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Yoon, 1981; Kaufmann & Gupta, 1991). Generally, DMs' judgements are often uncertain and
cannot be estimated by an exact numerical value. Thus, the problem of selecting suppliers has
many uncertainties and becomes more difficult.

TOPSIS is a useful technique in dealing with MADM problems in uncertainty for a group
decision making (Shih et aI., 2007). In addition, through this method, relative importance ofDMs
and attributes can be considered. It helps DMs organize the problems to be solved, and carry out
analysis, comparisons and rankings of the alternatives.

In this paper, TOPSIS is extended for group decision making to consider the relative
importance of DMs, and to take into account both tangible and intangible factors in choosing the
best supplier under an uncertain environment. The work procedure is briefly listed as follows:
firstly, the rating of attributes for all supplier alternatives are described by each DM. Secondly,
relative importance of each DM is considered to establish the decision matrix. Thirdly, the
separation measure is used to determine the ranking order of all alternatives of supplier, and then a
linear programming model is established to fmd the optimum order quantities. Finally, an example
of a selection problem of supplier is used to illustrate the proposed approach.

This paper is organized as follows: Section2 describes TOPSIS concepts whereas
Sectionintroduces the proposed approach. In Section, the proposed approach is applied to the
supplier selection problem, and finally, conclusions are drawn in Section.

TOPSIS Concepts

The technique for order preference by similarity to ideal solution (TOPSIS) was first developed by
Hwang and Yoon (1981), based on the concept that the chosen alternative should have the shortest
distance from the positive ideal solution (PIS) and the farthest from the negative-ideal solution
(NIS) for solving a multiple criteria decision making problem. Thus, the best alternative should
not only have the shortest distance from the positive ideal solution, but also the largest distance
from the negative ideal solution. In short, the ideal solution is composed of all best values
attainable of criteria, whereas the negative ideal solution is made up of all worst values attainable
of criteria. The calculation processes of this method are explained in the next sections.

Proposed Approach

The section is divided into two parts. First, calculation of final score of each supplier is shown and
then the linear programming model is built in order to assign order quantities among the suppliers.

Calculation of the Overall Score of Each Supplier

TOPSIS is proposed for prioritizing the preference of supplier that is very suitable for solving the
group decision making problem in an uncertain environment. Assume that S={SI,Sz, .. "Sm} is a
discrete set of m possible supplier alternatives. Q={Ql,QZ, ... ,Qn} is a set of n attributes of
suppliers. The attributes are additively independent. W={WI,W2," .,wn} is the vector of attribute
weights so that they must sum to 1 otherwise it is normalized. In this paper, the attribute ratings of
suppliers for the subjective attributes and the attribute weights are considered as linguistic
variables., the attribute ratings G can be expressed by the 1-5 scale shown in Table!. The attribute
weights can also be expressed by the 1-9 scale shown in Table. The quantitative attributes are
scaled using the same unit (their own real number). It is assumed that there are K DMs with
relative importance of WI, W2

, 1'0, and w" respectively. It is only indicated that the weights can
be calculated by AHP or Simple Multi Attribute Rating Technique (SMART) methods.
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Table 3: Suppliers' Quantitative Information

~ Ql Q2 Q3 Capacity(Vi)

SI 30 0.03 0.95 200

S2 40 0.05 0.98 700

S3 50 0.01 0.85 300

S4 45 0.06 0.92 500

S5 38 0.02 0.90 450

Step 1
Make the weights of attributes QI> Q2, Q3, Q4 and Q5. A committee of four DMs, D., D2, D3and
D4 has been formed to express their preferences and to select the best suppliers. According to Eg.
(1), the evaluation values of attribute weights from four MDs can be obtained and the results are
shown in Table 4.

Table 4: Attribute Weights for Five Suppliers

!1 D, D2 D3 D4
Normalized

~ l!!i

QI H L L VL 0.212 0.19 I

Q2 H M ML VL 0.25 0.225

Q3 VH VL VVL ML 0.206 0.185

Q4 L VL VVL MH 0.168 0.151

Q5 VH L M ML 0.275 0.247

TOTAL 1.1125 1.000

Step 2
Make attribute rating values for five supplier alternatives. According to Eg. (2), the results of
attribute rating values are shown in Table.5.
Note: the four DMs' weight are 0.365, 0.255, 0.19 and 0.19 that are

denoted as: Wi, W 2, W J and W 4 respectively.

Step 3
Establish the decision matrix. According to Eg. (3), the decision matrix of suppliers is obtained.

Step 4
Establish the normalized decision table. According to the normalized decision matrix shown in
Eg. (4), the normalized decision matrix of suppliers is shown in Table 6.
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Table 5: Attribute Rating Values for Supplier

2 S-! D1 D2 D3 D4 Gij

QI
SI 30 30 30 30 7.500
S2 40 40 40 40 10.00
S3 50 50 50 50 12.50
S4 45 45 45 45 11.25
Ss 38 38 38 38 9.500

Q2
SI 0.03 0.03 0.03 0.03 0.080
S2 0.05 0.05 0.05 0.05 0.013
S3 0.01 0.01 0.01 0.01 0.003
S4 0.06 0.06 0.06 0.06 0.015
Ss 0.02 0.02 0.02 0.02 0.005

Q3
SI 0.95 0.95 0.95 0.95 0.238

S2 0.98 0.98 0.98 0.98 0.245

S3 0.85 0.85 0.85 0.85 0.213
S4 0.92 0.92 0.92 0.92 0.230
Ss 0.90 0.90 0.90 0.90 0.225

Q4
SI G P MP MP 1.170
S2 MP MP&F MP&F MP&F 0.909
S3 F F MP&F F 1.203
S4 G G G MG 2.155
85 P&MP MG G MG 1.389

Qs
SI G MP P MP 1.203

S2 MP MP&F F F 1.004

S3 G G MP&G MG&G 2.155 ..
84 G MG MG G 2.028
S5 MP G MG MG 1.513

Table 6: Nonnalized Decision Table

~ QI Q2 Q3 Q4 Q5
SI 0.326 0.346 0.461 0.366 0.327

S2 0.435 0.577 0.476 0.284 0.273

S3 0.543 0.115 0.413 0.376 0.587

S4 0.489 0.693 0.447 0.677 0.552

S5 0.413 0.231 0.437 0.435 0.412
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According to Eqs. (13), (14), (15), the constraints are as follows, respectively:

o ~ Xl ~ 400; 0 ~ X2 ~ 700;0 ~ X3 ~ 600;0 ~ X4 ~ 500; 0 ~ X5 ~ 500

Xl + X2 + X3+ X4 + X5 = 1000

.03Xl + 0.05X2 + 0.01X3+0.06X4 + 0.02X5 ~ 20.5

This LP problem is solved using Solver from Microsoft Excel. The results of the optimum order
quantities are shown as follows:

•

Xl = 200; X2 = 50;

Conclusions

X3 = 300; X4=0; X5 =450

In this paper, the TOPSIS method is used to deal with the supplier selection problem in an uncer
tain environment, and consider the impact ofDMs' weight on suppliers' rating. Supplier selection
is a MADM problem. In conventional MADM methods, the ratings and the weights of attributes
must be known precisely (Delgado et aI., 1992; Hwang & Yoon, 1981; Kaufmann & Gupta,
1991). However, in many situations, DMs' judgements are often uncertain and cannot be esti
mated by an exact numerical value. Thus, the problem of selecting suppliers has many uncertain
ties and becomes more difficult. We can change our perspective and look at the real world from a
different angle. System analysis can be treated from the point of view of the degree of information
available. TOPSIS is one of the methods used to study the uncertainty of a system. This method is
also flexible because the ratings of attributes can be described by both linguistic variables and
exact numerical values.

In this article, TOPSIS is also used to consider both tangible and intangible factors and takes
into account relative importance of DMs to select the most ideal supplier. An example of a sup
plier selection problem is used to illustrate the proposed approach. The result shows that the pro
posed approach is reliable and reasonable.
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