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ABSTRACY

(U) This paper was presented at the All Union Conference on
Information Retrieval Systems and Automatic Processing of Sclentific
and Technical Information held in Moscow in 1967, The author
depicts the place of the machine and its role in information
activity and cites two independent, internally, interconnected

" problems: centralized processing scientiflc and technical litersature
and the creation of sutomatic input of printed text and satisfactory
output from ETsVM of ready printed form for reproduction without
typesetting, plus an entire group of complicated gquestions connected
with the creation of information-retrieval systems. The need is
stressed for the development of a wide front of theoretical and
experimental works illuminating the problem of creation of
information-retrieval systems, .
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4 - (U) This paper was presented at the All Union Conference on
'~ Information Retrieval Systems and Automatic Processing of Scientific
1] . and Technical Information held in Moscow in 1967. The author
.. .discusses the construction of & terminological machine dictionary,
. i.e. Thesauri, and the interrelationship between machine input
'~ .and retrieval language, utilizing Thesaurus terms, Automatic
- indexing and reviewing are discussed on a general basis, with the
‘author stating that the USSR has achieved favorable prerequisits for
. successful advancement in-this area, The USSR appears to have
~ many problems providing information Processing Systems with machine
. technology such as the comparatively low class of series domestic
EVTsM; insufficient volumes of storage units, poorly developed

parallelism of devices and low reliability, especially of external
- ~devices. _ - ‘ C o -
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(U) This paper was presented at the All Union Conference on
. Information Retrieval Systems and Automatic Processing of Scilentific
and Technical Infoqpation held in Moscow in 1967.
that up to 1965 theTre was no preparation of specialist to work in
and further develop a system of scientifiec and technical information,
In 1965 the Ministry of higher and special secondary education
created in the higher school system, speciality No, O640-automation
and mechanization of processes of processing ard delivery of
Since the establishment of speciality No, 0640
improvement of the curricula has been developed, such as, discip-
lines of physicomathematical and engineering cycles must not con-
tain obsolete information; a mathematics course must reflect the
basis of mathematical logic, the principles of calculus of varia-
tion, probability and information theories, and other divisions
needed to lncrease the mathematical level of the specialists in
automation; the contents of disciplines in theoretical mechanics,
strength of materlals, theory of machines and mechanisms, descrip-
tive geometry and drawlng, and other general-engineering disciplines
not directly related to specialities in automation should be radically
examined, and the strengthening of general and special education cf
future automation engineers in electrical-engineering disciplines,
electronics, and the general theory of automatic control.

The author states
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. -(U) Two uniterm retrieval systems are analyzed- Pusto-Nepusto 2
cand 4, The author states that comparison rules of the Pusto-
Nepusto-2 gystem rests on different assumptions from the Pusto-

. Nepusto-4 system, These assumptions are formulated thusly: if an

~ -inquiry descriptor in a document is replaced with a lower descriptor
this in no way reflects on the relevance of the document; if a
document for a certain inquiry descriptor has not only an equal or

-~ lower but also a higher one, then this in no way effects document
~relevance; if in the document for a certain inquiry descriptor

.. there 1s nelther an .equal nor a lower oae, but at least one higher
+ | -one, then this lowers document relevance, but does not make it

. ‘equal -to zero. Pusto-Nepusto-2 logic can split delivery into 2

. -.~echelons ‘against the 4 echelons of .the Pusto~Nepusto-4 system, The
..-author concludes that the Pusto-Nepusto-2 system 1s in the experi-
. mental exploltation stage and it is too early to draw conclusions
~./about the results of the conducted reorganization of the logic of.
=... the two systems, o : ‘
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. (U) Thig paper was presented at the All Union Conference on '
Information Retrieval Systems and Automatic Processing of Sclentific
and Technical Information held in Moscow in 1967. The '
discusses the construction of automated information~-retrieval
systems of the descriptor type on the Minsk 22 and the Minsk 2

The paper examlnes an improved variant of the

Setka~3 information processing system on the Minsk 22 with use

of the socket assoclative-address method of organization of

Also examined in the paper are the creation of a dic-

tionary of descriptors for the Thematlc Division-Computer Technology;

author

construction of a’machine dlctionary of descriptors of an automated
IPS; processing of inquiries and their input into ETsVM; recording
of inltial information in ETsVM; an

d a description of the elgorithm
of work of the IPS, .
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ApsTRACT _ -

I(U) This paper was presented at the All Union Conference on
. Information Retrieval Systems and Automatic Processing of Scientific

and Technical Information held in Moscow in 1967. The author’

".yreports on the development of information retrieval language of

the descriptor type according to the divislion of computer technology.

_ " Conclusions of the article indicate that the developed information
- retrieval language (IPYa) has satisfactory characteristics; growth
- of-a dictionary 1s considerably delayed during the growth of an
_‘array of over 2000 documents; input of grammatical means into IPYa
. 1s inexpedient for small arrays; the question regarding the need
‘to introduce grammetical means into developed JFYa will be
‘examined after conducting experiments on 15-20 thousand documents
. in 1967; and distribution of descriptors in retrieval patterns
. ..of documents obeys the same Zipf and Mandel'brot laws, as words-
;_“1n natural language,texts.
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(U) This paper was presented at the All. Union Conference
on Information Retrieval Systems and Aufomatic Processing
of Scientific and Technical Information held in Moscow in
19%67. The paper discusses the need to employ computer
technology for informatlon storage and retrieval of

patents,

AFSC ::::‘ 4 ( P70 OvEReRINT, BaC 4) 1



WA IR
DATA HANDLING PAGCE
01-ACCEIN ON *-00CUKENT Lot W-TOPIC TACH
79501068 data processing conference, information

QM -TINE SERT AT
MACHIUE PRET
THDEXES FOR
TROSPECTIVE

QUESTICI OF

FRATICE OF
CURRERT
RETRIEVAL OF

SCIBRTIFIC AND TECHNICAL ¥

ALD RE-

47-3UBLECT AREa

25, UG

sing

mechlne abstrac

storage and retrieval, automztic
| dccument analysis,
informeticn proeces

ting,

12-AUTHGR CO-AUTHOAS _
MEKHTIYEV

,D I, ; 16

6 -KUZE

IETSOVA, E. K.

'0-DATE OF (NPO
___--c7

43-s0unce VSESOYUZHOY KONFERENTSIT PO INFORMATSIONHO-

Dec,ucmn

PO TSt -69

A
Chd 1nd

Al
;b\dua.x.\.,w.l. -LAAL c

~n

mation Ratrieval Systen~ and ﬁutomatic oncessing of

discusses automatlc 1ndeAlng basea on keywords, Fecc
processed ¢n the Ural-4 according to a

in 107

Tl Ty AT,

Scientifin
This

A
ridinas

Coaalls

POIGKCOVYHM SISTEMAM X AVTOMATIZIROVAILOY OBRABOTKE
NAUUIHIO TEK.mICmuSKOY THFORMATSII 31, MOSCOW, 1967, $9-PRCIECT MO.
TRIDY _ (RUSSIAN) 60502355
$1-SECURITY AMU DOWKGRADING | MPORNATION $4-CONTROL MARKIMGS (97-WEAOER CLASN
UNCL, © NONE UNCL
T6-REEL PRAME NO. |77-SUPERSEDES 70-CHANGES ©-CEOGRAPHICAL NO OF Pacts
AREA
1889 1584 UR 1c
CONTRACT 0. X REF ACK. MO. PUBLIMING DATE TYPE PRODUCT REVISION FREG
65~ 94-30 TRANSLATION NONE
STEP NO, ACCESSIOM MO.
02-UR/0000/67/001, 30/01€85 /0171
ABSTEACY « GQ  TILFORMATICH MATERIALS
(U) This paper was presented at the 211 Union Conference on Info

S paper
were

cpecially compos=2d prcgram:
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(4) T er wes ed at the all Unicn Confersnce on
Information Retriev ms and Automatic Processing corf
Scicntific 4 Teshr fermztion held in Mozcow in 1967.
The author stated t} Inf'ormation Processing System
gdeveloped by *tre US pliea in ovractical acrtivity cf
varied 3IF during tw . Mechanlzed retrieveal and
delivery of infcrrma h *nc use ¢of comparatively cheap

derably reduces the tim2 necsssary
ani facilitates the labor cf workers
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cf the secticn. dAlthcouzn retrieval is conducted according to
2 limited number ¢f refrieval criteria (4-5) in the majerity
of cases the USSR 1s satisfied with the results,
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(U) This paper was presented at the all Union Conferense on
Infermation Retrieval System and Autonmatic Prccessing of
Scientific and Technical Information held in Moscow in 1967,
The authors discussed improvement of the contrcl system of &
naval fleet of steam nav1vauion by mathematics and computer
technolegy. The IP3 for automated ccntrel of the work of ihe
fle=t was developed in the following seguence: analysis of the
problems of control, information communications; foundaticn of 2
SAU in the form or an IPFS; clascification of objects and their
characteristics; develcpment of methods of distribution of
information in the memory unit; development of algorithms and
programs of input and restoraticn of information; and the
development of algorithms and programs cf answers to inguiries,
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PREFACE

The Party and Government are giving their constant attention
to the development and improvement of systems of the information
service. Thé'sbecial resolution adopted by the Council of Ministers
of the USSR in November 1966 is directed towards implementing
solutions to the problems enacted by the XXIII Congress of the CPSU
on creation of government-wide highly effective scientific-technical:
information service.

Being based on contemporary technical means for acquisition,
.processing, investigation and delivery of informetion data, and
automation of information procesées, the State system of scientific
information is directed to provide timely information about
.achievements in domestic and foreign science and technology.

At present in many organizatiohs of the country_écientific
research work 1s being conducted in the area of sutomation of
information processes. The level and state of this work require
defined organization and coordination. This is especially important
since scientific and technical information is such & many-faceted
brancn of science and technology, embracing all branches of the
national economy, that its further effective development would be
inconceivaeble without coordination of the work and exchange of the

experience of all specialists occuplied with automation of information

processes.
/
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The Third All-Union Conference on information retrieval systems
and automated processing of scilentific and technical information,
conducted from 19 through 22 December 1966 in Moscow, provided
results of scientific and technical information activity of scientists .
and specialists and outlined the way for the fullest and fastest
fulfillment of problems set by the Party and Government in the area
of scientific and technical information,

The work of c?pference_inbolved the participation of 1150
specialists representing different ministries, departments, information
organs, scientific research and design organizations, industrial
enterprises and establishments of the country. At the conference
220 reports were presented.

'The present Transactions contain material presented at the
plenary sessions of conference, as well as at meetings of the
separate sections.

For the convenience of readers, the Transactions are being
issued in four volumes.

The first volume "Information Retrieval Systems" presents the
results of research and development in the areas: semantic systems
of investigation of scientific and technical literature in large
-data bases, with automatic translation from a natural into a
formalized language; automated systems of factographic facilities
based on the use of information languages of the natural sciences;
information retrieval systems for industrial enterprises and

establishments,

The same volume is devoted to other questions connected with the
creation and introduction of automated information retrieval systems
of different classes and assignment for processing large as well
as small volumes of scientific and technical information.’

The second volume, "Semiotic Problems of Automated Datsa
Processing" presents material dedicated to: . development of problems

FTD-MT-24-130-69 v
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of the connection between syntactic and semantic properties of

language systems; investigation of the natural and formalized

languages of science and technology in connection with problems of
storage and retrieval of information; questions of automatic processing
of tests for creating operational systems of machine indexing,
abstracting and translation of texts; research in the area of creation
of special programming languages end translators from them for machine
processing of texts.

The third volume, "Automatic Reading Devices" presents results of
research and development of different methods and devices for automatic
identification of typog;aphical and typewritten symbols, Special
attention is alloted here to eutomatic reading machines, allowing auto-
mated .computer input of masses of scientific and technical, statistlcal
and economic information to ETsVM [electronic digital computers].

The fourth volume, "Technical Devices for the Information
Service and on Line Reproduction Techniques" presents works
related to research and development of: technical devices for
preparation and input of alpha-numeric information into a computer

and high speed output devices of textual information, and also
‘output devices with many characters and high quality print;
specialized memory units for information systems, possessing
internal logic and the possibility of storage of large volumes of
"information, including photoscopic, assoclative, with internal
logic; retrieval devices on continuous carriers (microfilms) and
discrete carriers (microphoto cards, magnetic cards, etc.);
technical means for mechanization and automation of all stages of
information processes.

A considerable’place in this volume is given to questiohs on
organization of industry and improvement of technological processes
on output of urgent information publications with wide application
of methods of the classical printing industry and reproduction
technology, the use of latest models of typesetting typewriters with
stored control for manufacture of original mock-ups suitable for
direct reproduction, application of xcrographic, electronic equipment

FTD-MT-24-130~-69 vi
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for urgent manufacture of printing forms, and also questions of the

use of high-speed cylinder and offset machines for printing
information,

Matlerial is given on the use of highly productive brochure
equipment,

FTD-MT-24-130-69 vii




THE ROLE AND PLACE OF THE MACHINE IN SCIENTIFIC
AND TECHNICAL INFORMATION

A. I. Mikhaylov

The "...all Ppossible assistance to further strengthening of
the role of science in the building of Communist society...
standard statement of scientific and technical information, and
the whole éystem of study and propagation of domestic and foreign
advanced experience" provided for by the program of the CPSU found
its reflection during the last few years in a number of resolutions

~of the Central Committee of the Communist party of the Soviet
Union and the Council of Ministers of the USSR directed towards
creation in our country of a standard system of scientific and
~technical information.

At the 23rd Congress of the CPSU comrade A. N. Kosygin said:
"Technical progress in the national economy and successes of
science to a large extent depend on a well supplied system of
information about results of scilentific investigations conducted
in this country and abroad, about the achievements and new methods
of production, and about inventions and proposed innovations.

We must create in this country a highly effective state system
of scientific information",

Recent years have been distinguished for active activity in
the field of development of scientific and technical information in
all links of the national economy.

FTD-MT-24-130-69
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Transition to a new system of leadership and planning of the
rational economy requires reconstruction also in the region of
state leadership of scientific and technical information. The
resolution of the Council of Ministers of the USSR from
29 November 1966 is a program of works directed towards creation
of a state system of scientific¢ and technical information most
fully responding to further developmznt of progress in our country.

During the last few years there has been scanned a wide front
of development of scientific information. This finds confirmation
in a huge number of publications and in a large number of inter-
national, regional, and national scientific conferences, symposia,
conferences, etc. The main direction of these investigations is
the search for ways to speed up processes of information activity.

In spite of successes attained in the region of scientific
investigations and desiéh developments, in our days the need has
become evident critically to estimate results in the region of
development of scientific bases and new technical means both from
the point of view of satisfaction of appearing requirements of
consumers of information and from the point of view of the overall
- solution of the whole information problem.

A deficiency of scientific activity in the past (during the
. experience of the VINITI)[All-Union Institute of Scientific and
Technical Information] was individual special problems, which
sometimes hurt the development of general theoretical problems.

At present more and more attention is being paid to questions
of dévelopment of the theory of processes of scientific information. .
And the basis of informetion activify should be the theory of
processes, not the empirical and intuitive method.

We do not as yet have an acceptable name for the scientific
discipline which studies the structure and properties of scientific
information; the regularity of information activity; and the theory,
history, and method and organization of information. The term

FTD-MT-24-130-69
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narrow and inconvenient. It seems to us thal the most suitable
term to use would be the word "informatike" [no translation found],
A similar proposal is argued in an article published in No. 12
"NT1" [Scientific and Technical Information] in 1966, From now

on we will use this term,

We put in the idea "informatika" - in this new discipline —
the following contents: the study of the laws, methods, and
means of collection; analylic and synthetic processing; storage;

retrieval; and propagation of scientific information.

In informatika mucn has already been donre to give contemporary
machine technology & fitting place in scientific and information
activity. However, the role and place of the macnhine in
informatika is sometimes understood to be too simplified, and in
investigations and experiments with the use of ETSVM not all trends
have been sufficiently developed.

The Role of ETsVM ir Information FProcesses
{The Time Factor Not Quantitative Growth)

Formation of scientific and technical information as an
independer:it scientific trend appeared as a result no: only of the
exporential growth of scientific and technical literature, tut
also, in addition to that (and pernaps, even mainly), as a result
of peculiarities of development of scientific and technicel progress.
Contemporary science and technology have two characteristic
peculiarities.

1. Ever increasing complexity of scientific and technical
protlems the solution of which is possitle only through the
efforts of & larze ponl of scientists and engineers of various
specialties. These pools need to ke provided with information.
Eroviding it takes on more and more the charascter of queueing.
Effective solutftion of this problem requires the application of means

o

of mechanization and automalion.
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2. Fast reduction of periods of development, mastering, and
introduction of various dliscoveries and inventions,

The president of the Academy of Sciences of the USSR,
M. V. Keldysh, in the article "Natural sciences and their value
for development of Weltanschauung and technical progress”
("Kommunist", 1966, No. 17) writes: "Those who say that the
century of science and technology has just now started are not
entirely correct, After all in all times msterial and technical
progress was largely based on the development of science, The
roots of the industrial revolution also lay in science. The
last century was characterized by & very large number of the grea‘est
scientific achievements, It is incorrect to think that earlier
there were few discoveries in the field of natural science entailing
great consequences in the region of materiel producticn and that
we have only now entered the century of continuous discoveries,

However, there is one feature very characteristic of contemporary
development of science and technology; the speed of practical use
of scientific discoveries, It is possible to give & number of
examples. The period from the discovciy of the electric current
(Galvani) to the creation of the first ele~tric power station spans
abcut a century, It took almost one hundred years to master this
remarkable discovery, having hugh prospects, It is possitle alss
to note that seventy years passed from the clarification of the
role of mineral fertilizers in the feeding of plants (the middle
of the last century) to their intense use. And they came into wide
use only after the second world war. The discovery of nuclear
fission of uranium was another story. Only three years pessed from
the moment of thie discovery to the creation of & nuclear reector,
and to creation of the first atomic electric power station 15 years,

The very fact that our time is characterized by extraordinarily
fast use of achievements of science makes &ll the more important
good organization of scientific investigetions &and use of their
regults in production. Today not that countrv which first makes a
new scientific discovery but the one which is better able to organize
its fastest use in practice is ahead in realization of the industrial

procazss”,
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This pecullarity can be shown in & number of examples,.
From the moment of discoveries which in the final analysis led 1o
the appearance of photography (the first half of the XVIIIth'
cenitury) to the introcduction of the means of photography 1n practice
112 vears went by. Development of means of telephone commnunication
took 5C years, radic 35 years, radar 15 years, television 12 years,
and thz transistor bul 5 years.

Sucl acceleration of the rate of investigations and developments
requires & corresponding ircrease in the speed of information systems.
It is clear that this problem can be solved only by way of wilide
application in information practice of means of mechanization and
automation,

Consequently, contemporary orgenization of information activity
must not only help the researcher to look into the rapidly growing
"Himalayrss of litraries" but also satlisfy the requirements of
users, emanating from many aspects of the development of scientific
thought. »

The history of the development of informatika gives us many
examples of the futilify of trying tce solve the problen of
scientific information Ly wey of creation of complicated machines
simulating information processes, A look back at the past in
American practice is enough to convince anyone of that, FRemember
the unrealizable hopes corrected with the creation of such
information-retrieval devices as "Rapid selector”, "File search",
"Miricard" and orhers. In 1952 we attended an American exhibition
organized by the MFD [International Federation for Documentation]
cornference in the United States, where there was represented a
wide range of modern machires which were not widely used in
irformation practice. But at the same time work on such devices
was useful at least in two respects, It permitted understanding
that the basic difficulties of mechanization and sutomation of
information processes cornsist not in the absence of necessary
tecnnical means tut in the fact the internal mechanisms of fulfillment

of such procesges have not been studied by man. And when we are not
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clear on the mechanfsm ot fulfiliment of an operation by man, we

can orly imitate this process but not simulate it,

Another useful result of works connected with creation of
information-retrieval devices was accumulation of valuable
scientific and technical experience used more and more in various
spheres of the national economy.

Speaking of tne place of the machine in information actlivity,
1t is 1impossible not to remember tne definite evolution of views .
of specialists with respect to machine translation.

If in the first half of the fifties many researchers Tlippantly
promised literally in a few years to replace the human translaior
with a machine, then subsequently their groundless optimism wes
replaced by & sober understanding of ihe exceptional difficulty
of the problem before us. Attempts immediately "to take the bull
ty the horns" and already now realize machine translation in

practice were replaced by deep theoretical research, Now there
will hardly bte found a serious researcher who will begin to affirm
that the problem of machine franslation (in its strict sense) can

te solved Iin the next 2-3 years, It is true thatl experts of tLle

"vrein" corporation, "Rand,"

who are specially engaged in the
composition of forecasts of development of sclence and technology

in the next 50 years express a rather optimistic point of view —

they expect macnhine translation to tecome a recality already by
1970, Regardlng, however, an automatic information center,
they predict iis eppearance only in the period between 1970 and 1990,

B

Consequently, there appears the question of our relationship

to the problems of machine translation. We have before us the
very complicated problem of machine automatlic reviewing and indexing.

It is possible to conclude this from reports which were 1ead
at the UNESCO seminar on the problem of automatic reviewing and
indexing held in Moscow in September, 1966,
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The scientific aspect of the problem is reallzaziion Ol duiuvmmill
reviewing and Indexing in the strict sense of these terms. This
mearn:s that the unprepared text of the scientific document — book,
article, patent, etc., is reviewed. The procedures of automatic
reviewing can be plctured, for example, in the following way:

a} translation of the text of the document into a certain
formalized larguage;

bt) exposure of the main subject of this document and
expression of the given subject in the fornalized language;

¢) translation of the abstract from formalized to natural

language,

If the problem of automatic reviewing is solved, (the most
important and difficult problem here 1s algorithmic erposure of
the mgin subject of the scientific document), then automatic
ingexing becomes practically realizable. For fhis it is sufficient
to translate the abstract from the formaiized language into another

formalized larguage utilized in the irnformation-retrieval system.

Solution of tiis bunch of problems is possible only after
carryirg out deep fundamentsal investigations in many branches of
scierce — in linguistics, psychology, mathematicel logic,
semantics, semlotics, etc. These investigations should open slightly
the curtaln above the secret of human thinking, which presents
gen2ral scientific interest., Such investigatiorns are so complicated
that there is herdly any reason to expect consideratle results in
the next few years, But there cen be no doubt that the investigations
muast te expanded end deepered, It is necessar; to pay attention
to the fact that without solution of the problem of machine
translation we will not solve the problem of automatic reviewing
and indexing., For execution of this vitel problem there are useful
and important all methods, including automstic quasi-reviewing
irn all its varieties and automatic indexing of abstracts of scientific
documents. Of course here in the first place it is necessary to
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consider such factors as comparative cost of processing of texts,

obtained gain in time, etc.

It is necessary specially to stress that developmeni and
application of methods intended for solution of such purely

o

pragratic rroblems by no means signifies sclution of the pretlem
of autumatic reviewing and indexing in its strict sznse, although

it will promote this, .

Thus, the examined problem has two aspects — scientific and _
practical. Both these aspects are important, but successes in the
solution of the practical sspect of tnis groblem must not te taken
for the solution of its scientific aspect. A clear understanding
of this distinction is a necessary condition of the success of our

further work in this important directiorn.

Soiution of the problem of automatic readout of texts is
aexpezially important in connection with this, Without automatic
reading devices not only can no practical system of automatic
reviewing and indexing be realized, but investigations in sufficilently
wide scales in this regior are imnossitle, It 1s necessary to
remember that all proposals to use punched tape obtzined from
flexowriters, monotypes, etc., for macnine ingut and other
aneglogous propostls have no bearing on the problem of aulomatic
reading of texts, azlthougn they are very uselful in the practical

rlan,

The side of the problem of autcmatic reviewing and indexing
ig the prohlem of satisfaction of the information needs of scientiets

and engineers today, and not sometime In the future,

One of the trends of scientific investfgations which must
be developed before the nroblems of informatika can te solved is
undoubtedly semiotics., reation of artificial formalized languages
of scilence and technnlogy and also languages of generslizad
programming is one of the most important conditions of automation of

information activity. Sclution of the central prcblems »f structural
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linguistics, machine ifransletion and decoding of ancient written
langlage will make it considerably easier for us to sclve the
problem of automatic analysis of the contents of scientific documents.

Semiotics are useful and neces<ary, Those of you wno are
scquainted with reports of it cern evaluate its achievements yourselves.
In connection with this I would like to make just one remark,

It is assumed that results of semiotic investigations will find
practical applicetion in information activity in the future, when

the basic problems of automatic eanalysies of text have keen solved.

Meanwhile, we cennot wait this time, The recent resolution
of the governmert ob:liges us to create socn an effective state
system of scientifiic and technical information., This is why it
is absolutely necessary that semiotics elready now take part in
a numter of concrete wecrks on creation of information-retrieval
systems and on the study of information needs of specialists,
improvement of methods of processing documents, and regulating
of information flows. This will not only unite our efforts in
solving pressing protlems of informatika but will also make the j

investigations of semiotics itself move purposeful,

One mrore important trend in informetika eppeared in connection

with wide epplicatiorn of machire technology. I have in mind study
of a system of scientific publicetions. Until lately the oriniocn !
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the stormy growth of scientific pubrlications, Authoritaetive

(@]
Ea

scientists repeatedly expressed the opinion that publication of
scientific literature needed to be limited and regulated, As
examples it 13 rossitle to refer to the well-known ctroject of
J. Bernal propcsing replacement of the contemporary system of
cientific jourrals or the recent appearance in "Tzvestia" of i

y

S
scademiciarn V, 2, Kargin calling for limitatiorn of the rumber of
lisnhed sources.

ubk

i)

Eowever, investigations ccnducted at present abroad obviously

show that we barely know the internal regularities of a system of

scientific purlications. Zeing tasic rmeans of transmission cf




scientific information in time and over distance, scientific
documents obey certain obJective laws, the neglect of which makes
it impossible correctly to plan information activity and all the
more so to improve the system of publications,

Leng age attempts were made to study this question on the
basis of calculation of quoted literature and tracing of connections
between documents forming by means of bibllographic references.
However, only after this method w&s reinforced by the use of ETsVHM,
did it begin to give perceptible results, We must scan the
corresponding investigations toth with respect to domestic and
with respect to foreign publications. Study of the laws of
scettering and aging of publications &nd creation of information
svstems based on the method of bitliographic combination of
documents (in particular, indicators cf guoted literature), are
among the Iirst steps which must be itsken.

The purpose of this report 1is to show the place of the
rachine and ite role in information activity. It seems to us that
rone of us neads to be convinced of the fact that the road to
speeding up all information processes car. be built only by the
machine-automation in combinetion with tne intellectual labtor of
man, necessary in all cases, Formation of the recuirements of
such machine technology must be approached from scientifically
well-founded positions, We are faced with two large ind:zpendent,
internally interccnnected problems,

The first concerns centrelized processing of scientific and
technical literature,

Conditlonally it is possible to concieve of this problem as
an information system at the input of wnich is a flow of world
literature., After processing at the ocutput of this conditional
system we have bitliographic-signel informaticn and series ol

sabstract journals with & system of various indicators.

10
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Here the role of ETsVi and its value is distinctly seen,

An acute problem remaining is creation of automatic input of
printed text and satisfactory output from ETsVM of ready printed

form for reproduction without typesetiing.

An exceptional place is occupied by magnifying, highly productive

eaquipment for crinting with and without typesetting.

in these irdividual questions does not remove the need to develop

But clarity

the wide front of research works spoken of in the beginning.

The second protlem concerns the ertire group of complilceted

gquestions connected with the creation of information-retrieval

systems, Here great is the role of ETsVM as a means of helping to

conduct experimental retrieval works in large volumes and in

shorter periods,

A number of experimental retrieval systems have already been

created in our ccountry in the lest few years.
J J

A1l of them are

built on different principles, i.e., they are fragmental,

Is it possitle zlready today to consider that these works have
completely cleared up the whole crroblem? Tt seems to us, not yet,
Eut at the same time these works are accunulating very interesting

facts which are difriecult to reevaluate., The sum of

su
tralized, or coordinated information-retfrieval

these facts

irely help correctly approach the creation of & state,
S:{'Sterﬁ.

In conclusion I would like to stress agein and again the
L a

extrame need to develo

works illuminating the protlem of creation of information-retrievel

systems,

It is possible to say with confidence that an increasing staff
of specialists in the field of scientific information will make their

ot

wide Tront of theoretical and experimenteal

v to the great 5Cth aniversary of ‘he (Gctober Revolution,

s
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BASIC TRENDS IN THE DEVELOPMENT OF INFORMATICK-
RETRIEVAL SYSTEMS

D, I. Voskoboynik, 5. E. Vieduts anc
V. S. Chernyavskiy

Development of informetion-retrieval systems (IPS) at present
has taken a rather wide swing in connection with the growing growtn
of irformation with respect tc all branches of sciences and technc.ogy
and increasing requirements of consumers of irformatior on periods
of infermation service and also in ccrnecticn with acceleraticn c¢f the
rate of technical progress. Several years ago consumers cf infermation
could be satisfied by retrieval of materials witn the help of the
simplest IPS [informaticn-retrieval systems] up to ronmechanrized

IPS of the type ot library-titliographic classifications,

Now such systems can nc longer satisfy the demands cf scientific
and engineering-technical workers. Volumes of reference and
infermation funds considerably grew, and interbtranch prcblens
represented by multiaspect materials became ever mcre important.

In conncction with this there were complicated requirements for

retrieval zystems, which now have tc select materials from huge
£

@]

arrays with much more exact regard for varicus semantic aspects

these materials, EVTsM technology was called in tc help., Its high

m

speed was generally known and had already given a numbter of practically

perceptible results in various regions of homarn activity,

12
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However, the first experiments with the use of EVIsM for the
purpose cf information retrieval showed that high speed alone 1s not
enough, 1In order to carry out multiaspect retrieval with the greatest
thoroughness and minimum noise it turned out to be necessary to
develop speclal information-retrieval languages (IPYa) which would
allow recording information in EVTsid in & ferm useful for algorlthmic

processing.

Already in the early works of V, P, Cherenin (1] and
V. A, Uspenskly (2] dedlcated to theoretical analysis of ways of
developing IPS, the authors assumed that formalized IPYa determine
potential semantic and logic possibilitles of TIPS independently of
various methods of their technical realization,

However, this fundamental position very important for develoupment
of all IPS prcblems became widely acknowledged only during the last
2~% years, especially after the II All-Unlon Conference on Information-
Retrieval Systems and Automatic Data Processing. 1In general, one
should note that the period which passed after the II All-Union
Conference is characterized not only by considerable growth in the
nurter of works in the IFS region, but slso by essential increase in
their scientific level. 1In this period trends also developed which
vere totally unrepresented earlier, Therefore, we can now present
a more or less whole and systematized picture of the whole front of

domestic developments in the TIPS region during the last few years.

In the development of information-retrieval larzuazges from the
very beginning it is possible to trace two branches: TPya for

factographic IPS and IPYe for decumentographic TIPS,
Let us consider in the beglinning the first branch.

As was shown in the work of V. £, Uspenskiy, the way teo cresie
sufficiently rich formalized languages for recording facts of natirzal
sciences 1s through development of the metatheory of these science:.
In it there are basic fcerms of objects and relations corresponding
to the elementary ideas of the given discipline and methods of
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construction of compilcated ideas from elementary ideas and the
reasoning procedures applied in the given region are investigated.

On the basis of created metatheories formalized languages are
constructed as methods of recording facts with the use of the
symbolism of mathematical logic, Formalirzed languages thus built

can be used in systems automating not only information retrieval, but
also processes of forecasting new facts in so-called "information-
logic" systems,

Examples of particular formalized languages created on the basis
of the above-menticned metathecretical-logical apprcach are formallzed
languages developed for geometry and organic chemistry, Information-
logic language built on the basis of narrow predicete calcuvlus ty
L. V. Kuznetsov, Ye, V., Paducheva, and N, M. Yermolayeva [3] for
geometry was subsequently a successful object for investigations
carried out by Ye. V., Paduchevoy [4] of the prcblems of translation
from information-logic languages to Russian, G. E. Vleduts and
V., K, Finn [5] developed information-logic language for structural
organic chemistry. The mentioned formalized language was Pcsumed as
a basis of development for the fleld of chemistry of the ble
information-logic system, In this system units of information are
properties of chemlcal compounds and processes o their mutual
transformation, i.e,, chemlcal reactions. For machine recording
of the structure of organic compounds and equations of organic
reactions there are used atomic (bopologilcal) linear recordings
of chemical graphs, and also several different systems of so-called

T

"filter recordings," reflecting with various degrees of detail the

basic pecullarities of structure of compounds and chemism of reactions.

For the putting into the system of nonlinear chemical structural
information there have been developed special systems of primary
coding clese to the nomenclature language and designations accepted

in chemistry.
Ieaning on the peculiarities of formalized language utilized in

the system 1t was possible to formulate algorithms of solution of a
nunter of information-logic problems from the fileld of chemistry, in

14
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particular, a probable forecast of reactivity and ways of synthesis

of organic comnpounds.

Other examples of factographic IPS are the system for inorganic
chemistry developed by A. L. Seyfer and his colleagues [6], in which
the chief attention is focused on recording and retrieval of propertles
of compounds expressed in rnumerical form and also IPS for physico-
chemical systems with two or mcre components based on formalized
language of physical-chemistry phase diagrams.

During construction o: information languages, formlng the basis
of factographic IP3, there was more or less carrizxd out the above-
mertioned metatheoretical approach to formalization of the languacge
of the corresponding fields of science,

Another approach to construccion for sufficiently broad fields
of science and technology of information languages of the so-called
"descriptor"” tyoe is based on study of vocabulary specific for the
natural language of the corresponding branch., It is accepted practice
to call terminological dictionaries thus compiled of words and word
corxtinations grouped in classes of term-descriptors sufficiently
close or equal ir meaning "thesauri" or descriptor dictionaries.

In thesauri, besides exposure of the relationships of symonymy
and homonymy of terms, there are also exposed semantic relationskips
existing between descriptors, These relationships reflecting objective
relationships taking place in the examined sutject field are custom-
arily called "vasic” relationships according to the terminology
introduced by vV, S&. Chernyavskiy,

Descriptor languages are widely used in docuvmentographic IPS.
An example of a descriptor dictionary for large-scale documentographic
IPS in the field of applied chemistry and the chemical industry is
tvhie thesaurus developed under the leadership of VvV, 3, Hargaritov,

The retrieval forms of documents on descriptor information-
retrieval languages without grammar have the Torm of simple sets of
descriptors. Use of such languages essentially simplifies
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algorithmization of the process of translation from natural to
formalized language, which in this case essentially bolls down to

word for word comparison of the text of the document in natural
lanpguage with the thesaurus; difficulties connected with recognition
of homonymy are easy to solve by lexical analysis of contextual
encirclement of homonymic words. This was shown by V. 3. Chernyavskiy
and his colleagues on an example of translation of texts of abstracts
on elecirical engineering from Russian to descriptor language without
grammar, & language of such type, with the establishing of basic
relatlonshlips between descriptors, is assumed by V, S, Chernyavskiy,

D. G. Lakhuti and E. 8., Bernstein [7] as a basis of the "Pusto-Nepusto"
experimental IPS developed by them for the field of electrical
engineering, In particular, the "Pusto-Nepusto" IPS in which documents
are automatically indexed according to the above-mentioned principle,
is realized with the help of the "Minsk-22" EVTsM,

There have been developed information languages of the descriptor
type for IPC intended for separate, more or less wide regions of
technology, in particular, for a number of subfields of radio
electronics, tractor construction, machine-tool tuilding, and others,
In the Central Institute of Patent Information thematic dictionaries
for corresponding divisions of the patent fund are compiled
simultaneously with development of the overall experimental systen
of machine translation and automatic indexing.

bs we have already mentioned above, retrieval samples of documents
in descriptor languages without grammar have the form of simple sets
of descriptors. Because of the absence in these languages of grammati-
cal means such retrieval samples cannot reflect contextual
relationships into which semantic units corresponding to descriptors
in concrete text enter, This deficiency leads durlng algorithmic
retrieval tc increase in the percentage of unnecessary delivery,
i.e., to rise in the number of issued IPS documents not satisfying
the inquiry. To decrease this "retrieval noise" descripter
languages are glven grammar elements, the simplest of which are
so-called "role indicators,” which are supplied to individual
descriptors in retrieval form for the purpose of defining more
accurately their menaing in the examined context. A. V. Sokolov

16
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proposed using three role indicators the £lrst of which would
separate one or more msin descriptors corresponding to the main
subject or subjects of consideration, This role indicator

distinguishes the main dec:riptors playing the role of "subjects" from

the remaining descriptors fulfilling explicative functions of
"adjectives." Turthermore, role indicators of negation (absence)
an’® multiplicity are used,

At the Institute of Cybernetics of the Academy of Sclences of
the Ukrainian SSR under the leadership ~f E. F, Skorokhod'ko [8) an
IPS has been developed for the field o . omputer technclogy based
on descriptor language, in which well-aeveloped grammatical means
are used, In this language from a comparatively small number of
base (elementary) terms with the help of a limited number of base
related themes fulfllling the role of one-place and two-place predi-
cates, nmore complicated terms of different rank are constructed.
"Scennings" of complicated terms thus obtained reflect the structure
of definitions of complicated ideas with the help of initiel
elementary ideas corresponding to tne btase terms. Scannings of
terms assign basic semantic relationships between terms, on the
basis of which semantic corresponden-e tetween retrievel patterns
of documents znd inguiries are established, Related terms are used
also to transmit textual relatiornships between terums in retrieval
patterns.

For the field of synthetic ouriganic chemistry H. £. Stokolova
and D. G. Lakhuti [S)] buillt a descriptor laznguage with grammar in
which syntactical c¢cnnections are expressed by the method of
"standard phrases,”' £ standard phrase is a means of type of
multinlace »redicate the places of which ar: filled with term-
descriptors., Every form of standard phrase s used for recording
a certain type of information and the place, cccupied by the term in
the standard phrese and strictly determines its function in context.
1o record in inrormation language texts ccrstituting titles of
abstracts of earticles from the examined fi ld it turrned out to te
sufficient tc use three forms of standard tarases of various degrees

of complexity. The basic relationships tet reen terms are expressed

et
-




in the fora of classification dlagrams; several different forms of
relaticnenips are used, Fxneriments in thematic retrieval of
iInfermation with the use of this language showed that very high values
of conerficlents <t accuracy and thoroughness of retrieval are attained
in this way.

It 1c necessary to stress that from the point of view of
opa. tional qualities of 1IPS, Yesides the semantic force of information
languages utilized in tnem, pecuallarities of methods of realization
of these systems and, in part.cuiar, such methods of organization of
information arrays as the dircrt snd inverse methods are important,
From this point of view one should note development of the method of
assoclative progreamming, whichn parmits realizing the associative-
address me*thecd of organlization, comblining a aumber of positive
features o both the direct method anil ftne inverse methcd. This
methcd 1s now reclizesd in ithe "Setka-3" TIPS, which services a number
of branches of radio :zlectronics, and in IFS on materials of

cardiovascular surzexvy,

To evalua-e the influence off various struct- 11 elements of IPS
on their operatlonal parazmeters, experimental stuules comparing the
efficiencies of various systems have positive value. Such a work,
in which an exnerimental method was werked out and the efficiency of
traditional IP3 (besed on library metiods of classification ang
cataloging) was ccaparad #ith that of cescriptor IPS was carried out
at the Leningrsed Institute o1 Culture cn the lal-iative of
A, V, Sokolov [10].

To further improve IPS 1t 1s necessary to intensify theoretical
research, which will allow comprehending, correctly estimating, and
improving the means of expression of information languages. ‘his, of
course, 1s impossible without thorougn ccomparison of the peculiarities
of the means of expression of artificial and naturai languages. From
thils point of view works already mentioned on automatic indexing have
great value, i.e., automatic translation from natural languages 1into
various kinds of information languages, and also works close to

them on automacic reviewlng and automatic composition of subject
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indicators, An important general tralt uniting all these processes
is compression of informatlon, 1.e,, transition to the most important
characteristics of the meanlng of the document,

The most interesting results in the field of automatic indexing
{cataloging) are obtained during overall use of varlous principles,
in partlcular, during combination of means of the following three
different types: 1) lexical means in the form of precomposed lists
of words (terms) significant or insignificant for the given field,
2) statistical data on the>particularity of different words (terms)
in the examined text or in the totality of texts from the given region
and 3) results of syntactical or another kind of formal structural-
linguistic analysis utilized for 1dentification of semantic categories,

In the first works on questlions of automatic reviewing [11, 12]
there were investigated diverse varlants of purely statistical
procedures of sampling weighted phrases of reviewed text. Recently
there have been developed methods combining statistical methods with
the other means mentioned above, Thus, in the work of V., M, Gorcbtsov
113] on automatic cataloging along with frequency considerations
there is considered entry of words both into descriptor dictionaries
of the whole field and into descriptor dictionaries compiled for
texts pertaining to various subject classes and also certain
gramnatical characteristics of words. In the end, the text i1s
classed under a certain sub_ect heading with a known degree of
prohability.

In the work of NI. I. Styazhkxin and hils colleagues [1k] after
translation of che text of the document into descriptor language the
phrases containing the greatest number of descriptors encountered
in the title of the article and encountered jointly with the
descriptors of the titles are selected: in this way there are
obtained "author's abstracts"!? of acceptable quality in the sense
that deviation betweer them and "abstracts" composed by people (by
way cof sampling phraces taken from revlewed text) is not too great,

*This term is used here in the sense of a "paper" composed
automatically,

19
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In the work of R, V., Yakushir [15) the bacsis for algorithmization
of composition of sutject recordings 1s a certain list of base terms
fixed for the given field

R

i, TFcor erposure in the text of cther words
explsining these base terms and Torming together with them "calling
palirs" which are used as subjec* recordings, grammatical {syntactical)
criterlia are attracted, Ry this method subject recordings fully .
comparatle with subject recordings composed ty indexers are obtained,

Along the line of use of linguistic means is the work of

I. P. Sevbo [16], in which the resulcs of a complete syntactical
ysis in a certaln seguernrce Of phrases are used: Lere not only
separating of certain semantically weighted sectlions of phrases
{nominal groups) occurs, vut procedures cof their unifilcatlcn in
chalns cernnected in meaning also appear; tre result (an abstract of

the annotation type) 1s a list of names on which the text is dlscussed,
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Comparing the level of domestic and foreign works over the whole
complex of questions pertalning to formalized langiiages cof scilence
and technology, and, in particular, the state of theoreticsl
reseavch in thisg field, 1t is possitle ¢ note thiat we have serious

acnievements creating favoratle prerequisites for successful advance

(l)

forward.

Purtter progress in development of beth methods of construction

~ichi ermough informetts: lzngoages and methods of translation

irnto them from natural langueges and back reguires essentiel

deepening, expanrciov, =2né approach of fundamental struactursl-

linguistiec and logic investigatiors., From this point of view research
creation of sema. :ic¢c Irformaticn theory is paramount; important

steps 1n this directicon are made in works of Yu, %, Shreyder [17] by

way of generalization and deepening ol the thesauris concent

It 1s necessery to allot much attention to investigatlione directed
towards sutomzation oi individual stages of processes of creation of
F3, in the first placsz antomatlc compo on of thesauri. For thecc

puryoses it is necessary to more widely app] statistical methods to
dats stored in big inTermation T'unds.

[AS]
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Extraordinarily important problems appear in connection with
providing IPS with machine technology. The main difficulty here is
caused bty the comparatively low class of series domestic EVI'sM:
insufricient volumes of gtorage units, poorly developed parallelism
of devices, and low relistility — especilally of external devices,

These deficlencies lead to the need rigidly to save machilne
operations and memory volumes 1in the process of programming, which
in *urn prevents standardization and automation of programming. 1In
the end programming of even not very complicated algorithms is turned
into time-consuming work., At present programming s frequently the
cause of proleonged delays in carrying out necessary experiments and
in realization of already developed IFS3.

Tc will be possitle to change this position, if industry
schedules EVTsY, at the level of contemporary average world standards.

Zlthough we cannot at present completely answer the guestion of
optimum parameters of EVTsit intended for information or semantic
purposes, accumulated experience permits formulating certain

uncorditionally necessary requirements,

Zpeed is not a critical parameter, but it is desirable to Tring

the rumber of orerastions per second up ¢. 1t least 100 thousand.

Capacity of storage units — fas. store snould be btrought up to

%2 thousand words, and the caracity o. external memory should be
brought up to several billion bits,

Typecs ¢f storage units — access to external memory should be

facilitated arnd it is desirable to have drums or disks or sufficiently
convenient tape units., External memory in wnich at least with respect
to one process - rezdout .. access time would be the same order as in
fact store is very useful, 4ll these devices are developed at

nestic e ' erprises, buw’ thelr introduction and issue lag,




Input and output — the presence.of many simultaneously operating

input and output devices is absolutely necessary, in particular readers
and multialphabetic high-speed output units of the photosetting-machine
type.

Paralielism — independence and parallelism of functioning of
all machinz units are necessary and also the possibillity of operating
in the multiprogramming mode.

These will be definitized or modified with the accumulation of
practlcal experlence. However, one should recbgnize that the process
of accumulation of this experience is extremely slow. We have a
certain number of successfully operating experimental systems, but as
yet not regularly functioning blg information-retrieval services,

Arnd meanwhile, only in the process of industrial exploitation is it
possible to organize comparative investigations and to work out
optimum criteria,

Let us try, howeve;} to formulate certain general positions,
proceeding from existing domestic and foreign experience,

For effective exploitation of IPS they must be used for
simultaneous solution of two problems: 1) for selective (address)
announcement of consumers on new entries on the assigned subject:

" 2) for retrospective retrieval with respect to inquiries, It is
necessary to design systems which could provide the serviced circle

of consumers with all forms of information necessary to them, For
this purpbse automatéd IPS should, besides solving the above-indicated
problems also be widely used for composition of various types of
signal bulletins or subject indicators (in particular, of the
permutation type). Automated IPS,lrealized on EVIsM, must also
produce punched card variants of small retrieval systems useful for
reproduction and use at places with application of simple means of
machanization.,

In the process of realization of large-scale branch systems and
information services an important role must be played by the
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ministries and branch informatlon centers subordinate to themn,
Disposing btig material resources, ministries can make a decisive

step for transition from experimenial and test systems to large-scale
operational services., 211 branch cervices must be intelligently
cormbined with the centralized system of processing scientific and
technical literature in VIZ-TI and scoop from VINITI materials for
filling oranch IPS in a form convenient for thls. Tt is clear that
VIFNITI, as head institute, i1s ready actively to participate in the
process of designing branch . services and must generalize and spread
experience accumulated during designing and exploitation.

We must always remember the indicaticn of Comrade A, N, Kosygin,
Chairman of the Council ef iinisters of the USSR, made bty him in a
speech at the XXIII Congress of the CFSU, about the need to create 2
highly effective state harmorious and reliable system of scilentific

r

information. £n interconnected system of branch services, servicing

ir the teginning narrcw and then wider and wider fields of sclence

and technclogy, graduzlly has to satisfy 21l interests of scientific
and engineering-technical workers, <Complexes of macnines supplied

with 2 btranched retwork of lead-in {reszding) and lead-out devices
plzced directly in places c¢f generation and consumpticn cf information,
in scientific-~research and research-desizn establichments, and united

o
by means of communication with central devices will fulfill more and
more diverse forms ¢f data processing. Storins in their memory units

1 deliver it to

2 vhole mass of introduced information, they will
consumers in accordance with themstic reguisiticns formulated by trem,
which will be definitized as a result of constant feedbtacks.
Information should be delivered in *he form of compressed summaries,
tut cn demand of the ccnsumer and in the form of detailed abstracts

or detailed factograpric references. Turthermore, pericdically (in
zccordance with thematic profile} or on demands, scientists, engineers
and leaders have to obtain thematic surveys or specialized incdicators,
and producis of logiczl and statisiical processing of accumulated
information more complicated in perspective up to rorecasts of facts

or hypotheses,
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Results obtained up to now, familiarizatlon with many of which
awaits us at sessions c¢f sections, open fully real prospects of
ac:iieverment of outlined targets,
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1 CF INEERING AND SCIENTIFIC CADRES WITH
CT TC MECEAWIZATION ARD AUTOMATICK CF
IKFORMATION WORKS

Doctor of Technical Sciences Prof, 1. I. Petrov and
I. B, Fochkay

The most important condition necessary for successful development
of scientific and technical information in the country is auvtomation
of various informatlion processes based cn computer itechnology and
other contemporary means of automgtlion, In connection with this
guestions of educating speclalists in mechanization and automatic
data processing have become very important. Questions of trainirg
cadres were given especially great attention at the XYIIT Corgress of
the CP3U. In the current report of the Central Committee of the CESU
it i1s stressed that these questions have to bte advanced to the level
of general political problems of the party and state.

Up to 1955 there was in general no preparation of specialists of
sucr. & profile in the USSR, and bty trls time about 100,000 people
have worked in the systzm of scientific and technical 1lnfermation.

It is natural that unproductive "manual" methods have predominated
in information services and that processes of information service
were machanized and automated very slowly. Taking all these
clrcumstances into ccnsideration, the Ministry of higher and special
secondary educatior of the USSR decided in 1955 to create in the

higher school system specialty lio, 0640 — "Automation and nmechanization

of processes of processing and delivery of information." Thris

specialiy is coffered in four higher educaticnal institutlons of tne
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country: the Kuybyshev Folytechnical Institute, the Tomsk Institute
of Radio Electronics, the Sevastopol' Instrument-meklng Institute,
and the Tallin Fclytechnical Institute,

In the first course of all these institutes 100 people are

taught, ard in tre second course 75 people, Certalnly, this 1s small,

In order to expand preparation of engireers for the information
organs of the country, it is necessary to ask the tinistry of higher
and speclal secondary education of USSR to offer in the near future
specialty Ho, 06L0 in at least & higher educational institutions of
country, including the higher educational institutions of Moscow,
Leningrad, ¥Yiev, Sverdlovsk, and in other cities, where there is
specially sensed a sharp need for specialists in automatic data
processing and where there are scientific and pedagogical cadres in
the field of auvtomatics, computer technology, and technical
cyterretics, The solution of this problem is of interest not only
to the informatior organs of the country but also to the Ministry of
Trnstrument-making, “eans of Autoration, and control systems of the
TS8R, which is assigned development and production of special
tecnnical means and systems fcor processing, storage, and retzieval of
scientific and techniczl informexicr; copyirg-duplicating equipmert;

means of microfilming; typesetting-tyvpewriters; computers; and litbtrary

equipment, Here it should te especially stressed that the specificity
) ¥ 3

of svecialty Nc., OCN0, the tasic disciplines of which are based on
conputer technology, automatics, electronics, communication
enzineering, etc., requires for organization of lavoratories for tiiis
specialty scarce and complicated equipment. Therefcre, with the
offerirg of this speclialty in higirer educational institutions it is
recessary to prcvide their correspgonding mcterial base, allowing for
this sufficient means :@..d funds, including the purchase of imported

equipnment,

& very important protiem zlso reguiring immediate solution is
the improvement of tre curriculunm cf specialty Fo, 0£L0, and prograrc
of discipline entering it. HMany of the tenets of this plan are due
to novelty, and thie experierice of its ccmpilers turned out to te

insufficiently founded,
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At present the Sclientific and Methodical Council on Automation
of Industrial Processes of the Ministry of Higher and Special
Secondary Education of the USSR recommended proceeding from the
followilng general principles in developing new curricula on automatior,

1. Disclplines of physicomathematical and engineering cycles
must not contaln obsolete information, methods of calculations and '
investigations historically composed, but having lost practical value,
and material duplicating other disciplines. Programs of these
disciplines must be based on the ettained level of natural (mathematics,
physics) and applied techrical sciernces,

2. A mathematics course aust reflect the bases of mathemetical
ioglic, the principles of caiculus of variation, probabiliily and
informeation theories, and other divisicons needed to increase the
mathematical level of the speclalist in automation, These divisions
must ot be introduced into the course as simple additions to the
existing complex of mathematical questions, but must te an crzanic
part of the whole course of higher matnematics., Tt is especially
important that the study of higher mathematics be conducted on the
basis of application of computer techrnology. In general, provision
should bte made for uslng computer technology in all disciplines orf
both physicomathematical and englineering cycles and the special
cyrle,

3, The contents of disciplines in theoreticel mechanics,
strength of materials, theory of machines and mechanisms, descriptive
geometry and drawing, and other general-engineering disciplines rnot
directly related to speclielties in autcmation should te radically
examined, Tt is necessary somewhat to reduce the nomenclature of
these disciplines, decrease the volume of certain of them, and
thoroughly examlne their contents,

3
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't 1s necassary to stren
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hen in all possible ways the general
and sgecial education of future automation engineers in electriceal-
engineering disciglines, electronlcs, and the general theory of
automatic centrol.




5., 1t 1g desirable in forming the nomenclature of special
disclpiines not to crush it in a whole series of small courses, btut to
provide in the curriculum for fundamental study of enlarged special
dieciplines embracing the basic guestions of the specialty. Such an
approach wlll exclude duplicating of materials in programs of separate
disciplines and inecrease the quality of preparation of automation
cpecialists of a wide profile., It is necessary to provide for a cer-
tain sequence in the study of special disciplines so that the study of
the basic special disciplines precede the study of narrower special

isciplines. ’

It is necessary to provide for a certain cequence in the study of
special disciplines so that the study of the basic special disciplines
precede the study of narrower special disciplines.

5. A very important problem in the exemining of the contents
of disciplines of automation curriculums is elimination of scholasti-
cism in the study of these disciplires, This scholasticlsm is caused
T, the tendency to describe any phenomenon or procass with only a
rnatnematical formula without any explanation cf the essence of the
phenomenor. or process, Departure from physics permite the student
to start to perceive the physical process through the prism of
matrematical expression, not penetrating into the essence cf the
phenozenorn, and tc become helpless 1f this process is mcdified.
Jrfortunately, in the curriculum of specialty o, 050 affirmed

tA/
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and Special Secondary Education of the USSR,

-3

es were not zdequately taken into consideration
r from parfect,

1

Thus, the plan contains the discipline "iZydrazulics and hydraulic

rachines" (123 hours), which is not stricily necessary for the profile
o7 the specialist being educated and its exclusion from it is not
detrimental., There is insufficiently founded removzl from the

1

curriculur of the courses "Strength of materials,"” "Theory of machines

and mechanisms"” "lachine parts" and leaving in it the course

"Theoretical mechanice.” Here, as is done in the curriculum of

specialt: i'o, 0500 — "Automatics and telemecharics" ard in curriculums
ol cirer azntomation specilalties, it would be more expedient to coiline

211 these disciplines into a single course, "bechanics," and maini:
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stress questions or dyramics, the theory of elasticity and the theory
ot oscillations in it

No provision is niade in the plan for the study of one of the
most important basic disciplines for automation englneers, namely:
"Theoretical bases of electrical engineering," containing expanded
theory of electric clrcuits at the expense of a certain reduction
in field theory. 1Instead of 1t into the plan there is introduced

Illﬂ "

a course in "General electrical engineering,” which in no case can
be considered founded. This error must Le corrected and a large
mumber of trailning hours must be assigned to the study "Theoretical

bases of electrical engineering."

Absent from the currlculum are disciplines important for future
automation englineers, such as the "Theory of Automatic Control and

Checking" and "Mathematical Bases of Cybernetics," which leaves

serious gaps in the plan of specialty No, 0640,

Special disciplines are in especially bad shape. They are
excessively crushed and to a considerable extent duplicate one another;
therefore, the composition of programs in these disciplines is very
difficult. Examples of such disciplines are "Technological pronesses,
macnines, and apparatuses of scilentific and technical information’

(287 hours), "Means of reproduction of scientific informatiorn'" (140
hours), "specialized additional units and devices of data processing
computers” (132 hours), "Syslems Lased on punchiing teclu
electroric computers'" (85 noursg), "Construction and expl

punch-out computers (50 hours) and several others,

In order to correct these deficiencies it is apparently recessary
to enlarge special disciplines and provide for the study ir. them of
such questions as information-retrieval systems, automation of
techriclogical precesses, and others, The sequence of study of
special disciplines 1s not maintained in the curriculum, An exawplc

"Bases of scientific and technical irnformation," the

is the course
study of which starts only from the 5th semester, and hizhly
specialized disciplines start to be studied from the Cth semester,
that is, they precede the tasic special discipline. This is an

essential deficiency of the curricualum, and it must bte corrected.
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Thuse, the curriculum of specialty No, 00640 now in efrect is
imperfectl and needs essential corrections, ITnasmuch as students
learn specialty Lo, 0040 only in the second course, there is time for
these corrections, Tt is necessary to ask the Ministry of lilgher
and Special secondary Tducation of the USSR to examine the curriculum

of speclality Ho. 030 and correct it as necessary,

et us row turn to the question of preparetion of scientific

£t

cadres for the information services of the country.

E nt secientific cadres are taught automatic data processing

T
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in the USSR only at VIL1iTI, Inr 1959 it began to offer post graduate
work in ithe three fcollowing specialties: "Scientific and technical

"

irformation," "Computer techrolosy" and "Computer mathematics," 411

these specialties are being studied bty &2 graduate students, including
30 people studying "Scientific and Technical Information." In the
past O years 14 people have completed post graduate work, 28 of them

in 19ce., whis is very small, &Epparently, in the near future it

will te necessary to offer specialty o, 0cl0O for preparation of
engineers (which was rentioned avove) not only in tig higher educa-
tional instituticns of the country but similtareousiy to organize
preparatior ol graduate students in automatic data vrocessing in

ihese hircler educatiorzl instvitutions,

& larze poterntizl reserve for preparation or science candidsies
"

in tihe field of inrormetion is the so-called "competitors," =

mamber of leadins specialists cof information services. Thus, in

1975 out of the numter of VIHNITI workers alone and especially from
its scientific-r=search sutdivisions, more than 2% engireers started
to work on disgcertations, using VINTITI scientific-resezrch
la%orztories as 2n experimental tase,

The educating of ccientific cndres in the {ield of auvtomatiorn
of inTormation processes is considerably deterred bty the informing
of specialists atout tre scientific set of protlems of this new
iLranch of knrowledge, This set of protlews is ver:; irteresting and

man,-sided. Tt is fermed at the jJunction of many sciences ann usee
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toth achievenents in the field of semiotics, and acnievements in the
Tield of autometics and Ztelemechanics, corputing ard electroria
techrmiolosy, cyberretics, and other sciernces. It was very timely

Lo compose and issue & special scientific and rethodical aid wiiih an
account in It of the tasic protlems of scientific information ad
provlems of automation of information processes and widely to diffuse

it among the specialists of informetion services of the country,.

Consideratle di Ffch1t¢es arise in tne selection of scientific

leaders of graduaic students and competitcrs., Tt is necessary more

widely to attract to such 1eadership rot c¢nly scientlsts working in
organs of information but zls clentists from varicus kinds cof

scientific research institutes and higher educational institutions,

—

he thematic directivity of which 1s close to the protlems of
automatic data processing (institutes of cybernetics, autcmatics,
and telemechanics, computer technology, etc., and alsc the

correspording departments of highrer educational institutions).

At present probvlenc of increszing scientii

cualification of cadres occupied in tie

and exploitation of information-retrieval

nd automaticn of procescses cf crocessing
informatior. are btercming very important, It 1s necessary nore widely

to practice the organizetion of ccnstantl; operational &ard short-term

courses, scientific and erzineerirg cadres and aslsc leading cadres

of institutes of irnformation, usinz the experience of the VINTTT, At
those higher ecducational instituticns of ccountry where specielt:s

Lo, 0C4O is offered, it is expedient toc create courses tc increase
the gualification of speclalistis working 1in the field of autcmation
and mechanization of inforraticn processes., T{ is also necessary tc
more widely attract scierntist-candidates and cdoctors of sciences
working or having education in the field of scientific information
to the reading of lectures and teaching in higher educational

institutions, in various courses, and at various seminars,




™urlng construction of retrieval systems, including so~czlled
descrivtor retrievel systems, it is zlways necessary to make a large
numrber of different assumptions, which usually are not clearly

formulated. These assumpiions, wnich 1In tre most essentlal manner
determine toth tne structure and trne properties of created systems,
cannot be derived from any theories developed up to the present time

¢ now poszibtle to judge, carno®

p=-

and &t the same timre, as far as it
te confirmed or refuted bty no matier what experiment different from
direct experimentirgz witl. re®rievsal systems built on their tasis,

Thzreforzs, the most natural evalustion of retrieval gystems is one
vhick in evident form overatez witrn zssumptions on which they are

ests on more or less considerable experience of treir
¢

r c
exploitation, on this article such 2ralysis 1s conducted for two

syeteme of the "Pusto-ilepusto"” clzzs — the systems "Pusto-iepusto'-i,
developed ty Zerrshiein and "™us

to-llepusto-2," developed ty Lakhuti,

Tor sources of that group of retrieval systems to which there
telorg, ir particular, retrieval systems of the "Pusto-liepusto" class
there lies an 1ldeca of fundamertal luportance for the first time
exoressed ard realized, as far as cz2n be judzed, by lortimer Tautb in

his "Uniterm" system, Thics idea consists in the fact that in natursl

language 1t 1is possitle to separa‘e certain "sigrificant" words trat

with, 2 comdleteness, sufficient for the purposes of information
L s DUrp

retrieval, the contents of doou
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vy a disordered set of words entering them, 1 other
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words, the Taub idea consistes in the fact that for retrieval purposes
it 18 sufficient to consider that part o the contents of documents

ard "nguirdes, which is transmltted by their dictionzry composition,

Both this 1dea itselr ard various modifications of it have
provoked and are till now provoking numerouc ctJections, These
objections basically boll down to affirration that retrileval systems
rot taxing textual relationships beiween words intc eccount cannol
te effective. As an argument there are usually given various exanples,
such, let us say, as "influence of dyes on becteria" and "influence

1 dyas." These examples have to show that d*ctionary

’Jn
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~ompositio sentences can bte the same, and at the same time, if
cne of them is considered an inquiry and the cther, let us say, as
the title of a document, then the document should hardly be issued

on demanad.

In spite of the apparent co
rresent the successfully exploited retrieval systems of tre
‘ype, are well known, and this simple fact indicates that the rm=tter
is by no means exsmples contradicting the Taul idea or anrny other ide
tut in whether such examplecs are encountered in concrete conditi
of functioninz of the retrieval system ard in a2 guantity notice
lowering its effectiveness, Thus, one may assume that in spite of
the existence of contradirting exsmples 2nd vossible ot jections,
the experimrent confirmed the correctness of the Taulb idez, it &
without sajing only for those concrete conditions in which "Un
type systems are expleited, so that there are no bases to ascrite
to this idea great universality., V¥hat has been said well illustrates
that very important circumsftance that now in the discussed set of
problems speculative reasonings can be only the initizl point of
investigation, tut not its replacement; reliatle conclusions can be
drawn only on the basis of experiment,

In accordance with the simplest treatment of the Taubt 1idea, if
it 1s taken literally, the document would have to be issued in answer
to those and only those ingulries, the dictionary composition of
which colnecides with its dictionary c~uocsition, 1In such a form the




Taub idea was not grasped by anyorie and was not realized, at least,

in systems which are approprintely celled systems, From the very
terinning this idea was transformed in that direction, which for
delivery cof a certain documeni is sufficlent so that it included all
termg from whilch the inguiry is bullt,

Thils additional assumption is not evident and cannot bte oblained
deductively as a result of generally slgnificant evident posiltions,
voreover, it 1s easy to think of 2 situation in which 1t will te
incorrect, since relevance'cr irrelevance is not an 1mmanent property
of the documenrt-inguiry pair and can essenilally depend on the
conditions of functioning of the sysiem, 3Such & situsation can be
caused, in particular, bty the uvse as information obijectz of multitheme
docurrents and docuniernts large in volume, In ithese conditions it czn
Fappen that a smell document vhroll: dedicated to the subject of the
ingquiry is relevant, while a large volume concerring the sutject of
the inguiry is not relevant ard this In spite of the fact that in a
large document tc the subject of the irgniry there will he assigned
as much place as irn 2 small one, The possitllity of such a situation
is anticipated in particular by iHarvard University researchers (the
iinited States), when they offer for calculation of the relevance of
2 docunment a2 formulz according tc whnich relevance turns out to te
inversely proporiionzl to tre volume of the retrieval vattern of the

document,

This assumption can ke c¢rnposed on the same grounds as the Taub
idea, namely, it 1s possitle to give as a contradicting example some
artificial document or one encountered in practice, including the
whole dictionary composition o7 zn ingulry the relevance of which
nonetheless 1is more than doubtful. in example of such an inguiry
is "voltaze of generztors utilirzed on submarines” and the title of
the document "repair of high-voltzze generators utilized on
sutmarires," 2nd nevertheless, in spite of possible objections znd
the exlstence of examples contradicting the discussed assumption, it
ie confirmed by successful functioning of systems of the "Uniterm"
tvpe; 1t 1s conflrmed, of course, only for those concrete conditions

ir which these srystems function,
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Systems of the "initerm" type are tased on a third ascumplion —
nemely, cn the assumption that entry of all the terms of the inquiry
into the dictionary composition of the document ig not only sufficient
it also necessary Jor their relevance., Like the other two assumptions
nlready examined by us, the third essumption is not evident and it is
easy to come up with examples contradicting it. %hese examples Treakx

down into two groups essentlally differing from each other.

Trhe first group csan bte represented bty an inaulry in which there
is an adjective or another word limitins 1ts subject, Let us assure
that, for example, there is a text relevant te the inguiry "production
of transformers.,"” Then it can happen that 1t is also relevant for
tne inguiry "production of large transformers” in spite of the fact
inat the word "large" does not appear 1n its dictionary composition.
Fractice, however, snows that such examples, though they be completely
real, do nit noticeably. lower the efficlency retrleval systems of the
"“niterm" type and therefore cannot bte the cause of transition to

syasteme oOf annther tyre,

it is an entirely different story with examples c¢f the secona
sroup since difficulties connected with them car no longer te
disregarded, Let us consider as an illustration the incuiry
"exploitation of high-voltage eguipment" and a docurent under the
headine of "repair of small-oil circuit-breakers." Lot one term of
the inguiry enters the title of the document and nevertheless, even
without turning to the text of the document, it is possitle to say
with confidence that it 1s relevant to the inguiry since guestions
of repair pertaln to exploitation, and small-oil circult-treakers
pertain to high-voltage equipment. Practice shows that such cases
cannct te disregarded, since this would lead to unacceptatle losses
of informaticn, Therefore, the Tzub principles must be essentially
modified, which gradually goes beyond the limits of "Uniterm" type.

Irn order to conslder cases analogous to the above-mentioned
example thnere is no need to reject the tasic idea according tc which
the contents of inguiries and documents is transmitted ty their
dictionary composition, This idea, however, must be supplerented bty
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ancther, in accordence with which between terms essentlel for trans-
mission of tiie conlents of textse there can exist relationships which
we ¢all basic — relatlionships Uy viriue of which the inguiry and
document can te relevanly cven withoul the entry of tire dictlonary
cormposition of the inguiry into the dictionary composition of the
dosument,

At present successfully exploited systems of the "Uniterm" type
arc well-known, and it caen appear that thils contradicts the conclusion
that one of the assumptions on whkiicli these systems are based, are
refuied k- the practice of their exploliaition., This, however, 15 nol

SO.

The Lasic relationsnips cen bte considered ir the process of
functioning of retrieval systems Ly various methods, Flrst of all
it is possibtle to fix tre necsssary relationships between terms,
let us say, having assizied these relationships ty list, — ard one
wa, or another introduce thern irto the retrieval system, for example,
having assigned an zlgorithm of comparison of ingulries and docurments
vsing these relaticnchiips. Thus, for example, wishirng to look up
thrhe above-mentlioned examrle, it would have teern possible to introduce
into the set of terms the as mmetrical relationship of "subordination'

1"

and to sutcrdinate the term "revzir" to the term "exploitation," the

1t

terr "circuit-breaker" to the terr "egquipment," and the term "small-

0il" to the term "high-veltaze" and to say that the

P W
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3
te issved in answer toc the inguiry only if every term of the inquiry
either enters the document 1tself or is represented in it by a term
sutordinated teo it.

If the protlem 1s to construct an autcmetic retrieval system or
at least a system which would not use the creative abilities of the
person exploiting 1%t in the process of functioning, then this method
of realizatiorn of the basic relationships 1s the only method.
Resortirs to this meithod, we rise to a way which essentially changes
the siructure of ftre reorganized exploratlion systemr and through a
numter of intermedliate sy stems leads to systems represented at present
tr "Pusto-ilepusto" sistems, If, however, it is nct necessary to
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1imit human particlpation in the relrieval process, then 1le basic

rclationstilps can te realized even without changes in the retrieval
svelem, witn only one complicatlonrr of the procedure of iits use., “The
relationsiiivs

additional Lurden comnected with realizatlon of Llic Lacic
ig ltorne not Uy the retricval system but Ly 1he person exploitin« it
One of the variants of such g complication consists in the fact

that in tlie retrieval psattern of the document there are inscrilied rol
ol terms present in it but also ihose tlie presence of which 1n
naulry would require, in the opinion of the inrdexer, delivecy of the

indexed document, dnus, for eoxample, in the exauwple exanined Ly us,
in the retrieval pattern of the document there should Le included not
onrly the terms "repair,' "small-oll," and "switch" bLut also the terms
"exploitation,” "high-voltaze," "equipment” and, possibly, still

ovhers at the discretion of the indexer.

Another, in many respects stronger, variant of complication of
a

the diasgram cf exploitation of the retrieval sretoni -— of complicotinm

also having the purpose of realization o’ bagsic ratios, consists in
tie fact that instead of one retrieval oun one inguiry tihere arec
conducted & number of retrlevals or. several inguiries, whic!: are

modifications of the initiel inquiry. 7Thus, in the example corsidered

L us the ingulry "exploitation of high-voltage equipment'" could have
been possible at t..e discretion of the irquirer supplemented bty
of ite modifications as, let us say, "repair of high-voltaze equip-

ment," "exploitation of small-oil circuit-treakers,' "repair of

such

sniall-cil circuit-breaxers," etc., and retrieval could have been

carried out according to each of these irquiricc,

Thus, using the "‘niterm" system, which issues a document orly
if its retrieval pattern contains &ll terms entering ithe retrieval
pattern of the inguiry, we can by special procedures of exploitation
of this system find in the end those documents which correspond to
our inquiry, rot including its dictionary composition, 1In all known
cases of the successful use of ecxploration of "Uniterm"-tvpe systems
there are used beoth above-described methods of their complicated
and the rneed for such special measures directed tow=rds

A

ex¥ploitation,
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removal of undesivable conseauences of the third assuniption indilcates

that namely this assumption was not Justified,

A bhas already Leen gaid, in those cases in which: the bvasic
relationchips Lhave io Le reallzed ot by the retrieval system 1tsclt
but Lv a scheme of its use, tie developer of the retrieval system
cant:ot. make the basic relationships the object o special development,
thereby shifling the bLurden arnd responsibility {to Indexers and
inguirers, Tl if for consideratiors, such as the requirement of
complete avtomaticity the vealiration ¢f tasic relationships is

aszwncd by the retrieval systemrw, special development of a system of

tasic relationships turns out to te inevitable,
During developuent of ile lLasic relationships it is possitle

to lean on the most diverse assunptions, which can be confirmed or
refuted only ty experiment. Therefore, it 1s natural to start from
attempts to sclve the protlem bty the sirmplest means, During develop-
ment of the " Pusto-lepusto-4" as such means there were used, first,

a revricval languare, analogous to tiie langaupes of "Uniterm"-type
systenms the words orf wihiich — descriptors — were with rare exceptions
translations of natural language terms, and, secondly, a transitive,
asyrmetrical and unrerlexive predicete partially regulating the set
of descriptors, The srster of vasic relationships was constructed
entences of type [F(d, a')) ({I{n, n')) assigned bty list,

re descriptors of the lancuace, and P is a regulating

as a set of

¢

1

[T %]
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Thus, one ol the assumptions n whickh the logiec of "Pusio-
epusto'-class is vased, consisted in the possilility of reaching

tihe necessary resu:lt with nelp of palred ratios of the form P(d4, d')
not dependinz on context where T is a predicate of partial order. Toth
the operatioral exverience of ihe "Pusto-Hepusto-LE" svstem and the
first series of experimwenizl retrievals via the "Pusto-ilepusto-2"
svstem do not yet sive sufrficient rases for refutal of this assumptior,
altihougn it 1g already clear Lhal certalin advantages deserving
consideration could he siven bty a system of relationships depending

en the context of the decurent and ingquiry compared, Such dependence
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can be realized in many ways — by both direct and roundabout methods
detalled discuzslion of which is not within‘the scope of the present
report., Let us note only that fixing of word combinations and
homonyms introduced in insignificant quantity into the dictionary of
"Puéto-Nepusto" systems as independent descriptors permits making

the necessary basic relationships to a certain extent essentially
dependent on the context of the documents, However, the number of
word combinations and homonyms introduced into the language is small,
so that we do not yet have bases to talk about systematic use of
connections depending on context.

Thus, the basic relationships are introduced speclally so that
a document plthily corresponding to the inquiry could be issued also
when it does not include the whole dlctionary composition of this
inquiry. Therefore, the zimplest principle of setting basic
relationships P(d, d') between descriptors d and d' taken in this
order is the following principle: 1let us aasume that [D] (L) and D'
are random. documents, and let us assume that the descriptor pattern of
document D! i3 obtalned from the descriptor pattern of document D
by replacement of descriptor d with descriptor 4'; if document D' 1s
relevant to any inguiry relevant to document D, between descriptors
- d and d' there should be established relationship P(d, d').

/

- It is probable that certain pithy relationships between ideas
- can be intimately connected with the formally determined relationshilp
P. Thus, for example, it is possibvlie to expect that generic
relationships will be included in relationship P in the sense that
every time d is a generic idea with respect to form d', it will be
nesessary to establish relationship P(d, d*) between them. On this
count 1t 1s possible to express many assumptions, which, however,
all need experimental check, It would be interesting, for example,
to clérify whether the relationship of type to form corresponds with
that part of relationship P which does not need establishment of
dependence on context, However, it is Important to emphasize that
the connection of the formal relationship P with pithy relationships

is an empirical fact and cannot be obtained as a result of a deductive
conclusion., TIn this connection it 1s interesting to note that such
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an approach to the establishment of tasic relationships was clearly . -
formulated, as far as we know, only in two cases: by the Nidkhema. ‘
group in Great Britain — as we learned of this in 1963 during the
[FID] (ML) [expansion unknown] symposium in Moscow and during
construction of systems of the "Pusto-Nepusto" class,

Appearance in the logic of retrieval systems of fixed basic
relationships requires making new decisions which need to be checked
experimentally and can be initially based only on a priorl assumptions,

First of all one should note that the above-formulated principle
of establishing relationship P(d, d') does not give us any algorithm
which would indeed allow deciding whether or not relationship P
should be established tetween random d and 4'., . This principle can
therefore be considered only heuristic help of ourvintuition, and
only exploitation of the retrieval system can show, how successfully
this principle can be put into practice,

Further, even if it 1is assumed that the principle of establishing
relationghip P can be conducted in some sense in series and
sufficiently effectively, then during formulation of comparison
‘rules nevertheless 1t 1is necessary to make a whole row of assumptions
about this relationship.

For convenieﬁée of the following presentation we will say that
descriptor d is subordinate to itself descriptor d4' or stands higher
than this descriptor 1f relationship P is established between them,
Then assumpticns made Aduring the construction of the "Pusto-Nepusto"
system can be formulated in the following way.

The first assumption is that the relevance of the document is
influenced not only by réplacement of one of its descriptors with
the descriptor directly below it, but also by simultaneous replacement
of an arbitrary number of descriptors with arbitrarlily descriptors
below them. Thls assumption is not evident and does not come from
the principle of establishment of basic relationships. Nonetheless
one may assume that the practice of experimental exploitation of the



oy

"Pusto-NHepusto" system confirmed this assumption Tor thosze concrete
conditions in whicih the sysiem was tested, It remains unclarified

Mhat rele in confirmatiorn of this assumption 1s played ©y the
~lrcumsiance that ‘almost half of the descriptors of language were

1ot connected with any other descriptors; average length of circults
of inlerconnected descriptors did not exceed 2, and the average

rumber of descriptors in an ingulry was equal to 4 (i.,e,, that during
solation of the problem of document, replacerent of not more than four

descriptore was sctual).

The second assumption used in the formulation of rules of
comparison in the "Pusto-Nepusto-i" system 1s connected with
replrcement of descriptors with higner descriptors, It was assumed
that relationship P should to 2 considerzble extent coincide with the
relationship of the general tc the particular idea and that,
consequently, revlacing higher descriptors, we will probably make the
subject of consideration more general, Therefore, in the rules of
comparison it was anticipated that replzcement of descriptors with

tigiier ories lowers relevarnce btul does rot make it aegusl to zerc,

On the same tasls it was, further acsumed that presence in thre
docurent c¢f descriptros avove the descrintors of the inguiry somewhat
lowers documenl relevance since it is protablz that tne document is
nnt about the subiject of interest to tiie inguirer btut atout something

more general,

The last two assumptions turned out to be not as well-founded.
They wer~ not confirmed by practice of exvloitation of tre "Pusto-
Hlepustc-4" systewm, and this circumstance was one of the causes of

transition to the "Pusto-Nepusto-2" system,

The first of these assumptions lezd to notlceable noise, This
is explained apparently by the fact tnat on the one hand, relationship
F is connected wilth genreric relationships not as closelv as it seewmed
to be at first, and on the other by the fact that transivity of
relationship P led to delivery in answer to very cor.crete inguiriec
of a large number of such general documents that thery must have teen

of rno r«al value to the ingiirer,
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The last of the assumptions now examined could not lead to
serious troubles, since it influenced not the composition of issued
documents but only their distribution wlth respect to the echelons
of delivery. Ilonetheless the unnaturalnecs of distribution of
documents by echelons was in certain cases so evlident that this had
to be grasped ty the inguirer as a deficilency.

The following assumptions were made in connection with what has
been sald on the basis of the "Pusto-~llepusto-2" system,

First of all, the "Pusto-Hepusto-2" system rests on that
fundamental idea of Taub according to which the contents of the
document and inguiry is transmitted by their dictionary composiiion
with fullaess sufficient for the purpose of information retrieval,

Turther, as in the "Pusco-lepusto-4" system it was assumed that

that every descriptor of the inguiry be represented in the retrieval
pattern of the document eitker ty a descriptor egual to it or bty some
descriptor connected with it by basic relatilonships.

Eut in contrast to the "Pusto-Xepugto-4'" system it was now
recessary to reject the assumption that the nescessary result can be
reached with the help of one transitive predicate P, partially
regulating the set of descriptors, 1Instead of this the tasis of logic
of the "Pusto-lepustu-2" was the assumption of the two predicates
Pl and PQ, The first of them coincides by and large with predicate
P of the "Pustn-lepusto-4" system and Pl(d, d') can te as befors read

"3t is below d." The s=cond predicate in contrast to the first is

rot transitive and to a well-known degree can be graspad as a
predicate having a large number of exceptions reverse to Pl: in a
noticeable number of cases Pl(d, d') is equivalent to Pg(d, ar).
p2(4, d') is read "d is stove d'." Thus, in the "Pusto-Nepusto-2"
"4 is atove d'" and "d' is below d" — this is not one and the
came, and, furthermore, it can happen that "d is above d'," "d' is
erove d',"

system

tu* "d is not atove a'."



The basic relationships of the "Pustc-llepusto-2" svehrem were

developed according to the principle usual for "Pusto-ilerustc” system

which ls described above and which was used in its time by iidkhem,.

They rewalned independent of context iust as in the "fusto-liepusto-i4"

sysiem and with the same reservations with respect to word comtina-
tions and homonyms.

It is necessary to note that the generalization of btasic
relationships made in the "Pusto-ilepusto-2" system as cowpared to
the "Pusto-Nepusto-4" system is not, of course, the only conceivable
one, But it 1s the simplest one which 2llows counting on removal

of defilciencies revealed in the logic of the "Pusto-llepusto-i" system,

The rules of comparison of the "Pusto-Fepustc-2" system 2lso
rest on assumptions different from the corresponding assumptions of
the "Pusto-Nepusto-U4" system., These zssumptions can be formulated
in the following way:

1. If an inguiry descriptor in & decurent i
.

eplacad with 2

leg)
1=t

lower descriptor, thils in no way reflects on

rhe relevanice ¢f tne
document.

2. If a document for a certain injulry descriptcr hzs rot only

an egual or lower tut also a higher omne, then tris in no war effects
document relevance.

3, I{ in the document for a certain inquiry descriptor there
then this lowers document relevance, bu® does not make it e
zero,

is nelther an equal nor a lower one, tut at least one higher one
a

From what has been said it is easy to see that "Pusto-iepusto-2"

Jogic makes 1t possible to split delivery conly into 2 echelors
against the 4 echelons of the "Pusto-liepusto-4" system, where

echelons of the "Pusto-Hepusto-2" system cannot be obtained by grouping

echelons of the "Pusto-Mepusto-i" system.
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Now the "Pusto-llepusto-2" system is 1n experimental exploitation
and at the present 1t is e=rly to draw conclusions about results of
corducted reorgsnization of the logic of systems of the "Pusto-
llepusto" class, Ievertheless, preliminary data bear witness to the
fact thrt delivery of ihe new system is fuller than that of the old
one and contains noticeatly less ncise. TFor the present it is 4iffi-
cult to say how essential the loss of the possibility to divide
ﬁ delivery into four echelons is: 1f thls proves to be an essential

deficlency of thne new system, then it will most likely be essential
only in arrays of the order of several hundred thousand, which we
have not yet achieved,




THE "SETKA-3" AUTOMATED IPS OF THEE "MIRSK-22" WITH TIE
USE OF THE SOCKET ASSOCIATIVE-ADDRESS METHOD OF
ORGANTIZATICH OF INTORVATION

&

. &, Gorokhov

Since 1964 at [NIIEIR] (HUMOUP) lexpansion unknown] there have
been developed several fundamentally different approaches to
construction (machine realization) of automated information-retrieval
systems ([TPS] (VIC)) of the descriptor tipe on the "iinsk-22" and the
"Mingk-2" [1]. There were examined IPS using in diverse variants
the nodal associative-address method of organizstion of initial
information and the "zonal" method with various principles of coding
initial information. In spite of the fact that during the associative-
address method of retrieval there is accepted direct organization
of initisl information, it turned out to be possible for such IFS *o
use the inverse method of retrieval [2], which permitted significantly
lowering the consumption of machine time expending realizing inguiries.

As eriterion of semantic conformity of the contents of the
inquiry to the contents of the document in the mentioned IPS there
is eccepted the entry, sometimes with certain elements of grammar,
of all the descriptors of the inguiry into the retrieval pattern of
the document [POD] (JI0L).* 1In spite of its logical simplicity,

lUnder elements of grammar here there 15 understood appropriation
of weight (O or 1) to descriptors of inquiry depending upon the
semantic load which they carry in the inguiry, and the cormection of
descriptors in the inguiry by the clusters "AWD" and "uOT,"
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which made it vossible considerably to slmplify the IES algorithm,
the given criterion of seuzntic conformity together with principles
laid during indexins of the document ensures sufficilently high output
characteristics of IPS,

Relow there is examined an improved varilant of the "Setka-3"
IPS on the "uinsk-22" with use of the socket associative-address
method of organlization of information.

As initisl information in the examined IPS there are taken two
thematic divisions from [3S5K] (I'CEK) [expansion unknown] NITEIR —
"Computer technolosy," consisting of two parts (20 thousand and 12
thousand documenrts), and "Transformers" (1.3 thousand documents).

I, ©Dasic Charscteristics of the "Minsk-22"

For the best understanding of certain sides of the work of IPS
essentiglly connectea with ETs’ 1 pessibilitices, we will give the
tasic characteristics of the "linsk-22,"

- 1"
Minsk-22

is a two-address ETsM with a speed of 5-%
nousan eraticns r second, Tts calculatior id consists of
d o tic er second Tts lculation griad t

vits, lagnetic working storage (internal memory) consists of

)

errite cores and conibalins <197 37-01it words, External memory is
masretic-tape storage consisting of 16 tape-drive mechanisms, On
any taepe~drive mechanism there can be set nagnetic tape acconmodating
an average of 7% thousand 37-bit words, On megnetic tape information
is recorded in zones. The volume of one zone 1s 2048 words.
Inforrmation 1s recorded on magnetic tape from fast store in any
place of a zone, and readout of information from magnetic tape to
Tast store is also possible from any place of a zone., It is possible
to put cut L09C words in two zones in succession,

The "ilinsk-22" allows input of numerical (binary and binary-
decimal system) and alphatetic (Cyrillic and Latin alphabets)
inforration, Initial information can he fed to the "iinsk-22" both

from punched tape and from punicred cards,




Calculation results [numerical and alphatetic information) are
derived differently., [Lumerical information 1n octal and decimsl
systems 1s printed at a rate of 20 twelve-character lines per second.

Alphabetic information is printed on an alphameric printer
([ATsPU] (AIMY)). The maximum value of a line »f ATsTU printing is

125 syumbols, and printins sneed ig 7 lines per second,

71, Information-Retrieval Systenm

Application of ETsVM for information retrieval essentially
constitutes an attempt to ensure more convenient and rapid access
to accumulated knowledge, so that developers and scientific workers
are given timely and complete scientific and techrnical information
needed by them in their work,

Examining the work of automated IPS, 1t is necessary to note
that in an absolute majority of contemporary IPS ETsV "take over"
the main part of the "mechanical work": retrieval in a largz array
of scientific and technical information but one built in a certain
way, delivery of answers to inquiries In a predetermined form, etc.
The person servizing the I2S in this case indexes documents for putting
into the IPS, which is connected with semarntlc appraisal cf the
contents of documents of scientific arnd technical information,
semantically analyzes and indexes entering inguiries, composes a
dictionary of descriptors, etc, 1t ig¢ obvicus that in the near future
some of these functions will be wholly and some partially fulfilled
by ETsVM. Certaln prerequisites to this will be showvn below,

Let us consider now the construction and functioning of the
maliln parts of automated IPS developed at the HIIEIR,

1. Creation ur a TDictionary of Descriptors for the
Thematic Division "Computer Technology"

The first stage in the wurk of creating an automated-1PS

language was the indexing of documents of the thematic division
"Ccomputer technology." The indexer was tasked with as much more
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exactly and oriefly as possible expressing the basic ccntents of the
indexed document. The indexer need not 1limit himself to the
terninology used in a glven decument, when it is necessary to use

a word more exactly or mcre cenerally copyling the contents of the

document, althouch not contained in it,

tnus, on ithe first stage of work there wae created a POD card

file of the division "Computer technology." Division POD on the

average consist of 8 words, The greater part of these words expresses

the tasic semantlc contents of the document, and the lesser
bibliographic data about the document and the naire of the equlpment
or development on the wnole in the given document,

The following stagze was connected with the work of ETsV and
consisted in counting frequenc, of recurrence of various POD terms.
Tor this the words in the POD werec normalized, that is, they were
reduced to the standard form of recording - ma;culine gender,

nomirative case, and singular numter., Stakle word combinations of
the type "arithmetic unit," "magnetic drum" and similar nnes were
replaced by thne abbrevietions - ["au," "mb"] ("ey," "m6"). From the
POD there were excluded vrepcesitions, conjunctions, and other words

- not essential for tranrsmission of the basic contents of documents,

lLLormalized =0T ottaired after that were perforated and were intro-
duced into the FTs 1, ~hen = special program calculs ted frequency

Ll LU (=D OO U 1S

of reecurrence of evary word in the array of normalized TCD and these

data were printed.

The tutal rumber of norrzlized words 1n the FCD of the first
part of the diviston "Computer technology" exceeded 120 thousand,
Sixty-five hundred d4ifferent words were oObtalned, The frequency
of recurrence of Individuz2l words varies from one to 2000,

The next stzae of work is compositlion of the dictionary of
descriptors, By the table of frequency of recurrence of words in
the PCOD there were removed words ths freaguency of recurrence ot
which 1s highe - than 2 certain numerical threshold (in the examined

case the nurbe. 19), The total nurter of theze words was GC0-700,




These words formed the maln part of the dictionary 2f descriptors,
From a large part of the words the Crequency of recurrence of which
is lower than the threshold shown, there were formed classes

of equivalence. The words of the remaining smaller part were either
replaced in the FOD with words which are encountered more freguently
and are then introduced Into certain classes of equivalence or
removed from consideration.

In a class of equivalence there were united words the presence
of one of which in the inquiry with a high probability will reguire
delivery of documents, indexed in other words of the given class o?f
equlvalence,

One of the words of the class of equivalence, usually ihe one
most fully expressing the semantic value of the given class was
called a descriptor, and all the remalining words of the class of
equivalence were called key words., Along with frequently encountered
words to descriptors there was advanced a certeln pert of the words
perspective for the field of computer technology but encountered
fewer times in the array.

Thus there were formed 814 classes of equivalence, that is,
814 descriptors were determined,

Words which are close 1n meaning, but not close enougn to te
united into one class of equivalence, are supplied with the reference
"gsee also," This reference is needed later for possible expansion
of delivery of answers to inguirles,

Besides semantic descrintors, in the dictionary there were
included 34 descriptors of a bibliographlcal character and a certailn
number of descriptors designating the names of equlpment, developments,
and firms.

Thus, in the dictionary of the thematic array "Computer
technology" there were included about a thousand descriptors.
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2. Constructlon of a Machine Dictionary of
Twseriptors of an Automated IPS

The carrler of the machine dictionasry of descriptors of the
improved variant of the "Cetka-3" automated IFS on the "Minsk-22" is
punched cards,

In the upper part of the punched card with the help of &
typewriter there i recordqd he designation of the descriptor or
key word and reference number 1n the dictionary of descriptors of
the class of equivalence to which the glven key word belongs or which
the given descriptor determines.

Then two lines are punched in the punched card., 1In the first
of them there 1s shown the first information line ([ISl] (KCqy)) of
the descriptor subarray of the given class of equivealence, &nd in
the second the second information line (ISE). Their structure and
assignment will te pulled avart below. The descriptor and all key

words entering the class of equivalence of tiie glven descriptor have
identical ISl and ISQ.

A1l punched cerds of the machine dictionsry <1 descriptcrs
are collected in a card Tile, in wnich they arc located in alniahstic
order of descriptors and key words, On the average the card file
conttalis every punched card in triplicate or quadruplicate, since
enswers to seversl inquiries can be retrieved simultaneously in the
TIPS under consideration. Turthermore, there are a certain nurber of

punched cards with the designation of operation of negation,
3. Processing of Ingulrles and Their Input into ETsVM
Inquiries for retrieval wiltn the helv of automated TP3 initially
have no limitations placed ¢n them, besides the wish to most exactly

formulate the otJect of retrieval,

Then the specialist servicirng the TIPS according to the given
thematic division anal,zes the inceming inquiry and indexes it
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ithat 1s, translates the contents of the inquiry into the terms of
the cletionary of descriptors of the thenmatic division); after that
it 1s determined whether the Inquiry is complicated or siuple, A
simple inquiry is one which telongs to only one thematic dlvision
aid the descriptors in which are united by clusters "A¥P" ang "3oT,"
fny 1nquiry not satisfying these conditlons is compllcated., A
complicated inguiry is reduced to the sum of simple inquiries 1f
possible, or 18 reformulated,

Then punched cards with the descriptors of the simple inquiry
will be selected from the card file of the machine dictionary of
descriptors. The punched card of the negated descriptor 1= proceeded
by the punched card of negation. Inquiry is separated from inquiry
for machine realization by a speclal punched card.

The group of inquiries thus selected (the maximum number of
inquiries in the group must not be over 30) is put into the reader
and fed into working storage via programming,

4, Recording of Initial Information in ETec M

Initligl informastion for retrieval in automated TP2 is an array

of reference numbers of documents in GEEXK NIIEIR according to the

corresponding thematlic division of documents,

In the examined IPS there is accepted the inverse method of

retrieval and -. accordingly — the inverse form of organizatlon of

initial information, i,e,, the array of initial inTcrmation is

recorded 1n the form or so-called descriptor subsarrays.

Descriptor snubarrays are sets of reference nunters of documents
recorded in order of increasing absolute values and perteining to
one descriptor (class of equivalence). The numter of these subarrays
is determined by the number o descriptors in the dictionary, and
their dimensions by the frequeacy of oszcurrence of the glven
descriptor in the POD of the examired thematic division of docurents,
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For the purpose of saving memory and hastening retrleval in
JPS8 there is accepted position codlng of descriptor subarrays and

the two-stage method of retrieval of documents® answering the inguiry,
The principle of position coding consists In the fact that the number
of a document is not written in the form of a number in thils or that

number system, but is deternined when necessary as the number of

a position reckoned from a certeain origin, A working storage bilt
was taken as a positlon elzment, Slnce one or zero can be recorded
in any bit ot e working-storage cell, then let us agree to mark an
occupled position one, and a free one zero,

Thus, a working-storage cell can be considered a 36H-position
section, whicn will henceforth be called a position interval,

llowever, during direct positlon coding of an array of initial

information descriptor subarrays tecome sufficlently large in value
and a large part of the position intervals in them turn out to bte

empty. Tiurefore, indlrect position coding was used because

position-interval structure have to be modified,

Every position interval was ascribed 1its reference number in
the general sequence of position intervals of the examined thematic

“division, The position interval was cut down to 25 bits, and the

remaining 11 bits were for recordling the reference number of the
reosition interval, A1l empty pesition intervals were remeved from

the descriptor sutarrays,

Thne subarrays of numbers of documents consisting of position
called the
this

0

intervals not empty belonzing to a certain descriptor 1
second descriptor sutarray and the pcsition intervals o

=

ubarray are called second position intervals,

To svecd up retrieval every descriptor irom the dictionary was
compared with a subarray — the subarray in which direct position ccde

1At present the possibility of o three-step retrieval metiod ie
under consideration,
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marked all numbers of position interv:zls entering the csecond |
descriptor subarray of the glven descriptor. This subarray is called

the flrst descripter sukarray, and posiiion intervals of this subarray

are called first position intervals.

First descriptor sutarrays have constant value for all descriptors
of ore thematic divlision of documents, Their value is determined
by the total numter cf documents in this division,

The first and second subarrays in the ETsVI are recorded on
magnetic tape in two large groups. In first group there arzs extracted
&1l first Jescriptor sutarrays and into the second all second cnes,

So that any of the filrst descriptor subarrays can te later
supplementeld each of them ends 1n a set of empty cells. ©On magretic
tape the first descriptor subarrays are recorded in orcder of decreasing
number of positicn intarvals in the corresponding second descriptor
subarrays,

Second descriptor subarrays are subarrays of variatle dimensions.
Position intervals in them are located in order of their ircreasing
numbers, On magnetic tape one subarray is :zparated from another ty |
a set of empty cells, In tne last cell of this set after complete
£1l1ling of it there is placed the address 1ndicating the place of
recerding on magnetic tape and the dimensions of the new subarray,
which 1s a continuation of the completel; filled set. Thus the
recording of second descriptor euberrays is turned into a scaket
associative-address structure,

On magnetic tape second descriptor subarrays are reccrded in

order of decreasing numb-r of nurbers of documente in them,

Let us consider anow the siructure of the first and second
Information lines,

Fach of the subarrays ©f any descriptor is s=t in conformity witn
an infermaticon line flixed 1n the dictlonary of descriptors, Tt

N



indicetes the ~lace of the given descriptor of the subarrey on
magnetic *ape ard its value,

The structure of the first information line follows:

Ne, A, n,

where N, is the numbter of the magnetic tape zone on which the given
first descriptor subarray is recorded; A« is the initial address
of the first descriptor subarray in the zone; and n is the number

~

of cells occupied by this subarray,

It is assumed that all first descriptor subarrays are recorded
on magnetic tape hung on the zero tape-drive mechanism,

The structure of the second information line 1is
N9.1m1 Ney A, m,
where Neam 1S the numter of the tape-drive mechanism on which the

corresporiding maznetic tape is hung; N is the number of tle

megnetic-tape zone, on which the second descriptor subarray is

~

=

n the zone; m is the number of cells occupied by this subarray.

The nurber of the tape-drive mechanism 1s shown because 3second
descriptor subarrays can be disposed on several magnetic tapes hung
on different tape-drive mechanisms accessible simultaneously.

5, Description of the flgorithm of Work of the IPS

Documents answering an inguiry in the examined IFS, are found
in two stases,

The first staze is the stage of rough retrieval, ©Cn thir stage
trhere are selected numbers of second positlion intervals common to

all the descriptors of the inquiry. &z a result of this there is

ne
P

ecorded; A, is the initizl address of the second descriptor subarray
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considerably narrowed the scope of information coming into play in
tihe subsecuent processing.

The second stage is the stage of sarpling of common position
intervals in the second descriptor subarrays of the inquiry and
separating In them cf the numbers of documents common to all tie
descriptors of the inquiry, which by virtue of the accepted criterion
of semantic conformity signifies finding the numbers of documents
aniswering the inquiry submitted,

Introduction of the two-stage method of retrieval permitied
accelerating the retrieval process and made possible simultaneous
retrievals in response to 36 inguiries,

Let us consider in detail fulfillment of each of these stages,

A group of information lines of ingulry descriptors 1is put inte
working storage from punched cards, After that the group is split
up into two subarrays — the subarray of the filrst information lines
and the subarray of the second information lines an¢ tatle Tl is
formed, 1in which there are fixed the number of the inquiry, the numter
of descriptors (information lines) in 1%, and the initizl address
of the sutarray of the first and second information lines cf the
corresponding lnquiry, Informaticn lires of negated descriptors are
recorded with minus signs.

After that among pesitive ISl l[information lines] there are those
the number of the magnetic- tape zone of which is maximum and minimum,
The zone with the wirimum wmbers 1s read into fast store end from
it there are separatel the necessary first descriptor subarreys,
which ere then put with the help of the operation of logical rulti-
piication into an earlier-prepared place in fas. store, Preparation
of the place in fast store consists in recording ones in 211 tits
of a certain set of successive cells, which wlll allow carryins out
logical multiplication even for the [irst subarray.
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Lfter full processing of the zone its number is compared with
the maximum numbter found. Ir these numbers did not match, a new
minimum zone number is found among the remaining positive IS1 and
the zone found 1s processed as described above, If, however, the
zone nunbers matched, rough retrieval 1s over with and it is necessary
Lo go to a new stage of processing — checking the equality to zerc
of all the lines of the result of processing of the first descriptor
subarray of each of the inquiries., I case these lines are equal to
zero the given inquiry is not further processed., Its number is
printed with a miras sign. Jtherwise, after completely checking the
whole array, one goes to the next stage of processing.

The next stage of prozessing is preparation of a place in fast
store for the second part of retrieval — finding the numbers of
documents answering the inquiry.

There 1s formed tatle T,, in which there 1is noted number of
inguiry, number of second pogition intervals which must be further
processed 1in response to the given inquiry, and the initial address in
fast store of the corresponding suvarray of second position intervals,

L place in fast store for the second stage of retrieval is
prevared in the fellowing way., Tn the first 28 bits of the cells
there are ctored ones, znd in the 11 last ones the number of the

second posltion intervel for which further finlshing i1s required,

Thus, fecr each of the ingulrles there are recorded as many

lines, as there gre vositicn intervals in it requiring finishing,.

Tre second pzart of retrieval starts with finding the maximum
rumber of tape-drive mechanism and the maximum zone on it and also
the minimurm number of tape-drive mechanismt and minimum zone on it
among second Informaticon lines,

The minimum zone is read into fast store, and from the correspond-
ing second d=scriptor subarras there are selected second position
intervals which require finishing, and with the help of logical
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multiplication they are put into thelr place in fast store, The
position part of the second positilon intervals of negated descriptors
before superposition 1s inverted with the help .f logicel
multiplication.

Second position intervals are processed similarly until the
maximum zone on the maximum tape-drive mechanlsm has been reached,.

The last processing stage 1s the decoding of the pesition code
and delivery of answers to ingquilries. Position code i1s decoded bty

the formula:
Nigg 25+ P,

where Mo 1s the number of the position interval and P is the number
of the position in the gilven position interval.

6, Forms of Deliverles of inswers to Ingulriles

In the examined IPS provision 1s made for twc forms of deliverles

of answers to inquiries.

The first form is delivery of reference numbers of documents
from the corresponding thematic division GSEX NIIFIR,

The second form 1s delivery orf bibliographic descriptions of
documents recorded under the given numbters, Dellvery of btitlicgraphic

descriptions of documents is cerried out at the option of the inguirer,

Examples of dellveries follow:

where the first and third lines designate the reference numbers of
inquiries, and the second and fourth the reference numbers of
abstracts issued 1n response to the corresponding inaguiries.
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Inguiry 1,

23951, Programs of addition aud subtraction of sine with floating
point on the "iiral-l," «lokachev I, V, 1In the collection
"Solution of engireering problems with electronic computers,"
L., 1952, 5-13,

Tnquiry 2,

23953, \hlgorith.s in Algol-"O ;egstein TI. H Al%orifhm:
Communs Assoc, Comput, Mash 1962, &, Ko 4L41-k50
{English),

7. IPS Characteristics
Let us give some TIPS characterilstics,

1, idumber of lnquirles simultaneously
SETVICOA, it eertseosconansarososasoasasnee 36

2. Average time /machine) of retrieval for
ONE INQUITY .t eevresenaosceseeseoanrassonoes

(9]
]
~
n

3. HhRumber of magnetic-tape zones necessary
for storage:

a) of descriptor subarrays (20 thousand
QOCUMENTES ) .ttt iuresrseaereronseenoannnsy

b} of titliogzraphic descriptions (20
thousand oocumentsﬁ..................... 300-400

. lLumber of inquiries saticsfied per shift:
2) onswer in the form of reference
numbers of documents, , . iiatvevnscaeeces 1-1.5 thousand
%) arswer in the form of titliographic
descriptions of documents..,.v.veeeeee.. 0,5 thousand

=
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EXPERIENCE TR CREATING INFORMATION-RETRIEVAL
LAHGUAGE VIA COMPUTER TECHNOLOGY

V. ¥, Vakhabov, A, A, Mikhaylcva, L, M, Yesilevskaya and
T. S. Kutayeve

At the Perm Sclentific Research Institute of Control Machines
and Systems attempts are being made to create an automated informatlon-
retrieval system [(IPS)] ((¥INC)) for a reference and information

fund [{SIF)] {(CYE)) of the FouTI) (OHTY) [Association of Sclentific
and Technical Puklishing Hcuses] of the instrument,

An important IPS elementu is information-retrieval language
[(TP¥a)l ((KTA)). The present report reports on the development of
information-retrieval language of the descriptor type according to
the division of "Computer technology."

During selection of TPYa structure there were considered the
following pecullarities of IPS operation,

1, High productivity of retrievel (up to three-four thousand

inguiries in a day) via application of a magnetic-drum electronic
digitsl corputer,

2. The need for machine translation of Key words in the retrieval
instruction into codes of descriptors to increase retrileval
productivity,
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3. Absence of direct feedback with the user during machine
retrieval for correction of the retrieval instruction for the
purpnse of obtaining the required fullness and accuracy. leedback
1s achieved in the system via appllcation of a three-circuit IPS
system, where the first clrcuit does not have feedback (iig. 1).

———
Qecrroats Msctanived
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Flg. 1. BRBlock diagram of three-circuit IPS.

Under such condltlons presence of noise requires only a certeain
increase in the productivity of the secondary circuit,
noise 1s less lmportant than losses.

Therefore,

4, The whole information array in the branch center is split
into a number of big thematic subarrays with a volume of the order

of 30 thousand documents. For each of the subarrays its own local
IPYe 1s developed,

The enumerated peculiarities of IPS operation determine the most
important features of the Information-retriceval language developed,

1. The language has basic relationships of the type "higher —
lower" between ideas in order to ensure delivery cf documents

concerning particular ideas on an inquiry formulated in more general
1dess, and, thus, lcwer losses,

2. It was declded to Introduce grammatical means very carefully,

only after experimental measurements of noise, At present it has
been decided not to intorduce grammar. If nolse with increase or
array exceeds 50%, then in the first place one should apparently
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introduce grammar of the type of indicators of communication,
Appllcation of role indicators is problematic since avallable source
materials [2], [3] show that use of role indicators leads to high

subjectivity of indexing and does not lower noise much when losses
incresse considerably.

3. The criterion of semantic conformity of the developed language
is simple — on =2ntry. Rasic relationships are considered during
indexing in the following way: 1f the descriptor, included in the
retrievel pattern has dispatch to a higher descriptor, then the indexer
includes the higher descriptor in the retrievel pattern. This 1s
equivalent to an insignificant increase in depth of indexing but does
not complicate the criterion of semantic conformity, The simplicity

of the criterion of semantic conformity is the condition of high
productivity of retrieval.

i, Depth of indexing averages 8-10 descriptcrs per docurnent,
hs results of experlments of Soviet and foreign specialists show
1} and (%], increasing the rumber of descriptors in the retrieval
pattern markedly increases nolse when fullness increases
insignificantly.

&, Presence of a machire dictionary for translation of the key

words of an ingquiry into ccdes of descriptors inevitably requires a
certain standardizetion of key words of the dictionary and retrieval
instruction,

The Tollowing basic rules are accepted:

a) a majority of key words are separate words of natural language,
Wword combination is used only in “he case when it 1s & commonly used
scientific term, Tt can correspond to the abbreviation, which is

also included in the dictiorary. For example: computer - [VM] (BM),
merory urit — 122] (3Y);

b) key words have to be nouns, sdjectives, rarely numerals;

.
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¢) all words are singular, with the exception of those words
having no singular;

d) adJectives are masculine, The dicticnary was composed on an
array of 1300 abstracts on computer technology from [RET'] (P37T)
[expansion unknown)] Jjournals,

In the process of free indexing of sbstracts there were selected
key words, they were 1lntegrated into classes of conditional
equivalence, and basic links were established in the form of
references "see" to higher descriptors. Upon the termination of this
work the dictionary contained 664 words and 3(7 descriptors (classes
of conditioral egaivelence), Then on the basis of the available
dictionary 1060 abstracts were indexed, MNew words were added to the
dictionary, At present the dictionesry contains 702 key words in 404
classes of conditlonal equivalence.

From these data 1t is possible to trece the character of
dependence of the value o the dictlonary on the volume of the
information array (Fig. 2). From the given graph it is clear that
growth of the dictlonary is considerably delayed when the array of
documents 1ncreases, This phenomenon 1is called dictionary saturation,

Mig. 2. Dependence of the velume

of the descriptor dictionary and
the dictionary of key words on the
rumber of documents iIn the arrcy:

m is the number of documents in

the array, n' is the number of

o desciriptors in the dictionary, n is
the number of key words in the
dictionary.
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To evaluate the language developed there was conducted an
experiment on an initial array of 1300 documents and on a summary
array of 2360 documents, he purpose of the experilirent was:

1) to determine nolse factors and losses;
2) to clarify how these indices vary with increase 1n the

retrieval array. This is neccessary to forecast introduction of
grammatical means into the IPYa.

For the experiment there were formulated 250 ingulries, They
were composed by specialists not participating in ITve development,
In every inquiry there were no fewer than three key words, a maximw
of nine, and an average of [five key words in 8sn inquiry. On the

basls of these inquirles the coefficlent of accuracy was calculated
by the formula [2]:

* 100R

=T %
where R is the numbter of relevant dccuments in the delivery, and L
1s the total number of documents in the delivery,

To calculate the coefficient of accuracy retrieval was carried
out for 150 inquiries. For all 150 inquiries 412 documenis were
hits, of which 351 were relevant,

Analysis showed that for 113 inquiries only relevani documents
were hits, and for 37 inquiries, besides relevan® documents,
documents not answering an inguiry were hits,

Cf 37 ngulries 22 drew one unnecessary document each;, 10 drew
two, and the other five inquiries each drew 3 or more documents.

ifter a study of causes of errors 1% turned out that 7% of informatl =

noise was caused by indexing deficlencles and 93< by irremovatle
noise through false ccmbinations.
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Example 1, TInquiry: principle of action of core storage.
The total number of documents issued to the inguiry is six, five
relevant, One document does not answer the inquiry and was issued
as a result of false combinations, The document tslks alout the
principle of action of thin-film storage and the method of selection
of words with the help of ferrite cores,

Example 2, Ingquiry: characteristics of magnetic storage. The
total number of documents issued to the inguiry is 22, 21 relevant,
one superfluous (not answering the inguiry) document is issued via
false combinations., The document talks ahout charscteristics of a
military electronic miniature system with magnetic ZU Etoragel,

Coefflcient of fullness was calculated by two methods: first,
as a percentage of the numter of relevant documents in the delivery
to the total number of relevant documents in the retrieval array [2
secondly, as the ratio of the number of found initial documents to
100 inguiries [2]. A source document is the document from which the
ingulry is composed., There are 100 initial documents,

.
3

In view of the complexity and labtor-consuming character of finding

the total number of relevant doruments in the retrieval array,
coefficient of fullness was deternmined by the first method for 10
inquiries, Coefficients of fuliness calculated bty the two different
methods give the same result (see table),

Table,

Parameters of IPS effectiveness jInformetion array Swrmary array
or: wnich the IPYa on which 1PYa
was created (1300),|was worked out
2 (2350), <

Coefficient of fullness (first

method ) 92 g2
Coefficient of fullness (second
method ) 9z g2
Coefficient of accuracy 85 80
6t
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Losses of documents occur through the complexity of calculation
of all aspects 1llumingted in the document during indexing,

Example. Inguiry: application of thermoregulators for normal
ZU operation, Due to the absence in the retrieval pattern of the
key word "Thermoregulator" the following text was not issued in
answer to this:

Copy 0. Universal Decimal Classification 681,142,652,2
9957 Statilization circuilt of recording current of
address circuit of type-Z %ZJ. "Tnformation

of ingquired sheets." 1903 Lo, 3441, 3 p,,
illustrated,

There is described the circuit of stabilization of the address
recording current intended for use in type-Z ZU containing 128
27-bit numbers consisting of (2 x 1, 4 x 0,9) [VI-1] (BT-1)-type
ferrite cores., The cores operate under the following conditions:
readout current Igy = -(1.2-1.5) A; discharge current of recording
Trasp = 0.5 A; address current of re.ording Iggp = 0.7 A; fixed bias
I, = 0.3 A, The statilizirg circuit consists cf six [P25B] ([IR5B)
(or P25A) transistors and regardless of the ..umber of reversed cores
in the numerical rule {load) ensures stablz current Iggp = 0.7 A by
way of limiting it by the internal resistance of the circult, To
ensure normal ZU operztion when ambient temperature varies, in the
stabilizing circuit there are used thermoregulators consistiing of
two semiconductor thermistors and a diode, The proposed circuit
ensures normal ZYJ operation in the temperature range from ~20 to +60°C.
T.ie results of the experiment are given in the table,

In tne process of indexing the information array there was
conducted & study of law of dis*ritution of descriptors in the
retrieval patterns of the documents,

As is kneown [5) and [$], the frequency of appearance of words
of natursl language follows the ZipI law witlh. high accuracy

p
p=t,

O~
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where X = const; 1 =1, 2, ..., n 1s the reference number of word
during locatlion in order of decreasing frequency.

l'ore exactly +he distribution of the words of netural langusge
is described by the landel'trot lazw, which essentially generalil:zes
the Zipf law:

E’w+w'

where K, B and a are ccnstants, where I<a<l]2

The study of the real law of distribution of descriptors in
retrieval patterns of documents shows that Zip{ and Mandel'brot laws
known for distribution of words of natural language, also well
describe distribution of descriptors.

Figure 3 shows the real law of distritution of descriptors.
From the graph it 1s clear that this law can be described bty the
expression:

which fully agrees with the Zipf and landel'trot laws,

Tig., 3. 1 — the real lau
of distribution of
descriptors in retrieval
patterns of documents, 2 —
curve plotted according to

the law p=922 |
231
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Conclusions

1. <Conducted experiments show that the developed IPYa, in
spite of its simplicity of structure, nas fully satisfactory
characteristics.

2. Growth of dictionary is considerably delayed during the
growth of an array of over 2000 documents.

3. Input of grammatical means into IPYas 1s inexpedient for
small arrays. The question of needing to introduce grammatical means
into developed IPva will be examined after carrying out in 1967
experiments on an array of 15-20 thousend documents,

4, Distribution of descriptors in retrieval patterns of

documents obeys the same Z1ipf and Mandel'trot laws, as words in
natural-language texts.
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REALIZATION OF THEMATIC INFORMATION~-RETRIEVAL
SYSTEMS ON AN ELECTRONIC
DIGITAL COMPUTER

M. P. Ubiyko

At present patent~licensing work in scientific research
institutes 1s continucusly expaznding. EBranch patent funds are

growin.-; the volume of patent-description investigaticns is growing.

From patent funds there are determined the world technical
level and direction of developiment with resvect to one technical .
branch or another, With respect to the same funds there ares mads

nunerous examinaticns fcr the purpose of determining:

— the patent purity cof articles or their ccmponents;

— the novelty of develcpments snd inventions; !

— the need to develcp a new article or the exrediency
T N

¢
=

obtaining licenses,

These operations taxe much time of specialists, inasmuch as it
1s necessary to exarine hundreds and thousands of patent descriptions,
in order to make a patent examination, Months are spent making an
average examination. The main part of the time (cver 5C%) is taken

retrieving patents.
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Therefore, the tendency of many speclalists, whole organizations,
and institutes to simplify and accelerate these operations is

natural, And apportionment cf patents on narrow subjects is the
first step in this direction,

The most exsential shortening of the time spent retrieving
patents is given bty systematization of branch pstent fund with help
of well-known tapulyagrams [no translation found]. This method was
developed by the Central Scientiric Research Institute of Patent
Information TsKIIPI, '

Cur organization from the very beginning of formaticn of the
branch patent fund systematized it with the help of tatulysgrams,

Further cperational experience showed that in such systemati-

zation, considerably facilitating and accelerating retrieval of
ratents, there is laid a real possibility for mecheanization cof :
retrisval with the help of ETsVi, which will reduce still more the
time it takes tc retrieve ratents, All patent data in tabulyagrans
are encoded by numerais,

In our orgarization it
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ible to realize retrieval on
the "Ural-2.,"

We mechanized such 1

0

ror-~ccnsuring processes as:

— examination. ¢f alli patents rtaining tc the subject of
interest with resrect tc the funds cf ons or several ccuntries, !

— sampling and recording of numbers of patent descriptions |

from patent funds of cne country cr a group of ccuntries which
vertain directly tc the ascigned subject,

— dezlivery of a tyrewritten reference of contents: = On the

technical question infteresting You in the country (in the countries)

there are the following numbers of patent descriptions (there ars

raported the country and nurter c¢? ratenis in the fund of this

1
country). =
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The only thing left for the specialist teo do is to obtain
patent descriptions on the issued reference in the paten

library
and to investigate thern,

Thus, the specialist assigns the question snd

~tigaces the
; patent descriptions found, and any other work is d«

machine,
However, 1t is noticed that of the obtained and investigated
? patents the specialist finds only a few patents of interest to him,
and sometimes nothing at all,
; We now work on these, in ordexr to mech

chanize this rprocess, too,
For this purpose, apparently, it will be

figuratively speaking, & machine to a
complicated questions.

i,e,, investigation.
neca2ssary to train,

i

nswer more

For realization of thne idea of coxnruter retrieval of patents
there was carried out a vclume of works on prograrining of retrieval
i on the machine and the corresponding shift of the contents of the
tabulyagrams to the storage units of the machine,.

1. Volume of programming usuvally depends on the

those tasks required of the machine and on the vclume ¢
which need to be carric

ek
wu bl o,

L

But since in this case the discussion concerns patent informaticn,

we are First of all interested in retrieving the patents we need

from the whole volume of the branch fund withouat the participation
of the specialist.

Therefore, programring was faced witnh two simple
quesiions:

~ What numbers of patent descriptions are in one country "X"
on the technical gquestion interesting us (transmissicn

system, form
of propeller, and others)?

— What numters of patent descripticns are in any group cf
countries on the same questicn or on aay other technical guecstion
(switches, reduction gears, or transistors, and others)?
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2, After that all patent information of one tabulyagram was
split up into groups — so-called zones with appropriation to thiem
of numbers. In accordance with the volume of the operational
storage unlt of the machine in each zone there should not be more
than {4096 instructions) or 2048 numbers.

3., Then there was composed a so-called working tahle of
operator with numbers of zones and addresses for input of information,
in which there were the following columns:

1) nurbers in order

H
2) numbers of headings according to the tabtulyagrams;
%) nurbers of zones (recorded in the octal system);

4) address of memcry cells for every zone (reccrded in the
octal system).

Initial addresses of all zones start with 1000. The final
address is determined by the number of patents in the given zone,
Fart of the addresses — from G to 1000 — is assigred for telegram,

tial information (ratent information) of

', or inprut of ini
4, For input of
zone in the operational storage unit as
f
cre

P
wa

groups of numbers or a
r

‘ Cmn &
maticn carricr ther

ected standard opaque 35-mm Tilm,

[43]
w
m
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Such an infermation carrier is distinguished by its independence,
which is very convenient in those cases in which an ETsVM 1is used
mainly for other purposes., Furthermore, the volume of information
in such a carrier is practically unlirmited,

On film infcrmation fron tabtulyagrams 1s transferred by the
rethed cf punching on an external device cof the machine (FFCh2).

The foliowing data are recorded on punched tape:

— zONne numter;

73




—

— patent number;
— number of country tc which patent belongs.

Numbers of patents arc printed in the decimal system next to
the number cof the country also In the decimal system,

The patent number must not sxceed an eight-digit number, and
the number of the country a two-digit number, These conditions are
zasy to satisfy.

The data of the printing are thoroughly collated with the data
of the tsbulyagram and then the tape ls glued in a circle, and it
is ready for use. It is numbered correspondingly.

Punching of tape with transfer of informatlon by one thousand
ratents is fulfilled in 3-4 shifls by one man. Data of 52 patents
are accomimodeted in one meter of tape. The maximum permissible tave
length is 250 m (about 12,000 patents). Input speed is 15C-1£C

vatents per second. Tape speed is 2.8 m/s.

Urder of Retrieval ol Pstents with thne
Help of a Computer

The crder cof retrieval

»f matents can be comprehended b :st c¢f
all with the following example. The specialist (designer or developer)

asks for a repocrt con what numbers of patent descripticns are in

France on the technical guasticon in which he is interested

The operator of the section in the beginning determines to
which tabulyagram and to which of its zones the given technical
question belongs. TFrom the tabulyagram nunmber it finds the corre-
sponding punched tape., After that machine memcry is fed dats of
patents of the whole zone to which this question belongs. A data-
processing program 1s also introduced, Control is transfeirresd to
the beglnning of the program.

The program examines all numbers of countries. And ii the
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France number is found, then the number of the patent next to the
number of this country will be printed on paper. Thus there 1is
examined all information of the glven zone and all patents belonging
to the French fund on the technical question asked will be printed

on paper, In such a sequence there are also processed all other
inquiries of specialists,

Obtaining, thus, the reference with the number of the patents,
the specialist analyzes and studliess these natents.

The Technical Effect Obtained from the Application
of Machlne Refrieval

1. The main effect of the application of machine retrieval of
ratent descriptions is considerable acceieration of retrieval of
patents, For example, retrieving 100 patent descriptions on sny
technical question with the help of tabulyagrams and recordins only
the numbers of patents takes a minimum of 50 min. With the help of
the machine this work takes no longer than 4 min (input of program
and information 2-3 min and retrieval 1 min),.

2. The second effect is the releasing of highly skilled
specialists from retrieval of patents. This work on their assign-
ment can now be fulfilled by an operator or laboratory technician
on a computer,

3, Mechanization of retrieval maskes it pcssible to organize
patent-licensing work in reference to the flow chart of Jevelopment
of new articles — in all its stages.

Region of Arplication

Introduction of the macnine method of retrieval of peatent

scriptions is casy to carry out in all organizaticns having

de
ETsVM,

&

One practiczal applicaticon cf thc machine methcd of retrievel
of patents is expedient in those cases in which the frequency of
retrievals is high — 10-15 retrievais per day.
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Certaln difficulities arise in organizations not having comnputers,
Since in these cases not the problem of use of the machine for
retricval of patents but Lhe protleom of 1vs obtaining -y 'he problow
of cooperation with other organizations havring such machines ic
solved,

Application of ETsVM for bigger — republic patant funds — is
unconditionally expedient, but in these cases problems of systezmatiza-
tion of the whole fund come up. All patents have 10 spread according
to narrowly speccialized or'other criteria,

This 1s a question of the competence of the ceniral scientific
research 1nstitutes.

However, these problems mu~t be solved since the study of
technical levels according to patent-technical descriptions and the

carrying out ol patent examlnations takes up tco much of the time
of nighly skilled specialists. Reduction of this time ie rroblem
number one, all the more so because the volume of informatiocor: is
continucusly increasing,

The contemporary level cf develcpment of computer technology

permits solving thils problem already now and with great effect,
which is confirmed by the experiment >f our organization,
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CERTAIN QUESTICNS OF MACHINE PREPARATION OF INDEXES
FCR CURRENT AND RETROSPECTIVE RETRIEVAL OF
SCIENTIFIC AND TECHNICAL
INFORMATION MATERIALS

D. I. Mekhtivev and E. K, Kuznetsova

In contempcrary practice of informetion service a nore and

more considerable place is being occupied by various kinds of

indexes prepared with the help of punch-card machines snd computers,
for example, permutational irdexes and varietles of them, incexe.

of bibliographic references, and indaxes of the tabular type,.

The possibility of nmechanlzation of almost all stagses of

tecnr.clogical process of the manufacture of machine indaxe

X
1lly

3

the opsrativeness of their preparation, which is especia
important if indexes are used as cignal infcrmratic h

~
4

.

of expenditures of manual labor essentially decreases the
ct preparation of such indexes.

the

5 2nsurec

& reductiorn

Preparation cf bitliographic inderes for current and retro-

stective retrieval of scientific and technical literature in t

he
rractice of libraries and organs of scientific and tecnnical informe-
tion is lator-consuming work reguiring large expenditures of time.

Automation cf preparation of indexes permits getting current

information toc the consumer and preparing at the order of specializ:i:
j th
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This work examines cariain questions of the wmetho
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cf a permutational index, ewbracing 2300 sources in the fic
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devalopmznt and exvloization of naval petircleur and gas depcsits
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- yreparation of the indcl ih
a

e
ri equipment in the systen,

This index includes various liiverary scurces: journals,

coliections of scientific and technicael informaticn, bullstins,

ics, leacder of work . B, Vleduts

ific and Technical Information of the
a

ac POngJ and the Acadenry of Science

\
J .

re was used the "Urel-4"

tooks, articles, and other materials, which 1llustrate questions

of arilliing ana exploitaticn of naval oill wells, hydrotecinical

onstrucstion, ccrrcsicn of esgquirment of naval petrcleum 1ngustries,

2cconemics, and cthers, Lt consists ¢f thnree parts:

1) the index of key words UKS lccate. 'n alphateticel crd
in the input column in aprroximeiely the center of the table, a

a
informationr codes (rigiht cclumn) which arz the input intc the

other twc rarts;
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Sample Index of Key Words'[in Russian alphabetical
order. Right context continues at left margin].

A

OpYXeHili = . SBTOMATHIAUHN XATOXHOR 3amINTH MOPCKUX ¢O 1412
OBaHHA npH moMoms Gyposoro arperaTa GEHOTO-RPOMIBOACTBO CBAAHMX OCH 1335
ATPETaTH AN% BRABJAMASHHN CBafi= 0850

"MOpCKiie  HedTAEWE TPOMHCAR  a3epOafimana= 1272
Mopckag  ceficMopasseaxa 3 ajleplafiimane = 1036
mopcxoft JOAL = BAHAHNE 230ART2 <a» Ka Hedresuumsapuiie csolicrss 1359
CHHA=TIHEBNATHYECKAN  33UIHTA  AKBATODHR MOPCKHX HedTeOpoNucios or soak 0778
MOPCKO:  aJAMa3Hoe Gypenies= 1353

€ TAHKEPOB = NPRMEHEHHEe  AMOMHHHeRHX TPYS Npit 3arpy3xe i1 pasrpyax 0823
He AR NOPCKOro OypeHHR Ha  anmcxess ocuosan 0804
N~ anabauu unruburop xncaoTHNl xoppoann cr 1418
CXOM HOPTy= DpHMEHEHHE AHKEDHHX csafl npH crpouteincTse » raubypr 1379
AYKTHBHOR TOMUIH BOCTONHOrO  ANMEPOHa=s -+CBOACTEA BepxHero oTlera npo 0785
npeasapuTEIbHOE HATRWEHHE aPMAaTYPH XKEICIOGETOHHHX CBAfine 0148
poxaeHHR GauXH ZRSPEEKA, O. APTEMa H TIOPIAHM — Mope= +3080ff pexun @15
' MecTo ‘
X0 B HEPTEHOCROCTH © ©. apTeMa= 0 pacopozenenuz 1318
ﬁopmipgwpcxo;q’ HedTH B HOY ApTeMHe(Thw nosax cxeMa 1405

XOMNDeccopaMH | —ksr—5 uny  apremiedrowyJaBAHBanue  nonytsoro rasa 1439
mnup:cnpzoopol or MopcxoR  arsmocdepHOf  XOpPO3HH==saulNTA 1sMepuT 1290

fRAPOreQIOTHIECKOND PEXHMA GaxuHcxoR OyxTH=0 HexoTOpux  mwompocax 1292
anM3 pasdpaborxn obnexra  Kc Ganxa AapsHna = . m

GYPEHRN KAXNOHHHX  CKBARHH  GaHKa AapsHHa = - HOBKa GelopHeHTHpOBansoro 1329
+7080R pexuMm MectopoxmewnR  Gawka AApBKHA, O. APTEMA H TFIOPrAHN — MOpew 1315

JatonaseMan - Gapxa Anx GypemHN B MOpe= 1339
. satodznemas  Gapmass 1338
A MOPCKAN ROTPYXHIR GAPIK = . 0866
mcasoAHoro .Tpybonpomota ¢ GapXmes opoxsaaaxa 1291

R B CORHMEHTRUMONWHHX  GaccefiKax 3JeMHOro mapaw= -+pacnpocrpanenus 0315

During preparation of the index there wefe carried cut the

. following operations: separating of key words, composition of a
list of nonkey words, and editing of titles of materials, In the
list of nonkey words ("empty words") we include conjunctions, prepo-
sitions, certain forms of auxiliary verbs, certain adjectives and
nouns not carrying basic semantic load in the text of titles, and
also the most frequently repeated terms:

Exemplary 1i8t of words excluded from index.

- Analysis Quantitative Rules
More Short During
Struggle Big Application
Future People Example
Faster Measures Principles
Probable Method Causes
Interaction Powerful Problem
Influence Certain © Production
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Exemplary list (Confinued),

vt D ]

To the question New Process ?
For the first Guarantee Properties

time
Gigantic Regions Conjunctions ‘
Data General State %
Action Definition Method
Permissible Organization Periods i
Problems ~ Peculiarities Point E
Regularity First Improvement
View (from the Perspective Conditions

point) j
Change Areas Section
Study Preparation Factors |
Investigation Indices Characteristic T
Use Position Integers (in)
Results Therefore Stage

Edited titles of publications were recorded on punched cards
according to a preliminarily developed mock-up.

Separating of key words is the most resp-msible part of the
work during preparation of a permutation index and usually should
be fulfilled by highly skilled specialists. The quality of this :
work to a large extent determines the quality of the index, |

Furthermore, if the index is reloaded with words not bearing the
basic semantic load, then retrieval according to UKS will be hampered,
since the latter will strongly swell.

It 1s necessary to note that optimum recording density of a
UKS page plays a large role in evéiuation of preparation of permuta-
tion indexes. The questiop of volume of index is especially sharp
during processing of large collections of publications. In this
case speed of preparation of permutation indexes in combination with
the economic form of recording is an advantage of such indexes.

Complexity of apportionment of key words 1s caused by the fact
that the titles of publications for the most part do not correspond
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to the necessary requirements, i.e., as a rule, are multiword and
uninformative. As an example let us give the following title:

— "Research irf the problem of origin of oil. Hydrocarbons in
contemporary deposits.” After editing the title took such a form:
"Origin of oil, Hydrocarbons in contemporary deposits."

— "Application of a conveyer on a barge for the pouring of
dam." After editing — "Conveyer on barge for pouring of dam."

In some cases the title absolutely does not disclose the
contents of publications and must be completely replaced. Into the
UKS there were also introduced new key words taken from text.

The process of apportionment of key words is considerably
simplified in the presence of a ready list of nonkey words and a
thesaurus. During preparation of permutation indexes with the use
of thesauri and microthesauri on special individual questions of
scilence and technology there is excluded human participation in the
marking of titles, and, consequently, there is removed subjectivism
in the selection of key wcrds, inasmuch as in a thesaurus there are
- enveloped all basic descriptors with respect to a branch, taking
into account basic genvs-species and associative relationships,
and others. Standardization of terminology will also allow
eliminating one of the most important deficiencies of the permutation
index — scattering of information, for example as a result of
cross-references,

The first variant of index obtained on the tabulyagram was
thoroughly edited. 1In connection with the fact that the list "of
empty words" was composed with certain assumptions, in index there
were often encountered contexts considerably truncated on the left
and on the right, which hampered perception of the title. In such
cases there were omitted terms which in the first editing were left
as key terms withofit the proper base. It was necessary to exclude
from the UKS the title of source which started from the dropped
key word, and conversely to include in the UKS the title, starting

with the new key word; all the words were introduced in alphabetical
order. .
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The average title of a book, journal, article, etrc., in the
index contains 4 key words and only in rare cases more than
that., If the title of a publication has 3-4 key words, then there
is room for it in the index for the most part wholly without

trancatiom,

The end of the title, i{ it fits completely on one line, is
marked (=); however, if the title does not go on one line the length
of which is limited (in this case no% more than 67 characters
without code), then the context is partially broken. The break of
context is marked (+).! The remaining part of it is considered
accepted and is kept in the indax if the number of letters of the
final word is not less than 4.

If it is impossible fully to decode the title because of the
truncation of the context one should find the second key word and

if necessary subsequent key words of this title. During the reading
of the title (in each individual case with the new key word) it

is possible to restore the context truncated in one of the variants
since during different liey words there are broken various words

entering context.

The index starts from the list of words excluded from tre
titles of sources (so-called "empty words").

During more thorough examination and editing of ti*les 1t would
have been possible to separate an additional series of nonkey words.
However, considering the well-known labor consumption of such editing,
and also the fact that presence in the index of an insignificant
number of thesa words will not elicit special inconveniences during
the use of the index, certain assumptions are made.

After the list of words excluded from the index there is placed

1There are given signs used in test output of the permutation
index on development and exploitation of naval petroleum ancd gas
deposits (360 publications), collected by the typographical method.
Full cutput of the index has other signs,
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the "Index of Key Words." Then there follows a bibliographical
list of sources, in which the authors and titles of all sources
and others are shown.

Sample Bibliographical Index.

0001 Awmeros M. 10, Acpuaxt B. A. u Barsipaagze K. M. Harorosneune letaned meran-
- JMOXOHCTDYKUKR OCMOBBHNMA noa mopcxue Syposute. — Ha. puicu. yweOH. 3aseaeund.
Cepun «<Hed1so' u raz», 1958, Me 8, c. 106—114.
010 Annmanenos JI: C. O6 HIMEHEHHK BOJHOBOrD YCKAHN, AedCTBYIOWEro Wz CBAX
szoas npoduan somu. — C6. Mopcxoe BoaHeHue H ero BoselflcTsie na ruaporex-
) nuvecxue coopyxexun. baxy, AsHHTH, 1963, c. 109—118.
0016 Auup.nerane xaspr . PaipaGorxka MOPEKOro HedTRMOrO MECTOPOXICHHN

Hapuye 8 Hpane.— «Pesio ITetposs, 1965, 1072, Ne 126, c. 1—2 (aura.)
0033 Aranapos T. ®. K sonpocy 2arayGaennx cBaft ¢ MOMOULBIO NOABECHHX MOJIOTOB

B YCAOBHAX CTPOMTEALCTBS TA;0OXOBONHWX MOPCKHX HEDTENPOMLICIOBLIX SCTEIXKAL.
Gahamancxoe nedTanoe xoanficrsos, 1959, Ne 3, c. I6—37.

0G61 HpHos B, M. K ponpocy 0 3ammute MOPCKEX HEDTENPOMBICIOBHX COOPYMENsuft

. Ma caywan Apefidpa nbnos. «AlepGafiaxancxoe Heprauoe xodafcrso», 1955, Mr 1,
¢. 24. buGanorp.: 2 na3s. .

o113 Byposax ycranosxa CrpoMaua-Il m Hosbe rajoBkie MECTOPOKIEHNI B 10rO-
-socrounoM Texace. — «Ofa sua rac Ao, 1955, 63, M 6, c. 134—135. (anra.)

0142 Buascor Xosapa. TMpumenenne Beproieros M MOpPCKXMX CYAOS Npw Oypenun w
lieo(pu:)mecxnx p2dorzx 8 mope. — <Ot sux rac axos. 1955, N I7, c. 4346, .

. anra.), :

0148 Baaux A. T. O6opyaosanre xin PPEABIPNTEMNOTO NETAXENNS APMITYDM Xe-

© sesoBetoHrnx csafl. «TpancnoprHoe CTPORTEIRCTBO», 1961, Mo 5, c. 2224

On the left thnere is a column of numbers indicating the code
for every work., The index is completed by an glphabetical list of
authors.

Sample Author Index [in Russian alphabetical

order].
A6aypaumnzos C, A ’ ot Bosperps A. K. 0831 .
AGpamos O. M. 1420 Benxm Nn. H. 1358
Arses H. a7s Bexrsopr-Unasac . E. 1383
Aranapos T. ©. o3 Bepruuefinep Y . 0770
Anexneposa 10. [I. 1301 Brascea O. 0842
Amer T. P. - 1302 Bumcon X, : 0142
Anwe @. C. 1325 ‘ 135 Boawx A . T. . 0148
Anumauenos JI. C. 0010 Bopeuxenn 3, : 0826
Anxxp XK. 1335 Tamxnes B. A 1310
AmGapuymsan A. M. o784 Taavnepnu JI. B. . 0758
Aueros M. 10. : 0001 TarGapos 10. T, 1306
Amnp-nerane-xanpn 1. 0015 Facaxos A. B. 275
Acatypsn A. UI. . 1341 0276
Acpusx B. A, . : 0001 Tacaros J. U. 1359
Axwmenos A. A. 147 Tacanos f. T. 1454
Axynaos A. C. 1404 1457
Ampados M, P. 0321 .Fauxmredin E. JI. 1404
Ba6aes H. B. : 239 : ’ 1416
Barnacapos E. I1. 1439 Cayxosexax 6. X. 0292
Barnpaane K. M. 0001 Toasaman I, 1339
Baftpamosa M. A. 1232 Foasymau B. X. 0302
Baneaun C. A. 1374 Cpedde 3. M. 0322
1387 Ipuropan H. A, ' 0323
Bayep P. ©, 1352 Fopaxep ®. 1. 0315
Bernapa K. H. 0823 TpoSwreftn C. P. - 0334
Becxom B. 0830 Fpsxsm T. . 1338
Becce . M. 1350 Fysux H, C. 0342
Boamax H. K. 1275 Tycefnosa A, A, 1325
Boaep H. P. 1358- Tyceflnosa I'' M. . 1318
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Retrieval 1s carried out in the following way.  In the division
"Index of Key Words" along the vertical there is examined the
alphabetic 1list of key words and on the right along the horizontal
there 1s noted the information ccde of the source of interest to
the specialist., From the information code, which is the inout of
the bibliographical part of the index therz is found the name of
the source, the year of publication, etc, The author's index serves
also for transition to the bibliographical part of the permutation
index. For example, there is given the title coded 1404 of one
and the same source, consisting of four key words: "Electrochemical
protection of hydrotechnical constructions trom corrosion," and
diagram of transition from index of key words to bibliographical
and author's index (Fig. 1, see above).

So that 1t is more convenient to use the index and in order
to expand the aspects of retrieval the permutation index could
additionally have alphabetically coded names of sources, year of
publication, and others. 1In this case as a large number of the
most diverse forms of information sources were used, this possibility
is not used. Compilers of the index pursued another goal - on a
dlagram of the permutation index, simple in structure, to reveal its
essence,

In the index thereg were used four-diglt codes which in the
process of machine processing in all cases are placed in the UKS
in the column on the right. So that it is more convenient to pass
from the index of key words to the bibliographical part of the
index in this part the code is given in the column on the left., In
the author's index the code is used not for retrieval but for
transition 'to the bibliographical part; therefore. i% is lroei~e jn
the column on the right,

Recordings were processed on the "Ural-4" according to a
specially composed program: reproduction of titles according to
the number of noted key words, intramachine sorting of reproduced
titles according to the alphabet of key words in the input column
of the UKS (28th) and printing.
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For the given permutation index the author's and bibliographical
parts were prepared manually. Their processing on ETsVM does not
present any principle difficulties. In this case all parts — UKS
and bibliographical and author's index -~ after machine prccessing
are printed separately; at the output of the ETsVM we have three
tabulyagrams which can be used directly for subsequent reproduction
by the photo-offset method.

In connection with the fact that during retrieval of sources
by this index there is used visual examination of titles, the
alphabetical 1ist of authors or the bibliography, much attention
should be paid to shaping and printing the index. During preparation
of the test output of the permutation index according to the develop-
ment and exploitaiion of naval petroleum and gas deposits there was
proposed using the tabulyagram for direct photographing without
reprinting on the machine and subsequent reproduction by the phcto-
offset method, However, in connection with the fact that there was
required additional,editing of the tabulyagram, and the quality of
"Ural-4" printing was low, it was necessary to issue the index by
the usual typographic method (typesetting on linotype and printing
on a flat-bed machine)j. In order to facilitate visual search the
- part of the context to the left of the 1list of key words and the
code part of the index are printed on a colored background.

When the permutation index is prepared as signal information,
the tabulyagram should nevertheless be used directly for printing.
During composition’pf the index on literary sources after a con-
siderable interval of time for retrospective retrieval there is
Justified use of traditional forms of printing (in particvlar, flat
printing). It 1s true that periods of output in this case are
somewhat increased; however, the ﬁefmutation index issued by such
a method 1s very convenient to use. Considering that one of the
main advantages of the permutation index are compressed periods of
its output, subsequently efforts should be directed towards improve-
ment of the quality of printing at the output ol ETsVM,'and intro-
duction cof 211 posslible devices and attachments which allow improving
the quality of printing of tebulyesgrams and 2c:oxdingly turniﬂg to
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publication of permutation indexes and for retrospective retrieval
directly from the tabulyagram by the offset method,

In contrast to foreign permutation indexes on every source
there is proposed giving An index of universal decimal classification,
This will allow partially removing the basic deficiency of the index,
comnected with incomplete opening of the contents of the source
according to the title, and will also accelerate the process of
subsequent delivery of the source. Furthermore, considering that
the most widespread form of indexing of literary sources 1s Universal
Decimal Classification, the permutation index vrepared with indices
of this classification will be easy to grasp by speclalists and
library workers and will be widely used.

' In this case there was no tendency to use Universal Decimal
Classification as a exploration system. However, in the permutation
index there 1s a real possibility of using Universal Decimal Classi-
fication for these purposes. The method of retrieval according to
Unlversal Decimal Classification and questions of location of indices
and their encoding have to be solved in the process of preparation
of the index, taking into account creation of maximum conveniences
. for retrieval.

The main advantage of permutation indexes 1is t.e great z-in

- in time during preparation of indexes with the help cof ETsVM. Thnis
is especially noticeable during comparison of time needed for their
preparation and with time of composition of subject indexes in
library practice.

The basic time during composition of permutetion index is
spent preparing data for input by ‘external devices, In particular,
time is mostly expended punching and subsequently checking holes on
punch~-card equipment., From available data during'mechanized
processing of material, 70% of the time is spent punching and
checking., At the same gime during application of ETsVM labor of
punching and subsequently checking is 90% of the total labor needed
for machine data processing. It is sufficient to say that it takes
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about 17 minutes to. prepare a permutation index of 300-400 titles
in the presence of 6OO nonkey words on the IBM 7090.

Crestion and wide use of permutatioﬁ indexes will allow opera-
tionally in more compressed periods informing consumers of informa-
tion about the latest publications, increasing the effectiveness
of current bibliography and making it accessible to all categories
of specialists,

On the example of a permutation index in the region of develop-
ment and exploitation of naval petroleum and gas deposits it is
possible also to conclude that analogous indexes for retrospective
retrieval of literary sources is highly effective, Creation of
such indexes on literary sources on different branches of sclence
and technology for defined periods of time will render priceless
help to speclalists.,
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At present we are conducting experiments for the purpose of
further improving permutation indexes.

‘There 1s prepared an index of the type "KWOC" with the use.of
the "Minsk-22." Experience accumulated in the course of the develop-
ments described permits fornulating the question of creation of
fundamentally new indexes baied on the indexes examined above,
absent in foreign and domestic practice.
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7/

MECHANIZED IPS FOR A VARIED FUND DEVELOPED
AND INTRODUCED BY THE UPPER-VOLGA TsBTI

V. M, Mesnik

At the Upper-Volga TsBTI [expansion of acronym unknown] in
accordance with the plan of development of the national economy
of the RSFSR from 1964 to 1965 there was conducted scientific
research on mechanization of processing, retrieval, and reproduction
of scilentific and technical information, which in 1965 was introduced
into the work of the TsBTI.

Naturally, the ideal information service cannot be immediately
creatad, Up to now nc such service exists anywr-ve 1in the werld,
However, in any case with application of mechanization urgent
" questions of organizaticr of inferuation service today can be solved
more expediently, profitably, and quickly than without it,

Under conditions of a regionally varied organ of information,
only domestic punch-card equipment was recognized by us as accessible
and expedient for realizing the problem at hand (Penzenskiy plant
TEM [expansion of acronym ambiguous]) ’

Reproduction and removal copies is carried out on domestic
copiers and microfilming equipment, There are used:

— Punch P80-§

89



— Verifier K80-6;

— Sorter S80-5M;

- Installatién for nicrofilming UDM-2;

— Electrographic reproduction apparatus ERA-2F;
— Thermocopier;

- Microphotographer.

As information carzrier in the system of mechanized retrieval
there is used an 80-column punched card "Glavmekhscheta,"

As a basls of the retrieval system for mechanized retrileval
under condltions of a varied fund we assume a language already
created — universal, international, and with relatively well-developed

logical lihks between ldeas, 1i.e., a language of Universal Decimal
| Classificetion. o

' And only those ideas which are not reflected in tables of

Universal Decimal ClaSsification are coded with the help of digital
code of another type, which is created in the division. Brands of
machines and apparatuses, theilr parameters, and certain other
characteristics will be thus encoded. Conditionally this code is
called "descriptor," alﬁhough traditional use of this term has
another meaning,

It is known that Universal Decimal Olass:fication 1s assumed
as a basls of retrieval language in sy:temc of mechanized retrieval
successfully used in Czechoslovakia, Funzary, and other countries.

However, use of Universal Decimal Classification in a system
of mechanized retrieval involves a number of difficulties: 1) the
same questlons have different indices if they belong to different
reglons of application; 2) coding of complicated questions allows
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arbitrary arrangement of indices corresponding to subjective thinking

of indexers.

All of this in a system of mechanized retrieval must lead to
serious information loss and a high percentage of information "noise."
Therefore, using Universal Decimal Classification — the traditional
system of classification for mechanized retrieval — we tried to
establish strict methodical rules obligatory duriang indexing of
materlals with respect to four-five aspects. By these rules every
retrieval criterion of a document is coded alwaysvin a definite
zone of a punched card. Thus there is established a single dlagram
of construction of a complicated and compound index for all coders,
and during composition of the retrieval program it is always

absolutely obvious in what zone a given retrieval criterion 1s coded
: /
(See Appendix).

A code for mechanized retrieval includes:

l. An index of Universal Decimal Classifiéation, complete and
exact, with use of all possibilities of the system,

. 2. A "descriptor" which expresses iLrands of equipment and
their parameters, i.e., those characteristics not in Universal
Decimal Classification.

3. Year of publication of informaﬁion.

Code for mechanized retrieval takes up 33 columns on an 80-column
card, The remaining part, in which it is possible to disposevlooo
printed characters, i1s used for recording the text of the abstract.
The fileld for punching code is divided into five zones, in €ach of
which there is always recorded a strictly defined part of the code,

"1) I zone — 12 columns, There is coded technological process
and equipment — all these ldeas are expressed by the baslc index
of Universal Decimal Classification and special determinants of
- type O; |
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2) Izone — 6 columns (13-18): definitizing characteristics
(questions of checking, regulation, and machine parts) are expressed
through determinants of type 00 and of type - (hyphen);

3) III zane — 9 columns (19,227): obJect of processing, region
of application, material — all of this is =xpressed by the index
of Universal Decimal Classification after the ratic sign (:);

-;Q#)‘szone — 5 columns (28-32) brands of machines and apparatuses,
parameters, and other chardcteristics not 1n Universal Declmal
Classification. (See mock-up of punched card.in Fig. 1.)

I zone — 12 IT zone — 6 III zone — 9 | IV zone - V-1 VI zone
columns columns columns 5 colunns

Basic index of | Determinant: Index of Uni-| Descrip=- |Year Text
Universal of type .00 versal deci- | tor of

Decimal Class- |and - , mal classi- publi-
ification and fication cation
special deter- |- after sign of :

minants of ratio

type .0

671 388 16037 ] o, 35! otn® 5

Fig. 1.

Such division of code into zones in which each part of it is
always punched in certain columns :of the punched card, creates
important advantages during multiaspect retrieval, allowing
inquiries both general and special in nature to be answered,

If the inquiry 1s received to 1ssue materials on w2lding
apparatuses, it is possible to examine the whole array on welding

only with respect to the lst zone 621.791.75.03.

If the user is interested in information on automatic welding
apparatuses, the lst and 2nd zones of the same array.
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In order to obtain information on the make of equipment it is
sufficient to.examine only the ﬁéscfiptor zone of the corresponding
array. ‘

Let us examine the method of composition of the descriptor
dictionary:

Classifying information is material in which the make of equip-
ment 1s shown, the coder records it in the descriptor dictionary.
In this dictionary every letter is designated by corresponding
figure A-0l1, B —- 02,,.K ~ 10, P — 15, etc., The coded 1ldea is
recorded by initial letter or figure "Welding automation" ASID-3M
on "A," indicator instrument PKSh5 on P,

'Digitalhexpression of the descriptor consists of the reference
number of its initial letter and the reference number of the given
recording on this letter, Thus, ASID-3M (make of welding automatic
machine) was coded 0116, where Ol is the designation of letter "a," .
and 16.1s the reference number of recording., AT-4-120-1 is coded
01.29 according te the same principle,

When the corresponding recording is made in the descriptor
dictionary and the make of equipment is digitally coded, there is
ordered 2 card on which there is lesignated *he zlphabetical or
- nueuerical expreassion of The make, ch2 rname of the equipment, the
code appropriated to it, and the index of Universal Decimal
Classification, This card is placéd in the card file of the’
descriptors in strictly alphabetical order by name of make, without
taking the digital expression of the code into consideration,

During composition of the retrieval program there is used
already only this card file (and not a dictionary), since from it
it is easy to find the make of any equipment information about which
is in the fund and the code appropriated to it and from the code
during several minutes of sorting the information is detected,.

The index of Universal Decimal Classification entered on the
card indicgtes what division should be examined on the sorter.



Retrieval time on the sorter is 2-3 minutes; Today this fully
organizes us, the more so because there is no longer a need for

manual sorting and arrangement of maps — labor-consuming and thank-
less work,

Another method of preventing subjective approach of the 1lndexer
to selection of key words and a method of thelr expression by '
Universal Decimal Classification is a card file of decisions in which
there are fixed all declsions made while documents are being processed.
A sample card from the card file of decisions is shown below.

Casting under pressure 621.74.043
- — created compressed alr or gas 621.74.043.,3
— equipment 621,74.043,3,06
— pressing pneumatic cylinder 621,74,043,3,06-222
—\created mechanic#lly 621.74.043.2

— assembly line 621,74,043,2:658,527
/
As the ‘basls of this aliphsbeticzi-subject card file there ic
. assumed an index,., However, even in this question there is deviation
from traditional library procedures: In the card file there is
recorded the key word encountered éuring indexing of the document —
the procedure utilized in systems of the descriptor type — but in
contrast to these systems to the given word there is appropriated
ready international digital code — the index of Universal Decimal
Classification having its own definite place in the general.-’
hierarchical system of classification of technical ideas — and,
therefore, 1s connected and with a more general technical idea and
with 1ts narrow questions.
|
Welding apparatus — 621,791.75.03, where 621,791 is weldlng,
and 621. 791.75 is electric arc welding.



On the other hand, with such a method of management the card

file of decisions acquires an orienting function: presence in
card file of decisions of the card with the key word is evidence

that the corresponding document 1s in the fund.

Management of this card file is labor-consuming work, but it
justifies itself, all the more so since rates of growth of the fund
and this card flle are incommensurable, to which Fig. 2 testifles.

Comparative graphs of growth of the
fund for mechanized retrieval of
information on 80-column punched
cards, card file of decision on
Universal Decimal Cjassification,
and card file of descriptors

When in the card file there is reflected all or almost ail the .
terminology of the given branch, the process of indexation will be
essentially facilitated. '

We experimentally checked a system having ah array of 10
thousand punched cards. Very reassuring results are obtained.

A table of these results 1is given below,
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g8 258|458 33,358 | « [« @ [8%e(8lE
Presses for wood
processing 1820 13 13 -— 0 0 {1,00]1,00
Pravmotransporte 1450 ] 14 |. 11, 3 — 0 |nsicm]|0,79
Autostripper of yarn for
_ spinning machines 43 51 8 -— — 0 0 |1,00]1,00
"|" Lowering of waste on
s uslovyaralinoy* machine | 37| 1 1 - -— 0 0 }1,00].1,00
Automatic lines in .
machine building = 4530 | 61 60 1 | — 0 160,98 {0.98
Drying of wood ] 420} 20 18 S — 0°}250}0,7540,75
Zincing 996 | 28 21 7 - 0 25 |0,75] 0,75
Application of wood plas- . - ' )
« tich of pressed wood $170 [ 6 -— - 0 0 100 | 100
Altogstner: 148 1 132 | 16 | — l» 0 |10,8]|0,8 )08

——
*Translator's ¥ote: Mo translation found.

Zero % noise — in other words, among information materials
issued by sorting there was not one superfluous document not
answering the given question,

The percentage of unissued information from what is available
in the fund on a given question o7 information was 10.8. In the
theory and practice of scientific and technical information this
index is considered very good. 1

Of the 16 punCheé cards unissued 12 were not issued because
of the imperfect construction of the sorting. Sampling on a many-
valued criterion is carried out by commutation of sockets of the
first and second row of the panel "of set" with the help of switching
cords, which nct always ensures reliable contact and does not give
required speed, A4nd from thls there is increased the percentage
of nolse and the percentage of unissued informaticn,

For sampling of information on a many-valued criterion a’
push~button panel of set is necessary. The deficiency of sorting
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1s the fact that it samples on 12 columns in one run. And for
retrieval of information there is necessary an electronic sorter
to carry out sampling immediately on all columns,

~ Usually the following arguments are made against use of Universal
Decimal Classification for mechanized retrieval:

a) technical difficulties of indexation;
b) high cost of input;

1

c) impossibility of expressing the contents of the document
in detail;

d) subjectivism of indexer.

- How we minimize the subjectlvism of the indexer, using Universal
Decimal Classification, has already been discussed above,

Indexation by Universal Decimal Classification is a process

requiring tense attention and definite knowledge, like any intellectual -

"labor in general, And all engineers of average skill master it in a
comparatively short period and index materials with sufficlent com-
pleteness and accuracy and comparatively rapidly, averaging 25

- dogutents in a day.

In this connection it is appropriate to talk about cost of
input, more exactly, the cost of coding one document. It costs us
13-16 kopecks. All remaining consumptions on input are not related
to the retrieval language.

/

If one considers that regicnal reference and information funds
are 1n considerable measure completed with cards of central branch
institutes, which proceed to us with indices of Universal Decimal
Clasgification, then for laylng of them in the fund for mechanized
retrleval 1t 1s necessary only to convert the index into code, and
this takes minutes, of course, if in central branch institutes it
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pertains to 1lndexation with sufficient conscientiousness. Now,
unfortunately, this is not observed.
/

Regarding the degree of fullness and accuracy of coding,
althoﬁgh in principle systems of the descriptor type in this respect
have to have evident advantages over a system of the classification
type, (Universal Decimal Classification) in those systems with which
it was possible for us to become acquainted, there is not yet any
such advantage: in them lexical composition is too poor, and logical
couplings are almost not developed, Moreover all of them are created
for service of the fund on a more or less narrow question, For a
reglonal fund a universal system is needed, among which Universal
Decimal Classification is undoubtedly best.

What are the methods of processing, storage, retrieval, and
delivery of information used in SIF TsBTI?

In theé fund of SIF there is put information both proceeding
"from the bottom upwards" and obtained "from the top downwards."

According to materials of information cards of enterprises of
three reglons workers of branch divisions and SIF TsBTI monthly
compose lists of proceeding information cards, They are printed

on rotoprint 1In the form of pamphlets with the possibility of cutting
them into separate cards for convenient laying in the fund.

Information is printed on the "Optima" (IGV-2) typewriter and
carries the following information: :

a) name of innovation,
b) by whom developed,
c) date and place of introduction,

"d) source of information,.

»
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e) annotation,
f) economic effect,

After reproduction of the blts on printer-copier equipment
and distribution o; them to the enterprises of the economic reglon,
the first copy of it is cut and transferred on the ERA-2F to punched
cards,

In a shift one ERA~2F transfers information to 300 punched cards.,
On information materials entering the TsBTI from other TSBTI and
central branch institutes, there is placed in the fund a punched
card with a bibliographic description. ‘

‘The cost of one punched card with transferred text of information
is 1.8 kopecks,

Punched cards with transferred information are punched,
Punched cards in the receiving pocket of the P80-6 punch are filled,
and the operator punches the assigned code,

The productivity of the punch 1s 1600 punched cards per shift,
The punched cards are checked,

They are checked on the K80-6 verifier on the keyboard of which
there is a second time collected code according to a mock-up of
punching, '

Correctness of punching governs the result of subsequent
retrieval of inquired information.

The productivity of the verifier is 1600 punched cards per
shift, We do not use it completely, Information in the fund is
retrieved in such order: in accordance with the subject of the
inquiry there is composed a program for mechanized retrieval with
respect to the card file of decisions and the card file of descriptors,

/
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The sorter examines the corresponding array of'punched cards,
documents issued by it are analyzed by an engineer, and then copier-
reproducer or microfilming equipment makes copies in 2-3 min, which
are sent to the user,.

Operational Communication

For operational us€ of the latest achievements of science and
technology there are necessary not only mechanization of preparation,

. retrieval, and dellvery of information, but also its fast trans-

mission to users.

According to measures provided for by the resolution of the
Council of Ministers of the USSR from 1 August 1963 No. 843, organs
of information are obliged to organize thz obtaining and operational
transmission of information with the use of the latest instruments
and equipment of communication,

In the Upper-Volga TsBTI since March 1964 there has been teletype
communication between division SIF and DNTIP in the cities of
Yaroslavi, Vladimir, and Kostroma. There has been e-tablished

"communication with many enterprises of economic reg..ns.

At present there has been established teletype communication

~ with many republic institutes and TsBTI of many economic regions

of the country. The teletype communication permits considersbly
shortening the time it takes to obtain and deliver information,

If the time it takes to obtain informaticn (inquiry — answer)
by letter 1s 10-15 days at best, then with the help of teletype
communication it 1s shortened to 2-3 h (and in certain cases to
20-30 min). | | \

In 1965 310 references were obtained and issued by teletype.

Subsequently there 1s contemplated still wlder use of teletype
communication for the needs of information,
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Conclusion

I. The IPS developed by us is applied in practical activity |
of varied SIF during two years, ~ b -

Mechanized retrieval and delivery of infofmation‘with-tbe use
of comparatively cheap punch-card equipment considerably reduces
time necessary for retrieval of documents and facilitates the labor

of workers of the section.,
And althougﬁ'retrieval 1s carried out according to-a limited

number nf retrisval ciiteris (%-5) practically in the overwhelming
me jority of cuses we are satisfied with its results. '
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APPENDIX

TEMPOKARY INSTRUCTION ON SEPARATE QUESTIONS OF INDEXATION
BY UNIVERSAL DECIMAL CLASSIFICATION AND CODING OF
INFORMATION MATERIALS FOR MECHANIZED

» RETRIEVAL

' During coding of information materials one should observe the
following rules:

1, The basic index of Universal Decimel Clagsification disposed
in the 1lst zone should express the technological process or equipment
of which'it is a question in the information, and the part of the
index which comes after the sign of ratio (i.e., in the 3rd zone)

. determines the object of processing. |

For example: 1. Dyeing of tissues made of synthetic fivers
- 677.842:677 . 494,064,

2., Milling machine for worm cutting of straighﬁ-tooth beve
gears 621,914 ,5:621,833,22, ‘

i Only in those cases in which it is impossible to express the
technological process by the basi¢ index of Universal Decimal
. Classification is the object of production placed in the first zone,
and the process and equipment designated by determinant ,002...

For example: 1, Zapletka [no translation found] of cables in
production of truck-cranes 621,86,065,3,002,72,
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2. If the contents of the information can be ekpressed only
with the use of two signs of ratlo, one should glve dipole cards
(the first idea with respect to the second and the first idea with
respect to the third). For example: "Sharpening" of a drill with
an artificial diamond 621,923.6:621,951.4:666,.233,

code: 1) 621,923.6%1621.951.4......6

2) 621,923.61666.233......6

3. In a number of cases very important technical ideas on
Universal Decimal Classification can be expressed only through a

determinant of type .0,
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QUESTIONS OF DEVELOPMENT OF AN INFORMATION-RETRIEVAL
SYSTEM FOR AUTOMATED CONTROL OF THE WORK OF A
NAVAL FLEET OF STEAM NAVIGATION

A, N, Kiselev and I. A. Mikhaylova

Further improvement o7 the control system of a naval fleet of
steam navigation is poss%yle only on the basis of introduction of
mathematical methods and means of computer technology and a way of
gradual transition to a system of automated control (SAU). Such
a system can take over the following basic functions:

a) automated'collection, tr:atment and storage of information
about state of transport process;

b) sizing up of the situation put together in the transport
process and development of recommercations on its regulation;

¢) machine preparation of initial data and solution of concrete
problems of control of the work of the fleet;

d) preparation and delivery of answefs to inquiries of management
apparatus and reports on set forms, etc,

Naturally, the SAU willl be created in several stages, distin-

guished by a circle of solved problems, degree of automation input
and data processing, structure of controls, etc,
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The material of the present report is part of large overall
research in information provision of SAU. This complex also
establishes the composition of information participating in solution
of the problems of control of the work of the fleet; its standardiza-
tion and unification, development of extramachine and intramachine
languages and forms of presentation of information, organization
of transmission of information on different communication channels,
development of founded requirements for composition of technical
means, and provision of the necessary sequence and continuity of
treatment and transmission of information,

The information-retrieval system (IPS) for automated control
of the work of the fleet is developed in the following'sequence:

1., Analysis of the complex of problems of control, their
Information communications, and pecullarities of solution,

2. Foundation of SAU in the form of an IPS variant.
Peculiarities caused by assignment and conditions of work of the
system, /

3. Development of a system of inquiries and IPS (composition
of current forms, inquiries of management apparatus, preparation of
initial data for solution of concrete problems of control).

4, Classification of objects and their characteristics.
Determination of composition and volume of arrays of information

(information tables).

5. Development of principles of organization of storage and
restoration of information,

6. Development of method of distribution of information in
memory unit (ZU).

7. Development of algorithms and programs of input and
restoration of information,
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8. Development of algorithms and programs of preparation of
initial data of solution of problems of control of the work of the

9. Development of algorithms and programs of answers to
inquiries,

‘The economicomathematical model of the system of automated
control of the work of a fleet of steam navigation has more than
80 different problems, whiéh can be conditionally divided into
three basic groups. '

The first group includes annual and quarteriy planning of work
of fleet, loading of ports and ship repailr, composition of the
optimum diagram of travel and arrangement of vessels by lines and
directions, etec,

The second group consists of problem of operational planning
and regulation of the work of the fleet, development of a monthly
work schedule of vessels, scheduled assignment to a concrete vessel,
appraisal of the dally situation and submitting recommendations on

. readdressing of vessels, etc,

7
In the third group there are problems of operational and

. statistical calculatlion and analysis of the work of the fleet.

For solution of a large complex of problems on control of the
work of the fleet it is necessary to process and store in EVIsM a
large volume of information: plans of works, data about the current
state of the transpert process, position of vessels, state of ports,
presence of cargoes, technical characteristics of vessels and ports,
tariffs on transport, norm of treatment of véssels in ports, data
about completed trips, etec.

Analysls of information participating in the solution of the

complex of problems of autcmation of control of the work of the
fleet bears witness to their large information communication. 1In a
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majority of problems the same initigl intermediate data are used,

and the results of one problem are source data for solution of other
problems, etc., Thus, for example, in problems of composition of

a chart of work of vessels, scheduled assignment, composition of a
cargo plan, and readdressing of vessels there participate such data
as load capacity, load-carrying capacity, speed of movement of vessel,
distance between ports, tariffs on transport of cargoes, etc.

Experience in solving individual problems shows that manual
preparation of initial daté for solution of problems of control,
their retrieval in documents, distribution in a definite sequence,
punching and input takes 90-95% of the time spent solving the
problem,

. Part of the problems intended for daily solution, have limita-
tion with respect to time of solution, The first of these is the
problem of regulation of the work of the fluat, which must be solved
in a few hours, Furthermere, daily there will be solved the problem
of composltion of scheduled assignment for vessels finishing a trip,
composition of a cargo plan of vessels before loading, delivery of
data on operational account, and delivery of reference data on the
- state of transport process in different aspects. Manual preparation
of initial data for solution of these problems requires large
expenditures of working time of technical personnel and loads
- auxiliary equipmeyt. '

The bi:gest effect in this case can be obtainedvif the system
of information is formed taking into account interaction of problems
of information flows.,

During the analysis of the céﬁplex of problems of control,
besides the establishing of information links between them and the
conditions of their solution, there is determined tne composition
of the necessary information. For every element of information
(index) there are indicated corresponding characteristics (unit,
accuracy of measurement, maximum value, periodicity of changes,
ete.).
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Storage of informatlon and its distribution in the memory
units of the computer can be organized in two ways.

In the first case immediately after input special arrays are
formed each of which is useful for solutlon of a certain problem.
Creaticn of such arrays is acceptable if the compiex of problems is
known in advance and small, If the complex of problems is large,
there will be a greater number of arrays, where the same data can
appear in a number of arrays, which creates certain difficulties.

At present certaln problems use small volume of data and are solved
for a concrete group of vessels or individual vessels, for example,
the problem of composition of scheduled assignment and the composition
of the cargo plan of the vessel, Big steamship companies unite
hundreds of vessels; therefore, the composition of arrays of informa-
tion for every problem and in reference to concrete vessels and

ports 1s bulky and irrational,

A second, more rational method is presentation of SAU in the
~form of an information-retrieval system and organlzation of informa-
tion 1n the form of information tables.

During foundation of SAU in the form of an information-retrieval
system there were used theoretical developments of N, A. Krinitskily,
0. A. Abramov, and others [1l, 2, 3].

Informationlsyétems describe the state of certain objects in
thelr interconnection. An information system is a set of sources
and a depository of information, a collection of algorithms of
selection of infdrmétiéh, and an information-carrying system,

An information control sygtemlbf a fleet can be considered a
particular case of automated systems possessing a number of specific
properties governed by the purpose and conditions of its work. The
system of information provislon of SAU possesses criterla of a
dynamic information-retrieval system:

1) restoration of information about the state of objects
participating in the transport process and conditions of shipments;
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2) distribution of information according to a definite law;

3) preparation of initial data for solution of problems of
control;

4) composition of answers to inquiries,

The first baslc peculiarity of this IPS 1is limited composition
of information elsments in it., The main elements of the transport
process are vessels, ports,.and loads. Knowing the perspective of
development of the fleet, it is possible to count the assigned number
of vessels of steam navigation in a certain interval of time, for

~example, a year, The composition of world ports changes more and
more rarely, The product-list of transported cargoes also changes
rarely.

A maJority of inquiries to the Information system are known
beforehand .and can be rigidly programmed. The obtaining of an
answer -1s the delivery of information according to a standard program.
There is no need in this case to translate the inquiry from input
language into information language since information at the Input
-to the system will be basically presented in standardized language.
Information should be issued in convenient human-readable form,
for example, in standardized Russian,

The information-retrieval sysiem will conduct a calculation of
the work of the fleet, hoth operational and statistiéal, practically
without documentation, having freed management from unnecessary
tiresome work on data processing and composition of various reports
and references,
| - -/ _

Therefore, an important question during development of IPS 1is
analysis of the work of management apparatus of steam navigation
and problems of control and investigation of inquiries.

To such inguiries there can be referred delivery of information
about the position of vessels of steam navigation at a definite
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moment of time, the presence of vessels in a certain region, daily
or monthly transported loads, fulfillment of the scheduled assign-
ment by a vessel, the bﬁhget of time of vessels in a calendar cut,

ete.

Every object of the control system can be described by a set
of characteristics Xl’ X2, .o Xm' Moreover in the information
system there are stored concrete values of these characteristics,
The characteristics of an obJect are not only numerical values of
any parameter of the object; but also other data detérmining the
participation of this element in the transport process, In this
case the concrete value of characteristics can be represented not
only by a numerical value, but can also have the form of a certain
alphabetical equivalent, word or even word combination., Information
about the objects of the system is in the form of information
tables. ObJjects are unified into information tables, taking into
account convenience of retrieval of data during solution of a

problem,

Information systems are created for production of information
about a certain set of objects M. Every object should be assigned

-a list of propertles, A set of M objects 1s divided into several

nonintersecting classes, Every class can also be split into sub-
classes, sub-subclagses, etc,

ObJects of every class and their descriptions are simultaneously
numbered in such a way that objects of zero rank are numbered first
(lowest degree of classification), then of the first rank, etc,

- In our case we are dealing with a small number of types of
objects (vessels, ports, cargoes, ‘clientele, adjacent forms of

transport, etc.).
One of the labor-censuming problems in this plan is classifi-

cation of objects (elements) of the information system and also the
establishing of characteristics of objects and their classification.
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Objects and characteristics must be classifled proceedlng from
conveniences of solution of problems, and retrieval of necessary
information, The set zontaining the greatest number of characteris-
tics 1s the set of information about vessels, Vessels, which will
be processed by the ports of a gilven sfeamship company, i.e., enter
the sphere of its'Eontrol, will be both domestic and foreign. In
turn, every grcup is divided into cargo, cargo-passcnger, and
passenger vessels, Every class 1s divided into smaller subclasses.
The snallest unit of classification 1s a group qf vessels of a
definite type, for example, of the type "Poltava," "Krasnograd,"
etc,, having many ildentical characteristics, These types take into
consideration design features and adjustablility to transport of
definite cargoes, Every vessel in the zero class should possess
a certain formal criterion (index), which takes this classification
into conslderation. Many of the problems of operational regulation
of the work of the fleet are solved for interchangeable hawsers
and vessels, Therefore, in the process of solving a problem from
the formal criterion (index) the machine should determine what
vessels can be used in every concrete case, ‘

The second important group of obJects and a rather large one
- is ports., In this group there are all ports, in which the vessels
of a given basin are processed: domestic ports of the given basin
and other basins, and also foreign ports. Every group of ports is
- distinguished by composition of necessary information,

If classification of vessels and ports is rather simple, then
classification of other objects and sources of information of the
system and formalization of their characteristics have difficulties.
This pertains especially to loads, For this purpose it is necessary

"to develop anew a single product-iist of cargoes, which 1s needed
because at present different product-lists exist: one for determina-
tion of tariffs on transport of cargoes in export-import and
cabotage, others for standardization of loading and unloading of
works, and still others for capture of cargo collection. All these
product,~lists have noncoincident'desigﬁatiohs of cargoes, and to
store in the machfne all product-lists 1s inexpedient., Therefore,
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a new product-list of cargoes should consider in the form of a
characteristic all necessary indices.

Every informatiog table consists of thrée parts:
cap.of obJects;

cap of.characteristics,

table of values, /

The principle of composition of an information table is well-
known [3]. In the beginning designations of all objects of class M
are recorded and numbered, Then there are recorded cesignations
of all characteristics (criteria; describing the state of the objects
of the given class in a certain séquence (a procession of criteria
is composed), and they are numbered,

In the first line of the information table criteria are recorded
in the order of their numbers. In the second line there are recorded
under every designation the values of the given characteristic
-velonging to object No. 1., In the third line there are placed
characterisﬁics for object No, 2, etec,

The cap of objects 1is a vertical cap since every assignment of
the object corresponds to a line of information table. The cap of
characteristics is horizontal because every assignmeni of charac-
teristic corresponds to its concrete value for every object,

LIn caps of objects, besides ideas expressing the name of concrete
obJects or thelr coded equivalent,'there are given links of entry of
classes of some ideas into classes of other 1ldeas.

It 1s necessaxry to note that characteristics can also be
classified, l.e,, characteristics can also be divided Into classes,
subclasses, etc., by ranks, For'exampie, such a characteristic of
a vessel of the first rank as "coordinate" is divided into two
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characteristics of zero rank — "latitude" and "longitude." Therefore,
in caps of characteristics also, besides the name of characteristics,
there are given links of entry of characteristics of junior ranks

into classes of senicr ranks and their links with the matrix. This

is done for convenience of retrieval and delivery of a reference.
During retrieval of information there should be assigned the rank

of the ldea of the object or characteristics by which the necessary
values are selected.

In one information table one should place data about objects
the majority of the characterictics of which have identicel names,
and there must alsd be considered the convenience of retrieval of
information for solution of problems, Thus, for example, it is
expedient to have separate information tables for oil, passenger,
and dry cargo fleets,

The information table for cargo vessels of the dry cargo fleet
includes technical characteristics of vessels (carrying capacity,
load=-carrying capacity, speed of movement, type of engine, number
of holds, hatches, etc,), normative data (norms of consumption
of water, fuel on water and on stand, primecost of vessel, norm of
- consumption of currency, etc.), plan of work of vessel in current
trip (scheduled assignment), location of vessel and form of fulfilled
cperation by last operational data, fulfillment of scheduled essign-
" ment, data about fnlfillment of preceding trips (time of trip,
designation and quantity of transported load, material and financial
consumptions, sum of prize, etc.,). The vertical cap'of this table
is of the third rank and contains around five hundred designations
of characteristics, The volume of the horizontal cap depends on
the number of vessels of steam navigation and can also contain more
than one hundred designations.

There may also be cases 1n which retrieval detects not one of
the ideas of the object or characteristic, In thils case there are
generated special criteria equivalent to the expressions "there is
no assigned idea in the cap,” "there are rio ideas of zero rank
subordinated to the assigned idea in the car." If for description
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of a certain object a certain characteristic is useless, the criterion
"does not have meaning" is introduced, which is placed on the place

of concrete value of the characteristic., Furthermore, there is
introduced the official criterion "there is no information," which

is used if information about the value of the given characteristic

for any reason did not enter the information system,

Thus, the information system is in the form of information
tables. The finding of the concrete value of a characteristic is
determined by the information retrieval algorithm for which there
must be assigned certain initial data: number of information table,
number of line of information table (name of object) and kind of
concrete characteristic of object corresponding to mame (number of
column).

/ .

Algorithms of solutlion of concrete problems developed at present
do not provide for machine preparation of initial data and, therefore,
require large expenditures. During sutomation of control of the
transport process 1t is necessary to liberate maintenance personnel
from labor-consuming work on data processing. Subsequent organiza-
tion of solution of the problem in a system of information provision
is possible,

lgorithms of solution of problems of control of the transport
process will be developed beforehand, and programs of thelr solution
will be presented in the form of & library of standard subroutines,

The solution qf every problem is divided into two stages:
i — preparation of initial datg;
- splution of the problem according to obtalned data.
Therefore, programs of preparation of initial data‘have to be
separated into a definlte group of problems. In each program of

preparation of initial data there participate information-retrieval
algorithms which depend on the organization of the information

depository.
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For simplification of distribution of information about the
transport process a certain assumption is made in our case: let us
keep in mind that the number of system elements is constant, Further-
more, let us take into consideration that the number of characteristics
necessary for description of the properties of every object is also
known,

Knowing the limits of change of the contents of the characteris-
tics, it 1s possible to establish the volume of information which will
describe the state of the system in a certain interval of time,

An important question of investigation is development of a
method (language)‘%f presentation of information inside the machine,
ideas of caps of objects, and characteristics and their values,
Closely connected with thils 1s construction of classificational
links between objects and characteristics and also application of
methods of distribution of information in memory units,

The main part of the information will be stored on magnetic
tape in linear form, In this sense the information tablie should be
placed line by line or column by column, In our case it 1s expedient
. to place information line by line, forming separate arrays for every
object,

To ensure compact recording of information in memory there are
used several special procedures, The simplest 1s the position
principle of distribution, In this case for every object there 1is
assigned a strictly defined volume of memory for storage of informa-
tion about it. In the process of work there will be changed the
contents of cells stoiing variable information, and the character
of information and cells assigned for their storage remain constant.
Under the value of the characteristic there is assigned a constant
number of binary digits corresponding to its maximum value.

The main drawback of such a methed is uneconomic use of memory

when there are many empty values of characteristics. Other methods
of information consider nonzero values of characteristics, which are
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recorded sequentially one after the other, Upon the finding of
Informatlon there are used various kinds of logical scales, which
are at the beginning of the array of characteristics for a certain
object, These scales consider the presence of characteristics and
their dimension,

Selection of a method of distribution of information tables can
be solved after their construction and solution of the problem of
presentation of information,

Quectlons of development of methods of date processing are
not less complicated, For purposes of transmission and processing,
economic information, as a rule, is grouped in reports., At present
there have been developed basic principles of processing of data on
control of naval transport, As a basls of developed algorithms
there 1s assumed the principle of clear separation of algorithms
of accumulation of information from algorithms of delivery,

Algorithms of accumulation of information are algorithms of
input and restoration of/information, and algorithms of delivery zre
algorithms of obtalning answers to inquiries and preparation of
- initial data for solution of individual problems, A method of
construction of algorithms and programs of processing of operational
information about the work of the naval fleet has been developed
by Tseytin, the senior scientific colleague of the A. A. Zhdanov
Leningrad State University. As a basis of algorithms of data
processing there is assumed treatment of separate eiémentary reports
containing one or more characteristics of objects,

The first variant of IPS for automated control of the work of
a fleet will be created on the basis of the Experimental Computer
Center of the Naval Fleet in Baltic Steam Navigation,
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EXPERIMENTAL INVESTIGATIONS OF COMPARATIVE EFFECTIVENESS
OF MANUAL AND MECHANIZED IPS IN THE N, K. KRUPSKAYA
LENINGRAD STATE INSTITUTE OF CULTURE

A. V, Sckolov, D. I. Byumenau, R. F. Grinina,
and A, M, Sorkin

The present work deals generally with the problems, method,
and results of three interconnected experiments conducted in
1964-1966 in N. K. Krupskaya Leningrad State Institute (IGIK) under
the general names of "Lastochka," "Estafeta,"
Experiments were prepared and conducted by a 10-man initiative
group. The practical target of invastigations consisted 1n obtaining
initial data for determination of rational fields of application
of manual and mechanized information retrieval,

and "Ruduga."

A. Problems of Experiment

Effectiveness is a relative concept. The conclusion that an
IPS is more effective can be made only on the basis of its comparison
with other IPS. In LGIK experiments manual card files were compared
to mechanized IPS of the descriptor type., Effectiveness of IPS
was estimated according to the following indices, determining both
the final useful effect and the expenditures, made for its
achievement:

1. The quallty of work determined by information losses and
information noise, '
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2. lLabor-input of creation,
3. High speed operation,

The main criterion of effectiveness was considered to be
information losses and the main attention was pald to exposure of
regularities affecting this index, Experiments were conducted on
the basis of three different collectlions of documents on library
matter and scientific information with the use of both inquiries
formulated by the experimenters themselves, and inguiries assigned
by information users.,

Manual IPS were investigated in two directions:

a) appraisal of subject and systematic catalogslaccepted in
library and information practice, called "traditional IPS" from
now on;

b) exposure of promising ways of departure from traditional
practice within the bounds of manual retrieval.

Descriptor IPS participating in experiments were created in
accordance with rules generalized in [1] and can be considered by
typical representatives of the given class of IPS. Descriptor
language was represented in the form of a thesaurus on library matter
and scientific information developed at the N, K. Krupskaya LGIK.

Appraisal of effectiveness of traditional IPS as compared to
descriptor systems is the purpose of the works "Lastochka" and
"Estafeta." Analysis of catalogs and card files existing in informa-
tion services and libraries permiﬁﬁed to set that the following
peculiarities are inherent to them as IPS:

1. As an IPYa there comes forward an a priori assigned

iTn this work we do not distinguish between the terms "card
file" and "catalog."
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hierarchical diagram of classification (for systematic catalogs) or
empirical list of subJect heading with cross rcferences (for subject
catalogs).

2., There is used a criterion of semantic conformity "on
inclusion," according to which in delivery there are included
documents carrying indices equal or subordinated with respect to the
indices of the retrieval pattern of the inquiry.

3;A A document yields'an average of 1-2 independent indices
and, accordingly, the norm of duplication is not more than 1.5
cards per document,

4, Realization in the form of a manual-retrieval card file,

Traditional card flles for LGIK experiments were developed by
several bilbliographers with a good knowledge of accepted library
practice, Their problem was to create bibliographical card filles
satisfying contemporary requirements for such card files, There
were no limitations on the finishing of avallable classifications,
depth and detalledness of indexing and degree of duplicating of
. cards, Bibliographers worked independently of each other, It is
significant that card files obtained as a result corresponded to
the above-formulated "traditional norm," which once again confirmed
. the Jjustice of these norms,

Table 1 gives the conditions of carrying out the experiments
"Lastochka" and "Estafeta" and the obtained results, As can be
seen from the table, the difference in indices of information
losses of traditional cayd files and descriptor IPS clearly exceeds
the bounds of possible inaccuracy ‘of experiment, therefore a con-
clusion can be drawn concerning the superiority of typical descriptor
IPS over typical traditional card files in the sense of the quality
of retrieval. This conclusion is important in itself, but is still
Insufficlent for determination of rational fields of application of
manual and mechanized retrleval technology, There remained open
the question of the possibility of improvement of manual IPS b& way
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H . [} é
Subject catelog (untreditional) * 3,7 : 149; 2 85164
., Descriptor IPS - ; ‘ 7.0; 0 85,0190

of deviation from certain "traditional norms." To determine ways

of increasing the quallty of work of traditional IPS we will analyze
- sources of information losses and information nolse inherent to
them and ways of removing them:

1. Apriority of classification diagrams utilized for con-
struction of systematic catalogs. Preassigned classifications are
in no way oriented to the avallable file of documenté; ideas and
links essentlal for description of the documents of a given file
are always absent in them, For the purpose of compensation of
apriority of classification diagrams there is practiced their
finishing in the process of exploitation. As a result the a priori
assigned dlagram approaches a classification diagram developed
empirically, procegging from subjects of given array, and
theoretically in limit should merge with it. During the carrying
out of the experiment 1t is possible to exclude the influence of
apriority by way of use of empirically'composed classification,
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2. Insufficient depth and detailedness of indexing, due to
which the information contents of the document are not completely
reflected in the retrieval pattern of the Inquiry. The traditicnal
method, as shown above, establishes a norm of duplicating not
more than 1.5 cards per document, thereby limiting the possibilities
of indexing. In principle this limitation can be removed without
changing the specific character of the systen,

3. The linearity of indices of manual catalogs manifested in
the fact that heuristic functions are inherent to only the left
part of the complicated index; nevertheless, the remaining com-
ponents (in particular, model subheadings and determinants) do not
fulfill heuristic functions. Removal of linearity of indices
within the limits of manual card files is possible by way of dupli-
cating of cards, introducing as many cards per document as there are
elements in the retrievel pattern of the document.

Possitility of decreasing information losses within the bounds
of manual IPS are covered by "Raduga." The task of "Raduga" was to
construct manual-retrieval card files in which the above-mentioned
sources of information losses are removed. The problem of "Raduga"
" corresponding to the second direction of investigations of manual
IPS was formulated in the following way: whether there exist
objective causes preventing the obtaining of identical completeness
- of delivery of information in manual card files and in model
descriptor IPS during equal conditions of processing -and retrieval
cf documents? In order to check the authenticity of estimated data
obtained in "Lastochka" and "Estafeta" the "Raduga" program provided
for the creation of traditional subject and systematic catalogs.

A traditional systematlc catalog was organized according to new
Soviet Library-Bibliographic Classification (BEK).

In contrast to preceding experiments, where IPS were constructed
independently of each other, in the case of "Raduga" it was required
to provide coordination of untraditional manual card files with
descriptor IPS contrasted to it in order to exclude the influence
of subJectivity of operators of these systems, Such a measure is
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necessary, inasmuch as any IPS belongs to the class of "man-machine"
systems and, therefore, the effectiveness of its fulfillment of
functions depends both on the objective possibillitles of the IPS

as a machine and the subjective qualities of the'person of the
operator working with it., If one does not provide for measures

for exception or, in the extreme case, equalizing of the influence
of subjective factors, then the study of objective characteristics
of the system becomes impossible. In the "Raduga" experiment the
following measures were taken to compensate for subjectivity:

a) information-retrieval languages were equalized with respect
to semantic force;?

b) description of information contents of documents (indexing)
was carried out with an identical degree of depth and detailedness;

c) programs of information retrieval on inquiries were
coordinated;

d) retrievdl results were evaluated on the basis of single
criteria. '

In order to satisfy the i st condition, for an untraditional
systematic catalog there was developed & Special Decimal Classifi-
cation (SDK) of literature on ° 'brary science, bibliography, and
scientific information, The SpI was constructed according to the
type of traditional "enumerating" diagrams: structurally it presents
a single hierarchical "tree" of ideas, there is applied decimal-
notation and a scanned system of model divisions (determinants) and
provision is made for the possibility of formation of complicated
indices with the help of "colon" and "plus" signs. A peculiarity
of SDK 1is that its glossary matches the glossary of an empirically

lSemantic force means the possibility of describing phenomena
by means of a given language. . Semantic force determines possible
depth and detalledness of indexing,
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compiled thesaurus., Therefore, one may assume that SDK is an
empirically created classification; Comparing SDK with an a priori
assigned BBK, 1t is impossible not to note the considerably great
complexlty of SDK tables. Into SDK there went 1109 different indices,
whereas in the BBK card file only 482 were used, The problem of
equalizing the semantic force of the descriptor language and the
language of subject headings was solved in the process of formulation
of subject headings by way of coordination of them with the retrieval
pattern of the document in descriptor language. The subjJect headings
of the untraditional catalbg included frequently three or more sub-
headings, whereas, in the traditional subject catalog the structure
of the headings was much simpler (as a rule, title and subtitle).

For compensétion of subjectiviiy of indexers in untraditional
IPS and in descriptor 4PS there was carried out standardization of
the retrieval ﬁattern of the document., Standardization consisted
in the fact that the retrieval patterns of documents composed in
various IRYa\included"the same ldea., Thus, there was ensured identical
depth .and détailedness of indexing. Standardization does not ensure
absolutely correct indexing (this is practically impossible); the
purpose of standardization is to provide an ldentical level of errors
. and inaccuracies in all untraditional IPS.

On every,indeﬁendent SDK 1index, besides determinants, there
was given g sepgrate card in the card file. 1In exactly the same
way on every significant word of e subject heading, with the
exceptlion of model subheadings, corresponding to SDK'determinants,
an additional card is started. As a result, as Table 1 shows, the
degree of duplication in untraditional catalogs considerably exceeded
the usual library norms. In descriptor IPS there were used during
indexing an average of 5.65 descriptors per document,

To get rid of subjectivity in understanding inquiries and com-
posing the retrieval program the retrieval patterns of inquiries of
untraditional manual card files and the descriptor system were
intercoordinated in such a way as to achleve standardization of the
retrieval pattern of the inquiry in exactly the same way as standardi-
zation of the retrieval'pattern of the document was provided,
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The relevance of documents was evaluated by a competent
commission on the basis of single principles shown below, To
eliminate tendentiousness in evaluation of relevance, experiments
were organized in such a way that members of the commission did not
know what document was issued by one system or another,

Thanks to the above-described measures there were excluded two
sources of losses in traditional IPS: apriority of classification
diagram and insufficient depth of indexing. Partially there was
compensated also 1inearity.of indexation of manual systems. It is
true that compensation of linearity was not complete since heuristic
functions were nop given to SDK determinants and model subject sub-
headings. Calculation showed that if this was done, then the volume
of untraditional catalogs would be increased 2-3 more times, and the
degfee of duplication would reach 6-7 cards per document,

B. Method of Experimenting

During the carrying out of experimental. IPS investigations
wide propagation was obtained by the method accepted during realization
of the Cranfield project [2]. By this method every inquiry
- participating in the experiment is formulated on the basis of a
document-~source arbitrarily selected from the file in such a way
that the document-source completely answers it. The number of the
document-source is reported together with the inquiry to the person
doing the retrieving. Retrieval cn the inquiry continues until the
IPS gives out the document-source or permissible retiieval variants
are exhausted., In the first case retrieval is considered successful,
and in the second unsuccessful. The total percentage of unsuccessful
retrievals determines information losses.

The advantages of the Cranfield method are simplicity and
convenience of experimentation. In the opinion of the authors of
the project, the method proposed by them permits excluding the
complicated question of evaluation of relevance of documents to the
tiven ingquiry, since the number of the document-source is known
beforehand, At the same time there are doubts with respect to the
reliability of this method [3, 4, 5]:
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1, It is possible to assume that the probability of non-
issuance of a document-source depends on information losses inherent
to IPS, but this assumption requires proof.

2. Inasmuch as every inquiry corresponds to a document-socurce
the connection of which with the inquiry is not stipulated by the
method, instead of the problem of relevance between the inquiry and
documents as a result of retrieval there apnears the problem of
relevance between the document-source and the inquiry made on the
basis of it. For strict carrying out of the experiment it is
necessary to formulate a clear criterion of conformity between the
contents of the document-source and the inquiry. To do this is as
difficult as to stipulate the conditions of relevance of a random
document to a gilven inquiry. Thus, despite affirmation of the
authors, the Cranfield method does not exclude the problem of

7/
relevance,

3. The impossibility of use of "real" inquiries of users is in
no way connected with experimental collection of documents.

4, The Cranfield method does not permit calculating IPS
. information noise, '

In the N. K. Krupskaya LGIK there was developed a more exact,

- in our opinion, and more complicated method of experimentation intended
for comparative Investigations of two or more IPS. According to the
ILGIK method, informgtion losses and information noise for n inquiries
are calculated by direct means by formulas (1) and (2):

T a S =8
L-,.Z —5—-100%, - (1)
pa k5 PSS 00y, (2)

where L 1s information loss; N is information noise; Sz is the total .
i

nuroer of relevant documents in an array for the 1-th inquiry; Si is
the issued number of relevant documents for the i-th inquiry; and
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Pi is the total number of documents issued in answer to the i-ti
inquiry. ’

The problem of relevance is solved on the basis of the following
considerations. Among documents issued by an IPS in answer to an
inquiry there are always documents which can be confidently recognized
as relevant or, conversely, irrelevant to a given inquiry. Authen-
ticity of determination sharply increases if it is carried out
jointly. by a special commission. Uncertainty in judgement of
relevances spreads only to a certain, as a rule, small number of
documents., By way of these documents there is created inaccuracy
of experiment, but the possibility of realizing the experiment 1is
not negated by the presence of "indefinite" documents. Practice
showed that during the joint method of determination of relevance
the shown "uncertainty" 1is successfully solved. In the LGIK there
have been established the following leading rules for the evaluation
of the relevance og documents to an inquiry:

1, Relevance must be evaluated on the basis of the source
used during indexing. If indexing is carried out according to
annotation or abstract, then accessing the primary source or con-
© Jecturing its contents is not allowed.

2. Relevance is determined irrespectively of the reader's
assignment of the document (theoretical article, patent, popular
work), i1f the reader's assignment is not stipulated in the request.

3, If the doqument concerns a less general 1dea than the idea
assigned in the inquiry, then the document is considered relevant;
if, however, a more general idea appears in the document, then it
ls not recognized as relevant, '

The described method can determine Si for every inquiry and

every IPS. As SZ is the total useful delivery of all IPS. Such
i
an assumption is based on the fact that delivery of systems, as

practice shows, is additional one to another, i.e., relevant
documents not issued by one system are issued by another, and

»
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vice versa. The more systems participate in the experiment, the
nearer sum Si apprcaches the hypothetical value of Sz appearing
b

in formula (1). It must be borne in mind that an absolutely sccurate
determination of information losses is not necessary to ccme to a
conclusion about the superiority of one IPS over another; it is

enough to be convinced that one IPS issues a greater number of .
relevant documents than another, i.e., to obtain the difference
value of infcrmation losses of investigated IPS. .

The ILGIK method has, in our opinion, the following merits:

a) direct calculation of information losses and information
noise increases authenticity of obtained results;

b) the possibility of using "real" inquiries of users;
¢) the possibility of calculating information noise,
The deficlencles of the method are the necessity of the

participation in the experiment of a minimum of two IPS; and the
relative accuracy of determination of Sz .
i

C. Results of Experiments and Conclusions

Table 1 gives actual data of LGIK experiments. Values of
indices of effectiveness of traditional IPS obtained in different
experiments closely match, 1in spite of the fact that in every
experiment these IPS were composed by different specialists on the
baslis of different literature bases and different sets of inquiries
.were used, Consequently, these indices are of an objective nature
and do not depend on the subjectivity of the operator or the
conditions of the experiment., In particular, it 1s possible to
deduce the following mean information losses and labor consumption
of input of one document in traditional and descriptor IPS
(Table 2). : ’
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Table 2.

IPS Inforﬁa- Informa- Input time
tion tion of document,
losses, . [ noise, min

Systematic catalogs

(traditional) 53 60 2.26
Subject catalogs

(traditional 55 21 2,0
Descriptor IPS 12 21 9,21

Table 2 data show that the quality of work and labor consumption
of creating traditional systematic and subject catalogs are on one
level, Information losses in typical traditional catalogs are 40%
higher than in typical descriptor IPS, but the time spent processing
documents in the first is four times less, Thus, the first problem
of the experiments (evaluation of the effectiveness of traditional
retrieval technology) can be considered carried out,

In order to answer the question of whether there are objective

" causes preventing the obtaining of an identical level of information

losses in manual card files and descriptor IPS (the second problem
of investigation), let us analyze the causes of appearance losses

" in untraditional catalogs of the "Raduga" experiment (second stage).

The experiment showed that in these catalogs there are differences

in losses of information from descriptor IPS, in spite of steps

taken to compensate for the subjectivity of operators of these

IPS. The following sources of information losses were exposed

(Table 3).

Technical errors were headpiece of cards or their omission
during retrieval, incorrect writing of index on card, absence of
index entering standard retrieval pattern, and incorrect puncture
or error during readout cf punched cards.
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Table 3.

Information losses, %
Sources of losses SDK subject cata-| descrip-
log {untradi-| tor IPS
tional)
Technical errors 11.9 1.2 3.9
Subjectivity of indexingl 2.8 2.7 2.8
IPYa defects . 4.3 2.1 0.3
Linearity of indices 20,2 8.9 —
All 39.2 14.9 7.0

. Subjective errors of indexing were defects of the standard
retrieval pattern (insufficient depth or detailedness of indexing).
IPYa defects consisted in absence of basic links between IPYa elements
useful for retrieval, Losses due to linearity of indices of manual
IPS are caused by the impossibility of retrievel) agcording to model
subheadings and determinants, since these language elements did not
give heuristic functions.

It is obvious that there will always be technical errors in
systems of the "man-machine" type including a person as one of the
sections, 1In exactly %he‘same way there are removed errors
connected with the subﬁectivity of indexers, although thanks to
standardization of retrYeval patterns these errors can be brought
to one level., The inevitability of the presence of the two sources
of information losses shown proves the imposs.bility of practical
conétruction of real IPS having zero information losses. -

- With the specific character of IPS there are connected losses
caused by IPYa defects and linearity of indices. In descrintor IP3
the infiuence of the first source of information losses is insignifi.-
cant, and the second source 1s absent. Tnasmuch as basic links
were established by IPS operators on the basis of erudition and
intuitlon, then omissions and errors in exposing them are inevitable
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in any iPS. But the specific character of the language of manual
systems 1s that.in them the probability of appearance of defects 1is
greater than in descriptor IPS. With increase of depth and
detailedness of indexing there is quickly complicated the structure
of the hierarchical diagram of classification and the dictionary of
subject headings, At the same time achievement of such quality of
indexing in descriptor IPS does not require much complication of the
thesaurus, thanks to the fact that every word of descriptor language
possesses heuristic functions, It is not difficult to see that
"simplicity" of descriptor language is the result of the basic
distinctive peculiarity of systems of coordinate indexing — the
possibility of retrieving according to any IPYa elements and their
combinations. Manual means of realization do not allow such a
possibility., Thus, in the case of manual IPS there is obtained

8 closed circle: to decrease losses of information it is necessary
to increase depth and detailedness of indexing, which cannot be done
without development of complicated IPYa possessing great semantic
force, In turn, IPYa complication inevitably leads to errors and
omissions during its creation and use, which involves information
loss.

Linearity of Iindexation in manual catalogs, as shown above,
can be completely excluded by way of increasing degree of duplicating
of cards. In the "Raduga" exp'::iment we refused formation of
independent indices on the base of determinants of classification
and model subheading since this would contradict the main purpose
of these elements — to serve as auxiliary means for more accurately
defining of basic Endices IPYa, But in principle such measure is
not excluded,

Returning to the main questién posed in the "Raduga" experiment
we can ascertain that there were not revealed theoretically
irremovable obstacles to bringing the level of information losses
in manual card files to the level of information losses in descriptor
IPS if initial data are equal, However, practical achievement of
this level 1is haugered by increasing complication of manual systems,
In systematic catalogs a practically irremovable source of information
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losses is apriority of classification since introduction of empirical

diagrams apparently is impossible,

Conclusions

l. It is practically impossible to construct bibliographic
IPS possessing an "ideal" quality of work, i.e., zero information

losses,

2. Traditional IPS hﬁving comparatively simple IPYa structure
and using small depth and detailedness of indexing independently
of the principle of organization of the card file — subject or
systematic ~ have approximately 40% higher iuformation losses than
model descriptor IPS.

3. The tendency to compensate sources of information losses
of traditional IPS within the bounds of manual retrieval leads to
increase in the volume of card files and the labor consumption of
their creation and to considerable complication of IPYa structure,
which 1s a potential source of information losses.

4, Desecriptor IPS in principle must provide a minimum level
of information losses but realization of such systems takes much
more work than realization of manual IPS.

Actual data obtained by us cen be uscd in further investigations
aimed at determining the rational fields of application of various
IPS. 1In this we sez the basic meaning of experiments conducted
at the N. K. Krupskayﬁklle.
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INFORMATION RETRIEVAL SYSTEMS
R. <. Trukhayev and V. V. Khomenyuk

A description of an information retrieval system, its functional
stages and structure is given.

1. Information'retrieval systems are one of the means and '
component parts of an organ for making a decision (by which 1s under-
stood a group of people, one person, a technical device or a complex
of technical devices, etc.) during the study and explanation of the
. character of functioning of different objects (processes, phenomena
and others) for the purpose of output of a solution on control of
this object, and also for the purpose of accounting for the possible
. Influences from the side of this object (in case it actively or
passively counteracts).

Functlioning of an obJect is examined as a seduence of transitions
(in time) of an object from one position x in n-dimensional metric
space into another possible position y € R.

Two basic types of information retrieval probléms are possible
(according to the character of the goal searched)'depending on what
is required: to separate an object with certain criteria from a
great number of analogous obJects or to determine the state of the
object from a certain large number G of possible states.



By positlon of the object 1s understood, 1in the first case, the
vector of characteristic criteria of the object, in the second case,
the vector of spatial cog;dinates.

Information retrieval systems are intended for determination of
the position of an object. What doez applicaticn of information
retrieval systems give?

Inforhation retrieval systems permlt determining the positlon of
an object in time with a certain degree of definitiveness depending
on the‘time ¢f functioning, construction and other parameters of the
information retrieval system. Obtalned information about the position
of an obJect permits the organ making the decision to carry out I1ts
functions: to make one or another decision in accordance with goals
of its work. For example, an information retrieval system should find
the code of a book from a catalog and (if this s necessary) find
the book and 1ssue 1t to the reader.

Further on we will briefly examine the prineclples of functioning,
capabilitles, structure and criteria of work of information retrieval
systems. ‘

2. The essence of functioning of an informatlion retrieval system
consists in determination (finding)vthe position of an obJect on the
" basls of a certain model of functioning of the object, data obtained
during search, observatlion and processing of available informations
about the object.

It i1s necessary to note that information retrieval systems
should, as a rule, carry out a purposeful or goal-directed process of
retrival of information about the position of an object, since there
are'different eriteria and limitations on parameters of functioning
of information retrieval systems.

Functioning of inffrmation retrieval systems can be split into
the following stages (see Fig. 1)
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Organ making decision

Stage 1
—{ Obv.ining wequisition und '”—'1
its preliminary analysis

i

Stage 2 '
o ‘;%ﬂﬁ;“%,?i%‘ {ge1getion) and Fig. 1. Stages of functioning

f inf tion retrieval
‘ ey o of an information retrieval
! system.
Stage 3 }’_

] Formulation of information
retrisval problem

i

tage 4

Theoretiscal solution of in-

formation retrieval problem
L

Stage S RE

Praoctical perforaance of
requisition '

Stage 6
L] Check of correctness and
fitness of results searched

il 4

Stage 7
Delivery of results

i ‘

1) obtaining a requisition or order (from the organ making -the
decision) and 1its preliminary analysis;

2) composition (or selection) and study of qualitative and
quantitative models of functioning of the object;

3) formulatioﬁ of the information retrieval problem;
/

4) theoretical solution of the information retrieval problem
posed; ' '

5) practical performance of search;

6) check of correctness and fitness of data obtained by the
information retrieval system;
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7} readonrt and results to crgan making the declsion.

]
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u

The rlrst stag
dec formulated according to

ists in obtaining a reauisition, from the
o]

organ making the ndara rules

m
(.,
0w
ot
a

ns
ision,
{in the form of a feormula, cral assignment and sco forth). In the
requlsition are indicated:

a) criteria of the cbject separating it from arnalogous oblects,
cr certaln informaticn about its position accordingly for problems of
the first and second types;

b) requirement about finding the actuzl object or requirement
about finding tne positlion of the object;

¢) criteria and limitaticn on the character cf performance of
the requisition (time of performance, required accuracy and volume of
information, etc.);

d) ferm of dellvery of the infcrmatlen obtalined by the Infor-

mztion retrieval system to the organ making the decision.

Preliminary analysis coensists of the fact that a requisiticen is
fermulated irn accordance with standard rules, and in prellminary
appraisal oY the possibllity c¢f use of the obtalned requisition in

tinz 1anformaticn retrieval system.

The second stage corsists of the r'act that on the basls c¢f stuay
of the actual object and other indirest information about the object

a2 qualitative or guantitative model of functioning of the object is
composed (selected).

The third stage consisis 1in presenting the inf .mation retrieval

problem on the basils of:

[\
~—

glven requirements from the requisition;

b) model of funciicning of the object;
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the information retrieval system;

d) criteriz cf functioning of the Information retrieval system.

vlathematical.y, info rn retrlieval prcblems are fcrrnwulated as

r o]
problems of finding scluticns to preblems of mathematical logic,
problems cof mathem S

3
@
I3

atistics ana the theory of statistlcal

ical
solutions, systems of eguations and inequalities, on the one hand,
o 1

¥
cr solution cf extreme

sblems Iin the presence of limitations, etc.,
¢n the other hand

‘"he fourth stage consists in development and aprlication of

nformationr retrieval problem, and
btalned (on the basls of these

s

wthods for sclution cf a vesed
ctne o

methods) a thecretlical solutions of an informatlon retrieval problem.

glsc in & check of corre

The fiftn stage consists in practical performance, by an informa-
tion rectri tem, cf & received reguisition or order on the basis

rieval
cf sclutinn of the inrormaticn retrieval problem.

Thne sixth end seventh stages consist in a check of correctness and

fitness of data cbtained by an Information retrieval system and

delivery cof the cbtaired results te the organ making the decision.
3 In accordance winn stages 2f furctioning, an information

ystem hac the fcoliowling <iructure (see Fig. 2).

Irformation retrievsl
crgtem (177}

>

“rgan ¢:onir.lisg Bgtrieval tools of
the 107 the IvS

FARN Structure cof informaticn
rieval system.
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An Infcormaticen retrieval system consists of retrieval tocls and
the organ of control ¢f the system.

The tools can constitute differe:v technical devices, construc-
tions and attachment, and also complexes of technical device: togeiner
with perscnnel. Not stopping for detell on principlcs ¢f acvices and
work of retrieval tcols, let us give an idea about the retrieval
unit, the space searched, dencity of distribution of reirieval

egulpment and its velume.

InTormation revrieval systems conslist of z set ol . varying
quantity of various types ci retrieval egquipment.

P

A retrieval unit of a certain tygre is that quantity cf egulprment

of thls type which has 1ts own centrol system and s intended feor

I

production of a defined character of information zbout an object. A

cu
retrieval unit of a system can be a certain technical device, a person
cr group of pecple, a complex of technical devices witnh perscnnel,
etc., which are intended for production cf information zbout tne sbjecti.

The concept of a retrieval unit is conditicnal, just as any cthar

concept of unit of welght, length, area, etc.

The space searched by the tocls c¢f an information retrieval
system 1s elther the space and time ccerdinates of the tcol, or the
(

character and quantity of information about the object

the retrieval tocl), or a combinaticn c¢f them.

Density of distributicz. o: the eqguipment of an information
retrieval system is defined as the quantity of retrieval units of
different types belonging to a great number 1in space searched unit
measure,

The volume c¢f retrievzl equipment of an information retrieval
tem is defined as the tctal quantirty of retrieval units of different
e

5 distributed in the whoie space searched. It 1s clear that the

o]
o]

volume is determined by unification with the sum of voliumes
niform equipment. Here under vclume of uniform equipment is urder-

u
stocod tue qQuantiity of units of cne tyoe dlstributed in the space
Searched,
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Control of an information refrieval system constitutes a
technical device or grour cof peovle, a compiex of technical devices
with personnel intended for:

a) develonpment of dilstribution of retrieval tools;

b) contrcl;

c) delivery to crgan :maklng a decision.

Tne structure of control of an information retrieval system 1s
represented in Fig., 3

S

raen St contr2

sf 1PS
P
~ Syster of Svetem for
f"f.‘;"-"‘,f,_;c deliver: t>
GNER AT Orgen making
cacision

. Structure of contrcl cf
aticn retrieval system.

According to stages of funcrioning of an informaticn retrieval
r

spment cf distributicn means of retrieval

=
D
<3
@
}oa

¥ -4 and 6, control of the =ystem by the 5th
ctagce, and the system of delivery Lo Lhe organ making the decision by
the 7th stage.

The system of development cof distribution of retrieval of an

informaticn retrieval system corgists ¢f 6 blocks:

&) Dblock for reception cof regquisition and its preliminary

araiysis;

b) blocx of composition (seiection) and study o

i}

.

iodel of
functioning of cblect;

¢) block of fovmulaticn of Znformetion retrieval protliem;

o
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d) block of theoretical solution of information retrieval
problem;

e) block for coupling with the system of control of means of
retrieval of an information retrieval system;

f) block of control.

The structure of the system for development of distribution of
means of retrieval of a system is represented in Fig. L,

System of development of
digtribution of retrieval
of IPS

| Block for Blook for Bloek for Blogk for
3%3:‘;&3; | jcompositio formula~ theoret:.~ control
of requis-] |(selection)} [tion of | cal solu- 1th the

4ion an and study informa- |- Y¥iom of system for

its pre- og model off |tion re- orma- g.ntrol of

limtnary | |obJes trieval | |wionre- | [the neans

analysis problem problem ;'15 48

fig. 4. Structure of system of development of
distribution of means of retrieval of an -infor-
mation retrieval system.

4., The information retrieval problem is that of determination
of distribution of means of retrieval of the system 1n the space
searched taking limitations and criteria into account.

Limitations and criteria of the problem arise from requirements
of the requisition from the organ making the decision, the accepted
model of functioning of the object, capabilities and requirements of

work of the system,~i.e., parameters of the control system and means
of retrieval of the system.

The character of limitations and criteria of the problem can be
represented in a definite form, in a probabilistic form (assigned
probabilistic characteristics) and in an indeterminate form 1n
accordance with the form of the requisition, the composition (selection)
of the model of.functioning of the opJect, representation of work of
control and parameters of means of retrieval of the system. For
example, the requisition can show all, or perhaps not all data for 1its
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fulfillment. In addition, tﬁe model of the object can be composed
in a definite probabilistic or 1ndefinite couplings (equations,
inequalities. functional relationships, etc.). Furthermore,
knowledge of pacrameters of the information retrieval system can also
be presented in a determined acclidental or indeterminate form.

It 1s necessary to note that in the first stage of posing and
solution of an information retrieval problem‘a great degree of
indeterminateness (i.e., chance and uncertainty)ils introduced by

parameters of the model of functioning of the object.

In practice, limitations and criteria are expressed in different
form; for example, criterla and limitations of work of an information
retrieval system can be:

a) readiness of the system to fulfill the requisition;
b) pfobability of fulfillment of the requisition per unit time;

¢) probability of obtaining an assigned volume and accuracy of
information about the object per unit time;

d) cost of fulfillment of the requisition per unlt time;
e) time of fulfillment of the requisition;

f) volume of means of retrieval;

g) degree of automation of the system;

h) simplicity, adaptability (fitness for performance of a large
number of mixed requests) of the information retrieval system;

1) fitness for execution of requests which can appear in the
future;

J) standardization of technical means of information retrieval

systems, etec.

141




Let us note that in different information retrieval problems one
of the above-indicated characteristics can be taken as a criterion of
optimization of work of the system, and others as limitations.

" At any stage of functioning of an information retrieval system it
is desirable to use a contemporary EVIsM which permits accelerating the
time for performance of a requisition, increasing the accuracy and
volume of obtained information, etc. During a more complete (exact)
account of the character of functioning of the object.

Stages examined here of fiunctioning of information retrieval
systems and accdrdingly the structures of information retrieval
systems are fairly general for a broad class of operational and
designed information retrieval systems.
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A SYSTEX CX AUTCMATIC DIFFERENTIATION OF DISTRIBUTION
OF INFORMATION (SARI-1) ON CONSTANT INQUIRIES
DEVELOPED IN TsBNTI AKIAE!

A. 1. Wadtochiy, ¥V. F. Kalinin, N. N. Mikheyev,
V. A. Voronin, V. I. Gostev, N. S. Denisenko,
and G. S. Chuba

Introduction

Contemucorary rates of sclentific and technlecal progress are
connected with continucus growtn of flow of information materials
and sharply 1increasing need n information.

Heeds in corresponding information for scilentist and engineer

cE2ar o all stages of sclutlen of & scientific-research or engineer-

t that at the contemporary stage of scientific
of the decizive

movernient of

ons TsBENTI was faced with the problem of
g system of informaticn service which would satlsfy the need
tcth « t

for concrete consumers, With respect to time and with respect tc
subjects.

Z2xpansions unknown.




Scolution of this problen begsn with creation of 4 reference and
information fund the main component part of which would be unpublished
materials — reports on scientific-research and reseusrch-design works
ceniducied 1In forelign and domestic sclentirlic research and design

~rgainlzations.  The princivle of laying in & fund of these meteriais
was accepted in connectlior with the fact that these materials present
the greatest scientific interest, and they are not reflected in

periocdical publications.

With creation and accumulation of ¢ reference and informatiocon
fund there was taken on constant informatlon service of a number cf
subscribers (scle..fific-research and design organizations, and also
big scirntific organizations) by which wlth the processing of a
reference and information fund there had to be issued information on

those thematlic problems on which they are working at a glven time.

To solve the problem there was developed & system of automatic
differentiation distribution of information (SA&RI-1) with respect to
constant 1inquiries with the help ¢f the "iinsk-22" on the basis cf

descrirtor language. The report gives the essence of thils systemn.

I. Descriptor Dictionary (Thesaurus)

The 1list of descriptors accepted at the TsBNTI for the ATPS nas
the form of an alprhabetic dictionary with indication of digltal ccdes

Digital codes were apprcpriated to simple numeration cf elegm:
of different lists entering the dictionary:

basic dlictiocnary : 0001-3231
supplements to it 1505-2000
glossary 6000-8c00
supplements to 1t 40Q0C-5000
couritrles 5000-5200
reactors 5200-6000
riass numbers 9000- ..
uy
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Thus, all the elcments of the dictionary have four-digit

decimal code, but are recorded In palred combinatlions in eight-digilt
code. Digltal cocding, instead of Euratom alphabetic coding is

qqulred for pureily technical reasons. A descriptor dicticnary is
bullt on the basis of 4 thesaurus already proved with respect to
frequency and a glossary accepted by Euratom and now recommended as
an International tool within the bounds of MAGATE. In the course of
practlcal applicution this dictionary in 1964-1965 there appeared the
extreme necessity of its thematic and lexical expansion for a more
coaplete scope of themitic interests of the proposed subscriber network
of Ts3NTI. For this 1 was necessary to supplement the Euratom
thesaurus with additlonal descriptors from the dictionary of the
Gmelinsk Institute (FRCG) ana the subject indicator of the American
abstract Journal Nuclear Science Abstracts (N&A). The vclume of the

basic dictlonary increased trom 1231 to approximately 1600 term-ideas.

Simultaneously Irom the Euratom thesaurus there were completely
excluded two divisicns of compound descriptors of the type

a) ferric oxide lodine isotopes sodium gsulfates
uranium coxide | carcon isotopes ctassium suifates
2tc.

wilvn respect 10 1% repeated descriptors feor all chemical elements

.
< IS

b) uraniun-<22 sstroentlum-85 iodine-=131
uranium-235% strontium-59 1odine-140
araniwni-233 strontium-3C  icdine-141

ete,

for concrete 1sotopes ¢f all chemcial elements. Instead of them in
the ticn te the descriptor dictionary tnere is glven a rule c¢f
A

(‘a

1S
e comuination ol any names of chemcial compounds with their
cretlizing chemical elemernts.

Oxide; Iron ferric oxide
isotores; iodine = isotopes of 1icdirne
chlorides; zodium = sodium chloride, etc.

b
I
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This made indexing more flexible and permitted zomposing
such complicated descrirtors as "uranium silicilde,"” "molybdates of

amnonium" and others, whlch was not in the Euratom thesaurus,

For codlng 1sctlopes with +helr mass numbers there was separated
the 9th division of the decimal system. Mass numbers of any chemical
elements are expressed by code with a 9 in front:

uranium
strontium

235 has the code 1168,0923%5
99 has the code 1070.9C40, etc.

The terms of the Euratom glossary were almost completey introduced
into our dictionary with all references provided for by Euratom. It
also gave digltal cndes.

Furthermore, the dictlionary includes coded lists:

a) countries, oceans and seas;

) the most{ important atomic reactoers

¢) the best Known thermcenuclear installations;

d) a small number of names of adjectivis allowlng concretizing
such i1deas as
temperature, low
temperature, high
urariuinl, nacural
literasztions, weak, etc
As a result of all these recvnstructlons there was obtained a
dictionary allowing 1ndexing deeply enough any sources o¢f information
o]

i
n very wide subjects and coding already prepared descriptcecr patterns
{Buratom cescriptions) and subject indicators (NSA}.
The dictionary including glossary 2lements contalns about 4000
r

term-ideas each of which can enter & paired combinatior if i1t has




meaning and turns out to be necessary for reflection of fund material.
The term-ideas "reactor" with code 0937 and "energy" witr ‘code 0869
give in our case the compound idea "power reactor" with code 0937.0869.
The "analysis" and "chemistry” permit composing terms

chemical analysis with code 0056.1533 and
analytical chemistry with code 1533.0056

by a single rule: in the first place "that," and in the second "which.'

In spite of supplements to the Euratom dictionary and reconstruc-
tion to adjust it to our concrete needs, the code system of the TsBNTI
descriptor dictionary has a drawback: hierarchical or associative
connection in the code reflection of descriptors is absent. For
example, the ideas

nuclear reactor 0937
nuclear fuel olsg
active zone 0934
loop of heat-transfer agent 0259
retarders 0705
heat-transfer agents 0260

are not interconnected with respect to code,'although they form a
"field" of terms directly related to the idea "reactor" hierarchically
_common to them. The absence of classification connections in codes
characteristic for all official codes in contrast to functional codes
hampers information retrieval and makes necessary multiple probing of
the fund with respect to the set of related descriptors, instead of
one-two inqulry descriptors having a broader meaning.

II. Processing Information Documents

A primary informatlon unit which requlres separate consideration
and individual treatment 1s documents or their parts (a book chapter
separate work in collection and so forth), treating of a thematically
isolated subject. For example, in the report of the research center
there are described various works in the fleld of metallurgy of uranium
and other fuel materials. Fach of the subjects touched is considered
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an independent document and processed individually.

An information retrieval cord with bibllographic data, annotation
or abstract (if necessary and practically possible) and the descriptor
pattern of the primary document (or an information unit of it) is a
secondary document (VD) with a constant retrieval number and index of
unlversal address cf the document — the address assigned to the
document during composition. For reports this is a literal abbrevia-
tion, the name of laboratory and the reference number of the report '
of this laboratory; for journalistic articles it is a four-letter
code of the name of the journal on CODEN and numbers indicating
number of volume, page and year. The retrieval number appears at all
stages of processing, retrieval, and reproduction of primary documents.

Contents of primary documents (or their units) are reflected in
secondary documents in the form of a so-called descriptor pattern — a

) list of elementary or compound descriptors completely enough

expressing the thematlic essence of the given information unit. 1In a
descriptor pattern there should not be nothing superfluous or secondary
from the point of view of successful retrieval of a given document on
inquiry. On the other hand, the pattern should contain all descriptors
corresponding to the most important aspects of the present work having

/

In the accepted TsBNTI map on the face in certain places there

~are 1ndicated exploration number of document, its authors and name in

authentic writing,_the‘;ranslation_of'the name into Russian,
annotation or abstract, initial bibliographical information and
indication of the address of the abstract in NSA. On the other side
of the card there is given information about the publishing character
of the document, 1its form and fulfillment, place of publication and
place of storage, and a list of netessary descriptors is given. The
card 1s signed by its compilér. An approximate information card on a
document in our fund is shown in Fig. 1.

The composed map 1s edited by a more experienced lndexer,
especlally the translation of the name of the work and its descriptor
pattérn. Practice showed that even with the most conscientious
relationship to 1ndexing'and translation the editor almecst always

-
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Fig. 1. Form of information card. a) front; b) back.

.

7/
improves the translation or list of descriptors. For editing there

is a worker with a good grasp cf the language of the original and
technical indexing.

In the preface to the hussian-knglish variant of the descriptor
dictlonary there are contalned methodical indications how to use the
dictlonary during indexing of the primary document. The result of .

indexing 1is the retrieval pattern of the original, i.e., the secondary
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document. The rules of ;ndexing documents consist 1n sequential
fulfillment of a number of operations.

l. Professional analysis:

a) analysis of all forms of presentation of the primary document
from the point of view of their pithiness — title, abstract, thematic
table of contents (divisions), complete text, and others,

b) check of the possibility of breaking up the document into
irdependent information units (not to mix with rubricational division
in subject cataloguing),

¢) thorough study of contents of obtained information unit,

d) understanding of the system of basic ideas reflecting the
contents of the separated part of the document, with use of the method
of logical contrast within the limits of paired structure: '"subject —
about subject" (or "subject — subject"), for example: '"power
reactors" and "exploitation").!

2. Indexing:

a) composition of list of separated idea-terms. One should
"remember that use of binary terms (consisting of determination and
determined) promotes high concreter.ess of expression; one should not
use terminological compositions like "rim of wheel: or "American
reactors," and it is neceséary to have recourse to tefminological
unities, for example, "bolling-water reactors,"

b) finding in the descriptor dictionary lexical units for
expression of the most sxact equivalents of arranged ideas ana

!The subject will be most frequently exrreussed in general-~
technical terms of the type "measurement," "breakdown," "production,"
"preparation,”" "treatment," etc.
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"translation” or tracing of ideas on descriptors (in the form "simple
descriptors") or descriptor syntagmas (i.e., "ccmpound descriptors")
using rules of gramgatical synthesizing of a palred determining
connection, for example, "boiling-water reactors" = "reactors boiling."”

3. Coding:

a) coding of descriptors; two~four-digit digital code is used,
i.e., a four-digit for the first component of the descriptor syntagma,
and another four-digit code-for the second component. In the absence
of an attributive component, instead of the second component there is
placed four-digit code, consisting of four zerces (so-called "zero
syntagma"). Between both components of two-four-digit code there is
placed a sign of coupling, designated by a point.

As can be seen from the rules, in retrieval language serving for
recording the contents of a document, there are used now only two
forms of coupling: — logical (or "semotactical") -- between syntagmas,
l.e., expreésed by opposition "subject-theme"}'— syntactical — between
componénts of a paired descriptor syntagma — i.e., coupling
"determined — determination" (so-called "postpostitive attributive

syntagma").

Inside the actual pattern separate descriptors are disposed in

~groups in accordance with basic elements; subject, theme, and

clrcumstance (or condition). This it is necessary so that a similar
"telegraph" recording in some measure replaces or duplicates the
information abstract. An example is the pattern depicted in such a
way on applled map No. 250127 in Fig. 2.

III. Processing of Inquiries

1. Form of Inquiry

In the actual beginning of creation of SARI~1 in TsBNTI there
were determined cé?xsumers1 of information, selected in the process

'In TSBNTI the consumer of information which is whole by an

indgpendent establishment is named "object SARI" with its registration
number.,

: 151



N U I
‘ ‘ ‘ RN P |
.

™ n_250127 v S . - Paacovent B,
’ Alarpomant Soag . . Y
! Avese JoA,Manley :
! LHameeve - The thianing of sintered uranium oxide to e1e~n~on .
. hcanaparancy by choalcsl pclizhing :
i {Roaeagixe TOXNUMY T303IETOX U3 CMEYCHHOR OXNCH YPOMA JO PICKTPOHHOL 1p03~
H

ugngg;u zmmegg' ;nnmm l!l!
' 7¢3 | l ' 1-5 lom.l%b

mucg Tou Houep Crpaenas Rate

’goiva1&19-8-1;§67

fiputoronasiue 03pAIUNS ARYOXXCH YPANA RAN mluouun werToRoN )
3AEKTPORUON MUK]NOCKONKE . :

e o it i e ree e e '—-—--‘—»—-—-———h—-‘
g——— : > — Ce e e R A T _'___:,',.__.;_‘__‘?:“,
e 20127 e
Wit Suss? R L P oo - .:
-uﬁﬂ?&ﬂ?%ﬁ&%ﬁ;qgﬁﬁ;“" | ,gé
ORIGINAL 4
- L AEA~TRG MAPTA . . ‘
MOCTSSAXORICINE MNTPINAIS. . 1

Library of Committee and TSENTL

Nsocerae cavsr s st fO03 0

uranium oxide N — -
uranium dioxide I8§3.1168 | _subject i '
tablets 0800 -. . .
sintering 1022 subject
thin films 0426 .4236 subject I
eparation 087% .
- chemical polishing |[&I197.0351 subject 1I
i etohing 03% ’
Mﬂm 069 .0367 ciroumstance: .

Fig. 2. Form of filled infoimation card.
a) front; b) back.

of work of the AIPS [Automatic IPS] — scientific research and planning
and design organizations of the State committee.

Every consumer was assigned a-conditional number (from 01 to
N...) and there was sent notification about acceptance of a given
enterprise in the number of subscribers SARI-1, instruction according
to formulation and descriptor description (or descriptor scanning)

interesting this enterprise of subject. The instruction offered the
following form of inquiry sent to the TsBNTI.

/’
The usual card, the dimensions of which were indicated beforehand,
had to be filled from two sides. One one side there was supposed to
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be written a so-called "formulation of inquiry," i.e., the name of

the interesting subject in natural (Russian) language, and on the back
the "descriptor description of the inquiry." For the latter there was
used an applied descriptor dictionary. Assignment of a "descriptor
description," which is more correctly called "descriptor scanning,"
consisted in that the "description," first, brought to a group of
TsBNTI inquirles a more detailed expression of a subject, and secondly,
played the role of a normalized AIPS language. The latter is very
important since this was normalization not only in the direction of
retrieval language, but also normalization in the terminological

sense.

Experiment showed that descriptor description of inquiries by
subscribers turned out to be low-quality due to inabllity to use
descriptor language and complexity of the actual method of indicative
mood reviewing of subject, which in point of fact is "descriptor
description." For example, we will take one of the inquirles sent:

Formulation of inquiry: "Obtainiﬁg by way of gas
electrolysis of volatie compounds of refractory
metals."

Descriptor description: "Refractory materials."

Here descriptor description does not definitize the subject of
‘inquiry but expands it, not even mentioning that "refractory materials"
are not only metals; the class of refractory metals includes all
metals with a melting point higher than the melting point of iron.
In particular, during the analysis of this inquiry in TsBNTI there
were 16 descriptors.in the list: molybdenum, tungsten, niobium,
tantalum, titanium, vanadium, chromium, zirconium, ruthenium, rhodium,
palladium, hafnium, rhenium, osminﬁm, iridium, platinum.

Later there was accepted the decision to establish feedback with
subscribers of inquirlies. The most effective method of such contact
is direct conversation with the interrogator. Started in 1966, this
practice has not yet been brought to completion but has already glven
good results. In particular, after conversation with the subscriber
of the above-cited, out of sixteen refractory metals there remained
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only four, which considerably decreased input volume during retrieval
and, consequently, lowered the cost of machine wcrk.

Distribution of information documents by constant inquiries is
carried out periodically with the putting into the AIPS of new
information material immediately after obtaining the form of the
inqulry. The form of ingquiry obtained by TsBNTI in book of constant
demands and from this moment becomes as the "information inquiry
questionnaire”" of the givea subscriber. 1In TsBNTI retrieval by
constant inquiry 1is regu}ar; and, since the reference and information
fund (SIF) SARI grows with the processing of entering materials by
a comparatively small number of informant-indexers, single input of
documents into the AIPS cannot be great. At present each AIPS gets
300 documents in a week. The retrieval system 1s fed 182 constant
thematic inquirles from a number of organizations.

2. Study of Subjects of Inquiry

In crnnection with the fact that it it necessary clearly to
concret i vrne expression of the inquiry, the subjJects of the latter
turns out to be almost the most important aspect of work during the
.analysis of entering inquiries. Durlng descriptor treatment of the
inquiry before us, there came up not only the question of thematlec
referredness but also the problem of expression of these contents,
-where the latter 1s immeasurably more important, since during retrieval
by the informant there stands the question not to reproduce a

phenomenon physically and even not to explain its meaning to any

person but to express 1t in the language of descriptors. "Descriptor
description,” sent by the author of the inquiry in this case only
insignificantly helps during the analysis of the subject of inquiry
since it most frequently does not fulfill its assignment. Even
moreover: 1f "formulation of inquir;." being surface, often leads

to error, then "descriptor description" zives too many variants in an
attempt to relate the inquiry to a branch.

Inasmuch as the subscriber must give a clear account of the

subject interesting him, foresight of usual difficulties during
"formulation" and "descriptor description" determined the necessity
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during selection of descriptors of access to the thematic divisions
of the dictionary. In connection with this 1t is possible to give
two case, which turned out to be the most typilcal.

A. "Formulation" of Inquiry has "Tight" Filling

Example: ™"Obtaining of different classes of organic compounds
containing radioactive isotopes. Questions of introduction of radio-
active isotopes in proteins- amino acid, nukleodizy [no translation
found], nucleotides, nucleic acids, vitamins, hormones, antibodies,
benzene, naphthalene, and their derivatives."

Descriptor description
“ Methods of obtaining

Organic compound

Racioactive isotopes

B. Formulation" of Inquiry has "Weak" Filling
Example: "Zirconium and its alloys."

Descriptor description
Zirconium
Alloys of zirconium
Corrosion
Oxidation
Oxides
Metallurgy
Diagram of stztes
Intermetallic compounds
Diffusion
Mechanical properties

~ Adsorptlion
Hydrogen
Soldering
Welding
Heat treatment
Irradiation

The difference between both examples is absolutely evident, but
regarding thematlc referredness, in the first case 1t is easler to
trace with respect to "formulation of inquiry," and in the second with
respect to "descriptor description." With such an approach to thematic

155




analysis for us the subject of the theme is one of the ideas selected
from the formulation of the inquiry, and the theme 1s the fact that

is expressed by one of ideas contained in the "descriptor description”
and designating the process of introduction of radioactive isotopes
into an organic compound.

It 1s not difficult to note that case "B" requires absolutely
the reverse approach. Here the theme is the general content of the
"descriptor description," i.e., "metallurgy," and the subject is
"zirconium" or "alloys of zirconium" (or their synonyms).

From the point of view of retrieval language every inquiry is

considered an expression which must contain a subjJect and what 1s
sald about this subject, i.e., 1ts theme. "Representatives" of a
~subjJect are usually selegted from a2 number of concrete, subject
ideas, but "representatives" of a theme are expressed by names of
processes, operations, phenomena, states, or thelr sets (in example
"B" such a "joint" idea 1s descriptor "metallurgy," which causes
determination of it as themes). In connection with this the knowledge
of .a loglcal system of ldeas of a dictionary of retrieval language

1s absolutely necessary, or it must at least be grasped intultively,
"1f the researcher has no skills of formal analysis of language. With
respect to the two examples given with "tight" and "weak" filling

one should say the following: during the shaping of an inquiry
‘extremes on neither side are permissible. Arn inquiry with "tight
filling of formulation" is no longer an inquiry, but many inquiries

with matching themes and, consequently is subject to breaking up
(case A). An inquiry with "weak filling of formulation" (case B) is
an inquiry contalning the subject of an expression, but without a

theme, which must be looked for in "descriptor description." There-
fore, the following rules cover composition of an inquiry:

1) construct the inquiry in the form of an expression containing
one subject and one theme in natural (not descriptor) language;

2) in the descriptor description under the heading "I" enumerate
all descriptors having to do with the subject of expression. Select
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descriptors from dictionary, but new ideas may be introduced if
necessary;

3) the same as in the above paragraph, for the theme headed "T."

Only if these rules are observed, will an inquiry have so-called
"transparent structure." In another form inquiries sent to the TsBNTI,
did not respond to this fcrmula but made it necessary to conduct
"structural analysis of the inquiry."

3. Structural Analysis of an Inqulry

Structural analysis emanates from the preceding procedure of
thematic analysis and has as its purpose to turn the initial inqulry
into a group of its modification-subinquired.

The structure of an inquiry 1s expressed in the form of a
relation identical to logic function "and," 1.e., assumes "single-
placeness" or "simuyltanelty" of both parts of the basic structure,
il.e.,

MIAT.

where sign A transmits the "and" relation. Without going into a
. detailed account of thils question, let us note only that structural
analysis involves two iforms of actlons or operations.

The firsc operation is horizontal scanniﬁg of the structural

formula, l.e., calculation of all components of both the subjJect and
the theme of an inquiry. Thus, for example, for case "B," given
in the preceding paragraph, scannihg will have the following form:

n A : T

metallurgy, corrosion, diffusion,
oxicdation, mechanical properties,

zireonium, zireonium alloys l
ete.*

*For the sake of neither horizontal nor veriiscsl scanning is ocarried to
ocompletion.
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The second operation is "vertical scanning." This means that
from the thesaurus there have to be selected all synonyms of both
the subject and the theme. For example:

n L N T
zirconium (zirconium alloys) .| metallurgy (corrosion) of oxide
1, .zirealloy 1. heat treatment « 1. of dioxide
2. alloy A-8l6 o 2. cold treatment
3. T 3. pressing
4. ) 4,
[ ]

As a result of horizontal and vertical scanning we have two
subsets — subset "II" and subset "T," and within the limits of each of
them there acts the relation of "various-site," expressed by the "or"
function.

In the course of structural analysis there can be clarified false
associations (i.e., combinations not confirmed by the meaning of the
inquiry or the common meaning). This makes 1t possible, first, to
avoid uninformative inquiries, and secondly, to articulate "compli-
cated inquiries" into supinquiries.

4, Modification of Inquiry and "Working Inquiry"

Modificatlion of an inquiry 1s its breakdown into variants with
respect to certain considerations determined by its structure or the
possibllitles of descriptor presentation. Inasmuch as the subject or
theme can be represented by totalitles with intcrnal "or" relations,
the number of possible comblnations AT can be very great. Thus, for
example, if there are 10 members, theoretically 1t is possible to take
10 x 10 = 100 modifications (in practice fewer of them). An inquiry
entering the number of real modifications introduced into the AIPS,
1s called a working inguiry! in contrast to the initial thematic

inquiry.

That is, the inguiry in that form in which it is introduced
into the retrieval system.
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Indexing of inquiry. Indexing of inquiries is the next stage of
treatment and at the same time the last conditon determining quality

of SARI work and AIPS effectiveness.

Indexing can be conditionally called "marking of the inquired
subject" and provision of the inquired theme with criteria according
to the document in the file will be identified during retrieval. Hence,
naturally, descriptor presentation of an inquiry must meet certaln
requirements, nonobservance-of which will lead to information losses
or information nolse at the output of automated retrieval. Noise can
be uncovered by examining a set of issued documents and comparing it
with the inquiry, but this 1s considerably easier than examining the
whole flle.

We are not trying to get rid of noise altogether but to minimize
it. The fight for IPS quality is a fight for lowering of noise,
inasmuch as losses need not come under discussion at all since there
should not be any of them or at worst they have to be insignificant.
For struggle with losses in the order of the document list there are
several procedure which, in the end, lead to attracting paradigmatic
connections of the dictionary, i.e., analyzing connections between
‘descriptors.

/

The basic rule of control of search 1s the more ldentification
‘eriteria (descriptors) in an inquiry the less probability of their
completely matching the descriptors of the retrlieved document.

The number of descriptors (i.e., the depth of retrieval) is.a
very important AIPS parameter since increase in the depth of retrieval,

l.e., increase in the accuracy of the inquiry can lead to losses;
decrease in depth decreases losses but can increase noise. Such,

unfortunately, 1s one of the regularities of probabilistiec retrieval.
Usually there is found (after a certain number of experiments) an
average depth of inquiry. At the TsBNTI for SARI-1 inquiries the
average depth is 2-3 descriptor (connected by an "and" function for
quantitative calculations — 2.5) if the average number of descriptors
in the document is 15. Thus, full colncidence of an inquiry with a

. 159



document 1s most probable when the number of descriptors of the inquiry
is to the number of descriptors of the document as 1 is to 6.

The hard part of indexing 1s reaching the average parameter of
the inquiry without distofting the contents of the lnquiry. The fact
is that only in structural relatlon does an inquiry consist of two

members — II and T. But a member of the syntagma (syntactical combin-
ation) of an'inquiry in most cases does not match an individual unlt
of the descriptor dictionary. More frequently elther member I and T
are expressed by two units, but if an Ilnquiry consists of four
descriptors. then there appears a threat of losses. For example:

Inquiry: "Economics of production of uranium fuel"
Structure: N - (uranium, fuel) as Hl, H2

T — (economics, produztion) as Tl’ T2
Indexlng: Uranium — Fuel — Production — Economlces

As can be seen from the example, the working inquiry consists of four
descriptors, which threatens information losses since there surely

will be found a document 1n which Information 1s contained on this
subject, and the descriptor "Production" or the descriptor "Economics"
.1s absent. Therefore, the inquiry in the form obtained after analysis
is modified into two synonymic constructions:

a) uranium — fuel — production
b) uranium — fuel — economics

Instead of one thematic inquiry there were obtalned two sub-
inquiries. '

Another cxampls is the still nore complicated case in which
inquiry density is so high that losses are inevitable:

Inquiry: "Fast-neutron power reactors with high
burn up of fuel and increased reproduction."

Here the author of the inquliry does not explain just what about
thls reactor he needs, and, therefore, we conslder - that he needs
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everything on this class of reactors, and consequently:

Structure: Hl — power reactor
H2 — fast neutrons
H3 — high burn-up of fuel
IIu — increased reproduction

T -0
Indexing: Power reactor — fast neurons — burning
out — reproduction

When only one member of the syntagma is expressed by more than
two descriptors, it 1s possible to say beforehand that the probability
of finding the document 1is insignificant. In this case we furthermore
arrive at the modifications

M1 —~ power reactor — fast neutrons - burning out
M2 — power reactor — burning out — reproduction
M3 -~ power reactor — fast neutrons — reproduction

Besides modification we usually use the so-called "method of
substitution" or replacement. This 1s possible only if descriptor
.scanning of the inquiry after indexing allows according to the laws of
descriptive lexlcology replacing the "sum of ideas" with one idea in
the thesaurus. Here instead of four descriptors of scanning at the
. same value (with distortion of meaning, of course) substitution (8)
is possible:

Sl — breeders

Substitution i1s expanded here basically to "reactors" and
"increased reproduction of fuel," i.e., substitution is partial, but
in this sense the purpose of introducing variants, subinquiries,
modifications, etc., 1s to collect all partially synonymlc expressions
consistlng of nct more than three descriptors, so that their sum
completely covers the meaning expressed in the inquiry. Each of
the varlants can give and surely will give nolse, but then losses are
avolded, which inevitably appear if the machine is fed complete

. 161



’

scanning of the inquiry. Incidentally it is necessary to note that
such cases as the last example are few. It remalns only to add that
substitution is only an intermediate procedure in the sense that the
substitute ("replacement") can be combined with other "unreplaced”
scanning descriptors such as, for example:

M — breeders — fast neutrons

However, the number of modifications is increased to such
dimensions that it is necessary to remember to save the volume of
memory of input to the ETsVM.

Correction of inquiry. Everything sald above brings us to the

final stage of processing inquiries - correction of working inquiries
with respect to analysis of feedback. Inasmuch as AIPS effectiveness
1s estimated as a percentage of noilse information and information
losses, output (delivery of documents) AIPS gives to us that material
which contalns data for corrections of inquiries on-any of the
enumerated stages of treatment. It 1s necessary to note that error
in the inquiry or 1ts inaccuracy on the most first stage (presentation
~of the inquiry by the subscriber) does not depend on the work of the
group of TsBNTI inquiries and they are removed only during conversa-
tion with the subscriber during personal contact. Obviously, taking
measures to remove error of this type is very important, since 1if

error is allowed in the very beginning of the process of work, the

error will spread with passage through subsequent phéses of treatment,
where its dimensions will be greater the more intermediate operations

there are up to the moment of input.

Regarding the corregtion of ihquiries on remaining phases of
treatment, we do this regularly with the accumulation of material by
way of study of output tabulograms and comparison of output data with
the retrieval array and inquiries in a glven stage of treatment.

5. Evaluation of Informative "Weight"

After the above it is easy to see that formulation of an inquiry
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is subordinated to, the language system on the one hand and the system
of descriptor retrieval on the other. Thls means that all operations
noeomplished with inguiries are in peint of faet one ef the mest
important methods of controlling the retrieval process. But to keep
down nolses and losses in TsBNTI retrieval subsequently there is to
be used one of the procedures — "evaluation of informative weight" —
of the descriptors of the inquiry which consists in the following.

Ideas introduced into the group of inquiry descriptors possess
various degree of information recognizedness. Of all the descriptors
some have very direct linage with the inquiry (subject or theme),
others have mediated linkage, and a third group 1s so weak what a
descriptesr can be considered optional (i.e., both its presence and
its absence in the inquiry 1s grasped as controversial). Now, if
we dispose all inquiry descriptors by method of "diminishing criterion"
(the so-called "gradual serles"), then in the first place we have the
most "informative" descriptor and in the last the least informative,
for example:

Inquiry: Investigation of the contents of
strontium-90 in the atmosphere.

Descriptor description: 1. strontium-90

2. atmosphere

3. contents

4, investigation!
Gradual series: strontium-90 — atmosphere —
contents — investigation

The series contains four components. If we assume .that the humber of
gradaticns must not exceed four, as in this case, then we could
"evaluate" ‘the informativeness of every descriptor by 1ts place in the
series, designating thereby its informative valence or so-called
"informative weight" (U).

/ 1. strontium-90, U-4
2. atmosphere, U-3

lfor simplicity of account we take the "ideal" descriptor
description, omitting analysis, expounded in the preceding sub-
divisions. ’
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3. contents, U=2
k., 4investigation, U-1

The total sum of weight 1is 10 units of valence. Taking this

number as the initial constant, we can assume that correct delivery

of information is within limits from 7 to 10 (or in other limits
“which are set by a serles of checks of statistical order). It is not
difficult to note that, setting the optimum number at 9, we manage
- only without descriptor "investigation," which in fact insignificantly
affects the outcome of retrieval. Thus, we will obtain one more
method of contrbliing retrieval.

IV. The Structural-Functional Diagram of the SARI-1

The SARI-1 AIPS is a descriptor fetrieval system worklng on

, differentiational distribution of information. This means that a

set 6f inquiries and the basic principle of the work process consists
in series cémparison of "descriptor descriptlions" of documents with
-"déscriptor presentations” of inquiriez. The result in the form of a
tabulogram'indibates that a given inquiry corresponds to a given
subset of documents. A tabulogram is a iist_of digital codes of a
finite set of lnquiries which registers the subset of the retrieval
(i.e., identification) numbers! of those documents the descriptor
descriptidn of which completely includes the descriptor presentation
of the glven inquiry. :

In the expounded meaning SARI-1, as an AIPS, belongs to a class
of retrieval systems, i.e., during work accessing an array of documents
conslists in two phéses,of'the process:

- — comparison with a finite set of inquiries and

~ differentiational distribution in linkage.

lUniversal addresses in generél.*
/
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An AIPS 1s a basic functional organ of the SARI-1 and occuples
in it a place, which can be characterized as a "subsystem in a system,"
although the property of these two systems by far not are identical.
As shown above, SARI 1s differentiational distribution of information
in which 1t was decided to use the "Minsk-22" as technical means
playing the role o; an automatic retrieval device. Automation of such
distribution was recognized as expedlient because at the TsBNTI there
was set the problem of processing a large information fund. Let us
enumerate baslc functioning parts of SARI.

The flow of information in the form of reports, articles,
abstracts, ete., 1s sent to the library of the information fund.

Processing of information (primary document "PD") for the purpose
of presenting it in a form convenlent for retrieval from the point of
view of AIPS requirements (secondary document "VD") is carried out in
the division of the reference and information fund by an indexing
group in which all necessary data are introduced into the card in
the form of formal criteria — indices (retfieval numbers, addresses,
descriptors with digital codes, and others).

Form VD is an information card (form No. 1). Removal of data

from the secondary document (indices) to the retrieval sample of the

document (POD), for example to a punched card, punched tape, or
‘magnetic tape (depending upon input method), is carried out irn the
punching group of the section of mechanization of information processes
Reception, analysls, processing, and modification of inquiries and

their converslon into VD form are carried out in the group of inquiries

of the section of the reference and information fund.
The SARI structure also includes:

A network of SARI objects — subscribers of information service.

On the first stage we were limited to a comparatively small number of
subscribers — the leading sclentific and englneering-technical workers
of sclentific research institutes and design bureaus of the basic

thematic directions of our branch of science and technology. The
/ :
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number of such thematic inquiries (or "inquiry-subscribers") obtained
at the TsBNTI was 182.

A network of peripheral information ser&ices directing information
documents (PD and or VD) to the central fund. In the first place it
was decided to deposit in the fund reports of foreign centers and
firms workirg in the field of atomic science and technology, and also

open reports of sclentific research institutes and design bureaus of
the Glavatom [Main Administration for the Use of Atomic Energy] system.

Solntion of problems of automated information retrieval (AIPS) —

development of algorithm and program and practical fulfillment of
retrieval — is carried out by the division of mechanization and auto-
mation of information processes (OMAIP) of the TsBNTI and the computer
center of the Central Statistical Administration of the RSFSR, where
we are renting a "Minsk-22."

The processing of output tabulograms, which are "output pro-
duction" of AIPS, at present is carried out by a special "group of

processing of output" of AIPS.

Feedback. A copy of the information card found according to the
inquiry 1s sent to the subscriber with a special breakaway coupon
("stub") containing a mark charactsrizing the reaction of the buyer

for the document in the fund, for example: "The document sent
Interests him a) completely, b) partially, c¢) information on the
given question is obtained for the first time, d) material is known"
or "He needs a) abstract, full material; b) original microfilm or
microcard" or "The material obtained does not correspond to the
inquiry." The feedback coupon is sent back to the TsBNTI where part
of them — with positive answer — goes to the group of distribution,
and part — with negative answer — enters the group of inquiries for
analysis of unsatisfactory output and correction cf input.

Such 1s the structural-functional diagram (Fig. 3). As can be

seen from the dlagram, the functlon of separate sections coincide
not by form or assignment of material (report or information card,
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‘Fig. 3. Diagram of SARI-1 work.

KEY: (a) Printing material; (b) Domestic and fcreign
technical documentation; (c¢) Flow of information; (d)
Removal of coples; (e) Microfilms; (f) Microcards; (g)
Indexing of technical documentation; (h) Illegible;

(1) File of information cards; (Jj) Sampling of infor-
mation card by found numbers; (k) Stub of informational
cdard (feedback); (1) Copying of information cards; (m)
File of punched information cards; (n) Retrieval on the
"Minsk~22"; (o) Recording of inquiries on punch-cards;
(p) Processing and checking of inquiries; (gq) User;

(r) Inquiries; (s) Characteristic of experimental re-
trieval; (t) 1. Number of simultaneously processed
documents. 2. Number of simultaneously processed
inquiries. 3. Machine time of processing 300 inquiries
during retrieval.

as form VD; demand or information material, etc.), by its presentation
by a method, and by methods of its processing.

In the beginning of this division we talked about "descriptor
description of a document" and "desc¢riptor presentation of an inquiry."
The meanling of these two ideas is that information materials and
inquiries can equally be considered two varleties of document, of
which one 1s recorded in natural language, and the second of which is

processed in digital codes for moving retrieval data to the retrieval
sample of the document.

The secondary form of the inquiry somewhat differs frome*the
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Secondary form of the information document. The difference 1s that
whlle an inquliry is belng processed'it (as a rule) has no bibliographic
and factographic data; therefore, the corresponding secondary form
contains only an identification number and codes of descriptors
expressing the theme inquired about (see thé section "Processing of
inquiries" in greater detail).

V. Machine Reallzation of SARI-1

1. Introduction into System. Form of Presentation
of Primary Information

Documents presenting a volume of current information on the one
hand, and constant inqulries reflecting the Interest of users, on
the other hand, are puty inte the system,

The abstract of the document in the form of code-descriptors 1is
recorded in an informatlon card. Descriptors are described in eight-
and four-digit digital codes, where the first maln part of the eight-
digit code appears as an independent code on the informatlion card:

or4a. 9017

For input to the "Minsk~22" the contents of the information map
(registration number and code-descriptors) is recorded on punched
cards in the decimal system. Every punched card contains 9 descriptors,
and the average number of descriptcrs of a document is 20, consequently,
on every document 2 (two) punched cards are recorded. Both coples of
punched cards of one document contain one registration number of the
document. (The program provides for recording documents on punched
tape when necessary.) The system is fed 455 punched cards or
approximately 270-300 simultaneously.

Constant i1nquiries of users are broken up into subinquiries.
Every inquiry includes not more than 40 subinquiries. An individual
subinquiry contains 2-3 descriptors and is recorded for punch-card
input. The machine 1s simultaneously fed a group of 300 subinquiries
(punched cards). Formed and definitized groups of inquiries are

recorded on magnetic tapes.
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An auxiliary program provides for printing a punched array of
punched cards of documents (inquiries) and the obtaining of the chezk
sum on a given group of cards. Printed data permit restoring punched
card in case of loss or damage.

Unit I of the main program provides:

1) input of documents to the "Minsk-22" (punched card,
punched tape).

2) regiuatirg of deseriptors within every decument,

v r.a.,""’:ima: ;
3) creation of information tables about documents — feni%h

of retrieval pattern of every document and initial address of 1ts
location in MOZU [Magnetic working storage] (Form see Appendix).
/

Unlt II provides:

1) input of inquiries to the machine (punched cards,
magnetic tape),

2) regulating of descriptors within each inquiry,

3) creation of information tables about inquiries — length
‘of retrieval instruction of every inquiry and initial address of its
location in MOZU (Form see Appendix). '

2.. Storage of Information in Machine.
Accumulation of Information

Provision is made for a direct form of storage of information in
the machine: recording presents a sequence of descriptors located
behind the document number

-
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4580011479 4580011480
+000560000

008640000 )
4009930000 4009140000
+010270000  -009140108
12040000 016520000
12040993 4050530000
015450000
15840000

Every number and code-descriptor goes with a 37-bit cell. They
are stored in binary-decimal code. The difference between a code-
descriptor and the code of a document number is that there 1s a
5800 or a2 minus sign (~) in the highest bit of the latter.

On operational storage of punched cards of documents for retrieval
there are assigned 4096 cells (words) of unit II of MOZU. On opera-
tional storage of inquiries for retrieval there is assigned half of
unit I of MOZU — 2000 words; documents and inquiries are located in
order 6f input. The necegsary input condition is an array of punched
cards regulated by numbers of documents (inquiries). Provision is
‘made for accumulation of information on punched cards.

3. Method of Retrieval

Use is made of a simplified algorithm based on simple comparison
of descriptors of inquiry and document. By the table of information
of inquiries (T.Z) there is selected the first subinQuiry, and in
sequence by the table of information ¢of documents the retrieval
instruction of the inquiry 1s crossed with the retrieval pattern of
every document. The resultant 1list of crossing is compared with the
inquiry and there 1s carried out echelcning of the delivery of the
answer.

Form of dellivery of answer:

1. If all (n) descriptors of an inquiry match all or some
descriptors of a document, the number of the given document is issued
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in thevlst echelon.

2. If n-1 descriptors of an inquiry match all or some descriptors
of a document, the number of the document 1s issued in the 2nd echelon.

3. If n-2 descriptors of an inquiry match, the number of the
document 1s issued in the 3rd echelon. (Program provides for cutoff
of the 2nd and 3rd echelons through a key; thus during exploitation
of the system, a 3rd echelon providing for the matching of n-2
descriptors of the inquiry with the descriptors of the document ceases
to be necessary.)

4, Delivery of Information
Retrieval results are printed on an ATsPU (alphameric printer).

In the corresponding columns in the binary-decimal system there
are printed:

a) the number of the inquiry and 1ts retrieval pattern
(descriptors);
/
b) numbers of documents by echelons of delivery and descriptors
of documents which matched the descriptors of the retrieval pattern

- of the inquiry.

i A im0 s 209

5. Reproduction and Distribution of Documents

As can be seen from the flow chart (Flg. 3), after the tabulogram
has been processed, from the fund there are selected information cards
corresponding to the inquiry. They are manually selected from the
fund (cards are decomposed in order of retrieval numbers). Removed
cards are exanined by a specilalist for evaluation of contents (to
decrease noise).

Information cari1s selected for the user are sent to an "ERA"
installation for reproductlion. From the -sriginal-mock-~up there are
prepared on the "ERA" two forms (front and back), from which there are
reproduced impressions of blanks.
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After obtaining a copy of the information card with a feedback
stub, the latter are distributed to information users. From the
information user "stub-cards," "feedback" enter the group of inguirles
where the inquiry 1s corrected — in case of a negatlive answer —
materials are selected tor reproduction. The order and orlginals are
transmitted to the microfilming laboratory or to the section of
operational reproduction 1 the form of works which must be conducted.
Microfilming is done on & UDM=-2,

Laboratory technology has been developed at the TsBNTI for
removal of coples from microcards and documents .

Single coples are removed by means of electrography. Coples
from small individual materials are taken by means of electrography
on the "ERA" (for sheet materials) and the "Electrophot" for stitched
materials.

During the time of fileld testing of the SARI~1l system during 1.5
years, about 2000 orlginals were reproduced from stubs.

VI. Determination of Effectiveness of Automated
and Differentiational Distribution
of Information (SARI-1)

7/
We analyzed a comparatively small array of documents; obtained
data permitted reaching a simple conclusion wlth respect to ways of
improving the investigated system.

The basis of the given method of calculation is the method of
A. V. Sokolov.. According to this method parameters characterlzing
tne accuracy of IPS work are loss of useful information L and infor-
mation noise N%, which are determined by the corresponding formulas:

L= (1) 100%,

t
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Where Si is the number documents introduced”into tﬁe IPS completely or
partially satisfying a certain inquiry (containing useful information
on a given inquiry); S i1s the number of documents 1ssued by the IPS
containing useful information (part from sa):.N is the number of
documents issued by the IPS not containiné useful information on a

given inquiry (information noise); F is the total delivery of IPS on
a given inquiry (S + N).

Thus, S/SE characterizes completeness of delivery, and N accuracy
of delivery. Completeness and accuracy of delivery are basic )
characteristics determining effectiveness of IPS work.

The values S, P and N in tables glving analysis of dellvery of
documents by the system (Tables 1-5) are represented in the form of
fractions the numerators of which are the number of documents issued
by the system in the lst echelon, and the denominators of which are
the number of documents issued by the system in the 2nd echelon.

The criterion of delivery of the document in-the 1lst echelcen 1is the
presence in descriptor description of this document of all descriptors
of the inquiry, in the absence of one inquiry descriptor in the
descriptor description of the document this document 1s issued by

‘the system in the 2nd echelon.

Table 1. Inquiry 12001. Power reactors with nuclear
superheating of steam: construction, parameters,
operational experience (energy reactors, power
installations, overheating, nuclear overheating,
superheaters) Sy = 8.

D iptor d ipti i Calculaticns of losses
nls escriptor deseription s P N e otses
1. power reactors + overheating | 0/8 | 0/32 | 0/2¢ {Lw=0; Nofme75%%
2, power plant + overheating )07 1011 [ 0/4 | Lem12,50; No4w=36,4%
3. po;ortreeotors + nuolear over- | 0/0 | 0/21 | 0/21 |Lw=10004; Nojsa 100%

sating
4. plants + nuclear overheating 0/0 | 0/3- | 0/3 |Lwa100%,; No/omm100%
5. po;ertrea.ctors + supere 0/8 |0/8 |0/0 |Lwm0; Nfuu
. eaters : ]
f. powe: plants + superheaters o8 | o8 0/0 |Le=0; Nefomm0
Altogether 08 §0/32 | 0/24 |L==0; NfamT5%
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Table 2. Inquiry 12011. Operaticnal experience
of boiling-water reactors (boiling-water reactors,
exploitation, reactors, boiling) Sz = 9,

s p | & | Caloulstions of
s Deacriptor description. losses and noises
1. | boiling-water reactore +, . L=85,7%
) + exploitation 0/1 1 0/16 | 0/15 N.t_gg'7?/.
2. + - =B,
e e o | S
- » {]
Nejgun90,9%

Table 3. Inquiry 12019. Zirconium and its
alloys (zirconium, zircalloy, alloys of zir-

coniun; Sz = 12,
* T
. Desoriptor description s P | N cﬁ:‘;t:t::gsngises
1. {roonium ' 40 | 140 | 1001 |Lwm66.7%; No4mT1,4%
2. :llgys of zirconium . 6/0 6/0 | 0/0 |L==5004; Ne/oou0]
3. zircalloy 3/0 8/0 5/0 |La=75%; Nvam62,50
. 1120 12770 | 15/0 | L==0; N'% =55,6%

Table 4. Inquiry 12029. Diffusion of products
of fisslion of uranium dioxide at high temperature
(uranium dioxide — fission products — diffusion —
high temperature) Sy = 5,

Caloulations of

w Descriptor description | S p N losses and noises

1. | av. [unknown] uranium «+ '
fission products + diffu- : :

sion + high temperature 12 1 2 [1T0) Lemd40%, N=0

. S wohn2 ]2 | oop Lx=d0%, Nx=0

7/

Table 5. Inquiry 25005. Ffrocessing and burial
liquid waste at an AES [Atomic Electric Power
Plant] and enterprises (liquid waste, removal of
waste, waste treatment) Sy = 20.

Calculations of

"ms | Descriptor desoription | S p N losses and noise -

liquid waste ¢ removal of

waste o7 {onie | o2 | LemiSes, N==105%
2. | liquid waste + waste treat- . _
ment 0/13 | 0/14 0/1 L35, N==T7,14%

0/19 10,2t | 072 LS8, N==9,5%
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On' the givery inquiry the system has no losses and 24 documents
not satisfying it are issued due to the presence in their descriptor
description of the descriptor "power reactors."

Twenty documents not satisfying the inquiry are issued by the
system on the descriptor "exploitation" on the 1st modification and
the descriptors "exploitation" and "reactors" on the 2nd modification.

Of nine relevant documents only two are issued, and retrieval
numbers 06209, 06680, 07610, 09097, 09098, 09219, and 09223 are lost.

Direct comparison of the descriptor descriptlions of the inquiry
and documents mentioned above, permits uncovering the cause of loss
of these documents by the system.

In all the above-mentioned documents in the descriptor description
there 1s shown the descriptor "boiling water" and separately "rezctor."
In the descriptor description of the inquiry and its modificaticns
there are shown the descriptors "bolling-water reactor" and "bolling,"
"reactor." '

The same fact or phenomenon 1s described by indexers of lnquiries
with one bunch of descrilptors, and by indexers of documents by others.
Therefore, one should introduce an understanding with respect to
.application in descriptor descriptions of the document and inquiry
of the synonymlic construction, most completely responding to the
meaning; this understanding should be reflected in the instruction
with respect to indexing of documents and inquiries.

The descriptor description of inqulry 12019 assumes delivery of
materlial by the formula "all on ziféonium and its alloys." 1If
issued documents are examined from this point of view, then all 27
documents should ge considered relevant, and information nolse equal
to zero. However, among these 27 documents there are documents in
which the percentage of useful information on a given inquiry is small
with respect to the complete infdrmatioh of the document. An example
is a report on 144 pages with retrieval number 06215, where the
question 1s experiments on a reactor with liquid-metal fuel, and in the
descriptor description there 1s tne descriptor “zirconium."
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Two documents are lost. The cause of the lnss of these documents
is analogous to that whlch was described in examining inquiry 12011,
i.e., different. forms of recording in the document and in the ingquiry
of two ldentical relations of ideas. Thus, in document No. 09092 in
the descriptor description there is shown the descriptor "thermo-
diffusion" and in document No. 09268 there is shown the descriptor
"liberation"; in the inquiry there appears only the descriptor
"diffusion." Thus, during modification of the inquiry inaccuracy is
allowed, and the descriptors shown in the documents "thermodlffusion"
and "liberation" must appear in modificatinns pf the inquiry.

For analogous reason on inquiry 25005 there 1is lost the document
with exploration number 06540: '"processes of separation" — "waste
treatment," "radioactive waste" — "liquld waste" ~ various forms of
recording of two ideas close in meaning.

Conclusions

There is developed a system of automatlc discribution of
information by constant (on duty) inquiries of users (developers and
scientists) from a constantly supplemented fund of information

‘documents (reports of foreilgn centers and firms and dometic scientific

research organlzations).

The basis of treatment of information documents 1s a descriptor
dictionary on subjects of the branch, containing 4000 basic terms and
ideas.

The retrieval patterns of the parts of the document isolated in
meaning (information blocks) are transferred on information maps,
bearing besides a list of descriptors universal addres.es and retrieval
numbers and a bibliographical description.and annotation (abstract)
of the corresponding part of the document.

J/ .

To decrease of nolse during retrleval into the descriptor
description there are Introduced grammar elements (separating of
object and theme and definition). To decrease losses special attention
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is payed to the composition of inquiries. The inquiry formed by the
user 1s divided into subinqulries taking into consideration necessary
hierarchical and associative 1li.iks. .

/

The descriptors of the dictionary are united in semantic groups —
semantic fields allowing replacement of synonyms, terminological
groups, and the idea above, below and next to. For further more
precise definition of inquirles there is used feedback with the user

(coupons and personal conversations).

Retrieval 1s realized with the help of the "Minsk-22" on the
basis of rent of machine time by way of direct comparison of the
descriptors of the set of subinquiries introduced into memory with
descriptors of a portion of documents introduced into the machine:

Results of field testing of the system showed that noiée accounts
for about 70% during insignificant losses.

During further finishing of the system provision 1s made for
strengthening grammar and introducing weight categories of individual

descriptors into lnquiries.
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APPLICATION OF DOMESTIC PUNCH-CARD MACHINES AND THE
"MINSK«22" FOR COMPOSITION OF A DESCRIPTOR INDEX

A. I. Nadtochiy, L. N. Krasovskaya, L. P. Martynov,
and N. N. Mikheyev

In the work of information services at present for operational
information and information retrieval they find wide application
indices of ‘information materials composed on the basis of key words of
context of the title ("key words in context" system KWIC), and indices
on the basis of key words outside the context (system KWOC). The
latter form of indices started to be applied abroad relatively
"recently, for the purpose of increasing the ‘effectiveness of
application of indices [1]. Indicés of the KWOC type are considerably
more convenlent in work than indices of the KWIC type, since they
" facilitate examlnation and retrieval of sources of information
included in the index.

Indices of a similar type permit considerably reducing peridds
of bringing information to users makes it possible to detect documents
from input data — key word: or descriptors — more rapidly.

Indices of the type of key words found wide application in
foreign atomic-energy centers. For example, Physindex [7] is the
index of Informatlon materials put out by the Commissariat on atomic
energy of France, system Gipsy [8], developed by the International
agency on atomlc energy, and others.
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Such indices are used for various information materials (list of
dissertations in National laboratory in Oakridge (the United States)
and others) [9]. e

During solution of the problem of mechanized data processing
and index of the descriptor type was selected.

Selection of a descriptor-type index similar 1n form to KWOC
was caused by the avallable .program of creation of a fund in inverted
recording for IPS, realized at the TsBNTI on the "Minsk-22." Further-
more, a descriptor-type 1lndex as compared to an index composed on the
basis of key words of the title of documents is based on deep indexing
of documents by descriptgrs4and, as one should expect, should ensure
high probability of finding necessary information materials.

Besides what has been mentlioned, during selection of an index of
the descriptor type there was taken into ccnsideratlon the fact that
indices redice consumption of paper as compared to card files and
improve access to the Tund during retrieval.

The General Flow Chart of Composition
of a Descriptor Index

A descriptor index 1s composed in the following sequence. On
-every document there 1s composed an information card of the abstract
type. To be more exact there 1s used an information card composed
for the "SARI-1" information-retrieval system exploitéd in the Central
Bureau of Scientific and Technical Information on Atomic Science and
Technology . '

A report on this system was présented at the present conference.
The information card contains a retrieval pattern in the fcrm of a
number of descriptors and the bibliographlical characteristic of the
document (name, author, volume, number, page, location of document,
ete.). Primary documents are processed using a dictionary of
descriptors developed at the TsBNTI. Information cards composed from
avaiiable_materials go to punch. Punching — transfer of data from
the information card — 1s carried out twice.
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In the first stage of works retrieval criteria are transferred

to punched cards, and on the second stage (after obtaining an inverted

recording on the computer) the name of the document is punched. On
the firgt stage there are transferred to punched cards the number of
the document and descriptors in the form of codes (retrieval pattern).

The whole deck of punched cards is divided into subdecks (U455
punched cards each, which is explalined by insufficlent working~
storage capacity), and they.are put into the "Minsk-22."

According to the de&eloped program in the'computer there is
created recording of documents from descriptors entering the document.

The inverted recording "descriptor-documents™ i1s created
according to the following algorithm:’

’. _

l. The putting of punched cards into the computer and the
recording of information about documents in the form: after every
document number descriptors are located sequentially. Recording is in
the binary decimal system. For every document or descriptor number

there is an individual working-storage cell.

2. The regulating of descriptors inside documents and the crection

of a tahle of initial addresses of location of documents in workin:

‘storage.

3. Creation of a single list of descriptors on all documents.

4. Formation of inverted recording of documents (on every
descriptor there are written out all numbers of documents in which it
is encountered). '

5. Printing of obtalned recording "descriptor-documents" on
paper tape. '

The work of the program in térms of creation of an inverted

recording in many respects is similar to the work of the program of
inverted retrieval on the "Ural-2" described earlier [2].
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The form of the recording "descriptor-documents"™ on paper tape
obtained from the "Minsk-22" is shown in Fig. 1, where the number
+002010000 designates the code of the descriptor "charged particles
(0201), and +000052112 designates the code of the reference number
of the document (52112). The descriptor "chelaty" [no translation
found] 1is code 0202, and the descriptor "reaction" is code 0205.

L

.36.010!92 1Charged
°90009214 80| particles

°000052114
“00003219%¢
*000032092
400003200
+000052074
°oooos:olu
000052033
4000032029 Fig. 1. Form of inverted

! recording "descriptor-
o:&&&guu&;chelaty documents" on paper tape.
- *9200032848

s90%0%0900 reactions

*$000883%) /
*098032319

According to the obtained recording from the fund there are
‘splintered information cards by which there 1s punched the name of
thé'documehts according to the developed mock-up shown in Fig. 2.
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Fig. 2. Mock-up of punched card for composition
of descriptor indicator. ‘ ]

As can be seen from the figure the punched card carries:

.
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1. The descriptor code — four-@igit number (coldmns }-4).
2. The text of the document name (columps 5-74).

3. The retrieval number of the.document (columns 75-=79).
4, The number of the punched card (column 80).

During the composition of the index eight-digit code 1s broken
up into two four-digit codes, and the basis is the first descriptor.

The main part of the punched card is for texts of documents.
Since the text of the title will not fit on one punched card,
provision 1s made for cards with continuation, i.e., the text of the
name of documents is printed on several punched cards, which are
interconnected by the number of the punched card.

During-the punching of names of documents great difflcultles
are encountered in deslgnations. An alphameric tabulator does not
have many signs, sugh as /, %, and others, and furthermore, many
formulas are not standardized in names, and therefore, in those cases
in which verbal recording was unsuccessful, the formulas were manually
inscribed in a tabulogram.

The followlng stage of work is selection of punched cards from
the inverted list in alphabetic order. Documents, belonging to
descriptors are taken. The sampling 1s done on an CfSO-SM.sorter.
Sorter is by numbers of documents and punched cards (columns 75-80).

At present the name of the document 1s punched once. Therefore,
1f the document 1s encountered in the inverted list several times —
and this 1s normal since thie nunter of descriptors describing the
document averages 8-12, then it 1is necessary to do extensive work on
sorting the punched cards.

In further work it is proposed to imprdve avallable technology

by duplicating punched cards of identical documents, punching in
columns 1l-4 the numbers of descriptors belionging to these documents
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for the purpose of sampling the necessary cards.

_ .For text printing in the lndicator of descriptors according to
their codes there is developed a mock-up of the punched card different
from the mock-up of printing the name of the document.

The whole field of the punched card, except for the first four
columns, is for the text of the descriptor. The name of the descriptor
is printed according to the .lnverted list mentloned at the beginning '
of the article.

The first four columns are omitted for displacement of the
recording of the descriptor on the tabulogram - for the best reading
of the indicator.

. After-selection of punchec cards of names of documents and
pdnched cards on which name of descriptors are recorded, on an
alphameric tabulator there is rnrinted a mock-up — a form from which
the descriptor index 1s printed wlth a 1:0.7 decrease.

Flgure 3 shows the page of a descriptor index. In the left part
'of_the page there are desceriptors, and in the right part numbers
(retrieval) of information cards.

The index 1s reproducec¢ by means of an operatlonal polygraph.
The form for reproduction is prerared on an "ERA."

In the first, experimental indicator there.are included 1000
documents composed on the basls of abstracts of reports on experimental
works, carried out by organlzations.of the Statefcommittee on use of
atomic energy. -

The purpose of the index is to reduce the time of getting
indicative informatlion to the user and make 1t easier to retrieve
necessary literature.

From a descriptor or combination of descriptors the user finds
the necessary document number. After appraisal it can through the
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Fig. 3. Form of page of descriptor index.

reference and information fund of the TsBNTI obtain an information
card, original, or copy. Certain sources of information are issued
~1in the form of miecrocopies.

Conclusion

To speed up getting documents to users at the TsBNTI there is
developed a descriptor index. The 1ndex is intended'both for users
working directly in the field of atomic science and technélogy and
for users of other departments for which information of a similar
form is needed.

Output of descriptor indices 1s one of the steps in the creation

of an effective system of information service.

Existing computerized IPS at preseunt can service only a certain
clrcle of users governed by the possiblilitlies of service of
information and economic considerations.
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The descriptor index should allow more wldely using the exlsting
data-processing system and giving to a wide circle of consumers
retrieval by index and use of information materlals availlable in the
reference and information fund of the TsBNTI on the use of atomic
energy.

Practice of work shows that the time of output of the index with
the help of computers and punch-card machines can be considerably
reduced as compared to such time for an index prepared completely
manually.

Wide application of indices of the desc¢-iptor type to various
information materials — reports, journals, and technical specifications
and records, willl allow improving information service of information

users.
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