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�HM �PRSN [HG N SRG N | RS TF[ f NNI TNZQ STFS IH IPGNMRcFZ FZeHMRSTG cHPZQ ePFMFISNN
TF^RIe `HPIQ F eZHfFZ [HZPSRHI SH STN eNINMFZ IHIZRINFM eZHfFZ H_SRG R�FSRHI _MHfZNG K
lTN MNF[HIRIe }F[ �

lTN `PIcSRHI SH f N G RIRG R�NQ cFI HIZX f N [FG_ZNQ FS F �IRSN IPGfNM H`
_HRIS[ K lTNMN`HMN | STNMN R[ IH }FX H` {IH} RIe }TNSTNM STN `PIcSRHI QR_[
SH [HG N [G FZZNM ^FZPN f NS}NNI [FG_ZNQ _HRIS[ K

] ZSTHPeT STR[ FMePG NIS R[ _MHfFfZX SMPN P[RIe N^FZPFSRHI[ H` `PIcSRHI[ FS _ HRIS[ | RS
R[ IHS SMPN H` G NSTHQ[ }TRcT cFI _MHQPcN F[XG_SHSRcFZZX FccPMFSN ZH}NM f HPIQ[ `HM
STN MFIeN H` ^FZPN[ H` STN `PIcSRHI H^NM cHG_FcS [NS[ K

aISNM^FZ FMRSTG NSRc | `HM N�FG_ZN | _MH^RQN[ F[XG_SHSRcFZZX FccPMFSN P__ NM FIQ ZH}NM
fHPIQ[ HI MFIeN[ H` ^FZPN[ H` `PIcSRHI[ H^NM cHISRIPF áik | ii| k i| kk | k� | k¯ | k� |
�kâ K YHQRIe RISNM^FZ FMRSTG NSRc RI Y¶¶ | STN FPSTHM TF[ QN[ReINQ FI RQNFZ f HPIQRIe
GNcTFIR[G }TRcT R[ �

i



k

iK cF_FfZN H` _MHQPcRIe MNZRFfZN | ~SReTS� | FIQ F[XG_SHSRcFZZX FccPMFSN fHPIQ[

k K N� cRNIS SH cHG_PSN

� K F__ZRcFfZN SH £�ã _MHeMFGGFfZN `PIcSRHI

¯ K NF[X SH eNINMFZR�N FIQ FPSHG FSN

µ K cHI^NIRNIS `HM FI PI[H_TR[SRcFSNQ P[NM SH PSRZR�N

�[RIe STR[ G NcTFIR[G | MReHMHP[ FZeHMRSTG [ FMN _MN[NISNQ }TRcT _MHQPcN F ZR[S H`
~fH�N[� NIcZH[RIe STN [NS H` FZZ eZHfFZ G RIRG R�NM[ FIQ FI RISNM^FZ SMF__RIe STN G RIR�
GPG ^FZPN K

lTN GH[S fF[Rc FZeHMRSTG QHN[ IHS N^NI P[N QRzNMNISRFfRZRSXK � [RIe RISNM^FZ �N}�
SHI GNSTHQ[ | GHIHSHIRcRSX SN[S[ | FIQ cHI^N� RSX SN[S[ | RG_MH^NGNIS[ RI N� cRNIcX FMN
FcTRN^NQ `HM QRzNMNISRFfZN _MHfZNG [ K �HM `PMSTNM RG_MH^NGNIS[ RI N� cRNIcX| STN FZ�
eHMRSTG [ FMN _FMFZZNZR�NQ K �PGNMRcFZ N�FG_ZN[ RZZP[SMFSRIe STN SNcTIR�PN[ FMN eR^NI K

lTN _FMFZZNZR�FSRHI SF[{ R[ FccHG_ZR[TNQ fX QR[SMRfPSRIe RQNISRcFZ _MHcN[[N[ H^NM
F INS}HM{ H` }HM{[SFSRHI[ K JFcT _MH cN[[ _ NM`HMG [ STN RISNM^FZ eZHfFZ H_SRG R�FSRHI
FZeHMRSTG fPS } RST F QRzNMNIS [PfMNeRHI H` STN RI RSRFZ [NFMcT [_FcN K YHGGPIRcFSRHI
H^NMTNFQ R[ G RIRG R�NQ RI HMQNM SH G F�RG R�N STN [_ NNQP_ K a[[PN[ H` QR[SMRfPSNQ RIR�
SRFZR�FSRHI | ZHFQ fFZFIcRIe | FIQ eZHfFZ SNMG RIFSRHI QNSNcSRHI FMN FQQMN[[NQ K � RIFZZX|
FI FIFZX[R[ H` STN [_ NNQP_ R[ QNSNMG RINQ K
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¦§¨©£§ ¨« �¥¬ ¥ £�¥¨� R[ cHIcNMINQ } RST STN QNSNMG RIFSRHI H` � §¨©£§ H_SRG F �GF�RG F HM
G RIRG F� H` F `PIcSRHI K bPcT _MHfZNG [ H ccPM `MN�PNISZX RI IPGNMHP[ QR[cR_ ZRIN[ }TRcT
GHQNZ MNFZ }HMZQ [X[SNG [ K �HM RI[SFIcN | F fHIQ GFIFeNM G FX } R[T SH H_SRG R�N STN
eNHG NSMRc G NFI H` [N^NMFZ RIQRcN[ | [PcT F[ F^NMFeN cHP_HI MFSN | F^NMFeN G FSPMRSX| F^�
NMFeN XRNZQ SH G FSPMRSX| NSc K| }TRcT G NF[PMN STN _ NM`HMG FIcN H` F f HIQ _HMS`HZRH ái�â K
]I NIeRINNM | } R[TRIe SH QN[ReI FI FRM_ZFIN } RIe cHI[R[SRIe H` cHG_H[RSN G FSNMRFZ[ |
}HPZQ ZR{N SH QNSNMG RIN }TFS FIeZN[ SH fHIQ STN ^FMRHP[ _ZRN[ H` cHG_H[RSN[ RI HMQNM
SH G F�RG R�N STN [SMNIeST H` STN } RIe á¯�â K ] cTNG R[S QN[RMN[ F ~f N[S �S� H` F _THSH�
NZNcSMHI [_ NcSMPG F[ STN [PG H` VFP[[RFI cPM^N[ MN_MN[NISRIe RIQR^ RQPFZ [_ NcSMPG [
H` ^FMRHP[ [Pf[SFIcN[ K

i



k
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 öúÿþó�
lTN RG_HMSFIcN H` STN eZHfFZ H_SRG R�FSRHI _MHfZNG FZG H[S MN�PRMN[ IH N�_ZFIFSRHI K
�HM RI[SFIcN | STN f HIQ G FIFeNM | H_SRG R�RIe F f HIQ _HMS`HZRH | } RZZ TH_ N`PZZX MNF_
NcHIHG Rc MN}FMQ[ `MHG HfSFRIRIe FI H_SRG FZ [HZPSRHI SH STN eNHG NSMRc G NFI `PIcSRHI
H` STN ^FMRHP[ f HIQ _ NM`HMG FIcN RIQRcN[ K lTN NIeRINNM | fX H_SRG R�RIe | } RZZ cHIcNR^FfZX
QN[ReI F ZReTSNM | [SMHIeNM | FIQ [F`NM cHG_H[RSN } RIe K � RIFZZX| STN cTNG R[S | [NN{RIe
FI H_SRG FZ [HZPSRHI | cFI QNcHG_H[N F eR^NI [Pf[SFIcN RISH fF[Rc cHG_HINIS[ GHMN
FccPMFSNZXK

YZFPQN OFfZHI | YTRN` bcRNISR[S | J Z`�]�PRSFRIN | [PccRIcSZX NG_TF[R�N[ STN RG_HM�
SFIcN H` eZHfFZ H_SRG R�FSRHI _MHfZNG [ ák�â �

]GHIe STN ^FMRHP[ [Pf�NZQ[ H` [cRNISR�c cHG_PSRIe | H_SRG R�FSRHI _ZFX[ F
G F� HM MHZN � aI F `HMG FZ }FX| FZG H[S N^NMX G FSTNGFSRcFZ _MHfZNG cFI f N
MNcF[SNQ RISH FI H_SRG R�FSRHI _MHfZNG K �I F GHMN _MFcSRcFZ ZN^NZ | QN[ReI
NIeRINNM[ FMN cHISRIPHP[ZX ZHH{RIe `HM STN GH[S FccN_SFfZN SMFQN�Hz[ �
STP[ RG _ZRcRSZX HM N�_ZRcRSZX [HZ^ RIe cHG_ZN� H_SRG R�FSRHI _MHfZNG [ K

] [ FI FMNF H` MN[NFMcT | eZHfFZ H_SRG R�FSRHI TF[ f NcHG N RIcMNF[RIeZX FcSR^N K bN^NMFZ
IN} RISNMIFSRHIFZ � HPMIFZ[ HI STN [Pf� NcS TF^N MNcNISZX f NNI _PfZR[TNQ HM FMN f NRIe
_ZFIINQ á� | i¯â K aI FQQRSRHI | N� R[SRIe � HPMIFZ[ FMN QNQRcFSRIe [_ NcRFZ R[[PN[ SH STN
[Pf� NcS H` eZHfFZ H_SRG R�FSRHI áj | i�â K
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][ RS[ RG_HMSFIcN FZHIN G FX [PeeN[S | STN eZHfFZ H_SRG R�FSRHI _MHfZNG R[ FI N�SMNG NZX
TFMQ _MHfZNG K aIQNNQ | � ¨ N� cRNIS [HZPSRHI[ N� R[S }TRcT [HZ^N STN eNINMFZ eZHfFZ H_�
SRG R�FSRHI _MHfZNG K lTN eZHfFZ H_SRG R�FSRHI _MHfZNG R[ GPcT GHMN QR� cPZS | `HM
RI[SFIcN | STFI STN MNZFSNQ SF[{ H` §¨�£§ ¨« �¥¬ ¥ £�¥¨� RI }TRcT HIZX STN QNSNMG RIFSRHI
H` ZH cFZ H_SRG F R[ QN[RMNQ K aI ZH cFZ H_SRG R�FSRHI | SN[S[ N� R[S SH QNSNMG RIN R` F _HRIS
R[ F ZH cFZ H_SRGPG �F[[PG RIe STFS STN `PIcSRHI SH f N H_SRG R�NQ R[ S} RcN QRzNMNI�
SRFfZN� K W RST [PcT SN[S[ | F [N�PNIcN H` _ HRIS[ cHI^NMeRIe SH F ZH cFZ H_SRGPG cFI fN
cHI[SMPcSNQ K

lTN MNZFSR^N QR� cPZSX H` [HZ^ RIe STN eZHfFZ H_SRG R�FSRHI _MHfZNG HI F cHG_PSNM
F[ cHG_FMNQ } RST STN ZH cFZ H_SRG R�FSRHI _MHfZNG [SNG [ `MHG STN `FcS STFS | RI eNI�
NMFZ | STN Hf� NcSR^N `PIcSRHI GFX cHISFRI IPGNMHP[ ZH cFZ H_SRG F } RST cHMMN[_HIQRIe
`PIcSRHI ^FZPN[ ^FMXRIe [ReIR�cFISZXK ] ZSTHPeT FI RSNMFSR^N FZeHMRSTG `HM �IQRIe F
ZH cFZ G RIRGPG �ZH cFZ G NSTHQ � | [PcT F[ �N}SHI �[ G NSTHQ | G FX �IQ HIN H` STN[N ZH cFZ
G RIRG F N� cRNISZX| RS R[ Q R� cPZS SH {IH} }TNSTNM STR[ ZH cFZ [HZPSRHI R[ RIQNNQ F eZHfFZ
[HZPSRHI K

�IN G ReTS [PeeN[S �IQRIe FZZ H` STN ZH cFZ G RIRG F FIQ cTHH[RIe STN [G FZZN[S
^FZPN �[� F[ STN eZHfFZ G RIRGPG �GRIRG F� K aI eNINMFZ | TH}N^NM | STN IPGfNM H` ZH cFZ
G RIRG F G FX fN �PRSN ZFMeN K �PMSTNMGHMN | QPN SH STN PI_MNQRcSFfZN eZHfFZ cHI^NM�
eNIcN f NTF^RHM H` ZH cFZ RSNMFSR^N G NSTHQ[ �[NN ái�â� | HIN cFIIHS QNSNMG RIN }TNSTNM FZZ
STN ZH cFZ G RIRG F TF^N fNNI RQNISR�NQ [RG _ZX fX ^FMX RIe STN RIRSRFZ [SFMSRIe ePN[[N[ K
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YTF_SNM aa R[ F [THMS cTF_SNM _MH^ RQRIe F `HMG FZ QN�IRSRHI H` STN eZHfFZ H_SRG R�FSRHI
_MHfZNG K lTN [HZ^FfRZRSX H` STN eZHfFZ H_SRG R�FSRHI R[ N[SFfZR[TNQ RI SNMG [ H` FI È�
eZHfFZ [HZPSRHI K � RIFZZX| STN cHG_ZN� RSX H` STN eZHfFZ H_SRG R�FSRHI R[ fMRN�X QR[cP[[NQ K

YTF_SNM a aa cHI[RQNM[ G NSTHQ[ }TRcT FMN cF_FfZN H` X RNZQ RIe È�eZHfFZ [HZPSRHI[ SH
STN eZHfFZ H_SRG R�FSRHI _MHfZNG K LNSTHQ[ }TRcT QH IHS cFZcPZFSN fHPIQ[ `HM STN
MFIeN H` F `PIcSRHI H^NM F cHG_FcS [NS FMN QR[G R[[NQ `MHG `PMSTNM RI^N[SReFSRHI [RIcN
STNX FMN [P[cN_SRfZN SH STN RIQNISFSRHI FMePG NIS GNISRHINQ RI cTF_SNM a a K V R^NI F
SNcTIR�PN `HM fHPIQRIe STN MFIeN H` F `PIcSRHI | FZeHMRSTG [ `HM MNZRFfZX [HZ^ RIe STN
eZHfFZ H_SRG R�FSRHI FMN QR[cP[[NQ K ]GHIe fHPIQRIe SNcTIR�PN[ | RISNM^FZ FMRSTG NSRc
R[ `F^HMNQ f NcFP[N H` RS[ RQNFZ _MH_ NMSRN[ | RIcZPQRIe FPSHGFSRc cHISMHZ H` MHPIQHz
NMMHM K aISNM^FZ FMRSTG NSRc R[ RI^N[SReFSNQ | N[_ NcRFZZX } RST MNeFMQ SH STN FPSTHM �[ RG �
_ZNG NISFSRHI P[RIe Y¶¶ K �RIFZZX| ^FMRHP[ RISNM^FZ eZHfFZ H_SRG R�FSRHI FZeHMRSTG [ FMN
cHI[RQNMNQ K

YTF_SNM a´ `HcP[N[ HI STN NzHMS[ | [HG N H` }TRcT FMN fF[NQ HI � HRIS }HM{ } RST
E K J K LHHMN FIQ J K E K �FI[NI | SH G F{N RISNM^FZ eZHfFZ H_SRG R�FSRHI FZeHMRSTG [ GHMN
N� cRNIS K aI [NcSRHI ¯ Kk | [HG N [RG_ZN�ZHH{RIe eZHfFZ H_SRG R�FSRHI _MHfZNG [ FMN cHI[RQ�
NMNQ K lTN[N _MHfZNG [ FMN MNZFSR^NZX QR� cPZS SH [HZ^N | TH}N^NM | f NcFP[N STN `PIcSRHI[
RI^HZ^NQ FMN IHS QRzNMNISRFfZN K lTNMN`HMN | HIZX [RG _ZN �FIQ MNZFSR^NZX RIN� cRNIS� _MH�
cNQPMN[ FMN F__ZRNQ K aI [NcSRHI ¯ K� HSTNM _MH cNQPMN[ FMN QR[cP[[NQ }TRcT FMN F__ZRcFfZN
}TNI STN `PIcSRHI[ FMN QRzNMNISRFfZN K � RIFZZX| RI [NcSRHI ¯ K¯ | _FMFZZNZ G NSTHQ[ FMN cHI�
[RQNMNQ K lTR[ [NcSRHI R[ fF[NQ NISRMNZX HI HMReRIFZ }HM{ H` STN FPSTHM | �M[S _MN[NISNQ



µ

RI F SFZ{ FS gMRIcNSHI �IR^NM[RSX ákµâ | FIQ N�_FIQNQ TNMN K
YTF_SNM ´ cHISFRI[ STN MN[PZS[ H` IPGNMRcFZ SN[SRIe K lTN �M[S _MHfZNG | STN �H}F�

ZR{ _MHfZNG | }F[ [PeeN[SNQ fX JZQHI �FI[NI K ]S STN SRG N | STN [HZPSRHI SH STR[ _MHfZNG
}F[ STN HIZX SN[S _MHfZNG }TRcT TFQ NZPQNQ �FI[NI FIQ TR[ RISNM^FZ [H`S}FMN K lTN
[NcHIQ _MHfZNG R[ F ~MNFZ }HMZQ� cTNG R[SMX _MHfZNG }TRcT STN FPSTHM QR[cH^NMNQ FIQ
MN[NFMcTNQ K lTR[ _MHfZNG }F[ P[NQ F[ STN G FRI SN[S H` STN FPSTHM �[ IN} ZX _FMFZZNZR�NQ
RISNM^FZ [H`S}FMN K lTN _THSHNZNcSMHI [_ NcSMH[cH_X _MHfZNG }F[ N�NcPSNQ | RI _FMFZZNZ |
HI P_ SH ¯� }HM{[SFSRHI[ cHIINcSNQ HI FI JSTNMINS INS}HM{ K
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�HMGFZZX| STN � §¨©£§ ¨« �¥¬ ¥ £�¥¨� « �¨©§�¬ R[ QN�INQ F[ �IQRIe�� Ê GRIÉ�� � �� � �k Ki�
}TNMN � � ��  � ! R[ F cHISRIPHP[ MNFZ ^FZPN ¨©" ���¥¢ � # $���¥¨� FIQ % & �� R[ F
cHG_FcS `NF[Rf ZN [NS K % R[ H`SNI [PccRIcSZX cFZZNQ �' � # �£¤¥©§� ��� ¥¨�K bRIcN G RIRG R�RIe� �� � R[ N�PR^FZNIS SH G F�RG R�RIe (� �� � STR[ QN�IRSRHI [P� cRNISZX RIcZPQN[ STN [NFMcT
`HM eZHfFZ G RIRG F F[ }NZZ F[ eZHfFZ G F�RG F K

�HM `PSPMN QR[cP[[RHI | STN [NS H` FZZ _ HRIS[ `HM }TRcT STN Hf� NcSR^N `PIcSRHI _H[[N[[N[
F eZHfFZ G RIRGPG ^FZPN [TFZZ f N cFZZNQ % � K lTR[ R[ STN [NS }TRcT cHISFRI[ FZZ _ HRIS[ |�� | [PcT STFS � �� �� Ê �� K lTR[ [NS R[ H`SNI cFZZNQ STN [NS H` � §¨©£§ ¬ ¥�¥¬ ¥ ��¤K
� ñ� )ú�øþó* ÷ù� úü ù	ó ýþúÿ� þ �øù÷� ÷��ù ÷úû 
 öúÿþó�
lTN eZHfFZ H_SRG R�FSRHI _MHfZNG R[ RIQNNQ TFMQ K E RIIHHX �FI FIQ l RGGNM ái�â cZFRG
STFS STN eZHfFZ H_SRG R�FSRHI _MHfZNG F[ [SFSNQ RI N�PFSRHI k Ki R[ PI[HZ^FfZN RI F �IRSN

�



�

IPGfNM H` [SN_[ K lTNRM FMePGNIS R[ F[ `HZZH} [ �

�HM FIX cHISRIPHP[ZX QRzNMNISRFfZN `PIcSRHI � | FIX _HRIS +� FIQ FIX INReT�
fHMTHHQ , H` +� | STNMN N� R[S[ F `PIcSRHI � - [PcT STFS � ¶ � - R[ cHISRIPHP[ZX
QRzNMNISRFfZN | � ¶ � - N�PFZ[ � `HM FZZ _ HRIS[ HPS[RQN , FIQ STN eZHfFZ G RIR�
GPG H` � ¶ � - R[ +� K ��� ¶ � -� R[ FI RIQNISFSRHI H` � K� lTP[ | `HM FIX _HRIS +� |
HIN cFIIHS ePFMFISNN STFS RS R[ IHS STN eZHfFZ G RIRGPG } RSTHPS N^FZPFSRIe
STN `PIcSRHI RI FS ZNF[S HIN _ HRIS RI N^NMX INReTfHMTHHQ , H` +� K ] [ , cFI
fN cTH[NI FMfRSMFMRZX [G FZZ | RS `HZZH} [ STFS FIX G NSTHQ QN[ReINQ SH [HZ^N
STN eZHfFZ H_SRG R�FSRHI _MHfZNG }HPZQ MN�PRMN FI PIfHPIQNQ IPGfNM H`
[SN_[ K

lTN ¥�¡���£�¥¨� £��$¬ ��� R[ cNMSFRIZX ^FZRQ R` HIN } R[TN[ SH ePFMFISNN STFS FI
N�FcS _ HRIS | +� | R[ F eZHfFZ G RIRG R�NM K aIQNNQ | [THPZQ STN N�FcS eZHfFZ G RIRG R�NM
f N FI RMMFSRHIFZ IPGfNM | RS R[ Hf^RHP[ZX RG_H[[Rf ZN | RI F �IRSN IPGfNM H` [SN_[ | SH
IPGNMRcFZZX MN_MN[NIS STR[ [HZPSRHI K �H}N^NM | HIN �£�| RI F �IRSN FGHPIS H` SRG N |
ePFMFISNN STFS � �+� � R[ } RSTRI È H` STN eZHfFZ G RIRGPG ák�â K bPcT F [HZPSRHI R[ cFZZNQ
F È .� §¨©£§ ¬ ¥�¥¬ ¥ ��K �HMG FZZX| FI È�eZHfFZ G RIRG R�NM R[ QN�INQ F[ F _HRIS | +� | }TNMN� �+� � / �� ¶ È �

W TRZN STN eZHfFZ H_SRG R�FSRHI _MHfZNG R[ | RI eNINMFZ | [HZ^FfZN �RI STN [NI[N STFS
HIN cFI cHG N FMfRSMFMRZX cZH[N SH STN H_SRGPG � RI F �IRSN FGHPIS H` SRG N | RS R[ fX
IH GNFI[ NF[X SH [HZ^N K YNMSFRI H_SRG R�FSRHI _MHfZNG [ TF^N fNNI [TH}I SH MN[RQN RI
STN cHG_ZN� RSX cZF[[ H` �g�TFMQ _MHfZNG [ �[NN | `HM RI[SFIcN | á�¯ | k�â� K ]S _MN[NIS | £§ §



�

MNZRFfZN | PIR^NM[FZZX F__ZRcFfZN FZeHMRSTG [ SH [HZ^N STN eZHfFZ H_SRG R�FSRHI _MHfZNG
TF^N cHG_PSFSRHIFZ SRG N[ }TRcT RIcMNF[N N�_HINISRFZZX } RST STN IPGfNM H` ^FMRFfZN[ K
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lTR[ cTF_SNM cHI[RQNM[ G NSTHQ[ }TRcT FMN cF_FfZN H` X RNZQRIe È�eZHfFZ [HZPSRHI[ SH STN
eZHfFZ H_SRG R�FSRHI _MHfZNG K LNSTHQ[ }TRcT QH IHS cFZcPZFSN fHPIQ[ `HM STN MFIeN H`
F `PIcSRHI H^NM F cHG_FcS [NS FMN QR[G R[[NQ `MHG `PMSTNM RI^N[SReFSRHI [RIcN STNX FMN
[P[cN_SRf ZN SH STN RIQNISFSRHI FMePGNIS GNISRHINQ RI cTF_SNM a a K V R^NI F SNcTIR�PN
`HM fHPIQRIe STN MFIeN H` F `PIcSRHI | FZeHMRSTG [ `HM MNZRFfZX [HZ^ RIe STN eZHfFZ H_SR�
G R�FSRHI FMN QR[cP[[NQ K ]GHIe fHPIQRIe SNcTIR�PN[ | RISNM^FZ FMRSTG NSRc R[ `F^HMNQ
fNcFP[N H` RS[ RQNFZ _MH_ NMSRN[ | RIcZPQRIe FPSHG FSRc cHISMHZ H` MHPIQHz NMMHM K aISNM�
^FZ FMRSTG NSRc R[ RI^N[SReFSNQ | N[_ NcRFZZX } RST MNeFMQ SH STN FPSTHM �[ RG_ZNG NISFSRHI
P[RIe Y¶¶ K �RIFZZX| ^FMRHP[ RISNM^FZ eZHfFZ H_SRG R�FSRHI FZeHMRSTG [ FMN cHI[RQNMNQ K

� ñ� 3 óù	ú2ô ùú 4úþ5ó ù	ó ýþúÿ� þ �øù÷� ÷��ù÷úû 
 öúÿþó�
�R[SHMRcFZZX| G NSTHQ[ SH [HZ^N STN eZHfFZ H_SRG R�FSRHI _MHfZNG TF^N f NNI cZF[[R�NQ
F[ NRSTNM ¤�¨�'£¤�¥� HM ¡����¬¥�¥¤�¥�K bSHcTF[SRc G NSTHQ[ N^FZPFSN STN Hf� NcSR^N `PIc�

j
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SRHI | � | FS MFIQHG ZX [FG_ZNQ _HRIS[ `MHG STN `NF[Rf ZN MNeRHI % �[NN N�PFSRHI k Ki� K
UNSNMG RIR[SRc G NSTHQ[ | HI STN HSTNM TFIQ | RI^HZ^N IH NZNG NIS[ H` MFIQHGIN[[ K

bRIcN STR[ STN[R[ R[ cHIcNMINQ } RST ��§¥£©§� [HZPSRHI[ | FZZ eZHfFZ H_SRG R�FSRHI FZeH�
MRSTG [ } RZZ FZSNMIFSR^NZX f N _FMSRSRHINQ RISH STN S}H cZF[[N[ � ��§¥£©§� FIQ $���§¥£©§�K
Y ZNFMZX FZZ [SH cTF[SRc G NSTHQ[ | RIcZPQRIe [RGPZFSNQ FIINFZRIe | cZP[SNMRIe | FIQ MFI�
QHG [NFMcTRIe | `FZZ RISH STN PIMNZRFfZN cFSNeHMXK aI `FRMIN[[ | TH}N^NM | N� cRNIcX R[
STN [SMNIeST H` [PcT G NSTHQ[ K �HM IH} | ZFMeN�[cFZN _MHfZNG [ G FX fN[S f N ~[HZ^NQ�
[SH cTF[SRcFZZXK

lTN cZF[[ H` QNSNMG RIR[SRc FZeHMRSTG [ | RIcZPQRIe fMFIcT FIQ fHPIQ G NSTHQ[ | cH^�
NMRIe GNSTHQ[ | RISNM^FZ G NSTHQ[ | SPIINZRIe | FIQ NIPGNMFSRIe | cFI f N `PMSTNMNQ _FM�
SRSRHINQ RISH S}H cFSNeHMRN[ �6 GNSTHQ[ }TRcT cHG_PSN `PIcSRHI ^FZPN[ FS [FG_ZNQ _HRIS[ �« ¨¥�� ¬ ��' ¨¡¤� FIQ6 GNSTHQ[ }TRcT cHG_PSN `PIcSRHI fHPIQ[ H^NM cHG_FcS [NS[ �©¨$�¡¥�� ¬ ��' ¨¡¤� K
lTR[ QR^ R[RHI `PMSTNM [N_FMFSN[ MNZRFfZN G NSTHQ[ `MHG PIMNZRFfZN K gHRIS G NSTHQ[ FMN
RITNMNISZX RIcF_FfZN H` MNZRFfZX [HZ^ RIe STN eZHfFZ H_SRG R�FSRHI _MHfZNG K �I STN HSTNM
TFIQ | fHPIQRIe GNSTHQ[ | R` _MH_ NMZX RG _ZNG NISNQ FIQ cHI[RQNMFSN H` �¨$�¡¨7 ���¨� |
cFI _MHQPcN MReHMHP[ eZHfFZ H_SRG R�FSRHI [HZPSRHI[ K

� ñ� 
ú÷ûù 3 óù	ú2ô �û2 8	ó÷ö 9ó�:ûóôôóô

gHRIS G NSTHQ[ [PzNM `MHG STN RIQNISFSRHI FMePGNIS G NISRHINQ RI [NcSRHI k Kk K �PM�
STNMGHMN | STN[N G NSTHQ[ | } RSTHPS FQQRSRHIFZ RI`HMG FSRHI FfHPS STN Hf� NcSR^N `PIc�



ii

SRHI | cFIIHS N^NI ePFMFISNN FI È�eZHfFZ G RIRG R�NM f NcFP[N STNMN R[ IH RIQRcFSRHI F[
SH STN QN_ST H` STN RIQNISFSRHI fNS}NNI [FG_ZNQ _HRIS[ K aI FQQRSRHI | [RIcN GH[S
cHG_PSFSRHI[ FMN QHIN } RST ; < �¡ _MNcR[RHI �HFSRIe _HRIS FMRSTG NSRc | �¢�� �' � ©�¤� H`
STN[N G NSTHQ[ cFI G R[[ STN QNSNcSRHI H` F eZHfFZ G RIRG R�NM _ H[RSRHINQ fNS}NNI S}H
cHI[NcPSR^N G FcTRIN IPGfNM[ K lTN `HZZH} RIe N�FG_ZN eR^NI fX LHHMN ák�â RZZP[SMFSN[
STR[ N^NIS K

YHI[RQNM �IQRIe STN G RIRGPG H` F `PIcSRHI � �� � `HM i = � = k K bP__H[N F
[PfMHPSRIN `HM � �� � TF[ f NNI } MRSSNI }TRcT MNcNR^N[ STN �HFSRIe _HRIS IPGfNM | � |
FIQ MNSPMI[ F �HFSRIe _ HRIS IPGfNM `HM � �� � K �H} | [P__H[N STFS � �� � R[ G HQR�NQ fX
FQQRIe SH RS STN IN} `PIcSRHI > �� � QN�INQ F[ `HZZH} [ �

> �� � Ê ?@A@B � `HM � = � ! HM � C �D�� ( � !� �� ( �D �i�DE `HM � ! / � / �D
}TNMN | [FX| � ! Ê i�¯k�µ� ii�� FIQ �D Ê i�¯k�µ�ii�� K

]IX _HRIS G NSTHQ ZRG RSNQ SH [FG_ZRIe ^FZPN[ H` � �� � RI �HFSRIe _ HRIS FMRSTG NSRc
} RST SNI QNcRG FZ QReRS[ HM `N}NM H` FccPMFcX } RZZ �IQ IH cTFIeN RI � �� � K lTP[ STN
RIQNISFSRHI HM ~©§¥«� } RZZ eH PIQNSNcSNQ K

� ñ� Fú�û2 ÷ûG 3 óù	ú2ô

�[RIe ^FMRHP[ SNcTIR�PN[ | FZZ f HPIQRIe GNSTHQ[ FSSNG_S SH _MHQPcN FS ZNF[S F ZH}NM
fHPIQ `HM STN MFIeN H` ^FZPN[ H` � H^NM F cNMSFRI cHG_FcS [NS K �HM STN ~fZR_� N�FG_ZN
eR^NI RI [NcSRHI � K� | [THPZQ STN RI_PS cHG_FcS [NS �FI RISNM^FZ� [FX á�H I �J â | RIcZPQN
_HRIS[ RI STN MFIeN á� ! I �D â | STNI STN §¨K �� ©¨$�¡¥�� # $���¥¨�| LH | }HPZQ MNSPMI F



ik

^FZPN ZN[[ STFI HM N�PFZ SH STN G RIRGPG ^FZPN H` STN `PIcSRHI FS STN ~fZR_� K
�HM RI[SFIcN | R` � �� !� Ê � ��D � Ê � | STN FPSHG FSRc fHPIQRIe SNcTIR�PN | ¥����¢£§

£�¥�'¬ ��¥�| } RST i� QReRS[ H` FccPMFcX| }HPZQ MNSPMI STN RISNM^FZ MN[PZS á( i�� I �â K
W RST GHMN _MNcR[RHI FIQ IFMMH}NM á�H I �J â | RISNM^FZ FMRSTG NSRc }HPZQ cHI^NMeN `MHG
STN HPS[RQN P_HI STN G RIRGPG ^FZPN (kµ �� FS �� ! ¶ �D �Mk K lTN ~fZR_� } RZZ IHS N[cF_ N
QNSNcSRHI K

] ZZ f HPIQRIe GNSTHQ[ | R` _MH_ NMZX RG_ZNG NISNQ | FMN RGGPIN SH STN ~fZR_� _MHfZNG
F[ QR[cP[[NQ RI [NcSRHI � K� K �PMSTNMGHMN | R` STN ZH}NM f HPIQRIe `PIcSRHI R[ F[XG_�
SHSRcFZZX FccPMFSN �[NN [Pf[NcSRHI � K¯ Kk� | F[ R[ RISNM^FZ FMRSTG NSRc | STNI STN f HPIQRIe
GNSTHQ cFI XRNZQ FI È�eZHfFZ G RIRGPG K

´FMRHP[ SNcTIR�PN[ TF^N f NNI _MH_H[NQ `HM cHI[SMPcSRIe ZH}NM fHPIQRIe `PIcSRHI[ K
LH[S H` STN[N SNcTIR�PN[ H_ NMFSN HI cHG_FcS cHI^N� [NS[ }TRcT FMN 'ã« ������£�� §�¤�N�Q RG NI[RHIFZ MNcSFIeZN[� K aI FQQRSRHI | G FIX H` STN SNcTIR�PN[ MN�PRMN F[[PG_SRHI[
FfHPS STN Hf� NcSR^N `PIcSRHI | � K
� ñ� ñð 4ú� ó 8óõ	û÷O�óô üúö )� þõ� þ�ù ÷ûG Fú�û2ô

ÙÇÀ P ¾ÍÒÄÇ¾ÆQ ¾ÃÑ RÍÍÌÎÃÄÇ

lTN S ¥« ¤ �' ¥� ¥£� F__MHFcT ákjâ R[ fF[NQ HI STN F[[PG_SRHI STFS F hR_[cTRS� cHI[SFIS |
h | N� R[S[ [PcT STFS T� �� !� ( � ��D � T = U TT� ! ( �D TT�



i�

a` STN ^FZPN H` � R[ {IH}I FS [HG N _HRIS | [FX| � ! | STNI F ZH}NM f HPIQ HI STN `PIcSRHI
^FZPN `HM FZZ � fNS}NNI � ! FIQ �D cFI fN QNSNMG RINQ fX � �� !� ( U TT� ( � ! TTK
ÙÇÀ P ¾ÑÀÃÌ PÎÅÀÌ ×ÎÔÑÓ RÍÍÌÎÃÄÇ

lTN §¥� �£� §¨K �� ©¨$�¡ F__MHFcT ákâ | eNINMFSN[ ZRINFM ZH}NM f HPIQ[ `HM F `PIcSRHI | � |
fX QNcHG_H[RIe � RISH [RG _ZNM `PIcSRHI[ | [PcT F[ GHIHSHIRc cHI^N� `PIcSRHI[ K �IcN
ZRINFM ZH}NM f HPIQ[ `HM NFcT H` STN [RG_ZNM `PIcSRHI[ FMN `HPIQ STN[N fHPIQ[ FMN
MNcHGfRINQ SH HfSFRI F ZRINFM ZH}NM fHPIQ `HM STN HMReRIFZ `PIcSRHI K lTR[ F__MHFcT |
H` cHPM[N | F[[PG N[ STFS � cFI fN QNcHG_H[NQ RISH [RG _ZNM `PIcSRHI[ FIQ TF[ | F[ XNS |
HIZX f NNI QNGHI[SMFSNQ `HM HIN QRG NI[RHIFZ eZHfFZ H_SRG R�FSRHI _MHfZNG [ K

ÙÇÀ VÑÆÀÌWÃ¿ RÍÍÌÎÃÄÇ

lTN ¥����¢£§ F__MHFcT FPSHGFSRcFZZX cFZcPZFSN[ ZH}NM FIQ P__ NM fHPIQ[ P[RIe STN
_MRIcR_FZ[ H` ¥����¢£§ £�¥�'¬ ��¥�K ] ~IFSPMFZ RISNM^FZ N�SNI[RHI� �[NN ák iâ� | L | `HM £�ã
_MHeMFGGFfZN `PIcSRHI | � | cFI NF[RZX f N } MRSSNI K bPcT FI RISNM^FZ `PIcSRHI H_NMFSN[
H^NM TX_ NMMNcSFIeZN[ FIQ MNSPMI[ RISNM^FZ MN[PZS[ FPSHG FSRcFZZX fHPIQRIe STN MFIeN
H` STN `PIcSRHI H^NM STN RI_PS [NS K

� ñ� ñ� X 4 ÷�øþó Fú�û2 ÷ûG X þGúö÷ù	�
VR^NI F fHPIQRIe `PIcSRHI | LH | } RST STN FfRZRSX SH cHG_PSN F ZH}NM f HPIQ `HM STN
MFIeN H` � H^NM F [NS | F [RG_ZN N�TFP[SR^N eZHfFZ [NFMcT FZeHMRSTG fNcHGN[ N^ RQNIS K



i¯

�IN H` STN [RG_ZN[S H` STN fHPIQRIe G NSTHQ[ _FMSRSRHI[ STN RI RSRFZ cHG_FcS `NF[RfZN [NS% RISH cHG_FcS [Pf[NS[ | Y�Z K ] ZH}NM fHPIQ HI STN `PIcSRHI ^FZPN | LH �Y�Z � | H^NM NFcT
[Pf[NS Y�Z R[ STNI cFZcPZFSNQ K aI FQQRSRHI | FI P__NM f HPIQ HI STN eZHfFZ G RIRGPG
STP[ `FM | [\] | R[ G FRISFRINQ K ]IX [Pf[NS Y�Z }TNMN LH �Y�Z � ^ [\] R[ _MH_ NMZX MN� NcSNQ
F[ IHS cHISFRIRIe F eZHfFZ G RIRGPG K lTR[ _MH cN[[ H` _FMSRSRHIRIe | f HPIQRIe | FIQ
_H[[Rf ZX MN� NcSRIe R[ cHISRIPNQ HI [PccN[[R^NZX eNINMFSNQ [Pf[NS[ PISRZ [HG N [SH__RIe
cMRSNMRF R[ G NS K lTN PIRHI H` STN MNG FRIRIe PIMN� NcSNQ [NS[ } RZZ cHISFRI STN [NS H` FZZ
eZHfFZ G RIRG R�NM[ H` � K

Y ZNFMZX STN NzNcSR^NIN[[ H` STR[ [RG_ZN fHPIQRIe G NSTHQ �FIQ FZZ f HPIQRIe G NST�
HQ[� R[ MNZFSNQ SH STN FfRZRSX H` STN ZH}NM fHPIQRIe `PIcSRHI SH MNSPMI F ~SReTS� ZH}NM
fHPIQ `HM STN eZHfFZ G RIRGPG H` STN `PIcSRHI H^NM F eR^NI cHG_FcS [NS K a` STN cFZ�
cPZFSNQ ZH}NM f HPIQ R[ SHH cMPQN | STN FfRZRSX SH MN� NcS [NS[ R[ TFG_NMNQ K �I STN
HSTNM TFIQ | R` STN ZH}NM f HPIQRIe `PIcSRHI MNSPMI[ STN ~SReTSN[S� �SH STN _MNcR[RHI
H` STN G FcTRIN� ZH}NM fHPIQ `HM STN eZHfFZ G RIRGPG H` STN `PIcSRHI H^NM F cHG_FcS
[NS | STNI STN eZHfFZ H_SRG R�FSRHI _MHfZNG }HPZQ fN È�[HZ^NQ K LH[S ZH}NM f HPIQRIe
`PIcSRHI[ | f NRIe HIZX F _RNcN H` F ZFMeNM eZHfFZ H_SRG R�FSRHI FZeHMRSTG | FMN IHS [H
FccPMFSN K �H}N^NM | RI HMQNM SH HfSFRI FI FMfRSMFMRZX cZH[N eZHfFZ G RIRGPG | STN ZH}NM
fHPIQRIe `PIcSRHI [THPZQ f N £¤ã¬« �¨�¥�£§ §ã £��$�£�� RI STFS STN ZH}NM f HPIQ [THPZQ
F__MHFcT STN eZHfFZ G RIRGPG H` � H^NM STN cHG_FcS [NS Y F[ STN ~^HZPGN� H` Y
fNcHG N[ [G FZZNM K



iµ� ñ� ñ� 8	ó ýóûóö� þ Fú�û2 ÷ûG X þGúö÷ù	�
]ZZ fHPIQRIe G NSTHQ[ | [PcT F[ fMFIcT FIQ fHPIQ FZeHMRSTG [ ái� | �â | cH^NMRIe G NST�
HQ[ á�â | ZRINFM ZH}NM fHPIQ G NSTHQ[ ákâ | h R_[cTRS�RFI GNSTHQ[ ákjâ | fR[NcSRHI G NST�
HQ[ á� | ��â | FIQ RISNM^FZ G NSTHQ[ áik | ii| k� | k� | �k | kµâ | RG _ZNG NIS STN `HZZH} RIe
eNINMFZ FZeHMRSTG �

iK ÍÃÌÆ¾Æ¾ÎÑ STN RIRSRFZ [NFMcT [_FcN RISH [G FZZNM [PfMNeRHI[ |

k K Ö ÎÔÑÓ STN `PIcSRHI �FIQ _H[[Rf ZX RS[ QNMR^FSR^N[� H^NM STN [PfMNeRHI[ | FIQ

� K ÌÀ_ ÀÄÆ �fX P[RIe STN fHPIQ[ cFZcPZFSNQ RI [SN_ k� STH[N [PfMNeRHI[ }TRcT QN��
IRSNZX cFIIHS cHISFRI F eZHfFZ G RIRG R�NM K

lTN PIRHI H` STN MNG FRIRIe $���" ����¡ [PfMNeRHI[ } RZZ cHISFRI FZZ eZHfFZ G RIRG R�NM[ K
lTN eNINMFZ f HPIQRIe FZeHMRSTG P[N[ STN �<'£$¤�¥¢ � _MRIcR_ZN K aS RIQRMNcSZX [NFMcTN[

`HM F eZHfFZ G RIRGPG fX N�TFP[SR^NZX _FMSRHIRIe FIQ ~cPSSRIe F}FX� FZZ H` STN `NF[Rf ZN
[_FcN | % | }TRcT QN�IRSNZX �£��¨� cHISFRI F eZHfFZ [HZPSRHI K

ÙÇÀ ÐÃÌÆ¾Æ¾ÎÑ ¾ÑØ ÃÑÓ ×ÎÔÑÓ¾ÑØ ÐÇÃÒÀÒ

lTN G FIINM RI }TRcT STN [_FcN R[ _FMSRSRHINQ R[ GH[SZX F `PIcSRHI H` STN SX_ N H`
cHG_FcS [NS H^NM }TRcT STN f HPIQRIe `PIcSRHI cFI cHG_PSN K JFcT H` STN _FMSRSRHINQ
[PfMNeRHI[ } RZZ _ H[[N[[ F cNMSFRI eNHGNSMX H^NM }TRcT STN fHPIQRIe `PIcSRHI GP[S f N
FfZN SH cHG_PSN K �HM RI[SFIcN | RISNM^FZ FMRSTG NSRc cHG_PSN[ H^NM TX_NMMNcSFIeZN[ K ]
_FMSRSRHIRIe [SN_ RI^HZ^N[ QR^ RQ RIe F ZFMeN TX_NMMNcSFIeZN RISH [G FZZNM TX_NMMNcSFIeZN[ K



i�

aI FQQRSRHI SH f NRIe FfZN SH cHG_PSN H^NM STN _FMSRSRHINQ [PfMNeRHI[ | STN eNHGNSMRc
[TF_ N H` STN _FMSRSRHINQ [PfMNeRHI[ [THPZQ f N FfZN SH ��¤¤ �§ §£�� �HM cH^NM� STN NISRMN
`NF[RfZN [_FcN | % K a` STN [TF_N[ cFIIHS SN[[NZZFSN STN [_FcN | STNI HIN cFIIHS {IH} |
fX N�TFP[SR^NZX [NFMcTRIe | }TNSTNM F MNeRHI H` [_FcN }F[ G R[[NQ }TRcT G ReTS TF^N
cHISFRINQ F eZHfFZ G RIRG R�NM K

�X_NMcRMcZN[ | `HM RI[SFIcN | FMN F _HHM cTHRcN `HM _FMSRSRHIRIe F [NFMcT [_FcN K YHI�
[RQNM SMX RIe SH SN[[NZZFSN F �[T fH} Z } RST G FMfZN[ K �NS}NNI STN G FMfZN[ | NG_SX [_FcN
N� R[S[ K lTR[ eF_ H` [_FcN } RZZ IHS f N �¨¢���¡ fX STN f HPIQRIe FZeHMRSTG FIQ STNMN`HMN
F eZHfFZ G RIRG R�NM G FX fN G R[[NQ K

aS R[ _ NMTF_[ _H[[Rf ZN SH P[N FIX [TF_N FIQ [RG _ZX SN[[NZZFSN STN [_FcN K ¥�' ¨¢�� §£« K
�H}N^NM | RS [NNG [ STFS [PcT F cMPQN cHZZFeN H` STN RIRSRFZ [NFMcT [_FcN } RZZ _MHQPcN
F ZN[[ N� cRNIS FZeHMRSTG [RIcN STNMN R[ IH} F ~fZNNQRIe� H` fHPIQFMRN[ f NS}NNI [Pf�
MNeRHI[ K lTN FfRZRSX SH MN� NcS [PfMNeRHI[ F__NFM[ SH f N ZN[[ QNcR[R^N K �PMSTNMGHMN | R`
HIN } R[TN[ SH _MHQPcN FMfRSMFMRZX cZH[N eZHfFZ [HZPSRHI[ | STN FGHPIS H` H^NMZF_ [THPZQ
F[XG_SHSRcFZZX QRG RIR[T F[ STN [R�N H` STN [PfMNeRHI eNS[ [G FZZNM K

W RST STN[N cHI[RQNMFSRHI[ | TX_NMMNcSFIeZN[ FMN P[PFZZX STN [TF_N H` cTHRcN fX
}TRcT SH _FMSRSRHI STN `NF[Rf ZN [_FcN K �X_ NMMNcSFIeZN[ FMN [RG _ZN [TF_ N[ } RST }TRcT
HIN cFI �

6 _FMSRSRHI NF[RZX

6 SN[[NZZFSN STN `NF[RfZN MNeRHI } RSTHPS H^NMZF_

6 cHG_PSN NF[RZX



i�

a` STN `NF[Rf ZN [_FcN R[ IHS RS[NZ` F TX_NMMNcSFIeZN | STNI FI H^NMZF__RIe RIRSRFZ
TX_ NMMNcSFIeZN R[ P[NQ F[ STN RIRSRFZ [NFMcT [_FcN K lTN N�PFSRHI[ }TRcT FMN P[NQ SH
cTFMFcSNMR�N STN SMPN `NF[Rf ZN [_FcN �cHI[SMFRIS `PIcSRHI[� FMN STNI FQQRSRHIFZZX P[NQ
RI STN MN� NcSRHI _TF[N H` STN FZeHMRSTG SH NZRG RIFSN STH[N [PfMNeRHI[ ZX RIe RI STN
RIRSRFZ TX_NMMNcSFIeZN | fPS HPS[RQN H` STN `NF[Rf ZN MNeRHI K

ÙÇÀ ` À_ ÀÄÆ¾ÎÑ ÐÇÃÒÀ

lTN MN� NcSRHI _TF[N H` STN FfH^N FZeHMRSTG cFI RIcZPQN FIX H` STN `HZZH} RIe �

6 MN� NcSRHI H` [PfMNeRHI[ }TH[N ZH}NM fHPIQ `PIcSRHI ^FZPN R[ eMNFSNM STFI FI
P__ NM fHPIQ HI STN eZHfFZ G RIRGPG {IH}I STP[ `FM

6 MN� NcSRHI H` [PfMNeRHI[ }TRcT FMN IHS RI STN `NF[RfZN [_FcN �R KN K QH IHS G NNS STN
cHI[SMFRIS[�

6 R` STN Hf� NcSR^N `PIcSRHI R[ QRzNMNISRFfZN

a MN� NcSRHI H` [PfMNeRHI[ IHS HI STN fHMQNM H` STN RI RSRFZ [NFMcT [_FcN `HM
}TRcT � bc > �� � | }TNMN > �� � R[ STN � �£¡¥��� H` STN Hf� NcSR^N `PIcSRHI | �a MN� NcSRHI H` [PfMNeRHI[ `HM }TRcT STN `PIcSRHI R[ IHS cHI^N� FIX}TNMN
} RSTRI STN [PfMNeRHI



i�� ñd �2ó� þ Fú�û2 ÷ûG e�ûõù÷úûô

bRIcN STN ZH}NM fHPIQRIe `PIcSRHI R[ FS STN �¨�� H` f HPIQRIe FZeHMRSTG [ | [PcT F
fHPIQRIe `PIcSRHI [THPZQ RQNFZZX _ H[[N[[ STN `HZZH} RIe cTFMFcSNMR[SRc[ RI QN[cNIQRIe
HMQNM H` RG_HMSFIcN �

iK cF_FfZN H` _MHQPcRIe MNZRFfZN | ~SReTS� | FIQ F[XG_SHSRcFZZX FccPMFSN fHPIQ[

k K N� cRNIS SH cHG_PSN

� K F__ZRcFfZN SH £�ã _MHeMFGGFfZN `PIcSRHI �R KN K FIX `PIcSRHI `HM }TRcT F cHG �
_PSNM _MHeMFG cFI fN } MRSSNI �

¯ K NF[X SH eNINMFZR�N FIQ FPSHG FSN

µ K cHI^NIRNIS `HM FI PI[H_TR[SRcFSNQ P[NM SH PSRZR�N

�IcN FeFRI | [RIcN STN FRG H` STR[ STN[R[ R[ MNZRFfZN eZHfFZ H_SRG R�FSRHI | STH[N
MNG FRIRIe FZeHMRSTG [ }TRcT FMN IHS cF_FfZN H` eNINMFSRIe MNZRFfZN eZHfFZ H_SRG R�FSRHI
[HZPSRHI[ } RZZ f N cPZZNQ K ] �IFZ _FMSRSRHI [N_FMFSN[ STH[N G NSTHQ[ }TRcT P[N MNZRFfZN
ZH}NM fHPIQRIe `PIcSRHI[ `MHG STH[N G NSTHQ[ }TRcT QH IHS K

� ñf gú�û2úh i ööúö

ENeFMQZN[[ H` STN FccPMFcX H` F ZH}NM fHPIQRIe `PIcSRHI RI STNHMX| [PcT F `PIcSRHI
GP[S XRNZQ �$£�£����¡ fHPIQ[ RI _MFcSRcN | HI F cHG_PSNM K aS R[ `HM STR[ MNF[HI STFS
FIX MNZRFfZN ZH}NM fHPIQRIe `PIcSRHI GP[S £� §�£¤� FccHPIS `HM MHPIQHz NMMHM K



ij� ñf ñð i*��øþó úü gú�û2úh i ööúö

bHGN G ReTS cHISNIQ STFS | SHQFX| MHPIQHz NMMHM R[ IHS F cMRSRcFZ R[[PN f NcFP[N H` STN
N�SNIQNQ _MNcR[RHI �HFSRIe _HRIS IPGfNM[ F^FRZFfZN HI GFIX cHG_PSNM[ K �H}N^NM |
cHI[RQNM STN `HZZH} RIe N�FG_ZN H` b K L K EPG_ á��â }TNMN STN `HZZH} RIe RIIHcPHP[�
ZHH{RIe `PIcSRHI� �� I j � Ê ��� ��µj k ¶ �D �ii�Dj D ( j k ( ikij l ( k� ¶ µ �µj m ¶ �M �kj � �� Ki�
}F[ N^FZPFSNQ FS � Ê ���i� FIQ j Ê ���j� K lTN ��ElE]� _MHeMFG SH N^FZPFSN
STR[ `PIcSRHI FS ^FMRHP[ _MNcR[RHI[ }F[ cHG_RZNQ FIQ N�NcPSNQ HI F bg]EY[SFSRHI
bhY K lTN FccPMFcX H` STN STMNN _MNcR[RHI[ SN[SNQ | [RIeZN | QHPfZN | FIQ N�SNIQNQ | }NMN
� | i¯ | FIQ �µ QNcRG FZ QReRS[ | MN[_ NcSR^NZXK aI HMQNM SH SN[S HIZX STN fF[Rc FMRSTG NSRc
H_ NMFSRHI[ | STN _H}NM[ HI � FIQ j }NMN N^FZPFSNQ } RST GPZSR_ZRcFSRHI[ MFSTNM STFI
} RST STN fPRZS�RI ZRfMFMX _H}NM `PIcSRHI K lTN `HZZH} RIe MN[PZS[ }NMN HfSFRINQ ��[RIeZN _MNcR[RHI � � Ê � ����kµ n i�Do�QHPfZN _MNcR[RHI � � Ê i�i�k���j¯��µ�k�N�SNIQNQ _MNcR[RHI � � Ê i�i�k���j¯��µ� i���� i�µ���¯j�¯µk� i���

�X Hf[NM^RIe STN[N MN[PZS[ | HIN G ReTS cHIcZPQN STFS [RIeZN _MNcR[RHI MN[PZS R[
} MHIe K �IN G ReTS `PMSTNM �FIQ NMMHINHP[ZX � cHIcZPQN STFS STN QHPfZN _MNcR[RHI MN[PZS
R[ FccPMFSN [RIcN RS FeMNN[ SH i� QReRS[ } RST STN N�SNIQNQ _MNcR[RHI MN[PZS K bPM_MR[RIe
SH G FIX| FZZ STMNN MN[PZS[ FMN } MHIe N^NI RI STN �M[S QReRS p �HM STFS G FSSNM | STN [ReI
RS[NZ` R[ RIcHMMNcS K lTN N�FcS MN[PZS | HfSFRINQ P[RIe STN ^FMRFfZN _MNcR[RHI RISNM^FZ
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FMRSTG NSRc H` ´ga á�â } RST FfHPS ¯� QNcRG FZ QReRS[ H` FccPMFcX| R[ ~SMF__NQ� SReTSZX
RI STN `HZZH} RIe RISNM^FZ �

á (� ��k��j��µjj¯��ki��� i¯ ii�µ�jµ¯�j� i�kjk��µ I(� ��k��j��µjj¯��ki��� i¯ ii�µ�jµ¯�j� i�kj ij�� â
lTN _HRIS SH f N G FQN TNMN R[ S}H�`HZQ �

iK EHPIQHz NMMHM cFI [NMRHP[ZX cHG_MHG R[N STN MNZRFfRZRSX H` STN MN[PZS[ `HM £�ã
��NQ _MNcR[RHI �HFSRIe _HRIS cHG_PSFSRHI K

k K �X [RG_ZX Hf[NM^RIe STN ¨� � �$¬©�� MN[PZS[ FS ^FMRHP[ _MNcR[RHI[ | � ¨ RIQRcFSRHI
H` STN [NMRHP[IN[[ H` STN MHPIQHz NMMHM R[ eR^NI K

� ñf ñ� )úûùöúþþ÷ûG gú�û2úh i ööúö

aS [NNG [ STFS MHPIQHz NMMHM _ZFePN[ £§ § cHG_PSFSRHI[ _ NM`HMG NQ } RST ��NQ _MNcR[RHI�HFSRIe _HRIS FMRSTG NSRc K �H} cFI HIN TH_N SH cHISMHZ STR[ ZF[S RG_NQRG NIS SH MNZRFfZN
eZHfFZ H_SRG R�FSRHIq �IN SNQRHP[ NzHMS R[ SH _ NM`HMG �HFSRIe _ HRIS NMMHM FIFZX[R[ K
�H}N^NM | [PcT FIFZX[N[ FMN N�SMNG NZX cPGfNM[HG N FIQ P[PFZZX HIZX F__ZRNQ SH [RG �
_ZN `PIcSRHI[ K aI FQQRSRHI | �HFSRIe _HRIS NMMHM FIFZX[R[ f NcHGN[ GHMN QR� cPZS } RST
RSNMFSR^N FZeHMRSTG [ RI }TRcT MHPIQHz NMMHM G ReTS f N _MH_FeFSNQ `MHG HIN RSNMFSRHI
SH STN IN�S K

]IHSTNM FSSNG_S SH ~N[SRG FSN� STN FccPMFcX H` MN[PZS[ `MHG F �HFSRIe _ HRIS cHG �
_PSFSRHI fX P[RIe [SHcTF[SRc F__MHFcTN[ [PcT F[ STN YJbl]Y GNSTHQ �HM gNMGPSFSRHI�
gNMSPMfFSRHI G NSTHQ � á¯�â K bPcT G NSTHQ[ | TH}N^NM | FMN _MHfFfRZR[SRc RI IFSPMN FIQ
cFIIHS MNZRFfZX ePFMFISNN STN FccPMFcX H` STN MN[PZS[ K



ki

lH QFSN | STN FPSTHM {IH} [ H` HIZX HIN f HPIQRIe SNcTIR�PN }TRcT R[ cF_FfZN H`
cHG_PSRIe F[XG_SHSRcFZZX FccPMFSN fHPIQ[ �HI F cHG_PSNM� H^NM F TX_NMMNcSFIeZN K
lTR[ SNcTIR�PN R[ ¥����¢£§ £�¥�'¬ ��¥�K

� ñr �ûùóö5� þ X ö÷ù	� óù÷õ

OP[S ¨� � N^FZPFSRHI H` F `PIcSRHI P[RIe RISNM^FZ FMRSTG NSRc _MH^RQN[ P__ NM FIQ ZH}NM
fHPIQ[ HI STN MFIeN H` ^FZPN[ H` STN `PIcSRHI H^NM F ¤ �� H` ^FZPN[ �F cHISRIPPG � H` STN
FMePGNIS[ K �HM RI[SFIcN | P[RIe RISNM^FZ FMRSTG NSRc | HIN cFI SN[S� HI F cHG_PSNM� STN
SMPST H` F MNZFSRHI [PcT F[ �!� �� � Ê � �� ! I � D I � � � I �� � = � `HM £§ § _ HRIS[ � c ,
}TNMN , R[ FIX eR^NI RIRSRFZ TX_NMMNcSFIeZN | HM ~fH�� | QN�INQ F[ STN `HZZH} RIe N�
Q RG NI[RHIFZ RISNM^FZ �, Ê s� � tZ = �Z = uZ `HM £§ § v Ê i I k I � � � I N w �

Ê �át ! I u !â I � � � I át� I u� â� �
�IN cFI QH STR[ `HM FIX _MHeMFGGFfZN `PIcSRHI P[RIe RISNM^FZ [H`S}FMN | f NcFP[N F
cHG_PSNM cFI �IQ | [RG_ZX fX N^FZPFSRIe � } RST STN FMePGNIS , | IPGfNM[ U FIQ [
[PcT STFS U = � �� � = [ `HM £§ § � c , �

a` [ = � | STNI RS `HZZH} [ STFS � �� � = � `HM FZZ � c , Kxyz{| } ~��}���� �� ����~�}�� �� ����z}���� {����~}���� ����}� ����� ��}���� �~����� �



kk

lTN fHPIQ[ U FIQ [ FMN eNINMFZZX IHS [TFM_ �PIZN[[ , R[ QNeNINMFSN� N^NI R`
RI�IRSN _MNcR[RHI RISNM^FZ FMRSTG NSRc R[ P[NQ K W RST ��NQ _MNcR[RHI | STN[N fHPIQ[ FMN
[ZReTSZX ZN[[ [TFM_ f NcFP[N H` MHPIQRIe NMMHM[ K aI _MFcSRcN | RISNM^FZ FMRSTG NSRc R[ QHIN
} RST ¨$ �K£�¡ �¨$�¡¥�� �STN ZN`S NIQ�_HRIS SH}FMQ[ G RIP[ RI�IRSX FIQ STN MReTS NIQ�
_HRIS SH}FMQ[ _ZP[ RI�IRSX � [H STFS STN f HPIQ[ FMN FZ}FX[ cHMMNcS FZSTHPeT _H[[Rf ZX
IHS [TFM_ K

]IX eR^NI MNeRHI cFI f N cH^NMNQ fX F [NS H` fH�N[ }TRcT cFI fN [PfQR^RQNQ [H STFS
NFcT [Pf�f H� R[ F[ [G FZZ F[ HIN ZR{N[ K �NcFP[N H` STR[ | STNMN FMN S}H `FcS[ }TRcT GF{N
RS _H[[RfZN SH cHG_PSN FMfRSMFMRZX [TFM_ fHPIQ[ HI STN MFIeN[ H` ^FZPN[ H` `PIcSRHI[ �

iK ] [ F [Pf�f H� � eNS[ [G FZZNM | STN H^NM�N[SRG FSRHI H` L �� � QRG RIR[TN[ FIQ cHI�
^NMeN[ SH}FMQ[ STN FcSPFZ MFIeN H` ^FZPN[ ZRG RSNQ HIZX fX STN IPGfNM H` QReRS[
cFMMRNQ �R KN K F[XG_SHSRcFZZX FccPMFSN� ák� | � iâ K

k K ] [ � eNS[ [G FZZNM | R` STN IPGfNM H` QReRS[ cFMMRNQ R[ RIcMNF[NQ | HIN cFI cHGN
FMfRSMFMRZX cZH[N SH STN N�FcS MFIeN H` ^FZPN[ L �� � ák�â K

lTN MFIeN H` ^FZPN[ H` � H^NM F f H� , R[ cHISFRINQ RI STN PIRHI H` STN MFIeN[ H` ^FZPN[
H` � H^NM F cH^NMRIe H` , fX [Pf�f H�N[ K

� ñr ñð X F ö÷óü � ÷ôùúö� úü �ûùóö5� þ X ö÷ù	� óù÷õ

lTN NFMZRN[S MN_HMSNQ RIQN_ NIQNIS RI^N[SReFSRHI[ RISH RISNM^FZ FMRSTG NSRc }NMN RI _F�
_ NM[ fX gK b K U}XNM áµâ | L K WFMGP[ á¯kâ | l K bPIFeF á��â | FIQ E K J K LHHMN áijâ K
�H}N^NM | RS }F[ STN _F_NM[ H` LHHMN | N[_ NcRFZZX TR[ NFMZX G HIHeMF_T RISMHQPcRIe RI�
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SNM^FZ FMRSTG NSRc ák�â RI ij�� | }TRcT FcSR^NZX cHGGNIcNQ }HM{ RI RISNM^FZ FMRSTG NSRc K
LHMN STFI S}H QH�NI fHH{[ FIQ H^NM i��� � HPMIFZ FMSRcZN[ FIQ MN_ HMS[ cHIcNMIRIe RI�
SNM^FZ FIFZX[R[ TF^N f NNI } MRSSNI [RIcN TR[ GHIHeMF_T �[NN áikâ� K aS R[ `HM STR[ MNF[HI
STFS E K J K LHHMN R[ {IH} F[ STN ~`FSTNM� H` RISNM^FZ FMRSTG NSRc K

� ñr ñ� 3 �õ	 ÷ûó �ûùóö5� þ X ö÷ù	� óù÷õ

]I RISNM^FZ R[ F cZH[NQ fHPIQNQ [NS H` MNFZ IPGfNM[

át I uâ Ê s� � t = � = uw �
] MRSTG NSRc } RST RISNM^FZ[ R[ [RG _ZX £�¥�'¬ ��¥� K ¥�' ¥� ��$£§¥�¥�¤ K �HM RI[SFIcN | R` t =� = u FIQ � = j = � | STNI t ¶ � = � ¶ j = u ¶ � K lTP[ | STN FQQRSRHI H` S}H RISNM^FZ[
R[ QN�INQ fX �

át I uâ ¶ á� I �â Ê át ¶ � I u ¶ �â
h R{N} R[N | P[RIe STN _MH_ NMSRN[ H` RIN�PFZRSRN[ | STN `HPM fF[Rc RISNM^FZ H_ NMFSRHI[ FMN
QN�INQ F[ `HZZH} [ �

át I uâ ¶ á� I �â Ê át ¶ � I u ¶ �â
át I uâ ( á� I �â Ê át ( � I u ( �â
át I uâ n á� I �â Ê áG RI �t� I t� I u� I u�� IGF� �t� I t� I u� I u��â
át I uâ � á� I �â Ê át I uâ n áiM� I iM�â R` � bc á� I �â

lTN RG_ZNG NISFSRHI H` RISNM^FZ FMRSTG NSRc HI F cHG_PSNM R[ NF[XK bRIcN STN NIQ�
_HRIS[ t FIQ u H` F eR^NI RISNM^FZ át I uâ G FX IHS f N G FcTRIN MN_MN[NISFfZN IPGfNM[ | t R[



k¯

MHPIQNQ SH STN ZFMeN[S G FcTRIN IPGfNM | [FX t� | }TRcT R[ ZN[[ STFI HM N�PFZ SH t | FIQu R[ MHPIQNQ SH STN [G FZZN[S G FcTRIN IPGfNM | [FX u� | }TRcT R[ eMNFSNM STFI HM N�PFZ
SH u K lTR[ HPS}FMQ�MHPIQNQ ¬ £�' ¥� � ¥����¢£§| át� I u� â | cHISFRI[ át I uâ K bRG_ZX _PS |
át I uâ � át� I u� â K lTN fF[Rc _MRIcR_ZN H` RISNM^FZ FMRSTG NSRc R[ _MN[NM^NQ RI STFS STN
N�FcS MN[PZS R[ cHISFRINQ RI STN cHMMN[_ HIQRIe {IH}I GFcTRIN RISNM^FZ | } RST MHPIQHz
NMMHM cHISMHZZNQ K

aISNM^FZ FMRSTG NSRc R[ ¥� �§$¤¥¨� ¬ ¨�¨�¨�¥�K lTR[ G NFI[ STFS R`Y! � % ! FIQ YD � % D
STNI Y! ¶ YD � % ! ¶ %D IY ! ( YD � % ! ( % D IY ! n YD � % ! n % D IY ! � YD � % ! � % D �
�X �IRSN RIQPcSRHI FIQ STN SMFI[RSR^ RSX H` STN _FMSRFZ HMQNM MNZFSRHI | � | RS `HZZH} [ STFS
MFSRHIFZ RISNM^FZ `PIcSRHI[ FMN RIcZP[RHI GHIHSHIRc | F[ FMN IFSPMFZ RISNM^FZ N�SNI[RHI[
H` £§ § �' � ¤�£�¡£�¡ # $���¥¨�¤ $¤ �¡ ¥� �¨¬« $ �¥�� ák iâ K �PMSTNMGHMN | G FcTRIN RISNM^FZ
FMRSTG NSRc } RST HPS}FMQ MHPIQRIe R[ FZ[H RIcZP[RHI GHIHSHIRc K V R^NI FI N�_MN[[RHI
RI MNFZ ^FMRFfZN[ | HIN cFI MN_ZFcN STN MNFZ ^FMRFfZN[ fX cHMMN[_HIQRIe RISNM^FZ ^FMR�
FfZN[ FIQ MN_ZFcN STN MNFZ FMRSTG NSRc H_ NMFSRHI[ FIQ `PIcSRHI[ fX STN cHMMN[_HIQRIe
RISNM^FZ FMRSTG NSRc H_ NMFSRHI[ FIQ `PIcSRHI[ SH HfSFRI FI RISNM^FZ `PIcSRHI }TRcT R[
FI RIcZP[RHI GHIHSHIRc �£�$�£§ ¥����¢£§ �< ���¤¥¨� H` STN MNFZ `PIcSRHI K
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lHQFX| _ NM`HMG RIe RISNM^FZ FMRSTG NSRc HI F cHG_PSNM } RST ¨$ �K£�¡ �¨$�¡¥�� R[ NF[X
SH FcTRN^N K lTN aJJJ [SFIQFMQ `HM fRIFMX �HFSRIe _HRIS FMRSTG NSRc [_ NcR�N[ STFS STN
FfRZRSX SH MHPIQ P_ HM QH}I F[ QN[RMNQ f N F^FRZFfZN RI STN FMRSTG NSRc TFMQ}FMN HM
[H`S}FMN K lTN FPSTHM TF[ } MRSSNI F ��NQ _MNcR[RHI RISNM^FZ FMRSTG NSRc _Fc{FeN RI Y
FIQ Y¶¶ �[NN á��â� }TRcT TF[ f NNI _HMSNQ SH STN `HZZH} RIe [X[SNG [ �6 �g���6 b��� FIQ b��¯6 a�L�gY
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YHI[RQNM STN `HZZH} RIe RISNM^FZ cHG_PSFSRHI H` �� �� I �� Ê �D��D ¶ �D ¶ i
}TNMN � Ê á�i I ��â FIQ � Ê á�k I ��â K J^FZPFSRIe NFcT [Pf�N�_MN[[RHI | HIN HfSFRI[ ��D Ê á�� i I ��jâ�D Ê á��¯ I ���â�D� Ê á���k I ��µ¯â�D ¶ �D ¶ i Ê ái��µ I i�¯µâ�D��D ¶ �D ¶ i Ê á���k I ��µ¯â

ái��µ I i�¯µâ Ê ����ki�¯µ I ��µ¯i��µ � � á��� i�� I ��µ i¯�â
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�HM cHG_FMR[HI | STN Ff H^N cHG_PSFSRHI } RZZ f N _ NM`HMG NQ P[RIe F QRzNMNIS f HPIQRIe
SNcTIR�PN | IFGNZX STN hR_[cTRS�RFI F__MHFcT K lTR[ F__MHFcT MN�PRMN[ cNISNM _ HRIS[ |�� FIQ �� | `HM � FIQ � MN[_ NcSR^NZXK aI FQQRSRHI | ^FZPN[ `HM STN ~TFZ`�} RQST[� H` � FIQ� FMN INNQNQ K lTN[N TFZ`�} RQST ^FZPN[ } RZZ f N cFZZNQ �� FIQ �� | MN[_ NcSR^NZXK

bRIcN � c á�i I ��â | �� Ê �k | �� Ê �i FIQ [RIcN � c á�k I ��â | �� Ê �¯ | �� Ê �k K �[RIe STN
hR_[cTRS�RFI F__MHFcT | HIN HfSFRI[T� �� I �� ( � ��k I �¯ � T = , �� T� ( �k T ¶ ,�� T� ( �¯ T = , �� ��i� ¶ ,�� ��k�
}TNMN ,�� R[ FI P__NM fHPIQ `HM T�� T H^NM STN fH� � c á�i I ��â | � c á�k I ��â FIQ ,�� R[
FI P__ NM fHPIQ `HM T� � T H^NM STR[ [FG N fH� K �NMN �� FIQ �� FMN STN _FMSRFZ[ H` � �� I ��
} RST MN[_ NcS SH � FIQ � K �H}

�� Ê ��D ¶ �D ¶ i� ��D��- ( ��D ¶ �D ¶ i�- ��D����D ¶ �D ¶ i�D
Ê ��D ¶ �D ¶ i� �k��� ( �k�� ��D����D ¶ �D ¶ i�D
Ê k�� ��D ¶ i���D ¶ �D ¶ i�D

� � Ê ��D ¶ �D ¶ i� ��D � ( �k�� ��D����D ¶ �D ¶ i�D Ê �D ��D ( �D ¶ i���D ¶ �D ¶ i�D
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FIQ T� � T Ê �D T�D ( �D ¶ i T�� D ¶ �D ¶ i�D = �D ��D ¶ �D ¶ i���D ¶ �D ¶ i�D Ê �D�D ¶ �D ¶ i = ��j
i��µ = ���µ�i Ê , É �

lTP[ T� �� I �� ( � ��k I �¯ � T = ��¯¯¯�j� ��i� ¶ ����µ�i� ��k� Ê ��� iµµ
Ê TFZ`�} RQST H` STN fHPIQRIe fH� `HM �

FIQ STN } RQST Ê k   ��� iµµ Ê �ik� i� K lTN MN[PZSRIe fHPIQRIe RISNM^FZ R[ � ��� I �� � ¡
��� iµµ ¢ �� i��� ¡ ��� iµµ Ê á( ��¯�kk I ���¯��â K

aI STR[ N�FG_ZN | STN RISNM^FZ cFZcPZFSRHI

6 MN�PRMN[ ZN[[ G FSTNG FSRcFZ [H_TR[SRcFSRHI `MHG STN P[NM �STN P[NM INNQ IHS {IH}
FIX cFZcPZP[ | fPS G NMNZX f N FfZN SH _ NM`HMG [RG_ZN RISNM^FZ cFZcPZFSRHI[� |

6 F[[PGN[ ZN[[ FfHPS STN IFSPMN H` STN `PIcSRHI �R KN K STN N� R[SNIcN H` fHPIQNQ
_FMSRFZ QNMR^FSR^N[ `HM STN `PIcSRHI[ INNQ IHS f N F[[PGNQ � | FIQ

6 MN[PZS[ RI F ~SReTSNM� fHPIQRIe fH� K

lTN FPSTHM QH N[ IHS F[[NMS STFS STN RISNM^FZ cFZcPZFSRHI FZ}FX[ MN[PZS[ RI F SReTSNM
fHPIQ | fPS STN HSTNM S}H FQ^FISFeN[ THZQ MNeFMQZN[[ H` STN `PIcSRHI K aS }HPZQ [NNG
STFS STN HIZX MNF[HI `HM _ H[[Rf ZX cTHH[RIe STN hR_[cTRS�RFI F__MHFcT }HPZQ f N R` RS
_MHQPcNQ F cHI[R[SNISZX SReTSNM fHPIQRIe fH� STFI STN RISNM^FZ F__MHFcT K aI `FcS |
eR^NI STN cHI[RQNMFfZN fPMQNI H` F[{RIe STN P[NM SH [P__ZX fHPIQRIe `PIcSRHI[ `HM
STN MFSN[ | HIN [THPZQ PZSRG FSNZX MN�PRMN STN hR_[cTRS�RFI F__MHFcT SH _MHQPcN [PcT F



k�

SReTSNM fHPIQRIe fH� STFS FZeHMRSTG [ }HPZQ FccMPN F IHI�SMR^ RFZ [_ NNQP_ SH GF{N RS
}HMST STN f HSTNM K

J^NI STHPeT á��� i�� I ��µ i¯�â H^NMN[SRG FSN[ STN FcSPFZ MFIeN H` ^FZPN[ | RS R[ ����£¥� §ã
{IH}I STFS G RI � �� I �� C ��� i�� FIQ STFS � �� I �� TF[ IH �NMH N[ `HM FIX � c á�i I ��â FIQ� Ê á�k I ��â K lTN hR_[cTRS�RFI MN[PZS | FZSTHPeT FccPMFSN | }F[ IHS [TFM_ NIHPeT `HM P[
SH G F{N STN[N S}H cHIcZP[RHI[ K

� ñr ñd �ûùóö5� þ X ö÷ù	� óù÷õ ÷û )££
aI [NcSRHI � Kµ STN cTFMFcSNMR[SRc[ H` FI RQNFZ fHPIQRIe `PIcSRHI }NMN G NISRHINQ RI
QN[cNIQRIe HMQNM H` RG_HMSFIcN K �MHG STN N�FG_ZN RI [Pf[NcSRHI � K� K� RISNM^FZ FMRST�
G NSRc TF[ f NNI [TH}I SH fN

6 cF_FfZN H` _MHQPcRIe MNZRFfZN | ~SReTS� | FIQ F[XG_SHSRcFZZX FccPMFSN f HPIQ[ | FIQ

6 N� cRNIS SH cHG_PSN K

� RIFZZX| P[RIe STN ZFIePFeN Y¶¶ | RISNM^FZ FMRSTG NSRc R[ FQQRSRHIFZZX

6 NF[X SH eNINMFZR�N FIQ FPSHG FSN | FIQ

6 cHI^NIRNIS `HM FI PI[H_TR[SRcFSNQ P[NM SH PSRZR�N K

YHG_FMN STN �HFSRIe _HRIS cHQN RI F__NIQR� ] Ki } RST STFS H` STN RISNM^FZ cHQN RI F_�
_ NIQR� ] Kk K lTN HIZX QRzNMNIcN R[ STN RIcZP[RHI H` ~RISNM^FZ KT� RI[SNFQ H` ~G FST KT�FIQ
STN ^FMRFfZN QNcZFMFSRHI SX_N H` ~RISNM^FZ� MFSTNM STFI ~QHPfZN� K �NS | STN RISNM^FZ cHQN



kj

RI F__NIQR� ] Kk R[ _ NM`HMG RIe STN GHMN cHG_ZRcFSNQ SF[{ H` RISNM^FZ FMRSTG NSRc FIQ
RISNM^FZ a®� K

lTN MNF[HI STFS STN RISNM^FZ cHQN R[ F[ [RG_ZN SH MNFQ FIQ } MRSN F[ STN �HFSRIe
_HRIS cHQN R[ STFS STN SX_ N ¥����¢£§ TF[ f NNI QN�INQ F[ FI ¨©" ��� �§£¤¤ } RSTRI Y¶¶ K
aI FQQRSRHI | STN [NG FISRc[ H` STN H_ NMFSHM[ | ¶ I ( I   | FIQ M TF^N fNNI ¨¢�� §¨£¡�¡
SH _ NM`HMG STN F__MH_MRFSN RISNM^FZ H_ NMFSRHI[ }TNI N�_MN[[RHI[ RI^HZ^ RIe RISNM^FZ
^FMRFfZN[ FMN N^FZPFSNQ K lTN RI_PS H_ NMFSHM | ~^^� | FIQ STN HPS_PS H_NMFSHM | ~//�
TF^N FZ[H f NNI H^NMZHFQNQ [H STFS STN cHG_ZRcFSNQ SF[{ H` RISNM^FZ a®� | }TRcT MN�PRMN[
cHI^NMSRIe f NS}NNI fF[N i� FIQ fF[N k } RST cHMMNcS HPS}FMQ MHPIQRIe | R[ SMFI[_FMNIS
SH STN P[NM K

]__NIQR� � [TH} [ STN cHG_ZNSN PIQNMZX RIe ¥����¢£§ cZF[[ `HM FZZ STN Y¶¶ RISNM^FZ
cHG_PSFSRHI[ P[NQ RI STR[ STN[R[ K lTN RISNM^FZ cZF[[ QNcZFMFSRHI `HM STN H^NMZHFQNQ
RISNM^FZ H_ NMFSRHI H` QR^ R[RHI | `HM RI[SFIcN | cFI fN `HPIQ RI F__NIQR� � KiK lTN cHMMN�
[_HIQRIe cHQN `HM [PcT F QNcZFMFSRHI R[ ZR[SNQ RI F__NIQR� � Kk K lTN H^NMZHFQNQ a®�
MHPSRIN[ | ~^^� FIQ ~//� | FMN FZ[H ZR[SNQ K

aI F__ NIQR� � Kk HIN cFI �IQ STN MHPSRIN[ ~MHPIQQH}I ��� FIQ ~MHPIQP_ ��� }TRcT
FMN STN N[[NISRFZ HPS}FMQ MHPIQRIe MHPSRIN[ P[NQ RI FZZ STN RISNM^FZ FMRSTG NSRc `PIc�
SRHI[ FIQ H_NMFSHM[ K lTN _FMSRcPZFM QN�IRSRHI H` STN[N MHPSRIN[ R[ SFRZHMNQ `HM F b��¯
}HM{[SFSRHI K lTN GH[S cHG_ZRcFSNQ MHPSRIN[ FMN STN H^NMZHFQNQ H_ NMFSHM[ `HM QR^ R[RHI
FIQ GPZSR_ ZRcFSRHI | STN IHI�G HIHSHIRc [RIN FIQ cH[RIN MHPSRIN[ | FIQ STN a®� MHPSRIN[ |
~^^� FIQ ~//� K
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LHHMN ák�â }F[ _H[[Rf ZX STN �M[S _ NM[HI SH P[N RISNM^FZ FMRSTG NSRc F[ F SHHZ SH cHG_PSN
STN MFIeN H` F `PIcSRHI H^NM F TX_NMMNcSFIeZN K Y ZNFMZX| R` HIN cFI �IQ STN MFIeN H`
^FZPN[ H` F `PIcSRHI H^NM F eR^NI [NS | STNI STN G F�RGPG FIQ G RIRGPG H^NM STN
eR^NI [NS TF[ f NNI `HPIQ K �HM STR[ MNF[HI | LHHMN R[ cMNQRSNQ } RST QN^NZH_RIe FIQ
RG_ZNG NISRIe STN �M[S RISNM^FZ eZHfFZ H_SRG R�FSRHI FZeHMRSTG [ K

] [ EFS[cTN{ FIQ EH{IN á�kâ QN[cMRf N | b{NZfHN á�µâ ZFSNM cHGfRINQ LHHMN �[ ~MFIeN
�IQRIe� RISNM^FZ G NSTHQHZHeX } RST STN ©�£� �' £�¡ ©¨$�¡ _MRIcR_ ZN K lTR[ _MRIcR_ ZN
TF[ S}H cTFMFcSNMR[SRc[ �

6 ] PIR`HMG [NFMcT H` STN `NF[Rf ZN [_FcN R[ IHS _ NM`HMG NQ K aI[SNFQ | cNMSFRI [PfMN�
eRHI[ �HM ©�£� �' �¤� FMN [NFMcTNQ [HHINM FIQ GHMN RI QN_ST STFI HSTNM [PfMNeRHI[ K

6 ] ZH}NM ©¨$�¡ H^NM F [PfMNeRHI GP[S f N cHG_PSFfZN K

lTN LHHMN�b{NZfH N FZeHMRSTG �M[S _FMSRSRHI[ STN RIRSRFZ [NFMcT [_FcN | % | RISH
[G FZZNM [PfMNeRHI[ | Y�Z K lTN [NFMcT `HM STN eZHfFZ G RIRGPG | �� | R[ _ NM`HMG NQ fX
_MN`NMMRIe STH[N [PfMNeRHI[ | Y�Z | `HM }TRcT STN ZH}NM fHPIQ HI STN `PIcSRHI ^FZPN |LH �Y�Z � | R[ ZNF[S K aS R[ TH_ NQ STFS STN[N [NZNcSNQ fH�N[ FMN G HMN ZR{NZX SH cHISFRI F
eZHfFZ G RIRG R�NM | �� K

lTN [NZNcSRHI H` STN [PfMNeRHI | Y�Z | }TNMN LH �Y�Z � R[ STN ZNF[S cFI f N �PRc{ZX
QNSNMG RINQ fX P[RIe FIQ GFRISFRIRIe F _MRHMRSX �PNPN �HM ZR[S� K aI F �PNPN } RST §
TX_ NMMNcSFIeZN[ | STN [PfMNeRHI } RST STN [G FZZN[S LH �Y�Z � | [FX Y�� | } RZZ f N FS STN `MHIS K
lTN ^FZPN H` LH �Y �� � R[ F §¨K �� fHPIQ HI STN ^FZPN H` STN eZHfFZ G RIRGPG STP[ `FM
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FIQ [TFZZ f N cFZZNQ U\] K
lTN LHHMN�b{NZf HN FZeHMRSTG QHN[ � ¨� NG_ZHX FIX SN[S[ SH NZRG RIFSN STH[N [Pf�

MNeRHI[ }TRcT QN�IRSNZX QH IHS cHISFRI FIX eZHfFZ G RIRG R�NM[ K bPcT SN[S[ FMN cFZZNQ��" ���¥¨� ��¤�¤ K lTN FZeHMRSTG [RG_ZX cHISRIPN[ PISRZ F [PRSFfZN [SH__RIe cMRSNMRF TF[
f NNI GNS K �HM RI[SFIcN | HIN G FX cHISRIPN PISRZ NRSTNM

} RQST �L �Y�� �� / È\! �� Kk�
HM [\] ( U\] / È\D �� K��
}TNMN STN P__NM fHPIQ HI STN eZHfFZ G RIRGPG | [\] R[ QNSNMG RINQ F[ STN G RIRGPG
H` STN P__ NM fHPIQ HI STN `PIcSRHI ^FZPN | LJ �Y�Z � | H^NM NFcT [Pf[NS Y�Z K

W TNI P[RIe cHIQRSRHI � Kk | STN ^FZPN | } RQST �L �Y �� �� | R[ F fHPIQ `HM STN Ff[HZPSN
NMMHM }TNI �� R[ F__MH� RG FSNQ fX FIX _HRIS � c Y�� K a` cHIQRSRHI � K� R[ G NS | F f HPIQ
`HM STN Ff[HZPSN NMMHM | T[\] ( �� T HM TU \] ( �� T| R[ eR^NI fX [\] ( U\] K ENZFSR^N NMMHM
fHPIQ[ `HM �� cFI FZ[H f N QNSNMG RINQ `HM fHST cHIQRSRHI[ � Kk FIQ � K� K lTN[N fHPIQ[
FMN | MN[_ NcSR^NZX|

} RQST �L �Y�� ��
G RI � TLH �Y�� � TI TLJ �Y�� � T� R` � c L �Y�� �

FIQ [\] ( U\]
GRI � TU \] TI T[\] T� R` � c áU\] I [\] â

bRIcN | QPN SH MHPIQHz NMMHM | cHIQRSRHI[ � Kk FIQ � K� G FX IHS f N GNS | FQQRSRHIFZ
[SH__RIe cMRSNMRF [THPZQ fN RISNeMFSNQ RI HMQNM SH _MN^NIS STN _H[[RfRZRSX H` FI RI�IRSN
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ZHH_ K l}H _H[[Rf ZN N�SMF [F`NSX cHIQRSRHI[ FMN �N C NE
HM

} RQST �Y�� � / È

}TNMN N R[ STN IPGfNM H` RSNMFSRHI[ H` STN FZeHMRSTG _NM`HMG NQ FIQ NE R[ STN _MN[cMRf NQ
GF�RGPG IPGfNM H` RSNMFSRHI[ SH _ NM`HMG K
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l}H }NF{IN[[N[ } RST STN LHHMN�b{NZf HN FZeHMRSTG FMN F[ `HZZH} [ �

6 �H [SH__RIe cMRSNMRF N� R[S }TRcT FMN fF[NQ HI STN ~cZH[NIN[[� H` FI F__MH� RG FSNQ
eZHfFZ G RIRG R�NM SH F SMPN eZHfFZ G RIRG R�NM K aI HSTNM }HMQ[ | }TNI STN LHHMN�
b{NZf HN FZeHMRSTG cHI^NMeN[ SH F [HZPSRHI | Y�� | HIN QHN[ IHS TF^N F eHHQ GNF[PMN
H` TH} cZH[N � c Y�� R[ SH F SMPN eZHfFZ G RIRG R�NM | �� K6 �H ePFMFISNN N� R[S[ STFS STN [NS H` £§ § eZHfFZ G RIRG R�NM[ TF[ f NNI `HPIQ K aI
eNINMFZ | STNMN G FX fN GFIX eZHfFZ G RIRG R�NM[ [cFSSNMNQ FfHPS STN RIRSRFZ [NFMcT
[_FcN K

]I RG_MH^NGNIS SH STN LHHMN�b{NZfH N FZeHMRSTG }F[ G FQN fX acTRQF FIQ �P�
� RR áiµâ K lTNRM G NSTHQ RIcHM_HMFSNQ F SN[S }TRcT FZZH}NQ HIN SH QNSNMG RIN R` F _FM�
SRcPZFM [PfMNeRHI _H[[Rf ZX cHISFRINQ F eZHfFZ G RIRG R�NM K a` RS }F[ QNSNMG RINQ STFS F



��

_FMSRcPZFM [PfMNeRHI QN�IRSNZX QRQ �¨� cHISFRI F eZHfFZ G RIRG R�NM | STNI STN [PfMNeRHI
}F[ } R[NZX MN� NcSNQ `MHG `PMSTNM cHI[RQNMFSRHI K

lTN MN� NcSRHI SN[S acTRQF FIQ �P� RR NG_ZHXNQ R[ cFZZNQ STN G RQ_HRIS SN[S K lTR[ SN[S
QR[cFMQ[ FZZ [PfMNeRHI[ | Y�Z | }TNMN �LH �Y �Z � ^ [\] �
� NMN | [\] R[ FI P__ NM fHPIQ HI STN eZHfFZ G RIRGPG STP[ `FM QNSNMG RINQ fX N^FZP�
FSRIe FIQ G FRISFRIRIe STN `PIcSRHI FS STN ¬ ¥¡« ¨¥�� H` NFcT TX_NMMNcSFIeZN | Y�Z | FIQ
cTHH[RIe STN [G FZZN[S ^FZPN K �HSN STFS STR[ QN�IRSRHI H` [\] R[ QRzNMNIS `MHG STFS H`
STN HIN RI STN LHHMN�b{NZf HN FZeHMRSTG K

lTN acTRQF��P� RR FZeHMRSTG _MHQPcN[ F ZR[S H` TX_NMMNcSFIeZN[ K �PMSTNMG HMN | NFcT
TX_ NMMNcSFIeZN cFI cHISFRI F eZHfFZ G RIRG R�NM K ]S FIX [SFeN H` STN FZeHMRSTG | STN
PIRHI H` NFcT Y�Z X RNZQ[ F _MH_ NM [P_ NM[NS | © | H` % � K �H eZHfFZ G RIRG R�NM[ TF^N f NNI
ZH[S K

] [SH__RIe cMRSNMRHI fF[NQ HI STN NMMHM N[SRG FSRHI H` STN F__MH� RG FSNQ eZHfFZ
G RIRG R�NM[ SH STN SMPN eZHfFZ G RIRG R�NM[ IH} N� R[S[ K lTN FQQRSRHIFZ _ H[[Rf ZN [SH__RIe
cMRSNMRHI R[ F[ `HZZH} [ �

G F�Zª !«¬¬¬«� } RQST �Y�Z � / ÈÉ �� K¯�
�[RIe HIZX [SH__RIe cHIQRSRHI � K¯ | HIN cFI IH} N[SRG FSN STN FccPMFcX H` FI F_�

_MH� RG FSN eZHfFZ G RIRG R�NM K V R^NI � c Y�Z | STNITT� ( �� TT = GF�® �¯°± TT� ( j TT
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aI FQQRSRHI | R` RS R[ {IH}I STFS NFcT TX_NMMNcSFIeZN | Y�Z | HI STN ZR[S cHISFRI[ F eZHfFZ
G RIRG R�NM | �� | STNI HIN cFI GHMN SReTSZX fHPIQ STN NMMHM F[TT� ( �� TT = GF�Zª !«¬¬¬«� } RQST �Y�Z �
� ñð² �ûùóö5� þ �øù÷� ÷��ù÷úû � ÷ù	 ³û÷üúö� 4�ÿ2 ÷5 ÷ô÷úûô

aQNFZZX HIN }HPZQ ZR{N F eZHfFZ H_SRG R�FSRHI FZeHMRSTG }TRcT | eR^NI NIHPeT _MNcR[RHI |
}HPZQ FZ}FX[ cHI^NMeN SH STN SMPN [NS H` eZHfFZ G RIRG R�NM[ | % � | F[ STN IPGfNM H`
RSNMFSRHI[ | N | F__MHFcTNQ RI�IRSXK lTN }NF{IN[[ H` STN acTRQF��P� RR FZeHMRSTG R[ STFS
RS cFI | RI MFMN cF[N[ | cHI^NMeN SH HIZX F [P_NM[NS H` % � | FIQ IHS P_HI % � RS[NZ` F[N  ´ K lTR[ N�cN_SRHI H ccPM[ R` STNMN N� R[S[ F [PfMNeRHI | Y�µ | � ¨� FS STN `MHIS H` STN
�PNPN RI }TRcT �� Ê LH �Y �µ � �
lTR[ [PfMNeRHI } RZZ ^NMX _H[[RfZX IN^NM GH^N SH STN `MHIS H` STN �PNPN | FIQ STNMN`HMN
IN^NM f N `PMSTNM _FMSRSRHINQ K �PMSTNMG HMN | Y�µ } RZZ IN^NM f N MN� NcSNQ fNcFP[N STN
cHIQRSRHI LH �Y�µ � ^ [\] } RZZ IN^NM f N SMPN K bRIcN © R[ STN PIRHI H` NFcT Y�Z | © } RZZ
IN^NM N�PFZ % � K

aS }F[ �FI[NI }TH �M[S [PeeN[SNQ F MNHMQNMRIe H` STN ZR[S RI HMQNM SH ePFMFISNN STFS
} RST NIHPeT _MNcR[RHI FIQ RSNMFSRHI[ | © cFI f N GFQN SH cHI^NMeN FMfRSMFMRZX SReTSZX
P_HI % � K � N HMQNM[ STN ZR[S NRSTNM } RST MN[_ NcS SH STN } RQST[ H` STN TX_NMMNcSFIeZN[
HM SH STN £� � �TH} ZHIe F _FMSRcPZFM TX_NMMNcSFIeZN TF[ f NNI RI STN ZR[S� H` STN TX_NM�
MNcSFIeZN[ K J RSTNM ^FMRFIS _MHQPcN[ F PIR`HMG [PfQR^R[RHI H` FZZ STN TX_NMMNcSFIeZN[



�µ

}TRcT TF^N IHS f NNI MN� NcSNQ K
W RST NIHPeT _MNcR[RHI | �FI[NI �[ FZeHMRSTG FZ}FX[ cHI^NMeN[ SH STN SMPN [NS H`

eZHfFZ G RIRG R�NM[ | % � | F[ STN IPGfNM H` RSNMFSRHI[ | N | F__MHFcTN[ RI�IRSX �[NN ák�â� K
J� cRNIcX F[RQN | STR[ R[ �' � RQNFZ eZHfFZ H_SRG R�FSRHI FZeHMRSTG K �IZR{N FZZ _ HRIS
G NSTHQ[ | }TRcT FMN RITNMNISZX RIcF_FfZN H` N^NM cHG_ZNSNZX [HZ^ RIe STN eNINMFZ eZHfFZ
H_SRG R�FSRHI _MHfZNG | �FI[NI �[ FZeHMRSTG R[ cF_FfZN H` [HZ^ RIe £�ã _MHeMFGGFfZN
eZHfFZ H_SRG R�FSRHI _MHfZNG eR^NI NIHPeT MN[HPMcN[ K
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lTR[ cTF_SNM `H cP[N[ HI STN NzHMS[ | [HG N H` }TRcT FMN fF[NQ HI � HRIS }HM{ } RST
E K J K LHHMN FIQ J K E K �FI[NI | SH G F{N RISNM^FZ eZHfFZ H_SRG R�FSRHI FZeHMRSTG [ GHMN
N� cRNIS K aI [NcSRHI ¯ Kk | [HG N [RG_ZN�ZHH{RIe eZHfFZ H_SRG R�FSRHI _MHfZNG [ FMN cHI[RQ�
NMNQ K lTN[N _MHfZNG [ FMN MNZFSR^NZX QR� cPZS SH [HZ^N | TH}N^NM | f NcFP[N STN `PIcSRHI[
RI^HZ^NQ FMN IHS QRzNMNISRFfZN K lTNMN`HMN | HIZX [RG _ZN �FIQ MNZFSR^NZX RIN� cRNIS� _MH�
cNQPMN[ FMN F__ZRNQ K aI [NcSRHI ¯ K� HSTNM _MH cNQPMN[ FMN QR[cP[[NQ }TRcT FMN F__ZRcFfZN
}TNI STN `PIcSRHI[ FMN QRzNMNISRFfZN K � RIFZZX| RI [NcSRHI ¯ K¯ | _FMFZZNZ G NSTHQ[ FMN cHI�
[RQNMNQ K lTR[ [NcSRHI R[ fF[NQ NISRMNZX HI HMReRIFZ }HM{ H` STN FPSTHM | �M[S _MN[NISNQ
RI F SFZ{ FS gMRIcNSHI �IR^NM[RSX ákµâ | FIQ N�_FIQNQ TNMN K

��
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aI STR[ [NcSRHI | F [RG _ZN FZeHMRSTG R[ _MN[NISNQ `HM H_SRG R�FSRHI _MHfZNG [ H` STN `HMG �

G RIÉ�» � �� �
[Pf� NcS SH ¼ Z �� � = � I v Ê i I � � � I ½ � �¯ Ki�
�NMN , R[ FIX eR^NI RIRSRFZ TX_NMMNcSFIeZN | HM ~fH�� | QN�INQ F[ STN `HZZH} RIe N�
Q RG NI[RHIFZ RISNM^FZ �, Ê s� � tZ = �Z = uZ `HM £§ § v Ê i I k I � � � I N w �

Ê �át ! I u !â I � � � I át� I u� â� �
]I FMfRSMFMRZX SReTS f HPIQ R[ [HPeTS | } RSTRI STN f H� , | `HM STN [NS % � H` FZZ eZHfFZ

G RIRG R�NM[ �� ZX RIe RI STN `NF[RfZN MNeRHI QN�INQ fX STN RIN�PFZRSX cHI[SMFRIS[ �¯ Ki� K
h R{N} R[N | FI FMfRSMFMRZX SReTS f HPIQ HI STN eZHfFZ G RIRGPG ^FZPN | �� | H` STN eR^NI
Hf� NcSR^N `PIcSRHI | � | R[ FZ[H QN[RMNQ K lTFS R[ | F f HPIQ `HM % � FIQ �� R[ [HPeTS [PcT
STFS � �� �� Ê �� FIQ �� = � �� � `HM FZZ � c , [FSR[`X RIe �¯ Ki� �

lTN `PIcSRHI[ � | ¼ ! | K K K | ¼ µ FMN F[[PGNQ SH fN _MHeMFGGFfZN | fPS IHS INcN[[FMRZX
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P[N GHMN N� cRNIS G NSTHQ[ [PcT F[ STH[N QR[cP[[NQ RI STR[ [NcSRHI K

a` STN Hf� NcSR^N `PIcSRHI R[ QRzNMNISRFfZN | HIN cFI GF{N P[N H` ZH cFZ GHIHSHIRcRSXK
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eZHfFZZX G RIRGPG ^FZPN �� H` � �� � }F[ cHI[RQNMNQ K aS }F[ _HRISNQ HPS STFS F fH� %
cHPZQ f N MN� NcSNQ R` � �% � ^ [¾] K lTR[ fHPIQ cFI fN P[NQ RI F GHMN [H_TR[SRcFSNQ
}FXK J^NI R` � �% � b̂ [¾] | RS G FX [SRZZ f N _ H[[Rf ZN SH MN� NcS F [Pf�f H� % - H` % `HM
}TRcT � �% - � ^ [¾] K� cFI f N N�_FIQNQ RI STN `HMG� �j � c � �� � ¶ �j ( ��Î > �% � �
bNN | `HM N�FG_ZN ák iâ K a` � �� � ¶ �j ( ��Î > �% � ^ [¾] �¯ Kk�
`HM FZZ j c % - | STNI � �j � ^ [¾] `HM FZZ j c % - Ë STNMN`HMN | % - cFI f N MN� NcSNQ K
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�IN cFI [HZ^N STN RIN�PFZRSX �¯ Kk� `HM j SH QNSNMG RIN [PcT F [Pf�f H� % - K bNN áiiâ
`HM QNSFRZ[ K �IN cFI FZ[H P[N F [NcHIQ HMQNM N�_FI[RHI H` � RI STN [FG N }FXK ]eFRI |
[NN áiiâ `HM QNSFRZ[ K

� ñ� ñ� Xû �ûùóö5� þ ¥ ó� ùúû 3 óù	ú2
lTN GH[S NzNcSR^N _MH cNQPMN `HM P[N RI [HZ^ RIe QRzNMNISRFfZN eZHfFZ H_SRG R�FSRHI
_MHfZNG [ R[ STN RISNM^FZ �N}SHI G NSTHQ K

YHI[RQNM F ^NcSHM `PIcSRHI > �� � }TRcT G ReTS f N STN eMFQRNIS H` � K bP__H[N HIN
[NN{[ STN �NMH �[� H` > RI F f H� % K hNS Ï QNIHSN STN OFcHfRFI H` > FIQ ZNS � f N F _HRIS
RI % K �HM FIX _HRIS j RI % | STN N�_FI[RHI> �j � c > �� � ¶ Ï �% ��j ( ��
THZQ[ ák iâ K a` j R[ F �NMH H` > | STNI j R[ RI STN [HZPSRHI [NS H`> �� � ¶ Ï �% � �j ( �� Ê � � �¯ K��

�IN cFI �IQ F fH� � cHISFRIRIe STN [NS H` [HZPSRHI _ HRIS[ j H` �¯ K�� K % R[ STNI
MN_ZFcNQ fX % Ð � K �HSN STFS STR[ RISNM[NcSRHI cHPZQ f N NG_SXK a` [H | % R[ [RG _ZX
MN� NcSNQ K bNN ái�â `HM QNSFRZ[ K

a` % R[ cNMSFRI ZX [SMRcSZX `NF[RfZN | STNI FIX G RIRGPG H` � �� � RI % R[ FS F [SFSRHIFMX
_HRIS K lTNMN`HMN | > �� � Ê � FS [PcT F _HRIS | }TNMN > �� � R[ STN eMFQRNIS H` � �� � K aI
[PcT F cF[N | STN RISNM^FZ �N}SHI G NSTHQ SH [HZ^N > �� � Ê � RI % cFI f N F__ZRNQ K

a` % R[ IHS cNMSFRI ZX [SMRcSZX `NF[Rf ZN | STNI F eZHfFZ G RIRGPG GFX IHS HccPM }TNMN> �� � Ê � K �H}N^NM | RS } RZZ H ccPM }TNMN STN OHTI HM �PTI�lPc{NM cHIQRSRHI[ FMN



µ�

[FSR[�NQ K aI STR[ cF[N | HIN cFI F__ZX STN RISNM^FZ �N}SHI G NSTHQ SH [HZ^N STN [NS H`
N�PFSRHI[ N�_MN[[RIe STN OHTI HM �PTI�lPc{NM cHIQRSRHI[ K

�HM STN _MHfZNG eR^NI fX �¯ Ki� | STN[N cHIQRSRHI[ FMN> �� � ¶ ÑZ �ZÒ
¼ Z �� � Ê ��Z¼ Z �� � Ê � I v Ê i I � � � I ½

}TNMN �Z R[ F hFeMFIeN GPZSR_ZRNM K bNN | `HM N�FG_ZN á�kâ K

� ñ� 
�ö� þþó þ÷��ù÷úû

] fF[Rc RISNM^FZ eZHfFZ H_SRG R�FSRHI FZeHMRSTG `HM _ H[[Rf ZX IHI�QRzNMNISRFfZN `PIcSRHI[
}F[ eR^NI RI [NcSRHI ¯ Kk K aI [NcSRHI ¯ K� F ZR[S H` GHMN ~_H}NM`PZ� f H� FIQ [Pf�fH�
QNZNSRHI SN[S[ }NMN eR^NI }TRcT cHPZQ f N RIcHM_HMFSNQ }TNI STN Hf� NcSR^N `PIcSRHI
FIQ STN cHI[SMFRIS `PIcSRHI[ }NMN QRzNMNISRFfZN K

�IN cFI `PMSTNM RG_MH^N STN N� cRNIcX H` STN FZeHMRSTG eR^NI RI [NcSRHI ¯ Kk | HM
FPeG NISNQ ^FMRFSRHI[ H` STR[ FZeHMRSTG }TRcT P[N STN SN[S[ eR^NI RI [NcSRHI ¯ K� | fX
_FMFZZNZR�RIe K lTN _FMFZZNZR�FSRHI H` F [N�PNISRFZ FZeHMRSTG R[ IHS FI Hf^RHP[ HM N^NI
PIR�PN SF[{ `HM GH[S _MHfZNG [ K aI _FMSRcPZFM STR[ R[ SMPN `HM STN eZHfFZ H_SRG R�FSRHI FZ�
eHMRSTG [ G NISRHINQ RI [NcSRHI[ ¯ Kk FIQ ¯ K� K �HM }TFS `HZZH} [ | F QRzNMNISRFSRHI FGHIe
STN _H[[Rf ZN ^FMRFSRHI[ H` STN[N FZeHMRSTG [ } RZZ IHS f N G FQN K lTN RISNM^FZ eZHfFZ H_SR�
G R�FSRHI FZeHMRSTG [ SH fN _FMFZZNZR�NQ } RZZ [RG_ZX f N MN`NMMNQ SH | cHZZNcSR^NZX| F[ ~STN
FZeHMRSTG� K
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aI HMQNM SH f NSSNM �PFZR`X STN _FMFZZNZR�FSRHI RISNIS | STN SNMG [ ; �� � �£¥� «£�£§ §�§¥¤¬
FIQ �¨£�¤ � � �£¥� «£�£§ §�§¥¤¬ } RZZ f N P[NQ K � RIN eMFRI _FMFZZNZR[G MN`NM[ SH STN _FMFZ�
ZNZR[G RI FI FZeHMRSTG FS STN RI[SMPcSRHI ZN^NZ K �HM N�FG_ZN | cHI[RQNM STN FQQRSRHI H`
S}H RISNM^FZ[ | Ó Ê átÔ I tÕ â FIQ , Ê áuÔ I uÕ â SH HfSFRI Ö Ê á�Ô I �Õ â Ê átÔ ¶ uÔ I tÕ ¶ uÕ â K
�IN cHPZQ RG_ZNG NIS STR[ [RGPZSFINHP[ZX HI S}H _MHcN[[HM[ | HIN H` }TRcT cFZcPZFSN[�Ô Ê tÔ ¶ uÔ }TRZN STN HSTNM _ NM`HMG [ �Õ Ê tÕ ¶ uÕ K

lTN ¤« ��¡$« H` STR[ _FMFZZNZ RISNM^FZ FQQRSRHI H^NM STN [N�PNISRFZ RISNM^FZ FQQRSRHI
R[ FS G H[S k K �PMSTNMGHMN | STR[ G F�RGPG [_ NNQP_ cFI HIZX f N MNFZR�NQ RI TFMQ}FMN |
HM _ NMTF_[ HI �¥�' �§ã.�¨$« §�¡ _FMFZZNZ G FcTRIN[ [PcT F[ STN �PSSNM�X| �X_NMcPfN | HM
lMFI[_PSNM INS}HM{ | RI }TRcT cHGGPIRcFSRHI HM [TFMNQ�G NGHMX H^NMTNFQ R[ G RIR�
G FZ K aI F [RG RZFM ^NRI | STN HSTNM fF[Rc H_ NMFSRHI[ �( I   I M� cHPZQ FZ[H f N �IN eMFRI
_FMFZZNZR�NQ K

a` FMfRSMFMX _MNcR[RHI RISNM^FZ[ FMN cHI[RQNMNQ | [PcT F[ STH[N P[NQ RI ´ga á�â | HIN
cFI eFRI GPcT eMNFSNM [_ NNQP_[ H^NM STN [N�PNISRFZZX cHQNQ ^NM[RHI fX RG_ZNG NISRIe
STN fF[Rc FMRSTG NSRc H_ NMFSRHI[ F[ ^NcSHM H_ NMFSRHI[ HI F ^NcSHM _MHcN[[HM [PcT F[
STN YE]� ��Lg �®�¯ K aI STR[ STN[R[ | TH}N^NM | ��NQ _MNcR[RHI RISNM^FZ[ FMN P[NQ K
�PMSTNMG HMN | [_ NNQP_[ HI STN HMQNM H` × | }TNMN × R[ STN IPGfNM H` _MHcN[[HM[ | FMN
QN[RMNQ K

bRIcN RI STN YHG_PSNM bcRNIcN UN_FMSG NIS H` lTN �TRH bSFSN �IR^NM[RSX STNMN FMN
GHMN STFI ��� bg]EY [SFSRHI bhY[ HI F QR[SMRfPSNQ JSTNMINS INS}HM{ F^FRZFfZN `HM
STN FPSTHM SH P[N | �IN eMFRI _FMFZZNZR[G R[ IHS cHI[RQNMNQ RI STR[ STN[R[ | fPS RI[SNFQ
�¨£�¤ � � �£¥� «£�£§ §�§¥¤¬ R[ RI^N[SReFSNQ RI }TRcT F QRzNMNIS «£��¥�¥¨� H` STN RI RSRFZ
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RI_PS QFSF R[ ¬ £«« �¡ HISH ^FMRHP[ _MH cN[[HM[ K

� ñ� ñð �ûó 
úôô÷ÿ þó 
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�IN _H[[Rf ZN _FMFZZNZ RG _ZNG NISFSRHI }HPZQ QN[ReIFSN HIN _MH cN[[HM F[ STN �PNPN
_MH cN[[HM | ØÙ K ØÙ }HPZQ fN MN[_HI[Rf ZN `HM G FRISFRIRIe STN � §¨©£§ �$ �$ �K ] ZZ STN
HSTNM _MHcN[[HM[ }HPZQ �PNPN®QN�PNPN fH�N[ fX cHI[PZSRIe ØÙ FIQ STNI _NM`HMG STN
MN[S H` STN FZeHMRSTG RI _FMFZZNZ K

W TNIN^NM FI RG_MH^NQ P__ NM fHPIQ [¾] HI STN eZHfFZ G RIRGPG �[NN ¬ ¥¡« ¨¥�� ��¤�
RI [NcSRHI ¯ Kk� R[ Q R[cH^NMNQ fX FIX _MHcN[[HM | ST R[ � �K [¾] }HPZQ f N fMHFQcF[S SH FZZ
HSTNM _MHcN[[HM[ [H STFS FZZ cHPZQ G F{N [TFM_ NM G RQ_HRIS QNZNSRHI SN[S[ K �HSN STFS FS
FIX eR^NI RI[SFIS RI SRG N | [HG N H` STN _MHcN[[HM[ G ReTS f N _ NM`HMG RIe F G RQ_HRIS SN[S
} RST FI ¨§¡�� [¾] K lTR[ QH N[ IHS FzNcS STN cHMMNcSIN[[ H` STN FZeHMRSTG | fPS MFSTNM
RI STN }HM[S cF[N | STN fH� `HM }TRcT STN SN[S R[ f NRIe F__ZRNQ } RZZ IHS f N QNZNSNQ | fPS
RI[SNFQ fR[NcSNQ K W TNI NFcT fR[NcSNQ TFZ` ZFSNM cHG N[ SH STN `HMNeMHPIQ H` STN �PNPN |
STN � �K �� [¾] } RZZ f N F^FRZFfZN K

lTR[ _FMFZZNZ ^NM[RHI _H[[N[[N[ FS ZNF[S S}H [THMS�cHG RIe[ K � RM[S | F[ STN SHSFZ
IPGfNM H` _MH cN[[HM[ RI^HZ^NQ RI STN cHG_PSFSRHI RIcMNF[N[ | [H QH N[ STN QNG FIQ
`HM [NM^ RcN[ `MHG ØÙ K ÚPRc{ZX ØÙ } RZZ f NcHGN F ©¨��§�� ��Û } RST FZZ HSTNM _MHcN[[HM[
}FRSRIe PIMNF[HIFfZN FG HPIS[ H` SRG N RI HMQNM SH FccN[[ STN eZHfFZ �PNPN K lTN
[NcHIQ TFIQRcF_ R[ STFS STN [R�N H` STN eZHfFZ �PNPN R[ ZRG RSNQ SH STN FGHPIS H`
G NGHMX F^FRZFfZN HI F [RIeZN _MHcN[[HM K �F[NQ P_HI cHI[RQNMFfZN N�_ NMRNIcN } RST STN
[N�PNISRFZ FZeHMRSTG | STR[ R[ SHH cHI[SMFRI RIe `HM MNFZ }HMZQ _MHfZNG [ K lTNMN`HMN | F
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cHFM[N eMFRI QR[SMRfPSNQ _FMFZZNZ eZHfFZ H_SRG R�FSRHI FZeHMRSTG RI }TRcT NFcT _MHcN[[HM
G FRISFRI[ RS[ H}I §¨�£§ �$ �$ � R[ cHI[RQNMNQ K

� ñ� ñ� 8	ó ò ÷ôùö÷ÿ�ùó2 
�ö� þþó þ X þGúö÷ù	�
lTN QR[SMRfPSNQ _FMFZZNZ FZeHMRSTG TF[ STMNN G FRI [SN_[ �

iK aI RSRFZR�N®bSFMSP_ FZZ _MHcN[[HM[

k K gNM`HMG ~STN FZeHMRSTG� RI _FMFZZNZ

6 UXIFG Rc _FMSRSRHIRIe FIQ ZHFQ fFZFIcRIe6 �MHFQcF[SRIe � �K [¾]
� K lNMG RIFSN FZZ _MHcN[[HM[

6 UNSNcS eZHfFZ SNMG RIFSRHI6 YHG_PSN �IFZ [HZPSRHI ZR[S

lTN [SN_[ FMN QN�INQ FIQ QR[cP[[NQ RI STN [PccNNQRIe [NcSRHI[ K �N`HMN QHRIe [H |
STN _FRM H` SNMG [ «£��¥�¥¨�¥�� FIQ ¬ £«« ¥�� FMN QN�INQ RI STN cHISN�S H` STN _FMFZZNZ
_MHeMFG K gFMSRSRHIRIe MN`NM[ SH STN G FIINM RI }TRcT STN RI_PS QFSF R[ QR^ RQNQ�P_
FGHIe NFcT H` STN _MH cN[[HM[ K L F__RIe R[ cHIcNMINQ } RST STN _FMSRcPZFM `NF[Rf ZN
F[[ReIG NIS �} RST MN[_ NcS SH STN _MH cN[[HM RISNMcHIINcSRHI SH_ HZHeX � H` _MHcN[[HM SH
_MH cN[[ }TRcT G RIRG R�N[ cHGGPIRcFSRHI cH[S[ K
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] QR[SMRfPSNQ INS}HM{ NI^RMHIG NIS R[ F `PZZX cHIINcSNQ GPZSR_MHcN[[HM [X[SNG K
�PMSTNMG HMN | STN RISNM_MH cN[[HM cHGGPIRcFSRHI SRG N R[ ^ RMSPFZZX THGHeNINHP[ K lTNMN�
`HMN | RI STN [PccNNQRIe FZeHMRSTG QN[cMR_SRHI | STN MNFQNM cFI F[[PGN STFS FIX _MHcN[[
cFI f N GF__NQ SH FIX _MHcN[[HM | FIQ STN G F__RIe R[[PN } RZZ IHS f N FQQMN[[NQ `PMSTNM K
lTN _FMFZZNZ FZeHMRSTG R[ IH} QN[cMRf NQ K

� ñ� ñ� �û÷ù÷� þ÷�óÜ4ù�öù�ø X þþ 
 öúõóôôúöô

�f[NM^RIe STN RIRSRFZ [SN_ `HM STN fF[Rc FZeHMRSTG RI [NcSRHI ¯ Kk | ¯ [SN_[ FMN IHSNQ �

iK aI_PS RI RSRFZ f H� | ,
k K aI_PS RI RSRFZ f H� } RQST SHZNMFIcN | ÈÉ

� K ÚPNPN STN SP_ZN | �, I U¾Á � | HI STN ©¨< �$ �$ �
¯ K �_QFSN [¾]
lTN[N �M[S ¯ [SN_[ FMN _ NM`HMG NQ HIZX HI STN G FRI _MHcN[[HM | IFGNZX ØE K � N�S |ØE } RZZ FSSNG_S SH [_F}I × ( i _MHcN[[ cH_RN[ H` RS[NZ` HI × ( i MNGHSN _MH cN[[HM[ |ØZ I � / v / × K ØE } RZZ STNI }FRS PISRZ RS TF[ MNcNR^NQ `MHG NFcT ØZ F §¨�£§ ¤�£��

¬ �¤¤£� �| UY© | RIQRcFSRIe STN [SFSP[ H` STN FSSNG_SNQ [_F}I �GFIX NMMHM[ cFI HccPM
}TNI FSSNG_SRIe SH [_F}I F MNGHSN _MHcN[[ HI F QR[SMRfPSNQ INS}HM{ � K JFcT H` STNUY© [ FMN cHG_RZNQ | FZHIe } RST STN [NIQRIe _MHcN[[HM �[ PIR�PN RQNISR�cFSRHI IPGfNM |
QHGFRI IFG N | FIQ JSTNMINS FQQMN[[ | RISH F � §¨©£§ ¤�£�� ¬ �¤¤£� �| ÝY© K ] `SNM FZZ× ( i UY© [ TF^N f NNI MNcNR^NQ | ØE [NIQ[ F cH_X H` STN ÝY© SH FZZ ØZÞ K ] ZZ _MHcN[[HM[
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IH} TF^N STN INcN[[FMX RI`HMG FSRHI SH cHGGPIRcFSN } RST FIX HSTNM §¥¢¥�� _MHcN[[HM
RI^HZ^NQ RI STN _FMFZZNZ cHG_PSFSRHI K

� ñ� ñ� 
óöüúö� ß8	ó X þGúö÷ù	�à ÷û 
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�IcN [SN_ ¯ K¯ K� FfH^N TF[ f NNI cHG_ZNSNQ | HIZX ØE TF[ F f H� HI STN f H� �PNPN K
�H} QH STN HSTNM × ( i _MHcN[[HM[ _MH cNNQq lTR[ fMRIe[ P[ SH STN R[[PN H` ¡ã�£¬ ¥�
«£��¥�¥¨�¥�� FIQ §¨£¡ ©£§£� �¥�� K
áÁÑÃ½ ¾Ä ÐÃÌÆ¾Æ¾ÎÑ ¾ÑØ ÃÑÓ PÎÃÓ ×Ã¿ÃÑÄ¾ÑØ

W TNIN^NM FIX _MHcN[[HM | Øâ | TF[ FI NG_SX fH� �PNPN | RS f NeRI[ [NIQRIe ©¨< ���$ �¤�
¬ �¤¤£� �¤| ,�© [ | SH F MFIQHG ØZ I v bÊ ã K a` STNMN FMN fH�N[ F^FRZFfZN HI ØZ �[ f H�
�PNPN | STNI ØZ [NIQ[ Øâ F ©¨< ¬ �¤¤£� �| ,© | cHISFRIRIe TFZ` H` RS[ �PNPNQ fH�N[ | fPS
IH GHMN STFI ×[©,ä%åY �[NIQRIe FMfRSMFMRZX ZFMeN G N[[FeN[ R[ PIQN[RMFfZN� K

�STNM} R[N | ØZ [NIQ[ fFc{ F [THMS � ¨ ©¨< �¤ £¢£¥§£©§� ¬ �¤¤£� �| ×,© | RIQRcFSRIe
STFS RS TF[ IH fH�N[ F^FRZFfZN K a` Øâ MNcNR^N[ F ×,© | RS STNI [NIQ[ MN�PN[S[ SH
_MH cN[[HM[ | Ø æZç !è� éêë | Ø æZçDè� éêë | Ø æZçìè� éêë I í í í I Ø æZçµ è� éêë PISRZ RS MNcNR^N[ F ,©
HM PISRZ ½ Ê × ( i �[NN [NcSRHI ¯ K¯ Kµ� K

lTR[ _FMSRSRHIRIe [cTNGN R[ QXIFG Rc FIQ QNG FIQ QMR^NI K lTN TH_N R[ STFS fX
[NIQRIe TFZ` H` STN }HM{ZHFQ SH NFcT fH� MN�PN[SRIe _MHcN[[HM | STN }HM{ ZHFQ �IPGfNM
H` f H�N[� FGHIe FZZ _MHcN[[HM[ cFI f N fFZFIcNQ K
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×ÌÎÃÓÄÃÒÆ¾ÑØ ÆÇÀ î ÀÅ [¾]
][ NFcT _MH cN[[HM N�NcPSN[ ~STN FZeHMRSTG � RI _FMFZZNZ | N^NISPFZZX �F[[PG RIe STNMN
N� R[S[ F _HRIS | � c , �STN RI RSRFZ RI_PS fH� � [PcT STFS � �� � / U¾Á � FI RG_MH^NQ
P__NM fHPIQ [¾] HI STN eZHfFZ G RIRGPG } RZZ f N QR[cH^NMNQ fX F eR^NI _MH cN[[HM |Øâ K ]S STR[ _HRIS | Øâ } RZZ [NIQ STR[ � �K [¾] | ×[¾] | SH FZZ HSTNM _MHcN[[HM[ ØZ I v bÊ ã K
W TNI F eR^NI ØZ MNcNR^N[ STR[ ×[¾] RS cHG_FMN[ RS } RST RS[ ZH cFZ [¾] K a` ×[¾] / [¾] |ØZ P_QFSN[ [¾] K �STNM} R[N | ØZ GP[S TF^N MNcNR^NQ F ZH}NM ×[¾] `MHG [HG N HSTNM
_MH cN[[HM HM cFZcPZFSNQ F ZH}NM [¾] RS[NZ` QPMRIe STN SRG N RS SH H{ SH MNcNR^N Øâ �[ ×[¾] K
aI STR[ cF[N | ØZ �[ [¾] R[ IHS P_QFSNQ K

� ñ� ñd 8óö� ÷û�ù÷úû

W RST STN [N�PNISRFZ ^NM[RHI H` ~STN FZeHMRSTG� | RS }F[ ePFMFISNNQ STFS R` STN �M[S f H�
HI STN f H� �PNPN TFQ } RQST ZN[[ STFI ÈÉ | STNI [H QRQ FZZ STN HSTNM MNG FRIRIe �PNPNQ
fH�N[ K �H}N^NM | RI STN _FMFZZNZ cF[N | R` STN �M[S �PNPNQ fH� HI STN fH� �PNPN H` eR^NI
_MH cN[[HM | ØZ | TF[ } RQST ZN[[ STFI ÈÉ | STNI STR[ QHN[ � ¨� INcN[[FMRZX RG _ZX STFS FZZ STN
MNG FRIRIe fH�N[ HI STN × ( i HSTNM _MH cN[[HM[ � f H� �PNPN[ } RZZ TF^N } RQST ZN[[ STFI
ÈÉ K

aIQNNQ | ØZ GFX ^NMX }NZZ HIZX TF^N `HPIQ F ZHcFZ G RIRGPG K W TFS R[ ØZ SH QH
RI STR[ cF[Nq a` ØZ [RG _ZX _MRIS[ RS[ HPS_PS F[ QN[cMRf NQ RI [NcSRHI ¯ Kk FIQ STNI
SNMG RIFSN[ | STNI FI PIRISNMN[SRIe ZH cFZ [HZPSRHI ^NMX ZR{NZX } RZZ f N HPS_PSSNQ | FIQ
GHMNH^NM | F ^FZPFfZN }HM{NM _MHcN[[HM } RZZ f N ZH[S K
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lTN [HZPSRHI | `HM STN GHGNIS | R[ SH G FRISFRI F [NcHIQ �PNPN | cFZZNQ STN « ¨¤¤¥©§�
¤ ¨§$ �¥¨� �$ �$ �| ØYï | HI N^NMX _MHcN[[HM K �H} | R` STN } RQST H` STN �M[S �PNPNQ fH� HIØZ �[ f H� �PNPN R[ ZN[[ STFI ÈÉ | STNI FZZ H` STN fH�N[ HI ØZ �[ f H� �PNPN FMN _ZFcNQ HIØYï K ØZ STNI fNTF^N[ F[ RI ¯ K¯ K¯ `HM F _MHcN[[HM } RST IH �PNPNQ fH�N[ K �PMSTNMG HMN |
}TNIN^NM ØZ QNSNMG RIN[ F � �K [¾] | RS cTNc{[ FZZ f H�N[ HI ØYï FIQ QR[cFMQ[ STH[N fH�N[
}TRcT `FRZ STN G RQ_HRIS SN[S �[NN [NcSRHI ¯ Kk� P[RIe STN � �K [¾] K V ZHfFZ SNMG RIFSRHI
IH} fNcHGN[ F �PN[SRHI H` QNSNcSRIe }TNI �¢��ã _MHcN[[HM[ � f H� �PNPN R[ NG_SXK
�HM STN GHG NIS | [PcT F [SFSN R[ QNSNcSNQ } RST F [RG_ZN cNISMFZR�NQ FZeHMRSTG K ]
QR[SMRfPSNQ FZeHMRSTG P[RIe NRSTNM F MRIe á�â HM F SMNN á�jâ }HPZQ f N GHMN N� cRNIS FIQ
`FPZS SHZNMFIS K
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a` F eR^NI ØZ QHN[ IHS MNcNR^N F ,© F`SNM [NIQRIe × ( i ,�© [ | ØZ STNI [NIQ[ ØE
F « ¨¤¤¥©§� � §¨©£§ ���¬¥�£�¥¨� ¬ �¤¤£� �| ØÝð© K ØZ STNI }FRS[ `HM NRSTNM F ,© HM F
���¬¥�£�� ¬ �¤¤£� �| ð© | `MHG ØE K a` ØE MNcNR^N[ F ØÝð© FIQ TF[ fH�N[ HI RS[ f H�
�PNPN | STNI ØE [RG _ZX [NIQ[ ØZ F ,© K a` ØE MNcNR^N[ F ØÝð© }TRZN RS TF[ IH fH�N[
HI RS[ fH� �PNPN | STNI ØE ZHe[ ØZ �[ ØÝð© K W TNI ØE MNcNR^N[ × ( i ØÝð© [ | ØE [NIQ[
F ð© SH FZZ HSTNM _MH cN[[HM[ K ]QQRSRHIFZZX| R` ØE R[ [NIQRIe ,�© [ FIQ MNcNR^N[ F ,© |ØE GP[S [NIQ ,© [ SH FZZ _MHcN[[HM[ `HM }TRcT F ØÝð© }F[ ZHeeNQ K
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W TNI F _MHcN[[HM | ØZ | MNcNR^N[ F ð© | RS _MRIS[ HPS FZZ f H�N[ HI RS[ ØYï FIQ SNMG RIFSN[ KØE QHN[ STN [FG N F[ [HHI F[ RS QNSNcS[ eZHfFZ SNMG RIFSRHI FIQ TF[ [NIS × ( i ð© [ K lTN
�IFZ [HZPSRHI ZR[S R[ HfSFRINQ fX cHGfRIRIe STN HPS_PS `MHG NFcT SNMG RIFSNQ _MH cN[[HM K
] [ RI STN [N�PNISRFZ ^NM[RHI | STN PIRHI H` FZZ STN fH�N[ HI STN �IFZ [HZPSRHI ZR[S } RZZ
cHISFRI STN [NS H` FZZ eZHfFZ G RIRG R�NM[ K
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J�FG_ZN[ `HM STN G NSTHQ[ QN[cMRf NQ RI cTF_SNM a´ FMN QR[cP[[NQ RI STR[ cTF_SNM K ] ZZ
N�FG_ZN[ }NMN MPI HI HIN HM GHMN b��¯ }HM{[SFSRHI[ cHIINcSNQ HI FI JSTNMINS
INS}HM{ K aI FQQRSRHI | FZZ N�FG_ZN[ PSRZR�NQ STN G RQ_HRIS | GHIHSHIRcRSX| FIQ �N}SHI
SN[S[ QN[cMRf NQ RI [NcSRHI[ ¯ Kk FIQ ¯ K� K lNMG RIFSRHI }F[ NzNcSNQ }TNI STN } RQST H`
NFcT MNG FRIRIe fH� cHISFRIRIe F [HZPSRHI }F[ ZN[[ STFI i�òk K
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�HM STN �M[S N�FG_ZN | STN �H}FZR{ _MHfZNG GNISRHINQ fX WFZ[SNM FIQ �FI[NI á¯ iâ
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lTN [NcHIQ N�FG_ZN cHIcNMI[ F ��£§ K ¨� §¡ _MHfZNG }TRcT FMR[N[ RI STN �NZQ H` cTNG�
R[SMXK LHMN [_ NcR�cFZZX| cTNG R[S[ _ NM`HMG RIe « ' ¨�¨�§����¨� ¤« ����¨¤ �¨« ã cHZZRQN _TH�
SHI[ } RST FSHG [ HM G HZNcPZN[ K lTN[N cHZZR[RHI[ MN[PZS RI STN N� NcSRHI H` _THSHNZNc�
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SMHI[ á¯ | i| ��â K ] « ' ¨�¨�§����¨� ¤« ����$¬| }TRcT R[ F _ZHS H` STN IPGfNM H` _THSHNZNc�
SMHI[ N� NcSNQ F[ F `PIcSRHI H` STN {RINSRc NINMeX H` STN _THSHNZNcSMHI | R[ _MHQPcNQ `MHG
GHIRSHMRIe STN[N cHZZR[RHI[ K ] SX_RcFZ [_ NcSMPG cHI[R[S[ H` F IPGfNM H` H^NMZF__RIe
_NF{[ H` ^FMRHP[ [TF_ N[ FIQ RISNI[RSRN[ K lTN cTNG R[S QN[RMN[ SH MN[HZ^N STN RIQR^ RQPFZ
_ NF{[ K

�IN G NSTHQ `HM R[HZFSRIe NFcT _NF{ FSSNG_S[ SH ~�S� STN [_ NcSMPG F[ STN [PG H`
« �£Û # $���¥¨�¤K gNF{ `PIcSRHI[ FMN `PIcSRHI[ H` ^FMRFfZN[ }TRcT cHI^NX RI`HMG FSRHI
MNeFMQRIe STN _ NF{ �[ « ¨¤¥�¥¨�| ¥����¤¥�ã| K ¥¡�' | # $���¥¨� �ã« �| FIQ �£¥§ �'£�£����¥¤�¥�¤ K
´FMRHP[ SX_ N[ H` `PIcSRHI[ TF^N f NNI P[NQ `HM STR[ _PM_ H[N | fPS STN GH[S cHGGHI FMN
VFP[[RFI FIQ®HM hHMNIS�RFI K

�HM F [_ NcR�c SN[S _MHfZNG | F [_ NcSMFZ cPM^N F[ STN [PG H` S}H VFP[[RFI `PIcSRHI[�[NN �RePMN ¯� }F[ FMfRSMFMRZX cHI[SMPcSNQ K lTN `PIcSRHI QN�IRSRHI R[
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} RST STN cHI[SFIS[ QN�INQ RI lFfZN � K

lFfZN � � gTHSHNZNcSMHI b_ NcSMH[cH_X UFSFt ! Ê i�� ��j tD Ê µk ��� ! Ê � ��� �D Ê j ��¯kÞ! Ê i�k ÞD Ê � �j�

]I FSSNG_S SH ~�S� STR[ cPM^N fX MNcH^NMRIe t ! I tD I � ! I � D I Þ! I FIQ ÞD }F[ GFQN K
V R^NI N Ê �i I �� Z I jZ � I FIQ STN RIRSRFZ RI_PS f H� | , | QN�INQ RI lFfZN ¯ | STN SF[{ }F[
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lTN _FMFZZNZ FZeHMRSTG }F[ MPI HI P_ SH ¯� _MH cN[[HM[ FIQ FcTRN^NQ [P_NMZRINFM
[_ NNQP_ F[ RIQRcFSNQ fX �RePMN µ K aI HMQNM SH N�_ZFRI STR[ [P_ NMZRINFM [_ NNQP_ | STN
_MHeMN[[ H` STN _FMFZZNZ FZeHMRSTG } RZZ f N cHI[RQNMNQ RI STN `HMG H` F fRIFMX SMNN K

]S STN f NeRIIRIe H` STN FZeHMRSTG | HIN R[ P[PFZZX eR^NI F [RIeZN RI RSRFZ RI_PS f H��QNIHSNQ F[ STN MHHS H` STN SMNN� K �IN NRSTNM NZRG RIFSN[ STR[ f H� HM QR^ RQN[ RS RI TFZ`
X RNZQ RIe S}H IN} fH�N[ �QN_RcSNQ F[ cTRZQ IHQN[� K h R{N} R[N STN[N S}H IN} fH�N[ cFI
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fN NZRG RIFSNQ HM [_ZRS K YHISRIPRIe RI STR[ G FIINM | HIN eMFQPFZZX cMNFSN[ }TFS [TFZZ
f N cFZZNQ F ©¥�£�ã « �¨� ��¤¤ ����K

] _HMSRHI H` HIN _H[[Rf ZN fRIFMX _MHeMN[[ SMNN R[ eR^NI RI �RePMN � K lTN MNcSFI�
ePZFMR�NQ MNeRHI[ MN_MN[NIS [NS[ H` f H�N[ }TRcT }HPZQ fN QNZNSNQ P[RIe STN cPMMNIS
P__NM fHPIQ [¾] HI STN eZHfFZ G RIRGPG K ]I RG_MH^NQ P__NM f HPIQ ×[¾] HI STN
eZHfFZ G RIRGPG N�R[S[ } RSTRI f H� ,ìE K

aI STN [RIeZN _MHcN[[HM cF[N | fH�N[ FMN SN[SNQ RI STN HMQNM , ! | ,D | K K K | ,ì! K lTN
MNF[HI `HM STR[ R[ STN `FcS STFS fH�N[ FMN �PNPNQ fF[NQ P_HI STN SRG N RI }TRcT STNX
}NMN eNINMFSNQ K lTR[ _MHeMN[[ FG HPIS[ SH F fMNFQST �M[S [NFMcT H` STN NISRMN SMNN `HM
F ~[G FZZ� NIHPeT fH� cHISFRIRIe F [HZPSRHI K �NcFP[N H` STR[ [NFMcTRIe [SMFSNeX| STN×[¾] } RSTRI fH� ,ìE }HPZQ MN�PRMN kk SN[S[ f N`HMN f NRIe QR[cH^NMNQ K

aI STN S}H _MHcN[[HM cF[N �Ø ! RI RSRFZZX eNSSRIe ,D FIQ ØD RI RSRFZZX eNSSRIe ,ì � |
NFcT _MH cN[[HM }HPZQ NG_ZHX F fMNFQST �M[S [NFMcT HI RS[ MN[_ NcSR^N TFZ` H` STN SMNN K
lTNMN`HMN ØD }HPZQ QR[cH^NM STN ×[¾] RI � SN[S[ �INFMZX iM¯ STN �PGfNM H` SN[S[ RS
SHH{ RI STN [RIeZN _MHcN[[HM cF[N� K �PMSTNMGHMN | ØD }HPZQ fMHFQcF[S STN ×[¾] SHØ ! STP[ FZZH} RIe Ø ! SH G F{N [TFM_ NM G RQ_HRIS SN[S[ NFMZRNM FIQ _H[[Rf ZX ~_MPIRIe�
HSTNM [PfSMNN[ `MHG cHI[RQNMFSRHI K aS R[ ST R[ cHGfRIFSRHI H` fMNFQST �M[S FIQ QN_ST
�M[S [NFMcTRIe }TRcT R[ f NZRN^NQ SH FccHPIS `HM STN [P_NMZRINFM [_ NNQP_ H` STN _FMFZZNZ
FZeHMRSTG K
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lTR[ STN[R[ TF[ cHI[RQNMNQ STN SH_Rc H` eZHfFZ H_SRG R�FSRHI K lTN �M[S Hf� NcSR^N }F[
SH cHI[RQNM FZeHMRSTG [ }TRcT FMN ��§¥£©§�K lTN [NcHIQ eHFZ }F[ �) �¥�� �ãK

W RST MNeFMQ SH MNZRFfRZRSX| fHPIQRIe GNSTHQ[ }NMN `F^HMNQ H^NM _HRIS G NSTHQ[
[RIcN STN ZFSNM FMN [P[cN_SRf ZN SH STN RIQNISFSRHI FMePG NIS F[ }NZZ F[ MHPIQHz NMMHM K
]GHIe fHPIQRIe SNcTIR�PN[ | RISNM^FZ FMRSTG NSRc }F[ cTH[NI fNcFP[N RS R[6 cF_FfZN H` _MHQPcRIe MNZRFfZN | ~SReTS� | FIQ F[XG_SHSRcFZZX FccPMFSN fHPIQ[ |6 N� cRNIS SH cHG_PSN | FIQ6 F__ZRcFfZN SH £�ã _MHeMFGGFfZN `PIcSRHI K

L FcTRIN RISNM^FZ FMRSTG NSRc SMF_[ MHPIQHz NMMHM STP[ FZ}FX[ _MHQPcRIe MNZRFfZN
fHPIQ[ K � [RIe Y¶¶ | FI FQQNQ f NIN�S R[ STFS G FcTRIN RISNM^FZ FMRSTG NSRc R[6 NF[X SH eNINMFZR�N FIQ FPSHG FSN | FIQ6 cHI^NIRNIS `HM FI PI[H_TR[SRcFSNQ P[NM SH PSRZR�N K

lTN [NcHIQ eHFZ | STFS H` N� cRNIcX| }F[ FSSFc{NQ RI S}H }FX[ K lTN �M[S QRMNc�
SRHI [HPeTS SH G F{N STN fF[Rc RISNM^FZ eZHfFZ H_SRG R�FSRHI FZeHMRSTG GHMN N� cRNIS
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fX SF{RIe FQ^FISFeN H` cNMSFRI _MH_ NMSRN[ H` STN Hf� NcSR^N `PIcSRHI FIQ cHI[SMFRIS
`PIcSRHI[ K W RST QRzNMNISRFfRZRSX| STN FccNZNMFSRHI QN^RcN[ H` STN G HIHSHIRcRSX SN[S |
cHI^N� RSX SN[S | FIQ �N}SHI �[ G NSTHQ cFI fN P[NQ SH RG_MH^N N� cRNIcXK

lTN [NcHIQ SNcTIR�PN SH RG_MH^N N� cRNIcX }F[ _FMFZZNZR�FSRHI K ] _FMFZZNZ RISNM^FZ
eZHfFZ H_SRG R�FSRHI FZeHMRSTG }F[ QN^ R[NQ FIQ GF__NQ HISH F INS}HM{ H` }HM{[SF�
SRHI[ K lTN MN[PZSRIe [_ NNQP_ }F[ NIcHPMFeRIe K

f ñð e�ù�öó 9úö:
LPcT }HM{ cFI f N QHIN SH RG_MH^N STN N� cRNIcX H` STN _FMFZZNZ RISNM^FZ eZHfFZ H_�
SRG R�FSRHI FZeHMRSTG QR[cP[[NQ RI STR[ STN[R[ K ] `N} [PcT _H[[Rf RZRSRN[ } RZZ f N fMRN�X
GNISRHINQ K

iK L NSTHQ[ [PcT F[ cNISNMNQ `HMG [ | G NFI^FZPN `HMG [ | FIQ lFXZHM `HMG [ á�kâ }TRcT
FSSNG_S SH _MHQPcN SReTSNM RISNM^FZ fHPIQ[ cHPZQ f N RI^N[SReFSNQ K

k K bRIcN �N}SHI �[ G NSTHQ R[ N�_ NI[R^N RI SNMG [ H` SRG N | F SN[S [ReIFZRIe }TNI
�N}SHI �[ G NSTHQ [THPZQ fN F__ZRNQ G FX RG_MH^N N� cRNIcXK lTN FPSTHM TF[
N�_NMRG NISNQ } RST [PcT F SN[S fF[NQ P_HI STN } RQST H` STN ~f H�� f NRIe cHI[RQ�
NMNQ K

� K bRIcN F f NSSNM [¾] } RZZ FZGH[S cNMSFRIZX _ NMG RS STN G RQ_HRIS SN[S SH QR[_ H[N H`
GHMN fH�N[ | F G NSTHQ `HM QNSNMG RIRIe [PcT F fNSSNM [¾] NFMZX } RZZ | RI eNINMFZ |
RG _MH^N N� cRNIcX áikâ K lTN FPSTHM TF[ N�_NMRG NISNQ } RST [PcT _H[[RfRZRSRN[
P[RIe F ZH cFZ �N}SHI �[ G NSTHQ [NFMcT K
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¯ K W RST MNeFMQ SH _FMFZZNZR�FSRHI | [N^NMFZ FMNF[ cFI f N RG_MH^NQ K V ZHfFZ SNMG RIF�
SRHI R[ QNSNcSNQ } RST F [RG _ZN cNISMFZR�NQ FZeHMRSTG K ] QR[SMRfPSNQ FZeHMRSTG
P[RIe NRSTNM F MRIe á�â HM F SMNN á�jâ }HPZQ fN GHMN N� cRNIS FIQ `FPZS SHZNMFIS K
LPcT N�_ NMRG NISFSRHI cFI fN GFQN SH QNSNMG RIN STN H_SRG FZ ZHFQ fFZFIcRIe
[cTNGN K �HM RI[SFIcN | G HMN f H�N[ cHPZQ f N [NIS }TNI FI RQZN _MHcN[[HM MN�PN[S[
}HM{ K ] Z[H | _H[[RfZX HIZX cNMSFRI [NZNcSNQ f H�N[ [THPZQ fN [NIS SH F MN�PN[SRIe
RQZN _MHcN[[HM K aIQNNQ STN FMNF[ H` _FMSRSRHIRIe FIQ ZHFQ fFZFIcRIe HzNM STN
MRcTN[S f NQ H` _H[[Rf RZRSRN[ `HM RG _MH^NG NIS K
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