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|xQ}HvR |DU} R \}Lt OQmrta ẁv R= pY=L |DW=Oy@ w |vt}= |=ylU} Q

"CU= u}t-=D
'xOvvmO}rwD |wU R= |Qw=:vi Q}}eD s}tYD P=ND= CQwY QOCrwO %|Q=m|@ |xv} Ry ��
Q_v QO Ot=}B `@=D QO =Q xOt; OwHw x@ |Q=m|@ R= pY=L |r=tDL= |=yxv} Ry O}=@

"OQ}o@
u=vm} R=@ |=Q@ Cq}yUD CQwYx@ um} R=@ l} xm |}=yxv} Ry %|k} wWD |xv} Ry ��

"OQ}o|t Q_v QO |Oa@
|SQv= hQYt 'C=Q}taD w |Q=Oyov pt=W |}=yxv} Ry %O}rwD |Qw=:vi |=yxv} Ry ��
xi=[= O}rwD s}kDUt |=yxv} Ry x@ xO=iDU= OQwt |Qw=:vi ẁv x]U=w x@ xm """ w
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(C1j)S12 ;

S12
3P
i=1

(I2i)S23 �
5P
j=1

(C2j)S23 ;
3P
i=1

(I2i)S22 �
5P
j=1

(C2j)S22 ;
3P
i=1

(I2i)S21 �
5P
j=1

(C2j)S21 ;

2P
i=1

(I3i)S33 �
2P
j=1

(C3j)S33 ;
2P
i=1

(I3i)S33 �
2P
j=1

(C3j)S33 ;
2P
i=1

(I3i)S33 �
2P
j=1

(C3j)S33 ;

3P
i=1

(I1i)S13 �
5P
j=1

(C1j)S13 ;
3P
i=1

(I1i)S13 �
5P
j=1

(C1j)S13 ;
3P
i=1

(I1i)S13 �
5P
j=1

(C1j)S13 ;

S13
3P
i=1

(I2i)S23 �
5P
j=1

(C2j)S23 ;
3P
i=1

(I2i)S22 �
5P
j=1

(C2j)S22 ;
3P
i=1

(I2i)S21 �
5P
j=1

(C2j)S21 ;

2P
i=1

(I3i)S33 �
2P
j=1

(C3j)S33 ;
2P
i=1

(I3i)S33 �
2P
j=1

(C3j)S33 ;
2P
i=1

(I3i)S33 �
2P
j=1

(C3j)S33 ;

S33 =|QDWt OQ@y=Q

|=yp}rLD QO CrwyU |=Q@ "OW Oy=wN p}rLD =y|R=@ u; Q@ sm =L \}=QW w |UQQ@
\U@ Q}e� xO=U CQwYx@ Ot=}B `@=D |=ypwtQi 'u=vm} R=@ R= l} Qy Ot=}B `@=wD
xOW xO=O u=Wv ?}DQDx@ Q} R CqO=at w |k]vt \@=wQ QO "CU= xOW x�=Q= �xDi=}
xJ ?=NDv= u}= 'u=vm} R=@ \UwD =yOQ@y=Q R= l} Qy ?=NDv= CQwY QO xm CU=
Oy=wN \w@ Qt Ot=}B `@=D |xH}Dv C}=yv QO w xv} Ry w Ot;QO |=yQDt=Q=B Q@ |Q}F-=D

"CW=O
&CrwO �

P1 =
3X
i=1

(I1i)S13 �
5X
j=1

(C1j)S13 )

P1 = (I11 + I12 + I13)� (C11 + C12 + C13 + C14 + C15)

Strategy : S11 ! I11 = 0; I12; I13 � 0; C11C12 = 0;
C13;C14;C15; � 0
Strategy : S12 ! I12; I13 � 0; C12 = 0; C13C14C15 � 0
Strategy : S13 ! I11; I12; I13; C11; C13; C14; C15 � 0 (7)

QO Q=O}=B |xaUwD w R@U CavY |=yOt;QO w C=Q=@Da= Ov}=Q@ xJv=vJ |rm Qw]x@
CrwO |=Q@ |DU} R \}Lt |=yxv} Ry Vy=m =} |k} wWD w |DQ=_v |=yxv} Ry Q@=Q@
|=Q@ ?=NDv= u}= "OwW|t ?=NDv= CrwO \UwD p=aiv= OQm} wQ ,=Da}@] 'OW=@v ?=PH
=Q} R &CU= QDnvQQB 'OvQ=Ov Q=O}=B |xaUwD ẁ[wt x@ |OQ@y=Q x=ov xm |}=yCrwO
OwW|t Ea=@ Q=O}=B |xaUwD |=yCaivt ẁ[wt x@ =yCrwO |OQ@y=QQ}e x=oO}O
R@U CavY OQm} wQ CrwO xJv=vJ w OwW hPL =yv; OwU `@=D R= QDt=Q=B u}= xm
u}= u=R}t x@ xDU@ 'OW=@ C@Ft =yxv} Ry Q@=Q@ QO =yOt;QO Ov}=Q@ w OW=@ xDW=O =Q
P=ND= paivtQ}e |=yOQ@y=Q u=wvax@ Ov=wD|t |k} wWD w |DQ=_v |=yCU=}U Ov}=Q@

"OwW

P1 = (I11 + I12 + I13)� (C11 + C12 + C13 + C14 + C15)

I11 = �(1 + �)(1 + �)I21

C12 = C12 + (1� )C12

P1 = [�(1 + �)(1 + �)I21 + I12 + I13]�
[(C11 + C12 + (1� )C12 + C13 + C14 + C15)] (5)

P2 = (�(1 + �)(1 + �)I21 + I21 + I22 + I23)�
(C21 + '(1 + �)C22 + C23 + C24 + C25)

I22 = C12

C25 = �(1 + �)(1 + �)I21

P2 = [(1 + �)(1 + �)I21 + C12 + I23]�" 
C21 + (1 + �')C22 + C23 + C24

�(1 + �)(1 + �)I21

!#
P2 = [(1� �)(1 + �)(1 + �)I21 + C12 + I23]�

P3 = (I31 + I32)� (C31 + C32);

I31 = (1� )C12; C31 = (1 + �)I21 + ��I21 + " =

(1 + � + ��)I21 + "

P3 = [(1� )C12 + I32]�
[(1 + � + ��)I21 + "+ C32] (6)

u=vm} R=@ Ot=}B `@=wD w =y|R=@ p}rLD "4"3
=yT} QD=t QO um} R=@ 3 Qy u=}t |OQ@y=Q C=t}tYD |rm CQwYx@ w VN@ u}= QO
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u=DU
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QW

C}
Q}Ot

w`}
=vY

|U
Ovyt ! Strategy : S22; S23

B0 > B00 ! Strategy : S22

B0 < B00 ! Strategy : S23 (10)

`@=D VRQ= A0 '|DvU |Qw=:vi Cr=L QO xOvvmO}rwD Ot=}B `@=D VRQ= B u; QO xm
xOvvmO}rwD Ot=}B `@=D VRQ= A00 w R=Ht |Qw=:vi x@ Q}}eD Cr=L QO xOvvmO}rwD Ot=}B

"CU= pw@k p@=k |Qw=:vi x@ Q}}eD Cr=L QO
&u=} QDWt �

P3 =
2X
i=1

(I3i)S31 �
2X
j=1

(C3j)S31 )

P3 = (I31 + I32)� (C31 + C32)

Strategy : S31 ! I31; I32 = 0
! P3 = �(C31 + C32)

Strategy : S32 ! I31; I32 � 0
! P3 = (I31 + I32)� (C31 + C32)

Strategy : S3 ! I31; I32 � 0; C32 � 0
! P3 = (I31 + I32)� (C31 + C32) (11)

CqwYLt O} QN x@ |r}=tDhrDNt p}qO x@ u=} QDWt 'S31 OQ@y=Q ?=NDv=Cr=L QO
|xNQJ x=Dwm COt '|i=m |y=o ; sOa 'Q}}eD =@ p@=kD w |DvU x=oO}O "OvQ=Ov R@U
C=Q}}eD '|k} wWD |=ylQLt sOa '�Q=O}=B |xaUwD OQm} wQ sOa� CavY C=}L
O=H}= ?Hwt xm CU= |r}qO u} QDsyt xrtH R= """ w 'CqwYLt Ct}k |r=tDL=
u=} QDWt R= |OQm} wQ u}vJ =@ xm |a}=vY QO "OwW|t u=} QDWt QO |Wvm =w u}vJ
P=ND= CQwY QO� u=oOvvmO}rwD w CrwO C=t}tYD u} QDsyt R= |m} 's}DUy wQx@ wQ
u}= Q}}eD |=Q@ |D=e}r@D |=yxv} Ry w |k} wWD |=yCU=}U O=H}= '�xv=Q=mty |R=@

"CU= OQm} wQ
'u=} QDWt |wU R= |ivt Vvm =w OQm} wQ CQwY QO CU= XNWt xm xJu;
O} QN |xv} Ry R= V}@ �|DU} R \}Lt |=yxv} Ry� |v=yvB |=yxv} Ry u=W}= ,=a]k
OQm} wQ =@ u=} QDWt xJv=vJ =t= "OQm Ovy=wN CN=OQB u=tR pw] QO CqwYLt
,=a]k 'OW=@ sm =L Q} R \}=QW w Ovvm x=ov Q_v OQwt CavY x@ R@U u}t-=D |xQ}HvR

%OwW ?=NDv= Ov=wD|t swU w swO |=yOQ@y=Q
(I31 + I32)� (C31 + C32) � �C031 + C032) (12)

R@U CavY OQm} wQ =@ OwU `@=D x@ \w@ Qt xrO=at=v AJ CtU |=yQDt=Q=B u; QO xm
"CU= |DvU x=oO}O =@ OwU `@=D x@ \w@ Qt CU=Q CtU |=yQDt=Q=B w

x@ |t}tYD xOvvmO}rwD xm|Dr=L QO 'CW=O xHwD u; x@ O}=@ xm |tyt |xDmv
'OvyO|t u=Wv ẁ[wt u}= x@ C@Uv C@Ft Vvm =w u=} QDWt =t= OQ=Ov |Qw=:vi Q}}eD
u=} QDWt Cr=L u}= QO =Q} R "OwW xi=[= u=} QDWt |=yxv} Ry x@ " u=R}t x@ O}=@ ,=tDL
|O}OH |=}=Rt uwJ xmCU= xOW xi=[=|r@k u=} QDWt |xawtHt x@C@Uv |O}OH
Q}}eD u}= C@=@ ,=a]k 'OvQw;|tv CUO x@ Q}}eD u}= R= O}OH u=} QDWt R= xDUO u}= =Q

"OW Ovy=wN R}J=v OvJ Qy |twta |=yxv} Ry ptLDt
xOvvmO}rwD wCrwO Ot=}B `@=D w =yOQ@y=Q |=yp}rLD QO xm |Qo}O syt |xDmv =t=
pkDUt CQwYx@ u=vm} R=@ u}= R= s=Om Qy xm CU= OQwt u}= CW=O xHwD =yv; x@ O}=@

%CW=O s}y=wN 'OW=@ Q=QkQ@ Q} R CqO=at=v xJv=vJ w |rm Qw]x@
(I11 + I13)� (C11 + C13 + C14 + C15) < A;

(I11 + I12 + I13)� (C11 + C12 + C13 + C14 + C15) < A

! Strategy : S11

(I11 + I12 + I13)� (C11 + C13 + C14 + C15) > A;

(I11 + I12 + I13)� (C11 + C12 + C13 + C14 + C15) < A

! Strategy : S12

(I11 + I12 + I13)� (C11 + C13 + C14 + C15) > A;

(I11 + I12 + I13)� (C11 + C12 + C13 + C14 + C15) > A;

A0 > A00 ! Strategy : S12

(I11 + I12 + I13)� (C11 + C13 + C14 + C15) > A;

(I11 + I12 + I13)� (C11 + C12 + C13 + C14 + C15) > A;

A0 < A00 ! Strategy : S13 (8)

`@=D VRQ= A0 'CQ=_v sDU}U uwO@ Cr=L QO CrwO Ot=}B `@=D VRQ= A u; QO xm
QO CrwO Ot=}B `@=D VRQ= A00 w CQ=_v sDU}U |R=Ov=x=Q =@ Cr=L QO CrwO Ot=}B

"CU= j} wWD w CQ=_v sDU}U Cr=L
&xOvvmO}rwD �

P2
3X
i=1

(I2i)S21 �
5X
j=1

(C2j)S21 )

P2 = (I21 + I22 + I23)� (C21 + C22 + C23 + C24 + C25)

Strategy : S21 ! I22; I23 = 0; C21; C23 = 0; C25 � 0!
P2 = (I21)� (C22 + C24 + C25)

Strategy : S22 ! I22 � 0; C23; C25;� 0!
P2 = (I21 + I22 + I23)� (C21 + C22 + C23 + C24 + C25)

Strategy : S23 ! I22 � 0; C23; C25 � 0!
P2 = (I21 + I22 + I23)� (C21 + C22 + C23 + C24 + C25)

(9)

OW=@ |v=vm|R=@ R= |m} xOvvmO}rwD 'u}t-=D |xQ}HvR |rY= um} R=@ 3 u=}t O}=W
Q}}eD |=yxv} Ry Ov}=Q@ ,=a]k "OQ=O |Q}os}tYD |=Q@ OwU `@=D x@ |k}kO ,qt=m x=ov xm
|=yxv} Ry Vy=m w CqwYLt VwQi V}=Ri= '|rN=O Cq}yUD Q@=Q@ QO |Qw=:vi
Q}F-=D �CrwO |DQ=_v CU=}U P=ND= CQwY QO� |DU} R \}Lt s�=QH x@ \w@ Qt
Qo = |rm CQwYx@ "CW=O Oy=wN u=oOvvmO}rwD |OQ@y=Q |=y|Q}os}tYD QO |tyt
's} Q}o@ Q_v QO �|DvU O}rwD� |rai C}a[w Cr=L QO xOvvmO}rwD OwU u=R}t =Q B

%CW=O s}y=wN OW=@ Q=QkQ@ Q} R CqO=at=v Qo = x=ov;
(I21 + I22 + I23)� (C21 + C22 + C23 + C24 + C25) < B

! Strategy : S21

(I21 + I22 + I23)� (C21 + C22 + C23 + C24 + C25) > B
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"""R
@UC

avY
u}t

- =D|
xQ}H

vR|
=yOQ

@y=Q
|R=

Up
Ot"CU= xOW xO=O V}=tv B O=tv =@ swO K]U =D Q}}eD w A O=tv =@ pw= K]U QO

%xr�Ut C=}[Qi
|xHOw@ hYv R= R=Ht Cr=L x@ |Qw=:vi Q}}eD QO xOvvmO}rwD w CrwO %1 ZQi ��
u=} QDWt |=Q@ j} wWD |xHOw@ |xv}W}@ R= pw@k p@=k Cr=L x@ Q}}eD QO w j} wWD

"Ovvm|t xO=iDU=
pwYLt Ct}k V}=Ri= |xR=@ |xv}W}@ R= |Qw=:vi Q}}eD QO xOvvmO}rwD %2 ZQi ��

"Ovm|t xO=iDU=
pwYLt O} QN |xv} Ry QDt=Q=B 'u=} QDWt |=[=kD Vy=m Cr=L QO %3 ZQi ��
xDiQ CUO R= u=} QDWt |=Q@ w OwW|t u}}aD O}OH MQv T=U= Q@ Q=O=iw u=} QDWt

"Ow@ Oy=wN R=HtQ}e Cr=L QO pwYLt O} QN |xv} Ry T=U= Q@
|=[=kD u=R}t x@ 'u=} QDWt |=Q@ xOvvmO}rwD wCrwO |k} wWD |=yxv} Ry %4 ZQi ��
|xaUwD w Cq}yUD R= u=} QDWt |=yOt;QO ?}DQD u}tyx@ "Ow@ Oy=wN Q}eDt =yv;

"Ow@ Oy=wN Q}eDt =yv; |=[=kD u=R}t x@ Q=O}=B
Ovy=wN xDiQo Q_v QO OL=w xawtHt l} u=} QDWt 'xOWh} QaD pOt QO %5 ZQi ��

"OW
p@=k w R=Ht 'R=HtQ}e K]U 3 Qou=}@ ?}DQD x@ C w B 'A |=yO=tv %6 ZQi

"OvDUy |DU} R \}Lt OQmrta ^=Lr x@ pw@k
Q}}eD Qw_vtx@ |Q=Pox}=tQU |=yxv} Ry 'C=@U=Lt |R=UxJQ=Bm} |=Q@ %7 ZQi ��

%s}vm|t p}O@D xvq=U CN=wvm} |=yxv} Ry x@ Q} R pwtQi j} Q] R= =Q |Qw=:vi

A = P (A=P; i�; n)! A = P (A=P; 10�; 10)

=y|R=@ |R=UpOt "1"4
`@=D |xH}Dv =@ x=Qty xr�Ut |=y|R=@ T} QD=t 'p@k |=yVN@ \@=wQ R= xO=iDU= =@
%Ow@ Oy=wN 8 pwOH w Q} R ?}DQDx@ OQ@y=Q Qy ?}mQD |=R= x@ u=vm} R=@ R= l} Qy Ot=}B
P1 = [�(1 + �)(1 + �)I21 + I12 + I13]�

[(C11 + C12 + (1� )C12 + C13 + C14 + C15)]

P2 = [(1� �)(1 + �)(1 + �)I21 + C12 + I23]�
[(C21 + '(1 + �)C22 + C23 + C24)]

P3 = [(1� )C12 + I32]� [(1 + � + ��)I21 + "+ C32]

CWoQ@ Vv pO=aD w Vv pO=aD uOQw; CUO x@ =@ '=yT} QD=t u}= G}=Dv x@ xHwD =@
%OwW|t u}}aD Q} R ?}DQD x@ xr�Ut |}=yv ?=wH ?ka x@

MaxSi2Siui(Si; S�i)

N(G)1 = (S12; S21; S31) = (�7 7; 2 4;�68)

N(G)2 = (S12; S21; S32) = (�7 3; 10;�68)

N(G)3 = (S13; S22; S32) = (�3; 11 9;�62 8)

SPE(G) = (S13;S22;S32) =(�3; 11 9;�62; 8)

'xr�Ut |=yxO=O w C=aq]= x@ xHwD =@ xm CU=vat u}O@ pY=L |xv}y@ ?=wH
R= O}rwD |Qw=:vi Q}}eD 'CrwO \UwD �CQ=_v =@ u=tRsy� j} wWD sDU}U |R=Ov=x=Q

\}=QW u; QO xm OQ@y=Q u} QDy@ w Ov=xDiQo Q=Qk p}rLD OQwt |k]vt \}=QW QO w
|xty =y|R=@ T} QD=t QO xm|r=L QO "CU= xOW x�=Q= 'OQm Ovy=wN ?=NDv= |k]vt
Q=Qk xHwD OQwt Qo}O u=vm} R=@ R= X=N OQ@y=Q l} p@=kt QO um} R=@ l} |=yOQ@y=Q
CrwO |DQ=_v OQ@y=Q Q@=Q@ QO xOvvmO}rwD |xv}y@ OQ@y=Q CU= umtt ,qFt "OQ}o|t
xQo u}ty QO =t= &OW=@ OwHwt |Qw=:vi ^iL CU=}U P=ND= 'u=} QDWt |r=aiv= w
QO =y|R=@ T} QD=t QO R}v pw@k p@=k w R=Ht x@ |Qw=:vi Q}}eD OQ@y=Q 2 u}= Q@xwqa
|xv}y@ |=yOQ@y=Q u}}aD '=yp}rLD R= hOy Qo}O CQ=@ax@ "OW Oy=wN xDiQo Q_v
Qo}O |wU R= xOW P=ND= |=yOQ@y=Q p@=kt QO OwHwt |=yOQ@y=Q u=}t R= u=vm} R=@

"Ow@ Oy=wN u=vm} R=@

=y|R=@ |xr�Ut pL VwQ "5"3
[24]%CU= Q} R KQW x@ |=y|R=@ |x} Q_v u=ty =} u=vm} R=@ |Q}os}tYD |xr�Ut pOt
Maxsi2Siui(Si;S�i) (13)

xm CU= ẁ[wt u}= Qou=}@ |[=} Q pOt u}= "CU= i um} R=@ Ot=}B ui u; QO xm
?}mQD Q@=Q@ QO i um} R=@ Ot=}B `@=D �xv}W}@� |xv}y@ p=@vOx@ =y|R=@ |x} Q_v |xr�Ut
|=vFDU= x@ u=vm} R=@ Qo}O |=yOQ@y=Q =@ (Si) um} R=@ u}= x@ \w@ Qt |=yOQ@y=Q

"CU= (Si) um} R=@
u}@ QO QwmPt |xr�Ut |xv}y@ ?=wH 4 (Nash Equilibrium) Vv pO=aD
hrDNt |=yOQ@y=Q |DQ=mO ?Q[ R= xm CU= xr�Ut |=y?=wH pt=m |xawtHt
QO OQ@y=Q ?}mQD l} pk=OL xm Ovm|t u=}@ Cr=L u}= "OwW|t p}mWD u=vm} R=@
|k]vt \}=QW QO u=vm} R=@ xm OQ=O OwHw |R=@ pOt QO =y?}mQD s=tD u=}t u}@

"OvDU}v u; Q}}eD x@ Q[=L
CUO x@ CQwY QO 'CU= s=tD w pt=m C=aq]= =@ =} wB ẁv R= |R=@ xm =Hu; R=
=} pt=m pO=aD uOQw; CUO x@ j} Q] R= xr�Ut |}=yv ?=wH 'Vv pO=aD OvJ uOt;
CUO x@ 6|aQi |R=@ s=tD pO=aD u; pO=at =} 5?ka x@ CWoQ@ Vv pO=aD u=ty
x@ Vv pO=aD QO xOt; CUOx@ |=y?=wH Ov}=Q@ p}rLD R= xv}y@ ?=wH u}= "O};|t
x@ =y|R=@ |rY= pOt p}O@D u; uOQw; CUO x@ |=yVwQ R= |m} xm O};|t CUO
=@ |}=yv ?=wH uOQw; CUO x@ C}=yv QO w |aQi |R=@ Qy pL w |aQi |=y|R=@
|=y?=wH R= |m} ,=a]k "CU= |aQi |=y|R=@ pL R= xOt; CUO x@ G}=Dv x@ xHwD
pO=aD Cr=L QO xr�Ut ?=wH "CUy R}v ?ka x@ CWoQ@ Vv pO=aD 'Vv pO=aD
CWoQ@ Vv pO=aD u=ty =} xr�Ut |}=yv ?=wH w s}yO|t V}=tvN(G)i =@ =Q Vv

"O=O s}y=wN V}=tv SPE =} N(G)max =@ =Q ?ka x@
Cr=L 2 QO ?ka x@ CWoQ@ Vv pO=aD w Vv pO=aD '|OOa p}rLD CtUk QO
"OW Ovy=wN x@U=Lt |R=i pOt ?}mQD =@ w |R=iQ}e CQwYx@ =y|R=@ |R=UpOt

|OOa p}rLD "4
QO xOW x�=Q= |=yxO=O =@ xr�Ut l} 'u; pL VwQ w pOt OQmrta |UQQ@ |=Q@

"CU= xOW |L=Q] 7 pwOH
CqwYLt O}rwD |xv}tR QO |DavY `tDHt l} x@ \w@ Qt 7 pwOH |=yxO=O
u=vm} R=@ |xv} Ry w Ot;QO Q@ QF-wt ?}=Q[ w =yQDt=Q=B s=tD xm 'CU= |Oqwi `}=vY
|Q=Pox}=tQU xm |}xv=Nro |=yR=o Vy=m Qw_vtx@ |Qw=:vi Q}}eD =} ^iL CQwY QO
|Qw=:vi Q}}eD "Ov=xOW u}}aD 'CU= xOW xDiQo Q_v QO xr=U 10 COt l} |=Q@ u;
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� = 0=03 i = 10� n = 10(Y ears)

�1 = 0=02 �2 = 0=03 �1 = �0=2
�2 = 0=1 I12 = 0=45C21 I13(A) = 2m$
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1. game theory
2. Green supply chain
3. pay-o� Function
4. nash equilibrium
5. backward induction
6. sub-game perfect equilibrium
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