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[8]"CW=O Oy=wN =Q Q=O} QN ?v=H R= QDW}@ VQ=iU
'R=Unvy=ty |=yO=OQ=Qk R= xO=iDU= |=Q@ |}=QH= `v=wt w CqmWt R= |m}
Qw_vtx@ XNWt |x} wQ w ?wJQ=J l} OwHw CQwQ[ 'OwU s}yUD O=OQ=Qk Ovv=t
|@=}CUO|xwLv w sDU}U|R=Unvy=ty R=pY=L OwU?L=YD QU Q@ 13|vRxv=J
'|Dq=-wU x@ MU=B =DU=Q u}= QO "CU= O=OQ=Qk u}iQ] \UwD xOvQ@-xOvQ@ \}=QW x@
OwU s}yUD O=OQ=Qk R= xO=iDU= |=Q@ |}=QH= `v=wt |R=U`iDQt x@ 'Q} R Cq=-wU Ovv=t

"Ovm|t ltm
O=OQ=Qk l} u=wvax@ 'OwU s}yUD O=OQ=Qk R= xO=iDU= =@ sDU}U l} OwU Qo = "1
xOW O=H}= OwU xi=[= 'O=OQ=Qk u}iQ] O}=@ xvwoJ 'O@=} Ow@y@ xOvvm nvy=ty

#Ovvm s}UkD Qo}Om} u}@ =Q sDU}U QO

OwU ?L=YD |=Q@ |YNWt |vRxv=J CQOk 'O=OQ=Qk u}iQ] R= l} Qy Qo = "2
|=yQDt=Q=B|}=yv Q=Okt 'QQmt |=y|vRxv=J R=TBC}=yv QO 'OvW=@ xDW=O sDU}U

#Ow@ Oy=wN xJ OwU s}yUD |xOvvm nvy=ty O=OQ=Qk
hQ] VwQi u=R}t R= `q]= sOa Ovv=t 'hrDNt |}=QH= CqmWt p}rO x@ Qo = "3
s}tYD O=OQ=Qk K=Q] w OW=@v sy=Qi OwU s}yUD O=OQ=Qk R= xO=iDU= u=mt= 'O=OQ=Qk
u}= QO OQ}o@ OwU s}yUD O=OQ=Qk |=H x@ |WwQixOta G}=Q O=OQ=Qk R= xO=iDU= x@

14



1/
2|

xQ=t
W'

33
�1

|xQ
wO'

�13
96

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt |WwQixOta O=OQ=Qk j@] 'VwQixOQN s}tYD p}rLD w x} RHD "1"3

CU= Q@=Q@ 'S(q) |va} OW=@ q Q@=Q@ w= VQ=iU xm|v=tR VwQixOQN VwQi \UwDt
%=@

S(q) =
qZ

0
xf(x)dx+
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%s} Q=O VwQixOQN VQ=iU Q=Okt x@ C@Uv hOy `@=D QakD
@�PC

r

@q
= p[1� F (q)]� (w + cr)) @�PC

r
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&OwU s}yUD O=OQ=Qk QO VwQixOQN OwU \UwDt %�RS

r

&OwU s}yUD O=OQ=Qk QO xOvvmO}rwD OwU \UwDt %�RS
m

&VwQixOQN �xOW wQRQ OwU� Q_v OQwt OwU pk=OL %RPr
&xOvvmO}rwD �xOW wQRQ OwU� Q_v OQwt OwU pk=OL %RPm

&VwQixOQN |vRxv=J CQOk %kr
"xOvvmO}rwD |vRxv=J CQOk %km

=Q VwQixOQN l} w xOvvmO}rwD l} pt=W |L]UwO u}t-=D |xQ}HvR l}
VwQixOQN u}vJty "CU= O=OQ=Qk K=Q] xOvvmO}rwD O}vm ZQi "O} Q}o@ Q_v QO
OwN R=}vOQwt O=wt 14'VwQixt=vRwQ ẁv R= |O}rwD \}Lt l} QO C}r=ai ut[
xQwO l} 'VwQixt=vRwQ pOt QO OwW|t |Qw;O=} "Ovm|t u}t-=D xOvvmO}rwD R= =Q
R= V}B |yOVQ=iU Q=@ l} u=mt= w |iO=YD w swrat |=[=kD =@ |R} Qxt=vQ@
pYi ẁQW R= V}B VwQixOQN O}vm ZQi [6]"OQ=O OwHw VwQi pYi ẁQW
|xO=t; w VR=OQB 'q u=R}t x@ =Q xOvvmO}rwD x@ xOW xO=O VQ=iU O=wt |xty VwQi
w cm xOvvmO}rwD |=Q@ pwYLt OL=w Qy O}rwD |xv} Ry "Ovm|t |QDWt x@ x�=Q=
'VR=OQB |=yxv} Ry |xOvQ}oQ@ QO Ovv=wD|t =yxv} Ry u}= "CU= cr VwQixOQN |=Q@
|=Q@ xOvvmO}rwD CqwYLt VwQi Ct}k "OvW=@ """ w pkv w ptL '|Ov@xDU@ 'S=Dvwt
u=} QDWt |=Q@ VwQixOQN pwYLt OL=w Qy VwQi Ct}k w w > cm VwQixOQN
w xOvvmO}rwD \UwD |Q=PoCt}k C=t}tYD |]}=QW u}vJ QO "CU= p > w+ cr
|UQQ@ 'OwU s}yUD w |WwQixOta O=OQ=Qk wO j@] 'VwQixOQN \UwD |yOVQ=iU

"OwW|t

|WwQixOta O=OQ=Qk j@] 'C=t}tYD p}rLD w x} RHD "3
Ci=} QO R= TB VwQixOQN 'VwQixOQN w xOvvmO}rwD u}@ |WwQixOta O=OQ=Qk j@]
|Q}os}tYD VQ=iU Q=Okt =@ x]@=Q QO (w) xOvvmO}rwD ?v=H R= |WwQixOta Ct}k
xO=O V}=tv O=OQ=Qk u}= j@] xQ}HvR C=]=@DQ= xYqN Qw]x@ 1 pmW QO "Ovm|t

"CU= xOW

"|WwQixOta O=OQ=Qk j@] 'xQ}HvR |=[a= u}@ C=]=@DQ= V}=tv "1 pmW
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"""
s}yU

Dw
|W

wQix
Ota

|=y
O=OQ

=Qk|
L=Q]VQ=iU x@ C@Uv xOvvmO}rwD hOy `@=D swO w pw= C=kDWt |UQQ@ =@ %C=@F=

%s} Q=O 'VwQixOQN
@�PC

m

@qPCr
= p(1� F (qPCr ))� cr � cm � pqPCr f(qPCr )

= (1� F (qPCr ))[p� p qPCr f(qPCr )
1� F (qPCr )| {z }

GFR

]� cr � cm (14)

@2�PC
m

@(qPCr )2 = �f(qPCr )(p� p:GFR| {z }
<1

)� p:@GFR
@qPCr| {z }
>0

(1� F (qPCr ))

(15)

|twta |@=QN MQv Qov=Wv GFR u=wvax@ xOW XNWt CQ=@a jwi \@=wQ QO
jDWt 'OvW=@ GFR < 1; @GFR

@qPCr
> 0 xm|v=tR 'swO jDWt x@ xHwD =@ "CU=

`@=D QakD uO=O u=Wv |=Q@ R=}v OQwt\}=QW u}= "Ow@ Oy=wN Qakt hOy `@=D w |ivt swO
MQv `} RwD ẁv =@ =[=kD \QW u=ty pO=at 'GFR < 1; @GFR

@qPC1
i

> 0 |va} hOy
'OW=@ xDW=O =Q |]}=QW u}vJ xm |a} RwD |DQ=@a x@ [20]"Ov=|W}=Ri= |twta |@=QN
=@ =[=kD ZQi CLD 'u}=Q@=v@ [20]"CU= |W}=Ri= |twta |@=QN MQv ẁv R= `} RwD
VQ=iU Q=Okt x@ C@Uv xOvvmO}rwD hOy `@=D '|W}=Ri= |twta |@=QN MQv `} RwD ẁv
=@ xOvvmO}rwD O}O R= VQ=iU |xv}y@ Q=Okt '\}=QW u}= QO "CU= Qakt VwQixOQN

%|va} 'hOy `@=D pw= jDWt uO=O Q=Qk QiY Q@=Q@
@�PC

m

@qPCr
= p(1� F (qPCr ))� cr � cm � pqPCr f(qPCr ) = 0 (16)

u=wD|t 'xOvvmO}rwD O}O R= 'VQ=iU |xv}y@ Q=Okt uDW=O =@ "O};|t CUO x@
x@U=Lt 10 |x]@=Q x@ xHwD =@ =Q u; =@ Q_=vDt |WwQixOta Ct}k |xv}y@ Q=Okt
|xOwOLt QO xQ=wty |WwQixOta Ct}k |xv}y@ Q=Okt 'CU= QmP x@ sRq "Owtv
xOvvmO}rwD OwU 'OwW cm � w Qo = =Q} R 'Ow@ Oy=wN cm < w < p � cr
x@ |r}=tD VwQixOQN 'OwW ?=NDv= w � p � cr Qo = 'u}vJty "OwW|t |ivt
pt=m C=@F= 'u}=Q@=v@ "OwW|t QiY O=OQ=Qk u}iQ] OwU wCW=O Oy=wNv |yOVQ=iU
QO '|W}=Ri= |twta |@=QN MQv `} RwD ẁv =@ =[=kD ZQi 'OwW|t |Qw;O=} "CU=

"CU}v |QwYD R= QwO ZQi pta

VwQixOQN-xOvvmO}rwD sDU}U p}rLD w x} RHD "4
sDU}U OwU\UwDt "s} R=OQB|t RmQtDt sDU}Ul} QO OwU\UwDt|UQQ@ x@ uwvm =

%Ow@ Oy=wN Q} R CQwYx@ RmQtDt
�SC(q) = pS(q)� q(cm + cr) (17)

xOvvmO}rwD |xv} Ry ẁtHt w xOW ?Q[ VwQi\UwDt QO VwQiCt}k x]@=Q u}= QO
hOy `@=D QakD |UQQ@ =@ "CU= xOW ?Q[ VQ=iU Q=Okt QO R}v VwQixOQN w

%s} Q=O VwQixOQN VQ=iU Q=Okt x@ C@Uv
@�SC

@q
= p[1� F (q)]� (cm + cr)) @2�SC

@q2 = �pf(q) < 0
(18)

%s} Q=O �5� |x]@=Q x@ xHwD =@
@qPCr (w)
@w

= �1
pf(qPCr (w))

(8)

%s} Q=O u}=Q@=v@
@�PC

m

@w
=qPCr (w)� (w � cm) 1

pf(qPCr (w))

)@2�PC
m

@w2 = �1
pf(qPCr (w))

� 1
pf(qPCr (w))

� (w � cm)
p:[ @f(qPCr (w))

@qPCr (w) ]:[ 1
pf(qPCr (w)) ]

[pf(qPCr (w))]2

= �2
pf(qPCr (w))

� (w � cm)
[pf(qPCr (w))]2

:[@f(qPCr (w))
@qPCr (w)

]:[ 1
f(qPCr (w))

]

=
�2pf(qPCr (w))� (w � cm)[ @f(qPCr (w))

@qPCr (w) ]:[ 1
f(qPCr (w)) ]

[pf(qPCr (w))]2

(9)

Ct}k x@ C@Uv xOvvmO}rwD OwU \UwDt swO jDWt Q=Okt xm OwW|t x_Lqt
"OW=@ |ivt =} C@Ft CU= umtt ' @f(qPCr (w))

@qPCr (w) Ctqa x@ xDU@ '|WwQixOta
Ct}k |xv}y@ Q=Okt '|OOa |=yVwQ R= xO=iDU= =@ O}=@ |rm Cr=L QO 'wQ u}= R=
'=DU=Q u}= QO "OQw; CUO x@ cm < w < p� cr |xOwOLt QO =Q |WwQixOta
|va} hOy `@=D |@=} RQ= =@ TBU w xOW O}rwD w |=Q@ hrDNt Q}O=kt =OD@= O}=@
QO u=wD|t 'xwqa x@ "OQw; CUOx@ Q_v OQwt CkO =@ =Q w |xv}y@ Q=Okt '�6� |x]@=Q
"Owtv x@U=Lt |r}rLD CQwYx@ =Q |WwQixOta Ct}k |xv}y@ Q=Okt X=N |Dr=L

16|W}=Ri= |twta |@=QN MQv ẁv R= =[=kD `} RwD %X=N Cr=L "1"2"3
w 17=t=o 'p=tQv 'CN=wvm} |=y`} RwD Ovv=t OOaDt |iO=YD |=y`} RwD 'pta QO
|r}rLD ^=Lr x@ xm |oS} w u}= [20]"Ov=|W}=Ri= |twta |@=QN MQv ẁv R= 18pw@}=w
Q=Qk xO=iDU= OQwt w |iQat h=iW Qw]x@ 1 |x}[k C=@F= QO 'CU= C}ty= R�=L
xOy=Wt qPCr (w) w w u}@ l} x@ l} Q_=vD xQ=wty 5 |x]@=Q x@ xHwD =@ "OQ}o|t

%OwW|t
w = p[1� F (qPCr (w))]� cr (10)

Ct}k Q=Okt Qy |=R= x@ =Q VwQixOQN VQ=iU Q=Okt Ov=wD|t xOvvmO}rwD
Q=Okt ?ULQ@ =Q xOvvmO}rwD hOy `@=D u=wD|t u}=Q@=v@ "Ovm |v}@V}B |WwQixOta

%Owtv |U} wvR=@ Q} R CQwYx@ VwQixOQN VQ=iU
MaxPCqr �PC

m = (p[1� F (qPCr )]� cr � cm)qPCr (11)

Q=Okt '|W}=Ri= |twta |@=QN MQv `} RwD ẁv =@ =[=kD ZQi CLD %1 |x}[k
%CU= x@U=Lt p@=k Q} R CQwYx@ |WwQixOta Ct}k |xv}y@

w� = p[1� F (q�PCr )]� cr (12)

%Ovm|t jOY Q} R |x]@=Q QO q�PCr

@�PC
m

@qPCr
= p(1� F (q�PCr ))� cr � cm � pq�PCr f(q�PCr ) = 0

(13)
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1/
2|

xQ=t
W'

33
�1

|xQ
wO'

�13
96

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt %O};|t CUO x@ Q} R CQwYx@ 'hOy `@=D QakD |UQQ@ R= TB 'VwQixOQN

@�RS
r

@q
= �p[1� F (q)]� (w + cr)) @�RS

r

@q2 = ��pf(q) < 0

) @�RS
r

@q
= 0) q� = F�1[�p� w � cr

�p
] (21)

sDU}U |=Q@ xv}y@ s}tYD Q@ VwQixOQN |xv}y@ s}tYD j=@]v= |xwLv uwvm =
O}=@ 'qSC |va} 'RmQtDt sDU}U QO xv}y@ VQ=iU x@ q� p}O@D |=Q@ "OwW|t |UQQ@

%OvwW s}_vD Q} R CQwYx@ O=OQ=Qk |=yQDt=Q=B
q� = qSC ) w = �(cm + cr)� cr (22)

%=@ CU= Q@=Q@ xOvvmO}rwD OwU \UwDt O=OQ=Qk u}= j@]
�RS
m = (1� �)pS(q) + q(w � cm) (23)

"CU= OYQO (1��)Q@=Q@ VwQixOQN VwQi Ot;QO R= xOvvmO}rwD syU x]@=Q u}= QO
OwU\UwDt OvQO=k w[a wO QyXNWtGvQl} QO� QDt=Q=B Q}}eD =@ O=O u=Wv u=wD|t
(RPm+RPr < �SC) RPm; RPr O}vmZQi|rm Qw]x@ "OvyO Ow@y@ =Q OwN
xOvvmO}rwD w VwQixOQN |xOW wQRQ OwU =} Q_v OQwt OwU pk=OL Qov=Wv ?}DQDx@
ẁv Qy T=U= Q@ CU= umtt Q}O=kt u}= "OvW=@ OwU s}yUD O=OQ=Qk QO CmQW |=Q@

CQOk uDiQo Q_v QO =@ "OvwW xDiQo Q_v QO O=OQ=Qk u}iQ] |=Q@ |Q=Pox}=tQU CYQi
Vv pO=aD |xr�Ut pL =@=Q � QDt=Q=B |rO=aD Q=Okt u=wD|t w[a Qy |=Q@ |vRxv=J

"OwW|t |UQQ@ VwQixOQN- xOvvmO}rwD |vRxv=J pOt xt=O= QO "Owtv XNWt

|vRxv=J |twta pOt "2"5
Q_v QO Q} R CQwYx@ =Q xOvQ}os}tYD 19pt=a m ZQi =@ |vRxv=J |twta pOt

[21]% O} Q}o@
Maxxi Z = (X1 � d1)k1(X2 � d2)k2 :::(Xm � dm)km (24)

S:T:

Xi 2 
i 8 i = 1; 2; 3; :::;m (25)

Xi � di 8 i = 1; 2; 3; :::;m (26)

0 � ki � 1 8 i = 1; 2; 3; :::;m (27)
mX
i=1

ki = 1 (28)

%Xi 'i = 1; 2; :::;m =ypt=a =} u=oOvQ}os}tYD Qov=Wv T}Ov= %i u; QO xm
|=Q@ s=i pt=a Q=_Dv= OQwt OwU pk=OL %di '�OwU TvH R=� s=i pt=a s}tYD Q}eDt
xHwt |xOwOLt %
i 's=i pt=a |vRxv=J CQOk %ki '|vRxv=J |xt=vQ@ QO CmQW

"s=i pt=a OwU
QO 'u=oOvQ}os}tYD R= l} Qy |=Q@ s}tYD Q}eDt 'pOt u}= hOy `@=D j@]
j@] "OwW|t u}}aD 'xOvQ}os}tYD Qy |vRxv=J CQOk x@ xHwD =@ w= OwU Ow@y@ |=DU=Q
|xOvvm <=[Q= w xHwt Q=Oktl} O}=@ xOvQ}os}tYD Qy OwU '26 w 25 |=yC}OwOLt
=@ Q@=Q@ O}=@ u=oOvQ}os}tYD |vRxv=J CQOk ẁtHt u}vJty "OW=@ w= OwU pk=OL
xOvQ}os}tYD pt=wa R= l} Qy OwU u=wD|t pOt u}= pL =@ "OW=@ l} =} OYQOOY
|xDmv "OQm XNWt 'OwU ?L=YD QU Q@ |vRxv=J R= TB 'pO=aD Cr=L QO =Q

CQwYx@ sDU}U |=Q@ VQ=iU |xv}y@ Q=Okt pw= jDWt \}=QW R= xO=iDU= =@ u}=Q@=v@
%O};|t CUO x@ Q} R

qSC = F�1[p� cm � cr
p

] (19)

|WwQixOta Ct}k ?=NDv= x@ p}=tD xOvvmO}rwD xQ=wty '6 |x]@=Q x@ xHwD =@
|xv}y@ VQ=iU 'p}rO u}= x@ " w > cm|va} 'OQ=O OwN O}rwD |xv} Ry R= QDW}@
'19 |x]@=Q |va} 'RmQtDt sDU}U QO xv}y@ VQ=iU R= QDsm 5 |x]@=Q QO VwQixOQN
|xO}OB� u=wva CLD |Dr=L u}vJ [7w6]'`H=Qt Ovv=t ẁ[wt C=}@O= QO "Ow@ Oy=wN
l} |Q}oQ=m@ =@ xOvvmO}rwD '|]}=QW u}vJ QO "OwW|t xDN=vW �|Q=QmD |R=Uxv}y@
'=yvD |WwQixOta Ct}k O=OQ=Qk |=H x@ 'OwU s}yUD Ovv=t xOvvmnvy=ty O=OQ=Qk
s=Ok= u}= |xH}Dv QO "Ovm qSC u=R}t x@ VQ=iU x@ ?}eQD =Q VwQixOQN Ov=wD|t
ut[ Ovv=wD|t VwQixOQN sy w xOvvmO}rwD sy w xDi=} V}=Ri= sDU}U pm OwU
O=OQ=Qk |L=Q] |xwLv 'xt=O= QO "Ov@=} CUO xOvQ@-xOvQ@ \}=QW x@ OwN OwU Ow@y@

"OwW|t |UQQ@ OwU s}yUD

OwU s}yUD O=OQ=Qk j@] 'C=t}tYD p}rLD w x} RHD "5
u}= j@] "Ovm x�=Q= VwQixOQN x@ OwU s}yUD O=OQ=Qk l} xOvvmO}rwD O}vm ZQi
x@ pwYLt O}rwD |xv} Ry R= QDtm |Dt}k =@ =Q |O}rwD pwYLt xOvvmO}rwD 'O=OQ=Qk
Ci=} QO =Q VwQixOQN VwQi OwU R= |OYQO Zwa QO |rw 'Ov=UQ|t VwQi
Ct}k w [8w3]"OvDUy (w;�) CQwYx@ O=OQ=Qk u}= |=yQDt=Q=B ,qwtat "OQm Oy=wN
pm OwU R= OYQO (1 � �) xOvvmO}rwD "CU= xOvvmO}rwD pwYLt |WwQixOta
QO "OQm Oy=wN Ci=} QO =Q |}=yv |QDWt x@ pwYLt VwQi R= pY=L VwQixOQN
xOW xO=O u=Wv OwU s}yUD O=OQ=Qk j@] xQ}HvR |=[a= u}@ C=]=@DQ= 2 pmW
Qo = 'O=OQ=Qk ẁv u}= QO "CU= (1��) Qou=Wv (1�fi) CQ=@a '2 pmW QO "CU=
|WwQixOta Ct}k w pwB OL=w cm xOvvmO}rwD |=Q@ pwYLt OL=w Qy O}rwD |xv} Ry
|R=Unvy=ty ' w < cm \QW 'OvW=@ pwB OL=w w pwYLt OL=w Qy |=R=x@ w=
`k=w QO '0 < � � 1 QDt=Q=B w Ovm|t u}t[D =Q u}t-=D |xQ}HvR QO C=]=@DQ=
xOvvmO}rwD w VwQixOQN u}@ |R=Unvy=ty R= pY=L OwU `} RwD |xwLv Qou=}=tv

[8]"CU=

OwU s}yUD O=OQ=Qk |=yQDt=Q=B s}_vD "1"5
CU= Q@=Q@ (w;�) |=yQDt=Q=B =@ OwU s}yUD O=OQ=Qk j@] VwQixOQN OwU \UwDt

%=@
�RS
r = �pS(q)� q(w + cr) (20)

|xv}y@ VQ=iU "CU= OYQO � Q@=Q@ VwQi Ot;QO R= VwQixOQN syU x]@=Q u}= QO

"OwU s}yUD O=OQ=Qk j@] 'xQ}HvR |=[a= u}@ C=]=@DQ= "2 pmW
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"""
s}yU

Dw
|W

wQix
Ota

|=y
O=OQ

=Qk|
L=Q]%=@ CU= Q@=Q@ Ov@=}|t CUO OQ@ � OQ@ \}=QW x@

RPr
�SC(qSC)

� � � 1� RPm
�SC(qSC)

(37)

22 |x]@=Q |v} Ro}=H =@ CW=O xHwD O}=@ =OD@= '|vRxv=J |xr�Ut pL |=Q@ %C=@F=
u}@ sDU}U OwU s}UkD |xwLv � QDt=Q=B O=O u=Wv u=wD|t 23 w 20 \@=wQ QO

%Ovm|t u}}aD =Q VwQixOQN w xOvvmO}rwD
�RS
r =�pS(q)�q(w + cr) = �pS(q)�q(�(cm + cr)�cr + cr)

= ��SC (38)

�RS
m =(1� �)pS(q) + q(w � cm) = (1� �)pS(q)

+ q (�(cm + cr)� cr � cm)| {z }
�(1��)(cm+cr)

= (1� �)�SC (39)

%OQm |U} wvR=@ � Q}eDt ?ULQ@ =yvD u=wD|t =Q hOy `@=D u}=Q@=v@
Max� Z = (��SC �RPr)kr ((1� �)�SC �RPm)km (40)

V}=tv xLiY u}}=B QO xm 41 x]@=Q j@] '�?UL Q@ hOy `@=D swO w pw= C=kDWt
"CU=xOW xO=O

Q=Qk QiY Q@=Q@ =@ =Q � |xv}y@ Q=Okt u=wD|t � x@ C@Uv Z `@=D QakD x@ xHwD =@
w �30� |=yC}OwOLt QO O}=@ xv}y@ Q=Okt u}= =t= "OQw; CUO x@ pw= jDWt uO=O
|=yC}OwOLt QO �NBS |v} Ro}=H =@ "OW=@ jO=Y R}v |vRxv=J pOt QO �31�

%s} Q=O �31� w �30�
�RS
r =�NBS�SC = kr(�SC �RPm) + kmRPr

=kr(�SC �RPm) + (1� kr)RPr = RPr

+ kr (�SC �RPm �RPr)| {z }
�0

� RPr�RS
m

=(1� �NBS)�SC = �SC � kr(�SC �RPm)� kmRPr
=(1� kr)]�SC + krRPm � kmRPr = km�SC

+ (1� km)RPm � kmRPr = RPm

+ km (�SE �RPm �RPr)| {z }
>n

� RPm (42)

xm OwW|t KQ]t |v=tR '|vRxv=J ẁ[wt pY= xm CU= u}= =Hv}= QO C}ty= R�=L
R= pY=L OwU ?L=YD |=Q@ OYQOOY w pt=m CQOk 'O=OQ=Qk u}iQ] R= l} I}y
|R=}v ,qY= CQwYu}= Q}e QO CU= |y}O@ "OvW=@ xDW=Ov =Q sDU}U |R=Unvy=ty

"Ovm ?L=YD =Q sDU}U OwU pm Ov=wD|t O=OQ=Qk K=Q] w CU}v |vRxv=J x@
OwU s}yUD O=OQ=Qk QO 20Vv |vRxv=J ?=wH "1"2"5

%R= Ow@ Oy=wN CQ=@a OwU s}yUD |xr�Ut QO |vRxv=J pOt
Maxw;� Z =(�pS(q)� q(w + cr)�RPr)kr ((1� �)pS(q)

+ q(w � cm)�RPm)km (29)

S:T:

�RS
r = �pS(q)� q(w + cr) � RPr (30)

�RS
m = (1� �)pS(q) + q(w � cm) � RPm (31)

w = �(cm + cr)� cr (32)

0 < � � 1 (33)

pOt u}= hOy `@=D QO "CU= Vv pO=aD |vRxv=J ?=wH pOt u}= |xv}y@ ?=wH
QO |vRxv=J |twta pOt QO s}tYD |=yQ}eDt u=wvax@ xQ}HvR w[a Qy OwU \UwDt
Ow@y@ |xOvvm u}t[D |=yC}OwOLt 31 w 30 |=yC}OwOLt "Ov=xOW xDiQo Q_v
C}OwOLt "CU= u=W}= Q=_Dv= OQwt OwU pk=OL x@ C@Uv <=[a= R= l} Qy OwU
pOt u}= QO "OyO|t u=Wv =Q �; w |=yQDt=Q=B u}@ |R=Unvy=ty |x]@=Q 32

%CU= Q=QkQ@ <=[a= R= l} Qy |vRxv=J CQOk u}@ Q} R \@=wQ
kr + km = 1; 0 � ki � 1 8 i = 1;m (34)

"Ovm|t XNWt =Q �; w |=yQDt=Q=B |rO=aD Q=Okt 2 |x}[k
s}yUD O=OQ=Qk l} km |vRxv=J CQOk =@ xOvvmO}rwD O}vm ZQi %2 |x}[k
QO "OyO O=yvW}B kr |vRxv=J CQOk =@ VwQixOQN x@ (w;�) |=yQDt=Q=B =@ OwU

%=@ CU= Q@=Q@ Vv pO=aD |vRxv=J ?=wH QO =yQDt=Q=B Q=Okt CQwY u}=

�NBS = kr(�SC �RPm) + kmRPr
�SC (35)

wNBS = �NBS(cm + cr)� cr (36)

wO Qy VwQixOQN w xOvvmO}rwD u; QO xm '� QDt=Q=B QU Q@ |vRxv=J |xR=@ u}vJty

@Z
@� = kr:(��SC �RPr)kr�1:�SC :[(1� �)�SC �RPm]km

�(��SC �RPr)kr :km:[(1� �)�SC �RPm]km�1:�SC
@2Z
@�2 = kr:(kr�1):(��SC�RPr)kr�2:(�SC)2:[(1��)�SC�RPm]km| {z }

<0
� kr:(��SC �RPr)kr�1:(�SC)2:km:[(1� �)�SC �RPm]km�1| {z }

>0
+ km:(km � 1):[(1� �)�SC �RPm]km�2:(�SC)2:(��SC �RPr)kr| {z }

<0
� km:[(1� �)�SC �RPm]km�1:(�SC)2:kr:(��SC �RPr)kr�1| {z }

>0
) @2Z

@�2 < 0 (41)
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"��� � QDt=Q=B x@ C@Uv xQ}HvR <=[a= OwU \UwDt Q}}eD |xwLv "3 pmW
(RPr) w= Q=_Dv= OQwt OwU pk=OL R= QDW}@ '0 19038 R= QDnQR@ � QDt=Q=B |=R=x@
Q}}eD [0 19038� 0 71443] |xOwOLt QO � QDt=Q=B xm|v=tR u}=Q@=v@ "OwW|t
x@ OwN Q=_Dv= OQwt OwU pk=OL x@ C@Uv VwQixOQN w xOvvmO}rwD |wO Qy Ovm
|rO=aD ?=wH QO � QDt=Q=B Q=Okt wO |x}[k j@] "O}UQ Ovy=wN OQ@�OQ@ \}=QW
'O=OQ=Qk u}iQ] |=Q@ km = kr = �50 |va} 'Q@=Q@ |vRxv=J CQOk |=R=x@ Vv

"CU= 2 62 =@ Q@=Q@ 'Q_=vDt |WwQixOta Ct}k w 0 4524 Q@=Q@

C}U=UL p}rLD "1"6
|=yO=OQ=Qk j@] 'VwQixOQN w xOvvmO}rwD OwU \UwDt Q}}eD |xwLv 'xt=O= QO
O}vm ZQi "OwW|t |UQQ@ pOt |=yQDt=Q=B ?ULQ@ 'OwU s}yUD w |WwQixOta
2 w 1 pw=OH QO "OW=@ � Q=}at h=QLv= w 100 u}ov=}t =@ p=tQv `} RwD |=Q=O =[=kD
wO uDiQo Q_v QO =@ w hrDNt |=yQDt=Q=B |=R= x@ <=[a= R= l} Qy OwU \UwDt
Ct}k |xv}y@ Q}O=kt pw=OH u}= QO "CU= xOW xO=O u=Wv � |=Q@ 50 w 20 Q=Okt
w xOvvmO}rwD OwU \UwDt w VwQixOQN |xv}y@ VQ=iU 'xOvvmO}rwD |WwQixOta
u=Wv |WwQixOta O=OQ=Qk j@] 'p; cm; cr |=Q@ hrDNt Q}O=kt |=R=x@ VwQixOQN
w VwQixOQN OwU \UwDt ?}DQDx@ M:EP w R:EP |=yuwDU "Ov=xOW xO=O

%CU= xOW x@U=Lt u}vJ |}=Q=m uwDU "OyO|t V}=tv =Q xOvvmO}rwD
VwQixOta O=OQ=Qk j@] 'sDU}U OwU
OwU s}yUD O=OQ=Qk j@] 'sDU}U OwU � |}=Q=m
j@] �� sDU}U OwU |xU}=kt |=Q@ =Q |Q=}at 'jwi CQwYx@ xOW h} QaD XN=W
x�=Q= �� |}=v=wD u}= uwO@ |Qo}O w sDU}U |R=Unvy=ty |}=v=wD =@ |m} %O=OQ=Qk wO
OwU \UwDt 'OwU s}yUD O=OQ=Qk QO xm u}= x@ xHwD =@ 'CU= QmP x@ sRq "Ovm|t
=yvD |}=Q=m Q=}at j@] 'CU=yv; |vRxv=J CQOk x@ xDU@=w O=OQ=Qk u}iQ] R= l} Qy
xDN=OQB 'OwU s}yUD w |WwQixOta O=OQ=Qk wO j@] 'sDU}U OwU pm |xU}=kt x@

"OwW|t
pwYLt VwQiCt}kV}=Ri=|B QO xm OwW|t xOy=Wt 2 w 1 pw=OH|UQQ@ =@
"OyO|t V}=Ri= VwQixOQN |=Q@ (w�) =Q OwN VwQi Ct}k xOvvmO}rwD '(p) |}=yv
w VwQixOQN VQ=iU Q=Okt '|}=yv pwYLt VwQi Ct}k V}=Ri= |B QO 'u}vJty
(cm) xOvvmO}rwD |xv} RyV}=Ri= |B QO "O@=}|tV}=Ri= O=OQ=Qk u}iQ] OwU\UwDt
x@ =t= "OyO|t V}=Ri= VwQixOQN |=Q@ (w�) =Q OwN VwQi Ct}k xOvvmO}rwD R}v
|B QO "O@=}|t Vy=m O=OQ=Qk hQ] wO Qy OwU 'xOvvmO}rwD |xv} Ry V}=Ri= p=@vO
VwQixOQN |=Q@ (w�) =Q OwN VwQiCt}k xOvvmO}rwD 'VwQixOQN |xv} RyV}=Ri=

K[=w u}vJty "Ovm|t <=[Q= =Q 31 w 30 |=yC}OwOLt � |xv}y@ Q=Okt 'u}=Q@=v@
%=Q} R 'CU= 1 R= QDmJwm p=L u}a QO w C@Ft CQ=@a l} �NBS xm CU=

�NBS = kr(�sc �RPm) + kmRPr
�sc

= kr(�sc �RPm) + (1� kr)RPr
�sc

= RPr + kr(�sc �RPm �RPr)
�sc < 1 (43)

j@] wNBS Q_=vDt Q=Okt "Ow@ Oy=wN jO=Y =yC}OwOLt |xty QO �NBS TB
w xOvvmO}rwD u; QO xm '� QDt=Q=B QU Q@ |vRxv=J xR=@ "O};|t CUOx@ 32 |x]@=Q
u=tRty uDiQo Q_v QO =@ R}v Ov@=}|t CUO OQ@�OQ@ \}=QW x@ wO Qy VwQixOQN

%O};|t CUO x@ Q} R \@=wQ
�RS
r = �pS(q)� q(w + cr) = ��SC � RPr (44)

�RS
m = (1� �)pS(q) + q(w � cm) = (1� �)�SC � RPm

(45)

u}=Q@=v@ w |yD Q}e � |=Q@ xOW u}}aD |xR=@ '(RPm+RPr < �SC) x@ xHwD =@
�"CU= pt=m C=@F=

pm |=yxv} Ry R= |}xOta syU VwQixOQN |xv} Ry Qo = 'CU= QmP x@ sRq
%s}W=@ xDW=O xm |}xvwox@ 'OW=@ xDW=O =Q u}t-=D |xQ}HvR

cr
cr + cm

> 1� �PC
m

�SC(qSC)
(46)

"OwW|t |ivt OwU s}yUD O=OQ=Qk QO |WwQixOta Ct}k Q=Okt 'CQwY u}= QO
|DtUk xOvvmO}rwD u; QO xm 'xv} Ry s}UkD \}=QW l} u=wvax@ Ov=wD|t Cr=L u}=
|}=v=wD R= |m =L ẁ[wt u}= "OwW Q}UiD 'Ovm|t p@kD =Q VwQixOQN |=yxv} Ry R=
|DL "CU= xQ}HvR |=[a= u}@ 21|DmQ=Wt |x}LwQ O=H}= QO OwU s}yUD O=OQ=Qk
wO Qy 'VwQixOQN Ot;QO QO xOvvmO}rwD uOW s}yU x@ xHwD =@ 'sy \}=QW u}= QO

"Ov@=}|t CUO OQ@�OQ@ \}=QW x@ w[a

|OOa |=y|UQQ@ "6
'VwQixOQN w xOvvmO}rwD OwU Ow@y@ |xwLv 'p=Ft l} |UQQ@ =@ =OD@= 'CtUk u}= QO
|xwLv 'C}U=UL p}rLD w x} RHD =@TBU "OwW|t |UQQ@ OwU s}yUD O=OQ=Qk j@]
'OwU s}yUD w |WwQixOta O=OQ=Qk wO j@] xQ}HvR |=[a= OwU \UwDt C=Q}}eD
|=yOQw;Q@ O}vm ZQi "OwW|t |UQQ@ 'pOt |=yQDt=Q=B |=Q@ hrDNt Q}O=kt |=R=x@

%OvW=@ CUO QO pOt |=yQDt=Q=B |=Q@ Q} R
p = 100; cm = 30; cr = 20; RPm = 1200; RPr = 800;
X � Normal(� = 100; � = 20)

"CU= pwYLt OL=w Qy |=R=x@ 'pwB OL=w ?ULQ@ xv} Ry w Ot;QO |=yQDt=Q=B
��� � QDt=Q=B ?ULQ@ 'xQ}HvR <=[a= OwU \UwDt Q}}eD |xwLv 3 pmW QO
xOvvmO}rwD OwU \UwDt 'Q=_Dv= j@=]t "CU= xOW xO=O u=Wv OwU s}yUD O=OQ=Qk QO
V}=Ri= � QDt=Q=B V}=Ri= =@ VwQixOQN OwU \UwDt w Vy=m � QDt=Q=B V}=Ri= =@
R= QDsm xOvvmO}rwD OwU \UwDt 'OwW QDW}@ 0 71443 R= � QDt=Q=B xm|v=tR "O@=}|t
VwQixOQN OwU \UwDt |iQ] R= "OwW|t (RP m) w= Q=_Dv= OQwt OwU pk=OL
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|=y
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=Qk|
L=Q]"� = 50|=R= x@|WwQixOta O=OQ=Qkj@]OwU\UwDt w xv}y@C=t}tYD "2 pwOH

p cm cr w� q�PCr R:EP M:EP |}=Q=m
110 20 15 67 67 1029 3148 0 7543
110 20 25 61 62 808 2505 0 7593
110 20 35 54 56 609 1913 0 7629
120 20 15 73 68 1198 3650 0 7526
120 20 25 67 64 969 2989 0 7577
120 20 35 60 59 761 2376 0 7615
120 40 15 80 59 761 2376 0 7615
120 40 25 74 54 572 1811 0 7641
120 40 35 67 48 402 1301 0 7652
120 50 15 84 54 572 1811 0 7641
120 50 25 77 48 402 1301 0 7652
120 50 35 70 42 251 850 0 7642

"� = 20 |=R= x@ OwU s}yUD O=OQ=Qkj@] OwU\UwDt w xv}y@ C=t}tYD "3 pwOH
p cm cr qSC (�; w) R:EP M:EP

110 20 15 109 � 0 19 w �08 3� 1288 5427
110 20 25 105 �0 19 w �16 5� 1064 4581
110 20 35 100 �0 19 w �24 8� 856 3766
120 20 15 111 �0 19 w �08 2� 1482 6194
120 20 25 106 �0 19 w �16 5� 1253 5337
120 20 35 102 �0 19 w �24 7� 1038 4510
120 40 15 102 � 0 19 w �04 7� 1038 4510
120 40 25 98 �0 18 w �13 0� 837 3711
120 40 35 94 �0 18 w �21 4� 649 2941
120 50 15 98 �0 18 w �03 0� 837 3711
120 50 25 94 �0 18 w �11 4� 649 2941
120 50 35 89 �0 18 w �19 8� 480 2197

"� = 50 |=R= x@ OwU s}yUD O=OQ=Qkj@] OwU\UwDt w xv}y@ C=t}tYD "4 pwOH
p cm cr qSC (�; w) R:EP M:EP

110 20 15 124 � 0 31 w �04 2� 1712 3825
110 20 25 111 �0 31 w �11 3� 1331 3032
110 20 35 100 �0 30 w �18 3� 1003 2302
120 20 15 127 �0 31 w �04 2� 1996 4445
120 20 25 116 �0 31 w �11 2� 1599 3625
120 20 35 105 �0 30 w �18 2� 1255 2864
120 40 15 105 � 0 30 w �01 8� 1255 2864
120 40 25 95 �0 30 w �05 4� 941 2178
120 40 35 84 �0 30 w �12 7� 663 1562
120 50 15 95 �0 30 w 04 6� 941 2178
120 50 25 84 �0 30 w �02 7� 663 1562
120 50 35 73 �0 29 w �10 3� 419 1021

"� = 20|=R= x@|WwQixOta O=OQ=Qkj@]OwU\UwDt w xv}y@C=t}tYD "1 pwOH
p cm cr w� q�PCr R:EP M:EP |}=Q=m

110 20 15 85 73 630 4764 0 8033
110 20 25 77 71 526 4041 0 8091
110 20 35 68 70 428 3336 0 8144
120 20 15 94 74 721 5431 0 8014
120 20 25 85 72 616 4702 0 8071
120 20 35 77 70 516 3989 0 8120
120 40 15 97 70 516 3989 0 8120
120 40 25 88 69 420 3294 0 8167
120 40 35 79 67 330 2618 0 8212
120 50 15 98 69 420 3294 0 8167
120 50 25 89 67 330 2618 0 8212
120 50 35 81 64 245 1964 0 8254

Qy OwU \UwDt w w= VQ=iU u=R}t Q@ 'VwQixOQN |xv} Ry V}=Ri= "OyO|t Vy=m
"OyO|t Vy=m =Q =yv; w xDW=O Twmat QF= O=OQ=Qk hQ] wO

'(�) =[=kD |oOvm =QBV}=Ri= |B QO 'OwW|t xOy=Wt 2 w 1 pw=OH |xU}=kt =@
x@ xHwD =@ "Ov@=}|t Vy=m wO Qy 'VwQixOQN VQ=iU sy w |WwQixOta Ct}k sy
"OwW|t VwQixOQN VQ=iU Q=OktVy=mEa=@ �V}=Ri= xmCU=K[=w 5 |x]@=Q
QF= |OwOL =D 'xOvvmO}rwD ?v=H R= |WwQixOta Ct}k Vy=m |]}=QW u}vJ QO
u}= C=QF= ' ẁtHt QO "Ovm|t p}OaD =Q VwQixOQN VQ=iU Q@ =[=kD |oOvm =QB |ivt
VwQixOQN OwU \UwDt '=[=kD |oOvm =QB V}=Ri= |B QO xm CU= |}xvwox@ C=Q}}eD

"Ovm|t =O}B Vy=m xOvvmO}rwD OwU \UwDt w V}=Ri=
Ct}k Vy=m p=@vO x@ 'OwW|t xOy=Wt 2 w 1 pwOH wO Qy QO xm u=vJ
O=OQ=Qk |}=Q=m 'cr V}=Ri= =} cm V}=Ri= =} pVy=m |va} '=yxv} Ry V}=Ri= =} VwQi
V}=Ri= =} VwQi Ct}k Vy=m p=@vO x@ xm CU= K[=w "O@=}|t Ow@y@ |WwQixOta
Vy=m wO Qy '|}=Q=m u=wvax@ xOW h} QaD |x]@=Q GQNt sy w CQwY sy '=yxv} Ry
|x]@=Q GQNt xm CU= u}= R= |m =L |}=Q=m Ow@y@ |]}=QW u}vJ QO "Ovvm|t =O}B
CQwYx@ C@Uv |QDW}@ Vy=m 'OwU s}yUD O=OQ=Qk j@] sDU}U OwU |va} '|}=Q=m

"CU= xOQm =O}B '|WwQixOta O=OQ=Qk j@] sDU}U OwU |va} '|}=Q=m |x]@=Q
Ow@y@ |=DU=Q QO 'sDU}U l} QO C=Q}}eD Qo = xm CU= u}= OvwQ u}= Qo}O Q}UiD
nvy=ty O=OQ=Qk l} R= xO=iDU= 'OW=@ =yxv} Ry Vy=m =} Ct}k V}=Ri= |va} '\}=QW
l} QO C=Q}}eD Qo = "CU= QDO}it w QDOvtWRQ= |WwQixOta O=OQ=Qk x@ C@Uv xOvvm
=yxv} Ry V}=Ri= =} VwQi Ct}k Vy=m |va} '\}=QW uOW QDO@ |=DU=Q QO 'sDU}U
|WwQixOta R=Unvy=ty Q}e O=OQ=Qk Q@ sDU}U |R=Unvy=ty C}LHQ= 'OW=@
\}=QW Ow@y@ |B QO xm CU= u}= |OvwQ u}vJ |xOy=Wt p}rO "O@=}|t Vy=m
"CU= QDW}@ 'xQ}HvR |=[a= lDlD OwU Ow@y@ R= sDU}U pm OwU Ow@y@ 'sDU}U
x@ 'xQ}HvR |=[a= OwU Ow@y@ QO |WwQixOta O=OQ=Qk |}=v=wD sOa R= ẁ[wt u}=
O=OQ=Qk l} R= xO=iDU= |]}=QW u}vJ QO "OQ=O C}=mL sDU}U OwU Ow@y@ |xR=Ov=
sy=Qi xQ}HvR |=[a= OwU Ow@y@ |=Q@ =Q \}=QW 'OwU s}yUD Ovv=t 'R=Unvy=ty
|=DU=Q QO 'sDU}U \}=QW Ow@y@ R= Ovv=wD@ xQ}HvR |=[a= OwW|t Ea=@ w xOQm

"OvQ@@ xQy@ OwN OwU Ow@y@
j@] 'VwQixOQN w xOvvmO}rwD OwU \UwDt C=Q}}eD |xwLv 4 w 3 pw=OH QO
u=Wv pOt |=yQDt=Q=B |=Q@ hrDNt Q}O=kt uDiQo Q_vQO =@ w OwU s}yUD O=OQ=Qk
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Ovyt "CU= KQ]t 'u}t-=D |xQ}HvR C} Q}Ot EL=@t u} QDsyt |xQtR QO u}t-=D |xQ}HvR

u=wvax@ 'OwU s}yUD O=OQ=Qk Ovv=t 'xQ}HvR R=Unvy=ty |=yO=OQ=Qk '=DU=Q u}= QO
'hrDNtp}qO x@ 'pta QO "CU= xOW KQ]t |R=Unvy=ty |=Q@|@U=vt |=yQ=my=Q
|=yO=OQ=Qk |L=Q] u=mt= CU= umtt '|D} Q}Ot =} |D=aq]= |=yC}OwOLt Ovv=t
O=OQ=Qk x@ xHwD swRr w C}ty= '|]}=QW u}vJ QO "OW=@ xDW=Ov OwHw R=Unvy=ty
|UQQ@ |=yO=OQ=Qk R= |m} p}rO u}ty x@ "OwW|t Q=mW; QDW}@ |WwQixOta |xO=U
u=mt= xm |]}=QW QO |DL "CU= xOw@ |WwQixOta O=OQ=Qk 'j}kLD u}= QO xOW
?L=YD QU Q@ |vRxv=J |xwLv 'OW=@ sy=Qi R=Unvy=ty |=yO=OQ=Qk R= xO=iDU=
Ow@ Oy=wN R}ov=Q@Vr=J C=aw[wt R= |m} sDU}U |R=Unvy=ty R= pY=L OwU
j@] 'O=OQ=Qk u}iQ] |vRxv=J |xwLv |UQQ@ 'wQu}= R= "OwW xHwD u; x@ O}=@ xm
"CU= xOw@ j}kLD u}= |=y|oS} w R= Qo}O |m} 'OwU s}yUD R=Unvy=ty O=OQ=Qk

C=t}tYD =OD@= '|L]UwO u}t-=D |xQ}HvR l} uDiQo Q_vQO =@ 'j}kLD u}= QO
seQ|ra "OW |UQQ@ |WwQixOta O=OQ=Qk j@] '|yOVQ=iU w |Q=PoCt}k |xv}y@
C}ty= x@ xHwD =@ 'OwW|tv C=t}tYD |R=Unvy=ty x@ QHvt O=OQ=Qk ẁv u}= xm u}=
|xv}y@ Q=Okt u}}aD |=Q@ |YNWt |x]@=Q '1 |x}[k j@] '|}=QH= O=a@= R= u;
pYi |iO=YD |=[=kD xOW ZQi 'x}[k u}= QO "Ot; CUO x@ |WwQixOta Ct}k
pwtat |iO=YD |=y`} RwD "OW=@ xDW=O |W}=Ri= |twta |@=QN MQv `} RwD 'VwQi

"OvQ=OQwNQ@ |oS} w u}vJ R= pw@}=w w =t=o 'CN=wvm} 'p=tQv Ovv=t 'pta QO
|@=}DUO |ovwoJ 'OwU s}yUD O=OQ=Qk |L=Q] |xwLv QwQt ut[ 'xt=O= QO
QO xOW O=H}= OwU ?L=YD QU Q@ |vRxv=J w OQ@�OQ@ \}=QW x@ O=OQ=Qk u}iQ]
O=OQ=Qk |=yQDt=Q=B |rO=aD Q}O=kt '2 |x}[k QO "OW |UQQ@ xOW nvy=ty sDU}U
C}=yv QO "OvOW x@U=Lt |r}rLD CQwYx@ '|twta |vRxv=J pOt j@] 'OwU s}yUD
wO CLD 'VwQixOQN w xOvvmO}rwD OwU |xU}=kt ut[ '|OOa |=yp=Ft |x�=Q= =@
hrDNt \}=QW QO |WwQixOta O=OQ=Qk |}=Q=m 'OwU s}yUD w |WwQixOta O=OQ=Qk
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1. supply chain management (SCM)
2. coordination

3. contract design
4. revenue sharing
5. discount
6. return policy (Buy-back)
7. credit option
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9. contract designer
10. price only
11. wholesale pric
12. double marginalization
13. bargaining
14. news vendor
15. �rst order condition
16. increasing generalized failure rate (IGFR)
17. gamma distribution
18. weibull distribution
19. agent
20. nash bargaining solution (NBS)
21. collaborative spirit
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