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g[[aS X Z]TZ hX TRX `WZXRX[ZXi `W [V`XWZ`jV ]^YQZ]X[X[ T_QaZ VTa[X[ QP T WTZaRTU Y]XWQS XWQW b kX
STlX [QS X Q_[XRmTZ`QW[ h]`V] TRX ZQ VXRZT`W XnZXWZ oRTWiQS bp g qQQi ]^YQZ]X[`[ T_QaZ T VTa[X QP Z]X
Y]XWQS XWQW []QaUi _X `WiXY XWiXWZ QP Z]`[ RTWiQSWX[[ \ TWi Z]a[ \ ZQ [QS X XnZXWZ \ _X `WiXY XWiXWZ QP
XTV] YTRZ`VaUTR Y`XVX QP iTZT b r]`[ [QRZ QP `WiXY XWiXWVX hX VTUU [ZT_`U`Z^b

r]X `iXT QP [ZT_`U`Z^ ]T[ _XXW a[Xi ZQ T[[X[[ YUTa[`_`U`Z^ QP ]^YQZ]X[X[ QP i`sXRXWZ l`Wi[ b tQR XnTSYUX \
Z] `[ `iXT `[ `SYU`V`ZU^ a[Xi `W Z]X VQW[ZRaVZ`QW QP XnZRTYQUTZ`QW YQU^WQS `WTU[ b uXZ v w x y y y x vz _ X YQ`WZ[ QP
Z]X [YTVX { z TWi T YQU^WQS `WTU h]Q[X qRTY] VQWZT`W[ Z]X[X YQ`WZ[ `[ ZQ _ X VQW[ZRaVZXi b |XWXRTUU^\ `Z `[
Y Q[[`_UX ZQ VQW[ZRaVZ T YQU^WQS `TU QP iXqRXX WQZ qRXTZXR Z]TW } Z]TZ [TZ`[jX[ Z]X[X VQWi`Z`QW[ b ~QhXmXR \
`P `Z `[ Y Q[[`_UX ZQ VQW[ZRaVZ T YQU^WQS `WTU � PRQS T VXRZT`W [a_[XZ QP YQ`WZ[ �v �� x y y y x v �� � � �v w x yyyx vz �
`W [aV] T hT^ Z]TZ TUU Z]X YQ`WZ[ v w x y y y x vz U`X QW Z]X VaRmX Z]TZ VQRRX[YQWi[ ZQ Z]X YQU^WQS `TU TWi Z]X
iXqRXX QP Z]X YQU^WQS `WTU h `UU _ X QP iXqRXX WQZ ]`q]XR Z]TW � b r]a[ \ � T[ T ]^YQZ]X[`[ PQR RXqaUTR`Z^ `W
iTZT q`mXW _^ �v�� x y y y x v �� � � �v w x yyyx vz � `[ [`SYUXR TWi \ Z]XRXPQRX \ SQRX RXU`T_UX Z]TW Z]X ]^YQZ]X[`[
PQR h]`V] Z]X YQU^WQS `WTU VTW _X VQW[ZRaVZXi QWU^ PRQS Z]X h]QUX [XZ �v w x y y y x vz � b

r]X `iXT QP [ZT_`U`Z^ aWiXRU`X[ VXRZT`W WQWYTRTS XZR`V [ZTZ`[Z`VTU S XZ]Qi[ b �W YTRZ`VaUTR \ `W Z]X � TVllW`PX
S XZ]Qi Z]X mTR`TWVX[ QP TR_`ZRTR^ [ZTZ`[Z`V[ �` bX b\ [TSYUX PaWVZ`QW[� TRX X[Z`S TZXi `W Z]X PQUUQh `Wq hT^
��� b tRQS TW `W`Z`TU [TSYUX QP [`�X } TUU YQ[[`_ UX [a_[TSYUX[ QP [`�X } � � TRX VQSYQ[Xi b tQR Z]X ��Z]
[a_[TSYUX hX VTUVaUTZX Z]X mTUaX �� \ QP Z]X [ZTZ`[Z`V � Z]TZ hX h `[] ZQ XnTS `WX b rTl`Wq Z]X TmXRTqX ��
QP � � mTUaX[ \ hX Z]XW VTUVaUTZX Z]X S XTW QP Z]X [�aTRX[ QP iXm`TZ`QW[ �� PRQS �� b r]X RX[aUZ �h `Z]`W
`W[`qW `jVTWZ TR`Z]S XZ`V ZRTW[PQRS TZ`QW � q`mX[ Z]X X[Z`S TZX QP Z]X mTR`TWVX QP Z]X [ZTZ`[Z`V � TVVQRi`Wq ZQ
Z]X � TVllW`PX SXZ]Qi b r]`[ S XZ]Qi VTW q`mX qQQi X[Z`S TZX[ QP Z]X mTR`TWVX ��� b � Qi`jVTZ`QW[ QP Z] `[
S XZ]Qi Z]TZ STlX a[X QP TUU [a_[TSYUX[ QP [`�X } � � \ } � � \ XZV \ TRX TU[Q YQ[[`_ UX b ~QhXmXR \ Z]X^ RX�a `RX
T VQW[`iXRT_UX TSQaWZ QP VQSYaZTZ`QW b r]X _QQZ[ZRTY S XZ]Qi XmTUaTZX[ Z]X mTR`TWVX QP T [ZTZ`[Z`V `W T
[`S `UTR hT^\ h `Z] Z]X i`sXRXWVX Z]TZ WXh [TSYUX[ \ TU[Q QP [`�X } \ TRX qXWXRTZXi PRQS Z]X `W`Z`TU [TSYUX _^
}�PQUi [XUXVZ`QW h `Z] RXY UTVXS XWZ �XTV] XUXS XWZ QP Z]X `W `Z`TU [TSYUX VTW TYYXTR PRQS �XRQ ZQ } Z`S X[ `W
Z]X WXh [TSYUX� b

�iXT[ [`S `UTR ZQ Z]TZ QP [ZT_`U`Z^ TU[Q aWiXRU^ RX[XTRV] `W YRQ_T_`U`[Z`V UQq`V[ \ h]`V] iTZX[ _TVl ZQ Z]X
hQRl QP � b �TRWTY QW `WiaVZ`mX UQq`V ��� b r]X VQWjRS TZ`QW QP T [ZTZXS XWZ `[ XmTUaTZXi _^ Z]X WaS_XR
QP aW`mXR[X[ h]XRX Z]X [ZTZXS XWZ `[ iXR`mT_UX b �W Z]`[ TRZ`VUX hX []TUU VQW[`iXR T RXTU`�TZ`QW QP Z]X `iXT QP
[ZT_ `U`Z^ QP ]^YQZ]X[X[ _T[Xi QW [`S `UTR`Z^ QP Q_� XVZ iX[VR`YZ`QW[ b ~^YQZ]X[X[ QP Z]`[ l`Wi hXRX `WZRQiaVXi
`W ��� TWi hXRX RXiXjWXi `W ZXRS [ QP tQRS TU �QWVXYZ gWTU^[`[ `W ��� \ ��� b
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VTUUXi Z]X [XZ QP Q_� XVZ[ TWi TZZR`_aZX[ \ RX[Y XVZ`mXU^\ TWi UXZ µ _ X T RXUTZ`QW µ � ³ ¶´ · PQR ¸ ¹ ³ x º ¹ ´ \
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¸ µº ]QUi[ `s Z]X Q_� XVZ ¸ ]T[ Z]X TZZR`_aZX º b r]X ZR`YUX � � �³ x ´ x µ � `[ VTUUXi T �< ;3= 17� >;+,2A ,b
�P � � ³ \ � � ´ TRX TR_ `ZRTR^ [a_[XZ[ \ Z]XW Z]X �17;./ >;++2>,.;+ `[ q`mXW _^ Z]X PQUUQh `Wq 523.G1,.;+
;0 231,;3/·

�� ·� �º ¹ ´ � ¸ µº PQR TUU ¸ ¹ � � x
� � ·� �¸ ¹ ³ � ¸ µº PQR TUU º ¹ � �y

r]X YT`R �� x� � \ h]XRX � � ³ \ � � ´ \ �� � � \ TWi � � � � `[ VTUUXi T �< ;3= 17� >;+>20 , �;< ,- 2
>;+,2A , � � h`Z] 2A ,2+, � TWi .+,2+, � �`W Z]`[ VT[X hX ]TmX TU[Q ��� � � TWi � �� � � � b tQR � x	 � ´
Z]X .=0 7.>1,.;+ � 
 	 ]QUi[ `P � � � 	 � b �SYU`VTZ`QW[ _XZhXXW [a_[XZ[ QP Q_� XVZ[ TRX iXjWXi [`S `UTRU^b

�W ��� TWi ��� hX YRX[XWZXi T UXTRW `Wq SQiXU PRQS �±� `W ZXRS [ QP t�g b r]`[ SQiXU VQSYU`X[ h `Z] Z]X
VQSSQW YTRTi`qS QP UXTRW`Wq PRQS YQ[`Z`mX TWi WXqTZ`mX XnTSYUX[ �[XX \ X bq b\ ����� · q`mXW YQ[`Z`mX TWi
WXqTZ`mX XnTSYUX[ QP T ,13F 2, 1,,3.:B,2\ VQW[ZRaVZ T qXWXRTU`�TZ`QW QP iX[VR`YZ`QW[ QP Z]X YQ[`Z`mX XnTSYUX[
Z]TZ hQaUi WQZ oVQmXRp TW^ WXqTZ`mX XnTSYUX b

g [[aSX Z]TZ � �¹ ´ `[ T ,13F 2, TZZR`_aZX b 
 ;/.,.G2 2A 1=0 72/ �QR �� ��XnTSYUX[� TRX Q_� XVZ[ Z]TZ TRX
lWQhW ZQ ]TmX Z]X YRQYXRZ^ � TWi +2F 1,.G2 2A 1=0 72/ �QR ����XnTSYUX[� TRX Q_� XVZ[ Z]TZ TRX lWQhW WQZ
ZQ ]TmX Z]`[ YRQYXRZ^b �+52,23= .+25 2A 1=0 72/ �QR �� ��XnTSYUX[� TRX Z]Q[X Z]TZ TRX WX`Z]XR lWQhW ZQ
]TmX Z]X YRQYXRZ^ WQR lWQhW WQZ ZQ ]TmX Z]X YRQY XRZ^b r]X RX[aUZ[ QP UXTRW`Wq TRX [aYYQ[Xi ZQ _X a[Xi
PQR Z]X VUT[[`jVTZ`QW QP aWiXZXRS `WXi XnTSYUX[ �`W QZ]XR hQRi[ \ PQR Z]X PQRXVT[Z QP YRQY XRZ^ � PQR Z]X[X
XnTSYUX[� b

�W ZXRS [ QP PQRSTU VQWVXYZ TWTU^[`[ \ Z]`[ [`ZaTZ`QW VTW _X iX[VR`_Xi _^ Z]RXX [a_VQWZXnZ[ · T YQ[`Z`mX
VQWZXnZ �� � �³� x ´ x µ� � \ T WXqTZ`mX VQWZXnZ �� � �³ � x ´ x µ� � \ TWi TW aWiXZXRS `WXi QWX �� �
�³ � x ´ x µ� � b r]X iXR`mTZ`QW QYXRTZQR[ `W Z]X[X VQWZXnZ[ TRX iXWQZXi _^ ���� \ ���� \ TWi ���� \ RX[Y XVZ`mXU^b
g 0 ;/.,.G2 -80 ;,- 2/./ _^ � b� b t `WW ��� \ �±� �VTUUXi oVQaWZXRXnTSYUX PQR_`ii`Wq ]^YQZ]X[`[p Z]XRX� VTW _X
iXjWXi `W ZXRS [ QP t�g T[ T WQWXSYZ^ `WZXWZ � � ´ QP �� [aV] Z]TZ �� � � � � TWi � `[ WQZ VQWZT`WXi
`W Z]X `WZXWZ QP TW^ WXqTZ`mX XnTSYUX ¸ ¹ ³ � \ ` bX b\ PQR TUU ¸ ¹ ³ � � �� ¸ � b �W QZ]XR hQRi[ \ T ]^YQZ]X[`[
`[ TW `WZXR[XVZ`QW QP YQ[`Z`mX XnTSYUX `WZXWZ[ �` bX b\ Z]X`R o[`S `UTR`Z^p� Z]TZ `[ VQWZT`WXi `W WQ `WZXWZ QP
T WXqTZ`mX XnTSYUX �PaRZ]XR \ PQR [`SYU`V`Z^ [TlX hX [T^ o`[ �WQZ� VQWZT`WXi `W XnTSYUXp� b ~^YQZ]X[X[
VTW _X a[Xi PQR VUT[[`jVTZ`QW QP aWiXZXRS `WXi XnTSYUX[ PRQS ³ � · TW aWiXZXRS `WXi XnTSYUX `[ VUT[[`jXi
YQ[`Z`mXU^ `P `Z[ `WZXWZ VQWZT`W[ T YQ[`Z`mX ]^YQZ]X[`[ TWi iQX[ WQZ VQWZT`W T WXqTZ`mX QWX b � `S `UTR PQR
WXqTZ`mX VUT[[`j VTZ`QW b � `W VX hX iQ WQZ VQW[`iXR VUT[[`jVTZ`QW[ ]XRX \ PQR iXZT`U[ hX RXPXR Z]X RXTiXR ZQ ��� \
��� b
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z�w
3
.45 ,+ -. x

6. �+ � � �,+ -. �x 62 �+ � � �,+ -2 �x } � �� �y
r]X [aSSTZ`QW U`S `Z[ TRX � a[Z`jXi _^ Z]X PTVZ Z]TZ Z]X XSYZ^ [XZ TWi TUU QWX�XUXS XWZ [a_[XZ[ QP �
VTWWQZ _X XnZXWZ[ QP ]^YQZ]X[X[ _^ iXjW`Z`QW b 7 [aTUU^\ h]XW `Z `[ VUXTR h]TZ VQWVXYZ `[ S XTWZ \ hX QS `Z
Z]X TRqaS XWZ + TWi [`SYU^ hR`ZX 6. QR 62 b 8Qh /,1:.7.,8 .+5.>2/ TRX iXjWXi T[ PQUUQh [ ·

��� /,1:.7.,8 .+52A 9. �+ � QP Z]X 1 Z] UXmXU �� : 1 : } � �� ·

9. �+ � � 6. �+ �;z. < x

��� .+,2F 317 /,1:.7.,8 .+52A 92 �+ � ·
92 �+ � � 62 �+ �

�z � } � � x

�WmXR[X[ QP [ZT_`U`Z^ `Wi`VX[ �` bX b\ mTUaX[ �� 9. TWi �� 92 \ RX[YXVZ`mXU^� VTW _X VQW[`iXRXi T[ SXT[aRX[ QP
oi`[YXR[`QWp QP T VQWVXYZ�_T[Xi ]^YQZ]X[`[ b 7 [`Wq Z]X TWTUQq^ h `Z] WQWYTRTS XZR`V [ZTZ`[Z`V[ \ Z]X `WmXR[X
QP T [ZT_`U`Z^ `WiXn `[ RXUTZXi ZQ Z]X iXR`mTZ`QW QYXRTZQR ��� � `W Z]X [TSX hT^ T[ Z]X [TSYUX mTR`TWVX
VTUVaUTZXi _^ Z]X � TVllW`PX S XZ]Qi `[ RXUTZXi ZQ Z]X [TSYUX TmXRTqX b
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8QZX TWQZ]XR T[Y XVZ QP [ZT_`U`Z^ QP ]^YQZ]X[X[ iXjWXi T_QmX T[ YQ[`Z`mX `WZXWZ[ WQZ VQWZT`WXi `W
WXqTZ`mX XnTSYUX[ b g YQ[`Z`mX ]^YQZ]X[`[ � h`Z] � � � �¸ w x y y y x ¸z � � ³� `[ Z]X `WZXR[XVZ`QW QP XnTSYUX
`WZXWZ[ �` bX b\ oiX[VR`YZ`QW[p QP XnTSYUX[� · ¸ �w � y y y � ¸ �z � � � b ~ `q] [ZT_`U`Z^ QP T ]^YQZ]X[`[ S XTW[ Z]TZ
[a_[XZ[ QP ¸ �w x y y y\ ¸ �z Z]TZ i`[Z`Wqa`[] ¸ �w x y y y\ ¸ �z PRQS XTV] QZ]XR ]TmX U`ZZUX `W VQSSQW b �P [ZT_`U`Z^ QP
� `[ [S TUU \ `Z `[ S QRX U`lXU^ Z]TZ Z]X ]^YQZ]XZ`VTU VTa[X QP Z]X ZTRqXZ TZZR`_aZX RX[`iX[ WQZ `W � \ _aZ `W
[QS X � w x y y y x� � � � \ XTV] QP h]`V] `[ T oVQSSQW iX[VR`YZ`QW QP [QSX [a_[XZ[ QP �¸ w x y y y x ¸z � b r]`[
� a[Z`jVTZ`QW QP [ZT_`U`Z^ ]QUi[ PQR ]^YQZ]X[X[ iXjWXi _^ TR_`ZRTR^ iXR`mTZ`QW QYXRTZQR[ �QR \ X�a`mTUXWZU^\
_^ [XS `UTZZ`VX[ QP oiX[VR`YZ`QW[p� \ [aV] T[ UTZZ`VX[ QP qRTY] [XZ[ ���� \ ��� b
�ZT_`U`Z^ `Wi`VX[ TRX RXUTZXi ZQ `SYU`VTZ`QW[ T[ PQUUQh [ ·

� &N� N$(% (N' )* �2, � � �³ x´ x µ � :2 1 >;+,2A , 1+5 + � �� x� � :2 ;+2 ;< .,/ >;+>20 ,/E � � ³ E � � ´ ?
D- 2+ ,+ -2 � �	 0 � � �	 � � �x	 
 � �

� &NN 	 * 
^ iXjW`Z`QW QP ,+ -2 \ QWX ]T[ ,+ -2 � �	 0 � � 	 � � � � � �	 0 � � 	 � � � � �b �P 	 � � � � \
Z]XW _^ iXjW`Z`QW QP `SYU`VTZ`QW \ QWX ]T[ 	 
 � b �W Z]X QZ]XR i`RXVZ`QW \ `P 	 
 � \ Z]XW _^ iXjW`Z`QW QP
`SYU`VTZ`QW \ hX ]TmX 	 � � �� b 
^ Z]X VQWi`Z`QW 	 0 � TWi TWZ`S QWQZQW`V`Z^ QP Z]X iXR`mTZ`QW QYXRTZQR
���� QWX ]T[ 	 � � �� b r]XRXPQRX \ 	 � � � � TWi ,+ -2 � �	 0 � � 	 
 � �y �

N&N ��'&L* �2, � � �³ x ´ x µ � :2 1 < ;3= 17 >;+,2A ,E + � �� x� � :2 1 < ;3= 17 >;+>20 , ;< .,E 1+5 �� � � } ?
D- 2+

92 �+ � � 95 �+ � � y y y � 9z�w �+ � � � `s 	 
 � PQR WQ 	 0 � y
92 �+ � � 95 �+ � � y y y � 9z�w �+ � � � `s 	 
 � PQR TUU 	 0 � y

g YRQYXRZ^ QP [ZT_`U`Z^ `Wi`VX[ q`mXW `W Z]X PQ UUQh `Wq YRQYQ[`Z`QW `[ RXUTZXi ZQ T YRQYXRZ^ QP S QWQZQWX
QQUXTW PaWVZ`QW[ · Z]X RXUTZ`mX WaS_XR QP aW`Z[ QP T SQWQZQWX 
QQUXTW PaWVZ`QW `W Z]X �1 � ��Z] UT^XR
QP Z]X 
QQUXTW ]^YXRVa_X `[ qRXTZXR Z]TW Z]TZ `W Z]X 1 Z] UT^XR b tQR T jnXi ]^YQZ]X[`[ � � �� x� � \ Z]X
VQRRX[YQWi`Wq SQWQZQWX PaWVZ`QW `[

� �/ � � � �x `P / � � TWi / � � � �� x `P / � � TWi / � �� � y
� &N� N$(% (N' � * �2, � � �³ x´ x µ � :2 1 >;+,2A , 1+5 + � �� x� � :2 1 >;+>20 , ;< � E ,- 2+ 95 : y y y :
9 �� ��w b
� &NN 	 * kX VQW[`iXR PTS `U`X[ ,+ -. x ,+ -.� w \ TWi Z]X _ `YTRZ`ZX qRTY] `WiaVXi _^ Z]X UT^XR[ 1 TWi 1 � �
QP Z]X U`WX �~T[[X� i`TqRTS QP Z]X 
QQUXTW UTZZ`VX �� b �W Z]`[ qRTY] \ XTV] QP ; z. � w< mXRZ`VX[ QP Z]X UT^XR
�1 � �� `[ VQWWXVZXi h `Z] �1 � �� mXRZ`VX[ QP Z]X 1 �Z] UT^XR � XTV] QP ;z. < mXRZ`VX[ QP Z]X 1 �Z] UT^XR `[ VQWWXVZXi
h `Z] } � 1 mXRZ`VX[ QP Z]X �1 � ���Z] UT^XR b �W Z]`[ qRTY] hX `[QUTZX Z]X mXRZ`VX[ Z]TZ VQRRX[YQWi ZQ Z]X
PTS `U`X[ ,+ -. TWi ,+ -.� w b � `WVX TW^ [aYXR[XZ QP [`�X 1 � � QP [XZ[ PRQS ,+ -. `[ T [XZ PRQS ,+ -.� w \ Z]X
WaS_XR QP XiqX[ `W Z]X qRTY] Z]TZ VQWWXVZ mXRZ`VX[ VQRRX[YQWi`Wq ZQ [XZ[ PRQS ,+ -. \ h `Z] Z]X mXRZ`VX[
VQRRX[YQWi`Wq ZQ [XZ[ PRQS ,+ -.� w \ `[ 6. �} � 1 � b �W Z]X QZ]XR ]TWi \ qXWXRTUU^\ WQZ XTV] [a_[XZ QP [`�X 1 QP
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