characterizing the mari-
time industry. Too long have we concentrated on hacking
out the less troublesome bits and pieces of the problem
and attempting to solve these out of context. This approach
has often led to not only fallacious conclusions but has
placed those charged with the operating management of
steamship companies in the unenviable position of having
to solve important problems through actual sailing of ships.
What is then required is a research technique equivalent
to sailing ships.

an early analysis

In late 1958, the Matson Navigation Company of San
Francisco, California, completed a feasibility study on the
simulation of freighter fleet operations using high-speed
digital computers and concluded it to be a practical ob-
jective. They then undertook to design a simulation generat-
ing detailed cost comparisons for the major commodity-
ship-port-combinations of interest in Matson’s freight oper-
ations. As conceived, it would enable management to derive
tactical rules for selecting minimum cost modes of operation
under any likely set of conditions involving cargo and ship
availability. It also would provide a means of estimating
probable changes in net freight revenue resulting from
variations in such factors as total cargo mix, ship schedul-
ing, fleet composition and labor practices. The model
had to have the capability of handling a system at least as
large as Matson’s total West Coast-Hawaiian service
simulating its stochastic variability in cargo offerings,
stevedoring costs, duration of port stays, and. interport
steaming times. Further, it was necessary that it be able to
treat operational, cost, and traflic data on up to 100 major
commodity categories simultaneously and produce detailed
balance sheets on the entire fleet over a reasonably long
period of time for any mode of operation specified. This
simulation has now been in regular use for over five years
and has evolved into a highly useful planning tool. It is
providing top management valuable insights into the activ-
ities studied from which profitable decisions are being de-
rived.

In 1960, the Advisory Panel for Future Requirements
for Ocean Transport of the National Academy of Sciences’
Maritime Research Advisory Committee recommended that
the Maritime Administration, Department of Commerce,
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to narrow the gap

develop and manipulate models for predicting require-
ments for commercial cargo movements, and for predicting
the influence of technological advances on shipboard and
longshore labor. As a result of these recommendations, the
Maritime Administration solicited proposals to undertake a
broad operations research investigation into these impor-
tant aspects of the maritime industry. The Arthur D. Little/
George G. Sharp bid was selected, and a contract awarded
in January 1961.

The project consisted of three interrelated tasks. The
first was a study of selected trade routes to define desirable
operational features that might be incorporated into the
design of improved ship systems servicing the specified
areas. These generated inputs for the second, which dealt
with the development of a mathematical simulation of mer-
chant fleet operations. The third portion of this very exten-
sive study was an analvsis of world-wide maritime and con-
necting inland transportation links. The following discus-
sion is restricted to the second phase.

simulation objectives

This mathematical simulation of ship operations was
developed as a joint effort between the Maritime Adminis-
tration’s staff and Arthur D. Little, Inc. It has been oper-
ational on the IBM 7090 for well over a year now. The
model differs from Matson’s in that it represents a far
broader approach to the problem. It allows the user to
consider trade conditions in any area of the world, while
the Matson endeavors were directed, quite naturally, at an-
swering questions relative to its operations in the West
Coast-Hawaiian trade. There was no necessity to include
the diversity of factors encountered in the world-wide mari-
time activities of the United States.

The objectives guiding the design and development of
the Maritime Administration’s simulation can be most ef-
fectively summarized in terms of the following areas of
applicability:

a. Evaluation of Construction Differential Subsidy Ap-
plications: Simulation of proposed vessels and alternate
designs in specified trades provides a check on their suit-
ability from a commercial standpoint and compliance with
the policies of the Subsidy Board.

b. Vessel Replacement “Programs: Through use of the
simulation, proposed ship characteristics and fleet replace-

Mr. Datz is head of the com-
puter division, U. S. Navy Ma-
rine Engineering Laboratory,
Annapolis, Md. He has a BS
in mathematics from CCNY
and has done graduate study
at other colleges, including the
Univ. of Bergen in Norway.
Since 1955, he has been active
in scientific computation for
oceanography and aerospace.
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SIMULATED SHIPPING . . .

ment schedules can be evaluated. It provides a means of
investigating in detail the interaction between old and new
vessels in a trade as affected by varying the rate of adding
new ships and modifying itineraries and schedules. In line
with these capabilities, the simulation is a useful tool in
determining commercially feasible vessel speeds and the
effect, if any, of higher speeds on the vessel replacement
program, profits, and subsidy.

c. Trade Route Reviews: By simulating fleet operations
in a.trade, various route structures and levels of service
can be investigated. The ramifications of dividing or com-
bining portions of trade areas, realigning services and oper-
ating express and special services can be assessed.

d. Effects of Competitive Services: The input require-
ments allow the user to include competitive services charac-
terized by their own operational rules. Cargo offerings can
be made dependent on the behavior of the competition’s
ships.

e. Government Control of Cargo. The effect of varying
degrees of government control of cargo offerings on fleet
operations, profits, and subsidies can be investigated with
the aid of the simulation.

f. Evaluation of Advanced Systems: The simulation pro-
vides a means for evaluating the effectiveness of proposed
advanced ship systems, establishing their general charac-
teristics, and justifying further studies.

g. The Effect of Seasonal Variations in Cargo Offerings
on Choice of Vessel and Fleet Characteristics: Effects of
seasonal cargo fluctuations can be evaluated. It should be
emphasized that this ability of the simulation to handle
variables in accordance with the uncertainties and fluc-
tuations which actually face steamship companies provides
a degree of realism which is a major advance over other
techniques currently in use.

h. Mobilization Planning: Changes in operation to pro-
vide maximum service on a route when ships are with-
drawn for military use can be developed using the simula-
tion. Similarly, an increase in defense shipping require-
ments on a given trade route can be examined to determine
the minimum additional ships required, and to integrate the
existing ships with the added vessels as they can be made
available. '

tools and techniques

Let us consider what level of resolution would be most
consistent with the objectives of the model. The designer
must initially select a functionally homogeneous element
that can portray an acceptable degree of realism when
simulated in the computer.

To investigate the effects of placing ships of varying
characteristics (e.g., speed, size, cargo handling capabil-
ities, cargo space arrangements, etc.) on specified trade
routes, the individual ships and ports would be designated
as the dynamic and passive primary elements. It should
be noted that the port is referred to as a passive primary
element because, though it is a basic element in the simula-
tion, the influence exerted is indirect. Essentially, the port’s
effects may be measured in terms of its modification on the
ship’s performance.

The continuum of possible ship activities is approxi-
mated by the following functionally and chronologically
discrete events known as critical events:

At sea

Enter port
On berth
Leaving port
Laid up

o Ts
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The times at which these occur are termed critical event
times. This type of simulation is known as a critical event
model. Ships proceed from state to state in a discontinuous
fashion without the gradual transitions which characterize
the time-step mode of operation. Application of this ap-
proach has permitted us to introduce several markedly
important simplifying assumptions relative to the mecha-
nism of steaming ships from port to port, their port move-
ments and cargo handling activities. These, in turn, have
led to a significant decrease in the computer processing
time. )

The simulation consists of two major functional entities.
These have been designated as roll call and schedule
generator. Essentially, roll call controls the activities of the
primary elements. Instead of tracing these in a continuous
manner over time we have, as mentioned previously, defined
five basic ship states, or critical events, where the time
sequence is controlled by changes in ship status. The initial
inputs provide each ship with an event time corresponding
to the next critical event to be entered. From that point,
the simulation will determine, on the basis of scheduling
and cargo information, what and when changes in ship
status are to occur.

The overall timing control rests with a device known as
a game clock, This is nothing more than a counter which
is incremented periodically by an amount provided at start-
up. Examination of critical event activity rates and achiev-
able game time to real time ratios has indicated that a
simulated four-hour interval would be consistent with the
degree of detail modeled.

During a simulation time interval each of the internal
ship status files is scanned in numerical order to compare
the individual critical event times with the present con-
tents of the game clock. At coincidence the pertinent ship’s
condition register is checked to determine which activity
status is to be entered next. Program control is transferred
to the appropriate routines which update the aforesaid
files including the next event time. However, if the event
time for a particular ship has not been reached, the com-
puter proceeds onward to the next ship in sequence. Upon
completion of a pass through the roster of ships, the game
clock is advanced by an amount specified in the simulation
time interval. The game clock will again be interrogated
to determine whether a prespecified time has been reached,
which would require preparation of tentative advanced itin-
eraries, or if the roll call procedure should be reinitiated.
Should the itinerary requirement be current, program con-
trol will be transferred to those routines known as the
schedule generator,

Initiallv, a list of voyage requirements for the upcoming
prespecified period is generated. A comparison is then
made between this and the currently available active ships
within the existent fleets. If there is a surplus of ships, those
of the worst active class are put into layup while a deficit
situation results in laying out an appropriate number of
ships. Those due for layup are so designated at the conclu-
sior of their current voyages. The assignment of actual
itineraries to individual ships is initiated when these have
somewhat less than a round voyage remaining within their
itineraries or at that time when a ship in layup is ready
for activation. During the course of stepping through an
assigned itinerary a ship will be subject to several additional
effects. Stochastic delays are introduced to represent the
effects of weather and port overcrowding although indi-
vidual queueing problems are not treated. Port entry and
exit may also be delayed on the basis of the ship’s draft
requirements and the local tidal conditions. While “on
berth,” cargo is unloaded and new cargo for loading is
generated taking into account the statistical characteristics
of that which may become available. The ship’s future
schedule is scanned to see whether changes should be
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SIMULATED SHIPPING . . .

made—either eliminating a planned call for which in-
adequate cargo is aboard to justify the visit (relative to
transshipping the cargo) or adding an unscheduled port
where available cargo makes a visit economically desirable.

system limitations ‘

The single most dominant characteristic affecting the
capacity of the simulation is the number of ports con-
sidered in a problem; this is due to the fact that a great
deal of port-pair information (e. g., cargo flow in each
direction between two ports, etc.) must be employed, so
that the storage requirements increase roughly as the square
of the number of ports considered. Other factors of im-
portance include the number of ships, the number of ship
space types (e. g., reefer, tween decks, lower holds, deep
tanks, on deck, etc.), the number of cargo classes (e. g.,
reefer, vehicles, general, bulk, steel, etc.), shipping lines,
and ship fleets in the study. It is believed that the capacity
is adequate for most problems of practical importance. A
typical case which would tax the simulation to its utmost
might involve:

a. 30 ports, of which 20 are visited on most voyages.

b. 40 ships, divided among 4 ship types

c. 6 ship space types

d. 10 cargo classes

e. 2 lines, which between them operate 3 fleets of ships
on 5 subservices, and i

f. voyage lengths permitting an average of 10 voyages
per year for each ship, with 20 port calls per average
voyage. ‘

Simulation processing speed is primarily dependent on
the number of ship-port calls made during the period
covered. For the extreme type of problem described above,
machine requirements fall somewhere between 3% to

% hours per year of simulated time. However, a simpler
case involving 10 ports, 6 ships, and a total of 48 voyages
per year would use 15 to 20 minutes of IBM 7090 running
time per simulated year.

conclusion

At this point, let us consider what we can realistically
expect of the simulation. First and foremost, the results
can, in no way, be better than the inputs upon which they
are based. A recognition of this limitation will permit the
formulation of proper questions from which can be derived
proper answers. Further, we have learned that the prepar-
ation of suitable inputs, even under the best of conditions,
is not a routine task. It requires the highly subjective judg-
ments of an experienced analyst. The program has a
significant degree of flexibility which is dependent upon
a judicious selection of input parameter values. Due to this
aspect of design, experience has shown that it is essential
to subject the simulation results to detailed analysis prior
to release. Essentially, then, it will be this critique that
provides the “answer” to the decision-maker’s query. The
term “answer” here should not be confused with mathe-
matical results obtained, for example, from the solution of
differential equations. Rather it refers to a comparative
measure of the relationship between cause and effect. In
other words, the decision-maker’s query is translated into
an investigation of the implications of several alternate
solutions. The simulation provides us a vehicle through
which both the immediate and long-range effects of any
particular decision can be traced at high speed. Comparison
of these computer generated efforts with those desired serve
as a most useful feedback mechanism through which the
analyst may iterate towards some acceptable solution. [ ]
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DON'T throw
away valuable
computer time
and man hours!

Every time you discard good magnetic tape because it's
dirty, you throw away computer time and man hours valu-
able to your business. Stop this extravagance with a Mag-
netic Tape Cleaner from the Virginia Panel Corporation.

The Cleaner rehabilitates dirty magnetic tape—gives
you more mileage out of every reel. And it prevents or
minimizes dropouts . . . lowers maintenance by prevent-
ing loose particles from redistributing over transport.

Operation is fast and easy. Clean and rewind a 2400-
ft. reel of tape in less than eight minutes. Tape deck
mounted at an angle for easy operation. Two magnetic
tape drive motors assure constant torque.

Completely safe for both blank and recorded tapes,
the Cleaner scrapes oxide side with tungsten carbide
edge and wipes both sides with treated disposable pads
before and after scraping. Cleaning process entirely me-
chanical with no chemical solvents and no magnetic
fields. Photoelectric cells automatically rewind. Cleaner
cuts off when process is completed. .

Unconditionally guaranteed!
Contact your nearest Virginia Panel representative!

o
VP(
VIRGINIA PANEL CORPORATION

P. 0. Box 1106 e Waynesboro, Virginia 22980
CALL AREA CODE 703 942-8376
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Here’s all that touches the tape oxide surface

Potter Instrument Company’s new single-capstan tape trans-
ports have a tape path in which tape oxide surfaces touch
nothing but the read/write head . . . and touch not even that
during high speed rewind.

Besides this, the new Potter transports have a guidance
system precision matched to industry standards which guar-
antees 100% tape interchangeability with the most widely

used transports now in operation. Here are some details:
Potter now has two all-new single capstan transports, the
SC-1080 for speeds to 150 ips; and the SC-1060 for speeds to
120 ips. Both units have tape paths that eliminate the usual
rollers, air bearings and other hardware that endanger data
reliability and reduce tape life. On a model-by-model com-
parison with transports of other manufacture, Potter’s have

N

HPOTTE

e INSTRUMENT COMPANY, INC.
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in Potter’s new single-capstan transports

for a full 2400 ft. reel. Both units feature solid state drive
electronics and full test-points for easy maintenance.

For full details on the revolutionary design of these new
units, and their fully compatible performance characteristics,
write, phone, wire, or fill in the coupon.

the simplest tape path and consequently provide minimum
tape wear. In the high-speed model, the head retracts except
for actual read/ write operation.

Because of design simplicity, the transports are the indus-
try’s lowest in cost while providing the highest performance.
Their packing density is 800 bpi NRZ—1600 bpi in phase
modulated recording. They rewind in less than 80 seconds

r—--—--—-—------P:O;

Send me full details on your
single capstan transports

Name.

Company.

Address

City. State.

151 Sunnyside Blvd. + Plainview, N.Y. 11803 « (516) OV 1-3200 « TWX (510) 221-1852 + Cable-PICO | —— S .|
CIRCLE 31 ON READER CARD

February 1966

65



TIME-SHARING:

problems and prospects

A STATUS REPORT

by ART ROSENBERG

, A seemingly magical term, “Time-Sharing,” has
! become the subject of a great deal of popular in-
! terest and controversy. It has stimulated some
* members of the computing community to become
prophets, others to become defensive. It has attracted the
attention of the “outsiders’—the real-world users. Above
all, it is providing another step forward in the practical
use of those infernal machines called computers.

Although “time-sharing” is a popular term, it is one
which sorely lacks definition. This lack of definition is one
of the main causes of current confusion. Back in Decem-
ber, 1962, an elite group of computer specialists was asked
to come up with a more suitable term. A hair-splitting de-
bate produced no satisfactory replacement for good, old
“time-sharing.” '

I have listed below those aspects of computer utiliza-
tion which are popularly associated with time-sharing. De-
pending upon the application or goals of the particular
users, emphasis upon one or more of these aspects will be
predominant. :

Multiprogramming—Several independent, but perhaps

related, programs or routines concurrently residing and

operating in an interleaved manner within a single com-
puter system.

Multiprocessing—Several program processes executing

simultaneously within a computer configuration consist-

ing of two or more (hardware) processing elements.

Real-Time Processing—Program execution to satisfy a

particular operational response time, which may range

from microseconds to seconds or minutes.

Interactive or On-Line Processing—Human user or de-

vice serviced by a computer system through direct com-

munication with an operating program. For human
users, this includes “conversational” interaction.

Remote Processing—User input/output devices are con-

nected by communication facilities to a remotely-located

computer system.

~ Multiple-Access—A number of on-line communication
channels provide concurrent access to a common com-
puter system.

Confusion about time-sharing arises because of the in-
terplay between goals of computer utilization and the
techniques for achieving these goals. Time-sharing should
really be called “resource-sharing,” since not only time but
storage and I/O facilities are also shared. The reason for
sharing is primarily to fully utilize as much as possible of
the available computing power in a given system con-
figuration, while at the same time offering the user the
kind of service he requires. Since a single user will not
constantly employ all the facilities all the time, economics
call for other jobs to take up the slack. The techniques for
efficient sharing include those for multiprogramming and
multiprocessing; multiple-access, remote communication
facilities offer further conveniences to system-sharing users.

the spectrum of time-sharing

There is obviously not just one methodology or one goal
involved with time-sharing, but rather a range of process-
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ing services that serve the varied needs of users. Within
this spectrum, everyone is sure to find his place or places
in computer life. y

To facilitate classification of operational responsiveness
required by users and their programs, three gross levels
can be specified: .

Production—Task inputs prespecified; no user interaction

required during execution; turn-around time not nor-

mally critical, may be minutes, hours, days.

Interactive—On-line task; user inputs dynamically pro-

vided during run-time; response-time of approximately

2-5 seconds for conversation mode, can be longer for

variable computing or retrieval tasks.

Critical Real-Time—On-line device serviced by task proc-

ess; strict time-dependency with response requirements

ranging from microseconds to minutes. High priority
operation which may require special program privileges
and resources.

Time-sharing is really effective allocation of comput-
ing resources, usually via a monitor program. If a pro-
gram demands critical real-time responsiveness (milli-
seconds), direct coupling of the program to an interrupt
source should be used. If the program is an interactive
program for “conversational” use by human users, a satis-
factory response cycle for simple dialogue should range
from one to five seconds to keep people happy. Keeping
users happy usually means giving them the impression
that they have the entire machine to themselves. Produc-
tion jobs do not usually have such critical time require-
ments; they should be processed as efficiently as the sys-
tem can handle them, considering the more demanding
competition.

Within the bounds of system capacity, one or more of
each of the three types can be operated on a time-shared
basis. Production jobs could be operated two at a time by
overlapping I/0 with computation or by using two CPUs
(Cont’d. on p. 71)

Senior member of the tech-
nical staff, product planning,
at Scientific Data Systems, Mr.
Rosenberg formed the National
Special Interest Committee and
L. A. Special Interest Group
on Time-Sharing for ACM. He
has also been associated with
System Development Corp.,
where he was involved in the
design of one of the first gen-
eral purpose time-sharing sys- -
tems. He holds a BA in chem-
istry from NYU and has done
graduate work at UCLA.
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The creative systenis designer
and the Bryant PhD-340
were made for each other.

He finds himself with unlimited programming possibilities and

a chance to plow new fields in advanced computer applications. The
PhD-340 multiple Jchanhel drum has simultaneous random read-write
access to 42 million bytes. Up to four computer channels provide

programming flexibility, redundancy, and the ability to serve %

multiple processors at the same time. The PhD-340 can be
plugged into any make of computer, big or small. What
couldn't be done with other random storage devices
can now be done with’

the PhD-340,
inexpensively.
Just imaginel!
Then send us a

nice long lefter to
850 Ladd Rd,
Walled Lake, Michigan.
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The speed, reliability, and cost-per-bit of an infor-
mation storage system is largely subject to the individual
memory element itself.

The ferrite core and the ferromagnetic film have con-
sistently proven to be the most effective magnetic mem-
ory elements yet developed.

Cores provide high speed storage in large volume with
moderate cost-per-bit. Films extend the speed capability
of magnetic memories for very high speed data process-
ing applications. '

Briefly, without attempting complex cost and appli-
cation comparisons, here are some of the basic differ-
ences.

Cores are manufactured as discrete elements and are
individually wired into planes. Each core is essentially
a closed-circuit magnet with its polarity controlled by
fields produced by currents in wires strung through
the center of the core. When a core switches polarity, a
voltage is induced in a sense wire passed through the
core. The bigger the core, the more output induced.
Higher output has many advantages, but larger cores
use up more power and, also, memory speed is reduced.

Film elements are batch-produced by vacuum depo-
sition of a ferromagnetic material on substrates of glass
or metal. To store data, fields in these elements are
rotated by fields produced by current pulses in adjacent
conductors. Elements are rectangles about .025” x .050”

Deposited ferromagnetic film elements are batch fabricated. Elements are con-
trolled by etched-circuit word and digit lines sandwiched with this glass sub-
strate to make a complete memory plane. Typical plane has storage capacity of
128 words of 36 bits in about 80 square inches.

Subject to the

with a thickness of around 1000 angstroms (=~ 4X10-¢
inches) . Extreme thinness is necessary because film ele-
ments are essentially bar magnets with no continuous
path for their remnant field. Too much mass in such
elements allows magnetic pole concentrations to demag-
netize the information storage field and the elements
become useless for data storage. Therefore, the output
of film elements is limited by a ratio between storage
field and demagnetizing field.

Film memories use orthogonal arrays and are word
organized. More complex electronic circuitry is required
to achieve random access than is necessary with core
memories. Film memories are more subject to noise prob-
lems and also more sensitive to extraneous fields and
must be adequately shielded.

Individual cores can be replaced while bad film ele-
ments can’t. Extra film “bits” can be built-in to the film
memory plane to enable electronic “replacement” of bad
bits by ignoring them in the circuit.

The magnetic properties of film elements allow much
faster switching times than can be achieved with cores,
thereby providing faster memory cycle speeds.

Still faster memories with larger capacities and lower
cost-per-bit are the goals of the memory designer. Cores
and films will go a long way yet to meet those goals be-
fore an entirely different storage element becomes essen-
tial.

W T e £

Discrete ferrite core elements can be packed about 250 per square inch. Indi-
vidual cores can be replaced. Two to five wires are strung through each core to
control the information storage functions. Practical memory speeds down to
500-billionths of a second can be achieved.

This is the fourth in a series of six brief discussions on the basic principles of memory systems. If you would like the complete

series in booklet form, please circle 60 on reader card.
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Core is ‘‘read” by coincidence of
X & Y coordinate conductors, each
producing 12 the necessary field to
switch core's polarity. Sense con-
ductor picks up a signal induced by
this rapid polarity change. Sense sig-
nal polarity indicates a *‘1'" or ‘0"
{ was stored.

Core is restored to original “‘writ-
ten’” polarity by reversing X & Y
coordinate currents immediately af-
ter read-out unless new information
is to be stored. Entire ‘‘read/re-
store’”’ cycle takes about 200-bil-
lionths of a second.

A digital ‘1" is “written’” in a core
by coincidence of X & Y coordinate
conductors, each producing 12 the
necessary field to overcome core's
magnetic coercivity. The total
switches core's polarity.

SENSE OUTPUT

Film element is casy to magnetize
in long dimension, Word line in that
axis carrics unidirectional current
pulse producing approximately twice
the transverse ficld necessary to
overcome element's anisotropy (easy
magnetization).

Film’'s magnetic polarity rotates
nearly 90 degrees because of this
transverse field. This rotation and
accompanying flux change induces
signal in sense-digit line. Polarity of
signal indicates ‘1" or ‘0" was
stored.

Coincident-current core
systems — 1 usec to 10 usec.

DIGIT PULSE ¢

LONGITUDINAL FIELD

Inhibit conductor produces field op-
posing the Y conductor’s field, thus
preventing the core from switching
polarity. This ‘“‘writes’ a zero data
bit in that particular core.

TRANSVERSE FIELD

(word pulse)
WRITE “0"

o
" >

LONGITUDINAL FIELD o .

(digit pulse) K

e mmma

WRITE 1"

B et
A0

FILM OUTPUT

AT READ TIME

SN

Bipolar pulse is impressed on sense-
digit line to produce a field longi-
tudinal to the element. This field
“‘steers’” the magnetic polarity to
either *‘1"" or ‘0’ state when trans-
verse field is removed.

Read/Write pulse sequence timing.
This entire process, plus strobing of
sense amplifiers and data register
operation can be achieved at speeds
in the neighborhood of 100-billionths
of a second.

Magnetic film systems — 300 nsec.

For either core or film element memories, Fabri-Tek has a system to match your re-

quirements. Ask for complete information about Fabri-Tek memory systems! Write
Fabri-Tek Incorporated, Amery, Wis.; or call 715-268-7155; or TWX 510-376-1710.

FABRI-TEK LEADS IN MEMORY TECHNOLOGY

Check with Fabri-Tek for rewarding engineering opportunities!




How we
turned Joe
into a
Mysophobic.

Precision tape manufacturers wanted aj
cleaner film. So, from the first roll o
Celanar Polyester Film, our policy has been |
“It's got to be the cleanest in the industry.’
We go to extremes, like making Joe—and
everyone else who enters our hospital-clean |
production area at Greer, S.C.—first take a !
shower. A high-velocity shower of air tha
whisks away dust and lint particles. Onl

- then may they enter the *“White Room” wher
air filtration systems effectively trap dir
specks as tiny as 0.3 microns—infinitesima
as the point of a needle.

This emphasis on cleanliness make
Celanar film a better base for computer an
instrumentation tapes—a reason wh
Celanar gives higher production vyields i
film conversion.

Celanar film is stronger than the othe
polyester film—in both tensile break an

tensile yield strengths. Gauge uniformity
from roll to roll is excellent. And Celanar
film is exceptionally free of visual defects,
such as cross-buckles or wrinkles. We also
lean over backwards to supply it in the roll
lengths, widths and gauges most conven-
ient to manufacturers. We guard it during
shipment with temperature recording flags,
even impact recorders where necessary.

So, even if we did turn Joe into a myso-
phobic with an uncontrollable fear of dirt,
we think you’ll agree it was worth it.

Send for complete details about Celanar
Polyester Film—and how we can help you
make the best use of it. Celanese Plastics
Company, Dept. 113-B, 744
Broad Street, Newark, N. J.

Celanese Plastics Company is a division
of Celanese Corporation of America.
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TIME-SHARING . . .

and data stores in a common re-entrant program process.
On-line, interactive service can be provided to a host of
remote users while production tasks are performed as a
background job. A common occurrence is for a real-time
control system that has spare capacity to perform some
other background task.

types of time-sharing systems

Multiple-access, on-line, time-sharing systems can accom-
modate two general classes of on-line user programs:

Multi-user, common process—e.g., an inquiry system,
reservation system, Joss.

Multi-user, independent processes—e.g., MIT, SDC,
Berkeley systems

The multi-user, common process affords distinct advan-
tages in terms of storage requirements (re-entrant, non-
replicated program) and swapping costs (normally data
only). Systems may either be special-purpose for a given
application or restricted to one or more specific languages.
A system that permits multiple, independent program
processes, particularly at the machine-language level, can
be considered truly general-purpose. All types of efficient
problem-oriented language systems can then be employed
without hindering the development of new system soft-
ware,

The spectrum of time-sharing encompasses simple shar-
ing of a memory by two or more resident program proc-
esses; swapping of independent programs or data from
high-speed mass storage; multi-user access to common
processes; critical, high-priority real-time processes trig-
gered by dedicated interrupt events; and batch-operation
of production jobs. Depending upon the computer con-
figuration employed and the user’s needs, different slices
of the time-sharing pie can be served.

the pay-offs in time-sharing

Time-sharing techniques can be used in any computer
application where idle “time” (computer time) is available.
In various process control systems, this spare time may
exist automatically because the process is a periodic one
and does not fully use up CPU time. On-line systems for
humans (inquiry systems, generalized on-line systems) de-
rive available time from the inherent slow response of
human users. Input/output bound production jobs also
offer spare CPU time that can be used profitably. There
are obvious pay-offs in not letting excess computer time go
to waste. This is, however, not the only point that is caus-
ing a big stir in the computer community.

If a highly efficient batch-processing system is developed,
as has often been claimed, so that I/O time is overlapped
completely and the CPU is computing at top speed, this
would be considered commendable by users and certainly
by computer shop management. At the other end of the
spectrum, if a set of resident computer programs controlled
a number of devices synchronously or asynchronously, it
would cause a temporary ripple of interest. This type of
real-time application will increase significantly, particularly
because modern technology demands computer speeds for
data acquisition, analysis, and control.

The main attraction, however, in the three-ring time-
sharing circus is that of interactive (on-line), personalized
computer usage. Why is it the source of so much curiosity,
praise, prophecy, suspicion and reaction? The answer is
fairly simple: on-line time-sharing involves people directly
and personally. An on-line system is “alive and kicking,”
talking to the observer, which is more impressive than
watching a computer console’s lights and paper being
spewed out voluminously from the printer. The use of time-
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sharing techniques in on-line operations relieves the user’s
conscience of the burden of guilt that he might feel be-
cause he is getting along so nicely with the costly computer
at the expense of being its sole customer.

On-line operations imply personal interaction while pro-
duction jobs are those with all inputs provided at load
time. We would be short-sighted if we extrapolated today’s
production tasks into the future: many of them are not
and should not be treated as purely production jobs.

General problem-solving tasks turn out to be highly
suited to interactive computer service. The nature of prob-
lem solving involves much iterative manipulation of proc-

- esses and/or data and the inspection of the results until a

satisfactory product has been achieved. Effectively, the
manipulation function is usually one of editing source lan-
guage text or parameters, and on-line editing services have
been demonstrated to be very efficient and powerful for
the purpose. Thus, on-line problem solving can be accom-
plished more effectively and efficiently than using produc-
tion techniques.

Another type of problem is the selective retrieval of in-
formation which cannot be specifically identified. What is
desired is the ability to scan and search through data as
rapidly as possible until the proper information is recog-
nized. Interactive perusal of information files clearly pro-
vides a practical application for time-sharing techniques,
particularly when utilizing display scope devices.

problems of time-sharing

The problem areas associated with time-sharing imple-
mentation can be placed in three categories:

1. Technical (hardware and software)

2. Sociological (organizational and administrative)

3. Economics

There is, of course, complete interplay between the three
areas, since technical problems have an impact upon the
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TIME-SHARING . . .

economic and sociological problems and vice versa.

In general, time-sharing introduces greater demands for
system reliability, both in hardware and software, more
precision in performing present day functions such as file
management and accounting, and more complex bookkeep-
ing operations for controlling a number of users rather than
one at a time. The techniques and facilities for accom-
plishing these are not that mysterious or unsolvable, but
must be recognized and adopted. As Dr. Maurice Wilkes
from England stated, “Just as management is being aided
by computers, so must computer technology employ sound
principles of management.”

One might think that because of the label, time is a
major source of concern for time-sharing, To a certain ex-
tent, it is significant; the appropriate allocation of process
time to satisfy all user response-time needs is a fundamental
function of scheduling logic. When one adds the compli-
cations of multilevel priority tasks, this can cause manipul-
ation of scheduling algorithms in many ways. However,
although the time scheduling function is a very sensitive
mechanism in a time-system, it is a relatively small program
component which lends itself easily to administrative ex-
perimentation and modification.

space-sharing

Tied in closely with time-scheduling is space allocation,
since compute time can only be given to a user if his pro-
grams (or data) are in position for execution. Position
means being in core memory. In the time-sharing environ-
ment users cannot count on having core memory continu-
ously to themselves but will have to “space share.” This
is where time-sharing runs into the fundamental problem
of dynamic space allocation. If one could have infinite core
memory, the problem of word size and addressing appears
immediately; “shifting gears” would be necessary to refer
to upper levels of memory. Since we do not expect to have
infinite core memory, we would be satisfied with large
“virtual” memory consisting of some amount of main
memory and large amounts of secondary storage.

The amount of core memory required should be enough
to allow sufficient “user spaces” (programs and/or data)
for processing one .user while the previous and the next
user are being swapped between core memory and second-
ary storage. If the system always has at least one such
user ready for processing without waiting for completion
of a swap, then swapping overhead has been “submerged.”

This approach is what present time-sharing systems are
attempting to do, using high-speed discs or drums. How-
ever, the cost of “swapping” or overlay becomes a signifi-
cant ingredient in the overhead and efficiency rating of a
time-sharing system. To reduce swapping overhead, dy-
namic space-sharing techniques are called upon to realize
more “user spaces” in core memory. These include dynamic
relocatibility, so that programs or data can be freely moved
into core memory at any conveniently available location;
fragmentation (paging), which enables programs or data
to be broken apart into small chunks to take advantage of
non-contiguous available core space; list processing tech-
niques, for organizing non-contiguous program or data
structures associatively in a dynamically changing environ-
ment. In all of these approaches two problems are at-
tached: (1) getting programs and data into available space,
when needed, (2) being able to reference dynamically
changing address locations. The functions must be done
efficiently to satisfy real-time (on-line) requirements.

Getting the space is an allocation function, which can
be handled fairly easily if, indeed, space is available by
shifting programs and data. around. Problems appear
when a complete program or data base cannot or should
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not (to maximize space-sharing) be sitting in core memory.
One must then know how many and which elements
(pages) are required for current execution. Otherwise,
either excessive swaps (or overlays) will result in a slow-
down of a program’s operation, or, by playing it safe, ef-
ficiencies in space-sharing of core memory would be
minimized by always bringing into main memory an entire
program and/or data base.

It is obvious that a time-sharing monitor can know very
little about a program’s operating needs, unless programs
and their data are better organized and such information
communicated. Programs have functions (subroutines)
which are in constant use, other functions which operate
in a sequential manner, constant data, communication data,
and a variable data base. To render efficient space-alloca-
tion and swapping service to a program, a time-sharing
operating system should be able to recognize and bring
in a minimal portion of a program (and its data) which
can operate for a reasonable length of time, i.e.,. enough
time to satisfy response requirements or enough time to
submerge the swap time. Techniques such as tasking in
PL/I and the “Fork” facility in the Berkeley time-sharing
system allow functional partitioning of programs for ef-
ficient system operation.

With all this moving about, address referencing must
now be dynamic unless the original core space allocation
is retained with accompanying loss of flexibility of random,
dynamic assignment. Dynamic relocation through software
would pay too high a cost in overhead time, and thus
hardware techniques are called for. The state-of-the-art
has provided dynamic relocation and paging capabilities
in many of the newer computers that satisfy an individual
program’s addressing requirements. However, addressing
questions of page size, of independent program or data
elements (segments), bookkeeping of page and segment
activity are all being investigated now, and theories re-
main to be proven. Users of list processing languages, for
example, anticipate serious problems with proposed paging
techniques of the coming big time-sharing systems.

generalized software

Generalization imposes certain demands upon program
design, particularly in a “live” system. For on-line time-
sharing, these include the following characteristics: param-
eterization, “idiot-proofing,” handling all applicable cases,
indirect referencing of context data (for multi-user envi-
ronment), separation of process from user context, and
process re-entrancy (programs do not modify their code
and can thus be interrupted to serve several jobs).

Some of these characteristics are valid for any type of
generalization; parameterization and the handling of all
cases, for example, are appropriate to production job proc-
essing. Indirect referencing, separation of process (instruc-
tions) from context (data), and process re-entrancy are
multiprogramming and multiprocessing requirements to
service several users at one time (concurrently). Finally,
“idiot-proofing” is a necessity for the on-line human user;
it requires not only error recovery, but also feedback and
guidance to correct and avoid errors. This last item can’
cost a great-deal in storage for text messages. Generaliza-
tion is expensive to a single user, but in a time-shared en-
vironment these costs can be shared and thus supportable.

Through generalization, fundamental user problems can
be both recognized and resolved more readily. For ex-
ample, basic problems of data base maintenance, selective
retrieval and report generation (formatting), are universal
problems. They may appear to be different because of a
user’s environmental context, particularly if he applies a
specific organization (packing) to his information structure
in order to minimize time and space costs. Generated file
maintenance and retrieval techniques employing descrip-
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tive dictionaries can satisfy most users’” information needs.
If data need reduction, special or general routines can be
called upon to process raw information.

Generalization can take place most certainly at the sub-
routine level, as well as at the program level. In a time-
sharing environment it becomes practical and desirable for
user programs to capitalize on common functions by using
the same subroutine. To conserve storage and swap time,
such “public” subroutines should be pure procedure and
not replicated in core or secondary storage; the data
storage for these routines must reside in the user’s context
area, not in the routines themselves.

time-sharing for the systems programmer

Among on-line users of time-sharing systems will be pro-
grammers using various programming languages. System
programmers are those who build the tools and services
employed by other users and this class of user has special
problems in the time-sharing environment. If the basic
software mechanism (executive functions) must be modi-
fied or if a new such function is to be added to the system,
can this effort be accomplished under the mantle of time-
sharing or must such activity be confined to off-hours of
the systems’ operating schedule?

In one general-purpose time-sharing system, one of the
executive service functions was being checked out as a
normal object (user) program. However, it was noticed
that the system would mysteriously fail several times a day.
No clue was in evidence until, immediately after one such
failure, the system programmer was noticed walking away
from his terminal shaking his head disappointedly. When
asked about his problem, he indicated that his program
had just bombed out. How coincidental! Upon further
questioning, it was learned that he had patched the
operating system version to turn control over to the unde-
bugged version. At that instant system reliability became
vulnerable and the inevitable happened.

Debugging at the machine language level is possible
through memory and operation protection features of the
hardware. If the system function to be checked out re-
quires access to privileged functions such as 1/0, the prob-
lem arises of allowing “privileged” instructions to be exe-
cuted without endangering normal time-shared operations.
One would like to have a “junior executive” mode of oper-
ation whereby executive routines can be tested under con-
trolled circumstances.

Questions have been raised concerning the debugging
of a time-sharing system, where the dynamic environment
is too elusive to reproduce. How do you re-enact the
crime to catch .the culprit? Thus far, patience and luck
have been used. However, a systematic testing facility is
called for, which can generate all the combinations and
permutations and record the pertinent environmental be-
havior for analysis. It has been done before, way back in
the early days of SAGE.

communications

There is no question that computers and communica-
tions go hand in hand. However, the subject of communi-
cations is currently a sore point with time-sharing enthu-
siasts. This is true, not necessarily because communica-
tions technology is inadequate to service remote on-line
users, but because the mundane aspects of costs and com-
munication service have not yet been mated to the lofty
concepts of remote on-line time-sharing,

The problem breaks down into three main areas: ter-
minal equipment, service, and transmission costs. Remote
users want to have various kinds of terminal equipment
(keyboards, display devices, etc.) suitable to their appli-
cation needs appended to common carrier transmission fa-
cilities. They would like them to be portable as well. Such
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devices, for the most part, are still awkward-or expensive
(very often both) and cannot freely use public communi-
cations facilities. Service for talking to computers does not
begin to approach that afforded people-to-people com-
munications. Collect calls, “busy” signal for full system,
“person-to-program” (if user wishes connection only to a
particular service), forwarding service to another computer
system, etc., could well be employed in a time-sharing
utility environment. Finally, line charges (in particular,
full-duplex transmission), must be reasonable enough so
that they do not overshadow reduced computer usage cost.
Line costs should be geared primarily towards actual line
use and not only on elapsed time; the time-sharing
philosophy should be applied to communications service
as well as to computers.

sociological problems

No discussion of on-line time-sharing would be complete
without touching upon one of the most important elements
of such systems, namely, the human beings. Computers in
the past have worked indirectly for people or directly for
a small class of people (programmers, operators, etc.) Now
that more direct computer contact will increase, new prob-
lems are arising in the computer’s future, “people” prob-
lems; this calls for programs to be human engineered.

Education is vitally necessary to get the “user” message
across, both to the programming community and the non-
computer people. The programmers must recognize who
will be on-line users; the non-computer people must be
aware that computers will conveniently serve them and
begin to concentrate upon their own application problems—
not computer problems. Because innovation and funda-
mental environmental change are involved, the education
task will necessarily not be an easy one.

Experience with on-line systems has shown that new
users undergo a learning period with interactive program
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TIME-SHARING . . .

facilities. At the start of such a period they want complete,
explicit guidance from the computer as to errors, input
cues, information messages, etc. As time progresses, they
become familiar with the program’s communications and
at some point begin to get impatient with long messages.
They can often recognize the message by the first few
characters or words. At this stage, the user has “learned”
enough so that the on-line communications should be
tailored to his new requirements. The concept of adapting
a given program function to both new and experienced
users has been referred to as the “terse” and “explanatory”
modes of on-line program communication. By either ex-
plicit indication of user experience or need, or based on
current operating difficulties, the program can provide
shorter or longer messages and, if necessary, retrieval of
documentation text for reference.

In the past, programming training was primarily aimed
at teaching people how to code. Now the requirement
will be to teach people how to use computer systems (and
services). This training must be supported by the on-line
systems themselves. A standard HELP function for all such
systems has been often talked about and has already been
implemented by Steve Carr in the Berkeley Time-Sharing
System. In response to thec HELP request (or obvious con-
tinuous errors by the user), the system offers reference
information, instructions, and answers to specific user ques-
tions. Essentially this is on-line documentation and re-
trieval, but sensitive to the on-line users’ needs (Fig. 1).

personal aspects of on-line operation

Much has been said about the advantages of being on-
line; turn-around time is reduced, programs are directly
controllable for dynamically changing user needs, etc.
However, on-line users do have subtle reactions to the on-
line environment. To some, there is a great satisfaction in
the feeling of power, in that they can directly talk to the
great electronic beast. Others enjoy on-line operations as
a pastime and have a tendency to play. This tendency has
been marked by a number of intriguing games which seem
to be in vogue for demonstrations. For those users con-
centrating on serious work of a prolonged nature, ‘on-line
operations may be a source of tension. The computer can
set a very fast pace for the user, always “waiting for in-
put” before he is quite ready with his next thought. This

Fig. 1

*KILL. ?
*1,$KILL, ?
*HELP.
7?HOW DO I CLEAR A BUFFER?
DO YOU MEAN A STRING BUFFER OR THE MAIN TEXT BUFFER?
MAIN TEXT BUFFER.

TO DELETE ONE OR MANY LINES IN THE MAIN TEXT BUFFER,
USE THE "DELETE" COMMAND, FOR EXAMPLE:

"1,$DELETE,” CLEARS THE ENTIRE BUFFER WHILE
."3DELETE."” REMOVES LINE 3.

?
*1,$DELETE,
*

might leave the user with a slight case of inferiority. It
will probably be a good idea to have soothing services
handy, such as Weizenbaum’s Psychiatrist program, so that
the on-linc user can “unwind” after a prolonged session
with the machine. Users must be discriminating in how
and when they use on-line services. They should not feel
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forced into using an on-line computer service if it is in-
appropriate.

centralization and organization

Although time-sharing systems will enable private and '
independent use of a computer system, nevertheless they
will also create a trend towards centralization. This will
be particularly true in those cases where a common data
base is used within an organizational structure.

The fact that a number of on-line users have direct ac-
cess to a common data base suggests problems in coordi-
nation. For example, information might be retrieved before
being properly updated or before the responsible organiza-
tional entity has had a chance to recognize and take ap-
propriate action on a situation reflected in the information
file. This type of problem was quite apparent in command
and control systems, where there might be a tendency to
avoid giving the computer certain information because the
commander could see a problem before it could be reme-
died or before his subordinates could see it. From an or-
ganizational point of view, the filtering process in a line
structure must be compatible with automation and not
compromised by uncontrolled information flow. No one will
trust a computer that is an irresponsible blabbermouth.

Centralization of computer facilities can cause repercus-
sions in a line organization where several independent
“shops” existed previously. Line managers or individuals
may have to relinquish control over their little computer
“empires” and become a mere subscriber to the large sys-
tem. This fact may merely hurt the ego in some cases, but
there may also be a serious feeling that somehow loss of
absolute control of a machine will hinder research and ex-
perimentation. Certainly any user with his own machine
will not be happy if all his programs have to be rewritten
or certain special peripheral devices cannot be serviced by
a centralized system.

security

In an informal time-sharing system where users do not
deal with proprietary, sensitive, or classified data, security
controls will not be a significant problem. However, under
the concept of public, generalized systems, where users
may not be friendly, related, or cleared, security is a major
concern to potential users.

Checking user identification and data access levels must
be additional bookkeeping performed by time-sharing
monitors. Providing precautionary checks against illicit des-
tinations would be necessary where programs can specify
any of the available communication channels. The system
must enable users to obtain permission for access to data
or programs not belonging to them from the responsible
‘owners.”

Security also means protection against any loss of data.
No “accidents” should destroy information files left in trust-
with a time-sharing system’s public storage, otherwise a
private system would be called for. System back-up fa-
cilities are needed to maximize storage protection features.

When it comes to security measures for classified data,
the rules of the military prevail and complete physical lock-
out of uncleared users would be required. In essence we
would then have a private, restricted time-sharing system
for such applications.

accounting

Computer usage accounting in the time-shared environ-
ment must be more precise than it has been in the past.
Users must be charged for those resources and facilities of
the system which they actually utilize on a time basis.
These include: secondary storage, core memory, compute
time, peripheral equipment (printer, magnetic tapes, etc.),
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and I/0 channel usage.

Additional charges may be made for normal overhead
costs (on an elapsed time basis) and, where appropriate,
specialized services and priority treatment. Charge rates
can be varied according to the level of service being pro-
vided, e.g., highly responsive, interactive service vs. back-
ground production processing.

Precise accounting will be necessary both in the practical
commercialization of time-sharing service bureaus and for
internal organizational auditing of departmental computer
utilization. Proper user identification schemes must be used
to avoid “time-stealing” from someone else’s “account”.

economics of on-line time-sharing

Almost without exception, the conservative, the suspi-
cious, the curious, and the practical have sooner or later
raised the question of economics. It is all well and good to
have computer functions placed on-line, but at what ad-
ditional cost? For a given cost, would several small ma-
chines have greater pay-off than a large time-shared ma-
chine? Would an efficient batch-processing system yield
more useful throughput than an on-line system?

To properly evaluate on-line time-sharing, one must
consider a number of factors which are significant to users
and to management that pays the bills. These factors in-
clude: efficiency, effectiveness, elapsed time, convenience
of use and accessibility. Other factors to be considered are
initial investment, retraining cost, organizational compati-

. bility, etc. However, let us assume that computers will be
used for various applications but the mode of utilization
is to be evaluated.

Efficiency vs Effectiveness. Many of the critics point
at machine operating efficiency as a major issue. Their con-
cern is with any excess overhead of an operating system
which is not working directly for the user. This point is
well ‘taken, since time-sharing techniques are specifically
aimed at minimizing idle machine time. In batch-process-
ing systems, unless input/output time is overlapped with
central processing unit time, there will often be idle com-
pute time. To minimize this condition, batch monitors
could buffer input/output on a fast drum or disc to ap-
proach a hardware configuration required by multi-user
time-sharing. However, a computer kept busy at all times
does not necessarily produce truly useful information.

Effectiveness is a more useful concept for evaluating a
computer system. To be effective, the system must do the
job—not a job—that is required, and it must do it when and
in a manner appropriate to the task at hand. If a system
is effective but possibly less efficient, it serves its main pur-
pose. What is most desirable is that a system operate ef-
ficiently when appropriate, without railroading the user
into just keeping the computer busy.

Elapsed Time. Another measure of computer effective-
ness is the total elapsed time to solve a problem or retrieve
“desired data. To consider only batch-processing efficiency
is to be “penny wise and pound foolish.” However, we can
“have our cake and eat it too.” Time-sharing techniques
are brought into play in order to minimize or eliminate all
traces of idle time, but in on-line time sharing, the inter-
active user’s time is considered first, not merely the elapsed
time of the batch process. Time is not only money, but,
in some cases, such as in command and control systems,
elapsed time may be the difference between life and death.

Convenience and Accessibility. In evaluating the econ-
omics of a system, the factors of convenience and accessi-
bility must not be discounted. Both are worth dollars! After
all, we always pay more money for better service, and com-
puters are there to provide service,

Small Machines vs. A Large Machine Configuration.
Interactive operations can, of course, be accomplished on
small machines. In fact, some people refer to on-line usage
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mainly in context with small machines and ask, why not
buy a number of very small computers rather than a larger,
time-shared system?

There are several advantages to using a larger com-
puter configuration on a time-shared basis. There is greater
capacity and flexibility available for private programs,
whereas with the isolated small computer, what you have,
you live with, The capacity of a large computer system
offers the user more sophisticated services and bigger data
bases, and the larger machine configuration will undoubt-
edly be more powerful in processing speed and input/out-
put handling.

Small machines, however, still have their place in the
time-sharing environment despite the claims for “monster”
general-purpose machines. “Big” systems need not consist
of monster machines but can be multiprocessor configura-
tions or networks of medium and small machines, some do-
ing specialized tasks. Brute force computing problems,
however, will still require the larger computers.

The very small computer itself can be a useful time-
sharing terminal processor for a user, or a number of
users, connected into a large time-sharing network. Mes-
sage switching, display generation, driving special devices,
high-speed data transmission, private storage, formatting,
preprocessing, etc., are all functions which complement
large control computers. From the reliability standpoint,
if a large time-shared system “dies,” everyone dies with it.
A multiprocessing configuration, consisting of several cen-
tral processing units, input/output processors, and mem-
ories, offer backup capability when one of the system
elements is disabled, as well as additional processing power
and flexibility.

Time-Sharing Complexity and Costs. The spectre of hard-
ware and software complexity to implement on-line time-
sharing seems to haunt many computer people. Require-
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Including the merged capabilities of Mesa Scientific Corporation
Home office: 1100 Glendon Avenue, Los Angeles, California 90024
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Bell System Dataspeed* data communications service
at SOHIO'S Cleveland headquarters use regular
telephone lines to transmit some 14,000 heating oil
orders a day to 16 truck terminals in Ohio.

During the peak cold weather season, nearly
one billion bits of data a month are interchanged
between Cleveland and the terminals.

At the terminals, teletypewriter machines print out
delivery tickets from the tape. The tickets

give the drivers complete information,

even telling them how to locate fill pipes.

After delivery, the exact amount of oil received by the
customer is stamped on the tickets. A punched tape

of the day’s deliveries is made and this tape is fed
into the terminal’s Dataspeed unit. The data is

automatically sent back to Cleveland, where computers
process the information for billing and inventory control.

SOHIO installed its data system primarily to
improve profit margins on heating oil sales.

The system achieved this goal as it centralized
operations, reduced paperwork, speeded cash flow
and improved customer service.

Consider the advantages of Bell System Data-Phone*

service for your data system. One of our

Communications Consultants will be happy to

go over them with you in detail. Just call your

Bell Telephone Business Office and ask for his services.
xService mark of the Bell System

"

iz ) Bell System

v American Telephone & Telegraph and Associated Companies
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TIME-SHARING . . .

ments for memory and operation protection, dynamic re-
locatability, fast random access secondary storage, com-
munications equipment, complex scheduling logic, space
allocation and control, etc., seem terribly involved. De-
sign costs, hardware costs, overhead costs, all appear to be
an excessive burden to system planners, constraining the
implementation of on-line time-sharing. On the other hand,
powerful batch-processing systems are just as complex, but
less convenient to use. Modern computers now offer as
standard features the hardware functions required by time-
sharing, With the primary exception of remote communi-
cation facilities, batch-processing systems will differ little
from time-sharing systems except in scheduling concept.
The batch system does not involve humans (except the
operator) and is efficient by means of selective scheduling
and computing overlapped with input/output. The on-line
time-sharing system involves human participation and the
resultant idle time for multiple service.

Time-sharing overhead stems from two major functions:
management of system operation; swapping programs
between core memory and secondary storage. System man-
agement functions include scheduling, servicing interrupts,
bookkeeping, request processing, etc. This activity may cost
roughly 5 to 10% of the total operating time, based on
current experience with time-sharing systems. This in it-
self is not very expensive. The second cost factor, swap-
ping, can be much higher, depending upon the hardware
and swapping logic. Because swapping costs can vary
greatly, they have been separated from the basic man-
agement overhead.

Remembering that time costs may be traded off against
storage costs, it is possible to submerge swapping time
overhead completely. Care must be taken to insure that
the minimal operating time required by the executing pro-
gram (i.e., conversational processing) will normally equal or
exceed the total swap time. Swapping costs can be reduced
to zero (provided enough core space is available for sub-
merging the swap) or at least cut in half if a re-entrant
process must be moved out. Access and transfer times for
secondary memory swaps should therefore align themselves
with conversational process time; this may range from 30 to
200 milliseconds, depending upon the process application.
If swapping cannot be submerged because space-sharing
of core is not possible, then the overhead will rest com-
-pletely upon the speed of the swapping mechanism. This
can cost as much as 25% and more of the total operating
time.

system capacity and number of users

To determine how many users can be serviced by a given
computer configuration, it is necessary to know the user’s
application and what processing is to be done. Space re-
quirements, the size of a user’s program and/or data, must
be known. Time allocation is also a significant factor, since
on-line. response-time cycles must be divided among users
and, in multiprocessor configurations, among central proc-
essing units.

The timing ingredients for determining how much can
be accommodated on a time-shared basis are: critical real-
time process duty cycle or process time (if any); on-line
response-time cycle, 1-5 seconds; system management over-
head, 5-10%; swap time, 0-P; communications processing
-of user, 5%; and terminals (low speed).

The critical real-time process operates on a priority basis,
and its time needs are subtracted from the on-line user
response cycle of approximately two seconds. System man-
agement overhead is then deducted. The remaining time
in the response cycle is thus available for distribution
among all users, including those with batch-process jobs.
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For cach user or job, swap time must be subtracted if it
cannot be submerged.

The division of the available time remaining into
“quanta,” or time slices for each user, is now a function
of the user’s application needs and scheduling logic. The
minimum quantum size should enable basic, responsive
service processing. If this factor for the application in ques-
tion is known, division of the available time is straightfor-
ward. Otherwise, some empirical experimentation will be
required.

It is obvious that the number of users who can be serv-
iced concurrently will depend upon the basic unit time of
the service. If this process time for a service requires only
a few milliseconds of simple computing, e.g., “conver-
sational” text scanning, storage, and response, many users
could be accommodated within a 2-3 second response
cycle. If, on the other hand, a user input triggers a large
computation or a prolonged memory data search, the proc-
ess is no longer conversational, and the number of users
who can be handled concurrently will diminish.

when to time-share, when to go on-line?

Time-sharing techniques should be employed whenever
there exists spare computer capacity (time and storage)
and the cost of adding system management (executive func-
tions) is not excessive. Interactive applications generate a
justifiable requirement for time-sharing.

The question of when to go on-line remains, Short or
one-shot tasks should be accessible on-line, even though
the output function of such tasks may be treated as pro-
duction work. A retrieval request may be entered on-line,
while the output report could be returned (e.g., in an
hour). Problems which cannot be fully defined, that is, the
inputs cannot be perfectly specified, require interactive
processing in order to realize the desired output. If elapsed
time is a consideration, on-line interaction will provide the
required feedback immediately. Any form of group opera-
tion between individuals and a common process and/or
data base lends itself to on-line time-sharing.

In cases where correct program inputs can be completely
provided for a sustantial or routine processing task (no
interaction required), where turn-around time is not signif-
icant, or where the user is not present, production pro-
cedures should be used. That is, jobs should be processed
from a stack. However, machine access may be profitably
placed on-line (remote) for production processing. If a
computer is serving a critical real-time task that absorbs
most of the available central processing unit time, time-
sharing is neither feasible nor desirable.

It is important to remember that every individual, or-
ganization, and installation will usually have a variety of
tasks which can be performed by a computer. Some of
these tasks are suitable for on-line use, others for batch
processing. A properly integrated time-sharing system
should give the users the choice that is most suitable for
the problem at hand and the time constraints involved.
Overall cost factors, not just computer costs, must be con-
sidered in the light of appropriate approaches to the users’
problem needs.

summary

Time-sharing represents a number of techniques which
afford maximum utilization of computer capacity. These
techniques are proving particularly valuable for real-time
processes of all kinds. The popularity of the time-sharing
concept stems largely from the application of on-line, per-
sonalized computing on a multi-user basis. The economics
of interactive computer usage have thus been improved by
several orders of magnitude. With advances in computer
technology and applications, on-line utilization will become
cheaper and easier both for individual and group users.h
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Yes, there 1s a real-time systems
computer better than the Raytheon 520.

It's the Raytheon 520 with 1u Sec
Memory, Keyboard CRT,
Real-Time FORTRAN 1V, Disk Pack,

Direct Memory Access and Drum.

1. NEW ONE MICROSECOND MAIN
MEMORY imptoves typical execution times by 25 per
cent. For example, floating point add (24-bit mantissa)
18-33 n sec; floating point multiply (39-bit mantissa)
65-67 u sec; convert 12-bit data to engineering units,
10.5 u sec; add register-to-register, 1 p sec.

2. KEYBOARD-CRT DISPLAY STATION
for high-speed output of test data, system status informa-
tion, reference tables or text, program lists, register or
memory contents, etc. Up to 520 characters displayed on
614" x 815” CRT. Instant erasure to character line, or
message. On-line program debugging is faster and easier.
Suggestion: use keyboard-display station for test direction
and quick-look or remote inquiry/display.

3. DISK PACK provides fast random access mass
storage for bulk data or program storage. Capacity
approximately 3 million characters; transfer rate 74,500
characters per second. This new drive reads and writes on
IBM-compatible disk packs.

4. DIRECT MEMORY ACCESS for direct connec-
tion of external device to main memory without inter-
rupting central processor. DMA can handle up to four
external devices simultaneously and provides 24-bit word
transfer rates up to 1IMC.

5. DRUM MEMORY transfers 50,000 words
(200,000 characters) per second with maximum access
time of 10ms. Single drum stores up to 262,656 words
(1,050,624 characters).
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6. REAL-TIME FORTRAN 1V a one-pass processor
operating in 8000 words of memory—provides optimum
combination of scientific problem-oriented language with
real-time systems-related capabilities. Raytheon 520
FORTRAN IV features Boolean and logical operations
including logical IF, labeled COMMON, DATA initiali-
zation statement; double precision and complex arithmetic
operations; recursive subprograms; dynamic storage allo-
cation; and easy library modification and expansion. Users
have direct access to 520 System interrupts and direct
communication with data system devices and hybrid sys-
tems is provided.

7. ANALOG INTERFACE Another exclusive
Raytheon 520 feature — real-time analog data acquisition
with Multidevice Controller— provides standard, low-cost’
expandable systems interface. Analog units include the
Multiverter®, with up to 96 channels of integrated circuit
multiplexing, a sample-and-hold amplifier and an A-D
converter in a 514" drawer. Typical over-all accuracy of
0.02%, 50 nanosecond aperture time and conversion
rates from 30 KC (15 bits) to 50 KC (12 bits) are
standard. Digital-to-analog conversion at high precision
and speed are also available.

The Raytheon 520 is a 24-bit small/medium-scale com-
puter now being specified for systems in the $100,000 to
$300,000 range. All the information is in Data File

C-121A.

DATAMATION

RAYTHEON COMPUTER
2700 South Fairview Street
Santa Ana, California 92704




YOUNG FIRM, OLD CODE GIVE
LAW RESEARCH A BOOST

With the aid of the central citation
system in U.S. law (a standardization
effort begun by the Romans), Law
Research Service, Inc., is rapidly de-
veloping a computer file of state and
federal cases and statutes.

In March, the New York firm will
be offering nationally on-line access to
three million case references stored in
a Univac 418 system. It is expected
that within six months, the file will
cover all rulings in the federal courts
and in 15 states. Western Union, part-
ner to the firm, owns and will operate
the equipment. The venture marks the
first of the data bank operations with
which WU has indicated it will be-
come involved.

Subscribers will query the system
via Telex, indicating the question with
a 10-digit number taken from a coded
directory, Computer Thesaurus. Cost
will be $10 to $15 per inquiry (in-
cluding communications lines), plus
Telex equipment rental.

Since 1963, LRS has been using a
Univac III to store one million refer-

ences covering all New York State
rulings. Presently, the firm, headed by’

lawyer Ellias Hoppenfeld, has more
than 6500 subscribers (off-line) in the
New York area. A complete data file
increases the potential market to the
300,000 lawyers in the U.S.

NEW COMPUTER PROGRAMS
FOR MERCHANDISE
MANAGEMENT

The interrelated needs for merchan-
dise classification, sales analysis, and
inventory control in retail stores were
repeatedly emphasized at the recent
convention of the National Retail Mer-
chants Assn. in New York. And NCR,
IBM, and May Co. of Southern Cali-
fornia were there with announcements
of programs guaranteed to solve the
difficulties of merchandise manage-
ment.

The three programs, NCR’s
REACT, May’s CLASS (both written
for the NCR 315 computer), and
IBM’s IMPACT (for the 360 systems),
are conceptually similar. They center
on the information taken from cash
register tapes, which will contain class-
ification, department, and price num-
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bers on each item sold. The computer
will analyse this against such stored
data as inventory, orders, financial
facts (markup, discounts, etc.), and
seasonal trends, and produce sales and
inventory reports. When an item has
reached a certain stock level, a vendor
order will also be printed out.

REACT is said to represent a $2
million, 60 man-year programming
and testing effort. IMPACT consists of
40 programs, which have been tested
on 1400 series computers in five de-
partment stores during the last four
years. Both involve staples and fash-
ions.

May Co. will be putting CLASS
into operation in its Southern Calif.
outlets over the next three years, using
a 315 and 315 RMC and 1000 NCR
Class 53 registers. It will be applied
to 300,000 staple items.

CIVIL SERVICE SETS UP
EDP MANAGEMENT COURSES

The U.S. Civil Service Commission has
announced plans to establish a train-
ing center for managers of federal ac-
tivities.

Sponsored by the Office of Career
Development, the center will be
headed by Joseph W. Lowell, Jr. Ini-
tially it will offer 30 different training
programs covering areas described by
the center as ADP for Management,
ADP-Related Management Sciences,
and ADP Career Skills. The first group
includes courses on “management ap-
plications and implications” of com-
puters and the second on computer-re-
lated disciplines, such as operations re-
search. The third. group is aimed at
those presently working directly with
computers, offering them training in
systems analysis and management.

ENGINEERS DIAL COMPUTER TO
GET APOLLO/SATURN CHANGES
North American Aviation’s Space and
Information Systems Division has in-
stalled an audio response information
system to give engineers current re-

Burroughs Corp. will supply the
equipment for TWA’s new passen-
ger reservation and management in-
formation system, to be based in
Rockleigh, N. J.

The airline will get a twin-proc-
essor D830—a later version of the
D825 used in air defense command/
control applications—plus 40 disc
files and some 2000 specially de-
signed terminals for reservations
agents. The $25 million price tag is

TWA CHOOSES BURROUGHS FOR $25 MILLION SYSTEM

exclusive of communications and fa-
cility costs.

Installation schedule calls for a
first stage in the spring of 1967, with
agent sets going on line to the com-
puter center. The second phase, full
transfer of present operations to the
Burroughs equipment, is to take
place in mid-1968. According to a
TWA spokesman, the set-up “will
provide capacity far into the super-
sonic age.”
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E~-SEAL SYSTEM
TRIMS OVERSTUFFED TAPE STORAGE AREAS BY 50%.
HOW’S THAT FOR A CRASH DIET?

Is your tape storage bulging at the seams? Wright Line offers you the new Tape-
Seal computer tape storage system* that slashes the fat away. Specifically, this
system lets you store 200 tapes in the floor space formerly taken up by 96 tapes.
Our patented Tape-Seal Belt helps a lot. It saves space, cost and handling time.
Because it hangs from a unique hook-and-latch, no wire supports are required.
And retrieval is quick and easy. If you'd like to put your tape storage on a diet,
contact us for complete details about Tape-Seal. Our story is so good we think
you’ll eat it up. . ‘

(When you order new tape, insist that they be shipped without canisters. Buy
Tape-Seal Belts and save.)

*Patents Pending

LINE Data PROCESSING ACCESSORIES

170 GOLD STAR BOULEVARD, WORCESTER, MASS. 01606 A division of Barry Wright Corporation
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news briefs

ports on Saturn and Apollo design
status.

Developed by the division jointly
with IBM and General Telephone, the
system allows any of the company’s
42,000 telephones to tie in to an IBM
1460 with a 7770 audio response unit.
Details of some 75,000 drawings for
the two big space projects are in disc
storage, while a drum stores the re-
sponse elements that make up the
answers to inquiries. Eight calls can be
handled simultaneously while new in-
put is being processed.

The system replaces a manual card
file that required either ‘a visit or a
phone .call to a clerk to look for the
right card. New engineering groups
both at headquarters and remote fa-
cilities can dial a code number, fol-
lowed by the drawing number, and a
pleasant female voice lists the latest
changes.

APPLIED LOGIC CORPORATION
OPENS TIME-SHARED CENTER

New Jersey’s first time-shared comput-
er center has been opened in Prince-
“ton by Applied Logic Corp.

Using a 32K PDP-6 backed by a
1.2 megaword drum, the center is
going after both scientific and business
customers. Five terminals are rnow on
line, with 25 more scheduled this
spring. Peripherals include DEC incre-
mental CRT display with character
generator and light pen, CalComp
plotter, printer, paper tape and card
units. FORTRAN II and IV are of-
fered, as well as the Macro-6 assembly
language. Subscriber fees are $360/
hour for main-frame time plus com-
munications costs. :

FIRST UNIVAC 1108'S GO TO
LOCKHEED, FRANCE, AIRLINES
Installations of Univac’s new 1108
have begun, almost simultaneously
with announcement of the big ma-
chine,

Lockheed Missiles and Space Co.
at Sunnyvale, California gets the first
one, complete with a 64K core, eight
drums, and a tape 1004. They will
keep the 1107 as well, delivered less
than a year ago.

Other announced 1108 orders in-
clude a two-processor system for the
French National Railways, one each
for United Airlines and Boeing,.

® A comprehensive census of science-
information activities is being con-
ducted by the Columbus Laboratories
of Battelle Memorial Institute for the
National Science Foundation. The ob-
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the DIGITAL PRINTER — DataPrinter

the METER PROTECTORS

the POWER
SUPPLIES
and TESTERS
for Transistor
or Components...

REO division of SPECTRA-STRIP CORP. has the capabilities.

Did you know the DataPrinter is the only read-out and print-out dig-
ital printer complete with electronic interface? And a basic price of
$350.00 plus $115.00 per column...see how compact...also the
service features of the printer’s interchangeability of plug-in modules
... Reo’s DataPrinter can be customized to fit your requirements.

REO DIVISION CAPABILITIES

REO Offers Highly Specialized Talents in Data Handling and In-
strumentation to both Military and Commercial Industry — Proven Ex-
perience of REO’s Professional Engineering -Staff — Integrated with
Production “Know How” — Offers Outstanding Reliability to Military
and Commercial Customers in all Areas of Design, Studies and
Production. '
DEVELOPMENT Digital/Analog Data Handling Systems — Signal
Conditioning Systems & Equipment — Commercial & Military Products
— Infrared Systems & Products — Telemetry Range Systems & Equip-
ment — Integrated Circuits — Radar Peripheral Equipments — Ocean-
ographic Data Systems and Sensors — Commercial Data Systems —
Instrumentation Electronic Assembly — Packaging — Industrial Data
Systems.

ASSEMBLY & PRODUCTION Electronic Assembly & Fabrication —
Wiring — Testing — Packaging — Integrated Circuit Assembly.

Plan to investigate the Reo’s Product line today. For more information
on the above products send for bulletin No. SSRD 101 . . . we welcome
inquiries for custom requirements. Call or write:

EXGELLENCE IN ENGINEERING

=20 sprcTRA-STRIP CORP
division

P. O. Box 415, GardenAGrove, California 92642
Tel: (714) 537-4530 +« TWX: (714) 530-0313
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Available now
122 FORTRAN

subroutines

for SYSTEM/360.

The new 1BM Scientific Subrou-

tine Package, ssp/360, is ready.
- It contains 122 subroutines to
speed the solution of equations,
the manipulation of matrices, the
evaluation of functions and the
handling of other operations
often used in FORTRAN programs.

These programs are wholly
independent of all input/output
device configurations. This
means they will work with any
SYSTEM /360 FORTRAN compiler.
Data formats are up to you.

SSP/360 is really part program-
ming system and part application
program. :

It can help you to simplify and
speed.solutions to current and
planned applications. At the same
time, it opens the door to new
applications of greater scope. In
any case, SSP/360 will get you on
the air sooner.

With ssp/360, you have an en-
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tire mathematical and statistical
subroutine library that you may
add to or modify as your comput-
ing needs change.

Many Statistical Techniques

SsP/360 gives the FORTRAN pro-
grammer some of the more basic
techniques of statistics.

For example: In factor analy-
sis, where the correlations within
a set of variables must be ana-
lyzed, just five ssp/360 subrou-
tines are needed to find a salntian

In multiple linear regression—
a technique for analyzing the
relationship between a dependent
variable and a set of independent
variables—you need only four
ssp/360 subroutines. You can use
this technique in applications like
these: ;

CHEMICALS—optical density vs.
concentration ... ECONOMETRICS—
probability of mortgage debt vs.

IBM@
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marital status, age, education and
other factors ... MEDICAL—heart
disease, vs. height, weight, family
history, blood data and up to nine
additional factors... BEHAVIORAL
SCIENCES—class rank of graduat-
ing seniors vs. six mental-ability
tests . . . AGRICULTURE—milk pro-
duction vs. hay consumption, in-
breeding, weight, age and other
factors.

Matrix and Mathematical
Subroutines

ssp/360 brings you a host of
matrix subroutines and mathe-
matical subroutines that provide
a tremendous boost to FORTRAN
programmers in virtually all
areas of industry.

S$SP/360 has already been tested
and proved, both in IBM and cus-
tomer installations.

For further information, call
your local IBM representative.

DATAMATION
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jective is to supply the NSF with infor-
mation needed in making decisions on
training and education requirements
in the field. Questionnaires are being
sent to those “scientists, engineers, or
information specialists engaged in re-
search, design, operation, or manage-
ment of science-information systems
that are part of the process of trans-

ferring, storing, retrieving, analyzing,
" disseminating, and summarizing scien-
tific or technical information, or other-
wise contributing to communication
among scientists and practitioners of
engineering and the natural sciences.”
Those who think this definition in-
cludes their activities but who haven’t
received a questionnaire are asked to
write for one, addressing Robert S.
Kohn, Information Systems Engineer-
ing Division, Columbus Laboratories,
Battelle Memorial- Institute, 505 King
Ave., Columbus, Ohio, 43201.

@ Latest application of computers
to education is an experimental pro-
gram to help high school seniors select
the college best suited to their interests
and qualifications. The trial run is
being conducted jointly by Pittsfield
High School and Computer College
Selection Service, Inc., both of Pitts-
field, Mass. Students fill out question-
naires and the answers are matched
against 18 characteristics for each
accredited four-year college in the
U. S. Typical characteristics are cost,
subject majors, location, admission re-
quirements, and size of community.
Some 230,000 entries, covering nearly
1200 schools, are available to the pro-
gram. One goal of the experiment is
to find out how many colleges not pre-
viously considered by the seniors turn
out to be logical choices.

@® The systems engineering depart-
ment at the University of Arizona in
Tucson, is now offering a Ph.D. pro-
gram in systems engineering. The de-
partment, headed by A. Wayne Wy-
more, will accept students with an
MS who pass a qualifying examination
covering probability and statistics,
engineering mathematics, numerical
analysis and computers, optimization
and operations research, human fac-
tors, and system theory. Students with
bachelor’s degrees may take an MS
program that includes these subjects.

@® The fourth annual conference of
the Computer Personnel Research
Group will be held at UCLA June
27-28. Papers are requested in four
general areas: identification of poten-
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Frankly, if all we could offer you
was another good analog computer,
we wouldn't be in this rat race.

As it is, we've built a really
better mousetrap. Take a good look.

We have to be honest about it. The world just doesn’'t need another analog
computer. So when we designed the new Ten-Fifty, we made a value analysis of
every major machine in its class. Look at the results:

Capacity. 439 more computing capacity at any one time — 86 modules. 47%
more patching terminals — 2040. 2009, more peripheral trunks — 126.
Performance. Repetitive solutions up to 1000 per second. Simultaneous real time
and fast time operation. Patented two or three mode electronic switching. Switch-
ing times less than 500 nanoseconds. High accuracy multipliers ~— zero error
0.059%,. 500 KC solid state amplifiers. .
Hybrid operation is integral — logic is built-in. You get a separate 440 hole patch
panel. Individual integrator controls. High speed electronic comparators - and
analog switches. The Ten-Fifty is fully compatible with major digital computers.
Dependability. Patch panel is solid aluminum with coaxial terminals and fully gold
plated wiping contacts, which are undisturbed during patching. Patch cords and
wiring are shielded for low cross-talk. Short-circuit proof construction. Circuits are
conservative in design and fully field-proven. Entire computer is factory wired
and tested for full expansion.

Convenience. Pushbutton readout of amplifiers, pots and trunks. All amplifiers

are uncommitted. Three built-in electronic timers — simultaneous operation.
Thumbwheel time adjustments. Patch panel is color coded and lettered for full
complement All expansions simply plug in. Expansion is by addition — not

substitution.

Economy Your first cost is low. Your expansion cost is low. There are no hidden
extras. The Ten-Fifty is Value Engineered to give you the most Computatlonal
capability per dollar invested. No computer in its class can match it.

Judge for yourself. Send for free companson
chart that shows you point by point where
M the value lies in analog computers.

COVMPUTER PRODUCTS, INC.
55 Chapel Street, Newton, Mass. 02158 Tel. (617)-244-7575
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GOMPUTER

Provides Direct Audio Response to Digital Interrogation

m Vocabulary to 63 Words
(to 189 for special applications)

= Standard Binary Input

m 200 cps to 8 kc Frequency Response
m 1.6 Second Word or Phrase Length
m | ong Life — No Contact Heads

For the first time, a complete audio response system with a vocabulary
of up to 63 words or phrases from standard digital input. The Speech-
maker provides a complete add-on system for direct computer-to-man

communications and is designed for compatlblllty with most standard

telephone and audio equipment.

Messages up to 1.6 seconds long are pre-recorded on a unique photo-
graphic film memory drum and selected at random by a decoding
matrix. Modulated light sensing techniques eliminate signal deteriora-
tion associated with magnetic recording techniques. Mechanical
components, including precision pre-loaded ball bearings, are designed
to give years of service with minimum maintenance requirements.

If your data processing requirements include an automatic audio

response to digital interrogation—contact us, we have just what you re_'

looking for!

Additional Speechmaker models are available for switch, relay
or other signal selection.

549 PLEASANTVILLE ROAD = BRIARCLIFF MANOR, N. Y. = 914-769-7900}
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W:’(irld’ Fastest
Low-Cost
Digital Printer

Apply several drops of oil to the
drive-motor shaft-ends each year (or
every fifty-million lines). Brush out
any accumulated dust or lint. Clean
the air filter periodically.

That’s the extent of maintenance
for a Franklin Model 1000 . . . the
only digital printer that offers a
printing rate of 40 lines per second
(or less) at low, low, OEM prices.

REQUEST BULLETIN 2301

el e ctromnics,

East Fourth St. e Bridgeport, Pa. 19405

A Division of the Anelex Corporation
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news briefs

tial skills and selection of computer
personnel; training and performance
appraisal; identification of new skill
requirements; and problems in com-
puter personnel administration. Three
copies of a 500-word summary should
reach Professor A. W. Stalnaker, Pro-
gram Chairman, School of Industrial
Management, Georgia Institute of
Technology, Atlanta, Ga. by March 15.

@ Planning Research Corporation
has been retained by the city of Wash-
ington, D.C., to undertake a study of
traffic flow there and recommend the
most feasible method of control. Ini-
tial findings are that computer-con-
trolled signals could improve efficiency
by 10 to 25% over the present system
of fixed-time signals that are adjusted
to fit traffic patterns at different times
during the day but do not respond to
actual, fast-changing conditions.

@® The annual Florida State Univer-
sity Computing Conference will be
held in Tallahassee March 12-19.
Theme this year is The Impact of the
Computer Upon Society. Different
segments of society will be considered,
including education, business, indus-
try, law, accounting, and publishing.

® The American Institute of Aero-
nautics and Astronautics has estab-
lished a technical subcommittee on
computers, with Dr. Barry Boehm of
the RAND Corp. as the first chairman.
Activities will include compiling of a
catalog of aerospace computer pro-
grams, sponsoring technical sessions,
and disseminating information on' the
problems and progress of computer
sciences to aerospace professionals.

@® A new international organization,
the Association for the Advancement
of Medical Instrumentation, has been
set up to help the transition from the
“little black bag to the little black
box.” Leadership will include both
doctors and representatives from elec-
tronics organizations. The AAMI will
be concerned with equipment used in
research, diagnosis, treatment, and
administration. One of the organiza-
tion’s first projects is sponsorship of
an international symposium on medi-
cal instrumentation for discussion, ex-
hibition, and demonstration of new in-
struments and techniques. First meet-
*ing will be held in Boston during July
this year. The new organization’s mail-
ing address is P.O. Box 314, Harvard
Square, Cambridge, Mass. 02138.
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The new time saving
Anelex 4000 Printer
is perfect for
remote terminal
installations

\ [t handles all types of
business forms in single or
multiple copies at
DATA-PHONE® speed. You get
stability, versatility and performance
required for remote terminal systems.

With an Anelex 4000 Printer tied
on-line via the DATA-PHONE, you can
extend computer throughput to any
remote location. Company divisions
and field offices have the advantages
of complete computerized information
directly from the soutce . . . not

just a condensed message.

Anelex 4000 Printers produce up to
160 columns at 300 lines per minute.
They are available with a variety of
different interfaces including either
the DATA-PHONEDATASET 201 or 202.

Learn how simply you can advance
the operating efficiency of your
computer to any terminal station.

Get detailed information on high-speed
communications. Anelex Corporation,
Department D-2, 150 Causeway St.,
Boston, Massachusetts 02114,

SYMBOL OF QUALITY

ANELEX
CORPORATION
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Digitronics Model 6090 Tape Handler
equipped with 10%"” NAB reel
operates at 1000 cps.

What’s your handle*

Digitronics new tape handlers are designed to operate
with 10%” NAB reels. Hardly any of that size around.
~They have twice the capacity of an 8” reel. Surprisingly,
we've priced them to compare favorably with what you’d
expect to pay for 8” reel equipment.

What else?

They go fast. Model 6090, with 10%"” reels, whirs at a
smart 1000 cps. And it is compatible with our high-speed
reader, Model B3000.

Or they go slow. Model 6071, with 101" reels, purrs at
300 cps. It is compatible with our low-speed readers,
Models 2500 and B2500.

Some operate at in-between speeds. Model 6070, with
103" reels, glides along at a brisk 500 cps. It is compat-

ible with all of our high-speed readers.

Our 10%” reels spool up to 1300 feet of 5 to 8 level paper,
paper mylar laminated and mylar tape, interchangeably.

We also have several 8” reel tape handlers. And, if you
have a king-size volume of punched paper tape, say 3000
feet, we’ll deliver a tape handler with a 16” NAB reel. It
will go as fast as the punch that feeds it, or up to 300 cps
with a reader.

No matter what your handle is, we have a quality tape
handler (and tape reader) to fit your requirements. For
complete information, contact your local Digitronics rep-
resentative. Or, if you prefer, write direct to Digitronics
Corporation, Albertson, New York or call Area Code 516,
HT 4-1000.

2> DIGITRONICS

when every bit counts
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new products

solid-state calculator

The 130 is a desk-top unit with auto-
matic decimal point-off and answers
in numerals %-inch tall. Speeds of
add/subtract, multiply and divide are
0.01, 0.25, and 0.5 second, respec-
tively. In addition to 10 numeral keys,

there are a decimal-point key, back-
space, clear, recall and accumulate
keys, and arithmetic function keys.
ELECTRONIC CALCULATOR DIV.
CANON CAMERA CO. INC., New
York, N.Y. For information:

CIRCLE 130 ON READER CARD

retail media conversion

For off-line conversion of punched
tags to mag tape, KROME consists of
an incremental tape drive linked to a
Kimball KRC tag reader. Convert-
ing at the rate of 200 tags/minute
(200 bpi), input speed would be 18-
000 tags/minute, Density of 556 bpi
is also available. Mag tape reel has
a capacity for 120,000 punch-marked
tags. KIMBALL SYSTEMS DIV,
LITTON INDUSTRIES, Belleville,
N.]J. For information:
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gp computer

The 650-2 has 4-32K (12-bit) words
of core with a cycle time of 2 usec.
There are 2-64 priority interrupt chan-
nels, an index register, and built-in
multiply divide. Add time is 4 usec,
multiply time is 16 usec. Software in-
cludes an 8K FORTRAN 1II and as-
sembler. A 4K system with console
I/0 costs $14.8K. SCIENTIFIC
CONTROL SYSTEMS INC., Dallas,
Texas. For information:
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digital readout

Using ultra-miniature, high-intensity
incandescent lamps and “light pipe”
segments to the viewing surface, this

February 1966

line of readouts features characters
with a minimum brilliance rating of
500 foot-lamberts. The standard
character is composed of seven seg-
mented bars, producing the 10 nu-
merals plus 10 characters. TUNG-
SOL ELECTRIC INC., Newark, N.J.
For information:
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data loggers

The 1500, 1510, and 1520 have ap-
plications in medical, process analysis,

——PRODUCT OF THE MONTH

and quality control. They scan and
log data at up to 120 cps on 8-level
paper tape or 20 lines/second on
hard copy. The 1500 has a digital volt-
meter, serializer, and tape punch. The
1510 adds a 10-channel, 3-wire reed
relay scanner, expandable to 100 chan-
nels. The 1520 has a printer in place
of the serializer and punch. The units
operate in several modes, and the
punch systems can provide digital
code translation. ELECTRONIC AS-
SOCIATES INC., West Long Branch,
N.]J. For information:
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disc storage

The Series 7300 consists of 1-4 discs,
each with 128 tracks. Maximum cap-
acity is 10.24 million bits with an av-
erage access time of 8.5 msec. Each
disc surface has 64 floating read-write
heads. The self-contained package,

In the manufacture of tabulating
cards and card sets, with or without
stubs, the CNP-66 performs the
basic operations of counting, num-
bering, and punching in a single
pass. It can produce card packs that
accompany shipment of products,
consisting of cards for warranty,
shipping, model identification,
trouble-shooting, etc.; multipurpose
manifold card sets; IBM and Royal
McBee key sort (E13-B characters)
cards; MICR-encoded check books;
time-payment and coupon books,
and continuous-form cards.
Measuring 7% x 3% x 5-feet high,
maximum production is 350 cpm,
or 700 cpm with optional acces-
sories. The unit can prepunch and

CIRCLE 135 ON READER CARD

number cards repetitively or con-
secutively up to nine digits, cut
diagonal and round corners, cross-
perforate, cut- and die-score, im-
print and MICR-encode, fold
crease, and deliver cards or card
sets in stacks of predetermined
quantities.

Completely automatic, the ma-
chine requires an operator to load
the input hopper, remove and in-
spect finished cards, and make pe-
riodic operational adjustments.
Modified version permits fabrica-
tion and fan folding of short-grain
continuous forms from web mate-
rial. BOBST CHAMPLAIN INC,
Roseland, N.]J. For information:
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M’l‘vc‘R‘o SWiVT'CH Precision SWit,ches

NEW

MICRO SWITCH K
makes it practical for
you to customize

any keyboard or panel

KB gives you a complete new set of modular switch/display
keyboard components—makes it practical for you to design and
assemble a custom man/machine interface for each individual
keyboard. KB is a totally new concept in panel design with

modular components like these :

Plug-in Power Switches and Indicators
with lighted display, wide variety of button
color combinations. Two- or four-pole, momen-
“tary or alternate action switches.

Plug-in Encoding Switches
with up to eight output bits in
each. Up to 256 possible code
combinations may be set up
within the switch using simple
encoding strips. Electrical mon-
itor and delayed strobe. Wide
variety of button color com-
binations. :

TITTTITTT ]
TR RERNREe

e eed | A
FOMMON CUTPYT BITS ELECTRICAL
STROBE ¥ MONITOR

Contact Arrangement. The common and
electrical. monitor circuits are made first, fol-
lowed by the output bits, and the strobe circuit
which tells other equipment, “All circuits made
and ready.” (Repeat” function optional.)

SWING .QUT
MQUNTING UG

HOINIINE ho% Unique Mounting Matrix

Modulesallowyoutobench-
assemble a complete key-
board matrix without special
tools, Assembly, encoding and
wiring may be done at the
bench before the keyboard is
installed.

WIRING

INSTALLED © " S
AT BENCH

For the first time, KB allows you to arrange all switches and
indicators in only one panel cutout. You can now do all your en-
coding at the switches. Plug-in or lift-out switches without dis-
turbing adjacent units. Use modular interlock components for bail-
ing or lockout systems.

KB now makes it practical for you to customize every keyboard
or control panel. KB saves on engineering time, tooling costs,
assembly costs, panel space and weight.

Call a MICRO SWITCH Branch Office for a demonstration. Or,
write for literature.

MICRO SWITCH

FREEPORT, ILLINOIS 61033
A DIVISION OF HONEYWELL

IN CANADA: HONEYWELL CONTROLS LIMITED, TORONTO 17. ONTARIO

HONEYWELL IS WORLDWIDE ¢ Sales and service offices in all principal cities of the world. Manufacturing In Brazil, Canada, France, Germany, Japan, Mexico, Netherlands, United Kingdom, United States
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new products

consisting of electronics for reading,
writing, track selection, and genera-
tion of timing signals, can be mounted
in a 19-inch rack. The units are her-
metically sealed, and feature optional
provisions for multiple bank stor-
age with simultaneous multiple-chan-
nel access, simultaneous read-write,
write “lock out” switches, serial reg-
isters, and protection circuitry. DIGI-
TAL DEVELOPMENT CORP., San
Diego, Calif. For information:
CIRCLE 136 ON READER CARD

decimal plugboard

The Six-Pak is a 60-position plug-
board with 16 decimal digits in each
square inch of panel face. Each mod-
ule, the equivalent of 10 full decimal
switches, measures %4 x 2%-inch. Ap-
plications include decimal memory,
decimal-oriented  program  control,
temperature limits, voltage limits, and
time-code generation. VERSELEC-
TOR CO., Burpank, Calif. For infor-
mation:
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desk-top calculator

A solid-state unit, the model 300 is
about the size of a telephone. An-
swers are displayed on the console in
%-inch-high characters. Two = inde-
pendent but  interconnected add/
subtract sections can serve as storage
registers for sums and products; a
third section handles multiplication
and division. By one keystroke, entry
and recall from any register is effected.
Up to four consoles can operate with
one electronics package. WANG
LABORATORIES INC., Tewksbury,
Mass. For information:
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solid-state tape drive

The TUS55, for use with Dectapes on
the PDP-7 and 8 computers, does
away with the relay control compo-
nents and with one of the two trans-
ports. And the price is lower. Fea-
tures include tape tension controlled
electromagnetically, dual direct-drive
hubs, and front panel switches. DIG-
ITAL EQUIPMENT CORP., May-
nard, Mass. For information:
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paper tape readers

The 5100 series consists of photoelec-
tric and mechanical tape readers with
operating speeds of up to 150 cps
asynchronously, and 500 cps synchro-
nously. Features include electronic
lamp-output servo to eliminate ampli-
fier adjustments, and self-adjusting
electromagnetic brakes. Panel height
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is 3% inches. CHALCO ENGINEER-
ING CORP., Gardena, Calif. For in-
formation:
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reader-spooler
The RR-702 paper tape reader has
companion spooler, comes in uni- and
bidirectional models operating at
speeds to 700 cps. The spooler has
bidirectional rewind from push but-
ton or remote control at 200
ips. RHEEM ELECTRONICS, Haw-
thorne, Calif. For information:
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job timer

The Monitron system, for measuring
computer processing time used by a
job, consists of a Monicorder card
input station and central control unit.
Standard keypunch machine provides
card output. Before a run, job identi-
fication card is put into the system,
which will then measure time used
(to hundredths of an hour) and out-
put it, along with job data, on a new
card. Two jobs may be handled simul-
taneously by one unit, and two input
units may be hooked into a computer.
The control unit will handle up to

XY21234567890, .
XYZ1234567890, .

AN UNRE TQUCHED
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Write toyour computer

(with the new Sanders Photopen™ Light Sensing System)

It won’t take you a second.

Whatever form of visual presentation your
data display system uses, a new Sanders
Photopen Light Sensing System can let
you make important information changes
instantly, right on the screen at push
button convenience.

It's fast. Typical time delay runs 2 micro-
seconds or less depending on brightness
level and phosphor light rise time.

It's versatile. Sensitivity ranges from be-
low the human visual threshold to above
the level for comfortable viewing.

It's reliable. The Sanders Photopen com-
pletely eliminates false or multiple trig-
gering on long persistence phosphors,
ambient lighting and reflections from

CRT face or implosion shield.

It’s accurate. An illuminated finder circle
precisely encloses the CRT area being
sampled regardless of how you hold
the pen unit.

Discuss your particular data display re-
quirements with Sanders. Learn how you
can mark, erase, correct, copy, add,
transfer or make any information changes
in a variety of character generation tech-
niques including monoscope, stroke and
dot matrix types. Find out how the new
Sanders Photopen system will add
greater versatility to your data display.
Write or call today. Sanders Associates,
Inc., Microwave Products Dept., Nashua,
New Hampshire.

*T.M., Sanders Associates, Inc.

Sanders AsSociates, Inc. (”\*

CREATING NEW DIRECTIONS IN ELECTRONICS ‘el
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new products

25 Monicorders. Monitron will also
automatically punch cards for all idle
computer time. COMMUNITRON
INC., New York, N.Y. For jpforma-
tion: ‘
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scientific software

Developed for the 360, the Scientific
Subroutine Package consists of 122
problem-solving segments, including
matrix inversion, multiple linear re-
gression, time series analysis, canoni-
cal gorrelation, simultaneous linear
algebraic equations, finding real and

complex roots of real polynomial equa-

tions, and like that. IBM DP DIV,

White Plains, N.Y. For information:
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tape reader-punch

The DE-60-RP is for use with the
DE-60 computer. It operates in either
mode at 50 cps, and has coding ma-
trices that enable it to function with
5, 6, 7, and 8-level code. It can also
read in one code and punch in an-
other, and do so independently of the
DE-60. CLARY CORP., San Gabriel,
Calif. For information:
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NEW ISSUE

This announcement is neither an offer to sell nor a solicitation of an offer to buy
any of these securities. The offering is made only by the Prospectus.

Management Assistance Inc.

$10,767.450
6%% Subordinated Capital Debentyres Due December 31, 1980

215,349 Shares

Common Stock
(Par Value $.10)

Offered in Units, each consisting of $50 principal amount of Debentures and one share of
Common Stock, which will not be separately transferable until April 30, 1966 or such earlier
date as may be designated by the Company and 1he Representative of the Underwriters.

~ The Company is offering holders of its Common Stock the right to subscribe for these Units at the

rate of one Unit for each 14 shares of Common Stock held of record at the close of business
onJanuary 12,196 6. The subscription offer will expire at 3:30 P.M., New York Time, on January 27,
1966. Both during and after the subscription period the Underwriters may offer Units, as more
fully set forth in'the Prospectus.

Subscription Price $62.50 per Unit

Copies of the Prospectus may be obtained in any State only from such of
the several underwriters as may lawfully offer the securities in such State.

White, Weld & Co.

Inéorporated

January 14,1966
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miniature dda

The M3X is a digital differential ana-
lyzer occupying less than 0.1 cubic
foot in volume. It has a 12-word (17-
bit) memory, and dissipates 5 watts
of power. Microelectronic modules
are a sandwich configuration of ma-
trices formed from solid nickel tape-

machine-punched automatically from
type-written paper tape. No interior
matrix connections are required. Ap-
plications include missile guidance and
fast-access control systems. SPACE &
INFORMATION SYSTEMS DIV,
RAYTHEON CO., Sudbury, Mass.
For information:
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military computer

The L-304 weights 34 pounds with
power supply, and occupies 0.3 cubic
foot. It has 4-32K (32-bit) words,
further expandable to 128K, and cycle
time of 1.6 usec. In a multiprocessor
configuration, each computer can
communicate with up to 16 8K mem-
ory modules, and each module can
communicate with up to four com-
puters. With automatic priority con-
trol, multiprogramming is also said to
be possible. DATA SYSTEMS DIV,
LITTON INDUSTRIES, Canoga Park
Calif. For information:
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paper tape rewinder

The model 6501 features a 9 x 9%-
inch unwind can with full-roll capgc-
ity and a 225-feet/minute winding

speed. Tape tension control pins main-

tain firmness of the paper roll being

wound. DRESSER PRODUCTS INC,,

Providence, R.I. For information:
CIRCLE 147 ON READER CARD

t-s computer

The 645 is the time-sharing version
of the 635, accommodating up to

DATAMATION



Why invent a
rack-sized

mil-spec incremental

tape system?

Cubic has one!

Need one for your own program? A com-
pact, rugged incremental/continuous
magnetic tape system that performs
the same functions as a medium-scale
computer’s tape stand and synchro-
nizer? If you need one that’s com-
pacted to fit in a 10” space within an

Rear view of Cubic’s tape system. Note
use of integrated circuits for high density
and low power drain.

ordinary rack, then save the lead-
time and trouble needed to develop
it. Call on Cubic.

Cubic’s militarized tape system con-
tains integral and replaceable control
and buffer logic—all in a 105-pound
unit measuring only 23” x 10”7 x 17”.
It is designed to read and write com-
puter compatible tapes in a relatively
program-free manner.

It provides 23 separate and distinct
I/O commands—can stack many of
them to be performed in sequence.
The system writes binary tapes incre-
mentally at a speed in excess of 300
steps per second—can be converted
to handle BCD tapes by moving 3
plug-in wires. Continuous forward
and reverse speed is 30 IPS.

Further, the system offers read-after-
write performance, generates parity,
sends a “complete” signal to the
computer as operations are per-
formed. :

You get all this and more—in a sys-
tem that is already on the line and at
work in a military application. It pro-
vides another example of the inven-
tive work now being done at Cubic
Data Systems Division. Cubic is also
producing special purpose buffers,
and computer peripheral equipment.

If your needs go beyond the standard,
get in touch with Cubic. Write Cubic
Corporation, Data Systems Div.,
Dept. E-131, San Diego, Cal. 92123.

CuUuBIC

CORPORATION

SAN DIEGO. CALIFORNIA 92123

DATA SYSTEMS DIV.
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i g
electronic addressing or tabulating
directly on envelopes . ..

GHAINSOLMATIE

CONTINUOUS
ENVELOPES

Chain-O-Matic Continuous Enve-
lopes speed operations with auto-
matic addressing or tabulating
directly on envelopes from punched
cards or tape.

Selection of desired information is
computer fast—no slow downs for
running and rerunning stencil trays.
The attractive personalized appear-
ance of addressed Chain-O-Matic
Envelopes creates good impressions
wherever they go.

And now computer print-out di-
rectly on a growing assortment of
ready-to-mail Chain-O-Matic Sys-
tems envelopes reduces handling
and supply costs for many uses, in-
cluding billings, past due, insurance
premium and interest earned no-
tices.

CURTIS 1000 INC.

P.0. Box 28154, Atfanta, Georgia 30328

________________ _l
| Mail coupon for samples and descriptive bro- |
| chure of Chain-0-Matic Continuous Envelopes. l
I |
| Your Name |
I |
| Your Company |
I |
| Your Position |
| |
L Company Address ZDMGBJI
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SENIOR PROGRAMMERS

DID YOU KNOW . .
LEEDS & NORTHRUP COMPANY

. is supplying large computer control systems for automation of industrial
processes such as electric power, steam power, basic oxygen furnaces and
cement plants.

YOU OWE IT TO YOURSELF TO FIND OUT MORE

if ... you want to work in a field that today offers the greatest challenges to
top flight programmers — You want a varied fare in your day to day activities —
You want to push back the frontiers of programming science in the most rapidly
expanding field of computer application.

e AND

if ... you want to work with a recognized leader in process automation — a
dynamic and growing company — a company that prides itself on providing
reward commensurate with -results — an organization that is noted for technical
excellence.

e AND

if ... you have 3 to 6 years programming experience — extensive experience
with assemblers — a working knowledge of procedural languages, interpreters,
and list processors — the desire and ability to create.

THEN send resume to or call collect (Philadelphia) 215-DA 9-4900, Ext.
285. Wayne L. Besselman, Coordinator of Technical Employment

LEEDS & NORTHRUP

Pioneers in Precision Instruments — Automatic Controls — Computer Systems
4911 Stenton Avenue, Philadelphia, Pa. 19144
An Equal Opportunity Employer/Males & Females
CIRCLE 90 ON READER CARD
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URS needs data systems-analysts, operations research analysts, military
. analysts mathematicians, and systems and applications programmers

'9 NO TWO JOBS ALIKE

URS has grown for 15 years, and yet retains
an-environment in which the contribution of
each individual is unique and important.
[
URS Systems Centers are engaged in system design, program e
ming, and information processing operations.in the United States and
‘other parts of the world. (In_addition, our Research Center performs
esearch and development in the physucaf sciences and englneerlng )

: lndlwdual effort comes first.

Are you currenﬂy engaged in systems de i
~following areas?

~Simulation "« Logrstzcs . Management mformat/on systems .
Computer programm/ng a/ds /anguages and app/zcatlons =

n or programmmg,m thé

If you have such qualifications and are lnterested m a posmon offenng o
: professnonal growth and compensatlon based on your effort send your"
mquury or reSUme to S :

TRS
CORPORATION

1811 Trousdale Dr:ve Burhngame Cahforma 94010

*Still known to some of our older friends as Eroadvrew (BRCY; United Research Services.(URS). and various
““other aliases reflecting a spirit of experimentation. AN EQUAL OPPORTUNITY EMPLOYER—BY CHOICE!
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new products

1,000 terminals of which 300 can be
operating at once. Arithmetic speeds
are essentially the same, but methods
of addressing program storage are
changed. The core is divided into
pages and symbolically addressed, en-
abling program segmentation and
storage in non-adjacént sections.
There’s also a new I/O controller,
plus a drum memory with a capacity
of 4-million words and a transfer rate
of 500,000 words/second. This is the
system ordered by Project MAC,
Bell Labs, and Ohio State Univ.
GENERAL ELECTRIC COMPUTER
DEPT., Phoenix, Ariz. For informa-
tion:
CIRCLE 148 ON READER CARD

.

mass storage

Through a doubling of recordlng den-
sity, the old RacE unit for storing in-
formation on magnetic cards has been
upgraded to the Spectra 70/568-11.
Each unit stores 560-million (8-bit)
bytes with an average access time of
less than 0.4 seconds. Hook up eight
such devices to a controller and there
are 4.5 billion bytes on-line to a Spec-
tra computer. RCA EDP, Cherry
Hill, N.J. For information.

CIRCLE 149 ON READER CARD

. paper tape patch

A self-adhering strip for splicing 7-
and 8-channel punched tape is 1-inch
wide and full of holes. Peeling off the
backing strip, the user can form tape
loops or splice torn tapes. The 1- foot-
long strip includes one blank code
level in four individual positions, and

two to five blank code levels in dif-
ferent positions. The blank code level,

or levels, can be placed over im-
proper codes, or spliced into posi-
tion and the desired codes punched.
DATA-LINK CORP., Los Altos, Calif.
For information:

CIRCLE 165 ON READER CARD
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Announcing a new companion
to the Dura- Mach 10°

DURA" EDIT CONTROL

New way to automatically
’ret(ype material Iike_this: | Io look Iike‘ this:

AND S HAN
ur L}att:;‘\t

With the Dura

1ness informatio
- CWITH 81K POSITION
psive_u: ‘;'J‘je Frfif ble} t

VROI. .

srtrs:‘

) typmw ‘ter automatically after a

- . \¢§§§€§gg§)i<.»ﬂf .
‘character wo‘rd 1ine/\*r paragraph

e : S EQN{ITS
~ has been read and 2 11onws

to make any corrections nec

o Original data is re vnec‘a
* CORRECTIONS (MANUALLY)

onlygebaﬁ?es ara‘Lypeqﬁ The ne

v'atigal;y changes rip “hanc

N
[
=
o
=]

The Dura MACH 10 with new Dura Edit Control
—faster, low cost way to edit and retype legal
documents, catalog and engineering specifica-
tions, personalized letters, manuscripts, plus
endless others. For details, see your local Dura
representative. Or write: Dura Business Ma-
chines, Dept. D 22-26, 32200 Stephenson
Highway, Madison Heights, Michigan 48071.

BUSINESS MACHINES

*
Division of m dura corporation
*Trademark Dura Corporation
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What does it cost to get
useable real-time computing power?

H21 Central Processor with 8K core memory, inte-
gral tape reader and punch, and 1/0 typewriter. - 2

Hardware multiply (standard) ’—‘—j/
Parity checking (standard) —‘——\/
Hardware Memory Guard (standard) —'\/

Hardware Indexing (standard)

Hardware Program Flags (stan&//

compare these features at this price with any
other “‘real-time”’ computer.

We all know you can get a “minimum configuration computer” at a bargain
price. But consider the features you need for practical real-time
computation. With the bargain priced computers, they’re “optional at extra
cost.” They’re standard with the Honeywell-21.

Other H21 features include:

e 20-bit word length including parity and memory guard bits

o Direct addressability of up to 8K core with single word instructions.
Eliminates inefficient paging and double-word addressing

e Core memory locations are individually guarded

o Software includes real-time FORTRAN IV, executive control system, and
mathematical and control program libraries

H20 systems offer additional real-time power through multi-level priority
interrupt and parallel input-output channels plus a variety of on-line, real-time
peripheral equipment, including A/D and D/A conversion subsystems.

There’s a lot more we can tell you. For a starter, write or call A. L. Rogers,
Honeywell, Philadelphia Division, Fort Washington, Pa. 19034.
Phone: 215-643-1300.

HONEYWELL 1S WORLDWIDE. Sales and service offices in all principal cities of

the world. Manufacturing in Brazil, Canada, France, Germany, Japan, Mexico, Honeywell

Netherlands, United Kingdom, United States.

. CIRCLE 54 ON READER CARD
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new literature

WIDTH GAUGE SYSTEM: Four-page
booklet describes digital non-contact
system for measurement of hot or cold
strip material during processing. Sys-
tem uses two sequentially synchronized
optical systems and can scan across
the mill table with accuracy up to
Y16 on strips up to 80” wide. Diagrams
explain system and typical perform-
ance, and optional equipment are
listed. GULTON INDUSTRIES INC,,
Metuchen, N.]J. For copy:
" CIRCLE 150 ON READER CARD

COMPUTER DIRECTORY: Available from
the International Computation Centre
is a three-volume directory of com-
puter installations at private research
organization, universities and service
centers in 39 countries. Supplemen-
tary sheets are published four times a
year and entries are revised annually.
It’s available for $18. ICC PUBLICA-
TIONS SECTION, Box 10053, Rome,
E.U.R,, Italy.

DATA DISPLAY: Data sheet and bro-
chure illustrate method of projecting
data on illuminated screen. Up to four
colors can be shown simultaneously,
using only one projector. Scribed
traces go on 20 surfaces that mount
on one annular disc. KOLLSMAN
INSTRUMENTS CORP., Syosset,
N.Y. For copy:
CIRCLE 151 ON READER CARD

DATA ACQUISITION: Data sheet gives
description and specifications for mod-
el 8001, features high common mode
rejection on all measurement models,
low thermal offset, and capability for
remotely programming all scanner
functions. DANA LABORATORIES,
INC,, Irvine, Calif. For copy:
CIRCLE 152 ON READER CARD

DISPLAY SYSTEMS: Four-page booklet
gives specifications and application in-
formation on four cathode ray tube dis-
plays. Incremental display combines
line-generating capability with sub-
routining capability; programmed buf-
fered satellite terminal. Precision and

February 1966

oscilloscope displays are also described.
DIGITAL EQUIPMENT CORP,,
Maynard, Mass. For copy:

CIRCLE 153 ON READER CARD

PROCESSING SYSTEM: Leaflet describes
4020 system that combines accounting
machine with solid state programmable
computing unit, and is able to per-
form instructions for data handling or
arithmetic operations ranging from
single discrete commands to prepro-
grammed subroutines of 96 program
levels. DPA INC., Dallas, Texas. For
copy:
CIRCLE 154 ON READER CARD

DISC FILES: Six-page booklet describes
model 2, series 4000 disc file, which
is equipped with self-contained en-
vironmental controls to maintain disc
file modules at fixed operating tem-

perature. Diagrams illustrate drum
mode capacities and total access time.
Physical specifications and character-
istics are outlined. BRYANT COM-
PUTER PRODUCTS, Walled Lake,
Mich. For copy:

CIRCLE 155 ON READER CARD

PROGRAMMING SERVICES: 16-page
pamphlet presents services available
in CPM systems design, business and
scientific applications, program conver-
sions and real-time. UNITED COM-
PUTING CORP., Redondo Beach,
Calif. For copy: :

CIRCLE 156 ON READER CARD

PROCESSING SYSTEM: Book discusses
method of recording textual data by
identification of content rather than
typographic form, allowing primary
record to be processed into variety of
secondary products. Order PB-168
256, Clearinghouse, U. S. DEPT OF
COMMERCE, Springfield, Va. 22125.
Cost: $4.00

GP COMPUTER: 16-page booklet de-
scribes medium-scale machine de-
signed for scientific computation and
real-time systems integration, features

BIAX® MEMORIE

%

' NOW 10¢ A BIT

The new BIAX NANOLOK electrically alterable memory gives 3-Pius megacycle
TRUE NDRO operation at the low cost of 10 cents per bit in 200,000 bit systems
in quantity. NANOLOK is designed for commercial and industrial data use — but
can be adapted readily to shipboard and mobile MIL-Spec environments.

BIAX used to be expensive, but not any more—not with

NANOLOK.

Do your bit and write today for all the details on

NANOLOK in Data File B-129.

\RAYTHEON

RAYTHEON COMPUTER, 2700 South Fairview Street, Santa Ana, California 92704
CIRCLE 55 ON READER CARD
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One of a series briefly deseribing GM’s research in depth

How we compressed a
year into two minutes

In the creative synthesis of ideas, an end product
frequently becomes the point of departure for a
fruitful new train of thought. Such was the case when
one of our research chemists set out to unriddle the
mechanisms of corrosion on chromium plated

trim . . . and wound up with a new accelerated
corrosion test 1000 times faster than CASS, a widely
used standard we helped develop years ago.

Actually, CASS (copper modified acetic acid salt
spray) provided just the tool we needed to
demonstrate that corrosion on nickel-chromium plating
1s a cathodically limited electrochemical process. A
paper describing this work won the American
Electroplaters’ Society’s award for . . . the best
contribution to the knowledge and art of chromium
plating during the year 1961-1962.”*

Then a new thought: Could the reaction be

accelerated by somehow overcoming the cathodic
limitation? As it turned out, we got around the limitation
completely by devising a test that required only the
anodic reaction at the specimen surface. The '
resulting electrolytic corrosion test gives

nickel-chromium plating the equivalent of a year’s
service exposure in just fwo minutes.

Such tests have led to major improvements in the
service life of automotive trim . . . another example of
the way research in depth leads to a better way.

*R. L. Saur, “Toward Protective-Decorative Chromium Plating,”
Plating, Vol. 48 (Dec. 1961) 1310-1319.

General Motors Research Laboratories
Warren, Michigan 48090

CIRCLE 56 ON READER CARD



new literature

cycle time of 1.75 usec, core memory
expandable from 4K to over 32K ad-
dressable words, and any number of
I/O channels with rates as high as
572K words/second. SCIENTIFIC
DATA SYSTEMS, Santa Monica,
Calif. For copy:
CIRCLE 157 ON READER CARD

PRINT STATION: Brochure describes
on- and off-line equipment capable
of printing 1250 1pm and up to 160
columns. Model 2500 connects directly
to 1400’s or 7000’s and can be used
with Anelex 2100 mag tape unit in
off-line applications. Series 3500 can
be used with IBM System 360 and
for off-line use with seven or nine
channel tapes. ANELEX CORP., Bos-
ton, Mass. For copy:
CIRCLE 158 ON READER CARD

CIRCUIT DESIGN: Brochure informs en-
gineei-designers on requirements,
preparation of artwork, location and
alignments of holes, physical charac-
teristics, conductors, solderability,
plated conductors, and printed circuit
board markings. LOCKHEED ELEC-
TRONICS, Los Angeles, Calif. For
copy:
CIRCLE 159 ON READER CARD

PROGRAMMING BY QUESTIONNAIRE:
48-page book discusses technique
which reduces cost and time required
to produce programs. The user is
given a set of possible options ex-
pressed in English and by choosing
from these options, he specifies all the
information necessary to construct the
desired program. Advantages of this
method are the use of English, not
requiring knowledge of a program-
ming language, creation of programs
that are efficient in use of computer
time and memory space, and provi-
sions for a large range of options.
Cost: $2. AD 613 976N. CLEARING-
HOUSE, U.S.
MERCE, Springfield, Va. 22151.

DESK-TOP CALCULATOR: EPIC 2000 is
designed for business use. Printing cal-
culator has simple keyboard, routines
can be keyed in; multiplies at %o
sec., divides % sec., and adds and sub-
tracts 4/1000th sec. MONROE IN-
TERNATIONAL, INC., Orange, N.J.
For copy:
CIRCLE 160 ON READER CARD

GP COMPUTER: Brochure describes
PDS 1020, designed for solving prob-
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DEPT. OF COM- .

lems in mechanical, electrical, civil,
chemical, petroleum, mining, aero-
space, metallurgical, geological, ma-
rine and safety engineering. Listed
are 10 cost-cutting advantages and
descriptions of Versi-touch keyboard,
tape punch and reader, and printer
which prints out answers in the same
language and units the engineer starts
with. PACIFIC DATA SYSTEMS
INC., Santa Ana, Calif. For copy:
CIRCLE 161 ON READER CARD

MAG TAPES: Tapes for IBM and IBM-
compatible computer systems are de-

Did somebody lift your test
sample of U. S. Tape —

so you couldn’t take us up on
our invitation to torture it?
(In January Datamation.)

Then there are things
you’ve yet to learn about
this truly superior digital
computer tape.

Mail the coupon and we’ll
send you a copy of the whole
4-page folder. .. marked
“personal’’!

US

TARE

scribed and performance specifica-
tions are detailed in eight-page bro-
chure.  AMPEX CORP., Redwood
City, Calif. For copy:

CIRCLE 162 ON READER CARD

TAPE TRANSPORT ACCURACY MEAS-
UREMENT: Four-page brochure details
seven-pound test instrument that gives
reading of tape skew, dynamic and
static. Included in the specifications are
controls, inputs and outputs. DAR-
TEX INC., Santa Ana, Calif. For copy:
CIRCLE 163 ON READER CARD

Thereis @
jength of
u.s.Tape

affixed

to the back

of this page-
You aré
cordially
invited tO
TORTURE it!

U. S. MAGNETIC TAPE COMPANY

A Subsidiary of Wabash Magnetics, Inc.
HUNTLEY, ILLINOIS 60142

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

| o e e e i s e e e e e et e e e i
: U. 8. MAGNETIC TAPE COMPANY  HUNTLEY, ILLINOIS 60142
| Gentlemen: Please send me the U. S. Tape test-it-yourself folder.

= No obligation, of course.

I Name ...0...ocoiiiiiiiii

} Company ............. B P RTRTRERES

: ADGress ................onn.. e
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Put the new
IBM 729 Key Punch
in its place!

When you do, your key punch operators will smile,
too! Instead of just a key punch, each will have a
comfortable, efficient, attractive work station with
a large top surface of non-glare plastic laminate
. . . three box drawers that can be partitioned to
accommodate cards and drums (or a box drawer
and file drawer with full progressive suspension)
... full-depth reference shelf ... sound deadened
pedestal to reduce noise . .
that hold her console steady and in place. And, the
‘‘computer’ styling of the Datacase console gives

. non-skid leg glides

In our new
7229 Key Punch
Console!

your machine department a coordinated look. You
can select consoles in a wide choice of Steelcase’s
long-wearing acrylic finishes, including four IBM-
matched colors. Only Steelcase makes this new
console—only your Steelcase dealer has it. He
provides local delivery, installation and service on
all Datacase DP auxiliaries. Check with him soon
—he’s listed in the Yellow Pages. Or write De-
partment D for more information. Steelcase Inc.,
Grand Rapids, Michigan; Los Angeles, California;
Canadian Steelcase Co., Ltd., Ontario.

These key punch consoles and desks also are included in the extensive Datacase line

7200 Key Punch Desk
for use with any 1BM Key Punch and Verifier

'7205 Key Punch Console
for use with IBM /24 Key Punch and #56 Verifier

.

i

&

A\

7225 Key Punch Desk
for use with #29 Key Punch and #59 Verifier

DATACASE/BY STEELCASE

OFFICES AND SHOWROOMS: NEW YORK « CHICAGO » GRAND RAPIDS « ATLANTA « DALLAS « LOS ANGELES » PHILADELPHIA « PORTLAND. OREGON ¢ ONTARIO + QUEBEC

CIRCLE 58 ON READER CARD
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COBOL EFFICIENCY IS A FUNCTION
OF MANUFACTURER KNOW-HOW

A major feature of COBOL is that it shifts much of the re-
sponsibility for the production of a program from the user’s
programming staff to the computer manufacturer’s COBOL
programming staff. In effect, the experience and capabilities of
the manufacturer’s staff are placed at the disposal of the user
via the COBOL compiler. The quality of the translation from
source COBOL statements to machine codes depends very
heavily on the quality of the manufacturer’s implementation
of COBOL.

HONEYWELL’S COBOL CREDENTIALS

Honeywell’s record of achievement in the implementation of
COBOL indicates the extensive background necessary to cre-
ate a high-performance product.

For example:

Honeywell has been an active member of the CODASYL
commiittee since the committee’s inception.

Honcywell COBOL has been acclaimed as offering the fast-
est compilation speeds at the lowest costs.

Honeywell produced one of the first operational Syntax-
dirccted COBOL compilers.

Honeywell COBOL offers the most comprehensive set of
implementations of DOD COBOL language elements.

Honeywell Series 200 COBOL D offers the greatest number
of DOD COBOL language elements in a compiler requiring
only 16,000 characters of memory.

Honeywell Series 200 COBOL B offers a compact compiler
capablc of operating in as few as 8,000 characters of memory,
yet using a fully compatible language subset.

And Honeywell is continually reinvesting its COBOL experi-
ence in the design of new compilers as well as in the upgrading
of existing Honeywell COBOL systems.

COBOL IS MORE THAN A LANGUAGE

AND A COMPILER

Many computer users tend to associate the term COBOL with
just two elements — a manufacturer’s selection of COBOL
language elements and the compiler provided for translating a

COBOL program into its machine-language equiva-
lent. Actually these two elements are only a small part
of what might be called a total COBOL system. The
major portion of the total COBOL system cannot be
appreciated by evaluating just the language and the
compiler. In effect, the language and compiler can be
all but useless if an extensive array of features is not
provided to assist in the production, maintenance and
usage of COBOL programs. Conversely the value of
the total system can be diminished by a limited lan-
guage or poorly designed compiler.

Granted that the compiler is a key element in the
overall system, a logical question would be, “What
makes a good compiler?” or “Are there differences in
compilers?”

The answer comes from evaluating how well the com-
piler stacks up in the following areas:

1. Language Implemented — This includes not only
the number of language elements but the overall
power or richness of the language. Does it include
time-saving coding tools, such as the copy verb or
automatic segmentation of the object program?

2. Compile Time — An important consideration,
since compilation is a parasitic operation using
valuable machine time for nonproduction work.
A compiler must offer optimum balance between
a high compilation rate and efficient object code. A
high-speed compiler makes it economically feas-
ible to .operate completely in source language for
even the most trivial changes in the program. No
machine-language patches are required.

3. Object Code Efficiency — How does the code pro-
duced by the compiler compare with the code pro-
duced by the computer’s assembly system?

4. Reliability — How reliable is the compiler? Does
it work when you want it to? Does the compiler
introduce undetected errors into the object code?

The summary table on the last page shows the capabil-
ities of the Honeywell Series 200 COBOL D compiler
in these important areas.

Now take a look beyond the compiler, at the total
COBOL system. The depth of coverage in this area
is a measure of the manufacturer’s commitment to
COBOL. This is where the impact of COBOL really
lies. This is where the manufacturer provides the tools
for the preparation, maintenance and execution of
COBOL programs.



HONEYWELL REPORT ON COBOL

More specifically, the following is a list of system features
that are all-important in the efficient application of
COBOL, yet have had all too little recognition in its over-

all evaluation.

Program Preparation
Source-language file maintenance
Library copy facilities

Batch compilation

Load-and-go facility

Fast diagnostic scan

Monitor control
Environmental adaptability

Program Execution and Maintenance
Object program file maintenance
Job-oriented testing

Monitor control

Debugging facilities

Object-time file relocation
Dynamic control of I/O channels

Composite program listing with imbedded diagnostics

In short, any attempt to evaluate COBOL on the basis of
compiler speed and language implementation alone is

like judging a cake solely by its frosting.
HONEYWELL SERIES 200 COBOL

Honeywell in implementing COBOL for Series 200 has
taken a modular approach consistent with its operating
system design concept. Series 200 COBOL consists of five
levels, each identified by its minimum memory require-
ments. The five levels are: 8,000, 16,000, 32,000, 65,000,
and 131,000 characters of memory, including operating

system memory requirements.

TO: Honeywell EDP
60 Walnut Street
Wellesley Hills, Mass. 02181
Attention: Information Services

Please send me your publication entitled “COBOL Orienta-
tion for Management.”

Name

Title

Company

Address

City State Zip Code

Each level affords a rich and powerful implementation of
the COBOL language and a fast and efficient compiler.
Moreover, all levels incorporate the program preparation,
execution and maintenance capabilities that distinguish a
total system from just a compiler.

Make Your Own Comparison

The following table lists the characteristics of Honeywell
Series 200 COBOL D (16K level). You can compare the
superior capabilities of Honeywell COBOL D with those
of any competitive system of similar design level simply
by filling in the blank column in the table.

CHECK LIST OF COBOL SYSTEM FEATURES

Honeywell
"COBOLD. " Other
16K - iy

3

Core Memory Required

, Memory Required for Compiler

Operating System Overhead

Language Elements

~ Minimum Peripheral i o '
Configuration ‘ , ~;4 tapes
~card reader

card punch

prmter

Complle Time for Typlcal

COBOL Programs: e ;
500 statements “1.7min.
.. 1000 statements

29 min; e

; Compllatlon Cost Per 100
Statements

et 19 cents e
- :ObjectCode Efficiency

%85-90%

System Features: e O
~ Stacked-job Operatlon‘7 ©Yes

Composite Program Llstlng?‘ Yes ;
o FastDiagnostie Scan’?ﬂ o L Yes
Library Copy Facmtles'? ; L Yes e '
‘ fk"‘Job Onented Testmg? G Yes

k*“"o"e’at'“g System Controlled') :Yés‘ |
‘kkEnVIronmental Adaptabuhty? Yes o
,“"Load -and- go? R Yes

Extensnve Debuggmg Facnmes'7 Yes

WRITE FOR MORE ON HONEYWELL COBOL

For in-depth coverage of the points discussed in this report,
send for the Honeywell publication entitled “COBOL
Orientation for Management.” This booklet includes a
description of all levels of Honeywell Series 2640 COBOL.

Honeywell

ELECTRONIC DATA PROCESSING
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An extra
8 bits ad
a Digital

February 1966

dsalotto
Computer

When choosing between the EAI 8400 32-
bit-word-length-computer and a 24-bit
machine, consider the value of its 8 premium
bits. They make a powerful difference. In
the data format those 8 extra bits effec-
tively double working core storage by pro-
viding enough precision in one memory
location to store a full floating-point-word
or two fixed-point-words.

®

In the instruction format, one extra bit in
the address field doubles the amount of
directly addressable core storage to
provide up to 64K for the really big prob-
lem. The 7 remaining extra bits provide
control over 7 index registers, immediate
addressing, indirect addressing, integer
arithmetic, byte manipulation and many
other powerful command directives

and modifiers.

EAl's 15 years of leadership in the field
of simulation convince us that space and
industrial simulation laboratories need
this large scale power to solve today’s
increasingly complex problems. Even

if you're not in the field of simulation this
extra capability could be what you are
missing. Write for more details about
this new digital computer, the EAl 8400
Scientific Computing System.

ELECTRONIC ASSOCIATES, INC., West Long Branch, New Jersey
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If you have data to communicate,
why not talk to

the world’s most experienced
data communicator?

Data to communicate?

We have an expression about our
data communication modems that
will interest you. <opo

It’s “optimum combination of factors.”

Best technique (Kineplex). Reasonable cost. Minimum di-
mensions. Minimum power requirements. Ease of operation.

It's experience that makes such a combination possible.

Collins began its continuing research program
in data transmission systems shortly after
World War II, when the need for more effi-
cient high speed systems of this type be-
came evident.

(e}
ob

That program has produced many of the landmarks along the
industrys’ state-of-the-art path.

b

One of the program’s major achieve-
ments was thedevelopment of Kine-
plex, a Collins modem technology

as that which prov1des minimum error rate with maximum
transmission rate per unit of bandwidth.

Our field experience with Kineplex has been extensive. Collins
modems are used in Atlantic and Pacific transoceanic long
range HF circuits, VHF transhorizon circuits,
VLF radio circuits, and all types
of wireline and microwave com-
munication networks.

100

which is now universally accepted -

Collins modems are setving in tactical
and strategic operations for the military,
in defense and business applications for
the government, in tracking operations
in the nation’s space effort, and in large
and small industrial communication systems.

They also are used in secure voice and teletype systems to
transmit encrypted digitized signals.

Collins modems are available in airborne,
rack, and cabinet configurations, and in
a wide range of data rates— from very
slow to extremely high speeds.

For almost any data transmission problem, Collins is able to
offer you an “optimum combination of factors.”

For information on specific equipment or applications, call or
write to: Data Marketing Department, Collins Radio Company,
19700 Jamboree Road, Newport Beach, California. Phone:
(714) 833-0600.

COLLINS 'RADIO COMPANY * COMMUNICATION / COMPUTATION / CONTROL

WORLD HEADQUARTERS / DALLAS, TEXAS

DRTAMATION
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IBM'S CONSENT DECREE
AND TIME-SHARING

VOILA! COBOL 6

WASHINGTON'S ANSWER
TO 360 SLIPPAGE

February 1966

The IBM consent decree of 1956, engineered by the

. Justice Dept. to preserve competition in the computer

industry, passed its 10th anniversary on January 25
amid growing indications that it is getting the
technological creaks. Time-sharing, not even in the
vocabulary a decade ago, is fast becoming a
commercial reality, and government anti-trust
lawyers admit to watching closely IBM's Quiktran and
any similar projects to see whether they violate
decree provisos against No. 1 participating directly
in the service bureau business. One argument says
IBM's offering of time-shared computer services
constitutes "the preparation with tabulating and/or
EDP machines of accounting, statistical and
mathematical information and reports on a fee basis,"
and hence violates the decree. The opposite view
holds that a time-sharing service is merely an
extension of standard machine leasing arrangements
with a long distance twist, and is OK as long as
there's no intermediate, manual handling of client
data. Says one Justice Dept. lawyer: "I'd hate to
go to court and argue. the case either way." Nothing
formal is likely to happen until and if time-sharing
becomes much bigger commercially than it is now.

While its main provisions remain in force, the
decree's 10th birthday also saw the shedding of
several restrictions placed on IBM back in the dim,
dark days of computing. No longer does Papa
Poughkeepsie bear the "burden of proof" in any legal
tiffs with the Justice Dept. over whether it is
willing to sell, as well as lease, equipment, and no
longer is it barred from entering into long-term,
non-cancellable leasing agreements for.dp equipment.

The long-heralded Cobol 65, making its debut not
uncharacteristically in 1966, arrives on the scene
just as the American Standards Assn. is getting
serious about creating Cobol standards acceptable to
all users and manufacturers -- a Solomonic task if
ever there was one. The new Cobol, with its :
segmentation and immediate access storage features,
is expected to lend weight to the arguments of big
users, especially the Air Force, who want to see
tough ASA specs enacted. One possible solution .
being contemplated by ASA: a hierarchy of standards --
full, intermediate, minimal, etc. -- from which each
manufacturer could choose the most congenial,
according to taste and interest. How this approach
would go over with Codasyl is another matter.
Anyway, copies of Cobol 65 are available from the
Gov't Printing Office at $1.75. Ask for catalog
number D-1.31,965.

Reports of 360 hardware-software delivery woes
accumulate. One Navy user is socking IBM $100 a day
for each of five new systems rendered hors de combat
for lack of promised but not yet delivered

software. This means possible damages ranging up to
$90,000. Three of the Atomic Energy Commission's
GOCO's reportedly are also assessing liquidated
damages for "defective" software. On the hardware
front, Control Data has a 3100 going to Operations
Research Inc., in place of an originally ordered
360 configuration.
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DATAMATION

-GLOSSARY-

DATAMATION is offering a 62
page glossary of data processing
terms. The booklet is compiled in
easy to read alphabetical listings
with cross references. This glossa-
ry can be of great value in your
daily work in the data processing
field where terminology is so

very important.

$7 00

each

515

in lots of 50
or more copies

75¢

in lots of -ten
to 49 copies

= DATAMATION =
"141 East 44th Street
New York 17, N.Y.

Enclosed is $

for copies.

covering my order

of the adp

glossary

NAME.

COMPANY
ADDRESS

CITY ZIP

STATE.
Add 5% sales tax on N.Y. City orders

Add 2% sales tax on N.Y. State orders
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Lunar landing

and exploration

Bellcomm needs space
scientists with a wide under-
standing of the many dis-
ciplines they must work with
—geology, geophysics, sele-
nology, exobiology, meteo-
rology, mathematics, nuclear
physics, computing and pro-
gramming, and chemical,
mechanical, electrical and
propulsion engineering . . .
creative, imaginative people
who understand the inter-
face of problems that are
not exclusively theirs,

The broad objectives of
lunar missions are to con-
duct observations of the
moon, provide for scientific
experiments and tests on
the lunar surface, conduct
experiments on the space
environment, evaluate and

“résumé in confidence to Mr.

extend man’'s capabilities to
operatein space as astronaut
and scientist, and qualify
systems and crews for long-
duration space missions.

Bellcomm studies these
problems and more as the
systems engineering con-
tractor for NASA.

If you would like to explore
the moon with us, send your

N. W. Smusyn, Personnel
Director, Bellcomm, Inc.,
Room 1402-E, 1100 17th St,,
N.W., Washington, D.C.
20036.

Bellcomm is an equal op-
portunity employer.

Bellcomm, Inc.
n_* 7/ A Bell System Company

DFITRMF—'].TIDN



What happens

when our engineers zero in
on interface problems

in industrial data processing?

They solve them.

Just ask Republic Steel, Armour, Ford Motor,
Tennessee Eastman, Thiokol Chemical, etc.

You'll learn that our engineers are wizards at making the
incompatible . . . compatible.

Many industrial data processing systems must be de-
signed with hardware that is basically incompatible. Data
transmitters and receivers don't always communicate in
the same language.

So interface sub-systems are needed to translate data
into forms usable by all machines. .. computers, peri-

pheral equipment, processing equipment.

Our engineers are in the unique position of having -
solved the interface problems for leading companies in
widely different industries. They have pioneered inter-
face techniques that can help you realize the optimum
in data processing and industrial process control.

So ask them to zero in on your interface problems.
You'll like the way they get on target—fast! )

Who knows what our ingenious systems engineers will come up with next? One thing is certain, though. You
should talk to them it you have a problem in measurement, material handling, control or data processing.

TOLEDO SCALE (T) SYSTEMS DIVISION

TOLEDO SCALE, TOLEDO, OHIO 43612
CIRCLE 62 ON READER CARD
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NAME ONE integrated circuit, 1.75 us,
4K, 24 bit binary scientific computer
that sells for less than $50,000

The
SEL 840

NOW NAME ANOTHER

(YOU CAN’T)

LOS ANGELES: 637 N. Park Ave., Pomona, Calif. (714) 623-5235 BOSTON: P.0. Box 672, Framingham, Mass. (617) 879-0080
SAN FRANCISCO: 885 N. San Antonio Rd., Los Altos, Calif. (415) 941-1185

WASHINGTON, D.C.: 10400 Connecticut Ave., Kensington, Md. (301) 946-7100 FLORIDA: P.0. Box 9148, Ft. Lauderdale, Fla. (305) 587-2900

.

IS ll E l| L I SYSTEMS ENGINEERING LABORATORIES, INCORPORATED
- ®

P. 0. BOX 8148 « FORT LAUDERDALE, FLORIDA 333I0 « AREA CODE 305 « 587-2900

T CIRCLE 63 ON READER CARD
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world-

ANGLO-FRENCH GIANT

PROSPECTS SHRINK

GOV'T SPENDING BOOSTS

U.K. OUTLOOK

CZECHS LOOK AROUND,

February 1966

PLAN AHEAD

sreport

Signs are that the projected Anglo-French large-scale
computer scheme is wallowing in deep water. A
January meeting between Britain's Minister of
Technology, Frank Cousins, and French Minister for
Scientific Affairs, M. Peyrefitte, was expected to
end in joint government approval for the project.
Although neither party was prepared to state an
after-meeting policy, indications are that the idea
has been scrubbed after almost six months of
wishful thinking. Main reasons for the sudden
attack of cold feet: escalating development costs
compared with first estimates, doubts about the
size of the market for a machine 10 times bigger
than CDC's 6800, and a growing conviction that at
least two U.S. firms are in a position to beat the
Anglo-French project to the draw.

Despite this disappointment, Britain's computer
industry is in buoyant mood. Government plans to
spend $85 million on universities and research
councils, and to build a National Computer Centre,
reported here in January, are now rapidly taking
shape. Fifteen universities will share the bulk of
the money in getting new facilities, with most

orders being placed by spring. Local manufacturers
are expecting to get two-thirds of the business. A
further $750,000 will be spent equipping the National
Centre in Manchester. A firm policy now emerging

for this group is to establish better cooperation
between the academic and the commercial and industrial
computing communities. Emphasis is to be on:
establishing software standards and influencing
training and education.

On top of this activity, the government has
legislated for new investment incentives that apply
to a wide section of business. In the form of a
20% cash grant for modernisation schemes, this
compares with an existing tax allowance applied to
capital plant expenditure. Major advantage is that
the grant is paid within six months of the claim-
being made as against an 18-month to two-year wait
before old allowances paid off. Resulting trend
should be toward more outright purchase, with
particular benefits for ICT (desperately short of
cash) and leasing companies (who are eligible for the
grant on leasing contracts).

It is time that Czechoslovakia re-examined its
position in respect to computers and dp, according
to an editorial in the economic weekly Hospodarske
Noviney. This is based on a survey indicating that
by 1970 the country would need 300 computer systems
and 560 card installations. At present, Czech
industry is unlikely to be able to meet more than a
small percentage of the demand. It is suggested that
a joint development program with the Soviets,

East Germany and Poland may solve the problem.

The object would be to work on a third-generation

(Continued on page 107)
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More to it than meets the eye
because it meets all your requirements!

The Sanders 720 COMMUNICATOR was
designed by our engineers with primary
emphasis on the users’ needs. That's why
the 720 COMMUNICATOR offers, at low
cost, more standard working features
than any comparable equipment.

Format, for example . . . with Sanders
unique page concept, 30% more usable
information is presented on the screen.
You can position 1000 different characters
anywhere on the exclusive 2000 space
screen. When you call out reports, records
or any data at all, you read the informa-
tion just like typewritten copy on a page.

Versatility, for another . . . the 720 pro-

*T. M., Sanders Associates, Inc.
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vides, as standard, full editing capabilities.
You can add, delete, correct information
anywhere on the screen — insert new
letters, words, even sentences in the
middle of a line or paragraph. The data
already on the screen simply moves over
making room for additions or closing

the gap caused by deletions. There is no
special training or programming required.

Superior techniques in microcircuitry
make the Sanders 720 COMMUNICATOR
Information Display a compact video/key-
board system that fits perfectly on a
desk, table or counter-top. Clear, bright,
solid letters, numerals and symbols,

Sanders Associates, Inc. {3

properly spaced, make every message
easy to read under any lighting conditions.
The Sanders 720 COMMUNICATOR

works directly with all modern high speed
computers. You can install it in your
present system or plan it into a future
set-up and never worry about
obsolescence.

There's more to it than meets the eye. For
detailed information on Sanders 720
COMMUNICATOR and discussion of your
requirements, call or write Sanders
Associates, Inc., Commercial Display
Marketing, Nashua, New Hampshire 03060,
Area Code 603 883-3321, Extension 1545.

=

CREATING NEW DIRECTIONS IN ELECTRONICS

CIRCLE 66 ON READER CARD

DATAMATION



world report

(Continued from page 105) machine range over a two-year period and plug
existing gaps with imports from the West.
The present situation is said to be fraugth with
obsolescence. 31 small and medium size machines of
12 different makes are now in use. Apart from
Minsk and Ural computers from the USSR and a Polish
Odra, they are mainly Western machines from such
firms as Elliott, Zuse, Librascope and Univac.

=
[
wn
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35% of Japanese firms using computers for five or
more years now apply them to management information
systems and decision-making. This is the gist of

a study made by the Electronic Computer Development
Assn. of Japan. 45% of companies acquiring machines
are reported to be using them to carry out
re-alignment of their work force. Of the 1,840
installations made up to March '65, 10% ran into
labour-management disputes, although only 5% are
reported to have dismissed employees.

2
=
L
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GE BUSY IN BRITAIN Strong rumors in circulation predict further moves
by GE to capture a large share of Europe's blossoming
big=-machine and real-time market. Suggestions that
a deal is likely with Associated Electrical Industries
Ltd. in the U.K. for the manufacture of 600 systems
were not confirmed, although reports of talks
between the companies were not denied. Such a move
is expected to follow a reorganization of GE's
activity in Britain where it sells through De la Rue
Bull Machines. De la Rue, a large investment group
and printer of banknotes, is expected to yield a
large part of its stake in the De la Rue Bull
marketing operation in favor of GE.

AFTER THE FALL... GE is joined by other companies determined to grab
possible business following 1IBM's big slip in
hardware and software. Almost every European

country reports great confusion and different stories
on the effect of the giant's blunder. Main interest,-
however, centers on the big systems and almost every
manufacturer has made tentative lists of the hard
bargaining customers likely to go out to re-tender.
On the other hand, battle lines are forming across
Europe for a Cobol vs. PL/1l struggle. Already

large users in the plastics, chemical and
petro-chemical field have shown an inclination to
back PL/1, while most local machine makers are taking
the opposite side. i

BITS & PIECES Redifon-Astrodata Ltd., a British company in which
Astrodata Inc. holds a minority share, has in three
months moved into a new factory, started first
customer deliveries, and picked up a near $1 million
in business. Customers include the Royal Aircraft’
Establishment, Farnborough, for two Ci 5000 hybrids
valued at $420,000; the Univ. of North Wales, and a
continental research agency, also with hybrids.
Europe is expected to yield $15 million this year on
analogs and hybrids in a largely re-equipment market
...Digital Equipment has made an arrangement with’
Lancashire Dynamo, a subsidiary of the Metal
Industries Group, for the latter to use PDP's in
industrial control hook-ups. Lancashire is also
producing special-purpose stored-program processors
for tasks such as store-keeping in factories...

At the British Computer Society's real-time
conference in London last month, Professor Stanley
Gill of Imperial College suggested that it seemed
reasonable for a transatlantic link to be established
ultimately between a European and U.S. computer grid.
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an

comes before and after
to give your forms

Total Value

Before and after a sale, we mean.

Service in forms is important. We
at Moore know this and render con-
tinuous before-and-after service to
assure you of optimum results.

This might be in designing, or
helping to design, a form you need.
Our experienced men know forms
and systems, and machines, and
are a real help in seeing that you
get the form that's right for your
system needs.

It mightbein their up-to-the-minute
knowledge about new forms and
machines in this fast-changing field.
Or details about a form that is solving
a problem you may have, which are
availablein our Forms Library Service.

Above all, Moore Men are problem-
solvers. There are 2000 of these men
across the continent, near
you for service when you
need it—before the sale and
after. And they are backed

A

MOORE

by specialists in new methods, in re-
search, in expert system applications.

Use our representative, and our
facilities, to get Total Value in your
forms. If you work with forms, we
can show you how to make forms
work for you.

CIRCLE 65 ON READER CARD

MOORE BUSINESS FORMS

‘The right business form for every form of business’ « Niagara
Falls, New York » Park Ridge, Illinois « Denton, Texas s Emery-
ville, California + Over 500 offices and factories in North America



~ Now |justa
copy-pickin’minute!

Tired of being bombarded with copying talk? Fancy claims? Cost figures that vary
all over the lot2 “Performance’ talk that sounds good but never quite lives up to promises?
Then look to Addressograph Multigraph for the right copy duplicating system.

, Remember &

Bruning® 2000, Multilith® 2550

QUGIII’Y—Our Multilith Offset 2550, teamed with our Bruning 2000 copier, gives you
' sharp, clear “original” copies every time.

Speed —You won't have to wait an hour to get 2400 copies. Multilith 2550 duplicates at
9000 copies per hour. Reproduces halftones and color faithfully.

VerSG'l'lll'l'y —You can duplicate copies on a wide assortment of sizes and paper stock. No
special paper required. And, if you like, copies can be sorted automatically, ready for immediate
distribution.

Save money, 00 —You know the exact cost of duplicating copies with Multigraph®
equipment. The more you make the /ower the cost. You can even duplicate on both sides of the
paper, if desired. Ideal for a// kinds of business documents.

So, talk to your Multigraph man today. He's in the Yellow Pages. Or write Addressograph
Multigraph Corporation, 1200 Babbitt Road, Cleveland, Ohio 44117.

@ Mu/tlgrap/)

OIVISION OF
AODORESSOGRAPH MULTIGRAPH CORPORATION

cirete 67 on%eaper carp
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Able-Stik
Guide to
-fast accurate

tape reel
identification...

with the only
pressure-sensitive labels
guaranteed

to stay in place yet
REMOVE WITHOUT RESIDUE.

The broad line of Able-Stik stock
and printed pressure-sensitive
Easy-Peel labels speeds
identification and handllng of
data processing tape reels and
hardware by providing organized,
easy-to-read instructions for
efficient processing and storage
procedures.

Only Able-Stik Easy-Peel labels
(in pinfeed and non-pinfeed form)
are guaranteed to stay put on
spinning reels and-discs, yet
remove easily in one piece,
without residue.

Nationwide warehousing assures

immediate delivery of stock labels.

% ABLESTI

PRESSURE-SENSITIVE PINFEED LABELS
FOR DATA PROCESSING

Representatives in major U.S. citles

“ ALLEN HOLLANDER CO., INC. Dept. D-2
385 Gerard Ave., Bronx, N.Y. 10451

3 Please rush FREE Able-Stik
Tape Reel Label Guide and samples.
] Have representative call.

Name
Title

Company

Address

City
State/Zip

CIRCLE 68 ON READER CARD
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Drogrammers

Aﬂlllﬁllﬂﬁﬂ H Segundo, California needs Programmers

The full range of research and engineering
r" ram ﬂrﬁ problems in missile and space applica-
tions is encountered by Aerospace

scientific programmers. Opportunities for
creativity and responsibility are unlimited. The imagination and abilities of
these programmers continually press forward the state of computing tech-
nology. Experienced programmers with B.S. degrees in math or engineering are
needed now to accept the challenge of maximizing the impact of computation
on the effectiveness of space science.

Maintainihg superior computational
ru rﬂm ﬂrﬁ resources in this environment is vital.
Early replacement of Aerospace’s 7040/-

7094 directly coupled systems by large
scale 360 systems opens new positions in development and support of pro-
gramming and operating systems, hardware/software planning, training, and
documentation. Experienced systems programmers with a B.S. in math or
engineering will find challenge and responsibility in these positions.

H The mission of Aerospace/El Segundo is work-
ing with the Air Force to PLAN the general
nature of future military space systems, GUIDE

industry in fulfilling these plans, and PROBE
experimentally and analytically certain aspects of state-of-the-art problems
and operations. Support of this mission creates an unusual opportunity for
members of the Computation Center in the breadth of application of their
abilities.

Please write to -C. D. Crabdree, Box 95081, Los
Angeles, California, 90045 or phone 648-5803. An
Equal Opportunity Employer.

@ AEROSPACE CORPORATION
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Is
equipment
service
squeezing
your profit?

RCA Service Company can supply comprehensive mainte-
nance, emergency and installation service coast-to-coast, for
electronic or electro-mechanical industrial and commercial
equipment marketed by you. We're specialists on communica-
tions, control and data processing equipment maintenance for
the large user.

® Stop the profit squeeze. ® Compare price and benefits.
® Eliminate service headaches. ® Decrease down-time.
e Lower overall service costs.

B. L. Grossman, Building 203-1

RCA Service Company

A Division of Radio Corporation of America
Camden, New Jersey 08101

Phone: (609) 963-8000, extension PY-5603

Write or phone for details:

The Most Trusted Name in Electronics
®

CIRCLE 38 ON READER CARD

WHAT IS YOUR TRUE WORTH ?

FREE Data Processing
Opportunities Bulletin

Every month, in the privacy of your own home, you
can evaluate the nation’s finest openings in the data
processing field. Cadillac, the nation’s largest execu-
tive and professional placement service, represents the
majority of the nation’s top companies. Their best jobs
at salaries from $6,000 to $75,000 appear in our
monthly Data Processing Opportunities Bulletin.

Our placements show that the average data process-
ing man is worth 10% to 20% more than his present
income. The Bulletin helps you evaluate yourself in
today’s market. Both the Bulletin and our confidential
placement service are free. Client companies pay all
costs.

For your free Bulletin, without any obligation circle

Subscriber Service Card No. 114. Please use home
address only.

LON D. BARTON, President

Cadillac Associates, Inc.*

29 E. Madison Bldg. Chicago, lll. 60602
Flnancial 6-9400

¢ “Where More Executives Find Their Positions Than Any-
where Else in the World.”

In Los Angeles—Lon Barton Associates, 3275 Wilshire Blvd.
In San Francisco—Lon Barton Associates, 120 Montgomery St.

CITIES SERVICE
OIL COMPANY

has ordered System/360 hardware to replace
its 7074's, 1460’s, 1410’s, 1401’s and 1620's.
Positions are now open for experienced peo-
ple in further development on business sys-
tems, operations research and in all phases
of conversion to the new equipment. Cities
Service Oil Company needs:

Programmers — Analysts
with
Bachelor’s or Master’s Degrees
in
Accounting, Engineering or
Mathematics and
Programming experience with tape or
Disk computing systems
and/or
Experience with compilers, operating
systems, and other Software
and/or
Experience in management sciences or

operations research.

Resumes, transcripts and salary requirements
will be held in confidence and should be ad-
dressed to:

CITIES SERVICE OIL COMPANY
Mr. A. R. Nichols
Room 310-C, Cities Service Bldg.
Bartlesville, Oklahoma 74003

(An equal opportunity employer)
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, CPC SPECIALIZES
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' EXECUTIVE RECRUITMENT
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DATA
PROGESSING

OPERATIONS
RESEARCH

MANAGERS

CONSULTANTS

SYSTEM ANALYSTS

« PROGRAMMERS

« OPERATIONS RESEARCH ANALYSTS
o APPLIED MATHEMATICIANS

COMPUTER PERSONNEL CONSULTANTS, .

Chicago, Ill. 60603

236-0900 (312) Suite 1460 135 S. Lo Salle St.

MANAGER
SCIENTIFIC DATA PROCESSING

Challenging assignment at the National Re-
actor Testing Station near Idaho Falls, Idaho,
for a man with 5 to 10 years of experience in
managing a scientific computing installation.
This position entails supervision of a well
established group of analysts and program-
mers who handle computer applications in
the areas of reactor analysis, reduction of
experimental data from reactor tests, statisti-
cal analysis, nuclear safety tests, and a variety
of commercial data processing problems. pres-
ently installed equipment includes an 7040/
1401 system, with a CDC-3100 on order. The
computing load is 80% scientific, 20% com-
mercial.

Candidates should have a PhD degree or
equivalent outstanding experience. Salary
commensurate with qualifications.

Contact

PHILLIPS PETROLEUM COMPANY

Atomic Energy Division
P. O. Box 2067-KT
Idaho Falls, Idaho

An equal opportunity
employer.

U. S. citizenship
required.
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'SUPERVISOR

COMPUTER PROGRAMMING

Dynamic Stratos Division of Fairchild Hiller, a national
leader in environmental control, life support and space
power systems now has an immediate permanent opening for
a qualified computer programming supervisor. The position
requires familiarity with IBM 1620 and 7094 equipment and
knowledge of FORTRAN. Applicants should have a degree
in mathematics (advanced degree preferred) with heavy
engineering background and previous exposure to programs
in thermodynamics. Some supervisory experience is required,
plus the ability to respond swiftly to diverse program
responsibilities. .

Stratos offers an attractive starting salary, liberal fringe
benefits and excellent opportunity for advancement. Location,
at Stratos’ modern facility on Long Island, is just on hour’s
drive from New York City.

Please send your resume and salary requirements to: Mr.
M. E. Jenkins, Stratos Division, Fairchild Hiller, Orinoco
Drive, Bay Shore, Long Island, N.Y. Refer to position #5223.

[F]

FAIRCHILD HILLER

STRATOS DIVISION

An Equal opportunity employer M/F

COMMERCIAL
SYSTEMS PERSONNEL

Expanding corporate operations have created
unique opportunities for Systems Personnel with
varied ' degrees of accomplishment. Several job
types are presently open: Senior Systems Analyst,
Manager of Information Systems, Research Analyst
and Programmers.
Candidates should have major project experience
in the installation of forward-looking EDP applica-
tions. Areas of application will include the follow-
ing:

1. Distribution and Merchandising Control.

2. Production Control and Scheduling.

3. Personnel and Payraoll.

4. Accounting and Responsibility Reporting.

Spring “66” will mark the Fourth Generation of

DP Systems at Stop & Shop (3 IBM Systems/360).
Responsibilities include the servicing of retail food
and mercantile (Bradlees) outlets with a sales
volume approaching $500 million.
Complete Fringe Benefit Program available with
attractive starting salaries. Interested applicants
should submit resume in strict confidence, giving
salary requirements, to Mr. Joseph Riemer, Di-
rector of Information Systems:

STOP & SHOP, INC.

397 “D" Street
South Boston, Massachusetts
“AN EQUAL OPPORTUNITY EMPLOYER”

CIRCLE 113 ON READER CARD
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THERE ARE FEW times in any career when an op- FREE! g%%fg%£PPORTUNITIES

portunity for substantial advancement presents itself eccccvssscone 0000000000000 0
—a so-called “ground floor” opportunity. NOW
comes one such occasion for those growth-minded A complete and comprehensive listing of outstanding po-

sitions at salaries from $6,000 to $30,000 with National

Systems Analysts and Programmers who would share Companies for:

the challenge and profit which accrues to a dynamic

and successful young company. ENGINEERS / DATA PROCESSING
Our professional staff combines Customized Serv-
COMPUTING TECHNOLOGY INCORPORATED has ice with technical know how to insure for you max-
a limited number of positions available for profes- imum career development in the following areas:
sionals with experience in Compilers, Assemblers, | . * LOGIC DESIGN ¢ APPLICATIONS
Operating Systems, Real-Time Systems, Management * CIRCUIT DESIGN PROGRAMMERS
* SYSTEMS DESIGN * SYSTEMS

Systems, Military Systems, and Scientific Program-

. . . * SYSTEMS ENGINEERS PROGRAMMERS
ming and Mathematical Analysis.
* OPERATIONS * INFORMATION
RESEARCH RETRIEVAL
if your experience encompasses any of these areas, « PROGRAMMING « MATH ANALYSIS
and such an opportunity appeals to you, considered * PROCESS CONTROL * MANUFACTURING
attention will be given your resume, sent to No charge to you for our custom service. Employers pay our fee.
Expedite your development by sending resume in confidence
S. R. Button with present salary & geographic preference to:
INCORPORATED La Salle Associates

Professional Search Dept.

P.O. Box 803 T LY.
ox uxedo, N. ¥ 2136 Locust Street, Philadelphia, Pa. 19103

Por your free bulletin without any obligation, circle subscriber service card.

an equal opportunity employer Please use home address only.
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PROGRAMMERS

The M I T Computation Center is preparing for a major expansion of its com-
puting facilities and services and offers exceptional opportunities for qualified
. systems programmers,

Services include a comprehensive remote-access time sharing system and a multi- .
language batch processing system. The present 7094 is to be replaced by the
S/360 which will increase the capacity and diversity of the time sharing service.

M 1 T offers a liberal benefit program, including educational opportunities at
the Institute and competitive salaries. Interested programmers with a degree and
more than one year’s experience are invited to submit resumes, including salary
information to: ‘

Mryr. L. V. Sullivan

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

77 Massachusetts Ave, UN 4-6900, Ext. 4275
Building E 19-285 Cambridge, Massachusetts

An Equal Opportunity Employer

COMPUTATION CENTER

CIRCLE 93 ON READER CARD
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Simulator-Computer
Engineer or
Mathematician

The Navy’s Mine Defense
Laboratory at Panama
City, Florida, performs
RDT&E in mine defense,
acoustic and torpedo
countermeasures, inshore
warfare, swimmer/diver
operations, and related
fields of underseas tech-
nology.

We will offer a starting
salary of $12,510 with in-
creases to $16,425 to a
simulator-computer engi-
neer or mathematician in
the field of simulation in-
cluding analog and dig-

" ital computer. Duties con-
sist of technical admin-
istration of contract for
development of the simu-
lator which determines
optimum acoustic and
torpedo countermeasures

characteristic and meas-
ures effectiveness of doc-
trines, devices and tech-
niques. Also responsible
for programming ecom-
puter problems and su-
pervising installation and
evaluation of the simula-
tor. Opportunity exists
for heading simulator
complex when it becomes
operational.

Send resume or SF-57
to E. T. Castleberry, Sr.,
Civilian Personnel Office,
U. S. Navy Mine Defense
Laboratory, Panama
City, Florida, 32402.
(These positions enjoy
all the benefits of career
Civil Service, and appli-
cants will be considered
on an equal opportunity
basis.)
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SYSTEMAT

1107 Spring Street Room 2-F
Silver Spring, Maryland 24 Crescent Street
20910 Waltham, Massachusetts
301-587-3650 02154

617-891-5200

BOSTON LOCATIONS

We have recently opened an office to serve EDP
applicants and employers in the Boston area. We
plan to offer the same type of personal service
we furnish in the Washington, D.C. area.

Positions are available in both locations for the
following personnel.

Scientific Programmers) .
Systems Programmers l

Systems Analysts $7,0“0 - $20,000
Computer Salesmen S

Business Programmers

All fees, interviewing and relocation expenses are
paid by the employer. There is no cost to you — no
contract to sign.

If you are interested in either Washington, D.C.
or Boston, send a resume to the nearest office, or
check the reader service card.
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FREE

. . a comprehensive digest of scientific and engineering
DATA PROCESSING opportunities for our client organiza-
tions from coast to coast. Salaries range from $8,000 to
$25,000 commensurate with ability and experience. These
opportunities include such areas as:

Diagnostic Programming
Scientific Programming
Statistical Analysis
Simulation

Information Storage
and Retrieval

Mathematical Analysis
Engineering Computer Field

Basic Research
Command and Control
Communications
Operations Research
Logic Design

Circuit Design
Software Development

As specialists in the scientific and engineering computer
field, EDP is able to provide the widest possible selection
of career positions. Each allows the individual to make
significant contributions that will challenge his best efforts,
in a scientific atmosphere, at a salary in keeping with his
technical competence.

For immediate consideration, write in confidence outlining
your experience, education, career objectives, and compen-
sation requirements to:

David N. Grimes

eédp personnel, inc.

~uaxclusively data processing’

100 S. Wacker Drive Suite 212
Chicago, lll. 60606 Ph. (312) 782-0857

CLIENT COMPANIES ASSUME OUR CHARGES
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UNIVERSITY COMPUTING CENTER

ASSISTANT MANAGERS

At State University of New York at Buffalo
(1) to supervise systems programming staff
and (2) to supervise applications program-
ming staff and graduate assistants. Scien-
tific computing background desirable. Sal-

ary negotiable depending upon experience.

Contact Dr. A. Ralston, Computing Center,
State University of New York at Buffalo,
Buffalo, New York 14214; 716-831-4015
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computer
careers

Should you base your career on
just one interview? Make your
choice from among several career
positions!

EUROPEAN and

NATIONWIDE CHOICE

N.Y., N.J., NEW ENGLAND, WASHING-
TON, D.C., PHILA., MINNESOTA,
TEXAS, HUNTSVILLE, FLORIDA, ARI-
ZONA, CALIFORNIA AND OTHERS

Contact us if you have some experience
or interest in any of the following:
O Scientific Computation — Data
Reduction or Numerical Analysis—

Unusual Outerspace/Lunar and Ad-
vanced Programs

O Software Development — Lan-
guages, Compilers, Assemblers,
Monitors or Sub-Routines

0O Real Time Systems — Message,
On Line, Process Control

O Systems —Planning, Design,
Analysis of State of the Art Massive
Data Handling of |.R. Systems

O Technical Representatives—
Programming and Systems support
to Sales

O Digital or Logical Design

O Management Sciences

O Sales-and Marketing

Unique opportunities exist in the
$9000-25,000 class for Managers &
Seniors and Men who can accept
management responsibility and pro-
fessional growth '

Unusual Opportunities
TECHNICAL
WRITERS/EDITORS
Automated Documentation
Programming/Systems
$9,000 to $18,000

All expenses are assumed by our client
companies.

Write in confidence, including pres-
ent salary, acceptable locations or
call (Collect) Mr. Nellissen (Area
Code 212) PLaza 9-1720

a-n

dLBERT, NeLLissen, inc.

Leading Consultants to Management
in the Data Processing Field

| 510 MADISON AVENUE. N.Y.. N.Y. 10022
CIRCLE 102 ON READER CARD
February 1966

Automatic and Remote Control: Pro-
ceedings of the Second Congress of

"the International Federation of Auto-

matic Control, Basle, Switzerland, 1963,
edited by Victor Broida, D. H. Barlow,
and Otto Schafer. Volume | (Applica-
tions and Components), 749 pages,
$60; Volume Il (Theory); 695 pages,
$65 (purchased as a set, $115); avail-
able from Butterworth, Inc., 7235 Wis-
consin Avenue, 14, Washington, D. C.

These two volumes contain the papers
presented at the Second IFAC Con-
gress held at Basle from August 27
to September 4, 1963. Approximately
1500 specialists from 32 different
countries attended to hear and discuss
160 papers. This Congress was the
second of the triennial IFAC meetings,
beginning with the 1960 Congress in
Moscow and continuing with the
Third Congress to be held in London

. June 20-25, 1966.

Papers presented at the Congress
are grouped in three fields: Theory,
Application, and Components. The 84
papers on theory fill one volume of
the Proceedings; 55 papers on appli-
cations and 21 papers on components
occupy the other. Except for nine
papers in French, all of the papers in
the two volumes are in English. In
addition, a summary is. given in Eng-
lish, French, and German for each
paper.

Some items are common to both
volumes. The table of contents of the
entire Proceedings, in English, French,
and German, is presented in each vol-
ume, as is a list of authors’ names and
addresses. (A regrettable omission is

an index to permit finding a paper |

knowing only the author’s name.)
Also repeated are introductory and
welcoming addresses by the past and
present presidents- of IFAC, and an
address by I. L. Auerbach, president
of IFIP, who describes information
processing, its relation to automatic
control, and the history and interests
of IFIP.

The volume on theory is divided
into six sections identified as Non-
Linear Systems Theory (15); Discrete
Systems (16); Optimal Systems (18);
Theory of Self-Adjusting Systems (18);
Techniques for System Stability As-
sessment (6); and System Dynamics

and Other Problems (11). The num-

ber of papers in each section is given
in parentheses. As expected, the sub-
ject matter of many papers crosses

now available

free
computer
“career
salary
analysis
for 1965

Albert, Nellissen, the leading

consultants to management in

the Computer field, has recently

finished its survey of success-

ful national staffing assignments

and wage levels for 1965. This

survey analysis is now avail-

able without charge or obliga-

tion. It covers the following

technology areas:

O Scientific or Real Time or
Message Switching

O Systems Programming

O Commercial Applications
and Data Processing

O Circuit, Logic & Hardware
Design

O Sales/Marketing

circle reader service number 103 on card
in back or tear out coupon and send to:

ALBERT, NELLISSEN, INC.

510 Madison Avenue
New York, N.Y. 10022

Please send me your free 1965
Computer Career Analysis.

Name

Address_

City State

CIRCLE 103 ON READER CARD
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At the NCR Electronics Division, you build your career on hardware—
not hope. Advanced developments like CRAM and the NCR 315

RMC Rod Memory Computer—the first commerically available
computer with an all-thin-film main memory—are a marketplace
reality. (And bear in mind that the NCR marketplace consists of

more than 120 countries!) If you want to combine career

stability with go-ahead, on-line opportunity...

a good living while enjoying the good Southern California life...

look into the opportunities listed here.

1
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if you want to earn
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MAGNETIC RECORDING

Senior and intermediate positions for men with
experience in advanced magnetic recording
techniques. Knowledge of media, circuitry and
magnetic head design necessary. Requires BS
in engineering or physics.

MEMORY DESIGN

Positions are available to perform memory
design. Requires a BS in EE and previous expe-
rience with high speed applications of mag-
netic cores or thin films to memories. Must
also be familiar with computer systems logic
and hardware.

PACKAGING

GROUP LEADER

To provide technical and administrative direc-
tion for electronic packaging of digital com-
puters, including processors, memories, and
peripherals. Requires a minimum of 6 years'

L_.__.._’_-_!
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e

experience in electronic packaging and some
previous supervisory experience. Must be
knowledgeable of heat transfer and advanced
manufacturing techniques. BS in engineering
required,

ADVANCED LEVEL

To perform advanced packaging of computer
systenis, including processors, memories and
peripherals. Requires BS in engineering and
thorough knowledge of packaging concepts as
related to digital computers.

INTERMEDIATE LEVEL

These positions entail layout and design of
packaging for computer systems. Applicants
must have previous experience with electronic
computers or electromechanical devices. Back-
ground in miniaturization utilizing thin films and
integrated circuits is desirable but not required.
BS in engineering desirable.

LOGIC DESIGN

For design of advanced integrated circuit com-
puters. Requires BSEE and 2 to 5 years' expe-
rience in logic design; experience on processor
and float-point design desirable.

QUALITY ENGINEERS

Assignments will entail mechanical and electri-
cal analyses with responsibilities for project
testing and inspection specifications, including
processes for automatic wirewrapping, cabling
and electrical and mechanical assemblies.
Requires BSEE or BSME and 3 years’ related
experience.

PROGRAMMERS

SOFTWARE

Positions entail development of software for
various computer input/output routines, opera-
tion systems and monitors. Applicants must

IRvimiinn
Rl
mn
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have previous programming experience with
machine language on a large file computer.

DESIGN AUTOMATION

Positions require 2 years’ previous experience in
programming. Good understanding of engineer-
ing and hardware problems desirable, BS degree
in math, engineering or related field required.

DIAGNOSTIC

Position entails the writing of diagnostic pro-
grams for checkout, acceptance test and field
maintenance of EDP systems. Requires pre-
vious programming -experience; college degree
desirable. '

ADVANCED MECHANISMS SPECIALIST

For analysis and design of complex computer
mechanisms. Must have knowledge of applied
mechanics and high-level mathematical ability.
PhD required.

PROJECT ENGINEERING

COMPUTING SYSTEMS

Assignment will entall technical and adminis-
trative leadership of engineers involved in
advanced digital computer system and logic
design. Requires BSEE and § years’ experience
in logic design of digital computers. Must have
systém design capability and knowledge of
peripheral equipment operation and interfacing.
Previous team leader experience desirable.

DATAMATI ON



PERIPHERAL EQUIPMENT

To direct engineers in the development of elec-
tromechanical magnetic files for digital com-
puters. Requires BSEE and a minimum of 6
years' experience in electromechanical peri-
pheral development,togical design and machine
organization. Must have recent experience
entailing project responsibility.

U SRRV R AR U LA N £ N

Positions available at all levels to study and
formulate systems for commercial and indus-
trial on-line computer applications, with em-
phasis on communications interface. Requires
a minimum of two years' experience in specify-
ing or programming real-time systems for
banks, airlines or industry. A degree in engi-
neering, business administration or related field
is required.

CETCUTE Ena

Intermediate- to senior-level positions are avail-
able for circuit designers who are experienced
in analog or digital circuit design. Experience
in power supply design, memory design, and
micro-electronics desirable. BSEE required.

H S HC PROOL SR IRT I [
Assignments will entail design, checkout,
documentation and liaison for digital computer
systems. Requires BSEE and previous exper-
ience in these areas.

VIR DT mBhREns

Positions are available on an intermediate level
in both mechanical and electrical reliability
engineering to perform evaluation of electrical
components, sub-assemblies and systems, as
well as complex mechanical and electro-
mechanical mechanisms. Also will be respons-
ible for design reviews of new and existing

EDP equipment. Requires BSEE and/or BSME
with minimum of 2 years’ experience in design
or reliability engineering.

LTI wVOUR

Confidential interviews will be held soon in
various parts of the country. Openings above
are in Los Angeles. Additional openings in
Dayton, Ohio, for mechanical, electrical and
chemical engineers, physicists, chemists (MS
or PhD level). Send resume immediately to Bill
Holloway, Technical Placement, or call collect.

The National Cash Register Company

NCR

ELECTRONICS DIVISION
2837 W. El Segundo Blvd., Hawthorne, Calif.
Telephone: Area Code (213) 757-5111

An equal-opportunity employer
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division boundaries, so numbers alone
are not a complete indication of the
coverage in a particular subject.

In addition to the technical papers
and the discussions provoked, the
theory volume also contains five “sur-
vey papers’ on basic fields of auto-
matic control and the recent progress
in these fields. Subjects covered in the
survey papers are statistical methods,
synthesis of optimal regulators, adap-
tive control, learning systems, and
process dynamics. These survey pa-
pers, each with a generous biblio-
graphy, provide the reader with con-
cise descriptions of the current state
of the various fields and serve to place
the more specialized technical papers
presented at the Congress in perspec-
tive relative to the broad subject of
automatic control.

Included in the theory volume are
some purely mathematical develop-
ments, some interesting work on “in-
verse” problems, and a description of
the development of a new theory
(“Dual Control Theory Problems™)
for which the author admits, in part
of the discussion, “There are as yet
no practical applications . . . for the
creation of real controllers.” There are
three papers on learning systems,
which lead to self-adjusting systems,
a subject also well-covered at the Con-
gress and highlighted by G. Pask’s ex-
cellent survey paper on the subject
which contains a list of 124 references.

Of probably more direct interest to
aerospace, rather than industrial, con-
trol engineers is the somewhat dispro-
portionate number of papers con-
cerned with development of design
procedures for time- and energy-op-
timal systems. These papers do, how-
ever, provide a good background for
two papers of contemporary interest
on trajectory deviations and orbital
transfer and rendezvous problems.

Thinking of the oft-discussed and
much-lamented “gap” between theory

“and practice in control engineering,

it is interesting to note the clean
division of these topics in the two
volumes. From the material presented,
a gap can certainly he detected. It
is also apparent, however, that the
gap is not due to the theoreticians’
lack of practical knowledge and ex-
perience or to the practicing engi-
neers’ difficulty in following the theory
as it develops. The gap is largely due
to the lack of adequate computational
equipment and methods. A. A. Feld-
baum states that “. . . the most im-
portant problem is the development
of approximate solution methods . . .”
A. M. Letov, in his survey paper, ex-

presses this problem as a need for

consideration of the “problem of com-

promise” between the results obtained
by rigorous mathematical develop-
ment and the resulting complexity
(and cost) of the controller. Following
a paper on the subject, V. W. Eve-
leigh in his discussion provides a sur-
vey of current computational methods
and repeats the requirement for a
theory of error for these approxima-
tion techniques. Helping to bridge the
gap are papers describing approxi-
mating techniques, iterative numerical
procedures, and quantization errors.
Always important in control sys-
tems, the assessment of stability is the
subject of six papers. Since methods
for linear systems are almost com-
pletely developed and the only method
available for non-linear systems is
Liapunov’s second method, the em-
phasis in stability assessment is placed
on the method of Liapunov and the
construction of Liapunov functions.
In summary, one can find in the
volume on theory many papers on a
variety of topics, covering continuous
and discrete systems, linear 4and non-
linear systems, ‘deterministic and sto-

. chastic systems, and papers on sys-

tem design, synthesis, and analysis.
As mentioned previously, this variety
is given cohesion by the excellent
group of survey papers which help
the reader to connect the various sub-
jects together and therefore make
the entire volume interesting even
to those concerned primarily with
a particular subject.

The second volume contains the
papers presented in the fields of ap-
plications and components: 55 tech-
nical papers and four survey papers
on applications, and 21 technical pa-
pers and two survey papers on com-
ponents. As in the theory volume, the
survey papers are presented by per-
sons very well qualified for the task
and are- a very valuable addition
to the Proceedings.

The 55 papers on applications are
divided into seven sections: the Elec-
trical Utility Field (11); Steel Indus-
try (8); Chemical and Qil Industries
(12); Automation in Industrial Proc-
esses (9); Combined Man-Machine
Systems (5); Application Techniques
(3); and Automatic Control of Aero-
space Systems (7). The survey papers
cover electrical utility systems, metal
rolling and processing, the steel in-
dustry, and the chemical and petro-
leum industries.

The electrical utility field appears
to lead in the application of automat-
ic control theory in industry, and it
is apparent from the papers that in
the electrical utility industry more
freedom exists for the interchange of
information regarding the techniques
developed. There are several interest-
ing papers, probably the most note-
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How to check your career

progress without talking
to a personnel man.

D1E

at

Honeywell

ELECTRONIC DATA PROCESSING

Talk to your competition. Find out how long he’s had
his present assignment, how much increased responsi-
bility he’s been given over the last few years, how
clearly he can project his own advancement to a man-
agerial position, or project his organization’s expansion.

Honeywell has one of the fastest growing computer sales
and systems service team in the industry. Our people
and our products are exceptional. The management
positions our growth is creating today are being filled
by sales and systems representatives who joined Honey-
well only a short time ago.

Tomorrow’s management opportunities belong to the
man who joins Honeywell today. Computer sales and
systems representative assignments exist in nearly every
major U. S. city.

We predict that if you talk with a member of Honey-
well’s marketing team, you'll decide io talk to a Honey-
well personnel man soon afterward. When you do, write
in confidence, to Mr. Richard Power, Employment
Supervisor.

HONEYWELL EDP

70 Walnut Street,
Wellesley Hills, Massachusetts

Honeywell

ELECTRONIC DATA PROCESSING

Opportuni!ies’ exist in other Honeywell Divisions. Send resume to F. E. Laing,
Honeywell, Minneapolis, Minnesota 55408. An equal opportunity employer, M&F.
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worthy being that of Kirchmayer and
Ringlee, who compared variational
methods and dynamic programming
for optimal control of hydro-power
systems.

In the section on the steel industry,
a variety of subjects is discussed: sin-
tering, open-hearth scheduling, forg-
ing, blooming mills, hot strip mills,
and annealing. In the section on the
chemical and oil industries, papers
cover studies of the dynamic charac-
teristics of distillation columns, cata-
lytic cracker power-recovery systems,
heat exchange and mixing, and plate-
column rectification. Other papers
cover automatic control of polyethyl-
ene production, the controllability of
a flare-gas recovery system, an auto-
matic system for the emptying of pe-
troleum products from tankers, and
several other more general topics.

A variety of subjects appears under
the heading “Automation in Industrial
Processes,” including one on cement
applications, one on dither-adaptive
systems, four on steam-system control,
and two concerned with automotive
industry applications. The applica-
tions section is then completed with
the five papers on man-machine sys-
tems, three on application techniques,
and seven on aerospace applications.

The components section is high-
lighted by an excellent survey paper
prepared by J. L. Shearer and 16 co-
authors. Topics covered in the survey
are electromechanical components,
magnetic amplifiers, semi-conductor
and solid-state components, wide-
band transformers, semi-conductor
and metal strain gauges, gyroscopic
instruments, electrohydraulic servo-
valves, position servomechanisms;
pneumatic components and systems,
and pure-fluid systems. In addition to
this comprehensive survey, the section
includes 21 papers distributed as fol-
lows: mechanical, hydraulic and pneu-
matic devices (4); electromechanical
devices (4); electronic components
(3); digital devices (3); process in-
strumentation (3); and reliability (4).
There is something for everyone in
this section.

Individuals thinking about purchas-
ing the Proceedings may be staggered
by the price. However, on a per-page
(8 cents), per-paper (75 cents) or
per-year (under $40) basis, the price
seems much more reasonable; more-
over, buying the volumes costs much
less than attending the Congress. In
any case, these volumes deserve to
be made available to and should be
read by every engineer and mathe-
matician practicing in the field of
automatic control.

—V. A. Ka1ser, T. M. StouT
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WHO
READS ||

DATAMATION?

A world-wide assortment of

high-level decision-making technical
professionals of the data

procesSing field.

If you sell a product or a service

that is centered around

this group — tell it where it will be read.

Tellitin DATAMATION

THE MAGAZINE OF AUTOMATIC
INFORMATION PROCESSING
FOR BUSINESS & SCIENCE

DATAMABTION

An F. D. Thompson Publication
THE ONE PUBLICATION THAT SERVES THE WHOLE DATA PROCESSING FIELD

NEW YORK, 10017 - CHICAGO, 60606 CLEVELAND, 44113

141 East 44th St. 205 W. Wacker Dr. 75 Public Square

MANCHESTER, N. H. LOS ANGELES, 90006 LLONDON

112 West Haven Rd. 1830 W. Olympic Blvd. 27 Baker St., London, W. 1.
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Computers are realized
in the mind of the
Circuit Design Engineer.

LVY1V

at
Honeywell

ELECTRONIC DATA PROCESSING

His goal is always the same — the indiscernible point of least
compromise between what is proposed and what is possible. This is
electronics engineering at its most basic — designing memories,
power systems, logic circuits for proposed systems, investigating
experimental innovations and probing application of new knowledge
of existing circuitry.

His responsibilities encompass every aspect of the computer system.
Working in a purposely informal environment, he and his technicians
may design linear circuits for wide band feedback amplifiers; or
logical building block circuits that switch milliamperes in nano-
seconds; or control element circuits that switch amperes in milli-
seconds.

At times the work requires only his technician’s breadboarding of a
relatively elementary circuit. More often, it tests all the Circuit
Designer’s knowledge and all his design ingenuity and skill; requir-
ing entirely new techniques, new component usage or radical de-
parture from accepted circuit design practices.

He must keep pace with every pertinent development — or face
technological obsolescence. His awareness of this fact is reflected
in the high ratio of Honeywell Circuit Designers who take full
advantage of Honeywell’s tuition-paid program at many of the world
renowned universities in the Boston-Cambridge area.

Qualified individuals, interested in discussing Circuit Design at
Honeywell, should forward their qualifications to the address below.
Positions of equal significance exist for engineers with experience
in Logic Design . .. Systems Design . . . Mechanical Engineering . . .
Microelectronics.

Address your resume to:

Mr. Edwin Barr, Employment Supervisor
HONEYWELL EDP

200 Smith Street, Dept. DO5

Waltham, Massachusetts

Honeywell

ELECTRONIC DATA PROCESSING

Opportunities exist in other Honeywell Divisions, Send resumes to F. E. Laing,
Honeywell, Minneapolis, Minpesota 35108. An equal opportunity employer, M&F.
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Why not
export?

It could
double
your

business:
fl\nd we'll

Ipyo
gets arted

What'’s in it for us? Only that
the more this country exports,
the better we’ll be able to re-
duceourbalance-of-payments
deficit. For really helpful in-
formation on world markets
and how to break into them,
just pick up the phone and
call your local office of the U.S.

Department of Commerce.

*|t happened to one of America’s largest
chemical companies. And there are
dozens of others—large and small—that
have been just as successful abroad.
Case histories on request from U.S.
Dept. of Commerce, Washington, D.C.

(\SING
e
Vg si"“dl

Published as a public service in

co-operation with The Advertising Council
and the Department of Commerce.
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people

B Dr. Louis T. Rader is director of
GE’s new Information Systems Div.,
Charlottesville, Va. Division general
managers are: Jerome T. Coe, data
processing and communications; Louis
E. Wengert, information systems
equipment; Harrison Van Aken, over-
seas operation; and Leonard C. Maier,
advanced development and compo-
nents. ‘
Bl Lt Col. Sylvester P. Steffes has
been chosen chief, Air Force Electron-
ic Systems Div.,, Data Processing
Equipment Office, Bedford, Mass. He
replaces Col. Edward McCloy who
will join CIT Corp., New York City.
W J. Richard Sherman has been elect-
ed president, Data Systems Inc., Min-
neapolis, Minn. He was formerly with
the Diebold Group.

M K. H. Speierman has been named
chief, software division, National Se-
curity Agency, Fort George G. Meade,
Md. He was formerly with the Bur-
roughs Defense & Space Group.

B Lindon L. Griffin and M.A. Butter-
field have joined the dp staff in the
Center for Computer Sciences and
Technology, National Bureau of
Standards, Washington, D. C. They
were formerly with the Navy and Far-
rington Manufacturing respectively.
I Gordon A. Heup has been ap-
pointed manager, scientific computa-
tion, at Telecomputing Services Inc.’s
newly-created Maryland division.

B Kenneth W. Yarnold, formerly with
Dunlap & Assoc., is director of re-
search, System Development Corp.,
Santa Monica, Calif.

Il Omer C. Lunsford will manage
American Oil Co.s dp department,
Chicago, 11l

B Edward G. Glowaty has been
elected president, Honeywell 400/
1400 Users Assn., Wellesley Hills,
Mass.

B Emmanuel J. Otis has been pro-
moted to chief computer engineer, de-
velopment division, Control Data
Corp., Minneapolis, Minn.

B Harry W. Schrimpf will serve as
assistant to the vp, LFE Electronics
Div., Laboratory For Electronics, Bos-
ton, Mass.

February 1966

Jay Levinthal
Reports on
Hardware and
Software
Development
N at Raytheon
- Computer.

Jay Levinthal is Raytheon Computer's Manager of Computer Systems Development

Raytheon Computer is well into a long-range program to move to the top of
that select group of computer manufacturers in the scientific, engineering
and systems field. B Right now we’re designing the first of a new series of
machines which will give the user more capability per dollar than even we
thought possible. Naturally, we’re using the latest technology such as inte-
grated circuits and advanced NDRO and other new memory techniques—
our BIAX memory group helps us there. B Since we’ve always been strong
in. hybrid computing, our work in developing faster and more accurate
analog circuits is important, too. B With this emphasis on computer hard-
ware, it's obvious that compilers, assemblers and other real-time software
must be equally capable. Current projects include work on real-time FOR-.
TRAN 1V and other real-time programs for data acquisition and processthg
systems. B In computer applications software, we’re looking into telemetry,
biomedical, seismic, nuclear and other areas—no matter what your special
experience, you'll have a chance to put your knowledge to work. R I'd say
one of the major characteristics of working here is that the individual stays
with a project from original specifications through final checkout, successful
operation and release.

Here are the kinds of people we're looking for.

SUPERVISOR, COMPUTER SYSTEMS ENGINEERING; BSEE or MSEE. Must have history
of successful computer and systems design for engineering and scientific uses, be
able to manage group of systems engineers. Minimum 10 years as supervisor. -

SENIOR LOGIC DESIGNERS; BSEE or MSEE or degree in related field. Current ex-
perience in design of small and medium-scale digital computers for engineering and
scientific applications. Know logic and complete computer systems design. Must have
successful history of designing for manufacture at competitive cost.

PROGRAMMING SPECIALISTS; BS in any technical subject. 5 years programming
experience, at leadt 2 as project leader. Know compilers, assemblers and other systems
software. '

SENIOR PROGRAMMERS; BS in subject with high math content. Minimum 5 years
programming, flow charting, and documenting assembler language systems programs
for binary machines.

MEMORY SYSTEMS CIRCUIT DESIGNERS; BSEE. 3 to 6 years in memoty circuit or
high speed logic design. Minimum 2 years memory design or memory test. Should
know BIAX, toroidal, thin film or rotating disc/drum memories.

ANALOG AND DIGITAL CIRCUIT DESIGNERS; BSEE or MSEE. Minimum 4-5 years"
circuit design on digital and analog computers and peripheral equipment. Must know
integrated circuits. Experience in modifying and designing circuits for systems inter-
face, network analysis, logical design and servo- mechanlsms

COMPUTER SYSTEMS ENGINEERS; BSEE or MSEE. Minimum 5 years in digital com-
puter systems design.

COMPUTER APPLICATIONS SPECIALIST; BS in Engineering, Science, or Math. MS
preferred. At least 3 years as programimer/analyst on engineering/scientific computers.
Must have applications programming experience including FORTRAN, or equivalent
procedure-oriented language plus experience in developing compilers, assemblers
and- monitors. Will design and develop computer programs, instruct company per-
sonnel in programming techniques and perform competitive analyses.

Why don’tyou send your resume today to Gary Murphy at .
RAYTHEON COMPUTER [RAYTHEON

'2700 S. FAIRVIEW STREET, SANTA ANA, CALIF. 92704




SYSTEMS
ENGINEER

Must have B. S. in Industrial Engineering, Business
Management or Physical Sciences. 5-8 years pro-
gressive experience with heavy emphasis on com-
puting programming and machine languages in
business systems. Duties will involve work meas-
urements, cost control and data systems studies.

Will be responsible for the undertakjng of major
systems projects at a research and production
facility of approximately 2800 employees of The
Dow Chemical Company, I?ocky Flats Division,
located approxnmc’rely 18" miles ‘northwest of
Denver, Colorado.

Please send resume to:

'THE DOW CHEMICAL COMPANY

Rocl.<y Flats Division — Technical Placement
P. O. Box 888
Golden, Colorado 80402

(Operahng Contractor for the Atomic Energy
Commission)
An Equal Opportunity Employer
Can Consider Only U. S. Citizens

PROGRAMMERS
PROGRAMMER ANALYSTS

Continued expansion in the Industrial Systems Laboratory
has created several growth opportunities for program-
mers and programmer analysts in real time on-line data
acquisition and control systems. Duties will include:
(1) Working with customers in initial program design
phases and assisting in the selection of the system con-
figuration requirements. (2) The generation of system
flow charts and reduction of these to detailed flow charts
and coding into assembly language. (4) Documentation
of programs including abstracts, flow charts, operating
procedures and input/output formats.

Requirements include a B.S. or M.S. degree in Mathe-
matics, Physics, or Computer Science or Electrical Engi-
neering. We will consider equivalent in work experience.
Send resume in strict confidence stating salary require-
ments to:

Mr. W. R, Kaplinski

AUTOMATIC ELECTRIC COMPANY
400 North Wolf Road

Northlake, illinois 60164

An equal opportunity employer.
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URGENT

ASSISTANT TO V.P.
OPERATIONS RESEARCH

$12,500 - $18,000 )

We have several exclusive positions with research organiza-

tions and manufacturers for operations research analysts.

These systems oriented men will report directly to Executive

.P’s and themselves have V.P. potential. Ground floor
opportunities.

PROGRAMMERS (24) EXCI.USIVE
$7,000 - $11,000
Nationg! firm staffing now S$/360 instellation in need of

management potential. Degree, 0-2 years expenence Beneflfs
and potential are finest in industry.

SYSTEMS ANALYST
$11,000 - $15,000
Large manufachrer looking for man with several years back-
ground in pure systems — business oriented. New position —
Will be groomed for top management in new management
service groyp.

MANAGER OF SYSTEMS
$13,000 - $16,500
Medium-sized manufacturer of consumer goods in need of man
capable of supervising installation of computer and building
EDP department. Potential of V-P of Data Processing.
No obligation to you

Companies Pay All Expenses
Send Resumes To or Phone: Mr. Robert Ruth

RAINBO PERSONNEL

67 E. Madison St., Suite 717
Chicago, Illmols 60603
(312) 263-6950

PROGRAMMERS

Starting Salary $7,419 to $10,619

Bureau of Naval Personnel is seeking experienced digital
computer programmers to accomplish broad assignments in
the Navy Manpower Information System. Applications include
military personnel administration, manpower requirements,
and financial management information, predmhve and control
systems.

Experience in systems analysis and programming medium to
large scale computers including IBM Model 360-30/40 is
desirable.

Openings are in Arlington, Virginia, a suburb of Washing-
ton, D. C. noted for modern apartment buildings, pleasant
residential areas, qpd a fine school system. These are career
Civil Service positions with regular salary increases and liberal
benefits, and are open to men and women.

Send complete qualifications to:

Chief of Naval Personnel
Attn: Pers-1121

Department of the Navy
Washington, D. C. 20370

An Equal Opportunity Employer
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Room to Grow . .. In a Stimulating Engineering Environment
Ferroxcube is a recognized and growing leader in the develop-
ment and manufacture of commercial computer memory com-
ponents and sub-systems. It is situated a short two hours from
midtown, New York City—on the New York State Thruway—in
the midst of the beautiful Catskill Mountain resort area.
We are engaged in a variety of interesting development and
manvufacturing programs. Move up professionally . . . financially
. and socially . . . look us over. Challenging opportunities
now available for:

MEMORY DEVELOPMENT ENGINEERS

Memory Systems Advanced Development

SENIOR & INTERMEDIATE LEVELS
To advance the state-of-the-art in system and circuit
design. Projects include high speed memories, mass
core memories, etc. Digital circuit experience re-
quired; knowledge of memory drive and sense cir-
cuitry, both discreet component and integrated, is
desirable.

APPLICATIONS ENGINEERING

For Ferrite Memory Devices & Systems work with cus-
tomer specifications with respect to core planes,
stacks and systems design and specifications for com-
puters & data processing. Opportunity for project
responsibility. Familiarity with core memories and/or
digital systems desirable.
Please send resume including salary requirements to:
J. PAUL STURTEVANT, DEPARTMENT 6 .
FERROXCUBE CORPORATION OF AMERICA
Corporation of America
SAUGERTIES, NEW YORK 12477
An Equal Opportunity Employer
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HARVARD
UNIVERSITY

 COMPUTING CENTER

Expansion of Computing Center Services has
created permanent positions for senior
programmers with 7094 experience in:

o real time applications

e multiprogramming

o multivariate statistical ahalysis
e numerical analysis

Opportunity to plan and execute major. new
systems and applications.

Resumes acknowledged and handled in confidence.

Mail to: Dr. Norman Zachary, Director
Harvard Computing Center
Harvard University

33 Oxford Street

Cambridge, Massachusetts 02138

An Equal Opportunity Employer
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TO: ALL LEVELS OF

PROGRAMMERS

ANALYSTS
ENGINEERS

It’s time for review—and it’s time for
shaping your 1966 professional career
plans—we’d like to talk with you about
your future—our clients retain us to
match important positions with quali-
fied men at all levels—Junior, Senior and
Management. If you have interest and
experience in any of the following disci-
plines, let’s discuss the fullest use of your
professionial potential..... .

Scientific Programming

Digital or Logic Design

Real Time Systems

Circuit Design

Software Development

Commercial Programming
Operations Research

Mathematics

Applied Systems

Development Engineering

Systems Design

Communications

Starting salaries range to $25,000, accord-
ing to your experience level; all fees and
expenses are assumed by our client com-
panies. Please forward your resume in
strict confidence, including salary and geo-
graphic preference, DIRECTLY to Mr.
R. L. Keilholtz or Mr. Donald Wayne.

EVERETT KELLEY /
ASSOCIATES |

Consultants to the
Computer Industry

12} So. Broad Street (Suite3300)
~ Philadelphia, Pa. 15107

e o 0 0o 0 0 0 0 0 0 o o

CIRCLE 121 ON READER CARD
127



/
SGIENTIFIC PROGRAMMERS

Reprogram your career
In the aerospace field with
AC Electronics Division
of General Motors

Titan I11, Apollo, Lunar Excursion Module (LEM). These are typical of the projects you
may be working on as a member of the AC Electronics Division team. We're looking for
qualified Programmers to fill immediate openings. If you meet the requirements for
any of the positions listed below, send us your resumé today!

Sr. Scientific Programmers

Responsibilities include the development of large scale digital computer programs for
orbit determination and simulation of highly complex space and missile guidance
systems. BS or MA in Math or Physics plus experience on IBM 7000 series required.
Location: Los Angeles.

Scientific Programmers

Analyze and prepare computer programs for solution of engineering and scientific
problems utilizing the 1BV System 360. Scientific applications include design automa-
tion, missile trajectory simulation and missile flight test data reductions. Degree in
Math, Physics or Engineering required. Minimum of two years experience plus oper-
ation knowledge of large scale computers. Locations: Milwaukee, Los Angeles, Boston,
Houston, New York and Cape Kennedy.

Programmer (Scientific/Real Time)

Analyze and develop digital computer programs for solution of engineering problems
related to inertial navigation systems and components. BS in Math, Physics or EE
required with experience in machine language and Fortran. Location: Boston.

“Send resumé to:-

Mr. R. 0. Schroeder, Director of Scientific and Professional Employment, Dept. 5753,
AC Electronics Division, General Motors Corporation, Milwaukee, Wisconsin 53201.
Your resumé for one of the above positions will be reviewed immediately and a reply
made to you within a matter of days.

AC ELECTRONICS

Division of General Motors, Milwaukee, Wisconsin 53201

k An Equal Opportunity Employer
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SENIOR SCIENTIFIC
COMPUTATION ANALYST

Assignments include solution of difficul:
engineering and physics problems in a
diversified and scientifically oriented
company. For example, the interaction
of electrons with electromagnetic fields.
Requires advanced degree, preferably
PhD. in engineering or physics, and
background in scientific programming.

SCIENTIFIC PROGRAMMER

Positions available in Applied Mathe-
matics Group and Management Inform-
ant Services. Requires degree in engi-
neering, physics, or mathematics and
two years scientific programming ex-
perience with large scale digital com-
puters using an algorithmic language
such as FORTRAN.

ENGINEER
DIGITAL CIRCUIT

A challenging position is available for
an engineer with knowledge and experi-
ence in design and build-up of transistor
circuits. Must be familiar with digital
computers and interfacing analog de-
vices with digital computers. Knowledge
of data handling helpful. BSEE or MSEE.

Send your resume in confidence to:

MR. J. T. GRAY

varian

611 Hansen Way
Palo Alto, California

— An Equal Opportunity Employer —
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Address all replies to box number advertise-
ments as follows:

Box..... RPN
DATAMATION

F. D. Thompson Publications, Inc.
141 East 44th St.

New York, N. Y. 10017

Classified Advertising

PROFESSIONAL SERVICES

ROBERT L. PATRICK
COMPUTER SPECIALIST

9935 DONNA 213.349-2225
NORTHRIDGE, CALIFORNIA

USED EQUIPMENT

Before Selling or Returning 1BM EAM or EDP
Equipment, Contact us For Premium Prices. GMA
LEASING 138 NEPPERHAN AVENUE, YONKERS, NEW
YORK 10701. Phone 914 — YO 9-0807.

YES, WE HAVE those scarce 026 key punches and 056
verifiers available for lease immediately. But we won’t
have them long. Call or write: EDP LEASING CORP.,
7%5 gFligf;th Avenue, New York, N.Y. 10022. Phone: (212)
421-9195.

BUSINESS OPPORTUNITIES

ASSOCIATE WANTED—Investor desires associate to es-
tablish and operate service bureau, NYC area. Heavy ex-
perience in D.P. sales or programming required. In-
vestment $20K min. In reply please indicate experience,
education and references. Box 2-1.

KEYPUNCH PERFORMANCE AIDS Increase production,
reduce errors, and bring sub-standard operators up
to par. Five easy-to-follow flow charts guide novice
or experienced operators through preparation of
the program planning card, and alpha-numeric key-
punching and error. correction with program con-
trol. Durable plastic sheets, 10 x 12 inches, fit
workspace, Set of § charts: $15. Set of 5 35mmi,
training slides: $15. Quantity discounts. ENTELEK
Inc., Dept. KP-1, Newburyport, Mass. 01950.

HELP WANTED—educational institutions

COMPUTER MAINTENANCE ENGINEERS: Openings avail-
able in the rapidly expanding Computer Technology
Division of the Ottumwa Area Technical School estab-
lished by the State of lowa. The school presently has
two computer systems and a full complement of [.B.M.
unit record equipment for use in the student laborato-
ries. Must have two years experience as a Computer
Maintenance Engineer or other closely related areas to
be certified by the State of towa for instructing in this
technology. Instructing experience helpful but not re-
quired. Degree helpful but not required. Salary-in the
range of $8,000 depending on experience and education.
Submit resume to: Bernard L. Terrill, lowa Technical
Education Center, Municipal Airport, Ottumwa, lowa.
52501 Telephone 515-682-8351.

DATAMATION

Classified Advertising

The classified section Is open for the following
advertising categories: Used equipment; posi-
tions wanted; help wanted, educational institu-
tions; maintenance services; professional cards;
hobby products; business opportunities and ed-
ucational courses. Rates are based on total
number of insertions used within each contract
year.

For_further information please contact: DATA-
MATION Magazine, Classified Advertising Dept.,
141 East 44th Street New York, N. Y. 1001 pa
212-MU 7-5180.
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OUR PEOPLE WRITE ROUND BOOKS

Filed here in this climate controlled library are the
taped instructions and information from which our com-
puters pour out reports on inventory, accounting, class-
room scheduling, payroll, even mailing labels.

Every word was written by people. .. experienced
people. Every ‘“chapter’” was outlined and organized by
our systems designers. Every guiding sentence was phrased
for efficiency by our programmers.

Without these people, our $23 million worth of com-
puting machines would spin fruitlessly.

If you are thinking about utlhzlng a computer, think
about people first.

Call or write.

One of our people will answer.

Consulting « Systems Design « Programming « Data Processing and Computing
MCDONNELL AUTOMATION CENTER
DIVISION OF MCDONNELL AIRCRAFT
Box 516, St. Louis, Missouri, 63166 Tel. (314) 731-2121

Colorado Office: DELC OS Denver - Tel. (303) §34-6291
Texas Office: MIACTEX Houston - Tel. (713) 224-5921

CIRCLE 119 ON READER CARD
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CLICHE EXPERT

DISCUSSES

COMPUTERS

. Good morning, Mr. Arbuthnot. I
believe you're here to tell us about
a management information system.

A. Yes, a total management informa-

tion system.

Q. What kind of tools would this give

to top management?

. It would give top management the
tools they need to make decisions
based on up-to-the-minute infor-
mation from every unit in your
widespread organization so that
they can manage effectively in
spite of ever-changing conditions.
. And these decisions would be. . . ?
Real-time, of course.

. What kind of challenges would
this help top management meet?
The challenges of a soaring econ-
omy, increased federal control,
tougher competition, rapid tech-
rological change, product obsoles-
cence and more sophisticated con-
sumers.

. What kind of feasibility study do
you make first?

An all-out feasibility study, of
course.

To determine. . . ?

If a total management informa-

tion system is economically justi-

fiable.

Which means. . . ?
Are you funded?

. And after this. .. ?

We make an in-depth system anal-

ySiS.

. What does this help you pinpoint?
. This helps us pinpoint duplicated
efforts, overlapping functions, rig-
idly structured organizational
lines, divided responsibility, ham-
strung authority and. . .

. And, Mr. Arbuthnot. .. ?

. (Softly) . . . superfluous execu-
tive personnel.

. And they are...?

. Reoriented.

What's the next step?

. We flowchart the entire process. .

. What sort of acronym does this
help prevent?

GIGO.

What kind of proposal do you
make after this?

A. A firm proposal.
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And this involves what kind of
hardware and software package?
A total hardware and software
package.

. I understand your hardware is

third generation.

. It's truly third-generation, com-

pletely modular and enormously
powerful, giving you the most per-
formance per dollar of any hard-
ware in its class or even. . .

Or even of what? -

Or even of hardware costing sev-
eral times as much.

. Does it embody any advanced

concepts?

. It embodies several advanced con-

cepts for total high performance
and its significant, state-of-the-art

“characteristics are completely in-

tegrated.

. What sort of relationship is it de-

signed to maximize?

The man-machine relationship.
Does it have a full complement of
anything to help this relationship?

Yes, a full complement of lights,

bells and whistles.

What kind of instruction repertoxre
does it have?

Extensive and powerful.

. What kind of access does the

memory have?
Ultra-fast, random and expandable.

. How would you describe the line

of peripheral equlpment?
NG, PIVUR 21l. Oawikla
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and powerful input-output fea-
tures.

. What kind of increments do we

have to buy?

Only the exact increments you
need.

Would you say your system is
fully expandable?

. It’s totally fully expandable to

grow as you grow. You won't start
out with hardware that’s too big
for the job or end up with hard-
ware that’s too small for the job.

. What kind of applications is the

system suitable for? _

It’'s designed for a wide range of
applications for business, science
and industry.

What unique characteristics does

> OFO B
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with a bow
to Frank Sullivan

your software have?
It's powerful. It’s total. And it’s
fully compatible.

. Upward. ..?

And downward.
Is our programming investment
protected?

. Fully protected. With our exclu-

sive INCEST concept, there’s no
costly reprogramming or retrain-
ing. It extends the usefulness of
your present programming.

. Does the software come with the

hardware?

. It is fully documented and will be

available shortly.

What phase would you say it’s in?
The debugging phase.

What kind of program library do
you make available to us?

An extensive program library that’s
being enlarged continuously.

Will we be ready for tomorrow’s
problems?

. Absolutely. Because our hardware

and software are completely flex-
ible, easily expandable and totally
modular, you'll be ready for on-line
time-shared multi-programmed
solid-state batch processing from
remote stations. With us, you have
the years-ahead system.

. Is there some way you can charac-

terize the unique and exclusive
benefits of your system in a single
senténce?

It provides the most throughput,
lowest cost, greatest reliability and
it defies obsolescence.

. When can I see one?

Our expert outside consultants and
our top-flight engineering team
are finalizing the first production
prototypes preparatory to total
systems checkout. Off the top of
my head, I'd say our initial demo
will be on the air sometime during
the fourth quarter—seasonally ad-
justed, of course.

Q. How much for an adding machine,

Mr. Arbuthnot?

A. Just sign right here, sir. I've got

one in the car.
—B. W.
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the surprising
role of programming

al Xerox

(how to quietly put your skills to work
on the mainstream of some very unu-
sual corporate and scientific problem-
solving...decidedly upstream.)

The first surprise generally comes with the com-
ment that throughout the corporation’s many operat-
ing divisions, as well as within the more centralized
business and scientific computing groups, Xerox
already employs a healthy number of programmers
(upwards of 100). Not neophytes. And we have ample
room for more. Also not neophytes. ’

The second surprise surrounds the kind of work
we’ll invite you to do, and the way we encourage you
to do it.

To begin with, we’ve toppled the concept that a lot
of people have —that computers are merely data proc-
essing machines, no matter how wondrous. We've had
the good fortune to participate in (maybe precipitate)
a thorough organizational awakening to the fact that
a computer in a scientific environment should be used
to enhance the insights of scientists and engincers—not
just be used to process a problem they may have. And
the same goes for non-technical, decision-making man-
agement,

If these be platitudes, they’re platitudes in action.

And so you’ll find imany of our “programmers” act-

February 1966

ing as consultants to managers of fundamental and ap-
plied research, advertising, marketing, manufacturing,
finance, etc.

This is not routine programming. And a routine pro-
grammer wouldn’t be up to it.

In addition, there’s some interesting work in prog-
ress on time-sharing systems. The software aspect is a
challenge all its own.

You’ll find enough modern EDP equipment here so
that your creativity isn’t likely to be inhibited by a
lack of hardware. To give you a few examples, we've
recently installed a 7044 at our Scientific Computing
Center. Then there are two 7010s sharing almost a bil
lion characters of random access storage, supported by

1460s and 1401s, all in one of our installations.

One last possible surprise. If you thought Xerox was
in the office copier business, you were not entirely cor-
rect. This will be more apparent when you visit us and
we discuss your approach to problem-recognition in
fields like optical technology, laser studies, hehavioral
science, remote imaging, and a few additional subjects
that are peculiarly relevant to the real business of
Xerox—graphic communications.

Most, but not all, of these positions are in Rochester,
New York. Send your resume,in confidence to Mr.David
E. Chambers, Dept. YVB-101, Xerox Corporation,
P.O. Box 1540, Rochester, New York 14603.

An Equal Opportunity Employer (M&F)

- XEROX

XEROX 1S A TRADEMARK OF XEROX CORPORATION
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- cAaN YOU
ASSUME A

MORE RESPONSIBLE
POSITION??

Many of our most prominent clients are seek-
ing men of proven ability to assume opera-
tional and management positions encompassing
the design and/or utilization of computers.
If .your interest and experience include any of
the following areas:
scientific and commercial programming . . .
systems analysis . . . software development . . .
digital and logic design . . . compiler devel-
opment . . . operations research . . . information
retrieval . . . systems design,
you are invited to investigate opportunities offering
up to $30,000. All fees and relocation expenses are
assumed by client companies.
Please direct your resume stating salary requirements and
geographical preference in complete confidence to:
Mr. Philip Nash or Mr. Daniel Shechan
EDP Staffing Specialists Dept. D-2

BBOTT'S
of Boston

EMPLOYMENT SPECIALISTS
Serving the Scientific Community
- for over forty years

150 Tremont Street
Boston, Massachusetts 02111

HAncock 6-8400 -
.+ CIRCLE 125 ON READER CARD

INFORMATION SYSTEMS
SCIENTISTS AND ENGINEERS

Bendix Research Laboratories has excellent career opportunities for B.S., M.S.,, and
Ph.D. graduates with 2 to 15 years experience in one or more of the following key areas:

@ ARTIFICIAL INTELLIGENCE, pattern recog-
nition, traihable systems, adaptive logic.

@ COHERENT OPTICAL PROCESSING, spatial
filtering, optical correlation, electro-optical
systems and components.

@ DIGITAL COMPUTER DESIGN, systems
analysis, logic and circuit design, real-time com-
puter control.

@ ANALOG COMPUTERS AND SYSTEMS, infor-
mation theory, control theory, circuit and servo
analysis, correlation techniques.

@ REAL-TIME COMPUTER PROGRAMMING,
mathematical analysis, scientific computing.

Assignments involve research and development in automatic extraction of information
from photographic records, image processing and analysis, adaptive and trainable
control systems, digital and hybrid computing techniques, and advanced real-time
computer control applications.

Interested individuals are invited to call collect or to send a resume to our Personnel
Director.

Research Laboratories Division
Southfield, Michigan « (313) 353:3500

An equal opportunity employer

THE e”dl'/

CORPORATION

CIRCLE 124 ON READER CARD
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PROGRAMMERS & SYSTEMS ANALYSTS

IMMEDIATE OPENINGS

412L System — various locations throughout West
GERMANY Germany providing maintenance programming on
| command and control systems. .

Suburban location, Willow Grove, Pa. Development

PH".ADEI_PHIA of overseas AUTODIN programs. Later assignment
available throughout Europe, etc:

Several positions, Lexington, Mass. in scientific pro-
BOSTON gramming and systems analysis for command and
control air defense, missile re-entry, etc.

Development and maintenance of programs involv-
ing communications switching for air weather in-
formation.

OKLAHOMA CITY;

In general, we are seeking persons with 2-3 years’ applicable experience.
Degree is desirable and in several instances, mandatory. Some qualifying
experience areas are:

REAL TIME / COMMAND & CONTROL / COMMUNICATIONS
SWITCHING / OPTICAL-RADAR DATA REDUCTION / SAGE /
BUIC /7 SPADATS / AUTODIN / PLAN 55 / DCA / DECCO, Etc.

Excellent Benefits Program. — Send Resume to Dept. 801-TH
PHILC TECHREP
DIVISION

=
A SUBSIDIARY OF _/C@)JO?‘%WWI{I/,

P.O. BOX 10 — FT. WASHINGTON, PA. 19034
. An Equal Opportunity Employer

CIRCLE 126 ON READER CARD

SCIENTIFIC
PROGRAMMERS

These openings are for real-time, data reduction
applications associated with range operations in
support of the Gemini and Apollo space programs
at the John F. Kennedy Space Center in Florida.

Requirements include a degree in Mathematics
and/or related fields with a minimum of 2 years
of programming experience on large-scale
computer systems. Experience in symbolic
and FORTRAN languages requirgd.

To arrange a convenient interview, please
forward your resume, in confidence
to Mr. H. B. Arnold, Federal Electric
Corporation, 8660 Astronaut Blvd.,
Cape Canaveral, Florida.

ITT

service | FEDERAL ELECTRIC CORPORATION

An Equal Opportunity Employer (M&F')
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when it comes
to computer tape

MAC Panel
lays it on thin

But, not oo thinl

Just a uniform, .00041-inch coating thick-
nessthatassuresuniformsignal response
... from edge to edge, from beginning to
end.

This uniformity is the result of MAC's
gravure coating method, and we micro-
scopically inspect every gravure cylinder,
to assure this precise control of oxide
coating. MAC's coating thickness is held
to a tolerance of one millionth of an inch.
Even the polyester base material is ironed
flat to a mirror smoothness—once prior
to coating and then once again after coat-
ing. This super finish assures the best
high frequency characteristics.

coating,

To mention a few more quality control -
measures that assure you of uniformly
high standards of tape performance, we
put our oxide blend through eighteen
hours of milling in air tight, stainless steel
vats. A minute less and we couldn't be
sure of achieving uniform particle disper-
sion. To make doubly sure of uniform per-
formance, the oxide blend is filtered to
guarantee a uniform particle size of
.000039 inches.

After coating, electronic temperature and
drying controls in our multi-stagedrying
ovens scientifically maintain a delicate
balance between bonding agents, oxide
and other ingredients. It's a slow, inside-
out drying process to assure thorough

hardness. In addition, our chemists insist
that the airin the drying ovens be as pure
as humanly possible. So, three miles of’
filtering agents do the job in a highly
specialized and efficient air purification
system,

All of these quality control measures are
routine at MAC. And they start in the re-
ceiving room, where base materials, oxide
resins, and other materials are closely
inspected for uniform quality by chemists
and lab technicians. It all adds up to one
thing: Only MAC Panel can guarantee
uniformity of tape performance, because
only MAC Panel guarantees uniformity of
quality control at every step in the manu-
facturing process.

==

MAC PANEL COMPANY « High Point, North Carolina

MAC PANEL MANUFACTURES HEAVY-DUTY COMPUTER TAPE- FULL-WIDTH TESTED AND GUARANTEED AT DENSITIES THROUGH 1600 BPI
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Let us take you down memory lane.

Before there could be ferrite cores there had to be ferrites.

Philips of the Netherlands developed the first ferrites.
Then Philips uncle’d us

and together we made the first 30 mil cores.

Then we made the first 20 mil cores.

Then we learned to string them before anyone else did.
Then we learned to string them more reliably

than anyone else could,

(so reliably that in a recent order for stacks
containing 136 million cores, only 3 stacks

were returned for individual core malfunctions.

3 out of 136 miillion.)

It's taken us only 4 years to get this good.

FERROXCUBE CORPORATION OF AMERICA
Saugerties, New York
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