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Oy=W x=oWv=O '`}=vY |UOvyt xwQo
�Q=}Wv=O� �|O}wv =[QO}tL
Oy=W x=oWv=O 'QDw}Bt� swra xwQo

QO VwQixOQN wO w xOvvmu}t-=D l} =@ |}xQwOOvJ `} RwD sDU}U l} 'Q=DWwv u}= QO
Qy x@ q=m O} QN |=Q@ |v=tR xQwOOvJ QO u=} QDWt xm |Qw]x@ "CU= xOW xDiQoQ_v

Qy QO OwN u=} QDWt |=[=kD u}t-=D x@ QO=k |WwQixOQN Qo = "Ovvm|t xaH=Qt VwQixOQN
|v=tR xQwO u=ty QO |Qo}O VwQixOQN x@ u=W}=[=kD |=[Q= |=Q@ =yv; 'OW=@v |v=tR xQwO

OQm} wQ R= j}kLD u}= QO "Ov=xO}t=v �Q=R=@ |wHwCUH� =Q xO}OB u}= 'Ovvm|t xaH=Qt
|=Q@ Qo}Om} =@ wO u; xm |Dkw VwQixOQN wO |=y|SD=QDU= |UQQ@ |=Q@ =y|R=@ |x} Q_v
xOW xO=iDU= 'Ovvm|t C@=kQ |v=tR xQwO n QO u=} QDWt |=[=kD w xOvvmu}t-=D C}iQ_
OwHw OQix@ QYLvt pO=aD l} xW}ty OW=@ OwOLt=v xOvvmu}t-=D C}iQ_ xJv=vJ "CU=
"OQ=O OwHw pO=aD |Y=N \}=QW CLD =yvD OW=@ OwOLt xOvvmu}t-=D C}iQ_ Qo = w OQ=O
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|x} Q_v 'C}iQ_ X}YND |xr�Ut '|}xQwOOvJ u}t-=D |xQ}HvR %|O}rm u=oS=w
"Q=R=@ |wHwCUH 'Vv pO=aD '=y|R=@

xtOkt "1
Qw]x@ l} Qy u=WwQixOQN xm u}= |m} %OvOQm xU}=kt =Q sDU}U wO OQmrta 'Q=R=@
uOQmQ=@v= =@ u=WwQixOQN R= s=OmQy xm u; |Qo}O w 'OvWwQi@ =Q CqwYLt xv=o =OH
X}YND |=Q@ [3]Q} w} Qq w uwJ=m [2]"OvWwQi@ =Q CqwYLt u=mtl} QO CqwYLt
R= V}@ u=WwQixOQN VQ=iU pm xm |t=ovy 'u=WwQixOQN x@ OwOLt C}iQ_
'|]N '|@Uv %OvO=O x�=Q= =Q C}iQ_ X}YND uwv=k xU 'OW=@ xOvvmu}t-=D C}iQ_

"CN=wvm}
w xc2 w xc1 VwQixOQN wO VQ=iU 'n xOvvmu}t-=D C}iQ_ O}vm ZQi
CQ=@a |@Uv X}YND uwv=k "OW=@ x2 w x1 VwQixOQN wO |=yX}YND

%R= CU=
x1 = minfxc1; xc1

xc1 + xc2
ng (1)

%OwW|t h} QaD u}vJ |]N X}YND uwv=k

x1 =

8>>>>>>><>>>>>>>:
xc1 if xc1 + xc2 � n
xc1�xc2 +n

2 if xc1 + xc2 > n; jxc1 � xc2j < n

n if xc1 + xc2 > n; xc1 � xc2 > n

0 xc1 � xc2 > n

(2)

%OwW|t h} QaD 3 |x]@=Q j@=]t CN=wvm} X}YND uwv=k

u=} QH Ov=wD|t OvthOy w xJQ=Bl} 'xDi=} u=tR=U CQwYx@ u}t-=D |xQ}HvR swyit
"OwW Q=m w ?Um QO |D@=kQ C} Rt O=H}= x@ QHvt w OR=U sy=Qi =Q |Q=O}=B VRQ=
C=t}tYD "CU= |}=yv |QDWt |=y|OvtR=}v |=[Q= 'u}t-=D |xQ}HvR R= hOy
Q_v QO u}t-=D |xQ}HvR QO syt Q=}U@ C=t}tYD R= |m} '1C}iQ_ X}YND
=i}= u}t-=D |xQ}HvR C} Q}Ot QO |tyt Vkv C}iQ_ X}YND "OwW|t xDiQo
CU= �xQ}e w Pe=m 'Oqwi Q}_v� `}=vY QO pwtat j=iD= l} X}YND "Ovm|t
w u=oOvvmu}t-=D C=t}tYD "CU= Q}oCkw w xv} RyQB C}iQ_ VQDUo u; QO xm
|=[=kD x@ |} woMU=B |=Q@ 'OvQ=Po|t Q}F-=D Qo}Om} Q@ xm u}= Q@ xwqa u=WwQixOQN
R= V}@ C}iQ_ X}YND 'p=Ft u=wvax@ "OvQ=OQwNQ@ |}q=@ C}ty= R= u=} QDWt
'OwW|t q=@ |Q=OQ=@v= |xv} Ry w u}}=B |Q=OQ@xQy@ Ea=@ VwQixOQN l} x@ OL
|xt} QH |xv} Ry uDiQq=@ w |QDWt C}=[Q sOa Ea=@ sm C}iQ_ X}YND =t=
l} QO xm |v=} QDWt 'u}t-=D |=yxQ}HvR R= |Q=}U@ QO [1]"OwW|t |OwHwt Ow@tm
|Qo}O VwQixOQN x@ CU= umtt OvwW|t xH=wt |OwHwt Ow@tm =@ VwQixOQN
"Ov=xO}t=v �Q=R=@ |wHwCUH� =Q Q=DiQ u}= &Ovvm xaH=Qt x@=Wt pwYLt uDi=} |=Q@
"OW |iQat [2]lwU=@ w |Ov}B w}v; \UwD Q=@ u}rw= �Q=R=@ |wHwCUH� Kq]Y=
|wHwCUH =@ C}iQ_ X}YND |xr�Ut uDiQo Q_v QO =@ |}xr=kt QO =yv;

pw�Ut xOvU} wv �
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x�=Q=xOvvmu}t-=D l} =@ u}t-=D |xQ}HvR l} OwN |xar=]t QO [11]u=Q=mty w nv=wy
C=@F x@ xHwD =@ 'u=WwQixOQN u; QO xm OvQ}o|t Q_v QO =Q VwQixOQN OvJ w
|Ov@xk@] R=Dtt w |rwtat ẁv wO x@ 'xOvvmu}t-=D w u=WwQixOQN u}@ |Q=mty

"OvwW|t
VwQixOQN wO w xOvvmu}t-=Dl} =@|}xQwOOvJ `} RwD sDU}Ul} 'xar=]t u}= QO
=Q Q_v OQwt |q=m pYi Qy |=OD@= QO xOvvmu}t-=D xm |Qw]x@ 'OwW|t xDiQo Q_v QO
x@ |v=tR xQwO n QO q=m O} QN |=Q@ u=} QDWt w OyO|t X}YND VwQixOQN Qy x@
=Q OwN u=} QDWt |=[=kD CUv=wDv |WwQixOQN Qo = &Ovvm|t xaH=Qt VwQixOQN Qy
QO |Qo}O VwQixOQN x@ u=W}=[=kD |=[Q= |=Q@ =yv; 'Ovm xOQw;Q@ |v=tR xQwO Qy QO
|wHwCUH� xO}OB u}= OW u=}@ QDV}B xm u=vJ "Ovvm|t xaH=Qt |v=tR xQwO u=ty
'OW=@ xOvvmu}t-=D C}iQ_ R= V}@ C=WQ=iU pm O=OaD |Dkw "OwW|t xO}t=v �Q=R=@
l}X}YND "OwW|t `[w VwQixOQN wO x@C}iQ_X}YND |=Q@ u}v=wk |NQ@
VwQixOQN Qy QO |QDWt |=[=kD "CUw= VQ=iU u=R}t R= Cw=iDt VwQixOQN
=[=kD w x[Qa |=Q@ VwQixOQN wO xm =Hv; R= "CU= |iO=YD |v=tR xQwO Qy QO
?}kQ VwQixOQN |=[=kD Q@ VwQixOQN l} QO VQ=iU s}tYD 'Ovvm|t C@=kQ
=yVwQixOQN |OwHwt C=t}tYD u}@l} SD=QDU= pt=aD l} xH}DvQO "OQ=Po|t Q}F-=D

"OwW|t O=H}=
VwQixOQN wO |=y|SD=QDU=|UQQ@ |=Q@ =y|R=@ |x} Q_v OQm} wQ R= xr=kt u}= QO
C@=kQ xOvvmu}t-=D C}iQ_ R= |OvtxQy@ |=Q@ wO u; xm |t=ovy 'pO=aD |x]kv u}}aD w
xOvvmu}t-=D C}iQ_ xJv=vJ OwW|t xO=Ou=Wv C}=yv QO "CU= xOW xO=iDU= 'OvQ=O
C}iQ_ xm |v=tR w OQ=O OwHw OQix@ QYLvt pO=aD l} xW}ty 'OW=@ OwOLt=v

"OQ=O OwHw pO=aD |Y=N \}=QW CLD \ki OW=@ OwOLt
swU VN@ QO "OwW|t x�=Q= QwmPt |xr�Ut pOt Q=DWwv u}= swO VN@ QO
|UQQ@ CU= OwOLt=v xOvvmu}t-=D C}iQ_ xm u}= ZQi =@ u=WwQixOQN |R=@ Q=DiQ
|=Q=O xOvvmu}t-=D xm OwW|t xDiQo Q_vQO |D}a[w '=t= sQ=yJ VN@ QO "OwW|t
,=D}=yv w 'OwW|t |UQQ@ |OOa p=Ft l} sHvB VN@ QO "CU= OwOLt C}iQ_

"CU= xOW x�=Q= sDiy VN@ QO |D; C=O=yvW}B w |Q}oxH}Dv

|R=U pOt "2
%Ov=xOW h} QaD u}vJ =y=[=kD Q=DWwv u}= QO

=OD@= xm |v=} QDWt %s=k |v=tR xQwO QO s=i VwQixOQN QO 5|rLt |=[=kD ��
"Ovvm|t C=kqt s=k |v=tR xQwO QO =Q s=i VwQixOQN

R= xm |v=} QDWt %s=k |v=tR xQwO QO s=i VwQixOQN QO 6xrY=i |=[=kD ��
"OvwQ|t s=k |v=tR xQwO QO s=i VwQixOQN x@ 'Ow@tm p}rOx@ s=j VwQixOQN
=@ xH=wt pm |=[=kD %s=k |v=tR xQwO QO s=i VwQixOQN QO 7QF-wt |=[=kD ��

"q=@ |=[=kD wO ẁtHt |DQ=@ax@ 's=k |v=tR xQwO QO s=i VwQixOQN
%R= CU= CQ=@a pOt C=[wQit

"CU= VwQixOQN wO w xOvvmu}t-=D l} =@ |}xQwOOvJ `} RwD sDU}U l} �
"CU= |iO=YD '|v=tR xQwO Qy QO =[=kD �

x1 =

8>>>><>>>>:
xc1 if xc1 + xc2 � n
min

�
xc1; n2

	
if xc1 +xc2>n; jxc1�xc2j<n

min
�
xc1;max

�n
2 ; n�nc2

		
if xc1 +xc2>n; xc1�xc2>n

(3)

Qy OW=@v C}iQ_ R= QDW}@ VQ=iU pm Qo = 'X}YND uwv=k xU u}= T=U=Q@
'CQwYu}= Q}e QO "Ovm|t Ci=} QO CU= xO=O VQ=iU xm =Q xJv; VwQixOQN
QFm =OL VwQixOQN Qy w O@=}|t X}YND u=WwQixOQN x@ xOvvmu}t-=D C}iQ_ pm
uwv=k xU u}= [3]Q} w} Qq w uwJ=m "Ovm|tCi=} QO =Q CU= xO=O VQ=iU xm =Q xJv;
=yv; "OvOQm xU}=kt xQwO l} |] VwQixOQN wO w xOvvmu}t-=D l} |=Q@ =Q X}YND

%Ovm pO=aDt =Q hOy wO O}=@ u}t-=D |xQ}HvR xm OvOQm u=}@
&xOvvmu}t-=D C}iQ_ R= |Q=OQ@xQy@ QFm =OL =@ xOvvmu}t-=D OwU V}=Ri= �hr=

j@=]t x[Qa X}YND xm u}= uDiQo Q_vQO =@ u=WwQixOQN |=yOwU V}=Ri= �?
"OW=@ u=WwQixOQN |ak=w |=yR=}v

=y|R=@ |x} Q_v R= xO=iDU= =@ =Q |OwHwt |xr�Ut xm Ow@ |Um u}rw= [4]QqQ=B
|xr�Ut l} R= |t}taD u=wvax@ =Q u} Ro}=H p@=k pwYLt |xr�Ut |w "OQm pL
p=tDL= l} =@ |v} Ro}=H w= pOt QO "O=O Q=Qk |UQQ@ OQwt l}Uqm VwQixt=vRwQ
OQi x@ QYLvt 2Vv pO=aD l} O=Ou=Wv |w OQwt u}= QO &OyO|t MQ u}at
OvOQm |UQQ@ =Q VwQixt=vRwQ |xr�Ut |t}taD [5]pOQ=m w utB}r "OQ=O OwHw
u}= T=U=Q@ "CU= QiY =@ Q@=Q@ O=R=t |OwHwt |=Q@ \=kU= VRQ= u; QO xm
VwQixt=vRwQ OvJ =} wO |=Q@ Vv pO=aD xm OvOQm sy=Qi =Q |]}=QW =yv; ZQi
l} R= RmQtDt Q}e w RmQtDt |=y|OwHwt pQDvm [6]|OwQ w u}UDv "OQ=O OwHw
p@=k CqwYLt xOvvmu}t-=D l} u; QO xm OvDiQo Q_v QO =Q u}t-=D |xQ}HvR
=@ |rOt [7]u} R} Q w u=H=y=t "Ovm|t x[Qa VwQixOQN n x@ =Q |v} Ro}=H
Q_v QO |v} Ro}=H p@=k CqwYLt u; QO xm OvOQm |UQQ@ =Q VwQixOQN n

u=oOvvmhQYt R= |iO=YD |xr=@vO =[=kD Ov}=Qi xm ZQi u}= =@ "OW xDiQo
?=NDv= =Q TQDUOQO CqwYLt 'OwN OwU |R=Uxv}W}@ |=Q@ xm CU= uoty=v

"Ovvm|t
VwQixOQN wO w xOvvmu}t-=D l} =@ C}iQ_ X}YND |xr�Ut l} [8]|=O
|x} Q_v OQm} wQ R= |w "CiQo Q_v QO =Q |}xQwOlD u}t-=D |xQ}HvR l} QO
\UwD xOW x�=Q= pOt QO "OQm xO=iDU= Q_v OQwt |xr�Ut pL |=Q@ =y|R=@
Q=DN=U l} w Ovvm|t |Q=Oxov xv=o =OH Qw]x@ =Q CqwYLt VwQixOQN wO '|=O
C}iQ_ |=Q@ u=WwQixOQN "CU= xDiQo Q=Qk Q_v Ot u; |=Q@ |twta |xv} Ry
|=O hOy "OvR=OQB|t C@=kQ x@ Qo}Om} =@ u=} QDWt |=[=kD w xOvvmu}t-=D
l}r=t "CU= QwmPt |xr�Ut QO VwQixOQN wO VQ=iU |=y|SD=QDU= |UQQ@
u}ov=}t Q@ xwqa CN=U w O}rwD Q}Ot OvJ u; QO xm OvO=O x�=Q= |rOt [9]QmQy w
u; QO w Ovm|t |v}@V}B R}v =Q =yv; |=yTv=} Q=w 'C}iQ_ w =[=kD |=y`} RwD
[10]w}r "CU= 3O}rwD \w]N x@ C}iQ_ X}YND pw�Ut |RmQt |xOvvmnvy=ty
u; QO xm Ovm|t |UQQ@ =Q u}t-=D |xQ}HvR l} QO C}iQ_ X}YND C=t}tYD
|WwQixOta Ct}k =@ VwQixOQN wO x@ =Q lQDWt |rwYLt xOvvmu}t-=D l}
CLD u=WwQixOQN VQ=iU C=t}tYD R= pO=aD R}r=v; l} w= "OWwQi|t C@=F
V}=Ri= =@ xm O@=}|tQO w OyO|t s=Hv= 4 IR X}YND w CN=wvm} X}YND
OwW|tv xv}W}@ u=WwQixOQN R= |m} =} xOvvmu}t-=D OwU ,=twRr 'xOvvmu}t-=D C}iQ_
"OWwQi@ =Q |QDW}@ pwYLt QDu}}=B C}iQ_ K]U =@ xOvvmu}t-=D CU= umtt w
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Ovyt %O};|t CUO x@ 8 |x]@=Q R= s=n |v=tR xQwO QO QF-wt |=[=kD w '"""w

ETin =
nX
i=1

E1i =
nX
i=1

l1i + q21 �
nX
i=1

((
��

(x2 � l21)+ � l22
�+

� :::
�+

� l2i�1)+ � l2n)� (8)

hQatc1 (x1 � ETin)+ w '1VwQixOQN|=Q@O} QN|xv} RyhQatw1x1 u; QO xm
s1[Min fx1; ETing] w '1 VwQixOQN |=Q@ Ow@tm |xt} QH w |Q=OQ=@v= |xv} Ry
Q=]Dv= OQwt C}@ wr]t `@=D u}=Q@=v@ "CU= 1 VwQixOQN |=Q@ VwQi Ot;QO hQat

%R= CU= CQ=@a 1 VwQixOQN |=Q@
�1 (x1; x2) =E (s1Min fx1; ET1ng � c1 (x1 � ET1n)� w1x1)

=E
��s1(x1�ETin)+�c1(x1�ET1n)+(s1�w1)x1

�
=(s1 � w1)x1 + E(g1 (x1 � ET1n)) (9)

%O};|t CUO x@ u}vJ g1 (x1 � ET1n) u; QO xm
g1 (x1 � ET1n) �=� s1 (x1 � ET1n)+ � c1(x1 � ET1n)

=g1
�
x1 � [

nX
i=1

l1i + q21
nX
i=1

((
��

(x2 � l21)+

�l22)+ � :::
�+

� l2i�1)+ � l2i)�]
�

%s} Q=O 2 VwQixOQN |=Q@ x@=Wt Qw]x@
�2 (x1; x2) = E (s2Min fx2; ET2ng � c2 (x2 � ET2n)� w2x2)

= E
��s2(x2�ET2n)

+�c2(x2�ET2n)+(s2�w2)x2
�

= (s2 � w2)x2 + E(g2 (x2 � ET2n)) (10)

%O};|t CUO u}vJ g2 (x2 � ET2n) u; QO xm
g2 (x2 � ET2n) �=� s2 (x2 � ET2n)+ � c2(x2 � ET2n)

=g2
�
x2 � [

nX
i=1

l2i + q12
nX
i=1

((
��

(x1 � l11)+

� l12)+ � :::
�+

� l1i�1)+ � l1i)�]
�

|y=vDt=v C}iQ_ =@ xr�Ut |UQQ@ "3
p@k "CU= VwQixOQN Qy |=Q@ VQ=iU Q=Okt =@ Q@=Q@ X}YND Q=Okt VN@ u}= QO
Vv pO=aD ,=DOta =Q} R "s}vm|t h} QaD =Q MU=B u} QDy@ =OD@= 'Vv pO=aD h} QaD R=

"CU= MU=B u} QDy@ Q@ |vD@t
=@ h} QL u=vm} R=@ |SD=QDU= ?}mQD Qy x@ i um} R=@ MU=B u} QDy@ %1 h} QaD
=Q s�i u=i} QL Qo = xm CU= u}= u; swyit w OwW|t xO=O u=Wv Bi(s�i)
MU=B u} QDy@ CU= |a}@] "CU}J u; x@ i um} R=@ Vvm =w u} QDy@ 'Ovvm ?=NDv=
u} QDy@ u}=Q@=v@ "OW=@ xDW=O w= |=Q@ =Q Ot=}B u} QDW}@ xm CU= |SD=QDU= ?=NDv= w=

%OwW|t h} QaD u}vJ i um} R=@ MU=B
Bi(s�i) = fsi 2 Si : ui(si; s�i) � ui(s0i; si) 8s0i 2 Sig

%OwW|t h} QaD u}vJ Minfa; bg w (:)� w (:)+ |=yQorta j}kLD u}= QO

(x)+ = Max fx; 0g
(x)� = Max f�x; 0g
Min fa; bg = a� (a� b)+

%R= CU= CQ=@a pOt |=yQDt=Q=B
&xOvvmu}t-=D C}iQ_ %N

&xOvvmu}t-=D |=Q@ s=i VwQixOQN |=Q@ OL=w |WwQixOta |xv} Ry %wi
&s=i VwQixOQN |=Q@ |OwHwt Ow@tm |xt} QH w |Q=OQ=@v= pt=W |xv} Ry `@=D %ci

&si > wi 's=i VwQixOQN R= u=} QDWt x@ pwYLt VwQiCt}k %si
xQwO QO s=i VwQixOQN |=Q@ |iO=YD |rLt |=[=kD |=Q@ |iO=YD Q}eDt %Lik

&s=K |v=tR
|DQ=@a x@ 's=iVwQixOQN |=Q@ |iO=YD |rLt |=[=kD |=Q@ |iO=YD Q}eDt %LTin

&s=i VwQixOQN |=Q@ xQwO pm QO |iO=YD |=y=[=kD ẁtHt
&s=K |v=tR xQwO QO s=i VwQixOQN QO QF-wt |=[=kD %Eik

pm QO QF-wt |=y=[=kD ẁtHt |DQ=@a x@ 's=i VwQixOQN QO QF-wt |=[=kD %ETin
&s=i VwQixOQN |=Q@ xQwO

&� ẁQW QO s=i VwQixOQN |OwHwt� s=i VwQixOQN x@ X}YND %xi
&Li p=tDL= |r=oJ `@=D %fi(Li)

&Fi = 1� Fi(Li) xm Li |atHD `} RwD `@=D %Fi(Li)
x@ '�|OwHwt Ow@tm p}rOx@� s=i VwQixOQN R= u=} QDWt xm u}= p=tDL= %qij

&OvwQ@ s=j VwQixOQN
X}YND u=WwQixOQN x@ =Q x1; x2 xm Q=_Dv= OQwt C}@ wr]t `@=D %�i(x1; x2)

"OyO|t
"s}vm|t x@U=Lt |v=tR xQwO Qy |=Q@ =Q 1 VwQixOQN |=Q@ QF-wt |=[=kD =OD@=
|=[=kD w |rLt |=[=kD pt=W pw= |v=tR xQwO QO 1 VwQixOQN |=Q@ QF-wt |=[=kD

%CU= pw= |v=tR xQwO |=Q@ xrY=i
E11 = l11 + q21 (x2 � l21)� (4)

w |rLt |=[=kD pt=W swO |v=tR xQwO QO 1 VwQixOQN |=Q@ QF-wt |=[=kD w
%CU= swO |v=tR xQwO |=Q@ xrY=i |=[=kD

E12 = l12 + q21
�
(x2 � l21)+ � l22

�� (5)

%R= CU= CQ=@a swU |v=tR xQwO QO 1 VwQixOQN |=Q@ QF-wt |=[=kD u}vJty
E13 = l13 + q21(

�
(x2 � l21)+ � l22

�+ � l23)+

; ::: (6)

%s=n |v=tR xQwO QO 1 VwQixOQN |=Q@ QF-wt |=[=kD w
E1n =l1n + q21 � ((

��
(x2 � l21)+ � l22

�+ � :::�+

� l2n�1)+ � l2n)� (7)

pw= |v=tR xQwO QO QF-wt |=[=kD ẁtHt R= 1 VwQixOQN QF-wt |=[=kD u}=Q@=v@ w
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x�=Q=X}YND x2 = r2(x1) 'CU= 1 VwQixOQN X}YND x1 xm u}= x@ xHwD=@
|Q}ojDWt =@ "O};|tCUO x@ 15 |x]@=Q pL =@ xm Ow@ Oy=wN 2 VwQixOQN |xv}y@

%s} Q=O x2 x@ C@Uv 15 |x]@=Q u}iQ] R=
E
�
g002
�
x2 � L21 � q12 (x1 � L11)� � l22 � q12

�
(x1 � l11)+

�l12)�
� �
r02(x1) + q12I (x1 � L11)

��
= 0 (16)

%R= CU= CQ=@a I(x1 � L11) u; QO xm

I(x1 � L11) =

8<:1 if x1 � L11

0 o:w
(17)

%OwW|t xH}Dv u; R= xm O};|t CUO x@ 18 x]@=Q u}=Q@=v@
0 > r02 (x1) > �q12 � �1 (19)

|Dkw "CU= xOW xO=O u=Wv r2(x1) w v1(x1) |xv}y@ X}YND `@=wD '1 pmW QO
|iO=YD QF-wt |=[=kD =@ VwQixt=vRwQ |xr�Ut l} =@ 1 VwQixOQN 'x2 = 0
|xv}y@ X}YND OQwt u}= QO "OwW|t xH=wt l11 + l12 + q21(l21 + l22)
l} =@ VwQixOQN 'x2 =1 |Dkw w CU= xOW xO=O u=Wv �x1 =@ 1 VwQixOQN
X}YND "OwW|t xH=wt l11 + l12 |iO=YD |=[=kD =@ VwQixt=vRwQ |xr�Ut
u=wvax@ x1 u}=Q@=v@ "CU= xOW xO=O u=Wv x1 =@ OQwt u}= QO 1 VwQixOQN |xv}y@
|vLvt "CU= u; |q=@ u=Qm u=wvax@ �x1 w 1 VwQixOQN |xv}y@X}YND u}}=B u=Qm
"OUQ|t u=}=B x@ (�x1; 0) |x]kv QO w OwW|t ẁQW (x1;1) |x]kv R= v1(x1)
xv}y@ X}YND x01 TB 'OW=@ x02 '2 VwQixOQN X}YND 1 pmW QO Qo = p=L
VwQixOQN |xv}y@ X}YND 'x@=Wt Qw]x@ "CU= x02 x@ \w@ Qt 1 VwQixOQN |=Q@
X}YND `@=D r2(x1) |vLvt "OQ=O x2 u}}=B u=Qm l} w �x2 |q=@ u=Qm l} '2
x001 u=ty 1 VwQixOQN X}YND Qo = "OyO|t u=Wv =Q 2 VwQixOQN |xv}y@

"CU= 2 VwQixOQN |xv}y@ X}YND x002 TB 'OW=@

"CU= |y=vDt=v C}iQ_ |=Q=O xr�Ut |Dkw Vv pO=aD "1 pmW

w si |SD=QDU= i um} R=@ xm CU= |Dr=L C}@ wr]t `@=D ui(si; s�i) u; QO xm
"Ovvm ?=NDv= =Q s�i |=y|SD=QDU= u=vm} R=@ Qo}O

%s} R=OQB|t Vv pO=aD h} QaD x@ p=L
|R=@ Vv pO=aD 'S� = (s�1 ; s�2 ; :::; s�n) |SD=QDU= '|R=@ l} QO %2 h} QaD

%OW=@ Q=QkQ@ Q} R \QW Qo = OwW|t xO}t=v
ui(s�i ; s��i) � ui(si; s��i) 8si 2 Si; 8i = 1; :::; n
x@ MU=B u} QDy@ '|R=@ l} QO um} R=@ Qy ?=NDv=� xm C}Y=N u}= '|DQ=@ax@
=y|SD=QDU= u}=Z} waD OYk w xR}ov= u=vm} R=@ R= s=OmI}y wCU=h} QL ?=NDv=
|SD=QDU= um} R=@ Qy w OwW|t w= Ot=}BVy=m x@ QHvt |SD=QDU= Q}}eD =Q} R 'OvQ=Ov =Q
"CU= hwQat Vv pO=aD x@ '�Ovm|t ?=NDv= h} QL =@ |ovy=ty uwO@ =Q OwN
�1 (x1; x2) *jDWt uO=O Q=Qk QiY =@ '1 VwQixOQN |=Q@ xv}y@ X}YND

%OwW|t pY=L �x1 x@ C@Uv�
s1 � w1 + E[g01

�
x1 � [

nX
i=1

l1i + q21
nX
i=1

(
��

(x2 � l21)+ � l22
�+

�:::)+ � l2i�1)+ � l2i)�]
�

] = 0 (11)

|=Q@ xv}y@ X}YND |DQ=@ax@ 'OW=@ 11 |x]@=Q ?=wH x1 = r1(x2) Qo = p=L
=@ u}vJty "CU= r1(x2) Q@=Q@ 2 VwQixOQN X}YND x@ xHwD =@ 1 VwQixOQN
jDWt =@ "x1 = r1(x2) %R= Ow@ Oy=wN CQ=@a Twmat `@=D x2 = v1(x1) ZQi

%s} Q=O 11 |x]@=Q u}iQ] R= |Q}o
E[g001

 
x1 � [

nX
i=1

l1i + q21
nX
i=1

(
��

(x2 � l21)+ � l22
�+ � :::�+

�l2i�1)+ � l2i)�]
�
� �1 + q21I (x2 � L21) v01 (x1)

�
]=0
(12)

%O};|t CUOx@ u}vJ I (x2 � L21) u; QO xm

I (x2 � L21) =

8<:1 if x2 � L21

0 o:w

%OwW|t xH}Dv u; R= xm O};|t CUO x@ 13 x]@=Q u}=Q@=v@
v01(x1) <

�1
q21
� �1 (14)

xv}y@ |Y}YND '1 VwQixOQN R= x1 XNWt X}YND Qy |=Q@ x@=Wt Qw] x@
% xm Ovm|t ?=H}= 2 VwQixOQN |=Q@

s2 � w2 + E[g02
�
x2 � [

nX
i=1

l2i + q12
nX
i=1

(
��

(x1 � l11)+ � l12
�+

�:::)+ � l1i�1)+ � l1i)�]
�

] = 0 (15)

v01(x1) =
�E[g001

 
x1�[

nP
i=1

l1i+q21
nP
i=1

(
�
((x2�l21)+�l22)+�:::�+�l2i�1)+�l2i)�]

!
q21E[g001

 
x1�[

nP
i=1

l1i+q21
nP
i=1

(
�
((x2�l21)+�l22)+�:::�+�l2i�1)+�l2i)�]

!
I(x2�L21)]

�13�
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r02(x1) =
�q12E

"
g002
 
x2�

"
nP
i=1

l2i+q12
nP
i=1

��
((x1�l11)+�l12)+�:::�+�l1i�1)+�l1i

��#!
I(x1�L11)

#
E

"
g002
 
x2�

"
nP
i=1

l2i+q12
nP
i=1

��
((x1�l11)+�l12)+�:::�+�l1i�1)+�l1i

��#!# �18�

"CU= OwOLt C}iQ_ |Dkw Vv pO=aD l} OwHw "2 pmW

"CU= OwOLt Q=}U@ C}iQ_ |Dkw Vv pO=aD OwHw "3 pmW

\N Q} R xm |r=LQO "OQ=Ov OwHw x[Qa \N |wQ |rO=aD |x]kv I}y TB "OwW
w CU= |vDi=}X}YND l} (xNash1 ; xNash2 ) |x]kv '�2 pmW j@=]t� 'x[Qa
(xNash1 ; xNash2 ) |x]kvTB "OwW hQLvt Oy=wN|tv x]kv u}= R= |vm} R=@ I}y

� "CU= OQi x@ QYLvt Vv pO=aD l}
%O};|t V}B Cr=L wO x=ov; 'xNash1 + xNash2 > n |Dkw |rw

xc1 Q=Okt 1VwQixOQN TB 'OyO VQ=iU =Q xc2 < n Q=Okt 2 VwQixOQN �hr=
"Ovm ?=NDv= =Q xc1 > n�xc2 =} xc1 � n�xc2 Ov=wD|t xm OyO|t VQ=iU =Q
VQ=iU xm =Hv; R= 'OyO VQ=iU =Q xc1 � n�xc2 Q=Okt 1 VwQixOQN Qo = p=L
"Ovm|t Ci=} QO 'xO=O VQ=iU xm =Q xJv; VwQixOQN Qy 'CU}v n R= QDW}@ pm
(n�xc2; xc2) w (0; xc2) \=kv u}@\N |wQ (x1; x2)X}YND 4 pmW j@]
uwJ 'OyO VQ=iU =Q xc1 > n � xc2 Q=Okt 1 VwQixOQN Qo = p=L "ODi=|t
X=YDN= =@ xOvvmu}t-=D C}iQ_ TB 'OwW|t n R= QDW}@ pm VQ=iU Q=Okt
uwv=k xU |Q}oQ=mx@ =@ "OwW|t x}rND 'x[Qa \N |wQ (x1; x2) X}YND
VwQixOQN TB "OW=@ xc2 R= QDW}@ Ov=wD|tv 2 VwQixOQN X}YND 'X}YND

OQi x@ QYLvt Vv pO=aD l} 'OQ=O |y=vDt=v C}iQ_ xOvvmu}t-=D |Dkw %1 x}[k
%O}; CUOx@ Q} R CqO=at sDU}U pL =@ Ov=wD|t xm OQ=O OwHw (xNash1 ; xNash2 )8>>>>>>>>>><>>>>>>>>>>:

s1 � w1 + E[g01
�
x1 � [

nP
i=1

l1i + q21
nP
i=1

(
��

(x2 � l21)+ � l22
�+

�:::)+ � l2i�1)+ � l2i)�]
�
] = 0

s2 � w2 + E[g02
�
x2 � [

nP
i=1

l2i + q12
nP
i=1

(
��

(x1 � l11)+ � l12
�+

�:::)+ � l1i�1)+ � l1i)��] = 0
(20)

xO=O u=Wv v1(x1) =@ 1 pmW QO xm 1 VwQixOQN |xv}y@ X}YND `@=D %C=@F=
QO w OwW|t ẁQW (x1;1) |x]kv R= xm CU= |rwRv xDUw}B |vLvt l} 'OW
1 pmW QO xm 2 VwQixOQN |xv}y@X}YND `@=D "OUQ|t u=}=B x@ (�x1; 0) |x]kv
|x]kv R= xm CU= |rwRv xDUw}B |vLvt l} R}v 'OW |Q=PoCtqa r2(x1) =@
wO u}= TB &OUQ|t u=}=B x@ (+1; x2) |x]kv QO w OwW|t ẁQW (0; �x2)
x2 = xNash2 |SD=QDU= 2 um} R=@ |Dkw u}vJty "Ovvm `]k =Q Qo}Om} O}=@ |vLvt
1 um} R=@ |Dkw w 'CU= x1 = xNash1 u; x@ 1 um} R=@ MU=B u} QDy@ Ovm ?=NDv= =Q
x2 = xNash2 '2 um} R=@ MU=B u} QDy@ Ovm|t ?=NDv= =Q x1 = xNash1 |SD=QDU=
C=@F= |=Q@ "OyO|t MQ =yMU=B u} QDy@ |kqD QO w OQ=O OwHw Vv pO=aD TB "CU=
`]=kD |x]kv l} QFm =OL r2(x1) w v1(x1) xm s}yO|t u=Wv 'Vv pO=aD |}=Dm}

%s} Q=O 19 w 14 CqO=at=v j@] "OvQ=O
v01 (x1) < �1 < r02 (x1) < 0
r2 (x1) � v1 (x1) = 0 w CU= |OwaY ,=O}m = r2 (x1) � v1 (x1) u}=Q@=v@
QYLvt `]=kD |x]kv l} O}=@ |vLvt wO u}= xH}Dv QO "OQ=O ?=wH l} QFm =OL

� "CU= �Vv pO=aD |x]kv� u=ty xm OvW=@ xDW=O OQi x@

|y=vDt C}iQ_ =@ xr�Ut |UQQ@ "4
'VwQixOQN Qy X}YND w CU= n |y=vDt C}iQ_ |=Q=O xOvvmu}t-=D VN@ u}= QO
K]U QO "CU= xOW RmQtDt X}YND R}r=v; Q@ w CU= w= VQ=iU |w=Ut =} QDsm
v1(x1) `]=kD |x]kv "s}t=v|t �x[Qa \N� =Q x1 + x2 = n \N (x1; x2)
v1(x1) |vLvt Qo = "CU= xOW xO=O V}=tv (xNash1 ; xNash2 ) O=tv =@ r2(x1) w
\N r2(x1) |vLvt Qo = w 's}t=v|t A =Q `]=kD |x]kv 'OQm `]k =Q x[Qa \N
|x]kv 3 pmW QO "�2 pmW� s}t=v|t B =Q `]=kD |x]kv OQm `]k =Q x[Qa

"s}=xOQm |Q=PoCtqa B =@ =Q (0; k) |x]kv w A =@ =Q (k; 0)

"OQ=O OwHw OQi x@ QYLvtVv pO=aDl} 'OW=@xNash1 +xNashn2 Qo = %2|x}[k
VwQixOQN l} pk=OL 'x[Qa \N |wQ |x]kv Qy QO 2 pmW x@ xHwD =@ %C=@F=
hQLvt x]kv u; R= w OQ}o Q=m x@ =Q OwN x@ \w@ Qt |xv}y@ X}YND `@=D Oy=wN|t
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x�=Q=

"OvW=@v Q=QkQ@ 22 w 21 |]N |R} Qxt=vQ@ p�=Ut xm |OQwt "5 pmW

'OW=@ 22 |]N |R} Qxt=vQ@ |xr�Ut R= xv}y@ pL l} x2 Qo = 'x@=Wt Qw]x@
=Q OwN C}@ wr]t 'q=@ CtU x@ x[Qa \N |wQ CmQL =@ Ov=wD|tv 2 VwQixOQN
s}tYD '?}kQ VwQixOQN Q=DiQ x@ xHwD =@ VwQixOQN Qy xm =Hv; R= "OyO V}=Ri=

"OW=@ Vv pO=aD |x]kv l} O}=@ (x1; x2) |x]kv 'OQ}o|t =Q xv}y@
|xv}y@ X}YND `@=wD xm O}W=@ xDW=O xHwD "s}vm|t C@=F =Q sRq \QW p=L
umtt Q}e wQ u}= R= "OvQ=Ov |a]=kD |x]kv I}y 'x[Qa\N Q} R r2(x1) w v1(x1)
OwHw Vv pO=aD Qo = xH}DvQO "OW=@ xDW=O OwHw |Wv pO=aD x[Qa \N Q} R CU=
=yMU=B u} QDy@ |kqD QO Vv pO=aD uwJ "ODi}@ x[Qa \N |wQ O}=@ 'OW=@ xDW=O
u}= x@ xHwD =@ w OvQ=Ov |a]=kD I}y =yMU=B u} QDy@ 'x[Qa \N Q} R w OyO|t MQ
Qo = u}vJty "ODi}@ j=iD= x[Qa \N |wQ Vv pO=aD O}=@ CU= OwOLt C}iQ_ xm
OwN C}@ wr]t V}=Ri= |=Q@ VwQixOQN l} 'ODi}v AB \N xQ=B |wQ Vv pO=aD
pO=aD R= w Ovm xO=iDU= OwN x@ \w@ Qt �MU=B u} QDy@� xv}y@ X}YND `@=D R= Ov=wD|t
AB \N xQ=B |wQ O}=@ 'OW=@ xDW=O OwHw Vv pO=aD Qo = 'u}=Q@=v@ "OwW hQLvt
'OQ=Ov pO=aD R= h=QLv= |=Q@ |r}=tD I}y xm 1 VwQixOQN |=Q@ 'u}= Q@ xwqa "ODi}@
|=Q@ 'x@=Wt Qw]x@ "OW=@ 21 |]N |R} Qxt=vQ@ |xr�Ut R= xv}y@ pL l} O}=@ x1
R= xv}y@ pL l} O}=@ x2 'OQ=Ov pO=aD R= h=QLv= |=Q@ |r}=tD I}y xm 2 VwQixOQN

� "OW=@ 22 |]N |R} Qxt=vQ@ |xr�Ut
"OwW|t p}O@D 1 |x}[k x@ 3 |x}[k x=ov; n =1 Qo = %xHwD

C=@F= =Q Vv pO=aD |}=Dm} w CU= |OwHw |x}[k l} 3 |x}[k O}vm CkO
CU= umtt 'OW=@ Q=QkQ@ 3 |x}[k \}=QW x]kv OvJ |=Q@ Qo = `k=w QO "Ovm|tv
|=Q@ 22 w 21 |R} Qxt=vQ@ p�=Ut xm |v=tR "OW=@ xDW=O OwHw Vv pO=aD u}OvJ
p=Ft |=Q@ "OW=@ xDW=Ov OwHw Vv pO=aD CU= umtt 'OW=@v Q=QkQ@ |}x]kv I}y
p}t �xi x@ xi '5 pmW j@=]t 'OvW=@ lJwm |i=m |xR=Ov=x@ q12 w q21 |Dkw
"CU= xi Q@=Q@ 'Max �i(x; n � x) ?=wH OQwt u}= QO "(xi � �xi) Ovm|t
u=}=B QO "OvQ=Ov ?=wH 13 w 12 |=yx=oDUO x=ov; x1 + x2 > n |Dkw u}=Q@=v@

"s}vm|t |UQQ@ =Q |OOa p=Ft l}

|OOa p=Ft "5
u=} QDWt "OyO|t X}YND VwQixOQN wO x@ =Q |}q=m p=U Qy |}xOvvmu}t-=D
q=m Ow@tm CQwY QO w Ovvm|t xaH=Qt VwQixOQN l} x@ =OD@= q=m O} QN |=Q@

"OW=@ xNash1 + xNash2 > n |Dkw "4 pmW

=Q ODi=|t (n�xc2; xc2) w (n; 0) \=kv u}@\N |wQ xm |Y}YND Ov=wD|t 1
X}YND Ov=wD|t 1 VwQixOQN 'xc2 Qy |=Q@ Qo}O CQ=@ax@ "�4 pmW� Ov} RoQ@
Ov=wD|t 2 VwQixOQN xc1 Qy |=Q@ 'x@=Wt Qw]x@ "OyO py x[Qa \N u}}=B x@ =Q

"OyO py x[Qa \N |q=@ x@ =Q X}YND
Ov=wD|t 1 VwQixOQN TB 'OyO VQ=iU =Q xc2 > n Q=Okt 2 VwQixOQN Qo = �?

"Ovm PN= x[Qa \N R= |}=H Qy QO =Q (x1; x2) X}YND
OwHw Vv pO=aD l} "OW=@ xNash1 + xNash2 > n O}vm ZQi %3 |x}[k
'OW=@ xDW=O OwHw AB \N R= |DtUk |wQ (x1; x2) |x]kv Qo = \ki w Qo = OQ=O

"OW=@ Q} R |]N |[=} Q |R} Qxt=vQ@ |xr�Ut |xv}y@ pL x1 xm |Qw]x@
Max �1 (x; n� x)

s:t Max fn� x2; 0g � x � n
�1 (x; n� x) = (S1 � w1)x+ E[g1

�
x1 � [

nX
i=1

l1i

+q21
nX
i=1

(
��

(x2 � l21)+ � l22
�+ � :::�+ � l2i�1)+

�l2i)�]
�

] (21)

%OW=@ Q} R |]N |[=} Q |R} Qxt=vQ@ |xr�Ut |xv}y@ pL x2 w
Max �2 (n� x; x)

s:t Max fn� x1; 0g � x � n
�2 (n� x; x) = (S2 � w2)x+ E[g2

�
x2 � [

nX
i=1

l2i

+q12
nX
i=1

(
��

(x1 � l11)+ � l12
�+ � :::�+ � l1i�1)+

�l1i)�]
�

] (22)

AB \N xQ=B |wQ xm (x1; x2) |x]kv "s}vm|t C=@F= =Q |i=m \QW =OD@= %C=@F=
|R} Qxt=vQ@ |xr�Ut R= xv}y@ pL l} x1 Qo = "�4 pmW� O} Q}o@ Q_v QO =Q xDiQo Q=Qk
x@ x[Qa \N |wQ CmQL =@ Ov=wD|tv 1 VwQixOQN 'OW=@ 21 |]N |[=} Q

"OyO V}=Ri= =Q OwN C}@ wr]t 'u}}=B CtU
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+0 001� 0 0001 = 0
%u; QO xm

C1 = x1 � l12;

C2 = x1 � l11 � l12
q21

C3 = x1 � l11 � l12 + q21 (x2 � l22)
q21

C4 = x2 � l22;

C5 = x2 � x1 � l11 � l12
q21

D1 = x2 + q12 (x1 � l12)
q12

D2 = x2 + q12 (x1 � l11 � l12)

D3 = x2 � l22 + q12 (x1 � l11 � l12)

D4 = q12(x1 � l11)

D5 = �l22 + q12 (x1 � l11)

D6 = x1 � x2
q12

f1 = x2 � l21

f2 = �l22 + q12 (x1 � l11)� l21

Qy |=Q@ Vv pO=aD Q}O=kt 'wov}r Q=Ri=sQv \UwD xOWO=} CqO=at x=oDUO pL =@
.xNash1 = 1; xNash2 = 1 %R= CU= CQ=@a VwQixOQN

|Q}oxH}Dv "6
VwQixOQN wO w xOvvmu}t-=D l} =@ |}xQwOOvJ `} RwD sDU}U l} j}kLD u}= QO
|q=m VwQixOQN Qy x@ pYi Qy |=OD@= QO xOvvmu}t-=D xm |Qw]x@ &OW |UQQ@
Qy x@ q=m O} QN |=Q@ |v=tR xQwO OvJ QO u=} QDWt w OyO|t X}YND =Q Q_vOQwt
QO =Q OwN u=} QDWt |=[=kD CUv=wDv |WwQixOQN Qo = "Ovvm|t xaH=Qt VwQixOQN
QO |Qo}O VwQixOQN x@ u=W}=[=kD |=[Q= |=Q@ =yv; 'OvmxOQw;Q@ |v=tR xQwO Qy
Ot=}B `@=D =@ u=vm} R=@ |D@=kQ |R=UpOt R= TB "Ovvm|t xaH=Qt |v=tR xQwO u=ty
u=R}t 'xOW x@U=Lt Vv pO=aD |x]kv "O}OQo x@U=Lt |R=@ Vv pO=aD Q=Okt xDUw}B
u}= QO "OyO|t u=Wv =Q xOvvmu}t-=D C}iQ_ R= u=WwQixOQN R= l} Qy |OvtxQy@
xm |Dkw 'VwQixOQN wO |=y|SD=QDU= |UQQ@ |=Q@ =y|R=@ |x} Q_v OQm} wQ R= xr=kt
QO "CU= xOW xO=iDU= 'Ovvm|t C@=kQ =yxOvvmu}t-=D C}iQ_ QU Q@ Qo}Om} =@ wO u;
l} xW}ty 'OW=@ OwOLt=v xOvvmu}t-=D C}iQ_ xm |v=tR OW xO=O u=Wv |rm Cr=L
'CU= OwOLt C}iQ_ |=Q=O xOvvmu}t-=D xm |v=tR w OQ=O OwHw OQi x@ QYLvt pO=aD
p�=Ut QO VwQixOQN Qy X}YND Q}O=kt xm OQ=O OwHw Vv pO=aD |DQwY QO =yvD
pO=aD |x]kv '|OOa p=Ft QO "Ovvm jOY 22 w 21 |]N |[=} Q |R} Qxt=vQ@
xOW x@U=Lt |}xQwO wO u}t-=D |xQ}HvR |=Q@ xOvvmu}t-=D l} w VwQixOQN wO |=Q@
|xv} Ry w q=m Ow@tm |xt} QH |xv} Ry `@=D u=wD|t |D; |=yVywSB |=Q@ "CU=

"CiQo Q_vQO xv=o =OH CQwYx@ =Q |Q=OQ=@v=

u=} QDWt xm u}= p=tDL= "Ovvm|t xaH=Qt Qo}O VwQixOQN x@ Qw@ Rt VwQixOQN QO
u}= p=tDL= w 0 9 Q@=Q@ OvwQ@ 2 VwQixOQN x@ 1 VwQixOQN R= q=m Ow@tm QF= Q@
QO 0 1 Q@=Q@ OvwQ@ 1 VwQixOQN x@ 2 VwQixOQN R= q=m Ow@tm QF= Q@ u=} QDWt xm
Q=@v= QO VwQixOQN Qy |xOv=tCUO |wQ |i=[= |=yq=m "CU= xOW xDiQo Q_v
u=} QDWt |=[=kD u}t-=D sOa C@=@ Q=@Da= QUm R= |W=v |=yu=} R "OwW|t |Q=Oxov
q=m Ow@tm |xt} QH u=wvax@ VwQixOQN Qy |=Q@ p=U u=}=B QO q=m Ow@tm Crax@
|xt} QH w |Q=OQ=@v= |xv} Ry pt=W VwQixOQN Qy |xv} Ry `@=D "OwW|t |krD

%R= CU= CQ=@a q=m Ow@tm

ci (xi � Ei) = (hi + pi) (xi � Ei)+

nQR@ Q}O=kt |=Q@ xm =Hv; R= "CU= (xi �Ei) R= |@OLt `@=D ci(xi �Ei) `@=D
|O=} R |D=@U=Lt |=y|oO}J}B =@ |}=yv |xrO=at x=oDUO |=yxv} Ry w =yCt}k

%s}=xOQm p=tQv =Q =yv; Q}O=kt 'OW Oy=wN xH=wt

2 VwQixOQN 1 VwQixOQN
0 0001 0 2 |WwQixOta |xv} Ry
0 001 0 2 VwQi Ct}k
0 001 0 0001 |Q=OQ=@v= |xv} Ry
0 0001 0 01 q=m Ow@tm xt} QH

uDi=} 'hOy "CU= xOW xDiQo Q_v QO xQwO wO u=wvax@ p=U Qy 'p=Ft u}= QO
CqO=at CLD "CU= �VwQixOQN Qy x@ xOWx�=Q= |=yX}YND� Vv pO=aD Q}O=kt
CUO x@ Q} R CqO=at pL =@ (xNash1 ; xNash2 ) Vv pO=aD '20 |]N |R} Qxt=vQ@

%O};|t

�1 (x1; x2)
x1

= �(0 0001 + 0 01 + 0 2)

�[
x1Z

0

C1Z
0

x2Z
C5

(f1)dF21 (l21) dF11 (l11) dF12 (l12)

+
x1Z

0

C1Z
0

C2Z
0

C3Z
C4

dF21 (l21) dF22 (l22) dF11 (l11) dF12 (l12)

+
x1Z

0

C1Z
0

x2Z
0

C4Z
0
dF21 (l21) dF22 (l22) dF11 (l11) dF12 (l12)]

+0 2� 0 2 = 0
�2 (x1; x2)

x2
= �(0 001 + 0 0001 + 0 001)

�[

x2
q12Z
0

D1Z
C1

D2Z
0

D3Z
0
dF21 (l21) dF22 (l22) dF11 (l11) dF12 (l12)

+
x1Z

0

C1Z
0

x2Z
0

C4Z
0
dF21 (l21) dF22 (l22) dF11 (l11) dF12 (l12)
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1. capacity allocation
2. nash equilibrium
3. supply lines
4. individually responsive
5. local demand
6. distant demand
7. e�ective demand
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