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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  
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 ���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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 �	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 
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5- a�$ 

T	� ��H�	, ��	�D�0 �:N�	O� <�0 ��  U��� +	A�	�3�5� 	A D0 ��	Z�30 	� �1� �	�30 + @�C�  	CA   ���C8 +�	54C.
� +
:�#	� ����P <�0 �� .�30 :�#�9 A�� �
�Z� � �3��� YA�r� +	 .���  

  
5-1- ,�9�- #�5_� ��� "�� ��4� "�� 

 �	�A  �� :,��K���3 	A +10  �11  @��Q2 �� ��A	.�   �0�CN� ����5    +	A�CG0�) �CG0�2 �3 �4 �8  �10 D0 (
10  �G0��F�E
  @�� D0 ��	Z�30 	� +�
9CCR     +	A�CG0� ��	C3 .�C30 [� :B�� +0�0� � :�#�9 �0�P H�	, D�� +��

�F�E
 ���/ +�
9  <
� ��0�	, �	A719/0  �G0�)�F�E
  +�
91 � (941/0  �G0�)�F�E
  +�
99  D0 ��	Z�C30 	� .��0� (
 @��10 �G0� y;# �8       +	A�CG0� ��	C3 � �C30 :C�#�9 �0�CP H�	, D�� +�� �CF�E
   ��C�/ +�C
9     <
C� ��0�	C, �	CA
829/0 �G0�)�F�E
  +�
91 � (986/0  +	A�G0�)�F�E
  +�
92 �3(  ���3) ��0�8  @��Q2E
�F� �G0� .(   +�
9

8  �[� ��H�	, +0�0� �J:� >
6.� +	A  �G0� [� �7P0��� .�30 [� ��H�	, +0�0� 1
/ �H =�4A��F�E
  �/	�D +�
9
 +	A�4�H�#��D M	�� :, ��� �A0�L H�	,6.�>
 :� 1
/ �H =�4A� .��	� H�	, >�	, ��K  

 U�6/�A0 1S	G�� +0�� ���P <�0 �� �
o0�W�30 ��H�	, �01
� �:K���� �J�]  ���3) ���8  @��Q3 :, �30 (
           +	A�CG0� M	C�� +0�C� �>CG0�� ��	C3 	C� :C��	;� �� �M�� UC�J �� +��H�C# UC�G�� +0�� �CF�E
   +�C
9 :C�   ��CK

>�	P :�Gi� 0 �	./ YA	, +��   ) :C�G�� <C�0 ��H�	, <
2/	
� �01
� U��	;� �� YA	, <�0 .�A�794/0   <
2/	C
� 	C� (
) �2�� >G0�� ��H�	,946/0 �913/0  �953/0 �LH �O3) �30 v��?� 1
/ (���3 	A +2 �4 �6  �8  @��Q3 �� .(



���� ����	 ����� ������ ��� 
���� 
 !� "�#$ ��   %�$ ���&�� �$ '()��* �!�+#���  � ,�1#� #�...  / �0�	6�A � +�	?�0 �
G�/19 

:� �	�30 +D��	., �	5Q �J�]�� ��30 MDJ 	-4�0   � \
P� ���8� :C.�       0� :C�G�� <C�0 ��H�	C, YA	C, �C�
 �+0
t�K�� +0�� � ���, �3��� jQ�� 	� �/�
2� 0� MDJ �	�
�F� �H ���, E
�F� +	A�G0� >, ��H�	, ��B5�  � +�
9

.��� �	N�	s YA	,  
  

5-2- ,�9�- 
5-�
� � #�5_� ��� "�� ������ � ��4� "�� 

 +0�Q0 D0 >8	G V�	�/@�� 	A �	./ �0��30 +��    @�0�CQ) �CA�4  �5     �� t0�C?/0 �01C
� Y�01C#0 	C� (��0�  	CA +
 D0 ��NOP�
m01/0  :�1/0  D0 >, ��0�	, <
2/	
�933/0  :�915/0  ���3)14  @�0�Q4  �5:�J ��H�	, <
2/	
� �(    	A

)���3 	A +10  �12  @�0�Q4  �5 +	A�4�H�# � (6.�>
  =�4A�DMU �� �YA	, <�0 <
4|�A .�30 :�#	� YA	, 	A
 D0 [� �A ��H�	, =��/DMU +	A�4�H�# � 	A6.�>
 �� ��A	.� 1
/ 	5/H =�4A�  @�0�Q) ���4  �5 .(  

 ��43 @�� +0�Q0 	�        ��C/ U�C�� �C�	, >CG0�� D0 [C� �CA �� ([C� ��H�	, �01
�) 0�	, +	A�4�H�# �0�N� �1 �
 ��/ U��� ��	, � @�0 U�J �� +��H�#2 �5 ) �4�H�#���3 	A +2 �4  �6  @��Q3   �M�� UC�J +��H�C# U�G�� �� � (

2 ��	G�� .�30 �4�H�#  �	#0�?/0 	� �0��30 @�� +0�Q0 	� �:,01/0  �1/0  @�0�Q)4 � 5   [C� ��H�	C, 	� +�4�H�# �(
 ���P @�� <�0 +0�Q0 	� �<�0��	4� `��0�/ ��Q�6Z�[
  �01
� +��'�H�	,��  +	A :C�  �C3�    �C� Y�01C#0 ��C�H   � �C�	�

 D0 ��	Z�30 :� +D	
/@�� 	A .��
/ H�	,��0 +>6� 	A +4 �5  �6   �CG0� �A >, ��H�	, V�	�/ U��	;� �CF�E
   � +�C
9
J:�  ��	Z�30 	� :, 0� 	A D0@�� 	A :� �3� ���H ��30  :�  �	./ �6
#0�9 ���8�� .�A� 

  

  
 � �4-  �1�� #� �+ �-T��+ ,5-�
�)b�S�  %� ���_��� �$ "#�W��� �������� � ��4� "  

  

0.75

0.8

0.85

0.9

0.95

1

DMU1

DMU2

DMU3

DMU4

DMU5

DMU6

DMU7

DMU8

DMU9

DMU10

�!%0 	��

 (��!0� 	��)α ̂=0.01)

 (��!0� 	��)α ̂=0.1)



20 / ���� ��	
��
 � �
��� ������12 � ��	��2 ��
�	 �25 � �	���	�1400 

  
 � �5-  "���1�� ��� 
-. �-T��+ ,5-�
�)b�S�  %� ���_��� �$ "#�W��� ����4� � ������ "  

  

  
 � �6-  �-T��+ ,5-�
� "���1�� Y�� 
-.)b�S�  %� ���_��� �$ "#�W��� ����4� � ������ "  

  

0.5

0.6

0.7

0.8

0.9

1
DMU1

DMU2

DMU3

DMU4

DMU5

DMU6

DMU7

DMU8

DMU9

DMU10

	'� -�2 ���(
�)�!%0 	��(

	'� -�2 ���(
�) (��!0� 	�� - 0.01(

	'� -�2 ���(
�) (��!0� 	�� - 0.1(

0.5

0.6

0.7

0.8

0.9

1
DMU1

DMU2

DMU3

DMU4

DMU5

DMU6

DMU7

DMU8

DMU9

DMU10

�'
 -�2 ���(
�)�!%0 	��(

�'
 -�2 ���(
�) (��!0� 	�� - 0.01(

�'
 -�2 ���(
�) (��!0� 	�� - 0.1(



���� ����	 ����� ������ ��� 
���� 
 !� "�#$ ��   %�$ ���&�� �$ '()��* �!�+#���  � ,�1#� #�...  / �0�	6�A � +�	?�0 �
G�/21 

 �	./ V�	�/ �b��W� �	#0�?/0 D0 ��	Z�30 	���  D0 t0�?/0 Y�01#0 	� :, �A�01/0  :�1/0    UC�J ��0�	C, <
2/	C
� �
 D0 @�0870/0  :�833/0   �C� YA	C,    ���C3) �C�	�10   @�0�CQ4  �5.(      � M�� UC�J +0�C� :�	C.� V�	C�/  +	A�C4�H�#
>
6.�  +	A�G0� =�4A��F�E
 �� ��A	.� +�
9   .���  
  

6- ,c��* ��4-T /�
�
�� � "#�W 

��H�	, ��	�D�0 +0�� ���f�	f �:N�	O� <�0  +	A�G0��F�E
 +�
9  �	�L	3 	�:6B� 0 �	�L	3 	� �<2�A	/ �B
,�� +
 <
� �	K	B��0 � :�G�� �A �� D	�J:� M�
 �?� �+0  M	�� �� �
NOP��0� A	      E
C3 � v	�C�
��� ��C6��� �C� �C4�B� �

 .�30@�� 	A �+�	54.
� �0��30 +M�
   �� �
NOP��0� 	A      :C� D	C
/ ���C� 0� �/	C
� �J�CF?� � �Q��L �+���� +
 7�D�� ��	3	4���0� 	A �� @��4,  .�4,@�� 	A:S0�0 +  +0�� �����D0�/0 T	� ��H�	, +�
9  ���� �	, :� �1� �	�30 U��� +	A

/ .�30 ��� �	./ V�	���  @�0�Q) �A�4  �5   �� t0�C?/0 �01C
� Y�01#0 	� �(��0�  	CA  D0 ��CNOP�
m +01/0   :C�1/0 
 D0 >, ��0�	, <
2/	
�933/0  :�915/0  ���3)14  @�0�Q4  �5  ��H�	C, <
2/	
� �(J :C�  ) 	CA ���C3  	CA +10  �12 

 @�0�Q4  �5 +	A�4�H�# � (6.�>
  =�4A�DMU<
4|�A .�30 :�#	� YA	, 	A   [C� �A ��H�	, =��/ �� YA	, <�0
 D0DMU �	AJ:�  +	A�4�H�# � 	A6.�>
 �� ��A	.� 1
/ 	5/H =�4A�  @�0�Q) ���4  �5 <�#�9 ��/�� .( M�C
    �C
NOP
 ����0� 	A      � ��0�	C, ��	C�D�0 +0�C� �0��C30 @�� D0 ��	Z�30 � r�0��C30+   +	CA :CB��    +	A�CG0� +�C4� �CF�E
   +�C
9

>�	P �K0�	4
 �� .�30 �� �-43�	B�
0 +0@�� 	A:N3�� +       <C�0 V�	C�/ .�C� ��	Z�C30 ��C3�
� �2��B�A ���DH D0 �:�#	�
�	./ ����DH  <
� E
;��� �	B��0 =�4A�@�� 	A @�� � +�	54.
� �0��30 +DEA :6B� 0.�30 <2�A	/ �B
,�� +  

:Q��	� `�30 �4�Z9  :��W3 9:/0�
  ��������?���  �� 	A@�� 	A
� YA	, � +�	54.
� +  ��H�	C, X�O3 <
2/	
 <�0 ��@�� 	A �� ���, ��H�	, D�� +�� +	A�G0� �0�N� �  � ����/�� D0 ��	Z�30 :� +D	
/ :-
@�� 	A  +0�C� 0�	, ��0 +

:� .��
/ 0�	, +	A�G0� ��-� ��	�D�0  ���P ����	B
6Z�[
  +��'�@��  	CA     >C, ��H�	C, UBC3	?� �� �+�	54C.
� +
 +	A�G0��F�E
  +	A�4�H�# � +�
96.�>
   :CS0�0 &�� .�C30 :�#	� 	;��0 	5/H =�4A�       I�C# 	C� :C�	;� <C�0 �� ��C�

��	p  �C� �v	
;� :� ��D	� �����
n�� I�# 	� 0� ��H �	;
;?� .�30 v	
;� :� ��D	� ����     <
C4|�A `�0� :C�0�0 �0�C�
�� :S0�0 @�� �� �0��  �:�	;� <�0 �� ���Q��L�  ���Q ���� � �#�9 ��/ �� 0� q��O�	/ +	A  .��, :S0�0  
 

References 
Adler, N, Liebert, V and Yazhemsky, E. (2013). “Benchmarking airports from amanagerial 

perspective” . Omega, 41: 442-458. 

Alimohammadi Ardekani, M, Hosseini nasab, H, Khademizare,H, Fakhrzad, M.B. (2016). “A Robust 

Two-stage Data Envelopment Analysis Model for Measuring Efficiency: Considering Iranian 

Electricity Power Production and Distribution Processes”. International Journal of Engineering, 

29(5): 646-653. 

Arabmaldar, AA, Jablonky, J and Hosseinzadeh Saljooghi, F. (2017). “A new robust DEA model and 

super-efficiency measure”. Optimization, 10: 104-120. 

Barat, M, Tohidi, Gh and Sanei, M. (2018). “DEA for nonhomogeneous mixed network”. Asia Pacific 

Management Review, 48: 1-6. 

Betsimas, D, Brown, D. B and Caramanis, C. (2011). “Theory and applications of robust 

optimization”. SIAM Review, 53(3): 464-501. 

Ben-Tal, A and Nemirovski, A. (2000). “Robust solutions of linear programing problems 

contaminated with uncertain data”. Mathematical Programing , 88: 411-421. 



22 / ���� ��	
��
 � �
��� ������12 � ��	��2 ��
�	 �25 � �	���	�1400 

Bertsimas, D and Sim, M. (2003). “Robust discrete optimization and network flows”. Mathematical 

programming, 98: 49-71. 

Castelli, L, Pesenti, R and Ukovich, W. (2001). “DEA-like models for efficiency evaluation of 

specialized and interdependent units”. European Journal of Operational Research, 132: 274-286. 

Cook, W.D, Zhu, J, Bi, G, Yang, F. (2010). “Network DEA: additive efficiency decomposition” . 

European Journal of Operational Research, 207(2): 1122-1129. 

Charnes, A., Cooper, W.W., Rhodes, E., (1978). “Measuring the efficiency of decision making units”. 

European Journal of Operational Research 2, 429-444. 

Du, J, Chen, Y and Huo, J.  )2015(  “DEA for non-homogeneous parallel networks”. Omega, 56: 122-

132. 

Ebrahimnejad, A, Tavana, M and Hosseinzadeh Lotfi, F. (2014). A three-stage Dtat Envelopment 

Analysis model. Measurement, 49: 308-319. 

Esfandiari, M, Hafezalkotob, A, Khalili-Damghani, K, Amirkhan, M. (2016). “Robust two-stage DEA 

models under discrete uncertain data”. International Journal of Management Science and 

Engineering Management, 25(1): 15-25. 

Fare, R and Grosskopf, S. (2000). “Network DEA”. Socio-economic planing science, 34: 35-49. 

Fathollah Bayati, M and Sadjadi, S. J. (2017). “Robust network data envelopment analysis approach 

to evaluate the efficiency of regional electricity power networks under uncertainty”. PLOS ONE, 

30(2). 1-20. 

Li, W, Liang, L and Cook, W.D. (2016). “DEA Models for Non-Homogeneous DMUs with Different 

Input”. European Journal of Operational Research, 10: 10-31. 

Lu, CC. (2015). “Robust data envelopment analysis approaches for evaluating algorithmic 

performance”. Comput Ind Eng, 81: 78-89. 

Maghbouli, M, Amirteimoori, A and Kordrostami, S. (2014). “Two-stage network structure with 

undesirable outputs: A DEA based approach”. Measurement, 48: 109-118. 

Peykani, P, Mohammadi, E. Farzipoor Saen, R. Sadjadi, S.J. Rostamy-Malkhalifeh, M. (2020). “Data 

envelopment analysis and robust optimization: A review”. Expert Systems, 136. 2-30. 

Sadjadi, SJ and Omrani, H. (2008). “Data envelopment analysis with uncertain data: an application 

for Iranian electricity”. Energy Policy, 43: 4247-4254. 

Sarkhosh-Sara, A, Tavassoli, M and Heshmati, A. (2020). “Assessing the sustainability of high-, 

middle-, and low-income countries: A network DEA model in the presence of both zero data and 

undesirable outputs”. Sustainable Production and Consumption, 20: 42-71. 

Strorto, C. (2020). “Measuring the efficiency of the urban integrated water service by parallel 

network”. Journal of cleaner production, 20: 232-250. 

Stefaniec, A, Hosseini, K, Xie, J, Li, Y. (2020). “Sustainability assessment of inland transportation in 

China: A triple bottom line-based network DEA approach”. Transportation Research, 80: 1-20. 

Shakouri, R, Salehi, M and Kordrostami, S. (2019). “Stochastic p-robust approach to two-stage 

network DEA model”. Quantitative Finance and Economics, 3(2): 315-346. 

Shokouhi, AH, Hatami-Marbini, A and Tavana, M. (2010). “Robust optimization approach for 

imprecise data envelopment”. Comput Ind Eng, 32(1): 387-397. 

Sun, J, Wang, C, Ji, X, Wu, J. (2017). “Performance evaluation of heterogeneous bank supply chain 

systems from the perspective of measurement and decomposition”. Computers & Industrial 

Engineering, 113: 891-903. 

Toloo, M and Kwasi Mensah, E. (2018). “Robust optimization with nonnegative decision variables: A 

DEA approach”. Computers & Industrial Engineering, 127: 327-365. 

Wang, K and Wei, F.J. (2010). “Robust data envelopment analysis based MCDM with the 

consideration of uncertain data”. Syst Eng Electron, 21(6): 981-989. 

Yang, C.C, Hsia, C.K and Yu, M.M. (2008). “Technical efficiency and impact of enviromental 

regulations in Farrow-to-finish swime production in taiwan”. Agriculture Economics, 39: 51-61. 

Yu, M.M. (2010). “Assessment of airport performance using SBM-NDEA model”. Omega, 38: 440-

452. 



���� ����	 ����� ������ ��� 
���� 
 !� "�#$ ��   %�$ ���&�� �$ '()��* �!�+#���  � ,�1#� #�...  / �0�	6�A � +�	?�0 �
G�/23 

Zhou, X, Luo, R, Yao, L, Cao, S, Wang, S, Lev, B. (2018). “Assessing integrated water use and 

wastewater treatment systems in China: A mixed network structure two-stage SBM DEA model”. 

Journal of Cleaner Production, 185: 533-546. 
 

                                                             
1 Data envelopment analysis 
2
 Yang  

3 Hsia 
4
 Yu 

5 Far 
6 

Grosskopf 
7 Decsion Making Units (DMUs) 

8 
Urea

 

9 Ammonia 

10
 
 
Melamine

 

11 
Carbonate

 

12 
Sulfur

 

13 
Solfuric Acid

 

14 
Crystal Melamine

 

15
 Ammonium Sulfate

 

16 Uncertain DEA (UDEA) 

17 
Robust DEA 

18 Betsimas 
19

 Brown 
20 Caramanis 
21

 Castelli 
22 

Pesenti 
23 

Ukovich 
24

 Yu 
25

 Cook 
26

 Zhu 
27

 Bi 
28

 Adler 
29 Liebert 
30

 Yazhemsky 
31 Du 
32

 Chen 
33 Huo 
34

 Sun 
35 Wang 
36

 Ji 
37

 Li 
38

 Liang 
39

 Zhou 
40

 Luo 
41

 Yao 
42 Strorto 
43

 Stefaniec 
44 Xie 
45

 Wang 
46 Sim 
47

 Wei 
48 Lu 
49

 Mensah 
50 

Non-Hemogeneous Mixed-Net DEA
 

51
 Robust Non-Hemogeneous Mixed-Net DEA 

52 
Charnes

 

53 
Cooper

 

54 
Rhodes

 

55 Ben-Tal 
56

 Nemirovski 
57 Jablonky 
58 

LINGO
 


