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organizing binary logical network is used in this case as the primary com-
ponent. The learning system is a 1,024 decision element network with a
general purpose program to enable the operator to simulate a large num-
ber of problems to study machine learning. A variety of network com-
binations can be provided by the plugboard and switch arrangement. A
1,024 x 8-bit random-access memory is provided which can all be allo-
cated to generating primary learning net outputs or divided between the
primary learning net and subsidiary learning nets. Goal configurations
available for training the primary learning net are as follows: Fixed, any
one of the subsidiary learning nets, biased random, majority vote, priority
and partitions.

LANNET can be used to study a number of different complex biologi-
cal functions. Among these are the maze problems, classical (Pavlovian)
conditioning, instrumental conditioning and depth perception. Air Force
use is for continued study of machine learning and evaluation of possible
problem application. ‘

Control

In providing the action, reaction, motion, control, or other outputs at
the effector-net end of the system, there are already available a wide host
of electromeéchanical and servo control type devices to do the job. Living
system capabilities offer further attractive features in areas of dexterity,
versatility, accuracy, motion precision, or other performance qualifica-
tions. There are also situations where man requires machine assist to per-
form his normal function under conditions of environmental stress or
physiological impairment. Two interesting developments have been
achieved—the artificial muscle and the myoelectric servo control.

The Artificial Muscle

Study and development of muscle substitutes'® has been carried out by
the Laboratory for the Study of Sensory Systems, Tucson, Arizona, under
contract with the Avionics Laboratory. Principal investigator in the re-
search has been H. A. Baldwin. A composite structure membrane which
analogs the functioning of the skeletal muscle is shown in Fig. 26. The
required functioning of the membrane is obtained by the combination of
two materials of widely different moduli of elasticity in its makeup—i.e.,
essentially inelastic fibers imbedded in an elastic base. Experimental
prototypes were made of extremely fine fiber glass and natural rubber
latex. When the compositée membrane cylinder is inflated (Fig. 27) by low
pressure air (2 to 10 psi), a contractive pull up to 100 1b is produced on the
-attachments to the ends of the cylinder. The force-distance properties of
the device have been shown to analog those of the skeletal muscle. Further
studies of the properties and applicational characteristics have been car-
ried out in muscle engines such as shown in Fig. 28.



Figure 26. The artificial muscle—normal.

Figure 27. The artificial muscle— distended.
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Figure 28. Muscle-powered wheel.

The sphincter muscle has also been analoged to provide a fluid amplifier
. sphincter valve. Pressure applied to a side tube operates on a nylon and
rubber membrane concentric in a main tube to control flow in the main
tube.
The artificial muscle and the sphincter valve in combination have a
variety of possible applications in hydraulic and pneumatic control sys-
tems such as propulsion and flight control.

Mpyoelectric Servo Control

Of closely associated interest, studies on myoelectric servo control® are
being carried out by Spacelabs, Inc., Van Nuys, California, again on con-
tract with the- Avionics Lab. Principal investigator is G. H. Sullivan,
M.D., of Spacelabs, Inc. Important contributions have also been made by
J. Lyman and F. C. DeBiasio, Biotechnology Laboratory, University of
California, Los Angeles. In the experimental setup, myoelectric signals
are picked up by small electrodes placed on the arm and shoulder muscles
and after amplification are processed by a logic computer to control a
servo-boosted arm-support sling. The arrangement of pickups and small
" amplifier worn as a chest pack are shown in Fig. 29. The test rig, arm-sup-
port-sling and subject are shown in Fig. 30. Logic of the control com-
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Figure 30. Myoelectric servo-boosted arm-support sling.
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puter was designed to assist the subject by means of the arm-support sling
in six arm movements—up, down, in, out and rotation (supination and
pronation), in the manipulation of the controls on the control box (Fig.
30). G forces of vehicle motion can be simulated by the tension wires ap-
plied to the sling. A variety of experiments have been carried out to study
the use of the myoelectric servo-boost system to assist an operator in
carrying out control manipulations under high accelerative-decelerative
motion conditions. Thus a significant advance has been made in the use
of myoelectric potentials through a preprogrammed computer to control
a servo-boost system. In conjunction with the muscle substitutes above,
the application to prosthetic devices and control systems is obvious. Ini-
tial application to prosthetic aids have already been accomplished.

CONCLUSION

Significant problems and trends in process-related information handling
have been outlined and discussed. It is patently clear that there will be a
prolific growth in the quantities and kinds of data to be processed. Infor-
mation “indigestion” will be a common complaint in more and more of
our endeavors. Saturation barriers and knowhow limitations will generate
an ever-increasing demand for relief. Based on the considerations brought
out in the foregoing material, the following key points therefore warrant
specific attention.

1. It is urgent that our information sciences give adequate attention to
process-related information handling. There are equally fundamen-
tal and deep-rooted problems involved as in the library and knowl-
edge availability issues. Current interests and efforts are predomi-
nantly on the “library” problem.

2. There is inadequate treatment of the fundamentals of process-related
information handling as it relates to the total community of interests.
Our technology growth is left essentially to free enterprise in limited
interest areas. Our language barriers between machines has been a
direct result. A community system approach is needed based on
fundamentals derived from an information science attack.

3. Asa direct corollary of the above, we need to apply more attention
to machine-machine relations.

4. Bionics research has the promise of significant advance in our ma-
chine assist capabilities. Classification of needs and problem areas
require emphasis to permit concentration of research attack for more
selective progress.

5. Man-man relations are-a serious problem in achieving required inter-
disciplinary relations. There is an urgent need to reduce and elimi-
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nate technical language barriers. Knowledge availability must pro-
vide for the flow of information across disciplines so that findings in
one can be effectively correlated and applied in another. There are
aspects of the overall problem that warrant social science research.
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Artificial Intelligence Applications
to Military Problems

Ruta M. Davis
Department of Defense

INTRODUCTION

There are two answers that one would be likely to receive upon asking a
member of the military community if artificial intelligence was applicable
to military problems. The first answer would probably be that, no, it was
not applicable and that the most advanced techniques possible were
being applied to military problems. The second answer would probably
be that he didn’t know what artificial intelligence really was and that
it was too esoteric to be useful to the military. Neither answer reflects
any discredit to the military. They merely reflect the nebulous aura that
surrounds the use of the phrase “‘artificial intelligence” as well as the
fact that those techniques of artificial intelligence which are applicable to
military problems are known by other titles.

It is worthwhile at this point to emphasize that, rather than attempting
to give a generalized definition of artificial intelligence, it seems more
practical and more constructive to consider artificial intelligence to be a
summation of definable techniques and subject areas. This type of defini-
tion is elastic in that as techniques or areas are added or deleted the defini-
tion of artificial intelligence varies accordingly. Its sole advantage is that it
enables the user of the phrase to be understood by his listeners and thus
eliminates a great deal of confusion. Accordingly, for the purposes of this
paper, artificial intelligence will be assumed to have a minimum coverage
where the addition of any other areas by those interested will therefore
not detract from the statements made in subsequent paragraphs. The
minimum coverage of artificial intelligence is stated to be:

Intelligent automata

Pattern recognition

Learning machines and theory

Adaptive and self-organizing systems

Nonnumerical data processing

(a) Mechanical translation

(b) Symbol recognition and relationships

(¢) Processing of visual, acoustic, electronic and textual data

AW -
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Problem-solving and theorem-proving

Process control

Heuristic programming

Decision theory

Selected data processing system organization theory (as applicable
to nonnumeric data processing), and

11. Man-machine interactions

SRR

1

In the context of this definition, there are many applications of artificial
intelligence to military problems, and there is in being a great deal of re-
search and development in the field of artificial intelligence. One should
not be surprised, however, at not having such R&D activities neatly or-
ganized into a coherent self-contained package. It is evident to anyone
who has watched the emergence of automation and of other techniques
for simulation of the human intellect that the entire effort concerned with
artificial intelligence or equivalently with methods of simulation of
selected portions of the human intellectual process is young, erratic and
in a state of flux. There is no acknowledged set of leaders or spokesmen,
there is no established theoretical background and there is no agreement
as to its current degree of success or its potential. It is against this back-
ground, then, that applications of artificial intelligence to military prob-
lems will be discussed.

THE MOTIVATION FOR INTEREST
BY THE MILITARY COMMUNITY
IN ARTIFICIAL INTELLIGENCE

It is interesting to consider some of the reasons motivating the applica-
tion of artificial intelligence techniques to military functions. It must be
remembered, first, that, as has been stated previously, the techniques be-
ing considered permit functions normally demanding application of
human intellect to be performed instead by artificial means simulating the
human intellect. The reasons include:

1. The need to conduct operations in remote areas. The operations are
of the type traditionally assigned to humans to perform but in this
case the existence of man in the desired area is impossible. Remote
areas are either those where it is difficult or impossible for humans to
exist such as space, subocean areas or deep underground sites, or
those man-made hostile environments currently incapable of pene-
tration by our personnel. The latter are, of course, denied areas and
countries.

2. The need to perform operations at a rate not attainable by the num-
ber of individuals available for assignment to the function. One
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meets this difficulty primarily when the data-collection process yields
data so voluminous that it is simply impossible to process it manu-
ally; also, the same difficulty arises when the response time for deci-
sion making is so short as to preclude manually processing of all the
relevant, related data.

3. The chronic lack of personnel trained or educated to perform the
function in question. Such a shortage of trained personnel may
occur for a variety of reasons. Typical instances are emergence of a
new technology, traditional distaste for the job, inadequate com-
pensation for the expense of education required and, particularly in
the military, administratively imposed restrictions on the number of
personnel allowed in a given field or on the length of tenure in the
field for a given individual.

4. The need for mass training and for education of individuals in a de-
fined field or profession where the speeding up of the educational or
training process to pace each individual’s capability will effect a
marked improvement in present procedures. This problem area is
related but not identical with the preceding in that an increase of
teachers would, of course, materially improve the educational pic-
ture. It is considered separately, however, because self-teaching or
self-educational processes seem to lend themselves to separate treat-
ment.

5. The need to mass-produce or to control the production of materials
or of material components. This area encompasses a wide spectrum
of activities from the control of nuclear power plants to the produc-
tion of material sections of an airframe.

All of these above reasons, and presumably many more, are currently
motivating the application of techniques of artificial intelligence to mili-
tary functions. To highlight the issue it is worthwhile to discuss briefly
specific examples illustrative of the generalized picture presented above.

REMOTE OPERATIONS

Remote operations demanding immediate attention include the capa-
bility of repairing equipment in spacecraft through remote controls ef-
fected from the earth and the capability of decision-making in remote
spacecraft or on remote surfaces on the basis of environmental data
available to the remote equipment in question. Such decisions could run
the gamut from deciding whether to take more detailed photographs
based on the appearance of an object of interest in the panorama under
view of remote optical equipment to a determination by a remote movable
device as to whether to proceed in a given direction based on the terrain
characteristics available to the device for analysis. Other remote opera-
tions receiving attention but requiring still more include underwater -
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operations such as mapping, locating and acquiring objects of specific
shape or having specific characteristics, and collecting data on the under-
water environment. The ability to conduct remote operations in denied
surface areas such as the collection of information of certain types is an
extremely desirable goal. In the latter case, the capability of determining
what data to collect and the capability of preprocessing and collating
it to conserve communications is essential. Here, techniques of problem
solving, theorem-proving and inductive reasoning are essential tools to be
possessed by the remote information-gathering device. This practical
problem area is just beginning to be tackled in the military research and
development community. Another interesting example, which has be-
come one of renewed interest, is that of either a self-operating or a re-
motely controlled polygraph device.

TIME-LIMITED OPERATIONS

Time-limited operations are probably those which come most fre-
quently to mind. Here, it is worthwhile to stress again that these opera-
tions include those where the timing factor enters simply because manual
processing cannot match the volume of data involved or the amount of
detail to be generated from the data. Examples are rampant enough and
have been considered by the scientific community to such an extent as to
be readily understood and to require, therefore, only a simple listing as

+follows:

Automated Photographic Interpretation

This includes the functions of target recognition, detection of movement
or of change in a given environment, area discrimination such as the de-
termination as to whether a wooded area is being viewed as opposed to a
suburban area and the recognition of specific atmospheric conditions such
as the presence of water vapor clouds, nuclear clouds, and the like. Tech-
niques of pattern recognition and inductive reasoning appear to be re-
quired for the attainment of this function. It should be obvious that the
volumes of data, i.e., photographs, to be processed as well as the short
response times often needed for decision making are the factors making
the attainment of automatic photo interpretation so urgent.

Symbol Recognition

Symbol recognition includes character recognition as a special case.
This function will be assumed here to also invelve the determination of
relationships between symbols. It is obvious that automatic photo inter-
pretation is dependent upon the development of techniques in this area.
Other military problem areas also are involved such as textual processing,
the input of large volumes of formatted hand-printed data to computer
systems, the generation of computer-driven displays and the automatic
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production of printed material containing different type fonts, mathe-
matical symbols, drawings, photographs and the like.

Nonnumerical Data Processing A

This is much too general an area to discuss in any detail here and indeed
it is not difficult to generate a controversy as to what should be included
in its domain. Certainly photographic processing, although considered
separately in this paper for reasons of emphasis, is in the domain of non-
numerical data processing. For the sake of brevity and with the under-
standing that each of the types of data listed below could be considered as
a topic in itself, it will be stated that the military community is deeply in-
terested in the application of techniques of artificial intelligence to:

(a) The analysis of medical records.

(b) The processing and analysis of acoustical data, including voice.

(c) The processing and analysis of electronic signal data.

(d) The processing and analysis of optical data.

(e) The processing and analysis of textual material including indexing,
abstracting, extracting, dissemination and the like.

Attainment of any real facility for automatically processing nonnumerical
data in a manner simulating that of a human will certainly demand an
improvement in adaptive processes, in self-organizing processes, in asso-
ciative processes, in the organization of automatic data-processing sys-
tems, in heuristic programming techniques and in problem-solving and
theorem-proving procedures.

AREAS CONSTRAINED BY THE LACK OF TRAINED OR
EDUCATED PERSONNEL

Certainly the rise of mechanical translation and of computational
linguistics as pseudosciences can be attributed to the seemingly chronic
lack of linguists, especially in specialized scientific disciplines. The history
of mechanical translation is an interesting one for all interested in artificial
intelligence to understand because it appears indicative of what is coming
to be a general trend in the development of the various techniques com-
prising artificial intelligence. A look at the history of mechanical transla-
tion reveals that there were five periods and/or factors characterizing its
growth which are also recognizable in various degrees in other areas of
artificial intelligence. These are:

1. The initial period of development where most proponents will state
that the human procedures being simulated can be completely re-
duced to algorithmic-like steps for automatic accomplishment.

2. A second period of complete disillusionment following unsuccessful
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attempts to simulate the required human techniques. During this
period a vociferous group will insist that mechanical translation, for
example, is impossible of attainment and should be abandoned as a
goal.

. A period of retrenchment and reeducation where goals are modified

or made more specific and where a determination is made of what
human procedures can now be simulated and of what research is
needed where simulation is not now possible.

. A final period of slower, steadier progress towards both short-term

and long-term goals which are realistic in nature. The initiation of
this period is dependent upon the recognition of the field and its
placement in the proper scientific discipline by university faculties
and by the initiation of formal education to train researchers and
managers.

. There was in mechanical translation a general tendency to under-

estimate the length of time to achieve desired goals as well as to state
realistic goals. This should be recognized as characteristic of most
efforts in artificial intelligence and should be compensated for by
those responsible for the promotion and management of these ef-
forts.

EDUCATIONAL FUNCTIONS

Although it seems somewhat contradictory in concept, one of the most
useful techniques of artificial intelligence should turn out to be the im-
provement of the human in terms of better ttaining and educational pro-
cedures. Fortunately, this is also one of the most popular fields among
scientists today, invoking the interests of educators, psychologists, engi-
neers, mathematicians, and the general layman. It is an area of utmost im-
portance to the military community where there is a continuous need for
training on new equipment and for education in new disciplines and where
there is never adequate time available for conventional schooling pro-
cedures to be effective. Techniques which need to be advanced, improved,
applied and evaluated, include:

AN hA WN =

The use of the learning machine principle.
Problem-solving aids.

Theorem-proving.

Decision-making aids.

Question-asking and answering, and
Evaluation procedures.

MASS PRODUCTION AND CONTROL PROCESSES

Automatic process-control techniques are being developed and ad-
vanced with great urgency and evidently with a fair amount of success by
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the Russians. We have not yet given the same recognition to them al-
though the situation in this country appears to be changing rapidly. Auto-
matic control of processes in major industries such as the transportation
industry, the oil-refining industry and the power-producing industry will
greatly benefit the military profession in times of crisis. Automatic con-
trol of logistics and of lines of supply for military needs should be has-
tened. The need for automatic control of nuclear power plants is obvious.
Also, of course, the benefits to be derived from automatically controlled
mass fabrication procedures cannot be overemphasized. Many such
automatic-control procedures have been implemented, but a sound scien-
tific basis for the field is lacking and must be developed before its real
potential can ever be fulfilled. It must be recognized that progress in
many cases will be painfully slow. Techniques for automatically generat-
ing ship lines to replace manual lofting procedures have been under de-
velopment for at least twelve years and have still not in any measure re-
placed the tedious manual work required. It is essential that more interest
in this field be generated in the scientific community and particularly in
universities.

SPECIFIC EXAMPLES OF
POTENTIAL APPPLICATIONS
IN THE MILITARY COMMUNITY

Certainly, the various subject areas of artificial intelligence find many
applications—and in fact are essential for success—in the large military
information data-handling systems. These systems, known generally as
command and control systems, intelligence systems and reconnaissance
systems, are all characterized by the fact that most of the data processed
by the system is nonnumerical and therefore requires the application of
many of the techniques discussed in earlier paragraphs.

In addition, certain other specific potential applications will now be
considered.

MECHANICAL MANIPULATORS FOR REMOTE SPACE
OPERATIONS*

It has been suggested that many of the purposes for which it has been
proposed to place human operators in space vehicles can be accomplished
more effectively by placing in the space vehicle remote-control apparatus
which is operated in real-time (except for limitations arising from the
round-trip transit time of signals) by one or more human operators on the
ground. The art of remotely controlling and operating a space vehicle is
capable of enormous expansion in comparison with its present realization.

*As discussed by W. E. Bradley in an IDA Memorandum of January 1964.
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~ Simple control from the ground of specialized operations in a space
vehicle has been a common feature of many past programs. Telemetering
back to earth of the responses of devices in the space vehicle to such
ground control operations has also been customary, but only for a rather
small number of critical degrees of freedom of the system.

In particular, the telemetering and control concept can be extended in
scope until a truly general-purpose “telecontrol” system is the result.
Typically, such a general-purpose system can perform most of the opera-
tions which could be performed by a human operator in the vehicle, but a
great deal more conveniently and, in some cases, more effectively. Briefly,
the goal would be to place in space the operator’s hands and eyes while
leaving the rest of him on the ground.

There would be in the vehicle one or more small television cameras,
which may be mounted on jointed and articulated arms in such a way that
they can be moved in both translation and rotation with at least six de-
grees of freedom within the translation limits imposed by the space within
the vehicle. In addition, it is possible for one or more cameras to be oper-
ated outside the vehicle by extending the arms through an aperture in the
vehicle wall, permitting scrutiny of the surrounding environment or of
devices such as antennas or solar-battery arrays located outside of the
vehicle. »

While such television cameras can be moved about from the ground by
direct control means common in controlling ordinary television cameras
in a broadcast studio, it is preferable and perfectly feasible to control such
cameras by the angle and location of the head of a human operator who
is located in a control station on the ground. Such a head-controlled
television camera system was constructed in 1958 and operated very
successfully. '

The hands of the human operator in this vehicle can be simulated by
remote-controlled manipulators having the necessary large number of
degrees of freedom. Remote-controlled manual manipulators have been
built for performance of laboratory operations in a radioactive environ-
ment and have been used so extensively in AEC operations that a con-
siderable body of data is presumed to be available regarding their design.
In any case, there is nothing difficult in principle in reproducing the
motions of a man’s hand and arm at a distance, and relatively little band-
width in the electromagnetic spectrum would be required to transmit the
necessary information, since the degrees of freedom involved, although
numerous, change only slowly.

The result of providing in the space vehicle, in effect, both the hands
and the eyes of one or more human operators is very similar to the provi-
sion of the human operator himself, except that less weight and a much
simpler supporting system is involved. Such a general-purpose, remote-
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control system can replace many of the special-purpose systems which
have been used or proposed in the past in somewhat the same way that a
general-purpose computer can perform the function of specialized com-
puters.

INTELLIGENT AUTOMATA APPLICATIONS
TO RECONNAISSANCE SYSTEMS

A potential use of intelligent automata is to assist the operation of
sensor systems designed to provide indications of hostile intent. A cate-
gorization of sensor systems by functional breakdown of components is
as follows:

Typical Sensor System Components
1. Input Subsystem
(a) Input stimulus
(b) Noise (interference) perturbation
2. Detection Subsystems
(a) Sensor (sensory field)
(b) Translation connections—used to translate incoming sensory
patterns into forms convenient for recognition.
3. Processing Subsystems with the functions of
(a) Abstraction—reduction in dimensionality of input field.
(b) Recognition—predetermined response to each of many varying
sensory patterns.
(c) Generalization—similar response to two or more varying sensory
patterns.
(d) Synthesis (association)—combination—either linear or non-
linear—convolution, etc. of responses for purposes of decision.
4. Decision Subsystemt with the functions of
(a) Estimation
(b) Prediction
(c) Extrapolation
(d) Complex decision procedure
5. Output Subsystem
(a) Transmission links
(b) Noise perturbation

It is believed that all known or envisaged sensor systems can be de-
scribed in terms of the above subsystem representation. In particular,
such a description is useful for the purpose of this paper, which is to dis-
cuss the potential role of logical automata for improving sensor systems.

tIncluded with Processing Subsystems in later sections because of interrelatedness of
functiops. :
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Now, logical automata can be thought of as any artificial (nonliving)
device which can be made to simulate any combination of the logical
processes performed by human beings. It follows then that logical autom-
ata may perform as any component of a sensor system other than that of
input or output. In practice, logical automata are split into two broad
classes—automata which would seem to possess intelligence and those
which in the most rigorous sense do only what they have been instructed
to do. This report emphasizes potential applications of the first class. The
latter class are of course quite important and currently are the workhorses
of automated systems taking the form of standard programmed com-
puters, both analog and digital, guidance systems, photomeasuration de-
vices, etc. Both classes of automata have a role in remote sensor systems
and in local sensor systems. Fully to exploit logical automata, their capa-
bilities should be applied to those functions of sensor systems that are
most complex.

Detailed investigation yields the conclusion that there are three primary
ways in which intelligent automata may best be utilized to improve the
capabilities of sensor systems in the near future.

(a) They may be used to design sensor system components. In this mode
intelligent automata in a laboratory environment “learn” procedures of
pattern-recognition, synthesis, search, etc., that are oriented towards the
analysis and interpretation of particular sensor inputs. Once an adequate
level of intelligence has been attained, the process evolved is “frozen”
either into hardware or fixed computer programs and the resultant device
becomes a component of the sensor system. In this manner, adaptive logic
machines will serve the planner of sensor systems somewhat as the analog
computer served the aircraft designer. With such a device the planner may
adjust his variables and observe directly the effect of the changes upon
the learning process.

(b) They may be used themselves as a component of sensor system.
This is particularly feasible in remote sensor systems where all components
are located in friendly territory. The capabilities of intelligent automata
must be applied to the functions of recognition abstraction, generaliza-
tion, and synthesis in the processing subsystem and to the problem of
pattern recognition in the translational connections. The word ‘“must”
is used intentionally because of a strong conviction that any real advances
in the data-processing tasks of sensor systems will evolve from uses of
intelligent automata. The use of intelligent automata in denied areas is
limited by the current lack of knowledge on how to control such devices
remotely. Therefore, their use as components of local sensor systems will
probably not be realized until after 1975.

(c) Finally, they will provide a means for analyzing large amounts of
data that would otherwise be discarded for lack of manpower. It may
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take a great deal of data and a long period of analysis to fully develop
means of discriminating a real threat from a distraction where the distrac-
tion itself may be either man-made or a natural phenomenon. This utili-
zation could begin to be realized by 1965 if proper direction were applied
to existing research projects. Results from such research would benefit
both remote and local sensor systems.

PROMOTION OF RESEARCH AND
DEVELOPMENT AIMED AT
MILITARY APPLICATIONS

This section is a very brief statement of what appear to be essential
principles underlying a program of research and development which
would stimulate, encourage, and bring to fruition many successful appli-
cations of artificial intelligence to military problems.

First of all, each of the many constituent subject areas of artificial in-
telligence can and should be individually developed. There will be some
known and recognized duplication of effort which will not be harmful or
wasteful of funds expended.

There should, on the other hand, be an overall goal which will knit
together as many constituent subject areas as possible. Such a goal would
have to require the successful application of all these constituent tech-
niques with all the attendant problems of interaction and feedback among
techniques. The goal should be difficult of realization but by the same
token it should result in the intermediate solution of an existing military
problem. This goal has been tentatively defined as the development of a
mobile device capable of nontrivial activity and possessing goal-seeking
ing device with as large a memory as technology and cost permit. The
overall goal should be approached through the successful attainment of a
set of predetermined subgoals, each nontrivial in itself and each resulting
in an advance in the state-of-the-art of some subject field. It is hoped that
the projects which will represent the first step towards achieving the over-
all goal can be started within the year, and we are currently engaged in
formulating the appropriate program.

Another essential ingredient to a successful R&D program is the
education of the potential user, of those management personnel within the
government responsible for the program, and of the scientists contributing
to the program who must understand the practical importance of the goal.
Talks, reports and conferences such as this form the means for so doing.
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This paper is concerned with some of the limitations represented by the
current state-of-the-art in electronic information handling. There are at
least two approaches to an orderly examination of limitations, the first of
which involves consideration of “‘better”” ways to do what is already being
done. The word “better” usually implies economics in one way or another
—lower cost, increased efficiency, simplified operation, etc. Use of this
approach would tend to emphasize current limitations of memory and
logic devices and subsystems, fabrication techniques, file organization,
programming languages, and display methods.

These are all significant problem areas whose improvement is important
to widespread economic use of electronic information-handling systems.
However, in this paper a different approach to the subject is used—
namely, the consideration of barriers to performance of additional func-
tions by information-handling systems over and above what is permitted
by the current state-of-the-art. While this will undoubtedly lead to
examination of some of the same limitations brought out by the other
approach, the general emphasis will tend to be on research to develop new
capabilities rather than on engineering to improve existing ones.

The following section will define and discuss a relatively new area of
possible interest, to serve as a vehicle for looking ahead. Following that,
the potential utility. of this area will be considered (although it is main-
tained in some quarters that contributions to the information sciences
come from the establishing of new procedures rather than the solving of
problems, it is argued here that the incentive for devising new procedures
stems from a desire to solve real problems). Finally, the requirements for
realizing practical implementation in this new area will be examined in
order to illuminate the limitations of the current state-of-the-art, together
with possible avenues for alleviating such limitations.
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AUGMENTATION OF HUMAN
INTELLECT

The title of this paper very carefully avoids the term ‘‘artificial intelli-
gence.” Although the contents will certainly sound familiar to members
of the artificial intelligentsia, the concern here is not directly with machine
accomplishment of humanlike activities, but rather with machine help for
the human who is himself performing intellectual tasks.

There are many ways in which computers might provide such help. The
current myriad applications of machines—both digital and analog—to
solution of mathematical problems arising in scientific research and engi-
neering design certainly comprise a major augmentation of man’s intel-
lect. Automation of libraries is another important class, but a library,
whether mechanized or humanized, is not an end in itself; it exists solely
to help men solve problems. Therefore, this paper, without intending to
minimize either the importance or the difficulty of mechanizing informa-
tion retrieval, attempts to look beyond the process of making archival
knowledge available and considers two processes involving interaction
between a computerized data base and a human problem solver.

The first process—for which many examples are now available—is as a
glorified ““scratch pad”: a mechanism for obtaining quick and accurate
calculation of incidental numerical problems, and a temporary memory to
retain intermediate results for later use. But the second potential way for
computers to help in sophisticated tasks is actual participation in the
intellectual processes themselves, much as a human assistant or colleague
would contribute. This is much more than simple performance of more
difficult or sophisticated tasks by machine; in particular, the computer
must be able to analyze the man’s input and to criticize or correct it, at
least to some extent. Ideally, the machine might even represent or act in
consonance with an alternative point of view, so that out of continual
interaction between the man and the machine would grow a problem solu-
tion which exceeded anything the man might produce based upon his own
ideas alone. Perhaps the highest example of this process in human society
lies in the American court system, wherein a plaintiff and a defendant
argue their opposing views in detail so that a judge or a jury has the best
chance of deducing the true situation. A similar but less formal example,
one upon which the progress of science depends, is the discussion and
debate which takes place in technical journals and at scientific meetings.
The corresponding man-machine process—that is, interaction at an intel-
lectual level to permit synthesis of a more valuable solution than either
man or machine could produce independently—might properly be called
“dialectic programming.”
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Note that this process of hypothesis, antithesis, and synthesis carries
with it the necessity of on-line or real-time interaction between man
and machine; that is, the man must get a response at least as rapidly as he
would in a conversation with another human. That, in turn, requires elimi-
nation of the programmer or any other intermediary between the problem
solver and his mechanical aide. This provision for direct access to the
machine by scientists and managers lacking specific programming skills
has been called ‘“‘implicit programming” by the Air Force; in itself (i.e.,
without inclusion of dialectic capability for the machine) it carries several
important implications for reduced noise and distortion in the communi-
cation link, for direct knowledge of assumptions on the part of the user,
and for ensuring that decisions are made by the proper decision maker
and not by an intermediate programmer.

UTILITY OF COMPUTER
AUGMENTATION

These two approaches to computer augmentation of human reasoning,
the scratch pad and dialectic programming, are quite intriguing ideas. As
such, they are certainly valid subjects of research within the university.
But before private industry can risk its capital in pursuit of such ideas, and
before the government can invest a significant portion of the funds
entrusted to federal care by the taxpayers, it is necessary to ask whether
any form of computer augmentation is justified either by economics or by
some other benefit to society. In other words, what practical reason is
there for devising machines to perform pseudo-intellectual tasks if the
tasks can be performed by other humans themselves?

There are at least three answers to this question which are pertinent to
any use of computers. First, if machines can do an equivalent job more
economically, their use is generally justified. Second, there are some tasks
in hostile environments, such as space exploration, for which it is desirable
to minimize the number of humans involved. In addition, machines offer
greater speed, memory capacity, and accuracy than is available from
humans. These are the capabilities which justify the use of computers in
most present day applications, and such capabilities are no less impor-
tant in augmentation of human reasoning—particularly by the scratch-
pad method.

But there are other reasons for pursuing dialectic programming, poten-
tial advantages to utilization of machines which have seldom been ad-
vanced for other types of applications. It may be simpler to train (or
program) a machine than a technician or research assistant; or, more
properly, it may be simpler to train a whole cadre of machines than the
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requisite number of humans, because once the effectiveness of training has
been demonstrated on one machine, its subsequent copies may be de-
pended upon to exhibit equal capabilities—a consistency which is not
very evident in our present selection and training methods for people.
Machines have highly predictable requirements for power, maintenance,
and environment, and they ask no special management considerations.
Finally, and perhaps most important, machines can be made available in
desired numbers at planned times, and they can be stored or destroyed
when not needed (this may not be economically desirable, but neither is it
a social problem). These arguments do not imply that computers should
replace humans wherever and whenever the state of technology makes it
possible; rather, in those situations for which human individuality is not
an advantage, then the use of machines may be preferable provided it is
economically sound. The objective of research and development in com-
puter augmentation of human reasoning, then, is to increase the variety of
cooperative intellectual tasks for which machines are economically feasi-
ble, in order to permit consideration of computers as one practical
alternative in as many situations as possible for which a human problem
solver is going to need additional help.

Typical examples of situations for which dialectic programming of
computers might be valuable may be found in both military and civilian
contexts. Senior military commanders, for example, must consider and
test a wide variety of alternative courses of action to meet the challenges
presented by potential or actual opponents. To prepare a human ““sound-
ing board” for effective discussion with such a commander requires many
years of training and experience, and even well-qualified staff members
find it wise to temper their comments in view of the superior-subordinate
relationship; further, a good staff man in one command is obviously
unavailable elsewhere. Now of course there is no foreseeable prospect of
being able to replace senior military staffs with computers. But a com-
puter capable of pseudo-intellectual discourse, even within limited spheres
of subject matter, could be an extremely valuable augmentation of the
human staff—one that was unbiased by the presence of rank. And if it
worked in one command, copies might well work in others with relatively
slight modification. Even if no reduction in total staff size resulted from
introduction of dialectically programmable machines, the increased effec-
tiveness in decision-making could justify their presence. If in addition the
size of the larger staffs could be reduced, the benefit would be com-
pounded, for really good senior staff men are a precious commodity not
widely found or easily generated.

This military example has its parallel in the executive world of private
industry, where analogous uncertainties exist and good staff men are also
scarce. Another example may be found in the processes performed by an
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intelligence analyst, and of course scientific research has always produced
pioneers in new uses of computers. One must be careful, of course, not to
eliminate useful apprenticeships held by management trainees, graduate
students, etc., where inefficiency may be justified in terms of investing in
the future.

REQUIREMENTS FOR PRACTICAL
COMPUTER AUGMENTATION

It would appear that the potential utility of machines capable of par-
ticipation in intellectual tasks with humans is sufficiently great to justify
their development. Is such development possible now, or is additional
research required? How much can be done within the limits of present
technology? In what directions should appropriate research go? To
explore such questions it is first necessary to examine the probable charac-
teristics of computers capable of being dialectically programmed.

The first and most obvious requirement is for simple and direct com-
munications between man and machine. In particular, if machines are to
be of real value to human problem solvers then the language of com-
munications must be one which is natural to the human—the same
language he uses to solve problems by hand. This means English (with all
its ambiguities), algebra, formal logic, block diagrams, and two-dimen-

" sional curves. It means charts and special terminology (both of disciplines
and of the problem solver himself); conversely, it means access to data
bases without restriction to narrow, previously established nomenclatures.
And it means vocal and handwritten inputs, not necessarily typewriters.
Printed character recognition would also be useful when utilizing previ-
ously prepared material. Can these things be done now? The answer is
“yes, partly—at least in the laboratory.” But these capabilities have never
been combined in one system, and in general, they are far from opera-
tional, for reasons that will become clearer below.

Closely related to simple communications is physically convenient
access. Experience with conventional computer facilities indicates that
their use varies roughly inversely with the distance from the user. A
problem solver needs the console near his own desk, where he has all his
reference material and other familiar paraphernalia. Thus mechanized
scratch pads and dialectic programming call either for separate machines
scattered around near individual users, or else remote consoles tied to a
large central facility through telephone or telegraph lines. However, when
a man attacks a problem in collaboration with a helper (human or
machine), he often stops to think—particularly when a thorny or un-
expected response has been presented to him. But the helper might just
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as well be aiding someone else while the problem solver thinks, and this
argues for having many remote consoles tied to a single processor on a
time-sharing basis. In addition, such an arrangement introduces the
possibility of two or more human problem solvers simultaneously attack-
ing the same difficult problem, with interaction taking place through the
computer. One possible application of this approach—which incidentally
is well within the state-of-the-art—is to war gaming, wherein two oppo-
nents could be on-line simultaneously with each affecting the other’s
actions; this may be much more realistic than are current simulation
methods.

The capabilities called for above imply the use of very large central
processing facilities and rather sophisticated remote consoles. To handle
a large number of users the central facility must have vast memory
resources which are quickly accessible. To achieve speed and efficiency it
must perform several tasks simultaneously through multiprocessing, and
must be able to capitalize on peculiarities of the problem. Reliability of
such a large system implies judicious use of redundancy techniques. The
sophisticated nature of tasks to be performed calls for extensive program-
ming (note that this refers to original programming of the system to
provide its general capabilities, not the dialectic programming subse-
quently performed on-line by a problem solver); in particular, the capa-
bility to perform heuristic processes must be provided. It may be neces-
sary for the machine to carry out some of its own basic programming in a
learning, or self-organizing, mode of operation. This, incidentally, intro-
duces the possibility of the machine adapting to individual users’ specific
requirements. Again, these capabilities are at least partially within the
state-of-the-laboratory-art, but much remains to be done before they are
operationally useful.

Operational usefulness involves economic feasibility. Most of the char-
acteristics described above are achievable today only through the invest-
ment of large amounts of time and money in the hand assembly and
programming of special pieces of equipment—both central processors and
individual users’ consoles. Wide application under such circumstances
is completely out of the question. In other words, a major stumbling
block to operational introduction of dialectic programming is lack of
cheap mass-production techniques for fabricating and programming the
large systems required. In large memories, for example (107 words or
more), current technology permits cheap storage at unacceptably slow
access speeds (magnetic tape) or rapid access at unacceptably high cost
(magnetic cores). The hope here lies in the batch fabrication processes
brought about by thin-film technology, microelectronics, cryogenics, and
optical methods; in content-addressed (search) memories and iterative
logic organizations; and (for software) in list processing techniques and
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self-organization with its potential for partially eliminating conventional
programming through substituting of an example-showing process.

This author also believes that one other factor is needed before sophisti-
cated computer augmentation of human reasoning becomes an opera-
tional reality—and this last item definitely is not within the current state-
of-the-art. It would seem to be necessary that there be some quantitative
techniques for measuring the effectiveness—and the shortcomings—of
current and proposed computer systems. Undoubtedly, a few experimen-
tal systems will be built and operated on a pilot basis, just to see what
happens. At least one would hope so, But general introduction of highly
novel approaches such as dialectic programming will not follow until it
can be clearly demonstrated that real benefits accrue as a result. With
conventional computers in applications such as payroll preparation and
inventory, it was possible to collect numerical data concerning relative
processing times, frequency of errors, man hours reduced, etc. But when
the process involved is that of helping a man solve a difficult problem, it is
not obvious just what accessible measures are appropriate (or vice versa).
Much more remains to be done in this area, and current emphasis on cost-
effectiveness justification within the federal government implies that it
must be done if sophisticated computer augmentation of human reasoning
—such as dialectic programming—is ever to appear outside of the
laboratory.

CONCLUSIONS

The picture painted above is one of exciting and useful capabilities,
stringent requirements to provide them, and many remaining technologi-
cal difficulties in meeting the requirements—at least outside of the labora-
tory. Man-machine interaction at the intellectual level has much to offer
for improved decision making, more effective problem solving, and release
of highly skilled humans from participation in some tasks so that their
scarce skills may be utilized elsewhere. But achievement of this calls for
much-improved (and simplified) man-machine communications; better
understanding of very large computer systems (to provide improved syn-
thesis); advances in microelectronics, optical techniques, iterative logic,
associative addressing, and self-organization to permit economic hard-
ware and software for these large systems; and—least available—methods
for measuring the effectiveness of what is available and for predicting the
characteristics of what is proposed. Possible techniques and approaches
are in sight to alleviate all the current shortcomings, but much additional
research and development—expensive research and development—will be
required to realize economically feasible solutions. Can we afford to
neglect the investment?
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EXPLANATION AND APOLOGIA

This preface is written with a profound and humble apology to those
five or ten readers of this paper who already understand both the source
and aptness of the major title. A Random Serial Search of 40 Docu-
mentalists in Philadelphia found an incidence of }5/40 (the numerator
representing the, obviously better, half of a Documentalist); a Simul-
taneous Parallel Search of an audience of Electronic Information Han-
dlers in Pittsburgh, empioying the accepted ““Is there a Carrollite in the
House?”” technique found 2/400 (and one of those cheated, as I'd ex-
plained it to him the night before) who recognized the source. My esti-
mate of the logical intersection of the two classes is probably wildly
optimistic. Hence this explanation.

The phrase occurs, as all students of the writings of Charles Lutwidge
Dodgson (Cantabriggian mathematician, 1832-1898) know, passim in
“The Hunting of the Snark.” A proper KPIC (Key Phrase in Context)
system would show the following:

You may seek it with thimbles and seek it with care,
You may hunt it with forks and hope

You may threaten its life with a railway share

You may charm it with smiles and soap.

If one takes advantage of the ambiguity of “it,”” and substitutes the
“Long Range Goals of Basic Research” for “‘Snark” (carefully and
deliberately ignoring the problem of the Boojum), the need for ‘“Hope”
becomes obvious,

“Forks,” in this context, cannot be clarified without resort to the ikons.

*AFOSR 64-1897.
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In the illustration accompanying the 1914 edition, it becomes clear that at
least three separate sorts of forks are implied. One is a trident, standard
Retiarius Mk 1(a) mode for pinning the prey. Another is a two-pronged
agricultural implement, suitable for short-range prey transport and ter-
mination. The third, representing the using commands, is a smaller, also
two-tined, carving fork. Other necessary implements, illustrated in the
ikon although not in the text, are a microscope and telescope.

In summary, then, if one is purusing basic research one should do so
with both hope and forks.

WITH FORKS AND HOPE

It seems appropriate in a university ambience to begin with a historical
anecdote—one of the very earliest instances I have been able to find of the
relations between academic research, military applications, and the
government—the story of Galileo and the telescope. I am indebted to the
Oxford History of Technology and to Arthur Koestler in The Sleepwalkers
for this information.

Galileo did not invent the telescope, but he probably made more money
from it than the man who did. According to a reliable record of 1634,
Johannes Janssen or Jansen, son of the Dutch spectacle maker who prob-
ably did, declared that his father “made the first telescope amongst us in
1604, after the model of an Italian one, on which was written anno 1590.”
Giambattista della Porta of Naples (1536-1605) describes in the second
edition of his Magiae Naturalis (1589) various ways of improving vision at
a distance, including the use of a convex and concave lens.

Galileo may or may not have seen one of the Dutch telescopes. He
claimed (in The Messenger from the Stars) that he had merely read reports
(from DDC—the Dutch Documentation Center?) of the invention, and
that these reports had stimulated him to construct an instrument on the
same principle, which he had only succeeded in doing through extensive
basic research in “‘the principle of refraction.” This may or may not have
been a snow job—it certainly didn’t take the mind of Galileo to put a
concave and a convex spectacle lens together once it was known that it
could be done.

Be that as it may. Galileo proceeded to make a presentation and
demonstration to the Venetian Senate on the tower of Saint Marco on
August 8, 1609. Three days later he gave the instrument to the Senate,
together with a Technical Manual cum brochure explaining that this
instrument, which magnified nine times, would prove of utmost impor-
tance in war, since it made it possible to “‘see sails and shipping that were
so far off that it was two hours before they were seen with the naked eye,
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steering full sail into the harbour,” thus being invaluable against invasion
by sea.

Koestler adds, in a sentence I tend to use in my more paranoid Penta-
gon briefings:

It was not the first nor the last time that pure research, that starved cur, snapped
up a bone from the warlords’ rich banquet.

The story does not end there. Galileo gave the telescope to the Senate;
the grateful Senate in return doubled his salary to a thousand scudi a year,
and gave him tenure in his professorship at the University of Padua, which
belonged to the Republic of Venice.

I am not entirely sure what the moral or morals of this story are. If the
Senate had issued RFP’s to meet their Military Requirement for an im-
proved Command and Control System, their proposal evaluation might
have reflected the needs of the service which opened the proposals. I can
imagine that aerial types would have put in for a fire tower on top of the
Tower of San Marco; that aquatic types might have preferred a fleet of
picket boats; and that those with more terrestrial proclivities would have
asked for a double appropriation for coast artillery, on the theory that
more and bigger guns could take care of any problem.

Like all good stories, this has a happy ending. The military got a solu-
tion to their problem that would never have turned up through normal
development channels. And Galileo, rewarded for Keeping Up With The
Technical Literature and seeing an Immediate Practical Application, went
on to build better telescopes and actually do good basic research in
astronomy.

The ostensive, if not ostentatious, point of beginning with a hidden
passage in the history of Galileo and the telescope, may become clearer
with the following definition:

Electronic information handling, the subject of this meeting, is a rapidly devel-
oping technology. It is parasitic upon, symbiotic with, and host to all other tech-
nologies. Like all other technologies, it is dependent upon a body of fundamen-
tal scientific disciplines and knowledge. Advances in information technology can
only come in three ways; by specific research and development efforts aimed at
information handling per se; by exploiting the fortuitous advances in ancillary
technologies; and, by improvements in fundamental scientific knowledge and
understanding.

The invention, or continued reinvention, of coordinate indexing is an
example of the first; the continuing improvements in computers designed
for either business or mathematics of the second; and, perhaps, the episte-
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mological battle now being waged between syntax and semantics of
the third.

More than most technologies, with the possible exception of medicine
which it curiously resembles, information handling is involved with people
as producers, processors, and consumers of information.

Most technologies can get along very nicely without people; in fact,
much of their engineering effort is devoted to protecting their systems
from people. A little old lady in tennis shoes can do more damage to a car
in a hundred miles driving to and fro through the Liberty Tubes than a
lead-footed test driver will do in 1,000 miles on the proving ground;
whether rightly or wrongly, most aircraft accidents are attributed to pilot
error, and the majority of automobile accidents happen to cars in excellent
mechanical condition. One can build foolproof machinery, but there is no
such thing as a people-proof information system.

Let me talk about the problems of people as producers of information.
Last February in Bangalore I met a young British engineer who had been
sent out to India to manage a Horlick’s malted milk factory. After the
third gin and tonic (the first two were spent in discussing, seriatim, King
George I1II and the relative merits of the European four-wheel drift versus
the American power broadslide as a way of getting around corners), he
began to speak enviously of the American milkshed system where the
manager of a factory like his could count on tank trucks of pure milk
pulling up to the loading bay on regular schedules.

In India, it turns out, each cow is owned by an individual who gets up
before dawn, milks it into a little tin pail with a lid, ties the pail on the
back of his tall black bicycle, and wobbles precariously down the middle
of the road for 10 miles to the factory. There he exchanges his full pail for
a sterilized empty one, rides 10 miles back to his village and promptly
washes out the pail under the village pump.

Most of us who run information systems would like to be in the posi-
tion of the American dairy manager, with large amounts of pure reliable
material arriving promptly. We actually find ourselves in the position of
the Indian dairy manager, with milk that may never get in the pails and/or
be consumed in the village (I am reminded somehow, of Mark Twain’s
village that lived by taking in each other’s washing), or gets spilled or
turns sour en route to our factory, dealing with producers far more
anarchic than the Indian cow owner, with far feebler incentive to en-
courage delivery at the factory docks.

We need people to run our systems—trained, skilled, intelligent, cre-
ative people who will neither be bored by routine nor become too inven-
tive in their indexing, much as we would like to automate them out of our
stacks, our accessions departments, our cataloging rooms and our refer-
ence desks.
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Most of all we need people as customers. We cannot live solely by talk-
ing to other information centers and to our Federal sponsors. There
comes a time when people must use our products.

Ranganathan can talk of “Every reader his book™; Time can talk of
“Every non-reader his non-book.” We must deal with carnivores, who
want only small amounts of highly concentrated information and turn
savage if not cannibalistic when they don’t get it; with placid herbivores,
who are willing to munch vast heaps of cellulose to extract a minimum of
nutrition; and, with the vast run of omnivores, who, in spite of their innate
ability to digest almost everything, have developed sophisticated, jaded
or even perverted appetites.

I will now return to the specific and implied subject of this talk—
research needed for the improvement of information technology. You
will remember that I said that this improvement could come in only three
ways:

1. By specific research and development in information handling per se.

2. By exploiting the fortuitous advances in ancillary technologies.

3. By improvements in fundamental scientific knowledge and under-
standing.

Let me speak of the easiest part first—by exploiting the fortuitous ad-
vances in ancillary technologies.

Information handling, at least in the very strict sense as it applies to the
handling of scientific and technical information, is not likely to be a major
customer for many large new equipments. A certain inherent reluctance
to talk about rope in the house of one who lost an ancestor when the plat-
form gave way while he was attending a public function keeps me from
mentioning the fate of the last computer to be designed specifically for
information retrieval. Nevertheless, computers have been getting bigger
and better, faster, and cheaper every year. We might well be using the
Indian pattern of Leicas for microfilming and studio enlargers for making
photocopies if there were not a major business market for microfilming
checks and industrial records.

I am not at all sure that equipment manufacturers always understand
this aspect of the information retrieval market. People do occasionally
buy Rolls Royces, Pegasos, Ferraris, and Walnuts, but most of us are in
the position of borrowing time on someone else’s Chevrolet.

Perhaps an analogy from another field, that of mechanical translation,
will make my attitude clearer. 1 was visited recently by a representative
from a small software firm which had sunk (I refuse to use the word
invested) $500,000 of corporate funds into a mechanical translation
program.
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I said, “How do you justify this to your stockholders?”

“What do you mean?”

“Look, DOD has said somewhere that they need about sixty million
words of Russian text translated a year. You know damn well that we can
buy fair-to-middling human translation at twenty bucks a thousand
words, and probably wouldn’t be interested in machine translation unless
we could get it considerably cheaper—say ten bucks a thousand. Assum-
ing that a contract was let for this, and assuming that you were the suc-
cessful bidder, this would give you a gross of $600,000 a year and, at ten
percent profit, a net of $60,000. Are you sure that you want to be in this
game?”’

Or, to switch to another field, a recent report on the mechanization of
the Library of Congress set a price tag of $30 million for the minimum
automation of the central bibliographic system. John Walsh, in one of his
quasi-editorials in Science [vol. 143 (1964), pp. 452-455] doubted seri-
ously that the Congress would ever appropriate the money to do this job.

Yet, Missiles and Rockets, in a recent survey of display systems for
command and control (Oct. 5, 1964) estimates in a matter-of-fact way
that:

Command and control system displays, on the order of $1 million each, are ex-
pected to continue at the rate of 25-30 a year for at least 5-10 years.

It is a lot cheaper to make a Bookmobile out of a commercial bus than
to start from scratch. Most of us when it comes to major capital equip-
ment are going to find ourselves on the winning end of the game that the
‘Government Printing Office plays with me every time I send a book over
for printing—they let me pay for the costs of setting and printing the first
4,000 copies and then charge themselves only the incremental costs for any
additional copies they want. We can let the equipment be developed and
paid for by someone else, and then modify and/or borrow it for our own
purposes, rather than pay all the research and development costs for the
first prototype.

Much of research and development in information handling per se
seems to me to be deficient in at least three aspects:

1. The absence of exciting new ideas.

2. The test of the market place.

3. Clear-cut proof to the complete satisfaction of the shirt slceve scien-
tist, the grey eminences of the invisible colleges, and those concerned
with the disbursement of ‘public funds, in both the legislative and
executive branches of the government, that the job we are trying to
dois socially beneficial rather than socially harmless. (I refuse, even
for the sake of symmetry, to admit the third possibility.)
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It is difficult, at least in serial speech, to discuss these three separately.
(1) must be closely linked with (2) lest we wind up with handset letterpress
Selective-Dissemination-of-Information systems, or nationwide micro-
wave color television links between laboratories, turning on automatically
with the laboratory lights, with all messages going automatically on video-
tape into a central file dwarfing anything that any dreamer of national in-
formation systems have yet conceived.

(2) and (3) have equally close links, against the day when the full na-
tional expenditures on scientific and technical information are finally
dragged out from under all their ingenious covers and some cold-eyed
gentleman says, “O.K. Thisis what you’re spending. What are you get-
ting for it?”

To return to my first point. Six months ago I spoke in this same hotel
on the problems of scientific creativity under the title “The Scientist, The
Engineer, The Inventor—One World or Three?”” We are slowly training a
competent body of information engineers—people who can apply known
principles cleverly and skillfully to the solution of specified problems.
Scientists, as I shall point out later in my talk, are being attracted to the
field in growing numbers even though under my operating slogan of Sic
vos non vobis mellificatis, apes— ““Thus you bees make honey, but not for
yourselves alone,” they may not realize that that is what is happening.
But we’re running short of inventors.

This Wednesday, at the banquet of the American Documentation Insti-
tute, a moving tribute was paid to the memory of a gentleman whom I
would hope considered me a friend—Hans Peter Luhn. I have never made
an exhaustive search of all of Pete’s contributions to our field, but let me
just mention three which have crossed my rather high threshold—Selective
Dissemination of Information; Keyword in Context Indexing and Auto-
abstracting. For years now much of the traffic in my office has been with
people who would say, “Yes, I know Pete invented this technique, but I
can improve on it.” It is not difficult to improve on someone else’s
invention—Steve Juhasz, Ed Rippberger, and I have been, we hope, guilty
of it with WADEX—but it is difficult, and for most people impossible, to
make an invention of one’s own. It is even more difficult for an invention
to meet, as have at least two of Pete’s—SDI and KWIC—the test of the
market place. I do not know where we will ever find more people like Pete
Luhn, but the field certainly needs them.

I am not sure that my job description calls for me to be either inventive
or creative; one of the prices of becoming an administrator is to decline
the fame and envy of original composition, but there are two notions that
I’ve been gnawing on for a while.

One is the need for a scaling factor for information systems. I hinted at
this in my most unrequested reprint—Journal of Chemical Documentation,
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volume 3, number 216, 1963—where I voiced my suspicion that the
square-cube law—that as an organism grows, its surface increases as the
square of the diameter, while the internal volume, and mass, increase as
the cube—that affects all living organisms also applies to information
systems. I feel intuitively, but lack both the evidence and the mathematics
to prove, that the surface area of an information system available for
radiation—the transfer of information outside the system—increases at a
slower rate than the complexities of interaction between the items in the
store, and that both of these tend to grow far more rapidly than does the
nutrient supply of people and money needed to operate the system.

An interesting consequence of the square-cube law in nature is that it
sets both a lower limit—something the size of a shrew has to spend all its
time eating lest it starve to death—and an upper limit to the size of organ-
isms. You just don’t build a land-based animal much larger than the
elephant.

I wonder if this square-cube law may not also set up an upper limit to
the size of information systems; if the internal complexities are growing at
a much faster rate than the public contact area, the manager inevitably
becomes more concerned with the internal management than with the
public service and, inevitably, gets a key to the dinosaur club.

I wonder also if we have not been remiss in forgetting that there are,
after all, four laws of thermodynamics in our concentration on the second.
I can’t do anything constructive with the first. I started thinking about
the third when 1 started thinking about the entropy of knowledge—that
subset of information which gets inside the skull and stays there long
enough to do some good—and think that I could do something about that
in relation to Boring’s minimum set of dissonant paradigms by which we
actually operate.

I do think, though, that we need something like the zeroth law of
thermodynamics. Thermodynamics operates on the assumption, amply
corroborated by experimental evidence, that heat flows from hot bodies to
colder ones, and never in the reverse direction; that heat flows from heat
sources to heat sinks. It was many years before that they realized that
they needed one more law, the zeroth law—that when two bodies are in
thermal equilibrium no heat flows from the one to the other—to provide
a logical axiomatic basis for the other three.

We operate, I submit, on the assumption that information invariably
flows from information sources to information sinks. Is this a safe as-
sumption? Has anyone ever proven it, either theoretically or empirically?

Let me return to my points two and three. We are not practicing a
branch of aesthetics where we can concern ourselves with art for art’s
sake. We are dealing with the engineering of systems to do a variety of
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jobs, not least of which is satisfying both our customers and our spon-
sors. We think we know, although we probably do not, a great deal about
our milieu internale. What do we know about our milieu externale?

What do we know about how scientists and engineers now communi-
cate and use information?

What do we know about the relation of information to the actual proc-
esses of scientific research, of engineering development, of invention?

Just what is it that information and information services actually do?

What sort of accepted (and acceptable) methods and criteria can be
used for evaluating objectively the design and operation of information
systems and, perhaps most important of all, their actual and potential
utilities?

Or, to use a phrase which some of you must have heard before, how do
you do a cost-effectiveness study on an information system?

I would be less than gracious if I did not call the attention of those seek-
ing problems on which to do research to the prospectus of the Knowledge
Availability Systems Center which, at least in the draft I have (dated
August 1, 1963), outlines some 29 more or less separate problems under
such general headings as:

Criteria for systems design
Comparative anatomy of systems
Language manipulation
Behavioral studies

Hardware studies

Media studies

At least a third of these studies fall into the third and last area I wish to
discuss today, basic research in the underlying scientific disciplines—the
third way in which I said improvements in information technology could
come about. This is not a field for one who expects quick results, nor im-
mediate applications, nor, for that matter, is it a field for crash programs.
I am rather amused by the plaint of a former principal investigator of
mine, who once did good basic research for me and now finds himself
operating a multimillion-dollar information center, that there is little
coming out of any of the three major basic research programs in this
field (the classification is by sponsoring agency) that helps him with his
practical operating problems.

Of course not. Those of us who have been administering basic research
programs in this field would be derelict in our duty if we yielded to our
chronic temptation and cooked our seed corn—sought the approbation of
our bosses by buying research on the basis of its immediate applications.
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Our job in managing basic research is to bet on long shots at the $2
window. We try to do this on a little more rational basis than the horses’
names or the color of the jockeys’ eyes—although I must admit that we do
pay a little attention to the color of the jockeys’ silks, especially if they are
those of a major stable. A horse-playing former chief scientist of ours
once said that our job was looking for overlays—cases where the true odds
are better than the apparent odds. Other agencies have much larger sums
to bet on favorites to win, place or show, at correspondingly lower odds.
Favorites do drop dead in the stretch; long shots do come from behind to
win. This, together with the traditional difference in opinion, is what
makes horse playing, and the administration of a basic research program,
a sporting game.

Where does one go looking for research workers who might be able to
take solid steps towards solving this problem? [In much that follows, I
might quite properly be accused of exercising the droite du seigneur on a
report, “Information Processing Relevant to Military Command: Survey,
Recommendations and Bibliography,” prepared by A. E. Murray and
H. R. Leland of Cornell Aeronautical Laboratory under Contract
AF 19(628)-1625 for the System Design Laboratory, Electronic Systems
Divisian, Air Force Systems Command. ESD-TDR-63-349.] Sometimes,
but only sometimes, in schools of documentation and/or library and/or
information science. They are likely to be scattered all over the university
campus, not infrequently in the electrical engineering department (which
has become the liberal arts college of engineering), but also in such de-
partments as biophysics, philosophy, psychology or mathematics. Some
are not even on university campuses at all, but hidden away in remote
corners of great industrial research laboratorles or in small R&D firms in
deserted shopping centers.

If you ask them what they are working on, they are unlikely to answer,
unless they have been corrupted by the thought of government funding,
by such phrases as “Information storage and retrieval” or ‘“Electronic
information handling.” They are far more likely to answer with such
phrases (or descriptors) as:

Automata, especially logical or computing automata

Pattern recognition

Signal detection

Artificial intelligence, mechanization of thought processes, brain mechanisms,
artificial organisms, cognitive processes

Bionics

Self-organizing systems

Cybernetics

Nerve (or neural) nets
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Perception mechanisms and logics

Discriminating functions

Decision-making

Problem-solving, game-playing, heuristic programming, hill-climbing, optimi-
zation, linear programming, dynamic programming

Linguistics

Logic, especially multivalued and modal logics

Information theory, channel capacity, entropy and uncertainty, coding theory

General aspects of correlation, prediction and filtering

Control theory, servomechanisms, theoretical and experimental dynamics of
feedback systems

Signals and noise

Psychology of value judgments

Statistical prediction theory

Vision, speech and hearing

Concept and percept formation

Network and switching theory

Speech analysis, synthesis, and recognition

Existential and analytical philosophy

Epistemology '

Combinatorial mathematics

Random processes

Probability theory

Circuit theory

Cryptology

Statistical communications theory

Programming languages

Use of these terms as descriptors in querying several very large docu-
ment collections produced some 7,000 different citations to documents!

The odds that one or more of these 50 fields or 7,000 documents may
yield results relevant to the problems of electronic information handling
may seem staggering, but I submit that they are far less than the odds that
out of the tens of thousands of young men and women in our colleges and
universities will come another Hans Peter Luhn.

The names of the possible fields given were deliberately randomized.
A rough classification—remembering that all classifications are personal
to the point of being solipsistic—might yield the following five areas which
seem in especial need of encouragement and acceleration.

1. The link between language and epistemology defines the single most
important front for an advance in information processing tech-
nology. Linguistics occupies a uniquely pivotal position in relation
to various aspects of intelligence and automata. Natural language



288 ELECTRONIC INFORMATION HANDLING

breaches the interface between conscious reasoning and the underly-
ing mechanisms and serves as the medium for the conscious organi-
zation, transmission, storage and retrieval of information.

Formal versions link machines to man’s will and, within the machines,
primitive formal languages govern and are represented by the states,
transitions and interactions of the active parts. To understand the nature
and basis of intelligence so as to exploit this understanding in the use and
development of automata, we need to know much more about language.
Similarly, to understand more fully the techniques of symbolizing and
systematizing meaning or concepts in order to exploit this understanding
in analysis, storage, cross-linking, searching and retrieval of information,
we, again, need to know much more about language.

2. Well conceived, firmly based and definitely, purposefully, and theo-
retically oriented, as opposed to vague, exploratory or empirical,
research is needed to discover, at approximately the ““neural” level,
plausible fundamental mechanisms for the development of intelli-
gence in information processing organisms and automata.

The problem of discovering the basis of intelligence appears to be es-
sentially the problem of elucidating how any brainlike system can,
through contact or interaction with its environment, become functionally
organized in that special way we call “intelligent.”

By referring this investigation to the “‘neural” level, one seeks the ulti-
mate mechanismic basis of intelligence by taking explicit account of the
importance of the nature, characteristics and interaction of relatively
simple components in those special aggregates capable of acquiring and
exhibiting intelligence.

3. Both philosophical and experimental evidence indicate that a satis-
factory explanation or mechanization of visual pattern perception
must incorporate both analytic and holistic concepts. Analytic pat-
tern recognition, without regard for the problems of segmentation of
a complex visual field, and suitable only for clean, separated figures,
is receiving most of the attention devoted by physical scientists for
all too obvious reasons.

What is needed more is much more difficult to supply; that is, informa-
tion and understanding on the interrelation between the analytic and
Gestalt aspects of pattern recognition; how and what subsets of point
stimuli are perceived as unitary entities; figure-figure and figure-back-
ground separation mechanisms; and the meaning of the direction and
limitation of attention.
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This example has been set in the field of visual pattern perception.
Similar and probably more complex problems face us in the field of speech
perception, which may serve as an orbital stage before we tackle the vastly
more difficult problem of semantic perception. It is becoming increasingly
clear that speech recognition cannot be done on the basis of the acoustic
properties of the speech signal alone; that general solutions will rely upon
the interplay of linguistics and semantics.

The most exciting step of all will come when we are able to study pat-
tern recognition in text. How does a reader, for example, recognize that
novel A has the same plot as novel B? How does a scientist realize that a
piece of work in, say, psychoacoustics contains the clue to solving his
problems in cloud cover analysis? And one wonders how long will it be
before a computer will actually be able to take a document and:

Make a true abstract.

Recognize that it is related to work not cited in the bibliography.
Describe it as brilliant, pedestrian, or unsound.

Tell the plot of a novel.

4. Self-organization appears to be a basic phenomenon manifested in
the greatest variety of systems which can be described and under-
stood in terms independent of the particular system in which it is ob-
served. One of our needs is for research which studies self-organiza-
tion as the central phenomenon of any system or systems, and
attempts to describe it in the most basic and general of terms. In this
regard, two facts are noticeable:

(a) While learning may be regarded as a certain kind of self-organiz-
ing capacity, the bulk of the work by nonbiologists in systems
which “learn” is not directed to the central issue, which is the
epistemological problem for automata.

(b) The principles of self-organization in fields outside of cognitive
systems research are all but neglected by interdisciplinarians.

Some attention must be directed to self-organization as manifested in
the most central phenomena underlying intelligence, and to the possibility
of generalizing on the principles of self-organization over fields as remote
as morphogenesis and socioeconomics.

5. It has become apparent in recent years that the major breakthroughs
in computer capability in the future will come from improvements
in the logical organization of computers and in new programming
techniques. The organization of the digital computer as conceived
by von Neumann seems increasingly inadequate for the types of
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problems people actually wish to solve. Concepts such as associative
memory, built-in stacks, multiprocessing, multiprogramming and
parallel organization, represent a radical departure from traditional
ways of building computers, quite apart from the hardware used. At
the same time, the difficulties that people have in communicating
problems to computers have become more and more pressing as the
complexity of these problems has grown.

Areas of effort most likely to extend the capability of the digital com-
puter include machine organization, programming techniques and informa-
tion-handling techniques. .

The problems of machine organization are concerned with ways of con-
structing deterministic, programmable devices that can be used to solve
problems. Continuing success in the study of relatively large complexes
of relatively simple components, as in distributed element computers, will
require, either for its own prosecuting or its exploitation in useful autom-
ata, a solution to the problems of space consumption, power require-
ments and the costs of layout, assembly and interconnection of the com-
ponents. While microminiaturization itself probably needs no further en-
couragement, attention to the comprehensive solution of space, power and
interconnection problems is especially recommended.

Computers, at least from the programmer’s view, are mathematically
well-defined structures in which random events are virtually nonexistent,
or so he hopes. Nevertheless, although a number of abstract modeling
devices for machines, such as finite-state machines and other constructs of
automata theory, do exist, the general description of these structures has
never been fully formulated. Such a formalism could provide a basis for a
complete yet uniform mode of machine description or, more pragmati-
cally, could also serve as a device to permit automatic generation of pro-
grams for many different machines.

Programming techniques are concerned with ways of applying a com-
puting engine to solve many different unrelated problems. Very early in
the computer game it became recognized that machine language was not a
particularly efficient way of posing problems to a computer. An increas-
ing number of programming demands are being met by problem-oriented
languages. :

Conversation at a recent Association for Computing Machinery con-
vention:

“Hi, Joe. What’s new?”
Joe (proudly): “I’ve invented a new programming language.”
“So? So what else is new?”’
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One question concerns the way in which such languages are described—
a crucial question because of the increasing need for translators for these
languages. Each new language generates a requirement for a translator
for many existing machines. Formal, and hence machine manipulatable,
descriptions of programming languages are therefore increasingly in
demand.

Another question concerns bridging the gap between human languages
and programming languages. There are significant structural differences
between the two. Human languages, at least when talking to inferior be-
ings like children, wives and computers, are constructed mainly of impera-
tives. Most of the work in developing new programming languages has
been concerned with their local structure rather than with their global
structure—i.e., with the way that things are said rather than with the kinds
of things that are said. Better impedance matching between human and
programming languages could improve materially the ability of people,
even trained programmers, to communicate with computers.

Computer programs with learning ability are needed—some way to use
the computer in the process of finding problem-solving algorithms as well
as in the process of executing these algorithms. Human beings can deal
with complex problems only if they have a means of organizing them;
computers can deal with complexity through brute force. Problems that
people often think of as ill-defined are really problems for which the solu-
tion algorithm is too complex for human comprehension.

In such circumstances, a man-machine dialog, at a slightly more com-
plex level than “Me Tarzan—you IBM” must be created, with the ma-
chine playing a more active role. The machine must learn about the
problem, and in order to learn, it must be able to ask questions.

L’ENVOI

This talk has covered a span of some four centuries, from the Magiae
Naturalis of Giambattista della Porta, ca. 1584, to an Orwellian world of
dialectics with intelligent computers in 1984.

There are two things that I hope you will take away with you from
this talk.

One is the moral (or immoral) of the story of Galileo Galilei and the
telescope—that apart from moral, legal and ethical considerations, it
doesn’t really matter where an idea comes from if you can figure out a
better use for it.

The other is the following set of premises on which this talk is based.

Electronic information handling is a rapidly developing technology. It
is parasitic upon, symbiotic with, and host to all other technologies. Like
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all other technologies, it is dependent upon a body of fundamental scien-
tific disciplines. Advances in information technology can come only in
three ways:

By specific research and development efforts aimed at information
handling per se;

By exploiting the fortuitous advances in ancillary technologies; and

By improvements in fundamental 'scientific knowledge and under-
standing.

For, after all, the motto of my organization, the Air Force Office of
Scientific Research, is taken from Ecclesiastes: Primum acquirere cog-
nitionem—*‘First, get thee understanding.”



23

Future Hardware for Electronic
Information-Handling Systems

DoNALD L. ROHRBACHER

Goodyear Aerospace Corporation
Akron, Ohio

INTRODUCTION

The purpose of this paper is to examine hardware in the light of require-
ments for electronic information-handling systems. Currently available
hardware as well as some of the approaches still in the laboratories will be
considered. Within the scope of this conference it is impossible to present
an exhaustive listing of the many techniques currently under development.
However, some of the more promising ones are discussed and from these
an indication of what the future holds can be obtained.

Furthermore, the electronic information-handling field is too broad to
analyze the requirements for the multitude of different systems. However,
there are certain general areas of consideration which are applicable to
many of these systems. One of these is storage and the other is the need
for processing of the stored data. These are certainly not the only system
considerations, but for purposes of restricting the scope of this paper to a
reasonable size only these two will be considered.

The major portion of this paper is written in the context of a large-scale
information-retrieval problem which requires an electronic information-
handling system. The problems found in information-retrieval systems are
very similar to those found in the larger class of electronic information-
handling systems. This is particularly true in the bulk-storage and file-
processing areas. These are the areas that have been chosen for considera-
tion.

BULK STORAGE

INTRODUCTION

Much has been written concerning the tremendous amount of world
literature, but nothing demonstrates the size more vividly than the con-
sideration of the required bulk-storage capacity for an information-
retrieval system. For example, consider a system for 2 x 10® documents
in the biomedical field. Each of these documents contains approximately

293
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2,500 words. If 20 bits are used to encode each word, then the bulk
storage will require a capacity of 10" bits! Furthermore, approximately
250,000 documents are being added each year to this particular body of
literature. Therefore, the bulk storage must have the capacity to accept a
growth of 1.2 x 10" bits per year.

The type of information-retrieval system (statistical, syntactical, etc.)
will define some of the other characteristics required of the storage
medium. A system'® considered at - Goodyear Aerospace Corporation
(GAQC) for this biomedical literature was essentially statistical. It required
random-access storage for a large matrix (10* x 10* for even a small pilot
study of 100 documents), in addition to the bulk storage for the main file
of documents which did not require the random-access capability.

Obviously, since many requirements for bulk storage are dependent on
the type of system to be implemented, it will be impossible to consider
them all. However, the more general requirement of large capacity is
common to all systems and will be the major consideration of this section
of the paper.

CURRENTLY AVAILABLE

Magnetic tape is still one of the least expensive forms of storage for
large quantities of data. In this field the IBM 7340 Hypertape Drive'* is
one of the most advanced systems currently available. It uses an 1,800-ft
~ reel of one-inch magnetic tape and has the capability of reading in either
direction. It has a high-character density of 1,511 8-bit alphanumeric
characters per inch. This high density plus a smaller record gap of 0.45
inch permits reel capacities of up to 30 x 10% characters per reel or 240 x
10° bits per reel. It has a rate of 170,000 alphanumeric characters per
second.

In systems requiring a random-access memory, there are several choices
available. Bryants Series 4000 Disk Files® feature up to 24 disks, each 30
inches in diameter, rotating at speeds up to 1,200 rpm. There are six mag-
netic heads with 768 concentric recording tracks for each disk surface. A
hydraulic positioning system moves all heads simultaneously and can
select any track within 100 milliseconds. This system has a maximum
capacity of about 1.6 x 10° bits.

Another type of random-access storage is the IBM 2321 Data Cell
Drive.”* This system stores the information on strips of magnetic tape
(2Y x 13in.). Ten of these strips are contained in a subcell, twenty sub-
cells forming a cell. Ten of these cells are then arranged in a circular
array. A hydraulic system is used to position the selected subcell beneath
the access station. A pneumatic mechanism is then used to select one of
the ten strips. This strip is placed on a revolving drum and rotated past
the read/write head. This system has a maximum capacity of 400 x 10°
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8-bit characters or 3.2 x. 10° bits. The worst-case access time is approxi-
mately 600 milliseconds.

Another random-access storage system is RCA’s RACE (Random
Access Computer Equipment).’ This system uses flexible magnetic cards
(414 x 16 in.). There are 166,400 characters on each card, which are
divided into blocks of 650 characters. Up to 256 cards fit into a magazine.
For every 16 magazines there is a read/write head and selection mecha-
nism. Solenoid-actuated bars select the card. It is then moved by pinch
rollers and friction belts onto a spinning drum where the data is read or
written. Using two control units a maximum of 128 magazines can be
used. This gives the system a capacity of 5.4 x 10° characters.

FUTURE SYSTEMS

There exists a definite gap between the systems which are currently
available and the needs of some users for larger systems. Fortunately,
there are a large number of techniques under development which may go a
long way toward closing the gap. .

For some time superconductive memories have been expected to pro-
vide large, fast, inexpensive memories.”® The reason for this expectation
is the fact that they offer the possibility of batch fabrication of not only
the storage elements, but also the addressing switches and all other con-
nections. Conventional transistor drivers and sense circuits can be used;
their number increases only moderately with capacity as they need not be
partitioned. It has been expected that even large memories could have
cycle times of about one microsecond. Unfortunately, the technological
problems of operating at cryogenic temperatures (approximately 4°
Kelvin) have greatly slowed progress. It is quite possible that other ap-
proaches, currently being developed, may become available more quickly.

In the development of large-capacity magnetic memories, batch fabri-
cation techniques will be necessary, if for no other reason than that it is
simply impossible to wire the billions of conventional magnetic elements
in a reasonable amount of time.

One of the more promising approaches to batch fabrication of ferrite
memories is IBM’s Flute.*!* The basic element (Fig. 1) is a tubular ferrite
structure with a conductor which runs axially through the tube serving as
a word line. Bit lines intersect the tube at right angles to and displaced
from the word line. A memory plane is composed of a number of such
parallel tubes, with the same bit lines intersecting each tube. The fabrica-
tion of this complete prewired memory plane is accomplished by sand-
wiching a rectangular grid of wires between matched dies. The grooves of
these dies are filled with a ferrite material, and after appropriate curing
and sintering the complete prewired plane is ready for testing. It is antici-
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Figure 1. Flute memory elements.

pated that word and bit line spacing of up to 100 per inch are possible.
This will result in a high packing density of 10* bits per square inch. It is
also expected that cycle times of 250 nanoseconds will be practical.

A different approach which appears promising is the “Dove Data
Device” (3D)® which is being developed by Rome Air Development
Center (RADC). The recording is done on a 3-micron-thick (Fig. 2)
nickel film. An electron beam is used to put 2-micron-diameter holes in
the film, spaced about 1.5 microns apart. The reading is performed by
aiming the electron beam at the bit location and sensing the existence or
nonexistence of a hole. The sensing is performed by the use of a metal
plate beneath the film which is used to collect the electrons passing
through the holes. A flow of current indicates the existence of a hole.
This system has a capability of storing up to 10° bits per square inch and a
maximum system capacity of about 10" bits. A feasibility model (10’
bits/in.?) is expected to be fully operative in about 12 months.

Stanford Research Institute (SRI) is developing an approach! with
tremendous potential capability, but still some time in the future. This
technique utilizes micromachining to record by etching holes in a metal
film which has been properly covered with antireflection material. One
side of this film will be illuminated and an array of light detectors will be
used on the other side. Each light detector will be 0.2 micron in diameter
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Figure 2. Dove data device.

and therefore eovers an area which corresponds to 100 bit positions. This
makes possible the detection of many light levels depending on the num-
ber of holes. It is expected that practical considerations will limit the
number of light levels to 10, which in turn results in a system capacity
of about 3.3 x 10" bits per square inch. The system will also use 0.2-
micron-diameter light sources and amplifiers. This will permit the data to
be read in any desired series-parallel manner. The entire process for re-
cording the data will take about four minutes for 102 bits of informa-
tion. The microminiaturized electronic circuits being developed in this
program will be useful not only for the data-storage system, but for a
large number of electronic information-handling problems. Using the
techniques being developed in this study, it is believed possible to build
10" electronically active components in a volume of one to several cubic
inches. This small size may permit one to hand-carry a complete data-
processing system!

FILE PROCESSING

INTRODUCTION

All large electronic information-handling systems require some type of
high-speed processing and very often on a large amount of data. As was
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mentioned earlier, even the pilot information-retrieval study conducted at
GAC (100 documents) required the determination of a 104 x 10* matrix.
Larger systems will require matrices which are orders of magnitude larger,
and hence the required amount of processing will be extremely large. This
ability to process a large data base at a high speed will be the major con-
sideration of this section of the paper.

CURRENTLY AVAILABLE

Historically, data-processing systems have been built faster and faster—
each one with increased capability over its predecessor. Today we have
such systems as the IBM System /360 Model 70."7 This system has a main
storage capacity of up to 512,000 8-bit characters. It has a l-micro-
second memory cycle time and also the capability of overlapping parts of
consecutive core cycles to obtain effective access times less than one
microsecond. It has six available I/O channels which can be overlapped
with the processing to permit simultaneous read, write and compute. The
Hypertape Drive and the Data Cell Drive, described earlier, can be used
with this system.

Another large-scale data-processing system is the CDC 6600.° This is
comprised of 10 peripheral and control processors plus one central proc-
essor, which is a high-speed arithmetic device. The peripheral and control
processors can execute programs independently of each other or the cen-
tral processor. Each has its own 4096 12-bit words of storage. The
central processor has 131,072 60-bit words of storage with a cycle time
of one microsecond. Available to use with the system are the CDC 626
tape units which handle binary data recording at 800 bits per inch on one-
inch tapes up to 2,400 feet long. A card reader which reads at a 1,200-
cards-per-minute rate is also available.

FUTURE SYSTEMS

Despite the increases in computer speed which have taken place in the
period since 1947, the computer has remained basically sequential and in-
adequate for many of today’s problems. This is particularly evident in the
field of information retrieval and other areas which have very large data
bases or require real-time computation. Furthermore, additional signifi-
cant increases in speed are not likely, since current techniques are ap-
proaching performance limits imposed by the speed of light. If major
increases in capability are to be obtained in the future, they will need to
come about as the result of devices and organizations which permit the
parallel execution of many operations.

A relatively new entry into the data-processing field which promises
some of this parallel operation is the associative memory,”'® sometimes
called the Content Addressable Memory. This is a memory that has the
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basic capability of addressing by content rather than location. It is ca-
pable of simultaneously interrogating the content of every word location
to find all those locations-which contain the same information as that
stored in a special register known as the comparand. This is called the
Exact Match Instruction (Fig. 3).

Knowledge exists to show how to greatly extend the basic capability of
the associative memory. With the addition of some control logic it is
possible to perform more complex searches such as Less-Than, Greater-
Than and Between-Limits. With some additional control it is possible
simultaneously to search the entire memory (or any chosen subset) for the
maximum value. If the capability of modifying the contents of the mem-
ory at the word level, as a function of the response to a previous search,
is added, then arithmetic computations can also be performed in parallel.
Two fields in memory can be chosen and the memory can add, subtract,
multiply, divide, etc., the corresponding numbers in each field and simul-
taneously store the results in a third field. The following is a partial list of

Compa: «nd
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Figure 3. The associative memory executes an exact match search. Any location contain-
ing the same information as the comparand register is indicated by a *“1” in the
response store.

O
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the instructions which could be implemented in an associative memory
using present technology.!">?

ASSOCIATIVE ALGORITHMS

LOGICAL INSTRUCTIONS

Exact Match of Comparand
Mismatch of Comparand

Less Than Comparand
Greater Than Comparand
Less Than or Equal to Comparand
Greater Than or Equal to Comparand
Between Limiting Comparands
Minimum Value

Maximum Value

Next Lower Than Comparand
Next Higher Than Comparand
Long Left Shift

Long Right Shift

AND To Storage

OR To Storage

Exclusive OR To Storage
Masked Store

Store

Masked Read

Read

Set Bits Plus

Set Bits Minus

Complement Bits

ARITHMETIC INSTRUCTIONS

Add One

Add Comparand

Add Comparand, Save (Augends)

Add Fields

Add Fields, Save (Augends)

Subtract One

Subtract Comparand

Subtract Comparand, Save (Minuends)
Subtract From Comparand

Subtract From Comparand, Save (Subtrahends)
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Subtract Fields

Subtract Fields, Save (Minuends)
One’s Complement

Two’s Complement

Multiply by Comparand

Multiply by Comparand, Round
Multipiy Fields, Round

Multiply Fields, Save (Multipliers)
Multiply Fields, Save (Multipliers), Round
Square

Square, Round

Round _

Divide by Comparand

Divide Into Comparand

Divide Fields

Square Root

Associative memories are not available with all these capabilities, but
more capability can be expected with each succeeding hardware genera-
tion. One of the most advanced memories currently on order is one being
procured by RADC. It will have a capacity of 2,048 48-bit words. It
will be able to perform Exact Match, Less Than, Greater Than, Between
Limits, Next Higher, Next Lower, Maximum Value, Minimum Value
instructions and also have variable-word-length capability. The Exact
Match operation will be performed in 10 microseconds.

Future generations of associative memories will undoubtedly increase
in both capacity and capability. Therefore, the associative memory may
hold the key to increasing data-processing capability.

One step further into the future, beyond the associative memory, is the
parallel processor. A parallel processor can be thought of as a machine
which is capable of executing an arbitrary number of subprograms simul-
taneously. The first machine organization with this type of capability was
proposed by John Holland'"'2in 1959. In his paper he described a two-
dimensional example which was essentially a rectangular grid of identical
modules, each containing arithmetic capability, storage, path-building,
and a certain amount of control logic. It was then possible for different
groups of these modules to work together to execute a subprogram. This
machine organization was not intended to be practical to implement with
hardware. Currently, studies are being performed in an attempt to find
feasible implementations of this basic capability. The associative memory
exhibits many of the desired characteristics and may, in fact, be the
building block that is needed.
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CONCLUSION

A definite discrepancy exists between the bulk-storage and file-process-
ing requirements of some of the larger electronic information-handling
systems and currently available hardware. However, techniques for batch
fabrication of ferrites, currently being developed, promise much larger
memory systems. In addition, such memories as the Dove Data Device
promise read-only capacities of 10!! bits. When these memory improve-
ments are coupled with the studies in machine organizations, such as the
parallel processor studies, then the result will go a long way toward satis-
fying large-system requirements. The work in the micro-miniaturized
electronic circuits field promises a large-scale systems package in an
amazingly small volume.
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The approach I will take in making this presentation on the education
needed is to discuss what the fields of information science and computer
science are and, in so doing, try to point out what I feel is needed in these
areas. Inso doing, I believe the area of Electronic Information Handling
will at least be broadly covered. These are new fields just appearing on
the horizon. They typify the fact that education is on the march. New
approaches are being taken. Particularly in the new fields, new ideas will
have to be used.

Let’s put the computer in the classroom and let it help us in our teach-
ing and learning processes. After all, it was made to serve us so let’s use it
in education too. A number of schools, in fact, already have remote
input-output units to their computers. Many others are moving in that
direction. Most of this use is in the application area, but I believe we will
see this diversified further to get closer to actual teaching processes such
as we see at the University of Illinois, Systems Development Corporation,
and others.

I like the new trends I see in education. I approve of the new mathe-
matics in the school systems, provided it is well done. I like the push in
education to get away from rote learning and to teach the student to dis-
cover and learn for himself. It is not enough to have the student learn
facts—he must get knowledge, understanding, and wisdom.

Threeyears ago, when Georgia Tech made its National Science Founda-
tion-sponsored study on the training of science information specialists,*
several of us interviewed a number of thoughtful people concerned about
these problems. Several of these people, as well as many since, indicated
the transient state of the field of information science. It was and is felt
that student educational time should not be spent in teaching things that
will disappear from the scene in a short period of time. As one of my
friends in the computer science field put it, “Don’t train a man in college
in a computer technology that five years from now will be obsolete. Be

*See Proceedings of the Conference in Training Science Information Specialists, October
12-13, 1961 and April 12-13, 1962, Georgia Institute of Technology, Atlanta, Ga.
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sure that you give the student basic knowledge and understanding on
which he can build. He must have an understanding and an ability to
adapt his learning to new situations.”

It is with these things in mind that Georgia Tech recommended the
development of a graduate program in Information Science aimed at edu-
cating personnel and doing research in the underlying principles on
which Information Science is based. Our program admits only students
who have a basic background in science or engineering. We want stu-
dents who are grounded in the scientific method and thus, hopefully, will
be in a better position to attack the problems confronting the field. The
problems are not trivial and will require research workers of the highest
caliber.

My interest in the field of information science stems from the fact that
I feel there is a large overlap between Information Science (I.S.) and
Computer Science (C.S.), i.e., to employ the terminology of the new math,
the intersection of the set of I.S. knowledge with the set of C.S. knowledge
is not the null set. The truth of the matter is that it is a large subset. Even
further, I would not be scornful of anyone who would claim either one as
a subset of the other. Each point of view could be defended.

The hierarchy of these new fields, such as Computer Science, Informa-
tion Science, and Communication Sciences, have received considerable
attention. Recently, John Hamblen and I publishedt a conjectured rela-
tionship among a number of these fields. Neither of us felt strongly dedi-
cated to this table but, rather, we did it to invite discussion and provoke
thought. No one has demanded a change in the table of relations, but
many have expressed interest in it.

Keenan’s recent article on “Computers and Education”} gives a very
excellent discussion of computer science. His article discusses what com-
puter science is at some length, but essentially he states that computer
science is what computer scientists do, and this is largely covered by the
following four topics:

1. Organization and interaction of equipment constituting an informa-
tion processing system. The system can include both machinery
and people, and its organization will be influenced by the environ-
ment in which it is embedded.

2. Development of software systems with which to control and com-
municate with equipment. Here is included, for example, mechani-
cal languages, executive systems, systems to facilitate the reception
and display of visual or aural information, etc.

t Communications of the ACM, vol. 7, no. 4 (April 1964), pp. 225-227.
1Ibid., pp. 205-209.
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3. Derivation and study of procedures and basic theories for the speci-
fication of processes. Specific topics included would be numerical
analysis, list-processing procedures, heuristics and a theoretic basis
for information retrieval.

4. Application of systems, software, procedures, and theories of com-
puter science to other disciplines. A continuing awareness of poten-
tial applications is a stimulus to the computer scientist as it is in
other disciplines.

Now, on the other hand, let me state the definitions for information
science that came out of the Georgia Tech study. It states that I.S. is the
science that investigates the properties and behavior of information, the
forces governing the flow of information, and the means of processing
information for optimum accessibility and usability. The process includes
the origination, dissemination, collection, organization, storage, retrieval,
interpretation, and use of information. The field is derived from or related
to mathematics, logic, linguistics, psychology, computer technology,
operations research, the graphic arts, communications, library science,
management, and some other fields.

Let us now take a look at each of these definitions in turn and, in‘so
doing, try to point out the education needed. I assert that if you reverse
the terms 1.S. and C.S. in the two definitions you do not get a bad defini-
tion for the other field. Or, perhaps said more fairly, neither field can
deny the pertinence of the subject matter of the other.

Looking first at the definition for computer science, let’s start with
Topic 1 in the C.S. definition. This gives a reasonable picture of what our
libraries and information centers do right now. The definition may in-
tuitively imply more machinery than one currently finds in the conven-
tional library. Looking ahead, however, to the automated library, it’s not
a bad description. Itis, in fact, a very good description of what goes on at
Documentation, Inc., or the Defense Documentation Center at Washing-
ton, D.C. Centers such as these, or their future replacements, are the kind
of thing that we have to slant our education program toward. These are
indeed the concern of both the computer scientist and the information
scientist. If there is a difference, it is probably more a matter of viewpoint
than it is of fact.

Topic 2 of the computer science definition is a point of major interest to
me as an information scientist as well as a computer scientist. One of my
fond hopes is that some day we will come up with a good computer lan-
guage (or languages) for information storage and retrieval. I go along
with the current trend for development of special computer languages to
do special jobs. I have been trying to move Georgia Tech toward develop-
ment in this area.
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This past summer we ran an experimental course in I.S. which was a
survey of computer languages. We are repeating it again this fall. This
time each man already has a fairly thorough knowledge of at least one
problem-oriented language and some have good knowledge of several.
Our emphasis in this course is on list-processing languages such as IPLV,
LISP, and COMIT. We will run this course again this winter and then in
the spring, put these students in a course on how to construct a compiler
language. The hope then is that one or more of these students will catch
fire and help build one or more special languages for information storage
and retrieval.

This effort to develop a special language points up one of our major
problems in information science which is at the same time an education
problem. People will need a lot of education to be brought around to
using the new systems. The problem of being afraid of the computer is
not unique to the librarian. We all had to face it with every kind of engi-
neer and scientist at Georgia Tech. I know also that this is a problem
shared by all of my colleagues who are directors of computer centers.

Fortunately, this problem has been diminishing in size, thanks to the
new languages for computers. It is now much easier to talk to a com-
puter and tell it your problem. My hope now is that we can soon have a
computer language that makes it easy for the special librarian, the science
information specialist, or the information scientist to communicate with
the computer. This is why we are developing the above sequence of courses
at Tech. A better language—a special one—might help. The availability
of ALGOL on the Tech campus made a big difference. We need a good
Information Processing Language for information science. Perhaps we
can call it ISARL (/nformation Storage 4nd Retrieval Language).

If you remove the mention of numerical analysis from Topic 3 you
sound explicitly like you are talking about information science. Clearly
the need for a theoretic base for information storage and retrieval is some-
thing that our educational processes must move toward. This is a clearly
stated aim at Georgia Tech. Clearly, also, heuristics and artificial intelli-
gence, when they are sufficiently developed, will greatly contribute to in-
formation retrieval contrasted with fact retrieval.

Included under this third topic is the study and development of major
systems. This covers the area frequently referred to as systems analysis
or design. A number of people in the computer area say the system is the
important thing and would let this be the framework on which they would
hang everything covered by computer science.

Here the education needed has to be broken apart into at least two
major areas which I will mention for illustrative purposes. Certainly there
are many shades of these both between and beyond.
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The first of these is the man who sets up the system and is probably re-
sponsible for maintaining and updating it to best meet the needs of the
outside user. This man clearly needs a solid background of knowledge
and experience. I hope that special programs such as ours at Georgia
Tech, and others in various stages of development across the country, can
help meet this need.

A second is the user who has little contact with the functioning system
itself but for which the system is only a valuable tool to help him get the
information he wants. Educationwise, this involves the wide spectrum of
training the scientist, the science librarian or the science information
specialist in how best to exploit the facilities of the large scale system. It
involves such things as knowing how to frame your inquiries to knowing
how to interpret the answers you get. It involves knowing not to be upset
if your answers come back all in capitals or even back in a coded form
which might be all numerical. Education for things like this is our re-
sponsibility, though, of course, we are going to have to obtain help from
many others than just the information or computer scientist.

Topic 4 as mentioned by Keenan was the application area. Certainly
this phrasing would read just as well with information science replacing
computer science as it does now. The fact is that it probably has more
meaning using information science in it than it has with computer science.
You have an even broader area of application with information science if
you are sufficiently broad in what you mean by I.S. It is from the applica-
tions people that you can expect to get a lot of help in spreading the
necessary education in the development and use of information systems.
Certainly this has happened in the computer field. It is not a joke to re-
port that the professors at schools have learned to use computers because
their students did first.

Finally, let us look at the definition of information science given. We
will have to look at each of the three sentences one by one. The first one is
applicable to computer science, but is meant to be broader than one nor-
mally considers computer science. This is particularly true if you think of
computer science as data processing rather than information processing.
The interest of computer science now, however, is going far beyond data
processing and is truly information processing. As evidence of this, at the
ACM meeting this past summer our biggest crowds showed up at the list-
processing sessions. There appeared to be a much bigger interest here
than in the numerical analysis sessions to draw a direct contrast. This
gives some justification for our need to emphasize list-processing lan-
guages in our education programs.

The second sentence is again probably too broad for computer science
as normally conceived. The fact of the matter is that this definition and,
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in particular, this second sentence, is so broad that by proper interpreta-
tion you can include almost anything, including computer science.

It is the words, origination and interpretation, that cause the most
trouble, but even these, to a partial extent, are applicable. For example,
much information now does originate inside of a computer, and in some
instances we can ask the computer to make some “interpretations’ for us.
Finally, there is no question but what the last sentence is applicable to
both fields. Careful study might, in fact, reveal that additional fields could
be added.

In conclusion, I would say that it behooves each one of us to push the
educational aspects of information science, computer science—or, if you
like, electronic information handling—in every way possible. We should
encourage the development of separate programs in universities if possi-
ble, or if this is not possible, amplify existing programs. One illustration
of this is the fact that many computer-science programs are developing
within mathematic departments and, similarly, efforts to develop informa-
tion science programs are progressing in library schools across the coun-
try. It will take all of these efforts to get the job done and we should do
everything we can to insist on the high caliber of each of these programs.
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The Information Retrieval Game*

ALLEN KENT

Director, Knowledge Availability Systems Center
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PURPOSE

Those who design, operate, use and/or evaluate information retrieval
systems are forced to make assumptions concerning the objectives, func-
tions, performance requirements, and environmental variables of these
systems. Some of these assumptions are explicit, some are implicit, and
some are buried deep in the subconscious.

The purposes of this paper are:

(a) To identify and question the validity of some of these as-
sumptions; :

(b) To suggest basic problems that have not been investigated to
date because of the interference of invalid assumptions;

(c) To describe an approach to investigating several of these
problems;

(d) To present preliminary results of investigating one method-
ology developed in order to elucidate these problems.

INTRODUCTION

The problem of designing, operating, using, and evaluating an infor-
mation-retrieval system would be a trivial one (a) if each event impinging
on the consciousness of any human beings would result in identical
streams of observations, (b) if each observer would use the identical words
in identical configurations to describe each such single event, and (c) if
each human being interested in learning of the event would phrase ques-
tions using identical terminology.

However, each individual has his own paradigms, or ways of perceiving
nature. These paradigms are fundamental hypotheses or models in
respect to which thinking occurs. As in all perception, a shift from one
hypothesis to another may occur at any moment, and unpredictably.'

If this premise is accepted, then it follows that requests for service from
an information-retrieval system will be based on clues which are verbali-

*Supported by National Institutes of Health Grant FR00202-01.
tE. G. Boring, Science, vol. 145 (1964), pp. 680-685.
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zations of subjects based upon the requestor’s hypotheses or models in
respect to which their own thinking occurs.

How, then, can we design a system to react effectively to the paradigms
of the requestors rather than those of (a) the authors of source materials
included in the system, or (b) the interpreters of these materials when the
system is designed or operated?

SOME ASSUMPTIONS MADE EXPLICIT

Information-retrieval systems have as a common goal the provision, on
demand, with maximum precision and at minimum expense, information
relevant to reasonable questions posed by persons who have socially im-
portant reasons for desiring responses.

Assumption 1

Since information seekers approach information retrieval systems for
service, they have been unwilling or unable to perform the service for them-
selves. Accordingly, they have made a conscious decision to delegate to
others one or more of the unit operations involved in obtaining information.*

Some of the major reasons why individuals delegate information re-
trieval tasks to others relate to their inability (or unwillingness) personally
to acquire, analyze, and/or store all of the information that may even-
tually be useful to them. Since no individual can predict, with absolute
certainty at the time of acquisition, which source material will be useful
at a later time, those who delegate information-retrieval tasks to others
expect to receive, at the time that they make a request for information,
only that subset of source materials from the entire store that is most
closely relevant to their current interest.

Assumption 2

Some state or level of processing of original source materials will be a
“best” level to permit identification of subsets, which are relevant to re-
questors’ interests.

Common experience in operating information retrieval systems makes it
quite clear that neither the system operator nor user considers all re-
sponses to questions as relevant. Accordingly, one or more of the follow-
ing conditions may prevail:

(a) The system user has not stated his problem with sufficient precision.

(b) The system operator has not comprehended the problems as pre-

sented.

*See, for example, A. Kent, Textbook on Mechanized Information Retrieval (Wiley,
1962), pp. 9-10, 109.
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(c) The system has not been designed properly.
(d) The system has not been operated properly.
(e) There may be no relevant responses in the file.

Assumption 3

Some level of analysis of user problems (as verbalized), can lead to effec-
tive operation of the system.

The three assumptions listed above may be valid or not, may be made
consciously or not; nevertheless, they influence design, operation, use, and
evaluation of systems.

WHERE THESE ASSUMPTIONS LEAD

SYSTEMS EVALUATION

When the number of source materials being collected exceeds the
ability of a potential “inquirer”’ to read and remember the contents of
every document, the rationale for the delegation of tasks to designers and
operators of information retrieval systems becomes apparent. Obviously,
it is precisely at this point that the designer and operator can no longer
assume that a potential user of the system will have previously read the
text of source materials that may be of interest to him. Nevertheless, the
designer and operator must select (index, classify), from the text, clues
that will be useful in organizing the materials for ready identification even
though questions directed to the system will not come from the text of the
documents on file but rather based on the users’ paradims.

Here, then, is the basis for much of the uncertainty in predetermining
the effectiveness with which a system will operate in providing responses
that meet the users’ criteria for excellence.

And compounded upon this uncertainty has been much of the recent
work directed to evaluating competing information storage and retrieval
systems. These approaches have involved the processing of identified col-
lections of source materials in parallel. The collections are then searched
in response to questions using each of the systems, in an attempt to
determine the effectiveness of each system to produce relevant material
and suppress irrelevant material.

One such test method was based on the formulation of test questions
by scientists and engineers. Each scientist and engineer participating in
the experiment was provided with a set of source materials and asked to
frame questions each of which could be satisfactorily answered by one of
the source materials, The systems under test were operated and the
quality of results analyzed.

The test results exhibited less significant differences in the performance
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of the systems compared than the systems operators would have led one
to believe.

This investigation has buried in it an assumption that threatens the
validity of all the results reported. Questions were “framed” by test par-
ticipants when the “answers” were in their hands, a situation that is so un-
like the real reference problem that one is tempted to examine the ques-
tions in order to discern whether they are indeed realistic.*

An example of one was: “Impedance testing of aircraft power control
units” and its proper answer was provided by a technical periodical
article entitled: “A possible method of impedance testing aircraft power
control units.” Although it is obvious that any system which restricted
its indexing or cataloging to titles of source materials might have per-
formed well, this is not the fundamental danger signal that is raised by
this evaluation approach. A question formulated as in this investigation
mirrors or attempts to mirror the problem faced by a person who has seen
a desired report or article before, and who now frames a question based
on his best recollection of its title or contents.

However, since it cannot be assumed that a potential user will have
previously read the text of source materials that will be of interest, the
systems must be evaluated in their performance in responses to real ques-
tions which reflect users’ paradigms, and not influenced in advance by ex-
posure to source materials.

RESPONSE PRODUCTS OF SYSTEMS

One of the consequences of uncertainty in the performance of systems
has been to permit the user to evaluate intermediate response products
before being exposed to the source materials themselves. It is expected
that these intermediate response products will be useful to the users as
predictors of the actual relevance of the final response products. Systems
designers and operators have traditionally assumed that titles, abstracts,
and/or extracts will be useful intermediate response products. However,
these products are prepared by authors of source materials or by oper-
ators of systems, and again there is no quantitative evidence available as
to how accurately they may reflect the users’ paradigms. )

In considering which final products will be most effective in providing
service to users, it has been observed that many source materials contain
more information than is apparently desired by the user, as reflected by
the formal statement of his question.. Accordingly, some systems designers
and operators have chosen to provide information or data derived from
source materials as final products. In so doing the final product is re-

*D. Swonson, Library Quarterly, vol. 35, no. 1, pp. 1-20 (Jan. 1965).
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moved from the author’s paradigm as represented by the full source ma-
terial. The tacit assumption is thus made that the operator understands
sufficiently the users’ paradigms, an assumption not generally borne out
even by qualitative evaluation of systems responses by users.

PROVISION OF SYSTEMS PRODUCTS IN PARALLEL

So deeply embedded are the implicit assumptions with regard to the
ability of systems operators to reflect accurately the paradigms of poten-
tial users during initial processing of source materials that there results a
basic criterion engineered into systems which is highly questionable. That
criterion is that the operation of a system in response to a question shall
result in the provision of all materials which meet search specifications
prepared as a result of analysis of the formal statement of a user’s require-
ment.

The number of responses resulting from a single search may be large or
small; however, all of them are provided, in parallel, to the user. The
user, on the other hand, can only review responses one at a time, with
learning possibly taking place as information is assimilated during the
review process. It can be assumed that at least in some cases this learning
results in reformulation of the user requirements, and loss of interest in
those responses still to be reviewed.

Since requirements for speed of operation of systems have been formu-
lated on the basis of parallel responses, it is therefore prudent to re-
examine the basic criterion in terms of more limited responses, with ability
to reformulate questions in real-time.

TERMINOLOGY CONTROL DURING INPUT
AND OUTPUT PROCESSING

In recognizing that significant differences may exist between the *lan-
guage” of information retrieval systems and that of questions directed to
the systems, various terminology-control approaches are used to assure
effective service by providing a bridge between the two languages. The
approaches involve:

1. Establishment of a “standard” indexing language by the system de-
signer or operator which is used to express essential characteristics
of source materials processed for inclusion in the system; and analy-
sis of questions in terms of this “standard” language.

2. Use of terminology of authors of source materials for processing of
source materials, and use of:

(a) A thesaurus of related terms which is available to operators and
users of the system for review during analysis of questions.
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(b) Weighting of the terminology with regard to probable useful-
ness in identifying desired information for specific users, in terms
of experience and feedback derived from operation of the system.

Both of these approaches are based on the paradigms of authors of
source materials and operators of systems, with feedback from users serv-
ing to adjust search strategies. Although, empirically, satisfaction in use
of systems may be obtained, there is no basic information derived which
throws light on user paradigms without reference to the contamination of
author or operator paradigms. Also, these approaches involve redelega-
tion by the systems operators to the users of tasks that the users wished to
delegate to others.

CURRENT RESEARCH INVESTIGATIONS IN THE FIELD

The assumptions discussed earlier have also influenced significantly
much of the research that is now being conducted throughout the country.

Based on the assumption that some level of processing of original
source materials will yield an optimum system for retrieving relevant
information on demand, attempts are being made to:

1. Identify “key” words of titles, abstracts, extracts, or full texts in
order to index, classify, abstract, or extract automatically.

2. Seek regularities in structure of language in order to normalize ab-
stract or full texts as a basis for indexing, abstracting, or extracting
automatically.

3. Analyze terminology from source materials used for indexing in
order to discern inherent concepts which would serve as reference
points for searches.

4. Select and assign indicators which would display the role played by
words selected for indexing purposes, in an attempt to limit non-
relevant responses from the system.

5. Assign linkages among words selected for indexing purposes, also in
an attempt to limit nonrelevant responses from the system.

6. Weight usefulness of words selected for indexing purposes on the
basis of (a) frequency of occurrence in natural text, or (b) qualitative
value judgments by system operators.

Each of these approaches concerns itself with author and system op-
erator paradigms, without consideration of pure user paradigms, uncon-
taminated by prejudgments made by others. ;

It is in an attempt to isolate and examine user paradigms that the in-
vestigations described below have been designed.
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THE HEURISTIC INFORMATION
RETRIEVAL GAME*

INTRODUCTION

As discussed above, there have been many hypotheses made about users
of information during the development of information storage and re-
trieval systems which have not been examined experimentally. Some of
the questions which will be investigated in the program described below

are:
1.

Are there any individual or common patterns exhibited by users in
making decisions regarding the relevance of materials provided in
response to questions that can be discerned experimentally?

. What is the effect, if any, on relevance patterns of:

(a) Subject field of user?

(b) Organizational level of user?

(c) Nature of question?

What is the effect, if any, on relevance decisions made by users, of
the order in which materials are provided in response to questions?
What is the effect, if any, of the type of evidence of contents of
source materials provided to a user in response to questions (e.g.,
titles, abstracts, extracts), on the ability of the user to predict ac-
curately the relevance of the actual source materials?

. To what extent do the words or expressions found in user questions

correlate with words or expressions found in the evidences of con-
tents of source materials which users find relevant?

To what extent can associations among words found in questions,
with words found in evidences of contents of relevant source ma-
terial, be predicted by word association tests?

In designing an experimental program to throw light on these questions,
there are two fundamental assumptions that have been made:

1.

The user of an information retrieval (IR) system is the ultimate judge
of which information provided to him is relevant to questions that
he wishes to have answered, regardless of how he has verbalized
these to the system operator. Thus, there can be no expert opinion
which rules a question to be inappropriate, or a response relevant or
not. Only the user’s paradigms are to be served by a system rather
than some consensus by others who may feel they know what is really
wanted by the user, or who claim to know what he should want.

*See A. Kent, Amer. Doc., vol. 15, no. 2 (1964), pp. 150-151.
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2. In order to measure the effectiveness of an IR system in providing
relevant information to users, the questions posed to the system must
be derived from real needs of users who are motivated in some real way
to have responses.

DEVELOPMENT OF THE GAME

The human thinking process seems to follow a procedure in which we
create in our minds a map or model of the real world. An individual uses
several aids both in constructing these models and in communicating their
salient features to others; one of these aids is the simulation, in which an
attempt is made to recreate the basic functions, processes, and their inter-
relationships that most accurately depict the situation under study. The
game is one of the forms of simulation. The traditional business or war
game consists of a controlled situation in which an individual or a team
competes against intelligent adversaries and against an environment in
order to attain predetermined objectives. In the game, the players con-
tend with several interacting variables, some of which are under their con-
trol. The heuristic IR game is developed in analogous fashion, except that
the only “opponent” will be the entropy of the IR systems environment.

The IR game has as its chief purpose the investigation of the behavior
of the three human components of the game: the players—IR system
users; the instructor—IR systems operator; and the referee—the informa-
tion scientist. The game is being developed heuristically with intermediate
objectives emerging as the game proceeds. The ultimate objective is to
gain insight into what constitutes relevance in an IR system, so that quan-
titative systems design criteria may be developed on the basis of user
paradigms.

The primary players of the game are controlled groups of IR systems
users who are attempting to derive maximum benefit from a collection
of source materials by locating information relevant to a problem or
question that interests them.

The instructor in the traditional game is responsible (1) for teaching
the game in order that the players may know what rules to use in develop-
ing their strategies (in this case, the strategies of search), and (2) for indi-
cating to the players what constitutes success. In the IR game the players
have joint responsibility with the instructor in defining success, at least
initially, so that the game may develop heuristically. However, the player
reverts to his traditional status once he has helped define success (by his
reactions) and then is scored on his consistency in applying rules that he
has helped to establish.

In the traditional game the referee is a person (or computer) who scores
responses and monitors the play. However, as stated earlier, since the IR
game is developed heuristically, the referee, an information scientist, is
observing the behavior of the players and the instructor and is developing
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tentative rules, scoring on the basis of these rules, and modifying them as
appears appropriate. The referee is also responsible for modifying input
stimuli to the players as appears appropriate.

A set of questions or problems of interest to the players is elicited in
advance of the play. A set of source material documents is selected, some
of which are of probable relevance to the questions, some of which are
probably only of partial relevance, and some of which are tacitly irrele-
vant. Each document is prepared in a variety of levels and forms of proc-
essing for presentation to the players.

Responses to questions in a variety of states and forms, and in a variety
of probable relevances or irrelevances, are presented to the players:

1. Atrandom.

2. Structured according to probable relevance.

3. Structured according to state of processing.

4. Structured according to probable desired form.

The players are asked to rate the relevance of material presented in the
response to their questions:

1. On the basis of a yes-no decision.
2. On the basis of a tentative scale of values.

After a pattern of response may be discerned for each player, further
presentations are programmed by the referee to investigate the consistency
of response. Cross correlations among players’ responses in similar and
dissimilar groups are also investigated by programming derived presenta-
tion patterns of one individual for response by another.

DEBUGGING THE PLAY OF THE GAME

A new experimental procedure to be used for studying the nature of a
complex behavioral phenomenon usually must be perfected by successive
approximations. Various segments of the heuristic IR game for studying
the nature of relevance have been, and will continue to be, subjected to
various debugging trials before the full game is attempted, and before
plays will be expected to yield reliable data. Some of these trials are
described below.

Trials to Debug Procedures

A class of thirty-four students* in the Information Sciences curriculum
of the University of Pittsburgh was chosen as the first group to be sub-
jected to the play of the IR game.

*Class entitled “Mechanized Information Retrieval,” taught by A. Kent in the Master’s
program of the Graduate School of Library and Information Sciences, University of
Pittsburgh.



320 ELECTRONIC INFORMATION HANDLING

A question was prepared which would be understood by all players and
where a general educational background would be sufficient to permit
evaluation of the relevance of responses provided. The administration of
the game proceeded as follows:

1. Explanation of purposes: The general objectives of the entire experi-
ment and of the specific trial were described.
2. Mechanics of the play:
(a) Students were exposed to the question (Fig. 1) which they were
to adopt as their own, and against which they would be asked to
judge the relevance of responses provided to them.

I would like to have all the information available on the
amendments to the national constitution now pending in
various state legislatures.

Figure 1. Question Chosen for First Play of IR Game.

(b) Stimulus evaluation forms were distributed (Fig. 2) to each
student and instructions were given on how to complete them.
RESPONSE SHEET—UNIVERSITY OF PITTSBURGH INFORMATION RETRIEVAL GAME

Major Field of Interest

Doc. Pertinent Maybe Not
1.
2.
3.
4.
5. /-—-/
. Ve
7. 4
8. —
9. /
0.

|

Figure 2. Stimulus Evaluation Form Used. One of three evaluations was permitted for
each response submitted to players: pertinent; may be pertinent, and nonperti-
nent. ‘
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(c) Play was commenced by presenting to the students stimuli con-
sisting, successively, of segments of source materials which might
be pertinent or not to the question shown in Fig. 1. The contents
of the stimuli were abstracts or excerpts from the source ma-
terials. The excerpts were one of the following: title; first para-
graph; last paragraph; or one or more sentences, or a paragraph,
selected anywhere from the total text. Seventy-four such stimuli
recorded on transparencies were presented on a screen, using an
overhead projector. Stimuli were exposed to the students for
varying periods of time. In several instances, identical stimuli
were repeated without warning to the students.

Results of Trials

Examples of the texts of stimuli presented to the students, as well as
their evaluation, are given in Table 1. A complete tabulation of the results
of the trial play is given in Table 2. These same data are rearranged in
Table 3 to bring together the evaluations of the same source material for
each level of processing, so that the predictive value of each level of
processing in assessing relevance of the full source material (as determined
by the referee) may be compared. In Table 4 the number of agreements
and disagreements on relevance of source materials between referee and
players is tabulated for each of the levels of processing; these data are
summarized in Table 5.

For those stimuli which were exposed to the players twice, the evalua-
tions provided for each of the stimulus pairs are given in Table 6.

Discussion of Results of Debugging Trials

A number of impressions were obtained from the initial trials which
are to be taken into account in planning for subsequent plays:

(a) Time of exposure of stimuli. Each player was permitted to view
the stimulus for a set period of time as shown in Table 2. Student com-
ments following the trials suggest that a control group be permitted as
much time as it requires to make the decisions required in the game. It
then might be instructive to determine the effect of the amount of time
taken on relevance decisions for the control group as well as for the time-
restricted group of players.

(b) Method of presentation of stimulus. Given the physical shape of a
classroom and the large number of students engaged in the trials simul-
taneously, it was evident that some players were not able to read the pro-
jected stimuli as well as others. Accordingly it is believed that future
trials will be designed so that each player may have an individual viewing
screen or individual notebook with stimuli more readily readable.



TABLE 1. EXAMPLES OF STIMULI, TEST CONDITIONS AND RESULTS

Evaluation of source material

Level Perol? d By By Students
Test of stimulus of . exposure Referee
processing sgc ond s’ (P—Pertinent) May be Non-
(N—Nonpertinent)  Pertinent  pertinent pertinent

Silent amendments Title 10 P 23 1 10
The current fate of some proposed constitutional ~ Abstract 15 P 33 0 1

amendments (annotation)
Report on the latest attempt at amending the  Abstract 15 P 30 1 3

United States Constitution (annotation)
The assault on the Union Title 10 P 9 6 19
The book includes a reprint of the Constitution,  Abstract 20 14 17

but the body of the book takes up the Constitu-

tion point by point, emphasizing and clarifying.

Specific examples of modern day legislation are

given to show how the Constitution and its

principles are affecting legislation.
There is underway a movement to change radi-  First 30 P 32 0 2

cally the American form of government. In- paragraph

deed, there has been nothing like it for a hun-
dred years. There are three proposals to amend
the Constitution now being pressed in various
state legislatures which strike at the very foun-
dation of the American Union as deeply as
anything which has been agitated seriously
since nullification and secession.

(443
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Tortoise vs. Hare - Title 5 5 29
There is only one hope—an informed electorate, ~ Last 30 27 7
an intelligent electorate, a community wherein paragraph

the majority of citizens endeavor to’hear both
sides. This majority can and will reaffirm in
our free republic that only by the votes of the
majority of the national legislature—not by the
executive edicts of a few—shall laws be passed,
and only by a three-fourths vote of our states
and two-thirds vote of Congress shall the Con-
stitution be considered to be properly amended.
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TABLE 2. COMPLETE RESULTS OF ONE PLAY

S
T
| Level Evaluation of source material
Source
M of Exposure By By Student material
U processing time Referee identification
L (P—Pertinent) May be Non- letter
U (N—Nonpertinent) Pertinent pertinent pertinent
S
No.
1 Title 10 P 23 1 10 A
2 Abstract 15 P 33 0 1 E
3 Abstract 15 P 30 1 3 G
4 Last paragraph 30 N 14 5 15 K
5 Title 10 P 9 6 19 E
6 Abstract 20 N 14 3 17 N
7 Title 10 N 8 7 19 Q
8 Last paragraph 20 P 10 4 20 C
9 Extract 15 N 16 0 18 Q
10 Extract 30 P 28 5 1 C
11 Title 10 N 16 1 17 L
12 Extract 15 P 8 1 25 J
13 First paragraph 30 P 32 0 2 E
14 Extract 25 P 25 3 6 M
15 Abstract 15 P 30 2 2 F
16 Title 5 P 5 0 29 D
17 Last paragraph 30 P 27 0 7 H

1443
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18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

Title

Abstract

Last paragraph
First paragraph
First paragraph
Last paragraph
Last paragraph
Abstract

First paragraph
Title

Last paragraph
Fitle

Abstract
Extract

First paragraph
Extract

Last paragraph
First paragraph
Extract

Title

Extract

First paragraph
Abstract
Extract

Title

First paragraph
First paragraph
First paragraph

10
15
20
30
15
15
20
20
20

10
10
15
15
20
15
30
15
10
10
20
20
15
20
10
30
20
25
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TABLE 2. COMPLETE RESULTS OF ONE PLAY (Continued)

1743

S

T

I Level Evaluation of source material

Source

M of Exposure By By Student material

U processing time Referee identification

L (P—Pertinent) May be Non- letter

U (N—Nonpertinent) Pertinent pertinent pertinent

S ,

No.

46 First paragraph 10 P 10 0 24 H
47 Last paragraph 15 P 28 2 4 B
48 Last paragraph 15 P 26 5 3 F
49 Abstract 15 N 17 6 1 Q
50 Abstract 30 P 9 7. 18 M
51 Title 5 P 22 5 7 -F
52 Title 5 P 32 0 2 G
53 Abstract 10 N 28 L 5 1
54 Abstract 15 N 5 10 19 L
55 First paragraph 20 P 32 1 1 A
56 Title 5 P 9 5 20 M
57 Extract 15 P 30 2 2 G
58 Title 5 P 10 2 22 B
59 Extract 10 P 6 5 23 H
60 First paragraph 20 P 20 2 12 M
61 Last paragraph 20 P 31 I 2 G
62 Extract 20 P 27 4 3 J
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63
64
65
66
67
68

70
71
72
73
74

Title
Extract
Abstract
Extract
Extract
Title

Last paragraph -

Abstract

Title

Extract

Last paragraph
Extract

30
15
15
15
10
15
15
10
20
10
15
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19
KX]
34
13
11
31
34
26

23

34
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32
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TABLE 3. COMPARATIVE RESULTS
Same Source, Different Processing Levels
Source Evaluation of source material Level
material By Student of
identification l;y May be Non- processing
letter 1T Ppertinent pertinent  pertinent
A P 23 1 10 Title
13 6 15 Abstract
30 1 3 Last paragraph
32 1 1 First paragraph
B P 10 2 22 Title
30 2 2 Extract
28 2 4 Last paragraph
C P 3 4 27 Title
10 4 20 Last paragraph
34 0 0 First paragraph
28 5 1 Extract
D P 5 0 29 Title
27 4 3 Abstract
4 1 29 Last paragraph
13 2 19 First paragraph
29 3 2 Extract
E P 9 6 19 Title
33 0 1 Abstract
32 0 2 First paragraph
27 4 3 Last paragraph
33 1 0 Extract
F P 22 5 7 Title
30 2 2 Abstract
26 5 3 Last paragraph
33 1 0 First paragraph
29 1 4 Extract
G P 32 0 9 Title
30 1 3 Abstract
22 3 9 First paragraph
31 1 2 Last paragraph
30 2 2 Extract
H P 5 1 28 Title
27 0 7 Last paragraph
10 0 24 First paragraph
6 5 23 Extract

(Continued)
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TABLE 3. COMPARATIVE RESULTS (Continued)
Same Source, Different Processing Levels

Source Evaluation of source material Level
. mgteria! By By Student of
identification Referee . May be N9n- processing
letter Pertinent pertinent  pertinent
1 N 19 3 12 Title
28 1 5 Abstract
18 6 10 Last paragraph
9 6 19 First paragraph
6 9 19 Extract
J P 31 0 3 Title
24 4 6 Abstract
30 0 4 First paragraph
8 1 25 Extract
25 2 7 Extract
K N 6 8 20 Title
3 10 21 Abstract
14 5 15 Last paragraph
7 7 20 First paragraph
L N 16 1 17 Title
5 10 19 Abstract
15 9 10 Last paragraph
6 7 21 First paragraph
M P 9 5 24 Title
9 7 18 Abstract
20 2 12 First paragraph
25 3 6 Extract
N N 23 0 11 Title
14 3 17 Abstract
(0] N 8 7 19 Title
17 6 11 Abstract
16 0 18 Extract

(c) Selection of question. Although an artificial choice of question was
made to permit debugging trials to be performed on a large number of
students, it is believed to be the sine qua non of this experimental pro-
cedure that there be considerable motivation on the part of players to view
the stimuli, and eventually to read the full source materials.

However, since there was a great deal of student interest in participat-
ing in a new experimental procedure, there may have been an unconscious
adoption of a favorable attitude toward the question imposed on them. In



TABLE 4. AGREEMENTS (DISAGREEMENTS) WITH REFEREE RATINGS AT VARIOUS PROCESSING LEVELS OF SOURCE MATERIALS

First

Last

Title Abstract Extract
paragraph paragraph
Reference rating Reference rating Reference rating Reference rating Reference rating
. Non- . Non- . Non- . Non- . Non-
Pertinent pertinent Pertinent pertinent Pertinent pertinent Pertinent pertinent Pertinent pertinent
23(10) 19(8) 33(1) 17(14) 32(2) 21(6) 10(20) 15(14) 28(1) 18(16)
9(19) 17(16) 30¢3) 21(3) 13(19) 20(7) 27(7) 10(18) 8(25) 19(6)
5(29) 11(23) 30(2) 11(17) 34(0) 19(9) 30(3) 10(15) 25(6) 16(13)
31(3) 20(6) 13(15) 5(28) 30(4) 4(29) 29(4)
327) 12(19) 24(6) 19(5) 18(13) 27(3) 29(2)
5(28) 32(0) 27(3) 22(9) 28(4) 25(7)
22(7) 9(18) 33(0) 26(3) 30(2)
32(2) 34(0) 10(24) 31(2) 30(2)
9(20) 26(3) 32(D) 34(0) 6(23)
10(22) 20(12) 0(32) 27(3)
31(0) 33(0)
4(20)
23(5)

34(0)

0ge
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TABLE 5. REFEREE RATINGS
Agreements and Disagreements
Summary

Correlation with referee ratings

Processing Agreements Disagreements
level (when pertinent; (when pertinent;
when nonpertinent) when nonpertinent)

Title 291 (180;111) 239 (167;72)
Abstract 299 (226;73) 117 (50;67)
First paragraph 304 (244; 60) 106 (84;22)
Last paragraph 252 (103;47) 150 (103;47)
Extract 384 (331;53) 134 (99; 35)

any case, the atmosphere during the trials was cooperative and reflected a
desire on the part of the students to be helpful, even though they knew
that their grades did not depend upon their participation.

(d) Repeating identical stimuli. The mechanism of repeating identical
stimuli unexpectedly during a long series of plays seems worthwhile, since
this might throw some light on:

1. Consistency of players in making relevance decisions; and /or
2. Influence of learning on player decisions.

(e) Predictive value of various levels of processing. In the instructions,
players were asked to rate the probable relevance of the full source mate-
rial to the question in terms of the stimulus presented (reflecting various
levels of processing of the full source materials). It is obvious from the
data presented in Table 3 that with only some minor exceptions the level
of processing had a very strong influence on the players’ decisions regard-
ing relevance of the source materials to the question.

It would be extremely interesting to determine whether plays of the
game involving questions for which better motivation for procuring re-
sults may be assured, would lead to results as interesting as these. As will
be noted from Table 5, percentage ability of the various levels of process-
ing to predict relevance ratings by the referee was:

Title . . . .. . . 55 %
Abstract . . . . . ... 72 %
Firstparagraph . . . . ... ... ... .. ....... 74 %
Lastparagraph. . . . .. ... ... ... ........ 63 %
Extract. . . . ... .. ... ... ... ... ... 74 %

The very significant observation that, if validated, would be extremely
important, is that the first and /or last paragraph (which can be selected



TABLE 6. RELEVANCE

Decisions Made on Identical Stimuli Pairs

Source
material Stimulus Processing Referee Evaluation by Students
identification number level rating Pertinent Don’t know Nonpertinent
letter
E 2 Abstract Pertinent 33 0 1
65 Abstract 34 0 0
(o) 9 Extract Nonpertinent 16 0 18
66- Extract 13 5 16
J 12 Extract Pertinent 8 1 25
67 Extract 11 3 20
J 18 Title Pertinent 31 0 3
68 Title 31 3 0
A 23 Last paragraph Pertinent 30 1 3
69 Last paragraph 34 0 0
D 40 Abstract Pertinent 27 4 3
70 Abstract 26 5 3
K 42 Title Nonpertinent 6 8 20
71 Title 0 2 32
J 62 Extract Pertinent 27 4 3
72 Extract 23 6 5
D 28 Last paragraph Pertinent 4 1 29
73 Last paragraph 0 2 32
F 31 Extract Pertinent 29 1 4
74 Extract 34 0 0

[4%3
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clerically at minimal processing expense) may be better predictors of the
relevance of the full source documents than:

1. The Title, which is being used so much for ‘“‘automatic”” indexing
using “Keyword in Context” procedures.

2. The Abstract, which is being prepared at considerable expense in
many information storage and retrieval activities.

3. The Extract, which must be selected from the text of source mate-
rials by competent subject specialists.

Although it is recognized that it is totally premature to extrapolate at
all from such invalidated debugging trials, the above observations are
made only in order to stimulate additional investigations.

ANOTHER TRIAL TO DEBUG THE GAME

Another opportunity for investigating segments of the play of the IR
game presented itself with another class* of 34 students in the inféormation
sciences curriculum at the University of Pittsburgh. The subject matter is
taught in terms of:

1. A major, national survey of specialized information centers con-
ducted by the instructor in 1963-1964.
2. Analysis of fundamental unit operations conducted at such centers.

The analysis of unit operationst (acquisition of source materials, analy-
sis, terminology control, recording results of analysis in searchable
medium, storage of source materials, question receipt and analysis, con-
ducting of search, and delivery of search results), reveals that confidence
limits claimed for performance by systems operators may be overly op-
timistic.

Accordingly, several of the unit operations were selected (acquisition,
analysis, searching), and an attempt made to investigate the IR game as a
tool for estimating confidence limits of performance of each operation.

The acquisition operation was one which lent itself best to this ap-
proach, and accordingly is described here.

Acquisition Policy
A policy for acquiring source materials for a specialized information
center was presented, in writing, to each student (Fig. 3). In addition,

a list of questions considered to be typical by the center involved was pre-
sented (Fig. 4).

*Class entitled “Specialized Information Centers,” taught by A. Kent in the Master’s
program of the Graduate School of Library and Information Sciences.
tA. Kent, Specialized Information Centers (Spartan, 1965).
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Ideally, of course, everything that has been written about a
culture or area should be included in the file. For some cul-
tures or areas, however, the material is so extensive that only
a sample of the literature can be processed. This is the case
with the Soviet Union. On the other hand, the bibliography
on some cultures may be limited, as it is with the Burusho,
and in those instances it is likely that all the available ma-
terial will be processed.

Figure 3. Acquisition Policy of Human Relations Area File, Inc.

Explanation of Purpose

Each of the students participating in this play had also been a member
of the class that was involved in the first debugging trials, so that it was
necessary only to review the general objectives, and to specify the purpose
of the current play.

Mechanics of the Play

As before, students were provided with stimulus evaluation forms.
Play was commenced by presenting to the students stimuli consisting,
successively, of segments of source materials which they might consider
pertinent or not to the acquisition policy shown in Fig. 3. As before, the
contents of the stimuli were abstracts or excerpts from the source material
(see, for example, Table 1). Again, stimuli were exposed for varying

1. Do the Iroquois have the institution of blood brother-
hood? ‘

2. Where can one find information on the cultivating and
processing of sugar?

3. Soil conditions, climate, and topography of Korea and
Formosa.

4. Were smoke signals used by the Senecas or the Creeks,
and what other communication methods were employed?

5. Facilities and methods for water transportation in Fin-
land, but not kinds of craft used.

6. If poultry or dairy cattle are raised in Iraq, what methods
are used?

Figure 4. Typical Questions Representing Range of Service Provided by Human Relations
Area File, Inc.
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periods of time (depending upon length of stimulus), and ‘“yes-no” deci-
sions as to whether to acquire or not were recorded by each student.

Results of the Play
A complete tabulation of the results is given in Table 7.

TABLE 7. RESULTS OF TRIALS ON ACQUISITIONS

Level of Student evaluation
Order of .
. Docj,ume'nt presentation processing ,
identification of stimuli of source Can’t
document Yes No tell
A 16 Title 12 18 4
19 Abstract 14 12 8
1 First paragraph 21 11 2
6 Last paragraph 18 11 5
10 Extract 25 4 5
4 Extract (map) 15 18 1
13 Extract (table) 11 14 9
18 Extract (picture) 11 16 7
B 5 Title 18 14 2
12 First paragraph 14 12 8
2 Last paragraph 25 5 4
20 Extract 21 8 5
17 Extract (picture) 9 19 6
9 Extract (picture 20 8 6
caption)
C 11 Title 14 18 2
7 Abstract 17 9 8
8 Last paragraph 25 5 4
3 Extract 29 4 1
14 Extract (preface) 10 16 8
15 Extract (table) 13 16 5
21 Extract(map) 15 18 1

It will be noted that, almost regardless of the stimulus used, responses
were widely scattered. The only pattern that might be seen is that re-
lating to first paragraphs, last paragraphs, and carefully chosen extracts,
which led to more agreement on acquisition decisions than any of the
other stimuli.

Further experiments will be conducted later to correlate results with
decisions made by subject specialists who would make their decisions
based on exposure to the entire source material.
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TRIALS WITH MOTIVATED PLAYERS

An attempt was next made to introduce into the game development
the element of player motivation. The local Veterans Administration
Hospital identified two physicians engaged in research who had current
problems which they believed would require literature searches. The
questions were identified, literature searches conducted at a local library,
and game materials prepared. The play was then conducted with each
individual. A report on one of the plays is presented in the following:

The Question

After verbal discussion, the problem facing one of the players (physi-
cian) was recorded and checked by him to ascertain accuracy of expres-

Figure 5. The IBM Port-A-Punch—is used by players of the IR Game to record their re-
sponses into special data processing cards which have been perforated for ease
of answer recording. The players indicate their selections by pushing the Port-A-
Punch stylus through the appropriate hole (Pertinent, Not Pertinent, Can’t Tell)
in the Port-A-Punch template which corresponds to the document fragment
under consideration. This action automatically punches out the appropriate
hole in the IBM Port-A-Punch card which is contained immediately behind the
template.
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sion. The resulting question was:

I would like to have the available information on the clinical deficiency of
vitamin E in humans and in other mammalian animals as it relates to pancreatic
insufficiency resulting in muscular dystrophy.

Mechanics of the Play
The play was conducted somewhat as before, with four differences,
however:

(a) Two sets of stimuli were used instead of one; the first stimulus
consisted of abstracts and extracts as before; the second stimulus
consisted of full source materials (journal articles) which were pre-
dicted as being relevant by the player when responding to the first
stimulus.

(b) The first set of stimuli was presented in looseleaf booklet form con-
sidered more suitable for review by a single subject.

(c) No limit was imposed on time to be spent with each stimulus—the
player was asked to proceed at his own best speed.

(d) Responses to stimuli were recorded by the player using a port-a-
punch device (Fig. 5).

Examples of the texts of the first set of stimuli presented to the player
are given in Fig. 6.

Stimulus I (First paragraph of document):
There has been a recent surge of interest, which is reflected
by a growing literature, in diseases of muscle. It is impos-
sible to review the major developments by giving appro-
priate citations of the literature without a bibliography of
major proportions. An attempt has therefore been made
to present the present status of thought in this field in
general terms.

Stimulus 2 (Extract):
Apart from the reduction of serum tocopherol concentra-
tion and resultant increased susceptibility of erythrocytes
to peroxide hemolysis, no ill effects are known to result
from reduction of dietary tocopherol content in normal
infants.

Stimulus 3 (Title):
Biochemical Abnormalities of Primary Diseases of Muscle
—Marvin Smoller, M.D., Chicago, Illinois.

Figure 6. Examples of First Set of Stimuli Presented to VA Physician.



338

ELECTRONIC INFORMATION HANDLING

Results of the Play

A complete tabulation of the results of the play is given in Table 8. In
Table 9 are given the number oﬂ aigree,xﬁcmts (and disagreements) on rele-
vance of source materials, based on first (abstracts and extracts) and

second (full source materials) sets of stimuli.

TABLE 8. RESULTS OF PLAY OF IR GAME WITH VA PHYSICIAN

Responses to stimuli

(P—Pertinent; N—Nonpertinent; Level Sequence
Source C—Can’t tell) of of
document Second processing presentation
number First stimulus of first of first
stimulus (full source stimulus stimulus
(fragment) document)

1 P N Extract 10
P First paragraph 25

P Extract 53

N Last paragraph 56

P Title 60

2 P N Title 9
P Last paragraph 12

P First paragraph 19

P Abstract 27

P Extract 34

P Extract 62

3 P P Bibliography 14
P Title 33

P Last paragraph 57

P Extract 66

P First paragraph 68

4 P P Title 28
P Last paragraph 35

P First paragraph 40

5 P P Extract 18
P Title 20

P Last paragraph 21

P Graph 24

P Abstract 26

P First paragraph 47

6 P P First paragraph 1
P Title 32

(Continued)
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TABLE 8. RESULTS OF PLAY OF IR GAME WITH VA PHYSICIAN (Continued)

Responses to stimuli

(P—Pertinent; N—Nonpertinent; Level Sequence

Source C—Can’t tell) of of

document Second processing presentation
number First stimulus of first of first -
stimulus (full source stimulus stimulus
(fragment) document)

P Last paragraph 39

P Extract 45

P Extract 48

7 P Last paragraph 5

P Title 43

P Extract 55

P First paragraph 61

8 P Title 3

P Last paragraph 17

P First paragraph 30

9 P Extract 2

P Abstract 31

P Extract 41

C First paragraph 49

N Last paragraph 65

C Title 71

10 P Abstract 37

P Title 38

P Extract 44

P First paragraph 54

11 P Last paragraph 8

P Abstract 15

P Title 51

N List 58

P First paragraph 70

N Extract 74

12 P First paragraph 22

P Last paragraph 46

P Title 50

P Abstract 69

P Extract 72

13 P First paragraph 7

P Abstract 13

P Title 16

(Continued)
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TABLE 8. RESULTS OF PLAY OF IR GAME WITH VA PHYSICIAN (Continved)

Responses to stimuli

(P—Pertinent; N—Nonpertinent; Level Sequence

Source C—Can’t tell) of of

document Second processing presentation
number First stimulus of first of first
stimulus (full source stimulus stimulus
(fragment) document)

P Extract 23

P Extract 36

P Last paragraph 52

14 P P Extract 4

P Title 6

P Abstract 42

P Abstract 64

P Last paragraph 67

15 P P First paragraph 11

P Extract 29

P Abstract 59

C Title 63

C Last paragraph 73

TABLE 9. AGREEMENTS (AND DISAGREEMENTS) ON
RELEVANCE BETWEEN STIMULUS SETS

Level of processing

on which Agreements Disagreements

predictions are based

Title 12 3

First paragraph 10 4

Last paragraph 11 3

Extract 15 6

Abstract 8 2

First and/or 12 3
last paragraphs

Discussion of Results of Play

A number of impressions were obtained from the play of the game,
which attempted to more realistically simulate an IR situation where the
player is sufficiently well motivated to receive useful information so that
the play of the game may seem like a positive step in the direction of satis-
fying his needs.
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Since this was the first play attempted with a “live” user, no attempt
was made to contaminate the stimuli with materials which were tacitly
irrelevant to the question posed. Accordingly, all source materials con-
sidered “nonpertinent” by the player, were selected as being fully perti-
nent by the reféree.

If the criteria for relevance posed earlier in this paper are to be con-
tinued, then those source materials, and only those, judged to be pertinent
to the question by the user (player) are indeed relevant. Accordingly, we
may have some initial, possibly valid information, regarding the relevance-
predictive value of various levels of processing. As noted from Table 9,
the percentage ability of the various levels of processing to predict rele-
vance ratings by the user was:

Title . . . . . . . e 80 %
Firstparagraph . . . . ... ... ... ......... 78 %
Lastparagraph. . . . . ... ... .. .......... 78 %
First and/or last paragraph . . . . . .. ... ...... 80 %
Extract . . . . . . . . .. e 71 %
Abstract . . . . ... ... e e 80 %

The significance of these results, if results of tests with valid samplings
of users bears them out, is that first and/or last paragraphs of documents
(which can be selected clerically) are no worse predictors of the relevance
of the full source documents than the other levels of processing (some of
which require the use of talent with suitable subject\background).

The results of this play are still too sparse to permit even first attempts
at deriving response patterns, especially due to the lack of contamination
of induced nonpertinence in the stimuli. However, one interesting pattern
emerged which seems worth discussing.

As seen from Table 10, the responses to the first 48 stimuli were all
“Pertinent,” before more discrimination in decisions became evident. In
contemplating the reasons for this unusual skew in responses, it was con-
sidered that this pattern was analogous to that exhibited by any individual
seriously seeking information; that is, those stimuli seen first are viewed
more hopefully with regard to relevance; more discriminatory patterns
emerge as the user gains confidence that some really relevant information
will be provided. Until this confidence is attained in viewing the products
of an IR system, the threshold aof relevance would tend to be lower than
might be the case later.

If the data of Table 9 are adjusted to include only responses to stimuli
given after apparent confidence has been achieved by the user (stimuli
No. 49 to end), then Table 11 results. These data would lead to the fol-



342 ELECTRONIC INFORMATION HANDLING

TABLE 10. RELEVANCE RATINGS AS A FUNCTION OF SEQUENCE OF
PRESENTATION OF FIRST SET OF STIMULI

Stimulus Number Player Rating
1-48 Pertinent
49 Can’t tell
50-55 Pertinent
56 Nonpertinent
57 Pertinent
58 Nonpertinent
59-62 Pertinent
63 Can’t tell
64 Pertinent
65 Nonpertinent
66-70 Pertinent
71 Can’t tell
72 Pertinent
73 Can’t tell
74 Nonpertinent

TABLE 11. AGREEMENTS (AND DISAGREEMENTS) ON RELEVANCE
BETWEEN STIMULUS SETS (Stimuli 49-74)

Level of processing

; L Agreements Disagreements
on which predictions are based
Title 4 2
First paragraph 5 |
Last paragraph 4 3
Extract 3 4
Abstract 2 0
First and/or last paragraphs 7 3

lowing values for ability of the various levels of processing to predict
relevance ratings by the user:

Title. . . ... ... . . 67 7
Firstparagraph. . . . . ... ... ........... 83 %
Lastparagraph . . . . . ... ... ... ........ 57 %
Firstand/or last paragraph . . . .. ... ... .... 70% %,
Extract . . .. ... ... ... .. ... 443 7%
Abstract. . . . ... . ... 100 7%

*This rating would jump to 88 percent if two disagreements are neglected (for one, the
first paragraph was not in the 49-74 stimulus sample; for the others, all levels failed to
predict relevance, but only this level fell into the 49-74 stimulus sample).
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This approach toward eliminating a first set of stimulus-responses as
contaminated, will be investigated in later experiments. Of course, the
reasons for response pattern changes during the play of the game may be
caused by a learning experience relating to the contents of the stimuli
rather thax to a change in confidence in the responses.

EXPERIMENTAL PROGRAMS PLANNED

INTRODUCTION

From experience gained during the trials described in the previous sec-
tion of this paper, a series of experimental programs relating to the
heuristic information retrieval game are being designed. These will be dis-
cussed below under the following headings:

1. General play of game at Veterans Administration Hospital (players:
physicians).

2. Special plays to determine relevance patterns, when level of process-
ing is constant.
(a) Patrons of university medical library as players.
(b) Patrons of public library as players.
(¢) Patrons of special technical library as players.
(d) Clients of NASA specialized information center as patrons.

3. Special plays to determine effect of learning on relevance.
(a) Information sciences students as players.
(b) Medical students as players.

4. Relationship between association test results and relevance of source
materials.

Each of these programs is being pursued in order to develop a vali-
dated series of procedures which may be employed in various gaming situ-
ations relating to the information storage and retrieval field.

EXPERIMENTAL PROCEDURES

General Play with Physicians

The Director of the Veterans Administration Hospital (Pittsburgh)
has agreed to address a memorandum to professional staff members en-
couraging them to participate in the experimental program with the
Knowledge Availability Systems (KAS) Center of the University of
Pittsburgh.

‘This memorandum will suggest that interested staff participate in dis-
cussions with KAS Center staff whenever they wish to obtain information
from the literature, from clinical records, or from other sources, which
relate to problems or questions in any area of the health sciences.
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When contacted by a VA staff member, one of the KAS Center statt
will interview the subject in order to obtain a statement of the problem or
question. The subject will be considered suitable for involvement in the
play of the IR game when the following conditions are met:

1. Response to the question is required no less than three days from the
time that the statement of the problem is negotiated. k

2. The subject is able to spend approximately two hours reviewing
materials selected by the KAS Center.

3. The subject is willing to participate in an interview and to complete
a questionnaire relating to:
(a) Professional background.
(b) Reasons for need for information relating to the question.
(c) Evaluation of relevance of materials provided.

When agreement on the above procedure is reached with a subject, a
search of appropriate resources in the Pittsburgh area will be conducted,
leading to the selection of 5-25 source materials relating, in the opinion of
KAS Center staff, directly, peripherally, or tenuously to the question
statement.

Source materials selected will be processed in preparation for the play
of the game, as follows:

1. Abstracts and extracts (title, first paragraph, last paragraph) of each
source material will be prepared and placed on separate sheets, ran-
domly arranged, and placed in a looseleaf notebook.

2. Source materials will be photocopied and rated for relevance to the
question by a KAS staff member (referee).

3. Two relevance rating forms will be prepared, one for evaluation of
stimuli (abstracts and extracts), the second for evaluation of source
materials.

The subject will be asked to review the stimuli and to complete the
evaluation form, with the understanding that he will immediately review
and evaluate the source materials identified as probably relevant.

As a control, every other subject will be asked to review the entire set of
source materials, regardless of relevance ratings.

Special Plays

Medical Library Patrons. Patrons of the Falk Medical Library who
approach the reference desk, either in person or by telephone, will be
screened for suitability as subjects for the play of the IR game. The cri-
teria for selection of subjects will be as follows:
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—

. Response to question required in no less than three hours.

2. Willingness to spend approximately one hour reviewing materials
selected.

3. Willingness to participate in an interview and to complete a ques-

tionnaire, as in the section above.

The play of the game and collection of data will then proceed sub-
stantially the same as for the VA physicians above.

In addition, in order to determine the extent to which questions used in
the play represent a valid sample of all of the questions submitted to the
reference desk, reference staff will be asked to collect the following infor-
mation relating to patrons:

Ten half days during the trimester will be selected at random, and all questions
submitted will be recorded, together with information relating to background of
patron and reason for question.

Public Library Patrons. The same procedure as discussed above will
be used at the reference desk of the Science-Technology Division of the
Carnegie Library of Pittsburgh.

Special Library Patrons. A special library of an industrial organiza-
tion in the Pittsburgh area will be selected for play of the game as dis-
cussed above.

Specialized Information Center Patrons. The KAS Center operates a
regional facility for spinoff of technical information under contract to the
National Aeronautics and Space Administration. At present, eleven com-
panies participate in the program. Approximately 400 questions have
been submitted and are searched monthly, with abstracts of appropriate
documents provided.

A sample of these questions will be taken, and the game will be played
with this group as discussed above.

Effect of Learning on Relevance Patterns

Subjects. In order to investigate the effect of learning on relevance
patterns, an experiment is planned to derive data from the body of med-
ical students at the University of Pittsburgh. However, in order to debug
procedures for the investigation, an experimental group of students in the
information sciences curriculum will be chosen. These will be masters
and doctoral candidates taking courses in ‘“Mechanized Information
Retrieval” (Instructor: Prof. Allen Kent) and “Computers in Informa-
tion Retrieval” (Instructor: Prof. Jack Belzer).

Source Materials. A file of 80 documents is being selected from the
book, periodical, and report literature. These documents (ranging in
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size from 1 to 20 pages in length) may be whole documents, or self-con-
tained segments of documents relating to the topics covered in the classes.
Each “document” will either have or be provided with, a title and an
abstract, so that each will have a reasonably “standard” format. These
“documents” will be filmed and the entire “library” of 100 “documents”
on film will be replicated in sufficient quantity so that students may have
access to them at time of need. Suitable readers will be provided to facili-
tate review of individual documents.

Stimuli. As in other plays of the IR game, each document will be proc-
essed, and a set of stimuli prepared, consisting of the following:

1. Title

2, Abstract

3. First paragraph
4. Last paragraph
5. Extract

The stimuli will be recorded on sheets of paper, one stimulus per sheet,
and notebooks containing them will be prepared, with stimuli arranged in
different configurations, both random and structured.

Questions. Questions relating to skills which the students will be ex-
pected to acquire during the school term are being formulated. These
questions will be presented to the students about mid-term, and again at
the end of the term, and they will be expected to provide responses which
can be rated objectively.

An attempt will be made to motivate students to desire responses to
the questions, and to wish to use the file of documents by causing the
question responses to have a bearing on the grade the students receive for
the course.

Relevance Ratings. Students will be exposed to the stimuli, and asked
to rate them for probable relevance to the questions. The documents
identified as relevant from responses to stimuli will be examined by the
students, who will, in turn, rate the documents as to relevance.

Reduction of Data. Individual relevance responses will be examined in
terms of student progress at mid-term and end of term as measured by
ratings derived from responses to the questions.

Individual student as well as class patterns will be sought which may
throw some light on relevance decisions as a function of learning. As a
minimum, information relating to searching strategies of individuals in
a controlled situation will be developed.

Association Testing and Relevance

Introduction. A body of information will be derived during the course
of this program which will consist of:
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1. Actual questions presented to various information agencies.
2. Ratings of documents with regard to relevance to the questions.

All of the documents used in this program will have been derived from
existing collections which have been organized by a library or information
center in terms of an indexing or classifying system. There will then be an
opportunity to operate these systems in retrospect in order to determine
their effectiveness in providing relevant materials and withholding non-
relevant material.

Hypothesis. It is hypothesized that the effectiveness of operation of IR
systems may be improved, or their ability to perform may be evaluated,
by finding some procedure which will permit user paradigms to be related
to system operator paradigms (as evidenced by reference points made
explicit for search purposes).

Association Tests. In order to investigate this hypothesis, apparent key
words derived from user questions will be exposed to users in a test situ-
ation, involving the use of association tests.

Three association tests will be devised: One will involve free associa-
tions, in which the user will be asked to provide, for each key word de-
rived from his question, a word that comes to mind during a set time
period. The second and third tests will involve controlled associations, in
which the user will be conditioned by instructions to provide controlled
associations as follows:

1. Synonyms to key words derived from questions.
2. Generic terms relating to the key words derived from questions.

Reduction of Data. The responses to the association tests will be com-
pared with the reference points (and cross-references) made explicit by IR
systems operators for search purposes in order to discern the level of cor-
relation between them.

The ability of a system to produce relevant documents in terms of cor-
relation level will be investigated.

CONCLUSIONS

No conclusions will be presented in this paper, since the discussions
involve mainly the experimental design for the initial stages of the pro-
gram.

It is hypothesized that as the experiments progress, procedures which
may be useful for evaluating and predicting relevance may emerge.

In any case, it is hoped that some quantitative information relating to
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user paradigms may be developed which may throw light on the nature of
the information retrieval field—from the user’s point of view.
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producers of, 280
Sciences Directorate, 162
sinks, 284
sources, 284
systems, 280
systems, scaling factor, 283
systems, size, 284
technology, 279, 285
technology, research needed, 281
uses of, 86
use of by scientists, 85
Information handling,
161, 184, 281, 290
diagrammatic description of, 152
electronic, 279
Information-retrieval, 30, 82, 212
game, 311
market, 281
systems, 75, 80
Inputs, 71
formalization of, 21
Intellect, 268
Intellectual, 268, 270-273
Intelligence, 59, 171, 289
artificial, 52, 255, 268
center, 185
Interaction, 268, 269, 272
Interactive behavior, 191
Interconnection, 290
Interfaces, 147
Intersection, 27
Inventors, 283
Invisible colleges, 282
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IR game, acquisition policy, 333
mechanics of play, 320
motivated players, 336
predictive value, levels of

processing, 331

stimuli, test conditions results, 322

Journal Citations, 107

Keynote address, 7

Keyword in Context Indexing, 283

Knowledge Availability Systems
Center, 8, 9

“Knowledge explosion”, 219

KPIC (Key Phrase in Context), 277

KWIC, 78

Laboratory, computer-based, 161
LANNET, 246
Laws of, occurrence, 44
thermodynamics, 284
thermodynamics, zeroth, 284
Language, epistemology, 287
problem-oriented, 290
“standard” indexing, 315
Learning, 272, 289
effect on relevance patterns, 345
stochastic, 63
Learns, 56
Level, 175
Leviathan, 164
computer programs, 172
method, 164
Library, 93, 268
circulation, 100
public, 171
Library of Congress, 282
Limitations, 267
Linguistics, 287
Literature obsolescence, 109
Live subjects, 168
Logistic processing system, 176
Luhn, Hans Peter, 283

Machine, language, 290
organization, 290
self-organizing, 244
teaching, 187
telic, 187
translation, 46, 49

Magnetic tape, 294
Man-machine, 268, 269
communications, 273
dialog, 291
interaction, 146, 213, 273
Management, 184
pyramid, 191
Managing by exception, 188
Mathematical induction,
principle of, 206
Mapping, 52
Maze runner, 245
Meaning, 29, 162
Meaningful characteristics, 68
Measure, 60, 273
Measurements, 52-57, 68, 70
Measuring, 273
Mechanical manipulators, 261
translation, 281
Media, immediate access, 43
MEDLARS, 78, 111, 112, 116
“Memex’’, 156
Memories, large-size core, 126
“MeSH”, 113
Microelectronics, 272
Miecrofilming, 281
Micromachining, 296
Microminiaturization, 290
Military applications, 278
requirement, 279
weapon system, 230
Models, 80
lattice, 29
theoretical, 53
Modeling devices, abstract, 290
Monitoring, real-time, 146, 148
Multiprocessing, 272, 290
Multiprogramming, 290

Name, 52, 55
National information systems, 283
Natural, English, 165
languages, 167
Neural level, 288
New capabilities, 267
Noise, 25
Nonnumerical data processing, 259
Non-specialist, 174
Normalizing, 54
Normative process, 184
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NUDETS (Nuclear Detonation
Detection System), 130

Omnispecialist, 174
On-line, 269, 272
One-way glass, 169
Opening remarks, 3
Operations, remote, 257
Operations, time-limited, 258
Operator, 52
Optical, 272
Organizations, 161
formal, 172
formal, types, 173
laboratory, 161
large, 161, 185
Organizational structure, hybrid, 175
specialized, 174
Output, 52

Parallel-sequential, 55
tree, 57
Patterns, 52, 61
Pattern recognition,
80, 51-50, 66-70, 202, 209
parallel sequential, 57
programs, 56, 59, 60, 69, 70
Pattern recognizers, 69
use, 97
Periodicals, 109
readership, 110
Periodogram analysis, 25
Personnel, artificial, 161
bureau, 171
Photograph, 22, 26, 29
Photographic binary, 23
Physical channels, 168
Planning, 142, 188
Power, broadslide, 280
spectra, 24, 25
Predicting sequences, 199
Printouts, 172
Probability contour, 62
Problem-solver, 268, 270-273
solving, 195
Process, gestation, 86
observation, 86
Processing, optimum overall time, 55
payroll, 123
punched card, 118
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Processors, 280
Producers, 280
Program operates, 54
Programming, 272
techniques, 289, 290
Project cost controls, 90
Properties, 60
Provisions, fallback, 146
Pseudo intellectual, 269, 270
Punched, cards, 23, 45
paper tape, 45, 118
tape, 23
Pushbuttons, 165

Quantitative techniques, 273
Questions, selection for IR game, 318
Quick exchange, 232

Quotas, 181

Real-time, 269
Reasoning, 267, 269, 273
Redundancy, 272
Referee ratings, 331
Relevance, decisions, 332
effect of learning, 343
Replanning, 142
Represent, 199
Representation, 197, 200-207
Requirements, 271, 273
specific, 95
user, 94, 272
Research, program goals, 90
pure, 279
Resolution, 25
Resources, 182
Retrospective searches, speed of, 99
Robots, 169
Roles, 162
decision-making, 144
indicators, 27, 29
managerial, 185
scientist, 86
“Round-off” error, 23, 24

SAGE, 123

Sampled, 22

Sampling, 23, 24
“Scan”, 181

Scanned, 22

Scanners, flying-spot, 24
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Scanning, 24
Scatter factors, 220
Science, computer, 305
information, 305, 307, 309
information, graduate program, 306
Scientific and technical
information, 281
Scientists, “information-minded”, 91
user, 89
“Scratch-pad”, 268, 269, 271
Search, 272
Selective Dissemination of
Information, 283
Self-organizing, 272, 273, 289
Semantic perception, 289
Sensors, 239
systems, 263
Sentence, 29
Sequence, 54, 57
Sequential tree, 55
Sharpening, 54
Sharpens, 61
Shifts, 172
“Shoe Box”, 46
Signal, 29, 30
Signal, analysis, 25
“Simple”, 58
Simulations, 171
Situation, actual, 142
intended, 141
Social symbols, 162
Source materials, processing level, 312
Spans of authority, 174
Specialty, functional, 170, 173
Speech recognition, 289
Square-cube law, 284
Stacks, built-in, 290
Staff, 270
appointment, 190
State of affairs, discrepancy between
actual and intended, 143
Statistical ordering, 48
Status, 162
Strategies, strictly near-optimal, 215
Stereoscopic effect, 24
Stimulus responses, agreements,
disagreements, 330
Stored program, 22
Supply facility, 171

Support, ADP, 132, 133
Symbiosis, 41
Symbol recognition, 258
Syntax and semantics, 280
Synthesis, 29
Systemic effort, 190
communication, 184
Systems, abstract, 76
ADP support in command, 132
analysis, 308
Class I, 180, 131
cognitive, 289
Command, 132
command and control, 141, 145
command, costs of, 133
cost associated with, 145
designer, 145
engineering of, 284
evaluation, 313
intermediate response products, 314
IR, paradigms of users, 311
IR, relevance, 311
large, 129
large, planning for, 136
large-scale, 123
military command and control, 148
optimum, 41
products, provision in parallel, 315
performance, 94, 172
real-time, 145
response products, 314
sensor based, 130, 131
“telecontrol”, 262
“Universal” adaptive, 215
user, 145

Tables, 29
Tactics, 162
Taxonomy of the communication
process, 163
Taylor, 182
Technology, 279
Template, 61, 62, 64
program, 62
Terminology control, input, output
processing, 315
Terms, 29
classes of, 28
Territorial domain, 174
Territory, 174



Testing, real-time, 148
Theorem, efficiency, 214
proving, predicate calculus, 201
Theory, communication, 23, 25, 26
control system, 23
development of, 67
game, 80
gaming, for IR, 311
random processes, 221
Thesaurus, related terms, 315
Thin-film, 272
Time, 70, 71
Time-sharing, 272
Third, 284
Traffic lines, 177
Transformations, 562-54, 61, 70
Transients, 172
Transit time, 177
Translators, 291
Tree, 55

INDEX 356

Tukey, 25

-tuples, 64
1, 62-66
n, 64-67
2, 64

USSTRICOM, 183, 137
User requirements, 93
statements of, 93

Variable length fields, 29
VGH recorder, 224

Visual pattern perception, 288
Vocabulary structure, 29

WADEX, 283
Wittgenstein hypothesis, 49
‘Work units, 180

Zipf-Estoup law, 44
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