A study on the application of fuzzy theory for the improvement
of credit rating table for middle and small business secured and
unsecured loan by the bank.
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Abstract
It exists some defects in credit rating table for small and middle business.
For examples in credit rating table haven t objective and scientific basis,the credit
rating table decrease its accuracy and usefulness. Moreover, the operating
environment and cost structure of small and middle business have change  the
evaluation method and the choice of evaluation items should be improved.

Based on the defects of the credit rating table, we investigate the advanced
officers of credit rating department on the bank and financia manager of the
corporation by questionnaire  We hope to improve the credit rating table though
the experience. Besides, because of the fuzziness and uncertainty of human beings,
we use fuzzy set theory to integrate the opinions of interviewees about the items and
the contents of the credit rating table and evaluation method .According to the resullt,
we also hope to propose another evaluation direction on the credit rating table of
business for secured and unsecured loan by the bank.

Firsgtly, the study choose factor analysisto acquire the concerned topicsand
items on the credit rating table of small and middle business for the credit assessment
staff of bank. In addition, fuzzy analytic hierarchy processis used to obtain the
specific weight of those considered items and topics. The last, we classify al the
evaluation items to 2financial ratio analys's items 2and2non-financid ratio anayss
items?.At the topic of financid ratio analysis items, we establisn the measurement
system of financia ratio analysis items by fuzzy ranking and fuzzy numbers. And at
the other topic of non-financid ratio andyssitems we establish the measurement
system of non-financia ratio analysis by fuzzy delphi method and fuzzy, synthetic
decision. Besides, we establish the credit grading standard for small and middle
business by fuzzy ranking and fuzzy delpi method. Finaly, we establish new credit
rating table for small and middie business.

Key words Middle and Small Business Credit Rating Table, Fuzzy Andytic
Hierarchy Process ,Fuzzy ranking, Fuzzy Delphi Method, Fuzzy
Synthetic Decision
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25 0 0
25 35 7 26.92
35 45 12 46.15
45 55 7 26.92
55 0 0
13 50
4 15.38
2 7.69
7 26.92
7 26.92
9 34.62
6 23.08
4 15.38
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4.6

15

10

5 10
4.7
32
35
11
8
15
( Relidhility )
Cronbach a
0.9754 0.9740~0.9762
0.9527
0.9501~0.9523
0.9391 0.9363~0.9395
0.9147 0.9103~0.9158
(@a>0.9)
48 49
Cronbach




Cronbach a

(0.5<a £0.7) (0.7<a £0.9)
(@a>0.9)
410 411

(Validity )



4.8

Cronbacha | Cronbacha

1 / 0.9746 0.9514
2 / 0.9746 0.9510
3 / 0.9742 0.9522
4 / 0.9744 0.9517
5 / 0.9743 0.9510
6 / 0.9752 0.9503
7 / 0.9753 0.9507
8 / 0.9742 0.9516
9 / 0.9741 0.9505
10 0.9743 0.9519
1 / 0.9740 0.9505
12 0.9747 0.9501
13 0.9748 0.9504
14 0.9746 0.9511
15 0.9744 0.9522
16 0.9742 0.9508
17 0.9743 0.9510
18 ( )/ ( ) 0.9744 0.9523
19 0.9746 0.9521
20 0.9745 0.9514
21 0.9762 0.9514
2 0.9747 0.9514
23 0.9740 0.9513
24 ( )/ ( 0.9745 0.9508
25 0.9748 0.9517
26 0.9745 0.9513
27 0.9747 0.9509
28 ( )/ 0.9747 0.9521
29 ( )/ 0.9749 0.9509
30 ( )/ 0.9746 0.9506
0.9754 0.9527

100




4.9

Cronbacha | Cronbacha

1 0.9384 09136
2 0.9377 09127
3 0.9391 0.9150
4 09371 09127
5 0.9385 09126
6 0.9391 0.9149
7 0.9393 09137
8 0.9387 09134
9 09374 09142
10 09371 09119
1 0.9369 09113
12 09372 09123
13 0.9366 09110
14 0.9374 09125
15 0.9366 09116
16 0.9368 0.9108
17 09376 09135
18 0.9382 09123
19 09373 09121
20 0.9366 09111
21 0.9374 09118
2 09372 09127
23 0.9381 09128
24 0.9369 09112
25 0.9365 09114
26 09371 09142
27 09375 09123
28 09377 0.9109
29 09373 09126
30 0.9380 09118
31 09371 09116
R 09378 0.9140
33 09363 09124
&Y 0.9369 09103
35 09378 0.9142
36 0.9383 09124
37 0.9368 0.9120
33 0.9380 09158
39 0.9387
40 0.9388
41 0.9390
42 0.9392
43 0.9385
44 0.93%

0.9391 09147
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4.10

38

Cronbacha

0.9463

0.9228

0.9271

0.8720

a | |w (N |F

N (WS [~ O

0.8730

Cronbacha

0.8968

0.8536

0.8220

0.8799

0.8527

OO~ |WIN|F

N [~ W I[N WO

0.8262

411

Cronbach a

0.9076

0.5813

0.7601

0.7753

0.7653

N[O wWw( (NP

N W | [P ININN

0.7979

Cronbach a

0.7672

0.7071

0.6674

0.8804

N (oo W (IN |

PR ININWW |-
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103

Cronbach a



10

10
10

4.12

104



4.12

1 4.3030 40568
2 3.3636 40227
3 3.7576 3.9432
4 4.3939 44001
5 41212 39773
6 3.9001 37841
7 3.9697 3.7614
8 3.9001 42841
9 3.93%4 36136
10 3.6364 4.2614
1 37273 36705
12 38182 38182
13 3.8485 3.8977
14 36970 41364
15 3.6061 41591
16 33333 35909
17 34242 36136
18 ( )1 ( ) 3.66061 39031
19 43333 4625
20 42121 45
21 3934 3.9545
2 35758 36477
23 3.6364 375
24 ( )1 ( 32424 33295
25 3.7576 3.8523
26 3.9001 44886
27 3.8182 36023
28 ( )/ 3.9697 3.9886
29 ( )/ 3.6667 3.4659
30 ( )/ 38182 34773
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10

4.13

10

106

10

10



4.13

1 4.5568 4.9091
2 4.3068 4.6520
3 3.3522 3.6250
4 3.9001 4.3636
5 3.5682 4.8068
6 4.6932 4.8864
7 47273 4.8977
8 4.3409 4.6136
9 4.4205 4.6704
10 4.0227 42841
11 4.0227 4.3296
12 34091 3.6818
13 3.9205 4.2386
14 3.7046 4.1250
15 3.7955 4.1363
16 3.8608 41477
17 4.0113 4.0568
18 3.7159 3.9031
19 3.9204 4.1818
20 3.7386 4.0796
21 4.5909 4.3773
2 4.0227 4.3296
23 3.5455 3.9887
24 3.7046 4.1023
25 3.8296 4.2046
26 4.3636 47727
27 3.4886 3.8296
28 34318 3.7727
29 4.1136 44773
30 3.6932 3.9001
31 3.9887 4.3636
32 4.0568 45
33 3.8296 4.125
A 35 3.7840
35 3875 4.5
36 4.079 45227
37 3.9659 4.4432
38 3.2614 41477
39 4.6136

40 3875

41 4.4886

42 46477

43 39773

4 42273

38
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4.14

4.15

(35)

4.16

108



4.14

/ 43030 | 40568 | -0.2462
/ 33636 | 40227 | 06591
/ 3.7576 3.9432 0.1856
/ 4.3939 4.4091 0.0152
/ 41212 | 39773 | -0.1439
/ 39091 | 37841 -0.125
/ 39697 | 37614 | -0.2083
/ 3.9001 4.2841 0.375
/ 39394 | 36136 | -0.3258
/ 36364 | 42614 0.625
37273 | 36705 | -0.0568
38182 | 38182 0
/ 38485 | 38977 | 00492
/ 36970 | 41364 | 043%
/ 3.6061 41591 0.553
/ 3.3333 3.5909 0.2576
/ 34242 | 36136 | 0.18%
)1 ( ) ( 36061 | 39001 0.303
/ 43333 4.625 0.2917
/ 42121 45 0.2879
39394 | 39545 | 00151
35758 | 36477 | 00719
/ 3.6364 3.75 0.1136
)1 ( ) 32424 | 33295 | 00871
/ 37576 | 38523 | 00947
/ 3.9001 4.4886 05795
38182 | 36023 | -0.2159
)/ 39697 | 3988 | 00189
)/ 36667 | 34659 | -0.2008
)/ 38182 | 34773 | -0.3409
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4.15

t p
-14558 | 01481
21238 | 00358
08642 | 03982
00819 | 09352
-0.7792 | 04374
-0.7219 | 04718
-1.2224 | 02248
17253 | 00933
12754 | 02046
28929 | 00066
-0.3275 | 07439
00000 | 1.0000
02602 | 07952
24571 | 00154
/ 31935 | 00018
13605 | 01822
10500 | 0.2959
)1 ( ) ( 16962 | 00925
19192 | 00573
18724 | 00636
00766 | 09391
03882 | 06985
05587 | 05774
)1 ( ) 05222 | 06025
04983 | 06192
35831 | 00005
-1.2301 | 02211
)/ 01092 | 09133
-1.0880 | 02788
/ -1.8906 | 0.0611

110




4.16

(14455 | (13965 | 09132

14225 | (13945 | osm2

(13565 | (1,3845) | 08772

(14235 | (14335 | 09524

(13945 | (13865 | 09615

23815 | (13675 | 09146

(23885 | (13655 | 08671

(13675 | (14195 | 07937

13215 | (13525 | 08658

13375 | (14195 | 07092

(13565 | (13575 | 09950

(13665 | (13705 | 09804

(13655 | (13785 | 09390

(13515 | (14035 | 07937

/ (13435 | (14075 | 07576
13175 | (13505 | 0854

13225 | (13515 | osrx

)/ ( (13445) | (13805 | 08475
(14195 | (14555 | 08850

(14085 | (14425 | 08547

( (13785 | (13815 | 09852
(13405 | (13535 | 09390

(13405 | (13605 | 09001

)/ ( ) (13095) | (13235 | 09346
(13565 | (13745 | 09174

23795 | (14405 | 06366

(13655 | (13505 | 09302

)/ (13845) | (13885 | 09804

)/ (13485) | (13335 | 09302

)/ (13705 | (13345 | 08475
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417 418 419 420

4.17
1 18.041542 58.52 58.52
2. 2.732848 8.87 67.39
3. 1.724108 5.60 72.99
4, 1.429938 4.64 77.64
5. 1.088240 3.53 81.17

112




4.18 5

1 / 0.80701

2 / 0.84136

4 / 0.81573

5 / 0.69261

8 / 0.66381

10 / 0.64089

12 0.85162

13 / 0.86368

14 / 0.80225

21 0.77337

16 0.71977

17 0.69495

28 / 0.60101

29 / 0.80034

19 / 0.64775

20 / 0.70706

25 0.69085

6 0.87731

7 0.70285

4.19

1 12.719813 56.44 56.44
2. 2.290186 10.16 66.61
3. 1.554706 6.90 73.50
4. 1.349273 5.99 79.49
5. 1.264623 5.61 85.10
6. 1.092305 4.85 89.95

113




4.20

6 / 0.62905
7 / 0.71989
9 / 0.74984
16 / 0.66513
17 / 0.68386
12 0.69340
13 / 0.75285
22 0.60199
19 / 0.75565
20 / 0.71864
28 0.66884
29 0.78094
30 0.79040
1 / 0.69943
2 / 0.78867
3 / 0.64484
4 / 0.63831
8 0.69930
10 0.75594
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4.21 4.22 4.23 4.24
4.21
1 12.657142 39.02 39.02
2. 3.342778 10.31 49.33
3. 2.598887 8.01 57.34
4, 1.945290 6.00 63.34
5. 1.489126 4.59 67.93
6. 1.458444 4.50 72.42
7. 1.280096 3.95 76.37

115




4.22

10 0.79550
11 0.82086
5 0.66059
28 0.67872
32 0.72083
35 0.69514
21 0.61363
40 0.71675
41 0.75027
42 0.60387
44 0.66468
17 0.63189
18 0.75494
19 0.61403
6 0.73281
7 0.74869

4.23

1. 9.329083 37.54 37.54

2. 3.185833 12.82 50.36

3. 2.185195 8.79 59.15

4. 1.762292 7.09 66.25

5. 1.406238 5.66 71.90

6. 1.186599 4.77 76.68

7. 1.047714 4.22 80.90
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4.24

5 0.60959
1 0.61810
6 0.78445
7 0.82351
17 0.62457
20 0.71681
21 0.65960
32 0.61423
35 0.64645
10 0.75275
11 0.72444
8 0.65077
19 0.64568
AHP
AHP
()

AHP 1
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4.2

4.1

< w0

(

4.25

4.25

0.5

0.5

0.5

0.2

0.25

0.33
0.25

0.33

0.33

0.2

)

(

)

(

4.26
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U UL

]

—



—

| ﬂ__ _

]

I L

]

}




(1,1,1) (051615) | (0.331.245) | (0.331.324) | (0.21105) | (0.33,1.22,5)
(0.2,0.62,2) (1,1,1) (0.33,1.205) | (0.331.254) | (0.33,1.02,4) | (0.5,1.30,4)
(0.2,0.80,3.03) | (0.2,0.83,3.03) (1,1,2) (051.894) | (0.331.364) | (0.331.47,5)
(0.25,0.76,3.03)| (0.25,0.80,3.03)| (0.25,0.53,2) (1,1,1) (0.33,090,4) | (0.51.22,4)
(0.2,091,5) |(0.25,0.98,3.03)| (0.25,0.74,3.03)| (0.25,1.11,3.03) (1,1,1) (0.5,1.435)
(0.2,0.82,3.03) | (0.25,0.77,2) | (0.2,0.68,3.03) | (0.250.82,2) | (0.2,0.70,2) (1,1,

()

(36) (3.7
Buckley( 1985 )
4.27
4.27
(0.39,1.23,3.68) (0.02,0.20,1.73)
(0.39,1.04,2.94) (0.02,0.17,1.37)
(0.36,1.17,3.00) (0.02,0.19,1.41)
(0.37,0.84,2.58) (0.02,0.14,1.21)
(0.34,1.01,2.98) (0.02,0.17,1.39)
(0.28,0.79,2.05) (0.02,0.30,0.96)
()
( nonfuzzy
vaue )
(3.8)
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4.28

4.28
(0.02,0.20,1.73) 0.6503
(0.02,0.17,1.37) 0.5226
(0.02,0.19,1.41) 0.5399
(0.02,0.14,1.21) 0.4458
(0.02,0.17,1.39) 0.5204
(0.02,0.30,0.96) 0.3683
()
(3.9 4.29
4.29
()
0.6503 0.2123 21.23
0.5226 0.1706 17.06
0.5399 0.1762 17.62
0.4458 0.1488 14.88
0.5204 0.1718 17.18
0.3683 0.1202 12.02
()
6
6
41.76 6
4.30




4.30

(%) (%)
21.23 8.87
17.06 7.12
17.62 7.36
14.88 6.21
17.18 7.18
12.02 5.02
41.76 58.24
49.23 50.77
40 60
431
4.31
41.76 49.23
58.24 50.77
5
5

123



4.32

4.32

4.33

()

8.87

7.12

7.36

6.21

7.18

5.02

9.79

9.13

8.18

8.01

7.67

7.07

8.39

124




4.33

()

10.45

8.40

8.68

7.33

8.46

5.92

7.90

8.78

6.27

7.94

7.48

6.62

5.78

125

10

10

10




434 435

126

10



4.34

0.0233

0.0196

0.0161

0.0137

~| |~~~

0.0160

0.0275

0.0216

0.0222

0.0380

0.0356

0.0233

0.0199

0.0189

0.0200

0.0181

0.0132

0.0204

0.0296

~|~|~|~|~|~

0.0207

0.0542

0.0437

0.0499

0.0414

0.0287

0.0531

0.0801

0.0141

0.0234

0.0204

0.0188

0.0244

0.0221

0.0242

0.0506

0.0333
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4.35

0.0275

0.0231

0.0189

0.0161

~| |~~~

0.0189

0.0324

0.0254

0.026

0.0448

0.0419

0.0274

0.0235

0.0223

0.0236

0.0213

0.0156

0.0241

0.0348

~|~|~|~|~|~

0.0244

0.0790

0.0319

0.0253

0.0307

0.0152

0.0274

0.0200

0.0487

0.0307

0.0404

0.0344

0.0662

0.0578
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(

)

19

129

100

4.37

4.36



4.38 4.38
5
5
(3.12) 5
88.30 76.85 62.73
4556 28.11
4.36 0o 1
0 1
/ 0.47% 11.10%
/ 0.30 1.68
/ 0.83 4.39
/ 60.42% 13.87%
/ 149.10% | 44.12%
63.99% 6.44%
/ 84.84% 11.53%
1.51 9.66
/ 40.24% 198.02%
/ 19.52% 111.59%
/ -0.05% 42.69%
/ 3.33% 30.79%
/ 3.10% 31.54%
/ 5% 33.96%
/ 2.8% 18.71%
/ 9.08% 1.59%
/ 1.16% 14.11%
/ 1.54 8.29
/ 0.92 591
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4.37

3 8.11
6 16.22
16 43.24
4 10.81
6 16.22
2 5.40
37 100
4.38
(88,92.61,99) | (75,84.0391) | 858 3 88.30
(74,82.61,90) | (60,70.27,80) | 12.34 6 76.85
(59,66.87,79) | (40,54.77,70) | 12.1 11 62.73
(39,53.67,69) | (21,40.16,50) | 13.51 11 45.56
(20,38,80,59) | (10,19.05,35) | 19.75 15 28.11
()
100
0
5 439-1 439-2 4.39-3
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4.39-1

30
15 30
5 15
0 5
3000
1500 3000
500 1500
100 500
100
100
75 100
50 75
30 50
30
100
75 100
50 75
30 50

30
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4.39-2

100
75 100
50 75
30 50
30

100
75 100
50 75
30 50
30
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4.39-3

134




A 80 B 70~79 C 60~69 D
50~59 E 49 A B

() 4
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0
4 (N3, N3, N3, Ny)
N N, Nj N,
4.40
4.40 4
N; N, N, N,
(8,9.57,10.5) (5,6.44,7) (3,3.66,5) (0.35,0.91,2)
(1.45,1.50,1.57) (0.8,1.99,1.2) (0.5,0.66,0.8) (0.3,0.39,0.5)
(3.8,4.00,4.2) (2,2.55,3) (0.8,1.55,2) (0.5,0.82,1)
(-20,-17.32,-15) (-30,-26.64,-20) (-48,-39.96,-35) (-58,-49.23 -45)
(-60,-54.77,-50) | (-100,-81.81,-70) | (-130,-104.00,-90) | (-140,-124.02,-100)
(-10,-8.91,-7) (-30,-25.90,-20) (-51,-46.27,-40) (-60,-57.45,-55)
(-15,-12.94,-12) (-35,-26.92,-20) (-60,-54.77,-50) (85,-84.14,-75)
(7,8.65,10) (5,5.79,7.5) (2.5,3.50,5) (1.5,1.86,2)

(180,192.32,200) | (120,139.44,150) (80,89.72,100) (50,56.92,70)
(90,94.87,100) (60,72.08,80) (35,45.27,60) (20,24.49,30)
(25,33.10,40) (15,19.68,25) (7,9.15,10) 0,1,2)
(25,27.39,30) (10,15.49,20) (35,7.27,10) (0,3.25,5)
(25,28.17,30) (15,18.13,20) (8,9.21,10) (3,4.61,6)
(25,28.17,30) (15,18.13,20) (7,8.65,10) (34.16,5)
(15,16.70,18) (8,9.90,12) (5,6.40,8) (1,2.45,4)
(-3-1.92,-1.5) (-5,-3.81,-3) (-7,-6.08,-5) (-9,-8.49,-8)
(10,11.10,12) (7,7.97,9) (2.8,2.95,.3) (1,1.32,2)

(7,7.61,8) (455.1,6) (2.5,2.94,4) (1.7,1.87,2)
(4.8,5.19,5.5) (3,3.73,4.5) (2,2.32,2.5) (1.2,1.53,1.8)
2%
3% -2 -3
() 4
(3.15) 4

441
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4.41

N, N, N, N,
0.8515 0.5730 0.3556 0.0998
0.9301 0.5403 0.3039 0.1070
0.9315 0.5905 0.3715 0.2048
0.9197 0.7209 0.4163 0.2224
0.9223 0.6127 0.3955 0.2508
0.9549 0.6382 0.2875 0.0681
0.9736 0.7648 0.4182 0.0883
0.7837 0.5248 0.2802 0.0793
0.9140 0.5753 0.2803 0.0834
0.9109 0.6116 0.3700 0.1482
0.7705 0.4960 0.2309 0.0366
0.9660 0.6263 0.2983 0.1023
0.8855 0.5455 0.2360 0.0809
0.8855 0.5455 0.2221 0.0565
0.8842 0.5234 0.3350 0.1201
0.8863 0.6598 0.4066 0.0947
0.8795 0.6236 0.1799 0.0568
0.8938 0.5369 0.2654 0.0472
0.9486 0.6131 0.2840 0.1096
()
(3.17) 4
4.42
4.42
A 37.56 44.34
B 24.72 37.56 29.17 44.34
C 12.83 24.72 15.13 20.17
D 4.27 12.83 5.04 15.13
E 4.27 5.04
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AHP

4.43
4.43
A 44.76 39.02
B 36.53 4476 |31.85 39.02
C 26.53 36.53 [23.13 31.85
D 16.37 26.53 14.27 23.13
E 16.37 14.27
4.44
4.44 2.4-2
0 0
4.44
A 82.32 83.36
B 61.25 82.32 61.02 83.36
C 39.37 61.25 |[38.26 61.02
D 20.64 39.37 19.31 38.26
E 20.64 19.31
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4451 4452 4461 4.46-2

139



140



4.45-1

(%)

(

)

2.33

1.96

1.61

1.37

~| ~] ~]| ~| ~

1.60

2.75

2.16

2.22

3.80

3.56

)/

2.33

)/

1.99

)/

1.89

2.00

1.81

1.32

2.04

2.96

~| ~] ~| ~| ~| ~

2.07
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4.45-2

(%)

(

)

542

4.37

4.99

4.14

2.87

5.31

8.01

141

2.34

2.04

1.88

2.44

221

242

5.06

3.33

D:20.64

82.32

A:82.32
C:39.36
39.36 E: 20.64

B:61.25
61.25
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4.46-1

(%)

(

)

2.75

2.31

1.89

1.61

~| ~] ~]| ~| ~

1.89

3.24

2.54

2.60

4.48

4.19

)/

2.74

)/

2.35

)/

2.23

2.36

2.13

1.56

241

3.48

~| ~] ~| ~| ~| ~

2.44

143




4.46-2

(%)

(

)

7.90

3.19

2.53

3.07

1.52

2.74

2.00

4.87
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