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INTRODUCTION AND PROGRAM HIGH-LIGHTS 

The AFOSR Information Sciences program exists to serve two 
reiateti Air Force communities. One is concerned with improving 
the handling of scientific and technical information in Air Force 
ibraries, information centers and management information systems. 

The other is concerned with meeting Air Force technical objectives in 
such applied areas as avionic communications, electromagnetic intelli¬ 
gence, ground-based surveillance, ground communications, informa¬ 
tion displays, information processing, reconnaissance and aerospace 
photography and optronics. 

This report lists the progress made on 65 research contracts and 
grants that were active during 1968 in the four areas designated by 
the COSATI subject headings of documentation and information 
technology, language and linguistics, bionics, and information theory. 
Selected highlights of the program are listed in this section. Following 

s the reader will find brief statements of the progress made under 
all efforts monitored by this Directorate during the reporting period 
ogether with citations to the 125 reports, journal articles, books and 

chapters in symposium proceedings they produced. 

The names of the investigators cited in the following sections are 
followed by a number (e. g., 1.21) referring to the section of this 
publication listing their publications. Copies of cited publications 
may be obtained either through the Defense Documentation Center 
or the Clearinghouse for Federal Scientific and Technical Information. 

DOCUMENTATION AND INFORMATION TECHNOLOGY 

Robert A. Fairthorne, (1.19) State University of New York, Albany, 
stated the principles of Impotence that limit the behavior of informa¬ 
tion systems: Discursive Impotence, which states that systems must 
accept discourse as authors write it or readers make use of it or wish 
to make use of it: the Principle of Ignorance, which states that one 
cannot tell whether a statement is true just by reading it, and: the 
Principle of Delegation, which states that no one can substitute for 
someone else's reaction to discourse, but can only delegate for him. 
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function) to finite-bandwidth, finite-time duration and/or finitely 
quantized (real) signals. He has applied these expansions to the 
study of sinusoidal signals in noise, where the processor acts as 
a discriminator of amplitude and, to some extent, frequency. This 
general procedure has applications to target classification, source 
identification and information extraction. 

Laveen Kanal, (1. 10) Lehigh University, has defined a new model 
derived from a class of infinite - state Markov chains for errors 
occurring in a real communication channel, and has shown that all 
preceding finite-state Markov models, and several others are but 
special cases of his model. He is now devising a general technique, 
based on his infinite state model, to evaluate the performance of 
error correcting coding techniques. 

Herbert Freeman, (1. 13) New York University, has been applying 
linguistic theory to pattern analysis. A pattern analyzer program 
has been written for which the grammar of a class of patterns can 
be specified in tabular form, and patterns then examined in a manner 
analogous to the parsing of an English-language sentence. The work 
has been applied to the analysis of bubble-chamber photographs, vein 
structures of tree leaves, and variously shaped alphanumeric charac¬ 
ters. 

He has also been investigating the problem of solving the "hidden- 
line" problem for solids bounded by quadric surfaces. Procedures 
have been developed that permit some of the key calculations to be 
performed in two rather than three dimensions, with significant 
reductions in computing time. 

G. Krulee and Ben Mittman, (1. 15) Northwestern University, have 
been working on the development of an effective remote-terminal 
based information retrieval system. INFOL, a language primarily 
directed toward structured data storage and retrieval, and TRIAL 
for bibliographic applications in searching and indexing, have been 
made operational for the CDC 6400. INFOL has been used for 
storage and selective retrieval of cardiology and dermatology cases. 
TRIAL has been used to produce bibliographies in geological litera¬ 
ture and in computer sciences, among many other topics. 
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June Shoup, (1. 17) Speech Communications Research Laboratory 
has made three major advances in instrumentation for speech 
analysis: the construction of a moderately-priced TV system which 
permits a visual display such as a sound spectrogram to be displayed 
on a computer controlled CRT and to be traced with a light pen. This 
computer-aided measurement of sound spectrograms proved to be at 
icas our times as fast as hand measurement. A special face mask 
permits simultaneous records to be obtained of air flow, of sub- 
g o tal pressure, of the acoustic wave and of motion pictures of the 
true vocal folds. This mask allows the laboratory to be the first 
group to obtain data from the above-mentioned types of records 
simultaneously. A program implemented the fast Fourier transforms 

ment8w V0n;PUuter’ ^ e88Cntial to «pedite their experi- 
^ K y °i íheuacou8tic Properties of the fricatives and sibilants 
of English, and in the automatic tracking of acoustic parameters of 
the speech wave. 

LANGUAGE AND LINGUISTICS 

Philip Bagley, (2. 18) University City Science Center, completed a 
wo year study on ways of designing new computer programming 

languages independent of the hardware characteristics of current 
computers. He developed a new technique for expressing data values 
data elements and data structures, but found that much more freedom 
of storage organization is needed than is provided by current machine, 

Dick Bennett, (2. 14) Signatron, developed BUILD (Bases for Uniform 
anguage Definition) a base for the definition of a wide class of lan- 

guages.-e.g. , by an advanced programmer using the language for 
himself for writing a complex program or would design a language 
for otherf. in a particular applications area. If it works, BUILD 

TiTTV0 Simphfy and uniiy computer languages so that they may 
all be built on one universal base and may all be handled by one 
general translator. 7 

Ran Banerji, (2.4) Case W.atarn Re.erva, working on gam. theory 

«ri r.nfr ,,or,rv/o"min ,vp',>ositionai»■>»J»: struct effidentiy the descriptions of forcing positions of depths about 
10 and of various degrees of sublety (i. e., immediate threats, threats 
to threaten, threats of threats to threaten, etc. ) 
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Von Glasersfeld, (2.07) Georgia Institute for Research, has made 
his automatic parsing procedure for English sentences fully opera¬ 
tional on an IBM 360/65 computer. Its output has been developed 
into a graphic display of sentence structure which presents the 
parsings like tree diagrams. Sentences up to 16 words are now 
processed in 0.5--2.0 seconds. 

David Rothenberg, (2. 11) New York Research Group, has developed 
a pattern recognition model which maps a possibly infinite and con¬ 
tinuous space, over which sensory stimuli range into a finite space 
of discrete points, the classifications of such stimuli. The model 
has been successfully applied to human auditory perceptions and to 
visual perception. 

Saul Amarel, (2. 13) RCA, has been working on a question answering 
system with a data base consisting of descriptions of geometrical 
patterns arranged in two dimensions and with a question language which 
is a fragment of English. The question language and the answer-gener¬ 
ation techniques have been extended so that they can process questions 
involving arithmetic. 

Seymour Ginsberg, (2. 15) System Development Corporation, working 
on the theory of programming languages, has devised the theory of an 
abstract family of languages (AFL). The notion of an AFL turns out 
to be extremely important for language theory. It unifies the theory, 
allows algebraic proofs to replace machine arguments and points the 
way lor new developments. In particular, isolated facts about closure 
properties and many diveme proofs are now part of a general algebraic 
theory with many special cases. Additionally, new facts on substitution, 
intersection and hierarchy relationships among well-known families of 
languages have been obtained. 

Lew Clapp, (2.06) Computer Research Corporation, completed survey 
of 500 on-line computer systems and languages. On the basis of these 
data, a 2nd report on "Successful Techniques in Developing On-Line 
Systems" is being written. The data base, from 500 surveys, was 
studied and manipulated by an on-line system, written in SNOBOL! 

BIONICS 

Les Gerhardt and Johannes Goerner, (3.01) Bell Aerosystems, have 
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been applying fixed linear adaptive gain networks to a variety 

system moi ^ pattern «ignition, mixture analysis, 
system modeling and adaptive control. They have developed an 
a aptive non-deterimnistic search procedure which is an improve 
ment over presently known methods because of its compatibility 
between high speed and accuracy, ^ 

Gerhard Hollander, (3.04) Hollander Associates, has develoned » 
.y.t.m for claiaifying the varloul ap[>ri>.che, 

into .nc group, nf increasing co.t and elieotivsn«.,, ba.ed on tha 

IZZ'JrJl f «POrt*- T“’ b“iC cU,,ific*l‘<>n .Cham, can ba expanded to all adaptive systems and can yield or be the basis for 
quantitative cost and effectiveness values, so that eventually the best 
system for a given application can be determined by scannine the char 

cation.StlC8 OÍ the 8y8teme and the qUantitative d«»cription of the appli- 

Earl Gose, (3. 05) University of Illinois, Chicago Circle has been 

:;£ZT- Va,i',r °f Pa,t"n "'“«"‘“O” A coior 
innut to !K lying 8P 8canner was instructed to provide pictorial 

put to the computer. Programs were written to measure shape 
color and textural properties, and to perform filtering and noise-' 

brÍin ceil. Wold n Waa demon8tra‘«d in the classification of 
rain cells, blood cells and breast tumors, using electron micro¬ 

graphs, photomicrographs and X-rays. 

”ei,nZ ^ Fo"ster, (3. 06) University of Illinois, and his graduate 
students have worked on a variety of problems. These include: 

An improved list structure system of the ring type, designed for 

8 .rgand manlpulatin8 relational data of arbitrary complexity 
within the computer core memory. P Y 
semantic f' ? P°Werful Pro8ram debugging tool which uses a 
semantic analysis to detect program faults at a higher level then 
those found by the usual syntax check. 

Developed a mathematical model of neural behavior which seem, k 
both physiologically realistic and formally satisfactory. C 
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Development ot . Vi.unl Image Proo.or, a .peclalpurpo.eelec 
tronic computer epecificaUy deelgned to compute on t»o-dimenaional 
v”ûï images where the inten.itie. oí an image point and tho.e of 
its near neighbors constitute the independent variables of a function 

to be choeen by the operator. Thi. work, on the á',ec,'°" *”d/'J”' 
tratlon of topological and geometrical properties such a. single or 

multiple - connectedne s s. 

William Kilmer, (3.08) Michigan State University developed . 

computer model of the reticular formation (the structure in v 

brate central nervous systems that commits &n l^‘l t0 °f 1 
another gross modes of behavior) which shows habituation an 
recovery conditioning and extinction and generalization and dis- 

m'naüon Oth^ wor. is in progress on the application of modem 
patterrTrecognition method, to the analy.i. of electroencephalographs. 

o o xxorVi*e (3 10) University of Southern California, discovered 
¡hat ôf 5,040 theoretically possible quadreped walking gaits there is 
ordy one which maximizes the dynamic stability of low speed loco-^^ 

motion. These results were applied to the manua y 8ponBor. 
logged truck built by General Electric Company under ARPA spon» 
sl!p, since serious doubts had been raised concermng the dynamic 
stability of the machine. The machine was successfully te8*e* 
Tune 1068 using the gait recommended by Dr. McGhee. The p V 
June 19 8 a vosR-sDonsored investigation, 
of this gait was unknown until the AFOSR-sponsoreu in B 

roorve Bekev (3. 10) University of Southern California, developed a 
hybrid computer algorithm for me — ^ ^ 

,.. Fredholm type. It seems possible that this approacn 
may lead to a real time "on line" technique for solving such equat.on.. 

Gordon Pask. (3.11) System. Research, Ltd., 

‘rhe1«”6. ■.Tgnificlnt topéeme0“intélcSn'g efficiency if *h« te*chin, 
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th, .tudent'. strategy ,„d ,h. good strategy ,4) imposes the 
compromise strategy a. a tutorial prescription, and (5| give, 
the student reasons for doing so. 8 

INFORMATION THEORY 

Kurt Bing. (4.08) RPI, developed a linear system oí natural 

reo^eldh WhlC.h the U”“Uy ^ddthersome quantifier rules are 
replaced by simpler ones, constituting a more convenient linear 

pTr™."’” tré. d'duC,“"V Wilh *'• can accomplish the 
purpose in tree type systems of combining several deductions info 
one, hut without having trace branches oi deduction“... 

in.eüîg'ence PP“'‘ »c-nce, and artificial 

Ray Smullyan, (4. 03) City University of New York summ«- ^ 

spe0cTarÏ.Ctalr M°i8t °8f the ñoT 

do) the applied mathematician and worker in th. __* ra8ea- • (as 
who find logic helpful bu, not ,.”ilyTmlabl. SmT h' "*' 
reorganifed mathematical logic InVform wh,^ ^Äe^r 
esults far more easily available fco and useable by the general 

mathematician and worker in the computer sciences. He haS 

shown how the techniques involved lead to new results in math 8°r locic itavif .„ut_u . *ew results in mathematical 

methods many WayS 80 bey0nd th08e °btained by classical 

Martin Davis, (4.05) New York University, has obtained new result, 
various branches of mathematical logic and computability theory. 
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.specific relations have been found between various hierarchies of 
notations for f ransfinite ordinals. These systems of notations for 
transfinite ordinal numbers play a key role in finitary consistency 
proofs for formal theories, which in turn can be expected to influence 
work in mechanical theorem proving. 

Bernard Eispas, (4. 1Ö) Stanford Research Institute, conducted a 
month-long seminar to try to bridge the gap between switching theory 
and automata theory on the one hand, and their applications in com¬ 
puters. The relationship between the practical art of computers and 
its associated theory is unique in engineering since such factors as 
noise, impurity of materials, inaccuracies in fabrication and the 
vagaries of complex environments, which are integral to fields like 
electronics or control engineering may be effectively ignored by many 
cases of practical importance. Nevertheless there is a general feeling 
that the gap between theory and practice is growing. For example, 
switching theory has not been of significant use in the design of large 
logic networks, nor have the theories of automata and formal languages 
been of significant use in the design of computer systems nor in the 
design of executive programs. The seminar had the following goals: 
(J) to analyze the state of the crrrent relationship between the theory 
and practice of digital systems: (2) to distinguish specific technical 
problems for which new theory is needed or where new techniques are 
nseded for the application of existing theory. The final report, now in 
preparation should provide guidelines and more importantly, impetus 
for theoretical research workers in automata, languages, switching 
and combinatorics to pursue problems of considerable practical rele¬ 
vance to the art of digital systems design, and (2) to make available 
in one place a statement of recent results in these fields that are 
of actual or potential value to practical machine designers. 

Bill Kautz and Jim Turner, (4. 11) Stanford Research Institute, com¬ 
pleted a comprehensive survey of all published Soviet literature on 
graph theory and its applications. The availability of this report should 
draw attention to this important collection of mathematical and techno¬ 
logical results. Although Soviet activity in graph theory and its applica¬ 
tions lags behind corresponding Western work in quantity and quality, 
the level of activity is increasing rapidly and there are many excellent 
Soviet contributions to the theory. The best Soviet work has been con¬ 
cerned with bounds on numerical indices associated with graphs, 



properties of algebraic structures associated with graphs, and 
operations on graphs. 

Yehoshafat Give'on, (4.13) Stanford University, has found several 
methods developed in standard automata theory useful in other 
branches of mathematical systems theory. The most outstanding 
of these methods are in respect to minimization of systems, simu 
latxon of systems, and the reduction of simulation of systems to 
some well-known algebraic theory (e.g., semigroup theory for 
simulation of sequential machines.) He has been using category 
theory as a framework to study these methods. His work in 
algebra automata (an algebraic model for a certain kind of par¬ 
allel information processing) and on linear systems (which are the 
core of control theory) has been directed towards finding the parti, 
cu.ar properties of the application of automaton theoretic methods. 

S/AFT PUBLICATIONS 

In addition to the monitoring of contracts and grants, 
staff produced the following publications during 1968. 

the Directorate 

Rowena W. Swanson, Information. An Exploitable Commodity. 
Invitational paper for the Fourth Annual Meeting of the Informa- 
lon Processing Assn, of Israel. April 1968. IPA Monograph 

No. 5, AFOSR 68-0652, AD 677197, 8 P 

Rowena W. Swanson, "Information Services for Small-Scale Industry. 
American Documentation. Vol. !9, No. 4 (Oct 1968) 412-413. 

Harold Wooster, "Our Nervous Science Publishers," The Torch 
(July 1968) 14, 28-32; AFOSR 68-1880, AD 674<?91. --' 

Harold Wooster, "Towards A Uniform Federal Report Numbering 
^ystem and a Cuddly Microfiche Reader--Two Modest Proposals 

aper presented at the Third Annual Northeastern Documentation 
Center/industry Users Conference, Waltham, Massachusetts, 
17 April 1968; AFOSR 68-0772, AD 669204 

Haroid Wooster and Eliot Sohmer, Information Sciences - 1967 
(Scientific Report, January 1968; AFOSR 68-0006). ' ’ 
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Harold Wooster, "Machina Versatilis--A Modem Fable" Library 
Journal, 94, 725 (15 Feb) 1969. 

Harold Wooster, "The Future of Scientific Data" OAR Research 
November 1968. 

Harold Wooster, "Airlie House Conferences", in Encyclopedia of 
Library and Information Science. Vol I. Dekker, NY 1968. 

11 
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Section I 

DOCUMENTATION AND INFORMATION TECHNOLOGY 

The problem really begins when someone, we will assume altruisti¬ 
cally motivated, creates something called data. Much of this data 
is in tabular, graphic, or symbolic form. At this instant a highly 
predictable, and absolutely irreversible, process takes place. A 
convention of long standing dictates that the results of this labor be 
written up for presentation at meetings and publications in numerous 
journals. As a result, additional data, often referred to as verbiage 
is generated to connect the original data together. Behold - a 
document has been created. 

Sometime after the creation has taken place, most authors decry the 
time iag the document is abstracted by a "competent" abstracter 
who is well versed in the subject matter. This is also the time when 
key words are identified and isolated for future use in locating the 
document. This process is assured since the key words are very 
significant in th* eyes of the abstractor. Should the author disagree, 
then it is obvious that the author never fully appreciated the content 
of his paper and indeed may not have been competent to write it in 
the first place. 

At this point the paper is stored on magnetic tape or phonographic 
film; ? \B connected to the outside world at the lowest level by the 
ongxnal document, at the next level by the abstract, and at the 
h ghest level by the key words. We have now arrived at the far end 
oi the communication spectrum, and, once again, we are dealing with 
data - not documents. A great deal of effort is constantly being 
expended to strengthen the weak links of this data chain. 

Some of the brightest lights appear to be new concepts in data storage 
allocation both area and level, and highly efficient retrieval algo¬ 
rithms. Concept coordination, permutated indexes, structure 
tables and systems languages, and automatic indexing and abstract¬ 
ing techniques have all contributed toward better and more reliable 
ocumentation and information technology. Even with these initial 

successes, the problem still remains far from solved for the large 
scale systems, and successful implementation on smaU, low power 
light weight systems is barely visible on the horizon. 

12 



1. 1 INFORMATION PROCESSING PERSONNEL SURVEY AND 
DATA BASE ANALYSIS 
H.G. Asmus and Isaac D, Nehama 
American Federation of Information Processing Societies 
(AFIPS), New York, New York 
Current Contract Number* F44620-67-C-0092 

Summary of Recent Research Results 

A final report resulted which presented tabular and graphic 
summaries of the data collected during a 1968 survey conducted 
by AFIPS of personnel engaged in the information processing field. 
The data were acquired by questionnaire. The questionnaire was 
distributed by seven professional members of AFIPS to their member¬ 
ships. The survey reported on data from 29, 826 returns, and per¬ 
tain to the following five categories of information: personal data, 
education, employment, professional activities, salary and income. 
Among the respondents, 19% are in the 25-29 year age range, 22% 
in the 30-34 year age range, and 20% in the 35-39 year age range; 
87% are male. Educational achievements were as follows: Ph.D.'s, 
7.5%; M.S.'s, 24%; and, B. S. 's, 37%. Engineering was the principal 
discipline, mathematics was second, and the physical sciences were 
third. The primary occupational specialty was programming, while 
the chief areas of application were scientific and engineering, and 
business and administration. An exhaustive analysis of regional and 
national salary variations was included. 

Reports and Publications 

M.R. Davis and I. D. Nehama, "Information Processing, Personnel 
Survey, 1968," Final Scientific Report. AFOSR 69-1434TR 
AD 688937 

«This research effort is supported by the Advanced Research 
Projects Agency (ARPA) and monitored, both technically and 
administratively, by the Directorate of Information Sciences, AFOSR. 



1.2 APPLICATIONS OF A MODEL FOR COMMUNICATION 
INFORMATION TRANSMISSION PROCESSES 
William Coffman 

Case Western Rc serve University, Cleveland, Ohio 
Contract and Grant Numbers AF49(638)-357, AF-A.FOSR-35-62 
AF-AFOSR-403-63, AF-AFOSR-403-64, AF-AFOSR-403-65 
AF-AFOSR-403-66 

Summary of Recent Research Results 

The mathematical theory of epidemics is being applied to the 
information transmission phenomena evidenced by the evolution 
of concepts in the field of symbolic logic as they have become 
manifest through the literature since the work of Boole and 
DeMorgan. Peak points appear to have occurred since 1847 at 
25 year intervals, each succeeding outburst of activity being 
greater in intensity than its immediate predecessor. Each out¬ 
burst is composed of a sequence of overlapping epidemic pro¬ 
cesses, each of which represents a specific subject area in symbolic 
logic as defined by Church's subject index. Although the field seems 
to have developed according to a specific pattern, i. e., one area and 
then another drew the attention of researchers, individual researchers 
have not tended to move from one area to another in a predictable 
manner. A secondary effort has involved the completion of an experi¬ 
ment with searching strategies. Theory has been related to informa¬ 
tion retrieval systems. 

Reports and Publications 

W. Goffman, "Mathematical Approach to the Spread of Scientific 
Ideas--The History of Mast Cell Research" Nature 212. 449-452 
1966 AFOSR 69-0030TR, AD 686885 * 

1.3 ANALYSIS OF PERSONAL INDEX STRUCTURES AND USES 
Gerald Jahoda 
Florida State University, Tallahassee, Florida 
Grant Numbers AF-AFOSR-895-65, AF-AFOSR-895-67 

Summary of Recent Research Results 

Searches were conducted on three indexes to a collection of 3200 
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documents in the field of chemistry. The indexes were (a) keyword 
from title without added entries, (b) keyword from title with added 
entries, and (c) a single access point per document alphabetic sub¬ 
ject index. Search results are characterized in terms of recall, 
precision, search time, and three other single figure measures. A 
measure of index performance based on recall, precision, and search 
time was developed. No statistically significant difference was found 
between search results with multiple access points per document key¬ 
word from title index and the single access point per document alpha¬ 
betic subject index. Statistically significant differences in search 
results were found between (a) and (b). The effect of the size of the 
delete word list and of elements of vocabulary control in keyword form 
title indexes were also studied. 

Reports and Publications 

G. Jahoda and M. L. Stursa "Tests of Indexes--A Comparison of 
Keyword from Title Indexes With and Without Added Keywords 
and a Single Access Point Per Document Alphabetic Subject Index" 
AFOSR-69-0445TR AD 683750 

Gerald Jahoda, "Planning Improved Library Service for Scientists in 
Universities. " College and Research Libraries 28, 343-346, 1967. 
AFOSR-68-1238 AD 670645 

1.4 STRATEGIES FOR MANIPULATING UNIVERSAL DECIMAL 
CLASSIFICATION RELATIONSHIPS FOR COMPUTER 
RETRIEVAL 
T. W. Caless 
George Washington University, Washington, D. C. 
Contract Number F44620-68-C-0035 

Summary of Recent Research Results 

Special subject analysis matrices are being developed for an earth 
sciences document collection of 1000 documents that will serve as 
the data base for testing the effectiveness of the Universal Decimal 
Classification for computer retrieval. Relator schema, to be used 
as a UDC colon substitute, have been shown to be a convenient device 
for making fine distinctions between classes of knowledge, and a 

15 



dr°p'd —- 
UDC schedule reviVi '„. /l™ '. Pr°C U"’ '0r PreP*riug 
being developed. * d COmPuter search strategie« are 

Reports and Publications 

T. W. Caless, "Searchability, " Presented tn d , 

matíonesneCrvicPesn8TheedUby the.Sch°01 °f Library Science“Ind'lnfoJ 

î-^'» -8- 

T' lmntV;o'Ä'rd„,tV‘:i P d Re*ator‘Schema, ■■ 

^une ,,h8. Usue^ro^^^Pm^cC^nrl*“0” p. 8-9. -fUJ/CCC dated 22 August 1968, 

tpr hr irsc¡— VINITI in Panero r * -v j1"' t0 be Polished in 1969 by 

schej¿t"jr,”,c8%~.r,^r^rc"c- 

T' '°r cia*“fi«a°» 
2-6 September 1968 to be n t.iT’e” held CoPenha8ee on 
5 pp. 8> t0 be l>“1>l‘.hed in the Proceeding. i„ „69, 

T' M„Ä;«rLu:rS“',,,in8 ,n ^ ^ 
Marine Information Svmoo«1’ pre8ented to the International 

-logy Society Vrr.S"“",Torcer'’!',‘bt l"*' 
.o be published in „69. p. 49-5S. AFOSR 68 2578 AD ^y. 

T' "rrTTïïz *:lvcu.ïïr:‘rD~‘ci^- 
Branch for presentation at the AnnualN°rth American 
the American Association for the Ad f 8 ln connectl°n with 
held in Dallas Texas on 2« n ^ncement of Science to be “as, lexas on 28 December 1968. 
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1.5 ANALYSIS OF INFORMATION SCIENCE TERMINOLOGY 
Charles W. Shilling and Patricia Fuellhart 
George Washington Univer.sity, Washington, D.C. 
Current Grant Number AF-AFOSR-1325-67 

Summary of Recent Research Results 

This study is based on an analysis of the terms and concepts 
contained in a collection of lexical resources in Information 
Sciences--thesauri, vocabularies, term lists and classification 
schemes. These resources have been analysed with the purpose 
of tabulating the occurrence of terms. This study, therefore, 
has been aimed at a quantitative review of lexical aids to infor¬ 
mation science language with the objective of determining its content 
and the frequency with which concepts have been recorded. This 
analysis, accomplished from a matrix using the IBM S 360/40 has 
enabled the researchers to quantify the terminology and to prepare 
a series of tables illustrating the frequency of both generic and 
specific terms appearing in a collection of U.S. and European lexi¬ 
cal aids to the language of publication and discourse as it has been 
recorded in lexical form. An inventory and annotation has been 
prepared to identify and describe the lexical resources available 
for review. The publication dates of the source materials range 
from I960 to 1967. 

Reports and Publications 

P. O. Fuellhart and D.C. Weeks, "Compilation and Analysis of 
Lexical Resources in Information Sciences. " June 1968. 
AFOSR 68-1375 AD 671148. 

1.6 SELECTION OF VARIABLES IN CLUSTERING AND PATTERN 
RECOGNITION 
Michael S, Watanabe 
University of Hawaii, Honolulu, Hawaii 
Grant Numbers AF-AFOSR-1187-67, AF-AFOSR-1466-68 

Summary of Recent Research Results 

Pattern recognition methodology was extended in a paper entitled, 
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Mathematical Explication of Classification of Objects" by M. S. 
Watanabe. It clearly showed the relation of pattern recognition 
to inductive inference. A useful algorithm, based on an investi¬ 
gation of object-predicate reciprocation, was produced which 
significantly reduced the required dimensionality of feature space. 
This permitted the analysis of problems which had been hardware 
limited. A major contribution to the empirical foundation of logic 
was made through the study of the continuously-valued characteristic 
function. The SELFIC and CLAF1C feature extraction programs were 
extended and now converge to a well-balanced decision function. This 
was brought about by generating a separating hyperplane which was 
spaced between two, or more, clusters based on proportionality and 
constraints on its normal. It should be stressed that this process is 
adaptive, in that the data may be presented sequentially as the algo¬ 
rithm converges to a solution. Other inveotigators are now beginning 
to employ some of these methods. The use of this algorithm is now 
being extended to geography, meteorology, medical diagnosis, and 
psychology. 

Aporta and Publications 

T.Kaminuma, T. Takr.kaw and S. Watanabe, "Reduction of Clustering 
Problem in Pattern Recognition. " January 1968. AFOSR 69-0751TR 
AD 684625. 

S. Watanabe, "Object-Predicate Reciprocity and its Application to 
Pattern Recognition. " December 1968. AFOSR 69-0763TR 
AD 684594. ’ 

1.7 CONFERENCE ON METHODOLOGIES OF PATTERN RECOGNITION 
Michael S. Watanabe 
University of Hawaii, Honoluly, Hawaii 
Grant Number AF-AFOSR-1379-68 

Summary of Recent Research Results 

A volume containing the abstracts of papers presented at the Con¬ 
ference held at the University of Hawaii in January 1968 has been 
published. The papers are concerned with theoretical foundations 
of pattern recognition methodologies, and consider, inter alia, the 
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selection of variables, definitions of class features, limitations 
on domains of applicability of algorithms, assessments of decision¬ 
making procedures, and measures of goodness of variables. A 
proceedings volume is in press. 

Reports and Publications 

M.S. Watanabe, "International Conference on Methodologies of 
Pattern Recognition, Abstracts. " January 1968. AFOSR 68-515 

AD 666679. 

1. 8 APPLICATION OF WIENER CANONICAL EXPANSIONS TO 
PATTERN RECOGNITION 
Donald B. Brick 
Information Research Associates, Inc., Lexington, Mass. 
Contract Number AF49(638)-1631 

Summary of Recent Research Results 

Work with the feature processors and preprocessors has shown that: 
(1) all processes must be non-deterministic; (2) certain continuity 
requirements must be met; (3) all processes derived via integrable 
operations on white noise may be handled; (4) the behavior of 
orthogonal-increment processes is well defined; and, (5) that 
symmetrically-distributed processes simplify the operation. It has 
been shown that 18 Laguerre and Hermite terms are still sufficient 
for the discrindnation of sinusoidal signals in white noise. The 
primary parameteric discriminant is amplitude, however frequency 
is valuable in some instances. The design of analog Laguerre filters 
was undertaken and completed so they could be readily constructed if 
needed in future investigations. The theoretical efforts have shown 
how this work can be extended into multiple-random process inputs 
and outputs, inputs composed of noisy digital waveforms and inputs 
composed of damped sinusoids in noise. It was further shown that: 
(1) the procedure extends in a straightforward manner to the multi¬ 
dimensional case; (2) noisy digital waveforms lead to digital realiza¬ 
tions in terms of fundamental digital building blocks; and, (3) damped 
sinusoids in noise can be handled through several different approaches. 
As a direct result of this investigation, it is now possible to develop 
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tapped delay lines and majority-logic units which have valuable 
and unique applications in digital pattern recognizers, encoders 

lglU1 l0gÍC 8y8tern8’ ^unction generators, and communi¬ 
cation and computing systems. 

Reports and Publications 

Donald B. Brick, "On the Applicability of Wiener's Canonical 
Expansion for the Likelihood Function of a Continuous Martingale" 

19 0950 AD 6loîl3*:POrt 8' 2° March 1%8' AFOSR- 

1.9 
?rÏTIilITeATION AND evaluation of memory organi- 

IONS FOR LARGE SCALE FILING SYSTEMS 
Kenneth B. Krohn 

Krohn-Rhodes Research Institute, Inc., Washington, D. C. 
Contract Numbers F44620-67-C-0112, F44620-69-C-0020 

Summary of Recent Research Results 

iT h ha8 COntlnuied on the 8^dy of combinatorial semigroups that 
is, by studying classes of combinatorial semigroups closed^nder 
wreath produce and division, or in terms of automata cia.ses of 
combinatorial machines all of which can be realized by series-paralh 
or cascade combinations of certain basic semigroups. 

1,10 Jc5nceIN PATTERN ^cognition AND COMMUNICATION 

Laveen N. Kanal 

Lohigh University, Bethlehem, Pennsylvania 
Grant Number AF-AFOSR-1390-68 

Summary of Recent Research Results 

state^MaTk*1 Wa8.defined which was d«ived from a class of infinite- 
state Markov chains and applied to errors occurring in a real com 

mumcations channel. It was shown that all preceeding finite-state 

Paret^rode! arndbSreral 0Íher ÍnCludÍng the °ften Pareto model, are but special cases of this new model. It was furthex 
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shewn how to synthesize a model from only the Error-Free-Run 
and Error-Cluster-Run distributions. The fundamental significance 
of these distributions was demonstrated as well as their relationship 
to other models. This work is now being extended to produce a 
general technique for the evaluation of the performance of error 
correcting ceding techniques using the new model. An analytic 
technique was also developed to evaluate the performance of the non¬ 
linear receiver structure which minimizes the output errors when the 
intersymbol interference, which occurs when transmitting information 
through real channels at or near Nyquist rate, is known. Prior to this 
effort, only a computer simulation was available to approximate a 
solution. It is now possible to calculate the performance of some 
simple optimum receivers. New light was also shed on some questions 
of dimensionality and sample size which are important in the statistical 
design of pattern classification systems. This has shown that hitherto 
published results are but extremes in a range of possibilities. 

Reports and Publications 

Laveen N. Kanal, (Editor), Pattern Recognition, (Book), Thompson 
Book Co. , Washington, D. C., 1968 

T. J. Harley, L. N. Kanal, andN. C. Randall, "System Considerations 
for Automatic Imagery Screening, " pp. 15-31 in Pictorial Pattern 
Recognition, edited by G. C. Cheng et all, Thompson Book Co. , 
Washington, D. C. >968 

L. Kanal and B. Chandrasekaran, "Recognition, 'Machine Recognition' 
and Statistical Approaches, " to appear in the Proceedings of Inter¬ 
national Conference on Methodologies of Pattern Recognition held at 
Honolulu, Hawaii, January 1968, edited by S. Watanabe; to be 
published by Academic Press 1969 

L. Kanal and B. Chandrasekaran, "On Dimensionality and Sample 
Size in Statistical Pattern Classification, " Proceedings 1968 
National Electronics Conference, p. 2-7, NEC, Inc., Oak Brook, 
Illinois, 1968 

L. Kanal, "Automatic imagery Screening, " invited lectures given to 
the Nato Advanced Study Institute on Automatic Classification and 
Interpretation of Images, ^isa-Tirrenia, Italy, August 1968 
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B. D. Fritchman, "A Binary Channel Characterization Using 
Partitioned Markov Chains," IEEE Trans, on Inf. Theory 
pp. 221-227; April 1967 

K. Abend, T.J. Harley, B. D. Fritchman and C. Gumacos, "On 
Optimum Receivers for Channels Having Memory, " IEEE Trans, 
on Inf. Theory, November 1968 

1.11 AIR FORCE SCIENTIFIC RESEARCH BIBLIOGRAPHY 
Tom Goodwin 
Library of Congress, Washington, D. C. 
ISSA Numbers ISSA-00005-58, ISSA-00002-59, ISSA-00004-60 
ISSA-00002-62, ISSA-00002-63, ISSA-00013-64, ISSA-00001-65 
ISSA-00007-66, ISSA-00013-66, ISSA-0010-67 

Reports and Publications 

T.C. Goodwin, V. G. Hooker, D.Ç. Yates, P. A. Patrick, A. H. Hatch 
andJ.F. Lindsay: Air Force Scientific Research Bihlioaranlw iq¿? 
AFOSR 700 -VI. 1968. 6—- 

1. 12 INTERNATIONAL FEDERATION FOR INFORMATION 
PROCESSING CONGRESS 68 
L. W. Cohen 

National Research Council, Washington, D. C. 
Grant Number AF-AFOSR-1511-68 

Summary of Recent Research Results 

The triennial Congress ol the International Federation for Information 
Processing (IFIP) was held in Edinburg in August 1968. About 3700 
delegates attended, 585 from the United States, with some 47 countries 
represented. Of the 246 technical papers delivered, 112 were from the 
U.S. Of 281 applications submitted to a review committee for travel 
support, 74 were accepted, of which 18 were furnished through AFOSR 
sponsorship and 42 by NSF. The technical program consisted of 
sessions on the following topics: compilers, information retrieval, 
mathematical linguistics, design automation, mathematical analysis. 
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management of applications programming, data communications, 
approximation techniques, education in information processing, 
systems planning, formal languages and definitions, linear algebra, 
analog and hybrid systems, ALGOL 68, numerical analysis, com¬ 
ponent technology, applications in physical science, management 
aids, partial differential equations, design of software, real-time 
search experiments, computer system organization, artificial 
intelligence, learning and teaching methods, operating system 
implementation, analysis of computer systems, discrete mathematics, 
applications in marketing and production, social science applications, 
mathematical programming, application languages, file structure, 
theory of computation, memory systems, file management and data 
banks, automata theory, picture processing, medical applications, 
computer-aided instruction, etc. 

1.13 DIGITAL COMPUTER PROCESSING OF GRAPHICAL DATA 
Herbert Freeman 
New York Universkty, New York, New York 
Grant Numbers AF-AFOSR-152-62, AF-AFOSR.-24-63, 
AF-AFOSR-24-64, AF-AFOSR-24-65, AF-AFOSR-24-66, 
AF-AFOSR-1367-68 

Summary of Recent Research Results 

Four distinct problems in computer graphics are being investigated. 
The first consists of applying linguistic theory to pattern analysis. 
A pattern analyzer program has been written for which the grammar 
of a class of patterns can be specified in tabular form and patterns 
then examined in a manner analogous to the parsing of an English- 
language sentence. The results provide a basis for classifying 
patterns, as well as detecting syntactical errors in pattern structures. 
The work has been applied to the analysis of bubble-chamber photo¬ 
graphs, vein structures of tree leaves, and various shaped alpha¬ 
numeric characters. 

The second investigation is concerned with optimal allocation of 
two-dimensional shapes. This is the problem encountered in 
sheet-metal layout, land-development, parking-lot layout, etc. 
Procedures for handling such problems under a wide variety of 
practical constraints has been developed. 

23 



The third problem is that of reconstructing the description of a 
three-dimensional, planar-faced object from twc or more of its 
perspective projections. Results to date consist of techniques 
for correlating faces and vertices appearing in different pro¬ 
jections, and computer procedures for manipulating the graphical 
data. 

The fourth investigation has the objective of efficiently solving 
the "hidden-line" problem for solids bounded by quadric surfaces. 
Procedures have been developed that permit lome of the key calcu¬ 
lations to be performed in two rather than three dimensions, with 
significant reductions in computing time. It has been found that 
knowledge of invisibility can be transferred from one line to an 
adjacent one in the same manner in which this has been done suc¬ 
cessfully for planar-faced objects. 

Reports and Publications 

P. T. Brady, "A Stochastic Model of Message Interchange in a 
Channel with Transmission Delay. " IEEE Transactions on 
Communication Technology 15, 405-412. 1967. AFOSR-67-2130, 
AD 658225. 

H. Freeman and P. P. Loutrel, "An Algorithm for the Solution of 
the Two-Dimensional 'Hidden-Line1 Problem." IEEE Transactions 
on Electronic Computers 16, 784-790. 1967. AFOSR-68-0871, 
AD 674077. 

J. Feder, "Languages, Automata and Classes of Chain-Encoded 
Patterns" August 1967. AFOSR 68-0794. AD 668801. 

S. P. Morse, "A Mathematical Model for the Analysis of Contour-Line 
Data. " Journal of the Association of Computing Machinery 15, 
205-220, 1968. AFOSR-68-1391. AD 671068. 

S. P. Morse, "Computer Storage of Contour Map Data, " Proceedings 
of the National Conference. ACM. 1968. AFOSR 68-2577, AD 678543. 

24 



1.14 A STUDY OF DIGITAL ENCODING SYSTEMS 
J. B, O'Neal. Jr. 

North Carolina State University, Raleigh, North Carolina 
Contract Number F44620-69-C-0033* 

Summary of Recent Research Results 

Shannon's rate distortion bound has been modified to derive a 
bound on quantizing noise, and Kalman filtering techniques were 
used for predictive quantizing. Improved error correcting codes 
were developed for data transmission. Adaptive feedback en¬ 
coders were examined which detected overload and corrected the 
condition by adaptive methods such as high information delta 
modulation and delayed differential pulse code modulation. Using 
a 31 level quantizer, it was found that adaptive quantization was 
of little value except for two-level systems and that quantizer 
expansion proved to be of little benefit. Kalman prediction 
offered no gain over simple linear predictors. A large vocabu¬ 
lary of words was digitized, and the speech was submitted to an 
analog computer which produced a tape for suitable input to an 
IBM 360/65 computer. A set of analog filters was tested for use 
in simulating a wide variety of systems. Hardware was obtained 
for tests involving the transmission of video signals over limited 
bandwidths, and a delta modulator was developed for the audio 
range. A computer simulation model was encoded which received 
50 words, each spoken 10 times, and extracted recognition para¬ 
meters. An upper bound was developed for the probability of 
correct classification of speech in pattern recognition, and mathe¬ 
matical models of the peripheral auditory system were created to 
extract recognition features. The human factors group compiled 
a word list representing a cross-section of speech sounds in the 
English language, and they produced a methodology for evaluation 
of a speech pattern recognition system. The possibility of forming 
a signal processing laboratory, with emphasis on computer graphics, 
was examined. 

♦Supported under Project THEMIS 
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15 “™aHL^sSsRACTI0N m “-»««■ON 
G. K. Krulee 

Northwestern University, Evanston, Illinois 
Grant Number AF-AFOSR-1598-68 

Summary of Recent Research Results 

Two batch-processing retrieval systems, INFOL and TRIAL 

ckT/oo r.'Ä'nirV"'mad' 

inro^ation rFór°te 
toward atructural data atorage and rrtrilvar^TRIAT a 

for bibliographic application, in ..arching .¡d Ind^L” ‘Â 
limxnary desien was devsinnad f “ ndexing. A pre- 

and data «motor, to incorporate ”tri'Vil U"e»»8e 

TRIAL and addition« progr^ng cap.Mli.y ^'""^.«^1' T* 
environment. The system is called RIm? p ! a terminal-based 
Management System) RIMs;^ RIMS (Re^ote Information 
batch-processTm? nh!’. ^IMS b 8 lmPlemented in two phases, a 

are being defined in a modifié nil yatem’ ******* specifications 

nmd'r WhlCh 8el'C,‘V' ‘i“‘"^Pt--rimVif:rto:‘oí0todi“.0.i,r.rP.hlC 

Reports and Publications 

Xj« Borman änd D. Dillma.n a«% r r ,, 

‘ZlZlT *“"*• -d R«r“rotonu.*lr 
IZnÀTzr^T" Da"“b" a^r 

B. Mittman, J. Vallee and R. Chalice, "INFOL for the CDC 6400- 

~rCf,Cbr°0' 
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1.16 INFORMATION SYSTEM DESIGN 
Morris Rubinoff 
University of Pennsylvania, Philadelphia, Pennsylvania 
Contract and Grant Numbers AF-AFOSR-190-63, 
AF-49(638)-1252, AF-49(638)-1421 

Summary of Recent Research Results 

Work has centered about three major tasks: (1) rewriting the 
software in a more universal set of higher symbolic languages; 
(2) statistical processing of narrative text to derive indexing 
vocabularies, topics and concept classes within broador subject 
areas, and real-time determination of searcher interest profile; 
and, (3) extension of the man-machine conversational medium to 
an almost unrestricted form of English with a dictionary, grammar, 
parser, and pragmatic analyser in the computer. The previously 
computer dependent programs have been rewritten in relatively 
independent FORTRAN IV with COBOL being employed where 
necessary in the input-output operations. The mass store is now 
an IBM 1301 disk storage unit, and the IBM 7040 computer is 
being replaced by an RCA Spectra 70/46. Extensive data manip¬ 
ulation of narrative text has established a firm statistical base 
with respect to indexing vocabularies, word clusters that represent 
topics or concept classes within a subject area, and computer evalu¬ 
ation of user interest profiles in a real-time conversational mode. The 
original data base consisted of 1500 documents from the Repository of 
the Association for Computing Machinery, and it has now been extended 
with magnetic tape entries from the Defense Documentation Center and 
the Avionics projects from the Moore School. Word clusters are now 
constructed from both high frequency occurrence of single words and 
co-occurrence of terms. Real English has far outstripped its pre¬ 
decessor, Easy English. The grammar has been successfully pro¬ 
grammed and debugged, and the parser is currently being encoded. 

Reports and Publications 

H. Cautin, F. Rapp, T. C. Lowe, and M. Rubinoff, "An Experimental 
On-Line Information Retrieval System, " (Scientific Report, May 
1967; AFOSR-68-1600, AD 671962). 
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H. Cautín and F. Rapp, "Description of Easy English, " (Scientific 
Report, Moore School Report No. 67-22, April 1967: AFOSR 
68-0545, AD 660569). 

M. Fogel, "On-Line Typewriter Access to Classification Tables 
On Drum Storage, " (Scientific Report, April 1967; AFOSR 68-1604 
AD 671978). ’ 

M. Rubinoff, W. Franks, and D.C. Stone, "Description of an Experi¬ 
ment Investigating Term Relationships as Interpreted by Humans, " 
(Scientific Report, June 1967; AFOSR 68-1599, AD 671906). 

J. M. Smith, "An Oral Experiment on Retrieval Dialogue, " (Scientific 
Report, June 1967; AFOSR 68-1836, AD 674058). 

J.M. Smith, "A Written Experiment of Retrieval Dialogue," (Scientific 
Report, August 1967; AFOSR 68-1839, AD 673900). 

D.C. Stone, "Word Statistics in the Generation of Semantic Tools for 
Information Systems, " (Moore School Report Number 68-23 Dec 
1967; AFOSR 68-0237, AD 664915). 

1.17 SPEECH COMMUNICATION AND AUTOMATIC SPEECH 
RECOGNITION 
June E, Shoup 

Speech Communications Research Lab. , Inc. , Santa Barbara 
California ’ 

Contract and Grant Numbers AF-49(638)-00492, AF-AFOSR- 
302-62, AF-AFOSR-59 5-64, AF-AFOSR-595-65’, AF-AFOSR- 
595-66, AF-AFOSR-1215-67, AF-AFOSR- 1252-67 

Summary of Recent Research Results 

Ihree major advances in instrumentation for speech analysis were 
made during this period: (1) the construction of a moderately-priced 
I V system with light pen which produced a cathode ray tube display 
of digitized data (i. e a sound spectrogram); (2) the development of 
a special face mask to obtain simultaneous records of air flow, 
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subglottal pressure, the acoustic speech wave, and motion pictures 
of the true vocal folds; and, (3) the development of a program for 
frequency analysis which is based on the fast Fourier transform (FFT). 
The FFT has been found very useful in exploring the fricatives and 
sibilants of English as well as in tracking acoustic parameters of the 
speech wave. Data is still being collected on French and Surinam 
phonology. Dr. Huttar completed his study on the relation between 
acoustic prosodic parameters and the emotional characteristics of 
speech. It is thought that continued effort in the prosodies is essential 
if it is to be applied to the problem of automatic speech recognition. 
The principle efforts continue to be in physiological, acoustic, and 
perceptual studies with special emphasis in phonology and grammar 
of the spoken word. 

Reports and Publications 

R. A. Houde, "A Study of Tongue Body Motion During Selected Speech 
Sounds. " August 1968. AFOSR 69-0318TR, AD 682966. 

G.E. Peterson, "The Speech Communication Process. " Manual of 
Phonetics 7, 155-172. 1968. AFOSR 69-0346TR, AD 682869. 

G.E. Peterson, "The Relation of Descriptive Phonetics to Research 
in Speech Communmation. " Glossa 2, 1-10. 1968. AFOSR 
AD 677178. 

1. 18 DATA COLLECTION REDUCTION ANALYSIS AND 
DISSEMINATION 
DcWitt O. Myatt and B. K. Farris 
Science Communication Inc. , Washington, D. C. 
Current Contract Number* F44620-67-C-0022 

Summary of Recent Research Results 

The study established how the various types and forms of data were 

♦This research was conducted under the auspices of the National 
Systems Task Group of the Committee on Scientific and Technical 
Information of the Federal Council for Science and Technology. 
Funds were provided by the Advanced Research Projects Agency; it 
is being monitored administratively by the Directorate of Information 
Sciences of AFOSR. 
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acquired, stored, retrieved, packaged, and disseminated for various 
specific types of users. Further, it ascertained why these packaging 

methods were adopted, what changes in storage, retrieval, packaging, 
and dissemination would be most useful in the near future. The final ’ 
report was set forth in three volumes. Volume I presented a plan for 
the study and implementation of national scientific and technical data 
systems concepts. Volume II presented scenarios of data activities 

in ten selected fields of science and technology covering characteristics 
of data, data flows, formal data efforts, and representative data-related 
problems. Volume III was a preliminary census of 226 formal data 
efforts which were representative of those currently operating in the 
U.S., including data service centers, data-document depositories, 

data program development and coordination and data handling service 
organizations. 

Reports and Publications 

D. O. Myatt, and B.K. Farris, "Study of Scientific and Technical Data 
Activities in the United States, " Volume I (AFOSR-68- 1403, Pt 1; 

AD670606), Volume II Part ARiB (AFOSR-68-1403, Pt. 2; AD 670607) 
Volume II PartC ¡AFOSR-68-1403, Pt. 3; AD 607608). 

1.19 UNIFICATION OF THEORY AND EMPIRICISM IN INFORMATION 
RETRIEVAL 
Robert A. Fairthorne 

State University of New York at Albany, Albany, New York 

Summary of Recent Research Results 

The strategy has been to isolate and identify essential and controllable 
activities within the observable field of information. In parallel, and 
outside the field, these activities identify and isolate the agents that 
superficially are controllable by those within it, but in fact are not. 
This double approach to the problem expurgates the IR field of irrele¬ 
vant concepts and impossible goals. This leaves a minimal structure 

that can be meaningfully approached and modified as required to attain 
reasonable ends. Earlier researches showed that IR activities were 
compounded from twenty basic activities. Each of these irreducible 
activities used three of the generalized elements Message, Source, 
Destination, Code, Channel, and Designaticn. The subject of IR has 
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been found to involve fifteen triads which do not contain a combina¬ 
tion of Destination and Message. Identification of these triads with 
particular library, communication, and managerial activities has 
brought out the fundamental nature of these triads. Distinct cases 
are produced by varying which of the elements was taken as given 
and whether they were interpreted in their extensional or intensional 
senses, and this has brought out essential unities in many diverse 
managerial and informational activities. It has been found that 
Designation is meaningful only in association with two of the other 
five elements and, in Information Retrieval, only in association with 
Destination and one of the other four, allows analysis of the distinct 
types of "aboutness" of value for IR. The Principles of Discursive 
Impotence, Ignorance, and Delegation have been invoked to clearly 
show what areas of future research are reasonable and which elements 
will be measurable. 

Reports and Publications 

R.A. Fairthorne, Critique of Soergel, D. "Remarks on Information 
Languages" in International Symposium on Relational Factors in 
Classification, June 1966, University of Maryland. Information 
Storage and Retrieval. 3^, 4, December 1967, pp ¿93-294, 

R.A. Fairthorne, Essay-review of Farradane, et al., "Report on 
Research in Information Retrieval by Relational Indexing." 
J. Documentation. 24, 2 June 1968, pp 127-131. 

R.A. Fairthorne, "The Limits of Information Retrieval, " J. of 
Library History, Philosophy, and Comparative Librarianshio. 3. 
October 1968, pp 363-374. - 

R'A. Fairthorne, "Functional Analysis of Information Retrieval, " 
Final Scientific Report, School of Library Science , State University 
of New York at Albany (August 1968; AFOSR-68-2198, AD 677289). 

R. A. Fairthorne, "The Scope and Aims of the Information Sciences 
and Technologies, " Invited paper for the Committee FID/PI, 34th 
Meeting of F. I. D., Moscow, USSR (tobe published). AFOSR 68-2484 
AD 677858. 

31 



1.20 COMPENDIUM OF THE DISTRIBUTIONS OF MATHEMATICAL 
STATISTICS AND APPLICATIONS 
Samuel Kotz 

Temple University, Philadelphia, Pennsylvania 
Grant Number AF-AFOSR-1411-68 

Summary of Recent Research Results 

A comprehensive compilation of statistical distributions is being 
made that provides a reference source for research in statistics 
and statistical applications. A compendium for discrete distribu¬ 
tions was completed; that for continuous distributions is being 
completed. Approximately 40 major distributions and over 400 
individual distributions are being analyzed. The description for 
each assesses the properties of estimated parameters and provides 
examples from major areas of application. The volume of informa¬ 
tion for continuous distributions necessitates separate reporting of 
univariate and multivariate distributions. The compilation has 
required the resolution of classification problems and is leading to 
the consideration of a system for storage and retrieval and a pro¬ 
cedure for updating the corpus. 

Reports and Publications 

N.L. Johnson and S. Kotz, "Tables of Distributions of Quadratic 
Forms in Central Normal Variables I, » (Inst, of Statistics 
Mimeo Series No. 557, December 1967; AFOSR-68-0849 
AD 668479. 

N. L. Johnson and S. Kotz, "Tables of Distributions of Quadratic 
Forms in Central Normal Variables II, " (Scientific Report, Inst, 
of Statistics Mimeo Series No. 543, Dec 1967; AFOSR-68-0793 
AD 668480. ' 

(A shortened version of these Tables with an extensive introduction 
is being published in Sankhya, Ser. B, early in 1969) 

S. Kotz, Wed paper on Twenty-five years of progress in Information 
--gory, (35 PP- prepared for the University of California Centennial 

srr^rrssor j- afosr 
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S. Kotz and Srinivasan, Report entitled "Distribution of Product and 
Quotient of Bessel Function Variates,"(18 pp. ). jointly »ñth rw- 
Srinivasan) Temple University Research Series, 1968, AFOSR 
68-2182, AD 677288. (Submitted for publication in the Annals of 
the Institute of Statistical Mathematics). - 

1.21 AUDITORY SIGNAL DETECTION, CORRELATION AND 
TRANSMISSION 
James P. Effan 

University of Washington, Seattle, Washington 
Grant Number AF-AFOSR-1631-69 
(Continuation of research at the University of Indiana under 
Grant AF-AFOSR 67-0548A) 

Summary of Recent Research Results 

There are two functional relations that are particularly informative 
in the determination of the properties of a detection system. One of 
these relations is called the receiver-operating characteristic, or 
ROC. The ROC shows the relation between the observer's proportion 
of ihe "correct acceptances" and his proportion of "incorrect accept¬ 
ances" with the stimulus conditions (signal and noise) held at constant 
average values. The second relation i*. called the psychometric 
function. In the context of signal detection and biaural unmaksing, such 
a function shows the relation between detection performance (such as per 
cent correct) and the energy of the signal. 

It is known from signal detection theory that both of the functions 
described above (ROCs and psychometric functions) take on different 
forms depending upon a number of factors, such as the statistical 
properties of the signal and of the noise, the filter bandwidth the 
method of processing, etc. Therefore, ROCs and psychometric 
functions were determined for a variety of conditions of masking some 
of which show large amounts of binaural unmasking. 

Receiver-operating chaiacteristics were determined by D. S. Emmerich 
( Ph. D. dissertation) with three different interaural conditions. Three 
signal levels were employed for each of these interaural conditions, and 
data were obtained for four listeners. The smooth curves that were 
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™ d ihf d Were ba8ed up0n a Particular model for the ROC. 
This model assumes that the ROC is generated by varying a cut off 

functioanseC18XOn are Pl°tted tW° normal 

Reports and Publications 

David S. Emmerich "ROC. Obtained With Two Signal Inten.itie. 
re.ented in Random Order, and a Comparison Between Yes-No 

Wimam A. Lindner. "Recognition Performance as a Function of 
Detection Criterion in a Simultaneous Detection-Recognition Task " 
Journal of the Acoustical Society of America 44. 204.711 io¿o 
AFOSR 68-2676. AD 680056. -“ ~1968‘ 

Dennis McFadden, "Masking-Level Differences With and Without 
Inter aural Disparities in Masker Intensity. " Journal of the 

AdT7922 1 et/ °f AmeríCa —’ 212-223- ~ÃFÕSR^2677, 
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Section 2 

LANGUAGE AND LINGUISTICS 

Communication is carried out between two entities through the use 
of language. The channel employed by a given language need not be 
two-way, but to be meaningful it is necessary that the intelligence 
be detectable by the recipient. The form of the intelligence is usually 
a mutually understood code consisting or *ne or more elements which 
may be impressed either serially or in parallel, with respect to time, 
upon the receiver. Such a concept is relevant to machine as well as 
man. 

Information sciences is involved with basic research leading to a 
more efficient transfer of information in such significant diads as 
man-man, man-machine, and machine-machine. Efforts to define 
an abstract family of languages promise to identify fundamental 
principles leading to a better understanding of both interned and 
external machine communications. Studies in improved translators 
and compilers suggest that a user may soon tailor a general purpose, 
high-level symbolic language to his specific needs rather than be 
limited to the instruction set and macros supplied by a vendor. 

The increase in information and general scientific data is following 
the earlier predictions, and the need for more automatic techniques 
to process this data is not being met. Research is continuing in 
semantics to provide a formal structure and powerful algorithms to 
assist in better abstracting and indexing. This area of interest may 
already have reached the point where the shortcomings of the indexing 
and abstracting algorithms are offset by the obvious advantages of a 
consistent set of rules for both information storage and retrieval. 
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2. 1 INFORMATION PROCESSING MODELS AND COMPTTTFr 
AIDS FOR HUMAN PERFORMANCE COMPUTER 
John A. Swety 
Folt, Beranek and Newman 

Current Contract Number* F44620-67-C-0033 

Summary of Recent Research Results 

Analy... have been conducted on the ppoceeeee by which rule, of . 
second language are learned to enable the de.ign of t.achiM »roí. 

mechanism, of human proc.s.ing of semantic fnformaâon' Measure. 

^TZTZ\llZ^\7rZ:V‘bei"8 u,'d 10 

2.2 
t™ÎÎ,andNALYSIS 0F natural CONVERSATION IN 

Michael Moerman 

University of C.liforma, Los Angeles, California 
current Grant Number* AF-AFOSR 68-1428 

Summary of Recent Research Result« 

Tape recorded natural conversations in the Lue dialect of Thai are. 
ana yze y procedures that do not depend on knowledge of a real 
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world external to the conversations analyzed. Results show an 
orderliness of conversation that makes apparent the influence of 
the conversational situation features to which members are shown 
to orient themselves. Two classes of such features are conver¬ 
sational sequencing (tieing rules) and conversational activities 
(taking sides). Lue utterances often lack pronouns or other lexical 
indicators of actors. In both Lue and English, and presumably 
other languages, linguistic resources are insufficient for the con¬ 
versational task of aligning actions and actors. To accomplish 
this task, members additionally use shared and sactioned know¬ 
ledge of the social world. Some of this knowledge appears capable 
of being analyzed as category-bound activities and as context-bovind 
typifying ascription. Both of these concepts make use of the notion 
of categorization labels. The utility of these concepts for the anal¬ 
ysis of conversation and interaction by both Lue and Americans is 
illustrated in the analysis. The social sciences in general, and 
ethnography in particular, were also studied. Results suggest 
that rules of correctness are insufficient to account for the member 
knowledge that produces social action. Rules of correctness are some¬ 
times unnecessary. Members sometimes miscategorize, presumably 
deliberately, to accomplish insult, praise, etc. The use, social con¬ 
sequences, member knowledge, participant analysis, and other 
components of the meaning of a word are all heavily influenced by the 
setting and, particularly, by the sequence of tied utterances. 

Reports and Publications 

M. Moerman, "Analysis of Lue Conversation: Providing Accounts, 
Finding Breaches, and Taking Sides, " (Final Scientific Report, 
August, 1968; AFOSR-68-1942, AD 676009). 

M. Moerman, "Being Lue: Uses and Abuses of Ethnic Identification, " 
(Center for Southeast Asia Studies Reprint No. 275, Sept 1968) 
AFOSR 68-2183, AD 677145. 

2. 3 CRITERIA FOR EXCLUSIONS AND CORRELATIONS FOR 
AUTOMATIC LANGUAGE ANALYSIS 
Jehane B. Burns 
University of Cambridge, Cambridge, England 
Current Grant Number AF-EOAR-29-67 
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Summary of Recent Research Results 

Àn automat procedure was developed that associates formulas 
exhibiting content structure with natural language English sentences 
Data input was derived from an existing automatic syntax analyzer 
The formulas that have been produced are intended as an autono¬ 
mous semantic component of the analyzer. The formulas behave 

TheafoemT1C COntr,01 and redUCe multiple 0UtPuts from the analyzer 
the ait !aS Kar!n P°tentially of relevance to problems involving' 
th automatic handling of data from natural language text. 8 

Reports and Publications 

Jehane Burns "A Semantic Component in Automatic Sentence Analysis " 
December 1968. AFOSR 69-0727TR, AD 684589. Y ’ 

2.4 PROBLEM SOLVING AND PATTERN RECOGNITION 
LANGUAGES 
Ranan B. Banerji 

Case Western Reserve University, Cleveland, Ohio 
Grant Numbers AF-AFOSR-0125-63, AF-AFOSR-0125-64 
AF-AFOSR-0125-65, AF-AFOSR-0125-67 

Summary of Recent Research Results 

barirr41 the°ry i8 being íormulated that clearly indicates 
aie h., I TCVS, OÍ 8ame-Paying computer programs. Methods 
are being developed for characterizing the properties of description 
languages that are capable of evaluating a language's effectiveness 

oroW g1Ven pr°blem. The methods enable the analysis of well-known 
p blem solving procedures in terms of their effectiveness and 
efficiency. Several new procedures have been developed for solvinR 
a new class of competitive games. Parts of a pattern recognition 
language that is capable of self-modification have been implemented 
on a computer. A tree structure has been formulated that is ul^l 

ó" r‘rve,crroi »»• »»>v - «—. 
oro^.H. J f" '* bUt *Uo in tern'* otth' «le.ctiption. of 
identif i an ï ' Game decomPositi°n research has led to the 
identification of necessary and sufficient conditions for the decompos- 
abihty of unlabelled graphs. An efficient search strategy has beT 
found for proving theorems by the refutation method. 
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Reports and Publications 

R. B. Banerji, "Some Results in a Theory of Problem Solving " 
(Scientific Report Number SRC 126-A-67-59, November 1967- 
AFOSR 68-0346, AD 666043). vemoer iyb7, 

R. B. Banerji, "A Language for Pattern Recognition. " Pattern 
Recognition,^ 63-74, 1968. AFOSR 68-2003, AD 676800. 

R. B. Banerji, "Some Results in a Theory of Problem 
November 1967. AFOSR 68-2083, AD 676293. 

Solving (II). " 

R. H. Sherman, "A Model of Concept Learning, " June 1968 
AFOSR 68-2084, AD 676294. 

2.5 A FORMAL ANALYSIS OF NATURAL AND ORAL VERBAL 
COMMUNICATION 
Allen Barton and E. A. Schegloff 
Columbia University, New York, New York 
Current Contract Number* F44620-68-C-0040 

Summary of Recent Research Results 

Sequencing rules are being developed that describe the patterns of 
communication and information transmission used by members of 
society in normal and emergency situations. A distribution rule 
has been formulated that is being used to discover the resources it 
provides for keeping track of the developing course of a conversation. 
It has been observed, for example, that the structure of summons- 
answer sequences is more constraining than the structure of question- 
answer sequences. A property directly related to the non-terminality 
of summons-answer sequences is their non-repeatability. The non- 
terminality property also arises with misunderstandings of the use of 
names. The property of conditional relevance is being applied for a 

*This research effort is supported by the Advanced Research Projects 
Agency (ARPA) and monitored, both technically and administratively, by 
the Directorate of Information Sciences of AFOSR. 

39 



rigorous description of items as sequenced pairs, and for a rigorous 
account of the absence of an item. Patterns are being developed that 
show features of orderliness, the coordination within conversations, 
and characteristics of constraints and the attitudinal availability of 
participants. 

2.6 SURVEY OF ON-LINE COMPUTER LANGUAGES AND 
SYSTEMS 
L. C. Clapp 
Computer Research Corporation, Newton, Massachusetts 

Summary of Recent Research Results 

A survey of 500 on-line computer systems and languages was conducted, 
and a series of programs were developed to access and manipulate 
the resulting data base. The programs were used to produce tables and 
charts for reporting purposes. A study is being completed on an analy¬ 
sis of techniques being employed in the development of on-line 
systems. A comparative study is being made of languages for 
handling problems involving large data bases for information storage 
and retrieval. Procedures for testing the languages are being devi¬ 
sed and applied to the languages that will enable their analysis and 
comparison. The programs were written in SNOBOL and are the 
nucleus of a specialized data management system that can be easily 
modified, searched, added to or deleted from through a text-editing 
language in a time-shared system. 

2. 7 AUTOMATIC ENGLISH SENTENCE ANALYSIS 
Ernst Von Glasersfeld 
Georgia Institute for Research, Inc. , Athens, Georgia 
Grant Number AF-AFOSR-1319-67 

Summary of Recent Research Results 

The Multistore procedure (automatic parsing program for English 
sentences) has become fully operational on an IBM 360/65 computer. 
Its output has been developed into a graphic display of sentence 
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structure which presents th«. ~ 

diagrams. The system now handles^ ^ & equivalent tree 
words and its capacity to dead ™th " ?eS Up to a len8th of 16 
increased: it can now handle q^io ^ v °n marks has b«" 
comma. Several kinds of syntactic resTr ! ^ Ce^11 type8 of 
prevent output of word combinations ! ? U-e* rules whic^ 
and semantically acceptable as such alth°Ugh 8yntacticaUy 
pretation of a given sentence) are now n0t.relevant in the inter- 

complete implementation of the si* “fl ^ t0 the 
machine program, processing timl l k* dre8S method i» the 
sentences up to 16 words long arTnow^ " reduced: 
seconds. The results of preWous nreno'^^68860 ^ °- 5 t0 2' 0 
Partially implemented, and a detailed have been 
adjectives and clause-governing verbs h lnílnitive'8°verning 

currently underway ,e efficiency etnp’luy ffie'^t;. 

Regort^and Publications 

November 1968. AFOSR 6^67^1^6841656 ^81^ MP'2' 

Bcrrr^;,“u6tirc r ^ -—of 
AD 684166. ’ °ctober 1968. AFOSR 69-0509TR, 

2.8 

prS0 of the 

cation throCgfn^rPrLVguâgeU.“ir.WÍn8,h‘ “ °CCUr' in 
matic character of naturaf lanBuaJP hat íh® essentially prag- 

Two studies are being made into this' aspect of 1^^^ interpretati°n. 
examining the validity of the distinct f J^^age. The first is 

Y tne distinction raised by Chomsky between 
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the theory of competence and the ‘heory of performance Th* 

and a taxonomy of conditions are in the procelsTf being compíeíed^ 

2.9 
ACT0ivmEsTHE0RY ALGORITHMS for INTELLIGENT 
E. Mark Gold 

Institute for Formal Studies, Los Angeles, California 

85r6e'hr0rGrant.r!Ílmber8 AF-AFOSR 856-65, AF-AFOSR 
856-66, Current Contract Number F44620-67-C-0018 

Summary of Recent Research Results 

ÛÎ“; 0< *” 
and parametric network learners Grammar I ’ ?r"nmar le*rner 

O"™™* ^«ach. Plr^r «,wlrkrf.^lTa‘r* ,he 
the most descriptive for biological sensory learning but f'’“” 
necessary to express this learning in term, of ^ of graZa'r 
learning to understand the operations involved A nev,«!, ,! 
was obtained in an attempt to apply the enumerar ? ** re8ult 
method to the construction of ?P Y h enumerative learning 
j , ., instruction of a parametric network learner a 

î::r a— 
result is a real-valued function of the state of the .».“m*1’',, i1"'“*1 

a »-e"o"...t, 

geneous ensemble, of 2e,^m‘„^elrser*:o"bZirc‘;X. .nt: 
Reports and Publications 

E. M. Gold, "Language Identification in the Limit " Information anH 

S, IS,Numb"5- - — 
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Yorick Wilkes, "Computable Semantic Derivations and Their 
Applications to Natural Language Texts." January 1968. 
AFOSR 68-0796, AD 668556. 

2. 10 CROSS-CULTURAL COMMUNICATION THROUGH NONVERBAL 
BEHAVIOR 
Paul Ekman 

Langley Porter Neuropsychiatrie Institute, San Francisco, Calif. 
Current Grant Number* AF-AFOSR-1229-67 

Summary of Recent Research Results 

Nonverbal behavior data have been acquired from subjects in Brazil, 
New Guinea, and Japan, as well as in the United States, and are being 
comparatively analyzed with respect to emotions, traits, attitudes, 
personalities, etc. A study of the gestures in the different cultures 
is being made, that is, testing hypotheses about the basis for pan- 
cultural gestures, i. e., movements that convey the same specific 
message across literate and preliterate cultures. A glossary of 
pan-cultural gestures is being compiled. Nonverbal reactions to 
stress in isolation and interaction are being analyzed from video¬ 
tapes of Japanese subjects; tapes for comparative analyses of 
American subjects will be made. Videotapes, measures of simul¬ 
taneous heart rate and galvanic skin response, and verbal reports 
have been acquired for a study of the information value of non¬ 
verbal behavior in comparison with other channels of communication. 
This will be a two-culture study of Japanese and Americans. 

2.11 MODELS FOR ADAPTIVE SYSTEMS AND HUMAN 
COMMUNICATION SYSTEMS 
David Rothenberg 
New York Research Grou- , Inc. , New York, New York 
Contract and Grant Numb .-rs AF-AFOSR-0881-65, 
AF-49(638)-1738, AF-AFOSR-1596-68 

*This research effort is sunported by the Advanced Research 
Projects Agency (ARPA) and monitored, both technically and 
administratively, by the Directorate of Information Sciences of 
AFOSR. 
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Summary of Recent Research Reaults 

A pattern recognition model has been developed that maps a possibly 
infinite and continuous space (over which sensory stimuli range) into 
a finite space of discrete points, the classification of such stimuli. 
The input to the model is a partial preordering of points in the former 
space together with criteria that determine the number of classifica¬ 
tions required. The model chose a finite subset of the stimulus space 
that defines a function, and a range about each element of the subset 
such that the union of all such ranges is maximal and the classification 
of pairs of points contained in such union is unambiguous. Restrictions 
on the choice of such subset derives from the limitations in information¬ 
carrying capacity of the resulting classification system. Successful 
applications to human auditory perception have been made, and visual 
applications are in progress. A model for feedback-controlled data 
reduction has also been developed in which input data sequentially 
presented through a finite number of input channels is r‘presented by 
a hierarchic structure of property-derived classes. Feedback is 
applied to a synthesis of the input data generated by the model, which 
also has the capacity for interrogation of the trainer. Methods for 
task-oriented property generation are also being developed. 

Reports and Publications 

J. Korein, A. L. Bender, D. Rothenberg and L. J. Tick, "Computer 
Processing of Medical Data by Variable-Field-Length Format. " 
Journal American Medical Association 196. 957-963. 1966 Amen- 
69-0131TR, AD 682113. — 

2.12 LANGUAGES FOR AUTOMATIC PROGRAMMING TOOLS 
Alfonso Ca- acciolo di Forino 
University . Pisa, Pisa, Italy 
Current Coniract Number F61052-67-C-0097 

Summary of Recent Research Results 

Basic concepts are being assessed to provide a formal definition 
for programming languages in general and for direct machine tool 
languages in particular. An attempt is being made to establish a 
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unique methodology for the various programming languages that 
range from high-level algorithmic languages like Fortran, Algol, 
and Simula to basic computer languages and machine tool languages. 
A rough model for machine tool languages has been developed that 
describes a language by a recursive function that yields, for each 
input tape, initial state, and initial workpiece configuration, the 
final state and the final workpiece configuration. The model has 
suggested a different approach from that of APT, and has been used 
in a detailed study based on extended Markov algorithms that coin¬ 
cides with ideas developed for the application of symbol manipulation 
languages. A method has been proposed for developing a formal 
definition of APT-like languages that incorporates an explicit 
definition of the rules of interpretation of the language. The method 
proposes defining a sequence of structural transformation rules to 
be applied to an abstract string resisting from the concatenation of 
tw) parts, i:he first representing the program to be interpreted and 
the second the present machine state that includes all relevant 
information at any given stage of the interpretational process and 
the present workpiece configuration. The algorithm is complex, 
and there is no unique way of defining it. 

Reports and Publications 

A. Caracciolo and A. Camera, "On a Formal Definition of Direct 
Machine Tool Languages. " July 1968. AFOSR 68-2770, AD 679568. 

?. 13 PROBLEMS IN MACHINE PROBLEM SOLVING 
Saul Amarel 
Radio Corporation of America, Princeton, New Jersey 
Contract Numbers AF 49(638)-1 184, F44620-68-C-0012 

Summary of Recent Research Results 

Detailed studies of relationships between choice of problem repre¬ 
sentation and the relative success of problem solving by machine 
suggest that certain appropriate shifts in problem representation 
can be mechanized via the utilization of some types of information 
about the problem in the formulation of improved reduction procedures 
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for its solution. Work on a conceptual framework for problem 
solving has shown the theoretical and practical significance of 
considering several alternative modes of describing a solution 
in the problem solving process. Points of contact have been 

established between concepts in problem solving and problems 

in program semantics, computer linguistics, and advanced infor¬ 
mation systems. The problem of proving the correctness of 
programs was explored from an algebraic point of view; ideas 

were tried successfully in the proof of correctness of a compiler 

for expressions. Research on the formulation of a representation 
system for modeling parsing procedures provides a conceptual 
unification of existing processes for syntactic analysis and sug¬ 
gests new types of parsers. An extension of this research to 
deterministic parsers has clarified certain essential aspects of 
their organisation. A formal system for describing computer 
language translations was specified with promising preliminary 
results. Recent studies of question-answering systems suggest 
ways of extending the domain of discourse of a system in an 
evolutionary way. 

Reports and Publications 

S. Amarel, "An Approach to Heuristic Problem Solving and 
Theorem Proving in the Propositional Calculus, " in Systems 
and Computer Science (University of Toronto Press, Canadá 
1967; AFOSR 68-0689, AD 667505) pp 125-220. 

S. Amarel, "On Representations a:.d Modeling in Problem Solving 
and on Future Directions for Intelligent Systems" (Scientific 
Report Number 2, June 1968; AFOSR 68-1580, AD 671992). 

S. Amarel, "On Representations of Problems of Reasoning About 
Actions," in Machine Intelligence 3, D. Michie, ed. (Edinburgh 
University Press, Scotland, 1968; AFOSR 68-1327, AD 670558) 
pp 131-171. ' 

S. Amarel, "Problem-Solving Procedures for Efficient Syntactic 
Analysis." May 1968. AFOSR 68-1305, AD 670575. 
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M. Kochen, "On the Representation of Limited Information By Means 
of Pictures, Trees, and English-Like Sentences, " (Scientific 
Report, May 1968; AFOSR 68-1343, AD 670555). 

M. Kochen, "Automatic Question-Ans we ring of English-Like Questions 
About Simple Diagrams" (Scientific Report, May 1968; AFOSR 68- 
1303, AD 670545). 

M. Kochen, "Automatic Answering of English-Like Questions About 
Arithmetic," Nov 1968. AFOSR 69-0272TR, AD 682339. 

P. J. Landir and R. M. Burstall, "Programs and Their Proofs, An 
Algebraic Approach." Nov 1968. AFOSR 69-1235TR, AD 687498. 

D. A. Walters, "A Representation System for Parsing Procedures" 
(Scientific Report, May 1968; AFOSR 68-1301, AD 670577). 

D. A. Walters and A. J. Korenjak. Sept 1968. AFOSR 69-0086TR, 
AD 681131. 

R.O. Winder, "An Evaluation of Heuristics for Threshold-Function 
Test-Synthesis" (Scientific Report, May 1968; AFOSR 68-1297, 
AD 670556). 

2. 14 SELF-EXTENDING COMPUTER LANGUAGES AND THEIR 
TRANSLATION 
Richard K. Bennett 
Signatron, Inc., Lexington, Massachusetts 
Contract Number F44620-68-C-0007 

Summary of Research Results 

This effort has resulted in the development of BUILD (Base for Uniform 
Language Definition) which is an initial meta-langúage providing for 
artificial language definitions. The artificial languages so created are 
highly efficient in that they are tied directly to the mechanisms of the 
translator procès 3. This has been accomplished by isolating and uti¬ 
lizing the fundamental elements of computer languages in general 
together with the fundamental mechanisms of assemblers and compilers. 
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This has resulted in a versatile, powerful base from which specific 
languages and translators can be developed. Thus, advanced pro¬ 
grammers, employing the techniques given in the BUILD I Manual, 
could produce languages specific to such diverse interests as mathe¬ 
maticians, engineers, operations analysts, and library scientists. 
It should be clearly pointed out that only the user dictates differences 
between language levels. BUILD recognizes no difference between a 
meta-language and an object language except at the direction of the 
user. 

Reports and Publications 

R. K. Bennett, ' BUILD ... A Base For Uniform Language Definition, " 
Final Technical Report, (1968; AFOSR 69-0072TR, AD 681169). 

2. 15 THEORY OF PROGRAMMING (ALGORITHMIC) LANGUAGES 
Seymour Ginsburg 

System Development Corporation, Santa Monica, California 
Grant Number AF-AFOSR-1203-67 

Summary of Recent Research Results 

Effort continued to examine an abstract family of languages in an 
attempt tc identify and isolate principles germane to the information 
sciences. It has now been shown that the abstract family of languages 
is extremely important in that it unifies the theory, allows algebraic 
proofs to replace machine arguments, and provides the basis for new 
development. Specifically, isolated facts about closure properties 
and many diverse proofs now are part of an algebraic theory with many 
special cases. This study has uncovered numerous new facts on sub¬ 
stitution, intersection, and hierarchy relationships among well-known 
families of languages. A grammar for such a language has been formu- i 
lated, and new rules, as well as new ways to use old rules, have been 
found. This has culminated in a mathematical model of transforma¬ 
tional grammars. Different devices were examined, and the related 
languages were considered. In particular, the elimination of end- 
markers for two-way devices was studied in depth. ' 
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2. 16 EVAT US OF COMPUTATIONAL LINGUISTICS AND RELATION 
TO MACHINE TRANSLATION 
Winifred P. Lehmann 
University of Texas, Austin, Texas 
Grant Number AF-AFOSR-1320-67 

Summary of Recent Research Results 

Resulting monograph will be published as a book under the title 
Machine Translation Today. The mechanical translation systems 
that have been developed and put into use are described in these 
categories: (1) Systems based primarily on syntactic descriptions, 
(2) Systems based on semantic as well as syntactic descriptions, and 
(3) Long-range research programs. The underlying aim is to present 
a statement which will provide for non-specialists a general view of 
the undertakings, accomplishments and future work in mechanical 
translation. This project has also permitted the establishment of a 
comprehensive bibliography in machine-retrievable form. 

2. 17 COMPARATIVE ANALYSIS OF LANGUAGES FOR MACHINE 
PROCESSING 
Ernesto Zierer 
Universidad Nacional de Trujillo, Trujillo, Peru 
Grant Number AF-AFOSR-1470-68 

Summary of Recent Research Results 

English, German, Spanish, and Japanese are being analyzed to 
e'tablish equivalences among the particles in each language. The 
semantic analysis of 110 occurrences of constructions with 'de1 in 
written and spoken Japanese shows 18 different equivalents in 
English, 19 in German, and 15 in Spanish, indicating the wider range 
in the Japanese. Matrix and binary tree displays are being developed 
for the correlations. An algorithm for generating the particle occur¬ 
rences is being formulated. For the particle 'ni,1 115 occurrences 
were found in Japanese that yielded 20 equivalents in English, 18 in 
German, and 19 in Spanish. The particle was found to express 31 
different relations. Semantic analysis of 95 occurrences of the 
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Japanese 'e' showed 8 equivalents in English, 6 in German, and 3 
in Spanish. The particle 'wo' is presently being studied. These 
results have implications both in understanding communication in 
these languages and in their machine manipulation. 

2. 18 GENERALIZATION AND EXTENSION OF PROGRAMMING 
LANGUAGE CONCEPTS 
Philip R. Bagley 
University City Science Center, Philadelphia, Pennsylvania 
Current Contract Number F44620-67-C-0021 

Summary of Recent Research Results 

An analysis of concepts employed in the construction of computer 
programming languages was made for insight into ways of designing 
new languages having increased flexibility and complexity. Such 
concepts as variables, procedure call mechanisms, and program 
sequence controls were examined. A technique of expressing data 
values, data elements, and data structures was developed that pro¬ 
vides for the construction of arbitrarily complex data elements and 
for arbitrarily chosen relationships between data elements. All 
expressions in a program that cause the language processor to take 
some action (including declarations) are viewed as transformations 
(procedures). A basic set of these transformations is proposed. 
The two main classes of transformations are transformations of 
data that create, test, modify, and destroy data elements, and trans¬ 
formations of sequence control, including control of iteration and of 
conditional execution. Functions are definable in two ways, in terms 
of other transformations and by enumeration in the form of function 
tables. The analysis suggests that more freedom of storage organiza 
tion is needed in machine design that may be provided, in part, by 
large-scale associative memories. 

Reports and Publications 

P. R. Bagley, "Extension of Progiamming Language Concepts. " 
November 1968. AFOSR 69-0023TR, AD 680815. 
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Section 3 

BIONICS 

h a i>v»ínnirR" because bionics is a COSATI subject 
Tins section £ ca e aril believe that it is politically ^e 
heading, not because we n i included in this section 

r. Ind Self-Organizing Systems- 

in previous volumes of this report. 

electronics, the term y the animal and the machine, 
science of control and commumcation^ n th^^e^ of the label> 
also claims sovereignty over this domain. g /„„rfVaek 

sciences. 

Th. literature abom-d. with example, of aceoinpH.hment brought 
Ibou by tmd' in one field of .eience which .ignific.ntly ado«.c.d 
frontier, of another! infinitesimal calculus and astronomy the 

virus and the protein molecule, the 'h““Var?M»g“tr mó«farf»- r3S=r=“S.rr- 
or machine, rather they are man-machine. 

Even now the first interplanetary spaceship is in the design phase. 
The research in bionics has already paved the way by providing 

Vip assiened to the crew and what to the comparer 
efficient way for humans to talk to the computer, and what .. the b 

way for the computer to respond? 
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3. 1 OPTIMIZATION OF LEARNING NETWORKS FOR PATTERN 
CLASSIFICATION 
L.A. Gerhardt 
Bell Aerosystems Company 

Contract Numbers AF-49(638)-1449, AF-49(638)-l627 

Summary of Recent Research Results 

The application of cascaded linear adaptive nets to the analysis 
of mixtures of prime patterns was shown to yield solutions for 
all linear mixtures. These solutions were demonstrated to be 
stable in the presence of general noise and therefore preferable 
to any solution by single layer nets. In addition, the training 
sets necessary to obtain a solution were shown to require only 
an analyzed set of independent mixtures and not pure samples of 
each constituent pattern. It was shown that linear nets with 
parameteric error-correcting training yield the best estimate of 
a random output in terms of i set of random inputs, and, by 
non-parameteric techniques, the best estimate of the mean value 
and variance of the output in terms ci a set of independent inputs. 
A general adaptive non-deterministic search procedure has been 
developed that is applicable to the abstract network structures. 
It was shown to be an improvement over other presently known 
methods because of its compatibility between high speed and 
accuracy that is not found in other methods. Results of computer 
experiments are presented supporting the mathematical conclusions. 
The research is continuing with particular emphasis on the classifi¬ 
cation of patterns from classes with unknown statistics including the 
distribution shape as v/ell as its parameters. 

Reports and lublications 

Johannes G. Goerner, Lester A. Gerhardt, K. W. Drake, J.A. 
Cadzow, and F. D. Powell, "The Influence of Network Structure 
on the Performance of Learning Systems" (BAG Scientific Report 
Number 9500-920089, October 1967; AFOSR-68-1350, AD 670845). 

F. D. Powell, "On Adaptive Nets" (presented at Seminar, University 
of Texas, Austin, April 1967; AFOSR-68-1347, AD 656764). 

52 



3. 2 INTEGRATION OF THEORY AND EXPERIMENT INTO 
A UNIFIED CONCEPT OF VISUAL PERCEPTION 
Heinz Von Foerster and Humberto S. Maturana 
University of Georgia, Athens, Georgia 
Contract Number AF-49(638)-l680 

Summary of Recent Research Results 

Recent anatomical and neurophysiological findings of structure and 
function of the afferent fibers in vertebrates on various levels of 
the optic tract are being integrated with theoretical results obtained 
in the study of computing networks toward the development of a unified 
concept of visual perception. A theorem has been formulated that 
specifies the conditions in terms of luminosity vectors under which 
chromaticity changes. An experiment has been designed that demon¬ 
strates the theorem. A mathematical model for the network physiology 
that underlies the phenomenon is ^eing developed. The present state 
of the theory of computing neural nets has been summarized. Special 
attention is being given in model development to the structural and 
functional properties of networks that compute invariants in the distri¬ 
bution of their stimuli. 

3. 3 COMPUTER SIMULATION OF NATURAL PATTERN 
GENERATION PROCESSES 
Dan Cohen 
Hebrew University, Jerusalem, Israel 
Grant Number AF-EOAR-45-67 

Summary of Recent Research Results 

Toward generating a realistic simulation of the growth of a branching 
system, various modes of interactions between the branches have been 
tried. Study is being concentrated on two types of interactions. The 
first is an influence that spreads along the branches themselves and 
regulates the spacing between branching points and the dominance 
relations between branches of different orders. The second is an 
interaction in the space of the branching system. Any one branch 
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may shade another branch or it ™ 
for growth. A simulation of mutuaf h T™-6 resource8 necessary 
growth and branching are influenced h 18 being tried in which 
light at any one poiñt ^ annro^ V and directio- 

the development of branched va8cularSsystemsttemPtted ^ aCCOUnt for 
(or a drainage system) based on the hypothesis tha^ thVtr ^ 
substance produced within the P th ‘ th transport of a 

to a system of braced connecté charT^ tendS t0 be -8t»cted 
forcing positive feedbag effect of the n'o 3 f !£aUSe 0Í ^ self-rein- 
channels. A third approach is attemníÍ t C Substance in the 
shape of two dimensional organs in terms8of ^ the 8ÍZe and 
boundary where most of the growth occurs. lnteractions at the 

3.4 
CRITERIA FOR ADAPTIVE SYSTEMS 
Gerhard L. Hollander 

Hollander Associates, Fullerton, California 
Contract Number AF-49(638)-1664 

gBSimar^Recent Research Res„Hg 

Over 400 reports of diverse approaches to the ^ , 
systems, particularly in areas of rn t i evel°Pment of adaptive 
and heuristics, have been classified0 SyStems' Pattern recognition, 
and tixectiveness. The classification0 8r°Ups of lncreasing cost 
Jh. ,op U„itchlc 

determines the degrees of freedom r 8 adaPtlve system that 
assumptions about the system and th^ ^UStment and the a priori 
fied for the "optimum. " The tiree “ ^ mU8t be satis- 
behavior, pre-specifûd dynamic o ^ C°uld be Variant 
optimum. Thus, if performance do and search {or system 

to the more "intelligent" ¡ystems the add^1^86 fr°m the simPler 
systems into question These r / h ,added C08t should call the 

divided based on the adjustment i^fh^b^, (the0retically) be sub¬ 
open-loop adjustment, and closed loon ad8^ i°0P' ^ e* ' n° adjU8tment, 
men, »y.,.™ U „o, ' "hV 
that many adaptive systems are of low order.’ ^ cla8slflcatl°n shows 

54 



3. 5 EVOLUTIONARY AND MULTILEVEL INFORMATION 
PROCESSING NETWORKS 
Earl E. Gose 
University of Illinois, Chicago, Illinois 
Grant Numbers AF-AFOSR-0751-65, AF-AFOSR-0978-65, 
AF-AFOSR-0978-66, AF-AFOSR-1341-68 

Summary of Recent Research Results 

A technique for the adaptation of multilevel logical networks of two- 
state elements was developed. The effects of connectivity, element 
type, problem type, and the adaptation parameters on the rate of 
adaptation were determined by computer simulation. A new technique 
for choosing pattern recognition properties was based on the probabil¬ 
ity distributions of single properties and their correlations; another 
sequentially selects additional properties which separate the most 
often confused classes in many-class categorization problems. A 
color-selective flying spot scanner was constructed to provide 
pictorial input to the computer. Programs were written to measure 
shape, color, and textural properties and to perform filtering and 
noise-reduction. Their utility was demonstrated in the classification 
of brain cells, blood cells, and breast tumors, using electron micro¬ 
graphs, microphotographs, and x-rays. The use of weighted sums of 
random functions ii. information processing networks was investigated. 
A theory for the expected error versus the number of functions was 
derived and verified experimentally. A generalized theory for finding 
optimum replacement schedules for evolving populations was derived. 
The replacement cost, value function, and quality distribution of the 
newly-selected elements may be different in each generation, and the 
total number of replacements may be constrained. 

3. 6 ANALYSIS AND SYNTHESIS OF COGNITIVE PROCESSES 
AND SYSTEMS 
Heinz Von Foe^ster 
University of Illinois, Urbana, Illinois 
Grant Numbers AF-AFOSR-0007-63, AF-AFOSR-0007-64, 
AF-AFOSR-0007-66, AF-AFOSR-0007-67 
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Summary of Recent Research Results 

The central issue of this research is the establishment of the 
epistemológica! and theoretical framework in which the structural 
and functional organization of cognitive systems becomes sufficiently 
evident to become expressible in explicit formalisms that can be 
implemented in computer hardware and software. A new interpretation 
o. neural mechanisms was advanced that stresses the interpretative 
aspects of perception and introduces the concept of "experience 
spaces," for example, depth, color, inter-sensory references, 
se -reference, and inference. New theorems of information trans¬ 
fer in complex regulatory systems have been developed. Several novel 
computer program structures called "cylinders" wtre devised for 
representing relational structures of arbitrary depth as encountered in 
the symbol system of natural languages. A program named Lejardin 
for graphic manipulation at the crt enables complex arrays of graphic 
elements to be formed and rearranged through no more than variation 
of numeric parameters in an otherwise fixed composite structure. 

rogress continues on other projects including measurement of the 
time dependent parameters of the speech waveform, the application 
of tensor calculus and differential geometry to neural modeling, and 
the identification and synthesis of linear automata from their state 
transition tables and output tables. 

Reports and Publications 

W'tv* A.s^y’ formation Processing in Everyday Human Activity. " 
Bioscience 18, 190-192, 1968. AFOSR 68-1521, AD 672395. 

H. Bielowski "An Objective Function for Computer Systems Scheduling" 
October 1968. AFOSR 68-2583, AD 678164. 8 

R. C. Conant, "Channel Capacity of Moore Automata. " Information 
an_d Control 12, 453-465. 1968. AFOSR 68-2801, AD~679957. ' 

R.C, Conant, "Information Transfer in Complex Systems with 
Applications to Regulation" AFOSR 68-0727, AD 667812. 

A. Inselberg, H. Von Foerster and P. Weston, "Memory and Inductive 
hi erence, Proceedings of Symposium on Cybernetics Problems in 
Bionics, pp 31-68. AFOSR 68-2800, AD 677956. 
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M.R. Gardner, "Critical Degenerateness in Large Linear Systems. " 
June 1968. AFOSR 68-1525, AD 671963. 

K. Kokjer, "Cutaneous Channel Capacity. " September 1966. AFOSR 
69-0034TR, AD 680816. 

L. Lofgren, "Emergent Properties of Systems. " Proceedings of 
Hawaii International Conference on System Sciences, January 1968. 
pp 330-332. AFOSR 68-1696, AD 674693. 

Lars Lofgren, "An Axiomatic Explanatipn of Complete Self-Reproduction, 
Bulletin of Mathematical Biophysics 30, 415-425, 1968. AFOSR 68- 
2579, AD 678415. 

J.K. Russell, "A Visual Image Processor, " IEEE Transactions on 
Computers 17, 635-639, 1968. AFOSR 68-2802, AD 679750. 

J. Schill, "Automatic Determination of Invariance in Machine Coded 
Speech." December 1?68. AFOSR 69-0454TR, AD 683747. 

H. Von Foerster, "Numbers of Man, " April 1966. AFOSR 69-0035TR, 
AD 680821. 

H. Von Foerster, "Biological Principles of Information Storage and 
Retrieval, " in Electronic Handling of Information Testing and 
Evaluation (Academic Press, 1967). AFOSR 68-0774, AD 668284. 

M. G. Wilkins, "A New Homeostat. " June, 1968. AFOSR 69-0316TR, 
AD 683048. 

3. 7 INTERNATIONAL WORKSHOP ON PATTERN RECOGNITION 
R. Emberson and Laveen Kanal 
Institute of Electrical and Electronic Engineers, New York, NY 
Contract Number F44620-68-C-0063 

Summary of Recent Research Results 

A workshop on pattern recognition was held in August 1968 in Delft, 



Holland. A substantive summary of the papers and discussion has 
been issued. The summary classifies the presentations into four 
categories: character recognition, pattern classification and feature 
selection theory, picture processing, and other applications. The 
other applications concern neural networks and crop classification 
from multispectral remote sensor data. Although work abounds on 
theoretically optimum classification, and, in particular, stochastic 
approximation methods, problems of experimental design, sample 
size, feature dimensionality, system complexity, and design of 
cascaded decision nets remain essentially open even in the statistical 
approach to pattern classification. 

Reports and Publications 

B. Chandrasekaran, L. Kanal and G. Nagy, "Report on the 1968 IEEE 
Workshop on Pattern Recognition" AFOSR 69-1322TR, AD 638378. 

3. 8 THEORETICAL MODELS FOR THE RETICULAR FORMATION 
William L. Kilmer 
Michigan State University, East Lansing, Michigan 
Grant Numbers AF-AFOSR-1023-66, AF-AFOSR-1023-67 

Summary of Recent Research Results 

Two reticular formation models have been built, S-RETIC and 
STC-RETIC. Despite its 8000-parameter complexity, S-RETIC 
properly switches from mode to mode as a function of the signals 
coming in over its 60 binary input lines. It thus serves as a crude 
model of how, in a fraction of a second, the million or more neurons 
in a reticular formation reach a workable consensus as to the proper 
mode of total commitment of an animal. STC-RETIC enlarges the 
behavioral capabilities of the model to include development, generaliza¬ 
tion, discrimination, habituation, classical conditioning, extinction, 
avoidance conditioning, and trial-and-error learning modes of 
behavior. STC-RETIC is a 500-instruction computer program. 
Pattern recognition algorithms for translating EEG signals into 
decisions about the mode of the EEG (resting, hyperventilating, 
sleeping) are also being studied. A method for determining the sleep 



«tage oí a subject by computer has been developed that employs 
frequency histograms and Weibull distributions. A modification 
of STC-RETIC is being developed for segmenting speech signals 
into a sequence of basic sound units. Several theorems have been 
derived for designing computer control circuits as a cascade of 
simpler circuits and for re synchronizing such circuits after noise 
or power failure has put them in the wrong state. 

R.eports and Publications 

P.S. Ulinski and William L. Kilmer, "On Relating the Behavior 
of a System to the Behavior of its Constituents A Theory of 
Cellular Differentiation," (Interim Scientific Report Number 1, 
January 1968; AFOSR 68-0217, AD 666469). 

W. L. Kilmer, W.S. McCrlloch and J. Slum, "An Embodiment of 
Some Vertebrat» Ci.iimand and Control Principles." Currents in 
Modern Biology 2, 81-97, 1968. AFOSR 68-2603, AD 678386. 

W. L. Kilmer, W.S. McCulloch, J. Slum, E. Craighill and D. 
Peterson, "On a Cybernetic Theory of the Reticular Formation. " 
Cybernetic Problems in Bionics, pp 431-479. Gordon & Breach, 
New York 1968. AFOSR 68-2642, AD 678387. 

B.G. Reynolds and W. L. Kilmer, "Structure of Events and Automata. " 
August 1968. AFOSR 68-2187, AD 677291. 

W. F. Cutlip and W. L. Kilmer, "Synchronization and Decomposition 
of Finite Automata." August 1968. AFOSR 68-2319, AD 677759. 

3.9 CONFERENCE ON LEARNING, REMEMBERING, AND 
FORGETTING 
Frank Fremont-Smith 
Current Contract Number* F49604-67-C-0154 

♦This research effort is supported by the Advanced Research Projects 
Ag ency (ARPA) and monitored, both technically and administratively, 
by the Directorate of Information Sciences of AFOSR. 
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Summary of Recent Research Results 

The fourth annual interdisciplinary Conierence on Learning, 
Remembering, and Forgetting (sponsored jointly by AFOSR and 
the New York Academy of Sciences Interdisciplinary Communica¬ 
tions Program) was held October 9-12, 1966 in Pacific Palisades, 
California. The proceedings of this conference were grouped under 
the following topical headings: Action contingent development of 
vision in neonatal animals; Some ways in which experience affects 
learning; and, The effects of hormones in infancy on central nervous 
system organization. The thrust of the conference was the elicitation 
of information on how an organism's capacity was shaped by its experi¬ 
ence. The proceedings included discussions on such topics as the 
relationship between cybernetics and perceptual learning, analysis of 
behavioral phenotype and genotype, and interactions during sensitive 
periods. A bibliography was appended. 

Reports and Publications 

D. P. Kimble (editor), "Experience and Capacity, " 4, Proceedings of 
the Fourth International Interdisciplinary Conference on Learning, 
Remembering, and Forgetting, Pacific Palisades, California, 9-12 
Oct 66 (Final Scientific Report, AFOSR 68-2208, AD 681246). 

3. 10 ASYNCHRONOUS AUTOMATA AND DISCRETE-TIME SYSTEMS 
George A. Bekey and R. B. McGhee 
University of Southern California, Los Angeles, California 
Grant Numbers AF-AFOSR 1018-66, AF-AFOSR 1018-67 

Summary of Recent Research Results 

Research in identification of discrete-time systems has concentrated 
on the problem of determining the unknown sampling frequency, and 
other parameters, of discrete systems with continuous inputs and out¬ 
puts. The research has been successfully applied to the synthesis of 
a sampled data model of a human pilot whose inputs and outputs are 
a continuous function of time, both in the presence of observational 



noibc and parameter noise. This is probably the most powerful 
tool yet utilized for the construction of mathematical models of 
human operator performance. The mathematical aspects of the 
theory (stochastic appro', mation) which relate to the convergence 
of the identification process have been developed and published. 
The research in human operator information processing has also 
resulted in the development of an adaptive finite-state model of 
the human controller. This promises to be a starting point for 
significant new investigations in this area. 

Reports and Publications 

George A. Bekey and E. S. Angel, "Asynchronous Finite State 
Models of Manual Control Systems, " in Proceedings of the 
Annual Conference on Manual Control, Cambridge, Mass., 
1966 (AFOST. 68-0455, AD 666340). 

A. A. Frank, "Automatic Control Systems for Legged Locomotion 
Machines," (U.S.C.E.E. Scientific Report No. 273, May 1968; 
\FOSR 68-1340, AD 670601). 

R. B. McGhee, "Finite State Control of Quadruped Locomotion" in 
Simulation, Vol. 9, No. 3, pp 135- 140 (Sept 1967; AF03R 68-1320, 
AD 673577). 

R. B. McGhee and A. A. Frank, "Optimum Quadruped Creeping Gaits," 
in Scientific Report, (July 1968; AFOSR 68-1846, AD 675256). 

F . B. McGhee, "Some Finite Aspects of Legged Locomotion," in 
Mathematical Biosciences, Vol 2, pp 67-84 (1968; AFOSR 68-1764, 
AD 673912). 

W. S. Meisel, "A Numerical Integration Formula Useful in Fourier 
Analysis," in Communications of the ACM, Volume 11, No 1 
pp 51 (January 1968; AFOSR 68-0653, AD 667321). 

W. S. Meisel, "Hazards in Combinational and Sequential Switching, " 
(U.S.C. Electrical Engineering Department Report Number 174, 
May 1966; AFOSR 68-0370, AD 665864). 



L.R. Nardizzi and G. A. Bekey, "Synthesizing Optimal Controls 
for Modulated Discrete-Time Systems. " International J Control 
8, 571-590, 1968. AFOSR 69-1595TR, AD 690294. 

L.R. Nardizzi and G. A. Bekey, "Optimization of Discrete-Time 
Systems w5th Combined Modulation. " IEE Transactions on 
A"* ^matic Co itrol 13, 286-289. 1968. AFOSR 68-2694, AD 679262. 

3. 11 CYBERNETIC INVESTIGATION OF LEARNING AND 
PERCEPTION 
Gordon Pask 
System Research Ltd. , Richmond, England 
Contract Numbers AF-6l(052)640, F61052-67-C-0010 

Summary of Recent Research Results 

Experiments have continued on developing methods of determining 
(measuring) the different strategies used by subjects in proceeding 
through a learning tssk. A method has been incorporated into a 
learning model to score for subjective estimates of correct responses, 
rather than for actual responses, that is applicable to many learning 
situations in which more than one set of response alternatives can 
be appropriate. In a teaching system based on the learning model, 
an executive controls learning and problem-solving activities. The 
subject, not the executive, through his responses, partitions the 
task into learnable segments. Two experiments were designed to 
explore this approach. One develops a code learning skill and the 
other employs a Telcomp time-sharing terminal. The ex æriments 
are intended to measure the efficiency of the strategy selected by the 
subject in comparison with a known standard, and the degree to which 
the subject adheres to his selected strategy. The experimental data 
are being used to acquire a better understanding of the requirements 
for artifically intelligent cognitive systems. Though the organization 
of an attention-directing system appears to be the converse of that 
required for an evolutionary system, this distinction is actually a 
matter of degree because all subsystems must maintain their activity 
continuously to enable the executive to sense and evaluate their prop¬ 
erties. 
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3. 12 MACHINE LEARNING FOR GENERAL PROBLEM SOLVING 
David L. Johnson 
University of Washington, Seattle, Washington 
Contract and Grant Numbers AF-49(638)-1070, AF-AFOSR- 
366-62, AF-AFOSR-468-64, AF-AFOSR-468-65, AF-AFOSR- 
939-65, \F-AFOSR-939-67, AF-AFOSR-939-67B 

Summary of Recent Research Result s 

Several learning system models are being developed that have, as 
a common aspect, the use oí hierarchies of heuristics that govern 
system algorithms. Three areas of application are being examined: 
game learning as demonstrated in chess and bridge, learning for 
network designing, and pattern recognition and classification. Game 
learning does not aim for ’best" performance but for self-improving 
procedures in actual situations. Results include the development of 
tree-pruning heuristics, the formation and use of generalizations for 
decision making in previously unencountered situations, the generation 
of new decision parameters, and the use of inferential reasoning to 
modify procedures. Design synthesis research has provided additions 
to the design of threshold logic networks and knowledge concerning the 
incorporation of interactive methods of system development and heu¬ 
ristics into a learning model. Threshold theoretic models have been 
applied to pattern recognition. Starting with a curve-fitting model, 
heuristics were developed for more general patterns with unspecified 
distributions and clusters of data points in the pattern space. Programs 
were formulated that are being used in nuclear engineering research. 

Reports and Publications 

K. H. O'Keefe, "Modularity in Design: The Application of Shift 
Registers in Secondary State Assignment. " January 1968. 
AFOSR 68-1300, AD 670550. 
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Section 4 

INFORMATION THEORY 

The term, "information theory" has a precise scientific meaning 
which applies to few, if any, of the efforts herein reported. It is 
also the only COSATI subject heading in the information sciences 
which carries any connotation of theory. Hence its use to title this 
section. 

Any machine, which in the broad sense includes man, must make 
constant use of information. This wcwld naturally include sensing, 
channeling, integrating, storing, outputting, and feeding back the 
processed information. Many of the hard, and soft, disciplines have 
had long standing efforts to attempt to formulate broad, basic struc¬ 
tures in information theory. Combinatorial algebras and new advances 
in logic and mathematical notation may eventually lead to information 
storage and retrieval techniques which will permit both a significant 
reduction in hardware storage media and vastly improved cycle speed. 

Improvements in information theory already point to better use of 
research funds, in that recently developed theories and algorithms 
not only point out the areas wherein the probability of return is 
highest, but such studies have also pointed out boundary conditions 
outside c hich there is no hope of success. Some of the more 
productive centers are recursive function theory, combinatorial 
algebras, group theoretic concepts, self-referential systems, and 
recursively enumerable sets to name but a few. 

Vendors are already sufficiently motivated to support research 
directed toward improved computer capacity, faster cycle times, 
and more powerful instruction sets. It is becoming more apparent 
that research to provide the most efficient use of the hardware will 
have to be slanted along user interests. 
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4. 1 ALGEBRAIC METHODS IN AUTOMATA THEORY 
Marcel P. Schutzenberger and Maurice P. Nivat 
Association Pour L'Etude Et La Recherche Ei. Traitement 

De L'Information, Paris, France 
Contract Number AF-6l(052)-00945 

Summary of Recent Research Results 

Research has continued in three topic areas, algebraic properties of 
monoids, properties of rational and algebraic subsets of monoids, and 
the computing power of finite automata. Rational subsets of any com¬ 
mutative monoid have been characterized. Further results have been 
obtained on the commutative closure of context-free languages. A 
general scheme is being developed for the syntactic analysis of context- 
free languages. Many computations on graphs have been found possible 
through the use of a finite automaton that processes the incidence matrix 
of the graph or through the use of a number of isomorphic automata 
attached to each vertex operating simultaneously. 

Reports and Publications 

M. P. Schutzenberger "On Products of Finite Dim' nsional Stochastic 
Matrices" Proceedings of American Mathematical Society 18, 
850-853, 1967. AFOSR 68-0369, AD 665618. 

M. P. Schutzenberger, "On a Question Concerning Certain Free 
Monoids" Journal of Combinatorial Theory 1, 437-442, 1966. 
AFOSR 68-0143, AD-663965. 

M. P. Schutzenberger "On Mathematical Research for Artificial 
Intelligence" Proceedings Conference on Intelligence and 
Intelligent Systems, U of Georgia, 16 Jan 1967. AFOSR 68-1524, 
AD 671959. 

4.2 COMBINATORIAL ALGEBRA WITH APPLICATIONS TO 
INFORMATION SCIENCE 
F. B. Cannonito 
University of California, Irvine, California 
Grant Number AF-AFOSR-1321-67 
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Summary of Recent Research Resulta 

Tietze transformations have been applied to a class of groups which 
showed them to be "one-sixth" in the Greendlinger sense. The con- 
jugacy problem was then shown to be recursively solvable, and this 
was extended to a hierarchy of increasingly complex groups with 
solvable conjugacy problems. Recent findings suggest that separated 
groups may exist, and that an explicit construction may be possible to 
produce such a group. Work is underway to develop such a construction. 
The properties of information retrieval were found to be analogous to 
solving the word problem in semigroups, and the recent increase in 
ability to handle more complex semigroups suggests the technique is 
sufficiently powerful to cope with the known structure of groups. 

Reports and Publications 

F. Ccinnonito and M. Finkelstein, "On Primitive Recursive Permutations 
and Their Inverses. " Accepted by The Journal of Symbolic Logic, Dec 
1968. AFOSR 69-0762TR AD 084607. 

Final status report, Jan 1969. AFOSR 69-0748TR. 

4.3 SYMBOLIC LOGIC AND RECURSIVE FUNCTION THEORY 
R. M. Smullyan 
City University of New York, New York 
(formerly of Yeshiva University, New York) 
Grant Number AF-AFOSR-68-1375 

Summary of Recent Research Results 

A monograph was produced which concerned itself with updating and 
streamlining first-order logic through elementary quantification theory 
and presenting new methods on "cut-free" methods. One of the high¬ 
lights was a tableau technique which proved to be a distinct improve¬ 
ment upon known tableau schemes by E. W. Beth and by K. J. J. Hintikka. 
This technique was used to prove that: (1) any formula provable by the 
tableau method is a tautology; (2) every tautology is provable by the 
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tableau method; (3) if X is true in all Boolean valuations which 
satisfy S, then X is deducible from S. These three mijor points 
respectively demonstrate the qualities of consistency, completeness, 
and compactness. 

Reports and Publications 

R.M. Smullyan, First-Order Logic, Springer-Verlag, New York, 
1968, 158 pp. 

R.M. Smullyan, "The Continuum Hypothesis, " to appear in COSRIMS. 

R. M. Smullyan, "Uniform Gentzen Systems, " to appear in Journal of 
Symbolic Logic. 

R.M. Smullyan, "Analytic Cut, " to appear in Journal of Symbolic 
Logic. 

R. M. Smullyan, "Abstract Quantification Theory, " to appear in 
Symposium in Proof Theory and Intuitionism, Buffalo 1968, North 
Holland Publishing Company. 

4.4 RELATIONS BETWEEN LOGICAL STRUCTURE, TIME, 
AND NATURAL NUMBERS 
Gotthard Gunther 
University of Illinois, Urbana, Illinois 
Grant Numbers AF-AFOSR-480-64, AF-AFOSR-1391-68 

Summary of Recent Research Results 

A closer proximity between transclassic logic and mathematics has 
been made apparent through the development of a mapping of the Peano 
sequence of natural numbers onto kenogrammatic structure. The dis¬ 
covery that composition (addition) of numbers can be interpreted either 
in an iterative or an accretive sense enabled the formulation of a com¬ 
position theory of proto numbers that is the starting point for the 
kenogrammatic structure. Research on a composition theory for 
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of binary .y.t.ma ‘hat inhtr ar,th"'"ic Place-value system 

and geneUy „ nar/Uem. ' P"d“" ^.ternary. 

4.5 
RELATFfirTnNtI0PICS IN “ATHEMATICAL LOGIC 
^^OMECnAMICAL MATHEMATICS 

Grr»tYM k “niv"*i,V. New York. New York 

A^;FOSRb."■8^A.I¡AFOSR•,,5■66• AF-AF0SR-995-67. 

Summary «>f Recent Research ResnHc 

rogTc 7naU^m^ubbm;°bheaorr '¡ZT* °f -^-atical 
between various hierarchies of nofaM JelatÍOn8 have iound 
in algorithm finding proof theorem ^ transflmte ordinals used 
have been found o,*he próh^ .N*» «Scions 
algorithmic processes in terms nf ri.4 *- lly deflmn8 a11 Possible 
particular to the prooertie ^ multiPl^ation, in 
problem. The word proble'm f3 Simp.e ourth degree Diophantine 
various epecUl case- inm! etmi‘rmP’ been solved in 

pecial cases involving a .,„gl. relation. Systems of unary 



second order logic and other extensions of predicate logic have been 
analyzed. Most scientific computer programs are compute bound. 
The results of this work will significantly reduce the amount of time 
needed to reach identical solutions obtained under conventional en¬ 
coding methods and techniques. 

Reports and Publications 

Martin Davis, "One Equation to Rule Them All. " Invited address 
before New York Academy of Science, November 1967. In press: 
Proceedings of the New York Academy of Sciences. AFOSR 69- 
— 363TR AD 683206. 

Hilbert Levitz, "A Simplification of Takeuti's Ordinal Diagrams of 
Finite Order. " Zeitschrift fur Mathematische Logik und 
Grundlagenforschungen (In Press). 

Hilbert Levitz, "On the Relationship Between the Finsler and 
Tarski-Donner Hierarchies of Arithmetical Operations. " 
Commentari Mathematicae Helveticae (In Press). 

Hilbert Levitz, "On the Relationship Between Takeuti's Ordinal 
Diagrams 0( n) and Schutte's System of Ordinal Notations ^~(n), 
Studies in Logic. North Holland Press. (In Press). 

Mitsuru Yasuhara, "On Minimal Ordinal Types of Theories," 
Koninklijke Nederlandse Avademie van Wetenschappen, vol 71 
(1968), pp 87-94. 

Mitsuru Yasuhara, "Incompleteness of L Languages, " 
Fundamenta Mathematicae (In Press). P 

Mitsuru Yasuhara, "An Extension of the W-Completeness, " 
submitted to the Journal of Symbolic Logic. 

4.6 THEOREM PROVING BY COMPUTER 
Bruce Kallick 
Northwestern University, Evanston, Illinois 
Contract and Grant Numbers AF-49(638)1349, AF-49(638)-1458 
AF-AFOSR - 1125-66 
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Summary of Recent Research ResnU-s 

|A»ttoEÍO".Pre„we T ÍOr pr'diCilt' formula, 
r j mf^n P flx class' The procedure i, a hybrid based on 
Friedman s decision procedure and on Robinson's resolution method 
t resembles the latter in that resolvent clauses are formed Tom the* 

othereresoia ™1¡l exPres8ed in conjunctive normal form and from 
olvent clauses unt.l two complementary one-literal clauses 

the procldu,! d emPtyf ClaU8e- Unlike the general «solution method, 
ThereTs therefore11 nC8ted Skolem Actions, 
nate. ír fu ’ ^ ^ llteral len«th and the procedure termi- 
nates even if the empty clause is not generated. Results suggest 

method in th theorem-Proving procedures based on the resolution 

ScreasinVtt reroe H ^ "u4"11118 length at the -P«-e of increasing the required number of resolvents if in doing so the over 

m nSr nTh,0r‘ Can b' "dUCed- —‘«in* chatc^ 
mat -fx def H , prOCedure may be modified to decide the two 

, d ftned cla88es of Skolem normal-form formulas whose solv- 
a ility was established b-* Friedman's method. The procedure was 

dyadiiTpredicate^801 re8tricted cla8s o£ £°rm^a8 having only 

Reports and Publication« 

Eruce Kaliick "pro°f Procedures and Decision Procedures Based 
on he Resolution Method. " Aug 1968. AFOSR 68-1823 AD 674004. 

Br“C* KÍÍJÍC¿ "A Deci8i°n Procedure Based on the Resolution 

AD 671994 PCr Pre8Cnted at IFIP Co-8^88 1968. AFOSR 68-1584, 

4.7 LOGIC AND RATIONAL PROCESSING IN 
DISCOVERY SCIENTIFIC 

Michael Scriven 
PEC, Inc., Athens, Georgia 
Contract Number AF-49(638)-01672 

Summary of Recent Research Results 

Some of the final thinking of Norwood Russell Hanson (deceased), the 



°flgî,naln?ri,nCipal 'nve,tigator on this research, han been 8umma- 
rized. Tasks of philosophy of science were being reconceptualized 
and extended to include an explicit analysis of the concepts peculiar 
to the domain of discovery, both the concept of discovery itself and 
concepts of creativity, innovation, and development. The summary 
attempts to demonstrate the value of bringing elements from the 
field of discovery into the analysis of the basic concepts of completed 
science and the enrichment resulting from unification of subjective 
and objective elements in science. The contention is made that there 
is a set of teachable procedures that can be described as the logic of 
science that can increase the efficiency of scientific practice and 
accelerate the teaching of scientific methods. The reconceptualiza- 
lons Particularly relevant to research designs and strategies and 

to the field of computer simulation of machines having capabilities 
resembling those of the human intellect. Notions of probability, 
cause, law, and information were reviewed with suggestions of ways 
of introducing new methods of quantification and cross-connection for 
them. 

Reports and Publications 

M. Scriven, "Logic of Discovery. " 1968. AFOSR 68-2796 
AD 679605. * 

4. 8 SYSTEMS OF NATURAL DEDUCTION WITHOUT ESSENTIAL 
RESTRICTIONS ON VARIABLES 
Kurt Bing 

Rensselaer Polytechnic Institute, Troy, New York 
Current Contract Number F44620-67-C-0014 

Summary of Recent Research Results 

A linear system of natural deduction was constructed that incorporates 
wo simplified quantifier rules. No variables are flagged. The system 

is designed to mirror the process of intuitive linear reasoning. A step 
in this process is conceived as producing a new conclusion from a set 
of assumption formulas which may be the same as a set of assumption 
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ormulas prev^usly given or may be changed in the steo rathpr 
than as passing from previous conclusions to a new conclu.ioï 
through the same set of assumption formulas Thu. fh. 
pose is accomplished as in tree-type sv^em.* K J6 8ame P^- 
given deductions into a new one A^melhod of ^ COmblning several 
tion in the system that mav Hp a A f rePresenting a deduc- 

was developed for the condition that'll slt«0^^" afP.pUcation 
are finite. The linear system i s of assumption formulas 

and admit, the p„.“" “^„1 “ Td" ' -f '0 l0gi<:Sl con8e<ïuenc« 

subformula propar,y foi .uiUM^dotcC A 

Reports and Publications 

"'Res^idctions^orTvariabU.I^^^Jove^b^p0^^1^'^?.* ^88ent^a^ 
AFOSR 68-2765 AD 679600 Rep<>rt- 

4.9 
elements self'adapting automata and universal 

John F. Randolph 

Grln!rMltyk0f Rochester* Rochester, New York 
Grant Numbers AF-AFOSR-464-64, AF-AFOSR 
AF-AFOSR 481-66 «•■r - AFOSR 464-65, 

Summary of Recent Researrh 

a post-relational structure in huma« >, v- • rzybskian P01nt of view, 

a. a logical .v.,em. Tte dò«'^“-Vtd i“' “ a"^,lySi■ 
terminology and notation TtiP f i a- omatlzed ln set theory 

of such concepts as identification ^llnesT 
ables natural language discourse ^ 
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4. 10 RELATIONSHIPS BETWEEN THEORY AND PRACTICE 
FOR DIGITAL SYSTEMS 
B. Elspas 

Stanford Research Institute, Menlo Park, California 
Current Contract Number F44620-69-C-0012 

Summary of Recent Research Results 

A summer study was conducted to examine gaps between theory and 
practice in the design and use of digital systems. Important specific 
problems have been defined in areas of switching tht ory, languages 
and formal grammars, and design automation algorithms. An exten¬ 
sive annotated list of problem formulations, graded according to 
importance and difficulty, is being prepared as a guide to future 
research and applications. Switching theory, for example, has not 
been of significant use in the design of large logic networks, in the 
distribution of logical functions in computer systems, or in the 
physical partitioning and placement of devices under combined con¬ 
straints of speech, number of terminals, package complexity, etc. 
Theories of automata and formal languages have not been applied in 
the design of computer systems or in the design of executive programs. 
Alternatively, the popularity of man-computer approaches may indicate 
inadequacies of theory for the practical design of large systems. Such 
practice is common in technology, though instances such as the use of 
algebraic models for formulating error-correcting codes suggest the 
likelihood that stronger links can be forged between theory and practice 
for the improvement of digital systems. 

4. 11 STUDY AND ASSESSMENT OF PROGRESS IN GRAPH THEORY 
J. B. Turner and William Kautz 
Stanford Research Institute, Menlo Park, California 
Contract Numbers F44620-68-C-0024, F44620-67-C-0026 

Summary of Recent Research Results 

A comprehensive survey was made of all published Soviet literature 
on graph theory and its applications ihat totaled over 230 technical 
articles and books appearing up to June 1968. A report summarizes 
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the results and compares the Soviet state of the art with that in the 
West. Although Soviet activity in graph theory lags behind that in 
the West in quality and quantity, the level of activity and quality are 
increasing rapidly. The best Soviet work is concerned with bounds 
on numerical indices associated with graphs, properties of algebraic 
structures associated with graphs, and operations on graphs. Very 
little work has been reported on connectivity properties of graphs, 
matroid theory, the exact enumeration of graphs having prescribed 
properties, isomorphism testing, graph coloring, and the use of 
graphs for modeling in the social sciences. A world-wide indexed 
bibliography on graph theory has been compiled and will be published. 

Reports and Publications 

James Turner and William H. Kautz, "A Survey of Progress in Graph 
Theory in the Soviet Union, " Final Report, Project 6885, Stanford 
Research Institute (Menlo Park, California, November 1968). 
AFOSR 69-0745TR AD 684156. 

James Turner, "A Key-Word Indexed Bibliography on Graph Theory, " 
Appendix to "Proof Techniques in Graph Theory, " Proceedings of 
the Ann Arbor Conference on Graph Theory, 1968, Academic Press 
(New York, 1969). AFOSR 69-2812TR. 

William H. Kautz and Karl N. Levitt, "A Survey of Progress in 
Coding Theory in the Soviet Union," Final Report, Project 6313, 
Stanford Research Institute (Menlo Park, California, December 
1967). (This report was issued as a result of a similar survey 
made during the previous year, on contract F44620-67-C-0026, 
and is to be published as a special issue of the IEEE Transactions 
on Information Theory in early 1969). AFOSR 68-0590 AD 666917. 

4. 12 RESEARCH IN AUTOMATA THEORY AND ITS MODELING 
APPLICATIONS 
Michael A. Arbib 

Stanford University, Stanford Electronics Labs, Stanford, Calif. 
Current Grant Number Aï-AFOSR 1198-67 
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Summary of Recent Research Results 

Contributions were made to the mathematical theory of automata 
and to applications of automata theory to embryology and psychology. 
Algebraic techniques, particularly those of category theory, were 
applied to the study of simple models of parallel computation. The 
treatment of algebraic automata was extended to automata employing 
algebras over arbitrary theories with special attention to the free 
theories that correspond, in ordinary automata theory, to the free 
monoids. The relationship was established between the algebraic 
automata theory approach to loop-free computation and the Krohn- 
Rhodes semigroup theoretic approach to sequential machines. A 
method was developed for analyzing multiplication in groups and semi¬ 
groups, and the computation of various finite functions. A basic lemma 
was proved for obtaining new and improved bounds on the computation 
time required by a (d, r)-circuit to multiply elements of groups or 
semigroups. Models developed previously for analyzing self-repro¬ 
ducing automata were modified to increase their relevance to biology. 
Theoretical questions about the embedding of automata in arrays are 
being examined that should be relevant to the organizational problems 
of cellular arrangement in embryology. Models have been proposed 
for the child development process that suggest correspondences 
between such disorders as infantile autism and schizophrenias and 
differences in information processing mechanisms. 

Reports and Publications 

M. Arbib and Y. Giveon, "Algebra Automata I: Parallel 
Programming as a Prolegomena (sic) to the Categorical 
Approach. " Jan 1968. AFOSR 68-0453, AD 666677. 

Y. Giveon and M. Arbib, "Algebra Automata II: The Categorical 
Framework for Dynamic Analysis. " Jan 1968. AFOSR 68-0454, 
AD 666457. 

4. 13 APPLICATIONS OF ALGEBRAIC AUTOMATA THEORY TO 
SYSTEM THEORY 
Y. Giveon 
Stanford University, Stanford, California 
Grant Number AF-AFOSR-1636-69 



Summary of Recent Research Re s ult s 

Several methods that were developed in standard automata theory 
have been found useful in other branches of mathematical systems 
theory. The most outstanding of these are with respect to minimi¬ 
zation of systems, simulation of systems, and the reduction of 
simulations to well-known algebraic theory (for example, semigroup 
theory for the simulation of sequential machines). These methods 
are being studied within the framework of category theory. Research 
in algebraic automata (an algebraic model for a certain kind of paral¬ 
lel information processing) and in linear systems (that are the core 
of control theory) is directed toward finding the particular properties 
of the application of automaton theoretic methods. Category theoretic 
tools are being developed for studying the essence of these methods 
in their full generality. Major results have been obtained on defining 
the notion of a category being concrete over another category, and on 
establishing axioms for concrete categories that enable the introduction 
of general system theory as a development of category theory. Results 
are also being obti Lned on establishing the notion of a wreath product 
for algebraic theoj tes and characterizing the irreducible algebraic 
automata as those with irreducible algebraic theories. 

4. 14 FUNDAMENTAL AND UNIFICATIONAL TOPICS IN AUTOMATA 
THEORY 
Dana S. Scott 

Stanford University, Stanford, California 
Contract Number F44620-68-C-0030 

Summary of Recent Research Results 

Necessary conditions have been developed for languages to be 
context-free, deterministic context-free, stack generable, stack 
decidable, and non-erasing stack generable. The result for 
context-free languages is a generalization of the necessary 
condition of Bar-Hillel, but it provides an alternative apnroach 
to inherent ambiguity in context-free languages. The infinitesss 
problem for stack generable languages was shown to be solvable. 
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Stack decidable and non-erasing stack generable languages were 
shown as not closed under reversal. Two unsolvability results 
were obtained. The question of whether a stack generable 
language is inherently ambiguous as a stack language is undecidable. 
The question of whether the reversal of a non-erasing stack gener¬ 
able language is also non-erasing stack generable is undecidable. 
A mathematical theory was formulated for the kinds of transforma¬ 
tions required in the transformation grammars of Chomsky. The 
notion of a transducer operating on tree structures was defined 
that generalizes the machines that usually operate on strings. 
Several closure and decidability properties were proved for the T 
languages determined by the transducer and initial context-free 
grammars. T languages are conjectured always to be context 
sensitive. The theorems demonstrate that progress in structural 
analysis of languages is obtainable from work on the level of trees 
rather than strings. 

Reports and Publications 

W.C. Rounds, "Trees, Transducers and Transformations. " Aug 
1968. AFOSR 69-0089TR, AD 681174. 

Ogden, "Intercalation Theorems for Pushdown Store and 
Stack Languages." AFOSR 69-0321TR, AD 682981. 



I 

Section 5 

INDEX TO INSTITUTIONS 

AMERICAN FEDERATION OF INFORMATION PROCESSING 1 01 
SOCIETIES (AFIPS) (Asmus and Nehama) ' * * 

"Information Processing Personnel Survey and Data 
Base Analysis" 

ASSOCIATION POUR L’ETUDE ET LA RECHERCHE EN 4 oi 
TRAITEMENT DE L'INFORMATION (Schutzenberger and Ñivat)’ 

Algebraic Methods in Automata Theory" 

BELL AEROSYSTEMS COMPANY (Gerhardt) 
"Optimization of Learning Networks for Pattern 

Classification" 

BOLT, BERANEK AND NEWMAN (Swets) . 
"Information Processing Models and Computer Aids* to. 

Human Performance" 

UNIVERSITY OF CALIFORNIA, IRVINE (Cannonito) . . 
Combinatorial Algebra With Applications to 

Information Science" 

UNIVERSITY OF CALIFORNIA, LOS ANGELES (Moerman) . . . 
rmal Analysis of Natural Conversation in Thailand" 

UNIVERSITY OF CAMBRIDGE, ENGLAND (Burns). 
Criteria for Exclusions and Correlations for 

Automatic Language Analysis" 

CASE WESTERN RESERVE UNIVERSITY (Banerji) 
"Problem Solving and Pattern Recognition Languages". 

CASE WESTERN RESERVE UNIVERSITY (Goffman) 
"Applications of a Model for Communication Information* 

Transmission Processes" 

2.01 

4.02 

2 02 

2.03 

2.04 

1.02 

78 



> 

CITY UNIVERSITY OF NEW YORK (Smullyan). 4. 03 
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"Analysis of the Evolution of Scientific Concepts" 
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"Models for Adaptive Systems and Human Communications 

Systems" 

NEW YORK UNIVERSITY (Davis). 4.05 
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"Digital Computer Processing of Graphical Data" 

NORTH CAROLINA STATE UNIVERSITY (O'Neal). 1,14 
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UNIVERSITY OF PENNSYLVANIA (Rubinoff). 1.16 
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Retrieval" 

SYSTEM DEVELOPMENT CORPORATION (Ginsburg).2. 15 
"Theory of Programming (Algorithmic) Languages" 
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UNIVERSITY CITY SCIENCE CENTER (Bagley). 2. 18 
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UNIVERSITY OF WASHINGTON, SEATTLE (Egan). 1.21 
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UNIVERSITY OF WASHINGTON, SEATTLE (Johnson). 3.12 
"Machine Learning for General Problem Solving" 
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