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Abstract. The location selection of distribution is one of the most
important decision issues for logistic managers. In order to encompass
vagueness in decision data, a new fuzzy multiple criteria decision-making
method is proposed to solve the distribution center selection problem
under fuzzy environment. In the proposed method, the ratings of alter-
natives and the weights of the criteria are given in terms of linguistic
variables which is in turns represented by triangular fuzzy numbers.

1 Introduction

In terms of logistical system design and administration, distribution center is
a common problem encountered by logistic managers. During the last decade,
seeking reduced transportation cost in the increased economic scale of produc-
tion has shifted the focus to the selection of distribution center. A distribution
center links suppliers (source) and consumers (demand). A distribution center
selection problem is homomorphic to a plant location selection problem. Fac-
tors such as investment cost, climate condition, labor force quality and quantity,
transportation availability may be considered in the selection of the plant lo-
cation [4,18,19,20,22]. These factors can be classified into objective factors and
subjective factors. Many precision-based methods for location selection have
been developed. Mathematical programming is usually utilized to determine the
optimal location of facilities [1,7,11]. Tompkins and White [22] introduced a
method which used the preference theory to assign weights to subjective factors
by making all possible pairwise comparisons between factors. Spohrer and Kmak
[18] proposed a weight factor analysis method to integrate the quantitative data
and qualitative ratings to choose a suitable plant location from numerous al-
ternatives. All the methods stated above are based on the concept of accurate
measure and crisp evaluation.

In the selection of a best distribution center, the values for the qualitative
criteria are often imprecise. The desired value and importance weight of criteria
are usually described in linguistic terms such as ”very low”, ”medium”, ”high”,
”fair”, and ”very high”. A distribution center selection problem can modeled
as a multiple criteria decision making (MCDA) problem. In traditional MCDM,
performance rating and weights are measured in crisp numbers [10,12,21]. Un-
der many circumstances where performance rating and weights can not be given
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precisely, the fuzzy set theory is introduced to model the uncertainty of hu-
man judgements and such problems is known as fuzzy multiple criteria decision
making (FMCDM). In FMCDM, performance ratings and weights are usually
represented by fuzzy numbers. A FMCDM with m alternatives and n criteria
can be modeled as follows:

D =

⎡
⎣

Ã11 Ã12 . . . Ã1n

Ã21 Ã22 . . . Ã2n

Ãm1 Ãm2 . . . Ãmn

⎤
⎦

and
W =

[
W̃1 W̃2 . . . W̃n

]

where Ãij is the fuzzy number representing the performance of ith alternative
under jth criterion and W̃j is the fuzzy number representing the weight of jth
criterion.

In dealing with fuzzy numbers, aggregation of fuzzy numbers and ranking
fuzzy number are some of the important issues in group decision. Methods of
aggregation such as OAM can be found in [14]. Many methods for fuzzy rank-
ing have been proposed [2,3,5,6,8,9,13,17,23,24]. They can be classified into two
categories. The first category is based on defuzzification. Various methods of
defuzzification have been proposed. In the first category, fuzzy numbers are de-
fuzzified into crisp numbers or the so-called utilities in some literatures. The
ranking are then done based on these crisp numbers. Though it is easy to com-
pute, the main drawback of this type is that defuzzification tends to loss some
information and thus is unable to grasp the sense of uncertainty. The other cat-
egory is based on fuzzy preference relation. The advantage of this type is that
uncertainties of fuzzy numbers are kept during ranking process. However, the
fuzzy preference relations proposed thus far are too complex to compute. Yuan
[24] has proposed criteria for measuring ranking method. Lee [13] has proposed
a new fuzzy ranking method based on fuzzy preference relation satisfying all cri-
teria proposed by Yuan. In [15], we extended the definition of fuzzy preference
relation [16] and propose an extended fuzzy preference relation which satisfies
additivity and is easy to compute. In this paper, we are going to propose a new
method for FMCDM for the selection of distribution center.

2 Mathematical Preliminaries

Definition 1. The α-cut of fuzzy set A, Aα, is the crisp set Aα = {x | µA(x) ≥
α}. The support of A is the crisp set Supp(A) = {x | µA(x) > 0}. A is normal
iff supx∈UµA(x) = 1, where U is the universe set.

Definition 2. A fuzzy subset A of real number R is convex iff

µA(λx + (1 − λ)y) ≥ (µA(x) ∧ µA(y)), ∀x, y ∈ R, ∀λ ∈ [0, 1],

where ∧ denotes the minimum operator.
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Definition 3. A is a fuzzy number iff A is a normal and convex fuzzy subset
of R.

Definition 4. A triangular fuzzy number A is a fuzzy number with piecewise
linear membership function µA defined by

µA(x) =

⎧⎨
⎩

x−a1
a2−a1

, a1 ≤ x ≤ a2,
a3−x
a3−a2

, a2 ≤ x ≤ a3,

0, otherwise,

which can be denoted as a triplet (a1, a2, a3).

Definition 5. Let A and B be two fuzzy numbers. Let ◦ be a operation on
real numbers, such as +, -, *, ∧, ∨, etc. By extension principle, the extended
operation ◦ on fuzzy numbers can be defined by

µA◦B(z) = sup
x,y:z=x◦y

{µA(x) ∧ µB(y)}. (1)

Definition 6. Let A be a fuzzy number. Then AL
α and AU

α are defined as AL
α =

infµA(z)≥α(z) and AU
α = supµA(z)≥α(z) respectively.

Definition 7. A fuzzy preference relation R is a fuzzy subset of �×� with mem-
bership function µR(A, B) representing the degree of preference of fuzzy number
A over fuzzy number B.

1. R is reciprocal iff µR(A, B) = 1 − µR(B, A) for all fuzzy numbers A and B.
2. R is transitive iff µR(A, B) ≥ 1

2 and µR(B, C) ≥ 1
2 ⇒ µR(A, C) ≥ 1

2 for all
fuzzy numbers A, B and C.

3. R is a fuzzy total ordering iff R is both reciprocal and transitive.

If fuzzy numbers are compared based on fuzzy preference relations, then A is said
to be greater than B iff µR(A, B) > 1

2 .

Definition 8. An extended fuzzy preference relation R is an extended fuzzy sub-
set of � × � with membership function −∞ ≤ µR(A, B) ≤ ∞ representing the
degree of preference of fuzzy number A over fuzzy number B.

1. R is reciprocal iff µR(A, B) = −µR(B, A) for all fuzzy numbers A and B.
2. R is transitive iff µR(A, B) ≥ 0 and µR(B, C) ≥ 0 ⇒ µR(A, C) ≥ 0 for all

fuzzy numbers A, B and C.
3. R is additive iff µR(A, C) = µR(A, B) + µR(B, C)
4. R is a total ordering iff R is both reciprocal, transitive and additive.

If fuzzy numbers are compared based on extended fuzzy preference relations, then
A is said to be greater than B iff µR(A, B) > 0.

Our extended fuzzy preference relation is defined as follows.
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Definition 9. For any fuzzy number A, B, extended fuzzy preference relation
F (A, B) is defined by the membership function

µF (A, B) =
∫ 1

0
((A − B)L

α + (A − B)U
α )dα (2)

Lemma 1. F is reciprocal, i.e.,

µF (B, A) = −µF (A, B). (3)

Proof: Since (A − B)L
α + (A − B)U

α = −((B − A)L
α + (B − A)U

α ), we have
µF (B, A) = −µF (A, B). �
Lemma 2. F is additive, i.e.,

µF (A, B) + µF (B, C) = µF (A, C) (4)

Proof:

µF (A, B) + µF (B, C)

=
∫ 1

0
((A − B)L

α + (A − B)U
α )dα +

∫ 1

0
((B − C)L

α + (B − C)U
α )dα

=
∫ 1

0
AL

α − BU
α + AU

α − BL
α + BL

α − CU
α + BU

α − CL
α dα

=
∫ 1

0
((A − C)L

α + (A − C)U
α )dα. (5)

�
Lemma 3. F is transitive, i.e.,

µF (A, B) ≥ 0 and µF (B, C) ≥ 0 ⇒ µF (A, C) ≥ 0. (6)

Proof: By lemma 2, we have µF (A, C) = µF (A, B) + µF

(B, C). Since µF (A, B), µF (B, C) ≥ 0, we have µF (A, c) ≥ 0. �
Lemma 4. Let A = (a1, a2, a3) and B = (b1, b2, b3) be two triangular fuzzy
numbers. µF (A, B) ≥ 0 iff

a1 + 2a2 + a3 − b1 − 2b2 − b3 ≥ 0 (7)

Proof: µF (A, B) ≥ 0 iff

µF (A, B) =
∫ 1

0
(A − B)L

α + (A − B)U
α dα =

a1 + 2a2 + a3 − b1 − 2b2 − b3

2
≥ 0.

(8)
�

Definition 10. Let ≥ be a binary relation on fuzzy numbers defined by

A ≥ B iff µF (A, B) ≥ 0. (9)

Theorem 1. ≥ is a total ordering relation.
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3 The Fuzzy Decision Making Method

To facilitate our method, define the preference function of one fuzzy number Ãij

over another number Ãkj as follows:

P (Ãij , Ãkj) =
{

µF (Ãij , Ãkj) if µF (Ãij , Ãkj) ≥ 0
0 otherwise

Let J be the set of benefit criteria and J ′ be the set of cost criteria where

J = {1 ≤ j ≤ n and j belongs to benefit criteria}

J ′ = {1 ≤ j ≤ n and j belongs to cost criteria},

and
J ∪ J ′ = {1, . . . , n}.

The strength matrix S = (Sij) is given by letting

Sij =

{∑
k �=i P (Ãij , Ãkj) if j ∈ J∑
k �=i P (Ãkj , Ãij) if j ∈ J ′.

(10)

Similarly, the weakness matrix I = (Iij) is given by letting

Iij =

{∑
k �=i P (Ãkj , Ãij) if j ∈ J∑
k �=i P (Ãij , Ãkj) if j ∈ J ′.

(11)

The fuzzy weighted strength matrix S̃ = (S̃i) can be obtained by

S̃i =
∑

j

SijW̃j (12)

and the fuzzy weighted weakness matrix Ĩ = (Ĩi) can be obtained by

Ĩi =
∑

j

IijW̃j , (13)

where 1 ≤ i ≤ m. Now we are ready to present our method for FMCDM.

Step 1: Identify the criteria for the selection of distribution selection.
Step 2: Aggregate the fuzzy decision matrices and fuzzy weight matrices given

by decision makers and normalized the group fuzzy decision matrix. Let
D = (Ãij) be the normalized group fuzzy decision matrix and W = (W̃j) be
the weight matrix.

Step 3: Calculate the strength matrix by (10).
Step 4: Calculate the weakness matrix by (11).
Step 5: Calculate the fuzzy weighted strength indices by (12).
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Step 6: Calculate the fuzzy weighted weakness indices by (13).
Step 7: Derive the strength index Si from the fuzzy weighted strength and

weakness indices by

Si =
∑
k �=i

P (S̃i, S̃k) +
∑
k �=i

P (Ĩk, Ĩi) (14)

Step 8: Derive the weakness index II from the fuzzy weighted strength and
weakness indices by

Ii =
∑
k �=i

P (S̃k, S̃i) +
∑
k �=i

P (Ĩi, Ĩk) (15)

Step 9: Aggregate the strength and weakness indices into total performance
indices by

ti =
Si

Si + Ii
(16)

Step 10: Rank alternatives by total performance indices ti for 1 ≤ i ≤ m.

4 Numerical Example

Suppose a company desires to select a suitable city for establishing a new distri-
bution center. The evaluation is done by a committee of three decision-makers
D1, D2, and D3. After preliminary screening, there are three alternatives A1, A2,
and A3 under further evaluation. Assume the linguistic variables employed for
weights and ratings are respectively shown in Table 1. The evaluation committee
then undergoes the proposed evaluation procedure:

Step 1: Five selection criteria are identified:
(1) investment cost (C1),
(2) expansion possibility (C2),
(3) availability of acquirement material (C3),
(4) human resource (C4),
(5) closeness to demand market (C5).

Table 1. Linguistic variables for the importance weights of criteria and the ratings

Importance weights of criteria Linguistic variables for the ratings
Very low (VL) (0,0,0.1) Very poor(VP) (0,0,1)
Low (L) (0,0.1,0.3) Poor (P) (0,1,3)
Medium low (ML) (0.1,0.3,0.5) Medium poor(ML) (1,3,5)
Medium (M) (0.3,0.5,0.7) Faire (F) (3,5,7)
Medium high (MH) (0.5,0.7,0.9) Medium good (MG) (5,7,9)
High (H) (0.7,0.9,1.0) Good (G) (7,9,10)
Very high (VH) (0.9,1.0,1.0) Very good (VG) (9,10,10)
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Table 2. The importance weights of the criteria

D1 D2 D3

C1 H VH VH
C2 H H H
C3 MH H MH
C4 MH MH MH
C5 H H H

Table 3. The fuzzy weights of the criteria

C1 C2 C3 C4 C5

Weight (0.83,0.97,1) (0.7,0.9,1) (0.57,0.77,0.93) (0.5,0.7,0.9) (0.7.0.9,1)

Table 4. The ratings of alternatives given by decision makers

Criteria Alternatives D1 D2 D3

C1 A1 6 × 106 8 × 106 7 × 106

A2 3 × 106 4 × 106 5 × 106

A3 4 × 106 5 × 106 6 × 106

C2 A1 G VG F
A2 VG VG VG
A1 MG G VG

C3 A1 F G G
A2 G G G
A1 G MG VG

C4 A1 VG G G
A2 G G G
A1 G VG VG

C5 A1 F F F
A2 G F G
A1 G G G

Table 5. The group fuzzy decision matrix

C1 C2 C3 C4 C5

A1 7 × 106 (6.3,8,9) (5.7,7.7,9) (7.7,9.3,10) (3,5,7)
A2 4 × 106 (9,10,10) (7,9,10) (7,9,10) (5.7,7.7,9)
A3 5 × 106 (7,9,10) (7,9,10) (8.3,9.7,10) (7,9,10)

The benefit criteria are C2, C3, C4, and C5. The cost criterion is C1. The
weights of the criteria are shown in Table 3.

Step 2: The ratings of alternatives given three decision makers are shown in
Table 4. The group fuzzy decision matrix is obtained by averaging the ratings
of three decision makers and is shown in Table 5. The group fuzzy decision
matrix is normalized by dividing ratings with the largest value in the support
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Table 6. The normalized group fuzzy decision matrix

C1 C2 C3 C4 C5

A1 (1,1,1) (0.62,0.8,0.9) (0.57,0.77,0.9) (0.77,0.93,1) (0.3,0.5,0.7)
A2 (0.57,0.57,0.57) (0.9,1,1) (0.7.0.9,1) (0.7,0.9,1) (0.57,0.77,0.9)
A3 (0.71,0.71,0.71) (0.7,0.87,0.97) (0.7,0.87,0.97) (0.83,0.97,1) (0.7,0.9,1)

Table 7. The strength and weakness matrices

strength weakness
C1 C2 C3 C4 C5 C1 C2 C3 C4 C5

A1 0 0 0 0.067 0 A1 1.43 0.52 0.45 0.067 1.25
A2 1.14 0.63 0.3 0 0.5 A2 0 0 0 0.2 0.25
A3 0.57 0.13 0.2 0.2 1 A3 0.29 0.25 0.05 0 0

Table 8. The fuzzy weighted strength indices and weakness indices of alternatives

fuzzy weighted strength index fuzzy weighted weakness index
A1 (0.033,0.278,0.339) A1 (2.712,3.369,3.674)
A2 (1.913,2.283,2.462) A2 (0.275,0.365,0.43)
A3 (1.482,1.766,1.947) A3 (0.441,0.541,0.582)

Table 9. The strength and weakness indices of alternatives

strength index weakness index
A1 0 A1 18.376
A2 11.176 A2 0
A3 8.526 A3 1.325

of the fuzzy numbers in the same criterion. The normalized group fuzzy
decision matrix is shown in Table 6.

Step 3: The strength matrix derived by (10) is shown in Table 7.

Step 4: The weakness matrix derived by (11) is shown in Table 7.

Step 5: The fuzzy weighted strength indices of alternatives derived by (12) are
shown in Table 8.

Step 6: The fuzzy weighted weakness indices of alternatives derived by (13) are
shown in Table 8.

Step 7: The strength indices of alternatives derived by (14) are shown in
Table 9.

Step 8: The weakness indices of alternatives derived by (15) are shown in
Table 9.

Step 9: The total performance indices aggregated by (16) are A1 : 0,A2 : 1,
and A3 : 0.866.
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Step 10: The rank of alternatives by total performance indices are A1 : 3,
A2 : 1, and A3 : 2. Alternative 2 is the best distribution center.

5 Conclusions

In this paper, we have proposed a new fuzzy multiple criteria decision making
(FMCDM) method for the problem of selecting distribution center under fuzzy
environment. Our method enables decision makers to assess alternatives with
linguistic variables so that vagueness can be encompassed in the assessment of
distribution centers. Our method provides the strength index and the weakness
index beside the overall performance index so that decision makers can assess
distribution centers from different perspectives.
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