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Abstract

One of the most important tasks within supply chain
procurement process is supplier selection. Supplier selection
being a complex task usually identified as a multiple criteria
decision making problem to develop the decision support system
for supplier selection while dealing with supply chain
management. This research paper aims to propose and apply a
subjective approach using fuzzy logic to develop a new Fuzzy-
AHP-TOPSIS based decision support system for supplier
selection in a Pakistani textile industry. This research deals with
the selection of cotton supplier by fuzzy soft computing
approach integrated in to analytical hierarchy process (AHP).
Then to get the optimal solution, we used Technique for Order
Preference by Similarity to Ideal Solution (TOPSIS). We first
reviewed the literature to identify various criteria for supplier
selection. All the criteria are discussed with the supply chain
expert in the textile industry to shortlist the relevant criteria. The
shortlisted criteria are then compared pair-wise for calculating
the weights of each criterion by the textile company’s
procurement manager. The calculated weights are then further
used to rank suppliers using TOPSIS. Consistency ratio is being
calculated to nullify the bias within decision makers’ mind. This
new method improved the supply chain performance of the case
company which may be employed by other textile companies for
their supplier selection needs.

1. Introduction

Supplier selection (SS) plays an important part in enabling
efficient production and timely delivery of products within
any organizations’ supply chain. Procurement represents
approximately 80 percent of the overall cost of products in
high tech industries [1]. According to [2], procurement is
one of the major standalone cost in manufacturing for any
company and is being reflected in the end product price
which has a direct impact on customers. It has been
identified that more than 60 % of an organizations’
revenue generated through sales is being used for
procurement [3]. Therefore, selecting an appropriate
supplier is imperative for any manufacturing or even
service industry if they need to achieve reduced cost of
production, increased customer satisfaction and to have a
competitive advantage [4]. The ever increasing demands
of customers needs to be met by the organizations in
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today’s competitive business environment and this makes
them more than dependant on their suppliers as it directly
impacts end product cost, timely delivery of product and
demand management within supply chain management
(SCM).

SS is a multi-criteria decision making problem (MCDM)
involving both qualitative and quantitative criteria [5]. A
number of researchers have used various standalone as
well as hybrid MCDM techniques for supplier evaluation
and selection [6]-[10]. These techniques are from a
number of different fields from soft computing, operations
research and decision theory [11]. But none of the studies
have used the integrated model comprising involving
TOPSIS, AHP and Fuzzy logic for supplier selection
problem from Pakistan’s perspective. This research gap
inspired us to work on and propose a new integrated
model based on fuzzy, AHP and TOPSIS approach to
evaluate and select the best supplier in a Pakistani textile
company. The next section will present theoretical
background and will discuss about fuzzy AHP and
TOPSIS. Section 3 will provide numerical illustration of
the proposed hybrid technique being applied to a textile
manufacturing company in Pakistan for supplier selection.
And the last part will conclude this research study and
discuss future research directions.

2. Literature Review

A number of researchers have employed various
techniques to target the problem of supplier selection.
Some are related to computer science and soft computing,
others related to operations research and some related to
mathematical techniques. In this research study, we will
be using AHP and TOPSIS. Therefore, we are going to
review the application of Fuzzy, AHP and TOPSIS being
applied for various MCDM problems. Table 1 summarizes
and presents the use of AHP and TOPSIS for multi-
criteria selection problems.
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Table 1: Use of AHP / TOPSIS for Multi-criteria Selection Problems

No  Reference  Use of AHP / TOPSIS Selection
Weapon
1 [12] AHP / TOPSIS Selogiah
2 [13 AHP /| FUZZY LP Vendor
3 114 FUZZY | TOPSIS Supplier
4 115 AHP / TOPSIS Supplier
° 1o AHP /AFTJPZZY / ng'ﬁand'?ate
illway for
6 (7] TOPSIS Pl DA
7 [18 AHP/TOPSIS Machine
8 119 FUZZY AHP Supplier
9 120 AHP/TOPSIS Supplier
10 121 FUZZY AHP Supplier
11 122 AHP Supplier
12 123 FUZZY | TOPSIS Supplier
13 [24] AHI-T-/OFP%%SZY / Supplier
14 [25] Fuzzy TOPSIS Supplier

In [12], researchers have integrated fuzzy TOPSIS and
AHP for best weapon selection. Another research used the
combination of AHP and Linear Programming for vendor
selection problem of a flour mill [13]. Researchers in [14]
used fuzzy TOPSIS to rank the best suppliers by
integrating Shannon Entropy. Jain et-al used the
combination of TOPSIS and AHP for selecting the best
supplier for an Indian automotive company [15].
Reference [16] introduced a novel model for selecting a
suitable job candidate by integrating Complex
proportional assessment of alternatives with grey relations
(COPRAS-G) and AHP. Ancther research applied AHP
and F-TOPSIS technique for selecting the appropriate dam
spillway [17]. Reference [18] applied AHP and TOPSIS in
an hybrid form to select the best machine. In [19],
researchers used F-AHP for in a washing machine
company in Turkey for supplier selection problem.
Freeman and Chen in [20] used AHP along with
ENTROPY and TOPSIS for sustainable supplier selection.
Researchers in [21] selected the suitable supplier for gear
motor industry by using Fuzzy AHP. In [22], researchers
selected the suitable supplier for an automotive company
in Pakistan using AHP. Researchers in [23] used a
customized F-TOPSIS technique for the problem of
supplier selection. Another research applied hybrid Fuzzy-
AHP-TOPSIS method for suitable project selection for an
Iranian Oil Company [24]. Researchers in [25] used Fuzzy
AHP for selecting the appropriate for detergent
manufacturing company in Iran.

It is pretty evident from the literature review that fuzzy
logic, TOPSIS as well as AHP have been widely used for
MCDM problems and especially for supplier selection.
But only a few papers have been found who have used F-
AHP for selecting the suitable supplier in a Pakistani
context which highlights the research gap in this area.
Therefore, this research aims at using for the first time
hybrid F-AHP-TOPSIS technique in a textile
manufacturing company in Pakistan for the problem of
supplier selection.

3. Theoretical Background
3.1 Fuzzy AHP

Lotfi Zadeh is the inventor of fuzzy logic [26], [27]. The
idea was to derive conclusions and results when there is
uncertain situation or imprecise and vague information
[28]-[31]. AHP was developed by Saaty while the idea to
integrate fuzzy logic with AHP in order to develop more
robust decision support system (DSS) was proposed later
by Buckley [32] in order to cater to real world
imprecision and uncertainty [33]-[35]. Various studies
have been found to utilize AHP for a number of MCDM
problems [36]. It assigns priorities to various decision
criteria by performing pair wise comparison between
alternatives [37]. In a generic AHP model as shown in
figure 1, first level denotes the goal; the criteria and sub-
criteria (if any) are in the third and fourth levels
respectively and the last level contains the alternatives [5],
[38].

Goal

A

Criterion 4

Criterion 1 Criterion 2 Criterion 3

Alternative 1 Alternative 2 Alternative 3

Fig. 1 Generalized structure of AHP [39]

AHP as originally proposed do not cater to the uncertainty
and ambiguity that is part of human nature. This can be
achieved by integrating fuzzy soft computing technique as
proposed by Zadeh [40]. In Fuzzy-AHP, human linguistic
variables are being represented by fuzzy numbers in our
case we will be using fuzzy triangular fuzzy numbers
which are then used for performing pair-wise comparison
among the criteria and alternatives [3], [8], [38]. This is
being performed by first developing a fuzzy decision
matrix [41]. One of the first research to incorporate fuzzy
logic into AHP were of Laarhoven and Pedcrycz [42].
They introduced the triangular membership function to be
used in F-AHP [3]. Another researcher came up with the
method to calculate fuzzy priorities of pair-wise
comparison having fuzzy triangular numbers. Some other
researchers such as chang [43] and Samvedi et-al [41] also
came up with new methods to incorporate triangular fuzzy
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membership functions for AHP pair-wise comparisons.
This study utilizes the method described by Buckley and
uses triangular fuzzy membership function to calculate
relative weights of criteria as well as alternatives. Reason
for using triangular membership function is that while
interviewing the case company which is discussed in the
next section, all the approximate values for each criterion
as described by the procurement department’s staff was
around a single value instead of any standard or a range of
values. Following are the steps to be performed:

Step 1: Fuzzy linguistic numbers to compare criteria and
alternative is shown in table 2.

Table 2: Linguistic variables mapped to triangular fuzzy values.

Linguistic Variables Saaty Fuzzy Triangular
Value Values
Equally Important 1 1,11
Sllghtlly Important 3 2,3,4
Strongly Important 5 4,5, 6
Very Strongly Important 7 6,7,8
Extremely Important 9 9,99

The sample pair-wise comparison matrix “A” is shown is
equation 1. Here d;; indicates the comparison of i*"
criterion with jt" criterion using fuzzy triangular values as
mentioned in table 2. For the above example of Crl is
strongly important than Cr2, d,, value represent this
comparison and will have be equal to; d,, = (4, 5, 6).

dip diz . dig
4= dyy o . dog
dpi dpy o dpk

1)

Step 2: The geometric mean (GM) of fuzzy comparison
values are calculated for each criterion which is shown in
equation 2.

n Yn
ri :<1_[j=1 dl]) ; 1= 1, 2, n
)

Step 3: Find the vector summation of each r;. Later the
summation vector’s reciprocal is being looked upon and is
being replaced by the fuzzy triangular value to make it in
an increasing order. Then find the fuzzy weight of each
criterion i (w;) by multiplying each r; with this reverse
vector.

w; = 1, X (rp+rp+e4ry) !t

= ( lw; : mw; : uw; )

3)

Step 4: In this step, defuzzification of fuzzy weights by
utilizing centroid method is being carried out via applying
equation 4.
M. = lwi+ mw;+ uw;

L 3

(4)

Step 5: M; is a non fuzzy member which needs to be
normalized using equation 5.

lwi+ mw;+ uw;

M.; =
t ?lei
()
Step 6: Calculate the consistency ratio CR by using
equation 5.
CR = CI/RI = Consistency Index / Random Consistency
Index of A (6)
Where,
Cl= Amax—n
n—1

(7)

RI=198 (n-2)/n

If CR<= 0.10, the inconsistency level is considered
acceptable. Otherwise, the decision maker needs to revise
his judgment in order to get the better accurate decision.
Step 6: If CR is acceptable, then rank of alternatives based
on the relative weights calculated using equation 4 and
select the best alternative.

After all the criteria and alternative’s normalized weights
are being calculated, weight of alternative is multiplied to
the weight of the criteria it is related. Ranking is based on
the score achieved by each alternative and the one with
highest score is ranked first which may be selected by the
deciding organization.

3.2 TOPSIS

TOPSIS is mainly developed with thought that the best
among various options has the longest geometric distance
(GD) from the negative ideal solution (NEIS) and the
shortest geometric distance from the positive ideal
solution (POIS) [44]. TOPSIS comprises following steps:
Step 1: Formation of decision matrix using the following
equation 8.



94 IJCSNS International Journal of Computer Science and Network Security, VOL.20 No.4, April 2020

dll L) dln
A — d21 L) dzn
dmi o dmn
(8)
Step 2: Normalize the decision matrix using equation 9.
l
/Z?:l x%i;)
9)

Step 3: Formation of weighted normalized decision matrix
is being done using equation 10.

V= vij = W;. Tij
(10)

Step 4: Determine POIS and NEIS for criteria using
equation 11 and 12 respectively

(11)

(12)

Step 5: Calculate the GD of the alternatives from the
POIS and NEIS using equation 13 and 14 respectively

st= ), 0=V

(13)
Si = ijl(Vj_ — Vij)?

(14)

Step 6: Calculate the relative closeness to the ideal
solutions using equation 15.
__Si
i~ o—, ct
S; +S;

(15)

The alternative with highest relative closeness value is
supposed to be ranked as the best alternative.

4. Methodological Steps

This research has proposed and later applied the following
Fuzzy-AHP-TOPSIS integrated DSS for supplier selection
in a textile manufacturing company in Pakistan which is
shown in figure 2.

Step 1: Identification of Supplier
Selection Criteria from Literature

y

Step 2: Identification of Case
Company and Interview their
Procurement Team Members

‘L [ Step 3 (a): Develop Pair-wise

Comparison Matrix

Step 3: F-AHP Analysis
Step 3 (b): Perform Pair-wise

J, Comparison

. N 5| Step 3 (c): Calculate the weights of
‘ Step 4: TOPSIS Analysis Li identified supplier selection criteria

y

‘ Step 5: Ranking of Best Supplier

!

‘ Step 6: Analysis of Results ‘

Fig. 2 Fuzzy-AHP-TOPSIS Integrated DSS

The research first started with comprehensive literature
review about various criteria being used for SS. Then the
case company was being selected from which the data
needs to be collected. After identification of the case
company, the researcher then identified the relevant
supply chain procurement staff that can identify the
criteria they use for SS.

Later those identified criteria from the literature were
being discussed with the procurement staff of the
company to shortlist the specific criteria they feel most
appropriate for their SS needs. Then the same expert(s) is
being used to perform pair-wise comparison by first
developing pair-wise comparison matrix and then
performing pair-wise comparison of criteria and
alternatives. Then the weights of identified criteria are
then being utilized into TOPSIS for calculating GD from
POIS and NEIS. Then results are being analyzed and
finally alternative suppliers are being ranked.

5. Numerical Hlustration

This paper deals with the case company for selection of
paper cone in a leading textile manufacturing company in
Pakistan. The company’s name has been kept confidential.
The list of possible criteria was identified from the
available literature and specific criteria were shortlisted
with respect to the case company after interviewing the
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company’s supply chain department personal. Then the
pair-wise comparison was being done by the expert and
the pair-wise comparison matrix for criteria only has been
shown in table 3. The step 3 of the methodology presented

in section 4 is being applied to calculate weights of criteria
and alternatives which is shown in table 4. The criteria
and alternative hierarchy has been shown in figure 3.

I Supplier Selection

Price & Cost Quality

Delivery Time Payment Terms

Supplier &

Supplier B

Supplier C

Fig. 3 Decision Goal, Criteria and Alternatives Hierarchy for XY Z Textile Company

Table 3: Comparison Matrix for Criteria

o Price & ; Serv Deliver  Payment
Criteria Cost Quality ices y time Terms

Table 4 shows all the GM of fuzzy comparison values for
each criterion. Additionally it shows the total as well as
reverse values. The last row of table 4 has been modified

; (176, . . .
Prcl%est& 1,11 %;% (11’)1’ 1/21,/%4) (1/18/’6%/ [ as fuzzy triangular number needs to be in ascending order.
; 4,5, 1/4, 1/3,
Quality  (4,5,6) (1,1,1) ( 6) (2,3,4) ( 1/2) Table 4: GM of Fuzzy Comparison Values
(1/8, 11 1/4 Criteria Ri
Services 1,1,1 1/5, (1,1, (1/6, 1/5,
LD 1/4) 181 2) 14 Price & Cost 0.32 0.36 0.40
DeeY  4.5.6) i3 @3 @iy ORF8 Quality 152 190 235
Paer n(qegt (6,7,8) (23 4) (46)5, 2,3, 4) @,1,1) Services 0.37 0.42 0.50
Delivery time 0.87 111 1.43
After the pair-wise matrixbis bging dke)zvelopeclj, Ieacz Payment Terms 549 316 378
criterion fuzzy linguistic number’s GM is being calculate
using equation 2. For example, r; GM of fuzzy linguistic Total o1 6.9 8.46
numbers of “price & cost” criterion is being calculated Reverse (lP)ower of - 0.18 0.14 012
which is shown below: Increasing Order 0.12 0.14 0.18

n n
AT

=[(1%1/6%1%1/6x1/8)Y5; (1%x1/5%1x
1/5%1/7)5; (1% 1/4%1%1/4%1/6)"/5]

= [0.32; 0.36; 0.40]

In the next step, the fuzzy weight ‘Price & Cost’ (w;)
criterion is calculated using equation 3 as follows:

w; = [(0.32*0.12); (0.36*0.14); (0.40*0.18)]

=[0.039; 0.050; 0.072]

Similarly the fuzzy weights for all criteria are calculated
and are shown in table 5.
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Table 5: Relative Fuzzy Weights for each Criterion

Criteria Wi
Price & Cost 0.039 0.050 0.072
Quality 0.182 0.267 0.423
Services 0.044 0.059 0.090
Delivery time 0.104 0.155 0.258
Payment Terms 0.299 0.442 0.680

The relative closeness is then calculated using equation 15
using its value to rank the alternatives which is which is
demonstrated in table 9.

Table 9: Relative Closeness / Performance Scores

After calculating the fuzzy weights of each criterion, the
relative non-fuzzy weight needs to be calculated by
averaging the fuzzy numbers for each individual criterion
which is then used to calculate the normalized weights for
each criterion and is shown in table 6.

Table 6: Average and normalized non-fuzzy weights for each criterion

Criteria Mi Ni
Price & Cost 0.054 0.051
Quality 0.291 0.276
Services 0.064 0.061
Delivery time 0.172 0.163
Payment Terms 0.474 0.449

Then the weights obtained through fuzzy AHP analysis is
being used in TOPSIS to calculate POIS and NEIS using
equations 11 and 12 respectively which are shown in table
7. Then the GD from the POIS and NEIS are being
calculated using equation 13 and 14 respectively and are
shown in table 8.

Table 7: POIS and NEIS Calculation

Alternatives Ci Rank
Supplier A 0.647444745 i
Supplier B 0.155337157 3
Supplier C 0.421161056 2

SUPPLIER SELECTION

CRITERIA
Weldhts 0.05080 9z O-ffl_ 0.16342  0.44912
Alternat  Price& Qual Servi Delivery Payment
ives Cost ity ces time Terms
S“pg'fer 001259 9%t 001 oo4650  0.34618
S“pg'fer 00335 GO7 0913 001180  0.02467
Suplier g ooa56 338 099 010513 0.07828
POI=  oo3se %L 004 01051 0.3462
NE:LSZ ooo46 OO 0906 00118 0.0247
Table 8: GD from Positive Ideal and Negative ldeal Solutions
Alternatives Si+ Si-
Supplier A 0.177 0.325
Supplier B 0.353 0.065
Supplier C 0.272 0.198

In order to be sure that the ranking of alternative suppliers
that we have achieved is not biased and have acceptable
inconsistency, we are going to calculate the consistency
ratio of our criteria decision matrix before it was being
fuzzified using the triangular fuzzy numbers. This will be
calculated by first calculating Eigen Value referred to as
(Amax) and is calculated by

Amax = Y, AW
Where,
1 1/5 1 1/5 1/7 0.50
5 1 5 3 1/3\ /0.27\
AW=|1 1/5 1 1/3 1/5 |x]| 0.06 |
1/3 3 1 1/3 0.16
3 5 3 1 0.44

1
5
7

0.26
/1 44\
| 031 |
0.82

2.4
Amax = 0.26+1.44+0.31+0.82+2.4

=5.240

. (Mmax - n)
Consistency Index (Cl) = 1

(5.240 - 5)
5—1

Cl=

0240
4

=0.06
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: 1.98(n - 2)
Random Inconsistency (Rl) = ————

1.98(5-2
= —(5 ) -118

CI 0.06
CR=— = ——
RI 1.18

=0.05

As CR <0.10, consistency ratio of our decision matrix is
acceptable.

6. Results and Discussion

SS plays an important role for any organizational supply
chain performance. This single process is critical for the
organizations in order to meet customer demands in timely
and cost effectively. This research study proposed fuzzy
soft computing techniques in hybrid form along with AHP
and TOPSIS to rank the suppliers for textile industry in
from Pakistan’s perspective. The criteria that were
identified for the case textile manufacturing company
were price & cost, quality, services, delivery time and
payment terms. The criteria were compared pair-wise
through the company’s supply chain and procurement
experts using AHP approach. Fuzzy linguistic variables
were been integrated in the AHP so as to cater to linguistic
chaos and human language ambiguity while performing
pair-wise comparisons. The priority ranking being
calculated by AHP for each of the criteria is price & cost
(5%), quality (27.6 %), services (5.9%), delivery time
(15.8%) and payment terms (45.8%) with inconsistency of
0.053. It can be observed from table 9 that the best
supplier for the case company has been supplier A
followed by supplier C.

7. Conclusion

Selecting the best supplier is one of the critical tasks
within supply chain management. This one single decision
could have a strong impact on any organization’s
performance. This allows them to narrow down the gap
between supply and demand as well as optimization of
their final manufactured product cost which eventually
results in more profit margins and increased revenue. This
paper proposed a new decision support system using
integrating soft computing technique with operations
research techniques to act as a general supplier selection
model for textile industries in Pakistan.

Following are the major contributions of this research
study: A novel method integrating Fuzzy, AHP and
TOPSIS has been applied for supplier selection in textile
industry. Secondly no previous studies have been found to
use F-AHP-TOPSIS in a Pakistan’s textile industry for
supplier selection problem. Thirdly by incorporating fuzzy
soft computing technique in AHP analysis enabled the
decision maker to deal with vagueness, imprecision and
linguistic chaos while performing pair-wise comparison.
Last but not the least, this research study could become a
standard decision support tool for supplier selection and
procurement team for other textile companies in Pakistan.

References

[1] K. G. GULEN, “Supplier selection and outsourcing
strategies in supply chain management,” Journal of
aeronautics and space technologies, vol. 3, no. 2, pp. 1-6,
2007.

[2] D. J. Bowersox, D. J. Closs, and M. B. Cooper, Supply
chain logistics management, vol. 2. McGraw-Hill New
York, NY, 2002.

[3] M. B. Ayhan, “A Fuzzy Ahp Approach For Supplier
Selection Problem: A Case Study In A Gearmotor
Company,” International Journal of Managing Value and
Supply Chains, vol. 4, no. 3, pp. 11-23, Sep. 2013, doi:
10.5121/ijmvsc.2013.4302.

[4] C.-N. Liao and H.-P. Kao, “Supplier selection model using
Taguchi loss function, analytical hierarchy process and
multi-choice goal programming,” Computers & Industrial
Engineering, vol. 58, no. 4, pp. 571-577, 2010.

[5] F. Dweiri, S. A. Khan, and A. Almulla, “A multi-criteria
decision support system to rank sustainable desalination
plant location criteria,” Desalination, vol. 444, pp. 2634,
Oct. 2018, doi: 10.1016/j.desal.2018.07.007.

[6] M. Alehashem, M. N. Sheikholeslam, S. Emamian, and S.
A. Moghadam, “A Supplier Selection Case Study by
Analitical Hierarchical Process in Textile Industry,”
Accessed: Mar. 08, 2017. [Online]. Available:
http://nsp.naturalspublishing.com/files/published/9h8p3379
odwylx.pdf.

[7] M. B. Ayhan and H. S. Kilic, “A two stage approach for
supplier selection problem in multi-item/multi-supplier
environment with quantity discounts,” Computers &
Industrial Engineering, vol. 85, pp. 1-12, Jul. 2015, doi:
10.1016/j.cie.2015.02.026.

[8] M. Benyoucef and M. Canbolat, “Fuzzy AHP-based
supplier selection in e-procurement,” International Journal
of Services and Operations Management, vol. 3, no. 2, pp.
172-192, 2007.

[9] F. E. Boran, S. Geng, M. Kurt, and D. Akay, “A multi-
criteria intuitionistic fuzzy group decision making for
supplier selection with TOPSIS method,” Expert Systems
with Applications, vol. 36, no. 8, pp. 11363-11368, 2009.

[10] J. Chai, J. N. Liu, and E. W. Ngai, “Application of decision-
making techniques in supplier selection: A systematic
review of literature,” Expert Systems with Applications, vol.
40, no. 10, pp. 3872-3885, 2013.

[11] S. A. Burney and S. M. Ali, “Fuzzy Multi-Criteria Based
Decision Support System for Supplier Selection in Textile
Industry,” IJCSNS, vol. 19, no. 1, p. 239, 2019.



98 IJCSNS International Journal of Computer Science and Network Security, VOL.20 No.4, April 2020

[12] M. Dagdeviren, S. Yavuz, and N. Kiling, “Weapon
selection using the AHP and TOPSIS methods under fuzzy
environment,” Expert Systems with Applications, vol. 36,
no. 4, pp. 8143-8151, 2009.

[13] T. Peri¢, Z. Babi¢, and 1. Veza, “Vendor selection and
supply quantities determination in a bakery by AHP and
fuzzy multi-criteria programming,” International Journal of
Computer Integrated Manufacturing, vol. 26, no. 9, pp.
816-829, Sep. 2013, doi: 10.1080/0951192X.2013.799778.

[14] R. K. Mavi, M. Goh, and N. K. Mavi, “Supplier Selection
with Shannon Entropy and Fuzzy TOPSIS in the Context of
Supply Chain Risk Management,” Procedia - Social and
Behavioral Sciences, vol. 235, pp. 216-225, Nov. 2016, doi:
10.1016/j.sbspro.2016.11.017.

[15] V. Jain, A. K. Sangaiah, S. Sakhuja, N. Thoduka, and R.
Aggarwal, “Supplier selection using fuzzy AHP and
TOPSIS: a case study in the Indian automotive industry,”
Neural Computing and Applications, vol. 29, no. 7, pp.
555-564, Apr. 2018, doi: 10.1007/s00521-016-2533-z.

[16] S. H. Zolfani, N. Rezaeiniya, M. H. Aghdaie, and E. K.
Zavadskas, “Quality Control Manager Selection Based on
AHP- COPRAS-G Methods: A Case in Iran,” Economic
Research-Ekonomska IstraZivanja, vol. 25, no. 1, pp. 7286,
Jan. 2012, doi: 10.1080/1331677X.2012.11517495.

[17] V. Balioti, C. Tzimopoulos, and C. Evangelides, “Multi-
Criteria Decision Making Using TOPSIS Method Under
Fuzzy Environment. Application in Spillway Selection,”
Proceedings, vol. 2, no. 11, p. 637, Jul. 2018, doi:
10.3390/proceedings2110637.

[18] R. Karim and C. L. Karmaker, “Machine Selection by AHP
and TOPSIS Methods,” p. 7.

[19] O. Kilincci and S. A. Onal, “Fuzzy AHP approach for
supplier selection in a washing machine company,” Expert
Systems with Applications, vol. 38, no. 8, pp. 96569664,
Aug. 2011, doi: 10.1016/j.eswa.2011.01.159.

[20] J. Freeman and T. Chen, “Green supplier selection using an
AHP-Entropy-TOPSIS  framework,”  Supply  Chain
Management: An International Journal, vol. 20, no. 3, pp.
327-340, May 2015, doi: 10.1108/SCM-04-2014-0142.

[21] M. B. Ayhan, “A Fuzzy Ahp Approach For Supplier
Selection Problem: A Case Study In A Gearmotor
Company,” International Journal of Managing Value and
Supply Chains, vol. 4, no. 3, pp. 11-23, Sep. 2013, doi:
10.5121/ijmvsc.2013.4302.

[22] F. Dweiri, S. Kumar, S. A. Khan, and V. Jain, “Designing
an integrated AHP based decision support system for
supplier selection in automotive industry,” Expert Systems
with Applications, vol. 62, pp. 273-283, Nov. 2016, doi:
10.1016/j.eswa.2016.06.030.

[23] J.-W. Wang, C.-H. Cheng, and K.-C. Huang, “Fuzzy
hierarchical TOPSIS for supplier selection,” Applied Soft
Computing, vol. 9, no. 1, pp. 377-386, Jan. 2009, doi:
10.1016/j.as0c.2008.04.014.

[24] M. P. Amiri, “Project selection for oil-fields development
by using the AHP and fuzzy TOPSIS methods,” Expert
Systems with Applications, vol. 37, no. 9, pp. 6218-6224,
Sep. 2010, doi: 10.1016/j.eswa.2010.02.103.

[25] J. Roshandel, S. S. Miri-Nargesi, and L. Hatami-Shirkouhi,
“Evaluating and selecting the supplier in detergent
production industry using hierarchical fuzzy TOPSIS,”

Applied Mathematical Modelling, vol. 37, no. 24, pp.
10170-10181, Dec. 2013, doi: 10.1016/j.apm.2013.05.043.

[26] M. Khan, A. Manzoor, K. Rohail, S. M. Ali, A. Iftikhar, and
M. Alam, “Soft computing applications in education
management—A review,” in Innovative Research and
Development (ICIRD), 2018 IEEE International Conference
on, 2018, pp. 1-4.

[27] A. Iftikhar, S. Musa, M. Alam, M. M. Su’ud, and S. M. Alj,
“Application of Soft Computing Techniques in Global
Software Development: state-of-the-art  Review,”
International Journal of Engineering & Technology, vol. 7,
no. 4.15, pp. 304-310, 2018.

[28] F. Allag, R. Zegadi, S. Bouharati, L. Tedjar, and I.
Bouharati, “Dynamic of air pollution and its effect on
newborns: Analysis using fuzzy logic inference system,”
Waulfenia Journal, pp. 18-25, 2013.

[29]1 T. A lilani and S. M. A. Burney, “Multiclass Bilateral-
Weighted Fuzzy Support Vector Machine to Evaluate
Financial Strength Credit Rating,” Aug. 2008, pp. 342348,
doi: 10.1109/ICCSIT.2008.191.

[30] S. A. Burney, S. M. Ali, and S. Burney, “A survey of soft
computing applications for decision making in supply chain
management,” in Engineering Technologies and Social
Sciences (ICETSS), 2017 |IEEE 3rd International
Conference on, 2017, pp. 1-6.

[31] S. M. A. Burney, S. M. Ali, and M. S. Khan, “A Novel
High Order Fuzzy Time Series Forecasting Method with
Higher Accuracy Rate,” IJICSNS, vol. 18, no. 5, p. 9, 2018.

[32] J. J. Buckley, “Fuzzy hierarchical analysis,” Fuzzy sets and
systems, vol. 17, no. 3, pp. 233-247, 1985.

[33] T. L. Saaty, “Decision making with the analytic hierarchy
process,” International journal of services sciences, vol. 1,
no. 1, pp. 83-98, 2008.

[34] T. L. Saaty and L. G. Vargas, Models, methods, concepts &
applications of the analytic hierarchy process, vol. 175.
Springer Science & Business Media, 2012.

[35] Z. Giingér, G. Serhadlioglu, and S. E. Kesen, “A fuzzy
AHP approach to personnel selection problem,” Applied
Soft Computing, vol. 9, no. 2, pp. 641-646, Mar. 2009, doi:
10.1016/j.asoc.2008.09.003.

[36] O. S. Vaidya and S. Kumar, “Analytic hierarchy process:
An overview of applications,” European Journal of
operational research, vol. 169, no. 1, pp. 1-29, 2006.

[37] P. Ishtiagq, S. A. Khan, and M. Haq, “A multi-criteria
decision-making approach to rank supplier selection criteria
for hospital waste management: A case from Pakistan,”
Waste Management & Research, vol. 36, no. 4, pp. 386-394
Apr. 2018, doi: 10.1177/0734242X18755894.

[38] O. Kilincci and S. A. Onal, “Fuzzy AHP approach for
supplier selection in a washing machine company,” Expert
systems with Applications, vol. 38, no. 8, pp. 96569664,
2011

[39] “AHP for ArcGIS 10.x using Python,” Digital Geography,
Apr. 18, 2015. https://digital-geography.com/ahp-arcgis-10-
x-using-python/ (accessed Apr. 19, 2020).

[40] L. A. Zadeh, “Fuzzy sets,” Information and control, vol. 8,
no. 3, pp. 338-353, 1965.

[41] A. Samvedi, V. Jain, and F. T. S. Chan, “Quantifying risks
in a supply chain through integration of fuzzy AHP and
fuzzy TOPSIS,” International Journal of Production



IJCSNS International Journal of Computer Science and Network Security, VOL.20 No.4, April 2020 99

Research, vol. 51, no. 8, pp. 2433-2442, Apr. 2013, doi:
10.1080/00207543.2012.741330.

[42] P. J. M. Van Laarhoven and W. Pedrycz, “A fuzzy
extension of Saaty’s priority theory,” Fuzzy sets and
Systems, vol. 11, no. 1-3, pp. 229-241, 1983.

[43] D.-Y. Chang, “Applications of the extent analysis method
on fuzzy AHP,” European journal of operational research,
vol. 95, no. 3, pp. 649-655, 1996.

[44] A. Memari, A. Dargi, M. R. A. Jokar, R. Ahmad, and A. R.
A. Rahim, “Sustainable supplier selection: A multi-criteria
intuitionistic  fuzzy TOPSIS method,” Journal of
Manufacturing Systems, vol. 50, pp. 9-24, 2019.



