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Abstract. With the globalization of economy and development of technology, organizational strat-
egy development in distribution channel management has become more significant for competitive
business world. To improve distribution channel performance, many companies have focused on
Multi-Criteria Decision Making (MCDM) methods. In the literature, there are a great number of
studies on MCDM and fuzzy MCDM (FMCDM) methods, whereas a few studies on integrated
FMCDM methods. The purpose of this study is to propose integrated FMCDM methodology in-
cluding FAHP, WASPAS-F, EDAS-F and ARAS-FE. In these methods, relative importances of the
criteria are determined by FAHP. Managerial and financial perspective is determined as the most
important criteria by FAHP methods. Then WASPAS-F, EDAS-F and ARAS-F methods are carried
out to rank the alternatives. The practical implication of the integrated FMCDM methods is the
use of linguistic variables for assessment of the criteria and the alternatives. As a research implica-
tion, Hybrid Based Strategy is determined as the best organizational strategy. The originality and
value of study is to present comparative analyzes using the newly developed WASPAS-E, EDAS-F
and ARAS-F integrated with FAHP methods. An important finding of the study is that the ranking
results of the proposed methods are consistent with each other.

Keywords: multi-criteria decision making, FAHP, WASPAS-F, EDAS-F, ARAS-F, organizational
strategy, distribution channel management.

JEL Classification: C00, D81, L29.

*Corresponding author. E-mail: nimet@selcuk.edu.tr

Copyright © 2018 The Author(s). Published by VGTU Press

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.
org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author
and source are credited.


https://orcid.org/0000-0002-7094-8097
https://orcid.org/0000-0003-1681-9398
https://orcid.org/0000-0002-3201-949X
https://orcid.org/0000-0002-5835-9388

Journal of Business Economics and Management, 2018, 19(2): 360-381 361

Introduction

A distribution channel, also referred as a trade channel or a marketing channel, is defined as
a set of independent organizations which included in the product making process or service
process for use or consumption. A distribution channel is aimed to build the gap between
producers and consumers by adding value to products or services. Manufacturers, interces-
sors such as wholesaler, retailer, specialized and end-users play an important role in the
distribution channel (Coughlan, Anderson, Stern, & El-Ansary, 2006). A distribution chan-
nel design needs two fundamental decisions: a strategic decision and a tactical decision. The
number of levels between supplier and consumer is identified by the strategic decision, while
the intensity of the selected structure and policies of channel management is determined
by the tactical decision (Rangan & Jaikumar, 1991). Distribution channel management has
gained popularity and importance in the changing business world. There are several reasons
for this: i) distribution and its network have become a significant origin of achievement
and competitive advantage, ii) distribution channel strategies influence many other aspects
of marketing strategies, iii) Choosing distribution network has long-term outcomes, and it
is very difficult to change the structure because of its cost (Guan, 2010). Development of a
suitable organizational strategy is the most difficult stage of distribution channel management
and it directly affect the success of management and distribution (Paksoy, Yapici Pehlivan, &
Kahraman, 2012).

Because of the globalization and fast-changing technologies in the competitiveness busi-
ness world, production industries have to choose suitable production strategies, product
designs, production processes, work piece and tool materials, machinery and equipment, etc.
Decision makers (DMs) in the production industries frequently have faced with the problem
of evaluating a set of alternatives and choosing one based on a set of conflicting criteria.
Multiple criteria decision making (MCDM) methods help to determine suitable alternatives
which makes a significant change in the productivity and profitability of the manufacturing
industries (Rao, 2013). In order to deal with a typical MCDM method, firstly the number
of criteria existing in the problem is determined. Secondly, the suitable data/information in
which the preferences of DMs is collected (i.e., construction of the preferences). Thirdly, a
set of possible alternatives for attaining the goal is constructed (i.e., evaluation of the alterna-
tives). Finally, a proper method is chosen for evaluating and ranking of the alternatives (i.e.,
determination of the top alternative) (Tzeng & Huang, 2011).

Fuzzy multi-criteria decision making (FMCDM) methods have been employed increas-
ingly for the evaluation of the alternatives considering multiple, usually conflicting criteria
under fuzzy environment. In the literature, FMCDM methods have been comprehensively
studied by various researchers and applied to different fields. According to the Clarivate Ana-
lytics Web of Science database, a numerous published papers (article, article in press, review,
book chapter, and book) on FMCDM methods in “article title, abstract, or keywords” Among
these, a large number of published papers have been mentioned in their abstracts, keywords
and titles as shown in Figure 1.

In this study, integrated fuzzy MCDM methods, FAHP/WASPAS-F, FAHP/EDAS-F, and
FAHP/ARAS-F, are performed to improve an organizational strategy in distribution channel
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Figure 1. Published documentary using MCDM & FMCDM methods over years
considering their abstracts, keywords and titles

management of an edible-vegetable oil firm. As far as we know, there are no comparative
studies on integrated FMCDM methods for determining the best organizational strategy
under fuzzy environment by this time. The rest of this paper is organized as follows. In
Section 1, a literature review on FMCDM methods are presented. The methods of FAHP,
WASPAS-F, EDAS-FE, and ARAS-F are summarized in Section 2. In Section 3, hierarchical
structure of organizational strategy development problem and solution results of the inte-
grated FMCDM methods are given. Finally, conclusions are drawn.

1. Literature review

A number of literature reviews or art of the state surveys on MCDM methods have been
presented by various authors. Some of them reviewed the applications and methodologies
of the MCDM techniques and approaches (Mardani et al., 2015; Sabaei, Erkoyuncu, & Roy,
2015), while the others focused on MCDM techniques applied in specific areas, such as water
management (Hajkowicz & Collins, 2007), sustainable energy planning (Cavallaro, 2015),
supplier evaluation and selection (Ho, Xu, & Dey, 2010), bioenergy schemes (Scott, Hu, &
Dey, 2012), construction (Jato-Espino, Castillo-Lopez, Rodriguez-Hernandez, & Canteras-
Jordana, 2014), municipal solid waste management (Soltani, Hewage, Reza, & Sadiq, 2015),
green supplier evaluation and selection (Govindan, Rajendran, Sarkis, & Murugesan, 2015),
reverse logistics (Rezaei, 2015) Besides, some authors reviewed the MCDM methods under
fuzzy environment (Celik, Giil, Aydin, & Giineri, 2015; Kahraman, Onar, & Oztaysi, 2015).

Various MCDM and FMCDM methods are applied to solve different type of real world
problems. Saaty (1980) proposed the Analytic Hierarchy Process (AHP) for planning, pri-
ority setting, resources allocation. Kahraman, Engin, Kabak and Kaya (2009) proposed an
interactive group decision-making methodology, through the FTOPSIS to choose/rank Infor-
mation Systems providers for a manufacturer. Turskis, Lazauskas and Zavadskas (2012) pre-
sented fuzzy multiple criteria assessment of construction site alternatives for non-hazardous
waste incineration plant in Vilnius city, using the AHP and ARAS-F methods. A. Balezentis,
T. BaleZentis and Misiunas (2012) applied three FMCDM methods, FVIKOR, FTOPSIS, and



Journal of Business Economics and Management, 2018, 19(2): 360-381 363

ARAS-E for assessment of Lithuanian economic sectors on the basis of financial ratios. Turs-
kis, Zavadskas, Antucheviciene and Kosareva (2015) proposed the structure of fuzzy multi-
attribute performance measurement using the WASPAS-F and FAHP. Ghorabaee, Zavads-
kas, Amiri and Turskis (2016) introduced EDAS-F method which is an extension of EDAS
method under fuzzy environment, for supplier selection of detergent manufacturer which
needs to supply chemical materials. Kahraman et al. (2017) proposed intuitionistic fuzzy
EDAS method for evaluation of solid waste disposal site selection.

A tabulated summary of the integrated FMCDM applications on various fields is pre-
sented in Table 1.

Table 1. Some of the literature summary on integrated FMCDM methods for various application area

Fuzzy MCDM

Authors methods used

Application area

Kaya and Kahraman | FAHP/FVIKOR | Selection of the renewable energy alternative for Istan-

(2010) bul, Turkey

Oniit, Efendigil and | FAHP/FTOPSIS | Evaluation of a shopping center site selection problem
Kara (2010) in Istanbul, Turkey

Sun (2010) FAHP/FTOPSIS | Performance evaluation for providing a more accurate,

effective, and systematic decision support tool

Kaya and Kahraman | FAHP/VIKOR Selection of the alternative forestation areas in Istanbul
(2011)

Biiyiikozkan, Arse- FAHP/FTOPSIS | Evaluation of personal digital assistants with integrated
nyan and Ruan (2012) barcode scanner in the Turkish market

Kannan, Khodaverdi, |FAHP/FTOPSIS | Determination of the best green suppliers in an auto-
Olfat, Jafarian and mobile manufacturing company
Diabat (2013)

Senthil, Srirangacha- | FAHP/FTOPSIS | Selection of contractor in third-party reverse logistics

ryulu and Ramesh for a plastic recycling plant in India

(2014)

Taylan, Bafail, Abdu- | FAHP/FTOPSIS | Evaluation of the construction projects and assessment

laal and Kabli (2014) of their overall risk

Akkaya, Turanoglu FAHP/FMOORA | Evaluation of industrial engineering students and

and Oztas (2015) graduates

Prakash and Barua FAHP/FTOPSIS | Identification and ranking the solutions of Reverse

(2015) Logistics adoption in Indian electronics industry

Turskis et al. (2015) FAHP/WASPAS-F | Selection of shopping centre construction site in
Vilnius

Dinger, Hac1oglu, FAHP/FTOPSIS | Determination of the industry alternatives for portfolio

Tatoglu and Delen investments in BIST 100 Index in Turkey

(2016)

Liao, Fu and Wu FAHP/ARAS-F Evaluation and selection of green supplier for a watch

(2016) manufacturer company

Nguyen, Dawal, FAHP/ARAS-F Selection of the conveyor system for improving the

Nukman, Rifai and performance of flexible manufacturing cells

Aoyama (2016)
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End of Table 1

Fuzzy MCDM

Authors methods used

Application area

Chauhan and Singh | FAHP/FTOPSIS | Determination of a sustainable location of healthcare

(2016) waste disposal facility for an Indian city
Rostamzadeh, Es- ARAS-F Performance measurement for supply chain manage-
maeili, Nia, Saparus- ment in SMEs under uncertainty

kas and Ghorabee

(2017)

Turskis, Kersuliene ARAS-F/AHP Decision-making approach to solve personnel assess-
and Vinogradova ment problems

(2017)

Liao et al. (2016) ARAS-F/FAHP Evaluation and selection of green supplier

Mardani et al. (2017) | WASPAS-F/FAHP | A systematic review and meta-Analysis of SWARA and
WASPAS methods

Ghorabaee, Amiri, EDAS-F Designing a multi-product multi-period supply chain
Olfat and Khatami network with reverse logistics and multiple objectives
Firouzbadi (2017) under uncertainty

2. Fuzzy multi-criteria decision making methods

Multiple criteria decision making (MCDM) is the most well-known branch of decision mak-
ing. MCDM problem is to select an appropriate alternative among a finite number of feasible
alternatives in the presence of multiple, generally conflicting criteria. MCDM problems are
classified into two categories: multi-objective decision making (MODM) and multi-attribute
decision making (MADM), depends on the domain of the alternatives, i.e. continuous or dis-
crete. MADM concentrates on problems with discrete domain whose number of alternatives
has been predetermined in order to select/prioritize/rank a finite number of alternatives. On
the other hand, MODM focuses on problems with decision variables that are determined in a
continuous/integer domain with either an infinitive or a large number of alternatives to sat-
isfy the decision maker’s constraints and preference priorities (Rao, 2013). Various methods
have been proposed in the field of MCDM, such as AHP (Saaty, 1980), TOPSIS (Hwang &
Yoon, 1981), COPRAS (Zavadskas, Kaklauskas, & Sarka, 1994), VIKOR (Opricovic, 2007),
MOORA (Brauers & Zavadskas, 2006), MultiMOORA (Brauers & Zavadskas, 2010), ARAS
(Zavadskas and Turskis, 2010), WASPAS (Zavadskas, Turskis, Antucheviciene, & Zakarevi-
cius, 2012), EDAS (Ghorabaee, Zavadskas, Olfat, & Turskis, 2015), etc. Due to the judgments
and preferences of decision makers are influenced by uncertainty, the use of definite and
crisp numbers in linguistic evaluations is not appropriate for MCDM methods. Therefore,
various MCDM methods based on fuzzy set theory have been proposed by several authors
for selection, ordering and classification of the alternatives. For example, Fuzzy AHP was
first proposed by Van Laarhoven and Pedrycz (1983) as an extension of AHP method un-
der fuzzy environment. The Fuzzy TOPSIS was first developed by Chen (2000) to extend
TOPSIS method to the fuzzy environment. Opricovic and Tzeng (2002) introduced Fuzzy
VIKOR to use fuzzy inputs for VIKOR method and then, Opricovic (2007) proposed a fuzzy
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extension of VIKOR to find a fuzzy compromise solution using triangular fuzzy numbers.
Recently, Turskis and Zavadskas (2010) proposed ARAS-F method, Brauers, A. Balezentis
and T. Balezentis (2011) introduced fuzzy MULTIMOORA method, Turskis et al. (2015)
introduced WASPAS-F method and Ghorabaee et al. (2016) proposed EDAS-F method by
using fuzzy set theory.

2.1. Fuzzy Analytical Hierarchy Process (FAHP)

Fuzzy Analytical Hierarchy Process (FAHP) is a fuzzy extension of AHP developed by Saaty
(1980) in order to solve MCDM problems under fuzzy environment. There are five main
methods of FAHP which are proposed by Van Laarhoven and Pedrycz (1983), Buckley
(1985), Chang (1996), and Mikhailov (2002, 2003). In the methods, fuzzy pairwise compari-
son matrices have been constructed by using linguistic evaluations with respect to the deci-
sion makers’ judgments. Van Laarhoven and Pedrycz (1983) proposed Fuzzy Priority Method
method which is based on the logarithmic regression method, to derive fuzzy weights or
fuzzy performance scores through AHP operations by using triangular fuzzy numbers (Van
Laarhoven & Pedrycz, 1983). The geometric mean method was first developed by Buckley
(1985) to extend the AHP using linguistic variables. The extent analysis method proposed by
Chang (1996) has been widely used to obtain crisp weights from a fuzzy comparison matrix.
The Fuzzy Preference Programming (FPP) method was proposed by Mikhailov (2000) to
derive weights from fuzzy comparison judgments. In the FPP method, initial fuzzy judg-
ments are transformed into interval ones by using a-cuts and it is applied to derive crisp
weights from the interval judgments by solving any optimization problem (Mikhailov, 2002,
2003). The fuzzy prioritization (FP) method introduced by Mikhailov (2003) is based on the
maximin decision rule which is applied for solving fuzzy linear problems with constraints.

In this study, geometric mean method of Buckley (1985) and fuzzy prioritization method
of Mikhailov (2003) are performed to obtain weights of the criteria.

2.1.1. Buckley (1985)’s Geometric Mean Method

The Geometric Mean Method of FAHP (BGM-FAHP) proposed by Buckley (1985), is an
extension of the AHP for the fuzzy case and it has been used to derive fuzzy weights. The
advantages of this method are its computational simplicity and ensuring a unique solution.
BGM-FAHP method is summarized as follows:
Step 1: The fuzzy pairwise comparison matrices D :[&f]} axn are constructed. Where
a; =(af,a}",afl), i,j=1,..,n indicates fuzzy comparison value of criterion i to criterion j.
Step 2: The fuzzy geometric mean of criterion i is calculated by Eq. (1):

r.=(a,®a, ®..0a, )" (1)
Step 3: The fuzzy weights of criterion i is computed as in Eq. (2):
W, =7 O OF ®..07,) 7, )

where @ is fuzzy addition operator; ® is fuzzy multiplication operator.
Step 4: The fuzzy weights w; are defuzzified by using Center of Area (CoA) method as
follows:
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, 3)

U_.,L M L L M U
o (wy —wyi )+ (W —w;) _owp A w
w; =w; +[ 3 = 3

where w,; = (WIL,WlM WY ) denotes a triangular fuzzy number.

2.1.2. Mikhailov (2003)’s Fuzzy Prioritization Method

The Fuzzy Prioritization Method of FAHP (MFP-FAHP) proposed by Mikhailov (2003) is
based on the maximin decision rule it has been used to derive crisp weights. The maximin
rule was applied by Bellman and Zadeh (1970) for solving decision making problems in
uncertain environments and it is applied by Zimmermann (1978) for fuzzy linear problems
with constraints. The steps of the MFP-FAHP are given as follows:

Step 1: The fuzzy pairwise comparison matrices D= [%} are set.

Step 2: The maximin prioritization problem is considered as follows,

Max A
A<y (w), j > (4)

n
Zwk = 1, Wk > 0,
k=1

where A is a variable for measuring the degree of membership of a given priority vector in
the fuzzy feasible area; wy is weight of criterion k; p;(w) is membership function of w.

Step 3: The maximum prioritization problem which is transformed into a nonlinear op-
timization model taking into consideration of the membership functions for the TFNs, is
obtained by Eq. (5):

Max A
@) —af)w; —w; +afw; <0, j>i
(aU—a Mw; +w; —a¥ w; <0, j>is (5)

Y ij

Zwk =1, w, >0, k=L2,..,n
k=1
Step 4: By using any nonlinear optimization method, optimal solution of (W,w*) is
obtained. If A" is positive, fuzzy comparison matrix is rather consistent. If " is negative,
the fuzzy comparison matrix is strongly inconsistent (Mikhailov, 2003; Mikhailov & Tsveti-
nov, 2004).

2.2. Fuzzy Weighted Aggregated Sum-Product Assessment method (WASPAS-F)

Weighted Aggregated Sum-Product Assessment (WASPAS) method was introduced by Za-
vadskas et al. (2012) which is composed of two well-known methods: Weighted Sum Model
(WSM) and Weighted Product Model (WPM). In the WSM method, ranking score of an each
alternative is computed as a weighted sum of the performance score by criteria weights. On
the other hand, it is calculated as a multiplication of the performance score by taking power
of the criteria weight, in the WPM. Based on these methods, Turskis et al. (2015) introduced
WASPAS-F method extending the WASPAS method to the fuzzy environment.
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In summary, the WASPAS-F method can be described in ten steps:

Step 1: Constitute a Decision makers (DMs) group and define the evaluation criteria,
alternatives, and goal of problem.

Step 2: Assign the fuzzy performance scores (X, i=12,....,m; j=12,...m k=12,....K)
for alternatives with respect to each criteria by the DM, using appropriate linguistic evalu-
ations.

Step 3: Identify the criteria importance w . by the DM using appropriate linguistic
evaluations or alternatively obtained by any fuzzy MCDM methods, such as FAHP.

Step 4: Transform the linguistic evaluations into corresponding triangular fuzzy numbers.

Step 5: Aggregate the fuzzy performance scores and the criteria importance of the DMs
using Egs. (6)-(7), respectively

%y =] % @5, ©.. 0%y | (6)
iy =L iy @i, .. @iy, |, )

where x;; is the fuzzy performance score for alternative i with respect to criterion j by the
DM, and wj is the importance of criterion j by the DM,

Step 6: Constitute the fuzzy decision matrix D :[fci]}, i=12,...,m; j=12,...,n and
criteria weights vector w; .

Step 7: Construct the normalized fuzzy decision matrix R = [Fl]] by using Eq. (8),

X

IJ~ , JEB
max X;
;:1]: l, ~ > (8)
minXx;
L, jeC
Lij

where je B indicates benefit criteria and jeC indicates cost criteria.
Step 8: Compute the weighted normalized fuzzy decision matrices for WSM and WPM
as in Egs. (9)—(10), respectively.

Vivsm =|:Vij,WSM:|’ Viwsm =T ®W;5 )
~ - Nw]
Vivem = I:Vij,WPM:|’ Viiwem =T (10)

Step 9: Compute fuzzy values of the optimality function for each alternative according
to the WSM and WPM, respectively;

n

Q=2 Viwsu> i=Lowms (11)
j=1

~ n

p =H‘7ij,pr’ i=1..,m. (12)
j=1

The centre-of-area (CoA) method is used for defuzzification of fuzzy values as follows:

Q :%(Q}+QiM +QV); (13)
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gzé(gLeriMJrPiU). (14)

Step 10: Calculate the integrated utility function value for each alternative by using Eqs.
(15)—(16) and then rank the alternatives in decreasing order of K;:

m m
K;=A) Q+(1-1)) P, A=0,..,1; 0<K, <1, (15)
i=1 i=1
where m
2P
_ i=1
h=— (16)

2.3. Fuzzy evaluation based on distance from average solution (EDAS-F) method

Evaluation based on distance from average solution (EDAS) method was developed by Gho-
rabaee et al. (2015) to handle MCDM problems. Later, Ghorabaee et al. (2016) proposed an
extended version of the EDAS method to deal with multi-criteria group decision-making
problems in the fuzzy environment. In the method, namely EDAS-F, the decision-makers
express the weights of criteria and the rating of alternatives with respect to each criterion by
linguistic terms which are quantified by positive trapezoidal fuzzy numbers. The algorithm
of the EDAS-F method is presented as follows:

Step 1-6: Same as in the WASPAS-F algorithm.

Step 7: Determine the matrix of average solutions, AV = {av ]} , as follows:

1xn

~ m
= 2%
i=1

(17)

where av; represents the average solutions with respect to each criterion.

Step 8: Calculate the positive distance from average matrix, PDA z{ pdaij} , and
mxn

negative distance from average matrix, NDA = {ndaij} , according to the type of criteria
(benefit or cost), as follows: mxn

()Ei@an-)
\V]f]) jeB
pdag=] (18)
(av;Ox;)
\ij], eC,
K(avj)
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(av; OF,)
VAT ) L0 jeB
- K(av;)

U -
\|1(5cij®av]~)

K(avj)

(19)

jeC,

where v is a function to find the maximum between a trapezoidal fuzzy number and zero;
K is a function to find defuzzified (crisp) value of fuzzy number; pda; and nda; denote
the positive and negative distance of performance value of alternative i from the average
solution in terms of criterion i, respectively.

Step 9: Calculate the weighted sum of positive and negative distances for all alternatives,
as follows:

sp; = Z@(wj ® pday); (20)
j=1

s, =Y @, ®nday) 21)
j=1

Step 10: Normalize the values of sp; and sn; for all alternatives as:

p=— P (22)
max| K(sp;)

R :Li_ (23)
max| K(sn;)

Step 11: Calculate the appraisal score (U, ) using defuzzified P, and R; values for all
alternatives, as follows:

U, :%(Pi ®R,). (24)

Step 12: Rank the alternatives according to the decreasing values of U; (Ghorabaee
et al,, 2016).

2.4. Fuzzy Additive Ratio Assesment (ARAS-F) method

Additive Ratio Assesment (ARAS) method introduced by Zavadskas and Turkis (2010) is
based on a utility function value determining the complex relative efficiency of a reasonable
alternative which is directly proportional to the relative effect of values and weights of the
main criteria. After then, Turskis and Zavadskas (2010) developed fuzzy version of ARAS
method, namely ARAS-F, to solve different problems in transport, construction, economics,
technology and sustainable development.
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Step 1-5: Same as in the WASPAS-F method.
Step 6: Construct the fuzzy decision matrix

D=[5c,.j],i=o,1,...,m; j=12n,
where X,; represents optimal fuzzy performance score of criterion j. If optimal value of

criterion j is unknown, then fcoj = {(maxfcij, je Bj,(minfcij je C)} .
i i

Step 7: Construct the normalized fuzzy decision matrix R = [fl] J using Eq. (25):

-~ ,j€B
inj
~ i=1
rl] = -1 . (25)
mxij ,jeC
2%
i=1

Step 8: Calculate the fuzzy weighted normalized decision matrix V = [1711] ,

171.]. =Fij ®wj. (26)

Step 9: Compute the fuzzy optimality function by Eq. (27):

n
Si=D0, i=12,.,m. (27)
j:1

Step 10: Defuzzify gl- by CoA method and rank the alternatives with respect to the §;
in decreasing order.

S.
Step 11: Rank the alternatives in increasing order of K; =—- which indicates utility

degree (Turskis & Zavadskas, 2010). So

3. A numerical example

The proposed integrated FMCDM methods are applied to determine the best organizational
strategy in distribution channel management for an edible-vegetable oil manufacturer under
fuzzy environment. Hierarchical structure of the problem have composed of three levels: the
first level includes main criteria, the second level includes related sub-criteria and the third
level includes alternatives as illustrated in Figure 2.

Detailed explanation of the main criteria, sub-criteria and the alternatives related to the
problem can be found in (Paksoy et al., 2012).
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Figure 2. Hierarchical structure of the organizational strategy development

3.1. Solution results the of FAHP Methods

In this study, geometric mean method (BGM-FAHP) and Fuzzy Prioritization method (MFP-
FAHP) are performed to calculate the weights of the main criteria and related sub-criteria.
Fuzzy pairwise comparison matrices which are constructed based on evaluations from the
all Decision Makers by using linguistic terms and corresponding triangular fuzzy numbers

given in Table 2, are given in Tables 3—7. The weights of all criteria for determining the best
distribution channels computed by the methods of BGM-FAHP and MFP-FAHP are shown

in Table 8.
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Table 2. Linguistic scale for FAHP
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Linguistic terms of importance Triangular fuzzy numbers Recggzr;);aillt;ilir;%?lar
Equally important (1,1,1) (1,1,1)
...between equally and weakly (1,2,3) (1/3,1/2,1)
Weakly important (2,3,4) (1/4,1/3,1/2)
...between weakly and strong (3,4,5) (1/5,1/4,1/3)
Strong important (4,5,6) (1/6,1/5,1/4)
;[.rl;i[;veen strong and very (5.6,7) (1/7,1/6,1/5)
Very strong (6,7,8) (1/8,1/7,1/6)
Soﬁﬁg‘;‘fgg’ﬁgf strong and ab- (7.89) (1/9,1/8,1/7)
Absolutely strong important (9,9,9) (1/9,1/9,1/9)
Table 3. Fuzzy comparison matrix for main criteria according to the goal
Criteria MC1 MC2 MC3 MC4
MC1 (1,1,1) (4,5,6) (1,1,1) (1/4,1/3,1/2)
MC2 (1/6,1/5,1/4) (1,1,1) (1/3,1/2,1) (1/6,1/5,1/4)
MC3 (1,1,1) (1,2,3) (1,1,1) (1/3,1/2,1)
MC4 (2,3,4) (4,5,6) (1,2,3) (1,1,1)
Table 4. Fuzzy comparison matrix for sub-criteria of MC1
Sub-criteria SC11 SC12 SC13 SC14 SC15
SC11 (1,1,1) (2,3,4) (1/4,1/3,1/2) | (1/4,1/3,1/2) | (1/3,1/2,1)
SC12 (1/4,1/3,1/2) (1,1,1) (1/6,1/5,1/4) | (1/4,1/3,1/2) (1,2,3)
SC13 (2,3,4) (4,5,6) (1,1,1) (1/3,1/2,1) (1,2,3)
SC14 (2,3,4) (2,3,4) (1,2,3) (1,1,1) (2,3,4)
SC15 (1,2,3) (1/3,1/2,1) (1/3,1/2,1) (1/4,1/3,1/2) (1,1,1)
Table 5. Fuzzy comparison matrix for sub-criteria of MC2
Sub-criteria SC21 SC22 SC23 SC24 SC25 SC26
SC21 (1,1,1) (1,1,1) (4,5,6) (2,3,4) (2,3,4) (1,2,3)
SC22 (1,1,1) (1,1,1) (2,3,4) (2,3,4) (2,3,4) (1,2,3)
sC23 (1/6,1/5,1/4) | (1/4,1/3,1/2) | (1,1,1) (1,1,1) (1,2,3) (1,2,3)
SC24 (1/4,1/3,172) | (1/4,1/3,1/2) | (1,1,1) (1,1,1) (1,1,1) (1,2,3)
SC25 (1/4,1/3,1/2) | (1/4,1/3,1/2) | (1/4,1/3,1/2) | (1/3,1/2,1) (1,1,1) (1,2,3)
SC26 (1/3,1/2,1) (1/3,1/2,1) (1/3,1/2,1) (1/3,1/2,1) (1/3,1/2,1) (1,1,1)
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Table 6. Fuzzy comparison matrix for sub-criteria of MC3
chiltlel:)r_ia SC31 SC32 SC33 SC34 SC35 SC36 SC37
SC31 (LL1) |(1/6,1/5,1/4) (1/3,1/2,1) (2,3,4) (1,2,3) (1,2,3) (1,1,1)
SC32 (4,5,6) (1,1,1) (1/3,1/2,1) (2,3,4) (1,2,3) (1,1,1) (1,2,3)
SC33 | (1,2.3) (1,2,3) (1,1,1) (2,3,4) (1,1,1) (2,3,4) (2,3,4)
SC34 ((1/4,1/3,1/2)[(1/4,1/3,1/2)|(1/4,1/3,1/2)|  (L,L,1) | (1/3,1/2,1) | (1,2,3)  |(1/4,1/3,1/2)
SC35 | (1/3,1/2,1) | (1/3,1/2,1) (1,1,1) (1,2,3) (1,1,1) (1,1,1) (1,1,1)
SC36 | (1/3,1/2,1) (LL1)  |(1/4,1/3,1/2)| (1/3,1/2,1) (1,L,1) (LL,1)  |(1/4,1/3,1/2)
SC37 | (LLL) | (1/3,1/2,1) [(1/4,1/3,1/2)]  (2,3,4) (1,1,1) (2,3,4) (1,1,1)
Table 7. Fuzzy comparison matrix for sub-criteria of MC4
Sub-criteria SC41 SC42 SC43 SC44 SC45
SC41 (1,1,1) (2,3,4) (1,1,1) (L,L,1) (1/4,1/3,1/2)
SC42 (1/4,1/3,1/2) (1,1,1) (1,1,1) (1/4,1/3,1/2) | (1/4,1/3,1/2)
SC43 (1,1,1) (1,1,1) (1,1,1) (1,1,1) (1/3,1/2,1)
SC44 (1,1,1) (2,3,4) (1,1,1) (1,1,1) (1/3,1/2,1)
SC45 (2,3,4) (2,3,4) (1,2,3) (1,2,3) (1,1,1)
Table 8. The weights of the main criteria and its related sub-criteria
Main criteria Sub-criteria BGM-FAHP MFP-FAHP
MC1 0.2322 0.2307
SCI11 0.1235 0.1538
SC12 0.0910 0.0769
SC13 0.2932 0.3076
SC14 0.3644 0.3076
SC15 0.1279 0.1538
MC2 0.0811 0.0770
SC21 0.3022 0.3333
SC22 0.2785 0.3333
SC23 0.1168 0.0833
SC24 0.1132 0.0833
SC25 0.0907 0.0833
SC26 0.0985 0.0833
MC3 0.2112 0.2307
SC31 0.1547 0.1250
SC32 0.2440 0.1250
SC33 0.2851 0.2500
SC34 0.0853 0.1250
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End of Table 8

Main criteria Sub-criteria BGM-FAHP MFP-FAHP
SC35 0.1371 0.1250
SC36 0.0938 0.1250
SC37 0.1590 0.1250
MC4 0.4755 0.4614
SC41 0.1786 0.1818
SC42 0.0964 0.0909
SC43 0.1575 0.1818
SC44 0.1979 0.1818
SC45 0.3696 0.3636

In Table 8, the weights of the main criteria according to the goal are calculated as (0.2322,
0.0811, 0.2112, 0.4755) by using BGM-FAHP, whereas (0.2307, 0.0770, 0.2307, 0.4614) by
using MFP-FAHP. The weights of the sub-criteria of MCI1 are calculated as (0.1627, 0.1157,
0.2629, 0.3408, 0.1790) by applying BGM-FAHP, whereas calculated as (0.1538, 0.0769,
0.3076, 0.3076, 0.1538) by using MFP-FAHP.

3.2. Solution of the integrated Fuzzy MCDM methods

Fuzzy decision matrices of the problem are constructed based on evaluations of the alterna-
tives with respect to the all criteria from the DMs. Then, the weights of the all criteria and the
performance score of the each alternative are aggregated. Final rankings of the alternatives
are obtained by performing the steps of the algorithm of WASPAS-E, EDAS-E, and ARAS-F
as shown in Tables 9-11.

Table 9. Results of the integrated FAHP/WASPAS-F method

BGM-FAHP /WASPAS-F MFP-FAHP /WASPAS-F
Alterna- . .
tives WSM-Q; | WPM-P; K; Ranking | WSM-Q; | WPM-P; K; Ranking
Al 0.484 0.273 0.361 4 0.501 0.283 0.374 4
A2 0.520 0.377 0.437 2 0.526 0.380 0.441 2
A3 0.491 0.350 0.409 3 0.489 0.350 0.408 3
A4 0.282 0.171 0.217 5 0.287 0.177 0.223 5
A5 0.774 0.657 0.706 1 0.771 0.652 0.702 1
A 0.417 0.417
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Table 10. Results of the integrated FAHP/EDAS-F method
BGM-FAHP /EDAS-F MFP-FAHP / EDAS-F
Alterna- . .
tives P; R; U; Ranking P; R; U; Ranking
Al —-0.205 0.699 0.247 4 -0.172 0.752 0.290 4
A2 —0.060 0.912 0.426 3 -0.061 0.912 0.426 2
A3 -0.054 0.921 0.434 2 -0.072 0.897 0.412 3
A4 —0.681 0.000 -0.341 5 —0.695 0.000 -0.347 5
A5 1.000 2.468 1.734 1 1.000 2.439 1.720 1
Table 11. Results of the integrated FAHP/ARAS-F method
BGM-FAHP/ARAS-F MFP-FAHP/ARAS-F
Alternatives S K; Ranking S;i K; Ranking
Al 0.139 0.463 4 0.143 0.479 4
A2 0.155 0.515 2 0.155 0.519 2
A3 0.152 0.505 3 0.150 0.504 3
A4 0.089 0.295 5 0.090 0.301 5
A5 0.239 0.796 1 0.236 0.793 1

According to the Tables 9-11, organizational strategy alternatives are ranked as A5 >
A2 > A3 > Al > A4 by using all integrated fuzzy MCDM methods except for BGM-FAHP/
EDAS-F. Hybrid based strategy (A5) is selected as the most preferred organizational strategy
for the distribution channel management for the edible-vegetable oil manufacturer. These
ranking results are similar to the ranking results of FAHP method of Chang (1996) and
HFTOPSIS method of Ates, Cevik, Kahraman, Giilbay and Erdogan (2006), given in Paksoy
etal. (2012) (Table 12). Spearman’s rank correlation coeflicients between the proposed meth-
ods and Chang’s FAHP, HFTOPSIS presented by Paksoy et al. (2012) are calculated shown in
Table 13. All the Spearman’s rank correlation coeflicients are statistically significant for a =
0.05 and it show that there is a significant relationship between the integrated fuzzy MCDM

methods.

Table 12. Ranking results of proposed methods, FAHP and HFTOPSIS

BGM-FAHP/EMCDM MEP-FAHP/EMCDM Paksoy et al. (2012)
Altti‘;re‘;a' 1‘:&;% EDAS-F | ARAS-F 1\3/1\/(;?1_: EDAS-F | ARAS-F g\lgpg HF;E)P )
Al 4 4 4 4 4 4 3 3
A2 2 3 2 2 2 2 2 2
A3 3 2 3 3 3 3 4 4
Ad 5 5 5 5 5 5 5 5
A5 1 1 1 1 1 1 1 1
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Table 13. Correlations between ranking results of proposed integrated FMCDM methods, FAHP and
HFTOPSIS

BGM- MEFP-
BGM- | BGM- MFP- | MFP-

Methods Fvézilsri ""| rAHP/ | FAHP/ %ESP_ "| eaHP/ | FAHP/ %‘E}% HFSTISP'

pAcp | EDAS-F | ARAS-F | > | EDAS-F | ARAS-F
BGM-
FAHP/ 1.000 | 0.900* | 1.000** | 1.000** | 1.000** | 1.000** | 0.900%* | 0.900*
WASPAS-F
BGM-
FAHP/ 0.900* | 1.000 | 0.900* | 0.900* | 0.900* | 0.900* | 0.700 0.700
EDAS-F
BGM-
FAHP/ 1.000** | 0.900* | 1.000 | 1.000** | 1.000** | 1.000** | 0.900% | 0.900*
ARAS-F
MEP-
FAHP/ 1.000** | 0.900* | 1.000** | 1.000 | 1.000** | 1.000** | 0.900% | 0.900*
WASPAS-F
ggi'sﬁflp/ 1.000** | 0.900* | 1.000** | 1.000** | 1.000 | 1.000** | 0.900* | 0.900%
MEFP-
FAHP/ 1.000** | 0.900* | 1.000** | 1.000** | 1.000** | 1.000 | 0.900* | 0.900*
ARAS-F
g:;npg 0.900* | 0700 | 0.900* | 0.900* | 0.900% | 0.900* | 1.000 | 1.000%*
HFTOPSIS | 0.900* | 0.700 | 0.900* | 0.900* | 0.900* | 0.900* | 1.000** | 1.000

* Correlation is significant at the 0.05 level (2-tailed), ** Correlation is significant at the 0.01 level
(2-tailed)

Conclusions

Distribution channel management has been played an important role in the competitive busi-
ness world to provide a competitive advantage for companies in manufacturing industry. The
managers in the manufacturing industry face with various decision making problems like
as selecting or ranking the alternatives amongst a set of alternatives considering multiple,
generally conflicting criteria. Determination of the distribution channel strategies which has
long term outcomes, is one of the most difficult decision making processes.

In this study, we proposed integrated FMCDM methods for development of the organi-
zational strategies in distribution channel management for an edible-vegetable oil company.
Hierarchical structure of the problem consists of three levels: four main criteria, twenty-
three sub-criteria and five alternatives. At first, Buckley (1985)’s Geometric mean method
and Mikhailov (2003)’s Fuzzy Prioritization method of FAHP are performed to calculate the
weights of the main criteria and related sub-criteria. Then, WASPAS-F, EDAS-F, and ARAS-F
methods are applied to rank organizational strategy alternatives

The results obtained from both BGM-FAHP and MFP-FAHP show that the managerial and
financial perspective (MC4), composed of managerial support, technological infrastructure,
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marketing budget, effective feedback from sales’ income and effective fund management, is
the most important criteria among all criteria. The remaining criteria in order of priority are
given as: customer profile (MC1), the positions of competitors in market (MC3) and distribu-
tor reliability (MC2). The other important findings from these results are that effective fund
management (SC45) which can be used to determine the effect of imported materials on
product price, has the biggest importance weight among the sub-criteria of the managerial
and financial perspective (MC4). Hence, managers should improve managerial and financial
perspective especially in terms of effective fund management to strengthen organizational
strategies in distribution channel management for an edible-vegetable oil manufacturer.

According to the integrated FMCDM methods, ranking order of five organizational strat-
egy alternatives ranked as A5 > A2 > Al > A3 > A4 by all integrated FMCDM methods
except for BGM-FAHP/EDAS-E The results show that Hybrid Based Strategy (A5) is the
best organizational strategy for an edible vegetable oil company. If the managers use this
ranking in strategy selection, the greatest benefit for the company is provided. Moreover, the
ranking results of the proposed methods are consistent with each other since all correlation
coeflicients are statistically significant. Thus, it can be said that proposed integrated FMCDM
methods are practical for determination of the best organizational strategies in distribution
channel management under fuzzy environment. The results of this study may help manufac-
turers to develop organizational strategies by identifying the most crucial criteria in distribu-
tion channel management.

The most important advantage of the proposed methods is that pair-wise comparisons of
alternatives with respect to the each criterion are need not required in the evaluation process.
Therefore, the computation time of the proposed integrated FMCDM methods is less than
other MCDM methods under crisp/fuzzy environment.

As a limitation of this study, we only focused on developing organizational strategies for a
particular edible-vegetable oil company in Turkey. When these integrated FMCDM methods
applied to other companies operating in different sector, ranking results could be different.
For future research, other MCDM methods such as DEMATEL, ELECTRE, COPRAS and
DEA can be used for developing organizational strategy of distribution channel management
under crisp or fuzzy environment.
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