(1) Name of the Workshop: Workshop on Artificial Intelligence

(2) Title of the Paper: A New Method for Fuzzy Information
Retrieval Based on Geometric-Mean
Averaging Operators

(3) Abstract: In this paper, we present a new method for fuzzy
information retrieval based on geometric-mean
averaging (GMA) operators. We use some
examples to compare the proposed GMA
operators with the existing averaging operators.
We also prove some properties of the proposed
GMA operators. The proposed GMA operators
can deal with fuzzy information retrieval in a
more flexible and more intelligent manner.

(4) Authors: Shi-Jay Chen (Ph.D. Student),
Department of Computer Science and Information
Engineering, National Taiwan University of
Science and Technology, Taipei, Taiwan, R. O. C.
E-mail: D8815006@mail.ntust.edu.tw
Tel: (02) 27333141 ext. 7212

Professor Shyi-Ming Chen,

Department of Computer Science and Information
Engineering, National Taiwan University of
Science and Technology, Taipei, Taiwan, R. O. C.
E-mail: smchen@et.ntust.edu.tw

Tel: (02) 27376417

(5) Contact Author: Professor Shyi-Ming Chen,
Department of Computer Science and
Information Engineering, National Taiwan
University of Science and Technology,
Taipei, Taiwan, R. O. C.
E-mail: smchen@et.ntust.edu.tw
Tel: (02) 27376417

(6) Keywords: Fuzzy Information Retrieval, Fuzzy Query,
Geometric Mean, GMA Operators, T-Operators.



A New Method for Fuzzy Information Retrieval Based on
Geometric-Mean Averaging Operators
Shi-Jay Chen and Shyi-Ming Chen

Department of Computer Science and Information Engineering
National Taiwan University of Science and Technology,
Taipei, Taiwan, R. O. C.

Abstract
In this paper, we present a new method for fuzzy information retrieval based on
geometric-mean averaging (GMA) operators. We use some examples to compare the
proposed GMA operators with the existing averaging operators. We also prove some
properties of the proposed GMA operators. The proposed GMA operators can deal

with fuzzy information retrieval in a more flexible and more intelligent manner.

Keywords: Fuzzy Information Retrieval, Fuzzy Query, Geometric Mean, GMA

Operators, T-Operators.

1. Introduction

From [17], we can see that fuzzy sets [25] are very useful in information retrieval (IR).
In [3]-[5], [8], [10], [11], [13], [15]-[20] and [24], they all used the T-operators [6],
namely T-norms and T-conorms, to deal with the AND and OR operations for fuzzy
information retrieval, respectively. However, in [9], Kim et al. pointed out that the existing

T-operators are not well model human’s behavior for document ranking.

In [9], [12] and [14], Lee et al. pointed out that there are three averaging operators
(i.e., P-Norm operators [21], Infinite-One operators [23], and Waller-Kraft operators [24]),
which are suitable for achieving high retrieval effectiveness in information retrieval
systems. According to [12], the three averaging operators have the following common
characteristics: (1) The resulting values of the three averaging operators are controlled by
an associated parameter, respectively. For instance, the resulting values of the P-Norm
operators are controlled by a parameter p, where 1 < p < oo; the resulting values of the
Infinite-One operators are controlled by a parameter y, where 0 < y < 1; the resulting
values of the Waller-Kraft operators are controlled by a parameter y, where 0 <y < 1. (2)
The resulting values of the three averaging operators are always in the range between

“Min” and “Max”. However, the three averaging operators still have some drawbacks



when we use them to deal with fuzzy information retrieval. That is, sometime they will get
unreasonable retrieval results in fuzzy information retrieval. Thus, it is important to develop
new averaging operators to overcome the drawbacks of the existing averaging operators for

fuzzy information retrieval.

In this paper, we present a new method for fuzzy information retrieval based on
geometric-mean averaging (GMA) operators. We use some examples to compare the
proposed GMA operators with the existing averaging operators. We also prove some
properties of the proposed GMA operators. The proposed GMA operators can deal with

fuzzy information retrieval in a more flexible and more intelligent manner.

The rest of this paper is organized as follows. In Section 2, we briefly review the
definitions of information retrieval based on the conventional fuzzy set model from [9].
We also briefly review T-operators [6], [12], three existing averaging operators [21], [23],
[24], and some analytic results of the T-operators and the averaging operators [9], [12],
[14]. In Section 3, we point out the drawbacks of the three existing averaging operators
(i.e., the P-Norm operators, the Infinite-One operators, and the Waller-Kraft operators). In
Section 4, we present new averaging operators, called the GMA operators, based on the
geometric mean for handling the AND and OR operations in fuzzy information retrieval.
We use some examples to compare the proposed GMA operators with the existing
averaging operators. Furthermore, we also prove some properties of the proposed GMA
operators. In Section 5, we extend the proposed GMA operators to deal with weighted

fuzzy queries in fuzzy information retrieval. The conclusions are discussed in Section 6.

2. Preliminary

In this section, we briefly review the definitions of information retrieval based on the
conventional fuzzy set model [10]. We also briefly review T-operators [6], [12], three
existing averaging operators [21], [23], [24], and some analytic results of the T-operators

and the averaging operators [9], [12], [14].

2.1 Information Retrieval Based on the Conventional Fuzzy Set Model

In [9], Kim et al. pointed out that an information retrieval system based on the
conventional fuzzy set model is defined by a quadruple <T, Q, D, F>, where
(1) T is a set of index terms, T={z;, 5, ..., t,,}. The index terms are used to represent

queries and documents.



(2) Q is a set of queries. Each query ¢ € Q is a Boolean expression composed of index
terms ¢, where 1 <j <m, and logical operators “AND”, “OR” and “NOT”.

(3) D s a set of documents, D ={d,, d>, ..., d,}. Each document d; € D is represented by ((¢,,
eir), (2, en), ..., (tw, €im)), Where e; denote the weight (i.e., the degree of strength) of
term ¢ in document d;, ¢;; € [0, 1], | <i<n,and | <j<m.

(4) F is aretrieval function,

F:DxQ—[0,1], (1)
where F(d;, q) denotes the degree of satisfaction of document d; with respect to the

query q, F(di, q) € [0, 1],and 1 <i<n.

2.2 A Review of T-Operators

The T-operators [6] (i.e., T-norms and T-conorms) are very useful for handling the
decision-making problems and they usually used the AND and OR operations to deal with
fuzzy information retrieval [3]-[5], [8], [10], [11], [13], [15]-[20], [24]. In [1] and [7],
Alsina and Hohle et al. introduced the operators of the T-norms (A) and the T-conorms (V)
of fuzzy sets. Let T be a T-norm and let S be a T-conorm, where T: [0, 1] x [0, 1] — [0, 1]
and S: [0, 1] x [0, 1] — [0, 1]. In [12], Lee et al. summarized some T-norms and

T-conorms as shown in Table 1.

Table 1. Some T-norms and T-conorms [12]

T-Norms T-Conorms
Min(x, y), Logical Product Max(x, y), Logical Sum
XXy, Algebraic Product |[x +y—x %y, Algebraic Sum
xy X+y—2xy

— Hamacher Product | ——, Hamacher Sum
X+y—xy 1—xy

x ify=1 x if y=0

y ifx=1 Drastic Product y if x=0 Drastic Sum

0 otherwise 1 otherwise
Max(x +y-1,0), Bounded Product [Min(x +y, 1), Bounded Sum

Based on [6], we can see that the T-operators can be used in conventional Boolean
retrieval systems when the evaluating values e;; of index terms ¢ in documents d; are either

Oor1,where ]l <i<nand1<;<m.

2.3 A Review of Averaging Operators
In the following, we briefly review three averaging operators from [21], [23] and [24]

shown as follows:



(1) P-Norm Operators [21]:
F(d.,quwp)=F(d,, t, ANDt, AND--- AND¢,)

1

| 20-e) | @)
S =R

Fd;,,qor)=F(d,;,t, ORt, OR---OR ?)

2.4 ()

where 1 <p<owand1<i<n. Ifp=1,then F(d,, q,p)=F(d,,q,:) and they are

the same as the arithmetic mean. If p = oo, then formula (2) became
F(d,,qup)=F(d,,t, AND¢, AND--- AND?¢ )
=1-Max[(1-¢,), (1—-¢,),--,(1—¢,,)] 4)
=Minfe,, e;,,*,e,, 1,
and formula (3) became
Fd,,qox)=F(d,, t, OR¢t, OR---OR t,)

= Max(e,, e,,," ", e, ).

©)

(2) Infinite-One Operators [23]:
F(d,,quwp)=F(d,,t, AND¢, AND--- AND7,)

m

Z € (6)

J=1

=y xMin(e,, e, e, ) +(1—y)x

F(d,, qox) = F(d,,t, OR 1, OR---OR1,)

m

Ye, Q

J=1

=y xMax(e,, e,,,e,,)+(1-y)x )
m

where 0<y <land 1 <i<n.Ify=0,then F(d,, q,\p)=F(d.,q,) and they are the

same as the arithmetic mean. If y = 1, then formula (6) became the operator of logical

product, and formula (3) became the operator of logical sum.

(3) Waller-Kraft Operators [24]:



F(d., qup)=F(d,,t, ANDt, AND--- AND ¢, )

8
:(l—}/)XMin(el.l,eiz,---,eim)—l—}/XMaX(e“,el.z,-u,eim), ( )

where 0<y<0.5and 1 <i<n,
F(d,,qor)=F(, t, ORt, OR---ORt,) ©)

=(1-y)xMin(e,, e,, -, e, )+yxMax(e,, e,, e, ),

where 05 <y<land 1 <i < n. If y = 0.5, then F(d,,qu\p)=Fd,,qor)=

Min(e,,¢,,"+¢,) + Max(e,,e,.e,)  If y = 0, then formula (8) became the operator of
2

logical product. If y = 1, then formula (9) became the operator of logical sum.

2.4. Some Analytic Results of the T-Operators and the Averaging Operators
In [9], Lee et al. defined the following three properties for evaluating the T-operators
and the averaging operators:

Definition 2.1 An operator @ is “single operand dependency” if 6 (x, y) is either x or y,
where x € [0, 1] and y € [0, 1], and this type of operator is called the

“single operand dependency” operator.

Definition 2.2 An operator @is “negatively compensatory” if 8 (x, y) is less than Min (x, y)
or greater than Max (x, y) for all x, y € [0, 1], and this type of operator is
called the “negatively compensatory” operator.

Definition 2.3 An operator @is “positively compensatory” if 6 (x, y) is greater than Min (x,
y) and less than Max (x, y) for all x, y € [0, 1], and this type of operator is

called the “positively compensatory” operator.

In [9], [12] and [14], Lee et al. pointed out that the operators of logical product (i.e.,
Min(x, y)) and logical sum (i.e., Max(x, y)) shown in Table 1 are inappropriate for handling
fuzzy information retrieval because these two operators have the “single operand
dependency” property. In the following, we use two examples to explain why these two

operators are inappropriate to deal with fuzzy information retrieval.

Example 2.1: Assume that there are two documents d; and d,, and assume that there is a
query g shown as follows:

dy = {(Information, 0.5), (System, 0.5)},

d, = {(Information, 0.9), (System, 0.4)},

g1 = Information AND System.



If the operator of logical product is used for the AND operations, then the degrees of
satisfaction of the documents d; and d, with respect to the query ¢; can be evaluated and
are equal to 0.5 (i.e., Min(0.5, 0.5) = 0.5) and 0.4 (i.e., Min(0.9, 0.4) = 0.4), respectively,
and the system will retrieve the document d;. However, intuitively, the document d, is
more suitable than the document d; with respect to the query g;.
Example 2.2. Assume that there are two documents d5 and d4, and assume that there are
two queries ¢, and g3 shown as follows:

d;={(1,0),(1,0.8),(5,1),..., (1, 1), (ti00, 1)},

ds={(1,0), (#,0.1),(#,0.1), ..., (199, 0.1), ( £100, 1)},

q>=1t1 AND 1, AND #t; AND ... AND f99 AND t00,

g3 =t OR t1¢0.
If the operator of logical product is used for the AND operations, then the degrees of
satisfaction of the documents d5 and d, with respect to the query ¢, are the same (i.e., Min(0,
08,1, ..., 1, 1) =Min(0, 0.1, 0.1, ..., 0.1, 1) = 0). However, intuitively, the document d; is
more suitable than the document ds with respect to the query ¢,. If the operator of logical sum
is used for the OR operation, the degrees of satisfaction of the documents ds and ds with
respect to the query ¢; are the same and are equal to 1, respectively (i.e., Max(0.8, 1) =
Max(0.1, 1) = 1). However, intuitively, the document d5 is more suitable than the document ds4

with respect to the query g¢s.

From [9], [12] and [14], we can see that the remaining T-operators except the
operators of logical product and logical sum shown in Table 1 are still inappropriate for
handling fuzzy information retrieval due to the fact that they have the “partially single
operand dependency” and “negatively compensatory” properties. In [9], Kim et al.
pointed out that the “partially single operand dependency” operator can avoid the
problem described in Example 2.1, but it still have the same problem described in
Example 2.2. The “negatively compensatory” property can cause the problem illustrated

in the following example.

Example 2.3. Assume that there is a document ds and assume that there are two queries g4
and gs shown as follows:

ds = {(Information, 0.5), (System, 0.5), (Management, 0.5)},

g4 = Information AND System,

qs = Management.



If we use the operator of algebraic product (i.e., x x y) for the AND operations, then the
degrees of satisfaction of the document ds with respect to the queries g4 and ¢s can be
evaluated and are equal to 0.25 (i.e., 0.5 x 0.5 = 0.5) and 0.5, respectively. However, it is
unreasonable that the degree of satisfaction of the document ds with respect to the query g4

is less than that of the document ds with respect to the query gs.

From the above three examples, we can see that the Min and Max operators suffer from
the problem of “single operand dependency”. Other T-operators (i.e., “Algebraic product
and Algebraic sum”, “Hamacher product and Hamacher sum”, “Drastic product and Drastic
sum”, and “Bounded product and Bounded sum”) shown in Table 1 have the problems of
not only “partially single operand dependency”, but also “negative compensatory”.
Because the T-operators have these problems, some averaging operators are proposed to
overcome these problems [21], [23], [24]. In [9], Kim et al. pointed out that P-Norm
operators [21] (i.e., formulas (2) and (3)), Infinite-One operators [23] (i.e., formulas (6) and
(7)), and Waller-Kraft operators [24] (i.e., formulas (8) and (9)) have the “positively
compensatory” property. From [9], we can see that “positively compensatory” operators are
neither “partially single operand dependency” nor “negatively compensatory”, they can
avoid all the problems described previously if the fuzzy information retrieval system using
the “positively compensatory” operators as the evaluating formulas for the AND and OR
operations. Thus, in [9], kim et al. pointed out that the three averaging operators (i.e.,
P-Norm operators, Infinite-One operators, and Waller-Kraft operators) are suitable to

achieve high retrieval effectiveness for fuzzy information retrieval.

3. Analysis of the Existing Averaging Operators
From [9], we can see that P-Norm operators [21], Infinite-One operators [23], and

Waller-Kraft operators [24] are appropriate to deal with the AND and OR operations for

fuzzy information retrieval respectively. However, according to our research, the three

averaging operators still have the following drawbacks:

(1) From [21], we can see that the resulting value of P-Norm operators is controlled by a
parameter p, and the values of the parameter p is between 1 and co. From [23] and
[24], we can see that the resulting values of the Infinite-One operators and
Waller-Kraft operators are controlled by a parameter y, and the values of the
parameter y is between 0 and 1. However, it is very subjective and very hard to

determine an appropriate value of the parameter y between 0 and 1 and to determine



(2)

3)

the appropriate parameter p between 1 and oo for fuzzy information retrieval.
According to the Infinite-One operators (i.e., formulas (6) and (7)), if ¥ = 1, then
formula (6) became the operator of logical product (i.e., Min(x, y)) for the AND
operations and formula (7) became the operator of logical sum (i.e., Max(x, y)) for the
OR operations. However, from Section 2, we can see that the operators of logical
product and logical sum have the “single operand dependency” property, and from
Example 2.1 and Example 2.2, we can see that the Infinite-One operators are
inappropriate for fuzzy information retrieval if the parameter ¥ = 1. In the same way,
if we use P-Norm operators (i.e., formulas (2) and (3)) to deal with fuzzy information
retrieval, it will has the same drawback describe above if the parameter p = oo; if we
use Waller-Kraft operators (i.e., formulas (8) and (9)) to deal with fuzzy information
retrieval, it will has the same drawback describe above if the parameter y = 0 in
formula (8) and the parameter =1 in formula (9).
According to Infinite-One operators (i.e., formulas (6) and (7)), if y= 0, then the two
operators are the same as the arithmetic mean, and the resulting values of the AND
and OR operations are the same. That is, the system can not distinguish the degrees of
satisfaction of the documents with respect to the queries for the AND and OR
operations.
Example 3.1. Assume that there is a document dg, and assume that there are two
queries ¢¢ and g7 shown as follows:

ds = {(Information, 0.2), (System, 0.6)},

qe6 = Information AND System,

q7 = Information OR System.
If formula (6) is used for the AND operation and formula (7) is used for the OR
operation and if ¥ = 0, then the degrees of satisfaction F(ds, g¢) and F(ds, g7) of the
document ds with respect to the queries g and g7, respectively, can be evaluated as
follows:

F(d, qs) = F(dg, Information AND Systems)
~02+0.6

2
=0.4,



(4)

F(dg, q,)=F(d,, Information OR Systems)
~02+0.6

2
=04.

In this situation, the system can not distinguish the degrees of satisfaction of the
document ds with respect to the queries g and g7, respectively.

In the same way, if we use the P-Norm operators (i.e., formulas (2) and (3)) to
deal with fuzzy information retrieval, it will have the same drawback if the parameter
p = 1; if we use the Waller-Kraft operators (i.e., formulas (8) and (9)) to deal with

fuzzy information retrieval, it will have the same drawback if the parameter y=0.5.

According to the Infinite-One operators (i.e., formulas (6) and (7)), if = 0.5, then the
system can distinguish the degrees of satisfaction of the documents with respect to the
queries for the AND and OR operations [9]. However, it still has a drawback
illustrated as follows.
Example 3.2. Assume that there are two documents d; and dg, and assume that there
is a query gg shown as follows:

d7 = {(Information, 0.2), (System, 0.7), (Management, 0.9)},

ds = {(Information, 0.3), (System, 0.4), (Management, 0.8)},

qs = Information AND System AND Management.
If formula (6) is used for the AND operation and if y = 0.5, then the degrees of
satisfaction F(d7, gs) and F(ds, gs) of the documents d; and ds with respect to the
query gs, respectively, can be evaluated as follows:

F(d,, q3) = F(d,, Information AND System AND Management)

= 0.5% Min(0.2,0.7, 0.9) +0.5x 2207407

=0.5x0.24+0.5x0.6
=04,

F(dg, qy) = F(dg, Information AND System AND Management)

~ 0.5 Min(0.3, 0.4, 0.8)+ 0.5 x =>4+ 08

=0.5x0.3+0.5%x0.5
=04.

In this situation, the system can not distinguish the degrees of satisfaction of the

document d; and the document dg with respect to the query gs, respectively. However,



intuitively, the document d is more suitable than the document dg with respect to the
query gs.

(5) If we use Waller-Kraft operators (i.e., formulas (8) and (9)) to deal with fuzzy
information retrieval, the operators have a drawback illustrated in the following example.
Example 3.3. Assume that there are two documents dy and d;9, and assume that there
is a query g9 shown as follows:

do = {(Information, 0.1), (System, 0.2), (Management, 0.9)},

dio = {(Information, 0.1), (System, 0.8), (Management, 0.9)},

q9 = Information AND System AND Management.
If formula (8) is used for the AND operations, then the degrees of satisfaction F(dy,
q9) and F(d\o, q9) of the documents dy and d;p with respect to the query g9 can be

evaluated as follows:

F(d,, q,) = F(d,, Information AND System AND Management)
=(1-y)xMin(0.1, 0.2, 0.9) + y x Max(0.1, 0.2, 0.9)
=(1-y)x0.1+yx0.9,

Fd,,q,)=F(d,, Information AND System AND Management)
=({1-y)xMin(0.1, 0.8, 0.9) + y x Max(0.1, 0.8, 0.9)
=(1-y)x0.1+yx0.9,

where 0 <y <0.5. That is, F(dy, q9) = F(d10, q9). However, intuitively, the document

dyo 1s more suitable than the document dy with respect to the query go.

Thus, if we want to use the averaging operators for the AND and OR operations in
fuzzy information retrieval, it is important to develop new averaging operators to overcome

the drawbacks of the above three averaging operators.

4. Fuzzy Information Retrieval Based on the Proposed Geometric-Mean Averaging
Operators

In the following, we present the new averaging operators, called the

Geometric-Mean Averaging (GMA) operators, for fuzzy information retrieval shown as

follows:

F(d,, qap) = F(d,,t, AND#, AND --- AND 7,

" . (10)
:{H(anLeij)} -a,

J=1

10



F(d;,qor)=F(d;, 1, OR 1, OR ---OR 7,)

, i (11
:(a+l)—{H(0{+l—ey)} ,

where a € {0, 1}, 1 <i<n,1<j<m, F(d, ganp) € [0, 1] and F(d;, gor) € [0, 1]. The
values of F(d;, ganp) and F(d;, gor) of the proposed GMA operators are controlled by a
parameter a, where a is either 0 or 1. If the evaluating values e; of terms # in documents d;
are either 0 or 1, where 1 <i <4 and 1 <j < 2, then the example shown in Table 2
indicates that the proposed GMA operators are compatible with the traditional Boolean
operators (i.e., Table 2(a)) if the parameter a is 0 and are compatible with the extended
Boolean operators [21] (i.e., Table 2(b)) if the parameter a is 1. For example, let’s consider
the document d, shown in Table 2(a) and formulas (10) and (11). If #,= 0, £,= 1 and the
parameter o = 0, then we can get

F(d,,q.xp)=F(d,,t, ANDt,)

= [0 X 1]%
=0,
F(d,,qox)=F(d,,t, OR ¢,)
:1—[(1—0)><(1—1)]§
=1.

Furthermore, let’s consider the document @, shown in Table 2(b) and formulas (10) and
(11). If ;= 0, t,= 1 and the parameter a = 1, then we can get

F(d,,q.xp)=F(d,,t, ANDt,)

=[1x 2]% -1
=0.4142,

F(d,,qox)=F(d,,t, OR ,)

:2—[(2—0)><(2—1)]]5
=0.5858.

From Table 2(a), we can see that when a = 0, the proposed GMA operators can be used

in the traditional Boolean information retrieval environment.

11



Table 2. Applying the Proposed GMA Operators for Information Retrieval

(a) Parameter o = 0

Terms Query
t; b t; AND ¢, t; OR 1,
Documents d; 0 0 0 0
Documents d> 0 1 0 1
Documents d3 1 0 0 1
Documents d, 1 1 1 1
(b) Parameter o = 1
Terms Query
t; 15 t; AND ¢, t; OR ¢,
Documents d; 0 0 0 0
Documents d, 0 1 0.4142 0.5858
Documents d; 1 0 0.4142 0.5858
Documents d, 1 1 1 1

In the following, we analyze the proposed GMA operators in different situations, i.e.,
the parameter a is 0 and the parameter « is 1.
Situation 1: If the parameter « is 0, then the proposed GMA operators (i.e., formulas (10)
and (11)) became
F(d,,qup)=F(,,t, AND---AND¢,)

T (12)
- [Hey} )

F(d,,qox)=F(d,,t, OR---OR ¢,)

. " (13)
:1{]‘[(1—%)} :

In this situation, the proposed GMA operators (i.e., formulas (12) and (13)) have the
“partially single operand dependency” property. From Section 2, we can evaluate that this
property can overcome the problem of Example 2.1. Furthermore, formulas (12) and (13)
do not have the “negative compensatory” property. Thus, it can avoid the problem of
Example 2.3. In the following, we use formula (12) to deal with Example 2.1 and Example

2.3, respectively.

(1) If we use formula (12) to deal with Example 2.1, we can evaluate the degree of

satisfaction F'(d,, g, ) of the document d; with respect to the query g, shown as follows:

12



F(d,,q,)=F(d,, Information AND System)

=b5x05ﬁ
=0.5.

In the same way, we can obtain the degree of satisfaction F'(d,, g, ) of the document d>
with respect to the query g, where F(d,, g,)= 0.6, and the system will retrieve the

document d,, and it coincides the viewpoint of the human’s intuition.

(2) If we use formula (12) to deal with Example 2.3, we can evaluate the degree of
satisfaction F(d,, q,)of the document ds with respect to the query g4 shown as
follows:

F(d,, q,)=F(ds, Information AND System AND Management)

=b5x05x05ﬁ
=0.5.

In the same way, we can evaluate the degree of satisfaction /'(d;, g5) of the document
ds with respect to query gs, where F'(d,, g5)= 0.5. In this situation, we can evaluate the
same degrees of satisfaction of the document ds with respect to the queries ¢4 and gs,

respectively, and it coincides the viewpoint of the human’s intuition.

Furthermore, the proposed GMA operators can overcome the drawbacks of Example
3.1, Example 3.3 and Example 3.3. In the following, we use formulas (12) and (13) to deal
with Example 3.1, Example 3.2 and Example 3.3, respectively.

(1) If we use formulas (12) and (13) to deal with Example 3.1, we can evaluate the degrees
of satisfaction of the document ds with respect to the queries g¢ and g7, respectively,
shown as follows:

F(dg, qs)=F(d, Information AND System)

=m2x06ﬁ
= 0.3464,

F(dy, q,)=F(dg, Information OR System)

1= [1-0.2)x (1-0.6)]:
—0.4343.

According to the values of F(d,, q,) and F(d,, q,), the system can distinguish the

degrees of satisfaction of the document ds with respect to the queries g¢ and g7,

13



respectively.

(2) If we use formula (12) to deal with Example 3.2, we can evaluate the degree of

satisfaction F'(d,, q,) of the document d; with respect to the query gs shown as

follows:

F(d,, q3) = F(d,, Information AND System AND Management)

=[0.2x0.7 0.9]§
=0.5013.

In the same way, we can evaluate the degree of satisfaction F'(dy, ¢ ) of the document
ds with respect to query gg, where F'(dg, g;)= 0.4579. The system will retrieve the

document d7, and it coincides the viewpoint of the human’s intuition.
(3) If we use formula (12) to deal with Example 3.3, we can evaluate the degree of

satisfaction F'(d,, q,) of the document dy with respect to the query go shown as

follows:

F(d,, q,) = F(d,, Information AND System AND Management)

—[0.1x0.2x0.9]:
~0.2621.

In the same way, we can evaluate the degree of satisfaction F'(d,,, q,) of the document

dio with respect to query qo, where F'(d,,, g,) = 0.416. The system will retrieve the
document d,, and it coincides the viewpoint of the human’s intuition.

From the previously discussions, we can see that when the parameter a is 0, the

proposed GMA operators are very useful to deal with fuzzy information retrieval.

However, it still have the same problem of Example 2.2, i.e., the degrees of

satisfaction F(d;,q,) and F(d,,q,) are all evaluated as 0, and the degrees of
satisfaction F'(d,, g;)and F(d,, q,) are all evaluated as 1. In this situation, we can use the

proposed GMA operators and set the parameter o to 1 to overcome this problem. Let us

consider the following situation.

Situation 2: If the parameter « is 1, then the proposed GMA operators (i.e., formulas (10)
and (11)) became

14



F(d,,qup)=F(d,t, AND--- AND?¢,)

= ”Ll (14)
:|:H(l+eij)} -1,
j=l
F(d,,qox)=F(d,;,t OR---OR ¢, )
1

m n (15)
:2{1‘[(2—%)} .

-
In this situation, the proposed GMA operators have the “positively compensatory”
property if the parameter a is 1. In [14], Lee pointed out that the “positively
compensatory” operators are functions of the form

p: [0, 1]1x[0, 1]—]O0, 1].

They must satisfy the follow two properties:
Property 1: p(x, x) = x; i.e., p is idempotent.
Property 2: Min(x, y) < p(x, y) < Max(x, y), where x # y.

In the following, we prove the properties of the proposed GMA operators when the

parameter o is 1.

Property 1: F(d,x ANDx)= x and F(d,xOR x)= x; ie., F(d,x ANDXx) and
F(d, x OR x) are idempotent.
Proof:
1
F(d,x AND x) =[(1+x)x(1+x)]z -1
=(1+x)-1

:x,

F(d, x OR x)zz—[(z—x)x(z—x)]é
=2-(2-x)

=X
Thus, we can see that the proposed GMA operators are idempotent when the
parameter o is 1.

Property 2: Min(x, y) <F(d, x AND y)<F(d, x OR y) < Max(x, y), where x # .

Proof: If x = 0 and y = 1, then we can see that Min(x, y) = 0 and Max(x, y) = 1. If we use

formulas (14) and (15), we can get
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F(d,x AND y) = [(1+x)x(1+y)]% -1

=[(1+0)x(1+1)]% -1
=0.4142,

1
F(d,xOR y)=2-[2-0)x(2-D]:
1
=2-(2)
=0.5858.
In the same way, we can evaluate the same results if x = 1 and y = 0 shown as

follows

F(d,x AND y) = [(1+x)><(1+y)]% -1

=[a+Dx1+0)]2 -1
=0.4142,

F(d, x OR y):2—[(2—1)><(2—0)]15
=2-(2)2
= 0.5858.

In summary, we can see that Min(x, y) <F(d, x AND y)<F(d, x OR y) < Max(x, »),

where x # y.

According to above properties, we can see that the proposed GMA operators have the
“positively compensatory” property when the parameter « is 1. From [9], [12] and [14],
we can see that the “positively compensatory” operators do not have either the “single
operand dependency” property or the “negatively compensatory” property. Therefore, the
fuzzy information retrieval using “positively compensatory” operators can avoid the
“single operand dependency” and “negative compensatory” problems of Example 2.1 to
Example 2.3. In the following, we use formulas (14) and (15) to deal with Example 2.1,
Example 2.2 and Example 2.3, respectively.

(1) If we use formula (14) to deal with Example 2.1, we can evaluate the degree of

satisfaction F'(d|, ¢,) of the document d; with respect to the query ¢; shown as follows:
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F(d,, q,) = F(d,, Information AND System)
_[1+0.5)x(1+0.5)]: -1
= [1.5x1.5]§ -1
=0.5.
In the same way, we can evaluate the degree of satisfaction /'(d,, ¢,) of the document
d, with respect to the query g, where '(d,, q,) = 0.631. The system will retrieve the

document d», and it coincides the viewpoint of the human’s intuition.
(2) If we use formula (14) to deal with Example 2.2, we can evaluate the degree of

satisfaction F'(d,, q,) of the document d; with respect to the query g, shown as

follows:

F(d,, q,)=F(ds,t, AND ¢, AND ---AND t,,,)

1
=[1+0)x---x 1+ D] -1
=1.9841-1
=0.9841.

In the same way, we can evaluate the degree of satisfaction F'(d,, g,) of the document
ds with respect to the query ¢g», where F'(d,, g,) = 0.1055. The system will retrieve the

document ds, and it coincides the viewpoint of the human’s intuition.

Then, we use formula (15) to evaluate the degree of satisfaction '(d;, g,) of the

document d5 with respect to the query g3 shown as follows:

F(d,,q;)=F(d,,t, OR t,,)

1
=2-[2-08)x2-1]
=2-1.0954
=0.9046.

In the same way, we can evaluate the degree of satisfaction F(d,, ¢,) of the document
ds4 with respect to the query g3, where F(d,, g,) = 0.6216. The system will retrieve the

document ds, and it coincides the viewpoint of the human’s intuition.
(3) If we use formula (12) to deal with Example 2.3, we can evaluate the degree of

satisfaction F'(ds, q,) of the document ds with respect to the query g4 shown as

follows:
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F(ds, q,)=F(d, Informatio n AND System AND Management )
1
=[1+0.5)x1+0.5)x(1+0.5)] -1

=[1.5><1.5x1.5]§—1
=0.5.

Then, we can evaluate the degree of satisfaction F'(d;, ¢5)of the document ds with
respect to query gs, F(ds,qs)= 0.5. In this situation, we can obtain the same
evaluating results of the document ds for the queries g4 and ¢s, respectively, and it

coincides the viewpoint of the human’s intuition.

Furthermore, the proposed GMA operators can overcome the drawbacks of the
existing averaging operators of Example 3.1, Example 3.2 and Example 3.3. In the
following, we use formulas (14) and (15) to deal with Example 3.1, Example 3.2 and
Example 3.3, respectively.

(1) If we use formulas (14) and (15) to deal with Example 3.1, we can evaluate the degrees
of satisfaction of the document ds with respect to the queries g¢ and g7 shown as

follows:
F(d,,q,)=F(d, Information AND System)
1
=[1+0.2)x(1+0.6)]2 -1

= [1.2x1.6]% -1
=0.3856,

F(dg,q,)=F(d, Information OR System)

—2-[2-02)x(2-0.6)]
04125,

According to the values of F(d, q,) and F(d,, q,), the system can distinguish the

degrees of satisfaction of the document ds with respect to the queries g¢ and g7,
respectively.
(2) If we use formula (14) to deal with Example 3.2, we can evaluate the degree of

satisfaction F'(d,, q,) of the document d7; with respect to the query gg shown as

follows:
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F(d,, q3) = F(d,, Information AND System AND Management)
1
= [(1 +0.2)x(1+0.7)x(1+ 0.9)]5 -1

= [1.2><1.7><1.9]§ -1
=0.5708.

In the same way, we can evaluate the degree of satisfaction F'(dy, g, ) of document ds
with respect to query gs, where F'(d,, g3)= 0.4852. The system will retrieve the

document d7, and it coincides the viewpoint of the human’s intuition.
(3) If we use formula (14) to deal with Example 3.3, we can evaluate the degree of

satisfaction F'(d,, q,) of the document dy with respect to the query go shown as

follows:

F(d,, q,) = F(d,, Information AND System AND Management)
1
=[1+0.)x(1+0.2)x(1+0.9)]s -1

=[1.1><1.2x1.9]§—1
= 0.3587.

In the same way, we can evaluate the degree of satisfaction '(d,,, g, ) of the document
dio with respect to query qo, where F'(d,,, g,) = 0.5553. The system will retrieve the

document d, and it coincides the viewpoint of the human’s intuition.

5. Weighted Fuzzy Query Based on the Extended Geometric-Mean Averaging

Operators

In Section 4, we only considered non-weighted fuzzy queries for fuzzy information
retrieval. In [14], Lee pointed out that the retrieval effectiveness could be improved by
assigning importance factors or weights to the terms and clauses in the queries. From [2],
[14], [21] and [22], we can see that weighted queries are very useful in fuzzy information

retrieval. Let us consider an example of weighted Boolean query ¢ shown as follows [14]:

q = (((t], wa) OR (t29 qu)), W(]] OR (12) AND (t3a qu),
where Wy, denotes the weight of the term # in the query ¢, 1 <j <2, and wy, or 4, denotes
the weight of the clause “(¢;, wy,) OR (¢, wg,)” in the query g, where Wy, € [0, 1] and wy,

ORL]2 € [07 1]'

In the following, we extend the proposed GMA operators of formulas (10) and (11) to
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formulas shown as follows:

F(d,,qap) = F(d,, (t,,w,) AND (1,,w, ) AND--- AND (z,,,w, )

: (16)

(17)

m

mn i'q/
:(a+1)—H(0¢+1—eij)-’:‘ ,
J=l

where F(d;, q,,) € [0, 1], F(d;, qo) € [0, 1], Wy, € [0,1],a € {0,1},1<i<n,and 1 <j
< m. The weight Wy, of the term ¢ in the query ¢ in formulas (16) and (17) is a relative

weight. In [14], Lee pointed out that users submit a query with “relative query weights”
will be easier than with “absolute query weights”. In the following, we use an example to
illustrate how to use formulas (16) and (17) to deal with weighted fuzzy queries for fuzzy

information retrieval.

Example 5.1. Assume that there is a document d;; and assume that there are two queries
q10 and g;; shown as follows:

di1 = {(Information, 0.2), (System, 0.6), (Management, 0.7)},

q10 = (Information, 0.7) AND (System, 1),

q11 = (q10, 0.6) OR (Management, 0.9).
If we use formula (16) to deal with the AND operation and the parameter a is 1, then the
degree of satisfaction F(di1, qi10) of the document d;; with respect to the query gio can be
evaluated as follows:

F,,q,)=F(d,, (Informtion, 0.7) AND (System, 1))
0.7 1

—[(1+0.2)°7" x (1+0.6)°7 ]~ 1
— [(1.2)0.4118 % (1 .6)0.5882 ] _1
=0.4212.

That is, the degree of satisfaction F(di, q10) of the document d,; with respect to the query
q10 1s 0.4212. In the same way, if we use formula (17) to deal with the OR operation and
the parameter o is 1, then the degree of satisfaction F(d,;, g11) of the document d;; with

respect to the query ¢;; can be evaluated as follows:
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Fd,,q,)=Fd,,(q,,0.6) OR (Management, 0.9))
0.6 0.9

— 2 _ [(2 _ 04212) 0.6+0.9 X (2 _ 07) 0.6+0.9 ]
=2—[(1.5788)"* x (1.3)*°]
=0.5949.

That is, the degree of satisfaction F(d1i, ¢11) of the document d;; with respect to the query
qi 1s 0.5949.

6. Conclusions

In this paper, we have presented a new method for fuzzy information retrieval based

on geometric-mean averaging (GMA) operators. We use some examples to compare the

proposed GMA operators with the existing averaging operators. We also prove some

properties of the proposed GMA operators. The proposed GMA operators can deal with

fuzzy information retrieval in a more flexible and more intelligent manner.
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