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BDC�EGFIHJFLKNMOFPHRQTSVUTWXM�Y�Z�[TWXQ\U%]^MOC_FPWXSV[a`b]^McQ\d�UTC_eLdOWXfJQLFLS�EGF
H�UTHgMO]�Qhe>]^MOCVUTHJFVShQ\dOFDSP]�[TFi]�jkQTdOF�jlWme>FPCn]�jJQ\dOFiCLUpo0fJ[pUTe�FPCDUaMOq
r ]�[ r FPHGUaM0QTdOF�Q\SVU%W>M�Y�Z�[%W>QTUT]�MOsktuFOUaM�Q\SP]�H�Zhe>FOMO]�EvW>M0Uao�f*]�Swq
QLW>M�Qx[TWXM�Y�ZDW>Y	FnQ\dOWXQxU%CGYNFLMOFLS>WX[yFLMO]�Z�Y�dzjl]�S{]�Z�S|eP]�MOCLQTSVZDePq
QTUT]�MOCGWXMOH0FV}�fJ[TWXMOWXQ\U%]^MOCh[TWXQLFLS~]�MO�
B������O�����������J�������O����������U%C�W�KJM�UpQ�FOjlWXo�Ua[a`�]�j�CLUao�fJ[pUTe�FPCOUaMI�J�
CLZDeVd_Q\dOWXQ

��� j��i����W>MOH_�uUTCnWijlWme>Fn]�j��^�wQTdOFLM��3�|��s

��� j�� �#�¡���|QTdOFLM¡�O¢£�uUTC~WijlWwePFn]�j�¤
]�Q\dR�iWXMOH_��s

¥NdOF¡FV[TFLoIFLM�Q�CR]�j|W¦CLUpo0f§[aU%eLUTWX[�eP]�o0fN[TFL}¨�bEyUa[a[©¤
F¡ePWX[a[%FPH
� �������Xs<¥JdOF9ª�FLSP]¡H�Upo«FLMOC�UT]�MOWX[�f
]�[a`�dOFPH�S>W3¤*FV[T]�M�Y�UaM�YRQL]��
EyUa[p[O¤*F�ePWX[a[%FPH¬Q\dOF¬­���®°¯±�������{]�ji�²WXMOH3HNFLMO]�Q�F>HR³g´-��µ@s9¶�]�QLF
QTdOW>Q�QTdOF·CPFLQ©]�jxWX[a[8jlWwePFPC¸]�j
QTdOF¸CVUao0f§[aU%ePFPC©Q\dOWXQ�jl]�S o¹W·QTSVUTq
WXM�Y�Z�[TWXQ\U%]�M¡eP]�MOCLQTUaQTZ
QLFiW�CLUao�f§[aUTeLU%W>[*eP]�o0fN[TFL}ks
� QDUTC|e>]�o0o«]�M¡QL]£CLf
FPe�Uaj-`ºW9CLUpo0fN[aUleLUTWX[De>]�o0fJ[lFV}�¤J`£QTdOFi[aU%CLQ
]�j�UaQLCyoIW>}�UaoIWX[§jlWwePFPCGWwCyEGF�H�UTH¸jl]�SxQTSVUTWXM�Y�Z�[TWXQ\UT]�MOC>s � Mz]�Z�S
H�UTCPe�ZDCPCLU%]�MOC3CP]�o«FVQ\UaoIF�C9EGF9EyUa[a[�MOF>FPHzQ�]�ZDCPF9QTd�UTC3WwHJH�UTq
QTUT]�MOWX[�CLQTSVZheVQ\Z�SPF�]�j�Q\SVUTWXM�Y�Z�[TWXQTUT]�MOCPs¼»§]�SGW£CLUpo0fJ[-U%eLUTWX[�eP]�o«q
fN[TFL}_�£EGFnHJFLMO]�QLF¼¤J`I½ ��½¾QTdOF¼Z�MOHJFLSV[p`�UaM�Y·Q�]�f
]�[T]�Y�UTePWX[�CLf
WwePF
]�j*QTdOF�CVUao0fN[aUleLUTWX[�eP]�o0fN[TFL}ks�¥Jd�U%C~UTC©Q\dOF©Z�M�UT]�Mb]�j*QTdOF·CLUaoIq
fN[aUTe�FPC9CPFPFLM¿WwCuCLZ�¤
CPFLQLC¬]�jiCP]�oIF¬À�ZDeL[aU%H§FPWXM¨CLf*WwePF>s � j¸½ ��½
UTC~dO]^oIFP]�oI]^SVfNd�Ule~QL]9W¸¤
W>[p[x]^S�CVfJdOFLSPFnEGF|C>FPFnQTdOW>Q~�¬UTC{W
�����O�D����� �a�J�mÁÂ�J���Ã]�Sg�����O�D����� ���J�Â�l��ÄJ��®\�DSPFPCLf
FPeLQTU r FV[-`Ns
¥NdOF·ÁÂ��ÅJÆJÇk�J®°È{ÉP�u]�j*W·CLUpo0fN[@U%eLUTWX[�eP]�o0fN[TFL}u�·UTCDQ\dOF©CLUpo0f§[aU%q
eLU%W>[�eP]�o0fN[TF�}|]�¤JQ�WXUaMOF>H�WwC�QTdOF�Z�M�UT]�MI]�j8WX[a[mjlWwePFPC¼eP]�M�Q�WXUaMOF>H
UaMzW0ÊxË9Ì>q@jlWwePFn]^j���Q\dOWXQ
UTCGe>]�M�Q�WXUaMOFPH�UaMzFV}kWmeVQ\[a`£]�MOFxjlWwePFLQ
]�j���sR¥NdOF|¤*]�Z�MOHJWXSV`²]�jnWÍCLUao�fJ[aUTe�U%W>[D¤
W>[p[hUTC�WÍCVUao0f§[pUTeLUTWX[
CLfNdOFLSPFPs9¥NdOF�¤*]�Z�MOHJWXSV`R]�j©W�CLUao�f§[aUTeLU%W>[�CLfNdOFLSPFgU%C9FLo�fJQT`Ns
tuF¸C>W>`¸QTdOW>Q¼W�CLUpo0fJ[pU°eVUTWX[�eP]�o0fN[lFL}_�xUTC·W¬��ÅNÁ	� ���O�D�����£]�jh�
Uaj�F r FLSV`�jlWwePF£]�j¼�iU%C{W|jlWwePF{]�j���s�¥JdOFG¤
]^Z�MOHNW>SV`I]�j���UTC{W
CLZ�¤
eP]�oufJ[%FL}9]�j��^s

B

A

Î�Ï Ð^ÑVÒÔÓ
Õ Ö × Ø\ÙÛÚLÓ8Ü Ï ÝVÞwß�àâáwã8älÓ Ò àâÏ å Ó�æ
çNè éAê ëXÝVì�àâÚVÓ8æ�àâë^Òíß�àâámã�àâÒ Ï ë^ÝLÐ^Ü Ó�æ�ê�ã î

ëXÝ§Ó ì^Ð^Ó
ïÂFLQ·�I¤
F9WºCLUpo0fJ[pUTe�UTWX[¼eP]�o0fN[TF�}ks«»§]�S£W>M�`3���R���
QTdOF���¯±�N®
]�j·��UaMð���nñ#òX´Û� �\��µ@��U%C�QTdOFICLZ�¤*e>]�o0fJ[%F�}�]�j¸�zoIWwHJF0Z�f¨]^j
WX[a[OCLUao�fJ[-UTe>FPC·]�jh��dOW r UaM�Y��nWwC¸WGjlWwePF�fJ[aZDC·WX[a[8QTdOFLUpS�jlWwePF>CPs
¥NdOF²����Æ§ó¡]�j��0UpMô�¦UTC9QTdOF3CLUao�f§[aUTeLU%W>[¸e>]�o0fJ[%FL}¨õ±ö�´Û���\��µ|÷
ø°ù ��ñíò>´Û���\��µ\½ �©¢ ù ÷�ú û@s|¶O]^QLFiQTdOWXQDQ\dOF©[aUaM�ü²]�j�QTdOF¬´aönË¡ý^µ@q
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H�Upo«F�MOCLU%]^MOWX[xjlWwePF_�^����ö§´Û� �\��µ@�hUTC_W¡CLUpo0fJ[-U%eLUTWX[Ge>]�o0fJ[lFV}�]�j
H�Upo«F�MOCLU%]^M¦Ê¼Ëuö�Ë3ýVs
� jh�GWXMOHR�zWXS F�QTEG]{CLUpo0fJ[-U%ePFPC©E¼UpQ\d²H�U%CLQ\UpMOeLQ r FLSVQTUTePF>CiUpM¦���
CLZDeLd{Q\dOWXQNQTdOF�QL]�Q�WX[aUpQ\`G]�jwQTdOFPCPF r FVSVQ\UTe>FPC�U%C¼WXQJoI]ÃCVQDÊ��iý*WXMOH
QTdOFL`�W>SPF�UaM YNFLMOFVS>W>[hf
]ÃCVUaQTUT]�MvUpM<�
����Q\dOFVM QTdOFPCPF r FLSVQ\U%ePFPC
CLf
W>M W_CLUpo0f§[TFV}RePWX[a[%FPH�QTdOF��w����Æ«]�j��{WXMOH¦��s|¥Jd�U%C·EyUa[p[�¤
F
HJFVMO]�Q�FPH¬¤J`Í������s�t¬F�MO]�Q�F�Q\dOWXQ¼QTdOF��L]�UaM ]�j�W���q°CVUao0fN[TF�}
EyUaQTd¡W! �q°CLUpo0f§[TFV}·UTCGW¬´"�#�$ %�3ý^µ@q°CVU@o�fJ[%FL}ks
»§]�S�WXM W>SV¤NUaQTS>W>SV`3CLUao�f§[aUTeVUTWX[�eP]�o�fJ[TFV}_Q\dOFLSPF�UTCgQ\dOF�MO]�Q\U%]�M
]�j 
'& ­���� ¯±��®%��Eyd�UTeVd9dOWwC�¤
FPFLM3ePFLM�QTS>WX[mUaM0Q\dOF¼HJF r FL[T]�f§o«FVM�Q�]�j
QTdOFneP]�o�¤JUaMOWXQL]^SVU%W>[JQ\dOF>]^SV`{]�j§f
]^[p`�Q�]�f
FPC�(*),+-)�.as�»§]�SiWiQ\SVUTWXMOq
Y�Z�[TWXQ\U%]�M0/·]�j§W·Ê�q°H�UpoÍFLMOCLU%]�MOW>[�f*]�UaM�Q�e>]^M�KNY�Z�S>W>QTUT]�MO�PEGFyHJFPq
KJMOF*UaQLC
jlq r F>e�Q�]�S8Q�]�¤*F 
 ´1/OµÃ÷¦´ 
3254 ´1/Oµl� 
76 ´1/�µl� 
84 ´1/Oµl� 
39 ´1/�µl�;:<:<:°� 
 � ´1/Oµ\µ@�
UTs-F>skQ\dOF
UaM�QLFLY�S>WX[ r FPeVQ�]�S�EydO]�CPF 
>= ´1/�µÃ÷|M�Z�o0¤
FLSh]^j�?Tq°H�Upo«F�MOCLUT]�MOWX[
CLUpo0f§[aU%ePFPC�UaMOCLUTHNF%/�sA@�j§eP]�Z�S>CPFP�PUpM{QTd�UTCyHNFLKJM�UpQ\U%]^M 
B2�4 ´1/OµÃ÷�ý
jl]�ShQTdOFnFLo�fJQT`0CPFLQLs

Î�Ï Ð^ÑVÒÔÓ
Õ Ö CED Ø\ÙÛÚVÓGFIH älÓ å àâã Ò°ã î#àâÚLÓ
àâÒ Ï ë^ÝLÐ�ÑLÜ ë^àâÓ ì�ÒÔÓ Ð^ÑVÜ ëXÒíã�å�àâëXÚVÓ ìXÒ ã�ÝkÏ æ
F>JLKNM>OBPRQ3S8T>U*VRM*W	XZY[J 43\^]<\_4E`'\B4E9'\ba X

tudOWXQ�ePWXM�¤*F�CPWXUTH|WX¤
]^Z�Q�Q\dOF 
 q r FPeLQL]�Sdcfe�]�EvHN]yQTdOF�FLM�QTSVUTF>C
Y�SP]�E�c�t¬F~ePWXM�¤*FLY�UpM_¤J`0CLQTZDH�`�UpM�Y�Q\dOF~FLM�QTSV` 
 � ´1/Oµ@smtuFnePWX[a[
QTdOF0��� gm�¸]�jxW¸Q\SVUTWXM�Y�Z�[TWXQTUT]�Mh/£QTdOFiM�Z�o�¤*FLS0Ê�qlH�UaoÍFLMOCVUT]�MOWX[
CLUpo0f§[aU%ePFPCji QL]^fRH�UaoIFLMOC�UT]�MOWX[OCVUao0fN[aUlePFPC<k8ZDC>FPH|UaM«QTdOF�Q\SVU%W>MOq
Y�Z�[TWXQ\U%]�MOsle�]�Eð[%W>SVY	Fu]�S9CLo«WX[a[©ePWXMbQ\dOFuCVUaª�F�¤*F�UaMbQLFLS�o«C
]�j 
76 ´1/Oµmi QTdOF¸M�Z�o�¤*FLSu]�j r FLSVQTUTePF>Cnk*c tuF�¤*FVY�UaM�EyUaQ\d¨C>]�o«F
SPFPCLZ�[aQLCnWX¤
]^Z�Q*QTdOFnCLUpª�FP�
o Z�fJf
]ÃC>F~EGF~dOW r F¸W·Q\SVUTWXM�Y�Z�[TWXQTUT]�Mb]�jxWXMlpºf
]�UaM�QiCPFLQrq²UaM
� � sbtudOWXQGUTC{Q\dOF_CLoIW>[p[TFPC�Q{CVUaª�Fº]�jgWuQ\SVUTWXM�Y�Z�[TWXQTUT]�Msc ï	FLQ
òi¤*F|QTdOF|M�Z
o�¤*FVS_]�j�Ê�q°CLUao�fJ[-UTe>FPC{UaM<WuQTSVUTWXM�Y�Z�[TWXQ\UT]�Mt/ ÷
øBu�4 � uv9 �;:<:<: � uvw û8]�jsqysO¥Nd�UaM�üR]�j�QTdOF¼jl]�[a[%]�E¼UpM�Y|Y�S>WXfJdO�*¥�WXü*FgW



�yx �����	��

�����
��
���������� ���	�

MO]�HJF�jl]�S�FPWweLdzÊ�q°CVUao0f§[%FL}{W>MOHz�V]^UpMuQTEG]~]�j	Q\dOFLo ¤N`{WXM«FPH�YNF
UajNQTdOFL`�CLdOWXSPF�Wge>]^o�o«]�M�Ê�Ë�ýVq-jlWme>FPs§¥Jd�U%CDEyUp[a[Â¤*F©ePWX[a[%FPHnQ\dOF
Ç§ÅN�J�|{k®°� ��Ä{]�j�W~QTSVUTWXM�Y�Z�[TWXQ\U%]�M¬jl]�S~]�¤ r UT]�ZDCySPFPWwCP]�MOCPs
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Î�Ï Ð^ÑVÒÔÓ
Õ Ö C�C¾ØTÙÛÚLÓ8ìXÑVëPÜAÐ�Ò ëd�^Ú�ã î¾ë
àâÒ Ï ë^ÝLÐ�ÑLÜ ë^àâÏ ã Ý§ëd�	�XÓ ë>ÒíÏ Ý§ÒÔÓ ì

¶�]�Q�o0ZDeLd¬UTCyüNMO]^EyMzWX¤*]�Z�QxH�ZDWX[JY�S>WXfNdOCG]�j§QTSVUTWXM�Y�Z
[%W>QTUT]�MOC
iaC>FPF_FL}kFLSPeLUTC>FPCnkx¤JZ�QiQ\dOFL`zWXSPF�ZDCPFLj-Z�[hQL]«FPCVQ\Upo«WXQ�F¬W9[T]�EGFLS
¤
]^Z�MOHgjl]�ShQ\dOF~CLUaª�FPs§¥NdOFGH�ZDWX[JY�S>WXfJdR]�jm/�dOWwCiò�MO]�HJFPCnW>MOH
UaQgo0ZDCVQ·¤*F«eP]�M�MOFPeLQLFPHR¤
FPePWXZDCPF9QTSVUTWXM�Y�Z�[TWXQ\U%]^MOCIW>SPFºeP]�MOq
MOFPeVQ�F>H�CPFVQ�CPs¦¥NdOFºCPFVQ£]�j r FVSVQ\UTe>FPC0q¿UTC{QTdOF£Z�M�UT]�M<]�j�QTdOF
CPFVQD]�j r FLSVQTUTePFPCi]�jNQ\dOF©CLUpo0fJ[-U%ePFPC u�4 �;:<:<:�� uvw s o UaMOe>FhQTdOF�Y�S>WXfJd
UTC0eP]�M�MOFPeVQ�FPH¬EGF�ePWXM�UpMOHJFL}_QTdOF0CVUao0fN[aUlePF>C0CLZDeVd²QTdOW>Q¼QTdOF
H�ZhWX[�CLZ�¤NY�S>W>fNdIWwCPCP]�eLU%W>QLFPH~EyUaQTdIWyf*WXSVQ\U%W>[Ã[aUTCLQ�]�j8CLUpo0fJ[-UTe>FPCP�
CPWX` øBu�4 � uv9 �;:<:<: � u,� û	EyUaQTd����3ò#�	UTCge>]�M�MOFPeLQLFPHJs � j�³ � UTC�Q\dOF
CPFVQn]�j r FLSVQ\U%ePFPCnUpMRQ\dOF~Z�M�UT]�M ]�j�� �= Y 4 uv= QTdOFLM�³ 4 dOWwC|ePWXSPH�U%q
MOWX[aUaQT`��N³ 4 ÷ Ê��¦ý�WXMOH¡³ w dOWwCuePWXSPH�UpMOW>[pUaQ\`�p
sl�£]�SPFP] r FLS
�	³ � ���	³ � 254 �²ýVs ��FPe>W>ZDCPF�QTdOF�MOFVEôCLUpo0f§[TFV} ud� dOWwC£W>Q
[TF>WmCVQ~Ê r FLSVQTUTePFPCxUaM¡eP]�o�o«]�M_EyUaQTdR³ � 254 s � M¡e>]�MOeL[aZDCLUT]�MO�

p�÷¡�N³ w �²´ Ê��«ý^µ¢�Í´pò�Ë«ý^µk÷zÊ��9ò
WXMOH·EGFhdOW r FxQTdOFxjl]�[a[%]�EyUaM�YgQ\dOF>]�S FVo«�
£z¤¦¥¨§�©n¥¨ª¬«�­_®�­7¯¨­G°8ÄJ�©��� gÂ�©��±i�¸¯±®°���JÆy{kÅN�a�J¯±����Æ�±���®��JÆ�pn������ÆN¯
����¯²qô��ÆÍ�*�R���I�N¯������J��¯³p«Ë Ê�´¶µ£��®l����­ ��®�¯AÄN�º�,·�ÅJ�J����¯±Èz���
�N��ÄN����­���Çn�D®\��� ��������Èu� ±|��ÆJ�|�^±£¯±ÄJ�¦±��������,¸·��Æ�{��,·�ÅJ��­��N�a��ÆJ¯*����Æ &
Ç§��¯±����ÆJ�~��� ��ÅN®°�,¹

� °�ÄN�nÇ§ÅN�J�|{k®°� ��Ä{��±g¯±ÄN�n¯±®l���JÆ�{kÅN���J¯±����Æ0���G�{¯±®\���,´
��º �|´ Ê�ËuÌÃµ & ±��J� �g��±¸¯±ÄJ�g¯±®°���JÆ,{kÅJ�a�J¯±����Æ9��ÆJ¯±��®í����� ¯±��¯±ÄJ�g��Æ &

¯±��®°��� ®���±�¯±ÄJ�~����ÆN­����£ÄNÅJ���	��±»qr´

tuF©CLUao�fJ[-`iMOFPFPHnQL]GFV}�fJ[TWXUaM9Q\dOF�HNFLQLW>Up[TC©]�jJQTdOF�CPF>eP]�MOHnf*WXSVQ�s
¼ [%FPWXSV[a`REydOFLM Q\dOFIH�ZDWX[�Y�S>WXfJdð]�j©QTdOF0Q\SVU%W>M�Y Z
[%W>QTUT]�M U%C3W
QTSPFPFI]�Z�S{[%W>¤
FL[aUpM�Yb]�j�QTdOFºCVUao0fN[aUlePFPC u	= e>W>Mv¤*FºCLZDeLd QTdOW>Q
�	³ � ÷��	³ � 254 �¸ý§dOFLMOePF�QTdOF�FVMOH~S F>CLZ�[aQ§¤*FPe>]�oÍFPC�WXMIF|½XZDWX[Tq
UaQT`Ns ¼ ]�M r FLS>CPF�[a`N�DUpj¼QTdOF�H�ZDWX[xY S>W>fNd ]�jyQ\dOF|QTSVUTWXM�Y�Z�[TWXQ\UT]�M
dOWwC�W�eL`NeL[TF�W>MOH u �s¾ 4 UTC©Q\dOF©[TWwCLQ©CLUpo0fJ[lFL}_eL[T]�CVUaM�Y£Q\dOF·eL`Nq
eL[%FP�kQTdOFLM²W>[p[8QTdOF r FLSVQTUTePF>CiUaM²³ �G¾ 4 [aUTF¸W>[pS F>WmH�`�UpM¦³ � �	Q\d�ZDC
UaMOFd½>ZDWX[aUpQ\`gEyUa[p[J¤*FnCLQTSVUTeLQ*UaM�QTdOWXQhePWwCPFPs

Î�Ï Ð^ÑVÒÔÓ
Õ Ö C@Õ Ø\çDàâÒ Ï ë^ÝLÐ^ÑVÜ ëXàâÏ ã Ý§ã îíàâÚVÓ
¿ Hâå�ÑnÀ^Ó
á	Ï àâÚÂÁ	àâÓ àâÒ ëXÚVÓ ìXÒ ëÃÖnÃ àâæ ìXÑVëXÜ

Ð�Ò ëd�^Ú§Ï æ�ë�àâÒÔÓ Ó
tuFxEGWXM�Q
Q�]·C>FPFxMO]�EbQTdOWXQ�dOW r UaM�Y�W�H�ZDW>[NY�S>WXfJd�Eyd�UTeVd�UTCnW
QTSPFPFOUTC©F|½XZ�U r WX[TFVM�Q8QL]GFV}§eV[aZDH�UaM�Y~UaM�QLFLSVU%]^Sg´ Ê
ËGÌÃµ@qAjlWwePFPCri UpM�Q�F>q
SVUT]�SgFPH�Y	FPC©UpM«QTdOFgePWwCPF·]�j�QTd�SPFPFgH�UaoIFLMOC�UT]�MOC�jl]�S�FL}kWXo0fJ[%Fnkls
o Z�fJf
]�CPF�jl]�SgWno«]�oIF M�Q�Q\dOF�H�ZDW>[�Y�S>WXfJd²eP]�M�QLW>UpMOCgW£eL`NeV[TF�s
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@�MOF~e>W>M9UaoIW>Y UaMOFhQTdOF©eL`NeV[TFxdOWwC©WwCDMO]�HNFPChQ\dOF�¤*WXSV`NePFVM�Q�FLS>C
]�j�Q\dOFijlWme>F uv= ¢ uv= ¾ 4 WXMOH0QTdOW>QDUaQLC{FPH�YNFPC£WXS FnQTdOF~[pUaMOF£CPFLYNq
o«FVM�Q�C²�L]�UaM�UaM�YºCVZhe>ePFPC>CLU r FiMO]�HNFPCPs � j*EGF¸CLd�SVUaM�üIQTd�UTC¸eL`NeL[%F
UaQhEyUa[a[�S FVo«WXUaM¡UaMRQTdOF~UaM�QLFLSVUT]�SLsiB�QnC>]^oIF~f
]^UpM�QxUpQxo�ZhCVQxUaMOq
QLFLS>CPFPeVQn]�MOF|]�j
Q\dOF~¤
]�Z
MOHNWXSV`£jlWme>FPC|]�j ud= ¢ uv= ¾ 4 �§QTd�ZDCiQTd�UTC
jlWwePF�eLZ�QLC{QTd�SP]�Z�Y�dbQ\dOF|UaM�QLFLSVUT]�S¬]�j�Ä	ÅdpAÆJ´1q~µ@s ¼ ]�M r FLS>C>FL[a`N�
[TFVQ���¤*F9W>M²UaM�Q�FVSVUT]�S3´ ÊGË«ÌÃµ@q@jlWwePF¬]�jDQTdOF¸QTSVUTWXM�Y�Z�[TWXQ\U%]^MOs � Q
¤*FV[T]�M�YNC�Q�]¸W9Ê�q°CVUaoufJ[%FL} u W|WXMOH¸[TFVQs�|¤
F·W~f
]^UpM�Q�UaMºQTdOFyUaMOq
QLFLS>CPFPeVQ\UT]�M�]�j�QTdOFySPFL[TWXQTU r F¼UaM�QLFLSVU%]^SG]�j��hEyUaQTd_Q\dOFxUaM�Q�FVSVUT]�SG]�j
Ä	ÅdpAÆJ´1q~µ@s ¼ ]�MOCVUTHJF�S¸WueLUpS eV[TF ù EyUaQTd�ePFLM�QLFLSiUpM¶�ÍW>MOH£[a`�UaM�Y
UaM�QTdOF!ÇJq-fJ[lWXMOF¸f*FVSVf*FLMOH�UleLZ�[TWXS·Q�]{QTdOFuWXj KNMOF¸d�Z�[a[©]�j~�^s � j
QTdOFgS>WwH�UpZhC�UTC�CLoIW>[p[�FVMO]�Z
Y d²Q\dOF£eVUaSPeL[TFgEyUa[a[�¤*F�eP]�M�QLW>UpMOFPH
UaM$Ä	ÅdpAÆJ´1q~µJW>MOH©UaQLC�SPFL[TWXQ\U r FOUaM�QLFLSVUT]�S¼HN]�FPCOMO]�Q�UpM�Q�FVS>CPFPeLQOW>M�`
]�Q\dOFVS£´ Ê�Ë¬ÌÃµ@q@j\Wme>F�¤
FPCLU%H§FPC��^s�¥JdOFLMIQ\dOF|Ê�qlCLUao�fJ[-UTe>FPC�UaM�QLFLSwq
CPF>eLQ�F>H·¤J`gQTdOFneVUaSPeL[TFxjl]�S o W�W�eL`NeL[TF>s
tudOWXQyU%C�QTdOFn[TWXSVYNFPCVQGCLUpª�F{]�j�W|QTSVUTWXM�Y�Z�[TWXQ\U%]�Msc²t¬FGEyUa[a[yCPF>F
¤*FV[T]�E Q\dOFºW>MOCVEGFLS£UTCIW>M W>fNfJ[aU%ePWXQ\UT]�M ]^j�Q\dOFºHJFPFVfvZ�fJf*FVS
¤*]�Z�MOH_QTdOFP]�SPFLo jl]�S9CLfNdOFLSPFPC¸fNS ] r FPH_¤N` o Q�WXM�[TFL`uUaMÈ)yÉ�Ê5+
(1Ê�ÇA.a�g¥JdOF0eL`NeL[pU°e_Ê�q@f
]^[p`�Q�]�f
F¸EyUaQTd�p r FVSVQ\UTe>FPC��xHJFLMO]�QLFPH_¤N`
ù ´IpD�íÊNµ@��UTC·QTdOF�eP]�M r FL}_d�Z�[p[�]�j�p r FLSVQTUTePF>C¸Q�WXü*FVM²j-SP]�o Q\dOF
o«]�oIFLM�QxeLZ�S r F�´pòX� ò 9 � ò ` �;:<:<:�� ò���µ@s§¥JdOFhjlWwePFPCi]�jkQTd�UTCDf*]�[a`�QL]�f*F
jl]�S o W¸CLUpo0f§[aUTeVUTWX[DÊ�q°CVfJdOFLSPFPs
£z¤Ë¥¢§�©n¥¨ª «�­_®�­_«hÌ^Í³ÎÂÎÂ¥¢©rÏ¦§�Ð�Ñ¦Ò�Ó'¤¦¥¨§�©n¥¨ªÕÔ�­»Ö
��®¼�NÆJÈ_� ��� &
������� ���J�	Ê & �l�DÄN��®l� u


3= ´ u µ�� 
�= ´ ù ´Ipf�3ýX�íÊ��3ý^µ\µl� ×��0?Ø�RÊ�:
¸·ÄJ��®\� ù ´IpD�íÊNµ
Ç§��ÆJ��¯±���n¯±ÄJ�n�����O�����������J�Â��� �O�D�����£�·�JÇk�G��±G¯±ÄJ�
ÁÂ��ÅJÆJÇk�J®íÈ�±��J� ���n��±�¯±ÄN�G� È	��������Ê & ������ÈÂ¯±�l���Ù¸·��¯±Ä#p«­���®°¯±����� �,´
ÚÂ¥¢ªÕªÕÛ�«�­_®�­_®�­fÜkÅ �	�������º�¿���3�u�DÅN®l�3�����O�D����� ���N�i´ Ê�Ë ý^µ &
� ���O�D�����9�JÆJÇ9�g���·�s±Ã�N���·��±�Ç§���·��ÆJ������Æ�ö©Ë¡ý©��ÆJ� ��Ç§���-´G°�ÄN�
±��������,¸·�aÆy{£®l� ���J¯±���ÃÆN�~ÄJ����ÇA¹


�Ý ´-��µJ÷ 
7Ý ´-��Ëu��µ¢� 
7ÝÞ2�ß ´-õAö§´Û���\��µ\µl�|±���®|ËIý%� àË�ÍÊ�Ë3ý	:

e�FLSPFgU%CgQTdOF�S F>WmC>]�M�QTd�UTC�UTC�Q\SVZDFP� o Z�fJf*]�C>FI�RUTC�W£jlWme>F0]�j
�¡]�j�H�Uao«F�MOCVUT]�MáàAs·Upj��©UTC£eP]�M�QLWXUaMOFPH0UpM �3QTdOFLM¡Q\dOFVS F~UTC£W
àmË¬öÃq@jlWwePF#â3UaM²õAö§´Û���\��µ
CLZDeVd_Q\dOWXQn�«÷Í�³�ãâxsä@�QTdOFLSVEyUTCPF>�ÂUpj
��UTCiW>M3FL[TFVo«FLM�Qh]�j*�~Ë{�^s � M3FLUaQTdOFLS�ePWwCPFhQTdOF�fJSPFPC>FLMOePF~]�jD�
EGWwC�eP]�Z�M�QLFPHI]�M�]�MOF¸CLZ�o0oIWXMOHI]�j�Q\dOF©jl]�S o�Z�[TWws¸¶O]�E EGF
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WXSPF�S F>WmH�`·Q�]ifJSPFPC>FLM�QOQTdOF¼Z
fNf*FLS¼¤*]�Z�MOH¬]�MºQ\dOF�QTdOF�CLUaª�Fg]�j
QTSVUTWXM�Y�Z�[TWXQ\UT]�MOC>s§¥Jd�UTCySPF>CLZ�[aQ*UTCGWX[TCP]�üJMO]�EyM�Q�]�¤*FxQTUaY�d�QLs

æ §�©n§yç_ç7Û¢©>è$«�­_®�­_é�­s°8ÄJ�©��� gÂ�i��±n��¯±®°���JÆy{kÅ§���J¯±��� Æ{��±~�D�D� ��ÆJ¯J����¯
qê¸·��¯±Ä�pI­���®l¯±��� ���n��ÆJ����Ç§�¼� � ���iÁ	� ÅJÆJÇ§� Ç0�NÁ	��­��iÁÂÈ 
 � ´ ù ´Ipj�
ýX�íÊ%�ºý^µ\µ�ËI´ Êz�ºý^µR´ìë\Æ{��¯±ÄJ��®m¸·��®lÇk�z°8ÄJ�~���N®E{k����¯k��� gÂ�n��±n�{¯±®°� &
�NÆy{kÅJ�a�N¯±����Æg���¼�J��ÈÂ�O�D¯±��¯±�����N����ÈÙín´Ip²î J � ¾ 4 X"ï 93ð µR´�Ü§���·�����§®§Á	��ÅNÆJÇ§�
ÄN����Ç³±���®Â? & ¯±Ä£��ÆJ¯±®°È��^±g¯±ÄJ� 
'& ­�� ��¯±��®���±G��¯±®l���JÆ,{kÅ§���J¯±����Æ5´

� Mz]�SPHJFLSDQ�]·C>FPF¼Q\d�U%CxEGFGFVo0¤*F>H¸Q\dOFhQ\SVU%W>M�Y Z
[%W>QTUT]�M�UpM�½XZhF>CPq
QTUT]�M¦UaMOCVUTHJF9WºCLUao�f§[aUTeLU%W>[GÊ�q°CLfNdOFLSPFPsRÀ�o�¤*F>H_Q\dOFgf*]�UaM�QLC9]�j
qôUaMOCVUTHJF²� � ¾ 4 ¤N`bf*]�CLUaQTUT]�M�UaM�Y�QTdOFIf*]�UaM�QLCIUaM QTdOFºfJ[TWXMOF
ñ � ¾ 4 ÷óòXs¸ïÂFLQ u ��¤
F~QTdOFiZ�M�UaQiCLfNdOFLSPFnUaMb�
� ¾ 4 EyUaQTd�ePFLM�QLFLS
WXQ�Q\dOF·]�SVUaY�UpMOsõô�SP]7�LF>eLQDQ\dOF·CPFLQrq�jÛS ]�o QTdOF¸]�SVUpY�UaM�]�M�QL]GQ\dOF
CLZ�S�jlWwePF�]�j u ��sk¥NdOF�CLUao�fJ[pUTe�FPC¼]�j�/�Q\S>WXMOCLjlFVS�Q�]O¤*F�ölCLfJdOFVSVUTe�W>[
CLUpo0f§[aU%ePFPCd÷#s�¥Nd�UTCGUTC{C>]^oIFGüJUaMOH3]�j�ö-S F r FLS>CPF£CVQ�FLSPFP]�Y�S>WXfNd�UTe
fNS ]7�VFPeLQTUT]�Ms÷OWwCGCLdO]�EyM�UpM¡»ÃUaY�Z�SPF[ÇJs3)yø

Î�Ï Ð^ÑVÒÔÓ
Õ Ö C ¿ Ønùú�XÒ Ï ÝVàâÏ ÝLÐ�û ë
àâÒ Ï ëXÝVÐ^ÑVÜ ëXàâÏ ã Ý§Ï Ý§àâÚLÓ��XÜ ë^ÝLÓ�ã ÝkàâÚLÓ

æ�ÑLÒÔî ëXå�Ó*ã îíàâÚVÓ�æI�^ÚLÓ�ÒÔÓ
»ÃUpMOW>[p[a`ºQ�WXü*F�QTdOFuCP]�Z�QTdbf*]�[TFfÆ_]�jxQ\dOFuCLfJdOFLSPF¬WXMOHf�L]�UpM UpQ
ia] r FLS�QTdOFyCVZ
S�jlWwePFx]�jwQTdOFyCLfNdOFLSPFnk�EyUaQ\d|Q\dOF*¤*]�Z�MOHJWXSV`�´ ÊÂËiý^µ@q
jlWwePF>C_]�jhQTdOF¬]�SVUaY�UpMOW>[DQTSVUTWXM�Y�Z�[TWXQ\U%]�MOs«¥JdOF�SPFPCLZ�[pQ\UaM�Yze>]^oIq
fN[TFL}RUTCºWRCVUao0f§[pUTeLUTWX[�Ê�q°CLfNdOFLSPFÕ/Aü�s�¥Nd�UTC{UTCºW r FLSV`IZDCPFLj-Z�[
QTSVUTeLü
��¤
FPePWXZDCPFDUaQDWX[a[T]�EGCDZDCDQL]xQ\S>WXMOCLjlFVS�SPFPCVZ
[pQ�C©WX¤*]�Z�Q�CLUpo«q
fN[aUTe�UTWX[iCLfNdOFLSPFPC|Q�]£SPFPCVZ�[aQ�C¬WX¤
]^Z�Q©Q\SVU%W>M�Y�Z�[%W>QTUT]�MOC¬]�jxf*]�UaM�Q
CPFVQ�C>s�»§]�S�FV}kW>o�fJ[TF>� 
 q r F>eLQ�]�S�]�j²/ ü ePWXMR¤*FiSPF>eP] r FLSPFPH0jÛS ]�o
QTdOF 
 q r F>eLQ�]�S¸]�j²/_WXMOH{QTdOF 
 q r F>eLQ�]�S·]�j©ÉN/
s��£]�SPF�fJSPFPeLU%CPFL[-`N�
EGF|eV[TWXUao QTdOW>QDjl]�S�WºÊ�q°H�UaoIF MOCVUT]�MOWX[
Q\SVU%W>M�Y Z
[%W>QTUT]�M�WXMOH�UpQ�C
WwCPCP]�eVUTWXQ�FPH_Ê·H�Upo«F�MOCLU%]^MOWX[
CLfJdOFVS F[/ ü s


7Ý ´1/ ü µk÷ 
�Ý ´1/Oµ	� 
�Ý Ë3ý>´ ÉN/Oµl� Ë�ýz�0à-�RÊ�:
»§]�SºQTd�UTCP�gMO]�Q�FIQTdOFIEGWX`¦EGF²eP]�MOCLQTSVZDeLQ�F>H Q\dOF�CVUao0f§[pUTeLUTWX[
eP]�o�fJ[lFL}ý/ ü �þ/ ÷ÿ/ ü Ë Æ²WXMOH õ±ö§´"ÆN�R/ ü µ�÷ Éd/�s<¥Jd�ZDC�Q\dOF
jl]�S�o0Z�[TW9EGF_CVQ�WXQLFPH_jl]�[a[%]�EGC{jÛS ]�o ïÂFLo�o«W$ÇJs�øNs�øJsv»�UaMOWX[a[a`N�
j-SP]�o QTdOFiZ�fJf
FLS~¤*]�Z�MOH0QTdOFP]�SPFLo«�§EGF~dOW r F~Q\dOWXQ©CLUaª�F{]�jz/ ü
UTC�¤*]�Z�MOHJFPH�W>¤
] r F�¤N`¸CLUaª�F�]�j�/©fN[aZDC�QTdOF�M�Z�o0¤
FLS¼]�jÂ¤*]�Z�MOHJq
WXSV`Í´ Ê©ËRý^µ@q@jlWwePF>C¸]�js/�s�¥JdOWXQ�[TWwCLQOM�Z�o0¤
FLS�U%C·WXQ�[%FPWwCLQGÊ»�Íý
eL[%FPWXSV[a`Ns�e�FLMOePF¸QTdOF·KNS>CLQ�f*WXSVQ·]^j�Q\dOFgSPFPCLZ�[aQ�jl]�[a[%]^EGC>s¬¥JdOF
CPF>eP]�MOH|f*WXSVQOjl]�[a[T]�EGC�j-SP]�o QTdOF·CVf*FPeVUaK*e r WX[aZDFPCg]�j 
 q r FPeLQL]�S>C
]�j�eL`	eL[aUTexf*]�[a`�QL]�f*FPC>s
tuFÍeP]�MOeL[aZDHJF¬QTd�UTC3CPF>eLQ\U%]�M CLQLWXQ\UpM�Yv]�MOFÍ]�jiQTdOF9o«]�CLQ�Upo«q
f
]^SVQLWXM�Q~jl]�S o�Z�[TWwC�UaM r ]�[ r UaM�YIQ\dOF 
 q@M�Z�o0¤
FLS>CP�DQTdOFI¯±ÄJ���DÅ &
����®¼®\�����N¯A����Æms�ô�SP]�]�jlC{]�j�QTd�UTCnSPFPCLZ�[pQnePWXM¡¤*Fnjl]�Z�MOH0UpMRo«WXM�`
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CP]�Z�SPePFPC·UaM¨WX[aYNFL¤NS>W>U%e¸Q�]�f
]�[T]�Y�`NsºtuF·EyUp[a[�ZDCPF9À�Z�[TFLS
�ÔC�jl]�Swq
o0Z�[%W{dOFPW r Ua[p`�E¼dOFVM�EGF{CVQ\ZDH�`�QTdOF{CLf*WwePF£]�j�fN[TWXMOW>S~QTSVUTWXMOq
Y�Z�[TWXQ\U%]�MOC�i UaM¡f*WXSVQTUTeLZ�[TWXS~dO]�E¿QTdOFL`IWXSPF|eP]�M�MOFPeVQ�F>Hykls
�£]�SPF
F|½XZDWXQ\UT]�MOC~]�j§Q\d�U%CxüNUaMOH9FV}ÃU%CLQ%i o«]�SPFnWX¤
]^Z�Q*QTd�UTCx[%W>QLFLS
�Lk%s
ÚÂ¥¢ªÕªÕÛ¶«�­_®�­���­ãÜ§Å��	���������v���¬�¡ÊgËbý & ���a�O�����������J�������O�������
�J��� �������J¯±��Ç_¯±�·�u¯±®°���§Æy{kÅJ���J¯±����Æ���±¸�i������ÆN¯
��� ¯
��Æ�� � 2�4 ´G°�ÄN��Æ� �Ý Y 4 ´-Ë�ý^µ%� 2�Ý 
7Ýb254 ´-��µJ÷¦´-Ë�ý^µ%� 254

�
� � � +5$�2�/y&�'�:Í,���6��£"A&�2��u.��	!#"%$�&�'�(�)�+�&�,@$5.�'k/

t¬FºWXS FºWX¤*]�Z�QGQ�]9UaM�Q\SP]�H�ZDe>F�[T]�ePWX[G]�f*FLS>WXQ\U%]�MOC�QTdOW>QL�Dj-SP]�o
WXM�UaM�UaQTUTWX[JQTSVUTWXM�Y�Z�[TWXQ\U%]�MO��fNS ]�H�Zhe>Fn]�QTdOFLS[ö@MOFVUaY�d�¤*]�SVUpM�Y�÷�QTSVUTq
WXM�Y�Z�[TWXQ\UT]�MOC>sn¥�]9HJFLKNMOFGQ\dOF|]�f
FLS>WXQ\U%]^MOCiEGFn[T]�]�ü²WXQxQTSVUTWXMOq
Y�Z�[TWXQ\U%]�MOCº]�jyQ\dOF_CLoIWX[a[TFPCVQGMO]�MOq@Q\SVU r UTWX[nCPFLQLCº]�j¼f*]�UaM�QLC{Q\dOF
eLUpS eVZ
UpQ�C>s_¥NdOFuCLQTSVZheVQ\Z�SPF9]�j©W�Q\SVUTWXM�Y�Z�[TWXQTUT]�M WwC9CLUpo0fJ[-U%eLUTWX[
eP]�o�fJ[lFL}nfJ[TWX`NCiW¼S ]�[TF�UpMuQTdOFOjl]�S oIW>[8HNFLKJM�U-QTUT]�M«]�jJQTdOF�]�f*FLSwq
WXQ\U%]^M¬Q�]�]�s
t¬FzCPWX` W CLZ�¤*CPFVQI]�jGf*]�UaM�QLC�� � q UTC�W � ��®\��ÅN��¯G]�j
q Upj
WXM�`ÍfJSP]�f*FVSICLZ�¤*CPFVQ!�Gü�U%C«WXj KNMOFL[a`ÍUaMOHNFLf�FLMOHNFLM�Q·¤NZ�Q���U%C
WXj KNMOFL[a`«HJFLf
F�MOHJFLM�QLs�¥Nd�UTCGMO]�Q\UT]�MceP]�oIFPCGj-SP]^o Q\dOFGQTdOFP]�SV`
]�j§oIW>QTSP]�UTHJCÙiaCPFPFÙ(*)5)�. kTs�t¬F~]�¤*CPFLS r FyQTdOW>QL��Z�f9QL]�SPFPWX[
CPePWX[TWXS
o0Z�[pQ\UafN[TF��yQTdOFLSPF0U%C«W_Z�M�U*½XZhF�S F>W>[GWXj KJMOF�SPFL[TWXQ\U%]�M W>oI]�M�Y
QTdOF9FL[%FLo«FVM�Q�C0]^j"��s9t¬F0ePWXM HNFPeP]�o0f�]�C>F!�IUpM�Q�]|QTdO]�CPF0FL[Tq
FLoIFLM�QLC#� ¾ QTdOW>Q{WXfNf*FPWXS{EyUaQTdcf
]�CLUaQTU r FºeP]�FLjAK*eLUlFVM�QnUaM QTdOF
Z�M�U*½XZDF9WXj KNMOF¸SPFL[TWXQTUT]�MO�xW>MOH$� 2 ÷%�'&(� ¾ s*)�FP]�oIFLQTSVUTePWX[a[a`	�
QTdOF�eLUaSPeLZ�UaQLCgeP]�SVSPFPCLf
]�MOH�Q�]iQ\dOF¼o�UaM�UaoÍWX[,+x�JÇ§� Æ��D�N®°¯±��¯A����ÆJ�
]�j�QTdOF|eP]�M�KJY�Z�S>WXQTUT]�MOsnB.-�WwHN]^M¡f
W>SVQTUaQTUT]�M eP]�MOCLU%CLQ�C�]�jyH�UTC>q
�L]�UaM�QOCLZ�¤*C>FLQ�C©]�j�� ¾ W>MOH/� 2 QTdOW>Q�CPWXQ\U%CLj-`1032�õ_? p8ò>´�Ä	ÅdpAÆJ´4� ¾ µ\µ�¢032�õE?Bp8ò>´�Ä Å|pAÆJ´4� 2 µ\µ�5÷3ú�s
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−Î�Ï Ð^ÑVÒÔÓ
Õ Ö C�6 Ø\Ù�ámã�å�Ï Ò å ÑVÏ àâæ
ÒÔÓZ�XÒÔÓ�æ�Ó ÝLàâÓ ì*ë^æ87%ëXì^ã Ý��^ë^Ò àâÏ àâÏ ã ÝVæ)�U r FVMzW¸eLUaSPeLZ�UaQ9��� q«EGF~HJFLKNMOFyQ\EG]¼Q\SVUTWXM�Y�Z�[TWXQTUT]�MOCiö ¾ ´4��µ

WXMOHºö 2 ´4��µO]�j�Ä Å|pAÆJ´4��µ�WwC~jl]�[a[%]^EGC>�Gö ¾ ´4��µ�WwC~QTdOF|eP]�[a[%FPeLQTUT]�M
]�j�CLUpo0f§[aU%ePFPC ø �¸Ë ø �§û\½ ���:� ¾ û§WXMOH�ö 2 ´4��µJ÷ ø �¸Ë ø �§ûT½ ���:� 2 û-s
ÚÂ¥¢ªÕªÕÛf«�­_é�­7¯¨­äë ±;�_���n�{����®l� ÅJ�a¯=<Â¯±ÄJ� Æ>,´³°�ÄN��� ��������� ¯±����ÆJ����±£�����O�D����� ���Gö ¾ ´4��µ�÷ ø �£Ë ø �§û\½ �z��� ¾ û

�NÆJÇ�ö 2 ´4��µJ÷ ø ��Ë ø �§û\½ �¬�?� 2 û��J®\�G¯±®°���JÆ,{kÅJ�a�J¯±����ÆJ�,´@ ´³°�ÄN�����n¯_¸·�~�J®\�G¯±ÄN�G��ÆN��È�¯±®l���JÆ�{kÅN���J¯±����Æ§�
�D��������Á	���,´ Î�Ï Ð^ÑVÒÔÓ
Õ Ö CEÁ Ø\ç�ÝLì*àâÚVÓ Ï Òíë^æ�æ�ã å Ï ë^àâÓ ì
àâÒ Ï ë^ÝLÐ�ÑLÜ ë^àâÏ ã ÝLæA8®l����±�´*tuF r FLSVUaj-`|Q\dOF�KJS>CVQ�f*]�UaM�QL��ô�UTeLüzW�f*]�UpM�Q1B0�����
CVZ
¤
q

H�U r UTH§F Ä	ÅdpAÆJ´4��µOEyUaQTd<W¬fJ[%WmeVUaM�Ybñ ¾ C ´�Ä	ÅdpAÆJ´4��µ\µ@s¦tuF_]�¤
CPFLS r F
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QTdOW>QiUaj:B�¤*FL[T]�M�YNC{QL]F� ¾ ��QTdOFLM�Q\dOF�fN[TWweLUaM�YIQ\SVU%W>M�Y�Z�[TWXQTUT]�M
ñ ¾ C ´�Ä	ÅdpAÆJ´4��µ\µxUTC�fJSPFPeLU%C�FV[a`bö ¾ ´4��µ@s¨tudOFLMGB¬¤
FL[T]�M�YNCuQL]*� 2
EGF�]�¤JQLW>UpMcö 2 ´4��µ@s|B CLUpo0f§[TFV}¬EydO]�CPF r FLSVQTUTe>FPCg¤
FL[T]�M�YuQ�]!�
o�ZhCVQ
¤*F~W·CLUao�f§[TFL}�]�j�FLUpQ\dOFLS�ö ¾ ´4��µk]�S�ö 2 ´4��µ@sG@�M9Q\dOFi]�Q\dOFVS
dOWXMOHuWXM�`go«WX}�UaoIW>[�CLUao�fJ[lFL}u�n�|ö ¾ ´4��µmUpM�Q�FLS>C>FPeLQLC¼Uao�fJSP]�f*q
FLSV[p`|EyUaQTd�W>[p[§Q\dOF�oIW>}�Upo«WX[�CLUao�fJ[aUlePF>Cg]�jOö 2 ´4��µ@sO¥Jd�U%C�U%C�Q\dOF
ePWwCPFh¤*F>ePWXZhC>F~W©f
WXUaSi]�j*CLUao�fJ[aU%e�F>C~�~�gö ¾ ´4��µ§WXMOH��R�¸ö 2 ´4��µ
eP]�M�QLWXUaMOCyQTdOFH-�WmHN]�M_f*WXSVQ\UpQ\UT]�MRWmC>CP]�eLUTWXQLFPH·EyUaQTd�QTdOFneLUpS eVZ�UaQ��s � M¦eP]�MOeL[pZhCVUT]�MÍQTdOF¸]�M�[a`¬ePWXMOH�U%HJWXQ�FPC©EGF©dOW r F©jl]�S�QTSVUTWXMOq
Y�Z�[TWXQTUT]�MOCn]�j	�uW>SPFhfJSPFPeLUTC>FL[-`£ö ¾ ´4��µ�WXMOH�ö 2 ´4��µ@s

ïÂFLQ#/¬¤*F9W�Q\SVUTWXM�Y�Z�[TWXQTUT]�M ]�jrq WXMOH*�I� q WIeLUaSPeLZ�UaQLs¬t¬F
CPWX`nQ\dOWXQJ�gUTCLK·� �Â�D�NÁ	���OUpM /~UajNQ\dOF�jl]�[a[%]�E¼UpM�Y£e>]^MOH�UaQTUT]�MOC~WXSPF
CPWXQTUTCLK
FPH§�

)�s�@�MOF{]�jOQTdOFnQTSVUTWXM�Y�Z�[TWXQ\UT]�MOC|ö ¾ ´4��µO]�S|ö 2 ´4��µ�UTC�W�CLZ�¤
q
eP]�o0fN[TFL}u]�j���s

ÇJsiïÂFLQ{� 4 �T� 9 �;:<:<: �T�NM©¤
F£QTdOF{o«WX}�Uao«WX[GH�UaoIFLMOCLUl]�MOWX[~CLUaoIq
fJ[aU%ePFPC|]�jDö ¾ ´4��µmiaCVUaouUa[%W>SV[p`�ö 2 ´4��µ"kT�§Q\dOFVMÍQ\dOF©[aUaM�üz]�jx� =
UaMð��UTC£Q\dOFºCPWXo«FºCLUao�f§[aUTeVUTWX[geP]�o0fN[TFL}��ujl]�S�W>[p[�?|÷
ýX�;:<:<: �O0Ls

(e)

(c)

3 collinear points
form a circuit.

(d)

(b)

(a)

Î�Ï Ð�ÑLÒÔÓ8Õ Ö C�P ØRQTSAë(UË�^Ü Ó æ^ã îíÐ^Ó ãNU
Ó àâÒ Ï å
ÀXÏ æ�àâÓ�Ü Ü ëXÒWVAÏ �Xæ%Ö

¶�]�E EGFuWXSPF·SPF>WmH�`�jl]�S0W r FLSV`�Upo0f*]�SVQLWXM�Q¸HNFLKJM�U-QTUT]�MO�
@�¤*q
CPFVS r F�Q\dOWXQ�Uaj�WyQ\SVUTWXM�Y�Z�[TWXQTUT]�M«�·U%C�CLZ�fJf
]^SVQLFPH{]�M�QTdOF�eLUaSPeLZ�UaQ���8QTdOFLMzEGF{]�¤JQLW>UpMvW{MOFLE¨Q\SVU%W>M�Y�Z�[%W>QTUT]�Mv]�j%qy�DWwCnjl]�[a[T]�EGCP�
SPFLfN[TWwePFgWX[a[§Q\dOFØ�V]�UaMOC��z�D��EyUaQTdz���|ö ¾ ´4��µ8WXMOH«�²�����mEyUpQ\d
QTdOFË�V]�UaMOCn��ü �*�9EyUpQ\d3�¢ü	�·ö 2 ´4��µkW>MOH��R�ã��skt¬FiHJFVMO]^QLFxQTd�UTC
MOFLE�QTSVUTWXM�Y�Z�[TWXQ\U%]�M¬¤J` 
 õ_?��YX§´-��µ@s
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¥Jd�U%Cu]�f*FLS>WXQTUT]�M ]�jieVdOW>M�Y�UpM�Y¬QTdOF·QTSVUTWXM�Y�Z
[%W>QTUT]�M�j-S ]�o �«QL]

 õE?E�YX§´-��µ@��]�S r UTePF r FLS>CPWw��UTCuePWX[a[%FPH�W"K·� �c]�S�{k�����·��¯±®l���¸ÁÂ��� &
¯±�������§®g�l�D��®l�J¯±��� Æ	s ¥NdOFRe>]�MOH�UaQTUT]�MOCujl]�SÍHN]�UaM�Y¡Q\dOF�[NUaf WXS F
QL]^f
]�[T]�Y�UTe>W>[»iaFPsâYNs¬[aUpM�üceP]�MOH�UaQ\U%]�M�k©WXMOH�YNF>]^oIFLQTSVUTe i�eLUaSPeLZ�UaQ�ÍUTC|Q\SVU%W>M�Y�Z�[TWXQLFPHyk%s¡¥Nd�UTC£fNSP] r UTHJF>C£ZDC�EyUaQTd�Q\dOF|SPF|½XZ�UaSPFPH
MO]�Q\U%]�M²]�j�WwHZ�LWwePFVMOeL`|j\]^SyQTSVUTWXM�Y�Z�[TWXQ\U%]^MOC>�*¥JdOF�Y�S>WXfJd²]�j8QTSVUTq
WXM�Y�Z�[TWXQ\UT]�MOC£]�j¼W{f
]�UaM�Q�eP]�M�KNY�Z�S>W>QTUT]�M q U%CGQ\dOFGY�S>WXfJd<��\
EydO]�CPF r FVSVQ\UTe>FPC·W>SPF�Q\dOFGH�UTCLQTUaMOeVQOQ\SVU%W>M�Y�Z�[TWXQTUT]�MOCg]�jGqysO¥JEG]
]�j�UaQLC r FVSVQ\UTe>FPC{WXSPF|WwHZ�LWwePFVM�QxUaj�QTdOFiQTEG]gQ\SVU%W>M�Y�Z�[%W>QTUT]�MOC�WXSPF
CLZ�fJf
]�SVQ�F>H�]�MIWneP]�o0oI]�MIeLUaSPeLZ�UaQLs�ÀØ½>Z�U r W>[%FLM�Q\[p`N� Q\EG]DQTSVUTWXMOq
Y�Z�[TWXQ\U%]�MOC0WXSPF£WmH8�LWwePFLM�Q�Upj©]�MOF�ePWXM�¤
F9]�¤JQLWXUaMOFPHuj-SP]�o Q\dOF
]�Q\dOFVSh¤J`0W][JUaf
s

Î�Ï Ð^ÑVÒÔÓ
Õ Ö C�^ ØJÙÛÚLÓ�Ð^Ò ëd�^Ú§ã î
àâÒ Ï ë^ÝLÐ�ÑLÜ ë^àâÏ ã ÝLæ ã�î¾ëmÁì�^ã�Ï ÝLàLæ�Ó�àLÏ Ý§àâÚLÓ
ÒÔÓ ëXÜAÜ Ï ÝLÓ
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Î�Ï Ð�ÑLÒÔÓ�Õ Ö C�` Ø\ÙaÚLÓ'a§Ò ëN�XÚ�ã îWV Ï �^æ^î ã Òíë
ÚLÓbS ë^Ð^ã ÝPè-á	Ï àâÚ�ã ÝVÓ8Ó�ìXÐ^Ó,U
Ï æ�æ�Ï ÝVÐÃÖ
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� � h�.�i¨13&�'Lj£!#"%$�&�'�(�)�+�&*,@$�.*'�/¼&�" 6_,���6�"A6,k)�U r FVM¡W�f
]�UaM�QhCPFLQh]�MOFDEG]�Z
[%HG[aUaü*FhQ�]yüJMO]�E²dO]^E²o«WXM�`GfN[TWwq
MOWXShQTSVUTWXM�Y�Z�[TWXQ\UT]�MOCiWXSPFhQTdOFLSPFPsk¥Nd�UTCyQTZ
S�MOCi]^Z�Q
QL]�¤*F~W r FVSV`
H�Uaj K
eLZ�[-Q»½XZhF>CLQ\U%]�MOsy¥JdOFVSPF©UTC¸]�M�[a`¬]�MOF©jlWXo0Up[a`{UpM3QTdOF©fN[TWXMOF
jl]�SxEyd�UTeVd_EGFnePWXM�Y�U r FGWXMzFL}kWweLQxWXMOCLEGFLS>�§Q\d�U%CyUTChEydOFLM_Q\dOF
f
]^UpM�Q�C·WXS F r FLSVQTUTePFPC·]�j�W£e>]^M r FL}£f
]�[a`�YN]�MOsOtuF�fJSPFPCPFVM�QOQ\EG]
fNS ]�]�jlCn]^jkQ\dOFhjl]�[a[T]�EyUaM�Y0e>]�Z
M�QL�

£z¤¦¥¨§�©n¥¨ª ®�­_«�­�¯¨­r°8ÄJ�£ÆJÅN�·Á	��®y��±9¯±®°���NÆy{kÅJ�a�N¯±����ÆN����±0�«����Æ &
­�����p & {k��Æ3��� 4l 2548m 9 l 2,al 2�9�n <�¯±ÄJ�po��N¯±�J�a�NÆ«ÆJÅJ�·ÁÂ��®°�v´þ°�ÄN��®l��±���®\�
¯±ÄJ�nÆJÅN�·Á	��®���±G¯±®°���NÆ�{kÅJ���N¯±����Æ§�~���n��±�¯±ÄN�G��®\Ç§��®mín´pÌ 9 l µR´A8®l����±�´Ù)8kxBhC>CLZ�o«F£Q\dOF r FVSVQ\UTe>FPCI]�jyQTdOF�p
q-YN]�M WXSPF{[%W>¤
FL[TF>H
j-SP]�o ý*QL]�p0UaMReL[T]�eLüNEyU°C>FG]�SPHJFLSVs	q�FLMO]�QLFx¤N`
/ l WX[a[kQTSVUTWXM�Y�ZDq
[TWXQTUT]�MOC£]�j¼W>Mêp
q@Y	]^MOs!q�FLMO]�Q�Fn¤N`r��´Ip�µ8UaQLC�e>W>SPH�UaMOWX[aUaQT`N�8U%s-FPs
QTdOF©M�Z�o�¤*FLSg]�j�EGWX`NC�Q�]~Q\SVU%W>M�Y�Z�[%W>QLF�WXM¶p
q-YN]�MOsx¥NdOFLSPF©U%C¸W
M�UTe>FgCLZ�SR�LFPeVQ\U r F�oIWXf 
 j-SP]�o / l ¾ 4 ]�M�Q�]j/ l s*B«Q\SVU%W>M�Y�Z�[TWXQTUT]�M
UaM / l ¾ 4 UTCgo«WXfJf
F�H�QL]�W�QTSVUTWXM�Y�Z�[TWXQ\UT]�M�UaMó/ l ]�¤JQLWXUaMOFPH¬¤J`
eP]�M�QTS>WweLQ\UpM�Y�QTdOFx¤*]�Z�MOHNW>SV`£FPH�YNF ø ýX� p
�«ý#û�iaCPF>FG»ÃUaY�Z�SPF;sts�k%s

f

1

2

3

4

n

1

2

3

4

n

n+1

Î�Ï Ð^ÑVÒÔÓ ¿ Ö C°Ø\ÙÛÚLÓ8å ã ÝLàâÒ ëXå�à Ï ÝLÐ�U8ëd�ÃÖ

»ÃUpS>CLQ|]�jnWX[a[T�¼]�¤*CPFVS r F|Q\dOWXQ©jl]�S9W9QTSVUTWXM�Y�Z�[TWXQ\U%]�M ò0��/ l QTdOF
ePWXSPH�UpMOW>[pUaQ\`9]�j 
 2�4 ´pò^µ8F|½XZDWX[TC¼fJSPFPeVUTCPFL[p`�QTdOFyM�Z�o0¤
FLSGHJFVY 4 ´pò^µ
]�j�WXSPePCxQL]�ZDeLd�UaM�Y r FLSVQLFL}$)¼UaMRòVs§¥Nd�UTCyUTCxQ\SVZDFD¤*FPe>W>ZDCPFnFPWweLd
FPH�YNFGUaMOeLU%HJF�M�QxQL]�)��OW>MOH�f*]�UaM�Q )gUaQLCPFL[aj\�DePWXMR¤*Ffö°HN]�Z�¤J[TFPH�÷
QL]0¤
FPeP]�oIF£QTdOF¸MOFLE f*]�UpM�QjpÕ�bý�WXMOHºQ\dOF¬F>H�YNF ø ýX� pÕ��ý#û-s
¶�]�QLF{WX[TCP]·Uajxò 4 � ò 9 W>SPFnQTEG]�Q\SVU%W>M�Y�Z�[TWXQTUT]�MOC~QTdOFnUaM r FVS>CPFGUaoIq
WXYNFPC 
 254 ´pò 4 µkWXMOH 
 254 ´pò 9 µkWXS FiH�U%C*�L]�U-M�QLsk¥JdOFLSPFLjl]�SPFu��´Ip �Iý^µk÷� l v Y 4 ñ<� ø ò£� / l ½ HNFLY 4 ´pò^µ¼÷¿ñ#û@s#qOU r UTH�U@M�Y9¤J`*��´Ip�µ*EGF9]�¤JQLWXUaM
QTdOW>Qw��´Ipã��ý^µ�xy��´Ip�µ�F|½XZDW>[%ChQTdOFiFL}�f*FPeVQ�FPH�HJFVY�SPFPF~]�j r FLSVQLFL}¡)
]�M¦WgS>W>MOHN]�o QTSVUTWXM�Y�Z�[TWXQ\U%]�MOsx¥Nd�UTC�FV}�f*FPeVQ�FPH r WX[aZDF�UTC¸F>WmCV`
QL]�eP]�o�fJZ�Q�F>�hCLUaMOe>F·QTdOF0CVZ
o ]�jOQ\dOF�HJFLY S F>FPC9WXQ�W|MO]�HJF�W>Q
WgQTSVUTWXM�Y�Z�[TWXQ\U%]�M3UaMl/ l �*Fd½>ZDWX[TC©Q\EyU%ePF©QTdOF�M�Z
o�¤*FVS¸]�jhFPH�YNFPC
UaMuQ\dOFOQTSVUTWXM�Y�Z�[TWXQ\U%]�MO��Eyd�U%eLdÍFd½>ZDWX[TC�Ìm´pÌ pGË�z�µ@s�¥NdOF©W r FLS>WXYNF
HNFLY�SPFPF�]�MIWxMO]�HJF�U%COQ\dOFVM�Ìm´pÌ pyË{z�µ�xZp
s�¥Jd�UTCOUTC�Q\dOFyFL}�f*F>e QLFPH
HNFLY�SPFPFG]�M�MO]�HNFf)�s
¶�]�E EGFºW>SPF£[TFLj-Q�EyUaQTd CP]�[ r UaM�YRQ\dOF£SPFPeLZ�S>CLU%]�M|��´Ip$�vý^µg÷
´pÌm´pÌ pÍË}z�µ�xZp�µ���´Ip�µ@s � QnUTC�UpM�Q�FVS F>CLQ\UpM�Y«QL]9MO]�QLF£QTdOWXQ~QTd�UTC{UTC
W«H�Upj jlFLSPFLM�Q©SPFPeLZ�S>CLU%]�M<WwC¸QTdOFu]�MOF¸EGF9]�¤JQ�WXUaMb[%W>QLFLS·UpMbQ\dOF
CPF>eP]�MOH¸fJSP]�]�jls§tuFxüJMO]�EbQTdOWXQ9��´~z�µ�÷�ýV��Q\d�ZDChE�F~ePWXM¡FPWwCLUp[a`
fNS ]�]�j�QTdOFGCLQLWXQ�FPH�jl]�S o�Z�[TW~UTCGC>W>QTUTCLK
FPH¸¤J`���´Ip�µ	UpMOH�ZDeLQTU r FL[-`Ns
� MOHJF>FPH§��UpjxEGFuWwCPCLZ�o«F|MO]�E QTdOW>Q:��´Ip�µi÷ 4l 2�48m 9 l 2yal 2y9�n �Oj-SP]�o
QTdOFxSPFL[%W>QTUT]�M�EGF~CPFPFyQTdOWXQ
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¦�a�º���N���p��� å�Z
��´Ip-��ý^µ§÷¦´pÌm´pÌ p*Ë�z�µ�xZp�µ ý

p9Ë«ý�� Ì p£Ë��
p�Ë0Ì�� ÷ Ìm´pÌ p�Ë!z�µ��

ph´Ip0ËIý^µ°´Ip0Ë0ÌÃµ��Û´Ip�Ë9ÌÃµ�� ÷

Ìm´pÌ p�Ë9ÌÃµ��
´pÌ p£Ë9ÌÃµ1ph´Ip�Ë3ý^µ��a´Ip0Ë0ÌÃµ�� ÷ ´pÌ p0Ë9ÌÃµ��

ph´Ip£Ë3ý^µ��a´Ip£Ë3ý^µ�� ÷ ý
p�� Ì p£Ë0Ì

p£Ë3ý��
¥Jd�U%CGFLMOHNCyQ\dOFhKJS>CLQ*fNS ]�]�j
Çyk
¼ ]�MOCLU%HJF�S~WXM p
q@YN]�M��GEyUaQTd¡W�H�U%CLQTUaM�Y�Z�UTCLdOF�H0FPH�YNFxQ\dOFy¤
WmC>F
ø ýX� p�û@s � M�WGQ\SVUTWXM�Y�Z�[TWXQTUT]�Mz]�jw��QTdOF¼¤*WwCPF�UTCgW�CVUTHJFg]�j�]�MOFg]�j
QTdOFiQTSVUTWXM�Y�[TFPCP�*CPWX` ø ýX�%ök� p�û@��WXMOH£QTd�UTC©Q\SVUTWXM�Y�Z�[TWXS�SPFLY UT]�M�H�U%q
r U%HJFPC;��UaM�QL]yQTEG]~H�UTCR�L]�UaM�QDe>]^M r FL}nf*]�[a`�YN]�MOWX[ÂSPFLY�UT]�MOC u�4 EyUpQ\d
ö r FLSVQ\U%ePFPCºWXMOH ud9 EyUpQ\d pIËRöj��ý r FVSVQ\UTe>FPC{jl]�S_CP]�oIF_ö�÷
Ìw�;:Þ:Þ: p�Ë�ýVs o FPF{»�UaY�Z�SPF�øJs�ÇJs�¥NdOFnSPFPCLQ~]�j�Q\dOF~QTSVUTWXM�Y�Z�[TWXQ\U%]�M
]�j��nU%CneP]�o�fJ[lFLQLFxEyUaQTdRC>]�o«FyQTSVUTWXM�Y�Z�[TWXQ\U%]�MR]�j§QTdOFxf
]^[p`�YN]�MOC
u�4 � uv9 s�¶O]�EG� u�4 ePWXM¬¤
FhQTSVUTWXM�Y�Z�[TWXQ�F>HGUpM�Q�]���´aöJµwEGW>`	CiWXMOH uv9
UaM�QL]H��´IpxËiö��·ý^µ E�WX`NC>sme�FVMOePF�jl]�SyWyY�U r FLMIeLdO]�UTe>F�]�j r FVSVQ�FL}�ö
eP]�M�QLW>UpM�UaM�YGQTdOF©FPH�YNF ø ýX� p�û@�ÃQTdOFLSPFiWXSPF"��´aö³�¬ý^µ���´Ip�Ë|öJµ�E�WX`NC
]�j§QTSVUTWXM�Y�Z�[TWXQ\UaM�Yp�nQTd�ZhCDEGFydOW r F

1

2

3

4

n

k

k+1

k+2

S
S

1

2

Î�Ï Ð^ÑVÒÔÓ ¿ Ö Õ Ø�� Ó àâàâÏ ÝLÐ�Ñ<��ëXÝLã àâÚVÓ Ò
ÒÔÓ å ÑVÒ æ�Ï ã Ý�î ã Òb�,J l X�Ö��´Ip�µ§÷}��´pÌÃµ���´Ip*Ë�ý^µ_����´~z�µ���´Ip*ËOÌÃµ_�w��´��Âµ���´úp*Ë�z�µ �������1����´Ip*Ë�ý^µ���´pÌÃµ

s
¶�]�EbEGFyMOF>FPH·QL]gC>]^[ r FyQTd�UTChS F>eLZ�SVS FVMOePFySPFL[%W>QTUT]�MOs
t¬F�C>FLQ���´pÌÃµ~÷ôý�W>MOH_[TFLQ�B l 254 ÷���´Ip�µ@sv¶�]�E EGF�ZDCPF|QTdOF
o«FVQ\dO]�Hº]^j
jl]�S oIW>[8f*]�EGFLS¸C>FLSVUTF>C��Ot¬F~dOW r F¸W0CPFLSVU%FPC{�Ã´ ñ µ�÷�r�l Y 4 B l ñ l s�¶O]^E¦o0Z�[aQTUafJ[p`�U-M�Y���¤J`gUpQ�C>FL[aj�EGFhYNFLQ

� 9 ´ ñ µJ÷¦´�B 4 µ 9 ñ 9 �i´�B 4 B 9 �]B 9 B 4 µ ñ ` ������� �i´�B 4 B l 254 �]B 9 B l 2�` ������� ��B l 2�4 B 4 µ ñ l 2�4 �»:Þ:Þ:
¤JZ�Q�¤J`9]�Z�SxSPFPeLZ�SVSPFLMOePFySPFV[TWXQ\UT]�M�B l 2�4 ÷�B 4 B l 2�4 ��B 9 B l 2y` ������Z�}B l 2�4 B 4 CP]iE�FxdOW r F�� 9 ÷3��Ë�B 4 ñ ÷Í�OË ñ CP]©QTdOFyf*]�EGFLS
CPFVSVUTFPC�U%C�QTdOFyC>]�[aZ�Q\UT]�M_]^jÃQ\dOF%½XZhWwH�S>W>QTUTexF|½XZDW>QTUT]�M¬� 9 Ë¼�y� ñ ÷
×^s � Q
dOWmChQ\EG]·C>]^[pZ�Q\UT]�MOC

�Ã´ ñ µk÷¦´%ý¦��� ý�Ë�� ñ µ�x^Ì Åy0 ´%ý8Ë�� ý�Ë�� ñ µ�x�Ìw�
¤JZ�QkEGF�üJMO]�ERQ\dOWXQ*�Ã´^×�µ§÷�×�CP]DQ\dOF*SVUaY�d�Q�CP]�[pZ
QTUT]�M|UTC�QTdOFxCPFPePq
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tuFhUpM�Q\SP]�H�ZDePF>H�F>W>SV[pUTFLS�Q\dOF�[JUpf«]�f*FVS>W>QTUT]�M9¤*FLQTEGFPFLMuf*WXUaS>Ci]�j
QTSVUTWXM�Y�Z�[TWXQ\UT]�MOC>s � Q¼UTC�W|MOWXQTZ
S>WX[%½XZDFPCLQTUT]�M�QL]9WmCVüREydOFVQ\dOFLS
WXM�`3f
W>UpSI]^j�Q\SVU%W>M�Y�Z�[%W>QTUT]�MOC{UTC«eP]�M�MOF>eLQ�F>HR¤J`bW�KJM�UaQLF«CPF>q
½XZDFLMOePF9]^jJ[JUaf
CPs²»§]�S·QTdOF·[%]^M�Y	FPCLQ©Q\UaoIF¸EGFuH�UTHºMO]�Q�üJMO]�E
EydOFLQTdOFLSnQ\d�U%C�EGWwC{WX[aEGWX`NCGQ\dOF{e>WmC>FgZ�M�QTUa[x»ÃS>WXMOeLU%CPeP] o WXMOq
QL]�CneP]�MOCVQ\SVZDeLQLFPH9W�H�UTCPe>]^M�MOF>eLQLFPHuFL}kWXo0fN[TFyUaM )yÉ5ÉÂÉNs � Q�EGWwC
QTdOF«FLMOHv]�j¸W_[%]�M�YÍS F>CPFPWXSPeLdðFLjAjl]�SVQ·QTdOWXQ0FV}�Q�FLMOHNFPH¡jl]�SºWXQ
[TF>WmCVQ�QLFLMu`NFPWXS>CPs�t¬FhE¼Up[a[kQLWXü*FnW�eV[T]�CPFy[%]Ã]�üIWXQ o WXM�QL]�Cy� e>]^MOq
CLQTSVZDeLQTUT]�MO�
UaM W�CLUao�f§[TFLS r FLS>CLU%]�MO�*UaM ¼ dOWXfJQLFLS�ÉJs�e�FLSPF�EGF
CLdO]�E�QTdOWXQ
UaM_Q\EG]·H�Uao«FVMOCLUl]�MOCxQTdOFne>]^M�MOF>eLQTU r U-Q\`GdO]�[THJC>s�tuF
CLdO]�E CPF r FLS>WX[ÂfJSP]�]�jlC�]�jJQTd�UTCOjlWweLQL�	W>MOHiQ\dOFLM0Up[a[aZDCLQTS>W>QLF�EydOW>Q
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fJSP]�ePFPFPH r UTW¸UaMOH�ZDeLQ\U%]�M�]�Mlp
�§Q\dOF©M�Z�o0¤*FVS

]�jNf*]�UaM�QLCOUaM9Q\dOF�e>]�M�KJY�Z�S>WXQ\UT]�MOs � Q�UTC©eL[TF>W>S�QTdOW>Q�jl]�S�Q\d�SPFPF�]�S
jl]�Z�S©f
]^UpM�Q�CiQ\dOF¸CLQ�WXQLFLo«FVM�QhU%C~QTSVZhF>s�t¬F�WwCPCVZ�o«F~UpQhU%C~Q\SVZDF
jl]�SyQTSVUTWXM�Y�Z
[%W>QTUT]�MOCG]�j�f
]�UaM�Q�C>FLQ�CyE¼UpQ\d p�Ë3ýy]�Sy[TFPCPC¼f
]�UaM�QLCPs
¶�FV}�QgCLZ�fJf*]�C>FgEGFGdOW r F�W|f
]�UaM�QgCPFLQ�q�EyUaQTd p«f*]�UpM�Q�C�W>MOH
QTEG]�]�jiUaQLC9QTSVUTWXM�Y�Z�[TWXQ\UT]�MOCÕ/ 4 WXMOH / 9 s t¬F3e>W>M [TWX¤*FV[©Q\dOF
f
]^UpM�Q�C£]�j�q UpM CVZheVd W�EGW>`�QTdOWXQyQ\dOFþp
q-Q\dzf*]�UpM�Q¼UTC£W r FLSwq
QLFL}u]�j�Q\dOFneP]�M r FL}¸d�Z�[a[�]^jmqys³�8`·UaMOH�ZDeLQ\U%]�M_d�`�f*]�QTdOFPCLUTC>��W>[p[
QTdOFnQ\SVU%W>M�Y�Z�[%W>QTUT]�MOC|]�jzq¡Ë ø p�û�WXSPF|eP]�M�MOFPeVQ�FPH�¤J`p[JUaf
C�s o ]
]�Z�SuCLQTS>W>QLFLY�`_UTC�QL]ºCL[T]�Ey[p`IQTS>W>MOCVjl]�S o / = Z�M�QTUa[DUaQi¤*FPe>]�o«FPC
W¸Q\SVU%W>M�Y Z
[%W>QTUT]�Mê/ ü= ]�jzq²QTdOW>QDUTCiQ\dOF©Z�M�UT]�M ]�jyW·Q\SVU%W>M�Y�Z�[TWwq
QTUT]�M²]^jsq3Ë ø p�û*WXMOH�QTSVUTWXM�Y�[TFPC�QTdOW>Q¼eP]�M�MOFPeLQ r FLSVQLFL}�puQ�]~UaQLC
¤
]^Z�MOHNW>SV`Ns�¥Nd�UTCyUTChSPFLfJSPFPC>FLM�Q�F>H·UaMz»�UaY�Z�S F"sts
¶�]�QLFiQTdOWXQ��	¤J`{QTdOFiUpMOH�ZDeLQTUT]�MÍd�`�f*]�QTdOFPCLU%Cþ/ ü4 �R/ ü9 WXS F�UaMOHNFPFPH
eP]�M�MOF>eLQ�F>H�¤J`�[JUaf
CP�8]�MOePF�EGF¼dOW r F¼Q\S>WXMOCLjl]�S�o«F>H!/ 4 �R/ 9 UaM�Q�]
QTdOF�CLQLWXQ�F>HºCLdOWXf
F~EGFiEyUa[p[
¤*F¸HJ]�MOFPs¸»ÃUaS>CVQhEGF¸ePWXM�WwCPCLZ�oIF
EyUaQTdO]�Z�Q·[T]�C>CÍ]^jiYNFVMOFLS>WX[aUaQT`RQ\dOWXQ�/ = ZDCPF>C3W>[p[©f*]�UaM�QLC3]�jãq
WX[aSPFPWwH�`N��FL[TC>F©EGF�e>W>MF[JUpf_UpM«QTdOF¼o0U%CPCLUaM�Y�f*]�UaM�QLCPs�¶�]�EcQTdOF
MOFL}�QxCLQLFLf0UTCxQL]�[T]�]�ü3WXQ
QTdOFx[aUpM�ü3]�jËp¡ipCPFPF�»�UaY�Z�S F"sts�kTsn
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FPWweLd H�U%W>YN]�MOWX[©Q\dOWXQuCVQ�WXSVQLCRWXQ
p WXMOH�¤*FL[T]�M�YNC¬QL]�W¦eP]�MOq
r FV}á½XZDWmH�SVUa[TWXQLFLS>WX[TszB�Q|F>WmeVd CLQLFLf²EGF|SPFPH�ZDePF{Q\dOFuW>SPFPWÍ]�j�Ns o UpMOePFnQTdOF|WXS F>W·UTCnKJM�UpQ�F~EGFno�ZDCLQhS F>WmeVd W·f*]�UaM�QyEydOFVM
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EGF�e>W>M�MO]�QJ[JUpf�WXM�`�oI]^SPFPs�¥Nd�UTC~oIFPWXMOCþ/ = dOWwCi¤*F>FLMRQ�WXü
FLM
QL]�Q\dOF~HJFPCVUaSPFPH9CVdOW>f
FPs
B�MO]�Q\dOFVSGfNS ]�]�j�fJSP]�ePF>FPH§CGUaMcW�H�Uaj jlFVS FVM�Q¼EGW>`Ò�!)�U r FLMcW¬CPFLQ
]�j�f*]�UaM�QLCP�Gq¿÷ ø B 4 �;:<:<: �WB l û�UaMv� 9 s � M W|QTSVUTWXM�Y�Z�[TWXQ\UT]�Má/I]�j
qy��W>M F>H�YNF�B = B Ý U%C9����� �J����È:Ó©�����JÅJÆ§�NÈ·Upj�Q\dOF�FPH�YNFGUTCiUaM¡Q\dOF
eP]�M r FV}�d�Z�[a[y]�Snjl]�SGQTdOFGQ\SVUTWXM�Y�[TF>C�B = B Ý B ß ��B = B Ý BEÔ�Q\dOWXQGeP]�MOq
QLW>UpM�Q\dOFiFPH�YNFP�wQTdOFnWXM�Y�[TFPCnW>Q{B ß WXMOH�BEÔ§WmHNH·QL]gWXQ
o«]�CLQiý�©	×
HJFVY�SPFPFPCPs�¥Jd�U%CxUTCiF|½XZ�U r WX[TFVM�Q
Q�]GCPWX`GQTdOW>Q�Q\dOFieLUpS eV[TFxf
WwCPCLUaM�Y
QTd�S ]�Z�Y�d¦]^MOF·]�j*QTdOF�Q\SVUTWXM�Y�[TF>Ci[TF>W r FPC~QTdOF·]^QTdOFLS�f*]�UaM�Qi]�Z�Q�q
CLU%HJFg]�S�]�M_QTdOF¼¤*]�Z�MOHJWXSV`Ns � jØ/·ZDCPFPC�WX[a[§QTdOFyf
]�UaM�Q�C�]�jGq WwC
r FVSVQ\UTe>FPCnWXMOH{F r FLSV`£F>H�YNFi]�jË/~UTCD[T]�ePWX[a[p`�q�FL[TWXZ�MOWX`iE�FiCPWX`~UaQ
UTCnW�Ó������NÅJÆ§�JÈ�¯±®l���NÆy{kÅJ�a�N¯±����Æ{]�jkQ\dOFhf*]�UaM�QxCPFVQ%qys
��F>ePWXZhC>FG]�j§QTdOFnWX¤*] r F~HJFVKJM�UaQTUT]�M_UaQ*UTChMOW>QTZ�S>W>[p[a`�CVZ
Y�Y	FPCLQLFPH
QTdOW>Q_]�MOF�ePWXM e>]�o0fJZ�QLFºQTdOF�q�FL[TWXZ�MOW>`�Q\SVU%W>M�Y�Z�[TWXQTUT]�M ¤J`
KJS>CVQ�e>]�o0fJZ�QTUaM�Y¸WXM�`�QTSVUTWXM�Y�Z�[TWXQ\U%]�M{Q\dOFVM/[JUpfJf§UaM�Y�Q\dOFxFPH�YNFPC
QTdOW>QDWXSPF�MO]�Q
[T]�ePWX[a[a`/q�FL[TWXZ�MOW>`nZ�M�Q\Up[	EGFDdOW r FDMO]gCLZDeLdu¤*WwH
FPH�YNFPC�[TFLj-QLs ¼ WXM¦]�MOF�CLZDePe>FPFPH|EyUaQTdºQ\d�UTC¼fNSP]�ePFPCPCdc3»§]�SyfJ[TWwq
MOWXS©Q\SVU%W>M�Y Z
[%W>QTUT]�MOC�Q\d�U%CiUTC©UaMOHJF>FPH�f
]�CPCLUa¤N[lF�WXMOH|UaQDjl]�[a[T]�EGC
j-SP]�o QTdOFyMOFL}�Q�[TFLo�oÍWms
B�[pS F>WmH�`gjl]�S�øJq°H�Uao«F�MOCVUT]�MOW>[�eP]�M�KJYNq
Z�S>WXQ\UT]�MOC·Q\d�UTC·fJSP]�ePFPC>C�YNFLQLCuCLQTZheVüzUaMbQTSVUTWXM�Y�Z�[TWXQ\U%]�MOC¸Q\dOWXQ
WXSPFxMO]�QxF r FLM¬S FVY�Z�[TWXSLs
ÚÂ¥¢ªÕªÕÛ�®�­_é�­_«�­9Õ�� ±�¯8¯AÄN���D����ÆJ¯±�[q ��ÆJ¯±�·¯±ÄJ�����J®°�NÁ	��������Ç ¸·��¯±Ä
�,·�ÅJ�N¯±����Æu�x÷ ñ 9 ��Ö 9 <�Á	Èn�·���	����Æ,{?B = ÷¦´�B = 4 �WB = 9 µJ¯±�¼¯±ÄJ�¼¯AÄN®l���
Ç§���·��ÆJ���a��ÆN�J�í������ÆN¯�´�B = 4 �WB = 9 �L´�B = 4 µ 9 �9´�B = 9 µ 9 µ�<m¯±ÄN��Æ�¯±ÄJ���D®\� �w��� &
¯±����Æ¡��±_¯±ÄJ�����,¸·��®n� ��ÆJ­ ���RÄJÅN�a����±�¯AÄN����� ±�¯±��Ç��D� ��ÆJ¯±�uÇ§��� ��� &
���������»Ä	ÅdpAÆJ´1q~µ
��ÆN¯A�n�{ÅJÆN����Æ���±�Çk��� �Ã����Æ§¯J����ÆN­����y������Èv{k��ÆJ�v´«×
¯±®°���JÆ�{kÅJ���J¯±����Æ¸��±äq�����Ó©�����JÅJÆN�§Èn� ±©�NÆJÇ���ÆJ��Èg� ±©��¯m¯±®°���JÆy{kÅ§���J¯±���
���J� Ä£��±�¯±ÄN������������È|{k��ÆJ�,´A8®l����±�´x� � j�QTdOFyf*]�UaM�QLC?B = �WB Ý �WB ß [aU%F¼UaMzeP]�Z�M�QLFLSPeL[T]�eLüNEyUTCPF�]�Swq
HJFVS£WX[T]�M�Y�QTdOF{eLUaSPeL[%F ù ´ú?V�Bà¾�%ökµ�QTdOFL`IHJFLKNMOFP��QTdOFLM¡Q\dOF~f*]�UaM�QBEÔmUTCxUaMOCLUTHNFyQTdOFneLUpS eV[TF ù ´ú?V�Bà¾�%ökµmUpj�W>MOH�]�M�[a`GUaj
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