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Preface

We are glad to present the proceedings of the IPMU 2012 conference (Interna-
tional Conference on Information Processing and Management of Uncertainty in
Knowledge-Based Systems) held in Catania, Italy, during July 9–13, 2012. The
IPMU conference is organized every two years with the focus of bringing together
scientists working on methods for the management of uncertainty and aggrega-
tion of information in intelligent systems. This conference provides a medium for
the exchange of ideas between theoreticians and practitioners in these and related
areas. This was the 14th edition of the IPMU conference, which started in 1986
and has been held every two years in the following locations in Europe: Paris
(1986), Urbino (1988), Paris (1990), Palma de Mallorca (1992), Paris (1994),
Granada (1996), Paris (1998), Madrid (2000), Annecy (2002), Perugia (2004),
Paris (2006), Malaga (2008), Dortmund (2010). Among the plenary speakers of
past IPMU conferences there are three Nobel Prize winners: Kenneth Arrow,
Daniel Kahneman, Ilya Prigogine.

The program of IPMU 2012 consisted of six invited talks together with 258
contributed papers, authored by researchers from 36 countries, including the
regular track and 35 special sessions. The invited talks were given by the fol-
lowing distinguished researchers: Kalyanmoy Deb (Indian Institute of Technol-
ogy Kanpur, India), Antonio Di Nola (University of Salerno, Italy), Christophe
Marsala (Université Pierre et Marie Curie, France), Roman Slowinski (Poznan
University of Technology, Poland), Tomohiro Takagi (Meiji University, Japan),
Peter Wakker (Erasmus University, The Netherlands). Michio Sugeno received
the Kampé de Fériet Award, granted every two years on the occasion of the
IPMU conference, in view of his eminent research contributions to the handling
of uncertainty through fuzzy measures and fuzzy integrals, and fuzzy control
using fuzzy systems.

The success of such an event is mainly due to the hard work and dedica-
tion of a number of people and the collaboration of several institutions. We
want to acknowledge the help of the members of the International Program
Committee, the additional reviewers, the organizers of special sessions, and the
volunteer students. All of them deserve many thanks for having helped to attain
the goal of providing a balanced event with a high level of scientific exchange
and a pleasant environment. A special mention is deserved by Silvia Angilella,
Salvatore Corrente, Fabio Rindone, and Giuseppe Vaccarella, who contributed
greatly to the organization of the conference and especially to the review process.



VI Preface

We acknowledge the use of the EasyChair conference system for the paper sub-
mission and review. We would also like to thank Alfred Hofmann and Leonie
Kunz, and Springer, for providing continuous assistance and ready advice when-
ever needed.

May 2012 Salvatore Greco
Bernadette Bouchon-Meunier

Giulianella Coletti
Mario Fedrizzi

Benedetto Matarazzo
Ronald R. Yager
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Marco Elio Tabacchi

Settimo Termini
Vicenc Torra
Joan Torrens
Krzysztof Trawinski
Gracian Trivino
Alessandra Trunfio
Mayumi Ueda
Ziya Ulukan
Alp Ustundag
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A General Set Theoretic Approximation Framework . . . . . . . . . . . . . . . . . . 604
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Abstract. In group decision making (GDM) framework, we focus on
decision problems defined under uncertainty where decision makers can
hesitate among several values to elicit their preferences. In such cases,
the use of hesitant fuzzy linguistic term sets (HFLTS) can facilitate the
elicitation of decision makers preferences. In this contribution, our aim
is to propose a linguistic GDM model that allows to decision makers
use single linguistic terms or comparative linguistic terms to express
their preferences and obtain the solution set of alternatives of the GDM
problem.

Keywords: Group decision making, hesitant fuzzy linguistic term sets,
comparative linguistic terms, context-free grammar.

1 Introduction

Decision making is a usual process for human beings and companies in different
areas such as, engineering [10], planning [20], etc. In decision making problems
with multiple experts, each expert expresses his/her preferences depending on
the nature of the alternatives and on his/her own knowledge over them. Usu-
ally, this knowledge is vague and imprecise. In such cases, the fuzzy logic [8]
and fuzzy linguistic approach [18] provide suitable tools to deal with this type
of uncertainty. The use of linguistic information implies to carry out processes
of computing with words (CWW) [11,19]. There are different linguistic com-
puting models to accomplish such processes [5,9,15]. However, such approaches
are limited to model qualitative settings where decision makers hesitate among
different values, because they are thinking of several linguistic terms to provide
their preferences.

Torra introduced the concept of hesitant fuzzy sets [14] to manage situations
in quantitative settings, when decision makers hesitate among different values
to determine the membership of an element into a set. In qualitative settings it
may occur a similar situation, decision makers hesitate among different linguistic

S. Greco et al. (Eds.): IPMU 2012, Part I, CCIS 297, pp. 181–190, 2012.
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terms. Rodŕıguez et al. proposed the concept of HFLTS [12] to facilitate the
elicitation of such linguistic information by comparative linguistic terms.

The aim of this contribution is to develop a linguistic GDM model capable
to manage hesitant information by means of comparative linguistic terms repre-
sented by HFLTS. These comparative terms facilitate the elicitation of linguistic
information to decision makers in hesitant situations. The proposed GDM model
will manage this type of information by using linguistic intervals.

This paper is structured as follows: Section 2, introduces a basic scheme of a
GDM problem and makes a brief review about fuzzy linguistic approach. Section
3, revises the elicitation of comparative linguistic terms represented by HFLTS.
Section 4, presents a linguistic GDM model that deals with comparative lin-
guistic terms. Section 5 shows an illustrative example of a GDM problem, and
finally, Section 6 points out some concluding remarks.

2 Preliminaries

This section introduces a basic scheme for a GDM problem and reviews the fuzzy
linguistic approach basis of the HFLTS.

2.1 Scheme of a Group Decision Making Problem

A GDM problem is defined as a decision situation where a finite set of experts,
E = {e1, . . . , em} (m >= 2), express their preferences over a finite set of alter-
natives, X = {x1, . . . , xn}, (n >= 2) to obtain a solution set of alternatives for
the decision problem [7]. Usually, each expert, ek, provides her/his preferences
on X by means of a preference relation P k, μPk : X ×X −→ D,

P k =

⎛
⎜⎝

pk11 . . . pk1n
...

. . .
...

pkn1 . . . pknn

⎞
⎟⎠

where each assessment, μPk(xi, xj) = pkij , represents the degree of preference of
the alternative xi over xj according to expert ek.

Usually, GDM problems have been solved performing a selection process where
experts obtain the best alternative from their preferences [13]. The selection
process consists of two phases (see Fig.1).

– Aggregation phase: the experts preferences are aggregated to obtain a collec-
tive preference matrix that reflects the preferences provided by all experts.

– Exploitation phase: it selects the best alternative/s to solve the decision
problem by ranking the collective preferences obtained in the previous phase
by using a choice function [3].
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Fig. 1. General schema of a group decision making problem

2.2 Fuzzy Linguistic Approach

The fuzzy linguistic approach [18] represents qualitative settings by means of
linguistic variables. The concept of linguistic variable was introduced by Zadeh
[18] as “a variable whose values are not numbers but words or sentences in a
natural or artificial language”. To model linguistically the information is neces-
sary to choose the appropriate linguistic descriptors for the linguistic term set
and their semantics. To do so, there are different possibilities [16]. We will use
one of them that consists of applying directly the term set by considering all the
terms distributed on a scale that has an order defined [16]. In these cases, it is
required that in the linguistic term set there are the following operators:

1. Negation: Neg(si) = sj with j = g-i (g+1 is the granularity of the term set).
2. Maximization: Max(si, sj) = si if si ≥ sj.
3. Minimization: Min(si, sj) = si if si ≤ sj .

The semantics of the terms is represented by fuzzy numbers defined in the in-
terval [0,1], described by membership functions [1].

We aforementioned that the use of linguistic information implies processes of
CWW. To perform these computations in the fuzzy linguistic approach appeared
two classical computational models:

– Semantic model that computes with linguistic terms by means of operations
associated to their membership functions based on the Extension Principle
[2].

– Symbolic model that uses the ordered structure of the linguistic terms to
operate [16].

Symbolic models have been widely used in decision making because of their
simplicity and understandability. In this contribution, we will use a symbolic
model in the proposal for the GDM model.

3 Elicitation of Comparative Linguistic Terms

Our interest is focused on GDM problems under uncertainty where decision
makers may hesitate among different values to assess qualitative settings. To
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manage such a situation, we propose the use of comparative linguistic terms
represented by HFLTS. In [12] Rodŕıguez et al. defined the following context-
free grammar to generate expressions with comparative linguistic terms.

Definition 1. [12] Let GH be a context-free grammar and S = {s0, . . . , sg} a
linguistic term set. The elements of GH = (VN , VT , I, P ) are defined as follows:
VN = {〈primary term〉, 〈composite term〉, 〈unary relation〉, 〈binary relation〉,

〈conjunction〉}
VT = {lower than, greater than, between, and, s0, s1, . . . , sg}
I ∈ VN

The production rules are defined in an extended Backus Naur Form so that the
brackets enclose optional elements and the symbol | indicates alternative elements
[1]. For the context-free grammar, GH , the production rules are the following:

P = {I ::= 〈primary term〉|〈composite term〉
〈composite term〉 ::= 〈unary relation〉〈primary term〉|〈binary relation〉

〈primary term〉|〈conjunction〉〈primary term〉
〈primary term〉 ::= s0|s1| . . . |sg
〈unary relation〉 ::= lower than|greater than
〈binary relation〉 ::= between
〈conjunction〉 ::= and}

These linguistic expressions are represented by HFLTS.

Definition 2. [12] An HFLTS, HS, is an ordered finite subset of consecutive
linguistic terms of S, where S = {s0, . . . , sg} is a linguistic term set.

For example, letS = {nothing, very low, low,medium, high, very high, perfect}
be a linguistic term set and X an alternative, an HFLTS might be:

HS(X) = {high, very high, perfect}
To obtain HFLTS from the comparative linguistic terms generated by the context-
free grammar GH , was defined the transformation function EGH .

Definition 3. [12] Let EGH be a function that transforms linguistic expressions,
ll, obtained by GH , into HFLTS, HS, where S is the linguistic term set used by
GH .

EGH : Sll −→ HS (1)

In decision making is often to carry out comparisons between values. The com-
parison between two HFLTS is complex, because an HFLTS is a set of linguistic
terms. Therefore, to compare two HFLTS was introduced the concept of envelope
of an HFLTS.

Definition 4. [12] The envelope of a HFLTS, env(HS), is a linguistic interval
whose limits are obtained by means of upper bound (max) and lower bound
(min):

env(HS) = [HS− , HS+ ], HS− ≤ HS+ (2)
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where
HS+ = max(si) = sj, si ∈ HS and si ≤ sj ∀i and
HS− = min(si) = sj, si ∈ HS and si ≥ sj ∀i
Following the previous example, HS(X) = {high, very high, perfect}, its en-

velope is:

env(HS) = [high, perfect]

Once obtained the envelopes of HFLTS, the comparison is conducted by interval
values. Different approaches can be applied to carry out such comparison [12].
More operations with HFLTS and properties can be found in [12].

4 Linguistic Group Decision Making Model Dealing with
Comparative Linguistic Terms

The aim of this contribution is to propose a linguistic GDM model that copes
with hesitant situations in qualitative settings in which decision makers provide
linguistic information by means of single linguistic terms or comparative linguis-
tic terms. This model based on the classical symbolic model uses the indexes of
the linguistic term set to operate across the decision making process. It extends
the decision resolution scheme shown in Fig. 1 adding a phase to manage lin-
guistic information by means of HFLTS. It consists mainly of three phases (see
Fig. 2):

Fig. 2. Scheme of the linguistic group decision making model

1. Transformation of the comparative linguistic terms preference relations into
HFLTS
Experts provide their preference relation, P k, by using single linguistic terms
or comparative linguistic terms, μPk : X ×X −→ Sll,

P k =

⎛
⎜⎝

pk11 . . . pk1n
...

. . .
...

pkn1 . . . pknn

⎞
⎟⎠
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where each assessment pkij ∈ Sll, represents the preference degree of the al-
ternative xi over xj according to expert ek, expressed in the information
domain Sll. To solve the GDM problem the comparative linguistic terms
are transformed into HFLTS by means of the transformation function EGH .
Afterwards, it is computed an envelope for each HFLTS that obtains a lin-
guistic interval that will be used to aggregate the preferences provided by
experts, env(HS(p

k
ij)) = [pk−ij , pk+ij ],

P k =

⎛
⎜⎝

[
pk−11 , pk+11

]
. . .

[
pk−1n , p

k+
1n

]
...

. . .
...[

pk−n1 , p
k+
n1

]
. . .

[
pk−nn , pk+nn

]

⎞
⎟⎠

2. Aggregation of the preference relations represented by linguistic intervals
The linguistic intervals are aggregated to obtain a collective preference rela-
tion PC . We use the LOWA aggregation operator [4] to aggregate the right
limits, pk+ij , and the left limits, pk−ij of the intervals.

PC =

⎛
⎜⎝

[
p−11, p

+
11

]
. . .

[
p−1n, p

+
1n

]
...

. . .
...[

p−n1, p
+
n1

]
. . . [p−nn, p

+
nn]

⎞
⎟⎠

where i, j ∈ {1, . . . , n} and n is the number of alternatives.
3. Exploitation phase

Once the linguistic intervals have been aggregated, the set of alternatives is
ordered to select the best one/s. To do so, we use the approach proposed by
Jiang [6] that deals with interval preference relations and obtains a ranking of
alternatives based on numerical possibility degrees according to the following
steps:

(a) Firstly, it is calculated the mean preference relation P̄C = (p̄ij)n×n, and
the error matrix δ = (δij)n×n, that represents the mean distance of the
limits of the intervals of PC ,

p̄ij =
1

2
(p−ij + p+ij) (3)

δij =
1

2
(p+ij − p−ij) (4)

where i, j ∈ {1, 2, . . . , n}

Remark 1. We note that to deal with linguistic intervals symbolically,
these functions are adapted, so p̄ij = 1

2 (ind(p
−
ij) + ind(p+ij)), δij =

1
2 (ind(p

+
ij)− ind(p−ij)); ind(si) = i.

(b) Afterwards, it is used the error propagation principle [17] to obtain the
priority vector w̄ = (w̄1, . . . , w̄n) of the mean preference relation, P̄C .
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w̄i =
(
∑n

j=1 p̄ij +
n
2 − 1)

n(n− 1)
i = 1, 2, . . . , n (5)

It is calculated an error vector Λw = (Λw1, . . . , Λwn) of w̄ due to the
imprecise values of p̄ij , by using the following function.

Λwi =
1

n(n− 1)

√√√√
n∑

j=1

δ2ij , i = 1, 2, . . . , n (6)

And thus it is got the priority vector w = (w1, . . . , wn)
T of the collective

matrix, PC , where wi = [w̄i − Λwi, w̄i + Λwi], i = 1, . . . , n.
(c) To rank these interval weights wi(i = 1, . . . , n), each wi is compared

with all wi by using the possibility degree function, and it is then built
a possibility degree matrix PD = (pdij)n×n.

pdij = p(w̄i ≥ w̄j) =
min(2(Λwi + Λwj),max(w̄i + Λwi − (w̄j − Λwj), 0))

2(Λwi + Λwj)
(7)

A non-dominance choice degree is applied to the possibility degrees to
obtain the solution set of alternatives. To do so, the possibility degrees
of the alternatives pdij , are summed by rows, and they are ranked in a
descending order.

pdi =

n∑
j=1

pdij i = 1, . . . , n (8)

Finally, the alternatives are ordered according to pdi and then the best
alternative is selected.

5 Illustrative Example

Here, we present a GDM problem solved by the proposed GDM model.
Let a GDM problem be defined in qualitative settings where a set of ex-

perts, E = {e1, e2, e3}, provide their preferences over a set of alternatives,
X = {x1, x2, x3, x4}. Experts provide their preferences by using the comparative
linguistic terms generated by the context-free grammar GH , (see Def. 1). Such
linguistic expressions are represented by HFLTS. The linguistic term set used for
the context-free grammar is S = {nothing(n), very low(vl), low(l),medium(m),
high(h), very high(vh), perfect(p)} and the preference relations provided by the
experts are the following ones:

P
1
=

⎛
⎜⎝

− less than vl vh more than h
more than vl − between h and vh less than m

l less than h − more than vh
less than vh more than h less than m −

⎞
⎟⎠
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P
2
=

⎛
⎜⎝

− less than m more than h between vl and l
more than h − h vl
less than vh l − more than vh
less than l vh between vh and p −

⎞
⎟⎠

P 3 =

⎛
⎜⎝

− more than h between vl and l h
less than vh − more than m more than h
less than l less than vh − vh

l less than vh vl −

⎞
⎟⎠

According to the Fig. 2, the GDM process consists of:

1. Transformation of the comparative linguistic terms preference relations into
HFLTS
The linguistic preference relations provided by the experts are transformed
into HFLTS by means of the transformation function EGH :

P 1 =

⎛
⎜⎝

− {n, vl} {vh} {h, vh, p}
{vl, l,m, h, vh, p} − {h, vh} {n, vl, l,m}

{l} {n, vl, l, m, h} − {vh, p}
{n, vl, l,m, h, vh} {h, vh, p} {n, vl, l,m} −

⎞
⎟⎠

P 2 =

⎛
⎜⎝

− {n, vl, l,m} {h, vh, p} {vl, l}
{h, vh, p} − {h} {vl}

{n, vl, l, m, h, vh} {l} − {vh, p}
{n, vl, l} {vh} {vh, p} −

⎞
⎟⎠

P 3 =

⎛
⎜⎝

− {h, vh, p} {vl, l} {h}
{n, vl, l,m, h, vh} − {m,h, vh, p} {h, vh, p}

{n, vl, l} {n, vl, l, m, h, vh} − {vh}
{l} {n, vl, l, m, h, vh} {vl} −

⎞
⎟⎠

The envelopes obtained for each HFLTS are the following ones:

P 1 =

⎛
⎜⎝

− [n, vl] [vh, vh] [h, p]
[vl,p] − [h, vh] [n,m]
[l,l] [n, h] − [vh, p]

[n,vh] [h, p] [n,m] −

⎞
⎟⎠P 2 =

⎛
⎜⎝

− [n,m] [h, p] [vl, l]
[h,p] − [h, h] [vl, vl]
[n,vh] [l, l] − [vh, p]
[n,l] [vh, vh] [vh, p] −

⎞
⎟⎠

P
3
=

⎛
⎜⎝

− [h, p] [vl, l] [h, h]
[n,vh] − [m, p] [h, p]
[n,l] [n, vh] − [vh, vh]
[l,l] [n, vh] [vl, vl] −

⎞
⎟⎠

2. Aggregation of the preference relations represented by linguistic intervals
The linguistic intervals are aggregated by using the LOWA operator to obtain
the collective preferences matrix,

PC =

⎛
⎜⎝

− [vl,m] [h, vh] [m, vh]
[l,p] − [h, p] [m,h]
[vl,h] [vl, h] − [vh, p]
[vl,m] [h, p] [l,m] −

⎞
⎟⎠
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3. Exploitation phase
Once obtained the collective preferences from experts, it is used the approach
proposed by Jiang [6] to obtain the solution set of alternatives.
a) Mean preference relation P̄C , and error-matrix δ, of the collective pref-

erence relation PC :

P̄C =

⎛
⎜⎝

− 2 4.5 4
4 − 5 3.5
2.5 2.5 − 5.5
2 5 2.5 −

⎞
⎟⎠ δ =

⎛
⎜⎝

− 1 0.5 1
2 − 1 0.5
1.5 1.5 − 0.5
1 1 0.5 −

⎞
⎟⎠

b) Priority vector w̄, and error vector Λw:

w̄ = (0.958, 1.125, 0.958, 0.875)

Λw = (0.125, 0.191, 0.182, 0.125)

c) Possibility degree matrix PD:

PD =

⎛
⎜⎝

− 0.236 0.5 0.667
0.764 − 0.723 0.895
0.5 0.276 − 0.635

0.333 0.104 0.364 −

⎞
⎟⎠

d) Finally a dominance choice degree is applied over the possibility degree
of the alternatives

pd1 = 1.403 pd2 = 2.382 pd3 = 1.411 pd4 = 0.801

and then the ranking of the alternatives is:

x2 > x3 > x1 > x4,

being the best alternative of the GDM problem, x2.

6 Conclusions

GDM is a key area in many different fields such that decision makers may face
situations in which they hesitate among several linguistic terms to provide their
preferences. In this contribution, we have presented a linguistic GDM model ca-
pable to deal with HFLTS, that facilitates the elicitation of hesitant information
to decision makers.
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Dujmović, Jozo I-130, III-336
Durand, Nicolas III-410
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Mihálydeák, Tamás I-604
Milicchio, Franco II-539
Minel, Jean-Luc I-460
Minoh, Michihiko II-415, II-425, IV-490
Miranda, Enrique III-440
Mitsuhara, Hiroyuki II-405
Molchanova, Olga II-434
Molinari, Franco I-201
Monserrat, M. III-286
Montero, Javier III-317
Montes, Ignacio II-491
Montes, Susana II-491, III-356, IV-286
Moreno, Antonio II-127
Moreo, Alejandro II-245
Moriconi, Franco IV-134
Morimura, Yoshitaka IV-490
Moriya, Katsuhiko II-405
Mukunoki, Masayuki II-415
Müller, Jann III-543
Musolino, Francesco IV-578

Nakamura, Kazuaki II-425
Nakata, Michinori I-280
Nguyen, Hung Son I-331
Nguyen, Sinh Hoa I-331
Nicolas, Jean-Louis I-11
Nielandt, Joachim I-450
Norese, Maria Franca II-68
Novello, Chiara II-68
Nugent, Chris III-564
Nürnberger, Andreas II-35, II-44
Nuzillard, Danielle I-11

Okura, Mahito IV-571
Onieva, Enrique I-101
Osicka, Petr III-221
O’Sullivan, Dympna III-142



Author Index 657
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