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Abstract. The promise of the information age entails controlling the potentially
unwanted flux of information from sources to their receiving end-users and
delivers just the relevant information. Moreover the Internet size necessitates
scalability of algorithms used to locate and track resources. As the number of
these Internet servers increases rapidly, it becomes difficult to determine the
relevant servers when searching for information. To address this issue, it is
necessary to formalize the queries and the servers and develop a measure of
similarity between them. This paper reviews various measures of similarity and
proposes a new measure, which is an improvement over the existing measures.
The focus is on Boolean environments, as it is generally believed that Boolean
expressions can precisely describe a server's contents as well as a user's
information need. Users can send queries to the top-ranked systems and obtain
most of the relevant information. To compare the performance of the existing
measure, we conducted two case studies on Compendex databases. The paper
includes the details of the case study experiments and performance comparisons
of the proposed measure with those available. The results are found to be
encouraging.

1. Introduction

The servers on the Web represent a vast potential resource. For novice users, they
have no idea where to send requests. For experienced users, they may miss new
servers having information they want. Because each users requests vary, it is
inappropriate to broadcast requests to all servers. This overwhelms. the underlymg
networks and overloads irrelevant servers. One step to solve this problem is to
determine relevant servers before the real search starts.

The emerging suite of tools for finding and discovery of interesting information from -
the internet such as WWW, Gopher, Archie, Nomenclator, WAIS etc., lack some
functionality’s in user’s interest mapping and sometimes returri inconsistent
information. In the current scenario, and anticipating the importance of this
technology for future research we have pursued the study on the similarity measures
that can greatly improve the searching process in today’s world of overwhelming



information. Boolean similarity measures gives users a ranked list of relevant sources
based on their similarities with respect to a query so that it becomes easy to search
and locate desired information and filter-out unwanted ones.

The main objective of this paper is to introduce a new and efficient Boolean Similarity
measure that is based on Jaccard Coefficient, and is an improvement over an existing
method and compare the performance of the new measure and the existing measure
against the Jaccard Coefficient (applied on an operational information retrieval system
(IRS)) and present the experimental results. In section II we discuss the existing
similarity measures and in section III we introduce a new Boolean similarity measure.
In section IV, the case studies and the methodology for comparing the performance of
the existing similarity measures with the new similarity measure as well as the

implementation of the new similarity measure using client-directory-server model is

discussed. Finally the conclusions are discussed in section V.

2. Existing Similarity Measures

The degree of similarity as determined by the document retrieval system, between
Document Representations (DR) and Search Request Formulations (SRF) is the
system's estimation of the likelihood of usefulness (relevance) of a document with
respect to the user's query. It can be well explained by the Jaccards coefficient which

. is one of the popular coefficients of associations [Rijsbergen, 1975].

Let X and Y be the set of index terms occurring in two document (or request)
representatives.
Then according to Jaccard’s Coefficient

xny M
Xyl

|XNY| gives the number of shared index terms.

|X U Y| accounts for all the information contained in X and Y

An adaptation of the Jaccard's Coefficient to a given information retrieval system as
proposed by [Radecki, 1982], lead to the formulation of the query similarity measure
S as given below.

Let w(Q) be the response sets of documents applied on a document representation R,
containing @(R) set of documents. The similarity value S between Q and R is then
defined as the ratio of the number of common documents to the total number of
documents in Y(Q) and @(R).

$(Q, R) = [w(Q) " o R) . (2”)
" WQ v o R))

Where M denotes set intersection, U denotes set union and |.| gives the size of a set.
Since all the documents satisfying query Q belong to cluster R (i.e., W(Q) < ¢(R)),



S(Q,R)= Q)
3

| o(R) |
The similarity measure based on Jaccard coefficient as presented above is one of the
accurate measures and may be used in all types of IRSs. It may work well in
traditional IRSs, which has documents in a single database or where the database size
is small. But in a distributed environment such as in Internet, to determine the relevant
servers based on the estimation of "similarity", a query has to be sent to each one of
the information servers to determine the coefficient of association and then rank the
servers relevant to the user's request in a descending order. Furthermore, if the
similarity is calculated based on the query results from every information system, the

searching order is no longer needed because already the system has been searched.

In order to overcome the limitation mentioned above, [Radecki, 1985] proposed
another similarity measure S* that is based on only the to-be-compared Boolean
expressions which are Boolean combinations of index terms and is independent of the
responses to the queries and hence independent from the variation in the subject
matter of document collections. According to this similarity measure, the system
response to a given query is the set of documents whose representations satisfy the
logical requirements of the associated Boolean SRF. Any Boolean SRF can be
represented in disjunctive normal form, which is a union of set of documents whose
representations are true with respect to the corresponding index terms.

Let g; and q; be two Boolean SRFs consisting of T,T, of index terms. In S* each
Boolean expression is transformed into its Reduced Disjunctive Normal Form
(RDNF), which is the d1s1unct10n of a list of reduced atomic descriptors. This is done
in the following steps: .

Distribution: Distribution is performed on the query g, by applying the distribution
law, so as to transform it into its CDNF (Compact Disjunctive Normal Form) which is
a disjunction list of Compact Atoniic Descriptors (CAD) as given below: :

t, V)AL, =(t At) V(L AtL), @
Where t,, t, and t, are descriptors and (t, A t,), (t, A t,) are compact atomic descriptors

Transform: Each compact atomic descriptor is expanded to contain all the index terms
in both the queries put together, i.e., (TUT, of descriptors) in both its original and

negated form. This can be done by mu1t1p1ymg those index terms from T that are not -

present in the compact atomic descriptor using:

t=(t, AtV (L, A~ (5)

Where t, is a compact atomic descriptor and t, is the index term that is not present in t,.

The resultant is a reduced atomic descriptor that contains all the descriptors (onglnal ’

or negated) in the to-be-compared Boolean expressions. The disjunction list of such
reduced atomic descriptors forms an RDNF. Thus, $* proposed by Radecki, using
Jaccard's coefficient between the two RDNF's is defined as the ratio of the number of
common reduced atomic descriptors in g, and g to the total number of reduced atomic
descriptors in them as given below:
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S*(q, 9) =

Where (4;)r,r, and (q;)x, 1, are the RDNFs (Reduced Disjunctive Normal Form)
of g,and g,

Example 1: Let, q, = (t, A t,)v ~t;
©@=(HVE)AtLs

In this case, T, = {t,, t,, t;} and T, = {t,, t,, t,}. Hence T, UT, = {t,t, t,, t;}

Step 1: To calculate S*, we first perform distribution on the queries (q,) and (q,) to
obtain their compact atomic descriptors )

(@) = tity v ~ts
: (Q2) = tots v tats
Step 2: Expand each compact atomic descriptor of each query to obtain their RDNFs
(q)7T, T, and (g,)T, T, respectively. '

(ql)Tl = fifhts V t1f~ts VG ~t~ts Vo ~ttyts Vot~ s
(ql)Tl UTZ = titatsts Vv fity~tats Vo tithts~ts VoLt~ ta~ts Vot ~hts~ts VoG~~~ ts v
~t1hty~ts v ~tt~ts v ~t1~t2t3~t5 V ~y~tyty~ts
(qz)Tz =tsts V t~tsts V ~ptsts
(qZ)Tl UTZ = f1htsts V ~titotsts Vo tit~tsts v~ th~tsts Vot ~itsts vV "’t1~t2t3t5

Thus, S*(q,, q,) =2 =0.143
14

Applying the above example to our Query-Server environment, if a user query is
compared against N server descriptions, it needs 2N RDNF transformations to
calculate the similarity between them. This method suffers when the number of server
descriptions is large and users query frequently. The system will spend significant
amount of time recomputing RDNFs and consequently will perform badly. To solve
this problem, a new similarity measure is suggested in this paper which is a
modification of Radecki's method, based on the idea of Shih-Hao Li (1997), so that it
need not recompute RDNFs of server descriptions while still providing statistically
equivalent results.

3. New Similarity Measure

The new similarity measure S®is an improvement over the Radecki's RDNF approach
which is independent of the underlying information systems, independent from the
variation in the subject matter of document collections as well as requires less
computation, space and time. Moreover, it is based on only the descriptors in its



queries and not introducing new descriptors from the other query pair i.e., it is
independent of those in the other, to-be-compared query pair.

To be specific, the new measure is dependent only on the CDNFs i.e., on the results of
the step 1 alone obtained in Radecki proposed S*, that consists of only a subset of
descriptors occurring in its own disjunctive normal form. This can be explained
further.

~Let Q and R represent two Boolean expressions and TQ and TR the sets of the

descriptors that appear in Q and R respectively. 6 and R are the CDNFs of QandR
respectively. ’Gi indicates the ith compact atomic descriptor of 6, R the jth

compact atomic descriptor of ‘K, and Té and T}{ the sets of descriptors in Q—i and -
ij, respectively. Suppose there are k common descriptors between Té and TIJ;,
ie., | Té N Tli | =k, and m and n are the numbers of remaining (unique) descriptors in

Tci) and Té respectively. Then

Gi =(C,AC,A...C AL ABA...AD) » @)
Ej=(cl/\cz/\..,ck/\bl Ab,A...AD) ®

Té ={Cps Cpps Cop By By -1y A} (9)

T ={c,cpercubyby.nb} - | (10)

Where c,...c, are the common descriptors between 6' and R’, a,...a,and b, ... b,
~ are their remaining descriptors. From observing the above it is obvious that the

numbers of reduced atomic descriptors in (Q' )T& ot is 2" and in (ﬁj)Té ory it 2"
respectively. Applying eqn. 6, '
Since |A UB|=|A| +|B|- |AnB|, from Equation 14 it follows that

S*( (21 ’ RJ)= v |(Q1)T(i)UTl{ N (RJ)T(;UT]J; | (11)

I(Gi)T‘EUT‘j{ I+ I(EJ)T(IZUT]J{I - l(—Q—i)T&UT’j‘ N (Ej)TéuleJ

1 (12)
2" +2" —1



1 (13)

T4 -1 -T4
e Tol | =Tl _4

Similarly, if a reduced atomic descriptorin (Q'),; ; contains t and every reduced
Q R

‘

atomic descriptor in (R”)_; ., contains ~t, then
QYT

$*(Q', RY)=0 a4
The individual similarity measure s® may then be defined as ‘
2(Q,Rh=0 if To 0 T =¢or Stsuchthatte Ty, ~te T) otherwise it
is T
= 1
2[1‘,{—T&| + 2[F&—T,{| -1

(15)

where | T] - T | is the number of descriptors that appear in T but notin T and
R Q R Q

Tci) - Té | is the number of descriptors that appear in T(i2 but not in T,{ .

The similarity measure S® between Q and R is defined as the sum of the individual s®
given by '

|

(16)

Ing|

| —_—
s°(Q",R’)
1

o Q| |
S°QR)= 2,

Where |Q'| and |R’|are the number of compact atomic descriptors in Q and R
respectively.
As shown above, the individual similarity measure can be obtained from examining
the difference between the two CDNFs without transforming to their RDNFs. Hence
it avoids the complicated computing process of RDNFs,
Example 2; Following the same details as given in example 2,

Q1 =(t Aty v~ts

Q= (vt ats

On applying distribution, the compact atomic descriptors of q; and g are,

(Q) =titz v ~t5

(q2) = t2t5 \" t3t5

—(ﬂ =tt, Tcil = {t, t;}
qlz =~ _ qux %{ts}
q, =t T,, = {t, t,}

q =t T, = {t, t}



Where T;l ,T;l , T;z and quz are the sets of descriptors in the compact atomic

descriptors inqll ,qf ,q; and E]'; respectively. The indjvidual similarity measures are
therefore _
1 = 0.333

LT, @) =
2'+2'-1

24, q;) =0

(T, Q) =__1__ =05
2+ 2.1

(@, Q) =1 =105
2°+2'.1

$°(q,,4,) =s%T;, @) +2(T}, G )+ (T2, T )+ (T2, o) =1.333
Also the similarity values calculated using S® in example 3 are different from those
calculated using S* in example 2. S* and S® are measured on relative scales and
hence cannot be compared directly. However, they can be used to rank a list of
Boolean expressions measured by the same method. Accordingly, we used the
rankings obtained by the similarity measures S* and S+ and carried out two case
studies to compare the rankings estimated by these similarity measures.

4. Case Study Experiments

Two case studies were undertaken and analyzed to compare the performance of the
existing similarity measure S* and the new similarity measure S®. The standardized
and widely used “Compendex” data that provides coverage of the world's significant
engineering and technical literature in various technical disciplines, forms the datasets
for the current research. Please refer to Table 1 and 2. For the case study I, the
Compendex dataset for the period of January to September 1997 is used for the
purpose of the study. A set of 12 Boolean search request queries have been
formulated using five descriptors (keywords), with an average of 3 terms/query.
Similarly, for the case study II, the Compendex dataset for the period of January to
September 1994 is utilized. A set of 11 Boolean search request queries have been
formulated using five descriptors (keywords), with an average of 3.4 terms/query.

4.1 Methodology

The aim of the case studies - is to find out how strong the new similarity measure
which is based on CDNF is, when compared to its original method based on RDNF.-
Thus to compare the old method and the new method, a benchmark similarity measure
- an application of Jaccard Coefficient is chosen against which the estimations
obtained from two methods can be contrasted. In other words, the actual responses
from a real (operational) information system can be the closest criterion to justify the
two measures in consideration.

Benchmark measure - We were convinced of using the similarity measure S (Equation
1) that is based on Jaccard Coefficient. The justification for using such similarity



measures for queries is based on the expectation that the similarity value between
queries is associated strongly with the degree of overlap of the responses to the
queries. Secondly, the advantage of this method for determining the similarity values
between queries is that it may be applied in every information retrieval system with
unordered responses, regardless of the way in which the documents are represented
and queries are formed.

The steps for comparing the performance of the similarity measures under study are
as follows:

1. To apply Jaccard coefficient on the Compendex databases; for a given case study,
each of the N queries is applied on the database and the responses to the queries is
obtained to create individual servers, where each server description is represented by
the query which acts as the filter. Next, each query (N-1 queries) is submitted to each -
of the N servers. The number of hit documents is used to calculate S using Equation
3. Based on the S values from the N servers, we then rank them for each query and

use that as the standard ranking to evaluate S* and S°.

2. We applied (6) and (16) to each ﬁltér—query pair (i.e., query pair) and calculated

the similarity values between the queries for each pair S*(q,, q,) and s%aq, q;) where i,
j=1,2,...N, as determined by the measures tested respectively.

3. We first wanted to determine whether the three set of rankings are related to each
other. This could be done in two steps:
a) Using Kendall’s coefficient of concordance, W which expresses the degree of
association among clusters of variables. In other words, When we have k sets of
‘rankings, we may determine the association among them or the divergence of the
actual agreement between k set of rankings from the maximum possible (perfect)
agreement (Siegel, 1956). The.general form to compute W is as foliows, considering
that when tied observations occur, the observations are each assigned the average of
the ranks they would have been assigned had no ties occurred, the usual procedure in
ranking tied scores.
W= 8

17

1 KN'-N) -kZT
12-

Where s = sum of squares of the observed deviations from the mean of R, i.e.,
s=2 (R~ ZR/N)
k = number of sets of rankmgs
N - number of entities (objects) ranked
1 K*(N*-N) = maximum possible sum of the squared deviations, i.e., the sumsw -

12. which would occur with perfect agreement among k rankmgs
The correction factor, T=3. (£ - t)
12

Where t=number of observations in a group tied for a given rank
2. Sum over all groups of ties within any one of the k rankings.
Where TZT is the sum of all the values of T for all the k rankings.



b) Test the significance of the observed value of W by finding chi square y* and
then determined the probability associated with the occurrence of the value as large
as the s with which it is associated by referring the calculated %’ value with that of the
y” critical values as given in the table C of the Appendix (Siegel, 1956).

X =kN-HW (18)

During our research on both the case studies, we found that there exists strong

agreement between the values obtained by the three similarity measures. This

indicates a very high probability associated with the observed value of W that enables

to accept the null hypothesis that the similarity measures between the three sets of

rankings S, S* and S® are related to each other. Hence we proceeded with the .
following step to find out which of the two measures - the existing S* or the new s°®,

generates a ranking closer to the Jaccard coefficient S.

4. Spearman’s Rank Order Correlation Coefficient (r)) is a non-parametric measure
that has been used in this research to compute the degree of association between
(5*,S) and between (S°,8). The important feature of this coefficient is that it does not
require any assumptions to be made about the shape of the population from which the
scores were drawn. The only requirement underlying the use of this coefficient is that
both variables under study should be measured in at least on an ordinal scale, so that
the scores corresponding to the variables may be ranked in two ordered series. The
tested similarity measures do meet this requirement, so there are no arguments against
using r, to test our research hypothesis. The general form of the formula in question is
as follows: ‘
2 2 2
r,= 2X +3y -30 (19)

V23t By

Where ¥x’=N’-N -¥T, and
12

Yy =N-N - 2T,

: 12
In the above two equations, T is the correction factor similar to that of Kendall’s
coefficient of concordance.
Accordingly, T, and T, stand for the sums of the values of T, and T, for all the
various sets of tied scores corresponding to the variables X and Y, respectively.

4.2 Results: Case Study I

The results of the actual hit documents on the compendex system S are presented in
Table 3. Following the five steps described previously, we calculated Kendall’s
_ Coefficient of Concordance - W and the test of significance - * which are presented in
table 5. According to the values obtained for the data, it is found that for 9 out of 12
cases, the observed value of %’ is greater than the table value. This indicates a very
high probability associated with the observed value of W that enables to reject the nuil
hypothesis that the similarity measures between the three sets of rankings S, S*.and s®



are unrelated to each other. In other words, there is a strong association between the
new similarity measure and the existing measure.- '

Hence, the calculations on Spearman rank order correlation coefficient is justified
which is helpful to compare which of the two methods generates a ranking closer to
the standard, i.e., to compute the degree of association between (S, S*) and (8, $9. A
summary of the r, values obtained for all the queries applied against each server in the
experiment are presented in table 5. The results indicate that in 8 out of 12 cases, r (S,
S®) is greater than r(S, S*). This indicates S® generates a ranking closer to that of S
for 8 out of 12 times.

Finally, to consolidate the overall performance of the similarity measures all the
observations from 1 to N, where N is 66 in the case study are used and the
Spearman’s rank correlation coefficient is computed. The correlation coefficient -
obtained for r(S, $®) and r,(S, S*) are-0.704 and 0.470 respectively. This indicates, s®
is more stronger than S*. The t test of significance in our case are 7.933 and 4.260
respectively which are highly significant in both the cases at 99% level of
significance. It means, for 99 cases out of 100, the new similarity measure is closer to
that of the required criterion.

4.3 Results: Case Study I1

The results obtained are similar to that of the case study 1. The results obtained from
the retrieval system S (actual hits) is given in table 4. The Kendall’s Coefficient of
Concordance - W and the test of significance - 4 are presented in table 5. According
to the values obtained for the data, it is found that for 6 of the 11 cases, the observed
value of S€ is greater than the table value. As in the case of case study I, this again
indicates that the similarity measures between the three sets of rankings S, S* and s®
are related to each other. The results of Spearman rank order correlation coefficient
indicates that in 8 out of 11 cases, r(S, S® ) is greater than (S, S*). The Spearman
rank correlation coefficient for all 55 observations put together are 0.550 and 0.419
respectively. The data used are presented in Appendix B2.2. The t test vales obtained
are 4.796 and 3.262 respectively which are also highly significant at 99% level of
significance. It means, for 99 cases out of 100, the new similarity measure is closer to
that of the required criterion.

44 Association between the Similarity Measures:

Overall, it has been shown in both the case studies, the results are favorable to the s
measure. The results of Kendall’s Coefficient of Concordance and the ” tests indicate
that the ranking generated in all the three simildrity measures namely, S, S* and S® are
the same. Further analysis using Spearman rank order correlation and the t test
indicates that the new similarity measure S® is much more closely associated with the
criterion (Jaccard coefficient) when compared to that of the existing measure S* which
may be imparted to the computational effect of the new similarity measure. In the case
study I, the value of r, (8°,9) is greater than r(S*,S) for 8 times out of 12 (the x’s
above zero) and less than r(S*,S) for 3 times. Out of these 3 one is very close to the
zero border. The results indicate that S° generates a.ranking closer to that of S for
67% of the queries. Similarly in the case study II, the value of r, (S°,8) is greater than



r(S*,S) for 8 times out of 11. This indicates that S® generates a ranking closer to that
of S for 73% of the queries. :

5. Conclusions

In this paper, various approaches to determining similarity values among queries

have been examined. More specifically, the investigations reported here have been

concerned with the methodology for calculating similarity values among queries that

are characterized by Boolean combinations of terms. A new and improved method of

similarity measure has been introduced using compact disjunctive normal form

(CDNF) to rank the similarity between Boolean expressions that is based on

Radecki’s Reduced Disjunctive Normal Form (RDNF) of Boolean similarity

measure. We compared both the methods i.e., our new method with Radecki’s

measure on two databases and used the Kendall’s Coefficient of Concordance,_)(2 test,

Spearman rank coefficients and the t test to show that the new method can get a

closer ranking order to that generated by Jaccard’s coefficient. The theoretical -
analysis as well as the case study results prove that this new measure outperforms the

one proposed by Radecki significantly in terms of computation, time and space

complexity. These results demonstrate that the new similarity measure can greatly

improve the searching process in today’s world of overwhelming information.

In addition to ranking results, the similarity estimates can be used to help identify
similar but autonomously managed retrieval systems. For example, the similarity
measure can be used to cluster servers with similar descriptions in a single directory
entry. For people using Boolean expressions to represent their interests, such as user
profile (Danilowicz, 1994) this similarity measure can help find other individuals
having common interests, so that they may share their collections. Our method can
also benefit systems that support automatic query formulations by relevance-feedback
where the reformed queries could be in complex Boolean forms (Frants and Shapiro,
1991; Salton et al., 1985).

Further improvements to our methodology for determining similarity values among
queries could be made by developing procedures for assigning weights to particular
query attributes (i.e., reduced atomic descriptors or atomic descriptors), since it is
clear that the importance of each individual attribute of a query is not equal (is varied)

from the point of view of the information needs of the user. Moreover, it would be
advisable to undertake research aimed at determining whether or not any gains could
be obtained when relations among descriptors are taken into account.

Table 1: Names of Descriptors used )
Descriptors | Case Study I Case Study II

t, TESTING NETWORK
t, SOFTWARE INFORMATION
t, CONTROL DATA




PROTOCOL

t, COMPUTER

t, PROCESS TRANSFER
Table 2: Search Request Formulations

Queries | Case Study I Case Study II

Q ~tvtat) tA AtV

Q, ~t v (A L) LA t) v (LA t)

Q, ~tv (A t) (A t) v LA t)

Q, &y )AL, (tA tA M)V

Q. (tv t) A t, (A t) V(A L)

Q6 tl A t’) ‘ (t7/\ td) Vts

Q, ~t v (G ) trt)vt,

Qs t Al (A t)v,

Q, t. At AL (t,A ~t) Vv

Qy v t)at, (A t) v,

Qu cto A t) ~tAt

Q, v Ly t)A L,

Table 3: Case study I - Similarity values S, (q, q) 1, ] = 1,2,...12, between the
queries, as obtained for the document collection (57,775 records) of the Compendex

Information System for the period January - September, 1997.

Queries |2 3 4 5 6 7 8 9 10 11 12

1 0.143{1.0  {0.034 10.143 |1.0 - 0.031 [0.143 [0.011 [0.143 [0.011 [0.974
2 0.060 [0.321 0.525 [0.060 [0.252 [0.773 [0.252 (1.0  [0.005 |0.457
3 0.034 [0.143 1.0  [0.031 {0.143 [0.011 [0.143 [0.011 [0.974
4 0.923 10.005 [0.356 (0.030 [0.288 [0.309 [0.002 [0.356
5 0.007 {0.106 {0.034 {0.106 [0.775 {0.001 [0.767
6 0.031 10.143 0.011 [0.143 [0.011 0.974
7 0.016 0.567 10.567 |0.003 [0.707
8 0.033 |1.0  0.006 [0.297
9 1.0 |0.005 |1.0

10 0.001 [0.924
11 1.0

Figures in brackets indicates the actual number of hit documents.

Table 4: VCase study II - Similarity values S, (q, q), i, j = 1,2,...11, between the queries, as
obtained for the document collection (17,344 recorcfs) of the Co

for the period January - September, 1994.

mpendex Information System

[Queries 2

31 471 571 6]

71 81 97 10]

11




1 0.7590.093 J0.755 [0.739 0.115 [0.739 {0.755 [0.919 0.460 10.009
2 0.035 (1.0 10.17210.040 [0.192 1.0 0.172 |0.050 [0.002
3 0.48 0.18 [1.0 10.88 [0.48 [0.32 0.21 (0.3

4 0.097 0.044 [0.133]1.0 _ [0.097 {0.009 |0

5 0.084 1.0 1.0 0.084 10.004
6 0.997 [0.004 [0.042 0.006 0.001
7 0.201 {(0.011)0.012 (0

8 ~10.097 {0.009.10

9 ._10.030 [0.001
10 v 0.020

Table 5: The Kendall’s coefficient of Concordance - W, Chi square - x* and Spearman Rank
order Correlation Coefficients for r(S,S*) and r (S, $9) for all the queries.

Case Study I Case Study II
Query W | £ ESSY kSsH | W | ¥  k6ESH keSS
(q) 0.72 21.6 0.748 0.488 0.521 [14.067 |-0.071 0.289
(q,) 0.69 18.57 10.406 0.556 ~ [0.745 [120.115 0.909 0.492,
(a.) 0.642 [19.26 0.272 0.786 0.689 [18.603 [0.574 0.111
(q,) 0.542 [16.26 [0.271 0.475 0.942 125434 |0.872 0.900
(q.) 0.803 [24.09 {0.619 0.890 0.767 [20.709 [0.480 0.831
(q,.) 0.834 [25.02  [0.737 0.855 0.570 {15.39 0.152 0.244
(q9,) 10.46 13.8 0.065 0.678 0.732 [19.764 10.529 0.543
(q,) 10.833 2499 [0.796 0.865 0.846 [22.842 [0.726 0.914
(q,) 0.832 [24.96 [0.913 0.754 0.624 116.848 10.379 0.787
(9,0 0.844 [25.32 . |0.753 0.816 0.575 [15.525 .[0.458 0.486
(q,,) 0.355 [10.65 |0 0 0.612 16524 0 0
(a,,) 0.725 [21.75 10.843 0.538 — — — —_—
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