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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

not a grapefruit in 500 miles

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.

O You can be sure we won't sell

you a lemon — or a grapefruit.
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Building with pre-tested, standardized digital Flip
Chip™ modules has these advantages.

You can build what you need now and expand later.
You can get another piece exactly like the one you
already have. Everything fits with everything else.
Plans are avaijlable. Mass production allows favorable
pricing. You have a wide selection to choose from.

Experience has eliminated the bugs. Every module is
guaranteed for 10 years.

Power supplies, mounting panels, cabinets and as-
sorted hardware are also standard. Try a prefab. Try a
whole Levittown.

Write for a catalog.

.

t

MODULES - COMPUTERS

DIGITAL EQUIPMENT CORPORATION, Maynard, Massachusetts 01754. Telephone: (617) 897-8821 » Cambridge, Mass. » Washington, D. C. « Parsippany, N. J. o
Rachester, N.Y. « Philadelphia « Huntsviile « 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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We will be very surprlsed if the rest of ,
the industry catches up wrth our new computer,
system in the next 5 years. .

Itis called Slgma 7 ‘
It does time sharlng m a real

Iisa totally lntegrated hardwa
software package. =~

~ Itwas designed first of all to handle th, «;
 heaviest demands of prlorlty mterrupt*?
1 f,processmg-— easdy, srmply, naturally

 Nextitwas designed to handle conversa_'”"”
- time sharing, and all the tasks of science

~ engineering and business, concurrent

. the same ease and naturalnes"*’* .



It can completely change its enwronment
~ from one PL/I program to another in 6

. microseconds, under the control of an
-operatmg system.

ata Systems
reet, Santa Monica, California
ipal cities throughout thewo‘rld}
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ANNOUNCES
the
UCC PROGRAM
TRADING
CENTER

If You or Yduf Company:

(O has developed and implemented a new
EDP application solution

(O has designed and implemented an effi-
cient operating system

(O 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:

(0 recover most or all of your development
costs :

(O 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 supplied by UCC

UNIVERSITY
COMPUTING
. COMPANY .

Attention: PTC
1300 Frito-Lay Building
Dallas, Texas 75235
Telephone: 214 FL 7-0246

CIRCLE 6 ON READER. CARD

april
bIL

volume 12  number 4

President ' FRANK D. THOMPSON
Publisher GARDNER F. LANDON
Editor ' ROBERT B. FOREST

Managing Editor & Art Director CLEVE MARIE BOUTELL
Associate Editors EDWARD K. YASAKI
WILLIAM J. ROLPH
HEIDE E. HESS
ANGELINE PANTAGES
CHARLES WHITE
HOWARD BROMBERG
ROBERT V. HEAD
JAMES McCROHAN
ROBERT L. PATRICK
DANIEL D. McCRACKEN
LOWELL AMDAHL
MARILEE PITMAN
ALGENE TRAINA

Assistant Editor
Eastern Editor
European Editor
Contributing Editors

Washington Reporter
Editorial Adviser
Technical Consultants

Production Manager
Circulation Mgr.

JAMES M. MORRIS

WARREN A. TIBBETTS

FELIX CHARNEY

141 E. 44th St., New York N.Y. 10017
[212] MUrray Hill 7-5180
WARREN A. TIBBETTS
112 West Haven Rd.,
Manchester, N.H., [603] NAtional 5-9498
JOHN BRENNAN

205 West Wacker Drive, Chicago, 1ll. 60606
[312] FInancial 6-1026

Western District Manager HAMILTON S. STYRON

& Vice President 1830 W. Olympic Blvd., Los Angeles, Cal., 90006
[213] 385-0474"

Eastern District Managers

New England District Manager
& Vice President

Midwest District Manager

EDITORIAL OFFICES

1830 WEST OLYMPIC BLVD.
LOS ANGELES, CALIF. 90006 “-‘_‘

ABP
BPA g
Circulation audited by Member,

Business Publications Audit American Business Press, Inc.

Microfilm copies of DATAMATION may be obtained from University Microfilms, Inc.,
313 No. First St., Ann Arbor, Michigan. DATAMATION is published monthly on or
about the tenth day of every month by F. D. Thompson Publications, Inc., Frank D.
Thompson, President. Executive, Circulation and Advertising offices, 141 East 44th
Street, New York, New York 10017 (MUrray Hill 7-5180). Editorial offices, 1830 W.
Olympic Blvd., Los Angeles, California 90006. Published at Chicago, lIl.

DATAMATION is circulated without charge by name and title to individuals who
qualify by our standards and are employed by manufacturers or users of automatic
information-handling equipment in all branches of business, industry, government
and the military. Available to others by subscription at the rate of $15.00 annually;

- single issues (when available) $1.50. Reduced rate for qualified students. Foreign sub-

scriptions are on a paid basis only at a rate of $25.00 annually. No subscription
agency is authorized by us to solicit or take orders for subscriptions. Controlled
circulation paid at Columbus, 0. Form 3579 to be sent to F. D. Thompson Publications,
Inc., 205 W. Wacker Dr., Chicago, Ill. 60606. Copyright 1966, F. D. Thompson
Publications, Inc. :
Printed by Beslow Associates, Inc.

This issue 63,052 copies

DATAMATION



Raytheon’s 520 RitH (1",
IS a real-fime
computer

system with a
1 microsecond
main memory.

FORTRAN U
IS
compatible
with IBM's
7094 and 36¢

Raytheon Computer’s FORTRAN 1V is language compatible with
FORTRAN 1V (version 13) used with IBM’s 7094 and is a sub-set
of the FORTRAN IV designed for System/360 machines. This
compatibility in' an efficient one-pass processor is available only
with Raytheon Computer’s 520.

With Raytheon’s FORTRAN IV you can exchange programs
between the 520 and the 7094 and you can debug many
7094/360 programs on a 520 when either of the other machines
is not available. Debugging is done faster if the 520 is equipped
with its optional 1 microsecond memory and at lower cost,
since the 520 runs about 1/20 the cost of the 7094 on an hourly
basis. Equipment requirements are minimized too, since Ray-
theon FORTRAN 1V runs on a 520 with an 8K memory.

FORTRAN 1V is the third major FORTRAN package Raytheon
has made available to 520 users and is a separate and distinct
processor from the other two—FORTRAN Il ‘and Real-Time
FORTRAN IV. This eliminates the overhead processing penalties
usually associated with multi-purpose FORTRAN processors.
Raytheon FORTRAN 1V and Real-Time FORTRAN IV include all
the features of the ASA standard

Raytheon’s FORTRAN IV enables real-time and hybrid instal-’
lations to use the 520 for data reduction and hybrid support
programs which otherwise have to be run on a 7094.

The majority of FORTRAN programmers are familiar with this
language; those who do require training will be spending their
time and your money learning a language that is the most
widely used in the industry. Documentation effort and expense
are also reduced.

The Raytheon 520, with your choice of either a 2 micro--
second or 1 microsecond main memory, and input/output fea-
tures like keyboard/CRT display station, disc pack and drum
memory, direct memory access and improved analog interface
units, is currently being specified for hybrid and real-time sys-
tems in the $100,000 to $300,000 price range. Your first step is
to read the literature. Write today for Data File C-131.

' | Raytheon Computer, 2700 S. Fairview
@ Santa Ana, California * 92704
i il (714) 546-7160 * TWX 714-546-0444
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Most people -
'};_I|keComputape;

. there who like Computape. '

- But occasionally we run into someone who doesn t :
~Bound to happen, of course. Once in a long while it turns out to be ,
_ one who has a Jegitimate gripe. Like the little car ad says, nobody’s perfect ;

o Much, more often, mterestlngly enough, it’s someone who has never even
tried Computape. Maybe he's found another brand that seems adequate and
~ would rather fight than switch. Or maybe he has a feeling that the company
* that does the most and the Ioudest advertxslng just naturally makes the best

‘preCISlon tape.
 We will respect his oplnlon Wlthout subscrlbmg to its vahdlty
Nevertheless, we would like the chance to prove to him that Computap
is the finest, most dependable tape that money can bu ‘
busine: jolly well better be.
Maybe you're missing out on somethmg good too,
 tried ,hy not investigate? After all, most people hke Computape.

V|5|t our ‘exhibit at AFIPS—Booth No. 1202 1203 :
- CIRCLE 8 ON READER‘ ARD
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TIME-SHARING MEASUREMENT, by Allan L. Scherr. This unusual

study, made with access to the Project MAC system, gives specific figures on user
characteristics and the system’s response, giving a measure of performance that may
be useful in future design.

A PUSHBUTTON TELEPHONE FOR ALPHANUMERIC INPUT, by

Leon Davidson. The author sees the increasingly familiar Touch-Tone telephone
as a device easily adapted to fill the need for low-cost input stations.

PROGRAMMING THE COMPACTS, by Charles W. Walker. To re-

duce word length and consequently cost, many of the new small computers use
sectored memories. The author describes the method used by his company to sim-
plify programming with this type of machine.

DATA COMPRESSION, by Ware Myers, Michael Townsend, and

Timofhy Townsend. An explanation of the techniques necessary to keep up
with high speed data acquisition systems in recording and reducing data.

ON-LINE BRANCH BANKING, by Elmer C. Miethaner. Describes a

system that places teller machines at branches on-line to a central file, enabling de-
positors to use the facilities of any branch, and speeding both window transactions
and internal operations.

TIME-SHARING IN BIOMEDICAL RESEARCH, by.T. Allan Pryor and

Homer R. Warner. A time-shared CDC 3200 system, supplemented by an
analog computer, is described with examples of experiments now being monitored
and analyzed. :

ARE SMALL, FREE-STANDING COMPUTERS HERE TO STAY?, by

Fred Gruenberaer. The hullabaloo about time-sharing of large systems may

make the 1401 user moving up to a 360/30 wonder if he’s all alone in his decision;
the author discusses some advantages of his position.

SPECIFYING OBJECT-CODE EFFICIENCY, by Christopher J. Shaw.

Compiler buyers are offered a method to make sure they get their money’s worth
in minimum instructions and execution time.

THE FLIGHT TO TOKYO—1984 STYLE, by Lt. Dorian de Wind.

In a sequel to Ascher Opler’s article Bon Voyage—1984 Style, the author presents
a transcription of the pilot/computer conversation during a flight from San Fran-
cisco to Tokyo.

THE BURROUGHS B2500 & B3500. Falling between the B200 and B5500,

new decimal computers feature multiprogramming, hardware memory protection,
and 100-nsec registers. The internal code is EBCDIC. New peripherals are also
announced.

SPRING JOINT COMPUTER CONFERENCE. A special section highlights

the technical sessions, exhibitors by product category, preview of new products
to be shown, and special events.

A BOSTON PROMENADE, by James Peacock. Charted is a walk through

downtown Boston, with rests at the Algonquin Club and Locke-Ober’s, through the
Public Garden, the Commons and Beacon Hill, and “Clocktail Hour” at MIT’s
Technology Square. :
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introducing two new
Burroughs S00 Systems:

B 2500 and B 3500

They’re built to respond to your needs
instead of making you respond to theirs

These two new wuser-oriented
computers are the latest Burroughs
500 Systems to be built by teams of
hardware and software experts.

Burroughs started this new
trend in 1960 with the B 5000,
which established the value of inte-
grated hardware/software design.

8

That system’s more powerful suc-
cessor, the B 5500, is still unmatched
by the new competitive systems
that are modeled after it.

The other Burroughs 500 Sys-
tem, the B 8500, is the most power-
ful computer system yet designed.

Now, this new level of computer

responsiveness to business and
scientific problems is available to
even the smallest organization with
a requirement for electronic data
processing.

Here are just a few of the im-
pressive characteristics of the new
Burroughs B 2500 and B 3500:

DATAMATION



1 Extremely fast hardware
speeds, with multimillion digit-per-
second data transfers and control
memories that operate in billionths
of a second. '

2 The ability to do many un-
related jobs at once (multiprocess-
ing)—and to continue doing them
 without interruption even if

you drop in a rush job on
the spur of the moment.

3 An unprecedented
degree of self-regulation in
low-cost computer systems
"via a choice of two operating
systems: the Basic and
Master Control Pro-
grams. The Master
Control Program, for
example, not only
does more, but requires far
less resident core memory
than any other on the mar-
ket. It provides automatic
scheduling, control over
multiprocessing, memory
and I/0 allocation, automa-
tic maintenance of a library
of programs and data, pro-
gram selection and initiation, error
correction funections, interrupt
handling, maintenance of the
system log, and much more.

4 Programing that’s so simple
it can be started
by one program-
- mer and contin-
ued by another
—or divided up
and then inte-
grated by the
operating sys-
tem. Since the
housekeeping
detailsare taken
over by the op-
erating system,
the programmer
is free to con-
centrate on
the problem,
not on the
machine.

5 Higher level programing
languages (COBOL and Fortran)
which save time and money. They

Systems

emory

April 1966

Central
Pracessor

improve supervision by facilitating
review and control of programs and
by demanding standardized docu-
mentation. They improve commu-
nication by removing the ‘“machine
language curtain” between those
who understand the problem and
those who understand the computer.

6 A special suitability to
real time, data communica-
tions and time sharing prob-
lems. With the B 3500, it is
possible, for example, to
process order-entry from
remote locations and compile
from remote locations and
- execute major produc-
tion runs at the com-
; puter site—all at once.
Yet every program is
written solely to solve the
problem it was assigned to
handle. Automatic interrupt,
full memory protection, an
interval timer, program seg-
mentation, automatic pri-
ority scheduling and other
features combine to provide
quick response to a wide vari-
ety of simultaneous demands, with
no interference between jobs.

7 The ability to accommodate
the fastest random access disk file
on the market. Operating speed of
this already fast
device may now be
multiplied by simul-
taneous use through
up to four I/0
Channels.

8 From 4 to 20
I/0 channels (all of
which may be active
simultaneously and
still leave ample time
free for computa-
tion) plus multiplex-
ors and exchanges
thatallow great flexi-

of I/0 operations.

9 Monolithic integrated
circuit design which produces
greater speed and reliability and
reduces size and costs. The B 2500
and B 3500 make use of two proven
CIRCLE 9 ON READER CARD

‘bility and simultaneity -

concepts in the very forefront of
this development: complementary
transistor logic and array mono-
lithics.

10 Emulators which make it
simple and quick to convert from
our B 200/B 300 systems or from
1401, 1440, or 1460 systems. These
conversion aids make your old pro-
grams immediately usable on the
faster, more powerful B 2500 and
B 3500. :

11 A responsiveness to change
in all aspects of computer use—
from a change in the number of
peripheral units to a change in pro-
gram priorities. From a switch of
card to tape or from random access
to real time. And under MCP con-
trol, when you add new components,

Magnetic
Tape Cluster

more memory, more I/0 capacity,
or upgrade from a B 2500 to a B
3500—anything short of changing
the basic method of processing data
—absolutely no reprograming 1s nec-
essary. Change on these systems is
economical, quick, and orderly. .

The B 2500 and B-3500 share in
one other important characteristic.
They are both products of Bur-
roughs acknowledged excellence in
electronic data processing.

Burroughs
Corporation

Detroit, Michigan 48232

rroughs




If computer experts tell you it's
crazy to expect a full performance
hybrid computer system that starts

at a ridiculous $5,970...

See if they can wriggle out of this:

The fact is, that the CP Ten-Fifty is designed as an Analog/Hybrid
main frame completely prewired and tested for simple plug-in module
expansion to full hybrid capabilities. No re-wiring. No new patch boards.
No re-engineering. No lost time.

Start on a minimum budget. Get just what you need right now .

a fully wired console . . . basic controls . . . analog components. Then
as your needs increase, further‘budgeting gets you expanded capabil-
ities . . . 3-mode electronic high speed switching . . . considerable
digital logic. Finally, as your requirements grow, full expansion can
include digital computer, in an all desk top hybrid facility — still at
less money than you'd ever guess.

So why stay simple when you can get so beautifully complicated?
The CP Ten-Fifty Analog and its built-in Logic Control System IS fully
compatible with major digital computers.

You’ve only read half the story. Send for the other half —
a new brochure and a Buyers Comparison Chart that
shows you where the value lies in analog computers.

B Booth 509 at SICC Boston, April 26-28

— .;,M\,.‘ —
] comPUTER PRODUETS, INC.
55 Chapel Street, Newton, Mass. 02158 Tel. (617)-244-7575
CIRCLE 10 ON READER CARD
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calendar

@ Systems and Procedures Assoc. is
sponsoring a Southwest Systems Con-
ference April 20, at the Townehouse,
Phoenix, Ariz. '

@ Course on the top management

. control of edp, sponsored by Automa-

tion Training Center, will be held at
the Americana Hotel, New York, N.Y.,
April 21-22. Fee: $175.

@® Symposium on computer-aided
basic research will meet April 22 at
the Steven’s Institute, Hoboken, N. J.

@ Society of Photo-Optical Instru-
mentation Engineers is sponsoring a
seminar on “The Human in the Photo-
Optical System,” April 25-26, Shera-
ton-Tenney Inn, New York, N. Y.

@ Maeeting of the American Society

_of Mechanical Engineers on the theme

“Computers and Instrumentation” will
be April 25-27, Charleston, W.Va.

@ Workshop seminar on data man-
agement will be held April 25-27,
Sheraton Palace Hotel, San Francisco,
Calif. Sponsor is American Manage-
ment Assn.

@ RCA Institutes’ School of Custom
Educational Programs will sponsor two
seminars: “Digital Systems Engineer-
ing,” April 25-29, Los Angeles; and
“Digital Electronics,” April 25-29,
Washington D.C.

@ Meeting of the SDS Users’ Group
will be held April 28-30, Sheraton
Boston Hotel, Boston, Mass.

@ 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. -

® Computer Usage Education Inc.,

will sponsor three seminars: Tlme-‘
Sharing,” May 3-5, Sheraton-Chicago
Hotel, Chicago; “Information Retriev-
al: Today and Tomorrow,” May 10-12,

DATAMATION



International Hotel, Los Angeles; “The
Reprogramming Problem,” May 24-26,
Twin Bridges Marriott Motor Hotel,
Washington, D.C. Fee: $195.

@® Honeywell 400/1400 Users Asso- the . of smaller drum memory
ciation will meet May 4-6, King Ed- . o y

iy systems. Just one advantage of
w(ielrd Sheraton Hotel, Toronto, Can- blt cost the 1264B—our large economy
ada.

size. Stores more than 2,000,000
36-bit words. Costs less than 5¢
per word.

Then, too, the 1264B adapts to
any computer with direct mem-
ory access...offers phase mod-
ulation recording with internal
‘parity generation and check-
ing...is word addressable with
17.3msec average access (se-
quential words at 36#&).

@ National telemetering conference
will be May 10-12, Prudential Center,
" Boston, Mass.

@ National colloquium on informa-

“tion retrieval is scheduled for May
12-13, Univ. of Pennsylvania, Phila-
delphia, Pa.

@ Meeting of the Canadian Opera- Your application demands even higher transfer
tional Research Society will be May rates? Then we'll build into your 1264B bit,
12-13, McGill Univ., Montreal, Can- byte or word parallel data format. All of this...
ada. plus electronic switching...and you still pay
less than 5¢ per word.

@ sHARE Design Automation Com-
mittee Workshop will meet at the
Jung Hotel in New Orleans, May
16-18.

@® Course in simscripT will be given
May 16-20, Southern Simulation Serv-
ice, Tampa, Fla.

@ Seminar on “Manégement for Nu-
merical Control” is scheduled for May
18, IIT Research Institute, Chicago,
Il

@ Technical symposium on “Devel-
opments in Multiprogramming and
Multiprocessing,” sponsored by the
San Diego Council of Data Processing
Societies, will be held May 20, San
Diego Community Concourse.

Modules
~ Drum
Memories
@ GUumE International Users Organ- ’
ization will meet at the Queen Eliza-

. .
beth Hotel in Montreal, Canada, May. ‘ SyStemS
24-27. - ‘ - . »

@ Joint spring conference of the Uni-
vac Users” Association and the Univac
Scientific Exchange will meet May 25-
27, Royal York Hotel, Toronto, Can-
ada.

COMPLETE SPECIFICATIONS...

on the Type 1264B Drum Memory System are yours for the
asking...along with our brochure providing basic data on
all VRC product lines: Drum Memories, Modules and
Systems. ‘

@ American Bankers Assn. national
automation conference will meet June
6-8, Palmer House, Chicago, 11l

@® Conference on “Advances in Com- ‘ L ermont Research
. puting” will meet June 10 at the State : . N
N.Y. Sponsors are the Long Island G 0 R P O R A T I 0 |
chapter of the ACM, and the Comput-

Univ. of New York at Stony Brook,
ing Center at State Univ. of N.Y. Box 20d ® Precision Park e North Springfield e Vermont
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Why
rack-sized

invent a

mil-spec incremental

tape system?

Cubic has one!

Need one for your own program? A
compact, rugged incremental/con-
tinuous magnetic tape system that
performs the same functions as a
 medium-scale computer’s tape stand
and synchronizer? If you need one
to fit in a 10” space within an ordi-

Rear view of Cubic’s tape system. Note
use of integrated circuits for high den-
sity and low power drain.

nary 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”x10”x17”.
It is designed to read and write com-
puter compatible tapes in a relatively
program-free manner.

It provides 23 separate and distinct
1/0 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.

The system offers read-after-write
performance, generates parity, sends
a “complete” signal to the computer
as operations are performed.

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-173, San Diego, Cal. 92123.

CUBIC

CORPORATION

SAN DIEGO, CALIFORNIA 92123

DATA SYSTEMS DIV.
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priorities & costing
Sir:

In “Controlling Computer Operations”
(Feb., p. 53), R. S. Haas posed a
question about better ways to allocate
machine time than by “signature”
authority. The local laundry is a sim-
ple example of this way in that
priority jobs are priced higher.
Modern economics proves the virtue
of such action for the most efficient
allocation of fixed supply products.
One direct result of such a course
would be to confront the customer
with the very proper question: “How
important is this job to the person who

_is most capable of judging its import-

ance, namely me?” ‘

WiLriam HurbLow
Livermore, California

.The author replies: ““Yes, | agree with his

recommendation and see no ‘reason why it
can’t be implemented in a production shop.”

process control software
Sir:
I concur with the author’s state-
ments (“Process Control Software,”
by James D. Schoeffler, Feb., p. 33)
that existing languages simply do not
adequately fit all the needs of con-
temporary process control program-
ming. However, in the area of scan-
ning and logging, both common func-
tions of all computer control systems,
there is a very adequate and widely-
known language which can be used
to generate flexible, versatile, and sur-
prisingly efficient programs. I refer to
the everyday English spoken by all
engineers.

The reality of this can be attested

- to by the fact that we are presently

implementing a system that allows an
engineer to “write” these programs by
simply filling out a form in the lan-
guage he commonly uses. It might be
of interest to note that the word

“standard” does not precede the word

“form” in the previous sentence.

I must also take exception to the
redundancy of having an off-line
monitor as well as an on-line monitor.
This is perhaps the basis for the im-
plication in the article that monitors,
by their very nature, require enorm-
ous quantities of memory when, in

DATAMATION



 you can use a dispay Syslem

generating up to 300,000 char, Sec...

Tasker has it: the new
high-speed 922 —a modular,
customized system for a
variety of exacting

_requirements in computer

communications and
input/output control.

Here is high-efficiency
man/machine interfacing. ..
with a system that displays
analog and digital data as
well as dynamic data against

static backgrounds. It also
features random access: 3.5
microseconds to any position.
Basic equipment includes -
the crT, high-speed deflection
circuits, controls and power
supply. Optional accessories
are five input and five output
devices that give the 922
flexible, universal interface
compatibility. Characters are
bright, flicker-free, variable
in size from 0.1 to 1.5 inches,
and can be shaped to conform

to customer specifications.
Shapes geénerated by the
optional stroke-writer comply
with MIL-C-18012A.

The 922 typifies Tasker’s
ability to solve tough, special
problems in the new electronics
generation. To prevent your
project from snagging on dis-
plays and computer controls,
get the best of help —ahead of-
time —from Tasker.

Tasker

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

April 1966
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fact, a monitor which performs the
total executive, interrupt, and 1/0
control functions for all on-line and
time-shared programs can be (and
has been) written in less than 1500
words. .
Meanwhile who is going to specify

RTL (Real-Time Language) and when?

D. G. PisToLE
Programming Services, Inc.
Tarzana, California

The author replies: “I am very happy that Mr.
Pistole agrees that existing languages are not
adequately flexible to fulfill the needs of the
entire process control ‘industry. His English-

language scanning and logging generating

program is a good example of what | termed
Process Oriented Languages, special purpose
languages directed toward the user. Such pro-
grams could be produced very economically if
a higher level language were available.

“There is a real need for an off-line monitor
in the following sense: the off-line monitor is
actually a part of the total operating system
and operates when there is free time available
(that is, time not required by the process). This
permits compildtion and debugging at the
process site without taking the computer off-
line, a very useful feature. Mr. Pistole is quite
correct in his statement that the monitor itself
is not necessarily large.

“A-start at specifying RTL has been made
at the Systems Research Center, Cleveland,
Ohio. This is a cooperative research 'program
sponsored by approximately 12 suppliers and
users in the process control industry, including
the major computer suppliers.”

perpetual calendars

Sir:

Mr. Opler ought to reprogram his
UTSS (“Bon Voyage—1984 Style,”
Jan., p. 24). Barring calendar reform
or thermonuclear disaster, July 7, 1584
will be on Saturday, not Monday.

W. M. Jacoss
New York, N. Y.

Datamation welcomes your
correspondence concerning
articles or items appearing in
this magazine. Letters should
be double spaced . . . and the
briefer the better. We reserve
‘the right to edit letters sub-
mitted to us.
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You'll pay a little more

for digital computer tape
with this label on it.

Let’s talk tape testing at BOOTH 508 — Spring Joint Computer Conference.
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NEW 8"8 TOTA
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Now you can save man hours, lost data,
computer time and dollars with

L SURFACE TESTED

U.S. TAPE

Here — available from stock in 200, 300, 600, 900, 1200 and
2400 ft. lengths — is the first digital computer tape to be
meaningfully certified error-free.

New 8-+8 Total Surface Testing is the most stringent test
procedure ever devised. Study the chart below to see why _
this procedure is at least eight ways better than the
techniques most widely used today.

Then try 8+8 Total Surface Tested tape on your compatible
system with this assurance: you will be immediately aware
of superior quality, higher reliability and significant cost
savings in daily use. Each reel is individually registered and
guaranteed by the U. S. Magnetic Tape Company.

Total
Full-width | Surface
7-track | 9-track | 7/9-track 8+8

1. Usable area tested 529 76%0 88% 100%0
Usable area untested 48%0 24% 12%,. none

2. Head alignment critical | critical critical not
compatibility (of ‘ critical

user’s tape transport
and tape manufac-
turer's test equipment)

3. Untested edge 25 mils | 10 mils 10 mils 8 mils
4. Track width 30 mils | 40 mils 30-40 32 mils
mils
5. Possibility of yes yes yes no
missing migratory
particles
6. Possibility of yes yes yes no
undetected permanent
dropouts
7. Possibility of errors yes yes yes no

in recording channels
caused by dynamic skew

8. Test track.overlap none none partial complete

Want more information? Write today for your free copy of a
new booklet entitled “The facts about testing magnetic tape
for digital computers.”

U.S. MAGNETIC TAPE COMPANY

A Subsidiary of Wabash Magnetics, Inc.
HUNTLEY, ILLINOIS 60142
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ASI's ADVANCE Series .computers are more than

just compatible...they’re ’downrig‘ht congenial

Do you have an on-line sys-
tems problem—an engineer-
ing or scientific computer
application? Consider the
advantages of the low-cost
6020. An ADVANCE Series
customer can start small,
develep his programs on the
6020 and when he’s ready,
field-upgrade to . . .

m m

/L

Gl

. . . the high performance
6040. Use of monolithic in-
tegrated circuitry allows
extremely fast program exe-
cution. ADVANCE Series
software is designed to take
full advantage of the high
speed hardware. The next
step in added productnnty
isto.

)}

...the ADVANCE 6050
which incorporates floating
point hardware and, like all
members of the series, in-
cludes the full measure of -
ASI’s customer support pro-
gram.

For special applications,
AS! has designed the AD-
VANCE 6070 incorporating
an auxiliary arithmetic unit
capability. The modular
concept of the AOVANCE
Series has bheen designed to
save you time and money.
Let us give you more facts.
Write or call: ASI Computer
Division—EMR—8001
Bloomington Freeway,
Minneapolis, Minn. 55420.
Phone: 612-888-9581.

/&

S/IURY /
/ ASI COMPUTER DIVISION
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Iq_ok%ahead

MANUFACTURERS COME ALIVE

Charles Adams, who keeps track of such things,notes
that no new computers were introduced during the
first quarter of '66. Thus no Adams Characteristiecs
in this month's issue. As if to make up for this

. dearth, March saw two major announcements by SDS and
. . Burroughs (see p. 75). We understand that the
Burroughs announcement is only the beginning, folks.
Look soon for the 6500; other "500's" will be
announced later. Sigma, too, will expand.

ASI makes its move soon with a new member of a
new family (see below), and Univac can be expected to
remove the veils in June, when it will probably
announce a "New Family Line" ranging from small- to
medium-scale. A second NFL, medium- to large=-scale,
‘ incompatible with the first one, will come out later.
There are one or two new firms ready to jump into the
game ... NCR will have to do something this year,
and GE will soon upgrade its 400 family. Let's
see ... who does that leave?

IF SDS IS SPRINGING,
CAN ASI BE FAR BEHIND9
Following up its family of four 24-bit computers, ASI
computer department of Electro-Mechanical Research is
switching to the "compacts"— a series of 16-bit
- (plus parity and protect bits) machines. First to be
WED THU FRI SAT . announced will be the $28K Advance 6130, a totally
monolithic i.c. model with cycle times of 0.9 or 1.8
usec; faster memories will be offered as available.
Features will include 4-32K core, three index
registers, dual indexing, hardware multiply and
divide, multilevel indirect addressing and priority
interrupts, hardware memory protection, single and
double word-length instructions, and up to six 6- and
8-bit (2 MC) I/O channels. Optional features:
direct memory access, real-time clock. Numbering is
two's complement. Software will include a basic
Fortran, operating and monitoring systems.

' 1700 COMES ON STRONG,
. 6800 DISAPPEARS
) A shot in the arm for Control Data, lurching recently,

is an order for 50 1700's from Motorola's
Semiconductor division in Phoenix. (Price of a basic
4K 1700: $30K.) On one line, the machines will test
transistors, look at costs, orders, then route

appropriate numbers of units to customer bins. Other
1700's will be used for quality tests of integrated
circuits. Now using 8090's, the company will start

switching to 1700's in June, when the new machines

» start coming in at the rate of two per month. One
source says that CDC plans to sell a thousand 1700'
over the next two years.

Meanwhile, CDC has decided to pull a curtain of
‘ ’ secrecy over its 6800, which is now considered company
: 4 private. Salesmen are admonished not to quote prices.

But there will be a follow-on to the 6600. Deliveries
will start in the first quarter of '68.

T

- —

——

b

= ) IAPE CLINIC
A new outfit in Los Angeles called Certron is heading
7 for nationwide marketing of its mag tape rejuvenation
and recertifying service. Headed by Ed Gamson, former
N Ampex vp, the company looks at their business as

preventive maintenance — signing up big users for

DARETAMATION April 1966 . 17



change
converter function,

add multiplexing

In seconds

...with high accuracy,
at high conversion speeds.

You get the flexibility of modular
construction, together with out-
standing electrical specifications in
the Model 848 A-D Converter!
Modular construction allows quick,
easy, functional conversion changes
and the addition of up to 96 single-
ended channels of multiplexing (48
differential channels). Specifica-
tions, includeatrue0.01% accuracy
(+ ¥ 1sb), including built-in sample
and hold, and throughput greater

INDUSTRIAL
PRODUCTS
GROUP

18

than 30,000 conversions per second,
including multiplexing. The 848
Converter is a 15-bit binary
instrument which uses integrated
circuit logic throughout, giving
you a reliable instrument in a
compact (524" high) package. Logic
levels are 4 to 10 volts, output
is single or double rail, with four
code options: sign and absolute
value; offset binary; two’s com-
plement; and one’s complement.

TEXAS INSTRUMENTS

INCORPORATED

APPARATUS DIVISION

P. O. BOX 66027 HOUSTON, TEXAS 77006
118 RUE du RHONE GENEVA, SWITZERLAND

793
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PROGRAMMERS
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look ahead

TRANSPACIFIC PROGRAMMING

LITTON FINDS MARKETS FOR

SPECIAL-PURPOSE MACHINES

April 1966

RUMORS AND

RAW RANDOM DATA

periodic tape cleaning and repair. Gamson sees an
inviting market — about 1) million reels of computer
tape sold last year and that much again in
instrumentation tape — and claims that about .80% of
the tape thrown in the corner because it won't work
anymore can be brought back to life. They've already
convinced muech of the_local aerospace industrv and a
few dozen other big installations that the plan is

a money saver.

Hoping to take advantage of more reasonably priced
Japanese programming talent, International Computing
Services has set up shop in Tokyo, is offering its
services to U.S. firms. Headed by Joe Berston, edp

-pro with six years experience in Japan, the company

has a good head start with contracts to develop a
banking package for a major American manufacturer, is.
also translating a 1401 program for the Univac III for
a Detroit clothing chain.

Amid monthly announcements of gp computers, a "systems
house" is quietly designing special=purpose machines
for specific systems, and developing for itself

a whopper of a market. The application, automatic
revenue control, cuts horizontally across the
entertainment, distribution, and transportation
industries — in short, wherever crowds of people with
money or tickets in hand must be accommodated.

For those interested in getting into the game,
the ante is high, and most § must come from in-house.
But Litton Industries' Advanced Data Systems Div.
is leading the way. Installing an automatic fare-
collection system for Illinois Central Railroad and
the London Transport system, the ADS is also making
a study and developing prototype equipment for the
San Francisco Bay Area Rapid Transit District. -

The systems include machines to make change,
vend, collect, and cancel rides on tickets (some with
oxide backing to record rides remaining), and the
latest in turnstile design. Change the backdrop but
not the props, and you can see this worklng in parking
lots, theatres, and sports arenas — moving people,
counting cash, and developing traffic studies
simultaneously. And not a nickel is stolen.

Briskly marketing its 60 megabit, 20-msSec access.dise,
Burroughs expects to have 700 installed by the end of
'66. TWA and U.S. Steel have placed orders for 200
102-million-bit, 30 mséc access units; USS will have
150 units (that's over 15-billion bits worth) on line.
.+« Meanwhile, we understand that Bryant has decided to
stay out of the removable disc pack business, despite
some fairly hefty order temptations. ... We hear that
Tektronix, leading scope maker, will enter the display
biz. ... Decimal Ascii for punched cards, now being
voted on as a proposed standard, will probably fail
to achieve X.3 "consensus." If an IBM-led assault
succeeds, extended bed -- as a de facto standard --
will be the likely winner. ... Conversion aids
developed by customers may be offered 1108 users by
Univac. One-is a Lockheed-developed "decompiler"
which converts 7094 machine language to Neliac for
input to the 1108. " Another, from Boelng, translates
7080 Autocoder programs into 1108 language. ... Bob
Bemer, who has been coordinating GE software out of
Paris, is now stationed at Phoenix. ... Persistent
rumbles indicate that Fred Lang, founder and former
president of Aries, will form a new software firm.
He'll try to attract top-flight people with juicy
stock options. HQ will be in Minneapolis.
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editor’s read¥ut

ATTITUDES,
. BELIEFS AND
" COMMUNICATIONS

Last month in a sunny, windy San Diego, representatives of four major manu-
facturers faced several hundred sHARE attendees to discuss their companies’
plans for PL/I. Speaking for their organizations were Lon Grace (RCA), Dick
Zemlin (CDC), Charles Bachman (GE), and Bill McClelland (IBM). (Other
manufacturers are thinking about or working on PL/I, but these were the only
companies of those invited who accepted.)

Grace noted that while the goal of PL/I might well be machine inde-
pendence, that the language — which he characterized as “very messy” — is not
independent of a certain keypunch. He said RCA’s effort so far is “very modest”
{ (a subset called PLi), but that the language, like Mt. Everest, cannot be

ignored.- RCA, quite interested in the prestandardization movement (see last
month’s Look Ahead), is “delighted at IBM’s apparent willingness” to let other

. ‘ manufacturers take a whack at the language. ‘

: Zemlin’s one-word reaction to PL/I: “expensive.” And, he pointed out, the
user — whether he realizes it or not — will pay for it what he hinted will be
an exorbitant price. He argued that a number of small simple languages would
be more economical than a universal language like PL/I, which he described
as monolithic. He too stressed the importance of prestandardization develop-
ment, and suggested that a Language Institute might offer a more orderly
apploﬂch to software design.

Bachman thinks that the original goal of PL/ I —one language for the mixed
commercial-scientific installation — might be fading: PL/I is now a replacement
for assembly languages. He discussed the economics of software production,
indicating that PL/I could bankrupt the smaller manufacturer, prevent all from
doing any one thing well. He also discussed standardization.

.o v McClelland stressed the difference between prestandardization and stand-
ardization. PL/I, he said, is not ready for standardization; but prestandardiza-
tion work might help avoid the development of different dialects.

- The standardization issue dominated the discussion arising out of questions
from the floor. One user said, in effect, to hell with standardization. We want a
PL/I compiler now. Let IBM go ahead with it: “If this delays the other
manufacturers two to three years, that’s tough!” (Applause.)

The discussion revealed and underlined several attitudes about programming
language development, standardization and the industry in general . ... attitudes

. : which cloud cognition and impede, if not paralyze, progress: ‘

' Some statements indicate that most users really do not understand that they
are paying — and paying dearly — for manufacturer-developed software. In an
earlier talk at smare, IBM’s T. ]J. Watson pointed out that 360 software costs

! : (which are now estimated at $60 million for 1966) will exceed those for

) hardware. This is not to say, that at present, a suitable alternative exists. But
belief that software is free cripples any attempt to start dssessing the true cost
— and worth — of software in general and specific programming support packages
in paxtlculal And it seems to us that such an attempt is necessary if information
processing is ever going to apply some of its techniques to its own affairs.
Another attitude uncovered is that a lariguage in the hand is better than two

» in the (standards) bush. This one is hard to debate, especially when we
contrast the important programming and production problems being faced by
the user right now to the pace of standards progress . . . and because IBM,

with the help of sHARE, made a strenuous effort to come up with one language
which would help solve the Babylonian programming langusges dilemma. But
these facts should not obscure the desperate need for an intelligent industry-
wide attack on software design.
Finally,  the statements about standardization — the failure to distinguish
between that and prestandardization effort (whatever that is), the feeling that
* . standardization . sets upper boundaries on and freezes progress — indicate an
alarming ignorance of the technical importance ofstandardization, its effects on
compatibility, and the economics thereof. More on this topic in a subsequent issue.
We need more frequent dialogues between manufacturers, users and stand-
ards workers. And we need clearer definition and understanding of the attltude
underlying their 'lttempts to communicate.
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system & user
characteristics

TIME-SHARING
MEASUREMENT

by ALLAN L. SCHERR

This article describes measurements made of
time-shared system performance and user char-
acteristics and discusses how they might be ap-
plied to the design of future systems. These

measurements, taken on the Project MAC time-shared
IBM 7094,13 were made as part of a larger study* of
analysis techniques for time-shared system performance.
Users are characterized by the computational load they
place on a system. The system’s response to this load is
a measure of performance. The statistics presented are the
results of measurements made during the three-month
period from December, 1964, through Feburary, 1963,
and of simulations run thereafter.

First, the operation of the MAC system is briefly ex-
plained, and the user community described. The param-
eters measured are defined, and the measurement tech-
niques described. Then, the results of the measurements
are presented. Finally, the usefulness of these measure-
ments in determining aspects of the performance of future
systems is discussed.

description of the MAC system

The MAC system, during the period of measurement,
consisted of an IBM 7094 (Model I) two 32K 2 usec
memories, IBM 1301-2 - discs, ‘an IBM 7320 A drum,
and -an IBM 7750 connected to Teletype Model 35
and IBM 1050 terminals. Other equipment is present
(e.g., two tape channels), but is not used during “nor-
mal” time-shared operation.

By typing at his console (terminal), a user may com-
municate with either the supervisory program or a pro-
gram activated by this supervisor. A line of input for
communication with the supervisor is called a “com-
mand.” Commands cause programs to be loaded from
the disc. These programs are queued, and each is executed
for a short period of time; not necessarily to completion.
The sequence in which programs are run and the dura-
tion of each period of processor time is determined by
a subroutine in the supervisor called the “scheduling al-
gorithm”. ;

The supervisory program is permanently resident in
one of the 32K memories; the other memory is used to
hold the command-activated programs while they are
being executed. This second memory holds only one
complete program at a time. The other programs waiting
for execution are either on the drum, split between the
drum and core, or on the disc prior to the initial loading
into core. At the end of a period of processing or
“time-slice,” the currently running program is dumped in-
to the drum, and the next program to be run is loaded
either from the drum or, if it has never run before, from
the disc. Only as much of the former program is dumped
as is required to make room for the latter. This process is

1 Corbato, F. J. et al, The Compatible Time-Sharing Sysfefﬁ, The MIT
Press, Cambridge, 1963.

2Corbafo, F. J.. and Glaser, E., “Introduction to Time-Sharing,”
Datamation, November, 1964. :

3 Saltzer, J. H., “CTSS Technical Notes,”” Technical Report MAC-TR-16,
MIT,1965.

4 Scherr, A. L., An Analysis of Time-Shared Computer Systems, The
MIT Press, Cambridge (in press). ‘
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called “swapping.” The information swapped between
drum and core and loaded from disc to core is called a
“core-image.” '

Users or the programs serving them are considered to

be in one of six states. These are:

a. Dead." No program is waiting to run for this user;
moreover, there is no core-image being saved on
the drum. This state is the normal starting point for
a user just entering the system. All input lines typed
while in this state are commands. After a command
is typed, the user’s state becomes

b. Command Wait. A program ‘is waiting to run for
this user, but has not yet run for the first time.
"When the scheduling algorithm decides to run this
program, it is loaded from the disc, and the user’s
state becomes

¢. Working. A program is running or waiting to run for
this user. A core-image is either in core, on the drum,
or split between core and drum. Upon completion
of the program, the next state is Dead, Dormant,
Input Wait, or Output Wait, depending on the
nature of the completion. The Dead state is re-en-

tered on the majority of final program completions;

the core-image is erased.

d. Input Wait. The user’s program required a line of

input from the console. Input typed while in this
state is sent directly to the program.and is not
interpreted by the supervisor. Upon the completion
of the input line, the program is returned to the
Working state. During the time a program is in
Input Wait the core-image is saved on the drum.

e. Output Wait. Output lines to the console may occur
at any time during program execution and are buf-
fered within the 7750. If the program’ buffer is
full, and the program attempts to write additional

The author is now a staff engi-
neer with IBM’s Systems De-
sign Department in Pough-
keepsie and was previously as-
sociated with Project MAC for
two years. He holds SB, SM, and
PhD degrees in electrical engi-
neering from MIT and is the
author of the book “’An Analy-
sis of Time-Shared Computer
Systems,”’ published by the MIT
Press.

Work reported in this article was supported (in part) by Project MAC, an

. MIT research project sponsored by the Advanced Research Projects

Agency, Department of Defense under Office of Naval Research Contract
NONR-4102(01). Reproduction in whole or in part is permitted for any
purpose of the United States Government.
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output, the program is placed into Output Wait.
When the buffer is sufficiently empty to permit
restart, the program’s state is returned to Working.

f. Dormant. This state is functionally identical to Dead
except that the core-image is maintained on the

drum instead of being erased. This state is entered -

when it is anticipated that subsequent commands
will make use of the core-image. This state may be
entered at any time under the control of a key on
the user’s terminal. In addition, Dormant may be
entered for a program-specified period of real time.
At the end of this “sleep period” the program
re-enters Working and execution is resumed.

the MAC users

The user community, during the period of measure-
ment, consisted of nearly 300 people. Approximately 10%
of the usage of the system could be attributed to the staff
programmers of Project MAC who were engaged in
system maintenance and the development of new time-
sharing software. The remainder of the usage was due
primarily to research-oriented personnel whose use of the

_system included simulation of computer systems, (GPpss,
etc.), natural language processing (snoBoL), artifiical in-
telligence (visp), data reduction, graphical data process-
ing, numerical analysis, (FORTRAN, MAD, FAP, and a ver-
sion of ALGOL), etc., ete. A small percentage of the usage
could be attributed to the administration of Project MAC
for personnel records, budget control, etc. It is felt that the
Project MAC user community is fairly representative of
that found in the computer center of any large university.
It is, perhaps, less representative of the typical scientific
installation. No claims are made in this regard

definitions of parameters measured

Most of the measurements which follow are based on
what might be considered a basic unit of work on a time
shared system, the interaction. The wusual form of an
interaction is the following sequence of events: the user
thinks, types input, waits for a response from the sys-
tem, and finally watches the response being printed.
The process then begins again. The user may be thought
of as being in either of two states: 1) The user is waiting
for the system to execute a program, or 2) the system
is waiting for the user. These two states correspond to
‘Working and Command Wait, respectively. An interac-
tion can now be precisely defined as the activity that oc-

Fig. 1. Example of a Simple Interaction

TIME
——
USER
BEGINS _ USER BEGINS_USER
INPUT  FINISHES INPUT FINISHES
LNE  INPUT . LINE , INPUT
ui«s LINE
PROGRAM PROGRAM PROGRAM PROGRAM
CONSOLE —_— OUTPUT ouTPUT i OUTPUT OUTPUT
INPUT  —— | BEGINS ENDS ] BEGINS ENDS —
Qeow  —
outPUT ——— | ! —
USER'S | jPROGRAM | PROGRAM
REQUIRES ' REQUIRES
M | W m_ K Cweoro_ | mmmm_ K “Weur
EXEUTED [ b A
PROGRAM PROGRAM
RUNS N RUNS IN
TIME SLICES TIME SUICES
SYATUS OF (_INPUT e
sers WAl INPUT WAIT e WOF INPUT warr—]
PROG
INTERACTION

curs between two successive exits from ‘either “working”
or “command wait” (transitions between these states ex-
cepted).

Fig. 1 shows the sequence of events comprising a typi-
cal interaction. The activities at the console and proces-
sor necessary to complete the interaction are shown along
with the states the user’s program moves through. Note
that the beginning and end of output at the console and
the beginning of input have no bearing on the bounda-
ries between interactions. Terminal I/O constitutes a
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minor load on the system and is therefore submdmated
to program activity.

The interaction is divided into two segments. The first
portion is the time that the user is in any of the following
states: Dead, Dormant, Input Wait, or Output Wait. This
part of the interaction will be called the “console por-
tion.” The time spent for the console portion is deter-
mined by activity at the console: output, input, and
thinking. Since the last is generally the chief activity, this
time will informally be called the “think time per inter-
action.”

The processor time per interaction is the sum of all
time slices used by the program serving the user during
an interaction. This time includes processor idle time due
to disc I/O not overlapped with processing. It is ap-
proximately equal to the real time in which the program
would run if it were not for time-sharing. The degree of
overlapping of disc I/O with processing is strictly a func-
tion of the programmer (user). Also included in this
time is a small amount of overhead due to the supervisor
processing interrupts-scheduling.

The second part of the interaction will be called the
“working portion,” and corresponds to the user’s program
being either in Working or Command Wait. The time
spent in this portion of an interaction is defined as the
response time per interaction.

In the MAC system, the program size parameter is
defined as the size of the core-image. Each core-image is
assigned a memory bound which may be dynamically
changed. For example, the link-loader expands the size
of its core-image as it loads subroutines. In order to
minimize program size, “common” storage is assigned
starting at location zero rather than at 32767 as is con-
ventional in 7090 FORTRAN, etc. Program size was meas-
ured on-a command entry to either Dead or Dormant.

A command can be alternately defined as being the
cause of a sequence of interactions between successive
entries into either the Dead