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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 [4UI8ITI20122]. 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 [IJ7ITT]. 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 [TOJT2I21]. Un-
der many circumstances where performance rating and weights can not be given

L. Wang, K. Chen, and Y.S. Ong (Eds.): ICNC 2005, LNCS 3612, pp. 1290-[I299] 2005.
© Springer-Verlag Berlin Heidelberg 2005



A Fuzzy Multi-criteria Decision Making Model 1291

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:

14:111 1{112 x‘:lln
D=1 Ay Az ... Agy
Aml Am? v Amn

and o )
W= W Wy...W,]

where /L-j is the fuzzy number representing the performance of ith alternative
under jth criterion and Wj 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 [T4]. Many methods for fuzzy rank-
ing have been proposed RIBISGISOIT3ITT23[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 a-cut of fuzzy set A, A%, is the crisp set A% = {x | pa(z) >
a}. The support of A is the crisp set Supp(A) = {x | pa(z) > 0}. A is normal
iff suprevpa(x) =1, where U is the universe set.

Definition 2. A fuzzy subset A of real number R is convex iff
pa(Az + (1= Ny) = (pa(@) A pa(y),Vo,y € R,VA € [0, 1],

where N\ 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 pua defined by

r—aq
az—ay’
as—T

HA(-T) = a33,a2a ag S X S as,

0, otherwise,

a1 < x < ag,

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

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

paop(z) = sup {pa(z)App(y)}- (1)
T,y:z=x0Y
Definition 6. Let A be a fuzzy number. Then AL and AY are defined as AL =
inf,,, (;)>a(2) and AY = SUp,,, (»)>a(2) Tespectively.

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

1. R is reciprocal iff pr(A, B) =1 — ur(B, A) for all fuzzy numbers A and B.

2. R is transitive iff pr(A, B) > % and pp(B,C) > & = ur(A,C) > 1 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 pr(A, B) > 1.

Definition 8. An extended fuzzy preference relation R is an extended fuzzy sub-
set of R x R with membership function —oo < pur(A, B) < oo representing the
degree of preference of fuzzy number A over fuzzy number B.

1. R is reciprocal iff pr(A, B) = —pur(B, A) for all fuzzy numbers A and B.

2. R is transitive iff pr(A,B) > 0 and pr(B,C) > 0 = ur(A,C) > 0 for all
fuzzy numbers A, B and C.

3. R is additive iff pr(A,C) = pr(A, B) + ur(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 pr(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

1
pe(d,B) = [ (A= Bk + (4~ B)da @)
0
Lemma 1. F s reciprocal, i.e.,
pr(B, A) = —ur(A, B). (3)
Proof: Since (A — B)L +(A—-B)Y = —((B - A% + (B - A)Y), we have
IUJF(BaA):f,UJF(AaB)' [

Lemma 2. F is additive, i.e.,
pr(A, B) + pp(B,C) = ur(A, C) (4)
Proof:
pr(A,B) + up(B,0)

1 1
=/«A—&§+M—Bﬁﬂa+/«B—m§+w—CMMa
0 0
1
:/ AL - BY + AY - BE + BE - CY + BY — CLda
0

- [(a-0k+ (a0 5)
0

Lemma 3. F is transitive, i.e.,

Proof: By lemma [RI we have pp(A,C) = pr(AB) + pr
(B,C). Since pup(A, B), urp(B,C) > 0, we have upr(A,c) > 0. O

Lemma 4. Let A = (a1,az2,a3) and B = (by,ba,b3) be two triangular fuzzy
numbers. pup(A, B) > 0 iff

a1+2a2+a37b172b27b320 (7)
Proof: up(A,B) >0 iff
1
2 — by —2by — b

pr(A.B) = [(A= B+ (A Blda= T2 TB 0Tl 5
0

(8)

O

Definition 10. Let > be a binary relation on fuzzy numbers defined by
A> B iff up(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 /L-j

over another number Ay; as follows:

P(A,;, Ay;) = {MF(AU,AM) if pr(Aij, Agg) 20

/ 0 otherwise

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

J ={1<j<nand j belongs to benefit criteria}

J' = {1 <j <nand j belongs to cost criteria},

and
JuJ ={1,...,n}.

The strength matrix S = (.5;;) is given by letting

S — Zk;éip(/iijajlkj) ifjedJ
! Ek;ﬁiP(AkjaAij) if jeJ.

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

and the fuzzy weighted weakness matrix I = (I;) can be obtained by

fi = Zlijwj’
J

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.

(11)

Step 2: Aggregate the fuzzy decision matrices and fuzzy weight matrices given
by decision makers and normalized the group fuzzy decision matrix. Let

D = (A;;) be the normalized group fuzzy decision matrix and W = (W) be

the weight matrix.
Step 3: Calculate the strength matrix by (0.
Step 4: Calculate the weakness matrix by (IIJ).
Step 5: Calculate the fuzzy weighted strength indices by (I2J).
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Step 6: Calculate the fuzzy weighted weakness indices by ([I3)).

Step 7: Derive the strength index S; from the fuzzy weighted strength and
weakness indices by

Si=> P8, S)+> Pl I) (14)
k#i ki

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

I; :Zp(gk,gi)+zp(fijk) (15)
e ki

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

Step 10: Rank alternatives by total performance indices t; for 1 <1i < m.

ti (16)

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, Dy, and Ds3. After preliminary screening, there are three alternatives Ay, As,
and Az under further evaluation. Assume the linguistic variables employed for
weights and ratings are respectively shown in Table[Il 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 (Cs),
(4) human resource (Cy),
(5) closeness to demand market (Cs).

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 D> D3
Cy H VH VH
C: H H H
C3MH H MH
Cy MH MH MH
Cs H H H

Table 3. The fuzzy weights of the criteria

Cl CQ C’s 04 C{,
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 Do D3

[l Ay 6 x 10° 8 x 10° 7 x 10°
As 3 x 10% 4 x 10° 5 x 10°
As 4% 10%5 % 10% 6 x 106

Co Ay G VG F
Ao VG VG VG
Ay MG G VG
Cs Al F G G
Ao G G G
Ay G MG VG
Cy Ay VG G G
Ao G G G
Ay G VG VG
Cs Aq F F F
Ao G F G
Ay G G G

Table 5. The group fuzzy decision matrix

Ci Cs C Cy Cs
A 7 x 10° (6.3.8,0) (5.7.7.7.9) (7.7.03.10)  (3.5,7)
Az 4% 10° (9,10,10) (7,9,10)  (7,9,10)  (5.7,7.7,9)
As 5% 10° (7,9,10) (7,9,10) (8.39.7,10) (7,9,10)

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

Step 2: The ratings of alternatives given three decision makers are shown in
Table[d The group fuzzy decision matrix is obtained by averaging the ratings
of three decision makers and is shown in Table Bl 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

Ch Cs C3 Cy Cs
A, (LL1)  (0.62,0.8,0.9) (0.57,0.77,0.9) (0.77,0.93,1) (0.3,0.5,0.7)
Az (0.57,057,057)  (09,1,1)  (0.7.0.9,1)  (0.7,09,1) (0.57,0.77,0.9)
As (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 CQ 03 04 Cs Cl 02 03 C4 Cs
A 0 0 0 0.067 0 A;1.430.520.450.067 1.25
A21.1406303 0 05 A2 0 O 0 02 025
A30.570.130.2 0.2 1 A30.290.250.05 0 0

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

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

Table 9. The strength and weakness indices of alternatives

strength index weakness index
Ay 0 Ay 18.376
As 11.176 Ao 0

As 8.526 As 1.325

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

Step 3: The strength matrix derived by (I0) is shown in Table[7l
Step 4: The weakness matrix derived by (] is shown in Table 7

Step 5: The fuzzy weighted strength indices of alternatives derived by (I2) are
shown in Table

Step 6: The fuzzy weighted weakness indices of alternatives derived by ([[3]) are
shown in Table 8

Step 7: The strength indices of alternatives derived by ([I4) are shown in
Table 0

Step 8: The weakness indices of alternatives derived by ([[Z) are shown in
Table [0

Step 9: The total performance indices aggregated by (I6) are Al : 0,42 : 1,
and A3 : 0.866.
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Step 10: The rank of alternatives by total performance indices are Al : 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.

Acknowledgement

This research work was partially supported by the National Science Council of
the Republic of China under grant No. NSC93-2416-H-019-004-.

References

1. C.H. Aikens, Facility location models for distribution planning, European J. Poer.
Res. 22 (1985) 263-279.

2. S.M. Baas and H. Kwakernaak, Rating and ranking of multiple-aspect alternatives
using fuzzy sets, Automatica 13 (1977) 47-58.

3. G. Bortolan and R. Degani, A review of some methods for ranking fuzzy subsets,
Fuzzy Sets and Systems 15 (1985) 1-19.

4. D.J. Bowersox, D.J. Closs, Logistical Management - The Integrated Supply Chain
Process, (McGraw-Hill, Singapore, 1996).

5. W. Chang, Ranking of fuzzy utilities with triangular membership functions, Proc.
Internat. Conf. on Policy Analysis and Information Systems (1981) 263-272.

6. S. Chen, Ranking fuzzy numbers with maximizing set and minimizing set, Fuzzy
Sets and Systems 17 (1985) 113-129.

7. M.D. Dahlberg, J.H. May, Linear programming for sitting of energy facilities, J.
Energy Eng. (1908) 5-14.

8. M. Delgado, J.L. Verdegay and M.A. Vila, A procedure for ranking fuzzy numbers
using fuzzy relations, Fuzzy Sets and Systems 26 (1988) 49-62.

9. D. Dubois and H. Prade, Ranking fuzzy numbers in the setting of possibility theory,
Inform. Sci. 30 (1983) 183-224.

10. J.S. Dyer, P.C. Fishburn, R.E. Steuer, J. Wallenius, S. Zionts, Multiple criteria
decision making, Multiattribute utility theory: The next ten years, Management
Sci. 38 (5) (1992) 645-654.

11. J.E. Hodder, M.C. Dincer, A multifactor model for international plant location
and financing under uncertainty, Comput. & Oper. Res. 13(5) (1986) 601-609.

12. C.L. Hwang, K. Yoon, Multiple Attributes Decision Making Methods and Appli-
cations, Springer, Berlin Heidelberg, 1981.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

A Fuzzy Multi-criteria Decision Making Model 1299

H.-S. Lee, A new fuzzy ranking method based on fuzzy preference relation, 2000
IEEE International Conference on Systems, Man And Cybernetics (2001) 3416-
3420.

H.-S. Lee, Optimal consensus of fuzzy opinions under group decision making envi-
ronment, Fuzzy Sets and Systems 132 (2002) 303-315.

H.-S. Lee, An Extended Fuzzy Preference Relation for Comparison of Fuzzy Num-
bers, The 6h World Multi-Conference on Systemics, Cybernetics and Informatics,
July 14-18, 2002, Orlando, USA, XTI 76-79.

H.-S. Lee, On fuzzy preference relation in group decision making, International
Journal of Computer Mathematics 82(2) (2005) 133-140.

K. Nakamura, Preference relations on a set of fuzzy utilities as a basis for decison
making, Fuzzy Sets and Systems 20, 147-162 (1986).

G.A. Spohrer, T.R. Kmak, Qualitative analysis used in evaluating alternative plant
location scenarios, Indust. Eng. (August 1984) 52-56.

W.J. Stevenson, Production/Operations Management, (Richard D. Irwin Inc., Illi-
nois, 1993).

D.R. Sule, Manufacturing Facility; Location, Planning and Design, (PWS Publish-
ing, Boston, 1994).

J. Teghem, Jr., C. Delhaye, P.L.. Kunsch, An interactive decision support system
(IDSS) for multicriteria decision aid, Math. Comput. Modeling 12:10/11 (1989)
1311-1320.

J.A. Tompkins, J.A. White, Facilities Planning, (Wiley, New York, 1984).

R.R. Yager, A procedure for ordering fuzzy subsets of the unit interval, Inform.
Sci. 24 (1981) 143-161.

Y. Yuan, Criteria for evaluating fuzzy ranking methods, Fuzzy Sets and Systems
44, 139-157 (1991).



	Introduction
	Mathematical Preliminaries
	The Fuzzy Decision Making Method
	Numerical Example
	Conclusions


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




