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xOW xDiQo Q_v QO |D@=kQ |xOvvmO}rwD wO w lQDWt VwQi xOQN l} =@ u}t-=D |xQ}HvR

|=[a= hrDNt CQOk |=yQ=DN=U w |D@=kQ hrDNt |=yOQ@y=Q C=QF= p}rLD 'hOy "CU=
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xtOkt "1
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Cv=t[ uO=O R= |W=v |QwxQy@ w |Q=Pox}=tQU u}@ |rO=aD O}=@ CmQW l} 'p=L
"OwW p@kDt =Q |Dv=Q=o |xQwO x@ \w@ Qt |=yxv} Ry Ov=wD@ =D Ovm Q=QkQ@ u=} QDWt x@
=@ hrDNt CqwYLt |WwQixOQN x@ VwQixOQN l} xm CU= G}=Q 'xRwQt=
|=yu=Wv CQ=tp=w ,qFt "OR=OQB@ hrDNt u=oOvvmO}rwD R= sqk= |x}yD |v} Ro}=H
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u}t-=D |xQ}HvR u} Ro}=H CqwYLt OQwt QO C=k}kLD R= |yHwD p@=k Q=Okt
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QO "OwW xaH=Qt [10w9]x@ \@DQt |=y|UQQ@ |=Q@ "Ov=xOW RmQtDt |Q=PoCt}k w

CmQW l} |QwxQy@ w =k@ |=Q@ xOvvmu}}aD pt=a l} u=wva x@ Ct}k 'Q=R=@ QO xRwQt=
?} Qi QO |aU Ct}k Vy=m =@ u=WwQixOQN w u=oOvvmO}rwD "OwW|t ?wULt
hOy =@ R}v |O=} R |=yCmQW 'Ct}k Q@xwqa "OvQ=O VwQi V}=Ri= w u=} QDWt
p@=k |Q=HD s=v l} |Q}opmW QO |aU C}i}m uOQ@ q=@ w |Dv=Q=o w C=tON Ow@y@
=[=kD j} wWD |=Q@ ?w@Lt |@=} RQ= |xw}W l} u=wva x@ |Dv=Q=o "OvQ=O u=v}t]=
w u=} QDWt |=Q@ umtt |r=tDL= C=Q]N Vy=m =@ xm OwW|t ?wULt Q=R=@ QO
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D|D@=kQ Q@yQ wO w xOvvmO}rwD l} pt=W xm u=oOvvmhQYt |=Q@ CqwYLt u}t-=D
w u}t-=D |xQ}HvR |=[a= QO hrDNt |=yCQOk EL@ "CU= xOQm |UQQ@ 'CU=
'Q[=L |xar=]t QO "CU= xOW x�=Q= [33�31]QO 5|Q=mty sOa w |Q=mty Q}F-=D
lQDWt VwQixOQN l} w |D@=kQ |xOvvmO}rwD wO =@ |L]UwO u}t-=D |xQ}HvR l}
u} Ro}=H pwYLt wO 'lQDWt VwQixOQN |=yVQ=iU "CU= xOW xDiQo Q_v QO
u=oOvvmO}rwD w Ov=UQ|t VwQi x@ Q=R=@ u=ty QO =Q =yv; xm CU= xOvvmO}rwD wO R=
VQ=iU u=R}t QO CqwYLt|Dv=Q=o xm Ovv=UQ|t VwQi x@|Dv=Q=o =@ =Q u=WDqwYLt
|Dv=Q=o |xQwO w QDtm pwYLt Ct}k xJ Qy xm |DQwYx@ OQ=O Q}F-=D VwQixOQN
VwQixOQN "CU= QDW}@ pwYLt u; O} QN x@ VwQixOQN p}=tD 'OW=@ QD|vqw]
u}}aD =Q VwQixOQN x@ |WwQixOta Ct}k xOvvmO}rwD wO w Q=R=@ x@ VwQi Ct}k

"Ovvm|t
OwU `@=wD w |Dv=Q=o |xQwO wCt}k x@ T=UL |=[=kD `@=D 2VN@ QO xt=O= QO
C}U=UL p}rLD 4 VN@ QO w '|OOa p=Ft 3 VN@ QO 'u}t-=D |xQ}HvR |=[a=
C=k}kLD |=Q@ |}=yO=yvW}B w G}=Dv 5 VN@ QO w =yQDt=Q=B hrDNt Q}O=kt |=R= x@

"CU= xOW x�=Q= |D;

xr�Ut u=}@ "2
w[a xU =@ =Q u}t-=D |xQ}HvR wO =t 'OwW|t xOy=Wt 1 pmW QO xm Qw]u=ty
xOvvmO}rwD wO w VwQixOQN =@ pt=aD QO OwU |R=Uxv}W}@ w |FvN lU} Q 'pkDUt
1 pwYLt O}rwD 1 |xOvvmO}rwD "s}=xDiQo Q_v QO �2 |xOvvmO}rwD w 1 |xOvvmO}rwD�
OQwt QO� OQ=O xOya Q@ =Q w1 VwQi xOQN x@ VwQi Ct}k w c1 OL=w Ct}k =@
p1 Ct}k =@ =Q 2 =} 1 |q=m VwQixOQN TBU "�CU= xvwou}= R}v 2 |xOvvmO}rwD
^=Lr x@ 2 w 1 CqwYLt xm s}vm|t ZQi "OWwQi|t u=oOvvmhQYt x@ p2 w
'QmW w Ovk 'xwyk w |=J 'xQm w u} Q=oQ=t p=Ft u=wva x@� OvQo}Om} u} Ro}=H OQmrta

"ODi=|t j=iD= OL=w |xQwO l} QO =yC}r=ai s=tD w �xQ}e w
%s}tYD |=yQ}eDt w =yQDt=Q=B

&i pwYLt R= x}rw= |=[=kD %�i �
&CU= VwQixOQN |Q}os}tYD Q}eDt xm 'i pwYLt R= |WwQi OL=w Ct}k %pi �

&CU= xOvvmO}rwD |Q}os}tYD Q}eDt xm 'i pwYLt |Dv=Q=o |xQwO %ti �
&i pwYLt |Q=Pox}=tQU xOR=@ |Dv=Q=o ?}=Q[ %�i �

"lQDWt VwQixOQN l} w xOvvmO}rwD wO =@ u}t-=D |xQ}HvR "1 pmW

|UQQ@ |=Q@ |a]k |=[=kD =@ x}=B pOt l} [11]p=Ft |=Q@ 'Q}N= C=ar=]t R= |NQ@
pwYLt wO |WwQixOQN Ct}k w VwQixOQN l} VQ=iU Q=Okt u}}aD |ovwoJ
xOW x�=Q= Q}eDt w C@=F |Q=PoCt}k |=yOQ@y=Q CLD lQDWt Qw]x@ u} Ro}=H
xm u} Ro}=H pwYLt wO =@ =Q VwQi xt=vRwQ lQUB |OwHwt RmQtDt |xr�Ut [7]"CU=
pmWt lQDWt |xQwOl} [5]"CU= xOQm pL 'OvQ=O|ivt|oDU@ty =yv; |=y=[=kD
l} [12]"CU= xDiQo Q_v QO =Q xiQ]l} u} Ro}=H pwYLt wO |x}yD w |Q=PoCt}k
u=kkLt "CU= xDiQo Q_v QO =Q pt=m |v} Ro}=H =@ RmQtDt pwYLt wO |OwHwt pOt
K]U R= |r}rLD C=Q=@a w Qakt Q=_Dv= OQwt OwU OQmrta pm xm OvOQm C@=F xr=kt u}=
wO |=Q@ VwQixOQN l} |OwHwt OQ@y=Q [13]"CU= xOW jDWt |OwHwt ?wr]t
"CU= xOQm xar=]t 'CU= =[=kD x@ xDU@=w |OwHwt w OvDUy u} Ro}=H xm 'pwYLt
=Q u}t-=D |xQ}HvR u} Ro}=H CqwYLt R= p=v=m |ovy=ty 'Qo}O |=yxr=kt R= |NQ@

[16�14w3] ,qFt "Ov=xO=O Q=Qk xar=]t OQwt
[19�17 w4],qFt "CU= xDiQoCQwYu} Ro}=HCqwYLt|Q=PoCt}k QO|D=ar=]t
'OvQ=O |Dt}k C@=kQ Qo}Om} =@ xm =Q lQDWt Q=O} QN wO R= xO=iDU= =@ xOvvmO}rwD wO
C=t}tYD |=Q@ =Q lQDWt VwQixOQN wO w xOvvmO}rwD wO [20]"CU= xDiQo Q_v QO
wO Qy QO |D@=kQ QF= OwHw =@ xm OyO|t u=Wv w CU= xDiQo Q_v QO |Q=PoCt}k
[19]"OQ=Po|t =yCt}k Q@ |yHwD p@=k Q}F-=D `} RwD K]U xOvvmO}rwD w VwQixOQN
Q}=U |xOW Q}taD |Qo}O w O}OH |m}� pwYLt wO |=Q@ =Q =} wB |Q=PoCt}k
x@ xDU@=w Q=R=@ QO =[=kD xm Ovvm|t QwYD =yv; "CU= xDiQo Q_v QO �CU= CqwYLt
wO u}@ C@=kQ [4]"CU= u} Ro}=H xOWQ}taD w O}OH CqwYLt u}@ |OL =D w Ct}k
l} xOvvmx[Qa Qy u; QO xm |L]UwO u}t-=D |xQ}HvR l} QO x=Qty |xOvvmu}t-=D
Q=Qk xar=]t OQwt 'OyO|t x�=Q= OOaDt u=Q=O} QN x@ =Q u} Ro}=H pwYLt wO R= ẁv
|R=i u}t-=D |xQ}HvR QO u} Ro}=H CqwYLt |Q=PoCt}k pmWt [21]"CU= xO=O
|xQ}HvR l} QO hrDNt CQOk |=yQ=DN=U [22]"CU= xOQm |UQQ@ =Q |L]UwO
lQDWt VwQixOQNl} j} Q] R= u} Ro}=H CqwYLt VwQi =@ xOvvmO}rwD wO =@ u}t-=D
w nQ@rmDU= u=WwQixOQN 3'nQ@rmDU= u=oOvvmO}rwD w CU= xOQm p}rLD w x} RHD =Q

"CU= xO=O x�=Q= =Q 4Vv |Owta |Q=PoCt}k |=ypOt
x@ [23]'�CQOk� |=Q=O O}=@ VwQixOQN w xOvvmO}rwD wO Qy '|@=} Q=R=@ p=v=ml} QO
QO u}t-=D |xQ}HvR QO hrDNt |=yCQOk Q=DN=U [24]"OvW=@ � |Q}os}tYD � |=vat
'pDv}= wCi=UwQm}=t Ovv=t OvtDQOk u=oOvR=U 'p=Ft |=Q@ "OwW|t Qy=_ |ak=w |=}vO
Q@xwqa "Ovvm|t |R=@ =yxQ}HvR R= |NQ@ QO CUOu}}=B |=[a= ?r=e Vkv R= V}@
|=y|Q}os}tYD CU= umtt u}t-=D |xQ}HvR R= x@=Wt K]U QO |=yCmQW 'u}=
CQOk |=yQ=DN=U x@ xm 'OvQ}o@ Q_v QO u=tR QO |OQ@y=Q CmQL u=wva x@ =Q OwN
|wQ}B x@ xm CU= wmUD |ak=w |=}vO p=Ft l} "OW Oy=wN QHvt =yv; u}@ hrDNt

[25]"OW OQ=w Ovy |}=Pe O=wt Q=R=@ x@ CQ=t p=w R=
Q=}U@ ,=Q}N= q=@ QO xOWQmP p}qO x@ xHwD =@ pwYLt Qta w |Dv=Q=o u=tR COt
Q_v QO |Dv=Q=o |=Q@ =Q pwYLt Qta C=Q}}eD pOtl} [26]"CU= xDiQo Q=Qk xHwD OQwt
|v} Ro}=H |=Q@ xOW xDiQo Q_v QO |=yxt=vQ@ u}vJty w Q}taD pk=OL pt=W xm CiQo
|rR}O CNwU =@ =Q Ovr}=D QO pNv pR}Ow}@ uewQ |xv} Ry OQmrta [27]"CU= pwYLt
\w@ Qt |=yxv} Ry j}kLD u}= QO "CU= xOQm xU}=kt =yv; |@v=H C=QF= x@ xHwD =@
|xNQJ x@ \w@ Qt |=yxv} Ry u}vJty w |a=tDH= w |]}LtCU} R C_=iL x@
l} [28]"CU= xOW xDiQo Q_v QO |HQ=N |=yxv} Ry u=wvax@ pR}Ow}@ CNwU O}rwD
xm CqwYLt |@=QN R= |Y=N ẁv |=Q@ xS} w |Q=Oyov w Q}taD C=tON O=OQ=Qk
xDiQo Q_v QO 'OwW|t |}=U=vW u=UQR=@ R= |Y=N xwQo \UwD \ki =yv; ?}=at
|xQ}HvR QO =Q xOvvmO}rwD |Q=PoCt}k |=yOQ@y=Q x@ \w@ Qt p�=Ut [30 w29]"CU=

136



1/
1|

xQ=t
W'

35
�1

|xQ
wO'

�13
98

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt

"|Dv=Q=o u=tRCOt w |Q=PoCt}k |Q}os}tYD RmQtDtQ}e pOt GvB "2 pmW

1 |xOvvmO}rwD w VwQi xOQN Qou=Wv ?}DQD x@ m2 w m1 'r |=yT}Ov= u; QO xm
x=Qty x@ =Q OwN |WwQixOta Ct}k O}=@ xOvvmO}rwD wO "OvDUy 2 |xOvvmO}rwD w
u=WwQixOQN =@ |Q=mty |xv}tR x@ xHwD =@ w OvyO Q=Qk Q_vOt |Dv=Q=o |xQwO
u}@ uR=wD |Q}opmW Ea=@ OQmrta u}= &Ov}=tv xv}W}@ OwU x@ |@=}CUO QO |aU
xOvvmO}rwD wO |xv}y@ |=y|Q}os}tYD x@ =t "OW Oy=wN =[=kD w xv} Ry |=yQ=DN=U
QO VwQixOQN |xv}y@ |=y|Q}os}tYD w |Dv=Q=o |xQwO w |WwQixOta Ct}k QO
Q@yQ - xOvvmO}rwD |w} Q=vU =yv; R= |m} "s}OQwNQ@ hrDNt |DQOk |=yQ=DN=UQ} R
wO w CU= QDtm u=oOvvmO}rwD =@ xU}=kt QO VwQixOQN CQOk xm CU= nQ@rmDU=
pta nQ@rmDU= wQ}B u=wva x@ VwQixOQN w nQ@rmDU= u=Q@yQ u=wva x@ xOvvmO}rwD
CU= nQ@rmDU= Q@yQ - VwQixOQN |w} Q=vU |Qo}O "�6 MS |w} Q=vU� 'Ovvm|t
VwQixOQN w CU= QDW}@ u=oOvvmO}rwD =@ xU}=kt QO VwQixOQN CQOk u; QO xm
'Ovvm|t pta nQ@rmDU= u=wQ}B u=wva x@ xOvvmO}rwD wO w nQ@rmDU= Q@yQ u=wva x@
w |Q=mty� =Q xOvvmO}rwD wO s}tYD OQ@y=Q =t w} Q=vU Qy QO "�7 RS |w} Q=vU�
|xr�Ut p}rLD w x} RHD |=Q@ |Q_v |R=@ VwQ "s}=xDiQo Q_v QO �|Q=mty sOa
=yw} Q=vU u}= 2pmW "CU= xOWpL OQo@ka CQwYx@ xr�Ut w xO=iDU= |Q}os}tYD

"OyO|t u=Wv =Q

MS |w} Q=vU QO =ypOt "1"2
w nQ@rmDU= u=Q@yQ u=wva x@ xOvvmO}rwD wO xm s}vm|t ZQi =t 'VN@ u}= QO
|Q}os}tYD pOt wO =t "OvQ=O |Q=mty sy=@ nQ@rmDU= wQ}B u=wva x@ VwQixOQN
w |Q=mty� xOvvmO}rwD wO QO |Q}os}tYD |=yOQ@y=Q uDiQo Q_v QO =@ =Q RmQtDtQ}e

"s}OQm O=H}= �|Q=mty sOa
MNC pOt "1"1"2

OvDUy |Q=mty sOa OQmrta p=@vO x@ xOvvmO}rwD wO xm s}vm|t ZQi 'OQwt u}= QO
|WwQixOta Ct}k =OD@= xOvvmO}rwD wO "OvQ}o|t u=tRsy Qw]x@ =Q OwN C=t}tYD w
wO C=t}tYD x@ xHwD =@ VwQi xOQN 'Ovvm|t sqa= =Q OwN |Dv=Q=o |xQwO w
pmW x@ MNC pOt "Ovm|t =yv; u} Ro}=H CqwYLt O} QN x@ s=Ok= xOvvmO}rwD

%CU= Q} R8>>>>><>>>>>:
max

(w1;t1)
�m1(w1; t1; p�1 (w1; t1; w2; t2); p�2 (w1; t1; w2; t2))

max
(w2;t2)

�m2(w2; t2; p�1 (w1; t1; w2; t2); p�2 (w1; t1; w2; t2))�
max

(p1;p2)
�r(p1; p2)

xOvvmO}rwD |Q}os}tYD Q}eDt xm 'i pwYLt R= |WwQixOta OL=w Ct}k %wi �
&CU=

&i pwYLt R= OL=w O}rwD |xv} Ry %ci �
&OwN |WwQixOQN Ct}k x@ pwYLt |=[=kD C}U=UL %�p �

u} Ro}=H pwYLt |WwQixOQN Ct}k x@ pwYLt l} |=[=kD C}U=UL %p �
&�p > p 'u;

&OwN |Dv=Q=o |xQwO x@ pwYLt |=[=kD C}U=UL %�t �
'u; u} Ro}=H pwYLt |Dv=Q=o |xQwO x@ pwYLt |=[=kD C}U=UL %t �

&�t > t

"i pwYLt |=Q@ =[=kD %Di �
QDK[=w CN=vW x@ |@=}CUO |=Q@ w |r}rLD pOt l} uDW=O Qw_vtx@
xDU@=w |]N CQwY x@ xOvvmhQYt |=[=kD xm s}vm|t ZQi p�=Ut u}= x@
u=oOvvmO}rwD \UwD xOW x�=Q= |Dv=Q=o |xQwO w VwQixOQN Ct}k pt=a wO x@
=Q u=oOvvmhQYt |=[=kD Q@ VwQixOQN C=tON Q}F-=D =t xv}tR u}= QO "CU=
pwYLt l} |x}yD |=Q@ u=oOvvmhQYt CN=vW QO Cw=iD "s}=xDiQo xO}O=v
pwB CWoR=@ u=R}t xm s}vm|t ZQi u}vJty "OQ=O |oDU@ |Dv=Q=o |xQwO x@
|=yxv} Ry p}rO x@ |Dv=Q=o |xQwO pw] QO xOvvmO}rwD \UwD xOW |Q=Pox}=tQU
xHQO |=ysQi =@ u=wD|t =Q |Dv=Q=o |xQwO CWoR=@ Vy=m u}= "CU= sm 'O=} R
|xv} Ry xm s}vm|t ZQi 'Q[=L pOt QO "OQw; CUO x@ |Dv=Q=o |=yxv} Ry swO
CU= �it2i2 'i = 1; 2 'i pwYLt |=Q@ 't1 |xQwO QO |Dv=Q=o C=tON |x�=Q=
u=oOvvmO}rwD |@Uv |=yxv} Ry R= Cw=iDt �|Dv=Q=o |xv} Ry pt=wa� �2 w �1 w
xO=iDU= i pwYLt |=Q@ xm =[=kD |]N `@=D "Ov=|Dv=Q=o |xQwO |=QH= QO
CU= CQ=@a 'OW=@|t VwQixOQN VQ=iU Q=Okt u=ty |xOvvmu=}@ w OwW|t

%R=
Di = �i � �ppi + ppj + �tti � ttj ;

i = 1; 2; j = 3� 1 (1)

|Dt}k C}U=UL |xOvyOu=Wv �p 'x}rw= |=[=kD |xOvyOu=Wv �i u; QO xm
QO =[=kD x@ i pwYLt |Dt}k C}U=UL |xOvyOu=Wv p '=[=kD x@ i pwYLt
\w@ Qt |=yQDt=Q=B |=Q@ u=wD|t =Q x@=Wt K}[wD "CU= j pwYLt Ct}k p@=kt
t w �t xOvvmO}rwD wO xm |OQ=wt QO Ov=wD|t pOt "OQm x�=Q= t w �t |Dv=Q=o x@
u=} QDWt |Dv=Q=o |xQwO C}U=UL u}@ Cw=iDt C=QF= "O@=} VQDUo 'OvQ=O |Dw=iDt
|Dv=Q=o |xQwO QO |Q=Pox}=tQU xOR=@ ?}=Q[ j} Q] R= u=wD|t =Q pwYLt wO |=Q@

"OQm |UQQ@ �2 w �1
Qw]u}ty w Ov=|ivt=v |oty t w �t 'p '�p '�i |=yQDt=Q=B %ZQi
x@ O}=@ i pwYLt |=Q@ =[=kD xm OyO|t u=Wv �p > p "�t > t w �p > p
QDT=UL pj u} Ro}=H pwYLt VwQi Ct}k QO C=Q}}eD R= pi OwN Ct}k C=Q}}eD
wO OwU `@=D "Ovm|t jOY R}v �t > t OQwt QO x@=Wt C=L}[wD u}vJty "OW=@

"OvwW|t |R=UpOt Q} R CQwY x@ VwQixOQN w xOvvmO}rwD
�r =

X
i

(pi � wi)Di (2)

�mi = (wi � ci)Di � �i
2 t

2
i i = 1; 2; j = 3� i (3)
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=Q@|

Dv=Q=o
|xQ

wOw
|Q=

PoC
t}k

C=t
}tY

D

t�mnc2 =

�t

"
(4�p�1 + 2�p�t � �2

t )(�2 + �pc2)
+(2p�1 + �tp � �tt)(�1 + �pc1)

#
(4�p�2 + 2�p�t � �2

t )(4�p�1 + 2�p�t � �2
t )

�(2p�1 + �tp � �tt)(2p�2 + �tp � �tt)
(11)

w�mnc1 =

(2�1 + �t)

"
(4�p�2 + 2�p�t � �2

t )(�1 + �pc1)
+(2p�2 + �tp � �tt)(�2 + �pc2)

#
(4�p�1 + 2�p�t � �2

t )(4�p�2 + 2�p�t � �2
t )

�(2p�2 + �tp � �tt)(2p�1 + �tp � �tt)
(12)

w�mnc2 =

(2�1 + �t)

"
(4�p�1 + 2�p�t � �2

t )(�2 + �pc2)
+(2p�1 + �tp � �tt)(�1 + �pc1)

#
(4�p�2 + 2�p�t � �2

t )(4�p�1 + 2�p�t � �2
t )

�(2p�1 + �tp � �tt)(2p�2 + �tp � �tt)
(13)

'1 x}[k R= xO=iDU= =@ xr=kt u}= |=yC=@F= Qo}O Ovv=ty '2 |x}[k C=@F= %C=@F=
"CU= MNC QO xv}y@ |WwQixOQN Ct}k l} |xOvyO x�=Q= 3 x}[k

\@=wQ R= pwYLt wO |=Q@ |WwQixOQN |xv}y@ Ct}k 'MNC pOt QO %3 x}[k
%O};|t CUO x@ Q} R

p�mnc1 = w�mnc1
2 + �p�t � pt

2(�2
p � 2

p)
t�mnc1

+�tp � �pt
2(�2

p � 2
p)
t�mnc2 + �p�1 + p�2

2(�2
p � 2

p)
(14)

p�mnc2 = w�mnc2
2 + �p�t � pt

2(�2
p � 2

p)
t�mnc2

+�tp � �pt
2(�2

p � 2
p)
t�mnc1 + �p�2 + p�1

2(�2
p � 2

p)
(15)

"OvDW=O OwHw 2 |x}[k QO t�mnc2 w w�mnc2 't�mnc1 'w�mnc1 xm
"O};|t CUO x@ 2 w 1 |x}[k j} Q] R= %C=@F=

MC pOt "2"1"2
Ov=p@=kDt |oDU@=w |=Q=O xOvvmO}rwD wO xm s}vm|t ZQi |Q}os}tYD OQwt u}= QO
pY=L OwU pm wQu}= R= "OvQ=O |Q=mty Qo}Om} =@ |yOOwU uOQm xv}W}@ |=Q@ w
QO p=L u}= =@ "OwW|t s}UkD =yv; |xQm =Pt CQOk u=R}t x@ xDU@ xOvvmO}rwD wO u}@
=@ xH=wt QO u=oOvvmO}rwD |=ys}tYD x@ \w@ Qt |=yp}rLD |wQ Q@ RmQtD xr=kt u}=
xwqax@ "OwW|tv xDN=OQB |vRxv=J w xQm =Pt CQOk u=R}t x@ w CU= hrDNt p�=Ut
Ov=wD|t |v=tR xOvvmO}rwD Qy xO=U O=OQ=Qk l} QO xm s}v}@@ s}v=wD|t 4 VN@ QO
u} Ro}=H pwYLt =@ xOW O}rwD pwYLt xm OvmCi=} QO =Q OwN |q=m R= pY=L OwU
|Q=mtyCU=}U P=ND= x@ s}tYD xOvvmO}rwD wO |Dkw "OW=@ uQ=kDt |=yQDt=Q=B |=Q=O
CQwYx@ MC pOt CQwYu}= QO 'OvQ}o|t OwN OwU |R=Uxv}W}@ |=DU=Q QO

%CU= |UQQ@ p@=k Q} R pwtQi8>>>><>>>>:
max

(w1;w2;t1;t2)

0@ �m1(w1; t1; p�1 (w1; t1; w2; t2); p�2 (w1; t1; w2; t2))

+�m2(w2; t2; p�1 (w1; t1; w2; t2); p�2 (w1; t1; w2; t2))

1A
max

(p1;p2)
�r(p1; p2)

w |WwQixOta Ct}k '|Dv=Q=o |xQwO R= |a@=D xOvvmO}rwD wO OwU `@=D pOt u}= QO
Q@ wO Qy Ct}k 'q=m wO uOw@ u} Ro}=H x@ xHwD =@ ,=Da}@] "CU= |WwQixOQN Ct}k
Ct}k R= QF-=Dt xOvvmO}rwD wO OwU `@=D ,=D}=yv w OQ=Po|t Q}F-=D q=m wO |=[=kD |wQ
|WwQixOQN Ct}k R= |a@=D VwQixOQN OwU `@=D u}vJty "Ow@ Oy=wN |WwQixOQN
x@ =Q u=WwQixOQN `@=wD MU=B 'xOvvmO}rwD wO h=Oy= x@ xHwD =@ "CU= pwYLt wO

%s}yO|t u=Wv Q} R pmW
xOvvmO}rwD wO j} Q] R= t2 w w2 't1 'w1 C=t}tYD 'MNC pOt QO %1 x}[k
CUO x@ Q} R \@=wQ R= R}v |WwQixOQN |xv}y@ |=yCt}k w 'OQ}o|t pmW

%O};|t

p�1 (w1; t1; w2; t2) = w1
2 + �p�t � pt

2(�2
p � 2

p)
t1

+�tp � �pt
2(�2

p � 2
p)
t2 + �p�1 + p�2

2(�2
p � 2

p)
(4)

p�2 (w1; t1; w2; t2) = w2
2 + �tp � �pt

2(�2
p � 2

p)
t1

+�p�t � pt
2(�2

p � 2
p)
t2 + �p�2 + p�1

2(�2
p � 2

p)
(5)

xm OvW=@|t p2 w p1 '�r(p1; p2) R= xOW jDWt <RH u}rw= '3 |x]@=Q R= %C=@F=
%Ov=xOW xO=O u=Wv xt=O= QO

@�r(p1; p2)
@p1

= �1 � 2�pp1 + 2pp2

+�pw1 � pw2 + �tt1 � tt2 (6)

@�r(p1; p2)
@p2

= �2 � 2�pp2 + 2pp1

+�pw2 � pw1 + �tt2 � tt1 (7)

Q} R KQW x@ swO x@DQt |�RH C=kDWt '|ov}y@ |=Q@ u}Uy T} QD=t |UQQ@ Qw_vtx@
%OvwW|t xO=O

@2�r(p1; p2)
@p21

= @2�r(p1; p2)
@p22

= �2�p (8)

@2�r(p1; p2)
@p1@p2

= @2�r(p1; p2)
@p2@p1

= 2p (9)

�p > xm s}OQm ZQi w XNWt 9 w 8 CqO=at R= u}Uy T} QD=t l}
7 w 6 CqO=at "OQ=O Q=Qk p2 w p1 QO ,=mQDWt �r(p1; p2) u}=Q@=v@ " p
=Q 5 w 4 CqO=at u=tRsy Qw]x@ =yv; pL R= TB w xDUv=O Q@=Q@ QiY =@ =Q
uDW=O "OwW|t C@=F 1 |x}[k pwyHt wO xrO=at wO pL =@ xm CW=O s}y=wN
R= xO=iDU= u; R= TB w 'VwQixOQN x@ \w@ Qt C=t}tYD OQwt QO C=aq]=
Oy=wN =yv; |OvtOwU |R=Uxv}W}@ Ea=@ u=tRsy Qw]x@ 'u=oOvvmO}rwD C=aq]=

"OW
xOvvmO}rwD wO |=Q@ xv}y@ |WwQixOta Ct}k 'MNC pOt QO %2 x}[k

%R= Ov=CQ=@a (t�mnc1; t�mnc2) xv}y@ |Dv=Q=o |xQwO w (w�mnc1; w�mnc2)

t�mnc1 =

�t

"
(4�p�2 + 2�p�t � �2

t )(�1 + �pc1)
+(2p�2 + �tp � �tt)(�2 + �pc2)

#
(4�p�1 + 2�p�t � �2

t )(4�p�2 + 2�p�t � �2
t )

�(2p�1 + �tp � �tt)(2p�2 + �tp � �tt)
(10)
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|xQ
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�13
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u=DU
@=D�
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QW

C}
Q}Ot

w`}
=vY

|U
Ovyt pOt u}= "Ovvm|t P=ND= |Dv=Q=o |xQwO u}vJty w |WwQixOta Ct}k |=Q@ =Q OwN

%OwW|t |Ov@pwtQi Q} R CQwYx@8>>>>><>>>>>:
max

(p1;p2)
�r(p1; p2; w�1 (p1; p2); t�1 (p1; p2); w�2 (p1; p2); t�2 (p1; p2))8>><>>:

max
(w1;t1)

�m1(w1; t1)

max
(w2;t2)

�m2(w2; t2)

VwQi xOQN \UwD xOW |Q=PoCt}k pwYLt =@ =Q mi C}rm uO=O CUO R= uwO@
|va} 's}vm|t `tH

pi = wi +mi; where mi > 0; i = 1; 2 (24)

OwW|t xDiQo VwQixOQN \UwD p2 w p1 C=t}tYD 'RNC pOt QO %7 x}[k
|xv}y@ |xQwO u}vJty w (w�1 (p1; p2); w�2 (p1; p2)) xOta |xv}y@ Ct}k w
%O};|t CUO x@ Q} R \@=wQ R= xOvvmO}rwD |=Q@ (t�1 (p1; p2); t�2 (p1; p2)) |Dv=Q=o
t�1 (p1; p2) = B1 �B2p1 �B3p2 (25)

t�2 (p1; p2) = B4 �B5p2 �B6p1 (26)

w�1 (p1; p2) = B7 �B8p1 �B9p2 (27)

w�2 (p1; p2) = B10 �B11p2 �B12p1 (28)

"Ov=xOW |iQat (B� 12) =D (B� 1) |=yCtUk CUw}B QO B12 =D B1 xm
Ov=wD|t 'VwQixOQN x=Qty x@ xOvvmO}rwD wO C=t}tYD OQwt QO C=aq]= uDW=O
u}= R= xO=iDU= =@ "OW=@ O}it (�r(p1; p2)) |OvtOwU |xv}W}@ x@ |@=}CUO |=Q@

"s}UQ|t 8 |x}[k x@ G}=Dv
%O};|t CUO x@ Q} R \@=wQ R= |WwQixOQN |xv}y@ Ct}k RNC pOt QO %8 x}[k
p�rnc1 = E1E5 � E3E4

E2E5 � E23
(29)

p�rnc2 = E2E4 � E1E3
E2E5 � E23

(30)

h} QaD (E� 5) =D (E� 1) |=yCtUk CUw}B QO E5 w E4 'E3 'E2 'E1 xm
|WwQixOta |=yCt}k OQwt QO 9 |x}[k '8 w 7 |=yx}[k R= xO=iDU= =@ "Ov=xOW
"O};|t CUOx@ RNC pOt QO xOvvmO}rwD wO |=Q@ xv}y@ |Dv=Q=o |=yxQwO w xv}y@
w (w�rnc1; w�rnc2) xv}y@ |WwQixOta |=yCt}k RNC pOt QO %9 x}[k
CUO x@ Q} R \@=wQ R= xOvvmO}rwD wO |=Q@ (t�rnc1; t�rnc2) xv}y@ |Dv=Q=o |=yxQwO

%O};|t

t�rnc1 = B1 � B2(E1E5 � E3E4)
E2E5 � E23

� B3(E2E4 � E1E3)
E2E5 � E23

(31)

t�rnc2 = B4 � B5(E2E4 � E1E3)
E2E5 � E23

� B6(E1E5 � E3E4)
E2E5 � E23

(32)

w�rnc1 = B7 � B8(E1E5 � E3E4)
E2E5 � E23

� B9(E2E4 � E1E3)
E2E5 � E23

(33)

w�rnc2 = B10 � B11(E2E4 � E1E3)
E2E5 � E23

� B12(E1E5 � E3E4)
E2E5 � E23

(34)

"O};|t CUO x@ 9 |x}[k 8 w 7 |=}=[k j} Q] R= %C=@F=

xOvvmO}rwD wO j} Q] R= t2 w w2 't1 'w1 C=t}tYD 1 |x}[k Ovv=ty %4 x}[k
%O};|t CUO x@ Q} R \@=wQ R= R}v |WwQixOQN |xv}y@ |=yCt}k w OQ}o|t pmW
p�1 (w1; t1; w2; t2) = w1

2 + �p�t � pt
2(�2

p � 2
p)
t1

+ �tp�pt
2(�2

p � 2
p)
t2 + �p�1 + p�2

2(�2
p � 2

p)
(16)

p�2 (w1; t1; w2; t2) = w2
2 + �p�t � pt

2(�2
p � 2

p)
t2

+ �tp�pt
2(�2

p � 2
p)
t1 + �p�2 + p�1

2(�2
p � 2

p)
(17)

OQwt QO C=aq]= uDW=O "OwW|t C@=F 1 |x}[k Ovv=ty R}v x}[k u}= %C=@F=
OwU pm uOQm xv}W}@ |=Q@ u; R= xO=iDU= TBU w |WwQixOQN lQDWt C=t}tYD
"CU= Q=_Dv= OQwt Q} R xH}Dv 4 |x}[k x@ xHwD=@ 'u}=Q@=v@ "CU= sRq �m1 +�m2
w (w�mc1; w�mc2) u=oOvvmO}rwD VwQixOta Ct}k wO 'MC pOt QO %5 x}[k

%OvwW|t u}}aD Q} R CQwYx@ (t�mc1; t�mc2) |WwQixOQN Ct}k
w�mc1 = A2A6 �A3A5

A2A4 �A1A5
(18)

w�mc2 = A3A4 �A1A6
A2A4 �A1A5

(19)

t�mc2 = �t(A2A6 �A3A5)� t(A3A4 �A1A6)
2�1(A2A4 �A1A5)

��tc1 � tc2
2�1

(20)

t�mc2 = �t(A3A4 �A1A6)� t(A2A6 �A3A5)
2�2(A2A4 �A1A5)

��tc2 � tc1
2�2

(21)

p�mc1 = �p�1 + p�2
2(�2

p � 2
p)

+ 1
2w
�
mc1

+�p�t � pt
2(�2

p � 2
p)
t�mc1 + �tp � �pt

2(�2
p � 2

p)
tmc2 (22)

p�mc2 = �p�2 + p�1
2(�2

p � 2
p)

+ 1
2w
�
mc2

+�tp � �pt
2(�2

p � 2
p)
t�mc1 + �p�t � pt

2(�2
p � 2

p)
t�mc2 (23)

CtUk CUw}B QO xm OvDUy |}=yC@=F A6 w A5 'A4 'A3 'A2 'A1 u; QO xm
"Ov=xOW |iQat (A� 6) =D (A� 1)

x@ p@k Cr=L Ovv=ty MC pOt QO |WwQixOQN |xv}y@ |=yCt}k %6 x}[k
"O};|t CUO

"O};|t CUO x@ 6 x}[k '5 w 4 |=yx}[k j} Q] R= %C=@F=

RS |w} Q=vU QO =ypOt "2"2
wO "OW=@ Q@yQ VwQixOQN w OvW=@ wQ}B xOvvmO}rwD wO xm s}vm|t ZQi 'VN@ u}= QO
CU=}U� u=oOvvmO}rwD |=yOQ@y=Q uDiQo Q_v QO =@ |Q}os}tYD Q@ RmQtDt Q}e pOt

"s}OQm h} QaD �|Q=mty sOa w |Q=mty
RNC pOt "1"2"2

TBU w Ovm|t sqa= OwHwt pwYLt wO | =Q@ =Q OwN Ct}k VwQixOQN =OD@=
C=t}tYD VwQixOQN Ct}k R= `q]= =@ w |Q=mty sOa CU=}U =@ xOvvmO}rwD wO
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=Q@|

Dv=Q=o
|xQ

wOw
|Q=

PoC
t}k

C=t
}tY

D

"OW |}=U=vW 11 |x}[k QO p�rc2; p�rc1 xm
"O};|t CUO x@ 11 w 10 |=}=[k R= %C=@F=

�NG pOt� Vv |Q}os}tYD pOt "3"2
'OvDUy Q=R=@ QO |v=Um} CQOk |=Q=O 'VwQixOQN w xOvvmO}rwD wO xm |t=ovy
xm =Hu; R= "OwW|t s=Hv= u=tRsy =t= pkDUt CQwY x@ =yv; |=y|Q}os}tYD
QO u; C=t}tYD 'OwW sm =L Q=R=@ Q@ VwQixOQN R= QDW}@ Ov=wD|tv xOvvmO}rwD
C=t}tYD O}=@ VwQixOQN 'Qo}O |wU R= "OQ}o|t Q=Qk|WwQixOQNCt}k ?wJQ=yJ
^=Lr |Dv=Q=o |xQwO w |WwQixOta Ct}k QO =Q |WwQixOQN Ct}k x@ \w@ Qt
pO=aD s=v x@ Q=mwR=U u}= |=Q@ OwHwt pL x=Q w Vv |R=@ s=v x@ C}a[w u}= "Ovm
KQW x@ 'OwW|t xO=iDU= NG pOt R= Vv pO=aD u}}aD |=Q@ "OwW|t xDN=vW Vv

%Q} R8>>>>><>>>>>:
max

(p1;p2)
�r(p1; p2)

max
(w1;t1)

�m1(w1; t1)

max
(ww2;t2)

�m2(w2; t2)

wO |WwQixOQN Ct}k R= |a@=D VwQixOQN OwU `@=D 'Vv Cr=L QO pOt u}= QO
|xQwO w |WwQixOta Ct}k R= |a@=D xOvvmO}rwD wO OwU `@=wD u}vJty w pwYLt

"CU= |Dv=Q=o
|xv}y@ |xQwO '(p�1 ; p�2 ) |WwQixOQN |xv}y@ Ct}k NG pOt QO %13 x}[k
Q} R \@=wQ R= ?}DQD x@ (w�1 ; w�2 ) |WwQixOta |xv}y@ Ct}k w (t�1 ; t�2 ) |Dv=Q=o

%Ov};|t CUO x@
p�1 = N1 �N2

N5 �N6
(45)

p�2 = N3 �N4
N5 �N6

(46)

t�1 = B1 � (N1 �N2)B2
N5 �N6

� (N3 �N4)B3
N5 �N6

(47)

t�2 = B4 � (N1 �N2)B5
N5 �N6

� (N3 �N4)B6
N5 �N6

(48)

w�n1 = B7 � (N1 �N2)B8
N5 �N6

� (N3 �N4)B9
N5 �N6

(49)

w�n2 = B10 � (N1 �N2)B11
N5 �N6

� (N3 �N4)B12
N5 �N6

(50)

(N� 6) =D (N� 1) |=yCtUk CUw}B QO N6 w N5 'N4 'N3 'N2 'N1 xm
"Ov=xOW h} QaD

|=yCt}k |=Q@ 5 w 4 \@=wQ QO |WwQixOQN x@ \w@ Qt |xv}y@ C=t}tYD %C=@F=
|wU R= "CU= xOW |Ov@pwtQi (t1; t2) |Dv=Q=o |xQwO w (w1; w2) |WwQixOta
|WwQixOQN|=yCt}k |=Q@ 28 =D 25\@=wQ QO u=oOvvmO}rwD |xv}y@ C=t}tYD Qo}O
C@=F 13 |x}[k 28�25 w 5 w4 CqO=at pL x@ xHwD =@ "CU= xOt; (p1; p2)

"OwW|t

|OOa p=Ft "3
uDiQo Q_v QO =@ =Q q=@ pOt QO OwHwt |=yQDt=Q=B R= X=N |xw}W l} 'VN@ u}= QO
s}y=wN =Q �1 = �2 w c1 = c2 '�1 = �2 xm |}xvwo x@ s}vm|t |UQQ@ =yv; |Q@=Q@

RC pOt "2"2"2
wO TBU w Ovm|t sqa= OwHwt pwYLt wO |=Q@ =Q OwN Ct}k VwQixOQN =OD@=
C=t}tYD VwQixOQN Ct}k R= `q]= =@ w p@=kDt |Q=mty CU=}U =@ xOvvmO}rwD
pOt u}= "Ovvm|t P=ND= |Dv=Q=o |xQwO u}vJty w |WwQixOta Ct}k |=Q@ =Q OwN

%OwW|t |Ov@pwtQi Q} R CQwYx@8>><>>:
max

(p1;p2)
�r(p1; p2; w�1 ; t�1 ; w�2 ; t2)

max
(w1;t1;w2;t2)

(�m1(w1; t1) + �m2(w2; t2))

w OwW|t xDiQo VwQixOQN \UwD p2 w p1 C=t}tYD RC pOt QO %10 x}[k
|Dv=Q=o |xv}y@ |xQwO u}vJty w (w�1 (p1; p2); w�2 (p1p2)) xOta |xv}y@ Ct}k

%O};|t CUO x@ Q} R \@=wQ R= xOvvmO}rwD |=Q@ (t�1 (p1; p2); t�2 (p1; p2))

t�1 (p1; p2) = F6 + F7p1 + F8p2 (35)

t�2 (p1; p2) = F9 + F10p1 + F11p2 (36)

w�1 (p1; p2) = F2F5 � F3F4
F 22 � F1F3

+ (F3�p + F2p)�1�2
F 22 � F1F3

p1

� (F3p + F2�p)�1�2
F 22 � F1F3

p2 (37)

w�2 (p1; p2) = F2F4 � F1F5
F 22 � F1F3

� (F1p + F2�p)�1�2
F 22 � F1F3

p1

+(F1�p + F2p)�1�2
F 22 � F1F3

p2 (38)

"Ov=xOW |iQat (F� 11) =D (F� 1) |=yCtUk CUw}B QO F11 =D F1 xm
Ov=wD|t VwQixOQN x=Qty x@ xOvvmO}rwD wO C=t}tYD OQwt QO C=aq]= uDW=O
x}[k G}=Dv u}= R= xO=iDU= =@ u}=Q@=v@ "OW=@ O}it OwU |xv}W}@ x@ |@=}CUO |=Q@

"s} Q=O =Q 11
x@ Q} R \@=wQ j} Q] R= |WwQixOQN |xv}y@ |=yCt}k RC pOt QO %11 x}[k

%O};|t CUO
p�rc1 = G3G4 �G1G6

G2G6 �G3G5
(39)

p�rc2 = G1G5 �G2G4
G2G6 �G3G5

(40)

(G� 6) =D (G� 1) |=yCtUk CUw}B QO G6 w G5 'G4 'G3 'G2 'G1 xm
"Ov=xOW h} QaD

|xQwO u}vJty w (w�rc1; w�rc2) xOta |xv}y@ Ct}k RC pOt QO %12 x}[k
%O};|t CUO x@ Q} R \@=wQ R= ?}DQD x@ xOvvmO}rwD |=Q@ (t�rc1; t�rc2) |Dv=Q=o |xv}y@
t�rc1 = F6 + F7p�rc1 + F8p�rc2 (41)

t�rc2 = F9 + F10p�rc1 + F11p�rc2 (42)

w�rc1 = F2F5 � F3F4
F 22 � F1F3

+ (F3�p + F2p)�1�2
F 22 � F1F3

p�rc1

(F3p + F2�p)�1�2
F 22 � F1F3

p�rc2 (43)

w�rc2 = F2F4 � F1F5
F 22 � F1F3

� (F1p + F2�p)�1�2
F 22 � F1F3

p�rc1

+(F1�p + F2p)�1�2
F 22 � F1F3

p�rc2 (44)
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Ovyt "Cw=iDt s}tYD |=yw} Q=vU CLD p=v=m |=[a= R= xv}y@ |Q}os}tYD "1 pwOH

w2 w1 p2 p1 t2 t1
489 53 489 53 1293 72 1293 72 97 91 97 91 MNC

1057 83 1057 83 1571 74 1571 74 85 65 85 65 MC

276 26 276 25 1261 25 1261 25 123 13 123 13 RNC

675 93 675 93 1461 73 1461 73 117 65 117 65 RC

292 67 292 67 1212 00 1212 00 131 33 131 33 NG

1 |=yQ=Owtv "CU= xDiQo s=Hv= |D} Q}Ot |=yVv}@ R= |NQ@ T=U= Q@ =yp}rLD w
w |Dv=Q=o |xQwO '|WwQixOQN '|WwQixOta |=yCt}k C=Q}}eD |xOvyO x�=Q= 6 =D
Q}O=kt xm "OvW=@|t RC w RNC |=ypOt QO �p QDt=Q=B =@ |yOOwU |xv}W}@

ZQiV}B
�1 = �2 = 200; c1 = c2 = 30; �1 = �2 = 0=6;
p = 0=25; �t = 0=3; t = 0=2;
�p 2 f0=45; 0=50; 0=55; 0=60; 0=65g

"OvDUy
'|WwQixOQN '|WwQixOta |=yCt}k C=Q}}eD |xOvyO x�=Q= 12 =D 7 |=yQ=Owtv
"OvW=@|t RC w RNC |=ypOt QO �t QDt=Q=B =@|yOOwU |xv}W}@ w|Dv=Q=o |xQwO

"RNC pOt QO �p =@ ?wr]t Ct}k C=Q}}eD "1 Q=Owtv

"RNC pOt QO �p =@ xv}y@ |Dv=Q=o |xQwO C=Q}}eD "2 Q=Owtv

"Cw=iDt s}tYD |=yw} Q=vUCLDCmQW Qy w sDU}U pm R= OwU |xv}W}@ "2 pwOH
�m1 + �m2 + �r �m2 �r �m1

197501 88 129343 04 34079 42 34079 42 MNC

154062 19 52821 32 50620 43 50620 43 MC

203140 86 169789 38 16675 74 16675 74 RNC

179515 98 103085 67 38215 16 38215 16 RC

206981 33 169034 76 18973 29 18973 29 NG

u=v}t]= O=H}= 'u} Ro}=H CqwYLt |=yQDt=Q=B Q}O=kt uOQm u=Um} p}rO "CW=O
"CU= |D} Q}Ot swyit l} uOQw; CUO x@ w |Q}os}tYD |=ypOt |xU}=kt R=
|xU}=kt QO =Q |DqmWt 'pwYLt wO u}@ uQ=kD sOa 'OvOQm u=}@ [35w34]xm Qw]u=ty
xO=U l} QDt=Q=B Q=DN=U =@ 'u}=Q@=v@ "OQw;|t OwHw x@ =ypOt QO OwHwt C=t}tYD
Q=R=@ CQOk w u=oOvvmO}rwD QO |Q}os}tYD hrDNt |=yOQ@y=Q C=QF= u=wD|t xOW
|xU}=kt |=Q@ |OOa p=Ft l} VN@ u}= QO "OQm xU}=kt hrDNt |=ypOt QO =Q
x@ ,=D}=yv xm OwW|t xOQw; OwU |xv}W}@ |UQQ@ w pOt GvB QO xv}y@ C=t}tYD
=yQDt=Q=B u}= R= ZQiV}B Q}O=kt R=|NQ@ "Ot=Hv=|t|D} Q}Ot s}y=it|NQ@ G=DvDU=

%R= Ov=CQ=@a
�1 = �2 = 200; c1 = c2 = 30; �1 = �2 = 0=6;
�p = 0=35; p = 0=25; �t = 0=3; t = 0=2
R= u} Ro}=H pwYLt wO "CU= xOW xO=O u=Wv 2 w 1 pwOH QO Q_=vDt G}=Dv
MNC pOt QO |Dv=Q=o |xQwO w OwU '|WwQixOQN Ct}k '|WwQixOta Ct}k Q_v
OQ@y=Q w OvQ=O Q=R=@ |xYQa QO |v=Um} CQOk u=oOvvmO}rwD =Q} R "OvDUy Q@=Q@ sy =@
|=ypOt QO |y@=Wt G}=Dv u}vJty "Ovvm|t PN= Ct}k |xv}tR QO =Q |v=Um}
wO xm CU= p}rO u}= x@ Qt= u}= "Ot; CUO x@ R}v NG w RC 'MC 'RNC

"OvDUy uQ=kDt pwYLt
VwQixOQN '|va} &CU}v Q@=Q@ RNC =@ MNC pOt QO|WwQixOQN|=yCt}k
u}= "Ovm sy=Qi pwYLt wO |=Q@ =Q |WwQixOQN |xv}y@ |=yCt}k R= |NQ@ Ov=wD|t
w OvW=@ xOQm P=ND= =Q |Q=mty OQmrta xOvvmO}rwD wO xm ODi=|t j=iD= |v=tR Qt=

"OvQ}ov Q_v QO OwN pwYLt |=Q@ =Q |Dv=t[ C=tON Qw]u}ty

C}U=UL p}rLD w x} RHD "4
p}rLD w x} RHD 'VN@ u}= QO 'OvDUy xO}J}B xr=kt u}= |r}rLD G}=Dv xm =Hu; R=
x} RHD w C=U}=kt u}= "CU= xDiQo CQwY |O}rm |=yQDt=Q=B R= |NQ@ QO C}U=UL
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"RNC pOt QO �t =@ xv}y@ |Dv=Q=o |xQwO C=Q}}eD "8 Q=Owtv

"RNC pOt QO �t =@ OwU |xv}W}@ C=Q}}eD "9 Q=Owtv

"RCpOt QO �t =@ ?wr]t Ct}k C=Q}}eD "10 Q=Owtv

"RNC pOt QO �p =@ OwU |xv}W}@ C=Q}}eD "3 Q=Owtv

"RC pOt QO �p =@ ?wr]t Ct}k C=Q}}eD "4 Q=Owtv

"RC pOt QO �p =@ xv}y@ |Dv=Q=o |xQwO C=Q}}eD "5 Q=Owtv

"RC pOt QO �p =@ OwU |xv}W}@ C=Q}}eD "6 Q=Owtv
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"RNC pOt QO �1 =@ ?wr]t Ct}k C=Q}}eD "13 Q=Owtv

"RNC pOt QO �1 =@ xv}y@ |Dv=Q=o |xQwO C=Q}}eD "14 Q=Owtv

"RNC pOt QO �1 =@ OwU |xv}W}@ C=Q}}eD "15 Q=Owtv

"RC pOt QO �1 =@ ?wr]t Ct}k C=Q}}eD "16 Q=Owtv

"RCpOt QO �t =@ xv}y@ |Dv=Q=o |xQwO C=Q}}eD "11 Q=Owtv

"RC pOt QO �t =@ OwU |xv}W}@ C=Q}}eD "12 Q=Owtv

Q}O=kt
�1 = �2 = 200; c1 = c2 = 30; �1 = �2 = 0=6;
�p = 0=35; t = 0=2; p = 0=2;
�t 2 f0=32; 0=36; 0=40; 0=44; 0=48g

'|WwQixOQN '|WwQixOta |=yCt}k C=Q}}eD |xOvyOx�=Q= 18 =D 13 |=yQ=Owtv
"OvW=@|t RC w RNC |=ypOt QO �1 QDt=Q=B =@|yOOwU |xv}W}@ w|Dv=Q=o |xQwO

=yQDt=Q=B
�1 = �2 = 200; c1 = c2 = 30; �p = 0=35;
p = 0=25; t = 0=2 �t = 0=3;
�1 = �2; �1 2 f0=63; 0=72; 0=81; 0=90; 0=99g

"OvDUy
"OvOw@ |WwQixOQN Ct}k u} QDtm |=Q=O NG pOt QO u} Ro}=H pwYLt wO
Ea=@ Ov=wD|t VwQixOQN w u=oOvvmO}rwD u}@ u=Um} CQOk xm OyO|t u=Wv Qt= u}=
u}@ \=@DQ= x@ Qt= u}= xm 'OwW pwYLt wO QO |WwQixOQN |xv}y@ Ct}k Vy=m

"CU= xDU@=w VwQixOQN w u=oOvvmO}rwD
"OvDUy |Dv=Q=o |xQwO u} QDtm |=Q=O MC pOt QO u} Ro}=H pwYLt wO
|v=oOvvmO}rwD R= QDu}}=B OvDUy Q@yQ u=wva x@ xm |v=oOvvmO}rwD |=Q@ |Dv=Q=o |xQwO
u} QDy@ |rm Qw]x@ "OvwW|t xDiQo Q_v QO u}t-=D |xQ}HvR QO wQ}B u=wva x@ xm CU=
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DQDW}@ x}k@ R= pOt OwU TB 'CU=ypOt Q}=U R= QDW}@ pOt QO xQ}HvR pm OwU
C}=[Q x@ QHvt 'QDW}@ |Dv=Q=o |xQwO w xQ}HvR |=[a= u}@ C@=kQ `k=w QO "CU=

"OwW|t OwU V}=Ri= C}=yv QO w =[=kD V}=Ri= w u=} QDWt
u}= "CU= QDq=@ RC w MC |=ypOt QO pwYLt Qy |=Q@ u=oOvvmO}rwD OwU
|yOOwU u}ov=}t |=Q=O u=oOvvmO}rwD u}@ |Q=mty OQ@y=Q xm OyO|t u=Wv ẁ[wt

"CU= |QDq=@
OyO|t u=Wv u}= "CU= QDq=@ RNC pOt QO pwYLt Qy |=Q@ VwQixOQN OwU
|yOOwU u}ov=}t |=Q=O OQ=O Q=Qk u}t-=D |xQ}HvR QO Q@yQ u=wva x@ xm|WwQixOQN xm
w C@=kQ w OQ=O u=oOvvmO}rwD |Q=PoCt}k OQ@y=Q x@ |oDU@ Qt= u}= xm CU= |QDq=@

"OwW|t VwQixOQN QDW}@ OwU x@ QHvt u=oOvvmO}rwD u}@ |Q=mty sOa

|D; C=k}kLD |=Q@ |}=yO=yvW}B w |Q}oxH}Dv "5
wO R= u} Ro}=H pwYLt wO |=Q@ |Dv=Q=o COt w Ct}k |Q}os}tYD |UQQ@ x@ =t
|Q}os}tYD pOt GvB X=N Qw]x@ "s}DN=OQB u}t-=D |xQ}HvR l} QO xOvvmO}rwD
=yv; OQ@y=Q w xOvvmO}rwD wO u}@ |Q@yQ uDiQo Q_v QO =@ |Dv=Q=o u=tR COt w Ct}k
OwU |xv}W}@ |xU}=kt x@ TBU "s}OQm |iQat |Q=mty sOa w |Q=mty OQwt QO
"s}DN=OQB |OOa C=ar=]t R= xO=iDU= =@ xQ}HvR |=[a= |=Q@ u}t-=D |xQ}HvR QO xv}y@
- Ct}k `@=wD xr=kt u}= xmv}= pw= %CU= QmP u=}=W |UQQ@ u}= OQwt QO xDmv OvJ
C@=kQ xmu}= swO "CU= xO=O Q=Qk |UQQ@ OQwt |]N CQwYx@ =Q =[=kD - |Dv=Q=o

"CU= xOWv xDiQo Q_v QO =ypOt QO |WwQixOQN K]U QO
=} CiQo Q_v QO |]NQ}e =Q `@=wD u=wD|t '|D; C=k}kLD |=yO=yvW}B |=Q@
|xQ}HvR =} CiQo Q_v QO C@=kQ R}v =yv; u}@ w CiQo Q_v QO =D wO =Q VwQixOQN
x@ xHwD uwO@ xm OW XNWt xar=]t u}= QO "CiQo Q_v QO |L]UxU =Q u}t-=D
|=ypOt R= xO=iDU= OQwt QO |Q}os}tYD 'VwQixOQN w u=oOvvmO}rwD OQ@y=Q P=ND=
|=y|UQQ@ OQ@V}B |=Q@ syt u}= uDiQo Q_v QO u}=Q@=v@ "OwW|t QDpmWt RmQtDtQ}e

"CU= C}ty= R�=L |Q}os}tYD |=ypOt x@ \w@ Qt

"RC pOt QO �1 =@ xv}y@ |Dv=Q=o |xQwO C=Q}}eD "17 Q=Owtv

"RC pOt QO �1 =@ OwU |xv}W}@ C=Q}}eD "18 Q=Owtv

|Q=mty OwHw x=Qty x@ QDW}@ |Dv=Q=o |xQwO x@ |@=}CUO 'u=} QDWt |=Q@ ?=NDv=
"CU= xOvvmO}rwD wO u}@

OyO|t u=Wv u}= &Ow@ |}q=@ Q=Okt |=Q=O NG pOt QO pwYLt wO |=Q@ =[=kD
u=Um} CQOk |xR=Ov= x@ xOvvmO}rwD wO |=Q@ |Q=mty sOa w |Q=mty |=yCU=}U xm
"Ow@ Oy=wN x=Qty u=} QDWt|=[=kD u=R}tVy=m =@ wCU}v Q=PoQ}F-=DVwQixOQN =@ =yv;

=yCWwv=B
1. manufacturer
2. common retailer
3. Stackelberg
4. Nash game
5. cooperation and noncooperation
6. manufacturer-leader Stackelberg (MS) scenario
7. retailer-leader stackelberg (RS) scenario
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