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Abstract— Supplier sdlection is a major strategy for
manufacture to run the production process smoothly in
supply chain network. Supplier categorization, selection and
performance evaluation are decisions of strategic importance
to companies. Global competition, mass customization, high
customer expectations and harsh economic conditions are
forcing companies to rely on external suppliers to contribute
a larger portion of parts, materials, and assemblies to
finished products and to manage a growing number of
processes and functions that were once controlled internally.
Thus supplier performance evaluation is very important to
choose the right supplier for the right product for supply
chain management. In this paper a fuzzy supplier selection
algorithm (FSSA) is implemented to rank the technically
efficient vendors according to both predetermined
performance criteria and additional product-related
performance criteria. Investigation of the properties of the
best supplier alternative by ranking the fuzzy indices allow to
develop an algorithm which is based on calculating fuzzy
suitability indices for the efficient supplier alternatives and
validity isillustrated through an example problem.

Keywords—Fuzzy Logic Performance Evaluation,
Supplier Selection, Supply chain management

1. Introduction

In real world, the company often makes use of sappl
selection on fuzzy decision space to promote their
commodities. The selection of supplier of entempissan
important issue to enterprise itself for supply inha
management. The main role of purchasing in a basine
enterprise is to support the business and productio
activities by providing continuous material andvies
flow. Because a typical manufacturing company spend
60% of its sales on purchasing materials, goods and
services from external suppliers, the quality, castl
other aspects of the end-product is influenced by
suppliers’ performance. Consequently the results of
obtaining a bad decision about purchasing operatioa
resulting more severe with the increasing dependefnc
the organizations on suppliers.

Thus, purchasing and manufacturing strategies test
compatible with each other and should support the
competitive strategies of the supply chain atalkls of

the organization. This means the operation / praciuc
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department, marketing department, and finance
department in an enterprise jointly to determineséh
decisions. Therefore the decision-making involves
selecting the right supplier, marketing, inventagd
financing issues. So, an investigation of this gnited
model is very important and valuable to the enteepin
supply chain management. However, the most impbrtan
thing is that purchasing concepts and functionstrhas
put into operation and set within a realistic sgstdo
ensure this the decision process of purchasing st
modeled and structured in a realistic way. In adudjt
today's purchasing literature; various works haeerb
compiled about the modeling of purchasing decisions
and especially supplier selection and facilitatiiegision
making. For the last 10 years, use of artificial
intelligence (Al) techniques in increasing. Therefoit
makes economic sense for enterpriser or decisid@ema
to use fuzzy logic, one of the Al techniques, has a
limited use in this research.

This paper tries to adopt fuzzy arithmetic approfarh
modeling the supplier selection to create a suphbin
that is highly responsive and flexible at respogdin
customer orders. Here, initially, the literatureoab
purchasing and supplier selection topic is preseatel
later, the fuzzy logic method adopted in modeling
supplier selection process will be explained. Hynal
numerical example will be given in order to illede the
decision procedure and managerial insights aremraw

2. Literature Review on Supplier Selection

An early study of supplier selection in production
process is discussed in three categories by [37]

i) Supplier Selection Criteria

i) Purchasing environments

iii) Appropriate decision techniques.

The approach helps the decision maker to find
different method to use in multiple areas according
different situations.

From this categorization, the supplier selectioacpss

can be separated into four steps [9]:

1. Finding out what exactly we want to achieve with
the supplier selection.

2. Determining the Criteria

Pre-evaluation of the suitable suppliers

Final choice.

Pow
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Most of the decision models in the literature are
developed to be applied in the final choice of the

3. Methodology

purchasing process. Maximum selection models are Before shifting to the supplier selection approaome

characterized as 'single-deal' or 'package’ modets
most of the decision methods focused on solvingehe
models [10].

On the other hand, one of the methods used in ®uppl
selection is total cost of ownership (TCO) mod&8O-

based models try to take costs that will be reackive
during the life cycle of the purchased product into

account. Three separations can be made about these

costs.

1. Costs before the process
2. Costs during the process

3. Costs after the process [12]

Another decision method used for supplier selectfon
mathematical programming (MP) models. But
Timmerman proposed the Cost-rate method' for

companies that have computer accounting systenjs [32
Above all, [19] and [30] suggested a model that

methods utilized in this approach are briefly idiwoed
in this section.

3.1. Fuzzy Set Theory

Fuzzy set theory was initially introduced by [38]deal
with problems involving the absence of sharply wiedi
criteria. Subsequently, the improvement and aptitina
of fuzzy numbers was studied by [11].

3.21. Trapezoidal Fuzzy Numbers
In a universe of discourse of X, a fuzzy subsetf X @s
characterized by a membership functi),_{'l, which maps

each element x in X to a real number in the intef@a
1]. The function value represents the grade of
membership of x in A.

A fuzzy number A [7, 8] in < (real line) is a tragmedal
fuzzy  number if its membership  function

combines the TCO approach and scoring systems for a fA R [0]] is

special costing case. But MP models are more abgect

than the scoring methods but these models take only

guantitative criteria into account.

Statistical models are another method hat deals thi
stochastic uncertainty in supplier selection. [26]
discussed a decision support system for the Situsiti
when only order delivery time is uncertain [31] posed

a statistical simulation model that presents at&miuor
uncertain demand situations.

[22], [7], [28] and [27] introduce models that assd
predetermined levels of quality, service and delive
constraints. [37] combine the MP and the DEA meshod
to provide buyers with a tool for negotiations with
suppliers that were not selected right away as aslio
evaluate different numbers of suppliers to use.

As a matter of fact another solution to the supplie
selection problem is Al-based models. Neural neftwor

(x-c)/(alc), csx<a

1 asx<hb

fa(X) =
(x-d)/(b-d),b<sx<d
0, otherwise

With -co<c<a<b<d <o the trapezoidal fuzzy
number A, shown in figure 1, can be representeft by,
b, d)

The strongest grade of membership is for the traipat

fuzzy number A in the interval
la, b, ie. T,(X)=1Lx0O[ab]; this is the highest
possible value of evaluation data. In additionnd d are

the lower and upper bounds of the available areahf®

evaluation data. They are used to reflect the iess of
the evaluation data. The narrower the intervabjcand

[b, d], the lower the Fuzziness of the evaluatiatad

and expert systems are examples of Al-based methods By the extension principle, the extended algebraic

[1] propose a decision support system based onaheur
networks while [33] developed an expert system ihat
able to support the decision maker in the suppl®ice
phase. In addition to the basis method, the supplih

the highest overall rating can be selected as uhelde
supplier, there are several adaptations. [40] &%) [
refer to this model in their purchasing books. he t
literature there are some methods proposing thefuse
analytical hierarchy process (AHP) i.e. [20], [2[H], an
analytical network process (ANP) i.e. [29], andistial
methods i.e. [38], [18], [24] together with linear
weighting models in order to compensate for some
disadvantages of the weighting model.

Finally, some authors suggest using fuzzy set théwmr
model the uncertainty of supplier selection [16§ §b4]
have studied by applying these methods.

operations of any two trapezoidal fuzzy numbers &=
a, b, d); and B = (g, e, f, h) can be expressed as:

fA A

1

cC a b d
Figure 1: A sample of trapezoidal fuzzy number.

Addition [ :
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Al0B=(ctg,a+teb+ f,d+h)

Multiplication [ :
KOA =K O (c,a, b, d)
= (Kc, Ka, Kb, Kd) K=0,K OR

3.2.2. Fuzzy Logic Operators

When fuzzy sets are used in the decision making
problem, the idea of trade-offs between conflicting
criteria are realized with the help of fuzzy logigerators

(f1.0.) [41] and [34] when compensation is allowed.

The first one introduced by [39] are min, max andul
(u is the membership degree to a given fuzzy set).
However, the degree compensation through which
human aggregate criteria is not expressed by these
operators. There exists somgfl.0.)that more

accurately represent human decision making. Weighte
mean and Maxmin [41] and [34] are the examples of
averaging operators, Weighted mean operator is a
convex composition of several fuzzy sets with
coefficients that express the 'percentage’ of argset in

the aggregating set. The formulation of the weidhte
mean operator is shown below:

H=(X) =D ¢4 (),
j=L

Zm:cj =1i=12,...,n

j=1

3.2.3. Linguigtic Variables

A Linguistic variable is a variable whose value® ar
expressed in terms of words or sentences instead of
numbers. The concept of linguistic variable is very
useful in situations where decision problems are to
complex or too ill-defined to be described propertng
conventional quantitative expressions. For examie,
performance ratings of alternatives on qualitative
attributes could be expressed using linguistic alde
such as very poor, poor, fair, good, very good gé&nt

etc. Such linguistic values can be representedgusin
positive triangular fuzzy numbers. For example thoo
and 'very good' can be represented by the positive
trapezoidal fuzzy numbers (0.2, 0.3, 0.4, 0.5) én6,

0.8, 0.9, 1.0), respectively.

3.24. Ranking Method

In order to elicit the magnitude of the numbera ifuzzy
number group a ranking method should be introduced.
The literature review reveals that magnitudes aizju
set ranking methods exist i.e. [3], [8], [5], [181.7], [6],
[13], [23] and [35]. One of the most common methods
for ranking is Chen's method. [8] Chen's Ranking
method is chosen for this study due to its easgeisad
efficient results.

4. Methods and Procedure of
Performance Evaluation

Supplier

The supplier selection approach is based on théadet
of collecting the subjective evaluations of single
multiple decision makers (purchasing experts) gteoto
reach a final choice. In the method, n decision ek
evaluate the performance of the m supplies in tergai
and rate the importance of the k criteria in lirsgigi
expression. Furthermore, linguistic expressions are
converted into fuzzy numbers, processed in provided
formulas and finally the performance ranking of the
suppliers are obtained.

The execution steps of the method are

I) Determination of the importance degree of the
performance criteria in linguistic expressions.

I) Determination of the performance of suppliers i
each criterion in linguistic expressions.

IIl) Fuzzification of the criteria’'s importance degs
and performance evaluations.

IV) Aggregation of the criteria importance weightgh
fuzzy mean operator.

V) Aggregation of the performance evaluations facte
criterion with fuzzy mean operator.

VI) Aggregation of the importance weights and
performance evaluations with fuzzy weighted mean
operator and obtaining fuzzy preference index.

VII) Defuzzification and ranking of the requiredzizy
preference index for each supplier alternative.

Steps I-1l Determining the Importance Degrees
and Performances

Throughout the method, we assume that there are n
decision makers (purchasing experts) who assess the
importance weights of k criteria and the perfornemof

m supplier alternatives. The decision makers uset af
weights, W = (VL, L, M, H, VH) to appraisd/\;
weights of k criteria. Here, VL indicates very low,

low, M middle, H high and VH very high linguistic
expressions for importance weights of criteria. The
membership functions and system parameters of these
fuzzy linguistic variables are:

VL: (0, 0, 0, 0. 2)

1-5x,0<x<0.2
Ha () :{ 0, otherwise
L (0,0.2,0.2,0.4)
5, 0<x=<02
M (X) =<2-5%,02< x< 04
0, otherwise

M: (0.3., 0.5, 0.5, 0.7)
5x-3/2,03<x< 05

Uy (X)=47/2-5%,05< x< 07

0, otherwise
H: (0.5, 0.8, 0.8, 1)
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10x_

5
3 ~305<x<08
5-5x, 08<x<1

0, otherwise

My (X) =

VH: (0.8, 1, 1, 1)
(x) = 5x—-4, 08<x<1
al 0  otherwise

Wt = Linguistic value given by j decision maker for t
criterion.

Wt-=ctj a[ b, d;

This scale is chosen because of its best fit wih t
previous usage in recent articles [17]. For deteimgi
supplier performances, n decision makers assesé;the
subjective performance values of m supplier accoyt
their previous experience and opinions. Here tligep
uses the 9 scale of [17] for linguistic values.

The variable set for performance evaluation is A/R,

VP &P,PP &M, M, M&G, G, G & VG, VG). Here VP
indicates very poor, VP & P between very poor and
poor, P poor, P&M between poor and middle, M migdle
M&G between middle and good, G good, G&VG
between good and very good, and VG very good.

The membership functions and system parameters of

these linguistic variables are
VP:(0,0,0,0,0.2)

(x) = 1-5%x,0=sx<02
He 0, otherwise

VP &P: (0, 0,0, 0.2, 0.4)
1 0<x<02

2-5x,02<x<04

o} otherwise
P: (0,0.2,0.2,0.4)
5x, 0<x<02

2-5x,02<x< 04

0, otherwise
P &M: (0,0.2, 0.5, 0.7)
5X, 0<x<02

1 02<x<05
7/2-5x,05<x< 07

o} othrewise
M: (0.3, 0.5, 0.5, 0.7)

Hypgp (X) =

Hp(X) =

Hogn (X) =

5x-3/2,03<x< 05
7/2-5x,05<x< 0.7

0, otherwise
M & G: (0.3, 0.5, 0.8, 1)
5x-3/2,03<x< 05

1 05<x<08
5-5Bx, 08<x<1
0, othrewise

Uy (X) =

Hygo(X) =

G: (0.6,0.8,0.8,1)
5x-306<x<08

5-5x, 08<x<1

0, otherwise
G &VG: (0.6,0.8,1, 1)
5x—-3,06<x<08

Hoava(X) =9 1, 08=<x<l1
0, otherwise

U (X) =

VG: (08, 1,1, 1)
(x) = o9x—4,08<x<1
Hue 0 otherwise

Aj; = the linguistic value, given by j decision maket
supplier for t criterion.

Ay = (G045 Py i)

i=12..m
t=12..k
j=12..n

Step Il Fuzzification

The given performance values and criteria weightés a
converted into trapezoidal fuzzy numbers according
the determined evaluation scale.

Step IV-V Aggregation of importance weights
and performance evaluations

Performance values and criteria weights assesseleby
decision makers are aggregated separately for @ddh
=1, 2 ..., k) criterion by the fuzzy mean operaaod
thereby, for each criterion, Muzzy weight and pfuzzy
performance values are obtained. The formulations a
parameter of the calculations are:

1
W, :(ﬁjmwlmwtzm---mwm)
W, 5 (62 b,.d,)

(

3|_
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n Qi
_ j
=y —
= "
n p.
_ tj
b= 4
=1 N
n d
_ tj
de=> —
=1 N
1
A :[HJD (AuD A, 0.0 A)
i=1,2,.....,m
t=1,2,....,k
Ait = (Gw O, P, Ti)
n q
_ i
Qit = Z —
=t N
n 0.
- 1Y
0; = z_
= N
n p
- Y
pit -
=l
_~ i
iy = T
j=2 N
i=1,2,..m
t=1,2,....,k

Step-VI. Obtaining Fuzzy Preference Index

After steps IV & V, importance weights and
performance values are aggregated together withyfuz
mean operator in order to obtain a fuzzy preference
index. These operations are defined as:

F = (4ot oWy O (a, W)

According to the extension principle of [39], iE fuzzy
number with membership function.

_Hi1+[Hi21+(X_Yi)/Til]1/2’Yi =x=Q
3 1 Q =<x=<R
He (X) = , 12
Hi2+[Hi2+(X_Zi)/Uil] , R =xsZ
0, otherwise
i=1,2...m
Fi:(Yii ()H Ri! Zi! Hill HiZ! Uil)
i=1,2,....,m

Here Ty, Tip, U, Up, Y, O, R, Z, Hi; and H, values
are calculated as:
k _ _
T,=3 (0 -a)(@ =c)
= K
T. = Zk:[Qit(at _Ct) + Ct(oit - qit)]
i2 — k

U, :Zk“ (rit B pit)(dt _bt)

i=1 k
Ui2 :i[dt(pit _rit)l: I’it(h _di)]
i=1
Y = S
oz Kk
k0,8,
Oi - it
27
K
_< bhb
R=27%
kit .d
Zi — it "Mt
2
_ T
T
H. = U,
c @)

It can be examined that fuzzy preference index is not
actually a trapezoidal fuzzy number. In order tdaob
this, the approximation below can be written:

F=(¥.0,R.Z)

Step — VII, Defuzzification and Ranking of the

Preference Index

Defuzzification of trapezoidal fuzzy numbers ofiktex

that is calculated for each supplier alternativel ame

ordering or ranking of these crisp numbers is thet |
operations of the supplier selection method.

[8] proposed a method that defuzzifies and ranlks th

bers in a fuzzy set. This method is chosen as th
...... 0(A, OWHT y

t appropriate method due to its general, easyand
consistency in results [25]. This method is an apph
for ranking a fuzzy number set with a way that corab
minimizing set and maximizing set approaches. The
membership functions of maximizing set M and
minimizing set G for a trapezoidal fuzzy number=Ag,

a, b, d) are:

—k

X— Xmin
IUM(X): {Xmax_xmm_ ' Xminsxsxmax
0, otherwise
X—X I
Hs (X) = {ﬁ + Xinin S Xs Xinax
0o otherwise
Xmax = SUP S
Xmin = INf S

S:Lnj S, $=des A S= desA
i=1
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The linear case is given by k = 1 (risk neutrabjlevk >

1 represents risk-prone (convex) membership funstio
and 0 < k < 1 represents risk-averse (concave)
membership functions. In here, the value of k sgsed

to be 1. When k = 1 the ranking value qgfi&\calculated
using the following expression:

(di _Xmin)
U i) = 1| o =) = (0 =) |
2 1= (Xpax =)
((Xmax_xmin)_(ai _C|))
i=1,2,...n

Numerical Example

Suppose that in a manufacturing company, five
purchaser experts (DM) are identified to evalua@e 2
supplier alternatives (T i =1, 2.. 20) in four
performance criteria. These are delivery, quality,
flexibility and service.

The decision makers utilize a linguistic set of gies
that are stated in step I, to identify the impoctarof
each criterion. The weights assigned to the sevitaria

by the five decision makers are given Table-1.

We assume that the decision makers use the linguist
variable set given in step Il, to assess the silitialof

the supplier alternative under each of the subjecti
criteria. The linguistic ratings are presentedugitated)

in Tables 2-5.

Table-1
The Importance Weights of the Decision Criteria

Decision Criteria | DM, | DM, | DM; | DM, | DMg
Delivery VH | VH | VH H H
Quality VH H M H M

Flexibility H VH H VH | VH
Service H H M L VL

The aggregate weights for each criterion are caled|

by grouping the linguistic assessments of the five
decision makers. The aggregate weights calculated b
employing equation in step IV are given below:

W, =(0.68, 0.92, 0.92, 1) ¥\ (0.48, 0.72, 0.72, 0.88)
W; = (0.68, 0.92, 0.92, 1) W\ (0.26, 0.46, 0.46, 0.66)

The fuzzy performance values for all supplier
alternatives in each criterion are computed by @isin
equation in Step V. The results are shown in Tabies

Fuzzy suitability index values for the supplier
alternatives are obtained by averaging the prodatts
weights and linguistic ratings over all the criteriia a
weighted mean operator. The results are illustramed
Table 10.

The equation in step VIl is used to determine #rking
values of the supplier alternatives. The rankingthef
suppliers are given in Table 11. From the tablg, T
appears to be the best supplier alternative asut ref
the decision procedure, and thus is the first ande

considered for purchasing selections in supply rchai
management. The aim of this decision structureois t
achieve efficiency at each individual level andossrthe
global supply chain network. This characteristickes
the model potentially useful to the companies ie th
selection of efficient supplier in supply chain wetk

for completing customer orders. Fig. 2 depicts the
performance level of all twenty suppliers in supply
chain.

Table-2
The Decision Makers' Evaluation of the Suppliers fo
Delivery Performance

Supplier Delivery

D, D, Ds D, Ds
T, M&G M G G M
T, VP VG G VG M
Ts M&G | M&G P&M G P
Ta VG P G&VG G M&G
Ts M VP P&M P VP&P
Te P&M VG G M G&VG
Tz VP&P | P&M VG P M&G
Ts G VP&P VP P P&M
To P&M G M M&H VP
Tio VP&P G VP P&M M
Tu G M VP&P VP M&G
Ti2 G M&G VP M M&G
Tis VP P&M | G&VG | P&M M
Tua VG G&VG | G&VG | P&M M&G
Tis P P VG M G&VG
Tie P&M P M G G&VG
Tir G VP&P VG G&VG | P&M
Tis VG VP G&VG | M&G | VP&M
Tie M M P&M VP&P M
Ta M&G G VP&P VG G

Table-3

The Decision Makers' Evaluation of the Suppliers fo
Quality Performance

Supplier Quality

D, D, Ds D, Ds
T, VP&P M&G | G&VG M M
T, P G G G&VG M
Ts VG VG P G&VG P
Ta VG VG P VG M&G
Ts P&M G P G&VG | VP&P
Te M VG P VP G&VG
Tz VG M&G M VP&P M&G
Ts VP M&G G M P&m
To P&M G M&G P VP
Tio P&M VP VP P M
Tu VP M&G VP&P VG M&G
T G&VG | M&VG M G&VG | M&G
Tis P&M M M&G | G&VG M
Tua P&M P&M VG P&M M&G
Tis P G&VG VG G G
Tie M&G G G M VP
Tir VP G VG M VP&P
Tie M&G P&M G P VP
Tie VG G&VG G M&G | G&VG
Ta M P&M P VP&P | G&VG
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Table-4
The Decision Makers' Evaluation of the Suppliers for
Flexibility Performance

Table-7

The Average Linguistic Ratings of Supplier Alternatives for
Quality Criteria

Supplier Flexibility Supplier Quality
D, D, Ds D4 Ds T, 0.30 0.46 0.60 0.76
T VG M M&G | G&VG | G T, 0.42 0.62 0.66 0.82
T, P M M VP VG b
T, VP&P BaM VG M GaVG LE 0.44 0.64 0.68 0.76
T, Gave 1 Gava | MeG G PaM T, 0.54 0.74 0.8Q 0.88
Te VP&P VP M VP VP Te 0.34 0.50 0.54 0.66
T, VP VP VP P&M VP T 0.34 0.50 0.66 0.82
Ts VG VP M&G G G&VG Tg 0.24 0.40 0.52 0.72
To G&VG VG G&VG M VP&P Ty 0.18 0.34 0.4§ 0.66
Te [ VAVG ] G G VG P Tio 0.06 0.18 0.24 0.44
Tu VP | M&G | VP | M&G M Ti 0.28 0.40 0.56 0.72
D Bt B T 048] 068 0.4 0.94
13
Tw VP&P ) M&G G M&G T3 0.30 0.50 0.66 0.82
Tue M&G | VP&P | M&G | VPP GG Tig 0.22 0.42 0.66 0.82
Tae G VG P VP VGVG Tis 0.52 0.72 0.76 0.88
Ti7 M&G | P&M M VG G&VG Tig 0.36 0.52 0.5§ 0.78
Tie VG G&VG VG M&G G Ti7 0.34 0.46 0.50 0.66
T M VP G P&M P&M Tig 0.18 0.34 0.44 0.66
Toc M P P&M G VG Ti 0.58 0.78 0.92 1.00
N Table-5 , Ta0 0.18 0.34 0.48 0.64
The Decision Makers' Evaluation of the Suppliers for
Service Performance Table-8
Supplier Service . . A . .
D, D, D, D, D: The Average Linguistic Ratings of Supplier Alternatives for
T, M P VG VP VP Flexibility Criteria
T M P&M vp G&VG G Supplier Flexibility
F e = S £ e T, 0.52 0.72 0.87 0.94
F \é’z@’:/lp E GP&&VMG gl P \;&GM T, 0.28 0.44 0.44 0.60
Tj 5 52 ve M c &G LB 0.34 0.50 0.64 0.76
T G VP &P M&G VG G T, 0.42 0.62 0.82 0.94
T M&G VP &P M P G Ts 0.44 0.64 0.7§ 0.88
-~ o C&VE | vo. | MEG AW Ts 0.06 0.10 0.1 0.34
Tss VG P &M P &M VP M&G T, 0.00 0.04 0.1q 0.30
Tis VG P&Mm VP &P G P Tg 0.46 0.62 0.72 0.84
T = ve Mas » u T, 0.46 0.62 0.74 0.82
Tie P VP M VP VG T1ig 0.52 0.72 0.76 0.88
IE PaM G&ve M S e Ty 0.18 0.30 0.42 0.62
T 5 5 VEAS Ve I T1 0.12 0.20 0.2 0.48
Tac P M VP &P P&M P&M Ti3 0.18 0.34 0.50 0.70
Table-6 T4 0.24 0.40 0.56 0.76
The Average Linguistic Ratings of Supplier Alternatives for Tis 0.24 0.36 0.56 0.76
Delivery Criteria Tie 0.44 0.60 0.6 0.72
Supplier Delivery T, 0.40 0.60 0.76 0.88
it 0.42 0.62 0.68 0.8¢ Tus 0.62 0.82 0.92 1.00
T, 0.50 0.66 0.66 0.7§ L
T, 024 044 062 0.8 Tig 0.18 0.34 0.4§ 0.6(3
Ts 0.06 0.18 0.28 0.44
Ts 0.46 0.66 0.76 0.84 Table-9
T; 0.22 0.38 0.54 0.7( The Average Linguistic Ratings of Supplier Alternatives for
Ts 0.12 0.24 0.34 0.54 Service Criteria
To 0.24 0.40 0.52 0.7% Supplier Service
T1io 0.18 0.30 0.40 0.6( T, 0.22 0.34 0.34 0.5
Tu 0.24 0.36 049 0.6¢ T, 0.30 0.46 0.56 0.72
Ty 0.30 0.46 0.58 0.7§ X
T 018 034 050 060 LB 0.44 0.64 0.64 0.76
Tus 0.46 0.66 0.86 0.94 T, 0.22 0.42 0.54 0.70
Tie 0.30 0.50 0.60 0.76 Te 0.40 0.60 0.70 0.82
Ty 0.40 0.56 0.70 0.8% T 0.42 0.62 0.78 0.94
Tig 0.34 0.46 0.60 0.7 T 0.46 0.62 0.72 0.88
Tis 0.18 0.34 0.44 0.64 Ty 0.24 0.40 0.50 0.70
Tz 0.46 0.62 0.72 0.84 Ty 0.50 0.70 0.86 0.94
Ty 0.24 0.40 0.56 0.76




Int. ] Sup. Chain. Mgt

37

Vol. 2, No. 1, March 2013

LET 0.22 0.38 0.56 0.72
Tis 0.28 0.44 0.54 0.70
T 0.46 0.66 0.72 0.88
Tis 0.24 0.40 0.40 0.60
T 0.22 0.34 0.34 0.50
LET 0.30 0.46 0.58 0.72
Tig 0.44 0.64 0.64 0.76
Tig 0.22 0.42 0.54 0.70
Tog 0.06 0.22 0.38 0.58
Table-10
Fuzzy Suitability Index Values for the Supplier
Alternatives
Fuzzy Preference Index
Supplier c A B d
Ty 0.2101 0.4301] 0.4921 0.7047
T, 0.2005 0.4175 0.4362 0.6442
Ts 0.1800 0.405( 0.4858 0.68716
T, 0.2287 0.4529 0.569b 0.7641
Ts 0.1177 0.2859 0.426[L 0.5897
Te 0.1552 0.3338 0.384) 0.58%5
T, 0.1055 0.2349 0.355) 0.58%5
Tg 0.1573 0.3227 0.420p 0.6483
Ty 0.1562 0.3234 0.4301 0.6457
T1o 0.1587 0.3245 0.4089 0.6219
Ty 0.1206 0.2514 0.3676 0.6038
T 0.1433 0.3179 0.4170 0.6406
T3 0.1154 0.2970 0.4109 0.6359
Ty 0.1753 0.3953 0.528p 0.7506
Tis 0.1766 0.3824 0.4450 0.6576
T 0.1833 0.335] 0.419b 0.6241
Ti7 0.1963 0.4025 0.492b 0.6890
Tig 0.2134 0.4292 0.5060 0.7006
Tig 0.1451 0.345] 0.4209 0.6605
Tao 0.1615 0.3533 0.433) 0.6465
Table-11
Ranking of the Supplier Alternatives
Ranking Supplier (Ti) Ranking Value
1 T4 0.6191
2 Tis 0.6057
3 Tia 0.6001
4 T, 0.5977
5 Ty 0.5911
6 T3 0.5736
7 T, 0.5617
8 Tig 0.5590
9 Tis 0.5554
10 Ty 0.5464
11 Tg 0.5447
12 T 0.5441
13 Tio 0.5356
14 Tio 0.5309
15 Tis 0.5308
16 Ts 0.5128
17 Tis 0.5092
18 Ts 0.5083
19 T 0.5042
20 T, 0.4868

|

o oo
oN ko

Series1

18 mmsTors|

Suppliers

Performance Level

Fig. 2: The performance level of selecting the suppliers

5. Conclusion

There have been many methods proposed for the
modeling of the supplier selection process. However
they cannot meet the real choice process with
performance evaluation because most of the existing
methods are mathematical models. But this is a real
critical subject for a decision maker that can legu
choosing a supplier with an insufficient performanc
This paper is tried to validate the model by coringpits
behaviors with the results of previous researcdiouhd

that this present model has been able to genehate t
most efficient strategy in response to a suppkdgction

in supply chain management.

The method that this paper presents here is anaaby
realistic approach for supplier selection. The most
important part of the FSSA is that it gives a ceter
result by recording the purchasing experts’ previou
experience and processes these with fuzzy logic
arithmetic. Briefly, results in this paper not omdgovide

a valuable reference for decision makers in selgc
right vendor for a right product but also provideseful
algorithm for many organizations that use the deuis
rule to improve their total operation cost in thealr
world. In this regard, the proposed algorithm pnése

in this paper may be more realistic for some reatlav
problems. Ranking of supplier alternatives with an
example problem generated results which are cemsist
with the expectations. So it indicates some flditibto
cover many decisions in fuzzy scenarios. The pregos
algorithm can be extended in several ways. One
challenging area for further research is to constte
process of negotiation between manufacturer and its
potential suppliers when determining the order tjtigan
price and due date for a lower stage product and as
further study, it is possible to develop this methoy
using numerical performance criteria via DFA inartb

use objective and subjective evaluations togethmer i
supply chain management.
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