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Abstract: The data envelopment analysis (DEA) is a multi-factor productivity analysis tool for measuring

the relative efficiencies of a homogenous set of decision-making units ( DMU s), which is firstly proposed by

Charnes, Cooper and Rhodes in 1978. There are several key elements in DEA models, including production

possibility set, measure, preference, type of variables, level of the evaluation problem, and explicit data or

not. The combination of these elements can form different DEA model, which can be used to solve different

problems. This paper aims to summarize a number of importantstudies in recent years based on the above six

key elements of the DEA models. Also, this paper briefly describes some applications of DEA models. Finally,

this paper presents some possible future research directions.
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1 ïïïÄÄÄ���µµµ

êâ�ä©Û(data envelopment analysis, DEA)�{´ÄuÝ\�Ñêâ��ék�5µd�{[1].T

�{�Ä�g�åu Farrell[2]é)�Ç�ïÄ,¦�Ñc<éûüü�(decision making units, DMU ))

�Ç�ïÄó�vknÜ�Äõ«Ý\Úõ«�Ñ,�3ÃõÛ�.Äud,Ùò)�Ç(productivity)�

Vg*Ð�
)��Ç(efficiency).8cDEA�{®²¤�õÝ\õ�Ñ�¹eûüü��ék�5Ú

5�ÂÃ��¡A^��2��ên�{��[3] . DEA�{�A^é�´Óa.� DMUü�.Óa.

�DMUü�´�DMUü�äk±en�A�:�´§�äkÓ��8IÚ?Ö;�´§�äkÓ��

ÂvFÏ: 2012−01−18;?¾FÏ: 2012−08−20.

Ä7�8:I[g,�ÆÄ7]Ï�8(71201158);¥���E�ü�+n�ÆïÄ¤��ï]Ï�8(Y201531801).
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	Ü�¸;n´§�äkÓ��Ý\Ú�Ñ�I.z�DMUü�Ñ�L�½�²L¿Â,3òÝ\=z

��Ñ�L§¥,¢yg��8I. DEA�{¥�¹eZ'���,ù
'���û½DEA�.�äN/

ªÚ^å.ù
���): 1))��U8(production possibility set,PPS).)��U8�±b½�5�ÂÃØ

C,�C,�4OÚ�4~�. 2)ÿÝ(measure).ÿÝ´�3�½ Ð�Ä:þ,^5ÿþDMU s1�Ð��

,«ÿþºÝ,�)»�ÿÝ, RussellÿÝ�. 3) Ð(preference).~^� Ðkø\÷ Ð,²þ Ð,Ý


 Ð�. 4)Cþ�a.(type of variables). DMUü��Ý\�Ñêâ�±kØÓ�a.,~X�?¿C

zCþ(non-discretionary variables),Ø��Cþ(non-controllable variables),k.Cþ(bounded variables),K�

Cþ(undesirable variables)�. 5)̄ K��g. 6)êâ´Ä´(½�(explicit or not).±þù
���|Ü,�

±/¤ØÓ�DEA�.,^u)ûØÓ�¯K. Liu�[4]�\ïÄ
DEA�{¥�)��U8,ÿÝÚ 

Ð.�©�3�7±þ'���é DEA�{Cc�eZ�ïÄó�Ú�.?1ÎnÚ©a,0�


(½(explicit)êâ�DEA�.,�)ÄuØÓ)��U8b½� DEA�.,ÄuØÓÿÝ�DEA�.,%

¹ØÓ Ð�DEA�.,ÄuØÓCþa.� DEA�.,õ�gDEA�.9Ù¦DEA�.,~X��

ÇDEA�.±9DEA�.�(¯Ý©Û�.0�
Ø(½êâ� DEA�.,�):ÄuÚOA�� DEA�

.,«mêDEA�.Ú�
êDEA�.�.0�
DEA�.�eZA^,�):�ék�5µd,5�ÂÃ

©Û,��¤�¯K,��ÂÃ¯K,��|d¯K,Eâ?Ú�zÇ���,«�²Lý´,XÚ©a�Ãõ

+��A^.���ÑïÄÐ".

2 (((½½½êêêâââ���DEA���...

2.1 ÄÄÄuuuØØØÓÓÓ)))������UUU888bbb½½½��� DEA���...

Äk,�ÑBanker[5]JÑ�)��U8(PPS)�½Â.�Än�DMUü�,ü�DMUj(j = 1, 2, . . . , n)k

m�Ý\xij (i = 1, 2, . . . ,m),s��Ñ yrj (r = 1, 2, . . . , s).

½Â 1 ½ÂT = {(x,y)|�Ñy�dÝ\x)�Ñ5}�)��U8.�âBanker[5]�ïÄ,)��U

8(PPS)I�÷v±eo^b�:

b� 1(à5) é (x,y) ∈ T , (x′,y′) ∈ T ,Úµ ∈ [0, 1],kµ(x,y) + (1 − µ)(x′,y′) ∈ T.

b� 2(I5) XJ (x,y) ∈ T ,k > 0,@o k (x,y) = (kx, ky) ∈ T .

b� 3(Ã�5) ½Â (x,y) ∈ T ,XJx′ > x@o (x′,y) ∈ T ;XJy′ 6 y,@o (x,y′) ∈ T .

b� 4(��5) )��U8 T ´÷vþãb� 1–b�3�¤k8Ü��8.

3÷vb� 1–b�4�Ä:þ,é®k�*	� (xj ,yj) (j = 1, 2, ..., n),��

T =

{
(x,y)

∣∣∣∣∣k
n∑

j=1

µjxj 6 x, k

n∑

j=1

µjyj > y, µj > 0,

n∑

j=1

µj = 1, k > 0

}
. (1)

e- kµj = λj, j = 1, 2, . . . , n,Kª(1)�

T =

{
(x,y)

∣∣∣∣∣

n∑

j=1

λjxj 6 x,
n∑

j=1

λjyj > y, λj > 0

}
. (2)

erb� 2�KÓ�\þ
n∑

j=1

λj = 1�å,Kª(2)C�

T =

{
(x,y)

∣∣∣∣∣

n∑

j=1

λjxj 6 x,

n∑

j=1

λjyj > y, λj > 0,

n∑

j=1

λj = 1

}
. (3)
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,	,k��ÿ�¬�ÄXe/ª�)��U8

T =

{
(x,y)

∣∣∣∣∣

n∑

j=1

λjxj 6 x,
n∑

j=1

λjyj > y, λj > 0,
n∑

j=1

λj 6 1

}
, (4)

T =

{
(x,y)

∣∣∣∣∣

n∑

j=1

λjxj 6 x,

n∑

j=1

λjyj > y, λj > 0,

n∑

j=1

λj > 1

}
, (5)

T = {(x,y) |x > xj ,y 6 yj,x,y > 0, j = 1, 2, ..., n} . (6)

Ù¥ª(2)�5�ÂÃØCb½)��U8;ª(3)�5�ÂÃ�Cb½)��U8;ª(4)��4~5�ÂÃ

b½)��U8;ª(5)��4O5�ÂÃb½)��U8;ª(6)�gd?��(free disposal hull, FDH).b

½)��U8.

d	,XJb½)��U8k�c÷¡��Ù��.d.(C-D),KI��Äòb� 1(à5)O��b

�5(AÛà5),¿�Kb� 2 [6].

b� 5(AÛà5) XJ (xj ,yj) ∈ T, j = 1, 2, ..., n,Kéu÷v
n∑

j=1

λj = 1�λj > 0,k (x′

0
,y′

0
) ∈

T ,ùpx′

0
Úy′

0
�1 i�©þÚ1 r�©þ©O� x′

i0 =

n∏

j=1

x
λj

ij , i = 1, 2, ...,m, y′r0 =

n∏

j=1

y
λj

rj , r = 1, 2, ..., s.

d�)��U8�

T =

{
(x,y)

∣∣∣∣∣0 <
n∏

j=1

x
λj

ij 6 xi, i = 1, 2, . . . ,m;

n∏

j=1

y
λj

rj > yr > 0, r = 1, 2, . . . , s;

n∑

j=1

λj = 1, λj > 0, j = 1, 2, . . . , n;x = (x1, x2, . . . , xm)T, y = (y1, y2, . . . , ys)
T

}
. (7)

2.1.1Äu)��U85�ÂÃØCb½� DEA�.(CCR-DEA)

Farrell[2]�ÑÿþDMUü��)��Çé�'�ü�½äk�¿Â, ¿ò)�Ç(productivity)�V

g*Ð�
)��Ç(efficiency). Charnes� [1]KÄuÝ\�Ñ©Û��n, ÏLeª(8)éDMUü��é

k�5?1µd

Max θ =

s∑

r=1

uryr0

(
m∑

i=1

vixi0

)−1

, s.t.





s∑

r=1

uryrj −

m∑

i=1

vixij 6 0, j = 1, 2, . . . , n

ur, vi > ε, r = 1, 2, . . . , s; i = 1, 2, . . . ,m,

(8)

Ù¥ε��CÄ��Ã¡�.�.(8)8I¼ê��Ñ�Ý\�',Ïd¡�ÄuÝ\��.. aq�,�A�

8I¼ê�¤Ý\��Ñ�',K�Äu�Ñ��.. �.(8)�¡�ÄuÝ\�CCR-DEA�..

�.(8)́ �©ª5y�.(8I¼ê´©ª),-µr = tur, νi = tvi,Ù¥ t =

(
m∑

i=1

vixij

)−1

,²

LCharnes-CooperC�,�±=z�8I¼ê´�.¼ê��55y(linear programming, LP)�.

Max θ =
s∑

r=1

µryr0, s.t.





s∑

r=1

µryrj −
m∑

i=1

νixij 6 0, µr > ε,
m∑

i=1

νixi0 = 1, νi > ε

r = 1, 2, . . . , s; i = 1, 2, . . . ,m; j = 1, 2, . . . , n,

(9)

�.(9)q�¡�CCR-DEA�¦ê�.½éó�.. �.(9)�éó�.�±�¤

Min θ = θ0 − ε

(
s∑

r=1

s+
r +

m∑

i=1

s−i

)
, s.t.





n∑

j=1

λjxij + s−i = θ0xi0,

n∑

j=1

λjyrj − s+
r = yr0

λj, s
−
i , s

+
r > 0, i = 1, 2, ...,m

r = 1, 2, ..., s, j = 1, 2, ..., n.

(10)
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�.(10)q�¡�CCR-DEA��ä�.. I�5¿�´, CCR-DEA�.¥Û¹
)��U85�ÂÃ

ØCb½(�ª(2)).

2.1.2Äu)��U85�ÂÃ�Cb½� DEA�.(BCC-DEA )

Banker[7]Äu)��U85�ÂÃ�Cb½(�ª(3)),*Ð
Charnes� [1]�ó�,JÑ
BCC-DEA�

.. aq�, BCC-DEA�.�©�ÄuÝ\ÚÄu�Ñ��.. ±ÄuÝ\�BCC-DEA�.�~,Ù¦ê

�.(��CÄ��Ã¡�Cþε)�

Max θ =

s∑

r=1

µryr0 + µ0, s.t.





s∑

r=1

µryrj−

m∑

i=1

νixij + µ0 6 0,

m∑

i=1

νixi0 = 1

µr, νi > ε, r = 1, 2, ..., s, i = 1, 2, ...,m;µ0?¿.

(11)

ÄuÝ\�BCC-DEA�.(��CÄ��Ã¡�Cþ)��ä�.�

Min θ = θ0 − ε

(
s∑

r=1

s+
r +

m∑

i=1

s−i

)
, s.t.





n∑

j=1

λjxij + s−i = θ0xi0,

n∑

j=1

λjyrj − s+
r = yr0

n∑

j=1

λj = 1, λj , s
−
i , s

+
r > 0

i = 1, 2, ...,m, r = 1, 2, ..., s, j = 1, 2, ..., n.

(12)

2.1.3 Cobb-Douglas.DEA�.

Äuª(7)½Â�)��U8, Banker� [6]Äu�Ñ�C-D.DEA�.Xe

Max θ = α0, s.t.





n∏

j=1

y
λj

rj > α0yr0, r = 1, 2, ..., s

n∏

j=1

x
λj

ij 6 xi0

i = 1, 2, ...,m;λj > 0, j = 1, 2, ..., n.

(13)

3ª(13)¥Ú\¦f(tµCþ),2�g,éê,��Xe¹�CÄ��Ã¡�Cþ� DEA�.

Max θ = α0 + ε

(
s∑

r=1

ψr0 +
m∑

i=1

ξi0

)
, s.t.





α0 + yr0 + ψr0 =

n∑

j=1

λjyrj, r = 1, 2, ..., s

xi0 − ξi0 =
n∑

j=1

λjxij , i = 1, 2, ...,m

n∑

j=1

λj = 1, λj > 0, j = 1, 2, ..., n

ψr0, ξi0 > 0, i = 1, 2, ...,m, r = 1, 2, ..., s,

(14)

Ù¥ ᾱ0�\þy��ÎÒ©OL«TÎÒéA�g,éê.

2.1.4 NIRS, NDRSÚFDH�.

Äu�4~5�ÂÃb½�)��U8(�ª(4))Ú�4O5�ÂÃb½�)��U8(�ª(5)),©O

kNIRSÚNDRS�. [8,9].±ÄuÝ\���CÄ��Ã¡�Cþ��ä�.�~.

Min θ = θ0 − ε

(
s∑

r=1

s+
r +

m∑

i=1

s−i

)
, s.t.





n∑

j=1

λjxij + s−i = θ0xi0,

n∑

j=1

λjyrj − s+
r = yr0,

n∑

j=1

λj > 1(NIRS)½

n∑

j=1

λj 6 1(NDRS),

λj, s
−
i , s

+
r > 0,

i = 1, 2, ...,m, r = 1, 2, ..., s, j = 1, 2, ..., n.

(15)



844 X Ú ó § Æ � 1 28ò

ÄuFDH.)��U8b½(ª(6)), Deprins� [10]JÑ
FDH�.,��Tulkens [11]éFDH�.?1


*ÐÚí2,äNXª(16)¤«.

Min θ, s.t.





n∑

j=1

λjxij + s−i = θ0xi0,
n∑

j=1

λjyrj − s+
r = yr0,

n∑

j=1

λj = 1, λj ∈ {0, 1}

i = 1, 2, ...,m, r = 1, 2, ..., s, j = 1, 2, ..., n,

(16)

Ù¥λj ∈ {0, 1}.

2.2 ÄÄÄuuuØØØÓÓÓÿÿÿÝÝÝ���DEA���...

²LÆ[3ïÄXÛÿþ)��Ç�L§¥, JÑ
õ«ÿÝ¼ê. Farrell[2]*Ð
Koopmans[12]Ú

Debreu[13]'u]¦^Ç�ïÄ, ò)��Ç©)�Eâ�ÇÚ���Ç, ¿JÑ�±^»�ÿÝ

ÿþDMU�Eâ�Ç. FäreÚLovell [14]ÚRussell[15,16]½Â
RussellÿÝ, #NDMU 0Uì�aÝ\(½�

Ñ)���gd*Ü, ¿ÿÝ�aÝ\(½�Ñ)��*Ü'Ç��â²þ�. d	,�kÄutµCþ(slacks

based measure, SBM)�ÿÝ [17], ZieschangÿÝ [18]±9��ÿÝ [19,20]�.

2.2.1 RussellÿÝ�.

du»�ÿÝDEA�.�aÝ\(½�Ñ)�UUì»�ÿÝ*Ü, ÏdJ±«©rk� DMUü�Ú

fk�DMUü�. Färe� [14]cJÑRussellÿÝDEA�.,ÙØ%´ÿÝDMUü�÷��I��Â (*

Ü)'Ç����ê²þ�.±ÄuÝ\�RussellÿÝCCR-DEA�.�~

Min θ =
m∑

i=1

θi/m, s.t.





n∑

j=1

λjxij 6 θixi0, i = 1, 2, ...,m,

n∑

j=1

λjyrj > yr0, r = 1, 2, ..., s

0 6 θi 6 1, i = 1, ...,m;λj > 0, j = 1, 2, ..., n.

(17)

3ª(17)¥O\�å
n∑

j=1

λj = 1, j = 1, 2, ..., n,=��A�BCC-DEA�.. du�.(17)��Ä


Ý\�Cz, Paster� [21]éRussellÿÝDEA�.?1
?�, JÑOrRussellÿÝ(enhancement Russell

measure)�.

Min θ =

m∑

i=1

θi/m

s∑

r=1

φr/s

, s.t.





n∑

j=1

λjxij 6 θixi0,
n∑

j=1

λjyrj > φryr0,
n∑

j=1

λj = 1

λj > 0, 0 6 θi 6 1;φr > 1; i = 1, 2, ...,m

r = 1, 2, ..., s, j = 1, 2, ..., n.

(18)

2.2.2\5�.

Charnes� [22]JÑ\5�.(½¡� Pareto-Koopmans�.)

Min θ =

(
s∑

r=1

s+
r +

m∑

i=1

s−i

)
, s.t.





n∑

j=1

λjxij + s−i = xi0,

n∑

j=1

λjyrj − s+
r = yr0,

n∑

j=1

λj = 1

λj, s
−
i , s

+
r > 0, i = 1, 2, ...,m, r = 1, 2, ..., s, j = 1, 2, ..., n.

(19)

�ª(19)�`�� 0�, DMU 0�DEAk�.duØÓÝ\Ú�Ñ�m�U�3Ø�úÝ5 [15],Ó�8

I¼ê¿Ø´DMUü�ý��1�ÿÝ,ÏdCharnes� [22]ïÆª(19)8I¼êæ^e¡�/ª.

Q0 =
1

(m+ s)

(
s∑

i=1

s−i
/
xi0 +

m∑

r=1

s+
r

/
yr0

)
. (20)

�
�CCR-DEA½BCC-DEA¥�Ç�Vg��, Sueyoshi[23] �Chang� [24]é\5�.?1
ï

Ä,JÑò 1 −Q0��8I¼ê,�ÙØ�½÷v 0 6 1 −Q0 6 1. Green� [25]ò8I¼ê?��
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Q0 =
1

(m+ s)

(
s∑

i=1

s−i
/
xi0 +

m∑

r=1

s+
r

/(
yr0 + s+

r

)
)
. (21)

2.2.3 SBM�.

Tone[17,26]JÑ
�«ÄutµCþ�ÿþ�{(slacks based measure, SBM)�DEA�.

Min θ =

1 −
1

m

m∑

i=1

s−i /xi0

1 +
1

s

s∑

r=1

s+
r /yr0

, s.t.





n∑

j=1

λjxij + s−i = xi0,

n∑

j=1

λjyrj − s+
r = yr0,

n∑
j=1

λj = 1

λj, s
−
i , s

+
r > 0; r = 1, 2, ..., s, i = 1, 2, ...,m, j = 1, 2, ..., n.

(22)

�,SBM�.(22)�OrRussellÿÝDEA�.(18)�/ªØÓ,�´N´y²§��mäk�d

5 [27].3Ó��ÄÝ\Ú�Ñ��¹e, SBM�.�±=z¤�55y�. [17].

2.2.4 RAM�.

Cooper� [28]�Ñ
RAM�.(range adjusted measure),Ù¥8I¼ê¥�Ý\Ú�Ñ�tµCþd�

A�RxT ÚRyT ?1
N�,T�.�

Max θ =
m∑

i=1

Rx
i s

−
i +

s∑

r=1

Ry
rs

+
r , s.t.





n∑

j=1

λjxij + s−i = xi0,
n∑

j=1

λjyrj − s+
r = yr0,

n∑

j=1

λj = 1

λj, s
−
i , s

+
r > 0, i = 1, 2, ...,m, r = 1, 2, ..., s, j = 1, 2, ..., n,

(23)

Ù¥

Rx
i = (m+ s)

−1
(max {xij |j = 1, 2, ..., n} − min {xij|j = 1, 2, ..., n})

−1
, (24)

Ry
r = (m+ s)

−1
(max {yrj|j = 1, 2, ..., n} − min {yrj|j = 1, 2, ..., n})

−1
. (25)

2.2.5Ù§�.

Cooper� [29]JÑ
�Çk.�NÿÝ(bounded adjusted measure of efficiency, BAM)�.,¿�Ñ
3

)��U85�ÂÃ�Cb½(VRS)�åe��.äN/ª±9�å\5�..d	,�kÄu Zieschangÿ

Ý [18]±9��ÿÝ[19,20]�DEA�..

2.3 %%%¹¹¹ØØØÓÓÓ   ÐÐÐ���DEA���...

 Ð´ïá3�À�Y8þ��«��'X,L�ûüöé�À�Y`���ä. Ð�©�n5 

ÐÚ�n5 Ð.Ï~b�n5 Ð'Xäkg�5,D45Ú��5.ø\÷(Pareto) Ð´�«n5 

Ð,=A'BÐ¿�XA�?Û��¡ÑØ�uB [30].d	,Ý
 Ð,I Ð��´n5 Ð.c©¤ã

�DEA�.¥�Ñ%¹X Pareto Ð,��!o(eZ%¹Ù¦n5 Ð� DEA�..

2.3.1��å�.

~^�Ú\ Ð��{´�DEA�.O\��å,=�²;�CCR-DEAÚBCC-DEA�.O\Ü

·���å.Ï~��å´ÏLDEA�¦ê�.Ú\�. Allen� [31]�Ñ,��åÌ�©�oa: 1)ý

é��å(absolute weights restriction); 2)�y«�a. I(assurance regions of type I, AR-I); 3)�y«�a

.II(assurance regions of type II, AR-II); 4)J[Ý\Ú�Ñþ���å(weight restrictions on virtual input

and outputs).e¡±CCR-DEA�¦ê�.(9)�~,o(��å�a.,�L1.d	,��å�.��'

ïÄ�©z[32–39].
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L 1 CCR-DEA¦ê�.���åa.®o

Table 1 Types of weights restrictions in CCR-DEA multipliermodel

a.
��å

3Ý\þ���å 3�Ñþ���å

ýé��å δi 6 vi 6 τi ρr 6 ur 6 ηr

�y«�a.I
κivi + κi+1vi+1 6 vi+2 ωrur + ωr+1ur+1 6 ur+2

αi 6 vi/vi+1 6 βi θr 6 ur/ur+1 6 φr

�y«�a. II γivi 6 ur

J[Ý\Ú�Ñþ���å ψi 6 vixij/
m∑

i=1
vixij 6 ϑi ̟r 6 uryrj/

s∑
r=1

uryrj 6 σr

5:i1(δi, τi, ρr , ηr , κi, ωr , αi, βi, θr , φr, γi, ψi, ϑi,̟r, σr)´ýk(½�~ê,^±�Nûüö Ð.

2.3.2I'~�å�.

Charnes� [40]JÑûüö Ð(��“I Ð”��I'~(cone ratio)�åDEA�.

Max θ =
uTy0

vTx0

, s.t. vTX − uTY ∈ K; v ∈ V \ {0},u ∈ U \ {0}, (26)

Ù¥X = (x1,x2, ...,x0, ...,xn)�m× nÝ
,Y = (y1,y2, ...,y0, ...,yn)� s× n�Ý
,V ⊂ Rm
+ ,U ⊂

Rs
+�4àI,� IntV 6= ϕ, IntU 6= ϕ.

K ⊂ Rn
+�4àI,¿� δj = (0, ..., 0, 1, 0, ..., 0)T ∈ −K∗,δj´1 j�©þ� 1,Ù{©þ� 0�n�

�þ.

K∗�K�4I,=K∗ =
{
k|k̂Tk 6 0,∀k̂ ∈ K

}
.��, Charnes� [41]éI'~�åDEA�.��`

)�¹?1
�\�ïÄ.

2.3.3Ù§�.

�k�
%¹Ù¦n5 Ð� DEA�.,�)²þ ÐDEA�.,Ý
 ÐDEA�.±9i;S 

ÐDEA�. [42].

2.4 ÄÄÄuuuCCCþþþaaa...���DEA���...

2.4.1�3�?¿CzCþ�NDV-DEA�.

Banker� [43]JÑ
�3�?¿CzCþ(non-discretionary variables, NDV)�DEA�.,ÙØ%g�´

,
CþØU?¿Cz.-DL«��¿Cz�Ý\Cþ8Ü, ND�LØU�¿Cz�Ý\Cþ8Ü,ä

N�.Xe.

Min θ = θ0 − ε

(
∑

i∈D

s−i +

s∑

r=1

s+
r

)
, s.t.





n∑

j=1

λjxij + s−i = θ0xi0, i ∈ D

n∑

j=1

λjxij + s−i = xi0, i ∈ ND,

n∑

j=1

λjyrj − s+
r = yr0;λj , s

−
i , s

+
r > 0

r = 1, 2, ..., s; i = 1, 2, ...,m; j = 1, 2, ..., n.

(27)

Cooper� [36], Ruggiero [44−46], Syrianen[47]±9Muniz� [48]éd�.?1
�\&?.

2.4.2�3Ø��Cþ�NCV-DEA�.

3NDV-DEA�.¥, ND�LØU?¿Cz�Ý\Cþ8Ü,� s−i > 0¿�X
n∑

j=1

λjxij0 6 xi0, i ∈ ND.

�´3y¢A^¥,�3,
Ý\½�ÑCþ7L�±3�½�Y²þ,=�3Ø��Cþ(non-controllable

variables, NCV).-N1ÚN2©O�LØ��Cþ�8Ü,N 1ÚN 2�L���Cþ8Ü,K�A�NCV-
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DEA�.Xe[49].

Min θ = θ0 − ε



∑

i∈N1

s−i +
∑

r∈N2

s+
r


 , s.t.





n∑

j=1

λjxij + s−i = θ0xi0, i ∈ N 1

n∑

j=1

λjxij = xi0, i ∈ N1

n∑

j=1

λjyrj − s+
r = yr0, r ∈ N 2

n∑

j=1

λjyrj = yr0, r ∈ N2

λj > 0, j = 1, 2, ..., n, s−i , s
+
r > 0, i ∈ N 1, r ∈ N 2.

(28)

2.4.3�3k.Cþ�BND-DEA�.

�3k.Cþ(bounded variables)�BND-DEA�.d�3Ø��Cþ� NCV-DEA�.üz5,§

òNCV-DEA�.¥�Ø��Cþ��å,Cz¤þe.�å [49]. BND-DEA�.�ª(29).

Min θ = θ0 − ε



∑

i∈N1

s−i +
∑

r∈N2

s+
r


 , s.t.





n∑

j=1

λjxij + s−i = θ0xi0, i ∈ N 1

Lx
0 6

n∑

j=1

λjxij 6 Ux
0 , i ∈ N1

n∑

j=1

λjyrj − s+
r = yr0, r ∈ N 2

Ly
0 6

n∑

j=1

λjyrj 6 Uy
0 , r ∈ N2

λj > 0, j = 1, 2, ..., n; s−i , s
+
r > 0, i ∈ N 1, r ∈ N 2,

(29)

Ù¥ (Lx
0 , U

x
0 )Ú (Ly

0, U
y
0 )´DMU0ü��?¿CzÝ\Ú�Ñ�þe..

2.4.4�3K�Cþ(undesirable variables)�DEA�.

~��DEA�.�ÑÛ¹Xeb½:=�Ñ�õ�Ð,Ý\���Ð.,3y¢¥,k
Ý\½�Ñ

�I%Ø´ù«�¹,~X>��À/���Ñ�I����/. Seiford�[50], Färe�[51], Hua�[52]�éd

¯K?1
ïÄ.ù
ïÄ�Ñ´òK�Cþ?1=z,Cz¤��Cþ?1ïÄ. Liu�[53]ÏL#½Â

)��U8,é�3K�Ý\�ÑCþDEA�.?1
�\�ïÄ,JÑ
���nØµe.¦�JÑ��

.Xe.

Min
(
α/β − ε

(∣∣sDI
∣∣+
∣∣sUI

∣∣+
∣∣sDO

∣∣+
∣∣sUO

∣∣)) , s.t.





n∑

j=1

Y DO
j λj − sDO = βY DO

0

n∑

j=1

XUI
j λj − sUI = βXDO

0

n∑

j=1

Y UO
j λj + sUO = αY UO

0

n∑

j=1

XDI
j λj + sDI = αXUO

0

λ ∈ S, β > 1, 0 6 α 6 1,

(30)

Ù¥ (X,Y ) = (XD,XU , Y D, Y U)�¹��ÚK��Ý\�ÑCþ, S = {λj > 0, j = 1, 2, ..., n}½öS =
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{
λj > 0,

n∑

j=1

λj = 1

}
.

2.4.5SêCþDEA�.

DMUü��µd�IØ
½þ�I±	  �k½5�I. Cook� [54,55]ò½5�I�¯KÚ\

�DEA�.�¥,¿ÏLeZ| 0–1Cþ�ïSêCþ(ordinal variables) DEA�.. Kim� [56]òSêC

þDEA�.A^�¸I>{Ûµd¯K¥. Cook� [57]KJÑ
���kSêCþ� I DEA�.,¿�

Ñ I DEA�.�Cook� [54,55]JÑ��.äk�d5.

2.4.6Ã²(Ý\�DEA�.

3µd¢�¥,²~¬kvk²(�Ý\êâ��/,~X�Çêâ,=k�Ñêâ�. Thanassoulis�[58]

ÚDespotis[59,60]�ïÄ
�k�Çêâ� DEA�.

Max θ, s.t.

n∑

j=1

λjyrj > θyr0, r = 1, 2, ..., s,

n∑

j=1

λj = 1, λj > 0, j = 1, 2, ..., n. (31)

Liu� [61]KJÑ
ò�ÇêâÚ=k�Ñêâ�Ñ8��²(êâ(without explicit inputs, WEI),�ï


�A�DEA-WEI�.¿òûüöd��äÚ\��.�¥. Yang� [62]K�\ïÄ
DEA -WEI�.�

�^¼ê�m�'X,¿(Üõá5�^nØ(MAUT)JÑ
�k��5�� DEA-WEI�..

2.4.7 DMUü��3aO�DEA�.

3µd¢�¥, DMUü�  ¬�3aO(category).~X?uØÓ¿�^���½½Õ1�.ù«�

¹e,  I�òDMUü�?1©aµd. Banker� [63]�Ñ, DMUü��±©�+nö�±���ÚØ

U���üa,¿�ï
�A�DEA�.,Ì�AÚ´ò©aCþÏLeZ|0–1Cþ?1L�,¿O\�

å
n∑

j=1

λjd
(k)
ij 6 d

(k)
i0 ,�yDMUü��ëì:�U3�a½�$�aO¥,l¢yDMUü��©aµ

d.��, Syrjanen[47]#ïÄ
d¯K,¿JÑ
da¯K���µe5�.. Lober� [64]3c<�Ä:þ

JÑ
��U?�.,ü$
O�E,5.

2.5 õõõ���gggDEA���...

2.5.1ü�ãDEA�.

y¢²L¹Ä¥,  �3DMUü�©�ü��ã��¹,=1��ãÏLÝ\¼���Ñ¬¤

�1��ã�Ý\. Seiford� [65]JÑ
��ü�ã(two-stage)�Y~,¿æ^DEA©OÿÝü��ã��

ék�5,�vk�Ä�ü��ã�m�éX.Äud, Kao� [66]�Ä
ü��ã�m�éX¿�ï
�

A��.. Chen� [67]�ÑKao� [66]�ó�´Äu)��U85�ÂÃØCb½(CRS),¿JÑ�æ^\�

¦Ú��{��ü��ã�nÜ�ék�5. Wang� [68]K�Ñ�±æ^NÚ²þê(harmonic mean),¿

òKao� [66]��.í2�)��U85�ÂÃ�Cb½(VRS)�e.

2.5.2�äDEA�.

DÚ�DEA�.�3��"�,=®k��.Ñvk�Ä�|�SÜ�ØÓü��m�éX [69−71].y

¢¥,kéõ|�Ñkõ�Õá�Ü�½ü�,ù
ü��m�3X�péX [69].Äud, Färe� [72]JÑ�

ä(network) DEA�.,¦�@�DÚ�DEA�.òDMUü�À�”ç�”,�äDEA�.�±�m“ç

�”,lµdDMUü��NÚSÜ�Ü©��ék�5. Tone� [69]JÑ
ÄutµCþ��ä DEA�

.,¿é>��1�?1
µd. Cook� [73]æ^\5�äDEA�.éDMUü���NÚSÜ�|¤ü�

��ék�5?1
µd. Hsieh� [74]æ^�äDEA�.é��ÀiU,?1
k�5µd.�a [75]K�

\ïÄ
�äDEA�.�nØÄ:. Tone� [69]�Ñ�äDEA�.eDMUü��5�ÂÃ�¹I�?�

ÚïÄ.
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2.5.3�gDEA�.

lDEA�{�¢�A^²�(rule of thumb)5w,�µü�DMU�êþ��AT�Ý\�Ñ�Iê

�2–3�±þ,ÄKDEA�{éDMUü��«©Uå¬ü$.Ïd,3Ý\�Ñ�I�õ¿��Imäk

�?(���¹e,I�æ^õ�g(multi-level) DEA�.5éDMUü�?1k�5µd. Meng� [76]JÑ

�«ü�g�DEA�.,¿±¥��Ä:aïÄ¤�Y~?1
µd.d	, Cook�[77,78]3d�¡�
�

A�ïÄó�.

2.6 ÙÙÙ¦¦¦DEA���...

2.6.1��ÇDEA�.

Andersen� [79]�éd¯KJÑ
��Ç(super efficiency) DEA�.,�3«©c÷¡þ�k�DMUü

�.ÙÄ�g�´òk� DMUü�lëì8¥J�Ñ5,O�Ù��Ç�©.±ÄuÝ\���CÄ��

Ã¡�Cþ��ä/ª�.(»�ÿÝ)�~,

Min θ = θj0 − ε

(
s∑

r=1

s+
r +

m∑

i=1

s−i

)
, s.t.





∑

j,j 6=j0

λjxij + s−i = θj0xij0

∑

j,j 6=j0

λjyrj − s+
r = yrj0λj, s

−
i , s

+
r > 0

r = 1, 2, ..., s; i = 1, 2, ...,m; j = 1, 2, ..., n

(32)

Tone[80]�\ïÄ
��ÇDEA�.,¿JÑ
��ÄuSBMÿÝ���ÇDEA�..d	,ù�¡�

ïÄó��kRousseau� [81], Seiford� [82]�.

2.6.2���Ç(Cross efficiency) DEA�.

DMU 0����Ç�NDMU jéDMU 0���µd(J
[83],½Â�θj0 =

s∑
r=1

µ∗
ryrj/

k∑
i=1

ν∗i xijÙ

¥ (µ∗
r, ν

∗
i ) �DMU 0�ÄuÝ\�CCR-DEA�.(�ª(9))��`),Äud,�±���� n × n��

��ÇÝ
(Ù¥,n�LDMUü���ê). Sexton� [83]±9Doyle� [84]�éCCR-DEA�.¥�U�3

õ�`)¯K,JÑ
�A�)û�{Ú�.,�)“?�”�.Ú“�Å”�.. Wang� [85]JÑæ^kS

\�²þ(OWA)�f5?1���Ç�Ü¤.d	, Wang� [86]În
DEA���Çµd¥��(½¯

K. Wang� [87]KÏLn�DMUü�Ú�n�DMUü�5Ü¤���ÇÝ
. Liang� [88]JÑÆ���

�Ç�Vg,¿�Ñòz� DMUü�À�Æ���Æ����Ç�..�´,8cyk�ïÄ"�éûü

ö Ð(���Ä.

2.6.3��DEA�.

DÚ�DEA�.c÷¡�©ã�5¼ê,ý¢�c÷¡�U´p���(Ø÷và5b½).Äu

d, Kuosmanen� [89]JÑ
��/ª� DEA�.(quadratic DEA, QDEA)¿ÏLê��[�Ñ QDEA�.

'DÚ�DEA�.3�Çµd�¡Ly�Ð�(Ø. Yang� [62]KïÄ
DEA-WEI�.���/ª,¿?

Ø
õ« Ðe���DEA-WEI�.�5�.3Yang[62]ó��Ä:þ,��±éDEA-WEI�.�?�Ú

&?,~X:�k��å�DEA-WEI�.�.

2.7 eeeZZZ***ÐÐÐ¯̄̄KKK

2.7.1I�êâ

Charnes� [90]æ^DEA�{ÚI�êâ�EâïÄ
{I����ü�ØÓ�m:��Ç�¹,ÙØ

%g�´òDMUü�3ØÓ�Ï�Ly��ØÓ� DMUü�?1µd,l�	Ù�ék�53ØÓ�

Ï�Cz�¹. Sun[91]©Û
I�êâEâ�A5. Cooper� [36]?Ø
ù«�{�`³ÚØv,Ù¥��Ì

�Øv´ÐÏÚ"Ï� DMUü�ØX¥mÏ�¦^ªÇp.Äud, Sueyoshi[92]JÑ
DMUü�ÅÚ4
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O��{(q¡� round robin)�5?1I�êâ©Û.

2.7.2�Sêâ

Malmquist[93]JÑ���)�Ç(TFP)�Vg,©Û|�)�Ç�Cz. Färe� [51]ÄuDEA�.�ï


Malmquist)�Ç�ê.~X:Äu0ÏÚ tÏêâ�DMU j�Malmquist�ê½Â�Mj(0, t) = D0
j0/D

0
j0.

Malmquist)�Ç�ê(ÄuÝ\�)�±©)¤�EâCz(technical change, TC)Ú�é�ÇCz(relative

efficiency change, EC)ü�|¤Ü©,Xe¤«.

Mj(0, t) = (Dt
jt/D

0
jt)(D

0
j0/D

t
jt) = TCj(0, t)ECj(0, t), (33)

Ù¥EâCz�c÷¡�£Ä(frontier-shift effect),�é�ÇCz�Eâ�Ç�U?(catch-up effect).

2.7.3(¯Ý©Û

Cook� [94]�Ñ, DEA�.�(¯Ý©ÛÌ��éXe¯K:XJDEA�.¥�êâu)Cz,@où


CzXÛK�DMUü���é�Ç�?ù�¯K8cÌ�kn�ïÄ��,�L 2.

L 2 DEA�.(¯Ý©Û�n�ïÄ��

Table 2 Three research directions in sensitivity analysis in DEA models

ïÄ�� ïÄSN Ì�ó��(Ø

¯K5��ïÄ O\½~�DMUü�l*	 DMUü��

é�Ç�©�(¯Ý

ù�¡�ïÄÌ�k©z[95–97]�. ¦�JÑ��²

�úªn > max {m× s, 3 (m+ s)},Ù¥,n�DMUü�

ê,mÚ s©O�Ý\Ú�Ñ��Iê(rule of thumb)

���êâ6Ä ïÄÝ\�Ñ�I��Czé DMUü�1

��K�

©z[98–100]�

m��êâ6Ä é���½� DMUü�,3Ù�é�Ç�©

ØC��¹e,���U�Ý\Ú�ÑCz

Charnes� [101]�ék�DMUü�Ú�k�DMUü�����

U�Ý\Ú�ÑCz©O?1
ïÄ

3 ØØØ(((½½½êêêâââ���DEA���...

3.1 ÄÄÄuuuÚÚÚOOOAAA555���DEA���...

Thore[102]ÚLand� [103,104]JÑòÅ¬�å5y�g�A^� DEA�.¥, Cooper� [105,106]Kïá


ÄuÚOA5�DEA�..

Max θ = Pr




∑

r

µrỹr0

∑

i

νix̃i0

> β0


 ,

s.t. Pr




∑

r

µrỹrj

∑

i

νix̃ij

6 βj


 > 1 − αj, j = 1, 2, ..., n;µr , νi > 0,∀r, i, (34)

Ù¥Pr�LVÇ, x̃ij , ỹrj�®�©Ù��ÅCþ, βjÚβ0��A�K�.

d	,ù�¡�ïÄ�k©z[107,108]�.

3.2 «««mmmêêêDEA���...

Jahanshahloo[109]ÚHatami-Marbini� [110]�Ñ:¢SDMUü��Ý\�Ñêâk�¬´Ø(½�(in

accurate),Ø°(�(imprecise)Ú�
�(vague),ÙäNLy�U�VÇ/ª,«mê,Sê/ª,½5êâ½

ö�
êâ. Despotis� [111]JÑ
«mê� DEA�., Jahanshahloo� [112]K�é«mêDEA�.?1
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(¯Ý©Û. Jahanshahloo[109]JÑ
«mêDEA�.�2Â�..±«mêBCC-DEA�.�~

Max θ = uTȳ0 + u0, s.t. uTȳj − vTx̄j + u0 6 0, j = 1, 2, ..., n;vTx̄0 = 1,u > 1ε,v > 1ε, (35)

Ù¥ ȳj , x̄j , ȳ0, x̄0þ�«mê�þ.

� x̄ij =
[
xl

ij , x
u
ij

]
Ú ȳrj =

[
yl

rj, y
u
rj

]
,KDMU 0�é�Ç�þe�©Od±eª(36)Úª(37)(½.

Max θ = uTyu
0

+ u0, s.t.





uTyl
j − vTxu

j + u0 6 0, j = 1, 2, ..., n, j 6= 0

uTyu
0
− vTxl

0
+ u0 6 0;vTxl

0
= 1,u > 1ε,v > 1ε,

(36)

Max θ = uTyl
0

+ u0, s.t.





uTyu
j − vTxl

j + u0 6 0, j = 1, 2, ..., n, j 6= 0

uTyl
0
− vTxu

0
+ u0 6 0;vTxu

0
= 1,u > 1ε,v > 1ε.

(37)

XJb�ª(35)–ª(37)¥� u0 = 0,K��A�«mêCCR-DEA�..

3.3 ���


êêêDEA���...

Zadeh[113,114]JÑ
�
8nØ(fuzzy set theory),¿3õ�+���
A^ [115,116]. Sengupta[117,118]Ä

kò�
8nØÚ\�DEA�{¥,�ï�
êDEA�..±ÄuÝ\��
êCCR-DEA�~,�

ª(38).Ù¥ÎÒ̂L«�
ê.

Min θp, s.t.





n∑

j=1

λjx̂ij 6 θpx̂ip, i = 1, 2, ...,m

n∑

j=1

λj ŷrj 6 θpŷrp, r = 1, 2, ..., s;λj > 0, j = 1, 2, ..., n.

(38)

3ª(38)¥O\�å
n∑

j=1

λj = 1,���A�BCC-DEA�.. Hatami-Marbini� [110]�Ñ,�
êDEA�

.��'ïÄ�±©�oa:N=�{(tolerance approach),αY²�{(α-level based approach),�
üS�

{(fuzzy ranking approach)Ú�U5�{(possibility approach).

4 DEA���...���eeeZZZAAA^̂̂

4.1 DEA���...������ééékkk���555µµµddd

DEA�{���«DMUü��ék�5µd�{,µdDMUü��é�Ç�¹´�a DEA�.�

Ä�õU.duDEAc÷¡�±�[)�¼ê(c÷)�¼ê),Ïd�aCCR-DEA�.��`)�±^5

ïþA½�åe�)��Ç PE½Eâ�Ç TE,�aBCC-DEA�.��`)�^uïþA½�åe�X

Eâ�Ç.d	,�A�DEA�.��±^uïþ���Ç AE��a)��Ç.

Farrell[2]@�)�L§�)��ÇdüÜ©|¤:Eâ�Ç(technical efficiency, TE)Ú���Ç(allocative

efficiency, AE).)��Çq�±©�ÄuÝ\ÚÄu�Ñ��Ç.

±ÄuÝ\�)��Ç�~: 1)Eâ�ÇTE�N3�½�ÑY²e, DMUü�¦^��Ý\�U

å,q¡�)��Ç(productive efficiency, PE). TEq�±©�XEâ�Ç(pure technical efficiency, PTE)Ú5

��Ç(scale efficiency, SE). PTE�X{duEâ�ÏÚå��ÇCz, SE�X{du5��ÏÚå��Ç

Cz. TEÚPTE�SE�m�'X� TE = PTE× SE.�ã 1. A:�XEâ�Ç PTE= BD/AD; A:�5�

�ÇSE= CD/BD; A:�Eâ�Ç� TE = PTE× SE= BD/AD × CD/BD = CD/AD. 2)���ÇAE�

N3Ý\d�±9)�Eâ�½�^�e,)�L§¦^�·Ü'~Ý\|Ü�Uå,=)�L§´Ä3�
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�¤�e)�,q¡�d��Ç(price efficiency, PE).Eâ�ÇTEÚ���ÇAE�Ó|¤o²L�Ç(total

economic efficiency, TEE)1.

x

y

B

E

F

C
D

O

CCR

BCC

A

ã 1 ÄuÝ\�Eâ�Ç

Fig. 1 Input-based technical efficiency

e¡ÏL��{ü~f`²XÛA^ DEA�.?1�ék�5µd.�~¥�kl� DMUü�,n�

Ý\�IÚü��Ñ�I.æ^ÄuÝ\�»�ÿÝ CCR�.(10)ÚBCC�.(12)�~,�DMUü��Ç

��L 3.

L 3 A^DEA�.?1�ék�5µd(J

Table 3 Evaluation results of relative efficiencies using DEA models

DMU
Ý\ �Ñ CCR BCC

Eâ�Ç(TE) XEâ�Ç(PTE) 5��Ç(SE)
x1 x2 x3 y1 y2 �Ç� �Ç�

1 10 0.8 540 0.9 70 0.681 1 0.756 7 0.681 1 0.756 7 0.900 1

2 15 1.0 480 1.0 95 0.833 3 0.833 3 0.833 3 0.833 3 1

3 7 0.9 520 1.0 50 0.906 4 1 0.906 4 1 0.906 4

4 10 0.3 500 0.8 70 0.799 9 1 0.799 9 1 0.799 9

5 12 1.5 550 0.75 75 0.572 7 0.727 3 0.572 7 0.727 3 0.787 4

6 6 0.3 450 0.95 100 1 1 1 1 1

7 7 0.3 420 1.0 100 1 1 1 1 1

8 8 0.3 400 1.0 95 1 1 1 1 1

dL3¥�±wÑ: DMU 6, DMU 7ÚDMU 8Eâ�Ç� 1; DMU 3, DMU 4, DMU 6, DMU 7ÚDMU 8X

Eâ�Ç� 1; DMU 2, DMU 6, DMU 7ÚDMU 85��Ç� 1.âd�©ÛK�� DMUü�Eâ�Ç,XE

â�ÇÚ5��Ç���g�Ï,���½�'�ü��â.

4.2 DEA���...���555���ÂÂÂÃÃÃ

ÏLDEA�{��DMUü��5�ÂÃ(returns to scale)ÄkdBanker[5,7]JÑ.©z[5]é²LÆ¥5

�ÂÃ�Vg?1*Ð,r5�ÂÃl²;²LÆ¥Ú\�DEA�{�µe�¥,¿�ÏLÄu»�ÿÝ

�CCR-DEA�.éDMU sü��5�ÂÃ�¹?1
��.��, Banker� [7]JÑ
ÏL�C5�ÂÃb

½e�BCC-DEA�.,¿©Û
XÛA^BCC�.5��5�ÂÃ�¹.�8c��,ÄuDEA�5�Â

ÃïÄ�N�±©�oa,�L4.

3¢S�5�ÂÃ©Û¥,�  �9“{l(congestion)”�A�Vg,=3Ø¦Ù¦Ý\½�Ñ�z�

cJe,,�(½,
)Ý\�~�¬E¤,�(½,
)���U�ÑO\ [144,145].��þ`, “{l”�A£ã

�Ý\Lþ�¯K [146].
1o²L�Çq�¡��N�Ç(overall efficiency)½¤��Ç(cost efficiency, CE).
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Färe� [131,132]Äkæ^½þ�{é“{l”�A?1
ïÄ,¿JÑ
�A� DEA�.(FGL�.).�

�Cooper� [147]JÑ
,�«^uïÄ“{l”�A�DEA�.(CTT�.), Cooper� [148]'�
±þü«

�.�ÉÓ. Wei� [146]�Tone� [149]Äu“f?�(weak disposal)”b½,#�ï
)��U8,¿�ïÄ

u#)��U8�DEA�.(WY-TS�.)é“{l”�A?1�½. Kao[150]În
±þna“{l”�A�ï

Äó�,¿�ÑCTT�.ÚWY-TS�.'FGL�.é“{l”�A�«©Uå�r,Ó�WY-TS�.�U

«©XEâ�Ç(PTE)Ú“{l”�A,CTT�.�Ø�ù�:. Sueyoshi� [151]KïÄ
õÝK(multiple

projections)�¹e�“{l”�A¯K.

L 4 ÄuDEA�.�5�ÂÃïÄ

Table 4 Studies on Returns to scale based on DEA models

Ì��{ �'ïÄ�Ä�(Ø

æ^CCR-DEA�. ��¯¤±��(½�µü�5�ÂÃ�¹��{´3ØC5�ÂÃb½eO� DEA�.¥�
n∑

j=1
λ∗

j
.3ù�

¡�ïÄk©z[5, 119–126].

æ^BCC-DEA�. ��1�aïÄ�*Ð,�±3�C5�ÂÃb½eÏL| �²¡3)��U8þ��å5���µü��5

�ÂÃ�¹[5] .ù��åNy�DEA�.à�å¥���éóCþ. Ïd,�±ÏL�å�ÎÒ(��,K�, 0)5�

½�µü��5�ÂÃ�¹, ½ö©ÛDMUü�3������S�5�5�½Ù5�ÂÃ�¹. 3ù�¡�ï

ÄÌ�k©z[49,121,127–130].

æ ^FGL-DEA� .

9½þïÄ5��5

daïÄ�@�±J�� Färe�[9,131,132]�ïÄ. ¦�ÏL©Û5��Ç5�ä�µü�´Ä��
5�Â

Ã�`(5�ÂÃØC),¦�ÏL�X�»�ÿÝDEA�.�Ç�'~éDMU sü��5�ÂÃ�¹?1��.

ù
'~´ÏL�X��.��`)���, ù
�.�ØÓ3u�å^�k¤ØÓ. 3ùaïÄó��¥,

Forsund[133]Ø=?Ø
5�ÂÃ�a.,�?Ø
XÛ½þ�ïþ5�ÂÃ���. Fukuyama[134]K?�Ú*Ð

�
5��5�½þ���{, ¦�ïÄ(Jw«½5½þ�½�{��5, ¿��Ñ
5��5ÿþ�nØ

nã.

A ^ � » � ÿ Ý

�DEA�.

±þcnaïÄó�Ñ´Äu»�ÿÝ(radial)� DEA�.. radialÿÝ�DEA�.�3²w�Øv,=¬¢¦

tµCþ�&E(missing slacks).�
�Öù
¯K, Zhu[135,136], Tone[80,137]ÚChen[138]�JÑõ«��»�ÿ

Ý�DEA�.,�)RussellÿÝ�DEA�.!\5DEA�.��.ég,�,<�¬��I�|^�»�(non-

radial)�.5ïþ5�ÂÃ�¹.~X: Banker� [139]?Ø
\5�.(additive model)Ú¦È�.(multiplicative

model)e�5�ÂÃ¯K. Sueyoshi� [140]K&¢
)��Y�)�"L§�Ä� DEA�.�¹e�5�ÂÃ¯

K. Zarepisheh[141]KïÄ
C-D.DEA�.�5�ÂÃ��¯K.d	,�k Lozano� [142]ÚSueyoshi[143]��

ïÄó��.

4.3 DEA���...���ÙÙÙ¦¦¦AAA^̂̂

duÏLDEA�.�c÷¡�±�[)�¼ê,Ïd²LÆ¥�)�¼ê�'�éõ¯KÑ�±Ï

LDEA�.?1©Û,~X��¤�¯K,��ÂÃ¯K���|d¯K�.d	, DEA�.�2�^uE

â?Ú�zÇ���!«�²Lý´±9XÚ©a�Ãõ+�,¿?uØä%ÇuÐ�¥ [152].

5 (((ååå���

�©vö
DEA�.¥�¹�8�'���,ù
��û½DEA�.�äN/ªÚ^å,äN�

): 1))��U8; 2)ÿÝ; 3) Ð; 4)Cþ�a.; 5)¯K��g; 6)êâ´Ä´(½�.±þù
���|

Ü,�±/¤ØÓ� DEA�.,^u)ûØÓ�¯K.�©�7±þ'���é DEA�{Cc�eZ�

ïÄó�Ú�.?1ÎnÚ©a,¿{�0�
DEA�.�eZA^.�u�Ì,�kéõ`D�ïÄó

��©�U�¦,~X:ê77� [153]'uoaDEA�.�ïÄ,¹� [156]'uó/XÚ)��U8�ï

Ä,Ü�¤� [157]'u¹�CÄ��Ã¡�þDEA�.�ïÄ,ÚêÓ#� [158]'u2Âêâ�ä©Û�

{�ïÄ�.��+n�Æ���#�ïÄ+�, DEA�'�ïÄó�(�)�{�¢�)�3±�ê5Æ

ØäO� [154].�N5w, DEA�{�5�U�ïÄ��k:�´ûüöd��ä3 DEA�.¥�Ny.8
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c®keZ�kûüöd��ä� DEA�.,~X3DEA�.¥O\��å�;�8cNyûüöd

��ä��ª  I�±ûüö Ð(�÷v“\5Õá”�cJ^�.3ûüö Ð(�Ø÷v“\5

Õá”^��,ØÓ�I�m�3yâ\r��J [155].ù«�¹e,XÛÏLDEA�.Nyûüö�d�

�ä´I�?�ÚïÄ�¯K;�´�äDEA�.��'ïÄ.�äDEA´8cïÄ�9:��,�,

�a [75]�ï
�äDEA�nØÄ:,�´��3éõ¯Kk�?�ÚïÄ,�)Ä��äDEA�.,�

äDEA�.eDMUü�5��Ç,���Ç±95�ÂÃ�¹�;n´���ÇDEA�.¥��ÇÜ¤

¯K. Wang� [85]�Ñ“yk���Ç�ïÄÌ�à�3ÙA^Ú���ÇÝ
�)¤,é�kïÄ'5�

��ÇÜ¤�L§.���ÇÜ¤8cA^�2��{Ò´��\Ú.” �����ÇDEA�.¥��ÇÜ

¤¯K�ïÄ�Ø¿©;o´��QDEA�.�'ïÄ.DÚ�DEA�.ÏLc÷¡é)�¼êæ^©ã

�5¼ê5?1�O,¯¢þ)�¼ê�U´p���.Äud, Kuosmanen� [89]JÑ
��QDEA�

.,¿�ÑQ DEA�.'DÚ�DEA�.3�Çµd�¡Ly�Ð.�8c��,��DEA�.�'ïÄ

�k�?�Ú\r,�)DMUü��5�ÂÃïÄ,�k��å�DEA -WEI�.�.
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