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Purpose: The main purpose of this paper is to propose a multi-objective model for assigning 

service/product to clustered customers. The main practical objectives of this model from the 

perspective of the bank are reduced cost and risk and increased customer satisfaction. 

 

Design/methodology/approach: In this paper, five indicators of recency, frequency, monetary, loan 

and deferred have been identified and customers have been clustered, accordingly using K-means 

approach. Then, a three-objective mathematical model has been designed to assign optimal 

service/product as response to customer. Finally the model has been solved by simulation based 

optimization. 

 

Findings: In the case study, all information about five characteristics of customers was extracted from 

the database, 31953 customers were placed in seven clusters and the validity of these clusters was 

measured. A three-objective mathematical model was designed based on the characteristics of 13 

types of bank products/services. Then, the simulation modeling solutions were improved using the 

simulated annealing algorithm. In this study, Weka and R-Studio, Arena and Longo were used for 

data mining, simulation and optimization, respectively. 

 

Research limitations/implications: The limitations of this study include inability of simulation 

instruments for drawing, solving all probable states (more scenarios) and solving the model for those 

states. It is recommended to develop the mathematical model with respect to customer, so that after 

problem solving, the bank would be able to make decision on providing services and products to its 

customers. Simultaneously, the objective functions would be fitted within their most reasonable states 

and ultimately, using a model, the parameters related to each product can be set for the new customer 

referring to the bank. 

 

Practical implications: Products/services were assigned according to customer needs in a way that 

cost and risk were reduced and   the utility of assignment was increased through the proposed model 

and simulating the behavior of each cluster of customers.  

                                                             
*
 Corresponding author 

Copyright © 2020, University of Isfahan. This is an Open Access article distributed under the terms of the Creative 
Commons Attribution License (http://creativecommons.org/licenses/BY-NC-ND/4.0/), which permits others to download 
this work and share it with others as long as they credit it, but they cannot change it in any way or use it commercially. 



Production and Operations Management, Vol. 10, Issue 2, No. 19, Autumn & Winter 2020 

Social implications: Paradigm shift in the banking industry is changing from e-banking to digital 

banking. In digital banking, assigning/customizing products/services, regarding the needs of 

customers, is very difficult .The banking industry is not well equipped to respond to the digital 

banking expectations of most consumers. One of the most important challenges of banks is 

recognizing customers, clustering and assigning a service/product to each of the different clusters. The 

main policy in the banking industry is to increase customer satisfaction and reduce cost and risk in 

sales service. Therefore, each customer should have a dedicated service/product. 

 

Originality/value: In this paper, authors attempted to use one of the clustering approaches in multi-

objective programming. In addition, they proposed an approach for assigning product/service to 

customer by simulating and analyzing the behavior of each customer cluster. 

 

Keywords: Multi objective assignment model, Bank customers, Clustering, Optimization via 

simulation 
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5  ��09 .�B0 �� ���d�B0 6��.� �F 60�7    
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 ;n70�5  ��� = R��� − R�R��� − R��! 

 ;n70�6  "�� = Fi − F��!F��� − F��! 

 ;n70�7  �� = Mi − M��!M��� −M��! 

 ;n70�8  ��� = Li − L��!L��� − L��! 

 ;n70�9  ��� = D��� − D�D��� − D��! 

 

 a�7 w70�� ��R���  �F���  �M���  �����  ����� ��./ +C�� ����r� P���.	7 53F� � �FR��! �F��!  �
M��!  ����!  ����! +C�� ����r� P����@ �=/�	7 � 3��F �FR �F �M �L  �D +C�� �
,0 ����r�  	/ 0� �F

�� ��./ ���>/�� .3F���� �"�� ��� ����  ���� G���/ ����r� �=/�	7 +C�� 5� 6��.� 60�7 �Fi.�B0 E0  
  

 F����� �	� �(2�RFM-LD  
;Y���7 ��0� �0 RF�S� G�0 RJ7 �� ;13�0 ;7;��C G� L.@ 3�0�$ 60�7 6��@37(��0 � 6 ;���?� 6�F

��0��� ���d�B0 �t/� 6�F���	� 60�7 ����  �� 6�Z 6�F�=�0 �0 �1� .�B0 E�a +J.� 6�=�0 M� �U 6��B
 6������ �^�_�� ��	7�0CRISP

29
-DM E�4 �0 6������ P�0 .�B0����U ���0� �C�3� 6�F G� ���0� 6��B

G�9/� .�B0 �� N	1.� ;2B�� � �7����0 �6��B �@��0� ;7 �=�0 P�0 ���� M�@ 6��@c	�� ��=/ �7 ;@ 3@ �0 6��
��0� G��2� ����0 4 ;7 �F �0��1�F� PW�e) ��� N	
I� �rn3� ���,30  �2000 M	1d� 60�7 P�0�7�37 m(

���4 �� �����.�+C�� (��0 `�B0�7 P=�F 6�F;��C (�� �0 �G� 6�F�@ 637- ) P	=/�	�K-means (
.�B0 �� ���d�B0 ;��C �
@ ���B�  637-KE�/ �� P	=/�	� �0 $0 R ;7 jn70� ���,10 .�B0 �� ;�$�4 ��@ ;7  

 ;n70�10    kmeans(x,	 centers,	 iter.max	 =	 10,	 nstart	 =	 1,algorithm	 =	 c("Hartigan-Wong",	"Lloyd",	"Forgy","MacQueen"),	trace=FALSE) 
����0 ;7 6�F  �F 60�7 (�� P�0 �� ;�$���@;��C ��7 ;7 637 .�B0 ��� ���, 

X��0� �0 6�� [����� :+C�� [����� ���F �� �F ��0/��B0 6�F ;/��/) �����.� 60�7 �� .�B0 (�F  
Centers;��C �02� :;7 ��7 ;@ �B0 �F  .��� ;$�_0 ���B� ;7 6���0��� ���,  

iter.max;��C E�?/0 60�7 ��?� �0�1� �02� �{@08 :  �B0 637.(LZ�� s��)  
nstart;h/�3e : centers ;���?� �02� ���7 �� M��� ��./ 0� �$��H� 6�F .��� Q�J�/0 ��7 ;@ F�  

Algorithm;��C :�� ���d�B0 ����d�� 6�F K����=�0 �0 0�Y0 60�7 (�� P�0 ;7 637  |7�� 60�7 ����0 P�0 .3@
kmean �� +J.� 0� �,�C K����=�0 ;7 |7�� P�0 .3@ ;��C �� 0� ~/� � ��=	���F K����=�0 ��$ R	� ��:

�� R	� 637 (�� �B0 P1�� ��0 m��	4  ���B ;7 b
u0 ;@ ��� ���d�B0 (P	��@ M� K����=�0) 6�=�� 6�F
K����=�0 �� ��0� y	Y�� �F ;7 ��0 m��� ��: �� N�� ��>7 ;	r7 ;7 �9�/ ~/� � ��=	���F K����=�0 �
@.3@  

Trace �� �>3� � 0� K����=�0 ��9.	� �� �rn3� �� y	I, �0�0 6���4 � ��0� ��7��@ ~/� � ��=	���F (��
�� �t/�� ) ��	4 ~/0� � ~3	���F31 �1975�@ (�� �� ;��C �02� P		2� 60�7 .( -��0� (�� �0 P	=/�	�32  ��>7

(�� �=�� 3/��F (�� P�0 �� .�B0 �� ;�$�4;��C 6�F�F ��J/ ��9�0�� ;
�
B 637  ��	�0 �0 M�
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;7 ;/�40Y ;��C ���,�� ;�$�4 �t/ �� 60b	@�� j�F �E�4 �F �� [WB ./�� E�u�0 �0 P1�� ������ 6�F
�� ���;7 �HC�� � ��� �nC E�� �0�� ^��?� E�/33 �� ;9B�I� ���7 ;��0� 6���@ 6�nC ;@ �9	@�� �F .���

�� �� 4�7�� E�?/0 E�u�0 �U j����7 � ��� � .����� R�0 $0 �nC NZ08 �0r� ��7 �F �7 ;@ �B0 P�� P�0 .7��
�� �0�1� �/��� �� ��@��0�) ��� N,�8 ����1� j��C � /�� E�u�0 KF �7 ��	�0 j�F ;@ ���34 �1963 �F�4 .(

;7 (�� P�0 �0  (�� E�/"[/���0� P����@" �� ���.���  
  
�	
 B�&CD ����  

j
��� ��	7 �� �_��� G� �C�B 60�7 ���d�B0 K	F�d� � L���2� ;O0�0 3���	/ RF�S�  ��a�HI� �� ��
�� ;@ �B0 G� �C�B 3�0�$ � ��_��d� ;7 ;�0�0 .�B0 �� x�n� E�4 ;7 E�4 ���, 

G�H1( G� ��_��d� ��	7 � �a�HI� L��2� : G�B�� ;@ �7� ��7 6�01/�7 ��/�Z `�B0�71362  ;7
	B� b��H� �	B �
,0 jd	�� ��B0 � ����� P�0�7�37 .�B0 ���� |7�3� +	HJ� �  	>?� ��.@ �1/�7 K�

M/�7  L��2� �
,0 jd	�� �� P�0 6��B0� �� 0� ��C �a�HI� � ���C 3��F ��?� 6��9��0 ���Bg� � �F
M/�7 ��J/ jd	�� �� .33@ |�Y �� 3��F ��C �����.� � ;2��Y ��8U P	�0 ;@ �F  G�� 6�0>=/ � 6��U

7�3�  	>?�)x�: �0�3� �7 ��C �a�HI� �0 �.J7 jO0�0 c��:�0 (��C | ���WB 6�F ���WB 60  0� �����.� 6�F
�� Q)Y  ��3�>7 � 3�>7) 33@2006 �� .�B0 �����.� ;7 �1/�7 �<	>�� 6�n�0 ��1/�7 ��	
�� �E�� jd	�� .(

���WB � ��<	>�� ���4 �� �� 0� ��C �a�HI� M/�7 RF�S� P�0 G� .� ;7 60�� ;_�� �����  ���4 .3@
 �0 ��<	>��9 ���WB ���4 � G�HI�  �0 604 �4S�� .�B0 �� N	1.� G�HI�  �a�HI� �0 E0@�F 6�F

;O0�0 ;7 �����.� ;7 �� ����0 �/��� 5��7 �� M/�7 j
	B� G�Y �� ��1  .�B0 ��U  
  

G�Y 1 - �4S�� ���d�B0 �a�HI� 6�F G� �� ��  
 G�HI� ^�/ ���/ /,�� ��g� �� ,�� M��� ,�� �	7�
n� ;3� F 

�
<	

>�
�

 

;7���� y1 27 8/38 01/0 12/0 

�/� �@��.� y2 6/23 11 3/0 03/0 

�:��Z0 (��$ y3 5/17 9/4 16/0 03/0 

;7 ���Y0 M	
�� s�� y4 3/14 7/1 0 0 

;��2Y y5 3/18 5/4 09/0 02/0 

P�� ��C y6 8/19 3/7 07/0 02/0 

���_ y7 0 9/2 0 02/0 

��Z ;3�I�0 y8 0 7/2 36/0 02/0 

;I70�� y9 20 0 0 01/0 

���
WB

 �F
 

[� �0/0 x1 0 0 31/0 0 

��Z 6��Y ;3�I�0 x2 0 0 06/0 0 

;����B 5��WB ����@ 6�0)4 �� x3 20 2/0 61/0 2/1 

;����B ��3
7 6�0)4 x4 22 002/0 02/0 22/1 

  



170 / ���� ���	
�� � 	��� �����10 ��	�� �19 ����� �2 ������  	��� �1398 

 G�Y ��1 4 �� �a�HI����WB � �<	>�� ��� �� M	1d� �F  ;D7 L���2� c7�n� ./0  ��D@    ;D���?� �� ;D�$�
;7 6��.� ;7 �a�HI� ;O0�0 �2Z0� ��/ ��g� ��/ �0 ��t3� �6 @�� M/�7 �0��r� � P	/0�Z    �0 ��Dt3� �MD/�7 j
	B�

���WB ���4 �� � 6��Y ;7 6��Y�	u �<	>�� N@ �9�/ �<	>�� ���4 �� M���  D�?� �9�/ �F �D�0�0� ^�   6�DF
���WB ^��?� ;7 r/ �9�/ ^��?� �0 �G�HI� �F �	7�
n� �0 	� .�B0 M/�7 � / �����.� 6�F     �D�
9� � 6�0D2�

        jD3� F �0 �D��/ �<	>D�� ���D4 �� G�DHI� D80� �DF j3� F ���>/�� � �� N,�8 ��C ���4 �� G�HI� �F
��	C� ���WB �0 80� �F j3� F � E0� ^�/ �F 6�	4 ��/ �F .�B0 �>/U ;7 ��C0��� ��B j3� F �0 �  

G�H2( �_��� G� �C�B :       V3D� � ]DF |7�D� ;DB �K	�DH� �D	��� ^�/ �� �0 RF�S� �_��� G� �C�B ��

 G� P�0 K	�H� 6�F�	��� .�B0 �� ���d�B0 ����I�x�,E ���WB +	HJ� �32� �j   jD��C ;D7 E0i � E0y�,E  �D32� �
 �<	>�� +	HJ�j j��C ;7 E0i  ]DF |7�� .�B0 �� L��2� M/�7 ��4�� �0 ]F |7�� ;B G� P�0 �� .�B0 E0

  MD/�7 j3� F E�� ]F |7�� .�B0 �� �B��7 �>/U ;7 �a�HI� +	HJ� �0 �����.� �	7�
n� �� ���_� ��J/
;��C �0 E0@�F ;7 �a�HI� � ���C +	HJ� 80� �F �0 ���/ �F M��� �0 	� E�B ]F |7�� � �����.� 6

;7 �����.� ���J/ ]F |7�� �� .�B0 �����.� ;7 �a�HI� 80� �F +	HJ� �0 ���/     P���D.	7 bD�@ G�D9/�
���WB ��B �$���� �32� �	7�
n���/ �7 ��<	>�� � ���� 60���8�� m3��F K@ 6�F  ;D7 ]F |7�� P	��� ;@   G�D9/�

0��� �0 ���/ j3� F RF�@��	C� j3� F RF�@ � ���WB ��B j3� F �C     ��D/ �D7 �<	>D�� 6�D	4     .�DB0 ��D�� 6�DF
;7 ]F |7�� P	��B ���>/��         .�DB0 MD/�7 60�D7 6��D.� ;D7 �a�DHI� +	DHJ� �0 ���/ M��� RF�@ G�9/�

�7 ;Y��  b�0�_ ;1/U ;7R �F �M �L  �D  D, ;7 |70�� �0 E0@�F �3��F +J.� �����80 |���� |7�� M� P	9� ���
�� L��2� �_��� 	�0./��  

��/ M/�7 �F 6 @�� M/�7 �0��r� � P	/0�Z `�B0�7 ��J/ ����I� �0 R	7 /0��80  ;7 0� ��C |7�3� ,��
 ��0� ��H�C0 �<	>�� ^��?� �9�/ ;��C �F �� P�0�7�37 mF� ��H�C0 �<	>�� ���WB ^��?� ;7 ��  6�DF

 �0 ��.	7 ��9/ �����.�80 ��7 ,��;7 . ��>7 N	��           �� �;D��C MD� �����D.� ;D7 ���WDB ^�D/ MD� NZ0D8 6D3�
���WB ^0�/0 �0 M��F ,�� K>B ^��?� E�� ����I�   �0 R	D7 ;D��C �F ;7 �� ��0� +	HJ� 6�F10   D,��

KF .�B0 ;7 P	3e    �D� ��0� +	DHJ� �<	>�� ^0�/0 �0 M��F ,�� K>B ^��?� E�B ����I� �� ;7�.� N	��
�C �F ;7 �0 R	7 ;�1      �� .D33@ ���d�DB0 �<	>D�� ^�D/ M� �0 NZ08 ��7 ;��C �F �����.� �32� m�B0 ,��

;7 K	�H� 6�F�	��� �0r� K?3� � E��>e ����I�   .�B0 (M� � �d,) 6�3��7 ���,  

FG. HI =JJKLMNOPQR	MFN�MSFTN�OU
V�

=JU� . W "XY�XYZ[J(\]	�,V . G�,V + \^	�,V . _�,V)
V�

	 
�U. H` =	J 	JKOMN	OS	aFUb =JU�(	(XcccZJK]	�,V . G�,V) +	(�XYZ + �XY Z)JK^	�,V . _�,V)

VV�V�
 

�U. Hd =	J 	J��Mb	OS	aFUb =JU�(	(XcccZJ�]	�,V . G�,V) +	(�XYZJ�^	�,V . _�,V)
VV�

	
V�

	 
s.t 
 
�e	�fYg∑ ij	e,k.^e,kk
�e	�fccccg∑ il	e,k.]e,kk ≤ 0.8 → 	�fYg∑ ij	e,k .^e,kk

	�fccccg∑ il	e,k.]e,kk ≤ 0.8 

	∀	� = 1,… , U						∀r = 1,… ,P 
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U� 	XcccZJs]	�,V . G�,V
V

≥ 0.1	U� 	XcccZ 		→ 	Js]	�,V . G�,V
V

≥ 0.1							∀	� = 1,… , U	 
U� 	�XYZJs^	�,V . _�,V

V
≥ 0.01	U� 	�XYZ 	→ 	Js^	�,V . _�,V

V
≥ 0.01						∀	� = 1,… , U 

x�,E = u1�0v 
_�,E = u1�0v				∀	� = 1,… , U			∀r = 1,… ,P																												 

U� j��C �����.� �02� :i .E0  

"XYR3@0�� �02� wB��� : j��C �����.� 6�Fi.E0  

�XYZ���� P��CU �/�� wB��� :  j��C �����.� ;2Y0��i.E0  

XcccZ j��C �����.� 5��WB 5/�� �/�� wB��� :i .E0  

�XYZ j��C �����.� �<	>�� �/�� wB��� :i0.E  

\]	�,V G�HI� �0 +	HJ� 80� �F �	7�
n� :j [�/0) E0x  5��WB �32�j j��C �����.� ;7 (E0i.E0  

\^	�,V G�HI� �0 +	HJ� 80� �F �	7�
n� :j [�/0) E0y  �<	>�� �32�j j��C �����.� ;7 (E0i.E0 

K]	�,V G�HI� �0 +	HJ� 80� �F j3� F :j�/0) E0 [x  5��WB �32�j j��C �����.� ;7 (E0i .E0 

K^	�,V G�HI� �0 +	HJ� 80� �F j3� F :j [�/0) E0y  �<	>�� �32�j j��C �����.� ;7 (E0i .E0 

�]	�,V G�HI� �0 +	HJ� 80� �F M��� :j [�/0) E0x  5��WB �32�j j��C �����.� ;7 (E0i .E0 

�^	�,V�� : G�HI� �0 +	HJ� 80� �F M�j [�/0) E0y  �<	>�� �32�j j��C �����.� ;7 (E0i .E0 

 I�	�,E G�HI� ,�� K>B :j [�/0) E0x  5��WB �32�j���WB N@ �0 (E0  j��C �����.� 60�7 �Fi.E0  

Ix	�,E  G�HI� ,�� K>B :j [�/0) E0y  �<	>�� �32�j���.� 60�7 �<	>�� N@ �0 ( E0 j��C ��i.E0  

x�,E 5��WB +	HJ� :j j��C ;7 E0i.(�d, ���, P�0 �	u �� M� 7�� +	HJ� �40) E0  

y�,E �<	>�� +	HJ� :j j��C ;7 E0i.(�d, ���, P�0 �	u �� M� 7�� +	HJ� �40) E0  

G�H3 (�	7�
n� |7�� M� ;7 ;/�43e ]0F0 N�9� (�� : >7 Q0�DY �;$F3e NO��� �0 6��	�7 ��   ��DY� ;D3	

  ��� pD��7 ]DF M� �=3	>7 � 3��F KF �7 ���� �� ]0F0 |Z0�� �{@0 �� 0��� m��0/     �D� �D=�� ]0DF0 �0 �D�

G� �� ;3	>7 Q0�Y P�0�7�37 m.���3e 6�F ;3	>7 �7 ]�0��� ���� � ;$F    ]DF ���D�� �D�   60�D7 .�D�	/ �DF  ND8 

G� 6�F 3e ;$F (�� 6�F �d
�J� ��Y� Q0�Y ;@ ��0�         0�D�� m�D�	/ ��D�1� ��D�� � �D=�� (�� �D7 (�� �DF

K	�H� �@��.� �0 	� � (�� �F ��_��d��/�	4 .�B0 ���d�� N8 6�F3�0�$ �� (�� ���F N	9Z�0   |7�D� N�9�

��� �����I� ;7 ]F (�� �|��Y ��	2� (�� �c
n� �����0 �]0F0 ;7 �F�L-P ;��/�7 �M����  ��/�D��U 6 �� 

;��/�7 6 �� ��B�� ��� ^�_�� ��	7�0 �� ��	u� ��  ��3���) ���2012�� .(  PD�0  RF�SD� �0 (��  ;D��/�7  6 D�� 

����B 60�7 M� ;$F ���@ G� ���d�B0 �� .�B0 �� P�0 �(�� G� Pe ;$F �7 �� �t/  P�$�D4  MD��F �0  |D70�� 

]F ;7 ���, 0 ?� [WB � N8 G� ;7 ���, �  ;$F ����/��7 �� ��� ;7 ��: 6 ;@ |7��  ]DF  D�Y  ;D7   G�D9/�

NZ08 ���@ ]<�C0 � 	����/ �F |7�� ]F �7 �0r� j3	>7 �U �� .�B0 G� ;O0�0  5�    ]DF |7�D� ;B RF�S� P�0z1 
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�z2  �z3 ��Y� ��0� ;@ <9Z �$�2�� �� ./0 G� �7 �� �t/ P�$�4 ;7 |70�� P�0 �0 M��F   �DB0 �� N8 0 ?� ���,

;3	>7 ����r� � z*1  �z*2 ;7 b	���     �D� �DB� ;D7 E�� � �D�J/ ]F |7�� 60�7       D�Y ]DF |7�D� [WDB .D�U

;7 �� ����/��7 ��� ���, ) ���w1�w2 ;��/�7 b��_ �0r� �=/�	7 ;7 �B0 ����B 6 �� 6��:     �D>/U ^�D�?� ;D@

 ^�/ �0 ;@ �$F |70�� 60�7 .�B0 �� o�I� ���1� ]F |7�� �0��0 RF�S� P�0 �� .(�B0 M� �70�7;3	.	7   6��DB

 N�9� E�$ ��B0MOLP35  ;7SOLP36 ;7  jn70� ���,11 .�B0  

 ;n70�11    H = 	∑ yz × I
{| × Hzz̀}I  

K ]F |7�� [�/0 :k.�B0 E0  
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)�4��� /;2Y0�� ���� P��CUR(���) ( 0 362 261 69 285 

)R3@0�� �02�F(��) ( 4 240.224 254 1.642 35 

)���WB �/�� P����@ wB���M(G���)( 5 153.043.024 4.755.559 13.799.888 189.227 

)�<	>�� 6��Y �/�� wB���L(G���) ( 0 200.000.000.000 23.392.328 1.439.198.534 0 

)��9��n� wB���D(G���) ( 0 6.825.950.685 1.307.458 47.629.447 0 
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R 187/0 31953 .000 

F 439/0 31953 .000 

M 365/0 31953 .000 

L 494/0 31953 .000 

D 489/0 31953 .000 
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 N1� �� ;@ �U1 _� R���/) ;��C�F �	27 +C�D� �0 M��F ��H�J� �� (�=/� ;��C  6�DFR �F �M �L   ;D7

E�/ �0 ���d�B0 �7 N8 60�7 K����=�0 60�Y0 ���� �B0 �@� ;7 E�a .�B0 �� �	.@ ���H�    jJD�/ �����DB0 �U �0 $0
3  6���	W��@ K��	B M� 6��2 ;��F  602  60�0�  ��F�=	44  �
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G�Y 4- ;��C ��7 �F �� �����.� �02�  ;��C �02� �7 637k  
;��C 5���� k=2 k=3 k=4 k=5 k=6 k=7 k=8 k=9 k=10 

1 12,362 11,981 12,339 4,757 208 4,705 1,961 1,024 9,226 

2 19,591 1,149 2,014 11,673 2,003 1,000 6,001 1,955 2,355 

3 - 18,823 1,033 1,019 11,590 3,376 2,777 6,866 4,465 

4 - - 16,567 2,006 4,744 1,962 5,019 1,994 4,707 

5 - - - 12,498 12,373 5,919 6,253 4,793 1,232 

6 - - - - 1,035 6,431 7,040 207 204 

7 - - - - - 8,560 1,902 5,883 1,940 

8 - - - - - - 1,000 6,234 759 

9 - - - - - - - 2,997 4,266 

10 - - - - - - - - 2,799 

|�Y 31,953 31,953 31,953 31,953 31,953 31,953 31,953 31,953 31,953 

between_SS
	total_SS  2/43 74 5/83 3/85 8/88 1/90 6/90 4/91 7/91 
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�J� 6�DF
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 G�Y5- +C�� |���� |70��;��C �0 M��F 6�F�F  
R F M L D 

��J/ j��C Uniform 
(0/.830,0/894) 

Lognormal 
(0/0001212,0/0003037) 

Lognormal 
(0/012,0/033) 

Negexp 
(0/0000611) 

Logistic 
(0/0001852,0/0024956) 

E�� j��C Normal 
(0/69,0/14) 

Lognormal 
(0/002,0/007) 

Lognormal 
(0/42,0/2) 

Negexp 
(0/0012) 

Negexp 
(0/0005) 

E�B j��C Uniform 
(0/89,1/00) 

Logistic 
(0/00006,0/00014) 

Lognormal 
(0/01,0/02) 

Normal 
(0/000033,0/000177) 

Negexp 
(0/0004) 

E��>e j��C Beta 
(0/13,0/60,1/20) 

Lognormal 
(0/01,0/03) 

Weibull 
(0/06,0/50) 

Negexp 
(0/0002) 

Negexp 
(0/000336) 

K?3� j��C Lognormal 
(0/69,0/03) 

Weibull 
(0/0007,0/8) 

Weibull 
(0/01609,0/50000) 

Negexp 
(0/0000414) 

Negexp 
(0/0000985) 

K.� j��C Logistic 
(0/61,0/04) 

Lognormal 
(0/00141,0/00384) 

Weibull 
(0/027728,0/7) 

Negexp 
(0/000056) 

Logistic 
(0/0000456,0/0006003) 

K�dF j��C Normal 
(0/81,0/02) 

Lognormal 
(0/00039,0/00098) 

Weibull 
(0/01093,0/50000) 

Negexp 
(0/0001305) 

Negexp 
(0/000215) 
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Z3 Xij1 Xij2 Xij3 Xij4 Xij5 Xij6 Xij7 

y1 1 0 0 1 1 1 1 

y2 0 0 0 1 0 1 1 

y3 1 1 1 1 1 1 1 

y4 1 1 1 1 1 1 1 

y5 1 1 1 1 1 1 1 

y6 0 1 0 1 1 1 1 

y7 1 1 1 1 1 1 1 

y8 1 1 1 1 1 1 1 

y9 1 1 1 1 1 1 1 

x1 1 1 1 1 1 1 1 

x2 1 1 1 1 0 1 1 

x3 1 0 0 1 0 1 1 

x4 1 1 0 1 1 1 1 
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