
�
29 � � 5 � ����������	�
���� Vol.29, No.5

2009 
 5 � Systems Engineering — Theory & Practice May, 2009

�������
: 1000-6788(2009)05-0106-09

������������������ �!
DEA "�# : $�%�& 14 '�(�)�*�+�,�-

. /
, 0 1 , 24345

( 6�7�8�9�:�;=<?>�@=<�A , 6�7�8 150001)

B CEDGFGHGIGJGKMLGNPOGQGRGSGT
, UGVMWPXGYMZP[ NP\G]M^P_ DEA

HG`
. aGbGcGd HG`GeGfKMgGhGiPjGkGl dMZP[GmGnGoGdGpGqGr NPsGtGuGvGw , xPyGzM{P|G}G~G�G�G� ]G�MNP�GvG� . �G�FGHGIGJGeMLPTMNP\G]M^P_

DEA
HG`

,
KMgP�M�P�GjGk XGYG~G�G�G� N ZP[ FGHGvGw . �M�G� 14�G�M�P�G�

2005 � NPvGwGjGk �G�G�M� : ���G|G�MWPpGqGrG�M� NP\G]G� , �GV HG`G�G� [ NP�  HG`G¡ �G¢ , £G¤G~G�G�G� NPvGwG¡G¥G�GKG¦G� .§G¨G© XGYMZP[ ;
\G]M^P_

DEA; ZP[ vGwªG«G¬G­G®
N94 ¯G°G±G²G³ A

Relational network DEA model based on series system: Application of 14

commercial banks in China

HUANG Yi, GE Hong, FENG Ying-jun

(School of Management, Harbin Institute of Technology, Harbin 150001, China)

Abstract A relational network DEA model is developed in this paper under the assumption of variable

returns to scale. With this model, not only pure technical efficiencies of the series system and its sub-

processes can be calculated simultaneously, but also the effectiveness of connection between those sub-

processes can be identified. Moreover, the new model together with the relational network DEA model

under constant return to scale can be used further to measure the scale efficiency of the series system. The

proposed model is finally applied in measuring the system efficiency of 14 commercial banks in China. The

efficiency scores are more reasonable and divisible than those obtained by the conventional independent

model since the connection between its sub-processes is under consideration.
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Charns ¸G¹ [1] ºG»G¼G½G¾G¿GÀGÁ (DEA) ÂGÃ , ÄPÅGÆGÇGÈGÉGÊGËGÌGÍGÎGÏGÐGÑGÒGÓÕÔ , ÖG×GØGÙÚGÛGÜGÝGÛ Ï »GÞGßGàGá (DMU) âGãGäGåG¸GæGçGÒGèGéGêGëGìGíGîGÒGïGðG
GñGò . óGôGõMöP÷GøGùGúGûGü

� DEA ýÕþÕÿ������ÕÒ������ÕñÕò�����	�
ÕÒÕøÕùÕ���ÕÖ��Õë���
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DMU $���
�% “ &�' ” ÃGÙ Ú ÆGÒ ÜGÝ Ï » äGå . (�)GÃ , *�+�,�-GÒ���� , ôG�G�G���GäGå�.�/ ºG» ��0
1325476

: 2008-01-118393:3;
: <3= (1981–), > , ?3@3A3B3C , D3E3F3G3H , F3G3I5J7K3L3M3N3OQPSRUT3VUW3XUI3Y ; Z3[ (1962–), \ , ]3^3_3`3C ,a3b3c
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� ÒGÉ�� , � Ý ì ÞGßGàGá ö��GÖ�� »�� ä������GûÕÒ������GÃ�� � , ���GÉ��������Gì��GÒGæ��GÃ������
%�&�' , �GôG�G�G� º�� 0�!GØ�����/��GÒGäGå�.�/���� .  ¿ DEA(Network DEA) ¡�¢Gñ���£GÉ��GêGÏGÎGÒ .

  ¿ DEA ����¤�������¥Gû�¦ Ú �G�GäGåGÒ�§¨�© �GëGìG�G�Mö�ª����G�GÒGäGå . Färe 
 Grosskopf[3] « Lewis 
 Sexton[4] « Zhu ¸G¹ [5] Â��GõMö�
�¬�­
ú [6−8] À�®�¯ ���GøGùGÒ�°�±�² » ��ª · Ò   ¿ DEA ��� , Ö���³µ´�
�¬�����¶�·GñGòGøGù , ëGì���
�¬¸ �GÒ���� . ¹Gê , º�¹�»�¼�������½Gì������Õ��-��G�Õ�ÕäGåÕÏGÎ�¾�¿ , � © ¢�� � �����G��À��GÒ����
ïG� . Kao [9] Á ����§�£GÉ�Â�ÃGÍ���§GÒ�Ä�ÅGÃ�Æ�Ç����G���GÒ����GïÕ� , Ö�ÈGÅ�É���Ê�ËGÇ�Ì (CRS) Ò
Ì�Ã ºG» �Gï�Í   ¿ DEA ��� , û����G�GäGå� G�G�GäGå�À���Î�Ï�Ð�Ñ�Ò�ÓGÒ ¼ ­GïÕ�GÔ . ��¢ CRS Ì
Ã��GÅ�Ô�Õ , Ö CRS Ì�ÃGÿGÒ DEA ����×�
GÒ�¢�ØGâGãGäGå� �É��GäGåGÒ�Ù�ÚGäGñ , Ö�ÛGØ�Ü�ÝGú�¶�·�ÞÀ . ß�à�ÜGøGù�É���Ê�Ë�á�Ì (VRS) Ò�â�ãGÿ , äGÓG�G�GÒGï�Í   ¿ DEA ������³��G×GØ��Gï�å�æ .

ß�à�ç�è�éGÿ : ê 2 � À ¢���� ÀGÁ �G� , ¾�ë VRS Ì�ÃGÿGï�Í   ¿ DEA ���GÒ�Î�Ï « �����Gï�å�æ
Ò�ìµíPÂ���î�ïGÍ�ð ; ê 3 � À ñGò��Gõ 14 ñ�ò�ó�ô�·GÒ ¼G½ ¶�·G��ìGøÕù , Ö Á ���µõ ÀGÁ Ã�öµí����
Ò�ÚG��å ; ê 4 � À�÷ � ¸ àGÖ�² » ¶�
�øGøGùGæµù .

2 úüûüýüþ
äÕÓÕ�Õ��¢�ÿÕ�Õ� ö �����Õ��� ��� 
ÕÍ�����è�����ä�â , Ö�ê�
�%�����������	�
�%������ÕÇ���
 .

�Gæ���Ð�
 , ß�àGË���� 1 ���GÒ�äGÓ�����¶�·���� . ÃGû DMUi ´ , ê�
�%������GÒ ÜGÝ Ï »GÀ�® � Xi =

(xi1, xi2, · · · , xim)T, Zi = (zi1, zi2, · · · , zik)T, ê�Ý�%������GÒ ÜGÝ ��ê�
�%������GÒGÏ » Zi, êGÏ » � Yi =

(yi1, yi2, · · · , yis)
T.

é � Ç � ½ DMU öQ� � � , � � DMU öQ� � ��� À � Ò � � ï�� , ¦ Ú ä å ¨���� ¢ Ü���% DMU �
��
�%���Æ , �����GÅ DMUi Ã�ö , ÄPÅGÆGÒ ÜGÝ Ï »GÀ�® � Xi = (xi1, xi2, · · · , xim)T  Yi = (yi1, yi2, · · ·,

yis)
T, ����áGÂ�� ½���� Ò BCC ��� (1) ¦ Ú » ÆGÒ�ØGâGãGäGå [10].

EBCC = max (uTYi + µi)/vTXi

s.t.

{

uTYj + µi − vTXj ≤ 0 j = 1, 2, · · · , n

u ≥ εes, v ≥ εem, µi ∈ R1
(1)

³µ´ ε ����È��� �!�"�#�
 , eT
s = (1, · · · , 1) ∈ Rs, eT

m = (1, · · · , 1) ∈ Rm. $�%�& , á�'�(�)�*�+ (2) , (3)-�.�/�0�1�2�3�4 ��5�6�7�8�9�: .

E
(1)
BCC = max (δ′TZi + µ

(1)
i )/vTXi

s.t.

{

δ′TZj + µ
(1)
i − vTXj ≤ 0 j = 1, 2, · · · , n

δ′ ≥ εek, v ≥ εem, µ
(1)
i ∈ R1

(2)

E
(2)
BCC = max (uT Yi + µ

(2)
i )/δ′′TZi

s.t.

{

uTYj + µ
(2)
i − δ′′TZj ≤ 0 j = 1, 2, · · · , n

u ≥ εes, δ′′ ≥ εek, µ
(2)
i ∈ R1

(3)

;=<
eT

k = (1, · · · , 1) ∈ Rk.
>�?�@

DMU ACB 3�4�D�E�F�G�H�H � , I�J�K�L�M�N�9�: /�0 *�+�O , P�Q�R�S�T 1�2�U�V [9]: WCX2�3�4�D�Y�Z P�Q�R�[�\ U�V , ]�^�_�`�a�b�c 4 ^�_�d�e ; fhg�i�M�N < 5�j�k�l�m , b�n�o�)�p�d�e�qr `�a , s�b�n�o�)�i�t 2�3�4�D , o�5�u�v�w�x r G�y 5 , ]�J�*�+ (2) , (3)
<

, z�{ δ′ = δ′′.

|
1 }�~������������ DMU �������
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� i���� U�V , ����K�L�S�T�*�+�� /�0���� DMU 5�6�7�8�9�: :

E = max

(

uTYi +

2
∑

d=1

µ
(d)
i

)

/

vTXi

s.t.



























uTYj +
2
∑

d=1

µ
(d)
i − vTXj ≤ 0 j = 1, 2, · · · , n

δTZj + µ
(1)
i − vTXj ≤ 0 j = 1, 2, · · · , n

uTYj + µ
(2)
i − δTZj ≤ 0 j = 1, 2, · · · , n

u ≥ εes, v ≥ εem, δ ≥ εek, µ
(1)
i , µ

(2)
i ∈ R1

(4.1)

(4.2)

(4.3)

;=<C�� 
(4.1)

r
DMU ��¡�p�¢�£�¤ 2 M�N�¥�¦�l�Q�R�5�[�\ U�V ,

�� 
(4.2) , (4.3) I -�. r 3�4�D

1 § 2 ¥�l�Q�R�5�[�\ U�V , ¨�© �� �ª�« *�+�Q�R�����5 U�V W . ¬ y O�­�®�¯�'�°�± , *�+ <CG�y l�m�5
u�v�² G�y , ¨�Q�R�³�����5 U�V f . ´�µ�� , ¶�· 1�2�3�4�D 5 <CF `�a Zi J

1�2�3�4�D=<C¸ { G�y 5�u
v�¹�º�³ 1�2�3�4�D�E�F 5 H�»�H M . ¼�½�¾�¿�À�Á���° ,

>�Â u�v�Ã�¢�l�m�5�Ä 3�Å�Æ , I y k�l�m�5�u
v G�y s ¸ {�Ç�È�É .Ê 4 g�*�+ (4) 5 -�Ë , ­�®�¯�'�Ì�£�Í�Î�º (4.2) Ï (4.3)

E ,�Ð�Ñ�Ò�i ��  (4.1), Ó ��  (4.1)
r�Ô

Õ 5 . Ö�×�*�+ (4) ¯�'�Ì�£�Í�Ø�Ù�¢ :

E = max

(

uTYi +

2
∑

d=1

µ
(d)
i

)

/

vTXi

s.t.











δTZj + µ
(1)
i − vTXj ≤ 0 j = 1, 2, · · · , n

uTYj + µ
(2)
i − δTZj ≤ 0 j = 1, 2, · · · , n

u ≥ εes, v ≥ εem, δ ≥ εek, µ
(1)
i , µ

(2)
i ∈ R1

(5.1)

(5.2)

g�*�+ (5) Ì�Ú�S�T�Û�Ü
t = 1/vTXi, µ = tu, ϕ = tδ, ω = tv, η

(1)
i = tµ

(1)
i , η

(2)
i = tµ

(2)
i , ε̃ = tε

¯�' « ±�*�+ (6).

E = max µTYi +
2
∑

d=1

η
(d)
i

s.t.



















ϕTZj + η
(1)
i − ωTXj ≤ 0 j = 1, 2, · · · , n

µTYj + η
(2)
i − ϕTZj ≤ 0 j = 1, 2, · · · , n

ωTXi = 1

µ ≥ ε̃es, ω ≥ ε̃em, ϕ ≥ ε̃ek, η
(1)
i , η

(2)
i ∈ R1

(6)

Ý�Þ & , ¯�' Â *�+ (2) § (3) Û�Ü�ß :

E
(1)
BCC = max ϕTZi + η

(1)
i

s.t.



















ϕTZj + η
(1)
i − ωTXj ≤ 0

ωTXi = 1

ϕ ≥ ε̃ek, ω ≥ ε̃em, η
(1)
i ∈ R1

j = 1, 2, · · · , n

(2’)

E
(2)
BCC = max µTYi + η

(2)
i

s.t.



















µTYj + η
(2)
i − ϕTZj ≤ 0

ϕTZi = 1

µ ≥ ε̃es, ϕ ≥ ε̃ek, η
(2)
i ∈ R1

j = 1, 2, · · · , n

(3’)

à�á
1 *�+ (6) {�â�ã�ä , å�â�ã�æ ≤ 1. ( çC��è [11]

< 5�é�È 1.1.1 ê�é�È 1.1.2, ë�ì�í « .)à�î
1
> *�+ (6) 5�â�ã�ä µ∗, ω∗, ϕ∗, η

(1)∗
i , η

(2)∗
i Q�R�â�ã�æ�Ò�i 1, ] E = 1, I�ï DMUi

r�ð {
9�5 .
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à�î
2
> *�+ (6) 5�â�ã�ä µ∗, ω∗, ϕ∗, η

(1)∗
i , η

(2)∗
i Q�R�â�ã�æ�Ò�i 1, ] E = 1, å µ∗ > 0, ω∗ >

0, ϕ∗ > 0, I�ï DMUi

r {�9�5 .>
µ∗, ω∗, ϕ∗, η

(1)∗
i , η

(2)∗
i ¢�*�+ (6) 5�â�ã�ä , I DMUi ê

;�1�2�3�4�D 5�9�: -�. ¢ :

E = µ∗TYi +
2
∑

d=1

η
(d)∗
i (7.1)

E(1) = (ϕ∗TZi + η
(1)∗
i )/ω∗TXi (7.2)

E(2) = (µ∗TYi + η
(2)∗
i )/ϕ∗TZi (7.3)

;=<
(7.1)

/�0 5 r M�N�6�7�8�9�: , (7.2) , (7.3)
/�0 5 -�. r 3�4�D 1 , 3�4�D 2 5�6�7�8�9�: . ��è

[9] í��C³�J�
�*�����b�Û�5�����T�M�N�7�8�9�: r 1�2�3�4�D 7�8�9�:�5���_ . ��¬�J�
�*�����¯�Û�5��
��T , Ò�� E = E(1)×E(2) b�����ß�� . g�× , ­�®=çC¤�¹���º�É [12] � a H�»���� 5�é�� , )�'���� DMUi

A! 3�4�D�F 5 H�» 9�Á .à�î
3 " H�»���� CI = E/(E(1) ×E(2)).

>
CI > 1, ]�M�N�6�7�8�9�:�#�i� 3�4�D 9�:�5���_ , I

ï DMUi 5=ACB� 3�4�D�F 5 H�» r {�9�5 ;
>

CI = 1, ]�M�N�6�7�8�9�:�Ò�i� 3�4�D 9�:�5���_ , I�ï
DMUi 5=ACB� 3�4�D�F 5 H�» r�ð {�9�5 ;

>
CI < 1, ]�M�N�6�7�8�9�:�$�i� 3�4�D 9�:�5���_ , I�ï

DMUi 5=ACB� 3�4�D�F 5 H�» r�% 9�5 .H�»����
CI &�'�³� 3�4�D�(�) M�N�*�K�+�� G�, p�) § G�,�-�. § G�,�/�� ¬�0�Î�a���5 G�1 9�z ,

]�*�K�9�z §32�4�9�z . ç G�y�3 M�N�2�ß�5 DMU
(�) b y +���Ì�Ú�2�4�,�5�È , ¯�6�`�7�8���b y 5�¤

¹�9�:�,�9�9 .

*�+ (6) 5�g�:�
�;�¢ :

E = min

[

α − ε

(

m
∑

h=1

sx
h +

k
∑

g=1

sz
g +

s
∑

r=1

sy
r

)]

s.t.











































































αxih −
n
∑

j=1

λjxjh − sx
h = 0 h = 1, 2, · · · , m

n
∑

j=1

βjyjr − sy
r = yir r = 1, 2, · · · , s

n
∑

j=1

λjzjg −
n
∑

j=1

βjzjg − sz
g = 0 g = 1, 2, · · · , k

n
∑

j=1

λj = 1

n
∑

j=1

βj = 1

λj , βj , s
x
h, sy

r , sz
g ≥ 0, j = 1, 2, · · · , n

(8)

¼�*�+ (8)
< ¯�'�°�a , � 3 λj , βj

-�. g�z�i 3�4�D 1 , 3�4�D 2. S�< Â�1�2�3�4�D Ã�¢�£ 2 ¤
¹�5�= , >�?=çC[�\�d�Ä�@�5�A�£�É�¯�' « ± λj = βj , j = 1, 2, · · · , n, Ö�× , *�+ (8) Û�ß :

E = min

[

α − ε

(

m
∑

h=1

sx
h +

s
∑

r=1

sy
r

)]

s.t.







































αxih −
n
∑

j=1

λjxjh − sx
h = 0 h = 1, 2, · · · , m

n
∑

j=1

λjyjr − sy
r = yir r = 1, 2, · · · , s

n
∑

j=1

λj = 1

λj , s
x
h, sy

r ≥ 0, j = 1, 2, · · · , n

(9)

¨�Ð�Ñ r *�+ (1) 5�g�: , ]�½�B�5 BCC *�+ .C�D ± , *�+ (8)
<!E�F

λj 6= βj , ¥�'�*�+ (8)
�� �G *�+ (9) 5 ð , s�H r�I *�+ (8) 5�¯�Ú�J�#�i

*�+ (9) 5�¯�Ú�J , K���*�+ (8) 5�â�ã�æ�$�i�Ò�i�*�+ (9) 5�â�ã�æ .
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(�) K�L�*�+ (6) 5 G�y 5�+�� , ¯�'�¼ CCR *�+�a�Î « ±�*�+ :

Ẽ = max µTYi

s.t.



















ϕTZj − ωTXj ≤ 0 j = 1, 2, · · · , n

µTYj − ϕTZj ≤ 0 j = 1, 2, · · · , n

ωTXi = 1

µ ≥ ε̃es, ω ≥ ε̃em, ϕ ≥ ε̃ek

(10)

´�µ�� , *�+ (10) M r ��è [9]
< ¥�K�L�5 ��� M�N H�»�N!O DEA *�+ , '�T�ï Kao *�+ . çCi�P�*

+ r J�
�*�����b�Û�5�����T�L���Q���5 , Ö�×�o�¥�R 0 5�9�:�¢�7�8�9�: .à�î
4
� i�*�+ (6) § (10) '�ê�½�B�
�*�9�:�5�é�� [10], ­�®�ï S = Ẽ/E ¢ ¸ { ��� *�K�5 DMUi

5�M�N�
�*�9�: .à�á
2 £ 2 DMUi {�9 , S�å�T�S�o�5�X 2�3�4�D�Y r {�9�5 .UWV

(
.�- É ) S 1�2�3�4�D ²�{�9�O , bWXW� (ω∗, ϕ∗, η

(1)∗
i ) , (µ∗, ϕ∗, η

(2)∗
i )

-�. ¢ 3�4�D

1 , 3�4�D 2 5�â�ã�ä , â�ã�æ Y ¢ 1, å µ∗ > 0, ω∗ > 0, ϕ∗ > 0. çh*�+ (2’) § (3’) ë�ì�°�a
(µ∗, ω∗, ϕ∗, η

(1)∗
i , η

(2)∗
i ) ¢�*�+ (6) 5�¯�Ú�ä .Y Ö�¢ (ω∗, ϕ∗, η

(1)∗
i )

r 3�4�D
1 5�â�ã�ä , å�â�ã�æ�¢ 1, Ó

(ϕ∗TZi + η
(1)∗
i )/ω∗TXi = 1 ] ϕ∗TZi + η

(1)∗
i − ω∗TXi = 0 (11)

y È , g�i 3�4�D 2 � I {
(µ∗TYi + η

(2)∗
i )/ϕ∗TZi = 1 ] µ∗TYi + η

(2)∗
i − ϕ∗TZi = 0 (12)

Â
(11) ��, (12) � G�Z�« :

µ∗TYi + η
(2)∗
i + η

(1)∗
i − ω∗TXi = 0

Y Ö�¢ ω∗ > 0, Ó ω∗TXi > 0, ¥�'
(µ∗TYi + η

(2)∗
i + η

(1)∗
i )/ω∗TXi = 1

�=çCé�È 1 ê�é�� 2 ì�[ DMUi

r {�9�5 .

(
Z l�É ) S DMUi {�9 , bWXW� (µ∗, ω∗, ϕ∗, η

(1)∗
i , η

(2)∗
i )

r *�+ (6) 5�â�ã�ä , â�ã�æ�¢ 1, å
µ∗ > 0, ω∗ > 0, ϕ∗ > 0, ]

(µ∗TYi + η
(2)∗
i + η

(1)∗
i )/ω∗TXi = 1

µ∗TYi + η
(2)∗
i + η

(1)∗
i − ω∗TXi = 0

��� G S�i
(ϕ∗TZi + η

(1)∗
i − ω∗TXi) + (µ∗TYi + η

(2)∗
i − ϕ∗TZi) = 0 (13)

çCi (µ∗, ω∗, ϕ∗, η
(1)∗
i , η

(2)∗
i )

r *�+ (6) 5�ä , Ö�×�Q�R�*�+ (6) 5 �� �U�V :

ϕ∗TZi + η
(1)∗
i − ω∗TXi ≤ 0 å µ∗TYi + η

(2)∗
i − ϕ∗TZi ≤ 0 (14)

(14) ����� (ω∗, ϕ∗, η
(1)∗
i ) , (µ∗, ϕ∗, η

(2)∗
i )

-�. ¢ 3�4�D 1 , 3�4�D 2 5�¯�Ú�ä .
y O�\�] (13) ��,

(14) ��¯�' « ± :

ϕ∗TZi + η
(1)∗
i − ω∗TXi = 0 å µ∗TYi + η

(2)∗
i − ϕ∗TZi = 0

�=ç µ∗ > 0, ω∗ > 0, ϕ∗ > 0

(ϕ∗TZi + η
(1)∗
i )/ω∗TXi = 1 å (µ∗TYi + η

(2)∗
i )/ϕ∗TZi = 1

¥�' 3�4�D 1 , 3�4�D 2 ²�{�9 . í�^ .

çCé�È 2 ¯�[ , g�i�{�9�5 DMU { E = E(1) = E(2) = 1, >�?�×�O CI = 1, ¬�¨�_�5 DMU b�T r
M�N�5�[�\�@ , s r  3�4�D 5�[�\�@ , Ö�× , ­�®�¯�'�ï�¨�_�5 DMU 5�M�N H�» r�` {�9�5 , a�' E p�¢
é�� 3 5 -�. .
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|
2 }�~ h ������� DMU �������

����b�n�c�l�d!e 1�2�3�4�D 5�f ��g�h , g�i�S�i 2 ¥���5 h
2�3�4�D 5�f � ,

Ý�Þ i�*�+ (6) 5�L
� 4�D , ¯�' « ± G z�5�M�N�6�7�8�9�: /�0 *�+ (15)

E = max µTYi +

h
∑

d=1

η
(d)
i

s.t.































(ϕ(1))TZ
(1)
j + η

(1)
i − ωTXj ≤ 0, j = 1, 2, · · · , n

(ϕ(t))TZ
(t)
j + η

(t)
i − (ϕ(t−1))TZ

(t−1)
j ≤ 0 j = 1, 2, · · · , n; t = 2, · · · , h − 1

µTYj + η
(h)
i − (ϕ(h−1))TZ

(h−1)
j ≤ 0, j = 1, 2, · · · , n

ωTXi = 1

µ ≥ ε̃es, ω ≥ ε̃em, ϕ(1), · · · , ϕ(h−1) ≥ ε̃ek, η
(1)
i , · · · , η

(h)
i ∈ R1

(15)

>
µ∗, ω∗, ϕ(1)∗, · · · , ϕ(h−1)∗, η

(1)∗
i , · · · , η

(h)∗
i ¢�*�+ (15) 5�â�ã�ä , >�? DMUi ê

;
h
2�3�4�D 5�6

7�8�9�:�¢ :

E = µ∗TYi +

h
∑

d=1

η
(d)∗
i

E(1) = ((ϕ(1)∗)TZ
(1)
i + η

(1)∗
i )/ω∗TXi

E(t) = ((ϕ(t)∗)TZ
(t)
i + η

(t)∗
i )/(ϕ(t−1)∗)TZ

(t−1)
i t = 2, · · · , h − 1

E(h) = (µ∗TYi + η
(h)∗
i )/(ϕ(h−1)∗)TZ

(h−1)
i

×�O H�»���� 5���j���Û�ß CI = E/(E(1) × · · · × E(t) × · · · × E(h)). ×�k ,
1�2�3�4�D f �=< b�n 4

5 ;�l é���'�ê�É�m�s Y ¯�' Ê 4�Ý�Þ 5�+�n�o�ë�ì�p�q g ± h
2�3�4�D 5�f � .

3 rtstutv
w�x�y Ú�J�­�z�{�|�¹�M < w�x�}�i�c�~�p�� ,

; 9�:�5���Ì�g�����­�z y Ú x 5�z�������� § ­�z�{
|�����(�)�����'�ê�{�|�¹�M�5�����Ï���é�{��W� ; v�l�5�p�) . ����{�|�����5�Ì�£�Í h�� , S��������
��­�z y Ú x 5�9�:�s�Û «�� � ����� . '�� � i DEA 5 w�x�y Ú�9�:���� Ô Â X 2�����Å�y Ú�Ã�¢�£ 2
“ ��  ”, T�¼ y Ú�¤�¹�5�d�e�`�a�¡ ?�¢�y Ú�5�9�: , ¬�£�{�¡�¤�¥ y Ú�¦�9�5�§�¨�©�ª�Ö . Ö�¬ ,

« ±�5�9
:�æ�£�+�«�ë�ì�¬�Q���­ , ®�£�+�«�b�6�¯�°�p�±�� ��Å g�² ¸ ¹�5W¦�9W³�´ . ¨�_�5 ��Å *�<�g�µ�¶�·�p
5 � ~ D ��b�# . ·�T�� , ­�® Â (�)�����K�L�5 VRS ����T�5 H�»�N!O DEA *�+ , g�­�z w�x�y Ú�Ì�Ú
9�: ��Å .w�x�y Ú�5�¸�¹ 4�D�¸ {��!K�5 1�º�»�¼�½ ,

; ¸�¹�*���¾�i 3.º�»
1:
y Ú�(�)�º�{�5�¿Cé���` §ÁÀ�· § £�Â�Ã�)�¼�Ä�ÅWÆ <!Ç�«�ÈWÉ�Ê ê�¼ ; oW{�|WË�K Ç�«�Ì��

i�P�Ú�5���{ .º�»
2:
y Ú�(�)�Í 1

º�»�Ç�« 5���{���Î � ¦�l���{�5 2�Ï §ÑÐ x q�Ë�K�q�Ò r ¼�´�d���Ó�Ô .

Ö�×�����Õ�Ö�5 ¸ ¹�d�e�`�a ��× S�� 1 ¥�� .y O�����Õ�Ö�³�z�{�Ø�# w�x�y Ú Ê ê 10 Ù���z�É�Ú�Û /�w�x�y Ú 2005 Ü�5 � ]�¢�_���Ì�Ú�µ�í��
� ( Ý�# y Ú�,�Þ�ß�Î g�y Ú=çhi 2005 Ü�5�N�R � ]�à�á�¬�â�eWÕ ).

� ]�����¢ Bankscope
� ]�ã Ê êä < z�{�|�Ü�å 2006 æ . R 0 *�<�¾�� 2.

|
3 ç�è�é�ê����
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1 ì�í�î�ï�ð�ñ
òôó õ�ö
����÷�ø
( ù�ú 1 ù�÷�ø )

û�ü�ý�þ
(Fixed assets)ÿ ����� (No. of employees)

������� (Overheads)

������� þ�	
( ù�ú 1 ù þ�	 , 
���ù�ú 2 ù�÷�ø )

��
���� ñ ý�� (Deposits & short term funding)� � ��� (Due to banks)

��� þ�	
( ù�ú 2 ù þ�	 )

�������
(Profit before tax)��


(Loans)

ë
2 14 ��ç�è 2005 ���������������

������ Kao(2007) ú�û�þ�ÿ (6) !�"�þ�ÿ
S CI

Ẽ E E
(1)

E
(2)

EBCC E
(1)
BCC

E
(2)
BCC

������� 0.6899 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.6899 1.0000# ����� 0.4833 0.9931 0.9931 1.0000 1.0000 1.0000 1.0000 0.4867 1.0000

������� 0.7395 0.9354 1.0000 0.9372 1.0000 1.0000 0.9405 0.7906 0.9981$�% ��� 0.8110 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.8110 1.0000&�' ��� 0.6583 0.8554 0.8988 0.9565 0.9672 0.9000 0.9568 0.7696 0.9950

��(���� 0.7487 0.8724 0.9883 0.9066 1.0000 0.9885 0.9066 0.8582 0.9737
)�* ��� 0.7573 0.8600 1.0000 0.8544 1.0000 1.0000 0.8544 0.8806 1.0066+�, ��� 0.6682 0.7823 0.7823 1.0000 1.0000 0.7825 1.0000 0.8541 1.0000- ����� 0.6834 0.8664 1.0000 0.8905 1.0000 1.0000 0.8906 0.7888 0.9729. ����� 0.7753 0.8538 1.0000 0.8363 1.0000 1.0000 0.8367 0.9081 1.0209/�0 ��� 0.7338 0.8389 0.8389 1.0000 1.0000 0.8391 1.0000 0.8747 1.00001 0�2 � 0.5903 0.7005 0.8341 0.8327 0.9042 0.8344 0.8392 0.8427 1.00863�4 ��� 0.4897 0.9520 1.0000 0.8213 1.0000 1.0000 0.8213 0.5144 1.15915 ����� 0.5965 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.5965 1.0000
6�7�8

0.8110 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.9081 1.15916�9�8
0.4833 0.7005 0.7823 0.8213 0.9042 0.7825 0.8213 0.4867 0.9729:�;�8
0.6732 0.8936 0.9525 0.9311 0.9908 0.9532 0.9319 0.7619 1.0096ö�<�=
0.1013 0.0907 0.0783 0.0723 0.0264 0.0785 0.0717 0.1376 0.0447

1) >@?@A@B@C@D@E@F@G@H
I@J A@B (6) K@L (7), M@N@O@P@Q@R@S 14 T@U@V 2005 W@X@Y@Z@L@[@\@]@^@_@X@`@a@bcC@D , O@P@E

F@d@e 2 X 3–5 f . g@h@i@j@k , 2005 W 14 T@U@V@X@`@a@b@C@D@l@mcn@o , p@q@r@s 0.8936; `@a@b@C@Dt@u X@v@w@x@y@z@U@V (0.7005); `@a@b@C@D t o@X@U@V@{ 3 T , |@N@G@}@v@~@�@U@V����@�@U@V@�@�c�@U
V . O@P@E@F@�@e���� 3 T@U@V@�@�@�@�@X@`@a@b@C@D@�@p@� 1, �@�@�@�@��� 3 T@U@V@X@Y@Z@`@a@b@C@D
O@P@E@F@� 1 X@�@�@� , �@�@�@�@�@g@�@�@�@�@�@�@Q@�@� 2;  @�@�@�@�@X@`@a@b@C@D@¡@¢@£ 1 X@U@V@�
{ 3 T , |@N@G@}@v@¤@¥@U@V��§¦�¨@U@V@�@w@x@y@z@U@V ; ©@ª@X 8 T@U@V@G@}@«@�@� 1 ¬@�@� 2 e@­@®@Q¯@° X@`@a@b@C@D , [�¦�±@«@�@� 1 ¦�{@C@X@U@V@²@³�¦�´@U@V��¶µ�·@U@V��¹¸@�cU@V��¹º@»cU@V@�c¼@½@U
V , �@e���� 5 T@U@V@«@g@¾@¿@À�¦�Á@Â@Ã@Ä@K@L@g@[@|@Å@Æ@Ç@È@É@Ê@Ë@ÌcÍ@Å@�@�cX@Î@��ÏÑÐ , Ò@«@Ó@Ô
L@Õ@Í@É I �@�@X@Ö@×@Ø@Ù@{cÚ@ÛcÜ .  @� 3 T@U@V ( Ý@»@U@V���Þ@ß@U@V@�@à@y@UcV ) Ø@á@â@«@ã�ä�Ó@Ô
L@Õ@Í@É I �@�@o@C@X@å@æ@ç , è@é@ê@o@�@� 1 X@`@a@b@C@D . ë@£@ì@í@U@V@î@ï@{@�@�@^@_@v@{@C@X@O@P
E@F , M@N@ð@�@�@ñ@ò@ó@ô@^@¢@{@> . Ò@v@«@O@P@õ@i@C@D@ö , ò@ó@ô@^@¢@÷@ø@{@ù@·@ú@é@Xcû@ücý@}cþ@ÿ ,
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�@v��@� �"! DEA #@]@^@_@Â�$@Y@Z�%�&�¦ , '�(@£�)�*@Q@ò@ó@ô .

2) +�,@A@B�-@>@?@A@B@C@D@E@F@ë .�G@H
«@û�/�0@�@�@]@^@_�1�2@X@>@?@>@Y@X�3�4@ª , 5�6 I@J BCC A@B@ë@h@� DMU K@L@�@�@]@^@_�7@V8 P@X@E@F@d@e 2 ¦ 6–8 f . g@Y@Z@C@D@X@O@P@E@F@j@k , 14 T@U@V�¦�X 12 T (9@Q@¤@¥@U@V�� w@x@y@z

U@V ) Y@Z@`@a@b@C@D@¡�:@£ 1, �@ò@X�;�<@E@F�=�>�?�@@û�A ,  @A@B (6) X�;�<@E@F�¦�±@{ 3 T@X@Y@Z@`
a@b@C@D@� 1, A@B@ý@}�B�C@{�A�D@ê@o . E@}@q@Ê@>�F@X@v , G@Î�¦�¨@U@V@�@�@�@�@X@CcD@qcpIH@rcs 1,

Ò@v�+�, BCC A@B�J@®@X@Y@Z@`@a@b@C@D@q�K�:@£ 1; 7 T@U@V ( ¦�´@U@V��¶µ�·@U@V�� Þ@ß@U@V�� ¸@�@U
V���º@»@U@V���à@y@U@V@�@¼c½@UcV ) L�>@±@{ 1 �@�@�@X@C@D�:@£ 1, A@B�J@®@X@Y@Z@`@a@b@C@D@qc��M
ò@� 1, �@ò@X�;�<@E@F@v@û@�@�@X . '�N , >@?@A@B@E@F@û@±�O@£@ë@��P@U@V@C@D�7@VIQ@G ,  �R@�@�@�@�
X@C@D@O@P@E@F@¡�-�+�,@A@B@X@E@F�S�'�T , �@��7@��U@����A@B (6) O@P@E@F@X@�@�@� . V�W , M@N@��F�?
s@A@B (6) O@P@Ê@s@X@Y@Z@`@a@b@C@D@q ( e 2 X 3 f ) p@¢@£�:@£�+�,@A@B@X@O@P@E@F ( e 2 X 6 f ), �
-@A@B (8) X@C@D 8 P@q@û�Y@^@A@B (9) X@C@D@q�'�Z@� .

3) [@A@C@D@E@F@G@H
Kao A@B ( \@A@B (10)) O@P@X@Y@Z@a@b@C@D@«@e 2 X 2 f�¦"J@® . ¥@^@ë ."]�^@y@­ , Kao A@B@X�;

<@E@F@p@û�Y@^@A@B (6)( X 3 f ) X�;�<@E@F , �@v��@��_�`@v@å@£�[@A�a�bcû�ccX�dc�@ªcÈ@�cX@AcB , [
E@F@v�[@A@C@D@�@`@a@b@C@D@X�e@� ,  �f�`@X�;�<@E@F@±@±@v@`@a@b@C@D . g�h@��@ 4, ó�i�J@®@Q 14 T
U@V@Y@Z�[@A@C@D@X@O@P@E@F ( e 2 X 9 f ), g@ �#@a@b@C@D�7@��U@G�j�k@`@a@b@C@D@��[@A@C@D . - Kao

A@B�' . , A@B (6) ë@C@D@q�7@V@Q�l�m@X�n@G , o�O@£�;�<@ë�p�q@®�r�k u C@X�s�� , �@ª@��U@X@~@×@Û�7t ��Q@� u . K@Ý@»@U@V@��v , Kao A@B�J@®@X@õ@i@C@D@±@� 0.4833, ¥@^@G@H@M@N@y@­@Ý@»@U@V@X@`@a@b
C@D@��[@A@C@D@G@}@� 0.9931 � 0.4867, =�>@Ý@»@U@V@X u C�w�x@v y�£�[@A@X u C�z�{@X , M@ö@M@N@�@ü
K@Ê@s@Ý@»@U@V@�@�@�@�@X@`@a@b@C@D@G@}@� 0.9931 � 1, ��V@«@ª@��U@~@×�¦ , Ý@»@U@V@Î@��|@á@â@è@é}�~���� ë����@X�[@A�7@V��@h , M@ö��@¾@ê@o@Á@Â@Ã@Ä@K@L@[@|@Å@Æ@Ç@È@Í@Å@X�B�C . g@Y@Z�[@A@C@D@E
F@k@® , 14 U@V@X��@p�[@A@C@D@� 0.7619,  �R@U@V�2@X����@n�A (�����@r@s 0.1376). {��@X@v , M@N@�
y@­���A@´@{@U@V@X��@p�[@A@C@D (0.6946)

u £@[��@�@»@U@V@X��@p�[@A@C@D (0.7888), E@}@v��"= u £�9
¼@½@U@V@�@�@�@U@V@K�W ( -@[@|@U@V�' . , ¼@½@U@V@�@�@�@U@V�k�,@ö�2���Rcõ@Í@ùc^@ï ) X@[@| 8 T@�
»@U@V@X��@p�[@A@C@D 0.8471.

4) �@��2��@?@C@�@G@H
e 2 ¦ t f@�@f�J@®@Q@\@U@V@�@�@Ö��@�@�@XI�@?cC@��3I4 . ���@��@ 3, ~@�@U@V��¹�@�@U@V@�@�@�

U@V@X@]@^@_��@?@v��@{@C@X . µ�·@U@V�� º@»@U@V�� w@x@y@z@U@V@�@¼@½@U@V��@£@]@^@_��@?@{@C���� , �
e������@T@U@V@«@�@�@Ö��@�@�@X��@¥@�����@ç��@�@Ê@n@Ð , �@Ê@õ@i@`@a@b@C@D�A@£�:@£@�@�@�@�@C@D@X���

. M@ö@�@{ 4 T@U@V@«@Ö��@�@�@X��@?@C@�@n�� , |@N@G@}@v�¦�´@U@V��¹¤@¥@U@V�� ¦�¨@UcV@�c¸@�@U
V , ��V , � 4 T@U@V@�@á@â@«���f@X@Ö��@^@_�¦"���@�@��2@X@¤� �-��@× .

4 ¡£¢
ó�i@g@Y@Z@�@�@®@y , È@�@Q VRS d@�@ª�¤�¥@Y@Z@X��@? �"! DEA A@B , j�¦@Q@Y@Z@L@[@]@^@_@`@a

b@C@D@��[@A@C@D@X 8 P@þ@ÿ .
}�~ E@F@y@­ : §�¨ BCC A@B@v@ó�i@R@È@�@A@B@X@��©�E�ª�¥�« , �@��¬@A

B�B�­�M@ö@O@P@®@Y@Z@L@[@]@^@_@X@`@a@b@C@D , E@� Kao A@B@�@ü@K@O@P@®@Y@Z�[@A@C@D , R@�@� DMU

Y@Z@{@C�(�R@±�(@|@X�®c�@�c]@^c_cp@{cC . �@�@E@F@e��"-�¯@Z�+�,cX BCC A@B�' . , ó�i@A@B�J@®@X
OcPcEcFc«c{cCc�c�c�c�c�c�c�c¡c{ISIAcÛI° ,  IR±yÑ£I/I0cQ DMU ²´³c]c^c_cLc]c^c_I1I2cXI'IµI�
Y , o�O@£�q@® DMU X ¯�¶ -�· ¶ , B@�@Î@�@��¸@ê�¹�o�º@{�<@qcX@¨I» . - Kao A@B�' . , ó�i@A@B�#
Y@Z@C@D@G�j�k@Q@Y@Z@`@a@b@C@D@�@YcZ�[cA@C@D , ÷�J@®@Q�N�¼@]@^@_�2��@?@C@�@X�;I<@EcF , �@ @O@P
E@F�o���º@i��½l�m��½¾@� .

VIW , yÑ£I¤I¥cYcZcXI_cêIdc�c�I_c�c]c^c_cXcùc®I\c�Ifc�c]c^c_cXcÕI$ , �còcXIdc�c^c£I¿IÀ . 7
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��U@{�?�@@X }�~ ²@³ : 1) Ë�Ì�f�Í@]@^@_@{@��W@X@Õ�$ ; 2) # VRS ��Î �"! DEA Ï@B�)@z@s@[@|�Ð@B
X�Ñ�Ò@E@È (

� ÷@V@E@È ).
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