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Simulation is stidied~ifi order to determihe its
effectiveness -as a‘tool for the evaluationh of a document -

title retrieval system. Based on the statistical behaviouw” |

. -

of the word‘?fequency.distribution as ;;éted in Zipf's law,
a model has been built to simulate an information retrieval

. Ce . . .
systep by generating.pseudo fefms, pseﬁdo documents, pséUdO'
q&eries, pseudd rgieuance judgeﬁents ﬁorﬂrelevant and non-

relevant documents, and pseudo relevance rating for terms

- ] -

in context and terms cut of context. T "-'_

. In order to avoid storage problems the method'does
not require generation of the whole data base; instéad only
the documents required to process the user query terms are;
étqrgd. Use of sucﬁ'a storage scheme has allowed the model
toﬂbe tested with a data base as large as 50,000 documents
and 400,000 terms.  Furthermore it is possible to simulate
even larger-data bases by use of a relatively small aﬁount
_pf mMemory . e

‘ Finally experimenﬁs aré'described to-indicate the
use’BE\§he model>in simulation of a user-system interaction
in which a feedback mechanism is used to produce éﬁccessive

improvements in retrieval effectiveness through user controll-

ed question modification.
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CHAPTER I

o R - Introduction’

1.1 . The general effectiveness problem in information retriéval

.-

Effectiveness and Efficiency are the traditional

measures of performance of information retrieval systems.

’ The'éffectiveneqs'of a document .retrieval system is usually

expressed'inhterhswa.recall and preclsion ratios, The

recali iat;o’is dgfined-as the proportion of relevant

'3

/dbcuments éctuéily retrieﬁed, whereas the precision ratio
, - : : 2

_1is thérgrggorﬁ?o;iof retrieved documents actuzally relevant;
© Eghe §¥p ;atiosﬁthﬁs provide some measure of user satisfaction
| :@&§h fge sygfem, On the other hand, efficiency is 5ften '
7"defined as a measure of effectiveness for a given cost level.
For exampié,‘one.information retrieval‘system might be said-
~to be more efficiént than another if 1t achleves the same
effectiveneés at a lower cost. The principal cost factors
that affect the efficiency of an information retrieval system

| are thé'initial system deslgn and buitlding cost, the maintenancq;

servicing, and updating costs, and the-user utilization cost.

-

The most séraightforward strategy for evaluation of an

-
-*

infbrmatiqn.retrieval system involves starting with a model

al

(&

of the system follcwed'by examination of the key wvariables



and parametérs that characterize the performance of the system.

A general model of an information retrieval system usually

contains the fo;lowing components.

T

a) Data base containing the documents for retrieval
b) Man—machine/communication system
¢) Organization of data '

d) Software structure . : . .)

The above four units of any information retrieval

model contain the important and necessary parameters that

influence the performance of the system, Since evaluation

is an analytical procedure, ‘it is important to determine

how far the system satisfies the user requirements. It is

also v

failure and the means to remedy them.

into simpler and smaller units directly related to the

necessary to -find the possible sources of system

4

The above components of the model can be decompésed

performance criteria. Important parameters are:

1) The relevance of documents in the database.

2) The ability of the system to retrieve relevant décUments.

3) The ability of the system to withhold non-relevant documents.
4) The amount of user effort involved in the search process.

5) The type.of output obtained from the system.

6) The processing capabilities for treatment of user search
requests, . |

7) The type of user (naiﬁe, skilled, browsing, etc.).

Fl



8) The structuré of data in the data base,

The objective in the design of an information retrieval

system is the" Lreation of a system that closely satisfies the

.. nee.s of each user. Since information retrieval systems

Should be user oriented, the prime objective is to retrieve
all relevant, and only relevant, information in response
to & usep quory.'-snoh an ideal system, however, does mnot

exist in practice.

There are numerous factors that affect the retrieval
pérformance. However the effectivenese of'a“literature
Searcr or reference retrieval, is often characterized b&{_

eoégki}l nat;o R (Number-of retrieved relevant documents

divide. by the total number of relevant documents) and the

‘precia_on ratio P (Number. of retrieved relevant documents

divided by the total number of retrieved documents). The 4

© ideal informatior retrieval system is character®zed by

both R=1 and P=1. However, experience suggests_that R ’

and P nre not usually ‘gqual to 1 simultaneously.

-
-

in order to make an evaluation%study of an information

retrie 1l system 1t is important to describe the evaluation:

ehvirvnment. Such environment includes the type of information -

retrieval system, for example whether it is a document retrieval

‘syctem, a fact retrieval system, a management information

sys zm, or some other system. Speoification_of the environment

also i -iudes characterization of the type'of users that will

L



~ - ‘user classes.

A 4

use the system. Such users might include computer écienfists,
librarians, managers, studeﬁté,ﬁénd S0 forth. All these
factors are very important to know prior to the start of

. any information retriev;i evaluation study. This is because
there :L:s caonsiderable variation in the required standards of

effeqé;venéss and efficiency for different environments and
Onge the environment is determined and the goals are ;'.i

set,_t@é‘ggadiﬁional methodolpgy for treatment of the problem .

is+to design the info;mation retrieval gsystem model, write

the test programs: and then run the programs to determine

the effect of the individual'pafameters on the ;egree of

effectiveness and efficienc} that is achieved. The experimenté

must be repeated until sufficient performance data is co;Iected\
to adequately describe the behaviour of the system. The

procedure 'Is usually carried out on existing data bases,

, - | _
and often with operational information retrieval systems.

The process of evaluation 1s usually costly. The total ?E
cost of g#aluating an informagtion retrieval-system_could be

divided into the following three major parts [1,2].

-

1) Cost of building the system.
2). Cost of maintdiniing the system including update,
mainfgnance,.and servicing the clients.

3) {The user cost in terms of using the system.

L



These costs, when added together, are sometimes’
unacééptably highﬁor iead to an unacceptably low réSul%ing
effectiveness. There may, indeed, be levels of effectiveneég
tﬁat are not attainabie ét any cost. This occurs when
insu:ficient kgowledge_%s available for a proper defelopment
of the search technidues, or wheh the organiéational environment
does not allow proper implemehtation 6f the required techniques.
However,ldetermination of a suitable tradeoff petween the
cost -and the desireq.efféétiveness is one of the important

design considerations.

An alternative technique for performance evaluation,

and one that is more.commokly used in hardware brancheé of
computer science, 1s the method of simulﬁtion. A.literature
search for information about simulation studies for document
title retrieval has iddicated that very little work has been
done. Cénsequently no informatlon is available for assesment
of the value of simulation.as a tool for the evaluation of
’1nformatien"fetrieval systems. The results reported in the
present thests, dealing with simulation of the 0ccurrénce and

retrieva;faf document“tifles, suggest that simulation may

/
i

prove toﬁbe a useful tool. It is conjectured that simulation
may prove as fruitful in studies of information retrieval

systems as it has in many- branches of engineering [3,4].

It may also be remarked that in experiments with a

large data base it is necessary to use a large amount of
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file storage, although the proceésiﬁg of any g;ven question |
hrequires access to a very small prOportionléf the total file
space. In use of the simulation technique described in the
presént thesis 1t ié sufficient to generéte dhly those portions
of the.files that are actually accessed for a gilven question;
Thus storage 1is required only for these ge;efated portions of
the files. Since the amount of stqrage required is dependent
on the number of doduﬁents to be output, rather.than on the
éize of the data base, the present procedure may be used to
simulate searches on very large data bages without the need

' for a large amount of storage.

1.2 The Simulatiocn Model
) [

In the design of éhe model the Zipf law of word 4
frequencies is used as the bésis for simulation of the word
frequency distribution in the data base. In fact, it 15)
well known'that’such an empirical law is satisfactory for
application to many HOcumeht data bases that involve textual

data.

DocumeAt titles in the simulated data base are generated
by means of pseudo fandom numbers., A user with a cértaip
interest is associated with a nyser relevance probability" C,
which 1s the probability that a document selected randomly
from the document collection is relevant to his interest.

It should be emphasized that the documents relevant to his

interest are not necessarily the documents that satisfy his



=n

question profilé. If M is the total -=iumber of documents in
the data base then fhe expected number of relevant documents
for the paﬁticular user. s CM. The model simulates term-
document associations by generating_pseudo raﬁdom numbers
between O and 1. The simulator classifies a document as
relevant if the generated random number is less than or
equal‘to the user's relevance probabiliiy C; otherwise it

is classifiedAas non-relevant to tﬁe user. To calculate

the number of relevant and non-relevanrt documents associated
with.a particular term the model considers that'certain terms
tend to assoclate more with relevant cccuments than with non-
_felevant documents: Certain measures of ‘he association are \\
designated as "relevance ratios". Simil: ~ly, other terms
with no given relevance ratios are class: 'ied into "content"
and "non-=content" terms according t; som¢ given probabilities,
The relevance ratios of such terms are computed on the basis
of their relative frequencies, the calculation being made

by an automatic procedure in:the simulator.

The input to the simulation modei i- the 3ize of the
data base, the user relevance probabilit::, the relevance
ratios, and finally the probabilities fo.' content and non-
content terms. A user query consistir, 3f a sét of index
terms combined wiéh boolean operators (AND,OR,NOR) is supplied

to the simulator, which subsequently »nroduces an output in

the following form.



o) The recall pr?pisioh ratios.

v

-b) The total number of documents retrievéd.'

._3_ N
o

. - - 'ﬁ
a) A list of the total number of relevant documents associated

with the query.

L N

»

A list that ifdicates the %erm content’of each retrieved
document may also be Pbtaine&? The resulting recall- o
precision ratiés may bé chénged by reformilating the query.
Tﬂe reformula¥ion may be repeated a number of times until

sufficiently optimal recall and precision ratios are obtailned.

The values of recall and precision are regarded as acceptable

: ‘ &
~“1if the user is satisfied wi.» the retrieved documents, The

process is represented in Fig. 1.1, and is intented to
simulate .the behaviour of a‘'terminal user who requests a
séarch, e%éﬁinés thé-reSulting cutput, reformulates his query,
requests a further search, r.d so forth. Of course a user
would not nécessarily know the wvalues of thé recall ratios,

and so each manual reformulation of the question should be

e m———
~ L — ———
-~

made without reference to the computed values of this ratio.

~
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Fig. 1.1 The general simulation model
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Any evaluation teéhniqué.must be reliable and °
dependable. It sﬁould give.accurate estimates of performance
and be meaningful in relation to a real system. The
silmulation results should be stable-and accurate énough to
form a basis for the design of future real systems. The

simulation procedure should be cost effective. Thesge are

the general expectations of any simulation technique.

The simulation model described in the present thesis
allows a nuﬁbéf of factors to be taken into account. These

factors include the following:

a) Size of the data base.

b) Whether the user of the retrieval system has chésén a

data base that contains documents }n fields appropriate to
his interest.

¢) The efficiency of the indexing 6f documents in the data
base with respect to the interest of the particular user.

The efficiency depends on the number of words of high

indexing wvalue, on the number of hononyms, and on the _
manner in which the index terms ?ave been chosen at creationai
of the data base [2,5]. |

d) The user's ability to select good search terms.

e) Feedbatk to tﬁe user, so that by examination of the

output documents,K he may modify his query.

f) The. effect of using different samples of a data base.
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. It is realized that thelstéfisticél model described
in the present thesis hasqits-limitgtions. Yore study is
needed in order tb determine the full nature Sf“these
limitations, to reduce pr0ceséing time, and in order to
increase the applicability of the hodel. In particular the {

I

following questions may be asked: - .

1) How reliable is the value of C? -
-2) What properties should bé satisfied by the list of
retrieved documents in order for it to be acceptable fo
the user without the need for further reformulation of

the question? A »

3) Is the recall-precision ratio biased?

LY

Since simulation of document title retrieval systems
is a néw apgroach to system evaluation, it cannot yét be
considered as a proven evaluative technique until there is
sufficlent evidence of its general applicability. The
method described in the present tﬁesis is dependent on a

. satisfactory description of certain statistical propverties
of document title data bases. The universality of certain
such p;operﬁies is discussed in the light of past obserwvation.
It is reallzed however "that, in the absence of furfher
experience with simulation of docﬁment-data bases, the
results of any particular study, such as the preseht one,

!

must be acﬁepted with caution.
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CHAPTER II

5\\\
o

—

Properties of bibliographic data bases \\\

2.1 Zipf's law

In the study of natural language text it is well
'knownthat:acomparat;vely small percentage of words account
for a very large percentage of the total words used in tﬁe
text. §tudieé of word distributions and language statistics
by linguists and others have led to the so-called Zipf law
to describe the frequencies of occurrence of words in general
English text [2] [6-8]. The Zipf law may be stated as
follows. Suppose that the number of occurrences of each
different word in a text i1s counted and the words are then
arranged in a table in which the first word is the most
frequent, the second word is the second most frequent, and
'so\forth. The order of;anx_word in'thé list is called its

et
rank r;-and the number of occurrences of that word 1s called
' -its frequency f. The law then states that

rf=c

where c 1s a constanf for each particular text.

The size of the vocabulary in either a natural
langﬁage or in a docﬁment daﬁa base is usually determined



(f)

Frequency
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L]

by the environment in which the language or data base has

gZrown. Important factors of the environment are, for

example, the quality »f the human'mind, type restrictions

.. on the use: of words, and the limitations of 'subject .astter.

>

In many instances, as new terms are added the
vocabulary continues to satisfy.the Zipf law. Tﬁis law

may be 1llustrated by logarithmic scales.

100006
1000

100 .

10 .
k4
¥ L -
- 1 . 10 100 1000 10000
. ‘ Rank (r)
Fig. 2.1

The solid 19ne is the ideal representation of the Zipf law
in which log(f) islﬁlotted against log(r). The dotted line
represents a typical observed variation. If the'eqﬁafionA
were satisfied exactly then the polints in Fig.mg.I;ﬁbu1d lie

on the solid line.
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The Table 2.1 shows the word frequency distribution
for words contained in the Chemical Abstracts titles present
on some 1issues of tapes issued by the {‘merican Chemical

Society [9] .

Vord Rank Frequency
oF 1 107,687
AND 2 37,578
THE 3 36,318
IN - 4 32,868
OH 5 " 10,984
BY ° 6 | 10,727 | -
A 7 10,252 '
DI 8 8,419
WITH 9 7,964
FOR 10 6,509
METHYL 20 4,030
ACIDS 30 2,697

5 40 2,236
AN 50 1,890
PER 100 ‘ 1,210
SULFIDE " 200 736

8 . 300 ‘ . 503
METALLIC 400 395
FLUORESCENCE 500 316
TOXIN 1,000 ' 147
OXYTOCIN 2,000 67
DECREASE 3,000 . 36
GERMINATING 4,000 20
RESONATOR 5,000 | 14

Table 2.1 Wdpd Frequency Distribution

B
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A typical Zipfian distribution of word usage in a
technical information system is 1llustrated by Fig. 2.2 in
which the cummulative percentage of term frequencies.is

plotted against cummulative. percentage of terms contributing

to the total.

0 100
3
© a0
S P
>
o 80
c
(=]
. 70
o . . .
-0 60 /& : —————=ASLIB~Cranfield (3,094 terms)
& if 'f —— — =Industrial (4,780 terms)
n so-lﬂ '=ASTIA (7,030 terms)
w s—r——=AEC (12,704 terms)
S ol - |
2 40
- fq l
a 30
e |
- 2
2 o
T
E
3
O J Lo 3 ] 1 ! L. 1 L !

100 200 30 40 50 60 70 80 90 100
Percent of Index terms ranked by usage
Fig. 2.2 Distribution of term usage

Thé distribution illustrated in Fig. 2.2 1s based- on results
from the Arthur D. Little report {10] on an induétrial
ii';formation system, an infor‘matiop system of the U, S.

Atomic Energy Commission AEC; the Defence Documentation
centre ASTIA, and the experimental corpus established in

the Cranfield study [ 11]. in,the Cranfield study the most

!
i



frequent 10 percent of éhe terms accounted for 68 percent

of all the poé%ings (the number of times the descriptor

has been used foqfiﬁdéxing) and the most frequent 30 pércent
qf the terms accouﬁted‘for close.ﬁo Qd percent of the
postings, After the 30 percent level of the inﬁéx terms
the curve fgattensiqut. 11 .

Observation of occurrencés of terms indicates that
in pracfice the Zipf.iaw is not obeyed‘egactly. chever;_
"in the study of document title data bases the frequencies .

- 1,0f word écéurrences are usually found td be in approximate
gggeemenf with the Zipf law. It ma& be noted that with a
é,l"qj.gnt modification of the fFirst law, the number of words

-

N~ oécuring once, twice,fand in general n times, where n is a

~q s

small integer;kgén be calculated as follows [ 12, 13]:
Let, Np(1) indicate the'ﬁﬁmber of occurrences of word of
rank i |
Np(2) indicate the number of occurrences of wofd of
rank 2 |
Np(r) indicate the number of occurrences of word
rank r
where p{r) is the probability of occurrence of tﬁe word-of
rank(r)., If N is the tofal number of words, gnd D the total
number of different words, then tpe’zipf law méy be

interpreted as predicting the rth word to occur once if

1.5>Np(r) >=0.5
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Zipf's first law states that:

"p(r) = k/r

”

where k .is the constant for the particular text, so that
1.5 >Nsk/r >=0.5

- ~

There??re/r'has a value between rmax=k*N/'5

and . rmin=k1N/1.5 B ' : | \
4 ' .- o . . )
The number of words Occurri%g oﬁc§, I1, is the

difference of T hax ?nd rmin.ahd hence 1s as follows:

= I1 = (4/3)%ksK

e

-T
Tnax ‘min

For a word that occurs n times the similar condition is

-

(n+0.5) > Np(r)> = {(n-0.5)-

] B >

from which 1t follows.that

Tn = ksN/{(n2 - 1/4)

The se®orxd equation is a modified form of the first Zipl
iaw and is_so@gpimés calied the second Zipf law.

Tgé raéios In/I1 can always be calculated forTany
- text samﬁIE%r The predicted value of the ratio; ma;\then
be comparéd with the calculated values in order tqfdescribe
the extont to which the particular text or data base
satisfies the second form of Zipf's law. Altérnaéively,

in refeﬁghge to the terms used to in&ex the documents of a,

data base, the second form of the Zipf.law may be regarded



s

Y. is qugy’s-eonétant 0.5772...

-
Fl
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as a useful tool for the prediction of the number of index .

terms that occur with a given low ffequency. .

In-the present attempt to simulate a document data

base the occurrence of terms is genef&ted by means of

- pseudo-random numbers. In the simulation model the Zipf

law is 1ntqrprefed in the foilowing form

- M =A#N/1

where A is the constant chosen to safiSfy
f// A*N/1+A#N/2+A*N/3+ ————— +A*N/D=N B

7

.

to ensure that the sum of all the different word frequenciles

is equal to the total number Qﬁ Qord occurrences.

" Hence

A*N(l+l/2+l/3+-_——+l/D)=N‘

o
which impliles ) '
 ‘AEl[(1°geD+'§ ) ) ' s
where ’ . . | h

\
M, 1s the word frequency fonr the_i-fhaterm

N is the total number of terms in the Qata-basa

‘D 1is the total number of different térms

1 1s the rank of the tgrmi

Tt may be observed that Np(r) is equal to the wdrd
frequency f. Thus the feollowing relationship holds between

the quantities of the Zipf law and the variable names in
¥ - : .
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e
the model: '
Mi is equal to f

 A/T is equal to p(i)=k/i

The Fig. 2.3 illustrates how well the simulated terms
were found to have a rank frequency distribution close to

that of the ideal solid line of the Zipf curve.

5000

1000
N
o 100
-
[
Q
=
]
£ 1o
1

1 10 100 1000 5000
Rank (r)

Fig. 2.3 Simulated term distribution

In Fig. 2.3 the dotted line indicates the variation of log(f)
with log(r). The graph indicates the relationship between.
the position of occurrdnce of a particular word in the

simulated data base and its frequency of occurrence.

n
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Table"2.2 contains a 1ist of randomly genérated word

positions with their rank and frequenctes.

4

Word . Rank Frequency
Position
1 1 4241
2 2 2120
3 3 ’ 1413
4 4 - 1060
5 5 848
5Q-—~._ | 50 84
5 : 51 83
52 52 81 |
53 53 80
54 54 78
‘100 - 100 : 42
-101 - 101 41
102 : 102 41
103 103 ’ 4]
104 104 40
500 . 500 8
501 501 8
502 502 8
503 503 8
504 504 8
1060 1000 4
1001 1001 4
1002 ‘ 1002 4
1003 . . 1003 4
1004 1004 4

Table 2.2 Ragk Frequency distribution
of generated random numbers
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A close examination of Table 2.2 indicates that the
distribution of* index terms generated by means of the
pseudo—random numbers follows the pattern of word
distribution in accordance with the Zipf law. The
agreement is important in the simulation model. Otherwise
the_vocabulary distribution, its growth, and its use may
result in indexing that is at variation with the results’

found in real data bases.

*

2.2 Vocabulary growth

“

In bibliographic data bases various components of

r

bibliographic inferma?ion (author, title, subject, etec.)
are represented by sets of index terms. When a document

is indexed according to one or more criteria it is assigned
to a set of classes depending upon the subject matter,

as represented in Fig. 2.4 [2,14-16].

Document classes

Document

Fig. 2.4 Formation of document classes by indexing
process
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The subjedt matter 1s not nécessarily the same as the
subject afe;. It is assumed that the documents to be indexed
belong to the same subject area but contain different subject
matter. The narrow difference is related to the
characteristics that distinguish different documents in the
Same fleld. The .names glven to thé%e classes are generally
- known as index terms, and the compiete set of these index
terms is called the index language. It méy be observed

{

that the index terms carry the same meaniﬁg és the classes;
Tq retrieve dogu;entg from a data base a search request is
formulated in order to determine the.document classes most
likely to contain itemi relevant to the given search request.

?he classes are then examined and some documents are retrieved,

In the previous chapter there was some discussion of
the criterion of effectiveness and the parémeters that affect
this criterion. It is generally observed that the effectiveness
of ah information retrieval systeém is closely related to the
number of document classes [ 2], 'If the numberlof document
classes 1is large .it is easier to find a large number of
documents thét relate to a particular topic. This results
in a'high recall, but makes it mope difficult to refr%eve
only relevant documents ‘and hgnce.to attain high preéision.
This means, in‘fact, that dué to the;lafge number of
document classes there is a High probability‘that many
relevant docu&ents are-rétrieved. However, Qtﬂfhe same time

the probability of reﬁfieving too many non-relevant documents
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is also high, and this may reduce the precision value; " The
situation is reversed as the number of document classes ié

reduced. For an effective retrievél system it is therefore
necessary to exercise some control on the growth of the

number of Index terms‘

In information retrieval terminology a set of controlled
index terms is usually called a controlled vocabulary; In
the process of indexing the controlled vocabulary forms
,ithe Indexing language. The two majo? aspects of a‘'controlled

'vocabulary relate to

1) Indexing

i
2) Searching

The procedure of assigning vocébulary terms - to descfibe
‘documents with the help of a given vocabulary is usually
called indexing. The searching procedure, on the other hand
involves a matching algorithm that acts on a question that
. may have full or partial specifications. - The specification ~
aspect refers to the extent to which the searcher is specific
in formulating hié query. For examplé the use of a truncated
gquestion term such as COMPUT« is less specific than use of
the single query term COMPUTER. Furthe;@ore, the searching
process may also be regarded as a.search of document classes
for retrievallof documents in respohse to a search request.
On the basis of the occurrence of the index terms present

in the search request some of the dccuments may be retrieved
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and others may be discaried. This indicates that the
vocabulary alsc has a suggestiye roig to play in theC)
Search pfocess. It suggests tﬁe language‘that the

' searcher should dse, sinc? as a result of examining the
documeﬁté corresponding to h;shrequest he  may be directed
from the use of non-accepted terms té accepted:‘terms..

This suggestive réle in searching that is played by the B
organization of vocabulary helps the user to formulate
tﬁe best possible étrategy in terms of system user need

(aéceptable recall and pr-cision ratios) 17-191.

The matching algorithm is basically independent of
the indexing language. Howe -er the index language is
designed with the intent to ring the vocabulary of the

. indexer and the vocabulary ¢ the searcher into agreement.

The.yocabulary for indexing and searchiné usually

cannot remain static, and therefore it continues to grow

as the data base grows. Clearly, the growth of vocdbulary
for indexing the documents that belong to a certain subject
area 1is much éreater ﬁheh th data base is first created,
and it gradually décreases after a certain number of papers
have been i1indexed [23. Furthermore, the vocabulary growth
within different subj;ct areas is different. For example,
the rate of growth of ;écabﬁlery in chemical abstracts may,

or may not, be greater than in management science. Similarly

the size of the chemical abstracts Vocabulary may, or may

-
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not, be greater than that of management scilence.

- Besides the dependence of size and growth of

vocabulary on :he subject area, the Specificity of

. vocabulary is acso closely related to the vocabulary size.
Specificity of vocabulary usually means the abllity of
vocabulary to express precisely the subject topic of a
search document; [20] . 1In many instauceb the vocabulary of
the discipline io not suffictently specific to allow the
indexer to index all dOcuments‘in such a manner as to make
them uniquely ideﬁbifiable. This may result in some,
documents beinajindexed under more general terms and
eventually the dosument class becomes inecluded within the
broader class, One mechanism that may be used to achieve
more specificliy in the vocabulary is to coubine some index
terms in order so form new document classes. For example,
two index terms such as COMPUTER and DESIGN that belong to
the class COMPUTER and the class DESIGN may be joined
together to form a new class COMPUTER DESIGN. The
individual index terms that-represent_broad concepts; and
thus which are general in nature; are joined together to
specialize the cdnceptiiu order to make the new vocabulaby

term more speciflc. For example

Search Request: Design of Computers‘
Search Strategy: COPUTERS AND DESIGN . v

may retrieve a document that is not relevant since it deals,
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not wit: the design of.cémputers, but with the design of
//aircraft by use of.computers. The search strategy has caused
an incorrect term-relationship (5] . Suppose,'for a further
example, that thf vocabulary and the search strategy had
« contained the term COMPUTER DESIGN. Then the retrieved
document may have been-relevant. This meané that a specific

vocabulary is convenient and important for the retrieval

of relevant documents in general. | N

Basically there are two ways in which the system
vocabulary may be used to index and retrieve documents.
One way s to cfeat? an index term that uniquely identifies
a specific class. For example, if the index term COMPUTER
ARCHITECTUREZ is adopted then the term itself establishes
é relationship between the basic ngds COMPUTER and
\ARCHITEC.URE [21] . Inlother wordéf the system voc#bulary

.+ #ncludes a label to identify a class that is the logical
product of two other classes. Such a vocabulary is
génerally ﬁnOWn as a‘pre coordinate vogabulary. In such
terﬁinology the term-COMPUTER.ARCHITECTURE is th pre

_coordination of the term COMPUTER arnd the term ARCHITECTURE.

To consider another extreme it may be mentioned that
there are systems ¢omp1ete1y free from any pre coordinate
’nivocabulary. In such systems the indexer is allowed to use

6nly basic words, or single words, for document indexing.

In this case the vocabulary terms consist only of individual



words, Following the above example, the toplc COMPUTER

ARCHITECTURE.is indicated by assigning to the document the
separate index terms COMPUTER and ARCHITECTURE. This

type of vocabulary is known as a post coordinate
vocabulary. In conducting searches on such a syséém the
user is allowed to manipulate the classes in order to
derive their logical product, logical sum, or logical

complement [221.

The above mechanism of term relationship, assigned
at the>time of v0cabulary growth, is known as precordinate
indexing. Similarly there is the alternate .orocedure
whereby the index terﬁs in the vocabulary are single words
and two or more words‘are not allowed to be mefged tOgefher
to create a new class, but the searcher, at search time,
manipulafes the terms by using logical combinations of the
te£ms of the vocabulary.: This is known as post coordinate

indexing. It allows manipulation of the classes at the

time of searching. }n the case ofpre.coordinate:ihdexing
there is né facility for manipulatfgg classes, Instead,
the élass relationships. are bullt into the 1angugge. The
size of é precordinate vocabulary is larger than that of.
a uniterm voéabulary (a vocabulary that contains inde;.
terms consisting of only single words). It is obv;ously

30 because, as new classes are introduced in pre coordinate

indexing, the vocabulary size 1s increased.
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‘Consider, for example, in a pre coordinate vocabulary
a descriptor ATRCRAFT ENGINE Nbxsf./ since ATIRCRAFT,
ENGINE, NOISE, AIRCRAFT. ENGINE, ENGINE NOISE etc. are
all deseriptors that are likely to appear in subject -
headings the terms must all appear in the vocabulary list
as independent classes; On the other haﬁd, it is known
that in the uniterm vocabulary{there 1s no term ccordination
or term intersection mechanism. It may be observed that
AIRCRAFT ENGINE NOISE 1s the coordination  of AIRCRAFT,
ENGINE, NOISE. As such, in the uniterm vocabulary only the
basic terms such as AIRCRAFT, ENGINE etc.-c&grappear and

this reduction on the pre coordination causes the number .

of descriptors in the vocabulary to be reduced, [2].

)

An information retrieval system can be subdivided

into a number of subsystens. For example:

1) Thé vocabulary subsystem
2) The indexing suﬁéystem-

3) The séarcﬁing subsystem "
4) The user-system intérface subsysta{

N

p
Among the above fou; subsystems.of‘an information
retrieval systeﬁ, the vocabulary subsystem is considered to
be one of ﬁhe most frequent sources of failure of an
information retrieval'system. Fallures ‘in retrieval

attributable to the roabulary subsystem may be due to lack

of ‘specificity in the index terms or due to ambigamaus
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A

relationships between index terms in pre coordinate indexing.

' Lack of specificitynﬁill always cause precision failufes;

but need not cause recall failures'as long.as the apﬁropfiate
references are included in the roabula;y. If no specific
term-exists, and no references are made ln the form of

"see reference" or "use" etc., in relation to fﬁe specific’
te;ms, then both recall and precision fallures are 11ke1}.to
occur in a search on the specific tople. Thus, specificity
of vocabulary is by far the most important factor that.
affe'ets the preci;ion capability of a retrieval system

[2,14].

Vocabulary growth can also be viewed 1n terms of
precision capability of the retrieval system. In this

context term coordination plays the important role [E].

Term coordination involves the logical intersection
of’ ciasses. If term, 1s cdordinaéed-with termg then by
relating the two togéther the effect will be to reduce the.
size of the class under qonsidération siﬁce the result is
"termy in relation to termp rather than term, ALONE".

This felating procedure is known as term coordination.
It has thé property of reducing the nuﬁber of classes,
‘achieving greater specificity and improving precision.
Classes may be coordinatéd at the time of indexiné {pre
coordinate roabulary) of ét the time of searching

(post coordinate vocab%}ary).
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' coordinated in searching operations.
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It appears that class ooordinat on ie‘a powerfuli
precision <device, but it tends to hhve the effect of .
reducing iecall. Consider, for efample, in a post
eoordinate system a search on the topic “STARS and
NUCLEAR REACTION". Astrophysics and nudlear reaction”
may be the two potential classes, and the search strategy
might use the question. o

Nuclear reaction AND any term in the- v0cabu1ary for star.

Thus two conceptual classes have been coordinated.

It may te observed that the precision i. likely to be high,

but recall could be iow in view of the ve:y general

Speciflcatib of the second index term. Similarly at a

. lower coordlnation 1eve1 which is a reduced exhaustivity '

kY

Aof.ipdexing, the above question could achieve a better

recall but a poor precision. In general, index Tanguages
should provide some'faciltty of coordination of olesses
either at the time of indexing, or at the time of searching.l
Many ;nformation retrieval systems are partly equipped

with precoordinate vocabulary.which can be further

Coordinate indexes are also referred to as manipulative

indexes.and belong to the post coordinate index group. It

has been observed that with a manipulative index vocabulany
there exists a relationstip, similar to Zipf's law between

the index entries and the distribution of term usage.
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'In some studies [7,23 ] of the distribution of manipulative

term usage 1t hes been found possible to predict the
probability of any index term with a given number of
postings as a function of the total number of index entries

in the system. - This procedure is very hélpful in

. “'-3
calculation of the growth rate of the vocabulary and'lts

gsize.

el
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CHAPTER 'III

- . . ’

: Simulatioh procedure

[»]

'f- ..... - . .
3.1 Simulation for analysis of data base

-

The general characteristics of a bibliographic

‘data'base and the ﬁse of simulation as a tool to

-

.evaluate its performance, have been discussed in the

‘previous chapters. In any study of the use of simulatlon

teéhniquesxit is impertant to describe the separate steps

21 - '
in det 1 and to divide the task into sequential ‘phases

such as, fqr example: -

, q

1) Prpbyem:formulation

2) Cons%rﬁctionlef a theoreticel model to represeptvthe
system under study | “

3} Derivation of the solution from'the model

4) Test of the model

These, fodr‘phases may. vary in detail according to the

type. of informatibn retrieval system being studied. However

they represent the basic steps required for .any ‘'simulation

study [241.

-
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]
An information retrieval system includes numerocus

variab;es and numerous‘subsystems. It is practically
impossinle td undertake a study that can monitor all the
variables and all the subsystems slmultaneously. The
subsysten‘under study' in this thesis is that which 1s
required for the performance evaluation of a document ‘
tit;e retrieval system. The rules necessary to define

the simulation model have already been outlined in

- general terms.. !They wili’now bhe diSCussed in detail.

.The objects being simuilated are represented dn the model

as: .

1) Term file
2). Document Tile
3) Query formulation

‘
In order to understand the real motivation of
simulation as an evaluative tool, it is necessary to
“ understand the objects belng simulated. It is assumed tnat
| the three objects listed above are the necessary conponents
refered to by any simulatidn study that attempts to analyze
the performance of a dbcunent title data base system. The
"term file contains all the ferps in the data base, the
document file contains the document records of the da?a‘
base, and tne query formulation is for a real time search
simulation. The three objects combined together determine

the system performance as a whole.
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3.2 Réndom huﬁber'ggnerﬁtor

The simulation model uses set rules to create a
collection of pseudo-terms, pseudo’ documents, pseudo
queries, pseudo term-—document associations, and pseudo
relevance rgtings for certain_ terms by generating pseudo

random numbers. 'The totality of such pseudo quentities

will constitute a pseudo data base for literature searching.

Since the simulation studies are undertaken on the
Concordia University CDC-CYBER‘172 computer 1t was appropriate -

to use the CDC library function RANF for gencration of the

pseudo random numbers. This, however, does not restrict the

experimentation'to only CDC machines, since by minor

modifications of the pseudo random number generator routine

the simulation‘programs could be executed on any machine.

All the programs are written in the FORTRAN language.

The function RANF is a Fortran external routine.

Ié accepts a dummy argument and returns a floating-point

result uniformly distributed between 0, and 1, éxclusive.

The dummy argument has no efféct on the result,

The method used by ‘RANF to generate the pseudc random
numbers is the mulfiplicative congruehtial method modulo 248.
It makes use of thefollowing recursive congruence:.

X

= K MODm
n+l'K*xn( )
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where K is a constant multipliér and m is gn inﬁeger chosen
as indicated below. If XO is the initial value of the
‘'sequence 1t follows that'

X, = K*XO(MODm)

1

The multiplier should be chosen to givé a long cycle
of different pseu&o random numbers. All odd integers are
of‘the form 8n+1l, 8n-1, 8n+3, 8n-3 (n is an integer), and
studies in.ﬂumber theory have shown that choice of K in the
form 8n+3 or 8n-3 yileldd the maximum cycle of 2?'2 where
bCEE*EHE“ﬁaia“Iengtn of the computer [25];. The hodulo m
Ls an integer such that m=éb. Such a choicé implies that
division by m is merely a shifting of positg;)n. Different
yalues of_the seed Xo can be utilized to produce different
sequences of péeudo random numbers, ?hus giviﬁg a

considerable flexibility to the method.

v
The function RANF on the CDC machine is represented as
. x(n+1) = axx(n) (mod 2%8)

The feéson for réising 2 to the power 48 instead of to
the word length of 60 bits is due to the fact that the
numbers generated are real_(in FORTRAN sense) in the
exclusive range of 0. and 1., and in the coc realisation of
. FORTRAN sucﬁ‘ﬁugbers.are stored in; the lower ordér 48 bits
.of the computer word. The multip%ier a is a constant
WHich:has the octal ﬁélue 20001207264271730565b, It can be

shown that fhg multiplier passés the Coveyou-Macpherson

‘e
i



- 36 -

test as well as other statistical test of randomness
- including the auto correlation test, o

Basically the random number generator uses the
initial value of the seea Xo equal to the octal value
l7171274321477413155b. Hoyever, if a different seed is
required it is possible to reset £he Seed by means of
another library function called RANSET. This is also
a Fortran external function. It accepts a floating point
argument and returns the new address of the suggested
seed. This funetion is used extensively in the simulation
experiments as the model is so designed that differént sets
of pséudo fandom numbers are needed to siﬁulate the three )
objects in the simulatién model. For example, the following
program generates a sequence of twenty random numbers.

PROGRAM RAND (INPUT,QUTPUT) -
I is the term number
X, PHI are the arbltrary constants
‘used for initialising different seeds for different
sequences of pseudo random numbers

I=50 |

X=.00001
. PHI=(SQRT(5.)+1)/2

Xx=_ (I+X) *PHT
set the seed of random number generator

CALL RANSET {XX)-

DO 10 J = 1, 20
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Fortran function RANF generates random numbers in the
range 0. and 1.
=RANF (DUM)
10 KK=Y»5000+1
STQOP

END

Following is the 1list of random numbers, and their Integer

conversion respectively:
\

Random Number Integer Equivalent
-4158828441667 2080
+ 9404661544677 4703
+2915424651987 o 1458
. 7823937084672 ‘ . 3912
»3350111033781 1676
« 279777314636 . 1399
.483501697939 2418
-8993786876637 ' 4497
.6565218702714 3285 ;
.006483786570588 33
.5478338038623 o 2740
733820855941 3670
.4339856255594 2170
.4628215151311 2315
.2760265341333 1381
.3501366874212 ' 1751
.4499985630042 2250 IR
.£938284217629 3470
«6163425940888 . 3082
.790813718125 '39855

3.3 Description of the simulation model

. L
To allow comprehensive experimentation on the simulation

ocbiects, the model is divided into the following components.

1) User query
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2) Documént generator -
3) Search routines

4) Evaluation routines

In the previous chapter the applicability, and the
statistical importance; of Zipf's law for word frequencies
wasrdiscussed. As one of the bpérating rules it is aésumed
"that the Zipf law hqlds for ?ocument title data bases in
real systems. In uyse of the Zipf law the model congiders
- that the terms are ranked according to decreasing
frequency of theiroccurrence. Let the data base contain
a total of N terms (including repetitions) and M document
titles, so that the average number of terms in each
document title is N/M. If there are D different terms
then the first term wil} have the highest frequency and the
- lowest rank; similarly the D-th term will have the lowest
frequency and ﬁighest rank. In general, the number of
dccurrenées of the i-th term is MfA*N/i. The 9onstant A
is equal to ll(logeD+W) where Y ig Euler's congtant equal

to 0.5772 ...

Let ¢ denote the. probability that a document is
F

relevant to the interest of a particular user. The expected ¢
number of relevant documents in the data base is therefore '

cM.

As discussed earlier, the prime objective of a

document retrieval system is to retrieve relevant, and only
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relevant,‘documénts in response to a user query. This goal
is defined in the simulation model‘in terms of relevance;
rather than recall and precision. Tt is by no means true
that. the evaluation routines do not co_ne:ider recall and
preclision as perfor%ance measures, ho&ever the‘approach

is based on éhooéing as a basic paramé%er_the‘value of ¢
which describes the probabillty of the relevancy of a
do¢uﬁenf. -In addition to the value of ¢, term relevancy

is another important measure that will be discussed later

in this chapter.

1, : Not
Retrieved Retrieved Total
S .
Relevant X Y X+Y
, Not- . : .
Relevant A M=-X-Y-2Z M=X-Y
Total X+2 M-X-2Z M

Table 3.1 2x2 contingency table of relevance

Froﬁ table 3.1, which is a 2x2 contingency table for
relevance and retrieval, 1t may be noted that the recall~’
precision measure depends on a priéf kn;wledge of whatAis
relevant in the total collection of documents. Therefore the
value of Y in the table can be predicted oﬁly through user
experiments cohducted over a sufficiently:long period of
~-time, 'Sﬁch a predicted value may be supposed to be close

L}

td the true value. It may appear to be a very subjective
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type of assessment since a documenv may be relevant to one
user but not relevant to anhother user, In real systems the
relevance Jjudgements are often made by sets of users, and
in case of disagreement the majority Opinion is taken. -
Alternatively, experﬁs in the subject fileld may -decide on
the doubtful cases. Taking these facts ,into account it

may be possible‘to estimate that for a particular docuﬁent
data base and type of user 1t is possible to simulate the
value of X+Y in terms of the value of the probability c;

It may be noted that the value of ¢ is predicted on the
basis of sufficient experience of experimental results {26};
Alternatively, c may be varied éhroughout a wide range of
values in order to simulate a widely varying sample of

users.

With-a chosen value of ¢ i? is possible to calculate
the approximate number of relevant documents in the particular
data base desaribed in the model. éince-the value of c'is
not’ chosen at random, but is supposed to be a close
approximation to the true value, it is possible to simulate'
the total number of relevant documents in the data base
.under study.r However, if there is any error in the choice
of the value of e it ecan be changed withouc effecting any

other part of the simulation model.
<

Let r (1), r (2), -———, r (m) be a sequence of pseudo-

random numbers uniformly distributed in the range O <r (m) <1.
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The m~th document will be regarded as of interest %o the
user 1if r(m) < =¢, and non-relevant to the interest of the
user if r(m) >c. An example of the simulation of the first
29 relevant document numbers is given below. Each document
number, as m increases over 1,2,3, etc.,'is rejected unless
r(m)< = c. In the listed results the value of ¢ was chosen

as 0,01.

Following is the program unit to generate m and r(m)
MTIT is the-total number of documents in the data base
X, C, PHI are used to initialize the seed

Constant C'igwalsq.used to determine 1f a document is

relevant or non-relevant to the user ‘interest

-

LL1=0

| DO 1d ‘II=1,MTIT

set the value bf the seed.XX

| XX=( IT+X) »C#PHI
.éALL RANSET( XX) .
Y=RANF(DUM)

’ - IR(Y .Gf. C) GOTO 11
* © LL1aLLl1+l '

RELDOC(LL1) = II

11 CONTINUE
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M rém)
132 .0004159548091103
162 : .005271679218122
235 .004826607042457
520 .006272738395548
606 .00362234010321
692 .0009719418108709
726 .008478064512222
898 .003177267927544
984 ..0005268696352054
1001 .00213996549294
1069 .009646088194291
1148 .004253362599105
1241 .006995689901952
1320 .001602964306766
1388 .009109087008117
1413 .004345291609614
1560 .006458688715778
1585 .001694893317275
1653 .009201016018626
1732 .003808290423439
1825 .006550617726287
1904 _ '.001157892131101
1972 - .008664014832451
2074 .009961599442239
2099 .007579701742987
2257 ' -.002186976147801 ,
2393 .009693098849151
2418 .0073112011499
2737 .007042700556813

In order thaﬁ a document éuélify,for retrieval, )
whetherﬁfelévant or not, it must contaip specific index
terms as formulated in fhe user query. ETﬁe réstriction
r(m) < =¢ for a document to be relevant allows specification
of the extent to which the documents in the whole data base’
are relevant to a pafticular subject area or user interést.
‘The relative positions of the relevant documents .in the data
base have no association with their relevancies; this is a

consequence of the simulation procedure and is also observed

in practice [27-3071.
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It is likewise possible to simulate a set of documents
relevant to the interests of a different user by use of a
different sequence of pseudo random numbers r(m). Such
different sequences may Ee agsoclated with eitﬁer the same

or different value of c.

The next steﬁ in the simulation procedure 1is the
generation of term—document-gssociatiéns. Hcﬁever, before
proceéﬁiﬁg to this step 1t is appropriate to deséribe a |
measure of tﬁe relevance of-certain terms and how relevance

is simulated in the model.

. Sﬁppose that some terms tend to associate more with
relevant documents than with non=relevant dOcumentsl ‘A
measure of assoclation in the model is expréssed - in terms
of two relative,frequencies. The first relative frequency

f is defined as

£,- number of relevant documents that contain i-the term
number of relevant documents

The second relative frequency: is

Mi/M= " number of documents that contain i¥theiféfﬁ‘
number of documents in the data base

The ratio of the two relative frequencles is-thus:

R.= qu_/MaﬁmlM{
Therefore: fl= R, M 1

i 171
The value of Ri is termed the relevance rating of the
i-th term. It may be noted that the relevance rating R of

certain terms may be known prior to the simulation experiments.

-
F R O R .
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.This know;edge may havé been gained by exper;encg/with
term usage éndlthe observgt%on’tﬁat occurrence of certaih
terms-is more likely 1in the relevant dOcuﬁents than in
the non—relevant.documents of the data base. It may have
been observed, for example, that cerfaiﬁfterms-used in
document indexing are frequently found to be in the-
relevant documents belonging to a particular subject area
[31-33]. Thus it is possible totmanually specify, or at
least estimate, the relevance rating fpr certain terms;
On the other hand, there are .likely %E be otggr'terms of
unknown relevancevrating, and it will be described how
the simulation model uses built-in rules to detgfmine the

relative importance) or non-importance, of other index

terms.

From the aéove definition 6f Ri it may be concluded
that 1f no relevant document contains -the i-th term then’

- the ratio R is equal to O. JAlternatively if the same
proportion of relevant and non-relevant documents contain .
the ;ffh term then Ri is equél to 1. Finally, 1f all the
relevant documents contain the i-th term then Ri 1's
‘equal %o M/M,. Therefore‘Ri‘will have a ?alue in the range

“determined by the inequality

0<=R

g < =M/My

-

A value of R greater than 1 indicates the extent to

‘which the relevant doctuments are more likely to contain
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led
]

the i-th term than are non-relevant d0quments.' Similarly;
a value of R less than 1 indicates the extent to which the

relevant d0cuments;are_less likely to contain the 1i-th term.

The total number of documents that contain the 1-th
term is the value of Mi that is given by the Zipf law. The
total number of rélevant documents that contain thé i-th
term is ;icM=cRiﬂi, and thereforethe number of non-relevant
documents that con éin the i-th term'is (l—gRi)Mi. ~The
proportions of relevant docuAents and non-relevant -
documents that contain the i-th term are therefore

5

cRiMi/cM and (l—cRi)Mi/fl-c)M respectively.

The criferia uséd to choose tﬁe Ri may. now be defined
formally. Lt may be ﬂoted that the value of Ri mgst be 1.,
chosen to satisfy both of the.inequalitiéé..

cRiMis number of relevant documents
- and

cRiMis&- ‘ ‘ N . ’ ) .
‘It'may also be nofed that the expected number of relevant .~

ocumen is ¢M, but the éctual number may not be exactly-

cM. i, fact, the probability of there beilng exactly -q

relevant documents is -
Ml ‘ q "_ M-q
T ° e

J
which is a maximum when q=cM.

-
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Although the number of relevant documents is

.ngnroximately equal to cM, the restriction on Ri should be

F. ]

applied in the form -
%f-number of relevant documents
cM

It follows that RIS;M/Mf which may be-regarded as a useful
. : : .

approximatidn when deciding on manual’ choice of some\gf the

Ris. '
Similarly, the Ri must be choosen so that (1-cRiNM, x
number of nen-relevant documents. Sinée the number of non-
relevant documents is likely to be very close to M, the

restriction may be written ag

. (l—cRi)Mi <=M

and therefore

] : L : Ri > ==“T-(l-M/Mi) &/, 21 is always true.)

Values of Ri.that have been observed in. practice are

discussed in section 3.%4..
1 N ‘ ' ;‘ . . . - .
' The above discussion has explained the 6riteria for

determination of whether a document is relevant the
documenx numbers of aIl relevant documents in the
data.base, end the relevange ratinge'ofzthe i-th term.
It'is now éppropriete to describe the rules for simulation

./f_—##ﬁmf&hg term-document associations and for simulation of

- the pbelevant and non-relevant documents that contain the

EV'i—th-term:

(LR
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Fer a given value of 1 ane Ri, where i -is inrthe range
'1¢= 1<.=D, 1let
r (1), r(2), ——
denote a sequence of different pseudo random numbers with
values in the range O<=r (J) <= M. It'mey ee noted that
real pSseudo random numbers are converted into integers by

multiplicatlon followed by use of the modulo function.‘

:For the first CRiMi values of j for which
rlr (Ni<=c¢ |

the i-th term will be regarded as present in the r{j)-th
docnment, which is elready kxnown to be'a_relevant document;
Also, for the first A(l—cRi)I;Ii values of j for which
rr;(i)1>¢ ‘
the i-th term w111 be regarded as present in the r(j) th
document Whlch is already Known to be a non-relevant
document. Thls procedure is implemented by‘generating a
" real pseudo randomenumber Y, then by applying the modulo
function to convert it into an integer, and using this
integer as tne seed to generate another pseudo random
number which is finally checked for the relevancy of "the
document. In the experiments the sequence was generated

by the following statements in whlch the seed X and the

varlable PHI are as explalned in section 3.2.

Generate document number KX in the range 1 to M
M1 is the number of relevant documents for the i-th term

M2 is the number of non-relevant documents for the i-th term
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L3

. XX=( I+X) #PHI

RICMI=c#Ri#Mi

MIMRICM=(l-c+R1i)#Mi

MTITLE=M{1
M1=M2=INDEX=0

CALL RANSET (XX)

© Y=RANF-(DUM)

KKueY+5000+1

he function RANGET below stores the value of the seed in

the variable ¥

This

the seed by using the document number KK,

Subsequently the original value of the seed is reinitdalized

function is used to initialize

by using Y.

. CALL RANGET(Y)

Test

S0

60

XX=(KK+X)*C#PHI

CALL RANSET(XX)
RCKK=RANF({ DUM)

document for relevance
IF(RCKK.LE.CSGOTQ 50
M2=M24+1 |
IF(K2.LE.MIMRICM)GOTO 50
GOTO 65 "

M1=ML1+1 ‘
IF(M1.GT.RICMI)GOTO 65

INDEX=INDEX+1 -

a different value of
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RNUM{ INDEX)=KK
65  IF(INDEX.EQ.MTITLE) EXIT
CALL RANSET(Y)

]

GOTO 10

Following is a list of 30 relevant and ‘non-relevant
documents simulated for a given i-th term.. Documents
containing the 1-th term are classified as relevant if the

random number RCKK <w=c, otherwise the documents are

classified as non-relevant since RCKK>rc.

Document Number E : RCKK

2080 .3988155477646 }
4703 .52155875392 . v
1458 .1532444928818 :
3912 .5215639092786 .
1676 .8678079374478
1399 ©.3123002151477

¢ 2418 - .0073112011499

' © 4497 .1527493459913

3285 .8576064980985
33 : .. 2427412641067
2740 : .70Y469674718
3670 _ .766911381924
2170 T 5477147490368
2315 .6385017942218
1381 .9791765252132
1751 .2213365983801
2250 4872206952504
3470 ‘ .7342364928263
3082 .4465946112756
3955  .6857438565466
4630 .95733390948
496 . .1524296123649
1326 . .7793108609516
4964 ' .04522210636846
901 .4647951881363 .
2477 - : ..7697383517989
1929 .6803041202965
4656 .8711541386999"
3292 ' .688662755432

2826 ©,02982956925395
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'The above procedure ensures that exactly cRiMi relevant
documents contain-the i-the term and exactly (l-cR1i)Mi non- -
relevant documents contain the i-th termg It may be observed
that if ali Rys=1 then the set of relevant documents hhs the
same relative term frequencies as the entire data baée;
This means thatethe number of relevant documents that

contain the i-th term is then exactly cM, .

e

Specificafion of -the complete set of the'Ri may
describe the data base in more detail than is needed or is
possible in many instances, since it requires a knowledge
of the relevance rating Lf every term. It would, in fact,
be a very artificial situation in which so much isg kqewn ~
about the centents of the data base. A realistic approach

that has been considered 1n this study requires an estimation

of only some of the relevance ratings. : ~

For the terms for wbich R, is specified the procedure
is followed as described above, However, for many other
terms in the data base the relevance rating Ri is uhkncwﬂ.
Such terms may be divided into two categories that contain
"eontent terms" and "nen—eontent terms“'defined as follows;
Content terms are those which, when used in the_query
formulation, could help to distinguish the relevan;
documents from the other documents in the data base. TIn
contrast, terms whose occurrence in documents is unrelated

to the relevance of the documents are’' regarded as non-content
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terms. TFor example, terms for which R is specified

eqﬁal to 1 may bé régd}ded as non-content terms since
their occurrence Iin documents is in no sensé related

to the relevance of the documents. They should therefore
not be used in questions intended to retrieve relevant
documents. Many terms, such as THE, AND, WHICH, ON, etc.,
-are likely to be non—content terms. for all sets of relevant

documents, but many other termé will act as content terms

for some sets of relevant documents but nof for other sets.

Therefore, prior to the formulation of a gquestion
for retriévgl of relez?nt documen-.s it may bevknown.that
certain terﬁs are likely to be content terms but their
relevance rating R is unknown except in statistical terms.
For example 1t might have been found from experience tQatx
a certain proportion of content terms give rise to values
of R as great as 100. Also,:it might be believed that a
particular term is a content tetm but of unknown relevance
rating believed to be in the range of 10 to 100.

Let the extent to which the data base is rich in
‘content térms be described by the value‘;f the probability
Pc of ‘the occurrence of content terms. Similarly, let the
extent to which the data base is ricﬁ in non-content terms
be described by the pfobability Pn of the occurrence of

non—cbntent terms. The terms that have accidental

associations with relevant documents therefore occur w%th
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the probability 1-Pc-Pn. It is believed that the inclusion
of terms with accldental assoclations is important in the
simulation procedure since it allows for variations in
different samples of a daﬁé'base, and it allows for the

Tact that a data bésg sample may contain some.titles whose

word usage 1is not typical of the data base as a whole.

A factor delta (/) may £ erided as the amount in
excess of 1 that may'be'assumed‘by any Ri for a confent -
term. It should be noted that delta ([&) could, in{fact
be.a 1afgé number greatly in excess of 1., If delta (Z&)
is large the content term‘is.more significant than énc“her

content term that has a small value of delta (Z&).

The model simulates the value of R by generating

nseudo-random numbers. of the following sequences

ra(1), rp(2), rp(3), ---,r (D)
and il(l)' 23(2)' ik(s)’ ---'EB(D)

Uniformly distributed in the range 0< rR(i),or ik(i)< 1.

A}
In the experlments the seeds choosen for these

sequences were respectively:

Y= (I+Pc ) *CAPHISQ

XX= (I+DELTA)*C*PHISQ _
where PHfsq is the constant used to initialize the seed and is
computed as _

PRISQ=PHI**2
and where PHI 1s as defined previously '
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For each wvalue of i, the i-th: term istassociated with

the documents in the following manner:

1) If O <rp(i) <= Pc then Ri = l+r(i)*l&(unless

Lex( 1)« sM/M; 1n which case Rizm/mi), alternatively ir
Pc< r (i)< Pc+Pn then Rial. In either instance the
association of the i-th term with documents is determined
as explalned above for the instance of terms with
specified Ri's,

2) If Pe+Pnc< ro(i) <1 the i-th term is regarded as
present in the documents numbered: r(1), r(2), r(B),
-—=, r(il1) of which the expected number of relevant
documents is clli. . The assignment of relevance or nor-
releﬁance to a document may lead to accidental |

associations between terms and relevant documents.

4

The simulation model described above can be

represented by Fig. 3.2.
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. rR(i) in range:

@ to Pe|Pe to Deo+Pn
Pc+Pn to 1

Ri=1

P

document /
number

ri(m)

v

T
{
I
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- ment number
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Select new seed
Generate ‘ : ,
re [ri(m)] -

Incremen
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Store
document
number

- Index £ Mi ) s
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|
~ Y |

rig. 3.2 sSimulation of inverted file list of
document numbers for the i-th term.
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It may be observed that the flowchart illustrates the

followilng important boints;:
1) .Generation of documents by meaﬂs of pseudo random.‘
numbers that specify the terms used_to‘inaex each docqment;‘
2) Generation of relevance ratings for those terms that
appear in the query but whose relevance r;tings are not
specified manually

3} Determination of the total number of relevant and
non-relevant documents indexed by the i-th term

4) Determination of the relevgpby of a document with

resbect to the i-th term

In addition to thé program represented in the flow
chart of Fig.'§.2 above thére is a query handling process,
sorting process, evaluétién process, aﬁd query reformulation
process. These procedufes are.implemented'through
programming the individual processes as described separatel&

in Section 3.5. .

3.4 Relative frequencies (r) and relevance ratings (Ri)

| In a general document retrieval environment it is
possible to determine the frequencies of different terms
in the total collection. The determination of term
frequency-is'someﬁimes used in order to derive a measure
éf term importancé for indexing as well as for searching

purposes. In fact, in many studies it has been observed
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that use of information about-the knowﬁ frequeﬁcies of

terms in differeéent subject categories allows pre.liction ) .
of the relevance of documents to subject areas by examination
of word frequencies in the document text. For example;

i@ a study by Heaps [34] a relative frequency r of each

term is deéfined as the frequency. of occurrence of the term °
in a particular document text divided by its freauency of

Occurrence in. general text.,
’

The following is a set of document abstracts taken
from [34]. |
“Doc. 1.:
H.E. Stiles, The Association Factor in Information
Retrievai. Journal of ACM Vol, 8, 271-279(1961)
For this document N=3188 and D=777. The abstract
is 'as follows.

Title: The Assoclation Factor in Information Retrieval;

'Abstract:' This paper describes an all computef
documgnt retrieval system Which can find documents

" related to a request even though they may not be A
indexed by the exact terms of the request, and can
present these documents in the order of their
rele&ance to the request. The key to this ability
lies in the application of a statistical formula -

by which the'cohputer calculates the degnée of

. association between pairs of index terms. With
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proper.manipulétibn of these aSSOCiatioﬁs fentirely
within the machine) a vocabulary of synonyms, near
synonyms and. other words closely related to any glven "
‘term or group of terms is derived. Such a vocabulary..
rélateddtb a grdup of request terms is believed to be
a much more powerful tool for selecting documents |
from a collection than has been available hewetofore.
By noting the nﬁhber of matching terms;between this
extended list 6f request terms and the terms used to
index a document, and with due regard for their &egree
f.of association, documents are selected by'tpé‘coﬁbuter

and arranged in the order of.their‘relevance to the

request. _ ‘ &

Doc.2.: °

C.D. Lowenstein, and V.C. Anderson, Quick Charéé%erisation
of the Directioﬁal'Response of Pbint.Arfay, Journal

of the ‘Accustical éociety of America, Vol.,43, 32-46

(1858) - | | |

For this doctment N = 1404 and D.= 383. The

sbstract is as folloys: -

The directional response of a two- or three- ,
dimensional poinf-array is a function of . two
indépendent‘directions‘and also a functibn;of frequency
A suitable mapping o% these three pérgmeters'info

- a pseudodirection aﬁd a pseudofrequency-a}low; the

) - ' :
. examination of the major and minor lobe structure of

L\
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the array response with only a two-parameter

-

computation. This method has been applied during
the design of a-32-element planar array, to permit
adjustment of the element positions for a minimﬁh

and uniform minor-lobe structure. f

-

Doc.3.: ﬁ.J. Hoitsianqér, and G.R. Ereeméh; Competdtion
Between Bcaﬁengers.in the Vapor—Phase ?edioiysis

.6f Hydrocarbons. Journal of Physical Chemistry, ' .
vol. 71, 2582-2584.(1957).

'For this document N-= 1275 and D = 368.
« - ’

The abstract is as follows:
When thewélectron-SCavengers Sl and Sé are present

in a radiolysis systeh,;the reaction Sl- + 8,

8y + 82_ can occur if S, has a greater electron

affinity then does $, and if S{  bas a long enough

[

lifetime to erable it to encounter an S, and react
with it. In 380 torr of ﬁethyleyclohexeﬁe vapor
at 110°, the half-lives of N,0” and SPZ” with -
respect to decompositioh are 10~% sec and 1™’ '
sec pespectively. The electron affinities of the

three electron scavengers used apnarently decrease

in order DI >SF5> NZO.F

Doc.4.: G.A. Needham, Advanced Integra%ed Circuit Packaging.
SCP and Solid State Technology, 22 to 29 {June 1965).
For this document N = 1515 and D = 500.°

The abstract is as follows:
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°

-

: Doc.G.}

Dec.7.:

- 60 - -
Current research and deveIOpment in the field of
integrated circuit packaging is treated in this
article., It is pointed out that the package as we
know it today may be completely obsolete in the

next three or four years if present research

bears fruit., The discussion includBS'é survey

of past, present, and possible future methods

of lead attachment; the "f1ip~chip,” or up-side-

down mounting technique° elimination of the

Cd

.individual chip package which has the potential.

of a twenty to one saving in space; and the

. .
inclusion of many circuit functions within a
F 9

’

single chip. Finally three ‘dimensional packaging

'as opposed to the planar package is discussed.

v - .
The Chip T f.

This 1is the title of an anonymous article

published-in a popular magazine and related in

.subject matter to Doc. 4. N = 1018

G. Orwell, Why I Write.
This is containmed in "A Collectibn of Essays by
George Orwell", Doubleday, 1954, p.313-to 320.

N = 2758 and D = 947.

I.. Zanelly, The Land of King Arthur. Yachts

and Yachting, 292 to 233 (February 2, 1968).
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This article is ?.I;oﬁt diving in the
Welsh Lakes. N.= 1324 and D = 587. There is
\no abstract. It‘may be noted that the title of
the article is & f::oor_er indication of the‘ sub ject
matter than are the underlined words in Table e

3.2,
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Relative frequencies

certain decuments

ri of terms in text of

LOWENSTEIN: r

WATER

12

STILES: ry . r; | HOLTSLANDER: vy
INDEXED 5300 DB 5000 | MCH 15000
PROFILES 1800 { LOBE 4300 { SF 14000
DOCUMENT 770 BETA 3900 | SCAVENGERS 7800
DOCUMENTS 680 LATTICE . 2800 | HD ; 7100
REQUEST ‘300 | ARRAY 2300 | SCAVENGER - 6300
TERMS 190 | PI | - 2100 { BINARY 5400 -
TERM 140 | ALPHA . © 1400' | MIXTURES 1800
GENERATIOKN 120 STEERED 1400 | MOLE 1600
ASSOCTIATION 59 TRIANGULAR - 1100 | YIELDS 1000
INDEX 47 DISTORTION 8101 pI 860
THIN 41 | PARAMETERS 710 | 'N 560
LIST 38 | ARRIVAL 280 | MIXTURE 310
RELATED X 37 FIG _ 220 | o 290
INFORMATION 13 DIRECITONS 210 | ELECTRON 240
NUMBER 13 ELEMENT 150 | H : 150
SECOND 10 | DIRECTION 82 | YIELD _ 150
FUNCTION - 57 | ¢ 143
LEVEL 30 | REACTION 81
SIDE 22 | FORMED 71
D 60
. o, 55
S : 40
~ | ADDITION ' 38
RESULTS 36
ADDED 31
‘EFFECT ' 30
PRESENT 17
NEEDHAM: ry | The Chip: r, | ORWELL: ry
CIRCUITS 3000 | CHIPS 2300 | WRITE 41
INTEGRATED 1100 | CIRCUITS 1200 {“WRITING 28
CIRCUIT 870 | CIRCUIT 300 | BOOK 26
PACKAGE 600 | ELECTRONIC 74 | AGE 13
CHIP 430 SIZE 51
DIMENSIONAL - 420 | RADIO 50
LEADS 120 | ALREADY 22
INDIVIDUAL 22 |
FIGURE 19
COST 17
FORM 12
ZANELLY r,
LLYN" 5300
LLYDAW 5300
GLASLYN 3800
LAKES 670
DEPTH 100
LAKE 98
BOAT 53
3 44
BOTTOM . 43
AREA 16 .
FEET 16 :
AGO . 15




Table 3.2, taken from p34],'1ists sets of terms that '
appear in tne above dopument abstracts together with their
relative freqgéncies. The values of r suggest that for
searching and query formulation purposes the relative
frequencies r may prove to be important quantities for
subject 1dentification, and hence for- retrieval of relevant

~.|

documents, | o . : &m

With regard to the simulation model and the relevance
ratings described in the orevious section, it may be noted
that the relevance rating Ri of a term measures the extent
to which the- term is more likely to appear in relevant
document than in non-relevant‘dOCument This 1is
analogous to the meaning of the relative frequenc1es r
‘ described.above. Examination of the above abstracts
Asuggests'that many terms useful for‘determination of
subject matter or for retrieval purooses may have Ri’values;

of at least 100.

3.5 The/simulatiOn experiment . .ot

The present section deals with the programming aSpect
of the simulation model and the interrogation of the resulting
cutput,

After the simuiation model has been chosen the next

step is to decompose the entire retrieval. process into a

set of smaller independent subproblems. The decomposition,
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process may be -performed in_refereﬁce to the following

"modules. d

i) Control program

ii) Query processing and syntax checking
i1ii) Document generation and-storage
iv). Search and document retrieval

v) | System evaluation

The first sten in the experimentatlon is to input to
~the system the folf%wing data- base Uarameters.

’ -

1)'The seedé which ﬁay be vagiéd'to s;mulate differeﬁt data N
bases with the same'simulation parameters.

‘21_M;_ﬁ, D to describe the.sizé.of the data base

3) c=probability that a document is relevant
4) Some specified Valués.df'Ri's )

5) Delta, where 1+tkis_the maximum value allowed for any

unspecified value of RL. This, in fact, implies that

-~

SL< Ri<:1+[x. : | o (’
6) Pc, Pn which are the probabiiitie; of occurrence of a.
content and non-~content term respectively.

The above parameters are input fo'the;control program
and are manipulated by the control program:only. It is
gupposed that‘some user interest profiie_relating to a

particular subject is known, and that certain index terms

pertinent to the subject matter have some specified.relevance
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rating, ObvioUsly in thg.query formulation such index terms
ére‘erly to be pfeferred over index terms whose relevance
ratings are unknown.

Te start &he Pxperimentation process a query is
) formulated initially in the form of index terms and
Some associated logic operators. In the simulation each
inaex term is\sﬁecified by means of its rank rather tHan
by a string of alphabetic charaéters. The query response
may be éxamined with respect to.the number of relevant
documents retrieved. Also, by examining the terms present
in retrieved documents, thepe’may be discovered some
content terms whicﬁ were not present in the ihitial
query. This subseqﬁentldetgrmination of therr§0ntént
terms in the output documents may lead fo a question

reformulation and a corresponding impnovemqu in retrieval

effectiveness. 4

Following input of the query the query processing routine
is invoked. The parser contained in the routine checks
the syntactic correctness of the query accordlng to the
described JNF form of the query language. End of query
is indicated by a $ sign. Since the query is read character -
by'character in alphanumeric format, npmefiéal symbols
representing term numbers:are decoded into their numericsal
values. It may be mentioned here that there,is no need
to generate the whole data base, but only those terms

contained in the query generated documents. Thils is



" allows economy of storage [35].
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!

an important feature of the simulation technique since it

-

Whenever there is a-numerical symbol in the query,
it is decoded and stored in the térﬁ stack. Next, the
document generation routine is invoked to determine the
numbers of documents that contain the particular term. E
As the module is invouked it calculates Mi, which is the
number of documents that contain the i-th term according
to Zipf's law. For each term with a specified relevance.
rating a-fiag is set to ON in the control program. The
“la; is checked for the given i-t» term to determine
whather the relevance ratirng is specified or is to be
simulated according to the given rules. If no relevance
rating is specified .for the i-th term it is calculated
subsequently as dgscribed earlier, and its wvalue is used
to determine the number, cRiMi, of documents relevant;
and the number, (l-cRi)Mi, of documents non-relevant;

to the i-th term. )\

The term -number I is used to initiallze the seed XX
for the pseudo random number generator that generates a
sequence of real numbers which are converted into integers
by using the modulo function. The resulting integers

are selected as the document numbers associated with the

i-th term. The document number is, in turn,.used'as a

seed for the next sequence of pseudo random numbers which

3
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determine whether the document 1s'relevgnt or non-relevant.
The 1terative procedure is repeated for the first cRiMi
relevant documents and the first (1-cR1i)Mi non-relevant

' documents. The dOcumént numbers are then stored in a

random access file by using system mass storage routines.

The aléorithm is designed so that as soon ds the
document numbers related to the i-th term\are caIculated;
and cRiMi relevant documents and (1-cRi)Mi non-relevant
documents are stored in the random access primary file,
the control is passed over to the matching algorithm
provided at least two ualues are in the term stack and
at least one operator is in the Operator stack. It may
.be observed that 1t is possible to have just one'éerm
and one intermediate result, or even two intermediate
results, in the term stack. This means that in order to
invoke the matching algorithm the input to the module
should be two operands and one operator. 1In the matching
aléorithmhthe analysis 1s based on the logical operator
(+,-,%) in process. The partial resulte are stored in an
intermediate file and the control is transfered fo the
query processing and syntax check module. The query
pointer is reset during the processiné, which follows the
same br0cedure-deScribed gbove, until a ¢ sign is encountered,
When the query processing_is complete the stored documents
are input to the sysﬁem evaluation routine for cadlculation
of the performance measures. The block diagram of Fig.|3.3

represents the above processing.



- 68 =

i1, H!D!C y s
?e¢,Pn,X,Ris

QUERY?
~ . 5o i
A gUVRY E0O
rocessing
:_. -4 routine ~ =
' 1 : |
2seudo 1 , I .
random ! \L | gystemti
nunper l | RZitia ?n
e nerator Document I ne
zencration H
- routine . | )
File con- ;
algingéeb J g ]
ant andnonf* L—ee—e—- —— :
rglevant dii Juery i
- documents . response

t0 term
values and
cne log.on.

Searching
and
mateching
routine

E0Q: EZnd of Query : +,

Fig. 3.3, Block diagram of Querﬁ Processin~



documents relevant to the user's interest asléimulaﬁed by
use of the probabllity ¢, the total number of retrieved
dOcuments, and the first fifty retrieved dOQument numbers
(in the case that more than £ifty-documents are retrieved)
each with the set of terms that the document contains.

" Terms of ranks 1 to 49 are not included in %he list of ,
the first fifty op fewer, retrieved documents, Performance
measures, consisting of the recall and precision values

are also output, o

Initial system evaluation results may he used to
upgrade tﬁe evaluation measure, The procedure of upgrading
involves manual analysis of the term~document output
Terms which seem to appeéar more frequently .in the documents,
but have not been used in the query, may ti.en be used in
the updated version  of the query. Alternatively, if‘the
question was very general 1in nature, and the precision
value was lou, the query‘uould be resfated in a more
constrained form, With such modifications to the question
it is possible to upgrade the performance measure of the
system in the same manner with a real,.in contrast to
simulated; system. Particul examples are discussed in the

*

next section.

3.5 Ahalyéié bf'search butpuf

The similation procedure and experimentation proecess
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dezcribed previously have been tes :ed on the CDC cybe; L&“
172 under NOS 1.2. The programming language used was |
FCLRATRAN IV. In the paragraphs that follow, scme sample
sevrch request are displayed ih order to'illuStraté the
performance of the model. The data base for experimentation
contained Nn40,000Fferms, M=5000 documents and D=7000

- different terms. The probability, for %ontent'terms in

the data base was assumed to be ?c=.06é, and for non-
content térms Pn=.30. The value of delté =100., the

value of user interest probabili.y ¢=.01, and the assumed

value of Ris=50 for i=50, 100, 15C.

The simulated system was thusl%o: a user whose
interzst cdéuld be satisfied by 50 documents of the collection
and wino knows that 3 particular terms are 6f indexing wvalue- .

(w.ch Ri=50) for determination of - =levant documents. E

N
L
ey

It 1s supposed, that the data base contains 10 further
unspecified terms of indexing value unspecified (but of Ri
in the range 1 to 10l1). 1In the example 1 the initial search

recuest and the resulting output was as follows:

-
=
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4

N=40000 M=3000 D=7000 ' ,
FOR I=30,100,150 RI= SO * _ L '
PC= .002 RN= .300 DELTA®100.0 X=,00001 Cw,010

PLEASE GIVE YOUR QUERY ACCORDING TO THE FILLOWING INBTRUCTIONS
+ USE SIMPLE INTEGERS FOR TERH VALUES . ’ ’

2. FOR LOBICAL OPERATORS (AND) s (DR) s {NOR) USE (+)el=)s (%) RESPECTIVELY

3+ USE PARENTHESIS FOR HIERARCHICAL ORDERING OF QUEBTION LOgIC

4. LEFT TO RIGHT PROCESSING IS DONE OUTSIDE PARENTHESES AND RIGHT TO LEFT INSIDE

S. AT THE END OF EACH QUERY TYPE DOLLAR SIGN (%) AND RETURN ‘ t

é. TO EXIT FROM QUERY PROCESSING TYPE- A SLASH 8IBN (/) AND RETURN

' ) UBER PRINT OPTIONS

USERS HAVE FOUR PRINT GPTIONS TO CONTROL THE OUTPUTY .
1) OPTION (1) .. PRINT TERM NUHBERS AND RELEVANCE RATING FOR CONTENT TERMS ONLY
2) OPTION (2) .. PRINT DOC,TERH LIST FOR RELEVANT BOCUHENTS IN THE DATA BASE
3) DPTION ¢(3) .. PRINT DOC.TERM LIST FOR RETRIEVED DQCUMENTS : .
4) OPTION (4> ., PRINT DOC.TERM LIST FOR RETRIEVED AND RELEVANT DOCUMENTS IN THE DATA BASE
PLEASE FOLLOW THE INSTRUCTIONS TO EXECUTE ANY OF THE PRINT OPTIONS

» AN OPTION IS EXECUTED BY INDICATING A HINARY 1 AT THE CORESPONDING OPTION LOCATION )
B. IF A BINARY 0 IS FOUND THEN THE PARTICULAR OPTION WILL NOT BE EXECUTED .
C. AT THE FIRST INPUT REQUEST SPECIFY ONE’S FOR OPTION TO BE EXECUTED AND ZERD FOR OPTIONS SKIPPED
Nq{E! THERE SHOULD NOT BE ANY EMBEDDEL BLANKS BUT A STRING OF .13 AND OR 0°S.

-PLEASE SPECIFY PRINT OPTIONS
T 0000

USER QUERY . ,
7 50-100-150% @xample 1 rd . . .

THE FOLLOWING ARE THE RELEVANT DROC’St .

132 142 233 520 404 492 724 098 784 1001
1049 1146 1241 1320 1388 1413 1540 1505 1653 1732
18235 1904 1972 2074 2099 2257 2393 2418 2737 27462
2787 2923 3081 3104 3425 3541 3584 3880 3905 3230
4292 4317 4342 4347 4392 4439 4955 4980 )

THE FOLLOWING DOCUMENTS ARE RETRIEVED BY THE QUERY?
33 123 132 182 235 283 370 421 494 .%520 -, .
S27 803 604 638 492 724 755 098 901 984 . )
1001 1049 1143 1241 1308 1320 1325 1381 1388 1399 ! .
1458 1309 1527 1540 1%84 1585 1597 14653, 1476 1703 2
1732 1731 1777°1825 1904 1910 1917 1929 1943 1972
2003 2006 2042 2043 2074 2080 2099 2170 2250 2257
2315 2373 2392 2393-2418 2477 3534 25603 2737 2740
2748 2742 2787 2824 2047 2923 2944 3055 3059 3081 .
3082 3094 3104 1285 3292 3348 3425 3438 3470 3514 ;
3522 3561 3584 3409 3453 3470 3741 3824 3912 3932
3955 4108 4199 4202 4292 4317 4342 4347 4392 4439 . '
4497 4542 4584 4430 4639 4456 4703 4709 4906 4955
4964 4980 . ‘ -
THE PRECIEION PR= ,37 ’
THE RECALL RC= ,94
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The above query is very general in that_it requests a

search for all documents that contain term_, or “term .

A

=R, . .=R,._.=50, S

It is supposed that R 100~ 150

N

150°

or t?rm 50~

Iﬁ all there are 122 documents retrieved out of,which-
63 percent are non—relevant On +the other hand, only 6
percent of the relevant doauments in the data base are
not retrieved by thﬁ_given query. ;t may be opsqrved that
37 percent of the retrieved doaumenté are relevant, and
the retrieved documents include 94 percent of all documents
rele&ant=tb the user:s interest. Since, the query is
formulated very broédly it leads fo a low pfecision value.
fhis, 1n fact, means that some constralnts must be imposed
on the original query if the precision value is to be

upgraded. However, it is also desired to at ‘least maintain

‘ fhe recall value if not to upgrade it.

A new query 1is shown below together with the resulting

search ocutput.
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USER DUERY .
7-50+100+1508 BXample
030 72.27454309047
949 72,35577458697

1343 18.,30904940893

1581 18.40028090523
2901 -93.91300185194
2920 93.H1043008747
3A1S 93.7991050197
3091 93.0Y03373164
4347 P3.9015483123
A3 2540000269163,
AGAD 21.19106650487
4BB1 55.33600500093
A934 A3.37506H1A9HY
5247 63.301046996833
6199 63,39230106463
4237 43,28Y73770036 .

2 .

»

THE FOLLOWING ARE THE RELEVANT

~132 142 235 - 320 404
1049 1148 1241 1320 1388
1825 1904 1972 2074 2099
2787 0903 3081 3106 3425

4692
1413
2257
3541

AZP2 4317 A342 4347 A39Z 44639

poc’ st

724
15460
2393
3504
42%5

a8
158%5
24149
Jaao
4980

THE FOLLOWING DOCUMENTS ARE RETRIEVED BY
2257 2393 3230

132 7204 132G, 1388 1972

THE FRECISIONYFR=1.00
THE KECALL RC= .17

OC.NO. 132 CONTAINS THE
S0 100 150 830 1902

nocC.NO. 162 CONTAINS THE
50 &% 100 2623 3871

DOC.ND. 235 CONTAINS THE
- 100 513 949 1217

LOC,NO. 520 CONTAINS THE
S0 241 34650 48868

\‘
DOC.NO., 406 CONTALNS THE
S0 72 100 BA7 Ablé

DOC.NO., 692 CONTAINS THE
50 B7 117 381 420

DDC.NO, 726 CONTAINS THE
o0 54 100 150 383

OC.NO. BP8 CUNTAINS THE
50 . 221 333 577

DOC.NO. 984 CONTAINS THE
S0 100 2200 4490 52461

DOC.ND. 1001 CONTAINS THE
50 75 100 554 4199

DOC.ND. 1069 CONTAINS THE

149 150 192 741 4003

TERMS -

TERMS
TERMS
*ERHS
TERHMS

TERMS
6255

TERHS
1401
TERMS

¢

TERMS
TEKMS

TERHMS

C

g84 1001
1453 1732
2737 2762
3905 3930

THE QUERY!
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JOC,NO. 1148 CUNTAINS THE
S0 130 &4B70

DOC.ND. 124! CONTAINS THE
S0 113 365 3415 4591

poc.ND, 1320 LONTAINS THE
50 49 100 150 313

LOC.NO. 1388 CONTAINS THE
S0 78 }OQ 150 423

_DOC.NO. 1413 CONTAINS THE
102 132 1584 48231

DOC.NO. 1540 CONTAINS THE

SO0 544 BAl 1946 4022.

DOC.ND. 1%685 CONTAINS THE
'S0 150 301

DOC.NO. 1453 CONTAINS THE
50 715 1340 4934

DOC.ND, 1732 CONTAINS THE

50 87 100 524

, .

'DOC.NO. 1825 CONTAINS THE
" s0. &2 B2 117° 6164

LOC NO. 1904 CONTAINS THE
50 34 150 1638

DOC.ND.- 1922 CONTAINS THE
S0 100 150 742 2920

DOC.NO. 2074 CONTAINS THE
T80 338 2067 4224

DDC.NO, 2099 CONTAINS THE
50 . 100 161 240 €30

DOC.ND, 2257 CUNTAINS THE
50 100 150 770 4242

DAC.NO, 2393 CONTAINS THE
S0 100 150 2325 B30

DOC.ND, 2418 CONTAINS THE
50 94. 100 2901

BOC.ND. 2737 CONTAINS THE

50 S5 332 4729

DOC.NO. 2742 CONTAINS 'THE
’ 50 51 143 345 3553
DOC.NB. 2787 CONTAINS THE

50 98 100 1997

L0C.HO. 2923 CONTAINS THE
50 100. 342 1434 |

DOC.NO. 308B1_CONTAINS_THE
50 88 Jur—913
’ ',\1 o -

TERHS

TERMS

TERMS

PET 2444 5227

~“TERMS

B30 949 1850 3790

TERMS

TERMS

TERHS

{

TERMS .
"YERMS
TERMS
3002 4489
TERMS
TERMS.
5247,
TERMS
TERMS

ga7 949

TERMS

TERMS
3801

TERMS

TERNS
TERHS
6694
TEKRME

TERNS

TERMS

4681

- 74 -
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The situation that results is somewhat the reverse orf '
that of Example 1. The search request has retrieved a
relatively few number of documents; however all of them

are relevant.

 For a‘tnue_simulation.of a user's search for relevant
documents the 1ist of relevant.documents would not be

: /
diSplayed to the user. Instead he should recelve only
the list of retrieved documents togehter w1th an indlcator
'of_which of these retrieved dbcuments are relevant. The
addltional output in Examole 2 is 1ncluded to illustrate

the simulatlon procedure as well as the output available to

the user,

Consider the following procedure that a user mlght

follow after examinatlon of the above ouctputs of retrieved

documents in Examples 1 and 2.

By analysing the liet of documents with their differeet
:terms';t.may.be observed.that termso appears in almost all
the documents. Similarly t@rmlpo and “term, o appearj
' frequently?,but not a1Waye, infthe relevaht retrieved .

- documents. These terms are certainly to be regarded as
content terms. 'After examination of the two queries

and their‘respectiee resdits it isidesired to formulate
another query that is neitﬂer too general nor tod'COnstrained.
One formulation is a term50 and either of the_other two terms.

J

‘With such’a reformulation of the query the following results

‘are’ obtained, ’



DOC.ND.

3104 CONTAINS THE

150 340 351

DoC.ND,
50
DOC . NO,
50

DOC.NO.
50 .

bac.NO.
59

Dac, NG,
80

LOC.ND.,
50

-~

3425 CONTAINS THE
100 147

3T61 CONTAINS THE

53 753 1709

3584 CONTAINS THE

| . ]
38680 CONTAINS-THE
68 195 214 1487

3905 CONTAINS THE
444 1ax@

3930 CONTAINS THE
33 40 100 150

DOC.ND. A292 CONTAINS THE

S0

LoC.NOD.
o0

Doc.NO.
30

LoC.NO,
S0

boc.no.
S0

DocC.NO.
S50
-

boCc.ND.
S50

Doc.NO,

77 100 704

4317 CONTAINS THE

150 355 1343

4342 CONTAINS THE
4347 CONTAINS THE
75 190 254

4392 CONTAINS THE
57 70 100 2214

446397 CONTAINS THE
S8 4447

49353 CONTAINS THE
150 342 572 4463

4980 CONTAINS THE

50 1715 3520 4347

TERHE

]

TERMS
TERMS
TERMS
TERMS
TERMS
TERMS
594
TERMS
TERNS
TERHS
TERMS
TERNS
5325
TERHS

TERMS

TEKHNS

FLEASE SFECIFY PRINT OFTIONS

7 0000

USER GUERY
00-150)s €xample 3

7T S0+(1

THE FOLLOWING ARE THE KELEUVANT

132

142 235 5320 404

1049 1148 1241 1320 1348

1825 1

P04 1272 2074 2099

2747 2923 3081 31046 3425
4292 4317 4342 A347 4392

492
1413
2367
KT
NESY

5839

LoC-st

736
1540
23193
KHI1PA
A

8989
1585
2418
A0
4980

<THE FOLLUWING NOCUMENTS ARE KETKRIEVED EY

132
1904 1

142 606 724 964
P72 2099 2057 1393

L AD9D 4317 A392 4955
THE FRECISION PR=1.00

THE RECALL KC= .%0

1001
dal1d

1320
REAY)

L3go
23

784
1553
2737
3905

THE QUERY!

1001
1732
27462
3930

1585 1732
3425 3730

at
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The results of Example 3 show significant improvement
in recall in comparison to Example 2, and they shqw
significant improvement in Qrecision over Example l; The

Msimulation procedure allows the user to attempt to upgrade
the system perf;rmance by changing the logic of the search
request withéut changing any other 'query parameter.

Addition of one more term into the list of search terms

leads to the following results.

"

/‘\ .



USER QUERY

T S0+(100-150-035)%

THE FOLLOWING ARE THE RELEVANT

132 142
1069 1148
1025 1904

4292 4317

235 520
1241 1320
'1??2 2074
2707 2923 3083 3106
4342 43467

806 492
1388 1413
2099 2257
3425 3541
4392 4439

example 4

poc-st

7246
1540
2393
3n0é
4955

898
ises
2418
3880
4980

THE FOLLOWING DDCUMENTS ARE KRETRIEVED bY

33 132

142

406 726 94

1732 1904 1972 209y 2257 2393
3425 3930 4292 4317 4392 49355
THE FRECISION PR= .96

THE RECALL RC=

P52

PLEASE SPECIFY PRINT OPTIONS

T 0000

USER QUERY
T/

1001

1320

42,739 CP SECONDS EXECUTION TIME

/bue

KEMSIZ72
KEMSI?72

LOG OFF
SRU

14.42.,29,

83.139 UNTS.

r

"

764
1653
2737
3705

10014
1732
2762
3930

THE QUERY-

1368

1503

. 2410 2737 2787 2913

78
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It shows a 4 percent drop in the precision value and
a 2 percent upgrade of the recall value as compared to
the previous precision and recall values.. dlearly, there is

little to.choose between the queries of Examples 3 and 4.

A more detailed discussion of an attempt to improve a
question in order to optimize precision and recell values

1s given in Chapter VI,
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CHAPTER IV
Retrieval function
4.1 The Query Language

et

: ' r
For any document’ retrieval system, it 1s essential

to use a query language that conve$s a description’ of the
user's interest as accupately as possible to the search
processor. The process of transformation qf the user's
interest into a séarch query is based on t;; use of certain
%ogic operations,contained‘implicitly in the query language;
“In fact, the cére of the éearch logic and the query language

is the set of logic operators used to formulate the search

requests [ 351]. Hence; it 1is extremely important that the

syntax of the query language be well defined. Conventionally,

the present description is in terms of the Backus Normal

Form. Table }}.1 is the truth table for the BNF of the

query language designed for use in the simulation experiments.

N
N

.
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REAT (AND) {(OR) {(woT)
R . PERM
R A+ 1=~ cl ylws s |
TERM | F T T T i\ F P EOQ | EoJ
(AND)
L i T F F F E T T { E0Q | EOJ
i
(OR)
_ iy F F F F T T EOQ { EOJ
(NOT:
N 7 F F F F T T EOQ | EOJ
( 7 T T | F £ T 00 | EOJ
) F F F F T 't | E0Q | EoJ
) T T T T T T T E0Q | EoJ
$ T F F F F P T E0Q | EoJ
7 - F F F F F F F EOJ

oy

Table 4.1 .Truth table of Query Language :

EOQ= End of Query
EQOJ= L. 1 of Job E
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Table 4.2 below gives the explanation of the BNF

symbols.
Symbol Meéniﬁg .
< > Variable name or expression
3 = is defined to be :
1 exclusive OR
. S blank

Table 4.2 Interpretation of BNF Bymbols,

The following specifications in the BNF represent
the syntax of the query language developed for usé in the

present simulation experiments. s

- .

<query> :: = <search parameter ><end symbol >|< stop symbo]r

Il

<search paraméter > :: <term>|<in bracket >

<term>. = <quumeric term> dogical operators<terms|
<numeric term >Qogical operators>
. <in bracket>|<numeric term>

<logical operators<numeric terms

<logical operator > :: =< and ¥|<or >|<not >
<in bracket> ' it =< bracket open >< terms< bracket closes |
. )

< bracket opern>< ‘term><pracket cloge>

<operator>

<operator> ' it = <logical \‘;.peratoz“'>< numeric term;.l )
: . .
<logical operator>< term >|<logilcal

. operator >< in bracket>

d .
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<bracket opeﬁ> o= (

~ <bracket close>:: = )

<numeric term> :: = 0/1/2/3/4/5/6/7/8/9

<and> tT = o+ \
<OI‘> = -—
<not> tt a »

<end Symbol> ti= 3

<stop Symbol>'.:: /

-
It may be noted that the query language itself is not
the main topic of discussion:ih the'presént_thesis, but
since‘the aim 1s to simulate the performance of a document
title retrieval system it is believed that a clear
specification of*a reasonably detailed query language ig
necessary in order to provide thé Basis for a subsequent

development of an automatlc question and answer system

((/’Jbgsed on the present work.

18

-

-

To implement the query language two routines are

needed to perform the following functions:.

1) Query translation

2) Search. and match

The query language 13 keyword based and the query
'syntag,‘while providiﬁg much flexibillty for the searcher,
névertheless requires him to specify éiactly wpat:hg wishes
to search for and the precise search alternatives. The

£

L
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Searcher is allowed to use any, combination of the primary

- loglcal operators AND, OR, NOT.

The boolean operator AND, when used in the query
formulation, signifies the Yogical intersection of “the
following and the preceeding Keywords. For example termll
AND term, would represent all documents containing terml
'snd termz. A question may also be expressed in terms of
OR logie; which signlfies the disjunction of the following
and the preceeding terms. Thus tennl OR term2 would
represent all documents that contain,eitser term, or termé
or both. On the other hand the logical e;erator NCT, when .
used in the query formulation, signifies the doeuments
thst do not contein the term that immediately follows the
NOT opera#or. Thus tefml NOT termé'WOuld represent-ail

documents that contain terml but do not contain’%ermz.

Other operators, .such as ad jacency -ADJ and precedence
PRE, are sot ihcluded in the query language. These
operators,. since they represent the physical position of
keywords in the document, are difficult to simulate in
the framework of the Simulatiqp model since it uses a
non—positienal inverted file representation of the d4dta base.
Also, the simulation of synonyms and thesaurus dictionaries
have been avoided The basic reason for not including
‘these Tfeatures is because insufficient statistical

information about synonyms and thesaurus is available.
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Within the given scope of the‘model the c¢ssence of query
translation 1is to communicéte the étated information
requirement of a searcher to'tﬁé index. It may be
inconvenien:, or impoésible, to use identical languages
for queries and indexes,. However the sﬁétem considered
in the present investigafion consists of index searcliing
operations which imply a common language between tﬁe
search terms, or keywords, and the termsAﬁtored in the
document records, In such a-type of :a system it is
guaranteed that.the indexer aﬁd the syste~ users héve a
common vocabulary, and it 1s impoftant‘thaé the users
be well acquainted with_the list of wvocabuls s terms in

order to avoid errors’'in retrieval.

The basilc Operation in index searching 3 a table'
lookup- in which a query term is input and searched for in
an index file or dictiona:yu It should be noted that in an
automatic retrieval system a query usually consists of more )

| .
than a single search term. The search processor is -

implemented to perform one search request. a~ a timq.

The organization of the_index data ig L ased on use of
an inverted file list, in which each reco- >f the file
contains one index term and a 1list of dohument numbe£§
aSsociated with that term, To find all uocumeuts that

contain a particular term it is necessarv only to search -

the index file for the, record that cpntain:. ...e fterm,. and“

1
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1

then to retrieve all the listed documents, If two terms

are required, for example term, AND termg, then twc records

1.
must bezretrieved, their referenee sets intersected and

the result used to.satisfy the query. The index file is
stored in‘a mass storage random access file, and question
processing procedures cre specified in Fig. 4.3 and

explained below, - N o

Index File Processing of Lists _

) _tcrmA . }. Query: tergA
Document numbers: 15 _ Result Document
17 . numbers: 15.
49 ) 17
58 ' : " 49
.65 : 58
' 65
termy ' o 2. Query: term, apd.termB.
R . Result Document
) Document numbers: 13 numbers: 17
¢ 17 : . 65
. 38 15 13
L : 65 17 17
: : 107 T 49 38
58 - ‘
. 65 65
- 107

. Fig. 4.3 Ihverted Index File

) T e
‘jDe%ails of thé query processing and search procedure

are as follcws.< For each term of the query there must be

created in core a list of document numbers from the inverted

file. The uarsing algorithm has two stacks called TSTACK

and'OSTACK which' £orm reSpectively the term stack and the.

’
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' operator stack. yhehever there are-at least® two values
in the TSTACK,. and ohe veiue‘in'the OSTACK, the control
‘is:pessed to a'matehing algorithm. ' In the matching
routine the two records of the index file that'correspondl
to the respective index terms are selected and are merged
in'e manner dependent on the-form of -the logical ogerator
inpat tO'the matchiug routine. The' merged file 1s stodred
in an intermediate file and the control is given back to

the parsing routine for further processing.

4.2 Query enhancement - | ,
. . .

.

‘Generally, query enhancément .refers to an automatic

procedure by which a' query is changed for the ourpose of
- improving the resulting response. -For example in one '}'

fform of query enthancement a query term is replaced'by a

set'of alternatiﬁe terms. The requestor may progranm the
replacement and expect the query to find the infonnation .
needed to modify itselr. Alternatively'the use of

_truhdation operators, such as. » and §$,.to signify

LI

unlimited and limited truncation mode respectively, may-

be'described as a query modification scheme.

" Th the present approach the empifsis is“on query,

o . ' a - ’ N >
',enhencement by means of query refoqmulation through a

technique that makes use of the user analy‘is of” the results
=

of a. search request. A query is thus formulated by
L

consideratiOn,of.the output_from a sequence of reformul_e.ted-.a

»
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queries. Such techniques may be reggrded as useful in
general, since users are often not sufficiently familiar
with the subjéqt matter of‘the data base contenté, the
indexing vocabulary, and so forth tea meke useful .
modifications of the quesfion without first observing
the results of several search requests. ‘As in relevance
measurements, one of the most effective means of;query

—

modification ié to let the requestof decide whether the
desired relevance has beén ach%eved.- The major
disadvantage in this technique‘is that it requires the
user to be proviaed with fast computer response to the
queries as is obtained with an interacti&e processiﬁg
facility. If the results from the search are obtained
only.after a considerable time delay the application of

such a technique 1s tedious and hence of limited value.

In the query enhancement experiments performed in the
present investigation it was found that analysis of document
records forms an excellent basis for query modification. |
For example, if very few documents are retrieved in response
to a search request the one of the various actions that might
be useful in)the querylreformulatioﬁ technique is
generalizatio;_of the query logic. Logle can be generalized
by changing gll, or some, AND (+) operators to OR (-)
Opepators. Similarly, if too much is retrieved then the

first of the OR loglc operators may be changed to AND.

Although this method may bé regarded as rather a random
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process for performance upgrading of an information
retrieval system it is fast and logically simple. It is
-the method likely to be used by a Searcher who has on-line

access to a 'document retrieval system,

AW



. .retriewed easily by a keyword matching procedure alone [38].

- 90 -

("h
® CHAPTER V

- Mechanismﬁ(f;; question modification

!

....... -~ : : L

In information retrieval the term thesaurus usually
refers to a representation of words or descriptors with an“
indication of certain gfoupings by subject category. C
Traditionallj the us; of a thé;aurus or a synonym list has been
found'to be ah.effective means for improvement- of thé
efficiency of an information retrieval syétem. It.has -
been observed. in many studies, including the oné by
salton [ 37 ]}, . that thé implementation of a thesaurus provides
synonym recognition and may therefore be expected to be

t

gagful in retrieving some documents that cannot be

-

‘Before considering the role of a thesaurus in the simulation

of a document® retrieval system it 1s appropriate to discuss
briefly the.important features involved in the construction

and use of a thesaurus. 2.

¥

The purpose of .a thesaurus in information retrieval
is to provide vocsbulary normalization by reduction of some
query terms into equivalent representations contained.iﬁ N

the synonym dictionary. Therefore, in construction of a
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thesaurus various considerations should be taken into

accoﬂnt These. include consideration of the type of words

. ’ L4
to be included in the thesaurus, and the type of synpnym

category to be used (for example broader terms onl

narrow terms only, or both ete.)

“
-8

Consider the cholce of words to be included in the

synonym dictionary. In general, wodds that are content

bearing terms in the given subject area and that are

present in the'document'collection are likely to be
selected. In fact, there is mo single rule for _
determination of ﬁﬁe-type of words.. However, in the
existing thesauri, such es Salton's thesaurus, Harris 2;
Harrlis 3 thesaurus etc., ir is observed that non-content
terms, such as terms that represent articles and “
prepositions, are not 1included [37 ]. The choice of words
might be based on the frequency count of words in the
data base, or perhaps on Some properties of word /
distribution for téh given data base.,ﬁkérms that oécur
with high frequency are usually includ 7 in.the synonym
dictionary. Fof example, if the data base deals with
operating systems then %erms such as:computer, program,
_input, output might have reasonably high frequency but
may not help. to retrieve more relevant dOcuments +han non-—
relevant d0cumeqﬁs. It is therefore desirable that both

.

very rare terms and very 'common high frequency terms should

be excludegrfrom the synonym dictionary. Individual high
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'frequéncy terms might- be replaced by a combination of two

or more terms [39].

Selection of the type of synonym category may be
dependéh;ggn the operating environment of an information
retrieval system. If the users ape intereste& only in
broad r-trieval which may result in high recall and low -
precjsidn, then broadé? terms could be selected for the
dictionaryg“ Altgrnatively, if the users are interested

in the retrieval of rather few, but all relevant, doecuments,

and lience in high precision, then narrow terms _ preferred
for in.'usion in %hefhesaurus. C %:};)
. (L

- Th implementation’of a thesaurus in am~information .
retriev. L. system may confribute to the efficiency of the
whole zystem in several ways. The following are a few

advantages of the use of =a thesaurus:

1. A thesaurus is usually helpful in ailowing a check
of the acceptab;lity of terms used by indexers and terms
used t;- searchers. In somé’igétances the indexers .and

searchers may be allowed to use any of severél{synbnyms

recogni: :d in the thesaurus.

2. 1% is possible to maintain statistics of term

freouency and usage. In fact, if the frequency‘of the

quer;” terms are displayed it may help fhe searcher té formu;até
an e: ‘ective query. Also, statistics of the fregﬁendy of

assigni..it in indexing and searching may be maintained for
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the v0cabuiaﬂy‘control. ' - \ .

3. By the use of a thesaurus the scope of the retrieval
proé¢edufe can be éxtended to collections in different
subﬁect areas, since theséurus constructidﬁ“is complementary
to_fhe retrieval process.

4. For an-on—line user arthesaurus_is a very effective

mechanism for question modifications. For example, given

. 4 set of thesaurus entries, it may be desired to display

all related ?ntries that appear under the same poncept
category. Alternatively,‘a display oé the COmpiete
#ierarchical structure of a set of query terms could
facilitate the,question formulation Ior performance of

¢

exhaustive searches.

r

In fact a thesaurus could be studied, in itself,

.as a function of an information retrieval system

environment. Thus standard rules for thesaurus
construction cénnot be applied in every envircnment. In

fact in some special cases a new set of operating rules

- may be needéed in order to adjust to a particular

environment [40].

-

It may beé noted that very little statistical
knowledge is needed for simulaﬁion of a thesaurué. In
generzl, the folldwing properties may be required for the

simulation of a thesaurus and of its use.
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a) The objective of using a thesaurus is to improve the
efficlency of an information retrieval syétem by means of
various search and data manipulation mechanisms., To
simulate the thesaurus the whole eqvironment of.the
retrieval system should be strictured agcording to
properties of simulated documents and simulated qﬁeries.

b) A simulated thesaurus could optimize a user search
request on the yasis of term freqﬁencies in the é}ta‘base

in order to direct an optimal path for the search.

c) Displaying synonyms from simulated thésaurus entries
could help an on-line user to formu;ate.an optimal query.

In order to implement this option the gimulétion medel

could generate some similarity rule between the simulated \
queries and the simulated documents. Thénrule could QE’
based on word association mechanisms. [ 41,42]

d) The size of vocabulary, the number of classes in the
- Q .

. , o _
vocabulary, and the means of calculating the association of
two words are the importaht features to be considered in

construction of a simulated thesaurus.

-

oihinlthe present s%udy'the queries are not simulated

by an automatic procedure. Therefore, no attgmpt has beeﬁ
made to construct a simulated thesaurus. 'Howéﬁer, a further
study could be made to determine the important features
requ;péd.for simulation of a thesaurus that coﬁld be

embedded in the present simulation model. ‘The uge of, a

" thesaurus in the. simulation model might improve the performance

o
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of the retrié%al system,

.5.2 Citation indexing

~

" As discussed in the preVious section the use of a
'thesaurus in a document retrieval system may be expected
to produce considereble improvement in the effectiveness
of refrieval. For the same reason citation indexing may .
'be used to supplement the conventional subject indexing in -

order to achieve better retrieval performance,

»

The use -of citation 1ndexing.in a document retrieval
lennironmént recognizes the fact that some deeumenfs are
connected to some other decuments by meansof,bibiiographic
citations. For example document 1 mey cite é:get.of
documents 2, 3, 4. The documents 2;,3, 4 in turn may,cine
(or be cited by) another set of documents. In addition,
the bibliograph‘?h citations also play a role of content

identifiers [37].'. In many studies it is observed that

documents related by similarities in bibliographic citations ..

also provide a large number of commoh subject identifiers.
Finally the most important feature of citation indexing in -
context of the present study and, in pa;ticular, as a
mechanism for question modification is the fact that
'bibliographic citations are usually not used directly as
content indicators for retrieval purposes. Instead, they

are incofporeted as feedback information during the search

process in an attempt to retrieve additional information
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similar to that being identifjed in the search [43-46].

Specifically, in a 'feedback mechanism an initial
search is made -leading tp the retrieval of a number of

-

documents. The outpiit is scanned manual;y or automatically
and éOcument aﬁfhors,';itations.made by the dOcuments; and
authors of these citations are returned to the system to

be incorporated into an improved search-formulation. The use
of this b;bliograph;c feedbéck process ray lead to better
retrievalireéultsﬂ Indone‘of'the studies [ 47] it waé found
:tbat, by . .adding citations data with sﬁandard subject terms

in a feedback enviboﬁment, improvements of up to 10 percent

An retrieval effectiveness were obtained above the results

produced by use of subject terms only.

To study citaﬁion indexing by.means 0! simulation of a
document rﬁérieval system requires a careful study of the
properties of document éitationé. A general statistical study
of documents ‘that deal with a certain subject area and their
cltation pattern should be made. It is »bscrved in the
llterature that such statistics are either "0t available or

they are not sufficiently complete to allo- formulation of

a mathematical or a statistical model for = simulation study.

In any attempt to simulate citatic indexing 1t is
- important to consider the following parametei's in addition to

those described inlthe present model.
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1. A conditional prbbability parametér (X} that a
document to be generated will cite a randomly chosen
relevant document in the data base. |

2. A second conditional probébility (Y) that.is
interpreted in the same manner as (1) éxcépt that the cited

document is non-relevant.
r‘u,..

Based on the above two conditional probabilities it ,
might be possible to simulate the probability that N

documents from a collecticn of M documents in the data base \\;
are cited by the generated pseudo documents. However,
the validity of this conclus.'on could be very dependent

on the citation pattern of the data base, the frequency of

documents cited in the data base,#and‘the variation in the

number of documents cilted by different documents ete. -

If citation indexing is included in the simulation

model it might prove helpful for simulation of an on-line.
user in a feedback mechanism enviromment of an information

retrieval system. In the next section:séme.existing feedback

mechanisms are diScussed briefly. - o .
5.3 Feedback mechanisms

" .
A feedback mechanism is designed primgrily-for on-line
users of an information retrieval system. In such an

environmént some user interaction with the system is

' * ' P

important and necessary. in .order to implement the system v
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.effeptively and to ir_.rove the retrieval performance.

. The following three examplea are a few of the relevance

~~.feedback mechanisms implemented in the SMART system by

Salton[ 48].

1. The automatic dict¢onary process:

. In this process a system is considered in which a

communication link enables the user b influence the search

process by*haking 1t possible for.'im to choose certain terms
to. be .added or delw*ed from the original seareh request.

To implement this prncess a thesaurus is used in several

ways as, for instance, *o display related entries under 2
certain concept category,lto show a hierarchical arrangement
of terms or concept classes, to display a statistical
term-term association matrix so that for a given set of

terms it 1s possible Lo find all the related entries that
exhibit a tendency to co—occur{in many documents, and’
finally based on the set afdocumentéretr;eved from the
original search request the user may add to the terms
originally specified 1£.the initial query all those terms
which oécur in several of the retrieved documents but do

not occur in the iﬁitial request. In addition, the automatic
dictionary ﬁrocess may display the frequencies‘with which

the various terms are assigned to the documents of the

data base.
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2. Request optimization using relevance feedbank'

feedback mechanism, is different ffem réqﬁeet optim aﬁien
in that with request optimization the user plays a smaller_
role sinée most of the ;;timization is perform d
autcmaticaily by the system.
The process consists.of %n;piation of an initial geé}ch,
and presentetioﬁ to the ;ser of a certain number b: retrieved
documents, The user examines some of the documents and
blassifies them as either relevant or non-relevant. These
relevance judgements are returned bo the system which adjusts
the initial search request in such a way that the query terms
present in the relevant documents are enhanged by increasing
their weight, whereas terms that occur 1n non—felevant' ‘ )(/f
do;umenté are similarly devalued by decreasing their weights.
-The degree ef impro%ement to be obtained from the user

feedback information is dependent on the user supplied

relevance judgements. . e’

3. Automatic ‘modification of the relevance process:

The feedback’ﬁechanism involved in this process deals
witﬁ the qualitatiﬁe'judgement of the user instead of
'relevence Jjudgement as in the previous case. On‘the basis
of examination of retrieved documents the user makes a

qualitative assessment of the o@%put. For examplef he may
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realize from examination of the retrieved documents that hié
query was interpreted too broadly or too narrowly. The

feedback mechanism provides this information to the sgystem

and results in selective changes in the document and
feques%’analysis process.

-

The next examﬁle/of a feedback mechanism is different
. - 1

; _ ¢
from the above three in the way that the user initiates a

search request and subsequently the system uses an automatic

feedback_mechanism to retrieve the best possible_results.

-
-

4. An automatic optimum itérative feedback system:

This examole qg,feedback mechanism consists of three

phases: (-. .
’ -

1) Pre-search phase . g

2) The search phase .

3) Post search phase, . - .Q“.

In the'pre-seérch phase, the usér formulages a search
‘ requeﬁﬁffith thefhelp‘of a.sét of index terms\and thelr
associated weights which can be a?z:racteﬁ auto@gtically
from ﬁhe.data'base.d Thef arch phade is responsible for
deciding'the degree_ﬁflrgievance‘ﬁhaﬁ'é document has in
relation to the search réquést. The relatio;éé;p between

document relevance to the search request is intfact a

. ! - ' ) — . < s . ~
- pelevance measure which the system automatically calculates
based on some statistical criterion. suwbsequently the

calculaﬁed:relévaﬁce measure pfovides the document with a

4

-



- 101 -

relevehce value which could be‘ greater then, or eq:al to
. the system pre—determined cutoff value, A document )
.selected as relevant at this stage is classifried as
provisionally relevant and the set of all Such documents
is arranged 1n deScending ‘order of relevance. Finally,
. in the post search ‘phase of the analysis the members of the
. set of grovisionally relevant documents are checked to
defermine.whether some pre-defined relevance. criterion .are
met. In case of failure to meet the relevance standard
the - search request is modified automatically and the control.
is_g;ven back to the search phase. such analysis ard
medification is repeated until the required relevance
eriterion are eet. | |

Search
request

f*——Ff;;- Search

Relevance

v

Feedback
aontrol

modified
question

./'

Fig. 5:1 is the representation of the system ceScribed aboge.

In copclﬁding this chapter, it may be noted that term
manipulation and measures of term importance are important
factors that affect thetoverall‘efficiencj of an information

retrieval system [49].



CHAPTER VI

o Illustraticn and conclusions

6.1. béfefmihétioﬁ 6f'Simﬁlétibﬁ ?aféﬁeferé

The purpose of simulation of an informg%;on retrieval
sygtem is to provide an economical means of’éan;uéting
expériments with a yieﬁ‘to determin%tion 6f the facté;s
that affect the efficiency of an information ret?ieval
system. It is alsb_hOpec‘?hat-simulation will provide
a means whébeby,retrieval ﬁrocedures may .be improved in
order to increase the effectiveness of'fhe retrieval

process.

Consider an experimént in which it is desired to
simulate the &ituation Zn which a usér interrogates a
data base on—line in order to search fof a set 6f doéuments
'relevaﬁt to his interest. Tue queries are chosen by the
usef, but all other quantities that affect retrieval
effectiveness are properties of the particular data base:
Thus in simulating thg responses to the‘user the following
questions should be asked (see Fig, 6.1).
a)  VWhat {s the size of the data base?
The answer to this question determirnes N, D, and M,

b)  VWhat is the,value of X?
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The value of X may be chosen arbitrarily but it allows the
simulation of different data bases with similar statistical
properties, Consideration of data bases where parameters
are identical except for the value of X allows simulation
of different issues of a.data'base by a partiéular
supplier. ‘ . !

¢) Is it proposed to simulate.e data base that contains
'many or few, documents relevant to the user's interest?
Both cases are important since th 'b;oper search technieue
may well depend on whether the dgie base contains many,,

or few, relevant d0cumenfe. In Fig,™8, 1 1t is supposed
that many documents is the number 50 and that few documents
is the number 5. The cerresponding values to be chosen for
the parameter ¢ are then ¢=50/¥ and c=5/M.

d) How well o®s the indexing scheme of documents in the
data base relgd to the interest of the, user? \k‘
All possibilities are of .interest since the optimum search
strategy may ‘well depend on the correlation between indexing
terms and the interest of the user. 1In the simulatien

model of the present thesis the suitability of the indexing

Scheme 1s characterized by

1) Nomber of content terms.

In Fig. 6.1 a number of 20 1s regarded as high, and a
number of 5 is regarded as low. The number determines the

value chosen for Po..
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2) Relevance rating of content terms

If the content terms eFE good descriminators of
relevent documents then delta should be "chosen large
(say = 100). If the content terms are poor descriminators

then delta should be chosen small (say = 5).

3) Number oi acgidentgl tegm gggggigtiéns.

Accildental term associationé might arise through
inconsistent indexing ar the occurrence of hononyms. In
Fig. 6.11it is supposed that the occurrence of 5 such terms
is low, and the occurrence of 50 such terms is high. The
number n of such accidental terms determines the value of
Pn since

Pec + Pn + n/D = 1.,-
It may be noted that the occurrence of a few content.terms
with large reievance rating, or delta, characterizes a
data baee in which relatively short questions are sufficient.
In contrest, the occurrence of a large number of content
terms; but with small delta a, characterizes a data base
whose terms are less specific but may be combined into
relatively large questions to produce satisfactory output
of relevant documents. On the other hand if there are few
content terms} and a low value of A , then the indexing
scheme does not correlate well with the interests of the

!

particular user.

Tq? above quantities concern the suitability of the

data base. There is also the following question goncerning
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the users initial choice of quesfion terms.

e) . Has the user made a good'initiql cholce of question
terms? | ) |
In Fig.6.11it is supposed that R values of Soiaﬁply to well-
chosen question terms, whereas R values of 5 apply‘to
poorly choséﬁ question terms. Tt is clearly of interest to
know how the efficlency of a feedback process is a?febted

by the initial choice of question terms.

The abode discussion indicates th;t it is possible to
treat a uSer as being eitﬂef well-informed or ill-informed
with regard to the terms to be used in his initial question
.formulation. Similarly it is possible to simulate a well-

indexed or poorly-indexed data base.

™



- 106 -

' Choose
Size o{ data base? N, D, M -
Particular simulation Choose X
realization?
User has selgcted. YES NO
a data base of -
documents appropri- Choose ¢ Choose ¢
ate to his interedsn| large . small
‘(1e. many relevant | @g.cM=50 eg.ch=5 .
documents)_ ' ' . ‘

o Many . Few

No content terms? :
PcD=20 1 - PeD=5
Lo High Low

Relevance rating
of conteny termg?

. Many accidental NO YES
-term associations?| -
(eg. because of Pnal—Pj-S/D Pn=1-Pc-50/D
hononyms) ' .

H : Y L
Relevance ratings igh ow
of initial user .
chosen question R' 5250 R'sg=2 %
terms? ‘

Fig. 6.1 Choice of Simulation Parameters
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6.2 Illistratiéen of simulatioh £or oh-lins’ isep

o

t

This section deals with an aooroach that an on-line
user may adopt to update his queries. In fact some of its
aspects have already begn discussed in chapter 1ii.
Consider the following data base par;meter5°

M=5000, Da7000; N=40,0Q0

With values of Pc=.02, ¢=.01, and X=.00001.

°

Suppose an on-line user with some soecific subject
interest profile issues an arbitrary séarch request

50+100+150$ (Q1)L

-
v

For the above user query it is fodnd that.S‘documemts

€ ' are retrieved and thefprecision value of 1.00 and the

recall value of 0.17 is ootput The system simulates the
relevance of a document by comparing the list of retrieved .
documents with the 1ist of relevant documents in the data’

«
base already determined The list of relevant documents )

in the data base in fact represents the system's criteria o g
of relevancy based on the values of the inout parameters,

These values may have been determined'previously'through

user experiments. Howevera the on-line user has no idea

of these parameters. Also, the user is mot shown any

details of the relevant documents. He sees only the

‘retrieved documents and the wvalues of precision and recall.

The user may analyse distribution of terms in the cutput

1 For results see Appendix *C"
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documents and may reach the following two conclusions.
- (1) The initial query was interpreted by the system as
verv'constrained and therefore should be generalized.

(2) The three terms qf rank 159,307 and 427 appear very

frequently in the retrieved dOcuments and therefore- some .

Y of these terms might be included in _the subsequent queries.

Suppose the'user decides to generalize Ql to

50-100-150$ (02)

tThe svstem retrieves 122 dOcuments and outputs a precision:
velue of .37 and.recall .943: Thls situation is somewhat
contrary to the first one. tHowever by analyzing the //f
retrieved documents the user finds -that . terms. 159 307 anu
427 are once, again Occurring.quite frequently, and, in
r'addltion, terms 308»477 and 774 are-elso frequent.in the
retrieved documents. Thus the output of Q1 and 02 suggests |-
the query (Q3) .

50+(100-150-159—597-308-477-774)2$

The system response to Q3 results in retrieval of 40

- documents with a precision value of 1 00 and a recall of .83.
@3 could be Judged as a clear improvement over both Q1 and
Q2. The output for 03 fails to retrieve only 17 percent
of the relevant documents. However it may be noticed that
term 427 was not used in the query in Spite of its frequent

occurrence in documents output for Q1 and Q2. This ultimately

Sugzests the following query (Q4)

1,2 For results see Appendix "Cv . *




- 109 -

&

(50+(100-150-159-307;308-477-774))-(307+427+{106-150)§$

The system response to Q4 results in retrieving 42 documents
with the same value of precision as In Q3, but the recall

value‘@s increased to .88.

The above feedback approach for an online user suggests

,how one can develdp,a sequence of questions’to obtain the

optimal query reéponse.' Starting with the uéer[s initial

:query the sﬁstemtprovides some feédback_to the user which he

may use, .to update the subsequent queries. In fact the

feedback meqhanism proca’p should continue until the user

is satisfied with the output.

6.3 Summary of several experiments

b.Several experiments conducfed in fhe present
investigatibn are summarized in the TABLE 6.2. Several dafa
bases have been considered in order to prove the consistency
and reliability of the simulation rules and the stability of
the simulation.results. The results show that 1if différent
data bases are chosen for a partilicular type of user group,

or a set of user groups, the simulation rules remain the same.

in table 5.2 the column £or the value of X indicates
different data:bases for different values of X, Since X is

used as' a seed for pseudo random numbers representing

pseudo documents, any change in the value of X generates a

new set of documents and therefore a different data base.

1 For results see Appendix '"C"
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Similarly, the value of be 1s varied to include the

.possibllity of diffefent percentages of content-terms in

the data base. These changes are important as they do

occur in real data bases.

Similar tests have been conducted with a large data
base of the folicwing size
| ' MnSO,bOb; D=20,000, and N=400,000 /-
Except for thé increased processing time the resﬁité were

found to be equally stable as in case of fhe smaller data

-
Py
o

base,



M=5000, D=7000, N=40000,
ZX‘IOO' Pn= .3, Ri=50
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1=50, 100, 150 .
/

Pc c ‘X Query Pre: | Rec.
.002 .01 | .00001 | 50+100+150 =Q1 1,00 .17
50-100-150 =Q2 .37 .94
50+(100-150) =Q3 - |1.00 .50
50+(100-150-159—307;308-477-774)=Q4 1.00 .50
Q4-(307+427+(100-150)=Q5 1.00 .50
.02 .01 | .oooo1 | Q1 N 1.00 | .17
‘ Q2 . ' _ . 37 | .94
: Q3 ' 100! 50
. Q4 1.00| .83
‘ Q3 -, i C 1.00 .88
.002 Jo1 .01 Q1 : < 1.00{ .04
| Q2 39| .98
. Q3 1.00 .45
02 | Lo .ot | o1 1.00| .04
| Q2 - .39 ‘o8
Q3 ' 1.00| .45
Q4 1:00 .71
Q5- 1.00 .71
.002 .01 .02 Q1 1.00 .10
Q2 .37 .92
Q3 ) 1.00 .50
.02 .01 .02 | Q1 1.00| .10
- <] Q2 .37 .92
Q3 1.00 .50 .
Q4 1.00 .70
Q5 .l 1.00 -70
- —1
M=50000, D=20000, N=400000 -
A=100, Pn=.3, Ri=50 i=50, 100, 150
.002 .001} .00001 | Q1 1.00 .13
Q2 031 - .96
Q3" 73 .41

¢

Table 6.2 Summary of experiﬁents‘
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]

PLE
1.
2.
3.
4.
S
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F
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USERS HAVE fO
1) OPTION (1)
2) OPTION (2)
3> OPTION (3).
4) OPTION (4

PLEASE FOLLOW
A, AN DOPTION
D. IF A BINAR

C. AY THE FIRST INPUT REQUEST SPECIFY ONE‘S8 FOR OPTION TO BE EXECUTED AND ZERO FOR OPTIGNB SKIPPED

NOTE. THERE S

FLEASE SPECIF
T 0100

USER QUERY
T S50+4100+1508

THE FOLLOWING

320 534
12533. 13357
231246 24447
32937 34122
43543 43448

THE FOLLOWING
320 7400

- 112 &- -

of online user expefiments with the larger data base.
50000 D=20000

»150 RI= 50
,300 DELTA=100.0 X=.00001 C=,001 )

ASE GIVE YOUR QUERY ACCORDING TO THE FOLLOWING INSTRUCTIONS

USE SIMPLE INTEGERS FOR TERM VALUES .

FOR LOQICAL OPERATORS (AND)r{(OR)»{(NOR) USE (4+)s(~)s{X) RESPECTIVELY

USE PARENTHESIS FOR HIERARCHICAL ORDERING OF QUESTION LOGIC

LEFT TO RIGHT PROCESSING IS DONE OUTSIDE PARENTHESES AND RIGHT TO LEFT INBIDE
AT THE END OF EACH QUERY YYPE DOLLAR SXON ($) AND RETURN

TO EXIT FROM QUERY PROCESBING TYPE A SLASH BIGN (/) AND RETURN

USER PRINT OPTIONS
UR PRINT OPTIONS TO CONTROL THE QUTPUT?- '
«+ PRINT TERM NUMBERS AND RELEVANCE RATING FOR CONTENT TERMS ONLY
+»» PRINT DOC.TERM LIST FOR RELEVANT DOCUMENTS IN THE DhTA BASE
»+« PRINT DQC.TERM LIST FOR RETRIEVED DOCUMENTS
«+ PRINT DOC.TERM LIST FOR RETRIEVED AND RELEVANT DOCUMENTS "IN THE DATA BASE

THE INSTRUCTIONS TD EXECUTE ANY OF THE PRINT OPTIONS
19 EXECUTED BY INDICATING A BINARY 1 AT THE CORESPONDING OPTION LDCﬁTIDN .
Y 0 IS FOUND THEN THE FARTICULAR OPTION WILL NOT BE EXECUTED

HOULD NOT BE ANY EMBEDDED BLANKS BUT A BTRING OF 18 AND OR 0‘8.

v

Y PRINT QGPTIONS

ARE THE RELCZVANT .DOC‘S!

3759 3965 A407% 7400 7812 2407 10938 11742

14181 14007 17371 184246 19197 190840 21257 21430 .

24678 26097 28326 29514 29747 31184 I1395 32708 -
34334 37344 37775 32192 39423 3?7835 40247 43206

446427 46964 47089 49923

DOCUMENTS ARE RETRIEVED BY THE QUERY! )(
7812 12533 18424 21488 .

THE PRECISION PR=1.00

THE RECALL R

C= ,13

DOC.NO.
50

DOC.NC.
&%

DOC.NO.
50

DOC.NO.
50

DOC.NG.
50

320 CONTAINS THE TERMS
L 100 335 429 1123

554 CONTAINS THE TERMS
119 1040 2414 13218

3759 CONTAINS THE TERMS
40 43737 4701 3018 7368

3945 CONTAINS THE TERMS
330 1793 3416 3IBBS 4211

4073 CONTAINS THE TERMS
145 184 1447 3511 15913

" 3173 11&11

.

5024

'
'
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DOC.NO: 7400
i S0 . 8

“pOC.NO. 7812

50 .43

noc.Ho. 9407
50 59

DOC.NO. 10938
0 75

DOC.ND. 11762
- S0 100

noc.NO. 12533
50 a3

DOC.NO. 13357
T 50 972

DOC.NO. 14181
50 158

DoC.NO. 16007

100" 1s50..

DOC.NO. 17371
5¢ &7

DOC.NG. 18426
50 83

NOC.NO. 19197
100 129

[OC.NO, 19840
50 150

Dpoc.NO. 21257
’ 50 &4

OC.NO. 214688

'CONTAINS ‘THE TERMS
100 184 19374

CONTAINS THE K TERHS

724 100 150 222
CONTAINS THE TERHS
&79

44 - 68 49y

,CONTAINS THE TERMS

100 429, 776 2398

CONTAINS THE TERMS

584 - 8§71 4374 8818

CONTAINS THE TERHS
to0 128 ° 254

CONTAINS RHE YERMS

7

CONTAINS THE TERMS
344 ’

CONTAINS THE TERHS
429> 657 35010

CONTAINS THE TERHS
150 557 2451

CONTAINS THE TERHS

554

L

100 " 150 441 1221

CONTAINS THE -TERHS
1348 e

_CONTAINS THE“TERHS

429 J43 ° 587

CONTAINS THE TERMS

606

231 [ 429 452 11246

CONTAINS THE TERMS

S0 100 150 ALV

-

DOC.NO. 23136 CONTAINS THE TERMS
100 414 12747 _
DOC.NO. 24447 CONTAINS THE TERMS
50 797 903 .
DOC.NO. 24478 CONTAINS THE TERMS

50 100 SB87 8471
DOC.NO, 24095 CONTAINS THE TERMS
S0’ 71 147 17232 :
TERMS

QOC.NO. 263246 CONTAINS THE

22, 100 587 1320 9297

DOC.NO. 295146 CONTAINS THE

DOC«NQ. 29747 CONTAINE THE

TERMS
SO 587 14809 .
TERME

50 &4 71 404

428 46546 1176 4352
70446 13584

7043 10318

.

587 5%

2309

661 729 1128 168731

1430

.
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DOC . NC
S50

poc.wNo.

S0

poc.NO.

50

DOCNO.
&2

DOC «NO
S0

" BDC.NO,

o

DOC.NO.
50
DOC.NO.

50

HOC.NO.
171

noc.NOo.
273

DOC.NO.
- 50

DOC.NO.
50

nOC.NO.
50
DOC.NO,
: S0
DoC.NO.
’ S50
DOC . N,
50
DOC.NO.
50
[noc.No.

20

O0C . ND.

S0

:31164-CONTAINS THE TERM3

230 248 2266 : St o
a8 2 _ T - 114 -
31395 CONTAINS THE TERMS ; ' :

32706 CONTAINS THE TERMS
&1 150 235 2212 11421 14834

32937 CONTAINS THME TERHS
79 100 252 1092 12384 15337

34123 CONTAINS .THE TERMS
5 252 2172 4373 3445 17417

34354 CONTAINS THE TERMS
100 150 1520

37544 CONTAINS THE TERMS
100. 150

37775 CONTAINS THE TERMS

172 2245 3955 . . -

39192 CONTAINS THE TERNS ~—~

37423 CONThINé THE TERMS

324 587 1176 1430 2010
39785 CONTAINS THE TERMS

123 150 527 1644

40247 CONTAINS THE.TERMS
Bés 974 2439 5517 g

43206 CONTAINS THE TERMS
8z 100 266 428

43543 CONTAINS THE TEKHS
56 1176 5252 - . . -
43548 CONTAINS THE TERMS '
58 6 100 150 744 9744

46627 CONTAINS THE TERMS

100 101 687 18173

446964 CONTAINS THE TERHS !
150 143 ~ 467 808 1193 14554

47089 CONTAINS THE TERMS

56 76 % 150 509 i
49923 CONTAINS THE TERMS _ PR
v 723, 1er T 2D . e

1168.802 CP SECONLS EXECUTION TIHE

"

r



* N=400000 M=50000 20000 .
FOR I=50,100,150 er 50 : ) R

PC= .002 Pi= ..305 DELTA=100,0 X=.00001 Cw=.001 o b

1.
2.
3.
4,
S
.Y

PLEABE GIVE YOUR QUERY ACCORDING TO THE FOLLOWIND INSTRUCTIONS

USE 8{MPLE INTEGERS FOR TERM VALUES . o
FOR LORTCAL OPERATORS (AND)» (OR)y(NOR) USE (+)s(=)s (%) REBPECTIVELY

USE _PARSNTHESIS FOR HIERARCHICAL: ORDERING OF QUESTION LOGIC .. :
LEFT TO KIGHT PROCESSING IS DONE QUTSIDE PARENTHESES AND RIGHT TD LEFT INSIDE
AT THE END OF EACH QUERY TYPE DOLLAR BIGN (%) AND RETURN -

TO.EXIT FROM QUERY PROCESSING TYPE 4 SLASH BIGN (/) AND RETURN

USER PRINT OPTIONS . °

UBERS HAVE FGUR PRINT OPTIONS TO GCONTROL THE QUTPUT! o .

1) OPTION (1)
2) OPTION (2)
3) OPTION (3) .. PRINT DOC.TERM LIST FOR RETRIEYED DOCUMENTS
4) OPTION (4)

PLEASE FOLLOMW THE INSTRUC

+o PRINT TERM NUMBERS AND RELEVANCE RATING FOR CONTENT TERMS ONLY '
«+« PRINT DOC.TERM LIST FOR RELEVANT DOCUMENTS IN THE DATA BASE

»eo PRINT DDC;;ERH LIST FOR RETRIEVED AND RELEVANT DOCUMENTS IN THE DATA BASE
TIONS TO EXECUTE ANY OF THE PRINT OPTIONS

A.' AN OPTICN 1S EECUTED BY INDICATING A BINARY 1 AT THE CORESPONDING OPTION LOCATION
+ IF A BINARY 0I5 FOUND THEN THE PARTICULAR OPTION WILL NOT BE EXECUTED -
C. AT THE FIRSzL #UT REQUEST SFECIFY ONE’S8 FOR OPTION TO BE EXECUTED AND ZERD -FOR OPTIONS SKIPPEI
L :

NOTE: THERE SH

PLEASE SPECIFY PRINT _"TIONS

T 0000

USER QUERY
7 50-10Q-150%

THE FOLLOWING ARE THE RELEVANT DOC‘’S:

320

554

D 3T BE' ANY EMBEDDED BLANKS BUT A STRIND OF 1S AND OR 0°S. -

Yo
"y . - .
.
¥
* " -. '

3739 3965 4075 7400 7812 9407 10938 11742

12533 13337 14181 146007 17371 18424 19197 19840 21237 21488 . ’
23136 24447 24478 Z4095 24326 29514 29747 31144 31395 32704

32937 34123 34354 7 544 37775 39192 37423 I970% 40247 43206
43543 43448 44627 44744 47089 49923

THE FOLLOWING DOCUMENTS ARE RETRIEVED BY THE QUERY:

14
344
585

8a5.

1181

1587 .

2094
24358
2768
3323
3506

3759 -

4075
4377
©. 4874
5248
5447

5760 -

25
347
586
ass

1213.

1615

2177

2479

2784

3444

3439

3770

4124

4391 -

~ 49939

5241
S448
5749

23 53 128 134 211 2460 320 32
384 400 401 . 442 - 448 %30 554 2 582
417 441 443 570 487 713 749 912
920 924  BHai1 . 972 1009 1037 1109 1144 : -
1224 1332 1349 1414 1448 1525 1533 1580 !
1761 1794 1B31 1917 1918 1922 2004 2029 -
2202 2312 2233 2249 22%7 2241 2323 2408
2505 2509 2511 2S49 242% D444 27%0  27%54 s o’
2814 2878 3027 3042 3130 3143 3241 3304 -
3477 3480 3487 3514 3543 3INB1  INO2  I%9s ) : . ‘
35664 3882 3491 3697 3710 ° 3A73I0 3743 3748
3796 3844 3IBBA 3925 3945 3A9EHS 4041 4054 -
4131 4209 4211 4234 4277 4301 4320 4357
4541 AS548° 4557 4454 446746 A777 4742 4829
4970 4987 4994 5033 5044 5046 5104 5193
5353 5340 5347 5403 5435 5449 ' 5454 5450
5564 5581 5621 %437 5447 5482 5718 5727
5792 3835 5904 5912 5957 5982 4041 4059



4075

4410

7259
7549
7904

8403.

8727

2212

2414

P63
1042324
10844
11161
11404
12052
12346

2433
12052
13094
13473
13021
14052
14542
15051
15343
15573
15907
140%2
146540
146709
174463
17799
1Al4a
10350
106YY
19218
19453
12499
19221
20201
206864
20906
21394
21495
27049
22344
2240
230759
23319
34740
2A140
2aauf
2ALRY
26901
et L |
241710
266110
27011
27390
DVAHAS
2074
20u0
v
PR
D90
00Uy

46084
6555
7350
755
7994
Az
0779
goug
A4
Parn
10474
10048
11172
11641
12105

12353

12535

12909
131353
13520
13024
14379
14557
15064
15405
15589
15908
141364
144673
17024
17500
17801

168230

18405
18951
172848
195285,
19704
19970
20405
20720
20914
21449
21700
20045
32304
2286464
23001
230
23742
2a1a0
24L080
2am12
204y
25053
24104
Q46701
2072
VLT AT
27491
201042

24702

291849
29662
29949
Joavd

4089
4400
7343
74035
8072
BZOD
andg
245
9714
945
10448
10723
11215
11742
1133
12359
12540
12915
137200
13566
13704
19414
14044
15070
1512
13485
159221
14149
14751
17052
17507
17803
18243
10411
19041
19292
19532
19730
19973
20408
20761)
20974
21440
21723
22001
200402
224674
23003
RACRAT
2av7a
2178
24529
29942
25514
25911
26374
2767
27125
avan
276%0
040
JHHDL
27046
29477
29070
304017

6100
6758
7400
7662
8109
85025
ae18
@247
9747
R7e
10573
10938
11311
11877
12144
12303
12574

12937

13240
13410
13953
14430
14578
150045
15409
15409
15433
16212
14770
17049
17527
17899
16247
18424
17002
19297
19541
19745
19796
20416
20770
20984
21408
21730
20144
27436
22493
23108
P43
23897
24202
24537
25007
35549
26009
26385
BH770
221463
27505
D7/97
AR
SRS
ORI
29404

29871

30413

4172
&765
7414
7740
G124
0549
Q001
?315
97464
1025%
1onut
10954
11350
11700
121549
12401
12410
12954
13200
13442
13908
14446
14403
151%
15432
15705
15947
14240
14796
17103
17587
17908
182467

18454

iv091
19322
19552
19613
20029
20480
20795
00912
21572
31291
221546
29444
PRy st
23134
23491
2IP1S
A0
24407
25145
25457
D602
26445
2450
a7
DIED
DIB00
20316
U070
UKV
P71
29005
30447

4177
égle

7425 °

7793

(134

gLl

?101

9IRS

w27é
10339
10641
10944
11400
119049
121464
12440
12473
13044
13293
13447
13989
14471
14448
15205
14447

15711

15989
14247
146849
17140
17667
17977
1923
1446
19121
193354
194576
19829
2000

200541
20806
2000y
21589
21033

233

224457
20700
23142

23410 2

23vaa
242006
244660
2uO1H2
G754
26033
2a0359
2an/l
2/214
D704
27044
0AAGD
21254
29474
2745
29904
0L

4237
6977
7448
7812
8154
897
2103
9407
9797
10353
10648
105%4
11401
11914
12327
124083
12708
13048
13307
13477
14071
14477
14040
5217
15479
15622
14007
14250
16853
17150
17674
16003
18264
18460
19122
19401
194591
19840
20047
2055
20817
apevy
214603
21A3S

25745
26041
26541
2H%L1
2200
2700
274944
2aanR
2UY90
294080
277
30028
J05484

8327
7089
7484
7889
8178
8607
9132
9422
9811
10383
10727
11113
11445
11973
12234
12519
12723

iag72
15242
15528
15838
16028
143164
14880
17186
17715
180%4
18294
18753
19131
19421
19400
19850
20124
20579
20834
21190
1452
21805
a4
20504
22093
23230
23404
21034
24346

- 2AT00

Q313
DY/
26095
2aLan
2697
A7ALT
22504
@FAan
2?0
2021
20514
29779
SuLP0

JONN

A378
T 7094
7527
7706
A2S2
us98
2137
7424
P015
10337
10790
11124
115485
11981
1222044
12520
200

156913
17191
17745
18117

18313

18843
19161
19437
194621
12895
20142
20414
20850
21257
214661
21490
20310
20000
230L5
23255
23607
24128
24427
24718
20336
25794
2610
2A3S
2HP/Q
ML
I7NA0
2700
2012
qY0N
e VAl
qe0m
anlyy
30401

&5403
7258
7535
7949
83462
B497
?171
Y598
YR37
10399
10025
11143
1135307
12010
2324
12526
12831
13078
13437
13802
14187
14519
14929
15279
15555
158462
146049
146402
14946
17371
17764
18132
18330
18094
19197
17449
12640
19915
20197
s Fo M
20040
21392
214674
219008
20304
214601
23073
23297
23724
24142
24447
24740
25344
2annaz
26139
2444
D00
273448
D76HA
20005
DEGa

29048

e DFRAS |
DG
30030
304619

- 116



30287
307350
31205
31457
32049
32440

- 32937

3344632
34821
34210
34405
3atas
35114
35372
35442
36167
RIYAR]
36939
37544
37877
30431
304653
3vtaa
39549
98467
402640
10478
40745
11095
Al44as
410101
42014
40304
47848
43132
13543
AZNDG
244077
44508
44040
A%127
45475
45708
46151
46544
47024
a7329
47753
4H191
AB61Y
A8134A0
49061
ARNA4
Y340

Jouv0
307464
J1341
31464649
32078

2687
32994
334465
33u3s
3A243
Ia6T
Jape2
Jullé
3IL3/7
KT YA
34174
34472
A72059
J’Es0
30103
30441
30748
dvLe2
KT
3948v4
40322
A0494
40704
11078
41498
410821
42038
A242%
A2040
43140
43550
43805
44304
404579
44074
414946
455720
AL0B32
“(Il “l:“
AHu51
47008
47304
47824
40157

A8641

A8E54
49111
ARG
49174

o387
Joglg
31344
J1867
32093
32706
330046
33475
33941
3Aa2480
‘344640
34893
Ju123
35400
35497
Jadt14
3a771
I?M3
K¥asieiv]
30115
Joaséh
48004
avlta4a
39600
Iyl
A0336
40520
40034
41112
415179
41039
42114
qA2535
A20%Y
A43206
4346457
A43234
44335
436113
NP 34
AN1&7
43771
45047
AH1P2
46627
A700Y
47400
A7044
46243
A3724
407045
AR200
494633
A9074

THE FRECISIDN FR=
THE RECALL
48,110 CF SECONDS EXECUTION TIME

REC=

P4

30413
30903
31395
31697
30154
32707
33023
33477
33979
34308
3675
34921
35133
35412
35734
36326
36791
37233
37570
30158
30527
38007
39293
Av6na
40040
40351
40548
40874
41110
11545
1909
42160
2643
42914
43210
43468
44020
44341
44704
44938
A5174
45415
45060
46237
6655
47135
47423
47871
AB274
48732
40929
49327
49437
49601
.03

)

R EFYY
Jo91ia
31401
31784
3z
A27%4
33045
33512
34014
34310
kO T
JAP 4
351030
35458
asuly
346330
346797
37249
37500
30199
30%a7
300ls
37307
39620
40071
40363
A0G77
A0HYD
N1140
414571
ALY22
ADUIG
42607
A2R73
4423y
n3I6HB7
A90467
LRSS
4a70%
A4y
aAn243
A543
A5912
NLK2&LD
NET A
A71%0
47450
A7RY2
48314
A7 S
40947
APA5A
a96.50
49903

]

30549
30944
31437
31007

Kb

LA2a7

34170
33131
44022
3AX54
34707
349738
K13 R

35459,

aLtaa
34473
36H43
d70%4
3745004
3U034
30749
FUaa
o3
39740
40148
404049
40400
40097
PR
‘1.’-(}-'»-.‘.-
41920
420214
42703
43007
43314
Q3694
44117
A4403
44720
A9 LY
15361
AS630
ALTA
ALNPS
6797
A7167
47452
40017
4) 355
AnVL2
ayw7e
q49342
AL 7S

30344
30954

21499

310164
3342
ane7Q
33243
33557
34070
34300
3A72A
35000
35194
35504
246043
34441
IaY13
47294
37444
36240
38552
36950
3740HY
A9774
40192
40434
20659
40914
Al 1py
41702
a1e72
42302
A2720
43035
43315
43774
44209
44431
AAT7HE
44970
45372
45614
{6009

44352

14920
aA/237
47514
ARQ2L0
AB3460
AB773
AP83
AP421
A9 407

k YPN11 L)

31024,

31545
31830
32400
32g72
33374
33575
34123
34479
34737
35034
as207
A5543
35074
36514
3923
37402
37775
30339
38629
3uven
39492
19705
40232
40454
40709
40952
417324
41715
41904
L3
42760
A303E
43318
43706
447222
44449
44000
45019
A3
AS444
24027
46417
46921
47259
47532
48074
AB377
au702
49012
49449
49781

Jos01
31144
31565
J1947
3440
32701
333a0
33607
34129
34574
34774

345054

Jul14
R4 T A
34070
346530
34930
37439
37907
33342
38444
39120
37450
JIPH00
H40237
A0A57
40732
40781
A1351
41705
a1va7
4238467
ADRTT7Y?
43045
43345
43807
AA233
AALDT
40029
AS036
454364
AL&RD
a402%
a6a’3
ALPEH4
A7 5
A7644
a9101
Al49 4
an/Be
A%01L9
AP0
497205

30415
31193
31577
32009
32558
32920
33437
334699
31183
345749
34837
35040
In3ze
353477
34117
344670
467364
37948
37628
36378
Jusag
37135
arhal
3vdl
A(}247
404640
A07446
A0793
41375
41771
A2015
ax37e
42332
43130
Asa47
A3613

44252

44556
44046
a%5113
45449
45735
ALOALA
PYAY:P
46972
47308
47710
40124
ALGOE
ALED0
A% 0514
4954
APE3A

117
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N=400000 M=30000 D=20000

FOR I=350r100s150 RIm 30

" PCw= .002 PN= ,300 DELTA=100.0 X=,00001 C=,001%

.

PLEASE OIVE YOUR QUERY ACCORDING TO THE FOLLOWING INSTRUCTIONS

L

2.
3.
4.
S.
b,

USE SIMPLE INTEGERS FOR TERM VALUES .

FOR LOGICAL OPERATORS (AND)ys(OR)s(NOR) USE (+Yo(~) s (%) RESPECTIVELY

USE PARENTHESIS FOR HIERARCHICAL ORDERING OF QUESTION LOGIC

LEFT TO RIGHT PROCESSING IS DONE QUTSIDE PARENTHEBES AND RIGHT TO LEFT INSIDE
AT THE END OF EACH OUERY TYPE DOLLAR SIGN ($) AND RETURNMN

TQ EXIT FROM OUERY PROCESSING TYPE A SLASH SIGN (/) AND RETURN

-—-J

UBER PRINT OPTIONS

USERS HAVE FOUR PRINT OPTIONS TO CONTROL THE QUTPUT!

PTION (1) .. PRINT TERM NUMBERS AND RELEVANCE RATING FBR.CONTENT TERMS ONLY
PTION ¢(2) .. PRINT DOC.TERM LIST FOR RELEVANT DOCUMENTS IN THE DATA BASE
PTION (3) 3., PRINT DOC.TERM LIST FOR RETRIEVED DOCUMENTS

4)/OPTION ¢4) .. PRINT DOC.TERM LIST FOR RETRIEVED AND RELEVANT DOCUMENTS IN THE DATA BABE

PLEASE FOLLOW THE INSTRUCTIONS TO EXECUTE ANY OF THE PRINT OPTIONS

+ RN OPTION

CI
NOTE:

PLEASE SPEC
T 0000

USER QUERY

IS EXECUTED BY INDICATING A BINARY I AT THE CORESPONDING OPTION LOCATION

A BINARY O IS FOUND THEN THE PARTICULAR OPTION WILL NOT BE EXECUTED
E FIRST INPUT REQUEST SPECIFY ONE‘S FOR OPTION TO BE EXECUTED AND ZER(3 FOR OPTIONS SKIPPED
E SHOULD NOT BE ANY EMBEDDED BLANKS BUT A STRING OF 1°S AND DR 0°S, .

Y PRINT OPTIONS

7 S0+¢100-150)4

_THE FOLLOWING ARE THE RELEVANT DOC’S!

320 554
12533 13357
231346.24447
32937 34123
43543 43448

3759 3945 4075 7400 7812 9407 10938 11762
14181 16007 17371 18424 19197 19840 21257 21488
24678 26095 26324 29514 29747 311464 31395 32704
34354 37544 37775 IP192 39423 39785 40247 43204
46627 446944 47089 49923

THE. FOLLOWING DOCUMENTS- ARE RETRIEVED BY THE QUERY!

320 5447
17371 18424
37344 39785

7400 7812 10938 11742 11900 12533 12540 14430
19292 19840 20850 21488 24478 31184 32704 34354
43206 43543 43448 43786

THE PRECISION PR= .73
THE RECALL RC= ,41

27.943 CP SECONDS EXECUTION TIME
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M=400000 HiSOOOO D=20000

FOR I=50,100,130 RI= 50

PC= ,002 FN= ,B00 DELTA=100,0 X=,00001 C=.001

PLEASE GIVE YOUR QUBRY ACCORDING TO THE fDLLOUING INSTRUCTIONS

1.

2

3.
4'
5.
&,

USE SIMPLE ,INTEBERS FOR TERM VALUES

FOR LOGICAL OPERATORS (AND)»(OR)»{NOR) USE (+)s(=)s(%) R7SPECTIVELY

USE PARENTHESIS FUR HIERARCHICAL ORDERINO OF QUESTION LC3IIC

LEFT TO RIGHT PROCESSBING 1S DONE OUTSIDE PARENTHESES AND RIGHT TO LEFT INBIDE
AT THE END QF EACYW QUERY TYPE DOLLAR SIGN ($) AND RETURN 3
TQ EXIT FROM QUE PROCESSING TYPE A SLASH SIGN (/) AND RETURN

USER PRINT OPTIONS

USERS HAVE FOUR PRINT DPTIONS TO CONTROL THE OUTPUT!

1) OPTION
2) OPTION
3) OPTION
4) OPTION

FLEASE FOLLOW

{1)
(2)
{3
(4)

++ PRINT TERM NUMBERS AND RELEVANCE RATING FOR CONTENT TERMB ONLY

+« PRINT DOC.TERM LIST FOR RELEVANT DOCUMENTS IN THE DATA BASE

«« PRINT DOC.TERM LIST FOR RETRIEVED DOCUMENTS

++ PRINT DOC,TERM LIST FOR RETRIEVED AND RELEVANT DUTUMENTS IN THE DATA BASE

THE INSTRUCTIONS TO EXECUTE ANY OF THE PRINT OPTIONS

A. AN OFTION 1S EXECUTED BY INDXICATING A BINARY 1 AT THE CORESPON: ING OPTION LOCATION

B. IF A BINARY 0 1S FOUND THEN THE PARTICULAR OPTION WILL NOT BE EXECUTED

€. AT THE FIRST INPUT REQUESY SPECIFY ONE’S FOR OPTION TO BE EXECL. [ AND ZERD FOR OGPTIONS SKIPPED
NOTE: THERE SHOULD NOT FE ANY EMBEDDED DLANKS BUT A STRING OF 1°S A: % OR 0’S.

FLEASE SPECIFY PRINT OPTIONS

T 0000

user aukr

Y

T 50+(100-150-159-307-308-477~-774)%

THE FOLLOWING ARE THE RELEVANT DOC’S!:

320
12533 13
23134 24
32937 34
43543 43

320 1

5%4
3s7
447
123
468

+ THE FOLLOWING DOCUMENTS ARE RETRIEVED EY THE QUERY!

181

3759 3945 4075 7400 7812 9407 10938 11742

14181 16007 17371 13424 19197 19840 21257 21488 8
L4478 26095 24324 29514 239747 31144 31395 32704 . ,
34354 37544 377 /5 39192 39423 I9785 40247 43206

464627 469464 47089 49923

4391 4541 5447 7400 7812 10938 11742 11900

12333 12540 14430 17371 184246 15292 19840 208350 21488 I2949
23742 24128 244678 311464 32706 34354 I4833 37544 39785 432064
43318 43543 43468 '43706 45578 44027 49438 - ’

THE FRECISION FRe=' .51

THE RECALL RC= .41

. 35.195 CP SECONDS EXECUTION VIME
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APPENDIX A

Instructions for use of simulation~orogram
As stated previously, the simulation prOcess is
programmed in the FORTRAN language. Before a user attempts
to use the simulation brogram it is important that heé knows
the query syntax of the language as well as the print features

embedded in the orogram to control the output.

The BNF of the query language is exolained in Chapter
IV. However the important features and imolementation
limitations of the query language may be summarized as

follows:

1) A query consists of a string of a maximdm of 80
alphanumeric and special characters.

2) | Query terms are represented by numerical values

(term rank} rather than by a string of alphabetic characters
This could, of course, be changed by allowing terms to be
specified in alphabetic form and having the program Search
for the terms in a dictionary that Iists the corresoonding
term rank. .

3) Logical operators AND, OR, NOT are repcresented by the

!

signs +, -, * respectively.
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4) . A user can choose any level of bracket nesting provided

—

he does not have two or more openbrackets follow1ng one
another. However any number of closing brackets may follow

one after another. o ? 3

5) For query evaluation the terms represented by numerical

values. that appear outside brackets are processed from left

£ <

to right. Those that appear inside brackets are processed

v

right to left.
Thus the order of processing terms in %the query:

tl—(t2+t3+(t4—t5)+t6)-t7-t8$

is: t5—t4=Rl . .fl

t R

6~ l_
R2+t3=R3

R3+t2=R4~
R,~t) =R,
t,~Rg<R’
tg-Rg=Ry

63 A term must be followed by either-a logical operator .
or one of the three symbols consisting of a blank, & closing
bracket, a ($) sign. | -
7) End of query 1s iIndicated by a k$) sign.:

8) End -of query processing is marked by a (/) sign.

In view of the print options available in the simulation
program the user has considerable flexibility to control

the output of the search request. There are basically four
———

r
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]

print options that a user can Specify; The user has the
freedom to use these options either separately or in
combination. Following 1s the list of possibilities to

control the output,

-a) Print OPTION(1) ... This option directs a print of
the list of content terms and their respective relevance
rating.

b) Print OPTION(2) ... This option directs a print of
the terms in each relevant document in the data base.

c) %rint'bPTION(a) -++ This option directs a print of

the terms in each retrieved document. |

d) Print OPTION(4) ... This option directs a orint of the
terms in each retrieved and in each relevant document in

the data base.

Note: In case (c) and case (d), where the term document list
is printed the number of documents to be printed is
restricted to a maximum of 50 documents. Also terms 1 to

49 are not inecluded in any of the term-document lists, This
i1s because it is believed that the most.frequent 49 terms

are likely to be useless for Search purposes,

When é user executes:the simulation procedure the
system responds with a message "PLEASE SPECIFY PRINT OPTIONS"
and it indicates the input request for the four print options.
Since the options are read in fORTRAN 4I1 format the user

should indicate either a binary 1 to execute an cotion or a



- 123 -~

a blnary O to suppress an option. The order in which the
options are applied is the same as shown above in casge a-d.
Thus 0110 is the user specification for both o= options b}

and ¢).

After the orint 6ption inpﬁt the system responds with
another message "USER QUERY" to ind;éate that it is ready
for a query requeéf. ~"Now the-user 15 expected to state his

.
query. The given query is cHhecked for syntactic correctness
and only then, does Drocessing begin. In the case of an error
in the query syntax an appronriate message ;s issugd.
Finally, the user is provided with the system . 'sponse to
hié{searéﬁ request in the form of output of the dosument
numbers of the relevant documenjg_in the data ba_e, the

document numbers of the retrieved dOCumeﬁts for the given

Search request, the precision ration, and the r-~call ratio.
< \

In case the user has issued any of the prinf options
the corresponding print option will be EXECuted and the
results will be presented in addition to the other output

as described above.

s

A sample query session is - included below to iliustrate

the ekperimentation-process of the simulation program.
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- N=40000 M=S000 D=7000

FOR 1=5%0,100515¢ RI= S0 . - ) /
FC= ,002 PM= ,300 DELTA=100.0 X=.00001 Ce=.010 | ,

PLEASE GIVE YDUR QUERY ACCORDING TO THE FOLLOWING INSTRUCTIONS
1. USE SIMFLE INTEGERS FOR TERM VALIJES ‘

2+ FDR LOGICAL OFERATORS (ANIND r(OR) r (NOR) USE (+)s(—=}s (%) RESFECTIVELY

3. USE PARENTHESIS FOR HIERARCHICAL ORLERING. OF QUESTION LOGIC

4. LEFT TO RIGHT PROUCESSING IS DBONE OUTSIDE PARENTHESES AND RIGHT TO LEFT INSIDE
S« AT THE END OF EACH QUERY TYPE DOLLAR SIGN {(3) AND RETURN

4, TO EXIT FROM QUERY PRUOCESSING TYFE A SLASH SIGN (/) AND RETURN

’

USER FRINT OFTIUNS

USERS HAVE FOUR PRINT OPTIONS TO CONTRUL THE OUTPUT: , J

1) OPTION (I} .. PRINT TERM NUMDERS AND RELEVANCE BATING: FOR_EONTENT TERHS ONLY

< 2) OPTION (2) .., FRINT DBOC,TERH LIST FOR RELEVANT DOCUMENTS IN THE DATA BASE

3) OPTION (3) .. PRINT DOC.TERM LIST FOR RETRIEVED DOCUMENTS

4y OPTION (4) .. PRINT DOC.TERM LIST FOR RETRIEVED AND RELEVANT DOCUMENTS IN THE DATA BASE

FLEASE FOLLOW THE INSTRUCTIONS TO EXECUTE ANY OF THE PRINT OFTIONS

A, AN OPTION IS EXECUTED BY INDICATING A BINARY 1 AT THE CORESPONDING OFTION LOCATION

B. IF A EINARY O IS FOUND THEN THE PARTICULAR OPTION WILL NOT EE EXECUTED

C. AT THE FIRST INFUT REQUEST SPECIFY ONE‘S FOK OFTION TO RE EXECUTED AND ZERO FOR OFTIONS SKIFFE].
NUTE: THERE SHOULLD NOT BE ANY EMDEDDED BLANKS BUT A STRING OF 1°S AND OR Q°S.

FLEASE SFECIFY PRINT OFTIONS
7 1100 :

UsER QUERY
Y OHOE(100-150)%
B30 72,.27454309067 . "
vA9 72.386577458677
1343 18.30904940893
1581 18.,40020090523 -
T 2901 93.91300185194
2920 73.01043808767
3415 93.7991058197
U1 93890337314
. 4367 95.98154688123 .
T AR08 5048000269163 \Jﬁ /
4342 21.191886650487 -
1831 55.33608580093
4934 63.37506184987 .
5247 63.301046994833
4199 63.392301464463
82387 $3.,28973770036

PART I

THE FOLLOWING ARE THE RELEVANT DOC’S:
132 1462 235 3520 406 692 726 898 984 1001
1069 1148 1241 1320 1388 1413 1560 1585 1453 1732 :
1025 1904 1972 2074 2099 2257 2393 2418 2737 27472 PART II
2787 2923 3081 3106 3425 35461 3584 3880 3905 3930 S —
4292 4317 4342 A367 4392 4439 4955 4980 -
JHE FOLLOWING DOCUMENTS ARE RETRIEVED BY THE QUERY:
132 1462 606 726 984 1001 1320 1388 1585 1732
1904 1972 2099 2257 2393 2418 2787 2923 3425 3930
4292 4317 4392 4955 -
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Do, rb. 2949 CONTAING THE

590100 2200 4490 5241

HUC.HO. 1001 CONTALNS THE
50 75 11007 554 619Y

LOCHO. 1069 CONTAING THE
fay 150 192 741 6003

LOC, RO, 1148 CONTAIHNG THE
S50 130 4070

OGN, 1741 CONTATNG THE
WO LIS 360 3418 459l

HUL.NO. 13200 CONTAINS THE
ulr 4v 100 150 313

DOC.NU. 1388 CONTAING THE

50 74 100 150 423

IO NO, 1413 CONTAING THE
L2 1321584 46823

DOC.NO. 1LA0 CONTAINS THE
G0 Gas a1 1944 402D

OGS M. LWUO0 CONTATNG THE
500 1L0 0 301

IMIELNO L 1ahd CUNPAING THE
S0 V1D 1390 4934

DUC.NO. 1732 CONTATNS THE
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TEIRMY
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TERMS
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TERME
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TERRU

TERMEG

TERMS
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TERNS
TERHS
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TERMS .
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TERMS |
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- 125
e .
PART IIX

a237

1850 3790 448t

o



thfhu.

" 5o

. No,
Lo

o g,
uo

Lo N,
50

Loe, 1),

, .
4867 CONTAING THE
5190 e

A3V CUNIRING THE
o/ 70 100 2214
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" TERNS
TERNS
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TERNG

TEKHS

LERCLEY FRINT GFTIONS

10.120 CF SECONDS EXECU’]IUH
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In the above.eaméle gsessaion the print options (1) and (2)
are execnted Part I qf the output is the result of executing
_ \the print oPtion (1) .

The user query is interpreted as TERMSO AND (TERMjgq
OR TERMlso); Part II of the ocutput is the etandard form of

RN

“utbut for. any search request. Finally part III of the output
. 1s the result of executing the print option (2).

'

. The gystem response also {ncludes another request for

t
4 new query. The user may.- either continue using the same

procedureﬂﬁx‘described above or may discontinue by indicating
zeroegs for all the four print options and a slash (/)

.

sign
for the query request. '

—
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, SEEN | . APPENDIX B .~
Program listin ™ -
~ PRDQRAH DOCBIH(}NPUT-OUTPUTyTAPE5ﬂINPUToTAPEé!DUTPUT-TﬁPEJ)
SIMULATION OF DATABASE OF DOCYMENT TIILEB(THEBIB.PROJECT) -
RANDOM NUMBERS ARE GENERATED FOR THE DOC. TITLES TO FORM
TERM DOCUMENT ASSOCIATION.THIS IS ACHIEVED BY SELECTING

RELEVENT AND NON-RELEVANT DOC‘S BASED ON PROBARILITY
CRITERIA DISCUSSED. IN ROUTINE RANMOD '

-

FOR DEBUGGING PURPOSES iHE DATABASE CONSIST OF THE ﬁDLLUHINB
SIZE I

M=Z000 : NO. OF DOCUMENT TITLES . ~

N=40000 1 NO. OF TERMB IN THE DATA BASE . ,
D=7000 ! NO. OF DIFFERENT TERME IN THE DATQQ&BE ,

" COMMON HTITLE:RNUH(&OOO)uHDOC(?OOi) :

-

COMMON/BLKLY RCKKrRATIOrBAVEL » MN O 0) sMATTERM(110,20) yNPRINT(4)
- COMMON/BLK2/ AsNDOCSMTIT/CoXsPHI»PHIBASDELTAsPL s PNy RFLAG, MABKL »

1MASK2 .

DIMENBION ITERH(BO)rSTDRE(?OO)-RELDOC(}IO)
INTEGER RNUHrSTURE'DINDEXrRELDDCvSAUEI“_
LOGICAL EFLAGsRFLAGRERROR A

DATA SAVEL/S0/» - : L -
1HASK1oHASK2/2000OOOOOOOOOOOOOPOOBu400000d00000000000008/

APPLYING ZIFF’S LAW THE NO. OF OCCURRENCE OF THE I-TH TERM
IS-GIVEN AaS H(I)ﬂAtN/IIUHEREBY A IS DEFINED A9 A CONSTANT
=1/(ALOG(D)I+SIEY AND S51E=.5772 DEFINED AS EULER’S CONSTANT

-y

+

|

OFENMS IS.A SY.EM RUOUTINE WHICH DPENS THE MAS8 STORAG.
FILE AND INFORMS THE RECORD MANAGER THAT THE FILE IS wor
ADDRESSABLE THE ARRAY USED FOR WRITING IN AND READING 0L

“ANDOM

2 I8

CLEARED BY OPENMS BEFORE IT IS (ARRAY) CALLED BY EITHER JITHS-

OR READIMS ROUTINES,

FILE

THE ACTUAL PARAHETERS‘HAUE-THE'EOLLDUINB‘HEANINB.
U=3 IS THE UNIT DESIONATO WHERE THE ARRAY IS'STDRED AS F JDOM

IX=MDDC IS THE 1-5T WORD ADDRESS IN CH OF THE ARRAY CON- INING

INDEX

‘LNGTH=201 IS THE MAX.- LENGTH OF INDEX(NL
~ . T=0 MEANS THE FILE IS-REFERENCED BY NUMD

CALL OPENMB{3,MDOC,7001,0)
C=,01 . : N ' ~—
X=,00001

PONE=,9 )

PTUO’ -‘B
‘ARL1/(ALOG(7000,.3+,5%772)
NDOC=40000

HTIT=5000 : -
IDTERM=7000 . A ’
FPHI=(SORT(S.}+1)/2 N s )
PHISQ=PHI®*2 -
BELTA=100, - .
PCa,02 . o
PN=,30

-

LL1=0

DO 11 TI=t,MTIT
XX=(II+X)2CRPHT
CALL RANSET(XX)

s

MBER OF RECOF:S IN FILE+) .
ER INDEX o

e CALCULATE THE TOTAL NUMBER OF RELEVANT DOCUMENTS IN T"T LATA BASE



11

994 _

994

‘YErANr LU ' . R
IFty .0T. ) 6OTO 11 . N _ .
LLimLLi+: ‘ C - 129 I
RELDOC(LL1)wIY , . 2
CONTINUE . :

WRITE(6,994) NDOCsMTIT>IDTERM

. FORMAT{1Xs* N="IS," Hu®,I4,* D==p140/) S

WRITE(S,994) SAVE1L .
FORMAT(1Xv "FOR I450100,1%0 RI="y;I3,/) °
WRITE(&+»997) PCePNeDELTArX¢C

997 . FORMAT(1Xs*PC=',FS,3, PN=*,F5,3," DELTA=®¢FS,1,% XmoF4,%,* Cum®y

999

2002

1F4.3,/3 1
WRITE(46,999) . -~
FORHAT(10X» "PLEASE GIVE YQUR QUERY ACCORDING TO THE FOLLOWING INST

1RUCTIONS*/10Xs*1. USE - SIMPLE INTEGERS FOR TERM VALUEE®

2/10%s*2, FOR LOGICAL OPERATORS CAND) r (OR) » (NOR) USE (4)s(=)s(2) REBPECTIUELY.

3"/10X,"3. UBE PARENTHESIS FOR HIERARCHICAL ORDERING OF QUESTION LO
AGIC*/10X»*4. LEFT TO RIGHT PROCESSING IS DONE OUTSIDE PARENMTHESES
SAND RIGHT TO LEFT INSIDE*/10X:°S. AT THE ENP OF EACH QUERY TYPE DOL
SLAR SIGN ($} AND ‘RETURN®/10Xs*4. TO EXIT OM GUERY PROCEBSING
7TYPE A SLASH SIGN (/) AND "RETURN®//40X »*USER PRINT OPTIONS"/)
PRINT 2002 i ' ' .
FORMAT{ *USERS HAVE FOUR PRINT OPTIONS TO CONTROL THE QUTPUT:*/
$°1) OPTION (1) .. PRINT TERM NUMBERS AND RELEVANCE RATING FOR CONT
$ENT TERMS ONLY*'/'2) OPTIDN (2) PRINT DOC.TERM LIST FOR RELEVANT DD

- $CUMENTB IN THE DATA E*/*3) OPTION(3).,, PRINT DOC.TERM LIST FOR.

ooDononNoann

4]

SRETRIEVED DOCUMENTSE/”4) OPTION(4}., PRINT DOC,TERM LIST FOR RETRI

$SEVED AND RELEVANT DOGEUHENTS -IN THE DATA BASE*

3//"'PLEASE FOLLOW THE . INSTRUCTIONS TO EXECUTE ANY OF THE PRINT OPTI
SONS'/*A. AN OPTEON IS EXECUTED BY INDICATING A BINARY 1 AT THE'CDRR
$ESPONDING OPTION LOCATION® -
$/"HB. IF A BINARY 0 1S FOUND THEN THE PARTICULAR OPTION WILL NOT BE
% EXECUTED*/*C. AT THE FIRST INFUT REQUEST SPECIFY ONE’S FOR OPTIOMS
% TO BE EXECUTED.AND ZERO FOR OPTIGNS SKIPPED* :

$/"NDTE! THERE SHOULD NOT EE ANY EMBEDDED BLANKS BUT A BTRING OF 1’
35 AND OR 0°G. ") ' . .

ROUTINE RELDOC DETERMINES THE RELEUANCY DEGREE OF A DOC.
WRT THE ITH TERM ' '

THE USER QUERY IS READ IN CHARACTER FORMAT ]
THE MAX.SIZE OF A QUERY CAN BE EQUAL TO A CARD LEN

EVERY QUERY ENDS WITH A“DOLLAR SIGN

-~ ! TO EXIT FROM QUERY PROCESSING TYPE A SLASH SIGN

' ICR=000100000000000000008 o
_PRINT 2001.

2001r‘FORﬁHT(/r'PLEﬁSE SPECIFY PRINT GPTIONS®)

- 2000
998
1600

&
7

19

READXS+2000) NPRINT
FOE::T(4II) ‘
PRINT 998 -
FORMAT(/» "USER QUERY")
READ(%5,1000) ITERM
FORMAT(BOR1) -
IF(ITERM(1) ,EQ. 1R/) 8TOP
DINDEX=0
‘CALL QUPARS(ITERM»STORE» DINDEX¢EFLAGRELDOC,LL1)
IFCEFLAG) 10,7 ‘ ‘ '
IF(DINDEX ,EG., 0) BOTOD %0 - .
IF (NPRINT(1),EQ.0,A.NPRINT(2).EQ.0.A.NPRINT(3) .EQ.0 s
INFRINT(4) ,EQ, 0) BOTD 409 , .
JK=DINDEX _
IF(DINDEX ,8T. 50) JK=S0 e
LL3=LL} N g ' .
0O 19 IJKmw1,%000 ' ’ !
RNUM (I JK) =0 o :

hala BERs T LN SN TV S R I )

8TH

[ 4



THNCIJIK)Y = ‘ no
21 ‘RNUH(RELDDC(IJK)J1RELDDC(IJK>-.DB. ‘MABK1

DO 200 I Km1,JK : ‘ - 130 -
IF (RNUMC(STORE(IJUKYY .GT. ©) GOTO 200 .

LL3wlE 341 :
RELDOC(LL3)=STORE( . 1) )

. © RNUM(RELDOC(LL3))=STORECIJIK) ,0R. MABKL

"200° CONTINYE
JELLT
L0 20 Ix%0,7000

' RATIO=-1, ., ‘
IF(I.EQ.10.0R.I.£0.50,0R.1.EQ.100.0R. I, EQ,150) RATIO=BAVEL
RFLnG'-F. "

- RERROR=,T, pd
IF(RRTID -GED [+}] RFL“G--TQ )
MTITLE=AXNDOC/I
IF(MTITLE LT 1) MTITLE=1

20 cAaLL RANHDD(I:RELDOC»LL!vSTGRErJaRERRDR)

DO 4900 Ju=1,LL3

RNUM(JJ)=RELDOC(JJ) "o

LL=DINDEX=1+ .

alLL1-1

IFtDINDEX .NE. 1) CALL BDRTING(BTDRErLL)

IF(LL1 .EQ, ©) GOTO 1006

IF(LLY NE. 1) CALL so&r:uotnsLnoc.LLz)

HRITE(&:lOOA)(RE‘DOC(JJ):JJ-I-LLI)

1004 . FORMAT(/y*THE FOLLOWING ARE THE RELEVANT poc’ 3:‘/10(1X.I4))

1006 WRITE(&r1001)¢STORE(I)»I=1,DINDEX)

1001 FORMAT(/+'THE FOLLOWING- BOCUMENTS. ARE RETRIEVED BY THE QUERY!*

1£1041%rI4)) . ,

“TCALL HEASUR(STORE-RELDDC:LLIrDINDEX) .
IP(NFRINT(2) .EQ. 1) GOTO 201 .
IF(NFRINT(3) .£Q. 1) GOTO 202 A
IF(NPRINT(4) .FQ. 1) GOTO 203
60T0 S - . ) . .

201 J=tit ’
GOTO 204

203 J=LL3 '

204 KK1w1

ﬂoaqp 00 4901 JJ-KK!:J . N
LETHNCJT)

6901 WRITE(&s4502) RNUH(JJ)-(HnTTERH(JJ-LL):LL-!;LK)

4902 FORMAT(/»"“DOC. ND. *rI4,* CONTAINS THE TERMS*/10(1XsX4))
GoTR S .

202 DO 206 IJK=1pJK

: DO 205 JKL=1,LL1 :
IF(STORE(IJUKY ,=0. RNUM(JKL)) BOTO 207
205 “CONTINUE '
. GDTD 204

207  LK=MN(JKL) .

T WRITE(4:6903) nJUH(JKL) » (MATTERMCJKLyLL) sLL =102 K)

4903  FORMAT(/»*DOC.ND. *+I4r* CONTAIN THE TARMS®/10(1X,14))

-204  CONTINUE
IFCLLY .EQ, L L) BNTO S
KK1=LL1+1
J=LL3 . - _

GOTO 208 .
10 WRITE(4,1002) :
1002 FORMAT(1Xs*REENTER YHE QUERY*)
GOTO 5

50 WRITE(451003)

1003 FORMAT(1Xs*NO DOCUMENTS ARE SELECTED )
GOTD S

40 | WRITE(4,100%)

1005 FORMAT(1X»"RATID R(I) IS NOT [N RANGE! R(I} I8 8T, M/M(I}*)
GpTo 5 -

r

.
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END

SUBRDUTINE GUPARB(ITERM,STORE»DINDEX,EFLAGIRELDOC,LLY) - 131 =
COMMON MTITLE.RNUM(S000)sMDOC(7001) - o
COMMON/BLK1/Z RCKK»RATIO»SAVEL rHN(110) #MATTERM(110+20) sNPRINT(4)
COMMON /BLK2/ ArNDOCsMTIT»CyrXsPHIsPHISQsDELTAsPCsPNsRFLAGIHASKLrMASK2
INTEGER COUNT»TSTACK»OSTACK s BOPEN, 8TORE rPVAL 1OP s DINDEX»RNUH/OPPe
{RELDOC s SAVEL »STIT»AUX» DINDEXL

DIMENSION TSTACK{25),0STACK(25)¢STORE(1) s ITERM(1)»RELDOC(1)
1STIT(25) PAUX(200)

L OGICAL FLAGrEFLAGrEXITsRFLAGYRERROR¢FFLOP+SETF

] * .
: ' THIS ROUTINE PARSES A GIVEN OUERY.AFTER SCANNING THE QUERY

TERM VALUES .AND AN DPERATOR. IS PASSED ON A8 PARAMETERS TO

A ROUTINE GUPROC WHERE T OCUMENTS ARE SELECTED ACCORDING

TO THE QUESTION LOGIC.THE SCANNING I8 DONE LEFT TO RIGHT QUTSIDE
THE PARENTHESIS ELBE RIOGHT TO LEFT

aoonoonn

INPO=0P=1 ’ ’ '
IP=NN=BOPEN=KFLAG=NEG=DINDEX1=0 /
SETF=FFLOP=EFLAGNEXIT=.FALSE. ’
QSTACK(OP)=1R#$ . ’

NUMBERS HAVE DISPLAY CODE BETWEEN 33D - 44B
+ s~ sk HAVE DISPLAY CODES 43B_r44B 147D RESPECTIVELY
{ AND Y HAVE DISPLAY CODE 51iB AND-E25 REBPECTIVELY
THE PARSER IN PRINCIPLE CHECKS FOR EITHER NUMBER(0-9) +OPERATOR
' (+r~1%)0R PARENTHESBIS/{’,‘)‘.IF NONE OF THESE IS PRESENT AND

ALSO NOT ANY OF DELIMETER CHARACTERS COHHMENTED ABOVE IS THERE ~
THE ROUTINE RETURNS BALK TO MAIN WITH AN ERROR FLAB BIT ON.

, OTHERWISE THE PARGER SCANS THE GUERY LEFT TO RIGHT+USES TWD

W STACKS NAMED TSTACK FOR STORING THE TERM VALUES AND OSTACK FOR @
STDRING THE OPERATORS OR PARENTHESIS.THE ROQUTINE QUPROC IS5
ONLY CALLED WHEN TSTACK HAS ATLEAST TWO VALUES AND DOSTACK POINTER
HAS ATLEAST.THE VALUE 2(SINCE OSTACK(1)=# WHICH IS E0Q PROCESSING
MEANING THE STACKS ARE EMPTY. . .

aoooonOnonaonn

DO 40 Km=1,80 )
IF(ITERM(K) .E0. 1R$) BOTO 700 . !
IF(ITERM(K) .ER. 1R ) GOTO 40
IF(KFLAG .EQ. 0) G0TO 100
KFLAG = KFLAG-1. : .
) GoTO 40
100  IFCITERM(K) .BE. 338 .AND., ITERM{K)}.LE. 44B) 5070 200

€ ‘ )
& THIS PATH OF PROGRAM INDICATES THAT EITHER OPERATOR + (AND)
C -(OR)r» OR PARENTHESIS HAS BEEN FOUND. g\\\\\
C . : .
IF(ITERM(K) .GE. 45B .AND. ITERM(K)).LE., 47B) GOTD 250
IF(ITERM(K) .EQ. S1B .OR. ITERM(X) .E@, 52B) G0TO 300
EFLAG=.T. )
GOTO 500

c .

C LABEL, 800 RETURNS THE PROGRAM FLOW TO THE MAIN FOR ERROR
€ RHANDLING AND REINITIALISATION '
C .

300 IF(ITERM(K) .EQ. 51B) GOTO 350 _ .
IF{SETF)33+34

33 INPO=INPO+

34" IFCINPO .GT. 1) NEG=-1
DP=0F+1 o 0 .
OSTACK (OP)Y=ITERN{(K) : )
GOTO 400 :

350  BOPEN=HROPEN+1
IF(EFLOP)Y 351,332

351 DINDEX1=0 -
INPO=1

3I%2  FFLOPw=.F,



OP=0FP+1

OSTACK(OP)=ITERM(K) . : 132 o

50T0 40 . ,
250  OP=0P+1 . _

OSTACK(OP)=YTERM(K) :

400 FLAG=.FALSE. ‘
IF(IP .BE. 2 ,AND. BOPEM .EQ. 0) BOTO 375
IFCITERM(K) .EQ. 52B) _GOTO 38% "
poTo 40

385 I0F=0P ' . .

730 10P=I0R~1 : ’
IF(OSTACK(IQOP) .EQ. %51B) GOTO 395
FLAG.!T' .
OPP=I0P

) GoTo 27% '

393  o0F=IDP-1 - . :
DOPEN=ROPEN-1 .
IF(BOPEN .NE, O) GOTO 40
SETF=,T,
NEG=0Q

‘ BOTO "40 '

3753  IF(OSTACK{OP-1) ,0E, 45B .AND, DSTACK(CP-1) .LE., 47B) GOTO 42%
OPFP=OP
GOTO 275

42%  OFFPapP-%

275 , Ki1=TSTACK{IP) :
K2=TSTACK{IP~1) P

[
c THE ROUTINE QUPROC IS CONSEQUITIVELY CALLED PROCESSING THE
C GQUERY EVERY TIME PARTIALLY UNTIL THE STAECKS ARE EMPTY.AFTER
C THE LOGIC PROCESSING THE T8TACK PDINTER IS REDUCED BY ONE
c AND THIS LOCATION IS ZEROED. (¢ OTESTHE RESULT IS ALREADY STORED
4 IN THE ARRAY BTOREsWHICH IS THEN USED FOR THE NEXT PHASE)
cC * .
CALL QQPRDC(DINDEX:KIvK2r09TACKrSTDREr0PPrIPrSTIT-
1FFLOP»NEG»DINDEXLsAUX)
IF(FLAG)Y3®?7 398
397  IP=IP-1 : °
n\‘_jTSTaCK(IP)=O . . .
=80T 750~ — —._ S ~ : :
398 OPapdpP-1 o .
IP=1pP-1 : . .
) TSTACK(IP)=0 . : :
OSTACK(OPI=ITERM(K)
IF(EXIT)YS00rA40

200 IF((ITERM(K+1) ,BE, 33D .AND. ITERM{(K+1) .LE. 44B) ,AND.
1(ITERM(K+2) .GE. 33P .AND. ITERM(K+2) .LE. 448B) .AND.
2(ITERM(K+3) .GE. 33B .AND., ITERM(K#+3) .LE. 44B)}) GOTD 194
IF((ITERM(K+1) .BE. 33B .AND. ITERM{(K+1) .LE. 44B) «AND,
1(ITERM(K+2) .GE. 33B .AND. ITERM(K+2) .LE. 44B)) GOTO 201
IF(ITERM(K+1) +BE. 33B.AND. ITERH(K+1) .LE. 44B) GOTO 202-

HERE THE INTEBER CHARACTERS ARE CONVERTED INTO INTEGER NUMBERS
BY DECODING THEM USING THE PROPER I-~-FDRMAT.

oono

COUNT=10 -
. DECODE(COUNT» 1005+ ITERM(K)) 11
1005 FORMAT(9X»I1)
"~ GOTO 40
196  KFLAG=3
: COUNT=40 .
DECODE (4051002, ITERH(K) YI1,I2, 13,14 :
1002 FORMAT(4(9XrI1)) . K
6OTG 79 :
202  KFLAG=1

SO AT =



1004
201

95
1002

60
70
79

80
?0

1010
800

610
700

40
500

aoonon

annoooooooooooooonnGon
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FORMAT{2(9X»I1))
GOTO 70
KFLAGw2
COUNT=30

~.133 -~ ' ,

DECODE(COUNT ¢ 1001 s ITERM(K))I1,12,13

FORMAT (3(9Xr,X1))
GATO B8O

I=11

GOTO 20
I=I1x10+12
BOoTO PO
I=I1%1000+I28100+I3210+414
GOTO 90
I=Iix100+I281041I3
MTITLE=AXNDOC/I
RATIO==-1,

IF(I.EQ.10.0R.1.EQ.50,0R,1.EQ.100.0R.I.EQ.150) RATIO=8AVE}

RFLAG=RERROR=.F.,
IFC(MTITLE JLT. 1) MTITLE=1
IF(RATIO .LT. 0) 0OTO 810

IF(RATIO .LE. MTIT/MTITLE) GOTO 800

RATIO=MTIT/MTITLE
WRITE(4,1010) I»RATIO

FORMAT(1X,"GIVEN RATIO FOR TERM ",I4,* 18 .@GT. MTIT/HTITLE"
1/1Xs"THE NEW VALUE OF RATIO 18 *"»F5.2)

RFLAG=.T. '

CalL RANHOD(IrRELDOC-LLl-STbRErJuRERROR)

IP=IP+1
TSTACK(IP)=I
STIT(IP)=MTITLE
GOTO 40

IF(OP .E@, 1) RETURN -

EXIT=.T,
GOTD 400
CONTINUE
RETURN
END

XK AR K RKRERXXI KKK RRXRRR LXK KR IKIR IO EIROR KRR IR KK

SUBRQUTINE GQUPROC(DINDEXrK1,K2,08TACKsSTOREOPPrIPsSTITy . .

1FFLOPNEG+DINDEXL rAUX)

COMMON HTITLE,RNUM(S000) HDOGC(7001)

DIMENSION OSTACK{1)rSTORE(1)sSTIT(1),AUX(1)

INTEGER DINDEXsOSTACKsSTORErOPF,RNUMsSTIT rAUX,DINDEX1
LOGICAL IFLAG/NFLAG»EFLAG,RCHECKFFLOP

THIS ROUTINE DO THE LOGICAL PROCESSING OF THE QUERY STORES THE
RESULT IN ARRAY STORE AND RETURN BACK TO THE PARSER. (QUPARS)

THE INTEGERS K1,K2 ARE USED AS TERM VALUESB, INCASE OF 1-8T

PASS ELSE ONE OF THEM IS ZEROED(SINCE THE RESULT OF PREVIOUS

LOGIC EXIST IN STORE)THE OTHER ONE IS USED AS A NEW TERM VALLUE
JOINED WITH A LOBICAL OFERATOR FOR THE NEXT INTERMEDIATE RESULT

THIS PROCESBE GOES ON UNTIL EOS(END OF STACK) IS SENSED BY THE PARSER.

HTITLE GIVES THE NO. OF DOC‘S CONTAINING THE I-TH TERM

HDOC GIVES THE ACTUAL DOC. NO.‘S CONTAINING THE I-TH TERM

STORE IS THE ARRAY WHICH CONTAINS THE RESULT OF PREVIOUS

LOBIC PROCESSING,

DINDEX IS USED AS A POINTER FOR STORE GIVING THE NO. OF ELEMENTS
PRESENT IN STORE, = .

THE OR{~) LOBIC IS PROCESSED JUST BEFORE LABEL 180

THE AND ¢+) LOGIC IS PROCESSED FROM LAREL 180 QNWARDS

THE NOT (%) LOBIC IS PROCESSED FROM LADEL 270 OHNWARDE



NFLAG=EFLAG=RCHECK=.F . : - 134 = : -

IF (NEG .EG. —1) GOTO 500 A : . . Y

IF(K1 +EQ. O .A. K2 .EO. o) G6OTO 310

IF(K1 .EQ. 0 .OR, K2 .EQ. O} goTo 40

Ji=MTITLE

J2wgTIT(IP=-1)

1F (QETACK(OPP) .EQ. 1R¥) BoTo 3

IF(dL .0T. J2) 60TO 20 - ‘ ‘ Lo

5 CALL READHS(3eRNUM»J2:K2) N

: pO 10 INDEX mlrJ2 o -
DINDEXwDINDEX+1

10 STORE ¢ DINDEX)=RNUM{DINDEX)
K2m0 - _ Vi
EFLAG=.T. . :

<. GOTO 40

20 CALL READHS(3sRNUMrJ1:X1)

DO 30 INDEX =1»J1 : : }
DINDEX=DINDEX+1
30 STORE ¢ DINDEX) =RNUM (DINDEX)
‘Kl:lo
REHECK= . T+ .

40 IF (OSTACK(OPP)Y EQ. 1RE) GOTO 270 . . ' e
IF(Ki .EQ. 0) GOTO 33 ° ‘ L
J1=MTITLE Lo
LaKl . : _ E

. GOTO 57 . o
=35 1=STIT(IP-1) : ‘
t=K2

- ——

THIS SYBTEM ROUTINE TRANSMIT DATS FROM MASBE STORAGE TO CH.

THE CALL READHS SELECTS RECORD NO. + OF THE ARRAY FILE RNUM

AND TAKES Ji NO. OF ELEMENTS OF RNUM BELONBING TO RECORD NO. L
IN THIS CASE RECORD NO.IB CONSIDER TO, BE TERH“HU.(L 15 TERM NO3.)

nnoonn

7 caALL REﬁDHB(3lRNUHf41!L)
IF{DINDEX +NE. 0) GQOTO &3
' IF{OSTACK{OPP) +EQ. 1R+) RETURN
00 60 I=1r,J1
DINDEX=DINDEX+1
40 . STDRE(DINDEX)'RNUH(I)
RETURN
65 IF(DINDEX «GT. Ji) G0T0 70
JJ1=DINDEX
JJ2aJdl
IFLAG=. Fa
GOTQ 80
70 JJi=J1
JJ2=DINDEX
IFLAG=., Te
8o IF{QSTACK(OPP) ED, 1R+) GOTO 180
IF({IFLADB) 100,140
100 DO 130 LimlsJdJl R
DO 120 L2=1,JJ2 ¢
IF(STORE(L2) ED. RNUM(L1)> GOTO 130
120 CONTINUE :
DINDEX=DINDEX+1
: STORE(DINDEX)’RNUH(LI)
130 CONTINUE .
RETURN ) ‘ . -
140 DINDEX=JJ2 '
DO 140 Lim1lsJJ1-
Do 150 L2=1rJJ2 '
IF(STORE(L1? LEQ, RNUM(L2Y) GOTO 140
150 CONTINUE
DINDEX=DINDEX+1
) STDRE(DINDEX)'BTQRE(Ll)
(140 CONTINUE .
I



170

180
190

200

"moonoo

[
-
[

220
230

240

250

. 240

270
275

280

28s
290

X00

310

410

LD 170 L2wt, 02
STORE (L2)=RNUM(LZ)
RETURN . - - 135 -
IF(IFLAG)Y 190,230 '

DO 210 Lim=1,JJ1

DO 200 L2=1,J442

IF{STORE(L2) ,EO0. RNUMIL1}) GOTO 210

CONTINUE

RNUM(L1)=0

Pt e

THE OPTIONAL PARAMETER (HERE S~TH) R=1 INDICATES THAT THE
: ARRAY FILE CAN BE REWRITTEN AT THE SAME LOCATION PROVIDED
! THE NEW STRING SHOULD BE .LE. THE OLD STRING S8IZE.OTHERWISE
A FATAL ERROR IS GIVEN.IN THIS PARTICULAR CABE EVERYTINE RNUM(LL):
THE LOCATION L1(1 TQ JJ1)OF ARRAY RNUM AND RECORD NUMBER L 18 ‘
: REWRITTEN TO O,
CALL WRITMS(3:RNUMsisL»1) R
CONTINUE -
DINDEX=0
DO 220 LisirJJt1 '
IF(RNUNM(L1) +EQ, ©) GOTO .220
DINDEX=DINDEX+1
STORE (DINDEX)=RNUMN(L1)
CONTINUE
RETURN - / , i
DO 250 Lim1yJJ1 / e
DO 240 L2=1,002
IF(STORE(L1) .EQ. RNUM(L2)) GOTO 2%0
CONTINUE
STORE(L1)=0 \
CONTINUE
DINDEX=0 :
DD 260 Li=1,401 , -
IF(STORE(LY) (EQ. 0) GOTO 240 . - : t
DINDEX=NINDEX+1
STORE(DINDEX)=STORE (L1)
CONTINUE
RETURN :
IF(EFLAG) 275,310 ' o
CALL READHS{3,RNUMsJ1rK1) , :
DO 290 Ix1,d2 : )
[0 280 Jm=1,J2 ‘
IF(STORE(J) .EQ. RNUM(I)) GOTO 285
CONTINUE .
GOTO 290 :
STORE(J)=0 :
CONTINUE
DINDEX=0
DO 300 I=1yJ2
IF(STORE(I) ,EQ, 0) GOTD 300
DINDEX=DINDEX+1 .
STORE (BINDEX)=STORE(I) - Coe
CONTINUE

- ——

- RETURN

IF(K1 .NE. O .AND. DINDEX .EQ. 0) RETURN
IF(K1 .EG. 0) GOTO 410

LaK1 _ , .
J1=DINBEX

J2=MTITLE

CALL READMS(3,RNUMrJ2sL)

GOTO 420

L=K2

J2=MTITLE

CALL READMS(3»RNUMprJ2,L)

IF(DINDEX .NE. 0) GOTD 415

DO 416 I=1,,2

DINLEX=DINDEX+1



STURECUINDEX ) mRNUM{DINDEX)
414  CONTINUE .
© RETURN -~ 136 -
415 J1=DINDEX
NFLAGA, T, .
420 [0 440 I=1,Jt o
0 430 J=1,02
IF¢STORE(I) JEQ. RNUH{(J)) GOTO 43%
430  CONTINUE /
GOT 240
435 IF(NFLAB) 436,437
434 KNUM(J)=0
CALL WRITHS(I+RNUMsrirLs1)

GOro 440 .
437 STURE(1)=0 -
449 CONTINUE . ) A
HINDEX=0 '

IF (NFLAG) 450,470

450 HQ 440 1=1.J2

IF(RNUM(IY JEQ, O) GOTD.440

HINDEX=IINDEX+1

STURE(DINDEX ) sRNUMC L)
AL0 CUNDINUE s )

RE TLHEN :
470 DU 440 Is1eJi

IF(STORE(I) EQ. 0) GOTO 480

DINDEX=DINDEX+1 '
] STUKE (DINDEX)=STORE{(I)

480 CONTINUE

RETURN
500 IF(Kt .EQ, O .OR. K2 .EQ. 0) BOTO 520

J1U=MTITLE

J=STITCIP-1)

CALL READMS (3 RNUM: J1,K1)

DU 530 INDEX=1,J1
%30 AUX CINDEX)=RNUH ( INDEX)

CDINDEX1=J)

h1:=0
520 IF{N1 .EQ. 0} G072 Z77
J1=MTITLE
L=K1
GOTO H40
537 J1=STIT(IP-1) .
L=N2 ‘

540 Cal.L REALMS(3IsRNUMreJ1-L)
IF(OSTACK(OFF) L,EQ. 1R%*) GOTO 339
IF(OS5TrACK(OFPY JEOQ. 1R-) GOTO 560
IF(NINDEX1 LEQ. 0) RETURN
Lo 570 JJi=1,0INDEX]

- 575 Ni2=1eJl
TFtAlX Sy WEQ. RNUM(JJZ)) GOTO 370

575 CONTINUE
ALY CI1)=0

570 . LCONTINUE
JI2=0
ng sSne Jat=s1sDINDEX]

IFenrxcJdJ41) LEQ. 0) GOTO 580
JIT= U002+
. AUX IOy =AaUX( LD
580 COMTINUE
DINNEX1=042
RETURN
550 IT(DINDEXL LEQ. O) GOTO 590
: M S50 QJIReJl
Iy 440 Jul=1 DINDEXL
IFCALXCAI2) LEQ. RNUM(JJL)Y) BOTO 450 =



440

650
630

440

360

610

600
570
420

510

770

240

780

750

800

790
g0

700

840

B35
+ B30

Lo INGE ) N
GOTO 630

RNUM(JJ1)=0

CONTINUE

DINDEX1=0

D &40 JJ2m1s 041
IF(RNUM(JJ2) LEQ, 0) BGOJO &40
DINNEX1=DINDEX1+1 . ;
AUX{DINDEX 1 YsRNUN(.1J2)
CONTINUE'

RETUKN

IF(DINDEXL JEQ.,K60) GOTD 590
JIN=DINDEX1

D0 400 JJUZ2=1eJ)

DO 610 JIi=1.,JJA

IF(AUX(JID1)Y LEQR. RNUMCJJ2)) GOTG 400
CONT [NUE

DINDEX1=DINDEX1+1 : -
AUXCDINDEX1)aRNUMJI2)

CONTINUE

RETURN

o 420 Jd=1,J4

AUX (LI Y SRNUHCDIL)

DINIEX=J1

KRETURN

FELOF=.T, .

IF(OINDEX ,EQ., O iA., DINDEX! .EQ. 0O) RETURN
IF(USTACK(OPF) JEG. 1RX} GOTD 700
IF(OSTACK(OPP) LER. LR-) GOTQ 750

IF(LUINDEX .EQ. O .OR, DINDEX1 .EQ. 0) RETURN
LD 760 JJ1=1,DINDEX

00 770 AJ2=1yDINDEXL

IF(STORE(JIL) JEQ. AUX(JIJD)) GOTQ 740
CONTINUE

STURE (JJ1)=0

CONTINUE : \
JIr=0

no 780 JJ4i=1,DINDEX

IF(STORE(JJ1)Y (E0. 0) GOTO 780

NNERESN RS

STUORE()J2)=STORECJJL)

CONTINUE

DINNEX=022

RETUKN

IF(UINLEX1 JEQ. 0) RETURN e
IF(DINDEX ,EQ,0) GOTO 790 )
JIA=ILINDEX

DO 800 JJ1=1,0INDEX1

L0 810 Ju2=1,JJ0

IF(STORECIIZ) JEQ. AUX(JJL1)) GOTO BOO
CONTINUE

TPINDEX=DINDEX+1
STORECHINDEX)=AaUXC(2J1)
CONTIHUE

RE THERN,

Dy 820 DINDEX=1,DINDEX1
STORFC(HINDEX Y=AUX CIINDEX)
RETURH

IF(NINDEX L(E0. O ,0R. DINDEX! LEQJ 0) RETURN
Ty 50 A1 =1DINDEX i .
) 440 2J2=1,DINBEXL

IFC(SIURECIIL)Y LEQR. AUXCLJD)) GOTO B35
CONTINUE

GOTU- 830 .

STORE(JJL)I=0

COHTINUE

~T137 -




830

JJASDINDEX
‘DINDEX=0 . ‘ - 138 -

TR0 AS0 JJi=1,0JA

IF(STORE({JJ1) .EQ. O) 0OOTQ B850 ' 7

DINDEX=DINDEX+1

STORE(DINDEX)=STORE(JJL) © .

CONTINUE

RCTURN

ENII -

SUBROUTINE RANMOD(I,RELDOC,LL2+STORErJrRERROR) -
COMHMON HTITLE,RNUM(5000),HDOC(700L)
COMMUN/RILKL/RCKN e RATIOrSAVEL rHN(110) »MATTERM(110,20) rNPRINT(4)
COMHON/BLK2/AsNLOE s HeCo X o PHI +PHISAs DELTA s PCrPNrRFLAG HASKE y HASK2
DIMENSION RELUOC{1)¢STORE(1) LOCAL(100)

INTEGER RNUM/RIMI,RICHMI»RELDOC,STORE,SAVEL

LOGICAL RFLAG,REKKUR IFLAG

DATA LOCALZ100%0/ ®

C XX IS ASSIGNED TO BE THE SEED FOR FSEULD RANDOM NO.

C WH

c

100

111

1064
6001

107

4000

6004

4005
4003

119

S112
101

109

ICH INTURN DETERMONE THE WEIGHT ASSIGNED TO THE I-TH TERM

‘KLM=IJ)aHaM2=0

JF\@FLas) 105+100
XX=(I4FCIXCXPHISA

CALL  FKANSET(XX) . .
RI=RANF (DUM) _ .
IF(RI .GE: 0. ,AND. RI ,LE. PC) GOTD 103 .

IF(RI .Gf. PC .AND. RI .LE. PC¥PN) GOTD 104

XX=(I+X)XFHI :

CALL RANSET(XX) N .
INDEX=1 :
Y=RANF ( DUM)
KhK=Y%X5000+1
IFCKERKOR) 111,106
IFLI\G=-F .

INDEX=0Q

GUTO 4000 . r
RNUM(1)=KK . ’

IF(HTITLE LEQ. 1) GOTO 112

IFLAG=, T,

Y=RANF {TIH).

RK=Y%X5000+1

IF(KCKROR) 4000,5003

KN2=KK ,OR. MASK1

IF(KNUMCRE) LLT. 0) GOTO 102

IF(KRK2 LEQ, RNUM(KK)) 0OTD 4004

KLMSKLH+1

LOCAL {KLH) KK

RNUH{KKY=KK .OR. MASK2

GOTU 4005 - .
KNUM{KK}=KNUM(KK) OR. MASK2 -
IJJ=1)41- ' '

IF(IdJ-0Y &DOS, 4008 -

INDEX=INUEX+$1

IFCIFLAG) 102,4001

DO 119 LKL=1, INDEX

IF(KNUMCLKLY JEQ., KK) GOTD 102

CONT INUE

INIEX= INIEX+1

RMNUMCINDEX ) =KK

IF(MTITLE .EW. INDEX)GOTD 112 ’

GOTO 107 .

IF(RERROR) 109,101

CALL WRITMS(3sKNUH MTITLE,I) 9

RETURN _

IF(IJJ 6T, O ,0OR, KLH ,0T. 0) GOTO 4008.

» .



103

104
105

[ 8] oo
5]

I 5]
o]

(8]

IF

wWOoR

<

85
50
|0

81

7004

7005

40

AW R VEY, ]

XXH(IiﬂELTA)tCtPHISO‘

CALL RANSET (XX} - 139 -

Y=RANF ([IUM)
RATIO=14+YXLELTA

LF(NPFRINT(1) .EQ. 1) PRINTH:IsRATIO
IF(RATIO .GT. H/MTITLE) RATIO=M/HTITLE
GOTO 105 ‘

RATIURL

REI=CXRATIDXMTITLE

RICHIsRRY,
MINRICH=HTITLEX(1-CkRATIO)

RIK I sk ~RICMI

IF(RKR1 JER. 0.0) GOTO 7
IF(KRRR1-.5)11,11,13

-HIMRICH&MIMRICH1

Gurg 7
RICHI=RICMI+1

XX=(I+X)XFHI
CALL RANSET(XX)

INDEX=0
Jaray

Y=RANF (DUM )
AK=YXS000+]1
CALL. RANGET(Y)

CHECK FOR REFEATITIONS OF DOCUMENT NO’S AND IGNORE HULTIPLE
OCCURRENCES

IF(KRERROR)Y 22,20 .
IFLRNUH(KK) LLT. 0) GOTO 45 -
GOTo 30

IFCINDEX .EQ. 0) GOTO 30

LO 25 JJ2=1+INDEX .

IF(KN JEQ, RNUM{JJ2}) GOTE &%
CONTINUE

KC(DOCT.NO.) .LE. C THE DOCUMENT IS RELEVANT ELSE NON-RELEWANT

XX=(RNtX ) kCkPHI
CALL RANSET(XX)
RCKK=RANF (DIUH)"
IF(KCKNK LLE, C) GOTO S0

CALL RANSET(Y) ' y
M2=MZ 41 -

IF(H2 JLE. MIMRICM) GOTO &0 - : .

GOTO &5

HI=M1+t1 .

CALL RANSET(Y) .

IF(M1 .GT. RICHI) GOTO &5 "
IF(RERKOR) B1,49

WAZ=KN LOR. MASKT ' s

TFCAN2 LEQ, RNUMIKK)) GOTO 7004
ALH=KLM#1

LOCAL (KLMY =KK .o
RHUM(KNKN) =KK .OR, MASKZ

'GO10 7005

RNUMIKK ) =RNUMIKK)Y ,OR. MASK2:
La=100+1

IFCIA-0Y 70054008
INDEX=INLEX+1

GATO &5

IF'(”\EF\‘!\'UR) 81,49




&9

eOOOODOD

73
4008

4015
7800

7900

25

30

10

14
15

20

INDEX = INLEX+1

“RNUM ¢ INDEX ) =KK =140 - S : )

WRITHS ROUTINE TRANSMIT DATA FROM CH TO MASS STORAGE DEVICE
. AT THE SPECIFIED LOCATION.
3 IS THE UNIT DESIGNATOR(NOTE! Us3 SHOULD BE THE SAME AS OPENMS
TO OPEN THE MASS.STORAGE RANDOM FILE,
RNUM 18 THE ARRAY FILE WHWRE THE RECORD IS STORED
MTITLE ARE THE NUMBE OF ELEMENTS IN THE RECORD I
I INDICATES THE RECORD NUMBER.(ANALOGOUS TO TERM NO.)
IFCINDEX .EQ. MTITLE) GOTO 70 . "
JItmJdi+e
GOTO 10 i : '
IF (RERROR) 4008, 73
CALL WRITHMS(3sRNUMsMTITLE,I) . .
RETURN . . )
DO 4015 KLMimlsKLH )
RNUM{LOCAL (KLM1))=0
LOCAL (KEM1)=0
DO 7900 NNO=1s)
IF (RNUM(RELDOC(NNO)) .GE, 0) GOTO 7900
MN CNNO ) =MN (NNO) +1

"MATTERM(NNG»HN(NNO} =1

RNUM(RELDOC (NNO) y=RNUM(RELDOC(NNO)) .AND. -MASK2 |
CONTINUE ! ) .

RETURN

ENL. .

SUBROUTINE BORTING(SARRAY LL?} i : : . -

" DIMENSION SARRAY(1)

INTEGER SARRAY

ICOUNT=0

Do 30 L=isLL

IF{SARRAY(L)} .LE. SARRAY(L+1)) GOTD 30

NUMeSARRAY (L} :

SARRAY (L)=SARRAY(L+1) o )
SARRAY (L.+1)=NUM ‘ . ' \\h;.
ICOUNT=1 ) , ) . . 5
CONTINUE : .
IF(ICOUNT .EQ, %) GOTO 25

RETURN ' -

ENIH .

SUBROUTINE MEASUR(STORE,RELDOC,LL1,DBINDEX)

COMMON/BLK2/ AsNDOC,MTIT+CrXsPHI'PHISQ»DELTA+PCrPNrRFLAGyHASKL rHASK2
DIMENSION STORE(1),RELDOC(1) .
INTEGER STORE(RELDAOC,DINDEX 5
IF0=0 : .
TOTAL=DINDEX ; .

cC=L11 ‘ .
D0 15 LH2=1,LL1 - . ‘ 4
DO 10 LMis1,DINDEX

IF(RELDACC(LM2) .EQ, STORE(LM1)>) GOTO 14

CONTINUE .

GaTe 1s :

IF0=IPO+] , :

CONTINUE

PR=IPO/TOTAL

RCC=1PO/CC

WRITE(6,20) PR#RCC . .

FORMAT(1Xr"THE PRECISION PR="F4,2/1Xr*THE RECALL RC="sF4.2)

RETURN

END
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T APPENDIX C
Results for on-line uszr gueries '
NeA000C M=S5000 Dw7000 , : ’

FOR I-SO’IOOrISO RI= 30

PE--,oio PN= .300 DELTA=100.0' X=.00001 C=.010
. *5

]

PLEASE GIVE YOUR QUERY ACCORDING TO THE ‘FDLLOWING" INSTRUCTIONS

t. USE SIMPLE INTEGERS FOR TERM VALUES ' .

2. FOR LOGICAL CPERATORS (AND)» (OR) » (NOR) USE (+)-(—);%ﬁ) RESPECTIVELY

3. USE PARENTHESI' FOR HIERARCHICAL ORDERING OF QUESTION LOGIC

4. LEFT TO RLIGHT : *OCESSING 18 DONE OUTSIDE PARENTHESES AND RIGHT TO LEFT INBIDE
5, AT THE END OF E. °H QUERY TYPE DOLLAR SIGN (%) AND RETURN )

&, TO EXIT FROM QUERY #ROCESSING TYPE.A SLASH SIGN (/) AND RETURN

USER FRINT OPTIONS

USERS HWAVE FOUR PRINT OPTIONS TO CONTROL THE ouUTPUT! “
1) OPTION (1) .. PRINT TERM NUMIERS AND RELEVANCE RATINO FOR CONTENT TERMS ONLY
2y DPTION (2) o« PRINT pac.TERM LIST FOR RELEVANT DOCUMENTS IN THE DATA DABE

3) OPTION (3} .. PRINT poC.T.<H LAST FOR RETRIEVED DOCUMENTS . .

4) OPTIOH (4) . PRINT poc. " =RM LIST FOR RETRIEVED AND RELEVANT DOCUMENTS IN THE DATA BASE

-
PLEASE FOLLOW THE INSTRUCTIUNS TO EXECUTE ANY OF THE FRINT OPTIONS _ .
A. AN OPTION IS EXECUTED BY INDICATING A BINARY 1 AT THE COKESPONDING OPTION LOCATION
B, I A DINARY 0 IS FOUND Y.EM THE' PARTICULAR OPTION WILL NOT BE EXECUTED
C. AT THE FIRST INPUT REQULST SPECIFY ONE’S FOR OPTION TT BE EXECUTED.AND ZERO FOR OPTIONS SKIPPED
NOTE! THERE SHOULD NOT BE 7Y EMBEDDED BLANKS BUT A STRING OF 1’S AND OR 0°S.

FILLEASE SPECIFY FRINT OPTION':
7?1100

- USER QUERY ;

7 so+100+1508  (QL)
159 59.289142230446 .

193 1,74142%451153 ) : '

. arp v.033792340538 .

307 B4.24437670938

10 gS,08208757152 g
27 25,246455056412°

A7 15 ,7660371175 ] - '

495 .7.71681378481 ' -
AT 15.902401934639 :

SAe. 51, 12575618926

20 TA.54247216845 -

474 75.,00918067419

774 23,90146958397

791 24,45370364475

293 2%,10041217049

.+ p93 93,v92%0108027

910. 94.74493516103 :

912 15.1%14643664679 = o
1012 94.08413257457 .

1014 24,53084108231

10729 94,835164645735 . :

1131 BY.48543262553

1133 4,9087846870403

1353 42.81682302948

1348 43.77398443%

17387 43.56085711046

1802 44.52601871979

1572 31.50418441091 .

.
-



(1591

1606

1425
1440
1444
1810
1825
1829y
144
18463
1878
J047
2082
2006
2101
2138
2305
2420
2324
2339
2741
3740
279
2/vU0
209
2Bl
2a0o
2034
2U4f
3234
aznn
Jlhb
274
TOED
R
3304
3323
3342
3712
3731
3742
3750
37461
3747
3700
3zye
o 3014
qA139
4158
A8
207
Allf
A2
4247
4245
4206
4779
an77
a61%
4654
44653
ahaa
A603
4713
4/21
4752

62,90805452598
32,2562184917

463.64000840676
44.461725021409
63.4549461078200
31.59541590/21
J32.552457751604
G2.99720402220
A3.9564474314

&3.,759132010306
64,70848171237
43.,07051751858
A, 0476791279

4. AVA3B7463345
63.8425515Y7346
44,959450560015
&63.18174901448
64.,13091046242

PA4.585461912795
63.P3I70307564
1.06000012314

32,575242050048
$2.A7267820021
32.327011452494

33.4.vH3209753

A2, AYSBRTLRET
2, 30774813324
63, /73984639
33.200471236099
32.66647354070
AN.54370978451
1.0144637514493
32,46134407024
33,.521071 393683
37,35020225597
33,410507429%56
64,9349415089
33,01330010102
2L 7EPI0504500
30,4551 4120061
33.71404466504
3DLE5NET7514654
33.464230009013
32,45001375227 ¢
33, 509749 1 05HE
65,0141 730052
33.30441150732

100.38534120427 ©

31.,89177493206
3. 040934654138
3. 2A637077711

33.H0LOPHILOY

A2, 464300901004
33.70351438443-
A2.54100%20057
A3, 60097060016
HY 1074005015
T00. 6017000776
UL 0NLSI0EYES
31905006446
1. 08044266409
32,94014003740
30.0376000735491

B3, 2947440023
&, DALa7430al
I3 AYI0T L1144

-
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s .

N

L

o«

1

4751 43.1986359978
5030 51,22831995353
5048 51,12575610906

T 5106 51.02319242499

5128 52,08291779858

5144 50.9104620464072 .

S14é 51.90035403431
5102 02,42706254004
5204 83.444708791345
5200 B2.104490877L79
5o 0 83.334?2414938
SAvN 50.74907301480
SL33 50.44150974061
S55L S51.7012346042)
NP3 51,59047085994

5631 #3,10510473927 '

S65E . 555883244924
S64% HI.000540975 -

SA71 S2,453246U70499

S/0Y U3 ,.95970290433

5747.°83,05713002004

s942 ¢1‘519‘=144935

4070 H51.214987485 .
6058 s:.':343156414 .

AVHO 52,17414929408 .
Ov4 82,46200%7H0043

6118 52,071585%%3041-

4131 §2,51829403434"

&156 B3.57801940995

4194 03,47545554560

447 50.84353045111¢8 //

6405 50.73374074491
503 f1D,039174460405 /
545 51,40990235404 i
6503 B3, 1963342355
64201 83,0937724713
64643 BA,1L3A978A4%
459 BZ,Y9IT0HT0703
E4UI BALOL0YIA00063
4719 B3,94037031636
6970 41.30001910184
RELE
604
1388
2099
3425
4392

THE FOLLOWING AKE TH
132 1427 235 520
1069 1140 1241 1370
10825 1904 1970 207
2787 2923 3001 310
AZ9D 4317 434D A3s

LI

THE FOLLOWING COCuy

132 724 1320 13 1972
THE FRECISION £R=f JooO

THE RECALL RC= .1

DOC.NO. 132 CONTAINS THE
S50, B& 100 123 150
LDOC.NO. 142 CONTAING THE
500 49 99 KO 159
4435 : . '
L ¢

poc. N0, 235 c0~1n'Ns THE
100 307 427 BiS

VANT DDC’S: ,
6922 724 B985 984 1001
1413 1540 15AS. 14653 1732
Q257 2393 2418 2737 2742

- 143 -

4561 3504 38H0 3905 3930

4439 A955 4980

2057 2,93 3930

TERMS
15% 1902 2084 4721

JTERMS

S0, 427 774 148B 4275

TEKRMS
1217 1810 2305 S653

1oL . ND, 52 deTﬂINS THE TEKMS
uO /25 l 307 1353 1572 34450 A0 4719 4B86
: <
NP
’ v \“*‘j

NTS ARE RETRIEVEL BY _THE ﬂUEﬁYl



DOC.NO., 406 CONTAINS THE
50 72 100 125 1%9
DOC.NO. 492 CONTAINS THE
50 381 420 893 1387
DOC.ND. 724 CONTAINS TME
50 54 100 150 159
BOC.NO. 898 CONTAINS THE

30 159 322t 308 1829

DOC.ND. 984 CONTAINE THE
50 80 100 2200 4490

LOC.NO. 1001 CONTAINS THE
S0 75 100 545 1591

DOC.ND. 104% CONTAINS ‘THE
L83 149 150 192 472
4118 4583

DBC.NO. 1148 CONTAINS THE
90 159 337 ' 544 11314

DOC.NO, 1241 CONTAINS THE
S0 159 307 345

LOC.NO, 1320 GONTAINS THE
900 4% 100 150 313

DOC.ND. 1388 CONTAINS THE
50 78 100 150 423

Doc.No.
102

1413 CONTAINS THE
159 307 477 1029

DOE.ND. 1540 CONTAINS THE
50 159 . 308 427 Sa4

DOC.NO. 1585 CONTAINS THE
S0 .97 121. 150 278

DOC.ND. 1453 CONTAINS
- 30 308 427 477

THE
672

DOC.NO, 1732 CONTAINS THE
50 100 159 477 524

LOC.NO. 1835 CONTAINS THE
50 62 1012 1014 3002

DOC.NO. 1904 CONTAINS THE
S0 74 150 S04 479

DOC.NO., 1972 CONTAINS THE
S0 100 150 742 910

DOC.NO. 2074 CONTAINS THE
SO 191 774 2067 42704

DOC.NO. 2099 CONTAINS THE
50 100 181 472 a7

~
DOC.NO. 2257 CONTAINS THE

o - LY “Tencp AT

791 Bga5 4591

L0533

TERMS
B93 1029

TERHS
2101

TERMS
427 893 1401
TERMS

5593 5469

TERMS
5261 A0TB

TERHS |
1844 5182 5982

TERMS
741 1843 5048

TERMS
4870

TERNS

TERMS
427 245 2082

TERMS
427 791~3790

TERMS
5431

TERMS o
674 B4l 1944
TERMS ~ ¥
1012 1840

TEAMS
715 1340 5144
TERMS

1029 2324.

TERMS

1
-

TERMS
791 910 1131

TERMS

1012 1444 1878

TERHMS
TERMS
59478

TERMS

TIHFIN ANTIA L AD

3799

B5220 4003

3355 4194

2320 4237

4022

-

5144 4485

5030 4423
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LTV R VIV Y TV 1T F A KPR L A 1
DOC.NO. 2393 CONTAINS THE TERMS
50 100 1850 159 .225 235 308
5801 4898
"HOC.ND. 2418 CONTAINS THE TERMS
S0 41 %4 100 308 545 4481
DOC.ND. 2737 CONTAINS THE TERMS
50 5% 307 693 1425 1540 4729
1 .
DOC.NO. 2742 CUNTAINS THE TEKRMS
56 51 138 345 477 793 1131
4694
[0C.NO. 2787 CONTAINS THE TEKMS
50 100 159 910 912 979 1012
8156 6545
DOC.NO, 2923 CONTAINS THE TERMS
S0 100 54% 1402 1634 5729
DOC.NO. 3081 CONTAINS THE TERMS
50 88 191 307 405 910 5128
LOC.ND. 3104 CONTAINS THE TERMS
S 150 159 307 308 340 47 2339
DOC.ND. 3425 CONTAINS THE TERMS
50 100 308 477 495 774 3323
0DC.ND., 3561 CONTAINS THE TERMS
50 53 544 753 774 1027 1709
DOC.NO, 3584 CONTAINS THE TERMS
50 224 477 774 - 791 1606 3210
-
“OOC.ND, 3880 CONTAINS THE TERMS
59 4B 195 214 477 472 1487
D0C.NO. 3905 CONTAINS THE TERMS
80 444 1348 1387 1402 1828 4843
L0C.NO, 3930 CONTAINS THE TEKRMS
50 53 40 100 150 15y 307
=B37
[OC.ND, 4292 CONTAINS THE TERHS
' S0 100 151 308 4722 706, 5767
0OC.NO. 4317 CONTAINS . THE TERHY
50 150 249 355, 544 3022
NOC.ND, 4342 CONTAINS THE TERMS
S50 307 &74 1348 2084 4096 6972
DOC.NO. 4347 .CONTAINS THE TERHS
50 75 159 2546 54691
[OC.NO, 4392 CONTAINS THE TERMS
50 57 70 100
DOC /NO. 4439 CONTAINS THE TERMS
50 5B 15Y  30®
0 a

AlA2

3355 4751 5104

-
pe ]

1353 3553 4523

1997 5204 6134

9334

5443

6080
2834
6447

594

791 1230

-~ 145 -



LOC.NO. 4¥53 CONTAINS THE TERHAG

350

DOC.HD. A980 CONTRINS THE TERMS

S0

150

159 307 308

159 3520 4459

S22

PLEASE SFECIFY FRINT OFTIONS

7 0000

USER QUERY
7 50-100-1503 (Q2)

THE
132
1069
18325
2787

A292°

1462
1148
1704
2923
4317

235
1241
1972
3081
4342

320
1320
2074
3104
N3467

606
1188
2097
3425
4392

FOLLOWING ARE THE RELEVANT

&72
1413
2257
33541
4439

572

2135

nocse

7248
1340
2373
3506
4955

g98 .

1565
2410
1880
4980

THE FOLLOWIHG DDCUHENTS ARE RETRIEVED BY

33
527
1001
1a50
1732
20038
0a15
D740
3002
3502
3755
N7
Av 44

THE FRECISION PR=

123

405
1049
1509
1751
2006
2373
2762
3074
3941
Ally
4562
a4%00

132

406
1148
1527
1777
2042
2392
2747
3106
ASoa
4192
4504

THE RECALL RC=

1462

434
1241
1540
1825
2043
2393
28724
3235
34607
4202
4530

P24

235

492
1308
15614
1904
2074
2414
2047
K]
3453
42092
4639

37

263 -

724
1320
1509
1910
2000
2477
AL R
4544
2470
4317
A654

370

755
1328

w97
1917
2099
2040
2ehA
2425
3741
A%al
4703

421

neo
1501
1453
1929
2170
2603
A0T%
3430
3004
AL467
4707

86463

?84
1453
2737
3705

THE QUERY!

A4
‘901
1368
1474
19463
22450
27357
3059
3470
3912
4302
AF06

FLEAGE SPECIFY PRINT -OPTIONS

T 0000

" USER QUERY .

7. 504(100~150-159-307-308-477-774)% (Q3)

THE FOLLOWING ARE THE RELEVANT LOC’S!

132 142 235 520 4046 492 726 893 984
1069 1148 1241 1320 1302 1414 1540 1583 14653
1825 1904 1972 2074 2077 257 2393 24l 2737
3787 .2923 3081 3104 34T RIAN IS4 3000 3IV0T
42932 A317 A342 4347 4392 4437 AY3S AY00

1
THE FOLLOWING LOCUMENTS ARE RETRIEVED EY THE

132 142 520 406 716 HYND Y04 1001 1140
1320 13460 1540 15UY 165d 1732 t1vva 19720 2074
DNS7 NAVE 2410 DFIV 2742 2707 DOrI 3001 3405
JLBS AP30 42Y2 AS7 434 ALA7 A3 AL4T AYLYS
THE FRECISIUN FR=1,00
THE RECALL RC= ,u3

FLEASE SIFECIFY PRINT OFTIONS
7 0000

USER QUERY

1001
1732

azasld
3230

520
204
1399
1703
1972

oo 2

220

2740
Jout
514
330
A435
4955

1001
1732
27462

JP30

QUERY?:

1241
2000
KEHTO
4900

~ 146 -

T (50F(100-150-159-307-300-477-774))~(307+4274(100-15031% { Q4 )

THE FOLLOWING ARE THE RELEVANT LDE‘S!
132 142 235 520 406 492 704 B8RO
1049 1148 1241 1320 1300 1413 1940 1503

784

1001

1453 1732



LOAW 1140 104 1320 1340 1413 1540 15685 1453 1732
1825 1704 1972 2074

2787 2923 3081 3104 3425 3561 4506 368D 3903 3930
4292 4317 A3A2 4347 4392 44639 4955 4¥00

THE FOLLOWING DOCUHENTS ARE RETRIEVED bY THE QUENYI

132 142 235 520 404 724 4B 904 1001 1148
1241 1320 1388 15460 158S 1653 1742 1704 1972 2074
2099 2057 2393 2418 2737 2747 287 2933 3081 3104
3405 3541 3506 3IPI0 ANYD A%17 AR4D 4347 4392 4639
4955 4980 - -

THE FRECISION PR=1.00
THE RECALL RC= .88

FLEASE SPECIFY PRINT OPTIONS

T 0000

{JSER QUERY

T/ s )
48.915 CP SECONDS EXECUTION. TIHME

/bue

KEMSI?2 LOG OFF- 15.52,04,

KEMSI?2 SRU 74,073 UNTS.

g

2099 2257 2393 2418 2737 2742

- 147 -
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