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u=Wv G}=Dv "s} R=OQB|t xm@W l} |=yVN@ \UwD lv}r Q=Okt u}}aD QO pQDvm swyit
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�|}xm@W xO=O |WWwB p}rLD VwQ� x@ |}=Q=m |x@U=Lt QO sDU}U l} |rN=O
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|mtm Q}eDt uOQm KQ]t =@ =Q ha[ u}= =} wB |}xm@W |=yQ=DN=U QO u}kkLt Qo}O
wO pOt l} QO �O=R; lv}r Cr=L QO� |}x]U=w CqwYLt |=Q@ Ctqa QO O=R;
x@ 2 C}OwOLt uOwRi= =@ '=yu; pOt pw= |xrLQt QO [20]"OvO=O Ow@y@ |}xrLQt

"O};|t CUO x@ sk�iz w sk+�
i ' sk��i |xv}y@ Q}O=kt 1 |x]@=Q

zko =
X

n
j=1zkj �kj + skz skz : free(8k) (2)

QO xm ��3 pOt QO pw= xrLQt QO xOt; CUO x@ |xv}y@ Q}O=kt |Q=Po}=H =@ TBU
xOW xDiQo Q_v QO (Discretionary � |Q=}DN= lv}r w |HwQN '|OwQw =yvD u;

%OwW|t pY=L sDU}U |xDi=} p}OaD |}=Q=m Q=Okt �� CU=
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sk
�
iz = sk��iz � sk+�

iz

sk��iz � sk+�
iz = 0

sk��iz � 0
sk+�
iz � 0 (3)

\}=QW QO xm CU= u}= O=R; lv}r QO 'Ctqa QO O=R; |mtm Q}eDt KQ] R= hOy
|x@U=Lt QO R}v |}x]U=w CqwYLt |wU R= |}=Q=m =v =} hqD= u=R}t |oDUw}B
QO uwvm =D 'xv}tR u}= QO u=oOvU} wv Vv=O x@ xHwD =@ "OwW xDiQo Q_v QO |}=Q=m
pt=aD |mtm |=yQ}eDt Q@ |vD@t |}xm@W |=yQ=DN=U |}=Q=m |Q}o xR=Ov= |=ypOt
|UQQ@ OQwt C@=F w O=R; lv}r Cr=L wO QO |}x]U=w CqwYLt |wQ =yVN@ u}@
&OQ=O OwHw =yVN@ u}@ R}v |Qo}O hrDNt |=yCr=L xm |DQwY QO 'CiQo Q=Qk

"s} R=OQB|t \@=wQ u}= R= |NQ@ x@ xt=O= QO

|=yQ}eDt Q@ |vD@t |}=Q=m |Q}o xR=Ov= OQm}wQ "3
xOW O=yvW}B |mtm

|Q}oxR=Ov= |=Q@ 'xm@W |=yVN@ \UwD lv}r pQDvm swyit x@ xHwD =@ VN@ u}= QO
xt=O= QO "O};|t OwHw x@ |irDNt |=yw} Q=vU xm@W pm u; `@D x@ w =yVN@ |}=Q=m

"OwW|t |UQQ@ =yw} Q=vU R= l} Qy 'O}rwD u=mt= |xawtHt |iQat R= Oa@

15O}rwD u=mt= |xawtHt "1"3
(k = 1; :::; k) VN@ k R= pmWDt DMUs(j = 1; :::; n)n =@ O}vm ZQi
?}DQD x@ rk w mk [19]|wUDwUD w uD |Q=Po Ctqa T=U=Q@ "s}DUy xH=wt
kVN@ R= ?aWvt lv}r w OvDUy kVN@ |=y|HwQN w =y|OwQw O=OaD Qov=Wv
R= k VN@ "s}yO|t V}=tv L =@ =Q =ylv}r xawtHt w (k; h) =@ =Q h VN@ x@
|}=yv |HwQN ẁv wO w Ovm|t hQYt =Q f0 < Xk

ij 2 Rmk+ g Q=OQ@ DMUj
Ovm|t O}rwD =Q f0 < Z(k;h)

ij 2 Rt(k;h)
+ g |}x]U=w w f0 < Y kij 2 Rrk+ g

|xawtHt x@ xHwD =@ "CU= (k; h) lv}r QO |r=UQ= sqk= O=OaD t(k;h) u; QO xm

|mtm |=yQ}eDt Q@ |vD@t |}=Q=m |Q}o xR=Ov= OQm} wQ 'pmWt u}= pL |=Q@ "[36]Ovvm
xR=Ov= OL=w R= pkDUt |}=y|oS} w pmWt u}= `iQ Q@ xwqa xm [37]OW x�=Q= (SBM)

|xawtHt x@ |oDU@=w w '|HwQN w |OwQw |mtm |=yQ}eDt QO =wvm} Vy=m '|Q}o
w |}xm@W |twta |=yQ=DN=U x@ =Q swyit u}= [20w19]|wUDwUD w uD "OQ=O 6`HQt
�2009� |wUDwUD w uD =@ j@=]t =ypOt QO xO=iDU= OQwt s�qa "OvO=O xaUwD =} wB

%CU= xOW h} QaD p}P CQwY x@
k VN@ QO DMUj x@ |OwQw `@=vt %Xk

j

k VN@ QO DMUj R= |HwQN CqwYLt %ykj
hVN@ x@ k VN@ R= |}x]U=w CqwYLt %z(k;h)

j

k VN@ |OwQw 7�O=R=t Q}eDt� xwkr=@ Vy=m %sk�
k VN@ |HwQN 8�Ow@tm Q}eDt� xwkr=@ V}=Ri= %sk+

k VN@ lv}r xwkr=@ V}=Ri= =} Vy=m %skz
k VN@ QO DMUj9?}=Q[ QwLt %�kj

k VN@ QO |OwQw O=OaD %mk

k VN@ QO |HwQN O=OaD %rk
h VN@ x@ k VN@ R= |}x]U=w CqwYLt O=OaD %t(k;h)Pk

k=1 w
k = 1 xm |Qw] x@ k VN@ C}ty= %wk

\UwD xm |Q=Okt Qy� VN@ wO u}@ |oDUw}B ZQi w |Q=Po Ctqa =@ j@=]t
|=yQ=DN=U QO �OwW xO=iDU= |Oa@ VN@ \UwD O}=@ 'OwW|t O}rwD |r@k VN@
hOy `@=D "OwW|t h} QaD 1 |x]@=Q CQwY x@ [19]|wUDwUD w uD pOt '|}xm@W
uwRwt u}ov=}t C@Uv xm CU= xOW h} QaD V}=Qo uwO@ Cr=L QO 1 |x]@=Q
|=yVN@ |HwQN V}=Ri= uwRwt u}ov=}t x@ =Q hrDNt |=yVN@ |OwQw Vy=m
GQNt xm |r=L QO 1 Q@=Q@ =} QD lJwm QUm CQwY "OyO|t u=Wv hrDNt
CQwY wO x@ |}x]U=w CqwYLt pOt u}= QO "CU= 1 Q@=Q@ =} QD nQR@ QUm
|=ylv}r w Pn

j=1 Z(k;h)
j �k

j =
Pn

j=1 Z(k;h)
j �h

j ;8k; h 10O=R; |=ylv}r
x@ Pn

j=1 Z(k;h)
j �h

j = Z(k;h)
oj ; 8k;h w Pn

j=1 Z(k;h)
j �k

j = Z(k;h)
oj

11C@=F
12Q}eDt T=}kt x@ xOR=@ ZQi =@ 1 |x]@=Q '|iQ] R= "OW Oy=wN xOwRi= 1 |x]@=Q
xOR=@ ZQi x@ pOtPn

j=1 �
k
j = 1(8k) C}OwOLt hPL =@ xm CU= xOW xDWwv

"OW Oy=wN p}O@D 13C@=F T=}kt x@

��o = min

Pk
k=1 w

k
�
1� 1

mk

�Pmk
i=1

sk�i
xkio

��
Pk
k=1 wk

�
1 + 1

rk

�Prk
i=1

sk+
i
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xko =
Xn

j=1 X
k
j �

k
j + sk�(8k);

yko =
Xn

j=1 Y
k
j �

k
j � sk+(8k);Xn

j=1 �
k
j = 1(8k);

�k � 0; sk� � 0; sk+ � 0(8k); (1)

|OwQw `@=vt |wU R= \ki hOy `@=D QO xOW x@U=Lt |}=Q=m =v u=R}t 1 |x]@=Q QO
hqD= u=mt= xm |DQwY QO 'CU= xOW h} QaD |}=yv |HwQN CqwYLt w |HQ=N
xOWv ^=Lr pOt u}= QO xm OQ=O OwHw |}x]U=w CqwYLt |wU R= xm@W uwQO
G}=Dv x@ uO}UQ |=Q@ xm [23]Ov=xO=O u=Wv u=kyOQ}t w =t=} wmwi =DU=Q u}= QO "CU=
|}=Q=m |Q}o xR=Ov= QO =Q |}x]U=w CqwYLt x@ \w@ Qt |mtm |=yQ}eDt O}=@CUQO
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=DUt
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}QW

C}
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w`}
=vY

|U
Ovyt OwHw (�k; sk�; sk+; sk�z ; sk+

z ; sh�z ; sh+
z ) u}=Q@=v@ 'OW=@ |O}rwD OL=w l}

%xm |Qw] x@ OQ=O
Xk
io =

nX
j=1

Xk
ij�

k
j + sk�i ; (i = 1; :::;m; k = 1; :::;K);

Y kio =
nX
j=1

Y kij�
k
j � sk+

i ; (i = 1; :::; r; k = 1; :::;K);

Z(k;h)
io =

nX
j=1

Z(k;h)
ij �kj + sk�iz � sk+

iz ;

(i = 1; :::; t; k = 1; :::;K);

Z(k;h)
io =

nX
j=1

Z(k;h)
ij �hj + sh�iz � sh+

iz ;

(i = 1; :::; t; k = 1; :::;K);

sk�iz � �ki :Z(k;h)
io ; (i = 1; :::; t; k = 1; :::;K);

sk+
iz � ki :Z(k;h)

io ; (i = 1; :::; t; k = 1; :::;K);

sh�iz � �hi :Z(k;h)
io ; (i = 1; :::; t; k = 1; :::;K);

sh+
iz � hi :Z(k;h)

io ; (i = 1; :::; t; k = 1; :::;K);
nX
j=1

�kj = 1; (k = 1; :::;K);

�kj � 0; sk�i � 0; sk+
i � 0; sk�iz � 0;

sk+
iz � 0; sh�iz � 0; sh+

iz � 0; (8(k; h)) (7)

?}DQD x@ xm Ov=|mtm |=yQ}eDt sk+
iz (sh+

iz ) ' sk�iz (sh�iz ) ' sk+
i ' sk�i u; QO xm

|x]@=Q "OvyO|t u=Wv =Q lv}r Ow@tm w lv}r O=R=t '|HwQN Ow@tm '|OwQw O=R=t
C}OwOLt Qo = xm |DQwY QO 'CU= xOW xDWwv Q}eDt T=}kt x@ xOR=@ ZQi =@ 7

"OwW|t O=H}= C@=F T=}kt x@ xOR=@ OwW hPL Pn
j=1 �

k
j = 1

=yw} Q=vU QO |}=Q=m |=ypOt w O}rwD u=mt= |xawtHt "2"3
|=yVN@ u}@ 17lv}r pQDvm Cw=iDt |w} Q=vU GvB 'lv}r Q=Okt u}}aD |=DU=Q QO
wO Qy \UwD "3 |Oa@ VN@ \UwD "2 |r@k VN@ \UwD "1 %OQ=O OwHw \@DQt
\UwD "5 �2 ẁv xv=Q=mty Q}e� VN@ wO Qy \UwD "4 �1 ẁv xv=Q=mty Q}e� VN@
=yw} Q=vU u}= R= l} Qy |R=UpOt w K} QWD x@ xt=O= QO �.18C@=F lv}r� VN@ I}y

"s} R=OQB|t
|r@k VN@ \UwD lv}r pQDvm %1 w} Q=vU

I}y |Oa@ VN@ w OwW|t u}}aD |r@k VN@ \UwD lv}r Q=Okt w} Q=vU u}= QO
CLD =Q |HwQN |xv=o} Vkv lv}r u}=Q@=v@ "OQ=Ov lv}r Q=Okt u}}aD QO |Wkv
w} Q=vU u}= R= |ak=w u}t-=D |xQ}HvR |=ysDU}U QO "Ovm|t |R=@ |r@k VN@ pQDvm
xO=iDU= 20|kqW QF= Vy=m |=Q@ 19xOvWwQi \UwD |OwHwt C} Q}Ot u=wva CLD
VwQi xOQN� |WN@ wO u}t-=D |xQ}HvR l} QO '1 pmW x@ xHwD =@ "OwW|t
xOW Ci=} QO |ak=w |=[=kD T=U= Q@ �|r@k VN@� xOvvm O}rwD ' �xOvvmO}rwD w
|OwHwt ?U=vt K]U OQwtQO C=aq]= `} QU u=} QH |=yQ=mwR=U R= xO=iDU= =@

[39]"OQ}o|t s}tYD �|Oa@ VN@� VwQixOQN CqwYLt R= l} Qy
�k = 0; �h = 0; k !1; h !1� \QW 7 |x]@=Q QO Qo = %1 h} QaD

%OwW|t h} QaD u}vJ |rm Qw] x@ O}rwD u=mt= xawtHt f(Xk; Y k; Z(k;h))g

Xk �
nX
j=1

Xk
j �

k
j ; (k = 1; :::;K);

Y k �
nX
j=1

Y kj �
k
j ; (k = 1; :::;K);

Z(k;h) � ;=; �
nX
j=1

Z(k;h)
j �kj ; (8(k; h)); (4)

�OW=@ (=) C@=F =} (�) |Wy=m (�)|W}=Ri= Ov=wD|t xm k VN@ R= |HwQN�

Z(k;h) � ;=; �
nX
j=1

Z(k;h)
j �hj ; (8(k; h));

�OW=@ (=) C@=F =} (�) |Wy=m (�) |W}=Ri= Ov=wD|t xm h VN@ x@ |OwQw�
nX
j=1

�kj = 1(8k); �kj � 0(8j; k);

|x]@=Q QO "CU= h w k |=yVN@ x@ \w@ Qt 16?}=Q[ |=yQ=OQ@ �k ,�h 2 Rn+
=} pt=m Qw] x@ =Q OwN lv}r �|OwQw� |HwQN 'VN@ Qy xm CU= u}= Q@ ZQi 4
�|HwQN� |OwQw u=wva x@ Q}}eD uwO@ =} Vy=m 'V}=Ri= CyH QO =Q u; R= |DtUk
QO =yVN@ R= l} Qy xm |DQwY QO 'Ovm |t �Ci=} QO� p=UQ= Qo}O VN@ �R=� x@
xDW=O |@Uv =} pt=m pQDvm Ovv=wD|t |OwQw =} |HwQN u=wva x@ lv}r Q=Okt u}}aD
lv}r Q=Okt u}}aD QO =yVN@ R= l} Qy xm |rQDvm ẁv x@ xHwD =@ u}=Q@=v@ "OvW=@
u}= QO "OW Oy=wN p}OaD 4 |x]@=Q O}rwD u=mt= |xawtHt 'OvW=@ xDW=O Ovv=wD|t

%OQm |U} wvR=@ 5 |x]@=Q CQwYx@ =Q =yVN@ u}@ lv}r |xrO=at u=wD|t =DU=Q
nX
j=1

Z(k;h)
j �kj + sk�z � sk+

z = Z(k;h)
j

nX
j=1

Z(k;h)
j �hj + sh�z � sh+

z = Z(k;h); (8(k; h));

sk�z � 0; sk+
z � 0; sh�z � 0; sh+

z � 0;8(k; h); (5)

|=yVN@ R=l} Qy '|rQDvmhrDNt|=yw} Q=vU QO xm OyO|t =Q u=mt=u}= 5 |x]@=Q
=yVkv u}= jkLD |=Q@ "OW=@ xDW=O lv}r Q=Okt pQDvm QO |Dw=iDt |=yVkv xm@W

%OwW xi=[= 5 |x]@=Q x@ 6 |x]@=Q CU= sRq
sk�z � �k:Z(k;h)

sk+
z � k:Z(k;h)

sh�z � �h:Z(k;h)

sh+
z � h:Z(k;h) (6)

w QiY u}@ Q}O=kt xm CQwY u}= x@ '[38]OvQ}eDt k(h) w �k(h) u; QO xm
|Qw] x@ Ovm|t u}}aD =Q k(h) VN@ \UwD ilv}r O=R=t pQDvm u=R}t �k(h)l}
"CU=pt=m pQDvm |=vat x@ �k(h) = 1 wpt=m pQDvm sOa |=vat x@ �k(h) = 0 xm
Ovm|t u}}aD =Q k(h) VN@ \UwD ilv}r Ow@tm pQDvm u=R}t k(h)'Qo}O |wU R=
Q=}U@ OOa =t=o � k(h) !1 w pt=m pQDvm sOa |=vat x@ k(h=0)xm |Qw] x@
DMU0(0 = 1; :::; n) O}vm ZQi "CU= pt=m pQDvm |=vat x@ �CU= |oQR@
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"""|
}xm@

W|
=yQ=

DN=U
|}=Q

=m|
Q}ox

R=Ov=|ak=w C=aq]= =} COt Ovr@ |=y|v}@V}B T=U= Q@ O}rwD x@ \w@ Qt |=ys}tYD
xOW Ci=} QO |=yVQ=iU R= xO=iDU= =@ xOvvm O}rwD 'Qo}O CQ=@a x@ "CU=[=kD
C=aq]= �|Wv=Q� uOw@v =} �|WWm � uOw@ TQDUO QO w VwQi xOQN |=yQ=@v= R=

[39]"OyO|t Q=Qk VwQi xOQN Q=}DN= QO w Ovm|t O}rwD x@ s=Ok= '|ak=w |=[=kD
w �k = 1; �h = 1; k = 0; h = 0) \QW 7 |x]@=Q QO Qo = %2 h} QaD
OW=@ Q=QkQ@ �lv}r Q=Okt Ci=} QO w p=UQ= u}@ |oDUw}B ZQi� (sk�iz = sh�iz
|xawtHt w} Q=vU u}= QO "OQ=O xOya x@ =Q lv}r pt=m pQDvm |Oa@ VN@ s}} wo|t

%Ow@ Oy=wN 11 |x]@=Q CQwY x@ O}rwD u=mt=

PPS =

8>>>>><>>>>>:
(Xk; Y k; Z(k;h)) j Xk �Pn

j=1X
k
j �kj ;

Y k �Pn
j=1Y

k
j �kj ;

Z(k;h) �Pn
j=1Z

(k;h)
j �kj ;

Z(k;h) �Pn
j=1Z

(k;h)
i �hj

9>>>>>=>>>>>; (11)

QwLt uwO@ C}a[w QO 2 h} QaD x@ xHwD =@ w} Q=vU u}= QO =yVN@ w xm@W |}=Q=m
"OwW|t h} QaD 10 w 9 \@=wQ CQwY x@ ?}DQD x@

�1 ẁv |xv=Q=mty Q}e OQm}wQ� VN@ wO Qy \UwD lv}r pQDvm %3 w} Q=vU
CQwY x@ |Oa@ w |r@k VN@ wO Qy \UwD u=tRty lv}r Q=Okt w} Q=vU u}= QO
pQDvm CLD |HwQN |xv=owO Vkv lv}r xm CQwY u}= x@ "OwW|t u}}aD pkDUt
3 pmW x@ xHwD =@ "Ovm|t |R=@ =Q |Oa@ VN@ pQDvm CLD |OwQw w |r@k VN@
h=Oy= u}@ xm OyO|t MQ w} Q=vU u}= |v=tR |ak=w u}t-=D|xQ}HvR |=ysDU}U QO
|Q=Po Ct}k '�C=e}r@D� |@=} Q=R=@ |=yxv} Ry QO p=Ft u=wva x@� hrDNt |=yVN@

"OW=@ xDW=O OwHw O=[D �|OwHwt w
�k = 0; �h = 1; k ! 1; h = 0 \QW 7 |x]@=Q QO Qo = %3 h} QaD
x@ =Q lv}r pt=m pQDvm pkDUt CQwY x@ |Oa@ w |r@k VN@ s}} wo|t OW=@ Q=QkQ@
%Ow@ Oy=wN 12 |x]@=Q CQwY x@ O}rwD u=mt= xawtHt w} Q=vU u}= QO "OvQ=O xOya

PPS =

8>>>>><>>>>>:
(Xk; Y k; Z(k;h)) j Xk �Pn

j=1X
k
j �kj

; Y k �Pn
j=1Y

k
j �kj ;

Z(k;h) �Pn
j=1Z

(k;h)
j �kj ;

Z(k;h) �Pn
j=1Z

(k;h)
i �hj

9>>>>>=>>>>>; (12)

minfZ(k;h)
j �kj ; x@ xHwD =@Ci=} QO w p=UQ= |ak=w Q=Okt w} Q=vU u}= QO %2 xHwD

w OwW|t xQ}NP Q=@v= QO xOvvm O}rwD O}rwD O=R=t u}=Q@=v@ "OwW|t u}}aD Z(k;h)
j �hj g

sDU}U QO |D; |=yxQwO QO uOW xOQw;Q@ Qw_vt x@ VwQi xOQN Ci=TB C=WQ=iU
QO 3 h} QaD x@ xHwD =@ w} Q=vU u}= QO =yVN@ w xm@W |}=Q=m "OwW|t xQ}NP

"OwW|t h} QaD 10 w 9 \@=wQ CQwY x@ ?}DQD x@ QwLt uwO@ C}a[w

"xv=Q=mty Q}e u}t-=D |xQ}HvR sDU}U "3 pmW

'OW=@ Q=QkQ@ �lv}r Q=Okt Ci=} QO w p=UQ= u}@ |oDUw}B ZQi� �sk+
iz = sh+

iz w
|xawtHt w} Q=vU u}= QO "OQ=O xOya x@ =Q lv}r pt=m pQDvm |r@k VN@ s}} wo|t

%Ow@ Oy=wN 8 |x]@=Q CQwY x@ O}rwD u=mt=

PPS =

8>>>>><>>>>>:
(Xk; Y k; Z(k;h)) j Xk �Pn

j=1X
k
j �kj ;

Y k �Pn
j=1Y

k
j �kj ;

Z(k;h) �Pn
j=1Z

(k;h)
j �kj ;

Z(k;h) �Pn
j=1Z

(k;h)
i �hj

9>>>>>=>>>>>; (8)

uwO@ C}a[w QO 1 h} QaD x@ xHwD =@ w} Q=vU u}= QO =yVN@ w xm@W |}=Q=m
%OwW|t h} QaD 10 w 9 \@=wQ CQwYx@ ?}DQD x@ 21QwLt

��o = min

KP
k=1

wk
�
1� 1

mk+tk

�
mkP
i=1

sk�i
xkio

+
tkP
i=1

sk�iz
zkio

��
KP
k=1

wk
�
1 + 1

rk+tk

�
rkP
i=1

sk+
i
ykio

+
tkP
i=1

sk+
iz
zkio

��
subjectto (7); (9)

��k =
1� 1

mk+tk

�
mkP
i=1

sk��i
xkio

+
tkP
i=1

sk��iz
zkio

�
1 + 1

rk+tk

�
rkP
i=1

sk+�
i
ykio

+
tkP
i=1

sk+�
iz
zkio

� (10)

[19]OwW|t u}}aD xOvQ}o s}tYD \UwD xm CU= k VN@ |@Uv uRw wk u; QO xm
" KP
k=1

wk = 1 wk � 0(8k) xm |Qw] x@
'OvW=@ QiY Q@=Q@ |mtm |=yQ}eDt xty w �ko = 1;8k Qo = CU= |y}O@ %1 xHwD
hOy `@=D QUm GQNt w CQwY uwJ |iQ] R= "CU= 9 pOt |=Q@ |vOW ?=wH l}
'CU= 1 R= QD nQR@ w QD lJwm ?}DQD x@ |vOW |=y?=wH |xty |=R= x@ 9 pOt

"0 < ��0 � 1 xQ=wty u}=Q@=v@
|Oa@ VN@ \UwD lv}r pQDvm %2 w} Q=vU

I}y |r@k VN@ w OwW|t u}}aD |Oa@ VN@ \UwD lv}r Q=Okt w} Q=vU u}= QO
pQDvm CLD =Q |OwQw xv=o} Vkv lv}r u}=Q@=v@ "OQ=Ov lv}r Q=Okt u}}aD QO |Wkv

"Ovm|t |R=@ |Oa@ VN@
'�xOvvm O}rwD w VwQi xOQN� |WN@ wO u}t-=D |xQ}HvR l} QO '2 pmW x@ xHwD =@

"xOvWwQi \UwD |OwHwt C} Q}Ot u}t-=D |xQ}HvR sDU}U "1 pmW

"|WWm w |Wv=Q u}t-=D |xQ}HvR sDU}U "2 pmW
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2 1
|xQ

=tW
'34

�1|
xQwO

'�1
39

7u
=DUt

R�h
}QW

C}
Q}Ot

w`}
=vY

|U
Ovyt R= w xQ}HvR QO OwHwt |=mQW xty |wU R= pQDvm 'OwW|t s=Hv= lv}r =@ \@DQt

lv}r u=wva CLD [19]|wUDwUD w uD \UwD =OD@= w} Q=vU u}= "OwW|t u}}aD p@k
"CU= xOW KQ]t 24C@=F

Q=QkQ@ �k = 0; �h = 0; k = 0; h = 0 \QW 7 |x]@=Q QO Qo = %5 h} QaD
QO "OvQ=Ov lv}r Q=Okt u}}aD QO |rQDvm I}y |Oa@ w |r@k VN@ s}} wo}t 'OW=@

%Ow@ Oy=wN 14 |x]@=Q CQwY x@ O}rwD u=mt= |xawtHt w} Q=vU u}=

PPS =

8>>>>><>>>>>:
(Xk; Y k; Z(k;h)) j Xk �Pn

j=1X
k
j �kj ;

Y k �Pn
j=1Y

k
j �kj ;

Z(k;h) =
Pn
j=1Z

(k;h)
j �kj ;

Z(k;h) =
Pn
j=1Z

(k;h)
i �hj

9>>>>>=>>>>>; (14)

x@ QwLt uwO@ C}a[w QO 5 h} QaD xHwD =@ w} Q=vU u}= QO =yVN@ w xm@W |}=Q=m
"OwW|t h} QaD 10 w 9 \@=wQ j@=]t ?}DQD

25Q}wYD |x]kv "3"3
(�k�j ; sk��i ; sk+�

i ; sk��iz ; R= CQ=@a 7 |x]@=Q x@ xHwD =@ 9 |xv}y@ Q}O=kt Qo =
%R= Ow@ Oy=wN CQ=@a =yw} Q=vU QO xOW Q} wYD \=kv 'OW=@ sk+�

iz ; sh��iz ; sh+�
iz )

X̂k
io = Xk

io � sk��i ; (i = 1; :::;m; k = 1; ; :::K);

Ŷ kio = Y kio + sk+�
i ; (i = 1; :::; r; k = 1; :::;K);

=yw} Q=vU |t=tDQO
Ẑ(k;h)
io = Z(k;h)

io + sk+�
iz � sk��iz ;

(i = 1; :::; t; k = 1; :::;K);

5w3'2'1 |=yw} Q=vU QO
Ẑ(k;h)
io = Z(k;h)

io + sh+�
iz � sh��iz ;

(i = 1; :::; t; k =; :::;K);

5w4'2'1 |=yw} Q=vUQO
(15)

=yw} Q=vU R= l} Qy x@ xHwD =@ 9 |x]@=Q u}y@ hOy `@=D Q=Okt Qo = %6 h} QaD
p}P x}[k "OQ=O 26|QU=QU |}=Q=m DMUo s}} wo|t x=ov; 'OW=@ ��o = 1 pO=at

"OQ=O |QU=QU |}=Q=m xOWQ} wYD |x]kv xm OyO|t u=Wv
|}=Q=m O};|t CUO x@ 15 |x]@=Q R= xm DMUo |xOW Q} wYD |x]kv %x}[k

"OQ=O |QU=QU
=yw} Q=vU Q}=U |=Q@ u; C=@F= &"27s}vm|t C=@F= 1 |w} Q=vU |=Q@ =Q x}[k %C=@F=

"CU= x@=Wt R}v
%O};|t CUO x@ p}P pOt pL R= xOW Q} wYD |x]kv|QU=QU |}=Q=m

�̂�o = min

KP
k=1

wk
�
1� 1

mk+tk

�
mkP
i=1

ŝk�i
xkio

��
KP
k=1

wk
�
1 + 1

rk+tk

�
rkP
i=1

ŝk+
i
ykio

+
tkP
i=1

ŝk+
iz
zkio

��
s:t:

X̂k
io = Xk

io � sk��i =
nX
j=1

Xk
ij �̂

k
j + ŝk�i

�2 ẁv |xv=Q=mty Q}e OQm}wQ� VN@ wO Qy \UwD lv}r pQDvm %4 w} Q=vU
w |r@k VN@ wO Qy \UwD u=tRty lv}r Q=Okt 3 w} Q=vU Ovv=ty R}v w} Q=vU u}= QO
|OwQw |xv=owOVkvlv}r xm CQwY u}= x@ "OwW|t u}}aD pkDUt CQwY x@ |Oa@
pQDvm CLD |HwQN w 'lv}r Q=Okt Vy=m |=DU=Q QO |r@k VN@ pQDvm CLD
|xQ}HvR |=ysDU}U QO "Ovm|t |R=@ =Q lv}r Q=Okt V}=Ri= |=DU=Q QO |Oa@ VN@
MQJ QF=� x@ xm Ow@tm |=y|R=@ w |Ov@x}tyU u=wva CLD w} Q=vU u}= R= |ak=w u}t-=D
VwQixOQN Ow@tm \}=QW QO sDU}U u}= QO "OwW|t xO=iDU= 'OQ=O CQyW �22Qovr
QO Xk=v |=yp} wLD =} =yOw@tm R= =D OyO|t VQ=iU OwN R=}v OQwt Q=Okt R= V}@
Ovm|t CqwYLt |Ov@xQ}H x@ s=Ok= xOvvm O}rwD xm |DQwY QO &Ovm ?=vDH= xQ}HvR

[40]"Ovm|t p=UQ= =Q |QDsm Q=Okt w
�k = 1; �h = 0; k = 0; h ! 1 \QW 7 |x]@=Q QO Qo = %4 h} QaD
x@ =Q lv}r pt=m pQDvm pkDUt CQwY x@ |Oa@ w |r@k VN@ s}} wo|t 'OW=@ Q=QkQ@
Oy=wN 13 |x]@=Q CQwY x@ O}rwD u=mt= |xawtHt w} Q=vU u}= QO "OvQ=O xOya

%Ow@

PPS =

8>>>>><>>>>>:
(Xk; Y k; Z(k;h)) j Xk �Pn

j=1X
k
j �kj ;

Y k �Pn
j=1Y

k
j �kj ;

Z(k;h) �Pn
j=1Z

(k;h)
j �kj ;

Z(k;h) �Pn
j=1Z

(k;h)
i �hj

9>>>>>=>>>>>; (13)

minfZ(k;h)
j �kj ; x@ xHwD =@Ci=} QO w p=UQ= |ak=w Q=Okt w} Q=vU u}= QO %3 xHwD

OwN |HwQN lv}r Q=Okt xOvvm O}rwD w} Q=vU u}= QO "OwW|t u}}aD Z(k;h)
j �hj g

Vy=m Q=Okt |R=UpOt QO xm |DQwY QO "OyO|t Vy=m |YNWt Q=Okt =D =Q
lv}r Q=Okt Vy=m |=Q@ |v}}=B OL p=ta= =@ xm CU= Q}PB u=mt= QiY Q=Okt =D
u}= QO =yVN@ w xm@W |}=Q=m "OW Oy=wN O=H}= swyit u}= xOvvm O}rwD CtU QO
w 9 \@=wQ CQwY x@ ?}DQD x@ QwLt uwO@ C}a[w QO 4 h} QaD xHwD =@ w} Q=vU

"OwW|t h} QaD 10
�xDiQW}B OQm} wQ� VN@ I}y \UwD lv}r pQDvm %5 w} Q=vU

u}}aD |Oa@ w |r@k |=yVN@ R= l} I}y \UwD lv}r Q=Okt w} Q=vU u}= QO
xvwo I}y lv}r u}=Q@=v@ "OwW|t xDiQo Q_v QO C@=F |Q=Okt CQwY x@ w OwW|tv
QO "Ovm|tv |R=@ =Q |Oa@ w |r@k |=yVN@ pQDvm CLD |OwQw w |HwQN Vkv
'|R} Q xt=vQ@ sDU}U u=wva CLD w} Q=vU u}= R= |ak=w u}t-=D |xQ}HvR |=ysDU}U

"OwW|t xO=iDU= 23lQDWt |R=UQB R=@ w |v}@V}B
w |R} Q xt=vQ@ |=yC}r=ai 'xQ}HvR QO OwHwt |=mQW xty '4 pmW x@ xHwD =@
VQ=iU O=H}= w p=UQ= w O}rwD |=yxt=vQ@ 'VQ=iU |v}@V}B 'VwQi Ovv=t VR=OQB
u}t-=D |xQ}HvR |=[a= pQDvm R= GQ=N =Q lv}r Q=Okt w [41]xO=O s=Hv= ,=mQDWt =Q
|=[a= \UwD lv}r pQDvm xm 4 w 3 w} Q=vU hqNQ@ w} Q=vU u}= "Ovvm|t u}}aD

"xDiQW}B u}t-=D |xQ}HvR sDU}U "4 pmW
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"""|
}xm@

W|
=yQ=

DN=U
|}=Q

=m|
Q}ox

R=Ov=|}=Q=m G}=Dv xm OwW|t XNWt �5 pmW� 1 VN@ QO =yw} Q=vU |}=Q=m |xU}=kt =@
wO Qy \UwD lv}r pQDvm � 3 ' �|r@k VN@ \UwD lv}r pQDvm � 1 |w} Q=vU xU
CU= u=Um}DMUs |xty QO �VN@ I}y\UwDlv}r pQDvm � 5 w �1 ẁvVN@
w �|Oa@ VN@ \UwD lv}r pQDvm � 2 |=yw} Q=vU |}=Q=m R= QDW}@ \UwDt Qw] x@ w
=yvD lQDWt Qw] x@ w} Q=vU xU u}= "CU= �2 ẁvVN@ wO Qy\UwDlv}r pQDvm � 4
wD |=yOL=w |xU}=kt =@VN@ u}= QO Qo}O hQ] R= "OvyO|t u=Wv =Q=m =QC OL=w
OL=w |=Q@ 3 5 Q=Okt� Cw=iDtlv}r Q=Okt w 4 5 Q=Okt =@ x@=Wt |OwQw |=Q=O xmE
xOW QmP |w} Q=vU xU QO xm OwW|t XNWt 'OvDUy �E OL=w |=Q@ 5 Q=Okt wD
OL=w |}=Q=m |DUQO x@ '|OwQw Q=Okt Vy=m w lv}r Q=Okt V}=Ri= u=mt= Cra x@
=yOL=w xty QO 4 |w} Q=vU |}=Q=m VN@ u}= QO "CU= QDW}@D OL=w x@ C@Uv E
|Ov@xQ}H |=yC}r=ai Cra x@ Ow@tm u=tR QO OyO|t u=Wv xm 'xOW |@=} RQ= QiY
|=yVN@ x@|ak=w Q=Okt R= QDsm CqwYLt '|DUO q=@ |=yVN@\UwD CqwYLt
VN@ \UwD lv}r Q=Okt Vy=m Ea=@ ẁ[wt u}= &OW Oy=wN p=UQ= |DUO u}}=B
QO =yw} Q=vU |}=Q=m |xU}=kt =@ "OW Oy=wN |}=Q=m Q=OktVy=m u; `@D x@ w |DUO q=@
xty QO 5 w 3 '2 |w} Q=vU xU |}=Q=m G}=Dv xm OwW|t XNWt �6 pmW� 2 VN@
u}= "CU= 4 w 1 |=yw} Q=vU|}=Q=m R= QDW}@\UwDt Qw] x@ wCU= u=Um}DMUs
|xU}=kt =@ xrLQt u}= QO Qo}O |wU R= "OvyO|t u=Wv =Q=m =Q B OL=w =yvD pOt xU
Q=Okt� Cw=iDt lv}r Q=Okt w4 5 Q=Okt =@ x@=Wt |OwQw |=Q=O xm E wD |=yOL=w
xU QO xm OwW|t XNWt 'OvDUy �E OL=w |=Q@ 5 Q=Okt w D OL=w |=Q@ 3 5
x@ '|HwQN Q=Okt V}=Ri= w lv}r Q=Okt Vy=m u=mt= Cra x@ xOW QmP |w} Q=vU

"1 VN@ QO hrDNt |=y w} Q=vU u}@ |}=Q=m |xU}=kt "5 pmW

"2 VN@ QO hrDNt |=y w} Q=vU u}@ |}=Q=m |xU}=kt "6 pmW

Ŷ kio = Y kio + sk+�
i =

nX
j=1

Y kij �̂
k
j � ŝk+

i

Ẑ(k;h)
io = Z(k;h)

io + sk+�
iz =

nX
j=1

Z(k;h)
ij �̂kj � ŝk+

iz

Ẑ(k;h)
io = Z(k;h)

io + sh+�
iz =

nX
j=1

Z(k;h)
ij �̂hj � ŝh+

iz

nX
j=1

�̂kj = 1; (k = 1; :::;K);

�̂kj � 0; ŝk�i � o; ŝk+
i � 0; ŝk+

iz � 0; ŝh+
iz � 0; (8(k; h)) (16)

hrN x@ 'OW=@ 16 |x]@=Q u}y@ ?=wH l} (�̂k; ŝk�; ŝk+; ŝk+
z ; ŝh+

z ) Qo =
'OW=@ xDW=Ov |QU=QU |}=Q=m Ẑ(k;h)

io w Ŷ kio' X̂k
io Q} wYD |x]kv O}vm ZQi

"OW=@ C@Ft O}=@ ŝk�i ; ŝk+
i ; ŝk+

iz ; ŝ
h+
iz |mtm |=yQ}eDt R= |m} pk=OL u}=Q@=v@

%17 \}=QW =@ (�k; sk�; sk+; sk+
z ; sh+

z ) xm CU= |y}O@
�k = �̂k

sk� = ŝk� + sk��

sk+ = ŝk+ + sk+�

sk+
z = ŝk+

z + sk+�
z

sh+
z = ŝh+

z + sh+�
z (17)

xm |Qw] x@ CU= �̂�0 hOy `@=D Q=Okt =@ 9 pOt |vOW ?=wH l}
�̂�0 < ��0 (18)

|=yQ}eDt lD lD ?ULQ@ hOy `@=D xm s}vm|t |Qw;O=} "CU= Zk=vD u}= xm
DMU w p]=@ hrN ZQi Zk=vD u}= x@ xHwD =@ u}=Q@=v@ 'CU= |Wy=m |mtm

� "OQ=O |QU=QU |}=Q=m xOW Q} wYD

=yw} Q=vU G}=Dv |xU}=kt "4
w x]U=w l} '|OwQw l} pt=W |}xrLQt wO Q=DN=U l} |UQQ@ =@ CtUk u}= QO
G}=Dv |xU}=kt w K} QWD x@ �1 pwOH� |[Qi DMUs GvB x=Qty x@ |HwQN l}
xOR=@ ZQi =@ =yw} Q=vU |=ypOt R= =DU=Q u}= QO "s} R=OQB|t hrDNt |=yw} Q=vU

"CU= xOW xO=iDU= w1; w2 = 0=5 u}vJty w C@=F T=}kt x@ C@Uv
xOW x�=Q= 2 pwOH QO =ypOt |}xU}=kt G}=Dv '1 pwOH |[Qi |=yxO=O x@ xHwD =@
"OyO|t u=Wv =QDMUs uOw@ =Q=mC}a[w 'OL=w|}=Q=m Q=Okt pwOH u}= QO "CU=

"|}xrLQt wO |}xm@W Q=DN=U l} |OOa p=Ft "1 pwOH
Y Z X DMU

1 1 1 5 A

3 2 5 2 B

4 6 4 C

2 3 5 4 5 D

2 5 4 5 E
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2 1
|xQ

=tW
'34

�1|
xQwO

'�1
39

7u
=DUt

R�h
}QW

C}
Q}Ot

w`}
=vY

|U
Ovyt "hrDNt |=y w} Q=vU QO xOW Q}wYD \=kv w |}=Q=m "2 pwOH

xOW Q}wYD Q}O=kt xOt; CUO x@ |}=Q=m
Y� Z� X� 2 VN@ 1 VN@ xm@W |}=Q=m DMU

2 700 2 250 1 500 0 404 0 444 0 423 A

1 w} Q=vU
3 600 3 000 2 000 0 833 0 833 0 833 B

7 200 6 000 4 000 0 714 1 000 0 833 C

8 100 6 750 4 500 0 335 0 519 0 407 D

8 100 6 750 4 500 0 370 0 741 0 494 E

0 531 0 707 0 598 \UwDt

1 000 0 833 0 556 0 833 0 602 0 718 A

2 w} Q=vU
3 000 2 500 1 667 1 000 0 917 0 958 B

4 000 3 333 2 222 0 556 0 556 0 556 C

2 000 1 667 1 111 0 476 0 362 0 419 D

2 000 1 667 1 111 0 333 0 290 0 312 E

0 640 0 545 0 592 \UwDt

1 000 2=083� 0=834� 1 500 0 833 0 444 0 564 A

3 w} Q=vU
3 000 3 000�2 500 2 000 1 000 0 833 0 909 B

4 000 3 333�3 333 4 000 0 556 1 000 0 778 C

2 000 4 917�1 667 4 500 0 476 0 519 0 504 D

2 000 3 417�1 667 4 500 0 333 0 741 0 567 E

0 640 0 707 0 664 \UwDt

1201 0=000� 1001� 0 000 0 001 0 0000 0 0009 A

4 w} Q=vU
3003 0 000�2503 0 000 0 001 0 0000 0 0010 B

7207 0 000�6006 0 000 0 001 0 0000 0 0006 C

4204 0 000�3504 0 000 0 001 0 0000 0 0006 D

6006 0 000�5005 0 000 0 0005 0 0000 0 0005 E

0 001 0 0000 0 001 \UwDt

1 200 1 000 0 667 0 833 0 444 0 657 A

5 w} Q=vU
3 000 2 500 1 667 1 000 0 833 0 917 B

7 200 6 000 4 000 0 556 1 000 0 714 C

4 200 3 500 2 334 0 476 0 519 0 490 D

6 000 5 000 3 333 0 333 0 741 0 580 E

0 640 0 707 0 671 \UwDt
"CU= xOW x@U=Lt C@=F T=}kt x@ C@Uv xOR=@ uDiQo Q_v QO =@ QwLt uwO@ C}a[w QO =ypOt u}= G}=Dv %xHwD

"CU= swO w pw= |=yVN@ QO CU=Q x@ AJ R= ?}DQD x@ Z� G}=Dv �

|=yVN@ w xm@W |}=Q=m \UwDt |xU}=kt =@ "OW Oy=wN |}=Q=m Vy=m u; `@D x@ w
1 VN@ xm =Hv; R= 1 |w} Q=vU QO xm OwW|t XNWt �7pmW� =yw} Q=vU QO 2 w 1
\UwDt Qw] x@ u}=Q@=v@ OQ=O Q=}DN= QO =Q lv}r Q=Okt u}}aD pt=m pQDvm �xOvvm O}rwD�
QO |iQ] R= "CU= �VwQi xOQN� 2 VN@ x@ C@Uv |QDW}@ |}=Q=m Q=Okt |=Q=O
QO =Q lv}r Q=Okt u}}aD pt=m pQDvm �VwQi xOQN� 2 VN@ xm =Hv; R= 2 |w} Q=vU
�xOvvm O}rwD� 1 VN@ x@ C@Uv |QDW}@ |}=Q=m \UwDt Qw] x@ u}=Q@=v@ 'OQ=O Q=}DN=
QO pQDvm CQOk xR=Ov= l} x@ VN@ wO Qy xm =Hv; R= 5 w 3 |=yw} Q=vU QO "OQ=O

|w} Q=vU |}=Q=mVN@ u}= QO "CU= QDW}@E OL=w x@C@UvD OL=w |}=Q=m |DUQO
x@ 'Ow@tm u=tR QO OyO|t u=Wv xm xOW |@=} RQ= QiY ,=@} QkD =yOL=w |xty QO 4
|ak=w Q=Okt R= QDtm CqwYLt '|DUO q=@ |=yVN@ |Ov@xQ}H |=yC}r=ai Cra
|=yVN@ OwW|t Ea=@ ẁ[wt u}= "OW Oy=wN p=UQ= |DUO u}}=B |=yVN@ x@
Q}e |xOWsQwDt |=yVQ=iU 'OwN R=}v OQwt Q=Okt x@ uO}UQ Qw_vt x@ |DUO u}}=B
V}=Ri= Ea=@ |ak=w Q}e Q=DiQ u}= "Ovvm p=UQ= |DUO q=@ |=yVN@ x@ =Q |ak=w
�2 pwOH QO xOW Q} wYD Q}O=kt� |DUO u}}=BVN@ |=Q@ |OwQwlv}r Q=Okt |R=Ht
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"""|
}xm@

W|
=yQ=

DN=U
|}=Q

=m|
Q}ox

R=Ov=

|Q}oxH}Dv "5
|=yVN@ |}=Q=m x@ |}xm@W |=yQ=DN=U |}=Q=m 'DEA QO |DvU OQm} wQ hqNQ@
=yVN@ u}@ hrDNt |=y\=@DQ= Cra x@ Qo}O hQ] R= "CU= xDU@=w xm@W uwQO
|}=Q=m u; `@D x@ w 'Qo}O |=yVN@ |}=Q=m Q=Okt Q@ VN@ Qy |}=Q=m 'lv}r j} Q] R=
Q=Okt Q@ Q=PoQF= pt=wa u} QDsyt R= |m} u=wva x@ lv}r u}=Q@=v@ "OQ=Po|t Q}F-=D xm@W
ẁv x@ xHwD =@ xm@W |=[a= pt=aD |=DU=Q QO "OwW|t ?wULt xm@W pm |}=Q=m
VN@ \UwD lv}r pQDvm � 1 hrDNt |=yw} Q=vU 'lv}r Q=Okt u}}aD QO =yu; pQDvm
4 '�1 ẁvVN@ wO Qy\UwD pQDvm � 3 '�|Oa@VN@\UwDlv}r pQDvm � 2 ' �|r@k
"CU= xOW KQ]t �VN@ I}y \UwD pQDvm � 5 w �2 ẁv VN@ wO Qy \UwD pQDvm �
QO OyO|t u=Wv G}=Dv "OQ=O xm@W pm w =yVN@ |}=Q=m Q@ |YNWt QF= l} Qy xm
OvW=@ xDW=Ov |DQOk I}y lv}r Q=Okt u}}aD QO =yVN@ Qo = |}xm@W |=ysDU}U
|=Q=O =yVN@ xm |v=tR x@ C@Uv OvW=@ Q=OQwNQ@ |v=Um} CQOk R= =yu; |t=tD =}
"CU= QDW}@?D=Qt x@ u; |=yVN@ w xm@W pm|}=Q=m 'OvW=@ Q@=Q@=v =} x} wUl} CQOk
�lv}r pQDvm h}] |=v@tQ@� lv}r Q=Okt u}}aD QO CQOk `} RwD 'Qo}O CQ=@a x@

"Ovm O=H}= xm@W |}=Q=m QO |Dw=iDt Q=}U@ G}=Dv Ov=wD|t xm@W |=yVN@ \UwD

"hrDNt |=yw} Q=vU QO xm@W w =yVN@ |}=Q=m \UwDt |xU}=kt "7 pmW

xOvQ}o s}tYD |=yOL=w |}=Q=m Q=Okt QO |irDNt G}=Dv 'OvQ=O =Q lv}r Q=Okt u}}aD
|=yQ=DiQ xm@W |=yVN@ xm =Hv; R= 4 |w} Q=vU QO C}=yv QO w OwW|t xOy=Wt
"O@=}|t Vy=m Q=}U@ xm@W |}=Q=m \UwDt Qw] x@ 'OvyO|t u=Wv OwN R= |ak=w Q}e

=yCWwv=B
1. data envelopment analysis (DEA)
2. Charnes, Cooper and Rhoades (CCR)
3. black box
4. non-cooperative
5. �xed link (Tone and Tsutsui, 2009)
6. reference set dependent
7. Excess
8. Shortfall
9. intensity vector
10. free-link
11. �xed-link
12. Variable Returns to Scale (VRS)
13. Constant Returns to Scale (CRS)
14. two-phase
15. production possibility set (PPS)
16. intensity vector
"CU= xOW ^=Lr h}] QU wO QO \@DQt |=yVN@ \UwD lv}r pQDvm xr=kt u}= QO "17
OQ}o|t xOya x@ =Q lv}r Q=Okt u}}aD pt=m pQDvm =} Q_v OQwt VN@ xm CQwY u}= x@
u}}aD =yw} Q=vU R= l} Qy QO xm |DQwY QO "OQ=Ov Q=Okt u}= u}}aD QO |rQDvm I}y =}
"OwW p=ta= Ov=wD|t R}v \@DQt |=yVN@ R= l} Qy \UwD lv}r Q=Okt |@Uv pQDvm
18. �xed link (Tone and Tsutsui, 2009)
19. vendor managed inventory (VMI)
20. bullwhip e�ect
21. non-oriented
22. ywheel
23. collaborative planning, forecasting and replenishment (CPFR)
24. �xed link
25. projection
26. overall e�cient
sh�iz = 0 w sk�iz = 0 u}=Q@=v@ �k = 0; �h = 0 w} Q=vU u}= QO xm =Hv; R= "27
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