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Abstract

This paper presented a review of intuitionistic fuzzy TOPSIS (Technique for Order
Preference by Similarity to the Ideal Solution) for supplier selection in literature and
identified gaps and lapses associated with the existing method. We also proposed new
research frontiers.
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Introduction

Many established approaches for the evaluation and selection of suppliers have
been considered in literature. According to Omosigho and Omorogbe (2015), “Ho et al
(2010) did a review of some of the methods suggested for solving the supplier selection
problem. The methods reviewed include: Data envelopment analysis (DEA),
Mathematical programming, Analytic hierarchy process (AHP), Case-based reasoning
(CBR), Fuzzy set theory, Simple multi-attribute rating technique (SMART), Genetic
algorithm (GA)”. They also considered hybrid methods combining some of the
methods and their variations. Ho et al. (2010) reviewed 78 articles and literature of the
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multi-criteria decision making approaches for supplier evaluation and selection from
2000 to 2008. They, Ho et al (2010) also considered the methods that have been used
in addressing MCDM problem during this period. Ho et al. (2010) work not only
provides evidence that multi-criteria decision making approaches are better than the
traditional cost-based approach, but also aids the researchers and decision makers (DM)
in applying the approaches effectively. According to Ho et al. (2010) supplier
evaluation and selection have been studied extensively. Various decision making
approaches have been proposed to tackle the problem. In contemporary supply chain
management, the performance of potential suppliers is evaluated against multiple
criteria rather than considering a single factor —cost (Ho et al., 2010). There are other
attributes or factors that can be taken into consideration in choosing a supplier other
than cost (lzadikhah, 2012). Some of the attributes used in the evaluation and selection
of suppliers are: 1. Price/cost, 2. Quality, 3. Delivery leadtime, 4. Manufacturing
capacity, 5. Service, 6. Management, 7. Technology, 8. Research and development, 9.
Finance, 10. Fexibility, 11. Reputation, 12. Relationship, 13. Risk, 14. Safety and
enviroment and their related attributes (Ho et al, 2010). Other attributes in literature
are: 15. Reliability, 16. Performance history/experience (Amiri et al, 2011), 17. Policy
of warranty and legal claims, 18. Willingness to cooperate, 19. Organizational
behaviour and adaptation to purchaser’s needs (Izadekhah, 2012). Soeini et al. (2012)
also reviewed some articles on the supplier selection problem. These authors however
ignored intuitionistic fuzzy TOPSIS (Technique for Order Preference by Similarity to
the Ideal Solution). Amindoust et al. (2012) gave some information on intuitionistic
fuzzy TOPSIS but ignored the problem associated with the use of several metric for the
same problem Omosigho and Omorogbe (2015). This paper re-examined the approach
for supplier selection based on intuitionistic fuzzy TOPSIS.The paper identified gaps
associated with the use of this technique and proposed a new research frontier.

Fuzzy Set (FS)

The fuzzy set theory is used to solve the rigorous theory of approximation and
vagueness based on generalization of standard set theory to fuzzy set or numbers
(Carlsson and Fuller, 1996). Fuzzy set and fuzzy logic are powerful mathematical tools
for addressing uncertain system in the absence of complete and precise information.
However, fuzzy set theory only provides approximate solution. The classical set theory
is built on the fundamental concept of set which is either a member or not a member.
A sharp, crisp and unambiguous distinction exists between a member and non-member
for any well-defined set of entities in this theory. There is a precise and clear boundary
to indicate if any entity belongs to the set or not. But many real life problems cannot
be described or handled by classical set theory.

A fuzzy set is an extension of crisp set. Crisp set only allows full membership.
While fuzzy set allows both full membership and partial membership. In other words,
an element may partially belong to a fuzzy set. The theory uses value ranges from 0-1
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for showing membership of the objects in a fuzzy set. Complete non-membership is
denoted as 0, and complete membership as 1. Values between 0 and 1 represent
intermediate degree of membership (Jajimoggalaetal., 2011 & Seifbarghy etal., 2011).
The fuzzy system only provides approximate solution and not exact solution because
of it amenability to human reasoning process.

Intuitionistic Fuzzy Sets (IFSs)

Intuitionistic Fuzzy Set (IFSs) extends the membership function of fuzzy set
by including both non-membership and hesitation functions into the model.

Intuitionistic Fuzzy Set A in a finite set U can be written as:
U= {utuz,...un} is the universe of discourse.

A= {ui, pa(ui),va(ui),ta(ui)} is an intuitionistic fuzzy subset
B= {ui, uB(ui,),vB(ui),78(u:)} is also intuitionistic fuzzy subset
(i=1,2,..n)

Where

pA(ui) is a membership function or degree

va(ui) is non membership function or degree

tA(ui) is the hesitation degree

But 0<ua (ui)<1(1)

0<va(ui)<1(2)

0<pa (ui)+va(u)<1(3)

pA (ui)+va (ui)+7a (ui) =1 (4)

Then 74 (wi) =1—pa (ui)—va (wi) (5)

Clearly 0<t4 (ui)< 1 (6)

Some of the authors that use intuitionistic fuzzy set in their studies are Husain
etal. (2012), Boran et al. (2011), Chai and Liu (2010), Li et al. (2007), Shan, 2012 and
Izadekhah (2012).

Intuitionistic Fuzzy TOPSIS

According to Wu and Liu (2011), the TOPSIS method was developed in 1981
by Hwang and Yoon. Generally, the method is based on the concept of minimum
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distance from the positive ideal solution and maximum distance from the negative ideal
solution. The Negative Ideal Solution (NIS) is the solution that maximizes the cost
factor and minimizes the benefit factors, while the Positive Ideal Solution (PIS) is the
solution that minimizes the cost factor and maximizes the benefit factors. One of the
limitation of TOPSIS method is the problem associated with the use of more than one
functions in intuitionistic fuzzy environment. Some of the authors that applied the
TOPSIS method are Wu and Liu (2011), Elanchezhian et al. (2010), Ashrafzadel et al.
(2012), Kabir (2012). Boran et al. (2009), Wen et al. (2013)

The algorithm for intuitionistic fuzzy TOPSIS as used by Boran et al. (2009)
is stated as follows:

Step 1: Determine the Weights of Decision Makers

Step 2. Construct Aggregate Intuitionistic Fuzzy Decision Matrix based on the
Opinions of DMs

Step 3. Determine the Weight of the Criteria
Step 4. Construct Final (Aggregated Weighted) Intuitionistic Fuzzy Decision Matrix
Step 5. Obtain the positive ideal solution (PIS) and negative ideal solution (NIS)

Step 6: Construct the separation measures (distance from PIS and distance from NIS)
for each supplier. The computation of separation measure is given in egs. (8),
(9), (10) and (11) are commonly used in literature.

Step 7: Calculate the closeness coefficients for each supplier. The calculation for
closeness coefficient is given below.

CC=H-/H-+H+,where 0<CC<1.(7)

Where eq. (7) is applicable to the distance functions and their variations for calculating
the similarity measures or closeness coefficients of the suppliers.

According to Omosigho and Omorogbe (2015) to trasform qualitative
attributes in the evaluation and selection of suppliers, several versions of TOPSIS have
been introduced in literature. In particular, in intuitionistic fuzzy TOPSIS, the weights
of criteria, the decision matrix (rating of the alternative suppliers) are initially obtained
in linguistic terms. The linguistic terms are transformed to intuitionistic fuzzy numbers
(Amindoust et al., 2012b, Boran et al., 2009 and Izadikhah, 2012). There are different
versions of linguistic variables. In the literature, a five-point scale, or a seven-point
scale or a ten-point scale for the same concept can be found in (Boran et al., 2009 and
Izadikhah, 2012, Saghafian and Hejazi, 2005, Wen et al. 2013). Details of how to
manipulate the linguistic variables to obtain the final intuitionistic fuzzy decision
matrix, intuitionistic fuzzy positive ideal solution (PIS) and intuitionistic fuzzy
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negative ideal solution (NIS) are however the same (Amindoust et al., 2012b, Boran et
al., 2009 and lzadikhah, 2012) and references therein. The PIS is a matrix containing
the best ratings for all criteria and the NIS is a matrix containing the worst ratings for
criteria. The idea of the TOPSIS is that the selected supplier should be closest to the
PIS and farthest from the NIS. To achieve this, the distances (S+and S-) of each supplier
from the PIS and NIS respectively are calculated based on a chosen metric function
and used to calculate the closeness coefficient. The closeness coefficient is given by S-
|(S++ S-) (Omosigho & Omorogbe, 2014).

Metric Functions for Intuitionistic Fuzzy Sets

In this section, we give a cursory review of metric functions for intuitionistic
fuzzy sets. There are many metric functions used for the calculation of distances
between fuzzy sets. Table 1 shows some metric functions considered for intuitionistic
fuzzy sets in recent literature.

Table 1: Metric functions for calculating distances between intuitionistic fuzzy
sets

Metric functions (Name and Mathematical Definitions) Authors

a. Hamming distance H(A,B) (Szmid)t and Kacprzyk
2000),

H(AB) =5 )11 (%) = 15 06) [+ v, (%) =va 06) [ [ 74 06) =7 ()1 | Grzegorzewwski(2004
i=1 ). Yang and Chiclana

8) (2009),
b. Normalized Hamming distance H(A,B) Szmidt and Kacprzyk
(2000),

H (Ar B) = %Z[l Ha (Xi) —Hg (Xi) | + | Va (Xi) —Vg (Xi) |+ | Ta (Xi) —Tg (Xi) |] Grzegorzewwski
i=1 (2004). Yang and

©) Chiclana (2009).
C. Euclidean distance E(A, B) Szmidt and Kacprzyk
n (2000),
E(AB)= (%Z[(,UA (%) — g (Xi))2 +(ValX)-vg (Xi))2 +(ra(X) - 75 (Xi))z])O's Grzegorzewwski
i=1 (2004). Yang and
(10) Chiclana (2009),
d. Normalized Euclidean distance E(A, B) Szmidt and Kacprzyk
(2000),
E(AB)=(& X) = 1 (X + (. 06) =1 O + (7, (%) = 7. (X )2 1)*° | Grzegorzewwski
(AB) (Zn;[(ﬂA( )= 1 (6))" + (v, (%) = v (%)™ + (7, (%) - 75 (%)) oo, g and
(11) Chiclana (2009)
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€. Hausdorff distance Grzegorzewwski
dy (AB)= max{QyA (Xi )_ Hg (Xi )! |V (Xi )_ Vg (Xi ) I} (2004)
(12)
f. L, distance Hung and Yang (2007)

dp (A’B):Q/'[A(Xi)_IUB(XiXp+‘VA(Xi)_VB(XiXP)%' p21l (13

0. Spherical distance S(A,B) Yang and Chiclana
n (2009)
S(AB)= %Zarcos(\/uA (X )ug (X)) + \/VA (X vg(x) + \/TA (x)75(x))
i1

(14)

Szmidt and Kacprzyk (2000) extended the Hamming and Euclidean
metric functions and their variations in egs.( 8) — (11) to 3D intuitionistic fuzzy
set by incorporating third parameter () it x (intuitionistic fuzzy index) into the
metric function. Yang and Chiclana (2009) introduced the spherical distance in
eq.(2.26) and suggested that it may be more convenient to measure the distances
in a 3D intuitionistic fuzzy set. According to Yang and Chiclana (2009) the
semantic difference between intuitionistic variables is not shown by linear
(commonly used) distances. Therefore, a non-linear representation of the
distances between two intuitionistic fuzzy sets would benefit the representation
of intuitionistic fuzzy sets. Yang and Chiclana (2009) proposed the Spherical
distance to provides a convenient non-linear measure of the distance between
two intuitionistic sets.

The Hausdorff and r L distances in egs. (13) and (14) are only in 2D
spaces. But, the 3D spaces of Hamming and Euclidean and Spherical distances
as defined in Yang and Chiclana (2009) are in Table 1. Other non-linear metrics
in literature such as: X2LMNN (Large Margin Nearest Neighbours), GB-LMNN
(Gradient Boosting- Large Margin Nearest Neighbours), and Hadamard
distance. These non-linear metrics are defined in
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some papers such as (Kakavandi and Amini, 2011, Kedem et. al, 2012,
Grzegorzewwski, 2004). To the best of our knowledge they have not been
implemented for supplier selection problems. It will be interesting to see how their
application will affect supplier selection problems.

Commonly Used Metric Functions in Intuitionistic Fuzzy TOPSIS

The commonly used metric functions for the calculation of the separation
measure in TOPSIS are Euclidean metric and the Hamming metric and their variations.
According to Szmidt and Kacprzyk (2000) the presence of % before the summation
notation in egs. (8) to (11) is attributed to the fact that the distance between intuitionistic
fuzzy variables is twice that of the fuzzy counterparts. Omosigho and Omorogbe (2014)
showed example of authors that applied the indicated metric functions in intuitionistic
fuzzy TOPSIS for supplier selection. Jorge et al [10] applied the Malahanobis metric.
Table 1 in Omosigho and Omorogbe (2015) shows the aforementioned commonly used
metric functions in intuitionistic fuzzy TOPSIS and authors that applied them in their
work.

Nevertheless, the application of more than one of these metric functions for the
same supplier selection problem produces contradictory ranking of the suppliers (Chen
and Tsao, 2008). Indeed, Chen and Tsao (2008) performed a comparative study of
TOPSIS technique using different metrics. The metrics considered were two different
definitions of the Hamming metric and three different definitions of the Euclidean
metric. In their study, they concluded that “in a decision problem, the interval-valued
fuzzy TOPSIS methods using the different distance definitions may yield distinct
preference orders when the number of alternatives is greater than 5. Second, the best
alternative suggested by the interval-valued fuzzy TOPSIS methods using different
distance definitions might be contradictory in some degree. As the number of
alternatives increases, there is greater chance that the most preferred alternatives based
on distinct distances will differ substantially.” Hence it is important to examine the
metric functions adopted in the application of intuitionistic fuzzy TOPSIS for the
supplier selection problem.

The conclusion of Chen and Tsao (2008) is not surprising based on the
following argument. Szmidt and Kacprzyk (2000) demonstrated that the representation
of two intuitionistic fuzzy subsets affects the distance between them. Further, Yang and
Chiclana (2009) noted that the Hamming and Euclidean metrics are based on the linear
representation of intuitionistic fuzzy sets. This is in sharp contrast to semantic
differences which is not linear in nature. Zadeh (1975) had earlier examined the concept
of linguistic variables and their transformation to fuzzy numbers. Essentially, the
argument proposed by Zadeh (1975) shows that fuzzy numbers representing linguistic
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variables are not linear. He used the example of “young” and presented a non-linear
graph to show the transformation of age in years to fuzzy numbers in the interval [0,1],
(Figure 1.1, Zadeh, 1975, P. 202). Yang and Chiclana (2009) observed that the use of
“distances based on the linear representation of intuitionistic fuzzy sets might not seem
to be the most appropriate ones. In such cases, nonlinear distances between
intuitionistic fuzzy sets may be more adequate to capture the semantic difference.”
Further, Yang and Chiclana (2009) concluded that there are cases where the semantic
difference is significant but linear metric (Hamming and Euclidean) will not reflect the
difference. Therefore, they proposed that nonlinear metric may be more appropriate in
capturing the semantic difference reflected in intuitionistic fuzzy subsets and they
suggested that spherical metric should be used to compute the distance between
intuitionistic fuzzy numbers. Omosigho and Omorogbe (2015) used the spherical
distance in intuitionistic fuzzy TOPSIS for supplier selection and proposed the use
more than one metric functions including spherical metric for the implementation of
TOPSIS for supplier selection involving linguistics variables transformed into
intuitionistic fuzzy numbers. This method helps to portray the deficiency of the existing
method where only one distance function is adopted in TOPSIS. However, when more
than one distance funtions are used in the method contradictory ranking of suppliers
may be obtained. Providing a method for resolving the contradictory ranking of
suppliers when more than one distance function is adopted in TOPSIS is the research
agenda proposed in this paper. The application of other non-linear metrics such as:
X2LMNN (Large Margin Nearest Neighbours), GB — LMNN (Gradient Boosting -
Large Margin Nearest Neighbours), Hausdorff distance and Hadamard distance. These
non-linear metrics are defined in some papers such as (Kakavandi and Amini, 2011,
Kedem et. al, 2012, Grzegorzewwski, 2004). To the best of our knowledge they have
not been implemented for supplier selection problems. It will be interesting to see how
their application will affect supplier selection problems.

Proposed Research Frontiers

This paper proposed the following research frontiers to bridge the gaps in the existing
method in literature:

= The problem of contradictory recommendation in the ranking of suppliers
when more than one metric functions are used in intuitionistic fuzzy TOPSIS.
A robust method to find a way out of the contradictory recommendation of the
distance functions with respect to the ranking of suppliers is proposed as a
research frontier in the existing method.

= The application of other non-linear metrics such as: X2LMNN, GB — LMNN,
Hausdorff distance and Hadamard distance. (Kakavandi and Amini, 2011,
Kedem et. al, 2012, Grzegorzewwski, 2004). To the best of my knowledge they
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have not been implemented for supplier selection problems. It will be
interesting to see how their application will affect supplier selection problems.

Conclusion

Intuitionistic fuzzy TOPSIS is an established method for supplier selection.
This paper provided a review of the method and proposed areas of future research
frontiers. Developing a method to handle the contradictory ranking of supplier when
more than one metric functions are adopted will be worthwhile and invaluably enhance
the supplier selection process. The application of other non-linear metric functions
identified in this paper will also be a welcome development to supplier selection
process.
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