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DEA-efficiency evaluation model for simple network production

systems
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(School of Management, University of Science and Technology of China, Hefei 230026, China)

Abstract Data Envelopment Analysis is an effective tool to measure the relative efficiencies of a group

of DMUs. However, the traditional DEA models ignore the internal structures of DMUs, and overrate the

DEA efficiencies of the evaluated systems. This paper sets up a DEA-efficiency evaluating model for one

type of simple network production systems. The results show that the advanced model can do more to find

inefficient DMUs and possible potential for performance improvement than the traditional approaches, and

help decision makers to detect the origination of inefficiency for those inefficient DMUs. The numerical

example approves the reasonability of our method.
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1 ����¡ ¡¢¡£¡¤¡¥
(Data envelopment analysis, ¦¡§ DEA) ¨¡©¡ª¡«¡¬¡¡®¡¯¡° Charnes ± Cooper ² Rhodes³

1978 ´eµe¶e·e¸e¹ , ºe»e¼e½e¹e¾e¿eÀ DEA ÁeÂeÃe§eÄ CCR ÁeÂ [1]. DEA ¨eÅeÆeÇeÈeÉeÊe²eÆeÇeÈÉe¸e¹eËeÌeÍeÎeÏeÐ (Decision-making unites, ¦e§ DMUs) ÑeÒeÓeÅeÔeÕeÖe×eØeÙeÚe¹e¿eÛeÜeÝeÞ , ße¨eàá ÆeâeÊeÆeãe¸eÍeÎeÏeÐeäeãeåeÙeÚe¹eÔeåe�eæ . çeèeée¹eêeëeìe´hí , çeeîeïe�eà á í , DEA ¨eðeÔeñåe²eòeÔeóeôe¹eõeöe÷e¿ [2−4] . DEA ÝeÞe÷eøeùeúeûeüe»eýeþe¹eÿ�� , ¨��eÄ��eæeÔ������	�e¹�
�� [2−4] :

DEA ÝeÞe¨eùeÓeÅeÔeÕ���eÄ����e¹ , ������� ³ ÆeÇeÈeâeÊe²eÆeÇeÈeãe¸eÍeÎeÏeÐe¹eÓeÅeÔeÕeÖeÙeÚ ; �¹eÙeÚ��eôe
����e¹������eÿ ; �����������e¸��	�e¹eäeã� � ; !eÀ DMU "�#e
eÓeÅeð�
e¹ DMU( ��$¨�%��e¹ ) Ó��	& ; �eËeäeã�'eÁe¹ DMU æeÔ����jÖ ; (�( . )e¨�* ³�+ ç�,�-�
�. , DEA ÝeÞeÃeýeþ�/��³ �e�e÷hí [3]. çeª�0 , DEA ÝeÞ�1	2eó�3�4�/�� ³�5�6 ±87�9 ±8:�; ±;¯�<eù�=?>�@�ACBD(eÝ�EK¹eÕ�FeÙÚ [3]. çeª�G , DEA ÝeÞeîeÄe¿eÛeÜe¹eÆCB ÈeÍeÎeÝeÞ , H�I�Jeª�2�K�L�Me²�N�OeÑ�P , H�Ieïe�eÍeÎ�Qe¯R�S ¹e·�T , ß�Ueû�V�W�VeÆe¹�/�� , X�Y�N�O ±82�Ke²eïe�eõeöe¹�ZeÆeÝ�E [2] .

Jeªe¯�[eÅ ³ DEA ¹eà á�\�] ³ 20 ^�_ 80 ´�`hí	a [5]. b�c , ù�d�e�f�(eÄ�g���`�he¹?ie°K¯�[ ,Ó�jeçeª�G	0�L�h�ke¿�-eÔ�l�me¹e	�n [2], Ä�Jeªeçeª�o DEA à á õeö�p   ke¿�qe÷�4 . r�s , teÅ�u�veä
wyx{z8|

: 2007-07-20}y~y�{�
: �y�{�8�y�y�y�y� (70871106, 70821001)�y�y�y�
: �y�y� (1966–), � , � , �y�y�y�y� , �y� , �y�y� , �y�y�{� :  y¡y�y� ; ¢y£ (1962–), � , � , ¤y¥y� , �y� , �y� ,

�y�y¦y§y¨ , �y�y�{� :  y¡y�y� ; ©yª (1977–), � , � , «y¤y¬y�y� , �y� , �y�y�{� :  y¡y�y� .
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ãe�e�eÕ�FeÙeÚe¹ DEA à á 	�n , ½�¾�¿�À ³ ª�Gjà á n�Áhí , �	&�Â�Ee¹eà á�Ã + ç ³ n�Á [6]. Ä�ÅeûÆ £ äeãe�e�e¹�u�veÖe²eÆ?ÇeÖ , È�n�É�É�teÅe¿�Êe¦eÏ Æ £ äeãK�e�K¹ DEA Õ�FeÙeÚeÑeÒeà á , r�s�,Ûeà á ÝeÞeß��eÃ�/�� ³�Ë ºe¦eÏ Æ £ äeãe�e�e¹ DEA Õ�FeÙeÚe÷hí .

2 ÌÎÍÎÏÎÐ
ç�Ñ�`�Ò�Ó�'eÁeäeãe¹�Ô�Õ , Ö�×�Ø�Ùj¹eäeã���ÚCÛÝÜ�u�v�Ò , ù Æ £ äeãe�e�eÄ�`�he¹eäeãeèe�����Þ ¨ . ße�e�e¹�'eÁ ±àu�veÖe²�á�âeÖeëeÀ�ã�ä�W�å ,

Æ £ äeãe�e�e¿�æ�ç ³ Óe�e� ±àu�ve�e� , èeÄ�á�âe���èeÄ�é�êe�e� .Æ £ äeã���Úe¹�ëeäe
�u�v�Ò , ì�U�Ö�×eÅCíÝîeÖ�$e¹eÙeÚ�V�L�ï�ð ; Ë�ñ , Ö�×eÖ�$e¹�ò�ó , ��É�ô�õ³?ö À?÷?ø?ùKÖ?$K¹?ò?ó , ú?ô?õ ³?ö ÷?ø?ùK÷?ûK¹?ü?ý?þ?Ü?
?Ò , �?b , ßK�K�?ÿ?äKÅ��KÀK�K�KÑKÒ��KÕÙeÚeóeÄ���� .
³ ¨ , Å Æ £ äeãe�e�eÑeÒ DEA Õ�FeÙeÚe¹eÓeÿeà á , æeÔ����e�e	e²�Ñe����� .

Färe ² Grosskopf Å Æ £ äeãe�e�e¹eÕ�FeÙeÚeî�k�á��eÖKà á , ºe»�	 DMU ¹ “
�� ” ��á , 	�u�v¹�×�����eÑeÒ ¤�� , ß�s�Ä���!e¿�×��ø�ù���$ + çe¹eÅeäeã��������eÕ�Fe¹�l�m . Färe ² Grosskopf ·¸e¹�� ³ Æ £ äeã����e¹ DEA ÁeÂ���Úe¦e§eÄ FG ÁeÂ [7]. ,e¿eÁeÂe¹��������e¨eµ��e·e¸ Æ £ DEA ÁÂe¹��� [8], � Ë ÙeÚeÝeÞ�É�É���� ö ÷����e¹eÖ�$eÅ����eÖ�$K¹�l�m , ������k�÷����e÷�ûe¹�ü�ýeÅ����Ö�$e¹�l�m .Æ £ äKã���� ¢�� ZKÆ?÷���� , ÷����K÷?ûK¹Kÿ��?�?$KÔKÆKÛ , ����� ± �!� ±#"?ø ±#$K½?(?( [6],
Ë

íjð���Èe¹e¨%�&����Úe²�������Ú . ��'�(%�&��)�Ú�ú�(�����)�Ú , *�+�,�-�.�/�0�1�2�3�/�0�4�5�6�7 �8�9 .�: 8�; *�+�,�-�.�/�0�1�2�3�/�0 . <�� , =�>�?�����@�(%�&������.�A�B�C�< . =�>�?�D�E�����5
6�7�F�G�H : A�H�(�I�J�K�L�M , N�=�>�?�O�P�.�Q�R�S�T�U�F�V%W&X�Y�B�=�>�?�Z�[�\�]�^ , Chen _�`�a
2006 b�c�d�e�f�H�D�E�O�P�. DEA g�M [9]; A�H�(�h�i�M , N�=�>�?�O�P�.�Q�R�S�j�F�V%W&X�k�A�Z�[�\
]�^ , V�l�Z�[�.�R�S�m�n�oqpsr�A�Z�[�.�R�t . Wang _�`�u�v�c�d�e%w&x�D�E�O�P�. DEA 0�y�z�{ [10];

Lewis | Sexton }�~���e�T���.�c�d , ������e���A�������. DEA g�M [11]. ����a���x�D�E�O�P�. DEA

0�y�z�� , Yang _�`�u�v�����e�c�d [12], f���c�d�4�����������e%�&� DEA c�d�.���� .��� \���c�d�.�A�H���,%�!��D�E�O�P , ����F�����D�E�O�P : �� �g�¡�¢�£�a���O�P ; ��¤�¥�¦�¢�£
a�¤�¥�O�P ; ��~�§�¦�¢�£�a�~�§�O�P ;

; O�P�¨�©�ª�«�¬���x���O�®w&x���O , ¯�«�¬�°�Z���O . Färe |
Grosskopf ±�¨�²�F�A�³%�&��)�´ [7]. Castelli µ Pesenti | Ukovich a 2004 b�u�¶�·�¸�e�f��%�&��D�E�¹�º
. DEA 0�y�z���»�¼ [13−14], ½�� , ¾�¿�.�c�d�À�½�j�Á�Â ; O�P�¦�Ã�.�Ä�Å���Æ�Ç ; O�P�¨�©�.�È�É , Ê
��/�Ë�Ì�� .Í a�Î�H���,®�!��D�E�O�P , 5�6�Ï�Ð�V�Ñ�Ò�E�t�.���H���±�D�E�O�P�Ó�7�F�Ô�Õ�Ö���x�)�´ . <�� ,

Ñ�Ò�E�t�F�G�� , ×�±�V�Ó�7�F���Ø 1 \�Ù�.�G�Ö���x�)�´�D�E�O�P , Ú�A�Ö�.�Ñ�Ò�E�t�4�F�A�� , 5�Û�AÜ�Ý�Þ�ß Ù . à�Ø 1 á , O�P%W&X�(%â&ã�B ; O�P�´ 8 , V%á&k�A ; O�P��k�ä ; O�P�(%w&x�. ,
9 ¿�´ 8 O

P�.�k�A�Ö , k�ã ; O�P�,�å�´ 8 O�P�.�k�ä�Ö .
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Ø 1 \�Ù�.�D�E�¹�º�5�6���,�ò�ó���� : ô�D�E�¹�º�¯�ª�D�E�õ���E�ö , ÷ Í ô���E�ö�ø���A�ù�ú�û�6
D�E���A���E�ö , f���D�E�ü���ý�þ�ÿ�à�a���������¨%á . à�Ø 1 á ,

; O�P 1  ; O�P 3 D�E�T���E�ö , 7� 6 I  Y1

ß Ù ;
; O�P 2 F���A�ù�ú�û�. ; O�P , ±�E�ö I ú�û�� 8 ��A���E�ö Y2. a�( , ��B�D�E�¹

º�.�E�t�N�F Y1 | Y2.
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��� / n B���Ø 1 \�Ù�.�T���*�+�,�- ,

Í a���A�*�+�,�- j (j = 1, 2, · · · , n), V�������S�«���G�: ,

7 � 6�� Þ�ß Ù�F X1j , X2j . V%á , X1j = (X11j , X21j , · · · , Xm1j) F DMU á&G�Ö����� �Û , V�7�!�ü����� ±�"�# ; X2j = (X12j , X22j , · · · , Xm2j) (�k�A�Ö%á&k�ä�$�%�.�R�S . *�+�,�- j .�Ñ�Ò�E�t�F Y1j , Y2j , V
á Y1j (�k�ä�Ö�E�t , Y2j (�k�A�Ö�.�E�t . à�*�+�,�- j .�k�A�Ö%á , A Ü�Ý�Þ Ij & (�k�A�$�%�.�E�t ,' (�k�ä�$�%�.���S . *�+�,�- j .�G�Ö ; O�P�(�å���. , Yqps.�E�t�(�¯���x�. . à�*�+�,�- j á&��a�R
S X1j à�k�A µ ä�Ö%á&.�7�! , V���(�( ; O�P 1 | 3 .�E�t�)&<�*���. , N : *�� b =

Y1j

Y1j+Ij
. X1 D�E

Y1j , *�� a =
Ij

Y1j+Ij
. X1 D�E Ij .

3 +-,-.-/-0-12	3	45	6 DEA 7-8-9-:-;	<
à Í *�+�,�- d .%W&X�)�´�=�V�R�S�|�R�t�����7?>�l ,

����@ Û�6���ã�B�ù�A�o�z���*�+�,�- d .
DEA 0�y :

k�A�ù , v�z���*�+�,�- d .�k�A�Ö���x ; O�P�.�0�y .

*�+�,�- d .�k�A�Ö���x ; O�P�(�A�B�B�M�.�I�J�K�L�M�G�$�%�D�E�O�P .
����@ Û ��C [9] .���g�DE

, F�¹�����. DEA g�M�z���*�+�,�- d .�k�A�Ö���x ; O�P�.�0�y :

max
1

2

[

UT
0 Id

V T
1

Id

Id+Y1d
X1d

+
UT

2 Y2d

V T
1 X2d + UT

0 Id

]

s.t.
Ij + Y1j

Ij

UT
0 Ij

V T
1 X1j

≤ 1, j = 1, 2, · · · , n

UT
2 Y2j

V T
1 X2j + UT

0 Ij

≤ 1, j = 1, 2, · · · , n

U0, U2, V1 ≥ 0

(1)

� (1) (�A�B�7��� �Ó , G�Û Charnes-Cooper
Ý�H

, ±�� (1) _���F�A�B�I�¦� �Ó . J
T1 =

1

V T
1 X1d

, T2 =
1

V T
1 X2d + UT

0 Id

, W1 = T1V1, W2 = T2V1,

K0 = T1U0, K1 = T1U1, K2 = T2U2, K3 = T2U0.

×� �Ó (1) _���a�����I�¦� �Ó�g�M :

max E1d =
1

2
[KT

0 (Id + Y1d) + KT
2 Y2d]

s.t. WT
1 X1j − KT

0 (Ij + Y1j) ≥ 0, j = 1, 2, · · · , n

WT
1 X1d = 1

WT
2 X2j + KT

3 Ij − KT
2 Y2j ≥ 0, j = 1, 2, · · · , n

WT
2 X2d + KT

3 Id = 1

W1, W2, K0, K2, K3 ≥ 0

(2)

V%á E1d

ß Ù�*�+�,�- d .�k�A�Ö�0�y .

k�ä�ù , z���*�+�,�- j .�k�ä�Ö���x ; O�P�.�0�y .

k�ä�Ö���x ; O�P�. DEA 0�y�5�6�Û�����K�B CCR g�M�����z�� :

max
UT

1 Y1d

V T
1

Y1d

Y1d+Id
X1d

s.t.
UT

1 Y1j

V T
1

Y1j

Y1j+Ij
X1j

≤ 1, j = 1, 2, · · · , n

V1, U1 ≥ 0

(3)

T���L�Û���¡�\�Ù�. Charnes-Cooper
Ý�H

,  �Ó (3) _���a�����I�¦� �Ó�g�M :

max E2d = KT
1 (Id + Y1d)

s.t. WT
1 X1j − KT

1 (Ij + Y1j) ≥ 0, j = 1, 2, · · · , n

WT
1 X1d = 1

W1, K1 ≥ 0

(4)
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V%á E2d

ß Ù�*�+�,�- d .�k�ä�Ö�0�y .

k�ã�ù , z���*�+�,�- d .���b�0�y .c *�+�,�- d .���b�0�y�F Ed, V�G�Ö���x
; O�P�. DEA 0�y�7 � F E1d, E2d. f�d , E1d, E2d â& 

Ó (2)  (4) e�f�g�h . i�Ð ��C [12], Ã�j�g�h�����)�k :

(I) Ô 0 < E1d, E2d < 1, ×
Ed = max{E1d, E2d} (5)

a�l , Ed < 1, *�+�,�- d F�3 DEA /�0 .

(II) Ô 0 < E1d < 1, E2d = 1 1�2 0 < E2d < 1, E1d = 1, ×
Ed = min{E1d, E2d} (6)

a�l , Ed < 1, *�+�,�- d F�3 DEA /�0 .

(III) Ô E1d = E2d = 1, × Ed = 1, a�l�*�+�,�- d F DEA /�0 .

4 m-n
� [�F�¹�A�B���,�.�f�<�o�o�Ù�Ø 1 \�Ù�.�p�q�D�E�)�´�.�0�y�z���ü�r , /���s�Ð�� ß 1 \�Ù , ��e

f�)�t�i�a ß 2.
ß

2 á , k�ã�i�l�g�M (2) .�e�f�)�t , k�u�i�l�g�M (4) .�e�f�)�t , k�ä�i�l DMU .
Ñ�Ò�0�y�v .

ß
2 á&.�k�w�i�l�K�B CCR g�M�g�h�.�e�f�)�t .

x
1 yPzP{P|

DMU }P~ X1 X2 I Y1 Y2 DMU }P~ X1 X2 I Y1 Y2

1

11 14 4 7 7

9

17 21 8 8 9

1 8 9 - 7 - 1 12 15 - 8 -

2 3 5 4 - 7 2 5 7 8 - 9

2

8 7 3 5 6

10

17 18 10 12 12

1 5 4 - 5 - 1 13 14 - 12 -

2 3 3 3 - 6 2 4 4 10 - 12

3

12 14 5 6 8

11

8 9 4 5 4

1 7 10 - 6 - 1 5 5 - 5 -

2 5 4 5 - 8 2 3 4 4 - 4

4

15 14 7 8 13

12

10 7 5 5 4

1 10 9 - 8 - 1 7 5 - 5 -

2 5 5 7 - 13 2 3 2 5 - 4

5

15 15 6 9 11

13

14 12 8 9 7

1 8 9 - 9 - 1 7 7 - 9 -

2 7 6 6 - 11 2 7 5 8 - 7

6

27 26 15 20 21

14

15 18 10 12 8

1 17 17 - 20 - 1 11 12 - 12 -

2 10 9 15 - 21 2 4 6 10 - 8

7

16 21 9 11 12

15

18 16 9 11 11

1 10 14 - 11 - 1 12 10 - 11 -

2 6 7 9 - 12 2 6 6 9 - 11

8

15 15 6 7 7

1 11 10 - 7 -

2 4 5 6 - 7

â ß 2 5?� , Ï�Ð?K?B CCR g�M , ��/?��B DMU l DEA /�0 (DMU2, DMU4, DMU6, DMU10,

DMU12, DMU13, DMU14) . ; ½�� , i�Ð ��� \?��t�.�O�P�0�y�z���g�M ( ��k�ä�i�.?e?f�)?t ) 5�6�¢
t , j�/ DMU10 /�0 , V�¾�*�+�,�-�4�l�3�/�0�. . ��ú�/���.�l , k�ä�i�.�)�t�����a�k�w�i�.�)�t . f� "�#&e ��� g�M�.�q���¦ , N�Ã�j���������3�/�0�.�*�+�,�- . Ï�Ð�K�B DEA g�M���r���A�ù�Ì���.��
B�*�+�,�- (DMU2, DMU4, DMU6, DMU12, DMU13, DMU14), Ï�Ð ��� g�h�.�)�t , Ê�F�V�0�y���a 1,
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� 5�6�����A�ù�Ì���V�¦�Ã . Ê�Î ,

��� ��t�.�ü�r ,
Í *�+�,�-�.%W&X�D�E�¹�º�����7�� , Ã�j�F�*�+�2��

=�����.�*�+���� .

5 �-�
DEA g�M�F�z���T�� DMU .�� Í /�0�¦���=

e�ü?r , ��P�. DEA g�M��?��#!e , e?f�ü?� . ½
� , ��P�ü?r�}�ÿ�à�¯?��¨?� , <�� 9 ±�*�+�,�-�Ç
F “ ��� ”, j�·�¸�*�+�,�-�.���X�R�S�|�R�t , Æ�Ç
V®W!X?L���)�´ , ¯�·�¸�R�S?l��?�?��Å F�R t . ,

����z���.�0�y�j�l�*�+�,�-�.�����0�y , ¯�Ã�  �
b���*�+�,�-�.� �¡�0�y , }���r�¢�£�*�+�2 Í *�+
, - . ¦ Ã¥¤¥¦ ø t¥ ¥¡�.¥§�¨ . Î¥� , � P DEA �
r©�©ª * + , - W X Y ; O P Í * + , - 0 y .©«¬

, }���r�  �� h�*�+�,�-�3�/�0�.�i�J . �&��D
E ¹ º . DEA 0 y z � ü¥r . t¥� 5�6¥��® ����*
f�A�H�»�¼ .

9 ±�¤�¥�*�+�O�P�7�� , F�¹�¯�°�Ú�B; O�P�.�0�y ,  ?g?�?��.�Ì��?�?±?² Í ¦ , ��F?³´
, }?��F�/�0 .

��� ² Í A�H���,®�!��D�E�O�P�.
DEA 0�y�z�������e�c�d , c�d�ü?r�|?µ?t Í a®�
� DEA g M . � � | m¥�¥± /¥¶¥°�¦��¥v�¥·�¸�¦
ø�Û .

x
2 ¹PyéìPº

DMU »P\P] `Pa (2) `Pa (4) CCR `Pa
1 0.6916 0.6916 0.6849 0.8508

2 0.8705 0.8705 0.7410 1.0000

3 0.7724 0.7724 0.7027 0.8125

4 0.8585 0.8585 0.7171 1.0000

5 0.8582 0.8582 0.7998 0.9043

6 0.9570 0.9237 0.9570 1.0000

7 0.9263 0.8161 0.9263 0.9938

8 0.5998 0.5998 0.5909 0.6733

9 0.6550 0.6178 0.6550 0.7824

10 1.0000 1.0000 1.0000 1.0000

11 0.8336 0.6835 0.8336 0.8030

12 0.7112 0.7112 0.6990 1.0000

13 0.8386 0.8386 1.0000 1.0000

14 0.7519 0.7519 1.0000 1.0000

15 0.7968 0.7758 0.7968 0.9217
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