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Abstract

Purpose: This study aims to tackle the challenging facility location selection problem in Multiple Criteria Decision
Making (MCDM) scenatios, explicitly focusing on type-1 fuzzy MCDM issues. The research introduces Interval Valued
Fuzzy Numbers (IVFNs) to express ratings, addressing the difficulty in determining precise membership degtrees for
fuzzy sets.

Methodology: The proposed IVF-COPRAS method, centered on uncertainty risk reduction, is employed to enhance
decision-making reliability in IVF decision problems. This methodology is applied to a real-world case involving the
selection of a location for municipal wet waste landfill pits in a major Iranian city. Comparative analyses with other
methods are conducted to assess the proposed approach.

Findings: The study demonstrates the effectiveness of the IVF-COPRAS method in addressing facility location selection
problems within MCDM. By utilizing IVENSs, the method successfully manages uncertainty, leading to more reliable
decisions. Application to a practical scenatio highlights the method's efficacy, and the comparative analysis provides
insights into its performance relative to other methods.

Originality/Value: This research conttibutes a novel approach with the IVF-COPRAS method for handling facility
location selection challenges in MCDM. The reliance on IVEFNs offers a unique perspective on uncertainty in decision-
making, enhancing decision reliability. The real-world application emphasizes the method's practical significance,
providing a valuable contribution to MCDM research and offering a methodological tool for similar decision-making
problems across diverse domains.
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Table 2- Scale comparisons for criteria.

Linguistic Variable

Interval Valued Fuzzy Number

(VL) oS L
(L) o5

(ML) oS Lo
(M) Lz
(MH) G435 Ls
(H) «9=

(VH) o9 L=

[(0,0),0,(1,15)]
[(0,0.5),1,(2.5,3.5)]
[(0,1.5),3,(4.5,5.5)]

[(2.5,3.5),0.5,(6.5,7.5)]
[(4.5,5.5),7,(8,9.5)]

[(5.5,7.5),9,(9.5,10)]
[(8.5,9.5),10,(10,10)]
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Table 3- Scale comp

arisons for weighting criteria.

Linguistic Variable

Interval Valued Fuzzy Number

(VL) o5 L
(L) o5

(ML) oS bns
(M) Lawgio
(MH) g5 e
(H) o=

(VH) o5 L&

[(0,0),0,(0.1,0.15)]
[(0,0.5),0.1,(0.24,0.35)]
[(0,0.15),0.3,(0.45,0.55)]
[0.25,0.35),0.5,(0.065,0.75)]
[(0.45,0.55),0.7,(0.8,0.95)]
[(0.55,0.75),0.9,(0.95,1)]
[(0.85,0.75),1,(1,1)]

bl 5 a3l ylano (6l Ly 39 Cnodl (50 -F Jgua

Table 4- The importance of weights for criteria according to experts’ view.

Criteria  DM1 DM2 DM3 DMA4

Aggregated INFN

C1 H  VH M MH [(0.53,0.65),0.78,(0.78,0.93)]

c2 VH MH

C3 M M M
C4 H VH M
C5 VH H Vi
C6 MH M M
C7 H VH V

H H  [(0.60,0.75),0.88,(0.93,0.99)]
L H  [(0.26,0.40),0.55,(0.68,0.76)]
H VH [(0.68,0.80),0.90,(0.94,0.99)]
H MH [(0.68,0.80),0.90,(0.94,0.99)]
L H  [(0.31,0.45),0.60,(0.71,0.81)]
H VH [(0.78,0.90),0.98,0.99,1.00)]
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Table 5- The values of the three options according to the criteria.

o . DMs

Criteria  Alternatives DMI DM2 DM3 DM3

Al M MH L L

C1l A2 H H VH VH

A3 H MH L ML

Al M M H ML

Cc2 A2 ML L M MH

A3 H H MH MH

Al 2 2 2 2

C3 A2 34 34 34 34

A3 2.8 2.8 2.8 2.8

Al H VH VH MH

C4 A2 VL VL L M

A3 H MH MH H

Al ML MH MH M

C5 A2 VH VH H VH

A3 VL ML L M

Al L L M VL

C6 A2 ML M M M

A3 H H MH VH

Al M L ML L

c7 A2 M VH M ML

A3 VH VH H VH
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Table 6- Normal matrix.

C W A
Al A2 A3
Cl [(0.53,.065),0.78,00.78,0.93)] [(L.75,2.50),3.50,(4.88,6.00)] [(7.00,8.50),9.50,(9.75,10.00)]  [(2.50,3.63),4.75,(5.75,6.63)]
C2 [(0.60,0.75),0.88,(0.93,0.99)] [(3.75,5.00),6.50,(7.63,8.63)]  [(0.63,1.75),3.00,(4.50,5.50)]]  [(5.00,6.50),8.00,(8.75,9.75)]
C3 [(0.26,0.40),0.55,(0.68.0.76)]  [(2.00,2.00),2.00,(2.00,2.00)]  [(3.40,3.40),3.40,(3.40,3.40)]]  [(2.80,2.80),2.80,(2.80,2.80)]

C4 [(0.68,0.80),0.90,(0.94,0.99)] [(6.75,8.00),9.00,(9.38,9.88)]  [(0.36,1.00),1.50,(2.75,3.50)]]  [(5.00,6.50),8.00,(8.75,9.75)] ATA
C5 [(0.68,0.80),0.90,(0.94,0.99)] [(2.88,3.75),5.50,(6.75,8.00)]  [(7.75,6.75),9.75,(9.88,10.00)]]  [(0.63,1.38),2.25,(3.63,4.50)]
C6 [(0.31,0.45),0.60,(0.71,0.81)] [(0.63,1.13),1.75,(3.13,4.00)]  [(3.00,4.00),5.50,(6.88,8.00)]]  [(6.00,7.50),8.75,(9.25,9.88)]
C7  [(0.78,0.90),0.98,(0.99,1.00)]  [(0.63,1.50),2.50,(3.75,5.00)]  [(3.38,4.50),5.75,(6.88,7.63)]  [(7.75,9.00),9.75,(9.88,10.00)]
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Table 7- Normalized matrix.

Cc
Al

A2

A
A3

Cl [(0.18,0.25),0.35,(0.49,0.60)]

[(0.70,0.85),0.95,(0.98,1.00)]

[(0.25,0.36),0.48,(0.58,0.66)]

16\ 5 55558

C2 [(0.07,0.08),0.10,(0.13,0.17)]  [(0.11,0.14),0.21,(0.36,1.00)]  [(0.06,0.07),0.08,(0.10,0.13)]
C3 [(1.00,1.00),1.00,(1.00,1.00)]  [(0.59,0.59),0.59,(0.59,0.59)]  [(0.71,0.71),0.71,(0.71,0.71)]
C4 [(0.68,0.81),0.91,(0.95,1.00)] [(0.06,0.10),0.15,(0.28,0.35)]  [(0.51,0.66),0.81,(0.89,0.99)]
C5 [(0.29,0.38),0.55,(0.68,0.80)] [(0.78,0.68),0.98,(0.99,1.00)] [(0.06,0.14),0.23,(0.36,0.45)] .
C6 [(0.16,0.20),0.36,(0.56,1.00)]  [(0.08,0.09),0.11,(0.16,0.21)]  [(0.06,0.07),0.07,(0.08,0.10)] '{
C7 [(0.13,0.17),0.25,(0.42,1.00)  [(0.06,0.06),0.06,(0.07,0.08)]  [(0.06,0.06),0.06,(0.07,0.08)] \Vl:
Y
'ﬁ)bb)b&}j ol dLAJ;r..:A.\aJmJ}'LA A d}"".. BE) ,c‘
3039 o Jlo s Jgazr -A Jgaz >
Table 8- Weighted normalized matrix. .
C A
Al A2 A3
Cl [(0.09,0.16),0.27,(0.38,0.56)] [(0.37,0.55),0.74,(0.76,0.93)]  [(0.13,0.24),0.37,(0.45,0.61)]
C2 [(0.04,0.06),0.08,(0.12,0.16)] [(0.07,0.10),0.18,(0.33,0.99)]  [(0.04,0.05),0.07,(0.09,0.12)]
C3 [(0.26,0.40),0.55,(0.68,0.76)]  [(0.15,0.24),0.32,(0.40,0.45)]  [(0.19,0.29),0.39,(0.48,0.54)]
C4 [(0.46,0.65),0.82,(0.89,0.99)] [(0.04,0.08),0.14,(0.26,0.35)]  [(0.34,0.53),0.73,(0.83,0.98)]
C5 [(0.19,0.30),0.50,(0.63,0.79)] [(0.25,0.54),0.88,(0.93,0.99)] [(0.04,0.11),0.20,(0.34,0.44)]
C6 [(0.05,0.09),0.21,(0.40,0.81)] [(0.02,0.04),0.07,(0.11,0.17)]  [(0.02,0.03),0.04,(0.06,0.08)]
C7 [(0.10,0.15),0.24,(0.41,1.00)]  [(0.06,0.08),0.11,(0.14,0.19)]  [(0.05,0.06),0.06,(0.07,0.08)]
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Table 9- The sum of the values of positive and negative criteria.
A S+ S-
Al [(0.75,1.11),1.59,(1.90,2.33)]  [(0.45,0.70),1.09,(1.60,2.74)]
A2 [(0.94,1.17),1.75,1.94,2.26)] [(0.31,0.46),0.68,(0.98,1.79)]
A3 [(0.52,0.87),1.30,(1.62,2.03)] [(0.29,0.43),0.57,(0.70,0.83)]

Table 10- COPRAS index value of the relative importance of alternative.

A Q, N,

J

AL [(0.79,1.28),2.1,(3.42,7.93)]  78.86
A2 [(1,1.45),2.58,(4.24,10.41)]  100.00
A3 [(0.66,1.26),2.29,(4.11,10.63)]  96.29
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