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PREFACE

The scientific and technical revolution that is under way in the world of
today 18 assooiated with a precipitous growth of scientific information. The
growing amount of solentific and other publications is the moat conspicuous fea-
ture of the phenomenon which is frequently described as "information explosion'.
Scientists and engineers naturally strive to get e&s much information as possible
in a form convenient for use and spending minimal effort. In response to this
social need, a special kind of activity has emerged, called scientific informa-
tion, or documentation. Most countries have created ramified networks of
information centres or documentation services which regularly provide the specia-
lists with information they need.

It i858 a specific feature of information activities that an overwhelming

majority of workers ia moience and technology take part in them. They record

he results of their research, design and development work in papers, books, re-
ports, projects, invention specifications, and these are later used by other
scientists and engineers as initial data for the further research and develop-
ment endeavours. There is a special category of scientific workers - information
officers - whose task is to regulate the flows of these documents and to mould
the totality of scientific facts and data into forms convenient for use. The
efficiency of scientific information activities depends on the availabilitr of
highly skilled and experienced personnel, on the one hand, and on the acquain-
tance of all scientists and engineers with the essentials of informatics and
their ability to find and use scientific information accumulated through tiie uges
by menkind'e exploring endeavour, on the other hand.

In many countries such training is provided to information officers and
users through regular college and university courses. In 1963, the Internationa)
Federation for Documentation (FID) addressed to all its member countries an
appeal to promote the institution of dotumentation and sefentific information
chairs at the universities and nther advanced learning establishments. In parti-
cular, a chair of scientific information has been set up at the Lomonosov
University of Moascow in 1963/64 academic year. One of the purposts of the chair
is to instruct the students in the basic techulques and to make them acquainted
with the main farilities employed in sclentific information work. A 23-hour
optional course in informatics is offered to the students in the natural facul-
ties; this Guide has been written on ihe basis of this course.

Th- Guide contains materials for an introductory course in informativs/
documentation science: the text of the lectures, checkup questions for self-
control, tests or examinations, lists of references suggested for further study,
curriculum and syllabus of th: leclures and practical lessons. The Guide is
intended primarily for the studentis ¢f higher learning establishments in the
countries as yet lacking any regular instruction in the discipline; it can be
also used for the initial training of information officers in the developing
countries.
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The Guide was written under a Unesco/FID contract. The authors wish to
acknowledge their deep gratitude to the FID Secretariat and the staff of the
Unesco Department of Documentation, Libraries and Archives for valuable advice
and assistance rendered during the preparation of the manuscript. The principal
notions and ideas expounded in the Guide have been t'ormulated by the authors in
the course of writing a monograph on the furdamentals of informatios ("Osnovy
Informatiki", Moscow, Nauka Publishers, 1968, 766 p.) conjointly with A.I.
Chernyi to whom they offer their sincere thanks for his materials for the univer-
sity lectures that he had placed at their disposal and the helpful ideas sugges-
ted by him in discussing those lectures. Thanks are also due to E. Azgaldov and
K. Erastov who translated this work into English.

The authors are hopeful that their Guide will be found useful not only by
the students being initiated into sclentific information activitier, but by their
teachers as well, and they would be grateful for any comments or suggestions.



COM/WS/ 147 - page 3

CONTENTS
Page
h‘efaoe L] . . L] . . . . . . [ ] . . . . . L] L] . L] . . L] . . . L] . . a . . 1
1. Scientific Information Activities - Orgenic Part of Scientific Work 7
2. Scientific Literature - Source of Knowledge and Means of its
Dissemmation L] . . . [ ] . . . . . L] L] . . L] L] . . L] . . . . L] . L] . 19
3. Information and Bibliographic Publlcations - Sources of Data on
Literatm‘e . . . . L] . . . [ . . L] . . L] L] L] 4 . [ ] L] . L] . L] . . . . hl
4, Information Agencies and Special Libraries - Auxiliary Institutions
Of Seienoe L] . . . L] . . L] [ ] . . . L] L] * » L] L] L] . . . L] . . . . L] L] 6}
5. Essentials of Information Retrdeval . « « ¢« + v v v ¢« v s v v+ 4 T9
6. Conventionsl Information Retrieval Systems .« .+ « « « « o & o s o« o« 89
T+ Descriptor=Type Information Retrieval Systems . . . . . . .+ . .« . . 107
8. Technical Means of Information Retrieval . . « v « v v v v v s 4 & 123
9- Repl"oduotion of Information Documents L T T S S L R R T T T 1}7
10. Utilization of Sclentific Information . . « v « v ¢« « ¢ ¢ v ¢ o« ou o 151
Syllabus and Programme for &an Intredretory Course on Informatics/
Mmtation . . L] L] L] . L ] . £ ] 1 ] L] . . . L] . L] L] . L] 1 ] L] [ . . L] . . L] [ 165

Fig\u“esltO;}o...........--o---.-......169-208



COM/WS/ 147 - pege 5
LIST OF FIGURES

See_page

i« Orowth of world science periodicals .+ « « « v ¢ ¢« ¢« v v v v v 00 0 8

. 2. Tasks and stages of scientirico-information aotivities . . . . .« ¢ « .+ 11

3. Types of scientific documents and publiecations . . « . « ¢« « + v ¢« « + 21

' h, Citations of science documents in later publications . . . « « ¢« « . « 3
5. Distribution of new references to earlier publications in a hypothe-

tical fleld .+ v v v v ¢ vt e e b e e e e s s e e e e e 35

6. Scatter of citations in an isolated special literature . . « + .+ . 36

7. Half-life of scientifio literature . « « « ¢« v v ¢ v v ¢ v v v o v v v 37

6. Age distribution of papers cited in publications of 1965 . « . . « . + 37

G. Two different abstracts of the same paper as abstfacted in the VINITI
Abstract Jownal "Chemistry" and the "Chemical Abstracts" . . . .. . 49

10. Arrangement of entries for the same btooks in a classified, alphabeti-

cal sublect and author order + + « + + + ¢ ¢ ¢ 1 e e e e e s B)
11, Basic types of bibliography « + « ¢« + ¢ s ¢ ¢« ¢ o ¢ o o 1 0o v e s s 0 B2
12. Llayout of entry in a permuted-title index (KWIC Index)} . . . « + + . . 57
13. Porticn of a page in the Science Citation . . . « v + ¢ v v ¢« v v v v 59
14, Channels of disseminaticn of scientific information from the
generators Lo the UBErB + v + ¢« v + + ¢ 1t ¢ 1t et e e 63
15. Distridution of scientific and technical information flows among the
information sgencies in the USSR . + + ¢ v v ¢« ¢« v v ¢ o« v v v v v v o 67
16. Disgram of information retrieval . « + « + ¢« ¢« ¢« ¢+ + v e 1t e . &
17. Dependence of recall on precision « + + o+ ¢ ¢ ¢ 1 o 1 0 e v v e s 0. 83
18. GOeneral block-diagram of an information retrieval system . . . . . . . 8%
. 19, Arrangement of bibliographical particulars on the title-page and in
the eNLTY  + ¢ v v+ 1 v ¢ 1 v h bt h e e e e s e s 9
20. Scheme of rules for description of the basic types of publications . . 92

2'0 Speelﬂeﬂ wex eﬂtl‘ies . T e 6 8§ 6 1 1 » s 6 & o v 1+ o 5 e e v ¥ o 92




COM/WS/ 147 - page 6 Ses page

22, Graph of an hierarchical classification and the relationship between
its d1v1510ns L] L] . . L] L] L] L] L] L] . . L] L] L] L] L] L] L] L] L] . . L] . L] . 96

23, Main divisions in the Universal Decimal Classification (u.p.C.) . o8

24, Maln divisions (continued), and synopsis of auxiliaries in the U.D.C. 98

25. Deciphering of a U.D.C. number « « « « + &+ o v s ¢ ¢ v o ¢ 0 o0 s 98
26. A hypothetical classification of obJects according to attributes

which do not form natural hierarchy .« « + + « « ¢« « + o ¢« ¢ « + « « 108
27. Graphical representation of relations between sets . . « « « « « .« & 110
28, Working principle of the Uniterm System .« « « « v ¢ ¢« ¢« « v ¢ v v« 114
29. Specimen layout of a subject class in a thesaurus . « « « « ¢« + « 118
30. Ezamples of codes for edge-punched CArds « « ¢ « « o ¢ o v ¢ ¢ 1+ o 127

31. The working principle of body-punched and superimposable cards . . . 128

32, Aperture CAYdS « ¢ « 4 ¢ 4 e et e e 4 e e e e e b e 130
33, Miorofiches (specimens) . . « « + ¢ v ¢« ¢ ¢ v v o o o s o v oo 120
34, Schemativ cperation and main units of Filmorex system . . « . « .+ . 131
35, Schematics of the basic 0Opying processes « « o« « « + + + 1 o o o o 140
36. HRelative advantages and disadvantages of the different copying

PPOCESEEE « + « « o + o 4 & t o ot 4 e 4t e e e e e . 183
37. Schematics of the different printing methods « « + ¢« + v v v ¢ ¢ v s 134
38. Block-disgrams of the different printing machine types . . . . . . . 184
39, Schematics of operation of the hectograph, rotary stencil duplicator

Bnd FORAPPANE o & v v o v o b h e h e e e e e e e e s 18T

30, Choosing means of dodument dUPLICAtION + + o « v « v « » o o o + 4 o 129




COW/WS/ 14T - page 7

1. SCIENTIFIC INFORMATION ACTIVITIES -
ORGANIC PART OF SCIENTIFIC WORK

Science is a form of social consiciousness that enables Man to learn the
objective laws of Nature and Society and to put his knowledge into practice.
Science, too, is governed by its own laws of development which it is necessary
to know for successful work in any particular field of research.

Laws of the development of science

One of the principal laws is tne differentiation of science.

Sovie’ Academician A.N. Nesmeyanov wrote in this connection: "Every
field of science differentiates and glves rise to ever new disciplines. Chemis-
try, for instance, was divided already in the last century into organic and
inorganic, analytical and, later, physical chemistry. In this centwry, physical
organic chemistry has emerged, and quite recently the element-organic chemistry
has become a discipline in its own right. In physics, the fields that became
established as independent disciplines using research methods of their own were
molecular physics, optics, acoustics, solid state physies, and - in the last
decade - nuclear physics, etc.{!).

Differentiation and specialisation of science help the scientists pene-
trate ever deeper into the mysteries of Nature ar.3 Soclety, accumulate facts,
and establish the interrelation of phenomena. This process, however, is
fraught with a danger of which scientisis have long been aware. Nearly a cen-
tury ago the famous German chemist K. Wirchow wrote: "We all of us who describe
ourselves as explorers of Nature actually have mastered only some par%i ular
field of 1% ... In all the other flelds we are all half-ignoramuses."{2) 1In
effect, differentiation leads to an ever greater insulation of scientists who
are gradually losing orientation in the general system of scientific knowledge
and even within their own discipline find it increasingly harder to keep au
courant witn their colleagues' work.

At the same time, it is the interaction and interpenetration of sciences
that are varticularly fruitful. Important trends of research are apt to arise
at the Junctures of related, and sometimes even of remote sciences. This regu-
larity ol the evolution of science has been pointed out by F. Fngels who in his
Dialec.ics of nature rightly predicted that it was precisely at the points of

1. A.N. Nesmeyanov, "Na styke nauk" (At the Juncture of sciences), Nauka i
Zhien, 1958, no. 3, p. 1 /The VINITI system of transliteration {s used
throughout this volume/.

2. R. Wirchow, Die Frelheit der Wiesenschaft im modernen Staat. Berlin, 1877,
p. '}.
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contact ot scionces that the greatest results were to be expected.(1) The
emergence and development of biochemistry, bilogeochemistry, biophysics, rhysical
chemistry, bionics, cybernetics, mathematical linguistics, engineering psychology
and other dirciplines are sufficient proof of this statement. It is evident that
to ensure interaction of sciencea in the environment of their continuing diffe-
rentiation it i{s necessary to establish reltable channels of communication
between the scientists working in different disciplines and trends of research.

Another important regulsrity in the development of science is its histori-
cal and international continuity. If evesy scientist and the scientists in every
country and epoch had only themselves to accumulate the knowledge they need and
had to rediscover laws, science would hardly make any headway. The accomplish-
ments of scientists the world over and of the previous generations constitute the
groundwork for the contemporary scientists to bhase their worx on. K.Marx wrote:

Universal labour {s all scientific labour, all discovery and all invention.
This labour depends partly on the co-operation of the living and partly on the
utilization of the labours of those who have gone before".( )

It is natural, therefore, that every generation of scienticts is engsged
not only in the origination of new scientific data, but also in specisl activi-
ties of classification, evaluation and generalization of the data earlier
accunulated by their colleagues so as to make these data accessible not only to
the contemporaries, but to the future generations of scientista as well. Ob-
viously, this accessibility largely depends on the form in which scientifio
knowledge 15 disseminated among the contemporaries and handed down to the
posterity.

Theory and methodology of science are teyond the scope ot these lectures.
These problems are the concern of a new scientific discipline, named science of
science. We are not going to consider all the regularities of science, but shall
only dwell on those of consequence for our subject. However, there is one more
regularity that deserves to be pointed out here. We mean the accelerated growth
of seience.

It has become & newspaper and radio cliché that the world has entered an
epoch of scientific revolvtion, & powerful explosion of scientiflc research.
Every schoolboy nowadays knows that science is developing at a gigantic pace and
that before he has time to go over to the next grade in his school, developments
will take place in science which earlier had takerc decades and centuries to
accomplish,

It may be asked: how can one measure the growth of science? Aren't some
major discoveries more valuable than hundreds of minor ones? Indeed, so far in
making quantitative assessments of the rates of sclentific develcpment we can

1. F. Ingels, Dialectics of pature. 3rd rev. ed. Moscew, Frogress Fublishers,
1964, p. 297.

2. K. Marx, Capital, A critique of political economv. C. Vo.3, book 3, Fd. by
F. Engels. 3rd imp. Moscow. Progress Fublishers, 1066, p. 104,
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only lean upon such indirect indicators as allocations to scientific work, number
of employees in the sphere of science, or the number of scientific publications.
Howsoever approxiinate the data upon which such measurements are based, they are
sure evidence that each of these indicators grows by equal number of times in
equal time periods.

Let us illus.rate this by examples. In 1800, there were about 1,000
scientific workers in the United States; by 1850, their rimber rose to 10,000; by
1900, to 100,000; and presently their number is in excess of 1,000,000. In 1800,
there were about 100 Journals in the world; in 1850, there were 1,000; in 1900,
10,000; and by the 1950's, close on 100,000, In both cases & 10-fold increase
took place after overy fifty years. In mathematical terms such growth is des-
cribed by an exponential dependence and can be graphically shown by an exponent
curve.

American historian of science Derek de Solla Price has drawn up & table
showing that while the world populaticn doubles every 50 years, the percentage of
new scientific workers per 1,000 inhabitants doubles every 20 years, the number
of qualified scientists and of scientific Jjournals, every 15 years, and the lite-
rature devoted to certain subjects, for example, X-rays and expsrimental psycho-
logy, every 10 yeart. He made qQuite a clear picture of the rates of the growth
of science in the folloning words: "To put it another way, using any reasonable
definition of a scientist, we can say that 80 to 90 perceni of all the scientists
that have ever lived are alive now. Alternatively, any young scientist, starting
now and looking back at the end of his cereer upon a normal 1ife span, will find
that 80 to 90 percent of all scientific work achieved by the end of the period
will heve taken place befors his very eyes, and that only 10 to 20 percent will
antedate his experience".(!

The acceler: ted growth of science accompanied by frequent (every 15 to 20
years) doubling r‘ =rtentific literature has been long since causing apprehension
among scientists. Aritten records - journal articles, books, and other publica-
“ions in which the sclentists describe the findings of their research - are the
basic means for the conveyance of scientific knowledge in time and space. Until
quite recently, it has been the &ysatem ¢f writien records and publications and
the simultaneously emerged system of library and bibliegraphic services provided
for sclentists, thiat had been ensuring the historic continuity, internationality
and accelerated growth rates of science. At the present stage, however, this
system no longer satisfies the scientists.

The apprehension was voiced in such well Xnown utterances as that by the
late USSR Academy of Sciences President S.I. Vavilov who visualiged the plcture
of a scientist standing perplexed before the Hima&qyas of libraries unable to
extract from them the grains of gold he needs, (2) or by the English physicist

t. D.J. de golla Price, Little science, big science. New York - lLondon, 1953,
p. 1.2, &-7.

2. S.I1. Vavilov, Neskol'ko tamechani}) c knigakh. (Some notes about books).
Sovetskaja knign, 1967, N 1 p. 15,
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J.D., Bernal, who said that it 1s sometimes easler to rediscover a fhgncmenon
than to learn from literature that 1t has been discovered earlier.(1 Scores of
similar statements by less prominent sclentists can be cited as well., Here is a
word by the well-known French physicist Louis de Broglie: "A sclentist often
feels himself buried under the heaps of articles and monographs appearing all
over the world; for all the assistance rendered by the biblirzrarlites, he as
often as not cannot manage to read them through, to say nothing of thinking them
over. Flooded by the unceasing stream of publications, he 1g under the constant
risk of getting mazed in trifles and missing the important things".(2)

Social demand for scientific information activities ’

Let us take a look at the obtaining situation from yet another standpoint.
Since every sclentist who wants to work efficiently must know what has been done
in his field earlier and what the other scientists presently working on the same
or related subJcet are doing, he has need spend part of his time searching for
this information. Surveys show that many researchers in the natural sciences
spend on this one~third or even half of their working time. This naturally means
a reduction of the time spent on research proper and hence of efficiency of scien-
tific work. And even so a scientist can never be sure that he has looked through
all the relevant material.

The results are deplorable: qulte a number of rescarch projects are con-
ducted in vain since they are mere repetitions of what has been done earlier by
other scientists. Huge amounts of material and intellectual resournes go down
the drain.

All these facts were adduced with the unique purpose of showing that at
the present stage of science development there has arisen a soclal demand for a
special type of activity in order to provide the sclentists and engineers with
the knowledge, or, as we shall hereafter c¢-11 1t, sclentific information they
need. And such sclentific information activities did evolve. There are thou-
sands of large and small establishments in the world called information or
documentation centres and services or Institutes, bureaux, and departments of
seleriiifie and technical information. Ramified networks of such establishments
providing regular assistence to rescarch and development groups and teams are
functioning in the majority of countrles. The basie principles underlying the
organization of such networks and the activities of the main information estab-
lishments in the Soviet Uniorn will be described later on.

We must now give a clear notion of some gencral propositions pertaining to
sclentific information activities. First of all, 1t should be clearly understood
that these activitles have emerged as an altogether natural phenomenon in the
course of the development of science. In effect, differentiation and specializa~-
tion in science refer ot only to the division of the flelds and trends, but also

1. J.D. Bernal, Sclence in history. London, Watts, 195%.

2. L. de Eroglie, Sur les sentiers de la science. Paris, Michel, 1960, p. 340.
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of the types of work performed by the different scientists. It is not so very
long since each soientist used to do everything reguired for his research himself.
He conducted observations, proposed hypotheses, tested them in experiments,
searched for the data required and classified and generalized these.

As time passed, experimental techniques became so involved and the methods
used came to require the application of such sophisticated mathematical tools
that the experimentation was established as a speciality in its own right. This
process took place at different psriods in different sciences, and it is not yet
completed in some of them. As Soviet Academician P.L, Kapitsa worded it: "We
know full well from the history of physics that the division of the physicists
into theoreticians and experimentalists has taken place quite recently. In the
past, not only Newton and Huyghens, but even such theoreticians as Maxwell usad
themselves to test their theovetical conclusions and constructs. Nowadays it is
only in exceetional ocases that a theoretician has to stage experiments to test
his theories",(1

In the last deocades the turn has come for scientific information search-
ing. Scientific information activities came to be established as an autonomous
speciality in the course of the social division of scientific labour. A part of
scientific workers now devote all their efforts to the gathering, oritical analy-
sis and generalization of all the available scientifiec knowledge pertaining to a
certain subject fleld or a scientific discipline. Scientific information activi-
ties today require special knowledge on the part of scientists and application
of complex techniques and equipment. The task has no longer to be shouldered by
individual scientists, as there are specialized teams of scientists to cope
with it.

Tasks and stages of sclentific information activities

What are the tasks facing information activitles and into what stages it
is accordingly broken up?

1. First of all, it is necessary to gather all the required scientific
information with the maximum exhaustivity possible. This means that from the
collosal amounts of scientific knowledge one must select and regularly update
all and only the information that might be of use for scientific or practical
work ir. one or several disciplines, one trend of research, or even a single R & D
team or establishment or a group of these.

2. The next step is analytico-synthetic processing of scientific informa-
tion. This means that every group of data recorded in a scientific document is
to be analysed from the standpoint of its contents while the document is to be
analysed from the standpoint of its form. The results of such analyses are
briefly written down or synthetized with the aid of special notation developed
for the purpose of scientific information and based on the words of natural

i. P.L. Kapitca, Teorila, eksperiment, praktika. (Theory, experiment, practice).
Moscow, 1966, p. 16,
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language, letters, figures, formulae, tables, and diagrams., Information thus
processed becomes suitable for subsequent storage, retrieval and use 1ln scienti-
fic work.

3. The following task 1s long-term storage of sclentific information.
The obJectives here are to ensure that the data gathered take as little storage
space as possible, and that the media upon which 1t 1s recorded provide for a
longest term of storage and be arrangeable into an orderly system enabling fast
and easy retrieval of all relevant data,

4, 1Information retrieval -~ which is a major aspect of information work -
consists in a series of logical operations ensuring the finding of the informa-
tion a scientist needs. Any procedure used to accomplish that task must be such
as to allow st every point to retrieve from a collection of data all and only
those providing a direct answWer to the question posed by any member of the user
community.

5. Since the results of each of the above processes and of information
retrieval first and foremost may be of interest to a great number of scientists
and practicians simultaneously, the task of scientific information dissemination
crops up. Scientific documents (or parts thereof) carrying the relevant informa-
tion must be reproduced to obtain the sufficient number of identical coples for
the speedy dissemination among all these interested.

6. Finally, it is not unimportant to scientific information activities
how thelr results are used. For that reason the objectives of these activities
include the popularization of the accomplishments of sclence and technology and
of the most efficient techniques of handling scientific and technical documents,
the study of the efficlency of the utllization of these documents, and of the
impact exerted by information work upon science, technology, and the national
economy as a whole.

The fulfilment of the enumerated tasks ard the performance of the cor-
responding stages of work require the elaboration of the theory, methodology,
organization and the technical means of scilentific information activities.
These are the functions that constitute the subject of a new sclentific disci-
pline that we propose to call "Informatics". (1

Basic concepts

Before we proceed with our exposition, we must introduce and define some
basic notions. These are first of all the concepts of "information" and "scien-
tific information" as well as the concepts derived from them: "scilentific
information activities", “informatics", "information officer" and "information
scientist".

1. A.I., Mikhailov, A.I. Chernyi, R.S. ¢iljarevskiJ, "Informatics - new name for
the theory of scientific information". FID news bulletin, 196/, 17, N 7,
p . 70-714 .
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Igformation is certain knowledge, a totality of some data, and known
facts.(1 In a broader, philosophical sense information can be defined as the
content of the relation between interacting material obJects which manifests 1t-
self in a change of state of these obJects. Since all material obJjects can be
divided into organic, inorganic and thinking obJjects (human), three kinds of
information are accordingly distinguished: elementary, bilological, and logical
(semantic) information. Logical information 1is proper only to human society and
its contents are ideas and images. Semantic information is actualized through
man's oral and written speech.

Scientific information is logical information obtained in the process of
cognition adequately reflecting the laws of the obJective world and used in the
socio-historical practice.

The term "sclentific information" 1is, therefore, to be taken as generic:
the attribute "sclentiflc" by no means stands to indicate that scientific infor-
mation had need be the result of purely scilentific activity. The specific
concepts will be by the different solentific disciplines - biological, physical,
chr.'ical, ete. information, and by the flelds of practical activity - technical,
ag) cultural, medical, political, managerial, etc. information.

Scientific information activities 1s a special part of scilentific labour,
which has become 1solated in the course of the social division of this labour.
Its purpose is to provide the scientists and practical workers with all the in-~
formation they need by means of gathering, analytico - synthetic and logical
processing, storege, retrieval and dissemination of scientific information.

A specialist in a fileld of scilence or social practice whose sole occupa-
tion 1s information work is usually called an information worker, or officer.

As you will have a chance to learn later on, some functions and processes
of scientific irformation activities are akin to librarianship and bibliogra: hiec
work, which have existed for thousands of years. In effect, libraries, too,
collect literature process and store it and serve their patrons. This fact has
given rise to the widespread opinion that scientific information activitiles have
emerged to supplant the library art, since libraries allegedly are no longer
able to serve sclence in our days. We shall devote a special lecture to a com-
parison of the activities of the information agencles and libraries. We should
only like {0 warn rightaway that the above opinion 1s too straightforward and
therefor'e not altogether true, be it for that reason alone.

Scientific information activities are to embrace primarily that part of
scientific labour which had been formerly done by every scholar on his own. Of
course, sclentists and practicians nave been making use of libraries and biblio-
graphic aids in their research work since the days of yore. As scientific
information activities are developing, this ald, contiary to losing its impor-
tance, 1s even to expand in scope and become more complex. That 1s why we are

1. Philosophical dictionary, Moscow, 1963, p. 172.
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going to pay in our lectures due attention to those aspects of library work and
bibliography that have retained their importance for meeting the information
needs of the scientists.

Informatics is a scientific discipline which investigates into the struc-
ture and properties (and not the specific contents) of scientific information, as
well as the regularities of sclentific information work, ite theory, history,
methodology, and organization.

The purpose of informatics consists in developing optimal methods and
means of presentation, recording, collection, analytico-synthetic processing,
storage, retrieval and dissemination of scientific information. Informatics
deals with semantic information, but is not involved in qualitative estimation of
this information. Such an estimation can be cariried out only by specialists in
the particular fields of scientific or practical activity.

It should be mentioned that the term "informatics" is quite novel and has
not yet received a common acknowledgement. It has been suggested by the authors
of these lectures Jointly with A.I. Chernyi to replace a number of existing
terms that we deem unhappy. The oldest and most common of these 1s "documenta-
tion". It hus been proposed for the designation of a specific activity of
collection, processing, storage, retrieval and dissemination of documents as dis-
tinct from librarianship and bibliography back in 1905 by Paul Otlet, the well-
known Belgian scientist and public figure. In 1934, it was used in the name of
the Institut International de Documentation organized on the basis of the Insti-
tut International de Bibliographie which was established in 1895, and in 1937, in
the name of its successor, the Fédération Internationale de Documentation.

In Soviet special literature a related term has been used rather frequent-
ly - "documentalistics".

We believe that both these terms - "documentaticn" and "documentzlistics" -
are inadequate, for they lay the stress on documents whereas the subject studied
by the discipline in question is the structure and prcperties or scientifiec in-
formation. Nor can we call adequate the term "theory of scientific information",
which is also sometimes used in that mezning, for the discipline embraces not
only the theory, but also the methodology, history and organization; moreover,
what is meant by "scientific information" in that term is in actual fact "scien-
tific information activities". All these reasons prompt us to urge the intro-
duction of a new term - informatics.

Specialists in this new discipline - informatics - likewise must have a
name. Our suggestion is "information scientists".

Interrelationships between informatics and other disciplines

Informatics, being a newly emerged sclentific discipline, is based on
numnerous other disciplines and makes use of their methods. We must say at least
a few words on its related sciences that are quite diverse: mathematical infor-
mation theory, cybernetics, semiotics, linguistics, psychology, library science,
bibliography, book science, science of science, as well as technical disciplines.
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The concepts which are central to the mathematical information theory are
the concepts of information and of the measure of its quantity, while its major
objective 1s to investigate into the process of the transmission of information
through a communication channel. This theory derives its definition of informa-
tion from statistical reasoning and completely disregards the contents, or
semantic value, of the messages transmitted. Nevertheless, the process of
storage, retrieval and dissemination of information, considered in sufficiently
general terms, may admit of being treated as information transmission through a
communication channel. This explains why informatics makes so wide a use of a
great many notions of information theory.

Cybernetics has been defined as the sclence "of the modes of perception,
storage, processing and use of information in machines, living organisms, and
assoclations of these".(1 Characteristically, there is an almost verbal coinci-
dence of the opening part of this definition with the stages of sclentific
information activities described above. Another factor of the rapprochement
between informatics and cybernetics is the circumstance that at present the effi-
cient solutions of the maln problems of informatics - retrievai and logical
processing of scientific information - are based on electronic digital computers,
or cybernetic devices.

Semiotics, or the general theory of symbolic systems, which is sometimes
regarded as a part of cybernetics, 1s currently being developed at the interface
of mathematical logic and structural linguistics. Even the little thus far told
on the analytical and synthetic information processing will suffice to make clear
the importance of artificial formalized languages with special symbolisms or of
the programming-type languages for informatics. The wide scope of subjects
studied by semiotics, includes such aspects important for informatics as the
priuciples of construction of artificial languages, the procedures of translation
from a natural language into an artificial one and backwards, and the notation
systems used to record scientific information in the different disciplines.
Methods of mathematical logic are likewise employed by informatics for formali-
zing the logical inference proceduwres applied in the different sciences; this
would provide for the automation of a great number of functions of scientific
information activities.

Linguistics, which is concerned with the study of the regularities of
evolution of the natural languages, shares much common ground with semiotics as
regards the machine translation problem -~ a problem of great importance for in-
formatics. Other chapters of linguistics, such as the general theory of trans-
lation, the principles of franscription and transliteration, and the principles
of the construction of terms, too, find definite applications in informaties.

Psychology, particularly one of its recent trends - engineering psychology,
Dlaces at the disposal of informatics very valuable methods of research to in-
vestigate into the optimal forms of scilentific information tailored to thre

1+ 1 .a. Kolmogorov, "Kibernetika" (Cybernetics). In: Bol'shala Sovetskaja
Intsiklopedija, 2nd ed., v. 51, Moscow, 1958, p. 14y,
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convenience of percebtion, the utilization of scientific information, the effi-
clent reading techni jues, the construction of man-machine systems and a great
deal of other problers assosciated with the human aspects of information scti-~
vicles.

Library science, which studles the essence, organization and methods of
public use of written and printed records has historical ties with informatics.
For thiousands upon thousands of years the techniques of information activity
individually carried on by every sclentist as part arnid parcel of his work had
been his personal affalr. They were never generalized and at best passed down
directly from teacher to pupil. The only social institution where these tech-~
niques could find at least an indirect reflectiocn was the librery. Library
sclence has managed over the last century and a half to generallze some of these
techniques. Although as yet 1t remains a descriptive science and certainly lags
behird in solving the pressing problems of the servicing of sclence, informatics
does make use of some of its results.

Bibliographv 1s "the field of knowledge and of practical activity which
has for its object the registration, description, classification and qualitative
analysis of publications and the compllation of various aids which help to take
cne's bearings in the current literature, popularize it and promote its efficient
utilization."(1) The scope 0.” bibliography 1s much broader than that of library
science and encompasses virtu«lly all the aspects of human activities associated
with written and printed records. Alongside with scientific and industrial
purposes, 1t provides for educational and training objectives as well. However,
supplying information on printed and writte.. records to sclentists and all kinds
of practitioners remains one of the most important tasks of bibliograrhy, and in
this respect it 1s akin to informatics and information work.

Book science 1s a comprehensive discipline that studies printed and writ-
ten records on a theoretical and historical planes. Since scientific informa-
tion 1s at present disseminated in the form of publications and manuscripts, a
great many aspects of book science are of signitiicance for informatics, specifi-
cally the history of books, book statistics, publishing art (in particular, the
theoretical and practical aspects of editing), and the graphic arts industry.

Scilence of science (organization of scientiric labour) is an altogether
recent scilentific discipline which investigates into the regularities of the
development of scilence and elaborates on this biasis the principles of organiza-
tion, planning, financing and management of science. Some of the problems
explored by the science of science are important for informatics as well. These
include the problems of the optimal system of scientific publications, the im-
provement of the efficiency of scientific labour, prognostication of the
development of sclence, assessment of 1ts level and development rates, and a
number of others.

1. E.XI. Shamurin, Slovar' knigovedcheskikh terminov. (Dictionary of library
science). Moscow, 1961, p. 29.
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Finally, the technical scienct ¢ “.vide for the elaboration of new techni-
cal means which is a sine qua non for ..nancing the efficiency of information
activities. It 1s difficult even to enumerate here all the flelds of engineering
that have to be made use of in developing special information devices. Micro-
photographs and records on various magnetic carriers are used for leong-~term
storage of scientific information. Photograpiyy and electrical engineering, optics
and electronics participate in the efforts to solve this problem. Considerable
successes have been scored in sclentific document reproduction techniques. Some
new processes, for instance, electrography, coilsiderably enhance the efficiency
of information dissemination. As concerns information storage and retrieval,
great hores are set on the electronic digital computers. Engineers are presently
striving to build specialized input and output devices for computers so as to
provide for using them in automating the main routines of scilentific information
work.

So much for the range of sciences akin to informatics in its main pursuits.
This range is of course even broader, but this general outline is enough to indi-
cate the numerous relations of informatics with the present-day science and to
delineate 1ts scope of research. .

On the contents of these lectures

We want to conclude with a word on our lectures. They should not be taken
as a regular course expounding the fundamentals of informatics. Their purpose is
only to serve as an introduction to this discipline.

Both the structure and contents of this course are determined by :hat
particular purpose. We shall first of all make you acquainted with the existing
system of scientific publications, primarily those providing aid in searching for
the pertiinent scientific literature. We shall speak of the activity of those
establishments - scientific information agencies and special libraries - that
function as middlemen between the scientist and his literature and as treasuries
of scientific information.

The central place in the lectures is given to the essentials of informa-
tion retrieval. Both conventional and unconventional systems as well as the
facilities for their physical implementation are considered. Major attention is
given to the simplest means which can %e available to any student.

The course ends with a lecture on the means and methods of the utilization
of scientific and technical information and the personal information work of the
individual scientist.

Every lecture nloses with checkup questions and references for further
study.
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Checkup Questions

. ‘What are the main regularities of the development of science?

., What are the indicators that characterize the accelerated growth rates of
seientific progress?

. Which social. demands have given rise to scientific information activities?

. What is scientific information work, what stages does it consist of, what
are the problems it strives to solve?

. What 1is scientific information?
., What is informatics?

. What scientific disciplines is informatics related to?

Literature

. A.I. Mikhailov, A.I. Chernyi, R.8. Giljarevskij, "Informatics: its scope and
methods". 1In: On_theoretical problems of informatics. FID 435. MNoscow,
All-Union Inst. for Scientific and Technical Information, 1969, p. 7-24.

. H. Borko, "Information science: what is it?" American documentation, 1968,

. Ch. P. Bourne, Methods of information handling. New York a.o., Wiley, 1963,
XIv, 24: p., 111,

. D.J. de Solla Price., Little science, big science. New York~London,
Columbia Univ. Press, 1963, 119 p.
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2. SCIENTIFIC ULITERATURE - SOURCE OF KNOWLEDGE
AND MEANS OF ITS DISSEMINATION

"If the history of science and technology is considered from the stand-
peint of the level of means of information transmission and storage, three malor
epochs can be more or less clearly distinguished thus far: the first, and the
longest one, when oral speech was the chief if not the only means of information
transmission; the second epoch which began with the emergence of a class
society ... is characterized ... by the addition of writing to oral speech;final-
ly, in the third epoch ~ from the establishment of the bourgeois society up ti.l
now -~ the main means of storage d transmission of scientific and technical
information was book printing®.(?

Steges of development of written records

Since the methods of storage and transmission of semantic information have
been playing a major part in the development of human society, it will be interes-
ting to trace back the evolution of these methods. Oral speech proved inadequate
for the task of information transmission at a certain stage of development when
the need arose to convey messages over large distances and to preserve them for
prolonged periods of time. Written langusge made its appearance being a system
of physical fixation of speech sounds and words using conventional signs with the
aim of their transmission in time and space.

Every civilization, as it perfects the oral ard written language in the
course of its development, works out certain types of documents which, along with
oral communication, serve to convey the knowledge about the surrounding world and
the skills in this or that craft or industry. The oldest scientific documents
that have been preserved till our day are the tablets inseribed with cuneiform
writing from Mesopotamia which date back to the 4th millemium B.C. Treatises in
astronomy, geography, history, commerce and law have been preserved since the 4th
millenium B.C. (the Sumer culture and the Assyrian-Babylonian culture which
flourished in the 2nd millenium B.C.)}. Along with small clay tablets 2.5 cm
high, there were produced big plates 40 cm high which contained up to #00 lines
written in 4 columns on either side. These books of clay served human cultural
and scientific needs for thousands of years, but their major shortcomings were
unwieldiness and insufficient capacity. Some texts took up to 10 tablets to re-
cord, and the collections numbering tens of thousands of tablets ~ remnants of
such libraries have been preserved till our time - took enormous storage space to
accoamodate.

Papyrus scrolls were a more compact form of document which made it possi-
ble to accumulate vast collections of manuscripts. Beginning with the 3rd
millenium A.D., this was the usual form of books in Egypt. In a scroll, the text

1. 0.S. Kulagina, L.A. Xaluzhnin and V.V. Ivanov, "O kul'turnom znachenii
mashinnogo perevoda™. (On the cultural significance of machine translation).
Vestnik istorii mirovo] kultury, 1961, N 3{27), p.23.

I
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was arranged crosswise to the length 1in columns of 25 to 25 lines. The fragilit
and impermanence of papyrus are to blame for the scarcity of the specimens of an
cient Egyptian documents preserved; the oldest of these dates from the 18th Cen-
tury B.C. Mostly, these are the ritual "books of the dead" that the archaeolo-
gists unearth from the pyramids and other burial places. In Greece and Rome,
scientific knowledge had been for a long period disseminated through oral speech
It is known that manuscripts came to be used for the purpose as late as after
Aristoteles. Not a single original text has been preserved sirnce the classic
times, and 1t i3 very often that centuries separate an earliest preserved copy
from the conjJectured date of writing of the original text. What 1is known about
Greek and Roman papyri is based on Asia Minor and late Egyptian specimens. The
mean length of a scroll was at most 10 m, and the width, 30 cm.

Parchment made of calfskin has been known as material tor writing sirce
the 3rd Centwry B.C. It admitted of writing on both sides, and was preserved
longer than papyrus.

It deterriined the transition to the codex, a modern book form. Papyrus
codices were manufactured till as late as the first centuries A.D., but by the
5th Century they were ousted by parchment codices. The codex 1s a book form of .
greater capacity than a scroll, it 1s better suited to the recording of long
texts and to making references. Up till the 12th century, parchment scrolls wer
the only book form that existed in Europe. Thelir biggest drawback was a high
cost, which prevented a broad spread of written documents. A whole herd had to
be skinned to make a single copy of a parchment book.

Parchment was superseded by paper, which had been invented in China in
105 A.D. 1In the Middle East, its manufacture was started in 751 A.D., and in th
12th Century 1t penetrated into Europe through the Arablc conquerors of Spain.
Paper books which were considerably cheaper than parchment books, came to be
widely used for scientific and educational purposes. The several thousands
years of the evolution of written documents show that the form of the latter has
been changing under the pressure of the needs of the community: documenis were
becoming an ever more capacitous, convenient, and cheaper medium for information
recording. Thils resulted in the emergence of the book form, or codex, which
remains the main form of document till our day.

An ubiguitous need began to be felt in the 15th Century for a new tech-
nigue of document production. Handwritten books were no longer sufficient for
the cultural and scientific demands of the society. There were two baslc reason:
for this. Firstly, they were too costly and laborious to make. Secondly, the
manual copying of texts could not provide for producing a sufficiently great
number of identical coples, since the coplers frequently disfigured text. It wa:
at this time that the German artisan J. Gutenberg invented printing with movable
metal types. The technical means wpon which book printing was based had been
known since the antiquity - engraving and moulding techniques, and the wine pres:
that Gutenberg modified to build his printing press. But it was only the urgent
demand of the community for rapid and exact mechanical reproduction of texts
that called into existence this invention which even now remains for us an obJect
of unceasing admiration and the prototype of the techniques that we continue to
use to produce printed documents.
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Scientific documents and their types

Documents, in a broad sense, include not only inscriptions, manuscripts,
and printed publications, but also works of art, nwaismatic items, and museum
exhibits of mineral, botanic, zoological and anthropological nature. Any
material object that 1s a record or corroboration of some knowledge and can be
included in a certain collection may be regarded as a document. A scientific
docunent 18 a material objeot carrying scientific information whereof 1t is a
record designed for the transmission of this information in time and space, and
utilized in the social practice.

Different types of sclentific documents appeared in different epochs, and
during the last centuries and even decades they have been undergoing substantial
changes. Books exist for several thousand years already, patent specifications
have been known for some five hundred years, scilentific periodicals are but 300
years old, while Journal articles in their present form are even younger - 100 to
150 years. Book sclence as yet lacks a well articulated typology of scientific
documents., The distinction between published and unpublished documents until
quite recently has been considered to be the basic division. Even a few decades
ago ideas and facts were recognized to have entered the scientific usage only
after their publication, which then meant a more or less wide spreading and of{i-
clal registration of the documents which described them. This discerimination is
now of lesser consequence for scilentific information activities, since, first of
all, unpublished documents cont.ain quite a lot of valuable scientific information
which 1s ahead of that appearing in the rublications, and secondly, the present-
day reproduction facilities make the division into published and unpublished
rather conventional. Such documents as scientific and technical reports, disser-
tations, translations of scientific materials, which are conventionally consider-
ed unpublished, are now quite often disseminated in hundreds and thousands of
copiles.

Informatics has moved to the foreground the division of documents into
primary and secondary. This division, too, 1s quite conventional and approxima-
tive, as 1t largely refers not to the documents but to the scientific information
they contain. It 1s accepted that the primary documents record the immediate
results of scientific research and design and development activities, while the
secondary documents deal with the results of the analytico-synthetlc processing
of scientific information contained in the primary documents. In actual fact,
however, the historically evolved system of scientific documents 1s such that
many of these contain both the results of genuine resecarch and of the processing
of information taken from earlier publications. Examples are many - articles in
Journals, monographs, textbooks, and last but not least, reference literature.

This division is convenient, nonetheless, as it allows to characterize the
different flows of scientific documents in information work. We shall cling to
it further on, taking the primary documents to be those documents and publica-
tions which mainly contain new scilentific knowledge or new understanding of known
facts or ideas, and the secondary documents to be those documents and publications
which predominantly serve to give information on the primary documenis. Taking
into account the above reservations, one may include with primary documents and
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publications a majority of books (exncluding reference literature, periodical
publications, special types of technical publications, scientific and technical
reports, dissertations, translations, information cards), and with secondary
documents, reference literature, surveys, abstract Journals, library catalogues,
bibliographic indexes and card files.

ILet us give a brief characterization of the main types of primary docu-
ments and publications. (We shall deal with secondary documents and publications
in the next lecture).

Book 13 an ambiguous term. As concerns contents, one can speak of a book
as a scientific, practical or literary (artistic) piece; if only the form is
t*" n into consideration, then any printed or written reproduction of text or
g « hic figures may be taken to be a bock. Informatics defines book as a non-
periodical many-page printed item. "The Recommendations on the International
Statistical Indicators Characterizing the Puolishing of Books and Periodicals",
approved by Unesco in 1964, provide a clearcut distinction between books and
pamphlets. Book is & nonperiodical printed publication of no less than 49 pages,
excluding the cover .ad the title page. Pamphle: is a nonperiodical printed
publication of a size no less than 5 pages and no more than 48 pages.

As mentioned, the major advantage of book printing over handwritten books
is the capability of manufacturing any required number of identical copies exact-
Jy matching the original one. In addition, in most countries a printed book is
subject to special registration at the moment of issuance, which ensures keeping
an accurate record of all publications. These advanteges have made it that books
became and still are the most important type of scientific document playing a
major role in the development of science ard technology.

It was ~nly In the recent years that scientists began to voice their dis-
satisfaction with the existing system of dissamination of scientific knowledge in
which books occupy the key position. This discontent stems from a number of cir-
cunstances, including a long time lag between the writing of an original and its
publishing, the inaccessibility of a great number of publications to the mass of
scientists and experts, the difficulty of orientatinn in the ever growing book
flom, ete. On the other hand, the principal features of printed recorus - black
text against light-coloured background, the sizes of types,lines and pages, and
the codex form continue to satisfy the most exigent reader today precisely like
they did centuries ago, and perfectly conform *o the faculty of the contemporary
reader for mistering knowledge through reading. This grante the assunption that
publications in their traditional forme will survive for quite a long time to
come. As to the scientists' discontent with books, which is certainly Justified
in part - it means that the system of publication and dissemination of books
should be improved.

The many operations involved in the manufacturing of a printed book take
up a lot of time. Recalling that the publishing house and the printing office
usuelly work on a great number of publications simultaneously, each of which is
16 be printed ir. thousands of copies, it will be clear why these would remain
for months In press. This is one of the most serious drawbacks of books as a
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means of scientific information dissemination. Information contained in books
often dates from years back and is of faded interest for the current needs of
scientific research.

For that reason books weigh less in information work as compared with
other scientific documents. And nevertheless & book of science is an important
means of generalizatioa of scientific knowledge. Books are the form of publica-
tion of major generalizing theoretical studies, and of explorations of crucial
problems in science, econonyy &nd culture. They are an unrivaled means of
education, teaching and upbringing of the new generations of scientists and prac-
ticians. The following bonok forms may be ccnsidered to be of prime importance
for scientific information activities: monographs, collections of papers,
scientific conference proceedings, textbooks and manuals, and official publi-
cations.

A monograph is a work of science or of earnest popular science that gives
an exhaustive and comprehensive considecation to some problem,question, or sub-
Ject. A monograph is usually written in accordance with a well elaborated
schedule embracing all the aspects of the sublect or* phenomenon under considera-
tion. It may be by one or several authors. The monograph was the predominant
type of science book in the last century: it came successor to treatise which
hed prevailed in the literature of science in the previous epochs.

Presently monographs have ceded the priority to collections of papers,
i.e. books consisting either of separate papers by the same or different authors,
or of official, historical, archival or other documents and records. Collecticns
of seientific papers written by different authors have acquired particular im-
portance in the postwar years. In contrast to a monograph, a collection of
papers, even compiled according to a definite schedule, needs not exhaust the
subject, but may only touch upon some of its aspects. The collections which
take less time to complle than monographs to write have come to be a most wide-
spread type of scientific book, and the importance of the data they carry is so
great that ne speclalist can dispense with them in his work.

Proceedings of conferences, congresses, and symposia are as a regular rule
published after the closing of these meetings of scientists. Along with the
resolutions adopted at the conferences, they contain the abstracts and sometinss
‘complete texts of the reports delivered, as well as the summaries of discussions.
More than a half of communications published in such books do not appear in other
publications, e.g. Journals. Hence their great value for scientific information
work.

Textbooks and manuals hold a special place among other books used in sclen-
tific work. They describe but the principal facts and propositions and are
nostly intended for instruction. However, the most original of thea are of
interest to the specialists, too, for the novel grouplngs and generalizations of
known facts., Besidss, textbooks of allied disciplines can e helpful to a
specialist to familiarize with the range of problems in a field not of his imme-
diate interest; they also often serve as standards of term usage.
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Official publications are issued on behalf of organizations and institu-
tions, and they are documents carrying information that bears a direct relation
to the activity of these institutions which are responsible for this information,
Many of the official publications heve no scientific value, but some of their
types will contain important scientific information, e.g. reports, plans and
accounts describing the work of research and other institutions, their resolu-
tions, decisions, and regulations, intra-agency norms (some of these are classed
as special types of technical publications), industrial and engineering instruc-
tions, reference- information, methodological and statistical documents, training
curricula and syllabi, etc.

As mentioned, all the enumerated types of books need not necessarily be
in single volumes, but they can also be multivolume or be part of a series. A
multivolume nublication is a set of printed items contained in two or more
volumes, books, parts or issues that make a distinct whole. A series consist of
a number of independent published works usually characterized by common or close
subjJect scope and issued by the same publisher under a common serial title. In
contrast to the multivolume sets, the issues of a series may be unnumbered.

Over the past few decades major change& have been unfolding in book pub-
lishing that have affected also the sphere of science books. The so-called
paperbacks - cheap pocket-size books printed in millions of copies - have been
adopted for books of science, popular science and textbooks. This prompted some
bibliologists to speak of a revolution in the books industry. The picture would
be incomplete without a word on the number of science vbooks., Unfortunately, we
lack exact data on the number of books that have been published since the inven-
tion of book printing. By all llkeness it car. be roughly estimated at 30
million titles. There 18 more precision as regards the present annual beok:
output of the world. According to Unesco, in 1952 it totalled 25C,000 titles;
in 1962, 385,000; in 1963, 400,000; in 1964, 415,000; and in 1967, 450,000.
Considering that the books printed for sale constitute but a part of the world
book output, one may suppose that the true figures would be the double of those
cited above. Anyhow, the figures are impressive as they are. An annual
550,000 titles means a daily batch of 1,200 titles, or some 50 Litles every
hour, - in other words, a new title appears every minute round the clock.

According to some national statistics, science books make 1/5 to 1/* of
the total book market. One can thus speak of an annual increment of close on
100,000 new sclence book titles at least a hLalf of which are new editions, that
is not translatiocns or reissues. We should, however, be rautious to accept
wholesaie all the cemplaints about the overabundance of books recalling that 1t
is a natural source of anxiety to the scientists unaware of the lawfulness of
the exponential growth of science.

A periodical publication is acceptedly a published work regularly appear-
ing after determined intervals of time In separate issves of differing contents
but under the same title. A periodical is usually meant to be published for an
indefinite time. Usually its issues nave identical makeup. Conventional forms
of periodicals are Journals and rewspapers. FPerlodicals in a broader sense are
sometimes supposed to include also the continued publications (serials’, which
are an intermediate form between books and Journals.
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The continued publications (serials) are collections of scientific papers
ard other documents put out by the various institutions, societies and other
organizations, without any strict periodicity but in numbered issues and under
the same common title /"Transactions", "Records", "Proceedings", ete./ and in
identical makeup. It is sometimes hard to distinguish a continued publication
from & book series or a multivolume set, on the one hand, and a Journal on the
other. The distinctive feature of the continued publications {serials) which
helps to tell them from book series is an indication that, in general, they are
produced by estatlishment other than commercial publishing houses. Serials are
mostly published by academies, universities, scientific research and learning
estatlishments, learned societies, etc.

Serials are distinguished from multivolume books in that ‘hey have no pre-
fixed schedule and nurber of issues (volumes). Apart from publications issued
without strict periodicity, publications which are issued at regular intervals
but for a period longer than a year ere also classed as serials (yearbooks and
publications issued every two, three¢, four, five or more years). This distin-
guishes them from Journals which are eithar publisghed during the year at
established intervals of time, or have a fixed number of issues er year.

Serials are an important s~urce of scientific informatiocnt they often
carry informaticn which does not appear in the regular journals and print reports,
papers and other articles in narrow subject flelds related to the trends of re-
search pursued by the given scientific establishment,

A journail or a magazine is a periocdical publication regularly appearing
in weekly, monthly, bimonthly, quarterly or semfannual issues, in ldentical make-
up and carrying articles or other materials of scientific, technical or socio-
political content, as well as works of fiction. Journals contain the curredc
information and describe the recent advances in science and technology.

Scientific Journals cane into being 300 years ago. The preclse date is
recognized to be January 5, 1665, when the first issue of the French weekly
"Journal des sgavan®s" appeare¢d -- vhich was to give the name to this type of
periodical publication. The main purpose of tne Journal, which has predetermin2d
the nature of scientific Journals for a century and a half ahead, was tov report
on all the disciplines of science, literature and arts, with a special emphasis
on the natural sciences and engineering. Direct quotations and excerpts were a
regular method for rendering the contents of tooks at the time.

At first, science chronicles played a secondary part in the Jjournsal.
Gradually, communicatfons on the newly discovered natural phenomena and experi-
ments in the natural sciences begen to occupy more and more space. Original
articles were rarely published in the Journals {n the 18th Century. For the
most part these were by prominent scientiets and had the traditional foram of
letters written by a scientist to his colleague that had been the conventional
form used to comnunicate scientific discoveries in the preceding epochs,

Articles in snientific Journals are presently the majir. source of scienti-
fic information and they hold a sure priority among all other types of scientific
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docurents. A survey of the bibliographic requests submitted by several thousand
American scientists has shown that 68 per cent of the requests were for Journal
papers. Special journals account for 70 per cent of all sources used by British
electrical engineers.

Journal papers in natural, exact and technicezl sciences can be divided
into three categories. The first category is original research papcrs which
enable & scientist to reproduce the experiments and observations of the author of
a paper and to verify his conclusions without any reference to c¢ther sources.

The second category are preliminary nublications and notes which possess certain
features of scientific novelty, but are inferior to the first category of docu-
ments in respect of exhaustivity and accuracy of description. Lastly, the third
category are the so-called explanatory articlcs that hardly carry any new scien-
tific information. Their purpose is to analyse and discuss information pubiished
earlier.

On the whole, Journal articles are the best elaborated existing system for
comminicating scientific information. This system, as we have seen, has taken
shape relatively recently when it took over some of the functions previously
fulfilled by science books. It is still developing and it requires a prcfound
study. Recent observations show that gradually more and more articles in science
Journals are due to team effort. While 80 per cent of the articles at the turn
of the century were by a single author, presently such articles make but less
thain a half. The nurber of articles by two, three, four and more authors has
been growing steadily.

As compared with books, Journal papers are published much faster. But
they contain less generalizations and therefore soon become outdated. The ob-
solescence rate of both Journal papers and books depends on the development rate
of the fields of knowledge concerned.

The growth rate of the number of Journal titles has been characterized in
the preceding lecture - it is described by a tenfold increase every fifty years.
While in the middle of this century there were 100,000 periodical titles, their
nunber 18 to mount up to 1 million by its end, It is rather difficult to isolate
from this total the nuaber of science Journals. For this we shall make use of
a bibliographic reference aid entitled "Word List of Scientific Periodicals”.

Its first edition, published in 192%, recorded 24,000 titles. The third edition
(1952), contained already 50,000, and the fourth edition (1965), over 60,000
titles of Journals.(’s This latest edition records all science Journals that
came out between 1960 and 1965, including those no longer published. It has been
roughly estimaied that since about half of the number have ceased publication,
close on 30,000 science journal titles are regularly beilng issued at present,
with an annual total of 3 to ¥ million articles. As we shall see, the latter are
distributed very unevenly.

1. World List of Scientific Periodicals, Published in the Years 1900-1960, Ath
ed. Fd. by P. Brown and G.B. Strat‘on. Vol. -3, London, 196&-1965.
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The growing number of papers puhlished in Journals, the loosely defined
proriles of these, the rapid obsolescence of the materials they carry, and the
inadequate unnouncing of their iusuing to scientists -- all this has contribu-
ted to the fact that since back in the 1930s the Jowrnal as & source of
information has been target to criticism. In the past three decades, various
projects have been advanced concerning the eventual replacement of Jjournals by
sther media of knowledge dissemination. These projects are based on the idea
to use for the purpose separate papers not published in periodicals but deposited
in special branch-orient~d centres and signalised by abstracting publications.
One of the earliest projects of that kind was drafted by Soviet delegates to the
1933 International Geological Congress, and & similar proposal wus made the same
year by an American - Watson Davis. It was his proposal that J.D. Bernal used as
the basis of his widely known plan put forward in 1939 in the book entitled "The
Social Function of Lcience". The Bernal Plan was discussed at the Royal Society
Scientific Information Conference in 1948,

Zlaborating on his plan, Bernsl suggested at the 1958 Conference on
Scientiric Inforuation in Weshingten that the very form of science Journal arti-
cle should be renounced as the means for communicating R & D results., He argued
that the form of a scientif ic paper does not provide for a rapid and adequate
description ¢f the entire course of research. The Bernal Plan is unlikely ever
to be implemented since it d4id not take into accocunt some recently discovered
patterns in the science publications system. Apart from kniwledge dissemination,
Journals have other functions to discharge, including upholding a critical at-
mosphere In sc:ence, priority protection, and assegsment of scientists' ccmpe-
tence. Still, the plan did contain useful ideas that are already being
implemented in depositing of unpublished sci-tech documents.

Science looks and Journals rerair the most important and time-honowred
types of scientific publications and documents, ani that 1is the reason why we
have dwelt on 4hem at such length.

Newspapers are defined as periodical publications that are generally
issued daily, or one, two, or three Limes a week and carry information on current
developments, primarily of socio-political nature. Newspapers also regularly
publish popular science articles and sci-tech news features. The freshness and
novelty of such newspaper pieces invest them with definite Informative value.
Newspaper clippirg s:rvices provide for current awareness on items of topical
interest as treated by the majority of a couniry's newspapers. However, the
advertieing tone 30 typical of many papers and the often wireliable information
they give detract from their usefulness as sources of sclientific information.

Special types of technical publications include standards, branch and
interbranch technical documents, patent literature, technical catalogues and
price lists for materials and equipment, as well as publications put out by
information agencies. The term "special types of iechnical publications” is
sometimes applicd to unpublished scientific documents, too, such as scientific
and technical reports, information tards, and translation of papers. The term
has been colned and defined by Soviet librarian A.N. Barabanov who in mid-1930s
identified the common features unlting these diverse publications In respect of
contents, makeup, origins, and purpose.
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Standards are scientifically substantiated technical documents which
specify the types, sorts and grades of products as well as their quality, testing
methods, packing, marking, transportation and storage. Standards also define the
general technical values, measures, terms, and symbols. Usually they give com-
prehensive characterisation of the product concerned, but sometimes they deal
with particular aspects, for instance the testing procedures.

Standards serve to ensure high quality of industrial and agricultural pro-
ducts and the unification of parts and assem%lies as well as finished items,
They promote the continually better utilization of materials, fuel and power,
faster designing and lower costs of industrial products, and can serve && a
source of information on technical accomplishments.

Cognate to standards are interbranch and branch technical documents (speci-
fications, norms, and other instructional technical documents). These have a
more restricted scope of application and are established either in the absence of
a corresronding standard or in case of some special requirements for the product
concerned associated with the peculiar manufacturing or operation conditions.
Specifications are used on a wide scale side by side with standurds. Theso are
commercial documents that state the consumers' or buyers' technical requirements
for products, materials, processes or services which the manufacturer is liable
10 ensure.

Patent literature is an important source of scientific and technical
information. 1t makes it possible to trace back the history of any invention or
discovery and to get a clear picture of the present state and development trends
of technical thinking in the respective fleld of science or technology. Patents
provide an opportunity for comparing and assessing the technological levels in
the different countries and to ascertain the feasibility or otherwise of mechani-
sation and automation of various production processes. Timely acquaintance with
patents prevents duplication of inventions or the development of techniques and
machinery that already exist.

Author's certificates are the main form of authorship protection in the
socialist countries. It warrants the perpetual preservation of an inventor's
authorship, as weil as his right to remuneration and all the privileges granted
to inventors and innovators in those countries. 1In accordance with the structure
¢f the socialist system under which all means of production are in the possession
of the State, an author's certificate reserves for the State the exclusive rights
of using the invention. In the capitalist countries, the inventors are granted
patents whose hold«rs are entitled to the utilization of the invention for 15 to
17 years.

The bulk of patent literature is made up of the specificatio:is appended
to patents and author's certificates. These consist of a brief description of
the essence of an invention, indicate its scope of application, characterize the
existing solutions of the problem concerned, and enwmnerate the drawings of the
individual parts of the jnvention. Thereupoh follows a complete description of
the invention specifying the peculiar features and the essente of the new device,
machine, produzt or chemical substance, and enumerating its mailn parts and
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assemblies with an explanation of their functions and interactions and references
to the corresponding markings in the drawings. A patent specification ends up
with the so-called "Claims", that is a brief summary of the object of invention
underscoring the essential features which are regarded as the invention proper
and are subject to legal protection.

Patent literature is very ample. The first patent was granted in Britain
in 1449 and since the middle of the 16th centwry patenting of inventions has been
a regular praciice. The overall number of patent specifications published since
is estimated at 7.5 million items, to which some 300,000 new titles are adgded
every year. Pericdical publicatinns of the patent offices are likewise treated
as patent literature. These are bulletins signalizing inventions, classifiers
serving as aids in classifying inventions, and other publications giving informa-~
tion on patents and author's certificates.

Technical catalogues (also called i~dustrial, commercial and company
registers) are 1ists of products manufactured by industrial enterprises and con-
cerns or sold by trading comranies. These usually contain a specification of
each product with drawvings and pictures and sometimes aleo indicate the price,
scope of application, and type or model. Technical catalogues are of three main
types: the first type are those describing >roducts of & particular kind or
designation and manufactured by the different enterprises, trusts, and companies;
the second type, by contrast, are those enunerating the different items produced
by some one enterprise, trust or corpany; and the third type, reference catalogue,
give comparative data on various kinds of similar products. The number of tech-
nical catalogues is so zreat that it is hard to keep account of them: their
annual output 18 over half a million new titles. They are widely used by engi-
neers, cconomists and scientists to study the up-to-date technical equipment with
a view to its acquisition, economlcal utilization or improvement.

Information leafletg or newsletters are one example of the numerous pub-
lications issued by information agencies. They are circulated in series of
several hundred copies, serving for information exchange betweern the research
institutes, design bureaux of enterprises, and the design arv} development orgeni-
zations, to prevent duplication and parallelism in their wcrk. The 1leaflets, of
3 to d pages, briefly deseribe the engineering calculation techniques, novel
procedures used in production, regulation, adjustment, testing and control of
instrurents and apparatus. Information leaflets deal with the particular techni-
ca) solutions of a general significance and are published before the completion
of an overall research or design project. They often contain the electrical or
mechanical diagrams of the particular elements, assemblies and blocks, describe
thelr design and ¢i-.e the characteristics and properties of new materials,

Unpublished scientific docunents, as we hLave seen, are a conventional
category that includes very different documerts: scientific and technical reports,
dissertations, infornation cards, and translations. They all may be issued in a
great number of copies and circulated as fullfledged publications. Another group
of unpudblished docwnents - manuscripts, proof sheets and pitprints - are products
of intermediate stages «f the printing process. Let us dwell on some kinds of
wpublished documents.
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Scientific and technical reporta (that is reporte cn the results of
research and development projecta) are a major source of information which is
necessary for the development of science and technology, introduction of their
accomplishments into the industrial practice, and improvement of engineering
procedures. The techniques of writing reports are different in the different
branches of science and technology, countries and even organizations. Nonethe-
less, certain comnon features are 4!ctinguishable in all these documents.

A scientific or technical report usually opens with an abstract or summary,
briefly stating the task of the research and the results obtained. This is fol-
lowed by an introduotion giving background facts on the state of the elaboration
of the problim under consideration both at home and abroad. The main text of the
report contains the statement of the problem, the formulation of the technical
assignment, an analysis of the existing methods of solution, a substantiation of
the approach adopted, the necessary calculations and experimzntal results. The
report closes up with conclusions that compare and analyse the theoretical and
experimental data obtained during the research. The last section of the report
contains an assessment of the results and their comparison with the technical
assignment, as well as an outline of their prospective utilization. Usually a
scientific or technical report is furnished with a review of the sources used.

At times such a review is given in the first section of the report, in which case
the latter is concluded by a subJect index to the references.

This kind of document has become particularly widespread in the postwar
years 80 that it is now vying with Journals. The number of reports is also very
great. In the USSR, some 5,000 research and development and over 8,000 design
and development organizations carry out and describe in their reporis up to
150,000 projects annually. In the USA, federal agencies alone issus over 100,000
reports every year. Since scientific and technical reports are not considered as
publications and their circulation is restricted,many countries take steps to
arcange for an officlal registration of these documents and their centralized
signalisation.

Dissertations are research works submitted by those applying for a degree
in science. Derending on their discipline and sudbject, dissertaticns may belong
to different types of research work. In experimental works, the greatest atten-
tion is paid to the description of experiments carried out and the conclusions
drawn. Methodological studies evaluate tho existing methods, identify their
heretofore unnoticed features, add .ce fresh arguments in favour or against this
or that method, or develop perfectly novel research or production methodologies.
Descriptive studies give documental description of unknown scientific facts and
phenomena, reveal their essence and interrelations with other facts and phenomena,
and advance theoretical hypotheses proceeding from theoretical generalisations.
Computational and analytic studfes lay the emphasis on & mathematical interpreta-
tion of processes and phenomena. Finally, historical and bibitographical studies
investigate into the role and importance of the individual scientists, trends and
schools in the development of science and technology. In practice most dicserta-
tations are studies of a mixed pattern, possessing most if not all of the above
features.
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Dissertations are normally not published and are available but in two or
three copies. What is published are 100 to 105 copies of abstracts 15-20 pages
long, written by the author for the preliminary communication of the principal
propositions to the scientific community.

Information cards can be used to serve as the main form of supply of scien-
tific, technical, industrial and economic information by the local enterprises and
organizations to the central agencies, that is as the main source of primary in-
formation. Information cards communicate on the accomplishments of research and
development institutes, design and develcpment bureaux, institutions of higher
learning, enterprises, construction proJjects etc. A card is made in one copy
immediately at the corresponding establishment in conformity with a standard
pattern and signed by the head of the establishment.

Preprints are offprints of a paper or other work typographically printed
before its official publication in the current issue of a periodical and intended
to be sent out to a limited number of interested persons. ¥Many periodicals and
serials make offprints of the particular papers along with the main run and
deliver them to the authors who use to send them out to their colleagues. This
is a time-honoured practice and it has paved the way for preprints. These have
the advantage of being ahead of the official publication of science documents,
sometimes by several months, and of providing for faster communication of scien-
tific facts and ideas to specialists.

Deposited manuscripts are a special category of unpublished primary docu-
ments. HManuscripts of monographs, collections of papers, and separate papert
that are of interest to a limited circie of specialists c¢an be transferred, on
decision of publishers, Journal editors or research institutes to a central in-
formation agency for deposition. This means that the manuscripts will be
announced in specfal bulletins or catalogues and that their copies will be
available on request from the i{nformation agency.

Unpublished documents are gaining importance as a mears of communicating
the latest resulte of scientific researci..

The patterns of the distribution of scientific pudlications

So much for the maln types of scientific literature. Until quite recently,
a descriptive approach of that kind was the only one applied in the study of the
system of scientific publications. Bivliologists and bibliograprers aspired
towards a most detailed typology of scientific documents and publications and
wanted to ascertain the part played by each type in scientific work. The develop-
ment of informatics has ushered in a new stage in the study of scieace publica-
tions. Science revealed some of the general regularities that charanterize the
inner connections existing between science publications and the growth of science,
ard derived quantitative relations beiween the number of publications and the
indicators of the growth of science.

‘t has been ascertained that there exists a common and regular pattern of
distribution for the numbter of authors who publish a given nuaber of papsrs
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during their lifetime, the nunber of Journals annually publishing a given number
of papers, and the number of publications containing a given number of reference
to other publications. "They follow the same type of distribution as that of mil
lionaires and peasants in a highly capitalistic economy. A large share of wealtl
is in the hands of a very small number of extremely wealthy individuals, and a

small residual share in the hands of the large number of minimal producers. Whe-
ther the exact form of the distribution is lognormal, exponential, a Zipf Law, ¢
an nvei'se square has been a matter of much conjecture in each of the cases".(‘g

This means that the majority of authors proauce but one or two papers in
their lifetime, whiie a small group of writers are very yroliferous and publish
tens or even hundreds of papers. Periodicals that cease publication are for the
most part those which had put out but one or two issues, while a small number of
them issued since long ago account for the lion's share of all papers publighed.
About half of all published literature ii due to such number of authors or
Journals that is equal to the square root of their total number. "In short iIf
there are for example 30,000 Jjournals alive in the world, or 1,000,000 publishing
scientists in a country then s selected list of about 175 Journals or 1,000
scientists would account for ha.f 35 the bulk of the literature but probabdbly for
70-80% of the important contunt".( This is a discovery of great consequence:
it helps to overcome the awe inspired by the tremendous amount of literature and
provides theoretical grounds for finding the publications of a genuine value
among the innumerable multitude of others.

In this connection, the questions arise: what is the proportion of the
articles dealing with a given problem to the total number of scientific periodi-
cals; and what is the proportion of the publications of genuine value to their
totality.

Bradford's Law of Scattering

The former question has been answered two decades ago by British informa-
tion scientist S. Bradford. He established that, teking for the unity the
totality of publications dealing with a subject, the specialized periodicals in
the field concerned will contain but one-third of these publications. Another
third of the relevant articles will be found in a much larger number of Jjournals
of a different profile but having a reletion to the given subject. And, finally,
the last third of publications will be scattered among a vast number of periedi-
cals in which it would have been impossible to predict their appearance as these
periodicals are either of a too general nature or absolutely alien to the subject
in question. This appearance of publications belonging to a field of knowledge
in journals bearing no relation to that field is explained by the unity of gcience
by the fact that along with the differentiation of knowledge reverse integrative
preocesses are unfolding.

1. Frice, D. de Solla. Regular patterns in the organization of Sscience. -
"Organoh”, 1965, No. 2, p.246.

2. TFrice, D. op.cit., D.2A7.
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Bradford has thus formulated the Law of Scattering of publications that he
discovered: "If solentific Journals are arranged in order of decreasing produc-
tivity of articles on a given subject, they may be divided into a nuscleus of
periodicals more particularly devoled to the subjJect and several groups or zones
containing the same number of zarticles as the nuoleus, when the numbers of
periodicals in the nuolevs and succeeding sones will be as 1: n : n2 L)

Another British information scientist, B. Vickery,(a) refined the Law of
Scattering, by deriving the following relation:

Tx : Tax ! T}x z i1 ¢+ n : n,
where T is the number of Journals containing x articles on a given subject; T x
is the flumber of Journals containing 2x such articles; Tix is the total numbeg
of Journals containing 3» articles; and n is any number depending on the value to
which x has been set equsl.

The scatiering of publications over scientific periodicals, as has become
clear, is a particular instance of the distribution characterized by the above-
mentioned 2ipf Law. The Z2ipf law 18 an expression of a universal property
inherent in very different languages. The property consists in the fact that the
bulk of any text in any language is made up of a very small numbesr of frequent
words white the rest of the words are used only rarely.

The law of scattering of publications is of great practical importenca.
It implies that the coverage of all the publications on a subJect cannot be en-
sured by scanning only the periodicals of the given or related trofiles; for this
it is necessary to look through practically all the scientific and technical
periodicals. 1In addition, the law can be used to determine the number of periodi-
cals suffic’ent to provide for the coverage of a specified percentuge of publica-
tions in a subJect field or discipline. Later we shal)l describe how this law is
taken into account in organizing information activities.

Bibliographic coupling of docurents by citations

To answer the second question, it is necessary to get a notion of one ¢f
the novel methods of the study of scientific publications - known as the method
of bibliographic coupling. It has struck the information scientists that it is
possible to turi. to account the fact that scholars regularly make references to
the works of their predecessors who have explored the same, similar or related
subJects. This practice, first emerged a century ago, has been for the past
fifty years an indispensable standard and criterion of the thoroughness or a
scientific publication.

1. Bradford, S.C., Documentation. 2nd ed. London 1353%, p.154.

2. Vickery B.C., Bradford's law of scattering. = "Journal of Documentation”,
1908, vol. &, No. 3, p. 20O.
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The study of bibliographic references contained in most publications has
shown that they form a dense neiwork of associations between scientific publica-
tions. OGrouping of documents that cite the same publications reveals internal
relations between the remotest subjects long before these relations can be other-
wise noticed and explored. This 1s achieved by a purely automatic procedure
since the writers of publications on most diverse subJects may cite the same
document that they regard as their point of depsrture.

Citations of the materials used have long been serving scientists and
practicians as important clues in searching for the relevant information sources.
This path, however, is long and laborious, and, what is worse, it does hot ensure
the detection of all the pertinent works. For a better insight into the system
of citations, let us consider some single subject of research.

American biolegist G. Allen compiled a map of the citations of the earlier
documents in fifteen articles on nucleic acids published between 1341 and 1960C.
This map, represented in Fig. 4, shows that for the complete coverage of all the
15 articles on the basis of nitations they contain it is necessary to refer to
six articles at least: 6, 7, 9, 13, 14, 5, published between 1956 and 1958.

Some articles that are rarely or never cited-namely, 7,8, and 9 - are hard to
find by this technique. It is quite natural, too, that the latest publications
(14 and 15), issued simultaneously, are not connected by reciprocal citations.

If it were possible to trace the bibliographic relations between publica-
tions on the basis of citation data not from bottom %o top, that is from the
recent works to the earlier ones, as has been done usually, but vice versa, from
top to bottom, that is from earlier to the recent documents, this would make the
finding of all the articles pertaining to a given subject much easier. Refer-
ences to article 2 alone would identify at once a half of the remaining articles -
3,5,6,7,11,12,15, while references to three articles 1,2,4, would provide
information on almost all the publications, leaving out of sight but two of them -
9 and 13. Of late, this has become possible. The bibliographic coupling method
has found its practical implementation in citation indexes compiled with the aid
of electronic digiteal computers. These will be dealt with later on. Meanwhile
we are going to dwell on the application of this method for a theoretical study
of the system of science publications.

It mnight be asked, to what extent bibliographic coupling of dccumentis
provides for an adequate end exhaustive reflecticn of the connections actually
existing in science. To answer this question, E. Garfield, the author of the
first modern citation index and head of the Institute for Scientific Informat-
(Philadelphia), staged the following experiment in 1964.(!) The history of &
most important discovery of the present-day biology - the mechanism of trans?
of hereditary characteristics through desoxyribonucleic acids - was subjected
parallel studies by means of conventional techniques and by the bibliographic
coupling method. The conventional method was based on a historical monograpl

1. Garfield, E.a.o. The use of citation data in writing the history of scien
Philadelphia, 1964. V, 75 p.
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the well-known American scholar and writer Isaac Asimov entitled “The Gen:tic
Code", while the bibliographic coupling used a special computer-produced citat:
index to genetics literature.

The compavison showed that 65 per cent of the publications identified b
both methods as turning points on the way towards the discovery were identical.
The conventional method proved more efficient only in identifying the publica-
tions of the last century when the practice of making references to the papers
used was insufficiently developed. As to the past few decades, biblicgraphic
coupling spotted a great many associations between publications missed in Asim¢
book. The experiment granted a number of untrivial conclusions. The most re-
markable one was that bibliographic coupling of documents on the basis of
citation data does provide for a correct and full recognition of the actual
relationships between research papers. The assumption was corroborated, too,
that the greater the attention paid by the scholars to some publication - and
consequently the greater the number of references they make to it - the greate:
its scientific worth. ‘

We have already mentioned that the distribution of citations over the
citing articles follows the general pattern of distribution of mass-scale pheno
nena, it is analogous to the numbers of authors and Journals publishing a give
number of articles during their lifetime. To illustrate this by figures: 10
per cent of scientific publications make no references at all, 85 per cent of
publications containing from 1 to 25 references account for a half of the total
citations, while the remaining 5 per cent of publications with a very great
nunber of references - surveys and reviews - account for the other half. Despi
the fact that some publications lack references altogether, while some may con-
tain a sizable number of references to earlier works, certain average figures
can be derived. These are: 15 citations per publication, of which 12 or 13 ar
references to Jjournal articles.

At this point it is possible to try to derive the ratio of the publicati
of genuine worth to their total number. For this we shall observe how the new
works put out in a field during one year are linked by citations to all the pub
lications existing in that field. /Fig.5/. To make the picture clearer suppos
that by the beginning of the year there were 100 publications dealing with the
field or subject under consideration. Assuming the regular exponential growth
of literature (a 7-per-cent annual increment), seven new papers will be publish
during the year, each containing - according to ihe above average data - 13
references to earlier Journal articles. The total for the whole year will be 9
references (13 x 7) to earlier publications.

As shown by a special analysis, the new citations will have the followin
pattern of distribution with respect to the earlier publications: 40 of the
earlier papers will not be mentioned at all, 10 references will be to publica-
tions in other fields of knowledge, 50 will be to 50 papers in the field, that :
each of these will be mentioned once during the year, and 31 references will be
to 10 papers cited more than once. These latter 10 papers (their associations
with the 7 new ones are shown on Fig. 5) are the most important for science.
(Recall that the more often a paper is cited in later publications the greater
its scientific value.)
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We see that the new publications tie togulher, as it were, by their refer-
ences but & small part of the previous literature, which may be regarded as the
active front of research, while the rest of the literature is on the whole of
minor significance.

It is interesting to analyse the dynamic characteristics of this active
research front and assess its relative distance from the publications of the
preceding year. For this purpose, 200 consecutively issued papers constituting
the literature of a narrow topic in physics were studied. In the autumn of 1903,
French Academician R. Blondleau announced his discovery of a new radiation that
he called N-rays. This communication gave rise to wide éiscussions and many
publications until at last the discovery was recognized to be a mistake and the
N-rays mere fancy of the famous physicist. The episode, well known to the his-
torians of science, is convenient for building a model of the distribution of
citations over publications as it is definitely localized and fixed in time.

Figure 6 shows a matrix where every dot marks a citation of a paper in
another one. The horizontal axis shows the numbers designating the citing papers
and the vertical axis, the cited papers, designated by the same numbers. The
papers are numbered chronologically, as published. The :natrix is a graphie
illustration that a great number of references fall in the band of the 50 papers
immediately preceding each publication concerned. Thus the continuous and the
dashed lines are the boundaries between which lies the active research front
identified on the preceding diagram.

Remarkable are the vertical bands of dots corresponding to the publications
that contain the maximum number of references and the horizontal bands that cor-
respond to the most frequently cited papers. The former bands indicate that after
every 30 or 40 publications tne need arises for a survey that would serve as sub-
stitute for the older publications which are lost out of sight behind the active
front. The latter bands point to the classic works in the given field which are
perpetually referred to with a roughly constent frequency and constitute but a
minor percentage of the total publications.

This model can be considered in general as showing the pattern of the dis-
tribution of citations in publications dealing with any subJject, problem or
discipline, and hence, as a characterization of the distribution of the most
frequently used publications over their totality.

The regularities of the obsolescence of scientific publications

Studies of bibliographic references relatively long ago made it possible
to establish certain regularities of the obsolescence of science publications.
Thirteen years back American bibliographer Ch. Brown analysed some 40,000 cita~
tions in the leading Jjournals published in English, French and German in
mathematical, physical, chemical, geological and biological diseciplines in the
pericd 1952-1954. He took several volumes from each of the 56 Journals and
serials covered in his study to a total of 40,000 pages. Among the many conclu-
sions he made we are now interested in his data on the obsolescence of scilentific
books and periodicals. These show that the faster the growth rate of a scientific
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discipline the quicker its literature becomes obsolete. In the journals covered
in Drown's study, references to books dated at most ten years back accounted for
64% of all references to books of physics and chemistry, 62% of physiology, 56%
of geology, 38% of botany, and 27% of mathematics. The picture was much the same
with the references to Journal articles. However, the percentage of references
to papers younger than ten years was conspicuously higher than that to books, and
the obsolescence rate of the parers ~f preceding decade was more rapid.

To characterize the process of obsolescence of literature in a field of
science, a colicept borrowed from nuclear physics has been applied of late. By
analogy with the life period of disintegration of radioactive substances an
attempt was made to measure the periods of half-life of scientific literature.
Half-1life is defined as the time during which a half of all currently utilized
literature in a field has been published. It is exactly equal to the time during
which a half of all the literature published in the field by the present moment
will pass out of use. This fact is of maJor importance as it enables us to make
reliable predictions of the future relative worth of publications on the basis of
an analysis of the current obsolescence rates of the literature in the field
concerned.

Proceeding from the t'indings of Brown (supplemented by their own data)
librarian R. Burton and physicist R. Kebler of the United States computed the
following half-life periods of papers in the different branches of science:

Physics 4.6 years Botany 10.0 years
Physiology 7.2 years Mathematics 10.5 years
Chemistry 8.1 years Geclogy 11.8 years

This shows that a great part of physical papers becomes obsolete very
sool, being so to say ephem2ral literature, that in physiology and chemistry
there are approximately as much short-lived as there are lasting, classic works,
while in mathematics the latter type is predominant. The age of publications
that constitute the active research front depends, it will be recalled, on the
field of knowledge. It is shorter in the fields characterized by shorter half-
life, such as physics, physiology, and chemistry, and longer in the fields with
longer half-1life, such as botany, mathematics, and biology.

We are now able to derive the general averages, too. Fig. 8 shows the age
distribution of works cited in the publications of 1965. The data are based on
an analysis of 3.3 million scientific papers issued within several hundred years
and cited in 296,000 publications put out in 1965 in the exact, natural, and
applied sciences.

The greatest proportion of the cited papers (13 per cent of the total)
are dated 1654, Since fresh publications have to wait before the scientists get
aware of them, the percentage of references to the publications of 1965 1is
naturally much lower (5 per cent of the total citations made that year). Then
follows a decline the middle of which (6.5 per cent of publications) falls to
1960. Publications dated from 19G0 to 1965 make 52.6 per cent of the total cita-
tions made in 1965. This means that the average lifetime of the publications
constituting the active research front does not surpass 5 years.
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To sum up. We have seen that among the many types of sclentific liters-

ture, this major means of knowledge dissemination, of
importance are Journal articles, books, and scientific

paramount - though varylng -
and technical reports.

Recent research has shown that far from all of the huge number of sclentific
documents accumulated by manking bossess any real significance for the further

research. The analysig of the interrelations between
basis of bibliographio citation data helped to establi
scientific works of genuine value 1s made up of but a
publications of recent years, namely those most freque
and rapers. It is these works which constitute the ac
sho'ild be sought first of all.

All the suhsequént lectures will deal with the
2vailable means and methods for the searching of these
efficient utilization.

sclence publications on the
sh that the core of the
minor proportion of the
ntly cited in later books
tive research front, that

different aspects of the
publications and their
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Checkup Questions

What are the development stages through which written records have passed
from antiquity till owr day?

What 1s a scientific document and what are the existing types of scientifie
documents?

What is book and what kinds of bocks aﬁe important for scientific work?

what are the existing types of periodical publications and what are their
characteristic features?

What does the importance of Journals and Journal articles lie in?

wWhat functions are fulfilled by the special types of technical public.tions?
What are the contents of scientific and technical repnrts?

How are scientific publications interconnected by bibliographic references?
What regular patterns of distribution of scientific publications do you Kknow?

What regularities of the obsolescence of scientific publications do you know?
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3. INWFORMATION AND BIBLIOGRAPHIC PUBLICATIONS -
SOURCES OF DATA ON LITERATURE

As was establisghed in the previous lecture, scientists at all times consi-
dered scientific literature to be too abundant and diversified to serve as a
medium for dissemination of scientific knowledge. Therefore, along with those
kinds of scientific literature which we have studied, special kinds of scientific
documents were evolving whose primary mission was to serve as guides to the
literature of science and to scientific documents.

Stages in the development of secondary documents

Even hoary antiquity saw the existence of lists of scientific books.
Among the clay tablets dating back to the 2nd millenium B.C., there were found
some on which no texts and only titles were inscribed. They were prototypes of
present-day book catalogues. In ancient Greece and Rome very large and highly
sophisticated book lists were compiled. The "Tablets" of the scholar of antiqui-
ty Callimachus, compiled around 250 B.C., comprised 120 volumes and contained
detailed and accurate data on the author, title and size of books, and the time
when they were writien. These lists or cataleogues gave rise to a special kind of
literature - bibliography. About the close of the 4th Century St. Jerome wrote
"De Viris Illustribus," which is believed to be the earliest of all known biblio-
graphies.

A century and a half following production of the first printed books,
scientific periodicals made their appearance; as you already know, they have
for a long time served to announce to scientists new scientific publications.
Another hundred and fifty years later, in mid-18th Century, Diderot's and
D'Alembert's "Encyclopedie, ou Dictionnaire universel des arts et des sciences"
started publication, giving a powerful spur to the development of reference
literature. The first quarter’ of the 19th Century saw the beginning of national
(State) bibliographic registration of printed materials regular publication of
national bibliograpri:s, and the appearance of first abstract Journals interpre-
ting the contents of Jjournal articles.

Each of these document types performs some useful function within the
contemporary system of scientific literature, and their appearance was in res-
ponse to a certain social need, as often as not unrealized at the time, which
was surely generated by the growth in the nunber and variety of scientific liter-
ature. Therefore, although we often express our dissatisfaction with the histo-
rically evolved system of communication of scientific knowledge, we cannot deny
that its progress is subject to certain regularities.

According to the previously established typology of scientific documents,
those which contain mainly information on scientific literature or results of its
analytico-synthetic processing are placed among the secondary documents. As the
majority of theses are published in the course of information or bibliographical
work, we call them information and bibliographic publications.
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Types of secondary documents

If the degree of information processing be taken as a criterion, the
different kinds of secoundary publications can be conveniently placed in the
following order: reference literature, reviews, abstracts and annotations,
bibliographies, catalogues and card indexes. Here the first documenti kinds are
those in which information has been subjected to maximum processing, while the
last ones are those where i1t was minimal. We shall adhere to this order in
characterizing secondary documents and publications, which are the subject of
this lecture. We shall speak only of the basic types and give the respective
i1lustrating examples. The particular titles of information and bibliographic
publications which are necessary for searching scientific literature will be
cited in selective annotated lists printed in the Appendix.

Reference literature 1s intended for rapidly obtaining data of scientirie,
applied or instructional character. These data include results of theoretical
generalizations, basic scientific faucts, mathematical, physical and chemical
constants, industrial information accompanied by various tables, diagrams, draw-
ings and tormulas. The most significant of reference publications are
encyclopaedias, industrial handbooks, glossaries, vocabularies of terms, bio-
graphical dictionaries, bilingual and multilingual dictionaiies.

Fneyclopaedias are reference publications which contain the most essential
information {(comprehensive or brief) on every or some particular field of know-
ledge and practical activity. They divide, according to content, into general
{(universal) and those devoted to a particular topic; according to structure,
into alphabetical and systematic; according to size, intc desk-type (1 to &4
volumes), small (5-12 volumes) and great (several dozen volumes}. Encyclopae-
dias are usually written on the basis of a topical plan, by which the bulk of
the work is broken down into different scientific disciplines or their paris and,
of a word-list giving all the words for which separate entries are prepared.

Fntries in encyclopaedias vary in type and length. The largest are
review entries covering broad topics. The majority of entries are references
which provide a definition and some basic information on a subject. Short
interpretative entries include only a definition and sometimes the origin of the
word. Finally, encyclopaedias contain a great deal of cross~reference entries
which indicate thet the relevant information should be looked up under a differ-
ent word. A great help are the bibliographical lists appended to entries: they
enable the reader to study at greater length a subject only superficially trea-
ted in the encyclopaedia. Many encyclopaedias are provided with subjJect indexes
which heighten their value as reference tools.

General encyclopaedias are represented ir. the U.S.S5.R. by all the three
types: great, small and desk-type. The Great Soviet Encyclopaedia {GSE) has
appeared in two editions thus far. The first, completed in 1947, comprises 65
rain and one supplemei:iary topical volume "U.S.5.R." The second appeared in
1949 through 1958; it comprises 49 main and 2 supplementavy volumes. New data
are published regularly in GSE Yearbooks. There is a two-volume alphaberical
subject index. The Small Soviet Encyclopaedia has passed through three
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printings: the first edition, in 10 volumes, was brought out from 1928 through
1931; the second, in 11 volumes, from 1933 through 1947, and the third, in 10
volumes, from 1958 through 1061, For the latest edition, containing some

48,000 entries, a 165,000-word subJect and name index was printed in a separate
volume. Desk-type encyclopaedias are represented in the U.S.S.R. by the Encyclo-
paedic Dictionary which is intended four the general public. It was brought out
in three volumes in 1953-1955, and in twe volumes, in 1963-1964.

Of the general encyclopaedias, the oldest and probably best known is the
Encyclopaedia Britannica, or Britannica, which has been appearing for nearly two
centuries past. Its first three-volume edition went off the press in Edinburgh
in 1768-177Y. The Britannica is traditionally considered to be one of the most
authoritative encyclopaedias. This is particularly true of the second, 2¢-
volume, edition published in 1910-1911. It was that edition to which the eminent
Russiin sclentist K.A. Timiryazev referred as the first genuine encyclopaedia of
our century. A feature of the Britannica is its small word-list and most minute
review entries; it contains some 43,000 entries, with the subject index running
up to 500,070 entries. The latest completely renewed edition of the Britannica
was the 14th edition in 24 volumes, brought out in 1929, (1 It has been re-
printed annually since then, with one-eighth of the entries undergoing changes.
The encyclopaedia thus renews its contents rather rarely and contains much out-
dated information. Besides, this type of encyclopaedia is no longer wholly
satisfactory to the scholar; with the ever deepening differentiation of scienti-~
fic knowledge the system of review-type entries detracts from the value of the
publication as a reference tool.

In sharp contrast to the Britannica stands the multi-volume German en-
cyclopaedia Der Grosse Brockhaus, which was first published in 1796-1811. It
contains a great many reference-entries and is intended for the broad reading
public. Its latest, 16th edition comprises 12 main and 2 supplementary volumes
totalling more than 150,000 entries.(2) Der Grosse Brockhaus is distinguished
by a uniform coverage of the whole universe of knowledge, with a slight bias
towards natural sciences. It can be said to be the most up-to-date, detailed
and carefully prepared of all existing encyclopaedias.

Among French encyclopaedias, ihe greatest popularity is enjoyed by the
numerous Larousse publications. Natural and exact sciences and technology fea-
ture rather prominently in the 10-volume Grand Larousse encyclopédique, which
nrovides the most upeto-date and detailed inforTation on nuclear physics, astro-
nautics, electronics and similar disciplines.(5 Particularly widely used is
the Petit Larouste, first published in 1966 and reissued annually ever since. )

1. Encyclopaedia Britannica. 14th ed. Vol. 1-24. Chicago-London, 1929.

2. Der Grosse Brockhaus. 16 Aufl. Bd. 1-12, Erganzungstand, Atlasband. Wies-
baden, 1952-1958.

3. Grand Larousse encyclopédigue. Vol. 1-10, Paris, 1959-1964,
4, Petit Larousse. Paris, 1967.
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Encyclopaedias for special toplcs differ from general encyclopaedias not
only in coverage but in a more limited purpose as well, being, as a rule, de-
signed for specialists and researchers. To cite a few examples, the following
publications were brought out or reissued in recent years:

- McGraw-Hill Encyclopacdia of Scilence and Technology. Vol. 1-15, Yearbooks.
New York, 1960-1969.

- International Dictionary of Applied Mathematics., New-York, Ven Nostrand,
1960,

- Kirk R.E. and Othmer D.F. Encyclopaedia of Chemical Technology. New ed.
Vol. 1-18, Supplements. New-York, Interscience, 1963-1969.

- Gray P. (ed.) The Encyclopaedia of the Biological Sciences. New York,
Reinhold, 1960.

Encyclopaedias can serve as sources of sclentific information. However,
a critical appiroach 1s warranted in using an encyclopaedia. The latest editions
are to be preferred, and the date of publication printed on the title-page should
be checked In order to verify whether 1t stands for a new edition or merely a
reprint. The rule of thumb to follow with respect to encyclopaedias is sum-
marized in the words of the distinguished historian of science G. Sarton who
sald that to turn to an encyclopaedia for a primary reference 1s clever, to
ignore encyclopaedias is unreasonable, to rely on them too much is stupid.

Handbooks provide data which can be useful for different subject specla-
lists. Thney vary broadly in subje~t-matter, structure, and size. For example,
there are very compact handbooks, such as:

- American Institute of Physics. Handbook. New York, McGraw-Hill, 1957.

- Lange N.A. {ed.) Handbook of Chemistry. 10th ed. New York, McGraw-Hill,
1961. :

- Mankinery's Handbook: A reference book for the mechanical engineer,
draftsman, toolmaker, and machinist, 17th ed. New York, Industrial Press,
1964.

- Flugge W. (ed.) Handbook of Engineering Mechanics. New York, McGraw-
Hi11, 1962.

Such a classic work as "Bellsteins Handbuch der organischen Chemie"(!)comprises
about 100 volumes, which have been brought out in three cycles from 1918 to this
day. The saine great size and elaboratle structure are typical of the well-known

1. Bellstein's Handbuch der organischen Chemie. #. Aufl. Bd. 1-27. Berlin,
1918-1940, Bd. 1-31. 1928-1938, Bd. 1-27. 1941-1955, Bd. 1-. 1967-.
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inorganic chemistry handbook popularly known as "Gmelin".(1) The hundreds of
its issues and their indexes call for a special study before a specialist can
make full use of them.

Closely associated with handbooks are tables of constants, guides to
minerals, plants and animals, drawing and map atlases, collections of formulas
and diagrams, and similar publications, for example, Handbook of Mathematical
Tables. Supplement to Handbook of Chemistry and Physics. Cleveland, Chemical
Rubber Co., 1962; Kaye G.W. and Laby T.H. Tables of Physical and Chemical Con-
stants and some Mathematical Funotions. 12th ed. London, Longmans, 1959,

Biographical (who's who) dictionaries supply data on the life, activities
and works of eminent sclentists, engineers, physicians, agronomists, public
figures ete. Such dictionaries are particularly useful in studying the history
of & soience, technology and production. The examples are:

- American Men of Science. Vol. 1-5. Arizona, Cattell, 1960.
- Directory of British Scientists. London, Behn, 1963.

- World Directory of Mathematicians. Bombay, Tata Institute of Fundamental
Research, 1961.

Dictionaries may be a very useful starting point as an aid to establish-
ing a clear definition and the precise meaning of a term. Any single-language
dictionary is concerned essentially with information about word-spelling,
pronunciation, derivation, meaning and usage, e.g. The Concisge Oxford Diction-
ary of Current English. Ed. by H.W. Fowler and F.G. Fowler. 4th ed. Rev. by
E. McIntosh. London, Oxford Univ. lress, 19%56.

Translating (bilingual and multilingual) dictionaries contain words and
terms of one language and their equivalents in other languages. They can be
elthier general or special, i.e. explaining terms in a special subjlect field, for
examples:

~ Hoyer-Kreuter's Technological Dictionary in three Languages: Inglish-
French-Germen. New York, Ungar, 1944.

~ Callaham L.I. .wssian~-English Chemical and Polytechnical Dictionary. 2nd
ed. New York, Wiley, 1962.

- Emin I. Russian-English Physics Dictionary. New York, Wiley, 1962.

- Russian-English Atcmic Dictionary. New York, Technical Dictionaries,
1957.

1. Gmelin-Krauts Handbuch der anorganischen Chemie. 8. Aufl. Klausthal-
Zellerfeld, 1924-1965.
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Guides to general reference books contain bibliographical details of such
books. The most important guides are:

~ Walford A.J., Guide to Reference Materials. 2nd ed. London, Library
Assoc., 1966-1969,

- Winchell C.M., Gulde to Reference Books. 7th ed. Supplements 1-4,
Chicago, American Library Association, 1951-1963.

We can mention also: Maichel K., Guide to Russian Reference Books. V.1l.
General bibliographies and reference books. Stanford, Hoover Institution, 1962.

92 p.

Reviews of progress in different fields of science and technology have
been in existence for quite a long time. In the last decade they have come to
occupy a steady position among the other secondary publications. Surveys sum-
marize the data contained in primary documents, such as articles, monographs,
conference reports, technical reports, invention specifications. They generally
cover materials in one subJject field over a definite time period. Surveys can
be analytical or informative.

Analytical reviews are distinguished by deeper analysis and based on ap-
propriately ordered data selected from primary scientific publications. They
usually contain all basic facts concerning the progress in a subject field, and
permit to assess the advances in the study of an issue or problem or in an area
of research,

Surveys are very valuable sources of information. They initiate an inci-
pient researcher into his field of interest, familiarize him with the progress
in related fields of science and technology, help to choose or more precisely
define the direction and methodology of his own study or design work; they are
great time-savers, sparing a specialist long hours of searching and scanning of
primary materials.

Surveys are published in different forms, such as an article in a common
Jjournal, or in a special reviewing journal (e.g. "Advances in physics" , a
separate issue of a periodical, or of an irregularliy appearing book series.
They are typified by surveys of different disciplines published by the British
quarterly "Science progress", which prints review papers on advances in astro-
nomy, meteorology, physics, chemistry, geology, mineralogy, zoology and botany.
Among others, the following surveys have been published in recent years:

~ Annual Report of Frogress in Physics (Inst. of Physics and Physical
Society).

- Chemical Reviews (Am.rican Chemical Society).
- Advances in Space Science. Vol. 1-11 New York, Academic Press, 1959-1969.

- Progress in Aeronautical Sciences. Vol.1-9. London, Pergamon, 1961-1969.
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Abstract Journals are probably the most important secondary information
publications now. They appear regularly and reflect the contents of the most
recent scientific documents in abstracts or, to a lesser extent, in annotations.

An abstract is a summary of a document specifying its character, as well
as the techniques, findings, time and place of an investigation. An abstract
also indicates the objectives and main theoretical premises of a study, supplies
the pertinent figures, formulae, tables, charts and diagrams. In conclusion, the
number of illustrations, tables and references in the abstracted publication are
indicated, as well as the abstractor's name. All abstracts fall into two general
types: informative (abstract-synopsis) and indicative (abstract-sumnmary). An
informative abstract contains in an abridged form all the main ideas of a primary
publication, while an indicative abstract recognizes only the most important of
them. An abstract, as a rule, does not reflect the abstractor's sublective
views, and does not make any Judgments on a document.

It is worthwhile * : cite here the Guide to the preparation of abstracts
formulated by one of the leading abstracting services, "Biological Abstracts":
"An abstract should be a non-critical, informative digest of the significant
content and conclusions of the paper, not a mere description. It should be in-
telligibls in itself, without reference to the original, but is not intanded to
substitute for it., It should be brief (preferably less than 3% of the original),
written in whole sentences, not telegraphic phrases”. 1)

Naturally, the size of an abstract depends on thoz size and importance of
the abstracted document. However, the abstract length in different abstracting
services has stabilized at the 800-900 character mark. The average length of
abstract in scne leading abstract Journals in 1965 was as follows: "Physical
Abstracts", 500-550 characters; "Chemical Abstracts", 900-1000 characters;
VINITI's Referativni) Zhurnal, $100-1200 characters.

Annotations, in contrast to abstracts, &re not summaries of primary docu-
ments but only short communications on their theme or content, although they also
detail their character. According to purpcse, annotations divide into descriptive
annotations, which pravide a factual description of the content and some other
details of a document, and recommendatory (critica:) annotations, which zive an
appraissl of a document from the point of view of 1its usefulness to a particular
user catego-y.

Information and bibliocgraphical services usually prefer the descriptive
type. fThese may be very short, consisting of a few words or short phrases, or
more detailed, but in either case they only characterize and not expound the
main ideas and tonclusions c¢f a primary document. This feature mates annotations
particularly suitable for revealing the contents of books. The reason 1s that
the multidimensional ¢ontent of books dees not lend 1ise*f easily to abstracting.
A descriptive annotation usuvally details the kind of book, its purpose, and
structure, the scientific school to which the author belongs, the topic eof the

1. Biologlcal Abstracts, 1969, vol. 50, 1. p. XXI.
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study and its conolusions, as well as the auxiliary and illustrative material,
supplements, addenda, and the reference apparatus, including indexes and biblio-
graphy. An annotation does not on the average exceeds 400 to 600 characters. A
characteristic feature of the annotation is that it must be closely associated
with the description contained in the entry, which in abstract journals immediate-
ly precedes each abstract and annotation, but may also be included as a separate
entry, that is as a secondary document in its own right. 1In addition, each
document indexed in an abstract Journal is assigned a registration (serial) num-
ber and a classification number (document symbol). For foreign materials, a
translation of the title is also given and the language of the original document
is indicated.

Abstract journals have two main objectives: to keep specialists in touch
with all significant current developments in their respective fields, without
recourse to primary publications, and to help them find materials on a specific
subject published over a fairly long period of time. The first obJective is
taken care of by the publication of monthly issues of specialized series of an
abstract journal, in which the material is grouped by subjects, and by their dis-
tribution on a subscription tasis among specfalists and research libraries. The
second obJective is ensured by the regular printing of subject, author, formula
and other special indexes to each issue or yearly set of the Journal.

It has to be admitted that abstract Journals are not up to the mark with
respect to either of these objJectives: 1in the former case, because of considera-
ble publication delays (an abstract appears in an abstract Journal at best four
months after publication of the original paper); in the latter case, because of
the inadequacias of reference tools and lack of cunulations (in searching for
literature over a fairly long period of time, a large number of annual indexes
have to be looked up, and a portion of indexed materials will always escape the
search). However, abstract Journals are steadily improving their ruality and
also grow in number; at present they run up to several hundred titles.

In using different abstract publications, the quality, type and size of
abstracts, their arrangement, the time lag tetween the appearance of a publica-
tion and of its abstract, the availability ard quality of indexes, are not the
only features to be considered. An equally important factor is the coverage of
scientific publications, their languages and country of origin, as well as their
categories. In other words, it should be known whether papers alone or also
books, patent srecifications, technical reports are abstracted, and whether these
are only in Furopean or in Oriental languages as well, etc. By way of {llustra-
tion, we shall predent data on several well-known abstract Journals.

Referativni} Zhurnal, the Abstract Journal of the All-Union Tnstitute of
Seientific and Technical Information (VINITI) has been published since 19523 in 15
years it has grown to be a unique service, the largest of its kind In the world.

The Referativni) Zhurnal comprises the following series: Automation and
Radioelectronics, Astronomy and Geodesy, Blology, Biological Chemistry, Geography,
Geolegy, Nining, Geopliysics, Mathematics, Mechanical Engineering, Metallurgy,
Yechanics, Physics, Chemistry, Industrial Economy, Electrical Engineering. In
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1963, the separate series "Scientific and Technical Information” was started to
cover materials in the discipiine which is the subjJect of our lectures (from 1966
it appears also in English). Each series comprises annually 12 issues included
in cumulative volutnes, with the "Chemistry" series comprising 24 issues. The
material is arranged systematically, i.e. according to the framework within which
different problems are treated in the respective areas of science and .echnology.
This framework is presented in a special publication, "Subject Headings of VINITI
Abstract Journal", which is published annually. Some large portions of the main
series included in the cumilative volumes appear in separate series of issues

for the convenience of narrow subject specialists.

The Abstract Journal surpasses all similar publications in the length of
its abstracts which average 1100-1200 characters and approximate the informative
type. The time lag between the appearance of a publication and of its abstract
has in many instances been reduced to 4 months, which 1s quite a low figure.

Each series is provided with indexes: an author index to each issue and an annual
one, and an annual subject index; the "Chemistry" series has, in addition, annual
classified, formula and patent indexes. The VINITI Abstract Journal covers
articles and materials from over 20,000 periodicals in 70 languages printed in
more than 100 countries. The most significant scientific books and patent speci-
fications are also abstracted.

The "Chemical Abstracts", brought out by the American Chemical Society
since 1907, covers scientific and technical materials in theoretical and applied
chemistry, chemical technology, metallurgy and metallography, chemistry of food-
stuffs, fuels, textile and leather industries, etc. Its abstracts are somewhat
shorter than those in the VINITI Abstract Jownal, being an average of 900 to
1000 characters in length. The material 18 arranged systematically. The Jjournal
appears semi-monthly, resulting in two volumes a year comprising 13 issues each.
Each issue is provided with an author snd subject indexes; each volume, has an
author, subJect and fcrmula index; there are also curulative indexes for 10 years
(the latest appeared in 19¢6), and a list of abstractied pericdicals inelwding
7,000 titles, The distribuvtion of the periodicals hy countries is approximately
as follows: USA, 25%; U3SH, 20%; Britain, 15%;3 Japan, 10%; uermany (East and
West), 10%; France, 5%; and other ccintries, 15%. The veekly current awareness
service "Chemica) Titles" !s produced by means of a computer, and covers 350
(mainly English-language) ¢c.emical publications. Fig. 9 compares two abstracts
of the same paper which appeared in VINITI Abstract Journal "Chemistry" serles
and in "Chemical Abstracts”.

Among abstracting publications the following can be particularly useful:
Engineering Index, United States Government Reseercn Reports, Mathematical
Reviews, Sclence Abstracts, Nuclear Science Abstracts, Analytical Abstracts,
Biological Abstracts, Building Science Abstracts, Computer Abstracts, Inter-
national Aerospace Abstracts, Metallurgical Absiracts, Copper Abstracts, Zine
Abstracts.

Express-information service is a broad and rather vague term embtracing a
veriety of infcrration services, e.g. sets of printed book cards, lists of new
articles, 1lists of current titles of periodicals. The only feature they have in
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common is that all of them were established to speed up information on new publi-
cations. The emergence of this type of service 1s directly related to the consi-
derable delays In most of the existing abstracting services, which is reduced
multifold in express-information publications.

. ~ Recently, the term Yexpress-information" has came to be increasingly
applied also to periodical bulletins containing detailed abstracts or digests of
the most sigaificant inventiions, discoveries or investigations, which must be
promptly made known to specialists. This kind of publication is typified by
VINITI's Express-Information which appcars (in Russian) ir. 50 series on problems
of topical interest, e.g. "Astronautics and Missile Dynamics", "Computer Techno-
logy", "Automatic Control of Production Processes", "Synthetic High-Poiymer
Materials", or on major branches of economy and industry, e.g. "Radio Engineering
and Electronics”, "011 Production", "Railway Transport", "Ferrous Metal Industry”.
A total of 48 issues each comprising 5 to 8 digests of articles, reports, inven-
tion specifications, i.e. some 300 different papers, are printed ycarly in each
series. Digests in the VINITI Express-Information appear approxiiately in a
month's time after the original publication.

Library catalogues are listings of books held in a library, designed for
the benefit of the readers to serve as & key to the library's stock. Library
catalogues are the principal means to reveal the contents of library collections,
to popularize literature and to gufde reader in self-education. Catalogues have
much in common with bibliographical card indexes, both being listings of publica-
tions. The distinguishing feature of the catalogue is that it is confined to the
contents of a particular library, whereas a caid index includes materials irres-
pective of their locations. Catalogues differ in the arrangement of entries, in
the categories of material included, in the coverage of the library holdings, in
the language of the material covered, in their purpose, in physical fori, and
some other characteristics.

According to the arrangement of eniries, catalogues are divided into
clessified, alphabetical subJect, and author and name catalogues.

In order to facilitate the selcction of literature oy subject, and to
meet. the thematic requests of readers, information agencies and libraries keep
classified and slphabetical subject catalogues. A classified catalogue arranges
subJect entries for tooks according to the parts of knowledge »ith which these
books are associated. Within a subject field the entries are finst grouped in
classes, then in subclasses, and so on. The structure of a classgified catalegue
1s directly related to the library or bibliographical classification adopted by
the library. Some of these classification schemes will be introduced to you
later. Classified catalogues serve as a uteful tool in scientifie Inforration
and play at important role in iibrary activities. Groupirg library materials by
fields of knotledge greatly facilitates reading guidance and selection of books,
Classified catalogues are also used for in-house operations, such as acquisition
or bitliographic and reference work.

From what has been said above cne may te led to telieve that a classified
catalogue will always be instrurental in establishing what materiale ¢n a
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particular subject are available in a reference or library stock. However, if
a subject is quite specialized, and the reader is not an expert in the given
subject field, he will be hard put to it to determine under what subdivision

in the classification scheme used in the catalogue the question of his interest
should be looked up. To facilitate work with a classified catalogue, alphabe-
tical subject indexes, also called "keys", are constructed, which list in an
alphabetical order all the subJects contained in the catalogue together with
their symbols {classification numbers). An index to a classification schedule
may also include subject headings which provide different formulations or group-
ings of the topics reflected in the classification, as well as synonyms of
terms appearing in the schedules.

But cven the key to a classified catalogue will sometimes fail when all
the materials on a particular topic are to be found. Imagine yourself searching
for the most recent publications pertaining to aviation. In a classified cata-
logue they will be scattered over the different parts of knowledge, according to
the aspect in which a given topic is presented, e.g., aircraft design - in
engineering, aircraft construction - in industry, aircraft operation - in trans-
port, military aircraft - in military scierce, occupational diseases connected
wi’h flying - in medicine, etc. Similar situations arise rhen one is looking
for documents treaiing eny other composite problem, such as a disease (e.g.,
problem of cancer), manufacturing process, farm crop, literature pertaining to
a particular locality, or to the life and work of a person who contributed great-
ly to science, technology c¢r public affairs. Cften in such cases a catalogue
which groups literature not Ly fleld of knowledge (as a classified one) but by
some other, subject complexes, may prove to be helpful.

Alphabetical subject ca'alogue also reveals the contents of documents,
but the entries are filed alphabetically by the subjects dealt with in the docu-
ments. The word or phrase denoting any one subject (notion) end used to express
the subjlect-matter of a document or of its part is called a sublect heading. The
arrangement of tubJect entries in an alphabetical subject catalogue will be made
clearer by drawing an analogy between it and the already familiar book types,
notably, a textbook where the materiel is arranged systematically, and an ency-
clopaedia where the material is erranged by sublects. Or take any scilentific
book: there the table of contents will simuleate a classified catalogue, while
the index will stand for &n alphabtetlcal subject catalogue. Alphabetical subject
catalogues are eminently suitable for reflecting publications in applied sciences--
technical, agricultural or medical. This is the principal reason for their
popularity chiefly with special libraries, which use them to cover both domestie
and foreign materials, books and prcriodical articles.

The_author and name catalcgue lists works, irrespective of their content,
alphabetically under their authors, names of institutions, or, in case of anony-
mous works or works having more than three authors, under titles. Such an
arrangesent enables the author and name catalogue to answer iwo principle ques-
tions: (1) Has the lidbrary a specific work whose author and title are known?
and (2) What works of a given author, which have appeared as separate published
items, are aveilable in the library? If an author and name catalogue includes a
suffic.ent nuwrber of added eniries under persons that took part in the preparation
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of certain books, it will provide answers to some secciadary questions (e.g. in
what works did a given person participate as compiler, editor, illustrator,
translator, etc.). The importance of the author cataloguz is determined by it
providing a facility of answering questions on the svailability of this or that
item in library stock. The author catalogue 1s thus one¢ of the principal refer-
ence tools of an Information agency or a litrary. This 1s explained by the fact
that most readers when they come to a library already know what books they want.
They use the author catalogue to chieck on the books sought, and find the class
narks by which they a:'e filed in the stacks. All library operationa - acquisi-
tion, processing and stci:age of the holdings, service to readers, bibliographic
and reference work and social activities - are only made possible by the exis-
tence of an author catalogue. Besides, an author catalogue is the only means of
reflecting what authors are represented in library holdings. It provides for the
populariza*tion of the works of domestic and foreign classics of science, of out-
standing personalities of today in all walks of social life. Therefore it would
be wreng in all walks of social 1ife. Therefore it would be wrong to treat the
author catalegue as a formal one and to allot to it a subordinate place among
the other types of catalogue.

The cetalogue types that have been described are the principal ones as
regards the rethod of arvangement of their entries. Some dozuments, e.g. stan-
dards and patent specifications, are more usually Sought by their numbers than
by titles. Therefore, numerical catalogues are used in which entries are ordered
not alphabetically by titles, but numerically by the numbers assigned to them.
Combinations of the principal types of catalogue are occasionally encountered.
For instance, some special libraries maintain alphabetico-classed cataloguss in
which the main divisions are arranged systematically, i.e. according to & classi-
fication echeme, while the sublect headings under these divisions are listed
alphabetically. In the United States, the dictlonary catalogue, which mechani-
cally combines &n author catalogue and an alphabetical subject catalogue, has
takea root.

Bibliography is a special kind of s~ientific literature. It occupies a
position of inportance for science, culture and national economy being a means
of bringing together, recording and classifying the contents of published and
unpublished materials. Bibllography has its own obJect, purpose, techniques and
form. Written vorks, duplicated by some means and designed for an indefinitely
btroad sections of contemporary and future readers, form the objeat of bibliography.
An immediate purpose of bibliography is to influence the dissemination of written
and printed records. The tracing and recording of written works, their selection
according to some criterion, their description, sometimes supplemented with a
critical appraisil, and their classification, constitute the techniques of biblio-
graphy. Listings and 1iterature surveys are the forms of bibliocgraphy. This
derinition of bibliography ~ which, in our opinion, is the most felicitous of all
existing one? « belongs to the distinguished Soviet tibliographer K.R. Sinon
(1887-1966).(1) This tera, Lidliography, as you learned from the firat lecture,

i. Simon, K.R. - Bibliografija: osncvaye ponjatija 1 terminy. (%iblicgraphy:
basic concepts and terms). Muscow, Kniga Fublishers, 1968, p. 26-35,
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applies also to the discipline dealing with the elaboration of theory, methodolo-
gy, and history of bibliography as a speical kind of sclentific literature.

Bibliography, considered here as the last - but not least - type of
secondary documents, holds a prominent position among other secondary documents
by its importance, diversity and complexity. To describe the whole system of
bibliography, even in brief outline, several special courses of lectures might
not be enough, to say nothing of one lecture. That is why the only goal we can
set ourselves here is to attempt a general outline of the most important types
of bibliographies with a few illustrative examples.

According to their centent and kinds of indexed materials, bibliographies
can be general or special. General bibliogrepny lists materials irrespective of
their content and kind, vhile special bibliography covers only publications in a
particular subject &rea, topiec, or of a particular kind.

According to purpose, bibliographies can be enumeratjve, scientific, and
recommendatory. Fnumerative, cr recording, bibliography registers, as exhaus-
tively as possible, materials in different parts of knowledge, subject fields,
or of specific charecter. Sclentific bibliography aims to inform the specialists
¢ the publications in their field of knowledge, theme, subject, or problem under
study. Recommendatory bibliography has the objective of active reading guidance
and of helping certain reader categories to choose literature that will suit them.

According to the time of publication, bibliographies divide into current,
retrospective, and prospective. Current bibliography records materials as they
are brought out, retrospective bibliography covers a certain time periocd prior to
the time of compilation of the bibliography, and prospective bibliography re-
flects publications that are in press.

According to the place of publication of the literature indexed the fol-
lowing kinds of bibliography are distinguished: internaticnal, national and
regional. International bibliography lists materials in different languages pub-
lished in different countries. Nationsl bibliography covers materials appearing
in a certain country or in a particular language. State bibliography is a
variation of national biblicgraphy: it Includes materials published in one
country. It is brought out by special State agencies, e.g. by book chambers in
the USSR.Regional bibliography records loca' press, i.e. publications issued
within a region, district, or any other locality.

Biblicgraphers distinguish many rore types of bibliography according to
different characteristics of division. We chall mentiocn only two. Bitliography
reflecting primary docuneénts is commonly considered to te primary biblicgraphy
and is simply called "bibliography". Bibliographies 1isting bibliogrephies are
considered to be secondary bibliographies and called "bitlicgraphies of biblio-
graphies", or guides to bibliographies. Work has long been in progress on
compiling a bibliograrhy of such guldes, which would be a tertiary bibliography.
Finally, according to the method of arrangement of entries bibliographies, as
wvell as catalogues, may be clessified, subjest or author.
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The types enumerated above by no means exhaust the existing types of
bibliography. They were meant %o give some general idea of' the multiplicity of
bibliographical sources and to help in the appraisal of specific bibliographical
indexes used. There exist an enormous nunber of bibliographical indexes and aids.
In the Soviet Union alone, thousards of titles of bibliographies and more than
150 special bibliographical perioiicals are brought out every year. All biblio-
graphies published in the world run well into tens or hundreds of tihousands.
Mastering all this wealth of information sources offers great opportunities to an
incipient scholar. It is no chence that early European writers used a golden iey
as the symbol of bibliography and its motio read: "Omnium scientiarum clavis"
("Key %o all sciences"),.

The most typical literature requirements of a specialist are the need to
follow all current publications in his sublect fileld and in related fields, and
the need, which generally arises at the start and &t completion of a study, to
get familiar with all published sources periaining to the theme of the study. The
first need is met primarily by general current bibliographies, and the second, by
special retrospective biblicgraphies. Since any psarticular bibliographic publica-
tion can be classified according to any of the characteristics listed above, we
shall describe, by way of 1llustration, a few typical publications.

, General bibliographies are typified by current enumerative national biblio-
graphies. The Soviet current State bibliography is published by the All-Union
Book Chamber as "annals". The weekly "Book Annals" provide details of current
books and pamphlets, as well as standards, tecnnical catalogues, abstracts of
theses and other separately issued materials. All data appearing during the year
in the "Bock Annals" are cumulated with some abridgments in the "Bibliographical
Yearbook of the USSR", printed in two half-volumes. Fntries in both publications
are filed systematically. They ere provided with a subject index, an index of
names, and an index of places. Detalls of newspapers, Journals and magazines,
bulletins, and serials are listed in the "Annals of Periodicals", which appear
every five years with yearly subplements. Details of Journal and newspaper arti-
cles are given by the weekly "Annals of Journal Articles" and "Annals >f Newspaper
Articles": details of reviews and critical surveys printed in Journals, newspapers
and collections, are given in the quarterly "Annals of Reviews".

Similar publications exist in many countries. The popular American weekly
"Curulative Book Index", appearing since 1828, tovers the books published in
English in most of the countries of the world. Its specific {eature is curula-
tivity, which means the inclusion of naterial from previous issues in subsequent
ones. Cumulative volumes appear as substitutes for the April, July, September
and Cecember !ssues of the index and cover data for a reriod of, respectively,
three, six, nine and twelve mcnths and several years. The material is arranged
as in a dictionary, with each book entered under its author, titie and subject
headings. The main medium of recording vurrent Fritish publications is the weekly
"British National Bibliography", appearing sin:e 1952, letails of new publications
are arranged Systematically: they are cunulated in quarterly issues and annual
volumes. France boasts tre oldest national bibliograrhy - the weekly "Biblio-
graphie de la france”, published since §1311. It covers books, first issues of
periodicals, tieses, offisial and othe: publications. The material is arranged
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systematically; an author index and an index of titles of anonymous works ure
provlded, as well as cumulative vnlumes printed every three, six, nine and iwelve
months. A special feature of this bibliography is that it announces books in
press, wnhich are subsequently included in the cumulative listings "Books for the
Week", "Books for the Month", "Books for the Quarter", "Bcoks for the Half-Year",
Books for the Year". These lists are provided with indexes of authors and titles;
the last one has, in addition, a subject index. The German Democratiec Republic
brings out the "Deutsche Nationalbibliographie", founded as early as 1931, which
covers all publications appearing in the GDR, FRG and West Berlin, as well as
books in German published all over the world. The "Deutsche Bibliographie", pub-
lished in the Federal Republic of Germany since 1947, has approximately the same
scope. Both bibliographies appear in several series as classified weekly issues
which are cumulated every six months and five years.

Apert from these publications, designed for bibliographers, a range of
general current bibliographical aids keep the sclentists abrest of current lite-
rature. Dutails of the most significant books in all parts of knowledge which
are publisted in Britain are provided by “"Reference Catalogue of Current Litera-
ture” (Vol. 1-2, London, Whitaker, 1965). American books ave listed by the
annual "Books in print" (Vol. 1-2, New York, Bowker).

Detajls of periodicals can be found In s me catalogues and lists:

Ulricli's Periodicals Directory: a classificd guide to a select 1list of
cur.ent pericdicals, foreign and domestic. 10th ed. Vol. 1-2. New York,
Bowker, 1963-1965.

Oregor; W. Union 1list of Serials in Livraries of the 11.S. and Canada.
3rd ed. Vol. -5, New York, Wilson, 1966.

Britist Union Catalogue of Periodicals, incorporating World List of Sclen-
tific Periodicals: new periodical titles. London, Butterworths, 1960 - (Month-
ly with quarterly, annual and 5-year cumulations).

Spacial bibliogzraphies can best te described using as ifllustrations inter-
national and natiocnal special retrospective biblicgraphies:

Mafzel R.E. and Siegel 7. The Periodical Literature of Physics: a handg-
took for graciate students. New York, 1961. (American Institute of Physics).

wWorld Nueclear Directory: an international reference book. 2nd ed.
London, Harrap, 1963. 626 p.

Burman C R. How to Find out in Chemistry: a gulde to sources of infor-
mation. Oxfrrd, Pergamon, 1965, 220 p.

Bottle R.T. {ed.) Usge of the Chemical Literatwe. London, Butterworths,
1962, 231 p.

Mas~n B. (comp.) Th2 Literature of Geology. New York, American Museum
of Natur.l History, 1953. 155 p.
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Xerker A.E. and Schlundt E.M., Literature Sources in the Biological
Sciences. Lafayette, Purdue University Library, 1961. 133 p.

Smith R., Guide to the Literature of the Zoolog.cal Sciences. 6th ed.
Minneapolis, Burgess, 1962. 232 p.

Moore C.K. and Spencer K.J., Electronics: a bibliographical guide.
London, Macdonald, 1961, 411 p.

Fry B.M. and Mohrhardt F.E. (eds.), A Guide to Information Sources in
Space Science and Technology. New York, Interscience, 1963, 579 p.

Examples can be cited ad iInfinitur, but even the few presented above can
glive some idea of the nature of special retrospective bibliographies. The pro-
blem is then how to be made aware of the existenze of such bibliographies on a
discipline, theme or problem you are interested in.

Secondary bibliographies (blibliographies of bibliographies, or guides
to bibliographies) serve exactly this purpose. They may supply information on
the whole universe of knowledge or sne part of it. Examples of such a gulde
are:

Besterman T.A., World Bibliography of Bibliographies. &4th ed. Vol. 1-5.
Lausanne, Societas bibliogrsphica, 1565-1966.

Malcles L.-N., Manuel de biblicographie. Paris, Presses universitaires de
F‘Pance, '96)0 }28 p.

Totok W., Weitzel R., Weimann K.-H., Handbuch der bibliographischen
Nachschlagewerke. 3. Aufl. Frankfurt an/Main, Klostermann, 1966. 3625.

Mention should also be made of Soviet bibliographies of bibliographies:

Krichevsky G.0G., Obshchie biblicgrafii zarubezhnykh stran {Ceneral
Bibliographies of Foreign Countries). ¥oscow, Publishing Office of All Union
PRook Chamber, 1962. 290 p.

Simon K.R., Istorya inostrannoi bibliografii (History of Foreign Biblio-
graphy). Moscow, Publishing Office of .\11 Union Book Charber, 1063. 736 p.

Guwiovshchikova I.V., Obshchaia mezhdunarodnaia bibliografita biblio-
grafii (General International Bibliography of Bibliographies). Leningrad,
Krupskaya Institut of Culture, 196Y. 105 p.

Novel indexes

The bibliographical indexes which have been ¢nnsidered above originated
at ¢ifferent times ard are long since in bibliograpnical practice. As is natural,
they are used ais. jn information work, although son. of their shortcomings have
come Lo be felt particularly acutely only recently. Cne of the main faults with
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conventional indexes 18 the relatively long time they take to prepare and produce.
This is due to the fact that they are prepared exclusively by means of manual
operations and do not lend themselves easily to mechanization and automation.
Meanwhile, researchers and practical speclalists feel a strong need for a biblio-
graphy that would have a short time lag between a publication and the apvearance
of systematic data on it, and would thus minimize one of the basic shortcomings
of the abstract Jjournal, its showness. Considering all that we have learned
about the aging of scientific documents, we cannot but admit the fairness of this
requirement. Such a kind of biblicgraphy has come to be increasingly called
current awareness service, because ity purpose is to make scientists aware of all
current publications in their respective subject fields.

It was quite clear that the necessary promptness here could be achieved
only if modern technology, in particular electronic digital computers, was to be
put to use. But, the biggest share of time and effort is spent in sy:tematiza-
tion, which as yet defies all efforts at automation. A way out was found in the
development of new kinds of indexes in which systematization is perfcrmed auto-
matically, without human intervention. The makeup and production of the new
indexes will be made clearer if we g0 back to the methods of arrangement of index
entries. We have seen that most indexes use classified srrangeinent, and some,
arrangemsnt by subject. Filing by authors is employed in a few bibliographies
only, which are in fact printed catalogues reflecting the contents of several
library stocks, i.e. union catalogues. Like any author catalogue of a library,
they indicate whether a given publication is available, and in what libraries.
Now it was discovered that alphabetizatior is rich in possibilities that had
never been utilized in library catalogues and conventional tibliographical in-
dexes.

Fach word in the title of a document, composcd by its author, is a poten-
tial subject heading, and the name of the author himself is a key to those
bibliographical groupings which were treated in the previous lecture and which
are established by means of citations. At the same time, punched card equiprient
and electronic computers have tremendous capacities for sorting and filing «f any
information collections by formal eriteria, in particular for alphabetization.
This fact was utilized in new kinds of indexes among which the widest use in
information work is enloyed by permuted-title arnd ciiation indexes.

Fermuted-title indexes are based, by definition, on document titles.
Fxperience shows that titles of the majority of documents in the fields of
natural, exart and applied s~ienceg are fairly accurate idenilifiers of docurent
contents. In the preparation of a permuted-tille index, a computer program,
using a so-called Stop-1list, identifies in titles end skips a1l common words
(syntactic words, such as pronouns, numerals, conjinctions, prepusitions, parti.
cles, auxiliary verbs) as vell as general nouns and adJectives (e.g., "problem",
"study”, "method"™). The rest of the words and terss appearing in document titles
are used as subject headings. They are called keywords and are displayed in the
index in the context of their title. That is why sucn indexes have been i2rred
KWIC (Key-wWord-1n-Title) indexes.
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All keywords contained in abstract titles are alphabetized vertically in
the search column which is Justified on the left, with the rest of the title
words displayed to the left and to the right of the keywords. The index-line
generally does not exceed 80 char;cters in length, including spacing. Therefore,
if the text following a keyword does not fit into the right-hand part of the
index~1ine, while there is room in the left-hand part, then the line 1s "wrapped
around”, 1.e. transferred to the left.

If the title is still toco long, it is truncated to match the length of the
index~-line. The end of the title is marked by an asterisk, which helps the title
to be read correctly. If the title ending is cut off, the whole of the title can
be reproduced in other parts of the index, which are easily located through title
keywords. A title usually comprises not less than % or 5 keywords and therefore
is displayed in the index % or 5 times mir imum. Because title words appear in
the index in different groupings the index is cailed & permuted Index, although
it should more aptly be called a rotated one. It is to be remembered in using a
permuted-title index that the same concepts can be phvsically separated in it {7
they are expressed by synonymous words. For example, if you are looking for
materials on transistor triodes, in addition to titles containing the word
"transistor", you will have to scan all titles containing the syncnymous term
"semiconductor" and its derivatives. The strategy of searching in a permuted-
title index is easy to learn and usually presents no difficulty in practice.

Permuted-title indexes may be used as current-awareness publications or
as awxiliary indexes to abstract journals and other secondary publications. In
the former case they are provided with a name and a bibliographical index, and
the codes located in the right-hand column denote the title abbreviation, year,
nunber and the first peage of the periodical in which the respective article ap-
pears. In the latter case these codes stand for the ID numbers of the abstracts
in the abstract JSournal. In either case, these codes will be used to locate the
er.ry which prorides full bibliographical description of the publication.

Permuted-title indexes were first produced in the United States in 1958,
They owe their introduction in information work to the late H.P. lLuhn, the
American engineer who is credited with teing the princiral originator of the
method. The Cremical Absiracts Service publishes since 1961 the semi-monthly
eurrent-awareness index "Chemical Titles", which announces new articles from 600
major Journals in ctemistry and chemical technology. Each issue compi ising
details of 3,000 parers and including an author and bibliographical indexes,
takxes 5 hours of conpuler time to compile. Another instance of an extensively
used permuted-title index is the index to the abstract Journal Biological
Abstracts. Celled B.A.3.1.C. (Biological Abstracts Subjects in Context), it
appears semi-ronthly since 1962. It replaces the former subject index and is
appended to every issue of the abstract Journal. 1.3 yearly coverage is atout
120,00 abstieots. Regularly produced peramuted-titie indexes are Scheduled for
the rearrst future for 1ndividual series of ihe VINITI Abstract Journal,

Citation indexes constitute a :tasically new kind of index: they supply
answers to such requests of researchers and specialists as cannot te met by
conventional indexes. The main question which they enswer 1s in what new
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publications the former works of particular authors are cited. By cited works

are meant those works to which bibliographical references are made 1n the texts
of other publications. These indexes embody the bibliographic coupling method

which was discussed in the last lecture.

The first, largest and best known index of this kind is the Science Cita-
tion Index (SCI) regularly produced since 1964 by the Institute for Scientific
Information (U.S.A.). In 1966, it covered 12,500 issues of 1,573 Journal titles
in all exact, natural and applied sciences. It included 3,000,C30 references to
former publications of different years contained in the 300,000 publications
which appeared in 1966. The index 1s composed of two parts: the index proper
(Citetion Index) and the Source Index. The indexes appear in four issues each -
three quarterly issues and one annual issue. The cunulative volume of the Cita-
tion Index for 1966 comprised § volumes, and the Source Index, three.

The material in the Citation Index is arranged alphabetically under the
names of the authors of cited documents; after each of these the authors of the
source {i.e. citing) documents are listed, also alphabetically. Details on works
of the same author are filed chronologically. Following the name of the author,
the source of a publication is given, including an abbreviated Journal title,
year of publication of the cited or source document, volume, and the number of
the first page. Preceding the year of publication, a code is printed des~ribing
the souwrce docunent type, viz., abstract, review, bibliography, patent specifi-
cation.

In the Source Index, the material is also arranged alphavetically under
first authors. In contrast to the Citation Index, where the first author alone
is entered, here all the Joint authors are given, 1if they are not more than ten.
A specific feature of this index is the availability of the full title of an
article or patent specificaticn. It also gives the abbreviated title of the
Journial in which the article is published, the volume and page number, year of
publicetion, the code for the source docunent, the number of citations, the issue
number, and the ISI accession number.

Document searching in this index is conducted in the following menner. A
starting (or "target") reference is first established, which is known to the
searcher beforehand, or obtained from conventional sources {ercyclopaedias, text-
books, handbooks, guides, bibliographical indexes, abstract Jjournals, library
catalogues-) Under its author, details of all the documents related to it are
found in the Citation Index. Full entries for the source documents are found in
the Source Index, and their relevance to the query 1is assessed. If these docu-
ments are not sufficient, any of the earliest documents citing the target refer-
ence is used as a new target reference for further searching. This cycle is
repeated until all the necessary documnents are identified or until the searching
yields no more informetion.

The technique of searching in a citation index can be illustrated using as
example & search for documents on nucleic acids, which was instanced in the
previous lecture (Fig.4). The 194t paper by E. Rabinovitch and L. Epstein which
was taken as the target reference, cites five other works. If the earliest of
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the references listed under the first work (L. Mikhuelis 1947 and 1950, filed

one after the other) are taken as target references for further search, they will
provide details of four more works on this subject. Finally, using V. Tsanker's
work as the target reference will help to identify three more papers. Thus, by
knowiiig only the name of the originator of this tneory, 13 cut of 15 works on
the subject published between 1941 and 1960 can be found in three searches.

The most important and most typical trait of a citation index is that it
provides answers of a thematic nature, although the entries are arranged alpha-
betically under authors. All conventional indexes designed for this purpose
require content analysis of each indexed document. This is the reason why they
cannot be automated as yet. The Science Citation Index is fully computerized,
because formal rules are used for its compilation: automatic grouping of mate-
rial by subject-matter is effected, as has been said before, by the principle of
bibliographiec coupling of documents.

The idea of such an index was first put forward by E. Garfield, now
director of the Institute for Scientific Information, as early as in 1955. It
was suggested to him by tne Shephard's Citation (Chicago, 1873-) published in
the United States since 1873, and in part also by bibliographies of reviews
which use the same principle of material grouping and have been a standard fea-
ture of bibliography since the 18th Century. (The first bibliography of reviews
appeared in Paris in 1771-1772). The importance of citation indexes is by no
means confined to thematic searching. These indexes helped to discover many
scientific publication patterns, which were discussed in the last lecture. They
allow to trace the evolution of a scientific idea as it is reflected in the pub-
lications of different authors, help to establish how a problem stated in some
work has been treated, whether an author's theory has been supported, whether it
found applicat.ion, and wnether it was original.

All this assumes special importance in the context of the interpenetration
of sciences, which is a sign of the times. If a work of an author in & given
field of knowledge is cited by many workers in other fields, it points with cer-
tainty to the fact that the ideas expressed in this work have proved fruitful
for a number of scientific disciplines. The important point is that the
establishment of new links between disciplines and theories is detected and
recorded by citation indexes with a promptness which cannot be achieved by any
other means, and irrespective of the quality of any existing classification
schemes or the skills and subJective Jjudgments of indexers. In a citation index,
the relationships of a given idea expressed In a document are established by the
scientists themselves, viz. authors of the publications citing this document.

The number of references to one or another document provides an objective basis
for the assessment of the significance and viability of the ideas it contains.

Current-awareness information

A form of rapid information, called current-awareness service, has been
gaining popularity recently. It consists in timely (a maximum of one month fol-
lowing publication) alerting of information users to the appearance of useful
materials and is sccompanied by a duplicating service supplying prompt and not
too costly copies of any of these materials.



COM/WS/147 - page 61

According to the organization of the searching apparatus, two types of
current-awareness services can be distinguished: information and bibliographic
publications, and selective dissemination of information. Information and biblio-
graphic publications present data in a definite order and in various aspects - by
subject, by author, by language, by time of publication, etc., - using the appro-
priate indexes.

] The most extensively used cuwrrent-awareness publications are classified

or alphabetical subject indexes, and permuted-title indexes, discussed above. A
gpecific form of current-awareness sarvice are contents-lists, compiled from the
contents of the recent issues of the major journals in particular subject areas.
The most popular of these publications, "Current Contents" (USA) includes an in-
dex of authors and their addresses and appears weekly in three series covering
in excess of 2,000 journal titles in the natural sciences.

With selective dissemination of information, an information user entrusts
to an information service the searching for the information that might interest
him. He specifies his profile of interests which may include class marks, sub-
Ject headings, descriptors, names of authors of the works sought or their
references. All the materials accessioned by an information service are checked
for these characteristics, and, in cese of matching the user interest profile,
he is supplied with the specific data that interest him. The feedbacx to the
user provides for constant adjustment of document selection, thereby improving
the personalized service.

A typical example of selective dissemination of information is the ISI's
weekly service Automatic Subject CGitation Alert (ASCA). This service notifies
individual subscribers of the details of all the publications contained in the
1,500 Journals received by the Institute which match the title keywords or names
of the authors of cited works, i.e. the characteristics included in their profiles.

We have considered the most important kinds of secondary documents, infor-
mation and bibliographic publications. They remain the main sources of data on
scientific literature. This lecture is only the first step in getting familiar
with them. It is our wish that at all stages of your scientific work these tools
should receive your most considerate attention. Familiarity with these sources
and their skillful use are major elements of a scientist's gualification. But
treat them critically, for along with science as a whole, they too are under-
going revolutionary changes. Novel index forms bear witness to it. 7The next
lecture will deal with the activities of information agencies ard libraries,
which are responsible for the preparation and publication of secondary documents.
Further lectures will detail the principles and procedures of their preparation
and use,
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Checkup Questions

What are the typical traits of a modern encyclopaedia?

What 1s the role of surveys of sclence and technology?

What 1s the structure of an abstract Journal and what are its functions?
What principal answers are provided by catalogues of libraries?

What are the existing kinds of bibliography and what purpose do they serve?
What is a permuted-title index and how is 1t used?

What new opportunities are offered by citation indexes as compared with
eonventional indexes?
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4, INFORMATION AGENCIES AND SPECIAL LIBRARIES -
AUXILIARY INSTITUTIONS OF SCIENCE

Any study or R & D work requires certain knowledge on the part of the
specialist concerned. A portion of this knowledge has been acquired by him
during training, the rest accumulating in the course of his research and practi-
cal work, through the continuous contact with life and production, as well as
in the course of his life-long self-education and raising of his qualificatidhs.
This knowledge determines the skills and constitutes the experience of a scien-
tist or practical worker. But however high the qualifications and broad the
experience, they are not sufficient in themselves. To solve any scientific
problem, the latest data on what has been and is being done on it are an absolute
necessity. In other words, initial scientific information has to be obtained.

Channels of dissemination of scientific information

We have familiarized ourselves with the manner in which scientific data
are spread in a modern society, and in the two previous lectures have considered
the system of scientific publication as the main medium for the communication
of scientific knowledge. Today we shall discuss this problem in a scmewhat dif-
ferent aspect and find out how scientific information is channeled, 1.e. what
routes it takes from the scientists who generate it to those who use it. Parti-
cular attention will be paid to the activities of those ancillary institutilons
of science which are positioned along these routes.

Personal contacts and correspondence had long been the principal nforma-
tion channel. It is for this reason that the conventional form of a letter from
one scientist to another has for mmany years endured in scientific publications.
Personal contacts betwean scientists remain to this day one of the ways of infor-
mation transfer. They are supplemented by the exchange of offprints and pre-
prints of Journal papers, by participation in scientific congresses, conferences
and symposia. Recent ilnvestigations in the science of science, in particular
those using the method of bibliographic coupling, testify to the importance of
these channels of information transfer. I{ has been found that the front of
scientific research divides into small stretches, each corresponding to the work
on a particular problem conducted in parallel by & small (100-150 persons) team
of leading researche,s in different countries and establishments, which form a
sort of corporation, or "invisible college”, as it was termed. Personal contacts,
direct exchanges of information are of great significance for the members of these
invisible colleges.

However, at the present time the bulk of scientific information is dissemi-
nated through scientific documents.

Fig. 14 is a block diagram of the main channels of distribution of scien-
tific information fi'om generators Lo users. The outward lines represent personal
contacts among scientists, their correspondence, exchange of offprints and pre-
prints, as well as participation in congresses, conferences and symposia. The
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inner lines represent the distribution of unpublished documents,which after ha
received the approval in scientific or technological institutions where their
originators work are normally made known to the users by the scientific inform
tion agencies. Dissertations, defended in research and academic institutions,
are made available to users through special libraries.

The bulk of scientific documents, it will be recalled, consists of the
publistied records. The channels of diffusion for these are at the centre of tr
diagram. The generators of these records, namely, the authors of books, period
cal articles or other materials ready for publication, pass them over to the bc
publishing houses or editorial offices of Jjournals, as the approving todies.
Frequently, an author hands his manuscript to the publisher after a discussion
and on recommendation from a scientific or educational institution where he is
employed, but this is not reflected in our diagram. '

Publishing house and printing office operations

In order to understand how scientific documents are published, it 1is nec
sary to get a notion, if only superficial, of the major steps in the publishing
and printing routines. The manuscript of any work handed over by its author to
the publishing office is reviewed to evaluate its theoretical and practical wor
The manuscripts accepted for publicaticn are thoroughly edited from the scienti
and literary points of view. The editor sees to it that the author's ideas are
stated clearly, the terminology and formulations are correct, and the style is
concise; he verifies as far as possible the reliability of the facts and figur
cited. After the editing the manuscript is retyped. It is then read out by th
proof reader, who is responsible for the spelling and punctuation, as well as b
the copy preparer who decides all typographic features of the future publicatior
the type size and face, the method of illustration reproduction, the set of typ:s
and paper size, the quality of the cover and binding. This completed the editi:
routines, and the manuscript proceeds to the printing office.

The complex typogrephic process can be broken down into three steps: pre
paration of the form, or composition; printing; and binding. Composition may be
performed by hand, but more often it is done mechanically, on line-setting
machines, or linotypes, and monotype composing machines, or monotypes. The com-
posed lines are put together in galleys, from which a trial print is made, read
by the printer's readers or sent to the publisher for reading. After making
corrections in the galleys, the makeup follows, 1.e. the type pages of the same
size are formed from the setup type. The proof sheets of the makeup are read
again in the publishing office (and usually also by the author), and the compose
matter is corrected according to them. This procedure is repeated for the third
time as the so-called revision, following which the form is considered to be
ready for the press. The form is used in the printing, i.e. in the preparation
of the necessary number of prints. The work on a publication in the printing
office completes with the binding i.e. finishing of the printed pages. They are
folded into signatures, usually 16 pages large, collated into an unbacked book,
and stitched. The unbacked book is trimmed on three sides, provided with a cove
or inserted into the binding.
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After a book has been produced, its run is forwarded to tne bookshops,
while journals are mailed to the subseribers. It is self-evident, however, that
the buying of books for personal libraries and the individual subscription to
Journals can only satisfy a small fragment of the scientists' and practicians'
information needs. To put the case, +*he limited resources of a researcher have
only to be compared with the rolossal and ever growing volume of scientific
literature.

Relationships of the information agencies and the libraries

This explains why the information agencies and special libraries serve as
the major auxiliary institutions of science, discharging the functions of inter-
mediaries between the generators and the users of scientific information, and
providing for the normal oreration of information channels through which scienti-
fic documents are spread.

The tasks of these Institutions have much in common, as they correspond in
the main to the tasks and stages of scientific information activities which were
formulated in the first lecture. Their mission is to identify and collect scien-
tifie information, to analyse and process it into forms suitable for storage and
searching, to provide for its prolonged storage and dissemination, including
retrieval on demand. But each of these institutions performing information fuac-
tions has certain peculiarities, and different particular tasks solved by
different subject specialists employing different techniques. Today we will
reveal these differences in order to learn how to better use the opportunities
of fered by the information agencies and libraries.

One of such differences related to the staff of these institutions, was
succinctly stated by a group of leading American scientists in a report to the
President of the United States: "In short, knowledgeable scientific interpreters
who can collect relevani Jdata, review a field, and distill information in a
manner that gces to the heart of a technical situation are more help to the over-
burdened specialist than is a mere pile of relevanit documents. Such knowledgeable
scientific middlemen who themselves contribute tc science are the backbone of the
information center; they make an information center a technical institute rather
than a tethnical library".(1} Thus, an information specialist is a specialist in
a certain field, a researcher participating in the soiution of a scientific pro-
blem, who provides the research team with information. On the other hand, a
librarian -- who may also have a training or even qualifications in one of the
broad fields of knowledge -- is primarily an expert in reader psyzhology, profi-
cient in teaching methods, and capable of seeing his way in tre multifarious book
production environment. An information specialist and a librarian are experts in
different fields.

The ultimate gecal of an information service is to notify of new facts and
ideas, to provide answers to questions about facts, e.g. What are the properties

1. Science, Government, and Information. A report of the President's Science
Advisory Committee. Washington, 1963, p.33.
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of the given obJect? What obJects possess the given properties? What is known
on this problem? Since answers to these questions today are provided by scienti-
fic documents - books, journals, patent specifilcations, technical reports ete., =~
information agencies handle these and will frequently supply only references, not
data, e.g. tell what facts are to be found in certain documents or what documents
contain the wanted information. Hence, working with documents is not the prirary
task of the information agencies, but only a means of manipulation of scientific
information contained in them, in order to obtain new data by its logical proces-
sing. The library is an educational and ancillary scientific institution provi-
ding for public ucge of the library materials and designed to help the reader in
choosing his books, and to guide him in his reading. Special libraries are an
important 1link in the information service of science, and one of the most impor-
tant auxiliary means of elaboration of strategical problems of science, national
economy and culture. Therefore, these auxiliary institutions of science have
differing ultimate obJectives, alithough now they work with largely the same
scientific documents.

Another difference pertains to the individuals to whom the wcrk of these
institutions is addressed. While these are the selfsame persons, namely, scien-
tists and practical workers, they are called differently by the information
scientists, who use the term "information users", and librarians, who use the
term "readers". It should be admitted that the existence of different terms is
Justified to the extent that they express different notions. An infoermation user
refers to an information centre or its publications in order to obtain specific
data which are necessary for his research work. He has a right to demand an
accurate and complete answer to a specific query from the information specialists
that keep track of the advances in this specific field by means of the documen-
tary sources. In the library, the same person appears in the capacity of a
reader, who is to be provided, besides the materials percaining to the topic of
his immediate concern, also with hooks which would broaden his world outlook,
improve his skills, acquaint him with related parts of knowledge, and satisfy
his general scientific and broad social interests.

And finally, the institutions under discussion operate in different modes.
While this difference is not one of prineciple, it is nevertheless apparent in
practice, and is probably not accidental. Most information agencies provide
their services on a regular basis, which corresponds to the rate of advancement
of a sclence, to the frequency of appearance of new publications and unpublished
materials. Information agencies attempt to cover as fully as possible the new
documents, to effect their analytico-synthetic processing, and then to bring
their contents by equal portions to the scientists in the shape of separate
issues of periodically appearing abstract Journals, surveys, express-information
bulletins or bibliographies. True, parallel with this the Information agencies
will preserve the docunents for prolonged storage and searching and retrieval on
the users' requests. But this work occupies a secondary place in the majority
of information agencies. The libraries, on the other hand, operate in the
"question - answer" mode. They accumulate materials, reveal their contents, and
organize them for storage in such a way as to be sble to produce them on request.
It is a known fact that almost every library regularly informs its readers of
the accessions,but it is also known that this work is by far more limited in scope
than their on-demand service to readers.
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Organization of scientific information activities in the_ USSR

Information work in the Soviet Union 1is based on the prlnciple of centra-
lized processing of the world's scientific and technical inforration and its
dissemination to the different branches of national economy. <[his means that all
kinds of scientific documents are processed in centralized State agencies, with
their output in the form of abstract Journals, express-information bulletins,
surveys, bibliographical indexes and printed cards distributed among the various
research institutes, design offices, industrial enterprises, institutions of
higher learning, as well as branch and regional informational agencies. On re-
quests from these institutions and offices, the centralized information agencies
furnish copies of the original primary documents announced in the secondary
documents that have been enumerated above. This flow of scientific and technical
information is usually called a downward one. Another downward flow of informa-
tion to the information centres of enterprises and institutions is generated by
tke branch-oriented information bodies in the form of newsletters or informaticn
leaflets, surveys and other documents in the respective fields of science, engi-
neering and national economy, as well as by the territorial {republican and
regicnal) bodies which put out state-of-the-art reports on problems of topical
interest to the enterprises and institutions of the giver region, and channel
scientific documents in local (other than Russian) lenguages.

This flow is countered by the information blowing in the opposite direc-
tion, which was termed the upward flow of information. It consists of R & D
reports and information cards with details of the studies conducted, which are
directed by research institutions and educational establishments, design offices
and industrial enterprises to the All-Union Scientific and Technical information
Centre and to thc branch-oriented information centres for registration and storage.

All information agencies in ithe Soviet Union thus fall into four large
groups: all-union (national), branch-oriented, regional, and in-house centres
serving the needs of enterprises and institutions. The all-union information
agencies include the All-Union Institute of Scientific and Technical Informa-
tion (VINITI), the All-Union Scientific and Technical Information Centre,
(VNTIC), the Central Research Institute for Patent Information (CNIIPI), and
the All-Union Research Institute for Technical Information, Classification and
Coding (VNIIKI). The branch-oriented information agencies include a few dozen
central institutes for scientific and technical information (CINTI) and technical
and economic research in the respective areas of science, technology and national
economy, each of which has its own central scientific and technical library
(CNTB). The regional information agencies include 15 republican institutes of
scientific and technical information and popularization with their respective
republican scientific and technical libraries (RNTB), as well as several dozen
central bureaux of technical information (CBI'I) in the regions, with their central
scientific and technical libraries (CNTB} and houses of sclentific and technical
popularization (DNIP). Finally, the information bodies at enterprises and ins-
titutions comprise scientific and technical information departments (ONTI) of
scientific research institutes (NII), design offices (KB) with their own scien-
tific and technical libraries (NTB), as well as technical information bureaux
(BTI) wlth technical libraries at enterprises. There are about 5,000 of such
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ONT'Is and BI'Is. The same functions are performed by tens of thousands of sepa-
rate technical libraries functioning at enterprises, and academic libraries at
higher educational establishments.

The general supervision over the sclentific information activities 1is
exercised by the State Committee for Science and Technology of the Council of
Ministers of the USSR. The ministries and departments orgenize and control the
work of the corresponding branch-oriented information agencies.

The All-Union Institute of Scientific and Technical Information (VINITI)
of the USSR Council of Ministers State Committee for Science and Technology and
the Academy of Sciences of the USSR was organized, as has been mentioned, in {95
In the 17 years past, it has grown into the world's largest information centre.
It employs some 2,500 staff workers and more than 22,000 supernumerary research
workers. The volune of its publications exceeds 30,000 publisher's signatures a
year, which ranks it with the largest publishing houses of the Soviet Unicn. The
VINITI has great typographic resources which inciude its Publishing and P.inting
Combine with a staff of over 1,700. The main functions of the Institute are as
follows: the study and processing of the world!s scientific and technical lite-
rature in all parts of knowledge; the preparation and publication of abstract,
survey and bibliographical information; the duplication of the original publica-
tions on requests from institutions, enterprises and individuals; the organiza-
tion of information and reference services; the co-ordination of translation
activities in the country; the publication of collections of digests of articles
of topical interest ("Express Information"); the conducting and co-ordination of
research in informatics; the organization of advanced training courses for
specialists employed in information bodies.

The VINITI can serve a8 a good example to show the internal workings cl a
large information centre, and the procedures of preparation of abstract publica-
tions. The daily batches of material coming to the Institute are forwarded to
the department of preliminary scientific processing, where the scientific worth
of each publication is assessed, and the relevant series of the Abstract Journal
are indicated where it is to be indexed. The publications selected are marked
with special symbols, and passed over to the bibliographers who prepare them for
description by underlining the necessary bibliographic data. A card is prepared
for each publication which accompanies the publication throughout its processing
cycle. Card copies are added to the catalogues and auxiliary indexes. Because
most of the publi:ations go simultaneously to several Abstract Journal series,
the corresponding number of their copies 1s made, while the original 1is stored in
the department of sclentific resources.

After the department of preliminary scientific procegsing end the biblio-
graphic group, publication coples with cards are distributed among the subject
departments where they are assigned to the staff and extranumerary abstractors,
according to their type, content, and language. The abstractors return the
copies of the publications together with an abstract, which 1s then thoroughly
edited and checked for errors in the corresponding sub,).rn department. Then the
abstracts, classified according to a speclal list of su._enrt headings, are
grouped for the next Abstiract Journal issues; following a discussion at the
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editorial btoard, the manuscript of the Journal is sent for publication to the
Publishing and Printing Combine. There the usual publishing routines already
discussed in the beginning of the lecture are performed. You may imagine what
high level of discipline and co-ordination must bve maintained by the numerous
persons participating in these processes in order to complete them in four months'
time, which is the optimal information delay, as you will recall. And these are
the techniques and procedures of only one of the various functions of the VINITI.

Now let us familiarize ourselves with the functions of the other national
information agencies, The All-Union Scientific and Technical Information Centre
(VNTIC) of the State Committee for Sciance and Technology of the Council of
Ministers of the USSR at the present--initial--stage of its development is charged
with the following: the State recording and bibliographical control of the R & D
projrcts carried out in the country: the :aintenance of a file of R & D documen-
tation; the publication of regular infermation on technical reports accessions;
the reference and information services.

The Central Research Institute for Patert Information (CNIIPI) of the
USSR state Committee for Inventions and Discoveries is charged with the following:
the scientific processing of the world's patent matarials; the preparation and
publicatfon of current-awareness and survey information for tne field (abstracting
services are provided by ihe VINITI); the information provision for patent exami-
nation work: the reference and information services on the domestic and foreign
patent materials; the publication of information materials on the problems of
invention avd patent work., The All-Union Resemarch Institute for Technical Infor-
mation, Classification and Coding (VINIIKI) of the USSR State Committee for
Standards, Measures and Instrumentation performs the following tasks: the
scientific processing, preparation and publication or analytical informaticn onr
standards; the reference and information work on standards and interdepartmental
norms} the conducting and co-ordination of research projects on classification
and coding systems; the orgenization of m State Service of Standard Reference
Dete (GSSSD); the publication of information materials on stendardization problems.

The branch-oriented information agencies are represented in the Soviet
Union by ihe centiul institutes of scientific and technlical information (CINTI)
and technlecal and economic resetrch under the different ministries and departments,
as well as by the scientific and technical information department (ONTI) of the
leading scientific research inastitutes {NI1). They have the following obJectives:
to ensure the scientific proceasing of information on the advances made in the
appropriate organizations, instilutions and enterprises in the corresponding
fields, to prepare on its basis current-awareness, abstract and survey information;
to provide refererce and lidbrary services over the range of specific subjects of
the field; to conduct analytical survey and corparative technical and economic
studles into the problems of the development of the field, and some others. 7hey
lay particular emphasis on a systematic study of the technical and economie
performance indices of industrial enterprises, of the designh and operative tech-
nical and economic data on products and technologies, as well as of the methodo-
logy ©f organization of prcduetion, research and development work.
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Regional information agencies, as nas been sald before, are represented by
different types of institutions. Republicen institutes of sclientific and techni-
cal information and popalarization provide the following services: the informa-
tion services for the Tarty and government bodies of the Union Republics; the
reference, information and library services to the enterprises and institutions
within the respective republic; the dissemination of interdisciplinary informa-
tion witnin the republic; the preparation and publication of information
materials in the corresponding national languages; the co-ordination and con-
ducting of scientific and technical popularization in the republic, and some
others. The central bureaux of technical information (CBTI) and houses of scien-
tific and technical popularization (DNTP) in regions, cities and other localities
carry out similar functions within their respective administrative areas.

The information bodies of enterprises and institutions are represented by
scientific and technical information departments (ONTI) or bureaux of technical
information (BTI) et enterprises, research institutes (NII), and design offices
(KB). They are entrusted with the following tasks; the promnt and pinpointed
information and library services to the scientists, specialists and industrial
workera; the popularization of progressive scientiflic and technical experience;
the control over the utilization of information materials; the supply of snien-
titic and technical information and documentation to the corresponding all-union
and ¢entral branch-oriented information agencies. Such is, presented in very
general terms, the framework of information services and the missions of the main
informetion agencies in the Soviet Union.

Special (research) libraries

Now we must get a bird's eye view of the libraries, another important type
of auxiliary instiiution of scienze. According to functlon, all libraries are
grouped into public and special (research) libraries. Fublje libraries provide
treir readers with the most significant liverature which is necessary for the all-
round developrent of man, for his education, and mastering of general and poly-
technical knowledge. They are not oriented towards any particular reader category
snd engage in active populatization of books and in reading guldunce.

The nission of the special (research) libraries is to assist in research
and development activities, in industirial and agricultural production, in the
advancement of construction, trsnsport, public health, communications, social and
cultural life of the country, as wel! as in the training and upgrading of the
gkills of the personnel in these flelds, by providing for public use the library
materials, by gulding speclalists in their reading with the aim of improving
their ideological, poaiticel, scientific, professional and cultural levels. These
libraries belong to the four principal types: (1) lerge independent sclentific
litraries of universal character; (2) libraries of research institutes; (3)
college and university lidbraries, and (4) industry-oritented libraries.

large independent universal libraries are a special type of library.
Along with meeting the information needs of the readership at large - sj>clalists
in science, industry or culture - they also discharge cultural and educational
functions which are typlcal of publlc libraries.
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Libraries of research institutes provide scientific literature to their
research teams.

College and university libraries, apart from serving scientists, assist in
the educational process and play a significant role in the training of specialists.
Univer:ity libraries hold a speclal position in that in keeping with the specifics
of university education, they help the students in acquiring a broad scientific
background.

Industry-oriented libraries help practical specialists In resolving their
production tasks. They form a majority of the special libraries and include
technical, mecical, agricultural libraries, as well as libraries of transport and
commumnication iastitutions, construction ard similar organizations. In those
institutions and organizations which have sclentific information centres of their
own, libraries form subdivisions of these; where such information centres are
lacking, their functions are performed by special libraries.

Library routines

With all the diversity of library types, their structure and operations
are basically the same and can be described in a generalized form. The main
library routines are the acquisition of library materials, their cataloguing (or
scientific processing), the organization of library holdings, and service to
readers. To these four functions correspond the principal divisions of a special
library which are, as a rule, functicnally structured: the acquisition depart-
ment, the cataloguing (or processing) department, the stack department, and the
vervice department. Many large libraries also have a bibliographic {or biblio-
graphic reference) department, research and methodological department, adminis-
trative and other departments. As the Tndian library s:lent!st S. Ranganathan
has aptly put it, "library ie a growing organism". Transfers of large masses of
literature are taking place In it daily. Two flows are clearly discernible:one
consists of the new books and periodicals received by the llbrary, and the other
of the literature issued on requests from the readers and returned after hav'ng
been read. The first flow has been termed "the way of the new beook", and the
second, "the way of the reader's request”.

The starting point in "the way of the book” is the acquisition departrent.
There, on the basis of a special document stating In general termz the resder's
demands, which is called “acquigsition policy™, it is decided which of the new
pubtlications should be acquired by the library. The librarians learn of the
appearance of these publications from current bibliographies. The Sources of
acquisition are beokshops and specialized library institutions - book suvpply
agencies - carrying out centralized acquisition, as well as other libraries with
which book exchange is maintalned. The purchased books are accessioned, after
which they are considered as added to the stock. The accessioning consists in
marking a now item with the litrary stamp and an accessicn nurber. The acces-
sions records are used in the individual and summary stock-taxing of accessions.

Now the accessions go to the catalogning (processing) department. There
a card is prepared for each item, containing its main bidbliographical details,
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and 1ts subJect matter 1s briefly identified by means of conventional symbols ~-
class marks or subject headings. These symbols are inscribed on the book and the
card, following which the book proceeds to the stacks, while the card is repro-
duced in the necessary number of copies. The cards are put together to form
catalogues of libraries, described in the previous lecture. The system of cata-
logues in a library, which may comprise up to several dozen catalogucs - author,
classified and alphabetical sublect - introduces both the readers and the staff
to the library holdings.

The literature is filed in the stacks in a certain order. It varies
according to the principle of arrangement of the book stock (or shelving arrange-
ment) adopted in the library. In case of a classified arrangement, it resembles
the filing cf entries in & classified catalogue. The books are filed by parts
of knowledge according to their subject matter. lHowever, unlike a catalogue
entry which can be placed under several divisions corresponding to the different
subJects dezalt with in the book, the book itself can only occupy a single place
on the shelf. Classified arrangement is advantageous for a small library where
the book stock does not exceed a few tens of thousands volumes. The librarian is
enabled then to give advice to a reader straight from the shelf, he can more
easily memorize the location of each book and the general layout of the stock.
The library can provide open access to the shelves, that 18 let the resders make
their own selection among the books on the shelves., True, even in this latter
case, catalogues offer a more effective means of interpretation of the book col-
lections and recommending books, since they reflect the books in several aspects,
as well as those books which are off-the-shelf at the moment. Most public
1ibraries use the classified shelf arrangement of books.

In larger lirraries, whese holdings mey amount to several hundred thousand
volumes, the above-mentioned advantages of classified arrangement will fade,
while 1ts shortcomings will become more prohounced. Spare plece for accessions
has to be provided in each section, class and subclass, and when it is found to
be still lacking, the labour-consumning shifting of the holdings has to be inade.
Because books of the same content vary widely in height, the vertical shels spec-
irg smst be zuch as to accormodate the largest becok. This results in stack space
being lost both vertically and horizontally, as a librarian would say. For this
reason the larger special libraries increasingly adopt one of the formal arrange-
ments, which take into consideration certain formal characteristics, and not the
content of the books., The most popular method i3 shelving by site, when bocks are
ordered on the shelf according to their height (size) and the date of arrival in
the library (accession number). Such an organization of the stock saves much
space in the stacks and enswwres a prompter and more accurate issulng of books to
readers. In this case a book's call mark (or its lccation mex:) will not be its
classification number, as with classified arrangement, but its format mark ard
accession {or serial) number.

Filing of the cards for accessions in catalogues, and of the new items in
the stacks completes "the way of the book". Ncw these publications are ready to
te used. A reader, when he comes to the library, finds out what pudblications he
wants. To do this he makxes use of secondary docurents: biblicgraphical indexes,
card indexes, abstract Journals, card catalogues. In the catalcogues the reader
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finds out whether the wanted publications are in the library holdings and looks
for their call marks. He is assisted in his searching by the bibliographic refer
ence devartment of the library or by the bibliogr.pher on duty. He then fills in
his requests for the books, giving the main bibliographical details and the call
marks. This starts the second library flow, termed "the path of the reader's
request". The request form, sometimes checked for possible errors in 2 special
division, is then sent to the stacks, where the librarians remove from the
shelves the books sought. These are forwarded to the delivery station from which
the reader takes them for his use. The time lag between the moment of handing
in the request to the moment of book issue to the reader may vary in different
libraries all the way from a few ainutes to several hours.

Provision of library materials to the readers is effected in two ways. A
reader can either use them in the reading room, or teke home. In the former case
"he library literature is issued for the period until the closing of the library
and reserved for this particular reader on special shelves for several consecutive
days. In the latter case, the reader is issued his literature for a fixed period
of time ranging from one week to one month in the lending {circulation; department
In some libraries the books issued in the reading room, and those loaned to the
readers have Gifferent physical locations in the stacks and are reflected in
separate catalogues. As a rule, the delivery station or the ciraulation depanrt-
ment will kevp a file of reader's cards, in which the issued books are recorded,
and a file of book cards in which the numes or numbers of the readers who are
issued a given book are marked. Thus the librarians at any one moment can tell
what books are borrowed by a given reader, when he must return them, who is read-
ing the book which is off~the-shelf and requested by another reader. On retwn
of the loaned books, they are restored in their places in the etacks. This com-
pletes the second contiruously circulating flow of library materials. 1t should
be added here that if the books requested by a reader are not available in a 1i-
brary, they can be ordered in other libraries within the country or even abroad
using the so~called interlibrary loan service, which links together many special
libraries.

Thus, special libraries are important auxiliary institituions of sclence
charged with providing scientists and practical workers with the necessary sclen-
tific documents. Ideally, every such library should give prompt and complete
answers to & request asking what docurents exist on this or that subject or theme,
and after the reader has specified the type of the wanted materials, time of
their publicat.cn, their language and the aspect of treatment of the corresponding
subJect, should submit these documents for the reader's use. In actual fact,
special libraries are far from such a happy state of affairs. Not a single of
them, not even their totality in any one country, ¢can hope to accumilate all the
world!'s scientific literature, to say noihing of all the scientific documents,
Moreover, although libraries attempt to cover all bibliographical publications,
the sheer bulk and diversity of these materials will not permit a timely and com-
plete coverage of all the éata onh the existing scientific literature in a given
subject. Catalogues of libraries reveal only the main items of sclertific docu-
ment contents and are noi meant for multi-aspect literature searching. The
majority of basic library routines are performed by hand, they are poorly mechani-
zed and totally lack automation. The time it takes to locate, retrieve and use
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library materials by very far surpasses the time that a researcher or practician
is prepared to spend for his information vork. Hence a certain dissatisfaction
with the present-day special libraries and the persistent efforts to develop tech-
niques and means of improving their operation, which are frequently labelled, not
too felicitously either, as the techniques and means of creating "the library of
the future". It would be more appropriate to speak of the necessity of creating

a truly modern library.

A Universal Information System and the developing countries

It is a very important task to coordinate the information activities
throughout the world, to organize a wide exchange of primary and secondary docu-
ments, programs for machine processing of texts In natural languages, uniform
information media and so on. But this is a very difficult problem.

The organizational principles and the bulld-up of a national system of
scientific and technical information are entirely determined by historical,
economic, social and other conditions prevailing in the country concerned. Tech-
nical means employed in scientific information activities depend on the country's
area and population, level of technological development, economic conditions and
a great many other factors. For that reasc¢. any attempt to make general recom-
mendations that would be valid fcr a majority of nations or universal Are doomed
to failure,

This is particularly true of developing countries. In this cornection
J. Dean from the Institute of Librarianship, University of Ibadan (Nigeria) said
in his review of L. Asheim's book "Librarianship in the developing countries"
(Urbana, University of Illinois Press, 1966. 95 p.) t "The main limitation of
Dr. Asheim's book is implicit in its extremely broad approach. He deals neither
with particular developing countries, nor with a group of developing countries,
but generalizes about all developing countries as though they possess to & great
extent a common ldentity. This is not so. These courtrles comprehend a vast
area of the world; the whole latin America and most of Africa, Asfa and the
Middle East. They present a picture of infinite varlety. Each has been subjected
to different historical, economic and political influences and has its own
individuality. {...).

Dr. Asheim's list of characteristic defexts in the library systems of the
developing cowntries {he deplores the almost total absence of public lidbraries
end of service to children, the existence of naticnal libraries with seemingly no
function, the lowly status of the libra:ian in the community and the fact that
the book g0 frequently ras primacy over the reader) is reasonably valid for some
groups, but not for others. For example, if we consider the library situation
in those Fnglish-speaking territories which have achieved independence during the
past ten years or s0, we shall find some at least of his criticisms very wide of
the mark. Public library systems have been established in a number of these
territories, uhiversity lioraries are making significant progress, the prisacy
of the reader over the book is generally accepted and last, dbut vitally important,
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librarians e¥erywhere are accorded considerable status in their various com-
munities” . (1

A major obstacle on the way towards coordination of the information
activities throughout the world is the growth of "language barriers". The solu-
tion of the language barriers problem becomes increasingly complex and urgent
from yYear to year. Whereas early in this century the main languages used for
scientific communication were English, German &nd French, nowadays 50 percent of
scientific and technical literary output i3 in languages unknown to more than
half of the sclientists of the world. Over the past decede, the proportion of
scientific and technical literature pubiished in Asian, African and Latin American
countries in Spanish, Portuguese, Hindi, Urdu, Arabic, Suahili and other languages
has been rapidly growing.

We believe that the only way of overcoming the language barriers is the
sulution of automatic translation problems on the basia of an intermediary lan-
guage. Coordination of national programs for the compilation of bilingual and
multilingual dictionaries in science and technology would by very useful. An
important prerequisite for a Universal Information System is the compatibility of
national secientific and technical information systems available or being developed
in different countries. This necessitates the elaboration of internatjonal stan-
dards for information media, codes and types, transcription and transliteration
systems, abbreviations of periodical and serial titles, bibliographical deserip-
tions citations, etc. Also necessery are uniform international rules for the
preparation and presentation of primary publications, with special emphasis on
providing adequate titles for these publications. It seems to us that it would
be most convenient, when publishing a document, to index it by UDC and keywords
(descriptors) and to provide it with a brief abstract.

These tasks are to be solved through the Joint efforts of international
organizations ¢oncerned:

United Nations Fducational, Scieatific and Cultural Organization (Unesca),
International Council of Scientific Unions (ICSU),

International Federation for Documentation (FID),

International Federation for Information Processing (IFIP),

International Federation of Library Associations {1FIA),

International Organisation for Standaraization (1S0).

To ensure effective coverage of developing countries by the Universal
Information System being developed, wide-scale measures should be taken in these
countries to train skilled information workers. Tnis calls, among other things,
for the speedy provision of appropriate curricula, programs, and study aids, and
scholarships for specialists from developing countries as well as for the creation
cf a network of training centres both in the advantced and developing ¢ountries.
This will enable some 80 developing countries to upgrade their information activi-
ties thus speeding up their economic and cultural development,

Y. Unesco Bulletin for Libraries, 1968, vol. 22, N 2, p.00-02,
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Thus, we have considered in this lecture several cilemes which ought to
broaden our view of the routes or, as we call them, channels of dissemination of
scientific knowledge. You have come to know the fundamentals of organization of
information activities, the principal types and functions of the information
agencies and special libraries, the stages and routines in the operation of thes
ancillary institutions of science. This will help you in making use of these
institutions in your work. Besides, it will facilitate your understanding of th
basic principles of information retrieval, which is the subject of the next lect
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Checkup questions

What are the channels by which sclentific information is spread from the
generators to the users?

what are the main stages in the publishing and printing processes?

What are the differences between the scientific information agencies and the
special libraries?

wnat principles underlie the scientific information activities and how are
they realized?

what are the functions of the major information centres in the USSR?
what are the missions of the special (research) libraries?

wWhat are the main library routines?
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5. ESSENTIALS OF INFORMATION RETRIEVAL

The problem of information retrieval is contral to informatics. By now
you have learned how solentific date are communicated in the contemporary world,
what the sources of scientific information are, what ingtitutions are positioned
on the route of scientific iniormation and provide for its transfer from the
generators to the users, what difficulties arise in conducting information work
by conventional means.

Further upgrading of this work calls for mechanization and automation of
information routinea. This in turn requires that these routines be formalized.
In order to understand the gist of these processes and to identify their common
features, they are embraced by the concept of information retrieval. The in-
formation retrieval problem can be viewed as the constant accumulation of an
ever-growing bulk of scientific information, on the one hiand, and the growth and
increasing complexity of information needs of the speclalists, on the other hand.

In a generalized form the problem can be seen as the neeu to0 select for
each user from the totality of the available information only those dato .ich
are necessary for him at the moment to conduct scientific research or pi...ical
work., It is quite evident that no specialist is able to read all existing
documents of science in order to select the necessary ones., For *his ieason,
scientific documents are stored in special collections, and the users wishing
to extract from these collections the necessary documents use a certain procedure
which we call information retrieval.

This procedure can be illustrated by a hypothetical example shown in Fig.
16. let us assume that we have a collection of ten documents. To eliminate the
need for scanning the whole file each time the documents containing the needed
data are to be located, the document contents have to be analysed beforehand
according to certain characteristics and with a view to the possible questions.
If now all the QOcuments are numbered and the characteristics coded by letters,
and each document number 18 linked with its content characteristics, a certain
system will evolve which permits formalization of the process of document retriev-
al. Let us assume further thati dccuments represented by combinations of charac-
teristies C and D or characteristics C and F are to be retrieved., Successive
scanning of the colums in which the availability of a characteristic is marked
with & dot, pernmits to establish quickly that documents %, 3, 6 and 8 meet the
above combinations.

This example shows that to implement information retrieval, it is neces-
sary firet to select documents for the aystem which we call an information
retrrieval system, and to assign each document a number which will serve as its
address in the system. Ther a multiplicity of characteristics by which thege
documents will be searched in the system has to be established. This multiplicity
of characteristics expressed, according to certain rules, by terms or conventional
symbols (numbers) constitutes an information retrieval language.
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The subject matter of each document is matched against the terwms or num-
bers of this langusge in order to establish which of the characteristics they
represent are contained in the document. The terms or numbers selected as the
result of this matching procedure form the search pattern of e document; its
formation is called indexing.

During a search, a user' query is also expressed in terms of the !nforma-
tion retrieval language and the search request formulation thus obtained is
matched against the documents! search patterns. In case of their complete or
partial matching the decision is taken to furnish the appropriate documents to
the user. The necessary level of matching is determined by a specified matching
criterion.

Basic notions

We shall now define and interpret the basic notions of this sectlon of
informatics. Information retrieval is a multiplicity of consecutive operations
performed to locate the necessary information or doocuments containing it, with
subsequent retrieval of these documents or their copies. Information retrieval
is effected by means of Information retrieval systems.

An information retrieval {IR) system is generally formed by an information
retrieval language and a matching criterion designed tor information searching in
a certain information ecollection. Specific IR systems are realized by means of
certain technical facilities, which are nevertheless not included in the abstract
notion of an IR system, because the same system can be realized using different
means. These technical facilities, various equipments and machinery will be
considered in a separate lecture.

The syatems divide into document retrieval and data {fact) retrieval
systems. Document retrieval systems produce, in response to a query, documents
containing the information sought, thelr copieg, or their addresses in the storage.
Data retrieval systems are designed to produce facts, e.g. the properties of a
particula. substance, the structural or molecalar formula of a chemical compound,
the characteristics of a particular biological species, or the nameks of thene
species which possess certain characteristics, ete. The common feature of these
systems 18 that they ¢An retrieve only the information thai has been introduced
into them beforehand.

At the present time, investigations are under way aimed at creating legi-
cal information systems, in which logical processing of information will be
possible. Such systems will permit to obtain, in answer to a request, not only
the previously introduced information but also new information which has not been
exrlicitly entered into the xystem. Before such systems can be made operational,
however, complex problems must be solved, many of vhich are of a general scienti-
fic consequence. The IR systems under review will form part of more elaborate
logical information syatems,

An information retrieval language 18 a malor compohent of an IR systen.
It is a specialized artificial language designed 0 express the subject-matter of
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documents and information requests, in order to locate in an information collec-
tion those dotuments which provide answers to certain questions. Every IR
language must meet certain requirements. First of all, each notion in it must be
expressed by one and only one word (& certain sequence of symbols) and vice versa,
each word must express a single notion. This requirement can be referred to ac
uniqueness of the vocabulary. Naturally, the IR language vocabulary should not
be emotionally coloured, that is, should not reflect the attitudes of the infor-
mation generator anid user to the given notion. Another requirement, that of a
formalized grammar, stipulacves that any statement formulated in terms of an IR
language must admit oi a single interpretation. Only when these requirements

are satisfied will it be possible to formally match document search patterns and
search formulations. It is self-evident that the natural languages, in which
one and the same wo*d may have different meanings (homonymy) and one notion may
be expreased in different words (synonymy), where the meaning of a sentence is
modified by grammatical means or by context, are unfit for information retrieval
purposes,

That is why specialized IR languages have long been a standard feature of
information retrieval. Conventional kinds of such languages include library and
bibliographical clissifications {such as those used in a classified catalogue)
and alphabetical sublect classifications (such as those used in an alphabetlical
subject catalogue), whicn we have come across while discussing secondary docu-~
ments. A feature of these conventional fnformation langusges is that the totality
of existing knowl:dge has been distributed in them among the words and phrases in
conformity with tne possible information requests.

However, " ich a atructure is a source of a certain weakness on the part
of the conventioial IR languages, as the document contents and user requests
depend on the progress of science and technology, on the varying intereste and
personalities o' specialists, i.e. to all intents and purposes, they escape
accurate accounting and prediction. The setting up of an IR system, the indexing
of documents ard their retrieval are separate operations divided in time, some-
times by very iarge intervals. For this reason a good portion of information
contained in ¢ocuments that were indexed by means of a conventional IR langusge
will be loat "n searching. 'To obviate this disadvantiage, new types of IR
languages are created in which the words are not grouped in previously estadb-
lished staterents (search patterns). This process takes place either during the
indexing stage or even during retrieval. Particular IR languages wil) be the
subject of ¢ large portion of the two lectures that foliow.

The second component of an IR system, as we have seen, is the matching
criterion. A matching criterion is a set of rules according to which the degree
of semantlc similarity between & documeat search pattern and a search request for-
smulation 1s established in an IR system and the decision is taken as to whether
t» retrieve or not to retrieve the given docurment in response to & query. Special
attenticn should be paid to the notion of semantic similarity contained in this
definition; it has been termed relevance. At the present time this semantic
similarity (relevance) cannot be yet established formally and hence, automatical-
ly. Therefore, the relevance Judgments, hormally made by the user himself, will
be necessarily subjective.



COM/WS/147 - page 82

The situation is further complicated by the fect that requests are not
adequate representations of the specialists' information needs. Information
needs are dynamic in character and will continually change wlth the receipt of
new information. When foraulating a search request a specialist is not always
aware of this actual information need. Getting to kXnow the contents of the do-
cuments retrieved may change the specialists' idea of his actual need, which will
immediately affect his request formulations. Thus a sort of user - system
dialogue takes place in which the operation of the whole system is optimized
through a succession of iterations.

Something like this 1is observed in everyday life. When a person applies
to a consultant, the latter will supply an answer not before he identifies, by
posing a number of questions, the actual "nfnrmation need of the applicant. The
latter may sometimes gain full realizatiu. of his needs only following a talk
with the consultant. A strong side of the conventional IR systems, e.g. cata-
logues of libraries or bibllographic indexes, is that the feed-back to the user
is a built-in feature of their structure. Automated document retrieval 8ystems
should also he designed in such a way as to enable the scarcher to investigate
the search file, modifying his search request formulations in conformity with the
intermediate retrieval results. In other words, they imust be designed as systems
of the "man-machine" class.

Another way of overcoming this difficulty is the perfection of the IR
languages and matching criteria. For instance, the matzhing ecriterion in a
Soviet IR system, named "Pusto-Nepusto" (or "Empty-Non-empty"), provides retriev-
al of documents not only when a match of a term or terms occurs in a docwnent
search pattern and a search request; it desired by the user, the system can
retrieve a document if the terms in its searcn pattern occupy a higher or lower
position in a logical hierarchy than at least one term in a request formulation.
Thus, 1in response to a query concerning documents the subject of which is the
properties of some liquids, the system can provide documents dealing with the
boiling point of water, or vice versa.

IR system efficiency

It has been noted before that a document search pattern recognizes only
the main subject treated in the document. Therefore, such a method of document
identification cannot ensure the complete recall of all pertinent information in
each particular case. On the other hand, part of the retrieved documents may not
contain pertinent information at all. These documents constitute tl.» so-called
false drops, or nolse, and reduce the precision of information searching. The
incompleteness and imprecision in information retrieval are a kind of price that
has to be paid for facilitating the searching procedure. The price is lower with
the more advanced IR languages and matching criteria and, consequently, with the
more elaborate searching strategies.

This reasoning brings us to an understanding of the methods of evaluation
of document retrieval systems. Operational efficiency of an IR system {economiec
efficiency will not be discussed here) can be defined as the measure of the
system's ability to discharge those functicns for which it is designed. The
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function of a document retrieval system is to pull out, in answer to a request,
from an information file relevant documents, i.e. documents that are semantically
related to the query. As a rule, in experiments comparing the efficiency of
saveral IR systems the doouments are assessed for relevence by a team of Judges.
In practical uvperation of IR systems, the relevance Jjudgments are made by the
user himself, who assesses a document cortent in terms of his actual information
needs. It follows that all evaluation studies are formal in character and their
significance lies mainly with comparisons of different types of IR systems.

The most widely used measures of IR system effeciiveness are recall and
precision. Recall can be defined as the ratio of the number of relevant docu-~
ments retrieved to the total number of relevant documents in the information file.
The precision refers to the ratio of the number of relevant documents retrieved
to the total number of {both relevant and non-relevant) documents retrieved.

Both measures are usually expressed as percentages. The upper part of Fig. 17
1llustrates these definitions by a contingency tahle of relevance and recall.

As has been demonstrated in the experiments of the British documentalist
C. Cleverdon, popularly itnown as the Cranfield Project, there is an inverse rela-
tionship, although not strictly formal, between recall and precision values. An
increase in precision will bring down recall. This relationship can be traced in
the diagram also contained in Fig. 17. Therefore, increasing the complexity of
an IR lenguage and matching criterion, and thereby the searching procedure gene-
rally, with the aim of reducing noise will result in the loss of many relevant
documents. If a 100-percent precision is sought for, i.e. only relevant Jdocuments
are wanted in the search output, the recall will approximate zero. And the other
way round if the aim is a 100-percent recall, i.e. retrieval of all relevant
documents in the collection, the pre:ision will approximate zero on account of
the increased noise.

The choice of the recall-precision ratio is of major importance in deve-
loping specific IR systems. Most systems have a recall of from 70% to 90%, and
precision, 8% to 20%. These values can be held to be satisfactory for meeting
information requests of sclientists and engineers, because with a certain informa-
tion redundancy of the contents of primary scientific documents, the loss of a
small proportion of relevant documents will not be felt, and the possibility of
iterative searching will help to overcome the adverse effects of noise. When the
recall reaches 90%, its further increase will be attended by a sharp drop in
precision. It would not be an exaggeration to say that the provision in the
search output of the last 10% of relevant documents will demand a higher price
than all the previous output. The data c¢ited indicate that there are limits to
the efficiency of any IR system, and that both information losses and noise huve
to be accepted in their vperation.

General framework of an IR system

Although the notions of information retrieval and an information retrieval
system had their origins several dozen years ago, the corresponding processes and
facilities have been iIn ute in scientifiec work for hundreds and thousands of years.
It was the achievement of informatics chat the operations of & multitude of
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empirically evolved facilities for information retrieval (reference books, cata-
logues, bibliographical indexes, libraries, etc.) cculd be fitted into & common
framework. The general layout of an IR system 18 shown in Flg. 18,

We shall analyse its structure in terms of a document retrieval system.
You will recall that such a system is designed to vetrileve scientific documents
in answer to the information requests of the usere. Therefore, when an IR system
is set up, it should be provided with an initial ‘nput of Jocunents, and the new
emerging documents should be added to it in the fature. This prccess is shown
symbolically in the left-hand part of the scheme. The documents come to the In-
put Converter (IC) where they are subjected to a number of operations. Each
document undergoes an analytico-synthetic processing ylelding its search pattern.
The search pattern contains a brief formal description of the glven document
which distinguishes it from all the other documents (bibliographical entry), as
well as a concise statement of its subject matter (notation, terms, annotation,
abstract).

In addition, each document is assigned an address (usually a number), by
which 1t can be located later. The documents themselves can be converted into a
different form (miniaturized or machine-readable). This completes the conversion
of the documents at input into the system, and the documents (in the originsl or
converted form) with their storage addresses proceed to the Passive Storage (PS).
They are kept there until requested by the information users.

The search patterns recorded on some material medium {catalogue cards,
purched cards, microfilm, magnetic tape) together with the respective document
addressed, are separated from the documents and forwarded into the Active Storage
(AS). There they are arranged in an order facilitating their matching against
every incoming request.

The input of informatio.a requests into the system !s sympolically shown
in the right-hand portion of the scheme. First of all, they go into the Input
Device (ID) where they are converted from the searcher's natural language into
the information retrieval language used in this system. After the conversion
they emerge as search request formulations, suitable for matching sagainst the
search patterns stated in the same information retrieval language. The request
formulation proceeds into the Resolver (R} through which are passed the search
patteras of the documents from the AS {that is why it is called "active"). There,
in the Resolver, the search request formulation is matched against the search
patterns. In case of a match (complete or partial, depending on the matching
criterion applied), the R gives an instruction to the PS to retrieve th: corres-
ponding document by 1its address. Between the PS and the user there 1s usually an
Output Device (OD) which provides for the return of the documents into the PS,
ang also converts into the original form the documents which have been stored
as microreproductions or as machine-readable records. The furnishing of the
wanted documents or of their hard coples completes the operation cycle which is
started by a user request. Such are in very broad outline the structure and
operations of any information retrieval system.



COM/WS/ 147 - page 85

Examples of specific IR systems operation

This can be illustrated using the already familiar example of library
operation. The Input Converter (IC) in a library is the cataloguing (processing)
department. It is there that a record is made on catalogue cards of the search
pattern of a document (bibliographical entry, classification numbers, subject
headings) and its address (call mark), which is also inscribed on special labels
pasted onto the documents (books or Journals). The PS is the stacks where the
books are shelved according to their call marks, and the AS is the catalogues,
vhere they are searched. Tho bibliographers in the bibliographic reference
department and the catalogue-room attendants serve as the Input Device (ID), and
the reading-room or counter attendants, as the Output Device (0D). The Resolver
(R) in this case is simulated by the intellectual efforts of the reader who scans
the cards in the library catelogue, deducing from the entries which books may be
of use to him for solving the problems of his concern.

This example can help to spot some faults of the conventional library as
an information retrieval system, in addition to 1ts general shortcomings which
were discussed in the previous lecture. They consist primarily in the principles
of organization of the Passive and Active Storages.

The PS in the library takes the form of tier stacks, where the document
originals are arranged on the shelves. These documents occupy a great amount of
space, their issue, shelving arrangement and rearrangement are very labour-
consuming and do not lend themselves readily to machanization. In consequence,
the greatest difficulties in the work of the modern libraries are those presented
by the lack of suitable storage room for the stocks. Besides, the lending of
Literature can lead to situations where requests for the literature of constant
demand cannot be met because thie books sought are not in the stacks, having been
issued to other readers. These difficulties can be overcome only if the docu-
ments in the PS are stored as microreproductions or machine-readable records and
the readers are issued only true-size hard copies of these documents.

The active storage, realized in the library in the shape of card catalugues,
also suffers from serious disadvantages. Because the cards in a catalogue are
filed in & lineal sequence, eny one catalogue can interpret a book collection in
one aspect only. We have learned already that the librarians make do with three
such aspects: author, subject and classified. Within an aspect a separate card
1s made for each characteristic for which a search may be conducted.

Thus, increasing the number of aspects and characteristics by which &
reader can search his literature will result in more complicated and cumbersome
systems of catalogues. This, in turn, increases the labour costs of catalogue
maintenance and hampers their use by the readers. For this reason the librarians
ere obliged to restrict the number of catalogues in libraries, as well as the
amount of duplication of bibliograpnical entries. This, of course, detracts from
the search capabilities of the library as an information retrieval system.

This disadvantage of the library catalogues as active storages springs
from their inherent organization, which requires that each document be provided
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with a search pattern on a separate information carrier - a catalogue card. A
card duplicate with the given search pattern must be reserved for each search
characteristic. A card duplication ratio of 1.5 for each catalogue has come to
be accepted in library practice. This means that within each aspect a document
will have, on the average, one or two search characteristics. But even with this
restriction, a library reflecting its stock in three catalogues will have to keep
four or five cards per document.

Such an organization of AS is called serial. It presents another incon-
venience, namely, that separate searches are necessary for each aspect or
characteristic, and multi-aspect searching is difficult. Most mechanized and
sutomated IR systems use an inverted organization of the AS. Essentially it
means that a separate information carrier (e.g., a card) is assigned a certain
search characteristic or aspect. The eddresses of all documents whose search
pattern contains this characteristic or aspect are recorded on this carrier.

The inverted scheme has several advantages in comparison with the serial
one; it is more compact, it permits multi-aspect searching, and by the feed-back
to the user it permits adjusting the search strategy. Adding or deleting certain
search characteristics in the request formulation will reduce or expand the search
output. These problems will be treated in more detail later on, while discussing
descriptor TR systems and technical means of their implementation.

It should be menticnied in conclusion that the one important advantage of
the conventional library IR systems over mechanizeu and automated systems is that
in the former the functions of the Resolver are verformed by the reader himself,
who during his searches in catalogues can modify his requests and the intuitively
applied matching criterion. This to some extent compensates for the shortcomings
of the organization of the AS and makes for higher efficiency of the library IR
system as a whole.

In this lecture we have considered the essentials of information retrieval,
defined the main concepts of this part of informatics, made acquaintance with the
methods of assessment of IR system efficiency, with the schematic diagram of an
IR system and the interactions of its component parts, discussed the advantages
and shortcomings of the different methods of organization of active storage. All
this information forms the necessary background for a deeper understanding of the
structure and principles of utilization of the existing conventional and automatic
IR systems, which will be dealt with in the next lectures.
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Checkup questions

Wnat 1is inforiration retrieval and what are its basic principles?

What component parts constitute an information retrie- al system and wha* are
their functions?

What 1s the gist of the relevance problem?
How 1is the efficiency of an IR system determined?

What is the purpose and structure of the schematic diagram of &.. TR system
and how do 1ts components interact?

Descrive the operations of a library and the use of an abstract Journal in
terms of IR systems.

What 1s the advantage of the inverted organization of AS over the serial ocne?
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6. CONVENT'IONAL INFORMATION RETRIEVAL SYSTEMS

Information and bibliographic publications as well as catalogues of
libraries and bibliographical indexes, whicli were the subject of owr third lec-
ture, may serve as particular examples of conventional IR systems or their
Beparate parts.

In this lecture we revert to them in order to consider the principles of
their design and operation in terms of information retrieval.

We know already that the basic types of conventional document retrieval
systems are the authcr, alphatetical subjJect and classified systems. Since in
conventional IR systems the matching criterion 1is not explicitly wtated (it is
applied by the searcher intuitively), their sole component is information retirie-
val language. In the author systems the IR language is formed by the rules for
bibliographical description and alphabetization; in the alphabetical sitbject
systems, by lists of subject headings and methods of subject indexing, and in the
classified systemS, by hierarchical or faceted classifications and classification
methods. These conventional-type JR languages will be the subject of this lecture.

Author systems

Author systems originated many centuries ago as blo-bibliographical lists
and were designed mainly for the identification, first, of different manuscripts,
and subsequently, of different editions of the same work. The turning-point in
their development a'id use was the mid-19th century when they enJjoyed widespread
acceptance as author catalogues in large public libraries. It was then that the
theory of cataloguing and author ceatalogue arrangement began to develop, giving
birth, by the 20th Century, to the various national cataloguing codes, and in our
day, to the internationally approved principles of descriptive cataloguing.

The main idea behind the rules for biblicgraphical description 1is to iso-
late in every type of work a bibliographic particular {(e.g., names of the authors,
the title, the sponsoring institution) which would best characterize the given
type. These basic data, extracted from a work according to certain rules and
recorded in a symbolic form, constitute what is called an index entry; the totali-
ty of these data make up the vocabulary of en author system IR language. The
other data, also extracted and recorded according to special rules, constitute
the text of the entry and form an integrel part of the search pattern of any docu-
ment in an IR system. The entries are arranged alphabetically by headings in
conformity with strictly defined rules which serve as the grammar of the given

IR language.

The need for elaborate rules for bibliographical description follows from
the IR sywtem requirements which we formulated in the previocus lecture, namely,
the uniqueness of the vccabulary and the formality of the grammar. But the biblio-
graphical data are, unfortunately, far from being unique and their manner of
presentation varies in different publications. For this reason the descriptive
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cataloguing methods rigidly regulate the sources,kinds and elements ¢f an entry,
as well as 1its language and spelliiig. In principle, the source of description i:
the document as & whole, but primarily its title or front-page which is charac~
terized in the language of the original but in modern npelling. Abbreviations of
certain words, prescribed by a special list, are used in the text of the entry.

The bibliographical entry contains the following particulars: (1) Author(
or the heading. (2) Title. (3) Sub-heading data - the data explaining and
qualifying the theme and content of the document, 1ts nature and pwrpose; data
concerning the approval or endorsement of offlcial documents; data on the per-
sons participating in the compilation of the document or its preparation for
publication; data on the edition or the official character of the publication.
(4) Imprint - place of publication, publishers, and year of publication. (5)
Collation - number of pages, and the presence of illustrations. (6) Informatior
before the title - the name of the institution which sponsored the publications;
the title of the series in which the work appears, and its serial number. (7)
Bibliographical notes - data on the authors given in the publication (if they
disagree with the data accepted for the entry, or if the work has more than two
authors); data on the variant readings of the title, on the availability of a
bibliography in the document, on publication defects. Fig. 19 gives a break-
down of bibliographical data on the title-page of a publication and In its entry.

Different approaches to descriptive cataloguing arise in connection with
the authorship, number of volumes, frequency of their appearance and the poly-
graphic autonomity of a work. Authorship is the most individualized attribute
for some of the more widespread publication types. Works by one, two and three
authors are entered under the surname and forename {initials) of the first author
An added entry is made for the second and third co-author {or they are listed in
the alphabetical index of names), so as to reflect the given work in the common
alphabetical sequence of their works. The names of these authors and presented
in the headings in a unified form, in order to ensure the unique location of the
works of the same author in the common alphabetical listing.

The authors sre called compilers in such publications as dictionaries,
guides, handbooks, study aids and guidance manuals, reading books, antologies,
technical and scientific information materials, advanced methods exchange mate-
rials, and fundamental bibliographical indexes. All these publication types are
indexed under their compilers, who have done a piece of full-fledged research.

Works by four and more Aauthors, collections of works of different authors,
syllabi, procedure manuals, statistical handbooks and similar publications are
entered under the title, even where the compiler or editor are indicated. (In
some countries, e.g. in English-spesking countries, such publications are in-
dexed under compiler or editor). Added entries are made for the first author, if
a work of four or more authors is indexed, and for the compiler or editor, if a
collection is indexed, which is a great help to those users who will memorize a
book by such names rather than by its title.

Official publications are issued on behalf of institutions, organizations
or agencies as their documents for which they bear full responsibility and which
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are the end product of their activities. These include statutes, regulations,
manifestos, appeals, reports, plans, decrees, resolutions, instructions and

other similar materials. Their titles usually begin with thése standard words
and contain the name of an institution or organization, e.g., '"The Charter of
the Communist Party of the Soviet Union". The salient feature of an official
publication, which determines information requests for it, is the name of the
institution which put it out. For this reason official publications are commonly
indexed under the name of the institution, which in this case appears as a cor-
porate author (not to be confused with composite authors, which are several
persons Jjoined in the writing of a work). The same indexing procedure is used
with many non-official publications, suc as "Transactions", "Proceedings" or
"Papers" of institutions of sciencn, congresses, symposia, If their title begins
with or 1is confined to these standard words, and contains as an integral part the
name of an instituticn or organization. For example, "Transactions of the
Krupskaya Institute of Culture in Leningrad".

According to the number of volumes {issues) and their frequency of appear-
ance publications are divided into multi volume and serial books, and periodicals.
The typogrephic make-up of a multi-volume publication or a series is such that
many bibliographical. data will recur in each of its volumes or issues. For such
publications a series entry is made, the general part of which gives all the re-
curring details, and the specification lists only those details which distinguish
one volume from another. This saves a lot of entry space and indexing time. It
is important though, that not only the similarities but also the differences
between multi-volume books and series shonuld be realized. A multi-volume publi-
cation is limited by its content to a certain number of volumes, while a series
comprises quite independent works united only by the commonness or similarity of
their subject matter. Therefore, the series entry for a multi-volume book is its
main - and nornmally its only - entry, citing full bibliographic details. For
serial publications, on the contrary, main entries will be the entries for indivi-
dual issues, which ought always to be made. Here the series entry is an auxiliary
one; it is very brief and only made in those cases when a series as a whole can
be of scientific interest.

Periodical publications, which are taken to include serials, Journals and
newspapers, are also indexed by means of a series entry, usually under the imme-
diate title. The only exception to the general rule is constituted by the serials
which occupy an intermediate position between the book series and the Journals.
Occasionally, they are entered under a corporate author and, in addition, sepa-
rate entries are made for the individual volumes or issues which may have an
author or be collections of works having a title of their own.

To index a part of a publication or work which is in itself an independent
work (e.g. a paper in a collection or Jjournal), an analytical entry is made under
the author and title, as with the other independent works. However, in place of
imprint, details of the publication in which the work 1is included are indicated.
These details may vary according to whether the publication in question 1s a
collection, serial, Journal or newspaper. An entirely different matter is making
an analytical entry for a part of a work, such as a chapter or section of a book,
which cannot be viewed autonomously, out of the context of the work to which it
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belongs. Therefore, chapters or sections are entered under the author and title
of the rorresponding work. DBut instead of the collation such an analytical entry
cites the number and title of the chapter or section indexed, as well as the
pages 1t occupies in the book.

The same procedure applies to reviews, or critical comments on books,
which usually appear in journals, serials or collections. What the reader wants
to know 1s primarily whether there 18 a review for this or that book, and often
he will not know who wrote the review, how it 1s titled and where it 1s published,
for this reason reviews are entered under the author and title of the book re-
viewed. The entry lists all the particulars which are usual in book entries up
t111 collation, instead of which details of the review and of the publication in
which it appears are given. The most important reviews may be also indexed as
separate works. The above rules for description of the main publication types
are schematically displayed in Fig. 20, with illustrative examples shown 1in
Fig. 21.

Rulees for alphabetical filing of entries, which form the grammar of this
conventional IR lany uage, specify the various methods of such filing within cne
and within several natural languages. There are two commcnly used methods of
alphabetization of words, names or sentences, which are both based on the order
of letters in the first words. By the first method ("word-by-word"), entries are
filed in the sequence of words, by the second ("letter-by-letter") strictly in
the sequence of letters of the alphabet, without consideration for the division
of sentences Iinto words, e.g.

"Word-by-word" "Letter-by-letter"
New England Newark
New wives for old New Englang
Newark Newman
Newman New wives for old

Most alphabetical systems employ the first method as the more common-sense
and less formal. It applies not only to preporitions and other function words
{articles, partieles), but also to complex and compound words, including fore-
names &and surnames. In some systems this rule 1is made still more complicated: if
the first words coincide, it i1s not the alphabetic sequence of the words that
follow which 1s taken into consideration but the heading category: entries are
listed first under the names of the authors, then under the names of institutions,
and finally, under the titles beginning with the same word. Since this facili-
tates locating entries in long alphabetical sequences, 1t is sometimes practised
to 1list these three heading categories in three different alphabetic segquences.

There !s another range of problems of alphabetization of index entries,
which 1s connected with the fact that different languages use different alphabets
and systems of writing. Most of the nationalities of the USSR, for instance,
maeke use of Russian letters, many nations in Europe, America and Africa use
Roman letters, some nations of Asia employ national systems of writing, e.g. the
Arabic, Red Indian, Chinese hieroglyphic etc. Moreover, different languages
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using the same letters may have different alphabets. Thus, the alpnabet of the
Azerbaijan language differs from that of the Russian language, and the English
.lphabet ‘differs from the Polish one. Because of that, entries in languages
which have different letters and alphabets have to be placed in different alpha-
betic sequences. If an occasion demands a common alphabetic sequence for entries
in different languages within the same system of letters, the basis is provided
by some artificial alphabet that usually ignores auxiliary letters and diacritics.

In conclusion it should be noted that until quite recently the alphabetic
systems had been the only means of identification of publications, of searching
for speciflc titles in IR systems, and of searching for works by specific person-
al and corporate authors. Excessive labour costs incurred due to the existing
cataloguing rules and their insufficient standardization on the international
level should be pointed to as the principal faults with these systems. An attempt
to rectify these inadequacies was the recent proposal to use standard numbers
for books and serials as their identifiers in information work. The main idea of
the proposal is to assign to every new book and every serial title a unique num-
ber associated with the respective entry in a naticnal bibliography. Implementa-
tion of this proposal would appreciably facilitate the input of documents in
automated IR systems and the exchange of bibliographical data both on a national
and international stale.

Sub,Ject s8ystems

We have already seen, as in the case of permuted-title and citation in-
dexes, that a listing of some particulars of a bibliographic entry can, under
certain conditions, provide a subJject searching capability. This fact has long
been utilized in subject (or alphabetical subject) systems. Examples are suvbject
catalogues and alphabetical subject indexes which were discussed in the second
lecture.

Subject cataloguing is a special kind of document classification which is
concerned with the concise formulation of document contents by means of cne or
several standard words called subject headings. These are arranged alphabetical-
ly and followed by either bibliographical entries, as in subject catalogues, or
classification numbers, bibliographic entry numbers or bnok page numbers, as in
alphabetical subject indexes.

The task of subJject cataloguing is to identify the subJject which is the
main theme in a document, as well as to establish the main aspect of its
characterization and its relationships with other subject. The different aspects
of the characterization of a subject are its history (origins and development},
structure, composition, properties, state, purpose, interacticn with other sub-
Jects, investigation, evaluation etc. In subject cataloguing, documents are
grouped by subjects not belonging exclusively to any one area of knowledge.

This makes it possible to form different complexes ("subjects") such as a per-
sonality, human activity, geographical notion, natural phenomenon, social
phenomenon, material, property, etc. Thus, the subject heading "X-rays" will
bring together the documents which are concerned with thz nature of X-rays
(physics), their use in medical diagnostics (medicine), design of X-ray apparatus
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(X-ray engineering). A3 suoject headings are listed in a common alphabetical
sequence, it 18 not necessary, while searching fcr a document on a specific sub-
Ject, to know the place of this subject ir the general systematics of scientifie
knowledge. SubJect headings of quite different content will be listed side by
side in alphabetical subJect systems, e.g.:

Apricots
Archangelsk
Aristotles
Automobile

On the other hand, alphabetical arrangement Joins together words of the
same root which often prove to be associated semantically; this will help to
create in a subject system a broad thematic complex, e.g.:

Atom

Atomic bombs p
Atomic electric power station

Atomic energy

Atomic 1ce-breakers

Atomic nucleus

Atomic spectra

Atomic thermal capacity

A subject heading may be selected from a special previously established
iist or it may be formulated by the indexer; in either case it recognizes only
the main aspects of a document content, which in practice 1s usually covered by
a very few headings. The major problems faced in building up the IR language of
a subject system are the use of "generic" and "specific" headings, the inverted
word order in the formulation of subject headings, and the use of sub-headings.
Without going deeply into the methodology of subJect classification, solutions
for each of these problems can be illustrated by a few examples.

A subject heading must be most specific in defining the subject of a
document. Thus, a document dealing with motor-car carburettors should be entered
under "Carburettors" and not under "Internal combustion engines". In this case
the subject heading is "specific", or rather, adequate, i.e. corresponding to the
main theme of the document. If, in anticipatlion of the possible requests of the
system users, it is thought desirable to enter the given document under a heading
expressing a more general idea (in our example "Internal combustion engines"),
such a heading is taken to be "generic", or more correctly; generalizing.

In order to Join together related subject materials in a subject system,
the words in a heading can be reordered (inversion). Thus, adjectives are often
placed after a noun, e.g.:

Microbiology - veterinary
Microbiology - medical
Microbioclogy industrial
Microbiology = agricultural



COM/WS/147 - page 95

In some cases, however, inversion is out of place; as when an adjective
defines an important attrirute of a subject ("Computational technology", "Elec-
tronic valves"), or in the names of historical events and other fixed phrases
("Roman Erpire"). In order to divide the materials within a subject heading
subheadings are used, e.g. topical ("Water - Analysis, Evaporation, Purification,
Chlorination"), geographical ("Animal Breeding - USSR, Great Britain, France,
USA"Y, form {"Standards - Bibliography, Classification Schedules, Indexes"),
chronological ("Periodicals - History - 17th Century, 18th Century, 19th Century").
A special position i1s occupied by thie standard or common subheadings, e.g. those
used in the subjJect cataloguing of the literature on materials ("Concrete -
Analysis, Defects, Substitutes, Testing").

Subject systems are most effcetive in searching for narrowly defined sub-
Jeets and far less useful for broad thematic searches in a particular area of
knowledge. This is their peculiarity which should not be viewed either as an
advantage or disadvantage: it merely defines the conditions of their application.
On the other hand, subject systems have a number of unquestionable advantages.
They are simple in operation and require no preliminary training on the part of
the user: introduction of new subJect headings does not involve any changes in
the existing headings and re-indexing of the documents already in the system.
Growth in the number of subject headings and documents in a system does not create
any special difficulties either for the indexers or for the users. Subject sys-
tems are easily implemented as elther manual card catalogues and card files or
as bibliographical lists.

But sublJect systems also suffer from & number of shortvomings. Tacy will
retrieve only those documents whose main subjects match decument requests, and
will not recognize the other subjects discussed in scientific documents. (This,
however, is the common inadequacy of conventional IR systems oriented to manual
hardling). Another shortcoming which is equally common to all conventional IR
systems 1s the difficulty of multi-aspect searches, since a sublect system will
not permit to obtain simultaneously details of several documents entered under
different headings, that is to say, it is impossible to conduct a search using
any combination of characteristics, or their logical product. The retrieval
languages of subJect systems employ the vocabulary of some natural language and
are therefore unsuitable for international use. Finally, in comparieon with
other conventional IR systems, the setting up and maintenance of a subject sys-
ters, is a very laborious task for highly skilled personnel.

Hierarchical classifications

Classification 1s the grouping of subjects or relations in classes
according to a ecommon property which is inherent in all the subjects »f the gilven
kird and distinguishes them from the subjects of the other kinds, the grouping
being done in such & way as to put each class in the system in a definite, fized
position with respect to the other classes. The property according to which
classification is done is called a characteristic of division,

The classificaticn process obeys some formal rules of loglc: sublects or
relations may be divided according to only ohe characteristic of division at a
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time, and the resulting classes and subclasses should be mutually exclusive, the
division 11:to classes ghould be balanced and continuous, without leaps. Classi-
fications in which every subclass has only one class that immediately precedes it
(relations of strong hierarchy), and all subclasses are subordinated to only one
more general class (eollateral subordination relations) are called hierarchical.
By way of visual demonstration of a hierarchical classification, Fig. 22 shows its
graph, that is a diagram consisting of points (apices) and the lines (edges) that
connect them, as well as an Fuler-Venn diagram indicating the relationships
between the classification divisions.

Classification of documentary information, which is one of the most irpor-
tant IR language types in conventional systems consists in the grouping of
scientific documents by perts of knowledge according to their content. Such docu-
ment classifications are more or less associated with classifications of sciences,
as their main olasses will broadly accord with the particular fields of knowledge,
and further division of these classes will correspond to the structure of these
fields of knowledge.

Rowever, these classifications, which have been termed library classifica-
tions, are not identical with classifications of sciences. Library classifications
must be built according to some formal rules of logic, because only under this
condition can they serve as IR languages and provide unique identifications to
the documents. But rules of logic are inapplicable to claasification of salences,
since there are ho clear-cut boundaries between the different sclences. The
other distinctions also spring from the atrictly practical character of librar,
classification and the peculiarities of the subjects classified. Aside from the
division by document content, a library classification must include division by
types of publications (books, periodicals, speclal technical publication types),
by their purpose {scientific, popular science, instructionald), by language, etc.

Schemes of library classification are generally published as schedules
consisting of two parts: the mein tables ard the tables of auxiliaries or com-
mon subdivisions. Msin tables 1ist all fields of knowledge and their sections in
a logical order, each level of division accomplished according to only one charac-
teristic. Each heading has a number of subordinate headings foraming a certain
hierarchy Because of these characteristic traits the conventional library
schemes are sometimes called linear-hierarchical. Tables of auxiliaries or 1list-
inga of common subdivisions display the recurring characteristics of different
subjects, e.g. the characteristic of place and time to which s document content
refers, or that of type of publication.

Fach division of a classification is assigned a conventional symbol called
a nunber. The totality of classification numbers forms its notation which may be
nurerical, alphabetical, or mixed. The meirits of a hurerical notation spring
from the fact that a numerical sequence is more obvious and familiur than an
alphabetic one; that any combinations of digits are easily pronounceable as
nunbers or figures; and that the Arabic numerals are understood by all nations
whatever their spoken or written language.
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At the same time numerical notations have a serious drawback, namely, a
1imited base. Because there are only ten digits (from O to 9), in order to desig-
nate complex or very snecific notions very lengthy numbers comprising many digits
have to be built. A solution is frequently sought in the use of mixed numbers
which include letters as well as numerals.

From the standpoint of structure, notaticns may be non-structural and struc-
tura) or hierarchical. Non-structural notations make use of the serial numbers of
clas,ification subdivisions in a common numerical sequence. Such notations have low
mnemonic power, do not reflect the hlerarcy of classiffication subclasses, and will
not admit of further division of these subclasses. For this reason most of the
modern library classifications employ structural notations which may be either
numerical, alphabetic or mixed. Structural notations represent the conceptual
structurs of a classification, since every class is designated by one symbol, and
all divisions of this class, by two symbols, of which the first stands for tha
class, and the second, for the corresponding subclass. Structural notetion will
permit an indefinitely long process of detailing of a classification scheme.

Universal Decimal Classification

Library classifications have been with us from very ancient times, and this
is hardly surprising, as the need for such classifications had arisen simul‘aneous-
ly with the emergence of the written records. Nowadays, dozens and hundreds of
various classifications are in use.

The Universal Decimal Classification is admittedly the most significant of
the classification schemes that were developed around the turn of this century.
as well as the one which is most extensively uced in all countries of the world.
I% owes its origins to the work of the two eminent Belgian bibliographers, Paul
Otlet (1868-1944) and Henry La Fontain (1854-1943), The international conference
of bibliographers which was convened in 1895 through their efforts, formed two
organizations: Bureau International de Bibliographie and Institut Internationa)l
de Bibliographie which were later to unite under the other name. The Institut
International de Bibliographie which had its headquarters in Brussels was entrus-
ted with the task of compiling an Universal Bibliographical Repertory, i.e. a
bibliography that was to cover the literature in all fields of knowledge pub-
lished in all countries in al) languages since the ancient times to our day.
Although this evidently unfeasible taak has never been realized, it required for
its fulfilment the provision of a deep classification scheme that encompassed all
parts of knowledge (that is a comprehensive classificasion), and which could also
be used on an international scale.

The basis for the new classification scheme, developed by a group of ex-
perts headed by P. Otlet, was furmished by ‘he Decimal Classification of Melvil
Dexey, which was considerably reworked. The new decimal classification version
was brought out in French in separate issues since 1897. 1In 1905 it appeared as
a complete work, and in 1§ reprinted under the title "Manuel du repertoire
bibliographique universel®. 1) The present-~day editions of this version which are

1. NManuel du repertoire bibliographique universel. Bruxelles, 1907.
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published by the International Federation for Documentation, the successor to the
Institut International de Bibliographie, and also in the different countries in
different languages, have been called the Universal Decimal Classification, or
uDC.

The UDC comprises the main tables, the auciliary tables and the alphabetical
index. The main tables contain the numbers by which the documents are systema-
tized by their contents. Each concept presented in the main tables must have a
certain UDC number. The sum total of human knowledge is divided into 10 main
divisions, shown in Figs 23 and 24. Fach successive digit added to the designa-
tion of a main division does not change its general content but merely qualifies
it. Such a method of building UDC numbers makes it possible to divide any general
idea into narrow specialized topics. The greater the depth of division the longer
will be the notation. Thus, "compressive strength of grounds" in construction
engineering is denoted by 624.13%1.439.4., To facilitate the reading »* the nota-
tion, every three digits are followed by a full-stop. The numbers are pronounced
as a sequence of integers, e.g. six hundred and twenty-four, one hundred and
thirty-nine, four. Fig. 25 instances an example of interpretation of a UDC num-
ber, 536.23 Heat Conductivity of Gases, UDC numbers are filed, within one
division, according to the principle from the genus to the species. Thelr order
depends only on the sequence of figures in each division and not on the length of
a number.,

Aside from the main classification numbers the main tables 1list the special
(analytical) subdivisions which represent the characteristics and properties typi-
cal of a limited range of notions and are limited to use in the section which
they immediately precede. They are Joined to the main numbers by a hyphen, if
applicable in many subdivisions of a given section, or by means of .0 (point 0),
if applicable only in the subdivision corcerned.

The auxiliary tables 1ist the common auxiliaries which represent the recur-
ring characteristics according to which dccuments can be divided in all the parts
of knowledge and which are applicable in all sections of UDC, as well as special
signs which serve to Jjoin several main {DC numbers. The common auxiliaries may
be of language, of form, of place, of time, of race and nationality, of viewpoint.
They are used in all sections of the scheme in the same unchanging meaning. If
occasion demands, letters of the Roman or Cyrillic alphadbets, separate words or
names (e.g. 92 Einstcin, for a biography of Einstein) can be attached to UDC num-
bers.

For a more exhaustive and accurate representation of the sudbject-matter of
the docurments classified, the UDC employs, in addition to the main numbers and
auxiliaries, the Jjoining of several numbers with the help of different symbols.
The common auxiliaries and the connective symbols are shown in Fig. 28, The addi-
tion (plus) sign is used in those cases when a document deals with several
separate concepts of equal value. The extension {stroke) sign is used to Join
the first and last of a series of consecutive numbers denoting closely related
concepts. The relation (colon) sign permits to classify documents dealing with
concepts that are internally related. ‘the synthesis (apostrorhe) sign is used
with docurents on chemical compounds and alloeys.
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The task of classifying by the UDC is made much easier by the availability
of the alphabetical subject index to the tables. Having established the primary
subject-matter of a document you will have to look up in the index the division
or subdivision that corresponds to the document content. Then you should learn
the makeup of the relevent section, select the most appropriate heading anc write
down its number. In establishing the heading it 1s not necessary to follow the
last level of division in the tables used. You should be guided here by the
availability of naterials on this subJect and ti2 prospects of their growth. The
use of too general numbers, though, is undesirable, because then ycu will sacrify
the depth of classificatory analysis of your document.

In classifying documents in the mathematical, natural and the applied
sciences (UDC divisions 5 and 6) the most imvortant thing to do is to delimit
their topies. It should bes remembered that the natural sciences study the laws
of nature, while the applied sciences use their findings for practical purposes.
It is known, for instance, that X-rays are studied by physics, while the different
aspects of their application, by tzchnology and medicine. Hence, the documents
which describe the direct observations or results of laboratory studies of X-rays
are entered uader 537.53t X-rays and Gamma-ray. Non-Corpuscular Rays in Dis-
charges; documents on the design and manufacture of the various X-ray spparatus,
under 621.386 X-ray Tubes and Accessoris, and the materials on the diagnostic
application of these rays, under a subdivision of Medicine, 616-073.7. The use
of other subdivisions is also possible here. For example, if a document deals
with the subject of films for X-ray photography 1t should be indexed by
T71.531.34 in Photography and Cinematography.

The UDC has the following specific features: (1) coverage of all fiel's
of knowledge (the recent UDC editions contain in excess of 100,000 subject head-
inge)s (2) the decimal principle of division which permits unlimited division of
subclasses without doing violence to the basic structure of the scheme; (3) the
use of exclusively numerical notation which is relatively easy to memorize and
equally comprehensible to specialists spe.xing different languages: (4) the
availability of an elaborate system of autiliaries; (5) the use of the principle
of synthetic notation; (6) the posaibility of ordering any number of documents
to any level of division.

The primary distinctive features of the UDC sre its elaborate system of
auxiliaries and the synthetic notation. It was precisely tecause of these fea-
tures that the emergence of the UDC meant in a way a break-through in library
classification. The former "enumerative" schemes with previously established
headings and ready-made nurbers had been custed by a new flexible classitication
in which the necessary headings are formed during the c¢lassification process
either by combining numbers with auxiliaries or Joining together two or more
numbers. The existence of a well organized international system for keeping the
UDC up-lo-date is its unquestionhab.e merit and places it in an advantageous
position with request to any of the present-day classifications. As is natural,
the institution of such a system takes much time and its operation presents
great difficulties and entails much spending. Rut it is only through such a
system that the development and perfection of a classification is possible.
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At the same time it should be noted that the division of the whole uni-
verse of human knowledge into mere ten 2lasses and the order of these classes in
the UDC do not accord with the present level of the development of science.
Despite this and some other defects the UDC has become widespread and found
application in thousands of institutions in 50 countries of the globe. Presently
the size of the complete UDC schedules is approximately 500 author's sheets,
which occupy some 10 volumes each 300-500 pages large.

Concluding, 1t would not be out of place to enumerate the principal merits
of UDC which are: universality, international ucability, the decimal system of
notation, the number-building principle and a smoothly functisning body for keep-
ing {t up-to-date. At the present stage of development of the classificatory
theory and practice the UDC remains the only intcrnationally accepted universal
system which enables to reveal the contents of reference collections in sufficien
detail, ensures speedy information retrieval, and makes for closer international
co-operation, These merits of the UDC point with certainty to the profitability
of using it in scientific information agencies and in the special libraries for
classification of the literature in the natural sciences and technology. The
Council of Ministers of the USSR has decreed on 13 November 1962 the compulsory
use of UDC by the information bodies and technical libraries for classification
of literature in the natural and tethnical sciences.

Decimal classification has been in use in the USSR since 1921. The pudblic
1lidraries still utilize the different versions of the lidbrary classification
schedules which are based on a modificat.on of UDC made by Soviet bibliographer
L.N. Tropovskiy. Work on a new Soviet scheme of c¢lassification fouv the research
libraries, based on the Marxist-teninist classification of sclence? had been
going on for many years; it appears in separate issues since 1960. ‘)

The new Soviet scheme makes wide use of the techniques which predetermined
the success of the decimal classification: the decimal structure of notation for
the subdivisions of each class, the synthelic principle, the minutely elaborated
tables of common subdivisions. At the same time, the mixed (numerical-letter)
notation employing different punctuation marks appears to be rather complicated
in comparison with the UDC. Below are the maln divisions of the scheme:

A Marxism-lLeninism

I; Natural sciences in general

3 Physico-mathematical sciences
I' Chiemical sciences

1 Farth sciences (geodesical, geophysical, geological and
geographical sciences)

1. Bibliotechno-bibliograficheskaya klassifikatsive. Tablitsy dlya nauchnykh
bidliotek. Vyn. 1-2%. M., 1960-1969. (Gos. b-kxa im. V.I. Lenina). (Biblio-
thecal+«Bibliographical Classification. Schedules for research lidraries.
Issues 1+25. Moscow, 1060-1960. / lenin State Library of the USSR/).
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. Biological sciences
X/0 Engineering and technological sciences
It Agriculture and forestry. Agricultural sciences
P Health protection and medical sciences
C Social sciences in general
T History. Historical sciences
¥ Economics. Economical sciences

¢ Communist and workers' parties. Soclo-political
organizations of labour.

N Government and law. Juridical sciences.
Military science.

Il Culture. Science. Education.

Il Philological sciences. Literature.

Ul Art. Art eriticism.

3 Religion. Atheisn.

¥ Philosophical sciences. Psychology.

i Literature of universal content.

Specific features of hierarchical classifications

Classification 18 one of the major tools of humanity in the process of
cognition, one of the habitual methods which people use to define an obJect.
V.1. Lenin wrote in this connection: "What is meant by giving a "definition"?
It means essentially to bring a given concept within a more comprehensive con-
cept™. (1) This is one of the strong sides of hierarchical classification as an
informetion retrieval language.

However, it shonld be recognized that nierarchical classifications, like
any other IR languages, have & number of limitaticns. You will recall that the
development of science shows two conflicting tendencies, namely differentiation
and integration, or the division of science fields into ever new trends and disci-
rlines, on the one hand, amd the interpenetration of the related and even remote
fields and disciplines, on the other. The process of science differentiation is
more or less adequately recognized in the linear hierarchical classiflcations.

As regarde the integration and interpenetration of sciences, hewever, they cannot
be adequately reflected in these classifications. For example, it is an extreme-~
ly complex task to find tn the UDC a place for the scientific trends and topics
which emerge at the Juncture of chemistry, geology and biolegy, or mathermatics
and linguistics.

1. V.1, lenin, Collected works. Vol. 14, Moscow, Foreign ianguages Publishing
House, 1962, p. 146
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This limitation of hierarchical classifications, which strictly delimit
the separate sciences in accordance with formal rules of logic, runs counter to
the synthesizing trend in the progress of science. The same rules will not
permit multi-aspect indexing of documents by means of an hierarchical classifica-
tion, and information searching for any combination of characteristics. It would
be wrong to assert categorically that this constitutes a faul*t of hierarchical
classifications. This is their inherent quality, which rende:rs them highly effec-
tive for broad thematic searching when conducted in the conditions of traditional
realization in the form of card catalogues. As any other 1R language, the hier-
archicel linear classifications have a restricted range of applications.

Besides, they are undergoing certain modifications whrich are meant to
overcome these limitations. Already the UDC offers some facilities for synthe-~
sizing the notation, which enables to a degree to recognize different aspects of
a subject classified. Thus, using the relation (colon) sign we can index the
multidimensional subject "Bibliography of atomic physics" as 016:539, where 016
stands for Special Subject Bibliographies, and 539, Atomic Physics. The synthe-
tic notation principle had a very significant role to play in the further develop-
ment of classification.

One of the letding figures in the classification theory, British informa-
tion scientist D.J. Foskett has this to say in this respect: "There 18 nothing
to be gained by discharging hierarchical classification altogether, provided
that we recognize that classification, in the modern sense, can and should meen
more than this; that it cen cope with the most detailed forms of subject analy-
sis. ... It is evident that a scheme of terms, whether systematic or alpha-
betical, however well equipped with cross-references, cannot hope to predict all
the contexts in which every term may appear, at some time or another. It can,
however, provide a ret of roles - operating procedures by means of which such
contexts may be freshly created out of the scheme as occasion demands,

This means that a classification scheme should no longer sei out to pro-
vide a "place" for every document, in the sense that a term, or set of terns,
will be found in the actual schedules of the scheme for every subJect that may be
found in a document. In a modern scheme, the art of the classifier in a library
18 *o construct a symbol that is, in effect, a translation of a subject".{?

Faceted classificetions

The first step in this direction was made already by the UDC. The intro-
duction of the common subdivisions and special auxiliaries and the connective
symvols, in particular the colon, has appreciably enlarged its capaciiy for bduild-
ing numberg for complex and multi-aspect sublects. But 1t is to the eminent
Indian library scientist S.R. Ranganathan that we owe a fundamental and consis-
tent approach to the solution of this problem. The Colon Classification which he

1. Foskxett, D.J. Some fundamental aspects of ¢lassification as a tool in infor-
matics. - In: On Theoretical Problems of Informatics. FID 435, Moscow, 1969,

p. 65.
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developed in 1933 was a further elaboration of the synthetic principle in classi-
fication.

S.R. Rangan than opposed the practice of building minute "enumerative"
classification tables in which their compilers sought to provide a separate num-
ber for every subject and concept. Instead of a single order to divisions in
every main class, he worked out tables based each on some onhe characteristic or
aspect which were later termed "facets". Classification number for any document
{8 built from the symbols used in every table, which are Joined by means of the
colon. Hence the name - Colon Classification. The classification scheme has not
found wide application, but the idea of facet analysis, which forms its most
important premise, gave a powerful spur to the development of the library classi-
fications called faceted or analytico-synthetic.

The facet analysis is essentially as follows, At first, a field of science
or technology is thoroughly analysed, . "aceted classification scheme is built,
and a collection of documents in the re. .vant field is studied. The analysis
yields a list of main facets, while the documents provide the essential terms in
the aubJect field, which are grouped by the appropriate facets. Each term in a
facet is called a focus. A special significance is attached to the order of the
foci within & facet, and the facets within a classification scheme. This order
is called the facet formula. S.R. Ranganathan suggested a facet formula that
includes five categories:

Personality (class, subclass, sublect)
Matter (material)

Fnergy (Operation, process, action)
Space (place, territory)

Time.,

A number of Indian classificationists and a group of British scientists
are presently engaged in the further reworking of this formula, increasing the
number of the categories it is to contuin. The indexing procedure in a faceted
classification begins with the formulation of the maln subject-matter of a
document. It is expressed by a chain of focl which are taken froa the facets and
arranged in a fixed order. Often instead of the foecl their numbers will be used.
Such a procedure enables classes to be formed for those documents the subjects of
which are expressed by a combination of characteristics viewed from different as-
pects. To illustrate this rather complex procedure, we shall present an example
from the field of medicine (denoted in Ranganathan's system by the letter L):

Facet © Facet P Facet H
Organs of hunsn boly Problems of medicine Care and Treatment
§ Organism as a whole 1 Freliminaries | Nursing
2 Digestive systiem 2 Morpholcgy 2 Etiology
23 Esophagus 3 Fhysiology 3 Symptom and disgno-
sis
23 Stomach M Disease A Fathology

25 Intestine A2 Infection
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3 Ciroulatory system 421 Tuberculosis
4 Respiratory system
45 Lung

In olassifying documents dealing with the "diagnosis of infectious diseases
of the intestine", they will be indexed L 25:42:3, and the "pathology of the lung
tuberculosis", L 45:421:4,

Compared with the hierarchical classifications of the enunerative type,
the faceted oclassifications offer a number of attractive features: they greatly
facilitate the multi-»spect indexing of documents, enabling to bring together in
one place all aspects under which a subject or theme is discussed; they are more
hospitable to new terms; they provide greater depth of indexing with shorter nota-
tior:. However nven the facaied classifications will not ensure searching by any
combination of characteristics, as this would mean that the classified catalogue
is to provide places for all possible groupings and regroupings of the foci taken
from the dififerent facets, With card catalogues it is an equally complicated
thing as in hierarchical classification. And another point to make, the present-
day level of development of faceted schemes permits their effective use only in
very specialized document collections,

We have thus spoken of the principal types of conventional IR systems:
author, subject and classified. Familarity with the rules for bibliographical
description and the filing of entiries in an alphabetical sequence, the techniques
of subject cataloguing and classification open the way to mastering the IR sys-
tems, which have evolved in the course of centuries of development and will for a
long time to come terve as mass-scale tools of information work. Naturally, the
active utilization of these systems requires that a deeper understanding of their
languages and the practical experience in their use be acquired. However, 1f you
have formed an idea about the merits of thete conventional systems and the limi-
tations in their use which are imposed by their structure it will be easier for
you to proceed to the study of the descriptor-type IR &ystems, which are of fairly
recent origin. They will be discussed in the next lecture.
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Checkup questions

What is the purpnse of the basic¢ types of conventional IR systems ard what
are their specific features?

In what context do the problems of bibliographical entry occur and how are
they resolved?

What properties distinguish the IR languages of subject IR systems?
What i8 the structure of a hierarchical library classification?
What are the merits and demerits of the UDC?

What are the advantages of the faceted schemes c¢ver the hierarchical
classifications?
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7. DESCRIPTOR-TYPE INFORMATION RETRIEVAL SYSTEMS

We have made 1t clear in the preceding lecture that the conventional in-
formation retrieval systems, both subject and those based on hierarchical and
faceted classifications, along with definite advantages suffer from a certain
limitation : they do not provide for document searching by any combination of
characteristics that has not been established beforehand. The conventional IR
systems, in particular the alphabetical subJect systems and hierarchical classi-
fizations, become too cumbersome when confronted with the necessity of providing
for multi-aspect gearching, i.e. searching for documents by multiple characte=ig-
tics belonging to the different aspects In which a sublect or phenomenon is
viewed:. This limitation becomes even more pronounced when a sesrch for informa-
tion is carried out in a file of documents that have many such aspects, and the
aspects do not fit into a natural hierarchy of generic relations,

An instance of the limitation of conventional IR systems

To remind you of this feature of the conventional IR systems, we shall ute
as an illustration a homely and delliberately simplified example where these sys-
tems appear in a aschematic form. Let us assume that we conduct an information
search in & file of motion pictures according to four aspects containing two
characteristics each. The motion pictures are normally divided, according to
content, into documentary and art films; according to format, into normal and
wide-~screenj according to colour, into black-and-white and colour; according to
length,into short and full~length.

In a subject system the name of each of these elght characteristics will
form a heading and all ¢f them will be arranged alphabetically:

Art films

Black-and white ... Nll‘len&th e
Colour ... Normal ...
Docunmentary ... Short ...

Wide-screen ...

The divisions under each of these headings wili list the address codes
(rumber s) or titles of those motion pictures which possess the relevant charac-
teristica. You remember that this system is easy to use, practically does not
require any preliminary study of the prineiples of i{ts build-up on the part of
the user, and will quite readily accept new characteristics. For example, if
we were to index educational or popular science films, stereoscopic or ¢inerama
filrs, we had only to f{nsert into the &lphabetic listing the subject headings
for these characteristics. Then In answer tu a request for a film possessing
any of these features the system will promptly respond with the needed information.

The situation is radically changed, however, when you want o choose &
file by a coablnation of several characteristics. The system is unable to proe
vide an answer to a sultl-aspect query such as this: "what colour wide-screen
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art films or films with alternating colour and black-and -white images are avail-
able?" To supply an answer, all the relevant subJect headings would have to be
looked up and the matching film titles identified. The subject system 1s not
designed for a task like this. We know that a way of overcoming this limitation
is to form compound subject headings which combine several characteristics to
provide for the would-be requests. However, it is not always possible to fore~
see all possible requests, and apart from this, the system then becomes too
complex and cumbersome.

Now let us try an hierarchical classification. Teking the first letters
of the listed characteristics as the codes of the respective subject headings,
and observing the formal rules of construction of hierarchical classification, we
shall obtain the classificatory tree presented in Fig. 26. This example obvious-
ly demonstrates that the hierarchy of generic relations will not at all necessarily
be a natural one. Here the choice of the aspects to serve aa the characteristic
of division at the upper levels of hierarchy depends on the nature of the poten-
tial information requests. But they are hard to predict, for they depend both on
the purpose of the show, on the film-goers' maXeup, on the time they are ready to
spend, and on the projJecting equipment available.

With the classification chosen in Fig. 26 the system is unable to provide
an answer to a multi~-aspect request on the availability of short or full-length
pictures (eight subject headings will have to be scanned) or the black-and-white
and colour pictures (four headings will have to be scanned). It is also clear
that the necessity of adherence to the formal rules of logic in the construction
of a hierarchical classification contributes to the formation headings that are
very rarely used. Thus, to stick to the above example, the headings ANBS, ANCS,
AWBS and AWCS will not contain very many entries, since short art films are pro-
duced but infrequently.

To enable the system to give answers to any request using any combination
of characteristics, it would be necessary to employ successively each aspect of
each characteristic at each level in the hierarchy. This is impracticable
because of the very great number of the subject headings that would be formed.
Another importent point to make is that in order to introduce new characteristics,
e.g. for the indexing of educational and popular science films or stereoscopic
and Cinerama films the system would have to be considerably reworked to accommo-
date new classes and subclasses with all the subordinate headings.

Motion pictures where the colour and black~and-white images are alternating
would be entered under several subclasses at once. To enable the system to re-
trieve only these films, new subclasses uniting both characteristics would have
to be formed within it, thereby further increasing its complexity. The system
would be made even more complicated if it were necessary to incorporate into a
hierarchical classification news aspects of treatment of films, for instance,
according to country of origin (domestic, foreign), or according to the age
group of the film-goers foi- which they are meant (for the children, for the
adults), and so on. It would result in new levels of hierarchy and many new sub-
Ject headings.
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The faceted classifications are able to make good some of these inadequa-
cies. Since no attempt is made in compiling them to list as many combinations of
characteristics as is possible, but instead a sort of building blocks are offered
in the shape of foci (characteristics), Joined in facets (aspects), the indexer
can omit the practically inessential characteristics without running the risk of
disturbing the hierarchy, as well as form new subJect headings of a specific
interest. In our example, for the indexing of short documentary newsreels a
generalizing subject heading D:S could be set up, and for the art films we could
make do with the subJect headings A:N:B; A:N:C; A:W:B; A:W:C. If necessary,
to these can be added, leaving the system intact, the subJect headings for the
motion pictures with alternating colour and black-and-white images: A:N:BC;
A:W:BC, as well as subject headings for new characteristics {(foci) - educational
films, Cinerama films, etc.

It would not be too difficult to insert into the faceted classification
also new aspects of treatment of pictures, e.g. according to their place of
origin, the film-goers age group, etc. However, a faceted classification will
not ensure a search for any combination of characteristics either, because for
this it would have to comprise no fewer subject headings than an hierarchical
classification. In owr =xample the system fails to answer a query on all short
colour films or black-snd-white wide-screen films.

Therefore, the conventional IR systems, which have for centuries been
evolving to provide answers to brecad thematic and single-aspect requests, have
proved to be poorly equipped for specific and multi-aspects searching, as well
as searching for any combination of characteristics that has not been previously
established. The most extensively used conventional IR systems, those based on
hierarchical classifications, have much difficulty in housing the ever increas-
ing number of multidisciplinary problems which often include aspects having no
clear-cut generic relations.

These circumstances furthered the emergence, some twWenty years ago, of a
new method of information retrieval which was to be called cocrdinate ‘ndexing.
This method forms the basis of the descriptor-type IR systems, discussed in this
lecture.

Set~theoretic terminology

In setting forth the essentials of coordinate indexing, it is convenient
to use the elementary terms of the set theory. For this reason it may be useful
to introduce here some terms pertaining to the set theory and the logical opera-
tions on sets. A set is a collection of obJects. Letters of the alphabet
papers in periodicals, books on shelves, the numbers 1,2,3,4,5, - all ave exam-
ples of sets. A set may contain only one element or be empty (contain no elements
whatsoever). Sets may also be infinite, e.g. the infinite number of points on a
circle. A set is generally denoted by writing its elements within braces e.g.
{1,2,3,4,5} . The statement "A is a subset of B" (i.e. every element of A is an
element of B) is written in a contracted form as A <B or B> A (the inclusion
relation). An empty set is denoted by the zero; a set which comprises all the
obJects in a given field is called universal.
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The main operations on sets are the logical sum, logical product, logical
difference, and logical complement. The union {sum) A B of two sets A and B is
a set each element of which is an element of A or of B or of both. The union of
the set {1,2,),} and the set {2,),“,5} is the set {1,2,),4,5} . The inter-
section (product) AnB of two sets A and B is a set each rlement of which is
simultaneously an element of A and of B. The intersection of the sets {1,2,)}
and {2,},4,5} is the set {2,)} . The difference, A - B, between two sets A
and B is a set of all elemer.ts of A that are not elements of B. The difference
of the sets {1,2,3} and {3,4,5} 1s the set {1,2} . The complement, A/B, of
a set A into a set B 1s a set of all elements of B that are not elements of A.
The complement of the set {1,2,3} into the set {2,3,4,5} 1is the set {4,5} .
The c¢omplement, A or A', of a set A in the universal set is a set of all elements
of the universal set that are not elements of A. The graphic representations of
the relations between sets are given in Fig. 27.

Coordinate indexing

The coordinate indexing method is based on the assumption that the salient
contents (subject) of a document and information request can with sufficient
accuracy and completeness be expressed by an appropriate list of so-called key-
words wnich are explicitely or implicitly contained in the text being indexed.

By keywords we mean the most essential words for expressing the main meaning of a
word or phrase, which have a nominative function. Most of the nouns, adjectives,
verbs, adverbs, numerals and pronouns can be used as keywords. Prepositions,
conjunctions, connectives, particles and other funiction words cannot be keywords.
To put it differently coordinate indexing is a method of expressing the primary
subject-ratter (subject) of a document or information request by a certain totali-
ty of keywords. In "pure" coordinate indexing, the keywords in the search patterns
arc not related to each other and function independently. In contrast to the
search patterns of documents the search request formulations are presented as
logical sums, products or complements of the classes designated by the corres-
ponding keywords. In order to locate a document matching an information request
it is necessary to certain logical operations on the classes designated by the
keywords in the search patterns of the documents.

In the simplest case; when a search request is formulated as the logical
product of a certain set of keywords, the document is held to be a match if its
search pattern contains all the keywords of the search request formulation. In
a sense, this is equivalent to the operation of logical product «f classes de-
signated by these words of the search pattern which coincide with the keywords
constituting the search request formulation.

To illustrate this point we shall again pick up the example instanced in
the beginning of this lecture. Suppose that our collection of films is indexed
by keywords naming the characteristics that have been chosen. To cull out from
this clllection the short films with alternating black-and-white and colour
inages (a question which would present great difficulties to any conventional IR
system) 1t will be sufficlent to state the request as the logical product of the
three keywords describing these characteristies: SnBnC. Another, more ab-
stract example was given in Fig. 16, at the beginning of the fifth lecture. There
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we conducted a search by meanr of keywords lettered A to H. We wanted all docu-
ments containing characteristics C and D or C and F. Using the terminology that
we have introduced we can now say that the request formulation was composed as a
logical sum of two pro.lucts of keywords (CnD) u {(CAF).

Externally, the coordinate indexing method appears to ressemble an IR
language of a subject system. In either case we are dealing with classes desig-
nated by appropriate natural language words and phrases, that i3, by keywords and
subject headings. FEach keyword, e.g. "electric", covers a class of subjects and
concepts the names of which include this word. The same is true of the formula-
tion of subject headings. But the similarity ends here.

In coordinate indexing, in order to locate a document whose search pattern
i3 composed of a certain totality of keywords, it is necessary to perform the
logical operations of sum product or complemeni on the classes deslignated by these
keywords. This provides an opportunity of conducting a multi-aspect search for
any previously unspecified combination of keywords. In the subject systems, oa
the other hand, as well as in the hierarchical and faceted classifications, eech
subject heading or classification number appear independently, listing the adiress
codes (numbers) of all relevant subJect materials. In conventional IR systems
simultaneous searching for several subject headings or class numbers is a diffi-
cult matter indeed, and sometimes a downright impossibility, as they are not
designed for such use. For example, a search for documents using any combination
of five mutually exclusive characteristics will require, in a system based on
coordinate indexing, a search request formulation as a logical product of five
keywords. In any conventional IR system the same task will involve the scanning
of the contents of as many subject headings as there ars permutations of five
headings or classification numbers, i.e. 5. = 1°2:3<4:5 a 120, Thia constitutes
one of the most Important advantages of coordinate indexing over the langiages of
the conventional systems.

However the "pure" coordinate indexing procedure we described is inade-
quate, as 1t does not ensure the acceptable levels of recall and precision. Here
are some of the main reasons for this. The natural language words from which
keywords for coordinate indexing are chosen have the property of synonymy. One
and the same thing or idea may be denoted by different words. Such words which
are mutually replaceable in similar contexts without giving the feeling of a
charge in meaning are called synonyms. Examples of synomyms are such words as
"test" - "trial", linguisties" - "science of language”, "common salt" - "sodium
cnloride”. It can be seen that if the same subject is designated by different
words in the search pattern of a document and in a search request formulation the
document, though relevant to the request, will not be retrieved.

Another source of the inadequacy of "pure" coordinate indexing is the
multiple meaning of natural language words. It manifests itself in polysemy,
which is a transfer of meaning from one subject to another having common qualities
or characteristics, and in homonymy, which refers to the accidental coincidence
of different words that have nothing in common either in respect of origin or
meaning. Examples of polysemantic words ar~ "star" -~ a celestial body or a geo-
metrical figure, "bureau" - a kind of table and a collegiate body, examples of
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homonyms are "mail" - the system of communication and an armour; "ray" - a beam
of light and a sea-fish. Evidently, the multiple meaning of keywords may bring
about the retrieval of non-relevant documents which means lower precision values
and increaced “noise".

One more source of insufticient erfeciiveness of information retrieval by
coordinate indexing may l e in the unspecified relationships between keywords
which results in the non-retrieval of relevant documents, that is in poor rececall.
Let us assiume that a search request is for documents discussing the properties of
liquids, a1d the search request formulation includes the keyword "liquid". If it
is in no way indicated ihat water is a liquid, the documents dealing with the
properties of water will not be retrieved. The most important relations between
keywords are the generic relations, but certain significance is attached to other
relations as well, particularly to the associative relations, i.e. the relations
between keywords by association: by contiguity ("chair" - "table", "fall" -
"gutumn"), by similarity ("clock" - "scales" - "thermometer", "pond" - "lake" -
"sea"), by contrast ("black" - "white", "light" - "heavy"), etc. The sum total
of the conceptual relations between keywords, based on the relations between the
ideas, things or phenomena they designate, are called paradigmatic relations.

Descriptor information retrieval language

It follows from the examples discussed above that in order to effect a
considerable increase in the precision and recall of information retrieval based
on coordinate indexing it is necessary at least tc establish control over the
vocabulary of the IR language used. Such a control should consist in the elimina-
tion of synonymy and in the building of special distionar es, tables or charts
which would graphically demonstrate the most essential paradigmatic relations
between the keywords. With full vocabulary control, the coordinate indexing of
search requests and documents will make use of only those words which are contain-
ed in a certain normal®zed list in which their synonymy and polysemy has been
eliminated and the paradigmatic relations shown. Such keywords have been given
the name or descriptors.

Descriptors are normalized keywords designed for coordinate indexing of
documents and information requests which have been selected according to certain
rules from the main vocabulary of a particular natural language and which have
been, by some artificial means {cross-references and notes) freed from synonymy,
polysemy and homonymy. A descriptor language is a specialized IR language the
vocabulary of which is composed of descriptors, and a grammar, in the simplest
case at least of a method of building search patterns and search request formu-
lations by correlating relevant descriptors.

It is impossible to establish now who was the originator of the coordinate
indexing idea. The British information scientist B.Vickery has noted that co-
ordinate indexing with inverted file structure was apparently known in Sumer
three thousand vears ago. Clay tablets were found, each assigned to a symptom of
a disease; the names of all diseases characterized by one or another symptom were
1isted on the respective tablets. Obviously, if according to the symptoms
observable in a patient the corresponding tablets are selected and the name of the
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disease inscribed on each of them is found out, it will in all probability be the
disease with which the sick man in question is aff%icted. These fumerian tablets
are the archetype of modern diagnostic machines.

The coordinate indexing principle forms the foundation of the so-called
superimposable cards, which will be considered in the next lecture. In 1915,
they were used by ornitologist H. Taylor, in the 20's they found application in
the identification of minerals and in personnel selection, and in 1939, W. Batten,
of the Inperial Chemical Industries (Britain), used them for patent searching.
However, the credit for the development of the information retrieval systems which
formed the basis for the development of modern descriptor languages, goes to the
American scientists C.N. Mooers and M. Taube.

C.N. Mooers designed in 1347 a mechanized document searching device which
he named "Zatocoding system". It was he who coined many of the terms which are
now in wide currency among information scientists, including "information retriev-
al", "information retrieval system", "retrieval language", "descriptor", "des-
criptor dietivnary”. 1In one of ris earlier works C.N. Mocers has thus stated the
indexing method in the system that he developed: "Each document or unit of
information is characterized by a set of descriptors taken from the vocabulary of
descriptors. Each descriptor of the set applies to, or is true in some way, of
the information content of the unit of information. The descriptors operate
independently in this type of characterization. The fact that there are several
descriptors in the set may mean that they formed some interacting combination in
the original document, or it could Just as well mean that they relate to indepen-
dent ideas scattered through the document. Using descriptors in this fashion
drops almost all relationship between the ideas represented hy the descriptors".(g)

M. Taube had a great contribution to make to the theoretical substantia-
tion, development and popularization of the ideas of coordinate indexing. He
defined coordinate indexing as "a method of eanalyzing items of information so
that retrieval is performed by the logical operations of the product, sum and
complement on the codes in the store".(3) In 1951 M. Taube developed ihe so-
called Uniterm system which has found extensive application since then. The main
difference between the Uniterm and Zatocoding systems is that the former deals
with words expressing concepts while the latter deals with concepts expressed by
words.

1. International Study Conference on Classification for Information Retrieval.
Dorking, 1957. Proceedings. Ind., Aslib, 1957, p. 106,

2. Mooers C.N. Zatocoding Applied to Mechanical Organization of Knowledge. -
"American Documeniation", 1951, v. 2, N i, p. 26.

3. Taube M., Wooster H. (eds.). Information Storage and Retrieval. Theory,
Systems, an¢ Devices. New York, Columbia Univ. Press, 1958, p. 8.
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Uniterm system

M. Taube's Uniterm is a keyword {as a rule, a simple one) which may have
an appropriate cross-reference or scope-note which helps to eliminate its multiple
meaning. By contrast with C. Mooers' descriptors, the Uniterms have no references
which would specify the paradigmatic relations between them. Uniterms may be key-
words expressing single ideas, as well as proper, geographical and trade names.
All Uniterms have an equal hlerarchical rank: none of them occupies a conceptual-
ly superior position with respect to any other Uniterm (as in hierarchical
classifications) and none is used in a preestablished combination with any other
Uniterm (as in subject headings).

This method of building an IR language vocabulary contributes to a great
reduction in its size. The list of subject headings in a Library of Congress sub-~
Ject catalogue contained some 50,000 entries. Conversion to Uniterms resulted in
a list containing a mere 3,000 words. The important feature of the Uniterm system
is that the vocabulary is built in the process of using it and not developed before-
hand, as in the Zatocoding system. During the initial period of the system opera-
tion the number of Uiniterma will grow stcauiiy. Gradually, synonyms and poly-
semantic words will be detected and marked on uniterm-cards. With the growth of
the document collection the rate of growth of the vocabulary will tend to slow
down eventually coming almost to a standstill.

Using as an example this system - one of the first and simplest systems based
on the coordinate indexing method - it will be easy to get acquainted with the
practical techniques of input and searching in a descriptor-type IR system. For
the physical implementation of his system M. Taube devcloped a special Uniterm
card having either the usual catalogue card size (75mm » 125mm) or larger in size
(203mm x 125 mm), on which a grid formed by one horizontal and ten vertical lines
is printed. The horizontal line 1is used for writing a Uniterm. Uniterm cards
are envisioned for each Uniterm used in the system and filed alphabetically, with
due account taken of those Uniterms which consist of more than one word.

The vertical colums are for posting the codes (nunbers) of documents the
search patterns of which include the Uniterm indicated in the horizontal line of
the card. The peculiarity of the system is the "terminal digit" order of
postings on the card. This means, for example, that number 127 is posied in the
7 column, number 239, in the 9 column, and nu ber 270, in the O column, etc.

Since the documents are numbered as they are entered into the system, they will be
posted in the columns in the ascending order of their numbers. Such a system of
recording appreciably facilitates the visual scanning and locating of document num-
bers which are common to all the cards being matched. This procedure in this
case amounts to the operation of logical product of the Uniterms contained in a
search request formulation. The method of work with Uniterm cards is demonstra-
ted in Fig. 28.

Let us assume that we are to enter in the system a paper dealing with
methods of "corrosion protection of gas turbine blades". For the coordinate in-
dexing of this paper we need the Uniterms TURBINES, GAS BLADES, CORROSION, and
PROTECTION which jointly form its search pattern. The paper is assigned its
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serial address tode 2005. Then the cards assigned to these Uniterms are removed
from the file. In doing it th~ Uniterm PROTECTION or its synonyms are found to
be not in the system, and a card is made for this particular feature. Number
2005 is posted in the 5 colunn in each of these Uniterm cards, following which
they are replaced in the file. Similar procedures are performed for each incom-
ing document.

An information search in a file of Uniterms is conducted in the following
way. Suppose that a request is put to the system for papers dealing with "gas
turbine blades". The search request formulation 1s made to contain the Uniterms
GAS, TURBINES, BLADES. The cards for these features are extracted from the Uni-
term file and the numbers which are common to all of these cards are located. It
is advisable to have as the basis for comparison the card which contains the least
number of postings (in this case, the Uniterm card fcr BLADES). Matching should
likewise begin with the columns with the least number of postings. The columns
that are empty in one of the cards need not be matched at all. Where the base
card has colunns with one posting it is not expedient to match the postings which
have been made before this single pcsting (1.e. smaller numbers). The time it
takes to locate all common postings 1s usually negligible. Thus, in our example
it can be seen at once that the three topmost Uniterm cards have only three match-
ing numbers: 526, 1027, and 2005, which are the address codes of the documents
sought. If the request is broadened to cover documents on gas turbines (two cards
at the top), the output will increase to include five documents: 195, 204, 526,
1027, 2005. If, on the other hand, the request is made more specific to read
"gas turbine blades corrosion" (four uppermost Uniterm cards) only two relevant
documnents will be retrieved, namely 1027 and 2005.

Thesaurus and its construction

In the Uniterm system, the control over the retrieval language vocabulary,
as we have seen, is limited to the elimination of synonymy and polysemy. However,
full lexical control, which can alone ensure high precision and recall values,
especially with thematic searches and searches for documents which match the re-
quest but partially, necessitates the recognition of paradigmatic relations
between the indexing terms. For this purpose special normative references dic-
tionaries called thesaurl are compiled.

An information retrieval thesaurus is a reference dictionary designed to
help the information user to state his information needs in terms of the descrip-
tor language and to provide for redundant indexing of documents and information
requests by these terms. It must contain all the descriptors used by the language
of the given systen displaying in a graphic form their conceptual relationships,
as well as the keywords within this system which are considered to be synonymous
with these descriptors. Therefore, the thesaurus will help to eliminate synanymy
and polysemy of keywords and the lack of explicit relations between them, which
give rise to the defects of "pure" coordinate indexing that have been discussed
before.

Synonymy of keywords is eliminated in this way. In constructing a thesau-
rus a list of keywords used for the coordinate indexing of documents is first
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compiled. Then groups of words which can be taken to be synonyms are brought to-
gether. From each of these groups a word or phrase is taken to represent the
whole froup which becomes a descriptor. The rest of ihe words in the group are
held to be synonyms of the descriptor and linked to it by "see" and "use" referen-
ces. Each descriptor is jJoined with all its synon;-:s by backward "includes"
references, e.g.

ABSTRACT includes speculative

speculative see theoretical
ABSTRACT

theoretical see ABSTRACT

Polysemy of keywords is also taken care of in building up a dictionary of
descriptors. For this each multiple-meaning keyword is affixed alphabetic of
numerical symbols and words qualifying its meaning. Another method is to replace
polysemantic keywords by descriptors composed of one-valued phrases, e.g.:

atlas (geographical) sez geographical atlas
atlas {vertebra) see cervical atlas

filter - 1 {gas)

filter - 2 (optical)

filter - 3 (chemical)

filter - 4 (electrical)

The conceptual (paradigmadic) relations between descriptors are also dis-
played in the thesaurus. According to our definition, paradigmadic relations are
such relations between descriptors which are based on the existence of obJjective
connections between the ideas, obJects or phenomena they denote, In this case
synonymy is left out of account, because in a descriptor language it is eliminated
and does not exist within one system. The following paradigmadic relations can be
cited as the most important ones:

species - genus {genus - species);
collateral subordination;
similarity (functional)

cause - effect {effect - cause);
part - whole (whole - part).

Of particular importarice are the generic relations and the collateral
subordination relations realizable through them. It is these relation types that
form the groundwork of hierarchical classifications. Almost every concept can be
at once generic (1.e. 1t can reflect the salient features of a class of obJects
that includes other classes of objects which are species of this genus) and
specific. The notion of "rectangular", for example, is generic to the notion
"square" and specific to the notion "parallelogram". Exceptions are constituted
only by the broadest concepts, or categories (e.g "matter", "space", "time")
which have no generic concepts, and the most narrow, single notions (e.g. "UDC")
which have no specific concepts. The concepts which are equally subordinated ta
one generic concept are said to be collaterally subordinated, e.g. the notions of
"phonetics", "lexicology" and "grammar" are collaterally subordinate with respect
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to the generic notion of "linguistics". It should be noted that in contrast to
hierarchical slassifications, descriptor languages take into consideration generic
relations irrespective of the level of hierarchy to which they belong.

The thesauruses indicate generic relations independently of the other para-
digmadic relations which may outwardly resemble them. This applies to the func-
tional similarity relations {clock - scales - thermometer), causal relations
tiredness - sleep), and particularly to the relations of the “"part - whole" kind.
It can be said of the latter type of relations that they differ from the generic
relations in that they represent relations between objects and not concepts.
"Genus" and "species" are abstractions, while "whole" and "part" are concrete
things.

Thus an information retrieval thesaurus generally consists of three parts:

1. The vocabulary part is a common alphabetic list of descriptors and key-
words viewed in this system as synonyms of these descriptors. Descriptors are
commonly made to appear more prominent in the listing, e.g. by printing them in
capitals, and are linked by cross-references to all their synonyms. Polysemy and
synonymy of keywords are eliminated using the method described above.

2. The "semantic map" of the retrieval language vocabulary is a network of
conceptual classes in which all the descriptors ¢f a glven language are grouped.
This part of the thesaurus provides a graphic demonsiration of the essential para-
digmadic relations between descriptors, at least of their generic relationships.
These relations are expressible in one of the two ways: either by the combinations
of the alphabetically ordered thematic classes (fields) containing a multiplicity
of thematic groups of descriptors also ordered alphabetically, or by charts in
which the basic paradigmadic relations are indicated by arrows.

3. The rules of conversion of keywords and key phrases of the natural
language into a descriptor~type IR language determine the procedure of substitu-
tion of descriptors for these keywords and phrases. The rules define the conver-
sion of the names of institutions, chemical compounds, biological species, and
other similar categories of terms, as well as the rules of vocabulary editing of
search patterns and search request formuletions, e.g. for their complementation
with descriptors connected with the main descriptors by generic and other para-
digmadic relations.

To illustrate the thesaurus structure two examples will be instanced. The
first published thesaurus to use the graphic method of displaying paradigmadic
relations between deseriptors wa? §he "Euratom-Thesaurus” (first edition) for
nuclear physics and engineering. 1 It contains 4,470 descriptors, including
1,836 names of inorganic chemical compounds and 1,404 names of isotopes. The 42
subjJect classes, numbered 00 to 94, with lacunes, are in the form of charts in

1. Euratom-Thesaurus, Keywords used within Euratom's Nuclear Energy Documentation
Project. EUR 500.e (1st ed.). Brussels, 1964. 80 p. (European Atomic Energy
Community).
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which the arrows are directed from the generic to specific descriptors. The
collaterally subordinate descriptors are marked by bilateral arrows. These clas-
ses cannot be considered as classifications; they broadly accord with those
subJect fields that are of interest to Euratom. The vocabulary part provides a
common list of descriptors with references to the relevant subject classes and a
common list of their synonyms which are associated with the corresponding des-
criptors and their subject classes. The generic relations are thus completely
ignored in the vocabulary part. Fig. 29 shows the subject class 71 Mathematics
from the Euratom-Thesaurus, first edition. The arrows which go beyond the
limits of a subject class Join its descriptors with the other subjJect class des-
criptors and their numbers. To the right is an alphabetic listing of all descrip-
tors which belong to this particular class, and at the bottom there are nwnbers
of all subjJect classes used in the thesaurus.

Another example to cite is the "Thesaurus of Engin?esing Terms" which was
brought out in 1964 by the Ingineers Joint Council (USA). 1) By contrast with
the previous thesaurus it indicates generic and other paradigmadic relations by
means of a system of references and scope notes. The thesaurus contains 10,515
words of which 7,750 are descriptors. The listing of the descriptors and their
synonyms in the vocatulary part is alphabetical. The synonyms are Joined to the
descriptors which are meant to replace them by the "use" references. In the
"semantic map" which has the form of an alphabetic listing of the basic (heading)
descriptors each entry includes the heading descriptor, its synonyms, the specific
descriptorsg, the generic descriptors, the descriptors connected with it by other
paradigmadic relations. To designate them the following notes are employed:

UF (used for) - for synonyms;

NI' (narrower term} - for specific descriptors;
BT (broader term) - for generic descriptors;
RT (related term) - for other descriptors.

The ampersand (&) is used to mark those descriptors which can be used in
place of other descriptors expressing more narrow concepts and marked by the
symbol H#

The second major thesaurus published by the Engineers Joint Council,
Thesaurus of Ingineering and Scientific Terms 1st ed. (New York, 1967), uses some
other symbols. The dagger (+) in front of a term signifies that two or more
descriptors are to be used in coordination for that term. The dash (-) symbol in
front of a descriptor indicates that the @escriptor has narrower terms {not shown)
and that the main entry should be consulted to determine these. Below is a sim-
ple dictionary entry from the Thesaurus of Engineering and Scientif.c Terms:

1. Thesaurus of Engineering Terms: a list of engineering terms and their rela-
tionship for use in vocabulary control, in indexing and retrieving engineer-
ing information. tst ed. New York, Engineers Joint Council, 1964.
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Scientist

UF Scientific personnel
BT Personnel

Professional personnel
NT chemists

Physicists
RT - Engineers.

A few brief words will be in order on the term "thesaurus" (from the Greek
"thesauros", literally meaning a treasure, treasury or storehouse). The word
seems to have been first used in its present meaning by Florentine Brunetto Latini
(1220-129%) in his encyclopaedia "Li Livres dou Trésor". In the 16th century the
word appeared in the names of the Latin and Greek lexicons "Dictionarium, seu
Lingue Latinae Thesaurus" (1532) and "Thesaurus Linguae Graecae" (1572) which
were published by the well~known French philologists and publishers the Estiermnes.
In contemporary usage the term refers to the dictionaries of concepts, or ideclo-
gical dictionaries, which are in effect inverted explanatory dictionaries. Of
these, the greatest popularity is enjoyed by the "Thesaurus of Fnglish Words and
Phrases" which was compiled by P.M. Roget in 1852 and has passed through at least
90 printings since. Similer dictionaries, Joining all words in thematic groups
or subject classes, are to be found in the French, German, Spanish and other

languages as well.

One of the first to recognize the need for this type of dictionary in
information retrieval work was the American bibliographer C.L. Bernier who wrote
back in 1957: “A 1imited thesaurus would seem to be another effective way of
bringing the relevant terms to the attention of the searcher if the vocabulary
proves too large to be read completely each time for selection".(13

Gramnatical means of descriptor IR languages

In using descriptor languages, the search pattern of every document and
search request formulation is stated in the form of an unordered set of descrip-
tors. However, in addition to the paradigmadic relations between them, which in
some way or other are recognized in the indexing and in searching assisted by a
thesaurus, there exist different relationships between descriptors that derive
from the document contexts. Such relations between the descriptors are said to
be syntagmatic. If these relations are ignored too, the descriptors helonging to
a document search pattern may form spurious combinations which result in the
retrieval of non-relevent documents, increased "noise" and hence lower precision.

The following examples will illustrate this point. Suppose that our system
includes a document un the "production of sulfuric acid and catalyst purification”.
Its search pattern will contain the following descriptors: PRODUCTION, SULFURIC
ACID, CATALYST and PURIFICATION. These descriptors may, during a search, form

1. Bernier C.L. Correlative Indexes. II: Correlative Trope Indexes. -
"American Documentation", 1957, v. 8, N I, p. 48.
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false combinations which will result in the retrieval of this document in answer
to a question on the "purification of sulfuric acid" and on the "producti?n of
catalyst", although the document does not deal with anything of the kind. 1)
Another example. A document deals with the "coating of copper tubes with lead".
It is indexed by the following descriptors: LEAD, COATING, COPPER, TUBES. 1If a
request for documents on lead tubes i8 entered into the system the request formu-
lation will be indexed by the descriptors LEAD and TUBE? and the document will
be retrieved, although it is iiot relevant to the query. b)

The principal grammatical means which are used in the descriptor languages
to reduce "noise" are the links and role indicators, or roles. Roles are special
symbols which are attached to a descriptor and reduce the scope of the concept
which it stands for. This is achieved by indicating the lcgical role which the
given descriptor plays in the particular context. 1In the first of the cited
examples in order to prevent spuricus combinations it will be enough to affix to
the descriptor SULFURIC ACID in the search pattern the role indicator "B" showing
that it is a product of chemical or industrial reaction, and to the descriptor
CATALYST, the link "C" indicating an undesirable component (waste, impurity,
admixture, spoilage). The document search pattern will then be indexed: PRODUC-
TION, SULFURIC ACID-B, CATALYST-C, PURIFICATION, and the request formulation will
read: CATALYST-B, PRODUCTION, SULFURIC A7ID-C, PURIFICATION. The document will
then not be retrieved in response to the queries asking for documents on catalyst
production and sulfuric acid purification.

Links are also specisl symbols attached to the descriptors in the search
patterns of documents (or thelr address codes) and designed for the conceptual
grouping of these descriptors. In the second of our examples, the search pattern
of the document on the coating of copper tubes with lead would assume this form
by the addition of links3 LFAD Ry, COATING Ry, COPPER Rp, TUBES R2. The link R{
would Join together the descriptors LFAD and COATING, and the 1link B2, the des-
criptors COPPER and TUBES, If the condition is stipulated that a document is to
be produced on request only when the matching descriptors in its search pattern
and in the search request formulation have the same 1inks ascribed to them, this
documnent will not be retrieved in answer to a query on lead tubes. But then it
would not be retrieved either in response to a request for docunents dealing with
tube coatings generally. This would mean an Information loss. The search pat-
tern can be mede more complex by the addition of several links: LEAD Ry, COATING
RyR3, COPPER R2R3, TUBES RpRs. If now the condition states at least one common
1ink in the matching descrip%ors. this document will be retrieved in response to
questions on tube coating, lead coating, and coating of copper, but will not be
retrieved by a false correlation in response to a request for lead tubes.

Experience indicates that the best results are produced by the Jjoint
utilization of 1inks and roles. They reduce noise by 10-15%, but 2onsiderably

1. Holm B.E. 1Information Retrieval - a Solution.- Chemical Fngineering
Progress", 106%, v. 7, N 3, p. 74-75.

2. Taube M. Notes on the Use of Roles and Links in Coordinate Indexing.-
"imerican Documentation", 106%, v. 12, N 2, p. 98-100.
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increase the cost and time of indexing. In relatively small document collections
(up to 30,000 items) the increased precision of retrieval achieved through the
use of grammatical means will not balance the increased time and cost of indexing
and searching. This means that under certain circumstances the employment of
descriptor languages without grammar is more advantageous,

Further development of grammatical means of the descriptor languages has
resulted in specialized IR languages in which the semantic relaticns between
descriptors are recognized to a greater extent. These relations and the descrip-
tors themselves are designated by complex codes and the search pattern of a
document has tne form of an encoded "telegraphic abstract™. In one such language
the notion of "thermometer" is treated as a "machine or device (MACH.) which
effects (U) the measurement (MUSR.) and is affected (W) by heat (RWHT.)" and is
designated by the descriptor MACH.MUSR.RWHT. Among the most well-known of such
languages are the WRU Semantic Code, SYNIOL, the language of RX~codes, and some
others, They are in the experimental stage as yet and designed primarily for
automating information retrieval with the aid of computers. Familiarization with
these languages is beyond the scope of our introductory course.

We have thus considered some of the fundamental problems relating to the
descriptor-type IR systems; the reasons for their appearesnce and their ndvantages
over the conventional systems; the principles of coordinate indexing and its
inherent weaknesses; the basic notions of descriptor langusges; the operation of
some of the simpler systems based on these languages; the building up of the
thesauruses and their range of applications, and finally, the grammatical means
of' descriptor IR languages. To round up the discussion of information retrieval
problems we have only the technical means of realization of IR systems to consi-
der. This will be the subject of the lecture that follows.
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2.

Checkup questions

How do the inherent limitations of conventional information retrieval systems
manifest themselves?

What is coordinate indexing and what are its advantages over the IR languages
of the conventional systems?

Give the definitions of a descriptor language and its principal concepts.
How 18 a Uniterm system designed and how does 1t work?
what is a thesaurus, its structure and purpose?

What is the role of the grammatical means of a descriptor language?
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8. TECHNICAL MEANS OF INFORMATION RETRIEVAL

While discussing information retrieval systems in general terms in the last
three lectures we hardly mentioned the technical means of their implementation.
The only excrptions were library systems and Uniterms, based on such elementary
facilities as bookshelves and catalogue cards. As you may remember, we did this
on purpose, being aware that diverse technical means can te used to implement one
and the same system and that it is therefore convenient to speak of all those
means in one pluce.

Their turn has come now, but we must first discuss a number of general
aspects of mechanization and automation of information retrieval.

Mechanization and automation of i{nhformation retrieval

Technology 18 penetrating all spheres of human activity with rapid strides,
but the system of scicatific communioation no doubt still remains in this respect
at the level of centuries long past. It was not by accident, therefore, that the
first paper to acki,.wledge the full-weight status in science of sclientific infor-
mation problems urged the development of special information machines. The paper
was by an American scientist, engineer and pudblic figure V. Bush, who wrote:
"Profe . lonally our methods of transmitting and reviewing the results of feiearch
are generations old and by now are totally inadequate for their purpose.” L

Definite successes have been scored in that respect in the quarter of a
century that has passed aince. However, we are still far from a solution to the
problen of mechanized and automated information retrieval. Year-long futile
attempts at designing a "biy information machine" finally brought in a realiza-
tion that this end would be better reached with standard punch card and electronic
digital computers used in combination with micrefilming and other copying facili-
ties. Though, an aftermath of thig"children's disease" was siill manifest in an
overestimation of the role to be played by machines in solving information
retrieval problems. This overestimation survives even today despite the new clear
awareness that information retrieval problems can be solved oniy through a deep-
going study of thought processes.

That reminds of the vivid words of French mathematician L. Brillouin who
wrote: "Too many laymen picture science as & sheer accumulation of facts, and
take a scien:ist for a living encyclopaedia. They think it possidble to solve
every problem by means of giant machines which might register all numan knowledge
in their enormous, nagnetic memories. Do you need some inlormation? Push a
butto: snd the machine will answer! This is ridiculous, and stems from the poorast

1. Bush, V:_>As We May Think.- "Atlantfo Monthiy". 1945, v, 175, No. 1, p.101;
reprinted in: Readings in Information Retrieval. New York-London, 196A, p.20.
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science fiction. More important, it proves that the role of the sclentist is
too often completely misunderstood”. (1

This, of course, does not imply that mechanized or automated retrieval is
unnecessary. But complex facilities should only be introduced into information
processes provided they bring tangible economic gains by reducing the operational
costs of the retrieval system, appreciably speed up retrieval, or permit some
retrieval functions that are in principle unfeasible in manual systems.

It should be kept in mind that machines are not automation's Problem No.t,
and that it is not with them that automation must start. Machine may be charged
only with those operations that have been previously formalized to a (t), or
stated in the form of an algorithm. An algorithm is defined as a precise and
unambiguous statement of all the operations comprised in a process and of their
sequence. Hence, the first thing to do is to learn to make formal statements of
the complex thought processes that occur during document analyunis, abstracting,
indexing and retrieval. This is an important general problem which by fer sur-
passes the scope of scicentific information activities and informaties.

We have spoken quite at length about the relative merits and shortcomings
of conventional and descriptor systems. Some believe that the former type of
systems are difficult to mechanize while the latter are easy to mechanize. This
opinion is not exactly true. Conventional systems, in particular those based on
UDC, can be mechanized, too; but the point is that it is not necessary since they
are efficient enough when embodied as a card catalogue. The case is different
with deseriptor systems - mechanized or automated retrieval is to some extent
imperative with them, since manual searches for descriptor combinations are fea-
sible only in relatively small files.

Material information carriers

A broad variety of technical facilities - ranging from the simplest in-
formation retrieval devices up to the lateat - generation electronic computers -
are currently applied to mechanize and automate information retrieval. Pursuing
the obJectives stated at the ocutset, we shall not go into detail but concentrate
on some simpler devices. Still, obtaining a general notion of the whole gamut of
equipment applied seems desirable. Usually information retrieval devices are
classified hy the information carriers they use. These are conventionally Alvi-
ded into discrete and continuous carriers. Here is a possible clessification of
the principal information carriers:

Discrete information media

Catalogue cards
Uniterma cards
Punched cards

f. Brillouin L. Scientific Uncertainty, and Information. New York-London,
Academic Press, 1964, p. 39.
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hand-sorted

edge~-punched
body-punched
superimposable

mechanically sorted
Microfiches

Continuous information media

Microfilm
Punched tape
Magnetic tape (disks, drums)

Catalogue cards and Uniterm cards have been described in the preceding
lectures, so we shall rightaway come down to punched cards.

Punched cards

A punched card 1s a stiff paper rectangle v ith either holes punched ulong
its edges or locations for punching such calibrated holes marked over the whole
card surface. Punched cards were first applied in the 1880's by J.M. Jacquard
who used them to control the loom of his invention. Early in the 1890's the
American H. Hollerith introduced a pantograph punch and an electric accounting
tabulator for body-punched cards which he offered for processing the U.S. Census
data. This particular type of punched cards is therefore sometimes called
"Hollerith cards". He founded a firm which later grew into a major computer
company - "International Business Machines (IBM)."

The division of punched cards into hend- and machine-sorted is merely
conventional since machines can be used to handle all kinds of cards, though
edge- and body-punched cards as well as superimposable cards are as a regular
rule processed manually. It should be emphesized that punched cards as well as
all the other information carriers were not created expresaly for information
retrieval: they ars used ln record-keeping, statistics and for some other purposes.

Edge-punched cards are used In document retrieval systems with serfst
organization of AS. One or more rows of holes are punched elong the card edges.
Each hole is a binary code position permitting to code the presence or absence
of a characteristic. The presence of a characteristic is indicated by clipping
out the partition separating the hole from the card edge. The only thing to do
in srder to select the cards having a notch in a specified position (that is the
cards on which the respective characteristic is recorded) is to insert a sorting
needle in a card pack and shake it slightly. The cards with the notch will
drop out.

Edge-punched cards of different sizes and with varying numbers of posi-
tions are produced., For their visual alignment in the file, the right-hand
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upper corner of every card is cut off. Most popular are cards sized 207 x 147 o
with two rows of holes {(a total of 215 positions of which 200 are used). Various
types of auxiliary equipment are used to manipulate such cards. These include
tongs for edge-notching individual cards, keyboard devices - both hand - and
electrically driven - for notching card packs, sorting-needles, and diverse sort-
ing boxes and selectors.

The most important parameter of edge-punched card is the maximum number of
different characteristics it can accommodate. Since the characteristics are
recorded on the card by their codes the totality of holes along the edge is cal-
led a card's code fleld. The information capacity of a code field, or the number
of different characteristics it can accommodate, is determined by the number of
holes and the type of code applied. According to the method of representing the
code words on an edge-punched card, a code may be direct or combined; according
to its designation - selector or sequence; according to the type of encoded sym-
bols - numerical or alphabetical; and according to positioning of the records in
the code fleld ~ local or superimposed.

The Qirect code puts every characteristic into one-to-one c.rrespondence
with a hole in the card's code field. A direct code can be used to record as
many different characteristics as there are positions in the code field. Advan-
tages of a direct code are: no "retrieval noise" and minimal time and labour
costs of encoding and card sorting. The drawbacks are the limited number of
characteristics by which documents can be encoded and searched and the require-
ment that only mutually exclusive characteristics be enraded in every pair of
holes in the case of a double-row card. The first shortcoming necessitates the
application of combined codes - selector or sequencej the second shortcoming is
cemmon to all lecal codes, and to get rid of it a superimposed code is applied.

The selector code is a combined code that provides for retrieving the
required cards from a file via a minimal number of sortings. A selector code
puts every characteristic into one-to-one correspondence with a configuration of
the code symbols recorded in a certain part of the code field (a subfield) dedi-
cated to a given group of characteristics. Every word encoded by a selector code
must comprise the same number of code symbols. Only one characteristic out of a
given group may be encoded in a subfield whatever the combined code applied.
This is a shortcoming of all local codes which makes them suitable for mutually
exclusive characteristics only. A selector code is applicable both with single-

and double-row cards.

The_triargle (pyramid) code is a variety of selector c¢~de. It records
every Symbol with two notches in the positions situated al the upper ends of two
diagonal colums of the coulng network at the intersection of which the symbol to
be coded is located. An advantage of the triangle codes as compared with linear
ones is the smaller code field required. When a triangle code is applied to
double-row cards the synbols are recorded with deep and shallos notches. The deep
rotches are made on the 8ide on which the symbol in question 1ies at the inter-
section of the diagonal colums. In case the symtols are located one above the
other the upper symbol corresponds to the right-hand deep notch.
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The sequence code is a combined code providing for arranging the cards in
a required order by a minimal number of sortings. With this code, every charac-
teristic is put into one-to-one correspondence with a configuration of code
symbols inside a code subfield. The configuration may consist of any number of
symbols, provided they do not exceed in number the positions in the subfield. The
sequence code has the common shortcoming of the local codes - it is fit for
mutually exclusive characteristics only. But i4s advantage i{s that it takes less
code field space than the direct and selector codes. The price of this, however,
is greater retrieval noise due to more false-drops of cards with coincident
notches.

All the above types of code may be either numerical or alphabetical. An
alphabetical code may be regarded as a version of a numerical code since each
letter of the alphabet is - explicitly or implicitly - uniquely designated by its
ordinal number in the alphabet. Wwhen sequence code is used to represent letters
their rapid alphabetic ordering is possible.

The superimposed code is a code meant to record more than one characteris-
tic in one und the same code field, A superimposed code uniquely assigns to each
characteristic a configuration of code symbols; the number of symbols per code
word must be constant. An advantage of thne superimposed code is a substantially
Increased utilization of the code field vhich is tantamount to inzreasing the
latter's capacity. The fault with superimposed coding is the retrieval noise
which can be csused by false configurations likely to arise when two true codes
are superimposed. For example, if codes 17 and 23 are recorded in the same code
field, false configurations 12, 1%, 72 and 73 will appear. Some of these may
coincide with true code configurations, which will result in retrieval noise.

The noise will be the greater the more codes are recorded in the same field and
the less symbols every code word consists of. The typical codes used with edge-
punched cards are shown in Fig. 30. Codes used with body-punched and machine-
sorted cards are essentially similar,

1t should be stressed that edge-punched cards are recommendable only for
mechanized information retrieval in files of up to 10,000 documents in the case
of manual sorting and up to 30,000 documents with vibration or shock-type selec-
tors. They are mainly applied to individual files in narrow fields of science
and technoleogy containing one or two thousand documents at most.

Body-punched cards are a modification of edge-punched cards and they are
likewise intended for information retrieval systems with serial organization of
AS. The code field of a body-punched card is shaped as a rectangular matrix of
calibrated holes with equal spaces between the rows and the colums. A code
position ih a body-punched card 1s the partition between two adJacent holes
efther vertically or horizontally, depending on the card type. The coding of
retrieval characteristics consists in cutting out a partition which results in
a slot appearing in its place.

The searching is carried out fn an unordered file. The cards are placed
in the sorting box of a special selector. Sorting needles are inserted in the
holes made in the box and in the cards, namely the holes bordering from atove
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(or on the side) the required positions in the code field. Then the sorting box
is tipped over to 180° or 90°. All the cards having slots in the corresponding
positions will thrust out of the file to the extent of a slot. The box remaining
in the tilted position, an awxiliary needle is inserted in a hole locetted at the
uppermost (or sidemost) edge of the cards and the box. This needle connects the
bulk of the file to the box except for the cards that have moved out (their edges
were below the hole through which the connecting needle was inserted).

The selector box is then restored to its original position; but the auxil-
iary connecting needle prevents the cards that have moved out from dropping back
into the file. The sorting needles can now he remmved to take out of the file
the cards whose code fields contain the sets of characteristics that constitute
the required documents' search patterns. The chilef advantage of body-punched
cards lies in their being better fit for multi-aspect searching than edge-punched
cards, that is for searching for several characteristics at a time. However,a
special selector is needed with them. The working principle of body-punched
cards is schematically shown in Fig. 31 (top).

Superimposable cards are used with inverted AS organization. This means
that to every descriptor a special card is dedicated upon which identification
numbers of all the documents having that descriptor in their search patterns are
recorded. The recording is effected by punching a hole in the location whose
coordinates indicate the document's call number. During retrieval the cards
dedicated to all the deser!ptors of the search request are extracted from the
file, laid one upon another and inspected against a light source to spot the
coincident holes. The numbers indicated by the coincident holes are the identi-
fication numbers of the documents sought. Thus a surerimposable card is in a
way a modification of the Uniterm card permitting mechanized identification of
the matching numbers in the cards selected for searching. The working principle
of superimposable cards is schematically shown in Fig. 3% (bottom).

The main shortcoming of these cards is their limited information capacity
which derends on the density of holes and the reduction of the space ocvcupied bty
one hole, The card sizes vary between 187 x 82.5 mm and 445 x 345 mn, with
capacities ranging from B0O to 400,000 positions. They are usually most efficient
with files of up to 100,000 docurents. To facilitate punching, a grid of ¢o-
o~dinates is usually printed on cards, otherwise transparent stencils are aprlied.
Panehing or drilling devices are used to mexe the holes, and light screens, to
spot the matching holes. Superimposable cards are either filed according to
strictly alphabetized descriptors cr sometimes they are provided with edge notches
enabling them to be filed randomly. It should te noted that superimposable
cards like Uniterm cards can be used to build grammarless descriptor languages.

Superimposable cards were invented, as m&entioned, in 1915 by American
ornithologist H. Taylor who applied them to define the different bird species by
conbinations of their characteristic features, It was however, not earlier than
the 1030's that they were first applied to information retrieval. Superimposable
cards are sometimes also called optical coincidence cards, feature cards and
peek-a-too cards.
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Mechanically sorted cards are a variety of body-punched cards. They are
of standard size ~ 187 x 82.5 mm. The face side of a machine card is covered
vith columns of figures printed over the whole field leaving free but a narrow
horizental band at the top. The figures constitute a matrix. The 45~ , 80- and
90- column cards are the most common types in use. In contrast with hand-sorted
cards, they have the left-hand upper corner cut off. Mass-scale-produced compara-
tively inexpensive computing and punching machines are used to handle machine
cards. Systems based on this equipment can handle files of over 200,000 documents,
and even several million documents, provided a preliminary ordering (subsorting).
The equipment is efficient, simple and reliable. Both serial and inverted organi-
zations of AS may be applied to such mechanized IR systems. The former iype of
systems are mostly built around sorting machines, while the latter type are based
on card-selecting equipment.

In the case of a serial organization of AS, every card carries an encoded
search pattern of a docunent and the letter's identification number. Sometimes
the bibliographic details of the document and even its annotation are printed on
every card, too. Duwring retrieval the sorting machine scans the file or some
part of it matching the codes of docunent search patterns recorded on the cards
against the search request code entered into it. When the adopted matching
criterion is fulfilled, the sorter selects the relevant card and conveys it to
the receiver, for this card indicates the identification number of the document
(and, in some systems, other data as well, which permits to regulate the search-
ing procedure by the intermediate retrieval results). In the case of an inverted
organization of the AS, every card carries the code of a descriptor and the
identification number of a document having that descriptor in its search pattern.
The rest of the code field may be used for a bibliographic entry and annotation
which serve the same purpose as with serial storage organization. In the course
of retrieval, subfiles of cards corresponding to the descriptors of the search
request are selected. (Mark that whatever the procedure, standard card selecting
equipment requires that a separate card be reserved for every docurent). In case
an ordered file is used, this selection is done manually. A sorting machine is
used to select the required descriptor cards fros an unordered file.

Next, ihe sclceted tard subfiles are ordered by their numbers and entered
into a card-selecting machine, which gelects out of the tirst paic of sutfilee
being processed only such cards as contain matching numbers. The resulting sub-
file is then matched against the third subfile etc., unil the cards with match-
ing identification numbers have been selected from all th: subfiles., These
nunbers indicate the documents sought. 1t should be meritioned that despite the
fact that a car«d sorier has an operating speed of 250 card per minute, the advan-
tage of Inverted over serial A3 organization is practically reduced to zerd by
the magnification of ihe card file 1t neressitates.

Modifiad card sorters are now under developrent that will be abdble teo
handle cards carrying dozens of numbers. This will cut dewn the file size and
hence the retirieval time.

Thus far we have made only some cursory remarks on the contents of the
card space lying outside the code field. 1In some cards - edge-punched, body-
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punched, and mechanically sorted - this space may be sufficient to hLold the
identification number and bibliographic details of a document and even an infor-
mative abstract. Moreover, there exists a special type of card having a cali-
brated window (aperture) for inserting a microfilmed copy of a document. These
cards are called aperture cards. They are also sometimes called Filmsort cards
by the name of the company that first produced them on a commercial basis. With
various types of cards the aperture size may be between 105 x 77 mm and to 30 x
k1 mm. Most widespread are mechanically sorted 80-column aperture cards enclos-
ing & frame of 35-mm film. Different types of aperture cards are shown in

Fig. 32.

The chief advantage of the aperture cards is an 80 per cent reduction of
document storage space &3 well as the facility of rapid retrieval and reproducticn
.f documents. Ucually they are applied in single-circuit IR systems in which AS
and PS are combined in a single file of unordered aperture cards. Such systems
are particularly efficient for storing technical drawings - a case where space
and speed problems are especially acute., Suffice it to say that in designing a
Jet aircraft tens of thousands of drawings are used weighing sometimes as much as
the aircraft itself. Essentially, aperture cards are a combination of a punched
card and another information carrier, a microfiche.

Microfiches

Transparsnt microcards, or microfiches are pieces of negative or positive
photographic film carrying the images of documents or their parts. They ghould
bte distinguished from opaque microcards which are made of an opaque material,
usually photographic paper. Transparent microcards are sometimes called micro-
fiches. They are of different sizes, but the currently most used size is 75 x
125 mm, that ig the size of a standard library card. The upper horizontal band
of a transparent card is reserved for the bibliographic reference readable with
the naked eye. The document text is micro-reproduced (depending on the reduction
ratio one transparent microcard may accommodate from 48 to 200 images) and can be
read by means of special equipment. Specimens of t{ransparent microcards are
shown on Fig. 33.

The fault with single-eircuit mechanically sorted aperture ¢ard JR systemy
is that the film is soon ruined due to scratching during sorting. For that rea-
son systems with separate AS and PS are much more practical. 1It is efficient to
combine AS implemented on usual mechanically sorted cards with PS consisting of
hand-ordered transparent microcards. The merits of transparent csrds - simple
and easy filing, storage and production of enlarged copies ~ maxe them a most
promising information carrier for PS in systems numbering millions of items.

Veiy sophisticated JR systems with spectall designed retrieval devices
are developed on the basis of transparent microcards. An early system of that
xind was "Flimerex® built by French physicisn J. Samain in 1950, It has been
considerably modified and upgraded since. The information csrrier used is a
35 v 6C m-sized transparent microcard, shown in Fig. 33. It is divided into
two aones, one of which is for the micro-image of the document and the other one
for its search pattern. The maximum code field capacity is 20 descriptors, one
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vertical colum per descriptor. Filmorex system comprises ihe following hardware:
a recording camera, a guillotine for cutting film into frames, a selector, a
reader-printer, and card files - subject, auxiliary and author.

Special code cards are employed to record document search patterns on
microfiches. For every descriptor thei2 is one such card carrying its five-digit
nunber and the binary code for that number. The operator of the recording camera
pulls out of the file the code cards of tne descriptors of the document being
processed and lays them one upon another in such a fashion that each subsequent
card covers the underlying card but leaves open the edge with the binary code of
the descriptor., This superposition forms the code of the Jdocument search pattern
and i1t is photographed together with the document. The last (topmost) card
remains entirely open, and thus, in addition to the binary code of that descriptor
its numeric, alphanumeric or alphabetic code is rlso photographed. On the trans-
parent microcard, this code reproduced beside the code field, is easily readable
with the unaided eye. The basic advantages of this code-forming technique are
its simplicity and the fact that it is almost completely error-free.

During input, each document is photographed as many times as there are des-
criptors in its search pattern; the last, uppermost code card is every time taken
of f and placed under the rest of the cards so that it hecomes the botiom one. Ag
the result the code of the next descriptor is laid open and recorded on the next
transparent microcard. Thus every following card is denoted by the code of the
subsequent descriptor. The cards are then manually sorted according to these
codes between the corresponding sections of the operational files. It tekes ar
average of 2 minutes to enter a document with a search pattern of 5 descriptors.

Retrieval is yerformed with the help ¢f a special selector, The search
request 13 recorded in a complementary code, that is in such a way that the
positions which are transparent in the basic descriptor code are black in the
complementary code and vice versa. When superimposing a complementary code upon
the corresponding basic code record, the line of the code field becomes ¢omplete-
ly masked out. Cards can be seaArched by three descriptors at a time st most,

For that, a "negative" mask of the codes of the descriptors is prepared: this
mask 18 a piece of black film into which the corplementary coces of the descriptors
have been punched onh a keyboard punch.

The mask i8 entered into the selector and during the sorting of thre caids
is superimposed, as it were, on their code fields. If a mask completely blacks
out the code field of a microcard this reans that this field contains the re-
quired descriptor codes., The coincidence of a code with its "negative cowunter-
rart” 18 established by three light cells that close the electrical circuit of
the sorter magnet which transports the microcard to the selector holder. The
output device of the systea is a reader-printer which produces enlarged document
coples ready for use. The selector can handle up to €00 cards in one minute, and
the reader-printer up to A0 carda per minute. The operation and the principal
units of the Filmorex systeas are shown 'n Fig. 3%, Its cost is on the order of
$25,000. Several dozen such systems are currently operaiional in a numbter of
contries.
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Other, more complex systems based on transparent microcards have been
developed as well, for example Minicard, Magnacard, Walnut, costing from hundreds
of thousands to millions of dollars. However, these expensive systems exist but
as single specimens and have not become widespread. As a matter of fact, the
growing popularity of transparent microcards is explained just by their being
efficiently appllcable without aliy complex and costly equipment.

Microfilm

The same is nearly as true of microfilm, which,though, belongs to continu-
ous information carriers. The division of material information carriers into
discrete and continuous is as conventional as any other classification. Indeed
if we cut microfilm into small strips of several frames (called strip microfilms
they can be vicwed as discrete carriers. For that matter, even roll films are
continuous only within a roll. The continuous nature of a carrier creates cer-
tain difficulties with ordering the file of documents it stores. On the other
hand, equipment used with continuous carriers ensures very high speeds of
operation. The evident advantage of microfilm is that it requires no special
film-handling equipment, since all the existing inventory of devices of the film
industry is directly applicable.

Still, information retrieval of microfilmed documents does require special
microfilm selectors. The concept of such selectors was first suggested by German
E. Goldberg back in 1927. The first operational prototype microfilm selector
"Memex" was built in the late 1930's by V. Bush of the Massachusetts Institute of
Technology whose words have been quoted at the beginning of this iecture. The
final version of the device, called "Rapid Selector", was constructed by R. Show
in 1949; since then it has been repeatedly modified.

The Rapid Selector handles 35-mm unperforated positive film. Recording of
documents is carried out at reduction ratios from 2.5:1 to 20:1. The frame size
is 29 x 44 mm; every frame on the film is precnded by a code field for a document
search pattern. The capacity of the code field i1s 315 positions. The search
pattern is entered into the code field from an 80-column card punched on a key-
board punch. The punched card is fed into the microfilming camera, and the
punched holes are automatically converted into a binary light code which is pro-
Jeated on to the microfilm.

Search requests are likewise entered into the selector. from 80-column
punched cards. A switchboard panel is used to specify the logical relations
between the search pattern descriptors. As the film moves a special photoelectro-
nic unit matches the search request against the search patterns of the documents
whose icrorecords are on the film scanned. The documents produced by the selern-
tor are copied onto the reproduction microfilm in a dynamic mode, that is without
stopping the main film. At the film drawing speed of 2.7 m/sec and a main reel
capacity of 1,800 m, the mean retrieval time in a reel, including development of
the reproduction film, does not exceed 12 minutes.

A "Poisk-0K" microfilm selector has tuen developed in the Soviet Union in
1962 by engineer Yu. Ya. Klyachkin (VINITI) for searching documents' micro-records
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by their identification numbers. The information carrier used is again 35-mm
unperforated positive film with documents filmed at a reduction of 15:1., Identi-
fication numbers are entered from a numeric keyboard located on the console of
the filming device. The number is proJected against a coding scale and recorded
together with the document. On the film, the document (double 1list} and its
number are accommodated in a frame sized 31 x 43.5 mm. The density of filmed
records 1is 19 framea/m. The code field with a doocument's call number precedes
every frame containing a copy of that document. 250-270 m reels are used accom-
modating up to 5,000 frames each.

Requested numbers are ¥eyed into the selector and the identified images
are projected onto the display screen enlarged to the original size. The mean
retrieval time in one reel (holding up to 10,000 pages) at a film-moving speed of
0.6 m/min. does not exceed 4 minutes. There is a facility for stopping the film
to make natural-size copies of the images from the display on usual paper.

(Hence the name of this model - "Poisk-OK" which means "Searching with stop for
copying"). A new model of this selector has now been developed, named "Poisk-DV"
(which stands for "Searching with dynamic copying"). While retaining the main
features of the previous model, the new version permits to copy the requested
images onto 35-mm roll film without stopping the film drive. Atomatic control of
the selector is built in.

There exist still more complex selectors with better performance charac-
teristice. These include, among others, US-manufactured equipment used in IR
systems MIRACODE, RADIR, CRIS, FLIP. It should be noted, however, that micro-
film selectors are mostly used as PS in IR systems with a relatively limited file.
This explains the marked trend towards simplification of these selectors. Some
recent popular models can even be regarded as ordinary reader-printers supple-
mented with elementary facllities for searching filmed Images and a mechanical
film drive.

Roll microfilm plus simple and inexpensive readers and coplers can well
be used by individuals for building personal scientific and technical libraries.

Electronic computer and automated information retrieval

Of all the continuous information carriers listed above we have not yet
spoken only of punched paper tape &:1d magnetlc tape, disks and drums. Punched
tapes are much used in devices employed to compile various information publica-
tions~permuted-title indexes and union catalogues. The particular types of these
devices will be discussed in the following lecture. Magnetic tape is applied in
some speclal ~-purpose information retrieval devices, for example those used in the
Videofile system (USA, 1958-1964). These devices will by all likeness have good
prospects after television techniques take root in scientific information activi-
ties. Meanwhile, however, they are rather rarely used due to their complex
design and high costs, and for that reason we shall not dwell on them.

Continuous carriers of the above types are mainly used for input io, and
external memories of, electronic computers, which are more and more regularly
applied to information retrieval tasks. The design and operation of the different
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types of computer would make the subject of a different and quite an ample course.
Sti11, discussing mechanization and automation of information retrieval we cannot
dispense with assessing the part the electronic computer will have to play in
this sphere. Successful applications of the computer in the various fields of
human activity have inspired a great number of people with what almost amounts

to a mystical faith in its infallibility and omnipotence., However, the real
capabilities of computers are far from boundless,

The essential advantages that a computer has over humen brain are uniform-
ity of operations, reliability, minimal errors, high speed, and eventually lesser
cost of certain operations. All these davantages can be realized only provided
there is an algorithm and & rrogram for the performance of the task concerned.

In contrast to man, the computer will always give identical Jndexing to one and
the same document, and it can be by far faster and more exact in comparing an
information reaquest against the abstracts of documents or even their complete
texts,

However, unless we understand the inner mechanism of such thought proces-
ses as document content analysis, abstracting, annotating, and indexing, we shall
not be able to algorithmize the processes, This, in turn, requires deep-going
studies into thought psychology, linguistics, mathematical logic, semiotics and
other disciplines. All attempts at using computers for information retrieval to-
date have been based on mere statistical properties of document texts and did not
take into account their semantic properties. But we are not even certain that
the identity of meaning of two texts can be established by purely statistical
methods without any semantic analysis of thelr contents that involves a reference
to extra-linguistic information, that is information not immediately contained
in the texts being processed.

The greatest promise therefore appears to lie with finding the optimal
modes of man-machine interaction so that their respective advantages could be
utilized and the one supported the other in the best possible way. As Norbert
Wiener, the father of cybernetics, phrased it in his last work: "Render unto
man tho things which are man's and unto the computer the things which are the
computer's. This would seem the intelligent policy to adopt when we employ men
and computers together in common undertakings. It is a policy as far removed
from that of the gadget worshipper as it is from the man who sees only blasphemy
and the degradation of man in the use of any mechanical adjuvants whatever to
thoughts" . (1)

To recapitulate. We have outlined in general terms the technical facili-
ties of information retrieval. In keeping with our chief objective - jJust to
usher a student of informatics into the science - we concentrated on the aspects
essential for mechanization and automation of information retrieval. As to
particular information-retrieval media, the emphasis was on those using punched

1. Wiener N. God and Golem, Inc. A Comment on Certain Points where Cybernetics
Impinges on Religion. Cambridge, The M.I.T. Press, 1964, p. 72-73.
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cards, which can be considered the most generally available and fairly efficient
under certain conditions. At shorter length we ave spoken of the devices based
on microrecords of document texts, despite the ract that these devices have a
major part to play in mechanizing scientific information activities. To some
extent this gap will be eked out by the following lecture where the copying and
reproducticn of science documents will be dealt with as the starting stage and
essential prerequisite to the utilization of scientific information.

|
|
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Checkup questions

Under what conditions is it advisable to mechanize and automate scientific
information activities?

What are the existing informatlion carriers and how are they applied?
What are the applications of the different types of punched cards?
What are the advantages and shortcomings of the principal punched card codes?

What are the priuciples of handling edge-punched, body~punched, and super-
imposable cards?

What are miciefilm selectors used for?

How are computers to contribute to the solution of information retrieval
problems?
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9. REPRODUCTION OF SCIENTIFIC DOCUMENTS

During the entire course we have repeatedly stressed the fact that a
scientific document 1s a major attribute of scientific information work. What is
more, the scientific documents are a mode of existence of science, for they are
the end product of any research, they serve as one of the primary means of dis-
semination of scientific information, and their utilization poses most important
organizational problems of scientific research.

For this reason document reprcduction, i.e. copying and duplicating,
cannot be viewed as purely technical matter. The level of reprcduction techniques
and facilities will have a direct bearing on the effectiveness of scientific in-
formation utilization and, eventually, on the unhampered advancement of sc¢ience.
For centuries since Gutenberg's invention, the typographic process has remained
the sole method of edition printing of textual documents. It was only in the
recent decades that photography, invented in the 1830's, found extensive applica-
tion as a document copying method.

Document reproduciion processes

The need for speedy and low-cost copying techniques and facilities, which
arose several decades ago in the sphere of clerical and office work, has promoted
the development of a variety of copying and duplicating processes. In addition
to the former silver halide and diazc¢ processes (i.e. photography and dyeline
copying), the thermographic and electrographic processes which first appeared in
the early '50's have quickly made their way Into the document reproduction field.
It is now beyond doubt that the fast spread of new reproduction techniques has no
smaller role to play In enhancing the efficiency of scientific research than the
invention of book printing five hundred years ago. The theoretical and practical
aspects of these processes are dealt with by a new technical discipline which has
been termed reprography. Familiarity with the essentials of reprography is im-
portant both for the information officers and for subject specialists in the
different areas of research and practical activities. The development and use of
the various information retrieval devices which were discussed in the preceding
lecture, is only made pussible through the application of the up-to-date copying
and duplication facilities.

Document reproduction processes can be broadly classified as follows.

Document copying

Silver halide processes
Photographic
Reflex

Diazo processes (dyeline copying)
Thermographic processes
Electrographic processes
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Document duplicating

Typographic printing

Letterpress
Gravure
Flat-bed (lithographic)

Spirit duplicating

Stencil duplicating

Offset duplicating
Addressing machines

Division of all document reproduction processes into copying and duplica-
ting is for the sake of convenience only; the criteria of division are the number
of coples produced and the use of a specially prepared naster. Copying is gene-
rally held to include those processes which yleld a maximum of 12 or 15 coples
from any original which has not been specially prepared for this purpose. But,
then, many copying processes will be able to produce more than 15 copies, and
besides, they place certain demands on the originals being reproduced.

Photography

Copying of documents by means of pPhotography was ushered in by the inven-
tion of photography. Back in 1839, when J.M. Daguerre had for the first time
demonstrated his photographic process to the members of the French Académie des
Sciences, a German medical student at the University of Liége, by name of
Albrecht Breyer, began experimenting with silver halide-coated paper to produce
coples from printed book pages. At present, standard photographic processes are
used to obtain high-quality coples enduring prolonged archival storage. These
processes are, however, very costly and time-consuming and regquire specially
equipped darkrooms. Standard photographic processes are mainly employed in
scientific information work for producing coples of half-tone illustrations with
further duplication in multiple copies (by the photostatic method), as well as
for progucing reduced copies {microcopying) or enlarged copies (reproduction
copying).

Production of greatly reduced copies of documents is called microphoto-
graphing or microfilming. Microfilming (with reduction ratios of from 8 t» 200
times} permits to reduce for storage the size of the original documents by as
much as 95%, to standardize the document size, to promptly execute copying and
small-run duplicating Jobs. Microcopy negatives serve as starting materials for
the “same~size" reproduction of originals. Miocrocopy positives are used directly
for reading by means of microfilm readers.

The microfilm readers may have reflexive or translucent screen. Commer=-
cially availaole are stationary, desk~-top~type and portable readers which offer
a magnification range from 8 to 200 times. In most of them microphotographs are
read against a light source. To oblain enlarged copies of microfilm, both
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standard enlargers and special electrograpiiic apparatus can be used. Steadily
increasing use is made of the reader-printer devices which make it possible, after
reading a micro-frame, in a roll film or microcard, to obtain immediately an en-
larged copy of this frame on special paper.

Reflex processes

To overcome the difflculties attending the standard photographic processes,
to facilitate silver halide copying processes and to eliminate the need for dark-
rooms, the reflex processes have been developed. They are based on the contact
copying method, where the exposure of the sensitized paper is effected by the
light reflected from the surface of the original being copied. The most wide-
spread are the stabilization, diffusion-transfer-reversal and gelatin-dye-trans-
fer processes.

In the stabilization process, silver halide-coated paper i3 laid with the
coating on the original being copied and exposed to light from the side of the
copy paper. The light passing through the sensitized material is absorbed by the
dark areas of the original, and reflected from the light ereas back onto the
coating. This results in the reflex exposure of the copy paper. The parer is
dipped into an activating solution which converts the exposed silver halide to
metallic silver in the areas corresponding to the non-image portions ot the
original, After development the copy paper is put into a stabilizing solution
the constituents of which {thiourea) react with the unexposed silver halide to
form complex compounds which are insensitive to light. The next step is thorough
squeezing and drying of the paper. The first reflex copy obtained is negative.
Using it as an original, further re-runs produce any wanted number of positive
copies. It should be noted that the need for drying of the original renders the
stabllization process too slow {though less so than ctandard photography which
requires time-consuming washing after fixing).

The diffusion-transfer-reversal {DTR) process is much faster, but requires
two types of special paper, negative and positive. Negative paper is coated with
gelatin emulsion which contains silver halide and other light sensitive sub-
stances. Positive paper has a coating of colloidal silver and is insensitive to
light. Negative paper is exposed by the reflex method, as in the previous pro-
cess., Following exposure the negative paper is8 removed from the original and
immediately, without preliminary development, is placed face to face with the
positive paper. The two are submerged into a solution containing a developer
(e.g. methol and hydrochinone) and a solvent for silver halide {e.g. sodium thi-
osulfate). In the areas of the latent image of the negative, soluble silver
salts are formed which are iransferred by diffusion to the positive paper, where
under the effect of colloidal silver, they form metallic silver. The positive
image i1s thus produced. DTR is the quickest of the reflex processes. However,
it has also some drawbacks, notably one negative can produce only one copy, on
which brownish spots may appear and which may become yellow with time.

The gelatin-dye-transfer (known under the trade name Verifax) depends on
the use of a printing matrix, which is a sheet of light sensitive paper coated
with a gelatin emulsion c¢containing silver halide, a non-diffusing developing




COM/WS/ 147 - page 140

agent and a dye forming agent. FExposure of the matrix is by the standard reflex
method., It is then placed in a solution of alkali known as the activator solu-
tion which has the effect of hardening the gelatin on the lighted areas, while
the dye forming agent converts to unsoluble blue dye. Thils dye can be trans-
ferred onto a sheet of any paper together with the unhardened gelatin in which it
is contained. The gelatin which has been transferred to paper contains not only
dye but also silver halide which under the action of thiourea (with which the
parer has been impregnated previously) gradually converts to metallic silver.
Af'ter the dye has faded out this metallic silver produces the copy image. One
matrix will yield up to seven copies. Since the sensitivity to light of the
gelatin coating on the matrix is fairly low, copying can be carried cut in a
room with subdued fluorescent lighting. The matrix is sensitive, though, to the
yellow colour. As in other reflex processes, yellow, orange and Ereen originals
cannot be copied. Besides, the gelatin-dye-transfer process does not produce
quality copies from half-tone originals and requires specially trained operators.
The schematic of the reflex and other copying processes is shown in Fig. 35.

Diazo

The diazo process, alsc called dyeline and diazotypy, is based on the fact
that many diazo compounds entering into reaction with arcmatic amines, phenols and
some other compounds, form azo dyes. But, diazo compounds are decomposed when
exposed to ultraviolet light and become incapable of forming azo dyes. For copy-
ing, on original is placed on diazo paper or film and exposed to an ultraviolet
light source from the side of the original. This results *n the decomposition of
the diazo compound in all areas of the coating which are not screened by the
elements of the image being copled. The ability to form azo dyes is retained by
those areas of the diazo coating which correspond to the elements of the image
being copied. 1If, therefore, such paper or film is subJected to appropriate
chemical treatment, a positive copy of the original will appear on it.

According to the development method, diazo processes are divided into dry
and wet., In the dry method the diazo coating contains azo components which react
with non-decomposed diazo compound to produce the corresponding dye. In addition,
such a diazo coating contains an acid preventing premature coupling of diazo com-
pound with the azo component. The exposed diazo coating is brought in contact
with ammonia vapour which neutralizes the acid, resulting ir. the necessary reac-
tion which ylelds the dye. In the wet method the light-sensitive coating con-
tains only a diazo compound. Because of this fact, the diazo paper or film is
treated with an alkaline solution containing a certain azo component.

The dyeline process is used primarily for the duplication of engineering
drawings. It has come into wide use Since the middle of the last century, aftcr
sohn Herschel, a British chemist and astronomer, invented a light-sensitive paper
which originally was cyanotype. Dlazocopies retain sharp image for someg 25 years,
and their cost is four or five times lower than that of the copies produced by
any other method. However, the copied original must be on one side of a trans-
parent or translucent material.
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'Thermography

Thermo-Fax, 1is the most popular of the thermographic processes. It is
direct, 1.2, it involves no image transfer. It was introduced in 1950 by the
Minnesota Mining and Manufacturing Co. (3 M) as a result of the investigations
by a physical chemist, Dr., Carl S. Miller. This process makes use of heat-
sensitive paper which contains compounds that form a coloured substance when
heated. The reaction usually invelves a ferric compound, such as ferric stearite,
and a phenolic compownd, such as tarnnic acid. These materials are held in a
binder, such as polyvinyl butiral. To prevent premature reaction between these
compounds a waxy ferric compound is used. The reaction which forms a coloured
product will take place only after the ferric compound has melted.

For copying, heat-sensitive paper is placed face up on the surface of the
original to he copied and is exposed to infrared radiation from the side of the
copy paper. Infrared passes through the heat-sensitive paper and, being absorbed
by the printed areas of the original, generates heat that is transmitted to the
corresponding copy paper areas. This absorption of infrared occurs only when the
image being copied is printed in inks which contain carbon black or metallic
compound. Organic inks (of vegetable origin) do not absorb infrared. As a result
of heating the ferric compound converts to a melted form and, reacting wiih the
phenolic compound, produces a positive copy of the original on the heat-sensitive
paper,

Thermography is applied to the copying of printed or typed originals, as
well as of pencil inscriptions and drawings (pen and ball-point inscriptions can-
not be copled), where it it neceassry to produce copies for temporary use. This
is a singularly easy and cheap process, but the copies it produces will become
blackened and brittle especially if exposed to heat. There are also some in-
direct thermographic processes, e.g. the Dual Spectrum process, or the distilla-
tion process, which overcome the sliortcomings of thermography but at the same
time slow down copying andt render it mucrt costlier and imore complicated.

Electrography

Electrography is a name which is comnonly applied to the various photoelec-
trical end electromagnetic processes of forming images and printing without
impression. As early as 1621, a Russian inventor, E.E. Gorin, proposed tc use
the properties of photoconductors for image reprcduction and filed an application
for the invention of what he called an "Electrographic apparatus". Apparently,
he was the first to use the term "electrography". The American physicist C.F.
Carlson combined the principle of image forming which had been proposed by Gorin
with the principle of development of latent electrostatic image by the sprinkling
of a dye, proposed by P. Selenyi, a hungarian, and in 1938 obtained the first
electrographic copy. This process was subsequently perfected at the Battelle
Memorial Institute (USA) and re-named "xerography" (from the Greek words meaning
"dry writing"). Commercial expleoitation of electrograpiy began in 1950, Elec-
trography divides into processes involving image transfer (xerography) and those
without image transfer (electrofax). Both are presented schematically in Fig.35.
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Xerozraphy works in the following way. A selenium coating on an aluminiwn
plate is used as the photoconductor. To make the plate sensitivae to light it is
given a positive electrostatic charge by a corona discharge in the dark. During
exposure of a charged plate in a reproducing or projecting apparatus the lighted
areas of the selenium coating are deponlarized. This results in the forration of
latent electrostatic image on the aurface of the photoconductor coating, for the
development of which an oppositely charged torer is cascaded across the plate.
The torer particles are attracted by the charged areas of the coating and held
by them permanently. Fine synthetic or natural resin powder with the addition of
a pigment serve as the toner. For cleetricizing the toner the so-called carriers
are used which are small glass or polystirene beads.

A sheet of common paper is then laid over thie powder image thus formed and
give:l an ¢olectrio charge by means of a corona discharge of the same sign as the
charge of the latent image and opposite to the charge of the powder image. As a
result, the toner parti-les uar. attracted to the paper surfece and settle on {t.
The powder image is fixed on the paper surface either by heating the toner to its
melting point or by exposing it to the vepours of a strong solvent, such as ace-
tone or sulphuric ether.

An electrographic copy does not take more thau 3 or & minutes to produce,
even when all the operations are manual. At present, fully automatic rotary-type
apparatus are used, in which the selenium coating is applied to a rotatable drum
and not to a plate. Such apparatus has high cperating speeds that enable a copy
to te produwed in a few seconds. Xevography uses a dry method which regsuires no
darkroom, and the materisls are readily avatllable ahd fairly inexpensive. An
image can be copied not only on puper, tut also on fabric, films and even on
metal masters which are used in offset duplicating. The chief drawback of
xerography is insufficient quality in reproducing half-tone images and large
s0lid areas. Besides, the equipment, particularly the rotary automatic machines,
is very expensive. A selenium-coated plate ern produce not more than 2,000
copies. and a drun must be replaced after about 50,020 c¢opies.

The electrofax method, or direct electrostatic process, was introduced by
the Radio Corporation of America (USA) In 3958, It makes use ¢f photoconductor
paper coated with zinc oxide on which electrographic copies of the original are
directly formed. Electrographic paper is produced by applying to & paper sheet
a coating of a dielectrical binder, such as silicone r¢s3in or polystirene, as
well as organic dyes that sensitise ginc oxide to light. These preperties of
tinc oxide have been investigated by Soviet researchers Academician A.N. Terenin
and E.XK. Putseyko. Electrostatic paper is charged and exposed in the same manner
as In the xerographic process. The »nly distinction is that here the paper s
given a positive charge and the pigment, a negative one.

Tr: visible image is produced on electrographic paper by either a dry or
wet method. Dry development makes use of the "magnetic brush" teclnigue. The
developing powder c¢ontains tha carrier in the shape of fine ircn particles which,
together with the charged pigmented particles that cling to them, are attiracted
by an electric magnet forming a sort of "brush". As ihis brush moves azross
the electirographic parer with latent image the pigmented powder adheres to the
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oppositely charged areas of the photoconductor coating and develops this image.
The iron particles remain on the magnet. This method makes a fine Job of line
drawings and half-tone images, as well as large solid areas. The powder image

is fixed on th: electrographic paper Ly heating the pigment to its melting point.
Liquid development is either by dipping the paper in the developer or by spraying
the developer on the paper. The developer is usually a high-specific-resistance
l1iguid (e.g. aireraft gasoline) in which the appropriate pigment is dispersed,

It requires no further fixing of the {mage on the copy.

It should be noted that the Electrofax method permits to design high-speed
automatic copying equipment, dispenses with limitations on the originals which
2an be copied, but it requires special paper from which the images can Le easily
scratched or'f' by metal obJects, In addition to the electrographic processes dis-
cussed, a few others are used, including the eleotrolytic and thermoplastic
processes., We have ccnsidered only the basic types. Their relative merits and
demerits ave tabulated in Fig. 36.

It was sur intention tc¢ leave out of discussion the apecific copying
devicas. Such equipment includea thucsands of models varying in complexity from
the simplest, designed for manual operation, all the way to the most sophisti-
cated apparatus designed for semi-automatic or fully automatic operation., Direct-
ly governed by their design and application are their speed, labour requirements
and ¢c. t. Apart from that, in this new and fest growing field the new equipmenis
are constantly entering the market. It can be stated with cer ainty that by the
time you complete yowr coiwu'se, the existing equipment will have been replacey by
the new equipment having better performance Indices. Tnis explains why our intro-
cuctory cow'se is confined to giving a general overviev of the novel copying
prccesses. Onue you understand them you have & key to mastering any other appara-
tus of the sort. Concluding this survey we should like only to point it out that
electrography is becoming the most wideapread of all the processes discussed, and
secems to be he most promising of all the existing document reproduction methods.

Typographic printing

It has been sald already that duplication s commonly understood to incluce
all processes that produce In excess of 15 coples from a speclal meater, The
principal treditional method of deccument durlication is by typographic printing,
which has been termed professionel printing, or graphic arts, as distinet from the
more modern dupiication techniques.

In the fourth lecture, when speaking about the channels of dissemination
of scientific information, ste have touched upon che work of & pabiishing office
and a printing shop. We discussed ¢nly the process of preparatioh of a fora for
relief printing. In actual fact, three xinds of printing can be distinguished:
letter-prets (rellef), gravure, and flat-bted. In letterpress printing, the prin-
ting vlements ar« raised above the rest c¢f the fora surface., The fora in this
case consists uvf a set, which reproduces the text, and rlates which reproduce the
1llustrations. This printing method is used in the production of the great majori-
ty of books, periodicals, newspapers and other predominantly textual materiale.
In gravure printing, tre printing elements are deepened with respect to the white
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space elements. The varying depths of the printing elements permit to reproduce
gradual transition from the lighted to the darker areas on the original. This
strongly recommends gravure printing for reproducing art fllustrations. In flat-
bed printing, all printing und non-printing elements are on a plane. This kind
of printing (its most common variety is called lithography) is generally used

for the multi-colour printing of maps, posters, post-cards etec. The different
kinds of printing are schematically shown in Fig. 37.

The form 18 used in the printing of a run, i.e. in the production of the
requisite number of copies. There are two techniques of doing it. With the
first technique, the transfer of the ink from the form occurs at the very monent
when the paper 1s pressed against the form. With the second technique, which is
called offset printing, the ink from the form is transferred first to an inter-
mediary rcller, from which it is transferred on to the paper.

Modern printing shop equipment includes platen, cylinder and rotary ma-=
chines. In platen machines the form and the surface which presses “he paper
{pluten) are plane surfaces. In cylinder pregses, only the form t¢ which the
paper is pressed by the impression cylinder has a plane surface. 1In rotary
machines beth the form, ain¢ the surface which presses against the paper are cy-
lindrical. Substitution of cylinders for plane surfaces provides for a sub~
stantial speeding up of the printing machines, The vorking principles of the
various types of printing machinery are demonstrated in Fig. 38.

Office reproduction techniques

The demand for facilities which would permit big-run duplication of docu-
ments, but faster, cheaper and easier than the conventional graphic artz methods
has caused the emergenct of a varieiy of processes broadly termed "office repro-
duction techriiques". The processes include the means of non-composition master
productlon, flai-bed offset, stencil and spirit duplicating, as well as advanced
metnods of editorial document processing. The emergence of office reproduction
is a breaskthrough in the information communication techniques which is comparable
in impact with the invention of book printing. The merits of office reproduction -
low cost, high speed, small size and general availability - permit almost the
same juantitative and qualitative results a3 in graphie¢ arts to be athieved with
less labour, materials and time spending.

The advantages of office reproduction techniques over graphic arts are not
cotif ined to the reduction in the production cycle and, hence, publication time on
account of the proof-reading step., Authors' and editorial corrections of the
form are the essential steps in any typograph : process, as they considerably
improve the content of the published docurents. However, office reproduction
facilitates and speeds up the correction processes by employing the new means ¢f
master preparation. These means constitute the essential features of the new
facilities and techniques of document duplicating.
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Composing typewriters and phototypesetiers

The maJjority of modern machinez for the preparation of masters for office
reproduction are traceable to the ordinary typewriters. Commerciel manufacture
of typewriters was started a century ago, in 1 ’ by the American military con-
cern Remington. The typewritcr design proposed by engineers K. Sholles and
K. 0Gliden allowed printing in single-size letters. In 1878 the typewriter design
was improved to accommodate both upper-case and lower-case letters. Further
perfections, including the introduction of the tabulator, and the interline space
regulator were introduced by ancther American concern, Underwood Typewriter Co.,
founded in 1895,

Owing to the introduction of carbon paper, in the late 1960's and early
1870's, the typewriters began to be uszd for the dupliciation of textual materials.
In 1873, T.A. Edison invented a mcthod of stencilling using a wax stencil, which
marked the beginning of the use of typewriters as a means of master preparation.
From the time the first typewriters entered the market and up till the present
day their designs have been undergoing continuous changes. One of the most pro-
mising trends in this respect is the development of electric and avtomatic
portable composing machines for master preparation. The first such machine was
apparently the Skoropechatnik (1literally meaning "Fast-Typer"), designed in 1873
by a Russian inventor, M.I. Alisov, and exhibited threc years later in Philadel-
phia, where it was awarded a medal.

The present-day composing typewriters are distinguished by the great
variety of type sizes, sets of type and styles of type-face, which closely re-
semble print type. These machines permit differential spacing according to the
width of individual characters whereas in ovdinary typewriters the spacing is
the same for all characters and punctuation marks. NMary ¢composing machines
provide line lustification, which means that the right-hand edge of the printing
master is an even line. The Varityper, which is one of the widely used machines
of this kind, perm*ts ihe composition of complex scientific and techinical texts
using mathematical, chemical and astronomical symbols. ‘The Varityper belongs to
the range of segment machines which have distinctive acvantages over the usual
machines. The characters are fixed on a ¢hangeable segment which is positicned
oh the type drum. Fressing a key turns the type drum Lo rotate until it faces
the paper with the corresponding character, after which the impression takes
place. The carbon-paper ribbon, which can be used only once, produces sharp and
clear image which is suitable or the {mmediate reproduction or the preparation
of offset masters. The Varityper can be oferated at about 40,000 characters of
mixed setting per working day, but with line Jjus*ificaiion, nearly twice slower,
becsuse each text has to be typed twice: during the f:irst setting all the word
spaces in a line are added up, and durlng the second setting the characters are
spaced out and the 1'ne is thereby Justified.

The Flexowriter composing typewriter produces simultaneocusly both a type-
seript copy which can be used for the preparation of a printing master, and a
punched paper tape which tan be used for the second = sutomatic <« re~typing of
the composed text. This tape ¢an also serve as input to a corputer. Because of
this, Flexowriters are sometimes used as input devices with punched card equipment
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and electronic computers. A Flexowriter tape can be used for the preparation of
permuted-title indexes, union catalogues and other information publications.

The Justowriter composing machine effects semi-automatic typesetting with justi-
fication withcut re-typing. Tiie Justowriter consists of two units called the
Recorder and the Reproducer. The Recorder is a composing machine which prodices
buth a typed copy in galley form and a punched tape complete with Justirication
codes. The tape is inserted into the Reproducer which interpretes it and auto-
matically produces a Justified copy o1 ordinary paper or an offset naster.

Aleng with composing typewriters, printing masters have been increasingly
prepared by means of phototypesetting machines. These machines use a variety of
type-face astyles and signs of different alphabets and have great potentialities
for changing type size. During composition, characters are projected on to a
photographic paper of film, producing & negative or positive image of the text
which, after proofing, correction and make-up, is copied on to a printing master.
The widely known phototypesetter makes include Photon, Linofilm, Digiset and
some others. The trend in the development of facilities for the preparation of
printing masters and of office reproduction techniques generally is towards high-
speed electronic printing devices permitting a direct output of textual and
graphical information from computers,

The facilities described above permit to obtain only s starting original

for the subsequent preparation of a master. Methods of master preparation vary
with the type o printing used, viz. spirit, stencil or offset.

Spirit duplicating

In the preparation of masters for spirit duplicating, paper or other
moisture-resistant material is brought into contact with a special carbon paper
or ribbon covered with an alcohol-soluble dye. As the image is applied to the
origingl, a laterally reversed image appears on the underside under the effect
of the dye.

The spirit duplicating apparatus is called a hectograph. Its working
principle is shown in Fig. 39 (top). The main parts of a hectograph are the
impression tJrum (cylinder) on which the printing master is mounted, the pressure
and leader rollers, the parer feeding end moistening devices. The paper feeding
device feeds paper sheets,one at a time, into the apparatus., There the paper
surface is uniformly damped by ethyl aleohol which dissolves the dye on the re-
verse side of the original serving as master, and trantfers & small amount of
the dye on to the imprint. 'The best imprints are obtained cn writing paper which
has optimal absordbency. Using other paper typres will result in blurring and
spreading of the image. By adjusting the damping rate and the pressure exerted
upon the paper at the moment of contact with the master, it is possible to vary
the brightness of the image and the number of isprints which can be obtained
from one printing master. This number will vary within the range of 100 to 100
imprints of acceptable quality,

Now hectographs with replaceable stamping mechanisa ar.: availadble which
perail to odtain imprints from masters to which modifications, edditions,
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deletions and subatitutions have been made. They are used for the production of
multiple copies of forms with different filling in differen' columns, e.g. order,
accounting, invoice forms, ete. These hectographs alternate printing frem the
fixed image master and from the stamping mechanism which contains data varying
for each imprint.

Spirit duplicating is the only office reproduation process which can
produce copies in up to 2ix ¢olours in one operation. This is due to the use of
carbon paper with different colour dyes. The most bright and retmanent image is
provided by the crystal violet dveatuff. The imprint: producel by gpirit cupli-
cating will fade with continued exposure to light and are also somewhat soluble

"in water. But these disadvantages are offset by the cheapness of the process
and the fact that it does not require comrlex equipment and specially trained
staff.,

Stencil duplicating

The method of stencil duplicating consists in the forecing of a dye through
a printing master, or stencil, on to paper surface. Preparation of the stencil
involves the formation of printing elements in the shape of minute holes in the
master through which the dye penetrates, and the formation of the white space
elements which are impermeable by the dye.

Stencil duplicating is don. by mcans of an office-type rotary stencil
duplicator. It consists of the drum (cylinder) made of metal net and covered
with fabric on the outside., On the outer surface of the drum the mister is
mounted. Inside the drum 18 the inking mechanism. As the drum rotates the ink
roller soaked by the ink from a bath tranafers the inkx to the surface of the ink
distridbuting roller from which it squeezes through the drum perforations on to
the inking fabric and fiurther on to copy paper. The imprint appears while the
paper passes between the rotating drum and the impression roller due to the
foreing of ink through the holes in the master. The working principle of a
rotary press is shewn in Fig. 39 (centre).

A stencil master, commonly called a "wax" stencil is 1 sineet of long
fidbre tissue impregnated with paraffin, wax or other ink-impervious substance.
The stencil is inserted into a typewriter, and typing is performed without
ribdbon in order to displace or remove® the ink-impervious coating. Because of
the simplicity of the working ecycle, and the low capital and operating costs of
the equipment, stencil duplicating has found wide application in the production
of small runs. However, this kind of printing has &s~xe shortcomings; notably
it cannot cope with {llustrative materials, the wax siencils will quickly dete-
riorate when exposed to heat, and the quality of text in the imprints is often
of rather inferior qQuality.

Improvement in the quality of stencil duplicating is achieved by the use
of the electrical spark method of preparation of the saster. An electronic
copying apparatus permits stentils to be produted from any printed, typed or
inscribed original. The apparatus has two drums rotating at the same speed; on
one is placed the original, on the other, the stencil. The light cell of the
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scanning device recognizes the textual images which are converted to high-frequen-
oy ourrent and transmitted on to a special conduator rotofilm. The film is eroded
by electrical sparks according to the tones of the areas being scanned. The sten-
¢il thus produced allows runs of up to several thousand copies to be made.
Electrically-driven rotary pressces with automatic feeding devices produce up to
4,000 imprints in an how'. It is a feature of this process that large quantities
of ink are needed to produce an image, as well as an absorbent paper which is
usually the note paper or at least offset paper type. The coples are better in
appearance and permanence than those produced Ly spirit duplicating, but their
cost is somewhat higher.

Offset Lithography

Offset duplicating, as we have said before, is a long-established process
in graphic arts. It {g based on the transfer of ink from the printing master to
the paper through an intermediary elastic surface (rubber roller). Use of this
rethod results in the reduced wear of the master and increased printing speeds.
Offset duplicating in conjunction with flat-bed printing is favoured in office
reproduction as it offers the possibility of quickly producing relatively large
runs several thousand copies with comparative ease of preparation of the printing
master.

Office reproduction makes use of simplified small-size printing presses
called rotaprints. A rotaprint has three eylinders of equal diameter: the
upper' 18 the master cylinder on which the master is fasiened, below i8 the dblan-
ket cylinder which is surfaced with a rubberized fabric, and the impression
cylinder. Immediately sdjacent to the master cylinder are wetting and inking
devices which have regulatable supply of the water and ink being fed in. Paper
from the feeding tray is autcmatically supplied into the machine bctween the
blanket and impressgion ¢ylinders. The impression cylinder presses the paper
against the rubberized turface of the blenket cylinder and the irk is transferred
from the rubber on to the paper. The imprint thus produced is automatically
stacked on the receiving tray. The printing rate can be adjusted within the
range of 1,000 to 6,000 copies per hour. The working principle of the rotaprint
18 shown Schematically in Fig. 39 {bottom).

To prepears offset masters, aluinium foil is used which admits of repeated
use. MHowever, snfter tne first run the foil must be sudblected to sraining and
complex chemical treatment. When printing smell runs, masters made from water
absorbent paper are used, which are much theaper and easier to prepare. Particu-
larly widespread are the electrographic methods of offset masters production,

Offset duplicating can be included with the most exrensive and complex
processes. The price of a rotaprint greatly exceeds that of other duplicating
equipment, and its servicing requires sxilled crerators. Offset paper must bte
m.isture and dusting rosistant, durable, and white, and offset i1ks must provide
increased brightness. But at the saze time it is the most perfect of all docu-
ment duplication methdds used in office work. It finds arplication where there
is a steady demand fc * high quality multiple coples.
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Duplicating by addressing machines

Addressing machines (addressographs, adremas) are used primarily for prin-
ting the names and addresses of subscribers to periodinal publications, They
permit repeated reproduction in a epecified zequence of a certain set of data.
They can be used, however, for the duplication of some information materials as
woll.,

Addressing machines may be bagsed either on the spirit or stencil duplica-
ting techniques, but the predominant method used is printing by embossing (a
variaty of non-composable letterpress). The masters are prepared by indenting
characters in a plastie, fibre-board or metal plate. The laterally reversed
reised text thus produced is imprinted on paper through an inked ribbon.

The adventages of duplications using addressing machines are the iong
life of the imprints, possibility of using any kirnd of paper, practically limit-
less runs. But the primary application of these machines determines their
deficiencies which are the small size of the master, which contains but a few
1ines of text, inability to reproduce illustrative materials, low printing speed,
labour-cocnguming preparation of the master. All the above properties of the
addressing .cachines recommend them for use in the libraries for duplicating
catalogue cards.

e have thus considered the major techniques and facilities for copying
and dunlicating of documents. The comparative table of their adv.atages and
shertaemings 18 given in Fig. 36. As regurds selecting particular means of
duplication you can be guided in their choice by the table given in Fig. 40. We
have maje it clear at the beginning of this lecture, that we proposed to set
forth only ithe essentials of reprography, the technical s¢ience which deals with
the theoretical and methodological aspects of document reproduction processes,
If as a result of this discussion you have formed some idea of the new possibi-
1ities opening in this field, we shall think that we have fulfiiled our task.

A xnack in handling reprographic equipment comes through special prolonged train-
ing. But even this broad overview may help you in making more efficient use of
scientific information, and this, after all, is8 the ultimate purpose of cur
courge. That 1s why the next (and last) lecture will be devoted to the utiliiza-
tion ¢ scientific information,
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Checkup questions

What are the basio document copying processes?
What are the relative merits and demerits of the different copying methods?

What i8 the distinotion between graphic arts and office reproduction
techniques?

wWhat methods of duplicating are used in office work?
What are the criteria for choosing the different methods?

What is the main impact of the development of new document reproduction
techniquee?
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10. UTILIZATION OF SCIENTIFIC INFORMATION

We shall devote this closing lecture to a most difffcult - and the least
explored - problem of informatics, namely the utilization of scientific informa-
tion, which is the ultimate goal of all scientitic-information activities. This
problem in a way brings to a focus all the foregoing discussion since, after all,
the diverse primary and secondary documents, the most complex information retriev-
8l techniques and the media and facilitlies used for it all serve the common
pwrpose of making the utilisation of scientific information as efficient as pos-
sible. Accordingly, we shall have to pick up afresh some of the points raised in
the opening lectures so as to identify the who, when, how and which of scientific
informaticn utilization, as well as the modes of scientific-information activities
and their developmental prospects.

The role of scientific-information activities

Scientific-information work has an ever-growing role to play in science.
It serves essentially to raise the efficiency of science, which is ever more
obviously acting as a direct productive force !n the present-day soviety, account-
ing, as it does, for 5 per cent of GNP of the advanced countries and ¢lose on 3
million employees all over the world. The number of scientists and other specia-
liste engaged in sclientific-informaticn activities and the sumns invesied in it
have been rapidly growing as well. In the Soviet Union alone, more than 100,000
persons, directly or indirectly, participate in those activities. Over $5,000
million are annually spent on information work in the world. Hence the impor-
tance of ensurlng the effectiveness of that work in all its aspects: practical,
organizational, and theoretical.

We define sclentific-information work as an institutionally organized
variety of scientific labour performed with the objective of ennancing the effi-
c¢iency of research and development proper and consisting in the gatherving,
enalytico-synthetic processing, storage and retrieval of recorded scientifie
information as well as in supplying tnis informalion to research and practical
workers at & time ad in a form convenient Lo them. Thus far we have been dealing
with the processes ehwumerated in the opening part of this definition. 2But the
process of utflizaticn mentioned in its second part, too, deserves as much atten-
tion.

It 1s no exaggeration that the biggest stumbling-block to an enhencing of
the efficlency of scientifie information work is the ignorance on the rart of the
scientist and practician of the opportunities it offers him or his maledroitness
in using these opportunities. Science itself as well as the systex for disseni-
nation of sclientific knowledge have been takxing on a mass-scale, one could say,
industrial character, but the mentallty of the user of scientific information
still retains the homespun imprint of the past epoch xhen the searching and
fnitial processing of information were not a social activity but perschal affair
of the scientist.
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A convincing analysis of this contradiction has been done by M. Menou, a
French information scientist. "The most important characteristic of our times,
in so far as knowledge transfer is concerned, does not 3eem 10 us to be the
increase in the number and the power of human knowledge but rather the ratio and
the hiatus between our mental structures, so deeply marked by millenaries of
"atechnical" behaviour, and the extent of the objects that they must enable us
to handle.

Even if they do not always have distinct special characteristics, one may
find manifestations and consequences of these prehistoric atructures both in
scientific and technical activity ard in daily behaviouwr, since being a scientist
does not mean that one ceases to be a man". (1

Principal groups of sclentific-inforimation users

In order to learn to get over this psychological barrier, one must get a
clear, if only gencral, notion of th2 main groups of Scientific information users
and of the diversity of their information heeds. Three user groups are distin-
gulishable according to the kind of activity they are engaged in:

(a) scientists (research werkers) mainly engaged in basic and experimen-
tal research in the fundamental sclences;

(b) engineers {(practical specialists) engaged in exper!mantal design,
projecting, and operational activities in technology and other applied sciences
or in the industries;

\¢) managers engaged in the spheres of sclience, techrology and the na-
tional economy.

There {8 no clearcut borderline between science and technology. Never-
theless, there does exist an essential difference between these two social
activities that determines the specific information r.eeds of scientists and of
engineers. Sclence is an activity aimed at production of knowledge and having
for its obleetl the cognition of nature. The product of science i8 knowledge, or
sclientific information recorded in scientific documents. Technclogy is an
activity aimed at production of useful obJects, material wealth. Its task is
direct transforrzation of Nature on the basis of knowledge gained by Science.

D. Piice wrote about that d'fference: "If when a man labours the main
outcone of his research is knowledge, something that has to be published open
for a claim to be made, then he has done $cience. If, on the other hand the
product of his labor is primerily a thing,a chemical, a process, something to be
bought and sold, then he has done technology".(Q) A rescarcher stirives at

f. Menou M. Knowledge Transfer from Autoconsumption to Mass Production.- In:
C(n Theoretical Problexs of Informatics. FID, 435, MNoscow, 1960, p.AMA,

2. Price D. The Difference between Science and Technology. Edison birthday
lecture. Dellas, 10th February 1968, p. i1,
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learning the unknown, at discovering an order in, of a regular relation tetween,
what seems a chaos of facts. Could he know exactly what knowledge he needs to
solve the problem facing him, he would have liad much of ite solution already in
his hand. A scientist thus can never entirely rely on an information service
for getting all the information he needs:. The greatest task he can entrust to
an information service is to select for him the scientific docunents tnat are
likely to be of relevance to the subject ¢f his concern.

As a rule, a scientiat prefers to scan or peruse those documents himself,
In the process he gains a better understanding of his own information needs,
comes across valuable associations and guesses, and [rames hypotheses. For that
reason, of all information services discussed above, most preferahble fo. scien-
tists appear to be: current-awareness information, abstract services, selective
diasemination, and retrospective searching.

The case is entirely different as regards the information needs of ergl-
neers. An engineer usually knows more or less exactly what kind of kncwledge he
needs to solve his problem. He is able to state clear'ly his information needs
ard consequently expects a clear and concrete answer of the information service.
Reluctunt to spend time on btrowsing, he ls eager to charge this work on the
inforration service.

Information service to engineers thus requires, first and foremost,
refeerice books, analytical reviews, and special services eliciting from scien-
tific-technical literatu; * and unpublished documents information meeting their
needs. It was this e¢licu~stance that called into being, over and akove conven-
tionz]l information units cyerating in techrology and other applied fie2lds,
specialized services call-J "data banks" or "information enalysis centres".

Over a hundred such servi es sre at present operational In the United States alone.

Information ser. managers iIs again an altogether different matter.
The prebiem 18 complice . v the fact that the notlion of managerent itself is
too broad. We are con. . not with the processes of management and ¢ontrol in
general, for example as ~ken in the cybernetlic sense, but only with the parti-
cular processes of managing social systems, and primarily science, technoloegy,
industry, and ecaniotgy. In that context management can be viewed us the process
of maxing decisions on the basis of certain available information, or as moti-
vated choice of a tourse of action out of a range of alternatives., True, any
purposive human activity may be viewed as a declision-making sequence, but organi-
zational decisions have their imjp-s7tant peculiar fealures.

A ranager usually has to adopt his decisions under the conditions of an
acute shortage of necessary information and tire 1o process it, which results in
the decisions being to some extent arbitrary. The higher the level of manage-
meni, the greater thls information and time deficits and the more creative
management 1s. If a manager had absolutely exhaustive information and enough
time to consider ft, the decisicn-msking would not bte a creative act, but merely
a contrcl function that ¢ould te in printiple charged to & rmachine. Of course,
we are speaking not of an absolute, but of relative information shotrtage, since
in actual fact a marager is usually flooded by very diverse data. But what he
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needs is not "crude" information about the object of management but the specific
quintegsence of that Iinformation. And he has no time to extract himself the
information he needs for management.

"The management of society and its sections, the organization of human
labour is primarily an economic, social and ideologicsel pro?l m, and not a cyber-
netic, natural-sclentific, technical or any other problem.”" 13 This implies
that apart from information about the scientific and technological accomplish-
menis, a manager needs ideological, sociopolitical, economic, and organizational
Information. Special place in management belongs to prognostic information, since
timely and adequate decisions are impossible without an analysis of the develop-
mental trends of the phenomena concerned.

The above considerations suggest that management should have an information
service of its own, of which the system of scientific and technical information
would make but one component part. Information service to management ought to
cover miuch more sources of information, subject them to a stricter selection,
and deeper analytico-synthetic processing, and, moreover, to bring it out faster
and reduvced to optimal volume. Redundant information hampers decision-making,
as the number of alternative strategies tends to grow with increased information
volume. However, evenn a most perfect information service will not relieve the
manager from certain information processing that he will have still to perform
personally.

These circumstances were pointed to back in 1963 in the report "Science,
government and information" submitted to President John F. Kennedy by his Science
Advisory Committee:

"Recause information about what is going on is necessary for making manage-
ment decisions, improvement in scientific information systems is sometimes re-
presented as a panacea for bad management ol research and development. Though it
is true that poor management can and does occur with the Lest of communication
systems, poor communication almost always leads to bad mamagemem;."(23‘.n

Study of information needs

The thnree user groups identifird above are very broadly defined. Moreover,
they are by no means exhaustive. They do not include, for example, su:h large
end peculiar user groups as teachers end students. A great number of :cientists
are engagel not in 'undamental, but in applied sciences. The information needs of
engineers vary widely depending on whether they sare concerned with design o~

1. Afanas'ev, V.3. Nauchnoe upravlenie obshchestvom. (Opyt sistemnogo issledo-
vaniya). (Scientific management of society. An essay of system research).
Moscow, "Politizdat" Publishers, 1968, p. 379.

2. Science, Government, and Information. The responsibilities of the Technical
Community and the Covernment in the Transfer of Information. A report of the
President's Science Advisory Commitiee, Washington, US Government Printing
OfTice, 1963, p.10.
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operatinn work. Many sclentists and engineers are at the same time managers.
Information service in many fields of sclence and practical activity, in parti-
cular in the soclal sciences, medicine, agriculture, has certain specific
features. All these and many other aspects of sclentific information utilization
require a systematic study.

Information user needs are studied hy soclologi:al research methods, with
aver deeper exploration of the psychology of sclentific creativity. This problem,
which surpasses the scope of informatics, has not yet been adequately investigated,
although hundreds of studles are devoted to 1t every year in different countries.
Only a minority of these are of a general nature and strive at establishing the
common regularities of scientific information utilization, while most pursue for
narrower practical ends: to Improve information service to this or that particular
user group, or establish the optimum pattern of functioning of particular inrorma-
tion agencles or networks. As yet this research 1s ~2onducted as scattered efforts
and lacks any common methodology, with the result that the findings are difficult
to compare. Still, some common objects and methods of study are already identi-
fiable.

First of all, information users themselves are explored, thelir typology,
dependency of information needs on their vocational pursuits, purposes of refer-
ence to information, qualifications, age, professional rank and a range of other
characteristics. Some findings suggest that the occupation of the user and the
kind of establishment he 1s emrployed by are the factors determinirg his informa-
tion needs. The different werking conditions influence the time spent by the user
on information retrieval, utilization of sowrces, and frequency of reference to
libraries and iInformation agencles.

It depends on the fleld of activity whether the organizational structure
of user groups 1s worth studying. Big, institutionalized user collectives are
studied mostly 1 technology and epplied sclences as well as In such natural
sciences as chemistry and paysics. In blology and other life sclence, informa-
tion utilization in small research teams; and in social sclences and the humani-
ties, individual user needs; are in the focus of attention.

In this connectlon it 1s important to explore the activitles of the dif-
ferent types of Information agency, tne modes of iInformation service, and
channels. No less attention should be pald to the study of information sources,
the dependence of the utilization of the various primary and secondary documents
on the kind of user activity and other vuser characteristics.

All these and other aspects of information utilization are explored by
soclological methods. Questionnaires are broadly applied. They are distributed
among a rvepresentative sample of the user group studied. The replies are statis-
tically processed and Interpreted, so that the findings either corroborate or
refute a previously formulated hypothesis about this or that relationship of
factors Influencing scientific information utilization. The method 1s usually
supplemented by interviews with those users whose replies are unclear o: hard to
interpret. Tnterviews can also be applied In the case when 1t would be difficult
to formulate questionnajre questions, provided the group studied is not too large.
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Other methods worth mentioning are: observation, and keeping diaries by the uvser
themselves. Complex studies using system engineering and operations research
techniques have been carried oul of late. Promising results have been achieved
in some aspects of information utilization studies by analysis of citations in
Journal articles, feedback from SDI system users, and analysis of requests cominy
to libraries and scientific information agencies.

All these methods, however, have their limits since they are based on usel
Judgments that are naturally biased. The constant contact of a user with hils
habitual information system results in his no longer expecting of the system any
thing surpassing its capacities. This habit becomes a stable psychological
factor likely to substantially distort the results of a study based on some of
the above methods or their combination. After all, the purpose of a user study
is to learn their actual needs and not what they think are their needs. This
suggests that for studying the aifferent types of information needs at the
various stages of research and design work it is necessary for the explores per-
sonally to participate in that work.

Tvypes of information needs

The most general types of information needs have been defined by
M. Voigt, an American information scientist, in the early 1960's. 1, By ques-
tioning a hundred Scandinavian scientists in chemistry, physics, and biology he
ascertained that they refer to information sources mainly in the three cases:

(1) while getting current awareness of the results both in their particu
lar narrcw field and the related disciplines;

(2) 1in their day-to-day work, when they need some particular factual
information on figures, methods and designs; and

(3) when embarking on a new problem or proJect as well as when completin
it and proceeding to commit it to paper - they need then a retrospesctive search
to identify as nany published and unpublished sources as possible on the subject
concerned.

The first case .nay be characterized as the natural need of a scientist or
other specialist for keeping au courant with the developments in science, tech-
nology or culture; the second case is the everyday utilization of information fo:
reference purposes; and the third case 18 an exhaustive approach to scientific
documents relating to a particular topic or subject.

These tyres of user needs have been since then repeatedly re-interpreted
and specified in keeping with the different aspects of user studies. For example
as regards technology it has been suggested that three stages at which informa-
tion needs arise should be considered: the cholce of the trend of an R & D or
design proJect, its planning, and the exacution of the project. In choosing the

1. Voigt, M. Secientists' approaches to information. New York, ALA, 1961.
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trend the user needs general information on the existing approaches to the proble
of his concern, on their relative advantages and drawbacks both of essential and
of organizational-technical nature. When planning a project in conformity with
the trend chosen he needs more¢ detailed data on the resources and their distribu-
tion (time, money, personnel, equipment, room). At last, at the execution stage,
what he need %s very detailed information on all the elements of the obJect unde
development.

A more generalized approach to the differences in the information supplied
at the various stagcs of scientific and technical work 1is developed in the collec
tive monograph by a group of Ukrainian scientists entitled "Information in scient
fic research" and published under the editorship of Ukrainian Academician A.N,
Sccherban! (1) They distinguish as many as seven such stages:

1. Overall familiarization with the problem and problem statement. Draw-
ing up a plan and the provisional terms for the solution of the problems of
primary and of secondary importance. This stage comprises general acquaintance
with information available on the subJject.

2. Gathering scientific knowledge about the subject of study. Retrospec-
tive searching of the broadest possible scope of literature without any pronounce
critical approach.

3. Coordination and interpretation of scientific data. A critical evalua
tion of the 1deas and hynotheses of the different authors. The relevance criteri
for the information needed are specified and the amount of documents used is
reduced.

4, Statement of hypotheses and choice of the working hypothesis. This is
the most important stage of research in technical sciences. As to information
utilization, it is characterized by deep processing rather than broad coverage.
Still, sometimes the working hypothesis may be chosen wider an influence of what
might appear "irreslevant" information.

5. Proving the working hypothesis. The most important stage in basic
research. Information used depends on the specifics of research, for instance,
the proving of an assumption may require gathering factual data scattered in the
literature.

6. Statement of conclusions and recommendations. Alongside with genera-

lizations, predictions are frequently made at this stage. Information is often
used to shed light on precedence and priority aspects.

’

i. Bernshtein, E.S. Of informatsionnykh potrebnostyakh i kachestvennom preobra-~
zovanii inforamtsii. (On information needs and qualitative transformation of
information).- "Nauchno-tekhnicheskaya Informatsiya", 1967, ser.2, N.6, p.8.
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7. Description of the research results. Information gathered and pro-
cessed 1s, as a rule, minutely documented.{!

The above schemes are, of course, very far from perfect, and they may be
greatly modified depending on the peculiar features of this or that stvdy. How~
ever, even as such they are, they are evidence of the close association between
the utilization of scientific information and the logical structure of scientific
research.

There have been attempts, too, to asses the utilization of the different

sources as depending on the kind of activity pursued by the user and the stages

of scientific research process. Tt has been noticed, for example, that abstract
journals, bibliographies and other secondary documents are more intensively used
at the outset and at the end of elaborating a problem, while the need for refer-
ence aids and primary documents {particularly special types of technical litera-
ture} is more acutely felt at the stage of experimental testing of the theoretical
assumptions, equipment, process or product specimens.

A great many studies concerned with the channels through which scientists
receive information testify to an “underemployment" of information services and
publications. While the numerical results of these stidies whica use different
methods and different user groups vary greatly, it is almost regular that among
the most important sources yilelding more than a half of all information needed
for research such "accidental", not purposive and for the most part oral sources
are named as talks with colleagues, and conference reports. Much less informa-
tion {10-20 per cent) is extract from the abstract Journals and bibliographic
indexes, and even less from library catalogues. Thus, for all the inadequacies
of methodology and unreliability of the findings of user studies, it may be as-
serted as an indisputable fact that the efficiency of scientifiec information
activities still remains very low. The problem of evaluating this efficiency
arises in this connection.

Ffficieney nf secientifie informaticn

This problem has become a topical one since scientists and other specia-
lists feel themselves constrained to spend ever greater share of their time on
searching for information instead of on research proper. A recent study of the
time balance of American chemists showed that they spend an average of 45 per
cent of their working time looking for scientific and business information, while
al! their experimental work accounted but for 36 per cent, and the processing of
the results obtained, less than 6 per cent.

2. Informatsiya v nauchnykh issledovaniyakh. (Information in scientific
research) Otv. red. akad. AN USSR A. N. Sccherban'. Kiev, "Naukova Dumka".
publishers, p. 119-120. _

(Nauka, uchenyi, informatisiya, /Science, scientist, informatio§7 by S.G.
Zlcchavskii, A.V. Kozenko, V.V. Kosolapov, A.N. Polovinchik).
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The efticiency of scientific information activity 1is a comparatively
recent concept. It still lacks a unique definition and is diversely interpreted,
now as the total revenues from the activity, now as the surplus of revenue over
the expenditure, now again as the ratio of revenue to expenditure. This "econo-
mic" approach to scientific information activities stems from the fact that ever
greater funds are invested in 1t and the requirements placed on it are growing.
"The last factor gives rise to iwo questions: what benefits can be derived from
information activities by institutions and enterprises which organized the infor-
mation service or by the national economy (in case of socialist countries where
national information systems are established)}, and what is the correlation be-
tween profits obtained and expenses incurred?”.(1

It is relatively easy to count up the expenditure on scientific information
activities, which is, incidentally, quite sizable as we have seen. As to the
economic benefits, they are miach harder to gauge, since as often as not they lack
any direct economic expression. The difficulty is similar to that of numerical
evaluation of the effect of education. Therefore, the existing system of the
evaluation of economic activities proves inapplicable in this case. The same
Polish information scientist whose words were qQuoted in the preceding paragraph
suggests that information efficiency should be measured by the ratio of the
amount of relevant information supplied co the users to the total amount of infor-
mation gathered and processed at the information centre concerned.(2) He has
formulated the corresponding efficiency criteria and calculation techniques and
relationships.

However, other difficulties arise, too. We have already seen how re e-
vance Judgments may be subjective in measuring information system efficiency. 1In
this case as well, the assessmeni criteria are mostly based on a correspondence
between the contents of the documents gathered, on the one hand, and potential
user needs and actual user requests on the other. Put we are yet unable to mea-
sure the obJective value of scientific information in the same manner as the
mathematical information theory measures infoirmation contained in a message by
the uncertainty this message serves to eliminate. And, it 1is not the knowledge
of some individual about the obJect or phenomenon described in the message that
the measure of this uncertainty depends on but only the objective properties of
that obJject or phenomenon.

Despite the fact that sclentific cognf*ion is social by nature, we are
ahle to measure the value of scientific inj..ation only with reference to
separate individuals or their groups. Human socliety does posgsess a social mecha-
nism which obJjectively evaluates scientific information, but unless and until
this mechanism is explored and understood the measurements of the efficiency of
sclentific information activity are bound to remain empiriec.

1. Pirég, W. Efficiency of Information Activities: Evaluation Criteria,
Methods and Indices. - In: On Theoretical Problems on Information. FID 435,
Moscow, 1989, p. 93.

2. 1Ibid, p. 94.
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The contents of scientific informaticn activities

We have ascertained that any creative work may be viewed as the procesc of
selection and processing of information for different purjoses: in scientific
research - to create new scientific information; in engineering and industrial
activities - to build new machines, and develop new subStances and engineering
procedures; and in the management sphere for taking organizational decisions.
But, scientific information actlvity itsel” to a great extent consists in selec-
tion and processing of scientiflec information., What then are its specific fea-
tures and what is the borderline between scientific information work and other
creative activities?

Two diametrically opposed replies have been given to that question: the
first viewpoint debases scientific information work Just to a variety of auxil-
iary service to research, design, and sclence-management activities; the other
viewpoint fully identifies it with the rest of research labour. Neither point
of view appears te..able. If the scope of scientific information work is limited
to a variety of ancillary or technical assistance rendered to scientists and
other specialists in furnishing them with documents they want, why has it become
established as an activity in its own right in the face of library and biblio-
graphic activities that supposedly discharge the same function? This view
engenders a dangerous illusion that the "information crisis" could be cured
simply by better special libraries without any essentially new methods and media
of scientific communication. This point of view virtually negates scientific
information work as an independent activity, but this is contradicted by the
actual social practice.

On the other hand, broadening the scope of scientific information acti-
vities so that they encompass genuine research as well, is no less wrong;
eventually this, too, boils down to a denial of its independent status. The
erroneous identification of basic research with scientific information work stems
from the fact that both the theoretical scientist and the informationist are
engaged in analysis and synthesis of scientific information, at the stages of its
selection and especially processing and that they both deal elmost sxclusively
with scientific documents. By outward appearance, the work of U, Le Versier who
computed the Orbit of the Neptune, a planet then unknown, or of D.I. Mendeleyev
who discovered his periodic law resembles the wiork of an information officer who
prepares for an explorer the information he ne:ds, extracting it from scientific
documents and presenting it in a form ccavenient to the explorer. But, for all
the outward likeness, the two kinds of work have evidently differing goals.

While in the former case the goal is to discover scientific laws and create new
scientific information, in the latter it is only to provide prerequisites to
authentic research.

Naturally, the border between the two kinds of activities 1s conventionai
and shifty: 1t depends on a great number of factors, in particular the stage of
development of the science in question, the traditions existing ii: it, the level
of formalization it has reached, and a number of nthers, Still, this borderline
is always clearly discernible at any moment in any particular zonditions. Scien-
tific information work constitutes, as it were, the opening and preparatory phase
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of any research. It c¢reates premises for a more efficient investigation by selec-
ting the documents pertinent to the sublect of research and providing the scientist
or expert with the information he needs,extracted from those documents and tai-
lored to suit his wants. Part of that work is usually performed by the user him-
self. It is in this sense that it is sometimes said that the researcher, too,
carries out scientific-information work, which is not exact since the term should
be applied only to the socially and institutionally organized forms of activity.

Seientific information activities as well as the system of scilentific pub-
lications in which these activities first emerged existed and still exist as a
natural condition of the development of science. Since their very emergence they
were Wwnfolding within science as an important means of scientific communication.
For ages, scientists, supported only by libraries, themselves searched, selected
and processed scientific information. This was the reason that some important
forms and methods of scientific information work first took shape in the library -
until recently the only social instituticn to store, analyse and generalize the
age~long experience in the field.

The advancement of science in the last decade, and its turring into a
major and mass-scale human activity, as well as the gradual penetration of
science by the industrial methods and organization of management all led to estab-
lish scientific information work as an organic but autonomous part of scientific
labour. We have spoken in the first lecture about the similarity of this separa-
tion to the division of research into theoretical and experimental. We can now
bring more precision to this.

The process of social division of labour in present-day science is
unfolding at least along two different lines. Research divides into basic and
experimental primarily according to the methods employed. Simultaneously, a
similar process is developing along a different, notably the functional line,
where three independent varieties of scientific work are clearly discernible -
research proper, scientifiec information activities, and science management.

Outlooks

When discussing the contents and place of scientific information work in
science it would be wrong to pass over its future prospects. This is the more
essential as the scope of scientific information activities is continually
expanding. C.W. Mooers, a pioneer of automated information retrieval, said in
1959, in a report at a conference: ... "Information retrieval" is a term that
I had the pleasure of coining only ten years ago, at another computer confer-
ence. The term has come a long way since.

In thinking about a definition of information retrieval, and in consider-
ing the future of this field, we must take an evolving view. At the present
time, Information retrieval is concerned with more than the mere finding and
providing of documents; we are already concerned with the discovery and provi-
sion of information quite apart from its documentary form- To encompass future
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developments, as ve shall see, even ghis broad view of information retrieval will
have to be modified and extended”.(!

A half of the term of this prediction now being over, one is entitled to
say that it has proved to be valid. The proposition is especially important in
forecasting information activities development which has its own regularities
and cannot be constructed in an arbitrary manner.

The regularities of the growth of science itself and the pecul‘ar traits
of the presen’ stage of scientific and technological revolution are doudbtless the
key factors affecting the growth of scientific information activities.

There are many facts in the practice of information service to indicate a
trend towards a further shift of tasks within the scope of research proper to the
sphere of scientific information work. The common eagerness of the users to get
as much information as possible spending the minimal effort is bound ever more
insistently to press on the information systems the tasks of synthetizing,
creatively processing and teiioring information to user needs. Continuing
interaction between information systems and the different user categories will
ultimately enroll users' participation in system optimization and heighten the
contribution by scientific information work to research endeavour.

To summarize: in this last lecture we profiled the role of scientific
information activities under a new angle, discussed the varying patterns of
scientific information utilization by tie main user groups, highlighted the
principal objects and techniques of the user rieeds studies and the main types
of user needs as arising at the different stages of research and design work,
touched upon efficiency evaluation problems, specified the contents of scientific
information activities, and outlined its development prospects.

As we have seen, the better organized will be research conducted in the
different fields of science and technology and the more formalized will be the
special languages and methods used in those fields, the more sophisticaled infor-
mation selection and processing tasks will be charged to institutionally inde-
pendent information services. Knowledge of the basic regularities, methods and
media of scientific information work 1s indispensable for coping with these tasks.
Providing clues to that essential knowledge is the purpose of these lectures.

1. Mooers C. The Next Twenty Years in Information Retrieval. Some Goals and
Predictions. - "American Documentation", 1960, vol. 11, N 3, p. 229.
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Checkup questions

What principal groups of scientific information users are distinguishable?
What are the differences between their information needs?

What are the obJects and techniques of user needs' studies?

How 1s sclentific information utilized at the different stages of research
and design work?

How can the efficiency of scilentific information work be evaluated?

Where lies the borderline between research proper and scientific information
work?

wWhat ara the maJor developmental prospects before scientific information
activities?
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SYLLABUS AND PROGRAMME
for the

INTRODUCTORY COURSE ON INFORMATICS/DOCUMENTAT ION

— e —

activity in the status of independent discipline : differentiation and speciali-
zation, traditions and international scale of this activity, its accelerated
development. ObJjectives_and_stages of scientific information activity: collec-
tion, analytical and synthetic processing, storage, retrieval, dissemination,
and use of scientific information. Fundamental concepts: information, scientif:

information, scientific information activity, informatics {documentation). Inte
Tiggﬁigtfcs, psychology, library science, bibliography, history of books, science
of science, and the technology.

2. Scientific literature as a medium of knowledge dissemination (primary
scientific docuyments and publications). Phases_of evolution of written docu-
ments: cuneiform writing tablets, papyrus scrolls, parchment cocdices, manuevript
paper books, printing, modern methods of publishing. Scientifi: documents and

their kinds: published and unpublished, primary and secondary documents. Des-
cription of the principal types of primary document: books (monographs, collec-
tive volumes, conference proceedings, textbooks and manuals, official publication
book series; book statistics); periodical publications (Jjournals, serials, news-
papers); special technical publications (standards, paten specifications, techni-
cal catalogues); unpublished primary publications {scientific-technical reports,
theses, preprints, deposited manuseripts). The regularities_of distribution and
obsolescence of scientific publications (Bradford's law of Scattering, biblio-
graphic coupling of documents, obsolescence of books and of Journal articles,

the "half-life" of scientific literature).

3. Secondary scientific documents and publications. Conventional secon-
dary documents: reference literature (encyclopaedias, reference handbooks,
dictionaries), surveys (e.g. "Progress in Science", "Scientific and Technical
State-of -Art Communications"), abstract Journals {specifying the goals, scope,
volume, and pattern of the principal abstract Journals in natural and social
sciences: '"Chemical Abstracts", "Biological Abstracts", "Science Abstracts",
VINITI's "Referativnyi Zhurnal", "Bulletin signaletique', etc.), current aware-
ness bulletins, library catalogues/classified, subJect, dictionary, alphabetic/,
bibliographic indexes (main types as defined by contents, purpose, date and
place of publication: ."Cumulative Book Index, "British National Bibliography",
"Bibliographie de la France", "Deutsche Nationalbibliographie, "Deutsche Biblio-
graphie", "Knizhnaya letopis SSSR", etc.; survey of specicl retrospentive
bibliographies and the bibliographies of bibliographies. (Besterman, Malcles,
Totok und Weitzel, ete.); Unconventionrl_indexes: permuted (KWIC),KWOC,tabledex,

citation indexes; current awareness publications and services (current contents,
selective dissemination of information).
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exchange of pre- and reprints, participation and scientific meetings; invisible
colleges. Editing and printing processes and their place in scientific informa-
tion activities. Relationships between libraries and information units. Infor-
mation_agencies and facilities: systems of information serving speci-:lists in

mational practices and procedures. Special (research)_libraries: national and

largest independent universal libraries, libraries of R & D bodies, university
libraries, and libraries in industry; principal library practices and procedures.

vities: Unesco, FID, IFLA, ISO TC-46, ICSU, and othars.
International cooperation in these fields.

5. Fundamentals of information retrieval. Information retrieval, infor-

mation retrieval systems /document and fact retrieval/, information retrieval

mance of retrieval systems and methods for its assessment.

6. Conventional information retrieval systems. Library regarded as an
IS & R aystem, library catalogues. _Alphabetical retrieval files, the methods of

——— —— ——— — — o — — t—

bibliographic description. Classified files: principles of classification,

hierarchical library and bibliographic classifications, UDC and its application.
Facet classifications. Subject classifications and subjJect indexing prucedures.

e — o i T e e e D Foa=A A Rl e S Y

7. Nonconventional information retrieval systems. Coordinate irdexing

end its distinctions from conventional indexing systems. Descriptor languages
and thei creation: synonymy and multiple-meaning control. Thesauri: general
principles, main types of thesaurus, representation of paradigmatic and syntag-
matic relations,methods of thesaurus construction. Specialized information

retrieval languages: WRU semantic code, SYNTOL.

8. Hardware of information retrieval. Retrieval devices operating with
discrete_information media: catalogue file cards, uniterm cards, punched cards
(manual and machine-sorted), microfiches ("Filmorex", "Minicard"). Retrieval
devices operating on continuous media: punch tapes, roll microfilm (microfilm
selectors: "Rapid Selector” system, "Miracode"), magnetic tape ("Videofile").
Computer-based implementation of information retrieval systems.

9. Reproduction of documents. Document_copying: silver processes /photo-
graphy, reflex processes; stabilization, diffusion, matrix Verifax/; diazo pro-
cesses (diazocopying, Calfax); thermographic processes (Thermofax, Masterfaz,
Imagic); electrographic processes (xerography, electrofax, transfer, and thermo-
plastic processes). Document duplication: printing processes (relief and plane

printing, photogravure); typesetting machines; offset, stencil, spirit dupli-
cation, addressing machines.

10. Utilisation of scientific informaticn. Study of information needs and
requests. Efficiency of information utilization. Efficacious methods of document
handling. Influence of sclientific Information activities upon tne development of
science, technology, economy and culture.
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Hours

Lectures Seminars Total

1. Tne subJect and methods of
informatics/documentation 2 2

Socurce of scientific Information

2. Scientific literature as a
medium of knowledge dissemination 2 2 )

3. 8econdary scientific documents
and publications 4 b 8

4. Organization of scientific
information activities § 2 6

Information Retrieval

5. Fundamentals of informati-n

retrieval 2 2
6. Conventional inforrmation

retrieval systenms A L] 8
7. Noncotwventional information

retrieval syatems | 2 é
B. Hardwaie of information retrieval 2 2 ]

Use_of Scientific Information

Q. Reproduction of documents ¢ 1 6

10. ULtilizalion of Bselentific
information e 2

Total 28 20 38
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Fig. 1. Growih of world science periodicals

The diagram shows the total aumber of periodicals, incleding those a0
louger published. The notion of a '"ecizace periodical' has been taken
in « beosad sense. Adopted fronr: [rice D.J. de S, Sciente since Badylon.
\ew Haven, 1961, p. 97y
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Scientilic and
production
activities

igination and
utilisation of scientific

information

Gathering of
scientilic

information

Dissemination of
scientific
informalion

Analyticos
synthetic

Infotmation

retrieval ocessing of
geirieva, scientific
information

l.ongsterm

stotage of
scientilic
information

Fig. 2. Tasks amd stages of acientificeinformation
activities

Origination of scientific information is not inciuded in sc. at'i-e
informe ion activitiea by some authors. However, ceiginilion as weil as
utilisation of scieatific :nloimation mal ¢ wp the orgamizational sphere of

scieatiflic labowr and are obviowsly major aspe cts of seientific-information
activities as a whole,
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Scientific documents and publications

—-- -~ -

Primary Seccondary
' Books and pamhplets
Monographs Reletence litecatuce

‘ Collections of papers
! Conference proceedings
Textbooks and manuals
Official publications

Petiodical publications
:E Serials Surveys
2 Journals and magazines Abstract journals
2 Newspapers Exptess information bulletins
Special types of technical publications
! Standards Stand tds indexes

Invention specifications Invention bulletins

Technical cotalogues Patent classifiers

Information lewilets

Scientific and technical teports
% Nissertations
< Information cards Library catalogues
:5 Translations Bibliogeaphic files
a Prepeints
= Manuscripts and galleys

Data files

|

Figs 3. Types of scierntific documents and publications.

For clarity each type is mentioned only once, Actually many types
could be indicated in more than one place, for example, bibliograph. Indes
xes are not always periodical, lidtery catalogues may be published, etc.
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1
Radinowiteh
1941

Fig. 4. Citation of science documents in latet publications.

Circles indicate works on necleic ac!ds published between 1941

and 19690, ¢.g.:

1. Rabinowiteh E. and Epstein L.F. Polymetization of Dyestuffs in
solution, Thionine and methylene blue, = ’Journal of American
Chenical Society®, 1941, v, &3, N 69.

10. Steiner RV, and Beers R.I7L Sperical changes azcompaning binding of
Ao« by Poly A. « "Science’’, 1953, v. 127,
Artows show refecences, The diogram is by G, Allen (Carnegie lastitution)
Adapted from the prospectus (o ''Science Citetion Index™ for 1963.
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7 new publications in the

91 references field put out during the
in the field year
10 papers |10 papers |50 papers I Cited
cited cited more]cited once Qnee ek
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Fig 5. Distribution of new references to earlier publications
in a hypothetical field.

The numbes of publications wes arbitrerily set equal to 100, the r2st of
the data refer to the average values [or the different fields of knowledge
detived from an analysis of the 1961 Scieace Citation Index. To make the
diagtam more illastrative an alemost closed’ field is shawa so that oaly
10 tefctences are to publications ia other fields. Due to the small number of
papers ia the rightehand column (?), the distribution of references they cone
tain could not be shown adequately in conformity with the regularities
indicated above,

Adopted from: Price, D.]). de S. Netwotks of scientific papers. =
“Science', 1965, v. 140, ¥ 3683, p: 512
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Fig. 6. Scatter of citations in an isolated spec.al literature,

The hotizontal and the vertical axes indicate aumbers of the same papere
order=d chronologically. All the papers refer to & narrow physical subject —
the study of imaginary Netays [alsely discovered in 1901. Fach column ol
dots designates the references contained in the paper indicated by the
horizontal number opposite that colemn. Every dot designates a reference to
the paper indicated by the number on the vertical axis opposite to it.

Adopted from: Price, D.J. de S, Networks of scientilic papers. -
“*Science, 1963, v, 149, ¥ 3683, p. 514
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100 = Q13
: Sl
T S 2
a. '°"°*'o..°~ &t
80 - P
o 10
70 ~o\q
T Of all papers cited in 1965 “‘ -3
. h .
60+ ! 52.6 per cent were published *\ 8
inthe five years between 6,5 per cent were Q L‘?
N 1960 and 1965 puvlished in 1960
50 Qz‘“._— o]
A -6
40 | % &
S -5
\
30~ B
I \
20 - ' \Q |- 3
l \ -2
10 - I \‘b
b {
0 Yeats !
] { | 1 ! 0
1940 1945 1350 1955 1960 1965

Fig. 8. Age distribution of papers cited in prblications of 1965.

The horizcatal axis shows the publication years .7 papers cited in 1968,
in chronolsgical order, the vertical avis shows the ptoportions of the
papers of the specified publication years to the total number of references
made in 1965. The dotted lines indicate the percentage of the total
publications issued betveeen 1941 and 1065 to the total nember of publicas
tions cited in the publications of 1965, The diagrass ate based on data
takea from: Science Citatisa [adex Guide, Philadelphis, 1966, p- 32.
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2HItS N, Moayucuue MCTARCYALQOHIIXA0PUAA,
Bennett Clifton F, Goheen David W. Making
methancesulfonyl chloride. [Crown:Zellerbach Corpl. Nar.
281111"’\6'“' 260—513, Nt 3226433, 3aroa. 2.01.62, onyGa.

420D

CH;SO,C1  roay-..or  nponyckanuesm  Cly-raszn  n
prunonnyio cnmees {or —20 A2 4 25° Ayswe or — |0
2o <+ 107), coacpmatuyio crexnoMeTphy. xo0a-pa CICH.S.
CH;, coau (ayusiwe 3—10 noacli) u, ro xpafineii mepe,
oaun opr. p-putear {AcOH, CCl,, xad.) aas CICH,SCH,
noxetie (HCL, paa6. H,;S0 - HLPO,). CICH:SMe (81,2 )
emeunonot (20° o reucie § muit. ¢o 100 2 noaw, eMedy
oxank ANt 10 9° 0 ueacd pee nponycxanr 2,6 moan
Cly-raza (0--i0° 120 wmum.). Opr., c¢aol oraecaswr, ¢y-
WAt 1 pasonsior ¢ roayitenneyd 66,1 ¢ MeSO,Cl (vwxoa
65,79). P MOX110 yexopntb 1 buxox MeSO,CI Mo
o yucanunts, e¢an CICH,SMe npeasaputeasno Kuiatntp
¢ noaolt n teucuite nepnoaa or 5 MuM. A0 2—3 unc,;
necae 31070 yaophpovanie vaetr sddextupnelt. Mpunce.
HUW DPINCPH HOAYICHUS McSO,C‘ € BPCABAPITCABINGM
RUBAGCHICM, R EPHCYTCTOIN PeDiTCAR 1T LOAKICAROUICLO
atenta. MeSQOCH . ieMOHECTCH a4 KAY+De PPHTCAA, 1.0a):
EPOAMKRTE QAR ROAMNCHNS  PaMIMUHEX ODF. LPOAYNTON,
BRANNAL  LhMePI, PIACTRGNINRTIODIA, ACTCPrCHTM, Kpa»
CHTEA, L IMIEARTI, MICOKTHIMALL. OFHECTOHNIC COcTanl
I TCPanCbTIY. SCKAPCTNA, 4. Nlopman

Prepatation of methanesulfonyl chloride from monochloto.
dimetbyl) sulfide, Clifton . Beanett and David \W. Goheen.
(to Crown Zcllerbach Corp.). U.S. 3,226,433 (Ci. 204)-543),
Dce. 28, 1965, Appl. Jan. 2, 1962; 2 pp. Mcthanesulfonyd ehlo.
tide may be readily pr od. frot monue, dis, ot ttichloradimethyl
sulide by chlotinating the organic sulfide n a tnist. of 1H:0-
HCl-otganic solvent at ~ 10 o +10%. Tuc preferred starting
malcrial is the monochlotinated dincthy) suitide, wnd for ops
timun yields of sroduct thece moles cuch of Ciand 1.0 must
be used.  Prelinnnary tefluning of the sulfide with 1.0 {or 5
imin. to 2 hirs, wllows the chlotination to procov. sinoetliy,
‘Che teaction proceeds by the foilowing cauation: Cucai5CH,
+3Cly 4+ 3H,0 =~ CH,S0,Ci 4+ GIIC + (ICHO.  Fot example,
107 g. monochlotodimcthyl sulfide was admixed with 75 g,
H,0 and 29.8 x. 379 HCI, the mixt, ecluxed 10 min,, ¢ooled to
0°, and maintained at this temp. while bubbling into it 248 .
Cl over a pet’ 4 of 60 min, The vty. layct was sopd., dried,

and distilled; e yicld of methancsulfonyl chloride was 73.0°¢.
Rn Lo Lilll\‘f

Fig. 9. Tro different abstracts of the same paper as abstracted inthe
VIMTI Abstcact Joutaal "Chemistry’’ and the "'Chemical
Absicacts®

This example chons the use of the formalized chemical langeage for
contracting the teat of an original paper 10 its absicaci, The abstracis have

largely overlzpping tontents.
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Characteristic Types of indexed
of division Types of bibliography materials
Content and type of | General Al literature jecespective
indexed inaterials of content and type
Special Literature of specific content
or Lype
 Beancheotiented Literature in a specific
subject field
Purpose Enumerative The widest possible coverage
by content or type
Infotmation lLiiterature for specialists in
a specifiz subject field,
theme or problem
Recommendatory Selected literature for a
o specific teader category |
Time of publication = Cunent Curtently published mates
rials
Retrospective Litecature published during a
certain time petiod
Prosaeciive l.itcrature prepared for
publication
Place of publicatior  International Literature appearing in different
ia:. ...es in different countries
National Literatute sppeating in one
langusge or country
State Literature published in one
country
Regional L.itetature published in one
locality
Level Primary Published norks
Secondery Primary bikliographies |
Tect iary Necondary dibliographies
(bibliographies of biblios
graphies) o]
\lethod of growping Classified According to a sciemific
of entries ~sveiem of knowledge
Subject *"ahabetically by subjects ._4
Awthot Aphabetically by asthors
and titles

Fig. 11« Dasic types of bibliography
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Ciled Citing Referdnce Publication Source Volumz Page

Author Authonr Year Year
l | | | b
SANDIS DB--==m==-- *36%PHYS REV-s=e—susom- - 52 430
COMSA G PHYS REV 64 125 1093
GARRON R CaPT REND 64 256 1772
----------- meu37-NATURE »emmmmmmmnares 142 1069
AUSBURN KU AUST J PHYS 64 17 312
m——remcema——- 37-PROC INST RADIO ENGI 8 979
PILOD P COMPT REND bl 256 2340
cememeomone ==62~PROC ma--—-------- 28 975
EL KAREH AB  REV SCI INS -:~ 423
""""""""" B4=-FROGRESS AS TRG\}JJT]C *bc‘oae and a“u
GIANING G L SC1 A /-GW cited year
Refexence SANDON 1R~=s «=co= @rm’msm SO0C-====== 3l 1359 identilies
Ka"UKOFF JJ AEROSP MED 64 35 703 earlicsd paper
------------- 12=0 /M CHEM §(Smemmew= 37 1312 cited fon that
Souxce PASTERVAK R o GHEM PAYS 64 37 2064 author
R 212-PHYS REVeuewmmmemese 37 403
FORMAN R ¢ APPL PHYS 64 35 1653
------------ Led AM CH 4 SOCw=em-== 3§ 107
BECKx JA J APPL PHYS 64 35 413
LAFFERTY UM J APPL PrYs (B4 35 426
I. R SQr.don § e =omoeeee meecec 3ePHYS REV-semes~lomc: 5 331
article JAFFE L NUCLEONT CS 64 7 95
Piiys R.'v 51331 (1913) 2’;}@5“ v J 01?3 P';Yg 3t ;‘5 1917
be ARZ H REV SCI IN 64 Q6 L
ﬁ‘sm ,{n e 13=PHYS REVev=wewe=wre= s 33 code indicates Lye
Rev Sed Ins STRICKLER H P SOC EXP M 64 110 311 \g§ eourct “Lem
352196 (1954) —————eee ~~e=]3«PHYS REV-vewvevam-ce 5 us5¢ = edilonial
FOX & RZV $CI INS Osu—-as—-—?s—“—‘L s 2utten
HENSLEV E0 « APPL PHYS 35 303 A« gbstnset
SARSON LMe=vemmmen *60*FED PROC==uw====~ ;;.)J/g/ C w corrsetion
JOINSTON CL U CLININV - &) ete
cmmemmeeeeeeea§0=J CLIN INVESTm=Snmewe
KOPPEL JL SURG GYN €3 4
—emsmeee—en ~=562«THROB DIATH HAZ ¢
HJORT PF THROMB DIAT 582
————mememmee 63t ENG o MED=s=es= 267 859
SARSON LM N ENG J MED @M 268 1095
SASS] URewm—veveen ASP¥PRIVATE COMMmmcmmmeen —ee e d
yPe M T Teorame sorboty”
----------- ==54=) CLIN INVEST====—== 36 §59
WA PN INDIAN U 1€ 64 52 613
----------- wr55-SCIENCE==mmmmem—eam= 124 4]
KROMAN HS AM J OPHTH 64 55 79
SEEBER E N-§ AROHIV 64 245 103
m—meemme——— 58~CITED INDIRECTLY=-== .
SEEBER E N=S AROHIV 64 245 103
—mwwre—mcsmenc89ey CLIN INVEST—=e~—-- .. 683
BARTTER FC T A AM PHYS 65 7 182
BELL MH AM R RESP D 64 87 29
Reference ———————meep == eevemmecveas $9=J CLIN INVESTe=r==w= 41 693
ALBANES AA  NY ST J 1ED 64 64 4000
Soutces MERIG/ v TC ARGH IN MED 64 110 391
WESSON LG J CLIN INV 64 43 1569
meeeemme e maf i) AM CHEM §OCwew—~e= 85 5253
ENGEL LL ANN R BIOCH 64 33 50l
PECHET MM J BIOL HEM 64 239 PC70
WwIK s J AMOHEM S B4 86 4u8Yy
semeerommmeebley CLIN INVESTome=~—= 43 1072
KRANE SM J A4 MED A 64 181 "474

TUFFET Rer=owemceak2HANN PHYS[Kemooeemmee= 86 429
Fig. 13. Portion of a page in the Science Citation Index.
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Content analysis of documcats

2 3 « 5 &§ 7 8 5§ 10

1
ALC r ]9 l o | ’
o 1ol jelel 1 i 1o
cfolofel Jo v, jol |
D | olo| o
£] o
kol o | lololo
G S |
- ‘.é_l-
Searching for ducuments by character’ 'it

{C and D} or [C and 1Y}
/N BY/xY/
Dl/é;o 7 0 o% 7/
© [0 ONRIO Y
Oh

.
81/ o
)

,
[

> (3

7

7,

//

Q
ﬁ Q

)7
N,

C‘%OV/
77T

Wanted documents

NN '
N//RN/W)
%/,

Fig. 16. Diagram of information retrieva.

Used on the paper by B.eA. Lipetz "’Information storage and retrieval®!
in "Scientific American®', 1966, vol. 213, ¥ 3, p. 226,
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' Documents Relevant Nonerelevant l'
|
. Retrieved a b a+d
|
: Noneretrieved ¢ a ced
l a+t bed
L

a

Recall 170%
a+¢

Precision L . 1007.
a+d

100 ,

- At e ——— ¢

Recall | %

\\\\\\\\

.« F]
Precision,%

100

Fig. 17. Dependence of recall on precision {after C. Cleverdon)

CW. Cleverdorn and J. Mills, Thetesting of index
language divices. — ""Asib Proceedings**, 1963, v. 15, ¥ 4, p. 106-130.
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Bibliographical

Specimen title-page particulars

International Series of Monographs in
Library and Information Science Information before the title
Volume 10

AUTOMATI.N IN

Title
LIBRARIES
by
Richard T. Kimber Subtitle
Lecturer, School of Library and [nformation information
Studies, The Queen’s University of Belfast
PERGAMON PRESS Imprint

Oxford. New York. Toronto
Sydney. Braunschweig

Specimen entry

loher RUT.
Automation in libraricss By Richard T. Kimbe,
Oxford ./a.0./, Pergamon, ./1970/.
VIt 140 p., fig. (Int. ser. of monographs in libr. and
info...ation science, Vol. 10).
Bibliogr. p. 134=138.

EMC ['igs 19, Arrangemeni of bibliographical particulars on the title
: page and in the entry
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Publication types

Entries

Main

Added

Authorship

1. Norks of one, two or

three authors

Surname {forename)
of first-author

Added entries une
der second and
third authors

2. Works of four or ¢

authors

3. Collections of works

of diffcrent auth .~s

Tit e

Added entry une
der first author

Added catry une
der compiler

_{editor)

4, Official publications

and pul.'"-ations with
st au title

Nanmie of institue
tion (copporate
author)

Added entry une
der title

S. Multivolume

Series entry fu.

T
ae

Entries for ine

| publications whole publication dividual volumes

! @ o . .

l‘ “5 i <« . pivlicativus Entrics for each Series entry for
> o issue in a series the whole publi-
g ! cation
® 7. Co, .inued publica« Series entry for * Entries for sepae
bl . .

o tions {proceedings, the whole publicas | rate volumes une
= o etc.) tion under the gee der the author
¢ c neral title and particular
E g title
gl 2
) r ) .
> &1 8l 8. Journals, magazines Entcies for
- L e 3is
° p individual
_E & issues under the
E e general title
= !) 9. NC" = ..pers

! 10. Parts of publications Analytical entry

I {articles from cole under author or -

lections and periodie title of the
cals) article

g 11. Parts {chaptess) of Analytical v,
= F publicatiuns under author or -
g e title of the whole
¥ o
> s work
¢ aq
o

12. Reviews

Entry under
author or title of
the reviewed work

“1ry under the
ww. or or title
of tuv review

ERIC

Aruitoxt provided by Eic:

Fig., 20. Scheme of rules for description of the
basic types of publications
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Tripathi S.\. Modern cataloguing. Theory and practice.
Agra, Agarwala, /1969/. X1, 289 p. Bibliogr. p. 287-289.

- page 189

A Handbook of the mosquitoes of the Southeastern United States.
Washington, U.S. Gov. print. off., 1960. 188 p., ill. Auts: W.V. King,
G.l1. Brandley, C.N. Smith and W.C. McDuffie.

Computer based information retrieval S);stems. Ed. by B. Houghtoen.
London, Bingley, 1968. 136 p., iil.

Unesco. General catalogu. o Unesco publications and Unesco

sponsored publications. 1946-1939. Paris, UNESCO, 1962. XVI, 217 p.

International forum on informatics. Volume of papers. Vol. 1-2.
Moscow, 1969. (All-Union Insty for Scient. and Techn. Information).

Vol. 1. 656 p.

Vol. 2. 603 p.

Kimber R.T. Automation in libraries, Oxford :/a.0./, Pergamon,
1970. VIII, 140 p., fig. (Intern. ser, of monographs in libr. and
informatjon science. Vol. 10),

Royal Socicly of Edinburgh. Teansaciions... Edinburgh~-London, 1954-.
Vol. 62. N 1-2. 1954
Vol. 63, N 1-3. 1955-1959.
Vol. 64, XN 1-18. 1959-1961.

Unesco Bulletin ;';,r‘l,-iAbraries. Vol. 23—24. Paris, 1969-1970.
1969. \Ioln 23' d\.' ]—6-
1970- \70In 24| -\“ 1-‘3-

R

Financia) . - ..dustry, commerce, public affairs. London, 1958-.
1938
1959
1960

Price D.]. de S. Networks of scientific papers. — ''Science’’,
1965, vol. 119, XN 3683, p. 514,

Coate~ e Subject catalogues. lleadings and siruciure.
London, I'he Libr. Assoc., 1960. Chap. 13. Use and scarch strategy.
P. 159--173.

12

On theoretical problems of informatics. Moscow, All-Union Inst.
for Scient, and Techn. Information, 1969.
Review: Brookes B.C. — *’Journal of Documentation**, 1969,

vol. 25, ¥ 3, p. 262-264.

Fig. 21. Specimen index entries.
(Serial numbers correspond to the charnt in Fig. 20)



COM/WS/147 - page 190

Y ke ki Kor Ko Ky Fm b Baz By Ko

- o= = Subclass

Fig. 22, Graph of an hierarchical classification and the
relationship between its divisions {representied
by means of Euler diagrams}
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0  GUNERALITIES OF KNOWLEDGE

00 Prolegomena. Fundamentals of knowledge and culture

01  Bibliography. Cotalogues and booklists

02 Librarianship and reading

03 Encyclopaedias, Dictionaries, Reference books

04 Pamphlets, cuttings, contributions, summary pnblications
05 Peri.dicals. Reviews. Serial publications

06 Organizations. \ssociations, Conventions. Museums

07 Newspasners. [he press. Journalism

08 Colle. .ive publications and documents of specia: form
09  Manuscripts, Rare, remarkable books and publications

1 PHILOSOPHY. METAPHYSICS. PSYCHOLOGY. LOGIC. ETHICS

11 Metaphysic¢s and ontology
12 Special metaphysics
13 Spiritual life. Cultural and moral systens, anheres

14  Philosophical systems, speculations and ti.  les
15 {Unoccupicd, except for 159.9]

16 sgic and reasoning. Theory of knowledge

17 Ethics, Morals., Convention

i8  Acsthetics and taste (in general)

19 History of philosophy

2 RELIGION. THEOLOGY

21 Natural theology

22 Holy Scripture. The Bible

23 Dogmatic theology. Apologetics

94  Practical theology. The religious life, Christian living
25 Pastoral theology

26 The Christian Church in general

27  Christiar Church history

28 Christian Churches, worshipping bodies and sects

29 Oriental and other non-Christian religions and cults

3 SOCIAL SCIENCES

30 Socialo v. Soc.ugraphy
31  Statistic.. lemography

. 32 Political scicnce, Politics. Current affairs
33 Political economy. Economics
31 Jurisprudence, f.aw. Legislation
35 Public administration, Government, Defence
36 Social relief, welfare, movemints, Insurance
37 Fducation., Teachiag. Training., Schools
38 Commerce. Trade. Communications and transport

39 Ethnography, Customs and rites. Folklore

4 (Linoccupicd, since 196%]

Fig. 23. Main divisions in the Universal Decimal Classification (U.D.C.).
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5

51
52
53
54
55
56
57
58
59

6

61
62
63
64
65

66
67
68
69

?

71
¥2
73
74
5
6
17
78
79
8

80

9
91

9?
93

bl
Ce
‘I
[ N

¥
‘.

MATHEMATICS AND NATURAL SCIENCES

Mathematics

Astronomys Geodesy and surveying

Physics and nicchanics

Chemistry :
Geology and associated sciences, \leteorology
Palaeontologye Fossils

Biological sciences

Botany. I’lant biology and taxonomy

Zoology: \nirial biology and taxonomy

APPLIED SCIENCES. MEDICINE. TECHNOLOGY

Medical sciences. Health and safety

Enginecring and technology generally

Ageiculture. Forestry. Livestack. Fisheries

Domestic scicnce and economy. {ousehold management

\Mlanagement, Qrganiration of indusiry, business, communication
and transport

Chemical industry and technology

Industries and crafis based on processable materials

Specialized trades and industries for finished articles

Building: materials, construction, trades

THE ARTS. RECREATION. ENTERTAINMENT. SPORT

Physical planning. Landacape, parks and gardens
Architectute

Sculpture and the plastic arts

Deawing and minor {decorative) atts or crafts
Painting

Engraving, ptints and (commercial) graphic art
Photography and cinematopgraphy

Music

Entestainment. Pastimes. Games. Sport

LINGUISTICS. PHILOLOGY, DELLES-LETTRES, LITERATIRE
General linguistics and philology

82/89 Literatures ol individual langcages

GEOGR APHY. BIOGRAPHY, HISTORY
Geography. Exploration. Travel
Biography ’

History

91/99 Mediaeval and modeen history

SYNOPSIS OF AUNILIARIES (IN ORDER OF FILING)

Aggrepgation signs + and J (preceding the simple class number)
Relation signa : and { )

l.angwage anviliaries = ...

Form and preseatation asxifiaves {0..4)

Place, tegion, country anxiliaiies (1/9)

Race, p2ople, nationality awtiiaries (=...)

Time, date, petiod awniliaties "“..."" (alternatively belote ¢.)
Alphabeiical and numerical (non<l'DC) tuxiliaries A/7, No« 110 ...
Point of view subdivision: (...

Special auiliaties = ... and \0...

Fig. 24. Maia divisions {continued), and synopsis of astiliaries ia the U.O.C.
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General
621.Q questions
Cener.al Nucleonics
General 620 ?;:::::i\:
&« ;‘om iderations testing, etc, Steam
nventions 621.1 engincering
boilers
Generalities \a}’c:’hanical Tater power
0 Uibliography | 61 Medicine 621 Electrical 621:22 Iy draulic
JAbrarics, ete, cnﬁineulnp nmax hanes
Philosoph
1 Rhica " — 622 Mining
, ing
Psychology 62 sciences 621.3 Flectrical
engincering
Religion 6 Mildaxy
2 &ngineerin
Theology .\‘gﬁc\:‘hme neineering Iternal
orestry combustion
i":’;t‘:b;“ii’ng 621.4 engines and
Anin ue i
3 Social sciences lluntingrt ¢ :(:e;:pccml
l.aw Fishing Civil
62} engineering
(general)
4 Unoccupied o Domestic ;’;::t::uc
. s
E::"“") (ol 625 noa:" anq tall 621.5 Reltigeration
seie::gm engineering technique
S Pure scieaces ﬁSsbnmic::ion Hy dravlic
Vlanageme engineering
Yoy e Publicity 626 worke, Fluid storage,
:'»cpitnceg Ohemical Wserways 621.6 d_istribution
6 10edicine. 66 technology. :";?:s'
Technotogy) Ak tallurgy
- Katercourses
Ads :n:\::f.. . 627 {wbour sed
7 Eotectattunent " o8 proces sable brine warks Rorkshop
S matet als 621.7 [ractice
lastic forming
Ll‘h,‘isll’( s v._ ~ e s.\i ) ﬂc.' Fmesses
8 Philology indes tries for 628 W .
Brllessletiee s |68 manvisttwing erintering . :;’:h‘-m] parts
Literatere : cbiefh‘ vy Mﬁr;a ¥
9 Hicowy 69 Iohept
inhestry 621.9 Machine tools

and operations

Fig. 25. Deciphering of a U.D.C, aember
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Inclusion ‘ Difference
y
B %
A< ANG or A-8
Union Complemeni

Figs 27 Giaphical representation of relalions between
sets (by means ¢l Venn diagrams)
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Fig. 28. Rocking principle of the Uniterm System
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Fig. 30. Examples of codes for edgesp.: <ed  ds,
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MICRONAVE JUUANAL, 1969, 42, N &, 1-104
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Reflflex

Stabilization process

1
copying

DTR and gelatin-dye-

Xertography

3 Original

L%y Photoconductot
plate

m Developed image

P Lo Paper
Phol(:condlclot

plate

treasfer
ight
Light . L:‘ -—ID Lndeveloped
ot — Undeveloped i3 fgrt- , negative
negative KA
LI lE) Original ' =3 Original
Developed Developed
negative " hegalive
Positiv
Diazo Thetmogeaphy
Ultraviole:
Infrared
[Tr-L . ‘-’-!7"30:{ el o Jmn ) b | b Heatesensitive
POt EALY e BN BI .i._. -iz b ‘.-_ pﬁper
R Sle AUl Diazo papet ! .
cm My Developed RELGEA N Originl
diazo paper
Electtography

Electeolax

Photrconductot
paper
y“"‘m Pholoe onde.tct

paper

Fig. 35, Schematics of the basic copying processes
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ERIC

Aruitoxt provided by Eic:

Advantages

—— s ot ot e

leflex ¢

High=contrast copies from iine and
halfstone {excluding Verifax) orie
ginals of any colour (except yellow)

Dia

Lasting and most cheap copies from
originals of any colour (cxcept
blue and violet).

Disadvantages

opying

Copies require drying up and tend
to darken or fade out with time.
Their cost is rather high.

zZ0

Requires translucent original with
image .n one side and involves
the use «f highly odorous
chemicalsg.

Thermography

The fastest and easiest method of

copying of lelterpress or typescript
images and line drawings. Dry pro-
cess in lighted roum.

Lasting copies of excellent quality
from t extual and line originals of
any ¢olour on standard slationery
and many other materials. Dry pro-
cesser in lighted room,

Elect

The basic merits of xcrography, plus
quality cepies from illustrations
aad originals with large solid areas.

Xerography B

Loer not copy inscriptions in
writing ink snd other organic dyes.
Copies wili darken and become
brittle in time.

Poor copies from halfstone illuste
rations and originals with large solid
aveas, Expensive equipinent requiring
skilled personnel to operate.

rofax

Requires special stationery, from
which the image may be easily
scratched with metal objecis. Some
apparatus invelve wet processes,

Fig. 36. Relative advantages and disadvantages of the

ditferent copyi

ng processes,
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Letterpress

XM.. ]

'd
Printing /

clements
Gravure

White space
elements

Fig. 27. Schematics of the different printing methods
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llectograph

Wetting device Master
Paper leeding . .
device 1 Impression drum

/ () " (cylinder)
\) .
L——m—. ) Printed paper sheels
Rolter
Pressure roller

Rotary stencil duplicator

Ink bath

Distributing roller

Inking e
¢oller

Drum (cylinder)

TN _Paper sheet

@ = Impression roller

Master cylinder

Rotaprint
Wettjng
device

Blanket
cylinder ~

Inking device

—<— _~Paper on feceding
lmprints op

O
receiviug tva @
\é’% Impression cylinder

Figs 39, Schematics of operation of the hectograph, rotar,
stencil duplicator ard rotaprint,

Adopted from the book "Razmnozheriye tekhnicheskoy dokvmentatsii®’
(Duplicaiion of techuical d ocuments), by V. D, Zasoy and V.N, Yurin, Moscow,
"*Mashinostroyeniye, 1968, p. 129, 135, 137.
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Criterion for

selection

Equipment

e —

Typc\vnter
Avtomatic typewriter

eabla
L/ E———

tlectograph with chan:c
ns

=

cclograp

_{spirit duplicating)
stamping 1

Rotary stene

]., &'

!
1
th

or

wix  sencl

- -

aior wi

electronically_cut stencii

nolary sl

Up ]

engt

Rutaprint

(offsct duplicatine)
Addressing machine

Acceptable quality

X,

Good quaiy

Excelent quality

RS

Colour I‘(llustrations:l Text Imprint

Typewritten

Any kind

_l?inc

N

N

Fine line (engineering drawings)

BN

Halfetone

prmee e
e

One colour

3

Multicoe
lour

—I-J-p to 6 copies

in one run

in several runs

e

N

!

From 6to 12

N

Y 4

From 12 to 100

N

N
N\

R

N

NN

7

[-]

=

€ tFrom 100 to 300
From 300 to 3000

S

Writing

& .

g Typographic

o

:"i Offsct

“ INote

1

:

Fig. 40. Choosing means of document dup.ication,

Symbols: 3

recommendable

acceptable

Adopted from: Schéppenthau H. Rationelles Vervilfaltigen, —
"Rechentechnik®, 1966, Jg. 3, M G, S. 27,




