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UV WXWYZ[\ ]^_]^_ ZW `a Zb Z[cV^ dZ efg hijk l mnhfop qa efg hijk l mnhfo ZWr`aWXWYZ[\ s`Z t`Zuv\ \V _VXZaYZ dZ `a\ uZd \ [^WYu\u `a\ cwxXa\ dZYZu[ Xa\d\ yxZz
aZu\V[ ZaYZ _^a cu^c{WXY^ dZ XdZaYX| _\_X{a } p U WY^ WZ uZ\VXv\ [ZdX\aYZ \V XaYZuz
_ZcY\_X{a dZV Yuw| _^ ~]]�� XadZc ZadXZaYZ[ ZaYZ dZ V\ dXuZ__X{a WZVZ__X^a\d\ �
�\WY\ s`Z ZV `W`\uX^ YXZaZ c Zu[ XW^ dZ W\VXu dZV c^uY\V p �Z c`ZdZa ^�WZu�\u ZV `W^
dZ V^W efg hijk l mnhfo� Za [`_�^W dZ V^W � mh�g mh� s`Z `W\ V\ YZ_a^V^x�\ � �z�� p
]\[�X�a c`ZdZa WZu `W\d^W c\u\ _^aYu^V\u V^W \__ZW^W Za V^W [ZdX^W x`X\d^W c^u
_\�VZ p

�Xx`u\ �� U WYu`_Y`u\ �wWX_\ dZ `a efg hijk l mnhfop
�\ uZd � XuZVZWW dZ� Z dZ ZWY\u _^[cVZY\[ ZaYZ ^cZu\YX�\ _^[^ `a\ uZd a^uz

[ \V � �\ WZ\ Za [^d^ �dz~^_ ^ [ ZdX\aYZ `a c`aY^ dZ \__ZW^ p U WY\ uZd a^ dZ�Z
YZaZu aXax�a YXc^ dZ Za_uXcY\_X{a _^[^ �U� ^ ���� �\ s`Z ZW ZV cu^c X^ WXWz
YZ[ \ ZV s`Z WZ Za_\ux\ dZ \`YZaYX_\u ZV `W`\uX^ p �^u ZVV^ � WZ dZ� Z dZ c Zu[ XYXu
cuX[ Zu^ ZV \__ZW^ VX�uZ \ V\ uZd p
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¯ J °±²QS³SMO³ J
�\u\ ZV _^uuZ_Y^ t`a_X^a\[ XZaY^ dZV WXWYZ[ \ ]^_]^_ � ZW aZ_ZW\uX^ YZaZu �\

XaWY\V\d^W V^W WXx`XZaYZW cu^xu\[\W �
�p qa WXWYZ[ \ dZ _Xtu\d^ WZx`u^ _^[^ ´cZa��� c\u\ d\u WZx`uXd\d \ V^W

_VXZaYZW p
µ p �Zu�Xd^u �c\_�Z µ p¶ ^ W`cZuX^u p · X_�^ WZu�Xd^u dZ�Zuw YZaZu \_YX�\d^ V\

_^aZ¸ X{a WZx`u\ _^a ��� p ¹{[^ WZ �\ _^a|x`u\d^ V\ Xa WY\V\_X{a dZV �c\z
_�Z c\u\ ZWYZ cu^�Z_Y^ WZ [`ZWYu\ dZ `a\ t^u[ \ dZY\VV\d\ Za ZV \c �adX_Z
dZ ZWYZ d^ _`[ ZaY^ p

º p » ��¼� ½ p�p�¶ ^ W`cZuX^u p
½ p �~� ¾ p¶ ^ W`cZuX^u p U WYZ dZ�Z WZu _^a|x`u\d^ c\u\ ZV ` W^ dZV WZu�Xd^u

�c\_�Z � »��¼� p Ua ZV \c�adX_Z Z¸ XWYZ `a \c\uY\d^ c^u WX a^ ZWY\W t\z
[ XVX\uXv\d^ _^a V\ XaWY\V\_X{a dZ �~�p

¾ p �Zu�Xd^u ·~¹� cu^cX^ p
¿ p U V c\s`ZYZ ig nmÀhkp U WYZ c\s`ZYZ \c\uZ_Z Za V\W dXWYuX�`_X^aZW dZ �Xa`¸ �

c^u V^ s`Z _^aW` VYZ V\ dXWYuX�`_X{a `YXVXv\d\ c\u\ W\� Zu _^[^ XaWY\V\uV^ p

Á J ÂOLÃÄQNÅRSTL P±Æ ³±NÇ SPON ÈÉÅRÊ± J
�c\uYZ dZ V\ _^a|x`u\_X{a a^u[ \V dZV WZu�Xd^u �c\_�Z � �\� s`Z \Ë\dXu `a\W

[^dX| _\_X^aZW a^ _^a�Za_X^a\VZW c\u\ s`Z ZV WXWYZ[ \ ]^_]^_ t`a_X^aZ _^uuZ_z
Y\[ ZaYZ p ¹^[^ _^a|x`u\_X{a a^u[\V WZ ZaYXZadZ V\ xZaZu\_X{a dZ `a\ _\uc ZY\
VXx\d\ \V [ XW[^ s`Z _^aYZax\ Y^d\W V\W cwxXa\W ÌZ� dZV WZu�Xd^u � V\W ^c _X^aZW
aZ_ZW\uX\W c\u\ s`Z XaYZucuZYZ V^W d^ _`[ ZaY^W �~� � V\ Xat^u[ \_X{a uZV\YX�\ \V
\d[ XaXWYu\d^uÍ p

¹^[^ cuX[ Zu\ [^dX|_\_X{a Z¸Yu\ � �\� s`Z dZW_^[ ZaY\u V\ VXaZ\ s`Z \c\uZz
_Z Za �YYc d p_^at � ÎÏ nnmnÐ mÑÀÒ kÓh Ô ÕÔ Ö knnmnÖ� ××lØÙ Ú×ØÛÚÜÙÐ ÝÞ hÒ oÝjfn ß� [^dX| _\uV\ c^u V\ WXx`XZaYZ � ÎÏ nnmnÐ mÑÀÒ kÓh Ô ÕÔ ß Ö knnmnÖ knnmnÝg Þg p ·ZWc`�W
dZ ZWY^ \Ë\dXu V^W d^ _`[ ZaY^W ÎknnmnÝg Þg ß à ÎknnmnØ mniá iÓfoÝg Þg ßâ s`Z WZ Xa_V`�Zb `aY^ V^W \u_�X�^W dZV WXWYZ[ \ ]^_]^_ � Za V\ _\uc ZY\ ÎÖÐ inkÑhmnimØ fg fÑÞ kÖ knnmn�Ö ã pU WY\ cwxXa\ � WX[cVZ[ ZaYZ uZdXuZ__X^a\ \V _VXZaYZ \ V\ cwxXa\ dZ V^xXa dZV WXWYZz
[ \ p ·Z ZWY\ t^u[ \ ZV WXWYZ[ \ WZ \WZx`u\ s`Z _`\ad^ _\cY`uZ `a _VXZaYZ s`Z a^
ZWYZ d\d^ dZ \VY\ � WXZ[cuZ WZ VZ [`ZWYuZ V\ cwxXa\ _^uuZWc^adXZaYZ � a^ W\Vx\ `a
Zuu^u p ¹^a�XZaZ uZ�XW\u ZWY\ _^uY\ cwxXa\ c\u\ ^�WZu�\u s`Z ZV VXaä dZ uZdXuZ__X{a
\c`aY\ \ d^adZ dZ�Z p

qa\ �Zv \_\�\d^ ZWY^ � �\� s`Z uZ\VXv\u Z¸\_Y\[ ZaYZ V^ [ XW[^ c\u\ ZV Zuu^u
½¶º � dZ t^u[ \ s`Z X[cXd\[^W ZV VXWY\d^ dZV _^aYZaXd^ dZV dXuZ_Y^uX^ ÌZ� � V^

åæç�ç �èéç è� �ê��� ��ëç�éì�ì �� �� í�î çïë��� ��� ð��ëñ� �ñéé� �òòñéé�� ó���ëñ� óçì�ò�çëèòô óõò ó ö÷�èé� ê� ��øê�ùç ì�èêú �� �� ��èé���ë�û� �� ï����� �èé� é�÷éç ü �� �� ë��ýéê�ç þô ó

µ



Za�XZ[^W \ V\ �^b \ dZ uZxXWYu^ p �\u\ dZW\_YX�\u V\ ^c _X{a c^u dZtZ_Y^ dZ VXWY\u
_^aYZa Xd^W � s`Z \c\uZv_\ ZV Zuu^u ½¶º WZ dZ�Z _^[ ZaY\u V\ V�aZ\ Úg himÓ� ÿÓ�k� k�
Ûmo om��àÒ� iÓ�� s`Z Z¸ XWYZ dZaYu^ dZ V\ dZ_V\u\_X{a dZV dXuZ_Y^uX^ ÌZ� p ~\� s`Z
YZaZu _`Xd\d^ _^a ZWY\W ^c _X^aZW WX WZ dZWZ\ \V�Zux\u [�VYXc VZW cwxXa\W ÌZ� Za
ZWYZ WZu�Xd^u �\ s`Z V^W [ZaW\b ZW dZ Zuu^u WZuwa [^dX|_\d\W c\u\ Y^d\W p

´Yu^ c`aY^ \ YZaZu Za _`ZaY\ ZW s`Z � dZ�Xd^ \ s`Z ZV WZu�Xd^u �c\_�Z YXZaZ
s`Z `YXVXv\u \Vx`a^W _^[ \ad^W uZWYuXaxXd^W \V u^^Y � WZ dZ�Z d\u c Zu[ XW^W \V
[ XW[^ [ZdX\aYZ ZV |_�Zu^ ÎÖ khÑÖ �À�mkn� ß \Ë\dXZad^ V\ WXx`XZaYZ V�aZ\ � Îfg fÑÞ k����Ù Úl��� �Ð 	Ö �
iÓÖ ig hf
ok�â Ö �
iÓÖ hÑâ Ö 
iÓÖ �Þ ß s`Z VZ cZu[ XYZ Zb Z_`Y\u
V^W _^[ \ad^W ]¹ � ��]���U� � �~ � aZ_ZW\uX^W c\u\ ZV WXWYZ[ \ p

�^u �VYX[ ^ � uZ_^ud\u s`Z ZV WZu�Xd^u �c\_�Z YXZaZ `a `W`\uX^ Za ZV WXWYZ[ \
q �� \W^ _X\d^ � a^u[ \V[ZaYZ fg fÑÞ k ^ Óm
m�à Ý �^W W_uXcYW dZV WXWYZ[\ ]^_]^_
ZWYwa cuZc\u\d^W c\u\ s`Z ZV ` W`\uX^ dZV WZu�Xd^u WZ\ ZV dZa^[ Xa\d^ fg fÑÞ kp �^uZVV^ � �\� s`Z [^dX|_\u V\ V�aZ\ À�kn dZV \u_�X�^ Þ hhg � ÝÑmÓ� � _^V^ _\u ZV `W`\uX^
fg fÑÞ kp �^WX�VZ[ ZaYZ �\�\ s`Z _uZ\u ZWZ `W`\uX^ Za ZV WXWYZ[ \ � d\u � \dZ[wW �
c Zu[ XW^W dZ Zb Z_`_X{a \ V^W W_uXcYW dZV WXWYZ[\ c\u\ ZWYZ `W`\uX^ p �ZaZu\V[ZaYZ �
ZV a^ �\_Zu ZWY^ � a^ [`ZWYu\ aXax�a Zuu^u \V Zb Z_`Y\u ZV WXWYZ[ \ � WX[cVZ[ ZaYZ
ZWYZ WZ VX[ XY\ \ Xxa^u\u V^W W_uXcYW c\u\ V^W _`\VZW a^ YXZaZ c Zu[ XW^W � ^�YZaXZad^
`a^W uZW` VY\d^W XaZWc Zu\d^W p

� J ÂOÉSÅ � ROLÃÄQNÅRSTL P± ÆO³ ÃRÊ±NO³ L±R±³Å�
NSO³ J

� ��� ����� �� ��� � !"�#�� �
qa\ �Zv ZWY\ Y^d^ t`a_X^a\ad^ Za ^udZa � ZW dZ_Xu � WZ c`ZdZ �XW`\VXv\u _`\Vz

s`XZu cwxXa\ ÌZ� _^a a`ZWYu^ WZu�Xd^u dZWdZ ^Yu^ _VXZaYZ � �\� s`Z _^V^_\u V\W
cu^cX\W cwxXa\W dZV WXWYZ[\ Za W`W WXYX^ p
�p » ^�Zu V\ _\uc ZY\ � k
Ø ×mÑ×mÑ s`Z _^aYXZaZ Y^d^W V^W | _�Zu^W �~� \V

dXuZ_Y^uX^ Za ZV s`Z ZV WZu�Xd^u �c\_�Z WXu�Z V\W cwxXa\W ÌZ� yVV\[ �[^WVZ
\ c\uYXu dZ \�^u\ $dXuZ_Y^uX^ ��� ß ^ Î��� ß WX[cVZ[ ZaYZ p

µ p ·\uVZ c Zu[ XW^W dZ Zb Z_`_X{a \ V^W \u_�X�^W c\u\ s`Z �~� a^ YZax\ aXax�a
cu^�VZ[ \ _^a ZVV^W p U W^ WXxaX|_\ s`Z Y^d^W V^W \u_�X�^W uZV\_X^a\d^W YXZaZa
s`Z YZaZu cZu[ XW^W dZ VZ_Y`u\ c\u\ Y^d^W p

º p �`\ud\ V\ _\ucZY\ ×mÑ×mÑ s`Z _^aYXZaZ V^W �Ñnig h� dZ Zb Z_`_X{a dZV WXWYZ[ \
\ Y` Zs`Xc^ � d{Y\VZ Y\[�X�a dZ V^W c Zu[ XW^W aZ_ZW\uX^W dZ Zb Z_`_X{a p �
V^ V\ux^ dZV [ \a`\V � a^W uZtZuXuZ[^W \ ZWY\ _\uc ZY\ WX[cVZ[ ZaYZ _^[^
�inØ �Ñnig h�p
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� �+ � ��,-./ �!�0, �
�^W \u_�X�^W s`Z �\� s`Z _^a|x`u\u W^a V^W WXx`XZaYZW �

�p ���Ö iÓÑoÀ�kÖ Ñmomnk� ÝiÓÑÝ
µ p ���Ö iÓÑoÀ�kÖ ÑmÓk� imÓ ÝiÓ ÑÝ
º p ���Ö iÓÑoÀ�kÖ ÑmÓ1 áÀnfÑimÓ ÝiÓÑÝ
½ p ���Ö iÓÑoÀ�kÖ ×mÑ×mÑÝÑ��
¾ p �inØ �Ñnig h�Ö ×mÑ×mÑÝ�Þ Ý
¿ p ÖÐ inkÑhmnimØ fg fÑÞ kÖ knnmn�Ö knnmnÝg Þg

� _^aYXa`\_X{a � WZ dZY\VV\ V\ _^a|x`u\_X{a � ZV `W^ dZ _\d\ `a^ dZ ZVV^W p
2 34 353 6789:;< =>?>@AB CDE=C

UWYZ \u_�X�^ x`\ud\ V\ _^a|x`u\_X{a �wWX_\ dZ V^W _^V^uZW dZ V\ cwxXa\ p �Zuz
[ XYZ _\[�X\u ZV \WcZ_Y^ dZ Y^d^ ZV WXWYZ[ \ � b `aY^ _^a ZV \u_�X�^ Ñ�� � ZV � �op �^Wa^[�uZW dZ V\W �\uX\�VZW W^a \`Y^Z¸cVX_\YX�^W � � ZV _^V^u YXZaZ s`Z ZW_uX� XuWZ Za
t^u[ \Y^ F�� p �\ X[ \xZa s`Z WZ Za_`ZaYu\ \s`� � _^uuZWc^adZ _^a V\ X[ \xZa s`Z
\c\uZ_Zuw dZ t^ad^ Za _\d\ cwxXa\ ÌZ� p
2 34 34 3 6789:;< =>EAGD>E CDE=

Ua ZWYZ \u_�X�^ WZ ZWc Z_X|_\ � ZaYuZ ^Yu\W _^W\W � ZV Þ m�h s`Z _^aYXZaZ V\W �\WZW
dZ d\Y^W dZV WXWYZ[ \ � ZV `W`\uX^ s`Z YXZaZ \__ZW^ \ V\W [ XW[ \W � ZV g f��� mn�aZ_ZW\uX^ c\u\ ZVV^ p �s`� YXZaZW s`Z c^aZu V^W d\Y^W dZcZadXZad^ dZ V\ XaWY\V\_X{a
dZ »��¼� Za Y` WXWYZ[ \ p

�\W d^W _^aWY\aYZW HÐØ Ü� Ü�I ÿ Ú� � HÐ XadX_\a ZV a^[�uZ dZ V\W d^W
�\WZW dZ d\Y^W dZV WXWYZ[ \ p �^u V^ s`Z a^ ZW aZ_ZW\uX^ _\[�X\uV^W W\V�^ s`Z WZ
�\x\ V^ [ XW[^ Za V\W �\WZW dZ d\Y^W »��¼� p
2 34 3J 3 6789:;< =>EK LM@N=D>E CDE=

UWYZ \u_�X�^ _^aYXZaZ V\ _^a|x`u\_X{a ZWcZ_�|_\ dZ W` WXWYZ[ \ p �s`� WZ dZ�Za
dZ XaYu^d`_Xu Y\aY^ \Vx`a^W d\Y^W cu^cX^W dZ W` Zs`Xc^ � _^[^ ^Yu^W d\Y^W s`Z �\
dZcZadZa dZ V^W uZW`VY\d^W s`Z WZ dZWZZa s`Z dZ�`ZV�\ ZV WXWYZ[\ p � _^aYXa`\_X{a
WZ [`ZWYu\ ZV WXxaX|_\d^ dZ V\W _^aWY\aYZW \s`� dZ|aXd\W �
�p ×Úe×ÚeØÛÚ�ÐÏI � XadX_\ V\ _\uc ZY\ s`Z _^aYXZaZ Y^d\W V\W cwxXa\W ÌZ�

dZV | _�Zu^ p ] XZaZ s`Z YZaZu V\ ZWYu`_Y`u\ ���Ö ×Úe×ÚeØÛÚ�ÐÏIÖ OÝg Þg
µ p l� PÿÙ�ØÿÙ ×ÏIÙÏ × � \ s`Z cwxXa\ WZ dXuZ__X^a\uw ZV ` W`\uX^ _`\ad^

\__ZdZ \ �aYZuaZY WX cuZ�X\[ ZaYZ a^ �\ ZVZxXd^ `a\ p

½



º p Ð ÿIØ e� ÿÏÙ ×Ï� � V\ _\uc ZY\ s`Z _^aYXZaZ V^W \u_�X�^W s`Z WZ `YXVXv\a c\u\
_^aYu^V\u V^W _VXZaYZW p ] XZaZa s`Z WZu V\ [ XW[ \ s`Z V\ XadX_\d\ Za ZV W_uXcY
×mÑ×mÑÝ�Þ p

½ p eÿ ×Q×ÿ eRÏ ×Ø ×Ú×�� � \s` � WZ XadX_\ ZV a�[ Zu^ dZ _XY�YX_äZYW s`Z s`XZuZ
s`Z [ \aZb Z ZV WXWYZ[ \ p �\ _^a|x`u\_X{a dZ V^ s`Z WZ s`XZuZ s`Z �\x\ _\d\
`a^ dZ ZVV^W � � XZaZ dZ|aXd^ Za ZV �Z_Y^u fnnfàØ jkomÑi�f�Ø ÑmÓk� imÓS ÑihàhiÑ� khT SÕU
fV f�fW X Y U�À
i�fWT p �^u Zb Z[cV^ � c\u\ V\ _^a|x`u\_X{a fnnfàØ jkomÑi�f�Ø ÑmÓk� imÓSZT SÕT � Y[
WXxaX|_\ s`Z c\u\ ZV ¹XY�YX_äZY �� W` �ZV^_Xd\d dZ �\b \d\ ZW dZ �¿\�]W p

¾ p � ÚP � ZWY\ _^aWY\aYZ _^aYXZaZ ZV a^[�uZ dZV | _�Zu^ dZ V^xW dZV WXWYZ[ \ p
¿ p ×ÿÏ^l ÚØ� ÚP � ZV Y XZ[c^ Za WZx`ad^W s`Z WZ [ \aYXZaZa V\W ZaYu\d\W Za

ZV omá \aYZW dZ Yu\WV\d\uV\W \ V\ _^cX\ dZ WZx`uXd\d dZV [ XW[^ p �^u dZtZ_Y^
ZW `a [ ZW p

_ p � ÚPØH�R � ZV a^[�uZ Za d^adZ WZ x`\ud\uwa V\W ZaYu\d\W dZV omá `a\
�Zv c\WZa ZV YXZ[c^ [w¸X[^ s`Z dZ�Za dZ s`Zd\u uZxXWYu\d\W p

` p Ð ÿIÏ e×ÚI ÿ ÚØ� ÚP � ZV dXuZ_Y^uX^ d^adZ WZ \V[ \_Za\uw ZV omá dZV WXWYZ[ \ p
a p IÏÛIÏ�eÚØ� eeÏ�ÚØ �ÏH � \s`� WZ XadX_\ ZV YXZ[c^ s`Z Y\ud\uw Za

uZtuZW_\uWZ V\ �ZaY\a\ dZ_ _^aYu^V dZ �aYZuaZY s`Z WZ VZ \�uXuw \V _VXZaYZ p
·Z�Z WZu [ Za^u s`Z ZV YXZ[c^ XadX_\d^ Za ×mÑ×mÑÝ�Þ ^ WZ _^uuZ ZV uXZWx^
dZ s`Z WZ dZW_^aZ_YZa V^W _VXZaYZW WXa [^YX�^ \Vx`a^ p

�¶ p IÏÐØ �ÿIÏ�Ï�� � ZV a^[�uZ s`Z VZ d\ �Xa`¸ \V dXWc^WXYX�^ dZ \__ZW^
Xa\Vw[�uX_^ p �ZaZu\V[ZaYZ W`ZVZ WZu ^ khÞ Y ^ � ofÓÕp

��p IÏÐØÿÙ ×ÏIÙÏ × � ZV a^[�uZ dZV dXWc^WXYX�^ s`Z W\VZ \ �aYZuaZY p �ZaZz
u\V[ ZaYZ WZuw khÞ ÕÝ

�µ p ÿlØ P�×Ï ��Q � V\ �� s`Z YXZaZ ZV ^udZa\d^u s`Z \_Y�\ _^[^ �\YZÌ\�
yZa d^adZ ZWYw XaWY\V\d^ ZV WXWYZ[ \ ]^_]^_} p � ZWY\ �� WZ dXuXx Xuwa V^W
_VXZaYZW c\u\ W\VXu \ �aYZuaZY p

�º p l ÜÏI ×Ú�Ø� eÏl ×�Ð Ú� � ZV u\ax^ dZ c`ZuY^W s`Z WZ uZWZu�\ ZV WXWYZ[ \
c\u\ c^dZu \Ë\dXu \s`ZVV^W WZu�Xd^uZW c Zu[ XYXd^W \ V^W s`Z V^W _VXZaYZW
c`ZdZa W\VXu WXa c\x\u ZV \__ZW^ \ �aYZuaZY p

�½ p ×e � V\ dXuZ__X{a dZV Zb Z_`Y\�VZ dZV cu^xu\[ \ hÑ dZ �Xa`¸ p
�¾ p ÿl × � V\ dXuZ__X{a dZV Zb Z_`Y\�VZ dZV ig hf
ok� dZ �Xa`¸ p
�¿ p ×Úe×ÚeØ �eI ÿl ×Øl�×� � Za d^adZ WZ \V[ \_Za\a V^W W_uXcYW dZV WZu�Xz

d^u ]^_]^_ p
�_ p ×Úe×ÚeØ �eI ÿl × � ZV a^[�uZ dZV W_uXcY s`Z \_YX�\ ZV WZu�Xd^u ]^_]^_ p

¾



�` p I ÚÚ× � ZWY\ _^aWY\aYZ _^aYXZaZ ZV a^[�uZ dZV \d[ XaXWYu\d^u dZV WXWYZ[ \
s`Z Za cuXa_XcX^ a^ WZ [^WYu\uw Za ZV [ XW[^ yZW dZ_Xu � WZuw X[c^WX�VZ dZ
�^uu\u � [ ^dX|_\u � dZ[ wW} p �Z c`ZdZ `W\u ZWY\ _`ZaY\ c\u\ YZaZu `a \d[ Xz
a XWYu\d^u cuXa_Xc\V dZV WXWYZ[ \ WXa s`Z VZ \c\uZv_\ \ V^W dZ[ wW Za_\ux\d^W
dZV [ \aYZaX[ XZaY^ dZV [ XW[^ p

�a p l� PÿÙ�ØlI ÿÙ eÿl�� � V\ cwxXa\ \ V\ s`Z WZ dXuXxXuw ZV WXWYZ[ \ _`\ad^
`a `W`\uX^ \__Zd\ Z¸XY{W\[ ZaYZ Za ZV WXWYZ[ \ p

µ¶ p e�� � U V \u_�X�^ s`Z _^aYXZaZ V\ �^b \ dZ ZWYXV^W Za _\W_\d\ p U W_uX�XuV^
[ ZdX\aYZ `a\ �\uX\�VZ c Zu[ XYZ cu^�\u _^a �\uX^W dXWZË^W _\[�X\ad^ ZWY\
�\uX\�VZ p

µ �p ×ÿ ×Ü�Ú � U V Y�Y`V^ s`Z \c\uZ_Zuw Za V\ _\� Z_Zu\ dZV a\�Zx\d^u p � W� WZ
c Zu[ XYZ `a\ tw_XV XaYZxu\_X{a _^a ^Yu^W WXWYZ[\W p

µµ p Ù Ú^HIÏ 	 U V a^[�uZ _^a ZV s`Z WZ uZtZuZa_X\uw \V WXWYZ[ \ p U V �aX_^ �\V^u
dZ ZWY^ ZW [^WYu\uV^ Za \Vx`a\W cwxXa\W ÌZ� p
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UWYZ \u_� X�^ ZW `a\ �^b \ dZ ZWYXV^W Za _\W_\d\ s`Z `YXVXv\ ZV WXWYZ[\ c\u\ d\uVZ

ZV t^u[ \Y^ \ V^W Y�Y`V^W dZ V\W cwxXa\W � V^W [ Za�W � dZ[wW p �Z c`ZdZ [^dX| _\u
\ x`WY^ dZV \d[ XaXWYu\d^u WXa s`Z �\u�Z Za \Vx^ ZV _^[c^uY\[ XZaY^ dZV WXWYZ[\ p
2 34 3c 3 6789:;< b>=b>=CBd3

UWYZ ZW ZV W_uXcY cuXa_Xc\V dZ ]^_]^_ p � V Zb Z_`Y\uV^ cuZc\u\ \V Zs` Xc^ c\u\
uZ_X�Xu \ V^W _VXZaYZW WZx�a W`W a X�ZVZW dZ \__ZW^ p U W Y\[�X�a ZV s`Z X[cXdZ s`Z
W\Vx\a \ �aYZuaZY WXa c Zu[ XW^ p �\u\ _^a|x`u\uV^ � �\� s`Z [ Xu\u V\W WXx`XZaYZW
_^aWY\aYZW �
�p ÿl × � � V Xx`\V s`Z Za ZV \u_�X�^ ÑmÓ1 áÀnfÑimÓ ÝiÓ Ñ ZWY\ _^aWY\aYZ XadX_\

d^adZ WZ Za_`ZaYu\ ZV �Xa\uX^ c\u\ Zb Z_`Y\u V\W ig hf
ok�p Ua V\ dXWYuX�`_X{a
cu^�\d\ WZ Za_`ZaYu\ Za � Ö �
iÓÖ ig hf
ok�p

µ p ×e � �X[ XV\u \V \aYZuX^u � cZu^ c\u\ V\ Zb Z_`_X{a dZV hÑp �Z Za_`ZaYu\ Za ZV
Zs`Xc^ cu^�\d^ Za � Ö �
iÓÖ hÑp

º p Ï ×��Ù � �\ uZd khÞ knÓ kh c^u V\ s`Z WZ W\VZ \ �aYZuaZY p � Vx^ dZV YXc ^ �
YeZ ÝÔ Y ÝeY ÝÕÖ ZZ p

½ p ���Ù � �\ dXuZ__X{a dZ V\ uZd � inkok�� c^u V\ s`Z \__ZdZa V^W _VXZaYZW p Ua
ZWYZ _\W^ WZ �\ ZVZxXd^ YfZ ÝY[g ÝY ÝÕÖ ZÔ p

¾ p Ï ×� � U V a^[�uZ s`Z ZV WXWYZ[ \ �Xa`¸ d\ \V dXWc^WXYX�^ dZ uZd ZY�ZuaZY p
�^u Zb Z[cV^ khÞ Õp

¿ p �ÿI � U V a^[�uZ dZV dXWc^WXYX�^ Ì XuZVZWW s`Z VZ d\ ZV WXWYZ[\ ^cZu\YX�^ p
�ZaZu\V[ ZaYZ khÞ Y ^ � ofÓÕp

¿



_ p l ���Ù � U WY\ _^aWY\aYZ _^aYXZaZ \s`ZVV\ c\uYZ dZ V\ dXuZ__X{a dZ uZd
s`Z ZW _^[�a ZaYuZ Y^d^W V^W _VXZaYZW p �Zu�\ ZV Zs`X�\VZaYZ \V \cVX_\u V\
[ wW_\u\ \ V\ uZd � cZu^ s`Z c^u u\v^aZW dZ dXWZË^ � YZaZ[^W s`Z XadX_\u
\s`� Z¸cV�_XY\[ ZaYZ p Ua a`ZWYu^ _\W^ YfZ ÝY[g ÝY p

` p l ÜÏI ×Ú�Ø� eÏl ×�Ð Ú� � �s`� WZ XadX_\a ZV u\ax^ dZ c`ZuY^W uZWZu�\d^W
c^u ZV WXWYZ[\ c\u\ \s`ZVV\W cwxXa\W ÌZ� \ V\W s`Z WZ c Zu[ XY\ ZV \__ZW^ dZ
V^W _VXZaYZW \`as`Z a^ YZax\a _^aZ¸ X{a \ �aYZuaZY cZu[ XYXd^ p �^W s`Z WZ
Xa_V`�Za Za ZV \u_�X�^ W^a fÔ ÕÕ 	fgÕÕp

a p ÿl�Ø� eÏl ×�Ð�� � �s`� WZ XadX_\ V\ �� dZ \s`ZVV^W WZu�Xd^uZW \ V^W s`Z
WZ s`XZu\ d\u \__ZW^ WXa s`Z Z¸XWY\ `a\ _^aZ¸ X{a \ �aYZuaZY p �s`X WZ XadX_\
\s`ZVV^W WZu�Xd^uZW s`Z WXZ[cuZ ZWY\uwa X[cV�_XY^W Za ZV WXWYZ[ \ � a^ WZ
c^duwa [^dX|_\u dZWdZ V\ _^aW^V\ dZ \d[ XaXWYu\_X{a p

�¶ p Ð ÿIØl�l � �\ u`Y\ s`Z cZu[ XYZ \V WXWYZ[ \ Za_^aYu\u Y^d^W V^W |_�Zu^W
�~�p � Vx^ _^[^ Ö���Ö ×mÑ×mÑp

��p Ð ÿIØ e� ÿÏÙ ×Ï� � �s`� WZ XadX_\ `a\ _\ucZY\ Za ZV s`Z ZV WZu�Xd^u \c\_�Z
YZaduw cZu[ XW^W c\u\ c^dZu dZb \u Y^d^W V^W \u_�X�^W dZ _^a|x`u\_X{a s`Z
aZ_ZWXY\ c\u\ W` _^uuZ_Y^ t`a_X^a\[ XZaY^ p � Vx^ _^[^ Ö ×mÑ×mÑÖ ÑoikÓhk�p

�µ p Ð ÿIØ �eI ÿl ×� � Ua s`Z dXuZ_Y^uX^ ZWYwa V^W dZ[ wW W_uXcYW s`Z aZ_ZWXY\
Zb Z_`Y\u ZV WZu�Xd^u p �^u Zb Z[cV^ � Ö ×mÑ×mÑÖ �Ñnig h�p

�º p � ÚP � ^[�uZ dZV |_�Zu^ Za d^adZ WZ x`\ud\a V^W omá� dZV WXWYZ[ \ p U V
a^[�uZ ZW XadXtZuZaYZ [ XZaYu\W WZ [ \aYZax\ Za ZV WXWYZ[ \ p

�½ p Ð ÿIØ� ÚP � � VV� d^adZ WZ WXY�\ ZV \u_� X�^ dZV omá p �Xx`XZad^ V\W c\`Y\W
\aYZuX^uZW � s`Zd\u�\ \Vx^ \W� _^[^ Ö ×mÑ×mÑÖ omá p

�¾ p ×ÿÏ^l Ú � U V XaYZu�\V^ dZ YXZ[c^ s`Z WZ ZWc Zu\ ZV WZu�Xd^u c\u\ _^[cu^�\u
WX ZV _VXZaYZ �\ _\�d^ ^ a^ p �Z \_^aWZb \ s`Z WZ\ `a^W WZx`ad^W W`cZuX^u \V
YXZ[c^ XadX_\d^ Za V\ _^aWY\aYZ IÏÛIÏ�eÚØ� eeÏ�ÚØ �ÏH dZV \u_�Xz
�^ ÑmÓ1 áÀnfÑimÓ ÝiÓ Ñp

�¿ p ]´¹]´¹ � UWY\ �\uX\�VZ XadX_\ ZV a�[ Zu^ |a\V dZ V\ �� dZV ^udZa\d^u Za
ZV s`Z ZWYw \V^b \d^ ZV WZu�Xd^u p {YZWZ s`Z l ���Ù p×Úe×Úe YXZaZa s`Z
t^u[ \u `a\ dXuZ__X{a �� �wVXd\ p Ua a`ZWYu^ _\W^ WZu�\ `a Y� s`Z \_\�\u�\
t^u[ \ad^ YfZ ÝY[g ÝY ÝYp

�_ p Ð� elÒ iÓ � Ð� elÒ f� � U WY\W d^W �\uX\�VZW XadX_\a s`Z u\ax^W dZ dXuZ_z
_X^aZW dZV WZu�Xd^u ·~¹� WZ dXWYuX�`�Za ZaYuZ V^W _VXZaYZW s`Z WZ _^aZ_Y\a
c^u uZd p l ���Ù pÐ� elÒ iÓ � l ���Ù pÐ� elÒ f� YXZaZa s`Z t^u[ \u dXz
uZ__X^aZW �� �wVXd\W p

�` p I�×Ï Ül � I�×ÏÐ Ú�Ù � UWY\W d^W �\uX\�VZW XadX_\a ZV \a_�^ dZ �\ad\
[ w¸X[^ dZ W`�Xd\ � dZ �\b \d\ s`Z `YXVXv\uw ZV WXWYZ[ \ c\u\ uZc\uYXu ZaYuZ
V^W _VXZaYZW p �^ \_^aWZb \�VZ ZW s`Z WZ\ `a _¾ h [wW ^ [ Za^W dZV \a_�^ dZ
�\ad\ Y^Y\V p

_
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UWYZ \u_�X�^ dZ�Zuw �`W_\uWZ Za V\ _\ucZY\ knnmn dZV WXWYZ[ \ ]^_]^_ WX Y^z

d\��\ a^ �\ WXd^ _^cX\d^ \ V\ _\uc ZY\ dZ Zuu^uZW dZ �c\_�Z p qa\ �Zv uZ\VXv\d^
V\ _^cX\ � �\�uw s`Z _^a|x`u\uV^ uZ�XW\ad^ ZV �\V^u dZ V\W WXx` XZaYZW _^aWY\aYZW �
�p ÿlØ P�×Ï ��Q � �s`� � \V Xx`\V s`Z Za V^W \u_� X�^W \aYZuX^uZW � WZ YZaduw

s`Z XadX_\u V\ dXuZ__X{a �� dZV dXWc^WXYX�^ Xa\Vw[�uX_^ dZV ^udZa\d^u Za ZV
s`Z ZWYw XaWY\V\d^ ZV WXWYZ[ \ p

µ p IÏÐØ �ÿIÏ�Ï�� � U W_uX� Xu V\ dXuZ__X{a dZ V\ uZd � XuZVZWW c\u\ dXtZuZa_X\u
V^W \__ZW^W \V WXWYZ[ \ _^[^ _VXZaYZW ]^_]^_ ^ a^ p U W dZ_Xu � \s`ZVV^W Zs` Xc^W
s`Z ZaYu\a c^u ZWY\ uZd W^a V^W s`Z YXZaZ s`Z \Yu\c\u ZV WXWYZ[ \ �\WY\ s`Z
WZ d\a dZ \VY\ Za ZV WXWYZ[ \ p

º p ×Úe×ÚeØÛÚ�ÐÏI � �\ _\ucZY\ Za d^adZ ZWYwa Y^d^W V^W \u_�X�^W �~�
dZV WXWYZ[ \ p ] XZaZ s`Z _^aYZaZu ZV [ XW[^ �\V^u s`Z Ð ÿIØl�l dZW_uXY^
Za ZV \c\uY\d^ \aYZuXu^ p

o J pq ±RQRSTL P±Æ ³S³M±r Å J
qa\ �Zv �\ WXd^ XaWY\V\d^ � _^a|x`u\d^ Y^d^ V^ \aYZuX^u � V\ t^u[ \ dZ s`Z ZV

WXWYZ[\ WZ c^ax\ Za t`a_X^a\[ XZaY^ ZW V\ WXx`XZaYZ p
�p ¹^[cu^�\u s`Z V^W dXWc^WXYX�^W dZ uZd dZV WZu�Xd^u ZWYwa \_YX�^W � t`a_X^z

a\ad^ _^uuZ_Y\[ ZaYZ p
µ p � WZx`u\uWZ s`Z V^W WZu�Xd^uZW �c\_�Z � ·~¹� ZWYwa Za t`a_X^a\[ XZaY^ p
º p �^aZu Za [ \u_�\ ZV WZu�Xd^u ]^_]^_ [ ZdX\aYZ V\ Zb Z_`_X{a dZV W_uXcY ×mÑX×mÑÝ�Þ p U WY^ WZ �\_Z dZ V\ WXx` XZaYZ t^u[ \ � Î�Þ ×mÑ×mÑ s�hfnht�hmgusÕtYu ßc^u Zb Z[cV^ Î�Þ ×mÑ×mÑÝ�Þ �hfnh Õ ßp U V ¶ XadX_\ s`Z s`ZuZ[^W s`Z a^W

[`ZWYuZ c^u c\aY\VV\ Y^d^W V^W [ZaW\b ZW � ZV � s`Z V^W ^[ XY\ p ´Yu\ t^u[ \
dZ c^aZu Za [ \u_�\ ZV WXWYZ[ \ ZW _^aZ_Y\uWZ \ Þ hhg 	ÖÖ omÑfoÞ m�hÖ ×mÑ×mÑ Z
XaYu^d`_Xu `a `W`\uX^ s`Z YZax\ cuX�XVZxX^W dZ \d[ XaXWYu\d^u Za ZV WXWYZ[ \ p
�X ZW \W� � VZ \c\uZ_Zuw Za ZV [ Za� cuXa_Xc\V `a\ ^c _X{a dZ \_YX�\_X{a dZV
WXWYZ[ \ p

½ p ��^u\ W^V^ t\VY\ _^xZu `a _VXZaYZ � _^aZ_Y\uWZ \ V\ uZd dZV WXWYZ[\ � � _^[z
cu^�\u s`Z Y^d^ t`a_X^a\ p

v J w ±M±LRSTL P±Æ ³S³M±r Å J
]\[�X�a �\� s`Z W\� Zu _^[^ dZYZaZu ZV WXWYZ[ \ _^uuZ_Y\[ ZaYZ p �\u\ dZYZaZu

ZV WXWYZ[\ � V^ s`Z �\� s`Z �\_Zu ZW Zb Z_`Y\u ZV �Ñnig h dZW_uXY^ Za V\ WZ__X{a \aYZz
uX^u dZ V\ WXx`XZaYZ t^u[ \ � $ �Þ ×mÑ×mÑ �hmg ßp �X a^ WZ dZYXZaZ ZV WXWYZ[ \ dZ ZWY\
t^u[ \ � WZ s`Zd\ `a cu^ _ZW^ \_YX�^ Za ZV WXWYZ[ \ p U WYZ cu^ _ZW^ ZW ZV s`Z �XxXV\ s`Z

`



a^ WZ s`ZdZa _VXZaYZW \_YX�^W WX ZWY^W �\a _\�d^ dZ t^u[ \ XaZWcZu\d\ p ]ZaZu ZWYZ
cu^ _ZW^ \_YX�^ a^ cZub `dX_\ \ V\ _^[c`Y\d^u\ � c Zu^ _`\ad^ WZ �`ZV�\ \ Zb Z_`Y\u
ZV WXWYZ[ \ ]^_]^_ � ZV YZaZu d^W cu^ _ZW^W s`Z ZVX[ Xa\a _VXZaYZW Xa\_YX�^W c`ZdZ
WZu cu^�VZ[ wYX_^ c\u\ ZV _^uuZ_Y^ t`a_X^a\[ XZaY^ dZV [ XW[^ p �X ZWY^ ^_`uuZ � ZW
c^WX�VZ s`Z _VXZaYZW s`Z a^ ZWYwa Xa\_YX�^W WZ\a ZVX[ Xa\d^W c^u ZV WXWYZ[ \ dZ�Xd^
\V t`a_X^a\[ XZaY^ d^�VZ dZ ZWYZ cu^ _ZW^ p

x J KL³MÅÆÅRSTL yz³SRÅ P± ÆO³ ÉNOÄNÅr Å³ J
{��� |,�}���!�0, ��� ~��,��� � .�,� �!�0, �� /, !� }�-�

!��� � ���� �
�\ XaWY\V\_X{a dZV WXWYZ[ \ ´cZa��� dZcZadZ dZV WXWYZ[ \ �Xa`¸ ZVZxXd^ p U¸XWz

YZa c\s`ZYZW �Xa\uX^W uZV\YX�^W \ _\d\ dXWYuX�`_X{a s`Z c`ZdZa WZu `W\d^W � t\_Xz
VXY\ad^ V\ Y\uZ\ dZ Xa WY\V\_X{a p ·Z ^Yu\ t^u[ \ � WZ YZaduw s`Z dZW_\ux\u ZV _{dXx^
dZ V\ ÌZ� ^|_X\V Þ hhg 	ÖÖ��� Ýmg kÓ��oÝmnáÖ � _^[cXV\uV^ c\u\ W` t`a_X^a\[ XZaY^ �
�p ·ZW_^[cuX[ Xu ZV c\s`ZYZ dZW_\ux\d^ � Îhfn �� j� mg kÓ��oXÕÝf Ý� Ýhfn Ýá� ßp
µ p qa WX[cVZ ÎÝÖ ÑmÓ1 áÀnk �� Òf� k �� Òf� k iÓ�hfo o ß dZ� Zu�\ �\WY\u p

qa\ �Zv �\ WXd^ XaWY\V\d^ � WZ dZ�Zu�\ c\W\u _uZ\u `a _ZuYX|_\d^ dZ WZx`uXd\d p
�\u\ ZVV^ �\� s`Z WZx`Xu ZWY^W c\W^W �
�p ¹uZ\_X{a dZ V\ _V\�Z dZV WZu�Xd^u dZ �¶µ½ �XYW � Îmg kÓ��o á kÓn�f XmÀh ÝÖ �knX

jknÝ� kà YÕZÔ ßp
µ p ¹uZ\_X{a dZ V\ c ZYX_X{a dZ _ZuYX| _\d^ � Îmg kÓ��o nk� XÓk� X� kà �knjknÝ� kà X

mÀh �knjknÝÑ�n ßp FZWc^adZu \ V\W cuZx`aY\W s`Z WZ t^u[`V\a p �\ _^aYu\WZË\
�\� s`Z dZb \uV\ Za �V\a_^ p

º p �ZaZu\_X{a dZ V\ _V\�Z cuX�\d\ � Îmg kÓ��o � eÕf Xnk� X�fà� �[e X�khØ �knifo
Ù XiÓ �knjknÝÑ�n X�iáÓ� kà �knjknÝ� kà XmÀh �knjknÝÑnh ßÝ Ua d^adZ  ZW `a
a�[Zu^ s`Z WZ Xa_uZ[ZaY\ c^u ZV `W`\uX^ c^u _\d\ _ZuYX|_\d^ _uZ\d^ p

½ p �Z c`ZdZa _^[�Xa\u \[�^W _ZuYX| _\d^W Za `a^ c\u\ [ \�^u _^[^dXd\d Za
W` [ \aZb ^ � ÎÑfh �knjknÝ� kà �knjknÝÑnh u ÑmÒ 
iÓk� Ýg kÒ ßÝ

¾ p ]\[�X�a c^dZ[^W _^[cu^�\u s`Z Y^d^ WZ �\ xZaZu\d^ _^uuZ_Y\[ ZaYZ dZ
V\ WXx`XZaYZ t^u[ \ � Îmg kÓ��o � eÕf XiÓ ÑmÒ 
iÓ k� Ýg kÒ XÓmmÀh Xhk� h ßÝ

¿ p �X Y^d^ ZWY\ _^uuZ_Y^ � _^a�XZaZ dZb \u V^W _ZuYX|_\d^W Za W` dXuZ_Y^uX^ �XWz
Y{uX_^ p U WZ dXuZ_Y^uX^ ZW Ö khÑÖ ��oÖ Ñknh�p

a



{�+ � |,�}���!�0, ����!� �� ���!"� �
� _^aYXa`\_X{a WZ cuZWZaY\a V^W c\W^W �wWX_^W c\u\ Xa WY\V\u ZV WZu�Xd^u �c\z

_�Z Za `a _^[c`Y\d^u p ^ WZ \_^aWZb \ `W\u V^W c\s`ZYZW s`Z �XZaZa _^a V\W
dXWYuX�`_X^aZW �\ s`Z a^ WZ c`ZdZa _^a|x`u\u _^a V\W ^c _X^aZW aZ_ZW\uX\W \aYZW
dZ XaWY\V\uV^ p
�p �^ cuX[ Zu^ s`Z �\� s`Z �\_Zu ZW �\b \uWZ ZV c\s`ZYZ _^a ZV t`ZaYZ dZV �c\z

_�Z dZ V\ ÌZ� ^|_X\V p �\u\ ZVV^ � �\� s`Z dXuXx XuWZ \ � ÎÞ hhg 	ÖÖ Þ hhg � Ýfg fÑÞ kÝmnáÖ �m�Óomf� ÝÑá i ß� WZVZ__X^a\u V\ �ZuWX{a s`Z WZ s` XZu\ �\b \u p U V WXWYZ[ \ ]^_]^_ \ WXd^ cu^z
�\d^ Za V\ �ZuWX{a µ p¶ p¾¾ dZ �c\_�Z p

µ p qa\ �Zv WZ �\ dZW_\ux\d^ ZV c\s`ZYZ � ZV WXx`XZaYZ c\W^ ZW dZW_^[cuX[ XuV^ p
�\u\ ZVV^ ZW_uX� Xu Za V\ V�aZ\ dZ _^[ \ad^W � Îhfn ��j� Þ hhg �XZØ ÕØÙÙ ÝhfnÝá� ß

º p UaYu\u Za V\ _\uc ZY\ _uZ\d\ �YYc dzµ�¶� � _^a|x`u\u ZV �c\_�Z _^a
V\W WXx`XZaYZW ^c _X^aZW \_YX�\W � ÎÝÖ ÑmÓ1 áÀnk �g nk1 ��Ö�g fÑÞ k �kÓf
okX�m
�kÓf
okX�k� fhk �kÓf
okX��o ßÝ

½ p �a WY\V\u ZV �c\_�Z � Ò f� k �� Òf� k iÓ�hfo o
�X a^ �\ �\�Xd^ aXax�a Zuu^u d`u\aYZ V\ XaWY\V\_X{a dZV cu^xu\[\ � ZV WZu�Xd^u
dZ�Z dZ ZWY\u VXWY^ c\u\ WZu `W\d^ p ��^u\ W^V^ t\VY\ ZdXY\u ZV \u_�X�^ ÎÐ inkÑhmX
nimØ fg fÑÞ kÖ ÑmÓ�Ö Þ hhg � ÝÑmÓ� ß � XaYu^d`_Xu `a^W _\[�X^W �wWX_^W c\u\ s`Z uZ_^z
a^v_\ a`ZWYu^W d^_`[ ZaY^W p
�p �`W_\u V\ WZ__X{a Ð àÓfÒ iÑ �Þ fnk� Ú
V kÑh UÐ �ÚW �Àgg mnh � \Ë\dXu V\ WXz

x`XZaYZ V�aZ\ � Î�mf�^ m�Àok g Þg eØÒm�Àok Ò m�Àok�Ö oi
g Þg e Ý�m ß s`Z c Zu[ XYZ
_\ux\u �~�p

µ p �`W_\u ZV WYuXax ���hàg k � \Ë\dXu \V |a\V dZV VXWY\d^ dZ YXc^W Xa WZuY\d^W
V^W d^ _`[ ZaY^W �~� dZ V\ t^u[ \ � Î���×àg k fgg oiÑfhimÓÖ � XÞ hhg �Xg Þg Ýg Þg
Ýg Þ hÒ oã � Î���×àg k fgg oiÑfhimÓÖ� XÞ hhg �Xg Þg X�mÀnÑk Ýg Þg � ßp U WY^ cZu[ XYZ \
�c\_�Z uZ_^a^ _Zu V^W d^ _`[ ZaY^W \ c\uYXu dZ V\ YZu[ Xa\_X{a dZV \u_�X�^ p

º p �`W_\u ZV WYuXax Ð mÑÀÒ kÓhnmmh � _^V^ _\u \s`� ZV dXuZ_Y^uX^ d^adZ �\�\[^W
\ \V� Zux\u a`ZWYu\W cwxXa\W ÌZ� p ·ZWc`�W �\� s`Z [^dX| _\u `a\W V�aZ\W
[ wW \�\b ^ V\ WZaYZa_X\ sÐ inkÑhmnà �Ö���Ö �u dZ t^u[ \ s`Z Za ��� WZ
XadXs`Z ZV dXuZ_Y^uX^ WZVZ__X^a\d^ Za Ð mÑÀÒ kÓhnmmhp

½ p �Ë\dXu V\W cwxXa\W XadZ¸ pc�c \ V\W cwxXa\W c^u dZtZ_Y^ dZV WZu�Xd^u p U Wz
Y^ WZ _^aWXx`Z �`W_\ad^ V\ ZYXs`ZY\ Ð inkÑhmnàÿÓ�k� � dZb wad^V\ \W� � ÎÐ iX
nkÑhmnàÿÓ�k� iÓ�k� ÝÞ hÒ o iÓ�k� ÝÞ hÒ oÝjfn iÓ�k� Ýg Þg iÓ�k� ÝÞ hÒ ßÝ U V ^udZa ZW
Xa�`�ZaYZ � �\ s`Z XadX_\ \V WZu�Xd^u V\ cuX^uXd\d dZ V\W cwxXa\W \ �`W_\u p

¾ p � WZx`u\uWZ s`Z ZV ` W`\uX^ dZV WZu�Xd^u � ZW ZV `W`\uX^ fg fÑÞ k� p �X ZWYZ `W`\zuX^ a^ Z¸ XWYZ Za ZV WXWYZ[ \ � \Ë\dXuV^ \ V^W `W`\uX^W dZ �Xa`¸ p
�æ �ë��ë�ú ��é� ü �øêý �ê��� �ì ëê��øê��ì êèê�ì�ç è��)ç �� ¬¬¡ó ��� �úî�ì�ç ü �çè èëì��éè øê�è� ì���ìé�� ëç� �� è�èé�ú � æçëæçë ü �èé'� ëç�ï�êì��çè �è� �ëýïë�ú ��é� ëç� �èé� êèê�ì�ç ó

�¶



¿ p �ZaZu\u ZV \u_�X�^ Ö jfnÖ omáÖÞ hhg �Ö ��oØ nk�Àk�hØ omá Ý
_ p �\u\ \uu\a_\u ZV \c\_�Z Za [^d^ WZx`u^ `YXVXv\u � ÎÐ inkÑhmnimØ fg fÑÞ kÖ 
iÓÖ fg fÑÞ kÑho�hfnh��o ß

{�� � |,�}���!�0, �� ����� �
�\u\ Xa WY\V\u »��¼� � �\� s`Z dXuXx XuWZ \ Þ hhg 	ÖÖ��� ÝÒ à��oÝÑmÒÖ � �\b \uWZ

Y\aY^ V^W c\s`ZYZW dZV WZu�Xd^u _^[^ dZV _VXZaYZ p U¸ XWYZa c\s`ZYZW c\u\ _\d\
dXWYuX�`_X{a dZ �Xa`¸ � c^u V^ s`Z dZcZadXZad^ dZ V\ s`Z WZ YZax\ Za V\ [ wz
s`Xa\ � WZ dZ� Zu WZx`Xu `a\W Xa WYu`__X^aZW ` ^Yu\W p Ua V\ cwxXa\ ÌZ� ZWYw Y^d\
V\ Xat^u[ \_X{a aZ_ZW\uX\ c\u\ ZVV^ p �^u ^Yu\ c\uYZ � Z¸ XWYZa d^W \cVX_\_X^aZW s`Z
c`ZdZa uZW` VY\u [`� cuw_YX_\W c\u\ xZWYX^a\u V\W �\WZW dZ d\Y^W p �`W a^[�uZW
W^a � »��¼� ¼`Zu� � u^Ì WZu � »��¼� �d[ XaXWYu\Y^u p

qa\ �Zv XaWY\V\d^ ZV WZu�Xd^u � _^a�XZaZ \Ë\dXu `a c\WWÌ^ud \V \d[ XaXWYu\d^u
c^u u\v^aZW dZ WZx`uXd\d p �\u\ ZVV^ � _^[^ u^^Y ZW_uX�Xu � ÎÒ à��of�Ò iÓ g f��� mn�
koØg f��� mn�Ø �ÀkØ �Àiknf� ßp��^u\ V^ s`Z �\� s`Z �\_Zu ZW XaYu^d`_Xu V^W ZWs`Z[ \W dZ V\ �\WZ dZ d\Y^W
s`Z `W\uw ZV WXWYZ[\ ]^_]^_ p �\u\ ZVV^ X[c^uY\ ZV \u_�X�^ dZ �\WZW dZ d\Y^W
s`Z WZ \db `aY\ _^a ZV WXWYZ[\ p �\u\ ZVV^ � c`ZdZW `W\u `a cu^xu\[\ _^[^ ZV
[�WsVz\d[ Xa ^ �\_ZuV^ dZWdZ V\ cu^cX\ _^aW^V\ dZ V\ WXx`XZaYZ t^u[ \ �
�p �ZaZu\ V\ �\WZ dZ d\Y^W _^uuZWc^adXZaYZ y_^[^ u^^Y} � $ Òà��of�ÒiÓ Ñnkfhk

hmÑhmÑØ �fhf
f�k Xg ã p
µ p �a_V`XuVZ V^W ZWs`Z[ \W s`Z �XZaZa _^a ZV c\s`ZYZ � $ Òà��o hmÑhmÑØ �fhf
f�k

shmÑhmÑØ �fhf
f�kÝ�ÑÞ kÒ f Xg ã p
º p F Zc ZYXu V^W c\W^W � � µ c\u\ V\ �\WZ dZ d\Y^W s`Z xZWYX^a\ V^W `W`\z

uX^W � $ Òà��of�Ò iÓ Ñnkfhk hmÑhmÑØ À�kn� Xg ã � $ Òà��o hmÑhmÑØ À�kn� shmÑX
hmÑØ À�kn� Ý�ÑÞ kÒ f Xg ã p

·ZWc`�W �\� s`Z �\_Zu s`Z V\ �\WZ dZ d\Y^W c ZuYZaZv_\ \V `W`\uX^ ×mÑ×mÑ c\u\
s`Z ZV WXWYZ[ \ c`Zd\ �\_Zu V\W c ZYX_X^aZW aZ_ZW\uX\W \ V\ �\WZ dZ d\Y^W p U Wz
Y^ WZ �\_Z Za d^W c\W^W p �uX[Zu^ ZaYu\[^W Za [�WsV � ÎÒà��o XÀ nmmh Xg ß c\u\dZWc`�W _\[�X\u V^W cuX� XVZx X^W dZV `W`\uX^ Za V\ �\WZ dZ d\Y^W � Îá nfÓh fo o mÓ ×mÑX×mÑØ �fhf
f�kÝ O hm ×mÑ×mÑ� omÑfoÞ m�h i�kÓhi1 k� 
à �koØg f��� mn�Ø �ÀkØ �ÀknfÒ m� �� ßÎá nfÓh fo o mÓ ×mÑ×mÑØ À�Àfnim� Ý O hm ×mÑ×mÑ� omÑfoÞ m�h i�kÓhi1 k� 
à �koØg f��� mn�Ø �kØ fÓhk� �� ß� \cVX_\[^W V^ �Z_�^ Î� À�Þ g nijioká k� ßÝ�^u �VYX[ ^ � �\� s`Z WZË\V\u s`Z ZV ZWs`Z[ \ dZ V\ �\WZ dZ d\Y^W s`Z WZ uZc\uYZ
_^a ZV uZWY^ dZ V^W |_�Zu^W � Xa_V`�Z �\ `a `W`\uX^ xZaZu\d^ _^a cuX�XVZxX^W dZ
\d[ XaXWYu\d^u p U V a^[�uZ ZW nmmh � V\ _^aYu\WZË\ dZ \__ZW^ ZW hmÑhmÑf�Ò iÓp qa\�Zv YZWYZ\d^ ZV WXWYZ[\ � _^[cu^�\d^ s`Z t`a_X^a\ � _^a�XZaZ _\[�X\u V^ \aYZW
c^WX�VZ V\ _^aYu\WZË\ dZ ZWYZ `W`\uX^ p U WYZ `W`\uX^ ZW ZWc Z_X\V Za Y\aY^ s`Z a^
\c\uZ_Z Za aXax�a WXYX^ dZ \d[ XaXWYu\d^u � c^u V^ s`Z _^a�XZaZ [ \aYZaZuV^ \
W\V�^ p

��
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Ua ZWY\ WZ__X{a WZ dZW_uX�Z V\ XaWY\V\_X{a �wWX_\ dZ �~�p

�p ¹^a|x`u\_X{a dZ V\ XaWY\V\_X{a dZ �~� c\u\ s`Z `WZ �c\_�Z � »��¼� �
ÎÝÖ ÑmÓ1 áÀnk �� ihÞ Xfg � �Z�Ö�g fÑÞ kÖ 
iÓÖ fg � � �� ihÞ XÒà��o ßÝ

µ p ¹^[cXV\_X{a Z XaWY\V\_X{a � ÎÒ f� k �� Òf� k iÓ�hfo o ß
º p ¹^a|x`u\_X{a dZ V\W ^c _X^aZW dZ �~�p �^ [ wW _{[^d^ ZW Yu\�\b \u _^a ZV

\u_� X�^ dZ Zb Z[cV^ s`Z Yu\Z ZV cu^c X^ c\s`ZYZ p �\u\ ZVV^ ÎÑg g Þg ÝiÓ iX�i�h
Ö À�nÖ omÑfoÖ oi
Ög Þg ÝiÓi ßp

½ p F Z\VXv\u V\W WXx`XZaYZW [^dX| _\_X^aZW Za ZV c�c pXaX \aYZuX^u p �uX[ Zu^ � Ua
V\ _\dZa\ �mÑØ nmmh c^aZu V\ dXuZ__X{a dZ V\ _\uc ZY\W d^adZ WZ x`\ud\a V\W
cwxXa\W ÌZ� \ [^WYu\u p �adX_\u Za V\ _\dZa\ �k��imÓ Ý�fjkØg fhÞ V\ _\uc ZY\
Za d^adZ WZ dZWZ\ s`Z WZ x`\udZa V\W WZWX^aZW ÌZ� p ] XZaZ s`Z WZu `a\ _\uz
c ZY\ _^a V^W cZu[ XW^W \dZ_`\d^W c\u\ s`Z WZ c`Zd\a dZc^WXY\u V^W \u_�X�^W
dZ WZWX{a � c^u Zb Z[cV^ V\ _\ucZY\ ÎÖ hÒg ßÝ

{�� � |,�}���!�0, ��� �� # ��� �����
�s`� WZ [`ZWYu\a V^W c\W^W � Y^d\ V\ Xat^u[ \_X{a aZ_ZW\uX\ c\u\ _^a|x`u\u

`a WZu�Xd^u ·~¹�p
�p �wb ZWZ ZV c\s`ZYZ ^ t`ZaYZ dZV WZu�Xd^u dZ Y` dXWYuX�`Xd^u\ �Xa`¸ � dZ W` cu^z

�ZZd^u dZ c\s`ZYZW �\�XY`\V ^ dZ ZWY\ dXuZ__X{a � � hg 	ÖÖ� hg Ýg Þà�hkÑÞ ÝÑmÒÖg À
Ö
µ p �X ZW `a _{dXx^ t`ZaYZ � _^[c�VZV^ WXx`XZad^ ZV cu^ _ZdX[ XZaY^ a^u[ \V p
º p �ZaZu\u ZV \u_�X�^ Ö khÑÖ �Þ Ñg � ÝÑmÓ� WX ZWYZ a^ Z¸ XWYZ p �ZaZu\u V\ _^a|x`u\z

_X{a dZV [ XW[^ dZcZadXZad^ dZV YXc^ dZ uZd p qa Zb Z[cV^ dZ _^[^ YXZaZ s`Z
s`Zd\u ZWY\ uZd WZ Za_`ZaYu\ Za V\ WXx`XZaYZ dXuZ__X{a � Þ hhg 	ÖÖ��� Ýho�g ÝmnáÖ� Ú�×ÚÖÐ� elÖ� �[f ÝÞ hÒ oÝ

½ p �Ë\dXu V\ WXx`XZaYZ ZaYu\d\ \V Za_\[ Xa\[ XZaY^ � ÎnmÀhk f�� XÞ m�h Zee ÝZee ÝZee ÝZee
�kj khÞ Õ ß WXZad^ ZY�¶ ZV dXWc^WXYX�^ dZ uZd s`Z cZu[ XYZ ZV \__ZW^ \ �aYZuaZY p

¾ p �ZaZu\u ZV \u_�X�^ WXx`XZaYZ � ÎhmÀÑÞ Ö jfnÖ �hfhkÖ �Þ ÑgÖ �Þ Ñg � Ýokf�k� ßp
¿ p Ub Z_`Y\u ZV WZu�Xd^u � ÎÖ À�nÖ �
iÓÖ �Þ Ñg � ßp

{�� � �� � ���� �� ��� !� � �}�� �
�^W cZu[ XW^W dZ V\W _\uc ZY\W s`Z _^aYXZaZa V^W \u_�X�^W dZV WXWYZ[ \ � YXZaZa

s`Z d\u \__ZW^ Y\aY^ \V WZu�Xd^u �c\_�Z � _^[^ \ \s`ZV s`Z YZax\ s`Z Zb Z_`Y\u
V^W W_uXcYW p qa^W c Zu[ XW^W Xa\dZ_`\d^W � c`ZdZ uZW`VY\u Za s`Z a^ t`a_X^aZ c\uYZ
dZV WXWYZ[ \ � ^ s`Z ZWYZ YZax\ `a _^[c^uY\[ XZaY^ Xa\dZ_`\d^ p �X[cVZ[ ZaYZ �\�
s`Z \WZx`u\uWZ s`Z Y^d\W V\W _\ucZY\W `W\d\W Za ZV cu^�Z_Y^ YZax\a cZu[ XW^ dZ
VZ_Y`u\ � Zb Z_`_X{a c\u\ ZV `W`\uX^ fg fÑÞ kp ~\� s`Z Z�XY\u s`Z ZWY^W c Zu[ XW^W
\tZ_YZa \ _`\Vs`XZu ^Yu^ `W`\uX^ a^ \`Y^uXv\d^ p

�µ



Ua V\ _\uc ZY\ d^adZ WZ ZW_uX� Za V^W \u_�X�^W dZ _^aYu^V dZ V^W _VXZaYZW � Za ZV
dZ V^x � \dZ[ wW YXZaZa s`Z YZaZu V^W c Zu[ XW^W dZ ZW_uXY`u\ \dZ_`\d^W p FZs`XWXY^W p

�\u\ ZV _^uuZ_Y^ t`a_X^a\[ XZaY^ dZV WXWYZ[ \ ]^_]^_ � ZW aZ_ZW\uX^ YZaZu �\
XaWY\V\d^W V^W WXx`XZaYZW cu^xu\[\W �
�p qa WXWYZ[ \ dZ _Xtu\d^ WZx`u^ _^[^ ´cZa��� c\u\ d\u WZx`uXd\d \ V^W

_VXZaYZW p
µ p �Zu�Xd^u �c\_�Z µ p¶ ^ W`cZuX^u p · X_�^ WZu�Xd^u dZ�Zuw YZaZu \_YX�\d^ V\

_^aZ¸ X{a WZx`u\ _^a ��� p ¹{[^ WZ �\ _^a|x`u\d^ V\ Xa WY\V\_X{a dZV �c\z
_�Z c\u\ ZWYZ cu^�Z_Y^ WZ [`ZWYu\ dZ `a\ t^u[ \ dZY\VV\d\ Za ZV \c �adX_Z
dZ ZWYZ d^ _`[ ZaY^ p

º p » ��¼� ½ p�p�¶ ^ W`cZuX^u p
½ p �~� ¾ p¶ ^ W`cZuX^u p U WYZ dZ�Z WZu _^a|x`u\d^ c\u\ ZV ` W^ dZV WZu�Xd^u

�c\_�Z � »��¼� p Ua ZV \c�adX_Z Z¸ XWYZ `a \c\uY\d^ c^u WX a^ ZWY\W t\z
[ XVX\uXv\d^ _^a V\ XaWY\V\_X{a dZ �~�p

¾ p �Zu�Xd^u ·~¹� cu^cX^ p
¿ p U V c\s`ZYZ ig nmÀhkp U WYZ c\s`ZYZ \c\uZ_Z Za V\W dXWYuX�`_X^aZW dZ �Xa`¸ �

c^u V^ s`Z _^aW` VYZ V\ dXWYuX�`_X{a `YXVXv\d\ c\u\ W\� Zu _^[^ XaWY\V\uV^ p

� J ÂOLÃÄQNÅRSTL P±Æ ³±NÇ SPON ÈÉÅRÊ± J
�c\uYZ dZ V\ _^a|x`u\_X{a a^u[ \V dZV WZu�Xd^u �c\_�Z � �\� s`Z \Ë\dXu `a\W

[^dX| _\_X^aZW a^ _^a�Za_X^a\VZW c\u\ s`Z ZV WXWYZ[ \ ]^_]^_ t`a_X^aZ _^uuZ_z
Y\[ ZaYZ p ¹^[^ _^a|x`u\_X{a a^u[\V WZ ZaYXZadZ V\ xZaZu\_X{a dZ `a\ _\uc ZY\
VXx\d\ \V [ XW[^ s`Z _^aYZax\ Y^d\W V\W cwxXa\W ÌZ� dZV WZu�Xd^u � V\W ^c _X^aZW
aZ_ZW\uX\W c\u\ s`Z XaYZucuZYZ V^W d^ _`[ ZaY^W �~� � V\ Xat^u[ \_X{a uZV\YX�\ \V
\d[ XaXWYu\d^u  p

¹^[^ cuX[ Zu\ [^dX|_\_X{a Z¸Yu\ � �\� s`Z dZW_^[ZaY\u V\ VXaZ\ s`Z \c\uZ_Z
Za �YYcd p_^at � ÎÏ nnmnÐ mÑÀÒ kÓh Ô ÕÔ Ö knnmnÖ� ××lØÙ Ú×ØÛÚÜÙÐ ÝÞ hÒ oÝjfn ß �[^dX| _\uV\ c^u V\ WXx`XZaYZ � ÎÏ nnmnÐ mÑÀÒ kÓh Ô ÕÔ ß Ö knnmnÖ knnmnÝg Þg p ·ZWc`�W
dZ ZWY^ \Ë\dXu V^W d^ _`[ZaY^W ÎknnmnÝg Þg ß à ÎknnmnØ mniá iÓfoÝg Þg ßâ s`Z WZ Xa_V`z
�Z b `aY^ V^W \u_� X�^W dZV WXWYZ[ \ ]^_]^_ � Za V\ _\uc ZY\ ÎÖÐ inkÑhmnimØ fg fÑÞ kÖ X
knnmn�Ö ã p U WY\ cwxXa\ � WX[cVZ[ ZaYZ uZdXuZ__X^a\ \V _VXZaYZ \ V\ cwxXa\ dZ V^xXa
dZV WXWYZ[ \ p ·Z ZWY\ t^u[ \ ZV WXWYZ[ \ WZ \WZx`u\ s`Z _`\ad^ _\cY`uZ `a _VXZaYZ
s`Z a^ ZWYZ d\d^ dZ \VY\ � WXZ[cuZ WZ VZ [`ZWYuZ V\ cwxXa\ _^uuZWc^adXZaYZ � a^
W\Vx\ `a Zuu^u p ¹^a�XZaZ uZ�XW\u ZWY\ _^uY\ cwxXa\ c\u\ ^�WZu�\u s`Z ZV ZaV\_Z
dZ uZdXuZ__X{a \c`aY\ \ d^adZ dZ�Z p

qa\ �Zv \_\�\d^ ZWY^ � �\� s`Z uZ\VXv\u Z¸\_Y\[ ZaYZ V^ [ XW[^ c\u\ ZV Zuu^u
½¶º � dZ t^u[ \ s`Z X[cXd\[^W ZV VXWY\d^ dZV _^aYZaXd^ dZV dXuZ_Y^uX^ ÌZ� � V^

¡æç�ç �èéç è� �ê��� ��ëç�éì�ì �� �� í�î çïë��� ��� ð��ëñ� �ñéé� �òòñéé�� ó���ëñ� óçì�ò�çëèòô óõò ó ö÷�èé� ê� ��øê�ùç ì�èêú �� �� ��èé���ë�û� �� ï����� �èé� é�÷éç ü �� �� ë��ýéê�ç þô ó
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Za�XZ[^W \ V\ �^b \ dZ uZxXWYu^ p �\u\ dZW\_YX�\u V\ ^c _X{a c^u dZtZ_Y^ dZ VXWY\u
_^aYZa Xd^W � s`Z \c\uZv_\ ZV Zuu^u ½¶º WZ dZ�Z _^[ ZaY\u V\ V�aZ\ Úg himÓ� ÿÓ�k� k�
Ûmo om��àÒ� iÓ�� s`Z Z¸ XWYZ dZaYu^ dZ V\ dZ_V\u\_X{a dZV dXuZ_Y^uX^ ÌZ� p ~\� s`Z
YZaZu _`Xd\d^ _^a ZWY\W ^c _X^aZW WX WZ dZWZ\ \V�Zux\u [�VYXc VZW cwxXa\W ÌZ� Za
ZWYZ WZu�Xd^u �\ s`Z V^W [ZaW\b ZW dZ Zuu^u WZuwa [^dX|_\d\W c\u\ Y^d\W p

´Yu^ c`aY^ \ YZaZu Za _`ZaY\ ZW s`Z � dZ�Xd^ \ s`Z ZV WZu�Xd^u �c\_�Z YXZaZ
s`Z `YXVXv\u \Vx`a^W _^[ \ad^W uZWYuXaxXd^W \V u^^Y � WZ dZ�Z d\u c Zu[ XW^W \V
[ XW[^ [ZdX\aYZ ZV |_�Zu^ ÎÖ khÑÖ �À�mkn� ß \Ë\dXZad^ V\ WXx`XZaYZ V�aZ\ � Îfg fÑÞ k����Ù Úl��� �Ð 	Ö �
iÓÖ ig hf
ok�â Ö �
iÓÖ hÑâ Ö 
iÓÖ �Þ ß s`Z VZ cZu[ XYZ Zb Z_`Y\u
V^W _^[ \ad^W ]¹ � ��]���U� � �~ ¢ aZ_ZW\uX^W c\u\ ZV WXWYZ[ \ p

�^u �VYX[ ^ � uZ_^ud\u s`Z ZV WZu�Xd^u �c\_�Z YXZaZ `a `W`\uX^ Za ZV WXWYZ[ \
q �� \W^ _X\d^ � a^u[ \V[ZaYZ fg fÑÞ k ^ Óm
m�à Ý �^W W_uXcYW dZV WXWYZ[\ ]^_]^_
ZWYwa cuZc\u\d^W c\u\ s`Z ZV ` W`\uX^ dZV WZu�Xd^u WZ\ ZV dZa^[ Xa\d^ fg fÑÞ kp �^uZVV^ � �\� s`Z [^dX|_\u V\ V�aZ\ À�kn dZV \u_�X�^ Þ hhg � ÝÑmÓ� � _^V^ _\u ZV `W`\uX^
fg fÑÞ kp �^WX�VZ[ ZaYZ �\�\ s`Z _uZ\u ZWZ `W`\uX^ Za ZV WXWYZ[ \ � d\u � \dZ[wW �
c Zu[ XW^W dZ Zb Z_`_X{a \ V^W W_uXcYW dZV WXWYZ[\ c\u\ ZWYZ `W`\uX^ p �ZaZu\V[ZaYZ �
ZV a^ �\_Zu ZWY^ � a^ [`ZWYu\ aXax�a Zuu^u \V Zb Z_`Y\u ZV WXWYZ[ \ � WX[cVZ[ ZaYZ
ZWYZ WZ VX[ XY\ \ Xxa^u\u V^W W_uXcYW c\u\ V^W _`\VZW a^ YXZaZ c Zu[ XW^W � ^�YZaXZad^
`a^W uZW` VY\d^W XaZWc Zu\d^W p

£ J ÂOÉSÅ � ROLÃÄQNÅRSTL P± ÆO³ ÃRÊ±NO³ L±R±³Å�
NSO³ J

¤ ��� ����� �� ��� � !"�#�� �
qa\ �Zv ZWY\ Y^d^ t`a_X^a\ad^ Za ^udZa � ZW dZ_Xu � WZ c`ZdZ �XW`\VXv\u _`\Vz

s`XZu cwxXa\ ÌZ� _^a a`ZWYu^ WZu�Xd^u dZWdZ ^Yu^ _VXZaYZ � �\� s`Z _^V^_\u V\W
cu^cX\W cwxXa\W dZV WXWYZ[\ Za W`W WXYX^ p
�p » ^�Zu V\ _\uc ZY\ � k
Ø ×mÑ×mÑ s`Z _^aYXZaZ Y^d^W V^W | _�Zu^W �~� \V

dXuZ_Y^uX^ Za ZV s`Z ZV WZu�Xd^u �c\_�Z WXu�Z V\W cwxXa\W ÌZ� ydZa^[ Xa\d^
\ c\uYXu dZ \�^u\ $dXuZ_Y^uX^ ��� ß ^ Î��� ß WX[cVZ[ ZaYZ p

µ p ·\uVZ c Zu[ XW^W dZ Zb Z_`_X{a \ V^W \u_�X�^W c\u\ s`Z �~� a^ YZax\ aXax�a
cu^�VZ[ \ _^a ZVV^W p U W^ WXxaX|_\ s`Z Y^d^W V^W \u_�X�^W uZV\_X^a\d^W YXZaZa
s`Z YZaZu cZu[ XW^W dZ VZ_Y`u\ c\u\ Y^d^W p

º p �`\ud\ V\ _\uc ZY\ ×mÑ×mÑ s`Z _^aYXZaZ V^W W_uXcYW dZ Zb Z_`_X{a dZV WXWYZ[ \
\ Y` Zs`Xc^ � d{Y\VZ Y\[�X�a dZ V^W c Zu[ XW^W aZ_ZW\uX^W dZ Zb Z_`_X{a p �
V^ V\ux^ dZV [ \a`\V � a^W uZtZuXuZ[^W \ ZWY\ _\uc ZY\ WX[cVZ[ ZaYZ _^[^
�inØ �Ñnig h�p
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¤ �+ � ��,-./ �!�0, �
�^W \u_�X�^W s`Z �\� s`Z _^a|x`u\u W^a V^W WXx`XZaYZW �

�p ���Ö iÓÑoÀ�kÖ Ñmomnk� ÝiÓÑÝ
µ p ���Ö iÓÑoÀ�kÖ ÑmÓk� imÓ ÝiÓ ÑÝ
º p ���Ö iÓÑoÀ�kÖ ÑmÓ1 áÀnfÑimÓ ÝiÓÑÝ
½ p ���Ö iÓÑoÀ�kÖ ×mÑ×mÑÝÑ��
¾ p �inØ �Ñnig h�Ö ×mÑ×mÑÝ�Þ Ý
¿ p ÖÐ inkÑhmnimØ fg fÑÞ kÖ knnmn�Ö knnmnÝg Þg

� _^aYXa`\_X{a � WZ dZY\VV\ V\ _^a|x`u\_X{a � ZV `W^ dZ _\d\ `a^ dZ ZVV^W p
6789:;< =>?>@AB CDE=C UWYZ \u_�X�^ x`\ud\ V\ _^a|x`u\_X{a �wWX_\ dZ V^W _^z
V^uZW dZ V\ cwxXa\ p �Zu[ XYZ _\[�X\u ZV \WcZ_Y^ dZ Y^d^ ZV WXWYZ[ \ � b `aY^ _^a
ZV \u_� X�^ Ñ�� � ZV ��op �^W a^[�uZW dZ V\W �\uX\�VZW W^a \`Y^Z¸c VX_\YX�^W � � ZV
_^V^u YXZaZ s`Z ZW_uX�XuWZ Za t^u[ \Y^ F�� p �\ X[ \xZa s`Z WZ Za_`ZaYu\ \s`� �
_^uuZWc^adZ _^a V\ X[ \xZa s`Z \c\uZ_Zuw dZ t^ad^ Za _\d\ cwxXa\ ÌZ� p
6789:;< =>EAGD>E CDE= Ua ZWYZ \u_� X�^ WZ ZWc Z_X| _\ � ZaYuZ ^Yu\W _^W\W � ZV
Þ m�h s`Z _^aYXZaZ V\W �\WZW dZ d\Y^W dZV WXWYZ[\ � ZV `W`\uX^ s`Z YXZaZ \__ZW^ \
V\W [ XW[ \W � ZV g f��� mn� aZ_ZW\uX^ c\u\ ZVV^ p �s`� YXZaZW s`Z c^aZu V^W d\Y^W
dZcZadXZad^ dZ V\ XaWY\V\_X{a dZ »��¼� Za Y` WXWYZ[ \ p

�\W d^W _^aWY\aYZW HÐØ Ü� Ü�I ÿ Ú� � HÐ XadX_\a ZV a^[�uZ dZ V\W d^W
�\WZW dZ d\Y^W dZV WXWYZ[ \ p �^u V^ s`Z a^ ZW aZ_ZW\uX^ _\[�X\uV^W W\V�^ s`Z WZ
�\x\ V^ [ XW[^ Za V\W �\WZW dZ d\Y^W »��¼� p
6789:;< =>EK LM@N=D>E CDE= UWYZ \u_�X�^ _^aYXZaZ V\ _^a|x`u\_X{a ZWc Z_�|_\
dZ W` WXWYZ[ \ p �s`� WZ dZ�Za dZ XaYu^d`_Xu Y\aY^ \Vx`a^W d\Y^W cu^cX^W dZ W`
Zs`Xc^ � _^[^ ^Yu^W d\Y^W s`Z �\ dZcZadZa dZ V^W uZW`VY\d^W s`Z WZ dZWZZa s`Z
dZ�`ZV�\ ZV WXWYZ[ \ p � _^aYXa`\_X{a WZ [`ZWYu\ ZV WXxa X|_\d^ dZ V\W _^aWY\aYZW
\s`� dZ|aXd\W �
�p ×Úe×ÚeØÛÚ�ÐÏI � XadX_\ V\ _\uc ZY\ s`Z _^aYXZaZ Y^d\W V\W cwxXa\W ÌZ�

dZV | _�Zu^ p ] XZaZ s`Z YZaZu V\ ZWYu`_Y`u\ ���Ö ×Úe×ÚeØÛÚ�ÐÏIÖ OÝg Þg
µ p l� PÿÙ�ØÿÙ ×ÏIÙÏ × � \ s`Z cwxXa\ WZ dXuZ__X^a\uw ZV ` W`\uX^ _`\ad^

\__ZdZ \ �aYZuaZY WX cuZ�X\[ ZaYZ a^ �\ ZVZxXd^ `a\ p
º p Ð ÿIØ e� ÿÏÙ ×Ï� � V\ _\uc ZY\ s`Z _^aYXZaZ V^W \u_�X�^W s`Z WZ `YXVXv\a c\u\

_^aYu^V\u V^W _VXZaYZW p ] XZaZa s`Z WZu V\ [ XW[ \ s`Z V\ XadX_\d\ Za ZV W_uXcY
×mÑ×mÑÝ�Þ p

�¾



½ p eÿ ×Q×ÿ eRÏ ×Ø ×Ú×�� � \s`� WZ XadX_\ ZV a�[ Zu^ dZ ÑihàhiÑ� kh� s`Z s`XZuZs`Z [ \aZb Z ZV WXWYZ[ \ p �\ _^a|x`u\_X{a dZ V^ s`Z WZ s`XZuZ s`Z �\x\
_\d\ `a^ dZ ZVV^W � � XZaZ dZ|aXd^ Za ZV �Z_Y^u fnnfàØ jkomÑi�f�Ø ÑmÓk� imÓX
S ÑihàhiÑ� khT SÕ U
fV f�fW X Y U�À
i�fWT p �^u Zb Z[cV^ � c\u\ V\ _^a|x`u\_X{a
fnnfàØ jkomÑi�f�Ø ÑmÓk� imÓSZT SÕT � Y[ WXxaX|_\ s`Z c\u\ ZV ¹XY�YX_äZY �� W`
�ZV^ _Xd\d dZ �\b \d\ ZW dZ �¿\�]W p

¾ p � ÚP � ZWY\ _^aWY\aYZ _^aYXZaZ ZV a^[�uZ dZV | _�Zu^ dZ V^xW dZV WXWYZ[ \ p
¿ p ×ÿÏ^l ÚØ� ÚP � ZV Y XZ[c^ Za WZx`ad^W s`Z WZ [ \aYXZaZa V\W ZaYu\d\W Za

ZV omá \aYZW dZ Yu\WV\d\uV\W \ V\ _^cX\ dZ WZx`uXd\d dZV [ XW[^ p �^u dZtZ_Y^
ZW `a [ ZW p

_ p � ÚPØH�R � ZV a^[�uZ Za d^adZ WZ x`\ud\uwa V\W ZaYu\d\W dZV omá `a\
�Zv c\WZa ZV YXZ[c^ [w¸X[^ s`Z dZ�Za dZ s`Zd\u uZxXWYu\d\W p

` p Ð ÿIÏ e×ÚI ÿ ÚØ� ÚP � ZV dXuZ_Y^uX^ d^adZ WZ \V[ \_Za\uw ZV omá dZV WXWYZ[ \ p
a p IÏÛIÏ�eÚØ� eeÏ�ÚØ �ÏH � \s`� WZ XadX_\ ZV YXZ[c^ s`Z Y\ud\uw Za

uZtuZW_\uWZ V\ �ZaY\a\ dZ _^aYu^V dZ �aYZuaZY s`Z WZ VZ \�uXuw \V _VXZaYZ p
·Z�Z WZu [ Za^u s`Z ZV YXZ[c^ XadX_\d^ Za ×mÑ×mÑÝ�Þ ^ WZ _^uuZ ZV uXZWx^
dZ s`Z WZ dZW_^aZ_YZa V^W _VXZaYZW WXa [^YX�^ \Vx`a^ p

�¶ p IÏÐØ �ÿIÏ�Ï�� � ZV a^[�uZ s`Z VZ d\ �Xa`¸ \V dXWc^WXYX�^ dZ \__ZW^
Xa\Vw[�uX_^ p �ZaZu\V[ZaYZ W`ZVZ WZu ^ khÞ Y ^ � ofÓÕp

��p IÏÐØÿÙ ×ÏIÙÏ × � ZV a^[�uZ dZV dXWc^WXYX�^ s`Z W\VZ \ �aYZuaZY p �ZaZz
u\V[ ZaYZ WZuw khÞ ÕÝ

�µ p ÿlØ P�×Ï ��Q � V\ �� s`Z YXZaZ ZV ^udZa\d^u s`Z \_Y�\ _^[^ �\YZÌ\�
yZa d^adZ ZWYw XaWY\V\d^ ZV WXWYZ[ \ ]^_]^_} p � ZWY\ �� WZ dXuXx Xuwa V^W
_VXZaYZW c\u\ W\VXu \ �aYZuaZY p

�º p l ÜÏI ×Ú�Ø� eÏl ×�Ð Ú� � ZV u\ax^ dZ c`ZuY^W s`Z WZ uZWZu�\ ZV WXWYZ[ \
c\u\ c^dZu \Ë\dXu \s`ZVV^W WZu�Xd^uZW c Zu[ XYXd^W \ V^W s`Z V^W _VXZaYZW
c`ZdZa W\VXu WXa c\x\u ZV \__ZW^ \ �aYZuaZY p

�½ p ×e � V\ dXuZ__X{a dZV Zb Z_`Y\�VZ dZV cu^xu\[ \ hÑ dZ �Xa`¸ p
�¾ p ÿl × � V\ dXuZ__X{a dZV Zb Z_`Y\�VZ dZV ig hf
ok� dZ �Xa`¸ p
�¿ p ×Úe×ÚeØ �eI ÿl ×Øl�×� � Za d^adZ WZ \V[ \_Za\a V^W W_uXcYW dZV WZu�Xz

d^u ]^_]^_ p
�_ p ×Úe×ÚeØ �eI ÿl × � ZV a^[�uZ dZV W_uXcY s`Z \_YX�\ ZV WZu�Xd^u ]^_]^_ p
�` p I ÚÚ× � ZWY\ _^aWY\aYZ _^aYXZaZ ZV a^[�uZ dZV \d[ XaXWYu\d^u dZV WXWYZ[ \

s`Z Za cuXa_XcX^ a^ WZ [^WYu\uw Za ZV [ XW[^ yZW dZ_Xu � WZuw X[c^WX�VZ dZ
�^uu\u � [ ^dX|_\u � dZ[ wW} p �Z c`ZdZ `W\u ZWY\ _`ZaY\ c\u\ YZaZu `a \d[ Xz
a XWYu\d^u cuXa_Xc\V dZV WXWYZ[ \ WXa s`Z VZ \c\uZv_\ \ V^W dZ[ wW Za_\ux\d^W
dZV [ \aYZaX[ XZaY^ dZV [ XW[^ p

�¿



�a p l� PÿÙ�ØlI ÿÙ eÿl�� � V\ cwxXa\ \ V\ s`Z WZ dXuXxXuw ZV WXWYZ[ \ _`\ad^
`a `W`\uX^ \__Zd\ Z¸XY^W\[ ZaYZ Za ZV WXWYZ[ \ p

µ¶ p e�� � U V \u_�X�^ s`Z _^aYXZaZ V\ �^b \ dZ ZWYXV^W Za _\W_\d\ p U W_uX�XuV^
[ ZdX\aYZ `a\ �\uX\�VZ c Zu[ XYZ cu^�\u _^a �\uX^W dXWZË^W _\[�X\ad^ ZWY\
�\uX\�VZ p

µ �p ×ÿ ×Ü�Ú � U V Y�Y`V^ s`Z \c\uZ_Zuw Za V\ _\� Z_Zu\ dZV a\�Zx\d^u p � W� WZ
c Zu[ XYZ `a\ tw_XV XaYZxu\_X{a _^a ^Yu^W WXWYZ[\W p

µµ p Ù Ú^HIÏ 	 U V a^[�uZ _^a ZV s`Z WZ uZtZuZa_X\uw \V WXWYZ[ \ p U V �aX_^ �\V^u
dZ ZWY^ ZW [^WYu\uV^ Za \Vx`a\W cwxXa\W ÌZ� p

6789:;< b>=b>=C=BB3 UWYZ \u_�X�^ ZW `a\ �^b \ dZ ZWYXV^W Za _\W_\d\ s`Z
`YXVXv\ ZV WXWYZ[\ c\u\ d\uVZ ZV t^u[ \Y^ \ V^W Y�Y`V^W dZ V\W cwxXa\W � V^W [ Za�W
� dZ[ wW p �Z c`ZdZ [^dX|_\u \ x`WY^ dZV \d[ XaXWYu\d^u WXa s`Z �\u�Z Za \Vx^ ZV
_^[c^uY\[ XZaY^ dZV WXWYZ[ \ p
6789:;< b>=b>=CBd3 UWYZ ZW ZV W_uXcY cuXa_Xc\V dZ ]^_]^_ p � V Zb Z_`Y\uV^ cuZz
c\u\ \V Zs`Xc^ c\u\ uZ_X� Xu \ V^W _VXZaYZW WZx�a W`W aX�ZVZW dZ \__ZW^ p U W Y\[�X�a
ZV s`Z X[cXdZ s`Z W\Vx\a \ �aYZuaZY WXa c Zu[ XW^ p �\u\ _^a|x`u\uV^ � �\� s`Z
[ Xu\u V\W WXx`XZaYZW _^aWY\aYZW �
�p ÿl × � � V Xx`\V s`Z Za ZV \u_�X�^ ÑmÓ1 áÀnfÑimÓ ÝiÓ Ñ ZWY\ _^aWY\aYZ XadX_\

d^adZ WZ Za_`ZaYu\ ZV �Xa\uX^ c\u\ Zb Z_`Y\u V\W ig hf
ok�p Ua V\ dXWYuX�`_X{a
cu^�\d\ WZ Za_`ZaYu\ Za � Ö �
iÓÖ ig hf
ok�p

µ p ×e � �X[ XV\u \V \aYZuX^u � cZu^ c\u\ V\ Zb Z_`_X{a dZV hÑp �Z Za_`ZaYu\ Za ZV
Zs`Xc^ cu^�\d^ Za � Ö �
iÓÖ hÑp

º p Ï ×��Ù � �\ uZd khÞ knÓ kh c^u V\ s`Z WZ W\VZ \ �aYZuaZY p � Vx^ dZV YXc ^ �
YeZ ÝÔ Y ÝeY ÝÕÖ ZZ p

½ p ���Ù � �\ dXuZ__X{a dZ V\ uZd � inkok�� c^u V\ s`Z \__ZdZa V^W _VXZaYZW p Ua
ZWYZ _\W^ WZ �\ ZVZxXd^ YfZ ÝY[g ÝY ÝÕÖ ZÔ p

¾ p Ï ×� � U V a^[�uZ s`Z ZV WXWYZ[ \ �Xa`¸ d\ \V dXWc^WXYX�^ dZ uZd khÞ knÓkhp�^u Zb Z[cV^ khÞ Õp
¿ p �ÿI � U V a^[�uZ dZV dXWc^WXYX�^ Ì XuZVZWW s`Z VZ d\ ZV WXWYZ[\ ^cZu\YX�^ p

�ZaZu\V[ ZaYZ khÞ Y ^ � ofÓÕp
_ p l ���Ù � U WY\ _^aWY\aYZ _^aYXZaZ \s`ZVV\ c\uYZ dZ V\ dXuZ__X{a dZ uZd

s`Z ZW _^[�a ZaYuZ Y^d^W V^W _VXZaYZW p �Zu�\ ZV Zs`X�\VZaYZ \V \cVX_\u V\
[ wW_\u\ \ V\ uZd � cZu^ s`Z c^u u\v^aZW dZ dXWZË^ � YZaZ[^W s`Z XadX_\u
\s`� Z¸cV�_XY\[ ZaYZ p Ua a`ZWYu^ _\W^ YfZ ÝY[g ÝY p

�_



` p l ÜÏI ×Ú�Ø� eÏl ×�Ð Ú� � �s`� WZ XadX_\a ZV u\ax^ dZ c`ZuY^W uZWZu�\d^W
c^u ZV WXWYZ[\ c\u\ \s`ZVV\W cwxXa\W ÌZ� \ V\W s`Z WZ c Zu[ XY\ ZV \__ZW^ dZ
V^W _VXZaYZW \`as`Z a^ YZax\a _^aZ¸ X{a \ �aYZuaZY cZu[ XYXd^ p �^W s`Z WZ
Xa_V`�Za Za ZV \u_�X�^ W^a fÔ ÕÕ 	fgÕÕp

a p ÿl�Ø� eÏl ×�Ð�� � �s`� WZ XadX_\ V\ �� dZ \s`ZVV^W WZu�Xd^uZW \ V^W s`Z
WZ s`XZu\ d\u \__ZW^ WXa s`Z Z¸XWY\ `a\ _^aZ¸ X{a \ �aYZuaZY p �s`� WZ XadX_\
\s`ZVV^W WZu�Xd^uZW s`Z WXZ[cuZ ZWY\uwa X[cV�_XY^W Za ZV WXWYZ[ \ � a^ WZ
c^duwa [^dX|_\u dZWdZ V\ _^aW^V\ dZ \d[ XaXWYu\_X{a p

�¶ p Ð ÿIØl�l � �\ u`Y\ s`Z cZu[ XYZ \V WXWYZ[ \ Za_^aYu\u Y^d^W V^W |_�Zu^W
�~�p � Vx^ _^[^ Ö���Ö ×mÑ×mÑp

��p Ð ÿIØ e� ÿÏÙ ×Ï� � �s`� WZ XadX_\ `a\ _\ucZY\ Za ZV s`Z ZV WZu�Xd^u \c\_�Z
YZaduw cZu[ XW^W c\u\ c^dZu dZb \u Y^d^W V^W \u_�X�^W dZ _^a|x`u\_X{a s`Z
aZ_ZWXY\ c\u\ W` _^uuZ_Y^ t`a_X^a\[ XZaY^ p � Vx^ _^[^ Ö ×mÑ×mÑÖ ÑoikÓhk�p

�µ p Ð ÿIØ �eI ÿl ×� � Ua s`Z dXuZ_Y^uX^ ZWYwa V^W dZ[ wW W_uXcYW s`Z aZ_ZWXY\
Zb Z_`Y\u ZV WZu�Xd^u p �^u Zb Z[cV^ � Ö ×mÑ×mÑÖ �Ñnig h�p

�º p � ÚP � ^[�uZ dZV |_�Zu^ Za d^adZ WZ x`\ud\a V^W omá� dZV WXWYZ[ \ p U V
a^[�uZ ZW XadXtZuZaYZ [ XZaYu\W WZ [ \aYZax\ Za ZV WXWYZ[ \ p

�½ p Ð ÿIØ� ÚP � � VV� d^adZ WZ WXY�\ ZV \u_� X�^ dZV omá p �Xx`XZad^ V\W c\`Y\W
\aYZuX^uZW � s`Zd\u�\ \Vx^ \W� _^[^ Ö ×mÑ×mÑÖ omá p

�¾ p ×ÿÏ^l Ú � U V XaYZu�\V^ dZ YXZ[c^ s`Z WZ ZWc Zu\ ZV WZu�Xd^u c\u\ _^[cu^�\u
WX ZV _VXZaYZ �\ _\�d^ ^ a^ p �Z \_^aWZb \ s`Z WZ\ `a^W WZx`ad^W W`cZuX^u \V
YXZ[c^ XadX_\d^ Za V\ _^aWY\aYZ IÏÛIÏ�eÚØ� eeÏ�ÚØ �ÏH dZV \u_�Xz
�^ ÑmÓ1 áÀnfÑimÓ ÝiÓ Ñp

�¿ p ]´¹]´¹ � UWY\ �\uX\�VZ XadX_\ ZV a�[ Zu^ |a\V dZ V\ �� dZV ^udZa\d^u Za
ZV s`Z ZWYw \V^b \d^ ZV WZu�Xd^u p {YZWZ s`Z l ���Ù p×Úe×Úe YXZaZa s`Z
t^u[ \u `a\ dXuZ__X{a �� �wVXd\ p Ua a`ZWYu^ _\W^ WZu�\ `a Y� s`Z \_\�\u�\
t^u[ \ad^ YfZ ÝY[g ÝY ÝYp

�_ p Ð� elÒ iÓ � Ð� elÒ f� � U WY\W d^W �\uX\�VZW XadX_\a s`Z u\ax^W dZ dXuZ_z
_X^aZW dZV WZu�Xd^u ·~¹� WZ dXWYuX�`�Za ZaYuZ V^W _VXZaYZW s`Z WZ _^aZ_Y\a
c^u uZd p l ���Ù pÐ� elÒ iÓ � l ���Ù pÐ� elÒ f� YXZaZa s`Z t^u[ \u dXz
uZ__X^aZW �� �wVXd\W p

�` p I�×Ï Ül � I�×ÏÐ Ú�Ù � UWY\W d^W �\uX\�VZW XadX_\a ZV \a_�^ dZ �\ad\
[ w¸X[^ dZ W`�Xd\ � dZ �\b \d\ s`Z `YXVXv\uw ZV WXWYZ[ \ c\u\ uZc\uYXu ZaYuZ
V^W _VXZaYZW p �^ \_^aWZb \�VZ ZW s`Z WZ\ `a _¾ h [wW ^ [ Za^W dZV \a_�^ dZ
�\ad\ Y^Y\V p

�`



6789:;< jk D@A=l>@D>m NnN=dAj A@@>@Bj A@@>@Cn dn UWYZ \u_�X�^ dZ�Zuw �`Wz
_\uWZ Za V\ _\uc ZY\ knnmn dZV WXWYZ[ \ ]^_]^_ WX Y^d\��\ a^ �\ WXd^ _^cX\d^ \ V\
_\uc ZY\ dZ Zuu^uZW dZ �c\_�Z p qa\ �Zv uZ\VXv\d^ V\ _^cX\ � �\�uw s`Z _^a|x`u\uV^
uZ�XW\ad^ ZV �\V^u dZ V\W WXx`XZaYZW _^aWY\aYZW �
�p ÿlØ P�×Ï ��Q � �s`� � \V Xx`\V s`Z Za V^W \u_� X�^W \aYZuX^uZW � WZ YZaduw

s`Z XadX_\u V\ dXuZ__X{a �� dZV dXWc^WXYX�^ Xa\Vw[�uX_^ dZV ^udZa\d^u Za ZV
s`Z ZWYw XaWY\V\d^ ZV WXWYZ[ \ p

µ p IÏÐØ �ÿIÏ�Ï�� � U W_uX� Xu V\ dXuZ__X{a dZ V\ uZd � XuZVZWW c\u\ dXtZuZa_X\u
V^W \__ZW^W \V WXWYZ[ \ _^[^ _VXZaYZW ]^_]^_ ^ a^ p U W dZ_Xu � \s`ZVV^W Zs` Xc^W
s`Z ZaYu\a c^u ZWY\ uZd W^a V^W s`Z YXZaZ s`Z \Yu\c\u ZV WXWYZ[ \ �\WY\ s`Z
WZ d\a dZ \VY\ Za ZV WXWYZ[ \ p

º p ×Úe×ÚeØÛÚ�ÐÏI � �\ _\ucZY\ Za d^adZ ZWYwa Y^d^W V^W \u_�X�^W �~�
dZV WXWYZ[ \ p ] XZaZ s`Z _^aYZaZu ZV [ XW[^ �\V^u s`Z Ð ÿIØl�l dZW_uXY^
Za ZV \c\uY\d^ \aYZuX^u p

I¦ J pq ±RQRSTL P±Æ ³S³M±r Å J
qa\ �Zv �\ WXd^ XaWY\V\d^ � _^a|x`u\d^ Y^d^ V^ \aYZuX^u � V\ t^u[ \ dZ s`Z ZV

WXWYZ[\ WZ c^ax\ Za t`a_X^a\[ XZaY^ ZW V\ WXx`XZaYZ p
�p ¹^[cu^�\u s`Z V^W dXWc^WXYX�^W dZ uZd dZV WZu�Xd^u ZWYwa \_YX�^W � t`a_X^z

a\ad^ _^uuZ_Y\[ ZaYZ p
µ p � WZx`u\uWZ s`Z V^W WZu�Xd^uZW �c\_�Z � ·~¹� ZWYwa Za t`a_X^a\[ XZaY^ p
º p �^aZu Za [ \u_�\ ZV WZu�Xd^u ]^_]^_ [ ZdX\aYZ V\ Zb Z_`_X{a dZV W_uXcY ×mÑX×mÑÝ�Þ p U WY^ WZ �\_Z dZ V\ WXx` XZaYZ t^u[ \ � Î�Þ ×mÑ×mÑ s�hfnht�hmgusÕtYu ßc^u Zb Z[cV^ Î�Þ ×mÑ×mÑÝ�Þ �hfnh Õ ßp U V ¶ XadX_\ s`Z s`ZuZ[^W s`Z a^W

[`ZWYuZ c^u c\aY\VV\ Y^d^W V^W [ZaW\b ZW � ZV � s`Z V^W ^[ XY\ p ´Yu\ t^u[ \
dZ c^aZu Za [ \u_�\ ZV WXWYZ[ \ ZW _^aZ_Y\uWZ \ Þ hhg 	ÖÖ omÑfoÞ m�hÖ ×mÑ×mÑ Z
XaYu^d`_Xu `a `W`\uX^ s`Z YZax\ cuX�XVZxX^W dZ \d[ XaXWYu\d^u Za ZV WXWYZ[ \ p
�X ZW \W� � VZ \c\uZ_Zuw Za ZV [ Za� cuXa_Xc\V `a\ ^c _X{a dZ \_YX�\_X{a dZV
WXWYZ[ \ p

½ p ��^u\ W^V^ t\VY\ _^xZu `a _VXZaYZ � _^aZ_Y\uWZ \ V\ uZd dZV WXWYZ[\ � � _^[z
cu^�\u s`Z Y^d^ t`a_X^a\ p

IIJ w ±M±LRSTL P±Æ ³S³M±r Å J
]\[�X�a �\� s`Z W\� Zu _^[^ dZYZaZu ZV WXWYZ[ \ _^uuZ_Y\[ ZaYZ p �\u\ dZYZaZu

ZV WXWYZ[\ � V^ s`Z �\� s`Z �\_Zu ZW Zb Z_`Y\u ZV �Ñnig h dZW_uXY^ Za V\ WZ__X{a \aYZz
uX^u dZ V\ WXx`XZaYZ t^u[ \ � $ �Þ ×mÑ×mÑ �hmg ßp �X a^ WZ dZYXZaZ ZV WXWYZ[ \ dZ ZWY\
t^u[ \ � WZ s`Zd\ `a cu^ _ZW^ \_YX�^ Za ZV WXWYZ[ \ p U WYZ cu^ _ZW^ ZW ZV s`Z �XxXV\ s`Z
a^ WZ s`ZdZa _VXZaYZW \_YX�^W WX ZWY^W �\a _\�d^ dZ t^u[ \ XaZWcZu\d\ p ]ZaZu ZWYZ

�a



cu^ _ZW^ \_YX�^ a^ cZub `dX_\ \ V\ _^[c`Y\d^u\ � c Zu^ _`\ad^ WZ �`ZV�\ \ Zb Z_`Y\u
ZV WXWYZ[ \ ]^_]^_ � ZV YZaZu d^W cu^ _ZW^W s`Z ZVX[ Xa\a _VXZaYZW Xa\_YX�^W c`ZdZ
WZu cu^�VZ[ wYX_^ c\u\ ZV _^uuZ_Y^ t`a_X^a\[ XZaY^ dZV [ XW[^ p �X ZWY^ ^_`uuZ � ZW
c^WX�VZ s`Z _VXZaYZW s`Z a^ ZWYwa Xa\_YX�^W WZ\a ZVX[ Xa\d^W c^u ZV WXWYZ[ \ dZ�Xd^
\V t`a_X^a\[ XZaY^ d^�VZ dZ ZWYZ cu^ _ZW^ p

I¯ J KL³MÅÆÅRSTL yz³SRÅ P± ÆO³ ÉNOÄNÅr Å³ J
�+ ��� |,�}���!�0, ��� ~��,��� � .�,� �!�0, �� /, !� }�-�

!��� � �� �� �
�\ XaWY\V\_X{a dZV WXWYZ[ \ ´cZa��� dZcZadZ dZV WXWYZ[ \ �Xa`¸ ZVZxXd^ p U¸XWz

YZa c\s`ZYZW �Xa\uX^W uZV\YX�^W \ _\d\ dXWYuX�`_X{a s`Z c`ZdZa WZu `W\d^W � t\_Xz
VXY\ad^ V\ Y\uZ\ dZ Xa WY\V\_X{a p ·Z ^Yu\ t^u[ \ � WZ YZaduw s`Z dZW_\ux\u ZV _{dXx^
dZ V\ ÌZ� ^|_X\V Þ hhg 	ÖÖ��� Ýmg kÓ��oÝmnáÖ � _^[cXV\uV^ c\u\ W` t`a_X^a\[ XZaY^ �
�p ·ZW_^[cuX[ Xu ZV c\s`ZYZ dZW_\ux\d^ � Îhfn �� j� mg kÓ��oXÕÝf Ý� Ýhfn Ýá� ßp
µ p qa WX[cVZ ÎÝÖ ÑmÓ1 áÀnk �� Òf� k �� Òf� k iÓ�hfo o ß dZ� Zu�\ �\WY\u p

qa\ �Zv �\ WXd^ XaWY\V\d^ � WZ dZ�Zu�\ c\W\u _uZ\u `a _ZuYX|_\d^ dZ WZx`uXd\d p
�\u\ ZVV^ �\� s`Z WZx`Xu ZWY^W c\W^W �
�p ¹uZ\_X{a dZ V\ _V\�Z dZV WZu�Xd^u dZ �¶µ½ �XYW � Îmg kÓ��o á kÓn�f XmÀh ÝÖ �knX

jknÝ� kà YÕZÔ ßp
µ p ¹uZ\_X{a dZ V\ c ZYX_X{a dZ _ZuYX| _\d^ � Îmg kÓ��o nk� XÓk� X� kà �knjknÝ� kà X

mÀh �knjknÝÑ�n ßp FZWc^adZu \ V\W cuZx`aY\W s`Z WZ t^u[`V\a p �\ _^aYu\WZË\
�\� s`Z dZb \uV\ Za �V\a_^ p

º p �ZaZu\_X{a dZ V\ _V\�Z cuX�\d\ � Îmg kÓ��o � eÕf Xnk� X�fà� �[e X�khØ �knifo
Ù XiÓ �knjknÝÑ�n X�iáÓ� kà �knjknÝ� kà XmÀh �knjknÝÑnh ßÝ Ua d^adZ  ZW `a
a�[Zu^ s`Z WZ Xa_uZ[ZaY\ c^u ZV `W`\uX^ c^u _\d\ _ZuYX|_\d^ _uZ\d^ p

½ p �Z c`ZdZa _^[�Xa\u \[�^W _ZuYX| _\d^W Za `a^ c\u\ [ \�^u _^[^dXd\d Za
W` [ \aZb ^ � ÎÑfh �knjknÝ� kà �knjknÝÑnh u ÑmÒ 
iÓk� Ýg kÒ ßÝ

¾ p ]\[�X�a c^dZ[^W _^[cu^�\u s`Z Y^d^ WZ �\ xZaZu\d^ _^uuZ_Y\[ ZaYZ dZ
V\ WXx`XZaYZ t^u[ \ � Îmg kÓ��o � eÕf XiÓ ÑmÒ 
iÓ k� Ýg kÒ XÓmmÀh Xhk� h ßÝ

¿ p �X Y^d^ ZWY\ _^uuZ_Y^ � _^a�XZaZ dZb \u V^W _ZuYX|_\d^W Za W` dXuZ_Y^uX^ �XWz
Y{uX_^ p U WZ dXuZ_Y^uX^ ZW Ö khÑÖ ��oÖ Ñknh�p

�+ �+ � |,�}���!�0, ����!� �� ���!"� �
� _^aYXa`\_X{a WZ cuZWZaY\a V^W c\W^W �wWX_^W c\u\ Xa WY\V\u ZV WZu�Xd^u �c\z

_�Z Za `a _^[c`Y\d^u p ^ WZ \_^aWZb \ `W\u V^W c\s`ZYZW s`Z �XZaZa _^a V\W
dXWYuX�`_X^aZW �\ s`Z a^ WZ c`ZdZa _^a|x`u\u _^a V\W ^c _X^aZW aZ_ZW\uX\W \aYZW
dZ XaWY\V\uV^ p

µ¶



�p �^ cuX[ Zu^ s`Z �\� s`Z �\_Zu ZW �\b \uWZ ZV c\s`ZYZ _^a ZV t`ZaYZ dZV �c\z
_�Z dZ V\ ÌZ� ^|_X\V p �\u\ ZVV^ � �\� s`Z dXuXx XuWZ \ � ÎÞ hhg 	ÖÖ Þ hhg � Ýfg fÑÞ kÝmnáÖ X
�m�Óomf� ÝÑá i ß � WZVZ__X^a\u V\ �ZuWX{a s`Z WZ s`XZu\ �\b \u p U V WXWYZ[\ ]^_z
]^_ \ WXd^ cu^�\d^ Za V\ �ZuWX{a µ p¶ p¾¾ dZ �c\_�Z p

µ p qa\ �Zv WZ �\ dZW_\ux\d^ ZV c\s`ZYZ � ZV WXx`XZaYZ c\W^ ZW dZW_^[cuX[ XuV^ p
�\u\ ZVV^ ZW_uX� Xu Za V\ V�aZ\ dZ _^[ \ad^W � Îhfn ��j� Þ hhg �XZØ ÕØÙÙ ÝhfnÝá� ß

º p UaYu\u Za V\ _\uc ZY\ _uZ\d\ �YYc dzµ�¶� � _^a|x`u\u ZV �c\_�Z _^a
V\W WXx`XZaYZW ^c _X^aZW \_YX�\W � ÎÝÖ ÑmÓ1 áÀnk �g nk1 ��Ö�g fÑÞ k �kÓf
okX�m
�kÓf
okX�k� fhk �kÓf
okX��o ßÝ

½ p �a WY\V\u ZV �c\_�Z � Ò f� k �� Òf� k iÓ�hfo o
�X a^ �\ �\�Xd^ aXax�a Zuu^u d`u\aYZ V\ XaWY\V\_X{a dZV cu^xu\[\ � ZV WZu�Xd^u
dZ�Z dZ ZWY\u VXWY^ c\u\ WZu `W\d^ p ��^u\ W^V^ t\VY\ ZdXY\u ZV \u_� X�^ ÎÐ inkÑhmnimØ X
fg fÑÞ kÖ ÑmÓ�ÖÞ hhg � ÝÑmÓ� ß � XaYu^d`_Xu `a^W _\[�X^W �wWX_^W c\u\ s`Z uZ_^a^v_\
a`ZWYu^W d^ _`[ ZaY^W p
�p �`W_\u V\ WZ__X{a Ð àÓfÒ iÑ �Þ fnk� Ú
V kÑh UÐ �ÚW �Àgg mnh � \Ë\dXu V\ WXz

x`XZaYZ V�aZ\ � Î�mf�^ m�Àok g Þg eØÒm�Àok Ò m�Àok�Ö oi
g Þg e Ý�m ß s`Z c Zu[ XYZ
_\ux\u �~�p

µ p �`W_\u V\ _\dZa\ ���hàg k � \Ë\dXu \V |a\V dZV VXWY\d^ dZ YXc^W Xa WZuY\d^W
V^W d^ _`[ ZaY^W �~� dZ V\ t^u[ \ � Î���×àg k fgg oiÑfhimÓÖ � XÞ hhg �Xg Þg Ýg Þg
Ýg Þ hÒ oã � Î���×àg k fgg oiÑfhimÓÖ� XÞ hhg �Xg Þg X�mÀnÑk Ýg Þg � ßp U WY^ cZu[ XYZ \
�c\_�Z uZ_^a^ _Zu V^W d^ _`[ ZaY^W \ c\uYXu dZ V\ YZu[ Xa\_X{a dZV \u_�X�^ p

º p �`W_\u ZV WYuXax Ð mÑÀÒ kÓhnmmh � _^V^ _\u \s`� ZV dXuZ_Y^uX^ d^adZ �\�\[^W
\ \V� Zux\u a`ZWYu\W cwxXa\W ÌZ� p ·ZWc`�W �\� s`Z [^dX| _\u `a\W V�aZ\W
[ wW \�\b ^ V\ WZaYZa_X\ sÐ inkÑhmnà �Ö���Ö �u dZ t^u[ \ s`Z Za ��� WZ
XadXs`Z ZV dXuZ_Y^uX^ WZVZ__X^a\d^ Za Ð mÑÀÒ kÓhnmmhp

½ p �Ë\dXu V\W cwxXa\W XadZ¸ pc�c \ V\W cwxXa\W c^u dZtZ_Y^ dZV WZu�Xd^u p U Wz
Y^ WZ _^aWXx`Z �`W_\ad^ V\ ZYXs`ZY\ Ð inkÑhmnàÿÓ�k� � dZb wad^V\ \W� � ÎÐ iX
nkÑhmnàÿÓ�k� iÓ�k� ÝÞ hÒ o iÓ�k� ÝÞ hÒ oÝjfn iÓ�k� Ýg Þg iÓ�k� ÝÞ hÒ ßÝ U V ^udZa ZW
Xa�`�ZaYZ � �\ s`Z XadX_\ \V WZu�Xd^u V\ cuX^uXd\d dZ V\W cwxXa\W \ �`W_\u p

¾ p � WZx`u\uWZ s`Z ZV ` W`\uX^ dZV WZu�Xd^u � ZW ZV `W`\uX^ fg fÑÞ k§ p �X ZWYZ `W`\zuX^ a^ Z¸ XWYZ Za ZV WXWYZ[ \ � \Ë\dXuV^ \ V^W `W`\uX^W dZ �Xa`¸ p
¿ p �ZaZu\u ZV \u_�X�^ Ö jfnÖ omáÖÞ hhg �Ö ��oØ nk�Àk�hØ omá Ý
_ p �\u\ \uu\a_\u ZV \c\_�Z Za [^d^ WZx`u^ `YXVXv\u � ÎÐ inkÑhmnimØ fg fÑÞ kÖ 
iÓÖ Xfg fÑÞ kÑho �hfnh��o ß
¨æ �ë��ë�ú ��é� ü �øêý �ê��� �ì ëê��øê��ì êèê�ì�ç è��)ç �� ¬¬¡ó ��� �úî�ì�ç ü �çè èëì��éè øê�è� ì���ìé�� ëç� �� è�èé�ú � æçëæçë ü �èé'� ëç�ï�êì��çè �è� �ëýïë�ú ��é� ëç� �èé� êèê�ì�ç ó

µ �



�+ �� � |,�}���!�0, �� ����� �
�\u\ Xa WY\V\u »��¼� � �\� s`Z dXuXx XuWZ \ Þ hhg 	ÖÖ��� ÝÒ à��oÝÑmÒÖ � �\b \uWZ

Y\aY^ V^W c\s`ZYZW dZV WZu�Xd^u _^[^ dZV _VXZaYZ p U¸ XWYZa c\s`ZYZW c\u\ _\d\
dXWYuX�`_X{a dZ �Xa`¸ � c^u V^ s`Z dZcZadXZad^ dZ V\ s`Z WZ YZax\ Za V\ [ wz
s`Xa\ � WZ dZ� Zu WZx`Xu `a\W Xa WYu`__X^aZW ` ^Yu\W p Ua V\ cwxXa\ ÌZ� ZWYw Y^d\
V\ Xat^u[ \_X{a aZ_ZW\uX\ c\u\ ZVV^ p �^u ^Yu\ c\uYZ � Z¸ XWYZa d^W \cVX_\_X^aZW s`Z
c`ZdZa uZW` VY\u [`� cuw_YX_\W c\u\ xZWYX^a\u V\W �\WZW dZ d\Y^W p �`W a^[�uZW
W^a � »��¼� ¼`Zu� � u^Ì WZu � »��¼� �d[ XaXWYu\Y^u p

qa\ �Zv XaWY\V\d^ ZV WZu�Xd^u � _^a�XZaZ \Ë\dXu `a c\WWÌ^ud \V \d[ XaXWYu\d^u
c^u u\v^aZW dZ WZx`uXd\d p �\u\ ZVV^ � _^[^ u^^Y ZW_uX�Xu � ÎÒ à��of�Ò iÓ g f��� mn�
koØg f��� mn�Ø �ÀkØ �Àiknf� ßp��^u\ V^ s`Z �\� s`Z �\_Zu ZW XaYu^d`_Xu V^W ZWs`Z[ \W dZ V\ �\WZ dZ d\Y^W
s`Z `W\uw ZV WXWYZ[\ ]^_]^_ p �\u\ ZVV^ X[c^uY\ ZV \u_�X�^ dZ �\WZW dZ d\Y^W
s`Z WZ \db `aY\ _^a ZV WXWYZ[\ p �\u\ ZVV^ � c`ZdZW `W\u `a cu^xu\[\ _^[^ ZV
[�WsVz\d[ Xa ^ �\_ZuV^ dZWdZ V\ cu^cX\ _^aW^V\ dZ V\ WXx`XZaYZ t^u[ \ �
�p �ZaZu\ V\ �\WZ dZ d\Y^W _^uuZWc^adXZaYZ y_^[^ u^^Y} � $ Òà��of�ÒiÓ Ñnkfhk

hmÑhmÑØ �fhf
f�k Xg ã p
µ p �a_V`XuVZ V^W ZWs`Z[ \W s`Z �XZaZa _^a ZV c\s`ZYZ � $ Òà��o hmÑhmÑØ �fhf
f�k

shmÑhmÑØ �fhf
f�kÝ�ÑÞ kÒ f Xg ã p
º p F Zc ZYXu V^W c\W^W � � µ c\u\ V\ �\WZ dZ d\Y^W s`Z xZWYX^a\ V^W `W`\z

uX^W � $ Òà��of�Ò iÓ Ñnkfhk hmÑhmÑØ À�kn� Xg ã � $ Òà��o hmÑhmÑØ À�kn� shmÑX
hmÑØ À�kn� Ý�ÑÞ kÒ f Xg ã p

·ZWc`�W �\� s`Z �\_Zu s`Z V\ �\WZ dZ d\Y^W c ZuYZaZv_\ \V `W`\uX^ ×mÑ×mÑ c\u\
s`Z ZV WXWYZ[ \ c`Zd\ �\_Zu V\W c ZYX_X^aZW aZ_ZW\uX\W \ V\ �\WZ dZ d\Y^W p U Wz
Y^ WZ �\_Z Za d^W c\W^W p �uX[Zu^ ZaYu\[^W Za [�WsV � ÎÒà��o XÀ nmmh Xg ß c\u\dZWc`�W _\[�X\u V^W cuX� XVZx X^W dZV `W`\uX^ Za V\ �\WZ dZ d\Y^W � Îá nfÓh fo o mÓ ×mÑX×mÑØ �fhf
f�kÝ O hm ×mÑ×mÑ� omÑfoÞ m�h i�kÓhi1 k� 
à �koØg f��� mn�Ø �ÀkØ �ÀknfÒ m� �� ßÎá nfÓh fo o mÓ ×mÑ×mÑØ À�Àfnim� Ý O hm ×mÑ×mÑ� omÑfoÞ m�h i�kÓhi1 k� 
à �koØg f��� mn�Ø X
�kØ fÓhk� �� ß � \cVX_\[^W V^ �Z_�^ Î� À�Þ g nijioká k� ßÝ�^u �VYX[ ^ � �\� s`Z WZË\V\u s`Z ZV ZWs`Z[ \ dZ V\ �\WZ dZ d\Y^W s`Z WZ uZc\uYZ
_^a ZV uZWY^ dZ V^W |_�Zu^W � Xa_V`�Z �\ `a `W`\uX^ xZaZu\d^ _^a cuX�XVZxX^W dZ
\d[ XaXWYu\d^u p U V a^[�uZ ZW nmmh � V\ _^aYu\WZË\ dZ \__ZW^ ZW hmÑhmÑf�Ò iÓp qa\�Zv YZWYZ\d^ ZV WXWYZ[\ � _^[cu^�\d^ s`Z t`a_X^a\ � _^a�XZaZ _\[�X\u V^ \aYZW
c^WX�VZ V\ _^aYu\WZË\ dZ ZWYZ `W`\uX^ p U WYZ `W`\uX^ ZW ZWc Z_X\V Za Y\aY^ s`Z a^
\c\uZ_Z Za aXax�a WXYX^ dZ \d[ XaXWYu\d^u � c^u V^ s`Z _^a�XZaZ [ \aYZaZuV^ \
W\V�^ p
�+ �� � |,�}���!�0, �� ����

Ua ZWY\ WZ__X{a WZ dZW_uX�Z V\ XaWY\V\_X{a �wWX_\ dZ �~�p
�p ¹^a|x`u\_X{a dZ V\ XaWY\V\_X{a dZ �~� c\u\ s`Z `WZ �c\_�Z � »��¼� �

ÎÝÖ ÑmÓ1 áÀnk �� ihÞ Xfg � �Z�Ö�g fÑÞ kÖ 
iÓÖ fg � � �� ihÞ XÒà��o ßÝ
µµ



µ p ¹^[cXV\_X{a Z XaWY\V\_X{a � ÎÒ f� k �� Òf� k iÓ�hfo o ß
º p ¹^a|x`u\_X{a dZ V\W ^c _X^aZW dZ �~�p �^ [ wW _{[^d^ ZW Yu\�\b \u _^a ZV

\u_� X�^ dZ Zb Z[cV^ s`Z Yu\Z ZV cu^c X^ c\s`ZYZ p �\u\ ZVV^ ÎÑg g Þg ÝiÓ iX�i�h
Ö À�nÖ omÑfoÖ oi
Ög Þg ÝiÓi ßp

½ p F Z\VXv\u V\W WXx`XZaYZW [^dX| _\_X^aZW Za ZV c�c pXaX \aYZuX^u p �uX[ Zu^ � Ua
V\ _\dZa\ �mÑØ nmmh c^aZu V\ dXuZ__X{a dZ V\ _\uc ZY\W d^adZ WZ x`\ud\a V\W
cwxXa\W ÌZ� \ [^WYu\u p �adX_\u Za V\ _\dZa\ �k��imÓ Ý�fjkØg fhÞ V\ _\uc ZY\
Za d^adZ WZ dZWZ\ s`Z WZ x`\udZa V\W WZWX^aZW ÌZ� p ] XZaZ s`Z WZu `a\ _\uz
c ZY\ _^a V^W cZu[ XW^W \dZ_`\d^W c\u\ s`Z WZ c`Zd\a dZc^WXY\u V^W \u_�X�^W
dZ WZWX{a � c^u Zb Z[cV^ V\ _\ucZY\ ÎÖ hÒg ßÝ

�+ �� � |,�}���!�0, ��� �� # ��� �����
�s`� WZ [`ZWYu\a V^W c\W^W � Y^d\ V\ Xat^u[ \_X{a aZ_ZW\uX\ c\u\ _^a|x`u\u

`a WZu�Xd^u ·~¹�p
�p �wb ZWZ ZV c\s`ZYZ ^ t`ZaYZ dZV WZu�Xd^u dZ Y` dXWYuX�`Xd^u\ �Xa`¸ � dZ W` cu^z

�ZZd^u dZ c\s`ZYZW �\�XY`\V ^ dZ ZWY\ dXuZ__X{a � � hg 	ÖÖ� hg Ýg Þà�hkÑÞ ÝÑmÒÖg À
Ö
µ p �X ZW `a _{dXx^ t`ZaYZ � _^[c�VZV^ WXx`XZad^ ZV cu^ _ZdX[ XZaY^ a^u[ \V p
º p �ZaZu\u ZV \u_�X�^ Ö khÑÖ �Þ Ñg � ÝÑmÓ� WX ZWYZ a^ Z¸ XWYZ p �ZaZu\u V\ _^a|x`u\z

_X{a dZV [ XW[^ dZcZadXZad^ dZV YXc^ dZ uZd p qa Zb Z[cV^ dZ _^[^ YXZaZ s`Z
s`Zd\u ZWY\ uZd WZ Za_`ZaYu\ Za V\ WXx`XZaYZ dXuZ__X{a � Þ hhg 	ÖÖ��� Ýho�g ÝmnáÖ X� Ú�×ÚÖÐ� elÖ� �[f ÝÞ hÒ oÝ

½ p �Ë\dXu V\ WXx`XZaYZ ZaYu\d\ \V Za_\[ Xa\[ XZaY^ � ÎnmÀhk f�� XÞ m�h Zee ÝZee ÝX
Zee ÝZee �kj khÞ Õ ß WXZad^ ZY�¶ ZV dXWc^WXYX�^ dZ uZd s`Z cZu[ XYZ ZV \__ZW^
\ �aYZuaZY p

¾ p �ZaZu\u ZV \u_�X�^ WXx`XZaYZ � ÎhmÀÑÞ Ö jfnÖ �hfhkÖ �Þ ÑgÖ �Þ Ñg � Ýokf�k� ßp
¿ p Ub Z_`Y\u ZV WZu�Xd^u � ÎÖ À�nÖ �
iÓÖ �Þ Ñg � ßp

�+ �� � �� � ���� �� ��� !� � �}�� �
�^W cZu[ XW^W dZ V\W _\uc ZY\W s`Z _^aYXZaZa V^W \u_�X�^W dZV WXWYZ[ \ � YXZaZa

s`Z d\u \__ZW^ Y\aY^ \V WZu�Xd^u �c\_�Z � _^[^ \ \s`ZV s`Z YZax\ s`Z Zb Z_`Y\u
V^W W_uXcYW p qa^W c Zu[ XW^W Xa\dZ_`\d^W � c`ZdZ uZW`VY\u Za s`Z a^ t`a_X^aZ c\uYZ
dZV WXWYZ[ \ � ^ s`Z ZWYZ YZax\ `a _^[c^uY\[ XZaY^ Xa\dZ_`\d^ p �X[cVZ[ ZaYZ �\�
s`Z \WZx`u\uWZ s`Z Y^d\W V\W _\ucZY\W `W\d\W Za ZV cu^�Z_Y^ YZax\a cZu[ XW^ dZ
VZ_Y`u\ � Zb Z_`_X{a c\u\ ZV `W`\uX^ fg fÑÞ kp ~\� s`Z Z�XY\u s`Z ZWY^W c Zu[ XW^W
\tZ_YZa \ _`\Vs`XZu ^Yu^ `W`\uX^ a^ \`Y^uXv\d^ p

Ua V\ _\ucZY\ d^adZ WZ ZW_uX� Za V^W \u_�X�^W dZ _^aYu^V dZ V^W _VXZaYZW � Za
ZV dZ V^x � \dZ[ wW YXZaZa s`Z YZaZu V^W c Zu[ XW^W dZ ZW_uXY`u\ \dZ_`\d^W p

µº


