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The consensus process in Group Decision Making (GDM) problems helps to achieve
solutions that are shared by the different experts involved in such problems. Due to
the fact that in GDM problems different experts take part in the decision process
is common that they need to express their information in different domains 5:2.
In this contribution we focus on GDM problems defined in heterogeneous contexts
with numerical, linguistic and interval valued information. And our aim is to
define a consensus model that includes an Advice Generator to assist the experts
in the consensus reaching process of GDM problems with heterogeneous preference
relations. This model will provide twe important improvements: (i) Firstly, its
ability to cope with group decision-making problems with heterogeneous preference
relations, and, (ii} secondly, the figure of the moderator, traditionally presents in
the consensus reaching process, is replaced by an advice generator, and in such a
way, the whole group decision-making process can be easily automated.

1. Introduction

In GDM problems are carried out two processes before obtaining a final
solution **¢8: the Consensus Process and the Selection Process (see Fig,
1). The first one refers to how to obtain the maximum agreement between
the set of experts on the solution set of alternatives. Normally this process
is guided by a human figure called moderator 8. The second one obtains
the solution set of alternatives.

In the literature has shown that in GDM problems could be necessary
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Figure 1°  Resolution process of a group n_mnmmmcs-EwE:m problem

or suitable that the experts can express their knowledge in differen expres-
sion domains such as numeric, linguistic and /or interval ones and different
Selection Processes 25 have been proposed to solve them, but there are ngi
defined specific consensus processes for this type of problems,

Consequently, in this contribution we focus on the Consensus Procegs
on heterogenous GDM problems. The consensus is defined as a state of
mutual agreement among members of a group where all opinions have been
heard and addressed to the satisfaction of the group 19, The consensus
reaching process is defined as a dynamic and iterative process compased of
several rounds, where the experts express and discuss about their opinions,
Traditionally this process is coordinated by a human moderator, who com-
putes the agreement among experts in each round using different consensug
measures %7, If the agreement is not acceptable then the moderator rec-
ommends to the experts to change their furthesi opinions from the group
opinion in an effort to make their preferences closer in the next consensus
round 111,

The moderator is usually a controversial figure because the experts com-
plaints about his lack of objectivity and additionally in heterogeneous con-
texts it is difficult for him to understand all the different domains and
scales in a proper way. Therefore, the aim of this contribution is to present

4 consensus model for GDM problems such that:

® The experts can express their preferences by means of linguistic,
numerical or interval-valued preference relations.

® The moderator tasks are carried out by means of an automatic
advice generator.

The rest of the paper is set out as follows. The scheme of an heteroge-
nous GDM problem is described in Section 2. The intelligent consensus

model is presented in Section 3. Finally, in Section 4 we draw our conclu-
sions.
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2. A Heterogeneous GDM Problem

A group decision-making (GDM) problem may be defined as a decision
situation where there are X = {z1,22,...,2n} (n > 2), a finite set of alter-
natives, and a group of experts, E = {e1,ea,..., em}t (m > ww. each experf,
e; provides his/her preferences on X by means of a :mem.So preference
relation, bp,, : X x X — D, where D is the expression domain used by the
expert e; 10 provide their preferences.

The ideal situation in a GDM problem is that all the experts have a
precise knowledge about the alternatives and provide their opinions in a
numerical precise scale. However, in some cases, experts may belong to
distinct research areas and have different levels of knowledge about the
alternatives. A consequence of this is that preferences can be expressed by
means of numbers, interval values or linguistic terms, so D € {N|I|L}.

In this contribution, we deal with heterogeneous GDM problems, i.e.,
GDM problems where each expert ¢; may express his/her opinions on the
set of alternatives using different expression domains D; € {N|I|L}, by
means of a preference relation Py, = (p] J. where E:O € D; represents the
preference of alternative z; over alternative z;, for that expert.

o gt
Pey=| © .
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This type of context implies the necessity of adequate tools to manage
and model heterogeneous information

3. A Consensus Model for Heterogeneous GDM problems

In this section are presented a consensus model for GDM E.ow._mﬂm defined
in heterogeneous contexts that automates the moderator’s functions (see
Fig. 2} that is developed in four phases :

(1) Making the information uniform: it unifies all the different prefer-
ences into a single domain.

(2) Computing consensus degrees: these values measure the agreement
amongst all the experts.

(3) Checking the agreement: these values are used to learn how close
the collective and individual expert’s preferences are. .

(4) Generating Advices: an automatic advice generator mEamm the ex-
perts in order to improve the consensus recommending which opin-
ions should change.
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Figure 2. Resolution process of a heterogeneous group amnmmmoz.gwrm:m problem

The above model will be described in detail in the following subsectiong

3.1. Making the information Uniform

We must keep in mind we are dealing with heterogeneous contexts com-

valued and linguistic information. So, we neeq
erate on it easily. To do s
in 5 4
_E .gmﬁ transforms the heterogeneous input values into fuzzy sets on o
chdeo.nm.E_ set, mm: = ?o_..._m&.. So, each numerical, interval-valued
and linguistic evaluation, is transformed into a fuzzy set in St, F(S7):

™D — F(S7)

i ik ]
052 (P = {(cn,0lF) J h =0, +++»9} where at least Ja3* > ¢

After this unification process and assuming that each fuzzy set will be
Hmvwmmmuﬁwa by means of its membership degrees AD.N% s ,DW_J_ the prefer-
ence relation of each expert, Pe,, whose elements are fuzzy mmﬂm“
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3.2. Computation of Consensus Degrees

The consensus degree measures the agreement among all the experts, To
oo.EU:S these degrees it is necessary to compute a consensus Smﬂ:x_ ob-
ﬁEum@ aggregating the distance among the experts preferences comparin

ou.m E;.: each other. The distance between two experts, e;, e, M_m ooaﬂﬁmw
using distance matrices, DM;; = (d%). The values dik mxuammhm._ the distance
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tween two preferences pi¥, p!f and are calculated as:

colk — cylk

- (1
g

U Iky _
dif = dpf,plf) =1~

where cuf¥ is the central value of the fuzzy set that represents the preference,
k that is calculated as:

e i) . ik
gh_..ﬂ — M“_.Ho mﬁMHmHA.”.WU QG
' Mu.no Gy

The computation of the consensus degrees is carried out as follows:

, being index(s}) = ;. (2)

(1) To compute the central values for each py’:

e Vi=1...,m Lk=1...,n Al#k 3)

(2) To compute distance matriz DM;; = (di¥) for each pair of experts:
etk

dif = d(p*, plf). (4)

(8) A consensus matriz, CM = (cm'*), is obtained by aggregating all
the distance matrices at the level of pairs of alternatives:

em® = ¢(df); i, i=1,...,m AYLk=1,...,n A i<j.

Where ¢ is an aggregation operator. This matrix CM is used to
compute the consensus degrees.

(4) Computation of consensus degrees: This computation are carried
out at three levels:

(a) Consensus on pairs of alternatives, cp**: it measures the
agreement on the pair of alternatives (z;, z) amongst all the
experts:

ep*=em®, Vik=1,...,n A l#£E.
The closer ¢p'* to 1, the greater the agreement.

{b) Consensus on alternatives, ca': it measures the agreement

on an alternative x; amongst all the experts:

n 13

_,cm

OQ._" — Mk!w : ﬁmu
n
(c) Consensus on the relation, cr: it measures the global consen-
sus degree amongst the experts’ opinions:

n t

1 CQ
or = !Muﬁls_ ; (6)
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3.3. Checking the Agreement

The consensus model controls the agreement in each discussion round. Be.
fore starting the model, a consensus threshold, ¥ € [0,1], is fixed, which wil]
depend on the particular problem we are dealing with. When the consen.-
sus measure cr reaches « the consensus process is ended and the selection
process will be applied to obtain the solution. >%:Eosm=% a parameter,
Mazcycles, controls the maximum number of discussion rounds.

3.4. Generating Advices

When the agreement is not good enough, er < v, the experts should modify
their preferences to increase the agreement. To do so, this model computes
which are the experts furthest from the collective opinion (proximity Ewm‘
sures) and will generate advices for them recommending which and how dg
they change their preferences. Both processes are presented in detail,

3.4.1. Computation of Prozimity Measures

Proximity measures evaluate the mmammgmsﬁ between the individual experts’
opinions and the group opinion. Thus, firstly a collective preference rela-
tion, Pe, = (p'*)is calculated aggregating the individual preference rela-
tions {Pe, = (p*);4=1,... ,m}:
Ik _ 1k 1k : “ : "
Pe =9(p,...,ph) with ¢ an ageregation operator
We use the equation (1) to measure the agreement between each individ-
ual expert’s preferences, Py, and the collective preferences, P, Therefore,
the measurement of proximity is carried out in two steps:

(1) A prozimity matriz, PM; = (pmi*), for each expert e;, is obtained
with pm* = d(pl¥, pl¥). These matrixes will be used to compute the
proximity measures,

(2) Computation of proximity measures at different levels:

(a) Prozimity on pairs of alternatives ppif: it measures the
proximity between the preferences, on each pair of alter-
natives, of the expert, e;, and the group:

P = pml¥, Vik=1,...,n A Ik

(b} Prozimity on alternatives, pa': it measures the proximity
between the preferences, on each alternative, z;, of the ex-
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pert, e;, and the group:

n Ik
Mwuuﬁcm (7)
n
(c) Eaperts’s prozimily, pe;: it measures the global proximity
between the preferences of each expert, €;, and the group:

31 _P__‘
pe; = Mhlﬂ“.ﬁ 1 Amu

{
pa; =

If the above values are close to 1 then they have a positive contribution
for the consensus to be high, while if they are close to 0 then they have a
negative contribution to consensus.

3.5. Advice Generator

Finally, the consensus model will generate advices automatically in order
to increase the agreement indicating who and how should change his/her
opinions. This generation is carried out as:

o To identify the experts furthest from the agreement: percentage.

e To identify which alternatives must be changed, those alternatives
whose consensus degree cal < +.

e To identify the pairs of alternatives that must be changed. Once has
been identified the expert e; and the alternatives z; to change, all
the pairs pi¥ (k = 1, ..., n) such that pp'* < § must be changed. The
parameter 3 is a proximity threshold that helps to choose which are
the furthest alternatives from the collective opinion.

e Changing Direction Rules (CDR): finally the advice generator com-
putes if the values of the pair of alternatives to change should in-
crease or decrease. Taking account that p}* are fuzzy sets the advice
generator defines two direction parameters m! or main and sf or sen-
condary. These parameters are used so to experts (eml, esl) as for
the collective opinion (cml,csl). Each parameter are the value and
position of the two highest membership values of the expert’s pref-
erence (emipos, €mlyar, €8lpos, €5lyar) and the collective preference
(emdpos, eMmilyal, €8lpos, €8lyar). This parameters are used by the fol-
lowing direction rules:

DR.1. IF emlpos > emlp,s THEN e; should decrease the value of pi¥.

DR.2. If emlyos < emlpes THEN e; should increase the value of pk,

DR.3. If mﬁa?om = cmip,s THEN DR.1 and DR.2 but with eml,q and
cMlyat.
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_ DR.4. IF (emlpos = cMipes AND emlyqr = cmlyar), THEN DR.1 and DR..2
| but with si.

4. Concluding Remarks

A consensus model to manage the consensus process of heterogeneous GDM
problems has been presented. There are two main features of this model:
(i) it is able to manage consensus processes in problems where experts may
have different levels of background or knowledge to solve the problem, and
(ii) it is able to generate advices on the necessary changes in the experts’
opinions in order to reach consensus, which makes the figure of the moder-
ator, traditionally present in the consensus reaching process, unnecessary.
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