
�13
98

u=DU
@=D�

'h}
QWC

}Q}O
tw

`}=v
Y

|U
Ovyt

65
�51

"X
'1/

2|
xQ=t

W'
35

�1
|xQ

wO

O
ri

gi
na

lA
rt

ic
le|}xm@W |mtm |=yxHvU Q@ |vD@t |wor= |x�=Q=

u}t-=D |xQ}HvR OQmrta |@=} RQ= |=Q@
u}t-=D |xQ}HvR %xar=]t OQwt�

�u=Q}= jQ@ CavY
�|QDmO |wHWv=O� u=Qta |U}w= sQm =

�Q=}O=DU=� �|O=@;l}v |a}iW uULt
u=vtU x=oWv=O 'C} Q}Ot w O=YDk= |xOmWv=O

�O=DU=� |Q}t= OwYkt
|�=@]=@] xtqa x=oWv=O 'C} Q}Ot w |Q=O@=UL xOmWv=O

�Q=}O=DU=� xO}m =} wQUN}m
uq}o x=oWv=O 'O=YDk= w C} Q}Ot |xOmWv=O

|R=wt - |r=wDt |Q=DN=U =@ u=Q}= jQ@ CavY u}t-=D |xQ}HvR OQmrta xar=]t u}= QO
w O}rwD |xv=oxORv=W |L=wv pt=W u=Q}= jQ@ CavY u}t-=D |xQ}HvR "CU= xOW |@=} RQ=

|y=owQ}v |=yOL=w "OvDUy \@DQt Qo}Om} =@ |r=wDt CQwYx@ xm CU= jQ@ `} RwD w p=kDv=
^=Lr |}=Q=m C=Qtv |x@U=Lt QO pkDUt w |R=wt Q=DN=U =@ R}v jQ@ `} RwD |=yCmQW w
?} Q[ R= xO=iDU= =@ |R=wt |=yOL=w |@=} RQ= |=Q@ =yC}OwOLt |xaUwD |xwLv "Ov=xOW
|=yOv}=Qi w pm |}=Q=m =v -=Wvt u}}aD '|}xm@W |mtm |xHvU Q@|vD@t pOt QO =Ovq C@=F
?wr]t=v w ?wr]t |=y|HwQN '|v=}t |=yxR=Ov= '=y|OwQw `=wv= uDiQo Q_v QO 'xv=oxU
xrtH R= u=Q}= jQ@ CavY K]U QO |ak=w |xar=]t OQwt uDiQo Q_v QO w |}=yv w |v=}t
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|R=wt |=yOv}=Qi x@ \w@ Qt |=yC}OwOLt xDUO '|R=wt |=yOL=w |}=Q=m |x@U=Lt
OQwt |=yOL=w |=y|HwQN w =y|OwQw xawtHt T=U= Q@ |@ Q[t pOt QO =Q
|WWwB ?} Q[ uOw@ C@=F x@ xHwD =@ xar=]t u}= QO [46w45]"CU= xO=O \U@ xar=]t
sDU}U swU w pw= |=yOv}=Qi x@ \w@ Qt |=yC}OwOLt xDUO 'xrLQt xU Qy |=Q@ �

"OwW|t xO=O \U@ s=j OL=w ?ULQ@
%=yOv}=Qi \U@

nX
j=1

�1
jXij + S�i = Xi0�

!
nX
j=1

�1
j

AX
a=1

xaij +
AX
a=1

s�ai �
AX
a=1

xai0� = 0

)
AX
a=1

(
nX
j=1

�1
jx
a
ij � xai0�+ s�ai ) = 0

!
nX
j=1

�1
jx
a
ij � xai0�+ sa�i = 0 (9)

w =y|OwQw ẁtHt R= sDU}U pw= Ov}=Qi Ovv=ty swU Ov}=Qi |=y|HwQN w =y|OwQw

S�i � = S�i ; S�l � = S�l ; S�h � = S�h ;
S�q � = S�q ; S�p � = S�p ; S�b � = S�b ; S�b0� = S�b0 ;
S+
p � = S+

p ; S+
q � = S+

q ; S+
g � = S+

g ; S+
r � = S+

r ;

�1
j� = �1

j ; �2
j� = �2

j ; �3
j� = �3

j ;

� > 0;

(7)

|=yC}OwOLt xDUO w s} Q}o|t Q_v QO� Q@=Q@ =Q GQNt|wQ Q@l} Q=Okt 7|x]@=Q QO
T=U= Q@ =Q O}OH |=y� w O=R=t |=yQ}eDt w s}vm|t ?Q[ � u=R}t QO R}v =Q pOt

"s}vm|t |U} wvR=@ 7 |x]@=Q
u=wD|t 7 |x]@=Q R= pY=L |mtm |=yQ}eDt O}OH Q}O=kt x@ xHwD =@ p=L

"CWwv 8 pOt CQwYx@ =Q sDU}U pm |}=Q=m |x@U=Lt |]N pOt

�0 = Min(w1[�� 1
I

XI

i=1(S
�
i Xi0)]

+w2[�� 1
L+ P +B

XL

l=1(S
�
l + =Xl0) +

XP

p=1(S
�
p =Zp0)

+
XB

b=1(S
�
b =X

2
b0)]

+W3[�� 1
H +Q+B0

XH

h
(S�h =Xh0) +

XQ

q
(S�q =Zq0)

+
XB0

l=b
(S�b0=X

2
b00)])

s:t :
nX
j=1

�1
jXij + S�i = Xi0�; i = 1; 2; : : : ; I;

nX
j=1

�1
jYgj � S+

g = Yg0�; g = 1; 2; : : : ; G;
nX
j=1

�1
jZpj � S+

p = Zp0�; p = 1; 2; : : : ; P;
nX
j=1

�2
jXlj + S�l = Xl0�; l = 1; 2; : : : ; L;

nX
j=1

�2
jZpj + S�p = Zp0�; p = 1; 2; : : : ; P;

nX
j=1

�2
jYbj + S�b = Yb0�; b = 1; 2; : : : ; B;

nX
j=1

�2
jZqj � S+

q = Zq0�; q = 1; 2; : : : ; Q;
nX
j=1

�3
jXhj + S�h = Xh0�; h = 1; 2; : : : ; H;

nX
j=1

�3
jZqj + S�q = Zq0�; q = 1; 2; : : : ; Q;

nX
j=1

�3
jYrj � S+

r = Yr0�; r = 1; 2; : : : ; R;
nX
j=1

�3
jYb0j + S�b0 = Yb00�; b0 = 1; 2; : : : ; B0;

nX
j=1

�1
jZpj = Zp0�; p = 1; 2; : : : ; P;
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Ovyt nX

j=1
�3
jz
c
qj � zcq0�+ sc�q = 0; q = 1; 2; : : : ; Q;

nX
j=1

�3
jy
c
b0j � ycb00�+ sc�b0 = 0; b0 = 1; 2; : : : ; B0;

nX
j=1

�3
jy
c
rj � ycr0�� sc+r = 0; r = 1; 2; : : : ; R;

nX
j=1

�1
jz
a
pj � zap0� = 0; p = 1; 2; : : : ; P;

nX
j=1

�2
jZpj � Zp0� = 0; p = 1; 2; : : : ; P;

nX
j=1

�2
jZqj � Zq0� = 0; q = 1; 2; : : : ; Q;

nX
j=1

�3
jz
c
qj � zcq0� = 0; q = 1; 2; : : : ; Q;

w1[�+ 1
G+ P

XG

g=1(S
+
g =Yg0) +

XP

p=1(S
+
p =ZP 0)]

w2[�+ 1
Q

XQ

q=1(S
+
q =Zq0)] + w3[�+ 1

R

XR

r=1

(S+
r =Yr0)] = 1
nX
j=1

�1
j = �;

nX
j=1

�2
j = �;

nX
j=1

�3
j = � (j = 1; 2; : : : ; n)X3

d=1 wd = 1
�1
j ; �

2
j�

3
j ; s

a�
i ; sa+

g ; sa+
p ; S�l ; S�b ; S�p ; S+

q ; s
c�
h ; sc�b0 ; s

c�
q ;

sc+r ; wd; � � 0 (11)

pw= Ov}=Qi |}=Q=m C=Qtv |x@U=Lt "3"3
p@=k sDU}U pm |}=Q=m C=Qtv Ovv=t sDU}U pw= Ov}=Qi |}=Q=m C=Qtv VRQ= |xv}W}@
"OR=U|t xv}tm =Q sDU}U pw= Ov}=Qi |=y|OwQw pOt hOy `@=D "CU= x@U=Lt
|}=Q=m C=Qtv |x@U=Lt pOt |=yC}OwOLt xDUO Ovv=ty pOt u}= |=yC}OwOLt
xDUO \ki w OwW|t |Q=OOwN u; OOHt uDWwv R= 'wQu}= R= &CU= sDU}U pm
xDWwv 12 pOt ?r=k QO 'hOy `@=D w hOy `@=D uOQm |]N x@ \w@ Qt C}OwOLt

"OwW|t

�10 = Min(�� 1
I

XI

i=1(S
�
i =Xi0))

s:t : ��0 = (w1[�� 1
I

XI

i=1(S
�
i =Xi0)]

+w2[�� 1
L+ P +B

XL

l=1(S
�
l =Xl0)

+
XP

p=1(S
�
p =Zp0) +

XB

b=1(S
�
b =X

2
b0)]

w3[�� 1
H +Q+B0

XH

h
(S�h =Xh0)

+
XQ

q
(S�q =Zq0) +

XB0

l=b
(S�b0=X

2
b00)])

s:t :
nX
j=1

�1
jx
a
ij � xai0�+ sa�i = 0; i = 1; 2; : : : ; I;

"OwW|t pY=L swU Ov}=Qi QO OwHwt |R=wt Q=DN=U |=Q=O |=yOL=w |=y|HwQN
nX
j=1

�1
jx
a
ij � xai0�+ sa�i = 0; i = 1; 2; : : : ; I;

nX
j=1

�1
jy
a
gj � yag0�� sa+

g = 0; g = 1; 2; : : : ; G;
nX
j=1

�1
jz
a
pj � zap0�� sa+

p = 0; p = 1; 2; : : : ; P;
nX
j=1

�1
jz
a
pj � zap0� = 0; p = 1; 2; : : : ; P;

nX
j=1

�3
jx
c
hj � xch0�+ sc�h = 0; h = 1; 2; : : : ; H;

nX
j=1

�3
jz
c
qj � zcq0�+ sc�q = 0; q = 1; 2; : : : ; Q;

nX
j=1

�3
jy
c
b0j � ycb00�+ sc�b0 = 0; b0 = 1; 2; : : : ; B0;

nX
j=1

�3
jy
c
rj � ycr0�� sc+r = 0; r = 1; 2; : : : ; R; (10)

w pw= |=yOv}=Qi |R=wt |=yQ=DN=U |x_Lqt =@ sDU}U pm |}=Q=m pOt u}=Q@=v@
%CWwv 11 pOt CQwY x@ u=wD|t =Q swU

�0 = Min(w1[�� 1
I

XI

i=1(S
�
i Xi0)]

+w2[�� 1
L+ P +B

XL

l=1(S
�
l Xl0)+XP

p=1(S
�
p =Zp0) +

XB

b=1(S
�
b =X

2
b0)]

+w3[�� 1
H +Q+B0

XH

h
(S�h =Xh0)

+
XQ

q
(S�q =Zq0) +

XB0

l=b
(S�b0=X

2
b00)])

s:t :
nX
j=1

�1
jx
a
ij � xai0�+ sa�i = 0; i = 1; 2; : : : ; I;

nX
j=1

�1
jy
a
gj � yag0�� sa+

g = 0; g = 1; 2; : : : ; G;
nX
j=1

�1
jz
a
pj � zap0�� sa+

p = 0; p = 1; 2; : : : ; P;
nX
j=1

�2
jXlj �Xl0�+ S�l = 0; l = 1; 2; : : : ; L;

nX
j=1

�2
jZpj � Zp0�+ S�p = 0; p = 1; 2; : : : ; P;

nX
j=1

�2
jYbj � Yb0�+ S�b = 0; b = 1; 2; : : : ; B;

nX
j=1

�2
jZqj � Zq0�� S+

q = 0; q = 1; 2; : : : ; Q;
nX
j=1

�3
jxhj

c � xch0�+ sc�h = 0; h = 1; 2; : : : ; H;
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mtm

|=y
xHv
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vD@t
|wo

r=|
x�=Q=Q@ xm CU= hOy `@=D uOQm |]N x@ \w@ Qt C}OwOLt xDUO Qou=}@ R}v 'hOy `@=D

"CU= xOW xDWwv sDU}U pw= Ov}=Qi ?wr]t |=y|HwQN T=U=

pw= Ov}=Qi |R=wt |=yOL=w |}=Q=m C=Qtv |x@U=Lt "4"3
?wr]t |=y|HwQN w |v=}t |=yxR=Ov= '|OwQw |=yQ}eDt ?}=Q[ |x@U=Lt R= TB
R= xO=iDU= =@ pw= Ov}=Qi QO p=ai |R=wt |=yOL=w |}=Q=m C=Qtv 'sDU}U pw= Ov}=Qi

"OwW|t x@U=Lt 13 |x]@=Q
�1a�0 = [1� 1

I

XI

i=1(s
a��
i =xai0)]

=[1 + 1
G

XG

g=1(s
a+�
g =yag0)] + [1 + 1

P

XP

p=1(s
a+�
p =zap0)]

(13)

swO Ov}=Qi |}=Q=m C=Qtv |x@U=Lt "5"3
w sDU}U pm |}=Q=m C=Qtv Ovv=t sDU}U swO Ov}=Qi |}=Q=m C=Qtv VRQ= |xv}W}@
QO 'sDU}U swO Ov}=Qi |}=Q=m VHvU hOy `@=D "OQm x@U=Lt u=wD|t =Q pw= Ov}=Qi
swO Ov}=Qi C}r=ai R= pY=L ?wr]t=v |HwQN w =y|OwQw 14�1 |x]@=Q ?r=k
xOvQ}os}tYD OL=w swO Ov}=Qi x=ov; 'OW=@ �20 = 1 Qo = "OR=U|t xv}tm =Q sDU}U

"Ow@ Oy=wN =Q=m |@=} RQ= CLD
�20 = Min[�� 1

L+ P +B

XL

l=1(S
�
l =Xl0)]

+
XP

p=1(S
�
p =Zp0) +

XB

b=1(S
�
b =X

2
b0)

�14�1�
=yvD "OvDUy 12 pOt |=yC}OwOLt xDUO u=ty lQDWt |=yC}OwOLt xDUO
pOt |=yC}OwOLt xDUO =@ xm CU= hOy `@=D uOQm |]N x@ \w@ Qt C}OwOLt

"OQ=O Cw=iD 12
�+ 1

Q

XQ

q=1(S
+
q =Zq0) = 1

�14�2�
CU= hOy `@=D uOQm |]N x@ \w@ Qt C}OwOLt xDUO Qou=}@ R}v �14�2� |x]@=Q

"CU= xOW xDWwv sDU}U swO Ov}=Qi ?wr]t |HwQN T=U= Q@ xm

swU Ov}=Qi |}=Q=m C=Qtv |x@U=Lt "6"3
'sDU}U pm |}=Q=m C=Qtv Ovv=t sDU}U swU Ov}=Qi |}=Q=m C=Qtv VRQ= |xv}W}@
w =y|OwQw �15�1� pOt hOy `@=D "CU= x@U=Lt p@=k swO w pw= |=yOv}=Qi

"OR=U|t xv}tm =Q sDU}U swU Ov}=Qi ?wr]t=v |HwQN
�30 = Min�� 1

H +Q+B0

�XH

h
(S�h =Xh0) +

XQ

q
(S�q =Zq0) +

XB0

l=b
(S�b0=X

2
b00)

�15�1�
�30 = 1 Qo = "CU= xOvQ}os}tYD |=yOL=w swU Ov}=Qi |}=Q=m |xQtv Qou=}@ �3�0

"Ow@ Oy=wN =Q=m |@=} RQ= CLD |xOvQ}os}tYD OL=w swU Ov}=Qi x=ov; 'OW=@

nX
j=1

�1
jy
a
gj � yag0�� sa+

g = 0; g = 1; 2; : : : ; G;
nX
j=1

�1
jz
a
pj � zap0�� sa+

p = 0; p = 1; 2; : : : ; P;
nX
j=1

�2
jXlj �Xl0�+ S�l = 0; l = 1; 2; : : : ; L;

nX
j=1

�2
jZpj � Zp0�+ S�p = 0; p = 1; 2; : : : ; P;

nX
j=1

�2
jYbj � Yb0�+ S�b = 0; b = 1; 2; : : : ; B;

nX
j=1

�2
jZqj � Zq0�� S+

q = 0; q = 1; 2; : : : ; Q;
nX
j=1

�3
jx
c
hj � xch0�+ sc�h = 0; h = 1; 2; : : : ; H;

nX
j=1

�3
jz
c
qj � zcq0�+ sc�q = 0; q = 1; 2; : : : ; Q;

nX
j=1

�3
jy
c
b0j � ycb00�+ sc�b0 = 0; b0 = 1; 2; : : : ; B;

nX
j=1

�3
jy
c
rj � ycr0�� sc+r = 0; r = 1; 2; : : : ; R;

nX
j=1

�1
jz
a
pj � zap0� = 0; p = 1; 2; : : : ; P;

nX
j=1

�2
jZpj � Zp0� = 0; p = 1; 2; : : : ; P;

nX
j=1

�2
jZqj � Zq0� = 0; q = 1; 2; : : : ; Q;

nX
j=1

�3
jz
c
qj � zcq0� = 0; q = 1; 2; : : : ; Q;

(�+ 1
G+ P

XG

g=1(S
+
g =Yg0)+

XP

p=1(S
+
p =ZP 0)) = 1

nX
j=1

�1
j = �;

nX
j=1

�2
j = �;

nX
j=1

�3
j = � (j = 1; 2; : : : ; n)X3

d=1 wd = 1
�1
j ; �

2
j ; �

3
j ; s

a�
i ; sa+

g ; sa+
p ; S�l ; S�b ; S�p ; S+

q ; s
c�
h ; sc�b0 ; s

c�
q ;

sc+r ; wd; � � 0 (12)

|xQtv Qou=}@ �1�0 "CU= sDU}U pw= Ov}=Qi|}=Q=m |x@U=Lt |x]@=Q Qou=}@ '12 pOt
pw= Ov}=Qi x=ov; 'OW=@ �10 = 1 Qo = "CU= xOvQ}os}tYD |=yOL=w pw= Ov}=Qi |}=Q=m

"Ow@ Oy=wN =Q=m |@=} RQ= CLD |xOvQ}os}tYD OL=w
C=Qtv |xv}y@ Q=Okt Q@=Q@ =Q 11 pOt hOy `@=D Q=Okt pw= C}OwOLt xDUO
uOQm |]N =@ \@DQt C}OwOLt xDUO u}vJty "OyO|t Q=Qk sDU}U pm |}=Q=m
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QW
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Q}Ot

w`}
=vY

|U
Ovyt 'swU 'swO 'pw= |=yC}OwOLt xDUO 'hOy `@=D Qo}O CQ=@a x@ "Ovm|t jOY

|=yC}OwOLt xDUO Q}=U w OwW|t 18 |x]@=Q CQwY x@ pOt syOR}U w syOR=wO
"OwW|t QiY Q@=Q@ sy pOt

�0 = w1[�� 1
I

XI

i=1(S
�
i =Xi0)] + 0 + 0 = 1

nX
j=1

�1
jx
a
ij + s�ai = xai0�! xai0 = xai0

nX
j=1

�1
jy
a
gj � s+a

g = yag0�! yag0 = yag0

nX
j=1

�1
jz
a
pj � s+a

p = zap0�! zap0 = zap0

nX
j=1

�1
jz
a
pj � zap0� = 0! zap0 = zap0

w1(�+ 1
G+ P

XG

g=1(S
+
g =Yg0) +

XP

p=1(S
+
p =ZP 0)) + 0 = 1

nX
j=1

�1
j = � = 1! �10 = � = 1X3

d=1 wd = 1! w1 = 1 (18)

w |v=}t |=yxR=Ov= '=y|OwQw |Q=Okt VRQ= uDiQo Q_v QO uwO@ CU= |y}O@
OwHw 11 pOt |=Q@ xHwt ?=wH l} xQ=wty 'pOt ?wr]t=v w ?wr]t |=y|HwQN
xQ=wty 11 pOt u}=Q@=v@ "s}yO|t u=Wv �0 = 1 Q=Okt =@ =Q u; xm CW=O Oy=wN

"CU= |vOW
"CU= |vOW xQ=wty 12 pOt %2 x}[k

CU= QiY Q@=Q@ 12 pOt QO OwHwt |=yQ}eDt ?}=Q[ s=tD OwW|t ZQi %C=@F=
'pw= Ov}=Qi x@ xDi=} X}YND uRw w pw= Ov}=Qi |WWwB ?} Q[ 'pw= Ov}=Qi |}=Q=m w
"CU= �10 = �0�10 = � = w1 = 1l} =@ Q@=Q@ sDU}U pm|}=Q=m wC@=F?} Q[
��0 = �10 = �10 = 1
� = w1 = 1
w2 = w3 = 0
�1
j = 0; (j 6= 0);

�2
j = �3

j = 0; (j = 1; 2; : : : ; n);

S�i = S+
g = 0; (i = 1; 2; : : : ; I); (g = 1; 2; : : : ; G);

S�l = S�b = 0; (l = 1; 2; : : : ; L); (b = 1; 2; : : : ; B);

S�h = S+
r = S�b0 = 0; (h = 1; 2; : : : ; H); (r = 1; 2; : : : ; R);

(b0 = 1; 2; : : : ; B0); (19)

l} 19 |x]@=Q '=y|HwQN w |v=}t |=yxR=Ov= '=y|OwQw s=tD uOw@ C@Ft ZQi =@
"OwW|t ?wULt 12 pOt |=Q@ xHwt ?=wH

�10 = [�� 1
I

1X
i=1

(S�i =Xi0)] = 1

��0 = w1[�� 1
I

XI

i=1(S
�
i =Xi0)] + 0 + 0 = 1

hOy `@=D uOQm |]N x@ \w@ Qt C}OwOLt xDUO Qou=}@ R}v �15�2� |x]@=Q
Q}=U "CU= xOW xDWwv sDU}U pw= Ov}=Qi ?wr]t |=y|HwQN T=U= Q@ xm CU=
=yu; uDWwv R= xm CU= 12 pOt |=yC}OwOLt xDUO u=ty C}OwOLt xDUO

"OwW|t |Q=OOwN
�+ 1

R+Q

XR

r=1(S
+
r =Yr0) +

XQ

q
(S+
q =Zq0) = 1

�15�2�

swU Ov}=Qi |R=wt |=yOL=w |}=Q=m C=Qtv |x@U=Lt "7"3
?wr]t=v w ?wr]t |=y|HwQN '=y|OwQw |=yQ}eDt ?}=Q[ |x@U=Lt R= TB
R= xO=iDU= =@ swU Ov}=Qi QO p=ai |R=wt |=yOL=w |}=Q=m C=Qtv 'sDU}U swU Ov}=Qi

"OwW|t x@U=Lt 16 |x]@=Q
�3c�0 = [1� 1

Q+H +B0
XQ

q=1(s
c��
q =zcq0)+XH

h=1(s
c��
h =xch0) +

XB0

b=1(s
c��
b0 =ycb0)]

=[1 + 1
R

XR

r=1(s
c+�
r =ycr0)] (c = 1; 2; : : : ; C);

(j = 1; 2; : : : ; n) (16)

sDU}U w =yOv}=Qi |}=Q=m |x@U=Lt |=ypOt uOw@|vOW C=@F= "8"3
CavY u=oQ@N R= Qiv wO \UwD jQ@ CavY Q=DN=U =@ xOW x�=Q= |twyit pOt j@=]D
x�=Q= |[=} Q pOt xH}Dv QO "CU= xOW O}}-=D p=U xO |q=@ |Q=m |xk@=U =@ jQ@
|}=wQ R= jQ@ CavY |xOvQ}os}tYD |=yOL=w QO OwHwt Q=DN=U T=U= Q@ xOW
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Ow@y@ |=Q@ |@=} wor= |=Q@ |Dw=iDt |=yVwQ =yxO=O |WWwB p}rLD |xv}W}B QO
|=Q@ |=|[=} Q |=ypOt j}kLD u}= QO "OQ=O OwHw xOvQ}os}tYD |=yOL=w |}=Q=m
"CU= xOW x�=Q= =yu; |}=Q=m =v -=Wvt |}=U=vW w =Q=m =v |xOvQ}os}tYD |=yOL=w u}}aD
hOy =@ |R=wt - |r=wDt |}xm@W Q=DN=U =@ sDU}U |=Q@ |@=} wor= |=yVwQ |x�=Q=
w pw= |=yOv}=Qi QO p=ai |R=wt |=yOL=w w xv=oxU |=yOv}=Qi 'pm |}=Q=m =v Ow@y@

"OwW|t O=yvW}B |D; C=k}kLD |=Q@ |aw[wt u=wva x@ swU

R= pY=L G}=Dv x@ xHwD =@ =Q Q} R |OQ@ Q=m |=yO=yvW}B u=wD|t =DU=Q u}= QO "OQm
"OQm x�=Q= j}kLD

|xv=oxU |=yOv}=Qi w pm |}=Q=m |xQtv |=Q=O u=H}=@ QP; |x}L=v xvwtv u=wva x@
"CU= 0 983 w 0 985 '1 000 '0 989 =@ Q@=Q@ ?}DQD x@ `} RwD w p=kDv= 'O}rwD
2 |}=Q=m =v u=wD|t 'O}rwD Ov}=Qi |OYQO 100 |}=Q=m |xQtv x@ xHwD =@ u}=Q@=v@
`} RwD CmQW w |}xk]vt jQ@ CmQW |}=Q=m =v x@ =Q x}L=v u}= pm |}=Q=m |OYQO

"O=O C@Uv u=H}=@ QP;
=@ R}v u=HvR x}L=v |xQ=@ QO "CU= OYQO 99 Q@=Q@ |}=Q=m |=Q=O u=HvR |x}L=v
CmQW x@ u=wD|t x}L=v u}= p=kDv= w O}rwD Ov}=Qi OYQO 100 |}=Q=m |xQtv x@ xHwD
u=HvR |x}L=v |}=Q=m Ow@y@ hOy =@ u}=Q@=v@ &O=O C@Uv u=HvR |x}L=v jQ@ `} RwD
u=HvR |x}L=v jQ@ `} RwD VN@ C}a[w Ow@y@ |=Q@ |}=yQ=my=Q |x�=Q= x@ u=wD|t

"CN=OQB
"OvDUyl} Q@=Q@|}=Q=m |xQtv |=Q=O OR} |x}L=v QO jQ@ `} RwD w p=kDv= |=yVN@
=Q=m =v |xOvQ}os}tYD |=yOL=w <RH w CU= xOw@ OYQO 99 x}L=v u}= pm |}=Q=m =t=

=yCWwv=B
1. decision making using (DMUs)
2. network data envelopmet analysis (NDEA)

3. interactive robust data envelopmnt analysis (IRDEA)
4. step method (STEM)
5. stochastic frontier analysis (SFA)
6. stochastic nonparametric envelopment of data (StoNED)
7. DEA/SCSC (strong complementary slackness condition)
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x�=Q=8. simple additive weighting (SAW)

9. slack based measure (SBM)
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