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Abstract: The maximal entropy ordered weighted averaging
(ME-OWA) operator is used to aggregate metasearch engine
results, and its newly analytical solution is also applied.
Within the current context of the OWA operator, the methods
for aggregating metasearch engine results are divided into two
kinds. One has a unique solution, and the other has multiple
solutions. The proposed method not only has crisp weights,
but also provides multiple aggregation results for decision
makers to choose from. In order to prove the application of the
ME-OWA operator method, under the context of aggregating
metasearch engine results, an example is given, which shows
the results obtained by the ME-OWA operator method and the
method.
Comparison between these two methods are also made. The

minimax linear programming ( minimax-LP )
results show that the ME-OWA operator has nearly the same
aggregation results as those of the minimax-LP method.
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n recent years, the world wide web (WWW) has been
I a main place to find information about any area. It has
become the most frequently used tool for locating specific
information. However, several attempts have been report-
ed that the results being searched for with the same query
in different search engines differentiate significantly at the

12 . .
U1 But what users want is to find accurate

same time
information through employing a general-purpose search
engine in a timely and cost-effective way, which seems to
be unrealistic'"”'. Therefore, aggregating the retrieval
results from different search engines can significantly
improve the quality of final metasearch engine results'* .
A metasearch engine is a system that supports unified ac-
cess to multiple existing search engines” ™.

Diaz et al. """ demonstrated that the metasearch engine

provides a significant improvement in coverage of search
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effectiveness. Dreilinger and Howe'”' adopted a pragmatic
approach to the problem of information retrieval on the
web. A comprehensive survey for building an efficient
metasearch engine was provided by Meng et al''. Keyha-
nipour et al. ¥ used the optimistic OWA operator to ag-
gregate metasearch engine results. Emrouznejad™ pro-
posed the most preferred OWA operator to aggregate

. . 9
search engine results. Herrera-Viedma et al. "

analyzed
the role of aggregation operators to access information on
the web. Amin and Emrouznejad"™ proposed the minimax
linear programming model for aggregating multiple search
engine results. Diaz et al. '
network process ( ANP) and weighted fuzzy ANP meth-
ods for merging metasearch engine results. To the best of
the author’s knowledge, no single research is reported to
find the metasearch engine results of a specific query
using the crisp OWA operator weights.

There are some other kinds of OWA operator weights
determining methods''"™"’
plication of the ME-OWA operator method for aggrega-

ting metasearch engine results obtained from a specific

proposed a fuzzy analytic

. This paper proposes a new ap-

query. Three reasons contribute to our decision for using
the ME-OWA operator. First, it is simple, comprehensi-
ble and convenient for users to know. Secondly, the
weights obtained by the ME-OWA operator change mono-
tonically and smoothly with the position index, which can
well reflect the importance of the retrieval documents in
different positions''”. Thirdly, if we use other OWA op-
erator methods, the frameworks of finding metasearch en-
gine results are the same.

This paper first gives a general approach to finding
metasearch engine results. Then it divides the existing
OWA operator methods into two kinds: one is to acquire
unique aggregation results, the other is to acquire multi-
ple aggregation results. But the existing solutions to the
second kind are fuzzy search engine weighted approaches.
Whereas, aggregating metasearch engine results is a crisp
problem, we should use crisp weights to aggregate the
metasearch engine results. The ME-OWA operator not
only provides crisp weights, but also has multiple aggre-
gation results for decision makers to choose from. Mean-
while, we elaborate on the advantages of the proposed
method. In the end, an example is provided to illustrate
its application, which extends the aggregation results of
the minimax-LP method'”’.
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1 Existing Methods for Aggregating Metasearch
Engine Results

As is stated above, we just discuss the problem of ag-
gregating metasearch engine results in the OWA operator
context.

1.1 A general approach to aggregate metasearch
engines results

The OWA operator aggregation process can be divided
into two phases:

1) Aggregating phase. Submit queries to the meta-
search engine system, which dispatches them to the
selected search engines; then each search engine extracts
a retrieval list. Count the frequency A, of document D,
appearing in the j-th place and compute the weighting
vectors W with the relevant OWA operator method; then
obtain aggregation values for metasearch engine results.

2) Ranking phase. Order the aggregation results ac-
cording to a given criterion (1. e., the degree of orness
associated with the OWA operator) to obtain the optimal
rank.

Let us consider an application of the OWA operator in
the metasearch system'”’. Suppose that there are msearch
engines (m=2) denoted by SE,, ..., SE, . Without loss
of generality, we only consider the first /-th ranked list of
documents retrieved from each search engine. Let D, ...,
D, denote the documents appearing in the retrieval lists.
The corresponding data can be recorded in Tab. 1.

Tab.1 The appearing place of documents

Documents The first place ... The i-th place ... The [-th place
D, A At Au
D; Aj Aji Aji
D, Ay Ay Ay

In Tab.1,A,(j=1,2,...,r;i=1,2, ..., 1) denotes the
frequency of document D, appearing in the i-th ranked
place.

The relevancy index of document D, is defined as

1

L = ZAMW:‘ (1)

i=1
where w,(i =1, 2, ..., ]) is the unknown weight defined
for the i-th place. It is noted that the weight should satis-
fy w, = w,,, because the greater the frequency number,
the more relevant to the query, and we should give them
more weights.

In Eq. (1), it is obvious that the aggregation value z, is
dependent upon the weighting vector. So, the problem of
aggregating metasearch engine results can be changed into
obtaining a proper weighting vector under the OWA oper-
ator.

Yager' ™ was the first introducing the concept of the
OWA operator which has the ability to derive optimal re-

[16]

sults based on the weighting vectors after an aggregation
process and it is defined as follows.

Definition 1 An OWA operator of dimension n is a
mapping Fy,: R"—R that has weights W ={w , w,, ...,
w,}" with properties as

W W, + . +w, =1 Osw.<1;i=1,2,....,n (2)

Such that

Fo(X) = Fy(x,x,, ...x,) = ZW;)’; (3)
i=1

where y, is the i-th largest value in x,.
Yager'"
respect to the weighting vector W of problem (3), which
are defined as follows.
Definition 2" Assume that W= {w,, w,, ..., w,}" is

the weighting vector of problem (3), the orness level is

also introduced two important measures with

defined as

Lon—i
= 2=t 4
orness( W) Z{ P lwl (4)
where orness(W) = and o € [0, 1].
Definition 3"
the weighting vector of problem (3),
measure is defined as

Assume that W={w,,w,, ..., wn}T is
the dispersion

Dispersion(W) = - z w,Inw, (5)
i=1
1.2 Existing methods to aggregate metasearch engine
results
1.2.1 Method of acquiring unique solution

It means that we can obtain an unique optimal weigh-
ting vector by solving a certain method without artificially
adjusting any parameters, related researches can be re-
ferred to Refs. [2,5]. Here, we just introduce the min-
imax-LP method"', because we will compare the ranking
with that of the ME-OWA operator.

The minimax-LP method minimizes the maximum de-
viation from relevancy indices corresponding to the aggre-
gated elements, which can be expressed as

min M (6)
s.tt. M -d, =0 j=1L2.,r
1
ZAiji-'-df =1 j=1L2..,r
i=1
w, =W, =’ i=1,2,..,1-1
w, =g
d=0
where M = max{dj:j =1,2,....r}; dj is a deviation varia-

ble; w, is the unknown weight defined for the i-th place;
A =1,2, .., mi=1,2, ..., ) is the frequency docu-
ment D, appeared in the i-th ranked place; & " is the max-
imum discriminating parameter, and the value is obtained
as follows:
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e’ =min{ ; ! ,J =1,2,...,r}
YAl —i+D)
i=1

1.2.2 Method of obtaining multiple solutions

It means that we obtain multiple aggregation results
through solving a model with certain predefined parame-
ters to acquire different weighting vectors.

The linguistic quantifier was originally introduced by
Zadeh"”'. Later, Yager'™ proposed a fuzzy linguistic
regular increasing monotone ( RIM) quantifier guided ag-
gregation with the OWA operator, which is defined as
follows.

Definition 4" A fuzzy subset Q is called an RIM
quantifier if Q(0) =0, (1) =1, and Q(x) =Q0(y) if x=
.

With an RIM quantifier Q, the weighting vector of the
OWA operator can be obtained by

el )-of'5)

The quantifier guided aggregation with the OWA oper-
ator is

i=1,2,...n  (7)

Fo® = 3 (L) -o(= )y ®
i=1 n n
where x, is in a decreasing order.

The fuzzy linguistic quantifier Q generally represents
the concept of a fuzzy majority in the arguments aggrega-
tion"”!. Various applications are discussed in Refs. [1,
10].

It is so flexible that decision makers can obtain an opti-
mal solution through multiple aggregation results. But
fuzzy linguistic quantifier guided aggregation is used to
solve fuzzy decision making problems; it is not suitable
for solving crisp decision making problems. In this pa-
per, we introduce the ME-OWA operator method to the
application of aggregating metasearch engine retrieval re-
sults, which not only has crisp weights, but also has mul-
tiple aggregation results for decision makers to choose
from.

2 Application of ME-OWA Operator Method in
Metasearch Environment

2.1 ME-OWA operator and its computation

O’Hagan''"' combined the principle of the maximum
entropy with the OWA operator and proposed the follow-
ing mathematical programming problem:

max =-— Zwilnwi (9)
i=1
Son—i
.t .= 0,1
S Z{n—l L= a a € [0,1]
w, =1
i=1
w. =0 i=1,2,...,n

Various optimal solutions were discussed in Refs. [11 —
12,20]. There is an important property of problem (9),
which is expressed as follows.

Theorem 1'”  Since « is the orness level of problem
(9), when 0.5<a<1, the weights form a nonincreasing
sequence, and w,=w, for i<j. When 0 =a<0.5, the
weights form a nondecreasing sequence, and w; <w;, for
i=].

From Theorem 1, when 0.5 <a <1, the greater the
aggregated element is, the more emphasis will be given;
when 0 <« <0.5, the smaller the aggregated element is,
the more emphasis will be given.

In the application of aggregating metasearch engine re-
sults, the more frequent the document is, the more rele-
vant the query will be. So, we just consider the weights
of problem (9) under orness level o € [0.5,1].

Using the method of Lagrange multipliers, Liu"'" and

1. " transformed problem (9) into a polynomi-

Fullér et a
al equation to determine the optimal weighting vectors. In

this paper, we use the analytical solution of Liu’s meth-

0d™", which has a geometric form with w,,,/w, = ¢, and
the weights w, can be expressed as'*"!
i-1
w, = L i=12 ..n (10)
> d
=0

where ¢ is the root solution to problem (9) that can be
solved by

(n—Dag"" + 2 ((n-Da-i+1)g"" =0
(11)

Various applications of problem (9) are discussed in
Refs. [11 —12,20].

Next, we will introduce the analytical process of aggre-
gating metasearch engine results.

2.2 Procedures of aggregating metasearch engine re-
sults

We divide the procedure into several steps as follows:

Step 1 Choose search engine (SE,, ..., SE,) in the
metasearch environment, and submit a specific query to
these search engines.

Step 2 Determine the first [-th ranked list.

Step 3 To each document D;, count the frequency A,
(j=1,2,...,ri=1,2,...,]) appearing in the i-th place.

Step 4 Take n and « into Eq. (11), and compute the
value of g.

Step 5 Take g into Eq. (10), and compute weighting
vector W with given orness «.

Step 6 According to Eq. (1), calculate the aggrega-
tion results of each document D, with the given weighting
vector.

Step 7  With respect to the aggregation results, rank
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the retrieval document D,.

In the above process, Steps 1 to 6 are aggregating pha-
ses, and Step 7 is a ranking phase. Combining the con-
clusions in Theorem 1 with the application context, it is
noted that the orness level « should be between 0.5 and
1.

2.3 Main advantages of ME-OWA operator method

The major advantages of the proposed method are pres-
ented as follows:

1) It is a well-developed method, which attracts much
attention from the very beginning both in theory and ap-
plication. It is simple, comprehensible, and convenient
in application, and it has been used to aggregate informa-
tion in certain areas.

2) The polynomial equation of the Liu method"" of
problem (9) is first used to determine the weighting vec-
tors of the ME-OWA operator method, which is more
simple.

3) It overcomes the fundamental shortcomings of the
fuzzy RIM linguistic quantifier OWA operator method ap-
plied in aggregating metasearch engine results.

The fuzzy RIM linguistic quantifier OWA operator is
more suitable for solving fuzzy aggregation problems.
However, aggregating metasearch engine results is a crisp
problem, and the weights obtained by the ME-OWA op-
erator method are crisp numbers. The proposed method
not only provides right multiple aggregation results for de-
cision makers, but also has nearly the same aggregation
results as those of the minimax-LP method.

4) It determines the optimal weighting vector under the
maximal entropy, which has the ability to ascertain the
optimal aggregation results after the aggregating proces-
ses.

When the orness level a € [0.5, 1], the weights ob-
tained by problem (9) monotonically decrease with the
position index, which just satisfies the requirement of ag-
gregating the retrieval document. « =1 is used to present
the situation when the decision maker is maximally opti-
mistic, and o = 0. 5 is used to represent the situation
when the decision maker faces a moderate assessment.

3 Case Study of ME-OWA Operator Method

We now use the ME-OWA operator method to aggre-
gate metasearch engine results, which is given by Amin
and Emrouznejad” . The factors involve the number of
search engines, the number of the first ranked list consid-
ered, the frequency of the document in every ranked
place and the ME-OWA weighting vectors under different

orness levels.
3.1 Computing process

Step 1 Four search engines SE, = Google, SE, = Ya-
hoo, SE, = MSN and SE, = Altavista are selected. Que-

ries Q = { metasearch engine, aggregation }are submitted
to the four search engines.

Step 2 Suppose that we just rank the first ten docu-
ments retrieved from the four search engines, and there
are 25 documents appearing in the first ten places, which
is denoted as D, to D,,.

Step 3 Count the frequency of each document appea-
ring in each place within the four search engines, which
is listed in Tab. 2.

Tab.2  Frequency of the first ten results retrieved by four

search engines

Documents Place

1 2 3 4 5 6 7 8 9 10

D, 1 2 1 0 0 0 0 0 0 0
D, 0 1 0 0 0 0 0 0 0 0
D; 0 0 1 0 0 0 0 0 1 0
D, 0 0 0 1 0 1 0 0 1 0
Ds 0 0 0 0 1 0 0 0 0 0
D¢ 0 0 0 0 0 1 0 0 0 0
D, 0 0 0 0 0 0 1 0 0 0
Dy 0 0 0 0 1 0 0 1 0 0
D, 1 0 1 0 0 0 0 0 1 0
Dy o 0 0 o0 0 0 O 0 o0 1
D, 1 1 1 0 0 0 0 0 0 0
Dy, 1 0 0 1 0 0 0 0 0 0
Dy 0 0 0 0 1 0 0 0 0 0
D, 0 0 0 0 0 1 0 1 0 0
D 0 0 0 1 0 0 1 0 0 0
Dq 0 0 0 0 1 0 0 1 0 0
Dy, 0 0 0 1 0 0 0 0 0 1
Dy 0 0 0 0 0 1 0 0 0 0
D,y 0 0 0 0 0 0 1 0 0 0
Dy, 0 0 0 0 0 0 0 0 1 0
Dy, 0 0 0 0 0 0 0 0 0 1
D,, 0 0 0 0 0 0 1 0 0 0
Dy 0 0 0 0 0 0 0 1 0 0
Dy, 0 0 0 0 0 0 0 0 1 0
D5 0 0 0 0 0 0 0 0 0 1

Step4 Take n =10 and « =0.5 into Eq. (12), and
obtain g =1.

Step 5 Take g =1 into Eq. (11), and obtain w, =w,
=...=w,=0.1.

Step 6 According to Eq. (1), the aggregation results
of all the documents in Tab. 2 are calculated, and we ob-
tain

z,=0.4,z,=2,=2,=0.3
2y =2y T2y =2y =45 =2y =27 =0.2

5T T L T Ty T Ly Tl Tl = e T 05 =001

Step 7 By the same method, compute the weighting
vectors and the corresponding aggregation results under

the orness level « =0.6,0.7,0.8,0.9, 1.0, which are
listed in Tab.3 and Tab. 4, respectively.
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Tab.3 Weighting vectors in ME-OWA method

Weight

“ wy w, w3 Wy Ws We Wy Wg Wy Wig
0.5 0.100 0 0.100 0 0.100 0 0.100 0 0.100 0 0.100 0 0.100 0 0.100 0 0.100 0 0.100 0
0.6 0.156 9 0.140 4 0.1256 0.1123 0.100 5 0.089 9 0.080 4 0.072 0 0.064 4 0.057 6
0.7 0.233 6 0.184 0 0.1450 0.114 3 0.090 1 0.071 0 0.056 0 0.044 1 0.034 7 0.027 4
0.8 0.3427 0.2272 0.150 6 0.099 8 0.066 2 0.043 9 0.029 1 0.019 3 0.012 8 0.008 5
0.9 0.5250 0.249 5 0.118 6 0.056 4 0.026 8 0.0127 0 0 0 0
1.0 1.000 0 0 0 0 0 0 0 0 0

Tab.4 Aggregation results obtained by ME-OWA method

o

Document
0.5 0.6 0.7 0.8 0.9 1.0
D, 0.4 0.5633 0.7466 0.9477 1.142 6 1
D, 0.1 0.1404 0.1840 0.2272 0.2495 0
D, 0.2 0.1900 0.1797 0.1634 0.1186 0
D, 0.3 0.2666 0.2200 0.1565 0.069 1 0
Dy 0.1 0.1005 0.0901 0.0662 0.0268 0
Dy 0.1 0.0899 0.0710 0.0439 0.0127 0
D, 0.1 0.0804 0.0560 0.029 1 0 0
Dy 0.2 0.1725 0.1342 0.0855 0.0268 O
D, 0.3 0.3469 0.4133  0.5061 0.6436 1
Dy 0.1 0.0576 0.0274 0.0085 0 0
Dy, 0.3 0.4229 0.5626 0.7205 0.8931 1
D, 0.2 0.2692 0.3479 0.4425 0.5814 1
Dy 0.1 0.1005 0.0901 0.0662 0.0268 0
Dy, 0.2 0.1619 0.1151 0.0632 0.0127 0
Ds 0.2 0.1927 0.1703 0.1289 0.0564 O
D 0.2 0.1725 0.1342 0.0855 0.0268 O
Dy, 0.2 0.1699 0.1417 0.1083 0.0564 0
Dyg 0.1 0.0899 0.0710 0.0439 0.0127 0
Dy 0.1 0.0804 0.0560 0.0291 0 0
Dy, 0.1 0.0644 0.0347 0.0128 0 0
Dy, 0.1 0.0576 0.0274 0.0085 0 0
Dy, 0.1 0.0804 0.0560 0.029 1 0 0
Dy 0.1 0.0720 0.0441 0.0193 0 0
D, 0.1 0.0644 0.0347 0.0128 0 0
Dy 0.1 0.0576 0.0274 0.0085 0 0
Step 8 Rank the first ten retrieval documents and

compare them with those of the minimax-LP method,
which is shown in Tab. 5. The last column is calculated
by the minimax-LP method"”'.

Tab.5 Rank obtained by ME-OWA operator and minimax-LP
method

Rank [} Minimax-LP
0.5 0.6 0.7 0.8 0.9 1.0 method
1 D, D, D, D, D, D, D,
2 b, D, D, D, D, Dy Dy,
3 D, Dy D, D, D, D, D,
4 b, D, D, D, D, Dy Dy,
5 p, D, D, D, D, D, D,
6 Dy Ds Dy, Dy Dy D D5
7 b, Dy Dy D, D, D, D,
8 Dy Dy Ds Ds Ds D Dy
9 Ds Dy Dy Dy Dy Dy D
10 D Dy Dy Dy Dy Dy D;

3.2 Discussion

The characteristics of the proposed method are shown
as follows:

1) It is noted that when the documents have the same
aggregation results, the order in which the aggregation re-
sults are arranged is determined by the document position
index. If there are more than ten qualified documents ap-
pearing in the final list, we just keep the first ten docu-
ments, and others will be omitted. For example, in Tab.
4, when « =0.5, documents D,, Dy, D,,, D,, D,
D\, and D, have the same aggregation result 0.2, and we
order them according to their position index. In this case,
document D,, is ordered in the 11-th place, so we omit it
accordingly.

2) Compared with the minimax-LP method, from Tab.
5, it is shown that some documents, e.g., D,, D,,, D,,
D,,, constantly have the same rank almost under all
weighting vectors. Interestingly, when o =0.6, the rank-
ing is almost the same as that of the minimax-LP method.

Meanwhile,
people’s decision attitudes. Different orness levels will di-
rectly affect people’s decision results. However, the min-
imax-LP method cannot deal with them.

3) Compared with the existing methods based on the
OWA operators'"™, it not only deals with multiple crisp

the proposed method fully considers

weighting vectors, but also has nearly the same aggrega-
tion results as those of the minimax-LP method.

4 Conclusion

We present a new decision making process based on the
maximal entropy OWA operator and apply it in aggrega-
ting metasearch engine results problems. We study the
main advantages of the new aggregation method and ana-
lyze the applicability of the proposed method. It is found
that the proposed method is a more general formulation of
the OWA operator. In this paper, we focus on an appli-
cation under a metasearch engine context and see that de-
pending on the aggregation operator, the results may lead
to a different ranking, one of which is almost the same as
that of the minimax-LP method.
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