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Dynamic evaluation of iron & steel production efficiency for the
level of socio-economic development based on DEA approach
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(1. School of Management, Hefei University of Technology, Hefei 230009, China; 2. Key Laboratory of Process Optimization

and Intelligent Decision-making, Ministry of Education, Hefei 230009, China)

Abstract The negative externalities to the environment in the iron & steel production process should be

brought into the efficiency evaluation of the iron & steel production, and the participation level of unde-

sirable outputs should be determined by the level of socio-economic development. Then the dynamic DEA

model on the level of socio-economic development-oriented iron & steel production relative efficiency with

negative externalities to the environment was constructed. The numerical example demonstrated that dif-

ferent phases of social economic development would make iron & steel production systems present different

production relative efficiency, and different environmental contaminants would exert different influences on

the relative efficiency of iron & steel production systems in the same social economic development phases,

which figured that the method was available and meaningful.

Keywords externality; level of socio-economic development; iron & steel; relative efficiency; DEA (data

envelopment analysis)

1 ÄÆÅÇÉÈÉÊÉËÉÌÉÍÉÎÉÏÉÊÉË
, ÐÉÑÓÒÕÔÉÖÉ×ÉØÉÙÉÚÉÛÉÜeÝÉÞeße× Ìeà .

ÇÉÈÉáÉâ �É�ÉãÉäÉåÉæÉçeèeéÉêìëíåÉæî æeï á ëðåeæeñeò áeóeôeõ ×eöe÷e×eøe�eåeæeñeò á �e� ,
ÇeÈeùeÊ øe�eúeûeÛeüeýe×eåeæeñìë Êeþ ñìëðÿ����� ×��eý���� , ����	�
 Êeù���� ë ��
 ë ��� [1], Ð���� â�� �������ìë����e���e×������ î (negative

externality). ûeÛ����eÔeÖeØeÙ ����������� ,
ÇeÈeùeÊ ×���������� î� �! ����� öe×eÝ#" . $&%�'eÝ�()�* ßeä,+.-�/�0���1 , 2 ÇeÈeùeÊ �,3c×���4�5 à�6�7 [2] ë8/�0 6�7 [3−4] ë89�4 6�7 [5] ÿ � ÇeÈeùeÊ ×

������:e×��eý�;�< [6−13] = . Ð ó 2�>�? ÇeÈeùeÊ ×���������� î�@�A ÇeÈeùeÊ�6�7�B�C�D�E  �!�F�G ×Ý�" ; ��H , I óeÇeÈeùeÊ ×eØeÙeÐeÑ�J ÎeÏ�K�L�M�K ë Ñ�Je� Ëeõ �e×�N M = ;�1�O�P�Q�R î�S�T , -eÔeÖØeÙe×�����U�V , ���eÐ ÇeÈeùeÊ ×eÝ�"eÞ�W#��� , X�2 , -eÔeÖeØeÙe×�Y ��� U�V , ZeÝ�" ÇeÈeÊ ý , [eûÛeÔeÖe×eØeÙ , \�]�^�_�`�aeÝ�"�beÐ����e×�c�d , e�f�-�? ÇeÈeùeÊ ×���������� î�@#A ÇeÈ�ùeÊ × 6�7
gihkjml

: 2010-08-19nioipkq
: risktmuiviwixiy (71071047); zi{iwi|i}i~i�ixiy (20090111110016)�i�i�i�
: �i�i� (1981–), � , � , �i�i�i�i�i� , }i~i�i�i� , �i�i�k� : �i�iviwi�i�i� ; �i�i� (1965–), � , � , �i�i�i�

� , �i� , }i~i�i i¡ , �i�i�k� : ¢m£i¤i¥ , ¦i§i¨i© ; ªi«i¬ (1986–), ­ , � , ®i¯i°i±i� , ²i~i�i�i� , �i�i�k� : ¦i§i¨i© .
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B�C H�½eß�¾�¿����eÔeÖeØ�Ùe×#�#� �#� . À�Áeã�Â , ���eÔeÖeØeÙ ��� ��� , ��������� î�Ã 
 ÇeÈeùeÊ6�7�B�C ×e����À���� .Ä�Å�Æ�Ç ? ÇeÈeùeÊ Ð���� â�� ×������ î�@�A ÇeÈeùeÊ�6�7�B�C , È�-��������eÔeÖeØeÙ ����É ���
����� î × Ã 
e�������e× B�C�Ê�Ë . -�f ÎeÏ�Ì ,

Ä�Å N M�Í 1,Î.���eÔeÖeØeÙ ��� ×�¾�¿���������� î× ÇeÈeùeÊ 'eÐ�P 6 î DEA Ïeè B�C�Ð�Ñ . Ò�X�Ó�Ô�Õ,Ö , ���e×����eÔeÖeØeÙ�U�V��#× Ç�Èeù�Ê ����ØÙ ���e×�'eÐ�P 6 î , Ú�È����e×�����Û�Üeå�-�'��e×����eÔeÖeØeÙ�U�VeÐ ÇeÈeùeÊ �e�e×�'eÐ�P 6 î PÉÛ
���e���e×�Ý�Þ . ß Ð�Ñ P�à ó�á 1ìëãâ�ä�å B�CeÇeÈ�ùeÊ �e�e×#æ�ç#è , P�à ó Ñ�J�'eÝ ÊeË�é�ê × á Rë�ì�í ÇeÈ�îeË�ï�ð Ô�ñò$&ó , ô�õeÔeÖ����eØeÙe×�öeß , e�f Ä�Å ×�( ) ã�P S�T × .

2 ÷ùøùúùû
¾#¿#�#�#�#�#� î × Ç�È�ù�Ê#6#7 × B#C ã#ü � ! ö#ý#9#4#�#4�×#þ A ë#ÿ�� Ç�È�Ê�þ ë Û#Ü�å#-��×�ö#ý Ê#Ç × B#C . Charnes = [14]

Æ#Ç ×���� ÿ�� Ó#Ô (data envelopment analysis, DEA) ã ô ý�� Ã
�	�	
�;�< , ��öeß	�	�	�	
	
	��Õ	�	� , �	�	� à � F	�	� /�0	
�Ò	��Peö	��þ A Ê�Ç ×��	� Ñ Q ê	�	�
(decision making units, DMU) ×�'eÐ 6�7 (�	��'eÐ�P 6 î ), �	��	�
 * ä�e	� , -	��Qeö�þ A ö Ê�Ç�B�C�	 Ì PeÛ�!cüe×	" � î .

Ä�Å ¾�¿�? ÇeÈeùeÊ	#	$eÊ�Ç × ÇeÈ	%eÌ	&	'eÊ�Ç (desirable output), (	)e×��
��Û�Üeå %eÌ � &	'eÊ�Ç (undesirable output), � à DEA ;�<eÐ�¾�¿���������� î × ÇeÈeùeÊ 'eÐ�P 6 î*	+ B�C

. ,eò Îeó DEA ;�<e×�¾�¿���������� î ×�'�Ð#P 6 î B�C ( ) + ,
ô	#	- ×�����Û�Üeå , X�2.	/	0	1324.	/	0	53246	73248	73249	:	;324<	=	>	?324@	0	A	/	B

(biochemical oxygen demand, BOD)
240

C A	/	B
(chemical oxygen demand, COD) D	E	F	G &	'	H	I	J	K	L	M DEA N	O�P , Q	R	S	T	U	V	U	W	XY	Z	[

[15] 2]\	^	_	`�acb W @	d Z	[ [16] 2]e	f	g	h	<	= W	X Y	i	j	Z	[ [17] 2 P _	k	l	m	n	o	p	b W	X YZ	[
[18] 2 P _	h	n H U	q	r	W @	d Z	[ [19] 2 P _	s	t	u�acv W	X Y	Z	[ [20]. w	x	y	z	{	|	}	~	� M	�	�� W	�	�	�	� u	�	�	� , �	� 0	�	� G	�	� H	I	�	�	�	� } Z	� Q	R	W	�	� .� z �	�	�	�	��� �	�	�	� u	�	�	� W �	� X Y	�	�	 	� W	¡	¢ @ H	�	� } Z	� DEA Q	R	N	O . N	O

W �	�	£	¤	¥	¦	§	¨	©	ª	� W �	� : 1) «	¡	¢ H	¬	­	®	¯ W	X Y	°	± ;	²	³	´ E	�	� H	I	­ G	�	� H	I ,
�

µ·¶·L ¡·¢ @ H q·r @ H	�·� } Z·� Q·R ; 2)
�·� M ¡·¢ @ H W·X Y·�·�	 ·�	¸	M W	¹ ´ �	�»ºc�	�·�	� u�	�	�	¼	½

,
�	¾ © �	�	�	� u	�	�	�	§ F ¾	¿	°	± ;�À	½ r	Á	W �	� ¡	¢ @ H	��� } Z�� Q	R�W	Â�Ã ;

�
� M �	�	�	� u	�	�	�	Ä W	Å	Æ	Ç £ ºcÈ �	���cÉ	�	�	Ê	Ë W ,

�	Ì g F ¾	¿ X Y	°	± ;	À	½	Í	Î W �	� ¡
¢ @ H·�·� } Z·� W·Â	Ã .

�·Ï·Ð·I
,
� z·Ñ �·� W·Ò·Ó·Ô £	¤	¥ G	�	� H	I	Õ·Ö Í	Î �	� �·W	×	Ø·Ù DEA

Q	R	N	O :
�	¾ Á	Ø	Ù	W	Q	R�P , Ú ¼	Û	Ü	Ý	Þ ¾	¿ G	�	� H	I W ��� � £ r	Á À	½ W ;

� ×	Ø	Ù	W	Q	R�P ,

Ú ¼	Û	Ü	Ý	Þ ¾	¿ G	�	� H	I W Õ	Ö	�	� � £	Í	Î W .

2.1 ß	à	á	â	ã	äÀ } n
© ¡	¢ @ H q	r (DMU), å L	æ Â ­	H	I	æ Â	W ©	ç	²	³ F m

­
s, è ³	g ,

� �	� ¡	¢ @ H	�
X Y W ���� �� ¤�é Ô � @ H���� } Z���ê�ë Q�R µ , X Y�°�± ; x�ì�W�G���� H�I�æ Â�í ¶�L�æ Â�î�q ,À G���� H�I } c

¿
, ï�å L �ðB�ñ F Xj = (x1j , x2j , · · · , xmj) > 0, j = 1, 2, · · · , n; ��� H�I �ðB�ñ F

Y d
j = (yd

1j , y
d
2j , · · · , y

d
(s−c)j) > 0, j = 1, 2, · · · , n; G	�	� H	I �cB	ñ F Y u

j = (yu
(s−c+1)j , y

u
(s−c+2)j , · · · , y

u
sj) >

0, j = 1, 2, · · · , n.
�	¾ Á ¿ å L	H	I	ò	ó Á ½ W	ô	¹ ,

À å L í	õ	ô	¹ �cB F w = (w1, w2, · · · , wm), �	� HI ô	¹ �cB F µd = (µd
1, µ

d
2, · · · , µ

d
s−c), G	�	� H	I ô	¹ �cB F µu = (µu

s−c+1, µ
u
s−c+2, · · · , µ

u
s ).

2.2 ö	÷	ø	ù	ú	ûü r	W DEA N	O � ¼	Û	Ü	Ý å L	H	I	æ Â	}	ý § í	þ [21]: 1)
¼	Û	Ü	Ý W	å L	H	I	ÿ�� F j	ÿ ; 2)

�
�	� } Z	� ²�� P ,

¼	Û	Ü	Ý W	å L	æ Â ÿ�������� ,
H	I	æ Â ÿ�������� . � �	� X Y	�	�	 	� W �	� } Z� Q	R���	�P ,

H	I	æ Â�
	} °	± ; æ Â ,
�	�	� } Z	� ²�� P , x	ì	W æ Â ������� ,

�����	ü r	W DEA

N	O � ¼	Û	Ü	Ý H	I	æ Â	W	í	þ , 
 ¦���� ����� G	�	� H	I	æ Â�� ¦���� . �	× C�� � ¼	Û	Ü	Ý P�
	}	G
�	� H	I W DEA Q	R���	 ê	ë S���� , � �	� W ���	ª���� í	} ç����	ç��! �� ­ N	O �� !�	¨ � .

ç��
�	ç��� �� }�"�# ª�$ ,

²	³ F	G	�	� H	I ç��!% �!& ç�� [22−23] 2 G	�	� H	I ç���%�'	ç�� [24] 2 G	�	�H�I ç!�!( � �! !� [25]; N�O �! !�!� í�}�å L�H�I í�õ �! �� N � [19,26−27] 2*)+(!, ��N�O [28] 2 ª �
-!. ��ç N�O [17,29]

­ � � DEA N�O [30−31]. w ¦ Ô ª!� Ú�} �!/ , G���� H�I ç!�!% �!& ç!� � å L
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H	I í	õ �� 	� N ��M�N�O S	Ò	Ó @ H Ê � , P�Q�º ¥ � Ï�R�S å L	� G	�	� H	I!T �VU+W�X!Y , Z � å LH	I Z	õ �� 	� N � ��[���\�] � N	O�^	þ�_ ; G	�	� H	I ç���%�'	ç���`�a S @ H�b�c�d WVe � í	þ [32];

G	�	� H	I ç���( � �� �� ��f N�g!h b X (variable returns to scale, VRS) N	O�P�i	}�j	Æ , w ��f N�g
h � X (constant returns to scale, CRS) N	O�P � Á ½ c�R�k ¼	Û	Ü�Ý ��� } Z	� ² � W � X � [33];

)�(
, �	N	O £ Á�#	G ( � W	Q	R	N	O , Z ��l N	O	W	þ�_�m�^�n	× ��o ;

ª�� -�. �	ç N	O�º ¥ ¸ 
 À�p W ª�	�cB W�q�r�s � , t�u�v�w	Q	R�x�y ��c�R�k	�	� } Z	� ² � W � X � ; z	{ [30] W�� � DEA N	O Ï ¦[!\ ¥�É!z ��W!{ ,�ç!� , X Y��!| W!j!}!x �!��ç W ��� t�}!~ ê Á!�!� L �!� ; z�{ [31] W IDEA N
O (improved DEA, IDEA)

A í ¨ ��þ!_!� c!��M ¼�Û�Ü�Ý W ��� } Z�� ² ÿ , Q K�L!��Z�[ Q�R!�!� µ
N	O	þ�_������	F���� .

Ä ����� , � �	� � ¼	Û	Ü	Ý G	�	� H	I W ���!��� }!� �!��� W ª!� . º ¥ � z� £	¦ l	I Á�# ��� G	�	� H	I W�� ª�� F	¹�� ,
� µ �	� M G	�	� H	I ç���( � �� ���� ��� Ò	Ó @ H Ê

� ,
� N	O	þ�_	Ô	Ç � Î ���	W Ï � ,

� z�}�� ç���( � �� �� � G��	� H�I	æ Â ç!�!���!��� . F	S�� �� � W	Q	R�x�y h	² � ,
�	�	¦

Andersen
­

Petersen[34] � I W �	Z	[ CCR N	O	F ¤	é N	O �	�	��� �	�
�	� u	�	�	� W �	� X Y	�	�	 	� W	¡	¢ @ H	�	� } Z	��� d Q	R	N	O . ���	G	�	� H	I ç���( � �� �� �
CCR N	O�P � Á ½ c���R�k ¼	Û	Ü�Ý ��� } Z	� ² � W � X � , w ���	Z	[�� � § b ¦ R�S Ä	£ i	} b	ë
_ ,
� ¥ � z	W���	 ,

��c���R�S N	O�i	} b	ë _	W � � §�� � �	� } Z	� ² ÿ ��w X�Y Å	Æ�� £ }� �¡	W ;� ¥
BCC N	O , � c�R�k ¼	Û	Ü	Ý �	� } Z�� ² � W � X � , w ���	Z	[�� � § b�c � I ��¢ b�ë _�W�£¤

[35], Z �	��[��	� z	W A í .

2.3 ¥�¦�§�¨�©�ª�«�¬�­
G	�	� H	I ç���( � �� !� W ����£ : ®�¯ � G	�	� H	I ç���% w �!& ç ,

¦�° /
DEA

ª�� ��±	I��
����� W	í	þ , ² ê Á��	« �	ÿ X  F j	ÿ .

À
:

hf = max
16j6n

{yu
fj} + b, f = s − c + 1, s − c + 2, · · · , s (1)

Ô $ P , b F�³�  � ¥ 0 W�´ ç ,
¦�° / ç�� X  �µ ¾ Á © G	�	� H	I M � ¥�¶ .

¥	£
, G	�	� H	I ç�� b ¦· §�$ ^ �� :

yu′

fj = −yu
fj + hf , f = s − c + 1, s − c + 2, · · · , s (2)

ï
Y u′

j = (yu′

(s−c+1)j , y
u′

(s−c+2)j , · · · , y
u′

sj ) > 0, j = 1, 2, · · · , n (3)

2.4 ¥�¦�§�¨�©�¸�¹�º�»�¼�½�¾ü r ��Z�[ CCR N�O £�¤�¥�Ü Ø�Ù�Q�R�W�N�O , ¢ � Ò!� ®�¯ W ¾ # °�± ; � ¡�¢ @ H q�r Þ r�ÁÀ¿� d�g ��� @ H���� } Z�� Q�R . 
 ¦!�!����� � N�O P+Á!�!Â ¥ G���� H�I�� ¼�Û�Ü�Ý ��� } Z�� W �� ����W!Ã!Ä .
� ¤�¥ å L u � W ( �!��Z�[ CCR N�O P , ��ô H�I�æ Â ÿ!b ¦!� _�F!Å H�I�� ¼�Û�ÜÝ �	� } Z	� W �	� ��� ,

��Æ « µu
f yu′

fj0
(f = s − c + 1, s − c + 2, · · · , s) Ç	F	G	�	� H	I	� ¡	¢ @ H q	r�	� } Z	� W �	� � ( È�Ç	F	G	�	� H	I	�	� � ), F	S � G	�	� H	I	�	� � ê	ë Í	Î Ã�Ä ,

À w Í	Î ��É	F
δf (δf > 0), Q	R	W	Ø	Ù ¦ q (q > 1, q ∈ Z) Ê�Ë , ï	G	�	� H	I	�	� �	W�Ã�Ä	F :

µu
fyu′

fj0
= 0 + (q − 1)δf , f = s − c + 1, s − c + 2, · · · , s; q > 1, q ∈ Z (4)

(4)
$ �	¾	¿ G	�	� H	I	�	� � l	I S�r	Á � ¿ � d � W!Ã�Ä . D $ î��	S ¾	¿ G	�	� H	I	� ¼	Û	Ü	ÝÞ �	�	�	� } Z	� Q	R	�	�	W	r	Á � , (4)

$�Ì�Í î��	S ¾	¿ G	�	� H	I	� ¼	Û	Ü	Ý�Þ ���	�	� } Z�� Q	R
�	�	W � d � . è ³	g , q = 1

µ
, G	�	� H	I	Õ	Ö	�	� ��Î ÿ F ¶ ,   � î�� � �	�	�	� u	�	�	��Ï È µ � ,

¡	¢ @ H W	X Y	��|	���VÐcJ���Ñ�Ò�Ó .
¥	£ �	M ��� �	�	�	� u	�	�	� W �	� X Y	�	�	 	� W	¡	¢ @ H	�� } Z	���	Z	[ N	O	F :

max(µu)TY u′

j0
+ (µd)TY d

j0

s.t. wTXj − [(µu)TY u′

j + (µd)TY d
j ] > 0, j = 1, 2, · · · , n, j 6= j0

wTXj0 = 1

Y u′

= (yu′

(s−c+1)j , y
u′

(s−c+2)j , · · · , y
u′

sj ), j = 1, 2, · · · , n

yu′

fj = −yu
fj + hf , f = s − c + 1, s − c + 2, · · · , s; j = 1, 2, · · · , n
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hf = max
16j6n

{yu
fj} + b, f = s − c + 1, s− c + 2, · · · , s (5)

µu
fyu′

fj0
= 0 + (q − 1)δf , f = s − c + 1, s − c + 2, · · · , s

w > 0; µd
> 0; b > 0; δf > 0; q > 1, q ∈ Z

2.5 ¥�¦�§�¨�©�à�á�¸�¹�º�»�¼�â�ã�ä�å
������� u������ W � É�£ Á © É��!æ!ç , è!é!ê ê W Ê � . Z � ,

� � ������� u������ W ��� X Y���� �� W�¡�¢ @ H���� } Z��!� d Q�R � � £ /!� ×�Ø�Ù�W�Q�R ¦!ë�ì!í!î ���	��� u�� � � ��� W @H	�	� } Z	� ��w X�Y Å	Æ . ï�ð ��� F	G	�	� H	I	Õ	Ö	�	� ��} % [!ñ W Í�Î �!É ,
¦�ì R	��/�� ×	Ø	Ù

W	Q	R�P , N	O (5)
� 
	} ¼	Û	Ü	Ý � µ�ò	��b	ë _ , �	x A í �	M�c�ó 
	} ¼	Û	Ü	Ý � µ!ò	�!b	ë _	W	G

��� H�I�Õ�Ö���� ��W ÿ n!ô!õ . x�Á!��T�E b ¦!ö N�O P+Â ¥ ~�Q�R ¼�Û�Ü�Ý H�I�¿ ��ô ­ W!Ã!Ä!÷!ø
� ¦	�	� , w�º ¥ N	O (5) P ��ù 
�~	Q	R ¼	Û	Ü	Ý H	I	¿ �	ô ­ W!Ã�Ä ,

¥	£	�	� «	N	O (5)
��ú�û ù 


~	Q	R ¼	Û	Ü	Ý H	I	¿ �	ô ­ Ã�Ä	W ü r	N	O ,
� � N	O (5)

�	ü r	N $	§ W	G	�	� H	I	Õ	Ö	�	� � ÿ n�ôõ ^ ì	½ N	O (5) PcG	�	� H	I	Õ	Ö	�	� � Í	Î ��É . x £ Z	F	N	O (5) W H	I	¿	�	� � �	ü r	N	O	W H	I¿	�	� ��i	}   ² Á�v � (
� ¥ ¢ Z W ¼	Û	Ü	Ý , N	O (5) W H	I	¿	�	� � �	ü r	N	O	W H	I	¿	�	� �	Á�v ;� ¥ } Z W ¼	Û	Ü	Ý , N	O (5) W H	I	¿	�	� � � ¥ D ¥ ü r	N	O	W H	I	¿	�	� � ).

«	N	O (5) PcW “j 6= j0” ÷�ø�ü�ý , ï	«�w ��ú�û ü r	N	O , P ñ F	N	O (5∗). N	O (5∗)
��þ

j0
©	¼

Û	Ü	Ý Q	R µ , º δf > 0; q > 1, q ∈ Z,
b�ÿ

µu
f yu′

fj0
> 0(f = s − c + 1, s − c + 2, · · · , s). ºcN	O (5∗) W�Ã�Ä

÷�ø :

wTXj − [(µu)TY u′

j + (µd)TY d
j ] > 0, j = 1, 2, · · · , n; wTXj0 = 1

b�ÿ
(µu)TY u′

j0
6 1
��� T��

, Z � � } µu
fyu′

fj0
6 1(f = s− c + 1, s− c + 2, · · · , s), 
 ¦ N	O (5∗)

��þ
j0
©

¼	Û	Ü	Ý } b	ë _	W � í�÷�ø £ : 0 6 µu
f yu′

fj0
6 1 (f = s − c + 1, s − c + 2, · · · , s). ï�ð	N	O (5∗)

� 
	} n©	¼	Û	Ü	Ý } b	ë _	W � í�÷�ø����	F :

0 6 µu
f yu′

fj 6 1, j = 1, 2, · · · , n; f = s − c + 1, s − c + 2, · · · , s (6)

(6)
$ l	I W µu

fyu′

fj W ÿ n	h	Þ	£ N	O (5∗)
� ³�� ¼	Û	Ü	Ý ò	��b	ë _	W � í�÷!ø : � µu

fyu′

fj

�	I��
h	Þ

, Á ½ ò	���	�	M�b	ë _	W�¢ Z ¼	Û	Ü	Ý , ��� µu
fyu′

fj

��� h	Þ
	�% ÿ
,
ñ��	ÿ�/����	µ

, t b�c�ò	����	M�b	ë _	W ¼	Û	Ü	Ý . º ¥�� í	N	O (5)
��/�� ×	Ø ç W	Q	R�P � 
	} ¼	Û	Ü	Ý } b	ë _ , G	�	� H	I	ÕÖ	�	� � Í	Î ��É	W�}�� £���
���< � W , (6)
$	h	Þ�� c F	N	O (5)

ì	½ ��[ W	G	�	� H	I	Õ	Ö	�	� � ÍÎ ��É ��� } \ ô�õ .
b ¦��	Ê�� L ²�� �	W ª�$ « (6)

$	h	Þ	� � ²�� F���� /���� W�� h	Þ ,
¦ � h	Þ

W�É	�	E	F	G	�	� H	I	Õ	Ö	�	� � Í�Î �!É .
À

(6)
$	h	Þ J � � ²�� F N (N > 1, N ∈ Z)

© � h	Þ , �
δf W % ÿ F :

δf =
1

N
, f = s − c + 1, s − c + 2, · · · , s; N > 1, N ∈ Z (7)

¥	£
, (4)

$�� Y F :

µu
fyu′

fj0
= 0 + (q − 1) ·

1

N
, f = s − c + 1, s − c + 2, · · · , s; q > 1, N > 1, q, N ∈ Z (8)

2.6 ø	ù�����	�
(8)
$

, «	N	O (5) � � F	N	O (9)(
ñ F DS N	O (dynamic super efficiency model)):

max(µu)TY u′

j0
+ (µd)TY d

j0

s.t. wTXj − [(µu)TY u′

j + (µd)TY d
j ] > 0, j = 1, 2, · · · , n, j 6= j0

wTXj0 = 1

Y u′

= (yu′

(s−c+1)j , y
u′

(s−c+2)j , · · · , y
u′

sj ), j = 1, 2, · · · , n (9)

yu′

fj = −yu
fj + hf , f = s − c + 1, s − c + 2, · · · , s; j = 1, 2, · · · , n

hf = max
16j6n

{yu
fj} + b, f = s − c + 1, s− c + 2, · · · , s

µu
fyu′

fj0
= 0 + (q − 1) ·

1

N
, f = s − c + 1, s− c + 2, · · · , s

w > 0; µd
> 0; b > 0; q > 1, N > 1, q, N ∈ Z
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DS N	O	F ¾	¿ G	�	� H	I À�p S Õ	Ö�� d �	� � ,
b ¦�� \�� N	O � ¡	¢ @ H q	r	è ½	@ H À �	­ @H T�� § W @ H Ê �	E ��� ���	��� u��	��� W ��� X Y	���� 	� W ��� } Z���� d Q�R . i	î	W ���	£ :l ½ Ú ¿ G	�	� H	I	Õ	Ö	�	� � Í	Î ��É , P��	Ø	Ù Í	Î G	�	� H	I	Õ	Ö	�	� � ,

� \
DS N	O ��T ×	Ø	Ù

W�Q�R ,
����¼�Û�Ü�Ý ×�Ø�Ù ��� } Z�� ² ÿ �!w X!Y Å�Æ .

� ¥ 
�}�× ¿ G���� H�I W!£� ,
b ¦ ®!¯ �µ Í	Î G	�	� H	I	Õ	Ö	�	� � , � � ×	Ø	Ù	W	Q	R�x�y ,

��� ¡	¢ @ H q	r � Ú	�	�	�	� u	�	���	§ W �	�
X Y	�	�	 	� W @ H	�	� } Z	� ��w X�Y Å	Æ ; w	Ù b ¦ � ¿ Ü�!	Í	Î G	�	� H	I	Õ	Ö	�	� � (

�	µ w�" ¿
G	�	� H	I	�	� �	F	G � Ã�Ä ), � � ×	Ø	Ù	W	Q	R�x�y ,

¦	��� � Ú	�	�	�	� u	�	�	�	§ ®	¯ W	Ú�# °	± ;� �	� X Y	�	�	 	� W	¡	¢ @ H	�	� } Z	� q�r	W	�	� .

Ò�#	Q	R µ ,N W % ÿ���� , G	�	� H	I	Õ	Ö	�	� � Í	Î ��É ��� ,
��c�R�S

DS N	O ��/�� ×	Ø	Ù	W	Q
R�P � 
	} ¼	Û	Ü	Ý } b	ë _ . è ³	g , Ò�#	Q	R Ê ��P , ��$	Ø	Ù	W�%	�	��&�' Õ	Ö	�	� � ó DS (�)�'
��¢ b	ë _	W�£� , ï�*�+�,�- .

3 .0/0102
3.1 3�4�5�6�7�8�9

�	} 10 :	¡	¢�;�< , = ¥ $�)�>�?�@&�A , B�;�<DCFE�G�&�H�I�J�K 1 L�M , NO�PRQ @�S�T�U�V�W�X�N , ?�&�Y Q[Z�\�]^�_�`
( a�b�c�d�e�f Qhg d�e�f Q c�de�i�j _�` )
QkZ�\�l�m�n U�o�p�X�N . qr

, ?�o�Y�U�s�t�o�p ,
Z�\�] ^�_�`�u Z\�l�m�n U�v�s�t�o�p . w�x DS y�z�={

10 |�?�@�;�<�}�~������������h������������������������ G�o��h= ]h� ������������
.

�
1 �k�k�k�k k¡k¢k£k¤k¢k¥k¦k§

DMU ¨k©kª «k¬k­ ®k¯k°²±k³k´kµk¶k· ±k³k¸k¹
( º )(x1) ( º )(x2) ( º )(yd

1 ) ( »k¼k½ )(yu

2 ) ¾ ( º )(yu

3 )¿kÀ
1 11215 9731 7030 550 917¿kÀ
2 6616 9085 8300 340 334¿kÀ
3 10896 9621 9070 540 853¿kÀ
4 10633 11793 6717 610 758¿kÀ
5 10646 11927 6099 610 550¿kÀ
6 5706 11356 2416 410 256¿kÀ
7 6823 11570 5804 440 436¿kÀ
8 7253 7701 3270 430 505¿kÀ
9 6144 12134 7040 480 527¿kÀ
10 8491 8243 3476 460 697

U�Á�Â DS y�z�Ã�Ä�Å�Æ�Ç�È ��É�Ê rÌË L ]�Í�Î�Ï�Ð�]�Ñ���Ò , Ó N = 100, Ô�Ó b = 100. w�x DS

y�z���Õ�Æ�Ç�È � w � , Ö�×�Ø�Ã Z�\�] ^�_�`�u Z�\�l�m�n ��Ù�Ú�Û�Ü�Ý�Þ�ß�à�á Õ�â r , 10 |�?�@�ã�ä� ��� � Ë ]�� ��å�æ ; ç�è�é , ê�ë Ï�ì à�á ] ^�_�`�u l�m�n ��Ù�Ú�Û�Ü�Ý ,
å è�í�Ö�Ø ��� � Ë ]����å�æ

( î�ï Z�\�] ^�_�` QðZ�\�l�m�n�ñ Ù�Ú�Û�Ü�Ý ��� æ���É�Ê ,
Ù�Ú�Û�Ü�Ý�ò Ï�ó�ô�õ à�á

,
]�� Ç�È

U 11 Ç , Ã�ö 12 Ç ��É�Ê r , ã�ä 1 ÷ Ñ���Ò ,
É�Ê�ø�ù

; î�ï Z�\�] ^�_�` Ï Ù�Ú�Û�Ü�Ý ��� æ���É�Ê ,Ù�Ú�Û�Ü�Ý�ò
1.5
ó�ô�õ à�á

,
]�� Ç�È�U 14 Ç , Ã�ö 15 Ç ��É�Ê r , ã�ä 4

Q
5 E�÷ Ñ���Ò ,

É�Ê�ø�ù
; î

ï Z�\�l�m�n�Ï Ù�Ú�Û�Ü�Ý ��� æ���É�Ê ,
Ù�Ú�Û�Ü�Ý�ò

1.5
ó�ô�õ à�á

,
]�� Ç�È�U 10 Ç , Ã�ö 11 Ç �É�Ê r

, ã�ä 1 ÷ Ñ���Ò ,
É�Ê�ø�ù

).
É�Ê�ú�û J�K 2

Q K 3
Q K 4 L�M , Ô�ü É�Ê�ú�û�ý�þ Ø�ÿ���� , J��

1–3 L�M ( ��ï���� , K 3 ����p Û�Ü�Ý�ò 3
ó�ô�õ à�á���É�Ê�ú�û

).

�
2 �
	
�
�


�
�
�����
�
�
�
�
�
�
���
�
���
�
 �!
"
#

±k³k´kµk¶k· � ±k³k¸k¹ ¾
$
%
&
'
DMU 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11¿kÀ

1 0.7652 0.7333 0.6759 0.6184 0.5610 0.5036 0.4461 0.3887 0.3313 0.2738 0.2164 Error¿kÀ
2 1.2892 1.2978 1.3065 1.3151 1.3237 1.3324 1.3410 1.3497 1.3583 1.3669 1.3756 1.3842¿kÀ
3 1.0319 0.9826 0.9333 0.8840 0.8347 0.7854 0.7361 0.6868 0.6375 0.5882 0.5390 0.4897¿kÀ
4 0.6150 0.5922 0.5609 0.5296 0.4983 0.4670 0.4357 0.4045 0.3732 0.3419 0.3106 0.2793¿kÀ
5 0.5526 0.5418 0.5239 0.5059 0.4880 0.4700 0.4521 0.4342 0.4162 0.3983 0.3804 0.3624¿kÀ
6 0.3375 0.3513 0.3651 0.3789 0.3927 0.4065 0.4203 0.4341 0.4479 0.4617 0.4755 0.4893¿kÀ
7 0.6781 0.6803 0.6825 0.6847 0.6868 0.6890 0.6912 0.6934 0.6956 0.6978 0.7000 0.7022¿kÀ
8 0.4571 0.4704 0.4838 0.4934 0.5029 0.5124 0.5125 0.5315 0.5410 0.5506 0.5602 0.5697¿kÀ
9 0.9134 0.9079 0.9024 0.8970 0.8915 0.8860 0.8805 0.8751 0.8696 0.8641 0.8587 0.8532¿kÀ
10 0.4508 0.4637 0.4713 0.4762 0.4810 0.4859 0.4908 0.4956 0.5005 0.5053 0.5102 0.5151
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!
"�#
±k³k´kµk¶k· %
&
'

DMU 0 0.03 0.06 0.09 0.12 0.15 0.18 0.21¿kÀ
1 0.7663 0.7620 0.7332 0.7045 0.6757 0.6470 0.6182 0.5894¿kÀ
2 1.6088 1.6094 1.6100 1.6106 1.6111 1.6117 1.6123 1.6129¿kÀ
3 1.0319 0.9905 0.9492 0.9078 0.8665 0.8251 0.7838 0.7424¿kÀ
4 0.6150 0.5636 0.5038 0.4440 0.3841 0.3243 0.2645 Error¿kÀ
5 0.5526 0.5082 0.4566 0.4050 0.3535 0.3019 0.2503 Error¿kÀ
6 1.2919 1.2807 1.2694 1.2582 1.2470 1.2358 1.2245 1.2133¿kÀ
7 0.7800 0.7773 0.7746 0.7719 0.7692 0.7666 0.7639 0.7612¿kÀ
8 0.8844 0.8846 0.8849 0.8852 0.8855 0.8858 0.8861 0.8863¿kÀ
9 0.9134 0.9024 0.8915 0.8805 0.8696 0.8587 0.8477 0.8368¿kÀ
10 0.5156 0.5248 0.5340 0.5432 0.5524 0.5616 0.5708 0.5800
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�
4 �
	
�
�
�
�
�
�
�
�
�
�
�
�
 
!
"
#

±k³k¸k¹ ¾
%
&
'
DMU 0 0.015 0.03 0.045 0.06 0.075 0.09 0.105 0.12 0.135 0.15¿kÀ

1 0.7701 0.7190 0.6472 0.5754 0.5037 0.4319 0.3601 0.2883 0.2166 0.1448 Error¿kÀ
2 1.6247 1.6244 1.6240 1.6237 1.6233 1.6230 1.6227 1.6223 1.6220 1.6217 1.6213¿kÀ
3 1.0319 0.9786 0.9254 0.8721 0.8188 0.7656 0.7123 0.6590 0.6058 0.5525 0.4992¿kÀ
4 0.6150 0.6064 0.5894 0.5724 0.5554 0.5384 0.5214 0.5044 0.4874 0.4703 0.4533¿kÀ
5 0.5526 0.5566 0.5575 0.5564 0.5552 0.5541 0.5530 0.5519 0.5508 0.5496 0.5485¿kÀ
6 0.3375 0.3486 0.3597 0.3708 0.3818 0.3929 0.4040 0.4151 0.4262 0.4372 0.4483¿kÀ
7 0.6781 0.6807 0.6834 0.6861 0.6887 0.6914 0.6941 0.6967 0.6994 0.7021 0.7048¿kÀ
8 0.8928 0.8926 0.8925 0.8923 0.8922 0.8920 0.8919 0.8918 0.8916 0.8915 0.8913¿kÀ
9 0.9134 0.9106 0.9079 0.9052 0.9024 0.8997 0.8969 0.8942 0.8915 0.8887 0.8860¿kÀ
10 0.7447 0.7381 0.7314 0.7248 0.7182 0.7115 0.7049 0.6983 0.6916 0.6850 0.6784
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3.2 :�;�<�=�>�?

1 @ Ë K 2
u � 1 A�B ��ú�û Ñ ò�C p , Ã������������ ��D � ��ß s , ã�ä 6

Q
8
Q

10
� G�o�� Ë ]�� �E `�FHGJI D�K��

, L�M�N�������������� ��O�P�O�Q , R�S � G�o�� Ë ]�� � E�Ö�×�Ø�T�U , ç�è F ã�ä 6� � Ë ]�� ��å�æ E�V U�� Ý�W ×�Ø 40.88%; X�ã�ä 1
Q

4
Q

5 Ã������������ D � ��ß s � G�o�� Ë ]�� �E ` V Q ï�ã�ä 6
Q

8
Q

10, L�M�N�������������� ��O�P�O�Q , R�S � � Ë ]�� ��å�æ ÿ��
� K�Y�Z , G�o��Ë ]�� � E�[�×�Ø I�\�]�^ ,
� W������������ � r � ��ß s , � Ë ]�� ��_�` E ` V D ï�ã�ä 6

Q
8
Q

10, G
o�� Ë ]�� ��å�æ E K�a � Ý�å è W × 71.72%

Q
49.50%

Q
31.16%; b � , Ã������������ ��D � ��ß s , ã

ä 9
F�c�d

DEA
]�� �

, eJf�g�ï�ã�ä 7, L�M�N�������������� ��OhP�OhQ , ã�ä 9
� � Ë ]�� ��å�æi Ï�j�k�l�m

, X�ã�ä 7 A Ï�j á l�m , n�o�ê�p�q�r ; ã�ä 2 Ã�s�t������������ ��u â r , q�G�o�� Ë ]� � g�v�w�x Ã DEA
]�� � ��ò V , Ô�y�M�N�������������� ��OhP�OhQ , q�� Ë ]�� ��å�æ ÿ���z�Á xV�{

, G�o�� Ë ]�� ��å�æ E�V Uh� Ý 6.70%; X�ã�ä 3 Ã������������ D � ��ß s , q�G�o�� Ë ]�� � U
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DEA
]�� � ��ò V , L�M�N�������������� ��O�P�O�Q , q�� Ë ]�� ��å�æ ÿ��
� K�Y�Z eJf , G�o�� Ë ]� ��å�æ Ã�������������� Q � ��ß s K�a × 0.5390,

E K�a � Ý�W × 47.77%.

2 @���K 3
Q K 4

ú�� � 2
Q � 3

P�C
, M�N�������������� ��O�P�O�Q , ��M�N Z�\�] ^�_�` Ï Ù�Ú�ÛÜ�Ý���à�á

, ã�ä 2
Q

8
� G�o�� Ë ]�� ��å�æ Ah��� V U lhm , X���M�N Z�\�l�m�n�Ï Ù�Ú�Û�Ü�Ý���à�á ,

ã�ä 2
Q

8
� G�o�� Ë ]�� ��å�æ ] ��� ]�^ ; ã�ä 6 ��M�N Z�\�] ^�_�` Ï Ù�Ú�Û�Ü�Ý���à�á , G�o�� Ë ]� ��å�æ ] �h� ]h^ , X�Ã Z�\�l�m�n�Ï Ù�Ú�Û�Ü�Ý�à�á Õ�â r , G�o�� Ë ]�� ��å�æ Ah�h� V U lhm , �� Ü ã�ä 2
Q

8
����� ��� ;

Ë ï�q� �ã�ä�X�¡ ,
Z�\ � ] ^�_�`�u l�m�n Ù�Ú�Û�Ü�Ý�å è à�á ,

Ë R�S � G
o�� Ë ]�� ����¢ e l�m�£�¤ î�¥ g�¦ , L�A�B�p�§�� Þ�� � Ë ]�� � .

3.3 :�;�<�¨
��K 2

Q K 3
Q K 4

u � 1
Q � 2

Q � 3 A�B ��ú�û Ñ ò�C p , M�N�������������� ��O�P�O�Q ,
Z�\ �

] ^�_�`�u l�m�n Ã 10 |�©�ª�ã�ä � G�o�� Ë ]�� ��É�Ê Õ�â r ��Û�Ü â Ý ê�p�T Q , ����«�ã�ä � G�o
� Ë ]�� � ] L ¢ e , KHeJ§ Þ�� ������������¬�­���®�©�ª�G�o�¯h°�AhB�§ Þ�� � Ë ]�� � ; § Þ������±h² n Ã�� Þ�� �����������h¬h­ Ë ©hª�G�oh¯h° � � Ë ]�� � ] Nh§ Þ â Ý�� £h¤ . �h³ ��ú�ûh´ eµ¥¶ T�p ��É�Ê�·�¸ ]�¹ ï�º�~ Q¼»�½ é É�Ê ©�ª�G�o�¯�° ��¾�¿ I ,

]�¹ ï�À�|���Á�o�ä�Â Î ��þ�Ã u�Ä�Å
©�ª�ã�ä j s���ÆÈÇFN , É�Ê������������ ��Ë�Ì ,

F Ñ�� X�y ]�Í�Î � .

4 ÏÑÐ
}�U Ë Ñ�x�Ò ����Ó�� ��Ô �HÕJÊ , ¥ ¶ T�p�ü ������������Ö W�©�ª�G�o �h× É�Ê , Ø�X ���������� Ã�©�ª�G�o ��× É�Ê Õ�â r ��Û�Ü â Ý FHÙ ������������� � Í Ã�� . ï F ü�©�ª�G�o�¯�° � ©�ª�o�Ú C

}�s�t�o�p ,
Z�\ � ±�² n C }�v�s�t�o�p , U�Û�ë�v�s�t�o�p�Ü�Ý à�á�Ù�Ú�Û�Ü�Ý , Þ�ß�Ø�~
�Ì���������

� � � � � � � � � ����� � ©�ª G�o�� Ë ]�� � DEA
� � É Ê y z . w xà¥ ¶ T p �àáàâ Ë�ã Þ � 10 |

©�ª�ã�ä � ��� É�Ê�ú�û KHe , § Þ�� ������������¬�­���®�©�ª�G�o�¯h°�A�Bh§ Þ�� � Ë ]�� � , y�§ Þ����� ±h² n Ã�� Þ�� �����������h¬h­ Ë ©hª�G�oh¯h° � � Ë ]�� � ] Nh§ Þ â Ý�� £h¤ .
´ eµ¥ ¶ T

p ��É�Ê�·�¸ ]�¹ ï�º�~ Q¼»�½ é É�Ê ©�ª�G�o�¯�° ��¾�¿ I ,
]�¹ ï�À�|���Á�o�ä�Â Î ��þ�Ã u�Ä�Å ©�ª

ã�ä j s���ÆÈÇFN , É�Ê������������ ��Ë�Ì ,
F Ñ�� X�y ]�Í�Î � .

Þ�ß
, ¥ ¶ T�p ��É�Ê�·�¸�ä Ñ�å�æ�ç

��è Q T�e QFP�é j Q ±�² L Ë ÀHê��������hë�Áhì�}�x � o�ä � G�o�� Ë ]�� ��É�Ê . í � , î Ë�ï ] v
s�t�o�p � DEA

É�Ê�ð�ñ T�p�ò�ó ��ô���õ�ô v�s�t�o�p ��á�â z�Ø F æ Ö�ö�I ��÷�ø�á � , ù�ú�S�û�ü
T�p�Ø�ý�þ � Ë v�s�t�o�p ��õ�ô�á�â ,

Ñ Ü ¥ ¶ ��É�Ê�·�¸ � ú�� Þ�ß�ò�ó�ý�þ � y�z .
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