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Abstract

Purpose — An appropriate system for analysing performance of supply chains is an important
requirement for the effective utilization of the supply chains. The purpose of this paper is to develop
a conceptual model for the task of analysing the performance of members of supply chains.
Design/methodology/approach — A thorough literature review of the methodologies proposed
earlier by various authors has been made. In this paper a multi criteria decision-making (MCDM)
framework comprising of two MCDM approaches is proposed for analysing performance of supply
chain members.

Findings — Performance analysis of members of supply chain and the process of decision making
based on the outcome of the analysis is a MCDM process. Since human judgements are often vague,
the application of fuzzy concepts is appropriate for analysing the performance of supply chains.
The framework proposed in this paper was validated in a company manufacturing textiles.
Research limitations/implications — The methodologies proposed are of great use for large- and
medium-sized enterprises. However, small organizations may not be able to allot enough resources to
implement the methodologies proposed.

Practical implications — The framework developed can be applied for undertaking a comparative
analysis of performance of members of supply chains. It can also be applied for the process of
incorporation of new members into the supply chain.

Originality/value — Very few methods are available for analysing the performance of supply chains
and the subject remains an under researched one. The major contribution of this paper is that it
proposes a new framework.

Keywords Total quality management, Performance measurement, Competitive strategy,

Customer services quality, Supply chain management, Business excellence

Paper type Research paper

1. Introduction

Supply chain is a network consisting of customers, retailers, wholesalers, manufacturers,
suppliers and service providers (Hugos, 2003). The primary aim of supply chain is to
maximize the overall value generated. Although there are many definitions in the
literature, supply chain management (SCM) is primarily concerned with managing
relationships with suppliers and customers in order to deliver the best customer
value at the lowest cost (Stevens, 1989).

SCM emphasises effective and efficient flows of both information and physical items
to meet customer requirements starting from the source of supply of raw materials
through to the consumption of the product by the end customer. A periodic monitoring
of the two flows through the supply chain network is very essential for smooth and
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efficient functioning of the network (Pagell, 2004; Power, 2005). The management of
these flows requires close collaboration among the different parties in the supply chain,
including raw materials suppliers, manufacturers, distributors and retailers in order to
achieve the ultimate goal of satisfying customer requirements and reducing costs.
Efficiency and effectiveness in a supply chain network initially ensures sustainability
and then profitability, growth and competitiveness (Chen et al., 2004; Tracey et al. 2005;
Li et al, 2006).

Highly competitive environments require that supply chain managers respond
quickly to competitive challenges, inventory shortages, customer complaints, inaccurate
order processing and unreliable transport situations (Smith ef al, 2005). In modern
business environments characterized by ever increasing competition and economy
globalization, manufacturers have been exploiting innovative technologies and
strategies to achieve and sustain competitive advantage (Chandra and Kumar, 2000).
Manufacturers face an increasing pressure of customers’ requirements in product
customization, quality improvement and demand responsiveness. On the other hand,
they need to reduce production cost, shorten lead times and lower inventory levels to
ensure profitability. In order to survive under these pressures, more and more enterprises
are striving to develop long-term strategic partnerships with a few competent supply
chain partners and collaborate with them in product development, inventory control,
distribution and non-core process outsourcing (Chan and Qi, 2003).

The successful and efficient functioning of an organization is greatly influenced by
the degree of efficiency of performance of the supply chains the organization is
employing both for procuring raw materials and for transporting and distributing
finished products. Hence, it is absolutely necessary that every organization constantly
analyse and monitor the performance of the different supply chains the organization
1s making use of for getting raw materials and for distribution of finished products
(Chan, 2003).

Performance analysis can provide important feedback information to enable supply
chain managers to monitor implementation, reveal progress, enhance communication
and diagnose problems. It can also provide insights about the effectiveness of the
systems in place and procedures practiced, and help to identify success and potential
opportunities. It can facilitate inter understanding and integration among the supply
chain members. It can make an indispensable contribution to decision making in SCM,
particularly in redesigning business goals and strategies, and in reengineering
processes (Sharma and Bhagwat, 2007).

Performance analysis can also aid benchmarking activities in the organization.
Benchmarking is the search for industrial best practices that lead to superior
performance (Camp, 1989). Pioneered by Xerox, benchmarking has been widely adopted
by companies as an improvement initiative (Port and Smith, 1992). Organizations
operating in the industrial service business tend to imitate the best practices in the
industry in order to stay competitive. This requires organizations to closely monitor
changes in the environment, evaluate new technologies and best practices (Parast and
Adams, 2012). Benchmarking has gained increased popularity in the last couple of
decades, especially since its inclusion within the Malcolm Baldrige Award criteria
(Sarkis and Talluri, 2004). Performance analysis and benchmarking are seen as integrative
approaches, whereby the performance analysis acts as the source of information for
benchmarking activities (Seol et al, 2007).

As an indispensable management tool, performance analysis can provide the
necessary assistance for performance improvement in pursuit of supply chain
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excellence. However, many critical drawbacks pervert the existing performance
analysis methods from making a significant contribution to the development and
improvement of supply chains. The major drawbacks with the existing methods are as
follows: incapable to capture holistic aspects, lack of suitability to the different levels of
measurement, complexity in methods, requirement of intricate details, inadequate to
capture vagueness in human judgement, etc. It is necessary to build a suitable
framework which can take into account the commonalities of practical supply chains
when analysing performance.

Due to the vagueness of decision data especially for intangible aspects, the crisp
data are inadequate for organizational decision making. Since human judgements
including preferences are often vague and cannot be expressed by exact numerical
values, the application of fuzzy concepts in performance analysis is the appropriate option.
Furthermore we found TOPSIS (Technique for Order Preference by Similarity to Ideal
Solution) and VIKOR (the Serbian name: ViseKriterijumska Optimizacija I Kompromisno
Resenje) have most desirable properties which address few challenges mentioned above
such as robustness, capable to capture holistic aspects, suitability at different levels, simple
to use and easy to implement. We developed a novel framework for the task of analysing
the performance of member firms of supply chains by integrating the fuzzy logic the
TOPSIS and the VIKOR. We also validated the framework in a textiles manufacturing
company to demonstrate the feasibility and practicability of the framework.

The following sections of the paper are organized as follows. Performance analysis
approaches used in supply chains are discussed in Section 2. The fuzzy approach to
decision-making problems is discussed in Section 3. The conceptual basis of TOPSIS,
extension of TOPSIS in fuzzy environment and the detailed procedural steps for applying
the fuzzy TOPSIS approach for multi criteria decision-making (MCDM) problems are
explained in Section 4. Similarly, the conceptual basis of VIKOR, extension of VIKOR in
fuzzy environment and the detailed procedural steps for applying the fuzzy VIKOR
approach for MCDM problems are explained in Section 5. The proposed framework for
analysing the performance of individual members of supply chains is discussed in Section
6. The implementation of the proposed framework in a company from the textiles industry
is illustrated in Section 7. Findings and recommendations are discussed in Section 8.
Finally in Section 9, the paper will be ended with a conclusion.

2. Supply chain performance analysis approaches

From a global point of view, a system for performance analysis can be seen as a multi
criteria instrument, made of a set of performance expressions, i.e. physical measures as
well as performance evaluations, to be consistently organized with respect to the
objectives of the organisation. A system for analysing performance is defined with respect
to a global objective and at the end, provides one or a set of performance expressions in
order to quantify the satisfaction of this objective. Generally, the considered global
objective is broken down into elementary ones along organizational levels while the
elementary performance expressions associated to the broken down objectives can be
aggregated, providing information about the global satisfaction. This aggregation model
can be a support for decision making (Berra et al, 2000; Cliville et al, 2007).

2.1 Beamon’s supply chain performance indicators
Beamon (1999) identified and evaluated various individual supply chain performance
indicators and proposed that resource, output and flexibility are vital components to
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the success of supply chain. The resource measures refer to such performance measures
as total cost, distribution cost, inventory and return on investment. Output measures
include customer responsiveness, the quality and quantity of final products. Flexibility
measures refer to volume flexibility, delivery flexibility, mix flexibility and new product
flexibility. In Beamon’s framework, resource utilization and flexibility measurement has
been emphasised. However, the value increase in supply chain is not emphasised enough.

2.2 Supply chain performance metrics

Gunasekaran et al. (2001) brought out a detailed list of the performance measures and
metrics of SCM with the help of a framework that gives cohesive picture to address
what needs to be measured and how it can be dealt with. The metrics discussed in this
framework are classified into strategic, tactical and operational levels of management.
These metrics are also distinguished as financial and non-financial so that a suitable
costing method based on activity analysis can be applied.

Gunasekaran et al. (2004) pointed out that individual firms will have performance
measurement needs that reflect the unique operations of their business and it was
suggested that other measures desirable should be developed by firms and supply
chain participants to reflect their unique needs.

2.3 Supply chain operations reference (SCOR) model

Supply Chain Council (1996), developed the SCOR model in 1996. In SCOR it is important
to quantify the operational performance of similar companies and establish internal
targets based on “best in class” results, e.g. supply chain operation performance analysis.
SCOR proposed two dimensions of analysis: customer facing and internal facing.
In customer facing dimension, reliability, responsiveness and flexibility are measured.
Performance metrics include delivery performance, fill rate, perfect order fulfillment, order
fulfillment lead time, supply chain response time and production flexibility. In internal
facing dimension, costs and assets are measured. Performance metrics include cost of
goods sold, value added productivity, warranty cost or returns processing cost, cash to
cash cycle time, inventory days of supply and asset returns. Due to the complexity of the
methodology suggested, very few industries implemented the model.

2.4 Balanced score card approach

Kaplan and Norton (1992) proposed the balanced score card (BSC), as a means to evaluate
corporate performance from four different perspectives: the financial, the internal business
process, the customer and the learning and growth. Bhagwat and Sharma (2007) applied
the BSC to analyse the performance of supply chains. The various supply chain metrics
developed by Gunasekaran et al. (2001) were grouped into the four different perspectives
of BSC. They recommended that the perspectives should be revised periodically and
updated as necessary. The measures included in the given BSC should be tracked and
traced over time and integrated explicitly into the strategic SCM process. This method
suffers from the limitation that it is very cumbersome to collect all data relevant to the
supply chain from the different work and cost centres and to consolidate them.

2.5 Analytic ierarchy process (AHP)

The AHP proposed by Saaty (1980) is a systematic procedure for representing the
elements of any problem, hierarchically. AHP uses pair-wise comparison of the same
hierarchy elements in each level (criteria or alternatives) using a scale indicating the
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importance of one element over another with respect to a higher level element. AHP enjoys
the advantages of being a simple and easy to implement method. However, it suffers from
limitations like the rank reversal problem and limitation in the use of the nine point scale.
Chan (2003) adopted the AHP for analysing the performance of supply chains and made
use of Expert Choice (1999), the commonly used AHP software for this purpose. Chan and
Qi (2003) developed a fuzzy AHP for analysing the performance of supply chains. They
employed a geometric scale of triangular fuzzy numbers to quantify the comparison ratios
of AHP. Sharma and Bhagwat (2007) proposed an integrated BSC — AHP approach which
aimed to analyse the performance of supply chain from the following four perspectives:
finance, customer, internal business process, and learning and growth.

Performance analysis of members of supply chain and the process of decision
making based on the outcome of the analysis is a MCDM process. In this paper
a MCDM framework is proposed for analysing the performance of individual members
of supply chains. The framework comprises of two approaches. The first approach is
based on the fuzzy logic and the TOPSIS and the second approach is based on the fuzzy
logic and the VIKOR. The proposed framework has also been implemented in a textiles
manufacturing company for analysing the performance of the supply chain members.

Decision makers usually are more confident making linguistic judgements than
crisp value judgements. This phenomenon results from the inability to explicitly state
their preferences owing to the fuzzy nature of the comparison process. The linguistic
expressions of fuzzy theory are regarded as natural representations of preferences or
judgements. Characteristics such as satisfaction, fairness and dissatisfaction indicate
the applicability of fuzzy set theory in capturing the preference structures of decision
makers, while fuzzy set theory aids in measuring the ambiguity of the concepts
associated with subjective human judgements (Asady and Zendehnam, 2007).

The TOPSIS proposed by Hwang and Yoon (1981), is capable of ranking a finite
number of feasible alternatives in order of preference according to the features of each
attribute of every alternative. The basic concept of TOPSIS technique is that the
selected alternative will have the shortest Euclidean distance from the ideal solution
and the farthest Euclidean distance from the anti ideal solution. The VIKOR developed
by Opricovic and Tzeng (2002 and 2004) for multi criteria optimization of systems,
focuses on ranking and selecting from a set of alternatives, and determines compromise
solutions for a problem with conflicting criteria. Both TOPSIS and VIKOR have good
conceptual basis and are simple to learn, understand and implement. In the case of both
the methods, the procedural steps are less time consuming with or without the use of
computers and hence the proposed framework can be a very convenient tool for practicing
managers to carry out the performance analysis of members of supply chains.

3. Fuzzy approach

Expressions such as “not very clear”, “probably so” and “very likely” are often
encountered in real life as well as organizational situations, and more or less represent
some degree of uncertainty of human assessment. In order to deal with vagueness of
human thought, Zadeh (1965) first introduced the fuzzy set theory. A fuzzy set is a class
of objects with a continuum of grades of membership. It is a set with a smooth
boundary. Such a set is characterized by a membership function which assigns to each
object a grade of membership ranging between zero and one (Zadeh, 1965). A fuzzy set
1s an extension of a crisp set. Crisp sets only allow full membership or non-membership
at all, whereas fuzzy sets allow partial membership. In other words, an element may
partially belong to a fuzzy set (Ertugrul and Karakasoglu, 2006).
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Fuzzy sets and fuzzy logic are powerful mathematical tools for modelling uncertain
systems in industry, nature and humanity; and facilitators for commonsense reasoning
in decision making in the absence of complete and precise information. Fuzzy logic
provides numerical information on the situation where there is no certainty and it helps
to get more realistic results on defining the existence of a relation in between (Gunari
et al., 2009). Their role is significant when applied to complex phenomena not easily
described by traditional mathematical models, especially when the goal is to find a good
approximate solution (Bojadziev and Bojadziev, 1998). Fuzzy sets theory providing a more
widely frame than classic sets theory, has been contributing to capability of reflecting real
world (Ertugrul and Tus, 2007). Modelling using fuzzy sets has proven to be an effective
way for formulating decision problems where the information available is subjective and
imprecise (Zimmermann, 1992). Fuzzy sets also provide the flexibility required to
represent and handle the uncertainty and imprecision resulting from a lack of knowledge
or ill-defined information.

A linguistic variable is a variable whose values are not numbers, but words or
sentences in a natural or artificial language. In other words, they are variables with lingual
expression as their values (Zadeh, 1975; Dombi and Gera, 2005). As an illustration, age is
a linguistic variable if its values are assumed to be fuzzy variables labelled young, not
young, very young, not very young, etc., rather than the numbers 0,1,2,3, etc. The concept
of a linguistic variable appears as a useful means for providing approximate
characterization of phenomena that are too complex or ill defined to be considered in
conventional quantitative terms (Zadeh, 1975).

A set in classical set theory always has a sharp boundary because membership in
a set is a black and white concept — an object either completely belongs to the set or
does not belong to the set at all (Yen and Langari, 2006). In the classical set theory, the
truth value of a statement can be given by the membership function as p4(x):

1 if x€A,
ﬂA(x)z{O if xéA.

Fuzzy numbers are a subset of real numbers and they represent the expansion of the
idea of a confidence interval. A fuzzy set A in a universe of discourse X can be defined
mathematically by a membership function yu; (x) which assigns each element x in the
universe of discourse X, a real number in the mterval [0,1]. The function value u; 7 (x) 1s
termed the grade of membership of x in A. The nearer the value of u; ;3 (%) to unity, the
higher the grade of membership of x in A (Kaufmann and Gupta, 1991).

Due to their conceptual and computation simplicity, triangular fuzzy numbers are
useful in promoting representation and information processing in fuzzy environment.
A triangular fuzzy number A can be defined by a triplet (@, b, ¢). The membership
function pj (x)is defined as:

=
|

e g<x<bh

, b<x<c )]
otherwise

il
[

i
S

pa(x) =

S

L

where a, b, ¢ are real numbers and ¢ < b < ¢. The value of x at b gives the maximal
grade of uj(x), ie. u;(x) = 1; it is the most probable value of the evaluation data.
The value of x at a gives the minimal grade of u;(x), ie. pj(x) = 0; it is the least
probable value of the evaluation data. Constants @ and ¢ are the lower and upper
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bounds of the available area for the evaluation data. These constants reflect the
fuzziness of the evaluation data. The narrower the interval [¢,c], the lower is the fuzziness
of the evaluation data.

The distance between two triangular fuzzy numbers can be calculated by vertex
method:

dy = \/ @ ot a0y @

Basic arithmetic operations on triangular fuzzy numbers A;=(a;, by, ¢1), where
a1 < b1 < cp, and As = (as, bs, ¢o), Where as < by < ¢o, can be shown as follows:

Addition: A; ® Ay = (a1 +as, by +bs, ¢1+c2) &)

Subtraction: A1®Ay = (a1—c2, bi—ba, c1—as) @)

Multiplication: if % is a scalar:

b A (kay, kba, key), k>0
O A=Y (kev, kb, kay), k<0 6)

A1 ® Az = (a1az, b1ba, c1¢2), if @120, a0 ©6)

ar b o

Division: A1¢pAs = | —,—, —
vision: A1¢pA, <C2 by 4o

), if 4130, >0, (7)

Although multiplication and division operations on triangular fuzzy numbers do not
necessarily yield a triangular fuzzy number, triangular fuzzy number approximations
can be conveniently used for many practical applications (Kaufmann and Gupta, 1998;
Asady and Zendehnam, 2007). Triangular fuzzy numbers are appropriate for quant1fy1ng
the vague information about most decision problems. The primary reason for using
triangular fuzzy numbers can be stated as their intuitive and computational
efficient representation (Karsak, 2002). The evaluators can be asked to conduct their
judgements, and each linguistic variable can be indicated by a triangular fuzzy number
within a scale range (Wu ef al., 2009).

4. Hybrid approach 1 - fuzzy TOPSIS

4.1 TOPSIS

Hwang and Yoon (1981) introduced the TOPSIS for solving the MCDM problems.
Different competing alternatives are sorted in decreasing order of closeness coefficient
which is calculated with respect to distance of a given alternative from both positive
and negative ideal solution concurrently. The basic principle is that the chosen
alternative should have the shortest distance from the positive ideal solution and
the farthest distance from negative ideal solution (Abo Sinna and Amer, 2005;
Jahanshahloo et al., 2006; Shih et al., 2007).
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The procedure of TOPSIS can be expressed in a series of steps (Sen and Yang, 1998;
Olson, 2004; Yang and Hung, 2007):

(1) Normalise the decision matrix: the normalization of the decision matrix is done
using the following transformation for each 7;:

Vi=—————i=1...m7=1,...,m ®

\/ Dkt xij
Multiply the columns of the normalized decision matrix by the associated weights.
The weighted and normalized decision matrix is obtained as:

Vi=wyxvpi=1..,nj=1..,m 9

where w; represents the weight of the jth criterion.
(2) Determine the ideal and negative ideal alternatives: the ideal and negative ideal
alternatives are determined, respectively, as follows:
A* = {of, 05, Lok b = {(maxjv;|jeQy;), (minjvg;|jeQ) } (10)

o Em

A™ = {vr,v;,...,v,,} = {(minjv;|jeQ), (maxjv;|jeQ,) } 11

where Q is the set of benefit criteria and Q. is the set of cost criteria.
(3) Obtain the distances of the existing alternatives from ideal and negative ideal
alternatives: the two Euclidean distances for each alternative are, respectively,
calculated as:

Do

aF =30 (=) i=1om (12)

2

di =\[>" (=) i=1n (13)

(4) Calculate the closeness coefficient to the ideal alternatives: the closeness
coefficient to the ideal alternatives can be defined as:
C = d; i=1 m, 0<C; <1 (14)
l_di+_di_a Rt ) > ~ A

(5) Rank the alternatives: according to the closeness coefficient to the ideal
alternatives, the bigger is the C, the better is the alternative A;.

4.2 Extension of TOPSIS in fuzzy environment

In the classical TOPSIS method, the weights of the criteria and the ratings of
alternatives are known precisely and crisp values are used in the evaluation process.
However, since crisp data are inadequate to model real life decision problems, the fuzzy
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TOPSIS method is recommended where the weights of criteria and ratings of
alternatives are evaluated by linguistic variables represented by fuzzy numbers.
The detailed algorithm of the fuzzy TOPSIS method is described in Appendix 1.

5. Hybrid approach 2 - fuzzy VIKOR

5.1 VIKOR

VIKOR, the Serbian name: VlseKriterijumska Optimizacija I Kompromisno Resenje,
means multi criteria optimization and compromise solution (Chu et al, 2007).
Opricovic and Tzeng (2002; 2004) developed the VIKOR method for multi criteria
optimization of complex systems. VIKOR method focuses on ranking and selecting
from a set of alternatives, and determines compromise solutions for a problem with
conflicting criteria. Here, the compromise solution is a feasible solution which is
the closest to the ideal, and a compromise means an agreement established by
mutual concessions (Opricovic and Tzeng, 2007). It introduces the multi criteria
ranking index based on the particular measure of “closeness” to the “ideal” solution
(Opricovic, 1998).

The multi criteria measure for compromise ranking is developed from the
Lp — metric that is used as an aggregating function in compromise programming
(Yu, 1973; Zeleny, 1982). The compromise ranking algorithm of VIKOR consists of the
following steps:

Step 1: determine the best (aspired/desired levels ) and worst values (tolerable/worst
levels). Assuming that jth criterion represents a benefit, then the best values for setting
all the criteria functions (aspired/desired levels) are {X7|j = 1,2,...,n} and the worst
values (tolerable/worst levels) are {X; |j =1,2,...,n}, respectively.

Step 2: compute the gaps {Si=12][...] m} and {Ri=12][...] m} from the
Lp — metric by normalization. The relationships are presented in Equations (16) and (17):

P
&= w]@ Li=12...m, (15)
o5
=1 n ‘X;‘_Xij .
Si=d7 =3, w]m Li=12,...m, (16)
7 J
X*—X;;
R = &= = max; wj‘fij,]e L2..onb, i=12..om (17
X;—"—Xj"

where S; Ri€[0,1] and 0 denotes the best (Le. achieving aspired/desired level) and 1
denotes the worst situations.

Step 3: compute the gaps {Q;li=1,2,[...], m} for ranking. The relation is defined as
in Equation (18), where S* = min;S; ( the best S* can be set to zero), S~ = max;S; (the
worst S~ can be set equal to one); R* = min;R; (the best R* can be set to equal zero),
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R™ = max;R; (the worst R~ can be set equal to one) and v € [0, 1] is introduced as the
weight of the strategy:

(S=SY)
w=v [ s —5*

+(1-v) {%}, i=1,2,...,m, 18

Step 4: rank and improve the alternatives, sort by values S, R and @, in decreasing
order and reduce the gaps in the criteria. The results are three ranking lists, with the
best alternatives having the lowest value.

Step 5: propose a compromise solution. For a given criteria weight, the alternatives
(@), are the best ranked by measure @ (minimum) if the following two conditions are
satisfied:

[C1] Acceptable advantage:

Qa)-Q(d)=DQ (19)

where @'’ is the alternative with second position in the ranking list by @; DQ = 1/(J-1);
J is the number of alternatives.
[C5] Acceptable stability in decision making: Alternative ¢’ must also be the best
ranked by S or/and R.
If one of the conditions is not satisfied, then a set of compromise solutions is
proposed.

5.2 Extension of VIKOR method in a fuzzy environment
Based on the concept of fuzzy logic and the VIKOR method, the fuzzy VIKOR method
has been developed to provide a rational, systematic process to arrive at a ranking list
of all possible alternatives in MCDM problems and to discover a best solution and
a compromise solution that can be used to resolve MCDM problems.

The detailed algorithm of the fuzzy VIKOR method is described in Appendix 2.

6. Performance analysis of supply chain members by hybrid approaches
The proposed fuzzy MCDM framework explained above can be employed for the task
of performance analysis of individual members of supply chains which is a MCDM
problem. The different supply chain members, the performance of which need to be
analysed are listed out. A group of people who are experts in the field are identified and
they are made members of the committee of decision makers. This committee identifies
the list of evaluation criteria based on which the different individual members of supply
chain are to be evaluated.

The decision makers use the linguistic weighting methodology to assess the
importance of the various criteria arrived at. The decision makers then evaluate
the different supply chain members under analysis based on the criteria arrived at and
award linguistic ratings. These linguistic ratings are converted into the corresponding
triangular fuzzy numbers.

The first approach of the proposed MCDM framework, ie. the fuzzy TOPSIS
approach is applied to the evaluation data which is in the form of triangular fuzzy
numbers. The outcome of the fuzzy TOPSIS procedure is a ranking list of the different
supply chain members subjected to the analysis. Similarly the second approach of the
MCDM framework, i.e. the fuzzy VIKOR approach is also applied to the evaluation data
which is in the form of triangular fuzzy numbers. Similar to the fuzzy TOPSIS
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procedure, the fuzzy VIKOR procedure also produces a ranking list of the different
supply chain members subjected to the analysis. In addition, the fuzzy VIKOR
procedure also recommends a compromise solution in case the best ranked firm does
not enjoy acceptable advantage. An organization can thus carry out an analysis of the
performance of individual members of supply chains employed by it and get a ranking
list using the proposed framework.

7. Implementation of the proposed framework in a textiles
manufacturing company

Gunasekaran et al. (2004) recommended that additional research and practitioner-driven
initiatives are needed in the area of SCM performance measurement and that
creative efforts are needed to design new measures and new programmes for assessing
the performance of supply chain as a whole as well as the performance of each
organization that is a part of the supply chain. It was also suggested that industry
consortiums, consultants and researchers could be helpful in promoting SCM
performance measurement generally, and in developing measures and measurement
techniques specifically.

The proposed MCDM framework comprising of fuzzy TOPSIS and fuzzy VIKOR
approaches for performance analysis of individual members of supply chains was
implemented in a textiles manufacturing company located in the southern part of India.
The company is in the textiles manufacturing business for the past 18 years. The major
products produced are cotton fabrics and garments. The textiles manufacturing
company is outsourcing the task of transporting its products to other parts of India.
It is making use of the services of six transporting firms for this purpose. A ranking list
based on the performance of these six transporting firms will be of great use to the
textiles manufacturing company.

A committee of five decision makers was formed, comprising of five experts
commanding good expertise and experience in the textiles and logistics sectors.
The range of experience of the five decision makers is 20-35 years. The decision makers
undertook a study of the existing literature on performance analysis of supply chains
and made a careful consideration of all major factors and issues relevant to the textiles
and transportation sectors. The committee of decision makers identified 12 criteria on
the basis of which to analyse the six transporting firms. The 12 criteria listed in Table II
are a subset of the comprehensive list of metrics identified by Gunasekaran et al. (2001).
The decision makers made use of the linguistic weighting variables shown in Table I to
assess the importance of criteria. The weights for importance of criteria suggested by
the decision makers are shown in Table IL

For importance of criteria For ratings of firms

Linguistic variables Triangular fuzzy numbers Linguistic variables Triangular fuzzy numbers
Very low (VL) 0,0,0.2) Very poor (VP) 0,0,2)

Low (L) 0.1,0.2,0.3) Poor (P) 1,2,3)

Medium low (ML) 0.2,0.35,0.5) Medium poor (MP) 2,3.5,5)

Medium (M) (0.4,0.5,0.6) Fair (F) 4,5,6)

Medium high (MH) (0.5,0.65,0.8) Medium good (MG) (5,6.5,8

High (H) (0.7,0.8,0.9) Good (G) (7,89)

Very high (VH) 0.8,1.0,1.0) Very good (VG) (8,10,10)
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Table L.
Definitions of
linguistic variables
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Table II.

The importance of
criteria by the five
decision makers and

the fuzzy weights

Decision makers

Evaluation criteria D, Dy Dy D, Ds Fuzzy weights
Lead time (Cy) VH VH H H VH (0.76, 0.92, 0.96)
Reliability (Cy) VH VH VH H VH (0.78, 0.96, 0.98)
Flexibility (Cs) H VH VH H MH (0.70, 0.85, 0.92)
Defect free delivery (Cy) H MH VH M MH 0.58, 0.72, 0.82)
Experience (Cs) M MH M M MH 0.44, 0.56, 0.68)
Innovativeness (Cg) M M ML MH M (0.38, 0.50, 0.62)
Technology upgradation (C;) ML ML VL M M 0.24, 0.34, 0.48)
Brand value (Cy) ML ML L M ML 0.22, 0.35, 0.48)
Tariff (Cy) ML ML MH MH ML 0.32, 047, 0.62)
Capacity (Cyo) H H MH M H (0.60, 0.71, 0.82)
Market share (Cy7) VL L ML L VL (0.08, 0.15, 0.30)
Expansion capability (C;2) L L VL VL L 0.06, 0.12, 0.26)

The decision makers made use of the linguistic rating variables shown in Table I to
evaluate the ratings of transporting firms with respect to each criteria. The ratings of
the six transporting firms by the decision makers under the various criteria are shown
in Table IIL

7. 1 Fuzzy TOPSIS calculations
Step 1: the linguistic valuations marked by the decision makers for the Welghts
of the evaluation criteria and for the six alternatives are available in
OTables II-1V, respectively.

« Step 2: the values of the fuzzy decision matrix and the fuzzy weights of the
criteria are calculated using Equations (26) and (22) and are shown in Table V.

« Step 3: the fuzzy decision matrix is normalized using Equation (23) and the
normalized fuzzy decision matrix is constructed as shown in Table VI.

Step 4: the fuzzy weights of the criteria are incorporated and the weighted normalized
fuzzy decision matrix is formed using Equation (24) and is shown in Table VIL

 Step 5: the fuzzy positive ideal solution (A*) and the fuzzy negative ideal solution
(A) are noted down and are incorporated in Tables VIII and IX, respectively.

+ Step 6: the distances of the six alternatives from the fuzzy positive ideal solution
(A*) and the fuzzy negative ideal solution (A) are calculated and are listed in
Tables VIII and IX, respectively.

« Step 7: the values of dF,d; and C; for the six firms are calculated using

Equations (25)-(27) and are shown in Table X.
« Step 8: the fuzzy TOPSIS method recommends the ranking order

A3 > A1 > Ay > As> Ag > As. Az emerges as the best ranked firm followed by
A; and A4

7.2 Fuzzy VIKOR calculations
Step 1: the linguistic valuations marked by the decision makers for the weights of the
evaluation criteria and for the six alternatives are available in Tables Il and III, respectively.
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Table III.

The rating of firms
by decision makers
under various
evaluation criteria
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299 Ay Ay As Ay As Ag
’ G (74,8.894) (6.0,6.2,7.4) (748894) (748894) (6.86.8,7.9) (7.6,9.2,9.6)
G (74,8894) (5.6,6.8,8.0) (7.4,889.4) (7.4,8894) (6.4,7.4,84) (7.0,8.09.0)
G (5.2,6.5,7.9) (1.22.2,3.6) (4.45.6,6.8) (4.6,5.6,6.6) (1.82.94.0) (6.8,8.1,9.0)
Cs (5.4,6.5,7.6) (14,263.8) (748894) (5.86.8,7.9) (7.69.2,9.6) (64,74,84)
322 G (7.89.6,9.9) (74,8894) (6.87.1,84) (5.0,6.2,74) 0.4,0.824) (0.4,0.82.4)
Gs (6.2,6.5,7.8) (2.0,3.2,4.4) (6.87.1,84) 6.2,74,8.6) (6.26.2,7.2) (6.4,7.88.9)
G 4.859,7.0) (1.01932) (7.0859.2) 6.0,7.182) (6.26.5,7.8) (5.2,6.2,7.2)
Gs (7.2,849.2) (5.4,6.5,7.6) (6.8,8.1,9.0) 6.0,7.1,8.2) (6.26.2,7.2) (2.0,3.24.4)
G (1.22.2,3.6) (24,3.5,4.6) (7.2,849.2) (6.8,8.1,9.0) (6.26.27.2) (5.8,6.8,7.8)
Table IV. Co (6.88.1,9.0) (74,8.89.4) 4.85.9,7.0) 4.0,5.0,6.0) 6.2,74,86) (2.2,3.54.8)
Fuzzy ratings Cu  (748894)  (06274)  (A65972) (44760 (06274  (040824)
of the six firms Ciz (7.0,859.2) (1.0,1.9,3.2) (26,3.85.0) (14,2.6,3.9) (7.0,859.2) (34,4.7,6.0)
Al A2 A5 A4 A5 AG Welght
G (7,8.8,10) 4,629 (7,8.8,10) (7,8.8,10) 4,6.89) (7,9.2,10) 0.7,092,1)
G (7,8.8,10) 4,6.89) (7,8.8,10) (7,8.8,10) 4,749) (7,89) (0.7,0.96,1)
G 4,659) 0,2.2,5) 4,56,9) 4,56,9) (1,2.9,6) (6,8.1,10) (0.5,0.85,1)
Cy 4,65,9) (1,26,5) (7,8.8,10) 4,6.89) (7,9.2,10) 4,749 04,0.72,1)
G (7,9.6,10) (7,8.8,10) (5,719 4,6.29) 0,083) 0,0.83) (0.4,0.56,0.8)
Gs 4,6.59) (1,3.2,6) (6,719 (5,749 4,6.29) (5,7.8,10) 0.2,05,0.8)
G 4,599) 0,1.9,5) (5,85,10) 4,719 4,6.5,9) 4,629 (0,0.34,0.6)
Cs (7,84,10) 4,659 (5,8.1,10) 4,719 4,6.29) (1,3.2,6) (0.1,0.35,0.6)
Table V. Go 0,2.2,5) (1,35,6) (784100  (58.1,10) 4,6.29) 4,6.89) 0.2,047,0.8)
TOPSIS: fuzzy Co  (GSLI0) (788100 4599 @456 (749 (1356 (0407109
decision matrix and  Cn (7,8.8,10) 4,6.29) 4,599) (24.7,8) 4,6.29) 0,0.83) (0,0.15,0.5)
weights of criteria Go (68510 0,1.9,5) (1,3.8,6) (1,26,5) (5,85,10) (24.79) (0,012,0.3)
Ay Ay As Ay As As
G 0.7,0.881) (0.4,0.62,0.9) (0.7,0.88,1) (0.7,0.88,1) (0.4,0.68,0.9) (0.7,092,1)
G 0.7,0.88,1) (0.4,0.68,0.9) (0.7,0.88,1) (0.7,0.88,1) 0.4,0.74,0.9) (0.7,0.8,0.9)
G (0.4,0.65,0.9) (0,0.22,0.5) 04,056,08)  (04,056,09)  (0.1,0.29,0.6) (05,0.811)
Cy 04,065,09)  (0.1,0.26,0.5) (0.7,0.88,1) (0.4,0.68,0.9) 0.7,092,1) (0.4,0.74,0.9)
G 0.7,0.96,1) (0.7,0.88,1) 050.71,09)  (04,0.62,0.9) (0,0.08,0.3) (0,0.08,0.3)
Gs 04,06509)  (0.1,03206) (050.71,09) (050.74,09)  (04,0.62,0.9) (05,0.781)
G (0.4,0.59,0.9) (0,0.19,0.5) (0.5,0.85,1) 04,071,09)  (04,06509)  (04,0.62,0.9)
Gs (0.7,0.84,1) (0.4,0.65,0.9) 0.5,0.81,1) 04,071,090  (04,062,09)  (0.1,0.32,0.6)
Table VL G 0,0.22,0.5) (0.1,0.35,0.6) 0.7,0.84,1) 05,0.811) 04,062,09)  (0.4,0.68,0.9)
TOPSIS: Cio 0.5,0.81,1) (0.7,0.88,1) (0.4,0.59,0.9) 0.4,0.5,0.6) 0.5,0.74,09)  (0.1,0.35,0.6)
normalised fuzzy ~ Cu (070881 (0406209) (0405908 (0204708 (0406209  (0,00803)
decision matrix Ciz 0.5,0.85,1) (0,0.19,0.5) (0.1,03806)  (0.1,0.26,0.5) 0.5,0.85,1) 0.2,047,0.8)
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559 A A A, As A, As As

’ C 1.000 0314 0488 0.314 0314 0472 0.308

G 1.000 0.308 0461 0.308 0.308 0452 0.329

Cs 1.000 0532 0.798 0,564 0555 0737 0469

C 1.000 0577 0.782 0.466 0570 0.000 0558

Cs 0.800 0.336 0.349 0.420 0455 0713 0713

324 Co 0.800 0500 0611 0481 0477 0505 0.468

C 0.600 0418 0496 0.390 0405 0411 0414

Cs 0.600 0353 0.390 0.366 0.383 0.393 0463

Table VIIL Co 0.800 0.656 0610 0447 0471 0511 0502

TOPSIS: distances ~ Cio 0.900 0446 0.392 0512 0570 0461 0.657

between A* and Cu 0500 0.358 0.373 0.378 0.385 0373 0451

A (=129 Cuo 0.300 0.208 0.251 0.237 0.248 0.208 0.226

A A, Ay As A, As Aq

G 0.280 0530 0.400 0,530 0530 0410 0543

C 0.280 0542 0418 0,542 0,542 0436 0471

Cs 0.000 0621 0.308 0550 0,599 0473 0.716

C, 0.040 0559 0.279 0.666 0.565 0.675 0572

Cs 0.000 0580 0,566 0.489 0471 0.141 0.141

Co 0.020 0442 0.278 0450 0.454 0439 0501

C 0.000 0333 0.177 0.384 0.342 0.337 0335

G 0.010 0.380 0.331 0.376 0.336 0.329 0211

Table IX. G 0.000 0.239 0.293 0521 0543 0552 0457

TOPSIS: distances ~ Cro 0.040 0592 0616 0,500 0.348 0534 0313

between 4;(=1,2,3) Cu1 0.000 0.299 0.265 0.237 0.235 0.265 0.087

and A Cio 0.000 0.183 0.088 0.107 0.089 0.183 0.142

A A, As A, As As

a* 5.004 6.003 4835 5.141 5.604 5557

- 5298 4014 5353 5.052 4773 1488

Table X. & +d- 10.30 10.02 1024 10.19 1047 10.05

TOPSIS: C 0514 0401 0523 0.496 0456 0447
df,d; and G Rank 2 6 1 3 4 5

12"

Step 2: the linguistic valuations available in Tables II and III are converted into
corresponding triangular fuzzy numbers using Equations (28) and (29) and are given in
Tables II and 1V, respectively.

Step 3: the fuzzy best value (FBV) and fuzzy worst value (FWV) for the 12 criteria used
are calculated using Equations (32) and (33), respectively, and are shown in Table XI.

Step 4: using Equations (34)-(39), S;,R;,S *, S ,]Q*and R are calculated and
are shown in Tables XII and XIII. Using Equation (40), ; values are calculated and are
shown in Table XIV. _

Step 5: S;, R; and @ are defuzzified and are shown in Tables XII and XIV.
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. ~_ Innovative

f f framework for
G 76 92 96 5.0 6.2 74
G 74 88 94 56 6.8 80 performlanc_e
G 6.8 81 90 1.2 22 36 analysis
G 76 92 96 14 26 38
Cs 78 96 98 04 0.8 24
Cs 6.4 78 88 20 32 44 325
G 70 85 92 1.0 19 32
G 72 84 92 20 32 44
Gy 72 84 92 12 22 36 Table XI.
Cuo 74 88 94 22 35 48  VIKOR: fuzzy best
Ci 74 838 94 04 0.8 24 value and fuzzy
Cio 7.0 85 9.2 1.0 19 32 worst value
m S; S; Rank R; R; Rank
A, 1045 1487 1583 1372 2 0320 0470 0620 0470 2
A, 383 5009 5832 4908 6 0780 0960 0980 0907 6
A, 0941 1310 1399 1217 1 0300 0389 0428 0372 1 Table XII.
A, 1292 1880 2187 1786 3 0392 0509 0606 0502 3 VIKOR: S; and R;
As 2557 3545 4005  3.369 5 0625 0749 0852  0.742 5 and the ranks
As 1808 2659 3183 2550 4 0600 0710 0820 0710 4 of the firms
3" 0941 1.310 1.399
S, 3883 5.009 5.832 Table XIIL
Rk 0.300 0.389 0428 VIKOR; S°, S,
R 0.780 0.960 0.980 Rfand R~
m Q,- Q; Rank
A, 0.039 0.095 0.195 0.110 2
Ay 1.000 1.000 1.000 1.000 6
A, 0.000 0.000 0.000 0.000 1
A, 0.155 0.182 0.250 0.196 3 Table XIV.
As 0613 0617 0.678 0.636 5 VIKOR: @; and
Ag 0.460 0.463 0556 0.493 4 ranks of the firms

Step 6: the rankings for the six firms under consideration are marked based on S;, R;
and Q;. The rankings based on S; and R; are available in Table XII and the rankings
based on ) are available in Table XIV. All the three parameters, namely S;, R; and
Q; have returned the same ranking of the six firms considered. The ranking is
Ag >A1 >A4>A6>A5>A2.

Since all the three parameters, S;, R; and @; have returned the same ranking, there is
acceptable stability in decision making. The firm A5 which has been ranked first by S;,
R; as well as @, is the best performing firm.
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Step 7: since m =6, DQ = 1/(m-1) yields a value of 0.20. So, the best ranked firm
As does not enjoy “Acceptable advantage”. Hence, the set of “Compromise solutions” is
proposed. It consists of three firms A A; and A,.

8. Discussions

It is essential that every organization constantly analyse and monitor the performance
of different supply chains, the organization is making use of, for getting raw materials
and for distribution of finished products. Many critical drawbacks pervert the existing
performance analysis methods from making a significant contribution to the development
and improvement of supply chains. The major drawbacks with the existing methods
are: incapable to capture holistic aspects, lack of suitability to the different levels of
measurement, complexity in methods, requirement of intricate details, inadequate to
capture vagueness in human judgement, etc.

The MCDM framework proposed in this paper, comprising of fuzzy TOPSIS
approach and fuzzy VIKOR approach, once incorporated and institutionalized into the
organizations can be an effective tool for practicing managers of organizations to
analyse and monitor the performance of supply chains employed by the organizations.
The framework is simple to learn and implement. The procedural steps are less time
consuming both with or without the use of computers. The framework is free from
accusations of bias and it is very much suitable for standardization.

The task of performance analysis in supply chains in practice, is often influenced by
uncertainty, and in such situations, incorporation of fuzzy approach is the appropriate
way to provide a systematic and efficient framework for the purpose. The proposed
framework is capable of enabling practicing managers carry out performance analysis
in a systematic, consistent and productive manner. The TOPSIS approach has
advantages like, it is easy to understand, it has a simple conceptual basis and the
computation procedure is not long. The major advantage of the VIKOR approach is
that it also recommends a compromise solution in case the best ranked alternative does
not enjoy acceptable advantage.

For effective performance analysis and improvement, the measurement goals must
represent organizational goals and should reflect a balance between financial and non-
financial measures that can be related to strategic, tactical and operational levels of
decision making and control. Performance of members of supply chains is a crucial factor
in supply chain partnering and integration. Supply chain partnering is a collaborative
relationship which recognizes some degree of interdependence and cooperation. Such a
partnering emphasises direct long-term association encouraging mutual planning and
problem-solving efforts. To bring about improved performance in supply chain and
move closer to attainment of the goal of supply chain optimization, performance analysis
and improvement studies must be done throughout the supply chain. All participants in
the supply chain should be involved and committed to common goals, such as customer
satisfaction throughout the supply chain and enhanced competitiveness. A performance
measurement programme for a supply chain should be complete, should cover all the
individual participants and should be tailored to varying needs of participants.

9. Conclusions

The continuously evolving and dynamic nature of the supply chain networks presents
many opportunities for organizations which they can successfully leverage for
achieving their objectives. Organisations need to look to continuous improvement in
their supply chain operations as a tool to enhance their core competitiveness and
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financial outcome. Many companies have failed in maximizing the potential of their
supply chains because they have often failed to develop and establish suitable systems
to analyse the performance of the members of the supply chain so that perfect
integration among different members of the supply chain can be facilitated.

The proposed framework has a few limitations. It can be used to analyse the
comparative performance of the different supply chain members employed and to
obtain a ranking list based on the performance of the members. However, it cannot be
used to obtain scores on the absolute performance of the members of the supply chain.
The performance analysis exercise by employing the proposed framework will be able
to bring about the real picture in the supply chain only if experienced and competent
managers who have sufficient expertise in the relevant sectors are appointed to the
committee of decision makers. Large organizations are unlikely to find it difficult to
identify such competent people from among their own talent pool or from other
organizations on deputation. However, small and very small scale organizations may
find it difficult to identify experts from within their ranks and they also may not be in
a position to utilize the services of external experts.

There is a need to explore the suitability of employing other emerging MCDM
methodologies like the PROMETHEE, ELECTRE, data envelopment analysis and goal
programming for the task of anlysing the performance of supply chains. There is a
need to direct research efforts in this direction in future.

Environmental responsibility is becoming more and more important for organizations
as the emphasis on the environmental protection by stakeholders, including stockholders,
governments, customers, employees, competitors and communities, keeps increasing. The
framework proposed in this paper can also be suitably amended to analyse the green
performance of the various members of the supply chain.
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Appendix 1. The algorithm of the fuzzy TOPSIS method
The algorithm of the fuzzy TOPSIS method is described in the following steps:

Step 1: generate the list of all feasible alternatives. Form a committee of decision makers who
are experts in the field commanding good expertise and experience. The committee of decision
makers arrives at the list of evaluation criteria to be considered for determining the ranking of
alternatives. Define linguistic variables and their corresponding triangular fuzzy numbers for the
weight of criteria and the rating of alternatives, respectively.

Step 2: aggregate the weights of the various evaluation criteria.

_ If the fuzzy ratings of all decision makers are described as triangular fuzzy numbers
Ry = (a, by, cr),k =1,2,.. K., then the aggregated fuzzy rating can be determined as
R =(a,b,c),k=1,2,...,K, Here:

. 1 &E
a = ming{a,}, b = ]—{Z by, ¢ = maxy{cy} (A1)

k=1

If the fuzzy rating and importance weight of the £th decision maker are %;;, = (di]‘k, i, Cijk) and
Wi = (Wi, Wiz, wing), 1 = 1,2,...,m, j=1,2,...,n, respectively, then the aggregated fuzzy
ratings (¥;7) of alternatives with respect to each criterion can be found as (%;) = (a;j, by, ¢;j). Here:

. 1 &
a,-/ = mmk{a,»jk}, bz‘j = ]—{Zb,‘]‘k, C,‘]' = maxk{c,'jk} (AZ)
k=1

Then the aggregated fuzzy weights (i;) of each criterion are calculated as:
() = (w1, wjz, wj3). Here:

. R
wj = ming {wp }, w = % Z Wiz, Wiz = maxy{wjs } (A3)
=

Construct the fuzzy decision matrix as:

In X2 - Ew

¥ X - X

]
Il

Xml Xm2 - X
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W= [71}1,@2: .. -»7/7)11]
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Step 3: normalise the fuzzy decision matrix that is constructed and obtain the normalized fuzzy framework for

decision matrix as R:

R=1[l,, i=12..omj=12...n (Ad)

- b c
where 7; = (%, 4, i—i) ¢ = maxc;;
] J J

Step 4: form the weighted normalized decision matrix as:
V= [05],,0 =12 omj=12..,n0; =)y (A5)

where i@;represents the importance weight of criterion C;.

Step 5: determine the fuzzy positive ideal solution (FPIS, A*) and fuzzy negative ideal solution
(FNIS, A):
A* = (17’1", by, 5;’;) and A~ = (171‘, 050 D),

n

where 7F = max;{vj3} and ;= min;{v;n } i =1,2,...m, i =1,2,.. .
Step 6: calculate the distance of each alternative from FPIS and FNIS as:

a* = ;d(v]v]*) i=12...m (A6)
d: = gdv (#5:57)s i=1.2.m (A7)

where d,(.,.) is the distance measurement between two fuzzy numbers.
Step 7: the closeness coefficient of each alternate can be calculated as:

Ci=——=—i=12..., A8
Evd! " (A9
Step 8: as per Equations (27) an alternative A; would be closer to FPIS and farther from FNIS as
C; approaches the value of 1. The ranking of the alternatives can be finalised, based on the values
of closeness coefficients of alternatives.

Appendix 2. The algorithm of the fuzzy VIKOR method
The algorithm of the fuzzy VIKOR method is described in the following steps:

Step 1: generate the list of all feasible alternatives. Form a committee of decision makers who
are experts in the field commanding good expertise and experience. The committee of decision
makers arrives at the list of evaluation criteria to be considered for determining the ranking of
alternatives. Define linguistic variables and their corresponding triangular fuzzy numbers for the
weight of criteria and the rating of alternatives, respectively.

Step 2: integrate decision makers’ preferences and opinions. The decision is derived by
aggregating the fuzzy weight of criteria and fuzzy rating of alternatives from » decision makers
calculated as:

I U P I
wj:%{;wj},]zl,&...,k (A9)
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In addition, the preferences and opinions of # decision makers with respect to j criterion for the
importance weight of each criterion and the rating of each alternative in the ith alternative can be
calculated by:

1| & .
J?z'j=%|: %Z],z=1,2,---,m (A10)
e=1

Calculate the fuzzy weighted average and construct the normalized fuzzy decision
matrix:

Iin X X1k

N Xo1 X2 -+ Xy

D= . . . . (A11)
;le %mZ jmk

W = [y, iz, ... d0), j= 1,2,.. .k (A12)

where ¥;; is the rating of alternative A; with respect to criterion C; and @; is the importance weight

of the jth criterion.
Step 3: determine the FBV and FWV:

f; = max;x; (A13)

f; = min&; (Al4)

Step 4: calculate the values S,- R, S‘*, S, I~?*, R and @i

Si= ou(7-5)/(7; -7, @1
By = max; [ (F %)/ (7} =7 )] (A16)

where S, is A; with respect to all criteria calculated by the sum of the distance for the FBV,
and R; is A; with respect to the jth criterion, calculated by maximum distance of FBV:

S =min;S; (A17)

S = maXiS i (AIS)

R™ = miniR; (A19)
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R = maxR; (A20)

Q= 0(3i-3%) /(373" w0 (R—R") /(R -E) (A21)

Here, S* is the miplmum value of S;, which is_the maximum majority rule or maximum
group utility, and R is the minimum value of R;, which is the minimum individual regret
of the opponent. .

Step 5: defuzzify triangular fuzzy number @; and rank the alternatives, sorting by the value
Q; in ascending order. Consequently, the smaller the value of @);, the better the alternative.

Step 6: determine a compromise solution. Assume that the two conditions given below are
acceptable. Then by using the index );, determine a compromise solution (@’) as a single optimal
solution.

[C1] Acceptable advantage:

Qd") Q)= DR (A22)

DQ =1/m-1 (DQ = 0.25ifm > 4) (A23)

[C5] Acceptable stability in decision making:
Under this condition @(¢")must be S(a’) or/and R(a).
If [C1] is not accepted and Q(a™)—Q(a') < DQ , then a” and @' are the same compromise

solution. However, ¢’ does not have a comparative advantage, so the compromise solutions
a,a’,...,a" are the same. If the [C2] is not accepted, the stability in decision making is
deficient, although ¢’ has a comparative advantage. Hence, compromise solutions of ¢’ and a”
are the same.

Step 7: select the best alternative. Choose Q(a’) as the best solution with the minimum

of Ql
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