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observe (such as opinions expressed in polls), and fac-
tors we can control (such as itineraries and platforms)
to the future behavior of the electorate.

The factors underlying such relationships are ex-
tremely complex, involving factors such as uncon-
scious motivation, which are not fully understood.
However, just as it was not necessary for Galileo to
fully understand the mechanism of gravity to produce
an equation describing its effects, so it is not necessary
for the political scientist to fully understand the
mechanisms underlying political behavior in order
to describe them accurately and precisely.

Indeed, as contrasted to Galileo (but not to the con-
temporary physicist) he does not evén have to describe
these interactions exactly. It is sufficient for him to
describe such interactions statistically. He need not,
in other words, say that a given kind of speech will
influence so and so to change his vote, but only that
it will change a certain percentage of such and such
a group. And he need not even specify what the per-
centage is. It will suffice if he predicts merely the
probabilities with which different percentage changes
will occur.

The computerized study of such dynamic models
can give one not only the examination we outlined
in the examples above, but information on far more
complex situations. The computer can be pro-
grammed to apply the change rules discovered by
political scientists to the initial condition of the model
as it is determined by the results of public opinion
polls. By experimenting with the effects of different
changes it can predict the effects of choosing these
changes, just as one might predict the speed of a body
dropped from different buildings by feeding different
times into Galileo’s equation.

However, we can go considerably beyond such ex-
perimentation. We can, by studying the model mathe-
matically, derive some general truths about all changes
of a certain kind. A number of different mathemati-
cal techniques, many of which were developed during
the course of World War II and are now part of the
arsenal used by workers in operations research, can
be brought to bear upon these models to yield re-
sults “all” possible values of their variables. In par-
ticular, such techniques can be used to yield courses of
action which will maximize some effect among the
wide spectrum of available alternatives.

The Campaign Manager’s Power

It is, then, these two results of studying the behavior
of mathematical models of the electorate on com-
puters, the one giving the probable effects of a de-
cision and the other yielding the best policy for achiev-
ing one’s aims, that will strengthen the hand of the
campaign manager. Do these results give the cam-
paign manager a Svengali-like control over the vote
of the American people?

The answer to this question is, of course, no. In
the first place, it is clear that such information cannot
by itself win any election. It can only enable those
who manage the campaign to make the best use of
those capabilities which their party has at its com-
mand. Itmay, in other words, be a factor in clections,
but it will not be the sole factor.
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For another thing, such programs will, in one form
or another, be available to both sides. This is not to
overlook the fact that one party may make better use
of this tool than the other, or that one party may have
this tool before the other. (Thus, in the 1960 elec-
tion, several political scientists and mathematicians
built a model of the electorate for the Democratic
party.) But the general underlying scientific informa-
tion is available to both parties, just as the basic find-
ings of scientists in both the USSR and the USA are,
in general, available to the scientists of both countries.

Computers Lack Imagination and Judgment

Finally, although computers can determine strate-
gies, no way has yet been found to have them do so
with imagination or with much judgment.

Thus, a computer currently lacks imagination in
that it can only consider the alternatives that have
been suggested to it. There is a sense, although it is
not precisely the sense in which it is commonly be-
lieved, that computer programs cannot come up with
any really original ideas.

However, perhaps the most striking shortcoming of
computers as applied to politics is their lack of judg-
ment when it comes to applying their results. This
lack of judgment suggests that the job of the cam-
paign manager has not yet been made obsolete by
automation. But, on the other hand, the computer
provides the campaign manager with more informa-
tion than he would have without it, and thus enables
him to make a sounder, more rational, judgment.

The computer will be merely one factor in future
elections although, in some, it may be a crucial one.
It, like any other technological innovation, opens up
new possibilities which one party may manage to
exploit more successfully than the other.

Thus it can, perhaps, be compared to the, television
set. Both the computer and the television set were
around for some time without having any appreciable
effect on elections. Both are currently more widely
spread, cheaper and efficient than before, and the uses
of both in arcas closely related to those involved in
political campaigning are becoming more fully under-
stood. There are those who contend that the tele-
vision set determined the outcome of the 1960 elec-
tions by limiting the importance of the fact that Ken-
nedy was not as widely known as Nixon at the be-
ginning of the campaign, and by allowing Kennedy
to take advantage of his better television image.

Similarly, the appropriate use of computers can
help win (or lose) elections by providing new tools
for fighting campaigns. However, the more widely
these tools are understood, the less will be their influ-
ence for they will be used by both sides, and their
effects may thus cancel each other out.

Improving Efficicncy of Democracy

However, it might well be argued that the computer
will improve the efficiency and reliability of the demo-
cratic process. By making the consequences of their
choices known to the leaders of both parties it makes
a more rational sclection from among these alterna-
tives possible. Thus, to return to a previous example,
il a computer program tells a party that it takes a

considerable risk of losing the election by including a
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strong civil rights platform, it does nat thereby tell puter may contribute to making the policies of these

that party to leave the plank out. Rather it makes parties more responsive to the actual wishes of the

it clear what the consequences of leaving it in are people. One may question whether or not this is

going to be on voters and makes it clear to that party desirable, but then one is questioning the validity of

what it is choosing. By making such consequences ap- a notion basic to a democratic society. In a democratic

parent to the policy makers in both parties, the com- society, this is, of course, one’s privilege.
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CITY TRAFFIC SIMULATED
BY COMPUTER

National Bureau of Standards
Washington 25, D. C.

The National Bureau of Standards has pro-
grammed high-speed data processing and display
equipment to simulate traffic flow over a nine-block
length of a principal traffic artery in downtown Wash-
ington, D. C. After information on volume of traffic
and traffic controls has been fed into the system, the
simulated traffic flow is tabulated on printouts and
is also shown in a motion picture of simulated cars
moving, changing lanes, and stopping for lights, as
in a helicopter view of the actual streets. This result
has been attained in a three-year program? conducted
by M. C. Stark of the NBS data processing systems
laboratory for the Bureau of Public Roads.

For some time the rapid increase of traffic on city
streets has been a source of concern to traffic engineers
and city planners. Municipalities must assume that
streets now used to near capacity will have to carry
even more traffic in the future. Thus traflic experts
feel that detailed studies to correct congestion points
—which even now are urgently nceded—may become
absolutely essential within perhaps the next decade.
In such studies the problem is to determine the re-
sults of proposed changes in traffic control measures
without actually disrupting traffic.

Automatic data processing to determine the op-
timum use, timing, and placement of traffic control
devices appears to offer a promising approach to this
problem. Simulation runs can be made with a com-
puter to study the sensitivity of the traffic flow to
proposed changes in the signal system and to explore
the capacity of an existing system to handle different
patterns or increased volumes of trafficc. Many other
traffic engineering situations—such as use of one-way
streets, banning left turns, location of bus stops, and
restriction of parking—also can be studied in this way.

Previous Work

In 1956, H. H. Goode, of the University of Michi-
gan, and his colleagues reported the use of computer
techniques in traffic engineering2 by setting up a
computer model of two north-south and two east-west
streets, both two-lane and two-way. All four intersec-
tions were signal-controlled and the route (straight
through, right turn, or left turn) for each car was
randomly assigned at each intersection. Each car was
identical to all others and was represented by one
binary digit or “bit”; all moved at the same speed
and maintained the same spacing between cars. Traffic
flow in the Goode model was presented in motion
picture form for analysis.

COMPUTERS and AUTOMATION for May, 1962

FIGURE 1

National Bureau of Standards computer scientists prepare to
make a motion picture of an-oscilloscopic presentation of city
traffic simulated by a computer. The magnetic tape used as an
input is obtained from a previous computer operation, which
produces tabular printouts also,

Configuration of Model

In 1958 the Bureau of Public Roads requested the
National Bureau of Standards to conduct a traffic
research study by means of a simulation model using
several improvements over the earlier work as sug-
gested by Professor Goode. The most significant im-
provement was the use of a computer “word” to per-
mit the use of more variables and a planned route
for each car instead of tabulating it as an undistin-
guished computer bit. '

The model selected for use was based on a heavily
traveled 0.6-mile stretch of Washington, D. C.’s 13th
Street, N.W.,, which includes ten intersections from
Euclid Street to Monroe Street. Seven of the inter-
sections had traffic signals and three were controlled
by stop signs at the cast-west streets. The model in-
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cludes several two-way cross streets (two at a 60°
angle), one T-intersection, and several one-way cross
streets. The study was restricted to the peak evening
rush configuration in which all four lanes of 13th
Street are used for northbound traffic.

Previously acquired traffic-survey information was
used to determine the volume of cars traversing the
entire course on 13th Street and those entering, cross-
ing, and leaving it at each intermediate point. This
permitted the computer program to show traffic com-
posed of purposefully operated vehicles, each having
a route assigned at the time of its generation,

The streets of the model were divided up into 12-
foot long rectangles called “unit blocks.” The unit
blocks in each lane were numbered in sequence, from
entrance to exit of the course and crosswise at each
side street, so that any position could be given by unit
block number. The computer required the position
ol each vehicle for each computation and assigned a
new position (if changed) as part of each computa-
tion.

Operation of Model

Vehicles of the model were “‘generated” at each of
the possible entrances to the course by means of
random number generators in proportion to their
numbers in the real course. At the same time each
vehicle was assigned characteristics determining its
route and behavior in traffic, also by means of random
number generation and in numbers corresponding to
the proportions in actual traffic. Most vehicles used
13th Street as an artery, being generated below the
simulated stretch and leaving it at its northern end.
Each vehicle destined for the end of the course con-
tinued at its desired speed unless forced to reduce
speed for traffic signals and slower traffic in the same
lane; each continued in its original lane unless forced
to change to avoid being slowed by overtaken vehicles.

The vehicles generated at each entrance to the
model were described by two words in digital format.
Characteristics determined at “launch time” included:
Time of departure in Y4-second intervals; type of vehi-
cle—automobile, small truck, or large truck; exit
point to be used (determining the route); and de-
sired speed category—15, 20, 25, 30, or 35 mph. All
of these characteristics were chosen by means of ran-

dom number selection from a series proportioned

according to empirical knowledge.

Additional information was added within the vehi-
cle two-word format as the computer surveyed the
entire course at l4-second real time intervals. Its
computations determined for each vehicle the length
of its “jump,” or distance traversed during an inter-
val, and assigned to cach its new actual speed and
position, given by its unit block number and the
hundredths of the block length to which the vehicle’s
nose had penetrated.

FIGURE 2

A strip of four frames of motion picture of computer simulation
of city traffic is here shown; it is obtained by photographing
the oscilloscope screen. The model is formed by computer
operations repeated for each Va-second real-time interval.
When processed and projected at 16 frames per second, the
film presents the model operating in real time. Several runs
of threce complete 80-second traffic-light cycles (four minutes)
were obtained by this method.
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Vehicles approaching stopped vehicles in the same
lane (where lane changing was not possible), a stop
sign, or a red light were decelerated gradually; this
took the form of 14-second jumps of decreasing size.
A stopped vehicle was identified by its two-word
digital description showing a zero jump and indicat-
ing the same position at sucessessive intervals.

When the distance between any two vehicles in the
same lane became less than the allowable net clear
sight distance determined by both vehicles' speeds,
the net clear sight distances for the overtaking vehicle
in the two neighboring lanes were determined as part

"of the computations of each 14-second interval. The

three alternatives (stay in lane, switch to right, or
switch to left) were evaluated at each interval and
the one chosen which best permitted the desired speed
to be attained. The overtaking car was switched to
the lane selected by being moved through progressive
intermediate straddle positions during the time re-
quired to make the change. Vehicles obliged to stay
in the same lane were gradually decelerated to the
speed of the leading vehicle.

The routes assigned to vehicles at the time of gen-
eration determined their behavior in complex inter-

‘section situations. Westbound vehicles were not per-

mitted to turn left (13th Street being one-way north-
bound) and hence could always proceed through or
make a right turn in the lane determined by route or
lane preference assigned at time of generation. East-
bound vehicles assigned a turn onto 13th Street were
obliged to await a gap in westbound traffic. Those re-
quiring a near or far lane because of a later turn
waited to enter 13th Street on the appropriate lane.
Those not assigned a later turn entered on the pre-
ferred lane (1 or 4), except for vehicles having a
LANE 4 preference, which if blocked by oncoming
traffic went on to enter at LANE 1, waiting there to
turn if necessary.

Vehicles assigned a turn off of 13th Street were
“coaxed” into the appropriate lanes when within
1200 feet (100 unit blocks) of the turn. A definite
pattern of “last chance” unit blocks for each lane
shift approaching each intersection was programmed
into the computer. The cars made the necessary
shifts in as rapid succession as possible when approach-
ing the turning point, following the lane-switching
rules.

Computer Operation

The computer operation was performed by first
programming the “rules of the road” into a high-
speed computer and “filling” the model course with
vehicles in a pre-production run. Several computer
runs, each of three complete 80-second traffic light
cycles (four minutes), were made. Sixty minutes of
computer time was needed to process each run be-
cause of the many computations required—as many
as 500 (in the complex lane-changing situation)—
for more than a hundred vehicles each 14 second.

A magnetic tape recording of the simulation and
four tabular printouts were obtained from the com-
puter; all were used in later analysis. One of the
printouts, the VEHICLE GENLERATION TABLE,
gives for each vehicle the launch time, the exit, the
type of vehicle (car, truck 1, truck 2, or marked vehi-
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FIGURE 3

Single frame of motion picture produced at NBS in traffic
simulation program shows traffic flow on map-like presenta-
tion. A 0.6-mile stretch of Washington,” D. C.’s 13th Street,
N.W., composed of four northbound (up) lanes, was simulated
in this model and supplied the field data for operation and
evaluation of the model. The course is photographed in two
segments because of its shape, beginning at the lower left,
the lower right continuing where the upper left ends, and
ending at the upper right. Traffic lights are shown as a bar
of three lights at northeast corners of some intersections; the
vertical configuration indicates green for 13th Street traffic;
horizonta|, red; and diagonal, amber. The two lower traffic
lights of the left-hand segment of 13th Street have just turned
amber, the lower one being about to turn green for 13th Street
traffic. The end of the platoon of cars just got through the
middle light above on green, leaving only one car to be stopped
for red. The green-light condition is continued for the entire
upper half of the course, shown on the right. Single dots repre-
sent cars, double dots small trucks, and triple dots large trucks.

cle), the generating point, the desired speed, and the
lane preference. Another printout, the STATION B
CHECK, tabulates vehicles passing the maximum-
load point of the course for comparison with empiri-
cal data. The third printout, the VEHICLE RE-
TIREMENT TABLE, tabulates the individual run-
ning times and actual speed ol vehicles completing
the course in each lane, also lor comparison with
empirical data. Finally, the MARKED CAR CHRON-
OLOGICAL PRINTOUT gives the location of each
marked car every 14 sccond for analysis of its progress.

The magnetic tape obtained from the computer
was used to make a motion picture film of the simu-
lated model in operation, resembling a helicopter
view of traffic low on the course. The tape supplied
the input to the Bureau’s SEAC computer, which op-
erated an oscilloscope to produce a visual presentation
of the computed vehicle movements. This presenta-

25



26

tion was retained for repetition and analysis by trig-
gering a 16-mm motion picture camera, mounted in
front of the oscilloscope, for four frames to depict
the situation at the completion of each 14-second real-
time computation. The processed film, when pro-
jected at 16 frames per second, shows the simulated
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FIGURE 4

Vehicles in NBS computer simulation of city traffic were pro-
grammed to prepare for turns assigned them by trying to get
into the correct lane 1200 feet before arriving at the turn in-
tersection. The map of part of Washington’s 13th Street shows,
for cars planning turns at Park Road (top), the start-prepara-
tion line (bottom). The numbers in the lanes are the course
“‘unit block” numbers of the *‘last-chance’ positions to make
lane shifts in preparation for these turns. The left shift at
UB 1014 is offset from the right shift at UB 1626 to avoid the
possibility of a stalemate. Vehicles were programmed to slow
to a stop at the last-chance position if prevented by traffic
from making a lane shift needed for their turn,

traffic movement in the model for the four-minute
run in real time.

Analysis of Results

Analysis of the tabular data and the film showed
that the computer program caused the “vehicles” to
behave in what seems to be a very realistic manner.
They stopped at red lights, yielded right of way at
stop signs, moved at various speeds, maneuvered for
turns and to overtake slower cars, and formed queues
when necessary; in short they did most of the defina-
ble things that are done by real cars in city traffic.
During runs of the model, vehicles actually came to a
stop if they reached the last chance position without
making the lane shift, just as seen occasionally in real
traffic.

The simulation technique has- produced a model
which apparently can be made to correspond reason-
ably well with actual field situations.
evaluation of the model will require new field data,
as traffic on 13th Street has changed considerably since
the original counts were made. When validated this
technique will be useful in predicting the detailed
effects on traffic flow due to changed parameters—
moved or removed bus stops, altered signal light tim-
ing, and the like. Computer simulation will make
possible experimental manipulation of traffic situa-
tions without the possibility of snarling the real traf-
fic. Most important, experimental manipulation of
traffic loads in models of today’s streets should make
it possible to estimate how long these streets can be
used without change and to predict what changes will
then be needed.

1. Computer simulation of street traffic, by M. C. Stark, NBS Tech-
nical Note 119.

2. The use of a digital computer to model a signalized intersection,
by H. H. Goode, C. H. Pollmar, and J. B. Wright, in Proceedings of
Highway Research Board, 1956, vol. 35, pp. 548-557.
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LIST OF EXHIBITORS

AT THE

1962 SPRING JOINT COMPUTER CONFERENCE

Aeronutronic, Div. of Ford Motor Co., Ford Road,
Newport ‘Beach, Calif. / ORiole 5-1234 / 512-513
AMP, Inc., Harrisburg, Pa. / JOrdan 4-0101 / 217-
219, 317-319
Ampex Corp., 934 Charter St., Redwood City, Cal-
if. / EMerson 9-7111 / 505-508
ANelex Corp., 150 Causeway St., Boston 14, Mass.
/ RIchmond 2-1720 / 204-205
Applied Dynamics, Inc., Box 612, Ann Arbor, Mich.
/ NO 2-4493 / 511
Automatic Electric Sales Corp., Northlake, Ill.
/ FIllmore 5-7111 / 412-413
Bell Telephone System, Pacific Telephone Co. &
Long Lines Dept., San Francisco, Calif. / 107-
109
The Bendix Corp., Bendix Computer Div., 5630 Arbor
Vitae St., Los Angeles 45, Calif. / ORchard
0-3640 / 501-504
Berkeley Div. of Beckman Instruments, 2200 Wright
Ave., Richmond, Calif. / LA 6-7730 / 308
Brush Instruments, Div. of Clevite Corp., 37th &
Perkins Ave., Cleveland 14, Ohio / ENdicott 1-
3315 / 802
Bryant Computer Products, 850 Ladd Rd., Walled
Lake, Mich. / MArket 4-4571 / 105-106
The Bureau of National Affairs, Inc., Washington,
D.C. / 304
Burroughs Corp., 6071 Second Ave., Detroit 32,
Mich. / TRinity 5-2260 / 704-706
California Computer Products, Inc., 8714 Cleta
St., Downey, Calif. / SPruce 3-4921 / 417-418
C-E-I-R, Inc., New York, N. Y. / 823-824
Collins Radio Co., Dallas, Texas / 815-818
Comcor, Inc., Denver, Colo. / 514
Computer Control Co., Inc., Los Angeles, Calif.
/ 410-411
Computer Systems, Inc., Culver Rd., Monmouth Jct.,
N.J. / DA 9-2351 / 609-610
Consolidated Electrodynamics Corp., 360 Sierra
?adre Villa, Pasadena, Calif. / MUrray 1-8421
‘820
Control Data Corp., 501 Park Ave., Minneapolis,
Minn. / FEderal 9-0947 / 201-203
Datamation, 141 E. 44 St., New York 17, N.Y. /
305
Data Products Corp., Culver City, Calif. / 616-618
Datapulse, Inc., 509 Hindry Ave., Inglewood 1,
Calif. / 415
DI/AN Controls, Inc., 944 Dorchester Ave., Boston
25, Mass. / 611
Digital Equipment Corp., Main St., Maynard, Mass.
/ TWinoaks 7-8821 / 211-214
Digitronics Corp., 10 E. 40 St., New York 16, N.Y.
/ 401-403
Dymec, Div. of Hewlett-Packard Co., 1501 Page Mill
Rd., Palo Alto, Calif. / DAvenport 6-7000 / 903

COMPUTERS and AUTOMATION for May, 1962

Electro Instruments, Inc., Sunnyvale, Calif. / 515

Electronic Associates, Inc., Long Branch Ave.,
Long Branch, N.J. / CApital 9-1100 / 404-405

Electronic Engineering Co. of California, 160l E,
Chestnut Ave., Santa Ana, Calif. / KImberly 7-
5501 / 315

Electronic Memories, Inc., 9430 Bellanca Ave.,
Los Angeles 45, Calif. / 701

Engineered Electronics Co., 1441 E. Chestnut Ave.,
Santa Ana, Calif. / KImberly 7-5651 / 313-314

Epsco, Inc., 275 Mass. Ave., Cambridge 3, Mass, /
UNiversity 4-4950 / 215-216

Fabri-Tek, Inc., Amery, Wis. / 416

Fairchild Semiconductor Corp., 545 Whisman Rd.,
Mountain View, Calif. / YOrkshire 8-8161 / 406~
407

Ferranti Electric, Inc., Industrial Park #1,
Plainview, L.I., N.Y. / 509

Friden, Inc., 2350 Washington Ave., San Leandro,
Calif. / NEptune 8-0700 / 102-104

General Dynamics/Electronics, Information Tech-
nology Div., 1895 Hancock St., San Diego 12,
Calif. / CYpress 8-8331 / 112-114

General Electric Co., Computer Dept., 13430 No.
Black Canyon Highway, Phoenix, Ariz. / WIndsor
3-2351 / 808-811

The Hallicrafters Co., Berwyn, Ill. / 902

Indiana General Corp., Electronics Div., Memory
Products Dept., Keasbey, N.J. / 110-111

Informatic, Inc., Culver City, Calif. / 616-618

International Business Machines Corp., 590 Madi-
son Ave., New York 22, N. Y. / 601-605

ITT Information Systems Div., International Tel-
ephone and Telegraph Corp., New York, N.Y. /
803-804

Invac Corporation, 26 Fox Road, Waltham 54, Mass.
/ 899-2380 / 517

Kearfott Div., General Precision, Inc., Little
Falls, N.J. / 316

Laboratory for Electronics, 1079 Commonwealth
Ave., Boston 15, Mass. / ALgonquin 4-4235 /
208-209

Litton Systems, Inc., 336 No. Foothill Rd., Bev-
erly Hills, Calif. / CR 4-7411 / 812-813

Mc?raw—Hill Book Co., Inc., Corte Madera, Calif.

518

Memorex Corporation, Santa Clara, Calif., / 801

Moxon Electronics Corp., Beverly Hills, Calif. /
516

National Cash Register Co., Main & K Sts., Dayton,
Ohio / BAldwin 6-1411 / 206-207, 3006-307

No;th American Aviation, Inc., Los Angeles, Calif.

807

Omnitronics, Inc., 511 N. Broad St., Phila. 23,
Pa. / WAlnut 5-4343 / 819

Packard Bell Computer Corp., 1905 Armacost Ave.,
Los Angeles 25, Calif. / BR 2-9161 / 612-615
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Philco Corporation, Computer Div., Philadelphia,
Pa., / 606-608

Photocircuits Corporation, 31 Sea Cliff Ave.,
Glen Cove, N.Y. / 814

Potter Instrument Co., Inc., Sunnyside Blvd.,
Plainview, L.I., N.Y., / OVerbrook 1-3200 /
702-703

Raytheon Company, Waltham, Mass. / 821-822

Radio Corporation of America, Semiconductor and
Materials Div., Route 202, Somerville, N.J. /
RAndolph 2-3200 / 825-826

Remington Rand UNIVAC, 315 Park Ave. So., New
York 10, N.Y., / SPring 7-8000 / 301-303

Rese Engineering, Inc., "A" and Courtland Sts.,
Phila. 20, Pa. / GL 5-9000 / 510

Rheem Electronics, Div. of Rheem Manufacturing
Co., Los Angeles, Calif. / 210

Rotron Manufacturing Co., Inc., Hasbrouck Lane,
Woodstock, N.Y. / ORiole 9-2401 / 901

Royal McBee Corp., 850 Third Ave., New York 22,
N.Y. / 805-806

Scientific Data Systems, Inc., Santa Monica,
Calif. / 309-310

The Service Bureau Corp., 425 Park Ave., New York
22, N.Y. / PLaza 1-5600 / 414

Soroban Engineering, Inc., Box 1717, Melbourne,
Fla., / PArkway 3-7221 / 408-409

Tally Register Corp., 1310 Mercer St., Seattle
9, Wash. / MAin 4-0760 / 311-312

Teletype Corporation, 5555 Touhy Ave., Skokie,
I11. / ORchard 6-1000 / 904-905

John Wiley & Sons, Inc., 440 Park Ave. So., New
York 16, N.Y. / 101

LOCATIONS OF EXHIBIT AREAS
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Opening Remarks:

1962 SPRING JOINT
COMPUTER CONFERENCE — PROGRAM

Hotel,

Fairmont

May 1-3,

OPENING SESSION

Tuesday, May 1 —— 10 a.m. to 12 noon
Gold Room

Introduction: Dr., Richard I. Tanaka, Lockheed
Missiles and Space Co., Program Chairman of
1962 SJCC

George A. Barnard, Philco West-
ern Development Laboratories. General Chairman
of 1962 SJCC / Dr. Willis H. Ware, Rand Corp-
oration, Chairman of AFIPS Governing Board

Keynote Address: Dr. Edward Teller, Professor of
Physics at Large, University of California,
Berkeley, Calif.

SESSION A

Tuesday, May 1 —— 2 p.m. to 5 p.m.
Venetian Room

Study of Business Information Systems

Chairman: Fred M. Tonge, Stanford University

Panelists: C. B. McGuire, University of Califor—
nia, Berkeley, Calif. / Richard L. Van Horn, The
Rand Corporation, Santa-Monica, Calif.

Organizations have always had information
systems. The computer has focussed increasing
attention on these systems by magnifying both
their potential benefits and their directly at-
tributable costs. Since the problems of con-
structing, using and improving these systems are
largely ill-structured, optimizing techniques
that have served in other areas cannot be trans-
ferred intact. There is much to learn about how
to effect such systems and about how they affect
the organization.

Within the framework of the study of busi-
ness information systems we propose the following
areas for specific discussion, to relate the form
al papers and to explore their implications.

1) What useful formal descriptions exist of
business information systems, and what techniques
are available for manipulating and extracting
consequences from such formal descriptions? 2)
What specific studies have been made of these sys-
tems, and what are their implications? 3) Of
what relevance are disciplines such as information
theory, theory of teams, feedback control systems
theory? 4) What will be the impact of hardware
and programming developments in such areas as

COMPUTERS and AUTOMATION for May, 1962

San Francisco,

Calif.
1962

display systems, pseudo-English input, etc? 35)
What is the appropriate division of research be-
tween industry and the university? 6) How can we
best profit from the ongoing diverse systems ac-
tivities in industry?

Toward a General Simulation Capability

Michael R. Lackner
System Development Corporation
Santa Monica, Calif,

Simulation of a system by digital computer require:
a model of the system which is intelligible to
to the student of the system while compatible
with the limitations of the computer, transla-
tion of the model to computer code, movement of
the model through time, recording the perform-
ance of the model.

SIMPAC, a "simulation package, incorporates
coherent techniques and devices for the accom-
plishment of these objectives: modeling concepts
for building a computer-compatible model, a vocab-
ulary for encoding the model, a computer program
for moving the model through time and recording
its performance, and an output presentation
program.

A model of an hypothetical business system
has been implemented with the first version of
SIMPAC for the purpose of studying management con-
trols in a complex system.,

This paper discusses digital simulation and
SIMPAC, and introduces modeling concepts which may
lead to a set of simulation systems which would
assemble models of varying complexity from de-
scriptive statements and analyze the models prior
to simulation.

A Non-Linear Digital Optimizing Program for
Process Control

Raymond A. Mugele
IBM Corporation
San Jose, Calif.

A new program has been developed for opti-
mizing a computer-controlled process. This pro-
gram applies probing and restraint-following al-
gorithms which permit solving the optimization
problem in difficult cases. These cases include
non-linear or discontinuous restraint functions,
and non-convex domains.

The program requires relatiVely little stor-

age for program and data, and no special modifi-
cations of objective or restraint functions. It
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Meet
Our new
heavyweight

Here’s the newest entry in our line-up
of computers: the Honeywell 1800
Series. The 1800 is a heavyweight
champ from the word go. It has the
speed, capacity and capability to
handle the very biggest business,
scientific or real-time applications. If
you’re familiar with the Honeywell 400
and 800 computers, you're already aware
of many of the advantages of the 1800.
Some of these are: Parallel Processing,
Orthotronic Control, FACT, vacuum-
actuated tape units, control memory,
Polyphase and Cascade sort techniques,
and COP. This heritage is important.
But so are the many new features.
Especially if you have a big job in
mind. Here, then, are the highlights

of the new Honeywell 1800:
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2-microsecond memory cycle time

The 1800 Central Processor (Model 1801) has an
internal operating speed of more than 120,000
three-address operations per second for typical
arithmetic instructions such as additions and
subtractions. Memory cycle time is two
microseconds. Memory modules contain 8,192
48-bit words, and up to four modules may be
utilized (maximum of 262,144 alphabetic
characters or 393,216 decimal digits). As in the
Honeywell 800, a separate control memory
containing 256 special registers automatically
supervises simultaneous and parallel execution
of as many as eight independent programs.
These can be business or scientific programs
or a mixture of both.

Nanosecond floating-point option

An optional floating-poeint unit for the H1800
(Model 1801B) makes extensive use of tunnel
diode circuitry and achieves speeds up in the
nanosecond range. The Honeywell floating-
point word utilizes a 40-bit mantissa and a 7-bit
exponent, permitting a range of values from
10-% to 10% in decimal,.or from 107 to 107

in binary. Nanosecond speeds, plus the ability
to work in fixed or floating-point arithmetic
give the 1800 an outstanding scientific and real-
time capability. Couple this with its bent for
business data processing and its ability to run
independent jobs in parallel, and you begin to
see what a real work horse the H1800 can be.

Complete software package now ready

~ The Honeywell 1800 has the same command list

and instruction format as the Honeywell 800.
Thus the two systems are completely compatible

and all Honeywell 800 software is immediately
usable for the 1800. This includes machine-
oriented assembly systems, problem-oriented

business and scientific compilers and COP
(Computer Optimization Package), a collection
of programming aids that greatly increases the
day-to-day operating efficiency of Honeywell
computers.

Your pick of peripheral units

The Honeywell 1800 uses the same peripheral
units as the Honeywell 800. In addition to
high-density magnetic tapes (133,000 digits
per second), available units include card
readers and punches, optical scanners,

paper tape readers and punches, high-speed
printers, and data transmission controls. The
magnetic tape units, in addition to speed,
feature exceptionally gentle vacuum-drive
mechanisms, variable length records, fast
rewind, and speedy tape changing. There are no
untried units here. All have been thoroughly
tested in extensive field use.

Just feel our muscle now

The addition of the 1800 tops off our broad line
of magnetic tape computers. For those taking
their first EDP steps or maybe adding a satellite
to a central computing system, there’s the
Honeywell 400. For full-scale solid-state
processing with 8-jobs-at-once efficiency there’s
the Honeywell 800. Now the Honeywell 1800
brings nanosecond speeds to bear on the
biggest business, scientific or real-time
problems. For more information contact any
Honeywell EDP sales office or write to
Honeywell EDP, Wellesley Hills 81, Mass.

In Canada, Honeywell Controls Limited,
Toronto 17, Ontario.

Honeywell
Eleitrowie Data 'P/wwm%




is primarily applicable to some medium-sized dig-
ital computers now used in process control.

Various control strategies are compatible
with this program. It can be used to generate an
operator guide for a process operating in the
steady state, It can also be used for optimizing
the control of a process with perturbed inputs,
i.e., in the transient state. It can also be in-
terrupted, before completion, in order to determ-
ine the degree of improvement available, or to
impose new restraints,

A Simulation of a Business Firm

Charles P, Bonini
Graduate School of Business
Stanford University

This paper describes a simulation model of a
hypothetical business firm. The model was con-
structed to include not only the accounting and
economic factors of costs, profits, sales, units
produced, etc., but also psychological and be-
havioral concepts, Individuals in the firm have
aspiration levels, feel pressure, and react in
accordance with behavioral theory.

The purpose of the model is to study the ef-
fects of informational and organizational factors
upon the decisions of a business firm. We have
had limited knowledge of such variables as: the
effects of tardy information, the effects of diff-
erent distributions of information within the
firm, the effects of differing degrees of cen-
tralization or decentralization, etc. A compre-
hensive model, such as the one proposed, is nec-
essary to answer such questions.

Eight specific hypotheses involving changes
in the organization and information system of the
firm were formulated and tested using a factorial
experimental design., The results of this experi-
ment demonstrate the usefulness of this model as
a research tool.

SESSION B

Tuesday, May 1 -~ 2 p,m. to 5 p.m.
Gold Room

Theoretical Problems in Artificial Intelligence

Chairman: Russell A, Kirsch, National Bureau of
Standards, Washington, D.C.

Panelists: Edward A. Feigenbaum, University of
California, Berkeley, Calif. and Rand Corpora-
tion, Santa Monica, Calif. / Marvin L, Minsky,
Computation Center, Massachusetts Institute of
Technology, Cambridge, Mass. / Norman Z.
Shapiro, National Institutes of Health,
Bethesda, Md.

The three papers in this session represent
contributions to artificial intelligence from di-
verse sources. Ernst draws upon techniques re-
lated to heuristic programming to solve a problem
in tactile and visual sensing and control of a
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real environment. Reiss draws from classical as-
sociationist psychology to provide models for ma-
chines that would exhibit association of ideas.
Cannonito draws from mathematical logic to study
the nature of fundamental limitations on the be-
havior of intelligent machines.

The papers and the subsequent discussion will
be directed more to-the specialist in artificial
intelligence than to the specialist in the source
disciplines from which the contributions derive,
To the computer specialist this session will be
of interest because artificial intelligence re-
search makes essential use of computers in non-
trivial ways and because some of the by-products
of such research (most notably the design of pro-
gramming languages) contribute directly to the
further development of computers.

MH-1, a Computer-Operated Mechanical Hand

Heinrich A, Ernst’
IBM Research Laboratory
San Jose, Calif.

MH-1 is a motorized and sensitized servoman-
ipulator operated by the TX-O computer at the
Massachusetts Institute of Technology. Unlike in
a conventional digital control system, the com-
puter in the MH-1 system is not used to process
quantitative information. Its function is rather
to perceive and appreciate the environment of the
hand qualitatively. On this basis, the computer
determines a reasonable course of action after a
goal has been specified for the hand.

Because of the automatic execution of these
higher control functions, the system, by itself,
in its attempt to reach that goal, behaves sens-
ibly even in unexpected situations for which no
explicit instructions have been given, For ex-
ample, it makes reasonably successful attempts to
resolve inconsistencies between the plan of action
and the situation in the environment, it finds a
way around obstacles hindering the hand, or it
accepts help from a human assistant without fight-
ing back, but it still resists unwanted interfer-
ence., A film of MH-1 in action, demonstrating
these properties, will be shown,

An Abstract Machine Based on Classical
Association Psychology

Richard F. Reiss
Librascope Division
General Precision, Inc,
Glendale, Calif.

Classical association psychology (circa 1750-
1900) described, and proposed to explain, human
thought processes in terms of a few kinds of
forces operating on discrete entities called
"sensations,” "images," "ideas; etc. The classi-
cal theory was not given a precise, quantitative
formulation and has been generally abandoned for
a variety of reasons. However, the problem of
developing artificial intelligence in digital ma-
chines provides new grounds for evaluating and
perhaps extending association theory,

COMPUTERS and AUTOMATION for May, 1962
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One method of evaluation is the synthesis by
postulation of abstract "machines" which reflect
the fundamental insights of association theory,
and analyses of their behavior. 1In this paper a
minimal machine is defined and certain aspects of
its behavior are examined. It is restricted to a
finite system of discrete objects coupled by two
types of associative bonds, some of which are
modified by passage of the objects through an
"attention" register. The system grows in size
by the admission of new objects via a "sensory"
register. Although this "machine" constitutes an
over-simplified interpretation of association
theory, it does display some of the diverse be-
havioral potentialities of such systems.

The Godel Incompleteness Theorem and
Intelligent Machines

Frank B, Cannonito
Grumman Aircraft Engineering Corp.
Bethpage, N.Y.

This paper considers whether or not Gddel's
Incompleteness Theorem implies that machines are
incapable of operating as intelligent robots.
The paper's view is that the theorem does not
limit machines in this sense., To support this
belief, the concept of a recursively enumerable
set of integers is developed via the intuitively
appealing properties of programs made up from
basic instructions similar to the well-known in-
itial functions of primitive recursion. Produc-
tive sets of integers are then introduced and
after some remarks relating formal languages to
sets of integers via the Gddel numbering tech-
nique, a formal axiomatic arithmetic language L
is defined and the recursive enumerability of L's
set of theorems is asserted. The notions of w-
consistency and interpretation of L are then
given and Gddel's Incompleteness Theorem is
stated and interpreted vis-d-vis digital
computers,

The paper then attempts to modify the con-
cept of a program so that the theorem of De Leeuw,
Moore, Shannon and Shapiro can be introduced to
argue that nonrecursively enumerable sets of in-
tegers can be generated by the modified programs
under suitable restrictions. This is regarded
as removing the restrictions on the use of ma-
chines as creative robots, implied by the Gddel
Incompleteness Theorem,

SESSION C

Wednesday, May 2 —— 9 a.m. to 12 noon
Venetian Room

Digital Storage and Circuits

Chairman: Jack I. Raffel, Lincoln Laboratory,
Massachusetts Institute of Technology, Lex-
ington, Mass.

Panelists: Kent D. Broadbent, American Systems,
Inc., Inglewood, Calif. / Munro K, Haynes,
Thomas J. Watson Research Center, IBM Corp.,
Yorktown Heights, N.Y.

COMPUTERS and AUTOMATION for May, 1962

The session on digital storage and circuits
will emphasize the continuing attempt on the part
of components designers to perform more compli-
cated functions faster and cheaper. Two of the
papers are devoted to cryogenic associative mem-
ory work, the third to a technique for high-speed
transistor logic. While they represent widely
different ends of the component spectrum with re-
spect to environment, switching speed, stage of
development and familiarity, they, as well as all
other developments, will be measured ultimately
in common units of bits, dollars, and microsec-
onds. It is hoped that this session will make
some contribution to this difficult process of
evaluation,

A Superconductive Associative Memory

Paul M. Davies
Abacus, Inc.
Santa Monica, Calif.

The general properties of an associative
memory are explained, and their advantages rela-
tive to a random access memory discussed. Then
a superconductive mechanization of such a memory
is described which is based upon the cross film
cryotron, The memory requires 5 cryotrons per
bit and 9 cryotrons for a control module associ-
ated with each word., Any combination of bits of
the word can be used as the key, and any number
of records in the memory can be identified and
read out as the result of a single association,
The speed of various circuitry in the memory is
approximated and some applications are suggested.

A Cryogenic Data Addressed Memory

V. L. Newhouse
General Electric Research Laboratory
Schenectady, N.Y.

and

R. E. Fruin
General Electric Heavy Military Electronic Dept.
Syracuse, N.Y.

A computer storage system which is addressed
by content rather than location is described.
The design has been verified by constructing and
successfully operating a three-word module con-
sisting of 81 crossed-film-cryotrons on a six-
inch by three-inch substrate,

Circuits for the FX-1 Computer

Kenneth H. Konkle
Massachusetts Institute of Technology
Lexington, Mass.

A set of circuits capable of 50 megapulse
operation is described. Included are gated and
mixing pulse amplifiers, a static flip-flop, a
diode logic unit with current-steering amplifier,
a passive delay line, and an active variable de-
lay circuit; all of which are designed to operate
with terminated 75 ohm transmission lines. Ten
nsec, pulses and 20 nsec. flip-flop transition
times are provided through use of very-high-speed
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MADT transistors. The circuits have been success-—
fully employed in the FX-1, a small general pur-
pose computer with high-speed magnetic film
memory.

SESSION D

Wednesday, May 2 -— 9 a,m. to 12 noon
Gold Room

Man-Machine Cooperation

Chairman: Douglas C. Engelbart, Stanford Research
Institute, Menlo Park, Calif.

Panelists: Frederick P, Brooks, Jr., IBM Corp.,
Poughkeepsie, N.Y. / Richard S. Hirsch, IBM
Corp., San Jose, Calif. / Herbert Martin
Teager, Massachusetts Institute of Technology,
Cambridge, Mass.

Bringing the human into on-line association
with the computer, to interact in real time, is
a trend motivated by several goals. Computer-
ized systems, with real-time missions, often need
to utilize some of the still-unique human capa-
bilities, such as pattern recognition and judg-
ment, Here the goal is to get best possible sys-
tem performance, and the problem in the man-
machine relationships is to try to couple the man
in the best manner to this end. This goal has
prompted most of the man-machine work to date.

Another goal, still to be generally appreci-
ated and pursued, is that of extending the indi-
vidual human's self-directed problem-solving
capability by means of more intimate cooperation
with the computer. This session is concerned,
relative to both goals, with the current poss-—
ibilities and problems of real-time, on-line,
man-computer cooperation.

On-Line Communication Between Man and Computers

J. C. R. Licklider
Bolt Beranek and Newman, Inc,
Cambridge, Mass.

and

Welden Clark
Bolt Beranek and Newman, Inc.
Los Angeles, Calif.

The paper first reviews briefly the main
problems and existing techniques of on-line com-
munication between men and computers, and then
describes three current developments:

1. A time-sharing system that permits sev-
eral operators with independent problems
to use one computer simultaneously, each
operator having sensibly continuous ac-
cess to its facilities,

2. A set of programs and techniques to fa-
cilitate planning and design of buildings.

3. Techniques that provide pictorial dis-
plays of what is Going on inside the
computer and reveal basic characterist-
ics of traced-operating programs.

34

The paper concludes with a brief discussion
of man-computer communication problems that call
for basic advances in concept and hardware,

Solution of Non-Linear Integral Equations
Using On-Line Computer Control

Glen J, Culler
Ramo-Wooldridge, a Division of
Thompson-Ramo-Wooldridge
Canoga Park, Calif,

and r

Robert W. Huff R
University of California i&

Radiation Laboratory !

Berkeley, Calif.

This paper contains results from some com-
puter experiments performed as part of a study
concerning more effective utilization of computers
as research tools for scientific problems. A dis-
play and analysis console permitting direct con-
trol of the computer was used to solve a non-linear
integral equation occurring in the Bardeen-Cooper-
Schrieffer theory of superconductivity. This
equation gives the energy gap in a superconductor
as a function of energy after three physical para-
meters have been specified. In each case, the
method of solution was constructed by the problem
solver through direct interaction with the com-
puter, the strategy of solution of each stage be-
ing based on information obtained from the com-
puter in the course of the solution process.

Thus, characteristic features of the problem and
the pitfalls involved were discovered and con-
trolled during the process of solution,

According to the parameter values specified,
the problems ranged from very easy to quite diff-
icult, and thus provided a basis for testing our
approach., Extension of this technique to other
digital equations, to more general one-dimensional
problems, and to a wide class of physical and
mathematical problems appears entirely feasible.

Are the Man and the Machine Relations?

Burton R, Wolin
System Development Corporation
Santa Monica, Calif,

> =

As environments requiring control have be-
come more complex, and the speeds of events in
those environments have increased, there has been
a trend to use computers to supplement or replace
men or the functions they have traditionally per-
formed.

<

The decision as to how to use computers in
systems has been influenced by beliefs about what
men can and cannot do or should and should not do.

Additionally, attempts to employ computers
have frequently failed because not enough has
been known, either about the function, or how to
program the computer to perform the function.

A research program is described which has
two objectives: First, to study the behavior of
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men in complex environments to find out what they
can and cannot do well, and what factors limit or
extend their effectiveness. Second, to study the
behavior of men to determine how they perform
complex functions, using the men as analogues of
general-purpose computers, so that computers can
be better programmed to perform such functions
when it is necessary to do so.

A brief description of the computerized lab-
oratory in which the research is being done, and
how the laboratory is being used, is included.

SESSION E

Wednesday, May 2 -- 2 p.m. to 5 p.m.
Venetian Room

Data Analysis and Model Construction
in the Study of the Nervous System

Chairman: Belmont G. Farley, Lincoln Laboratory,
Massachusetts Institute of Technology, Lex-
ington, Mass,

Panelists: T. H, Bullock, UCLA / M, H, Goldstein,
Jr., Massachusetts Institute of Technology /
Josiah Macy, Jr., Albert Einstein College of
Medicine, New York City, N.Y.

The complexity and non-linearity of the
problems encountered in the study of the nervous
system make necessary the use of the most capable
available tools for progress toward their solu-
tion. Problems arise both in processing experi-
mental data, and in constructing theoretical
models. The theme of this session is the appli-
cation of advanced analog and digital techniques
to analysis and synthesis of experimental phenom-
ena observed in both animal and human nervous
systems. Emphasis will be placed on problems
and methods peculiar to the study of biological
systems, but an attempt will be made to assess
the present status of the field and relate it to
others.

Problems in the Study of the Nervous System

Belmont G. Farley

Lincoln Laboratory
Massachusetts Institute of Technology

Lexington, Mass,

A survey is given of the main experimental
and theoretical difficulties encountered in the
study of the nervous system. These difficulties
are illustrated by specific examples of the un~
certainties still existing in knowledge of the
behavior of neurons, both individually and in
groups, and in the interpretation of experimental
observations. Concepts of the reduction of data
from electrophysiological experiments are dis-
cussed and compared with those in physical ex-
periments. Some theoretical problems are simi-
larly treated. Examples of analog and digital
computers having both special and general-purpose
features which have been used to attack these
problems are given, with a brief discussion of
some of the results.
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Neural Analogs

Leon D, Harmon
Bell Telephone Laboratories, Inc.
Murray Hill, N.J.

Information processing in the nervous system
is receiving increasing attention by researchers
in the communications sciences. One of the most
prolific areas of activity has been neural model-
ing. Simple electrical and mathematical models
were described over half a century ago; in recent
years there has been a growing array of chemical,
electronic, mathematical and computer-simulated
analogs.

Two quite different kinds of neural modeling
have resulted. In one category the intent is to
simulate the complex parameters of the biological
original closely in order to consider functions
of the nervous system, hopefully to supplement
neuro-physiological research, In the second kind
of neural modeling the idea is to explore the
single-element logical behavior or the self-org-
anizing properties of ensembles of relatively
simple quasi-neural elements.

It is the purpose of this paper to emphasize
the differences between these two approaches, to
review briefly some of the main streams of activ-
ity in neural modeling, and to show, by way of
example, the results of one particular line of
investigation -- the work dealing with real-time
electronic neural analogs.

The Caudal Photoreceptor of the Crayfish:
A Quantitative Study of Responses to Intensity,
Temporal and Wavelength Variables

William R. Uttal
IBM Research Center
Yorktown Heights, N.Y.

This paper describes the results of a study
which has been made of the caudal photoreceptor
of the crayfish. Pooled pulse potentials evoked
by photic stimuli were recorded from the ventral
nerve cord and these data digitized and recorded
on magnetic tape. A digital computer was then
used to analyze the data and recognize certain
specific features. The coding of the nerve ac-
tion potentials, as a function of the stimulus
dimensions, was investigated and it was determ-
ined that the stimulus amplitude-response magni-
tude relation was a power function with the same
exponent as that found in human perception.
Furthermore,: the spectral luminosity curve was
determined to coincide with that of the human eye.

The similarities of these two functions sug-
gest a common photochemical medium which thus
allows a detailed study to be made of these human
perceptual processes in a highly reduced model
preparation,
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A Theory and Simulation of Rhythmic Behavior Due
to Reciprocal Inhibition in Small Nerve Nets

Richard F. Reiss
Librascope Division
General Precision, Inc,
Glendale, Calif.

An elementary theory predicts that neurons
which inhibit each other, and which suffer "fa-
tigue" with repeated firing, can produce alternate
bursts of pulses, a "multivibrator" effect, under
certain conditions. Fragmentary physiological
evidence suggests that reciprocal inhibition does
occur in sensory and muscle control systems, and
may in particular explain rhythmic behavior of
the sort seen in alternating reflexes-responsible
for animal locomotion.

On the basis of a specific conceptual model
of signal processing in neurons, analog and digi-
tal simulation models have been constructed and
used to explore the multivibrator effect. The
effect is rather easily produced with model neur-
ons operating in either "coincidence" or "relaxa-
tion" modes, and is facilitated within limits by
asymmetric parameters.

The reported simulation experiments are re-
stricted to reciprocal inhibition of just two
neurons and indicate that a neuron couplet, with
a few sensory inputs and proprioceptive feedbacks,
could provide an economical control system for
alternating reflexes or for synergetic muscle
groups which time-share a common load. Such a
system could rapidly adapt to varying loads and
would require minimal control from higher nervous
centers. The exploration of many other possible
functions for two (and more) multivibrator effects
in small nerve nets has only begun,

SESSION F

Wednesday, May 2 -- 2 p.m. to 5 p.m,
Gold Room

Computer Systems

Chairman: James H, Pomerene, Thomas J. Watson
Research Center, IBM Corporation, Yorktown
Heights, N.Y.

Panelists: Erich Bloch, IBM Corporation, Pough-
keepsie, N.Y. / Howard R. Nonken, Burroughs
Laboratories, Paoli, Pa, / Herbert Martin
Teager, Massachusetts Institute of Technology,
Cambridge, Mass,

Faster computer systems can usually be ex-
pected from faster technology, but there are
other areas where improvement is needed and can
be obtained. Some of these are described.

The processes themselves can be defined in
new ways which make solution of many problems
more convenient. The use of content-addressed,
or "associative" memories can greatly speed up
and simplify the searching operations character-
istic of many non-numerical problems. Final re-
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sults can often be presented to the user in visual
displays conveying the essential information com-
pactly and in minimum time; the example described
primarily concerns maintenance but has implica-
tions for operational results as well.

The Maniac III Arithmetic System

Robert L. Ashenhurst
Institute for Computer Research
University of Chicago
Chicago, Ill1,

Unlike most computers, for which there is a
formal distinction between "fixed-point" and
"floating-point" numbers, the University of Chi-
cago Maniac III computer handles all numbers in a
single format (exponent and coefficient, with the
coefficient in general not normalized). This
permits several types of arithmetic to be defined,
which differ in that results are adjusted (coeffi-
cient scaled) according to different rules, For
example, a "floating-point" operation adjusts the
result according to a "significant digit" criter-
ion, while a "specified point" operation adjusts
the result to the exponent of the first operand.
Normalized arithmetic and a fourth type called
"basic" are also available. Since the format for
operands is the same for all these types, they
can be processed by the various arithmetics with-
out intermediate conversion, thus adding a dimen-
sion of flexibility to the computing process.

This paper discusses the arithmetic rules in
some detail, showing how consistent conventions for
rounding, adjustment of zero and formation of low-
order parts are established. The trapping system
used for the detection of anomalous results is
also described.

An Organization of an Associate Cryogenic Computer

Robert F. Rosin
Department of Electrical Engineering
University of Michigan
Ann Arbor, Mich.

This paper is concerned with the organization
of a computer built entirely of cryotrons and op-
erating with an associative (content addressed)
memory in which the location of words stored or
retrieved is determined by all or part of the con-
tents of the words.

Since cryogenic circuitry is used throughout,
the speed of the machine is relatively uniform in
both memory and other functions. Thus, the tradi-
tional balance of operation time is changed from
that existing in more contemporary devices., More-
over, the problem of hardware maintenance has
changed due to the very cold environment which
must exist for the machine to operate.

A design approach to these and other consid-
erations is evolved which includes putting more
logic than usual into the memory and eliminating
the necessity for a distinct instruction location
counter, address decoder, etc. Problems consid-
ered include multi- and parallel processing, in-
dexing and indirect addressing, input-output pro-
cessing and self-monitoring functions.

COMPUTERS and AUTOMATION for May, 1962

Introdu
Miss
1962

Opening

‘ ern
of ]
orat

Keynote
Phys
Berk

R
Chairms

Panelis
nia,
Rand

01
systems
attenti
their p
tributa
structi

t) largely
that ha
ferred

3 to effe
the org

Wi
ness ir
areas f
al pape

1)
busines
are ava
consequ
What sp
tems, a
what re
theory,
theory?
and pro

COMPT



.ane,

¢ 22,
1,

w York
Irne,
tle
cie,

, New

601

101

1962

California Street Side

Integration and Automatic Fault Location Techniques
in Large Digital Data Systems

Donald W, Liddell
U. S. Navy Electronics Laboratory
San Diego, Calif.

A digital computer, if used with proper pro-
gramming techniques, can be a powerful tool dur-
ing the processes of physical integration of com-
plex digital data processing systems. After sys-
tem integration as such has been completed, the
same ‘techniques may be used to provide perform-
ance monitoring and daily calibration status data
for all or any part of a system.

Investigation of such programming techniques
during system integration of the Developmental
Navy Tactical Data System (NTDS) at USNEL pro-
duced results which indicated the possibility of
using the computer for automatic fault location
in the system. Some progress has been made in
this area, and a program which allows the NIDS
computer to identify a failing logic card associ-
ated with its own memory logic and switching cir-
cuitry has been successfully demonstrated. The
final objectives of this approach are to provide
facilities to perform on-line performance moni-
toring and automatic fault location, reduce to a
minimum the external test equipment required for
a system, and eliminate insofar as possible the
high degree of training presently required in
the system maintenance technician.

SESSION G

Wednesday, May 2 ~- 2 p.m. to 5 p.m,
Peacock Court (Mark Hopkins Hotel)

Analog Applications and Techniques

Chairman: Vernon L. Larrowe, Institute of Sci-
ence and Technology, University of Michigan,
Ann Arbor, Mich.

Panelists: Arthur D, Bridgman, Sylvania Elec-
tronic Defense Laboratories, Mountain View,
Calif. / P. J. Hermann, Dept. of Aerospace
Engineering, Iowa State University / Hans E,
Meissinger, Hughes Aircraft Company, Culver
City, Calif, / James E, Wolle, Analog Computer
Laboratory, General Electric Company, Phila-
delphia, Pa.

The modern electronic analog computer, when
intelligently programmed, is capable of solving
accurately many engineering problems which arise
in current technological research and development,

The papers scheduled for presentation at
this session represent a sampling of the many ap-
plications of the analog computer to contemporary
problems, They are intended, not only to intro-
duce idcas and stimulate thinking, but also to
serve as valuable references for persons engaged
in solving similar problems on electronic analog
computers,
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The Use of Computers in Analysis

Walter J. Karplus and Ladis D. Kovach
Department of Engineering
University of California

Los Angeles, Calif.

The computer is recognized as an important
engineering design tool permitting the student to
test the efficacy of a large number of design hy-
potheses to determine an optimum design. The ap-
plication of automatic computers to courses in
methods of analysis, however, has not been clearly
defined.

This paper gives a number of specific ex-
amples of the utilization of computers in engi-
neering analysis. Foremost among these examples
are two categories of computer utilization:

1} The application of computers to aid the stu-
dent in the visualization of dynamic or mathemati-
cal phenomena; and 2) The opening up of new
approaches to the explanation of system behavior
—— approaches which are out of reach of conven-
tional analytical methods.

Analog Simulation of Particle Trajectories
in Fluid Flow

Vance D. Norum
Space-General Corporation
Glendale, Calif.

and

Marvin Adelberg and Robert L, Farrenkopf
Space Technology Laboratories, Inc.
Redondo Beach, Calif.

This paper presents a detailed account of
the analog simulation of particle trajectories in
a two-dimensional fluid flow field governed by
Laplace's equation. A conductive surface is used
as a direct analog of the two-dimensional fluid
flow field in conjunction with an electronic ana-
log computer to determine the trajectories of
particles in the presence of fluid flow, Empha-
sis is placed on the concept of accuracy of the
particle trajectories as well as error criteria
by which trajectory accuracy can be judged; and
on the sources of error inherent in their determ-
ination.

A detailed error analysis is presented in
which a suitable error model is derived and cer-
tain inaccuracies in the computing equipment are
assumed in order to predict their effect on the
particle trajectories. An example is presented
to illustrate the types and magnitudes of errors
that exist in a typical problem. The analog sim-
ulation is also used to obtain trajectories in a
potential flow field distorted by the presence of
a cylinder and the results are then compared to a
similar case obtained by other authors using a
different approach. These results were compar-
able, with suitable explanations for the
difference.
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The Application of Finite Fourier Transforms to
Analog Computer Simulations

Eric Liban
Grumman Aircraft Engineering Corp.
Bethpage, L.I., N.Y.

An analog computer technique for the solu-
tion of certain classes of boundary value prob-
lems of partial differential equation based on
Finite Fourier Transforms is presented, which re-
quires considerably less computer components than
conventional finite difference methods. The de-
rivation of the Finite Fourier Transform method
is briefly stated and then applied to analog com-
puter simulations of heat transfer equations with
linear and nonlinear boundary conditions.

Analog Simulation of the Re-Entry of a
Ballistic Missile Warhead and Multiple Decoys

L. E. Fogarty and R. M. Howe
University of Michigan
Ann Arbor, Mich,

The basic problem considered here is the
computation of the re-entry trajectory of a
single ballistic missile warhead as well as the
trajectories of a number of decoys which origin-
ate from the warhead trajectory. Suitable three-
dimensional equations of motion are presented for
a re-entry vehicle with arbitrary drag coefficient,
mass, and area, and the analog computer circuit
for solving these equations in real time is given.
Then a method of using several such circuits to
compute simultaneously the trajectories of multi-
ple targets with variations in all three initial
velocity components as well as variations in
ballistic coefficient is presented.

SESSION H

Thursday, May 3 -- 9 a.m. to 12 noon
Venetian Room

Information Retrieval

Chairman: Jack Goldberg, Stanford Research In-
stitute, Menlo Park, Calif.

Panelists: Charles P, Bourne, Stanford Research
Institute, Menlo Park, Calif, / R. K. Wakerling,
Lawrence Radiation Laboratory, University of
California, Berkeley, Calif.

Two basic tasks in an information retrieval
system presently requiring human judgment are the
establishment of the indexing categories and the
indexing of incoming items., There have been num-
erous suggestions for the mechanization of the
latter task, using semantic or statistical anal-
ysis. One of the papers at this session will
describe a statistical method for establishing
the categories themselves, by analysis of the
text of a representative body of items. The
method might also be useful in mechanizing item
indexing in a so-called prebabilistic indexing
and retrieval system.
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Machine retrieval has been proposed for more
than just library service., A second paper dis-
cusses the possibilities of a mechanized retrieval
system at the center of a very complicated techni-
cal and human organization —- the hospital. The
paper illustrates the complexity of the problem,
and the diversity of techniques which the system
designer must employ.

The Construction of an Empirically Based
Mathematically Derived Classification System

Harold Borko
System Development Corp.
Santa Monica, Calif.

This study describes a method for developing
an empirically based, computer derived classifica-
tion system. Six hundred and eighteen psychologi-
cal abstracts were coded in machine language for
computer processing. The total text consisted of
approximately 50,000 words of which nearly 6,800
were unique words. The computer program arranged
these words in order of frequency of occurence.
From the list of words which occurred 20 or more
times, excluding syntactical terms such as and,
but, of, etc., the investigator selected 90 words
for use as index terms, These were arranged in a
data matrix with the terms on the horizontal and
the document number on the vertical axis. The
cells contained the number of times the term was
used in the document, Based on these data, a
correlation matrix, 90x90 in size, was computed
which showed the relationship of each term to
every other term, The matrix was factor analyzed
and the first 10 eigenvectors were selected as
factors., These were rotated for meaning and in-
terpreted as major categories in a classification
system. These factors were compared with, and
shown to be compatible but not identical to, the
classification system used by the American Psych-
ological Association, The results demonstrate the
feasibility of an empirically derived classifica-
tion system and establish the value of factor an-
alysis as a technique in language data processing.

The Storage and Retrieval of Physiological
and Medical Data in a Modern Hospital

Paul C. Tiffany
Aerospace Corporation
El Segundo, Calif.

As an introduction, this paper considers some
of the problems of data handling in a modern hos-
pital. Next, the needs of the users of the data
are considered. The principal area of interest is
directed toward the hospital function which deals
with the storage and retrieval of the clinical
record after the patient's hospitalization. An
estimation is made of the large amounts of terms
used in medicine, and of two currently employed
schemes for the indexing of diseases and opera-
tions. A description is made of a storage and
retrieval system which allows the medical re-
searcher to examine and browse through clinical
records or abstracts of the records. The paper
concludes with observations on the need for ap-
plied research and system development to acquire
pilot systems for the storage and retrieval of
physiological and medical data.
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PROGRAMMERS shape the future of a new technology

1BM programmers, working with professional associates
in research, development and manufacturing, are con-
tributing expert knowledge and ideas in the creation of
future computing systems.

This teamwork represents a striking advance in the role
of the programmerand dramatizesthe important part be-
ing played by this young but rapidly growing profession.
At 1BM, programmers are creating new concepts in soft-
ware, and contributing to the design of new systems for
virtually every phase of business, science and industry.

In response to the vastly increasing versatility of com-
puters and their widespread applications, 18M program-
mers at all levels of endeavor are establishing new
standards of achievement. They are designing programs
that will simulate business and industrial operations.
Theyare developing systems for government projects in
space, defense and communications, where their data
processing skills will help produce significant advances
in tomorrow’s computer technology. They are also study-
ing the complex programs for . . . information-handling
systems.. . scheduling methodology . . . information-re-
trieval studies.

1BM programmers also face challenging tasks in devel-
oping new programming systems. For example, they are
devising programs that in turn use machine capability

for formulating new programs. They are creating pro-
grams that enable computers to diagnose their own
faults through self-checking. And they are helping to de-
sign the systems that will let scientists and engineers
“talk’ to machines in the everyday language of science
and engineering.

Programmers at iBm take pride in their professional
status and enjoy the unusual opportunities offered by a
leader of the computer industry. In an atmosphere so
receptive to new ideas, their concepts flourish. They
find that their keen interest in exploring the capabilities
of electronic computing is supported by 1BM’s full re-
sources. This combination results in significant accom-
plishments recognized throughout the field.

Openings for programmers exist in all 1Bm facilities,
including: San Jose, California; the Washington, D. C.,
area; Lexington, Kentucky; Rochester, Minnesota; Oma-
ha, Nebraska; and New York City, Endicott, Kingston,
Owego, Poughkeepsie and Yorktown Heights, New York.
In addition to its extensive benefits programs, the 18Mm
Educational Program is one of the most extensive in the
country today. 18BM is an Equal Opportunity Employer.

If you have experience in computer programming and
would like to have more information about careers with
IBM, we'd like to hear from you. Please write to:

Manager of Professional Employment
IBM, Dept. 539 R

590 Madison Avenue

New York 22, New York



SESSION I
Thursday, May 3 -- 9 a.m, to 12 noon
Gold Room
Programming and Coding -- Part 1

Chairman: Bernard A, Galler, Computing Center,
University of Michigan

Panelists: Richard W. Hamming, Bell Telephone
Labs, Murray Hill, N.J. / Edwin L, Jacks, Data
Processing Section, General Motors, Inc., De-
troit, Mich. / Alan J, Perlis, Computation
Center, Carnegie Tech, Pittsburgh, Pa. /
Francis V. Wagner, North American Aviation
Company, Los Angeles, Calif,

The most striking feature about programming
today is the variety of problems on which work is
being done. We normally think of activity in
programming as being concerned with sub-routines,
translators, or system development, but as we
shall see in the papers presented here, there are
other areas under active investigation.

Two of the papers are concerned with new de-
velopments in the languages which we use in ex-
pressing algorithms, The very existence of these
papers testifies that the topics which concern
them must inevitably be provided for in comput-
ing languages. Two of the papers deal with new
requirements on operating systems. As problems
become more complex, we find that we must consid-
er the implications of dynamic storage allocation,
and these two papers are pointing up some.of the
different approaches to the problem,

The fifth paper in this session is also con-
cerned with the complexity of future problems,
but from a different point of view. Here we need
to examine the methods used to determine when a
program is working correctly. The trend toward
putting the burden more squarely on the "should-
ers" of the computer continues, and, of course,
it must.

Fact Compiler Segmentation

Martin N. Greenfield
Minneapolis-Honeywell EDP Division
Wellesley Hills, Mass.

The manner in which the Fact Compiler han-
dles segmentation of programs is described. Pro-
grams are divided into many interdependent seg-
ments in order to optimize the use of core stor-
age, For instance, the internal storage required
to handle a tape file (buffers, labels, controls)
would be one segment. This segment would be op-
erated upon by other processing segments. Each
of the segments may be activated or released in-
dependently as required. Each of the segments
is relocated at execution time. Segments in mem-
ory may be subsequently moved by the monitor in
order to fit additional segments in core. The
monitor has the ability to organize the required
rearrangement, A hardware error detection fea-
ture is used to make the currently operating
segments sensitive to the absence of a segment

40

about to be addressed. This provides an efficient
linkage to the monitor enabling it to activate the
segment,

A General Test Data Generator for Cobol

Lt. Richard L, Sauder
Wright-Patterson Air Force Base
Ohio

Program checkout procedures are often ham-
pered by the nonavailability of adequate test
data. To reduce this problem, a Test Data Gener-
ator is currently being developed to operate in
conjunction with the Cobol Compiler implemented
by the Air Force Logistics Command. The system
not only builds data items conforming to descrip-
tions given in the Data Division of the associated
Cobol Source Program but also inserts in these
items necessary data relationships and require-
ments to test various branches of the Cobol object
program, The generator is labelled "general™ in-
asmuch as the method of expressing these data re-
quirements is designed to be as hardware indepen-
dent as the Cobol compiler employed to build the
program being tested. This paper discusses both
the utilization and the method of operation of
the Data Generator,

Data Structures that Generalize
Rectangular Arrays

Samuel A, Hoffman
Kettelle & Wagner
Paoli, Pa.

A class of data structures, useful in data
processing, is defined, These are called gener-
alized structures. A formal method of describing
a generalized structure is given., It is shown how
a compiler program, once given such a description
or descriptor, can allocate contiguous storage and
determine the appropriate form of the storage map-
ping function which will relate suitably referenced
positions in the structure with positions in the
linear storage., The suitable referencing of data
in the structure is accomplished by reference ex-
pressions; these are defined and it is shown how,
at run time, they are operated upon by the storage
mapping function, :

The class of structures, the descriptors, the
form of the storage mapping function and the ref-
erence expressions are all shown to be direct gen-
eralizations of the corresponding considerations
for n-dimensional rectangular arrays.

Finally, an Algol program for the Burroughs
220 computer is briefly described. The program
simulates the functions that a compiler, upon re-
ceiving a descriptor, would perform in forming the
storage mapping function, and the processing that
would be carried out at run time when a reference
expression is presented.
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Scientific programmers for Space Technology Leadership

" And, thinking it woulc
the plane of the curve
this comet (Halley's) d

REPRINTS OF THE DRAWINGS CREATED FOR THIS SERIES, SYITABLE FOR FRAMING, ARE AVAILABLE ON REQUEST.
Thinking it not improper, we invite your attention to the challenging opportunities for scientific programmers at Space
Technology Laboratories, Inc. In the tradition of Newton, you might well be interested in helping to develop a better
understanding of such phenomena as the orbiting of bodies —celestial and man-made. At STL there is continuing interest
in the solution of the broad spectrum of unsolved problems relating to space technology using two 1BM 7090's, and
extensive peripheral equipment. Opportunities also exist for Computational Systems Programmers, Data Analysts and
Applied Mathematicians. Please write Dr. R. C. Potter, Manager of Professional Placement and Development at STL.
STL is an equal opportunity employer.

SPACE TECHNOLOGY LABORATORIES, INC. r.0. nox 9500588, LOS ANGELES 45, CALIFORNIA

a subsidiary of Thompson Ramo Wooldridge Inc.
Los Angeles ¢ Santa Maria « Cape Canaveral » Washington, D. C. J Boston * Dayton * Huntsville * Edwards AFB ¢ Canoga Park * Hawaii

Spring Joint Computer Conference Delegates: San Francisco interviews May 1-3. Call F. C. Nagel at Conference Hotel, SUtter 170909



SESSION I

Thursday, May 3 -- 2 p.m. to 5 p.m.
Gold Room

Programming and Coding -- Part 2

Chairman: Same as Part 1
Panelists: Same as Part 1
An Experimental Time-Sharing System

Fernando J. Corbato
MIT Computation Center
Cambridge, Mass.

Time~sharing a digital computer is subject
to two common interpretations. One can mean us-
ing different parts of the hardware at the same
time for different tasks, or one can mean sever-
al persons making use of the computer at the same
time. The first meaning, often called multipro-
gramming, is oriented towards hardware efficiency
in the sense of attempting to attain complete
utilization of all components. The second mean-
ing of time-sharing, which is meant here, is pri-
marily concerned with the efficiency of persons
trying to use a computer. Computer efficiency
must still be considered but only in the perspec-
tive of the total system utility,

The motivation for time-shared computer us-
age arises out of the slow man-computer interac-
tion rate possible with the bigger, more-advanced
computers, This rate has changed little (and be-
come worse in some cases) in the last decade of
widespread computer use. The desired performance
of a time-shared computer will be discussed as
well as specific hardware, programming and usage
problems. The operational characteristics of an
experimental time-sharing programming system pre-
pared for an IBM 7090 will be described. Consid-
eration will be given to the design compromises
and to the future avenues of improvement.

A Programming Language

Kenneth E. Iverson
Thomas J. Watson Research Center
IBM Corporation
Yorktown Heights, N.Y.

The paper describes a succinct problem-
oriented programming language. The language is
broad in scope, having been developed for, and
applied effectively in, such diverse areas as
microprogramming, switching theory, operations
research, information retrieval, sorting theory,
structure of compilers, search procedures, and
language translation. The language permits a
high degree of useful formalism. It relies
heavily on a systematic extension of a small set
of basic operations to vectors, matrices, and
trees, and on a family of flexible selection op-
erations controlled by logical vectors. Illus-
trations will be drawn from a variety of
applications,
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SESSION J

Thursday, May 3 —- 2 p.m. to 5 p.m.
Venetian Room

World Peace and Role of Computers*

Chairman: Louis Fein, Consultant, Palo Alto,
Calif,

Panel Discussion

Political scientists, behavioral scientists
and computer scientists will explore some of the
general problem areas of peace research and some
of those specific classes of problems -~ if any
—-— amenable to solution with the aid of computers.
Finally, the credibility of computer-generated
recommendations will be discussed.

Peace research appears to deal with five
main problem areas: (1) Identifying necessary
and sufficient conditions (economic, political,
sociological, psychological, cultural, military,
religious, moral, ethical, ideological, legal and
semantic) for preventing major international con-
flicts —- conflicts for whose resolution nations
seriously consider all-out nuclear war as an ac-
ceptable instrument; (2) generating alternative
models of society whose most important property
is that they meet these necessary and sufficient
conditions; (3) generating alternative routes of
getting from our present world condition to a
condition of society with no major conflicts.

In the event of conflict, the research would
concentrate on (1) generating alternative non-
destructive strategies and policies to resolve
conflicts, and (2) generating detailed ways of
implementing these policies in practice,

Papers will be integrated with a continuity
of subject matter from paper to paper. The format
and content of the session may be considered as a
very small scale model of the whole process of
analyzing important sociological problems and
solving them with the aid of computers,

(*See note on page 44.)

SESSION K

Thursday, May 3 -~ 2 p.m, to 5 p.m.
Peacock Court (Mark Hopkins Hotel)

DDA and Hybrid Computation

Chairman: Harold K, Skramstad, Naval Ordnance
Laboratory, Corona, Calif,

Panelists: Robert M., Barnett, Ames Research
Center, Moffett Field, Calif. / W. N, McLean,
North American Aviation, Los Angeles, Calif., /
Fred Shaver, National Aeronautics and Space
Administration, Marshall Space Flight Center,
Huntsville, Ala.

The Digital Differential Analyzer or DDA is

a special-purpose digital computer of the incre-
mental type which has the ability to solve dif-

COMPUTERS and AUTOMATION for May, 1962

tec
€Ol
str
tic
thi
rai
id
bi
an
flo
pic

COM]I



his
to-
et,

1962

m does one computer system take maximum advantage
of ils compuiing speed, peripheral equipment and
storage capacity at all times and under all conditions—
whereas others do not (and cannot) ?

m do three jobs that each take an hour to do on other
systems take only 114 hours all told on this system?

m do interrupt conditions that make other systems bog
down have no effect on this system?

m do you get more throughput per dollar with this
system than with any other?

m can this equipment lay claim to a totally new concept
in computer system operation?

Or consider the paradox of how three jobs that each
take one hour to do on other systems can be com-
pleted in less than half that time by the B 5000. It’s
easy—the way the MCP does it. Since some jobs need
a lot ‘of processor time but little input-output time,
whereas some jobs need just the opposite, the MCP
cuts the total processing time of each by running them
concurrently. The programer needs to write only the
basic program and the MCP takes over from there,
scheduling and assigning different components when
free, This ability to time-share unused processor and
input-output capacities is one of the main reasons
the B 5000 can give you more throughput per dollar.

Versatile as it is, however, the MCP doesn’t fully
account for the fact that the B 5000 is a totally new
concept in system operation. There’s the B 5000’s
ability to incorporate a second central processor, for
instance—without reprograming. And there’s the fact
that the B 5000’s basic design concept provides effec-
tive and productive use of the higher level languages
of ALGOL and COBOL. Plus enough other reasons
to fill a whole booklet—which we’ll be glad to send
to you. It’s called The B 5000 Concept and is avail-
able from our main office at Detroit 32, Michigan.

Burroughs—TM

The Master Control Program (MCP) of a Burroughs
B 5000 Information Processing System is the answer.
It’s one of the primary answers to all the questions
above, and it’s also the solution to just about every
operational drawback that’s ever drained away a
computer user’s time, money and patience.

Take the question of interrupts, for example. Conven-
tional systems employ programed interrupt detection.
In the B 5000, interrupt detection is built right into
the hardware. The hardware then switches electron-
ically to the appropriate portion of the MCP for
automatic handling of that specific interrupt condi-
tion. Meanwhile, the current program is processed
further or another program is run instead, if preferred.
In cither event, the B 5000’s MCP assures that an
interrupt condition does not mean an interruption of
the system itself or the work in progress.

Burroughs

Burroughs Corporation




ferential equation problems with high efficiency.
Programmed in the manner of analog computers, but
free of analog limitations on precision, they are
being increasingly used in real-time simulation

and control, due primarily to the order of magni-

tude increases in speed attainable in recent years.

The first paper "Design of a One-Megacycle
Iteration Rate DDA" describes a new DDA of ex-
ceptionally high speed. The second paper "DDA
Error Analysis Using Sampled Data Techniques" is
a thorough analytical study of the errors pro-
duced in DDA's in which a conceptually simple
error theory is evolved.

The third paper "Hybrid Techniques for Opti-
mization Problems" describes a hybrid technique,
combining analog and digital hardware, for mini-
mizing a function dependent on the solution of a
set of differential equations, by means of a
systematic search procedure in parameter space.

Design of a One-Megacycle Iteration Rate DDA

R. E. Bradley, Design Engineer
J. F. Genna, Project Engineer
Hazeltine Technical Development Center, Inc.

Hybrid Techniques Applied to Optimization Problems

Hans S. Witsenhausen
Electronic Associates, Inc.
Princeton, N.J.

A hybria system is described consisting of a
general-purpose analog computer and a specially
designed digital expansion system (DES). One of
the functions of this expansion is to act as an
intelligent operator of the analog high-speed com-
puting capability. To this end, the expansion
contains logic building blocks (essentially flip-
flops and gates) interconnected on a patch-panel,
Switching commands are transmitted from the DES
to analog gates, memory units and mode control.
Comparators transmit quantized information from
the analog to the DES.

Application of this simplest capability of
the hybrid approach is illustrated for the optim-
ization problem, stated as follows:

A function dependent on the solution of a
set of differential and/or algebraic equations
containing adjustable parameters is to be mini-
mized by systematic search procedures in parameter

Indianapolis, Ind. space. Among the applications are model building,
process optimization and matching of boundary con-
This paper discusses the special design fea- ditions, One possible .procedure has been selected

tures of a digital differential analyzer (DDA)
which operates at a rate of one million itera-

for illustration and its hybrid implementation is
carried out for the general n-parameter case, Ex-
tions per second, SPEDAC (Solid-state Parallel ploratory runs determine approximate partial de-
Expandable Differential Analyzer Computer) fea- rivatives from which a quantized direction is de-
tures parallel organization of the integrators, termined. Steps are taken in this direction until
serial-parallel arithmetic within the iteration lack of improvement forces a redetermination of
cycle, 26-bit word length, and the integral in- partials. The techniques of programming the DES
clusion of a multi-function digital function gen- and the hybrid interconnections are emphasized.
erator., The computer is programmed in analog

computer fashion by means of plug-board inter-
connection of the integrators. COMPUTERS AND WORLD PEACE

To achieve a one-megacycle iteration rate,
the arithmetic circuits operate at a six-mega-
cycle clock rate. Trapezoidal integration is
performed. Initial conditions and function gen-
erator breakpoints and slopes are stored as par-
allel words in a multiplane magnetic core memory.
The use .of a parallel memory is exploited to per-
mit direct parallel communication and hybrid op-
eration with external large-scale general-purpose
digital computers.

It is worth quoting a paragraph from Louis Fein's
"Introduction to the Session: Peace and the Role of Com-
puters':

", .. The prime reason for having this session is to
ascertain what, if anything, we can do professionally
in the cause of peace ... and how we might go about
doing it. We do not intend... to attempt the solution
of specific problems of peace at this three-hour session.
Nor is this a peace rally. We are here not as partisans
but as technicians confronting ourselves with a set of
Don J. Nelson problems. We have had a good deal of experience as
University of Nebraska technicians in trying to solve moderately complex prob-
Department of Engineering lems with the aid of computers. Appreciating full well
Lincoln, Neb. that the problems of peace are probably more complex
than those with which we've already dealt, still we ought
to be able to identify what we might do effectively — and
what we cannot do at all — to help prevent nuclear war
now and help establish world peace in the future. We
ought also to be able to provide methods for ascertain-
ing what can and cannot be done effectively and accept-
ably, how to do what can be done, and to estimate the
magnitude of such tasks. ..."

DDA Error Analysis Using Sampled Data Techniques

The Z or W-Transforms may be combined with
matrix techniques to analyze errors in digital
differential analyzers. This analysis demon-
strates how errors in the solution of linear
differential equations with constant coefficients
can be simply determined and how solutions to
these equations can be developed, the accuracy
of which is limited only by round-off.
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:;2 e i Somewhere between the problem.of forminfg six rhatches into four equilateral tri-
ges :ﬁ( E angles and seeing the solution as a tetrahedron......Achphenomenon occurs. Call it
use - S insight, inspiration, or perception. It is that sudden impulse to think in another direc-
ges s 'tio’n. Such impulses have produced our greatest achieVements.

1) . :
le)c We welcomeuengmeers who think in new dlmensmns who form uncommon con-

tly , clusions, Wwho are nqt a 'ald to go outsude the confmes of accepted concepts,
id- Insightful thinkers are mvuted to send a resume to Mr. Nick B. Pagan, Manager Pro-
are o fessmnal and Scuentnﬁc Staffmg You may expect prompt attentuon.
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“ACROSS THE EDITOR’S DESK”

NEWS of

NEW INSTALLATIONS

IBM STRETCH COMPUTER SYSTEM
AIRLIFTED TO LONDON

A large-scale IBM 7030
"STRETCH" electronic data process-
ing system was airlifted by two
cargo planes from New York's Idle-
wild airport to London. It will
be delivered by IBM-United Kingdom
to the United Kingdom Atomic Ener-
gy Authority.

The solid-state STRETICH can
perform more than 30 billion multi-
plications in a 24-hour period.

The computer attains its high
speeds through use of ultra-fast
circuits, transistors and circuit
components, Its speed makes poss-
ible solutions to scientific prob-
lems for which equations are known
but which were previously too large
or complex for solution for a rea-
sonable cost, or in a reasonable
length of time,

This is the third STRETCH sys-
tem to be delivered by IBM to an
atomic energy organization,

AUTOMOBILE INSURANCE COMPANY
INSTALLING
DATA PROCESSING EQUIPMENT

State Farm Mutual Ins. Co.,
Bloomington, Ill., has begun instal-
lation of 38 solid-state computers.
They are part of a decentralized
computing and data processing sys-
tem, having both disk and tape
storage at each of the regional
offices.,

An IBM 1410 and a 1401 are be-
ing installed in each regional of-
fice. Another 1401 will be in-
stalled in the home office in
Bloomington.

Each 1410 system will include
a new IBM 1301 disk storage unit,
offering either 28 or 56 million
digits of capacity. Access to the
1301 unit will be provided by one
or two IBM 1014 remote-inquiry sta-
tions, as the region requires.
Each 1401 will also have five mag-
netic tape units for processing the
master policy file with from 300 to
2400 characters per policy; a 1403
printer which operates at up to
600 lines a minute, and a 1402
card unit which reads 800 cards a
minute and punches 230,

46

Computers

H-400 EDP SYSTEM FOR
PUBLIC HEALTH APPLICATIONS

The U. S. Public Health Serv-
ice, Cincinnati, Ohio has installed
a Honeywell 400 electronic computer
at the Robert A, Taft Sanitary En-
gineering Center., It will be used
in studies of radiation, water pu-
rification, air pollution, and
other environmental factors in all
parts of the country,

The new computer, which the
Public Health Service will use on
a lease-purchase basis, is a high-
speed, medium-scale electronic data
processing system., It will include
a central processor, with a 3,000
word memory; four magnetic tape
transports, each capable of read-
ing or writing 96,000 decimal dig-
its per second; a high-speed print-
er; a high-speed card reader; and
a card punch,

GERMAN NUCLEAR RESEARCH FIRM
INSTALLS LARGE-SCALE
ANALOG COMPUTER SYSTEM

Interatom, a German company
specializing in nuclear reactor re-
search and construction, has in-
stalled a large-scale analog com-
puter system in its laboratories
near Cologne, The system is made
by Electronic Associates, Long
Branch, N.J. and consists of two
large-scale PACE 231R general pur-
pose analog computers. Interatom
is using the computing system in
research and design of nuclear
reactors,

HONEYWELL 800 AIR SHIPPED
TO LONDON

Minneapolis-Honeywell's Elec-
tronic Data Processing Division,
Wellesley, Mass., has shipped by
air a large-scale Honeywell 800
computer to London, England. There
it will be installed in the com~
pany's first overseas EDP Service
Bureau. The Service Bureau will
serve as a data center handling
electronic data processing on a
contract basis, It will also func-
tion as an educational and demon-
stration center to help acquaint
European EDP users with Honeywell
equipment,

The computer, which weighs
more than 33,000 pounds, required
the entire carrying capacity of a
KLM DC-7TF cargo plane. Equipment
includes a powerful central pro-

and Data Processors

cessor with 8,000 words of memory,
eight magnetic tape drives, a high-
speed printer, a high-speed card
reader and card punch, a paper
tape reader and punch and associ-
ated electronic control equipment,

BANK OPENS LARGEST EDP CENTER
IN WEST BERLIN

The largest electronic data
processing center in West Berlin
has been opened by the Bank for
Commerce and Industry, a subsidi-
ary of Dresdner Bank A.G.

Two IBM 1401 medium-scale com-
puters, backed up by eleven tape
units, are the center of the in-
stallation. Bank statements ready
for mailing are printed at a speed
of 600 lines per minute.

The equipment will enable the
bank to meet the sharp increase in
demand deposit bookkeeping opera-
tions resulting from the current
German trend away from cash trans-
actions,

TRW COMPUTER CONTROL SYSTEM
FOR PETROLEUM CHEMICALS, INC.

Petroleum Chemicals, Inc. will
install a TRW-330 digital computer
control system at its high-purity
ethylene unit in Lake Charles, La.

The TRW-330 will perform a
number of control calculations, in-
cluding material and energy bal-
ances, conversions, and yields.
Other functions of the system in-
clude scanning of instruments,
alarming of off-normal variables,
and logging of operating records.

UNIVERSITY OF MELBOURNE
TO USE ANALOG COMPUTER

University of Melbourne, Mel-
bourne, Australia, has taken de-
livery of an AD-1-64PB electronic
analog computer from Applied Dy-
namics, Inc., Ann Arbor, Mich,

The computer will be used by
the university departments of chem-
ical, electrical, and mechanical
engineering, and engineering math-
ematics. Applications will include
both instruction and research.
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i manacevENnT ENGINEERIED

Engineered to meet the major demands of modern management, the Bendix G-20 data processing system is designed
na- to increase profits in an era of critically spiralling costs. B Specifically designed as a central, integrated system, the
1p- G-20 is capable of concurrently handling the computer workloads of all of your company’s major departments: account-
ing, marketing, engineering, manufacturing, administration, warehousing and distribution. @ Bendix G-20 automatic
TO- programming and linear programming systems open the door to a vast range of applications. For instance, a Bendix
ex- G-20 in a typical business organization could, at this moment, be performing these functions: design automation and
cost analysis, inventory control, budget analysis, production and facility control, sales analysis and forecasting, raw material
flow, market research and product planning, order processing, advertising planning, and operations research...all these in
ac- addition to more standard business and scientific applications. As workloads increase, G-20 modularity allows you to
ing R expand your system without reprogramming. # Backing up the proven hardware-software capabilities of the Bendix
G-20 is a nationwide team of experienced applications specialists, providing systems support in depth...from preliminary
evaluation through systems analysis, programming, installation and on-site maintenance and service. B Your nearby
at, Bendix Computer representative will be glad to introduce you to the Bendix G-20 solution to swiftly rising costs: or
- if write for the brochure, ‘A Solution to the Profit Squeeze,” Bendix Computer Division, 5630 Arbor Vitae Street,
the Los Angeles 45, California, Dept. D39.

he Bendix Computer Division -2/ d

rell CORPORATION

als THE BENDIX G-20 COVMIPUTING SYSTEM
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CAPE CANAVERAL AND ASCENSION ISLAND
HAVE NEW ELECTRONIC DATA SYSTEM

A new electronic data process-
ing system has been placed in oper-
ation at Cape Canaveral and Ascen-
sion Island for improved radar
tracking of ICBM's and earth sat-
ellites launched at Cape Canaveral
along the 5,000-mile Atlantic Mis-
sile Range.

The system has a Univac 1206
Military computer, a "real-time
data handling system", made by
Univac Military Operations, St.
Paul, Minn,

The computer operates on
stored trajectory information, and
tracking data radioed and teletyped
from Cape Canaveral; it also as-
sists down-range radar stations in
"locking on" and tracking space-
borne vehicles, even though the
vehicle may be only intermittently
visible to the radar,

"Mission replays" stored on
magnetic tape will be used by the
Air Force for simulating launch-
ings for the training of Range
personnel,

Small circuit cards, 2 1/2"
by 1 3/4", are the basic modules
in the Univac 1206 Real-Time com-~
puter, They are shown here ex-
tended from one of the computer's
13 chassis trays. The Univac 1206
computer is about 3 feet square
and 6 feet high, and houses about
4,000 circuit cards. They are
easily removed for servicing and
quick replacement,

HONEYWELL 400 TO ANALYZE
DIAGNOSTIC AND HOSPITAL RECORDS

A Honeywell 400 made by Hon-
eywell EDP Division, Wellesley
Hills, Mass., has been delivered
to the Commission on Professional

48

and Hospital Activity, Ann Arbor,
Mich. The equipment will be used
in the analysis of clinical records
of millions of hospital patients
throughout the U.S. and Canada.

A wide range of diagnostic and
hospital care records, covering
some 2.5 million patients a year,
will be studied under the commis-—
sion's Professional Activity Study
(PAS), a long-range project to
help improve medical and hospital
practice.

The Honeywell 400 delivered
to the Commission consists of a
central processor with a 3000-
word memory, a high-speed card
reader, a card punch, a high-speed
printer, and related electronic
control equipment.

New Firms, Divisions,

and Mergers

C-E-I-R, INC. APPEALS
COURT DECISION

C-E-I-R, Inc,, Washington,
D.C., has appealed to the Maryland
Court of Appeals the decision of
Judge Kathryn L. Shook of the Cir-
cuit Court of Montgomery County,
Maryland, dismissing C-E-I-R's
suit for an injunction against
Computer Dynamics, Inc.

MILITARY PRODUCTS GROUP
FOR BENDIX COMPUTER

The Bendix Corporation's Com-
puter Division has created a mili-
tary computer products group. The
group will specialize in research,
engineering, production and sales
of special-purpose computing sys-
tems, with initial emphasis in the
growing area of military ground
and shipboard computers. This will
include tactical and strategic com-
mand and control, intelligence and
surveillance data gathering, fire
control, simulator and training,
launch control and automatic check-
out systems,

ASI CELEBRATES FIRST ANNIVERSARY

Advanced Scientific Instru-
ments, Inc., 5249 Hanson Court,
Minneapolis, Minn., is celebrating
its first anniversary as a manufac-
turer of computers. To date the
company has announced the sale of
two ASI 210 computers:  one to NASA
and the other to Argonne National
Laboratory of the Atomic Energy
Commission., ASI is completing

checkout of the prototype ASI 420,
second in the ASI family of three
high-speed, general-purpose comput-
ers. The third member of this
computer family is the Advance II,
a large scale machine,

GENERAL PRECISION COMPLETES
PURCHASE OF ROYAL McBEE INTEREST
IN COMPUTER COMPANY

General Precision, Inc., a
subsidiary of General Precision
Equipment Corporation, has pur-
chased for $5,000,000 the 50 per-
cent interest held by Royal McBee
Corporation in Royal Precision
Corporation. Royal Precision,
which manufactures and markets
scientific and data processing com-
puters, has been jointly owned by
General Precision Equipment and
Royal McBee.

It is expected that Royal
Precision will shortly operate as
the Data Processing Division of
General Precision.

NCR TO MARKET GENERAL TIME'S
' TRANSACTER' DATA-COLLECTION SYSTEMS

The National Cash Register
Company, Dayton, Ohio, and General
Time Corporation, New York, N.Y.,
have made an agreement under which
NCR will market and service General
Time's "Transacter" data collection
systems in the United States and
Canada and in various overseas
countries. General Time will con-
tinue its own marketing and servic-
ing program for Transacter systems,

IBM SHIFTS HEADQUARTERS OF
CHARACTER RECOGNITION DEVELOPMENT

International Business Ma-
chines Corporation is shifting all
of its character-recognition de-
velopment work to its new labora-
tory in Rochester, Minn, The de-
velopments to be carried on will
involve both magnetic and optical
recognition systems.

It was believed that the form-
er laboratory at Endicott, N.Y. had
reached its maximum effective size
and that the Rochester plant was
suited to build the type of equip-
ment that would come out of the
development worke.

AIEE-IRE BOARDS APPROVE
MERGER PRINCIPLES

The Boards of Directors of
the Institute of Radio Engineers
and the American Institute of Elec-
trical Engineers, in separate meet-
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WHAT GOES INTO A SUPERIOR COMPUTER TAPE?

Many-things, tangible and intangible, go into the making of EP Computer
Audiotape. On the tangible side, only the finest materials and equipment—
meticulously selected and constantly tested—are used in producing this extra
precision computer tape. In addition, every reel is 1009 checked on specially-
designed Automatic Certifiers to insure that each of the 112 million test pulses
(161 million on high density tapes) reproduce properly . . . Less tangible but
justas important are our years of experience in this exacting field. Experience
that tells you Extra Precision Computer Audiotape consistently lives up to its
name. Once you try this superior computer tape, we're certain that you'll agree.

. EP COMPUTER AUDIOTAPE /AUDIO DEVICES INC., 444 MADISON Avy
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ings, approved in yeneral the prin-
ciples of the proposed consolida-
tion of the two engineering
societies.

At present, the IRE's member-
ship is 97,000 and AIEE's 70,000.
(Both figures include students,)
Combined assets of the two socie-
ties total over $6 million.

The proposed constitution,
agreement of merger, and principles
of consolidation will be submitted
to the combined membership of both
organizations for approval. If the
memberships approve the consolida-
tion, it is expected that the com-
bined society will be operating by
January 1, 1963.

PEOPLE OF NOTE

H. W. THUE PROMOTED
TO VICE PRESIDENT

An announce-
ment has been
made of the pro-
motion of H. W.
Thue to Vice
President, Man-
ufacturing, of
the General Pro-
ducts Division
of the Interna-
tional Business
Machines Corp.

Mr, Thue was formerly Assist-
ant General Manager for Manufactur-
ing. He has been with IBM since
August 1957. General Products Di-
vision is one of two IBM Divisions
manufacturing data processing
equipment in the United States.

Mr. Thue is responsible for all
manufacturing activities in the
division.

POTTER NAMES RUDY TO EDP POST

Andrew R, Rudy has been named
Supervisor of Electronic Data Pro-
cessing at Potter Instrument Com-
pany, Inc., Plainview, N.Y. Mr,
Rudy previously was tabulation
supervisor of the Suffolk County
Police Department.

COMPUTER DYNAMICS NAMES EXECUTIVES
TO MANAGE NEW SERVICES DIVISIONS

Charles W, Burris, Jr., of
Washington, D.C, was appointed Vice
President and Manager of the new
Systems Division of Computer Dynam-
ics Corp., Silver Spring, Md.
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Michael W. Pulscak, of Rockville,
Md., was named Manager of the
IMPACT Division.

Mr, Burris was formerly Mana-
ger of Systems Analysis and Govern-
ment Marketing for Remington Rand
Univac. He will be responsible for
probing the decision-making process
of management to determine and syn-
thesize into a computer process
those policies, techniques and pro-
cedures which govern and direct the
most vital operations of an organ-
ization,

Mr, Pulscak, a senior systems
analyst, is a specialist in the de-
sign and implementation of inte-
grated processing systems., He is
the originator of this company's
new technique -- IMPACT -- IMple-
mentation Planning And Control
Technique.

Teaching Machines
TEACHING BY LONG-PLAYING RECORD

About 2% million of the na-
tion's sales people are getting
some part of their job training
through long-playing hi-fi-records,
according to Sales and Marketing
Executives -~ International, 630
3rd Ave., New York. Most sales-
clerks respond well to this method
of training, while sales managers
like flicking a switch and letting
somebody else give the "pep talk"
to salesmen,

Sales training records bring
the nation's experts to the trainee.
Personal appearance fees of train-
ing specialists would be more than
most companies could afford to pay.

One recording company has re-
ported that it will alone sell
more than 65,000 sales training
records this year., A typical title
among “these best-sellers is "How
to Win a Sales Argument Without
Arguing".

PUBLICATIONS

A STANDARD COMPUTER LANGUAGE
FOR DEFENSE DEPARTMENT

The Defense Supply Agency has
published a standard language ap-
plicable to an aspect of computers.
The standard language is known as
Military Standard MIL-STD-806B,
"Graphlc Symbols for Logic D1a—
grams", It will be used by engi-
neering, training, and maintenance
personnel who deal with the design,
construction, installation, and
maintenance of digital computers,

The Air Force introduced an
early form of the standard two
years ago and found it satisfactory.
The present version incorporates
the requirements of all military
departments. It was prepared by
the Electronics Systems division
of the Air Force Systems Command,
Bedford, Mass.

Copies are available from the
Government Printing Office, Wash-
ington, D.C, or from military con-
tracting officers.

NEWSLETTER “MODERN USES OF
LOGIC IN LAW" -- MULL

The quarterly newsletter MULL,
for "Modern Uses of Logic in Law"
will henceforth be published at
the American Bar Association head-
quarters in Chicago.

M.U.L.L. deals with the appli-
cations of modern logic, computer
technology, and other aspects of
information technology to law. It
has been published to date by the
special Committee on Electronic
Data Retrieval of the American Bar
Association in collaboration with
Yale Law School.

Persons, whether or not mem-
bers of the American Bar Associa-
tion, may subscribe to M.U.L.L.,
at $4 per year and $10 for three
years.

Subscriptions should be sent
to the American Bar Association
(Attention: Publications Depart-
ment), American Bar Center, 1155
East 60th Street, Chicago 37, Ill
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ADVANCED AIR DEFENSE SYSTEMS WITH FIRST-DAY CAPABILITY

The needs of today’s air defense
systems pose a problem that would
have seemed insoluble ten short
years ago. The problem of furnish-
ing mixed-weapons command and
control, with first-day capability, in
a system that is portable to any
place in the world.

Here is how that problem has been
solved through creative engineering
utilizing a decade of industry prog-
ress in tactical data systems.

Systems already delivered by Litton
to the military, or in the advanced
state of development and produc-
tion, include: Airborne Tactical
Data Systems (AN/ASQ-54, AN/
ASA-27) for the U.S. Navy, the
Marine Corps Tactical Data System
(AN/TYQ-1,AN/TYQ-2) for the
U.S. Marine Corps, and the AN/
FSG-1 Retrofit Improvement Sys-
tem (OA-3063/FSG-1 (V) ) for the

I et

The first of these, the Airborne
Tactical Data Systems, provides a
capability for the mission of Air-
borne Early Warning and Control
(AEW & C) in defense of large land
masses, attack carrier task groups
and other naval units. Both the AN/

ASQ-54, installed in a land-based
AEW & C aircraft, and the AN/
ASA-27, installed in a carrier-based
AEW & C aircraft, furnish early
warning data on enemy raids to
surface elements of an air defense
network and provide airborne con-
trol of interceptors.

The second of these systems, the
Marine Corps Tactical Data System
(MTDS), features capabilities for
continuous and effective control of
Combat Air Operations during an
amphibious assault. Facilities are
available for control of aircraft on
missions such as close air support,
reconnaissance, and interdiction
and for air defense with mixed
weapons, both ship-based and
shore-based surface-to-air missiles
and interceptors. An integral air
traffic control system assists in initial
and continuous identification of
friendly aircraft.

The third, the AN/FSG-1 Retrofit
Improvement System, significantly
increases the counter-countermeas-
ures capability of the AN/FSG-1

Missile Master System deployed
within the Continental United

States to furnish surface-to-air mis-
sile battery coordination in the de-
fense of large cities and industrial
areas.

Through the successful design, de-
velopment and manufacture of sys-
tems for air defense missions, Litton
has demonstrated its capability to
proceed with even further advanced
data systems. Such systems are now
under conception and development
at Litton.

Air defense systems that not only
fulfill today’s defense requirements
but also defy obsolescence for years
to come require engineering that is
versatile, inventive, aggressive, and
adaptable. This is the kind of en-
gineering Litton expects from its
people. If you are qualified to per-
form -engineering at this level, you
are invited to write: H. E, Laur,
Litton Systems, Inc., Data Systems
Division, 6700 Eton Avenue, Can-
oga Park, California; or telephone
DIamond 6-4040.

An-Equal Opportunity Employer

DATA HANDLING & DISPLAY SYSTEMS

DATA SYSTEMS DIVISION

LITTON SYSTEMS, INC.

A DIVISION OF LITTON INDUSTRIES

* COMPUTER SYSTEMS ¢ MODULAR DISPERSED CONTROL SYSTEMS




AUTOMATION

AUTOMATIC STEEL ANALYZING SYSTEM
OF BETHLEHEM STEEL

A fast, error-free data-con-
version system utilizing a computer-
printer combined with a spectrograph
and teletype equipment, permits
close analytical control on heats
of carbon and alloy steels. The
new equipment makes up a system for
automatically analyzing steel
samples and printing the results
simultaneously in the laboratory
and plant shop. An analysis can
be obtained within two minutes
after a test cycle is started.

The Bethlehem system does all
operations automatically, includ-
ing typing in both the laboratory
and shop., It makes it possible to
prevent heats being held overlong
in the furnaces or from being down-
graded because of incorrect analysis.

Bethlehem has installed the
computer-printer in three plants.

POLARIS PRODUCTION USES AUTOMATION

The reliability and efficiency
of the Navy's Polaris missile is
being further improved by tape-
controlled equipment,

After "hand-building" the
first of the Polaris missile sys-
tems, Lockheed Missiles and Space
Co.,:Sunnyvale, Calif., decided to
use tape-controlled equipment,

Among the benefits of numeri-
cal control machine tools are min~
imized tooling, reduced human er-
ror, increased reliability and a
significant saving in time and
money from the engineering drawing
to the finished part.

The initial requirement was
for three advanced tape-controlled
machines -- a turret-type drill,
an automatic multiple tool changer
and a profiler-type milling machine,
The multiple-tool-changer milling
machine has 31 different tools
which can be selected automatical-
ly and used for specific opera-
tions as directed by the computer.
The computer does this operation
by translating written specifica-
tions into commands directing the
machine to produce the part. It
interprets design information and
calculates appropriate directions
for the tool control system.

These calcualtions are fed out on
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a series of punched cards and the
directions are converted to coded
tape for the actual control of
the tool.

JAPANESE ULTRA-MODERN CEMENT PLANT

TO BE CONTROLLED BY
TRW DIGITAL COMPUTER SYSTEM

Chichibu Cement Company's new
plant at Kumagaya, near Tokyo, will
be one of the world's first cement
plants designed and constructed
around a computer control system.

The computer, a Thompson Ramo
Wooldridge Inc. RW-300, will be
the heart of the closed-loop sys-
tem for integrated control of wet
blending and clinker burning oper-
ations in the plant. Four wet-
process rotary kilns will be con-
trolled and optimized by the sys-
tem. In addition, the TRW computer
system-will schedule raw material
—- from hoppers‘to mills, mills to
slurry tanks, and slurry tanks to
slurry basins,

CONTROL OF MILLING MACHINE AND OF DRAWING MACHINE BY SAME COMPUTER TAPE

Thompson Ramo Wooldridge, Dage
Division, 455 Sheridan Ave., Mich-
igan City, Ind., is demonstrating
a numerical-contouring control
system in two combinations, one
with a new automatic drafting ma-
chine, and the other with a contour-
milling machine,

A TRW-3000 control system
operates Universal Drafting Machine
Company's new "Orthomat" machine
to produce a verification drawing
of a metal part.

The same tape is also used on
a Gorton rail-type milling machine
where another TRW-3000
numerical control sys-
tem controls the actual
production of the metal
part.

The application of
numerical control to
the Orthomat machine
allows information on
the tape to be drawn on
paper for verification,
instead of being veri-
fied more expensively
by machining with a
machine tool., Thus ad-
vanced computer routines
can be effectively ver-
ified at low cost.

COMPUTERS and AUTOMATION for May, 1962
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NEW PRODUCTS

ALTITUDE CONTROL SYSTEM

M. ten Bosch, Inc.
Pleasantville, N.Y.

A device that can automatical-
ly control a plane's altitude has
been developed by this company,
This new system has made it poss-
ible to fly reliably at altitudes
as low as 50 feet at speeds ap-
proaching that of sound. It has
been successfully tested in low-
flying U. S. Navy drones. A plane
can travel at pre-determined heights
with an accuracy in altitude of
better than one foot, even when the
plane is making a sharp turn., Ac-
curacy is independent of the load,
speed, or shape of the aircraft,

The altitude control system
works by bouncing radar signals
continuously off the ground below
the aircraft. The resulting in-
formation is relayed to an elec-
tronic brain which makes sure that
the plane's actual height above
ground and the pre-programmed height
are the same. The system uses a
computer-controller which can be
operated by manual or radio com-
mand. Signals received by the com-
puter-controller are compared in
the equipment, and an altitude sig-
nal is computed for the autopilot,
The equipment disengages and the
aircraft is maintained in a safe
flying condition if a deviation
from the pre-programmed instruc-
tions occur,

The equipment can be matched
to any type of aircraft by a
single adjustment,

THIRTY-INCH PLOTTER FOR
COMPUTER DATA

California Computer Products, Inc.
8714 East Cleta St,
Downey, Calif.

A new plotter, the CalComp
563, has been developed by this
company. It provides for computer-
controlled plots up to 29% inches
wide on 30 inch paper, and of any
length from usual flat-bed size up
to 120 feet on continuous-feed from
the standard paper roll supplied
for use with the plotter,

The CalComp 563 x-y plotter is
capable of 200 steps/second opera-
tion in step increments of 1/100
inch. It operates on-line, through
CalComp adapters, from the output

of medium-scale computers such as
the IBM 1401 and 1620, Off-line
operation from the output of large-
scale computers is done with the
CalComp 570 converter. The new
plotter records data remotely when
connected by telephone line with
the computer source,

The CalComp 563 is designed
for all graphic applications of
computer-controlled digital opera-
tion,

ANALOG COMPUTER CONTROLLING
COLOR FILM PRINTER

The Pavelle Corp.
New York, N.Y.

A new, three-minute, color-
film developing process, which
makes it possible for the photo-
graphic amateur to make his own
color prints at home from color neg-
atives, has been developed by this
company,

What makes the printer-pro-
cessor possible is a miniaturized
analog computer. It determines
the color balance and exposure from
all popular-sized color negatives,
and controls the making of enlarged
3%" square and 24" x 3%" wallet-
size color prints, and the process-
ing of the prints —- all automati-
cally in about 3 minutes,

SHAFT-TO-DIGITAL CONVERTER

Rheem Manufacturing Co.
Electronics Division
5200 West 104th St,
Los Angeles, Calif.

A new shaft-to-digital conver-
ter has been developed. This new
product, the T-1000, provides 1000
increments for cach revolution of
the shaft. It senses shaft rota-
tion and changes this information
to digital pulses for measuring
linear motion. Non-contacting mag-
netic sensing heads are used to
improve reliability, The magnetic
heads detect rotation of the shaft
by impedance change in the head.
The device has low torque load and
precision construction.
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COMPUTER
RESEARCH
ENGINEERS &
LOGICAL
DESIGNERS

Rapid expansion of the Computer
Laboratory at Hughes-Fullerton has
created several attractive profes-
sional opportunities for qualified
Computer Research Engineers and
Logical Designers. These positions
require active participation in bread
computer R & D activities in con-
nection with Army/Navy computer
systems and new large-scale, general-
purpose computers. These multiple
processor computers utilize advanced
solid-state circuitry, gating and reso-
lution times in the millimicrosecond
regions; combine synchronous and
asynchronous techniques for maxi-
.mum speed and reliability.

These professional assignments
involve broad areas of logical design,
programming and system conception.
Fields of interest include:

s Distributed computers » Ad-
vanced arithmetic processing
techniques « Mechanized design
s Asynchronous design tech-
niques » Utilization of parame-
trons in computers s Studies in
the utilization of multiple proces-
sor computers. N

These professional assignments
involve such R & D areas as:
8 Solid state digital circuitry
involving millimicrosecond logic
® Microwave carrier digital circuits
8 Sub-microsecond core memory
= Thin tilm storage techniques
® Functional circuit concepts
® Micro-miniaturization concepts
® Tunnel diodes ¥ Microwave pa-
rametrons ® Circuit organization
for maximal-speed computing.
Located in Southern California's
Orange County (the nation's fastest
growing electronics center), Hughes-
Fullerton offers you: a stimulating
working environment; private or semi-
private offices; long-term stability.
CALL COLLECT TODAY!
For complete information on these
challenging assignments, call us col-
lect today! Ask for:

Mr. J. E. TENNEY at:

TRojan 1-4080, ext. 3741.

Or, airmail resume to: HUGHES-
FULLERTON R & D, P. O. Box 2097,
Fullerton 1, California.

An equal opportunity employer.




Engineers

What do you know
about the H1800?

This newest digital computer system has just been announced
by Honeywell Electronic Data Processing. Here are a few fea-
tures of this latest system you should find quite interesting.

The H1800 has a new central processor with an internal operat-
ing speed of more than 120,000 three-address operation a
second — a two micro-second memory access speed time, and
a new floating point unit that operates at nano-second speeds,
using tunnel-diode circuitry.

The H1800 utilizes the ability to operate eight different pro-
grams simultaneously and to perform automatic error detection
and correction. The H1800 is one more proof that Honeywell
EDP is setting the pace for the EDP industry and for EDP
career opportunities.

Other computer systems in Honeywell’s growing line include
the H800, its medium-scale counter part the H400 and the
H290 industrial process control system. Professional oppor-

tunities to work on the design of present and future computer
systems exist in the following areas:

Circuit Designers
Logical Designers
Electrical Engineers
Product Designers

San Francisco interviews:

Call Richard Bueschel at
DOuglas 2-8800 during the
SJCC May 1-3 in San Francisco.

As a member of our Engineering and Research Center in sub-
urban Boston, you will be able to take advantage of Honey-
well's tuition-support at any of the world-renowned universities
in the area. Honeywell also provides a liberal fringe benefits
program and will pay all normal relocation costs.

Address your resume to:
Richard T. Bueschel,
Personnel Manager
Engineering and Research
Center
151 Needham Street, Dept.
Newton Highlands, Massachusetts

Honeywell
@ Elitiowic Data. ﬂwcam%

Opportunities also exist in other Honeywell divisions coast to coast.
Send resume to H. E. Eckstrom, Minneapolis-Honeywell, Minneapolis 8,
Minnesota. *“An equal opportunity employer”

HIGH-SPEED DIGITAL DATA RECORDER

Perkin-Elmer Corporation
Norwalk, Conn,

A new, high-speed digital data
recorder with an output rate of 110
characters per second has been de-
veloped by this company.

The data recorder was devel-
oped to serve as a flexible link
between data-logging systems and
general computers. The basic sys-
tem consists of an analog-digital
converter, a translator and a tape
punch. A wide flexibility in modes
of recording binary data has been
provided.

NEW HIGH-SPEED TAPE PERFORATOR

Anadex Instruments, Inc,
Van Nuys, Calif,

A new, high-speed tape perfo-
rator has been developed by this
company, It offers speeds up to
60 cps and has a non-synchronous
drive. Five to eight code chan-

‘nels are available, Paper or my-

lar tape in widths up to one inch
is used,

The perforator is designed
for recor4ing digital data in
punched tape from computer output,
data logging systems, machine con-
trol systems, automatic test and
simulation systems, data trans-
mission systems, and keyboard or
other manual systems.

NEW X-Y RECORDER
HAS SOLID STATE CIRCUITRY

Electronic Associates, Inc.
Long Branch, N.J.

A new X-Y plotter-recorder
having 100 microvolt/inch sensi-
tivity, solid-state circuits and
dual-mode hydraulic damping has
been developed by this company.

The new instrument, known as
the Series 11)0 Variplotter, pro-
duces an inked plot of two input
voltages (X and Y) on either
standard 11 x 17 inch or 8% x 11
inch graph paper., The 1110 will
operate in any position, O through
360 degrees and is suitable for
table top use or rack mounting.

Two types of hydraulic damp-
ing are included, so the operator
can select either viscous-coupled
inertia damping for high-speed
plotting, or velocity damping for
point plotting or lower-speed line
plotting,

COMPUTERS and AUTOMATION for May, 1962




tic

rol
er-
:nt

ats
1y

1’s
re,

NEW DOCUMENT SORTER

Pitney-Bowes, Inc.
Stamford, Conn,
and
The National Cash Register Co.
Dayton, Ohio

A new document sorter, which
will electronically read and sort
1,620 checks a minute, has been de-
veloped jointly by these two com-
panies.

The new “Class 403" machine
will handle intermixed documents
of varying sizes, thjcknesses, and
weights. The new 403 sorter will
incorporate a new high-speed trans-
port and a new reading mechanism
which will make it possible for a
bank to sort checks more than 30
times faster than by manual methods.,

The sorter not only automates
the physical paper-handling job,
but is a link in the automation of

checking-account record-keeping in

a computer system, With the NCR
315 electronic data processing sys-
tem, information can be read from
checks and other documents direct-
ly into the computer for automatic
preparation of all subsequent de-
positor statements and bank records.
The 403 sorter can also be operated
with the NCR 310 desk-size comput-
er, which provides high-speed pro-
grammed sorting and listing to
automate a bank's transit and
clearing operations,

Pitney-Bowes will manufacture
the mechanical transport of the
sorter and NCR will produce the
electronic reading mechanism. The
sorter will be marketed to banks
exclusively by NCR.

OPTICAL SCANNER OF PAGES
OF SELECTED DATA

Farrington Electronics, Inc.
Alexandria, Va,

An electronic reading machine
capable of selecting specified data
from a business document and con-
verting the information into com-
puter language has been developed
by this company.

This machine reads at the rate
of 200 characters per second.
Punched card, magnetic tape or
perforated tape output is avail-
able. Programming flexibility is
obtained with an interchangeable
wiring panel. Control of the se-
lection of a scanning field within
any particular line permits recog-
nition of the groups of informa-
tion selected, all other informa-
tion being ignored automatically,

Programmers

What do you know
about the H1800?

If you're answer is ‘‘Nothing’, you're probably wrong. This
newest member of Honeywell’s growing line of digital computer
systems will seem quite familiar to many business and scientific
programmers.

The H1800 is a powerful extension of Honeywell's other com-
puter systems, the H800, and its medium-scale counterpart,
the H400.

All three systems utilize the unique and proven software pack-
ages that have made Honeywell's ' EDP systems one of the most
competent and versatile in the industry. The H1800 now makes
them one of the most powerful.

Honeywell's growing line of automatic programming aids,
including FACT, EASY, COBOL, ARGUS, ALGOL-type Compilers,
etc., can handle a broad variety of computer applications. The
addition of the new H1800, with its great central processor and
magnetic tape speeds, now permits Honeywell programmers to
engage in larger business data processing jobs, more complex
scientific computations and real-time applications. These broad-
ening horizons of work at Honeywell have created unique
opportunities for professional growth and personal advancement
to those Programmers who join us now. Immediate opportunities
exist in the following areas:

Automatic Programming
Operational Programming
Compiler Development
Systems Analysis

San Francisco interviews:
Call Dr. Roger Bender at
YUkon 1-8010 during SJCC,
May 1-3 in San Francisco.

In addition to the usual professional employee benefits,
Honeywell offers a unique educational-support program:

Address your resume to:
Mr. John L. Ritchie
Personnel Manager
Programming Systems Division
60 Walnut Street
Dept. 519,
Wellesley Hills, Mass.

Honeywell
@ Eluitrowie Dita, Phocessing

Opportunities also exist in other Honeywell divisions coast to coast.
Send resume to H. E. Eckstrom, Minneapolis-Honeywell, Minneapolis 8,.

Minnesota. ""An equal opportunity employer'’
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Gurious About Gomputers?

Explore the
exciting world of
electronic brains with

I‘i’l\ll . ‘
Learn digital computer theory. Discover how large
multimillion dollar computers operate . . . what
they can and cannot do. Construct and understand
circuits similar to those of the most advanced
data processing machines. You can do all this and
more with MINIVAC — a unique scientific educa-
tional device. It receives, processes and remem-
bers information and communicates answers to
questions and problems based on the data it's
given — in the same manner as full-scale com-
mercial computers!

EASY TO USE
A set of illustrated manuals — containing easy-to-
follow, step-by-step instructions — accompanies
each MINIVAC. Experiments teach you basic
principles ... demonstrate How computers do
arithmetic, solve mathematical problems, use logic
to make decisions.
BY ANYONE
No knowledge of electronics, higher mathematics
or computer technology is necessary. Anyone with
an inquiring mind can use MINIVAC — teenagers
and adults...students and teachers...busi-
nessmen, engineers, hobbyists.
AND UNCONDITIONALLY GUARANTEED
MINIVAC is fully guaranteed against defects in
manufacture and, in addition, carries a 10-day un-
conditional money-back guarantee.

TWO MODELS AVAILABLE

MINIVAC 601, -a computer simulator with which
you can learn basic principlesand operations $95.00
MINIVAC 6010, an advanced model that lets you
perform more sophisticated experiments, solve
more complex problems.............. $155.00

SEND FOR DESCRIPTIVE LITERATURE —~TODAY!

Scientific Development Corporation
Dept.CA-5

372 Main Street

Watertown, Massachusetts

- Please send liferature on MINIVAC 601 ] MINIVAC6010 O

Name.ooovsniiiiiienrnannas .
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The first Selected Data Page
Scanner will be delivered to Aetna
Insurance Co., Hartford, Conn.

This will be used to scan insurance
policy declaration forms and extract
the pertinent individual data for
computer input, The machine is ex-
pected to find application in a
wide variety of industries which
use complex business forms governed
by legal, regulatory, or account-
ing standards.

DATACOM FOR DIAL TWX SERVICE

Automatic Electric Co.
Subsidiary of General Telephone
and Electronics Corp,
Northlake, Ill.

Equipment called DATACOM for
dial TWX (teletypewriter switching)
service has been made available by
this company. This equipment will
allow independent telephone com-
panies to convert from manual TWX
service to dial operation. They
are preparing now to join in Bell
System's plans for a nationwide
cutover to dial TWX on Labor Day,
1962,

A TWX subscriber will be able
to dial directly to any other TWX
unit in the country. The plan re-
quires the transmission of tele-
typewriter (digital) data over ex-
isting voice (analog) channels. To
do this, the DC signal from a tele-
typewriter must be transformed into
voice-frequency tones and then re-
converted at the receiving end.

Two special devices will be a part
of every teletypewriter station,
in order to accomplish. this. The
DATACOM subset AE 691A permits the
subscriber to dial directly. The
phone handset will have a receiver
only, which will allow supervisory
tones and signals to be heard.
After connection is made, 60 words
per minute data transmission will
follow. The DATACOM data set

AE 101A, which mounts on the side
of the teletypewriter, converts
the DC signals to tone signals on
the sending end, and reconverts
them to DC signals on the receiv-
ing end.

LOW-COST PUNCH AND READER UNITS

Royal McBee Corporation
850 Third Avenue
New York 22, N.Y.

This company has developed a
Punched Tape Reader and a Punched
Tape Perforator to serve the data-
processing component needs of bus-
iness equipment manufacturers.

The Royal McBee Series 500 punch
and reader has a basic speed of 50

characters per second. The de-
vices weigh only 2 3/4 pounds and
combine flexibility of input-output
with high operating speeds, accu-
racy and low cost,

The punched paper-tape reader
is suited to message relaying, data
collection, business machines, com-
puter input, or machine tool and
plotter control, A semi-automatic
tape insertion feature reduces
tape loading and unloading time.

The punched-tape perforator
feeds in either forward or reverse
directions at the same speed as
the reader. It makes use of a
new principle which uses the hold-
ing power of small electromagnets
in combination with off-center
springs to engage the selected
punches,

10 MILLISECOND MAGNETOSTRICTIVE
DELAY LINE

Deltime Inc,
608 Fayette Ave.
Mamaroneck, N.Y.

This company has developed a
magnetically-shielded, magneto-
strictive delay line providing a
delay length of 10 milliseconds.
The .new Deltime Type 174 operates
at 655 KC/S pulse repetition rate
with return-to-zero.

COMPUTERS and AUTOMATION for May, 1962
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MAGNETIC-TAPE CLEANER

Cybetronics, Inc,
132 Calvary St.
Waltham 54, Mass.

The Cybetronics Model E mag-
netic-tape cleaner gives safe, rap-
id cleaning of both blank and re-
corded tapes. The device removes
lint, dirt, loose oxide, or Mylar
particles from both sides of the
tape in a single pass.

The cleaning process is en-
tirely dry and does not affect, in
any way, the data stored on the

tape. The machine also operates
as a tape rewinder, Its dimen-
sions are 19" x 14" x 8".

NEW APD DATA ACQUISITION SYSTEM

Genisco Inc.
2233 Federal Ave.
Los Angeles 64, Calif.

A new high-speed version of
the Analog-to-Pulse-Duration (APD)
Data-Acquisition System for process
control has been developed by this
company, The device has a sampling
rate of 200 channels per second.

The pulse-duration output is
digitally measured for other uses,
such as display, recording, and
further processing to become input
to digital computing equipment.
The device has a permanent "sample
and hold" feature and can be de-
signed to operate either in se-
quential or parallel data-sampling.

DIGITAL LOGIC MODULES

Harman-Kardon, Inc.
Data Systems Division
Plainview, N.Y.

A line of rentable digital
logic modules has been developed
by this company.

These modules, called Facilog-
ic, can be incorporated in systems
brecadboarding or in designing one-
shot specialized systems or for
personnel training., When the need
has ended, the modules can be re-

turned to the manufacturer elimin-
ating investment in permanent
equipment,

Power connections are automat-
ically made to each module as it is
plugged into the rack. The sche-
matic of the individual module is
silk-screened onto its face, The
logical diagrams conform to applic-
able military specs. Connections
may be made at the front or rear
of the module. Each module con-
tains an indicator light to show
the logical statement of the cir-
cuit, Simplified loading rules
are printed on the front of each
module. Each module has built-in
short circuit protection,

Blank modules are available
for construction of special cir-
cuits by the customer,

NEW ITT-025 DATA PROCESSOR

ITT Federal Laboratories
Division of International
Telephone and Telegraph Co.
Nutley, N.J.

A data processor for communi-
cation purposes, adapted to a var-
iety of military applications, has
been developed by this company.

This equipment is a military
switching system for storing and
forwarding communications, Called
the ITT-025, it is able to receive,
process, and transmit messages of
a large number of communication
lines simultaneously. Up to 256
separate jobs can be handled at
the same time, Its functions in-
clude automatic alternate routing
of messages, message verification,
retransmission of garbled messages,
continuous self-checking, and traf-
fic accounting to ensure that all
messages are properly received,

MEDIUM-SCALE COMPUTER ANNOUNCED
FOR JAPANESE MARKET

Nippon Electric Co., Ltd.
Tokyo, Japan

A new medium-scale business
and scientific computer made by
this company will be marketed in
Japan this fall. The new computer
is specifically intended to com-
pete with some American medium-
sized computers, which are gaining
popularity with Japanese users,

The medium-size system, called
NEAC 2230, has operating speeds on
the order of 100 microseconds for
fixed-point addition and subtrac-
tion, 3 milliseconds for fixed-

point multiplication, 6 milli-
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MITRE is expanding its effort
on the design and development
of computer programs for crit-
ical experiments in the area of
large-scale computer-based
command and control systems.
Test facilities are now equipped
with 7090,1401,and AN/FSQ-7
(SAGE) computers. These fa-
cilities will soon be expanded
to include a 7030 STRETCH
computer.

Experienced Programmers interested in
important assignments can find profes-
sional fulfiliment in these areas:

Problem-Oriented Languages
Computer Applications
Programming Research

Numerical Analysis

Real Time System Design

Utility Program Design

System Programming Techniques
Information Storage and Retrieval

Facility Operations

Computer System Evaluation

Ilecent college graduates with high
scholastic achievements and an inter.
est in helping us develop these fields
are also invited to apply.

Inquiries may be directed in
confidence to: Vice President
— Technical Operations, The
MITRE Corporation, Post Of-
fice Box 208, Dept. ME5, : Bed-
ford, Massachusetts.

MITRE is an independent, nonprofit
corporation working with — not in
competition with — industry. Formed
under the sponsorship of the Massa-
chusetts Institute of Technology,
MITRE is Technical Advisor to the
Air Force Electronic Systems Division,
and chartered to work for such other
Government agencies as IFAA.

THE

MI'TRE

CORPORATION

An Equal Opportunity Employer
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ADVANCED
PROGRAMMING
RESEARCH

The expanding utilization of
NCR’s computer systems has
created new opportunities for
experienced programmers fa-
miliar with automatic pro-

gramming techniques. College’

education, plus 2-5 years’ ex-
perience with large scale mag-
netic tape systems can qualify
you for a rewarding career
with NCR, one of the world’s
leading business machine man-
ufacturers. Recognized and re-
spected wherever men trade,
NCR stands alone for its crea-
tive and flexible approach to
Lusiness system development.

Aside from the opportunities
present in Programming Re-
search, other openings in our
expanding operation include:

o Installation Representative:
experience required, covers
magnetic tape system pro-
gramming, knowledge of com-
plete business systems, and
ability to work effectively as
a representative of NCR.

® Programmer: ‘for small sys-
tems work which requires
good background in data proc-
essing as related to normal
business functions and some
knowledge of programming
of magnetic tape systems. In-
termittent customer contact.

© Instructor: experience and ed-
ucation should be such that
the person employed can ef-
fectively train programming
personnel. Familiarity with
math and business systems is
desirable. Programming of
magnetic tape systems neces-
sary.

Other opportunities may more
nearly meet your particular ex-
perience and aspirations. To
investigate, you need only
write, sending complete re-
sume to:

T. F. Wade, Technical Placement,
The National Cash~Register Com-
pany, Main & K Streets, Dayton 9,
Ohio .

An Equal Opportunity Employer
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seconds for fixed-point division,
and an internal core memory of

2400 words capacity with an aver-
age access time of 5 microseconds.

Along with the medium-sized
computer, NEC also has developed
a large computer system for busi-
ness and scientific data process-
ing.

NEW PERFORATED TAPE READER

Potter Instrument Company, Inc.
Plainview, N.Y.

This company has shown its
new PTR-50 perforated tape reader
and its companion PTS-50 spooler,

The PIR-50 reader uses photo-
electric sensing for two-way high-
speed reading and introduces the
Potter Monobrake Tape Stop System,
a device to eliminate tape bounce
and buckling at the read station.
The companion PTS-50 spooler is an
improved version of the Potter
Model 3299 Dual Spooler. Either
two~speed or single-speed units
are available. The PIR-50 and
PTS-50 combination takes tape
widths of 11/16", 7/8", or 1",
with changeover accomplished by
repositioning the tape guide posts.

NEW HIGH-SPEED
DIGITAL CONIROL COMPUTER

Thompson Ramo Wooldridge Inc.
TRW Computers Company
Canoga Park, Calif.,

A new, high-speed control com-
puter system that can perform over
20,000 operations per second has
been developed by this company.

The new machine, called TRW-340,
combines a rapid core memory with
a high-volume drum memory.

The computer's core memory is
expandable from 4,000 to 16,000
words; drum memory is expandable
from 8,000 to over 112,000 words.
The TRW-340 has the capacity for
almost unlimited expansion of the
number of digital and analog inputs
and outputs. The computer is de-
signed to be compatible with all
optional equipment, including pro-
gramming software, available with
the previous computer TRW-330.

NEW CONTRACTS

DATATROL CORPORATION
AWARDED NATIONAL SCIENCE FOUNDATION
STUDY CONTRACT

The Datatrol Corporation, Sil-
ver Spring, Maryland, has been
awarded a contract by the National
Science Foundation to investigate
problems in applying the technical
indexing and retrieval vocabulary
of one large information system to
documents catalogued in another,

In the project's initial phase,

a preliminary table of equivalents
will be developed for the descript-
ors used by the Armed Services
Technical Information Agency in
terms of subject headings employed
by the Atomic Energy Commission.
After the tables of equivalents
are compiled and established in
suitable form, a computer will be
used to edit and update them. The
results will be printed out for
publication.

CUBIC BUILDS PACIFIC
TRACKING STATIONS

Cubic Corporation, San Diego
11, Calif,, is supplying tracking
systems for locating and recover-
ing satellites in a vast area west
of the Hawaiian Islands. Two re-
covery stations in the Pacific are
being supplied under separate con-
tracts totaling $800,000,

The stations are constructed
around the Diamond AGAVE system
(Automatic Gimballed Antenna Vec-
toring Equipment) which acts as an
acquisition, tracking and teleme-
try antenna. The AGAVE will lo-
cate, lock-on and ‘automatically
track the re-entering vehicle,
providing direction and vector
coordinates in a digital form to
be converted into teletype format
for real-time transmission to air
and sea recovery forces.

VA TO USE DIAL-O-VERTER EQUIPMENT

The Digitronics Corporation,
Albertson, N.Y., has received an
order for four Dial-o-verter mag-
netic tape terminals from the Vet-
erans Administration., Using this
equipment, the VA will transmit
approximately 4,000,000 words of
insurance data daily over phone
lines,

Two Dial-o-verter terminals
will be installed in the data pro-
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cessing center in Philadelphia,
Similar terminals will be installed
in insurance centers in Denver and
St. Paul.

OVER $2 MILLION CONTRACT FOR
COLLINS RADIO CO.

Aeronautical Radio, Inc.,
(ARINC) has awarded Collins Radio
Company, Dallas, Texas, a contract
for over $2 million for the first
Collins C-8000 Communication
Switching System.

ARINC is one of the world's
largest specialized communication
companies, furnishing air-ground-
air and point-to-point communica-
tion through domestic and overseas
facilities., It serves all U.S.
airlines, foreign flag aircraft
entering the U.S., and several
hundred corporate aircraft
operators.

The Collins system is an
electronic automatic telegraph-
message switching and processing
exchange which integrates high-
speed teletype communication with
data~processing techniques.

PACKARD BELL COMPUTER CORP,
AWARDED CONTRACT

The Ford Instrument Division
of Sperry Rand Corporation has a-
warded a contract to Packard Bell
Computer Corp., Los Angeles 25,
Calif., for two Nontrajectory Re-
cording Systems for shipboard use.
These digital data systems, to be
used as part of the Mobile Atlan-
tic Missile Range System (MARS),
will accept 64 channels of analog
information; convert the informa-
tion to digital form; and record
it on magnetic tape in proper
format for automatic processing
by a computer, The systems will
be used in tracking missiles and
satellites fired out over the
Atlantic Missile Range.

W/\«t’ ~
CoNEQ'“

Discuss your technical capabili
experience and professional
xperienced staff mem
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INFORMATION RETRIEVAL
APPLIED TO

INTELLIGENCE
DATA PROCESSING
SYSTEMS

\

REQUIRING
DATA SYSTEM ANALYSTS
SENIOR
COMPUTER PROGRAMMERS

MITRE’s expanding role in
systems engineering for the
Air Force Electronic Systems
Division has led to an in-
creased effort in the design
and development of intelli-
gence data processing systems.
There are new opportunities
for creative work in automatic
indexing and retrieval, sys-
tems analysis and synthesis.

MITRE is engaged in the
analysis of intelligence opera-
tions at several Air Force
Commands. Command require-
ments for accurate and timely
intelligence support is leading
to the use of automatic data
processing systems. MITRE is
assisting the Air Force in de-
termining the extent and
means of applying automatic
data processing to the intelli-
gence problems. This work is
supported by experimental ac-
tivities at our Bedford opera-
tion in pleasant suburban
Boston. Positions are also
available in Colorado Springs,
Colo., Omaha, Neb., and
Washington, D. C.

Write in confidence to Vice President
— Technical Operations, The MITRE

Corporation, P. 0. Box 208, Dept.
MES5, Bedford, Mass.

MITRE is an independent, nonprofit
corporation working with — not in
competition with — industry. Formed
under the sponsorship of the Massa-
chusetts Institute of Technology,
MITRE is Technical Advisor to the
‘Alr Force Flectronic Systems Division,
and chartered to work for such other
Government agencies ns FAA.

THE

MITRE

CORPORATION

An Equal Opportunity Employer
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CALENDAR OF COMING EVENTS

May 7-8, 1962: Fifth Annual Conference of the Associa-
tion of Records Executives and Administrators, Waldorf-
Astoria Hotel, New York City; contact Miss Judith
Gordon, AREA Conference publicity chairman, Metal
& Thermit Corp., Rahway, N. J.

May 8-10, 1962: Electronic Components Conference, Mar-
riott Twin Bridges Hotel, Washington, D. C.; contact
Henry A. Stone, Bell Tel. Lab., Murray Hill, N. J.

May 9-11, 1962: Operations Research Society of America,
Tenth Anniversary Meeting, Shoreham Hotel, Washing-
ton, D. C.; contact Harold O. Davidson, Operations
Research Inc., 8605 Cameron St., Silver Spring, Md.

May 14-16, 1962: National Acrospace Electronics Confer-
ence, Biltmore Hotel, Dayton, Ohio; contact George A.
Langston, 4725 Rean Meadow Dr., Dayton, Ohio

May 21-25, 1962: Institute on Electronic Information
Display Systems, The American University, Washington,
D. C.; contact Dr. Lowell H. Hattery, Director, Center
for Technology and Administration, The American Uni-
versity, 1901 F St., N.W., Washington ¢, D. C.

May 22-24, 1962: Conference on Self-Organizing Sys-
tems, Museum of Science and Industry, Chicago, Ill;
contact Mr. George T. Jacobi, COSOS Conference
Sec’y, Armour Research Foundation, 10 W. 35 St.,
Chicago 16, IlL

May 28-June 1, 1962: Colloquium on Modern Computa-
tion Techniques in Industrial Automatic Control, Paris,
France; contact French Association of Automatic Con-
trol (AFRA), 19, Rue Blance, Paris 9, France.

June 4-14, 1962: Mathematical Techniques of Optimiza-
tion (10-Day Short Course on Operations Rescarch),
Purdue University, Lafayette, Ind.; contact Div. of
Adult Education, Purdue University, Lafayette, Ind.

June 11-July 20, 1962: Summer Institute on Advanced
Topics in the Computer Sciences, Computation Center,
University of North Carolina, Chapel Hill, N. C.; con-
tact Dr. John W. Carr, III, Computation Center, Uni-
versity of North Carolina, P. O. Box 929, Chapel Hill,
N. C.

June 18-Sept. 14, 1962: Engineering Summer Conference
Courses, Univ. of Mich.,, Ann Arbor, Mich.; contact
Raymond E. Carroll, Univ. of Mich,, 126 West En-
gineering Bldg., Ann Arbor, Mich.

June 19-21, 1962: Fourth Joint Automatic Control Con-
ference, Univ. of Texas, Austin, Tex.; contact Prof. Otis
L. Updike, Dept. of Chemical Engineering, Univ. of
Va., Charlottesville, Va.

June 19-21, 1962: Second Annual San Diego BioMedical
Engincering Symposium and Exhibit, Stardust Motor
Hotel, San Diego, Calif.; contact The Program Commit-
tee, Inter-Science, Inc., 8484 La Jolla Shores Dr., La
Jolla, Calif.

June 19-22, 1962: National Machine Accountants Asso-
ciation International Conference, Hotel Statler, New
York, N. Y.; contact R. Calvin Elliott, Exec. Dir.,
NMAA, 524 Busse Highway, Park Ridge, Ill.

ADVERTISING INDEX

Following is the index of advertisements. Each item con-
tains: Name and address of the advertiser / page number
where the advertisement appears / name of agency if any.

American Telephone & Telegraph Co., 195 Broadway,

New York 7, N.Y, / Page 2 / N.W. Ayer & Son, Inc.

Audio Devices, Inc., 444 Madison Ave., New York,
N.Y. / Page 49 / Charles W. Hoyt Co., Inc.

Bendix Computer Division, 5630 Arbor Vitae St.,

Los Angeles 45, Calif. / Pages 15, 47 / John B.
Shaw Co., Inc,

E.J. Bettinger Co., 20 So. 15 St., Philadelphia 2,
Pa. / Page 59/ Diener & Dorskind

Burroughs Corp., Detroit 32, Mich. / Page 43 /
Campbell -Ewald Co.

California Computer Products, Inc., 8714 Cleta St.,
Downey, Calif. / Page 7 / Hal Stebbins, Inc.

Computron Inc., 122 Calvary St., Waltham, Mass. /
Page 64 / Larcom Randall Advertising, Inc.

Control Data Corp., 501 Park Ave., Minneapolis 15,
Minn. Pages 10, 11 / —

Honeywell Electronic Data Processing, Newton High-
lands, Mass. / Page 54 / Allied Advertising Agen-
cy, Inc.

Honeywell Electronic Data Processing, Wellesley Hills
81, Mass. / Page 55 / Allied Advertising Agency,
Inc.

Honeywell Electronic Data Processing, Wellesley Hills
81, Mass. / Pages 30, 31 / Batten, Barton, Dur-
stine & Osborn

Hughes Aircraft Co., Culver City, Calif. / Page 53 /
Foote, Cone & Belding

International Business Machines Corp., 590 Madison
Ave., New York 22, N.Y. / Page 39 / Benton &
Bowles, Inc.

Laboratory for Electronics, Inc., 305 Webster St.,
Monterey, Calif. / Page 22 / —

Litton Systems, Inc., Data Systems Div., 6700 Eton
Ave., Canoga Park, Calif. / Page 51 / Compton
Advertising, Inc.

Litton Systems, Inc., Guidance and Control Systems
Div., 5500 Canoga Ave., Woodland Hills, Calif. /
Page 45 / Compton Advertising, Inc.

The Mitre Corp., Box 208, Bedford, Mass. / Pages
57, 59, 61 / The Bresnick Co., Inc.

The National Cash Register Co., Main & K Sts.,
Dayton 9, Ohio / Pages 4, 58 / McCann-Erickson,
Inc.

The National Cash Register Co., Electronics Div.,
1401 E. El Segundo Blvd., Hawthorne, Calif. /
Page 8 / Allen, Dorsey & Hatfield, Inc.

Potter Instrument Co., Inc., Plainview, N.Y. /
Page 62 / Gamut, Inc.

Reeves Soundcraft Corp., Great Pasture Rd., Dan-
bury, Conn. / Page 3 / The Wexton Co., Inc.

Scientific Development Corp., 372 Main St., Water-
town, Mass. / Page 56 / Chirurg & Cairns, Inc.

Space Technology Laboratories, Inc., P.O. Box
95005, Los Angeles 45, Calif. / Page 41 / Fuller
& Smith & Ross, Inc.

Tally Register Co., 1310 Mercer St., Seatlle 9,
Wash. / Page 9 / Bonfield Associates, Inc.

Technical Operations, Inc., 3600 M St., N. W.,
Washington 7, D.C. / Page 63 / Edwin F. Hall
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NEW
APPLICATIONS

COMPUTER TO AID IN BATTLE
AGAINST HURRICANES

A high-speed scientific com-
puter is being put into service by
a group of Department of Commerce
Weather Bureau meteorologists to
aid in their battle against the
hurricane, Twenty-five meteorolo-
gists and data processing experts
are using a new General Electric
225 computer to process hundreds
of thousands of weather readings.
Their goal is to build a mathemati-
cal model of a hurricane to permit
more rapid forecasting.

Reconnaissance aircraft, which
fly through live hurricanes, col-
lect approximately 100,000 readings
on their instruments in a single
day. The collected data are stored
on magnetic tapes until completion
of the flight., The tapes are then
taken to the computer center and
placed in the computer for a series
of processing routines.

The National Hurricane Re-
search Project was authorized by
Congress in late 1955. A sister
group of NHRP, the Research Flight
Facility, is charged with the re-
sponsibility for airborne data
collection,

ANALOG COMPUTING TECHNIQUE
SIMPLIFIES RESEARCH ON
EFFECTS OF DRUGS

Sloan-Kettering Cancer Center,
New York, N.Y., and Electronic
Gear, Inc.,, have together devel-
oped a machine useful in analyz-
ing the effects of different drugs
on the human body.

The equipment analyzes the
air inhaled and exhaled by a per-
son and converts the measurements
into electrical signals, which
are fed directly to a special-
purpose analog computer, The com-
puter was designed to solve a spe-
cial equation, the solution of .
which shows how completely the air
cells of the lungs are ventilated
during the breathing process.

This ventilation factor serves as.
a measure of the response of the
respiratory center of the brain,
and this is useful in the study

of the depressant effects of vari-
ous drugs.

Medical researchers will now
have a simple technique for evalu-
ation of new drugs by simultaneous

study of many physiological fact-
ors. It is also expected that the
equipment will improve understand-
ing of respiration during anesthe-
sia.

SECRET SERVICE PUTS ELECTRONIC EYE
ON FORGERS

The U. S. Secret Service,
Washington, D.C., after two years
of testing, is convinced that elec-
tronic classification of handwrit-
ing characteristics could serve to
alert all areas of the nation to a
check forging operation. It has
asked Congress for $10,000 to rent
its own computer time.

The service's forgery section
handles about 40,000 forgeries a
year. Professional forgers steal
government checks, mostly from
mail boxes, in one city, forge the
endorsement, and cash them else-
where, They keep on the move so
that by the time the theft and
forgery are discovered the culprit
is no longer nearby, It is hard
to watch out for him because the
forger never uses the same name
twice,

Careful study of past forg-
eries by the same person produces
clues about him, James L. Lewis,
special agent in charge of the
service's forgery section, has de-
veloped a system for classifying
the letters as appearing in forged
signatures. Hle enters such let-
ters in a master file, By scan-
ning the file, Mr, Lewis or his
assistant, Special Agent Paul E,
Henne, often can match a batch of
checks forged by the same person.

Scanning the master file by
hand and eye, however, is slow
and time consuming. But it can
be done electronically —— by a
computer which then prints a list
of all forged checks featuring
the same unusual letter or letters.

ELECTRONICS INVENTORY CONIROL
PROBLEM SOLVED BY COMPUTER

A major electronics distribu-
tor has tight control of inventory
covering 30,000 items through a
continuous processing system that
reports activity and status for
all items daily., The New York
computer center of Statistical
Tabulating Corporation processes
the card input on its 1400-series
computer,

About 600 orders are pro-
cessed daily. A daily report is
given to the electronics distribu-
tor showing activity customer by

COMPUTERS and AUTOMATION for May, 1962
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The Federal Aviation Agency
has selected MITRE to estab-
lish an experimental air traf-
fic control “system test bed.”
Operations, equipment, and
computer program techniques
will be designed, implement-
ed, tested, and evaluated in
the “system :test bed” prior
to incorporation in a new
national air traffic control

system.

Challenging  nssignments  are now
nvallable for Individuals with demon-
strated ability in any of the follow-

ing areas:

® Operations Research or Opera-
tions Analysis related to real
time control systems

® Large-scale system design, test,
or evaluation

® Computer program design for
real time systems

Scientists and engineers are needed
immediately for this important job
and thereafter for MITRE's expand-
ing role in the design and develop-
ment of real time computer-based
systems.

Recent college graduates with high
scholastic achievements and an inter-
est in these fields are also invited
to apply. MITRE is located in pleas-
ant suburban Boston.

Write in confidence to Vice
President — Technical Op-
erations, The MITRE Corpo-
ration, P. O. Box 208, Dept.
MES5, Bedford, Mass.

MITRE is an independent, nonprofit
corporation working with — not in
competition with—industry. Formed
under the sponsorship of the Massa-
chusetts Institute of Technology,
MITRE is Technical Advisor to the
Air Force Electronic Systems Divi-
sion, and chartered to work for such
other Government agencies ns FAA.
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they chose
FPOTTER
Tape Transports
for

NTDS is a shipboard computer
system designed to speed the
processing of tactical information.
It provides rapid communication
of combat data between ships—
permitting them to act faster and
with greater accuracy in tactical
situations.

Potter M906 IL Tape Transports
were chosen for the NTDS 1206
Military Computer because they
provide optimum reliability.

In actual operation, units like
these can read or write at the fan-
tastic rate of 360,000 alpha-nume-
ric characters per second at pack-
ing densities to 1500 per inch on
l-inch tape .. .with drop-outs few-
er than 1in 108!

To learn how Potter Digital Tape
Drives can he applied to your com-
puter system, write today for
details!

PLAINVIEW, NEW YORK

T.M.

INSTRUMENT CO.,INC.

customer, An order point for each
item is established each month by
the computer to reflect the pace
of orders, sales, deliveries, and
incoming shipments, The computer
signals management when inventory
of an item falls below order point.

The firm reports information
is now maintained up to the minute,
closing up a lag of one month to
six weeks which existed when the
company used a perpetual inventory
control card system and manual
computation. In addition, sub-
stantial savings are being rea-
lized from faster turnover and
reduced inventories,

New

Computing Centers

CENTER FOR TRANSLATION OF
COMPUTER LANGUAGES

A half-million dollar center
for the translation of data lan-
guages is being built at the Elec-
tronic Engineering Company of Cal-
ifornia, Santa Ana, Calif. The
Translation Center will be avail-
able to all organizations having
computers that must "talk" to
each other.

Translation has become neces-
sary in electronic data processing
because various computer manufac-
turer's systems employ data lan-
guages which are "foreign" to one
another,

The equipment used in the
EECO Computer Tape Conversion Ser-
vice includes a magnetic tape
adapter unit, an IBM 1401 computer,
and various tape machines required
for RCA, Remington Rand, and Bur-
roughs computer systems.

CHICAGO UNIVAC
SERVICE CENTER EXPANDS

Two Univac solid-state magnet-
ic tape computing systems, with as-
sociated peripheral equipment have
been installed at the Remington
Rand Univac branch offices at 444
N. Michigan Ave., Chicago, The
Center will now occupy an entire
floor of the building.

The new equipment includes
both 80 and 90 column card input
as well as magnetic tape, A
trained staff of systems analysts
and programmers will be available.

62 COMPUTERS and AUTOMATION for May, 1962
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'A MESSAGE
FROM G#=TO

PROGRAMIVING

SO

ATTENDING THE SPRING

JOINT COMPUTER
CONFERENCIE
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We are addressing this message to programming scientists on a project leader level who
have been in one phase or another of programming work over the past few years and are now seriously
assessing their long-range professional development. We are particularly interested in programming
scientists who feel that their assignments have hot been broad enough to develop their professional
and managerial capabilities to the fullest extent. If this strikes a responsive chord with you, we may
have a position of more than casual interest.

Tech/Ops’ work in Washington, where our staff numbers almost a hundred, consists of
solving through the use of rather advanced computer simulation, operations research and related tech-
niques, somewhat complex problems for a variety of different organizations. Sponsors range from Head-
quarters, U.S. Air Force, for whom we operate Project Omega (a simulation of a large scale strategic air
war battle), to the Federal Aviation Agency (analysis of air traffic control systems). Some of the kinds
of problems in a little more detail:

o Development of programming systems (assemblers, compilers, translators, generators, string
handling packages, and the like). We have constructed and are using CL-1 and are now ready
to build a more powerful computer language.

o  Simulationtechniques: using high-speed computers to determinetheimpact of new operational pro-
cedures, plans or equipment, when direct experimentation is too costly or otherwise impractical.

o Analysts and programming for command control systems, status and employment of resources;
routing and scheduling; information storage, retrieval and display; report generation.

o Ewvaluation of large, complex weapons and communications systems, studies of logistic systems
to increase operational efficiency.

o  Mathematical analysis and its application to operational problems; e. g., queueing theory,
linear programmaing, inventory control analysis, equations describing combat operations.

Scientists who fare best in our environment essentially have the problem-solving approach
coupled with a specialty in one or more of the following fields: programming; programming systems;
information storage, retrieval and display; simulation models; command control systems and man-
machine war games. In addition to programming scientists on a project leader level, appointments are
also available for promising programmers of lesser experience.

Contact Mr. Kingsley Andersson at the Mark Hopkins Hotel, May 1st o 3rd

TECHNICAL OPERATIONS, INCORPORATED

3600 M STREET N. W.,, WASHINGTON 7, D. C.

P.S. While at the Conference, don't forget to pick up from Tech/Ops a free copy of THE GAME of WAR
which traces the history of war gaming from ancient chess as played 3,000 years ago through
modern computer gaming with authentic illustrations of each period.
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P. S. Computape doeén't really talk, of course. Butin a computer, Computape reliability will deliver its
own message. New COMPUTAPE, the premium quality computer and instrumentation tape, is [ =3 \
the product of the only company devoted exclusively to the manufacture of quality tapes for [

data processing and instrumentation. /nvestigate new Computape today. Better still,immediately.

COMPUTRON INC.

122 Calvary Street, Waltham, Massachusetts




