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�#�6 ��`4��  �s2" .�s6 .��Q?2" ��1��9 ��� �� �3 &" E�"��9 . %s�" &"   �s�, �� �s� E��

Y 0"�� �I2 �� �,�� ���3" %?��<  .��?s>< 0�XH 0"�� �!1�� � R�j?6" ��(�" � �"$,�

   BP�sK R$so+! %�" ��#$	 0��o?H" �2��� E*N#�5! ��$! OT5)! 0�3�?2�� �"&���X� &"

�2" ���3" .�#�6 ��1��9 ����&�" *� �=�K L3�;� E%�"���)�   &���Q!�s� ��?s>3� �"��9

�! �6���! ��?2�/6 {�"$	 &" ��$)[ J�3 *� *[$	 �� � m�&"���*I	� �� �)I! �1  0�s)�

�#�6 V!�9        Os��� ��� &" *s?��<�� �$sY *s9 ��1��s9"�� �sX6$� Vs�4+	 R�! &" E�"��9

.�"� �X6$� V�4+	�3�! .��Q?2" E�2�$6 .
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 �� � ������
.&"�ss,"  ��� -�ss�� .��ss< �� *ss� ��1��ss9 0�ss�< �ssX()2"�� 0�ss3)Fss��?!"��� ( �

 �X()2"�����) Fs��?!"����, (  �s! u�s>T	 �$s6 . Vs�4+	   us/! ����so	 0&�s!  � %��s	

0������   �s2" �sX()2"�� ��� *s� ��1��9 OI2�+! ��� %��	 .    *s� ��1��s9 OIs2�+!

.�"� �ssX6$� Vss�4+	 ��� ��ss�3 �ss��?!"����, ��� �� E�ss>Z, *ss� �ss2�3b�ed E

 � B,��s:  �"��s`�3)Charnes, et al., 1978(      R��s� ��� *s� ���sXZ� �s�N!�[ �s� E

)Farrel, 1957(�,��� 0������ "� �1 E .    "� 0&�s! Vs�4+	 �s���3� %�" S�s2"�� ���

*!�,��*� �5Y 0B���! �2�*!�,�� ��� EV�#� %��3 *� � ���1   .�s�!�, Bs�, �5Y 0B��

�!�$6 . %��N	 *� 0&��, E�1 %��Z	 0"�� � �2" �X()2"����� ��� �� ����3� %�"

��N! �� �?�� E%�" ���)� m�>�, ��#$	 {��	 V 6  �s2" R�s! ���o	 0�5Y .  OIs2�+!

�! "� ��� %��� ��1��9.�&�� *� *[$	 �� �"$	 ��(," S��T! *� �I>, ��j?! � ���x 0�3

�� !" B�, �#$o+!�): �#�K �� ��1��9 *?I#" � E�"� �s2" ���� .   Vs�4+	 ��� VsK ."�

.�"� �X6$��3.&"�," 0"��*� ��1��9 0��<�2" ��& @�$A:

 &" �"�9 �3 0"��I E*,$�, �K"�N � .�"�M�! ��, �� .��?2 u��s�< .  �"��s�ix ,iq

*� �K"� 0"�� "� �[��Y � 0���� �"B�! EG�	�	i �s! ��X, �" �s3� .N×I)X (  ~��	�s!

 � 0����M×I)Q (�2�3�K"� ���	 �[��Y ~��	�! .�!�[��Y ���	 �I>, �"$	  �s3

0���� ���	 0�� ��.&"�," "� �3��� 0��< . �"�T! %�"��X,  .�s/� �5s2 -�)3�  Vs� 0��

�$� �3"$Y:

T=U'qi /V'xi )b(

*ss�*ss,$< �"��ss� *ss� 0"U�&� V!�ss6�ss[��Y 0�ss3 �"��ss� � �ss3V�&� V!�ss6 0�ss3

0�����2�3 .u��o	 �K"� �� .�,��<)DMU()d(�!   "� r�s� �"�sT! ���� *)�X�� �,"$	

*����< ��, �� J�3 �� @�$A .%�"���)�:
Max U'qi /V' xi )n(
S.t.
U'qj /V'xj ≤ 1, j=b,n,…,I,
U, V ≥ �



en� R�2 E*N2$	 � �?2�� *!�)4o�bp���6 E -bE��$TN� �|	�! E0����)Q2" 0�/!...

�&� �!"0���� 0�3�[��Y ��>�, vZX! .�����+! O�$�(!   ��s�� R�" 0�s3
�!     ��sX, Bs�, ��� �����s+! � m�s2" �� ��"�� .�8)� �3 ��1��9 �"B�! O)�X�� *9 �)�
�!��, .��?2 �� .�"� �"B�! *9 �3��6�� �Q)! �,"$	 .*� ��"� �&� 0"��.�"�.��?2 � �3 �3
."� �s2��2 *� *[$	 �� �/,1 ���(	 %��N	 �� � ���H &" .��Q?2" �),�! �$<�,$< 0�3  0�s3

u��o	 �K"���"� �$[� .�,��< ..�/� O)�X�� �!"      %s�" Os)�/� ����sT! %�s�N	 ��s< �� 0��
�&��2�3 .'"$[ r�� O#��N! E%�" �� .�g��� 0�3 ��"� ���6)I�! ��> � G��= �3 �

'"$[ �B[ *)�/� ����T! &"�2�3 .( �s2" £$���� � �5Y��� R�! %�" E%�)q�3 .  VsK
 �� @g X! %�"b�ed      {��s	 ��sZ! ���s� R�s!�, �s� �X6$� V�4+	 ��� ��� �� �

�� !" J�3 �6 ����)Charnes, et al., 1978:(
Max       µ'qi )c(
S.t.
υ'xi = b, 
µ'qj - xj ≤ �, j=b,n,…,I,
µ, υ ≥ b

*� *� �2" ��& V 6 *� *4i>! ��<�� R�!  �����s+! �"�sN	 ��$� �?�9 V�#�  E�1 0�s3

�! .��Q?2" �?X���$6:
Min        θ )�(
S.t.
wqj + Qλ ≥�,
θXi – Xλ ≥ �, 
λ ≥ �

 *�θ �K"� �3 ��1��9)&���X� (�! ��X, "�      Ms��N	 VsIH �s),�! �s3��j?! ���s2 � �3�

�!�,$6 .�! B�, ��& V`6 *� "� r�� R�!�6$, �"$	:
Min θ+ε [ Σi

mSi
- + Σr

sSr
+] = Dot(xot,y) )p(

S.t.
Σj

n λjyrj - Sr
+ = yrp, r = 1, … , S

Σjn λjxij + Si
- = θXip, i = b, … , m

λj ≥ 0 , j = 1,…, n
Si

-, Sr
+ ≥ 0, r = 1,… , S , i = b,…, m
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 � 0���� �ss� ���ss)?!s+   V��ssI	 0"�ss� *ss� �ss2" �ss[��Y �ss� ���ss)?! �$ssI�� �ss�j?!
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 �2����6�"��� ���ε*� E�2" .�6 .��Q?2"0�$^*� *�   0"�s� %���s� �"�� �� @�$A

�&���6 �QA &" {,�! E�[��Y � 0���� 0�3�! �/,1�$6 .���3   R�s! %s�" &" *� �$^

�! \�I)?2"     m�s2" .�s6 *s?��< �s�, �� �3�K"� 0"�� S��T! *� ���x .�&�� ��� E�$6

       �s��j	 �Is>, ��s�3 *s� Bs�, �s[��Y E�I>, �� *� 0���� L�"B�" �� *� �)N! %���

�!�)� .u��o	 0�3�K"� &" �"�9 �3 *� �2" �)N! %��� ��"�6 %�"  �s! .�s,��< s),"$	 �

.��/, �"B�!�)3� ���j	 �����+! ���� "� �3 .     �� "� �3�sK"� R�s! %s�" E%Zs2 �8�� *�

�! ��, �� @�!�)4� �#�K ���<)Lin and Tseng, 2005 .(

 �"��ss`�3 � �ss )�)Banker et al., 1984 (t�ss5! R�ss! � B,��ss: 0$ss2 &" .�ss6

 ��� ���B�" �� � �,�"� ��?>< "� L,"��`�3bΣj
nλj =! .�&�� ��� "� S��T! *� ��j?

�)?��< ��, �� ..��2 �� ��� %�" �#�K %��	)�[��Y �� � 0���� �� (  �s�#$	 {��	

*N5H � £$� �4 6 � ���Y ���x G�6 �� �Y �� �#�K &" "��! �"�� 0"�3� . ��j?!λ

�&� *� �2" ���x 0�"��" V!�6  �s! ��sX, "� {[�! O�$�(! 0�3 �s3� .    �s� R�s! %s�"

��, 0��o?Y" �"$)� *� ��<�)>�$, %��3 0�3BCC)�(   S�s�T! *s� ��j?! .�&�� ��)VRS (

*� �1 O�#�" R�! � .�$� �$/X!�2" ��& @�$A :
Min θ + ε [ Σi

mSi
- + Σr

sSr
+] )�(

S.t
Σj

n λjyrj - Sr
+ = yrp , r = 1, … ,S

Σj
n λjxij + Si

- = θXip , i = 1, … ,m
Σj

n λj = 1
λj ≥ 0 , j = 1,…, n
Si

-, Sr
+ ≥ 0, r = 1,…,S , i = 1,…,m 



e�� R�2 E*N2$	 � �?2�� *!�)4o�bp���6 E -bE��$TN� �|	�! E0����)Q2" 0�/!...

       �&� ��$s� �QsA V sX! {s�� 0"�s� EJ�s3 {��s	 �� B�, R�! %�" ��   ��s� &" E�s3
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�! E.���*I	� �),"$	 �s)3� ��(," "� 1��9�, 0�3�K"� 0�)� .     0�3�sK"� Os�3 ��1��s9 �s!"

%�" &" � �2" �� R��N! &�! 0��   �s>�, %s �! 1��s9 0�3�K"� %�� B���	 E�� .  0"�s�

*I	�  %s2�?�� � %2��," E1��9 0�3�K"� 0�)�)Andersen and Petersen, 1993 ( ���

H *� E�,��� ���N! "� ��1��9"���! ���1�� E.�$� 1��9 �K"� %��?/� %��N	 *� ���  *s� �)9

�! .&"�," *: �	 1��9 �K"� ��.��/, �,"$	.��?2 �� �3 �3� L3�� �� L�"B�" "� �$Y 0�3

�,��� 1��9 ��)q�3 � . ��� %�"»%2��," R�!w%2�?�� « ��AP�! .��!�, B�,  *s� E�$6

.�6 *?��< UT+! �� %�" ��, R�" J��K &")b�(      Vs�4+	 Os��� R�s! �s),��3 E{sH"� �� �

.�6 �)�?>! {[�! O�$�(! &" 1��9 0�3�K"� *� �2" �X6$��," .   �s� *s� ��"�6 %�"

u��o	 �K"��! .&�[" .�,��<    %�s�3 *s� � ��s�< �"�H ��1��9 &�! &" �	"�� �,"$?� �	 �3�

�! ��1��9"�� �"�� EV�#� �)�$<)Chen, 2005 .(� %�" E�=��� ��, *5T, &"  �"�s� ��N=

*� �2" �)N!λj*� E�$6 �QA *�#�" R�! ��  �sK"� �� 0"�� ��1��9"�� �"�T! *� 0�$^

�! 1��9��B� �� ��"�� �6&�" �,"$	�6�� *?6"� �� &" �	 .    �"Bs�! *s� �s2" �#�K �� %�"

�2" �4IH R�! �),��3 1��9�, 0�3�K"� ���2 ��1��9 .

�2" ��& V 6 *� ��1��9"�� 0�I[ R�!:

Min θ - ε [ Σi
mSi

- + Σr
sSr

+] )e(
S.t.
Σn λjyrj - Sr

+ = yrp, r = 1, … ,S; j=1, ≠ p
Σn λj xij +Si- = θXip, i = 1, … ,m; j=1, ≠ p
Σj

n λj = 1
λj ≥ 0 , j = 1,…, n
Si

-, Sr
+ ≥ 0, r = 1,…,s , i = 1,…,m 

��j?!xij �yrj*� E@��I� EG�	�	 0���� &" �,"i �[��Y � �"r &" �" u��so	 �K"�  -�s,��<
j�" . ��j?!s-.��/, �� ���)?! �$I�� ��j?! � �3s+�2" R$o+! �� ���)?! �$I�� ��j?! . &��
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��� 0�3��j?!R�! ���	 �� 0�*� 0�3  ��s? 3 G>K �� �X� ��& �52 *?�� ��9)bX( E

&�� G>K �� ��� 0���,w �Q,)nX(%�6�! E  ��s� ���2 G>K �� @r1)cX(   �s� ��s� E
 ��<$4�� G>K)�X(  ��<$s4�� G>K �� @�Q>� �$� E)pX(     �s� .��" �s� @"�s?�, �$s� E
 ��<$4�� G>K)�X( �?�# G>K �� ������6 �$�2 � E)eX (�  Bs�, �[��Y ��j?! � .�$
 �,�� R$o+!)Y (�2" .�6 *?��< ��, ��.

AB	 � T����
R��[b  .��s/, ��"�,�?s2" J"�+," � %�8,��! E*)��� E*)�X��  �s3)0���� �s3 (  R$so+! �

)�[��Y (�! ��X, �,�� ��#$	 �)�"�� �� "��3�.
 �
#H� �-��] )�
]!��� 4�0!%i� 6�%��	 4�0 #�"/!� �) ���� ��et&!� #%+�	

�# 4�0!%i��0��%�e��%a%�=%A&�%)�/#&���/ �/!�&/

 0��#$	 �,��Y)��<$4��(bp��bp���p�becnec

 �X� ��& �52bX)��? 3(p/��n�/nn�/b

 ��� 0���,nX)&�� w�Q,(p/ndc��bc�e�

%�6�! @r1cX)���2 w���(np/��dp/bdn/b�

 ����X)��<$4��(p/pnecpd/n�db�n

@�Q>� �$�pX)��<$4��(nnpne��b���p�d

@"�?�, �$��X)��<$4��(p����n�dbnn

 �$�2eX)�?�#(bbbn/��/n

{I)! :*?���U�T+	 0�3
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)IRS()١٢( S��T! *� .�)3�9 .�&�� �)DRS()bc(��/, �� � m�6 ���1�� ��1��9 OI2�+! E�
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�6 ��� R��[ �� .n�2" .�6 *AgY . �)� ��1��9 t$52 %�8,��! ER��[ %�" U��5!

�#�6 R��N! S��T! *� ���x .�&�� R�! �� *T5)! �"��9�c/dc    ��s�N! J"�s+," �s�b�p/�

*)!"� �� *9 �2" %�� 0"�c/� �	�/b��"� �"�H .    R��s[ ��1��s9 t$5s2 U��5!n  �s/)	 E

�/b��H 1��9 �B! 0�� ��"B! &" �A��  �s>�, ��s�& �3�K"� ���2 ��1��9�, �!" E�,�"� �" .

 R��N! S��T! *� ��j?! .�&�� R�! �� �)� ��1��9 t$52 %�8,��!np/d� ���N! J"�+," ��

b�c/�*)!"� �� *9 �2" %�� 0"��/� �	�/b��"� �"�H . �!"b�/n� *s� �3�K"� &" �A��-
.�6 1��9 V!�9 �$^�," .
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�J�GCRSVRSIRSDRSScale�J�GCRSVRSIRSDRSScale
*��B!b��/�e�/���/�e�/��n/�*��B!npde/�de/�de/�de/�b

*��B!n�b/�bb�b/��b/�*��B!n���/��e/���/��e/���/�

*��B!c��/��d/���/��d/��p/�*��B!ne��/��e/��e/���/���/�

………………………………

*��B!nneb/�ec/�eb/�ec/��e/�*��B!����/�bb��/���/�

*��B!nc�p/���/��p/���/���/�*��B!�ebbbbb

*��B!n���/���/���/���/���/�*��B!�dd�/�dd/�d�/�dd/��d/�

{I)! :*?���U�T+	 0�3
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