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ABSTRACT 

 
 

This study examines a multi-objective fuzzy simplex-genetic algorithm 

which was developed to predict bank legal customers financial 

performance. Prediction performance of the model was examined 

based on its ability to accurately identify credit default. Using 

available data from KESHVARZI bank over 2001-2006, debt ratio, 

operational ratio, and return on equity are selected as descriptive 

variables, and on the other side dependent variable was considered as 

a dummy variable. To training and validating the model, data were 

divided in to model (in-sample) and test (out-of-sample) sets. After 

running the algorithm, besides the sensitivity and specificity ratios, 

the key variable was specified. 

 
           © 2012 IUST Publication, IJIEPM. Vol. 23, No. 1, All Rights Reserved 

 
 

 

 
 

 

 

 

 

 

 

 
 

 
 

                                                 
**

Corresponding author. Farimah Mokhatab-rafiei 
  Email: farimah@cc.iut.ac.ir 

JJuunnee  22001122,,  VVoolluummee  2233,,  NNuummbbeerr  11  

pppp..  7799--9911 

  
  

hhttttpp::////IIJJIIEEPPMM..iiuusstt..aacc..iirr//  

 

 

IInntteerrnnaattiioonnaall  JJoouurrnnaall  ooff  IInndduussttrriiaall  EEnnggiinneeeerriinngg  &&  PPrroodduuccttiioonn  MMaannaaggeemmeenntt  ((22001122))  

 

fuzzy inference systems;  

simplex algorithm;  

genetic algorithm; credit rating 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

24
-1

1-
25

 ]
 

                             1 / 14

http://ijiepm.iust.ac.ir/article-1-861-en.html


  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  ** 

 

 

                                                 

 

يار دانشکده استاد *

farimah@cc.iut.ac.ir مهندسي صنايع، دانشگاه صنعتي اصفهان

 

 

  

  
  

  

hhttttpp::////IIJJIIEEPPMM..iiuusstt..aacc..iirr//  

 

 

 

 
ISSN: 2008-4870 

 

 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

24
-1

1-
25

 ]
 

                             2 / 14

http://ijiepm.iust.ac.ir/article-1-861-en.html


  

  

ANN

 

ANFIS

ANN

ANN

ANFISMDA

                                                 
1 portfolio 

2 .Artificial neural networks 
3. adaptive network based fuzzy inference system or  adaptive 

neuro-fuzzy inference system 

4. Multiple Discriminate Analysis 

ANFIS

MDA

FAN

 

 

 

                                                 
5. fuzzy adaptive network  

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

24
-1

1-
25

 ]
 

                             3 / 14

http://ijiepm.iust.ac.ir/article-1-861-en.html


      

-

SVM

ANN 

SCMANN

ANFIS

 

Y=F(X1,X2,…,Xn) 

Y

Y

 

 

x1

x2

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

24
-1

1-
25

 ]
 

                             4 / 14

http://ijiepm.iust.ac.ir/article-1-861-en.html


  

  

x3

 

YPi

ixi

Yi=11-Pi

iYi=0

  

Yi

iPi

 

 

Y=1

Y=0

ABAB

γ

βα

 

 

 

 

 T

 

 

 

 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

24
-1

1-
25

 ]
 

                             5 / 14

http://ijiepm.iust.ac.ir/article-1-861-en.html


      

x1x2

x3

));x(min)x(max())x(minx(x 

xxmin(x)

max(x)x

1

















 


w.o)tO(

tOif0

error

3.0 0  Min

)n/errormin(err  Min

22

ii

ii

i

n

1i

i







 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

24
-1

1-
25

 ]
 

                             6 / 14

http://ijiepm.iust.ac.ir/article-1-861-en.html


  

  

nOii=1,…,n

Sei

i=1,…,ne(s)=(e1, e2,…,en)

AB

)B(e)A(e,iBA
ii



AB

Ae(A)

Be(B)

)B(e)A(e,j),B(e)A(e,iBA
jjii



AB

AB

B

)B(e)A(e,j),B(e)A(e,iB~A
jjii



ABB

ABBC

CA

Sn

S1, S2,…,SnOPsP

}ss,SsSs{O PPP 

xy

A

B

neii=1, 2,…,n

nR

i

},...,2,1{],1,0[: nidom

i 

0)0( dom

i v 

ui)()( ueve ii 

vu
F

i


i

)vu())v(e)u(e(
F

i

dom

iii

dom

i  

v u

}n,...,2,1{i,vu
F

i


vu
F



T

∏ 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

24
-1

1-
25

 ]
 

                             7 / 14

http://ijiepm.iust.ac.ir/article-1-861-en.html


      





m

1i

F

i

dom

i

F
dom )vu()vu( 

SSv

S

Suv

)( vu
F

dom 

T-conorm

Sv

S

)vu()vS(
F

dom

Su

F
dom 




S

)}uS(|Su{
F



i















w.o1

p)v(e)u(e0ifp/))v(e)u(e(

0)v(e)u(eif0

)vu(
iiiiii

ii
F

i

dom

i


ii
i

i
i

i
))v(emin)u(emax(p 

=1/2 iα

)( vS
F

dom Ss

0)( 
Ss

F
dom sv

v

 

                                                 
1. crossover 

 

 

 w

nw(i), i=1,2,…,nw(i)

i

w1w2K

wi

i=1,2,…,Kn},...,2,1)({ njjww ii 

n,1,2,...,j

   

0)()1()(0

)()1()(11

1)()1()(0)()1()(

 )(

n,1,2,...,j

   

0)()1()(0

)()1()(11

1)()1()(0)()1()(

 )(

12

12

1212

2

21

21

2121

1





































jwjwif

jwjwif

jwjwifjwjw

jw

jwjwif

jwjwif

jwjwifjwjw

jw













                                                                         
2. mutation 
3. reproduction 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

24
-1

1-
25

 ]
 

                             8 / 14

http://ijiepm.iust.ac.ir/article-1-861-en.html


  

  

α
1w2w

  

 

 w

n1,2,...,j    

    

0)(0

)(11

1)(0)(

 )(



















rndjwif

rndjwif

rndjwifrndjw

jw

rnd

nn+1uk

k={1,…,n+1}

w

cw

wunc
n

k

k 




1

1

wcwr

)wc(cr 

 

wrr

.1),wc(cr
e

 

r

wc

w rw

c

k

.1k),wc(kcr
c



wrrerc

n+1n

S

n+1

C

                                                 
1 .global search 
2 .local search 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

24
-1

1-
25

 ]
 

                             9 / 14

http://ijiepm.iust.ac.ir/article-1-861-en.html


      

u uC

 

n+1 

rmax

 

αn+1

 

MATLAB

Pentium VI1,6GHz

 

 

 

 

 

 

 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

24
-1

1-
25

 ]
 

                            10 / 14

http://ijiepm.iust.ac.ir/article-1-861-en.html


  

  

  .1جدول

 x3 x2 x1  

 L L H  

 M L M  

 H L H  

 L H H  

 H H H  

 L L L  

 M H H  

 L M H  

 H L M  

 L H L  

 H L L  

 M L H  

 H M L  

 M L L  

 M M L  

 M M H  

 M H L  

 H M H  

 H M M  

 L H M  

 H H M  

 H H L  

 L L M  

 L M M  

 M H M  

 L M L  

 M M M  

x1x2x3

Low: L, Medium: M, High: H 

 

 

Y

 

 

  .2جدول

 
Y=0

 

Y=1

 
 

P(Y)≤C    

P(Y)>C    

    

    

    

 

ANFIS

  .3جدول

      

     

     

ANFIS      

 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

24
-1

1-
25

 ]
 

                            11 / 14

http://ijiepm.iust.ac.ir/article-1-861-en.html


      

 

 

 

-        

 

[3] Wilson, R., Sharda, R., “Business Failure Prediction 

Using Neural Networks.”, Encyclopedia of Computer 

Science and Technology, Vol.37, No.22, 1997, 

pp.193-204. 

 

[4] Generation Approach for Managing Credit Scoring 

Problems.” In Fuzzy Sets in Management, Economics 

and Marketing.(ed.), 2001, pp.223-228. 
 

[5] Syau, Y., Hsieh, H., Lee, E.S., “Fuzzy Numbers in the 

Credit Rating of Enterprise Financial Condition.” 

Review of Qunatitative Finance and Accounting, 

Vol.17, 2001, pp. 351-360. 

 

[6] Cheng, C.B., Lee, E.S., “Applying Adaptive Network 

to Fuzzy Regression Analysis.”, Computers and 

Mathematics with Applications, Vol.38, 1999, pp.123-

140. 

 

[7] Boussabaine, A.H., Wanoous, M., ”A Neurofuzzy 

Model for Predicting Business Bankruptcy.” In 

Business Applications of Neural Networks: The State-

of-the-Art of Real-World Applications(ed.), 2000, 

pp.55-69. 

 

[8] Castillo, O., Melin, P.,”Hybrid Intelligent Systems for 

Time Series Prediction Using Neural Networks, Fuzzy 

Logic and Fractal Theory.” IEEE Transactions on 

Neural Networks, Vol.13, No. 16, 2002  

 

[9] Malhotra, R., Malhotra, D.K., ”Differentiating 

between Good Credits and Bad Credits Using Neural-

fuzzy Systems.” European Journal of Operational 

Research, Vol. 136, 2002, pp.190-211. 

 

[10] Jiao,Y., Syau, Y., Lee, E.S.,” Modelling Credit Rating 

by Fuzzy Adaptive Network”, Mathematical and 

Computer Modelling Vol.45 , 2007, pp.717–731. 

 

[11] Hoffmann, F., Baesens ,C., Mues, T., "Inferring 

Descriptive and Approximate Fuzzy Rules for Credit 

Scoring using Evolutionary Algorithms" in European 

Journal of Operational Research ,Vol.177, 2007, pp. 

540–555. 

 

[12] Lean,Y., Wang, S., Lai, K., "An Intelligent-Agent-

Based Fuzzy Group Decision Making Modelfor 

Financial Multicriteria Decision Support: The Case of 

Credit Scoring", European Journal of Operational 

Research, Vol.195, 2009, pp.942–959 .  

 

[13] Tsai, C.F., Chen M.L., "Credit Rating by Hybrid 

Machine Learning Techniques", Applied Soft 

Computing, Vol.10, pp.374–380, 2010. 

 
[14] Danenas, P., Garsva G., Gudas, S., "Credit Risk 

Evaluation Model Development Using Support Vector 

Based Classifiers", Procedia Computer Science , 

Vol.4, 2011, pp.1699–1707. 

 

[15] Jang, J.S.R , “ANFIS: Adaptive – Network Based 

Fuzzy Inference Systems.”, IEEE transactions on 

systems Man. and Cybernetics, Vol.23, No.3, 1993, 

pp.665-685. 

 

[16] Douligeris, C., Palazzo, S., “Fuzzy Expert Systems in 

ATM Networks”, Fusion of Neural Networka, Fuzzy 

Sets, and Genetic Algorithms: Industrial Application 

(ed.), 1999. 
 

 Gonzalez, S.F., Flores, R.J., Flores, R.B., Mendoza, 

R.J., “Multiple Fuzzy IRR in financial Decision 

Enviroment.”, Fuzzy sets in management, Economics 

and Marketing(ed), 1992, pp.724-740.

[18] Nelder, J.A., Mead, R., A Simplex Method for Function 

Minimization , Computer Journal,Vol 7, No. 4, pp.308-

313, 1965. 
 

[19] Renders, J.M., Flasse, S.P., ”Hybrid Methods using 

Genetic Algorithms for Global Optimization”, IEEE 

Transactions on Systems, Man and Cybernetics Part-

B, Vol. 28, No.2, 1998, pp. 73-91. 
 

[20] Yen, J., Liao, Lee,  J.C., Randolph, D., ”A Hybrid 

Approach to Modeling Metabolic Systems using a 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

24
-1

1-
25

 ]
 

                            12 / 14

http://ijiepm.iust.ac.ir/article-1-861-en.html


  

  

Genetic Algorithm and Simplex Method”, IEEE 

Transactions on Systems, Man and Cybernetics Part-

B, Vol. 7, No. 1, 2003, pp.243-258. 

 

[21] Koduru, P., Das, S., Welch, S., Judith, L.R., “Fuzzy 

Dominance Based Multi-objective GA-Simplex Hybrid 

Algorithms Applied to Gene Network Models”, 

Springer-Verlag Berlin Heidelberg , Vol. 3102, 2004, 

pp. 356–367.  

 

[22] Bersini, H., ” The Immune and Chemical Crossovers”, 

IEEE Transactions on Evolutionary Computation, Vol. 

6, No. 3, 2002, pp.306-313. 

 

[23] “Simulation and Evolutionary Optimization of 

Electron-Beam Lithography with Genetic and

Simplex-Downhill Algorithms”, IEEE Transactions 

on Evolutionary Computation, Vol. 7, No. 1, 2003,

pp. 69-82. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

24
-1

1-
25

 ]
 

                            13 / 14

http://ijiepm.iust.ac.ir/article-1-861-en.html


      
 

  [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

24
-1

1-
25

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            14 / 14

http://ijiepm.iust.ac.ir/article-1-861-en.html
http://www.tcpdf.org

