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1 - Data Envelopment Analysis (DEA). 
2 - Charnes (1994). 
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 �%�RP /*�S( )9 � � � �  � ! " # 9 � 8 9 $ % ? & � C # 9 '9 
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 .(  

FI  )"%&  -P) 2�#�UVH( ( '�"� ��W�K  9)�#�. 9)��.��X 9��Y��.�X Z#�� ) 2�  �� [�5� �\"W; J��!��� 9
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 � % 0 % � � � �J � � 	'� � � 2 , 3
  

� � �� �     ) 2�  �� �P)�/   ]�^� �� �_�( �!���  (/�  
� C ? : = � C �F   �� U  ̀ 3T �� ����.  a  [�.   �<# 2
  �<���. '� 2��<%�   �<# 

 /� L�"#� B � B ! = 9 ? @ � � 	      [�. a��� ��"# J�P�UVU �-��� .        b<�%!
 /� />"
 �� c"d"# '�  /�M+ DEA  �:!�<# 

�� �� �%� e�f+ a .  
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1 - Anderson (2004), Wenninger (2000). 
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1 - Edward Rhodes. 
2 - Charnes (1978) 
3 - Decision Making Units (DMUs). 
4 - Farrel (1957). 
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1 - Bector (1973). 
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* � A � � B � - �� � � 	 * � -� � � # 0 �� D � 	 � � ' e 3 � 4 � �� ��� � %��7�0�' � A * � 1 �� � �� � � * � - 0 � � � � Da' 1 	 0 3 M 	 * 2 � 8 2 � > � & < ! #� � 	 � 	 M 	 * 2 � 8 2 � > � � � � �� �d * � � 0 � �#�5� � � D � 	�� � %��7�0�' � H @ � � ' � � � � D � 	 � �� � 	 � 	 � � � 2 .# � ! � � � � �' � ���� � �' �� # 0 � 7	� � � �� � � 	 * � -� � � � � ' 1 	 0 3' � � � K 2 % M � ! � � � � �� � � � � #5 � �' � - 0 P 0 - C � � � M � 2 � �� # � � � � �� � � f � � > %�� K � O � �� � � � % � � � � D � 	� � � � � � � 0 � 7 ' �� # 2 .5 � � �
	 � � � � � � � � � 
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1 -  Frank (1999). 

2 - Parametric Methodology. 
3 - Non- Parametric Methodology. 
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' �� 2 .a� � P � � � -V � � � �d5� � 0 , � ' � � , � < � � , � K 2 % � � � , % = 2 , $ B �  � 0 , 3 � � � , � � � � � 2 g % � � � � 	 � 	 � � � 	 � 	 � � 2 %�� � ' 1 	 0 3' , � � � � � , � � � � , D � 	� , . � �� , �0 � � � � , D� � � , O � ' 1 	 0 3aC 2 � T � � � A � # � � -dG � � D� � 	 � 	 0 � � � O � * �aA � � $ #� , � K 2 % G , � � 2 � � , � � �d� � ' � M � � #� � � � �G � � � D R ) � 0 �� � 	 � 	' 1 	 0 3 � � M � � - � � � 0 � � ��� �J ���M � , � � � � ' �� � �a� - 2 7 0 Ic � � � ��  � � �5 d& � 0 � � � � � � � �
f � � < � ' ��A � * � , � & < ! , # * � & , - ' J � � 	� � F � # � � � 2 � ' � � * � � � �� � � O � & < ! # � �� � � � � ��' � = � > #� � � 2 .� � � , � � � � , O � 2 . = � > # � � � � � � ��a ' � � � � 	 ' T e � �� � � �5 d� �� � � � � � � � �
� ' ��f � 2 , �N � � , L % � � 0 e � � � � � � " 2 � e �'� 2 .5� J K � e � � � � � �� � � * � � 2 F � �
' � & < ! #A � # � � -� �� , $ #� � ' � - 0 P 0 -' � � �� . � �5� 0 ��
 � � � � < - � T �' �` , � 0 � � � � � P � � , � 2 � K � � �G , � �SFA
�* � , , , . 	 �� $' > � - � � � , , , � � � �a0 , , , � � � �� � � � �d2 � K � � � 	, , , �, , , � 0 � � � � � P � # � �? 	 � * � ` � � � # 0 �' e 3 � 4 � �' � A � � B � - �� 2 , .a0 , ) � �� � � � �5 d� , �? 	 �DEA
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DMUs

dM � ) � �0 � 6 P& , - �5� � � � , % � , D � 	' # � � * � , -  A � , # 0 � 7 � � & - �= � � � � � 0 I � - 2 %S0 � � �UA � � � �' �� 2 .(� , ) # 
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 � �? 	 �S� � 0 � � � � � P 0 � �U' � � � B 7� 2 .5� �� O ��� !� $ , . 	 ��SFA

  

1 - Sengupta (1989). 
2 - Ferguson (1972). 	

 � -�# '�2
 J"�+  b�2�# ��X Z�:f
 Ja2# ����W
) Stochastic Frontier Analysis( �� SFA ]�� �� �.  

4 - Aigner (1977). 
5 - Banker (1984). 
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1 - Charnes,  Cooper and Rhodes (1978). 
2 - Farrel (1957). 
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�� � ? � � BX"& ( (2�� �%5� /�R>2� ) ���W�K  (� oP(_X J�%M# 2� @�� [��� /5+�6#� � � � � � E 	 8 � C 
 � � ?
)Debrue, 1951.(  
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1 - Wong (1990). 
2 - Banker, Charnes & Kooper. 

3 - Seiford (1990). 
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1 - Banker (1984). 
2 - Adolphson (1989). 
3 - Ali (1993). 
4 - Banker (1986).  
5 - Kamakura (1988). 
6 - Wong (1990). 
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1 - Mlima (2002). 
2 - Dar (2002). 
3 - Jemrik (2002). 
4 - Darrat (2002). 
5 - Debasish (2006). 
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1 - Alexander (1995); Sherman (2003). 
2 - Mether (2006). 
3 - Anderson (1993). 
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1 - Bollin (1993). 
2 - Berger & Hamphery (1997). 
3 - Hancock (1986). 
4 - Fare (1993). 
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Y 1,1   λ 1  + Y 1,2   λ 2  + …+ Y 1,38   λ 38 ≥  Y 1,1 

Y 2,1   λ 1  + Y 2,2   λ 2  +…+ Y 2,38   λ 38 ≥Y 2,1          (H)

Y 3,1   λ 1  + Y 3,2   λ 2  +… + Y 3,38  λ 38 ≥Y 3,1 

X 1,1 θ    -  X1.1   λ 1  -  X1,2 λ 2  - … X1,38 λ 38  ≥0 

X 2,1 θ    -  X2,1   λ 1  -  X2,2 λ 2  - … X2,38 λ 38  ≥0 

λ j ≥0 j = 1,2,…, 38 

λ = (λ1, λ2, … , λ38 )′  M 
 � � � , �
jθ� � , �
' �' � , - 0 P 0 -

j= �(λj ' � , - 0 P 0 - M * 	j= �(
 yrj ' , 1 	 0 3

r= �* � ' � - 0 P 0 -
j= �(

 xij� � 	 � 	i= �* �' � - 0 P 0 -
j= �5j = 1,2,…,N r = 1,2,3	i = 

1,2& - �5* � R PG D� � �C � �� � �
' � - 0 P 0 - � � � � ' � I ' �/ � - � 0 � � �
CCR	BCC 1 0 � � � 2 � > �' � - 0 P 0 - * � � � 0 � � � 0 � �� � � 1 0 � � � 2 � > � M * 	λ	* � � , � 0 � M * 	 A � � $ #A � # � � - 	 � �� �a

rjuvij , 
d' � - 0 P 0 - * � � � 0 � � � 0 �� � � � �
/ � � O � ' �	 , �' � � * � � D � 	 0 � / � � O �' � � < - � T �� 2 .5� � 9 � �� < % �� � � � , D � 	 � � � �� � , �
* � A � � B � , - � � , � � �M 2 - � � # � C�' � f � 2 � M 2 - 0 � � P� 0 � 7	� � �
' �A � , . � < - � T � � � �� � , �0 B , �	 ` ���' , � & , - �� , � 
a� � � � � , -V � � � �5 d= 0 , #M 2 , [ � � ' , B � � L � � � , � � � 4 I �

DEAP2 
FRONTIER4 LAMBDA4 LIMDEP7 EMS	LINDO� < , , - � T � & , , $ 1 � � �
' �G , � � �A � � B � , - �� � � ! , �a� , # 2 #c � � � �d� � � , �/ , � O T % � , � �� , �A � , � � � 2 , �	 � * � = 0 #� � 4 I �

DEAP2	EMSA � � B � - �A � .& - �5
>�� � �;
 � � � 	C� � � � � � � � � 	

;(���5-;A �� � � ' � � � * � � � � 0� 
'� Z' � - 0 P 0 -H 2 , J � f � , < K � e � 	 � , � � 4 � � � � 0 � � � � f � � > % ` # � � � �A � 0 � - 	 � � 	 � 	 M � 2 � �� � � 2 - 	 f @ � $ ! %  � �A � � B � , - � ' , 1 	 0 3 M � 2 � �` , � � � , � 	 A � � $ # � 0 � � 	 �� � � � - � 0 7� � � 0 � 0 L � - � � � 	 � � L � � � � 2� 
& , - � A � , . = � � , � � '5f � , � @ � � � � � $ K � - ' 3 0 �C 	 � 1 � � � # 2 � # M � 2 � �
H' � � F D @ �� 2 .5 � � 0 �0 � � , � � M � , � � � � � 
 ! � 8 2 9 2 �� � � � �� �& � � 
 ' � � * � � � 0 I	0 � � � � � �� , �0 , � � � � A � * � , � � 0 , I& < ! , #� , � & - � A � . � 0 1 � / � � O �5

  

1 - Silkman (1986). 
2 - Nevena (2004). 

 www.SID.ir



Arc
hi

ve
 o

f S
ID

� � �� �� ���

D
E
A	�� 
� �� �� 


�� �� ��� �� �� ����� �

 

  

� � � ���� � � � 	 � � � �
 � 	 �
 � �� 	 � 	 
 � � � � �
� � � 
 � 
 � � �	 ��� � � ���� 	�

� � � ��: � 	 	 
 � � � � & � 
 �
 www.SID.ir



Arc
hi

ve
 o

f S
ID

�� � ���� ���� �� � �� � ��
� �� 	 
� �� �� ��
 � ����� 8�

 

� �

 

  

��; .�/� <���� 
4�-� #=� / &#&' %�4��(�>�/ �� 6��?��   M � � �K 	 � 1 * � � � � 2 �� $�H *	Y' � � F D @ �� 2 .� - 0 P 0 -'� , � M � , > # * R � , - 	 � � & � � 
 A � * � � � 0 I& < ! #O � � ��� [ � � 	 / ��� � � A � * � � ��0& < ! #O � � ��/ �C � , � � � � � 	 �� 	 � 	 `�0 � � ��� � � �
' �� , - 0 P 0 - 	'� , ��M � � � , # * � � M � 0 , $ % & , B � 	 	 � / � � , � � 4 � 0 � G O � ! � � < J .� 0 $ .��� - 0 P 0 - 	 & � � 
 A � * � � � 0 I � �'� ����= @ � , � 2 � � � $ � 2 � 	�� � D � 0 M � � � # * � � / � � � ��` 	 � � - � � $ b E � P & , B � 4 , � 0 � G O � ! , � � < J , .� � 0 $ .�	�� � � A � * � � � 0 I � � � 4, �0& < ! , #O � � , �, �� / �, �0 � ��� � , � �
' �� �! , �
 A � 2 � #� # �5� [ � ��� 	 � 	 	 � C � � � � � � �� � - 0 P 0 -'0 � � � M � > # *�� � � �
' �� , - 0 P 0 - 	', ��� M � � � - M � � � # * � � M � 0 $ % & B � 	 	 � / � � � �	� 0 $ .��, �0 � ��� � , � �
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