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Foreword

FLINS, an acronym originally for Fuzzy Logic and Intelligent Technologies in
Nuclear Science (1994), has been launched in line with the Belgian Nuclear
Research Cenire (SCK+CEN)'s abjective to give PhD and Postdoc researchers
the opportunity to carry out future-orientated research. FLINS was mnitially built
within one of the above-mentioned postdoc positions. Now fourteen years later
FLINS has been extended to Computational Intelligence in Decision and
Control (2008) to advance the theory and applications of decision making and
conirol for complex systems related research in particular. FLINS'08 is the
cighth in a series of conferences on computational intefligence systems. It
follows the successful FLINS'94 in Mol, FLINS'96 in Mol, FLINS98 in
Antwerp, FLINS'00 in Bruges, FLINS'02 in Gent, FLINS'04 in Blankenberge,
Belgium, and FLINS'06 in Genova, Italy. FLINS'08 in Madrid, Spain, once
again aims al covering state-of-the-art research and development in all aspects
related to Computational Intelligence in Decision and Control. The principal
missions of FLINS are: (1) conducting research on computational intelligence
systems for solving intricate problems pertaining to nuclear/power research and
related complex systems; (2) bridging the gap between machine intelligence and
complex systems via joint research with Belgian, European, and international
research institutes and universities; and (3) encouraging interdisciplinary
research and bringing multi-discipline researchers together via the international
I'LINS conferences on computational inteiligence systems.

FLINS'08, organized by Complutense University, Madrid, Spain, co-
sponsored by the Belgian Nuclear Research Centre (SCK+CEN), Ghent
University (UGent) in Belgium, Complutense University, Technical Universitly
of Madrid and the Government of Spain, and co-supported by University of
Aleald de Henares, the Interdisciplinary Institute of Mathematics of Madrid
{1M1), European Centre for Soft Computing in Spain and European Society for
luzvy Logic and Technology (EUSFLAT), offers a unique international forum
i present and discuss techniques that are new and promising for Computational
hitelligence in Decision and Control and to launch international co-operations.

The FLINS'08 proceedings consist of a series of invited lectures by
ilistinguished professors and individual presentations, in a total of 184 papers
selected out of 292 regular submissions plus 6 invited plenary and semi-plenary
papers from 35 countries. The 3 plenary lectures are: (a) Soft computing
applications in prognostics and health management by Piero Bonissone
(General Blectric, USA), (b)Y Knowledge sharing and collaboration in fuzzy
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processing by Witold Pedrycz (University of Alberta, Canada), (¢) Why do fuzzy
representations need a careful design by Enric Trillas (European Centre for Soft
Computing, Spain), and the 3 semi-plenary lectures are: (d) SCK+CEN: The
Belgian Nuclear Research Centre vesearch towards a sustainable option by
Pierre D'hondt (SCK+CEN, Belgium), {e) New information processing methods
for control in magnetically confinement nuclear fusion by Andrea Murari
(Consorzio RFX/ENEA EURATOM, Spain), (f) What is Soft Computing?
Revisiting possible answers by Luis Magdalena (European Institute for Sefl
Computing, Spain). Each of the 6 invited papers is embedded as the first paper
in the 6 contributed parts, respectively, in the proceedings: (1) Data Analysis and
Information Processing, (II) Knowledge Representation and Learning, (II)
Classification, Clustering, and Aggregation Techniques, (IV) Decision Making
and Risk Analysis, (V) Decision Support Systems and Web Intelligence, and
(V1) Control and Industrial Applications.

We are pleased to announce the launch of a new international journal on
Computational Intelligence Systems in line with FLINS activities by Atlantis
Press in Paris. The journal will also publish selected and extended papers from
FLINS'08 in the near future. At the same time, we are happy to embed the
FLINS'08 proceedings into the World Scientific Proceedings Series on
Computer Engineering and Information Science.

Thanks are due to all contributors, referees, regular and invited sessions'
chairs, and program commitiee members of FLINS'08 for their kind co-
operation and enthusiasm for FLINS'08; to Pierre D'hondt and Etienne Kerre for
their roles as FLINS advisors and program chairs of FLINS'08; to Jie Lu and
Luis Martinez for their co-working as program co-chairs of FLINS'08; to Javier
Montero (the local organization chair of FLINS'08 in Madrid) for his great
teadership and efforts to make FLINS'08 a success and to the whole team of the
local organization, including L. Garmendia, V. Lépez, J.A. Martin, S. Mufioz,
T. Ortufio, M. Santos, G. Tirado, J. Yéfez, especially to D, Gémez and B.
Vitoriano for both of their key roles that made the proceedings of FLINS'08
possible in a timely manner, and to Chelsea Chin (Editor, World Scientific) for
her kind advice and help to publish this volume.

Da Ruan, FLINS'08 General Chair
Mol & Gent, May 2008
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When we deal with group decision making (GDM) situations with incomplete
preference relations, there exist cases in which the classical selection procedure
(aggregation and exploitation) could not be applied satisfactorily. For example,
we could find that some preference degrees of the collective preference relation
cannot be computed in the aggregation phase and consequently, the ordering of
some alternatives cannot be computed in the exploitation phase. To overcome
this problem, we present a selection process for GDM with incomplete 2-tuple
fuzzy linguistic preference relations that requires three phases: (1) estimation
phase of missing values, (2) aggregation phase and (3) exploitation phase.

Keywords: fuzzy linguistic preference relations, group decision making, selec-
tion process, incomplete information, consistency

. Introduction

In Group Decision-Making (GDM) problems there are a set of alternatives
(o solve a problem and a group of experts trying to achieve a common solu-
tion. Since each expert has his/her own experience concerning the problem
heing studied, there may be cases where an expert would not be able to
oxpress the preference degree between two or more of the available options.
'I'his may be due to an expert not possessing a precise or sufficient level of
knowledge of the problem, or because that expert is unable to discriminate
the degree to which some options are better than others.
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The aim of this paper is to present a selection procedure to deal with
incomplete fuzzy preference relations in a 2-tuple fuzzy linguistic approach’
because it provides some advantages with respect to the ordinal fuzzy lin-
guistic modelling.? To do so, we include a complete procedure to complete
the fuzzy linguistic preference relations. It is based on the linguistic exten-
sion of Tanino’s consistency principle and makes use of all the estimation
possibilities that derive from it.

To do it, the paper is set out as follows. In Section 2, we present the pre-
liminaries. Section 3 introduces the estimation procedure of missing values.
In Section 4, the selection process is presented. Section 5 shows a practical
example. Finally, in Section 6 we draw our conclusions.

2. Preliminaries
2.1. Incomplete 2-tuple fuzzy linguistic preference relations

The 2-tuple linguistic model® takes as a basis the symbolic representation
model and in addition defines the concept of symbolic translation to repre-
sent the linguistic information by means of a pair of values called linguistic
2-tuple, (s, ), where s is a linguistic term and « is a numeric value repre-
senting the symbolic translation.

Definition 2.1. Let 3 € [0, g] be the result of an aggregation of the indexes
of a set of labels assessed in a linguistic term set S = {s0,%1,... 1 Bg=15180 )y
i.e., the result of a symbolic aggregation operation. Let i = round(3) and
@ = [ — i be two values, such that, i € [0,g] and a € [~0.5,0.5), then « is
called a symbolic translation.

Based on the symbolic translation concept, a linguistic representation
model which represents the linguistic information by means of 2-tuples
(8i,04), 5; € S and a; € [—0.5,0.5) was developed.! This model defines
a set of transformation functions between numerical values and 2-tuples
(A) and viceversa (A~1) (see! for more details).

Definition 2.2. A 2-tuple fuzzy linguistic preference relation (FLPR) P
on a set of alternatives X is a set of 2-tuples on the product set X x X, e,
it is characterized by a membership function up: X x X —s §x [—0.5,0.5).
If it is not possible to give the 2-tuples for every pair of alternatives we have
an incomplete 2-tuple FLPR.
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2.2. Linguistic addilive consistency

In this paper, we assume that experts can provide inconsistent opinions.
Ilowever, some properties about the preferences expressed by the experts
nre usually assumed desirable to avoid contradictions in their opinions, that
I, to avoid inconsistent opinions. One of them is additive transitivity, which
was defined for fuzzy preference relations®# as:

(pi; — 0.5) + (pjk — 0.5) = (pux — 0.5) Vi, 5,k € {1,...,n} (1)
T'his additive transitivity property can be rewritten for 2-tuple FLPR as:
AAT (Pi) = A (5972, 0)+HA ™ (pj)~ A (s4/2,0))] = A[(Aﬂ(Pik)—A_!(Sg/z»(Oz))]

4. Estimating missing values for incomplete 2-tuple FLPR

4.1, Estimating linguistic values based on the linguistic
additive consistency

lixpressions (1), (2) can be used to estimate a linguistic preference value
pik (i # k) using an intermediate alternative z; in three different ways:

(Cpik)jl = A(A—I(pz'j) ot ﬁ_l(ij) = A‘l(sg/2,0)) (3)
(epir)’? = A(A™ (pji) — AN (pys) + A7 (s4/2,0)) (4)
(cpie)® = A(A (py) — A7 (piy) + A7 (5972, 0)) (5)

3.2. An estimation procedure of missing values in 2-tuple
FLPR

o manage incomplete 2-tuple FLPR, we use the following sets:® A =
{(4,9) | 4,5 € {1,...,n} A i+# 5}, MV = {(3,5) € A | pij is unknown}
nnd BV = A\ MV. Expressions (3), (4) and (5) are used to define an
iterative estimation procedure of missing values in an incomplete 2-tuple
I'LLPR according to the following two steps:

A) Elements to be estimated in step h

EMVy = {(i,k) € MV \ U} EMV; | 3j € {H U HE2 U HI?)}

where

Hi = {j | (i,5), (5, k) € {EV UZ;Qll EMV}})
H[2 = {j | (4,1), (4, k) € {BV U= EMVi}}
ilGg

HES = {5 | (i,9), (k,7) € {EV "L EMV})
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B) Expression to estimate a particular missing value

function estimate_p(i,k)
1) Cp-glk = (Su,o), C]J?k = (SO»O)nCP?k = (SOrO)a K=0
- i1
Z A I(CPZU
JEHN!
2 ephi= A& - s K+ +af HAL 0.
i #H:}cl
2 ATMerly)
JEHR?
B epf=A — s K+ +if HE2 #0.
. #HI? :
> ANl
JEHNE? :
4) cpd. = A _#_H,’{é— v K4 if HEZAD,
1
5) Calculate cp;x = A (E (A= (epl) + A (cp2,) + A-l(cp;*k)))
end function

4. A selection process to deal with incomplete fuzzy
preference relations in a 2-tuple fuzzy linguistic approach

The goal of the selection process in GDM is to choose the best alternatives
according to the opinions provided by the experts. A classical selection pro
cess consists of two different phases: aggregation and ezploitation. However,
there may be cases in which the above classical selection procedure could
not be applied satisfactorily when we deal with GDM situations with in
complete preference relations. For instance, some preference degrees of the
collective preference relation cannot be computed in the aggregation phase
and consequently, the ordering of some alternatives cannot be computed in
the exploitation phase. To overcome this problem, we present a selection
process for GDM with incomplete 2-tuple FLPR that requires three phases:

1) Estimation of missing information. Each incomplete 2-tuple FLPR
is completed using the estimation procedure presented in Section 3.

2) Aggregation phase. Once all the missing values in every incomplete 2-
tuple FLPR have been estimated, we have to obtain the collective 2-tuple
FLPR, P° = (p§.), by means of an aggregation procedure. To do S0, we
define the following 2-tuple linguistic OWA operator:

Definition 4.1. A 2-tuple linguistic OWA operator of dimension n is a
function ¢ : (S x [-0.5,0.5))" — § x [~0.5,0.5), that has a weighting
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vector associated with it, W = (wy, ..., w,), with w; € [0, 1), o wi =1,
and it is defined according to the following expression:

n
qu(pl o :pn) = A(Z w; + AHI(P&(%’))) (6)
i=1

where p; € § x [~0.5,0.5) and being o : {1,...,n} — {1,...,n} a per-
mutation defined on 2-tuple linguistic values, such that Po(i) = Po(it+1)s
Vi=1,...,0—1,ie, Po(i) I8 the i-highest 2-tuple linguistic value in the
seb {p1,...,pn}, (see! for more details of the comparison of two 2-tuple
linguistic values (s, ay) and (81, @2)).

A natural question in the definition of QWA operators is how to obtain
W. In® it was defined an expression to obtain W that allows to represent
the concept of fuzzy majority” by means of a fuzzy linguistic non-decreasing
quantifier Q:® w; = Q(i/n) — Q((i — L), 4= Lyven 0

3) Ezploitation: Choosing the Solution Set. In order to select the solution
set of alternatives from the collective 2-tuple FLPR we use the quantifier
puided dominance degree® QGDD; = do (05, . .. ,pg(i_l),pfﬁ_i_l), s sy D% )i

. Practical example

Let X = {xy,2,23,74} be a set of four alternatives and § =
{N,MW,W,E, B, MB,T} the set of linguistic labels. Suppose three ex-
perts {e1, ez, e3} provide the following incomplete 2-tuple FLPR:

- z (W) 0) z = (MW) 0) (H]% 0) (W, O)
P £ = z  (MW,0) e (MB,0) - (MB,0) (MB,0)
(B)O) T iy (E: 0) ' - (E’ 0) (MW, 0} = (W, O)
z  (MB,0) (E,0) - (E,0) (MW,0) (E,0) -
- (MW,0) P
P3= (B,D) =T (MB,O) (MB:O)
(W,0) = - (Wwo

(W,0) (MW,0) (B,0) =
(1) Estimation of missing information

- (B,0) (W00 (W0) - (MW,0) (B,0) (E,0)
pl = (W,0) - (MW,0) (MW,0) | 3 _ | (B,0) - (MB,0) (MB,0)
(B>0) (MB,U) - (E, D) ! - (W,Cl) (N,U) = (W,D)

(B,0) (MB,0) (E,0) = (W,0) (MW,0) (B,0) =5

(2) Aggregation phase. We make use of the linguistic quantifier most of
defined as Q(r) = r'/2, which generates a weighting vector of three values
W = (0.58,0.24,0.18) to obtain each D5
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~ (B, —0.26) (E,0.16) (E,—0.42)
(B,0.22) - (B,0.28) (B,0.28)
(E,0.40) (E,0.14) - (E,—0.42)
(E,0.40) (E,0.32) (B,—0.42) -

pe =

(3) Ezploitation phase. Using again the same fuzzy quantifier most of and
the corresponding weighting vector W, the following QGDD is obtained,
(QGDDy,QGDDa, QGDD3,QGDDy) = {(E,~0.05),(B,0.27), (E,0.19), (E, 0.49)}
and the solution is the alternative {z3}.

6. Conclusions

We have proposed a selection procedure to deal with incomplete 2-tuple
FLPR in a 2-tuple fuzzy linguistic approach using an additive consistency
based procedure to estimate missing values which is able to be applied in
situations where other consistency based linguistic approaches are not.
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