
Chapter 44
A Fusion Based Approach for Group Decision
Making Based on Different Uncertain
Preference Relations

Zhibin Wu and Zhimiao Tao

Abstract Many decision making problems such as personnel promotion and in-
vestment selection in organizations are often dealt by multiple experts in uncertain
situation. The aim of this paper is to develop an approach to solve group decision
making problems where the preference information provided by experts is in the
form of interval multiplicative preference relations, interval fuzzy preference rela-
tions and interval linguistic preference relations. Firstly, taking interval linguistic
preference relation as base representation element, non-homogenous information is
unified by transformation functions. Then, an optimization model is established to
obtain the maximum consensus level among the group by searching the weights
of the experts. Next, the aggregation process and the selection process are carried
out to find the best alternative(s). The entire procedure of the proposed approach is
given. Finally, an example of the manager selection for a company is provided to
show the effectiveness of the proposed approach.

Keywords Group decision making · Uncertain preference relation · Linguistic
variable · Consensus · Alternative selection

44.1 Introduction

Decision making problems that address choosing the most appropriate option have
been widely studied in the last decade [3, 6, 14]. For example, selecting a suit-
able advanced manufacturing technology is an important issue in operations man-
agers when making capital investment decisions to improve their manufacturing
performance [3]. In practice, because of the increasing complexity of the social-
economic environment nowadays, many organizations have moved from a single
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decision maker or expert to a group of experts to accomplish the given tasks suc-
cessfully.

In decision making problems with multiple experts as group decision making
(GDM) problems, each expert expresses his/her preferences depending on the na-
ture of the alternatives and on his/her own knowledge over them [10]. Preference
relations are a popular and powerful tool used by experts to provide their preference
information in the decision process. The use of preference relations facilitates ex-
perts when expressing their preferences. Alternative selection problems are mainly
related to qualitative aspects which make it difficult to qualify them using precise
values. To capture the uncertainty contained in these problems, various types of un-
certain preference relations have been investigated in the literature, including inter-
val multiplicative preference relations e.g. [17], interval fuzzy preference relations
e.g. [20], and interval linguistic preference relations e.g. [5].

In GDM, it is quite natural that different experts who may have different back-
ground and knowledge will provide their preferences by different kinds of prefer-
ence relations [7]. The use of non-homogenous information in decision problems
is not an unusual situation [4, 10]. In this paper, we will assume a GDM model in
which the preferences can be provided in any of the uncertain preference relations:
interval multiplicative preference relations, interval fuzzy preference relations, and
interval linguistic preference relations with multi-granularity. The main problem to
deal with non-homogenous contexts is how to aggregate the information assessed in
these contexts. Different methods have been proposed to unify the input information
[4, 7, 8, 10, 13, 21].

Prior studies have made significant contributions to the GDM with diverse na-
ture. However, there is no sufficient information to model the GDM problem with
uncertain preference relations. The aim of this paper is to present a model for GDM
with different uncertain preference relations. To make the information uniform, we
extended the transformation functions into uncertain situations. To obtain the max-
imum degree of consensus in the aggregation process, an optimization model is
constructed. The rest of this the paper is organized as follows. Sect. 44.2 deals with
the preliminaries necessary to develop our model. Sect. 44.3 presents the concep-
tual framework of the proposed model. Sect. 44.4 introduces the information fusion
methods. Sect. 44.5 presents the optimization method to compute the maximum
consensus level of the group. Finally, an example of the manager selection for a
company is provided in Sect. 44.6 and some concluding remarks are included in
Sect. 44.7.

44.2 Basic Concepts and Definitions

In this section, we briefly introduce the basic concepts of linguistic approaches,
and then for the convenience of analysis, we give definitions of different preference
relations.
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The linguistic approach considers the variables which participate in the prob-
lem assessed by means of linguistic terms, that is, variables whose values are not
numbers but words or sentences in a nature or artificial language [23]. The basic
notations and operational laws of linguistic variables can be found in [9] and [19].
Suppose that S = {sα |α =−t, · · · ,−1,0,1, · · · , t} be a linguistic term set whose car-
dinality value is an odd one, where sα represents a possible value for a linguistic
variable. The semantics of the terms is given by fuzzy numbers defined in the [0,1]
interval, which are usually described by membership functions.

It is usually required that si and s j satisfy the following additional characteristics:
(1) The set is ordered: si > s j, if i > j;
(2) There is a negation operator: neg(si) = s−i, especially, neg(s0) = s0;

In the process of information aggregation, however, some results may not exactly
match any linguistic labels in S. To preserve all the information, Xu [19] extend the
discrete linguistic label set S to a continuous linguistic label set S̄ = {sα |s−q ≤ sα ≤
sq,α ∈ [0,q]}, where sα meets all the characteristics above and q(q ≥ t) is a suffi-
ciently large positive integer. If sα ∈ S, sα is called the original term, otherwise, sα is
called the virtual term. In general, the original term is used to evaluate alternatives,
while the virtual term can only appear in operations.

Definition 44.1. Let s̃ = [sα ,sβ ], where sα ,sβ ∈ S, sα and sβ are the lower and upper
limits, respectively, then s̃ is called an uncertain linguistic variable.

Let S̃ be the set of all uncertain linguistic variables. Consider any three uncertain
linguistic variables s̃ = [sα ,sβ ], s̃1 = [sα1 ,sβ1 ] and s̃2 = [sα2 ,sβ2 ], then their opera-
tional laws are defined as:
(1) s̃1 ⊕ s̃2 = [sα1 ,sβ1 ]⊕ [sα2 ,sβ2 ] = [sα1 ⊕ sα2 ,sβ1 ⊕ sβ2 ] = [sα1+α2 ,sβ1+β2 ];
(2) s̃1 ⊕ s̃2 = s̃2 ⊕ s̃1;
(3) μ s̃ = μ[sα ,sβ ] = [μsα ,μsβ ] = [sμα ,sμβ ], where μ ∈ [0,1].

From the above descriptions, we can see that the operation on two linguistic terms
can be converted to the operation on lower indices of the corresponding terms. Thus
we denote I(s) as the positive index of s in S̄. For example, I(sα) = α . The function
I translates a linguistic term to a numerical one and has an inverse function noted as
I−1 which translates a numerical value into a linguistic type.

In many practical cases, crisp values are inadequate to model real-life decision
problems because of the inherent subjective nature of the human judgments. The
experts may have vague knowledge about the preference degrees of one alternative
over another, and can not estimate their preferences with exact values. It is suit-
able for the experts expressing their opinions with uncertain formats of preference
relation. Different uncertain preference relations are stated as follows.

Definition 44.2. [15] An interval multiplicative preference relation on a set of al-
ternatives X is represented by an interval matrix, Ã = (ãi j)n×n, ãi j = [aL

i j,a
U
i j ],

0 < aL
i j ≤ aU

i j , being ãi j belonged to the Satty’s [1/9, 9] scale. The reciprocal prop-
erty by assumption holds, i.e., aL

i j = 1/aU
ji , aU

i j = 1/aL
ji, aL

ii = aU
ii = 1, for all i, j ∈ N.
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Definition 44.3. [21] An interval fuzzy preference relation on a set of alternatives
X is represented by an interval matrix, P̃ = (p̃i j)n×n, p̃i j = [pL

i j, pU
i j ], 0 ≤ pL

i j ≤ pU
i j ,

being p̃i j belonged to the [0, 1] scale. The reciprocal property by assumption holds,
i.e., pL

i j + pU
ji = pU

i j + pL
ji = 1, pL

ii = pU
ii = 0.5, for all i, j ∈ N.

Definition 44.4. [16] Let ST be a linguistic terms set with granularity T . An interval
linguistic preference relation on a set of alternatives X is represented by an interval
matrix, L̃ = (l̃i j)n×n, l̃i j = [lL

i j, l
U
i j ] ∈ S̃, where the reciprocal property by assumption

holds, i.e., lL
i j ⊕ lUji = lUi j ⊕ lL

ji = s0, lL
ii = lUii = s0, for all i, j ∈ N.

44.3 A Conceptual Model Based on Uncertain Preference
Relations

Let X = {x1,x2, · · · ,xn} be a finite set of alternatives. The alternatives will be clas-
sified from best to worst (ordinal ranking), using the information already known
according to a finite set of purposes. Without loss of generality, suppose there are
m experts E = {e1,e2, · · · ,em} who provide their evaluations on alternatives with
different preference relations. Let λ = (λ1,λ2, · · · ,λm)T be the weight vector of ex-
perts which is to be determined. Suppose m1 experts give uncertain multiplicative
preference relations {Ã1, Ã2, · · · , Ãm1}, m2 experts give uncertain fuzzy preference
relations {P̃1, P̃2, · · · , P̃m2}, and m3 experts give uncertain linguistic preference rela-
tions {L̃1, L̃2, · · · , L̃m3}, such that m = m1 +m2 +m3. The problem addressed in this
paper is how to rank alternatives or select desired alternatives in a rational way.

The proposed method for solving the above GDM problem with different kinds
of uncertain preference relations is presented graphically in Fig. 44.1.

Although any one kind of uncertain preference relation can be used to manage
the non-homogenous information, the linguistic type of preference relation is se-
lected as the representation model for the convenience of computation. First, we
use the transformation functions proposed in the next section to make the differ-
ent uncertain preference relations uniform. Then, the decision model develops two
steps to accomplish the selection process. The aggregation phase utilizes the un-
certain linguistic weighted average operator ULWA to aggregate information which
guarantees that the collective preference relation is a reciprocal interval linguistic
preference relation as well. A maximizing consensus method is introduced to deter-
mine the weights of the experts. Such weight vector is also used in the aggregation
process. The exploitation phase consists of choosing the alternatives “best” accept-
able to the group of individuals as a whole. To do so, the uncertain linguistic ordered
weighted average operator ULOWA acts over the collective linguistic preference re-
lation to quantify the dominance of one alternative over all the others in a fuzzy
majority sense. Finally, a ranking method could be used to obtain the rank order of
the alternatives and the best option.
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Problem description
Multiple experts

Interval multiplicative preference relations
Interval fuzzy preference relations

Interval linguistic preference relations

Interval  linguistic preference relations

Collective interval linguistic preference
relations

Selection set of alternatives

Information fusion
(Transformation function method)

Determine the weights of experts
(Maximizing consensus method)

Preferences

Exploitation

Fig. 44.1 The resolution process of the GDM problem

44.4 Fusions of Different Uncertain Preference Relations

In this section, we give different transformation functions to make the different
scales uniform. Based on the work of [4] and [7], we get the following proposi-
tions.

Proposition 44.1. Let ST1 and ST2 be two linguistic scales predefined as in Sect.
44.2. Their granularities are T1 and T2, respectively. Let, l1 ∈ ST1 ,l2 ∈ ST2 . Then the
transformation function from ST1 to ST2 is given as follows:

l2 =
T2 −1
T1 −1

l1. (44.1)

Proposition 44.2. Let P be the [0,1] fuzzy scale, and ST be a linguistic scale with
granularity T . Let p∈P and l ∈ ST . Then the corresponding transformation function
from P to ST is given as follows:

l = I−1((T −1)(p−0.5)). (44.2)

Proposition 44.3. Let A be the [1/9,9] scale, and ST be a linguistic scale with gran-
ularity T . Let a∈A and l ∈ ST , then the corresponding transformation function from
A to ST is given as follows:

l = I−1
(

T −1
2

log9 a
)

. (44.3)
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In a situation, where different experts give different uncertain preference rela-
tions, to make the information uniform, we have the following transformation func-
tions.

Proposition 44.4. Let ST1 and ST2 are two linguistic scales predefined as in Sect.
44.2. Their granularities are T1 and T2, respectively. Let L̃1 = (l̃i j,1)n×n and L̃2 =
(l̃i j,2)n×n be two interval linguistic preference relations, where l̃i j,1 = [lL

i j,1, l
U
i j,1],

lL
i j,1, lUi j,1 ∈ ST1 , l̃i j,2 = [lL

i j,2, l
U
i j,2], lL

i j,2, l
U
i j,2 ∈ ST2 . Then the transformation function

from L̃1 to L̃2 is given as follows:

l̃i j,2 =
T2 −1
T1 −1

l̃i j,1. (44.4)

Proof. This proposition is a generalization of Proposition 44.1. We only need to
verify that the preference relation after the transformation function (44.4) is in deed
a reciprocal interval linguistic preference relation. Firstly, we have:

lL
i j,2 ⊕ lUji,2 =

T2 −1
T1 −1

lL
i j,1 ⊕

T2 −1
T1 −1

lUji,1 =
T2 −1
T1 −1

(lL
i j,1 ⊕ lUji,1) = s0. (44.5)

In a similar way, we have lUi j,2⊕ lL
ji,2 = s0. This completes the proof of Proposition

44.4. �

Proposition 44.5. Let P̃ = (p̃i j)n×n be an interval fuzzy preference relation, and
L̃ = (l̃i j)n×n be an interval linguistic preference relation with granularity T . Then
the corresponding transformation function from P̃ to L̃ is given as follows:

l̃i j = I−1((T −1)(p̃i j −0.5)). (44.6)

Proof. This proposition is a generalization of Proposition 44.2. We only need to
verify the reciprocal property of L̃. According to the reciprocity of P̃ = (p̃i j)n×n, we
have

I(lL
i j)+I(lUji )=(T−1)(pL

i j −0.5))+(T−1)(pU
ji−0.5))=(T−1)((pL

i j+pU
ji)−1) = 0.

(44.7)
From Equation (44.7), it follows that:

lL
i j ⊕ lUji = s0. (44.8)

Similarly, we get lUi j ⊕ lL
ji = s0. Thus L̃ is reciprocal, This completes the proof of

Proposition 44.5. �

Proposition 44.6. Let Ã = (ãi j)n×n be an interval multiplicative preference relation,
and L̃ = (l̃i j)n×n be an interval linguistic preference relation with granularity T .
Then the corresponding transformation function from Ã to L̃ is given as follows:

l̃i j = I−1
(

T −1
2

log9 ãi j

)
. (44.9)
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Proof. This proposition is a generalization of Proposition 44.3. Again, we verify the
reciprocal property of L̃. According to the reciprocity of Ã = (ãi j)n×n, we have:

I(lL
i j)+ I(lUji ) =

T −1
2

log9 aL
i j +

T −1
2

log9 aU
ji =

T −1
2

log9 aL
i ja

U
ji = 0. (44.10)

From Equation (44.10), it follows that:

lL
i j ⊕ lUji = s0. (44.11)

Similarly, we get lUi j ⊕ lL
ji = s0. Thus L̃ is reciprocal, This completes the proof of

Proposition 44.6. �

In this section, we give propositions to make different uncertain preference rela-
tions uniform, given the interval linguistic preference relation as the basic represen-
tation structure. The transformations between different preference relations are the
generalizations of the conversions between different judgement scales in essence.

44.5 Maximizing Consensus

The experts’s judgements are somewhat subjective. It is possible that conflicts and
contradicts may exist among the experts. Therefore, before the selection process, a
consensus process is carried out to obtain a solution of maximum degree of agree-
ment between the set of group members. Some researches have presented interesting
results on consensus models based linguistic information e.g. [1, 2, 11, 19] or other
information formats e.g. [12, 20]. Generally speaking, research progress in GDM
with one kind of preference relation can benefit research in other kind preference
relation. In the following, we introduce an optimization model to obtain the maxi-
mal consensus level among the experts for GDM with interval linguistic preference
relations.

Definition 44.5. [5] Let s̃1 = [sα1 ,sβ1 ], s̃2 = [sα2 ,sβ2 ] be two uncertain linguistic
variables, the distance between s̃1 and s̃2 is defined as:

d(s̃1, s̃2) =
1
2t

(|I(sα1)− I(sα2)|+
∣∣I(sβ1)− I(sβ2)

∣∣). (44.12)

Definition 44.6. Let L̃1 = (l̃i j,1)n×n, L̃2 = (l̃i j,2)n×n, · · · , L̃m = (l̃i j,m)n×n be m interval
linguistic preference relations. Then their weighted combination L̃ = λ1L̃1⊕λ2L̃2⊕
·· ·⊕ λmL̃m by ULWA operator is the group interval linguistic preference relation,
L̃ = (l̃i j)n×n, where, l̃i j = λ1 l̃i j,1 ⊕λ2 l̃i j,2 ⊕·· ·⊕λml̃i j,m.

Definition 44.7. Let L̃1 = (l̃i j,1)n×n, L̃2 = (l̃i j,2)n×n, · · · , L̃m = (l̃i j,m)n×n and L̃ =
(l̃i j)n×n be m interval linguistic preference relations and the group interval linguistic
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preference relation, respectively. Then based on the distance function d, the group
consensus index of L̃k is defined by:

GCI(L̃k) =
2

n(n−1)

n−1

∑
i=1

n

∑
j=i+1

d(l̃i j,k, l̃i j). (44.13)

Let e = (1,1, · · · ,1)T be a m dimensional vector. Let λ = (λ1,λ2, · · · ,λm)T be
the weight vector of experts such that eT λ = 1, λi ≥ 0. It is most desirable that the
consensus indexes of every expert should be kept as small as possible, which leads
to the following optimization model to be constructed.

min GCI(L̃k), k = 1,2, · · · ,m,
s.t. eT λ = 1, λ ≥ 0.

Considering every single objective is of equal importance, the above model can
be transformed into the following concrete programming:

min J = 1
t×n×(n−1)

m
∑

k=1

n−1
∑

i=1

n
∑

j=i+1
d(l̃i j,k, l̃i j),

s.t.
m
∑

k=1
λk = 1, λk ≥ 0, k = 1,2, · · · ,m.

Letting

ε+
i j,k =

1
2
(εi j,k +

∣∣εi j,k
∣∣) and εi j,k =

1
2
(−εi j,k +

∣∣εi j,k
∣∣), (44.14)

η+
i j,k =

1
2
(ηi j,k +

∣∣ηi j,k
∣∣) and η−

i j,k =
1
2
(−ηi j,k +

∣∣ηi j,k
∣∣), (44.15)

where

εi j,k = I(lL
i j,k)−

m

∑
h=1

λhI(lL
i j,h) and ηi j,k = I(lUi j,k)−

m

∑
h=1

λhI(lUi j,h). (44.16)

We have: ∣∣εi j,k
∣∣= ε+

i j,k + ε−i j,k and
∣∣ηi j,k

∣∣= η+
i j,k +η−

i j,k. (44.17)

Accordingly, the optimization model can be rewritten as the following linear pro-
gramming model:
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min J = 1
t×n×(n−1)

m
∑

k=1

n−1
∑

i=1

n
∑

j=i+1
(ε+

i j,k + ε−i j,k +η+
i j,k +η−

i j,k),

s.t.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

I(lL
i j,k)−

m
∑

h=1
λhI(lL

i j,h)− ε+
i j,k + ε−i j,k = 0,

i = 1,2, · · · ,n−1, j = i+1, · · · ,n, k = 1,2, · · · ,m,

I(lUi j,k)−
m
∑

h=1
λhI(lUi j,h)−η+

i j,k +η−
i j,k = 0,

i = 1,2, · · · ,n−1, j = i+1, · · · ,n, k = 1,2, · · · ,m,
m
∑

k=1
λk = 1, λk ≥ 0, k = 1,2, · · · ,m.

(44.18)

The solution to the above problem could be easily found by Matlab software or
Lingo software package. Thus, we obtain the weights of the experts by considering
maximizing the consensus among the group.

In sum, a procedure for alternative selection in GDM with different formats of
uncertain preference relations is given in the following.

Algorithm 1

Step 1. Form a committee of experts and identify the set of alternatives.
Step 2. Each expert provides preferences over the alternatives in the form of differ-
ent uncertain preference relations.
Step 3. Making the information uniform. Utilize Proposition 44.6 to transform dif-
ferent uncertain preference relations into the same kind of interval linguistic prefer-
ence relations.
Step 4. Aggregation. Utilize optimization model (44.18) to obtain the weight vector
of the experts. Compute the collective interval linguistic preference relation by un-
certain linguistic weighted average (ULWA) operator.
Step 5. Exploitation. Calculate the overall assessment value of each alternative by
the uncertain linguistic ordered weighted average(ULOWA) operator.
Step 6. Rank the overall assessment values. Choose the best alternative with the
maximal ranking value.
Step 7. Return the result to the experts and the decision maker. If the result is con-
vincing and the decision maker is satisfied with it, then terminate the decision pro-
cedure, otherwise start a new round of decision.

Remark 44.1. If the consensus level reached does not meet predefined requirements,
a consensus reaching algorithm can be introduced to achieve the goal [18]. We only
consider one preference relation given by each expert for the alternative selection
problem in this paper. However, similar to the analytical hierarchy process (AHP),
we may consider constructing a hierarchy structure based on uncertain preference
relations and extended the proposed approach into this general case.
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44.6 Application Example

In this section, an example is provided to demonstrate how the proposed approach
works in practice. Suppose a company wants to employ a new manger to manage
its new business. Four outstanding candidate {x1,x2,x3,x4} entered the final round
of competition. There are four experts, {e1,e2,e3,e4} provide their evaluations over
the candidates according to the general performance of each candidate. Concretely,
expert e1 constructs an interval multiplicative preference relation, Ã, using Saaty’s
[1/9,9] scale. Expert e2 an interval fuzzy preference relation, P̃, using the [0,1]
scale. Experts e3 and e4 provide interval linguistic preference relations L̃3, L̃4 with
granularity 7 and 9, respectively. These data are shown as follows.

Ã =

⎛⎜⎜⎝
[1,1] [1,2] [6,8] [3,5]

[1/2,1] [1,1] [5,7] [3,4]
[1/8,1/6] [1/7,1/5] [1,1] [1/3,1/2]
[1/5,1/3] [1/4,1/3] [2,3] [1,1]

⎞⎟⎟⎠ ,

P̃ =

⎛⎜⎜⎝
[0.5,0.5] [0.5,0.6] [0.8,0.9] [0.6,0.8]
[0.4,0.5] [0.5,0.5] [0.7,0.8] [0.5,0.7]
[0.1,0.2] [0.2,0.3] [0.5,0.5] [0.3,0.4]
[0.2,0.4] [0.3,0.5] [0.6,0.7] [0.5,0.5]

⎞⎟⎟⎠ ,

L̃3 =

⎛⎜⎜⎝
[s0,s0] [s0,s1] [s2,s3] [s1,s2]
[s−1,s0] [s0,s0] [s2,s3] [s0,s1]
[s−3,s−2] [s−3,s−2] [s0,s0] [s−2,s0]
[s−2,s−1] [s−1,s0] [s0,s2] [s0,s0]

⎞⎟⎟⎠ ,

L̃4 =

⎛⎜⎜⎝
[s0,s0] [s1,s2] [s3,s4] [s1,s2]

[s−2,s−1] [s0,s0] [s2,s3] [s0,s0]
[s−4,s−3] [s−3,s−2] [s0,s0] [s−2,s−1]
[s−2,s−1] [s0,s0] [s1,s2] [s0,s0]

⎞⎟⎟⎠ .

On the basis of Algorithm 1 described in the last section, the resolution process
for this problem is divided into the following stages.
Stage 1: Make the information uniform

According to the methods in Sect. 44.4, we transform Ã, P̃, L̃3 into interval lin-
guistic preference relations with granularity 9. The transformed linguistic preference
relations for e1 and e2 are denoted as L̃1, L̃2, and for e3, it is still denoted as L̃3 for
simplicity.

L̃1 =

⎛⎜⎜⎝
[s0,s0] [s0,s1.3] [s3.3,s3.8] [s1,s2]

[s−1.3,s0] [s0,s0] [s2.9,s3.5] [s2,s2.5]
[s−3.8,s−3.3] [s−3.5,s−2.9] [s0,s0] [s−2,s−1.3]
[s−2.9,s−2] [s0,s0] [s1,s2] [s0,s0]

⎞⎟⎟⎠ ,
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L̃2 =

⎛⎜⎜⎝
[s0,s0] [s0,s0.8] [s3,s4] [s0.8,s2.4]

[s−0.8,s0] [s0,s0] [s1.6,s2.4] [s0,s1.6]
[s−3.2,s−2.4] [s−2.4,s−1.6] [s0,s0] [s−1.6,s−0.8]
[s−2.4,s−0.8] [s−1.6,s0] [s0.8,s1.6] [s0,s0]

⎞⎟⎟⎠ ,

L̃3 =

⎛⎜⎜⎝
[s0,s0] [s0,s4/3] [s8/3,s4] [s4/3,s8/3][

s−4/3,s0
]

[s0,s0] [s8/3,s4] [s0,s4/3][
s−4,s−8/3

]
[s−4,s−8/3] [s0,s0] [s−8/3,s0][

s−8/3,s−4/3
]

[s−1.6,s0] [s0,s8/3] [s0,s0]

⎞⎟⎟⎠ .

Stage 2: Aggregation
To obtain the collective interval linguistic preference relation, we have to de-

termine the weights of expert in the aggregation process. Using the maximizing
consensus model (44.18), we construct the corresponding optimization model.

The optimal value for the above linear programming by Lingo software is
J = 20.36667. At the same time, we get the weight vector of the expert λ =
(0.098, 0.453, 0.273, 0.176)T . From Definition 44.6, the group interval linguis-
tic preference relation is computed as:

L̃3 =

⎛⎜⎜⎝
[s0,s0] [s0.18,s1.20] [s2.66,s3.62] [s1.10,s2.45]

[s−1.20,s−0.18] [s0,s0] [s2.09,s3.06] [s0.20,s1.34]
[s−3.62,s−2.66] [s−3.06,s−2.09] [s0,s0] [s−2.00,s−0.66]
[s−2.45,s−1.10] [s−1.34,s−0.20] [s0.66,s2.00] [s0,s0]

⎞⎟⎟⎠ .

Stage 3: Exploitation
We use the ULOWA operator with a quantifier at least half, which implies

(0,0.4,0.5,0.1)T is the weighting vector, to compute the overall assessment value
for each alternative. We obtain the interval priority vector:

([0.5275,1.5831], [−0.0417,0.5170], [−2.6898,−1.5775], [−0.9138,−0.2081])T

corresponding to each alternative. As the interval data are not intersecting, we im-
mediately have x1 � x2 � x4 � x3. The best choice is the first candidate, x1.

44.7 Concluding Remarks

In management decision making problem, because of the internal subjectivity and
imprecision of human judgments, the information available from the multiple ex-
perts often appears as different uncertain formats. In this paper, we have developed
an information fusion and maximizing consensus integrated approach to deal with
such problems. An example of selecting the optimal manager for a company is illus-
trated to show the effective of the proposed model. The main characteristics of the
proposed model are: 1) It allows experts to express their opinions with much flexibil-
ity; 2) It incorporates consensus concept into the aggregation process which makes
the final solution more acceptable by the experts as well as the decision maker. Al-
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though we develop our model initially for alternative selection, it can be applied to
other management decision problems. The proposed methods can also be extended
into group multiple criteria decision making problems, which allow various evalua-
tion scales to express the attribute values of the alternatives.
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