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Abstract

In order to deal with various imprecise opinions and
preferences of decision makers in group decision-making
process, this paper proposes a fuzzy group
decision-making approach. The approach has three
advantages from existing approaches. First, it can handle
simultaneously group members fuzzy preferences for
dternative solutions, fuzzy judgments for solution
selection criteriaand fuzzy weights for their rolesin group
decision-making to arrive a group consensus decision.
Second, it allows group members to generate selection
criteriafor the best solution rather than assume them to be
given before a group meeting. The third is that it uses
general fuzzy number to express linguistic terms which is
used to describe the fuzziness of individual preferences,
judgments and weights in group decision-making. It
therefore accepts any forms of fuzzy number, including
triangular fuzzy number, rectangle fuzzy number and
continuous fuzzy number, when applying the group
decision-making approach.

1. Introduction

As the complexity of organizational decision making
increasesthe need for decision meetingsand for workingin
groups increases [12]. A ‘decision group’ istheterm for a
"small, self-regulating, self-contained task-oriented work
group" that "typically focuses on organizationally
assigned decision-making tasks' [1]. Generally, the goal of
adecision group is to determine an optimal solution to a
decision problem called a group decision.

A group decision is often based on a set of optimal
alternative solutions for a decision problem. The set of
solutions can be generated by a suitable model and made
by multiple decision makers[3]. A set of selection criteriais
used for assessing, or ranking, the alternatives. These
criteriacan be generated by the group during the meeting,
or determined before the meeting. aternatives. Group
members can be each awarded aweighting. Thefinal group
decisionwill be madethrough aggregating group members
preferences on alternative solutions under their weights

and judgments on selection criteria. The final decision is
expected to be the most acceptable by the group.

In real environments, group decision-making has to
confront various conditions [7]. As the process of
decision-making is centered on human beings, with their
inherent subjectivity and imprecision in the articulation of
opinions, one of the conditionsisfuzziness. Thereismuch
more in the fuzziness of group decision making process
than just the fuzziness of models. The decision makers may
be each awarded a fuzzy weighting, say, ‘an important
person’ or ‘avery important person’. The decision makers
would like to express their preferences to alternatives by
linguistic terms, such as ‘good’ or ‘very good' [10]. The
evaluation for alternatives is under a set of criteria and
decision maker may have uncertain comparison results for
these criteriaindividually. Particularly the decision-making
procedure has to be performed through many uncertain
negotiations among a group of decision makers [6].
Conflicts of interest are inevitable, and support for
achieving consensus and compromise is required. Further
information can trigger an alternative solution which
appears preferable to the current best, or a new selection
criterion is proposed.

Literature has shown that fuzzy mathematical models, in
particular, fuzzy numbers are identified as the most proper
way to deal with linguistic terms. A relatively practical
introduction of fuzzy set theory [14] into conventional
decision-making modelswas presented by Bellmanetal. [2],
Yager et a. [13] and Zimmermann [16]. Following this,
further research was carried out in the area of fuzzy
decision-making in the last twenty years. Existing fuzzy
group decision-making approaches have handled
respectively each of the three main aspects of the fuzziness
in arriving a group decision-making: individua fuzzy
preferences on aternative solutions (such as [5], [11]),
individual judgmentson solution selection criteria (such as
[8],[4]),and individual rolesin attempting to reach optimal
solutions (such as[9]). Linguistic terms have been used in
each of the three aspects of fuzziness in group
decision-making [10][15].

However, there are two limitations in existed research.
Thefirst limitation isthat the fuzziness regarding personal
weights, alternatives and criteriain group decision-making



is studied respectively, but they can exist simultaneously.
Another isthat the fuzzinessin generating criteriaduring a
meeting has less attention. The third limitation isthat only
triangular number form of fuzzy number isused to describe
linguistic terms in related agorithms. Using triangular
numbers to express fuzzy valuesis a simple way and easy
to be calculated, but it cannot describe wholly all
characteristics of fuzzy values. Particularly, many fuzzy
values cannot be expressed by triangular numbers.

This study proposes a fuzzy group decision-making
approach to handle wholly the three fuzzy properties
discussed above, support selection criteria generation
during a group meeting, and allow various forms of fuzzy
numbers to be used. The approach is designed to achieve
the following goals: (1) to make the final solution to reflect
the various roles of group members in a decision-making
process; (2) to reach a“better’ solution by aggregating the
various opinions of group members; (3) to improve the
decision quality by allowing the knowledge expression by
linguistic terms; (4) to suit more real situations of group
decision-making by support criteria generation, and (5) to
generalize the applications of fuzzy group decision-making
approaches by allowing any forms of fuzzy numbers to
describe the fuzziness.

2. An integrated multi-criteria fuzzy group
decision-making approach

LetS={S,S, ..., Si}, m3 2, beagiven finite set of
solutions for adecision problemand P ={P;,P,, ..., P}, n
3 2, beagivenfinite set of decision makers. The proposed
approach consists of seven steps within two levels:

Level 1: selection criteria generation

Sepl:EachdecisionmakerPy(k =1, 2, ..., n) proposes
one or more selection criteria (C"1 , Cl'(‘z, C,'(‘p ). These

criteriaare then put into acriterion pool. Thesecriteriaare
sorted based on the number of group members proposing
the criterion for each criterion. Finally top-T criteria, C =
{C,,C,, ...,C}, are chosen to be selection criteria for the

group.
Level 2: Individual Preference Generation

Sep2:Decision maker Py (k = 1, 2, ..., n) determinesthe
weight of selection criterion C by using the Analytic
Hierarchy Process (AHP) method.

By pairwise comparison of the relative importance of
selection criteria, the pairwise comparison matrix E =

[6/1: is established, where € represents quantified
judgments on pairs of selection criteria C; and C; or “*”.
The comparison scale belongs to a set of linguistic terms
that contain variousdegreesof preferencesrequiredby the
decision maker P, (k = 1, 2, ..., n). The linguistic terms for
variable“ preference” areshow in Table 1 or “*” represents
decision maker P, (k = 1, 2, ..., n) don’'t know the relative

importance of selection criteriaC; and C; .

Table 1 Linguistic terms for the comparison scal e of
selection criteria

Linguistic terms Fuzzy numbers

Absolutely not important (ANI) a;
Not important (SNI) a,
Lessimportant (WNI) as
Important (EI) a,
More important (WI) as
Much more important (SI) ag
Absolutely important (Al) a;

Consistent weights W< (i=12--,t) for every
selection rule can be determined by calculating the
geometric mean of that q'f (j=42--,ig)isno “*” of

each row of thematrix [’éijk]t't , and then the resulting fuzzy

numbers  are normalized and denoted as

W, WE -, W, where W' T F; (R) and
Wk

W=, fori=12-tk=12-n.
=1 10

Step 3: Against every selectionrule G (=1, 2, ...,t), a
belief level can be introduced to express the possibility of
selectingasolution (i) under rule(j) for adecision maker (k).
Thebelief level b (1 =1,2,--,t, j =1,2,--, mk =12, ..,
n) belongs to a set of linguistic terms that contain various
degreesof preferencesrequired by adecision maker P, (k =
1, 2, .. n)or “**" The linguistic terms for variable
“judgment” are shown in Table 2 or “**” represents the
decision maker P (k= 1,2, ..., n) don’t know a belief level
for expressing the possibility of selecting a solution ()
under rule (j).

Table2 Linguistic termsfor the belief levels of selection
criteria

Linguistic terms Fuzzy numbers

Very low (VL) b,
Low (L) b,
Medium low (ML) b,
Medium (M) b,
Medium high (MH) Bs
High (H) bs
Very high (VH) b,

Sep 4 Belief levd marix (0F)(k=1,2,+-,n) is
aggregatedin to belief vector (t_)jk) (j=12,..mk=1,2, ...
n).

B = 5 bl -+, b, o <
where bff (=12, 5) isno***”.

Based on belief vectors, the decision maker P (k = 1,
2, ..., n) can make an overall judgment on the solutions,



caled an individua selection vector. All individual
selection vectors can compose a group of selection

matrixes ()

J /am -

Leve 3: Group Aggregation

Step 5 As group members play different roles in an
organization therel ativeimportance of each decision maker
may not equal in adecision group. Some are moreimportant
than the others. Therefore, the relative importance
weighting of each decision maker should be considered.
Thelinguisticterms V,, k=1,2,---,n areshown in Table

3.

Table3 Linguistic termsfor the weights of decision makers

Linguistic terms Fuzzy numbers
General decision person (GP) C1
Weakly important person (WP) ¢,
Strongly important person (SP)  c;
The most important person (TP) ¢,

Thenormalized weight of adecision makerPy, (k= 1,2, ..., n)
isdenoted as

fork=1,2,---,n.

Sep6: Considering theweights of all decision makersin
a group, we can construct the weighted normalized fuzzy
decision vector

7 Fo)= % 9 B7),

~%T

~ _2n b
where I; =@, _ Vi by

Sep 7: Intheweighted normalized fuzzy decision vector
the elements V;, j =12---,m are normalized positive

fuzzy numbers, andtheir rangesbelongto closedinterval [0,
1]. We can then define fuzzy positive-ideal solution (FPIS,
r') and fuzzy negative-ideal solution (FNIS, ') as:

r'=1 and r =0.

The positive and negative solution distances between
each T, and r , T, and r can be caculated as:

dJT :d(ﬂ ,r") and d; :d(Fj,r'), j=12,---,m
1
_~ &1 02
where d(@,b) =§0§[(<’=11L -bH)? +(@" - bF)’ld T s
0 (%]
the distance measurement between two fuzzy numbers.

Step 8: A closeness coefficient is defined to determine
the ranking order of all solutions once the d} andd; of
each decision solution§ (j =1, 2, ..., m) are obtained. The
closeness coefficient of each solution is calculated as:

cc, :%(d; +@-d)) j=12--.m.

The solution § that corresponds to the largest CC; is
the best satisfactory solution of the decision group. If the
solution cannot be accepted by the group, two actions can
betaken. Oneisto alter the selection criteria. For example,
add or remove a selection criterion. Another is to remove
one or more of theworst alternative solutions and redo the
process. The ‘worst’ solution isthat which correspondsto
theMin{CC;;j=1,2,..., m}.

3. An Application of the Approach

Two solutionsS,, S,have been obtained as alternatives
by agroup whichisorganized by threemembers, P;, P, and
Ps. The group will select one from S;, S, under three
selection criteria C;, C, Cs. The three members have
different weightsand areallowed to expresstheir individual
fuzzy preferences for the two solutions and imprecise
judgmentsfor thegoalsof thethree criteriausing linguistic
terms. The approach alows any forms of fuzzy numbersto
describe these linguistic variables. Table 4, 5 and 6 show
what we used.

Table4 Linguistic variables and related fuzzy numbersfor
the comparison scale of selection criteria

Linguisticvariables  Fuzzy numbers

Absolutely not N/
important(ANI) 10,1 [0 10 ]

Not important (SNI) Ul [£ Jo-¢ :
1oy 10" 10
L ess important U I[ng +1 4/25- 16l :
(WNI) 11[0,1] 10 10 ’
Important (EI) U I[«/16I +9 /49 - 24| :
11[0,1 10 ° 10
More important | [424| +25 ./81- 32l .
(wiy 11701 0 ' 10 °
Much more 0 I[J32| +49 4100 - 19 ]
important (SI) 11[0.4] 10 , 10
Absolutely J191 +81
important (Al) U /1
1700, 10

Table5 Linguistic variables and related fuzzy numbers for
the belief levels of selection criteria

Linguistic variables  Fuzzy numbers

Vey low (VL) I[O,E]
1700, 1 10

e TR BE LR
i1ffoy 10 10

Medium low (ML) I[J8I +1 25- 16
11709 0 ' 10 -



Medium (M) [J16| +9 49- 24l

]

11[0,1 10 ' 10
Medium high A241 +25 4[81- 32
(MH) ' ' 1

10,1 10 10
High (H) |[‘/32' +49 +/100 - 19 ]

1170,1] 0 ' 10
Very high (VH) J19 +81

U |[—11]
1100,1] 10

Table6 Linguistic variables and related fuzzy numbers for
the weights of decision persons

Linguistic variables
General decision
person (GP)

Fuzzy numbers
l[«/16l +9 J49- 241
1

11[0,1] o " 10
Weakly important | 24l +25 +/81- 32
person (WP) iy 1
Strongly important J32l +49 4100 - 19
person (SP) | T[Lg, 1]| 1%
The most important J191 +81
person (TP) |T[o,1]| [T’ﬂ

Step 1 by using the AHP method, three pairwise
comparison matrices are established:

aEEI El *0 & as * 0
E'=E*=E’= QEI Bl *s=ca, a, * =+
&t HR &t ag

Through computing the geometric mean of each row of

the matrices, the normalized resulting numbersare obtained.

As
a@vlo aswzo aa\ﬁo 6§/a4a46
G+ = QB += ud += M
i b5 695 o g

a
e JlGI +9 4f49-24] 0
¢ U , 1=
. 9||[01 10 10 -
_C "3 V16l +9 49-241 ~
cay ——G U I , 0 17

ga - 9||[01 10
40 l[J16I +9 \J49- 24l

U , :
§| 10,1 10 10 ]E

3
a WI 0 —21 So we have

aw o avo a0 a,0
OW, += GW, +=GW, += —~ ca, =
gy Ewg By T&ap

@y by, b130 gM VL **6_aby, b **0
ébél b, 35 = Mg & ** by
@y by b123 g* M VLo _&* b, b9
ébzzl > gM VH * §b4 b, **5

31 b132 b130 FL ** M 9- oy le
S5 b} bis E° M VHp &' b b

Sep 3: Wehave
=1~ ~ 1
b = Wibl; + Wabi, = 2(342 +a,ay),
by = Wibj; +Wsbys =

1
2—1(6142 +a,a7),
— ~ ~ 1
b = Wibf, +Wibfs =—(a42 +a,q),

bf = W3 + Wsb3, =

(a4 +aay),

b = Wb +Wibs =

Z("M +a,3),
3 _ ~3 2
by = W5b3, +W3b3; = 1(34 +aa7).

Sep 4: Assesses. The important weight v; of Py is TP;
the important weight v, of P, is GP and the important
weight v; of P; isGP. Then

g R
=¢,andQq Vv, =24,

i=1

Vy =Cy, V, =V,

therefore
T P S W)
Y24 2477 7 24 24
Sep 5: Wehave

~ w X .= 1
F1 =Vvib +Vvob% +vgb® = 51 24 (a7 +2a,)(@," +a,43)

N w

[(16I +9)4/191 +81+2(16] +9)
110, 1 5040

3
10(49 - 241 ) +10,[(1- 1 )(49- 241 ) +2(49- 241 )2
5040
L 249- 28 W1 | :

5040

~ o = — 161 +9)W19l +81

3
, 2060 +92 +(191 +81416l +9
5040 ’

3
30(49- 241 ) +1004/49- 241 +2(49 - 241 )2
5040

1.
Sep 6: We get



3
e~ . 11_(16] +9)J191 +81+2(16] +9)2
dy =d(r,r)=o=[(

02 5040

+(10(49- 241 )+10,/(1- 1)(49- 241 )
5040

3
3 1
- 2 - - 2

+2(49 241 )2 +2(49- 241 )J1- | -1)?]dl )2 =0.8727

5040
=d(f,,r’) =0.6295

1
e oy _ i1 (6l +94191 +81
d =d@,r ):OE[(( )\/7

5040

0

_1)2

q

2

3
, 2l +9)2)2 +(10(49- 241 ) +10./1- 1 )(49- 24l )
5040 5040
3
, A49- 241 )2 +2(49- 24 )/1- |
5040
d, =d(r,, r')=0.4423

1
)2]dl )2 =0.1546

Sep 7: Findly, we have

1 .
CG = 3(d; +(1- d))) 01409 and CC,=0.4064.

Since CC, is higher than CC,, the group selects the
solution S, as the most satisfactory solution for the
research planning problem.

4. Conclusions

The paper proposes a general group-making approach
to deal with fuzziness of decision maker’s preference for
aternatives, decision makers judgment for selection
criteria, and decision maker’s weighting. The approach
aggregates these fuzzy elements into a group decision
which is the most acceptable for the group. As the
approach supports criteria generation during a group
meetingitisvery practical. Inparticular, itissuitablefor any
types of fuzzy number, in the practice, decision maker can
choose a most suitable one for specific decision problems
and in specific environment
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