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|O@ x@� w �wv sDU}U |@ wN x@� Cr=L u}@ |Dr=L QO =Q sDU}U w Ov=UQ|tv
C=}rta R= TB sDU}U p=wR CaQU 'u}= Q@ xwqa "OyO|t Q=Qk �|r@k sDU}U

"O@=}|t V}=Ri= pt=m =v Cv
|QDtm C=R}yHD w CkO x@ 'CU= QD`} QU pt=m Cv x@ C@Uv pt=m =v Cv C=}rta
xH}Dv QO &CU= Q}PBu=mt= R}v Qy=tQ}e |v=Uv= |wQ}v \UwD u; s=Hv= w 'OQ=O R=}v
CaQU V}=Ri= x@ xHwD =@ =t= "CU= QDtm pt=m Cv =@ xU}=kt QO pt=m =v Cv |xv} Ry
sDU}U xm O};|t OwHw x@ |]}=QW C}=yv QO 'pt=m =v Cv C=}rta R= TB p=wR
|R=Ov=x=Q x@ QHvt pt=m =v Cv s=Hv= =} OwW|t hkwDt pt=m =v Cv R= TB xrY=iq@
Q@xv} Ry Q=}U@ R}v pt=m Cv |oW}ty s=Hv= xmu}= x@ xHwD =@ "OwW|tv sDU}U OOHt

"OwW|t xO=iDU= |@}mQD OQm} wQ R= =yxv} Ry Vy=m |=Q@ 'CU=

xm CU= xOW xDiQo Q_v QO Q}PBp=wR |�RHlD sDU}U l} 'Q[=L VywSB QO
u=mt= |UQR=@ Qy QO "CU= Q}PBu=mt= |UQR=@ j} Q] R= ,=iQY u; p=wR K]U u}}aD
CQwY QO 'u}= Q@ xwqa "OQ=O OwHw pt=m =v =} pt=m |xv=Q}oW}B Cv C=}rta s=Hv=
w =y|UQR=@ u=tR u} QDy@ u}}aD 'hOy "OwW|t s=Hv= |LqY= Cv C=}rta '|@=QN
VQ=iU u=tR w VQ=iU |xR=Ov= u}}aD =@ u=tRsy 'pt=m =v w pt=m Cv C=}rta ?}mQD
w u}t-=D R= uNU =HQy xm CU= |y}O@ "CU= sDU}U p=wR K]U x@ xHwD =@ OOHt
|xQ}HvR "OwW|t KQ]t R}v u}t-=D |xQ}HvR =@ \@DQt s}y=it 'O}; u=}t x@ VQ=iU
=} |}xk@]OvJ |va} %OW=@ xDW=O |Dw=iDt |=yQ=DN=U Ov=wD|t |mO} C=a]k u}t-=D
=@ |v=mtOvJ/|}xk@]wO |@}mQD Q=DN=U l} 'Q[=L VywSB QO "OW=@ |v=mtOvJ
QO swO K]U QO |rY= |xOvvmu}t-=D l} w pw= K]U QO |rLt |xOvvmu}t-=D wO

"CU= xOW xDiQo Q_v
|=ysDU}U |xv}tR QO u}W}B |=yVywSB QwQt x@ swO VN@ QO 'xt=O= QO
xDN=OQB |mO} C=a]k |OwHwt w Cv |=yC}r=ai u=tRsy |R=Uxv}y@ w Q}PBp=wR
|R=UpOt x@ sQ=yJVN@ w u; C=[wQit w xr�Uth} QaD x@ swUVN@ "OW Oy=wN
|xar=]t x@ \w@ Qt G}=Dv |x�=Q= w xr�Ut pL x@ sHvB VN@ QO "OQ=O X=YDN=
QO w OQ}o|t CQwY sWW VN@ QO pOt C}U=UL p}rLD "s} R=OQB|t |OQwt

"OW Oy=wN xDN=OQB |Ov@`tH w |Q}oxH}Dv x@ sDiy VN@

VywSB |xv}W}B w |v=@t "2
C=Q}taD w |Q=Oyov |xr�Ut x@ xm OvOw@ |v=QoWywSB u}rw= <RH [1]Qmrw w q=mUQ}B
w xDN=OQB xr�Ut u}= x@ |Q=}U@ u=QoWywSB u; R=TB "OvDN=OQB Q}PBp=wR |=ysDU}U
|xv}W}B 'wQ u}= R= &�[3w2]�Ov=xO=O xaUwD =Q Q}PBp=wR |=ysDU}UCv =@\@DQt s}y=it
u=wD|t =Q sDU}U p=wR K]U ,=twta xmu}= x@ xHwD =@ "CU= |ve Q=}U@ xRwL u}=
|=yVywSB QDW}@ 'OQm XNWt \NuwQ@ w \NQ@ |W}=B |=yQ=R@= w |UQR=@ \UwD
pw=OH QO =y VywSB u}= R= |O=OaD "Ov=xOQm xO=iDU= QwLt C}a[w Cv R= xRwL u}=

Ov= xOW QwQt 2 w 1
Cv |=yC}r=ai u=tRsy |R=Uxv}y@ EL@ 1968 p=U QO [4]Qvm =i Q=@ u}rw=
K]U w Cv |r=wD u} QDy@ u}}aD |=Q@ OwN VywSB QO w= "OQm KQ]t =Q |OwHwt w
=} Q=m ; 'Qvm =i R= TB "CU= xOQm xO=iDU= =} wB |R} Qxt=vQ@ R= |mO}C=a]k |OwHwt
|=ypOt =@ u=tRsy |R=Uxv}y@ pOt |=yxv} Ry |xU}=kt j} Q] R= [5]u=Q=mty w
[6]u=Q=mty wl}@vQwyuw "OvOQm|v=}=Wltm xRwLu}=VQDUo x@ '|@}DQD |R=Uxv}y@
XNWt =Q|D=k}kLD |=yh=mW w QwQt 2010 p=U =D =Q u=tRsy |R=Uxv}y@ Cq=kt
|OwHwt QwQtCU=}U T=U= Q@ u=wD|t =Q xRwL u}= |=yVywSB|rm Qw] x@ "Ov=xOQm
|=yVywSB R= |O=OaD 1 pwOH QO "OQm s}UkD |rm |xDUO 6 x@ Cv CU=}U w

"Ov=xOW |iQat xDUO Qy QO xOW s=Hv=
QwQt w |}xQwO QwQt CU=}U wO Qy 'CU= XNWt 1 pwOH QO xm Qw] u=ty
|Qw=:vi |xaUwD =@ "Ov=xDiQo Q=Qk u=QoWywSB xHwD OQwt xRwL u}= |xv}W}B QO xDUw}B
'OW sy=Qi \NQ@ CQwY x@ =Q uwo =vwo |=ysDU}U V}=B u=mt= s= 21 uQk p}=w= QO
[2]"CU= xOW xO=iDU= =ypOt QO xOQDUo Qw] x@ QwLt C}a[w C=Q}taD w |Q=Oyov
x@ �[30w14]�"CU= xOW s=Hv= xv=} woW}B Cv |xRwL QO R}v VywSB OvJ 'u}= Q@ xwqa
Q}PBp=wR |=ysDU}U QO s}y=it u}= 'u=tRsy |R=Uxv}y@ |=ypOt |xaUwD C=R=wt
xm Qw] u=ty "Ov=xOW |UQQ@ 2 pwOH QO =yVywSB u}= "Ov=xOW xDiQo Q=m x@ R}v

"Ov=xOQm xO=iDU= QwLt C}a[w Cv R= =yVywSB u}= |xty 'CU= XNWt

38



1/
2|

xQ=t
W3

6�1
|xQ

wO�
13

99
u=DU

@=D�
'h}

QW
`}=vY

|U
Ovyt "|OwHwt w Cv u=tRsy |R=U xv}y@ |xRwL QO OwHwt |=yVywSB QwQt "2 pwOH

pL OQm}wQ xQ}HvR Q=DN=U lQ=OD u=tR pOt |OwHwt C=Q}taD w |Q=Oyov
|R

=Ux}
@W

|v=
mtO

vJ

C@=
F

|iO
=YD

u=v}
t]=

C}r
@=k

|U
QDUO

K]U
|R

=Uxv
}tm

=yxv
}Ry

T=U
=Q@

VQ
=iU

p=w
RK

]U

QwQt CU=}U Cv CU=}U sDU}U p=U xr=kt
xOvU

}wv

`HQ
txQ

=tW

xDU
w}B

|}x
QwO

pt=m
=vC

v
QwL

t\
}=QW

QwL
tQta

|}x
QwO

#Q}PBp=wRp p p p 1986 u=Q=mty w =} Q=m ; [5]

p p p p p 1994 u=}qar= w Q}@m [21]

p p p p 1996 Rv}mD= w nv=QDUtQ; [12]

p p p p p 1996 u=}qar= w Q}@m [22]

p p p p 1996 u=}qar= w Q}@m [31]

p p p p p 2000 l =y w QmQ=U [16]

p p p p 2001 |O=m ; w |@rJ [7]

p p p p p 2006 |r=vwD w u}or}= [17]

p p p p p p 2008 p}�Q@H w |v=wr= [13]

p p p p p p p 2008 u=Q=mty w nvw [23]

p p p p p 2008 I} wH=o =@ w u=} wov [18]

p p p p p p p 2008 u=Q=mty w nvw [25]

p p p p p p p 2009 u=Q=mty w nvw [24]

p p p p 2011 nvw [8]

p p p p p 2013 u=Q=mty w wv}Dv=DUvwm [26]

p p p p p p 2014 KDir=Qwvw |v=HvR|t_=m [19]

p p p p p p p 2015 u=Q=mty w nvw [27]

p p p p p 2015 u=Q=mty w nv=} S [9]

p p p 2016 u=Q=mty w QO=m [10]

p p p p p p p p 2016 u=Q=mty w |W [20]

p p p p p p 2017 u=Q=mty w QR}mOr= [28]

p p p p p p p 2017 nvR w nv=S [29]

p p p p p p p 2017 u=Q=mty w u=} wov [14]

p p p p p p 2017 u=Q=mty w |Oy=R [15]

p p p p p 2017 u=Q=mty w RwowQ= [32]

p p p p p 2018 u=Q=mty w j}O}Y [11]

p p p p p p p p p p p 2019 Q[=L VywSB

xm OwW u}}aD |}xvwo x@ O}=@ |mO} C=a]k |OwHwt "CU= Q=OQwNQ@ |}q=@ C}ty=
CW=@v= Qo}O hQ] R= w s} wWv xH=wt Ow@tm =@ Cv C=}rta s=Hv= |=Q@ hQ] l} R=
"OwWv |oOW MwUvt w x}=tQU ?=wN '|i=[= |=yxv} Ry x@ QHvt C=a]k O=R=t
'|v=mtOvJ/|}xk@]wO CQwY x@ 'xr�Ut u}= QO xa]k u}t-=D |m}DUHr Q=DN=U
"CU= |rY= |xOvvmu}t-=D l} w �|rLt Q=@v= wO =}� |rLt |xOvvmu}t-=D wO pt=W
=@ |yOVQ=iU C} wrw= xH}Dv QO &Ov=Cw=iDt lQ=OD u=tR QO |rLt u=oOvvmu}t-=D
|rLt u=oOvvmu}t-=D R= s=OmI}y xm |]}=QW QO u}vJty "CU= lQ=OD u=tR u} QDx=Dwm
"OQ=O OwHw |rY= |xOvvmu}t-=D R= |Q=Q][= VQ=iU u=mt= 'OvW=@ xDW=Ov |OwHwt
C=}rta ?}mQD u} QDy@ '=y|UQR=@ u=tR ?w=vD u} QDy@ u}}aD 'VywSB u}= hOy
Q@ OOHt VQ=iU u=tR w VQ=iU |xR=Ov= u}}aD '�pt=m =v w pt=m � xv=Q}oW}B Cv
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C=a]k uOw@ TQDUO QO wQo QO C=Q}taD w |Q=Oyov C=}rta s=Hv= `k=w QO "OQ}PB|t
|i=Ro |=yxv} Ry xm OwW sDU}U hkwD x@ QHvt Ov=wD|t xa]k Ow@tm "CU= |mO}
R= |mO} C=a]k |OwHwt pQDvm w ?U=vt CU=}U u}}aD TB &CW=O Oy=wN |B QO
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|Q=

Oyo
v|

=yC
}r=ai

u=tR
sy

|R=
Uxv

}y@

"sDU}U p=wR |xwLv "1 pmW

%xm |Qw] x@
if f�k(t2�t1);� (x) � 0; I(x�0) = 1 (2)

OtherwiseI(x�0) = 0 (3)

%u}vJty
�k = �k

�
(4)

=Q 1 Q=Okt wO Qy �0 w � 'X0 p=wR K]U QO w QiY u=tR QO xm CU= |y}O@
"OyO|t u=Wv [t1; t2] |v=tR |xR=@ QO =Q sDU}U p=wR u=R}t 1 pmW "OvQ}o|t

|OwHwt p}tmD CU=}U "3"4
'|OwHwt C} Q}Ot |xRwL QO G}=Q |=ypOt hqNQ@ xr�Ut u}= |R=UpOt QO
sDU}U |rY= |=y|oS} w R= |m} xm 'sDU}U p=wR K]U x@ OOHt VQ=iU |x]kv
h} QaD T O=tv =@ p=wR K]U R= |}xv=DU; Qw_vt u}O@ "CU= xDU@=w 'OwQ|t Q=tWx@
QDq=@ |L]U QO 'Cv C=}rta s=Hv= R= TB p=wR K]U xm|DQwY QO w CU= xOW
|Q=PoVQ=iU �S Q=Okt� |OwHwt hkU =D x=ou; 'OW=@ xDW=O Q=Qk xv=DU; u}= R=
x=Q QO |OwHwt `tH =@ CU= Q@=Q@ |OwHwt K]U pOt u}= QO [23]"OwW|t s=Hv=
Q=@v= QO OwHwt =} TQDUO QO |OwHwt w �xOWv xO=O p} wLD w xOW xO=O VQ=iU�
x@ Q} R pwtQi R= s}tYD |x]kv Qy QO xv}y@ VQ=iU Q=Okt 'u}=Q@=v@ "Q=O} QN C=a]k

%Ot; Oy=wN CUO
|OwHwt hkU � x=Q |OwHwt � Q=@v= |OwHwt � VQ=iU Q=Okt (5)

&CU= xOW xO=iDU= (T; S) OQm} wQ R= |OwHwt CU=}U |R=UpOt |=Q@ `k=w QO
'|r=tDL= Cv C=}rta s=Hv= w |UQR=@ s=Hv= R= Oa@ p=wR K]U Qo = xm |vat u}O@
"OQ}PB|t s=Hv= |mO} |xa]k |=Q@ VQ=iU S Q=Okt =D 'Ow@ T |xv=DU; R= QDq=@
=Q Ow@tm ẁkw |xR=H= xm CU= |}xvwo x@ |UQR=@ u=tR u}}aD w VQ=iU CU=}U
|DQ=@a x@ "OyO|tv 'OwW|t s=Hv= sDU}U |@=QN ẁkw R= p@k xm |}=y|UQR=@ QO
xH=wt xa]k Ow@tm =@ pt=m =v =} pt=m |xv=Q}oW}B Cv C=}rta s=Hv= s=ovy QO 'Qo}O
|xa]k |OwHwt xm OwW|t h} QaD |}xvwo x@ |Oa@ |UQR=@ u=tR =Q} R &OW s}y=wNv
l} QO xJv=vJ =t= "Ovm C}=im Q=_Dv= OQwt |xv=Q}oW}B C=}rta s=Hv= |=Q@ |mO}
u=ty QO O}=@ s}W=@ xH=wt Ow@tm =@ xm|DQwY QO 'OW=@ |LqY= Cv x@ R=}v |UQR=@
pm xm OwW|t u}}aD |}xvwo x@ R}v Cr=L u}= QO VQ=iU Q=Okt "s}yO VQ=iU x_Lr

"CU=yxv} Ry |R=Uxv}tm |=Q@ sDU}U p=wR K]U T=U=
%CU= Q} R KQW x@ C=[wQit Q}=U

|mO} |xa]k ẁv l} x@ \ki Cv C=}rta s=Hv= w CU= |�RH lD sDU}U ��
CU= |O}rwD sDU}U l} R= |tDU}UQ} R `k=w QO |UQQ@ OQwt sDU}U "OQ=O R=}v

"OW Oy=wN O}rwD hkwD x@ QHvt u; hkwD xm
"CU= xOW ^=Lr pOt QO sDU}U hkwD R= |W=v |xDiQ CUO R= OwU ��

"OwW|t u}}aD xOvQ}os}tYD \UwD sDU}U |UQDUO K]U u=tR pk=OL ��
u}vJty "CU=|iO=YD pt=m =vCv C=}rta Q=@ Qy QO p=wR K]U QO Ow@y@ u=R}t ��

"O@=}|t V}=Ri= |iO=YD CQwY x@ pt=m =v Cv s=Hv= R= TB p=wR CaQU
uO=O Q=Qk =t= &OQ}o|t CQwY xa]k Z} waD R}v pt=m =v Cv s=Hv= s=ovy QO ��
C=}rta s=Hv= C}i}m =Q} R "CU}v pt=m Cv s=Hv= |xrRvt x@ ,=twRr O}OH |xa]k
?Yv C}i}m uwJty |Qo}O pt=wa x@ w OQ=Ov |oDU@ xa]k Z} waD x@ \ki Cv

"CU= xDU@=w R}v sDU}U C=a]k Q}=U Q=m C}i}m w
"CU= xOW Q_v hQY Cv hrDNt |=yC=}rta s=Hv= u=tR R= ��

w CU= u=Um} |rLt u=oOvvmu}t-=D \UwD xOW u}t-=D C=a]k O} QN Ct}k ��
|=Q@ w OQ=O |oDU@ Q=O} QN =@ xOvvmu}t-=D |xrY=i x@ xa]k lQ=OD u=tR QDt=Q=B

"CU= C@=F xOvvmu}t-=D Qy
|yOVQ=iUC@=F|xv} RywC=a]kO} QN|xv} Rypt=W|yOVQ=iU|=yxv} Ry ��
VQ=iU |xv} Ry "CU= VQ=iU ẁv x@ xDU@=w |yOVQ=iU C@=F |xv} Ry "CU=
R= |O=a |=yVQ=iU |xv} Ry R= ?D=Qt x@ |rY= |xOvvmu}t-=D R= |Q=Q][=

"CU= QDW}@ |rLt u=oOvvmu}t-=D

|R=UpOt "4
K} QWD xOW x�=Q= pOt 'xDiQ Q=m x@ C=Q=YDN= w s�qa |iQat R= TB CtUk u}= QO

"OW Oy=wN

C=Q=YDN= w s�qa "1"4
=yQDt=Q=B '=yT}Ov= l}miD x@ 3 pwOH j@=]t pOt QO xDiQ Q=m x@ C=Q=YDN= w s�qa

"CU= xOW x�=Q= s}tYD |=yQ}eDt w

sDU}U |Q}PBp=wR |R=UpOt "2"4
|xR=@ QO p=wR u=R}t u}}aD |=Q@ =t=o Ov}=Qi R= ,=DOta Q}PBp=wR |=ysDU}U |xv}W}B QO
=t=o `} RwD CLD p=wR Ov}=Qi |rY= |oS} w [3]"OwW|t xO=iDU= sDU}U OQmQ=m |v=tR
O@=}|t V}=Ri= CN=wvm} CQwY x@ Ov}=Qi u}= xm CU= u}= �Oa@ w pmW QDt=Q=B wO =@�
|xR=@ |=Q@ ,qFt "CU= |ak=w |=}vO QO =ysDU}U |m} R}i p=wR Ov}=Qi x@=Wt ,=k}kO xm
'u}=Q@=v@ "OwW|t xDiQo Q_v QO ?}DQD x@ Xt2 w Xt1 p=wR Kw]U [t1; t2] |v=tR
QDt=Q=B w �k(t2 � t1) pmW QDt=Q=B =@ =t=o `} RwD R= Xt2 �Xt1 |iO=YD Q}eDt

%Ovvm|t |wQ}B Q} R |r=oJ `@=D =@ � Oa@
f�k(t2�t1);� (x) =

1
� (�k (t2 � t1))�

�k(t2�t1)x�k(t2�t1)�1e��xI(x�0) (1)
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'h}

QW
`}=vY

|U
Ovyt

%=y T}Ov=
�xDUw}B� sDU}U Qta |xNQJ |v=tR |xR=@ x@ \w@ Qt T}Ov= t

|UQR=@ C=aiO O=OaD x@ \w@ Qt T}Ov= i

|r=wDt pt=m =v Cv C=aiO O=OaD x@ \w@ Qt T}Ov= k

|rLt u=oOvvmu}t-=D x@ \w@ Qt T}Ov= s1; s2
|rwtat VQ=iU x@ \w@ Qt T}Ov= o

|LqY= Cv C=}rta x@ \w@ Qt T}Ov= c

|Q=Q][= VQ=iU u=oOvvmu}t-=D x@ \w@ Qt T}Ov= oe

pt=m =v |xv=Q}oW}B Cv C=}rta x@ \w@ Qt T}Ov= ip

pt=m |xv=Q}oW}B Cv C=}rta x@ \w@ Qt T}Ov= p

%s}tYD |=yQ}eDt
xv=Q}oW}B Cv s=Hv= |xv=DU; M

|r=wDt pt=m =v Cv O=OaD |xv}W}@ K

|yOVQ=iU p=wR K]U T

xa]k |OwHwt hkU S

%=yQDt=Q=B
p=wR K]U Q}}eD |iO=YD Q}eDt |=t=o `} RwD QO pmW x@ \w@ Qt QDt=Q=B �k

p=wR K]U Q}}eD |iO=YD Q}eDt |=t=o `} RwD QO Oa@ x@ \w@ Qt QDt=Q=B �

|UQR=@ wO u}@ |@=QN ẁkw p=tDL= Q

|@=QN ẁkw |xv=DU; L

sDU}U p=wR CaQU V}=Ri= Q}eDt `} RwD `@=D QO QF-wt pt=a 


1 |xOvvm u}t-=D R= xOW u}t-=D |xa]k lQ=OD u=tR LTs1
2 |xOvvm u}t-=D R= xOW u}t-=D |xa]k lQ=OD u=tR LTs2

|rY= |xOvvm u}t-=D j} Q] R= xOW u}t-=D |xa]k lQ=OD u=tR LToe

xa]k Qy O} QN |xv} Ry Cpur

xa]k Qy |Q=Oyov |xv} Ry Ch

|rwtat VQ=iU Q=@ Qy |xv} Ry Co

xOvvm u}t-=D R= |Q=Q][= VQ=iU |xv} Ry Coe

sDU}U OQmrta QO u=Ykv u=tR COt d1(t)

sDU}U hkwD u=tR COt d2(t)

sDU}U OQmrta QO �p=mW=� u=Ykv x@ \w@ Qt |xv} Ry Cd1

sDU}U hkwD x@ \w@ Qt |xv} Ry Cd2

|UQR=@ Q=@ Qy |xv} Ry Ci

|LqY= Cv Q=@ Qy |xv} Ry Cc

s=k pt=m =v Cv |xv} Ry CKP

pt=m xv=Q}oW}B Cv |xv} Ry C0
P

|LqY= Cv C=}rta QO xO=iDU= OQwt C=a]k O=OaD CMS

pt=m |xv=Q}oW}B Cv C=}rta QO xO=iDU= OQwt C=a]k O=OaD PMS

pt=m =v |xv=Q}oW}B Cv C=}rta QO xO=iDU= OQwt C=a]k O=OaD IPMS
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"""w
|Q=

Oyo
v|

=yC
}r=ai

u=tR
sy

|R=
Uxv

}y@"3 pwOH |xt=O=
%Cr=L |=yQ}eDt

s=k pt=m =v Cv R= pY=L p=wR K]U QO Ow@y@ u=R}t Zk

s=i |UQR=@ u=tR Ti
pt=m Cv k s=Hv= R= TB p=wR CaQU V}=Ri= u=R}t "k

xOW s=Hv= |UQR=@ O=OaD Ni(t)

xOW s=Hv= s=k pt=m =v |xv=Q}oW}B Cv O=OaD Nipk(t)

xOW s=Hv= pt=m |xv=Q}oW}B Cv pm O=OaD Np(t)

xOW s=Hv= |LqY= Cv O=OaD Nc(t)

xOW s=Hv= |rwtat VQ=iU O=OaD No(t)

xOW s=Hv= |Q=Q][= VQ=iU O=OaD Noe(t)

i |UQR=@ QO �TQDUO QO |OwHwt w x=Q QO |OwHwt pt=W� pm |OwHwt K]U Tinvi
i |UQR=@ QO TQDUO QO |OwHwt K]U Einvi

x_Lr QO C=a]k |OwHwt R(x)

s=i |UQR=@ QO p=wR K]U Xi
s=i |UQR=@ QO VQ=iU Q=Okt Qui

s=k pt=m =v Cv QO p=wR CaQU vk

%OyO|t u=Wv =Q
Ti+1 = Ti +m (XTi ; Q) (6)

m (XTi ; Q) = f�T : P (XTi+�T � LjXTi) = Qg (7)

%xm |Qw] x@
P (XTi+�T � LjXTi) = P (XTi+�T � L�XTi) =

s1L�XTi f�k�T;� (x) dx = 1� sL�XTi0 f�k�T;� (x) dx (8)

QO p=L "CU= pt=m =v Cv =} pt=m Cv s=Hv= '|Oa@ |UQR=@ QO Q=_Dv= OQwt C=}rta
C=}rta s=Hv= |=Q@ xOW |v}@V}B |UQR=@ u=tR QO TQDUO QO |OwHwt xm |DQwY
?=NDv= xOW QmP VwQ R= xOW |v}@V}B |UQR=@ u=tR 'OW=@ |i=m |Oa@ Q=_Dv= OQwt
Q=Okt TQDUO QO |OwHwt |v=tR xJ QO xm O}O O}=@ CQwY u}= Q}e QO &OwW|t

"OwW|t ?=NDv= |Oa@ |UQR=@ u=tR u=wva x@ u=tR u; w OQ=O =Q |i=m

xv}y@ Cv C=}rta ?=NDv= "5"4
K]U 'sDU}U R= |UQR=@ u=tR QO xm OQ}PB|t CQwY |v=tR |LqY= Cv C=}rta
K]U |LqY= Cv Qy s=Hv= R= TB "OW=@ xOQm Qw@a |@=QN |xv=DU; R= u; p=wR
`k=w QO \}=QW u}= xm OUQ|t OwN hkU x@ pm |OwHwt w QiY x@ sDU}U p=wR
xr�Ut |LqY= Cv Qy s=Hv= =@ w O};|t ?=UL x@ R}v xr�Ut |x}rw= \}=QW u=ty
|xR=@ xr�Ut u}= QO sDU}U Qta |xNQJ TB "OOQo|tQ@ OwN |x}rw= Cr=L x@

"OwW|t xDiQo Q_v QO |LqY= Cv wO s=Hv= u}@ |v=tR
=Q sDU}U p=wR K]U w OQ}o|t s=Hv= |@=QN ẁkw R= V}B pt=m Cv C=}rta
|r=wDt pt=m =v |=yCv O=OaD x@ pt=m Cv s=Hv= u=tR "Ov=OQo|tR=@ QiY K]U x@
=Q sDU}U Q@ pt=m =v Cv |ivt Q=F; Ov=wD|t w OQ=O |oDU@ sDU}U Q@ xOW s=Hv=
|ikwD xmu}= uwO@ 'OR=U pt=m =v Cv s=Hv= |=}yt =Q sDU}U ,=OOHt w OQ@@ u}@ R=
sDU}U p=wR xm OwW|t s=Hv= |v=tR pt=m =v Cv C=}rta "OwW O=H}= sDU}U QO
sDU}U p=wR K]U pt=m =v Cv C=}rta "OW=@ xOQm Qw@a xv=Q}oW}B Cv |xv=DU; R=

u}vJty "OW=@ OwN hkU |xR=Ov= x@ |LqY= Cv C=}rta s=Hv= R= TB |OwHwt
x@ xa]k xm =Q |v=tR u} QDl}ORv Cr=L u}= QO |Oa@ |UQR=@ u=tR u}}aD |=Q@
?=NDv= w s} Qw;|t CUO x@ 'OUQ|t |LqY= Cv C=}rta s=Hv= |=Q@ |i=m O=OaD

"s}vm|t

|Oa@ |UQR=@ u=tR u}}aD "4"4
[23w3]"CU=yO=O} wQ Q@ |vD@t w Q}eDt |UQR=@ |v=tR |=yxR=@ Cq=kt R= |Q=}U@ QO
u; QO xm |D=aq]= x@ xHwD =@ O}=@ 3s}tYD |x]kv Qy =} |UQR=@ Qy QO pOt u}= QO
'=yVywSB QO "OQm u}}aD =Q |Oa@ |UQR=@ u=tR 'CU= TQDUO QO sDU}U R= x_Lr
xO=iDU= XNWt |UQR=@ |v=tR |xR=@ =@ |}xQwO Cv CU=}U R= |]}=QW u}vJ QO
w Q@xv} Ry sy xm Ovm|t p}tLD =Q |QwQ[Q}e |=y|UQR=@ CU=}U u}= =t= &Ovvm|t
=@ xm CU= |tyt C=t=Ok= R= |Oa@ |UQR=@ u=tR u}}aD 'wQ u}= R= "CU= Q@u=tR sy
CU=}U w OQ}o|t CQwY |}xQwO |=y|UQR=@ x@ \w@ Qt |=yxv} Ry Vy=m hOy
u}= "OyO|t jwU xv=} woW}B Cv CtU x@ =Q pOt |xOW P=ND= C=Q}taD w |Q=Oyov
OQ=O |oDU@ xr�Ut QO xOW KQ]t |=yxRwL s=tD QO |irDNt pt=wa x@ |v}@V}B

%R= Ov=CQ=@a xm
#OQ=O Q=Qk p=wR R= |L]U xJ QO sDU}U Q[=L p=L QO ��

#CU= xDiQo s=Hv= |r=wDt pt=m =v Cv OvJ u}= R= V}B ��
#CU= QOkJ sDU}U u=v}t]= C}r@=k K]U ��

OQwt Cv C=}rta s=Hv= |=Q@ |i=m |OwHwt xOW u}}aD |UQR=@ |x]kv QO =}; ��
#OQ=O OwHw Q=_Dv=

|xrY=i QO sDU}U QO |@=QN ẁkw p=tDL= pO=at w C@=F |Q=Okt pOt u}= QO Q
Q=Okt 'Qo}O CQ=@a x@ "CU= �|Oa@ |UQR=@ w |vwvm |UQR=@� |UQR=@ wO u}@ |v=tR
|Oa@ |UQR=@ u=tR 'u}=Q@=v@ "CU= sDU}U u=v}t]= C}r@=k K]U pO=at 1 � Q
C}r@=k '|vwvm p=wR K]U R= |a@=D w Q[=L p=L |UQR=@ u=tR `tH pY=L R=
x]@=Q u}= 6 pwtQi "O};|t CUO x@ xDiQo s=Hv= |r=wDt pt=m =v Cv O=OaD w u=v}t]=
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'h}

QW
`}=vY

|U
Ovyt |R=Uxv}y@ pOt "6"4

`k=w QO "OwW|t xO=iDU= hOy `@=D u=wva x@ xv} Ry XN=W R= pOt u}= QO
Cv C=}rta |=yxv} Ry '|UQR=@ |=yxv} Ry pt=W =yxv} Ry pm |R=Uxv}tm hOy
'sDU}U Xk=v OQmrta w sDU}U hkwD |=yxv} Ry '�pt=m =v w pt=m '|LqY=�
x@ CU= C=a]k |yOVQ=iU w O} QN |=yxv} Ry w |OwHwt |Q=Oyov |=yxv} Ry
OwW|t u}}aD xOvQ}os}tYD \UwD xm |Q=Okt R= sDU}U |UQDUO K]U xm |}xvwo
`@=D QO xOW xDiQo Q=m x@ |=yxv} Ry R= l} Qy K} QWD x@ xt=O= QO "OwWv QDtm '(A�)

%s} R=OQB|t hOy
(Ci) CU= xOW xDiQo Q_v QO |}xv} Ry |UQR=@ Qy s=Hv= |=Q@ %|UQR=@ |xv} Ry
hOy `@=D QO Qta |xNQJ l} QO xDiQo s=Hv= |=y|UQR=@ pm |=yxv} Ry ẁtHt xm

"OwW|t ^=Lr
(Ckp ) pt=m =v Cv s=Hv= Q=@ Qy |xv} Ry 'OW xDio u}= R= V}B xm xvwou=ty
|NQ@ w p=wR K]U QO xOW O=H}= Ow@y@ u=R}t uwJty |rt=wa x@ w CU= Q}eDt
`@=D QO xNQJ l} QO =yxv} Ry u}= ẁtHt "OQ=O |oDU@ sDU}U |m} R}i |=yQDt=Q=B

"OwW|t ^=Lr xv} Ry
CU= C@=F |LqY= Cv Q=@ Qy s=Hv= |xv} Ry %|LqY= Cv s=Hv= |xv} Ry
CQ=@a x@� "OwW|t x@U=Lt xNQJ Qy QO |LqY= Cv Q=@l} |xv} Ry w (Cc)

�Nc(t) = 1 %Qta |xNQJ h} QaD x@ xHwD =@ Qo}O
CU= C@=F pt=m Cv Q=@ Qy |xv} Ry %pt=m |xv=Q}oW}B Cv s=Hv= |xv} Ry

"OwW|t ^=Lr xv} Ry `@=D QO xNQJ l} QO =yxv} Ry u}= ẁtHt w (C0
P )

|xv=DU; R= sDU}U p=wR K]U Qw@a R= TB %sDU}U Xk=v OQmrta |xv} Ry
pw] QO "s}UQ@ xOW u}}aD |UQR=@ u=tR x@ =D OwW|t |] |v=tR COt |@=QN
Vy=m Ea=@ Ov=wD|t xm CU= xH=wt OQmrta u=Ykv =@ sDU}U |v=tR |xR=@ u}=
QO xv} Ry ?r=k QO u=wD|t =Q |i}m Vy=m Q=Okt u}= w OwW R}v CqwYLt C}i}m
xDiQo Q_v QO (d1(t)) C@=F |v=tR |xR=@ u}= |=Q@ xv} Ry "OQm ^=Lr hOy `@=D

"OwW|t
Cv hrDNt C=}rta s=Hv= u=tR R= xmu}= x@ xHwD =@ %sDU}U hkwD |xv} Ry
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E
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Zk
�

= �; V AR
�
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�

= 0 973�2 (15)
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s:t: :
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CaQU w (Zk) pt=m =v Cv s=Hv= R= TB sDU}U p=wR K]U Ow@y@ OW xOy=Wt
`} RwD R= xm OvDUy |iO=YD |=yQ}eDt (�k) pt=m =v Cv s=Hv= R= TB sDU}U p=wR
xH}Dv QO "Ovm|t |wQ}B =t=o `} RwD R= R}v sDU}U p=wR Ov}=Qi "Ovvm|t |wQ}B p=tQv
u}}aD |=Q@ u; QO xm CU= xOW |L=Q] xOvwWQ=QmD sD} Qwor= l} xr�Ut pL |=Q@
xO=iDU= |R=Ux}@W R= pt=m =v Cv s=Hv= Q=@ Qy R= TB p=wR CaQU w p=wR K]U
CQwY x@ R}v u=oOvvmu}t-=D \UwD xa]k u}t-=D u=mt= w |@=QN p=tDL= "CU= xOW
|R} Qxt=vQ@ u=tRsy |R=Uxv}y@ |=ypOt QO xm |rL VwQ "OwW|t u}}aD |iO=YD
|R=Uxv}y@ w |R=Ux}@W OQm} wQ 'CU= xOW Q}o =Qi R}v |mO} C=a]k |OwHwt w Cv

"�2 pwOH� CU= 4|R=Ux}@W j} Q] R=
Q}O=kt |=R= x@ %CU= Q} R KQW x@ xv}y@ ?=wH u}}aD |=Q@ xr�Ut pL VwQ
30 O=OaD� |i=m C=aiO x@ '(M;K; T; S) xr�Ut s}tYD |=yQ}eDt R= XNWt
|xR=@ QO �OQm xO=iDU= p=tQv `} RwD R= u=wD@ =D CU= xOW xDiQo Q_v QO |R=Ux}@W Q=@
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