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Introduction

This is the first report prepared Jointly betwegn the
Operations Research Center, Institute of National Planning,
and the National Information and Documentation Center, Ministry ;
of Sclentific Research, as a result of the effort carried out
by the group.

The purpose of this study has two dimensions. The first
is to acquaint and train a group of Scientists in the field
documentation and information retrieval about the Present state
of information and documentation techniques from the theoretical
points of view as well as from the equally important aopllcations
examplified in this first case with the equipment available at
the Operations Research Center.

—i
The second dimension is to stimulate a deeper consciousness

among governmental,academic and industrial institutions about

potentialities of information,information retrieval techniques

and their important role in the development process and particu-~

larly in the progress of science and technology which is the

bulwark of the national economy.

The joint cooperuation between both institutions in the
field of information retrieval 1s a pioneering and rewarding
experience. This example should be continued between the two :
institutions and also should be followed eamong other institutions
interested in the information retrieval field.

P



Chapter I

The Need For Information Retrieval

l.1. The Value of Informations

The value of information as an essential preyequisite
for progress and development has become an undisputed fact in
beth advanced and developing countries. If countries have
realized early the value of education in the process of develop-
ment they have now mobilized a great part of thelr efforts
towards the maximum accessibility of information because of its
great Tole in developing their economies based principally on
science and technology. ,

The extent to which the research worker depends upon the work

of others has been clearly stated by one of the greatest of all
scientists, the atomic physicisty; Ernest Rutherford. As guoted
by James Newmanim a receni issue of the "Scientific American®,

_ Lord Rutherford said:

"T have also tried to show you that it is not in the nature of
things for any one man to make a sudden violent discovery;
science goes step by step, and every man depends ga the work of
his predecessors. - When you hear of a sudden unexpected discovery
a bolt from the blue as it were - you can always be sure that it
bhas- grown up by the influence of man on another, and it is his
mutual influence which makes the enormous possibility of
scientific advance.

Scientists are not dependent on the ideas ofa%ingle man, but

on the combined wisdom of thousands of men, all thinking the
same problem, and each doing his little bit to add to the (1)
greagg structure of knowledge which is gradually being erected’.

As a commodity, information has two characteristics
which can give it momitary wvalue:

i. Relevence.™

ii. Timeliness. :
If either of thege characteristics is missing, the information

(1) U.S., Congress, Senate, Committee on Government Operation,
* Science Program, Report No. 120, 86TH Qongress, First Sess.,
1959, p. 12Q;
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is useless.

Information centers are operated in order to provide =
information %o those who need it promptly and comprehensively
from the world - wide lifteratime.
The uses of such information ares—
a. It makes possible the completion of some projects
which otherwise would have to be delayed or abandoned !
for lack of kxnowhow. 1
b It saves valuable time for research and other decision -
making perscnrel.
¢c. 1t helps develop knowledgeable and effective management
at all levels of an organization.
d. It avoids undesireable duplication of research or
other efforts and thus saves money which can be alloted
to other productive PUTpoesSEsS.
—h
&
1.2, The Information "Problem" and the Information’Bxplosion”?
Nowadays published and unpublished litersture is increas-
ing in quantity and complexity as a consequence of the expansion :
of human intellectual activities which resulted in a flood of g
literature and recorded knowledge unmatched in previous history.
It is estimated that about 55,000 periodicals are pub-
lighed annually containing about 1;200,000 artiicles of potential
interest. Published literature includesalso about 60,000 books
as well as about 100,000 research repdrts and pamphlets..etc.
Within this vast bedy of world wide research, published and -
unpublished, in different languages lie the information that’
research workers need to perform their wonkﬁl) L ¥ Y
Pfet o

More information has been produced than can be stored
and retrieved. At the same time the need for effective exploita-
tion of the literature is increasing .because of the increasing
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pressures for avoidance of rep@tition and duplication of research.
This is a common problem in both developed and less developed
countries., The problem may be more scute in the developing
nations Tkegansge they cepnnot afford to duplicate already done
research.

Abilities of indivédual libraries, documentation centers
& orgapizations to cope with this flood of literature are dec-
reasing. The traditional library methods in storage & retrieval
of this information are no leonger adequabte To respond to the
complex demsnds and information requests of engineers, scie~tl sts,
managers, decision makers... etc..

Thus the trend and the need to develop traditional library
& decumentation techniques and to use mechanical methods & devices
is pregang in order to collect, store, organize, dessiminate and

: % : i
ratrieve the information,

1l.3. ZIraditional versus Non-Conventional Information Retrieval
Syshems:

Traditional library methods and technigues in analysis,
ergenization and storage of information are valid only To meet
limited requirements of research - workers in location and
identification of needed information. But the complex and
diversified needs snd requests of research-workes nowadays have
proven to be only met by advanced methods and techniques in which
both the machine and the humanbeing constitute a functional
information retrieval system. '

; It bhas to be asserted that the long developed and adopted-
libraxry techniques & procedures especilally cataloguing, clessifica-
tion, circulation as well as reference services constitute the
basis from which different information retrieval systems have
emgnated as evolutionary (and may be revolutionary) to respond
to the previous mentioned complex & diversified needs of

research workers.
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The greater degree of depth of apmalysis of information
contained in documents is one of the main characteristics of non-
conventicnal sysbems and which make them superior to traditional
eneso.

In 2 comparison between traditional and nom-conventional
systems, 1t can be said that analysis of information occurs by p
the following three methods:

Classification - Abstracting - Indexing.

lo3.1 Clasgificsation :

It is a systematic logical arrangement of index enteries
usually in a hierarchical or tree pattern. The standard
library classification systems, such as Dewey, Decimal, Bliss,
Cutter, Library of Congress and Universal Decimal, all txy to
be hierarchical systems. The terms are arranged so that they
proceed from the most general %o the most specificgl) o

The traditional library.classification (e.g. Dewey Decimal
Classification or Library of Qongress) is a rigid classificstion
which is often called a®pigeonhole® classification aand it
involves the characterization of each record from a single point
of view. When a record is to be stored, and enly a single copy
is available, a pigeonhole, or a single physical location, must
be provided for this record.

Most classifications are artificdal or synthetic and when
these classifications are developed still represent, individually,
a single rigid approach to a subject. This does not coincide
with the needs and viewpoint of the searcher because records
which contain information are generally multidimensional in nature.
Hence the physical classification of records often tends to
assume the characteristics of a rigid classification.

Information retrieval systems stress the utilization of D
multidimensional approach in classification in order to respond
to the multidimentional requests of researchers and also in

(1) IBil, Reference Manual, Index Organization for Information
' Retrleval,p,go
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order to avoid the problems of the expansion of notation of

clagsification.

1.3.2. Abgtractings

An sbstract is a summary of & publication or article
accompanied by an adeguate bibliographical description to enable
the research workexr to trace fhe publication or the article.
Three types of abstracts can be identifieds~

a. Traditional abstraci: which may be either descriptive
or informatigs. The former kind embodies a general statement
of the scope of a document bub this abstract does not substitute
reading the original document. The informative abstract is
written in order to provide a concise bub comprehensive summary
of the significant items of the document and this kind of
abstracts may serve as a substitute for reading the original

document.

b. Extract:and this is analogbus to an abstract in that
it represents what 1is congidered by an analyst to be the important
subject matter of a graphic record and this extract is selected
from the original words of the documents.

Extracts may be selected by human analysts, or by the
application of machine techniques to produce the "auto-absirac

The technigues used by humans to prepare extracts are
subjective, and involve the exercise of judgementby an analyst
in order to determine which portion of a document is of suffici-
ent potential significapceto warrant recording. When a machine
is used for extracting, the entire teit of a record is converted
to machine - readable form. '

t“(l)

(1) H.P. Luhn, "The afitomatic creation of Literature. Abstracts".
IBM Journal of Research and Development, 2, No. 2 (April 1959),

Pp. 159 - 165
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It is then scanned by a digital computer. It is assumed when
applying these methods that the frequency and distribution of
keywords in the text can be used as the basis for determining
the relative significant sentences in the text. Following this
assumption, the sentences that are highest in "significance™
(as determined by their high content of keywords) are printed
out to produce an extract or "embte - abstract®,

c. MTelegraphic abstract ‘L)

4 telegraphic abstract is a detailed index to a graphic
record. It is composed of:

'(i) Significant words selected from the document,
(#1) Code symbols called role indicators which supply

TR context for the selected words, and '

(iii) Punetuation symbols which separate and group the
words end role indicators into various units in
somewhat the same fashion as conventional
punctuation does,

A file of telegraphic abstracts, though it is not used in
the same way, serves the same burpose as a conventional index or
card catalog - that is, to locate literature on a given subject.

The finished product of telegraphic abstract is a reel of
tape with the information which the abstracters have partly
furnished, translated into a computer code ready for searching by
machine.

The purpose of the telegraphic abstracts, then is to
provide’ "input" to the machine in a consistent and Predichableée.
form so that the machine can be programmed to search for certain
bredictable forms of information within this input. Details of
application of telegraphic abstract is discussed in chapter (3)
about the Western Reserve University information retrieval system.

(1) For definition of different types of abstracts see:
kent, Allen, Text book on llechanized Information Retrieval,
p_p 1100“105. . y o



le3.35. Indexings :

Indexing involves the generation of index terms and the
systematic ordeging of these terms into am index. An index term
is a device used to characterize the information content of a
document.

The group of index terms used in the information system
constitutes the list or dictionary of index Terms.

Indexing may be performed in two different ways. One is
to derive appropriategindex,terms;(:deriveduimdexfl.diréctly.=
from incoming documents by lifting certain words or phrases from
the text. The second way is to assign appropriate terms o
documents from a pre~established index (assignéd index). (L)

The form of indexing that is simplest to dpplj is the one
that assumes on the part of the indexer the least amount of
subject - matter background and the least amount of technical
skill in indexing. It is in this type of indexing that a
nachine can gerform with precision.

Indexing involves the traditiongl library techmiques in
subject analysisjnamely the use of subject headings, which can be
chosen from a subject authority list. In information retrieval
systems-both manual and mechanical-the same principle of subject
analysis is appiied, but more depth of analysis is the main

objective of these systems.

If we call the individual terms as subject headings in
traditional methods we refer to these terms in nonconventional
systems as descriptors, ksywords, key-terms, discriminators,
identifiers, or uniterms.

The two types of indexing can alsc be mentioned as followss

A) Word indexing,
B) Controlled indexing

Word indexing, which involves the selection of words from a

dochment, and their use as -index entries. Whegeas controlled

{1) 1Bk, general Informebion Waznel; Storage, Retrieval and
D*s»emlra ifon of Information, pP.6.
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indexing lmplies a cereful selection of terminology, for storage
in the index; im order to zveld es far as possible, the scattering
of related subaects under different headings. The control may be
imposed by llmiting the indexing ing(s) hHon st : 3

~«  (a) the subjeets thet msy be chosen.
(b) the number of aspects that may be phosen,
{oc) the langusge used to express the results of analysis.

Brampleg of two ram@ua word indexing systems can be mentioned,

(1) Kay u%ord ~ - Context (KWIC) or Permutation index:

Thig 1g an auto - encoding system where a computer recog-—
nizes significant words (keywords) and these words would be
verputed to & predetermined position for alphabetization. When
this process is applied to a title of an article or its abstract,
all nonsignificant or "common" words are ignored. The following
example is an illustration of a KWIC index prepared by IBM
company aboul the titles of articles published on informatic
retrieval and machine translation. (pesge 9 )

(ii) Uniterm Indexings

This is an index which involves the analysis of The contents
of graphic records in terms of single descriptérs called
"uniterms" to define a document and to facilitate the manual
coprdination of these descriptors.

For exmmple, using the following subject headings Zirconium -
Phygical properties - Tensile strength - High temperature, a card
would be prepared for each descriptor used (term card) and the
document numbers, referying to the document that contain this
information, punched into fthese cards. When references are
wanted covering this complex subject, the appropriate term cards
are pulled and matcheds All document numbers which appear on all
four cards will contain {nformation on the high temperature
strength of zirconium, If one is searching for the more general

topic of physical properties @f Zirconium then a match of two term
cards Zirconium and Physical Properties will alsc retrieve these

documents.

-
-

e



ING SYSTEM BASED ON THE

SYSTEY PROPOSAL FOR AN

OW SCANNING SYSTEMS FOR
AGEMENT CENTER WITH THE
HIS o=

SEARCHING SYSTEUS.=THE
PURE SEARCHING WITH THE
FORMAPION .-RETRIEVAL FOR
INVERTED CARD FILE —
TEVAL, TECHNIGUE FOR THE
FORMATION RETRIEVAIL.=/
(KWIG)INDEXING ON THE
AND INDEXING USING THE
EXP(XKWIC)INDEXER .=/
TON FOR KWIC INDEXING (
DOCUMENT RETRIEVAL.::/

, THE
TEGHNICAL DOCUMENTS .=

IBM
IBM
IBM
1Bl
IBK
IBu
IBM
IBl
IBM
IBi
IBuM
IBL
IBM 1
IBM
IBM
IBM
IBM

e

KWIG INDEX

COLLATOR.=AN INFORMATION SEARCH
DOCULENTATION CENTER.=THE MODEL
TNFORUATION RETRIEVAL RESEARCH.=
PUNGHED CAROS AS APPLIED TO INFO
RAMAC 305,=INFORMATION RETRIEVA
RESEARCH LIBRARY-YORKTOWN HELG
TYFE 650 PROGRAM LIBRARY REPCRT
UNIVERSAL CARD SCANNER FOR PUNCH
101 .=MACHING LITERA.
1401, ,ASK, ,TAPE SRARGH PROGRA
1401 INFORMATION RETRIEVAL SYSTE
¢4an-SNOOPmAN INFORMATTON RET
620/ IN
7090 OPS.=KEYWORD IN CONTEXT
7090 OPS.=THE MERGE SYSTEM OF 1
9090 PROGRAM/A{ BIRLIOGRAFHY)
7080) .=0N PREPARING INFORMAT

IBi~-705/ / FREHCH/ AN EXPERILENT 1IN

IBM
1B

9900 SPECIAL INDEX ANATLYZED,.=
7090/AN AUTOMATIC SYSTEM FOR AB

.

TANCER-56-=15
TEOEDO-61L-MT
MAGNJ J—-61~1T
TUENHP~59-R8
TC0B26-61-1R
RANCGE-60--IR
POLIARZ=58=1T
LUENHP=-58-T1
NO20AL -G L -IT,
BERMCJ-02-IR
NEWKM =62-=ICF
STREVCW-62-31TR
CAMWS -—-62--IRY
WADDRV=-£2--EC
STANRH-GZ2=MS
WADDRV=02-BK
BALAZCEF-02-PL
APICOG=G2~EAT
MURPRUE-58=1I5
GALITA-GZ=AS

The user isexpected to scen down the ceabter of the page to locate a desired index

word (in the above example "IBW"),

and to note left and wight modl

fying words. If the

index word is of interest in its original context then the source document {LANCER-
56-I8) is examined as shown in the first line.
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“Uniterm Cards ~ Manual mnt(:h.lng( )

The matching of terms o find information is not efficient
in manual system$,but lends itself to mechanized and semi -
mechanized procedures. The actual visual matching of numbers is
a fatiguing process snd mechanized systems are performing this
matching efficiently as it is applied in the CROSS Index
(computer Rearrangement Of Subiect Specialities) as shown from
the following example taken from the Biological Abscracts (BA). 5

THE CROSS INDEX :

ARRANGELENT The subject headings correspond with the titles \
of the sections and sub - sections of Biological Abstracts. These "
headings are arranged in %he order of their appearances in
Biological Abstracts. Under each Lheading, arranged in ten
vertical columns, are the numbers of all those abstracts which
CR) .L.bu, Reference Manual et e, D22,
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pertain to that heading (BA section or sub - section), those
printed under the heading, and those crLoOss. - referenced to it.
The ten vertical columns are based upon the terminal digits of
the abstract number.

USE: The primary use is the determination of all those abstracts
which are pertinent to a particular section or sub - secticn

of Biological Abstracte, The second and in many cases the more
important use of vne CROSS Index is for the determination of

those abstracts which have interests common to two or more -
categories in Biological Abstracts. Abstracts which have common
sertinence to two headings may be compared with as many other
headings as will be usefull in a progressive narrowing of the
search for the exact combination of information attributes wantedgl)

0 1 2 5o RS E oog e ilhgs -8
GENERAL BIOLOGY-PHIIOSOPHY
44628

44641 44642 44948 44949
i, o 49084

GENERAL BIOLOGY—TAXONOMY ,NOMENCLATURE, TERUINOLOGY
44630 - | 44629
47480 48302 48894

GENERAL BIOLOGY-EXPLORATIONS ,EXPEDITIONS
44631 48003
48990 ' 49018

GENERAL BIOLOGY-INSTITUTIONS,ADMINISTRATION
40632 44633 44634 44635 44636 44637 44638
' 44665 44668
44699
44759

(1) The previous description of the CROSS Index is
quoted from the Biological Abstracts Index for 1965,
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- The following is a summapy of the drawbacks of the traditional
information systems:

Lo

2a

2
o0

4o

De
=

7a

Can be considered useful and sufficient only when applied
in a small information wanbay,

It takes a considerable long time for searching,
Multi~searching is not possidle at the same time,

It cannot go so deep in specifying a certain document, e,g.
in a librany the uein subject headings of a document are only
considersd.

Searching is not so relevant,

The results of searching in thisg system are always uvnaccount-
ableo

The necessity of bringing the vocabularies of both the index
and searcher into coincidence,

To conclude we can say that information retrieval systems

have increased the capabilities of the librarian, the documenta-
list & the information scientist to analyse, organize & dissaminate
information to meet with the multi - dimensional and complex
requests of research - workerg ,scientists and engineers.

Information retrieval Systems have adopted many library

techniques, but developed them 5o cope with the Present explosion
of information and to control the flood of world literature,

4
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Chapter IIL

Mechanized Information Retrieval Systems

2.1. An approachs:

llechanized information searching systems are those that
are characterized by some device, manipulative technigque, record-
ing meddium, or similear non-—-conventional feature that distingiushes
them from the traditional reference tools of the library.

Although a"mechanized systen™ usually conjures up the
picﬂ@re of a computer, it is more than a single physical device
and it can be considered a system of interacting parts. Some
of these parts may be devices, some may be humanbeings, gome maybe
procedures.

2.2. The Choice and Design of an Information Retrieval System§l)

2. 2.1. Bbjectlves s

An information retrieval system can be judged as- gomd only
by the use to which it is put. Its objectives may constitute
maximization of profits and recéipts or fulfillment of an obli=
gation to promote the free flow of informetion among members of
an organization. The objective may be also providing new oI
attractive services in a competitive situation. Before all, the
objective of an information retrieval system is the provision
of information or documents, in response 1O requests with such

quality, scope, speed and economy that there is a scientific,
cconomic, military, or ather important Jjustification for its
establishment & maintenance.

2.2.2. Criteria to be considered:

(i) Clientejes Identification of Glientele or the
group of users of the retrieval system 1is quiﬁe important
and this identification is relatively feasible. However,

(1) See Kent, AlleNjyesccceecess Do 197 = 201, 209-17«
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after @ nsw systen has been developed, it can be expected
that he provigion of more effective service will attrect

a laprger ciwauuala than the already identified,

e

(i1) Subiject interestg and depth ofrénaLysig of
subject matter:

-Burveys of the clientele will provide some
guldance in this regard, However, interesis may change
on. develop with the eontluuous developenents and complex-

f af gubject matier and the continuous increase of
pua ;SJLL nd t mpublished literature. In any ‘case, subject
¢overage which can be determined by a delineation of the
sources of documents as well as the editorial policy are
required,

Degree of detall of analysis of documents has
pften been described in the literature by specifying an
"aVerage" numnber of descriptors, analytics, clues, or —
other reference points provided for source documents.

This nay or not be a valid way of measuring degree of detail
of analysis, since the mere proliferation of reference
points does not ensure greater or more effective benetration
into the subject matter of a document.

(iii) Precision of Services:

The precision of an information retrieval
system may be discussed in terms of the amount of documents
analys&d end subsequentely the number of documents to be .
provided in response to a question.

The precision of the service is also determined by
the pertinency or relevency of documents that may be
supplied in response to a question. This requirement is .
perhaps the most difficult to satisfy, since it has not -
yet been pqsgib;e to provige: an operational defiuition
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of pertinency upon which both designer and users of a
retrieval system agree. Precision of service is flnally
determined by the speed of providing information to 1ntar—
ested users. Speed in this respect constitute promtpess
with which unit operations of the retrieval system (acqui~
gition of documents, analysis, recording, storage, search,
and delivery of results) are carried out.

(iv) Costs

Phree types of costs are involved, The first
may be the capital costs for -goguisition and analypis of
records and for purchase of a search mechanism. Secondly,
opérational costs for conducting the services or for provis-—
ion of services. And finally, costs involved in not provid-
ing suitable information services,

Costs and expenditures of information retrieval system

are affected by the following considerations.
- Equipments When mechanized information retrieval systems,

" are8 designed, the desired speed of searchlng may aictate
the choice of equipment. However, % e "9

in many organizations equipment already being used for
other purposes sy be more or less suited for literature
searching. But we should not forget that the informa-—
tion retrieval field is subjected, nowadays %o intense
research activity and thus it is to be expected that
newer tools and equipment would be provided and it is
the management decision to select, choose, or substit—
ute existing equipment which may becomne gbhatlete.

— TForm of Input and Qubtput: The design of a retrieval
system must take into account the costs involved in
the storage of data or documents in the form of micro-
£ilms, punched cards, magnetic tape,paper tape, disks,
etc., which itself i1s determined Dy the choice of a




'. gdbéb¢l“fg WltJ other systemss

l-_~°16-b :

particulsr rotrieyv l system, Again output must recieve #
due consﬁoe“dti*n because thecusbomer may require a

particular ﬂ*'wg shapey or-microform of output, Furth-
' e”mﬁrr,'Lf tiie cutput is to undergo subsequent processing

by the cusbomer, care must be devoted to assuring that
it can be processed by equipment available to him, or .
within bis Linsncial mesns,

mysben may be influenced strongly

;bj gb“ L,ﬁu i“ coprdinate with obher exlstlng systeings or

w1th older &vstems. Tne:ﬂotlvation for acnlev1ng gompat-

‘xblllny is to avoid the expense of renraceSSlng materlal,

Cer of LS_ﬂg nore than one system in conducting a searchw

sPErsonne¢ Sk?llss

Avamlaeliibf of personnel trained in information
retrleval system d351gn and operation is necessary,

-E&perten»e is not only needed to "run® the system, but :
itide algo needed t0 -develop the system and jacquaintance

'75with cDﬂLlnqu aﬂvances in thls fieldy

(v) So»ieqy Response:

Aﬁ ‘mey be & huinen tradltion to resist mechanization

 ~0£ alreddy establlshed manual techniques because of imag-
**inanlve (or sometimes real) fear of getting rid of perso~
 nne1, The fact is that machines and mechenized systems .

will increase taman capabilities to control the flood of
literature and there would be no dispensing with trained =

c'personu¢l. Only these personnel have to be retrained on

-hhe TEW Lecuniques and new jobs would be created by the

'inﬁrodacbwon of mﬂchanized systems.

¥y
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Two groups are to be addressed with the introduction of
mechanized information retrieval systemss

a) lManagerial groups especially in industrial and
governmental organizations who are responsible for
taking decisions with respect to application of
mechanized systems in order to meximalize profits
or gains.

b) Technical personnel who are entrusted with the
acquisition, processing and dissemination of infor-
mation. A group of information retrieval specialists
have to be created from professional librarians as
well as from other sectors of sclentists and engineers
who are trained in this field. This group:s is supposed
not only to run informstion retrieval systems but
also to be'able to understand and apply advanced
techniques_and to be sble also to disseminate the
idea of utilization of mechanized information retri-
eval systems.

2656 Unit operations:

Any literature -~ searching system whether based on the
most traditional library methods or the most modern computers,
involves a series of functions or steps or unit operations that
must be carried through. These unit operations ares !

2.3.,1 Acguisition of source documentss

Achievement of acquiring "all®” source documents pertinent
to a special subject is practically improbable. The most that can
be attained is to acquire the maximum amount of literature covering
this subject (core literature) as well as selection of items of
interest to this subject from "peripheral"” literature.
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2ede2¢ Analysis of source documents.

This 1s conducted in order to infer the intentions of
the suthor as well’ as anticipations of interests of potential
readers, Indexing, classifing, or sbstracting constitute the
analyficﬁl work, Bub it is not possible to predict every varia-
tion of subject content that may interest some potential users.

I T b

.5.5. Control of termlnolqﬁz,and suh;ect headingss This control

‘ is an essentiazl operation which may be achieved by means ofs

a) Subject authority lists.
b) Role indicators or role directors,
¢) HModifications to index gntries,

&)s-Gross referencés” or thesaural associations,

f

_e) By use of codes to redond the terms chosen in any of the
above lndeXlug proceduress

-Terminology control ﬂas been traditionally accomplisied
bys (1) EHaving analysts (indexers, Cataloguers, Classifiers)
attempt~to remember tie headings or classes availsble for the.

Vearilous asuects of subject matter cuosen frow source docuuents.
gii) ETOVLd ing analysts with autnorlty *lists, scope notes, or 1qd~

£xes.: to claSSLflcanlon systems, to avoid placing too much

.i,\'
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reliance on human memory.

It is now possible with modern data processing equipment,
to impose, control cver raw indexing or classifying product of
analysts by means of dictionaries, "Hhesaurtl, or indexes which
are consulted meghanically or electronicelly.

2.%3.4, Recording or results of analysis on a searchable meddims:

Media suitable for recording may include:
a) Cards (such as catelog cards).
b) Marginal-hole, hand-gorted punched cards.
¢) Machine-sorted punched cards.
d) Punched paper tape.
e) Magnetic tape, cards, corss, or drums.

£) Films (unit, strip, or continuous), and others.

2.53.5. RStorage of source documsntss

The product of enslysis may be an ébsﬁract, an extract,
and/or a bibliographic references. An/ it may be stored as the
full text.

For document systems, it is sometimes economically
feasable to store full size copiss of bibklographic referencsss,
abstracts, and brief extracts together with "index"™ data. In
aspect systems, the very nature of the searching principle
(i.e. matching of document serial aumbers) mitigates against
storing a copy of a document together with the "index®.

2.5.6. Analysis of guestions and development of search strategy:

The analysis of questions iz conducted in order to transé -~
form the language of the inquirer into that of the information-

retrieval system and alsc to snsure that documents relevant to e

R



w20
the qgestion are identified wmtuoat oo many nonwpertlnent
documents“ The gearch sbrabegy is establlshed in order %o .
exploit in an opbimum manner the pecullar capabilities (of ﬂumanr
beings -and machine) of the retrieval systen used,

.5.7. gg#guctlng of searchs

" Search can be conducted by numanbeings only if results
of analyaﬁg are recorded on caﬁeloguﬁ cards for example, -.Search :
csagn also be coaducted by numanbelngs & machines together accord—
Zing to the technigues used &s ln case of marglnal-hole or ﬂaCﬂLne—
sorted-punched cards. Search is conducted only by eppropriate
.equlpment when macalne—sortedhpunched cards are used or when
punched cards converted %o punched paper tape or to magnetic tape
-are used.

2;5,8. Deldvexy of Results of Searchz

If The documents are stored separately from lndex data
tu&n the delivery of gearch results lmvolves the ioll@w1ng

_pnbcesses:~

a) ‘The search produces SErial or accession numbérs of documents
;findentlfled as being pertmment Go & guestion, :

U}b)"ﬂ.flle of documents arranged in approprlate order is
~ congulted in order 1o locabe the documents identified
:"durlng the searchs :

‘.-6)  The ‘documents may then be consulted, witisdrawn, or dmpled.

; 'If the docunments (or extracts, abstracts, bibliographic &
‘references, etc,) are stored Logetner with index data, tnen the
lsearch actually provides the saurce document by physically
'selactlng lt &8s with a marglnal—nole punched card or with a fllm
record‘ or by printing out as Wltm a magnetlc Gape systems

B
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2.3.9. Udlizabion of Regults of Searchs

Every machine literature-searching system involves a
men-machine partnership. Even 1f every step of the system
is mechanized, at least the final one, utilization, remains a

hunsn task.

2.4 Applications of Information Retrieval Systemss

Informetion storage & retrieval systems and techniques
go far beyond the handling of scientific and technical documents,
as most of these techniques are alsc employed for all types of
documents, for examples-

a) ZEngineering drawings.
b) Photegraphs.
¢} Maps.

d) Licenses,

£) Correspondence,

g) Becoks, reports, and other publications.

The same techniques esre alse used for information that is
not formally recorded in any document as for examples

a) Personnel information,

b) Programmatic informstion and like.



Chapter III

Examgles of Information Retrieval Systems In Action

F In this Chapter we will discuss two information retrieval
systems., The first is a manpal system and the second is the
Western Reserve University system which isa fully mechanized
information retrieval one,.

3,1, A Manual Information Retrieval Systems:

Marginal-hole punched cards are used in this system =nd
three types of codingzl) are applied to record the results of
analysis of & certain subject (Fertilizers in our example).

Zelel  Directy: Gode: where & seperate meaning is assinged %o
each individual part of the search medium in which a notation
mé} be recorded., In our example direct recording of broad
subjects of "Fertilizers™" are punched at left edge. Nqﬁghigg
appropriate holes indicates that the meaning attributed to that
hole is true for the record being anslized, This direét code
is illustrated in Master Card No. (1) as shﬂwnfbelowﬁp%gaAaﬁ)i

—

(l)A Code is any system of symbols in the communication process,

particularly a system that achieves some other desireable
advantages over common language or numerical expression|
(Documentation In Action, N.Y., 1956, pe. 19)

—-22=



»

Y

~23—

3.1.2. Indirect Jode:

This code may also be called "combination code" and is
used when there is need to provide notation for more subjects
or aspects than there are individual positions available on the
search medium. In our example the indirect code is used for
alphabetization of author's name mentioned in the document
analysed. The three first letters of the author's name are record-
ed by punching the appropriate number of holes in the above edge
of the punched card according to a system of numeration of the
alphabet. This indirect code is illustrated in Master card No. 2
shown below (p.26)..

The three first letters (PER) of the author (PERRIN)
are notched in the selector code in the above edge.

1)

(
3,103, Superimposed Gode§=“

The information specialist will select indexing headings
to analyse his documents from a subject authority list or comp-
iled by himself. Every one of these specialities (index headings)
will be given a notation in the form of randum numbers (randum
numbers can be chosen from an already prepared dictionary). Two
numbers are punched from the randum numbers and punching of these
numbers:will occur on the lower edge of the card. All the 29
holes in the lower edge would be used for the randum §uperimposed
coding. In order to determine the number of notations that may
be superimposed in the same field we must determine the number of
combinations that can be recorded in a field of known number of
holes. The mathematical equation that gives this number is:

g5 Hi
YI(H=-Y) !
Where: .
C denotes the number of combination of H things taken Y

at a time.
(l) See Keﬂt, Alleng ceoce e o0 Pa 183 e 50
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In our case, if we wish to attach a meaning to a combination §
Of two holes in a field of 29 holes, then we can indicate any one
of 406 subjects in that field. We determine this by substituting
in the above equations

29y (1) (l)_ 1 X2 X3 4evnease X 29

i TG0 o s X 29) = 406

=23
()}

It is obvious that in using notations for more than i
subjects, using randum numbers as notation, some unwanted
combinations will be generated, we should add that in this
manual information retrieval system only ncedles and a pur~ a7
are used. Ulaster Card No. 3 illustrates the randum superimposaed

codingi(p,27)
As an example for superimposed coding we can say that if we
have four subjects for which are given the following rendum

m
¥

numbers -
Subject Randum Hunbers
A 8 = 14
B 1l = 13
C Do =i 8
D 5 = 14

These subjects are recorded on the lower edge of the card
as follows: ;

L e — ) s e e

(l)The (1) sign is used in mathematics to indicate the factorial
of a number, i.e. the continued product of npumbers from 1
upward, If H = 3, then Hl mean 1 x 2 x 3 = 6
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(1)

3,2. Western Reserve University Imformation Retrieval Systeméﬂ

In establishing this mechanized information retrieval system,
the previous mentioned unit operation have been considered. The
system was designed to angwer metallurgical questions by machine,
i.e. metallurgy is the core literature and peripheral literature
is selected from such subjects as physics,inorgenic chemistry,
electro-chemigtry, etc.

Western Besemve system is used for analysis of scientific
literature, It is in fact a detailed subject index of articles
where the indexepr chooses greater number of terms in describing
the contents of articles. than is traditionally chosen, these
significant terms or keywords are called descriptors.

%e2sle DBasic Assumptionss

a) Western Reserve system is considered a controlled
indexing system where index terms describe the conbtents
of the article in four main conceptss

(i) |JMaterials,
(ii) Properties.
(iii) Processes.
(iv) Conditions.

b) Certain roleg which the words designating materials,
properties, processes and conditions can play in the
context of the subject matter, are also important in
indexing the subject matter for example, it is useful
to indicate whether a material is a starting material
for further processing or as a final product. The
devices used for this designation are called the "role
dndicators",

(1) Hyslop, MqR. "Answering lietallurgical guestions by
Machines," Special Libraries, 50, 435-42 Nov. 1959,

Lt
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" 3.2.2. OUPLIIE OF PROGRAMIING. PROCEDURE -

“ﬁl-

L)

a, Compile a preliminary list of IEnglish words to be
used as search criteria.

i. Discuss with the questioner modifications in the
gquestion that will provide either a more usable
question or a more satisfactory set of answers.

The question is unusable if some of its ideas
‘are not represented in the code dictionary.

ii. Iist the words, with a many synonyms as core to
mind, that must occur in the telegraphic abstract
of any article that will answer the question.

b. Compile the final list of words and codes to be
used as search criteria.

i. Using the word-to-code dictionary, look up the
codes for all the words on the preliminary list.

ii. Using the code-to-word dictionary, select related
terms to be added to the list.

iii. Using the code-to-word dictionary, determine the
shortest and least specific grouping of semantic
codes that can be used for each word or ses of
related words.

Be sure tizet a proposed grouping of semantic :
codes does not include codes for unwanted words.
iv. ©Select role indicators required to express

relationships among the terms.
C. Construct the program.

i, Write the formula using IEnglish words and conven-
tional Boolean-algebraic symbols.

ii. Substitute codes for words.

(1) pomphlet wivh limited distribution by the Center for
Documenbtation @nd Commynicapion Researcih, WilU, 1S62.



30w

iii, Substitute machine symbols for Boolean-algebraic
symbols,

5e2e24 IExample of a Question/Answer by WRU Systemjkl)

An actual example of the above mentioned system can be
shown.s

An American company sent to the @enter of Documentation
and Qommunication Reseerch asking to have retrospective search
(covering 1962 - 1963) about what is published on Bainite. In
the question the company was particularly interested in (a) .
mechanical properties (b) aWstenite to bainite transformation
and decomposition. From the question the following indexing
terms as well as the corresponding semantic code can be mentioned,

Terms ' Semaﬁtic Code
| A. Bainite LALL, 1002 RYNG 1013 RYRN 3002
B. Decomposition DATR 1002
Cs UMechanical properties PARPR 1087
D. Transformation CUNG 1019

It should be noted that the semantic code includes sll
other synonyms, €.Z.:
Bainite LATL 1002 RYNG 1013 RYRN 3002
Martensite LALL 1002 RYNG 1013 RYRN 3001
Troostite LATL, 1002 RING 1013 RYRN 3003
Anstenife LALL: 1002 RYNG 1013 RYRN 3025

(1) A practical Question/Answer conducted by Ahmad Badr at
western Reserve university, 1962.
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Tn our case bwo programs sre established, the first one
may be more specific in which the different particulars of the
questions are included in the program. The formula for this
program may appear as followss

GE(A)a, (B+C+D}j 6 .

‘Tn this formula the numbers indicate that the search
would be conducted on level 6 which means that all information
required should be found in one sentence and grouped between the

two main brackets. Also number 2 means that the search is . v .zuo™

ey

conducted on the level of one @r more words.

If we substitute the letters in the formula with their
codes, the formula may sppear as followss

6%2%I~1L, 1002%R-NG, 1015%R-RN [2#ED-TR. 1002 &
P-PR. 1087 & C-NG, 10196
Explsnetion of the substitution of the letters as well as
brackets and other machine symbols can be | slucidated by the two

tables of the Boolean FPolynomial and the Machine Symbols mentloned
at the end of this chapter.

(1)
The words are grouped into sequences of different complexity
called "syntactic"  grouping., Nine degrees of gomplexity are
provided for., The largest grouping is the abstract, celled g
grouping of "level 8", Level 6" is the grouping of the
sentence. A grouping of "level 2" consists of one or more
words. A grouping of "level 4" consists of one or more role
indicators & one or more 2 level groupings.

-~
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The program in machine language is then punched on IBI
cards. This program is fe@&  into the computer (GE 225) which
has a memory in which all literature are previously stored on
a magnetic tape. When matching of information required (indicated
by holes in the punched card) gccurs with that information stored
into the magnetic tape, the output (numbers of documents that
‘contain pertinent information) will be automatically listed by
the machine typewriter.

The output ( on punched cards ox lists) is checked .-
against original abstracts in the "Review of lletal Literature"
to select the pertinent answers of the required question.

3e244, THE BOOLEAN POLYNOMIAL

Boolean notation is a method for expressing the following
combinations of terms:

Combination Notation
A must be found with B A . B
Either A or B must be found A+ B
A must not be found with B A - B
A must be found with eitheér B or C A. (B +0})
A must not be found with either B or C A - B®C )

Levels on which combinations may occur are expressed by
enclosing the combination with numbered brackets.

Bxamples:
A must be found with B 2 [A ¢ B] 2
on the 2 level
A must be found with B 4 [A ,(B+G)]il-
or C on the 4 level
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A must be found with B
on the 2 level, with

C or D on the 4 level, 6[4[2[A . B]E . (C+D):]4 o E] 6

and with E on the ©
level

3 02 .5 ° MACHINE SYL\].BO.LS

Level Two and Above

l, Parenthesis or bracket open %
2., Parenthesis or bracket closed C1
3, . dot indicating logical and x®
4. ¢Plus sign indicating logical or &
54¢ Minus sign indicating logical not is indicated

by an asterisk followed by a space followed by

NOT followed by the set of terms to be negated,

which set must be enclosed in parentheses, S
6., universal character ey
7. space ;éA t

Examples:

P e e e 4[_&(‘ (B+G)]4 becomes 4%Ax%B&C IO 4
5. =N0T%A+B [
6 C-NS
7.  LATI&RERN%SGA/ .HA##

Tevel One

l. Logical and «(Period)
2, Logical oz /
Exampless

1. CUNS0L025 becomes CUNS. 1025
2. CUNSO1025 + CUNS01027 becomes CUNS,1025/1027



Chapter IV

Some Actual and Potential Information Retrieval
Systems in the U.A.R.

4,1. An approachs

World development in the area of computers as well as
information re&Wrievadl systems both manual and mechanized has
reached a highly advanced stage and is being developed all the
time. The U.A.R. specially in its social revolutionary st gzge
where science is its main tool,has not stood far from this world
development. On the contrary it has contributed aectively in
this field. The work being done in the Institute of National
Planning, Operations Research Center, as well as in the National
Information and Documentation Center of the Ministry of Sclentific
Research in the area of documentation, information retrieval and
applications of mechanical tools, including computers, may be
considered as a nucleus of the future trend in this field.

4.2: The super;gposable system of the National In*ormatlon‘and
Documentation Center:(l)

An 1llustration of a manual information retrievao.
system 1s the one applied at the Nabtional Information & Decumen— -
tation Center, Periodicals at the Center have reached about 3000
periodicals from all-over the world. Thus multidimensional types
of questions about periodicals became increasingly difficult.
Such questions as "what Russian periodicals in your library are
written in English in the area of nuclear physics?" or "what
German periodicalsdealing with popular biology?" The center has
developed a system to answer all these questions efficiently.
This system is called the system of superimposgble punched
cards. The following are the features of the system.

(1) Gawrids, "Superimposable punched cards...u.u.,see
: references at Gthe ena oI Lne Teport,
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a. Bach periodical is given a serial number which is a%
the same time its position on the shelves.

b. IBM cards are used but each card corresponds to a
certain aspect: (subject, language, couniry, frequency, years
of collection, etc). For example we will have one card for
"Russian periodicals“,another for periodicals in "orgenic
chemistry™ and so on.

¢. A single perforation in the punched card denotes the
gerial number of each document. That number is expressed by
a system of coordinates. The column indicates the hundreds and
the tens of the number, snd the position of the perforatica in
the column indicates the units. There is one drawback, however,
a card cannot take more than 800 pericdicals and thus snother
deck of cards must be started for each bateh of 800 periodicals.

d. A total of 275 different aspects have been selected.
Each card represents one aspect or feature.

e, Let us now suppose that we want %o select periodicals
combining two different aspects we take the two cards correspond-
ing to these two aspects, and by placing one on top of the
other we obtain the necessary information, since the squares
corresponding to periodicals possessing both aspects will have
been perforated on both cards.

g. The production of the cards is an easy matter with the
use of IBM machines. The first step is to make out a set of
cards, with one card for each periodical; on each card we
record, in code, all information relating to the corresponding
periodicel, i.e. all the distinctive aspects 1%t displays. By
the use of IBM sorting apparatus, we then pick out all the cards
which have a common aspect and thus discover which numbers
should appear on the card cerresponding to that aspect. This
process means that we can use the IBM cards as a document system
as well as the aspect system. An example of the card used is
shown in the figure below. A
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4,3, Information Retrieval by IBW Equipment in the Operations
Research Centers

Two experiments have been conducted in order to indicate — ™
the potentiality of some available devices and machines in
analysis, organization and retrieval of information.

o

4.%.1. Use of the IBWM Collatior O/7:

-

The objective of this experiment is to show the possibility
of greater depth of analysis of contents of bhooks (or documents)
than traditionally practised in the library. A number of hooks
have been chosen, some of them have a common subject. Keywords
selected from an aubthority list prepared by specialists in the
field are assigned to describe in a considerable depth the
contents of these books as shown in list No.l(p.4l) for one of the
books in which keywords describing its contents and corresponding
pages appear. These keywords are abbreviated to a feasable
degree. For example "LP" indicates linear Programming, "Egn" for
BEquation. Keywords resulting from analysis of the book are g\p
punched on IBM cards. The card has the design shown in Fig(l)
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which contains beside keywords, the accession No,; code, title of
the book, page number. Another card is prepared for every book
containing all other bibiliographic citations not included in the
first ones, such as: auther,publisher, year of publication, place
of publication, volume, copies, state of the book and pages,as in
Fig (2).

" An example of The analysis of three books appears on list
No.2.(pe43). From whichit can be sean .that the deck of cards of the
first book are arranged serially and the information given is
according to the design of Master card Fig(l).

List No. 1
Analysis of one of the books

Natanson, I.P.
Theory of functions of a real variable by
I.P. Natanson, Granslated by L.F. Boron. N.¥.

1955.

TERM Page
Infinite sets 1L
Correspondence One-to-One 15
Denumerable sets ‘ : 17
Comparison Power 27
Limit Point 34
Closed Sets 36
Interior Point 41
Open Sets 41
Distance 44
Separation i uu
Bounded Open Set.StructurQZ 47

e Closed " = '
Condensation Poilnt 50

Closed Set Power _ 50
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Measurable Sets

Bounded Open Set lieasure
§! Closed " =iy

Bounded Set Measure Outer
y s i Inner

Class lleasurable Sets

leasure

Theorem Vitali

FN lleasurable

Sequences

Convergance lleasure

Theorem Weierstrass

Integ:; Lebesgue

Bounded FN .

FN Primitive Reconstruction

FN Summable

FN Square summable

Norm

Converg ieah

Orthogonal Bystems

Independent linearly Systems

Spacek(f) and L (P)

Finite Variation KN

Integ Stieltjes

FN Monotonic

Mapping Sets

Diff FN montonic

Helly Principle

Continuous Finite Variation FN

FN L,

Absolutely Continous FN

Continous mapping

Indefinite Integ Lebesgue

Density PT

Approx. Continulty

=il

93

93
107
116
1lle
133
156
165
165
167
175
192
196
204
204
204
207
207
220
225
236
245
248
252
200
260



Acc.NOe.

3005945
3005945
5005945
3005945
3005945
3005945
3005945
3005945
3005945
3005945
3005945
5005945
3005945
3005945

5000596

2000596,

3000596
3000596
3000596
3000596
3000596
3000596

Code

5199200
5199200
5199200
5199200
5199200
5199200
5199200
2199200
5199200
5199200
5199200
5199200
5199200
5199200

5199200
5199200
5199200
5199200
5199200
5199200
5199200
5199200

2
BSer.
No.

Ol
02
03
04
02
o0&
07
08
0%

10

19
20
21

il B
LIST NO.
Subject Page
heading
PIVATING 0173
METRICES 0183
GAMES 0277
UNCERTANTY 0499
INFLUENCE 0012
@RIGIN 0012
DUALITYTHER@M 0128
SPACEVECT@ZR 0177
INNERSPACE 0254
CLASSICTRANSP@RT 0299
FIGWMAX 0385
ASSIGNT@PTIMAL 0316
B@UNDUPPERVAR 0368
GEZHIP 0147
CONCEPTS 0021
CEMPARISEN 0021
MAPS 0232
MATRICES 0378
GAMES 0499
METH@DS LuPLE 0053
CUTSSHPRT 0151
CHECKSC@MPUTATN 0151

LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR

LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR

Title

PROGRAMMING
PROGRAMMING
PROGRAMMING
PROGRAMMING
PROGRAMMING
PROGRAMMING
PROGRAMMING
PROGRAMUING
PROGRAMMING
PROGRAMIING
PROGRAMMING
PROGRAMMING
PROGRAMUMING
PROGRAMMING

PROGRAMMING
PROGRAMMING
PROGRAMMING
PROGRAMMING
PROCAMUING
ErOGRAMMING
PROGRAMMING
PROGRAMMING

AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND

EXTENTIZN
EXTENTION
EXTENTI@N
EXTENTI@N
EXTENTI@N
EXTENTI@N
EXTENTI@N
EXTENTI@N
EXTENTI@N
EXTENTI@N
EXTENTI@N
EXTENTIZN
EXTENTI@N
EXTENTI@N

METH@DS
METH@DS
METH@DS
METH@DS
METH@DS
METH@DS
METH@DS
VETH@DS
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5000596
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3000596
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3002548
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3002548
3002548
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3002548
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5100000
5100000
5100000
5100000
5100000
5100000
5100000
5100000
5100000
5100000
5100000
5100000
5100000
5100000
5100000

Subject

heading
CPLINGDATA
M@DTRANSE
COLPUTELECTRENIC
ANALYSISIN@GUT
MEASUR

DEPERIINANT
C@NPLEXNG
ALGEBEGN
DIFFEQN
BESSELFN
CALCSVECT@R
DIAGROUND
F@RMULAINTEREPPL
ANALYSISDIMENL
FNHYPERB
FPURIERSERILES
GAMIMAFN
ALGEBVECT@R
STRETCHSTRING
AFF SCTSKIN

28
29
30
51
32
33
34
35
. 36
37
38
39
40
41
42

Tivle

LIN®EAR PROGRAMMING METH@DS
LINZAR PROGRAMUING METH@DS
LINEAR PROGRAMUING METH@DS
LINEAR PROGRAMUMING METH@DS
LINEAR PROGRAMMING METH@DS

ENGINEERING
ENGINEERING
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ENGINEERING
ENGINEERING
ENGINEERING
ENGINEERING
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MATHEMATICS
MATHEMATICS
MATHEMATICS
MATHEMATICS
MATHEMATICS
MATHEMATICS
MATHEMATICS
MATHEMATICS
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MATHEMATICS
MATHEMATICS
MATHENMATIGCS
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If some body asks about books in a certaln subject key=-
words pertaining to the question would be selected. The board
of the collator is wired as shown in Fig (3) in order to
define the field of search. In this case the fiegld of keywords
is from column 15 to 46. All hooks pertinant to the required
subject;; can be selected by means of the collator through
matching punched cards carrying the selected keywords (program)
with all the prestored information.

An application of this experiment is that it is possible
to use the indices of books (whereyer ' available) as an analysis
of the contents of the books. These indices are understood to be
normalized.according to a standard authority list in order that
analysis would be controlled and uniform and consequentely makes
maximum avallability & use for information retrieval.

It appears from the above example that the search -
strategy is a single aspect one., The collator 077 can also be
used for other search strategies such as logical product and
logical sum illustrated in a simple manner as follows:

The'use of the collator in retrieval for logical product
is shown schematically in Fig (4)
7 COLLATOR FEEDS

CARDS

8F

58

2F

{'1_; XD FICa -~ ,‘ e,
ACQOLLLTOR: POCK L3
Pigure (4) Ireabment for loglesl wxpression, f.k
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Each card has two essential codes (letler representing
term, and number representing document). A typical question
could be the preparation of chemical A from chemical ¥, The
cards are stored in order,by term number, and for the logical
product A.F, the A and F decks are removed from the file, and
each sorted in ordex by document number, and placed respectively
in the two feeds of & collator. If all four collator pockets
are used, at the completion of the pass, the outside pockets
will contain unmatched cards from each deck, and the inside
pockets will contain cards with matched document numbers.

A typical question involving logical sum could be: the
preparation of A starting with either F or H. For the logical
expression A (F + H), the first step is to obtain the logical
sum of F + H as shown in Fig (5). Here the two decks are
merged into a temporary deck in pocket 2 representing their
logical sum. The second step Fig (6) is the matching of the
above temporary deck with deck A, just as in Fig (4).

The final matched cards from the last collator step show
the documents that comprise the answer o the inquirygl)

T

4.3.2, Use of the IBM 1620 Compubters:

This computer can be used for information retrieval pur-

 poses, although its main purpose is to carry out basic arithmatic

operations (+,-,X,+) as well as carrying out some logic

instructions as to compare between two quantities and follow

accordingly a prescribed set of instructiongs; or it may branch

to another group of instructions according to request and BO 0.
Programs for 1620 computer are usually written in FORTRAN

language. FORTRAN is a programmning langusge closely related to

the language of ordinary algebra. . Programs written in

FORTRAN are called Source Programs.

(1) See: Whaley, "The Use of Collator in an Inverted
File «Indeisy™ Speecial: libraries, 1962, 53, No.2 p.70~2.,

-



Since the machine cannot accept instructions except when
written in machine language, the source program has ©0 be
sranslated tc its corresponding machine lgnguage. This is done
automatically by the machine through a translator, called the
processor o the compilor.

Progreamming in FORTRAN dces not require at all any previous
knowledge aboubt CowpuGer. This enables scientists & engineers
to program on the machine without any necessary knowledge about it.

There are six hesic opsrations associated with the FORTRAN
language  Bach operabticn is represented by a gpecifi¢ symbol

as follows e

Operation symbed example
Addition + A+ B
Subtraction - A-B
Multiplication = A% DB
Division 7 A/ B
. 3 o T B

Exponentiatiion E E Az x B=(A")
Bquality = A= B

The following is a simple illuetration of FORTRAN programi-

1) L
inge ‘Consider the quadratic eguation
o e 10
3 x° + 1.7 x = 3L.92 = Q
fhe algsbric representabtion for one of the two roots 1is
J 2 =
- B 4 BT e 460G
X = -
24
A FORTRAN progrem Lhat describes this calculation is asg
follows:
A = 5-
B = J or?

G = = 31,92 g
Boot = (~B + (BxE 2 ~ 4. ¥4 % C) 2EE o5)/(2.mA)

(1Y An' examoie cuoted from LQS;GJ,'Q., ng;g Progre
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The first statement mesns : " assign the value 3. to the
variable A." The next two statements have a similar meaning.
The fourth statement means: " Evaluate the expression on the right
side and assign the result to the variable ROOT."  Of course,
the program also could be written as follows:-

ROOT = (= 1.7 + (lo7 & 2 = 4. % %0 x (=31.92)) 3= ,5) / (2. % 3)

It is clear that the computer carries on its operations at
a very high Spged(l) and also it carries on logical pProcesses
which mainly distinguish it from the desk calculator.

The followlng is a standard progream prepared by IBU
company for information retrieval on the IBM 1620 computer:-

(;Q The IBM 1620 computer adds 10 digits numbers at a rate ol
1000 additions per second and it can execute logical
operations at the rate of 5000 gperations per second.

»
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A Demonstrative FORTRAN Program For Information

Retrievals
DIMENS] ON (10) KM(]O}QKO(IO) KN(IO) ch(1o>,x(10)
INFORMATI ON REYR EVA[ nEMONsTRAxloﬁ

J W BURGESON

! B M AKRON

|_1 y N

JAND=L1554400
JOR5 65900, .

JBNT=42556300

1 TYPE 7800,

7800 FORMAT (&7H THE 1620 1S NOW GOING TO DEMONSTRATE TO YOU AN/

78 001 344 INFORMAT!ON RETRIEVAL APPLICATION//
78002 Ly YOUR OPERATOR HAS A DECK OF CARDS WHICH ARE/
78003 ?ghn REPRESENTATIVE OF A LIBRARY FILE, EACH CARD)
-~-JYPE o1 ‘
7801 FORMAT, (LhH CONTAINS INFORMATION ON ONE LIBRARY ARTICLE/
78011 314 THIS INFORMATION CONSISTS OF =/ ‘
78012 4o  TITLE VOL MO, PAGE NO, 6 KEYWORDS//
78013 78ﬁ§6H YOUR OPERATOR WILL TELL THE 1620 WHAT LOGICAL)
A TYPE
7802 ws?ggx aaaﬂ COMBINATION OF KEYWORDS TO SEARCH UPON.)
5 i
Ly 68 TYPE 91‘;3?
9432 FORMAT{11H SEARCH FOR)
..3 ACCEPT 7777, (K( e} IN(E),1=1,8),K(9)
7777 FORMAT (1 Ab} prEl 4
e KNT=D '
MEMe: 0
MK Oe=0
NKN=0
D0 L=
mz(')hs
601!? DEX=]=1". .
. GO TO 62
L COMTINUE.
. IMDEX=8
6;32 l...
i 5 2‘\.3%(!3

PFLEN(T 3-—‘1"&;\@)20 10,20
10 NKM=NKM:-1 .
V'k"fMaM)«:Ku

15 I=l+1 _

E JJ TO

F'(Mi( :9«.!0%\.) 50 25 50



25 NKO=NKO+1
KO{NKO)=KT s
RKO0=NKO+1 —%
| ={+1 _— -
KO(NKO)=K(I)
[F( !N$l)—JBNT§30 070,30
30 IF(IN !;mJAND 35, 15 35
35 IF(IN(1))b5,100, hs .
L5 TYPE 7805 o
7805 FORMAT (39H P EASE RETYPE THE SEARCH PATTERN. YOUR/
78051 37H TYPED LINE ABOVE DOES NOT CONFORM TO/ i

78(52 ' 184 MY SPECIFICATIONS/) .

GO TO 4568 -
50 [F(I N(lg—JBNT) 55, ,55
55 (F(IN(I)) 45,60, 45
60 MEM=NKM+? ... . . ..
~ KM{NKM) =KT
¢ TO 100
65 NKM=MKM+1
KM{NKM) =K T
70 [ =} 41
§§¥§E§§i§(!) | .
lrglh(i;-JOR) 75,70, 75
75 IFCIn{1))45, 100, ks
C . ANALYSIS OF SEARCH PATTERN COMPLETED
100 [F(ENDEX)%5 605 610
60 TYPE 78§o Ki )
GO 75..701
610 TYPE 7810,tK(!) IN(H),!uI INDEX) K(INPEX+I)
... TYPE 7870
7870 FORMAT (/3
701 IF(SENSE SWITCH $) 101,101
7810 FORMAT (17H VER!IFY SEARCH. AS/9A5/8A5)
101 TF{SENSE SWITCH 9) 500,102
102 {F(SENSE SWiTCH 1) 500, 105
h;gz §g§§ﬁ¥h4§§(KWC(1) SIml, é :
b} 6{1X,A *
. TFORKM) ab 131,110 ~ ’.(” ? ?))
110 D3 130 J=1 NKM
4 wo 120 imi °6
F’KWC(!)-KM(J))izo ?30 120
120 COMTINUE
. R0 TD 101
130 CONTINUE . \
C .. . PASSED MU*T TEST '~
131 1F(NKO) 45 15),132
132 BC 150 J=i, "NKD b2
. DO 140 =1, 6
!F(ch(l)-xo(d))iss 150 135
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13t IerﬁC(lJ«KO(J+1))1hO 1f0 1ho
140 CONTINUE ,
e G0 TO 18]
17 ¢ CONTINUE. .
C ... . PASSED OR TEST
128 LF(NKN) 2,200, 160
160 DO 165 Jni NKN
... DO 165 1
: lF(KWC(!)»KN(J))!Gﬁ 101 165
166 CONTHNUE & * _
¢ . PASSED NOT TEST
200 TYPE Lilh
KNT=KNT+1 -
GO-TO 101
£00 TYPE 785.0,KNT
PAUSE.. ...
TYPE 7860
GO TO. & 68
785 C FORY ATgszm ENMD OF THIS SEARCH, IS 6H FOUND//)
7860 FORMAT{/25H TRY A NEW SEARCH PATTERN//)
END

In the following page, sample input data is given.

)
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PHYSTCAL  REVIEY VOL. - 9 PAGE 24 INDIA FORCE STATE LARGE TEXAS PLANT
PHYSICAL REVIEW VOL 31 PAGE 57 PHONG CRUDE METAL SOLID AUDIT TREAD—R
PHYSTCAL REVIFW VOL 69 PAGE 34 MAJCR AUDIO OPTIC SOLID TURBO TABLE

PHYSICA!. REVIEW “VOL 53 PAGF 56 CURES SCLID MAINE SQOLID TABLE PORUS
PHYSICAL - REVIEW VOL 28 PAGE 99 COSTS BUTYL YAINE QUEUE ORTIC AXRON
PHYSICAL REVIEW  VOL 19 PAGE 58 MAJOR LATEX AKRON CRUDE INBIA GROUP
PHYSICAL REVIFY VOL 24 PAGE 49 FORCE RAYON RADIO LATEX INDIA METAL
EINSGANGENSCHAFT J.VOL 97 PAGE 67 TREAD SALES PECOS METAL STEEL BUTYL
EINSGANGENSCHAFT J.VOL 20 PAGLY 91 PLANT TYREX SALES CURES COSTS NYLON
PROC BRITISH Ceo Eo VOL 71 PAGE $1 GUIDE PHONO ATMOS LARGE CURES INDIA
PROC BRITISH Cs Ee VOL 85 PAGE 11 AUDIT MAINE AUDIT LARGE AKROMN SALES
PROC BRITISH Cs E» VOL 97 PAGE 94 TREAD COVER TREAD LARGE MAJOR TURSBO
PROC BRITISH C. Fo VOL 50 PAGE 13 OZONE .TABLE NYLON TIRES QUEUE AUDIO
PROC BRITISH Ce Eo VOL 75 PAGE 70 LARGE PLANT IMAGE .SOLID TYREX CRUDE.
PROC BRITISH Cs EWw VOL 51 PAGE 49 CYCLE RAYON NYLON SOLID GUIDE STATE
RUBBER CHEMISTRY VOL 64 PAGE 46 STUDY AKRON TABLE SALES .TIR'S GROUP
RUBBER CHEMISTRY VOL 72 PAGE 30 GROUP OPTIC LATEX LATEX RAYON TUBES
RUBBER CHEMISTRY ~ VOL 39 PAGE 59 I[MAGE INDIA OZONE CYCLE STEEL CURVE
RUBBER CHEMISTRY VOL 83 PAGE 50 VIDEQ OZONE AUDIT LARGE OPTIC PECOS
RURRER CHEMISTRY VOL 49 PAGE %1 RAYGN CYCLE STUDY QUEUE GUIDE [MAGE
RUBBER CHEMI1STRY VOL 9 PAGE 35 INDIA AJDIT CURVE LARGE TYREX MAINE
RUBBER CHEMISTRY VOL 43 PAGE 96 ATMOS AKRON NYLON CRUDE OPTIC TUBES
RURBER CHEMISTRY VOL 87 PAGE 18 RECAP QUEVE RECAP LATEX SPEED ATMOS
Jo AM.. CHEM. S0C. VOL 82 PAGE 60 RADIO IDAHO VY IDEO METAL LATEX PECOS™ ™ _
Jo« AMe CHEM. SOCe VOL 62 PAGE 27 TURBO CURVE 0ZONE METAL TABLE COVER
Jo AMs CHEM. SOCe VOL 72 PAGE 18 GROUP QUEUE SMALL CURES SALES IDAHO
Jo '‘AMe CHEM. SOCe VOL 73 PAGE 91 PECOS TYREX SMALL METAL STEEL STUDY
J. AM. CHEM«. S0C. VOL 51 PAGE 61 CYCLE MATNE MAJOR CYCLE TREAD AUDIO
Jo AM. CHEM. SOCs VOL 33 FAGE 93 VIDEO ATMOS BLIMP TIRES LATEX IMAGE

© Jo AMs CHEM. SOCe VOL 33 PAGE 9 VIDEO INDTA TUBES SMALL VIDEO BUTYL
“Je A¥, CHEMs SOCs VOL 35 PAGE 39 AUDIT EMAGE SPEED SALES FORCE SOLID
Jo AM, CHEMs SOC. VOL 98 PAGE 35 NYLON AUDIT LARGE LATEX LATEX OPTIC
Jo AM, CHEMe SOC. VOL 54 PAGE 8 TUBES LATEX CYCLE METAL PORUS PHONO
Jo AM. CHEM. SOC. VOL 85 PAGE 4% AUDIT NYLON TYREX LARGE TAD' = PHONO
Jo AM, CHEM. SOC. VOL 45 PAGE 15 TEXAS STEEL -CURVE TIRES T1.+5 TREAD .
INTERNAL DOC. FILE VOL 35 PAGE 4 AUDIT TUBES INDEX TIRES FORCE SALES
INTERNAL DOC. FILE VOL 3 PAGE 83 CURES VIDEQ TYREX TIRES SPLED COVER
INTERNAL DOCs FILE VOL 96 PAGE 86 AKRON BLIMP AUDIT TUBES STUDY TURBO -
INTERNAL DOC. { ILE VvOL 43 PAGE 13 ATMOS TABLE GROUP CYCLE IMAGE COSTS
INTERNAL (t0Ce FILE VOL 19 PAGE 79 MAJOR PORUS AUDIO LARGE INDEX BLIMP
INTERIAL DOCs FILE VOL 40 PAGE 56 BUTYL SOLID SOLID CURES GROUP RADIO .
INTERNAL DOCs FILE VOL 81 PAGE 39 PHONO IMAGE TUBES TUBES MAJOR RECAP

walple Lnput Data
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) ;ILLUbTan'VW SOTVED SAXAMPLE BY Thom COubULmK

THE 1620 1S NOW GOING TO DEMONSTRATE TO YOU AN
iNFORMATION RETRIEVAL APPLICATION

YOUR QOPERATOR HAS A DECK OF CARDS WHICH ARE
REPRESENTATIVE OF A LIBRARY FiLE, EACH CARD
CONTAINS INFORMATION ON ONE LIBRARY ARTICLE
THiS INFORMATION CONSISTS OF -

TITLE VOL NO., FPAGE NOs 6 KEYWORDS

YOUR OPERATOR WILL TELL THE 1620 WHAT LOGICAL
COMBINATION OF KEYWORDS TO SEARCH UPON,

SEARCH FOR
{NDIA OR PECOS AMD CURVE AND TYREX OR GLOPP AND LARGE BNT QUEUE

VERIFY SEARCH AS
INDIA OR PECOS AND CURVE AND TYREX OR GLOPP
AND LARGE BNT QUEUE

RUBRER CHEMISTRY  VOL 9 PAGE 35

END OF THIS SEARCH. 1 FOUND Keyed By The Qpe rator

TRY A NEW SEARCH PATTERN

oEARLH FOR
Gi BBERISH i
PLEASE RETYPE THE SEARCH PATTERN. YOUR
TYPED LINE ABOVE DOES NOT CONFORM TO
MY SPEC!FICATIONS

SEARCH FOR

RECAP OR TYREX BNT RAYCN
VERIFY SEARCH AS
RECAP OR TYREX BNT RAYON

%

E1NSGANGENSCHAFT Jd.VO0L. 20 PAGE 91
PROC BRITISH C., Eo VOL 75 PAGE 70
RUBBER CHEMISTRY VOL ..9 PAGE 35
RUBBER CHEMTSTRY~ VOL 87 PAGE 18
Js AM; CHEMs $S0Cs VOL 73 PAGE 91
Jo AM, CHEM,"SOC, VOL 85 PAGE 48
IMTERNAL DOC: FILE VOL 3 PAGE 83
zN*ERNAL DOC. FILE VOL 81 PAGE 39

&



A Demonstrotive Symboiic Program for Information

W,
0

] s NETY
i : : 00402 34 00000 GO102
WATY COMI
00484 30 01687 00°'N0
RCTY
nok26 3% 00000 00107
WATY COM9
00438 39 01783 00100
H :
o045 0 L8 00000 00000
BNCL STT
00462 L7 00,94 0040C
RCTY :
00474 34 00000 00102
WATY COM2
‘00486 39 01837 00100
RCTY ’
00498 34 00000 00102
WATY COM3
00510 39 01915 00100
RET-v=
. 00522 3L 00000 00102
WATY COML :
00534 39 01977 00100
RCTY
0046 34 00000 00102
WATY COM5
00558 39 02039 00100
RCTY
0070 34 00000 00107
WATY COM6 :
082 39 02125 00100
STT RCTY
00594 34 00000 00102
WATY COM7 ‘
) 00606 39 02187 00100
BEG RCTY
00618 34 00000 00102
WATY COMN :
00630 39 02255 00100
RCTY

00642 34 00000 00102



RD

T

TP
RATY
SF
TFM
BLC
BC1
RACD
SF
SF
SF
SF
SF
SF
BC2

BNE
RETY
WATY

BNLG

RETY
WATY

BNE

E

| NPUT
INPUT=1
P
NAV

MC

DATA
DATA=1
DATA+13
DATA+27
DATA+59
DATA+67
DATA+71
TIT

| NPUT-+3 0, DATA#S 8

RD
DATA

E,1,10
RD

REP

BEG

INPUT+86,DATA+158

RD

00654 16
00666 37
00678 32
00690 16
00702 46
00714 L6
00726 37
00738 32
00750 32
00762 32
0077h 32
00786 32
00798 32
00810 46
00822 24
00834 47

00846 3k

00858 39
00870 11
00882 L7
00894 3k
00906 39
00918 48
00930 49
00942 24
00954 47

03030 00000

02277
02276
02372
01590
01290
02375
02374
02388
021402
02431
025342
021446
00942
02307
00702
00000
02375
03030
007 02
00000
02947
00000
00618
02363
00702

00100
00000
00001
00900
00100
005 00
00000
00000
00000
00000
00000
00000
00200
02433
01200
00102
00100
00001
00900
00102
00100
00000
00000

02533
01200



Sus

AM
BNLC

- 58 =

G

sus

CODE ,DATA+12
SUB
CALL,DATA+26

Bl
DU

DATA+G7
DATA+68,5
DATA+-28
RD

REP

BEG

CODE,DATA+12
CALL,DATA+26
§,1,10 '

RD

00966
00978
00990
01002
01014
01026
01038
01050
01062
01074
01086
01098
01110
01122
01134
01146
01158
01170
01182
01194
01206
01218
01230

i
16
214
L7
21,
L7
34
3l

39
L8
L9

02372 T

01158
0255 1
01158
025 65
01158
00000
00000
02442
02L43
02103
00702
00000
02947
00000
00618
00000
02375
03039
02551
025 65
02372
00702

01200
02387
01200

02L01

01200
007 02
00108
00000
02537
00100
Q0500
00102
001 00
00000
00000
001 02
00100
20001
02387
2L o1
20001

0

o
oy olf

W9



MC

AUTH

WR

RCTY
WATY

RACD
RACD
BC3
SF

BNE
BE
SF

BNE
TDM
TD
RCTY
WATY
RCTY
TBTY
TDM
TD
WATY
AM
BNLC

59 e

REP

BEG

MSTR

CON

AUTH

CON+27
CON+11L, INPUT+86
RD

WR

MSTR+27_
MSTR+78 , | NPUT+5 0
ki

MSTR+157
MSTR+158,D

MSTR+2

CON+115
CON+116,D
CON+28
E,1,10

RD

01242
01254
01266
01278
01290
01302
01314
01326
01338
01350
01362
01374
01386
01398
01410
01422
01434
01446
01458
01470
01482
01494
015 06
01518

3L
39
48
L9
27
37
46
32
2l
L7
L6
32
2l
7
15
25
3k
39
3L
3L
15
25
39
11

00000
02947
00000
00618
02567
02729
01374
02756
02843
00702
01410
025 9k
026L5
007 02
02724
02725
00000
02569
00000
00000
02811
02845
02757
03030

01530 47 00702

00102
00100
00000
00000
005 00
005 00
00300
00000
02363
01200
01200
00000
02327
01200
00000
U25357
00102
00100
00102
00108
00000
02537
00100
00001
00900
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M

COM 1
CQﬂ9
COM?
com3
COMh
coMs
COM6
COM7
COMN
INPUY

DATA

RCTY
WATY

RCTY
e
BNE
WATY
RCTY
WATY

DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAC
DAS
DAS
BS

DAS

WHAT YOU NEED@

TURN SW.%4 ON AND PUSH@

01542 34 00000
REP

01554 39 02947

01566 48 00000
BEG :

01578 49 00618

A 01590 34 00000

EPOiG
~ 01602 1L 03030
M

01614 L7 01650
coM8 [

01626 39 02891

01638 34 00000
REP

01650 39 02947

01662 L8 00BQO
BEG

“ 01674 -49 00618
L8,TO KNOW ABOUT SW. SETTING

01687 00048
27,START OTHERWI SE PUSH START@

01783 00027
39,SW.NO. WHAT YOU KNOW

31,ALL OFF SUBJECT
31,1,0N . TITLE
43,2,0  TITLE
31,1.,3,08  AUTHER

11,SEARCH FOR®@
1
L5
5
1

01837 00039

REFF.@

01915 00031 -

REFF .@

01977 00031

CONTENTS OF

02039 00043 -

P\L.i‘l o@

02125 00037
34, THE MACHINE 1S READY FOR YOUR JOB®
02187 0003k

02255
02277

0001

00

1

001

02279 00045
00005

02372
02327

00

001

00102
00100
00000
00000
00102
00000
01200
00100
00102
00100
00000
00000

REFF.@

'*-...
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RD
WRA
COMZ
COM7

com8

pAS 80
' 02377 00@O
D BA: "@ -
' 02537 00001
CODE DS 14
9iz : 02551 00014
CALL AT 2DS i Tl
; 02565 00014
MSTR DPAS 1 ‘
02567 00001
pAS 80 s
j 02569 00080
CON DAS 1
02729 00001
DAS 80
o 02731 00080
COM8 DAC 28 REFFERENCE IS NOT AVA| LABLE@
02891 00028
REP PAC L4O,YOUR JOB |S OVER FOR ANOTHER PUSH START@
02947 00040
E BS 65
; 03030 000'05
DEND GO
: 00402
END OF PASSII
0oL 02 GO 005 9k STT 00618 BEG 007 02
i ! : ¥ :
01158 SUB 01290 MC 01374  AUTH 01410
NAY : e ' =
01650 - M 01687 COM1 01783 COM9 01837
COM : a % ' .
01 977"Vliq COML 02039 COM5 02125 COMb6 02187
co : ; T
0227€7JDE INPUT 02372 . G 02375 DATA 02537
c 2 :
02565 CALL @567 MSTR 02729  GON 02891
REP . ' » %

03030 E

00942
01590
01915
02255

~ 02551

02947
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> Input Jakba

596 519,92CONCEPT
596 519,92COMPARISON
596 519,92SIMPLEX
596 5195 92METHOD .
596 519, 92SHORT CUT "
596 519;92CHECK
596 519;92COMPUTATION
596 519;92VARI ABLE
596 519;92RESOURCE
596 519, 92RESTRICTi ON
596 519;92RESOURCE
596 519;92MAP
596 519,92DATA
596 519;92COMPUTER
596 519,92TRANSPORTATI ON
596 519;92MODEL
596 519, 92MATRI X
596 519,92INPUT
596 519;920UTPUT
596 519;92ANALYSIS
596 519, 92GAME
596 519, 92PROGRAM
596 519,92VARIABLE
596 519,921 NPUT
596 519,92C0EFF
596 519;92NONLINEAR
596 519,92RISK
596 519,92PROGRAM
5945 519.92UPPER
5945 519.92GAME
5945 519.92P1 VOTING
5945 519.92VECTOR
5945 519.92SPACE
5945 5 9¢92MATRI X
5945 519.92INVERSE
5945 519.32B0UND
5945 519.92CONCEPT
5945 519.920RIGIN
5945 519.32 [ NFLVENCE
5945 519. 921 1NEAR
5911'5 51-9932!I 'Po
5945 519.92E0N
5945 519.92 NEQUALITY
5945 519°9ZSY5TEM
5945 519.925 I MPLEX
5945 519.92METHOD
5945 519.92PRO0F
5945 519.928IMPLEX -
5945 519.92ALGORI THM

G 53

il

21
21,
53

2LINEAR
3LINEAR
LLTNEAR
5LINEAR
6LLINEAR
JLINEAR
232 8LINEAR
232 9LINEAR
23271 0LINEAR
23211LINEAR
23212LTNEAR
30813LTNEAR
30814LINEAR

151
151

33215LINEAR:

33216LINEAR
37817LINEAR
L7L18LINEAR
L7L19LINEAR
L7742 OLINEAR
LE9921LINEAR
5282 2LINEAR
52823LINEAR
5282LLINEAR
52825 LINEAR
554261 INEAR
5542 7LINEAR
55L28LINEAR
36828LINEAR
27725 LINEAR
173 | LINEAR
177 ZLINEAR
177 3LINEAR
183 LLINEAR
189 5LINEAR
3682 9LINEAR
- 1. 7LINEAR

12 8LINEAR

12 9LINEAR
6910LINEAR

. 1..6LINEAR

691 1LINEAR
6912LINEAR
6913L1I NEAR
9L 14 NEAR
OL15LINEAR
12016LINEAR
12 01 7LINEAR
12018L1I NEAR

PROGRAMMI NG
PROGRAMMI NG
PROGRAMMI NG
PROGRAMMING
PROGRAMMING
PROGRAMMING
PROGRAMMI NG
PROGRAMMING
PROGRAMMI NG
PROGRAMMI NG
PROGRAMMI NG
PROGRAMMING
PROGRAMMI NG
PROGRAMMING
PROGRAMMI NG
PROGRAMMI NG
PROGRAMMI NG
PROGRAMMI NG
PROGRAMMI NG
PROGRAMMING
PROGRAMMING

PROGRAMMING ME

PROGRAMMING
PROGRAMMI NG
PROGRAMMI NG
PROGRAMMI NG
PROGRAMMING
PROGRAMM " I NG

PROGRAMM [ NG
PROGRAMM

NG

!
PROGRAMM. .I N
PROGRAMM |
PROGRAMM. |
|
I

P

PROGRAMM, .
PROGRAMM

PROGRAMM .
PROGRAMM

PROGRAMM
PROGRAMM |
FROGRAMM .1
PROGRAMM
PROGRAMM ™ I k
PROGRAMM .
PROGRAMM

PROGRAMM .
PROGRAMM |
PROGRAMM

PROGRAMM. .

=— =
ipNepRepNepNepNepl

TLINEAR PROGRAMMING METHODS

METHODS

METHODS

METHODS
METHODS
METHODS
METHODS
METHODS
METHODS
METHODS
METHODS
METHODS
METHODS
METHODS
METHODS
G METHODS
METHODS
METHODS
METHODS
METHODS
METHODS
METHODS
-THODS
METHODS
METHODS
METHODS
METHODS
METHODS
AND

EXTENT! ON

AND
AND
AND
AND
: AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND

EXTENTION
EXTENT I ON
EXTENTION
EXTENTION
EXTENTION
EXTENT I ON
EXTENTI ON
EXTENTI'ON
EXTENTION
EXTENTION
EXTENTI ON
EXTENTI ON
EXTENTION
EXTENT I ON
EXTENTION
EXTENTION
EXTENTION
EXTENTION
EXTENTION
EXTENTI ON
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G945 519, 92ALGORT THM 12018LINEAR PRUGRAMM .ING AND EXTENT{ON
SOk 519.92DUALITY 12010LINEAR PROGRAMM-ING AND EXTENTION
545 519592THEOREM JEQZULIHEAR PROGRAMM .ING AND EXTENTION
5945 519, 92MULTIPLIER I21LINEAR PROGRAMM ING AND EXTENT!ON
5945 519.92VARIANT 2ﬁ1ﬂ2'a“tAq PROGRAMM .ING AND EXTENTION
5945 51949281 MPLEX 2«:;3 ANEAR PROGRAMM™ING AND EXTENTION
5045 519,92ALGORI THM 251251 TNEAR PROGRAMM .ING AND EXTENTION
59h5 519,92 TRANSPORTATI ON )9J20L!NEA2 “QPuRAMM.ING AND EXTENTION
5945 519,92VARS ASLE 36827LINEAR PROGRAMM ING AND EXTENTION
1686 519;528HORT CUT 1 .LHMtAR PROGRAMMI NG METHODS
1696 5195 92COMPUTATION .25, 2LINEAR PROGRAMMING METHODS
1696 519, 92TRANSPORTAT! ON 38 ALINFAR PROGRAMMING METHODS
4696 519, 32GAME 49 LLINFAR PROCRAMMING METHODS
1696 519, 92MAP 57 ;ixwhmﬂ PROZRAMMING METHODS
1696 5125 92GAMMAFN S0 BLINEAR PROCRAMMING METHODS
1696 519, 92MATRI X 112 7leLAw PROGRAMMI NG METHODS
1696 519, 92ALGEBVECTOR 143 LINEAR PROGRAMMING METHODS
1696 519,925 iwuh\"!ﬂ\ 157 9LINEAR PROGRAMMING METHODS
696 5190%2JE TOR 1991.01 IQMAH PROGRAMMING METHORS
»
5945 519.920ANTZIG PRINCETON UNV PRESSPRINCETON 63 13 6251
5945 519.92LINEAR PROGRAMMING ANG EXTEN|ON £
1696 519; 92AMER MISR PRESS CAIRO 62 25 200
1696 519;92LINEAR PROGRAMMING METHORS
2959 517.6. STEFFENSEN [ OWA UNIV [ OWA 60 32 250
2959 517.6 INTERPOLAT!ON _
1101 517.,5 KNOpP LONDON UNIY LONDON 59 11 230
1101 517.,5 THEORY OF FUNCTIONS .
6164 51765 ~&:RrLL MACMILLAN CO
6164 517,5 GAMMA AND BETA FUNCT!IONS
2225 51765 LHILLAHA LONDON UNTV LONDON 53 51 520
2225 517,5 THEOGRY OF FUNCTICNS OF REAL YAR]ABLES
3182 517,6 uaun LIBRARY OF CONGRESSNo.Y. 62 23 520
3182 517.6 SURVEY CF NUMERICAL ANALYS!IS -
3170 517.6 KNOPP LONDON UNTV LLONDON 62 14 370
3170 51756 PRACTICAL ANALYSIS : _
596 519, 92HEADY [OWA COLLEGE PRESS [OWA 58 12 597
556 51:,U£Llﬂ AR PROGRAMMING METHOLS <
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ustravive Solved Examples By The Compuuer

KNOW ABOUT SWe SETTING TURN SW.lk ON AND PUSH
\RT OTHERWISE PUSH START

NO, WHAT YOU KNOW  WHAT YOU NEED 3
 OFF SUBJECT REFF.
N TITLE REFFe
ON TITLE CONTENTS OF REFF,
,3,0N AUTHER REFF
*"MACHINE 1S READY FOR YOUR JOB
ARCH FOR
”ﬂAX) | Bt 3 '
5 9L5 51992GAME 27725LINEAR PROGRAMMAING AND EXTENTION '
596 519, 92GAME 5992 1LINEAR PROGRAMMING METHODS
1696 519, 92GAME 49 HLINEAR PROGRAMMING METHODS
UR JOB IS OVER FOR ANOTHER PUSH ' START
APrH FOR
- e
NEAR PRUGRAMMIWG MtTHODQb B
318 2 517,6 TODD LIBRARY OF CONGRESS N.Y. 62 23 520—

hihEAn PROGRAMM!NG MaTHODS
JUR JOB S OVER FOR ANOTHER PUSH START

“ARCH FOR

(x)
NDUSTRIAL ENGINEERINGRS
“FEERENCE 1S NOT AVAILABLE
JUR J0B IS OVER FOR ANOTHER PUSH START

FARCH FOR

qusums =

EFFERENCE 1S NOT AVAILABLE
OUR JOB IS OVER FOR ANOTHER PUSH START

gy, -

SEARCH EOR -
(NOPPRS K£)- - e s
1101 5 7.5 KNOPP LONDON UNIV LONDON 59 11 230

"~ - THEORY OF FUNCTiONS - : _
3170 517,6 KNOPP LLONDON UNIV LONDON 62 14 370

—r
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SEARCH FOR (x)
LINEAR PROGRAMMING METHonsm
596 519,92CONCEPT 21 1LINEAR PROGRAMMING METHODS
"~ COMPARI SON 21
SIMPLEX 53
METHOD 53
SHORT CUT 151
CHECK 151
COMPUTATI ON 151
VAR{ ABLE 232
RESOURCE 232
RESTRICTION 232
RESOURCE 232
MAP 232
DATA 308
COMPUTER 308
TRANSPORTATION 332
MODEL 332
MATRI X 378
INPUT L7L
OQUTPUT L74
ANALYSI1S L7k
GAME L99
PROGRAM - 528
VARIABLE 528
INPUT 528
COEFF 528
NONLINEAR 554
RISK 554
PROGRAM 554
1636 Sls.ﬁzsﬂﬂar GHY - Cr 16 TLi!EAR PROGRAMMI NG METHODS
* COMPUTATION - 25
TRANSPORTAT! ON 38
GAME 49
MAP 57
GAMMAFN 90
MATRI X 112
ALGEBVECTOR 143
S{MULATION 157
VECTOR 199

YOUR JOB IS OVER FOR ANOTHER PUSH START

SEARCH FOR B Tip)
(LET S FOOL THE 1620) NOTHING. . o
REFFERENCE 1S NOT. AVAILABLE

YOUR JOB 1S OVER FOR ANOTHER PUSH START

“x) Keyed by tlhe cperator.
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4.4, QOther Potential Hguipment in the U.A.R.:

Information xmetrieval, specially for scientific and
technical information, is a matter of national concern and thus
equipment available anywhere in the U.A.R. should be utilized
in a coordinated and ccooperative network.

This introducticn is of importance because of the
increasing equipment that is,and would be,available in the U.A.R.
Faculty of Engineering, Alexandria University has an IBM 1620
and other equipments are in their Way to other governmental
institutions. For example IBM 1401l computer would be available
in’ the "Central iail Organization® at Cairo.

The 1401 is very muwch used in information retrieval and
this can be illustrated as follows:~

The 140l is a system that is available in a wide range
of machine configuration. The basic card system consists of
the 1401 processing unit the 1402 card read punch and the 1403
printer. The 140l has a magnetic core memory that is used for
storing data and the machine steps required to carry out the
desired logic functicms. (program.) In one card pass the 1401,
because of its large memory, can make +est & decisions that
would require multiple passes through machines with control
panel logic. Instructions stored in core memory are execubted
mouch faster than those stored in a wire panel. Steps controll-
ing the card reader; card punch, and printer are also stored in
memory . : :
An IBiM 1401 can be programmed to perform selection.

A program has been prepared for distribution that will permit
several options. of query responses

a) answers can be printed.

b) " *. "  punched.

¢) frequency counts of the criteria desired can be prepared.

Control cards are used to specify the search arguments

and criteria.
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Index data may be stored in large -~ capacity random access

disk files conrected T¢ an IBM 1401 data processing system.

Access tc any of the keyword records is reduced to a
fraction of a sscond. Automatic reference to data on titlés9
authers and sources permits printing a complete bibliography
quickly.

Automatic precedure for indexing new documents save time
and drudgery. A system can edit all new entries against the
stored dicticnary. Decuments numbers are automatically listed
under appropriate keywords, and new reference data is entered
in the bibliography file as a part of the same operations.

Paper and magnetic tapes are additienal input and output
media that may be used with a 1401 system. Magnetic tape,
offers the fastest way to read & write data. Either operation
may be done at a rate of meny thousands of characters per
second.

These 1401 procedure & system usage are applicable to
large computers, whose extenslve memories permit processing
greater segments of files, with gdditional program logic, at
faster speed. ‘

4.4.1. Some new applications of the 140l computer:

a. The system devised by NﬁWkirK(l>g
The system perfeorms literature searches on punched cards decks
representing library informabticn or document collections which
have been encoded by coordinate indexing techniques. It used
the inverted file organization with eighteen document numbers
per card. A maintenance program produces new and updates old
keyword cards amtomatically. There are two prints programs.

(1) IBM Corporatiocn, 1026 Quarier Str.
Chaleston . west virginia, U.S.A. (1401-10.3.006)



One will print one document number per line and the other
will print selected information from a bibliography card file.
Boolean operatives-—and, and not, or - are used in document®
number comparisons. A 4K 1401 with the high, low, equal compare
feature is required. Modifications necessary to use other sizes
of core and index registers are discussed.

b. The syster Revised by Donald Herman(l)
Phe program will select records from tape that satisfy -

ranges, and, and not, or, or not conditions. Free form inquiry
format is used and multiple inquiries may be processed with one
pass of the master tape. Significant featuresare the ability

to make multiple inquiries, the use of free form inguiry, and
the omission of any necessity for control cards 4K 140l two tape
drives advanced programming package HI - low - #jual compare
feature 1402 card reader 1403 printer.

c. The system devised by duke and Pittard (2) :

This system isagemeral one designed for use on an IBM 1401
with 4K memory and 2-3 magnetic bape derives. BEach file item 1is
organized to permit storage of up to 6000 characters.of textual
information. Inform-2 (the name of this system) employs 9
character keyword match logic together with the optional use of
other specific criteria - auther source, date range and subject.
A file item may be indexed using up to 54 unlinked keywords.
Quafies may use a like number of keywords, combining various and/
or relationships. Inform-2 may be used individually or in
conjunction with the IBM 1401 KWiC index system and/or the IBM
1401 SDl-3 system. The 4K 1401 must, in addition to two magnetic
tape drives, have the HI~LO-Equal compare feature, a 1403 printer/
132/, the advanced programming features and sense switches. The
program is written in 1401 autocoder.

(1) Computing center, T8 corporation
-1120 connecticut Avenue; N.W., Washington D.C. (1401 - 10.3,009)

(2) IBU corporation, washingbton syst o .
1 = ystem center/FSD/~ 2 :
Avenue, Bethseda 14, Marylaad (1401 - 1.095022‘)/ 7220 yiseonsin
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Chapter V

Some Conclusiongend Recommendations

It is en undisputeble fact nowadsys that the progress
specially in the fields of science and technology necessitates
the availability and accesssbility of information to research-
workers promptly and comprehensively from the floep of literature
which have reached’ an unprecedented degreejik°mn9l3x1ty & quantity.

Iihrazias and’ indix&dualorganizatlons haye proved to be
unable to cope with the present multlwdimentlonal & dlversifled
needs & requests of scientists and research-workers.

Having this fact in mind the group. tried in this first
study to 1nvest1gate some of the problems relating to both
analytic and manlpnlatlve procedures in information retrievals

; Bome.concluSLOns influenced by this study can be mentioned:

1. A comparison between traditional library techniques and
ponconventional retrieval sysitems showed clearly that
nonconventional systems whigther manual or mechanized
lncrease the. capablllty of documentallstswsclentlsts and

‘s‘Libmm.aas to orgenize Janalyse, assemble ,translate, Btore,
-process, retrieve and dessiminete informations

2+ There are different techniques and procedures for analysis
and manipulation of information. The optimum design
and choice of a particuler information retrieval system
depends on certain criteria and unit operations pertinant
to the needs of the users of the system, coverage of
subjects, depth of analysis of these subjects, precision
of the service pffered as wedl as the costs that an
institution is willing to psay in order to respond to its
userk needse

o , -*ﬁa?;*
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The study shows also that the costs of information

kretrleval systems are usually high in terms of library
 BudgetsB Thig is txug when manual information retrieval

systems (such as hand-sorted-punched cards) are used,
Costs of mechanized systems, including those using
computers(l p are apparentlypy much higher than the
traditional Tibrary system although these costs diminish
gradually with theiﬁé&ﬁ&ﬁeof the users of the system.
It should alsc be mentioned that avallablllty of certain
information at a particular time, with promptness,
accuracy and comprehensiveness may Justlfy these high

costse

From the study it can be concluded that there are two
phases in informetion retrieval,namely analytic and
nagdpulative, The analytic phaée includes some unit >
operations performed primarily by subject specialists.

The manipulative phase includes other unit operations

which can be performed by gclentists, engineers, documen-
talists and librarians, after being trained on information :
retrieval techniques. Since analysis of information,
specially when performed in great depth, is time consuming
on the part of subject speclalistsy thus documentation
centexs tend to buy (or exchange) magnetic tapes, disks,

etc, from similer centers and use this prestored and
bPreanalysed information with its own equipment .

(1)

example of the average monthly rents of some digital

computers are ag followss

IBM 7090 i e v $64.,000
General Elsctric 22! 8,000
IBM 1401 25500

IBW 1620 1,600
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The experiment conducted at the Operations Research Canter
for analysis of the contents of bookswith a greater depth
than ordinarily performed has showed,a considerable
potential for the use of the availsble equipment.’’ The
experiment also showed the possibility of future utiliz-
ation of these equipment for operational information
retrieval systems in speciglized fields,

It should be stated that the experiuent conducted on the
analysis of books has pointed out some problems and
dimensions that should be tackled andt%vercome in the
future experiments., ¥irst is the @antrol of terminology
and subject headings used and the application of different
search strategies for answering multidimensionsl questions
(through coomdirate indexing snd combination processes).,
Second is the design of IBHU cards to serve as aspect

cards end could gontain a greater number of documents
pertaining to thaxhaspect. If these problems and dimensions
would be tackled as a more developed manipulative techni-
gue and if this is combined with the use of indices of
»ooks (after uniformapgeualization). As a guide in the
analytic procedures the result would be a more economic
information retrieval system.

This report incliudes some theor@tical discussion of the
information and dowmunentation techniques such as classifé
jcation, abstracting,indexing as well as the unit operat-
ions and criteria involved in the choice aund design of
information rebtrieval systems. Other theor#tical discuss-
ions of pertinanit techniques in the machine language

(from the syntactic, semantic and pnonetlc points of

v #iew) and search strategy to answer multi-dimensional

questions as well as codes and notations would be
included @n the £following reppris.
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Recommendations

Published and wmpublished literature needed for persult

of research has reached an unprecedented degree in quantity
and in complexity and thus it is no. longer possible for
indiwvidual ergenizations to acquire, process and dessimin-
ate information to all persons who need it. Consequentely
cooperative efforts are required on behalf of interested
organizations in the country. Theecoeperation is assumed
to cover both phases of information techniques,namely the
analytic and manipulative ones.

BEquipment used for information retrieval is usually
expensive in terms of traditional budgets allocated for
information & library services., Thus equipment availlable
in the W.A.R., or would be available in the future, should
be madeac@essible to information retrieval specialists,

at least part-time, in order to perform the information
and documentation work. Again, coordination of the use

of these equipments may be achieved according to the

kinds of unit operations involved and informetion systems
applied.

The group who started this study should continue their
studies in order to be able to follow up advanced techni-
ques in the field of information retrieval and also To

be zble to develop operational systems utilizing actual
and future equipment that may be &vailable in the U.A.R.

The field of informstien retrieval is undergoing continuous
progress, specially in United States, Europe and the Soviet
Union, therefore missions~for shert and long periods—should
be sent L0 bthese countries, Members participating in these
missions together with the group who conducted the present
study are recommended to perform as consultants to interest-
ed organizations and also as specialists of information

i .
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retrieval entitled with promotion and dessimination of
informetion techniques in the countpys .

Information science and information retrieval have become
8 formal study in meny universities abrosd., This study
leading to Master and Doctor degrees i® being #ffered for
graduate students from different disciplines (science,
engineering, economics, psychology, business administretion,
etc). The graduate study of librarisnship and documentation
being conducted at the Faculty of Arte, Cairo University,
should be developed. Its curriculum should cope with the
present progress in the information field and also to
offer degrees in this field to graduate students from
other ¢dsgiplines.

The National Information and Documentation Center should
have its own appropriaste equipment and devices for
information retrieval . It may begin with equipment used
for manual informstion retrieval systems. Fully mechanized
systems, including a compu.er, are also recommended to be
acquired by the Center in the longrun, although parte- time
use of the 1620 and 1401 computers and other equipment
available in theU.AR.may be appropriate in the present
stage.

The National Information and Docuuentation center is the
national body entrusted with coordination and technical
assistance to specialized documeniation retrieval services
in the U.A.R. Thus different institutions inter=sted in
the field should cooperate with the center to achieve
maximum accessability of information among: researchers in
our seuntry.
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