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FIGURE 2. LAYOUT OF GRAPHICAL INPUT DEVICE CONNECTIONS.
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FIGURE 3. SCHEMATIC SHOWING THE RELATION BETWEEN
THE DEVICE AND A GRAPH DURING CALIBRATION.
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where the pen can reach all pertinent points on the paper. The device will remain in
its position because it is relatively heavy bui the paper must be clipped or taped down
to remain motionless. Next, the point of the pen is placed at the following three

positions in order and the computer notified of each position by use of a signal switch.

1. x minimum, y maximum (upper left corner)
2. x minimum, y minimum (lower left corner)

3. x maximum, y minimum (lower right corner)

At this point the program has six voltages to work with. They are:

1. Al’ Bl r, 8 voltages corresponding to x minimum, y maximum.
2, A2, B2 r, @ voltages corresponding to x minimum, y minimum.
3. A3, 83 r, 8 voltages corresponding to x maximum, y minimum.

In addition the program has the following constants which were detemined when the

device was built:

1. Ky Radians/volt on the angular pot.

2, K2 Volts from pivot to electrical zero on the rectilinear pot.

Figure 3 shows the situation schematically. With the information in hand it is possible
to calculate the position of the pivot point of the device in the coordinate system of
the graph (xd,yd) and the length of the x and y axes of the graph (X and Y). With
these values calculated it is simple to convert each subsequent r,0 voltage digitized
into x and y re the graph origin. Even more useful is x/X and y/Y giving a percent-

age value re the axis as pointed out during the calibration.

The basic program, called xyin, performs the functions outlined above. It accepts the
first three points to define the graph and then converts subsequent points to the cor-
responding x/X, y/Y values. Higher level programs can then form digitized repre=-
sentations of particular types of graphs without worrying about the absolute size of the
graph, its aspect ratio, its position relative to the device, or its angle relative to the

device.

In the particular data processing problem we had, the higher level programs accepted
typed input describing the data, the maximum and minimum values of x and y on the
graph being digitized, and scale type (log, linear, dB, etc.) and then produced a

standard digital data element for subsequent processing.
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ACCURACY

When the device was initially designed the accuracy desired was + .02". Since the
device operates over an area of 8-1/2" x 11" this amounts to .2% if the graph occupies
nearly the whole area. The calculated error was contributed to by non-linearity in the
potentiometers (.1%), drift in the power supply (.05%), mechanical play in the mount-
ing system (mostly in the anti-parallax assembly) (.1%), and A/D conversion error
(.05%). Careful measurement with high quality graph paper indicated that the calcu-
lated maximum error was realized in actuality but only if the operator was extremely
precise when pointing with the pen. After about 700 graphs were digitized using the
device, we gave our system an end-to-end accuracy check in the following manner.
Nine copies of a particular 1/3 octave band curve were produced and three of these
were digitized by each of three individuals. The nine data elements thus produced
were analyzed to determine the mean, Ist percentile, and 99th percentile of the set.
The results are plotted in Figure 4. It can be seen that we can expect 98% of the in-
puts to be within £ 1/4 dB or + .36%. A Gaussian distribution of the errors about the

mean was assumed .

COST

The cost of acquiring and then running a device of this sort must be considered before
discussing other possible uses. We estimate the cost considering design and production
of the device, programming, and special computer equipment (A/D converter, relays,
signal device) at about $15,000. The computer time fo input a typical 1/3 octave
band graph (36 discrete points) was two minutes, which cost $2.00 at our current
charge-out rate. Considering that this represented the entire cost for translation from
points on a piece of paper to a digital data element ready for processing, it is not too
great. However, we have since realized that the immediate error checking capability
which we had by being on-line is not in all cases worth the cost of being on-line. We
have undertaken to design an off-line unit which will record the position information
on punched paper tape. This system, outlined brieflyin Figure 5, will consist of the
gimbal and pen mechanism, a special purpose keyboard with foot or hand switch, a
single panel of electronics for rack or table mounting and a paper tape punch. The
Data Equipment Company in Santa Ana, California, is presently proceeding with pro-
duction of this off-line system. The commercial version is expected to cost about $8,500
and will be available by 1 April 1964. The program xyin will be converted to accept
its input from paper tape and versions of the program prepared for computers other than

the PDP-1.
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SPEED

The system we used could only digitize a maximum of 25 points per second. This re-
striction was caused solely by the slow operation of the relays which were used for
commutating our A/D converter. The off-line system presently being constructed will
be limited by the punch to about the same maximum rate. The new system will be
capable of a rate of 1000 points per second if it is connected to some device which will
accept data at that rate. The slow rate (25 pps) is sufficient for slowly tracing by hand
a continuous curve but is not sufficient for recording a freehand sketch. The high rate
(1000 pps) is sufficient for sketches and signatures. It will allow at least .02" accuracy

for movement rates up to 20" /sec.

APPLICATIONS

There are many areas where the accuracy limitations of the device described here

would preclude its use and it would be necessary to fall back on a system with cursors.
We have, however, used it in a situtation where the accuracy was quite adequate. In
the use described it is unlikely that the data we digitized was plotted in the first place
with as great an accuracy as we achieved while digitizing it and even more unlikely that

the measurements were anywhere near that accurate.

Before outlining possible applications it is necessary to point out another mode that is
easily possible but has not yet been mentioned. The xyin program as described assumes
that all of the data of interest on a particular graph exists within the 8-1/2" x 11" area
over which the device can move. With relatively minor program changes the device

could be used to digitize strip chart data by starting as with a single graph and then pull-
ing the paper to the left through guides until the point which was previously x maximum, y
minimum is at the extreme left. At this time two points are digitized. One is the previous
x maximum, y minimum which is now at the left, and the other is the new x maximum, y
minimum. This procedure could be continued until a chart many feet long was completely
digitized. Another case to consider is that of a large drawing or map. Since the device
is small, relatively lightweight, and designed to work on a desktop without being anchored
down, there is nothing to prevent the physical movement of the device over a large draw-

ing and then treating each small area of interest as a separate graph.

The following is a list of possible applications that have occurred to us. It is by no means

claimed to be complete nor are we sure all the suggestions are really feasible.
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1. Maps Extraction of contour information for cut and
fill calculations.

2. Strip Charts Oscillograph records.

3. Graphs Stock market trends, integration or differentiation
of functions. :

4. Photographs Nuclear tracks (bubble, spark, cloud chamber)
point or circle areas of interest for subsequent
more accurate investigation by other means.

5. Blueprints Encoding information from mechanical drawings
for programming of automatic machine tools or
production of system drawings from sets of complete
drawings.

6. Pantograph Scaling drawings or graphs for publication.

7. Long Distance Communication of Signatures
Bank record checking, signing of checks or

documents.
8. "Spur-of-the-Moment" Sketches and Drawings

Battlefield maps, input of curves generated on the
basis of judgement or intuition to be used in a data
processing problem.

CONCLUSION

The device and techniques described here have worked out quite well for our original
problem. We are presently beginning to use it to input airport layouts, flight paths, and
flight profiles to a program intended to evaluate projected noise levels on the ground around
various airports. We have found it convenient to use and reliable and expect that it will be

useful to others for similar problems of inputting graphical data.

The information contained in this paper is the private property of Bolt Beranek and
Newman Inc. and is supplied as restricted information for the DECUS group. The paper
and descriptions of the equipment contained therein is not to be circulated or repro-

duced in any form without prior approval of Bolt Beranek and Newman Inc.
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THE HYBRID COMPUTATION FACILITY AT
UNITED AIRCRAFT CORPORATION RESEARCH LABORATORIES

R. Belluardo, R. Gocht, G. Paquette

United Aircraft Corporation Research Laboratories
- East Hartford, Connecticut

ABSTRACT: This paper presents a description of the hybrid computation facility at United
Aircraft Corporation Research Laboratories. Reasons for adopting a hybrid system are dis-
cussed. These include a reduction in time and effort required for large problem set up, and
improved reliability and repeatability. The possibilities associated with having a large ran-
dom access memory, (large by analog standards), and the logical capability of a general
purpose digital computer as part of a large analog facility are also discussed.

Hardware contained in this facility includes a general purpose digital computer having
4,096 words of 18 bit core storage (expandable to 64,000 words). The operational speed
of this computer is roughly one half that of an IBM 7090. The analog computer presently
being used in this facility contains 100 operational amplifiers, 20 time division electronic
multipliers, 10 quarter square multipliers, 20 diode function generators, 150 potentiometers
and a Digital Output-Input Translator (DO-IT). Conversion equipment consists of an analog
to digital converter, a 20 channel multiplexer with sample and hold and 10 channels of
digital to analog conversion. The digital computer and conversion gear may be usedin con-
junction with the analog either open or closed loop. The performance of this combination
on projects listed below is discussed.

Among the systems presently being studied with this facility are complete VTOL aircraft and
advanced aircraft and engine systems. An aircraft simulation is frequently done in real time
since certain studies involve use of a dual cockpit from which realistic inputs can be intro-
duced by a human operator. Techniques for using the digital computer to perform static and
initial condition checks on analog circuity contained in the problem are also discussed.
Check voltage values are calculated in the digital computer by means of a special program
(UAC-8). These voltage values are automatically compared with those that exist in the an-
alog computer through a special interface between the digital computer and the DO-IT sys-
tem on the analog computer.
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THE HYBRID COMPUTATION FACILITY
AT UNITED AIRCRAFT CORPORATION RESEARCH LABORATORIES

R. Belluardo, R. Gocht, and G. Paquette
United Aircraft Corporation

INTRODUCTION

The hybrid computation facility at United Aircraft Corporation Research Laboratories
was installed during the latter part of 1962 as an addition to the analog facility which
then consisted of three large analog consoles and associated equipment .

As part of the analog facility, the hybrid system is presently being used to sim-
ulate complete VTOL aircraft, advanced aircraft and engines systems 1 Aircraft simu-
lation i;s frequently done in real time since certain studies involve the use of a dual
cockpit from which realistic inputs can be introduced by a human operator. All of the
systems involve the simultaneous solution of non-linear algebraic and differential
equations.

The hybrid system was selected to help relieve some of the problems associated
with analog solution of very large systems of equations; namely, time and effort requir-
ed for large problem machine set-up, reliability and repeatability. Performance of the
hybrid facility as compared to all analog simulation of a large problem is given in
Section Il A of this paper.

Techniques for using the digital computer to perform static and initial condition

checks on analog circuity contained in the problem are discussed in Section 11l B.
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EQUIPMENT

A) Analog Computer

The analog portion of the system is a standard moderately sized analog com-
puter. With the expectation that the digital computer would absorb much of the
algebraic calculations, less emphasis than normal was placed on non-linear equip-
ment. Accordingly, this console contains 100 operational amplifiers, 20 time
division electronic multipliers, 10 quarter square multipliers, 20 diode function
generators and 150 potentiometers.

Automatic read-out and set-up features are needed. A Beckman Ease 2133
Analog Computer and DO/IT (Digital Output/Input Translator) was selected for this
application.

B) Digital Computer

The digital computer is of a rather simple design and also moderate in size.
It is a single address, single instruction, stored program machine and has a word
length of 18 bits which is more than consistent with analog computer accuracy and
dynamic range. In a typical simulation, the digital computer executes the same
sequence of instructions periodically. The digital computer samples analog vari-
ables, performs calculations using these variables, and returns answers to the analog

computer. The operating speed of the digital computer is of utmost importance since

all calculations must be performed in some limited time (say 1/50 of a second). A

5 uSec per cycle machine allows 2,000 to 4,000 instructions to be performed in 1/50
second which would indicate that a 4,000 word memory is of adequate capacity for
both instructions, and stored data. Since high-speed arithmetic operations are the

computer's prime concern, high speed multiply and divide capabilities are mandatory.
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The input/output features of this digital computer are versatile enough to allow
the tie-in of analog-to-digital and digital-to-analog converters and any control logic
required. In addition to this special input/output equipment, a paper tape reader
and punch and a typewriter have to date proven sufficient. The Digital Equipment
Corporation PDP-1 was selected as best meeting the above requirements.

C) The Linkage System

The linkage system can be divided into two distinct parts: the computing link-
age and the slower control and set-up linkage .

Digital-to-analog and analog-to-digital converters make up the computing
linkage . The emphasis here was placed on ease of utility and simplicity of design.
The converters are placed under complete program control .

The digital-to-analog converters (of which there are 10) each have a 14 binary
bit flip-flop buffer storage which can be loaded from the PDP-1's in/out register. A
computer instruction is associated with each digital-to-analog converter. This iﬁ-
struction will take the contents of the in/out register and load the appropriate flip-
flop buffer. The final output voltage appears at the analog patchboard as output of
a decoupling amplifier. A full range scale of plus to minus 128 volts was selected.

Analog-to-digital conversion equipment consists of a 20-channel Packard Bell
multiplexer, sample and hold amplifier and a multiverter. A "select channel" in-
struction for each of the 20 analog~to-digital channels is provided. Once the pro-
gram specified channel is selected the converter is set in operation with a "convert"
instruction. The PDP-1 allows several options with respect to in-out timing. In the

"convert" case one option stops the program sequence until conversion is complete.
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Another option allows the computer to proceed with instructions that follow. In any
case when it is certain that the proper time has elapsed a "read converter buffer"
instruction loads the computer's in-out register with the converted voltage. Again
full scale was selected to be + 128.0 volts.

The control linkage system allows the PDP-1 to control analog computer modes .
A single instruction corresponds to each of the analog computer modes.

The Beckman Ease analog computer has the Digital Output/Input Translator.
This unit allows typewriter or paper tape control over the analog computer. For
example, through its use the pot settings of an analog computer program can be re-
corded on paper tape. This paper tape can then be used to set the potentiometers
after which digital voltmeter values are read and fed to the digital computer for
checking purposes. Any analog component can be selected and ifs output voltages
read. Hardware has been provided such that any DO/IT input-output feature can
now be handled by the PDP-1. Actually the system has been designed to provide
control over three separate analog computers. |

Il SOME EXAMPLES OF HYBRID COMPUTER USES

A) Hybrid Simulation of a Single Rotor Helicopter

An example of hybrid computing application is found in UAC's Single Rotor
Helicopter Simulation. The simulation consists of three basic portions.

1) Total force, 6-degree of freedom fuselage dynamics with virtually unre-
stricted motion.

2) Rigid, hinged blade main rotor dynamics including effects of mach number

and stall .
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3) A fixed base, flight simulator including flight instruments and a Norden
Conalog three dimensional, television display.

All dynamics and simulator intercommunications are contained in the analog
portion with a minimum of non-linearities. ]

The digital computer provides most of the algebraic and trigonometric opera-
tions and function interpolations. Basically, the digital program includes the
following:

Bivariant functions
Univariant functions
Trigonometric functions
Square root

Two~dimensional coordinate transformations .
Numerous term calculations.

NN NN O

Function interpc»lt:vtion2 is completely digital using linear interpolation, a reasonable
replacement for analog diode function generation.

The digital program is time shared between rotor and body data. Outputs occur
at 175 points per second for the rotor and 35 points per second for the body .

The algebraic operations provided by the digital computer have been compared
to an all analog simulation. The digital program corresponds to 150 amplifiers, 250
potentiometers, 110 variable products and 64 function curves of analog equipment .
In the latter, the digital curves include 22 63-segment and 42 31-segment curves
actually requiring 258 11-segment diode function generators for exact substitution.
Set-up time required for this portion of the hybrid program is about two (2) minutes.

In addition to the on-line hybrid system, a digital program is being prepared to
provide rapid parameter modification in both computers. Pot changes on the analog

will be automated using the DO/IT linkage directly from the PDP-1.
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B) Analog Computer Symbolic Set and Debug

A group of three PDP-1 programs provide problem checks for analog computer
users. The program group includes an equation loader, an interpretive mathematical
and logical equation solver, and an output printer or puncher.

The digital program communicates directly with the analog computer to set
potentiometers and read check values by means of the DO/IT linkage. Checks on
the analog and on-line converter values are made by the digital program within user
specified tolerances and error indications are printed.

The user communicates with the analog check program by paper tape or type-
writer using an equation language which defines the components of his computer and
their relations. These equations may be defined directly from the circuit diagram by
technical aide personnel.

Analog computer components are identified by a letter and a four vdigif address
identifying the component type, console number (up to four consoles may be in-
cluded), and component address. Component types include amplifiers, function
generators, servo multiplier-resolvers, electronic multipliers, trunks, and potenti-
ometers. In addition, dummy codes for switches, relays, test voltage,etc.,not read
by DO/IT are available. All the above components except potentiometers may be
defined by equations relating to other components. Potentiometers can be defined by
numeric value only. In addition to assigning component or test values, numeric
values are used to state gains, references, and function coordinates.

Mathematical or logical operations permitted include the following:

Addition

Subtraction
Multiplication
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Division

Square root

Function interpolation or extrapolation

Trigonometric operations sine, cosine, and arctangent

Dead zone, symmetrical or not

Limit, symmetrical or not

Logical term control by greater or less than test as with

operational relays

In addition, operators are used to signal function coordinate data and non-standard
comparison tolerances.

A loading program is used to enter the equations and data from typewriter or
paper tape. In addition, the loader allows the user to change existing equations or
add to the current check system.

An interpretive equation solving program processes all mathematically defined
components and checks results with analog voltages as solutions are obtained. Equa-
tions to be solved must represent an open loop system, i.e. equations are solved
sequentially, not simultaneously. The order of equations presented is irrelevant as
the program automatically determines the order in which solutions may be obtained.

An output program provides typed solution values with their component codes.

In addition, the output program provides the user with an optional punched or printed

copy of his updated equation language .

REFERENCES

1. Krasnyl, The Functional Design of a Special - Purpose Digital Computer for
Real - Time Flight Simulation Electronic Systems Laboratory, Final Report
ESL-R-118, M.I.T., August 1961.

2. Paquette, UAC-10 Fast Bivariate Generator, Digital Equipment Computer
Users Society, Decus No. 34, January 9, 1963.
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USES FOR THE PDP-1 AT LIVERMORE*
Norman Hardy

Lawrence Radiation Laboratory
Livermore, California

ABSTRACT

The PDP-1 was bought for serving as a peripherial computer to the LARC.
The machine has magnetic tape, paper tape, and cards. It has a printer,
typewriter and Type 30 and 31 scopes. A large majority of programs which
are run on the machine are for the purpose of transforming information in
one medium to another medium. The ultra precision scope in conjunction

. with a photo multiplier is used as a programmed scanner for transparencies.
A number of small simulation programs of various types have been written
for the machine. The main reason for this is the accessibility of a fast in-

expensive computer with a display.

*This paper was not submitted in time for publication.
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THE PDP-1 AS A DISPLAY MAINTAINING CONSOLE*
Alan Kotok

Massachusetts Institute of Technology**
Cambridge, Massachusetts

ABSTRACT

The M.1.T. (E.E.) PDP-1 is being connected to the M.l.T. Computation
Center's IBM 7090 via Dataphone. Information specifying the nature of
the display is passed to the PDP-1, and return information regarding the
light pen is sent to the 7090. Since the Dataphone is a low capacity
channel it is necessary to encode the display fomat. The PDP-1 then
continuously displays the required points and can update the display lists
by request from the 7090.

*This paper was not submitted in time for publication.

**Mr. Kotok is presently employed at Digital Equipment Corporation, Maynard,
Massachusetts.
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SPRING MEETING

Place: Little Theatre, Kresge Auditorium
Massachusetts Institute of Technology
Cambridge, Massachusetts

Date: May 3, 1963

PROGRAM
0900 Registration
0920 Greetings - Edward Fredkin, President
0930 The M.1.T. Time~Sharing System - Professor J. B. Dennis, Chaiman

Hardware Provisions for Efficient Time-Sharing Operation of a PDP-1-
Natalio Kerllenevich, M.I.T.

An Invisible Debugging Program for a PDP-1 Timesharing System - Michael
Wolfberg, M.1.T.

The PDP-1 as a Display Maintaining Console - Alan Kotok, M.I.T.
1130 Just Nine Packages Between You and Time Sharing? - S. Boilen, L. Clapp, BBN

1200 Announcements
1230 Lunch at M.1.T. Faculty Club
1345 PDP-1 Scanning and Measuring of Nuclear Particle Track Photographs -
Dr. Martin Deutsch, M.1.T.
1400 A Photo-Interpretive Program for the Analysis of Spark-Chamber Data -
Harry Rudloe, BBN
1430 Time Sharing in the Processing of Nuclear Research Data - A. J. Ferguson,
B. Miles, J. Leng, Atomic Energy of Canada
1500 Midas Assembly Program and the PDP-1 - R. Saunders, Information International Inc.
1530 The PDP-1 as a Versatile Research Tool - William Fahle, David Brand, Systems
- Research Laboratories, Inc.
1600 Requirements of a Time-Shared Computer System for Publishing Applications -
Lawrence Buckland, Inforonics, Inc.
1630 PDP-1 as a Teaching Aid for Problem Solving - W. Feurzeig, BBN
1700 Dinner
1900 Time-Sharing Demonstrations at M.1.T. and Bolt Beranek and Newman, Inc.
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November 18 - Monday

0830
0930
0940

1000
1030
1100

1130
1300

1330

1400
1500
1520

1600

1645
1700

November 19- Tuesday

0830
0930

ANNUAL MEETING

Place: Computation Center
Lawrence Radiation Laboratory
Livermore, California

Date: November 18 - 19, 1963

PROGRAM

Registration and Collation
Welcome - Joseph E. Wirsching, Lawrence Radiation Laboratory
Opening of DECUS - Edward Fredkin, President, Information

International Inc,

Address - J. C. R. Licklider, Advanced Research Projects
Agency

Stanford Time=-Sharing System - John McCarthy, Stanford
University

Report on a Large-Scale Time-Sharing System - Jules Schwartz,
System Development Corporation

Lunch at Lawrence Radiation Laboratory

The Digigraphic Display Program for the DX-1 Computer System,
John T. Gilmore, Jr., Charles W. Adams Associates, Inc.

On-Line Input of Graphical Data =~ William Fletcher, Bolt
Beranek and Newman, Inc.

Recent Improvements in DDT = Marvin Minsky, M.I.T.
Coffee

Computer Aids to Number Theory - Malcolm Pivar, Information
International, Inc.

Signal Representation and Measurement Data Manipulation in
N-Space Using an On-Line PDP System - Charlton M.
Walter, AFCRL

Announcements

Tour of Livermore Computer Area

Registration and Collation

The Hybrid Computation Facility at United Aircraft Corporation
Research Laboratories - R. Belluardo, R. Gocht, and

G. Paquette, UAC
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1000

1030

1100

1130

1300

1330

1400

1445
1500

1530

1600

A Hybrid PDP-1 for Speech Research - Douglas L. Hogan and
Robert J. Scott, Department of Defense

Uses for the PDP-1 at Livermore - Norman Hardy, Lawrence
Radiation Laboratory

M.1.T.'s Project MAC: Current Status = Richard Mills, M.I.T.
Lunch

Steps Toward Computer Simulation of Small Group Behavior -

Dr. Thornton Roby, Tufts University and Raymond
Nickerson, AFSC

Modification of a Program Symbolic at Compile Time -

John B. Goodenough, AFSC

A Versatile Programming System for Large PDP-1 Installations -
Theodore Strollo, AFCRL

Coffee

Microtape: Its Features and Applications - Leonard Hantman,
Digital Equipment Corporation

Flint 36 A3D - Jacob M. Baker and David J. Isenberg, Charles W,
Adams Associates, Inc.

DECUS Secretary's Report - Elsa Newman
Introduction of New Officers
Lewis Clapp, President (BBN)
Elsa Newman, Secretary (DEC)

Committee Chairmen

Richard McQuillin, Programming (BBN)
Joseph Lundy, Meetings (Inforonics)
William Fletcher, Equipment (BBN)
Elsa Newman (Mrs.), Publications (DEC)
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ATTENDANCE

SPRING MEETING

May 3, 1963

Massachusetts Institute of Technology

CHARLES W. ADAMS ASSOCIATES
Bedford, Massachusetts

Charles Gauman
David Isenberg
Allen Rousseau

AIR FORCE CAMBRIDGE RESEARCH LABS.
Bedford, Massachusetts

F. L. Barber

Roger Bove

Eunice Cronin

John Mott-Smith

E. Prange

Theodore R. Strollo
Charlton Walter - D
Weiant Wathen-Dunn - D

AIR FORCE SYSTEMS COMMAND
(Electronic System Division)
Bedford, Massachusetts

Charles R. Brown - D
lra Goldstein

John B. Goodenough
John R. Hayes
Raymond S. Nickerson
Robert H. Simmons
Paul Weene

Robert Westfield

ATOMIC ENERGY OF CANADA, LIMITED
Chalk River Canada

Brian Miles - P

BOLT BERANEK & NEWMAN, INC.
Cambridge, Massachusetts '
Los Angeles, California

Sheldon Boilen - P
Lewis C. Clapp - P, D
Wallace Feurzeig - P
Richard McQuillin

DEPARTMENT OF DEFENSE
Washington, D. C.

John R. Alexander, Jr.
Edward Benz - D
Robert J. Scott

DIGITAL EQUIPMENT CORP.
Maynard, Massachusetts

Harlan Anderson
Robert Beckman
Derrick Chin

John Koudela, Jr.
Nick Mazzarese
Robert F. Maxy
Stefan Mikulski
Elsa Newman
Kenneth Olsen
George Rice

THE FOXBORO COMPANY
Natick, Massachusetts

Saul B. Dinman
Gerald E. Mahoney
David F. McAvinn

HARVARD UNIVERSITY
Cambridge, Massachusetts

A. S. Bregman
George Miller
Donald A. Norman

INFORMATION INTERNATIONAL INC.
Maynard, Massachusetts

Edward Fredkin-D
Malcolm Pivar
Robert Saunders ~ P
James D. Wood
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INFORONICS, INC. PRINCETON-PENN ACCELERATOR

Maynard, Massachusetts Princeton, New Jersey
Lawrence Buckland - P Leon Goldberg
Joseph T. Lundy Grahme Salmon
William R. Nugent A. Richard Zacher

ITEK CORPORATION SYSTEMS RESEARCH LABORATORIES

Lexington, Massachusetts Dayton, Ohio
W. Bivona William A. Fahle - P
Charles R. Burgess - D
T. R. Cullen
Richard Glantz UNITED AIRCRAFT RESEARCH LABS.
Richard Hagan East Hartford, Connecticut
C. Hurlburt

Julian D. Miller

George Mac llroy Gerard A. Paquette ~-D

H. P. Peterson
Robert Rizzo

WOLF RESEARCH & DEVELOPMENT CORP.

MASSACHUSETTS INSTITUTE OF TECHNOLOGY West Concord, Massachusetts
Cambridge, Massachusetts Richard P. Gagan
R. E. Butler Robert D. Keim
il Sherman P. Shriber

Elizabeth Campbell

J. T. Connolly ,

John B. Dennis (Professor) - D
Martin Deutsch (Professor) - D, P
Tom Eggers

Richard Fredman

Dorothy Gerety

Natalio Kerllenevich - P
Alan Kotok - P

Charles Laywine

Sanford Libman

J. P. McKenzie

Lars Monrad-Krohn
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