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O=Oa= =@ xiOywO |R} Qxt=vQ@ pOt |r=UQ= CqwYLt O=OaD \UwDt |R=Uxv}W}@ w pm xv} Ry |R=Uxv}tm h=Oy= =@ |R} Qxt=vQ@ pOt l} |xaUwD 2015 [18]K}LY |L]UxU w |}xQwOOvJ '|rwYLtOvJ u}t-=D |xQ}HvR QO u=} QDWt x@

&|a]k VQ=iU Vy=m OL=w Qy |=R=x@ xOvvmO}rwD x@ xOvvmu}t-=D |DN=OQB Q=Okt %ep
&|a]k VQ=iU V}=Ri= OL=w Qy |=R=x@ xOvvmu}t-=D x@ xOvvmO}rwD |DN=OQB Q=Okt %ec

&xOvvmO}rwD x@ VwQixOQN VQ=iU u=R}t %q
&cr � 0 'VwQixOQN |xv} Ry |iO=YD Q}eDt %C

&VwQixOQN |xv} Ry |iO=YD Q}eDt |r=oJ `@=D %gC(cr)

&x � 0 '|QDWt |=[=kD |iO=YD Q}eDt %X
&|QDWt |=[=kD |iO=YD Q}eDt |r=oJ `@=D %fX(x)

&F (x) = 1� F (x) w |QDWt |=[=kD |iO=YD Q}eDt `} RwD `@=D %F (x)

=yQDt=Q=B "1"3
&xOvvmO}rwD ORv VR=OQB |}x}W=L |xv} Ry %cm
&VwQixOQN ORv VR=OQB |}x}W=L |xv} Ry %cr

&|QDWt x@ |}=yv pwYLt VwQi Ct}k %p
&xOvvmu}t-=D R= |a]k O} QN |=Q@ |WwQixOta Ct}k %w

&xOvvmu}t-=D R= |@}mQD O} QN Q=}DN= VQ=iU �wQRQ� O} QN Ct}k %o
&|a]k VQ=iU Q}}eD p}rO x@ xOvvmu}t-=D w xOvvmO}rwD u}@ |r=t pO=@D %e
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L=Q]Cr=L u} QDpt=m j@] xOvvmu}t-=D x@ xOvvmO}rwD |yOVQ=iU j}kLD u}= QO OwW|t
"OwW|t s=Hv= 'xiQ]wO O} QN Q=}DN= O=OQ=Qk |va} 'O} QN Q=}DN= O=OQ=Qk

u=R}t x@ xOvvmu}t-=D R= O} QN x@ OyaDt xOvvmO}rwD 'O} QN Q=}DN= O=OQ=Qk j@]
Ov=wD|t xOvvmO}rwD u}vJty "OwW|t |a]k VQ=iU u=wvax@ w Ct}k =@ OL=w qd
|Q=O} QN xOvvmu}t-=D R= 'pwB OL=w oCt}k x@ 'qo � qd O} QN Q=}DN=VQ=iU|Q=Okt
QO Ov=wD|t xOvvmO}rwD 'VwQixOQN VR=OQB |xv} Ry uOW XNWt R= TB "Ovm
xO=iDU= 'OL=w �qo � qe � qo u=R}t x@ 'R}v O} QN Q=}DN= VQ=iU R= R=}v CQwY
u}= QO "Ovm|t |a]k VQ=iU V}=Ri= x@ s=Ok= xOvvmO}rwD 'OW=@ qe > 0 Qo = "Ovm
OL=w Qy |=R=x@ Qo}O pwB OL=w ec � w CN=OQB x@ OyaDt xOvvmO}rwD CQwY
Vy=m x@ s=Ok= xOvvmO}rwD 'OW=@ qe < 0 Qo = "OwW|t |a]k VQ=iU V}=Ri=
ep � w CN=OQB x@ OyaDt xOvvmu}t-=D 'CQwY u}= QO "Ovm|t |a]k VQ=iU
|Q=PoCt}k Q=mwR=U u}= "OwW|t |a]k VQ=iU Vy=m OL=w Qy |=R=x@ 'pwB OL=w
R= TB xOvvmO}rwD "CU= [26]w�=UD w nv=w C=ar=]t QO xOW xO=iDU= Q=mwR=U x@=Wt

"CW=O Oy=wNv =Q xOvvmu}t-=D R= O=wt |x}yD u=mt= Qo}O VwQi pYi ẁQW
xOW x}yD O=wt xOvvmO}rwD 'xOvvmu}t-=D R= O=wt |x}yD w u}t-=D O=OQ=Qk O=kav= R=TB
O=OQ=Qk OQ=w |WwQixOQN |xv} Ry R= `q]= ut[ w xOQm VR=OQB =Q qd+qe u=R}t x@
Okavt VwQi pYi ẁQW R= V}B VwQixOQN w xOvvmO}rwD O=OQ=Qk "OwW|t w= =@
O=OQ=Qk K=Q] xOvvmO}rwD 'VwQixOQN =@ xOvvmO}rwD \=@DQ= QO O}vm ZQi "OwW|t
j@] "Ovm O=yvW}B VwQixOQN x@ (wm; b) |=yQDt=Q=B =@ O} QNR=@ O=OQ=Qkl} w OW=@
VwQixOQN |=Q@ xOvvmO}rwD pwYLt R= OL=w Qy |WwQixOta Ct}k 'O=OQ=Qk u}=
'VwQixOQN |yOVQ=iU lU} Q Vy=m |=Q@ 'xOvvmO}rwD u}vJty "CU= wm Q@=Q@
O=R=t pwYLt OL=w Qy |=R=x@ pwB OL=w b VwQi pYi u=}=B QO OwW|t OyaDt
|xv}y@ C=t}tYD |UQQ@ p=@vO x@ |]}=QW u}vJ QO "Ovm CN=OQB w= x@ VwQixOQN

"s}DUy VwQixOQN w xOvvmu}t-=D =@ \=@DQ= QO xOvvmO}rwD
|=yCmQW |=Q@ 'VN@ u}= QO xOWO=} \}=QW w C=}[Qi 'OwW|t |Qw;O=}
|m}vwQDmr= C=a]k pt=W 'Ot w|a=O@= ẁv CqwYLt R= |a}Uwh}] |xOvvmO}rwD

[26]"OQ=O j=OYt '|}xv=}=Q w

hrDNt `]=kt QO xQ}HvR |=[a= u}@ \@=wQ K} QWD "4
|v=tR

xOvvmu}t-=D =@ \=@DQ= QO w |v=tR hrDNt `]=kt QO xOvvmO}rwD C=t}tYD 1 pmW QO
"CU= xOW xO=O u=Wv VwQixOQN w

VwQixOQN w xOvvmu}t-=D =@ xOvvmO}rwD O=OQ=Qk |=ys=o 'OwW|t xOy=Wt xm u=vJ
%OQm xYqN u}vJ u=wD|t =Q

O} QN Q=}DN= O=OQ=Qk |=yQDt=Q=B Ci=} QO R= TB xOvvmO}rwD t0 u=tR QO "1 s=o
"Ovm|t QO=Y xOvvmu}t-=D x@ =Q qd; qo C=WQ=iU '(w; o; ec; ep)

`r]t VwQixOQN |xv} Ry R= xOvvmO}rwD t1 =D t0 |v=tR |xrY=i QO "2 s=o
"Ovm|t O}rwD qd + qo |xR=Ov=x@ xOvvmu}t-=D u}vJty "OwW|t

V}=Ri= |va} 's}_vD x@ s=Ok= cr Q=Okt x@ xHwD =@ xOvvmO}rwD t1 u=tR QO "3 s=o
u=R}t x@ xOvvmO}rwD C=WQ=iU R}v xOvvmu}t-=D "Ovm|t |a]k VQ=iU Vy=m =}

"Ovm|t pkDvt w= x@ =Q qd + qe

xOvvmu}t-=D R= xOWCi=} QOC=WQ=iU xOvvmO}rwD t2 =D t1|v=tR |xrY=i QO "4 s=o
"Ovm|t VwQixOQN x@ x�=Q= |xO=t; w VR=OQB =Q

'q |OwHwt =@ VwQi pYi QO VwQixOQN VwQi \UwDt %S(q)

&S(q) = E[Minfq;Xg] = q � qR
0
F (x)dx

'O} QNR=@ O=OQ=Qk QO VwQixOQN w xOvvmO}rwD sDU}U OwU R= xOvvmO}rwD syU %�m
"0 � �m � 100�

xOvvmO}rwD s}tYD |=yQ}eDt "2"3
&xOvvmu}t-=D x@ xOvvmO}rwD |a]k VQ=iU u=R}t %qd

V}=Ri= R=Ht |xvt=O Q=Okt u}=� xOvvmu}t-=D x@|@}mQD O} QN Q=}DN= VQ=iU u=R}t %qo
&�OyO|t u=Wv =Q |a]k VQ=iU Vy=m =}
&|a]k VQ=iU Vy=m =} V}=Ri= Q=Okt %qe

&|a]k VQ=iU Vy=m Q=Okt %qep
&|a]k VQ=iU V}=Ri= Q=Okt %qec

"VwQixOQN|=Q@ xOvvmO}rwD\UwD xOW|L=Q]'O} QNR=@ O=OQ=Qk|=yQDt=Q=B %(wm; b)

OwU \UwDt |=yO=tv "3"3
xOW |iQat |Q}os}tYD Q=DN=U pw= |xrLQt j@] xOvvmO}rwD OwU \UwDt %�m;1

&5 VN@ QO
xOW |iQat |Q}os}tYD Q=DN=U swO |xrLQt j@] xOvvmO}rwD OwU \UwDt %�m;2

&5 VN@ QO
&qe |xv}y@ Q=Okt u}}aD s=ovy 'swO |xrLQt QO xOvvmO}rwD OwU \UwDt %�m;2;1
|xv}y@ Q}O=kt u}}aD s=ovy 'swO |xrLQt QO xOvvmO}rwD OwU \UwDt %�m;2;2

&wm; b
"O} QNR=@ O=OQ=Qk CLD VwQixOQN OwU \UwDt %�r

'xOvvmu}t-=Dl} pt=W |L]UxU u}t-=D |xQ}HvRl} 'OW u=}@ QDV}B xm u=vJ
OwN R=}v OQwt O=wt xOvvmO}rwD "O} Q}o@ Q_v QO =Q VwQixOQN l} w xOvvmO}rwD l}
Q=Qk VwQixOQN Q=}DN= QO 'VR=OQB C=}rta s=Hv= R= TB w x}yD xOvvmu}t-=D R= =Q
VR=OQB C=}rtal} 'VwQi pYi QO =[=kDCi=} QO R=TB R}v VwQixOQN "OyO|t
Qo = "Ovm|t xOQw;Q@ =Q u=} QDWt |iO=YD |=[=kD w xO=O s=Hv= pwYLt |wQ |}=yv

%xm s}vm ZQi
VwQixOQN VR=OQB |xv} Ry R= xOvvmu}t-=D x@ VQ=iU QwOY u=tR QO xOvvmO}rwD �
VwQixOQNVR=OQB |xv} Ry R= p=tDL=|r=oJ `@=Dl} w OW=@ xDW=Ovj}kO `q]=

&OW=@ xDW=O Q=}DN= QO
R= xOvvmO}rwD 'VwQixOQN =@ xOvvmO}rwD O=OQ=Qk O=kav= R= p@k w u=tR CWPo =@ �

&OwW `r]t VwQixOQN VR=OQB |xv} Ry
xOvvmO}rwD x@ =Q Ct}k Q=mwR=U xOvvmu}t-=D 'xOvvmO}rwD w xOvvmu}t-=D u}@ \=@DQ= QO �
&OQ}o|t s}tYD xOvvmu}t-=D x@ VQ=iU Q=Okt x@ `H=Q xOvvmO}rwD w Ovm|t O=yvW}B
VwQixOQN x@ =QCt}k Q=mwR=U xOvvmO}rwD 'VwQixOQN w xOvvmO}rwD u}@ \=@DQ= QO �
"OQ}o|t s}tYD xOvvmO}rwD x@ VQ=iU Q=Okt x@ `H=Q VwQixOQN w xOQm O=yvW}B
QO C}a]k sOa =@ u}t-=D O=OQ=Qk |L=Q] u=tR QO xOvvmO}rwD '|]}=QW u}vJ QO
sOa =@ \ki R}v VwQixOQN =@ O=OQ=Qk |L=Q] u=tR QO w '=[=kD w xv} Ry =@ x]@=Q
|=Q@?U=vt O=OQ=Qk |=yQ=mwR=U R= |m} "CU= wQx@ wQ VwQi pYi |=[=kDC}a]k
xOvvmO}rwD =D Ovm|t ltm O=OQ=Qk u}= "CU= O} QN Q=}DN= O=OQ=Qk |D}a[w u}vJ
|Qw;O=} "Ovm P=ND= =yC}a]k sOa |NQ@ `iQ R= TB =Q OwN C=t}tYD R= |DtUk
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"|v=tR hrDNt `]=kt QO u}t-=D |xQ}HvR |=yO=ONQ "1 pmW

|xv} Ry pt=W ?}DQDx@ swO |xrLQt QO xOvvmO}rwD hOy `@=D QO OwHwt |=yCQ=@a
'xOvvmu}t-=D R= xOW Ci=} QO C=WQ=iU pm VR=OQB |xv} Ry 'x}rw= VQ=iU s}_vD
pYi |=yDv= QO VwQixOQN O=R=t O=wt |=Q@ |DN=OQB w VwQixOQN x@ VwQi Ot;QO
xOW xDiQo Q_v QO cr; qd; qo Q}O=kt Q@ \wQWt CQwYx@ hOy `@=D u}= "CU= VwQi
O} QN Q=}DN= |xOwOLt QO O}=@ x}rw= VQ=iU s}_vD |xR=@ 2 C}OwOLt j@] "CU=
|OwHwt pm R= O}=@v xOvvmO}rwD x@ VwQixOQN VQ=iU 3 C}OwOLt j@] "OW=@
p}=tD R= ?}DQDx@ 4 C}OwOLt QO wm |q=@ OL w u}}=B OL "OW=@ QDW}@ xOvvmO}rwD
u=wD|t xrLQt u}= QO "Ovvm|t |Q}owrH QiY =} C}=yv|@ VQ=iU x@ VwQixOQN
|xv}y@ Q}O=kt w OQm l}miD =Q VwQixOQN =@ \=@DQ= QO xOvvmO}rwD |xr�Ut =OD@=
|xv}y@ Q=Okt u; R= TB "OQw; CUO x@ s}tYD |=yQ}eDt Q}=U ?ULQ@ =Q wm; b

"OwW|t x@U=Lt qe
O} QNR=@ O=OQ=Qk |=yQDt=Q=B u}}aD |=Q@ xv}y@ s}tYD "1"1"5

u}}aD x@ \w@ Qt xm pOt R= |DtUk "CU= t2 u=tR =@ Q_=vDt xrLQt u}= s}tYD
%O} Q}o@ Q_v QO u}vJ =Q CU= wm; b

Maxwm;b�m;2;2 jcr; qd; qe = wmq � b(q � S(q)) (5)

s:t:

0 � q � qd + qe (6)

b � wm � p� cr (7)

'O} QNR=@ O=OQ=Qk QO s}tYD |=yQ}eDt |=Q@ xv}y@ Q}O=kt u}}aD p=@vO x@ jwi pOt QO
\UwDt hOy `@=D "s}DUy pOt |=yQ}eDt Q}=U ?ULQ@ '(wm; b) |=yQDt=Q=B |va}
`@=D "OyO|t u=Wv OQ=O cr |xv} Ry xm |WwQixOQN =@ \=@DQ= QO =Q xOvvmO}rwD OwU

%OQm |U} wvR=@ u}vJ u=wD|t =Q xOvvmO}rwD hOy
Max(wm;b)�m;2;2 jcr; qd; qe = (wm � b)q + bS(q) (8)

Q=Okt '8 |x]@=Q QO q ?}=Q[ uOw@ C@Ft x@ xHwD =@ "OW=@ b > 0 O}vm ZQi
u} QDW}@ q xm OwW|t pY=L |v=tR xOvvmO}rwD |=Q@ VwQixOQN VQ=iU |xv}y@
`@=D sy R=@ 'OW=@ |ivt b Q=Okt Qo = u}vJty "OW=@ xDW=O =Q qd + qe |va} Q=Okt
%s} Q=O q x@ C@Uv hOy `@=D jDWt |UQQ@ =@ =Q} R "O@=}|t Ow@y@ q V}=Ri= =@ hOy
@�m;2;2 jcr; qd; qe

@q
= (wm � b) + b[1� F (q)] > 0 (9)

O} QN x@ =Q VwQixOQN xm CU= u}= xOvvmO}rwD |=Q@ xv}y@ s}tYD xQ=wty 'u}=Q@=v@
1 sr "Ovm ?}eQD �� xOvvmu}t-=D R= xOW x}yD C=WQ=iU |xty u=R}t x@ �� QDW}@

%Ovm|t u=}@ =DU=Q u}= QO =Q b w wm u}@ \=@DQ=
%O}=@ 'qd + qe u=R}t x@ |yOVQ=iU x@ VwQixOQN ?}eQD |=Q@ "1 sr

wm = p� cr � (p� cr � b)F (qd + qe) (10)

Ovm|t O=yvW}B VwQixOQN x@ O} QNR=@ O=OQ=Qk l} xOvvmO}rwD t2 u=tR QO "5 s=o
u}t-=D w= R= w VQ=iU xOvvmO}rwD x@ OL=w q |xR=Ov=x@ VwQixOQN 'p@=kt QO w
p}tmD R= TB Ov=wD|t VwQixOQN 'VwQi pYi ẁQW =@ u=tR u}= QO "Ovm|t

"Ovm x�=Q= u=} QDWt x@ =Q u; |}=yv pwYLt
TB '|QDWt Q_v j@] =Q |}=yv pwYLt VwQixOQN 'VwQi pYi pw] QO "6 s=o
'VwQi pYi |=yDv= QO "Ov=UQ|t VwQi x@ w xOQm VR=OQB '=[=kD Ci=} QO R=
Ci=} QO xOvvmO}rwD R= pwB OL=w b 'O=R=t pwYLt OL=w Qy |=R=x@ VwQixOQN

"OQm Oy=wN
"Ow@ Oy=wN 1 pmW T=U= Q@ xOvvmO}rwD C=t}tYD p}rLD w x} RHD xt=O= QO

xOvvmO}rwD C=t}tYD Q=DN=U "5
|xv} Ry R= `q]= x@ xHwD =@ =Q |v=tRhrDNt `]=kt QO xOvvmO}rwD C=t}tYD u=wD|t
't0 u=tR =@ Q_=vDt 'pw= |xrLQt QO "OQm |UQQ@ xrLQt wO ?r=k QO VwQixOQN
VQ=iU Q}O=kt x@ `H=Q 'cr 'j}kO |xv} Ry x@ |UQDUO sOa ut[ O}=@ xOvvmO}rwD
|=yu=tR =@ Q_=vDt 'swO |xrLQt QO "Ovm |Q}os}tYD (qd; qo) O} QN Q=}DN= w|a]k
|=yQDt=Q=B u}vJty w qe x@ `H=Q 'cr |xv} Ry R= `q]= ut[ O}=@ xOvvmO}rwD 't2 w t1
C=t}tYD u}}aD |=Q@ 'j}kLD u}= QO "Ovm |Q}os}tYD (wm; b) O} QNR=@ O=OQ=Qk
'x} wQ u}= j@] "OwW|t xO=iDU= 15?ka x@ CmQL |x} wQ l} R= xOvvmO}rwD |xv}y@
"OvwW|t |UQQ@ pw= |xrLQt QOTBU w swO |xrLQt QO xOvvmO}rwD C=t}tYD =OD@=
|=yQ}eDt |xv}y@ Q}O=kt OwW|t |aU 'swO |xrLQt R= ẁQW =@ Qw_vt u}= |=Q@
=@ TBU "OvwW x@U=Lt pw= |xrLQt s}tYD |=yQ}eDt ?ULQ@ 'xrLQt u; s}tYD
|xv}y@ Q}O=kt 'pw= |xrLQt |xr�Ut QO s}tYD |=yQ}eDt |xv}y@ Q}O=kt |v} Ro}=H

"OvwW|t x@U=Lt pw= xrLQt QO s}tYD |=yQ}eDt

swO |xrLQt QO |Q}os}tYD "1"5
%R= CU= CQ=@a 't2 w t1 |=yu=tR =@ Q_=vDt 'swO |xrLQt QO xOvvmO}rwD |xr�Ut

Maxqe;wm;b�m;2 jcr; qd; qo = �eqe � cm(qd + qe)

+ wmq � b(q � S(q)) (1)

s:t:

�qo � qe � qo (2)

0 � q � qd + qe (3)

b � wm � p� cr (4)
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L=Q]TBU w 10 |x]@=Q j@] 'b QDt=Q=B ?ULQ@ xOvvmO}rwD OwU |U} wvR=@ =@ %C=@F=
%CW=O s}y=wN '|w=UD sQi x@ '15 |x]@=Q AJ CtU QO u; |v} Ro}=H

(p� cr)(1� F (qd + qe))(qd + qe)� b(qd + qe)(1� F (qd + qe))

+bS(qd + qe) = �m(p� cr)S(qd + qe)) b =

(p� cr)
�

(qd + qe)(1� F (qd + qe))� �mS(qd + qe)
(qd + qe)(1� F (qd + qe))� S(qd + qe)

�
(18)

xt=O= QO "O};|t CUOx@ 16 |x]@=Q '10 |x]@=Q QO 18 |x]@=Q |v} Ro}=H =@
QO b w wm |=Q@ 17 w 16 \@=wQ QO xOW XNWt Q}O=kt xm OwW|t xO=O u=Wv
"CU= b < p� cr xm OwW|t C@=F =OD@= "Ow@ Ovy=wN =yQ}eDt u}= R=Ht |xOwOLt

%s}W=@ xDW=O O}=@ Qw_vt u}O@�
(qd + qe)(1� F (qd + qe))� �mS(qd + qe)

(qd + qe)(1� F (qd + qe))� S(qd + qe)

�
� 1 (19)

%=Q} R 'CU= C@Ft Q}e 19 |x]@=Q AJ CtU CQ=@a GQNt xm s}v=O|t

[qd + qe � S(qd + qe)� (qd + qe)F (qd + qe)] =
qd+qeZ

0
F (x)dx� (qd + qe)F (qd + qe) � 0 (20)

%s}W=@ xDW=O O}=@ 'OW=@ Q=QkQ@ 19 |x]@=Q xmv}= |=Q@ u}=Q@=v@

(qd + qe)(1� F (qd + qe))� �mS(qd + qe)

� (qd + qe)(1� F (qd + qe))� S(qd + qe)

) ��mS(qd + qe) � �S(qd + qe) (21)

|Q=QkQ@ x@ xHwD =@ "b < p � cr %s} Q=O w CU= Q=QkQ@ 21 |x]@=Q 'T=U= u}=Q@
'u}vJty "CU= Q=QkQ@ R}v b � wm xm CU= K[=w 10 |x]@=Q w b < p � cr

%s}W=@ xDW=O O}=@ 'OW=@ wm � p� cr xm u}= |=Q@

p� cr � (p� cr � b)F (qd + qe) � p� cr
) bF (qd + qe) � (p� cr)F (qd + qe) ) b � (p� cr)

(22)

�"CU= pt=m C=@F= u}=Q@=v@ "wm � p� cr %s} Q=O 22 |x]@=Q |Q=QkQ@ x@ xHwD =@
O=OQ=Qk K=Q] u=wvax@ xOvvmO}rwD xm |v=tR 'b w wm |}=yv Q}O=kt CtUk u}= QO
CUO x@ 'Ovm ?L=YD =Q VwQixOQN w xOvvmO}rwD sDU}U pm OwU R= OYQO �m
x@ xt=O= QO 'b w wm |=Q@ |}=yv Q}O=kt u=wvax@ Q}O=kt u}ty uDiQo Q_v QO =@ "OvOt;
s}y=wN 'qe =@ x]@=Q QO 'swO |xrLQt QO xOvvmO}rwD |xv}y@ s}tYD p}rLD w x} RHD

"CN=OQB
|a]k VQ=iU Q}}eD u=R}t u}}aD |=Q@ xv}y@ s}tYD "2"1"5

xOvvmO}rwD |xr�Ut 't1 u=tR =@ Q_=vDt xrLQt u}= QO O} QNR=@ O=OQ=Qk |L=Q] R= TB
Q}}eD u=R}t |DQ=@ax@ w (qe) O} QN Q=}DN= R= xO=iDU= u=R}t |xv}y@ Q=Okt u}}aD

%R= CU= CQ=@a O} QNR=@ O=OQ=Qk CLD VwQixOQN hOy `@=D %C=@F=
Maxq�r = (p� cr)S(q)� wmq + b(q � S(q)) (11)

OwU \UwDt xm Ovm u}}aD |}xvwox@ =Q OwN VQ=iU Q=Okt Ovm|t |aU VwQixOQN
q x@ C@Uv hOy `@=D swO w pw= C=kDWt |UQQ@ =@ "OwW xv}W}@ 11 |x]@=Q QO w=

%s} Q=O
@�r

@q
= (p� cr)(1� F (q))� wm + bF (q) (12)

@2�r

@q2 = � (p� cr � b)| {z }
>0

f(q) < 0 (13)

=@ q |xv}y@ Q=Okt u}=Q@=v@ "CU= Qakt q x@ C@Uv hOy `@=D xm OwW|t xOy=Wt
%Ovm|t jOY 14 |x]@=Q QO pw= jDWt uO=OQ=Qk QiY Q@=Q@

F (q) = p� cr � wm
p� cr � b (14)

=Q O} QNR=@ O=OQ=Qk |=yQDt=Q=B 'q = qd + qe uDiQo Q_v QO =@ Ov=wD|t xOvvmO}rwD
"OwW qd + qe u=R}t x@ |yOVQ=iU x@ j} wWD VwQixOQN xm Ovm s}_vD u=vJ

�"CU= pt=m C=@F= u}=Q@=v@
XNWt =Q b w wm |va} O} QNR=@ O=OQ=Qk |=yQDt=Q=B s}_vD |xwLv 1 sr
s}kDUt \=@DQ= l} QDt=Q=B wO u}= u}@ xm OwW|t xOy=Wt '10 |x]@=Q j@] "Ovm|t
�Vy=m � V}=Ri= R}v |Qo}O |m} �Vy=m � V}=Ri= =@ |DQ=@ax@ "OQ=O OwHw |]N
Ct}k �Vy=m � V}=Ri= =@ xOvvmO}rwD =Q} R 'CU= Q=_Dv= j@=]t |]=@DQ= u}vJ "O@=}|t
pYi |=yDv= QO VwQixOQN O=R=t pwYLt O}=@ VwQixOQN |=Q@ OwN |WwQixOta

"Ovm |Q=O} QN �|QDsm � |QDW}@ Ct}k =@ R}v =Q VwQi
�m pk=OL ?L=YD p=@vO x@ O=OQ=Qk K=Q] u=wvax@ xOvvmO}rwD O}vm ZQi
|=Q@ xOW xDiQo Q_v QO Q}O=kt O}=@ CQwY u}= QO "OW=@ sDU}U pm OwU R= OYQO

%Ovvm jOY R}v 15 |x]@=Q QO '1 sr |=[Q= ut[ 'b w wm

wmq � b(q � S(q)) � �m(p� cr)S(qd + qe) (15)

Q@=Q@ sm CUO O}=@ xOW |L=Q] O} QNR=@ O=OQ=Qk QO xOvvmO}rwD OwU 'T=U= u}=Q@
=Q b w wm Q}O=kt s}y=wN@ O}vm ZQi "OW=@ sDU}U pm OwU R= OYQO �m =@
=@ CQwYu}= QO "OW=@ Q=QkQ@ |w=UD CQwYx@ 15 |x]@=Q xm s}vm u}}aD |}xvwox@
w wm pwyHt wO Q}O=kt u=wD|t '|w=UD sQi x@ 15 w 10 |xrO=at wO R= xO=iDU=

"OQw; CUO x@ =Q b
\UwD VwQixOQN � xOvvmO}rwD sDU}U pm OwU R= OYQO �m ?L=YD =@ "2 sr

%R= Ov=CQ=@a O} QNR=@ O=OQ=Qk |=yQDt=Q=B |xv}y@ Q}O=kt 'xOvvmO}rwD
wm =(p� cr)(1� F (qd + qe)) + (p� cr)�

(qd+ qe)(1� F (qd +qe))� �mS(qd+ qe)
(qd + qe)(1� F (qd + qe))� S(qd + qe)

�
F (qd + qe)

(16)

b = (p� cr)
�

(qd + qe)(1� F (qd + qe))� �mS(qd + qe)
(qd + qe)(1� F (qd + qe))� S(qd + qe)

�
(17)
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Maxqep�m;2;1 jcr; qd; qo = �(ep)qep � cm(qd + qep)

+ �m(p� cr)S(qd + qep) (28)

s:t:

�qo � qep � 0 (29)

'|a]k VQ=iU R= OL=w QyVy=m |=R=x@ 'OL=w ep u=R}t x@ xOvvmO}rwDCr=L u}= QO
|a]k VQ=iU Vy=m u=R}t 29 C}OwOLt j@] "Ovm|t Ci=} QO xOvvmu}t-=D R=
%s} Q=O hOy `@=D swO w pw= C=kDWt |UQQ@ =@ "Ovm Rw=HD O} QN Q=}DN= OL R= O}=@v
@�m;2;1
@qep

= �ep� cm + �m(p� cr)(1� F (qd + qep)) (30)

@2�m;2;1
@qep@qep

= ��m(p� cr)f(qd + qep) < 0 (31)

qd+qep ẁtHt 's}yO Q=Qk QiY Q@=Q@ =Q pw= jDWt Qo = "CU= Qakt hOy `@=D u}=Q@=v@
%OQm Oy=wN jOY 32 |x]@=Q QO

F (qd + qep) = �m(p� cr)� cm � ep
�m(p� cr) (32)

|x]@=QCU=QCtU CQ=@a uOw@v |ivt x@ xHwD ut[ u=wD|t =Q qep |xv}y@ Q=Okt
xm ZQi u}= =@ "OQw; CUO x@ 32 |x]@=Q R= '29 C}OwOLt |Q=QkQ@ u}vJty w 32
CU=Q CtU CQ=@a R= F (qd) Qo = 'OW=@ C@Ft 32 |x]@=Q CU=Q CtU CQ=@a
CQ=@a R= F (qd) Qo = w OwW|t xHwt w |ivt qep Q=Okt 'OW=@ QDnQR@ 32 |x]@=Q
"OwW|t xHwtQ}e w C@Ft qep Q=Okt 'OW=@ QDlJwm 32 |x]@=Q CU=Q CtU

%OwW|t xO=O V}=tv u}vJ qep |xv}y@ Q=Okt 'u}=Q@=v@
qep =8>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>:

�qo If �m(p�cr)�cm�ep
�m(p�cr) � 0

If �m(p�cr)�cm�ep
�m(p�cr) > 0;

0 F�1 h�m(p�cr)�cm�ep
�m(p�cr)

i
�qd � 0

If �m(p�cr)�cm�ep
�m(p�cr) > 0;�qo

F�1h�m(p�cr)�cm�ep
�m(p�cr)

i�qd < F�1 h�m(p�cr)�cm�ep
�m(p�cr)

i
�qd < 0

If �m(p�cr)�cm�ep
�m(p�cr) > 0;

�qo F�1 h�m(p�cr)�cm�ep
�m(p�cr)

i
�qd � �qo

(33)

|x]@=Q CU=Q CtU CQ=@a xm CU= |Dr=L Qou=}@ 33 |x]@=Q QO pw= |x]@=[
xOvvmO}rwD |=Q@ umtt OL =D '|a]k VQ=iU Vy=m \}=QW u}= QO "OW=@v C@Ft 32
Q=Okt xm CU= |Dr=L Qou=}@ 33 |x]@=Q QO swO |x]@=[ "Ow@ Oy=wN xv}y@ s}tYD
Q_v QO QiY pO=at qep |xv}y@ Q=Okt Cr=L u}= QO "CU= C@Ft xHwtQ}e qep

%O} Q}o@ Q_v QO =Q Q} R pOt "CU= |a]k VQ=iU

Maxqe�m;2;1 jcr; qd; qo = �eqe � cm(qd + qe)

+ �m;2;2 jcr; qd; qe (23)

s:t:

�qo � qe � qo (24)

xOW u}t-=D O=wt pm VR=OQB |xv} Ry w |a]k VQ=iU Q}}eD |xv} Ry pt=W hOy `@=D
Q@ \wQWt R}v VwQixOQN =@ \=@DQ= QO xOvvmO}rwD Ot;QO \UwDt "CU= xOvvmu}t-=D R=
xOvvmO}rwD xrLQt u}= QO "CU= xOW xO=O V}=tv hOy `@=D QO qe w qd 'cr Q}O=kt
|=yQ}eDt ?ULQ@ =Q qe |xv}y@ Q=Okt VwQixOQN |xv} Ry R= `q]= ut[ O}=@
qe |xv}y@ Q=Okt 24 C}OwOLt j@] "Ovm u}}aD 'qd; qo |va} 'pw= xrLQt s}tYD
uDiQo Q_v QO =@ "Ovm Rw=HD t0 QO xOW u}}aD |@}mQD O} QN Q=}DN= |xOwOLt R= O}=@v
u}vJ =Q xOvvmO}rwD |xr�Ut u=wD|t '2 sr j@] 'qe w qd ?ULQ@ b w wm Q}O=kt

%OQm |U} wvR=@
Maxqe�m;2;1 jcr; qd; qo = �eqe � cm(qd + qe)

+ �m(p� cr)S(qd + qe) (25)

s:t:

�qo � qe � qo (26)

"OQm x@U=Lt 3 sr j@] =Q qe |xv}y@ Q=Okt u=wD|t \}=QW u}= QO
%=@ CU= Q@=Q@ |a]k VQ=iU QO Q}}eD |xv}y@ Q=Okt "3 sr

qe =8>>>>>>>>>>>>>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>>>>>>>>>>>>>:

qo If cr < p�h cm+ec
�m(1�F (qd+qo)

i
F�1 h�m(p�cr)�cm�ec

�m(p�cr)

i� qd If p� h cm+ec
�m(1�F (qd+qo))

i �
cr < p� h cm+ec

�m(1�F (qd))

i
0 If p� h cm+ec

�m(1�F (qd))

i � cr
� p� h cm+ep

�m(1�F (qd))

i
F�1 h�m(p�cr)�cm�ep

�m(p�cr)

i� qd If p�h cm+ep
�m(1�F (qd))

i�cr�
p� h cm+ep

�m(1�F (qd�qo))

i
�qo If p�h cm+ep

�m(1�F (qd�qo))

i
<cr

(27)

|xv}y@ Q=Okt '|a]k VQ=iU V}=Ri= w Vy=m Cr=L wO uDiQo Q_v QO =@ %C=@F=
xm OwW|t |UQQ@ |Dr=L =yvD =Hv}= QO "O};|t CUO x@ |a]k VQ=iU QO Q}}eD
Cr=L u}= x@=Wt R}v qe = qec � 0 |va} 'Qo}O Cr=L "OW=@ qe = qep � 0
t1 u=tR QO xOvvmO}rwD |xr�Ut qe = qep � 0 Cr=L QO "CU= |UQQ@ p@=k
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L=Q]Z1 =[�wqd � (o+ ec)qo � cm(qd + qo)

+ �m(p� cr)S(qd + qo)]g(cr)

Z2 =� wqd � oqo � ec(F�1(Zc)� qd)� cmF�1(Zc)

+ �m(p� cr)S(F�1(Zc))]g(cr)

Z3 = [�wqd � oqo � cmqd + �m(p� cr)S(qd)]g(cr)

Z4 =� wqd � oqo � ep(F�1(Zp)� qd)� cmF�1(Zp)

+ �m(p� cr)S(F�1(Zp))]g(cr)

Z5 =[�wqd � (o� ep)qo � cm(qd � qo)
+ �m(p� cr)S(qd � qo)]g(cr)

Zc = �m(p� cr)� cm � ec
�m(p� cr) ;

Zp = �m(p� cr)� cm � ep
�m(p� cr) (37)

xOvvmO}rwD OwU \UwDt QO 27 |x]@=Q x@ xHwD =@ qe |xv}y@ Q=Okt jwi |x]@=Q QO
xOW XNWt OwOL x@ xHwD =@ 37 |x]@=Q QO p=QoDv= OwOL "CU= xOW |U} wvR=@

"CU= xOW xDiQo Q_v QO 27 |x]@=Q \@=w[ QO
|@}mQD O} QN Q=}DN= w |a]k C=WQ=iU x@ C@Uv pw= |xrLQt hOy `@=D "4 sr

"CU= Qakt
Z1; Z2; Z3; Z4; Z5 |=yCtUk R= pmWDt =Q hOy `@=D u=wD|t %C=@F=
R= l} Qy |=Q@ =yu; |xS} w Q}O=kt |x@U=Lt w u}Uy T} QD=t p}mWD =@ "CUv=O
qo w qd x@ C@Uv =yCtUk u}= xm O=O u=Wv u=wD|t Z1; Z3; Z5 |=yCtUk
`@=D R= CtUk wO u}= 'qo w qd ?ULQ@ Z2; Z4 uOw@ |]N x@ xHwD =@ "OvQakt
Qy |=R=x@ 'hOy `@=D xm u}= x@ xHwD =@ 'u}=Q@=v@ "OvQakt qo w qd x@ C@Uv R}v hOy
Qakt R}v hOy `@=D pm 'CU= Qakt `@=D OvJ ẁtHt pt=W 'p=QoDv= OwOL |=Q@ Q=Okt

�"CU= pt=m C=@F= u}=Q@=v@ "Ow@ Oy=wN
=Q O} QN Q=}DN= w |a]k C=WQ=iU |xv}y@ Q}O=kt u=wD|t 4 sr R= xO=iDU= =@

"OQm x@U=Lt |OOa |wHwCUH |=yVwQ =@ w |DL=Qx@

|OOa p}rLD w x} RHD "6
hrDNt Q}O=kt |=R=x@ 'sy Q@ xQ}HvR |=yO=OQ=Qk C=QF= V}=tv VN@ u}= hOy
pOt |=yQDt=Q=B |=Q@ x}rw= Q}O=kt u=wvax@ =Q Q} R Q}O=kt "CU= pOt |O}rm |=yQDt=Q=B

%O} Q}o@ Q_v QO
p = 150$; cm = 50$; (w; o; ec; ep) = (40$; 3$; 42$; 37$)

X � Uniform[10� 50]; C � Normal(� = 50; � = 20)

u}vJty w xOvvmu}t-=D x@ xOvvmO}rwD |yOVQ=iU |xv}y@ C=t}tYD VN@ u}= QO
|=yQDt=Q=B|=Q@hrDNt Q}O=kt|=R=x@ 'VwQixOQN|=Q@O} QNR=@ O=OQ=Qk|L=Q]|xwLv
Q}=U Q=Okt '=yQDt=Q=B u}= R= |NQ@ Q=Okt Q}}eD =@ Q=@ Qy "OwW|t |UQQ@ pOt |O}rm
=@ qo w qd C=WQ=iU |xv}y@ Q}O=kt "Ov=t|t |k=@ x}rw= Q=Okt Q@=Q@ pOt |=yQDt=Q=B
xOW x@U=Lt 0 01 CkO =@ 16?r]t Q=Ri=sQv QO |}xv=}=Q |xt=vQ@ l} R= xO=iDU=

"CU=

xOt; CUO x@ 32 |x]@=Q R= ,=t}kDUt 33 |x]@=Q QO swU |x]@=[ "OwW|t xDiQo
=@ "CU= 29 |x]@=Q |Q=QkQ@ |xOvvmu}t[D 33 |x]@=Q QO Q=yJ |x]@=[ "CU=
%CW=O s}y=wN '|R=UxO=U R= TB w cr ?ULQ@ 33 |x]@=Q \@=w[ |U} wvR=@
qep =8>>>>>>>>>><>>>>>>>>>>:

0 If cr � p�
h

cm+ep
�m(1�F (qd))

i
F�1 h�m(p�cr)�cm�ep

�m(p�cr)

i� qd If p� h cm+ep
�m(1�F (qd))

i
< cr

� p�h cm+ep
�m(1�F (qd�qo))

i
�qo If p�h cm+ep

�m(1�F (qd�qo))

i
<cr

(34)

|x]@=Q j@] Qo}O \@=w[ 'qe = qec � 0 |va} 'Qo}O Cr=L uDiQo Q_v QO =@
�"CU= pt=m C=@F= u}=Q@=v@ "O};|t CUO x@ 27

s=Ok= CU= umtt VwQixOQN |xv} Ry X}NWD R= TB xOvvmO}rwD '3 sr j@]
'CU= Q=_Dv= j@=]t |]}=QW u}vJ "Ovm OwN |a]k VQ=iU V}=Ri= =} Vy=m x@
'OQ=O |QDsm |xv} Ry xm |WwQixOQN =@ xyH=wt |=Q@ xOvvmO}rwD OwQ|t Q=_Dv= =Q} R
xOvvmO}rwD |xv}y@ s}tYD 'xt=O= QO "TmaQ@ w Ovm x}yD xOvvmu}t-=D R= |QDW}@ O=wt

"OwW|t |UQQ@ t0 =} pw= |xrLQt QO

pw= |xrLQt QO |Q}os}tYD "2"5
Q_=vDt pw= |xrLQt |xr�Ut =@ =OD@= xOvvmO}rwD 'ODi=|t j=iD= pta QO xJv; j@]

%xm CQwY u}= x@ &CU= wQx@ wQ t0 u=tR =@
Maxqd;qo�m;1 = �wqd � oqo + E[�m;2 jC; qd; qo ] (35)

s:t: 0 � qd; 0 � qo � qd (36)

w |a]k C=WQ=iU |xv} Ry pt=W xrLQt u}= QO xOvvmO}rwD hOy `@=D pw= CtUk
Q}=U QO xOvvmO}rwD OwU \UwDt pt=W swO CtUk "CU= �|@}mQD� O} QN Q=}DN=
O} QN Q=}DN= w |a]k VQ=iU |=Q@ xOW P=ND= Q}O=kt Q@ \wQWt '|Q}os}tYD `]=kt
R= j}kO `q]= xOvvmO}rwD xrLQt u}= QO "CU= VwQixOQN |ak=w |xv} Ry u}vJty w
|a]kQ}e x@ QHvt VwQixOQN |xv} Ry uOw@ |a]kQ}e "OQ=Ov VwQixOQN |xv} Ry
?ULQ@ qe V}=tv x@ xHwD =@ u=wD|t "OwW|t xrLQt u}= QO xOvvmO}rwD OwU uOW
=Q xOvvmO}rwD hOy `@=D 'cr p=tDL= |r=oJ `@=D w 3 sr QO VwQixOQN |xv} Ry

%OQm |U} wvR=@ u}vJ

�m;1 =

p�h cm+ec
�m(1�F (qd+qo))

iZ
0

Z1dcr +

p�h cm+ec
�m(1�F (qd))

iZ
p�h cm+ec

�m(1�F (qd+qo))

i Z2dcr

+

p�h cm+ep
�m(1�F (qd))

iZ
p�h cm+ec

�m(1�F (qd))

i Z3dcr +

p�h cm+ep
�m(1�F (qd�qo))

iZ
p�h cm+ep

�m(1�F (qd))

i Z4dcr

+
1Z

p�h cm+ep
�m(1�F (qd�qo))

i Z5 dcr
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Ovyt xOvvmu}t-=D x@|yOVQ=iU Q@ 'VwQixOQN =@ O=OQ=Qk x@\w@ Qt|=yQDt=Q=B QF= "4 pwOH

"(�m = �100)

� � qd qo
OwU \UwDt
xOvvmO}rwD

50
10 13 83 1 22 121 13
15 12 33 4 87 128 91
20 9 51 9 51 150 01
25 9 85 9 85 162 39

55
10 11 88 1 54 56 93
15 7 93 7 93 77 42
20 8 76 8 76 103 91
25 9 29 9 29 123 53

60
10 5 77 5 77 14 68
15 6 88 6 88 38 78
20 7 90 7 90 65 22
25 8 64 8 64 88 33

u=Wv xQ}HvR w[a wO Qy =@ \=@DQ= j@] xOvvmO}rwD OwU \UwDt w qo 'qd C=WQ=iU
"CU= xOW xO=O

'hrDNt |=yQDt=Q=B uOv=t C@=F =@ xm OwW|t xOy=Wt pw=OH u}= QO CkO =@
'qd C=WQ=iU ẁtHt 'VwQixOQN |xv} Ry u}ov=}t V}=Ri= |B QO 'Q=_Dv= j@]
pwOH Qy QO "O@=}|t Vy=m u=tR hrDNt `]=kt QO xOvvmO}rwD OwU \UwDt w qo
VQ=iU xQ=wty 'VwQixOQN |xv} Ry |oOvm =QB V}=Ri= |B QO xm OwW|t xOy=Wt
Ow@y@ "Ov@=}|t V}=Ri= R}v xOvvmO}rwD OwU \UwDt w C=v=Uwv u}= =@ xr@=kt |=Q@ qo
C=WQ=iU s}_vD w VwQixOQN |xv} Ry C=v=Uwv =@ xr@=kt |=Q@ xOvvmO}rwD |}=v=wD

"OwW|t w= OwU \UwDt Ow@y@ x@ QHvt '|a]k
=@ \=@DQ= QO xOvvmO}rwD |vRxv=J CQOk xm OwW|t xOy=Wt 4 =D 2 pw=OH QO
xO}O=v O}=@v 'xQ}HvR CUOq=@ w[a x@ |yOVQ=iU s=ovy 'xQ}HvR CUOu}}=B w[a
OQ=Ov=DU= h=QLv= w 60 VwQixOQN |xv} Ry u}ov=}t Qo = 'xvwtv u=wvax@ "OwW xDiQo
O} QN Q=}DN= w |a]k C=WQ=iU QwOY x@ s=Ok= |t=ovy O}=@ xOvvmO}rwD 'OW=@ 10 u;
Q}=U Q}O=kt x@ xHwD =@ CU= QmP x@ sRq "OW=@ �m = �100 xm Ovm xOvvmu}t-=D x@
QwOY `k=wt QDW}@ QO 'OW=@ �m � �85 Qo = 'xOW |UQQ@ p=Ft QO pOt |=yQDt=Q=B
qo = qd = 0 |va} 'Ow@ Oy=wNv xiQYx@ xOvvmO}rwD |=Q@ xOvvmu}t-=D x@ VQ=iU

"OwW|t

=@ O=OQ=Qk x@ 'xQ}HvR CUOu}}=B w[a =@ O=OQ=Qk |oDU@=w "2"6
xQ}HvR CUOq=@ w[a

CUOu}}=B w[a =@ xOvvmO}rwD u}@ \=@DQ= QO O} QNR=@ O=OQ=Qk |=yQDt=Q=B 5 pwOH QO
CUOq=@ w[a =@ O} QN Q=}DN= hrDNt |=yO=OQ=Qk |=R=x@ 'VwQixOQN |va} 'xQ}HvR
OwU \UwDt uwDU 'pwOH u}= QO "CU= xOW xO=O u=Wv 'xOvvmu}t-=D |va} 'xQ}HvR
`]=kt QO VwQixOQN w xOvvmu}t-=D =@ \=@DQ= QO w= OwU \UwDt Qou=Wv xOvvmO}rwD
xOvvmO}rwD |vRxv=J CQOk xOW ZQi u}vJty "CU= 't3 =D t0 R= '|v=tR hrDNt
40 Q@=Q@ R}v t1 u=tR QO VwQixOQN |xv} Ry w '�95 Q@=Q@ VwQixOQN =@ \=@DQ= QO
`]=kt QO =Q xOvvmO}rwD OwU 'cr = 40 |=R=x@ xOvvmO}rwD OwU uwDU "OW=@ xOw@

xOvvmu}t-=D x@|yOVQ=iU Q@ 'VwQixOQN =@ O=OQ=Qk x@\w@ Qt|=yQDt=Q=B QF= "2 pwOH
"(�m = �90)

� � qd qo
OwU \UwDt
xOvvmO}rwD

50
10 5 55 5 55 10 35
15 6 54 6 54 30 89
20 7 35 7 35 50 58
25 7 82 7 82 63 24

55
10 0 00 0 00 0 00
15 5 48 5 48 7 35
20 6 50 6 50 25 89
25 7 18 7 18 41 12

60
10 0 00 0 00 0 00
15 0 00 0 00 0 00
20 5 56 5 56 7 49
25 6 45 6 45 22 47

xOvvmu}t-=D x@|yOVQ=iU Q@ 'VwQixOQN =@ O=OQ=Qk x@\w@ Qt|=yQDt=Q=B QF= "3 pwOH
"(�m = �95)

� � qd qo
OwU \UwDt
xOvvmO}rwD

50
10 11 93 1 29 56 45
15 7 78 7 78 73 06
20 8 49 8 49 95 19
25 8 89 8 89 108 36

55
10 5 73 5 73 13 96
15 6 77 6 77 36 49
20 7 69 7 69 59 97
25 8 30 8 30 78 03

60
10 0 00 0 00 0 00
15 5 68 5 68 10 54
20 6 79 6 79 31 80
25 7 61 7 61 51 36

=@ O=OQ=Qk x@ 'xQ}HvR CUOq=@ w[a |=Q@ C=WQ=iU |oDU@=w "1"6
xQ}HvR CUOu}}=B w[a

Q=}DN= O=OQ=Qk j@] 'xOvvmu}t-=D x@ xOvvmO}rwD C=WQ=iU |oDU@=w 4 =D 2 pw=OH QO
xOW xO=O u=Wv VwQixOQN =@ xOvvmO}rwD O=OQ=Qk x@ \w@ Qt |=yQDt=Q=B x@ 'O} QN
xOvvmO}rwD |vRxv=J CQOk |=Q@ XNWt Q=Okt l} 'pw=OH u}= R= l} Qy QO "CU=
|=yQDt=Q=B �2 sr� x@ xHwD =@ =Q} R 'CU= xOW xDiQo Q_v QO VwQixOQN =@ \=@DQ= QO
|vRxv=J CQOk x@ xDU@=w C}=yv QO VwQixOQN |=Q@ xOW |L=Q] O} QNR=@ O=OQ=Qk
w (�) u}ov=}t |=Q@ hrDNt Q}O=kt R}v pw=OH u}= |=yQ]U QO "OvDUy xOvvmO}rwD
pwOH Qy QO "CU= xOW xDiQo Q_v QO VwQixOQN |xv} Ry (�) OQ=Ov=DU= h=QLv=
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L=Q]"VwQixOQN =@ O=OQ=Qk Q@ u}t-=D O=OQ=Qk x@ \w@ Qt |=yQDt=Q=B QF= "5 pwOH
'xOvvmO}rwD OwU OwU \UwDt O=OQ=Qk |=yQDt=Q=B xOvvmu}t-=D x@ |yOVQ=iU O=OQ=Qk |=yQDt=Q=B

|=R=x@ xOvvmO}rwD O} QNR=@ O} QN Q=}DN=
cr = 40 b wm qe qo qd (w; o; ec; ep)

164 61 113 25 56 21 103 57 5 07 9 71 9 71 (38; 3; 42; 37)

146 41 95 19 56 21 103 57 6 29 8 49 8 49 (40; 3; 42; 37)

131 65 78 99 56 21 103 57 7 03 7 75 7 75 (42; 3; 42; 37)

164 61 113 25 56 21 103 57 5 07 9 71 9 71 (40; 1; 42; 37)

131 65 78 99 56 21 103 57 7 03 7 75 7 75 (40; 5; 42; 37)

166 15 55 73 19 17 103 89 0 70 0 70 11 99 (40; 10; 42; 37)

160 13 102 46 62 95 103 47 7 18 8 37 8 37 (40; 3; 40; 37)

140 31 91 84 52 00 103 62 5 81 8 59 8 59 (40; 3; 43; 37)

130 05 85 76 41 04 103 73 4 75 8 89 8 89 (40; 3; 45; 37)

146 68 89 77 56 21 103 57 6 56 8 22 8 22 (40; 3; 42; 35)

146 24 98 21 56 21 103 57 6 12 8 66 8 66 (40; 3; 42; 38)

145 84 104 98 56 21 103 57 5 72 9 06 9 06 (40; 3; 42; 40)

QO hrDNt |=[a= =@ |O}rwD |=yCmQW pta QO xm CU= |r=L QO u}= [3�1]"CU=
|=yVN@ QO xDiQo CQwY p}rLD w x} RHD G}=Dv "Ov=\=@DQ= QO xQ}HvRhrDNt Kw]U
K]U l} |=Q@ O=OQ=Qk |L=Q] s=ovy u=oOvvmO}rwD xm OyO|t u=Wv "2"6 w "1"6
'xvwtv u=wvax@ "OvwW pi=e xQ}HvR Qo}O Kw]U =@ OwN C=]=@DQ= R= O}=@v xQ}HvR R=
|vRxv=J CQOk V}=Ri= |B QO xm OwW|t xOy=Wt '4 =D 2 pw=OH |xU}=kt =@
\UwDt w xOvvmu}t-=D x@ xOvvmO}rwD C=WQ=iU 'VwQixOQN =@ \=@DQ= QO xOvvmO}rwD
R= QF-=Dt xOvvmu}t-=D x@ xOvvmO}rwD C=WQ=iU 'u}=Q@=v@ "O@=}|tV}=Ri= R}v xOvvmO}rwD OwU
hrDNt Kw]U |=yO=OQ=Qk C=QF= uDiQoxO}O=v "CU= VwQixOQN =@ xOvvmO}rwD \@=wQ
w= OwU Vy=m xH}DvQO w xOvvmO}rwD ?v=H R= xv}y@ Q}e C=t}tYD x@ QHvt sy Q@
u=wvax@ 'xiQ]wO O} QN Q=}DN= O=OQ=Qk R= xO=iDU= C}ty= R= O}=@v 'u}vJty "OwW|t
O=OQ=Qk ẁv u}= "OW pi=e xOvvmO}rwD |=Q@ 'O} QN Q=}DN= O=OQ=Qk Cr=L u} QDpt=m
"Ovm|t O=H}= =Q x}rw= VQ=iU V}=Ri= jL sy w Vy=m jL sy xOvvmO}rwD |=Q@
|xv} Ry Ovv=t C=aq]= |NQ@ |v=UQRwQx@ u=mt= xOvvmO}rwD xm |]}=QW QO u}=Q@=v@
=@ xr@=kt |=Q@ xOvvmO}rwD |}=v=wD Ow@y@ x@ QHvt Ov=wD|t 'OW=@ xDW=O =Q VwQixOQN

"OwW C=aq]= C=v=Uwv

|Q}oxH}Dv "7
l} QO 'CU= umtt |L]UOvJ |=yxQ}HvR QO O=OQ=Qk |L=Q] s=ovy pwtat Qw]x@
Ovv=t pt=wa |NQ@ R= |i=m C=aq]= 'O=OQ=Qk l} |L=Q] s=ovy w |v=tR |xyQ@
|=[a= =@ O=OQ=Qk |L=Q] |xwLv |]}=QW u}vJ QO "OW=@v Q=}DN= QO xv} Ry =} =[=kD
=@ 'j}kLD u}= QO "Ovm|t =O}B |Y=N C}ty= u}t-=D |xQ}HvR CUOu}}=B w CUOq=@
xOvvmO}rwD l} 'xOvvmu}t-=D l} pt=W |L]UxU u}t-=D |xQ}HvR l} uDiQo Q_v QO
QO 'xOvvmu}t-=D w VwQixOQN =@ xOvvmO}rwD O=OQ=Qk |L=Q] |xwLv 'VwQixOQN l} w
|UQQ@ 'VwQixOQN |xv} Ry R= |i=m =v `q]= u}vJty w |iO=YD |=[=kD \}=QW
xOvvmO}rwD xm OW ZQi 'O=wt u}t-=D Ov}=Qi uOw@ Q@u=tR Ovv=t 'hrDNt p}qOx@ "OW
QO xOvvmO}rwD "Ovm|t xOvvmu}t-=D x@ |yOVQ=iU x@ s=Ok= VwQi pYi ẁQW R= p@k

u=Wv 'OQ=O 40 |xv} Ry xm |WwQixOQN =@ \=@DQ= QO X=N Qw]x@ 'u=tR hrDNt
\@=w[ QO xOW XNWt OwOL =@ cr = 40 \=@DQ= x@ xDU@ '3 sr j@] "OyO|t
qo w qd x=Qtyx@ R}v Q=Okt u}= xm OwW|t XNWt qe |xv}y@ Q=Okt '27 |x]@=Q
2 sr j@] R}v O} QNR=@ O=OQ=Qk |xv}y@ Q}O=kt "CU= xOW xO=O V}=tv 5 pwOH QO

"Ov=xOW x@U=Lt
=@ xOvvmO}rwD OwU \UwDt 'Q=_Dv= j@=]t 'xm OwW|t xOy=Wt 5 pwOH QO
o; w V}=Ri= "O@=}|t V}=Ri= epV}=Ri= =@ w 'Vy=m w; o; ec |=yQDt=Q=B V}=Ri=
ep; ec V}=Ri= '|iQ] R= "OwW|t qo w qd C=WQ=iU Vy=m x@ QHvt ?}DQDx@

"OwW|t qo w qd C=WQ=iU V}=Ri= x@ QHvt ?}DQDx@
O} QN Q=}DN= O=OQ=Qk QO ep; ec |=yQDt=Q=B xm CU= u}= C}ty= R�=L |xDmv
u}= x@ xDU@ R}v qe |xv}y@ Q=Okt "OvQ=Po|t Q}F-=D 27 |x]@=Q \@=w[ OwOL Q@
Q}}eD 'S(qd + qe) |va} 'VwQixOQN VwQi \UwDt xH}DvQO w Ovm|t Q}}eD OwOL
w VwQixOQN w xOvvmO}rwD sDU}U OwU Q}}eD x@ QHvt S(qd + qe) Q}}eD "Ovm|t
Q}O=kt xm OwW|t x_Lqt 'u}=Q@=v@ "OwW|t sDU}U OwU R= xOvvmO}rwD syU xH}DvQO
QF-=Dt 'X=N |}xv} Ry =@ VwQixOQN l} =@ xyH=wt QO 'O} QNR=@ O=OQ=Qk |=yQDt=Q=B
=@ O=OQ=Qk |L=Q] u=wD|tv wQu}= R= "CU= xOW |L=Q] p@k R= u}t-=D O=OQ=Qk R=

"CiQo Q_v QO u}t-=D O=OQ=Qk R= pkDUt =Q VwQixOQN
=yQDt=Q=B|NQ@ |=R=x@ O} QNR=@ O=OQ=Qk |=yQDt=Q=B uOw@ u=Um}CraCU=|vDio
14 78 |va} 'qd + qe C=WQ=iU ẁtHt uOw@ u=Um} 'O} QN Q=}DN= O=OQ=Qk QO
pw= \@=w[ QO cr = 40 Q=Okt xOW |UQQ@ |=yp=Ft QO xm u}= x@ xHwD =@ "CU=
5 pwOH QO qe Q=Okt xQ=wty xm OwW|t xOy=Wt 'Ovm|t jOY 27 |x]@=Q swO =}
V}=Ri= x@ p}=tD xOW |UQQ@ |=yp=Ft QO xOvvmO}rwD xQ=wty |DQ=@ax@ "CU= C@Ft

"CW=O Oy=wN OwN |a]k VQ=iU

|D} Q}Ot |=yxDi=} "3"6
w u}t-=D |xQ}HvR |R=Unvy=ty p�=Ut =@ x]@=Q QO xDiQo CQwY C=k}kLD ?re= QO
xOW |UQQ@ |L]UwO u}t-=D |=yxQ}HvR QO O=OQ=Qk |L=Q] |xwLv 'O=OQ=Qk |L=Q]
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Ovyt |xv}y@ C=t}tYD Q}}eD |xwLv '|OOa C=@U=Lt CtUk QO "OW x@U=Lt 'Ovm

"OvOW |UQQ@ pOt |O}rm |=yQDt=Q=B hrDNt Q}O=kt |=R=x@ w= OwU w xOvvmO}rwD
CUOu}}=B =@ xOvvmO}rwD |=yO=OQ=Qk R= l} Qy |Q=PoQF= |xwLv 'CtUk u}= QO
|=y|UQQ@ G}=Dv "CiQo Q=Qk |UQQ@ OQwt R}v Qo}O O=OQ=Qk Q@ xQ}HvR CUOq=@ w
x@ xDU@=w xQ}HvR K]U Qy QO xOW |L=Q] |=yO=OQ=Qk xm OyO|t u=Wv |OOa
|L=Q] sy R= pkDUt O}=@v w xOw@ xQ}HvR Qo}O Kw]U |=yO=OQ=Qk w C=aq]=

"OvwW
%OwW s=Hv= Q} R C=mv C}=aQ =@ |D; C=ar=]t OwW|t O=yvW}B

&Ct}k x@ xDU@=w w |iO=YD CQwYx@ =[=kD uDiQo Q_v QO =@ QwmPt pOt |xaUwD �
w u}t-=D |xQ}HvR Kw]U R= l} Qy QO xOvQ}os}tYD w[a u}OvJ uDiQo Q_v QO �
Kw]U R= l} Qy QO OOaDt u=oOvQ}os}tYD Qw[L =@ |vRxv=J |=ypOt |UQQ@

&xQ}HvR
C}iQ_ C}OwOLt Ovv=t 'pOt QO |m} SwrwvmD |=yC}OwOLt uDiQo Q_v QO �

"|}=yv pwYLt |i}m K]U =} |QDWt x@ |}=yv pwYLt p} wLD u=tR 'O}rwD

VwQixOQN |}=yv VR=OQB |xv} Ry R= xDUw}B `} RwD l} 'u}t-=D O=OQ=Qk |L=Q] u=tR
"OQ=O Q=}DN= QO

Cr=L u} QDpt=m j@] xOvvmu}t-=D x@ xOvvmO}rwD |yOVQ=iU '\}=QW u}= QO
=OD@= xOvvmO}rwD "OW |UQQ@ '|@}mQD O} QN Q=}DN= O=OQ=Qk |va} 'O} QN Q=}DN= O=OQ=Qk
w |a]k VQ=iU x@ `H=Q '=[=kD w VwQixOQN |xv} Ry C}a]k sOa \}=QW QO
|xv} Ry uOW XNWt =@ TBU "Ovm|t |Q}os}tYD (qd; qo) |@}mQD O} QN Q=}DN=
|xv}y@ Q=Okt "OQ}o|t s}tYD (qe) |a]k VQ=iU Q}}eD u=R}t x@ `H=Q 'VwQixOQN
VwQixOQN |xv} Ry uOW XNWt R= TB '|a]k VQ=iU QO Vy=m =} V}=Ri=
x@ C@Uv xOvvmO}rwD hOy `@=D OW C@=F 'u}vJty "Ot; CUOx@ |r}rLD CQwYx@
u}=Q@=v@ w CU= Qakt 'xOvvmu}t-=D x@ |@}mQD O} QN Q=}DN= w |a]k C=WQ=iU u=R}t
w xOvvmO}rwD u}@ \=@DQ= QO "OQm x@U=Lt =Q =yQ}eDt u}= Q}O=kt u=wD|t |DL=Qx@
VwQixOQN |=Q@ xOvvmO}rwD?v=H R= xOvvmnvy=ty O} QNR=@ O=OQ=Qkl} VwQixOQN
Qw]x@ xOvvmO}rwD xm |v=tR 'O} QNR=@ O=OQ=Qk |=yQDt=Q=B |xv}y@ Q}O=kt "OW |L=Q]
?L=YD =Q VwQixOQN � |xOvvmO}rwD sDU}U pm OwU R= OYQO �m XNWt

=yCWwv=B
1. contract design
2. up-stream member
3. supply chain
4. down-stream member
5. coordination
6. three-echelon
7. option contract
8. buy-back contract
9. fashion and innovative products
10. economical production quantity (EPQ)
11. news-vendor model
12. call option
13. put option
14. bidirectional option
15. backward movement
16. MATLAB software
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