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=yVwQ u}= K} QWD x@ xt=O= QO "13u=oQ@N C=Q_v Q@ |vD@t |=yVwQ &12T=}k

"s} R=OQB|t

p}rLDwx} RHD |rw 'Ov=|}=m} Qt; ẁv R= OwW|t xrO=@t TQw@ Q=R=@ QO xm |}=yxrt=at
&CU= |}=m} Qt; ẁv |=yxrt=at Q=}DN= R= QDu=U; ,=twta |}=B wQ= |=yxrt=at Q=}DN=
*|}=B wQ= |=yxrt=at Q=}DN= R= |}=m} Qt; |=yxrt=at Q=}DN= |=ypwtQi w X=wN |NQ@
M} Q=D QO x}=B |}=Q=O Ct}k uOw@ |iO=YD x@ xHwD =@ "OwW|t G=DvDU= =yu; Q}_v
Cr=L QO =Q |}=B wQ= |=yxrt=at Q=}DN= QO Q=Pox}=tQU |}=yv VRQ= =} xOR=@ 'O}UQQU
=Q K Qo = &CU}v p}NO =Hv}= QO |Q=Pox}=tQU |x}rw= |xv} Ry "s}vm|t u=}@ |rm
R= pY=L xOR=@ 's}v=O@ O}UQQU u=tR QO x}=B |}=Q=O Ct}k =Q ST w p=ta= Ct}k

%R= CU= CQ=@a |}=B wQ= O} QN C}akwt
max(ST �K; 0) (1)

xrt=at Q=}DN= x=ov; k < ST Qo = \ki w Qo = xm CU= C}ak=w u}= Qou=Wv 1 |x]@=Q
O} QN Q=}DN= O=OQ=Qk QO VwQi C}akwt xm |Q=Pox}=tQU xOR=@ "OW Oy=wN p=ta=

%R= Ow@ Oy=wN CQ=@a CU= xOQm P=ND= |}=B wQ=
�max(ST �K; 0) = min(k � ST ; 0) (2)

|}=B wQ= VwQi Q=}DN= O=OQ=Qk QO O} QNC}akwt xm |Q=Pox}=tQU xOR=@ p=wvt u}tyx@ w
%CU= u}vJ xOQm P=ND=

max(k � ST ; 0) (3)

[7]%R= CU= CQ=@a |}=B wQ= VwQi Q=}DN= VwQi C}akwt |xOvQ=O xOR=@ u}vJty
�max(K � ST ; 0) = min(ST �K; 0) (4)

C=Q=}DN= |Q=PoCt}k |=yVwQ `=wv= "4
xO=iDU= OQwt C=Q=}DN= VRQ= w |r=t C=Q=}DN= p}rLD |=Q@ |irDNt |=y|SwrwODt
C=LqY= w RrwWlr@ Ovv=t xDU@ sQi CqO=at pt=W =y|SwrwODt u}= "OQ}o|t Q=Qk
|=yVwQ '�|}xrtHOvJ w |}xrtHxU '|}xrtHwO Ovv=t� |}xm@W 'wrQ=mCvwt 'u;
p}Uv=Qi}O CqO=at Ovv=t |OOa Tv=} Q=w Vy=m |=yxw}W Qo}O w Tv=} Q=w Vy=m
=yVwQ u} QD|OQ@ Q=m w u} QDsyt RrwWlr@ w |}xrtHwO |=yVwQ "CU= 10|�RH

"CN=OQB s}y=wN =yu; |iQat x@ xt=O= QO xm OvDUy

|}xrtHwO VwQ "1"4
"CU= xrt=at Q=}DN= |Q=PoCt}k |=Q@ pw=ODt w O}it |}xw}W �|}xrtHwO CNQO�
xm CU= |irDNt |=yQ}Ut |xOvyOu=Wv xm CU= |Q=Owtv CQwYx@ pOt u}=
wO x@ |}xrtHwO OQm} wQ "Ovm |] xrt=at Q=}DN= Qta |] QO s=yU OQ=O p=tDL=
�d� |v}}=B w �u� |}q=@ |=yQwDm =i |x@U=Lt u; u}rw= xm OQ=O R=}v C=@U=Lt |QU
|}q=@ QwDm =i `k=w QO "CU= �p� |FvN lU} Q p=tDL= |Q}oxR=Ov= T=}kt |Qo}O w
x}=B |}=Q=O VRQ= Vy=m p}Uv=DB |v}}=B QwDm =i w x}=B |}=Q=O VRQ= V}=Ri= p}Uv=DB
CqO=at xawtHt u}= "OwW|t xOy=Wt VwQ u}= x@ \w@ Qt CqO=at xt=O= QO "CU=

"OQ=O OQ@ Q=m u; |oO}J}B x@ xHwD uwO@ |}xrtHwO |=ypOt |xty |=Q@
u = e�

p
@t (5)

d = e��
p
@t (6)

p = e(rf�b)@t � d
u� d (7)
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"16Q=R=@ |=yx}=tv =@ xU}=kt =} w Q=R=@ |=yXN=W R= xO=iDU= OQm}wQ �hr=
|=Q@ xOta Qw]x@ 'OwW|t xO=iDU= |Q}PBu=Uwv u}tND |=Q@ u; R= xm VwQ u}=
XwYNt |=yxO=O xm|v=tR =D �� xOvwWOkv Q}e w xOvwWOkv |=y|}=Q=O |xU}=kt
O=Q}= "OQ=O OQ@ Q=m �� OvW=@ TQDUO QO xU}=kt p@=k |=yQ=R=@ w =yVN@ 'CavY
CU= CNU ?U=vt w xU}=kt p@=k |=yx=ov@ uDi=} |y=o xm CU= u}= VwQ u}=
|=yx=ov@ |QU l} R= xO=iDU= sOa =} xO=iDU= =@ xm CU= umtt R}v G}=Dv w
|=yxSwQB |=Q@ "CU= pta QO |oO=U u; C} Rt xm |r=L QO 'Ovm Q}}eD X=N
p@=k xm Q=R=@ QO ODUwO=O p@=k s=yU |=yCt}k R= |}xawtHt '|UQQ@ CLD
=ylU} Q '=yQ=R=@ 'h}=_w O}=@ =yu=tR=U u}= "OQ}o|t Q=Qk xO=iDU= OQwt Ov=xU}=kt
|=yCt}k u}= R= xO=iDU= =@ TBU "OvW=@ xDW=O |v=Um} |}=}i=QeH C}akwt w
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pmWt|rwCU= x}@W Q=}U@ |Okv C=v=} QH xOR=@|tD} Q=or OQm} wQ x@ |SwrwODt
xU}=kt p@=k |=yQ=R=@ QO |D=P |=ylU} Q xm s}OQm ZQi xm CU= u}= VwQ u}=
|@=} RQ= `k=w QO "CU= u=Um} |UQQ@ CLD |=yxSwQB QO |D=P |=ylU} Q =@
u}= |=Q@ "OQ=O |oDU@ =yxSwQB *|vwo =vwo w p@=kDt C=QF= x@ nQR@ |=yx=ov@ R= Q=R=@
=Q u; O}=@ s}vm xO=iDU= |ak=w C=Q=}DN= OQm} wQ QO |Q}PBu=Uwv u}= R= s}v=wD@ xm
[5]"s}vm 18|tQy= �D/E� 17s=yU u=@L=Y jwkL x@ |yO@ MQv R= xO=iDU= =@
�RO = �Equity

1 +D=E
(16)

w 'OvW=@ xU}=kt p@=k =yQ=R=@ xJv=vJ "19x}=B |}=Q=O Q@ |vD@t OQm}wQ �?
VwQ R= u=wD|t OvW=@ xDW=O OwHw |DavY |=yXN=W =} |rN=O |=yXN=W
|Q}PBu=Uwv T=U=Q@ xm �� xSwQB lU} Q *uOQmZQi u=Um} =t= "OQm xO=iDU= hr=
?=NDv= QO O}=@ "CU}v K}LY =yVN@ w CavY lU} Q =@ �� xOW |Q}oxR=Ov=
?U=vt |=yx=ov@ ?=NDv= R}v |y=o w OQm |O=} R CkO xU}=kt p@=k OQ=wt
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|=Q@ xOt; CUO x@ |Q}PBu=Uwv O}=@ Cr=L u}= QO xm OvQ=O OOHt |Q=Pox}=tQU

"s}vm |tQy= =Q x]w@ Qt Q=m w ?Um
�Business = �Equity

1 +DMarket=EMarket
(17)

�RO = �Business � (1 + DCompany
ECompany

) (18)

`@=vt R= |Q=Pox}=tQUpm =} 'OW=@ xDW=Ov OwHw OOHt|Q=Pox}=tQU xSwQB QO xJv=vJ
"�RO = �Business w Dcompany = 0 x=ov; OwW u}t-=D CmQW |rN=O

"CU= 20|}x}=tQU |xv} Ry |vRw u}ov=}t VwQ R= xDiQoQ@ xO}= u}=

u=oQ@N C=Q_v Q@ |vD@t |=yVwQ "3"5
21|D} Q}Ot |=yx}[Qi R= xO=iDU= OQm} wQ '=yVwQ xDUO u}= QO VwQ u} QDsyt
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"""w lOY '|oDU@ty 'Tv=} Q=w 'Q=}at h=QLv= 'xvt=O uwJ |}=yQDt=Q=B =@ u=wD|t =Q

[5]"CUq=@ VwQ u}= |=]N u=R}t xJQo = 'O=O u=Wv

|Okv C=v=} QH Q@ |vD@t |=yVwQ =@ \@DQt |=yOQm}wQ "1"5
%R= Ov=CQ=@a l}miD x@ =yOQm} wQ u}=

Ct}kxOR=@ sD} Q=or OQm}wQ =} |Okv C=v=} QH xOR=@ sD} Q=or OQm} wQ �hr=
xO=iDU= |N} Q=D |=yCt}k =} xOv}; |Okv C=v=} QH R= |QU l} R= "14syU
u}= |a}@] sD} Q=or TBU w s}vm|t p}O@D |@Uv xOR=@ x@ =Q =yu; w s}vm|t
|a}@] |tD} Q=or |=yxOR=@ u}= OQ=Ov=DU= h=QLv= "s}vm|t x@U=Lt =Q |@Uv xOR=@
VwQ ẁv x@ xHwD uwO@ "CU= |Okv C=v=} QH |QU |}xQwO |Q}PBu=Uwv u=ty
QO xO=iDU= Qw_vtx@ =Q xOWxOR u}tND |}xQwO |Q}PBu=Uwv O}=@ 'xO=iDU= OQwt
u}= |=Q@ "OQm p}O@D xv=}r=U |Q}PBu=Uwv x@ |r=t C=Q=}DN= =} |ak=w C=Q=}DN=
w p=U l} QO xQwO O=OaD p u; QO xm OQm xO=iDU= �pp pwtQi R= O}=@ Qw_vt
R= xO=iDU= =@ =Q |Q}PBu=Uwv u=R}t TBU "CU= |}xQwO |Q}PBu=Uwv u=ty �

[5]"Ovvm|t x@U=Lt 12 |x]@=Q

volatility =

vuut 1
n� 1

nX
i=1

(xi � x)2 (12)

|x@U=Lt |=Q@ VwQ u}= QO "15|rai VRQ= xOR=@ sD} Q=or OQm} wQ �?
VRQ= ẁtHt wO x@ =Q xOW xORu}tND |D; |Okv C=v=} QH s=tD '|Q}PBu=Uwv
"s}vm|t s}UkD '|rai u=tR |=Q@ |Qo}O w |v=tR |xQwO u}rw= |=Q@ |m} '|rai
C=v=} QH &OwW xDiQo Q_v QO C@=F p} RvD MQv l} OwW|t ?@U C=@U=Lt u}=
xOQm x@U=Lt =Q Q}O=kt u}= ẁtHt TBU "Ov=xOW p} RvD '1 w QiY u=tR x@ |Okv

"s}vm|t x@U=Lt =Q s}UkD pY=L sD} Q=or w

X = ln

2664
nP
i=1

PV CFi
nP
i=0

PV CFi

3775 (13)

hrDNt |v=tR |=yxQwO QO |D; |Okv C=v=} QH p=L VRQ= PVCF xm |r=L QO
|}=Q=O xm |t=ovy |ak=w C=Q=}DN= R= xO=iDU= |=Q@ QDW}@ OQm} wQ u}= "CU=
u}tND R}v Q_=vDt |Q}PBu=Uwv w xOW x@U=Lt =yxSwQB |Okv C=v=} QH w |ak=w
|Q}PBu=Uwv x@U=Lt |=Q@ xOta Qw]x@ VwQ u}= "OwQ|t OQ@ Q=m x@ 'OW=@ xOW xOR
u; pwtat OQ@ Q=m w OwW|t xOQ@ Q=m x@ Ov=|Okv C=v=} QH |=Q=O xm |}=y|}=Q=O

[5]"CU= |ak=w C=Q=}DN= VwQ QO
"�|O=yvW}B VwQ�|yOOwUXN=W `} RwD `@=D Q=}at h=QLv= R= xO=iDU= �G
u=tR QO |rai |=yVRQ= ẁtHt R= xO=iDU= |=H x@ jwi VwQ |xaUwD u=wvax@
|yOOwU XN=W "s}vm|t xO=iDU= |yOOwU XN=W R= |rai u=tR w QiY
"OyO|t u=Wv =Q xSwQB l} R= pY=L Ot;QO w |Q=Pox}=tQU u=R}t u}@ |x]@=Q

%R= CU= CQ=@a MQv u}= h} QaD
PI = NPV +Outlay

Outlay
) PI = 1 + NPV

outlay
(14)

V olatility = STD (PI) (15)

`} RwD `@=D OQ=Ov=DU= h=QLv= CQwYx@ =Q |Q}PBu=Uwv OwW|t xOy=Wt xm u=vJ
XN=W Q@ |vD@t xm CU= u; VwQ u}= C} Rt "s} Q}o|t Q_v QO xOW|R=Ux}@W
|=Q@ u; K}[wD w OQ=Ov |R=}v xSwQB R= GQ=N |=yxO=O x@ xm CU= |Q@Dat |r=t

"CU= QDCL=Q u=Q}Ot
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}Qt %OQw; CUO x@ 20 |xrO=at

R(D;t) = R(F;t) + �IRR � � (20)

xSwQB Qta pw] R= t |xQwO Qy QO xOWs}_vD lU} Q p} RvD MQv R(D;t) u; QO xm
CU= xSwQB Qta pw] R= t |xQwO Qy QO lU} Q uwO@ |xQy@ MQv R(F;t) 'CU=
h=QLv= �IRR 'Ov};|t CUO x@ xOv}; |=Q@ xOWx@U=Lt |xQy@ MQv j} Q] R= xm
Qy |xv} Ry � w CU= xSwQB |yOR=@ lU} Q *pO=at xm CU= |rN=O xOR=@ MQv Q=}at
C@=F |x}=tQU |Q=PoCt}k pOt QO � ?} Q[ x@ xHwD =@ [7]"CU= lU} Q OL=w
|Q=R=@ Ct}k u=R}t 'Q=R=@ C=}@ QHD w 24AQ=W *lD ?} Q[ pOt w 23�CAPM�
|xrO=at u}=Q@=v@ "s} Q}o|t Q_v QO 2 Q@=Q@ =Q p=tQv |O=YDk= *pk=a *u=Uv= |=Q@lU} Q

"OQm K}LYD u}vJ u=wD|t =Q 20
R(D;t) = R(F;t) + �IRR � 2 (21)

pmWt Kq]Y=x@ w OW=@v Q}PBu=mt= xSwQB |rN=O xOR=@ MQv |x@U=Lt xJv=vJ
|yOR=@ MQv Q=}at h=QLv= R= u=wD|t 's}W=@ xDW=O |rN=O xOR=@ MQv |D=@U=Lt
XN=W u}= "OQm xO=iDU= |rN=O xOR=@ MQv |=Hx@ 25�MIRR� xOWp}OaD |rN=O
u} Ro}=H =yvD w u} QDy@ =t= 'OvR|t u}tND |ak=w Q=Okt R= QDsm =Q xSwQB lU} Q u=R}t
CQwQ[ �MIRR wRF |x@U=Lt xt=O= QO "CU= xSwQB |ak=wlU} Q |=Q@ umtt

"O@=}|t
lU} Q uwO@ |xQy@ MQv |x@U=Lt "1"1"6

|xQy@ MQv '|ak=w C=Q=}DN= VwQx@ |Q=PoVRQ= QO |OwQw |=yQDt=Q=B R= Qo}O |m}
=@ |=y|}=Q=O |Q=PoVRQ= QO |r=t uQOt |x} Q_v j@] "CU= QwWm lU} Q uwO@
xS} wx@ �� CU}v xDiQW}B =yu; QO x[Qk j=Qw= Q=R=@ xm |}=yQwWm |=Q@ 26C@=F Ot;QO
Q}PBu=mt=27S=QD}@ Q;|Q=PoCt}k|x} Q_vltmx@ x[Qkj=Qw=|Q=PoVRQ= xm|t=ovy

%R= CU= CQ=@a 28lU} Q uwO@ |xQy@ MQv |x@U=Lt |xw}W u} QDy@ �� OW=@v
RF = (1 + I)� (1 + g)� 1 (22)

Xr=N=v O}rwD OWQ MQv g w sQwD MQv I 'lU} Q uwO@ |xQy@ MQv RF u; QO xm
CavY x@ |O=} R |oDU@=w xm u=Q}= O=YDk= C}y=t x@ xHwD =@ [11]"CU= |rN=O
lU} Q uwO@ |xQy@ MQv |x@U=Lt |=Q@ 22 |x]@=Q R= u=wD|t 'OQ=O Civ |Q=YLv=
sQwD MQv '29pwB |rrtr=u}@ jwOvY 2009 Q@Dm = VQ=Ro x@ xHwD =@ "OQm xO=iDU=
p=U =D =yCt}k u}ov=}t T=U=Q@ u=Q}= |=Q@ 30|rN=O Xr=N=v O}rwD OWQ MQv w
CQwYx@ u; 31|D; lU} Q uwO@ |xQy@ MQv w CU= xOW |v}@V}B |Oq}t 2014

"O};|t CUO x@ 1 pmW

"u=Q}= QwWm |=Q@ |D; lU} Q uwO@ |xQy@ MQv "1 pmW

C=Q=}DN= pOt |R=UxO=}B w xar=]t OQwt |iQat "6
|ak=w

TQ=B |R=o u=O}t |=yR=i |x}rm |xaUwD C}rw�Ut Q=OxOya TQ=B R=owCiv CmQW
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OQ=}r}t 18 x=Qtyx@ R=o ?amt QDt uw}r} QD 14 Q@ dr=@ `@ Qt QDtwr}m 3700 CL=Ut
pkDUt |R=o `@=vt u} QDnQR@ R= |m} 'hrDNt |=yx}q QO |R=o C=v=a}t xmW@
|QDtwr}m 105 |xrY=ix@ w Q]k w u=Q}= lQDWt |RQt \N |wQ Q@ w CU= u=yH
|R=o u=O}t |xt=O= xm OQ=O Q=Qk TQ=i G}rN |=y?; QO x} wrUa QOv@ |@ Qe ?wvH
pm �8 Q@ dr=@ u=Q}= x@ \w@ Qt VN@ QO xQ}NP u=R}t "CU= Q]k QwWm |r=tW O@vo
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xOW R=e; |Oq}t 1990 p=U R= |@ wvH TQ=B u=O}t R= R=o O}rwD 'Q]k QwWm QO
lQDWt u=O}t u}= R= R=o CW=OQ@ |=Q@ u=Q}= |R=o R=i u}DUNv xm |r=L QO 'CU=
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QO �O} QN Q=}DN=� CQwYx@ u=wD|t =Q xSwQB u}= QO |Q=Pox}=tQU CYQi '|r=t
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