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Purpose: This paper aims to develop a non-homogeneous NDEA model for measuring the efficiency 

of a mixed network with an open structure at each stage, interlayer connections, and uncertainties in 

inputs, outputs, and intermediate processes. 

 

Design/methodology/approach: To model the problem, a new model has been proposed first to 

determine the efficiency of each layer, based on the average weight of the layers. Then, the model has 

been developed to calculate the total efficiency. The Bertismas and Sim approach has been used to 

consider the uncertainty of inputs, outputs, and intermediate processes. Pistachio orchards in Yazd 

province have been selected as a case study, and relevant data of 10 cities in the Yazd province has 

been collected from the Agricultural Jihad Organization of Yazd province. 
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Findings: The results indicated that with increasing the deviation in uncertain network data from 0.01 

to 0.1, the average total efficiency decreased from 0.933 to 0.915. Such a reduction was also observed 

in the efficiency score of each of the DMUs. Reducing the average levels of efficiency and tightening 

the constraints on the proposed models reduced the number of units on the Performance boundary and 

eliminated the need to use super-efficient models to re-evaluate the efficiency. In other words, the 

computation of the total efficiency of decision-making units and sub-layers was enhanced. 
 

Research limitations/implications : The proposed approach was developed based on the model of 

Charans et al. (1978). As a limitation, the weighted sum of the outputs was less than or equal to the 

weighted sum of the inputs. The proposed model can be developed further to include other factors, 

such as undesirable outputs. 

Practical implications: Findings can provide a more accurate understanding of the performance of 

the components of decision-making units to managers and decision-makers. This study highlights the 

usefulness of the proposed models as a decision tool in agricultural units. 

 
Social implications: The developed models can be used in various social contexts. According to the 

case study, it is overemphasized that water resources management is significantly important for Yazd 

as a province located in an arid and desert region. Therefore, increasing the efficiency of orchards by 

identifying and improving inefficient processes, can lead to helpful-agricultural consequences in this 

province. 

 

Originality/value: While many studies have been conducted in the field of NDEA, this is the first 

study in the field of open non-homogeneous mixed networks considering uncertainty in all data, 

simultaneously. 
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, , *� ≥ M,   � = 1, 2, 3, … , E,       � = 1, 2, 3, … , O 

  
UB3	?� ��H�	, :�G��  @�0)θPQ�� (�� �A J��: �B�/ Q��L� 	A :� ����+ 	A :�#�9 ��/ �� �� ���� �	�A :,��K 

�� >6� 2 �� ��A	.�  �����G��U @�0 �� �A J�: y;# �[ ��/ ����+ >;��� ��0�` ���  CQ��L�  +	CA �H  �C4/	� 
>G0�� ���2 >�	� �J�F?� �
/	 �)y̅���@ (� Q��L� 	5/ ��)y
��R (�30`  �<�0��	C4�  ��H�	C,  :C�G�� @�0 ��  �CA 

J��:  @�� v	30��CCR �:�  ���8D�� :B3	?� �� ���:  
  

)2( 

  

=>�        SBT�� = :∑ ,#��#��∈U�� ∑ %#��V�(/(�� + ∑ , ��� ��V ��∈X�� </:∑ *�������V���∈Y�� <  

S.t:    
∑ ,#��#��∈U�� ∑ %#����(/(�� + ∑ , �� � ��� ��∈X��

∑ *�����������∈Y��
≤ 1,    I = 1,2, … , K 

!�� ∈ "��, ��� ∈ ���, ��� ∈ ���,     ,#��    , , �� , *��� ≥ M 
  
:�  >G0�� ��H�	, UB3	?� :�	.� ��Kp = 2,3, … , m − 1 @�� v	30�� �CCR �:� ���8   :�30��D  
  

)3(  

=>�        SBT
�� = ]∑ ,#��#��∈U�� ∑ %#��V�(/(�� + ∑ , ��� ��V �^∈X�^ _ / ]∑ *&��&��∈`�� ∑ %&��V'�/'�� +

∑ *�������V���∈Y�� _  

S.t:    
∑ ,#��#��∈U�� ∑ %#����(/(�� + ∑ , ��� ������∈Y��
∑ *&��&��∈`�� ∑ %&���'�/'�� + ∑ *�����������∈Y��

≤ 1,    I = 1,2, … , K 

$�� ∈ a��, ��� ∈ ���, ��� ∈ ���, !�� ∈ "��,       *&��  , ,#�� , , ��, *��� ≥ M 
  

 ��	5/ �Q��L y;# �:�J �A �LH U�G��)y
�bR (2�� >G0�� +0�� 0� �/	
� �J�F?� � ��0� �
��� � C�/�   .�C4,
+����  >�	� ��2�� >G0�� �4/	�A �H +	A����+ ) >;��� +	Ax��bR  ) �/	C
� �J�CF?� � (zc�bRd�   +0�C� .�C30 (
UB3	?� ��H�	, U�G��  �LH)θPQ�b (�� �A J��: �B�/ Q��L� 	A :� ����+  	CA   :C�#�9 �C�/ ��  C��  ̀��C�  �<�0��	C4� 
��H�	, :�G�� <�0 30�� @�� v	CCR �:� ���8 D�� :B3	?� �� ���:  



���� ����	 ����� ������ ��� 
���� 
 !� "�#$ ��   %�$ ���&�� �$ '()��* �!�+#���  � ,�1#� #�...  / �0�	6�A � +�	?�0 �
G�/9 

)4(  

=>�        SBT�^ = :∑ , �^� �^V �^∈X�^ </:∑ *&�^&�^∈`�^ ∑ %&�^V'�/'�� + ∑ *��^���^V��^∈Y�^ <  

S.t:    
∑ , �^� �^� �^∈X�^

∑ *&�^&�^∈`�^ ∑ %&�^�'�/'�� + ∑ *��^ ���^���^∈Y�^
≤ 1,    I = 1,2, … , K 

$�D ∈ a�D, ��D ∈ ��D, ��D ∈ ��D,     *&�^    , , �^ , *��^ ≥ M 
  

 +0���D0�/0  �G0� �A >, ��H�	, +�
9�F�E
       :BC3	?� �C/D� <
2/	C
� D0 ��	Z�C30 	C� :�J �A ��H�	, 0���0 �+�
9
��  �	54.
� �:�J �A ��H�	, UB3	?� +0�� .�����       t�CA 7C�0�� �C/D� <
2/	C
� D0 ��C� @�C�  CA	) +2) �(3) � (4 (

 .��� ��	Z�30���?���  ��	� �:�J �A ��H�	, UB3	?� +0�� @�� +	A:� :/�9 0 Y
� :�G�� �A ��0�	, :, ��� <

N� +
.��	B/ [� D0 ���?���  �� ��Q�� +	A@�� 	A) +2) �(3) � (4 <
�u� 0� ��� <�0 ( C��     +	CA���0�	� ���	C;� .�C4,

w��  �w�6  �w�f �0D�0 ��� �W.� :�J �A �� 0� b��W� >G0�� (�� �A0�L ��0� �
s�� :�0�0 ��)   �<�0��	4� `�4,
 :B3	?� ��D @�� >G 	� :�J �A ��0�	, �01
��� ���:  

  

)5(  

Max        S�V =  i�� × ∑ ,#��#��∈U�� ∑ %#��V�(/(�� + ∑ , ��� ��V ��∈X��
∑ *�������V���∈Y��

+ A i��
Dk�

��1

×
∑ ,#��#��∈U�� ∑ %#��V�(/(�� + ∑ , ��� ��V ��∈X��
∑ *&��&��∈`�� ∑ %&��V'�/'�� + ∑ *�������V���∈Y��

+ i�D

× ∑ , �^ � �^V �^∈X�^
∑ *&�^&�^∈`�^ ∑ %&�^V'�/'�� + ∑ *��^���^V��^∈Y�^

 

S.t:    
∑ ,#��#��∈U�� ∑ %#����(/(�� + ∑ , �� � ��� ��∈X��

∑ *�����������∈Y��
≤ 1,    I = 1,2, … , K 

∑ ,#��#��∈U�� ∑ %#����(/(�� + ∑ , ��� ��� ��∈X��
∑ *&��&��∈`�� ∑ %&���'�/'�� + ∑ *��� ��������∈Y��

≤ 1,    I = 1,2, … , K,    l = 2,3, … , O − 1 
∑ , �^� �^� �^∈X�^

∑ *&�^&�^∈`�^ ∑ %&�^�'�/'�� + ∑ *��^ ���^���^∈Y�^
≤ 1,    I = 1,2, … , K 

$�� ∈ a��, ��� ∈ ���, ��� ∈ ���,     *&��   , , �� , *��� ≥ M,     l = 1,2, … , O,     m = 1,2, … , n 

  
  

 +	A���0�	� ���	;�w�� �w�f  �w�6 ��W.�  =�44,�D� 	A :�J �� >G0�� +l  �30� 	��� �0�;�+ ;O4��  0�C�+ 
 	5/Hq	W�/0 ���. �D� 	A+ (	F�L0   ��0�  ��� :� >G0�� �� J�: �	A �W.� �44,= �A0
� �	 E53 �A :�G�� �B�/ :� 
>, J�: �� �G0� �F�E
 9
�+ �30 .�[ q	W�/0 ;O4�� � �4�#��'� 0��+ �D�  �A :�G�� �� �A J��:  �BC�/  7�	C4� 

����+ :� �H �:�G�� :� >, 7�	4� ����+ M	�� >G0�� �� �	�A J�: �30 :, 7P0��� 0�< �B�/� :� ��L� �A0
� �A 
:CCCCCCC�G�� 0� �� JCCCCCCC�:  �	CCCCCCC./CCCCCCC��  .�CCCCCCCA��	CCCCCCC�A :CCCCCCC,��K �WCCCCCCC.� �CCCCCCC30 

∑ v��� x���R���∈p�� + ∑ ]∑ vc��c��∈q�� ∑ zc��Rd��d�� + ∑ v���x���R���∈p�� _6f�1� �	./ �4A�= >, ����+  	CA  :C�  M	C�� 
>G0�� J�: l �30 � ∑ v��� x���R���∈p�� � ∑ vc��c��∈q�� ∑ zc��Rd��d�� + ∑ v���x���R���∈p�� :� ���
j ����+  	CA  :C� 
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�G��U @�0 � p = 2,3, … , m �� J�: l <�0��	4� `�30 �:Q��	�   q	CW�/0 :� ���C8     �C�D yC�0�� �:C�#�9 �	C./   =�C4A�
�D�  :�J �� >G0�� +	Al   :�30  

)6(  

i�� = ∑ *��� ����V���∈Y��
∑ *�������V���∈Y�� + ∑ ]∑ *&��&��∈`�� ∑ %&��V'�/'�� + ∑ *�������V���∈Y�� _D��1

   

i�� =
∑ *&��&��∈`�� ∑ %&��V'�/'�� + ∑ *�������V���∈Y��

∑ *��� ����V���∈Y�� + ∑ ]∑ *&��&��∈`�� ∑ %&��V'�/'�� + ∑ *��� ����V���∈Y�� _D��1
 ,   l

= 2,3, … , O  
  

) y�0�� +�0'2�	Q 	�6) @�� �� (5 :�J ��H�	, UB3	?� @�� �(l:� �    :�30 ��D ���8  
  

)7(  

Max        S�V =  
∑ ]∑ ,#��#��∈U�� ∑ %#��V�(/(�� + ∑ , ��� ��V ��∈X�� _ + ∑ , �^� �^V �^∈X�^

Dk����
∑ *��� ����V���∈Y�� + ∑ ]∑ *&��&��∈`�� ∑ %&��V'�/'�� + ∑ *��� ����V���∈Y�� _D��1

 

S.t:    
∑ ,#��#��∈U�� ∑ %#����(/(�� + ∑ , �� � ��� ��∈X��

∑ *�����������∈Y��
≤ 1,    I = 1,2, … , K 

∑ ,#��#��∈U�� ∑ %#����(/(�� + ∑ , ��� ��� ��∈X��
∑ *&��&��∈`�� ∑ %&���'�/'�� + ∑ *��� ��������∈Y��

≤ 1,    I = 1,2, … , K,    l = 2,3, … , O − 1 
∑ , �^� �^� �^∈X�^

∑ *&�^&�^∈`�^ ∑ %&�^�'�/'�� + ∑ *��^ ���^���^∈Y�^
≤ 1,    I = 1,2, … , K 

!�� ∈ "�� , $�� ∈ a��, ��� ∈ ���, ��� ∈ ���,     *&��    , ,#�� , , �� , *��� ≥ M,     l = 1,2, … , O,     m =
1,2, … , n 

  
) @�� >G 	�7) U�J �A ��H�	, �(l +	A�G0� (�F�E
  :B3	?� +�
9��   >C, ��H�	, UB3	?� +0�� .���DMUo �

~0��-�  ��H�	, �/D� <
2/	
� D0J:�       @�C� �<�0��	C4� `�C� �CA0�L ��	Z�C30 	A �D0�C/0       �CG0� �CA >C, ��H�	C, +�C
9
�F�E
  �+�
9:� ���8 �� :B3	?� ��D :���  

)8(  

Max        θrstu =  A i�V
/

���

×
∑ ]∑ ,#��#��∈U�� ∑ %#��V�(/(�� + ∑ , ��� ��V ��∈X�� _ + ∑ , �^� �^V �^∈X�^

Dk����
∑ *�������V���∈Y�� + ∑ ]∑ *&��&��∈`�� ∑ %&��V'�/'�� + ∑ *�������V���∈Y�� _D��1

 

S.t:    
∑ ,#��#��∈U�� ∑ %#����(/(�� + ∑ , �� � ��� ��∈X��

∑ *�����������∈Y��
≤ 1, I = 1,2, … , K, m = 1,2, … , n 

∑ ,#��#��∈U�� ∑ %#����(/(�� + ∑ , ��� ��� ��∈X��
∑ *&��&��∈`�� ∑ %&���'�/'�� + ∑ *��� ��������∈Y��

≤ 1, 
 I = 1,2, … , K, l = 2,3, … , O − 1, m = 1,2, … , n 

∑ , �^� �^� �^∈X�^
∑ *&�^&�^∈`�^ ∑ %&�^�'�/'�� + ∑ *��^ ���^���^∈Y�^

≤ 1,    I = 1,2, … , K, m = 1,2, … , n 

!�� ∈ "�� , $�� ∈ a��, ��� ∈ ���, ��� ∈ ���,     *&��    , ,#�� , , �� , *��� ≥ M,     l = 1,2, … , O,     m =
1,2, … , n 



���� ����	 ����� ������ ��� 
���� 
 !� "�#$ ��   %�$ ���&�� �$ '()��* �!�+#���  � ,�1#� #�...  / �0�	6�A � +�	?�0 �
G�/11 

 ���0�	�w�R ��W.�  =�44,�D�  J:�  �G0� �A �� 	A�F�E
 )+�
9DMUo .�30 (1
/ 	-4�0 �� �D�  �A :�J �� �A 
 �G0��F�E
 +�
9� �B�/ 7�	4� ����+ :� �H :�J� :� >, 7�	4� ����+  ��M	�� >G0��    �CG0� �	C�A �CF�E
  +�C
9 
�30 :, 7P0��� 0�< �B�/� :� ��L� �A0
� �A :�J 0� ��  �G0��F�E
 �	./ +�
9 �� .�A�  �	C�A  :C,��K  �WC.� 

�CC30 `∑ ]∑ v��� x���R���∈p�� + ∑ ]∑ vc��c��∈q�� ∑ zc��Rd��d�� + ∑ v���x���R���∈p�� _6f�1 _���� �	CC./ �CC4A� =>CC, 

����+ 	CCCA :CCC� M	CCC�� >CCCG0�� DMUo �CCC30 � ∑ v��� x���R���∈p�� + ∑ ]∑ vc��c��∈q�� ∑ zc��Rd��d�� +6f�1

∑ v���x���R���∈p�� _� �	CC./  >CC, =�CC4A�����+  :CC�J :CC� 	CCAl �CCG0� �� ��CCF�E
  +�CC
9o ) �CC30l = 1,2, … , L  �
o = 1,2, … , n ��D UO�0� �<�0��	4� `(�	./  =�4A��D�  J:�  �G0� �A �� 	A�F�E
   :�30 +�
9  

  

)9(  i�V =
∑ *�������V���∈Y�� + ∑ ]∑ *&��&��∈`�� ∑ %&��V'�/'�� + ∑ *�������V���∈Y�� _D��1

∑ ]∑ *�������V���∈Y�� + ∑ ]∑ *&��&��∈`�� ∑ %&��V'�/'�� + ∑ *�������V���∈Y�� _D��1 _/���
  ,   

 m = 2,3, … , n,    z = 1,2, … , K 
  

) UO�0� +�0'2�	Q 	�9) @�� �� (8  >C, ��H�	, UB3	?� @�� ��OL M�# :� �H >��B� � (DMUo    @�C� v	C30��
CCR �:� ���8   :�30 ��D  
  

)10(  

Max        θrstu = ∑ ]∑ ]∑ ,#��#��∈U�� ∑ %#��V�(/(�� + ∑ , ��� ��V ��∈X�� _ +Dk����/���
∑ , �^� �^V �^∈X�^ _  

S.t:    

∑ ]∑ *��� ����V���∈Y�� + ∑ ]∑ *&��&��∈`�� ∑ %&��V'�/'�� + ∑ *��� ����V���∈Y�� _D��1 _/��� = 1  

∑ ,#��#��∈U�� ∑ %#����(/(�� + ∑ , �� � ��� − ∑ *��� ��������∈Y�� ��∈X�� ≤ 0,  
I = 1,2, … , K, m = 1,2, … , n  
∑ ,#��#��∈U�� ∑ %#����(/(�� + ∑ , ��� ��� ��∈X��  − ∑ *&��&��∈`�� ∑ %&���'�/'�� − ∑ *�����������∈Y�� ≤
0, 
I = 1,2, … , K,    l = 2,3, … , O − 1,    m = 1,2, … , n 
∑ , �^� �^� �^∈X�^  – ∑ *&�^&�^∈`�^ ∑ %&�^�'�/'�� − ∑ *��^���^���^∈Y�^ ≤ 0, 
I = 1,2, … , K,   m = 1,2, … , n  
!�� ∈ "�� , $�� ∈ a��, ��� ∈ ���, ��� ∈ ���,     *&��   , , ��, ,#�� , *��� ≥ M, 
l = 1,2, … , O,     m = 1,2, … , n 

  
 +	A�G0� ��H�	, <
�W� +0�� �k�# +�	54.
� @���F�E
  �	�L	3 [� �� <2�A	/ +�
9 :6BC� 0   D	C� �CB
,�� +

.�� :S0�0 ��  �H����+  � 	AQ��L�  	A:� ���8  :�#�9 ��/ �� �NOP���   `�C30 �	CG���      :C.
�A I�C# <C�0 �:C,
��� �A0�W/ �0�P��t�K�� +0�� .   �C.��� >
�?� �0��30 ���Q @�� [� �+�N� YW� �� >6.� <�0 ���,��0�  	CA +

:6B� 0 <
� �	K	B��0 � :�G�� �A �� D	� �	�L	3 	� <2�A	/ �B
,�� +J:� .�30 ��� ��0� :N3�� +0  
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3-3-  ��� 
����"������" ���� ����	 ����� , !� "�� � #� �� %�$ ���&�� �$ '()��* �!�+#� "� � ,�1#

,-. '�$ /�0�!��� "�  

 ) @�� ���,�0��30 +0��10:Q��	� �@�� <�0 +�	�� �����?� �30 MDJ �(     �� �CNOP�
m +	CA���0�	� ��CQ� :�
 :/�9 <�0 ��f .��� >��B� +�	��	/ �����?� :� ������?� <�0���?���  :C� 0� :Q�� U;O4� �	A   +�
2�C.fD�K

�� ���?�  �H <�#��'C�/ :� ��G 	� � �4,   �C� �C-4�   @	C�4�) ��C�55  �6C�#���
/ �56 �2000   +�	C�� �����C?� .(
∑ ]∑ v��� x���R���∈p�� + ∑ ]∑ vc��c��∈q�� ∑ zc��Rd��d�� + ∑ v���x���R���∈p�� _6f�1 _���� = 1 ) @�C� �� �10 =D	CCQ0 �(

 :� ���� �NOP�
m����+  0� 	A�/�         �6/���	CQ ��0�C�	���
 �	54C.
� v	C30�� �>6C.� <C�0 �C� :CB�m +0�� .�A�57  �
) �P�-�32017 �(��  �����?� �0������+  :,) 	A:� ���8 :� 0� (�30 +�	��  ���8∑ x�R6��� v� ≤ t @�� �� �

CCR) @�� �<�0��	4� `��, ����/D	� �10:� �(   :�30 ��� ��0� �

n� ��D ���8  
  

)11(  

Max        θrstu = ∑ ]∑ ]∑ ,#��#��∈U�� ∑ %#��V�(/(�� + ∑ , ��� ��V ��∈X�� _ +Dk����/���
∑ , �^� �^V �^∈X�^ _  

S.t:    

∑ ]∑ *��� ����V���∈Y�� + ∑ ]∑ *&��&��∈`�� ∑ %&��V'�/'�� + ∑ *��� ����V���∈Y�� _D��1 _/��� ≤ !  

∑ ,#��#��∈U�� ∑ %#����(/(�� + ∑ , �� � ��� − ∑ *��� ��������∈Y�� ��∈X�� ≤ 0,  
I = 1,2, … , K, m = 1,2, … , n  
∑ ,#��#��∈U�� ∑ %#����(/(�� + ∑ , ��� ��� ��∈X��  − ∑ *&��&��∈`�� ∑ %&���'�/'�� − ∑ *�����������∈Y�� ≤
0, 
I = 1,2, … , K,    l = 2,3, … , O − 1,    m = 1,2, … , n 
∑ , �^� �^� �^∈X�^  – ∑ *&�^&�^∈`�^ ∑ %&�^�'�/'�� − ∑ *��^���^���^∈Y�^ ≤ 0, 
I = 1,2, … , K,   m = 1,2, … , n  
!�� ∈ "�� , $�� ∈ a��, ��� ∈ ���, ��� ∈ ���,     *&��   , , ��, ,#�� , *��� ≥ M, 
l = 1,2, … , O,     m = 1,2, … , n 

  
�3� D0 ���� �@�� <�0 ��  �:�]�� �	
�, ��0���  �0��t  .�0� �0�P [� 	� +�	�� 0��	�A �� ��A	.� :,��K  ����

 M	�����?��� :#	s0 	� .�30 +�	��	/ ��	G �� k�# @�� +	A  :� t�A 7�	� ���,���?���  �	A��   �
NCs� �0��
M�
 � 0� �
NOP +0�����+  �	AQ��L�  M	��) �/	
� �J�F?� � 	A��0� 	A  :C� �(@�C� +   ECA ���C8    �C�/ �� �	C�D

) @�� �<�0��	4� .�#�911:� (  ����/D	� ��D ���8�� :���  

 
)12(  

Max        θrstu  

S.t:    
θrstu −
∑ ]∑ ]∑ ,#��#��∈U�� ∑ %#��V�(/(�� + ∑ , �� � ��V ��∈X�� _ + ∑ , �^� �^V �^∈X�^

Dk���� _/��� ≤ 0  
∑ ]∑ *��� ����V���∈Y�� + ∑ ]∑ *&��&��∈`�� ∑ %&��V'�/'�� + ∑ *��� ����V���∈Y�� _D��1 _/��� ≤ 1  

∑ ,#��#��∈U�� ∑ %#����(/(�� + ∑ , �� � ��� − ∑ *��� ��������∈Y�� ��∈X�� ≤ 0,  
I = 1,2, … , K, m = 1,2, … , n  
∑ ,#��#��∈U�� ∑ %#����(/(�� + ∑ , ��� ��� ��∈X��  − ∑ *&��&��∈`�� ∑ %&���'�/'�� − ∑ *�����������∈Y�� ≤
0, 
I = 1,2, … , K,    l = 2,3, … , O − 1,    m = 1,2, … , n 
∑ , �^� �^� �^∈X�^  – ∑ *&�^&�^∈`�^ ∑ %&�^�'�/'�� − ∑ *��^���^���^∈Y�^ ≤ 0, 
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I = 1,2, … , K,   m = 1,2, … , n  
!�� ∈ "�� , $�� ∈ a��, ��� ∈ ���, ��� ∈ ���,     *&��   , , ��, ,#�� , *��� ≥ M, 
l = 1,2, … , O,     m = 1,2, … , n 

  
	��
��� ��6��� D0 ��	Z�30 	� k�# @�� ���,�0��30 +0��) E
3 � v2003�� �( :� �0��      .��C, M0�CP0 �C�D ���8

 U�]��5�:4
  0� ��D �OL +D	3��/ �� �30 :�#�9:  

)13(  
=>�      ~� 

E. !.       A �̃���
�

≤  ��     ∀� 
� ≥ 0. 

  
 +	A���0�	�α̃�) �4# j�0�s)���?���  M�C
 +0�0� �(	A     I�C# .�C30 �C
NOP C��    M�C
 :C, ��C� NOP  �� �C


���?���  +0�0� ���0�	� .�30 >;��� �2��6� D0 	AM�
  :� �
NOP  b��N� ��D ���8��   :���  
  

)14(  �̃�� = ��� +  ����̂��     
  

 �+�	�� <�0 ��α�) � ��30 ���	;� �α̂�)  �WC.� �8�� � ��C� 0    @	Cl�) ��C30 �0�C;� D0 +10   �C8��α�)   �C30
�	
� 7P0���  �O3 =�44,M�
  �
NOP M�
 +0�0� +	A���0�	� �(�30 �	4
�K0α̃�)  .�30ξ�)    �#�	CF� +	CA�
n�� �2/	C
� �

:� :, �30 ��;���  =D	� �� �L0�46� ���8�−1, 1�  7�D���30 ���  .  
) @�� �0��30 M�#13) E
3 � v	��
��� ��6��� 	� (2003:� �(   :�30��D ���8  

)15(  

=>�      ~� 

E. !.       A �̃���
�

+ A l��
�

+ %�Г ≤  ��     ∀� 
%� +  l�� ≥ �̂�� ��    ∀I 

%� , l�� , ��  ≥ 0. 
  
Г �O3 �:�#	?� 0� +�	,  <

N� �����?� �A ����  �� :|/	4f .�4,Г = 0 �Az
  :/�9 :C�#	?�    >C�	;� �� +�	C,

 �� t0�?/0��0� 	A :|/	4f � ��0�/ ��Q�Г  �0�N� ��0�� ���0� 	A �O3 <���.
� ���	� E��
3 <]�O�	/ +:�#	?�   +�	C,
��/ ��  :�#�9�30 ���  �E
3 � v	��
���)2003 .(  

 ��6��� D0 ��	Z�30 	� �<�0��	4�5�:4
 ) E
3 � v	��
��� :, �0��30 +D	32003��0� :S0�0 �(      @�C� �0��C30 M�C# ��C/0
)12:� �(   :�30��D ���8  

)16(  

Max        θrstu  

S.t:    
θrstu −
∑ ]∑ ]∑ ,#��#��∈U�� ∑ %#��V�(/(�� + ∑ , �� � ��V ��∈X�� _ + ∑ , �^� �^V �^∈X�^

Dk���� _/��� +
∑ ]∑ ]∑ ∑ �#��V�(/(��#��∈U�� + ∑ � ��V ��∈X�� _ + ∑ � �^V �^∈X�^

Dk���� _/��� +  %@Г ≤ 0  
%@ + �#��V�( ≥ ��#��V�( ,#�� ,     %@ + � ��V ≥ �� ��V, �� ,     %@ + � �^V ≥ �� �^V, �^ ,     �, m

= 1,2, … , n,     l = 1,2, … , O − 1 
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∑ ]∑ *��� ����V���∈Y�� + ∑ ]∑ *&��&��∈`�� ∑ %&��V'�/'�� + ∑ *��� ����V���∈Y�� _D��1 _/��� +
∑ ]∑ ℎ���V���∈Y�� + ∑ ]∑ ∑ ℎ&��V'�/'��&��∈`�� + ∑ ℎ���V���∈Y�� _D��1 _/��� + %�Г ≤ 1  

%� + ℎ���V ≥ �����V*��� ,     %� + ℎ&��V'� ≥ ��&��V'� *&�� ,     %� + ℎ���V ≥ �����V*��� ,     >, m
= 1,2, … , n,     l = 2,3, … , O, 

∑ ,#��#��∈U�� ∑ %#����(/(�� + ∑ , �� � ��� − ∑ *��� ��������∈Y�� ��∈X�� + ∑ ∑ i#����(/(��#��∈U�� +
∑ i ��� + ∑ i���� + %������∈Y�� Г ��∈X�� ≤ 0,  
%��� + i#����( ≥ ��#����( ,#�� ,     %��� + i ��� ≥ �� ��� , �� ,     %��� + i���� ≥ ������ *��� ,     m, �

= 1,2, … , n,     I = 1,2, … , K, 
∑ ,#��#��∈U�� ∑ %#����(/(�� + ∑ , ��� ��� ��∈X�� − ∑ *&��&��∈`�� ∑ %&���'�/'�� − ∑ *�����������∈Y�� +
∑ ∑ i#����(/(��#��∈U�� + ∑ i ��� ��∈X�� + ∑ ∑ i&���'�/'��&��∈`�� + ∑ i�������∈Y�� + %��

� Г ≤ 0,  
%��

� + i#����( ≥ ��#����( ,#�� ,     %��
� + i ��� ≥ �� ��� , �� ,     %��

� + i&���'� ≥ ��&���'� *&�� ,     %��
� + i����

≥ ������ *��� ,     I = 1,2, … , K,    l = 2,3, … , O − 1,    m, � = 1,2, … , n, 
∑ , �^� �^� – ∑ *&�^&�^∈`�^ ∑ %&�^�'�/'�� − ∑ *��^ ���^���^∈Y�^ + ∑ i �^� + �^∈X�^ �^∈X�^
∑ ∑ i&�^�'�/'��&�^∈`�^ + ∑ i��^���^∈Y�^ + %��DГ ≤ 0,   
%��D + i �^� ≥ �� �^�, �^ ,    %��D + i&�^�'� ≥ ��&�^�'� *&�^ ,     %��D + i��^� ≥ ����^�,��^ ,

I = 1,2, … , K,   >, m = 1,2, … , n 

!�� ∈ "�� , $�� ∈ a��, ��� ∈ ���, ��� ∈ ���,     *&��   , , ��, ,#�� , *��� ≥ M, 
  

�	./ +0��  ��0� ��0�	, @�� �k�# �	
iK0 ��	N�	O� U/��/ �NP0� �� @	l� ��D .�30 ��� �3���  
 

4- ,�9�- � "�#$��+ 
���M�  �� 

 D0 �YW� <�0 ��@�� 	AT	� ��H�	, ��	�D�0 +0�� �+�	54.
� +   ��	Z�C30 �0��0 �� �1� �	�30 U��� +	A  �C30 ��C� .
�/0 D0 �	�30 U��� @�F?� <���.
� �0:�,  ��/) �f�P1 ��/) ��	PH��G0 � (2 >6� \�	O� .�30 (3   �C
��� �C4�H�# �

 ��/ <�0 D0 [��A:��� 	A >
6.� :��� +��H�# � ��	, U�G�� �� D0 �  �C30 ��C�   +0�0� :C�G�� �CA .����+   � 	CA
Q��L� � �#�F� qH �01
� ��., ��D <
�D �	�6A `��	, U�G�� �� .�30 �/	
� �J�F?� � >;��� +	A   �0�CN�

 �:��� @	5/����+  U��� D0 �.W� .�30 :�G�� <�0 >;��� +	A��0���  ��C� :C� �       (��	C5/ @�CF?�) M	CL ���C8
 >;�4� (�/	
� @�F?�) +��H�# U�G�� :� �;�	� � :�L��#��  .���	5/��     �+�C
��� U�C�� {	C4� � &��C# ��H�� ���

Q��L� G�� >;��� +���� �D	
/ ���� �9�	, �0�N� � ��	5/ +	A .�30 +��H�# U�  
��0� 	A �  �	
iK0 �+���� UN�	O� :� �����   :C/��/ � +D��	C., �	C5Q �	�D	3 D0   T	C� D0 +�C
9  +	CA  �C��U 10 

��� +��H��9 �1� �	�30 �	�3�5�    @	C3 :� �1398     T	C� �	�L	C3 .�C30 ��C���   +	CA �	�C3�5�  	CA  �����+   �	CA
Q��L�  �/	
� �	�0�P0 � 	A��/ ��  �A +0�� ��� :�#�9 >6� �� �:�G��3  ��0� �	./�30 ��� .��0� 	A :� ����� +

 @��Q �� +���� UN�	O�1 :�Gi� ���   .���  
V�	�/ DEA+���� :� � �Q��L � 	A q	W�/0 +	A �� :, ��	Q	� ��	� >6.� <�0 >G +0�� .�30 :���0� ���  �0��

+���� ��	CC�� �CCQ��L � 	CCA   CC� �CC30 �CC�5� :CC�B�0 .�CC#�9 �CC�/ �� 0� yB��CC� +	CCA  <
CC� �2�CC�B�A �CC3��� 	
+���� �Q��L/	A +���� <
� D0 �	A Q��L/��	A� ��	A ��J	� �2��B�A j��s :,  �/�0�   [C� :C� [C��1/)(  	C54� �

�� �Q��L/+���� 0� �6� .�#�9 ��/ �G�� ��U ���� ��	3 	� �9�	, +���� ���	,+ 	A    ��J	C� �2�C�B�A +0�0�
�30`  �<�0��	4��� �30 ��./ :�#�9 ��/.   
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 � �3N�$ ���&�� : "��  
�5	O���#P� ���Q- O���� "  

  

 ���K1- ,BR& � %� "���� ��������M� ���� "  
'�(*���  S)-Q+��  S)�4��     �1�#�  

290803  432553  98643  (jN6����) �#�F� qH 

+����  >;��� +	A  

 ��/ U��� ��	,1 

22500  32800  7150   ��/ @	5/ �0�N�1  
7/22  33  7  , ��D <
�D�. 

22381  38210  9056   ��/ M	L +�
��� U��� {	4�1 (M�9��
,) 
�Q��L ��	5/ +	A  

1762945  3591785  470932   ��/ M	L U��� &��# ��H��1 

29332  48600  6037   ��/ M	L U��� =�/	�
P	�1 (M�9��
,) �/	
� @�F?� 

3/28 3/5 5/0 �9�	, �0�N�  >;��� +����  

@�0 U�J �� +��H�#  
22269 26651 17675  ��/ M	L U��� =�/	�
P	�1  

�/	
� �J�F?� 
16096 19783 13474  ��/ M	L U��� =�/	�
P	�2  
28301  47658  5916  (M�9��
,) +�
��� U��� {	4� 

�Q��L 	A  
4005397  6680991  911194  :��� &��# ��H�� 

357057  541901  179285  (jN6����) �#�F� qH 

+���� 	A  

��� ��	, ��/ U2  

29300  61500  15200   ��/ @	5/ �0�N�2  
5/28  56  15  �., ��D <
�D 

30969  56390  14747   ��/ M	L +�
��� U��� {	4�2 (M�9��
,) 
�Q��L ��	5/ +	A  

2199545  3890912  1312500   ��/ M	L U��� &��# ��H��2 

51256  100248  25925   ��/ M	L U��� =�/	�
P	�2 �/	
� @�F?� 

DMUO 
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3 5 2 �9�	, �0�N�  >;��� +����  

M�� U�J �� +��H�#  
9118 11450 5814  ��/ M	L U��� =�/	�
P	�1  

�/	
� �J�F?� 
35721 44534 28245  ��/ M	L U��� ��/	�
P	�2  
48473  93231  24888  (M�9��
,) +�
��� U��� {	4� 

�Q��L 	A  
6228670  13611804  3310130  :��� &��# ��H�� 

 

4-1- ��� "�� ��4� "�� 

 @��Q2 �.��� >
�?� @�� +0�Q0 D0 >8	G V�	�/ ���0� 	A +:6B� 0 �	�L	3 	� 0� �H :, �30 <2�A	/ �B
,�� +
:�J <
� �	K	B��0 � :�G�� �A +0�� D	�  @��) +010 � (@��  CCR  @��)1 +0�� 0� (10  �G0��F�E
    >�	C� �+�C
9

�4�H�# �	5f � :�J ��  �	./�� �A�:  
  

 ���K2- ,-. � �+ �-T��+ � ,!�� U-��* �� �� "��  ��4��DMU ��  

) ��� U-��*1(  ) ��� U-��*10(-  �&�� V$��� '�9#W #X*�� �$DMU ��  

DMU   �+DMU  �+DMU Y�� 
-.  ��� 
-.  

,!��  �-T��+  ,!��  �-T��+  O%�  ,!��  �-T��+  O%�  ,!��  �-T��+  

10  719/0  10 829/0 692/0 10 556/0 307/0 8 908/0 1 

1  1  2 986/0 104/0 8 858/0 903/0 1 1 2  
1  1  2 986/0 535/0 2 983/0 464/0 4 989/0 3  
1  1  6 969/0 737/0 3 977/0 262/0 7 947/0 4  
9  773/0  7 948/0 902/0 5 961/0 097/0 10 828/0 5  
8  856/0  9 931/0 898/0 6 935/0 101/0 9 884/0 6  
7  926/0  8 937/0 236/0 9 827/0 763/0 6 971/0 7  
1  1  1 1 458/0 1 1 541/0 1 1 8  
6  941/0  4 973/0 539/0 4 969/0 461/0 5 976/0 9  
1  1  5 970/0 239/0 7 885/0 761/0 3 997/0 10  

  921/0    953/0  534/0    895/0  466/0    950/0 '�(*��� 

  
 @��Q ��3���3) ��H�	, � :B�� � +	A 2  	�9 >G0�� M	�� �(6.�>
  =�4A�DMU ) @�C� +0�Q0 	� 	A10  �	C./ �(

 ��0��30 ��� +	A�
n�� U4
5� ���	;� �@�� <�0 +0�Q0 	� .�F�E
  t�A 7�	� �� +�0'2�	Q 	� � <

N� +�
9@�� 	A +
)2  �4�� �W.� >G0�� D0 [� �A ��H�	, U4
5� ���	;� �( ) @�� .���10   >�	C� �@	Cl� <�0 +0�� (18   � �C
n��60 

 :, �30 �����?�M�/ �24
� �01#058 ���, >G � ����/�, 0� �H   .�30  
    



���� ����	 ����� ������ ��� 
���� 
 !� "�#$ ��   %�$ ���&�� �$ '()��* �!�+#���  � ,�1#� #�...  / �0�	6�A � +�	?�0 �
G�/17 

 ���K3-  "���4-T#9 
!�� � �-T��+ U-��* ����  ^�4��DMU ) ��� %� ���_��� �$ ��10(  
Y�� 
-. �� "��T#9 
�1#�   <�* 
�5	 C��+ 
�1#�2  ��� 
-. �� "��T#9 
�1#�   <�* 
�5	 C��+ ,�1#�1  

DMU  
,!��  �-T��+  ,!��  �-T��+  ,!��  �-T��+  ,!��  �-T��+  

10 511/0 10 668/0 8 911/0 9 876/0 1 

5 817/0 6 989/0 1 1 1 1 2  
4 931/0 1 1 6 953/0 1 1 3  
6 788/0 1 1 1 1 7 935/0 4  
8 595/0 1 1 9 732/0 6 950/0 5  
1 1 9 932/0 1 1 10 785/0 6  
9 581/0 1 1 10 602/0 1 1 7  
1 1 1 1 1 1 1 1 8  
3 963/0 7 974/0 7 931/0 1 1 9  
7 749/0 8 966/0 1 1 8 913/0 10  

  794/0    953/0    913/0    946/0  '�(*��� 
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,-. '�$ /�0�!��� � ,�1#� "� 

 �	pH �3��� +0���
M   :B�� � ��H�	, �01
� �� �
NOPDMU) @�� D0 �	A16�� ��	Z�30 (    <C�0 +0�CQ0 +0�� .���
 >�	�) �NOP�
m +	A�
n�� �0�N� ��0��30 @������+  �	AQ��L�    �C�0�� (�/	C
� �J�F?� � 	A18    <�0��	C4� `�C30

 �
n��Г M	�� +0�� ����?���  ��0�� 	A18  	OL �8�� �01
� � I�#α� �
n�� +0��    ���	C;� ��CNOP�
m +	CA01/0  �
10/0  @��Q .�����4�4 +0�Q0 D0 >8	G V�	�/ �@��  )16  +	COL �8�� �01
� 	� (01/0 )α� = 0.01  +0�C� 0� (10 

 �G0��F�E
 ) +�
9�	�3�5� 	A �	./ (�1� �	�30 +��   .�A�  
  

 ���K4- ) ������ ��� U-��*16) (�� = �. ��(  

 �+DMU Y�� 
-.  ��� 
-.  

4-T#9 "��� ����  ^�4��DMU��  

DMU

 <�* 
�5	 "��T#9

2  

 <�* 
�5	 C��+

2  

 <�* 
�5	 "��T#9

1  

 <�* 
�5	 C��+

1  

��

,$  
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10 775/0 10 531/0 8 817/0 10 491/0 10 667/0 5 813/0 7 854/0 1  
4 961/0 8 818/0 2 985/0 5 810/0 7 956/0 6 804/0 1 999/0 2 

2 985/0 2 982/0 1 987/0 4 925/0 1 999/0 2 944/0 1 999/0 3 

6 951/0 9 804/0 6 845/0 6 779/0 5 995/0 3 934/0 10 825/0 4 

7 937/0 3 956/0 7 822/0 8 586/0 4 996/0 7 697/0 8 845/0 5 

9 905/0 5 907/0 5 865/0 2 983/0 9 891/0 1 999/0 6 882/0 6 

8 912/0 7 820/0 3 951/0 9 562/0 1 999/0 10 591/0 1 999/0 7 

1 985/0 1 999/0 9 802/0 1 999/0 1 0.999 9 663/0 4 960/0 8 

5 955/0 4 939/0 10 747/0 3 959/0 6 988/0 8 680/0 5 950/0 9 

3 962/0 6 855/0 4 878/0 7 721/0 8 939/0 4 918/0 9 832/0 10 

  933/0    861/0    870/0    782/0    943/0    804/0    915/0  '�(*���
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10 751/0 10 501/0 7 791/0 10 453/0 10 640/0 5 782/0 7 826/0 1 

4 953/0 8 800/0 2 977/0 5 804/0 6 923/0 6 708/0 3 989/0 2 

1 979/0 2 980/0 1 980/0 4 901/0 1 994/0 2 943/0 2 991/0 3 

3 949/0 9 781/0 5 834/0 6 751/0 4 971/0 3 891/0 9 767/0 4 

6 922/0 3 942/0 8 772/0 9 535/0 3 981/0 7 651/0 10 733/0 5 

9 882/0 5 872/0 4 860/0 2 964/0 9 837/0 1 989/0 5 879/0 6 

7 901/0 7 802/0 3 935/0 8 547/0 5 969/0 8 551/0 1 997/0 7 

2 969/0 1 997/0 10 638/0 1 981/0 1 994/0 9 538/0 4 950/0 8 

8 888/0 4 916/0 9 726/0 3 939/0 8 896/0 10 536/0 6 859/0 9 

5 951/0 6 810/0 6 818/0 7 706/0 7 922/0 4 826/0 8 811/0 10 

  915/0    840/0    833/0    758/0    913/0    742/0    880/0 '�(*���  
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