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hdHHFSi dZTFZVF JI\WdH ^ jFR kJZ
fF]FiWdZF ^ lm nNo mNmpNqOr
EJs ^ lm nNo mNmpOmmO
tb JR] ^ cFRiuGRdS\J\ vIbZ vFTI
_TTHFSS ^ w RQRSRdZ dx yRdS\J\RS\RVS M UUh XOX M
zVWdd] dx kIG]RV {FJ]\W M `ZRQFHSR\K dx U RZZFSd\J M
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�\ RS VHR\RVJ] \d TFQF]di JZT Jii]K idcFHxI] S\J\RS\RVJ] \FS\S xdH [FZF\RV JSSd VRJ\RdZ
S\ITRFS TIF \d \KiRVJ]]K cFJe JSSdVRJ\RdZS c R\W Vdbi]Fs WIb JZ TRSFJSFS dH iWFZdp
\Ki FS v EdH idiI]J\RdZpGJSFT VJSFpVdZ\Hd] S\ITRFS c R\W IZiWJSFT bI]\R]d VIS [FZd\KiF
TJ\J M bdS\ dx \WF Fs RS\RZ[ bF\WdTS JHF GJSFT dZ VdbiJHRZ[ [FZd\KiF SVdHFS M F v[ v J]]F]F
xHF�IFZVRFS M G F\cFFZ \WF VJSF JZT VdZ\Hd] [HdIiS v _Zd\WFH V]JSS dx JiiHdJVWFS JHF
bd\RQJ\FT \d VdZ\HJS\ ]RZeJ[F TRSF�IR]RGHRIb l�w o iJ\\FHZS G F\cFFZ \WF \cd [HdIiS v
�\ RS Fsi FV\FT \WJ\ Zd SRZ[]F \FS\ VJZ G F IZRxdHb ]K bdS\ i dcFHxI] JVHdSS J]] SR\IJ\RdZS M
JZT TR�FHFZ\ \FS\S b JK iFHxdHb GF\\FH IZTFH TR�FHFZ\ SVFZJHRdS v _ HFVFZ\ F�dH\ WJS
G FFZ TFQd\FT \d VdbGRZRZ[ \WF JG dQF \cd V]JSSFS dx JiiHdJVWFS M cWRVW WdcFQFH WJS
Sdb F id\FZ\RJ] THJcGJVeS v {FHF cF iHdi dSF J [FZFHJ] JZT SRbi]F xHJb FcdHe \d IZRxK
\WF JGdQF \cd V]JSSFS dx JiiHdJVWFS ^ R\ RS GJSFT dZ \WF SRb i]F RTFJ \d RZVdHi dHJ\F �w
bFJSIHFb FZ\S M RZ JTTR\RdZ \d [FZd\KiF SVdHFS M JS VdQJHRJ\FS RZ J ]d[RS\RV HF[HFSSRdZ
bdTF] M xHdb cWRVW QJHRdIS \FS\S VJZ G F VdZS\HIV\FT GK \JeRZ[ JTQJZ\J[F dx \WF ZRVF
iHdi FH\RFS dx \WF SVdHF S\J\RS\RVS xdH \WF ]d[RS\RV bdTF] v �\ J]Sd WJS JZ JTQJZ\J[F RZ
FJSR]K JVVdbbdTJ\RZ[ VdQJHRJ\FS JZT d\WFH S\ITK TFSR[ZS v jF ISF SRbI]J\FT TJ\J \d
SWdc \WJ\ dIH iHdi dSFT \FS\S i FHxdHb FT cF]] JVHdSS SFQFHJ] SVFZJHRdS v �Z iJH\RVI]JH M
RZ VdZ\HJS\ \d FR\WFH dx \WF \cd V]JSSFS dx \WF \FS\S \WJ\ RS dZ]K idcFHxI] RZ TF\FV\RZ[
dZ]K dZF M GI\ Zd\ G d\W M dx \WF \cd \KiFS dx \WF TRS\HRGI\RdZJ] TR�FHFZVFS G F\cFFZ
VJSFS JZT VdZ\Hd]S M dIH iHdidSFT \FS\S JHF SFZSR\RQF \d Gd\W v

� <? �->�, � gFZdb Fpc RTF JSSdVRJ\RdZ S\ITK P �RZeJ[F TRSF�IR]RGHRIb l�w o P �w VdZp
\HJS\ \FS\ P �d[RS\RV HF[HFSSRdZ P UI]\R]d VIS JZJ]KSRS P zVdHF \FS\ P z�k P zIb dx S�IJHFT
SVdHF \FS\S v
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_S [FZdb Fpc RTF JSSd VRJ\RdZ S\ITRFS WJQF G FVdb F xFJSRG ]F c R\W bJZK GFRZ[ IZTFHp

cJKM \WFHF WJQF G FFZ RZ\FZSRQF HFSFJHVWFS RZ TFQF]diRZ[ i dcFHxI] S\J\RS\RVJ] \FS\S \d
TF\FV\ [FZF\RV JSSdVRJ\RdZ c R\W bI]\Ri ]F SRZ[]FpZIV]Fd\RTF id]KbdHiWRSb S lz�kSo RZ
J VJZTRTJ\F HF[RdZ v fWFHF JHF J\ ]FJS\ \cd VdbiF]]RZ[ HFJSdZS xdH SIVW TFQF]dibFZ\S v
E RHS\ M xdH Vdbi]Fs WIbJZ TRSFJSFS dH iWFZd\Ki FS M HFVFZ\ S\ITRFS WJQF VdZaHb FT ISIp
J]]K cFJe [FZF\RV JSSd VRJ\RdZS M dx\FZ c R\W FS\Rb J\FT HF]J\RQF HRSeS dZ]K xHdb nvn \d nvr M
WFZVF idcFHxI] S\J\RS\RVJ] \FS\S JHF ZFFTFT \d TRSVdQFH [FZF\RV ]d VR dH QJHRJZ\S cFJe]K
JSSdVRJ\FT c R\W J TRSFJSF l_ ]\SWI]FH F\ J] NOO�o v zFVdZT M R\ RS eZdcZ \WJ\ \WFHF RS
Zd IZRxdHb ]K bdS\ idcFHxI] \FS\ xdH bI]\Ri ]F iJHJb F\FHS lhds JZT {RZe]FK nLq|o M
JS xdH JSSd VRJ\RdZ S\ITRFS c R\W bI]\Ri ]F z�kS v �ZS\FJT M TR�FHFZ\ \FS\S JHF FsiFV\FT
\d i FHxdHb GFS\ IZTFH TR�FHFZ\ SVFZJHRdS v EdH FsJbi]F M \WF S\JZTJHT bI]\RQJHRJ\F
SVdHF \FS\ JZT J SIb dx S�IJHFT SVdHF \FS\ VJZ GF FJVW HF[JHTFT JS JZ <,1*� 21<� bdS\
idcFHxI] \FS\S lkJZ NOOLo IZTFH TR�FHFZ\ SR\IJ\RdZS v

_bdZ[ \WF Fs RS\RZ[ S\J\RS\RVJ] \FS\S xdH idiI]J\RdZpGJSFT VJSFpVdZ\Hd] S\ITRFS c R\W
IZiWJSFT bI]\R]d VIS [FZd\Ki F TJ\J M \WFHF JHF SFQFHJ] V]JSSFS dx \FS\S \WJ\ JRb \d TF\FV\
TR�FHFZ\ JSi FV\S dx TRS\HRGI\RdZJ] TR�FHFZVFS dx [FZd\Ki FS G F\cFFZ VJSFS JZT VdZ\Hd]S v
fWF aHS\ V]JSS RZV]ITFS Sdb F bdS\ i diI]JH JiiHdJVWFS M SIVW JS {d\F]]RZ[ �S � � \FS\ lEJZ
JZT �ZJii NOOX P � RdZ[ F\ J] NOONo JZT SRZ[]Fp]d VISpGJSFT \FS\S lYdFTFH F\ J] NOOro v
fWFSF \FS\S JHF GJSFT dZ VdbiJHRZ[ [FZd\KiF SVdHFS G F\cFFZ \WF VJSF JZT VdZ\Hd]
[HdIiS v _Zd\WFH V]JSS RZV]ITFS J ]RZeJ[F TRSF�IR]RGHRIb l�w o VdZ\HJS\ l�who \FS\
l�JKeRZ F\ J] NOOmo JZT J bdTRaFT �wh lb�who \FS\ ljJZ[ F\ J] NOOqo v fWF bJRZ
RTFJ dx \WFSF \FS\S RS \d VJiR\J]R�F dZ idSSRG ]F TR�FHFZVFS dx �w iJ\\FHZS G F\cFFZ \WF
VJSF JZT VdZ\Hd] [HdIiS l{JKFS F\ J] NOO|o v yFVJISF dx \WFRH TR�FHFZ\ \JH[F\S M TR�FHFZ\
V]JSSFS dx \WF \FS\S WJQF WR[W idcFH xdH TR�FHFZ\ JSi FV\S dx TRS\HRGI\RdZJ] TR�FHFZVFS
dx [FZd\Ki FS G F\cFFZ \WF VJSF JZT VdZ\Hd] [HdIiS v _ S Fsi FV\FT M Rx \WF TRS\HRGI\RdZJ]
TR�FHFZVF G F\cFFZ \WF \cd [HdIiS RS dZ]K dH b JRZ]K RZ \WFRH b FJZ [FZd\KiF SVdHFS M \WF
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aHS\ V]JSS dx \WF \FS\S RS Fsi FV\FT \d G F bdHF idcFHxI] \WJZ \WF SFVdZT V]JSS v zRb R]JH]KM
Rx \WF b JRZ TR�FHFZVF ]RFS dZ]K RZ \WFRH QJHKRZ[ �w iJ\\FHZS M \WF SFVdZT V]JSS c R]] G F
bdHF i dcFHxI] M JS \d G F VdZaHb FT GK dIH SRbI]J\RdZ S\ITRFS v EdH JZK HFJ] TJ\J M SRZVF
\WF TRS\HRGI\RdZJ] TR�FHFZVF VdI]T G F RZ FR\WFH dH Gd\W JSi FV\S M R\ cdI]T G F TFSRHJG]F \d
WJQF J \FS\ \WJ\ JHF i dcFHxI] RZ TF\FV\RZ[ FR\WFH JZT Gd\W \Ki FS dx \WF TRS\HRGI\RdZJ]
TR�FHFZVFS v EdH \WRS iIHidSF M jJZ[ F\ J] lNOOLo J\\Fbi\FT \d VdbGRZF \WF RTFJS
dx \WF \cd V]JSSFS dx JiiHdJVWFS JZT iHdidSFT J �dHb J]pGJSFT ]ReF]RWddT HJ\Rd \FS\
l�Yf o \d VdbiJHF Gd\W \WF bFJZ QFV\dHS JZT VdQJHRJZVF b J\HRVFS dx [FZd\KiF SVdHFS
G F\cFFZ \WF \cd [HdIiS v {dcFQFH M \WFHF JHF SFQFHJ] id\FZ\RJ] THJcGJVeS JSSdVRJ\FT
c R\W \WFRH b F\WdT v E RHS\ M J VdQJHRJZVF b J\HRs b JK Zd\ G F bdS\ SIR\JG]F xdH JZ �wh
\FS\ JS i dRZ\FT dI\ GK �JKeRZ F\ J] lNOOmo v UdHF Rb idH\JZ\]KM R\ VJZZd\ RZVdHidHJ\F J
GJVe[HdIZTpVdHHFV\FT �w bFJSIHFb FZ\ JS iHdidSFT GK jJZ[ F\ J] lNOOqo M cWRVW cJS
JTdi\FT RZ \WF b�wh \FS\ SWdcZ \d i FHxdHb GF\\FH \WJZ \WF VdHHF]J\RdZpGJSFT �wh
\FS\ v zFVdZT M \WFRH �Yf RS GJSFT dZ \WF cdHeRZ[ JSSIbi\RdZ \WJ\ [FZd\KiF SVdHFS WJQF
J bI]\RQJHRJ\F �dHb J] TRS\HRGI\RdZ M cWRVW TdFS Zd\ Wd]T TIF \d \WF TRSVHF\FZFSS dx JZK
[FZd\Ki F SVdHF v _ ]\WdI[W \WF �Yf \FS\ RS S\R]] QJ]RT c R\W \WRS RZVdHHFV\ �dHb J]R\K
JSSIbi\RdZ M \WF i dcFH dx \WF \FS\ VJZ G F ZF[J\RQF]K RZ IFZVFT M JS \d G F SWdcZ v
ERZJ]]KM TIF \d \WF ISF dx i FHbI\J\RdZS JZT \WF ZFFT \d VJ]VI]J\F ]JH[F VdQJHRJZVF
b J\HRVFS JZT \WFRH TF\FHb RZJZ\S M \WF b F\WdT RS VdbiI\J\RdZJ]]K S]dc v

{FHF cF iHdidSF J [FZFHJ] xHJb FcdHe IZTFH ]d[RS\RV HF[HFSSRdZ \d VdZ\HJS\ G d\W
[FZd\Ki F SVdHFS JZT �w iJ\\FHZS SRbI]\JZFdIS]Kv fWF GJSRV RTFJ RS \d RZVdHi dHJ\F
Sdb F \FHb S bFJSIHRZ[ �w iJ\\FHZS M RZ JTTR\RdZ \d [FZd\KiF SVdHFS M JS VdQJHRJ\FS RZ\d
J ]d[RS\RV HF[HFSSRdZ bdTF] v _ S xdH i diI]JH b JRZpF�FV\S ]d[RS\RV HF[HFSSRdZ M GK \JeRZ[
JTQJZ\J[F dx Sdb F ZRVF iHdi FH\RFS dx \WF JSSdVRJ\FT SVdHF S\J\RS\RVS M cF VJZ VdZS\HIV\
J V]JSS dx \FS\S M Zd\ ¡ IS\ J SRZ[]F dZF v zi FVRaVJ]]KM RZ JTTR\RdZ \d \WF ISIJ] bI]\RQJHRJ\F
SVdHF \FS\ M cF VJZ J]Sd Jii]K J SIb dx S�IJHFT SVdHF lzz` o \FS\ dH R\S cFR[W\FT QFHSRdZ
lzz`c oM JZT IZRQJHRJ\F dH SRZ[]Fp]d VISpGJSFT b RZk l`b RZk o \FS\ v fWF zz` M zz`c
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JZT `b RZk \FS\S WJQF G FFZ SWdcZ \d i FHxdHb cF]] JVHdSS J c RTF HJZ[F dx SVFZJHRdS RZ
b JRZpF�FV\S ]d[RS\RV HF[HFSSRdZ bdTF]S \d VdbiJHF [FZd\KiF SVdHFS G F\cFFZ \WF \cd
[HdIiS lhWJibJZ JZT j WR\\JeFH NOO� P kJZ NOOLo v �Z \WRS cJKM FQFZ dZ]K xdH \WF
iIHi dSF dx VdZ\HJS\RZ[ �w iJ\\FHZS G F\cFFZ \WF \cd [HdIiS M cF WJQF JZ FsiJZTFT
SF\ dx �whp\KiF \FS\S v EdH FsJbi]F M HJ\WFH \WJZ \JeRZ[ J SRb i]F JQFHJ[F dx \WF
\FHb S b FJSIHRZ[ �w TR�FHFZVFS G F\cFFZ \WF \cd [HdIiS JS RZ \WF �wh JZT b�wh
\FS\S M cF VJZ \JeF J cFR[W\FT JQFHJ[F GK iI\\RZ[ WR[WFH cFR[W\S \d \WdSF \FHb S c R\W
Sb J]]FH QJHRJZVFS JS Rb i]Fb FZ\FT RZ \WF zz`c \FS\ M dH \JeF \WF bdS\ SR[ZRaVJZ\
dZF JS RZ \WF `b RZk \FS\ v _TTR\RdZJ]]K JZT RbidH\JZ\]KM HJ\WFH \WJZ TFi FZTRZ[ dZ
VdbiI\J\RdZJ]]K RZ\FZSRQF i FHbI\J\RdZS JS RZ \WF �wh M b�wh JZT �Yf \FS\S M cF
VJZ ISF SRbi]F JZT JVVIHJ\F JSKbi\d\RV TRS\HRGI\RdZS \d VJ]VI]J\F ipQJ]IFS xdH \WFSF
ZFc \FS\S v EIH\WFHbdHF M \WF iHdi dSFT HF[HFSSRdZ xHJb FcdHe VJZ FJSR]K JVVdbbdTJ\F
VdQJHRJ\FS JZT d\WFH S\ITK TFSR[ZS v

_ id\FZ\RJ] \FVWZRVJ] TR¢ VI]\K RZ RZVdHidHJ\RZ[ �w bFJSIHFb FZ\S RZ\d ]d[RS\RV
HF[HFSSRdZ RS \WF ]JH[F ZIbGFH dx HF[HFSSRdZ VdF¢ VRFZ\S RZTIVFT GK \WF JTTFT �w
\FHb S M ]FJTRZ[ \d i dSSRG ]K J ]JH[F ZIbGFH dx TF[HFFS dx xHFFTdb lwEo JZT \WIS i dSSRG ]K
HFTIVFT idcFH xdH J \FS\ v fWF zz` JZT zz`c \FS\S M JZT \d J ]FSSFH TF[HFF \WF
`b RZk \FS\ M JHF HdGIS\ \d \WF ]JH[F ZIbGFH dx iJHJb F\FHS \d G F \FS\FT v �Z xJV\ M \WF
zz` \FS\ lJZT \WIS zz`c o RS V]dSF]K HF]J\FT \d JZ FbiRHRVJ] yJKFS \FS\ Si FVRaVJ]]K
TFQF]di FT \d \FS\ iJHJbF\FHS RZ J WR[WpTRb FZSRdZJ] SiJVF lgdFb JZ F\ J] NOOm P kJZ
NOOLo v {FZVF M \WF HdGIS\ZFSS dx \WFSF \FS\S xJVR]R\J\FS \WFRH ISF RZ J ]JH[F]K FsiJZTFT
]d[RS\RV HF[HFSSRdZ bdTF] RZV]ITRZ[ b JZK �wpHF]J\FT \FHb S v _S \d G F SWdcZ ISRZ[
SRbI]J\FT TJ\J M Rx RZxdHb J\RdZ dZ [FZF\RV JSSd VRJ\RdZ RS b JRZ]K FbGFTTFT RZ QJHKRZ[
�w iJ\\FHZS G F\cFFZ \WF VJSF JZT VdZ\Hd] [HdIiS M \WFSF \FS\S JHF JbdZ[ \WF bdS\
idcFHxI] v £\WFHc RSF M \WFK bJK S\R]] b JRZ\JRZ WR[W idcFH M JZT RZ iJH\RVI]JH JHF bdHF
idcFHxI] \WJZ \WF �wh \FS\ l�JKeRZ F\ J] NOOmo M b �wh \FS\ ljJZ[ F\ J] NOOqo JZT
�dHbJ]pGJSFT �Yf ljJZ[ F\ J] NOOLo v
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jF VdZSRTFH J idiI]J\RdZpGJSFT VJSFpVdZ\Hd] S\ITK c R\W J TRSFJSF RZTRVJ\dH JS \WF

GRZJHK \HJR\ ¯° ± O dH nM JZT SdbF [FZd\KiFT bJHeFHS RZ J VJZTRTJ\F [FZF dH HF[RdZ
² ° ± l² °³ ´ µµµ´ ² °¶ o· v jF JTdi\ \WF idiI]JH TdSJ[F VdTRZ[ xdH ² °¸ ^ ² °¹ º̧ ± O M n dH N
HFiHFSFZ\S \WF VdiK ZIbGFH dx dZF dx \WF \cd J]]F]FS iHFSFZ\ J\ ]d VIS » xdH SIG¡ FV\
¼ M \WdI[W d\WFH VdTRZ[ SVWFb FS VJZ GF F�IJ]]K JTdi\FT v j R\WdI\ ]dSS dx [FZFHJ]R\KM
xdH \WF [RQFZ TJ\J ½ l¯° ´ ² ° o ^ ¼ ± n´ µµµ´ ¾ ¿M cF JSSIb F \WJ\ \WF aHS\ ÀÁ SIG¡ FV\S JHF
VdZ\Hd]S c R\W ¯° ± O M JZT \WF ZFs\ À ³ JHF VJSFS c R\W ¯° ± nv fWF S\ITK [dJ] RS \d \FS\
cWF\WFH \WFHF RS JZK JSSd VRJ\RdZ GF\cFFZ \WF \HJR\ JZT JZK bJHeFHS v

© ª© �®­®ÂÃ®ÂÄ­Å �ÆÃ®Ã �­ÃÆÇ ÈÉ �ÈÉ®Ê­Ã®ÂÉË ÌÆÉÈ®ÍÎÆ �ÄÈÊÆÃ
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U JZK \FS\S JHF GJSFT dZ J � 2*.Ô<Õ <31, ]d[RS\RV HF[HFSSRdZ bdTF] ^
�d[R\ kH l¯° ± no ± ÖÁ ×

¶
Ø
¸Ù³ ² °¸ Ö¸ ´ lno

xdH cWRVW cF cdI]T ]ReF \d \FS\ \WF ZI]] WKi d\WFSRS Ú Á º³ ^ Ö ± lÖ ³ ´ Ö� ´ µµµ´ Ö¶ o· ± O
QFHSIS Ú ³º³ ^ Ö Û± O v
Ï ÐÏ ÐÏ @ 971*+2>*21< , 3->< 1<,1
fd \FS\ Ú Á º³ M J bI]\RQJHRJ\F SVdHF \FS\ VJZ G F VdZS\HIV\FT c R\W \WF SVdHF S\J\RS\RV

Ü ± ÝØ°Ù³ l¯° Þ ß̄ o² ° lNo
c R\W R\S VdQJHRJZVF b J\HRs VdZSRS\FZ\]K FS\Rb J\FT GK \WF FsiFV\FT ERSWFH RZxdHb J\RdZ
bJ\HRs

à ± ß̄ ln Þ ß̄ o ÝØ°Ù ³ l² ° Þ ß² ol² ° Þ ß² o· ´
c R\W ß̄ ± áÝ°Ù ³ ¯°â¾ JZT ß² ± áÝ°Ù ³ ² °â¾ v fWF \FS\ S\J\RS\RV RS

�ã äå ± Ü ·à æ³Ü ´ lXo
m



cWRVW M IZTFH Ú Á M WJS JZ JSKbi\d\RV VWRpS�IJHFT TRS\HRGI\RdZ ç�è c R\W TF[HFFS dx xHFFp
Tdb é±HJZe là o M \KiRVJ]]K é ± ê v _ id\FZ\RJ] iHdG]Fb S c R\W \WF \FS\ RS \WJ\ M c R\W
b JZK z�kS M \WF \FS\ VJZ GF ]dcpidcFHFT GFVJISF dx \WF VdS\ dx \WF ]JH[F wE v

fWF JGdQF SVdHF \FS\ RS V]dSF]K HF]J\FT \d \WF [FZFHJ]R�FT {d\F]]RZ[ �S � � \FS\ lEJZ
JZT �ZJii NOOX P � RdZ[ F\ J] NOONo c R\W \FS\ S\J\RS\RV

�ë ± l ß² ³ Þ ß² Á o·ì æ³ l ß² ³ Þ ß² Áo ´

cWFHF ß² Á ± áíî°Ù ³ ² °âÀÁ JZT ß² ³ ± áÝ°Ùíîï ³ ² ° âÀ ³ JHF \WF b FJZ [FZd\KiF SVdHFSxdH \WF VdZ\Hd] JZT VJSF [HdIiS HFSi FV\RQF]KM JZT ì RS \WF i dd]FT SJbi]F VdQJHRJZVF
b J\HRs v £Z \WF d\WFH WJZT M JS SWdcZ GK h]JK\dZ F\ J] lNOO|o M cF WJQF

Ü ± lO Þ À ³â¾ o íîØ°Ù ³ ² ° × ln Þ À ³â¾ o ÝØ°Ùíîï ³
² ° ± ÀÁÀ ³ l ß² ³ Þ ß² Á oâ¾

{FZVF M � ã äå JZT �ë dZ]K TR�FH RZ Wdc \WF VdQJHRJZVF b J\HRs dx \WF b FJZ TR�FHFZVF
G F\cFFZ \WF \cd [HdIiS RS FS\Rb J\FT v

Ï ÐÏ Ðð 5 *.Ó 7<Ô7-39,Ô:2, <� 1<,1
fWF bI]\RQJHRJ\F SVdHF \FS\ RZQd]QFS \WF ISF dx J idSSRG ]K ]JH[F VdQJHRJZVF b J\HRs M

cWRVW b JK VJISF iHdG]Fb S v _ SRZ[]Fp]d VISpGJSFT \FS\ cdI]T \FS\ RZTRQ RTIJ] z�kS dZFp
GKpdZF M F v[ vM GK IZRQJHRJ\F SVdHF \FS\S M \WFZ VdbGRZF \WF RZTRQ RTIJ] \FS\S v fWF bdS\
idiI]JH JZT SRb i]FS\ RS \WF SdpVJ]]FT IZRQJHRJ\F b RZk l`b RZk o \FS\ \WJ\ \JeFS \WF
b RZRbIb ipQJ]IF dx \WF RZTRQ RTIJ] \FS\S M JZT \WFZ Td J bI]\Ri ]F \FS\RZ[ JT¡ IS\b FZ\ v
t�IRQJ]FZ\]KM dZF VJZ VdbGRZF RZTRQ RTIJ] SVdHF \FS\ S\J\RS\RVS GK \WFRH b JsRbIb ^

�ñ
Ý
°íò ± bJs³ó¸ ó¶ Ü �̧ âô¸ ´ l|o

cWFHF Ü¸ RS \WF » \W VdbidZFZ\ dx Ü JZT ô¸ ± à õé lÜ¸ o RS \WF » \W TRJ[dZJ] F]Fb FZ\ dx
à v

_ bI]\Ri]F \FS\ JT¡ IS\b FZ\ GJSFT dZ FR\WFH i FHbI\J\RdZ dH \WF ydZxFHHdZR b F\WdT
RS VdbbdZ]K ISFT v yFVJISF \WF ydZxFHHdZR JT¡ IS\b FZ\ RS eZdcZ \d GF VdZSFHQJ\RQF M R\

q



RS b dHF VdbbdZ \d ISF J i FHbI\J\RdZ b F\WdT GK iFHbI\RZ[ ¯ v {FHF cF iHdi dSF ISRZ[
J xJS\FH SRbI]J\RdZ GJSFT JiiHdJVW lzFJbJZ JZT UI]]FHpUKWSde NOOr P hWJibJZ JZT
j WR\\JeFH NOO�o \d FS\Rb J\F \WF JSKbi\d\RV ZI]] T RS\HRGI\RdZ v E RHS\ M G FVJISF \WF
JSKbi\d\RV ZI]] T RS\HRGI\RdZ dx Ü RS eZdcZ \d GF Ü ö ÷ lO ´ à o M cF SRbI]J\F ø RRT
VdiRFS dx Ü ùúû �S xHdb ÷ lO ´ à o c R\W ü ± n´ N µµµ´ ø v zFVdZT M GJSFT dZ FJVW Ü ùúû M cF
VJ]VI]J\F � ùúûñ

Ý
°íò ± b Js ³ó¸ ó¶ Ü ùúûý¸ âô¸ v fWRHT M \WF ipQJ]IF dx \WF `b RZk \FS\ RS SRb i]K

á þúÙ ³ ÿ ��ñÝ °íò � � ùúûñÝ °íò �
âø v jF ISFT ø ± nOOO \WHdI[WdI\ v

�. -9> <�A <>*<. 3<4 16 < 2:-+< ,*�9721*-.Ô:2, <� � <16 -� *, �936 / 2,1<> 16 2. 16 <
A <>�9121*-.Ô:2, <� � <16 -�Ð �. 2��*1*-. 1- A <>�91*.Ó 16 < �2124 16 < A <>�9121*-. � <16 -�
><�9*><, ><� 11*.Ó 16 < � -�<7 -> ><Ô32739 721*.Ó 16 < 1<,1 ,121*,1*3 ><A <21<� 7? / >-� <236
A <>�91<� �212, <14 �6*36 *, 1?A *327 7? � ->< 1*� <Ô3-.,9� *.Ó 162. �>2� *.Ó 2 >2.�-�
,2�A 7< / >-� 16 < .97 7 �*,1>*:91*-. -/ 16 < 1<,1 ,121*,1*3Ð �*16 16 < , 3->< 1<,1 6 <><4 �9 <
1- 16 < 2+2*72:7< 37-, <�Ô/ ->� -/ 16 < , 3->< ,121*,1*3 Ü �Ï	 2.� *1, 3-+2>*2. 3< � 21>*� à 
,
*.+2>*2. 3< 1- A <>�9121*-.4 16 < �*Õ <><. 3< *. 3-�A 91*.Ó 1*� < :<1� <<. 16 < 1� - � <16 -�,
*, . -1 �>2� 21*34 16 -9Ó6 *. 2 ,*�9721*-. 1- :< �*, 39,, <� 721<>4 16 < ,*�9721*-. � <16 -�
�2, C�� 2.� 
C� / 2,1<> 16 2. 16 < A <>�9121*-. � <16 -� / -> ,2�A 7< ,*� <, ¾ ± nOOO 2.�
¾ ± NOOO ><,A <31*+ <7? Ð �/ 16 < �27� 1<,1 *, 9, <�4 16 < �*Õ <><. 3< � *7 7 :< �936 72>Ó <>� 16 <
A <>�9121*-. � <16 -� ><�9*><, ><A <21<� 7? � 11*.Ó 2 ><Ó ><,,*-. � -�<74 <236 *. 2. *1<>21*+ <
27Ó ->*16� 1- <,1*� 21< Ö 4 �6*7< -. < -.7? . <<�, 1- � 1 16 < � -�<7 -. 3< / -> 16 < ,*�9721*-.
� <16 -�Ð

Ï ÐÏ ÐD 59� -/ ,�92><� , 3->< 1<,1, � 55 = 2.� 55 =�
�Fs\ cF TFSVHRG F \cd \FS\S GJSFT dZ \WF bI]\RQJHRJ\F SVdHF S\J\RS\RV v fWF eFK

xFJ\IHF dx \WF \cd \FS\S RS \WFRH R[ZdHRZ[ \WF xI]] dH ZdZpTRJ[dZJ] F]Fb FZ\S dx \WF
VdQJHRJZVF b J\HRs dx \WF SVdHF S\J\RS\RV v fWF aHS\ dZF RS \d SRbi]K ISF \WF SIb dx \WF
S�IJHFT SVdHFS JS \WF \FS\ S\J\RS\RV

�ãã ñ ± Ü ·Ü µ lro

�



fWRS \FS\ RS F�IRQJ]FZ\ \d \WF i FHbI\J\RdZpGJSFT QFHSRdZ dx \WF \FS\ dx gdFb JZ F\ J]
lNOOmo v _ ]\WdI[W \WF gdFb JZ \FS\ cJS TFHRQFT IZTFH JZ FbiRHRVJ] yJKFS xHJb FcdHe
\d \FS\ dZ J ]JH[F ZIbGFH dx iJHJbF\FHS M JS JHRSRZ[ RZ b RVHdJHHJK [FZF FsiHFSSRdZ
TJ\J M hWJib JZ JZT j WR\\JeFH lNOO�o JZT kJZ lNOOLo xdIZT \WJ\ \WF gdFb JZ \FS\
cdHeFT RbiHFSSRQF]K cF]] JVHdSS J c RTF HJZ[F dx SVFZJHRdS xdH \WF b JRZpF�FV\S ]d[RS\RV
bdTF] lno v

_ cFR[W\FT xdHb dx \WF zz` \FS\ RS \WF zz`c \FS\ c R\W

�ãã ñ� ± Ü ·w RJ[ là oæ³Ü ± ¶
Ø
�Ù ³ Ü �̧ âô¸ µ lmo

{FZVF M VdbiJHFT \d \WF `b RZk \FS\ \WJ\ \JeFS \WF b JsRbIb dx \WF RZTRQ RTIJ] IZRp
QJHRJ\F SVdHF \FS\ S\J\RS\RVS M \WF zz`c \JeFS \WFRH SIb ldH F�IRQJ]FZ\]KM JQFHJ[Fo v fWF
zz`c \FS\ VJZ GF RZ\FHiHF\FT JS JZ <,1*� 21<� bdS\ idcFHxI] \FS\ lkJZ NOOLo M cWRVW
J]Sd iJH\RJ]]K Fsi]JRZS \WF [ddT iFHxdHb JZVF dx zz` v £x\FZ zz` JZT zz`c iFHxdHb
SRb R]JH]KM GI\ xdH Sdb F SR\IJ\RdZS zz`c VJZ G F bdHF dH ]FSS i dcFHxI] JS \d G F SWdcZ
WFHF v

_ SKbi\d\RVJ]]KM FJVW dx \WF \cd \FS\ S\J\RS\RVS RS J �IJTHJ\RV xdHb dx �dHb J]
QJHRJ\FS M � ± Ü ·� æ³Ü M c R\W � ± ÿ dH � ± wRJ[ là o HFSi FV\RQF]Kv �\ RS cF]] eZdcZ
lF v[ v �dWZSdZ JZT �d\� M nLqO M i vnrOo \WJ\ \WF TRS\HRGI\RdZ dx � RS J cFR[W\FT SIb dx
ê RZTFi FZTFZ\ VWRpS�IJHFT QJHRJ\FS c R\W wE± nM á ¶̧Ù ³ �¸ ç�³ M cWFHF �¸ �S JHF \WF FR[FZ
QJ]IFS dx à � æ³ v EIH\WFHbdHF M GK \WF HFSI]\S dx �WJZ[ lNOOro M á ¶̧Ù ³ �¸ ç�³ VJZ GF cF]]
JiiHds Rb J\FT GK õç�� × ü c R\W

õ ± á ¶̧Ù ³ ��̧
á ¶̧Ù³ � �̧ ´ ü ±

¶
Ø
¸Ù³ �¸ Þ

�á ¶̧Ù³ � �̧� �
á ¶̧Ù ³ ��̧ ´ � ±

�á ¶̧Ù³ � �̧��
�á ¶̧Ù³ ��̧� � µ

fd VJ]VI]J\F J ipQJ]IF M xdH FsJbi]F M xdH \WF zz` \FS\ M cF ISF
� é l�ãã ñ � � �ÚÁo � � é �ç�� � l� Þ üoâõ µ
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gFZF\RV JSSdVRJ\RdZS VJZ GF HFQFJ]FT GJSFT dZ VdZ\HJS\RZ[ \WF �w iJ\\FHZS M F v[ v
b FJSIHFT GK VdbidSR\F VdHHF]J\RdZ b J\HRVFS M G F\cFFZ \WF VJSF JZT VdZ\Hd] [HdIiS
l_G FVJSRS JZT hddeSdZ NOOO P {JKFS NOO| P � RF]SFZ F\ J] NOO| P zVWJRT NOO| P �JKeRZ F\
J] NOOmo v EdH \WF TdSJ[F VdTRZ[ M \WF VdbidSR\F VdHHF]J\RdZ G F\cFFZ \cd ]d VR VJZ GF FSp
\Rb J\FT GK \WFRH kFJHSdZ VdHHF]J\RdZ VdF¢ VRFZ\ v zIiidSF \WJ\ \WF kFJHSdZ VdHHF]J\RdZ
bJ\HRVFS xdH \WF VdZ\Hd] JZT VJSF [HdIiS JHF $ Á ± lé Á̧%o JZT $ ³ ± lé ³̧% o HFSi FV\RQF]K P
xdH FsJbi]F M

é Á̧% ± áíî°Ù ³ l² °¸ Þ ß² Á&̧ o l² °% Þ ß² Á&% o� Á̧ �Á% ´
cWFHF ß² Á&̧ ± áíî°Ù ³ ² °¸ âÀÁ JZT � Á̧ JHF \WF SJbi]F b FJZ JZT SJbi]F S\JZTJHT TFQRJ\RdZ
dx \WF [FZd\Ki F SVdHFS J\ ]d VIS » xdH VdZ\Hd]S M HFSi FV\RQF]Kv _Z �w VdZ\HJS\ l�who
\FS\ RS VdZS\HIV\FT c R\W

�'() ± fHJVF ll$ ³ Þ $ Á o· l$ ³ Þ $ Á oo ´ lqo
JZT R\S ipQJ]IF RS dG\JRZFT GJSFT dZ i FHbI\J\RdZ GK SWI* RZ[ \WF TRSFJSF ]JG F]S ¯° �S v

jJZ[ F\ J] lNOOqo iHdidSFT J bdTRaFT �wh lb�who \FS\ \d G F\\FH JVVdIZ\ xdH
GJVe[HdIZT �wS v fWF b F\WdT cdHeS RZ \WF xd]]dc RZ[ S\FiS v E RHS\ M J ]RZFJH b RsFTp
F�FV\S bdTF] RS a\\FT xdH \WF VJSF JZT VdZ\Hd] [HdIiS SFiJHJ\F]Kv EdH FsJbi]F M xdH
VdZ\Hd]S M cF WJQF

² °¸ ± +¸ × ü° × ,°¸ ´ ¼ ± n´ µµµ´ À Á JZT » ± n´ µµµ´ ê ´
cWFHF +¸ RS J asFT F�FV\ dx ]d VIS » M ü° ö ÷ lO ´ - ú o RS JZ RRT HJZTdb F�FV\ xdH SIG¡ FV\
¼ M JZT ,°¸ ö ÷ lO ´ -. o RS JZ RRT HJZTdb FHHdH \FHb v zFVdZT M GJSFT dZ \WF JGdQF a\\FT
bdTF] M cF dG\JRZ \WF G FS\ ]RZFJH IZGRJSFT iHFTRV\dH ly�`ko dx ² °¸ M SJK /² °¸ v fWFZ
cF xdHb \WF y�`kpVdHHFV\FT HFSRTIJ]S M 0°¸ ± ² °¸ Þ /² °¸ v �d\F \WF TR�FHFZ\ ISF dx \WF
SJbi]F b FJZ JVHdSS J]] \WF SIG¡ FV\S RZ \WF VdZ\Hd] dH VJSF [HdIi RZ \WF �wh \FS\ v
fWRHT M cF xdHb \WF VHdSSpiHdTIV\S dx \WF HFSRTIJ]S ^
1 Á̧% ± íîØ

°Ù ³ 0°¸ 0°% ±
íîØ
°Ù ³ l² °¸ Þ /² °¸ o l² °%Þ /² °% o ´ 1 ³̧% ± ÝØ°Ùíîï ³

0°¸ 0°% ± ÝØ°Ùíîï ³
l² °¸ Þ /² °¸ o l² °%Þ /² °% o ´

nO



JZT \WFRH VdHHFSidZTRZ[ bJ\HRVFS 2 Á ± l1 Á̧%o JZT 2 ³ ± l1 ³̧%o v E RZJ]]K \WF \FS\ S\J\RS\RV
RS

�
Ý
'() ± fHJVF �l2 ³ Þ 2 Á o· l2 ³ Þ 2 Á o µ l�o

_[JRZ iFHbI\J\RdZ RS ISFT \d dG\JRZ J ipQJ]IF v

© ª! �ÆÃ®ÂÉË ÈÉ ¬ Â3ÆÊÆÉÄÆÃ È 4 5 Æ­ÉÃ ­ÉÇ È 4 �È6­ÊÂ­ÉÄÆ 5 ­®ÊÂÄÆÃ
�\ VJZ G F SWdcZ \WJ\ \WF [FZFHJ]R�FT {d\F]]RZ[ �S � � \FS\ JSSFSSFS \WF b FJZ TRxp

xFHFZVF dx \WF [FZd\Ki F SVdHFS G F\cFFZ \WF VdZ\Hd] JZT VJSF [HdIiS M cWR]F \WF �wh
\FS\ VdbiJHFS \WFRH VdHHF]J\RdZ b J\HRVFS v _ S Zd\FT GK �JKeRZ F\ J] lNOOmo M HJ\WFH
\WJZ \WF kFJHSdZ VdHHF]J\RdZ b J\HRs M \WF VdQJHRJZVF b J\HRs dx FJVW [HdIi VJZ G F J]Sd
ISFT M \WdI[W \WF ]J\\FH TRT Zd\ cdHe JS cF]] JS \WF xdHb FH v yJSFT dZ \WRS dGSFHQJ\RdZ M
jJZ[ F\ J] lNOOLo iHdidSFT J �dHb J]pGJSFT ]ReF]RWddT HJ\Rd \FS\ l�Yf o \d VdbiJHF
\WF b FJZ JZT VdQJHRJZVF b J\HRs TR�FHFZVFS SRbI]\JZFdIS]Kv zi FVRaVJ]]KM SIiidSF \WJ\
\WF idd]FT JZT [HdIipSi FVRaV SJbi]F b FJZS JHF

ß² ± n
¾ ÝØ°Ù³ ² ° ´ ß² Á ± n

ÀÁ
íîØ
°Ù ³ ² ° ´ ß² ³ ± n

À ³ ÝØ°Ùíîï ³
² ° ´

JZT \WF SJbi]F VdQJHRJZVF b J\HRVFS JHF

ì ± n
¾ ÝØ°Ù³ l² ° Þ ß² o· l² ° Þ ß² o ´

ìÁ ± n
ÀÁ

íîØ
°Ù ³ l² ° Þ ß² Á o· l² ° Þ ß² Áo ´ ì ³ ± n

À ³ ÝØ°Ùíîï ³
l² ° Þ ß² ³o· l² ° Þ ß² ³o µ

fWFZ M \WF \FS\ S\J\RS\RV RS

�'78 ± ¾ ]d[ �ì � Þ ÀÁ ]d[ �ìÁ � Þ À³ ]d[ �ì³ �µ lLo

_ i FHbI\J\RdZ iHd VFTIHF RS ISFT \d dG\JRZ R\S ipQJ]IF v
jJZ[ F\ J] lNOOLo J]Sd iHdi dSFT ISRZ[ iHRZVRi ]F VdbidZFZ\ JZJ]KSRS lkh_ o \d

HFTIVF \WF TRb FZSRdZ dx \WF [FZd\KiF QFV\dH ² ° v zi FVRaVJ]]KM dZF Jii]RFS kh_ \d \WF

nn



idd]FT SJbi]F JZT HF\JRZS dZ]K \WF aHS\ ê ³ khS Fsi]JRZ RZ[ J\ ]FJS\ �r9 dx \WF \d\J]
QJHRJ\RdZ v fWFZ \WF �Yf RS Jii]RFT \d \WF ê³ khS JS G FxdHF v fWF HFSI]\RZ[ \FS\ RS
VJ]]FT �YfiV v

_ S J HFSI]\ dx TRb FZSRdZJ] HFTIV\RdZ M \WF �YfiV \FS\ WJS J Sb J]]FH wE JZT \WIS
idSSRG ]K WR[WFH idcFH \WJZ \WF �Yf v EIH\WFHbdHF M xdH Sdb F TJ\J M \WF [FZd\KiF SVdHFS
dx Sdb F ]RZeFT z�kS bJK G F ]RZFJH]K TFi FZTFZ\ M ]FJTRZ[ \d J SRZ[I]JH VdQJHRJZVF
b J\HRs JZT VdZSF�IFZ\]K ZdZpJii]RVJGR]R\K dx \WF �Yf v

© ª: ~ ;ÉÂ<ÆÇ =Ê­> Æ?ÈÊ@ A "ÈËÂÃ®ÂÄ �ÆËÊÆÃÃÂÈÉ
fWFHF JHF SFQFHJ] id\FZ\RJ] THJcGJVeS c R\W \WF �Yf JZT �YfiV \FS\S dx jJZ[ F\

J] lNOOLo v ERHS\ M \WF \FS\S ISF SJbi]F VdQJHRJZVF b J\HRVFS M Zd\ kFJHSdZ �S VdHHF]J\RdZ
bJ\HRVFS l\d FS\Rb J\F VdbidSR\F VdHHF]J\RdZSo JS iHFxFHHFT GK �JKeRZ F\ J] lNOOmo v
UdHF Rb idH\JZ\]KM R\ RS Zd\ V]FJH Wdc \WFRH \FS\S VJZ ISF y�`kpVdHHFV\FT HFSRTIJ]S JS
RZ \WF b�wh \FS\ JTQd VJ\FT GK jJZ[ F\ J] lNOOqo v _ S SWdcZ GK jJZ[ F\ J] lNOOq M
NOOLo M \WF b�wh \FS\ i FHxdHb FT G F\\FH \WJZ \WF �wh \FS\ M iHdQ RTRZ[ J VdbiF]]RZ[
HFJSdZ \d ISF y�`kpVdHHFV\FT HFSRTIJ]S M Zd\ \WF SJbi]F VdQJHRJZVF b J\HRVFS v zFVdZT M
\WF �Yf JZT �YfiV \FS\S JHF GJSFT dZ \WF �dHb J]R\K JSSIbi\RdZ dZ \WF TRS\HRGI\RdZ
dx \WF [FZd\KiF SVdHFS v g RQFZ FJVW [FZd\KiF SVdHF J\ JZK ]dVIS WJS dZ]K \WHFF idSSRp
G ]F QJ]IFS M R\S T RS\HRGI\RdZ VJZZd\ G F �dHb J] v _ ]\WdI[W \WF ZdZp�dHb J]R\K TdFS Zd\
JI\db J\RVJ]]K HFZTFH \WF �Yf JZT �YfiV \FS\S RZQJ]RT M \WFRH idcFH VJZ G F ZF[J\RQF]K
RZ IFZVFT GK \WRS RZVdHHFV\ cdHeRZ[ JSSIbi\RdZ v fWRHT M \WF lJSKbi\d\RVo ZI]] TRSp
\HRGI\RdZS dx \WF \cd \FS\ S\J\RS\RVS JHF IZeZdcZ M WFZVF VdbiI\J\RdZJ]]K TFb JZTRZ[
iFHbI\J\RdZS WJQF \d G F ISFT \d VJ]VI]J\F ipQJ]IFS v zRZVF xdH FJVW iFHbI\FT TJ\JSF\ M
R\ RS \Rb FpVdZSIb RZ[ \d VJ]VI]J\F \WF SJbi]F VdQJHRJZVF b J\HRVFS JZT \WFRH TF\FHb Rp
ZJZ\S M \WF �Yf JZT �YfiV JHF bIVW S]dcFH \WJZ JZK dx \WF d\WFH \FS\S VdZSRTFHFT
RZ \WRS JH\RV]F v {FHF cF iHdQRTF JZ J]\FHZJ\RQF \WJ\ dQFHVdbFS \WF JGdQF \WHFF SWdH\p
Vdb RZ[S dx \WF �wh JZT �whiV \FS\S v fWF b JRZ RTFJ RS \d RZ\HdTIVF Sdb F HF]FQJZ\
\FHb S RZ\d J ]d[RS\RV HF[HFSSRdZ bdTF] M JZT \WF VdHHFSidZTRZ[ SVdHF S\J\RS\RV c R]] JI\dp
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bJ\RVJ]]K VdZ\HJS\ \WF b FJZS dx \WFSF \FHb S M RZV]ITRZ[ Gd\W [FZd\KiF SVdHFS JZT �w
iJ\\FHZS M G F\cFFZ \WF VJSF JZT VdZ\Hd] [HdIiS v _VVdHTRZ[]KM Zd\ ¡ IS\ J SRZ[]F \FS\ M
GI\ J V]JSS dx \FS\S JS xdH \WF b JRZpF�FV\S ]d[RS\RV bdTF] lno VJZ GF VdZS\HIV\FT v ERHS\ M
cF VdZSRTFH J SRb i]F JZT S\HJR[W\xdHcJHT cJK GK RZVdHidHJ\RZ[ \cdpcJK RZ\FHJV\RdZS
RZ\d J EI]] ]d[RS\RV HF[HFSSRdZ bdTF] ^

�d[R\ kH l¯° ± no ± ÖÁ ×
¶
Ø
¸Ù³ ² °¸ Ö¸ ×

Ø
¸ BÙ % ² °¸ ² °%Ö¸ º% ´ lnOo

JZT \FS\ J ZFc ZI]] WKi d\WFSRS Ú Á º� ^ Ö ³ ± µµµ ± Ö¶ ± Ö ³º� ± µµµ ± Ö¶æ³º¶ ± O c R\W JZK
dx \WF \FS\S RZ\HdTIVFT RZ SFV\RdZ N vN M xdH J]] dx cWRVW cF VJZ �IRVe]K VJ]VI]J\F \WFRH
ipQJ]IFS FR\WFH GK \WFRH JSKbi\d\RV ZI]] T RS\HRGI\RdZS dH GK SRbI]J\RdZ v

_ S xdH J b JRZpF�FV\ SWdcZ FJH]RFH M \WF SVdHF S\J\RS\RV xdH JZ RZ\FHJV\RdZ M SJK xdH
Ö ³º� M RS

Ü ³º� ± À ³ÀÁ l ÝØ°Ùíîï ³
² °³² °�âÀ ³ Þ

íîØ
°Ù ³ ² °³² °� âÀÁ oâ¾ ´

cWRVW VdZ\HJS\S \WF b FJZ VHdSSpiHdTIV\S G F\cFFZ \WF \cd [HdIiS RZ \WF SJbF SiRHR\ dx
\WF �wh \FS\ v hdZVFi\IJ]]KM \WF RTFJ RS HF]J\FT \d ISRZ[ JZ �w bFJSIHF \d HFiHFSFZ\
RZ\FHJV\RdZS G F\cFFZ \cd IZ]RZeFT ]d VR l�WJd F\ J] NOOmo v UdHF [FZFHJ]]KM HJ\WFH \WJZ
ISRZ[ \WF \cdpcJK RZ\FHJV\RdZS M cF VJZ JTT QJHRdIS �w bFJSIHFb FZ\S M F v[ v \WF VHdSSp
iHdTIV\S dx \WF y�`kpVdHHFV\FT HFSRTIJ]S RZ\d JZ �w×bJRZpF�FV\Sp]d[RS\RV HF[HFSSRdZ
bdTF] ^

�d[R\ kH l¯° ± no ± ÖÁ ×
¶
Ø
¸Ù³ ² °¸ Ö¸ ×

Ø
¸ BÙ % 0°¸ 0°%Ö¸ º% µ lnno

JZT \FS\ Ú Á º� ^ Ö ³ ± µµµ ± Ö¶ ± Ö ³º� ± µµµ ± Ö¶æ³º¶ ± O c R\W JZK dx \WF \FS\S RZ\HdTIVFT
RZ SFV\RdZ N vN v �\ RS Zd\FT \WJ\ \WF SVdHF S\J\RS\RV Ü ± lÜ ·C ´ Ü ·CC o· VdZ\JRZS \cd iJH\S ^
\WF aHS\ iJH\ ÜC RS xdH b JRZ F�FV\S iJHJb F\FHS lÖ ³ ´ µµµ´ Ö¶ o· M VdbiJHRZ[ \WF b FJZ
TR�FHFZVF dx \WF [FZd\KiF SVdHFS G F\cFFZ \WF \cd [HdIiS M JZT \WF SFVdZT iJH\ ÜCC
xdH VHdSSpiHdTIV\ \FHb S VdZ\HJS\S \WF �w iJ\\FHZS v

jF VJZ J]Sd VdZS\HIV\ \FS\S GJSFT dZ VdZ\HJS\RZ[ �w iJ\\FHZS dZ]KM xdH FsJbi]F M

nX



c R\W JZ �wpdZ]K ]d[RS\RV HF[HFSSRdZ bdTF] ^

�d[R\ kH l¯° ± no ± ÖÁ × Ø¸ BÙ % 0°¸ 0°%Ö¸ º% µ lnNo

JZT \FS\ Ú Á º� ^ Ö ³º� ± µµµ ± Ö¶æ³º¶ ± O v �Z iJH\RVI]JH M \WF \FS\ S\J\RS\RV � ãã ñ xdH Ú Á º� RS
\WF SJb F JS �

Ý
'() lIi \d J VdZS\JZ\o M GI\ \WFK TR�FH RZ Wdc \d JiiHds Rb J\F \WFRH ZI]]

T RS\HRGI\RdZS ^ \WF xdHb FH RS GJSFT dZ R\S JSKbi\d\RV TRS\HRGI\RdZ cWR]F \WF ]J\\FH RS
GJSFT dZ VdbiI\J\RdZJ]]K b dHF RZ\FZSRQF i FHbI\J\RdZS v YF[JHT]FSS dx \WFRH TR�FHFZ\
cJKS RZ FS\Rb J\RZ[ \WF ZI]] T RS\HRGI\RdZS M \WF JZJ]d[K GF\cFFZ dIH iHdidSFT \FS\S
GJSFT dZ ]d[RS\RV HF[HFSSRdZ JZT \WF �whDb�wh \FS\S RS \WF SJb F JS \WJ\ G F\cFFZ
\WF ]d[RS\RV HF[HFSSRdZpGJSFT SVdHF \FS\ JZT \WF [FZFHJ]R�FT {d\F]]RZ[ �S � � \FS\ M JS
TRSVISSFT GFxdHF v

E. 2�+2.12Ó < -/ -9> A >-A -, <� 7-Ó *,1*3 ><Ó ><,,*-. / >2� <� ->F *, 16 21 *1 A >-+*�<,
G <� *:*7*1? *. *. 3->A ->21*.Ó +2>*-9, �2?, 1- 3-� :*. < 16 < *./ ->� 21*-. *. Ó <.-1?A < , 3-><,
2.� Ò) A211<>., Ð B -1 -.7? +2>*-9, 1<,1, 32. :< �*><317? 2AA 7*<� 1- 1<,1 Ú Á º� *. 16 <
Ò) H�2*.Ô<Õ <31, � -�<7 �ÑÑ	 4 :91 27, - � < 32. 3-� :*. < , <+<>27 1<,1,4 , -� < -/ 16 <�
1<,1 Ú Á º³ *. 16 < � 2*.Ô<Õ <31, � -�<7 �Ñ	 1- 3-.1>2,1 Ó <. -1?A < , 3-><, �6*7< -16 <>, 1<,1
Ú Á º� *. 16 < Ò) Ô-.7? � -�<7 �ÑÏ	 1- 3-.1>2,1 Ò) A211<>., Ð I6 <>< *, 27, - G <� *:*7*1?
*. 6 -� 1- 3-� :*. <Ð ; <>< / -> *7 79,1>21*-.4 � < � *7 7 9, < 16 < � *.8 � <16 -� 1621 12F <,
16 < � *.*�9� -/ 16 < A Ô+279 <, / >-� 16 < 1� - 55 = 1<,1, 2AA 7*<� 1- � -�<7, �Ñ	 2.� �ÑÏ	
><,A <31*+ <7?4 16 <. 9, < 16 < 0 -./ <>>-.* 3->><31*-. / -> �971*A 7< 1<,1*.Ó4 2, ,9ÓÓ <,1<� :?
2 ><+*<� <> Ð 5A <3*� 327 7?4 */ 16 < A Ô+279 <, / >-� 16 < 55 = 1<,1, 2AA 7*<� 1- 16 < 1� - � -�<7,
2>< � ã ã ñ ºJ K°í 2.� � ã ã ñ º'( 4 16 <. 16 < A Ô+279 < -/ 16 < � *.8 1<,1 *,

�
Ý
°íò ± N b RZ l�ã ã ñ ºJ K°í ´ �ã ã ñ º'( o µ lnXo

B -1< 1621 *1 , <<�, A -,,*:7< 1- 2AA 7? 16 < ,*�9721*-. � <16 -� 2, �*, 39,, <� *. , <31*-. Ï ÐÏ Ðð
1- <,1*� 21< 16 < .97 7 �*,1>*:91*-. -/ 16 < � *.8 � <16 -� 1- 2+-*� 16 < 3-., <>+21*+ <. <,, -/
16 < 0 -./ <>>-.* 3->><31*-.4 2.� *1 *, 9.�<> -9> 39>><.1 *.+<,1*Ó 21*-. Ð
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E ,9��2>? -/ 16 < +2>*-9, � <16 -�, *, -Õ <><� *. I2:7< ÑÐ L-> -9> A >-A -, <� 7-Ó *,1*3
><Ó ><,,*-.4 <236 -/ 16 < 7*,1<� 1<,1, *. E	 32. :< 2AA 7*<� 1- <236 � -�<7 7*,1<� *. 0	 Ð
M � �¦¨�N�¨
! ª« �Â>O Å­®ÂÈÉ P A Q­ÎÅÈ®ÍÎÆ R3ÆÄ® 5 ÈÇÆÅ
ðÐÑÐÑ 5 *�9721*-. 5 <1Ô9A ,
jF iFHxdHb FT J SRbI]J\RdZ S\ITK xd]]dc RZ[ \WF SF\pIiS [RQFZ RZ jJZ[ F\ J] lNOOLo

c R\W ê ± nO bJHeFH z�kS JZT À ³ ± rOO VJSFS JZT ÀÁ ± rOO VdZ\Hd]S v E RHS\ M cF
[FZFHJ\FT J ]J\FZ\ QFV\dH xHdb J bI]\RQJHRJ\F �dHb J] TRS\HRGI\RdZ c R\W J VdbidIZT
SKbbF\HK lhzo VdHHF]J\RdZ S\HIV\IHF c R\W VdHHF]J\RdZ VdF¢ VRFZ\ SÁ P \WJ\ RS M \WF VdHp
HF]J\RdZ GF\cFFZ \WF \cd ]J\FZ\ QJHRJG]FS J\ JZK \cd ]dVR » JZT T RS S¸ % ± SÁ v zFVdZT M
\WF ]J\FZ\ QFV\dH cJS TRVWd\db R�FT \d KRF]T J WJi]d\Ki F c R\W b RZdH J]]F]F xHF�IFZVRFS
lU_ESo J\ QJHRdIS ]d VR HJZTdb ]K VWdSFZ G F\cFFZ O vn JZT O v| v fWRHT M xdH \cd RZTFp
i FZTFZ\]K [FZFHJ\FT WJi]d\Ki FS U ³ ± � ³º³� ³º� µµµ� ³º³Á JZT U� ± �� º³�� º� µµµ�� º³Á xdH JZK
SIG¡ FV\ M Rx cF VdTFT �V º̧ ± n dH O xdH \WF b RZdH dH b J¡ dH J]]F]F J\ JZK ]d VIS » M \WF ZdZp
ZI]] WJi]d\Ki F F�FV\S dZ J VdZ\RZIdIS ]RJGR]R\K \HJR\ W X cFHF YV ± �á ³Á¸ Ù ³ �V º̧ Þ r �âr xdH
Z ± n JZT N P Si FVRaVJ]]KM cF WJT W X ± Y ³ × Y � × , xdH J ZdZpZI]] bdTF] M JZT W X ± , xdH
J ZI]]pb dTF] M cWFHF , ö ÷ lO ´ - o RS J HJZTdb FHHdH M JZT - VdZ\Hd]]FT ZdRSF ]FQF] RZ \WF
TJ\J v EdIH\W M J TRSFJSF S\J\IS ¯ cJS [FZFHJ\FT JS \WF GRZJHK RZTRVJ\dH ÿ lW X � nµm|o v
EdH FJVW SF\pIi M cF SRbI]J\FT nOOO TJ\JSF\S M xHdb cWRVW cF dG\JRZFT JZ FbiRHRVJ]
SR�F dH i dcFH xdH FJVW \FS\ JS R\S iHdi dH\RdZ dx RZVdHHFV\]K dH VdHHFV\]K HF¡ FV\RZ[ R\S
ZI]] WKi d\WFSRS HFSi FV\RQF]Kv j R\W nOOO RZTFi FZTFZ\ HFi]RVJ\RdZS M \WF UdZ\F hJH]d
S\JZTJHT FHHdH dx JZ FbiRHRVJ] SR�F dH idcFH M SJK /[ M RS \ /[ ln Þ /[ oâ nOOO ] O µO nm v

ðÐÑÐÏ 5 *�9721*-. ^ <,971,
I?A < � <>>-> >21<^ EdH \WF ZI]] bdTF]S c R\W QJHRdIS QJ]IFS dx SÁ M J]] \WF \FS\S

FsVFi\ \WF bI]\RQJHRJ\F SVdHF \FS\ GJSFT dZ \WF �wpdZ]K dH �w×bJRZpF�FV\Sp]d[RS\RV

nr



bdTF] b JRZ\JRZFT \WFRH fKiF � FHHdH HJ\FS V]dSF \d \WF Zdb RZJ] SR[ZRaVJZVF ]FQF] J\
O vOr lfJG]FS NpXo M GI\ \WF JG dQF \cd SVdHF \FS\S VdI]T WJQF bIVW ]JH[FH fKiF � FHHdH
HJ\FS lZd\ SWdcZo v EdH FsJbi]F M xdH \WF �wpdZ]K b dTF] M \WF \FS\ SR�FS dx \WF SVdHF \FS\
RZVHFJSFT xHdb O vOmq xdH SÁ ± O \d O vnOq xdH SÁ ± O µ� v EdH \WFRH RZ J\FT fKi F � FHHdH
HJ\FS M cF c R]] Zd\ VdZSRTFH \WF \cd SVdHF \FS\S RZ \WF �wpdZ]K JZT �w × UJRZpF�FV\S
bdTF]S RZ \WF xd]]dc RZ[ VdbiJHRSdZS v

8 -� <>^ jF VJZ THJc \WF xd]]dc RZ[ VdZV]ISRdZS VdZSRS\FZ\]K JVHdSS J]] SVFZJHRdS
c R\W \WHFF ZdRSF ]FQF]S - v E RHS\ M cF VdZSRTFH Wdc idcFH VWJZ[FT c R\W VdHHF]J\RdZ
VdF¢ VRFZ\ SÁ v EdH \WF �Yf M �YfiV JZT QJHRdIS �whp\KiF \FS\S M \WF i dcFH RZVHFJSFT
c R\W SÁ M HF FV\RZ[ RZVHFJSRZ[ �w TR�FHFZVFS v �Z VdZ\HJS\ M xdH d\WFH \FS\S VdbiJHRZ[
[FZd\Ki F SVdHFS c R\W dH c R\WdI\ VdZ\HJS\RZ[ �w iJ\\FHZS G F\cFFZ \WF \cd [HdIiS M JS
SÁ cJS RZVHFJSFT M \WFRH idcFH aHS\ RZVHFJSFT M \WFZ TFVHFJSFT v zFVdZT M xdH J Sb J]] SÁ
lF v[ v SÁ ± Oo M \WF zz` \FS\ lV]dSF]K xd]]dcFT GK zz`c o GJSFT dZ \WF EI]]p]d[RS\RV bdTF]
cJS \WF dQFHJ]] c RZZFH P xdH JZ RZ\FHb RTJ\F SÁ M \WF zz` ldH zz`c o \FS\S GJSFT dZ FR\WFH
\WF EI]] b dTF] M U JRZpF�FV\S b dTF] M dH �w×bJRZpF�FV\S bdTF] i FHxdHb FT SRb R]JH]K
JZT cFHF G FS\ M GI\ JS SÁ cJS RZVHFJSFT M \WF zz` \FS\ GJSFT dZ \WF �w×bJRZpF�FV\S
bdTF] cJS \WF c RZZFH P xdH J ]JH[F SÁ M \WF zz` \FS\ GJSFT dZ \WF �wpdZ]K ]d[RS\RV
bdTF] WJT \WF WR[WFS\ idcFH v fWRHT M G F\cFFZ \WF �Yf JZT �YfiV \FS\S M \WF xdHb FH
cdZ xdH J ]JH[F SÁ cWR]F \WF ]J\\FH cJS \WF c RZZFH xdH J Sb J]] SÁ v EdIH\W M JS SWdcZ
GK jJZ[ F\ J] lNOOqo M \WF b�wh \FS\ VdZSRS\FZ\]K i FHxdHb FT GF\\FH \WJZ \WF �wh
\FS\ M \WdI[W \WF zz` \FS\ RZ \WF �wpdZ]K bdTF] cJS bIVW GF\\FH \WJZ \WF b�wh
\FS\ v L */ 164 / -> 2 ,� 27 7<> SÁ 4 16 < 55 = 1<,1 *. 16 < Ò) H�2*.Ô<Õ <31, � -�<7 62� 2. <�Ó <
-+<> 16 < � *.8 1<,14 :91 2, SÁ *. 3><2, <�4 16 < A -� <> -/ 16 < 7211<> <� 3<<�<� 1621 -/ 16 <
/ ->� <>Ð

�Z SIbbJHKM cWFZ �w cJS cFJe M \WF RZxdHb J\RdZ JGdI\ \WF \HJR\p[FZd\KiF JSp
Sd VRJ\RdZ cJS b JRZ]K VdZ\JRZFT RZ [FZd\KiF SVdHF TR�FHFZVFS M xdH cWRVW \WF zz` dH
zz`c \FS\ GJSFT dZ J ]d[RS\RV HF[HFSSRdZ bdTF] c R\W b JRZpF�FV\S lJZT idSSRG ]K d\WFH

nm



WR[WpdHTFH \FHb So cdHeFT G FS\ v _. 16 < -16 <> 62.�4 2, 16 < ,1><.Ó 16 -/ Ò) �2, *.Ô
3><2, <�4 16 <>< �2, 2 ,1>-.Ó <> �*Õ <><. 3< *. Ò) A211<>.,4 :91 . -1 *. Ó <.-1?A < , 3-><,4
:<1� <<. 16 < 1� - Ó>-9A ,4 / -> �6*36 32, < 16 < 55 = -> 55 =� 1<,1 :2, <� -. <*16 <> Ò) Ô-.7?
-> Ò) H�2*.Ô<Õ <31, 7-Ó *,1*3 ><Ó ><,,*-. �2, 16 < � -,1 A -� <>/ 9 7Ð

I- Ó 29Ó < 16 < -+<>27 7 A <>/ ->� 2.3<4 � < 2+<>2Ó <� 16 < A -� <> -/ , <+<. ><A ><, <.121*+ <
1<,1, -+<> 16 < +279 <, -/ SÁ �L *Ó Ñ	 Ð L-> <236 .-*, < 7<+<7 - 4 16 < � *.8 1<,1 �2, 16 <
-+<>27 7 � *.. <>4 / -7 7-� <� 37-, <7? :? 16 < 55 = 1<,1 *. 16 < Ò)H�2*.Ô<Õ <31, � -�<74 2.�
16 <. :? 16 < 55 = 1<,1 *. 16 < � 2*.Ô<Õ <31, � -�<7Ð
! ª© �Â>O Å­®ÂÈÉ PP A �?È` ÅÈ ÄOÃ ¬ ÂÃÆ­ÃÆ 5 ÈÇÆÅ
ðÐÏ ÐÑ 5 *�9721*-. 5 <1Ô9A
fd b Rb RV HFJ] �w iJ\\FHZS M cF ISFT WJi]d\Ki F TJ\J dx jJZ[ F\ J] lNOOLo M VdZ\JRZp

RZ[ \cd SF[bFZ\S dZ VWHdb dSdbF Nn GJSFT dZ \WF ht` {JiUJi SJbi]FS lfWdHRSSdZ
F\ J] NOOro v jJZ[ F\ J] lNOOL M fJG]F �o ]RS\FT \WF WJi]d\Ki FS JZT \WFRH xHF�IFZVRFS RZ
\WF \cd [FZF HF[RdZS M FJVW c R\W q z�kS v fWF aHS\ HF[RdZ RZV]ITFT nm TR�FHFZ\ WJi]dp
\Ki FS M dx cWRVW \WHFF WJi]d\Ki FS WJT J VIbI]J\RQF xHF�IFZVK dx qX9 v fWF SFVdZT dZF
WJT dZ]K nX WJi]d\Ki FS c R\W \WF \cd bdS\ xHF�IFZ\ WJQRZ[ J VIbI]J\RQF xHF�IFZVK
dx mL9 v jF VdbGRZFT \cd RZTFiFZTFZ\]K SJbi]FT WJi]d\Ki FS \d dG\JRZ J QFV\dH dx
b JHeFH [FZd\Ki FS xdH FJVW SIG¡ FV\ v _ S RZ jJZ[ F\ J] lNOOLo M cF ISFT \WF \WRHT z�k
RZ FJVW dx \WF \cd HF[RdZS JS \WF VJISJ] z�kS M SJK a ³ JZT a � M c R\W U_E F�IJ] \d O vn|
JZT O vOmm HFSi FV\RQF]KM JZT SRbI]J\FT J GRZJHK \HJR\ ISRZ[ J Tdb RZJZ\ [FZF\RV bdTF] ^

�d[R\ kH l¯° ± no ± bÁ × b ³ÿ° ºc d × b� ÿ° ºc ý × b ³� ÿ° ºc dÿ° ºc ý ´ ln|o
cWFHF ÿ° ºc d JZT ÿ° ºc ý cFHF GRZJHK RZTRVJ\dHS dx \WF iHFSFZVF dx \WF b RZdH J]]F]FS RZ \WF\cd TRSFJSFpVJISRZ[ z�kS xdH SIG¡ FV\ ¼ v

EdH \WF ZI]] bdTF] M cF ISFT b ³ ± b� ± b ³� ± O v jF VdZSRTFHFT xdIH \Ki FS dx
ZdZpZI]] b dTF]S lhWJ\\FH¡ FF F\ J] NOOmo ^ Ro J iIHF]K FiRS\J\RV bdTF] c R\W b ³ ± b� ± O
JZT b ³� ± b � O P RRo JZ JTTR\RQF bdTF] xdH dTTS HJ\Rd l£Y o c R\W b ± lb ³ ´ b� o JZTb ³� ± b ³ × b� × ]d[ l,e³ × ,e� Þ no P RRRo J bI]\Ri]RVJ\RQF £Y bdTF] lR vF v J b JRZpF�FV\S bdTF]
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c R\W dZ]K ZdZp�FHd b JH[RZJ] F�FV\S JZT �FHd RZ\FHJV\RZ[ F�FV\So c R\W b ³ ± b� ± b � O
JZT b ³� ± O P RQ o J VHdSSpdQFH bdTF] c R\W b ³ ± ]d[ lO µLo M b� ± O JZT b ³� ± b � O v EdH J]]
\WF bdTF]S M cF ISFT bÁ ± Þ ]d[ lLo � ÞN µN v EdH FJVW \KiF dx \WF \HIF [FZF\RV bdTF] M
cF QJHRFT \WF QJ]IF dx b v

jF FsV]ITFT \WF \cd VJISJ] z�kS xHdb \WF dGSFHQFT TJ\J M JZT VdbGRZFT \WF
HFb JRZRZ[ nN b JHeFH z�kS JS RZ J VJZTRTJ\F HF[RdZ v jF ISFT J SJbi]F SR�F dx À ³ ± rOO
VJSFS JZT ÀÁ ± rOO VdZ\Hd]S xdH FJVW SRbI]J\FT TJ\JSF\ P nOOO HFi]RVJ\FS cFHF ISFT xdH
FJVW SRbI]J\RdZ SF\pIi M xHdb cWRVW cF dG\JRZFT JZ FbiRHRVJ] SR�F dH i dcFH xdH FJVW
\FS\ JS R\S iHdi dH\RdZ dx RZVdHHFV\]K dH VdHHFV\]K HF¡ FV\RZ[ R\S ZI]] WKid\WFSRS v

ð ÐÏ ÐÏ 5 *�9721*-. ^ <,971,
I?A < � <>>-> >21<^ EdH \WF ZI]] bdTF] M FJVW dx \WF \FS\S SFFb FT \d b JRZ\JRZ J

VdHHFV\ \FS\ SR�F ^ \WF fKiF � FHHdH HJ\FS cFHF J]cJKS V]dSF \d \WF Zdb RZJ] SR[ZRaVJZVF
]FQF] J\ O vOr lfJG]FS |pro M

8 -� <>^ E RHS\ M \WF \FS\S GJSFT dZ dZ]K VdZ\HJS\RZ[ �w iJ\\FHZS JiiFJHFT \d G F
J]cJKS ]dc idcFHFT M cWR]F \WdSF GJSFT dZ ldZ]K dH iJH\]K o VdbiJHRZ[ b FJZ [FZd\KiF
SVdHFS SFFb FT \d WJQF WR[WFH idcFH M SI[[FS\RZ[ \WJ\ \WF RZxdHb J\RdZ VdZ\FZ\ xdH
[FZF\RV JSSdVRJ\RdZS cJS b JRZ]K VdZ\JRZFT RZ bFJZ [FZd\KiF SVdHFS v zFVdZT M xdH \WF
iIHF]K FiRS\J\RV bdTF] JZT VHdSSpdQFH b dTF] M \WF zz`c \FS\ GJSFT dZ \WF EI]] bdTF]
cJS \WF dQFHJ]] c RZZFH M V]dSF]K xd]]dcFT GK \WF `b RZk \FS\ GJSFT dZ \WF EI]] bdTF] v
£Z \WF d\WFH WJZT M xdH \WF d\WFH \cd IZTFH]K RZ[ [FZF\RV bdTF]S M \WF bI]\RQJHRJ\F
SVdHF \FS\ GJSFT dZ \WF b JRZpF�FV\S bdTF] SFFb FT \d G F \WF dQFHJ]] c RZZFH M xd]]dcFT
GK \WF zz`c JZT idSSRG ]K zz` \FS\S v fWRHT M J]\WdI[W \WF \FS\S GJSFT dZ �w×bJRZp
F�FV\S bdTF] cFHF Zd\ bdS\ i dcFHxI] M \WFK WJT bIVW WR[WFH i dcFH \WJZ \WF �wh
JZT b�wh \FS\S M JZT \WJZ \WF �Yf JZT �YfiV \FS\S v L-9>164 :<1� <<. 16 < 55 = 1<,1
/ -> 16 < Ò) H�2*.Ô<Õ <31, � -�<7 2.� 16 < � *.8 1<,14 . <*16 <> �-� *.21<� 16 < -16 <>� <236
A <>/ ->� <� :<11<> 16 2. 16 < -16 <> / -> 1� - Ó <. <1*3 � -�<7, Ð

�. -+<>27 74 2+<>2Ó <� -+<> 16 < +2>*-9, A2>2� <1<> +279 <, *. <236 Ó <. <1*3 � -�<74 16 <
n�



A -� <> -/ <236 -/ , <+<. ><A ><, <.121*+ < 1<,1, *, ,6 -�. *. L *Ó Ï Ð � 1 *, 37<2> 16214 �9 < 1-
16 < A ><, <. 3< -/ *.1<>231*-.,4 16 < 55 = 1<,1 / -> 16 < L97 7 � -�<7 �2, 16 < -+<>27 7 � *.. <>4
37-, <7? / -7 7-� <� :? 16 < 55 = / -> 16 < � 2*.Ô<Õ <31, � -�<74 16 < � *.8 1<,1 -> 16 < 55 = / ->
16 < Ò)H�2*.Ô<Õ <31, � -�<7Ð
! ª! �Â>O Å­®ÂÈÉ PPP A Q ­Î5 ­Î Ç­®­ 4ÈÊ ËÆÉÆ �QP!"©
ðÐðÐÑ 5 *�9721*-. 5 <1Ô9A
�< 3-.�931<� 2 ,*�9721*-. ,19�? :2, <� -. ><27 Ò) A211<>., � *16 *. 16 < f; �ðÒÏ Ó <. < 2,
-:, <>+<� *. 16 < ; 2A@ 2A �212Ð �< �-�.7-2�<� 16 < 5B8, -/ 16 < f; �ðÒÏ Ó <. < / -> 16 <
g� fh = �=126 ><,*�<.1, � *16 2. 3<,1>? / >-� .->16 <>. 2.� � <,1<>. h9>-A <	 *.�*+*�927,
/ >-� 16 < ; 2A@ 2A ,*1< *. i9. < Ï��j Ð E , *. �2.Ó 2.� h 7, 1-. �Ï��
	 4 � >,14 � < <� 379�<�
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�d[R\ kH l¯° ± no ± ÖÁ × ]d[ ll$ o² °Á ´ lnro

�6 <>< � < 36 -, < ÖÁ ± Þ ]d[ | 1- Ó *+ < 2 :23FÓ >-9.� �*Ð<Ð . -1 329, <� :? 16 < 5B8	 �*, <2, <
A >-:2:*7*1? -/ �ÐÏ4 2.� 16 < 2,, -3*21*-. ,1><.Ó 16 :<1� <<. 16 < �*, <2, < 2.� 329,27 5B8
�2, ><G <31<� :? 16 < -��, >21*- �_^	 4 �6*36 >2.Ó <� / >-� Ñ �*Ð<Ð . - 2,, -3*21*-.	 1- ÑÐCÐ
L *.27 7?4 / -7 7-� *.Ó 16 < 32, <Ô3-.1>-7 �<,*Ó.4 � < ,2�A 7<� À ³ ± rOO 32, <, �� *16 ¯° ± n	
2.� ÀÁ ± rOO 3-.1>-7, �� *16 ¯° ± O	 Ð �< <� 379�<� 16 < �*, <2, <Ô329,*.Ó 5B8 �6 <.
2AA 7?*.Ó +2>*-9, ,121*,1*327 1<,1, Ð L-> <236 , <1Ô9A 4 � < ,*�9721<� Ñ��� �212, <1, Ð
ð Ðð ÐÏ 5 *�9721*-. ^ <,971,
fKiF � FHHdH HJ\F � L-> 16 < .97 7 � -�<7 � *16 _^mÑ4 <236 -/ 16 < 1<,1, , <<� <� 1-
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2+2*72:7< / -> 16 < B ->� 27Ô:2, <� Ò^I � <16 -�Ð
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jF WJQF iHdi dSFT J [FZFHJ] xHJb FcdHe GJSFT dZ ]d[RS\RV HF[HFSSRdZ \d IZRxK \cd
[FZFHJ] JiiHdJVWFS \d TF\FV\RZ[ [FZF\RV JSSdVRJ\RdZ GJSFT dZ IZiWJSFT [FZd\KiF TJ\J ^
HJ\WFH \WJZ VWddSRZ[ G F\cFFZ VdbiJHRZ[ [FZd\KiF SVdHFS JZT VdZ\HJS\RZ[ �w iJ\\FHZS
G F\cFFZ \WF VJSF JZT VdZ\Hd] [HdIiS M JS Rbi]Fb FZ\FT RZ \WF {d\F]]RZ[ �S � � \FS\ JZT
�wh \FS\ HFSi FV\RQF]KM cF VJZ VdZS\HIV\ \FS\S IZTFH \WRS IZRaFT xHJb FcdHe \d ,*�97Ô
12. <-9,7? JSSFSS \WF \cd JSi FV\S dx \WF TRS\HRGI\RdZJ] TR�FHFZVF v fWF bJRZ RTFJ RS \d
RZVdHi dHJ\F Sdb F �w bFJSIHFb FZ\S M JS \WdSF xdH [FZd\Ki F SVdHFS M JS VdQJHRJ\FS RZ J
]d[RS\RV HF[HFSSRdZ bdTF] v �Z \WRS cJKM cF VJZ \JeF JTQJZ\J[F dx \WF SVdHF S\J\RS\RV JZT
R\S JSSdVRJ\FT ZRVF JSKbi\d\RV iHdi FH\RFS M \d VdZS\HIV\ J V]JSS dx SIR\JG]F \FS\S M SIVW JS
\WF zz` M zz`c JZT `b RZk \FS\S M RZ JTTR\RdZ \d \WF S\JZTJHT bI]\RQJHRJ\F SVdHF \FS\ M
cWdSF ZI]] T RS\HRGI\RdZS VJZ GF FJSR]K FS\Rb J\FT GJSFT dZ \WF JSKbi\d\RV �dHb J]R\K dx
\WF SVdHF S\J\RS\RV v tQFZ Rx dZF RS dZ]K RZ\FHFS\FT RZ VdZ\HJS\RZ[ �w iJ\\FHZS G F\cFFZ
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\WF VJSF JZT VdZ\Hd] [HdIiS M ]d[RS\RV HF[HFSSRdZ d�FHS J [FZFHJ] xHJb FcdHe \d VdZS\HIV\
Sdb F J]\FHZJ\RQF �whp\Ki F \FS\S v EdH FsJbi]F M HJ\WFH \WJZ \JeRZ[ \WF SRbi]F JQFHJ[F
dx \WF �w TR�FHFZVFS JS RZ \WF �wh M b�wh JZT dIH iHdi dSFT zz` \FS\S M cF VJZ \JeF J
cFR[W\FT JQFHJ[F JS RZ \WF zz`c \FS\ M dH \JeF \WF bdS\ SR[ZRaVJZ\ TR�FHFZVF JS RZ \WF
`b RZk \FS\ M \d SIbbJHR�F \WF TRS\HRGI\RdZJ] TR�FHFZVF G F\cFFZ \WF \cd [HdIiS v _ S
SWdcZ xdH VdZ\HJS\RZ[ [FZd\KiFS SVdHFS M \WF JG dQF J]\FHZJ\RQF \FS\S VJZ KRF]T WR[WFH
idcFH IZTFH Sdb F SR\IJ\RdZS lhWJibJZ JZT j WR\\JeFH NOO� P kJZ NOOLo v �b idH\JZ\]KM
TIF \d \WF ZRVF JSKbi\d\RV iHdi FH\RFS dx \WF SVdHF QFV\dH xdH ]d[RS\RV HF[HFSSRdZ ldH JZK
[FZFHJ]R�FT ]RZFJH bdTF] M g�U oM R\ RS FJSK \d TFHRQF \WF JSKbi\d\RV ZI]] T RS\HRGI\RdZS
JZT \WIS VJ]VI]J\F \WF ipQJ]IFS xdH \WFSF J]\FHZJ\RQF \FS\S v fWF ]d[RS\RV HF[HFSSRdZ ldH
bdHF [FZFHJ]]K g�U o xHJb FcdHe Zd\ dZ]K b JeFS R\ S\HJR[W\xdHcJHT \d JVVdbbdTJ\F
d\WFH iWFZd\Ki FS lF v[ v �IJZ\R\J\RQF \HJR\So JZT RZVdHi dHJ\F d\WFH VdQJHRJ\FS M SIVW JS
FZQRHdZbFZ\J] dH d\WFH HRSe xJV\dHS M GI\ J]Sd xJVR]R\J\FS \WF Fs\FZSRdZ dx \WF iHdidSFT
\FS\S \d d\WFH HdGIS\ ZdZp]ReF]RWddTpGJSFT FS\Rb J\RdZ bF\WdTS l�WJd F\ J] NOOXo dH
d\WFH S\ITK TFSR[ZS M F v[ v xJb R]KpGJSFT JSSdVRJ\RdZ S\ITRFS lF v[ v EJZ JZT � RdZ[ NOOX P
yJeSW F\ J] NOOro M JZT \d VdbGRZRZ[ idiI]J\RdZp JZT xJb R]KpGJSFT JSSdVRJ\RdZ S\ITRFS
lhWFZ JZT �RZ NOO� P {SI F\ J] NOOLo v
£IH ZIb FHRVJ] HFSI]\S WJQF VdZaHb FT \WF [ddT i FHxdHb JZVF dx \WF iHdidSFT \FS\S v

_ S FsiFV\FT M Rx \WF TRS\HRGI\RdZJ] TR�FHFZVF G F\cFFZ VJSFS JZT VdZ\Hd]S ]RFS RZ G d\W
[FZd\Ki F SVdHFS JZT �w iJ\\FHZS lcWR]F ZFR\WFH JSi FV\ Tdb RZJ\FS \WF d\WFHo M \WF zz`
\FS\ GJSFT dZ JZ �w×bJRZpF�FV\S ]d[RS\RV HF[HFSSRdZ bdTF] cJS b dS\ idcFHxI] v £Z
\WF d\WFH WJZT M cWFZ TRS\HRGI\RdZJ] TR�FHFZVF RS b JRZ]K RZ dZ]K dZF dx \WF \cd JSi FV\S M
\WF zz` ldH zz`c o \FS\ GJSFT dZ dZF dx \WF \cd bdTF]S M J b JRZpF�FV\S lxdH [FZd\KiF
SVdHFSo dH JZ �wpdZ]K lxdH �w iJ\\FHZSo ]d[RS\RV bdTF] M cJS bdS\ i dcFHxI] M cWR]F
\WJ\ GJSFT dZ \WF d\WFH bdTF] b JK GF �IR\F ]dc idcFHFT v �Z VdZ\HJS\ M IZTFH \WFSF
SR\IJ\RdZS M J]\WdI[W \WF zz` ldH zz`c o \FS\ GJSFT dZ JZ �w×bJRZpF�FV\S ]d[RS\RV
bdTF] b JK Zd\ G F b dS\ idcFHxI] M R\ S\R]] b JRZ\JRZS WR[W idcFH v �Z iJH\RVI]JH M RZ J]]
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dIH FsJbi]FS M dZF dx \WF zz` JZT zz`c \FS\S GJSFT dZ JZ �w×bJRZpF�FV\S ]d[RS\RV
HF[HFSSRdZ bdTF] cJS J]cJKS b dHF idcFHxI] \WJZ \WF �wh JZT b�wh \FS\S M JZT \WJZ
\cd HFVFZ\]K iHdi dSFT �dHb J]pGJSFT �Yf JZT �YfiV \FS\S \WJ\ VdbiJHF \WF b FJZ
JZT VdQJHRJZVF TR�FHFZVFS G F\cFFZ \WF \cd [HdIiS v EIH\WFHbdHF M dIH iHdidSFT \FS\S
JHF VdbiI\J\RdZJ]]K bIVW xJS\FH \WJZ \WF xdIH i FHbI\J\RdZpGJSFT \FS\S v

E 716 -9Ó6 � < 62+< / -39, <� -. 16 < 2AA 7*321*-. -/ 2.? 2,, -3*21*-. 1<,1 1- 2 32.�*�21<
Ó <. < -> ><Ó *-.4 � < � 2? <� 1<.� 16 < � <16 -�-7-Ó? 1- Ó <. -� <Ô� *�< 2,, -3*21*-. ,19�*<, Ð
_.< ,1>21<Ó? *, 1- 2AA 7? , -� < <� *,1*.Ó 27Ó ->*16�, 1- �<1<31 62A 7-1?A < :7-3F, 2, �<� .<�
2, 36>-� -,-� < ><Ó *-., � *16 5B8, *. 6 *Ó6 Ò)4 16 <. 2AA 7? 2. 2,, -3*21*-. 1<,1 1- <236
-/ 16 < 62A 7-1?A < :7-3F, �f2>�-. 2.� E :<32,*, Ï��ð	 Ð E A -1<.1*27 �>2� :23F *, 16 21
62A 7-1?A < :7-3F, � 2? .-1 :< 9.*�9 <7? �<� .<� -> �<1<31<� :? �*Õ <><.1 � <16 -�, Ð E.
271<>.21*+ < *, 1- 2AA 7? 2. 2,, -3*21*-. 1<,1 1- , <+<>27 � � <�Ô,*� <� ,7*�*.Ó � *.�-�, 27-.Ó
2 36>-� -,-� < �)9>>2.1 <1 27 Ï��D	 4 -> 1- 27 7 A -,,*:7< +2>?*.Ó Ô,*� <� � *.�-�, � *16 2
,� 27 7 A ><, <1 � 2� *�9� .9� :<> -/ 5B8, *.,*�< �f6 <.Ó <1 27 Ï��C	 Ð q9- <1 27 �Ï��g	
,6 -� <� 16214 16 -9Ó6 3-�A 9121*-.27 7? �9*1< �<� 2.�*.Ó4 <�A 7->*.Ó 27 7 A -,,*:7< , 7*�*.Ó Ô
� *.�-� ,*� <, 3-97� *�A >-+<� ,121*,1*327 A -� <> -+<> 1621 :2, <� -. -.7? 62A 7-1?A < :7-3F,
-> ,*.Ó 7< 5B8 7-3*Ð �. 2.? 32, <4 -9> A >-A -, <� 1<,1, 32. :< 3-9A 7<� � *16 2 62A 7-1?A <Ô
:7-3F , <2>36 *.Ó -> ,7*�*.Ó Ô� *.�-� ,1>21<Ó? / -> 2AA 7*321*-. 1- Ó <.-� <Ô� *�< 2,, -3*21*-.
,19�*<, Ð
rstuvw xyz{y|yu}

fWF JI\WdH RS [HJ\FxI ] \d \WF HFQRFcFHS xdH Fs\HFb F]K WF]ixI] JZT VdZS\HIV\RQF
VdbbFZ\S v fWF JI\WdH \WJZeS wH fJd jJZ[ xdH [FZFHdIS]K SWJHRZ[ WRS Y VdTF xdH
\WF b�wh \FS\ M JZT wH �IFs RJ jJZ[ xdH V]JHRaVJ\RdZS dZ \WF �Yf D�YfiV \FS\S v
fWRS HFSFJHVW cJS iJH\RJ]]K SIiidH\FT GK ��{ [HJZ\S gUO�nrXr JZT {�mr|mN v

�¦~¦�¦��¦¨
�������� �� � ������� �� ������ �������������� ����� ��� �� ������� �����  ������ ¡ ¢

NN
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ÆÀ °³À²Ì³ ¢

¼�� � � Ô���� ¶ ����³� ����¡� ���� ���´��� �´ ���� �� ��¡���É �������� �µ ����²���´���
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´� ��´��´ ����Ù������� ���� ���´���� ¢ Åº¦º« ÏÐ ¤Ëº© ¤¥Â �± ° ��Æ²� ®Ç ¢
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¸����� �½ ����Ì � ������� ����� ������ ¡ ´��´��� ���� ������� ����� ��  ������ ¢ Åº¦º«¤¬­
®¯¯ °À�À²À ®� ¢

���� ¿ � · ��´�� �� ����Æ� é¡������ ����� �µ  �� �� � �����´�� ����� ´��´ ��� �������
����� ������ ¡ ¡������ ¢ Á© Ö Ã Ä© Åº¦º« ±� °³À³²³¯� ¢

���� ¿ � Õ�  Ú � · ��´�� �� ����Æ� é¡���� ��� � ���� �� ���´���´��� �������²� ���� ������ ¡
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fJG]F N ^ tbiRHRVJ] SR�FS JZT idcFHS dx QJHRdIS \FS\S c R\W Zdb RZJ] SR[ZRaVJZVF ]FQF]
O vOr xdH SRbI]J\RdZ � v fWF ]J\FZ\ QJHRJG]FS xdH [FZd\KiFS WJT J VdHHF]J\RdZ S\HIV\IHF
dx < ì lSÁ o c R\W =z�k± nO M JZT SJbi]F SR�F ÀÁ ± À ³ ± rOO v

>?@@ A BCD@ E FGHIDJDKLM
EBCD@ Nî OPQ OPQRK SST SSTU TA GHV SKB SST SSTU TA GHV SKB
W?@@ XÁ XÁYY XÁYZ XÁ[\ XÁ[[ XÁZ� XÁ[] XÁY[ XÁYÁ XÁ[[ XÁYÁ

X� XÁYZ XÁ\³ XÁ[^ XÁ[� XÁY� XÁZ� XÁY^ XÁ\� XÁ[\ XÁ[]
XZ XÁY� XÁYY XÁY� XÁY� XÁ[[ XÁYÁ XÁY^ XÁY� XÁYÁ XÁY\
XY XÁ�� XÁ[ ³ XÁY ³ XÁ[\ XÁZ] XÁ�] XÁY\ XÁY\ XÁ\Y XÁ[�
X^ XÁ[^ XÁYZ XÁ[] XÁ[Y XÁ[[ XÁZY XÁY� XÁY ³ XÁYÁ XÁY^

_ Ù � &Á XÁ X³[Á X³\³ XZ�� XZÁ[ X� ³^ X³³� X�ZÁ X��^ X³ZÁ X��^
X� X��] X�Y^ X[\Z X[ZÁ X��] X³�Z X[Y� X[Z� X�[Á X���
XZ X�Z� X��Á XZ\[ XZ�Á X��Á X³[ ³ X[^\ X[[\ XZÁZ X� ³Á
XY XZ�[ XZÁ[ X�Á[ X�Z^ X� ³[ X³Y] X[Á\ XZY� XZÁ� X�]Y
X^ X[�Y XZYY X³^� X³Z ³ X�\Á X³Z� X�\\ X�Á� X�Y ³ X��Á

_ Ù � &[ XÁ X�Á� X�YÁ XYÁÁ X[^� X� ³[ X³[] X�\� X�Y� X��Á X�ZZ
X� X�\� XZ�] X\Z� X\³\ X[ ³Á X�Á] X\Z] X\Z� X[ÁÁ X[Á]
XZ XZ]] XZ]Z XY�\ X[\[ XZ^] X� ³[ X\Y� X\ZZ X[\Z XZY ³
XY XY�Á X[^� XZ�Z X�\\ XZY[ X��[ XY^� XYZÁ X[\[ XZ�Z
X^ X\�Z XYY[ X�\Y X� ³Y XZ�Á X� ³\ X[� ³ XZ\³ X[Á\ XZ]^

_ Ù � &Á XÁ X�\\ XZ\Z X^� ³ X^ ³Z X[Á[ X�^ ³ XY[Y XYZ\ X�ZY XY ³�
X� XY ³Z XY^Á X] ³^ X^]] X\�Y X�]\ X]�� X]�� X\�] X\YZ
XZ X\Z[ X\�] X^�� X\^Z X\�� X�]Z X]�] X]�� X^Á� X\³Z
XY X^[Z X^�\ XY[Á X[] ³ X\Á� X�]� X^Y� X^Z� X\]� XY^�
X^ X]�\ X^\] XZ ³[ X�Z[ XYZY X�^^ X\�\ XY\\ X\³Y X\[^

Nq



fJG]F X ^ tbiRHRVJ] SR�FS JZT idcFHS dx QJHRdIS \FS\S c R\W Zdb RZJ] SR[ZRaVJZVF ]FQF]
O vOr xdH SRbI]J\RdZ � v fWF ]J\FZ\ QJHRJG]FS xdH [FZd\KiFS WJT J VdHHF]J\RdZ S\HIV\IHF
dx < ì lSÁ o c R\W =z�k± nO M JZT SJbi]F SR�F ÀÁ ± À ³ ± rOO v

O`IBH@a O` ï EFGHIDJDKLM
EBCD@ Nî O`b AO`b SST SSTU TA GHV SST SSTU TA GHV A GHV
W?@@ XÁ XÁYÁ XÁZÁ XÁ[Á XÁ[� XÁY[ XÁY� XÁY� XÁYÁ XÁ[�

X� XÁYY XÁYZ XÁY ³ XÁ[Z XÁY[ XÁ\\ XÁY� XÁY] XÁY^
XZ XÁY^ XÁ\� XÁY� XÁ[^ XÁ[Z XÁY� XÁY^ XÁ[^ XÁ^ ³
XY XÁZ� XÁZZ XÁZ� XÁ�Á XÁ[[ XÁY� XÁ[[ XÁYÁ XÁ[�
X^ XÁZ] XÁZ] XÁZ[ XÁZY XÁ[[ XÁYÁ XÁ[� XÁ[ ³ XÁ[\

_ Ù � &Á XÁ XÁ[Z XÁ[^ XÁY\ XÁ[[ XÁ[\ X³^ ³ X³�� XÁ^� X³^�
X� XÁ\Á X³�[ X�ÁZ X³Z[ X³³[ X[[\ X�YZ X³^Á X[ÁÁ
XZ X³�Á X��^ X�\Z X�\\ X³Y ³ XY�� X[�� X�\� XY�Z
XY X�\� XZÁ[ X[[Z XZ�� X�[Y X[\\ X[Y] X�Z] XYÁÁ
X^ XZ�Y X[ ³Z XY�] X[ÁY X� ³Á XZZZ X[[[ X�Z� XYÁ]

_ Ù � &[ XÁ XÁZ] XÁY ³ XÁ\] XÁY\ XÁ[^ X�]Z X³\� X³Á� X�][
X� XÁY[ X³^\ X��� X��Z X³[Á X\Z[ X[Y[ X�^Y XY]\
XZ X³\Z X�^� X[Y� XZ�[ X�[� X^ ³� X\³[ XZÁ^ X\]Z
XY X�\� X[\\ X\[ ³ XYÁZ X�]\ X\\� X\YZ X[Á ³ X^[�
X^ X[[[ X\Á ³ X^�[ X\³[ XZ]\ XY ³[ X\[� X[�] X^ÁY

_ Ù � &Á XÁ XÁ[Y XÁ] ³ X³�[ XÁ^] XÁ]Z X[YÁ X�ZÁ X³\^ X[Y�
X� XÁ\� X�Z\ X[Z^ X�]\ X�[� X]�\ X^�\ XZ]Y X] ³^
XZ X�[] XYÁZ X\]� XYYZ XZ�\ X][Á X] ³Z XY[] X]ZÁ
XY X[[ ³ X^ ³Z X]�� X^�Y XY� ³ X] ³] X] ³\ X\ZZ X]ZY
X^ X\Y^ X]�] X]\³ X]�� X\[[ X^�� X]Z\ X\] ³ X]Y[
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fJG]F | ^ tbiRHRVJ] SR�FS JZT idcFHS dx QJHRdIS \FS\S c R\W Zdb RZJ] SR[ZRaVJZVF ]FQF]
O vOr xdH SRbI]J\RdZ �� v fWF [FZd\KiFS cFHF [FZFHJ\FT xHdb WJi]d\Ki F xHF�IFZVRFS dx
\cd HF[RdZS GJSFT dZ \WF {JiUJi TJ\J c R\W =z�k± nN M JZT SJbi]F SR�F ÀÁ ± À ³ ±
rOO v

>?@@ A BCD@ E FGHIDJ DKLM
EBCD@ e OPQ OPQRK SST SSTU TA GHV SKB SST SSTU TA GHV SKB
W?@@ Á XÁZ[ XÁZÁ XÁY� XÁ[Z XÁY ³ XÁ� ³ XÁ[Á XÁ[\ XÁ[\ XÁZÁ
cRGML ³ X[] X��[ XÁ\^ X�] ³ XZ]Y XZY ³ X�[Á X�] ³ X�\] X� ³� XZ�\³ X]� X�]^ X³�� XY�\ X\[ ³ X\³� XZ[\ XZ]Á XZ\] XZ]� XY\]

� X³\ X[ZZ X³Y] X^�Z X^^^ X^[[ XYZY XY] ³ XY[� XY�Z X^�Y� X�Y XY ³³ X³]Á X^Y\ X] ³Y X^^^ X\ÁZ X\[[ X\�[ XY][ X^\^
dCCGL ùXY� e X^Áû X�Y� X³[� X\Z\ X^ ³Y X\�� XZ�Á XY]^ XYZ] XY ³� X^�]

ùXY� e X^\û XZÁ\ X³\� X^ÁÁ X^Y� X\\Y XZY^ X\Z[ X\ÁÁ XY[^ X^\�
ùX^] e X^Áû X[ZZ X�ÁY X]�Y X]�\ X^]\ X\³� X]�� X^]^ X^YZ X]\Z

ùX^] e X^\û X[^Y X�� ³ X]ZZ X]Z] X] ³� X\�Y X]�� X] ³Á X^^� X]\]
E?@LG ³ XY X³\^ XÁ^Y XZÁ\ XZZ[ X�]� X³^\ X�\[ X��Y X��] X[ ³Y³ X^ X�^[ X³� ³ XY]\ X\�Á XY�Z X�[\ XY[� X[\� X[Y� X\\�

� XÁ XZ�Z X³\] X^Y] X^]� X^ ³^ X[Z[ X^�� X\]� X\ZÁ X]�Z
� X� X[^� X��[ X]Z\ X][Y X] ³\ X\� ³ X]�] X]Á] X^\� X]\^

bfBMM ³ X^] X��Á X³Á ³ X[ ³� XY�Á XYZZ X�Y\ X�\\ X�[^ XZ ³� X[[ ³
� X³Y XZ^� X³ZÁ X\³] X^ ³[ X^ ³Á X[\\ X[YZ X[ZY X[\] X\[ ³
� X�[ X[ZY X³[[ X\^Y X^\� X^[^ XYZY XYZ ³ XYÁ] XY�Á X^ ³Á
� XZÁ XYZZ X³]Á X^Y� X]�[ X]ÁZ X\Z� X\[ ³ X\�Z X\³Y X^\\
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fJG]F r ^ tbiRHRVJ] SR�FS JZT idcFHS dx QJHRdIS \FS\S c R\W Zdb RZJ] SR[ZRaVJZVF ]FQF]
O vOr xdH SRbI]J\RdZ �� v fWF [FZd\KiFS cFHF [FZFHJ\FT xHdb WJi]d\Ki F xHF�IFZVRFS dx
\cd HF[RdZS GJSFT dZ \WF {JiUJi TJ\J c R\W =z�k± nN M JZT SJbi]F SR�F ÀÁ ± À ³ ±
rOO v

O`IBH@a O` ï EFGHIDJDKLM
EBCD@ e O`b AO`b SST SSTU TA GHV SST SSTU TA GHV A GHV
W?@@ Á XÁZ[ XÁZ] XÁ[Á XÁZ� XÁ[ ³ XÁ[ ³ XÁZ� XÁ[\ XÁZZ
cRGML ³ X[] X³Z] X³ZY X³�^ X³³³ X³[^ X��] X³[\ X�ÁY X��^³ X]� X�Z� X�ZY X��] X�ÁZ X�Y^ XZ[Á X�Á� X�^Y XZ�]� X³\ X� ³] X�Z ³ X��� X�^� X�^� XY�] XZ[] X[�Z XYÁ�� X�Y X�^� XZÁ\ X�^[ X�ZY XZÁ] X\Á ³ X[ ³^ X[^Z XY\Z
dCCGL ùXY� e X^Áû X³�� X³Y ³ X³Y^ X³� ³ X³^^ X[Á� X�Y� X�\^ X[^[

ùXY� e X^\û X³�] X³^^ X³] ³ X³Z� X� ³� X[Z] X�^Y XZ�] XY�[ùX^] e X^Áû X³[ ³ X�[� X�\[ X�Á� X��Y X^ÁZ XZ\] XY^Y X^\Á
ùX^] e X^\û X³Y� X�\³ X�ÁZ X��Y X�Y[ X^�[ X[ ³[ X\³^ X]��

E?@LG ³ XY XÁ\� X³Á� XÁ]^ XÁ\Y X³Á� X�Z[ X³�Á X³^� X�Y[³ X^ X³Á] X³Z� X³ZY X³³� X³Z� XZ�Y X��\ X��\ X[��� XÁ X³�� X�Á] X��[ X³Y� X�ÁZ XYZ\ X�[ ³ X[ÁZ X\Z\

� X� X³\Y X�Y[ X�Á[ X��Á X�Y] X^�� X[ ³[ XY\Y X^^[

bfBMM ³ X^] X� ³� X³]� X³^] X³Y^ X��\ X�ZZ X�ZY X� ³� X�Á^� X³Y X�Á� X�ÁY X�Á ³ X�[] X�[\ X[�\ X�]� XZ]� X[ÁZ
� X�[ X�ZZ X�[[ X�Z[ X�]Á XZÁY XYÁ ³ XZ[] X[[Á X[Y\

� XZÁ XZ ³Y XZ�] XZ ³� X�YY XZ^Z X\³� X[Z^ XY�� XY\]
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fJG]F m ^ tbiRHRVJ] SR�FS JZT idcFHS dx QJHRdIS \FS\S c R\W Zdb RZJ] SR[ZRaVJZVF ]FQF]
O vOr xdH SRbI]J\RdZ �� � v fWF [FZd\KiFS cFHF [FZFHJ\FT xHdb WJi]d\Ki F xHF�IFZVRFS dx
\cd HF[RdZS GJSFT dZ \WF {JiUJi TJ\J c R\W =z�k± nm M JZT SJbi]F SR�F ÀÁ ± À ³ ±
rOO v

>?@@ A BCD@ E FGHIDJDKLM
gP OPQRK SST SSTU TA GHV SKB SST SSTU TA GHV SKB³ XÁ XÁ[^ XÁZ� XÁZ[ XÁ[^ XÁ[Á XÁ[Z XÁ[Y XÁ[� XÁ[\³ X³ X³�] X³Z� X³Z] X³�� XÁYÁ X³�^ X³�� X³�^ XÁ^Á³ X� X� ³Y X�][ XZ ³Á X�Z] X³Á� X�\Á X�\Á X��� X³YÁ³ X� X[\³ XY]� X\³� XY�^ X�Á] XY^� XY^\ XYZ] X�ZY³ XZ X^ ³^ X^]\ X] ³[ X^\³ X�[^ X^]Y X]Á ³ X^^� X[\]³ X[ X]ZZ X]\� X]^ ³ X]Y[ X[Y ³ X]\[ X]\[ X]\� X\]Z

O`IBH@a O` ï EFGHIDJDKLM
gP O`b AO`b SST SSTU TA GHV SST SSTU TA GHV A GHV³ XÁ XÁ[ ³ XÁ[� XÁZ^ XÁZ^ XÁ[] XÁZ\ XÁ[� XÁ[] XÁZY³ X³ XÁ[^ XÁ^[ XÁ\Y XÁYY XÁ\Z X³³] XÁ\^ XÁ^Y X³Á^³ X� XÁ\Á X³�� X³�� X³ÁY X³�] X�Z] X³\^ X�Á[ X�Á\³ X� X³�� X� ³] X��] X³^[ X³]^ XY�Z X�\Á XZ�� X[]�³ XZ X³]� X�YÁ X�Y^ X�Á ³ X�Á� X^\] X[\^ X\³Á X^Z[³ X[ X�\Z X[�Á X[ ³^ XZZ� XZ�Y X]Y] X\^\ X^] ³ X][\
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