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Abstract

Much information is expressed by natural languages.
The management of linguistic information implies the
use of operators of comparison and aggregation. Based
on the Ordered Weighted Averaging (OWA) operator
by Yager and modifying indexes of linguistic terms
(their indexes are fuzzy numbers on [0,T]JcR™), a new
linguistic weighted averaging operator (F.) is
proposed. Moreover from the distributed intelligent
agent architecture on the Internet, information flows
are discussed. By using the operator Fi, a new
method of gathering linguistic weighted information
on the Internet is presented.

Keywords: OWA operator, linguistic weighted
averaging operator, intelligent agent, Internet.

1. Introduction

The fuzzy linguistic approach is an approximate
technique that represents qualitative aspects as
linguistic values by means of linguistic variables, i.e.,
variables whose values are not numbers but words or
sentences in a natural or artificial language [1]. In
representation and manipulation of human knowledge
automatically, many methods based on fuzzy set
theory have already been successful developed [2].
However, at present, there is no uniformity in the
construction of membership function and the
interpretation of what a membership grade means, and
many researchers have studied these problems [3], [4].
On the other hand, in some real world practice, it is
very difficult to select suitable membership functions
of fuzzy linguistic values, in many cases, human
knowledge is expressed by directly using natural
languages.

The management of linguistic information implies
the use of operators of comparison and aggregation.
Many researchers have studied operators of
comparison and aggregation [5]-[11]. The fuzzy
linguistic approach has been successfully applied to
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many aspects, such as decision, information retrieval,
medicine, and education etc. In the framework of
information retrieval, one of the most current
problems for which a linguistic approach is very
useful is the retrieval, handling, and identification of
relevant information on Internet [5].

Intelligent agents (or Intelligent software agents),
deal with the information gathering process assisting
Internet users to locate the information that best fits
their needs. In intelligent agents, it is a problem that
the lack of connection, communication, and consensus
among them has led to a decrease in the quality and
suitability of the information retrieved in addition to
the efficiency of the system in the recovery and
filtering task. The great variety of representations and
evaluations of information on Internet is the main
obstacle to this communication, and the problem
becomes more noticeable when a user takes part in the
process. The complexity of this process reveals the
need for more flexibility in communication among
agents and between agents and the user. For this
purpose, several approaches related to mechanisms to
introduce and handle flexible information through
linguistic labels have been proposed at both the agent
and user levels [5], [12].

This paper is structured as follows: In Section 2,
fuzzy linguistic values are briefly listed, modifying the
index of linguistic label as a fuzzy number on [0,T] is
proposed, and based on fuzzy number index, the
operator Fy, is proposed. In Section 3, a distributed
intelligent agent model on the Internet and information
gathering are illustrated. In Section 4, information
gathering through the operator F, is discussed.
Conclusion is Section 5.

2. Linguistic values

From a formal point of view, a linguistic variable
is defined by a quintuple {L, H(L), U, G, M} [1]. L is
the name of the linguistic variable, and H(L) (or
simply H) is its linguistic term set, i.e., the collection
of linguistic descriptors used to assess. For example, a



linguistic term set for the linguistic variable
Importance, denoted by H(Importance), can be
defined as: H(Importance)= {high, very high, medium,
low, more or less low, not very low, ..., }. A
numerical variable u called the base variable, which
takes values in the universe of discourse U (usually
[0,1]), is associated with each linguistic term of H. G
is a syntactic rule, which usually takes the form of a
context free grammar and generates the linguistic
descriptors of H, and M is a semantic rule which
associates the meaning M(I) with a fuzzy subset of U
to each linguistic value e H. Each | generated by G is
the label for the fuzzy restriction (membership
function) M(I) on the values of the base variable, i.e.,
M= {(u, z4(u)) | ueU, w(u) [0,1]}. Hence, each
linguistic value is characterized by a syntactic value
(or label) and a semantic value (or meaning). The
label is a word or sentence belonging to a linguistic
term set, and the meaning is a fuzzy subset in a
universe of discourse.

From the information granule (IG) point of view
[13], we know that each linguistic label is a fuzzy IG
that is a clump of physical or mental objects (points)
drawn together by indistinguishability, similarity,
proximity or functionality.

From the algebra point of view, let U be a
universal set. All granules of U denote P(U)(= H(L)),
the set R*={x|x> 0} denotes indexes of H(L), then the
linear function F can be defined as follows [14]:

F:Uo>R* @)
Let 4(A) be a membership function of a granule Ae
P(U). Generally, the granule A has many membership
functions that are defined by different researchers. Let
F(U) be the collection of membership functions on
U. Natural mapping is
7 FU)— PU) @)
An equivalence relation = on F(U) can be obtained,
p(u) = p'(u) < (uu)) = 7(4'(U)) @)

i.e., 2(u)and z'(u)are membership functions
of the same granule of P(U). Let an equivalence class
[z,(u)] € F(U)/ =, for a representative element
4, (U), according to F and the extension principle,
one-tQ-one mapping can he obtained
E:FU)/ > D;{T

E([uea(U)]) = E(up(U)) = 1. 4

y is a fuzzy number on R”, in this paper, the
index of granule Ae P(U) is identified by y . If the
granule A is crisp, then £, (U) is the characteristic
function of crisp set A, where y is also a characteristic
function of a crisp set on R*. Using the natural
numbers theory, the indexes of crisp granules are the
natural numbers that can be obtained. If the granule A
is fuzzy, where y is a fuzzy number on R", i.e., the
indexes of fuzzy granules ought to be a fuzzy number,
this coincides with intuition understanding fuzzy
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= u,F R (0],

granule. Commutativity of a diagram of maps between
P(U) and D is shown in Fig.1, and x = E(p

- T
FU) 3 PU)
v K
IE(U)/;‘ E > D

Fig. 1: Diagram of maps between P(U) and D.

Example 1 [8] Let linguistic labels be P (perfect),
VH (very-high), H (High), M (Medium), L (Low), VL
(Very-low), their membership functions are triangular
fuzzy sets on [0,1], i.e., (1, 0.25, 0), (0.75, 0.15, 0.25),
(0.6, 0.1, 0.25), (0.5, 0.1, 0.1), (0.4, 0.15, 0.1) and
(0.25, 0.25, 0.15), respectively. Where the first
component is the center of the triangular fuzzy set, the
second component is left width, the third component is
right width. Let linear function F be

y=F(u)==6u (5)

Correspondingly, indexes of linguistic labels are
P*—P(elso) ' VH(450915) . H

5
I_F(360615L I\jl(aoeoe)
(151509)

Definition 1 [14] Le

PU) = H(L) = si\i:o .TeR* ;
be a finite label sets, A=1ja as . a; }C PU) aset
of labels to be aggregated w —{Wl, --,Wn} a
weighting vector such that

36
54 = L(24,09,086) 1

o YW eW i=1---,n,w, €[0]],

o =1.

Let { 1 o } J; be the center of j,,
C= O'(B) { Jo ,ja(n)} such that Vi' <1,
j JG(,) , denote

owa(B) WCT W Jo—l '

then the linguistic ordere
operator F, is

I:Iwa ((a
and a5 such that .

j (W) = max{3, (w), -, T, (W)}

Remark 1 There exists a bijective between a-
and J , hence, aggregating linguistic labels A is
transformed by aggregating the indexes of the
linguistic labels. After obtaining W by using the OWA
operator, similar to defuzzification methods in fuzzy
control theory, a- can be obtained. The other
aggregating methods based on fuzzy number indexes
and their properties will be discussed elsewhere.

Welghted averaging

185 ) = a5

3. Distributed agents structure and
communication among agents



Intelligent agents on the Internet not only retrieve
and filter information (in the sense of Web documents),
but also handle electronic mail, news lists, FAQ lists,
and so on. Distributed agents structure is shown in
Fig.2. In this paper, a single-user is considered.

Information Source 1, ..., Information Source n
yY
A 4
Information Agent 1, ..., Information Agent m
A
\ 4
Task Agent

A
A 4

Interface Agent
A

A 4

Internet user

Fig. 2: Distributed agents’ structure.

Actions of these levels are showed as follows [5]:

e Internet Users, who look for Web documents
on the Internet by means of a weighted query
where a set of terms related to the documents
desired is specified.

o Interface Agents (one for the user, generally),
which communicate the user's weighted query
to the Task Agents and filter the documents
retrieved from Task Agents to give users those
that best satisfy their needs.

e Task Agents (one for the Interface Agent,
generally), which communicate the user's
query to the Information Agents and get those
documents from every Information Agent that
best fulfills the query, fusing them and
resolving the possible conflicts among
Information Agents.

e Information Agents, which receive the
weighted query from the Task Agents, look
for the information in the data sources, and
give the retrieved documents back to the
preceding level.

o Information Sources, consisting of all data
sources within the Internet, such as databases
and information repositories.

In the process of information gathering, as a
response to a user's query on the model Fig. 2, there
are two parts,
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On one hand, there is a communication
between agents at information source and
information agent, or information agent and
task agent, which is far from the user's
participation and where the question that the
Task Agent must answer concerns which
Information Agents would better satisfy the
user's needs.

On the other hand, there is a communication
between agents at levels interface agent and
the user, where the information element is
specifically the set of retrieved documents that
will be analyzed and filtered by the Interface
Agents.

4. Information gatherlng through

the operator F

lwa

Assume that linguistic labels set S has been
obtained, according to Fig. 2. The process of
information gathering is based on the weighted queries
that are given by an internet user and communication
among levels in Fig. 2, the process of information
gathering can be described as follows:

documents related to the terms tl,tz, A
which are weighted by W, = {w,,---, W,
These values are communlcated to the
Interface Agent.

Interface Agent gives the terms and their
importance weights to the Task Agent.

Task Agent makes the query to all the
Information Agents, the query is connected to
the terms?ti,tzp--,tﬁ} and W, .

All Information Agents that have received the
query look for the information that best
satisfies it in the Information Sources, and
retrieve from them the documents.

Task Agent receives a set of documents from
Information Agent h (h=1,---,m). Every
3(;cument h . has an associated term

Internet User makes a query to look fjr

¢l ch ¢l | which is weighted by
h = WhosWhe | ) )
Task Agent aggregates information obtained
from every Information Agent h by the
operator Fa, i.€., for Wh = Whl, . ,Whrh$
Flvva'((cl ’ Crh ))
where, K, such that

-~ W, = fv{,((12 r))

ki, (W) = maxy1(w, ) rh (w,)
Accordmg to weights Wl, Interface Agent
aggregates the terms it N ST S G K-

'n
Iwa((tll )) f
Once Task Agent has calculated the overall
performances C~ of Information Agents



through the operator Fy,, Task Agent must be
decided which Information Agent best fulfills
the user's query. Generally, the performances
Ckb (h=1---,m) are ordered decreasingly

h . . . . . .
by a criterion. In this paper, the criterion is

selected as follows: -~ ~
d, =|t- —c! HI ~ k.
In which, d, isthe méasure between the fuzzy

number | and K, .
e Interface Agent receives an ordered list of
documents from Task Agent, and sends them
to Internet User.

5. Conclusion

In this paper, on one hand, based on the OWA
operator and modifying indexes of linguistic terms, a
new linguistic weighted averaging operator (F.) is
presented. On the other hand, based on the distributed
intelligent agent architecture on the Internet,
information flows are discussed. By using the operator
Fiwa, @ New method of gathering linguistic information
on the Internet is presented. The other aggregating
methods based on the fuzzy number indexes, their
properties and information filtering based on linguistic
aggregating methods will be discussed elsewhere.
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