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A combination of fuzzy logic and graph theoretic approach has been used to 	nd the service quality of distributor in amanufacturing
supply chain management. �is combination is termed as the fuzzy graph theoretic (FGT) approach. Initially the identi	ed factors
were grouped by SPSS (statistical package for social science) so
ware and then the digraph approach was applied. �e interaction
and inheritance values were calculated by fuzzy graph theory approach in terms of permanent function. �en a single numerical
index was calculated by using permanent function which indicates the distributor service quality. �is method can be used to
compare the service quality of di�erent distributors.

1. Introduction

Supply chain management (SCM) has gained much more
attention for both academicians and practitioners for the past
three decades. It is a big umbrella under which suppliers of
supplier to end users are there. �e main elements of SCM
consist of a chain starting from the supplier to organization,
distributor, retailer, and end user, that is, customer. As time
to time checks and measures are necessary to maintain the
e�ciency and to increase motivation of every person or
organization, the focus of recent study is to calculate the
service quality of the distributor of a leading two wheeler
manufacturing industry of North India, one of the most
important element of SCM, who actually receives the product
directly from the organization and supplies the same product
to the retailers in small quantity as and when required. �e
distributor may be called an authorized stockiest who stores
	nish goods inventory because of trust, commitment, and
market reputation of the parent organization and supplies the
material to retailer according to demand [1]. In the current
competitiveworld’s businessmodel, distributor is a key aspect
and it is very important to choose the correct distributor for
the business. �erefore a large number of studies have been
conducted for the evaluation of distributors.

Initially, Shipley [2] evaluated the independent distrib-
utors based on the factors necessitating the application of
e�ective selection and motivation criteria. Cavusgil et al.
[3] developed a computer aided decision support tool for
evaluating the foreign distributors. �is tool provided the
use of an interactive algorithm for arriving at reasonable
conclusions. Sharma et al. [4] discussed a composite dis-
tributor performance index (DPI) to compare distributor’s
performance using a system dynamics approach. Lin and
Chen [5] developed a research frame work to check the
in�uence of various factors on distributor selection and
evaluation. Chen and Wu [6] evaluated the relations of
manufacturer and distributor by using ISM (Interpretive
Structural Modeling), AHP (Analytical Hierarchy Process),
and ANP (Analytic Network Process). ISM was used to sort
system variables into groups of various characteristics and
AHPandANP to know the relativeweightage of the variables.
Ghorbani et al. [7] used Fuzzy ART (Adaptive Resonance
�eory) for evaluating and ranking the 40 distributors.

Jonsson and Zineldin [8] indicated the necessity to build
stable and long term working relationships between supplier
and dealers and proposed a conceptual model including
behavioral dimensions and found that good reputation and
close and positive relationship are the main variables for
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Table 1: Demographic details of respondents.

Age details Sex details Quali	cation details Echelon details Experience details

Age (years) % age Sex % age Quali	cation % age Echelon % age Exp. (years) % age

Up to 25 4.24 Male 79.66 Technical 72.03 Organization 50.85 1–5 19.49

25–30 22.03 Female 20.34 Nontechnical 27.97 Retailer 49.15 6–10 27.97

30–35 19.49 11–15 23.73

35–40 25.42 16–20 16.10

40–45 20.34 More than 20 12.71

Above 45 8.47

high satisfaction. J. X. Chen and J. Y. Chen [9] advocated
the importance of buy back contract for distributor. Li et al.
[10] studied 196 organizations and used structural equation
modeling for processing the data and found that competitive
advantage has a direct, positive impact on organizational
performance. An organization o�ering high quality services
can charge premiumprices and thus increase its pro	tmargin
on sales and return on investment but this is possible due to
quality data and reporting. An organization having a short
time to market and rapid innovation can be the 	rst in
the market, thus enjoying a higher market share and sales
volume. �ey also indicate that 	nancial performances have
close relationship with market performances.

Elahi et al. [11] discussed the need of good strategy and
buy back contract to increase the con	dence among the
customers, while many industry experts are in favour of
pro	t sharing among the entire supply chain elements. Also
industry experts believe that attitude and welfare activities
are the keys to judge the service quality of any organization.
De Treville et al. [12] studied three di�erent types of organi-
zations and found that short lead time increases the market
share through sales growth. Albernaz et al. [13] studied the
oil company supply chain and identi	ed the overall bene	ts of
e�ective logistics to distributor as reduction in lead time, cost
reduction, and obtaining production space in the production
plant. Chang et al. [14] examined the industries of semicon-
ductors, computer and peripheral equipment, optoelectronic
products, communications and internet, electronic parts and
components, electronic products distribution, and other elec-
tronic goods and concluded that the competitive advantages
have direct relationship with 	nancial performances.

Many researchers [15–17] have calculated the service
quality for various organizations but authors have not come
across any research work related to service quality in which
the value of service quality was calculated by fuzzy graph
theoretic approach. Fuzzy logic is used for incomplete, vague,
or uncertain data whereas graph theoretic approach is used
to convert intangible item into tangible. �is technique was
used by Goyal and Grover [18] for evaluation of advanced
manufacturing technologies and Gupta and Singh [19] to
compare the importance of various factors a�ecting the ser-
vice quality of distributor. With the use of this technique, the
intangible attributes convert into crisp score which further
convert into single numerical index with the use of graph
theoretic approach.�e purpose of this study is to keep an eye
on distributor by calculating the service quality provided and

also to generate an alternatemethod for that.�is can be done
not just by identifying the factors, but by grouping the factors
and developing a model using inheritance and interactions
among factors identi	ed to calculate the distributor service
quality (DSQ) in quantitative term.

2. Techniques Used

To achieve the objective of this paper a questionnaire based
survey, exploratory factor analysis (EFA), fuzzy logic (FL),
and graph theoretic approach (GTA) have been used. �e
following sections discuss these methods.

2.1. Questionnaire Based Survey. A questionnaire based on
identi	ed factors was designed which comprised questions
related to expectations/desire from distributor X and what
the organization and retailers actually received from the same
distributor. �e data collection approach (by survey) was
used as it has been used earlier bymany researchers [15, 20, 21]
in context of SCM. Snowball sampling was used to collect the
data as the authors knew only a few persons in the entire
supply chain. �e responses were obtained on a 	ve-point
Likert scale. In the Likert 	ve-point scale, 1 represents lowest
or strongly disagree while 5 represents highest or strongly
agree. Earlier di�erent service quality studies [15, 22]motivate
the authors to choose the 	ve-point Likert scale.�edesigned
questionnaire was 	lled by the person of the organization and
retailers which came in contact with the distributor directly
or indirectly on daily basis. All the persons involved in the
survey held ample experience.�e persons whose experience
was less than one year were not involved in the survey.

�e questionnaire consisted of two parts: the 	rst part
concentrated on the demographic information and the sec-
ond on the items related to service quality of distributor.
Demographic information included the respondent’s age, sex,
quali	cation, and experience, details of which are given in
Table 1. Out of total 350 responses frommanagers of di�erent
departments and designations, 118 responses were completely
	lled. So, approximately 33.71% responses were completely
	lled.

2.2. Exploratory Factor Analysis. EFA is a multivariate statis-
tical technique widely used in social and behavioral science
and commonly used to explore the dimensionality of a
measurement.�e SPSS version 20 was used for this purpose.
�e main objective of using EFA in this paper is to group the
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Table 2: Conversion of fuzzy number into crisp score.

Intangible factor Intangible factor meaning Fuzzy number Crisp score

Poor One factor is very less important than the other �1 0.115

Fair One factor is less important than the other �2 0.295

Good Both factors are equally important �3 0.495

Very good One factor is much important than the other �4 0.695

Excellent One factor is very much important than the other �5 0.895

factors into various subgroups to make calculations simpler.
�e following steps were used during performing the EFA:

(1) Identify the variable from the available literature and
from the discussion with industry experts.

(2) Reliability test is to be performed to check the internal
consistency. For this Cronbach’s alpha should be
greater than 0.7.

(3) To check whether the sample size is adequate or not,
KMO (Kaiser-Meyer-Olkin) sample of adequacy and
signi	cant value test were performed. If the value of
KMO is greater than 0.6 and the value for signi	cant
value test is less than 0.005, this indicates that data size
is su�cient for grouping the various relevant factors;
otherwise sample size is not adequate.

(4) Extract initial factors (via principal component anal-
ysis).

(5) Group the factors having highest values.

2.3. Fuzzy Logic. �e concept of fuzzy logic (FL) was devel-
oped by Professor Zadeh et al. in 1965 as a mathematical tool
for dealing with imprecise data but the application of this tool
was found in industry in 1980 by EbrahimMamdani ofQueen
Mary College in London for controlling of a steam generator.
A
er this fuzzy logic was used in neural network, control
system, modeling and analysis, decision making, scheduling
problems to minimize lateness, tra�c management, railway
applications, and so forth [23]. Sometime it is not possible to
get accurate data from respondents due to certain limitations.
Also sometimes the detail is in linguistic form instead of
numeral. Under these conditions FL can be used. FL is a
problem solving methodology that provides a simple way to
arrive at a de	nite conclusion based upon vague, ambiguous,
imprecise, noisy, or missing input information. �e utility of
fuzzy logic lies in its ability to provide decision for uncertain
data. In FL all the values are 0.0 to 1.0 where 0.0 means
absolute false or wrong and 1.0 means absolute truth or right.
�e following steps were used during performing FL.

(a) Convert all the fuzzy data, which is in linguistic or
vague or noisy form, into fuzzy number and then these fuzzy
numbers convert into crisp score. Tzeng and Huang [24]
computed the crisp score based on the following equations:

�max (�) = {{{�, 0 ≤ � ≤ 10, otherwise

�min (�) = {{{1 − �, 0 ≤ � ≤ 10, otherwise.
(1)

�e maximum and minimum fuzzy numbers must be
selected in such a manner that they can automatically 	t
into comparison scale. �e le
 and right scores of the fuzzy
number are calculated as follows:�� (��) = Sup� {�min (�)���(�)} ,�� (��) = Sup� {�max (�)���(�)} . (2)

�e total score of (2) is given as follows:�� (��) = {�� (��) + 1 − �� (��)}2 . (3)

By using (1)–(3), Tzeng and Huang [24] computed the crisp
score shown in Table 2.

(b) Calculate the normalized score of the factors. To
calculate the normalized score 	rst of all 	nd the mean value
of response for all the factors individually and then use the
following formula:

Normalized value = ��max

, (4)

where � is the mean value of responses for an individual
factor and �max is the maximum mean value of any factor
in the same group. �is normalized value can be used as
inheritance value for calculating the permanent function in
graph theory.

(c) Convert all the factors into crisp score of fuzzy logic
by using Table 2. For getting fuzzy score, 	nd the pairwise
di�erence of mean of two factors for all the groups.

(d) Compute the mean range on 5-point scale modi-
	cation for pairwise di�erence. �e reason for computing
the mean range on 5-point scale is getting the responses of
questionnaire on 5-point scale.

(e) Convert this pairwise di�erence into crisp score.

2.4. Graph �eoretic Approach. Graph theoretic approach
(GTA) consists of digraph, matrix, and permanent function
representation. It converts the intangible factors into tangible
and is used to calculate the single numerical index for any
issue. �is powerful technique was developed by Euler in
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Figure 1: Schematic representation of four attributes and their
interdependencies for a system.

1736 when he solved the famous Konigsberg bridge problem.
A
er that, this technique was used by many researchers and
practitioners in various 	elds [25]. �is technique consists of
the following components:

(1) Digraph representation.

(2) Matrix representation.

(3) Permanent function representation.

2.4.1. Digraph Representation. A digraph is a direction
assigned graph used to represent the factors and their
interdependencies in terms of nodes and edges. �e SCM
digraph represents the SCM factors (��’s) through its nodes
and edges and their dependencies (���’s). ��� indicates the
degree of dependence of the �th factor on �th factor. �e four
broad factors identi	ed in Step 7 of Section 3 form the SCM
digraph. All these four factors are schematically represented
in Figure 1.

2.4.2. Matrix Representation. Matrix representation of SCM
gives one to one representation and this matrix is known
as variable permanent matrix for supply chain management
(VPM-SCM). VPM-SCM representing the digraph shown in
Figure 1 is given below:

VPM-SCM =
1 2 3 41234 (
�1�21�31�41
�12�2�32�42
�13�23�3�43
�14�24�34�4 )

. (M-1)
Diagonal components are known as inheritance components
and their values are known as inheritance values while o�
diagonal components are known as interaction components
and their values are known as interaction values.

2.4.3. Permanent Function Representation. Both digraph and
matrix representations never give a clear result which can
be compared or discussed. Permanent function is a solution
for this problem. �e permanent function is obtained in
a similar manner as determinant with a di�erence that all
negative signs are replaced by positive sign. �e expression
for permanent function which is also known as variable
permanent function for supply chain management (VPF-
SCM) corresponding to 4 factor digraph is given by

VPF-SCM = per �∗ = 4∏
1
�� +∑
�
∑
�
∑
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(5)

�e permanent function (see (5)) is a mathematical expres-
sion in symbolic form. Equation (5) contains terms arranged
in�+ 1 group, where� is the number of elements, which is
4 in this case. �e total number of terms are�!, that is, 4! or
24 in this case. �e physical signi	cance of various groups is
explained below:

(1) �e 	rst grouping indicates a set of � unconnected
SCM elements, that is, �1, �2, . . . , ��.

(2) �e second grouping indicates the self-loops which is
absent in this case.

(3) �e third grouping indicates a set of two-element
SCM loops (i.e., ������).

(4) �e fourth grouping indicates a set of three-element
SCM loops (i.e., �����
�
� or its pair ��
�
����).

(5) �e 	
h grouping consists of two subgroups. �e
	rst subgrouping indicates a set of two-element SCM
loops (i.e., ������ and �
���
). �e second subgroup-
ing indicates a set of four-element SCM loops (i.e.,�����
�
���� or its pair �����
�
����).

3. Algorithm to Find DSQ by Fuzzy Graph
Theoretic Approach (FGTA)

�e FGTA evaluates the supply chain performance in terms
of a single numerical index for vague, ambiguous, imprecise,
noisy, or missing input information. �is considers the
inheritance e�ect of factors and their interdependencies.

�e various steps in the proposed approach are shown in
Figure 2 and discussed here, which will help in the evaluation
process of the supply chain performance.

Step 1 (identify the various factors). �e total 19 factors were
identi	ed with the literature and industry experts. All of the
19 factors and their sources are presented in Table 3.
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Table 3: Identi	ed factors and their sources.

Factors Sources

Competitive advantages Kessler and Chakrabarti [26], Tracey et al. [27], Li et al. [10], �atte et al. [28], Albernaz et al. [13]

Lead time Viswanadham [29], Krajewski and Ritzman [30], Özer and Uncu [31], De Treville et al. [12]

Buy back contract Elahi et al. [11], J. X. Chen and J. Y. Chen [9]

Logistics ABL [32], Sadler and Hines [33], Giannetti et al. [34], Albernaz et al. [13]

Price Beamon [35], Li et al. [36], Luning et al. [37], Gunasekaran et al. [38], Li et al. [10], Yushi and Yuri [39]

Financial performances
Jacobson and Aaker [40], Vickery et al. [41], Li et al. [10], Kaynak and Hartley [42], Teller [43], Chang et
al. [14]

Capacity Krajewski and Ritzman [30]

Delivery Krajewski and Ritzman [30], Coyle et al. [44]

Quality data reporting
Saraph et al. [45], Deming [46], Crosby [47], Black and Porter [48], Adam et al. [49], Ho et al. [50],
Kaynak [51]

Inventory level Viswanadham [29]

E�ciency Beamon [35], Li et al. [10]

Strategy Hicks et al. [52], Elahi et al. [11]

Time to market
Beamon [35], Kessler and Chakrabarti [26], Li et al. [36], Luning et al. [37], Gunasekaran et al. [38], Li et
al. [10], Israel and Moskowitz [53]

Sales growth Beamon [35], Li et al. [36], Luning et al. [37], Gunasekaran et al. [38], Li et al. [10]

Traceability Calder and Marr [54], Viaene and Verbeke [55]

Safety ABL [32], industry expert

Pro	t sharing Elahi et al. [11], Altug and Van Ryzin [56], industry expert

Attitude Haywood–Farmer [57], industry expert

Welfare activity Industry expert

Yes

Factors from literature and
industry experts

Develop the questionnaire

Survey to collect the data

Test the sample size (KMO
and adequacy test)

Is sample
adequate?

No

EFA by SPSS to group the
factors

Draw the VPM and �nd VPF
for each group

Draw the combined VPM
and �nd DSQ

Figure 2: Process adopted to 	nd the DSQ.

Step 2 (develop the questionnaire). A questionnaire was
developed and survey conducted to get the data. Out of
total 350 responses from managers of di�erent departments
and designations, 118 responses were completely 	lled. So,
approximately 33.71% responses were completely 	lled.

Step 3 (test the sample size). (a)�e value of Cronbach’s alpha
is 0.817. So data is reliable.

(b) �e KMO value is 0.688 and the value of signi	cant
value test is 0.000 which indicate that data size is su�cient

Table 4: KMO and Bartlett’s test.

Kaiser-Meyer-Olkin measure of sampling adequacy 0.688

Bartlett’s test of sphericity

Approx. Chi-square 530.874

Df 190

Sig. 0.000

for grouping the various relevant factors. Table 4 shows the
results of KMO test and signi	cant value test.

Step 4 (use the exploratory factor analysis). EFA by SPSS
version 20 was used to group the related factors. �e score
of EFA is shown in Table 5(a) and based on this score all the
factors of Table 1 grouped into four major subgroups shown
in Table 5(b).

Step 5 (convert fuzzy data into crisp score). (a)Convert all the
fuzzy data into fuzzy number which is in linguistic or vague
or noisy form and then into crisp score.

(b)�emaximum andminimum fuzzy numbers must be
selected in such a manner that they can automatically 	t into
comparison scale.

(c) Find the mean value of response for all the factors
individually (Table 6) and then calculate the normalized score
of the factors (Table 7). �is normalized value can be used as
inheritance value for calculating the permanent function in
graph theory.
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Table 5: (a) Score of EFA. (b) Distribution of factors into various subgroups based on Table 5(a).

(a)

Factors
Group number

1 2 3 4

Competitive advantages 0.837

Lead time 0.521 0.712

Buy back contract 0.655

Logistics 0.857 0.543

Price 0.764

Financial performances 0.596

Capacity 0.578

Delivery 0.768 0.589

Quality data reporting 0.598 0.602 0.638

Inventory level 0.558 0.798

E�ciency 0.523 0.624

Strategy 0.789 0.541

Time to market 0.603

Sales growth 0.543 0.765

Traceability 0.578

Safety 0.627

Pro	t sharing 0.812

Attitude 0.628

Welfare activity 0.564
(b)

Group number Factors General discussion

G1

Traceability (TR)
It included latest and fast tracing systems which can be used for tracing of raw
material to 	nish goods [1]

Delivery (DL) Delivery includes delivery speed, production lead time, and delivery reliability [1]

Strategy (ST)

�is includes business models, strategic alliances, and partnership formation with
the objective of developing a sustainable supply chain that is �exible and responsive
to changing market requirements but at the same time meets the environmental
regulations [11, 52]

Logistics (LO)
Logistics can be de	ned as the administration area responsible for managing the
transport and storage of raw materials and goods [13]

G2

Price (PR)
How much an organization is capable of competing against major competitors
based on low prices [38]

Pro	t sharing (PS)
�e distributor o�ers a relatively low wholesale price but asks the retailer to share
part of the revenue of every item sold [1]

Financial performances (FP)
It is the return on investment, sales growth, pro	t growth, market share, and market
share growth [1]

Inventory level (IL)
It includes the level of 	nish product which is available to supply at all times and
availability of safety stock of raw material [1]

Capacity (CP) It is capacity of the machine and capacity of shipment and delivery truck [1]

G3

Competitive advantages (CA)
It comprises capabilities that allow an organization to di�erentiate itself from its
competitors and is an outcome of critical management decisions [27]

Time to market (TM)
It is the extent to which an organization is capable of introducing new products
faster than major competitors [10]

Lead time (LT) It is the end to end delay in a business process [29]

Attitude (AT) It is the favor or disfavor toward a person, place, thing, or event [57]

Buy back contract (BB)
�e organization buys back any unsold item from the retailer or used items from
customer with a price lower than the wholesale price [1]

Sales growth (SG)
How much an organization is capable of increasing the sale and exploring new
markets [38]
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(b) Continued.

Group number Factors General discussion

G4

Quality data reporting (QD)

Saraph et al. [45] discussed the quality data and reporting factors to be the
(a) use of quality cost data,
(b) feedback of quality data to employees and managers for problem solving,
(c) timely quality measurement,
(d) evaluation of managers and employees based on quality performance,
(e) availability of quality data

E�ciency (EF)
It considers operation cost, inventory cost, waste cost, transportation cost, labor
cost, and pro	t [1]

Safety (SF) It is safety during processing, storing, transporting, and using the product [32]

Welfare activity (WA) It considers the various charity program organized by the distributor

Table 6: Mean value of distributor service quality factors.

G1
Traceability Delivery Strategy Logistics

3.325 3.700 3.425 3.525

G2
Price Pro	t sharing Financial performances Inventory level Capacity

2.925 3.250 4.450 4.425 4.075

G3
Competitive advantages Time to market Lead time Attitude Buy back contract Sales growth

4.175 3.425 4.025 3.575 3.225 3.125

G4
Quality data reporting E�ciency Safety Welfare activity

3.375 3.975 3.275 2.825

Table 7: Normalized value of service quality factors (inheritance value).

G1
Traceability Delivery Strategy Logistics

0.90 1.00 0.93 0.95

G2
Price Pro	t sharing Financial performances Inventory level Capacity

0.66 0.73 1.00 0.99 0.92

G3
Competitive advantages Time to market Lead time Attitude Buy back contract Sales growth

1.00 0.82 0.96 0.86 0.77 0.75

G4
Quality data reporting E�ciency Safety Welfare activity

0.85 1.00 0.82 0.71

(d) Convert all the factors into crisp score of fuzzy
logic by using Table 2. For getting fuzzy score, 	nd the
pairwise di�erence of mean of two factors for all the groups
as shown in Table 8. As for group 1 	rst row, the mean
value of traceability is 3.325 and all the values are subtracted
individually from the value of traceability and similarmethod
was adopted for all other values.

Compute the mean range on 5-point scale modi	cation
for pairwise di�erence as shown in Table 9. �e reason for
computing the mean range on 5-point scale is getting the
responses of questionnaire on 5-point scale.

�en prepare Table 10 with the help of Tables 8 and 9. As
for group 1, the crisp score for the value of −0.375 of Table 8
will be 0.115 from Table 9 and similar method was adopted to
convert the values of groups 1, 2, 3, and 4 factors into crisp
score.

Step 6 (develop the digraph for di�erent individual groups
and 	nd permanent function). (a) Logically develop the
digraphs between the factors of di�erent groups depending
on their interdependencies. �e relations between various
factors depend on the responses of industries expert. �e
nodes in the digraph represent factors while edges represent

interaction among factors. Figures 3(a), 3(b), 3(c), and 3(d)
showing the digraph for factors of groups 1, 2, 3, and 4,
respectively, and the values of Table 7 can be used for
inheritance value and the values of Table 10 can be used for
interactions value of factors.

In Figure 3(a), all four factors of G1 and their inter-
relations are shown. �ese interrelations are based on the
discussions with industry experts. Traceability and delivery
have direct relation with all the factors while strategy and
logistics have no dependence on traceability.

In Figure 3(b), all 	ve factors of G2 and their interrela-
tions are shown. Again these interrelations are based on the
discussions with industry experts. �e price and 	nancial
performances of any product depend on all the factors.
Pro	t sharing depends on price and 	nancial performances.
Inventory level depends on the price of the product and the
	nancial performances and capacity depend on the price,
pro	t sharing, and 	nancial performances.

In Figure 3(c), all six factors of G3 and their interrelations
are shown. Again these interrelations are based on the
discussions with industry experts. Competitive advantages
and attitude depend on all the factors, while time to market
depends on two factors, that is, competitive advantages and
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Table 8: Pairwise di�erence between various groups.

Factors TR DL ST LO PR PS FP IL CP CA TM LT AT BB SG QD EF SF WA

TR 0 −0.375 −0.1 −0.2
DL 0.375 0 0.275 0.175

ST 0.1 −0.275 0 −0.1
LO 0.2 −0.175 0.1 0

PR 0 −0.325 −1.525 −1.5 −1.15
PS 0.325 0 −1.2 −1.175 −0.825
FP 1.525 1.2 0 0.025 0.375

IL 1.5 1.175 −0.025 0 0.35

CP 1.15 0.825 −0.375 −0.35 0

PR 0 −0.325 −1.525 −1.5 −1.15 0

PS 0.325 0 −1.2 −1.175 −0.825 0.325

FP 1.525 1.2 0 0.025 0.375 1.525

IL 1.5 1.175 −0.025 0 0.35 1.5

CP 1.15 0.825 −0.375 −0.35 0 1.15

PR 0 −0.325 −1.525 −1.5 −1.15 0

QD 0 −0.6 0.1 0.55

EF 0.6 0 0.7 1.15

SF −0.1 −0.7 0 0.45

WA −0.55 −1.15 −0.45 0

Table 9: Mean range on 5-point scale modi	cation of Table 8.

Fuzzy number
Mean range for factors of

Crisp score
G1 G2 G3 G4�1 −0.225 to −0.375 −0.915 to −1.525 −0.63 to −1.05 −0.69 to −1.15 0.115�2 −0.075 to −0.225 −0.305 to −0.915 −0.21 to −0.63 −0.23 to −0.69 0.295�3 −0.075 to 0.075 −0.305 to 0.305 −0.21 to 0.21 −0.23 to 0.23 0.495�4 0.075 to 0.225 0.305 to 0.915 0.21 to 0.63 0.23 to 0.69 0.695�5 0.225 to 0.375 0.915 to 1.525 0.63 to 1.05 0.69 to 1.15 0.895

Table 10: Conversion of Table 8 in relative importance with crisp score using Table 9.

Factors TR DL ST LO PR PS FP IL CP CA TM LT AT BB SG QD EF SF WA

TR 0 0.115 0.295 0.295

DL 0.895 0 0.895 0.695

ST 0.695 0.115 0 0.295

LO 0.695 0.295 0.695 0

PR 0 0.295 0.115 0.115 0.115

PS 0.695 0 0.115 0.115 0.295

FP 0.895 0.895 0 0.495 0.695

IL 0.895 0.895 0.495 0 0.695

CP 0.895 0.695 0.295 0.295 0

PR 0 0.895 0.495 0.695 0.895 0.895

PS 0.115 0 0.295 0.495 0.495 0.695

FP 0.495 0.695 0 0.695 0.895 0.895

IL 0.295 0.495 0.295 0 0.695 0.695

CP 0.115 0.495 0.115 0.295 0 0.495

PR 0.115 0.295 0.115 0.295 0.495 0

QD 0 0.295 0.495 0.695

EF 0.695 0 0.895 0.895

SF 0.495 0.115 0 0.695

WA 0.295 0.115 0.295 0
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Figure 3: (a) Digraph of group 1 factors. (b) Digraph of group 2 factors. (c) Digraph of group 3 factors. (d) Digraph of group 4 factors.

attitude. Lead time depends on attitude, sales growth, and
competitive advantages. Buy back contract depends on sales
growth and competitive advantages and sales growth depends
on attitude and buy back contract.

In Figure 3(d), all four factors of G4 and their interrela-
tions are shown.�ese interrelations are based on the discus-
sions with industry experts. Quality data reporting depends
on the other three factors, safety depends on e�ciency and
welfare activities, and welfare activities depend on safety.

(b) Prepare the permanent matrix with the help of
digraph. (M2), (M3), (M4), and (M5) are the permanent
matrix for G-1, G-2, G-3, and G-4 factors. �e inheritance
values in the matrices ((M2), (M3), (M4), and (M5)) can be
put from Table 7, while the interaction value can be put from
Table 10.

(c) Find the value of permanent function for each group
factor.

VPM for Group 1 Factors

VPM-G1 =
TR DL ST LO

TR

DL

ST

LO

( �1�2100
�12�2�32�42
�13�23�3�43
�14�24�34�4 )

. (M2)

�e inheritance, that is, diagonal values, can be taken from
Table 7 and interaction, that is, o� diagonal values, can be
taken from Table 10, so VPM for group 1 factors is

VPM- G1

=
TR DL ST LO

TR

DL

ST

LO

( 0.90.89500
0.1151.00.1150.295

0.2950.8950.930.695
0.2950.6950.2950.95 )

,
VPF-G1 = 1.52.

(6)

VPM for Group 2 Factors

VPM-G2

=
PR PS FP IL CP

PR

PS

FP

IL

CP

((
(
�1�21�31�41�51
�12�2�320�52
�13�23�3�43�53
�140�34�40
�150�350�5
))
)
. (M3)
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�e inheritance, that is, diagonal values, can be taken from
Table 7 and interaction, that is, o� diagonal values, can be
taken from Table 10, so VPM for group 2 factors is

VPM-G2

=
PR PS FP IL CP

PR

PS

FP

IL

CP

((((
(

0.660.6950.8950.8950.895

0.2950.730.89500.895

0.1150.1151.00.4950.295

0.11500.4950.990

0.11500.69500.92
))))
)
,

VPF-G2 = 1.84.
(7)

VPM for Group 3 Factors

VPM-G3

=
CA TM LT AT BB SG

CA

TM

LT

AT

BB

SG

(((((
(

�1�21�31�41�510

�12�20�4200

�130�3�4300

�14�24�34�40�64

�1500�45�5�65

�160�36�46�56�6
)))))
)
. (M4)

�e inheritance, that is, diagonal values, can be taken from
Table 7 and interaction, that is, o� diagonal values, can be
taken from Table 10, so VPM for group 3 factors is

VPM-G3 =
CA TM LT AT BB SG

CA

TM

LT

AT

BB

SG

(((((
(

1.00.1150.4950.2950.1150

0.8950.8200.49500

0.49500.960.29500

0.6950.4950.6950.8600.295

0.895000.6950.770.495

0.89500.8950.6950.4950.495
)))))
)
,

VPF-G3 = 2.49.
(8)

VPM for Group 4 Factors

VPM-G4 =
QD EF SF WA

QD

EF

SF

WA

( �1000
�12�2�320
�130�3�43
�140�34�4 )

. (M5)
�e inheritance, that is, diagonal values, can be taken from
Table 7 and interaction, that is, o� diagonal values, can be
taken from Table 10, so VPM for group 4 factors is

VPM-G4

=
QD EF SF WA

QD

EF

SF

WA

( 0.85000
0.2951.00.1150

0.49500.820.295
0.69500.6950.71 )

,
VPF-G4 = 0.67.

(9)

Step 7 (develop the digraph for distributor and 	nd perma-
nent function). (a) Develop the digraph and performance
matrix between various groups by the same method as
explained in Step 6. Figure 4 shows the digraph between
various groups.

(b) At group level, the permanent value of each group
factor (obtained in Step 6) provides inheritance values ofDSQ
index. �e quantitative value of interactions among factors
is obtained from Table 5 through proper interpretation by
experts. �is will form variable permanent matrix (M6) at
group level.

(c) Find the value of permanent function for the system.
�is is the value of the distributor service quality index. �e
performance of any distributor can thus be evaluated based
on the above-discussed methodology.

VPM-D

=
G1 G2 G3 G4

G1

G2

G3

G4

( 1.520.6950.4950.695
0.2951.840.4950.695

0.4950.4952.490.495
0.2950.2950.4950.67 )

,
VPF-D = 9.34.

(M6)
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Figure 4: Schematic representation of distributor factors.

�e result shows that the actual value of index of distributor
service quality (DSQ) is 9.34. �is result is for a leading
two-wheeler manufacturing supply chain of North India.
However, with the help of the above-discussed procedure, the
service quality for any organization can be calculated.

4. Conclusion

�e proposed methodology used a fuzzy graph theoretic
approach, which is a powerful tool for 	nding a conclu-
sion when there is a chance of uncertainty, vague data, or
noisy data as no other techniques can be used under these
conditions. �is approach integrates all possible structural,
functional, and performance parameters in a mathematical
model for analysis and optimization. Services are ideas and
concepts; products are things. �erefore, it follows that
service innovations are not patentable. To secure the bene	ts
of a novel service concept, the 	rm must expand extremely
rapidly and preempt any competitors.

�e hybrid technique presented in this paper can be used
to convert intangible into tangible and as an aid to understand
and develop a method to calculate the distributor service
quality index. �is would help the supply chain managers
to compare the service quality of various distributors and
suggest improvements needed, if they want to migrate from
one model to another model of managing their supply chains
in view of changing market requirements. �is method can
also be used as benchmark to take the decision for changing
the distributor if he fails to provide good service quality.
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