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Guy Agoston A

One of the several reasons for: imperfection (low recall or

low precisién) in document Wretrieval lies with_ the user

specification of search terms. Th;s problem is more pronounced

when the vocabularies of indexers and users are not controlled.

~

A possible way of improvement is to.enhance or augment the set

L]

of search terms initially specified by the user.

|-

A sample of U480 documents were examined from the

Communication of the ACM (CACH), spanning 5 &ears. High

frequency words were extracted - frdfl  the title, abstract and

kéy-uord sections of each document. These high frequency words

[

'uere then associated with the published categorip% of the

7
classification system for Computing Reviews (CR categories).
Each of these CR categories constitute a ”ciuster of +terms,

relevant to that category. It°was presumed that certatn terms

will appear in more than one cluster, and that ¢this cluster

/ .
overlap could be wutilized in an interactive system, where the

user could define the meaning of a term relevant to his query.
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After défining a’ single or multiple meaning (cétegory). the
contents of the cluster would be printed for the = user's quer% ‘
R ’ <, .

enhancement. The wuser would then chéose from these related

terms and include them in his modified query, which should .yield

higher reéali and q1gher precision. X »

1l

The collected elusters from the CACM texts were then
compared term by term to the'corresponding categories of Epp

known National Computing Center (NCC) thesaurus.‘ The comparison

.\ ‘» . . / . . M

between the two sets were to indicate:
. : e

1 . how representagjve the collected éluséers from the
CACM wére. ’ . ' -
2 whether these clusters are more/less representative
than the base they wére‘pombared to, o A
3 Whekﬁer these clgstefs would represe;t'an enhancement
. to the original query, if related terms were

selectively inserted into the query.

The sdgnificance of different éonfigurations of term frequencies

between the title, the abstract and key-words were examined

4

also.
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CHAPTER I | ,
o . ’ q N
INTRODUCTION o

/
, v . } . . N o ’
1.1 INFORMATION SYSTEMS ' . t

R’

A natural outcome. of the information explosion of the

I

'sixties was the development of automatic information. systems.

The basic purpose of an informétion syétem-is to place the user

in more efficlent. and direct contact with the data bases pf

concern to him and(thus to' enable him to re&rieve information. .

The Annual Review of Information Science and Technology (INF,74)

defined information retrieval as' the following. "A sfstem

capable of retrieving

information relating to

+ documents, usually a representation or surrogate of a
T \ ‘

document (e. g. title or abstract) fh response to a

question, and the relevant ¢ or

détectioq of

near-relevant documents (or references to documents)

that either answer the question in themselves or that

N

can ‘be further scanned to determine the answer."
IS . ‘ &

+ The words '5bcument retrieval® and -"information retrieval"™

will be used interchangeably in this ihesis, as is generally the

‘case in the literatupe.
/

. o,

of



g e

L I L

R

[

‘ bl
e

various tools have been developed to improve'thé efficiency

of information retrieval. The techniques of coordinate .
indexiné, fhe employment of classification schemes; the ,

development of thesauri, the batching of computer profiles,’ and

o

on-line gquery 1languages are all aids of this kind. Different"

techniques for the enhancement of user query are also aids to
. . e
improve the efficiency of information retrieval.- The work

described in this thesis focuses on various methods of query

pree i

enhancement using on-line thesaurus.
P

.,

— ~"The on-line manipulatidhiof‘tge ;hesédrus’requires careful
consideration. The thesaurus must somehow be linked to the data
base of mixed" bibliographic format to facildtate‘ bothi the
inééxing of the new data base antries and tHe searcbing of

existing data base entries for information. It must also be
k .

"linked to. . classification codes to allow for searchipg of the

data base with class numbers as well as keyWords. Questions

arise about what rélationships should be permitted in the

-thesaurus and about how many entries should be allowed under a

; ’ /
specific relationship for a given entry. The «gentral concern is
that the user, through the medium of a suitable query language,

should be able to create, modify and display a thesaurus or

e
‘parts of it and this must be done at a r2asonable price in

e

computer memory and response time. o ©

4 -

The main themes of the thesis may be'grouped in ‘a general

way and they will be diécussed in the following order.

-

ke v B
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1. The thesaurus concept and literature concerfied with
» . ) /
§ it; N |
2.. the ‘description of the query enhancement methodology,
the dample used and the results obtained'
j 3. recommendation and summary. . ) <
B . Q@ b

1.2 THE THESAURUS CONCEPT

.7

Thesaurus 1s a Greek word and it means “storehouse” or

“"treasury”. Rea@er s Digest described their recently published

<)
3

Thesaurns of, Family Word Finder (REA, 77) as a synonym

dictionary, a dictionary backwards, which istBeing used when one
knows ‘tge meaning of a word, but is looking for another, more
‘precise word which cdpld be used in a given context. B. C.

V}cker§ (VIC,66) believes that thesaurus can have two meanings:

’

1.  any 1ine§r list displaying.relations between words,
' . t ’ 3
and
’ . 2. a tool aiding us to pass from- text words in a natural

. landuage.

e w

His definition seems to satisfy both the computer and

|

/ non—eomputer worlds. His first definition\will be recognized as

, valid by anyone who has seen ROGET'S THESAURUS. The Reader's

// Digest Family Word Finder Thesaurus;yould be another eiampla for

. N Sk
thé above. The idea of a word list with defined relationships

ianguage to keywords or codes in a standardized

i
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between terms is implied in thig definition.

b

The second meaning is not readily understood by the layman.

-The information specialist, however, who.uses a thesaurus for

'

indexing and seq;ching understands the definition and perceives

2

it to be correct. The second part of the definition ihqfcates

" the reason for research into the feasibility of totaliy

autdmgted or computer assisted thesaurus construction; this

statement  in -néﬂ_way undermines the associated :or equal

L

importance of the first meaning. . . ’ N

:
S, A
¥

According to the UNESCO 1970 GUIDELINES (UNE,70), a

thesaurus 1is defined as “a controlled and dynamic vocabulary of

R7Y

semantically and generically related‘terms which comprehensively

covers a specific domain of knowledge. This vocabulary is a

systemafic gmi/or alphabetic collection of descriptors,:

.

.non-descriptors ( auxiliary terms ) as well as indicators :of

“~

their relationship”.

r

J. C. Cosgtello Jr; (C0S,66) has defined the‘thesaurus in
a manﬁe% that reinforces the above definitions, moreover, it
stresseS'the‘aspedfs that are important in .this thesis. He
says: "By 'definition, an information retrieval thesaurus is a
— disp¥ay of unit concept terms of an index vocabulary

in which terms are alphabetically ordered and in which.

n

, ' the relationships of each term to the other terms in

the index vocabulary are systematically presented".

M d e etk e e e %o % N R e s s A0ate L
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Instead of thinking of a thesaurus in ifs definitional

4 z

sense, that.is, a dictionary of synonyms and antonyms, it may be’

useful to think of it as a compilation'wﬂichucontafns the terms
of a given information retrieval system's vocabulafy, arranged
in some meaningful. form, and which piovides information relﬁting
to each term that will enable the user of the information £ilé
Eo prediét the relevance of résponﬁes tQ questions when this

13
particular vocabulary control is used.

The user of an information retrieval system, either manual

or éutomated, wants to be rea§onab1y cer@ainuthat the queries he
prepares will tegrieve information which is rélevant to: his
interest. A search conductgd# with user chosen keywords on a
document collecti;n or dgta base may, or may not, retrieve
information related to theluser's interesgsL Obviously a method
by which the user could be assured, to some debree, that the
retrieved information is relevant to his interests would be an
invaluable aid in preparing queries for a retrieval system. One

such aid is through vocabulary controel using thesaurus.

It is eyident that a controlled vocabulary, such as a
thesaurus, will be used,,%ith many types of data bases
particularly when one or more of the following conditions exist:

1. 'the data base covers a wide range qfrsubject.matter,
2. the potential users have diffgrént backgrounds and
information: requirements,

3.  the data base shows a 1lack of continuity in term

4
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usage, term meanings, and physicalﬂappbaraqge“of terms
X‘npun forms, plurals, punctuation )

4. thg user is unable to deéeémine all possible avenues
of searching for the infBrmation. This often occurs

if the indexer and searcher are not the same pérSOn.

-

Discussing an information storage and retrieval syétem,
Costello has also given reasoris for vocabulary control. These
reasons are closeiy related to the above. conditions when they
apply to an informétion retrieval system. His reasons for

vocabulary controls are:

! o

1. to improve the quality of description of document
. content at the time of input
2. to {mprove the quality of description of desired

contents at the time of output

3. to ~ improve the relevance and recall ratio

characteristics of the system.

Thué, in information storage and retrieval systems that
operate with keyworded information, a -thesaurus should be
emplo&ed in' the indexin§ of documents.® The same thesaurus
should also be used in preparing queries to the system. Thé
queries then will consist of, for the most par£, the same '

keywords that are used in indéxing the documents or information

pertinent ‘to ‘the wuser's interests. We can see therefore the

*twofold functions of a thesaurus: one is as a tool for

regulating the output, the other is as an autority list for the

8
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\\‘ K. Sparck Jones .(SPA,70) states that: " ..it is generally

v,}/true that the stronger* the match between a request and

input.

languages. This agreement, in most.cases, improves retrieval

effectiveness.

effect on retrieval effectiveness. When a thesaurus is manually
i

created, it usually exists in printed form, which could

voluminous. To locate a wanted item of information

hard, tedious and discouraging ﬁbr the users. The u

such a thesaurus usuallyj‘requires major reindexing and

constructed thesaurus tends to be ' static in

timeliness could be in questibn.

With new "techniques and modern cofmputing equipment, a
thesaurus can be stored as a computer file, thus transforming it
into a potentially dynamic entity. Procedures are available fot

organizing and analyzing the information 1in /storage, !and

A

I LA
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,r@aI~time software and hardware can be used to ensure that thé

e

stored , information 1is retrieved in response to requests from a

user population, in a convenient form and at little cost in timés\
o R ' ‘
and effort. / s Co

!
o

In today's time'sﬁa{ing‘e vitonment, the basic operations
Lot e '
performed " are searches conducted on dat; bases.. Often the type

s

of searclf conducted is a weighted term search with <§9estioﬂs'

e system‘lconsisting of user specified terms, which

hopéfully are the same as those used to index the documentsg or

formation that the wuser wishes to obtain. 1In this tyﬁg of

system,. the thesaﬁrqs may often be absolutely necessary to
\ A

insure optimunm matching of these search questions. If such

information systems are to operate in on-line mode; there 1%  no .

J :
reason why a computer program could not be constructed to allew

\
w

a user to develop and manipulate 'a thesaurus on-line. The main
concern of this thesis is the on-line manipulation of thesaurus

for query enhancement.

. 1.3 THE\THESAURUS\bORMAT AND RELATIONSHIPS ‘ /
/ ' ’ . o
Information retrieval thesauri are used in both the
indexing and‘ searching . phases of the retrieval system. In.
these, /ihesauri' terms are linked‘ together by indicated

telatiqhships. So called "main terms" are listed in alphabetic

7

isted. Generally these other terms are marked as "related
i

are

7]
WL T T T £
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terms™, "narrower terms", "broader terms".

An explanation of some of the'relationships in common use
today . were téken from ﬁhé National Computing\Center:Thesqurus
(NCC,73) and from the Thesaurus of Information Science

-

Terminology (THE,68). - . - .

1. SCOPE note ~ This is a short explanation intended to

clear any ambiguity in the meaning.” It indicates//ﬁ:w

the term is used and gives a brief descriptionsy~

A
2. USE ~ This relationship usually indicates that the
main term is not acceptable as an inde;ing or
searching keyword and that fﬁg -term followigfzthe
"use™ should be used in iks pléce. Examples of

~

cateqgories of terms that are not “used" are:

t

- true é}nonYms | (:)**———"(:) . ///

e.g. Aerials USE Antennas Tl Use Ty  //
~ very specific terms where a broader term 15/psed
e.g. Drums (memory) USE Storage Media ///
e .. =  abbreviations e

, o //' t .
e.g. CAI USE Computer Aided Instructfon

//
3. UF (Used for) - This 1s the invérse of the USE
relationsgié;/?ﬂhe terms ‘following “the UF are the
N

terms (which have been referencgd to the "main term"

under which the UF reference appears. An example will

e A iy e L5 A bl T W Y e ey et . e -
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4.

6.

fllustrate the USE and UF references.
' DISC ..'; L

USE : STORAGE MEDIA

STORAGE MEDIA

UF : DISC

BT (Broader term) - The terms foilowing this reference -

. represent a broader Tclass of concepts to which the

main term belongs. The refefeﬁées giég a more geperal
term associated with the main tezm*%nd ‘thus allow for

more general indexing or searching.

<

_NT (Narrower term) - The terms listed are generally

narrower than the main term. These references give a

'morq specific term associated with the main term and

~

thus facilitate more spec§fjc indexing or seatching.

The BT and NT references,are illustrated below.

»

To (FiNANCE)

° ACCOUNTING

BT : FINANCE

FINANCE

NT-.: ACCOUNTING

!




‘'modern thesauri.

s Te

The above are the most commonly used relationships in

)

indicated, ‘but synonyms or - near synonym terms are .
< A -

‘is jllustrated below.

AUDIO RESPONSE SYSTEM

RT : SPEECH RECOGNITION

SPEECH RECOGNITION .

RT : AUDIO RESPONSE SYSTEM
HSYN0N¥MS ~ The; terms following this ‘referehce re

synonyms Jwithjfthe main term under which they aren

listed. 1In méh;fftresauri, *synonyms®  are jgot

marked with the USE reference}‘which gives the. user
1 » » - *'
the preferred term to use in indexing or searching. '

- g

p——_— [
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1.4 OUTLINE OF THE THESIS

W

+

A ‘brief survey of the literature concernéd with thesaurus

construction 1is described in chapter IT. The manual,
semi-automatic add automatic construction methods are detailed.
Chapte}‘ ITTI discusses the major ' elements of | information
retrieval - such as file structures and dccess’\strategies,
measuremeptwgé-relevance and the different type of information
systems. Chapter IV contains a descriptionh of document vector
spac ‘and the proposed approach for query enhaﬁcehent. Ié
describes- the study conducted and"presents theqexper{mental
findings. Chapter V, the 1last chapter, deals with the

-

conclusions derived from these findings.
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CHAPTER II

. .
. R ‘ N .
[
- K .
» , .
. . . .

- LITERARY REVIEW - THESAURUS CREATION

S~
'
. .

This chapter will cover the literature that is concerned /

The manual, automatic

with . thesaurus copstruction.

'S

semi-automatic construction methods will be described with their

inherent problems. The literature describing-various thesaurus

/

g

organizational techniques will also be discussed.

2.1 THEORETICAL CONSIDERATIONS

v
Thesaurus construction has basically two aspects:
1. selecting the keywords/phréses ;f the particular
subject for which the thesaurus is constructed, Qnd @
2{ establishing an inter;relationsh;p among: those terms

which

deal with the problem of synonymity and

hierarchical relations amony terms. @

information ' retrdeval

The importance of both _these aspects for

purpose is evidentrg"There' are two approaches to thesaurus
, o

construction:

3 ’

1. "a priori”™ classification or faceted methog,mand

and~

o s gge
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2. “a posterfori" or statistical method based purely on
freqqency of terms. ' | 7

In traditional <classification tﬁeoty, certain terms

characterize important branches of a subject, some terms specify

thﬁa imponﬁhﬁt topigs within the different branches, and there

can be still other terms for the different sub-topics and so on.

The selection of these terms and hierarchical relations among

them could  be considered as a first step towards thesaurus,

.,w?“
constructionalw‘lf 'such a thesaurus 1is to be of use for

iqformationtjgéekers, then it 1is assumed that the 1mpoftant
topics and §ub—topics of the subject are uniquely determined by
_terms which are well known to AUSerg of the éystem. Due to
‘modefn interdisciplinary development of knowledgg, it has almost
become impossible to éharacterizé an important topic just by a
few terms. The topic may have many “facets". It may be
important from different points of viéwf "For iq;tgnce, a text
on quantum mechanics may be iméortent not only for nuclear

physiés, but also .for mathematics, logic- and philosophy. These

many 'facets',of a topic were discussed by Vickery (VIC,68).

c. H! Davis (DAV,68) discussed the 1linking of

vocabularies and classification schemes derived "a priori™ (in

advance)' from these many facets. Davis contends that thesaurus’

‘entries are not as important as the thesaurus entiies included
with their | associated relationships. In the classification

schedules, the classification numbers would be-followed by the

A
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corresponding terms. 1In application of this to a retrieval

system, . the document would be indexed by classification nhmbér

instead of terms. Matching for retrieval would then be done on

classification numbers.

A faceted classification scheme and a thesaurus covering
engineering, scientific, technical, aﬁd management Sﬁbjects have
been integrated to form ?HgSAUROFACET. As described by J.
Aitchison (AIT,69), the ter&é appear in both the classification
schedules and in the thesaurus and they are 1linked by the

notation or class number. The thesaurus serves as an index to

.

the classification ‘schedules. l The Thesaurofacet is a .

multipurpose tool, it can be applied to coordinate indexing,
used in computerised retrieval systems, and classifications. It
is- a non-computerised approach to the concept of 1linking ‘a

thesaurus and a classification scheme together.
° )

<

In semi and fully automatic thesaurus construction, usually

"a posteriori”™ selection processes are employed.

One shch process, seleé&ion of bkey wordé; uses the
frequency of terms found in a given collection of QOcuments and
ghen chooses as significant thoke termg for which thé
flequencies are nei£her too high nor too low (SAL,75), (SPA,71).
These words are then arranged in a sequence according to the
magnitude of their relative frequencies. At this point, it is

expected that the ternms important for informatiagn retrieval

would cluster around the middle of the frequency range. Those

B T S VIR
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frequencies ,teo low or too -high can be wvonsidered to be
insignificant for information retrieval. The terms of ver; high
frequency are considered as common words and those of very. low
frequency are considered to have 1little relevance for. the

subject: ,The aecision as 'to the 1limits, however,} re@éins

arbitrary. Statistical methods are never meant to g1Ve exact’

™

results.¢;}f, most of the }ime, the vocabulary of the .useﬂ
approximately coincides - with the “treasure® of £:ydofds
determined by eliminating words, "too  1low" and "too ‘Qigh“ in
frequency, then .the method of eliminatig;‘bigh'and low frequency,

words can be accepted for thesaurus construction.

Another method wuses the inter—relationship oﬁ\terms by

mea?s of a term document matrix based on the frequency
— .

‘.theory.

area. The frequency of terms in each document belonging to a

collection of document on the subject?for which a theéaurus is

. P &
to be made is represented in a matrix form. See figure 2.1.

~

The ij~th element represents the number " of times term 3.
appears 1in document i. _In this example we flhd that tl, t4 are
highly frequent in d1 and d2, whereas in d3 and d4 the frequency
of bo%? these terms is low. Slmllarly for t2, t3 we find that
they ‘Qre highly frequeﬂt in d3 d4 and rare in d1, d2. ;hehce,
one maL conclude that tl is fkelated to t4 and\tz is relatea to
t3. In this way, classes of inter-related t\rms are formed so
that terms pelonging to the same‘class are characterised by the

a

¥
\

. . \ \
‘ \
N T TR ORI m“\ P e - N . i

G. Salton (SAL,68) in his SMART system has done much in this

.
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. 1 ‘
fact that they are almost equally frequent in a set of documents

and almost equallyrare ip another set of documents. As in #the
selection .of key words, the- relationship among the terms is
established purely statistically.~ ';w?

< k4 "

‘
*

The frequenEy approach has also been used’ to set up

hierarchical relationships among terms.® fAs boyle (DOY,6S5)

-explained, for a class of interrelated terms, those éfrms which

have substantially higher hfrequencies are considered as
g T

- ‘~categories and those with low frequencies are considered as

) subcategories. Hierarchical relationships based on frequency of

terms might have been adequate for the information needs of a"
particular subject, but there does not seem to be enough ground
to make ‘it a general principle forrthesaurus construction for
all subjects. As admitted by Saltoh (SAL,68), settingé up

hierarchical relationships of terms reguires certafﬁ amount; of
3

human judgement. .The question is how human judgement is to be -

used for fstablishing a classification as well as an

;1nter—%elatihnship of terms.
vy

"Question ~ Answering Systems" (SAL,GB) have been used to
Apply human judgement to the problem of classification of tetms
and determination of categories and subcategories. The
categoriesr and subcategories are given "a priori;f such as

[N

abstract, concrete, etc., and then questions are asked whether

" the terms have the properties expressed by the categories. In

this way, gne“éets a term property matrix (see figure 2.2).

r . S ' 1f\\\\ 3
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The properties are chosen in such a way that they are
N A .
-apparently mutually exclusive. For the term “computer" there is

" no ambiguity as to which of the properties would apply. 'It

»

would be: 0110, 1.e., computer is not an abstraction, it is a

*

physic bject, it is hardware and not sofiware.ﬁ For the terms .

"system" and "program", it is not quite clear which of the .

N

properties apply. For instance program can be considered as an

abstraction, if it is théuqht of as a mathematical algoritﬁm,
and on the other hand as a physical object if considered as a

"written thing". Similarly, system may be béth software ' and

»

. hardware. Sometimes a term may_  be such that a property is

neither applicable nor non applicable to it. It mayv be quite
meaningless to ask whether the term “data" |is software or

hardware.
4

If one could choose,such properties which are unambiguously
mutually exclusive, then one would also be -able to set up a
hierarchical classification of terms from the term property
matrix. This is dependent on éheAsubject matter, for the terms

in natural sciences are determined in terms 8% physically

controlled experiments and the artificial language of -

! -

J
mathematics; there is much less ambiguity about them than for
the terms of social sciences. Hence the construction of a

thesaurus for engineering or atomic physics will present much

less problem than that of a thesaurus for sociology or political

-

sclience.
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2.2 MANUAL CONSTRUCTION

-

i

The manual.thesaprus.construction is still the most commsn
method used today, althouqh,‘Awhen automatically generaﬁed
keywords ‘are compared with terms manually assigned bx subject
expe;ts, ohe ﬂbrmally finds agreement for 60% to 80;3u of the
assigned terms (SAL,?E). It is necessary to develop a set of
carefully prepareé instructions specifying the requjred steps
and settidg‘ forth in detail the meanings and implications of
choosing one or another“éf the permissible alternatives. These
c;fefully prepared instructions are based on human judgéaént. A
good example of. this is tﬁe "Manual on the Construction of an

InQexing Language® (CRO,71) which describes the indexing’

techniques and the construction of thesaurus.

Some thesauri using manual construction methods will be now

descriped. . ' . ;“

- In 1its fintéoduction on bage vii (WAT,66), The Water
Resources Thesaurus says that it was: “prepared by quaﬁ)fied
: .scientists. who carefuliy probeésed lists of candidaté
terms to determine - their general utility for
'describing. water 're§ources research and dévelopment

- efforts and to identify ‘the semantic relationships

among them".
- *~ \ ) 3 i
\\\Tée tgrqf consisted of those wused in the preparation of the

s . i ‘\E;‘
B o
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Catalog of Water Resources Research and those suggested, by

scientists, engineers and other specialists.

The method used in compiling the Thesaurus of Pulp and

B 1
Paper Terms (PUL,65) is an illustration of anothér way in which

a thesaurps can be prepared. 'Usinz/}ntgfnal indexes at the Pulp
“and Paper Research Institute, a/;}fst draft was compiled. Then

more terms were included by references to bibliographic indexes.

This draft thesaurus was then used to index abstracts from the-

Abstract Bulletin of the Institute of Paper Chemistry. This

¥
procedure dgenerated additional keywords and leo pointed out
deficiencies in the original draft® A committee then looked at
each term individually, cohsidering its utility, ambiguity in

meaning, and cress relationships with other terms. The method

3

used in compiling the Thesaurus of Pulp and Paper Terms is a

good one. By applying the draft thesaurus to the type - of
situation in which it would undoubtedly be used, the
‘ &

inadequacies of the draft were brought to light and changes were

‘made before final printing took plage.

. €

Other thesauri were produced by a (éeries of steps which

" closely adhered to the steps followed in the compilation of the

e et o At

Thesaurus of Pulp and Paper Terms. The main difference is that
these thesauri were initially published ‘and used\;n indexing and

searching. From the experience drawn from juse of these
L \ J {

J
thesauri, changes were madé and updated issues wekre published.
-

Two thesauri which were prepared in gh(% manner are the

AN - : /’I
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Thesaurus of Textile Terms and the Thesaurus of ERIC Descriptors

(First Edition) of the Education Resources Information Center

(ERI,68) .

The office of Naval Research (ONR) was assfgned the task to
c;eate a fechnical Thesaurus for the United States Bepartment of
Defence. Besides creati;n of the actual thesaurus, one of the
project requirements was to prepare a manual which indicated the
méthod used in building the thesaurus. This manual turned out
to be an excellent guide, whicbﬁcould be used in building almost
any technical thesaurus. The manual covers almost everything
involved in_thesaurus construction, including fundamental term
rules, cross reference rﬁles and alphabetizatiah rules. about
35 people particip;ted in deiiberations which resulted in the
development of th; manuai. The thesaurus produced was called

TEST (Thesaurus of Engineering and Scientific Terms) (TES,69).

The/majority of thesauri created by manual methods exist in
printed form either as a book or as unbound pages. Periodically
the thesaurus will require updating. This almost certainly

means that major reindexing will be required, hence reprinting

"will be necessary, which can be both time consuming and

"expensive. Because of this, the timeliness of these thesaufi

should be questioned. The secdond criticism of this method is

more fundamental. The opinions and actions of a small group

tend to follow those of the most dominant members of the group.

,Alihough a committee set up to choose ‘terms for a thesaurus

P SRR
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would be very carefully chogep, the previously mentioned
situatian may well occur. Neverthgless, the advantages of using
this approach should be obvious. If a reprgsentatiQe cross
section of people consider the utility of candiaat; terms, in
thsoﬂy the thesaurus should have- tio séecial bias. This method
of‘thesaurus construction has been the one most often used over

the years and undoubtedly in the future it will continue to be

widely used.

2.3 SEMI - AUTOMATIC CONSTRUCTMON

N
o Pl
=

Semi-automatic methods are generally based on various

automatic aids and subject experts for the basic task of

defining the meaning of each term being introduced into the

thesaurus. The basis

list usually generated'by utog@tic means. By answering certain

questions, the terms can be represented’ by a property - matrix
(see figurer 2.2). The rows of this matrix can be manipulated;

identical rows can be combined; by eliminating certain

. properties, other terms may be grouped together.

@

According to G. Salton (SAL,68) the main steps in the

semi-automatic thesaurus construction can be summarised as

follows. 1

1. A word frequency 1list |is péepared (usually by

automatic methods):

.
3

2. The different word usages for each word to be included

-

.
% ‘
2

b B 3 e D ,ww.u..L N,

r thesaurus entries is a word frequency

ROV
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~om in the thesaurus are decided upon. /’ -
3. Questions arefprepared‘which serve as a means by which
term grouping can~pe donel
’ .4. These property mAFTices are compared ~and words,

e identified by like properties, are assigned to the

\
same thesaurus categary.

4 L)

2.4 AUTOMATIC CONSTRUCTION

- G. Salton worked extensively (SAL,68) on automatic

thesaurus construction. He states that when automatically
- i

generated keywords are conpared with terms manually assiéned by

subject experts, it is usually found that there 1s a 60% to 80%

agreement (SAL,?BA), “He goes on to compare the effectiveness of

P

fully automatic text processing methods with manual ‘retrieval

operations using‘his experimental SMART system/and the MEDLARS

retrieval system operating at the National Library of Medicine

in washington, D. C. The SMART system operated without any
manual céhfént analysis, whereas the MEDLAR was using
convggtional methodoiogies of tfained éubject experts .who were
assigning keyagfhs‘ fo all"incoming documents, and‘ using a
printed thesaurué known as LESH (Mediqal Subject Headings).

Using different automatic retrieval methodologies on the SMART

~ systen, on‘pade 275, he concludes that: "...the SMART relative

recall is about 25% better on the average than the

MEDLARS average recall. The improvement reaches 80%

¢

:




e

e o W o i b e 2w o s

o )

to 90% on the average for the more sophisticated SMART
methbods such - as correlation cut-off and feedback
searches, and the differences then are statistic&lly

- significant”, N L -

These methodologies and the concept of‘recall will be dealt

!

N

with in later chapters.
i J

!
For some years, experiments were conducted to an automatic
determination of thesaurus classes based oh the propetrties of

the available document collections. The general process Iis

i

\ :

described by Salton (SAL, 72A) )

1, A term document matrix is constructed,

2. from the term document matrix, a term-term similarity’

matrix is generated by computing the similarity

n

between each term vector,
3. A binary term-term connection matrix is devéloped by

applying a threshold value to the term-term siﬁllarity

3

matrix. ° Two terms are assumed to be  connected

whehever the similar;ty between ¢otr§sponding term
vectors are sufficiently‘high. \ »
4. This bihéry cgnnection matrix can be asghmed as an

" abstract graph and subgraphs of this graph can be -used

lj to define classes of terms or clusters.

The term-term connection matrix 1is, in general, a lérge'

sqﬁare matrix of integers. They may be used with “one of the

well known cluster algorithms (SPAT,80) (XAZ,80) to group the

’ -
‘ v -
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terms into clusters. Such clusters may be unstructured sets/of
terms or may be arranged into a hierarchy éf clustegs. ?he
cluster analysisualgorithms fall int; tw§ groups: .
1. divisive methods that prodﬁce Clusters by splitiing up
a large group inte smaller groups proceeding in a
’ top-down manner; -
2. agglomerative methods that combine smaller clusters
into larger ones proceeding in ; bottom-up manner.
In practical application of‘thesaurus construction procedures,
one faces several thousand terms and consequently the ‘matrix
size is very large. Care must be taken in the choice of a
cluster{ng algorithm to make the approach ' computat;onally

‘viable. The creation of the binary term-term connection matrix

is time consuming and therefore expensive %or a large size  term

polléction. Using’ sigilar procedures, as described héfe, a
number of investigators have constructed éﬁtomatic " term
classification models, B o
S 4

Dattola describes - a fast ° algorithm for automatic
61assification'(DAT,68Ai where an existing classification |is
improved b&t a selective modification of lhe original classes.
%ﬁe basis of his algorithm is the partitiohing of a d?cument
collection #1ntdm equal size clusters. Associated with each set
of d?cumen §, there is a corresponding profile vectbr, which
uc;nsysts Sf the. ranking values of all the concepts from the

b .
document set of the cluster. The concepts ' are ranked in

.decreasing order of the number of documents in the cluster. A
Q-

w0
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3
constant (or ‘base Qalue) minué this' rank of the concepts will

constitute the Eaﬁk values in the profile vector. He also
N t

acknowledges the fact that a fairly large collection of

dqcuments/is not feasible to 'classify with most automatic

‘procedures and he is proposing his method which can classify

hundreds of thousands of items - into useful clusters 1in a

reasonable amount of time.

A similér approach is described by Hoyle (HOY,73). Using a
properly chosen sample or a cafégorized collection of documents,
the probabilities ,of the bresence of a specific word in'each of
the categories are calculated. The words are then 1listed with
thefr probabilit; in' each category to form cateqgory lists. To
index a décument, its words are tried against the words of each
of the category listsvand the word weights for. the matchés are
summed within each category. The document belongs to the
category whose match 'weight is the largest. The word matches
and weights for the selected category are kept as the /keywords

of the document. Using this automatic methodology, 97 of the

124 documents (78%) were in agreement with professional

indexers.
2.5 CONCLUSION ' ' §
Over the ’years, Saltan. et.  al., have‘%hoﬁn that when

. . . < .
automatic_and manual indexing techniques are compared, one
M -

normally finds'a fairly high degree of agreément. Not only time

>




7

'

s

)

RN

is saved by employing automatic or semi-automatic thesaurus

-

construction methods, but.they eliminate the unconscious bias of

individuals 1in choosing thesaurus and associated relationship

~ -

entries. The vocabulary bias of the authors of the .

° . i

representative document collection, however, plays an-4mportant

role in thelfuture contents of the thesaurus. This bias*an be

-

overcome by careful selection of the document base.

.0
-

#y
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////// CHAPTER 1II .

INQORMATION STORAGE AND RETRIEVAL/

v

Thesauri are used with automatic libr:/ies and on-linhe

systems. Thel‘role of these systems is to provide access to a
';ariety of bibliographic files. In j977. thqie vwere two million
bibliographic \references available for _/on—line sea{ching
(ANN,78). Hdw‘do we cope wWith this 1nforﬁation explosion?*aHow
,much information is relevant to a guer;? In this chapter, we
present a description of a generalized information retrieval
system with its'compéqent parts and feedback mechanism. the

'bossible file struciures and access strategies used, the measure

of relevancy, and types of information retrievals.

» ~ .
3.1 FILE STRUCTURES AND ACEE§§ STRATEGIES °

N -

3.1.1 INTRODUCTION , : - \

SEPUTY sale KWt d ban o

: S
™ . Information systems typically handle a very large volume of
data while computations on each piece of data‘are generally .-

simple. This is in contrast to those scientific 'application§

where complicated and prolonged maﬁﬁématical apd logical

operations are performed on relatively small amount of data. At :

the pne%ent state of computer eéchnology, it is not-possidble to
“ . «

&

o
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\store in the main memory of a2 computer even a s’m’all portion (6f
the .data base used in an information system. ' Data are
placed omn, backup storage devices such as disks, drums, tapé

¢ and all portions of the stored data .are bro/lzyght to the mai
memory during the processing task.  Since the speed of daQ:

/

transfet between backup storage and main memory is s&::e'raf

« orders of magnitude slower than the computatignal ’speed of the

‘data as possible. Therefore the goal of/file structure designs
is to construct access paths through records in & data base in - g

brder., to reduce the amount of data transfer for each task.i

. ‘ o -

In many information systens, a data record is represented

by a fixéd set of attribute-value pairs where each attribute g
describe5~a certain characteristic (of the object that is
represented 'by this record. If a data Dbase ad‘ministrator
dgcides to .use six attributes (e.g. Soclial Insurance Numpber,
\ : Name, Depértmen’t Job, Salary, Education) t;‘ describe employees,,
\ every employee record would contain exactly six attf'ibute«value
pairs. S’uch a fixed set of attributes presumably would captur?
\ all the.properties that one wanted to talk about. We call this
kind of file an ATTRIBUTE-BASED file. Many data base systems

are designed upon this premisé.

. ‘.
N In some situations, however, the properties of objects may
not be fully described by a predetermined, fixed 'set of -

attributes. The libraryl documeni: file is a ygood example.

. R p)
. s
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central processing units, it is importan; to transfer as little \
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» | BéSiQes attributes such as Author, Date of ﬁubliéapion,
ﬁublishér, etc.,  one often includes a set of keywords that are
extracted from . the .document to further deéoribe the document

_ - content. We will call such files KEYWORD-AUGHENTED files. A

: “ record in this case would be more general than a record of an

Attribute-based "file; it would contain not only a fixed 'set of
attribute-éalue pairs bdf also  a list §£ keywofds. Such

inherent differences between theée two types of files’ need not

meah that they .cannot be maintained by some . common file

structu}es: In fact, many file structures are applicable to
, : . Ve
o both type  of files and formally we can consider a keyword jin a

sfile as an attribute, calling such ~attributes keyword

'attributes. Each record in the file then 'conceptually“l

coﬁsists of a se™\ of predetermined, fixed attributes plus a

' > large number of keyword attributes. wWithin this conceptual
Y B ~ -

framework, we hgvé a unified view for these two types of fileib

and in the rest of the chapter, a fild@ structure is assumed to

mentioned.

~ o .
ti As it was stated before, the objective of this thesis is

query enhancement, which is’meaningful in an interactive system

. |
effect of enhancement on b;s query. One of the controlling
. factors of quick response is file structure. The following file

. structures and/or%their combinations are commoﬁly used. . |
N i

. i

be applicéble to' both types of files unless it is otherwise

1 R
with its quick response. Here the user is able to judge the -’

P
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3.1.2 EXACT FILE STRUCTURES

b

SEQUENTIAL FILE. There is no Qrganization per se in a
' sequential file: Records are stdged one after the other in the
order in which they were submitted to the syétemé_ﬁﬁﬁe Eéaitgﬁn
or deletion of records is ansimple é;océss, Bﬁt°the retrieval of

a specific record requires a time consuming linear scan.

ﬂISf STRUCTURED FILES. 1In this’techniqqg a “pointer"‘is
includéd in each record. It "goints",to the location of another
record in the file, thus it is called "linked list file". fhis
paintér techhique allows the logical anq:physical arrangéments

of reéofds to be different.

— ~

Alterations t; a file are mqre effiéiently accomplished By
the usé‘ of the 1in¥ed file than the lineérly ordered record
file. The disadvantage of a_linked file is notdceable /when
searching for records. There 1is only one record which is
accessible from any other record and hénce.a chained or :.linked
file 4must be searéhed serially. Records with one poiﬁ;er allow
a forward or backward ;raversing of the file; while records with

two pointers give the flexibility of forward and backward search

of the file.

4a

If the items or records are chained together in sequence,
5 RN ‘

several techniques can be used for shortening the chain search

time (MAR,75).

b e
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MULTILIST-CHAIXN. When the chain is divided into segments,

L

and an index gives the value of the first item in -each

~

segment with its pointer to the first record, it is

known as a multilist chain.

CELLULAR CHAIN. The multilist chain can be organized so

».

« md

"INVERTED  LIST. For a multilist file the smumber

Y AN P A LS Ak s =

that no part of it extends beyond_a &@ertain hardware
cell or bbundary selected, thus miniﬁizing access
time. For example, a cell can be confined to the size
of gy disk track so that each segment is in core when

it is searched.

PARALLEL CELLULAR CHAIN. Cellular chains may be organized

™
in such a way that they can be searched in parallel.

The segments are spread across modules which can be

read simultaneously. Figure 3.1 illustrates this file

organization.
Q

A

"pointers™ or record addresses can vary 1in an ind

from one address pointing to the head- of the 1ist, to

. one address for q&iﬁ/xpem. If there is-an entry for

every recérd in the 'ihdex. the organization is

referred to as an inverted 1list. The inverted 1list

- organization gives the fastest response to real-time

inquiries because no chain. have to be followed. .. On

* p

the other hand the indices can. become enormous, and
L 2
the organization of the indices themselves becomes a

major file problem (see figure 3.2).

AN
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Key 1| Key 2
S .| Part |Product
‘ murber| type
< » L
S Hardware zone .1 .
' 205 {
- > 210 Nail =
330
331
—»| 340 | Nail 1 ‘
391
- 400 Nail
405 J
BHardware zone 2
\Address ~———— 500 | Nail
501
—{ 510 | Nail 1
- 521
559
—»1 562 Nail
578
580 | Nail ]
\ Hardware zone 3
601 j -
. 4 602 \f
™. 620 Nail
€30
" 641 Nail
b ¢52 Nail
660
) - 690
Hardware zone 4
901 |
| 010
’ ) 920
\ e 930 Nail
. 932
.t ) 935 .
960

% 965

+ INVERTED LIST FILE

FIGURE 3.2
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CELLULAR INVERTED LISTS. The-size of the index file . can be

t

reduced by storing, not the'address.of each record,
but an indication of a’ hardware zone, say a disk
track, in% which it fesides. The zone wiil then be
searched to find the re;u;sted ;sxecord. |

PARALLEL CELLULAR INVERTED LIST. As in the cellular cha;p

e "

organization, the cell position may be spread across
several disk packs so that the cells can be searched

in parallel in order to minimize system response time.

TREE STRUCTURES. Knuth (KNU,73) defines a tree as follows:

" . ‘a finite set T of one or more nodes such that,

1. there 1is one speciglly designated node called root of
3 the tree.
2., The remaining nodes are partitioned into m>0 @isjoint

(f. e. not connected) -sets Tl,...Tm and each of

these sets in turn is a tree. The tree T1,...Tm are

called the subtrees of the root".

Treeé are used in both 1logical and physical data
descrﬁptions. In logiéal data descriptions, they  are used ﬂto
describe relations between segment tybes or record types. In
physical éaﬁa ;rganizations, they are used to describe sets‘ of

pointers and relations between entries in indices.
¢

=4

2

E.- H. Sussenguth proposed to use the tree structure to

store English words. He states (SUS,63) that: "The filial set

of each Kth level node is comprised of those nodes

-
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+

which ‘correspéhd to those eYements actua;gy”ﬁged in
combination with the element associated with the

parent node".

See figure 3.3 for an application of this concept. The
filial sét of the letter B, fotzexample, would be the 1letters
that can /pe used with B to start a word. A partial key can be
associateé with™each node. The key value is made up of the node

values from the root' to the given node, which means that the key

for a 1leaf is 4£pe key of the record to which the leaf

3

corresponds, In" the example. given in fiqure 3.3, BAN is a

partial key with respect to BAND and - BANE ~and it 1is "also 3
record key, therefore it 1is a leaf. By terminating each key

with a special character ( * in figure 3.3 ), records of the

™~
N

file correspohd to leaves.. !

One possible representation of this technique is to chain
all nodes to their filial sets (heir pointer) and to chain the
nodes within the filial set (twin pointers) together. This

technique is called "double chaining”™ and, in essence, it
?

creates a binary tree representation of the file. 1In terms of

computer stofﬁge, one portion of a word migﬁt contain the
address of another node on the same filial set 1level, (twin
pointer) and a second portion might contain:the address of the
first node of the filial set one level lower (heir pointer).
The actual text.of the record might pe stored in a third portion

of the word, or it could be "pointed to", in which case the fjie




e -

38

would be "triple chained". Figure 3.4 gives the compuﬁer memory
. ‘
contents for the tree of fiqure 3.3. The chaining technique can

make use of 233 available memory location for adding information

about new fille additions.

3.1.3 APPROXIMATE FILE STRUCTURES -

One of" the most important aspect% of any information
\\fétrieval system is the time: how quickly a user'é\ request can
be processed, the specific information generated and the output

returned to the user. For a large sized document collection,
§

search time -~ the time spent scanning and correlating against

the members of the collection - 1is critical. It can becone

excessive because it often varies with the size of the
\

collection. Because of this, various techniques have been

developed to shorten search time.

3.1.3.1 CLUSTER TREE ORGANIZATION ' ‘ /

o

»

= Clustering is an operation which divides a document

collection or document'space into several éroups, each of which
is .considered as a unit. Each cluster is represented by a
"centroid", similar in form to the documents it represents.
Mény clustering algorithms have been used 1in experimental
systems such as developed b& Bonner, Rocchio, Salton, Dattola
and C. T. Yu (BON,64), (ROC,66), (SAL,67), (DAT,68), (YU,74).

Most of these systems make use of : correlations between the
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BAN N ~—D—*
“‘BAND - .
" BANE . E——%
BARK °
BARN : A

‘ BARGE ’ \
. BE \ -
> . BEEN e /?‘ .
B R

\E——N_* S

« Tree representation

File conten{:s

FILE AND ASSOCIATED TREE STUCTURE

FIGURE 3.3
- | 2 8| El-]n 151 ¢ ;| - | 20
3 | 4 91 K |13 | 14 16| * / - . -1 .
- 15 10 p |17 ] 18 17| E / - | 19 ‘
6 | 7 11| N | - |12 18| * / - " - *
g8 | - 12, | - | - 19] * [ 1 - -
- 19 13] N |15 | 16 20 E/ - ] 21
10 “m , 1.4 * - - | 21 4 - - b

MEWORY MAP OF TREE IN FIGURE 3.3
- FIGURE 3.4 .
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documents to be tlustered. For Salton's SMART system, each

cluster 1is identified by‘ a representative cluster profile,

somewhat akin to the center of grdvity of a set of mass points.
g

This 'cluster profile 'is a set of weighted terms, representative °

of the documents 1included in the corresponding cluster
(SAL,72B) & '

-

Bonner's teéhnique' is to construct a sigiiafity matrix,
which specifies Fhe‘closeness of each document with respect  to-
everyé other document. , Some information is extracted from khe AN
matrix to determine the cluster. One way is to represent the
documents as vertices of a graph whose edges‘are determined by\“Q
the values of the similarity matrix.i There is an edge between
the ith and the jth vertices if, and only if, the ith and the

jtﬁﬂsggcuments are "sufficiently close®. ' The clusters are

e

defined in terms of graph theory. In general, each cluster is’

represented by a vector which is a mathematical | combination of

B d Ly Bt T L

P

the documents it represents. Finally the vector is represented

in a balanced tree 'organization for a generally  excellent

ot

€

o B

retrieval pefformance (figure 3.5).

'3,1.3.2 NEAR - NEIGHBOR SEARCHING FILE STRUCTURE -

For multi-key or associative searches Bentley (BEN,;75)

proposes a new type of data structure, called multidimensional
binary search tree or k-d tree. A k-d tree is defined as a

file, whose records are stored as nodes in the tree. In

o
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additign to the k-keys which® comprise the record, each node
contains two pointers pointing to another node-in the k-d tree.
The k can be considereﬁ as the dfmensionglity of the records,
and, each pointer as specifying a subtree.. The relative
:magnitude of the keys and the order in which the records arrive
are relevant. only for the qonétrudtion qf‘a k-d tree. Using a
k~tuple permutation, the nodes are randomized. The first node,
say P, in the collection will become the root. This includes a
partiiion of the remaining nodes into twoi subcollecti:ns. If
two new records, say Q and R, fall in the right and the 1eft
subtrees of P respectively, their relevant ordering (that is,

whether or not Q precedes R) in.the original collegtion is

>unimportan€.

The k-~d tree can be used for both intersection querles and

best~m{\\h\ queries. Intersection queries specify that the

records to be retrieved are those that intersect &ome subset of

[

the set of wvalid records. The éimple query or "point search"
(FIN,74) ;sks~if aﬂspecific record is in the data sttuctJ?e.
The next more.complex'intersection query is one in which values
afe specified for a proper subset of the keys. 1f values’ are.
;pecified for "t® keys, where t<k, then the query is called a
;partial match query’ with t keys specified®. The most general
.type of intersection query is one 1n which any region at all may

,bg specified as the set with wh1ch the records to be retrieved

must intersect, hence it is called "region query".

o
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The best«éatched éuery, generally termed as neaf—neighbor
searching, nogmélly geals with th% search of all reco}ds within
a fixed distance 'r“of the given query. ,Given“'nr reéords, it
finds all pairs of records that are within the - distance r of
each other, or it finds the "k" most closely matcﬁed records for

a’query. ,

%his" class of file structure is applicable to’ an
environment where the records can bé considered as points 1in a

mul%%@imensional metric space and a query is a poipt in this

e
space. For example, locations. of warehouses can be specified by .

- their latitudes and longitudes; a transport company may want to

find “the warehouse that is closest to a given point. The idea
of distance can, in this case be measured by the Euclidian

distance. There 1is a iargé class of such 'near—qeighbor

searching problems; however, many information storage and

. LN
retrieval 'problems do not fit into this category.

o

3.1.4 FILE COMPRESSION S \ \
\

e

One research area of great concern is that of handling

(i.e. generating, updating,ﬁééarching ) large data bases. Some

of the major data bases are added to at the rate \of half < a

billion characters of data per yéar. Searching a data base of

‘this size over a five year span could become a pféble . Several

- .
organizations have done research on compression of bibliographic

data bases,. . :'

B
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A«generali§ good way to_compress data for storage is t6 usé///”
the most efficient form of chqracter encoding. The conventionjy/
: ! CETS ' .
8 bit EBCDIC code which most files use does not give tight

encoding for ‘data, nor does the ASETI codd which is widely used T
i . L . .

for data transmission.  Alphabetic data and most punctuation

~ '
W

could be storgg/}n/ﬁ/iit characters, as is the case of the.<:'“ﬁ

-

® ! ’
\EAUDOT code used for telegraph transmission.
. ( »

A tighter ‘packing of data can be achieved with a code which
employs a variable* number of bits per character: With such a

~

code, the most commonly Bccurr g characters gould be -short, and

the infrequently occurring chare teri would be long. This type

of coding was originally propo ﬁbywp. A. - Huffman and it is
" called after him a Huffman code (HUF,52).

3
In general, the techniques used recode the data ip a more

compact form. For example, Heaps & Tﬁiel (HEA,70) have
cpmpreséed text tapgs by assigning a tyo—byte code to each term
on the’ tape.: For 'codiﬂg and decoding. tables aré reqguired.
They feel that in 'order to design a 1large data base for
ret;ospect1Ve search - the term will be explained later in.this
chapter « there shoﬁld» be " automatic data compression, | a "
minimization of fhé number of input/output operations to the
direct access file;. and a minimization of the requlxement for

- internal core memory (THI.}ZT.

-

fq\ A variablg 1length .encoding- described .by. Wells (HEL;YE)

obtains a compression of about 20% for free format files. He -
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states that the economic effect is not so muc ;n the saving of . '
i : \-ﬂ
storage as in the reduced traffic to and from storage devices.:

t . R

3.1;5 ACCESS STRATEGIES

o

”

: N 7 In many' applications, files are both searched frequently

~

for pertinent information and altered freduently with new?®
information, such as an airline reservation system. Inh other
applications the files Q{e subjected to the following

situations.

3’

i ) 1. Accessed' frequently and altered infrequently, such as

an on—-line query system.
. i
* 2. Accessed infrequently and altered fregquently, such’ as

-
© .

a data base storing ‘telemetry ‘data.

~ in Qny thesaurusofile; the gpédrmétiqn %s regarded as being
both‘ frequently accessed and frequentlyfaltered. However, the . | G
accession feature 1s of greater importance than the alteratian ‘ ;
feature, because once the thesaurus has been crea;ed, ‘ i
information is more lfkely to be acéeséeg than altered. The §
. access strateéies discussed on the fsllowing,pagesﬁgé1} fall
f/:;to one of the th(ee applieation characteristics of a fyle.~f \:

Although 'some of the access methods are tog well known to‘bg

§
K

o
[
4
r
4

B

described infanysdetail. for the sake of cpmpletedéks} it was
. ~‘ ‘0-
. decided that they. be listed also, ‘withoilt mueh descriptiocn, .

among the lesser Kknown strategiles.

-~

. .
=
& . , .
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"SEQUENTIAL - SEARCH., This i3 the simplest and perhaps the

»

crudest way of locating a record and it is oniy Likel} to be

'used’ on a batch processing operation usiné a serimal)l file, such

as tape, in which each record must be read anyway. :

v

/ . ’ \ - K
~ )
(o]

BINARY SEARCH. This technique is an -effective method of
handling files which are searched frequently ang elte;ed

infrequently. The alteratioﬁ of the file 1is time consuming

because the Trecords in ‘the file must be in:an ascending or

- descending order of key and many records might have to be ‘moved

-

existing one, ¢

‘either to make room for inserting a nevw record or deletini/ﬁn

Vs

PARTIAL KEY SEARCH OF A TREE STRUCTURE. The searching “of

tree allocation for d given record or item 1is a simple

* procedure. 1Initially the roots—are scanned - to find .the root

corresponding to the first element of the key of the wanted

record. . After the root is located the "children" or the "filial

set" of the-}oot is accessed. This filial set is searched for

the second eAemept°of the key of the required record. Searching

‘the filial sets -for the elements making up the key continues

until .the required léaf is located (see figure 3.6).

Basically the same procedure is being used to add a record
or element to the file. The file 18 entered aswif,a search vere

beiﬁg undertaken., At some level a filial set is found that does

-* not contain a node value that matches one of the elements of the

o
1

&
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._



e

rr o ET Sy fmaeman o o,

t

* - -
* .
hid ,-A__....,_/f
’ 47
i .
.
. ~ . ~
.
<o ~
. F*-'

. B

.

] ”~
|
) [
' s N
L]
4 -
©
. o R
’ -
R N
7

" N

*» SUCCESS

Compare

' ) ¢ ° 3
"I Move left - Mové right] '
¢« 7
<
Insert !
, into a
tree .
‘ -
: !

‘ ' TREE SEARCH AND 'ﬁq\gzmou L

4 BC’ o .

° @ P ’ M <

) g )
" FIGURE 3.6 . .. .. e




key‘being added. ﬁt this point the filial set 1s expanded, by
ihcluding a; a node the elément of the key which previously was
not o member of the filial set. The filial set of this newly
added node consists of the.next element of the key being added
to the file. Additional filial sets are added until ~all
elemepts of the ke§ areladded to the file.
. . N

HASHING. The search methods discussed above were based on
comparing a given key "K" to the keys  in %\\table. Another
methodology is to do some a;ithmetic calculation on' the key,
"f(K)", converting it to an actual address "H", which can bé
)dsed to store the key and its assocliated data in an area of the
storage medium. This technique is called bhashing énd it 1is
superior to binary search and tree sg¢arch from the standpoint of
both speed andfkspace.'except that binary search psegfslightly

AN

less space (MAﬁ.?S).

3.2 FULL TEXT SEARCH: o T

(

While bibliographic data bases are still ﬁhe(major sources
?f informatié? retrieval sy;tems. there is a growing interest in
actual information. files. Full text data bases are being used
in law retrieval systems such as WESTLAW of the,Wng Publishing
Compaﬁy. which has provided indices to State and Féderal court
cases. Scientific literature is beédming available in full text

form both }n the figld of Chemistry and Physics., These files

are seen as. the next step in the on-line revolutioq. providing

ke
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answers to questions rather-than ref rences to the literature

where such answers may be found.

Up ‘to now we discussed files which contained.} fixed
attributes and a number of keywords (see paragraph 3.1.1).- 1In
this section we discuss files, which contain the full text of

articles and documents. °

Full text search is usually based on searéh words which are
posed against the teit. Usually the "distance" or the number of
words between the search words cén be reghlatgh. The parameters
defining this distance have a direct bearing on the relevance of
the text retriev;;. Fbr example an "adjacency" of 10 words
usually will yield a more general text than when the “adjacénc&"
between search words ia\iifined as 1;

N - \
O'ConnoF uses a novel concept of "syntactie Jjoints™ as a

search criterion (0C0,73). A syntactic joint is a conjunction,
preposition, or punctuation  mark. The search score for a
sentence is based on the number of intervening syntactical
Joints ;s well as 1nterveﬁing words between glue words, Q%bh - a
higher ranking giv?n to word sets having b;tween joints. One or
éore sentences, Yanswer passages®, are retrieved fqy review éy
the user; instead- of the usq?l citation information, with pair#
of sentences- selected based on écopnectorw Jords such ;s

"therefore”, "thus", and other 1ndicators,/2£//f;nks to other

sentences. . o
b Y

“
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In the future, scientific literatuje.may become available

in full text form &s more -joﬁrnal
e a

photocomposition. The American Chemi?al Society and the

convert to Eomputerized
American Inst te of Physics are in t process of conversion

now, but at the moment the field of law 1s the 1leader in

;4
\text retrieval. There is a great need a:d an obvious payoeff

having the verbatim traﬁsaction"of a law, regulation or court

decision., LEXIS, the service of Mead Datla Center, is the oldest

and most used commercial data base service in 1law and
| ]

proiides access to a vast store of legal textsJd y
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3.3 MEASUREMENT OF RELEVANCE IN INFORMATION SYSTEMS

3.3.1 EXACT AND APPROXIMATE# RETRIKVAL
L) . \
According to the way in which a retrieval criterion is
written and i¥nterpreted, we can talk about exact and approximate
retrieval. 1In an exact retrieval query, JLthe retrieval criterion

is normally a Boolean and/or arithmetic combination of the keys.

For example, a query that requests all records in the Telephone

Company for employees whose saléries are higher than the Company

average, 1is an exact retrieval query. We call these queries
exact because an arbitrary record in a file either satisfies a

query precisely or it does not satisfy a query at all. This is

a q—l decision on relevance.

In some other retrieval situation e.q., document retrieval
systems, pattern match systems, etc., onewdgescnot have clear
cut decisioqs. 'One will have to talk ‘about the degree tp which

H

a record- is relevant to a query. " The SMART retrieéval system

(SAL,73A) is such an example. A query might coﬁsist of a set of

keywords and the degiee of relevance between one record ana ‘ one
query ﬁould be a function of keyword, matches and keyword
mismatches. These qu;fies might also‘includé_additional Bodlean
and/or arithmetic combinations of keys. For exeﬁple, a query
that retrieves 'documents that are published after 1973 and that

contain as many of the. three keywords ARTIFICIALL/INTELLIGENCE,

SIMULATION as possible" is a mixture of an exact criterion and

a

R
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an approximate criterign. We classify these queries as

approximate retrieval queries. ‘

3.3.2 PRECISION AND RECALL

~—

h
When a user describes his interest to the retrieval system
by means of a question (query), it initiates a search of the
data base. 1Ideally, the list of data’ base items he recelves

should contain all the relevant, and only the relevant, items to
' \

his interest, The extent to which both criteria may be met ©

depends on whether his question adequately represents his
interest and also whether the terms used in his question are

terms used to describe, or index, items in the data base.

} RECALL may 'be defined as the proportion of relevant
material  actually retrieved. PRECISION is the proportion of
retrieved material which is actually relevant, The following

examples will illustrate the two concepts.

Suppése that' a user of a retrieval system receives a41ist
of "M" items in response to a séarch and, after examinidé the
iéems, he decides that "R" éf them are relevant to his‘intetest;
the search is ihen said to ﬁave a "precision” or "relevance"®
equal to R/M. The precision is equal to wunity only If evefy

retrieved item is relevant to the user's interest.

LR

"

PRECISION R/M
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Suppose now that, after receiving the list of M~ items of
which R are relevant, the user manually ‘examines the entire data
base and finds that it contains a total of S relevant items in
the collection; the searcn that pro@uced the list of M items |is
then said to have a 'fecéll" equal to R/S. Tﬂe recall is equal

to unity only i{f the search lotated all the relevant items.

= . ¢
L]

A

- RECALL = R/S )

Salton (SAL,68) separates the document collection ‘into four

o

parts: retrieved and not retrieved documents and documents that

are relevant and :nopFrelevant. This partitioning of', the

Y

collection is illustrated in figure 3.7, - ’ 2

~
| o

The wvariation of  precision and recall, as a question is

o

made more speéific or more general, is shown in figure“B;d. The
point A corresponds to a question which is formulated. so that
all retrieved items (prébabl? very few) are relevant, thus R/M -
"isaapproximately unitx, and R/S is approximately zero. As . the
question 1s successively generalized, the precision ratio dfops
and the recall ratiq increases; these changes are repreéentea by
the points B, C, D, E. The point F corresponds to a question
which |is designed to retrieve almost all fhe relevant items at %
the expense of including man; that are non-relevant. . In this -

case the- é/M ratio is close to zero and the R/S ratio is

approximately unity.

e em e - e s o T
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FIGURE 3.7
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3.4 MODEL OF AN INFORMATION STORAGE AND RETRTIEVAL SYSTEM

"

;, A generalizéd model Jf'Informat;pn Storage and Retrieval .

System (ISR system) 'was p?oposed“by C. Crouch (CRU,71). The
phrase "information storage .and retrieval system" is defined as

which rétrieves

a system documents or document references in

response to a specific request. Thus the system, regardless of

whether it retrieves. complete document texts, document

£y . ~
surrogates (such as abstracts or extracts), or the names and

addresses of documents), 1s’ termed an information storage @nd

1

. ' \ d
retrieval system.

For a graphiéal representation of the generalized 1SR

4

system, = see figure 3.9 )xafter Crouqﬁ). The sequence of

1

operationsperfqrme@foilows the, flow from the User to . Logical

.Proéessdr. Se;ector. Descriptor filef Locator, chumen€ file,

and back to the.User. In addition to the User, ‘another point of-
inpuf to the system is through the' Data block. This information

is then processed by the Analysis'bléck.

~

The user inputs‘hig query to the systen, Using\a;so—calléd‘
"man-machine" dialogue with the ISR s}stem. it allows 'the user

to modify his original query to facilitate retrieval of the

generally
\ -

needed so that each,can contribute to the -best of his abfLity at
each step in the way. For example, the system might’hélﬁ‘the

user in formulating the request by hoting with each change 'the

%
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pfobable nuhber %f documents in the final answer, by presenting °

representétive documents for evaluation; and by ranking the
ngﬁut accordiné to degree of relatedness. The user, on the
other hand, could help the system find éhe required answéé by
' correcting possible misunders%:ndlngs of the request as early in
‘the search as possible, by narrowing or broadening the request
}if the size of)the expected answer becomes too large or too

small, and by continually 'refining the request based on ﬁ;,(

information supplied by the system. ‘

The Eogical Processor, or Query Formalizer takes the input
query, red g and formalizing it to a form recognizable to the
ISR system. .This reduced query, in the form of the system's
de;criptor 1anguage; {5 then output to the Selector. The
Logical Processor may be responsible for pre-search activities,
which are'based_on term and dictionary displays of previously
stored ihformqtion, The user examining this information can
decide how to refotmulatehhis query to obtain the best result.
Salton  (SAL, 68A;> list; the following types of pre-search
information. & J .
1. Lists of terms included in the user's original search

‘formulation " “together ;ith word frequency information

giving the frequency of dse of each word in one or
more of the stored document collections.n
2. " Thesaurus excerpts cér}esponding to the terms included

+ 5
in the user's search formulation, and consisting, for

each of the origiﬂally available terms, of a complete

% . . ™
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o 7
T e _‘f hesaurué class,‘including synonyﬁs and other ternps
-, related to the original.’ N
.wﬁf 3,  Title and abstract of source dpcuments,kthat is, of
. « documents originally &nown to the usér as relevént to
e 0 his search query.

The @quéry énhancement of this thesis belongs to the

.

(7\\Pre—séarch activities of the Logical Processor.

t
]

The Selector uses the formalized query to search the
Descriptor (or Index) file. Using the expanded query‘asbinput,
it retrieves from the Descript6r~file the set of all docunents

that are associated with each descriptor in the expanded query

El

vaand it \performs the ' indicated operations upon these sets
ji%%ébcquing to defined priorities. ?he }esult is a final seq'?f
j, specifications, i.e., pointers to all those doc&ments which have
| beeﬁ found to be associated with the query. These

"specifications are then péssedﬁto the Locator.

The Selector may also nteract with the user by means of
user feedback. This relationship is indicated In the model by
the arrow 1labelled "selecte 'specifications:‘:/ Thfs/elécted
specifications might be J% list of éocumeni ldentifiers
associated with a particular huery term. Suéﬁ functioris age
called posg-seatchuactivities. 'In post-search activities, the
Selector could show the user the result of an initial search.

o

One application of tﬁe method would be the user's reformulation

of his search request based on the data provided by the 3ystem..
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Another application would be the autbmatic‘quefy reformulation,
which 1is using rele;énce feedback.“ In relevance feedback, the
user is given a set of items retrieved using his original qu;ry.

He-is then asked to judge which items of this Jet are .relewant

to his request. This information then is useJ to automatically
N 2 ‘ ’ . . . .
generate a new query for another search. This, feedback process

can be iterated as often as desired.

W
<7

'j ‘ The, Descriptor file contains all |index terms and,

» ~

" generally, it is a large, stable _file whos entries aEe by

b

nature alphabetic and of variable length. | The most 1mpor#ant
) J W

" factor in an ISR system is fast response Fime and for the

Descriptor rfide the preferred file organizaﬁion seems to be the

@nverted file or some~variation thereof. as wWere discussed in
Section 3.1. ~ /x”ff ‘ |

The Loeator searches the Document file to extract the

document infqrmatioh associated with each dopument for the set

. passed to it by th elector. Accepting{as input the sz& of

\
A

< * !
gocumentsfdetermined,by the ISR system to be associated viéﬁ the

query, the Locatéf retrieves “the entryb‘associated width each
q K4

document from the Document file. Théieﬁtry may consist of the

document title, an abstract, or an exgract.

1

-

~ - ' u

of entries which are the ISR
. In . P R

system's representation of the correspondﬁgg documents. The

.(' » : .
The Document file is composed

docun&hts of the file are depeé;enb pon the original form of

the document as it enters fhe system through the Data blotk as

& . o
] . 4 R i
K . . .“ )
b .
) .

; o
{
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well as upon the operations performed upon it by the Analysis

- blotk. The final document reépresentation is largely determined

. %
by what is considered adequate - or hnecessary 1in a document

surrogate for a partiéular system.

\

‘The information contained in the Descriptor and Document .

files enters the system as raw material via the Data block.

.....

This information consists of unmodified textual information in

whatever form is found to be convenient. For a generalized

document retrieval system, each\informatiohal set is consideé;d
as a set of characters only, i.e., a set.of recorded symbols’

which are recognizable within the confines of the particular

system. < )

»

The main function of the Analysis block is to extract from
® . the incoming data two different ?tngs of output.
‘ 1. Some indication of the content of the incoming

document to  be stored in the Descriptor‘file along

. , a

‘ e with a pointer to the .document in the Document file.
1 _ - _ .

{ } : Since a document 1is represented by its descriptors,

<

. “ they must be indicative of its content; they are #n

" ‘ o ‘ fact\slﬁes to the doocument content. “~
i ‘ ’ . X
; 2. A répresentation of the document itself (i.e., the

sys%ém{s representation of the document), to be stored

. . in the Document file.

.
. . - s .

As cgn be Been, the. Ana;Ysis block .1is reaponsiblé for
restructuring, transforming its dinput. into two 'consp}tuént'

” IR

. B &

’ -
.ﬁ: ’ ’ ‘ . \ ' i
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parts, each of which serQeS'as input to another cbmbonent of the '
system. \Foé very largé document collection, the search of an
entire‘file’is prohibitivé in terms of time and processing cost,

thus it is divided into clusters (see . Section’ 3.1.3.1) for
faster an; more_effective search. The Analysis-block has this
subsidier‘fun&tion to utilize a clustering technique in order’

to reduce the problem sogewhat. allowing it to be hand}éh-

economicaily within the ISR éystem. :

3.5 INFORMATION SYSTEMS
# : L

The information stored in a data base can be classified 1in

general as historical or retrospective information and current

- information. The 1length of time it takes for current

information to “age™ to be historical, 1$,§ole1y dependent on
the type‘of applicafion. In satellite tracking, the ate}emetric

datarof tvwo hours_is historicgl} whereas in a bibliégraphic datza

'‘base, an article in a monthly periodical can still be comnsidered’

as current after three weeks. o ,

A pumbér of document data bases are created in the form of

u

regular issues of magneticltapes that contain references to the

most recent articles pﬁblishéd within Qome set 6f Jour s

(SCH,73). . For example each issue of a tape createg at bi-weekly
v N

or monthly inteftval might eonﬁain 6000 references to articlés
that have appeared in some 700‘journals. Thé'user°bf°the search

. . s - . x .
service requests’'a 1ist of all the articles that contain certain

] ) [

o . . N . o
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comb;natioﬁs of title words, authér‘names; subject‘hgadings and

»

so forth., His specified set of terms is considered to form his

Winterest profile". Some of the wusers might have’?standing

interest profiles to be searched on e%ch issuve of the tape‘és it

appears. The service to grovide such regular searches with
respect to standing profiles is called Selective Dissemination
of -Information (SDI) ' for current awareness: In contrast, a
search on all back issues of a document data basé is considered

historical or "Retrospective Search".

'SD1  services provide for the runfiing of searches against
only the hew material being ihput to a bibliographic 'data base.
Its popularity is not surprising because such searches are much

less expensive than the larger retrospective sear;h. Many

- commercially-run ' information services, or  ‘Information

.

Dissemination Centers, provide for the users to set up their own

l

individually tgilored profiles. 'These profiles usually feature

capabilities for logic, term truncation, Qeighting!_nesting and

“

search on various types of terms or ‘data element types. Besides

‘

the individually tailored g:?files. many SPI centers also
K I ,

provide standard profiles or group profilég at a lower price

P2

6

than individual profile cost.

“ o

The conventional retrospective §earch can be done both
on-line and in batch mode. g} general, on-line search is
prefergeéiby most users. Most of the tape driven batch systems’

are being replacgd by the more convenient.‘hirect access device

o ey g AN

/
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driven on-line systems. " On-line systems are usually simple to

use; they afford a personal involvement including correction

-capaﬁilities fpon query results, and they are rapid in response,

o

The use of oniline bibliographic services has accelerated in the

'
seventies largely _ because of developments in the data

commuﬁication area which have brought the cost of communication

down . and increésqd the geographic availabilities. For example,

use of the TYMSHARE network permits wusers in about 50 major
cities to piace a local call tbrough the network at a cost gf
only $10 per hour versus $30 Qer hour” for direct distance
dialing (INF,74). The use of communications satellites {3/the‘
public backet switching networks afford even lower costs, higher

speed data fransfer. "and greater geographic dispersion of

' o 4

information.

/

One of the most used qn-line retrieval system is the

. MEDLINE system of -the National 'Library of Hed%cine (NLM).

MEDLINE is used by over 120 institutions utilizing the TY&SHARE‘"

_network for their close to a quarter of a million searches per

M o

[

A
2 1
Data networks have allowed the growWth of national

/

D'infoﬁmation services  and, / lately, an inereasing

/

o .

’ / K °
internationalization of such ne;works is in evidence. The first

officiaI“ network node outside ﬁk?th America waS activated in

‘London in -January 1977 as the result of- an agreement between

o

Western VUnion International and the British Post Office. 'Since,

»
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that time, nine more qountries have added acdess nodes to the

networks of the United States, and one can begin to see the

v

%
élimmer of a worldwide information system.

3.6 SUMMARY . N - .

\
* Chapter IIT1 presented a detailed picture of Information

Storage and Retrieval. :File structures and access “strategies

were described. A model of algeneralized Information Storage

and Retrieval system was . presented, and the functional

characteristics of its component parts were déscribgd. ¥e found

that there 1is a natural felation and interdependence between

these parts. The user inputs his query, the Logical Processor

)

transforms it to an intermnally recognizable form and it 'performs

¢

query expansion, while the:XSelector retrieves, from 'the

Descriptor file, the set of all _gocuments that are associated
with each deseriptor in~}he expanq§d query. Since the primary
con;ern of an ;n-lihe ISR system is'ré;ponSe time, the contents
of the Déscriptor and Document files are organized, using the

most suitable file organization for the particular system, to
enhance the response. The Locatgr retrieves from the Document
file the entry asﬁpgigped with each documents of the set and
returns this\ information to: the user. ihe Analysis block

accepts thé new, raw data from the Data block, extfécts the

A

pre-degﬁned " information -~and creates two outputs' for the
DeScriptor and Document files. The effectiveness of the whole

ISR system 1s determined by 'the user when he evaluates the

’
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relevance of the answer to the original question,
! ‘ : : i -
\ : Certain.individual ISR systems are interconnected and form
an information network to enable a user to access any system on
. the net, be it local or remote.\ d. -
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CHAPTER IV : ‘
/
’ QUERY ENHANCEMENT
4.1 INTRODUCTION VT
Precision is determined by the specificit of the

,-keywording, whereas recall is determined by the exhpustivity or

he can f*late his. q(xestions to obtain either hig' recall or’
high precision. In addition, by employing vocabulary control,
the user will be more assured of haviﬁg some sort| of control

ove( retrieval effectiveness as measured b recall and

precision. The understanding of recall -and pre#ision should

——

bring the reader to conclude that retrieval effectiveness could

be increased by using a thesaurus for vocﬂghlary ontrol. In a

i

computerized informaszS\ storage and retrieva system; this

effectiveness could be i11 further enhanced b allowing the
~ . ' , - /

user to manipulate a thesaurus:on-line through /a terminal. The

user,sitting at a terminal, adding to, modifyi
thesaurus or 'partS' of it, in a .man-machine
nvironment, ‘would make use of tpe
'apaQilities of the'computér and the'intell
He would have the advantage  of béing'

thesaurus as he uses it,

i

s T

n
B e o e e s
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J‘u
the user's 'query 1s enhinced or expanded for that. particular
session only;. This Qay his wpoint® influencpks his own query
only at that particular time. This gives hip/ the 'freedom to
change, manipulate hkis own query as he feelg it fits his purpo§b f

witﬁout imposing any bias on the commop’ thesaurus utilized by

©

the rest of ‘the user community. his quefy " exparision

methodology is the main aspect of thi th%s§s. Query expansion

bas its origin ip clusté}ing, which wa described in general
‘terms in paragraph 3.1.3.1 and will beNexpanded further in the

,following sections.

\

i\~5;4.2 DOCUMENT VECTOR SPACE

Lethus consider a collection of docume

ui

s D which giBS

PPN B

represented by terms T, such that

1

‘f Di = i Til'Tizopoo‘.oTi

where | Tij represents the Eerm j in the vector correspondiﬁé to

o
PRI W LN PRE- L R L

the ith document. }\ possible to define a measure of

relatedness s(Di, Dj) b en documents Di and Dj depending on

et ] oA M s e

the similarity of the respectide term vectors. . In thrge,

dfmensions, . when ree terms identify the documents, the

situation ay b _epﬁ;sented by the configuration in figure 4;1.

One method to assume similaripy between any two of the document,
vectors would be a function inversely related to the angle
hetween them. That is, when two document vectors are exactly

the same, the correspondi vectors, are superimposed and the

'
4]
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.angle between them is zero. . ‘

*

. Dl= D2 and & = 0O . *

When more Ehan 'tﬁree terms are used to identify a given
doéument, thé envelop of the vector space may be used to
) represént the coliection, as shown in figure'é.z. Here only the
tips of the document vectoré are shown represented by X's, the
sizé of the vectors are normalized to some .common length, ,and -
the distance between two X's is inversely related to the
similarity btheén the corfesponding document vectors; the
smaller the distance between x's; the smaller will be the angle'
between the vectors, and thus the more éimilar, the term

assignment., -

B 1

If a document 1is .introduced into the 'center of this
aocument space, this central document, or centroid” C, can_ bev

used to represent the whole collection.' Examining the document .

&

.space configuration of £igufe 4.2, it shows the details f the
indexing choosen for the identification of the aocumng;? This

riaises the question about the choice of an oﬁtimum indexing

process, or alternatively, about an effective document space
configuration. Studies by G. Salton and A. ~ Wong (Sig,738),
(WéNf735 .indicate that a good aocument ?space is one which
maximizes the average Eepar%tion between pairs of dissimila;
ddcumentg. In other words, the document space will be maxiﬁaily

separated when the average angular distance between each

El
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VECTOR REPRESENTATION OF DOCUMENT SPACE

FIGRE4,1 7

MULTIDIMENSIONAL DOCUMENT SPACE
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document and the space centroid is maximized, that is, when
n

Q %{E( C, Di ) -

i=4

is minimum. This similarity measure "s" between two vectors (c,’

o
Di) may be assumed to be an inverse function of the angle

° /"’ N
between them. A typical measure of this type 1is the cosine

o

function.

When the similarity between two vectors are minimized, it
would insure a high precision output, since gpe retrieval of a
given relevant item will then not also entail the retrieval éf

many non-relevant items in its vicinity.

Salton (SAL,77) describes a particular 1indexing systen

~ known as the discrimination value model, where a good term is

assimed to be one which, when assigned as an index term to a

collection of documents, will rendéer the documents as dissimilar

as possible; that is, it will causé the greatest possible

separation between the documents in the = docunent space,

decreasing space density. The poor discriminators genérally are

the ones which will cause the documents to become moré similar

to each otheér, and the space density to increase. By computiné

“the space densities both before and after assignment of each
- term, it was bossibre to rank the terms in decreasing order of

. their discrimination values. The discrimination value (DVk) of

c

term k was defiﬁed as: . F
| | I N

DVk = 0k - @ " J

. mARITRYE



value near zero is obtained.

fréquencies of . terms

+ 71

R \
wﬁere 0k is the document‘dénsity Q with the kth term removed
from all document vectors. Obviously, for good aiécfiminators
Qk>Q and DVk is positive.. The reverse is true for poor
discriminators, whose removal causes a dgcrease in space
density, leadinggsto a negative discrimination value., A large
majority of the terms are expected 'to produce ~neitgér increase

nor decrease in space density, in .such a case a discrimination

Using the MEDLAR collection of 450 documents comprising
4726 terms, Salton, obtained goqg retrieval results for his
discrimination value model (SAL:75). His graph of terms by
gopument frequency ordef is“reproguced as figure 4.3. Document

frequency is defined as the sum of the documents in which a term

4 \
is present (see}Section 4.5). for each class of terms - those
of document - frequency 1, document fregpenqy 2, etc., - the

average rank of the ' corresponding terms is given in
o

L)

discrimination value order,

'cor;espéndf;g discrimination

s

values, For a set o{'.t'-terms, e discrimination value rank
ranges from-1 for the best discriminator to "t" for .the worst

(i.e., rank 4726 for the Medlar collection).

(>

The ' U "shWaped curve of figure 4.3 shows that terms of low -

document frequency (i.e., occuring only in one, two or three
documents) have‘poor average discrimination. ranks. For example,

the several thousand terms with document frequency 1, have an

thereby relating the document’

P

.
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. Salton) with the following interpretation.

averagj rank exceeding '%000 out of 4726 in discrimlnati‘on value

The terms with document frequéncy grehter than 25 have

= 1

;\}grage discrdmination ? s in excess of\ 4000. ' The best
whd

diskriminators are those se. document frequency, is neither too

-low nor too high. The situa’E‘ion relating document frequency to

term ‘Gib:?i:riminartion value is ﬂjmmarized in figure‘4.~4,(after

:

~1.}q The terms with very 'lovw. document frequencies, located"
. on the left h;nd side ofr'figure ,,4.4,. are poor
‘hiscriminators, with 'agerégé discrimination value
ranks in excess of t/z/for t terms. Tnese terms are

so rare «and . specific that they cannot retrieve an

c

acceptable propor,tion_a/ of the documents relevant to a

given query. Their ) use 'dépt:esses . the recall

performance., Thes)e terms shotld e transformed into

° higher f_req\iency terms, left-to;right on the graph,

¢

thus enhancing the recall perfor}mance. . —~—

,2“.' The terme with high document frequencies exceeding
n/10 for n documents, locai:ed on the‘ right hand side
of figure 4.4, are the worst discriminators,’ with

average discrimination value ranks near t. They are

v tog eneral in nature,‘ or too broad to permit proper
- ﬁ;" discrimi,nation among the documents. Their use 1leads

té’. the | retriewl of too many items that are

3 extfaneous. 'rhese {erms should\ ﬁe transformed into

N

- " o ) lower fre’:ency terms, - right-tg-left on the graﬁh,
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, “ thujﬂsp?ancing the precision performance. - 5
discriminators are those whose (Qppument

5, ‘ The best

frequency is neither too With

high nor too 1low.
document frequencies between n/lOO and n/lo fo‘i\J
documents;'th@ average discrimination value ragks° are
.generglly below t/5. : ) .

all this, a useful

heo

the right-to-left transformation, the high frequency

From Indexing strategy emerges. " Using

combined "intg lower frequency indexing phrasese« in order to
v

. enhance the precision performance'of the retrieval system.  For

£

phrase‘

. example,. a such as 'programming language" has arlowver

ISR

\assignment frequency than ‘éither of. the high

' ‘ , <8
components"language! or "programming". . |

R
I

P
- / * . e

Using the left~to-right transfﬁtmation which can: be used to

enhance

be cdmbined

k]
thesatirus, OFr

into ‘“term classes, norma11y1 specifieﬂ»m by a

synoriym dictionary. ' When a single

¥

. replaced/for indexing purposesjby a thesaurus aclass

~

of ‘several timms, the assignment frequency of the thesaurus

class will in general exceqd any of the components

o Ve s de i e

included in
‘the class. ‘ ) -

7.

. . - The perforqfnce of the riéht -to-left ‘(phrasef

transformation and “the left-to-right (thesaurus)

for the Medlar medical collection was summarized,py Salton (fig.
N

'4,5) a °3%9 percent improvement over the standard term

L4

and had

v : xS

terms are,

frequency‘

recall, low frequency terms With similar properties can

term is

consisting‘

transformétion
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frequency procesg usiné the unmodified terms. Salton concludes

that the space density analysis and: the . resulting document.

frequency indexing model appear to perform well for collections

“in several different.subject areas.

4.3 QUERY CLUSTERING . Lo

i
a9

In _the previous section,‘ we discussed “ indexing

‘ﬁethodologies which were used to decrease the density of the

o

vectors in the document,space. Good retrieval performance was

the result of - decreased similarity between documents, whereas

e

poor retrieval perﬁprmance corresponded to document space. that

o

was more compressed It appears that retrieval performance and

I3

document space density are inversely related,

/

» On the other hand, the relation between document space and.

k]

SN
retrieval performance can be considered from the opposite .

viewpoint.f Instead of using indexing'methodologies and testing

their effect on the density of the document space, the document

w

space configuration can artificially be changed with  the

\

. “Q . A .
sdibmission aog queries. Using this approach to improve

performance;'it would be sufficient to increase the . similarity

\ . :
‘between document vectors 1oc!€ed in the same cluster,.while

decreasing the similarity between different clusters of cluster
centroids\ ~ The first effect is achieved by emphasizing the
g\rms that. are unique to only a’ few clusters, the second by

deemphasizing terms that occur in many different plusters.
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Minker et al., (MIN,72) observed that the terms used to
index Udocuments tend to occur in clusters, i. e., if term X is
used to index a document, then terms Yrﬁéd Z are 1likely to be
oused Thus, if a query is made to the document space using term
X, their system would expand the query to include terms Y and 2
also. Based on similarffy matrices, cyustErs were developed and
each query was expanded by its cluste£ églated‘ terms. A tedm

was aéfined to be cluster related if at least one term’in the

-cluster appeared in the original, unexpanded query. That ig, if

/4-(
- Q = (tl,t2,....tm). -
.o é
* the o}igihal'quefy and the cluster developed - T
C = .(t2,t4,./..tn) : S
- . \ » .° R
b . ! ‘ '!" . 3
was expanded such that ST s ‘ .. ,
R ¢ ’ . i o e T
LCoawe v, e /

]
1]

R »

because ét least one term (£2b appbared!in bofh. tge‘“expahded*g

query became ' . ¢ . RS

= (t1,t2,t3,...tn)

- . . o,

ihe results were negative; for the.specific clustering and
/ . o

matching abproach used in their study, it was found that query

expaésion often had s ddgradiné’effecf on retrieval performance.

.. Salton noted however (SAL,72C),, that in their process the'
= \ . o . , o

N -

-

P

- : .
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'3

-
authors expanded the . query, léaving the original terms
unchanged,[‘with” the ﬁain effect of lengtﬂening the query
vectors. wigh longer queryybec;ors, Fﬁe characteristicshof‘thg
cﬁsine matching function was altered 'and therefore careful

treatment of adding in new‘terms to the query is required. 1In

this thesis, the addition of new terms are considered at length.

Spa?cg - Jones (SPA,71) concluded that a ”blassification
system using keywords can be effectively used when only the
strong similarity co?nections(are utilized and term groups are
used to provide additional rather than alternative desptiption

items. , p q Co

Dattola (DAT,68A) developed a classification scheme ‘théh

A

used the ~document - term matrix directly without the use of a

»

. similarity matrix. The experiments showed that documents with

many -concepts tended to dominate clusters while documents with
few concepfs were not too- dense. He concluded that initial
~ — i 2 i

clusters <¢annot be created in an arbif?gry fashion, but must be

produced based on.some measure.of similarity over a part of ‘the

a

. [

# — ” .- &7
o .

w N - ‘o,

ok
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4.4 PROPOSED APPROACH / | :

e 1
The related, work in cluster analysis, which has been

briefly described 1in  section 4.3 is the basis of the work
presenﬁed here., We begin with the observation that a reader's
apF{ehension’ of a document's subject matger is defined by thel
words haking up that document. In this thesis, the ‘process of
subject recognition is ‘based on the éffectivenes; of words
representing that document elsewhere than in the ~documen

: ¢ :
itself. We are investigating the effectiveness of words in the

tifle, abstract, and in the keyword section of documents for the

purpose of effective que}y enhancement. Hiéh -frequency words

are to Dbe ‘extracted,fromfdbcuments, which are classified by df

.classification system, ’ , f o

o

. ‘ Q C
' These high frequency words are then associated with the

,plassification‘ categories of the system.ﬁf_Bach of .these

cétegories would“coﬁsfitutq a cluster of terms, relevant to that

/

category. -It was presumeduthat certain terms would appear’ in
more than. one bluséer. This cluster overlap couid be utilized’
:in an intera;tive. system, where the user cduf@ defife the
meaé%gg//E? aukterm° relevantl.tou his_g;er}il hfté{ defining a
si Gié or multiple meaning (category), the Ucontenﬁs of the
cius#er will be printed ‘for the“user'é éue;y enhancemegt; Tpi

\

3 - N . X
-user Vill choose from these related terms %qd include Eﬁem n

his modified query, which should return a;higheryyield of recall

e

"and precision. - ‘ : ‘ . . '

e s e A

BTGP S
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If the original query 0 yields a recall R such that

" Q = (tl,t2)=> R

’
»

a modified query Q' will yiéld a recall
,*' Q" = (tln,tlm,...t2p,t2r,...) ==> R’

such that: R<R'

. To facilitate the investigation, a -collecfion of 485

o

documents from the Communications of the ACM (Association for

Computing Machinery);iépanning five years from 1967 to§g972, was

W '\1 o
- used.” Each document cgontained the title of t?e article, the

author (s) name, 3 brief ﬁescription,or abstract, keywords or key
i .

phrases used in the article, and classification categories.

. ki

7] -

-The classifications were based on the“bpm?uting Revigw/kCR)
categories for Computing Sciences, For details, see table 4.1.
. , ’ R o}
The genetal categories are represented by the decimal numbers

such as 1., 2., etc., yith the name of that category. Thel

4 ' \
fractions such ‘as .2, .22, etc., at the right of the decimal

' point represented the narrower categories within a main category
3

such as Chemica1@'§ubcategofy (.22) in tHe general category of

Engineering (2.). .As it can be observed, there are three'ievgls
' ' , ¢« . 5 7
of hierarchies in the CR category scheme, The structure of this

o:ganizationéﬂwhichbreadily lends itself to our experiment,

 follows closely.the'thesaurus relationships of ‘narrower, broader

terms ‘aé thgy were “explained in section 1.3. Each document.

g
’

Smrint » e s, S 3ok e s e e e
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\ Revisad Classih

GENERM, TOPICS AND EOUCATION

10 GENERM, w®

1.1 TEXTS. HAND3OOXS

1.2 MISTORY, BIOGAAPHMES

13 WTAROOUCTORY AND SURVEY ARTICLES

1.4 GLOSSARIES !

1.5 EQUCATION .
150 Gongral f
15 #H-gh School Coursas and Programs
152 Unrvarsty Courses and Programs
153 Cenication Degrees. Dplomas
153 Misceiansouy

19 MMSCELLANEOUS

. COMPUTING MHLIEY
20 GENERAL

.

/
TABLE 4.1

(Reproduction)

/s
bl
i

[ g

CATEGORIES OF THE EOMPUTIMG SCIENCES

2.1 PHILCSOPHICAL A J0 SOCIAL mmcmous

210 Sanwral
29 Econome and Sotclogedl Etteers
212 The PUic and Computers
219 Miscehareous
22 PROFESSIONAL ASPECTS
23 LEGISLATION, REGULATIONS

» 24 ADVINISTRATION OF COMPUTING CENTERS'

240 Generd
2 41 Acmngyatve Pokces
212 ParsdnnK Tidng
2.43 Cperdtng Procecutes
2 %44 Equipment Evaluation
243 Sunveys of Compyiing Contars
249 Maceiareous
2.0 MISCELLANEOUS

APPLICATIONS

"3 NMATURAL SCIENCES

3.10 Gansedt
.11 Assonomy, Space
212 Bology
313 Chemayy
344 Exth Soerces
315 Mathemjtes; N-.vnbv'rhaerr
316 Matrordiogy
317 Physns,Nuciear Scwrces
298 Mucelansous ,
22 ENGWEERNG -
220 Gonerad
321 Asroasutenl, Space
32> Cherncal 1
3 Cwm B
224 Encycal, Ercwonig
325 Enginpenng Sownce .,
98 Stchanicd e '
329 Macstaneovs
2 SOCIALA.NBBEMAV:OMSC!MS
330 Genaral
331 Economics
232 Educaton, Wattars
333 Loaw o *
334 Urdcone, Hoarh
333 Polnrcal Saench
338 Pmemnodogy
337 Socwiogy .
339 Miscolansous
34 HUMANITIES
3 ao General
dum
.42 hngupc'rmk!mwwmﬂ
343 Legtawee
34 Mise
349 Maceaneous
38 MANAMGENMENT DATA »nocessm
350 Genmsl

Fe

1

351 Educaton, Resswch
252 Fasncial
353 Governmant
3534 Manlacheeg, Disridubion
355 Maketng, Mnd\mm
356 Matary
357 Transpodaton; Communcaton
339 MaceRaneous
38 ARTIFICULINTELUGENCE
3803 Genal "
A6 Inducton and Hypaihesis-Formation
362 Launng and Maptve Systems
361 Patern Recopndon
364 Pioslem.Sohing
388 Somutatonol Natural Systems
365 Theory of Heunsic Mathods
0339 Maselageous
3.7 INFORMATICN RETRIEVAL
370 Gonprad
371 Content Analyns . s
372 Evakitonof Systems :
.73 Fie Mamtenprca l
374 Senchny
375 Vocabutary
A79 Macakansous .
33 REALTIMESYSTEMS
I8 General -
381 Communcabons
282 Industrial Process Contref +
303 Telamatry, Masies, Space
389 Macefaneout
39 MISCELLANEQUS v

4 SOFTWARE

40 GENERM.
41 PROCESSORS 7
4,30 Gororal
411 Asspmdiers
4,12 CompRers and Generatars
413 intetpreters
4,19 Niscetaneous
42 PHOGRAMWNGMHG\MQES
4 20 General
4 29 NMzhneOrignted Languages

4.22 Proceduce- and Problam-Oneriad nguaqoi

429 Msssitanaous

4.3 SUFZAVISOAY SYSTEMS
4.30 Generst
41 Sasic Morvors

:z vy 'r

433 Daa Bu-
434 Data Sincivrey
435 Opeaatey Syum
4.39 Msceansous

4.4 UTILITY PROGAAMS
4.40 Genprd
4 41 inpuOuput
4.42 Debuggng
4.4] ?leliﬂ.ﬂm
4,49 Macefaneoud

48 PATENTS, SOSTWARE

g: Mubiprocessing

46 SOFTWARE EVALUATION, TESTS, ANDMEASUREMENTS
EWLANEOUS.— ves

a3 MSG

B MATHEMATICS OF COW?ATION

50 GENEPAL
IMERICAL ANALYS!!
uo Generat
5 11 Erer Analyss, comw-m.o-e
+ 892 Funclon Evaiston
513 Inlerpoiabon, Fwﬁondwpomm
814 ‘“'M"’

~

ation System tor Computing Reviews

.89 misti

5 15 Nonk and Funciona Equat

8 18 Numoric ad integration sad Diiter st aton

R

'
i

© 8.7 Ordnary and Parhal Diliersnttal Equatons

t 318 integrat EQuations
519 Mocelanmus
8.2 METATHEOAY
520 Goneral :

82V togic, Formal Systems tncluces. Bochs
Bheorem Hroving. sachutes. swacheng, fame
$ 22 Avtomata: hnde-ataty, celllar, Siochasic; 3s

machines
5.23 Format Languages: mn-m ;vuw
5, p3ng and 3
ol Lnsuages

= 524 Analyss of Programs: schemata; semaniel
$.25 Computational Complesty” macnne-based;)

Mmoﬂ‘mﬁowm‘s
528 Tunhg M. 3, ]
§ 27 Comp ‘ty Theory Habity,

‘8 23 Miscellansdus

5.3 COMBINATORIAL AND DISCRETE MATHEMAI‘I

8.30 Genersd

+ B3 Sotng .

$.32 Graph Theory

£ 29 Macellanscud .
8 4 MATHEMATICAL PROGRAMMING

$40 Gonersd

541 Lingar and Nonlnaar Progrimming

8.42 Dynamc Prorsmmeng -

5.49 Miscolinnwous
5 MATHEMATICAL STATISTICS, PROBABAITY
58 WFORMATION THEORY
37 SYMBOLIC ALOEDRAIC COMPUTATION-
ELLANEOUS |

HARDWANX "

80 GENERAL

8.1 LOGICAL DESIGN, SW!‘I’D!M"NEORY

6 2 COMPUTER SYSTEMS {;\)
§.20 Gonerat

- 824G k- 1~ S
t22 Speglal-mwnw'
829 Mcetanaous .

8.3 COMPONENTS AND CIRCUITS
830 Genead
$ 34 Circus Elaments
6§32 Amhmaetc Unils

5.4 PATENTS, HARDW/ARE
$9 MISCELLANEOUS '

AN
ANALGG CONPUTERS.
7.0 GENERAL
7.1 APPLICATIONS .
72 DESIGN, CONSTRUGTION -
7.3 HYBAIO SYSTEMS
7.4 PROGRAMMING, TECHNIQUES .
7 MISCELLANEOUS. :

°

& FUNCTIONS

. -

80 GENEAML

8.3 SIMUATION AND woema
82 GRAPKHICS

8.3 OPERATIONS RESEARCH DECISION TABLES
89 MISCELLANEQUS. .
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could belong to a number of different categories depending on

-

the classifications of the article at the time of publication.
iﬂ » ~
It was felt that .words in the title reflect the contents of

the article. The title is usually the author's c¢reation, and as

such’, it is subjective. Titles may also be misleading, for

example W, Churchill:s book the "Gathering storm" could be

. r
mistaken for a Meteorological text book. . “

The abstract should also be representative of the article.

\

If . automatic abstracting is used, the wordsdyith the highest

PPy

frequencles are presumed to be representing the subject°nmptter,

an&.as such they are utilized in the' abstracting process.

The keywords are extracted from the article by a human

operator. based on a subjective Jjudgement as to-.what should
‘\ hY ! . t

constitute important keywords.

1

Since these word sections are representative. of the

documents' qubje&t matter to .a certéiﬁ“ﬁ@g%pe.. it was 'EEbidéﬂ
that all three wpr; sections be ext}a;tgﬁ from each document
and, through expefzment;.°the significance of each ‘word group
and the interr@iatidna (if any) between them be determined. The
Qords whieh beléng té F:} par?icular CR catego;} have some
§pe§ific significanee«for that céteébry. in . fact they sﬁggld

représent ‘that category “or cluster. But how representative

_these words were, was yet ta be determined also. It was decided

T

therefore, fhat thé’aet of CR catepgories, which‘ﬁ?:i;jfsigned to




P T L LS ce e ve R

¥

each document will also be extracted. The <collected word
clusters will then be compared term by term to the corresponding
categories of the known NCC (National Computing Center)

thesaurus. The comparison between the two should indicate:

1. how representative the collected clusters'from the
CACM. are, il

é. ﬁ:he;her thesé clu;ters are more/less .representative

~than the base they are comﬁargd to, and

9r

3. whether these clusters would represent an enhancement

e

.£o the original query, if they were seléctively

inserted 1gto the query.

4.5 METHODOLOGY . 2 - ,

A set of progrgmsu was-developed (see Appendix A) on the
. - . :

Concordia University's CDC 6400 . Time-sharing : system to

s

facilitate the sﬁudy.{ The proéedure consisted of the following

-steps (see figure 4.6).

.

1. The u85 documents of the CACM were processed 'CRungo).
rejecting 23 of them due to errérs which could not be-

, \ .
resolved. For each CR category :in a document ‘an

identity (ID) record was built using the CR category,’
\ the year of. publication. the volume and page number§$—

| If. for-- example, a document contained five CR

categories, five ID records were built.,”  The 462

A ]

&
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! ¥
documents reaching this- stage of the  processing -
yielded 1322 records in "171 different categories,

3

After removing records with erroneous and nonexistent

categories, the file was\sorted (Run33) and a pool: of
- R .

ID records was created for.all the CR vcategories in

use. *®

To select one CR category on a narrow term level (Such

as 4§.21

- Machine-oriented languages), or any number

]

of CR categories on an iﬂtermeQiate or broader term
level (such as 4.00 - Software), the categories were
& ‘ - ) '
selected from the ID pool (Run3g).

These selected 1ID

o

'records ~ containing the pdbiicatibn year, volume and

page numbers of a document - were matched against
AU & -

CACM document tape (Run40). Documents matching the ID-

the

records . were processed, and the words wWeke extracted

r~ / .

‘from the title, abstract and keyword section of the
R 4

document. Before a word 1ist was created, each word

was matched against a "stopword" file cEntainiqg 1848

P & B M
noise words: (see table 4.2 for a sampie of nolse -

words). The word list created - this way contained all

-the words in that parttquiag“tk"éégé

o

ry.detatlidi\;ﬁé

number of times each appeared in the title, abafr et

L}

ﬂ=g?d keyword sections of the document. 1In addition to -

’€ge§e; the followthg.two parameters wéfe also computed

and printed (see Appendix C for the five parameters). -

/Iotal frequency, F(tot), which;is defined as the

I'd

1 < . ( . 2

¥ -

B Y anmn
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TABLE 4.2 . 86
LISTING FROM THE STOP WORD FILE
GREAT oLD YEAR OFF CoME © SINCE AGATNST
caME RIGHT , USEn TAKE THREE" STATES HINSELF
HAOUSE_ . USE______ DURING.. . MITHOUT. .AGATN ____PLACE _ AMERICAD:],
HOWEVER  NONE SMALL - FOUND MRS THOUGHT  WENT
FART ONCE GENERAL  HIGH 1 . UPON- SCHOOL
[0ES GO - UNIIED LEFT NUMRER COURSE MAR
ALWAYS AUAY SOMETHING 2 FACT THOUGH WATER
FUEBLI S FUT THINK "ALMOST HAND ENOUGH FAR -
HEAD L | YET SYSTEM BETIER SET 10LN NOTHING
END WHY CALLED EYES FIND GOING LOOK
LATER\ KNEW POINT NEXT . PROGRAM  CITY RUSINES
GROUF ' PRESIDEMT _IDVUAED YQUNG naYs “LET ROOM
SOCIAL GIVEN PRESENT  SEVERAL  ORDER NATIONAL DINNER
SECOND| FACE PER - AMONG FORM OF TEN THINGS,
EARLY | WHTTE CASE JOHN BECOME LARGE_~ BI10
FOUR WITHIN . FELT . ALONG CHILDREN SAW BEST
EVER '  LEAST POUER LIGHT THING SEEMED EAMILY
MANT . MEMRERS _ MIND COUNTRY _ AREA OTHERS DONE
ALTHOUGH = OFEN GoDn SERVICE  CERTAIN  KIND - PROELEM
DIFFERENT DOOR THUS HELP SENSE MEANS . WHOLE
FPERHAS __ ITSELF:- YORK TIMES HUNAN LAY LINE
NAME -  EXAMPLE  ACTION COMPANY ~ HANDS LOCAL SHOW
HISTORY WHETHER  GAVE EXITHER TODAY ACT - FEET
3 FAST ' QUTIE TAKEM ANYTHING HAVING. SEEN
BODY ” HALF REALLY WEEK CAR FIELD WORD
ALREADY  TELL COLLEGE SHALL . TOGETHER MONEY PERIOD :
KEEFR - SURE PROBARLY FREE ~REAL SEEMS BEHIND ;
MISS POLITICAL AIR QUESTION MAKING  OFFICE EBROUGHT ;
'SREECIAL  HEARD MAJDRE  PROBLEMS AGO BECAME . FEDERAL ,
STUDY AVATL ABLE " KNOU RESULT STREET - - ECONOMIC RODY 3
REASON - CHANGE SBUTH  ~ BOARD Jop - SOCIETY  AREAS -
CLOSE TURN © LOVE COMMUNITY TRUE COURT FORCE /'
LOST: ' SPEM aM__ - WIFE AGE FURTHER. _VOJICE' =
CENTER WOMRN COMMON CONTROL  NECESSARY FOLLOWING FOLICY
SOMETIMES GIRL. SIX CLEAR FURTHER  LAND ° AREL ' '
MUSIC _PARTY PROVIDE _ _ETNCATION CHUD EEEECT LEVEL :
MILITARY RUN SHORT S71000D TOWN ™ MORNING  TOTAL 3
. FIGURE RATE ART CENTURY _ CLASS NORTH .. USUALEY:- - 2
PlLAN- - THEREFORE EVINENCE  MILLION . SOUND  TOP _ELB_QI\__.
STRONG VARIDUS  RELIEVE  PLAY SAYS, SURFACE . TYPE .
MEAN S00M LINES MODERN NEAR PEACE _TARLE
ROAL 1aX MINUTES . FPERSONAL . PROCESS  SITUATION 4
ENMGLISH  GONE . . IDEA . INCREAS  NOR . BCHOOLS  WPMEN ,/
LIVING -~ STARTED ° EOOK .. LONGER cuT DR FINALCLY
_EEILLME~~_&ELC.B‘.EII’)ELIHJRD_*_;ﬁQ&THS SECTION CALL ez _ ENTIREL
EXPECTED FIRE ° NEEDED GROUND KEPT © VALMES VIEW
PRESSURE KASBIS SPACE EAST FATHER *© REQUIRED SPIRIT
WQMMUTT UN RETURM SUPFE ORT .
LATE RECENT  “HOFE LIVE CEBROWN COSTS . ELSE
FORCE HOURS NATIONS  FERSON TAKIMG*?K,COMING\ YEAD -
oW . MATERIAL:Z RERORT ___ SRAGE-~  NATA . HEART INSTEAD
LOST COMILES READ igsg‘i AMOUNT FEELING  FOLLOWE
FAY . SINGLE BASIE T COED, . HUNDRED' ~ INCLUDING INDUSTE,

=~

. :
+
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< ‘ . ,’\' .
+ ’ « ~ . ' k4 ’ !
total number times - & term occurs in a
N . v o ’
documents of th databasqc v :
’ 3‘ N\ VL. | .
F(tot) = ij Q .
1 il k ' S
‘ =L M Where n = no. of documents
b \ , > ,
- . m = no. of terms in '

. yﬁ;k document i

2.2 Document frequency F.(d4df), is the number of

documents -in which a term is present, regardless

4

e :

of the number of‘:occurrences.
\\ N ) -

n

= no. of documents in
thé data base
. . ) = 1 if term is present

ti{ 7 in the document”™ .

= 0 otherwise

After a number- of | runs, word lists were created-on

-

all levels and categories of the publisked list of

.

‘Computing Reviews (see figure 4.7). The number of

. daduments in each main ‘category were the following.

1~ General T?pics 63 doc. 4.7%
- ;Céﬁputing Miliéq/' 48 -m- 3.6%
- Applications T 352 -"~ ‘ 26.7%
4> Software L. 408 -"»'} 31.0%
5 - Math. of Computation = 292 -"- . 22.0% s
6 - Hardware - .., 78 ;'7 © 6.0% :
X - Miscellaneous 79 -"= = 6.0%
, .o

. . i ' ‘ PR
. . *
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The " low 1level, word Jiét files were consolidated intd
mid and high level flles (Rund45). Since -each term has

five parameters descjibing its differeMt -occurrences

in the . title, abstract, etc., these patameters were -

used to manipulate the ranking of terms in " different

! -

orders (Run50). To determine the significaﬂbe of word
sections 1individually and their i&perrelations, each-
file was sorted eight different ways in an aséending

order on the folloying parameter combinations.

N
L : . *

Titleﬂ s . ) ) ) R
Title ~ Abstract A
. ‘ ) i r~
Title -~ Keyword ;
Abstract

‘Abstract — Keyword . ’
Database’ frequency / ' ' ’ 3

" Document frequency /




et o -

NP

the

-’

[} ™ > - - hd v X
) . . , "90
- ! . )
N L4 / B ) —.H"" o o B ad
N - . AR .
. 'K.6 EXPERIMENTAL FINDINGS : .
I ;o ~
~This séction pre;ents‘\the results. obtained; and :some
preliminary conclusions ‘drawn from the investigation. Since the

CR category on Sofﬁware cowstitutes the largest portion (311) of

l

doeument selection. it

investigation .prqposed_“foru

this category. ";\‘ )"'

1. * Total freouenc}»

s - with ‘the

r ectiwe categories.

ranking terms (u 12

-

e ‘ ‘ . Algorithm
';atrix
. “;rocessof
BFo; .category 4.19
S ’

was deciood _that the "

detailed

this thesis will be carried out om

.total frequéncy rank{order‘were

"examined, "the

For example

4,19 are not in the Appendix).

‘Grammars ‘Cqmgiliii\\ )
¥ R , !
, X e e S
Syntax Parsing
. 4
Array
“ .

-~ Miscellaneous

follouin%‘high ranking terns %ere found.

* : _ Tables
. AL Vr
Automatic
4 . *
, - Garbage
- ’ s .
© ' When nedium

~

nd high level categories
.

&

Entry Storage

Segmentation

»
"

Collector.

Virtyal

’ i
were

- N

catagory §,12

v

x~Hhan‘1ow_1evel cateéories printed in
fwords

highest ranks- were fairly relevant to their'

-
‘

. ’ . “‘
Compilers and genérators; contained the following .high

Processors, the

examinéd.
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the  high .ranking terms were still‘réprebenfative of

] w

their categories. !

.

. ‘ As the categories became more.general on the mid

) ' ‘ and high ° level, the terms belonging to. these
- + . ‘\‘ R )
categories became more general also. For the high v

level splecgion of category 4.00 -~ Software for
example, thf following high ranking terms were found —
/ A - .

" (for more détails, read Appendix B horizontally).

, ;oo
; . / Computer Software Programming
o /‘ > LS
. i Algorithm Storage Information
s ; 2
. i

o

Sharing Paging

'From the above it. Is concluded that whether a term”

.

. ) . ’ . )
resides in the title, ‘the tract or the keyword r,
section of a document, the total frequency o :

ié, fairiy representative of its category both on the

v

specific, narrow and general,; high level.

i

,?' 2. Document frequency. When a combination of terms,

©
[

’ reppeseﬁtseasubject category in a set of documents, it

. 3

" can - be deduced that, in general,' the ,document. .

i,

' , C>frequencie§ are representative of the subject

]

categories of the data base. The more documents a term g
2 - - f .

‘appears “.in, the more those documents will represent

thé'category of the term. In other words a ﬁjgh

. _ *  document .fréquency represents a congentration of

-
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*

\,‘

T

¥
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R
© documents in ~a pérticplé}*/subject. This empirical
'conclusiqp,IQOwever, could ndE be substantiated with
thévpresent'set of data.‘L‘ '
3.’ Title,” abstract, keyword sections. Usiné mid levei
| categoi;es, éhe different Qord sections were examiged.
.It was fpund that high freduency terms in the keyword
seqtibn were very special terms. Usiﬁg table 4.j§ it
can.be seen that-for category 4.1 - Processors, the
words' like :gaging, procEssing,~linkage are special.
Looking at categSry 4.2 - Progrémﬁing languages,‘words
as simulation, algorithmic, induction are  very
represéntativg, so are paging, multiprocessor, and -
segment for category 4.3;3' Superviso;y systems, As
cam Le seen, thi 'éituatiop occurs when the term
freqaeﬁéi?gfg;;,;;;sz; thé title and abstract, and,
) ’high in the'|k?yﬁord secéion of the word list :

v selection.

- 3 At‘the low frequency end of the keyword section,
some sbecial words were found. - These words most
infrequentiy‘seem to appear in the other, two sections,
as caﬁ‘be seen in téble 4.4. For category 4.3 -~
.Supervisory 'systems, .words as interlocks, semaphores
or for category 4.2 - Prograhming languages, words. as
r;ng, nanoprogram, partition are very special terms.
Combipiﬁg these words would result in the loss of
thei; special status. It is concluded therefore, that

A
‘ ~

"'

-

‘v AT . ol
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o HIGH FREQUENCIES IN THE /,kmwonn' SECTION “
‘(F(tit) = low, F(abs) = Jow, F(key) = high)
: . - . i ’wr i
PN ' ! \‘ ' ‘
: | - p \b,
; ) . Terms Title Abstract | Keyword
{ ; Paging 2 7 20
‘\ . /\\a 2
. Syntax 0 T 13
W I . ‘\
< Processing 1 6 11
3 Compiler 0. 6 10
v Simulation - . 1 -4 7
? Multiprocess l' y / 1 6
: ‘ Manipulating 2. 2 6
v - | Modeas / 1 2 6
¢ { ¢ . .

The high frez
e

encies indicated in these tables are the
ncies of a sort on the particu;ar field(s)
and as sdé they should be considered as frequencies with
relatively high values or frequenc'ies ’that,lar‘e greater.

highest fre

14
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© SPECIAL TERMS QF LOW FREQUENCY '

(F(tit) £ F(key) € F(tot) £

. -
VOIS A S

S | , —
ra “‘I\\A, \94
i b
. - ) /'” |
p !
‘ .
. ‘ © =
TABLE 4.4 - \ -
. W T D
- ) * . 4

Vs

3) N (0 = Flabs) < Fltit))

ll

Ld

Terms J ‘ Title Abstract | Keyword T
Metacompiler / - 0 0 ’ 3 ’
. IITRAN , ‘ . 1 0 - 2
Linkage' ' e 0 0 ) 3
Boétstrap 0 0 2 T
Generator 1 T 1 2\
Symbol ) 1 1 2
Loader 1 0 2 .
Ring i 1 0 1 \ ‘
'Recursion - 1 0 E
Pseudo { A ’ 1 Y 1
/ X . ;o
. S
| :
' ® : ]
L ] .
. \‘ P 3
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these are very special terﬁs of 1low freqguency, and

",they cannot be captured without the keyword iéCthyLk-l,_.

Their ffequgncy range is defined as:

{F(tit)<=F(key)< (tot)<=3y\{0=F(abs)<F(tit)j_

A
where _ F = frequency
’ tit = title {
Coe ] . kef =cmkeywopds )
(L i\ - ‘tot = total ‘
d a abs = abstract
% ' \

Looking at high frequency terms in the abstract

sectign (table 4.5) " it/can 4; seen that thgsehwords

are not special words, but fairly comnon words. or

N

qualifiers. For  example, for category 4.1 -~

Processors, words as languages? user, criteria, or for

P

category 4.2 - Programming 1anguages, words such .as

13

implehentation, instrucgf;n, method are words that are

used only to qualif?,somé meaning.

Using table 4.6{t6‘examine high frequency terms

-4 * N
in the titles, it is easy to(fealise that these words

are only noise words and could be put in almost any

context without 'loosing their generalities.

* \

Interaction between the~%it1e, abstract, and keyword

sections. When- a high frequéncy comg?;atioﬁ of any
. .

. g ~ B

N ’ {T V‘\ . . A \
i
|
|

———— e

T
: ?
1

}
A
v
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.+ HIGH FREQUENCIES IN THE\ABS,TRA'C'I" SECTION -
(F(tit) = 1&g, F(abs) = high, F(key) = low)
i - A , f

Terms ,,{ . Titleé " | Abstract Keyword
"| cofputer S ; 3 32 14
P;cocesses , : p) 23 7.
Grammars . 5 221 5
User 1l 19 4
| information 2 18 7
Implementation ‘ 1 17 1
Programming 1 16 8
.Structures ' . 0 14 5
Algorithm 2 14 3 A
Hardware - o 0 14 - 0
Software ) 1 14 5
Language L "1 13 .3
Communication 4 12 5
Execution 0 | 11 0
Definition w | 1 11 1
. \ v
. \ .
» ' [}
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TABLE 4.6 ,
' s
. - ) N
v
’ l
HIGH FREQUENCIES IN THE TITLE SECTION ,
(F(tit) = high, F(abs) =.low," F(key) = low) ", ' /
- T : ' ‘
Terms /° | mitle | Abstract Keyword
Comment : s / o2 0 ., 0
Estimating *"“”—Z”"‘—, . 1 0 0
. » ! .
Analysing / s 1 ] -0
s ;
Memo // : 1l 0 0
. . AN . .
Anomaly o / A1 0 0
X / : ]
Locality ! ‘1 0 ) 0 i
Compute ) ' B RS B 0 0
Approach h 0 . 0
. - 4
[-4
. / ''e . i
///
/'/ S '
./ ¥ '
. < |
v / . B .
/
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two word sections is examined, the result®*is not as

sfraightfoqwaré‘as it QEE“above. Using table 4.7, let -

-

us.start with the cas® of high frequencies in.  the
keyword 'ang abstract sections. The terms are

generally descriptive of their category. In- order to

see the_effect of the varying freduencies, we plot the

<

>
. abstract F(abs) and keyword F(key) frequencies on a

gragp, Since the two sets of freqguencies increase in

parallel, they "will be distribufed»along a conical

shape in thé middle of the-graph. Using our prebious

results of high frequency keywords F(key) of table
4.3, we can'suﬁerimpose these valpes on the X axis of
Fhe“qrapﬂ. Simi}quy, withlihe a{? o? tabfe 4.5, the
F(abs) values can be plotted on the Y axis of the
graph.. Theltotal interaction between the keyword gnd
abstract sections is summarised in figqure 4.8.

From this figure, we can see that ¢t with

A

i

N

‘relatively equal frequengiii in both the keyword and

abstract sections are ‘descr ptfve,‘special terms. As

the frequency in keywords decreases, there is a band

of éeneral terms first,then a narrower band of noise

" words. In the other way, when the frequepcy in the ”

abstract decreases, there is a band of special words

and- beyond that, some Aow frequency, very special
] l .

words.

el A
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< TABLE 4.7

' HIGH FREQUENCIES IN THE ABSTRACT AND KEYWORD SECTIONS

~r ~ , 14 A L] ]
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~ n . .
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’ o

(F(tit) = low, F(abs) = high, F(key) = high)
! v
il A} : . - -
' Terms ‘ ) Title . |. Ebstract | Keyiord
. »—r’ LI .
Programming \ ~ 6 ‘ B0 20
Storage ] " 24 - 21
Sharing . 5 ° 20 23
Computer ' : .3 18 12
| Landuages .4 14 17
Scheduling o ' 1 16 11
Performance - 3 .12 o 1i
.| compiler I 8 7
. Syntax 1 "6 10
dg 7
| s °
: 1
\ o
~ 8 .
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L '*’i‘ - )
) t » o PN
_ ! | Y
. . \ L -~

P P e S



PSP v e - 3

10

['Yall
S ——
(]
14
-~

+
P
)

. R
s ® \
FREQUENCY INTERACTION: ABSTRACT VS. KEYS
s . '. . It
FIGURE 4.8 =
~ + s “
2 ' s
A y . ¢ \ i ° P
2’:"\«. ) P2 4 l
. . .‘)’j. B o o
oo ' I'd
‘ 4 b -

100,

-
o
T Tl e o ew Vdw yesill 4T WM e -



101

-—"

e
v

The~ high frequencies for the title.and abstract

. i . combination are not'really high, as shown in tag}eﬁ
‘4.8, Using the ‘same procedure as before, a similar
grﬁ?h can be developed to show the interaction between
title and abstrict frequencxes (fig. 4.9). From this
L grabh;‘we can? see that’ there ie' a wide band of
/ quallfiers from ' the abstract section.s In the middle

3
of the graph, where most of .the intersection should

"take place, there are‘ only 'genet%l terms and the
. ' interaotion is weak judging from the mag;itude of the
| ' Kchone.‘ There are some noise words associated with theJ
g - '”f ﬁitle’axis, but there ie a large no-man's land,
;\‘g , -indicating " again’ little lfnteraction!yetween the two -
| i word sections.’ ' ‘ “ ' -
~ i}’ o ‘ S ¢

High frequencies 'foré the title and‘“\ieyword

combination yielded even. lower frequencies than the

H]

. ) title\and abstract combination- pair. Plotting a graph

< . . : * . 1
seemed . futile, because thre magnituge of the
o- o interacting frequenc1es hever exceeded 2 (see tableﬁ

/ &) " 4.9). ' For this combinatioqLFalr, it seems that there
5 . c '
R X - very little interaction, this perhaps could be

Ve
AN

attributed -to the fact that term% rn the title sect1on

are a subset of the terms 1nikse keyword section.
7 .

et e ua TR

S | Y T(tit)eT (key) - . | -

‘ . 4
| N o

Table 4{T0 1lists all the word section combinations and

<

» oo
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TABLE 4.8
/
HIGH FREQUENCIES IN THE TITLE AND ABSTRACT SECTIONS .
(F(tit) = high, F(abs)' = high, . F(key) = low)
. ’! ’ ¢
s 7 -
Terms ‘ . Title Abstract Keyword
Generating . 3’ b4 0
Interactive 3 3 . 0
Paged 3 3 : 1l
Environment e '» 3 3 1 s
. - ! ', t lomg, / .
Hash 4 1 5 0.
Nucleus 1 1 <
Timing . X v 1 0
0 ) - w—
/
[N o -
oo °
Y "
. 3 -
P t ’

o a2 e b gm e W
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e . TABLE L}ag
. P4
HIGH FREQUENCI%S IN THE T'ITLE AND KEYWORD SECTIONS
(F(tit) = high, F{abs) = low, F(key) = high)
Terms - Title Abstract Keyword

Debugging 1" .0 3
; Instrument 1 0 2

Multiple 1 0 1
» | Pseudo ‘ 1 0 1

Recursion* 1 o 1

Device 1 ’ 0 1

S /1
7
. h'
i
1 f
'/ . / ’
’ * !;l \‘
y /)’ ,
L] i Al i / “ .\. ﬂ

~ N ' {

. o
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" these high frequency compon terms were used

. found.: ' 4
.
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summar izes the corresponding conclusions made above., ™

s v

C !
~cluster appearance ‘of terms. Terms, which

were common to all or most 9f3the -CR’(sub-catégordes,
were fouﬁdﬂ to be high frequency terﬁg.l See the high
frequency Qords in Appendix C. Baéing our concipsion
on the: characteristics of high frequency terms, if 2
v iq/ query
éﬁhancemeng, they wéduld yield a low precision (P), but

high recall (R) due to the general natur?“of thé

\

terms. \If term tk appears in Gm groups, wherex m is
the maximum number of groups, then ¢ ’
. B &
. . M / ' ‘
Q' = (t1,t2,..tk,..}==> R' *

L]

such that,
R<R' and P>P'

- . | .
Comparison of CR categories to the NCC thesaupus. On

the mid level, CR category clusters ‘were compared term

by t&¢m to the corresponding CR cateq;ries/bf the NCC
thesaurus, -To se£ up a bR term list frq the NCC, the
ffllowing process was used. Using Cﬁ/category‘ﬂ.B‘— n
Super ii’ry Systems as an e amplg / see table 4.1), ,
eacﬁ' low level category such as}%[Bl, 4.32; etc., was

looked up in the alpha sectioﬁ//of the NCC. Under

Multfpﬁoe6g§ing for instance,/éhe following terms were

e ! -
.

et ook o
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" Once the NCC term,list’(bése clusterf.
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3538 Multiprocessing systems = - -
/o AR . \
/ N - , b . . * o . !

*NT . 7011 Dual compuq'f“systéms\: g
. . 5772 Muitiprocessihg‘software
"3\»2626_Multiprocessor:atchitecture

4614 Parallel - procegsor systems
\ ¢ . ' . ‘ e * : ‘ . °
With the help of the refereﬂAL number,r tﬁese terms

were traced inm the hierarchy llst and the associated

terms were collected for‘the term list. Under Real -

5

time computers, ‘for ‘example, 'tﬁe',folloy;ng terms

appeared. K L P.ﬁg" 2”
' 528' Real tine’ computers ‘ o

Lo

%93 Real t1me software

2815 Real time operating system
. S '
529 Real time Supervisors = . s\

was assembled

it was  compared- to .the mid level alpha list (test

cluster) of tg;TEACM, tern by ternm. rom the

base cluster with no match in the test\cluster were

noted and the_occurrences were counted. e 4.11

shows the no métch terms for the comparison between

v
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TABLE 4.11 .

o o S e
b )
L}
fad
N

'mTimg~

CPL/1

PM3 3 y
Qm;s::c

\COBOL -

LRLTRAN

PL/1

Consolidatdrs-

;Tablé
Associative
"Pushdqwn

Tree

2 .;‘

v

| .PARTIAi. LIST OF NO MATCH TERMS OF CATEGORY .4.3

. »
. P
:
RPN @%{’\”
. ’ |

;

usiness

\Joss | . "
. R

TE?;;?P
C:i 360
DELTA

< FOCAL
POP--2
Audit
Plot£ing-
Preproqéssor
Decision
Precompiler
Conduct
'Ri;xg'

Managenent
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/ ‘ . A
the base aqd test clusters of the 4.3 category.. These
are mostle very. unique terms with a low recall, but
high prec'is)i,ovg characferistics.
7. Measure of cluster effectiveness. - In ' order  to

détermine' the effectiveness of the test clusters with

respect to , the ease, a comparative measure was

developed. léonsider‘ cluster A, a test cluster and

cluster N, the base cluster. The measure of the

N .
) cluster effectiveness E is defined as
ANN S
E = =——m- :
N where: AAN are the common: /

terms or hits: .

e
‘ | b

The result 'of the :comparison between test and base
"clusters, qgingithe measure of cluster effagtivenegsf

are tabulated in table-4.12. 1In these categories the

'

measure of E as'an average is 71%, which' makes -the
test files -effective. On the other hand, this high
percentage could he attributed to 'the relaﬁively large

test files and not necessarily to the subject matter

L]
"

- being common.

8.“%%average frequency. It ‘wags found\,that tﬁe.largest
e portion of the terms. common to the test and base
clusters were in the top €frequencies of éhé test
] . clusters., Using the CR ;ategory 4.2 test cluster as

t an example, 70% of the common terms were lying within

' . . . R 4
the top 247 frequency ranks, which represented 25% of

J B
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‘ ' - TABLE 4.12 ) /
§
—~— . 3 ) ) /
CLUSTER EFFECTIVENESS oy
— //'\
/
| e A N ANN . /B(%)
| 4 869 361 280 77
. 4.2 /926 342 228 / 67
4.3 7 950 231 169 . 13
4.4, 952 86 59 69
S

v be s mmmiad hmam rn e

L]
4
. .
17
.
@
.
A
-
J
oae
o
\
—_ . I
~
- .
&
-

A

R A . o o



e ra e

g 2T

all terms.

O adakchan i

111

—

>

The average frequenéy of a term was defined as:.

and the average of these F(ave) fr%quencies over a

range "n* was defined as:

n

‘ A
o F = l/nEFi(ave) ] ’
S ek
e . -

i=1

%z. ,‘ ) ‘ i
gﬁfj%or the 4.2 test cluster, the average frequencies

3

ranged between 1 and 6. Over the range, of the 247 top

ranking terms, th
found to be '2.9.

average of the Ff

It can be
lying in the top-

close to three

. remaining 30% of the .common terms, appearing 1.5 times

only, were scatte

I3 Y

e average of the F(ave) frequency was
For terms below - this ranking, the

ave) frequency was 1.5.

#

séen- that 70% of the ‘common terms,
5% of the test cluster, appeared

times in the CACM, whereas the

red in the low fequeﬁcy end of the

test cluster, occupying 75% of the file. We can

conclude therefore that most of the relévant terms for

the CACM test file were in the top 25% of the file

and, except for the few, ve}y special words in the low

frequency range,

(75%) were neglig

e a3 4T % b N ke - RN Y

the terﬁs in the rest of the file

ible. -
' .

-

4 e
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CHAPTER V

CONCLUSIONS
{ .
In this chapter, the main conclusions of the research will

be given and the overall contribution of the thesis will be

considereﬁ.
I

5.1 CONCLUSIONS

s
@™

The main aim of this research was to-investigate the

‘effectiveness of terms in the title, abstract, and the keywosg

)

. )sections of documents and to develop an effective query

enhancement methodology for thesaurus hanipulation in an on-line
. 3

environment;\afpe results of this investigation (see Appendix B

@

and C). giye some heuristic recommendations for qnery’

[N ol p R
modification. rTheée recommendations could be utilized in an
on-line system to help the user to select_the most re;évant

terms for his queryienhancement.

w

The document structure used 1in the research was the

.structure of the Communications of the ACM (CACM); that is, it

contained titles, keywo}ds, abstracts and authors.

Ternis that are common to a number of clusters are not very

effective in query enhancement. 1f we assume that documents
within a2 cluster are normally showing identical, or close

relevance characteristics, then the best retrieval performaﬁbe

-
’
-

Skt s

.y . L
WAL g et ) s
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. . should be obtained with+ a cluster space exhibiting tignt
individual clusters, but lérge intercluster distances,. 1In order

to achieve this, we select terms with high dtscrimlnation ‘value

4

(DV), as this was explalned in section 4.2. j{* _l
8 ' Lv;_r

a

*High freguency terms are also considered pod%Ato mediocre "

in query enhancement. Although they are relevant to their

]

categories, these terms tend to be .fairly general. Terms with

S 1

medium frequencies are good discrfﬁfnatofs and using them should
0o 7 : , .
. vyield higher precision. We found some very special terms at the

N

low end of the‘freqﬁencyrtfcale which, if not handled in a

special ‘'way, would be lost for guery enhancement. * .In general

. ¥ : T
) thoygh, most of the low frequency terms are too rare to retrieve ®

l .
v | | ~P
an acceptable proportiaqn of the documents relevant to a quefy. |

The above conclusions bear out Salton s "Term Wefghting* system,

-

which proposes to assign the largest weight to those terms with
¢ high frequency in 1ndiv1dua1 doouments but which are .at the

same time relatively Yare in the collection as a whole (SAL, 75). ) j

A}

. Examining the contents of the abstract section, it seems -

that these words reflect the writer's style.’ ;Q\<£act that they

N ! ,a‘ ' :

ear in the abstract shows that, to the writer, they are

El
— -

i(}ortant The study of high'f:eauency terms in the abstract
sdction reveal, however, that these terms are common, qﬂallfying'
. ‘ words, - with .no special 51gn1f1pance attached to them. A
balanced interaction was foghd between the-abstract and keyQZrd

T 3
sections, as the function of frequencies, .

Fra gme g s e o5
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//1terms in the keyword section. Most- words in the title are |used
’ . e

]

. - 114

-
4 1

Terms in .the title seem to have a close relatjionship with
- ; .

e

in the keywor&n section as part of phrases. We conclude

therbfore, that terms in ﬁhe titlé‘sectioﬁlare)a,subset of de

-

térms in the keyword section. s

El

High' frequency :xrmsl«in the }é§word seotion are good,
combinable words for phrases. ieyggrdé'are very vspec§a1 teFms
and in a normalgquery; théy could be gotaLly missed if the?xare
n&t part‘of the retrieval documents' title.” Although keywords

are selected by the author or other- human opegator on a

E)

subjectivelbasis as to the importénce ‘of the terms, these
, -

keywords contribute the most information absut a document. A

o ¢

conclusion therefore is ‘evident., If we want to economise and

retrieve the most relevant documents, wé should use tirms from

the keyword section Eg}i%uery énhancement.' ‘ e

»

« °~ From keywords alone, however; it is hard to distinguish the
useful terms in a writer's Style. On the other hand, 1if we

supplement the keywords with the abstracts, we can determine the

-

] . Q‘
useful terms £from this combination. It is suggested therefore

1

that fuﬁ:fe data:%éses include abstracts also as one of the

v
©

document surrogates.

.
¥

I3
o -

. v ~ -~
The: comparison of the CACM test clusters to the NCC base

clusters revealed ‘that the test clusters contained, as an
]

" average, *71% of the base clusters' terhs% This high coincidence

is considered representétiv?&u@\it is concluded that the terms

S

PESEI

- "
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in the test clusters would‘ repreegnt an enhancement,to.}he
original query if they were selectiVely inserted' | It should
also be‘koted that 70% of these common terms were in the top 31%
of the test clusters, .and if one is willing to trade.the_Bﬂii

remaining common terms for economic savings, one_can save, as an

average, 69% of the processing in any test file.

5.2 ACONTRIBUTION OF THIS THESIS -

'

’

The main contributdon of this thesis 'has . been “he

devélopmeni of an economical, yet effective‘query enhancement
methodology. Since the/basic elements of the p;oposal are in
existence’ in most on-line 1nformatlon retriev system, it is
felL that the new way of ut11121ng existing resoerces would make

a viable eeonom1c proposition. It is recognized however that,

_to -implemeﬁt this query enhancement, further detailed work is

necessarya - -

T = T o

. 'Frequencie; in title, absfract and the keyword sections 'oﬁ

the document data base were investigated and the'interactions

between the three sections were defined. The outcoﬁe of this

" investigation was the proposed utllizatlon of terms from the

'keyword sect1on for query improyement.

a
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To

‘section

compare

“éﬁg\ﬁ?

the proposed methodology is. effective for query»enngncemené."

S AT ¢ A N AW e S

e e

.

fulfill the requirements set out for the reésearch im
4.4, a mea%’ré of cluster effectivenesstas~developed to
the NCC base and CACM test clusters. Thfs‘Qmeasﬁre, was

. B |
prove that the test clusters are representative and that
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1]

903

15

20

204

READ IN TEXT

* ‘ A 127

- N , -~

FPROGRAM SCANS ALL DOCUMENTS DESIGNATED RY. THE SELECTED ID-S
WORDS ARE EXTRACTED FROM'TITLEs ARSTRACT AND KEY-~WORD
FARAGRAFHS OF THE T%XT.

~

FROGRAM GUY40(TFLvGﬁSTOPyuFLLPyGUTPUT:ThFEi TFL» TAPE2=GASTOP

4 S TAPEZ=SELCR s TAFEAYT APES=0UTFUT)

. DIMENSION EXT(S)rTFXT(aOrQ):EXhM(?l)yTFMP(JO):NOhDQ(IOOO)v

+ IFRQAC100074) » TWORDS (1000) s ITFRAC100093) ySFEC () v -
+ STW(1900) yCRE(H00) \

REAL ID,NFU

L LOBICAL FLUSHsLINSWsLAST

NATA BLANKyBLK1 »RLK2/10H - r6H 1 s6H 2/ /2/.
DATA EQUALySFEC/IH=y1H viH.;iHvv1H~y1H'11H(y1H)71H/11H /
FLUSH=TRUE, .
LINSW=,FALSE. ’
LQST 'FA' ‘)En - .
LINE=0 % IFR=0 ¢ IFT=0
I1=0 A S . i

INITIAL, SETUF " o a

REAIN(2,900) (STW(D) y I= 1r1848)
FORFAT (8A10)
READN(3,901)ICR .
FORMAT(16) : \ ,
DO 5 I=1,ICK :
READ(35902) As CCAT . A
CIFCIINEQ,0)G0 TO 3 - - C _
IF (ALER.CRS(IT)G0 T0°5 v : - . Ny
IT=IT+1 ‘

1v,l'

- CRS(IIY=A

CONTINUE ° .

ICREIT . o .
FORMAT (A6 vF4.2) ~ |

I=1

ID=CRSC(I) , . 4

KEADC(1yP03INEWy CEXTCJ) v J=198) . , o
FORMAT (1XyAby A3, 7A10) '

IF CEOF(¢1))500,15

IF (NEW.EQ. TE)G0O TO. 20

IF (FLUSH)GO TG /10 . » .
IF (NEW.NE . BLnNg.nnn NEW+NE , BLK1 . AN NEW, NE+ RLK2)GO TO 35 .
FLUSH=.FALSE. s B
LINE=LINE+1 ‘
DO 25 J=158 e
TEXTCLINE s JY=EXT(J)
G0 TO 10

PROCESS™ TEXT

FLUSH=.TRUE, S : *
IFR=IFR+1 L C
DO, 200 K=1,LINE no / :
REWIND 4 :
wPITE(4r904)(TEYT(hyhh)ka*irS)

FORMAT(A3y7A10) . : . .
h . -




Ao

o006

c
c
(S

70
2064

80

a5

0

100°

200

¢

ASSEMBRLE AND CHECKIM)hU IF IT IS A STOFWORD

"

IF (LEQUAL . GE . 1)60 TO 45
CONTINUE

GO TO 200
JLO=J+1

IF (LINSW) 4750
LINS w~.FALSE.

G0 70 5

JFT=0 .

00 52 IC=1,10
TEMF(IC)=BLANK
DO 60 JSC=J.0,71
EX=FLANK .
EX=EXAFM(JSC)

0 56 NM=1,9

7 )

IF(LEQUALWEQZIGO TO 40
JRTEJFTH 1L

IFCIPT.GT 100060 TO 60
CTEMROJIPTI=EX
CONTTNUF

IF(JFT LT,10)60 TO 100

CONTINUE

IF(LEQUAL W GE.5) G0 TO 210
IFCIFTHER. OGO TO 95
ENCODE (105906 s WORD) TEMP
FORMAT (10A1)

00 80 NN=1ys1848

W

IFCWORTIWEQ.STW(NN))GO TO 93

IFTL=1

IFCLEQUAL »GE 3 IFIL=LEQUAL~1

IF(RKFT.EQ.Q)GO TG 90
DO 85 KK=1,KPT

IF (TWORDS (KK) « NEWORIDN GO, TO 85
ITFRQ(hkyIFIL)"ITF&Q(AK;IFIL)+1

G0 TO 95 .
CONTINUE

KPT=KPT+1

TWORDE (KFT)=WORD
ITFRQ(KET » IFIL) =1
JL0=J8C+1 :
IF (JLO,GT,71)60 TO 200

GO TO 30

LINSW=, TRUE,

CONTINUE . : '

UPDATF WORD COUNTERS

210 DO 240 KK=1sRKPT

IFCIPT.EQ,0)B0 TO 225
DO 220 JJ=1,IPT

Jlg=0
0o 215 JK=1,3

CIF(EXLERL.SFEC(NN) GO TO-70

IF(EXJEQ.EQUAL) LEQUAL=LEQUAL+L

IF(NORDQ(JJ) NE . TwURDS(KK))GO TO 220

-

i

IFRQ(JJ:JK)‘[FRG(JJ;Jh)PlTFRQ(KKrdK)

JL*JL+ITFRG(KK:JK)
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c
500

510

910

- 530
940

560
911

212
213
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o 230 Jk=1,3 - .
IFRQCIFTYJK) = IrFRﬁ(hh:Jh) . . : o -
IFRQCIFT p4) =1 : :
CONTINUE = |

SET UALUES

© 00 250 KR= 1;LINE

D0 250 JJ=1,8 o . ° ,
TEXT (KK y JJ) =BLANK . o .
00 260 KK=1syKFT :
TWORDIS (KK) =RLANK
N0 260 JJ=1+3 .
ITFRQ(KK» JJ) =0 , ‘ . ‘ S )
CONTINUE - - ‘ '

. KPT=0 ' _ S

LINE=Q
LEQUAL.=0 e T
IFCLABST)E10.400

s I=I+1

IFCIGTVICR) GO TO 510 ) "

L IN=CRS DD , ’ IR -

GO TO 15

+

+

+

FRINT RESULTS

™ ’ , ST
LAST=4+ TRUE + ‘ -
IFC.NOT,FLUSH)IGO TO 35 ’
WRITE(E 1910)LChyIFRvIFTvF[ﬁT
FORMAT (10Xy 14HINFUT TEXT rI&/iOXy14HPh0FF°&FD TEXT Y6/ -
10Xvi4HiSIﬁk}NU WORNSy I6/10Xy LAHCATEGORY IS vFa4.27/77) '

.

[0 530 I=1yIFT

ITFRQCL»3) =T ' : ;

10 330 J=1,3 - -

ITFRA(Iy1)=ITFRACIy 1) IFRACIs D) ", . — ,

CONTINUE . o AN

DO 550 I=2,yIPT : N

II=1-1 : . N

IFCITFRR(ITFRA(II»3) 1) . GE, ITFRG(TTFRQ(I;B)rI))GO 10 550 N

NFTR=ITFRQCITy3) .

ITFRACII»3) =ITFRQ( ke ) y .

ITFRACT » 3)=NFTR . . L

LSW=1 C )

CONTINUE .

IF(LSW.EQ,0)G0 TO 560 -

LSW=0

GO TO %540 .

REWIND 4 . . o )

WRITE(S,911)- y

FOthT(”(OX:4Hw0Pﬂr9Xr4HTITL 6Xy4HABSTr7X;3HhEY:6XruHDB FRy
SXyZHTOTs1X)//)

. NRITE(J;?l"}(NOhD (ITFPQ(T;?))r(IFRQ(ITFhQ(I:3)rJ)rJ 114)7

. ITFRGCITFRACI»3)Yy 1) 9 I=1y IFT)
WRITEC4,?213)CCAT :
FORMQT(2(5X7610r5(4X116))) ’ ' .
FORMAT(SXyF4,2) . -

* URITE(47913)(MOHDJ(ITFRQ(I;J))v(IFRQ(ITFPG(IvB)yJ))J 1r4)

. ITFRACITFRAC(Iy3) rd) v I= 1 IFT) >
STOP . -
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FROM THE MAIN FOOL» PhUGhnM SELECTS ANI SORTS THE :
CR CATEGORIES REQUIRED FOR FROCESSING ' \
FROGRAM GUY?B(CRaURTyTQFFI =CREORT y TAFE2y OUTFUT » TAPE3=0UTFUT)
DIMENSION TCR(500),CR(500) : .
IFT=0 $ ISW=0 , : » . *
SCR=4, 40 | , N , .
1 READ (1y900)AINYACR : * - .
900 FORMAT(AG1F4,2) ' : ' *

A ©OIF(EDF (1535055 ‘ o -
~5  IF(ACR.EQ,SCR) 6O TO 10 , - ' ~<\_/,~

IF(ACR.GE 4,40 ANII, ach.LE 4, 49)00 TO 10
GO TO 1 - ) .
10 IPI=IFT+1 C ‘ .
. TCRCIFT)Y=AID - -
CROIFT)Y=ACR . -
GO TO 1 . X
50 N0 100 I=2,IFT . B
J=I-1
IF(TCR(J) LE.TCR(I))GO TO 100 : '
AID=TCR(J) - : : . ..
_ACR=CR(J) g :
T TCRO D =TCR(I)
CR(OJY=CR(¢(I) , : « °
. TCR(IY=NID \ )
~ CR(I)=ACR " s -
. ISW=1 \ S ) S
100 CONRINUE ‘
'IF(ISW.EQ.0) GO TO 150
ISW=0 _ , .
GO TO 'o , ~ co .
150 WRITE(2,903)IFT ' -
903 FORMAT(I&) : L
N0 170 I=1+IFT : Co
170 WRITE(2y900) TCR(I)yCR(I)
WRITE(3,901) IFT h —
901 FORMATC(SHOUTFUTI6) . oo
STOP .. . . » . . . ) ] s 0 ‘
END , . .7 . . ' \ T A
EOI ENCOUNTERED, : ' .

-
~

. - . "’ \l - J ‘

et «
Xk s o
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\ !
¢
c , : ,
c THIS PROGRAM SORTS THE ORIGINAL CR-S RY YEAR !
c . ‘s A . . . “ q .
: FROGRAM GUYB3(UCKRyTAFEL=UCR» TAPEZ, OUTPUT, TAFE3=00TFUTY e
' DIMENSION TCR(1500)ICR(1500) - .
© IPT=1 . .
I1SW=0 {

1 READC(1,500) TCRCIPT) y ICRCIPT)

500  FORMAT(A6YF4.2)
IF(EOF(1))50510

10 IFT=IFT+1- : .

50  IHI=IPT-1 ‘ ’ )
WRITE(3r501) IHT

501 ° FORMAT(SHINFUT»I6) .

55 DO 100 I=2sIHI i
J=1-1
IF(ICR(JY JLEJICRCINIGO TO 100 - )
CR=TCR(J) ' . . u ‘ N
ICRI=ICR(I) — . o " y
TCR(II=TCR(I) ‘ ‘ o ) ’
ICR(J)=ICR(I) o / :

© TCR(I)=CR » .

ICR(IM =ICR1 ‘ <
I1SW=1

100  CONTINUE , iy ‘

IF(ISW.EQ. 0)00 TO 150 o o L\v//-

ISW=0 s ’ '
b GO TO 5 .
150 IFT=0 o e

[0 170 I=1yIHI . T

WRITE (2 700)TLR(£);ICR(I) ‘

IFT= LFT+1 ‘ - o v;
170 CONTINUE '

WRITE(3y502)1IFT . : -
502 FDRMﬁT(AHOUIPUT;lé)_

STOF . IR

END . I ‘ B
. E0I ENCOUNTERED- ‘
y A . ' - .

ted® am e e
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THIS FROGRAM SORTS ANU FRINTS THE INFUT RY &
TrTAy TRy Ay ARy IR-FREQ . s ALFHA .
WHERE? T=TITLEy O&=ABSTRACTy K=KEY-WORD

PRO&RAM GUYSO(TEI;OUTFUT TAFEL=TEL, TAFE2=0UTPUT)

DIMENSION WORDS (1"00)rIFh(1”OOyu)nIﬁh(1 200) o

JPT=975

READI(1,902)CR

FORMAT(5X F5e2) , : -
REALN(1,900) (WORDS(K) » (IFR(K yKJ) yKJ=1,5) 1K=1y JFT)
FORMAT(2(5Xsn10y5(4X,16)))

K=0

JeuW=1

IS6k=1

10 200 IK=1s4

'I=IK -

N0 20 J=1yJFT :

IMK CJ) = : o .

*

N0 S0 J=25JRT A ,

NNENS| ' , \\ ) S
IF(JSW.EQ.0)GO TO 4%

IFCIFR(IMKCJS)Y v 1) GE, IFR(IMK(J)rI))GO TO 50

GO TO 47

"CONTINUE

IFCIFROIMK (I » IKD CT.IFP(IMh(J)th))bD T0 50
IF(IFR(IMRCIIY yT) W BE IFh(IMh(J)v[))GO T GO

NI" ”\ ]Ml\(\J‘J)

Sy

IMK I =IMK(J)
IMK(J)=NFTR : : ‘ »

fes

LSW=1

CONTINUE

IF(LSW,.EQ.0)GO TO 40

LSW=0 = , : ,

GO TO 30 . . o - .
CONTINUE . : P . '
IF(ISW.EQ. 1)00 TO 80 .

I I\ . N , ' '

ISW=1 : :

JEW=0

G0 TO 30 : .
WRITE(2,9201) CR R ’ ’
FORMATCIHL /10Xy 1OHCATEGORY §,F5.2///

C L 28X AHUORD s 29X AHTITL y Xy 4HAEBST » 7X» BHREY

CGXrSHIE FRySXyZHTOTr1X)//7) .
WRITE(2y900) (WORDS(IMK(J) )y CIFRCIMKCJ) rKJ) yKI=1r5) y J=1 s JPT)
JSW=1 . :
IF(IK.GT.3)60 TO 200
K=I+1 |
IF(K.GT.3)G0 TO 200 e
I=K ' —_—
IF(IK.ER.1.ANDK.EQ.3)G0 TO 70

1
\

CRISW=0
‘G0 TO 30 , . :

ISW=0 . | .
GO TO 10 T
CONT INUE :



N e D I ap o

JJd=J-1 : . -
IFCWORDSCIMRK (I ) LELWORDS(CIMK () )60 TO 250 “ >-
NPTR=IMK(JJ) o . : - . .

IMK (IS =THK ()W y Ry ‘

IMK(D =NPTR . v

LSW=1 .

250  CONTINUE ‘
IF(LSW.ERQ.0)G0 TO 260 . v B -
LSW=0r ‘ ‘

GO TOD 220

260  WRITE(2,%01)CR , ‘ - ,
NRITE(2:900)(NORDS(IMK(J))v(Iij;IMK(J)yKJ)yK3=IyS)yJ=1;JPT) o
STOF L , ’
ENI

EOQI ENCOUNTERED.

/ /\ ) ,

4
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FROM_THE TEXT FILE OF THE CACM THIS FROGRAM CREATES ONE
DUTFDT ENTRY FOR EACH CR QHF[GOHY IN EACH NUCUMENT

FROGRAM GUY3O(TFLyOUTFUT s TAFEL=TFL) TAFERy TAFEZX0UTFUT» TAFEA)
DIMENSION TEXTCL100y8) yEXT (8 yEXAM(Z73)2 CR(G0)Y y TCR(Z200¢2) y TEMF(4)
DIMENSION NUMCIL) s MPTR(200)

REAL NEW,IOLINyNUM - ’ '

LOGICAL FIRSTyLASTREWsLINSW

DATAYSTARS yRLANKN/1OH HRRKkEKKy LOH T /+EQUAL/1H=/ -
HA RLR1»BLK2/6H 1 v6H 2/ )
NUH/lHiy1HQ:1H371H4;1”511”6:1H791H8{1H911H071H./

’LIN 5U= 4 FALSE . .

FIRSTs, TRUE, ‘ Q:_//
LAST=,FALLSE. - ) .

RSW=, FALSE.

LINE=0 $KPT=0 $IFT=0 $ITOT=0 ‘
IREJ=0 $T0UTE=0 $I0UT=0 $ LEQUAL=0 A
READ IN ONE DOCUMENT

READCLPO0INEWy (EXT(J) 0 d=1+8) : ' )
FORMAT(1XsNbs A3y 7A10) : ‘
IFCEQF (13500510

IFCNOTWFIRSTIGO TO 15 (

FIRqT::FnLSE.

GO TO 20

IFCNEWLEQ. TOLI. ORNEW, Q. RLLANK)GO TO 20

TF(MNEWEQ.BLNT  ORNEWLEQ.RLRK2ICO TO 25

GO TO 100

IF {NEWNE « BLANKN) TOLI=NEW

LINE=LINE+ : . .
IF(LING.GE.101) GO TO 510 : .
00 30 J=1+8 ’

TEXTCLINE y JI=EXT(J) . 5

< CONTINUE

B0 TO 1 ' ' 7
EXAMINE ONE LINE AT A TIME -

ITOT=1T0T+1

IF(RSW) 1015104

IRE J=1REJ+1

IF(LASTIS10,102

RSN“«FQLSE.

GO TO 391

00 190 K=1,LINE

REWIND 4

NRI1F(4y9°0)(TbXT(hvhh)uhh 198) E—
FORMAT(AZy 7010 _ . '
REWIND 4 ‘ ) .9
RFAU(4;908)(FXﬁM(hh)rhh 1;73) M '

FORMAT (73A1) ‘

SCAN FOR DELIMETER

. ' ) . .
0o 105 J=1,73 : . -
IFCEXAM(D VEQL.EQUAL) LEQUAL= LEGUhLPl
IF(LEQUAL.GE.2)6G0 TO 110
CONTTNUE

o
s ,




.......

2

.. . e e . ..”urzj“_,
o, * " . ‘ limcrolion

. ( ) ) ”\L\ .
s | : | 35
o - GO 'TO 125 ’ : E '

‘ 120  IF(JHILGT.73)JHI=73 : . . = .

e CUPT=0 . - ) , - N
00 122 IC=1+4 .o : .
122 TEMF(IC)=KLANK ) ) . , %
125 DO 130 JSC=JLOsJHI . : s o
A IF(EXAM(JSC)Y VEQ.BLANK) GO TO 130
IFCEXAM(JSC) JEQ.ERUAL)Y GO TO 15 SN
IF(JPT.EQ. 460 TO 135
< DO 127 NN=1s11 -
127 “IF(EXAM(JSC) EQ. NUMCNNY DGO TO 129 L
WRITE (3 933Ky JSCrEXAM(JSC) | ‘ : i
933  FORMAT(2I6A10) '
GO TO 101
c : ¢
- C EXTRACT CR CATEGUORIES ‘
c .
129 JPT"JPT+1 ‘
© . TEMF ¢ JPT) =EXAM(JSC)
130 CONTINUE
© L IFGIPTWER.AIGO TO 135 .
) 00 132 JRRK=JII+73 ' ‘ » ‘ .
132 IF(EXAMCJKK) «NEDLANK)YGO TO 135 .
GO TO 140
135 IFT=IPTH1 . , _
© ENCODRE (4,902, CRM) TEMF ' o B
. 902  FORMAT(4A1) i '
T CROIFTY)=ORM
IF (EXAM(JSC) JEQ, LGUAL)GO TO 200
» JLO=JHI+1
‘ JHI=JHI+5
IF¢JLO.GBT.73)60 TO 190
. GO TO 120
140  LINSW=,TRUE., .
190 CONTINUE : ~
c : . - '
C UPDATE CR TOTALS : Sl .
N N . . P
"oo IF(IPT.ER.0)GOD TO 101 N Lo o
Kel REWIND 4 P . '
7280 JK=1yIPT : .
. 2 WRITE(4y980)CR(IN) E ' - :
980° FORMAT (A4) . L " '
CREWIND 4 - : : .
no 290 JK=1,IPT ‘ o -
290 READCAy9BL1ICRCIK) .

981 FORMAT(F4,2)
DO 220 J=1,IFT
IF(RPT . ER.OVGO TO. 215 , : .
00 210 KK=1yKPT ' IR o .
IF(CRCJ) JNE . TCROKK 1) oa TO 210
TCR(NK s 2)=TCR(KKy2) 41 R L : .
) GO TO 220 - . I S .
- 210 CONTINUE - oo » ‘
215 KPT=RFT+1 R L
- IF(KFT,6E.201) GO TO 510 - VR
TCR(KFT»1)=CR(J) T B
< TCR(KFTy2)=1, - K
@ c . b Lo . : !

e v by o bt s © L~ [ Ll b A e e m o




~

590 o czbvaUE ‘ ,
IF(LAST)S10,395 - . \ ﬂ
WRITE REJECT TEXT . o .

aan

Qano

510

© 240

A

o e ity e P —

P e s ——

515

318

518

£

WRITE(3yP22)ITOT»IOLDy (TEXTTLKK) yKK=1+8)

FORMAT (7HREC NO$s1672XsAb7A317A10)
GO TO 395 Lo

D0 330 KK=2,LINE .
WRITE (3r921) (TEXT(KKsL) rL=1,8)
FORMAT (21X sA3,7A10) c

RE’FT UA[UES

CONTINUE

D0 400 KK=1sLINE :
DO 400 JJ=1,8 ‘
TEXT (KK » ) =BLANK l
D0 410 KK=iyIFT

CR (KK ) =BLANK

LINE=O

IPT=0 - :
LEQUAL =0 >

REJECT TEXT

© REJ=EXT(2) +ANDLO000000077777772777778

IF(REJ«NE.STARS) GO TO 20
RSW=+TRUE, - :
GO TO 20

LAST TIME:

LAST=.TRUE.
GO TO 100

o

NRIYE(3794O)ITOTrIUUTrIPF}rIOUTathT , '
FORMAT (10Xy 6HINFUT »T&/10XrsGHQUTPUT» 16/ -, ‘ '

TTOT=0

DO -Si1 I=1sKFT
ITOT=ITOT+TCR(I,2)

00 515 I=1syKFT

METR(I )= "

00 518 I=2yKFT

TI=I-1

IF(TCR(MPTRCIT) »2).6E, TCR(MPTR(I)»2
NFTR=MFTR4IT)

MFTR(II)=MFTR(L)

MPTR(I)=NFTR .

LSW=1 ~ ,
CONTINUE .. .

IF(LSW.EQ,0)G0 TO 520

LSW=0

B0 TO 516

CONTINUE

10X76HREJFCTr16/10X76HSILIT 4+ 146/10XyBHCATEGORY 1 162

))60 TO 518

CWRITE(3y9245) ((TCRAMPTR(I) v J)»I=142 YrI= lyth)

%4 ORMAT (A (10XyF4,2yFB8,0¢3X))
JE(3,950) ITOT
Q AT 10Xy 1OHCAT. TOTALyI8)

DO TIPTRC TSP S RIS

o 27,
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c . POINTER SORT ALL DATA IN OUT
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c .
[ THL PKOGRAM CONS OLIDATES LOW LEVEL CR CATEGORY woan FILES
c ‘I AND HIGH LEVEL CATEGORY FILES '
.C
PROGRAM-GUYA5COUTFUT s TELs TERy TES) TE4y TE7» TAPE1=TEL y TAPE2=TE2
-+ TAFEZ=TESy TAFES=0UTFUT » TAFES s TAFEA=TEA y TAPE7=TE7) o
DIMENSION WORDS (1ooo>y1rﬁ<looo,,),nur(1400),xour<1400, Yy
+ CR(A)»TETCA) » IMK(1400)
DATA IFT/250y250s 2505250/
: - JPT=0
C
c’ READ ALL INFYT FILES INTO. *0OUT*
o _

READCZy913)JFT" _
READC7y912) COUTCI) v CIOUTC(I v ) 9 d=d92) y I=1 9 JPT)
1 D0 200 I=1r4
KK=IFT(I) ' ,
.. READ(CIy9Q0)XCR(I) ' L,
P00 FORMAT(SX»F4.,2) '
READCT»901) (WORDSC(K) y CIFR(KyKJ) 1 KJ=195) s K=1yKK)
Q01 FORMAT(2(5X,A10r5(4Xr16)))
DO %0 K=1isKK
IF(JFT.EQ.0)G0 TO 25
D0 10 JF1y JPT .
IFC(OUTCD) W NELWORDS(K)IGO TO 10
IOUTCI» DI=TOUT(Jy DI HIFR(NY4Y &
IOUT(Jy2)=T0UT (Jy2)+IFR(Ks5)
GQ TO 50 o .
CONTINUE : ¢ -~

o

10
25 JPT=JRTH

IFCIPTGT.1400)60 Td ‘ - : o
QUT CUFTI=WORDS (K) L . ooy
IOUTCIRTy 1=TFR(IGe-4) ' : . ’
TOUT ¢JFTy2) =IFR (W 5) AT . -
50  CONTINUE c ' :
200 CONTINYE ' ‘ ‘

-

500 DO 510 I=1,1400 »
510 IMK(I)QI
IFCIFTOT.1400) IFPT= 1400 .~
520 DO S50 I=2+JPT oo
I1I=I-1
IF(IOUT(IMK(TI)!Q) GE.IUUT(IMK(I)!Q))GO TO 550
NFTR=IMK(II)
JIMRCIIN=IMKUDD
IMRCI)=NFTR

LSW=1 - . . i
550 © CONTINUE : : '
IF (LSW.EQ.0)GO TO 560 S ‘ . v
LESW=0 ; . .
6D TD 520\ : ‘ = S
560 I=0 ' -t

. DO 570 K=1,4
s70 T=T4+TPT(K)

.
I ' 2 - P . . o
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« REWIND 6

WRITECG6ry913)JPT

913 FORMAT(T4)
WRITE(S

/9100 CCRCTT) y TT= 1:4):11JPT | o S
910 FORMAT (10X 12HCATEGORIES §14F5,2 :

+ 10Xy LI2HINFUT WORDS 15/

+ LOXy L2HOUTFUT WORDSsIS/Z/7)
WRITE(S:911) -

P11 FORMAT (4 (8Xy 4HWORD » 7XrSHDE FRySX»3HTOTY/Z/) )
WRITE(Sy912) (OUTCIMKCI) ) 9 CTOUTCIMKCTID v )y J=192) » I=1 5 JET)

STOF
END

EOI. ENCOUNTERED.

/ -

WRITECSH»212) (OUTCIMRCL) ) » CTOUTCIMRCID) s )y J=192) vy I=1 9y JPT)
FORM(\T(4(quﬁlOr.JXrIZ’nquT4))

Ll
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Alchabetic List

160

2063

4024

3770

- 3003

6192

4012

6474

742

4861

7423

3n2

6475

234
2664

5860

6740

3

11+ examination
UF 2899° Eleven plus examination
BT 2861 Examinations

2c!
BT 3798 Part programs {machine
tools}
NT 5363 2¢,) applications

2¢,} applicain'ons
BT 4024 2c)
4 bit codes
BT 3004 Coded character sets

6 bit codes
BT 3004 Coded character sets

7 bit codes
BT 3004 Coded character sets

7 or 9 track magnelic tape transmission
equipment
BT 6065 Magnetic tape
transmission equipment

7 track magnelic tape
BT 2731 Magnetic tape -
NT 6474 7 track magnetic tape
encoders

7 track magnelic tape encoders
BT 4012 7 track magneti. tape
1952 Magnetic tape enceders
{stand aloné) .

80 cplumn
8T 1495
4880

Attribute
Punched catd
preparation bureaux

i

8 bit codes o
BT 3004 Coded character sets
95 column
BT 7495 Atinbute
4880 Punched card
preparation bureaux

8 track magnetic tape
- BT 2131 Magnetic tape
NT 6475 9 track magnetic tape
encoders

9 track magnetic tape encoders
BT 3172 9 track magnetic tape
1952 Magnetic tape encoders
{stand 2lone)

AIS regnecentralen
UF 2375 Regnecentralen

Abbreviations (lists)
8T 2900 Forms of publication

Abdominal diseases
‘BT 6740 Abdominal systems
3923 Diseases
NT 5884 Appendicitis

Abdominal systems
BT 2863 Anatomical systems
NT 5860 Abdominal diseases

a704

1125

933

1656

7247

6278

6279

6230

6849

6281

€850

6282

6851

6283

369

368

3533

3912

931

6163

Abelian groups
BT 4705 Group theory
ABL applications
Use 1216 Atlas basic language
applications

Abnormal loading
BT 314 Lloading
RT 1570 Dynamic loading
313 Static Joading

Abave surface handling equipment
‘BT 1657 Carrying and hfting
equipment
NT 1655 Cranes

ABS 1200 series
8T 6277 Llitton computers

ABS 1210
BT 6277 Litton computers

ABS 1220/1221
BT 6277 Llitton computers

ABS 1231
BT 6277 Llitton computers

ABS 1231 applications
8T 6848 Liton computer
applications

ABS 1241
BT 6277 Litton computers

ABS 1241 applications
8T 6848 Littan computer
applications

ABS 1251/1252
8T 6277 Litton computers

ABS 1261 applications
BT 6848 Litton computer
apphcations

ABS 1281/1284
BT 6277 Litton computers

Absenteeism
BT 2902 Offences (personnel)
NT 368 Absenteeism reports

Absenteeism reports
BT 369 Absenteeism
219 Management reports

Abstracting
BT 3098 Information retrieval
system operations
*NT 3532 Automatic abstracting
Abstracting services
BT 2900 Forms of publication
NT 2443 Chemical abstracts
service

Abutments '
BT 293 Supports
NT 932 Bridge abutments

Academic {ull*time courses
BT 6161 Educahon(bvlenvﬂ\&
place of study-eicl
¢

[

.

b

-

5164
8T 6161

6165
BT 6161

4819
Use 2047

2283
BT 4570
RT 2918

1036

2522
2387
2230

Academit, pant-time tourses

Education {by lergth
place of study elc)

Academic short coutses

Education (by lenath .
place of study etc)

Accelerators {particle)

Particle accelerators

Acceptance tests {cecmputers)

Computer acquisition
Compuier projecis
Contracts ‘computer
acquisition)

Program vzhdation
Software verhcation
Tenders {computer
acquisition)

1 Access raethods

Use 2
3

3522  Accessioning

BT 3149

3765 Accidents
BT 3483
NT 3764

4532

o

1213
BT 107

110 Accountancy
Use 108

108  Accounting
UF 110

109

684

BT 836

NT 1871

W

88

1559
107
* 754

1377

19

1375

RT 835

1871
BT 108

NT 6585

4508

1447

€949

6584

180
195
1145
7328
6781
1146

File organisation
methods

Storage orgarisation
methods

Library materials
processing

Hazards
Electrical accidents
Road accide s

Account paymeﬁs\

Book-keeping
Accounting

Accountancy
Accounts

Financizl accounting
Finance

Acrounting (by
apphication)
Accounting for exter
appraisal

Auditing
Book-keepihg
Incomplete recorcs
accounting
Invoicing
Management accour
Remittance advice
Rates collecticn

<

Accounting {by application)

Accounting

Freight accouriung
Inventory accounting
Investment accountn
Mailing subscript.on
accounting
Passenger accountin
Payrell admiristeatic
Purchase accounting
Sales accounting
Subscription accoun
Vehicle 'costing
Warehouse account

b ]



Acc

R 16l
Thesaurus of computing terms

S~ UF nos

Accounting for external appraisal
8T 108 Accounting
NT 252 Asszts .
87 Balance sheels
397 Cash liow
1547 Expenditure analysis
385 Financial ratios
229 Financial statements
2675 Profit and loss

Accounting machines
.« Use 2845 Electronic accounting
machines

Accounting machines (paper tape
by-product)
BT 2645 Electronic accounting
-~ . machines
6070 Punched paper tape
. preparation equipment
Accounts .
Use 108 Accounting
Accounts payable
BT 111 Book- keepmg records

Accounts reconciliation
BT 107 Book-keeping
NT 1140 Bank statement
reconciliatian

Ace computer
8T 1953 - Computer history

Acid-base equilibrium
BT 131 Chemical equilibrium

ACM
Use 3937 Association for
computing machinery

Acoustic couplers
UF 5315 Data couplers
6316 Telephona couplers
BT 3356. Modems
4157 " Telephone sets

Acoustic devices
BT 4536 Mechanically operated
devices
NT 4534 Acoustic generators

Acoustlic generators
BT 4535 Acoustic devices
NT 4533 Buxners

Atoustic measurements
87 2670 Measurernant
NT 2109 Acoustic wave analysers
AT 1084 Acoustics

Acoustic wave anslysers

Sound analysers
Acoustic measurements
Wave analysers

Voice recognition
systems

8T 2110
5435
AT 2108

Acoustics
8T 533
RT 2110

Physics
Acoustic measuremeants
Solid state physics

3523 Qrdering (library
malenals)

4083

2674

5164

802

2187

6478

6393

Activity sampling
BT 245 Work measurement

Actuarial mathematics
87 1513 Mathematics
NT 4530 -Life tables
AT " 3145 Insurance companies
417 Numerical analysis
330 Probability theory

Actuators
8T 4834
4043
5269
NT 5286
5347

Guidance components
Servocomponents
Valve components
Electric actuators
Moving coil actuators

Ad/tour hybrid computar

Adams predictor corrector method
BT 10 Predictor correctar
methods

Adaplive control systams

UF 2906 Seif adaptiva control
systems
Self adjusting control
systems
Self aptimising control
systems
Contral system types
Impulsive response
adaptive control systems
Optimal control systems
Optimisation {control
systems) -
Adaptive logic
Automata
Automnata theory
Bionics —
Cybernetics
ldentification and
modelling (control
systems)
Learning machines
Selt organising systems

2907
2908

8T
NT

3008
347

3348
801

RT 4846
415
416
2581
2580
1463

3403
4243

Adaptiva logic
RT 802 Adaptive control
systems

Adders [digital computers]

Br 4289 Arithmetic units (by
arithmetic process)
Binary adders
Decimal adders
Parallel adders
Parallel decimal adders
Serial adders

NT  a217
3655

3654

» 3653
3304

Adding machines

BT 7355 Office equipment and .
activitiss

NT 6478 Adding machines
{magnetic tape
by-product)

6393 Adding machines (paper

tape by-product)

Adding machines [magnaetic laps
by-product)
BT 2187 Adding machines
1952 Magnetic tape encoders
, Istand alone)
Adding machines (paper taps
by-product)
BT 2187 Adding machines
6070 Punched papar tap.2

15

252

1962
6655
6200
6202

5083

6153

3n

585

€86

5763

2832

3328

Address labels
Use 15 Labels

Addressing
8T 7497 Function
233 Instruction formats
NT 1952 Addressing {by medium)
254 Two-address formats
\

Addressing (by madium)
BT 252 Addressing
NT 1983 Mass storage addressing

Adhesives and gelatine industry
BT 6654 Miscellanzous chemical
industries

Adler computers
NT 6201 TA 100 series
7225 TA 10 series

ADM business sysmm computers
NT 7264 P series
6203 Ricoh series

Admissions (hospitals) :
8T 3077 Hospitals -

Advanced courses
UF 6160 Specialist courses
BT 6155 Education (by deplh of
treatment)

Advanced gas cooled roactors

, UF 3812 AGR reactors

" BT 3313 Carbon dioxide caoled
graphite moderated
reactors )
Gas cooled reactors
Graphits moderated
reactors

3814
3815

Advertising
BT 187
NT 586

584
AT 4401

Marketing

Advertising effectivenass
Media planning
Television advertising

Advertising effectivensss
UF 582 Coupon response
583 Media analysis
BT * 585 Advertising '~
RT }584 Media planning
011 Reader enquiry cards

AEﬂlanguaga
8T 3927 Algol extenslons
5321 Computer aided design
languages

" AEG-talefunken 60-50 compuud\

BT 3328 AEG-telefunken
computers

2033 Process control
computers

AEG-tslefunken
NT -3328 AEG-telefunkan
computers
3186 Telefunken computer
gmbh

AEG-talefunken computers ?
BT 3327 AEG-telehunken
NT 2832 AEG-telefunken 60-50
computers
RT 3187 Telefunken computers

Astial phatography
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2063

4024
5363

3334

4012

&4

°

Uz

4281

N3

m2

7S

2664

114+ examination
see 1706 Education and training

2ct :
see 4137 Engineering
or 71568 Languages

2¢,! applications
see 4137 Engineering
or 7558 Languages

4 bit codes
see 3004 Codad character sets

8 bit codes
see 3004 Coded charactar sets
.,
7 bit codes
see 3004 Coded character sets

7 or 9 track magnstic tape transmission
squipment
see Y115 Applications '
or 4137 Engineering
or 7386 Special purpose hardware

7 track magnstic tape
$eo 7434 Ancillary *
+ supplies/imaterials/services
or 1932 Storage

7 tratk magnetic tape encoders
see 7494 Ancillary
supplies/materials/services
or 858 Data preparation
r 7386 Special purpose hardware
- Jor .1932 Storage

80 column
ses 7494 Anciliary
supplies/materials/services
or 858 Data preparation
or 3771 Industries

8 bit codes
sge 3004 Coded character sets

[

$6 column ,
sae 7434 Ancillary
supplies/materials/services
or 858 Data preparation
“or 3771 Industries

8 track magnetic tape

sea 7494 Ancillary
supplies/materials/services

or 1932 Storage °

9 track magnetic tape sncoders
sea 7494 Ancillary

supplies/materialslservices1

or 858 Data preparation
or 7386 Special purpose hardware

K:S.SZ Storage
Abbraviations {lists)

see 2900 Forms of publication

5860 Abdominal disessss

040

see 497 Medicine

Abdominal systems
see 497 Medicine

4704

933
1656
7247

6278

6280

6849

6281

6850

6282

6859

6233

369

3912

931
6163
o164

8165

kLY 7)

3765

+

Abdlien groups
see 1513 Mathematics

Abnormal loading
see 533 Physics

Ahove surface handling equipment
soe 4137 Engineering

ABS 1200 sariss
see 6277 L.tton computers

ABS 1210
sea 6277 Litton computers

ABS 1220/1221

see 6277 Litton computers

ABS 1231
see 6277 Litton com&fers

ABS 1231 spplications
see 1715 Applications
or 6277 Lition computers

ABS 1241 -
see 6277 Litton computers

ABS 1241 applications
see 1715 Apphcations
“or 6217 Litton computers

ABS 12511252 .
see 6277 Litton computers

ABS 1261 applications
see 1715 Applications
or 6277 Litton computers

ABS 1281/1284
see 6277 Litton computgrs

Absenteelsm
see 1647 Management

Absentesism reporis
see 1647 Management

Abstracting :
see 3086 Information science

1

Abstracting services
ses 2900 Forms of publication

Abutments -
ses 4137 Enginesring

Academic full-time courses
sse “1706 Education and training

Academic part-time courses
see 1706 Ed}&ﬂion and training

Academic short courses
see 1206 Education and training

Accaptance tests {computers)
see 2918 Computer projecis

Accassioning
see 3096 Information science

Accidants
see 4137 Enginesring

1273 Account payments
see 1647 Management

108 Accounting
see 1647 Managemeént

1871 Accounting (by spplication)
see 1647 Management

B8 Accountiag lor external appraisat
see 1647 Management

6335 Accounting mechines {paper tapo
hy-produet}
see 1661 Computers
or 858 Data preparation
or 1386 Special purpose hard

238 Accounts payable

ﬂx/see' 1647 Management

1 Accounts recorciliation
see 1641 Management

5447 Ace computer
see 2875 Humanities

5305 Acid-base equifibrium
see 582 Chermustey

4131 Acoustic couplers
see 1115 Applications
or 638 Circuits (electronics)
or 4137 Engineering
or 2670 Measurement
or 7386 Special puspose hard

4535 Acoustic devices
’ see 4137 Engineering

4534 A(;nusli: geaecators
see 4137 Engineering

21410 Acgstic mezsurements
seo 2670 Measurement

2109 Acoustic weve analysers
see 2670 Measurement

1084 Acoustics |
.see 533 Physics

3521 Acquisition {tibrary msteriale}
see 3095 Information science

1043 Active fiters -
sep 638 Circuits (electronics)

1041 Active neiworks
see 638 Circuits (electronics)

4083 Activity sampling
' see 1647 Management

2874y Actuarial methematics
. see 1513 Mathematics

5184 Actuators
see 4137 Engineering
or 1692 Mechanical componer
or 4580 Navigation

9 Adams pre&ctor corrector method
see 1513 Mathematics

. .
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Thesaurus of compuiing terms

Adsptive control systems
see 4137 Ergineering

Adders (digital com\xutml
see 1661 Cowaputers

Adding machines
see 7355 Office equipment and
activities

Adding machines {magnetic taps
by-product)
see B58 Data preparation
or 7355 Ctice equipment and
activilies
or 7386 Special purpose hardware

. Adding machines (paper tape
by-product)

or 7386 Special purpose hardware

Addo computers
This is a top term

Addo system 15
see 1224 Addo computers

Addressing
see 7494 Ancillary

supplies/materials/services
or 253 Instruction formats

Addressing {by medium)
see 7494 Anciitary
supplies/malerials/services
or 253 Instruction formats
Adhesivas and gelating industry
see 3171 Industries

Adler computers
This is a top term

ADM business systems computers
This is a top term

Admissions thospitals)
see 497 Medicing

Advanced courses
see 1706 Education and training

Advanced gas cooled reactors
see 4137 Engineering

Advertising
see 1647 Management

Advartising stisctivenoss
see 1647 Management

AED language
see 2671 Computer aided design
or 7568 Languages

AEG-telefunken 60-50 computers
see 3321 AEG-telefunken
or 1661 Computers
or 1706 Education andtraining
or 3171 Industries
or 2344 System architecture

AEG-teletunken °
This is a top term

AEG-telstunken puters
see 3327 AEGMeletunken

o

5445 Aerial theory
see 4137 Engineering

5608 Aerial tracking
See 4137 Engineering

5340 Aerlaly
see 4137 Engineering

7284 Aero engine manulacturing and
repairing industry
see 3771 Industries

1860 Aerodynamic characteristics
see 4137 Engineering
or 533 Physics I

1858 Asrodynamic loading
ses 4137 Engineering
or 533 Physics

5035 Aeronauticet navigaliona! charts
see 1666 Earth sciences
or 4580 Navigation

2821 Aesrospace components
see 4137 Engineering

2180 Aerospace computers
see 1661 Computers
or 2179 Special purposa digital
compulers
1886 Asrospace enginsering
see 4137 Engineering

2840 Aorospace industry
see 3771 Industries

5154 Aerospace sinicluras
see 4137 Engineering

33 Aerospace transport
see 40 Transport

6530 AHix gnrﬁmars i
see 75§8 Languagas

2369 AFIPS
sea 2925 Computer societies

2818 AFIPS conlerences
see 2925 Computer societies
or 1706 Education and training

3136 Africa
ses 1666 Earth sciences

m Ags (sociology)

see 3727 Behavioral sciences

6535 Agricultural contracting indvetry
see 3771 Industries

2857 Agricultural machinery
_ Ses 2574 Agrichiture

6116 Agricultural machinery deslere
see 2574 Agriculture

$675 Agricuttural machinery manutscturing
industry

e 2574 Agriculture Py

31N Industries - x

A\

2574 Agrculture
This is a top term

6593 Agricutture and horticulture industiies

o see/3771 Industries

1406 Air
see 1666 Canh sciences
3618 Air conditioning
see 4137 Engineering
or 7337 [nvimnmema\nsewices
6103 Air conditioning equipmant
see 4137 Engineering
or 7397 Envitonmental servicos
or 4473 Mining

24 Als core solenoids
see 4137 Engineering

see 3771 Industries

4080 Air Gefence systems

see 4137 Engineering
3315 Alr forces
see 4137 Engineering

4337 Alr freight

se¢ 4137 Enginsering

A treighters
seo 4137 Engineering

At |-ohution
see 2408 Ecology

24 Fosovies
see %01 Operational rcsoarch
or 40 Transport

Air 1natlic control -
see 4137 Engineering
or 893 Trallic control

Fakd]

A undsrground transit tystem
see 4137 Engineering

7465

1681 Awenh
see 4137 Engineering
7283 Aircratt & airframe manvfacturing and
tepriring industry
see 3771 Industries ‘

21 Aircrat (by name)
see 4137 Enginesring

1680 Alrcratt (by purpose) /

see 4137 Engineering

Airceatt {by Lake off) )
see 4137 Engineering

628

Adrerstt (t;y wing characteristics)
see 413] Engineering

5156

1682 Alecraht enginsaring

see 2137 Engineering

2356  Aircraft industry

see, 3771 Industries

Aircraht nayigation
see 4580 Navigation

Fidrares - ’
see 4137 Engineering

1649 Air cored coils 1
see 4137 Enginearing . \
26 Air cores ¢
see 4137 kngineering
7220 Air cushion vehicles {hovercrafi) industry
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Micrarcly List
1224 Addo contputers 4 Rib o
7223 . Addo system 15 : 323, j’;u,',::;z?,s ' ‘
252 .. Addressing
1962 .. Addressing {by medium)
. 1953 .. Mass storage 2ddressing
6200 A.rrﬂer1 compulers 254 ...Two-address formats — -
6201 .TA 100 series 251 .. Two-adcress compilers
" 7225 . TA 10 series 7520 .. Bursting
1285 ..BN28 7519 .. Cleaning !
5317 ..Collators
— 7521 .. Decollsting
6202 ADM kzusiness systems computers ;gg; g':&f;s{.:g
1264 .Pseties W 7528 .. Environmgntal
6203 . Ricoh series 7668 .. Filing . .
7669 ..Flooring ; : |
7522 .. Guillotining !
321 AEG-telefunke 32?,2 . ﬁﬁ?‘g‘g
3328 AEG-telefunken computers 7524 " -:Microhlming
2832 AEG-telefunken 60-50 computers ~ 2661 ) Power sup'ply
<3185 . Telefunken computer gmbh ’ 1898 “Pfinting
| Telefunken/compliers 7068 . . Forms printing
3188 .. Telefunk n computer applications . 7407 .. Computer stationery printing
;;;2; ceea ]{g gsap hﬁathns o L 7406 .. Optical character recognitions-forms des:gn.pnnhng
o4 Yelel PP '%5“0"3 7405 .. Optical mark recognition forms design/pninting
.- Telefunken TR 440 1897 Pnnlmg operations
0 1896 - Composmon . .
— - 1448- .- Typesetting
. . B 2763 ...... Photocompositian
25714 Agricultur 3744 .. Estimation (printing)
2857 . Agricultural machmety 4303 ., Proof correction
6116 .. Agriculiural machinery deglers 3189 ... Printing processes .
6675 .. Agricultural machinery manufactuting industry$ 3198 ... Planographic printing
g;g Agtono 3197 ..... Mustrations {printing) )
s567 3196 ...... Half tones
Foid {74 A Lithography
s7 - 3331 . . Otfset lithography .
b ' Lol 2604 .......Diography
o 7662 ..Reading -
D3 7523 .. Shredding
privd . 7525 .. Site preparation .
presd 7521 .. Splicing )
5795 ' 7667 .. Sphcing s
7532 .. Storage
336 .. Testing
R ) < 7565 .. Avionic equipment testing ,
. i 1759 ~ ... Chemical analysis T
6204  Allisd business systems computers > . 3685 ... Chemical analysis processes’
6969. . Allied business systems computetapplicetions 2856 * . ... Chromatographic analysis
ggg . gg:gg9 computer 5429 ...... Gas chromatographic,analysis ‘
« GRES9 computer . 6590 ..... Elemental anzlysis (organic)
6207 . Multibus computer system €583 ......Biochemical analysis
, . 5415 .....Optical chemical analysis -
e 5413 ...... Optical emission chemical analysis
. 5412 ....... Fluarimet
3020 #Anslog-digital conversion S41t ........ Particle frlrxoumelrv "
2358 . . Digitisers 5410 ......... X ray fluorimetry
4845 |, Shaft position converters 5575  ....... Spectroscopy
s 5524 ........ Spectroscopes
- 1760 ..... Particle physics chemical analysis
1764 .... Radiochemical analysis
4954 Ancillary supglmlmniemlslsemces 1762 .. Neutron aclivationyanalysis
;:922 Aémbu‘.e . 5407 ...... X ray diffraction
s 90 column - 8410 ...... X ray fluorimetry
s A?: column o 5541 ...., Volumelric analysis
oo N cullarylauxdlary " 5540 ... Titration (electrical) L
2507 . EdOD resistant 5533 tentiometric litration
T ge punched 6777 Vbalet analysis .
7‘93 . ngelop;s . 5825 thm tests
12 . {lre resistant 329 ... Mechanical testing -
7508 .. lcbe!r. . Bt ..., Destryctive testing
.. ledger a3} ... Comoression testing
€531 .. Oplical characte? readers 266 . Proaram tesune N
5033 .. Optical mark teadars ” 267 e DEDug';m,,

{contnued)
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5249
7529
7531
7496
7517
7513
7507
5 7655
{ 7512
g %1
} 3869
" e 7518
& . 750%
i

. g A e e

v e =

7506
21

3

Ancillary supphas/moaterials/services (continued)
Test data
. Test daia generators
.. Trace progea-ns {continuous) .
. Test eqdment ’
. Electeonic test cquipment 4
Rngs >
.. Tunneis lrigs)
..... Wind tunnels
.. Test cubes
.. Testing techniques
* .. Automalic testing
..... Automatic test languages
.. Programmed lest equipment
..... Storage testers
. . Experimental stress analysis
. .. Photoelastic stress analysis
.. Winding
. Main class
. Equipment
. Materials
.. Compounds
. Minerals and ores oL I
... .0Organic compounds
..... Alcohols
. Dangerous materials
.'Mine gases ‘
... Radioisotapes e
..... Xenon
...... Xenon-133

. Ferroelectsic materials . ° o °
. . Potassium nitrate :
Materials {By manufzctured form} =~
. . Compaosite materials
..... Reinforced matarials
...... Reinforced concrete
....... Reinforced concrete structures
....... Reinforced concrete beams
........ Reinforced concrete box culverts
........ Reinforced concrete chimneys \
........ Reinforced concrete columns
........ -Reinforced concrete continuous beams
........ Reinforced concrete foundations ;
.......... Rectanqular reinforced concrete foundations
........ Reinforced concrete frames
Ceees Reinforced concrete horizontal cantilever wing
........ .. Reinforced concrete plane frames
........ Reinforced concrele reservoirs
........ Reinforced concrete sections
B .. Reinforced concrete slabs
..... Reinforcing materials
...... Reinforcing steels
. Materials [by physical property)
. Anisotropic materials
Matenals (by purpose)
.. Deugs
.. Antibiotics
...... Kanamycin
..... CNS depressants
...... Anaesthesics

o

e Halathane

..... Haematological drugs
...... Anticoagulants
. Service v
=. Supply
. Media
. Binder
. . Cabingt
.. Card - .
. . Cardboard N
. . Cartridge )
:. Casselte * 4 s .
. . Continudus stationery
. . Document
. . Magnetic'disc .
.. Magnetic disc{fioppy)
. Magnelic tape

[}
’ "

7657
7658
2594
4926
3211
N
7656
2516
7509
7508
2766
4925
4924
7510
14
B15

5978
5370
5957
§984

. . Magnetic tape

. . Magnetic tickat ’ i
.. Migeofim

... Miceohlm equipment suppliars

.« . Microhim files

... Pcmi

. . Mylar tape

.. Pack

.. Mastic card \

.. Plastic’tape

.. Pynched papes tape

... Punched paper tape storage units

. ... Punchad paper tape slorage unit suppliers
.. Reellspool \j‘

.. Safe

. Tray

Anti-skid devices - - “
. Brakes
. . Drakes {by mode of operation}

. . Pneumatic brakes

Applications !

. Business applications

- . Business time sharing o

. . Mode of operation . ‘

.. Batch processing

.+ .. Remote batch processing

..... Remote batch terminals

. . . Interactive computing » ' v
.. Interactive computing applicalions

..... Interactive computer graphics

..... Interactive information retrieval

..... Interactive least squacos data fitting

..... Interactive mathemalics

.. Interactive languages
APL

......APL applizations
....... APLI330 opplications
..... Basic (language)

eeeene Basicapolications

< «.-..Basic compilers . .
...... Basic programs
.. Joss | 4
...... Telcomp language . o
....... Telcomp programs
. . Rzal time systems , .
.. Data transmission
..... Data transmission codes
.. Pseudoternary codes
«» .., Data transmission equipment
...... Data concentrators -~ N
.. == . Facsimile transmission equipment
...... Magnetic tape transmission equipment
....... 7 or 9 track magnetic taps transmission equipm
....... Magnetic tape cassette transmission equipment

~.."..Modems

.+ .+ .. Acoustic couplers ¢ -
.. .....High frequency data links

....... Infrared communicafion links
....... Matrix printers

....... Microwave data links

....... Radio wave data links

e +. Punched card transmission equipment

...... Punched paper tape transmission equnpmenl
.. oa. . Terminals .
....... Display devices
........ Dug\tal displays
Display devices (by component)
Cathode ray tube displays
.......... Cathodpchromic digplays
.. Storage tube displays
feieraes . Holographic displays
........ Gtaphical displays !
........ Light pens
.. ¢.....Rear projection screens .
. Touch displays

........

-~
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* 1715  Applications {confinued) . 203, ....... Visuzl display udits o,
- 105 ...... ,Videotermingls 1 3308l ........ Stereoscopic displays
0w ....... Visual display units 2 ~...% . Data transmission networks “
3365 ........ Stereoscopic displays 3229 :....Dsta transmission sysiems
* L o 2407 ..... Datatransmission networks e PR \ 3500 . 4 Data finks N
. 3229 ..... Data trangmisson systems . 6793 ....... High fréquency data links
3500 ...... Data tinks 6794 ....... Infrared communication finks ,
5;23 e High frequency data links  « . 6797 ......, . Microwave data links
S\ 4 ... idirared communication links 98 .... .. . Radio wave dala links
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