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Abstract Data envelopment analysis (DEA) is an important efficiency evaluation method, and it is

especially suitable for analyzing the complex systems. However, DEA method also has some disadvantages

that cannot be overcome in practical application because of the complexity of index system. It mainly

shows in the following aspects. Firstly, the evaluation result may excessively emphasize the secondary index

function. Secondly, it often appears that most units are effective. Thirdly, the requirement to projection

is too high. Fourthly, It can’t find the improvement information for the original indexes. In order to solve

above problem, a data envelopment analysis model for evaluating complex systems is given. The meaning

of DEA efficiency, properties and solving method of this model are also discussed. By the comparison

of examples, it can be found that the above model not only has the advantages of the traditional DEA

method, but also overcomes the shortcomings of the traditional method.

Keywords comprehensive evaluation; multi-objective decision-making; data envelopment analysis; sample

unit; integration of index
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1 AB
�����, ����������, ��������������������������. ��

���������������������, �������������������, �����

����� ����!�� !��,  ������"��������"�� �" � . !#Æ

�!" (data envelopment analysis, DEA) �"�#$����� ��%�#�", � 1978 $ Charnes

�$� C2R %��� [1], DEA �"�#$��������� &&%'�#&� (. �')����

� [2−5]�!" �*# [6,7]�'(�$$)�� [8]�%(#& [9,10]�%'!� [11] �!�"& [12] �'�*�

#$+()$(�,)Æ) [13−16]. -��%, &'$( DEA �"#$����� &*�*$+��.

". �� 1)  +����()��� , ,&-*()�*�++,,-+, ��,- GDP ./�--,

+,.-'.�0. $( C2R %�� BC2 %�&, /./��++�,*�, /0�/0 DEA #$!./

+�")#11�2(, 00#$!.1234, 013/�256/�+�1+7111. 2) '-*!Æ

2��3,��()&, DEA �"�43!.00���!18�4095� 1�46, 05"$$,(�

��. �+7856� , 7�89�:+23;Æ, 6�9 DEA �"� AHP �",!'�.�3,�(

)!������� �7#+24�4.. DEA �"� AHP �"�!'8523<!#:6�3/!

# [17−20], 4,4+�/8518�,4< [21],  ,4�548518�:9= [22,23], *8:3 DEA �

;�;3-*�/�76/ [24], 25��/ DEA %��;3�;�-*�/� [25−29], &4<1!# [30],

�:>�/�%' [31] ��.7�5!";�<�,?//�9�!-*8��=�-*��",��3��

5;�,47856� , &43!.=;89#8�:-*�7���, 05"#$< =>-*�7�

��. *&, 7��"&�>�<, ��3@,�-*�8A*&7�, ��?/?':>9�:B?;�!

$9@:B, 00 GDP ./#$,4$A��;7�, &$( DEA �"� AHP �"!'4�8?$/@

7��<. �+78/C� , =8;�+�@(+�()����#$� DEA %� —— (ComD) %�,

4 %��<4�%��<A�=%��B7�"��:+;D. ?/�@�2;�<�, (ComD) %��

A3,>� DEA %��  , 0C*�4+B>+56< .

2 CD�E����FÆGHIJ��K� DEA  L
B+�����?��?%2��D=�#12������@���, �E�!"=, DEA %��

C�A@5, $�+#$�()����� DEA %�.

2.1 !MN"O#$N%&'()*+
B+�����-*.��??%2�, 4A��()�& . �-*7B1-*$F1-*�7D'

-*$�<-*���,*, ÆEF%8518�-*.�;�!7�G 1 @'�()!�.

P 1 ,QR-./012S34R56P
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�#$�85E?0C##$Æ*, HFF�()�-*2�#$-*. �� +��GIHB, �J

3��85E;8CD��B�'G�J3, GI�!G�:�. �.85EKL���!"�E!=�!

�*#�40�M�@�&, �E!=-* (I1) ;8�CCD�D�NO. ��HFP!7�EFGII

(I1
1 )��FGII (I2

1 )�DFGII (I3
1 ) �.

ÆE85E(+#$�;3-*� I1, I2, · · · , Im, ;�-*� O1, O2, · · · , Os, 6�9 i �;3-*6

;�FP!7� Li �E(-*; 9 r �;�-*6;�FP!7� Tr �E(-*. /GE(-*�?�

85EQ#"H�-*, ��85E��:407�&�2@I�-*.

2.2 7" DEA 89:;!MN"T<=U%V>
ÆE, n �8518, 6� x

(l)
ij F'9 j �8518�9 i �;3-*�9 l �E(-*9, y

(t)
rj F'

9 j �8518�9 r �;�-*�9 t �E(-*9, /G x
(l)
ij , y

(t)
rj 5�J!.  56E(-*KI$

(>� DEA %��:#$&,  9 j0 (1 ≤ j0 ≤ n) �8518,�E%�

(CBFS)

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

Min θ − ε

( m∑
i=1

Li∑
l=1

sl−
i +

s∑
r=1

Tr∑
t=1

st+
r

)

s.t.
n∑

j=1

x
(l)
ij λj + sl−

i = θx
(l)
ij0

, l = 1, 2, · · · , Li, i = 1, 2, · · · , m,

n∑
j=1

y
(t)
rj λj − st+

r = y
(t)
rj0

, t = 1, 2, · · · , Tr, r = 1, 2, · · · , s,

δ1

( n∑
j=1

λj − δ2(−1)δ3λn+1

)
= δ1,

λ ≥ 0, λn+1 ≥ 0, s̃− ≥ 0, s̃+ ≥ 0.

(1)

6� λ = (λ1, λ2, · · · , λn), s̃− = (s1−
1 , · · · , sL1−

1 , · · · , s1−
m , · · · , sLm−

m ), s̃+ = (s1+
1 , · · · , sT1+

1 , · · · , s1+
s , · · · , sTs+

s ),

ε �GGAJH5KM/. δ1, δ2, δ3 �79� 0, 1 �I!, ' δ1 = 0 &, ;J3 C2R %�40; ' δ1 = 1,

δ2 = 0 &, ;J3 BC2 %�40; ' δ1 = 1, δ2 = 1, δ3 = 1 &, ;J3 FG %�40; ' δ1 = 1, δ2 = 1,

δ3 = 0 &, ;J3 ST %�40. B+56%�;�<�� C2R %� [1]�BC2 %� [3]�FG %� [4] � ST

%� [5] �KI$(, @�B>� DEA �� [1,3−5] ;�;��EL� 1 �34 1.

W? 1 �.%� (CBFS) �M 7 θ0, λ0, λ0
n+1, s̃

−0, s̃+0 JC θ0 = 1, s̃−0 = 0, s̃+0 = 0, NK9 j0 �

8518� DEA ,4 (CT).

@X 1 E θ0, λ0, λ0
n+1, s̃

−0, s̃+0 �%� (CBFS) �M 7, K x̂
(l)
ij0

= θ0x
(l)
ij0

− sl−0
i , ŷ

(t)
rj0

= y
(t)
rj0

+ st+0
r ,

l = 1, 2, · · · , Li, i = 1, 2, · · · , m, t = 1, 2, · · · , Tr, r = 1, 2, · · · , s, K

((x̂(1)
1j0

, · · · , x̂
(L1)
1j0

, · · · , x̂
(1)
mj0

, · · · , x̂
(Lm)
mj0

), (ŷ(1)
1j0

, · · · , ŷ
(T1)
1j0

, · · · , ŷ
(1)
sj0

, · · · , ŷ
(Ts)
sj0

))

�9 j0 �8518� DEA �, ,4�5�JO (CT).

L Δx
(l)
ij0

= x
(l)
ij0

− x̂
(l)
ij0

, Δy
(t)
rj0

= ŷ
(t)
rj0

− y
(t)
rj0

.

�$( (CBFS) %�#$�()����40&, 00*$�E� .

1) '-*!Æ2��3,��()&, DEA �"�43!.00���!18�4095� 1 �46,

05"$$,(���.

2)  +����()��� , ,&-*()�*�++,,-+. $( C2R %�� BC2 %�&/.

/��++�,*�, /0�/0 DEA #$!./+�")#11�2(, 00#$!.1234, 013

/�256/���1+7111.

3) 7��"&�>�<, ��3@,�-*�8A*&7�, &$( DEA �"� AHP �"!'4�

8?$/@7��<.

B+����� �-*.�/+L�, 00����!18,4�46, �%, �C7��%�C$

�. ��L(7�!!"�"�-*8��M"9#$-*'��=�7#-*,H�:#$. E��8 [32]

;���@?/9-*N�*()�:1/MR� DEA %�.
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(NJD)

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

Min θ − ε

( m∑
i=1

s−i +
s∑

r=1

s+
r

)

s.t.
n∑

j=1

Li∑
l=1

(al
ix

(l)
ij )λj + s−i = θ

Li∑
l=1

al
ix

(l)
ij0

, i = 1, 2, · · · , m,

n∑
j=1

Tr∑
t=1

(bt
ry

(t)
rj )λj − s+

r =
Tr∑
t=1

bt
ry

(t)
rj0

, r = 1, 2, · · · , s,

δ1

( n∑
j=1

λj − δ2(−1)δ3λn+1

)
= δ1,

λ ≥ 0, λn+1 ≥ 0, s− ≥ 0, s+ ≥ 0.

(2)

6� s− = (s−1 , s−2 , · · · , s−m), s+ = (s+
1 , s+

2 , · · · , s+
s ), al

i F'9 i �;3-*�9 l @E(-*�, /�,

bt
r F'9 r �;�-*�9 t @E(-*�, /�, al

i > 0, bt
r > 0. δ1, δ2, δ3 �<4�%� (CBFS) ,*.

W? 2 [32] �.%� (NJD) �M 7 θ0, λ0, λ0
n+1, s

−0, s+0 JC θ0 = 1, s−0 = 0, s+0 = 0, N851

8 j0 � DEA ,4 (NJ).

@X 2 [32] E θ0, λ0, λ0
n+1, s

−0, s+0 �%� (NJD) �M 7, K

X̂i = θ0
Li∑
l=1

al
ix

(l)
ij0

− s−0
i , i = 1, 2, · · · , m, Ŷr =

Tr∑
t=1

bt
ry

(t)
rj0

+ s+0
r , r = 1, 2, · · · , s,

K ((X̂1, · · · , X̂m), (Ŷ1, · · · , Ŷs)) �8518 j0 � DEA �, ,4�5� “JO” (NJ).

L

ΔXi =
Li∑
l=1

al
ix

(l)
ij0

− X̂i, ΔYr = Ŷr −
Tr∑
t=1

bt
ry

(t)
rj0

.

/@?/-*MR��"-�;�78�!8518,4�� ,&9#�8518JO;8�< 8

�:-*�7���, 05"#$< =>-*�85��. 70�����5M�+ DEA JO�"�H

8. �+78/C� , �E;��@3,�()-*�������40#$�".

2.3 YZ[\!MN"T<:;% DEA 89
 +8518 j0, ;��E%�

(ComD)

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

Min θ − ε

( m∑
i=1

Li∑
l=1

al
is

l−
i +

s∑
r=1

Tr∑
t=1

bt
rs

t+
r

)

s.t.
n∑

j=1

x
(l)
ij λj + sl−

i = θx
(l)
ij0

, l = 1, 2, · · ·Li, i = 1, 2, · · · , m,

n∑
j=1

y
(t)
rj λj − st+

r = y
(t)
rj0

, t = 1, 2, · · · , Tr, r = 1, 2, · · · , s,

δ1

( n∑
j=1

λj − δ2(−1)δ3λn+1

)
= δ1,

Li∑
l=1

al
is

l−
i ≥ 0, i = 1, 2, · · · , m,

Tr∑
t=1

bt
rs

t+
r ≥ 0, r = 1, 2, · · · , s,

λj ≥ 0, j = 1, 2, · · · , n + 1.

(3)

@X 3 �.%� (ComD) �M 7 θ0, λ0, λ0
n+1, s̃

−0, s̃+0 JC θ0 = 1 C
∑Li

l=1 al
is

l−0
i = 0, i =

1, 2, · · · , m,
∑Tr

t=1 bt
rs

t+0
r = 0, r = 1, 2, · · · , s, NK8518 j0 � DEA ,4 (FZ).

@X 4 ÆE%� (ComD) �M 7� θ0, λ0, λ0
n+1, s̃

−0, s̃+0, K

x̃
(l)
ij0

= θ0x
(l)
ij0

− sl−0
i , l = 1, 2, · · · , Li, i = 1, 2, · · · , m, ỹ

(t)
rj0

= y
(t)
rj0

+ st+0
r , t = 1, 2, · · · , Tr, r = 1, 2, · · · , s,
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K ((x̃(1)
1j0

, · · · , x̃
(L1)
1j0

, · · · , x̃
(1)
mj0

, · · · , x̃
(Lm)
mj0

), (ỹ(1)
1j0

, · · · , ỹ
(T1)
1j0

, · · · , ỹ
(1)
sj0

, · · · , ỹ
(Ts)
sj0

)) �8518 j0 � DEA �,

 ,4�5� “JO” (FZ).

K Δx
(l)
ij0

= x
(l)
ij0

− x̃
(l)
ij0

, Δy
(t)
rj0

= ỹ
(t)
rj0

− y
(t)
rj0

, N6<4�E:

1) �. Δx
(l)
ij0

> 0 (I Δx
(l)
ij0

< 0) F'8518 j0 �9 i �;3-*�9 l @E(-*5�J3/�

(ID���). 2) �. Δy
(t)
rj0

> 0 (I Δy
(t)
rj0

≤ 0) F'8518 j0 �9 r �;�-*�9 t @E(-*5

;�NO (ID�,4).

�E$(��@P�SN (ComD) %�� (.

A 1 85E##$ 5 �HB�O:40, ?/40#$?$4054=1�"&��<. ÆEHF�

-*.��G 2 @'. 6�J3-*�EF��! (I1
1 )��F��! (I2

1 )�DF��! (I3
1 )�AP�Q�!

(I4
1 )�!:J3.J (I2), :�-*�HBO:QP (O1).

P 2 B]12S34R56P
�+O+SN� , /GÆE�HB�:�9,*, 4C8518�J3:�9JC?%QR�6, 8

518�-*!#�F 1 @'.
C 1 D 5 EB]FS3GH

RTU� 1 2 3 4 5

����� (ST) 4 4 4 20 100

����� (ST) 8 100 80 50 200

P���� (ST) 200 20 50 1 1000

UR�V�� (ST) 2 2 2 10 1

�QVSWK (ST) 10 10 10 8 1000

RT	QST (ST) 10 10 10 10 10

B+

�Q�! (I1) =EF��! (I1
1 ) +�F��! (I2

1 ) +DF��! (I3
1 ) +AP�Q�! (I4

1 ),

1%, /G7 a1
1 = 1, a2

1 = 1, a3
1 = 1, a4

1 = 1. *&, B+!:J3.J (I2) �HBO:QP (O1) T,CF

P!7, ;,��-*, LK a1
2 = 1, b1

1 = 1. $(%� (CBFS)�%� (NJD) �%� (ComD) ;�J# 5 �

HB�409�JO9�F 2 @'.

1) �40J3����2

UW, 7F 1 ;�<��8518�:�,*, &8518 5 �.J3XV�6X18� 10 R�5. W

0$( (CBFS) %�@J#�85184095� 1 (UF 2), 1%, %& (CBFS) %�5",4�!�8

518�40�M, �5";�85187����. 0 (ComD) %�� (NJD) %�85�!�HB40

9��M.

6), 7F 1 ;�<�8518 5 �,*:��YVE, �E!=.J3S/6X18 6 R, !:J3

.JS/6X18 100 R, 40N%TE. &8518 5 AAB+AP�Q�!�J32M, $( (CBFS)

%�@J#�409M� 1 (UF 2), /��'��. 0$( (ComD) %�� (NJD) N;�NY/@J3:

�5�,W, !.D3'�<.

2) �JO!"����2

UW, 7F 2 ;�<�-�8518 5 �409� 0.0085, G0TE, &%& (CBFS) %�;��7�

95� 0, 1%, 5";�7���. (NJD) %�;8;�8�-*�7���, 05";�=>-*�7�

��, 0 (ComD) %�;�;�=>-*�7���. ����E!"�7�5, -�8518 5 �40;

, 0.0085, 0 (CBFS) %�X�EF���F��DF��AP�Q�!�5Q7�. (NJD) %�5";�
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C 2 ^?IJK_LMFB]`NK�aIOPQbFRScTdUc
Y �� OXZ OXZ OXZ OXZ OXZ OXZ OXZ ZYZ

[ UT ΔI1
1 ΔI2

1 ΔI3
1 ΔI4

1 ΔI1 ΔI2 ΔO1

1 0 0 0 0 - 0 0 1

2 0 0 0 0 - 0 0 1

(CBFS) 3 0 0 0 0 - 0 0 1

4 0 0 0 0 - 0 0 1

5 0 0 0 0 - 0 0 1

1 - - - - 133 2 0 0.8

2 - - - - 45 2 0 0.8

(NJD) 3 - - - - 55 2 0 0.8

4 - - - - 0 0 0 1

5 - - - - 1220 992 0 0.0085

1 −16 −42 199 −8 133 2 0 0.8

2 −16 50 19 −8 45 2 0 0.8

(ComD) 3 −16 30 49 −8 55 2 0 0.8

4 0 0 0 0 0 0 0 1

5 80 150 999 −9 1220 992 0 0.0085

/C-*�NO��. 0 (ComD) N;�;�'��7���, MEF�ZV 72.7% (80/110), �F�ZV

75% (150/200)�DF�ZV 99.9% (999/1000)�AP�Q�1 900% (9/1).

3) ��[85�, �.��V-*5�2M�$;�6#&.40��P�7�, Z\, /@7���

;7�, &$(>� DEA �"4�8?$/@7��<. 75��JO!";�<�, =8;�� (ComD)

%�;�?$/0��<. �� (ComD) %�!"�!.X��.8518 5 �1 8 +AP�Q, 4�P

ZV6X�Q�!/, N,;8��P$E�[�40.

3 CD�FÆGHIJ��K L�eVfg
�+;�����!" �*#%��6X DEA %��@�, ���!"Q%��<4, �EUWD

� (ComD) %��,@<A.

@? 1 �.8518 j0 � DEA ,4 (FZ), N8518 j0 � DEA ,4 (CT).

hW ÆE8518 j0 � DEA ,4 (FZ), B34 3 ;[%� (ComD) �M 7 θ1, λ1, λ1
n+1, s̃

−1, s̃+1

JC θ1 = 1 C
∑Li

l=1 al
is

l−1
i = 0, i = 1, 2, · · · , m,

∑Tr

t=1 bt
rs

t+1
r = 0, r = 1, 2, · · · , s, 1%%� (ComD) �M 

9� 1.

�EÆE8518 j0 �� DEA ,4 (CT), N%� (CBFS) W�M 7 θ0, λ0, λ0
n+1, s̃

−0, s̃+0 JC

θ0 < 1 IE θ0 = 1, (s̃−0, s̃+0) �= 0. B+ θ0, λ0, λ0
n+1, s̃

−0, s̃+0 �%� (CBFS) �M 7, 1%
n∑

j=1

x
(l)
ij λ0

j + sl−0
i = θ0x

(l)
ij0

, l = 1, 2, · · · , Li, i = 1, 2, · · · , m,

n∑
j=1

y
(t)
rj λ0

j − st+0
r = y

(t)
rj0

, t = 1, 2, · · · , Tr, r = 1, 2, · · · , s,

δ1

( n∑
j=1

λ0
j − δ2(−1)δ3λ0

n+1

)
= δ1,

λ0 ≥ 0, λ0
n+1 ≥ 0, s̃−0 ≥ 0, s̃+0 ≥ 0.

B+ al
i > 0, bt

r > 0, @�
Li∑
l=1

al
is

l−0
i ≥ 0, i = 1, 2, · · · , m,

Tr∑
t=1

bt
rs

t+0
r ≥ 0, r = 1, 2, · · · , s,

1%, θ0, λ0, λ0
n+1, s̃

−0, s̃+0 �%� (ComD) �;:7, &

θ0 − ε

( m∑
i=1

Li∑
l=1

al
is

l−0
i +

s∑
r=1

Tr∑
t=1

bt
rs

t+0
r

)
< 1.
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]R! \X.

3� 1 FN�.$( (ComD) %�#$&8518,4, N$(%� (CBFS) #$&8518�,4.

@? 2 1) ÆE θ1, λ1, λ1
n+1, s̃

−1, s̃+1 �%� (ComD) �M 7, K

s−1
i =

Li∑
l=1

al
is

l−1
i , i = 1, 2, · · · , m, s+1

r =
Tr∑
t=1

bt
rs

t+1
r , r = 1, 2, · · · , s,

s−1 = (s−1
1 , s−1

2 , · · · , s−1
m ), s+1 = (s+1

1 , s+1
2 , · · · , s+1

s ),

N θ1, λ1, λ1
n+1, s

−1, s+1 �%� (NJD) �;:7.

2) ÆE θ0, λ0, λ0
n+1, s

−0, s+0 �%� (NJD) �M 7, K

sl−2
i = θ0x

(l)
ij0

−
n∑

j=1

x
(l)
ij λ0

j , l = 1, 2, · · · , Li, i = 1, 2, · · · , m,

st+2
r =

n∑
j=1

y
(t)
rj λ0

j − y
(t)
rj0

, t = 1, 2, · · · , Tr, r = 1, 2, · · · , s,

s̃−2 = (s1−2
1 , · · · , sL1−2

1 , · · · , s1−2
m , · · · , sLm−2

m ), s̃+2 = (s1+2
1 , · · · , sT1+2

1 , · · · , s1+2
s , · · · , sTs+2

s ),

;# θ0, λ0, λ0
n+1, s̃

−2, s̃+2 � (ComD) �;:7.

hW 1) �.%� (ComD) �M 7� θ1, λ1, λ1
n+1, s̃

−1, s̃+1, N,
n∑

j=1

x
(l)
ij λ1

j + sl−1
i = θ1x

(l)
ij0

, l = 1, 2, · · · , Li, i = 1, 2, · · · , m,

n∑
j=1

y
(t)
rj λ1

j − st+1
r = y

(t)
rj0

, t = 1, 2, · · · , Tr, r = 1, 2, · · · , s,

δ1

( n∑
j=1

λ1
j − δ2(−1)δ3λ1

n+1

)
= δ1,

Li∑
l=1

al
is

l−1
i ≥ 0, i = 1, 2, · · · , m,

Tr∑
t=1

bt
rs

t+1
r ≥ 0, r = 1, 2, · · · , s,

λ1
j ≥ 0, j = 1, 2, · · · , n + 1,

B+ al
i > 0, bt

r > 0, ;#

n∑
j=1

Li∑
l=1

(al
ix

(l)
ij )λ1

j +
Li∑
l=1

al
is

l−1
i = θ1

Li∑
l=1

al
ix

(l)
ij0

, i = 1, · · · , m,

n∑
j=1

Tr∑
t=1

(bt
ry

(t)
rj )λ1

j −
Tr∑
t=1

bt
rs

t+1
r =

Tr∑
t=1

bt
ry

(t)
rj0

, r = 1, · · · , s,

K

s−1
i =

Li∑
l=1

al
is

l−1
i , i = 1, 2, · · · , m, s+1

r =
Tr∑
t=1

bt
rs

t+1
r , r = 1, 2, · · · , s,

s−1 = (s−1
1 , s−1

2 , · · · , s−1
m ), s+1 = (s+1

1 , s+1
2 , · · · , s+1

s ),

N θ1, λ1, λ1
n+1, s

−1, s+1 �%� (NJD) �;:7.

2) �.%� (NJD) �M 7� θ0, λ0, λ0
n+1, s

−0, s+0, N,
n∑

j=1

Li∑
l=1

(al
ix

(l)
ij )λ0

j + s−0
i = θ0

Li∑
l=1

al
ix

(l)
ij0

, i = 1, 2, · · · , m,

n∑
j=1

Tr∑
t=1

(bt
ry

(t)
rj )λ0

j − s+0
r =

Tr∑
t=1

bt
ry

(t)
rj0

, r = 1, 2, · · · , s,
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δ1

( n∑
j=1

λ0
j − δ2(−1)δ3λ0

n+1

)
= δ1,

s−0
i ≥ 0, i = 1, 2, · · · , m, s+0

r ≥ 0, r = 1, 2, · · · , s,

λ0
j ≥ 0, j = 1, 2, · · · , n + 1,

K

sl−2
i = θ0x

(l)
ij0

−
n∑

j=1

x
(l)
ij λ0

j , l = 1, 2, · · · , Li, i = 1, 2, · · · , m,

st+2
r =

n∑
j=1

y
(t)
rj λ0

j − y
(t)
rj0

, t = 1, 2, · · · , Tr, r = 1, 2, · · · , s,

;#
n∑

j=1

x
(l)
ij λ0

j + sl−2
i = θ0x

(l)
ij0

, l = 1, 2, · · ·Li, i = 1, 2, · · · , m,

n∑
j=1

y
(t)
rj λ0

j − st+2
r = y

(t)
rj0

, t = 1, 2, · · · , Tr, r = 1, 2, · · · , s,

Li∑
l=1

al
is

l−2
i =

Li∑
l=1

al
i(θ

0x
(l)
ij0

−
n∑

j=1

x
(l)
ij λ0

j) = θ0
Li∑
l=1

al
ix

(l)
ij0

−
n∑

j=1

Li∑
l=1

(al
ix

(l)
ij )λ0

j = s−0
i ≥ 0,

Tr∑
t=1

bt
rs

t+2
r =

Tr∑
t=1

bt
r(

n∑
j=1

y
(t)
rj λ0

j − y
(t)
rj0

) =
n∑

j=1

Tr∑
t=1

(bt
ry

(t)
rj )λ0

j −
Tr∑
t=1

bt
ry

(t)
rj0

= s+0
r ≥ 0,

;# θ0, λ0, λ0
n+1, s̃

−2, s̃+2 � (ComD) �;:7. \X.

@? 3 ÆE%� (ComD) �M 7� θ1, λ1, λ1
n+1, s̃

−1, s̃+1, %� (NJD) �M 7� θ0, λ0, λ0
n+1,

s−0, s+0, N θ0 = θ1.

hW ÆE θ1, λ1, λ1
n+1, s̃

−1, s̃+1 �%� (ComD) �M 7, B3� 2 ;[, �.K

s−1
i =

Li∑
l=1

al
is

l−1
i , i = 1, 2, · · · , m, s+1

r =
Tr∑
t=1

bt
rs

t+1
r , r = 1, 2, · · · , s,

s−1 = (s−1
1 , s−1

2 , · · · , s−1
m ), s+1 = (s+1

1 , s+1
2 , · · · , s+1

s ),

N θ1, λ1, λ1
n+1, s−1, s+1 �%� (NJD) �;:7. 1� (NJD) �M 7� θ0, λ0, λ0

n+1, s
−0, s+0, 1%

θ1 − ε

( m∑
i=1

s−1
i +

s∑
r=1

s+1
r

)
≥ θ0 − ε

( m∑
i=1

s−0
i +

s∑
r=1

s+0
r

)
.

B+ ε �GGAJH5KM/, L, θ1 ≥ θ0.

N/�, �.%� (NJD) �M 7� θ0, λ0, λ0
n+1, s

−0, s+0, B3� 2 ;[, �.K

sl−2
i = θ0x

(l)
ij0

−
n∑

j=1

x
(l)
ij λ0

j , l = 1, 2, · · · , Li, i = 1, 2, · · · , m,

st+2
r =

n∑
j=1

y
(t)
rj λ0

j − y
(t)
rj0

, t = 1, 2, · · · , Tr, r = 1, 2, · · · , s,

s̃−2 = (s1−2
1 , · · · , sL1−2

1 , · · · , s1−2
m , · · · , sLm−2

m ), s̃+2 = (s1+2
1 , · · · , sT1+2

1 , · · · , s1+2
s , · · · , sTs+2

s ),

N, θ0, λ0, λ0
n+1, s̃

−2, s̃+2 � (ComD) �;:7. *�;# θ0 ≥ θ1; B5;# θ0 = θ1, \X.

3� 3 FN (ComD) %�;��8518�409�%� (NJD) ;��409,�.

@? 4 8518 j0 � DEA ,4 (FZ) 'CA'8518 j0 � DEA ,4 (NJ).

hW (8#<) \8518 j0 � DEA ,4 (FZ), B34 3 ;[%� (ComD) �M 7 θ1, λ1, λ1
n+1,

s̃−1, s̃+1 JC θ1 = 1 C s̃−1 = 0, s̃+1 = 0. %� (ComD) �M 9�+ 1.

ÆE8518 j0 �� DEA ,4 (NJ), NBL� 2 �3� 3 ;[%� (NJD) W�M 7 θ0, λ0, λ0
n+1,
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s−0, s+0 JC θ0 = θ1 = 1, (s−0, s+0) �= 0. B3� 2 ;[, �.K

sl−2
i = θ0x

(l)
ij0

−
n∑

j=1

x
(l)
ij λ0

j , l = 1, 2, · · · , Li, i = 1, 2, · · · , m,

st+2
r =

n∑
j=1

y
(t)
rj λ0

j − y
(t)
rj0

, t = 1, 2, · · · , Tr, r = 1, 2, · · · , s,

s̃−2 = (s1−2
1 , · · · , sL1−2

1 , · · · , s1−2
m , · · · , sLm−2

m ), s̃+2 = (s1+2
1 , · · · , sT1+2

1 , · · · , s1+2
s , · · · , sTs+2

s ),

N θ0, λ0, λ0
n+1, s̃

−2, s̃+2 � (ComD) �;:7, &

θ0 − ε

( m∑
i=1

Li∑
l=1

al
is

l−2
i +

s∑
r=1

Tr∑
t=1

bt
rs

t+2
r

)
< 1,

]R! \X.

(Y!<) \8518 j0 � DEA ,4 (NJ), BL� 2 ;[%� (NJD) �M 7 θ0, λ0, λ0
n+1, s

−0, s+0

JC θ0 = 1, C s−0 = 0, s+0 = 0. %� (NJD) �M 9�+ 1. ÆE8518 j0 �� DEA ,4 (FZ), N

B34 3 �3� 3 ;[%� (ComD) W�M 7 θ1, λ1, λ1
n+1, s̃

−1, s̃+1 JC θ0 = θ1 = 1, (s̃−1, s̃+1) �= 0.

B3� 2 ;[, �.K

s−1
i =

Li∑
l=1

al
is

l−1
i , i = 1, 2, · · · , m, s+1

r =
Tr∑
t=1

bt
rs

t+1
r , r = 1, 2, · · · , s,

s−1 = (s−1
1 , s−1

2 , · · · , s−1
m ), s+1 = (s+1

1 , s+1
2 , · · · , s+1

s ),

N θ1, λ1, λ1
n+1, s

−1, s+1 �%� (NJD) �;:7. &

θ1 − ε

( m∑
i=1

s−1
i +

s∑
r=1

s+1
r

)
< 1,

]R! \X.

3� 4 FN, (ComD) %��%� (NJD) ;��8518 j0 �,4<,*.

@? 5 1) ÆE θ1, λ1, λ1
n+1, s̃

−1, s̃+1 �%� (ComD) �M 7, K

s−1
i =

Li∑
l=1

al
is

l−1
i , i = 1, 2, · · · , m, s+1

r =
Tr∑
t=1

bt
rs

t+1
r , r = 1, 2, · · · , s,

s−1 = (s−1
1 , s−1

2 , · · · , s−1
m ), s+1 = (s+1

1 , s+1
2 , · · · , s+1

s ),

N θ1, λ1, λ1
n+1, s

−1, s+1 �%� (NJD) �M 7.

2) ÆE θ0, λ0, λ0
n+1, s

−0, s+0 �%� (NJD) �M 7, K

sl−2
i = θ0x

(l)
ij0

−
n∑

j=1

x
(l)
ij λ0

j , l = 1, 2, · · · , Li, i = 1, 2, · · · , m,

st+2
r =

n∑
j=1

y
(t)
rj λ0

j − y
(t)
rj0

, t = 1, 2, · · · , Tr, r = 1, 2, · · · , s,

s̃−2 = (s1−2
1 , · · · , sL1−2

1 , · · · , s1−2
m , · · · , sLm−2

m ), s̃+2 = (s1+2
1 , · · · , sT1+2

1 , · · · , s1+2
s , · · · , sTs+2

s ),

N θ0, λ0, λ0
n+1, s̃

−2, s̃+2 � (ComD) �M 7.

hW 1) N\". \ θ1, λ1, λ1
n+1, s̃

−1, s̃+1 �%� (ComD) �M 7, B3� 2 [ θ1, λ1, λ1
n+1, s

−1, s+1

�%� (NJD) �;:7. ÆE θ1, λ1, λ1
n+1, s

−1, s+1 ��%� (NJD) �M 7, NW�%� (NJD) �M 

7 θ0, λ0,λ0
n+1, s

−0, s+0 0#

θ0 − ε

( m∑
i=1

s−0
i +

s∑
r=1

s+0
r

)
< θ1 − ε

( m∑
i=1

s−1
i +

s∑
r=1

s+1
r

)
,

1%, ;[

θ0 − ε

( m∑
i=1

s−0
i +

s∑
r=1

s+0
r

)
< θ1 − ε

( m∑
i=1

Li∑
l=1

al
is

l−1
i +

s∑
r=1

Tr∑
t=1

bt
rs

t+1
r

)
. (4)
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*&, B+ θ0, λ0, λ0
n+1, s

−0, s+0 �%� (NJD) �M 7, K

sl−2
i = θ0x

(l)
ij0

−
n∑

j=1

x
(l)
ij λ0

j , l = 1, 2, · · · , Li, i = 1, 2, · · · , m,

st+2
r =

n∑
j=1

y
(t)
rj λ0

j − y
(t)
rj0

, t = 1, 2, · · · , Tr, r = 1, 2, · · · , s,

s̃−2 = (s1−2
1 , · · · , sL1−2

1 , · · · , s1−2
m , · · · , sLm−2

m ), s̃+2 = (s1+2
1 , · · · , sT1+2

1 , · · · , s1+2
s , · · · , sTs+2

s ),

B3� 2 ;[ θ0, λ0, λ0
n+1, s̃

−2, s̃+2 � (ComD) �;:7. L,

θ1−ε

( m∑
i=1

Li∑
l=1

al
is

l−1
i +

s∑
r=1

Tr∑
t=1

bt
rs

t+1
r

)
≤θ0−ε

( m∑
i=1

Li∑
l=1

al
i

(
θ0x

(l)
ij0

−
n∑

j=1

x
(l)
ij λ0

j

)
+

s∑
r=1

Tr∑
t=1

bt
r

( n∑
j=1

y
(t)
rj λ0

j −y
(t)
rj0

))
,

B+

θ0 − ε

( m∑
i=1

Li∑
l=1

al
i

(
θ0x

(l)
ij0

−
n∑

j=1

x
(l)
ij λ0

j

)
+

s∑
r=1

Tr∑
t=1

bt
r

( n∑
j=1

y
(t)
rj λ0

j − y
(t)
rj0

))

= θ0 − ε

( m∑
i=1

(
θ0

Li∑
l=1

al
ix

(l)
ij0

−
n∑

j=1

Li∑
l=1

(al
ix

(l)
ij )λ0

j

)
+

s∑
r=1

( n∑
j=1

Tr∑
t=1

(bt
ry

(t)
rj )λ0

j −
Tr∑
t=1

bt
ry

(t)
rj0

))

= θ0 − ε

( m∑
i=1

s−0
i +

s∑
r=1

s+0
r

)
,

@�

θ1 − ε

( m∑
i=1

Li∑
l=1

al
is

l−1
i +

s∑
r=1

Tr∑
t=1

bt
rs

t+1
r

)
≤ θ0 − ε

( m∑
i=1

s−0
i +

s∑
r=1

s+0
r

)
,

/�] (4) ]RZ

2) N\". �. θ0, λ0, λ0
n+1, s

−0, s+0 �%� (NJD) �M 7, B3� 2 ;[ θ0, λ0, λ0
n+1, s̃

−2, s̃+2

� (ComD) �;:7, ÆE θ0, λ0, λ0
n+1, s̃

−2, s̃+2 �� (ComD) �M 7, NW�%� (ComD) �M 7

θ1, λ1, λ1
n+1, s̃

−1, s̃+1 0#

θ1 − ε

( m∑
i=1

Li∑
l=1

al
is

l−1
i +

s∑
r=1

Tr∑
t=1

bt
rs

t+1
r

)
< θ0 − ε

( m∑
i=1

Li∑
l=1

al
is

l−2
i +

s∑
r=1

Tr∑
t=1

bt
rs

t+2
r

)
,

B+

θ0 − ε

( m∑
i=1

Li∑
l=1

al
is

l−2
i +

s∑
r=1

Tr∑
t=1

bt
rs

t+2
r

)

= θ0 − ε

( m∑
i=1

Li∑
l=1

al
i

(
θ0x

(l)
ij0

−
n∑

j=1

x
(l)
ij λ0

j

)
+

s∑
r=1

Tr∑
t=1

bt
r

( n∑
j=1

y
(t)
rj λ0

j − y
(t)
rj0

))

= θ0 − ε

( m∑
i=1

(
θ0

Li∑
l=1

al
ix

(l)
ij0

−
n∑

j=1

Li∑
l=1

(al
ix

(l)
ij )λ0

j

)
+

s∑
r=1

( n∑
j=1

Tr∑
t=1

(bt
ry

(t)
rj )λ0

j −
Tr∑
t=1

bt
ry

(t)
rj0

))

= θ0 − ε

( m∑
i=1

s−0
i +

s∑
r=1

s+0
r

)
,

1%, ;[

θ1 − ε

( m∑
i=1

Li∑
l=1

al
is

l−1
i +

s∑
r=1

Tr∑
t=1

bt
rs

t+1
r

)
< θ0 − ε

( m∑
i=1

s−0
i +

s∑
r=1

s+0
r

)
. (5)

*&, B+ θ1, λ1, λ1
n+1, s̃

−1, s̃+1 �%� (ComD) �M 7, B3� 2 ;[, K

s−1
i =

Li∑
l=1

al
is

l−1
i , i = 1, 2, · · · , m, s+1

r =
Tr∑
t=1

bt
rs

t+1
r , r = 1, 2, · · · , s,

s̃−1 = (s−1
1 , s−1

2 , · · · , s−1
m ), s̃+1 = (s+1

1 , s+1
2 , · · · , s+1

s ),
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N θ1, λ1, λ1
n+1, s

−1, s+1 �%� (NJD) �;:7. L,

θ0 − ε

( m∑
i=1

s−0
i +

s∑
r=1

s+0
r

)
≤ θ1 − ε

( m∑
i=1

s−1
i +

s∑
r=1

s+1
r

)
= θ1 − ε

( m∑
i=1

Li∑
l=1

al
is

l−1
i +

s∑
r=1

Tr∑
t=1

bt
rs

t+1
r

)
,

/�] (5) ]RZ\X.

�E\N8518�JO� DEA ,4.

@? 6 E θ0, λ0, λ0
n+1, s

−0, s+0�%� (NJD)�M 7,N8518 j0 �JO ((X̂1, · · · X̂m), (Ŷ1, · · · Ŷs))

� DEA ,4 (NJ).

hW ÆE ((X̂1, · · · X̂m), (Ŷ1, · · · Ŷs))�� DEA,4 (NJ),NW� θ1, λ1
0, λ

1, λ1
n+1, s

−1, s+10# θ1 �= 1

IE θ1 = 1, (s−1, s+1) �= 0. B%� (NJD) ]\YV;[

X̂iλ
1
0 +

n∑
j=1

Li∑
l=1

(al
ix

(l)
ij )λ1

j + s−1
i = θ1X̂i, i = 1, · · · , m,

Ŷrλ
1
0 +

n∑
j=1

Tr∑
t=1

(bt
ry

(t)
rj )λ1

j − s+1
r = Ŷr, r = 1, · · · , s,

δ1

(
λ1

0 +
n∑

j=1

λ1
j − δ2(−1)δ3λ1

n+1

)
= δ1.

B+

X̂i = θ0
Li∑
l=1

al
ix

(l)
ij0

− s−0
i , i = 1, 2, · · · , m, Ŷr =

Tr∑
t=1

bt
ry

(t)
rj0

+ s+0
r , r = 1, 2, · · · , s,

L# (
θ0

Li∑
l=1

al
ix

(l)
ij0

− s−0
i

)
λ1

0 +
n∑

j=1

Li∑
l=1

(al
ix

(l)
ij )λ1

j + s−1
i = θ1

(
θ0

Li∑
l=1

al
ix

(l)
ij0

− s−0
i

)
, i = 1, · · · , m,

( Tr∑
t=1

bt
ry

(t)
rj0

+ s+0
r

)
λ1

0 +
n∑

j=1

Tr∑
t=1

(bt
ry

(t)
rj )λ1

j − s+1
r =

Tr∑
t=1

bt
ry

(t)
rj0

+ s+0
r , r = 1, · · · , s.

1%
n∑

j=1

Li∑
l=1

(al
ix

(l)
ij )λ1

j + (s−1
i + (1 − λ1

0)s
−0
i ) ≤ (1 − λ1

0)
(

θ0
Li∑
l=1

al
ix

(l)
ij0

)
, i = 1, · · · , m,

n∑
j=1

Tr∑
t=1

(bt
ry

(t)
rj )λ1

j − (s+1
r + (1 − λ1

0)s
+0
r ) = (1 − λ1

0)
Tr∑
t=1

bt
ry

(t)
rj0

, r = 1, · · · , s,

@�
n∑

j=1

Li∑
l=1

(al
ix

(l)
ij )(λ1

j/(1 − λ1
0)) + s−0

i + (s−1
i /(1 − λ1

0)) ≤ θ0
Li∑
l=1

al
ix

(l)
ij0

, i = 1, · · · , m,

n∑
j=1

Tr∑
t=1

(bt
ry

(t)
rj )(λ1

j/(1 − λ1
0)) − s+0

r − (s+1
r /(1 − λ1

0)) =
Tr∑
t=1

bt
ry

(t)
rj0

, r = 1, · · · , s,

δ1

( n∑
j=1

λ1
j/(1 − λ1

0) − δ2(−1)δ3(λ1
n+1/(1 − λ1

0))
)

= δ1.

K

s̄i
− = θ0

Li∑
l=1

al
ix

(l)
ij0

−
n∑

j=1

Li∑
l=1

(al
ix

(l)
ij )(λ1

j/(1 − λ1
0)), s̄r

+ =
n∑

j=1

Tr∑
t=1

(bt
ry

(t)
rj )(λ1

j/(1 − λ1
0)) −

Tr∑
t=1

bt
ry

(t)
rj0

,

;�]\ θ0, s̄−, s̄+, λ1
n+1/(1 − λ1

0), λ
1
j/(1 − λ1

0), j = 1, 2, · · · , n �%� (NJD) �;:7, &

θ0 − ε

( m∑
i=1

s̄i
− +

s∑
r=1

s̄r
+

)
≤ θ0 − ε

( m∑
i=1

s−0
i +

s∑
r=1

s+0
r

)
− ε

( m∑
i=1

s−1
i /(1 − λ1

0) +
s∑

r=1

s+1
r /(1 − λ1

0)
)

< θ0 − ε

( m∑
i=1

s−0
i +

s∑
r=1

s+0
r

)
,
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/�ÆE θ0, λ0, λ0
n+1, s

−0, s+0 �%� (NJD) �M 7]R! \X.

�?�S, (+����#$�-*.���2L�, -*�!^^�+8518�!, /,;8/0

��!85185� DEA ,4, *&, 9�*()�-*!#^3 DEA %�IEHF�E(-*/�, 0

0/0#$!./+�")#11�2(, 00# DEA �"�#$!.12��34. 1%, �?L(2

E(-*^_�\SD'-*H$( DEA �"�:#$, &/@.��";8B�< 5(-*�7��

�, 5"?$A+E(-*�7���. 56D��85E?$+A+E(-*7����.

B3� 3;[$(%� (ComD)9#�409�$(%� (NJD)9#�409,�.M$(%� (ComD)

;�9#%� (NJD) �40#$!.. *&, B3� 5 ;[, �.

ΔXi = (1 − θ0)
Li∑
l=1

al
ix

(l)
ij0

+ s−0
i , ΔYr = s+0

r , i = 1, 2, · · · , m, r = 1, 2, · · · , s

�8518 j0 �7�9, K

sl−2
i = θ0x

(l)
ij0

−
n∑

j=1

x
(l)
ij λ0

j , l = 1, 2, · · · , Li, i = 1, 2, · · · , m,

st+2
r =

n∑
j=1

y
(t)
rj λ0

j − y
(t)
rj0

, t = 1, 2, · · · , Tr, r = 1, 2, · · · , s,

N8518 j0 �7�9;�!7�E:

Δx
(l)
ij0

= (1 − θ0)x(l)
ij0

+ sl−2
i , l = 1, 2, · · · , Li, i = 1, 2, · · · , m,

Δy
(t)
rj0

= st+2
r , t = 1, 2, · · · , Tr, r = 1, 2, · · · , s,

B3� 6 ;[?/QE(-*�"&, ;�08518 j0 �7�:[$ DEA ,4 (NJ).

4 CD�FÆGHIJ��K L�ij

�+���^)����!" �*#%��$(T_, �E9#$�0=8^)$D�?�46, B

+_P@2, ,@0=8�:3�"IU89 [33, 34].

ÆE`, n̄ �0=182�#$�I_0=, 6� x̄
(l)
ij F'9 j �0=18�9 i �;3-*�9 l

�E(-*9, ȳ
(t)
rj F'9 j �0=18�9 r �;�-*�9 t �E(-*9, /G x̄

(l)
ij , ȳ

(t)
rj 5�J!.

6XUV<4�6, N 9 p(1 ≤ p ≤ n) �8518,�E%�.

(G-Com)

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

Min θ − ε

( m∑
i=1

Li∑
l=1

al
is

l−
i +

s∑
r=1

Tr∑
t=1

bt
rs

t+
r

)

s.t.
n̄∑

j=1

x̄
(l)
ij λj + sl−

i = θx
(l)
ip , l = 1, 2, · · · , Li, i = 1, 2, · · · , m,

n̄∑
j=1

ȳ
(t)
rj λj − st+

r = y(t)
rp , t = 1, 2, · · · , Tr, r = 1, 2, · · · , s,

δ1

( n̄∑
j=1

λj − δ2(−1)δ3λn̄+1

)
= δ1,

Li∑
l=1

al
is

l−
i ≥ 0, i = 1, 2, · · · , m,

Tr∑
t=1

bt
rs

t+
r ≥ 0, r = 1, 2, · · · , s,

λj ≥ 0, j = 1, 2, · · · , n̄ + 1.

(6)

/G λ̃ = (λ1, λ2, · · · , λn̄), s̃− = (s1−
1 , · · · , sL1−

1 , · · · , s1−
m , · · · , sLm−

m ), s̃+ = (s1+
1 , · · · , sT1+

1 , · · · , s1+
s , · · · , sTs+

s ).

@X 5 �.%� (G-Com) �M 7 θ0, λ̃0, λ0
n̄+1, s̃

−0, s̃+0 JC�EYV`�:

1) θ0 = 1 C
∑Li

l=1 al
is

l−0
i = 0, i = 1, 2, · · · , m,

∑Tr

t=1 bt
rs

t+0
r = 0, r = 1, 2, · · · , s,
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2) θ0 > 1,

3) %� (G-Com) 5;:7,

NK8518 p � G-DEA ,4.

@X 6 ÆE%� (G-Com) �M 7� θ0, λ̃0, λ0
n̄+1, s̃

−0, s̃+0, K

x̃
(l)
ip = θ0x

(l)
ip − sl−0

i , l = 1, 2, · · · , Li, i = 1, 2, · · · , m,

ỹ(t)
rp = y(t)

rp + st+0
r , t = 1, 2, · · · , Tr, r = 1, 2, · · · , s,

K ((x̃(1)
1p , · · · , x̃

(L1)
1p , · · · , x̃

(1)
mp, · · · , x̃

(Lm)
mp ), (ỹ(1)

1p , · · · , ỹ
(T1)
1p , · · · , ỹ

(1)
sp , · · · , ỹ

(Ts)
sp )) �8518 p �0=,4�

5� “JO”.

K Δx
(l)
ip = x

(l)
ip − x̃

(l)
ip , Δy

(t)
rp = ỹ

(t)
rp − y

(t)
rp , N6<4�E:

1) �. Δx
(l)
ij0

> 0 (I Δx
(l)
ij0

< 0) F'�0=18,�, 8518 j0 �9 i �;3-*�9 l @E(

-*5�J3/� (ID���). 2) �. Δy
(t)
rj0

> 0 (I Δy
(t)
rj0

< 0) F'�0=18,�, 8518 j0 �9

r �;�-*�9 t @E(-*5;�NO (ID�,4).

5 kXYZ[\]^l_`jmabcnd�E

�+�:�2�", �EH7�W 15 �X`F-- 2015 $�����Æ)�!#�:!". / 15 �

X`F--Æaa`��b�\]�YZ^�bc�[a�c_�ad��b�e`�b\�(a�fb����

ca. 85EKL7��Æ)�d'�����O]�Odb^2�B1�(� ��--�����Æ)

402�,��#&. *&, ��:����!�"&�, 85E6KL85#$D1F1�"&��, /0

53��<cD3..

5.1 O#oepfqg@
B+85E�#$Æ*�KL7��Æ)�d'�����O]�Odb^=���D'Cd�W--

����Æ)�D'40, 1%, =87/=����Æ, 4I_8 [35]�[36] @+����Æ)-*.��

E4�", H7�J3-*�,��?;�! (I1) �,3!:J! (I2). B1(��:�-*!���D'

-! (O1)�d'D'-! (O2)���O]D'-! (O3) �OdD'-! (O4) e%, 4X�/e����

�#<,*. �F1(�5, NY��Æ*�-*Æa+�O:.9 (O1
1) ��5+�O:.9 (O2

1); NY

d'Æ*�-*Æad'�Qc.�e�� (O1
2) �dQgh! (O2

2); NY��O]Æ*�-*Æae�i

5�!cO]f���� (O1
3) ��5fg�2 (O2

3); NYOdÆ*�-*Æa:��g�_`0 (O1
4), �

B-f9a/ (O2
4), �B-j9a/ (O3

4) ��B,.-':O/ (O4
4). -*`h�J3:�@��-*/

��G 3 @'.

P 3 12S34RhRristu
B+�-*�1+�*, !/,W2�, �EUW9!#�:b��.�, K

x
′(l)
ij = x

(l)
ij / max

1≤k≤n
{x(l)

ik }, y
′(t)
rj = y

(t)
rj / max

1≤k≤n
{y(t)

rk }.
B+9 j �--�;3-*�

x
′(1)
1j = x

(1)
1j / max

1≤k≤n
{x(1)

1k }, x
′(1)
2j = x

(1)
2j / max

1≤k≤n
{x(1)

2k }.
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@�7 a1
1 = 1/ max

1≤k≤n
{x(1)

1k }, a1
2 = 1/ max

1≤k≤n
{x(1)

2k }, 9 j �--�.;�-* (yj) �B+��D'-!�e

�-*��/�� 0.25, 0 GDP �NY��D'-!�i�-*��/�� 0.5, 1%, GDP  ;��.

/�� ω1ω
1
1 = 0.25 × 0.5.

yj = ω1ω
1
1y

(1)
1j / max

1≤k≤15
{y(1)

1k } + ω1ω
2
1y

(2)
1j / max

1≤k≤15
{y(2)

1k } + · · · + ω4ω
4
4y

(4)
4j / max

1≤k≤15
{y(4)

4k }

=
(

ω1ω
1
1/ max

1≤k≤15
{y(1)

1k }
)

y
(1)
1j +

(
ω1ω

2
1/ max

1≤k≤15
{y(2)

1k }
)

y
(2)
1j + · · · +

(
ω4ω

4
4/ max

1≤k≤15
{y(1)

4k }
)

y
(4)
4j .

(7)

@�7 b1
1 = ω1ω

1
1/ max

1≤k≤15
{y(1)

1k }, b2
1 = ω1ω

2
1/ max

1≤k≤15
{y(2)

1k }, · · · , b4
4 = ω4ω

4
4/ max

1≤k≤15
{y(4)

4k }.
5.2 jklv%wTxm:(n%op

$(%� (CBFS)�%� (NJD) �%� (ComD) ;�J# 15 �--�409�F 3 @'.

C 3 ^?IJK_LMF 15 Eqrstu`NK�avOPQbFdUc
Y[ kg �j ef cdg lk eh mh hn ll �i i	 fh ow jg jk

(CBFS) 1 1 0.923 1 1 1 1 1 1 1 1 1 1 1 1

(NJD) 0.762 1 0.815 0.902 0.838 0.719 1 1 0.915 0.687 0.704 0.761 1 0.553 0.811

(ComD) 0.762 1 0.815 0.902 0.838 0.719 1 1 0.915 0.687 0.704 0.761 1 0.553 0.811

7F 3 ;U, �?%QR;646E, $( BC2 %� (M (CBFS) %�) 9#�!.l+\]`k, 6

X 14�--5� DEA ,4, 1%, $( BC2 %�5"�!�--�,4<��, �5";����7��

��. 0$(%� (NJD) �%� (ComD) J#�!.�;,fb��b�ad�c_,4, 6X18554,

,4<)=�: fb�ad��b�c_ > �b > YZ^ > bc > \] > ca > a` > (a > [a >

b\ > e` > ��.

5.3 jklv%yzx{(nop
�?%QR;646E,  +F 3 ��409, $(34 1�34 2 �34 4 �h];����#$ 15

�--�JO9�F 4 @'.

7F 4 ;�<�, $( (CBFS) %�;��7�9l\]k5� 0. $( (NJD) %�;8;�8�-

*�7���, 05";�=>-*�7���. 0 (ComD) %�;�;�=>-*�7���. �� +

ca-J#�409� 0.811, �M Æ*9 1 *,�3�,W. Q#"&��l�,��?;�!pi 62

m�, ,3!:J!pi 962.7j8, +�O:.9��5+�O:.9:���C/!V� 1333.1j8�

3.83 m8, d'�Qc.�e��Q#H�1 0.00745. 7#� (F��e�i5�!cO]f����

, 2E�dQgh!, 2�. 1%, ca-�7��l�qE$E!"�0(40�qE$E GDP �

:�/, $Ed'�Q�L�E��1�e���n�GI, �0$Ed'�Q�c�. *&-�dQgh!

2�, & GDP �:�W�2��C, 1%, $qE$Ed'�.:��E�.

7\]�7���<, (CBFS) %�;8;�8518��C, 0 (ComD) %�m;�;�8518�

�C, �8;�8518W�� (.

7F 5 ;�<�, (a����-, � GDP ��5 GDP 53,n � (, �,4fi,�S�

39.79% � 12.29%, &�?;�Q40�,3!:J!40��*,m���$E, &V�d'�Qc.�

e��/T, /�Æ\+?;�Q402T�o�W�, �J�/C=1/0$( (ComD) %�#$��(

a��40���E�=1.

B+/G!"�������D'!., 4C2���d'���O]�Odioa�*��#+#2

CD0#��!., 7F 5 ;�<�B+(ad'�Qc.�e��/T, ;, 0.775%, #[$,4��Q

#$E$ 2.1%, /�fb� 5.8% ,��4���E, 1%, D'<(a�40�E��'��. 'W�.8

5E$E��-*�/�IE1n7��Æ*2!", (a�40�,2�$E.

.`, (ComD) %��#$����,4<���A8,4�!�--40�M, 0C�8-��--

��C� (, 3,�2�#���34.
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C 4 ^?IJK_LMF 15 EqrstuFS3RSc
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

O

X

Z

Y

[

k

g

�

j

e

f

c

d

g

l

k

e

h

m

h

h

n

l

l

�

i

i

	

f

h

o

w
j

g

j

k

(CBFS) 0 0 23.3 0 0 0 0 0 0 0 0 0 0 0 0

I1 (NJD) – – – – – – – – – – – – – – –

(ComD) 72.8 0 56.1 24. 3 86.6 150.6 0.0 0.0 24.9 131.9 131.7 165.9 0 346.4 62.0

(CBFS) 0 0 679. 1 0 0 0 0 0 0 0 0 0 0 0 0

I2 (NJD) – – – – – – – – – – – – – – –

(ComD) 1266.7 0 799.7 448.6 1113.3 1562.9 0 0 298.6 2051.9 3158.1 1294.5 0 3105.4 962.7

(CBFS) 0 0 796. 3 0 0 0 0 0 0 0 0 0 0 0 0

O1
1 (NJD) – – – – – – – – – – – – – – –

(ComD) −325.8 0 554.7 1322.2 −192.5 −2203.0 0 0 −522.2 −1467.9 −2985.4 −7201.5 0 −2270 1333.1

(CBFS) 0 0 15983. 5 0 0 0 0 0 0 0 0 0 0 0 0

O2
1 (NJD) – – – – – – – – – – – – – – –

(ComD) 18858 0 29519 48522 −6871 −8350 0 0 14057 3542 790 −16742 0 33907 38275

(CBFS) 0 0 0. 00113 0 0 0 0 0 0 0 0 0 0 0 0

O1
2 (NJD) – – – – – – – – – – – – – – –

(ComD) 0.0059 0 0.008 0.0034 0.0041 0.0083 0 0 0.0094 0.0103 0.0079 0.021 0 0.0112 0.0075

(CBFS) 0 0 4301. 8 0 0 0 0 0 0 0 0 0 0 0 0

O2
2 (NJD) – – – – – – – – – – – – – – –

(ComD) −4998 0 2631 −14025 3177 −3012 0 0 308 −13267 4518 3734 0 7072 −36348

(CBFS) 0 0 0.514 0 0 0 0 0 0 0 0 0 0 0 0

O1
3 (NJD) – – – – – – – – – – – – – – –

(ComD) 0.222 0 0.427 0.086 −0.391 0. 191 0 0 −0.132 −0.067 0.351 0.250 0 −0.682 −0.234

(CBFS) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

O2
3 (NJD) – – – – – – – – – – – – – – –

(ComD) −7.862 0 −5.359 2.697 0.663 1.596 0 0 −5.708 3.557 −0.364 1.967 0 −4.197 −0.037

(CBFS) 0 0 1. 89 0 0 0 0 0 0 0 0 0 0 0 0

O1
4 (NJD) – – – – – – – – – – – – – – –

(ComD) 2.29 0 4.94 8.95 −5.10 −1.12 0 0 3. 05 1.88 −2. 22 −1.17 0 0.13 0.02

(CBFS) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

O2
4 (NJD) – – – – – – – – – – – – – – –

(ComD) −10.24 0 −12.39 −19.09 5.11 6.23 0 0 −12.71 −6.48 −7. 97 1.20 0 −0.85 −5.60

(CBFS) 0 0 5.73 0 0 0 0 0 0 0 0 0 0 0 0

O3
4 (NJD) – – – – – – – – – – – – – – –

(ComD) −0.83 0 4.47 4.65 17.71 −11.40 0 0 −2.29 −9.14 −10.79 −7.22 0 −5.43 −1.29

(CBFS) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

O4
4 (NJD) – – – – – – – – – – – – – – –

(ComD) 0 0 0 8.37 0 −0.01 0 0 0 0 0 4.76 0 −0.01 1.91

k: l�orpqOX��p, j�orkm�lnVoUT��p.

C 5 2015 yz|uFS3GHrRSc
m� fhsm�Z 15 mps��p�Z fhsm�OXZ OXZ�m�Zq�r

tunqs�� (r�) 693.1993 906.186 165.9 23.93%

ot�QV� (ST) 5405.952 7680.886 1294.5 23.95%

uv	QWZ (ST) 18100.41 18100.41 −7201.5 −39.79%

�ruv	QWZ (vq) T 136188 157985 −16742.1 −12.29%

�s�V�W�trr 0.00775 0.058122 0.02101 271.10%

s�wr���	ptw�rr (pu) 2.27039 3.16715 0.25 11.01%
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