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Abstract

Purpose: Bank facilities are the main outputs of the bank, through which the society's liquidity, which is placed in a
wandering way at the level of the society, is injected into defined and targeted economic sources. In this regard, one of
the major problems faced by decision-makers in banks is prioritizing loan applicants. Therefore, this research was
conducted to identify the effective factors in developing a model for measuring customers' credit risk and determining a
suitable algorithm for prioritizing bank applicants on a case study in Sepeh Bank.

Methodology: In this research, experts' intuitive and imprecise judgments wetre considered hesitant fuzzy data, and a
simple distance-based algorithm was proposed.

Findings: The output of the proposed algorithm is a detailed ranking of applicants for bank loans.
Originality/Value: The presented problem in this research is a decision-making one that is done intuitively, and so far,

no research has been done to provide a prioritization algorithm in this field.
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Table 1- Decision matrix.

A Joro Comd Ao (ouiwliel Copaseds aslo juw Ay Cadb Ll
g 50 ply
0.2 0.9 0.9,0.75 0.85,0.7 0.9,0.8,0.7 0.9,0.8 0,95,0.9,0.85 1
0.06 0.8,0.7 0.75,0.6 0.8,0.7,0.6 0.4,0.3 0.2,0.15,0.05 0.8,0.7,0.6 2
0.1 0.75.0.7 0.35,0.30,0.25 0.7,0.6,0.4 0.6,0.5,04 0.55,0.45,04 0.75,0.65,0.6 3
04 0.9,0.8 0.75,0.65,0.6 0.7,0.6,0.5 0.85,0.75 0.8,0.7,0.6 0.85,0.7 4
1 0.25,0.2 0.1 0.2,0.1 0.35,0.3,0.2 0.3,0.25,0.2 0.35,0.25,0.2 5
0.15 0.9,0.6 0.5,0.4,0.35 0.3,0.2,0.1 0.5,0.4,0.3 0.4,0.3,0.1 0.65,0.6,0.5 6
0.2 0.6,0.2 0.6,0.55,0.5 0.2,0.1 0.75,0.45,0.25 0.8,0.65,0.6 0.35,0.3,0.1 7
25 0.7,0.5,04 0.3,0.25,0.2 0.7,0.6 0.6,0.55,0.5 0.9,0.7,0.3 0.9,0.85,0.6 8
0.1 0.7 0.8,0.75 0.7,0.6,0.2 0.7,0.4,0.2 0.7,0.65,0.6  0.85,0.75,0.55 9
0.6 0.55,0.25 0.8,0.7,0.3 0.5,0.4,0.1 0.5,0.4,0.1 0.9,0.85,0.8 0.45,0.4,0.15 10
0.05 0.4,0.1 0.5,0.45,0.2 0.4,0.3,0.2 0.8,0.7,0.4 0.7,0.5,0.3 0.3,0.2,0.1 11
0.4 0.8,0.6 0.8,0.7,0.3 0.7,0.6 0.5,0.35,0.2 0.8,0.6,0.5 0.2,0.1 12
0.1 0.1 0.2,0.15 0.4,0.2,0.1 0.6,0.5,0.2 0.5,0.4,0.1 0.8,0.5,0.4 13
0.33 0.1,0.05 0.4,0.3,0.1 0.5,0.3 0.4,0.3,0.1 0.3,0.25,0.2 0.5,0.45,0.3 14
0.2 0.7,0.5 0.7,0.6,0.3 0.8,0.7 0.25,0.2,0.15 0.8,0.7,0.65 0.2,0.15 15
0.3 0.8,0.7 0.8,0.75,0.6 0.6,0.4,0.2 0.5,0.45,0.4 0.9,0.8,0.6 0.6,0.4,0.3 16
0.27 0.8,0.7,0.5 0.1,0.05 0.4,0.3 0.7,0.65,0.55 0.7,0.65,0.5 0.9,0.85,0.7 17
0.5 0.6,0.4 0.5,0.45,0.4 0.5,0.3,0.2 0.4,0.3,0.1 0.5,0.45,0.4 0.5,0.4,0.3 18
0.37 0.8,0.7 0.2,0.1 0.6,0.5,0.3 0.8,0.7,0.5 0.2,0.15,0.1 0.6,0.4,0.2 19
0.75 0.4,0.3 0.8,0.7,0.4 0.4,0.3 0.5,0.4 0.15,0.1 0.2,0.15 20
0.56 0.7,0.6 0.6,0.5,0.4 0.4,0.3,0.2 0.6,0.5,0.4 0.2,0.1,0.05 0.4,0.35,0.2 21
0.16 0.5,04 0.5,0.4,0.35 0.5,0.4,0.3 0.7,0.5,0.3 0.8,0.7,0.6 0.4,0.35,0.3 22
0.3 0.6 0.7,0.6,0.3 0.5,0.4 0.3,0.2 0.6,0.5,0.4 0.2,0.1 23
0.6 0.4,0.35 0.8,0.7,0.5 0.4,0.3,0.2 0.8,0.6,0.2 0.5,0.4,0.2 0.5,0.3,0.25 24
0.16 0.8,0.5 0.75,0.6,0.5 0.8,0.7 0.7,0.5,0.4 0.8,0.7,0.6 0.6,0.5,0.45 25
0.3 0.6,0.5,0.3 0.5,0.4,0.1 0.9,0.8,0.7 0.7,0.6,0.5 0.5,0.45,04 0.8,0.6,04 26
0.14 0.25 0.3,0.2,0.15 0.3,0.2,0.1 0.4,0.3 0.2,0.1 0.3,0.15,0.05 27
0.5 0.7,0.5 0.5,0.4,0.3 0.8,0.7,0.6 0.7,0.6 0.6,0.5,0.4 0.5,0.45,04 28
0.25 0.5 0.8,0.5,0.3 0.4,0.3,0.1 0.8,0.7,0.5 0.3,0.2,0.1 0.4,0.3,0.2 29
0.17 0.4,0.2 0.8,0.6,0.4 0.1 0.4,0.3,0.2 0.8,0.7,0.6 0.2,0.15,0.1 30
0.37 0.9,0.8,0.3 0.15,0.1 0.95,0.9 0.2,0.15,0.1 0.5,0.4,0.25 0.6,0.55,0.4 31
0.54 0.9,0.8 0.1,0.05 0.3,0.2 0.6,0.5,0.2 0.4,0.3,0.1 0.85,0.8,0.6 32
0.3 0.9,0.8,0.7 0.35,0.3,0.2 0.6,0.4,0.2 0,95,0.9 0.2,0.1 0.8,0.5,0.4 33
0.14 0.6,0.4 0.7,0.3 0.1 0.4,0.35,0.2 0.8,0.7 0.3,0.1 34
0.1 0.75,0.6 0.9,0.8,0.4 0.8,0.5 0.5,0.4,0.3 0.4,0.3,0.2 0.75,0.6,0.5 35
0.2 0.2,0.1 0.8,0.7,0.6 0.5,0.2 0.6,0.5,0.2 0.7,0.65,0.6 0.4,0.35,0.1 36
0.16 0.95,0.8 0.4,0.2,0.1 0.3,0.2 0.3,0.2,0.1 0.6,0.4 0.8,0.75,0.7 37
0.4 0.5,04 0.75,0.65 0.4,0.3,0.2 0.5,0.3 0.8,0.7,0.6 0.9,0.85,0.6 38
3 0.5,0.45 0.7,0.6,0.3 0.8,0.6,0.5 0.3,0.25,0.2 0.6,0.5,0.4 0.2,0.1 39
0.4 0.4,0.2 0.4,0.35,0.2 0.7,0.6 0.7,0.6,05 0.15,0.1,0.05 0.8,0.6,0.3 40
0.5 0.7,0.5 0.7,0.6,0.4 0.6,0.5,0.3 0.95,0.9,0.85 0.4,0.3,0.2 0.7,0.6,0.5 41
0.3 0.7,0.65 0.2,0.15,0.1 0.6,0.5,0.4 0.2,0.1 0.1 0.2,0.1,0.05 42
0.28 0.7,0.6,0.45 0.8,0.6,0.3 0.15,0.1 0.9,0.8,0.6 0.8,0.6,0.2 0.5,0.45,04 43
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Table 1- Continued.

A Jome o Al el Cparid alopw g b b ol
g 5o ply
0.41 0.8,0.6 0.1 0.2 0.4,0.3,0.2 0.8,0.7,0.3 0.8,0.4,0.2 44
0.5 0.75 0.7,0.6,0.5 0.9,0.8,0.7 0.55,0.4,0.3 0.5,0.4,0.2 0.8,0.7,0.6 45
0.62 0.8,0.2 0.3,0.2,0.1 0.1,0.05 0.6,0.5,0.3 0.5,0.45,0.4 0.95,0.9,0.8 46
\oQ 0.14 0.4,0.3 0.3,0.2 0.6,0.3 0.65,0.6,0.3 0.9,0.8,0.6 0.95,0.9,0.7 47
0.83 0.2,0.1 0.8,0.5 0.2,0.1 0.2,0.1,0.05 0.35,0.25,0.1 0.3,0.2,0.1 48
0.75 0.2,0.15 0.6,0.4, 0.4,0.3,0.2 0.8,0.7,0.6 0.75,0.7,0.6 0.2,0.1,0.05 49
0.2 0.7,0.6 0.9,0.85,0.8 0.85,0.75 0.7,0.5,0.4 0.8,0.6,0.4 0.3,0.2,0.15 50
0.4 0.4,0.3,0.2 0.2,0.15 0.7,0.5,04 0.4,0.2,0.1 0.8,0.75,0.6 0.4,0.35,0.3 51
0.16 0.5 0.4,0.3,0.2 0.8,0.7,0.3 0.7,0.6,0.5 0.9,0.6,0.5 0.85,0.7,0.4 52
0.5 0.8,0.5 0.05 0.3,0.2,0.1 0.5,0.4,0.2 0.8,0.6,0.7 0.6,0.5,0.4 53
0.41 0.55,0.3 0.9,0.8,0.5 0.2,0.1 0.8,0.7,0.3 0.6,0.55,05  0.2,0.15,0.05 54
‘i 0.41 0.2,0.05 0.5,0.35,0.2 0.8,0.5,0.4 0.5,0.4,0.3 0.4,0.3,0.2 0.4,0.35,0.2 55
\\’l; 0.66 0.2 0.8,0.6,0.5 0.3,0.2 0.4,0.3,0.2 0.2,0.1 0.25,0.2,0.1 56
9 1.66 0.6,0.5,04 0.9,0.7,0.55 0.8,0.7,0.6 0.9,0.8,0.4 0.8,0.7,0.6 0.9,0.8,0.65 57
0.4 0.4,0.2 0.6,0.4,0.1 0.75,0.5 0.6,0.5,0.4 0.35,0.3,0.2 0.6,0.4,0.3 58
0.16 0.3,0.2 0.75,0.6,04 0.6,0.5,0.25 0.8,0.5,0.4 0.6,0.1 0.4,0.2,0.15 59
0.3 0.7,0.6 0.1,0.05 0.6,0.5,0.2 0.6,0.4,0.3 0.6,0.5,0.4 0.8,0.7,0.5 60
3 1,1,1 1,11 1,11 1,11 1,1,1 1,1,1 as
ol

La sl i - Jgaz
Table 2- Attributes’ weights.

Swlgsyo ply d Jomo Comd Al miwjliel  Coard wlopw  aldy cadb w3l
0.20 0.17 0.16 0.05 0.12 0.20 0.10

0J9

(F) alay U (Y) abasl 51 ool (shisasy 255 g aseius sloioline (sdasy (N +) alasly 6 (Y) alasly 3 oslinal L 0 al 5 55
0 g 55 (V) alaly 5 (A) ddasly 51 Jool sy 5 & dgdr 5o (V) alaly 6 (0) adaly 51 ol (sauas; ¥ Jadar o

Sl 0l 0313 dl..i..:

() alaol ) B(Y) alaly ol o gusoay =Y Jgar
Table 3- Ranking based on Egs. 2 to 4.

33,0 656 glaas gasee stéjfjksjal.gdjl,:.ﬂ&ﬁ)yb& bl e SU rl_; Slwoline & OMgus slasl o a5

¥ akl, ¥ oakl, Vakl, 49,
Jlowl b abols  olize  Jlowsl babols  olize  JTowsl b abols  olite

0.31 1 0.40 1 0.26 1 1
0.38 4 0.44 4 0.33 4 2
0.54 57 0.49 57 0.41 57 3
0.54 45 0.52 25 0.46 25 4
0.54 25 0.53 45 0.46 45 5
0.58 28 0.54 9 0.47 9 6
0.58 39 0.56 16 0.48 50 7
0.58 52 0.56 28 0.49 52 8
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Table 3- Continued.

¥ akl, ¥ oakl, Vakl, &)
Jlowsl balold ol  Jlowlbalols  Jolite  Jlowlb alols  Joliw

0.59 41 0.56 41 0.49 E
0.59 16 0.56 39 0.49 41 10
0.59 2 057 52 0.49 39 11
0.59 9 057 50 051 28 12 Ve
0.60 50 0.58 8 051 8 13
0.60 3 0.58 38 0.52 38 14
0.61 38 0.58 26 0.52 26 15
0.63 33 0.59 3 2 2 16
0.64 17 0.59 35 35 3B/ 17
0.64 8 0.60 2 33 33 18
0.65 26 0.61 12 17 17 19
0.65 12 0.63 43 3 320 i
0.65 35 0.63 17 12 12 2 :?
0.67 15 0.63 22 43 43 2 Q;
0.67 22 0.63 33 31 31 23 2
0.68 37 0.64 47 47 47 24 %
0.68 47 0.64 10 10 10 25 )
0.69 31 0.64 15 15 15 26 i
0.69 49 0.65 24 22 2 27 _:?
0.70 60 0.65 60 60 60 28 :3
0.70 43 0.67 18 37 37 29 (23
0.70 32 0.67 6 32 32 30 é
071 46 0.67 58 24 24 31 -
071 21 0.68 7 46 46 32 3\
0.71 19 0.68 31 54 54 33 J}\
071 7 0.68 37 19 19 34 >
0.72 6 0.68 54 6 6 35 =
0.72 18 0.68 19 49 49 36 3
0.73 53 0.68 21 7 737 *
0.73 10 0.68 32 40 40 38 g‘,
0.73 24 0.68 49 21 21 39
0.73 23 0.68 29 18 18 40
0.73 54 0.68 40 53 53 41
0.74 20 0.68 46 58 58 42
0.74 51 0.69 23 29 29 43
0.75 40 0.69 59 36 36 44
0.75 29 0.69 36 59 59 45
0.75 36 0.69 53 23 23 46
0.75 34 0.70 51 51 51 47
0.75 58 0.71 11 44 44 48
0.77 30 0.71 20 34 34 49

0.78 44 0.72 34 20 20 50
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Table 3- Continued.

¥ akl, ¥ oakl, Vakl, as,
Jlowslbalols ol Jlowlbalold  coline  JTowlb alols Joliw

0.78 59 0.72 55 11 11 51

0.79 42 0.73 44 30 30 52

0.79 55 0.73 30 55 55 53

AR Y| 0.79 56 0.76 56 56 56 54
0.81 5 0.77 13 13 13 55

0.81 1 0.78 14 42 42 56

0.84 48 0.79 42 14 14 57

0.85 14 0.80 48 48 48 58

0.85 13 0.80 5 5 5 59

0.86 27 0.82 27 27 27 60

r-:-o-sd

“ V) alaol B (0) alay (polisl 2 gusoay -F Jguzr
"? Table 4- Ranking based on Eqgs. 5to 7.
i V) > ) bkl a5,
3 Jloasl balols  Joline  Jlowlbalold olie  Jlowlbalold Jolite
g 0.33 1 0.29 1 0.41 1 1
) 0.41 4 0.36 4 0.46 4 2
j‘z 0.57 57 0.46 57 0.57 57 3
3. 0.54 39 0.46 39 0.58 25 4
g 0.56 16 0.47 16 0.59 45 5
_}J 0.57 9 0.48 9 0.60 28 6
= 0.58 25 0.49 25 0.62 4 7
53' 0.60 50 0.50 50 0.63 16 8
31' 0.59 45 0.51 45 0.64 38 9
_'; 0.58 52 0.52 52 0.64 39 10
R 0.60 38 0.52 38 0.64 3 11
_'%; 0.61 41 0.53 41 0.64 9 12
I
\g' 0.70 43 0.53 43 0.64 50 13
= 0.68 10 0.54 10 0.65 52 14
% 0.66 12 0.55 12 0.65 2 15
T’)‘; 0.61 28 0.55 28 0.66 8 16
\’\i 0.68 8 0.55 8 0.68 26 17
RN 0.65 17 0.55 17 0.68 35 18
s; 0.68 35 0.57 35 0.68 17 19
j% 0.65 33 0.58 33 0.69 12 20
,_:? 0.63 3 0.58 3 0.69 2 2
3 0.70 54 0.58 54 0.70 33 2
;? 0.69 47 0.58 47 0.70 15 23
0.67 15 0.58 15 0.72 43 24
0.65 2 0.59 2 0.72 41 25
0.70 26 0.59 26 0.72 60 26

0.67 22 0.59 22 0.72 49

N
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Table 4- Continued.

v aba 7 bl bkl 4,
Jlowsl balold ol  Jlowlbalols  Jolite  Jlowlb alols  Joliw

0.67 37 0.60 37 0.73 18 28
0.70 7 0.60 7 0.73 21 29
0.72 24 0.60 24 0.74 7 30
0.67 49 0.61 49 0.74 24 31 \ay
0.71 46 0.61 46 0.74 31 32
0.71 32 0.62 32 0.74 37 33
0.76 31 0.62 31 0.74 6 34
0.70 60 0.62 60 0.74 19 35
0.71 53 0.62 53 0.75 20 36
0.72 36 0.63 36 0.75 32 37
0.72 6 0.63 6 0.75 46 38
0.71 34 0.63 34 0.75 53 39 —%
0.75 44 0.63 44 0.75 23 40 o
0.71 23 0.63 23 0.75 54 41 g;
0.71 18 0.63 18 0.76 51 42 2
0.71 21 0.64 21 0.76 40 43 %
0.73 30 0.65 30 0.76 58 44 3
0.75 29 0.65 29 0.77 10 45 }0‘
0.73 19 0.65 19 0.77 29 46 2
0.74 51 0.66 51 0.78 34 47 2>
0.80 59 0.67 59 0.78 36 48 \'23
0.79 58 0.68 58 0.79 30 49 j‘
0.74 20 0.68 20 0.79 59 50 B
0.82 11 0.69 11 0.79 4 51 ;
0.79 40 0.70 40 0.80 55 52 j
0.78 56 0.73 56 0.80 5 53 =
0.82 55 0.73 55 0.81 5 54 2
0.82 48 0.74 48 0.82 42 55 N
0.80 5 0.76 5 0.82 1 56 i
0.87 13 0.77 13 0.85 48 57 2
0.80 42 0.77 42 0.85 14 58
0.86 14 0.79 14 0.86 13 59

0.86 27 0.82 27 0.86 27 60
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Table 5- Ranking based on Egs. 8 to 10.

Ve aal, 4 alal, Adly  ag,
Jloafbabols ol Jlowlbabolh ol Jlowlb abols  olite

031 1 0.46 1 0.46 1 1
0.39 4 0.49 4 0.48 4 2
0.50 39 0.60 16 0.53 39 3
0.52 57 0.61 39 0.55 57 4
0.52 16 0.61 57 0.56 16 5
0.53 9 0.61 25 0.56 25 6
0.53 25 0.63 9 0.56 9 7
0.55 52 0.63 38 0.59 45 8
0.55 50 0.63 28 0.59 38 9
0.55 45 0.63 45 0.59 50 10
0.56 38 0.65 50 0.60 28 11
0.57 41 0.65 41 0.60 41 12
0.58 28 0.65 52 0.61 52 13
0.60 3 0.67 3 0.62 43 14
0.60 12 0.69 12 0.62 8 15
0.61 17 0.69 17 0.62 12 16
0.61 10 0.69 22 0.63 10 17
0.61 8 0.69 8 0.63 3 18
0.62 2 0.70 49 0.64 35 19
0.62 33 0.71 15 0.64 26 20
0.62 43 0.71 2 0.64 22 21
0.63 15 0.71 35 0.65 17 22
0.63 35 0.72 18 0.65 15 23
0.63 22 0.72 33 0.65 54 24
0.64 37 0.72 54 0.66 24 25
0.64 47 0.72 26 0.66 7 26
0.64 49 0.72 43 0.66 47 27
0.64 54 0.72 10 0.66 2 28
0.64 26 0.73 60 0.67 18 29
0.65 7 0.73 47 0.68 49 30
0.66 60 0.73 53 0.68 33 31
0.66 46 0.73 7 0.68 37 32
0.66 32 0.73 23 0.68 23 33
0.66 53 0.73 24 0.68 60 34
0.66 24 0.74 37 0.68 46 35
0.67 18 0.74 21 0.68 6 36
0.67 23 0.74 46 0.69 53 37
0.67 36 0.75 20 0.69 36 38
0.67 34 0.75 6 0.69 34 39
0.68 6 0.75 34 0.70 21 40
0.68 21 0.76 36 0.70 29 41
0.69 19 0.76 32 0.70 32 42
0.69 44 0.76 30 0.71 30 43
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Table 5- Continued.

Ve adal, A aal, Aaly  ag,
Jlowsl bakols ol Jlowlbaloll  solite  Jlowsl b abols  Joliw

0.69 30 0.76 19 0.72 58 44
0.70 29 0.77 51 0.72 44 45
071 51 0.77 29 0.72 59 46
071 31 0.77 44 0.72 19 47 V1§
071 20 0.79 31 0.72 51 48
0.73 58 0.79 56 0.72 31 49
0.74 59 0.79 58 0.73 11 50
0.74 40 0.80 5 0.73 20 51
0.75 11 0.80 40 0.74 4 52
0.76 56 0.81 59 0.76 55 53
0.78 55 0.82 55 0.77 56 54
0.78 5 0.83 42 0.79 48 55
0.78 48 0.83 48 0.80 13 56
0.78 42 0.83 11 0.80 5 57
0.82 13 0.87 27 0.81 14 58
0.82 14 0.87 14 0.81 42 59
0.84 27 0.88 13 0.83 27 60

ol 0 o5y LaS Vg 3 (V +) adasly B (Y) oy gl p s i Ve G gl

s oliio ¥ ¢ ol gusodssy —F Jauo
Table 6- The final ranking of the first 10 applicants.
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Veakl, Saly,  Adal,  Vakl, Faal, 6dal, Faal,  YVaal, YVal, a3,
1 1 1 1 1 1 1 1 1 1
4 4 4 4 4 4 4 4 4 2
39 16 39 57 57 57 57 57 57 3
57 39 57 39 39 25 45 25 25 4
16 57 16 16 16 45 25 45 45 5

9 25 25 9 9 28 28 9 9 6
25 9 9 25 25 41 39 16 50 7
52 38 45 50 50 16 52 28 52 8
50 28 38 45 45 38 41 41 16 9
45 45 50 52 52 39 16 39 41 10
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