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Abstract— Supply chain management is an important
concept and discipline which enables business partners to
integrate products and services effectively and to build
long-term relationships. SCM can be extensively defined
as effective coordination on material, product, delivery,
payment, and information flows between enterprises and
trading partners (Wu and Chuang , 2010). Supplier
Evaluation is of increasing importance for companies and
their further business development due to the fact that
companies are concentrating on their core competencies.
Next to that a distinctive supplier evaluation includes all
internal departments and their feedback about supplier’s
performance to receive a whole picture of supplier’s
potential. Fuzzy Analytic Hierarchy Process (FAHP) is a
new multi-criteria evaluation method evolved from
Saaty's AHP. In this paper, designed Questionnaires are
sent to 20 professional experts in different departments of
Abzarsazi Company in Iran. So, this paper aimed to find
out and rank the key factors of supplier selection
criteria’s and present a suitable ranking for supplier of
Abzarsazi Company using a Fuzzy AHP approach.

Index Terms— Supply chain management (SCM),
Fuzzy sets, Fuzzy AHP (Analytical Hierarchy Process)

I. INTRODUCTION

Supply chain includes all the participants and processes:
from a raw materials producer to the customer, but from the
point of view of operative management, the three basic
components are elaborated: supply, storage and distribution
(Chopra et al., 2001). Supply Chain Management can be
divided into the three main activities: purchase, production
and transportation (Thomas et al., 1996). Logistics means
managing operative tasks aimed at clients' needs (Tilanus
1997). The definition given by Johnson and Wood (cited in
Tilanus 1997) pointed out "five key terms", and they are:
logistics, input logistics, material management, physical
distribution and delivery chain management. Social,
economic, technological and some other changes in the world
of business require changes in supply chain operation.
Complexity of decision making in coordinated management
has been persistently increasing. By application of
coordinated management and control of the total costs in
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supply chain it can be significantly decreased (Dooley 1995).
In supply chain management there are many various
problems. It is hard to make a unique classification in
management and control, since most researchers refer to the
same address of supply chains (Ballou 1992; Fazel Zarandi
2002; Thomas et al., 1996). According to the classification,
there has been treated a problem belonging to the system,
technical level and relation buyer-seller respectively.

In literature there are many papers dealing with the study of
suppliers ranking aiming at the selection of a supplier meeting
optimal requirements for cooperation. Ranking suppliers in
the papers was based on mathematical, statistical or
simulation techniques, while the matter of multi criteria
analysis was based on application of cross evaluation
matrixes, AHP method, multi-criteria statistical technique or
simulation. Furthermore, there were presented some of the
papers dealing with suppliers ranking (Harun 2011).
Traditional methodologies of the supplier selection process in
the extant literature range from single objective techniques
such as the cost-ratio method, linear or mixed integer
programming to goal and multi-objective linear programming
models (Yan et al., 2003; Oliveria et al., 2002). Wang et al.,
(2005) have developed a decision-based methodology for
supply chain design that a plant manager can use to select
suppliers. This methodology derived from the techniques of
analytical hierarchy process (AHP) and pre-emptive goal
programming. Li et al., (2007), use a grey-based
decision-making method to deal with fuzziness in supplier
selection. Pi et al, (2006), propose a supplier selection
method that uses Taguchi loss functions and the Analytic
Hierarchy Process (AHP) to obtain weights of major criteria.
In contemporary supply chain management, the performance
of potential suppliers is evaluated against multiple criteria
rather than considering a single factor (Ho et al., 2009).

In an increasingly complex world especially in difficult
economic situations the right decision regarding supplier
management has an important influence for companies and
their future business. Since several years companies are
outsourcing increasing business, concentrating on their core
competencies and reducing their manufacturing share which
leads to an increasing success-critical position of suppliers.
Therefore companies have to select and identify the best
suppliers for their business. That is where Fuzzy AHP
supports the decision makers to find the decision that best
suits their needs and their understanding of the problem.

In this research, according to the literature review first we
identified the Supplier Selection Criteria in Iran and next
FAHP approach is used for ranking the Suppliers of
Abzarsazi Company.

The AHP was developed in the 1980s by Saaty. It is a
systematic decision making method which includes both
qualitative and quantitative techniques. It is being widely used
in many fields for a long time. But one of the critical steps of
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AHP method is to set up the comparison matrixes. When the
number of criteria’s (or alternatives) in the hierarchy
increases, more comparisons between criteria’s (or
alternatives) need to be made. This could easily cause
confusion due to the excess of questions and hence the
efficiency of the model. So a consistency check is required for
the pair-wise comparison matrix. Therefore, whether the
setting of the comparison matrix is scientific affects the
correctness of AHP directly. When the comparison matrices
are not consistent, we should adjust the elements in the
matrixes and carry out a consistency test until they are
consistent (Saaty 1965).Traditional AHP requires exact or
crisp judgments (numbers). However, due to the complexity
and uncertainty involved in real world decision problems,
decision makers might be more reluctant to provide crisp
judgments than fuzzy ones.

In this paper, we will use a fuzzy AHP approach in which
substitute membership scales for Saaty's 1-9 scales to reduce
adjusting times needed. Abzarsazi Industries in Iran, produces
metal components that tries to improve its quality, safety and
occupational hygiene performance constantly by establishing
quality management systems, safety and occupational hygiene
based on I1S09001:2008 and OHSAS18001:2007 for
achieving its strategic aims. At present, having efficient
human resource and equipped and advanced shop floors and
also various processes of production such as machining,
thermal operations, forging, founding, die making, etc. this

industry is one of pioneer component maker companies in the
country.

The rest of this paper is organized as follows: In Section 2 the
evaluation criteria’s of suppliers are identified; Section 3
gives a literature review of Fuzzy AHP; In Section 4 data
analysis is done, finally in section 5 is the conclusion of this

paper.

II. IDENTIFICATION OF EVALUATION CRITERIA’S

The first step of evaluation is the identification of
decision/evaluation criteria which potential supplier will be
evaluated upon. The identification and analysis of criteria for
selection and evaluation of vendors has been the focus of
attention for many academicians and practitioners. In his
seminal work, Dickson (1966) conducted a questionnaire
survey mailed to about 300 commercial organizations,
primarily manufacturing firms. The purchasing managers of
these firms were asked to identify factors that were important
for selecting suppliers. His findings were divided into two
categories: vendor selection practices by firms and vendor
selection practices by individuals. Table 1 summarizes his
results pertaining to factors commonly used to rate potential
suppliers by firms. It identifies quality, price, and delivery as
the most critical factors in the supplier selection process.

Tablel: Factors Used In Vendor Rating Systems (Dickson, 1966)

Factor Percentage Of Systems Using The Factor
Quality 96.6
Price 93.9
Delivery 93.9
Service 81.8
Technical Capability 63.6
Financial Strength 51.5
Geographical Location 42.4
Reputation 42.4
Reciprocal Arrangements 15.1
Other Factors 12.1

Also based on the previous literatures, Criteria’s of supplier selection is as table 2: (Gharakhani 2012).

Table2: Criteria’s of supplier selection (Gharakhani 2012)

Criteria Reference
Weber, Current, & Benton (1991),Dickson (1966), Gunasekaran et al. (2001),
Prahinski& Benton
Quality (2004), Kreng& Wang (2005), Kannan and Haq (2007), Forme et al. (2007), Chang
et al. (2007),
Sevkli et al.(2008)
Rushton and Oxley (1991), Weber, Current, & Benton (1991), Christopher (1992),
Dickson (1966),
Delivery Gunasekaran et al. (2001), Prahinski& Benton (2004), Kreng& Wang (2005),
Chang et al. (2007),
Forme et al. (2007), Sevkli et al.(2008)
Service Weber, Current, & Benton (1991),Prahinski& Benton (2004), Chang et al. (2007)
Weber &Current(1993), Meade and Sarkis (2002), Noorul&Kannan(2006),
Technical/Engineering Capability Kannan and Haq (2007),
Sevkli et al.(2008)
Rejection rate Gunasekaran et al. (2001)
Lead-time Prahinski & Benton (2004), Chang et al. (2007), Sevkli et al.(2008)
Reaction to demand change Prahinski & Benton (2004), Chang et al. (2007)
Production capability Noorul & Kannan(2006), Sevkli et al.(2008)
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Dickson (1966), Prahinski& Benton (2004), Kreng& Wang (2005), Noorul &
Price Kannan(2006), Chang et
al. (2007), Sevkli et al.(2008)
Up to Date Sevkli et al.(2008)
Willingness and Attitude Ravi and Shankar (2005)
Reputation Sevkli et al.(2008)

Based on the literature on supplier evaluation and interviews with company managers, the evaluation criteria’s of this research
are defined as Quality (C1), Price (C2), Delivery (C3), Service(C4) and Technical Capability (CS5), Also three suppliers have
considered for evaluation.

3. BRIEF REVIEW OF AHP, Fuzzy AHP

3.1. Literature review of AHP

Multi-criteria decision making deals with the problem of
choosing the best alternative, that is, the one with the highest
degree of satisfaction for all the relevant criteria or goals. In
order to obtain the best alternative a ranking process is
required. Extensively adopted in MCDM, the analytic
hierarchy process (AHP) has successfully been applied to the
ranking process of decision making problems. The main
advantage of the AHP is its inherent ability to handle
intangibles, which are present in any decision making process.
Also, the AHP less cumbersome mathematical calculations
and, it is more easily comprehended in comparison with other
methods. Analytic hierarchy process (AHP) is developed by
Saaty (1982, 1988, and 1995) that is probably the best known
and most widely used MCA approach. (Cathy et al. 2004).
Also it has been extensively used as a multiple criteria
decision-making (MCDM) tool or a weight estimation
technique in many areas such as selection, evaluation,
planning and development, decision making, forecasting, and
so on (Vaidya et al., 2006).

AHP is a probably the most widely applied MCA for the
evaluation of various transport projects related to
organizational, technological, environmental and
infrastructural decision subjects (see Ferreira, 2002; Tudela et
al., 2006; Sharifi et al., 2006; Janic, 2003; Tzeng et al., 2005,
and so on). AHP is especially advantageous with respect to its
ability to decompose a complex problem into its constituent
parts and its simplicity in use (Macharis et al., 2004;
Dagdeviren, 2008; Konidari and Mavrakis, 2007). On the
other hand, AHP is often criticized with respect to the
complete aggregation of the criteria which might lead to
important losses of information (e.g., in case where trade-offs
between good and bad scores on criteria occur). Additionally,
the amount of pair-wise comparisons for the evaluation of the
alternatives in terms of their contribution to the criteria might
become substantially high (Macharis et al., 2004).Duran et al.
(2007), summarized the following advantages for AHP: (1) it
is the only known MCDM model that can mea-sure the
consistency in the decision maker’s judgments; (2) the AHP
can also help decision makers to organize the critical aspects
of a problem in a hierarchical structure, making the decision
process easy to handle; (3) pair-wise comparisons in the AHP
are often preferred by the decision makers, allowing them to
derive weights of criteria and scores of alternatives from
comparison matrices rather than quantify weights/scores
directly; (4) AHP can be combined with well-known
operation research techniques to handle more difficult
problems; (5) AHP is easier to understand and can effectively
handle both qualitative and quantitative data.
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The AHP method is based on three principles: (1)
construction of a hierarchy, (2) priority setting and (3) logical
consistency (Macharis et al., 2004). First, a hierarchy is used
to decompose the complex system into its constituent
elements. A hierarchy has at least three levels: the overall
objective or focus at the top, the (sub-) objectives (criteria) at
the intermediate levels and the considered alternatives at the
bottom (Macharis et al., 2004; Dagdeviren, 2008). Second,
the relative priorities of each element in the hierarchy are
determined by comparing all the elements of the lower level
against the criteria, with which a causal relationship exists.
The multiple pair-wise comparisons are based on a
standardized comparison scale of 9 levels; see Table 3(Saaty,
2008). The result of the pair-wise comparisons is summarized
in the pair-wise comparison matrix Table 4, where its standard
element F,.{a;,a;) indicates the intensity of the preference of
the row element (;) over the column element (al) in terms of
their contribution to a specific criterion C. Lastly, the
consistency of decision makers as well as the hierarchy can be
evaluated by means of the consistency ratio (Wang and Yang,
2007). This procedure is explained in detail in Saaty (1988).

Table 3: The Saaty scale for pair-wise comparison (Saaty,

2008)
Intensity of importance Definition
1 Equal importance
3 Moderate importance
5 Higher importance
7 Much higher importance
9 Complete dominance
2,4,6,8 Intermediate values
E E E l Reciprocals
2'3'4"""'g

Table 4: Pair-wise comparison of elements in AHP

C 3 3
a 1
[
3 F. (2. 3)
[1]
ap 1

In summary, Implementation of this technique consists of five
steps as follows: (Saaty, 1988).

1. Determining a Hierarchical Tree: AHP uses a multi-level
hierarchical structure that comprises a goal, criteria (and sub
criteria) and options.

2. Finding priority of the criteria: AHP uses a set of
pair-wise comparisons to calculate the relative weights of
importance of the criteria.

3. Scoringof options based on each criterion: in this stage
like stage 2, pair-wise comparison of options in terms of each
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criterion carry outs. Then, the ratings are normalized and
averaged.

4. Obtaining Consistency Ratio (CR): The important stage
is to obtain a CR to measure how consistent the judgments
have been relative to large samples of purely random
judgments. It is noteworthy that consistency ratio should
calculate for each of pair-wise comparisons. The CR should
be <0.1. It means that, if the CR is much in excess of 0.1, the
judgments are untrustworthy and the pair-wise comparison is
valueless and it must be repeated.

5. Calculating the final score: Finally, the option scores are
combined with the criterion weights to make a final score for
each option.

Sometimes, there are two or more decision makers (DMs). So,
geometric mean method should be used to aggregate
individual judgments.

3.2. Literature review of Fuzzy AHP

AHP is widely used for multi-criteria decision making and has
successfully been applied to many practical problems (Saaty,
1980). In spite of its popularity, this method is often criticized
for its inability to adequately handle the inherent uncertainty
and imprecision associated with the mapping of the DM’s
perceptions to exact numbers. Traditional AHP requires exact
or crisp judgments (numbers). However, due to the
complexity and uncertainty involved in real world decision
problems, decision makers might be more reluctant to provide
crisp judgments than fuzzy ones. Furthermore, even when
people use the same words, individual judgments of events
are invariably subjective, and the interpretations that they
attach to the same words may differ. Moreover, even if the
meaning of a word is well-defined (e.g., the linguistic
comparison labels in the standard AHP questionnaire
responses), the boundary criterion that determines whether an
object does or does not belong to the set defined by that word
is often fuzzy or vague. This is why fuzzy numbers and fuzzy
sets have been introduced to characterize linguistic variables.
A linguistic variable is a variable whose values are not
numbers but words or sentences from a natural or artificial
language. Linguistic variables are used to represent the
imprecise nature of human cognition when we try to translate
people’s opinions into spatial data. The preferences in AHP
are essentially human judgments based on human perceptions
(this is especially true for intangibles), so fuzzy approaches
allow for a more accurate description of the decision-making
process (M.-F.Chen et al. 2008). A number of methods have
been developed to handle fuzzy AHP.

Decision making expert systems are often complex and
multifaceted. In recent years, tools for modeling decision
making have improved significantly, and multi-criteria
decision making (MCDM) models are widely considered to
be very useful in resolving conflicts related to the decision
making process. Since Bellman and Zadeh (1970) developed
the theory of decision behavior in a fuzzy environment,
various methods have been developed for handling
multi-criteria decision making systems (Beynon, et al. 2001;
Chen et al. 2005; Chen et al. 2010; Chen et al. 2009; Fu, 2008;
Hua et al. 2008; Kahraman et al. 2009; Kwon et al. 2004;
Kwon et al. 2007; Lin et al. 2007; Mikhailov, 2003; Tacker et
al. 1991; Yager, 1991, 1992).

In the literature, several approaches to fuzzy AHP have been
proposed by various authors. The first method was proposed
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by Van Laarhoven and et al. (1983). In this method, elements
in the reciprocal matrix were expressed by triangular fuzzy
numbers. In contrast, Buckley (1985), used trapezoidal
numbers to determine fuzzy comparison ratios. He criticized
Laarhoven and Pedrycz’s method since linear equations do
not always yield a unique solution, and this method is only
valid for triangular fuzzy numbers. Bounder et al. (1989),
pointed out an error in the method of Laarhoven and Pedrycz,
and showed how it can be corrected. Mohanty and Singh
(1994), introduced a procedure for solving an AHP problem
in a fuzzy environment. (Ruoning et al. 1992), discussed the
extensions of AHP to fuzzy environments and presented a
procedure for constructing the fuzzy judgment matrix. Their
subsequent paper, continues the discussion and goes further
into the problem of extracting the fuzzy weights from the
fuzzy judgment matrix by the logarithmic least squares
method, which is one of the main ranking methods in
AHP(Ruoning et al. 1996). Chang (1996), proposed a method
that uses triangular fuzzy numbers for the pair-wise
comparison scale of fuzzy AHP and extent analysis for the
synthetic extent values of pair-wise comparisons. Gogus and
Boucher (Gogus et al. 1997) presented some results and
extensions of the use of fuzzy pair-wise comparisons in
multi-criteria decision analysis. In another paper, Gogus et al.
1998 defined strong transitivity and weak monotonicity for
fuzzy pair-wise comparison matrices. Deng (1999) presented
a simple and straightforward fuzzy approach to qualitative
multi-criteria analysis problems. Zhu et al. (1999), proved the
basic theory of triangular fuzzy numbers and improved the
criteria for comparing the sizes of triangular fuzzy numbers.
Ruoning (2000), dealt with the question of estimating the
weights of factors by least squares from a fuzzy judgment
matrix. Mikhailov  (2000) proposed a new Fuzzy
Programming Method, based on a geometrical representation
of'the prioritization process. Csutora et al. (2001), presented a
new method of finding the fuzzy weights in fuzzy hierarchical
analysis, which is the direct fuzzification of the kmax method.
Buckley et al. (2001), presented a new method of finding the
fuzzy weights. By applying the properties of goal
programming (GP) to treat a fuzzy AHP problem, Yu (2001),
incorporated an absolute term linearization technique and a
fuzzy rating expression into a GP—AHP model for solving
fuzzy AHP problems in group decision-making. Mikhailov
(2003) proposed a new approach to deriving priorities from
fuzzy pair-wise comparison judgments, based on an a-cuts
decomposition of the fuzzy judgments into a series of interval
comparisons. Encact al. (2004) presented an approach based
upon a fuzzy extension of the AHP. This paper focuses on the
constraints that have to be considered within fuzzy AHP in
order to take into account all the available information. This
study demonstrates that more certain and reliable results can
be achieved by considering all the information derived from
the constraints. Kulak et al. (2005) dealt with a multi-attribute
transportation company selection for effective supply chain
using both fuzzy multi-attribute axiomatic design and fuzzy
AHP. Erensal et al. (2006), used the fuzzy AHP to analyze the
links between competitive advantages, competitive priorities
and competencies of a firm in the context of technology
management. Golecet al. (2007), presented a comparative
study to establish complex fuzzy methodologies in evaluating
the performance of a manufacturing system and showed that
fuzzy AHP leads to the best result.
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3.3. Fuzzy AHP stepwise procedure
Fuzzy AHP uses fuzzy set theory to express the uncertain comparison judgments as a fuzzy numbers. The main steps of fuzzy
AHP are as follows:

Step1: Structuring decision hierarchy, Similar to conventional AHP, the first step is to break down the complex decision making
problem into a hierarchical structure.

Step2: Determination of Fuzzy Pair-wise Matrix as below:

Cy C; C,
C, | (LL1) (317,38, af) w | (31, 955, 38)
C, |iad,.a®.a%) [ (LLL) v | (3hg. 35 38)
':l:nl (3ms. 3 ame) | (3mg.app.ams) | - (L1.1
That: {a,],a,],a,]} = _'-’F’F

ji i ji
Consider a prioritization problem at a level with n elements, where pair-wise comparison judgments are represented by fuzzy
n(n-1j

triangular numbers 3y = (lj;,my;, 10;;). As in the conventional AHP, each set of comparisons for a level requires

judgments, which are further used to construct a positive fuzzy reciprocal comparison matrixZ = gj;such that:

By i,__u]
By v By
Step3: Determination of composed Fuzzy column Matrix as:
Cy C; o | Gy §j
C. | (1D LB a8) | | (Al |2 — (LeRal)
G ':3]:143:@L431:‘11:] (1.1.1) {alzu,z?u,a?u:] 5 ':51451 .51)
Crn {3}:11:321:316111:] {a],n:,agz,agj;:] - | (L1 = {SmJSmJSm
That:
5, = (sisPusp) =
“-11.1.4'“-11:—---—“-11” afl+afl_ . ef Al +8( . AT
Ein'=1Ejn'=1=‘ij ! 1 1Ejn 151"1 ! I 1Ejn 1 |T
€))
Step4: Determination of composed Crisp column Matrix based on value degree as:
Cy Cy Cn f _ ]
G | (111 (aig.3%.3%;) o | (aip.afy.aly) | 5= ':5:_4 s151) 53
Cz | (apy.ay.afs) (1.1.1) (d-usd-usd-u] §1 — (35757 o
Crn {3}:11:?1%1:316111:] {a],n:,agz,agﬂ:] ':LL]-:] m = (S5 5m) | 5o
With
VL:(0,0.5,2); L(123) ML(2354) M:(4,5,6); MH (5,6.5,8); H:(7,8,9); VH (8,9.5,10)
: :P-]'J
Vi = B)= by—a, . 2
lam—ayl—(bm-1b1) rels
ViZ=BC0.)-Min{v(i=B)v(E=C) v(E=0).}=«a
V(E> ACD..)~Min{v(g = Z).V(E > &) v(E > ).} =8
Vi = AB0, . )~Min{v(t = E)VE =) Vv(C =D)...) =+
Vil = Z8C . )=Min{v(D = Z),v(D = B)v(D =C),..3 =4
That:
— g == —. —_F — e =
51T 57 a+B+y+h] 2 = %8 a+Bry+r” S2=5C =
¥ L}
a+B+y+h” 54757 o+ B+y+A
3

Step5: Consistency check and deriving priorities and Weighting & Ranking. This step checks for consistency and extracts the
priorities from the pair-wise comparison matrices. In existing fuzzy AHP methods, only a few past studies have addressed the
issue of checking for inconsistencies in pair-wise comparison matrices. According to Buckley (1985), a fuzzy comparison
matrix & = gjjisconsistent ifdy, ¢ 3y & &; wherel, ji. k = 1.2, ... n and@isfuzzy multiplication, and & denotes fuzzy equal
to. Oncethe pair-wise comparison matrix, 4, passes the consistencycheck, fuzzy priorities #;can be calculated with conventional
fuzzy AHP methods. Then, the priority vector{w,,w;, ...,w,)Tcan be obtained from the comparisonmatrix by applying a
prioritization method. Briefly, stages of Consistency check is as below:

Stagel: deviation the fuzzy triangular matrix to tow matrix as;

Interval numbers of triangular judgments: 4™ — [:1,_1,-_]
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Geometric average of upper and low limits of triangular numbers: A% = o B
Stage2: Calculating of weight vector for each matrix using saaty’s method as below:

1|"'|'ri|:|--' = ﬁz;;lrpg'ij:. : ?urlil'.l = [v.rlm] (4)
Lij=1%ijm
e_tyn _PRSTL ye e
irl"'ri T n ]=lzin=1 '\.:m, Ws = [vprl] (5)

Stage3: Calculating the biggest of specific amount for each matrix as below:
. W
Mpex = ;281 Zfy 2ijm () (6)
E len n ———— “rjg
Kmax = ;2721 Ziz1 4 3iju i1 (e) 7
Stage4: Calculating of consistency index using the relations:

[ -n

CI m_iig ax—10) .01 F_

max (8)
n—1 n-—1
Stage5: Calculating of consistency rate using the relations:
mzﬂ E:E_[S
CR m— CR - )

If both of indexes were less of 0.10, Then fuzzy matrix is consistent, and if they were most of 0.10, then decision makers should
revise the prioritization, and if one of these indexes were most of 0.10, then decision makers should revise the interval amounts
of triangular judgments (Buckly, 1985).

4. Data Analysis

4.1. Calculating the Criteria’s Weights of Suppliers Evaluation using Fuzzy AHP

Stepl: Now we use fuzzy AHP to evaluate the suppliers (Alternatives: three suppliers) of Abzarsazi Company in Iran according
to the five criteria’s. For this purpose, in first we calculate the Criteria’s Weights.

So, set up the analytic hierarchy model of the supplier’s evaluation as figurel:

Ranking the Suppliers

Technical
Capability

Supplier 2 Supplier 3

Supplier 1

(A2) (A3)

(A

Figurel. The hierarchy model of the supplier’s evaluation

Step2: Next, we give the geometric Fuzzy Pair-wise Matrix for Suppliers evaluation. On the other hand, in this step, a
questionnaire prepared and twelve experts completed it with linguistic variables. To convert the fuzzy linguistic variables to
fuzzy number can use the table5:

Table 5: Linguistic variables for paired comparison criteria

VL (Very low) 0 (; 2

L (Low) 1 2 3

ML (Medium Low) | 2 35 4

M (Medium) 4 |5 6
MH (Medium High) | 5 2 8
H (High) 7 |8 9
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VH (Very High) 8

9.
5

10

Finally, the geometric fuzzy pair-wise matrix is calculated as figure?2.

Step3: Next, we calculate the composed Fuzzy column Matrix

ki
c; | 0.01 | 0.25 0.41
£, | 0.01 | 035 0.49
£z | 0.00 | 0.15 0.24
£y, | 0.00 | 0.23 39.22
€z | 0.00 | 0.02 0.03

Figure3. The composed Fuzzy column Matrix

in excel software as figure3:

Step4: In this step, we determinate the composed Crisp column Matrix based on value degree as figure4:

Criteria’s Cl1 C2 C3 C4 C5
Cl 1 1 | 0.696463 | 0.999329 | 0.092892
C2 0.812904 | 1 | 0.544446 | 0.996986 | 0.061244
C3 1 1 1 1 0.167957
C4 1 1 | 0.756384 1 0.108786
C5 1 1 1 1 1
V(Ci>C1,2,C3,C4,C5) | 0.812904 | 1 | 0.544446 | 0.996986 | 0.061244

Figure4. The composed Crisp column Matrix based on value degree

Step5: Consistency check and deriving priorities and Weighting as figure5:
In this paper, Fuzzy AHP is implemented in the software Excel. Calculated consistency ratio by software is 0.04 and 0.03 for
tow indexes, next that represents the relative consistency of decision makers' judgments.

Criteria’s €y Cq y €y _Ls —
Quality Price Delivery | Service | Technical Capability
Weight 0.238 0.29278 0.1594 0.29189 0.01793
Rank 3 1 4 2 5

Figure5. The Weighting of Criteria’s

4.2. Ranking the Alternatives According to Weights of Criteria’s using Fuzzy AHP

Now we use fuzzy AHP to rank the suppliers (Alternatives: three suppliers) of Abzarsazi Company in Iran according to the five

criteria’s as below steps:

Step1: First, we give the geometric Fuzzy Pair-wise Matrix of alternatives base on criteria’s. For example the geometric Fuzzy

Pair-wise Matrix of alternatives according to criteria 1 is as below:

Geometric (C1) Al A2 A3
Al 1.00 | 1.00 | 1.00 | 2.00 | 3.27 | 4.16 | 6.26 | 7.47 | 8.65
A2 024 | 031 | 050 | 1.00 | 1.00 | 1.00 | 7.32 | 847 | 9.32
A3 0.12 | 0.13 | 0.16 | 0.11 | 0.12 | 0.14 | 1.00 | 1.00 | 1.00

Figure6. The geometric Fuzzy Pair-wise Matrix base on C1
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Cl C2 C3 Cc4 C5
Cl 1(')0 1(')0 1.00 1.00 | 2.00 | 3.00 4(')0 5(')0 6.00 0.00 | 0.50 | 2.00 7(')0 8(')0 9.00
C2 0:'33 O(')S 1.00 1.00 | 1.00 | 1.00 7(')0 8(')0 9.00 2.00 | 3.50 | 4.00 8(')0 965 1%0
C3 0&1 O(')z 0.25 0.11 | 0.13 | 0.14 1(')0 1(')0 1.00 0.00 | 0.50 | 2.00 7(')0 8(')0 9.00
Cc4 0(')5 2(')0 10%0'0 0.25 | 0.29 | 0.50 O(')S 2(')0 1000.00 | 1.00 | 1.00 | 1.00 8(')0 9(')5 1%0
© Oil Oél 0.14 0.10 | 0.11 | 0.13 Oil Oél 0.14 0.10 | 0.11 | 0.13 160 160 1.00
Figure2. The geometric Fuzzy Pair-wise Matrix
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Step2: Next, we calculate the composed Fuzzy column Matrix in excel software as figure7:

Cl Si

Al | 036 | 052 | 0.73
A2 | 033 | 043 | 0.57

A3 ] 0.05 | 0.05 | 0.07
Figure7. The composed Fuzzy column Matrix
Step3: In this step, we determinate the composed Crisp column Matrix based on value degree as figure8:

Cl Al A2 A3
Al 1 0.710737 | -1.683201
A2 1 1 -2.32808
A3 1 1 1
V(Ai>A1,A2,A3) 1 0.710737 | -2.32808

Figure8. The composed Crisp column Matrix based on value degree

Step4: Consistency check and deriving priorities and Weighting as figure9:
In this paper, Fuzzy AHP is implemented in the software Excel. Calculated consistency ratio by software is 0.05 and 0.04 for
tow indexes, next that represents the relative consistency of decision makers' judgments.

Cl Al A2 A3

Weight -1.619845 -1.151283 3.771128
Figure9. The Weighting of Alternatives

Such, the composed crisp column matrix based on value degree and weighting of alternatives according to C2, C3, C4, C5 are
as figures (10-13):

C2 Al A2 A3
Al 1 1 0.350197
A2 0.89476 1 0.198218

A3 1 1 1
V(Ai>A1,A2,A3) | 0.89476 1 0.198218
Weight 0.427506 | 0.477788 | 0.094706

Figure10. The composed crisp column matrix based on value degree and weighting of alternatives

C3 Al A2 A3
Al 1 1 0.81515
A2 0.7309 1 0.573371
A3 1 1 1
V(AI>A1,A2,A3) 0.7309 1 0.573371
Weight 0.317193 | 0.433977 | 0.24883
Figurel1. The composed crisp column matrix based on value degree and weighting of alternatives
c4 Al A2 A3
Al 1 0.803941 | 0.034949
A2 1 1 0.040357
A3 1 1 1
V(AI>A1,A2,A3) 1 0.803941 | 0.034949
Weight 0.543807 | 0.437188 | 0.019005
Figurel2. The composed crisp column matrix based on value degree and weighting of alternatives
C5 Al A2 A3
Al 1 0.850342 | 0.01925

21 www.ijerm.com



International Journal of Engineering Research And Management (IJERM)
ISSN : 2349- 2058, Volume-01, Issue-08, November 2014

A2 1 1 0.004652
A3 1 1 1

V(Ai>A1,A2,A3) 1 0.850342 | 0.004652

Weight 0.539085 | 0.458407 | 0.002508

Figure13. The composed crisp column matrix based on value degree and weighting of alternatives

Finally, scoring and ranking of alternatives is as figurel4:

Alternatives Score Rank
Al -0.05595 3
A2 0.062754 2
A3 0.993193 1

Figurel4. Final ranking of alternatives

For example the score (0.062754) of A2 is calculated as

below:

0.243564

0.062754 = (0.243564 = —1.151283) + (0.256314 x 0.477788) + (0.186953 = 0.433977)
+ (0.183003 x 0.437188) + (0.125076 x 0.453407)

CONCLUSION

Supply chain management is an important concept and
discipline which enables business partners to integrate
products and services effectively and to build long-term
relationships. SCM can be extensively defined as
effective coordination on material, product, delivery,
payment, and information flows between enterprises and
trading partners (Wu and Chuang , 2010). Supplier
Evaluation is of increasing importance for companies
and their further business development due to the fact
that companies are concentrating on their core
competencies.

In this study, we first identified the evaluation criteria’s of
suppliers through the research literature. In finally, the
suppliers of Abzarsazi industries in Iran are ranked using
Fuzzy AHP.
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