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ABSTRACT

In the ever-changing business world, appropriatedee selection can be crucial in supply chain
management. Dynamic models supporting vendors title axis are not always crisp; rather they
involve a high degree of fuzziness and uncertaimtieal life situations. This paper proposes a dyina
model with uncertainty based on Fuzzy AHP for ldegn strategic vendor selection problems. The
selection of partnership suppliers is likewisesthated by this methodology.
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1. Introduction

In today’s highly competitive and interrelated mEawturing environment, materials represent a
substantial part of the value of products. In viefathe high percentage of the material cost, the ke
objective of the purchasing department ought t@irehasing the right quality of a product in thghti
guantity from the right source at the right timéeTright source can provide the right quality oftenial

on time at a reasonable price (Heizer and Ren@®@1)2

Supplier evaluation and selection are very impartarthe success of a manufacturing firm because th
cost and quality of goods and services sold arectyr related to the cost and quality of goods and
services purchased. Therefore, purchasing and isuggalection have an important role in the supply
chain process (Hartley and Choi, 1996; Degraeverd,aand Roodhooft, 2000). Traditionally, vendors
are selected on their ability to meet the quaktyuirements, delivery schedule, and the price effef he
problem of finding and evaluating the most suitabdmdor(s) usually emerges when the purchase is
complex, high-dollar value, and perhaps criticalp¥dcess of formal vendor evaluation and ranking is
also necessary. The process for vendor selectioldeed a problem-solving process, which covers the
work of problem definition, formulation of criterigualification, and choice.

The supplier selection process is a multi-objectleeision, encompassing many tangible and intaegibl
factors in a hierarchical manner. Traditional melfblogies of the supplier selection process in metea
literature include the cost-ratio method, the catiegl method, weighted-point evaluations, mathéraht
programming models and statistical or probabiliapproaches (Yan, Yu, and Cheng, 2003; Oliveria and
Vadi, 2002). Dickson has identified 23 importanttezia in the study of supplier decision-making
(Dickson, 1966). Weber et al.(2000) have compitethy articles in this area and used a linear wieight
model for supplier selection. Linear weighting misdaace a weight on each criterion and providetal t
score for each supplier by summing up the supglipérformance on the criteria multiplied by these



weights. Hokey Min used a multi-attribute utilitp@oach in international supplier selection (Mi@94).
Using interpretative structural modeling in thetudy, Mandal and Desmukh (1994) developed an
analytical framework, which combines qualitativedaguantitative factors. Youssef et al. (1996)
developed a simple model for supplier evaluatioth selection in an advanced manufacturing technology
environment. Motwani et al. (1999) developed a rhéolethe supplier selection process in developing
countries. Drawbacks of these approaches includeecteof multi-period planning horizons for vendor
selection, and selection of vendors based on expegiand intuition. To overcome these problems, we
use fuzzy analytic hierarchy process to proposeléeesion model.

2. Dynamic Fuzzy AHP Method

Competitive advantage is often determined by tfectffeness of an organization's supply chain, and

a result, the evaluation and selection of suppliers become an increasingly important management
activity. But the evaluation process is complex.dilwf the data are difficult to obtain and ambigtion
vague to interpret. In addition, the dynamic globalironment of changing exchange rates, economic
conditions, and technical infrastructure, demanak tthe pool of potential suppliers be re-evaluated
periodically.

The Analytic Hierarchy Process (AHP) is a powednt flexible decision-making process (Saaty, 1980)
to help managers set priorities and make the EEssidn when both qualitative and quantitative atge

of a decision need to be considered. By reducingipbex decisions to a series of one-on-one
comparisons, then synthesizing the results, masgarehers have concluded that AHP is a useful,
practical and systematic method for vendor ratBariparosoglu and Yazgac, 1997); it has certairdgnb
applied successfully. However, in many practicadesathe human preference model is uncertain and
decision-makers might be reluctant or unable tdgasgxact numerical values to the comparison
judgments. For instance, when evaluating differmumppliers, the decision-makers are usually unsure
about their level of preference due to incompleté ancertain information about possible supplierd a
their performances. Since some of the supplieruenmin criteria are subjective and qualitatives ivery
difficult for the decision-maker to express thessgth of his preferences and to provide exact \pesie-
comparison judgments. For this reason, a methoglob@ged on fuzzy AHP can help us to reach an
effective decision (Bellman and Zadeh, 1970). Bis tiwvay we can deal with the uncertainty and
vagueness in the decision process.

Fuzzy AHP consists of deriving the local prioritié®m these fuzzy preference ratios, which are
subsequently aggregated to form the global prewitiThe fuzzy AHP computes fuzzy priorities based o
arithmetic operations for fuzzy triangular (or teapidal) numbers. To be able to use the fuzzyrasttc
operations, specific assumptions on the forms ohbeship functions are required. However, the most
important criticism directed at fuzzy arithmetic epgtions is their failure to address the issue of
consistency. There is no explicit articulation onatvwould constitute an inconsistent comparisorrisat
within the fuzzy AHP context and, equally importao how inconsistent information should be handled
Lacking a mechanism to exclude inconsistent daizz\f priorities so obtained are likely to be flawed
(Zimmerman, 1991; Buckley, Feuring, and Hayash130In addition to combining the AHP approach
with other methods, Zaim et al. (2003) has disali$sezy analytic hierarchy based approach for sappl
selection in the area of marketing. Chan and Ku{@@07) extended it by including risk factors invedv

in global supplier selection to handle the fuzzees$ the data involved in deciding the preferencks
different decision variables. Chen et al. (2006pamployed a hierarchical model using triangulaey
numbers to deal with supplier selection problemeny®ucef and Mustafa (2007) validated the design of
the supplier selection system for a hospital andiitderlying fuzzy AHP model.

In this study, the framework of feasible regionsrelative weights was adopted. Firstly, allowing th
feasible region to include tolerance deviationgha fuzzy ratios, we define fuzzy consistency as th
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existence of relative weights within the regionc&welly, we devise a maximum/minimum set ranking

method to derive a crisp ranking from the globaizfuweights (Noci and Toletti, 2000; Leung and Cao,

2000). The following steps of Fuzzy AHP proposeddiyang (1996) have been utilized selecting vendors
in the multi-period phase.

According to the method of Chang’s extent analysash object is taken and extent analysis for gaah
is performed respectively. Therefor@extent analysis values for each object can be mdxdaiwith the
following signs:

M ;i ,M Si Y g?, i = 12,....n.
wherengi (j=12,....m)all are TFNs. The steps of Chang’s extent analf@lsang, 1996) can be

given as in the following:

Step 1. The value of fuzzy synthetic extent with respedhieith object is defined as

§=2M; @ ZM} .

j=1 i

m

To obtainZM éi , the fuzzy addition operation of m extent analygasues for a particular matrix is
=1

performed such as

2 M =[j=l'j,2mj,éujj ()

j=1 j=1

n m . .

and to obtai{ ZMQ} by performing the fuzzy addition operation Il;ztl‘gji (j=12,....m) such
i=1l j=1

that

{ZZMQ}[Z'ZmZuj 3

-1
n m )

and{ z M éi } can be calculated by the inverse of Eq. (3), devd!:
i=1

i=1

R e R T |
{ZZMQ'} | n " n " n (4)

Step 22 As M, =(I;,m,u;)and M, =(I,,m,,u,) are two triangular fuzzy numbers, the degree of
possibility of M, =(l,,m,,u,) > M, =(l,,m,u,) is defined as

V(M, = M,) = sugmin(,, (X), 1y, (¥))] (5)

y>X



and can be expressed as follows:

V(MzzMl):hgt(MlmMz):ﬂMZ(d) (6)
1 if m, >m,
=<0 if I, >u, (7)
(1, = U,) otherwise
(mz_uz)_(n‘ﬁ_ll)

Figure 1 illustrates Eq. (6) whexis the ordinate of the highest intersection poirtidbween,, and
ty, - To compareM, =(I;,m;,u;) andM, = (l,,m,,u,), we need both the values ' M, > M,)
andV(M, >M,).

v

|2 mo |1 d U, mq Uz
Figure 1: Intersection between M; and M, (Kahraman et al., 2004)

Step 3: The degree possibility for a convex fuzzy number e greater thark convex fuzzy
M. (i =12,...K) numbers can be defined by

V(M >M;,M,,..M,)=V[(M >M,)and(M >M,) and..and (M >M,)]

=mnV(M >M,),i=12,...k (8)
Assume that
d(A)=minV(S > S,) for k=12,....n;k #1. 9

Then the weight vector is given by
W' =(d (A).d (A),...d (A)) (10)

where A (i =12,...,n) are thenelements.



Step 4: Via normalization, the normalized weight vectors a

W = (d(A), d(A),...d(A)’ (11)

whereW is a non-fuzzy number.

3. Anlllustrative Example
This numerical example presents a mathematical htodelect suppliers in a multi-period environment

3.1. Definethecriteriafor vendor selection
The main objective is the selection of the bespiepfor a firm in a dynamic environment. The plesi
has three levels of hierarchy in kth period (whet#, 2, 3). The analytic time periods are the fst),
now (k=2), and near futur&£3). Thus, the decision makers can estimate tiagivelweights — ratios for
each pair of alternatives under every attributevall as the relative weights ratios for the atttésu
Application of common criteria to all suppliers neskobjectives comparisons possible. The criteria
considered here in selection of the best supplierdynamic environment are:

e Quality of the product

o Delivery

e Overall cost of the product

o Flexibility in service

The hierarchy of the selection criteria and decisatiernatives (i.e., suppliers) in dynamic envimemt
can be seen in Figure 2. In the hierarchy, theadlvebjective (i.e., the best supplier) is placédegel 1,
criteria at level 2, and the suppliers alternatiaekevel 3 in kth period (where k=1, 2, 3).

The above mentioned criteria help in deciding testisupplier for an organization in each of thetimul
period phase. The preferences of one over othex bhaen decided by the decision makers. The human
judgment may not always be crisp and hence theuatiah scale, used by decision makers, is illustrat

in Table 1.

Table1l: FAHP scale

Definition I ntensity of importance
Equa a,1,1

Weak (213, 1, 3/2)

Fairly strong (3/2, 2, 5/2)

Very strong (5/2, 3, 7/2)

Absolute (712, 4, 9/2)




Quality

Best Supplier
Selection

Delivery

Cost

Supplier 1

Supplier 2

Flexibility
in Service

The fuzzy pair wise reciprocal judgments matrixthy decision maker for each criterion, with resgect
overall objective (i.e., selecting the best suppl{gsee Table 2), and for each supplier with eacthe
criterion (see Tables 3-6), are determined in edthe three periods by the help of FAHP scalerdefi

in Table 1.

Supplier 3

Supplier 4

Figure2: Dynamic Hierarchy for supplier selection

Table2: The Criterion fuzzy pair wise comparison matrix in kth period (k=1, 2, 3)

: . Flexibility
Quality Delivery Cost In Service
Quality 1,11 (2/3,1,3/2 (3/2,2,5/2 (3/2,2,5/2
(1,1,1) (5/2,3,712) (3/2,2,5/2) (3/2,2,5/2)
(1,1,1) (3/2,2,5/2) (5/2,3,7/2) (712,4,9/2)
Delivery (2/3,1,3/2 (1,1,1 (2/5,1/2,2/3 (2/3,1,3/2
(2/7,1/3,2/5) (1,1,1) (2/5,1/2,2/3) (2/13,1,3/2)
(2/5,1/2,2/3) (1,1,1) (5/2,3,7/2) (5/2,3,7/2)
Cost (2/5,1/2,2/3 (3/2,2,5/2 (1,1,1 111
(2/5,1/2,2/3) (3/2,2,5/2) (1,1,1) (3/2,2,5/2)
(2/7,1/3,2/5) (2/7,1/3,2/5) (1,1,1) (3/2,2,5/2)
Flexibility in (2/15,1/2,2/3 (2/3,1,3/2 (1,1,1 111
Service (2/5,1/2,2/3) (2/3,1,3/2) (2/5,1/2,2/3) (1,1,1)
(2/9,1/4,2]7) (2/7,1/3,2/5) (2/5,1/2,2/3) (1,1,1)




Table 3: The alternatives fuzzy pair wise comparison matrix with respect to criteria Quality in kth

period (k=1, 2, 3)

Quality Supplier 1 Supplier 2 Supplier 3 Supplier 4
Supplier 1 111 (3/2,2,5/2 (3/2,2,5/2 (712,4,9/2
(1,1,1) (2/5,1/2,2/3) (5/2,3,7/2) (3/2,2,5/2)
(1,1,1) (2/3,1,3/2) (3/2,2,5/2) (3/2,2,5/2)
Supplier 2 (2/5,1/2,2/3 (1,1,1 (2/5,1/2,2/3 (3/2,2,5/2
(3/2,2,5/2) (1,1,1) (2/5,1/2,2/3) (2/13,1,3/2)
(2/13,1,3/2) (1,1,1) (2/5,1/2,2/3) (2/13,1,3/2)
Supplier 3 (2/5,1/2,2/3, | (2/7,1/3,2/5 (1,1,1 (3/2,2,5/2
(2/7,1/3,2/5) | (3/2,2,5/2) (1,1,1) (3/2,2,5/2)
(2/5,1/2,2/3) | (3/2,2,5/2) (1,1,1) (2/5,1/2,2/3)
Supplier 4 (2/9,1/4,217 (2/5,1/2,2/3 (2/5,1/2,2/3 (1,1,1
(2/5,1/2,2/3) | (2/3,1,3/2) (2/5,1/2,2/3) (1,1,1)
(2/5,1/2,2/3) | (2/3,1,3/2) (3/2,2,5/2) (1,1,1)

Table4: The alternatives fuzzy pair-wise comparison matrix with respect to criteria Delivery in

kth period (k=1, 2, 3)

Delivery Supplier 1 Supplier 2 Supplier 3 Supplier 4
(1,1,1 (2/3,1,3/2 (2/3,1,3/2 (2/3,1,3/2
Supplier 1 (1,1,1) (2/9,1/4,2I7) | (2/3,1,3/2) (2/5,1/2,2/3)
(1,1,1) (2/3,1,3/2) (1,1,1) (2/5,1/2,2/3)
(2/3,1,3/2 (1,1,1 (3/2,2,5/2 (3/2,2,5/2
Supplier 2 (712,4,9/2) (1,1,1) (3/2,2,5/2) (3/2,2,5/2)
(2/3,1,3/2) (1,1,1) (2/5,1/2,2/3) (2/3,1,3/2)
(2/3,1,3/2 (2/5,1/2,2/3 (1,1,1 (3/2,2,5/2
Supplier 3 (2/13,1,3/2) (2/5,1/2,2/3) | (1,1,1) (2/13,1,3/2)
(1,1,1) (3/2,2,5/2) (1,1,1) (2/5,1/2,2/3)
(2/5,1/2,2/3 (2/5,1/2,2/3 (2/5,1/2,2/3 (1,1,1
Supplier 4 (3/2,2,5/2) (2/5,1/2,3/2) | (2/3,1,3/2) (1,1,1)
(3/2,2,5/2) (2/3,1,3/2) (3/2,2,5/2) (1,1,1)




Table5: Thealter natives fuzzy pair-wise comparison matrix with respect to criteria Cost in kth

period (k=1, 2, 3)

Cost Supplier 1 Supplier 2 Supplier 3 Supplier 4
Supplier 1 | (1,1,1, (3/2,2,5/2 (2/3,1,3/2 (5/2,3,71%)
(1,1,1) (3/2,2,5/2) (3/2,2,5/2) (2/13,1,3/2)
(1,1,1) (3/2,2,5/2) (3/2,2,5/2) (2/13,1,3/2)
Supplier 2 | (2/5,1/2,2/3 | (1,1,1 (2/3,1,3/2 (3/2,2,5/2
(2/5,1/2,2/3) | (1,1,1) (1,1,1) (3/2,2,5/2)
(2/5,1/2,2/3) | (1,1,1) (1,1,1) (3/2,2,5/2)
Supplier 3 | (2/3,1,3/2 (2/3,1,3/2 (1,1,1) (3/2,2,5/2
(2/5,1/2,2/3) | (1,1,1) (1,1,1) (2/5,1/2,2/3)
(2/5,1/2,2/3) | (1,1,1) (1,1,1) (2/5,1/2,2/3)
Supplier 4 | (2/7,1/3,2/5 | (2/5,1/2,2/3 (2/5,1/2,2/3 (1,1,1
(2/13,1,3/2) (2/5,1/2,2/3) (2/5,1/2,2/3) (1,1,1)
(2/13,1,3/2) (2/5,1/2,2/3) (3/2,2,5/2) (1,1,1)

Table 6: The alternatives fuzzy pair-wise comparison matrix with respect to criteria Flexibility in

Servicein kth period (k=1, 2, 3)

Flexibility in | Supplier 1 Supplier 2 Supplier 3 Supplier 4

Service

Supplier 1 (1,1,1 (3/2,2,5/2 (3/2,2,52) (3/2,2,5/2
(1,1,1) (219,1/4,2[7) | (2/3,1,3/2) (2/5,1/2,2/3)
(1,1,1) (2/3,1,3/2) (2/3,1,3/2) (2/5,1/2,2/3)

Supplier 2 (2/5,1/2,2/3 (1,1,1 (3/2,2,5/2 (3/2,2,5/2)
(712,4,9/2) (1,1,1) (3/2,2,5/2) (3/2,2,5/2)
(2/3,1,3/2) (1,1,1) (2/3,1,3/2) (2/5,1/2,2/3)

Supplier 3 (2/5,1/2,2/3, | (2/5,1/2,2/3} | (1,1,1 (2/3,1,3/2
(2/13,1,3/2) (2/5,1/2,2/3) | (1,1,1) (2/13,1,3/2)
(3/2,1,3/2) (2/3,1,3/2) (1,1,1) (2/5,1/2,2/3)

Supplier 4 (2/5,1/2,2/3 (2/5,1/2,2/3, | (2/3,1,3/2) (1,1,1
(3/2,2,5/2) (2/5,1/2,2/3) | (2/3,1,3/2) (1,1,1)
(3/2,2,5/2) (3/2,3,5/2) (3/2,2,5/2) (1,1,1)

For identifying the computation procedures, the-pase judgments from the Table 3 for the perioar&

evaluated as follows:

Quality Supplier 1 Supplier 2 Supplier 3 Supplier 4
Supplier 1 (1,1,1 (2/13,1,3/2 (3/2,2,5/2) (3/2,2,5/2)
Supplier 2 (2/3,1,3/2) (1,1,2) (2/5,1/2,2/3) (2/13,1,3/2)
Supplier 3 (2/5,1/2,2/3 (3/2,2,5/2 1,11 (2/5,1/2,2/3
Supplier 4 (2/5,1/2,2/3 (2/13,1,3/2 (3/2,2,5/2 (1,11




Supplier,, = (4.667,67.5)® ( yzo.oo’ %8_00, % 4067 = (023330.3330526)
Supplier,, = (2733,354.667) ® ( yzo.oo’ %8_00, % 4067 = (013701940327
Supplier,, = (330 ,404.833 ®( yzo.oo’ %s.oo’ % 4267 = (016502220339
Supplier,,, = (3567 454.667) ® ( yzo.oo’ %s.oo’ % 4267 = (01780.2500.327)

After determining these results, these fuzzy valrescompared by using Eq. (7)

V (Supplier,, > Supplier,,) =1V (Supplier,, > Supplier,,) =1V (Supplier,, > Supplier,,) =1

V (Supplier,, > Supplier,,) = 0402 V (Supplier,, > Supplier,,) = 0.853 V (Supplier,, > Supplier,,) = 0.727
V (Supplier,, > Supplier,,) = 0.484 V (Supplier,, > Supplier,,) =1,V (Supplier,, > Supplier,,) = 0.851

V (Supplier,, > Supplier,,) = 0.528 V (Supplier,, > Supplier,,) =1,V (Supplier,, > Supplier,,) =1

Then priority weights are calculated by using Bj: (
d (Supplier,,) = min(111) =1

d (Supplier,,) = min(0.402,0.8530.727) = 0.402
d’(Supplier,,) = min(0.484,,0.85) =1

d (Supplier,,) = min(0.52811) = 0.528

Therefore, the weight vector from Table 3 for tleeipd 3 is calculated as
W P = (1,0.402 1,0.528 )

After the normalization of these values priorityigigs with respect to criteria Quality are calcathtis
W' = (0.414,0.167 ,0.200,0.219)

The same systematic approach is considered fastttee evaluations, and priority weights are exprdss
correspondingly in Tables 7-10 as follows. Tableddresents the priority weights of the four sugpgli
in all three periods and is obtained by multiplythg priority weights of criteria to the suppliergeights
with respect to all criteria in each period resjpwety.

4. Discussion of Result

As we can see in Figure 3, the priority of qualityprovement is important for every supplier for all
periods. We can also observe from the Table 7 ttlatcost is more important than the delivery in all
three periods. From Figure 4, we know the trendugdplier’s priority; Supplier 1 is the most suitab
supplier in all three periods. But there is sonfedknce in selecting all other suppliers in thpeeiods.

Table7: Theprioritiesweightsof Criteriain period 1-3

Criteria Periodl Period2 Period3
Quaity 0.42 0.47 0.4z
Delivery 0.1¢ 0.1t 0.2
Cos 0.2¢ 0.2t 0.2¢
Flexibility in Service 0.1¢4 0.1 0.0t

9



Table8: Thepriorities weights of supplierswith respect to all criteriain period 1

Quality Delivery Cost Flexibility in
Service
Supplier 1 0.€1 0.2 0.41 0.5¢
Supplier 2 0.0€ 0.4% 0.21 0.3¢
Supplier 3 0.21 0.3( 0.2¢ 0.0¢
Supplier 4 0.12 0.0C 0.12 0.06

Table9: Thepriorities weights of supplierswith respect to all criteriain period 2

: . Flexibility in
Quality Delivery Cost Service
Supplier 1 0.48 0.31 0.38 0.00
Supplier 2 0.17 0.6¢ 0.2 0.8t
Supplier 3 0.3 0.0C 0.0C 0.0C
Supplier 4 0.0 0.0 0.3 0.1t

Table10: Theprioritiesweights of supplierswith respect to all criteriain period 3

Quality Déelivery | Cost Flexibility in Service

Supplier 1 | 0.414 0.14 0.38 0.17

Supplier 2 | 0.167 0.18 0.27 0.17

Supplier 3 | 0.200 0.26 0.00 0.17

Supplier 4 | 0.219 0.42 0.00 0.51

Table11: Theprioritiesweights of suppliersin period 1-3

Suppliers Periodl Period?2 Period3
1 0.487( 0.365 0.32¢

2 0.204¢ 0.37( 0.20(

3 0.218: 0.16¢ 0.19¢

4 0.0900 0.109 0.216

10




Priorities W& ghts

0.5
0.45
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0.35
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The Priorities of Criteriain Period 1-3

Periodl Period2 Period3
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—e— Quality
—a— Delivery
Senvice

—><— Cost

Figure 3: Prioritiesof Criteriain period 1-3

Riorities Waghts

The Priorities of Suppliers in Period 1-3

A\‘/’_A

Periodl Period2 Period3

Period

—e&— Supplierl
—®— Supplier2

Supplier3
—><— Supplier4

Figure4: Priorities of Suppliersin period 1-3
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5. Conclusions

Customarily in global supply chain management, camngs have to select suitable suppliers over a long
period of time. Under dynamic business environmehis attributes and weights may change, becoming
not necessarily crisp, but rather fuzzy in natdmaditional multiple attribute decision-making medtls
may not solve the long-term performance measuremmsiilems in fuzzy environments. This paper
proposes a dynamic approach based on Fuzzy AHBufaplier selection problems that can help us to
reach an effective decision. By this way we can déth the uncertainty and vagueness in the deaisio
process. In future work, we will try to extend FyZxHP method tdntuistionistic Fuzzy AHP method to
select the suppliers.
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