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"OQ=O Ck@=]t [23w22]Ov=O|t x=iQ V}=Ri= R= |YN=W =Q hQYt V}=Ri= xm 14x=iQ

15pOt CqO=at "4
%O};|t CUO x@ 1 |xrO=at R= q=m Ct}k

Price = P0 + Cu1 + Cu2
2 (1)

xOWs=tD |xv} Ry Cu2 w Cu1 w 'Q=R=@ QO q=m Ct}k Qou=Wv Price u; QO xm
R= u=Wv =yCu =@ Price uOw@ \@DQt "CU= x=ov@ Qy |=Q@ q=m OL=w l} O}rwD |=Q@
Vy=m Ct}k O@=} Vy=m =yx=ov@ |xOWs=tD |xv} Ry Qo = =Q} R OQ=O Q=R=@ uOw@|D@=kQ
"CU= xOW xDiQo Q_v QO OwU |x}W=L l} uOQm^=Lr |=Q@ P0 "Ci=} Oy=wN
pw@k p@=k xm OwW|t |ivt x=ov@ l} OwU 's}yOv Q=Qk pwtQi u}= QO =Q P0 xJv=vJ
QO q=m OL=w Qy VwQi R= pY=L OwU ?Q[ R= x=ov@ OwU CU= K[=w "CU}v

%O};|t CUO x@ 2 |xrO=at R= pw= x=ov@ OwU "O};|t CUO x@ VwQi O=OaD

Profit1 = (Price� Cu1) �Q = (P0 + Cu2� Cu1
2 ) �Q (2)

"x=ov@ VwQi =@ CU= Q@=Q@ Q u; QO xm
x@=Wt "CU= Q@=Q@ x=ov@ wO |=Q@ �Q� VwQi Q=Okt 's}Dio p@k VN@ QO xm u=vJ
u}= j} Q] R= 'OwW|t xO}O xm u=vJ "OQ=O OwHw sy swO x=ov@ OwU |=Q@ xrO=at u}=
CU}v Cu1 =yvD u}= =Q} R OwW|t |UQQ@ pOt QO |Q}PB?U=vD |xr�Ut 'CqO=at
xJQy "Ovm|t =i}= Vkv Pofit1 u}}aD QO R}v Cu2 xmr@ OQ=O QF= Pofit1 QO xm
x=ov@ OwW|t Ea=@ ẁ[wt u}ty "OW Oy=wN QDsm sy Pofit1 'OwW QDsm CU2
"OvR@ |Qw;wv x@ CUO QDsm �� OW=@ Q}PBO}rkD |DL=Q x@ V=|Qw;wv xm |DQwYQO �� 1
|=yxv} Ry R= |W=v pw= |xir-wt "CU= xir-wt wO |=Q=O x=ov@ Qy |xOWs=tD |xv} Ry

Ov=xDiQov Q_v QO =Q xDmv u}= OwHwt C=}@O= xm Cio u=wD|t 'T=U= u}= Q@
|a@=D w CU= x=ov@ |=Q@ =RuwQO |Q}os}tYD l} 'O}rkD u=R}t |wQ |Q}os}tYD xm
|Q}os}tYD xm Ov=xOQmv CkO xDmv u}= x@ =} '�|Q}PBO}rkD� |Q}PBl}miD R= CU=
syQO w xDUw}B syx@ |Q}os}tYD wO '|Qw;wv O}rwD u=R}t w O}rkD u=R}t XwYNQO
Q}U=iD |NQ@ RwQ@ x@ CU= umtt OwHwt C=}@O= QO h=mW u}= "CU= xO}vD
|xR}ov= Cra xm xOw@ u}=Q@ ZQi xQ=wty 'p=Ft u=wvax@ "OwW QHvt CUQO=v
'�Q}PBl}miD� Q}PBO}rkD |=y|Qw;wv O}rwD |wQ |Q=Pox}=tQU |=Q@ =yx=ov@ lOv=
Oy=wN O}rkD Qo}O |=yx=ov@ \UwD |oO=Ux@ =y|Qw;wv u}= xm CU= u}= ,=iQY
C=}@O= QO OwHwt |[=} Q |=ypOt QO xm OQ=O OwHw sy |Qo}O p}rO =t= "OW
uOWO}rkD Qo = |DL %CU= xOWv OQ=w �� u=Um} C}ty= R= |Q=OQwNQ@ seQx@ ��
|Qw;wv Ov=wD|t x=ov@ 'OW=@ xDW=Ov C}ty= x=ov@ |=Q@ Qo}O |=yx=ov@ \UwD |Qw;wv
Oy=wN O}rkD Qo}O |=yx=ov@ R= |oO=Ux@ =Q |Qw;wv u}= xm xR}ov= u}= =@ Ovmv

"OQm
|xDmv wO xm CN=OQB s}y=wN |[=} Q pOt l} |xaUwD x@ =t Q=DWwv u}= QO
sy O}rkD u=R}t xmr@ '|Qw;wv u=R}t =yvDxv xm u}= %OQ=O OwN QO u=tRty =Q jwi syt
OQwtQO |Q}os}tYD xm u}= Qo}O w &CU= x=ov@ |=Q@ |Q}os}tYD syt Q}eDt l}
pOt "Ov=pt=aDt w xO}vD syQO ,qt=m |Q}os}tYD wO 'O}rkD u=R}t w |Qw;wv u=R}t
,qt=m |R=@ l} CQwYx@ w =y|R=@ |x} Q_v Q@ |vD@t |[=} Q pOt l} =t |[=} Q
xvwoJ =yx=ov@ xm OQm s}y=wN j}kLD pOt u}= ltmx@ =t "Ow@ Oy=wN 10|D@=kQ
xvwoJ 'OvQ}o|t s}tYD u=WOwN O}rkD u=R}t w |Qw;wv u=R}t Q}eDt wO OQwtQO
xvwoJ pt=aD u}= Ov};Q@ xm u}= R}v w 'OQ=Po|t QF= |Qo}O Q@ x=ov@ Qy |=y|Q}os}tYD
OQwt |Qw;wv �|Q}PBO}rkD =}� |Q}PBl}miD hrDNt |=yCr=L QO =Q |a=tDH= x=iQ
V}=Ri= |=Q@ syt CU=}U l} QF= |UQQ@ x@ u}vJty =t "O=O Oy=wN Q}}eD 'EL@
CU=}U %CU= xDiQo Q=Qk EL@ OQwt OwHwt C=}@O= QO C=:Qm x@ xm s} R=OQB|t x=iQ
hrDNt \}=QW QO xm OQm s}y=wN EL@ pOt p}rLD =@ =t "11|Qmi |=yO=OaDU= jL
xvwoJ |a=tDH= x=iQ |wQ Q@ CU=}U u}= |Q=PoQF= '|Qw;wv |Q}PBl}miD ^=Lrx@

"OQm Oy=wN Q}}eD

pOt C=}[Qi "3
x=ov@ wO u}= "OvQ=O OwHw x=ov@ wO =yvD xm CU= u; Q@ ZQi '|UQQ@ CrwyU |=Q@
"OUQ|t VwQi x@ u=Um} Ct}k =@ Q=R=@ QO xm Ovvm|t O}rwD =Q |v=Um} ,qt=m |q=m
=yvD xH}DvQO "s}vm|t ZQi u=Um} |oO=U |=Q@ sy =Q x=ov@ wO Q=R=@ R= syU |DL
"CU=yu; |xOWs=tD |xv} Ry Ovm XNWt =Q x=ov@ wO Cw=iD Ov=wD|t xm |}x]kv
|xv} Ry xm |y=ov@ Qy 'CU= u=Um} x=ov@ wO |=Q@ Q=R=@ R= syU w Ct}k xm =Hv; R=

"OQ@|t |QDW}@ OwU 'OW=@ xDW=O |QDu}}=B |xOWs=tD
x=ov@ l} |xOWs=tD |xv} Ry Vy=m 'CU= xOW ZQi |D@=kQ Q=R=@ xm =Hv; R=
|=yVN@ QO xm u=vJ "OyO|t Vy=m =Q Qo}O x=ov@ OwU w xDW=O |ivt QF= Ct}k QO
OwU x@ x=ov@ Qy |xOWs=tD |xv} Ry uO=O\=@DQ= j} Q] R= ,=k}kO 'O}O O}y=wN Oa@

"OwW|t |UQQ@ pOt QO |Q}PB?U=vD |xr�Ut 'Qo}O x=ov@
\UwD xOWO}rwD |Qw;wv xm u}= =} OR=OQB@ |Qw;wv O}rwD x@ OwN Ov=wD|t x=ov@ Qy
|xv} Ry Vy=m Ea=@ |Qw;wv OL=w l} O}rkD =} O}rwD "Ovm O}rkD =Q Qo}O x=ov@
u=WOwU x@ xm =Hv; =D =yx=ov@ "CU= xv} Ry |=Q=O OwN =t= 'OwW|t x=ov@ |xOWs=tD
|xv} Ry QO ,=iQY |Qw;wv QF= '|oO=U |=Q@ xm u}= "OvR=OQB|t O}rkD =} |Qw;wv x@ OW=@
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"""C
=QF=w

|Qw
;wvO

}rkD
wO}

rwD|
[=}

Q|
R=Up

OtO}rwD |}x}W=L |xv} Ry "s}=xDiQo Q_v QO |ki= QwLt u=wvax@ =Q u; =yQ=Owtv |t=tD
"OwW|t ZQi D0 C@=F Q=Okt R}v |Qw;wv

Cd;1 = Cd;2 = D0 (6)

lv}= "OwW xv} Ry D0 pO=at O}=@ |Qw;wv O}rwD OL=w Qy |=R=x@ xm CU=vatu=O@ u}=
R= =Q Ci w Cd s}v=wD|t 's}vm u} Ro}=H 4 |xrO=at QO =Q 6 w 5 CqO=at Qo =

%s}UQ@ 7 |xrO=at x@ |Q}op=QoDv= =@ w s}vm hPL 4 |xrO=at
Cuindirect;1 = D0 � id;1

nQ
� I0
nQ
� [ii;1 + id;2]

� ln( id;2 � ii;1
id;2

) (7)

|xv} Ry w s}kDUt |xv} Ry `tH R= =yx=ov@ R= l} Qy pm |xOWs=tD |xv} Ry
%O};|t CUO x@ 8 |xrO=at T=U=Q@ s}kDUtQ}e

Cu = Cudirect + Cuindirect (8)

uOQmpOt 'Ov=t|t xJv; "s}=xOQm pOt =Q xr�Ut |m} R}i Q=DN=U 'Q=m |=Hv}= =D
=@ x=ov@ Qy 'OW QmP p@k VN@ QO xm u=vJ "CU=yx=ov@ |Q}os}tYD |ovwoJ
O}rkD u=R}t w |Qw;wv jrN u=R}t |wQ =Q |Q}os}tYD 'OwN OwU uOQmxv}W}@ hOy
wO "OQ=O OwHw |Q}os}tYD |=Q@ xrO=at Q=yJ =Pr "OyO|t s=Hv= Qo}O x=ov@ R= |Qw;wv
|xrO=at wO w |Qw;wv jrN u=R}t =@ x]@=Q QO =Q =yx=ov@ |Q}os}tYD |xOa=k xrO=at

"OvyO|t u=Wv O}rkD =@ x]@=Q QO Qo}O
u=vJ "Ovvm|t u}}aD OwN |Qw;wv u=R}t x@ xHwD =@ =Q u=WO}rkD u=R}t =yx=ov@
O}rwD *s}kDUt |xv} Ry QO |Qw;wv jrN OL=w l} w O}rkD OL=w l} Q}F-=D 's}Dio xm
x=ov; Ci � Cd xm OW=@ |}xvwox@ x=ov@ O}rkD w |Qw;wv u=R}t Qo = =Pr "CU= u=Um}
OL=w l} Vy=m w OwN |Qw;wv jrN u=R}t x@ OL=w l} V}=Ri= =@ Ov=wD|t x=ov@
OyO Vy=m (Cuindirect) =Q OwN s}kDUtQ}e O}rwD |xv} Ry 'OwN O}rkD u=R}t R=
|=Q@ |y@=Wt \}=QW "Ovm Q}}eD (Cudirect) s}kDUt O}rwD |xv} Ry xm u; uwO@
xv}y@ |v=tR O}rkD =@ x]@=Q QO x=ov@ |Q}os}tYD =Pr "OQ=O OwHw Ci � Cd Cr=L
CQ=@a pOt pL |rY= |xrO=at Q=yJ R= xrO=at wO TB "Ci = Cd xm Ow@ Oy=wN

%R= Ow@ Oy=wN
Ci;1 = Cd;1 (9)

Ci;2 = Cd;2 (10)

Ovm|t xv}W}@ xOWO}rwD |Qw;wv ?ULQ@ =Q =yx=ov@ OwU R}v Qo}O |xrO=at wO
%R= Ov=CQ=@a |oO=Ux@ xm �12 w 11 CqO=at�

@Profit1
@id;1

= 0 (11)

@Profit2
@id;2

= 0 (12)

G}=Dv p}rLD w pOt pL "5
pL ltmx@ ii;1; ii;2; id;1; id;2 pwyHt Q=yJ uOQw; CUO x@ |vatx@ pOt pL
O}=@ "�12 =D 9 CqO=at� OW u=wva p@k VN@ |=yDv= QO xm CU= |}xrO=atQ=yJ
|=Q@ xm |Dkw "CU= xOW xO=iDU= pt=m C=aq]= ZQi R= =Hv}= QO xm CW=O xHwD

%CUq=m O}rwD s}kDUt
Cudirect = C0 � ( m

id + ii
) (3)

uw}Uv=t}O "OvDUy xrO=at uw}Uv=t}O s}_vD |=Q@ |@}=Q[ m w C0 u; QO xm
Ovv=t m uw}Uv=t}O w �q=m OL=w Q@ pwB OL=w� Cudirect uw}Uv=t}O Ovv=ty C0
\UwD xOWO}rwD |Qw;wv O=OaD id "CU= �|Qw;wv OL=w O=OaD� ii w id uw}Uv=t}O
w id;1 =@ pw= x=ov@ \UwD xOWO}rwD |Qw;wv xt=O= QO xm CU= x=ov@ wO R= l} Qy
|Qw;wv O=OaD R}v ii "OwW|t xO=O u=Wv id;2 =@ swO x=ov@ \UwD xOWO}rwD |Qw;wv
QO xm =Hv;R= "CU= pw= x=ov@ \UwD xOWO}rkD |Qw;wv O=OaD ii;1 xm CU= xOWO}rkD
=Q swO x=ov@ R= pw= x=ov@ O}rkD u=R}t CQ=@a u}= 'OQ=O OwHw x=ov@ wO =yvD =t pOt
"CU= pw= x=ov@ R= swO x=ov@ \UwD xOWO}rkD |Qw;wv O=OaD R}v ii;2 "OyO|t u=Wv
l} QF= =@ 'q=m O}rwD |xv} Ry |wQ |Qw;wv OL=w l} QF= s}Dio p@k VN@ QO

"CU= xOW ^=Lr 3 |xrO=at QO xDmv u}= "CU= u=Um} O}rkD OL=w
|Qw;wv O}rkD w O}rwD |=yxv} Ry R= |W=v 'x=ov@ |xOWs=tD |xv} Ry swO |xir-wt

"OvwW|t umWQU q=m |xOWs=tD |xv} Ry |wQ =yxv} Ry u}= "CU=

Cuindirect =

idR
0
Cddx+

iiR
0
Cidx

nQ
(4)

|xv} Ry Ci w |Qw;wv OL=w l} O}rwD |}x}W=L |xv} Ry Cd '4 |xrO=at QO
O}k xm OW=@ |}xvwox@ O}=@ |Ov@pwtQi u}= "CU= |Qw;wv OL=w l} O}rkD |}x}W=L
Ov=wD|tv |y=ov@ I}y =Q} R 'OwW C}=aQ u; QO ii;1 � id;2 w ii;2 � id;1 syt
=@ Q@=Q@ R}v n "Ovm O}rkD u; R= 'Qo}O x=ov@ \UwD xOWO}rwD *|Qw;wv u=R}t R= QDW}@
OwN QF= 'Qw@ Rt |Qw;wv xm |}=yp=U O=OaD |va} "CU= |Qw;wv Qta |=yp=U O=OaD
u; QF= 'uOW u} Ro}=H =@ COt u}= R= TB w OyO|t u=Wv xOWs=tD |xv} Ry QO =Q
n =QJ =t= "s}=xOQm ZQi C@=F w 16=RuwQ@ Q}eDt l} =Q n =Hv}= QO "OwQ|t u}@ R=
|=Q@ R}Jxty pOt u}= QO xm CU= u; Cra #CU= xOW Qy=_ pwtQi u}= GQNt QO
QO |Qw;wv xm |r=U n pm R= u}=Q@=v@ "CU= xOW xDiQo Q_v QO xr=U l} |xQwO l}
|k]vt TB "s}vm|t pOt OQ=w =Q u; p=U l} =yvD 'OQ=O QF= x=ov@ Cuindirect
OQ=w =Q u; 1=n =yvD w xOQm x=ov CQwY u}tyx@ sy =Q |Qw;wv |=yxv} Ry xm CU=

"s}vm pOt C=@U=Lt
CUO x@ 5 |xrO=at R= pw= x=ov@ |=Q@ |Qw;wv OL=wl} O}rwD |}x}W=L |xv} Ry

%CU= xOW ^=Lr u; QO xOWQmP O}k xm O};|t

Ci;1 = I0 � ii;1
id;2 � ii;1 (5)

|Qw;wv OL=w l} O}rkD |xv} Ry 'OwW|t ii;1 = id;2 xm |v=tR 'pwtQi u}= j@]
xQ=wty 'pOt QO pwtQi u}= R= xO=iDU= =@ =Pr "OwQ|t C}=yv|@ CtU x@ QDW}@
swO x=ov@ O}rkD |xv} Ry |=Q@ R}v |y@=Wt pwtQi "OwW|t C}=aQ ii;1 <= id;2
s}_vD =Q xrO=at uw}Uv=t}O wUl} R= xm CU= |@} Q[ =Hv}= QO R}v I0 "OQ=O OwHw
=vatu}O@ "CU= |Qw;wv |Q}PBO}rkD u=R}t |=Q@ |YN=W Qo}O |wU R= w Ovm|t
|Qw;wv =Pr w xDW=OQ@ QO |QDsm |=yxv} Ry |Qw;wv O}rkD 'OW=@ QDsm I0 xJQy xm
I0 Qo = w Q}PBO}rkD ,qt=m |Qw;wv 'OW=@ QiY =} lJwm |r}N I0 Qo = "CU= QDQ}PBO}rkD
p}rLD xr=kt u}= hOy xm =Hv; R= "CU= Q}PB=vO}rkD ,qt=m |Qw;wv OW=@ nQR@ |r}N
xr=kt u}= |xt=O= QO I0 'CU= |Q}PBO}rkD hrDNt Cq=L QO CU=}U w \}=QW
QO w pkDUt Q}eDt u=wvax@ =Q u; =yp}rLD |t=tD QO w Ovm|t =i}= |O}rm |Wkv
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"""w
VN

@Z
}i=[

Q}ra
'|r}

kp
}yU

'T
tW

xt=o
vy 'Q=_Dv= j@=]t "1 %OyO|t CUO x@ =Q |tyt G}=Dv =y?=wH u}= p}rLD

'OwW QDW}@ O}rkD |=yxv} Ry Qo = |va} "CU= |OwaY I0 ?ULQ@ |Qw;wv O}rwD
x@ xHwD uwO@ |Um Qo = "2 "CN=OQB Ovy=wN |Qw;wv jrN x@ QDW}@ =yx=ov@
|=yxv} Ry QF= Oy=wN@ �Ovm|t ^=Lr =Q |y=ov@ u}@ \@=wQ |oO}J}B xm � pOt
Q@ O}rkD |=yxv} Ry V}=Ri=� Cio Oy=wN Ovm p}rLD O}rkD w |Qw;wv |wQ =Q O}rkD
?r=H Q=}U@ |}xDmv u}= w �OQ=O |ivt QF= u; O}rkD Q@ w C@Ft QF= |Qw;wv jrN

"CU=
|=yxv} Ry V}=Ri= "CU}v xvwou}= OvyO|t u=Wv pOt |=y?=wH xm u=vJ =t=
x@ xHwD =@ ?}Ha Qy=_x@ |xH}Dv u}= x}HwD "Ovm O=} R =Q O}rkD u=R}t Ov=wD|t O}rkD
wU l} R= 'OwQ|t q=@ O}rkD |xv} Ry xm |v=tR "CU}v CNU u=OvJ pOt \@=wQ
w 13 CqO=at T=U=Q@ =Q} R "OvwW|t O}rkD xOWO}rwD |=y|Qw;wv R= |QDsm VN@

%�2 pmW� CU= |rwRv I0 ?ULQ@ xm s}UQ|t 16 xrO=at x@ 14

ii;1/id;2 = ii;2/id;1 = D0
D0 + I0

(16)

u=R}t CU= umtt 'xDi=} V}=Ri= xOWO}rwD |=y|Qw;wv pm uwJ Qo}O |wU R= =t=
pt=W =Q xOWO}rwD |=y|Qw;wv pm R= |QDsm OYQO xJQo = O@=} V}=Ri= pm QO O}rkD

"OwW
u=vJ "s}vm |UQQ@ |twta x=iQ Q@ =Q |Qw;wv O}rkD |=yxv} Ry QF= s}Ovtxkqa =t
x=iQ R= |YN=W u=wvax@ �Ct}k� =Hv}= QO 'OW u=wva pOt C=}[Qi K} QWD QO xm
O}rkD |=yxv} Ry u=R}t ?ULQ@ =Q Ct}k C=Q}}eD '3 pmW "CU= xOW xDiQo Q_v QO
Ct}k 'u}}=B |r}N |=yI0 |=R=x@ 'OwW|t xOy=Wt xm u=vJ "OyO|t u=Wv |Qw;wv

" I0?ULQ@ |Qw;wv O}rwD u=R}t x@ O}rkD u=R}t C@Uv "2 pmW

"I0 ?ULQ@ =yx=ov@ xOWs=tD xv} Ry "3 pmW

CU= |vat u}= x@ 'OwW|t |Q=Po}=H 11 |xrO=at QO 10 |xrO=at ,qFt 'pOt pL
"OQ=O |y=o ; ,qt=m O}rkD |=Q@ 2 x=ov@ CU=}U R= 1 x=ov@ OwW|t ZQi xm

u=R}t |Q=PoQF= |ovwoJ |UQQ@ Q=DWwv u}= |rY= hOy 'OW QmP xm u=vJ
pOt hrDNt |=yQDt=Q=B x@ =yQ=Owtv s}UQD |=Q@ =Pr "CU= pOt Q@ |Qw;wv |Q}PBO}rkD
"CU= xOW xDW=O xov Q}eDt u=wvax@ I0 =yvD w xOW xO=O X=YDN= |OOa Q}O=kt
=Q |Qw;wv O}rkD w O}rwD |}x}W=L |xv} Ry x=ov@ wO Qy |=Q@ 'CqO=at pL |=Q@
=D �swO x=ov@ |=Q@ 10 |xrO=at w pw= x=ov@ |=Q@ 9 |xrO=at� s}yO|t Q=Qk |w=Ut
x=ov@ O}rkD u=R}t '9 |xrO=at pL R= "O}; CUO x@ O}rwD u=R}t ?ULQ@ O}rkD u=R}t

%R= CU= CQ=@a xm O};|t CUO x@ pw=

ii;1 = id;2 � D0
D0 + I0

(13)

%O};|t CUO x@ x@=Wt |}x]@=Q R= R}v swO x=ov@ O}rkD u=R}t
ii;2 = id;1 � D0

D0 + I0
(14)

VN@ 'OW=@ lJwm |r}N I0 xm |v=tR 'OvyO|t u=Wv 14 w 13 CqO=at xm u=vJ
,=@} QkD OW=@ nQR@ |r}N I0 xm |v=tR w OW Oy=wN O}rkD 'xOWO}rwD |=y|Qw;wv s_a=

"OW Oy=wNv O}rkD |R}J
TB "OvyO|t x�=Q= Qo}O x=ov@ id ?ULQ@ =Q x=ov@ Qy ii 'Q}N= |xrO=at wO
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"OW=@ xDW=O pOt R= GQNDUt |=yCU=}U w =y?=wH Q@ |tyt
=[=kD uOw@ VWm|@ ZQi xm CU= u}= sy pOt VQDUo syt |x]kv l}
|a@=D �Q� VwQi Q=Okt xm ZQi u}= =@ pOt VQDUo xm |DQwY QO "OwW xDW=OQ@

=yCWwv=B
1. social welfare
2. imitability
3. di�usion
4. appropriability
5. capture
6. intellectual property
7. patent
8. copy right
9. tangible goods
10. strictly competitive game

11. intellectual property right
12. perfect information
13. innovation di�usion
14. welfare economics
xr=kt 1 |xt}t[ QO =yu; |xQ=@ QO |QYDNt C=L}[wD w =yQ}eDt |=ys=v R= |DU}r "15

"CU= xOt;
16. exogenous
l} s}vm sUQ =Q Q=Owtv s}v=wD@ xm u; |=Q@ 'Oa@ |=ypmW |t=tD w pmW u}= QO "17
R= Ov=CQ=@a Q}O=kt u}= "s}=xOQm ZQi pOt |=yQDt=Q=B |=Q@ |OOa Q}O=kt |QU

"nQ = 100; C0 = 1;m = 5; D0 = 1
xm |OL =@ u; ?=wH xm s}v}@|t 's} Q}o@ OL I0 !1 |=R=x@ 20 |xrO=at R= Qo = "18
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xt=o
vy u}= "OwW|t |m} �xOt; u; C=@F= '1 |xt}t[ QO w� s}OQm ?=UL 14 |xrO=at |=Q@

VOwHw sOa =@ |Q=YLv= jL CU=}U OwHw I0 ! 1 |=R=x@ xm CU=vat u=O@
"Ovm|tv |Dw=iD

19. pre-invention
20. post-invention
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Q} R |RQ= sy R= Ovm p}t C}=yv|@ x@ �I0� |Qw;wv O}rkD |xv} Ry xm |OL Cr=L QO
%s}vm|t xO=iDU=

ln(1 + x)x!0 �= x� x2=2 + :::

%O};|t CUO x@ xvwou}= |OL Cr=L QO |Qw;wv O}rwD u=R}t xH}Dv QO

lim
I0!1

Id =
s

mC0I0nQ
I0 � [D0 � I0 � 1=2 � ( D0

D0+I0 )2]
=
r
mC0nQ
D0

xt}t[
%O};|t CUO x@ Q} R x]@=Q R= xOWO}rwD |Qw;wv u=R}t OW QmP xJv=vJ

id;1 = id;2 = D0 + I0
2D0 + I0

�
s

mC0I0nQ
(D0 + I0) � [D0 + I0 � ( D0

D0+I0 + ln I0
D0+I0 )]
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