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Te the creative pecple we have been privileged to spensor;

To those who have given us ingpiration and guidance;

To those who find the information sclences asn 2xciting and
challenging fieid,

And who are, have teen, and wili be devoting much of their
time, intellect, and heart toward advancing knowiedge

and understanding of it.
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Foweword

"Information' is a common word, Fewer people feel comfortable
witr. the ward “science,” Put the two words tngether and thers
results a term that everyone knows something about and a sufficient
numbear will expound on,

"Information science," in august halls, could be intoned as the
major emearging discipline of our generation, But it's difficult to
establish an image for something elusive, though ever present.

Man has turned his attention to ''scieace' long enough to be
able to say something about scientific method and results of taking
= scientific approach to the study of phenomena, But ask a man to
say scometbing about what "information'" is. He will bluster and,
suddenly, toss himself headleng intc intensively srbiactive expla=-
nations,

Shannsn tried the cbjective approach, He neatly defined a
measurs of "information' capacity. But Shannon tells only about
quantily of throughput. He says nothing about the meaning of the
signals passing through the channel,

Subjectively, we know that "information'' has to do with what
the signals are about, We know that a signal can mean different
things to different people, We know that meaning is a function of
what a person is looking for. Why he is looking depends or his age,
his mission, his curiosity, his goals--a host of variables that have
yet to be defined. Whether a signal is meaningful is also related to
the meaning of the signals he's already received and the meaning
of the signals he expecty subsequently to receive,

"Informatior science' is trying to apply the scientific method
of inquiry to an understanding of all the factors that are embedded
in the concept of inforrnaticn. This inquiry takes one down many
paths, Perhaps the most obscure iz the one man has spent the most
time on-.the one concerned with an understanding of himself, how
‘ie thinks, how he comes to understand, how he learns, what ke
wants his goals to be, and why, Perhaps the iszat obscuire is the
comparatively new route being paved by modern technology. Man
has harnesszed the computer and many other machines, complox
concatznations of many components, to sense and procoss signals
that he knows about but cannct see or hear or touch,

i

,

T ds

i
%
!
;
find
PN S
R

3




Bt m it DML

i e SEVIABS yo

Informztion science m.y be this generation's ceulribuation to
science, It is invading this discipline ana that, extr cting an idea
here and an ®yua.ion there, and it is beginning to weave the pieces
into a patteris, The picture is Leginning to tell another part o the
story about man and the env'ronmert be lives in, It is beginning to
show features dealing with the acquisition and coding of informa.
ticn, the communication process, sterage and recallof information,
and how information is and can be usea,

This volume is an account of some of today's studies of some
of the probiems that concern information scienze, Hopefully, thege
studies bear seeds that will flower into tomorrow's information
systems and a deeper understanding of information and how this
understanding can be exploited to serve man. Hopefully, lnis pro-
gram will be able to serve the {uture information needs of the
United States Air Force that supports it and the wellsp-ings of
science that nourish it,

The author wishes to acknowledge the foresight of Co'. William
Q. Davis, Deputy Commander fo» Operations, A¥CSR, whkd created
a Divectorate of Research Communication in 956, forerunner of
the present Directorate, Dr, Knox Millsaps estab:ished the Direc-
torate of Information Sciences in fanuary 1962 Active interest of
Dr. William J, Price, the preseant Executive Director, AFOSR, in
the program has been gratifying and is much appreciated.

Rowena Swanson
Acting Director
Directorate of Information Sciences

Alr Force Office of S:ientific Research
Office of Aerospace Kesearch
United Statas Adr Foroe

January, 1966
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Eeszntially, this voilumse is an annual report, the third in 2
series, for :aiendar year 1965, of the program of the Directorate
of Information Sciences, AFOSR. Since it is an anuual report of a
program representing the expenditure of about one millicn dollars.
it cannot and does nct purport to be a treatice on the entis™ field of
information sciences research, One million do.lzrs, even when
spent in 25 t> 35 thousand dollar chunks, doecsn't go very far,
However, given one million dolliars for information sciences re-
search, how does one speand it? This volume is one answer to the
question,

Tae test consists primarily of summmaries of projects that were
current during calendar year 1965, The nature of funding patterns
iz such thkat some of the projects terminated during .ae year and
some started near the year's end, Dates have not been given prin-
cipally because it was not desired that termination suggest a value
judgment on a project, (Information science tearhes that value is
not an absolute measure), The summaries, therefcre, vary in
content. Those for new projects consist of statements of objectives
and initial directions of research, Those for projects that began
early in the year or have continued from previous years include
highlight results of research and a listing of publications that ap-
peared or were written during the perind, In most instances, the
highlights we=re provided by the principal investigators for the
project; the remainder of the prose is the author's,

The selection of areas and projects for funding is made within
the Directorate., Selection is a product of many factors, not the
least of whick is total available budget. Guidance is obtainzd from
experts, and has proved very helpful. Insofar as the Directorate
staff is small, sponsorship of a few large-doliar projects to reduce
paperwork iz a constant attraction. However, large projects re-
ceive support under ARPA, Joint Services, and other auspices,
The Directorate has elccted a different route, keyed to what it
believes are current needs in information sciences research, The
Directorate has turned its attention to studies in depth of some of
the fundamental principles that must be explored and understood
to advance basic concepts of information representation and proc-
essing. At this stage in the evolution of the information sciences,
these studies fortuitously are often efforts of one person or small
:eams, Though this is a familiar pattern in science, it roust be
‘emembered that this is but cne pattern in science,
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Emphasis in the late 1950's with a much smaller budget was on
such library-oriented topics as inaexing and classification and the
applicability of machines to information-center operations, Gradual
shift to the present psogram has resulted as much from an aware-
ness »f engineers, i.yziologists, p' vsicists, psychologists, mathe-
maticians, linguists, and philosophers that they were dealing with
informstion science problems as i* did from an awareness of the
Uirectorate that problems in m~ay disciplines are basically infor-
mation problems, The tasks within the program are as follows:

nformiation systimae résearch

- Iinformation ideatification and classification
ranzmiission of information

- Adaptive and szifi-organizine systems

~ Language and linguistics research

- Theoretical foundations of information sciences

'
N

ON UL U3 1\ o

These tasks do not encompass all of the information sciences,
nor could they from the given budget, Several major areas that are
excluded concern studies o! materials, hardware components and
assemblies, structure and behavior of biological systems, and
large-scale man-machine and time-sharing interactions, Most of
the excluded areas are included inother AFOSR and DoD programs.
Inclusion and exclusion are, of course, value judgments, but value,
as indicated above, is based on a variety of considerations., Ampli-
fying comments on the tasks begin each of the next six sections, It
can be seen that the tasks are not mutually exclusive,

A further remark rmay be appropriate with respect to inclusion
and exclusion, Given one million dollars and a mission--for the
Directorate, to help assure the timely impact of information
science on the future operational Air Force--gelections have been
made which are identified with technological problems of Air
Force interest. Additionally, we believe that we are sponsoring
pioneering research on logical foundations and design structures
for systems exhibiting intelligent activities. In the field of trans-
mission of information, which receives its major support else-
where, we sponsor connecting research to maintain ‘nvoivement
consonant with our mission.

The Directorate is headed by Dr, Harold Wooster, who has been
detailed to the office of the Director of Technical Information,
Director of Defense Reszarch and Engineering, to act as Executive
Secretary of the Panel on Information Sciences Technology, Com-
mittee on Scieutific and Technical Information, Federal Council on
Science and Technology, Oifice of Science and Technology, Execu~
tive Office of the President, for Fiscal Year 1966, Thomas K.
Burgess, Captain, USAF, terminated his service in December.
The author is therefore obliged to accept such comments as may
be made on this volume,
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Feclion 1. Infovnation Fystoms Research

Infermation systems research looks at the structure andopera-
tion of entire systems or of units within a system viewed in the
framework of the entire system, Efficiency and effectiveness of
methods and tools for the input, throughput, dissemination, and
use of informaticn are principal topics for investigation,

Informution systems abound., They are used for document con-
trol, data control, logistics, management and command, and intelli-
gence within military and civilian contexts, Many existing systems
are based on ad hoc planning and have suffered explosive, unantici=~
pated growth, Freouently mechanization or other changes have been
introduced to zileviate some informaticn procescing difficulties,
but the effects are usually far from optimum.

Questions must be asked about systems in the zbstract, What
are possible information flow patterns? With what configur.tions
of men and machines can each be achieved? What is the match
between pattern and purpose of the system? What effect does the
eanvironment havz on the system? Who feeds the system? Who uses
it? Who could feed it or use it? What are the tradeoffs for a given
system for a given purpose?

Cuestions must also Le asked about existing systems, Existing
structures and operations must ve quantitatively and realistically
analyzed, The effects of perturbations must be exzmined in the
abstract and tested in simuiations and in on-going operations.
Live data under perturbations are invaluable but difficult to obtain,
it has been found, because of inertial forces built into people and
systems,

The construction of networks of infoermation systems {s fre-
quently discussed as a short-range objective. Nothing in principle
negates the possibility of ever increasing networks, However,
large-capacity machines do not per se make 2 system. Machines
operate on instruction, whether tne instruction comes from a man
or another machine. At some point, there was a designer, and if he
did not anticipate correctly, the last machine in the chain will not
disgorge anything useful, if indeed it will disgorge at all,

Systems research is slow-producing research. There are many
variables, and they are difficult to isolate, control, and test, They
pertain to the behavior of men as well as to machines, They :nust,
however, be studied, which means that ways must be found for
studying them. A few questions on systems of several types and
sizes are being examined in the projects summarized on the
following pages.
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1-1, American Society of Mechanical Engineers, New York, M, ¥,
Applied Mechanics Seviews
Dr. Stephen Juhasz
AF 49(638)-1549
) .
e
~ Qbjectives ., ,.

Toward development of new approaches to the acquisi-
tion, processing, and dissemination of scientific irfo>-
mation in the journal medium.

Projecs summary ...,

New approaches to mechanized indexing and announcement
techniques are Yeing tested cmpirically in the context of an on-
going information seyvice, Applied Mechanicg Reviews is a monthly
perioaical which provides abstracts, in English, » papers in the
field of mechanics and reisted sciences which ecigirally appear in
twenty-five la:guages and over %00 journals. AMR also provides
state.of-the.zrt reviews, boek veviews, and some transiations,

Researclk findings ., ..

The second edition of thz cnmputer-produced Word and Author
Index {WADEX) was published and incorporates improvemsante in
the program recognition of word groups for selection as index
terms,

Eivaluations are in progress orn user satisfaction with WADEX
and on time delays, reviswer productivity, and value of the crit'zal
reviews iu the publication, i\m’zd Mechanigu Reviews,

Publications ,, ..

F; A, Ripperger, Harold Woostar, Stephen Jjuhasz, and David
Falconer. WADEX, Word and Author index, (For entries in
Applied Mechanics Reviews, vol, 1&, 1963), Washingtor, D,C.:
Govarninent Printing Office, 1965, $3,5C,

. E. A. Ripperger, Parold Wooster, Stephen Juhasz, and David
Falconer. "WADEX, Word aad Author Index, Partl - Description,
Part I - Pregram Documnentation,! Juue 1965,

Stephesn Juhzsz, Harcld Wooster, E, A, Ripperger, and David
Falecrer, "Extended W:ds« System: Tool for Brows‘ng, Searching
and Express nformaticu with Adjustable Intellectual Preparation
. Effert." Proceedings. 1765 Congrsss, International Federation for
o . Docunentation [FiD), Waahington, D,C., 10-15 Ocs. 1965,

3tephen Juhasz and O, Amringer, ''Critical Abstracts,” Paper,
. Seventh Annual Institute on Information Storage and Retrieval,
Smerican Uaiversity, Washington, D.C., 2 Feb, 1965,
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1-2. C.E.LR, Irc,, Applied Research and Mecnwyrement Sciences
B Div,, arlington, Va,
Development of a Standardized Language for Describing
Docume:tation Systems
-
Mrs. Lea M, Bohnert ; .
AF 49(638)-1636
Qbjective , ...
Toward systematizing methods of analyzing and evalu-
ating operations in dorumentation systems and metheds
of assessing mechanization pnssibilities,
Project sum.mnary . ...
Fundarmental operations (e¢.g., routing, summarizing, sorting,
searching) common to all documentation systems are being analvzed
for the purpose of standardizing the description ofthese opérations
as an aid to knowledgeablz modification of existing systems and the
design of new systems., Results of the analysis will be used to
evaluate existing documentation systems, including the structures,
operations, and costs of such systems, The applicability of
computer-based display techniques to dccumentation cperations
will be examined toward developing procedures of integrating
machines intz systems for various user needs,
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1-3, Herner and Company, Wasnington, D,C,
Stady of [ndexing Procedures and “lechanisras
Mr. Saul Herner

AF 49(638)-1424

Objective .. ..
Toward evalvation of methods and teols employed :in
informatinn svstems and assessment of relaticnships
betwzen systeras snd potential sad actual users,

Research summary .,

An axaminztion iz being made of indexing :nethods and mecha-
nisms, the role of tonls such as thesauri in infommnatien storage
and retrisval rysiems, nnd the effects of and veeds for information
sysiems, Conczple %i accuracty vs. pricision in indexing are being
compared, Lata {rom user studies are being assessed in relation
to the follewing areas of information aystem design: subject fields
of user interest; lamguage smployzd in the subject description
types of query and non-gusry sgyrvices required; and tools and
resgurces for parfipming the raquired services., A generalized
model is songht for caonducung user stodies,

Reseavch Jinafngs ...

Analysis of word sccurrenced ant word rombinitiors inthe taxt
of psychiatric interviews suggestz 3 mathad §22 the production of
thesauri and the prepacatisn of 2ssy profilss automatically,
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i1~4, Lehigh Universily, Center for the infcrimallsr. Sciences,
Bethleriem, Pa,

Study of the Man-System Interface in Libraries
Mr. Robert S, Tayler

AF~AFOSR-T724.66

Objective . ,,.

Tcward developing a "new look" for librarizs and pres.
ent and possible operations from the viewpoint of the
library as an information system,

Project summary ...,

Based on the postulate that the library is {or can bz} an evolu-
tionary information system, the various user-library interface
points are being analyzed, with a view to merging results with
rosults of library systems stedies and man~machins studies. Tests
of new interface structurés are pianned as suggestedfrom analysis
cf the merged results, Farticular emphasis is being giventc
understanding the processes involved in ‘'negotiating the question®
of users in both test and real-system sitcations.

Research findings ...

See Lehigh University, AF-AFOSR-724-65,
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1-5, University of Montreai, Institute of Experimerial Medicine
and Surgery, Montreal, Canada

Analysis of Inforrnation Storage, Search and Keirisval Pzoc-
esses

Dr. Hans Selys and Dr, Giulio Gabbiani

AF.AFO3SR-930-5%

Objective ,,,.

Toward spezification of factors affecting the use of in-
formation retrieval aystems.

Project summary ....

A notation systermn for representing detailed scientific infor-
matior, content, called the Symbolic Shorthand System, is being
examined for its amenability to subject expansion and its utility
for information retrieval. A unique data base in the medical
sciznce literature is the test corpus. Experiments are being con-
ducted to qualitatively evaluate the documentation service tased
on the notation system, The experiments kave been designed within
the environment of on-going service operations.

Research findirgs ...

Preliminary interaction with a potential user peocpulatica for a
specialized informaticisi sarvice provides contradiziory results;
on the onz hand, enlistment of urers has progressed slowly, and
on the other, response of the system tc inquiries indicaes capa-
bility of the system to retrieve ar a depth and specificity nct
provided by other systems,
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1.6, University of Pennsylvania, Moore School of Electrical
Enginecring, Philadelphia, Pa,

Informration System Design fer the Information Processin
Field

3

Dr, Morris Rubinoff s

AF 49(638)-1421

Ubjective ...,

Toward design of information systems tailored to user
need and the development ¢f principles and implementa-
tion criteria for mechanized information storage and
retrieval systems,

Project summary ...

Organization and mechanization possibilities for an informa.
tion storage and retrieval system are being examined in advance
of final systzwn design on the assumptior that research rather than
an ad hoc approach will result in a better system, The Association
for Computing Machinery Repository and the E. E, Dept, iibrary
are being used as the test corpus. A novel approach to classifica-
tien and indexing has been developed which includes transformation
tables for four echelons of terms developed which includes trans-
formation tatles for four echelons of terms through open-ended
mapping relationships. Continued study is planned of such features
as: remote-conaole retrieval by on-line search; search of such
features 23: remote-console retrieval by on-line search; search
strategies which maximize user-machine interaction to the exclu-
sion of human reference assistants; and an evaluation of user
search strategies for system up-grading.

Research findings ...,

A user-oriented inforination system has beecn designed and is
being implemented which includes remote teletypewriter access
on.line to an information file in 1301 disc store auxiliary to an
IBM 7640/1401 systam,

The system design includes use of an unrestricted aearch
vocabulary, access through cne or more of a large number of

H
antry ports, and stochastic-type searching through related cate- - .
aor’es, sections, and classes of data established through thesauri . .
and microthesauri,
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Publications ...

Morris Rubinoff and John F. White, "Establishment of the ACM
Repository and Principles of the IR Sysiem Applied to its Opeva-
tion," Conimuanications of the ACM, vol, 8, no. 1 U {Uct, 65) 595-601,

"ACM R-positorv.® (A selection of 100 ertries from the {300

! document file.) Computing Reviews, vol, §, no., 6 (Nov-Dec 65)
- 437-447.
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1-7, Puvdue Univevsity, Thevrmophysical Praperties Rcceavch
Center, West Lafayeite, ind,

Machine Processirg l'echniques for Reference Text Production
Dr. Yeram S. Touloukian

* AF 49(638)-1571 “

Objective . ...

Toward methods and techniques for computer genevation
of indexes and statistical records from raw reference
text data,

Project summary . ...

The feasibility is being explored of recording raw reference
text data in machine interpretable form in a single manual cperza
tion so that the separate requirements of typographic composition,
selective data extraction, and data retrieval are simultancously
satisfied., The test corpus is the input for several vclumes of the
series, Masters Theses in th2 Pure and Applied Sciences, Study
is planned on the feasimiity of extending the methcdology t¢ cumu-
lations, to related collections of raw data, and to the value of the
data for statistical .walyses, including analyses of trends in
graduate research,

Research findirgs . ...

A wmodified IBM standard program was .ested on Volume VI,
Masters Thssee, data and was found unsatisfacrory both in opera-
tion and forinat,

A new set o criteria have been ezstaktlished for the Masters
Theses data zad a new program has heen developed and tested
which incorporates a statistical analysis of the effectiveness of
the preparation of author indexes by a new method,

11 -3
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T 1-8, Rud, zvs University, Graduate School of Libravy Serwice,
New Brunswick, N, J,

Scientific Bases for Information Processing
AF.AFOSR-531~64; AF-AFOSR-531-66

) Dr. Ralph R, Shaw

Objective , ...

Toward specification of =fficient operations in informa-
tion handling systems,

Project summary ., .,

Basic principles pertaining to storage, retrieval, and indexing
overations and comparisens and evaluations of systems and index-
ing techniques are being made {or the structuring of more efficient
information systems, Previous studies have exam 1ed suchproblem
Areas as: autumat{c bock indexing by computer; the scnpe and
operating e[ficiencies of information centers; bock vs, caracataleg
casts; and the comparative performance of three information re-
trieval svstemns, Present emphasis is on: {a} the scope of activities
in information centers and the knowledge and skills required for
verformance, and (b) citation indeving as a reference.retrieval
system,

Research findings . ...
A framework for describing the index as a system has been

established for the comparison of citation indexing and subject
indexing in the field of genetics,
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1-9, System Development Corp,, Santa Mornica, Calif,
Information Processing Potentials in Large-Scale Operations
Dr, Beatrice K. Rome and Dr. Sydney C. Rome

Part of AF 19(628)-5156¢

Lbjective |,

Toward specification of the information pclicies and
cornmand behavior in complex, large-scale systems in
precisely observable and measurable terms,

Project summary ....

Hierarchies ir the organization and management of large-scale
systems are tizwed as incorporating struct - s of intentional
logic, includins, svch concepts as relevance, val.ation, condensa-
tion, Ililtering, and intentional reference, Formal quantitative
systern models ire being simulated to study shifts and developments
of interact.on cver time in a large information processing organi-
zation up.ler rapidly increasing load., The models are poly-nets and
incorpeyate authority trees, functicnal specialization, groupings of
technical competence, feedback patterns, communication trees, and
derrand tables of crisis urgencies,

Research findings ,.,.

Principles and techniques have been developed to structure,
formalize, and computerize higher-order executive intentional
transactions in large.scale information-processing operatieas,
These include decisiva making, contingency planning, procedures
and norm formaticn, and authority allocation.

Pubiications . ...

B. K. Rome and S, O, Rome. '"Leviathan, and Information Handling
in Large Ozyganizations,'" A, Keat &d O, Taulbee, eds., Electronic
Informatior Handling, Washington, D.C,: Spartan Bcoks, Inc.,
1965, 161-192,

B. K. Reme aad S, C, Reme, ‘'Leviathan,! SDC Magazine, vol. 8,
no, 4 {April 1965) 1726,

B. K. Rome and S, C, Rome. '"Automated Learning Process (ALP)."
R. V. Bowers, ed,, Studies on DBehavior in Organiza%ions: :.
Research Symposium, Athens, Ga.: University of Athen- Press,
in press, 312-347.
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B, X, Rome and S, C., RoZuc. ''Leviathan: An Experimental Study
of Large Organizations witk the Aid of Computers.” Ibid., 257-~311,

B. K, Rome and S, C. Rome. 'Execttive Decision Making in Large
Organizations: The Next Generalicn Leviathan Research,"” Sub-
mitted te American Scientist,

B. K. Rome and S. C. Rome, "A Phenomenological Approack to &

Computer-Based Large-Group Experimentation."” J, F. T, Bugental,
ed., Humanistic Psychology Today; in press.
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1-10, Western Resevve University, Centev for Documentation and
Communication Researcn, Cleveland, Ohio

Search Strategy in Information Retrieval
Dr. William Goffman
AF.AFOSR-403-65; AF-AFOSR-  -66

Objective ...

Toward mathematical description and structuring of
efficient communicziion t¢<hniques required for re-
liable informatien transmission systems.

Project summary ., .,

trategies are being postulated and evaluated for querying,
searching, and manipulating information ciores, Attempts are being
made to develop an abstract description and analysis of the search
process, and to establish procedures for achieving retrieval that
is responsive {o user needs, Mathematical models are being for-
mulated based on two concepts of epidemic theory as applied to
the transmission of information. The first modeluses intermediary
hosts as carriers in an open population; the second use¢s a migrat-
ing population concept. Experiment: are planned for comparing
human and computer performance in searching tasks,

Research findings ., ..

Through application of Lyapuncv's direct method and Pontrya-
gin's maximum principle to the study of communication processes
as epidemic processes, the state (i.e., stable or unstable) of a
communication process has been determined as well as those
adrnissible controls which will optimally produce the desired
state,

Publications ., ..

Williz.n Goffman. "An Epidemic Process in a Open Populaticn,"
Nature, vol., 205, no, 4975 (20 Feb 65) 831-2,

William Goffman. ''On the Logic of Information Retrieval,!" Infor-
mation Storage and Retrieval, vol, 2 (1965) 217.20,

William Goffman and Vaun A, Newill, "Commmunication and Epi-
demic Processes,! In preparation,

William Goffman. '"A Mathematical Model for Describing the
Compatibility of Infectious Diseases,” In preparation.

William Goffman. ''A Stability Theorem for an Epidemic Proceess
with Migrating Populations.!" Iz preparation.

15

4




Y P

-

- ATV AN o e

o

T A Y i AN ot e Wmmw.'m\

tia

~

._...,.,.—_1
i
i

- -

Adaptetion from B, K, and S, C, Rome

“Programirng the Burssv.raric Compuer,” 1964
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Foclion 2. S‘fa%ééxmal}boa K roalicn and
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The problem of sviecting appropriste descriptors of infor-zation
and g¢riarmzing them inlo 3 structure wasg originazly thought of 2as a
abraryewype problem, It 18 stils £ <rucial problem of information
service aclivities handling the technical Aocunient literature, Con-
ventional Lbrary classificacien schaines zre ret readiiy amenable
tv frequent and major modifications of darrow sabject areas vhich
must be accessea in specificity and devth as research expards
kncwledge of them, Ceaveatiznal library indexing practices can
similarly not readily accommedate to current requirements fee
many terminolegical access points to the subject cintent of docu-
ments,

The problem of identificetiopn and ciasaification has, however,
been sggravated by a techweoloygy that has rroduced computere and
sensors. Machines tha{ can ''read'' printed and handwritten
characters and can "lack at' muaps and photographs need instruc-
fions to tell them how to recognize a pattern and how to differen-
tiate one pattern from another, Txis rzises the guestion of how %o
describe a pattorn, What are the information-besring parammeters
in 2 Iin# drawing, in a letter of the alphabet, in an aericl! photo-
graph? Are the bils that are s‘gnificani to a human gignificant to a
machire? Can ules or algorithms he devslaped that can give
machinegs the intsiligence to identify patterns they haven't seen
before and to separate signals from noise?

Projects cancerned with both categories of problsms pertaining
1n cleesifisation are inzluded in thia task, It will probaoly be ad-
viszble to subdivide the taasX in tha future. Descriptor structures
for document systems a»s Irequently related to other aspects of
total zvsicm drganization and operalion, As methode ase rerfecfed
for mechkeaicing useful indexing procsdures, new apprazches to
juput, s@3zch awnd retrievsl can L& explored and incorporated in
systern?, Worlt with natural language may also lead to anstractions
pertaining Jo symiactic and gzemantic structures in language (see
Eaction F), Clarification of the patiern recognition pracess, on the
sther hand, .3 becaming a prohlam of awtificial intelligence (sea
3xctiens 4 and 5), Rulas thatckaracteyize the process must descride
procedures Sy which machines cau l2arn from experience 4nd can
adjust or zgdpt to naw inputn, How pottaxns are asded aiso bears
on infcrmation corptent and information loss in their transmizsion
{see Section 3),

The possibilily exusts that models for cheracterizing patterne
will also describe concepto represented by clusterz of word
descriptors, The data base for suchdaterminations is sadly lacking.
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21, iniversily of Avizera. Avaloy/Hybrid Computzery Laburatery,
Jucsen, Arizoka

A Study of Pexformance, Deeign, and Organization of Hyvrid
Computer Syztems

Or, Cramao A, Kora

- LHE<AFOSR-89-t5

Objective , ..

Toward design and canstructicn of ncvel types of hybrid
anzlog/digitai computers,

Project summary , ..

Research centars on the design of components for and compu-
tational procedures with the ASTRAC Il {Arizona Statistical Repsa-
titive Anaiog Computer}), an ail-sclid-state interative differentiai
analyzer that smploys #10 v, transistor amplifiers with a unity-
gain bandwidtn beyond 20 mc and very low computing impedances,
Emphasis is being given to studies on: parameter and functional
optimization; Monte-Carlo studcies of random processas; the com-
putation of statistical data with ceracse quantization; and operations
beyond simple averaging, Applicatione of the ASTRAC II delay-line
memory are being explored tc such proviems as the sulation of
integral equations, partial differential equations, correlation ex-
pesriments, and programming for variabla time delays,

Regearce findings ..,

Studies of a hylrid-code differeantial analyzer sysiem demon-
strated pussibie tradeoffs between zomputsr accuracy and speed
and verified results predicted by Skrainstad's original thuory. It
is anticipated, however, that the systsm will be overtaken by ‘m-
proved all-dipital differantial equetion solvara,

A simple digstsl-dispiay multiplexer was daveleped fer the
ASTRAC 1Y which permits aimultaneous diaplay of four digital-
xdgic outpute on a single oscillescope without analog switching,
Pubiications , .,

) Ymmett P, O'Grady, “A Hybrid-Code Diffsrentizl Aralyzar,” ACL
4 Mamo No. 87, April 1965,

R, L. Maybach, '"Genevation of Inverse Func«iona by the Method of
Stzepest Degcent," ACL Memo No. 130, Junc 1965,

18
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Grariro A, Koxn and Robect 4, Whigham, "Osziicscope Disolay o»f
Multipis Digital Sigeals. ACL Memo Ne. 116. Sept. 19465,

"Hebrid Cormputers and Monte -Carlo Tezhniques, 1964.35858," EES
y P £
Sarre, Ra=z5, M3, €, {2 oupera,

Al ACL mermgracnda partially sporsered by tais grant ate nov
listea here, Se= 118t of AGL Puallirations,” ATL Memea No, 105,
rav, A;wril 1265,
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Sk 2-Z, Florida Staie University, Library School, Tallahassee, ¥la,

&

Analysis of Personal Index Structares and Uses
Dz, Geraid Jshoda

AF-A¥FQOSR-895.65 *

Objective ., .

Toward determination of patterns of information-gather-
ing habits of scientists for the design of useful storage
and retrieval systems,

Project summary ., .

A case-history analysis is being made of the personai indsx
practices of a selected group of scientists bLoth to characterize
these practices and attempt to detcrmine operating patterns by
which information centers cculd more usefully serve as informa-
tion sources, Experiments are pianned on examining the variables
affecting the interface between the informaticn specialist and the
scientist, Effectiveness of the psarsonal index will be analyzed,
The personal index will alse be evaluated as a means of deter-
mining index profiles and as a means of indicating significant areas
of scizntific research,

Research findings , ..

Casge histories c¢f personzl index use are being oblained on a
regular basis, and subject searches are being examined te compare
indexing 2approaches,

Publications ...

Gerald Jahoda, Ronald D. Hutchins, and Robert R, Galford, "Char-
acterizticy and Use of Personal Indexes Maintained by Scientists
and Engineers in One University." Submitted ic American Docu-
mentation.

-~
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2~3. Universily of Howail, Graduate Dept, of Oceanography, Hono-
wlu, Hawaii

Linear Network Theory and lrattern Recognition
Mr. A, Timothy Ewald and Dr, Gordon Groves

AF-AFO5R-1041-66

Objectives ...

Toward methods for detecting meamngful patterns in
noisy sysieme anid for quantitatively measuring and cate-
gorizing them zor aulomatic decisionsystemsandlearn-
ing networks,

Project ssmmary , .,

Linear separability techniques can fall short in dividing data
sets into discrete classes that are meaningful, since the physical
world is not linear, This effort employs primarily ilirear tech.
niques, but is examining the identification process with respect to
discovering uifferentiating descriptors and associations among
descriptors “hat can provide analytic relationships for describing
the phernomenoingical world. Point radar waveforms are beingused
as the grincipal source of data, Preliminary results suggest that
a reuaxetiosn of convergence criteria will lead o quantitative classi-
fication procedures for identifying detectible pattern irdormation,
possibly through the use of secondary signal cues,

Research findings ...
See General Electric Co, (Temz), AF 49(636}-1520
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2-4, Hevnerv and Company, Washington, D.C,

Unification of Theory and Empiriciam in{nformatioanRetrieval
Mr, Robert A, ¥zirthorne
AF 49(638)-1427; AF 49{638)..1617

Objective , , .

Toward unification of empirical observations (i.e., docu-
mentary notions) and theoretical resulte (e.g., inathe-
matical repres._ntations) for precision in designing and
operating information £ystems,

Project summavry , .,

Studies are being mn.ade of: (a) combinatorial properties of
retrieval systems, largely thoge resulting from the structure cof
their vecabulary; (b) fundamental working characteristics of re-
trieval systems; and (c) bases and rational! aime of documentary
activities, A theory of minimal (i,e., necessary but nnt sufficient)
documentary activity is being developed based on observations that
all linguistic situations involve triadic relations; that documenta-
tion on any level must invelve message, channel, code, source,
designation, and destination; and that the first problem of docu-
mentation is bringing together appropriate messages and appro-
priate destinations, A method is being developed for displaying the
performance of systems that uses all-but-not-only and only-but-
not-all duality considerations,

Researcii findings . ..

Examinations have been made of the various distirn.t entities
blanketed by the words "information' and ''relevancz;' there is no
self-subsistent entity called "information" that is shared and con-
served in common by all activities as ordinary forms of speech
suggest,

The all-but-not-only and only~but-not-all duality discloses that,
whatever the methods and procedures, rejectior of more thana
certain minimum of acceptable items and selection of more than a
certain minimum of unacceptable items caunot be avoided in any
retrieval system,

Publications ., ,

Robert A, Fairthorne, Rapporteur's report, Session on Collection
Dynamics and Relevance., Proceedings, International Study Con-
ference on Classification Research, Elsinore, Denmark, 14-18
Sept, 1964, Copenhagen: Munksgaard, 1965,

22
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Robert A, Fairthorne, '''Use' and 'Mention' in the Information
Sciencies," Proceedings, Sympcsium on Education for Information
Science, Warrenton, Va., 7-10 Sept, 1965, Washington, D.C.:
Spartan Books, Inc,, 1965, 9-12,

Rokert A, Fairti-orne. ‘'Notification Theory." Abstracts, 1965

Congress, International Federation for Documentation(FID);, Wash-
ingtosn, D.C,, 10-15 QOct, 1965, 66,
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2-5. Institute jor Szientific information, Philadelphia, Pa,
Citation Index Studies for Infusreation Control
Dr, Eugene Garfield; Dr, Iving Sner

AF 49(638)-1547

Objective ., .

Toward methods of tracing and predicting patterns inthe
genesis, development, and use of scientific theories and
results,

Project summary ,,,

Thez citation incex is being evaluated as an objective measuring
tool for tracing thevse df reports and communications by scientusts,
The test corpus is 2 machine-stored file of approximateiy two
million citations from over 600 journals in the physical, mathe-
matical and life sciences, primarily for 1960-1961 literature,
Trend2 in the citation patterns will be critically examined,

Resea~ck findings ...

Compariszon studies of Science Citation Index 2nd Index Medicus
showed ewrlier announcement in the quarterly and annual editions
of SCI thcn in the monthly and annual IM's for a raudoin group of
journals having common coverage.

Studies of citation patterns in U.S, patents show that about haif
of the ~iting patente differ, even on the broadest generic component
of the classification assigned to the patent, from the cited patent,

Publications ., .

Eugene Garfield. "World Briain or Memex-~--Mechanical and Intel-
lectual Requirements for Univarsal Bibliographic Control,"” Paper,
Eighth Annual Summer Symposium on the Foundations of Access to
Knowledge, Syracuse U,, 30 July 1965,

24
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2-v, Institite for Scientific information, Phkiladelphia, Pa,
Computer Indexing For Information Retrieval
Dr, John O'Connor

AF 49(638)-1300

Objective , .,

Toward de*ermination of the feasibility of indexing
natural language text by machine,

Project summavry ,,.

Several problems associated with machine generationof indexes
are being invesiigated: {a) exceptions arising in the application of
thesaurus rules for the retrieval of documents; {b) ideni.fication of
necessary and sufficient sections of text for indexing purposes;
(c) definition of the concept of satisfactory retrieval within the
context of indexing systems and retrieval goals; and (d} formaliza-
tion of the baves that humans use in indexing,

Research findings ,..

Computer rules for identifying papers concerned with '"toxicity"
were at least as successful as human-indexer methods, but machine
indexing falsely identified as many papesrsas it correctly identified,
whereas human indexers rarely overassign terms.

Automatic indexing of the concept ""toxicity" was rcduced to the
above level only by the application of a number of rules, including
relative irequency, syntactic centrality, first sentence-firgt para-
graph, etc,, and was not as ''successful" with the concept "peni.
cillin,"

Publications ...
John O*Connor, ""Automatic Subject Recognition inScientific Papers:

An Empirical Study." Jourral of the Association for Computing
Machinery, vol. 12, no, 4 {Oct, 65) 490-515,
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2.7, Lehigh University, Dept, of Philosopny, Bethtehem, Pa,

A Formal Theery of Tovceptual Affiliation for Dozument
Rezonstruction

Dr, Donald J, Hillman

AF-AFOSR-1028-66

Gbjective ., .

Toward construction of a notationally and algorithmically

simple grammar for machine processing of natural
language text.

Project summavry ,,,

Logical &nd epistemological considerations ars being combined
with linguistic studics to develop the fundamental concepts for a
grammar for retrieval purposes, A theory of conceptual affiliation
is being formulated to supply the logical foundation of a process by
which characteristic terms may be organized into coherent docu-
ment-forming sets, Logical refinement of the notions ofterm-term
and document-term assorciations will be made toward the construc-
tion of a grammar for machine processing of text,

Reszarch findings ...

Sze Lehigh University, AF-AFOSR-T44-6>
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2-8, University of Michigan, Sensory Intelligence Lab,, Ann Arbor,
AMich,

Theoretical Frameworks for Pattern Recognition FProblems
Dr, Wilsen P, Tanner, Jr. and Mr. Richard F, Arnold
AF-AFOSR-367-65

Objective , .,

Toward explication of the patternrecognitionprocess, by
operations it is implicitly assumed that man performs as
a pattern recognizer,

Project summary ,,,

It ‘s assumed that pattern recognition consists of the following
operations: input weighting and storags; decomposition on 2 mixed
distribution of stored input; estimation of the parameters of the
distributions determined by the decomposer (the parameters de-
fining the clementary codes from which patterns are constructed);
statement of the pattern set and associated probabilities based on
all (distant and recent) of the pricr state of knowledge; and storage
of experience, Research ceniers on the following paramctric
statistical problem: given a statistical sarmple from a popuvlation
which is known to bc a mixture of populations of a known para-
metric form, determine the compesition of the mixture, Use is
being made of the transform domain for multivariate cases based
on the assumption nf a random sample drawn according to an
n-dimensional probability furction £(X)}, where f(X) is the weighted
sum of r summand functions, f,{X), where r may or may not be
known, some or ali of the -v;'s may not be known, and the para-
metric forms of the {{(X) are the same and known but the para-
meter valusr 2re generally different and not known,

Research firlings . .,

A method kas been devieged for estimating the Fourier expan-
gion of anarbitrary continucus probability functionover an n-dirnen-
gional finite rectangular domain using only a finite sample drawn
from the function, Relationships of the sample size to thie estimatas
are oeing investigated, This forms the basis for the decomposition
of weighted suwrs of n.dimensional normal probability functions
using Medgysssy-type linear operators,

Publications ...

Richard F, Arnold and Donald L, Richards, '""Monotone Congruence !
Algorithms." Technical Rept, No, I3L-65-2, April 1965. -

Richard ¥, Arnold and Donald L, Richards, ""Monotvone Congruence
Algorithms," Accepted for publication, Information and Conlrol.
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2-8, New York University, Dept, of Electvical Engineering, Bronx,
.-KJ. Y'

Pattern Analysis of Planar Geometric Configurations
Dr. Herbert Freeman
AF-AFOSR-24-65; AF-AFOSR-24-66

Cbjeciive ,..

Toward digital-computer analysis of complex geometric
patterns,

Project sumemary ...

Problems ccncerned with the &nalysis, classifization, and
smoothing of graphizal, linc-drowing type data are 0Oeing invest..
gated, The studies concern: (a) intvrinsie information-bearing
features of line drawings and their vss In developing clissification
hisrarchies; {b) methods for '"sogment ntting," with emphasis on
thosz that are orientation invariant; {c) smnocting of lire-drawing
data; and {(d) the artection of speciric features, :n particular, gnarp
slope discontinuitizs (cornsrs).

Optimum solutions are also being spughtfor the two-dimensional
allocation problem, i.e,, minimizing waste and cost in scheduling,
making layovis, etc,, for various shaps restricticns,

Quecuing problems are alsa being studied for a Jommurnication
system in which iwo or move dig:tal computers are linked with &
significant delay; the computers <an transmat or receive, but vannst
do both gimultaneocusly,

Reseavch findings ..,

A formzl mathematical medel for contour maps was developed
which greatly facilitutes the solution of contour mdp probiems,

An algorithm was developed for tha two-dimensional *hidden-
Line'" problem,

A solution was found for the messagc interference problem ina
two-way computer commaunication system with transmission delay,

Pubiications . ,

5. P.Morse. "Compnter Sturageand Analysis of Contour Map Data,"
Feb, 21965, 1iYU Technical Rept, No, 400-106.

Jerome Feder und Herbert Fresman. "Segment Fitting of Curves
in Pattern Analysis Ueing Chain Corvslation," March 1965, NYU
Techrical Raxt, No, $00-108,
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S, ! ‘orse, ‘“‘analysis of 3 Contour Map an a Cloyved Surface,'
Sept. : 965, NYU Techpjcal Rept, Mo, 400-123,

Ph:lip Kaszerman, "A 'Region' Concept and its Application to
Threohold Logic," Iaformation and Control, vol. 8, no, 3 {Dct.
1965} 531-551,

S. F. Mavse, "A Mathomatical Model for the Analysis =f Contour
Line Lata,’ Qct, 1933, NYU Technical Rept. No, 400-!84.

Jar>me Fuder =ad Herbert Frceman, '"Digital Turve Hiatching
Ueiay a Centelr Correlalion Algoritam' Accapt2d {41 publication,
(EZE Iaternccional Conventicn Pecsrd, March 1904¢,

Herb xt Frsarran, UPattern Analvsiz of Placar Oronetric Coa-
figurations.'” Ia prsparation,
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2-10, Sperry Rand Covp,, Univac Division, Blue 3ell, Pa,

Optimization 2nd StandardizatiTn of 'nformation Ret ieval

languaga and Systerns
Dr. Gilbert Kaskey and Mr, Earl G, Fecssum
AF 39(638)-1164

Objective . ..

Toward specification of optimum: tile organizatioas
for real-time, low-cost informatica sisrsge and re.
irieval systems,

Project summary ,,.

Studies are in progress on {(a)an analysis of parometsss re.
lated to file partitioning for optimization of organitetion 3ad
search time; {b) devslopment of an automatic indexing and nezrch
3ystem having general applicabiiity; and (c} definitior of the 1vnc-
tional specifications for a real-time, low-cast, eftierntinformatien
processor through integration of the logic and computiig caparilic
ties of machires with the coding, storage oud retriavel rege re-
ments of the {formation system,

tesearch findings , ..

It hap been found t-at jndex-term associitions tend to b used
without recognivon of irupli=it relationshaps in the structure ox the
thesaurus jfor the vacabulary ~f an inforsiation storage and re-
trieval system. with the »esult that farge-sgcals duta storage and
processing regu‘ziments ere genorated which .may not be necse=
sary.

Criveriz hate been veveloped for determining optimurm file
organizatio?. blsed ¢ specified s/ stern parameters: dcrument
sequonced icverted sequenned, and 'chained' orgawnization of the
index term file.

Fublications , _,

£a:l G, Foazura 1ad Gitbert Koshey, “Some Notes on (ke Use and
Data Processing Asgpects of Associtlion Factors iro Indovmnation
Sterige an? Relviev ' Syatema.” Rest, nNo. 5, March 1965,
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2-11. Uzlversily of Toronte. D«pl. of industirial Engineeving,
Toyraito, Canada

- Campeadium of the Digirinui:ors of Matrematical Slatistics
and Apgpiications

Dr. Samuel Novs <

[ BN
B
4

- AF-A¥CSR~1009-606

Dbjective ,

Tywerd productionofa bibliographacand rererence foal
for research instatinrcics aud e information sciences,

Project siwenmary ...,

A compendiurn of stzlistical distributions is belng cornpiled
which will contain sompact Lt detailed descriptions of the dis-
trivations, prodertas of the estimatzd parameters, and examples
from majoxr areas ¢f their applicasion. Eource materialy for the
cempendium irclude a substantial number oy non-U.S. papers, in-
cludirg Russian materials, that ave being snaiyzed irn the origina’
languages. Over f{orty distributions a=nd thear vazialinna and
generalizations are being conzidered,

Z
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2-12, Waestat Research Aralysts, Inc,, Denver, Colo,
Theoreticai Foundations for Associative Reirimval
Dr. Edward ¢, Bryant

AF 49(638)-1464; AF 49!638)-167]

Objective .,

Toward mathematical forrmulation of the assoc:at.on
irlationships Among concepts represented inlanguayz
descriptions 12 documents.

Praject summary , .,

Forraulas are being developed for associating index keys with
search keys when thes¢ keys are not icdentical for e'ective re-
tricval from information stores, The setc of keys are being re-
Iated by a lirear Sransformution, ©Conditicas or resirictions that
n.ust be impos:d on the transformation, and untimizatiorn of the
transformzation are being investigited,

Research jingings , .,

Forniulns were dezived which quartify the improvement in
retrievel that cen be expectz] through the use of associative
methods for corresling underindexing 1n zero-one indzxad files,

Publications . .,

Edwyrd C. Bryant, "A Status Report on Research in Information
wetrieval," Pzper presented ata program on Management! Infor-
mat.on Systoras and the Information Specialist, Purdue U,, 12-13
July 1965,

fdward C. Dryant, Donald T, Searls, and Robert H, Shumwav,
~Sema Theoretical Aspects of the Improvement of Document Screen-
ing by Associative Trarsformations,"” AF 49(638)-1484, finalrept,,
Nov, 1963,
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Feclion 3. Tranimicssion o/ Fnformaticn

It is an understatement te say that many mechamisms zxist by
which information 1s transmitted. A simple organism can have a
multiplicity of sensors for orientation in and adaptation to its
environment, Man has mechanisms within mechaniems cornpounded
by his higher animal abilities of perception, awareness, and
thought, Physical systems display order, a balancing of cause aud
effect, and adaptation that suggest cther mechanisms that may be
disclosed as marn probes space,

Living systems present a challenge to man's understanding of
informatior processing, In packages smaller than he can fabricate,
complex processes occur that he cannot yet model, What are the
algorithms for seeing, for hearing, for rernembering, rforgetting,
for integrating one bit of information with another, for mazking
quantum jumps in tF.oupht that lead to creative syntheses? How are
impulses sensed, sorted, coded, transmaitted, stored, recalled,
evaluated? How are judgments made and decisions reached? How
do organisms communicate with each other, and, inparticular, how
effectively does man communicate with man? Inquiry into informa-
ticn transmission mechanisms ranges from sludies of interactions
at the subcellular level to those among men and between men and
machines,

This task principally sponsors connecting-typs research (see
Introduction), The NiH, psychology and physiclogy branches of other
agencies, ac well as the Directorate of Life Sciences, AFOSR,
have major programs directed toward answers to some of the
above questions, However, other sponsors are not necessarily
concerned with information science objectives that seek isolation
of information-bearing parameters, models of information-pracess«
ing mechamsms, and techniques for improving comaunication
processes, Since the range is broad and the budget is small, only
a f~w projects ¢an be supported, They highlight the difficulties that
are inherent in attairning information science objectives and suggest
rates of progress that could be achiesved toward their attainment.
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Baea g1, University of Birmingham, Newrocommunications Reseurch

Init, Birmingham, England

Studies 1n Meurocommunications ( I'he Role of Inhibition inIn-
formation Transfer)

Dr. larn C, Whitfield

AF-ZOAR-115-63

Qoyective |,

Toward understanding methods for filtering, coding,
storing and transmitting patterns along »athways hav-
ing apparently limited capacities,

Project summary ...

Studies are being made of changes in the coding pattern that
occur when the pulse pattern in the auditory nerve 1s transformed
by passage through the cochlear nucieus, The input/output trans-
format.on has been related to the interconnectiont ot ihe units
within the nucleus and the interplay of excitatory and inhabitory
channels, A method has been devised using a micra-tap for .-
leas.ng drugs into the 'space' around the test cell to study the
transformation model,

Research findings ...

Several pieces of evidence stiongly suggest that acetylcholine
is the gynaptic transmitter for uvne of the centrifugal nervous
pathways from the h:igher centers terminating in the cochlear
nucleus, The channel appears to operate a ‘normally closed' gate
for contrclling sensory information passing through the nucleus,
since blocking the pati,x2y results .n the r=sponseto an input being
cut off, whuereas 1ts activation lowers the sound threshold,

Publications ...

S. D, Comis and I, C. Whitfield, "The Effect of Acetylcholine cn
Neurones of the Cochlear Nucleus.” Accepted for publicatisan in
{ Journal of Physiology.
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3-2, Generai Dynamics Electyonics, Research Division, Rochester,
ALY,

Communication and Information Theorv Aspects of the Nervous
System

Dr. Eugene Aga.ides

AF 49(638)-1470

Objective ., .

Toward determining the maulticoding-unichannel and
multicoding-multichannel phenomena in living systems
for applicability to the synthesis of composite channels
and complex networke,

Prouject summary , .,

This study 1s quantitatively investigating the performance of
various cutaneous sensory trangducers and their relationships to
higher nervous centers to determine network structures and coding
patterns, Coding and information theory aspects of the signal
resporses of skin sensory receptors and nerve endings to sirgle,
paired, and triple stimuli are being examined, Data on frequency-
amplitude-excitation relationships are expected tu clarify such
phenomena as differences of response by anatomically gimilar burt
functionally different receptors, variances in threshold prodyced
by habituation, and selective discriminationand extinction of signals,
The data may provide a by-product by indicating tolera..ce levels
for man to acoustic presgsure and frequency in the performance of
such information processing tasks as hearing, speaking, and think-
ing,

Research findings ., .

The Pacinian corpuscle, a pressure seénsory receptor of the skin
of primates, was found to respond to a2 multitude of stimuli; the
threshold to acoustic stimuli varied -with frequency.

Lorenzini Amypl.llaz, multiple sensory elements in the skins of
fish. appear anz.-waically s.umalar in different species but experi-
ments on the Negaprion B:r:vi-ogtris (lemon shark) and other
species show pnysxda ically selective functioning, for example to
pressure, temperature, and electric stimuli,

Puklications ,,.

Eugene Agalides. ''‘Biophysical Cornmunications, 1964 Research
Revort." Rept, No, GD-1465-12, July 1965,
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2.3, Indiana University, Hearing and Coinmunicatica Lab,, Eloom-
inglon, Ind,

Auditory Signal Detection, Correlation and Transm.ysion
Dr, James P, Egan

AF-AFOSK-548-(5; AF-AFOSR-548-uC

Objective , .

Toward specification of hurnan performance and system
efficiency 1n several common perception and decisson-
making situations,

Project summary , .,

The theory of signal detectab:lity 18 being spplied to the fundu~
mental detection problem in the context ¢f auditory deteci.on in the
formulation of a theoretical maodel, callad the method of {ree
response, fus analyzing listener resgonte ta auditory sigrals, {The
thecry of signal detectabk:lsty, = sermalivy theoty whisn describes
the pecformance <i an wdeal ovanrver who uses all rolevant in.
fuxr-ation avcilable to him to arrive al a "besi” decision, has
provided a f-amework for the rsformulatioa of cartain probiemas
in the field of psyshophysics), Rogaarch 2 principsily Lancarnad
with phenomena azsocisted with masking.levsl difterenier, Two
models of the action of the binaural pratossing systeyn 8re va.ng
studiud: {u} ar. equalizalion/cancallation model @t n passamas that
the inputs from both ears are qualized and ) s ancalled by ¢
subtraction procesy, and (») the Jeffresy maodsl waich postulatas
that a pharge difference rosulta Letween the ‘wn wavelfarms, one at
each ear. whea ihe signat i1s added to the noxae, and the phane dif.-
terence 8 tne slimuius cue for detectio,

Research findings ., .

The detection of a sinucoid zgaianst a background of cuntiauous
noiss is markediy improvadunder xpproprrate conditions of binaural
listening, The release from wmaoking is diminished by aboal five
decibels when the no:se and the signal are turned onand off
together, a result having implications for thacries of binaural
nwm~asking,

Whzn the seme ncise is presented continuously to woth ears,
and when sirusoidal sigunals of different frequencies are also pre-
sented, one to eazh ear, a relcase from masking occurs, The tilter
characteristic of the himaural processing system was eztimated
by measuring the amount of release from masking as a function of
tae difference in frequency between the two sinusoids, one at each
ear,
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Dublications , ..

James F., Egan, William landner, and Dennis McFadden, '"Mask-
ing- Level Differences and the Form of the Psychemetric Function.”
Journzl of the Acoustical Scciety of America, vol. 37 (1965) 1181(A].

James §°, Eganr. “Masking~l.evel Differences as a Function of
Interaural Disparities in Intensity of 3ignal and of Noise."' Journai
of the Acoustical Society of America, vol, 38 {Dec, 1965).

James P, Egan and William Beuscn, 'Lateval:zation of a Weak
Sigral Presented With Correlated and With Uncorrelated Noise,"
In manuscript,
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3-4, lmiversity of Michigan, Communication Sciences Lab, ~an
Avbor, Mich,

Problems in Spe¢ch Tommunication and Automatic Speech
R <cogniticn

Dr. Gordon E, Peterson and Dr, june E, Shoup

AF<AFOSR=~595-65

Chiective . ..

Toward formulation of a general phonetic theory, a gen-
eral phonemic theory, and a set of legical proceduresz for
converting the information-bearing acoustic and hine
guistic parameters of speech *o a discrete code,

Project summary , .,

To achieve speech communication with a digital computer, the
computer must be able to accept and interpret a speech input
{automatic specch recognition) and to produce a speech output
{automatic speech 5 nthesis), In prior research in this project, a
general phonstic theory anda phonemic theory have been formulated,
and a programmable set of legical procedures have been developed
for converting acoustic parametzrs to sets of phone types, The
sete of phone types can be coaverted to phonemes by reference to
an allopnonic environmental statement for the various phonemes,
Research is contininuing on: (a) a theory of phonology, particularly
prosodemic theory and the relation between phonolegyand grammar
including lexicon and syntax; (b) logical procedures for interpreting
the acoustic parameters of speech; and {c) a structural description
of the phonology of midwestern Americar Englisk for an under-
standing of linguistic requiremer:c :ndependent of lexical and
grammati: information needed for the conversion of phone types
to crthegraphic sequences. Tne theories are being reduced to
slgorithme for computer proceesing,

Reseavch findings ..

A general phonetic theory based onthe physioliogical parameters
of speech production kas been completed.

An investigation of the essential elements of anacoustic phonetic
theory nag heen completed,

Pubiications ..,

Gordon E, Peterson and June E, Shoup, "'A Physiological Theory
of Phonetizs," Journal of Speech and Hearing Research, vol. 9,
no. ! {March 1565)
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Gordon E. Fetersen and June E, Shoup., "The Eiemen:s ol an
Acoustic Phonetic Theoary," Journal of Speech and Hearing Re-
search, vol, 9, no, 1 {March, 1766}

Gerdon E, Perevson and june E, Shoup, '"(Glossary of Terms frem
the Physiclogical and Acoustic Plonetic Theories,"” Jourral of
Speech and Hearing Research, vol, 9, no. | (Marcit. 1906)
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3-8, Moatcna Slate UVniversity, Dept, of Speech, Missovla, Mont,
KMcdel and Mcasurey fos the Human Commurication V“rocess

Dr, Forrest L., 3rissey
AF-AFDSE -62-214; AF-AFOSR-878-65

Continuation under Univarsity of Sregon. AF-AFQOSR-1035-66

Objective , ..

Toward 1identification <f potentially sigmficent para-
meters « “ the human communication process and mechods
ol measuring them,

Froject suwmary , ..,

Procedures are being developed for measuring communication
effectiveness in terms of the non~-verbal decision behavior of Loth
the source and receiver. A quant:cative measure is sought for the
degree tc which Jdisplays are or may ke efficiently auid accuvately
caded :n a specinied symbo: asystem, The reievznce of concepts of
uncertainty and redundancy derived from infcrmation “neory and
appliz¢ tc a l:inear sequence ~f binary events is bzing exsmired
towded rthe definmivion of a useful mcasure of encodability for a
ratrix cf Lnary evants, Factors such as roufrontation, status,
and Adecoding apt.tude on mesgape-mediated decisicas wili be
examinet empirically,
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Univewrsity of Orexon, School of Education, Eugene, Ove,
Mgode! and Measures for the Humar Ccmmunication Process
Dz, For=cot 1., Brivsey

AF-AFCSR-1055.66

Far QObjectives and Project surmamary of current ce-
scarch, zee Montaon State University, AF-AFOSR-878~65
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3-7, Unirersity College (Londony, Dept, of £5 clology, Fnglund
S%oclastic Models and Chnoice Bleaavinz
Dr. Robert J, Audlayv

AF-EQAR-62-69

Objective ...

Toward determination of the faciors which control be-
havior and aifsct decision making in choice situations,

I'roject summary ., ..

A mcdel 18 being developed that accounts for factors wnvelved
1n processes cof choice. Various choice situations are being
examined systematically, A farmily of probabilit- models 1s beirg
used as a guide 1n the selection of testable hypotheses and as ¢
means of describing the dats,

Reseaich findings ...

In a study of the relation between the probability of choasing
one of two alternat:ves and th. statistical disir:butior of the time
taven to make the choice, a new experimental tethriquz was de~
vised toward ensuring tha! the subject maintains the sarme level
of efiort afier accuracy at all levels ¢f response protabihity, and
that his choices are relativeily uminfluenced bv response nias,

An hypolhesis avout the mechaniem of cho'ce 1s supported my
the cata.

Publicat:ons _,,

Robert J, Audley and A, R, tike, 'Som: alteinat.ve stochashic
models of choice.”
Eaychoicgy, vei, 18 (1

Kobert ', A aiev. ' Modeis of Choice: Some PPeoclems of Tvalua-
tion.' }rcceedings, Conterence on Mathematical Models in Peve
chnlogy, entre¢ Netional de la Rechercne Scientifique, Parie, 1in
press,
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Se&, University of Ulah, Dept, of Psychology, Salt Lake City, Utah

Exploratory Research o Communication Abilities and
{reative Abilities

r. Calvin W, iaylor

Vo, TOSR~ 14463

Cljective ., .

I'oward isolating meusurable criteria leading o opti-
rmicaticn of the himarn compoaert in comrcrurication
gystems,

Frugect summary |,

Understand'ng. ideatification, and measurement of the human
abilies required tor 2 geud communication system are sought,
These avilaties appear measuvable by several relatively distinat,
central varialles or disveassiuns which require ciarificafion. Com-
muxtc~tion angd creative abilities and their interrclationshipy are
Leing examined througa study of sipmificant diunensions involved
1m recrntion and exprassion, the tasks eliziting these abilities, and
the zonditinns under which each of these abilities wall function,
Helatienghips Su education and training wiil be suggested.

Publicetions ., .
Calvin W, Taylor. "Product ve Thinlung in Science Dducation,”™

Science Zducatior 1 the Jun.or High L.evz], a National Education
Association publication, ia press,
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From J, A, Swete and D, M, Green

"Signal! Getection by Human Observers," 1963
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Seciier 4. ef'&/a/p&}w and e(/’el]f(z/zgaxng}()n;, %;az'énw

Man, the informalion processor, :intrigues man, the circuit
Aes:gner, and marn, the model builder, Man's nervous system is a
fascinating structure, its operation a subject for conjecture, Some
of man's sensory systems, his eye, his ear, are better understood
and offer existence proofs to the engineer. Beyond what man can
see are processss he calls perception, consciousness, and thought,
Will he be able to {ind necural networks or molecules he can .sso-
ciate with these processes? V'here and how is experience stored
to provide for memary and recall? What 1s the sequence of events
by which this unique animal called man evolved from low: r forms?

Man and lower liviag systems embody principles of structure
and performance which far surpass equations that he has been able
to formulate and hardware that he has been able to build, Man has
repeatedly built machines exceeding his own capabilities--con-
struction equipment, infrared detectors, computers, spacecraft.
He has also synthesized drugs and built pacemakers and prosthetic
drvices to extend his life and assist physical performance, But,
except to minor degrees, 'e has not yet built devices he can work
with as extensions of himself in the waythat h¢ can work with other
men, He has not built machines he can send into hostile and ad-
verse environments that can report back to him selectively and
reliably the information he would want to know. He has built
machines which record vast quintities of data about the physical
universe, yet few machines can distinguish the significant bits
from the rest,

In information science terms, research to understand and model
the dynamic processes of living systems is variously ternted arti-
ficial intelltge; ~», the {ield of adaptive and self-orginizing systems,
and when the construction of hardware :s involved, bionic:s, The
terrn cybernetics .s sometimes used, Lecause these sysiems in.
cerporate contrel and feedback mechanisms that adjust the.:
periormance toward specified geals,

Research on adaptive systems may produce spectacular results
over the short range, but such results canonly be a first and gross
approximation to what the 1 »g range holds. The mechanical eve o»
hand, the computer that voices the words '"Bravo!" or ""Come
again”’ ‘“e tracker that finds a target embedded in noise go part
of the . ., Mechanical devices with more and higher level features
of human intelligence and adaptation could teach and train man.
Machines might nol only help accelerate learning, butcould slso be
used to stimulate and enhance man's inventiveness and creativity
if more were known abo t his memory and thought processes., The
¢ Juaticnz by which man discriminates, makes decisions, integrates
disjoint bits into a whole greater than the sum of its pasis ca.w be
successively approximated, It would be short-sightedness, however,
to consider first approximations as more than precisely that,
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Engineers, mathematicians, ana perhaps administrators, tend
to get carried away with the potentiel prospects of the intelligent
machine, It i8 error to ignore data bases, The neurophysiologist
knows scmething aboul the nervous system, but he has a lot move
to discover., Tne psychiatrist ani psychologist know something
about behavior, but only a little sorr =thing, The molecular biologist
knows compound composition and stru .y.e, but what is the expla-
nation for memory? Optimum resuits ov.r the long range can only
come f{rorn close cooperation, actuaily ¢ybernetic coupling, across
the range of disciplines that coniribute pieces to the puzzle, The
generalist and the specialist are both needed in the various fields,
and they must be able to exchange ideas. Science 1s becoming one
again as it simultaneously increases 1n specializaticen,
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I-1. Bell Aerosyslems Company, Buffalo, A, Y,

Nonlinear Preprocessing of inputs to llinear Neural Networks
Dy, "onannues G, Goerner

Ak H{3IR)-1627

Objective ., .,

Towazrd the development of discriminating multilayer
wets for physically implementable learning and adaptive
coniro!l systems.

Preject zummary , ..,

The comtl.nation of a linear rneural net and nonlinear inpul
preprocessing (3 belng examined as one direction of extending tre
capabilities of neur:! nets. Preprocessing methods to Le studied
include: (a) quantizing analog inputs and weighting each quantiza-
tion interval separately; (b) digitizing analog inputy; and (c) coding
digital inputs to achieve desired input-output transforma’ioas.
Methods for allewing the netwerk to autemctically establish proper

vantization intervals will also be studied, The preprocessing
schemes will be used in conjuaction with error co: ecting training
algorithms developed previously for linear reural nets, Understand-
ing the behavior o¢f one-layer nets with nonlinear przprocessing
should enable exteasions to cascade arrangements resulting in
multilayer nets,

Reseavch findings ...,

Deterministic training algorithms {for linear, single-layer
learning nets have been analyzed and an algorithm: based on the
method of steepest descent has been developed for optimizing a
system given in cuadratic index of performance. Effects of com-
ponent deficiencies have been determined.

A magnetic ferrite core arrangement has been developed as a
trainable analog rmnemory element for implementing the algorithms,

Pubt.cations , ...

J. G. Goerner, L. A. Gerhardt, and F, D, T’owell, "The Aprplicatinn
»f Error Correcting Learning Machines to Linear Dynamic Sys-
tems,” Proceedings, National Electronics Conferencs, vol, 21
(Oct 65) 541 -6.
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J. G, Goerner, L, A, Gernardt, and F. D, Powel "A Umfying
Mathematical Theory for Training Learning Nets,” AF 49(638)-
1449, final rept., Oct, 65. BAC Rept, No, 9500.92003..

L. A, Gerhardt. “Some Dbasic Applications of S$~lf-Organizing
Systems,"” April 1965, BAC Rept. No, 7500-920036,

F. D. Poweil, "Frequency Domain Error Analysis of Systems

Having 3 Time 7arying Coerficient in an Open Loop," Submitted
fe,» pablication,
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i=2, Decicinn Science, Inc,, San Diego, Calif,
Pesig, «f Evolutionary and Conscious Automata

Dr. Lawrence J, Fogel, Dr. Alvin J, Owens, and Dr. Michael
J, Walsh

AT 49(638).1651

Chjective |, .,

Toward incorporating complex predictive and decision-
making specifications inte the data-processing programs
for digital computers,

Project summary ., ..

Th s effort proposes to forwmailize intelligent decision making in
terms of programs which develop a successicn of logical models of
the sensed environment through iterative mutation and selection of
finite-state machines which are evaluated with respect to their
experieace and defined goals, Factors te be studied which affect
the success of the program in producing aporopridte models in-
clude: the nature of the goa! and it< invariance with time; the
amount of orderliness in the sample of the sensed environment;
the size of the sample; and the nature .f the mutation noise distri-
bution, A goal structure is anticipated, ..z,, a series of levels of
internal modelers, the highest level model providing a goal for the
next iower level and thus, indirectly, for all lower levels, This is
an approach to describing unknown transducers and evelving enti-
ties, i.e., conscious automata, whose descriptions include models
of the logical properties of both the environment and the automaton,
with the capability of demonstrating knowledge about either one
through suitable response to queries for information from an
external observer,

49

',' 411,__' T,




PIIENTT it
4

v

4.

ty

N ~

R e - e——ma— . - - . ot -

4=-3, Geneva: Flectric Co, (Tempuj, Sanle Rarbara, Culif,
Multilevel Adaptive Threshold Legic for Pattern Recognitior
A, Timothy Ewald
Contract AF 19{638).1520

Fer Objectives and Froject summary of current research,
see University of Hawaii, AF-AFQSR-1041-66

Research Jindings . . ..

The applicability of adaptive threshold logic has been demon-
strated as a tool for the pattern recognition of data classcs whose
s nsor sign4l characteristics are complicated and not amenable to
2nalytic soiution,

In noisy radar systems, it appears that only the beginming and
ending intervals of the radar scan provide useful information,
prompting further study into the reasons why this occurs,

Publications , . ..

A, Timothy Ewald., '"Adaptive Thresheld l.e..ic for Identification of
Simulated Radar Targets,” Final rept,, Nuv. 5. 6535TMP-3d,
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-4, Grafix, Inc,, Albuquerque, N, Mex,

A General Adaptive Motor Learning Program for a Dig:tal
Computer

AF 49(638)-1476

Mr. Gene R, Bussey

Objective . ...

Tow 1 the specification of generalized procedurves of
learning and adaptation that can be describtedinthe form
of computer programs.

Project summary , ...

Study is in progress on the generation of effective coded com-
mand sequences for the performance of accommodation-type tasks
such as are invelved in maintaining balance, adjusting vision, etc,
General principles are sought from an examination of the inter-
action of two computer programs; Pupil (the learning program)
and Tutor (the environment simulation which also computes evalua=
tive data for analyzing performance), It is hypathesized that 7zen-
eral programs can be extrapolated {rom specialized programs for
the performance of a variety of non-homeostatic activities,

Research findings , ...

An elementary hierarchic motor control system thal inciudes
system seif-establishrnent of subgoals leading to self-development
of gowl-seeking behavior, was successfully incorporated into Pupil
which was repregrammed for ihe IBM 360,

Publications . ...

Gene R, Bussey., A Generzl Adaptive Motor Learning Program
for a Digital Computer, Final rept,, Pts,Iand II, AF 49(638)-1203,
Dec. 64. AD 611334,

Gene R, Bussey., A General Adaptive Motor Learning Program for
a Digital Computer, Final rept,, Pts, IIl and IV, AF 49{638)-1203,
Pec, 54. AD 611335,

Cene R. Bussey, '"Computer Experiments in Motor Learning.''
AFIPS Conference Proceedings, vol. 27, pt. 1, 1965 Fall Joint
Computer Conierence, 1965, pp. 753-774,
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4-4, Grafix, Inc., Albuguerque, N, Mex, “ Y
o 3!
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A General Adaptive Motor Learning Program for a Digital ;»:&3&55
Computer Foro

;‘é T ey

AF 49(638)-1476

e

Mr. Gene R, Bussey

P
Objective . ...
Toward the specification of generalized procedures of
learning and adaptation that can be describedinthe form
of computer programs, B
Project summary ....
2 Study is in progress on the generation of effective coded com-
mand sequences for the performance of accommeoedation-type tasks
G such as are involved in maintaining balance, adjusting vision, ete,
. General principles are sought from an examination of the inter-
e action of two computer programs: FPupil (the learning program) 3
- ané Tutor (the envirenment simuiation which aiso computes evalua.- L
5 tive data for analyzing perfocrmance), It is hypothesized that gen- g

";j; e¢ral programs can be extrapolated from specialized programs for .
& the performance of a variety of non-horneostatic activities, 3
5 !
N t
Resec¥ch findings . ... !
& Anu elementary hierarchic motor control system that includes )

& system self-establishment of subgoals leading to self-development :

;:ES“Z-; of goal-seeking tehavior, was successfully incorporated into Pupil H

§§ which was reprogrammed for the IBM 360, i

é Publications ...

% Gene K. Bussey. A General Adaptive Motor Learning Program
= for a Digital Computer. Finai rept,, Pts,Iand II, AF 49(638)~1203.
£ Dec. 64. AD 611334,

i\*‘ Gene R. Bussey. A General Adaptive Motor Learning Program for

%;7_ a Digital Cymputer. Final rept,, Pts, IIl and IV, AF 49(638)-1203,

: £31%

g; Dec, 64, AD 11335, 2-._.._,5%
2 Gene R. Bussey. ""Computer Experiments in Motor Learning." { 1%
e AFIPS Conference Procesdings, vol, 27, pt. 1, 1965 Fall Joint i :
o Computeyr Conference, 1965, pp. 753774, L - ok
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4-5, Hollandey Associales, Fullerton. Calif,
Criteria for Adaptive Systems
Mr. Gerhard L. Hollander

AF 49{638)-1664

Objective ...

Toward the development of system-independent assess-
ment and evaluation measures for comparing systems
and relating them to operational requirements.

Project summary ...

This effort will examine the varijous approaches tu adaptive-
system design (approaches range from mathematical analysis to
hardware design, and are designated by a variety of descriptive
terms including "self-organizing! and ''learning" systeras and
vYartificial intelligence') to develop evaluation formulas relating
system characteristics to potential applicutions, A functional ap-
proach will be applied in studying the extcrnal characteristics of
the systems., Factors to be evaluated include: range of adapting
ability; convergence speed; complexity of design; percentage of
components required for learning ability; and flexibiiity.
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4-6. University of Illinois, Bioiogical Computer Lab,, Urbana, I,

Thenry and Application of Computational Principles in Complax
Intelligent Systems

Dr. Heinz von Foerster

AF-AFOSR-7-64; AF-AFOSR-7-66

Objective , ...

Toward discovery of the fundamental computational prin-
ciples in complex intelligent systems governing infor-
mation selection and transfer, for their application in
the cornstruction of automata.

Project summary . ...

Through interdisciplinary research, epistemolcgical, theoreti-
cal, and experimental penetrations are being made of the compu-
tational principles in biological systems affecting information
selection, reduction, and transfer, The effort includes further
development of the mathematical theory of control and cornmuni-
cation in complex systems; the study of large random and struc-
tured networks exhibiting memory, cognition, self-organization,
and anticipation; advancement of the concepts of multi-valued
logical systems toward the description of perceptive and self-
reflecting systems; and the developmert of an approach to the
2mpirical examination of the semantic structures of natural
language for data processing.

Research findings . ...

Exhaustive analysis by computer simulation c¢f the structure of
behavior of all 256 different comilex systems. each of which con-
sists of exactly 100 randomly connected like elementary components
whivh compute on their twc inputs preciseiy one out of the 256
possible recursive logical functions, showed strong and, in many
cases, unexpected velations between behavior on the elementary
level (the particular logical function computed) and behavior on
the systems level (transients, cycle length, multiple periodicities,
etc.), while variations in the topology of connections contributed
surprisingly little to changes in behavior. :

In a first step toward developing algorithms for nenlinsar
composition rules, particularly superpositions for nonlinear op-
arators, an extension of the classification of operators showed
that a number of well-known nonlinear differ=utial operators
belong to these extended classes and are reducibie o a canonical
form.
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In a study of linguistic invariants, when all tree structures
obtained by the 'noun-chain method" from English, French, and
German dictionaries were taken together and the number of nodes
they contained at each level relative to the root were determined
and plotted as a distribution of the number of nodes vs. level,
similarities were found to be greater than differences, e.g., the
maximum number in each case occurred at the third level, the
mean levels were within one-half unit of each other, and curves
interpolated between points had the same shape for all three
languages within observational error. So far, no tree has shown
a depth greater than 8 levels,

Publications ...

Heinz von Foerster., "Memory Without Record.” D. P, Kimbel,
ed.,, The Anatomy of Memory., Palo Alto: Science and Behavior
Books, 1965, 388-433,

Heinz von Foerster. ''Bionics Principles.! R, Willaume, ed.,
A Lecture Series in Bionics., Parvis: AGARD, 1965, 1-11,

W. Ross Ashby. 'Measuring the Internal Information Exchange in
a System." Cybernetica, vol, 6 (1965) 5-22.

W. Ross Ashby, "Constraint Analysis of Many-Dimensional Rela.
tions.!” N, Wiener and J, P, Schade, eds., Progress in Biocyber-
netics, vol. 2. Amsterdam: Elsevier Publishing Co., 1965, 10-18,

Alex M, Andrew, "Self-Improvement Using a Disturbed Measure
of Goal Achievement,” Preprint, Technical Rept., 1965, for
Proceedings, IFAC, London, 1966.

Alfred Inselberg., '"On Classification and Superposition Principles
for Monlinear Operators.'" Technical Rept. No. 4, May 1965,

Crayton C, Walker. '"A Study of a Family of Complex Systems.”
Technical Rept, No. 5, June 1965,

Alex M, Andrew, ''Tables of the Stirling Numbers of the Second
Kind,” Technical Rept. No. 6, in press.

Alex M, Andrew. "Tables of the Modified Stiriing Numbers of the
Second Kind.,"' Technical Rept, no. 7, in press,

Alex M, Andrew, ‘''Automatic Adjustment in a Continuous Environ-
ment," Technical Rept, No, 8, Sept. 1964,

Alex M, Andrew. "Counting to 1,099,508,482,050 Without Carries."
Accepted for publication, Electronic Fngineer,

Alex M, Andrew. '"A Beam-Blanking Circuit." Accepted fz:z publi-
catiowu, Electronic Engineer.
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W, Ross Ashby. "Basic Issues of Today." Accepted for putlica-
tion, Journal of General Physics (special issue,)

M, David Freeman, "A Signal Analysis Technique with Application
to the Analysis of Musical Instrument Tones.' Accepted for publi-
cation, Proceedings, IEEE,

Heinz von Foerster. "From Stimulus tc¢ Symbol.! G, Kepes, ed.

Sing, Image, Symbol, wvol, IV, Vision and Value, New York:
G. Braziller, in press.

Heinz von Foerster, "Large Systems and Cybernetics,!" Proceed-
ings, Symposium on the Social Impact of Cybernetics. Washington,
D,C.: Georgetown University Press, in press,
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4-7, University of Illinois at Chicago Circle, Depl, of Information
Engineering, Chicago, Il

Evolutionar and Multilevel Information Processing Networks
AF-AFOSR-978-65; AF-AFOSR-978-66

Dr. Ear! E, Gose

Objective .. ..

Toward describing the training of iogical elements for
adaptive networks and evolutionary uructures,

Project summary ., ..

Procedures are being studied for training multilevel networks
consisting of more than one layer of adjustable parameters. The
procedures involve either the mutation or replacement of network
eiements, Criteria are being determined for evaluating the ele-
ments. Decision procedures are being formulated for effecting
changes in the network structures, Preliminary results show that
the evolutionary aoproach requires significantly fewer clements
with an appreciable decrease of error over training procedures,
An attempt is planned to design an adaptive evolutionary network
descriptive of physice world situations in terms of nonlinear
integro-differential equations.

Research findings ,,..

An algorithm for the training of nonlinear multi-threshold
networks has been proven,

A comparison was made of the abilities of evolutionary and
non-evolutionary networks to realize functions.

- Publications . ...

N Earl E, Goe¢e. 'An Adaptive Network for Producing Real Functions
of Binary Inputs." Infermation and Control, vol, §, no. 2 (April
1965) 111-12.

Earl E, Gose. "A Synthesis Technique for Networiks Consisting of
Logical Functions Feeding a Linear Summation Element," IEEE
Transactions on Electronic Computers, (April 1965).

b P

Anthony N, Mucciardi and Earl E. Gose. '"Pattern Recognition by
Evolutionary Nonlinear Multi- Threshold Networks." Accepted for
publication, IEEE Trans. on Electronic Computers.

B VI

.

‘?4‘

A. Klopf. "Evoluticnary Adaptive Networks." Sept, 1965,
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4-8. [nformation Research Associates, Inc,, Cambvidge, Mass,

Application of Wiéner Canonical Expansions to Bionic Systems
Dr, Donald B, Brick

AF 49(638)-1631

Objective ...

Toward the description of conditional probability com-
puters over ¢ broad class of stochastic inputs.

Project summavry ,,,,

Research on.Wiener canonical expansions of Bayes' rules have
suggested a powerful class of pattern recognizing automata appli-
cable to a broad class of stochastic inputs, The automata, known
as conditional probability computers, appear to avoid the major
disadvantages of such computers, i.e., the tendency toward ex-
ponential growth as the number of learning samples increases.
The usefulness and limits of this approach are being explored in
the modeling of decision procedures, The value of this approach
will be compared with other methcds, for example, power series
‘or Edgeworth series expansion procedures,
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4-9, Michigan State University, Dept. of Electrical Engineeving,
East Lansing, Mich,

Logical and Circuit Investigation of a Command and Corsrol
Automaton

Dr, William L. Kilmer

AF-AFOSR-1023-66

Objective ....

Toward formulation of a theory of the circuit action of
the reticular formation and a model for communication
and command and control systems.

s S oy S s e
Tty o an A I R
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Project summary ....

g,
EL PRI,

The reticular formation functions as a command and control
center par excellence, It receives relatively unrefined information
from all sensory-motor systems and from all internal housekeeping
systems, It processes crucial information across a broad front and
arrives at a doccision which commits the entire organism in a
fraction of a second, Computer simulations are being made of a
mechanical reticular calculus of relations approximating the output
modal bebavior of the reticular formation. Recent advances in
hypothesis-making probabilistic automata and sequential decision
theory will be incorporated as suggested by simulation results and
reticular formation physiology. An attempt will be made to develop
a2 model which will incorporate both the economy of logical design
and the complexity of operation of the reticular formation toward
the design of complex decision-making machines,
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4-10, University of SouthernCalifornia, Electronics Sciences Lab,,
Los Angeles, Calif,

Theory and Models of Asynchronous Automata

Dr, George A, Bekey
§ AF-AFOSR-1018-66

4 Objective ...,

Toward modeling discrete adaptive-control systems
incorporating sampling and other performance char-
acteristics found in living systems,

Project summary ...

H s IR )

Analytic and computational tools are being developed for H
modeling information transfer and control processes which appear k
to occur in living systems, in terms of asynchronous automata
theory. Gradient techniques will be examined and extended for
identifying unknown sampling intervals for fixed (aperiodic) and
variable (asynchronous) discrete systems, Various control strate-
gies will be studied toward the definition of criteria for, and a
description of, adaptive systems in which the sampling interval is
dependent on system performance. “uitability of the approach will
be tested for describing sampled data systems with continuous
inputs and outputs and multi-axis control. Design requirements for
the inclusion of stable and transient states will be tested on a
model for quadruped locomotion which is being extended from a
synchronous to an asynchronous automaton,
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4-11. System Reseaich, Lid,, Richmond, Surrey, England
Cybernetic Investigation of Learning and Perception
Dr. Gordon Pask

AF 61{052)-640

Objective . ...

Toward models of learning behavior in terms of a
hierarchy of processes, a hierarchy of mechanisms,
and levels oi metalanguage.

Project summary ....

A learning or perceptual systemis conceived asa self-organizing
system, the ordering relations being derived from interaction
between the learning organism and its environment. The essential
parts of a model for concept learning have been defined as a
hierarchy of problem-solving processes, a hierarchy of mecha-
nisms corresponding to the process hierarchy, and levels of
metalanguage with reference to an object language. Leastelaborate
2 systems capable of learning are being demonstrated through inter-
’ actions between pairs of subsystems; in special cases, one of the
subsystems may be a machine. Algorithms for describing prote-
types of the systems, particularly the interactions between levels
in the hierarchies, are being explored,

S

Research findings . ...

A steady-state experimental method has been developed in
: which changes due to learning in a subject (usually man) are
: compensated bv adaptive variations in a machine that controls the
experimental situation, The coupled man-machine system does not
learn {even though the subject learns and the machine adapts), but
enables certain of the ''stationary valued' features of the learning
process to be measured.

)

A cybeinetic model for the iearning process has been developed
that resembles models used successfully in molecular biology,

("'“‘-5;‘ Computer simulations of some aspects of the modelin steady-state
% : experimental conditions disclose a distinction between '"closed"
} and "'open' learning,

: Publications ., ..

s
‘
’

Gordon Pask., "Comments on an Indeterminacy that Characterises )
a Self-Organising System."” E, R, Caianiello, ed., Cybernetics of
Neural Processes, Rome: Quaderini de la Ricerche Scientifico,

1265, 212-242,
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Gordon Pask. "A Discussion of Self Organization and Artificial
Intelligence.'" M. Rubinoff, ed., Advances in Computers, Voi. 5.
New York: Academic Press, 1965, 108-227,

Gordon Pask., "Advertising as a Symbolic Game," Advertising
Quarterly, no, 3 {1965) 55-61.

Gordon Pask, '"Teaching as a Control-Engineering Process."
Control and Automation Progress, A four-part series, part Iin
vol, 9, no. 79 (Jjan., 1965) 6-11; parts Ii, III, IV in Feb., March,
and April issues,

Gordon Pask., '"Man/Machine Interaction in Adaptively Controlled

Experimental Conditions.,"” Accepted for publication, Bulletin of

Mathematical Biophysics,

Gordon FPask and Richard J, Feldmann, 'Test for a Simple Learn-
ing and Perceiving Artifact,” Acceptedfor publication, Cybernetica.

Gerdon Pask and George E, Mallen, '"The Method of Adaptively
Controlled Psychological Learning Experiments." Proceedings,
JFAC {Teddington} Symposium 1965 on The Theory ofSelf-Adaptive
Control Systems, 14-17 Sept. 1965,

Gordon Pask. "The Cybernetics of Ethical, Social, and Psycho-
lzgical Systems,"” Progress in Biocyberneticg, vol. 3. Amsterdam:
Elsevier Publishing Co., in press,

Gordon Pask, '"Man as a System that Needs to Learn.," S. Beer,
F, George, eds., Advances in Cybernetics, New York: Academic
Press, in press.
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4-12, University of VWashington, Dept, of Electrical Engineering,
Seattie, Wash,

Machine Learning for General Problem Solving
Dr, David L.-Johnson

AT.AFOSR-468-05; AF-AFOSR~939-565

Objective .. ..

Toward description of meilnuis for simulating complex
prcblem solving and decision making iasks.

Project summary . ...

Problem-solving routines are being formulated, particularly in
relation to-thesrem proving and game learning. Various patteras of
learning are being studied, including heuristic, associational, and
statistizal approaches, The goal is to be able to (a) formulate
optimum problem-solving routines thaot will incorporate aspects
from the severyal approaches, anc (b} gain an understanding of how
man and machine can interface in the performance of these tasks,

Reseaych findings . ...

A theory has been formulated for certain classes of sequential,
firite-state machines and developed for ternary application with
allowance for extension fo n-ary systems; transition constraints
in n-ary applications that have nc counteroart in typical binary
problems are shown to exist,

A model has been designed for simulating the development of
mental processes in a child that enable it to interact with the
environment based on heuristica and transformation procedures
previously developed.

Publications .,..

David 1,, Johnson and £enneth O'Kecfe, '""The Lpplicationof Ternary
Memory Elements to Secondary-State Assignment,"” Submitted for
Bicnics Symposium 1966, 3-5 May 1966.

Alistair D. C. Holden and David L. Schnson, "Simulatior. of the
Growth of Scientific Reasoning in the Child." Submitted for Bicnigs
Symposium 1966, 3-5 May 1966.
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Section 5. g:mgwaye and ﬂmymém Resoarch

Language consists of groups of symbols arranged according to
a set of rules, Viswed this way, "languags! includes bhoth the
languages p=ople speak and all synthetic symbesl systems,., So
language is viewed in this task,
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Language is a tool, It is a device for representation. Informa-
tion science is conseraned with its use for representing concepts, :
relationships among crancepts, models for automata, and instzuc- '
tions for information pro«.essing devices,

3
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Natural language has proved tractable with difficulty. Structure
or syntax has been amenable to modeling, but the number of
; grammatically correct sentences that can be meaningless is, for
fsi practical purposes, infinite, Major emphasis is now on semantics,
to eiicit rules for recognizing meaning and generating meaningful
sentences. Research on natura: language was originally sponsored
(not by AFOSR) to develop procedures for machine translation, It is
believed that disenchantment with work to date is premature. The
solution of hard problems merely takes more time., Machine pro-
duction of translations, indexes, and abstracts, and other machine
manipulations of natural lar.guage text are requirements if achiev-
able, because man's capacity to assimilate bits of information is
limited., As document volume increases, automatic methods that
intelligently select the significant bits appear mandantory for
efficient handling of information. Results are siow in coming be-
canse the data base is large (see Section 2), large-scaie projects
are expensive, and perhaps creative ideas are few, The resuits we
have, however, do not suggest impossibility,
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Work on synthetic or artificial languages can be roughly sub-
divided into wark cn machine and programming languages and work
on languages for representing concepts and procedures simulating
intelligent processes. The Directorate program has not included
much programming larguage research, This researchreceives other
spongorship, an appreciable amount from hardware manufacturers,
sinne software packages aremportant to computer sales. An area of
Directorate interest is in translators and compilers which make
3 machines accessible to non-programmer scientist and manager
users,
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Languages for game playing and theorem proving suggest ap-
proaches to the representation and association of concepts that may
be approximations to characterizing thought processes (see Sec-
tion 4). Considerable progress has been made, some under AFOSR
sponsorship, on languages for problem-solving procedures. Enough
may now be kiown about some languages for automata to permit
generalizations on useful procedures that can be accomplished on
coimputers {see Section 6).
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5-1, Bunker-Ramo Cor»,, Language Analysis and Translation
Group. Canoga Park, Calif,

Inductive Methods in l.anguage Analysis
Dr, Puaul L. Garvin

AF 49(638)-1516

Objeciive ...

Toward specification of a descriptionclnaturallangnage
in terms amenable to computer processing for indexing,
abstracing, and translation,

.
RV W
edind sl A TS Wt

Project summary ... .

; Linguistic anaiysis is viewed as essentially aninductive process,
Attempts are being made to derivealisiing of elements and a set of
statements both from an examination of the resronses of informants
and from the study of text, Both sources of data are expected to
show regularly recurrent elements of different types and orders of
complexity, Through classification of the elemeants and statement
of their conditions of distribution, i.e., patterns of co-occurrence,
an inductive description of language is being formulated. The
inductively ascertained units and relations are being verified by
computer routines,

P

Research findings ...

A pilot study of an inductive methodology for semantic analysis,
called predication typing, showed tie feasibility of vsing the para-
phrasing techmique to classify semantic content in large natural
language corpuces,

Publicaiions ...

J

[pe———— ] 1} u’

AN o b e

Paul L, Garvin, "Computer Processing and Cultaral Data: Problems
of Method," in Del Hyraus, ed., The Use of Computers in Anthro-
pology. The Hague: Mouten and Co., 1965, 119-139.

Paul 1, Garvin, Jocelyn Brewer, and Madeleine Mathiot, ""Predi-
cation Typing: A Pilot Study in Semantic Analysis.!' Accepted for
publication, UCLA Language Monograph Series,
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5-2. University of California, Center foy Reseurch in Langvages
and Linguistics, Los Angeles, Calif.

Studies in Mathematical and Computational Linguistics for
Langrage Research

4

ARSI RIS, (TMWMW (i

Dr. Harold P. Edmundson B

AF-AFOSR-612-64; AF-AFOSR-612-65 o

Objective ...

Toward evaluation of mathematical and computztional
lingaistics for machine processing of natural language
data.

Project summary ...

An examination is being made of the fundamental concepts of
mat:. natical and computational linguistics and the relationships
of these concepts to the various needs of languags: data processing
{i.e., language analysis, abstracting, jndexing, and translation).
Concepts in mathernatical logic, algebra, geometry, and statistics
are being considered, A study is planned of computer routines and
programs, including general-purpose routines for search, sort,
lookup, and frequency; special routines for parsing, segm~ntation,
and idiome; and pregrams for dictionary, thesaurus, and concord-
ance compilation. The relative rolesof theoreticallinguistic mocels
and empirical language data will be examined,
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5-3. Case Institute of Technology, Systems Research Center,
Cleveland, Ohio

Formal Descriptions for Recognition, Learning, and Concept
Formation

Dr. Ranan B, Banerji
AF-AFOSR-125-65

Objective ...

Toward description and efficient programming of such
aspects of intelligent activity as recognition, learning,
and concept formation.

Project summary , ..

Formalisins are being developed for the generation of concepts,
inclnding concepts learned fromn a systematizatior of experience,
i.e., internally generated. Refinements in a language based on the
predicate calculus are being examined for expressing recognition,
learning, and concept formation, A subclass of context-free
languages (the finitely representable) is being extended to include
simply unbourded fanguages wnose derivations may, but need not,
contain strings with an unbosunded number of non-terminal symbols,
A hierarchy of languages beyond the simply unbounded will be
investigated, Determination of the efficiencies of several concept-
formation program simulations is planned,

Research jindings ., .

A program was developed for playing a significantly strong
Qubic (three dimensional Tic-Tac-Tor) game based on the concept
cx "forcing states' rather than the uwsual intermediate evaluation
minimax technique,

A small description language was developed for describing
forcing states in a large class of board games (Tic-Tac-Toe,
Qubic, Go-Moku, Bridge-it, and Hex),

The elements of a formal model for translation between relared
context-iree languages have been defined which enzble the con~
struction of efficient machine language programs from arithmetic
expressions of Algol-like languages,

Publicalions . ..

Ranan B, Banerji. '"Toward a Formal Language for Describing
Object Classes," Proceedings, Second Congress on it=2 Informa-
tion System Sciences, Hat Springs, Va., 22-25 Nov. 1964. Wash-
ington, D.C.: Spartan Books, Inc., 1965, 451-7,
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Ronald L, Citrenbaum, ''The Concept of Strategy and Its Applica-
tion to Three Dimension Tic- Tac- Toe." Rept. No.SRC 72-A-65-26,
1965,

James M, Sneaiker, "A Generalized Program for Information
Retrieval,”" Rept, No. SRC 77-A-65-29, 1965,

Kobert Fiellman, "Computer Solution for Cryptograms and
Ciphers.'" Rept. No. SRC 82-4-65-32, 1965,

James M, Snediker., '"A Self-Organizing Program for Describing

Concepts," Proceedings, ACM 05, 20th National Conference,
Cleveland, Ohio, 24-26 Aug. 1965, p. 101.

Elmer C, Milliken, Jr. "A Language for Class Dascription and
Its Processor.'" Proceedings, ACM 65 as above,sp. 77,

Edward G. Altman and Ranan B, Banerji, "Problems of Finite
Representability, Information and Control, vol, 8 (June 1965) 251,
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5-4, Connecticut College for Women, Dept, of Philosophy, New
London, Conn,

gty Wl
_lul\.b N b
PR

s

A Study of Certain Philosophical Intrusions into Current
Linguistic Theory

RS

u

7 } AF-AFOSR-787-65; AF-AFOSR-787-65
i~ Dr. Alice Koller
3 _
i
]

Objective ...

KA

Toward exposing and discussing philosophical positions
on philosophical issues being used by linguistic theorists.

ot

it

Project summary .,.

.

This is an analysis by a philosopher of the implicit use being
> made of philosophical positions in the current development of
theories and hypotheses about language, It is anticipated that this
examination will elucidate the concepts and interrelationships
among concepts constituting basic problem areas in linguistic re-
search, and will aid clarification of basic concepts in the evolu-

tion of a philosophy of language.

Research findings ...

[

An examination of topics (currently numbering 115) which make
implicit use of certain philosophical positions on certain philosophi-
cal issues found in the writings of linguists and others interested
in developing theories and hypotheses about langeage show branch-
ings from a few central beliefs about: the kind of science linguistics
is, the nature of its subject matter, and the nature of meaning.,

: 70
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5-5, Istituto Documentazione Associazione Meccanica I[taliana
(IDAMI), Milan, Italy

Automatic English Sentence Analysis
Mr, Ernst von Glasersfeld and Dr, -ing, Paclc Terzi
AF-EQAR-64-54; AF-EQAR-65-76

Objective ...

Toward specification of a procedure for analysis of the
syntactic and semantic content of natural language for
automatic processing of text,

Project summary ...

A language analysis procedure is being developed which in-
corporates examination of semantic as well as syntactic factors,
for use in real-time operations. The approach identifies these
factors by means of a correlation structure, a hierarchic system
which accounts for both the meaning of individual words and the
relations by which they are linked, Correlators, the linguistic
expressions by which relations are specified, are being enumerated
and classified as to use, The feasibility will be explored of an
approach which der<nds on the isolation and classification of
weights of semantic factors for machine analysis of sentences
and translations, Geometric and mathematical representations of
the correlation structure are also being formulated for reducing
search operations to predictably possible relationship patterns,
The applicability of nornographic theory to language analysis is
being investigated.

Research findings ., .

In the second phase of studying the relationalanalysis of prepc-
sitions, limiting the analysis by means of the criterion of constant
detsrminate output in other languages has proved a valuable tool
in practice and for semantic theory,

The Multistore procedure has been refined, particularly with
respect to the combination rules that govern the formaticn of
correlations and the reclassificaticn rules and subroutines, The
logical program for the procedure was complated and is being
programmed for the GE-425.

Publications ...
Ernst von Glasersfeld, Pier Paolo Pisani, and Jehane Burns,

wiMultistore! - A Procedure for Correlational Analysis,''! Rept,
No. ILRS-T10, 650120, Jan, 1965,
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Ernst von Glasersfeld, "Toward tkhe Antomatic Analysis of
Language: Multistere - A Procedvre for Englisk Correlationsl
Analysis." Automazione e Automatisimni, vui. 9, no, 2 (March-

April 1965) 5-28,

Ernst ven Glasersfeld and Paoclo Terzi, 'Autorratic English
Sentence Analysis. Part I, Research of the iingaistics Groeup.
Part II. Research c¢f the Mathematics Group,” AF-EQOAR-64-54,
Final Rept,, No, ILRS-T1{, 650030, June 1965,

Ernst von Glasersfeld, "An Approach to theSemantics of Preposi-
ticns." Faper presented u«t the Symposium on Computer-Related
Semantic Analysis, Las Vegas. Nev., 3-5 Dec, 1965,

Jehane Burns, "“English Prepositions in Machine Translation,”
Beitrage zur Sprachkunde und Informationsverarbeitung, vol, 2,
no, 1 (Dec, 1965}; also Rept. No, ILRS-T9, Jar., 1965,

Fruanco Rasconi and Paolo Terzi, "Thz Hierarchy of laental Rela-
tions as X¥Xxpressed in J.anguuge.!' Paper for presentatiox at a
Conference of the Istituto Lombardo di Scienze e l.eitere, Milar,
Ttaly, Jan. 1966,

Paolo Terzi. "A Mathematical Representation of Languzge,"
Paper for presentation at the Conference cited above.
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5-6. Lehigh University, Center fov the Information Sciences,
Bethlehem, Pa,

Computational, Phenclogical and Morphological Linguistics
and Retrieval Studies

Mr, Robert S, Taylor; Dr, A, ¥, Brown; Dr, Donald J, Hillman

AF.AFO3R-T24-63

For Objectives and Project summary of current research, see
Lehign University {R. S. Taylor)}, AF-AFCGSR-724-65
Lehigh University (D. J, Hiliman}, AF-AFOSR-1028-66

Rescarch findings ...
A netwirk of subject-heading relationships for metallurgy is
nearing completion and will be combined with tablies of contents

and simiiar information for a programmed learning display system,

£n initial study of the question-asking process has been made
as the first step ir an 2nalysis of referzance negotiations,

Publications . ,.

Donald J, Hillran, “*Computational, Phonolegical and Morphological
Linguistics and Retrieval Studies. Redt, No. 1. CGrammare and
Text Anplysis." 23 Aug. 1963

Z. E, Hieber, ".xn Analysis of Questions and Answers in Libracies,”

In wrewsration,
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5-7, University of Michigan, Communication Sciences Labd,, Ann
Avbor, Mich,

Grammatical Analysis of Spoken Langrage
Dr. June E, Shoup

AF-AFQOSR-22.64

Objective ...

Toward development of a symbolic representation of
granmmatical styucluces in snpokan language and o gram-
matieal interpretation for the proscdies of speech,

Project summary ...

Three prebiarss in the grammatical enxiysis of spokenlanguage
are being investigated: identification of the basic units of grammar
leading toward sn axiomiatic sysiem for grammatical siructures;
develepmeant of a symbolic descrivtics for the grammatical struc-
tures; znd formulation of a grammaticzal interpretation of the
proscdies of speich, particulsrly of Amercican Eeglich,

Reseasch findings . ..

An sxporimontal iechnigue has beer aeveloped for investigating
the prosodies of speech by which phernetic inforomation may bo
eliminated frora the speech signail whilz rétaming tie prosodic
infurmation, Fundamsental voice frequency may be refained or ex-
cluded as desived,

A format is being devalopesd fot the detailed deseriplion of part

- e <
of the phenslegy of = languwaye, sp2cifically French verbs.
Pudlinatisns ., .

Michael H, O'Mailey and Gordon =, Paterson. YAn Experimental
Methad for Proaodic analysis." Subetited to Phonetica.

Andre-Piarre Benguerel, “Generation of Verdal Forma in French
Fubmitied to Langeags,
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5-8. Un z] versity of Michigan, Dept, of Mathematics, Ann Arbor,
Mic 1,

Automatic Programming
Dr, Bernard A, Galler

AF-AFOSR-1017-66

Gbjective _, .

Toward ~ysiematic analysis and descriptionof program-
ming languages.

.« A

o

Project summary , ..

Autoinatic programming concepts and tochniques are being
analyzed ifor systematic presentation., The analysis will include
examisation cf the zpplication of symbolic logic to language struc-
ture, Consequences suggested by the analysis will be explored,
e.g., the automutic generation of translatorsfor artificallanguages;
ability to charge the definition of the language being trarsiated,
even during the translation; and possibilities of redefining opera-
tions and modes of arithmetic in procedure-oriented computer
languages.
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33 5-9. New York Research Group, Inc,. New York, N.Y,
;i
S Analysis of Structures of Human Commuaication Systems -

Dr, Frederic T, Sommers, Mr. David Rothenberg, and Mr.
David M, Masaie

AF-AFOSR-881-065; AF 49 {638)-

Objective ...

Toward measures for the '"information capacity' of a
language and metheds for the efficient encoding of in-
formation in communications.

#
? Project summary . ..
L
s Models exhibiting similarities of structure are being developed
Iz for describing irdormation transmission in twe modes of com-

munication, language and music. The model which describes the
F perseption of music is conterned with such syntactic ard semantic
problems as perceived similarities of form, logical structure,
information contant,” and "m=aning." New combinatorial tech-
—— niques arc being foxmuiated to compuls predicticns pertaining to
: the perccptinn of tones in their musical context, The pradictions
will be verified exncrimentally. A method of adapiing a tree theory
to ccmpuler dnalysis of semantic structure for a given set of
: predicates wiil ke applied t¢ an exarninztior of the minimization of
seraantic structure in crdinary usage, a2 problem related to maxi-

. mal efficiency in the use of language.

Research findings ...

New combinatorial techniques and a mathematical model have
been developed for the perceptior of tones in context which provide
predictions suitable for experimental validation,

Among results of study of the iinplications of thz sernantic
structare of ordinary language described by the ''tree theory' for
certain formal systems, it has been ghown that semantic distinc-
tior:s can be introduced formaliy into formalized arithmetis, and 2
néw interpretation of G&del's incompleteness theorern {19317 re- .

lﬁ suit3 dch is significantly different; it has been shown that i
formalived arithmetic may be corsidered both complete and con-
sistent, but semantically incomplele, ;

$

T Publications ,.. :
s ¥

"g David Rothennerg. M"A Mathematical Model for Measurement and
;.-% Classification of Coutext- Embeddead Stimuli,” In manuscript, :

¥
x
£

Fredesic T. Sommers. 'On o Fregean Degma." Procecdings,
International Collcquium oa the Philcsophy of Science, Loncon,
England, 11-16 July 1365.
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RCA Labs., David Sarnoff Research Center, Princeton, N.J.

Automatic Theory Formation and Relative Complexity of
Programs

Dr. Saul Amarel

AF 49(638)-1184

Objective ...

Toward development of a conceptual framework for

ordering problem types and their corresponding
problem-solving schemata,

Project summary ...

A general rationale for theory iformation strategies is being
developed through the mathematical representation and evaluation of
general ieatures of problem-solving procedures disclosed from
analysis of a variety of problem-solving tasks. A theory forma-
tion system has been formulated which includes a language for
expressing the structure of computer programs under formation,
an evaluation procedure for candidate programs, and a strategy of
formation, Results suggest a broad hierarchy of problem types;
study of the relationships between different problem types in the
hierarchy indicates that by increasing the power of representations,
a given problem may be made to move down in the hierarchy.
Study of theoretical approaches to the notion of relative complexity
of computer programs that are input-output equivalent is explor-
ing the space of formable programs and the feasibility of develop-
ing a generzl theory of program translation,

Research findings ...

In the automatic program formation problem, syntactic and
semantic bases have been obtained for representations which pro-
vide a precise and fruitful notation of program space; formation

strategies are now interpreted and problem-solving procedures
that direct searches in this space,

Studies of problem-solving procedures of the reduction type
within logical systems of natural inference for a wide range of
preblems (theorem proving, syntactic analysis, transportation
scheduling, domino covering, question-answering over pictorial
date! have shown that the relative power of a sclution procedure
strongly depends cn the representation of solution space.

A morz satisfactary definition of relative prograrm coinplexity
vai developed, based on the existence of birudimentary isomor-
phisras between computation sets, which effects a strict distinction
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between a machine .nd its simulation on a universal machine in
several cases.

o~

Y

or
s

Publications ..,

Saul Amarel. 'Languages of Representation in Froblem-Solving
Procedures of the Formation Type.' Paper presented at Symposium
on Logic, Computability and Automats, Oriskany, N,Y,, 25-27 Aug.
1965,

o b
B

B
A o o

Saul Amarel. '"An Approach to Heuristic Problem Solving and
Theorem Proving in the Propcsitional Calculus." Proceedings,
Conierence on Computer Science and Systems, University of Western
Ontario, Canada, 9-10 Sept, 1965,

Saul Amarel. "Problem Solving Procedures for Efficient Syntactic

Anaiysis,'" Proceedings, ACM 65, 20th National Conference, Cleve-
land, Ohio, 24-26 Aug, 1965.

T MRRERL 8 s L

. Francis P, Larkin. "Complexity in Program Translation.'" Paper
. presented at Symposium on Logic, Computability and Automata,
Oriskany, N.Y., 25-27 Aug. 1965,

Robert O, Winder. '"An Evaluation of Heuristics for Threshold
Function Test-Synthesis,” To be submitted, Journal of SIAM.
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5-11, Stenford University, Inst, for Jlathematical Studies in the
Social Sciences, Stanford, Culi?,

A Theory of Computer Languages

¥

Dr. Andrzej Ehrenfeucht

AF-AFOSR-1004-66

Objective ...

Toward design and implementation of machine

languages that can be readily read and interpreted by
humen users.

Praject summary ...

An examination is being made of the structure and usefulness of
languages ranging from those of Algol-like generality to those of
r.achine-language specificity, An attempt iz being made to develop
a theory of languages for describing computationzl processes and
the organization of cocmputations that can be employed in the degign
and iimmplementation of man-manipulable machine languages. Appli-
cations of the theory will be sought to the formulation of useful
procedures in such areas as mechanical theorem proving,

s
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. Westinghouse Electric lorp,, Baltimore, Md,

Syntax Oriented Translators for Language/User Interfaces
Contract AF 49(038)-1452

Mr, Peter Z, Ingerman¥

Objective ., .

Toward specification of a syntax-oriented translater
to facilitate the writing of computer prograrns by in-
experienced users,

e 1y e, |

1

ot et B
TR T T

Project summary ...

Language definition schemes are being explored for incressing
both grammar and vocabulary flexibilities within the constraints
of existing synthetic machine languages to make them adaptable to
changes in problem definitior and user requirements. The syntax-
orieuted translator will allow a language to specify changes to itself
in its own language. (The capability of instructing the translator in
the same languave that it knows how to translate is characteristic
of unstratified languages, exemplified by natural languages and by
several assembly programs for extant machines).

e T

Research findings ..,

A syntax-oriented translator of sufficient generality has been
specified for use in translating from most of the higher-level pro-
gramming languages currently in use to an assembly-type inter-
meadiate language.

An asgembly-type language was developed which can serve not
only as the target for the syntax-oriented translator, but can also
he used in its own right both as an assembly language and as onre
possible solution to the reprogramming problem,

Publications ... ,
Peter Z, Ingerman and M. L. Graham. "A Universal Assembly

Mapping Language,’ in Proceedings of the 20th National Meeting :
of the Association for Computing Machinery, 1965, pp. 409-421, !

,.,__ﬂ“

Marvin L, Craham and Peter Z,Ingerman, ""An Assembly Language
for Repragramming.," Cornmunications of the ACM, vol. 8, no, i2
(Dec, 65) T69-774.

Pseter Z, Ingerman, A Syntax-QOriented Translator. To be published,
Academic Press, 1986,

O

*Present address: Radlo Corn, cf America, Electronic Data Processing, Bldg, 204-2,
Camden, N,J, 08101
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Foclion 6. Theorelical Foundations o/
ﬂn%maxﬂ'on Friences

Most of the studies in this task concern developments in sym-
bolic logic., We were not thinking of the new mathematics called
for by von Neumann io describe intelligent activities when we
ectablished the task, Qur sponsored projects in multi-valuedlogics
increasingly suggest this as a possible nroute, Since the McCulloch-
Pitts logical calculus of 1943, procedures have been sought for
expressing such 'ideas immanent in nervous activity' as learning
and recognition and the ability of automata to function reliably under
duress, with unreliable components, and with incomplete informa-
tion, Space flight and hostile environments now impose require-
ments on logical elements of adaptation and self-repair,

Automata theory is another route for building intelligent sys-
tems. The use of algebraic methods to describe the language and
behavior of automata may lead to machines that are both funda-
mental and behavioristically simple, Combinatorial algebras mavy
give useful models for information retrieval systems, Techniques
for simplifying proof procedures offer possibilities of eliminating
exhaustive enumerations that are time coasuming and can exceed
machine capacities, Questions concerning algorithmic unsolvability
and other problems in recursive function theory (the theory of
computability) are amplifying notions of constructibility, decid-
ability, consistency, and completeness,

The logic models supply formal approaches that can be applied
to problems in the structuring and processing of information and
language. The precise uescriptions of automata are models of
realizable networks and define bounds on their performance,
Autornata are beginning to be assessed for the solution of natural
language probklems, However, it is expected that applications to
information problems will await further examination of such
questions as complexity, equivalence, and the behavior of automata
with and without restrictions on time and space.
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a-2, Cambridge Lingpwge Research Undt, Caribridgs, Englard
A S2acueniial e gia 222 Information Structuriing

», Edvard W, Dastin

Y]

AF-ECAR-05.78

Objecdte ...,

Tewaned revrazeniation »f hierashic and dvnamis fea-
tares of physicsl informalion systems, ané the control
siveotars thersin.

Brofear camimasyy ..

+nocontrll oystemn mcedel is being studied in which flow and
prucansisg o furaiaticn ave deseribad My 2 Sl c.ping system
of discrele : synrturss capohiz Of representing « contirawn, Validity
cf the modni *s he'ng exansimnd ‘n applicxliens tC the behevjor of
physizal syaters 3 £1d To thy iCginal proviem sidafining 3 continuurn
of numericil va0 ‘p the Srorwerian gense, i.e,, a progresyive
determinaition I valuss thal iuvolves a (radual) introductian of
contirgency ivin vhe ub of phys.caliy irterpratable values, Study
ie planned of tile priacizie of symumetry and the principie of dis-
creteness for Herdrchic 70 uctires, A corcept of structural infor-
mation will ¢ (xaminsd fo¥ ~2Dresaqting . haracterirtice of mss-
sages,

Research firdings ..,.

The hierarchy algsbra previvudly depecr<hadhastesnformalizéed
as 2 digcrimination system in which a muathematical structure is
deduced from the requireraent that a set of elerments de able to
exiend &nl thus generate its2!f through a procéss whereby one
element diserirainates among ather elnmerts already in existence,

A phyziczl application of the d’scrimination has been de-
scribed,
Pubiications .. -,

E, W, Bastin, "A Calculus for a Bootsirap Uynamics,'” Seminar
aper, King's College, University of London. Jan. {9a%,

e

J. C. Axsonand A, F, Parker-Rhodes, "Essentialiy Finilc Chains,'”
Sept, 1905,
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6-2. City College, City Universily of New York, Dept, of Philos-
ophy, N, Y.

I )
N ;,‘1

14
¥

1

,.
X

Automata Theory and Finite-State Machines

i

o Dr, Richard C. Jeffrey K
- 5
o
;%:\ AF-AFOSR-523-65 .
el
S

1o
$d

“s
+

e

Objective . ...

¥3a ey

oy

Toward characterization 27 the informxtion flew in, and ;
behavicr of finite-state masiuves »s paradigms of, multi-
inpat/mziti-output switching nats,

;
e

1
¥

BT

2roject swmirdar v

LI N

. Stuldy is extend:ing % new thuory of finite-~state transfiormations 3
% whizh characterizes v isrminal behavio: «. finitz-state machines 4
T and prouvides a method frr svnthesizing imipliest machinzs with a N
=~ given te-minal betavior, By riswing finive-staly automata as linear t
% arrays of idexlical cambinalorial aste tetvreen which information

flows in cnlv one dirention, resvits are weing extended to nets of
n- hraensicaally ivdinite arravs of identical machires., Definition

Fel io sought f{zr a generalizction of the notion of index for each n.
e Study is plznred for n 1 with intformation flow in two directions.
?jv Rgseaych fingings ...

S

pros

Kesuits focuted on induc*ive logic viewed as a critique of the
telief function (sabjective probability measure) and on ethics
viewed G¢ ¢ critique of the desirability function (utility function)
were bagically philesophical,

One rttiacipasi thesis was thzt the "principle of induction' is,
in fact, eithe; platitudinous 2v falge in all of its existing forshula-

ticas: prelimiasary vesulls weve obtained on interpersonal com-
»2risons of utility.

phree (BB Hp el e g s, e by

§

:;‘%lw 4 A R yz~ﬁ§’h‘\r,ﬁ

Pudlications ...,

Richard Z. veffrey. Th2 Logic of Decisicn, Niw Yor«<: McCGraw-
Biil Pook Co., Inc, 1964,

Richard C. Jeffra;, 'Nuw Ioundations for Bavesian Decision
‘Thea>v," Procrzedings, 1963 International Tongrees fox lcgig,
Methadciogy arnd Pailswophy of Science, Jeruszléem, Isrssl, 246

Aug - 2 Sopt. 1964, Jorsterdam: North-Hollana Publishing Co.,
1965, 289-3%0,

"

+

T
FORERCORPRUROpeset 2P Uy e R 110 S ¢ e oY

Pichard C. Jeffrey. "Remarks on Inductive Logic." Procredings,
Interraiicral Tolleguiam on the Philosophy of Science, rLondan,
11-16 Fuly 2965,
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. 6-3. General Precision, Inc,, Libvascupe Gyoup, Glendale, Calif,
Abstract Machines Based on Asso=iation Mechanisms
Mr, Richard F. Reiss

AHX A49(638)-1236

Ohjectise , .,

Toward estudliciimen? of a fundarmental framework and
axioniatic scheme based on associaticon mecahanisms for
analyzing whole-gvstem structures,

Prsject summary ., ..

Study is directad te a formal postulational ejaboration of oh-
stract machines and anziyses of their behavior in the light of all
suggestive notions derivable from varicus agsociationmechaniems,

© et R PRI i okt se A N K s e a2 MRy Al o

' (The modern development of association theory incorporates iaws
§ proposing tc explain the highest levels of conscious thought proc-
: eases in terms of a fecw machinistic forces ornerating on discrete
§ entitias, and a s¢t of secondary laws and proczsses which are
i believed to describe fundamental principles capable of being di-
* rectly related tv data processing functions), Three baciz mecha-
£ nistic aspects are being studied: {3} the scnsory, concerning the
] interrelations oi sensory tokens angd their performance as a whole:
5 {b) attention, relating to (k2 admission, selection, znd ejection of
N tokens at saveral levels: and {c) motor, relating tv the ability ty
. adiust to, manipula3e, and act on the envrironment,

¥ Lo

: Research findings . ...

An abstract formal syste:n intended for constructing psicho-
logical theor:es, particularly association theories, has been de-
scribea buased on the notion of finite set functions and incorporating
stme of the concepte used in sequential machine theory,
Publications ., ..

~
Richard F. Rei3s. "An Axiomatic onceptua. Framswork for
Asag’iation Theory." Final rept., Dec. 1965,
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6-4. Hvghes Aircrofl Co,, Duia ProcesSing Products Div,, Fuller-
lon, Calif,

Apoplicalions of Conbinntoral Algebra znd Recursive Functior
Theory ta Infermeaiion Sciences

Dr, Frask B, Cannonito

Az 49(63R)-1643

Objective . ...

Toward systematizing the assignment of descriptors in
hierarchic structures, and developing adequate and effi-

cient computer realizable algorithms for processing
information,

Pyoject suramary ., ..

Some semigroups wnich are finite semilattices reflect some of
the basic abstract structural features of a library, In particular,
the information retrieval problem: is related to the '"ward problem"
in this mathematical model. Althoegh the word provlem. for finite
structures is trivialiy solvable, and realistic considerstion is
limited to cnly finite subsets of the set of words, yvestions remain
on the efficiency of the general algorithm and tn¢ adequacy of the
model. Study in combinatorial algebra will be extended toward the
design and simulation of a model combinatorial information re.
trieval (CIR) systern., A proceCure for cbtaining solurions dor
systems possessing some degree of freedom in the senge that all
inquiries processed do not end at the same general ¢ermivus will
pe examined, Methods of implementing the CIK«4 will be explazed.
An alternative appreach will also be studied to producing truly
unpredictable sequences in the sense of recursive ftiiction theory
{i.e., not Turing predictable).
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6~5. Illinois Institvte of Technolngy Research institute, Chicage,
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24 - Theorem Provirg by Computer
Mr. Bruce Kallick

AF 49(638)-1458

Objective . ...

Toward the development of probizm-solving tecknicues
that machines can process efiicieutly.

2
3
i

Project summery ...

3 g T

¢AsA
e

For machine recognition of the noctior of preaf, algoritkmic
procedures must provide a tranglatior {romu natuxzl language iata
: a formal language, and formal rul:s detsimng what s mezat by 3
- proof, It pradicate calculus proof rxncedares, ¢ thausiive enumera-
tion is a crucial eakness. Tkin project has exavaineu the apprusch
: of sxpressing the denial of t»~ thecrem to be preved] as a prefix
formula of predicate caiculus snd than gr-neritis, an inionsistent

; set of instances of th:s formula, :

o
+

Researck fisdirgz . .,

A kybxid erooul y was developed to increase the efiiciency of

; the »ef{ lalea grocesure which iacorporates features of Friedman's

’ #igorithu. with tho.,e of .. refatation procedure based on J. A,
Robinsza's resolulion nrinciple.

Tarse procsucres hzse been described which decide the same
clasgez of furmulyt us ¥Friedman's procedure, butraore efficiently;
a fourth proce-ure dccries formulas in a certain subclass of the
ALt puebx clase,

Puagications , (..
~<_,( N
b Biace Kalld k. “‘Decimrun FPregzdures Based on the Resolution
M>thod." Subinitted ¥) Jo 1+ of the ATM, ;

Bou., 2 Xallics, "The r m-Proving By Computar,” Final Rept.,
AF 491533)-171y, Je . 965, Rept, No, IITRIRG6008-5, AD 611 815,
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6-6. University of Illinois, Biological Computer Lab,, Urbana, Ill,
Irfermration. Comraunication, Many-Valued Logic, and Meaning
D, Gottnard Gunther

A¥.ATCSR-480-64

Objective ., ..

Toward specification of a many-valued logic todescribe

cystems having the capacities of intelligence, self-
reflection, and evolution,

Project summary ...

Trans-classical {many-valued) logic is being expiored as a2
distribution order ir. which two-vzlued systems can spread as
logi~al units over an enlarged range ofinference, based on morpho-
grammatic (value-sequence) configurations. A hologrammatic
theory of legic is being developed which incorporates distinctions
of protogrammatic (place occupancy) and heterogrammatic (dif-
ferent symbol} structure and ‘''core'" and 'frame' distinctions
within the morphograms. The logic can thus account for both the
duality of the two classical values (positive and negative) and the

* duality of acceptance and rejection, and the existence of compiex
orders of two-valued systems so that a rejection value in one may

simultaneously have the character of an acceptance value in an-
other,

fecearch findings .. ..

A new concept of structure, introduced with the idea of the
morphogram in 1962, has been extended and completed by showing

that morphograms are parts of 2 more comgprehensive "kenogram-
matic' structure with three subdivisions,

A method has been found for reducing the large number of
logical constants in many-valued systems whick range upward
from 10 tc manageable proportions for computer operations,

A theory of designation for m-valued systems (m > 2) has been

developed. ¥

Publications ....

Gotthard Gunther. "Nicht-Aristotelische Logik und das Probiem

der Mehrwertigkeit," To be published in Sprache im Technischen

Gotthard Gunther, 'Time, Timeless Logic and Self{-Referential

Systems, Proceedings, N,Y, Academy of Sciences Symposium on
Interdisciplinary Perspectives of Time, 17-19 Jan. 1966,

Gotthard Gunther., Cybernetics and the Transition from Classic
to Trans-Classic Logic,'" Subinitted for publication.
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6-7. LFE Electvonics, Boston, Mass,

Entropy Concepts in Complex Systems
Mr. Jerome Rothstein

AF 49(638)-1450

Objective ,,..

Toward analysis of the entropy concept in connection

with descriptions of organization and information flowin
physical systems,

Project summary , ...

Similarity in mathematical .orm of the statistical entropy of
physics to the quantitative measure of information derived from
ccmmutication theory has led to use of this concept in descriptions
of phenomena pertaining to organization and information flow in
physical systems, This study is examining use of the entrepy
concept to explain the nonpredictability of the behavior of & "well-
informed heat engine,' i,e,, an automaton whose specific behavior
depends on input or information acquired from the environment in
which it interacts, An operational definition is sought for the notion
of a physical concept as a pattern in terms of information and
organization functions and semantic content,

Research findings ...

A proof was found that noncomputable behavior can be realized
by an automaton, and arguments have been devised to make intelli-
gent behaviors a subclass of noncomputable behavior,

Pubdlications . ...

Jerome Rothstein, 'Intelligence and Non-Computability,” Paper

presented at Symposium on Logic, Computability and Automata,
Oriskany, N.Y., 25-27 Aug. 1965,
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6-8. New York Uriversity, Dept, of Mathematics, New York, IV, Y,
The Existence and Use «f Algorithms

Dr, Martin D, Davis and Dx. Hilary Futram

AF-AFOSR-995-66

For description, see Yeshiva University, AF-AFOSR-345-65
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$-9. University of Rechestev, Dept. of Mathematics, Rochester,

Logic for Self-Adapting Autornata znd Universal Eleranents
Dr, John F, Randolph

AF-AFOSR-481-65, AF-AFOSR-481-4{5

Objective . ...

Toward design of networks and devices capable of
adaptation and self-repair and reliable performance for
unmanned and hostile environments,

Projeci summayry ., ..

This is a study of the design of logic elements capable of
adaptaticn or reorganization. An algorithm is being developad for
constructing an adaptive network which will yield the ''simplest”
net when many components are involved. Probabilistic logics or
equivalence classes are being examined in an eiffort to identify
maximal (piobabilistically reliable) elements. The isolation of
elements having the property ¢ remaining in th¢ same equivalence
class irrespective of error offers an approach superior to indis-
criminate multiplexing to increase reliability,

Research findings ,...

In study of a learning model, a second-order approximation of
the variance of expected learning time has beenobtained and shown
to be adequate for judging performance for learning nets of
M £ 300 components (the range in which exact results were pre-
viously computed and bayond which exact value would be extremely
costly}.

Simulations on the IBM 7074 show good agreement on samples
with N < 300 and indicate that N = {000 will be feasible,

Publications ...

Jekn F. Randolph. "Cross-Examining Propositional Calculus and
Set Operations,” American Mathematical Monthlyv, vol. 72, no. 2
{(Feb, 1965) 117-127.
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6-10. Rockford Reseavch Institute, Inc,, Cambridge, Hass,
Theovy of Methods for Implementing Inductive Inference
Mr, Kaymond J, Sclomonoff

AF-AFOSR-464.65

Objective ., ,.

Toward mechanization of the inductive inference proc-
esc of formulating predictive patterns from input data,

Project summary ..,.

Present methods of inductive inference are being exswmined
toward developing more adeguate theories and shorter, more effi-
cient methods of implementation, Prior research prov.ded a
method of quantitatively assessing a set of processes for inductive
inference, The approach is to operate on actual input data aud
develop a representation of the input through coding techniques
by means of tne shortest possikle program capable of discovering
the meaximum number cf significant predictive regularities in the
data, The mast general possible form of heuristic search is sought
for all kinds of regularities within a corpus of data,

Reseavck findings ...,

A formalization of the generzl heuristic search preoblem was
deviced in the form of 4 network of tasks tc be accomplishud,

Some practical approximation methods were dzveloped to solve
task nets, and theoretical solutions have been obt2inea fOor some
general forms of the problem,
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g-11. Stanford University, Institute for Mathematicgl Jtudies in
the Social Sciences, Stanford, Calif,

A Formel Theory and Algcrithuns for Intelligent Activities
Dr. E, Mark Gold

AF.AFOSR.-256-65, AF-AFOSK- 856~6A

db*active .., ..

Toward development of a formai ireory of lauguage
thac can aczount far humau-tvpe inteiligent activities,

Proicot suromevy .. ..

Rsecursive~thenretic methods ar.: being eximined to demanstrate
that ciass of prrobleras iy artificizl iutell ence for wnich a solution
nrocedure can cventually folve any prosiem of the class, and to
chaxacterize {2atures which distinguish between this class ofprob-
lems and the zlazs for which there is nG universal solution. [t is
plannzd to reduce resul.s to practical algorithms, particularly for
the jecond claze of pirobiems, A clasg of tree predicales has been
iniroduced that appezrs large enough to include the question-
answer predicite, the implication predicate in Englivh, and the
predicate iy prool' in the propositional caleulus, The class of
tres zrediciales appears to be a theoretical test for & proposed
thinking algorithmi, Siwple, but formal, approxirn3tions to the
definition of us@=s of language are being mads towarxé the con-
struction < = theory of language which candccount for four aspects
of langurage usage: analysis, synthesis, lecrning, and complexity.

Research findings .. ,.
Tvo closely rc¢iated, prelimina~y models 2ye nearing z¢ruple.
tion which aeycribe the relztious that can occur in natural language

that would be considered suitable for determininy cuiputs from an
organism as & function of its iaputs,

Publications ...

E. Mark Gold. "Identification in the Limit," Informal summary
paper, April 1965,

£. Mark Gold, "Syntax Extension," Informal rept., Junz 1965,
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6-12, Wayne Siate Universily, Monteith College, Detroit, Mich,
A Brain Model Using Multi~Valued Logics
Mr. Alfred L. Stern

AF-AFOSR-530-65; AF-AFQOSR-530-066

Objective .. ,.

Toward specification of a model that operatss with
non-nameric information in the specially patterned
ways called intelligent behavior,

Pyoject symmary ..,.

An attempt is being made to define a proper model for the
intoematicn handling capability of the central n2rvous system with
respect to ity perzeptual and storage capacily and its information
handling fechrdques in ‘erms of ymulfivalued-logic representations.
fernary logic is being used in a firs! approximation. A simulated
ternary envirc.meant and the generation of ternary objects in it
have been programmed, Simulations are being programmed that
describe ternzvy subsystems for sensory inpul, transmission,
memory, and command and control., Results will b2 extrapolated
to a gnaternary logic, Based on results withternary and quaternary
logics, the order of complexity will be determined for a system
using multivalued >lements (with operations of the same logical
order) which would be needed for a proper model of the central
nervous system,

Research findings ....

A computer program has been written whichsimulatzs a ternary
40 x 40 matrix as the environment for a brain model and provides
for the generation of ternary objects in the environment,
Publications , ...

Alfred L. Stern, "A Brain Model Using Multi-Valued Logics."
Interim progress report, Preliminary draft, Dec, 65.
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f 6-13, Yeshiva University, New York, N, Y,

“ The Existence and Use of Algorithms

N Dr, Martin D, Davis and Dr, Hilary Putnam

AF-AFOSR-345-53; AF-AFQOSR-345-65

> \ Continuation under New York University, AF-AFOSR-995-66
) ;_i’* Objective ...,

£

B

Toward extension of modern developments in mathe-
matical logic as tools or prescriptions for the explicit
representation of procedures generally labeled as
intelligent activities,

Loyt
b

. ¥

IR W3

Project summary ... .

Studies are being made of proof procedures (a) on 2 problem
ir the elementary theory of groups; (b) on the problem of identity:
(c) on problems in numter theodry frorn developments of finitely
axiomatized systeni: and infinitely axionatized systems with a
finite set of axioms &nd induction schema; and (d) on svstems of
notation for transfinite ordinal numbers. Study is planned of semi-
computable (recursively enumerable) sats in an attermapt to axtend
carlier rasulis relevant to numbe- theory and automata theory,
Ef’ort la> degun on the developmernt of new theorem-proving

meincds for an infinitely axiomatized system of firat-order number
theory.

Reseavch findings . ...

Prof, Davis - A new proof of Hilbert's second epsilon theorem
based on Herbrand's fundamental theorem was obtained which may
find applicability in connection with mechanical theorem proving.

Prof, Pstnam - A hinrarchy of degrees of unsolvatrlity has been
constructed thsc 2xtends the Spector h.erarchv toallsets of integers
that are "constructable" in the sense of Gdded,

— Publications ...

i Hilary Putnam, '%g£i2l and Error Predicates ana the Sclution

to a Proklem of Mostcwskx." Jouraal of Symbolic Logic, vol. 30,
no. 1 (March 19545) 49-57,

Hilary Putnam and Gustav Hersel., "The Ramified Analytical "y
Hierarchy." Submitted to Journal of Symibolic Logic,

o Hilary Putnazs, "Tcuth and Proof.' Submitted to Jcurnal of ‘

' &ilosoohy.
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6-14, Yeshiva University, Belfer Graduaie Scnuc! of Scieary, New
York, N, Y,

Symbolic Logic and Recurs.ve Function Theoxy

Dr. Raymond M. Smullyan

e L gl

AF-AFOSR-433-64; AF-AFOSR-412.65 :

W

v
1
"

Objective . ... "

Mibudiies 2 Atk

Toward simplification of mathematical stitements of
proofs amenable te digital computer procaysing, -~

Project summary ., ..

Applications of the theory of computzsle {recnrAxve) funclivns
arc being investigated to requirements of computing wszhines and
finite automata, Modificaticas of a unifying principle in ¢uzatifizae
tion theory are being explored for intuitionist logic and rv urygivze
function theory, Unifying urinciples are alsdo being sy jht ‘v ges
theory.

ORI PN AL

RACAA & Loty it L it L

Sa
Yieeh oy

Research findings ,.,.

Scm~ results of research on trarslation pov<ssee between
different formal proof procedures for simplifving roc{s =are
reported in the first two references balow,

Study has started on 'proof theory," towardé the constructive -
demonstration of the consistence of varisus rnathematicsl systews,
Publications ..,

Raymond M. Smullyan, "Analytic Natural Deduction." Journal of
Symbolic Logic, val, 30, no, 2 {June 1965)

CRC i3 %}%%**WVMW

1 Raymond M. Smullyan, ''Trees and ¥iast Structures.'! Acccpted
: for publication, Journal of Symbol’. Logic.

Raymond M, Smuilyan. ''Cn Transfinite Recursion."” Accepted for
publication, Transacticng, New York Academy of Sciences,

r

Raymond M, Smullyan, '"The Contintura Problem,' Accepted for
publication, Ercyclopedia of Philosopky.
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Feclion 7. Plakislies

2 totai of 8 proiecls is reported onin this volume, Funds for a
project range from $6,u46 to $91,200, the majority being in the >
$25,000 tu $35,600 range, The table below summarizes the fiscal =
years frem whick the projestc reporied were funded. h

" — kY
Fiscal Year Cortracts Grants )
66 16 21 '
65 9 14 i
64 1 3
63 1 2
62 - 1 ’
Totals ‘ 27 41 ! :

L R

Most of the projecis are funded on an annual basig, thoug
longevity is desirable, particularly for studies thal raquire ex«
tended periods for Iruitful results. Planned iongevity is reflected
in the above data, Unanticipated longevity is also reflcuted, This
arises when computer peograms don't perisrm as they should, o
equipment delivery is delayed, or staff assigstzitz leive who snre
difficult to replace, etc,

The FY 66 projects initiated include the 37 shown abevzx and 7
which begin in 1966 (se= Section B),

This vglume ligts citations to 144 papels ox purlitaticas, Jer-
tainly, publication is importantin scietce, Hoveves, "publisation™ s
moyre than that which is recorded in iszZninical reporis, jousnal
articles. books, Perhaps the most useful publication for the na- .
gearcher is the content of personal ud:respondence and discasaiou v
tt meetings or informal Youli tessions." Yhia telis him what is
going on and gives himi ideas, help. bimtc make syntheses that can

. give n=2w direction to his work. 3n¢ "hali-bakad’- idea cannot ke
pulilished and negative results toc infrequently are, ¢t these are
a3 seful and as much the foundation for thought as nzatly tabulated
resw &, The publicaticn is a record, valuable to thoge-who come
afscr ~nd to those who will build the next storv. It is a measure of
accomelishment, but only one of mary factcrs for determining -vorth
of 4 rescarch project or the productividy and creatividy of a msan,
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Seolion 8. Fagiectls Fuilialed Devring the Feriod! but
Fevibing in 1966

Association peur VEtude et 13 Recherche en Traiteinent de 1'Infor-
mation, Faris, Frau.n

Aigelraic Methods in Autornata Theory
Dr Marcel P, Schutzewlavger and Mr, Maurice I?, Nivat

Tasw &

Bunkes~Ramo Corp., Canoga Park. Calil.

1966 Linguistic Institute Conference o2 lingaistic Methed
Dr, Paal L, Garvin

AF 19(638)-1677

TAPN B

Inivarsity of California, Dept. of Psychology, l.os Angeles, Calif,
athematizal Design of an Automatoa to Experience Simple Sense

Data

Or- James T, Cuibestaor and D¢, F, Nuweil Jones

AT -2FC0OSR~ :036-00

Task 2

Univeinity of Ceorgca. Depr, of Phvgics and Astronorcy, Athens, Ga.
Inteagratiss: of Theory and Experiment irntu a Unifiei Concept of
Visual Perception

Dr. Keinz ven Foerster and Dr, Humoearto R, Maturana
Task 3

P.E.C. Research Axsociates, Inc,, Bouider, Colss
Logic and Rational Processgiag in Scientific Discovery
Dr. Norwood R, Hansun

AF 49{538)-1672

Task 6

vperry Rand Corp., Univac-Defunse Svstems Div,, St, Paul, Minn,
Grudies in Logic on Information Capacity and Cormmand Hierarnkies
¥r, Marius Cohn and Dr, Williamn {1, Kanson

Task 6

Universidad Nacional de Tiujillo, Facuitad de Letras ¥ Educacion,
Trujilio, Peru

Cumparative Analysis of Four Languages in helation {o Yagve's
Depth Hypothesas

Dr, Ernesteo Ziszer

Task 5

10}
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Soclion 9. Index lo Inslitelions

53

Note: Project numbers rather than page numbers are given for location,

i)

American Society of Mechanical Engineers, eececeecessoevssseess i~l
S, Juhasz *
University of Arizona , ceeeesceseococscsccsscssscsscsnscsss 2=l
G, A, Korn
BellAerosystemSCOmpany....-....................o...oo&-l
J+ G, Goerner
Uni‘v'érsifyﬁfBil'mingham.........a......r...............3-1
I, C, Whitfield
Bunker/RamOCGrporation...o.....o..o...................5-1
P, L., Garvin
University of California, s o e esoesceosovesesscssscsoascosnce =2
H, P, Edmundson
Cambridgel..anguageReSeB!‘ChUﬂit.-..e..-.o-..........-.-..é-l
E, W, Bastin
CaseInStituteOfTechnOlOgy..‘.....;o.-..¢...o..-.......oo5°2
R, B, Baneriji
CELR,y INCi s vaneesecessssnescsrcrosrrecosnsoocacncscsel=2
L. M, Bohnert
City College, City University of New YOIk ceeecesescoaccsssecse0-2
R, C, Jeffrey
ConnecticutCOHegefOrWomnaeu......-.............-.....5-3
A, Koller
DeciSimlSCienCE.IDC.............u-..;.e..;..o....-.-....4-2
L. J, Fogel, A, ], Owens, M, J, Walsh
Florid&sii‘tf?UnivemiV! A
G. Jahoda
General Dynatnics/ElectroniCSe .o ceesceececosocsecsascsscsess 3=2
E, Agalides
Generzl Electric Company (Tempo)eaesecososssoscsrssscosseces 43
A, T, Ewald
GEﬂemlPreCiSimtLﬁc-oao.oooo-a-oooo-ooo.ooooooooo000006“3
R, P, Reiss
Graﬁx(lncaoaao-o:aao,ooouovooonooooooe..oooocoo'000004"4
G, R.. Bussey
University of Hawali, , ...
A, T. Eweld
Herner and COMOBNY, veseossescoesscscssosssncoscsvsscoss 2t
R, A, Fairthorne
H&‘:rnet’andCOmpﬁnYo.o.....-..........-......o;..o...-.1'-3
&, Herner
Holtauder ASSOCIAIES s uevseesevescsssrsecsocnsnsessssecssrtd
3, .. Hollander

Sk et

"r, e PR S

ATl e e T R S T e

~

IQOI......'.’.'....Q'...00000002.3

J

v oo Sy K PRI

I o
S
R S
IR 19
\
!

wnh,w\w;
Ly smmernrkeslemadii

103

| O




A8
v HL

i
b

AN :Er , .
"y "'J%é’ ":,if £

W, b
B

Lo e

sy

[

——y

/1~§"f&€;§f‘ :ﬂ} -
HughesAircrﬂtCompany n:oooooeoooocoo.::e-----'eotecoté"i

F. B, Cannonito

Hlinois Institute of Technology Research InStitite |, oeeeevesesnvee 6=
B, Kallick

ljnzvers“tyafm‘nOISCIOO..O.'.OQG‘O...‘....O....0.0.'.'06-6
C, G'nther

Universitycfnlmois...\0000...D.'O...O....On..........04'6
H, von Foerster

University of Illinois at Chicago Circle ., eess0000cc0vevoocssesd=?
E, E, Gose -

mdianauniversity 00.0....l..'........l...OOI.’...‘...Os_S
J. P, Egan

Information Research As2ociates, INCve ceeosrasconscssosnsssnssed=b
DR, Brizk

InsmuteforScientiﬂCInformadOn.............o....u..s.,..2-5
€, Garflel], I, Sher

Institute for Scientific IfCrMation: v oz eoneecosaasvesavesesecse2=d
J. O'Cennor

Istituto Documencazione Asspclezione Meccanica Italiana ¢ 4o es s 000 0 0 3=5
E, von Glasersfeld, P, Terzi

LEhighUﬂiVGFSity....¢-........o-.‘.o.o..o...go....e...2-7
D, ], Hiliman

LEhighUniVel‘Sity.oQ.osc.o.hoo.o'ooooooooacooocoooco0005’6
R, S, Taylor, A, F, Brown, D, J, Hillman

I'BhigtluniverSity..'Qvfﬁ...C’...Q.....l.0."(.'0'.0.0'.1.4
R, S, Taylor

wEElecrrOﬂics0....'.Qt'..@i......‘.1000000000.000006'7
I, Rothstein

hﬁdﬁganstateuniVGI‘Sity 0.0."0..'00.....‘..........‘0.04‘9
W, L, Kilmer

UniverSIWOfMChigm Q'......0......‘...'...O.......Q'.s-s
8. A, Galler

Universit}'OfMiChigan .l'.........!.30.'...‘...‘..O.%J.,s.'i
G. E, Peterson, J. E, Shoup

Univeg'SityofMicmgan Q.'O.O...O'.....O.CO.O.'Q...C'...L5-7
J.E.&loup

UniverSitYOfMiChigan ..-oaacno'oo-ooooo-.oco.oo..otooanz’s
W, P, Tanzner, Jr,, R, F, Arnold

Montanas:ateumversity...........'.."O.C')....(.0..0!.3-5
F. L, Brissey

UXIj'VerSityofMontreal....C.......0.........0...00...'0‘0l-s'
H, Selye, G, Gabbiani

!\waorkRese&rchGruup,k!c, 000.00:..0..0.60...0...’0.015.9
¥, T, Sommers, D, gothenberg, D, M, Mass{e

NewYorkUniversity........o..........-,........e-.o...ﬁ-s
M, D, Davis, H, Putham

NewYorkuniversxtyoﬁoloaa.....o.:...cl..OCQOOOOQOQ.‘tt2’9
H, Freemsan

Unive!'SRYOforegonoooooo;00ocooeoooo-oooooonooooooo00-3‘6
F, L, Brissey

UniversityofPennsylvania...o...........o-..-.e,.........1-6
M, Rubinoff

104




AL ¢ | - - - - ~ e TR
LT e
R Bt
'-;n,& j\ &
B -
TV R AC N
AT ¥ .
i SR et ..
e e e - -

PurdueUnlver.‘Sily .4.0.000.;0.9--coonoccooooooou.octaoo1'7
Y. S, Touloukian

RCALaboratories 0...........“'.....0...“...........5-10
S. Amarel

UniversityOiROCheSIel‘............-........e..a.........6-'9
J. F. Randolph

Rockford Research Institute, I1C, e e eevesessossoscsenarsenses =10
R, J. Solomonoff

RUtgersuniverSityl.f.‘..O'......'Q‘....‘..’Q.'..'.QQ..I-S
R, R, Shaw

University of Southern Ce:lfornis ¢, seeeoonveoscesccsncsscsse4-i0
G, A, Bekey

SperryR,andCO:‘:.‘Ot'ainP......-..n.......'....a....;.....z-le
G, Kaskey, E, G, Fossum

% StmfordUniverSIW'...0‘......'.’.'..q.....f."..Q7.ﬂ.os..ll

A, Ehrenfeucht

starlfordt}n’varsity.‘!.'.‘.u.’v..".@a‘...."0...."0.‘..6_11
E, M, Gold

SystemDevelopmemCOI‘P...........e.....o...¢...........109
B, ¥, Rome, S, C, Rome

SYStemReSE&I‘Cthd..-...-..--.....;..,....‘.a..........‘?-u
G, Pask

L‘r’i‘;ersiEYOfToron:o...e‘..."‘..........*.f...‘.......2"‘1
S. Kotz

- Univ::rsityCollege(LOndon)...o....oa.".-ae:..»..........-.3-7

3 R, J. Audley

Universityofl"ltah ‘.‘.'.....“‘....’........."‘..‘..'..3_8
C, W, Taylor

UniverSityof\vash:ngton.......'."..‘.\“....0‘.’.'..‘...4012
2, L, Johnson

‘tvayneStﬂteb‘niverfEiq‘s&qooooaoocoo-ooro.::oooccoo-oo0006’12
A, L, Stecn

“’eStBtReSedrchAnBI?s:so lnco..a(.(,‘00.03.0.'.‘0.-0.“00..02-12
E, C, Bryant

WestemR!!serveJniversi‘:y-..>.-~...........:..;-on.a...1"10
W, Gofrinan

WestinghouseElect::icCOrporati'Jn..uq..\-....o..............5012
P, Z, Ingerman

Yeshl‘laUniverSﬂ’y.........v.....«....-o.........o.....6"13
M, D, Davis, H, Putnam

YeshivaUniverSity'..............'..ﬂ".....‘.......l.‘éal;
R. M, Smullyen

%
i
i
N
N
¢
s
‘

il 7 cidad 1t

—— N

tewwends -

[}

v
NP S N

e it ¥

v

]

105

WA SN
- ,3") ‘:4 !E - Eal M

7. I~
oy




- . R

g S ’ RO o A
» BRI ~ F o N , PR U S
"R R - . gn WA Catioe
P S SR ~ LR T ST SN

3
it

X
e
ES

443

Foclion 10, Frvdex o %mcy’m/ﬂmaea@am

Note: I roject numbers rather than page numbers are given for location,

Agalides. Ee sonsooccae 3-2 JOhnSOI}, D, Looco;o.oo 1-1 o
Amarel.s........... 5’10 JUhaszvst.O""'°"' 4-12 :

Amold,R.F. esosenes 2-8 KalliCk,B.........e- 6-5

AudIQYgR.J..eooaoooo 3.7 KZSkey,G.........-- 2-10

Banerji.R.B.(..u... 5~3 Kilmer,W.L......;.. 4-9

Bastin,E.W. XXX} 6"1 Kouer;—A..ooeocooooo 5’4
Bekey,GgA..o.ooooou 4-10 xom’G.A.QOOOOQCOOO 2-1
SOhnen’Loooonotoooo 1-2 KOtz.saoococooooooo 2-11

BriCkoDo Be csccocene 4-8 Massie. D 5.9 .
BrXSSEYo Fo L.I TR 3-5, 3.6 O'Cann:}r,.jl.w: : : : : : : : : 2_6

:"'::: BrM’A'F..'.°‘.'.. 5.6 OWBHS.A.J........., 4"2
R Bryant. Eo Conoo.oo-oo 2-12
Lﬁ isey.G.&..‘..... 44 PaSk'Gooo.ocooooooo 4-11
Cannonito, F, B, eeeess A4 Peterson, G, Evovose>e 3-4
: mViS;MD.......O.. 6-8’6-13 Pumam,H,,.,,,,,... 6"8'6"13
: Edmundsen, H, Py oce.s 5-2 Randolph, Jo Fe veeeses 6-9
Egan‘J'pooooonooooo 3-3 REiSS.R.F..'......, 6-3
EhrEnfﬁucht, Beoeoososs 5-11 Romes Bo Kt evecreeve 1-9
Ewald, A, T) eesueeses 2-3,4-3 ROM&Q S, C, . o0iiaes 19
Fairthorne, ReAveenoos 2-4 ROthenbergO D, €ses e 5-9
Y?ogel, !"0 jo eSrvesnsece 4-2 Rothstein, J""""" 6-7
Fossum. E. G..,...... 2-10 Rubinoff.M, 40000 s0ese 1-6
3 Freernan.”»ohooccooo 2-9 &i?e,“, teosneescoce 1-5
- Gabtiani, G, v eeeevees 1=5 Shaw. R Rec eeoeocees 1-8
Gal?.er.B.-A........,. - Sher,l, etssecesanse 25
C:a:'fi3ld' Eo sesoerse e 2"5 ShOup.J.Ea Co0soe9roed 304, 5-7
G&I’Vh‘., P. Lo esvseede 5-1 Smullya"o RoMooooooo 6-14
Goﬁ‘l'ner, Jc G:.a.aoooq 4-1 Solomonoff, RoJ.oo.oo. 6‘10
G2i{an, W, eeeeocees 1-~10 Sommers, Fo Teooosens 9=9
GOId.E.M....«—;.... 6~11 Stel(l).AoLo. veoeoseso 0. 6-12
Gose' Eo Eho'co.noooo 4'7 Tannerp Wg P.' Jr...‘.. 2"8
GrO\'ES, G, evsscevcose 2-3 T8Y1°l‘. C. v, esecro )00 3.8
Gunther, G.oo-ooo.o.a 6‘6 Taylor.&s.-........ !."4, 5-6
N Hemertso eeseeccce 1=3 Teni’p)’.ﬂ.’...gq. 525 i
~— Hillman, D, Jo e s eseece 257, 56 Touloukian, ¥, S, s e evee 1-=7 }
‘% HOI:maero Gq L. ceocese 4-5 von Foerster,H. eenes e 4-6 ;
) Ingermian, Py Zeeoeooeos 9=12 ven Glasersfeld, E, e oee 5-5 }
jahoda,G. AP e0000men 2-2 walsthoJooocoooc-o 4-2

JeffreyoRﬂCOOOOOoooo 6"2 WhitfiEA ALC. seo0eoeven 3-1

[ue——_

107

:
i
N -
}




s e ]

o
A

oA

SR e g

A

Lidk)

WA

f

PP

UNCLASSIFIED
Sccurity Classificasion

DOCUMENT ZONTROL DATA —R&D
18ecurtty_clarnfseaison ot tile bodv of absivact and indesiag annrtatm must be entired wher ihe overall report s elassified)
1 ORIGINATING ACTIVITY ((opvere euthors IA_RIPORT ;{:&:rnv CLASSIFICATION
*

Alr Force Office of Scientific Ressarch & l&ﬂ:‘isp«ily
Washington, D, C. 20333 20 GROUP

3 ALPORT TITLE

Information Sclences, 1965

4 DESCRIPTIVE NOTES (Type of tepori and uacluenn datse) = l
—!

[ Scientific Report __ (3 Final Report [} Joumnal Article [J Procewdings ¢ Book

S AUTHOR S (Lail pame, firel nave, inital)

Swanson, Rowena /

& RCPORTY DATL AS PRINTIOD 7A TOTAL NO OF PAGES 18 NO OF RIr3
Jan. 1966 nfa
B8A CONTRACT O GRANT NO OA ORIGINATON £ RLPORT NUKBIN(S) (if guren)
n/s
B PROJLCT MO 6 AFCSR 66-0150
< 61445014 o8 OTHIA n}ron NO (8) (Any other ~umbers IASE mey % wsorgned
0 repor

AFOSR 66-01%0

[] AD

10 AVAILADIL TY/LIMITATION HOTICES

Di [o] Avn:hb!e from DD%.‘ _-1
Stribution of this 3 mee b sene
documant IS 1P imie 3 Asilcble Comp.cially
12 SPONSORING MILITARY AGTIVITY

AF Office of Sientiflic Research ( S¥I ,
Office of Aerospace Researsh
Waskington, D. C, 20333

15 SUPPLEMEINTARY NOTIS {Cuelun)

13 ABSTRACT e

This is the-third in a series of ammual reports of the basic research program
of the Directorate of Information Sclences, Aix Force Office of Scientifioc
Research, Summaries of projects current during calendsr year 1965 are given
within six categories: (a) infermation cystems research, (b) infcrmation
identification and classification, (c) transmdssion of information, (d} adap-
tive and solf-orgenizirg systems, (e) language and linguistics rssearch, and
(£) theoretical foundations of information sciences. Briaf comments are made

about esch category. Indemss to institutione and principal investigatcrs are
included.

OD 1o 1473 UNCLASSIFIELD
1IAN Security Classiiication

109

GPri 902.331

f

I

’

{

.;; S

a0 %
s . X
F -0
* .
=
>
2%

""
2,
:




