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HI JKL MNLOPQRK STUVWKXXYZ[YX\P]TQX ^KL _ZQ^Z S`LZW PZKTTZ ^KX aKLKNVW [MNPVWKX ^KL bQXPcde\KTc_ZLQfKg
^KR _ZKNXhKT^MK\g ^KL _ZLQfK HR _ZiVON\ YX^ ^KL j\K]TQXZKXk lNTWKTRcbeK\XKLc_ZLQfK QTP STUVWK h`L ^NKmQX^MNLZPVWQhZ ^QLI
nNX LKVWZPoKLpNX^TNVWKL aKpQYYX\P]TQX TNK\Z h`L ^NKPKP qKpNKZ XNVWZ oeLI
JNK SNLRQ Hrns pKQpPNVWZN\Z XYXg ^Q ^QP pKPZKWKX^K nNXLNVWZYX\PWQYP QX ^KL bQXPcde\KTc_ZLQfK
OKNXKLTKN nLMKNZKLYX\Pc YX^ nXZMNVOTYX\PRi\TNVWOKNZKX RKWL pNKZKZg NX KNXKR aKLKNVW QX[YPNK^KTXg ^KLUWXTNVWK deLZKNTK WNXPNVWZTNVW KNXKL iLZTNVWKX YX^ `pKLiLZTNVWKX dKLOKWLPKLPVWTNKfYX\ pNKZKZI
JQh`L KLPVWKNXZ NXXKLWQTp ^KP _ZQ^Z\KpNKZKP S`LZW ^KL _ZQX^eLZ \K\KX`pKL ^KR pKLKNZP pKPZKWKX^KXnNXLNVWZYX\PWQYP QR \KKN\XKZPZKXI
tR XYX h`L ^KX pKZLKhhKX^KX aKLKNVW KNXK XQVWWQTZN\K PZU^ZKpQYTNVWK nXZMNVOTYX\ YX^ KNXK ^KR leWT
^KL sTT\KRKNXWKNZ KXZP]LKVWKX^K Pe[NQT\KLKVWZK ae^KXXYZ[YX\ [Y \KMUWLTKNPZKX YX^ ^Q[Y pKN[YZLQ\KXg
KNXK RKXPVWKXM`L^N\K tRMKTZ [Y PNVWKLX YX^ ^NK XQZ`LTNVWKX mKpKXP\LYX^TQ\KX [Y PVW`Z[KX YX^ [Y
KXZMNVOKTXg NPZ ^NK uX^KLYX\ ^KP MNLOPQRKX STUVWKXXYZ[Y\P]TQXKP PeMNK ^NK sYhPZKTTYX\ KNXKP
aKpQYYX\P]TQXKP KLheL^KLTNVWI
vNZ aKPVWTYPP ^KP aQYQYPPVWYPPKP oeR wxIwyIzwwz MYL^K ^QP dKLhQWLKX [YL {|I uX^KLYX\ ^KP
MNLOPQRKX STUVWKXXYZ[YX\P]TQXKP KNX\KTKNZKZI JKL uX^KLYX\PpKPVWTYPP MYL^K QR w}Iw~Izwwz \KRI � zspPI | aQYqa NR sRZPpTQZZ �LI |} ^KL _ZQ^Z S`LZW eLZP`pTNVW pKOQXXZ \KRQVWZI
JNK hL`W[KNZN\K a`L\KLpKZKNTN\YX\ \KRI � } spPI | aQYqa MYL^K NX ^KL �KNZ oeR zyIw�Izwwz pNP [YRz}Iw{Izwwz ^YLVW\Kh`WLZ YX^ KX^KZK RNZ KNXKL QpPVWTNKfKX^KX nLiLZKLYX\I
JNK aKZKNTN\YX\ ^KL �LU\KL ihhKXZTNVWKL aKTQX\K \KRI � � spPI | aQYqa MYL^K NX ^KR �KNZLQYR oeRz|Iw�Izwwz pNP [YR }wIw{Izwwz ^YLVW\Kh`WLZI
S`L ^NK NR �QWRKX ^KL hL`W[KNZN\KX a`L\KLpKZKNTN\YX\ YX^ NR �QWRKX ^KL aKZKNTN\YX\ ^KL �LU\KLihhKXZTNVWKL aKTQX\K KNX\K\QX\KXKX sXLK\YX\KX YX^ aK^KXOKX MYL^K KNXK nNX[KTQpMU\YX\
oeL\KXeRRKXg ^NK ^KL aKPVWTYPPoeLTQ\K QTP sXTQ\K pKN\Kh`\Z NPZI JQP spMU\YX\PKL\KpXNP NPZ
XQVWheT\KX^ NX [YPQRRKX\KhQPPZKL SeLR ^QL\KTK\Z�
��������� ��� �������������� ������ ��������������������� �  ¡¢¢� £��¤����� ¥¦� § ©̈¥¥ ª����«�¬JNK �K\NKLYX\ oeX vNZZKThLQXOKX MKNPZ ^QLQYh WNXg ^QPP ^QP XeVW QYPPZKWKX^K nL\KpXNP ^KP
�QYReL^XYX\PoKLhQWLKXP c ^NK TQX^KP]TQXKLNPVWK aKYLZKNTYX\ c QTP PeXPZN\KP nLheL^KLXNP ^KL
�QYReL^XYX\ \KRUf � � spPI z �QYReL^XYX\P\KPKZ[ j�qk pKNR oKLpNX^TNVWKX aQYTKNZ]TQX



jaKpQYYX\P]TQX �LI z~�k [Y pKL`VOPNVWZN\KX NPZ c \\hI NPZ ^KL STUVWKXXYZ[YX\P]TQXKXZMYLh ^QXX
KXZP]LKVWKX^ [Y UX^KLXI
aKWQX^TYX\�nNXK �`VOhLQ\K pKN ^KL biWKLKX mQX^KP]TQXYX\PpKWiL^K WQZ KL\KpKXg ^QPP PNVW QYP ^KR
�QYReL^XYX\PpKPVWKN^ c QYfKL ^KL eWXKWNX oeL\KPKWKXKX JQLPZKTTYX\ KNXKL _eX^KLpQYhTUVWK c OKNXKhTUVWKXXYZ[YX\P]TQXpK^KYZPQRKX SKPZTK\YX\KX e^KL aK^NX\YX\KX KL\KpKX MKL^KXI JQP nL\KpXNP ^KP
�QYReL^XYX\PoKLhQWLKXP MNL^ NR �QWRKX ^KL oKLpNX^TNVWKX aQYTKNZ]TQXYX\ pKL`VOPNVWZN\Z MKL^KXI sYVW
NPZ \K]TQXZg ^NK aKZKNTN\YX\ ^KL �LU\KL ihhKXZTNVWKL aKTQX\K \KRI � � spPI | aQYqa XNVWZ oeL ^KR
�KNZ]YXOZ ^YLVW[Yh`WLKXg pKoeL ^QP nL\KpXNP ^KP �QYReL^XYX\PoKLhQWLKXP c ^NK TQX^KP]TQXKLNPVWK
aKYLZKNTYX\ c oeLTNK\ZI JKL bNXMKNP ^KL �K\NKLYX\ oeX vNZZKThLQXOKX MNL^ PeRNZ pKL`VOPNVWZN\ZI
®¯°±²±³´µ¶·¸°±¹ º±¹²´»·¼¶·¶³¼½± ¾¼»»¶¯¿·°±À¶±Á Â°²Ã »Ä°·À» ÅÆÇ ºÈÁ ÉÊËÅÌÍÎ·±¸¶·³ÏÐÑÒ ÓÔÕÖ×ÖØÙÕ×ÙÙÚÛ×ÙÙ ÛÕÜ ÙÝÚÛ ÝÞ ßÕÛÞÑÖ àÑÙ áÖÛâÒ×ÖØÙãÑÒäÕÛÒÑÖÙ å×Þ ßÕ×ÞæÒàÖ×ÖØÙãÑÒäÕÛÒÑÖ ÝÖ
àÑÒ çççè éÝÜå×ÖØ ÕÞ ççèêëèçêêç ÙæìÝÑ å×Ò íîè ïÖàÑÒ×ÖØ àÑÙ ðÔñÚÛÑÖÖ×Üå×ÖØÙòÔÕÖÑÙ ÝÖ àÑÒ ççóè éÝÜå×ÖØ
ÕÞ îôèîîèçêêç ÝÖÜÑÖÙÝã ÞÝÜ àÑÒ ØÑòÔÕÖÜÑÖ õÑÒÔÕØÑÒ×ÖØ ×Öà öÒìÑÝÜÑÒ×ÖØ ãæÖ ÷øöá ùÑäÕÙÙÜè ÷Þ úÑÙÚÛÔ×ÙÙ
ì×ÒàÑ àÑÞ û×ÜÕÚÛÜÑÖ àÑÙ ßÑØÝæÖÕÔùÑÕ×äÜÒÕØÜÑÖ ãæÞ îêèêëèçêêç ÞÝÜ àÑÒ üÕýØÕùÑ å×ØÑÙÜÝÞÞÜþ àÕÙÙ àÝÑ
ÓÒæùÔÑÞÕÜÝÿ àÑÒ õÑÒÿÑÛÒÙÕÖùÝÖà×ÖØ ×Öà àÑÒ �×Üå×ÖØ àÑÒ áÔÜäÔñÚÛÑÖ à×ÒÚÛ ÑÖÜÙòÒÑÚÛÑÖàÑ á×äÔÕØÑÖ àÑÒ
ÛâÛÑÒÑÖ �ÕÖàÑÙòÔÕÖ×ÖØÙùÑÛâÒàÑ å× ÔâÙÑÖ ÝÙÜè üÝÜ àÑÒ ØÑòÔÕÖÜÑÖ õÑÒÔÕØÑÒ×ÖØ ×Öà öÒìÑÝÜÑÒ×ÖØ ãæÖ ÷øöá
ÙÝÖà ÙæìæÛÔ ÝÞ úÑÒÑÝÚÛ àÑÙ õÑÒÿÑÛÒÙ ÕÔÙ Õ×ÚÛ ÝÞ úÑÒÑÝÚÛ àÑÒ öÝÖåÑÔÛÕÖàÑÔÙÖ×Üå×ÖØ �×ÖÜÑÒ öÝÖÙÚÛÔ×ÙÙ
àÑÙ ùÝÙÛÑÒÝØÑÖ éÜÕÖàæÒÜÙ� �ùÑÒâÒÜÔÝÚÛÑ á×ÙìÝÒÿ×ÖØÑÖ å× ÑÒìÕÒÜÑÖè á×Ù éÝÚÛÜ àÑÒ ßÑØÝæÖÕÔòÔÕÖ×ÖØ ÝÙÜ
àÕÛÑÒ ÑÝÖÑ �âÙ×ÖØ àÑÒ õÑÒÿÑÛÒÙòÒæùÔÑÞÕÜÝÿ ×Öà àÑÒ �ÕÚÛäæÔØÑÖ×Üå×ÖØ ÖæÜìÑÖàÝØè öÙ ìÝÒà ùÑÝ ÑÝÖÑÒ
�ÕÚÛÖ×Üå×ÖØ àÑÙ áÔÜÙÜÕÖàæÒÜÑÙ ãæÖ ÷øöá ÑÝÖÑ ÙÑÛÒ åÑÝÜÖÕÛÑ ßÑÕÔÝÙÝÑÒ×ÖØ àÑÒ �æÒà×ÞØÑÛ×ÖØ
ÓæòòÑÖÒÑ×ÜÛ ×Öà ðæÒÜä�ÛÒ×ÖØ å×Ò úÕÞùÑÒØÑÒ éÜÒÕýÑ Õ×ä ��ÒÖùÑÒØÑÒ éÜÕàÜØÑùÝÑÜ ØÑäæÒàÑÒÜè öÙ ìÝÒà
ìÑÝÜÑÒÛÝÖ àÕÒÕ×ä ÛÝÖØÑìÝÑÙÑÖþ àÕÙÙ àÕÙ ÖæÚÛ Õ×ÙÙÜÑÛÑÖàÑ öÒØÑùÖÝÙ àÑÙ ßÕ×ÞæÒàÖ×ÖØÙãÑÒäÕÛÒÑÖÙ � àÝÑ
ÔÕÖàÑÙòÔÕÖÑÒÝÙÚÛÑ úÑ×ÒÜÑÝÔ×ÖØ � ÕÔÙ ÙæÖÙÜÝØÑÙ öÒØÑùÖÝÙ àÑÒ ßÕ×ÞæÒàÖ×ÖØ ØÑÞñý � ó áùÙè ç
ßÕ×ÞæÒàÖ×ÖØÙØÑÙÑÜå �ß�û� ùÑÝÞ ãÑÒùÝÖàÔÝÚÛÑÖ úÕ×ÔÑÝÜòÔÕÖ �úÑùÕ××ÖØÙòÔÕÖ �Òè çëó� å×
ùÑÒ�ÚÿÙÝÚÛÜÝØÑÖ ÝÙÜè
úÑÛÕÖàÔ×ÖØ�ÐÝÑ å×ÔñÙÙÝØÑÖ õÑÒÿÕ×äÙäÔñÚÛÑÖ ÙÝÖà 	ÑÝÔ àÑÒ ÔÕÖàÑÙòÔÕÖÑÒÝÙÚÛÑÖ úÑ×ÒÜÑÝÔ×ÖØ à×ÒÚÛ àÝÑ ÛâÛÑÒÑ
�ÕÖàÑÙòÔÕÖ×ÖØÙùÑÛâÒàÑè ÐÝÑ ÔÕÖàÑÙòÔÕÖÑÒÝÙÚÛÑ úÑ×ÒÜÑÝÔ×ÖØ àÑÙ õæÒÛÕùÑÖÙ à�ÒäÜÑ ÙÝÚÛ ãæÖ àÑÖ
å×ÔñÙÙÝØÑÖ õÑÒÿÕ×äÙäÔñÚÛÑÖ ÛÑÒ ÕÖ àÑÞ éÚÛÒÑÝùÑÖ ôêê
ßú ë�ô�íóèëç àÑÙ ßÑØÝÑÒ×ÖØÙùÑÕ×äÜÒÕØÜÑÖ ãæÞ
îêèêëèçêêç æÒÝÑÖÜÝÑÒÑÖè éæ ìÑÒàÑÖ ÝÖ àÑÒ ÔÕÖàÑÙòÔÕÖÑÒÝÙÚÛÑÖ úÑ×ÒÜÑÝÔ×ÖØ àÑÙ õæÒÛÕùÑÖÙ ÿÑÝÖÑ á×ÙÙÕØÑÖ
å×Ò �ÕÚÛÖ×Üå×ÖØ àÑÙ ÕÔÜÑÖ éÜÕÖàæÒÜÑÙ ØÑÞÕÚÛÜ ìÑÒàÑÖè áÔÙ öÒØÑùÖÝÙ àÑÒ ÓÒ�ä×ÖØ àÑÙ
ßÑØÝÑÒ×ÖØÙùÑÕ×äÜÒÕØÜÑÖ ÝÙÜ äÑÙÜå×ÛÕÔÜÑÖþ àÕÙÙ ãæÖ àÑÖ ãæÒØÑÙÑÛÑÖÑÖ åÑÖÜÒÕÔÒÑÔÑãÕÖÜÑÖ ßÕÖàÙæÒÜÝÞÑÖÜÑÖ
ÿÑÝÖÑ ìÑÙÑÖÜÔÝÚÛÑÖ úÑÑÝÖÜÒñÚÛÜÝØ×ÖØÑÖ Õ×ÙØÑÛÑÖ ìÑÒàÑÖ ×Öà Õ×Ù éÝÚÛÜ àÑÒ ßÑØÝæÖÕÔòÔÕÖ×ÖØ àÑÙÛÕÔù
ÑÞòäæÛÔÑÖ ìÝÒàþ àÑÒ õÑÒÔÕØÑÒ×ÖØ ×Öà öÒìÑÝÜÑÒ×ÖØ àÑÙ ÷øöá� öÝÖÒÝÚÛÜ×ÖØÙÛÕ×ÙÑÙ å×å×ÙÜÝÞÞÑÖè õæÖ
éÑÝÜÑÖ àÑÒ �âÛÑÒÑÖ �ÕÖàÑÙòÔÕÖ×ÖØÙùÑÛâÒàÑ ì×ÒàÑ ÝÖ àÝÑÙÑÞ ×ÙÕÞÞÑÖÛÕÖØ �Þ�ÖàÔÝÚÛ� ÞÝÜØÑÜÑÝÔÜþ àÕÙÙ
àÑÒ ßÕ×ÞæÒàÖ×ÖØÙùÑÙÚÛÑÝà Ö×Ò ÑÝÖÑ äÔñÚÛÑÖÖ×Üå×ÖØÙòÔÕÖÒÑÔÑãÕÖÜÑ á×äÔÕØÑ ÑÖÜÛÕÔÜÑÖ ìÝÒàþ ÖñÞÔÝÚÛ àÝÑ
á×ÙìÑÝÙ×ÖØ àÑÙ ÓÔÕÖØÑùÝÑÜÑÙ ÕÔÙ éæÖàÑÒùÕ×äÔñÚÛÑè öÙ ìÑÒàÑÖ � ÙæäÑÒÖ ÒÑÔÑãÕÖÜ � àÝÑ öÒØÑùÖÝÙÙÑ àÑÙ
ßÕ×ÞæÒàÖ×ÖØÙãÑÒäÕÛÒÑÖÙ ÝÞ ßÕÛÞÑÖ àÑÙ ÖÕÚÛäæÔØÑÖàÑÖ úÑùÕ××ÖØÙòÔÕÖãÑÒäÕÛÒÑÖÙ ØÑì�ÒàÝØÜè
�ÝÖÙÝÚÛÜÔÝÚÛ àÑÒ õÑÒÿÑÛÒÙòÒæùÔÑÞÕÜÝÿ ÝÙÜ Õ×Ùå×ä�ÛÒÑÖþ àÕÙÙ ÞÝÜÜÔÑÒìÑÝÔÑ àÑÒ �öÖàùÑÒÝÚÛÜ àÑÙ
õÑÒÿÑÛÒÙØ×ÜÕÚÛÜÑÖÙ� àÑÒ ðÕè ÷��õáÓ�á� ùåìè àÝÑ �õÑÒÿÑÛÒÙÜÑÚÛÖÝÙÚÛÑ ÓÔÕÖ×ÖØ àÑÒ �ÝÚÛÜÙÝØÖÕÔÕÖÔÕØÑÖ
×Öà àÑÒ øææÒàÝÖÝÑÒ×ÖØ ÝÞ úÑÒÑÝÚÛ àÑÒ ÓæòòÑÖÒÑ×ÜÛÑÒ éÜÒÕýÑ� àÑÒ ðÕè é÷öüö�é ãæÒÔÝÑØÜè á×Ù
ãÑÒÿÑÛÒÙòÔÕÖÑÒÝÙÚÛÑÒ éÝÚÛÜ ÑÒÙÚÛÑÝÖÑÖ ãÑÒÙÚÛÝÑàÑÖÑ àÕÒÝÖ ØÑÖÕÖÖÜÑ üÕýÖÕÛÞÑÖ àÕå× ØÑÑÝØÖÑÜþ ÑÝÖÑÖ
ß�ÚÿÙÜÕ× àÑÙ õÑÒÿÑÛÒÙ Õ×ä àÝÑ á×ÜæùÕÛÖ å× ãÑÒÛÝÖàÑÒÖ ×Öà Õ×ÚÛ àÑÖ å× ÑÒìÕÒÜÑÖàÑÖ õÑÒÿÑÛÒ àÑÒ
éòÝÜåÑÖÙÜ×ÖàÑ å× ùÑìñÔÜÝØÑÖè �ÝÖÙÝÚÛÜÔÝÚÛ àÑÒ ÙæØè �æÒà×ÞØÑÛ×ÖØ ãæÖ ÓæòòÑÖÒÑ×ÜÛ ÝÙÜ Õ×Ùå×ä�ÛÒÑÖþ àÕÙÙ
ÑÝÖ úÕ×ÒÑÚÛÜ ä�Ò àÝÑ �ÝÔÛÑÔÞ��æÑØÖÑÒ�éÜÒÕýÑ Ö×Ò ùÝÙ å×Þ éÜÑÝÖäÑÔàìÑØ �úÑùÕ××ÖØÙòÔÕÖ �Òè çë�Õ�
ùÑÙÜÑÛÜþ àÝÑÙÑ ÿÕÖÖ Õ×ÚÛ Ö×Ò ùÝÙ àÕÛÝÖ Õ×ÙØÑùÕ×Ü ìÑÒàÑÖè �ÙÜÔÝÚÛ àÕãæÖ Þ×ÙÙ ÑÝÖ
ÓÔÕÖäÑÙÜÙÜÑÔÔ×ÖØÙãÑÒäÕÛÒÑÖ ãæÒÕ×ÙÔÕ×äÑÖ �âÙÜÔÝÚÛ éÜÑÝÖäÑÔàìÑØ ùÝÙ ÝÖ àÕÙ ��ÒÖùÑÒØÑÒ éÜÕàÜØÑùÝÑÜ ÛÝÖÑÝÖ�èÐÕÙ õæÒÛÕùÑÖ ùÑÙÝÜåÜ ÙÑÝÜÑÖÙ àÑÒ éÜÕàÜ ÛâÚÛÙÜÑ ÓÒÝæÒÝÜñÜ ×Öà ÙæÔÔ åÑÝÜÖÕÛ ×ÞØÑÙÑÜåÜ ìÑÒàÑÖè ÐÝÑ
öÝÖìÑÖà×ÖØÑÖ àÑÙ ÓÔÕÖ×ÖØÙãÑÒùÕÖàÑÙ àÑÒ ÷Öà×ÙÜÒÝÑÒÑØÝæÖ üÝÜÜÑÔäÒÕÖÿÑÖ ÙÝÖà ÙæÞÝÜ ùÑÒ�ÚÿÙÝÚÛÜÝØÜè
�»·°�¶±¸°²°Ä»Á �¯°´��¶±�½¿´»·°�¶ �ËÁ ÉÊ�Ê� ÍÎ·±¸¶·³Ï



ÐÕÙ éÜÒÕýÑÖãÑÒÿÑÛÒÙÕÞÜ ÞÕÚÛÜ àÕÒÕ×ä Õ×äÞÑÒÿÙÕÞþ àÕÙÙ ÙÝÚÛ Õ×Ù àÑÞ ÓÒæ�ÑÿÜ ÕÞ ×ÞÔÝÑØÑÖàÑÖ
éÜÒÕýÑÖÖÑÜå ÝÖ àÑÒ úÕ×ÔÕÙÜ àÑÒ éÜñàÜÑ ð�ÒÜÛ ×Öà ÑãÑÖÜ×ÑÔÔ Õ×ÚÛ ��ÒÖùÑÒØ ðæÔØÑÞÕýÖÕÛÞÑÖ ÑÒØÑùÑÖþ ä�Ò
àÝÑ ØØäè ×ìÑÖà×ÖØÑÖ ÖÕÚÛ ðáû ùåìè ûõðû ùÑÕÖÜÒÕØÜ ìÑÒàÑÖè öÙ ìÝÒà ÑÞòäæÛÔÑÖþ àÝÑ ãæÞ
õÑÒÿÑÛÒÙØ×ÜÕÚÛÜÑÒ ãæÒØÑÙÚÛÔÕØÑÖÑÖ å×ÙñÜåÔÝÚÛÑÖ �ÑÝÙÜ×ÖØÙäñÛÝØÿÑÝÜÙÖÕÚÛìÑÝÙÑ ùÑÒÑÝÜÙ ÝÞ ßÕÛÞÑÖ àÑÙ
ßÕ×ÞæÒàÖ×ÖØÙãÑÒäÕÛÒÑÖÙ å× ÑÒÙÜÑÔÔÑÖ ×Öà å× ùÑìÑÒÜÑÖè áÖÙæÖÙÜÑÖ ùÑÙÜÑÛÑÖ ÙÑÝÜÑÖÙ àÑÙ
éÜÒÕýÑÖùÕ×ÕÞÜÑÙ ��ÒÖùÑÒØ ÿÑÝÖÑ úÑàÑÖÿÑÖ ØÑØÑÖ àÕÙ õæÒÛÕùÑÖè
úÑÛÕÖàÔ×ÖØ�ÐÕÙ éÚÛÒÑÝùÑÖ àÑÙ éÜÒÕýÑÖùÕ×ÕÞÜÑÙ ì×ÒàÑ ÕÖ àÑÖ éÜÒÕýÑÖùÕ×ÔÕÙÜÜÒñØÑÒþ àÕÙ 	ÝÑäùÕ×ÕÞÜ àÑÒ éÜÕàÜ
ð�ÒÜÛþ ìÑÝÜÑÒØÑÔÑÝÜÑÜþ àÕÞÝÜ àæÒÜ àÝÑ üâØÔÝÚÛÿÑÝÜÑÖ ÑÝÖÑÒ ÞâØÔÝÚÛÑÖ ×ìÑÖà×ÖØ ÖÕÚÛ ðáû ùåìè ûõðû
ØÑòÒ�äÜ ìÑÒàÑÖ ÿÕÖÖè ÐÝÑ úÑìÑÒÜ×ÖØ àÑÒ ãæÞ õÑÒÿÑÛÒÙØ×ÜÕÚÛÜÑÒ ãæÒØÑÙÚÛÔÕØÑÖÑÖ å×ÙñÜåÔÝÚÛÑÖ
�ÑÝÙÜ×ÖØÙÖÕÚÛìÑÝÙÑ ÝÞ ßÕÛÞÑÖ àÑÙ ßÕ×ÞæÒàÖ×ÖØÙãÑÒäÕÛÒÑÖÙ ÝÙÜ ÖÝÚÛÜ ûÑØÑÖÙÜÕÖà àÑÙ ãæÒÔÝÑØÑÖàÑÖ
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éÜÕàÜÙÝÔÛæ×ÑÜÜÑ àÑÙ �ÒÜÙÿÑÒÖÙ ãæÖ ÓæòòÑÖÒÑ×ÜÛ ÝÖ ÙÑÝÖÑÒ ÙÜñàÜÑùÕ×ÔÝÚÛÑÖ ðÑÒÖìÝÒÿ×ÖØ ùÑÑÝÖÜÒñÚÛÜÝØÜ
ìÝÒàè ûÔÑÝÚÛÑÙ ØÝÔÜ ä�Ò àÝÑ á×äÙÜÑÔÔ×ÖØ ×Öà á×ÙùÝÔà×ÖØ ãæÖ �ÑÒùÑÜÒñØÑÒÖ æàÑÒ �ÑÒùÑÞÕýÖÕÛÞÑÖè ÷Þ
ÖñÚÛÙÜÑÖ ÓÔÕÖ×ÖØÙÙÜÕÖà ÝÙÜ àÕÙ �ÕÖàÑÙÕÞÜ ä�Ò ÐÑÖÿÞÕÔòäÔÑØÑ ùåìè àÝÑ �ÖÜÑÒÑ ÐÑÖÿÞÕÔÙÚÛ×ÜåùÑÛâÒàÑ
ÕÔÙ 	ÒñØÑÒ âääÑÖÜÔÝÚÛÑÒ úÑÔÕÖØÑ ä�Ò ÑÝÖÑ ðÑÝÖÕùÙÜÝÞÞ×ÖØ ìÝÑàÑÒ å× ùÑÜÑÝÔÝØÑÖè



úÑÛÕÖàÔ×ÖØ�ÐÝÑ áÖÞÑÒÿ×ÖØÑÖ àÑÙ úÕ!ÑÒÝÙÚÛÑÙ �ÕÖàÑÙÕÞÜÑÙ ä�Ò ÐÑÖÿÞÕÔòäÔÑØÑ ÙÝÖà ÖÝÚÛÜäÔñÚÛÑÖÖ×Üå×ÖØÙòÔÕÖÒÑÔÑãÕÖÜþ àÕ àÑÒ ðÔñÚÛÑÖÖ×Üå×ÖØÙòÔÕÖ ÔÑàÝØÔÝÚÛ ÐÕÒÙÜÑÔÔ×ÖØÑÖ ÛÝÖÙÝÚÛÜÔÝÚÛ àÑÒ
ÕÔÔØÑÞÑÝÖÑÖ áÒÜ àÑÒ ùÕ×ÔÝÚÛÑÖ �×Üå×ÖØ ÑÖÜÛñÔÜè ÐÝÑ úÑàÑÖÿÑÖ àÑÙ úÕ!ÑÒÝÙÚÛÑÙ �ÕÖàÑÙÕÞÜ ä�ÒÐÑÖÿÞÕÔòäÔÑØÑ ìÑÒàÑÖ �ÑàæÚÛ å×Ò øÑÖÖÜÖÝÙ ØÑÖæÞÞÑÖ ×Öà � ÙæäÑÒÖ ÞâØÔÝÚÛ � ÝÞ ìÑÝÜÑÒÑÖ õÑÒäÕÛÒÑÖ
ùÑÒ�ÚÿÙÝÚÛÜÝØÜè ÐÕÙ úÕ!ÑÒÝÙÚÛÑÙ �ÕÖàÑÙÕÞÜ ä�Ò ÐÑÖÿÞÕÔòäÔÑØÑ ìÝÒà ÝÞ ßÕÛÞÑÖ àÑÒ úÑÜÑÝÔÝØ×ÖØ àÑÒ
	ÒñØÑÒ âääÑÖÜÔÝÚÛÑÒ úÑÔÕÖØÑ å×Ò á×äÙÜÑÔÔ×ÖØ àÑÙ úÑùÕ××ÖØÙòÔÕÖÑÙ Õ×ÚÛ ÕÞ ìÑÝÜÑÒÑÖ õÑÒäÕÛÒÑÖ ùÑÜÑÝÔÝØÜ
ìÑÒàÑÖè
$°�¶·¼´��¶´ 1°±¹¶´°Ä» ¿Î· �¶±ÀÄ°¯Ã¿¯¶³¶Á $²·³ �Á ÉÊ�ÊË ÍÎ·±¸¶·³Ïá×äØÒ×Öà àÑÒ ùÑÿÕÖÖÜÑÖ ð×ÖààÝÚÛÜÑ ÝÞ �ÕÛùÑÒÑÝÚÛ àÑÙ ÓÔÕÖ×ÖØÙùÑÒÑÝÚÛ ÝÙÜ ÝÞ ØÑÙÕÞÜÑÖ
ÓÔÕÖ×ÖØÙØÑùÝÑÜ ÿæÖÿÒÑÜ ÞÝÜ ÕÒÚÛñæÔæØÝÙÚÛÑÖ ð×ÖàÑÖ å× ÒÑÚÛÖÑÖè ÐÕÙ úÕ!ÑÒÝÙÚÛÑ �ÕÖàÑÙÕÞÜ ä�ÒÐÑÖÿÞÕÔòäÔÑØÑ ùÝÜÜÑÜ àÕÛÑÒþ ÝÖ àÑÖ ûÑÖÑÛÞÝØ×ÖØÙùÑÙÚÛÑÝà ÑÝÖÑÖ áùÙÚÛÖÝÜÜ å×Þ ÐÑÖÿÞÕÔÙÚÛ×Üå
Õ×äå×ÖÑÛÞÑÖè á×ÚÛ Þ×ÙÙ ÝÞ ãæÒÔÝÑØÑÖàÑÞ ðÕÔÔ ÙæùÕÔà ÕÔÙ ÞâØÔÝÚÛ à×ÒÚÛ ØÑÑÝØÖÑÜÑ éæÖàÝÑÒ×ÖØÑÖ 
äÔñÚÛÝØÑÖ �ùÑÒùæàÑÖÕùÜÒÕØ ×ÖÜÑÒ áÖÔÑÝÜ×ÖØ ÑÝÖÑÙ õÑÒÜÒÑÜÑÒÙ àÑÙ úÕ!ÑÒè �ÕÖàÑÙÕÞÜÑÙ ä�Ò ÐÑÖÿÞÕÔòäÔÑØÑ
àÝÑ ÕÒÚÛñæÔæØÝÙÚÛÑ éÝÜ×ÕÜÝæÖ ØÑÿÔñÒÜ ìÑÒàÑÖè õæÞ öÒØÑùÖÝÙ àÝÑÙÑÒ éæÖàÝÑÒ×ÖØÑÖ ÛñÖØÜ Õùþ æù ×Öà ÝÖ
ìÑÔÚÛÑÞ �ÞäÕÖØ ìÑÝÜÑÒÑ ÕÒÚÛñæÔæØÝÙÚÛÑ �ÖÜÑÒÙ×ÚÛ×ÖØÑÖ à×ÒÚÛØÑä�ÛÒÜ ìÑÒàÑÖ Þ�ÙÙÑÖè
úÑÛÕÖàÔ×ÖØ�ÐÕÙ �æÚÛùÕ×ÕÞÜ àÑÒ éÜÕàÜ ð�ÒÜÛ �ÑÝÖÙÚÛÔÝÑýÔÝÚÛ �ÖÜÑÒÑ ÐÑÖÿÞÕÔÙÚÛ×ÜåùÑÛâÒàÑ� ÛÕÜ ÞÝÜ àÑÞ úÕ!ÑÒÝÙÚÛÑÖ
�ÕÖàÑÙÕÞÜ ä�Ò ÐÑÖÿÞÕÔòäÔÑØÑþ �ÑÒÒÖ �ÕàÔÑÒ ÝÞ ßÕÛÞÑÖ ÑÝÖÑÒ ÜÑÔÑäæÖÝÙÚÛÑÖ ß�ÚÿÙòÒÕÚÛÑ ÕùØÑÙÜÝÞÞÜ
�ãØÔè éÚÛÒÑÝùÑÖ àÑÙ �ùá
úá ãæÞ ç&èêíèçêêç�þ àÕÙÙ àÝÑ ÕÒÚÛñæÔæØÝÙÚÛÑ éÝÜ×ÕÜÝæÖ Õ×ÚÛ ÝÞ ßÕÛÞÑÖ ÑÝÖÑÒ
ÝÖÜÑÖÙÝãÑÖ ðÑÔàùÑØÑÛ×ÖØ ØÑÿÔñÒÜ ìÑÒàÑÖ ÿÕÖÖè ÐÝÑ ÕÒÚÛñæÔæØÝÙÚÛÑ áÒùÑÝÜÙØÒ×òòÑ ð�ÒÜÛ ÙÜÑÛÜ Õù üÝÜÜÑ
�æãÑÞùÑÒ àÕä�Ò å×Ò õÑÒä�Ø×ÖØè éæÔÔÜÑÖ ÝÞ ßÕÛÞÑÖ àÑÒ úÑØÑÛ×ÖØ ×ÖØÑìâÛÖÔÝÚÛÑ úÑæùÕÚÛÜ×ÖØÑÖ
ØÑÞÕÚÛÜ ìÑÒàÑÖþ ÙÝÖà ìÑÝÜÑÒÑ éÚÛÒÝÜÜÑ å× �ùÑÒÔÑØÑÖè ÐÝÑ áÖÒÑØ×ÖØÑÖ ×Öà úÑàÑÖÿÑÖ àÑÙ úÕ!ÑÒÝÙÚÛÑÖ
�ÕÖàÑÙÕÞÜÑÙ ä�Ò ÐÑÖÿÞÕÔòäÔÑØÑ ÙÝÖà ÙæÞÝÜ ùÑÒ�ÚÿÙÝÚÛÜÝØÜè
1°±¹¶´µ¶·¸°±¹ ¹¶´ $°�¶·¼´��¶±  ¼±3¶¯�°±¹¶¯´ ¶4 È4 �°±¹´»·°�¶ �ÉÁ ÉÊ��Ë ÍÎ·±¸¶·³ÏÐÑÒ �ÕÖàÑÙãÑÒùÕÖà àÑÙ úÕ!ÑÒÝÙÚÛÑÖ öÝÖåÑÔÛÕÖàÑÔÙãÑÒùÕÖàÑÙ äæÒàÑÒÜ � ÙæäÑÒÖ ÒÑÔÑãÕÖÜ �þ àÝÑ öÒØÑùÖÝÙÙÑ
àÑÙ ßÕ×ÞæÒàÖ×ÖØÙãÑÒäÕÛÒÑÖÙ ÝÖ àÑÖ ðÔñÚÛÑÖÖ×Üå×ÖØÙòÔÕÖ Õ×äå×ÖÑÛÞÑÖè
úÑÛÕÖàÔ×ÖØ�
× ØÑØÑÖìñÒÜÝØÑÖ ÑÝÜò×ÖÿÜ ÔÝÑØÑÖ ÖæÚÛ ÿÑÝÖÑ öÒØÑùÖÝÙÙÑ àÑÙ ßÕ×ÞæÒàÖ×ÖØÙãÑÒäÕÛÒÑÖÙ ãæÒè õæÖ éÑÝÜÑÖ
àÑÒ �âÛÑÒÑÖ �ÕÖàÑÙòÔÕÖ×ÖØÙùÑÛâÒàÑ ì×ÒàÑ ÝÖ àÝÑÙÑÞ ×ÙÕÞÞÑÖÛÕÖØ �Þ�ÖàÔÝÚÛ� ÞÝÜØÑÜÑÝÔÜþ àÕÙÙ àÑÒ
ßÕ×ÞæÒàÖ×ÖØÙùÑÙÚÛÑÝà Ö×Ò ÑÝÖÑ äÔñÚÛÑÖÖ×Üå×ÖØÙòÔÕÖÒÑÔÑãÕÖÜÑ á×äÔÕØÑ ÑÖÜÛÕÔÜÑÖ ìÝÒàþ ÖñÞÔÝÚÛ àÝÑ
á×ÙìÑÝÙ×ÖØ àÑÙ ÓÔÕÖØÑùÝÑÜÑÙ ÕÔÙ éæÖàÑÒùÕ×äÔñÚÛÑè ÐÝÑ ðæÒàÑÒ×ÖØ àÑÙ �ÕÖàÑÙãÑÒùÕÖàÑÙ àÑÙ
úÕ!ÑÒÝÙÚÛÑÖ öÝÖåÑÔÛÕÖàÑÔÙ Ñè õè ìÝÒà å×Ò øÑÖÖÜÖÝÙ ØÑÖæÞÞÑÖ ×Öà ÝÙÜ ÙæÞÝÜ ùÑÒ�ÚÿÙÝÚÛÜÝØÜè
5·»́ µ½·´¼»3¶±¹¶· ¹¶´  ¼±3¶¯�°±¹¶¯´µ¶·¸°±¹¶´Á Â¶·· Í½·¸¶·» �»°²¹»Á �Î·»�¶· �·¶¼�¶¼» �Á ÉÊÌ0� �Î·»�ÏÐÑÒ �ÒÜÙãæÒÙÝÜåÑÖàÑ àÑÙ öÝÖåÑÔÛÕÖàÑÔÙãÑÒùÕÖàÑÙ äæÒàÑÒÜ � ÙæäÑÒÖ ÒÑÔÑãÕÖÜ �þ àÝÑ öÒØÑùÖÝÙÙÑ àÑÙ
ßÕ×ÞæÒàÖ×ÖØÙãÑÒäÕÛÒÑÖÙ ÝÖ àÑÖ ðÔñÚÛÑÖÖ×Üå×ÖØÙòÔÕÖ Õ×äå×ÖÑÛÞÑÖè
úÑÛÕÖàÔ×ÖØ�ÐÝÑ å×ÔñÙÙÝØÑÖ õÑÒÿÕ×äÙäÔñÚÛÑÖ ÙÝÖà 	ÑÝÔ àÑÒ ÔÕÖàÑÙòÔÕÖÑÒÝÙÚÛÑÖ úÑ×ÒÜÑÝÔ×ÖØ à×ÒÚÛ àÝÑ ÛâÛÑÒÑ
�ÕÖàÑÙòÔÕÖ×ÖØÙùÑÛâÒàÑè ÐÝÑ ÔÕÖàÑÙòÔÕÖÑÒÝÙÚÛÑ úÑ×ÒÜÑÝÔ×ÖØ àÑÙ õæÒÛÕùÑÖÙ à�ÒäÜÑ ÙÝÚÛ ãæÖ àÑÖ
å×ÔñÙÙÝØÑÖ õÑÒÿÕ×äÙäÔñÚÛÑÖ ÛÑÒ ÕÖ àÑÞ éÚÛÒÑÝùÑÖ ôêê
ßú ë�ô�íóèëç àÑÙ ßÑØÝÑÒ×ÖØÙùÑÕ×äÜÒÕØÜÑÖ ãæÞ
îêèêëèçêêç æÒÝÑÖÜÝÑÒÑÖè éæ ìÑÒàÑÖ ÝÖ àÑÒ ÔÕÖàÑÙòÔÕÖÑÒÝÙÚÛÑÖ úÑ×ÒÜÑÝÔ×ÖØ àÑÙ õæÒÛÕùÑÖÙ ÿÑÝÖÑ
á×ÙÙÕØÑÖ å×Ò �ÕÚÛÖ×Üå×ÖØ àÑÙ ÕÔÜÑÖ éÜÕÖàæÒÜÑÙ ØÑÞÕÚÛÜ ìÑÒàÑÖè áÔÙ öÒØÑùÖÝÙ àÑÒ ÓÒ�ä×ÖØ àÑÙ
ßÑØÝÑÒ×ÖØÙùÑÕ×äÜÒÕØÜÑÖ ÝÙÜ äÑÙÜå×ÛÕÔÜÑÖþ àÕÙÙ ãæÖ àÑÖ ãæÒØÑÙÑÛÑÖÑÖ åÑÖÜÒÕÔÒÑÔÑãÕÖÜÑÖ ßÕÖàÙæÒÜÝÞÑÖÜÑÖ
ÿÑÝÖÑ ìÑÙÑÖÜÔÝÚÛÑÖ úÑÑÝÖÜÒñÚÛÜÝØ×ÖØÑÖ Õ×ÙØÑÛÑÖ ìÑÒàÑÖ ×Öà Õ×Ù éÝÚÛÜ àÑÒ ßÑØÝæÖÕÔòÔÕÖ×ÖØ àÑÙÛÕÔù
ÑÞòäæÛÔÑÖ ìÝÒàþ àÑÒ õÑÒÔÕØÑÒ×ÖØ ×Öà öÒìÑÝÜÑÒ×ÖØ àÑÙ ÷øöá� öÝÖÒÝÚÛÜ×ÖØÙÛÕ×ÙÑÙ å×å×ÙÜÝÞÞÑÖè öÝÖÑ
ß�ÚÿäÒÕØÑ ùÑÝ àÑÒ �âÛÑÒÑÖ �ÕÖàÑÙòÔÕÖ×ÖØÙùÑÛâÒàÑ ÛÕÜ ÑÒØÑùÑÖþ àÕÙÙ ÙÝÚÛ Õ×Ù àÑÞ
ßÕ×ÞæÒàÖ×ÖØÙùÑÙÚÛÑÝà � Õ×ýÑÒ àÑÒ æÛÖÑÛÝÖ ãæÒØÑÙÑÛÑÖÑÖ ÐÕÒÙÜÑÔÔ×ÖØ ÕÔÙ éæÖàÑÒùÕ×äÔñÚÛÑ 6 ÿÑÝÖÑ
ðÔñÚÛÑÖÖ×Üå×ÖØÙòÔÕÖÒÑÔÑãÕÖÜÑÖ ðÑÙÜÔÑØ×ÖØÑÖ æàÑÒ úÑÙÜÝÞÞ×ÖØÑÖ ÑÒØÑùÑÖ ìÑÒàÑÖè ÐÝÑ ðæÒàÑÒ×ÖØ àÑÙ
�ÒÜÙãæÒÙÝÜåÑÖàÑÖ àÑÙ öÝÖåÑÔÛÕÖàÑÔÙãÑÒùÕÖàÑÙ ÝÙÜ ÙæÞÝÜ ÑÒä�ÔÔÜè



789:;<=>?@AB CDEA<F>?@A< G<?9HEI>F@A<:8<FJ9=ED:; KLFEAM N=<O9:P<F?EF9Q< RSM TUVWR KLFEAXYZ[ \]^_`[aZbcde fghd[iZbcd[ j[b^khlZicd[_][im^ahg_` ngo[ih[ p[Z q[i r[d^_qag_` q[i sd[k^hZl q[_tg_bcd _^cd [Z_[i gkm[ah][ihin`aZcd[_ j[bh^ahg_` q[b u^ilva^hw[bx \b mZiq ly_li[h ^_`[i[`hz [Z_[
r[`i{_g_` qgicd rngk[ g_q |hingcd[i bymZ[ k}`aZcdbh `[iZ_`[ ~[ibZ[`[ag_` q[i �ancd[_ ]yiwgb[d[_x
r[d^_qag_`�Y[i ]yiaZ[`[_q[ \_hmgi� wgi ��x �_q[ig_` q[b mZilb^k[_ �ancd[__ghwg_`bva^_[b p[Z_d^ah[h a[qZ`aZcdY^ibh[aag_`[_ wgi ^aa`[k[Z_[_ �ih q[i p^gaZcd[_ �ghwg_` `[kx � � �pbx � r^g�~� g_q l[Z_[ �_`^p[_wgi ryq[_][ibZ[`[ag_` pwmx [Z_[i gkm[ah][ihin`aZcd[_ j[bh^ahg_`x YZ[ r[^cdhg_` _^hgibcdghwe g_qa^_qbcd �̂hbv�a[`[iZbcd[i bymZ[ bhnqh[p^gaZcd[i g_q `[bh^ah[iZbcd[i r[a^_`[z Z_bp[by_q[i[ qZ[ \Z_pZ_qg_`q[b r^g`[pZ[h[b Z_ ]yid^_q[_[ Z__[ibhnqhZbcd[ r^gbhiglhgi[_ g_q Z_ qZ[ f^_qbcd �̂hz qZ[ �Z_ZkZ[ig_` q[iryq[_][ibZ[`[ag_` e Z_bp[by_q[i[ Zk r[i[Zcd q[b u^ilva^hw[b e g_q [Z_[ ^_`[k[bb[_[ Ygicd`i{_g_`q[b r^g`[pZ[h[b l}__[_ qgicd [_hbvi[cd[_q[ �[bhb[hwg_`bZ_d^ah[ Z_ q[i ][ipZ_qaZcd[_ r^ga[Zhva^_g_`pwmx Z_ [Z_[i [_hbvi[cd[_q[_ ji{_yiq_g_`bva^_g_` bZcd[i`[bh[aah m[iq[_x �k �^dk[_ q[b|^hwg_`b][i�^di[_b wgi �g�bh[aag_` q[b r[p^gg_`bva^_[b �ix ��� m[iq[_ _ycd [_hbvi[cd[_q[
jgh^cdh[_ dZ_bZcdhaZcd q[i ryq[_p[bcd �̂�[_d[Zh g_q q[i �}`aZcdl[Zh wgi ~[ibZcl[ig_` ]y_ �[`[_m^bb[i[hcx ^gb`[^ip[Zh[hx |y�[i_ h[cd_Zbcd k}`aZcd g_q mZihbcd �̂haZcd ][ihi[hp^i m[iq[_ Zk r[p^gg_`bva^_[_hbvi[cd[_q[ �[bhb[hwg_`[_ �yikgaZ[ih m[iq[_x Y[i \Z_m^_q q[i \]^_`[aZbcde fghd[iZbcd[_j[b^khlZicd[_][im^ahg_` �{ihd Zbh _Zcdh �ancd[__ghwg_`bva^_i[a[]^_hz mZiq �[qycd wgi �[__h_Zb
`[_ykk[_ g_q Zk �^dk[_ q[b _^cd�ya`[_q[_ r[p^gg_`bva^_][i�^di[_b _nd[i `[vi{�h m[iq[_x
789:;<=>?@ABCDEA<F>?@A< ��9FF?E>�ED:; �E� �<E<F D:P �9D=M ��F� �@AH>PEB�@A<<FM ����<:F<DEA<F �EF� ���M
TUVW� KLFEAYZ[ u�^iibhZ�hg_` m[Zbh Zk �gb^kk[_d^_` kZh ug_lh � q[b ��ue\iangh[ig_`bp[iZcdh[b ��Z_m[Zb[ ^g� qZ[][ipZ_qaZcd[ r^ga[Zhva^_g_`� q^i^g� dZ_z q^bb bZcd Z_bp[by_q[i[ q[i t[ip[hgik g_q q^b k[dibh}clZ`[u^ilq[clz ^p[i ^gcd qZ[ fnikbcdghwk^o_^dk[_ g_q qZ[ u^il�ancd[_ Z_ qZ[  k`[pg_` [Z_�{`[_ k{bb[_
r[d^_qag_`�YZ[ yx `x �Z_m[Zb[ bZ_q _Zcdh ��uei[a[]^_hz m[iq[_ ^p[i wgi �[__h_Zb `[_ykk[_ g_q Zk �^dk[_ q[i
^_bcdaZ[o[_q[_ r[p^gg_`bva^_g_` `[vi{�hx
�E9PE¡>=P��=<;<F>: D:P ��=<;<F>: P<F ¢��<:E=>@A<: £FD::<:M �E9PEF¤E>: KF9D ¥>@A9<=9 8�: ¦>EEI<M§�=¨?EF9Q< R�M TUVW� KLFEAXY[i \Z_`iZ�� Z_ q^b f^_qbcd �̂hbe g_q �ihbpZaq Zbh ^_ k^_cd[_ |h[aa[_ bZcd[iaZcd [Z_bcd_[Zq[_qz �[qycd
d^p[_ qZ[ bcdy_ p[p^gh[_ ^_`i[_w[_q[_ j[m[ip[`[pZ[h[ p[i[Zhb [Z_[ ~[in_q[ig_` d[ip[Z`[�{dihx Y[i|h^_qyih q[i �^aa[ Zbh Zk _yiqm[bhaZcd[_ s[Za ]yi`[b[d[_z by q^bb ^_ q[i _[g`[p^gh[_ tZad[ake�y[`_[ie|hi^o[ qgicd qZ[ u^ilvanhw[ [Z_[ |Zcdh ^g� q[_ ^ah[_ �ihbl[i_ g_q qZ[ �Zicd[ [id^ah[_ pa[Zphx tZ[ p[i[ZhbZk \iangh[ig_`bp[iZcdh ^gb`[�{dihz mZiq Z_ q[i ][ipZ_qaZcd[_ r^ga[Zhva^_g_` pwmx Z_ [Z_[i [_hbvi[cd[_q[_ji{_yiq_g_`bva^_g_` qZ[ r[^cdhg_` ]y_ _^hgibcdghwe g_q a^_qbcd �̂hbv�a[`[iZbcd[i bymZ[
bhnqh[p^gaZcd[i g_q `[bh^ah[iZbcd[i r[a^_`[ bZcd[i`[bh[aah m[iq[_x �ab p[by_q[ib mZcdhZ` mZiq qZ[
^_`[k[bb[_[ Ygicd`i{_g_` q[b r^g`[pZ[h[bz ]yi ^aa[k q[i u^ilvanhw[ g_q q[i �^aa[ ^_`[b[d[_x r[Zq[_ �g�a^`[_ Zbh �[qycd ^g� qZ[ �_`[k[bb[_d[Zh q[i �yiq[ig_`[_ t[ih wg a[`[_z q^kZh _Zcdh qgicd{p[id}dh[ �g�a^`[_z q^b uiy�[lh bcd[Zh[ihx
r[d^_qag_`�YZ[ _^hgibcdghwi[a[]^_h[_e g_q a^_qbcd �̂hbv�a[`[iZbcd[_ bymZ[ bhnqh[p^gaZcd[_ g_q `[bh^ah[iZbcd[_
r[a^_`[ m[iq[_ Zk �^dk[_ q[i ][ipZ_qaZcd[_ r^ga[Zhva^_g_` _ycd m[Zh[i vinwZbZ[ih m[iq[_x YZ[
�gb�{dig_`[_ q[i |h^qhpZaqv�a[`[iZ_ m[iq[_ dZ[ikZhwgi �[__h_Zb `[_ykk[_ g_q Zk �^dk[_ q[b _^cd�ya`[_q[_ r[p^gg_`bva^_][i�^di[_b _nd[i `[vi{�hm[iq[_x
�E9PE© D;<:PF>:; KLFEAM KF�:HL==<F?EF9Q< ��M TUVW� KLFEAX�_ q[i ]yiaZ[`[_q[_ ua^_g_` l^__ q[i |h^qh� g`[_qiZ_` l[Z_[ r[i{clbZcdhZ`g_` q[i jig_qp[q{i�_Zbb[ �{i�Z_q[i g_q ªg`[_qaZcd[ [il[__[_x \Z_ `[bZcd[ih[i \ib^hwbh^_qyih �{i q[_ ªg`[_qhi[��vg_lh uyvv[_i[ghdzq[i kZh r[`Z__ q[b �gbp^gb q[i tZad[ake�y[`_[ie|hi^o[ b[Z_[_ |h^_qyih ][iaZ[i[_ mZiqz Zbh _Zcdh



r[bh^_qh[Za qZ[b[b ua^_[bx �gbqi{claZcd mZiq Zk p[i[Zhb wZhZ[ih[_ jig_qa^`[_va^_ wgi ªg`[_qdZa�[va^_g_`q[i r[q^i� �{i [Z_[_ \ib^hwbh^_qyih �{i q[_ ªg`[_qhi[��vg_lh p[_^__hx �{i qZ[ a^_`�iZbhZ`[ \«Zbh[_w q[br^gm^`[_viy�[lh[b ^ab ªg`[_qhi[�� mZiq [Z_ _[g[b jig_qbh{cl ^ab ^ah[i_^hZ][i |h^_qyih p[_}hZ`h g_qkgbb q[k_^cd ^gcd p^gi[cdhaZcd ^p`[bZcd[ih m[iq[_x �d_[ qZ[ �[bhbcdi[Zpg_` [Z_[i `[[Z`_[h[_ �ancd[mZiq [Z_[ \Z_iZcdhg_` q[i ªg`[_q^ip[Zh kZh dyd[i �lw[vh^_w bymyda p[Z q[_ ªg`[_qaZcd[_z Zk |h^qhh[Za ^ab
^gcd Z_ q[i ¬��[_haZcdl[Zh kZh [Z_[i mZcdhZ`[_ bywZ^avnq^`y`Zbcd[_ �g_lhZy_ ]yi �ih Z_ [Z_[ ]}aaZ`
g_bZcd[i[ �glg_�h ^p`[bcdyp[_x
r[d^_qag_`�Y^b ]y_ q[i �^x ��\� ~[im^ahg_` jkp� kZh q[i ua^_g_` p[^g�hi^`h[ �_`xe r{iy f^_qbcd �̂h ua^_[_ 
r^g[_z r[iaZ_ d^h kZh s[a[�^« ]yk �®x��x�¯¯� kZh`[h[Zahz q^bb b{qm[bhaZcd q[b p[bh[d[_q[_
�Z_q[i`^ih[_b ^_ q[i �^_be~y`[ae|hi^o[ [Z_[ c^x �x°¯¯ k± `iyo[ jig_qbh{clb�ancd[ �{i [Z_[
�gbm[Zbg_` ^ab j[k[Z_p[q^i�b�ancd[ kZh q[i �m[clp[bhZkkg_` e |ywZ^a[_ �m[cl[_ qZ[_[_q[ j[pngq[
g_q \Z_iZcdhg_`[_ wgi ~[i�{`g_` `[bh[aah m[iq[_ l^__x YZ[ �ancd[ [_hbviZcdh bykZh q[i ]yk ªg`[_q^kh`[�yiq[ih[_ jig_qbh{clb`i}o[x Y[i \_hmgi� wgi �ancd[__ghwg_`bva^_n_q[ig_` �ix �� mgiq[q^dZ_`[d[_q ^_`[v^bbhx YZ[ �_i[`g_` Zbh bykZh p[i{clbZcdhZ`hx
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jig_qb^hw q^kZh q[k r[bcdagbb q[b ua^_g_`b^gbbcdgbb[b q[b ua^_g_`b][ip^_q[b �_qgbhiZ[i[`Zy_�Zhh[a�i^_l[_ ]yk ��x̄ �x�¯¯� ^_x
�x �ghwg_` ^k �ahbh^_qyih�YZ[ �gbhZkkg_` q[i |h^qh �{i_p[i` wgi ~[ia^`[ig_` g_q \im[Zh[ig_` q[b ��\�e \Z_iZcdhg_`bd^gb[bmZiq kZh q[i �g�a^`[ `[lyvv[ahz q^bb g_^pdn_`Z` ]y_ q[k ^k �ahbh^_qyih p[bh[d[_q[_ r^gi[cdh�i[cdhb][ipZ_qaZcd[i r[p^gg_`bva^_� [Z_[ \Z_w[ad^_q[ab_^cd_ghwg_` [Z_[i `[by_q[ih[_

a^_q[bva^_[iZbcd[_ ´p[ivi{�g_` p[q^i�x �k �Z_paZcl ^g� qZ[ p[i[Zhb d[gh[ dyd[ ~[il[dibp[a^bhg_` Zk k�[aq q[b ��\�e |h^_qyih[b mZiq m[Zh[idZ_ ]yi`[bcda^`[_z qZ[ �{i qZ[ �^cd_ghwg_` ^k �ahbh^_qyihZk ~[il[dib`gh^cdh[_ wgk ��\�e �[gp^g ^_`[_ykk[_[_ ~[il[dibk[_`[_ ^ab wganbbZ`[�}cdbh`i[_w[_ �[bhwga[`[_x YZ[ �__^dk[ q[b ~[il[dib`gh^cdh[_bz q^bb q^b \Z_wg`b`[pZ[h [Z_[ik}`aZcd[_ �^cd_ghwg_` ^ab |re t^i[_d^gb bZcd ^gbbcdaZ[oaZcd ^g� qZ[ |h^qh �{ihd p[bcdin_lhz l^__^g�`ig_q q[i f^`[ ^_ q[i |h^qh`i[_w[ wg �{i_p[i` _Zcdh `[h[Zah m[iq[_x�x ~[il[dib^_pZ_qg_`��{i qZ[ �gbhZkkg_` q[i |h^qh �{i_p[i` wgi ~[ia^`[ig_` g_q \im[Zh[ig_` q[b ��\�e\Z_iZcdhg_`bd^gb[b `Zah q^d[i ^ab ~yi^gbb[hwg_`z q^bb q[i si^bb[_][ia^g� q[i `[va^_h[_ r^kp[i`[i|hi^o[ µ tZad[ake�y[`_[ie|hi^o[ wmZbcd[_ q[_ |hnqh[_ �{i_p[i` g_q �{ihd ][ipZ_qaZcd �[bh`[a[`h
b[Z_ kgbbx´p[i qZ[ `[_^__h[_ �^o`^p[_ dZ_^gb m[iq[_ b[Zh[_b q[i |h^qh �{i_p[i` �ya`[_q[ �Z_m[Zb[ wgi]yi`[a[`h[_ ua^_g_` `[`[p[_�¶x �^g�li �̂h^pbcd}v�g_`��g� q[i jig_qa^`[ q[i Z_ q[_ �_hi^`bg_h[ia^`[_ q^i`[a[`h[_ ~[il^g�b�ancd[_ mZiq q^]y_
^gb`[`^_`[_z q^bb ]y_ [Z_[i �[^aZbZ[ig_` q[b `[va^_h[_ ��\�e \im[Zh[ig_`bviy�[lh[b Z_ �{ihd l[Z_[`i^]Z[i[_q[_ �gbmZilg_`[_ ^g� qZ[ �{i qZ[ ~[ibyi`g_` q[i r[]}al[ig_` �{i_p[i`b mZcdhZ`[_ g_q qZ[\Z_w[ad^_q[abw[_hi^aZhnh �{i_p[i`b bh{hw[_q[_ Z__[ibhnqhZbcd[_ \Z_w[ad^_q[abe pwmx
~[ibyi`g_`bw[_hi[_ Z_ �{i_p[i` wg [im^ih[_ bZ_qx ja[Zcdmyda l^__ p[Z q[i q[iw[ZhZ`[_ bcdmZ[iZ`[_mZihbcd �̂haZcd[_ |Zhg^hZy_ q[b \Z_w[ad^_q[ab ^gcd qgicd `[iZ_`�{`Z`[_  kb^hw^gb�^aa p[Z by
`[_^__h[_ ji[_w[ihi^`bp[hiZ[p[_ _Zcdh ^gb`[bcdaybb[_ m[iq[_z q^bb Z_ \Z_w[a�naa[_ _[`^hZ][ �ya`[_^g�hi[h[_x�x �ancd[_Z_^_bvigcd_^dk[��Zh c^x �x��° |h[aavanhw[ bZ_q k[di ^ab wm[Z YiZhh[a q[i Z_b`[b^kh �x�¯¯ |h[aavanhw[ q[b ��\�er^g]yid^p[_b [p[_[iqZ` ]yi`[b[d[_x \Z_ m[b[_haZcd[b �Z[a Zk �^dk[_ q[i j[b^kh�yihbcdi[Zpg_`q[b f^_q[b[_hmZclag_`bviy`i^kkb r^·[i_ �f\u� Zbh [bz q[_ �ancd[_][ipi^gcd Z_ ^aa[_ f^_q[bh[Za[_wg i[qgwZ[i[_ ��Z[a � � �x�¯�x \Z_[_ bv^ib^k[_ g_q bcdy_[_q[_  k`^_` kZh jig_q g_q ryq[_�yiq[ih ^gcd q^b r^g`[b[hwpgcd Z_ � �^ ��� [Z_x \Z_[ �__nd[ig_` ^_ qZ[b[ �Z[ab[hwg_` mni[ qgicd[Z_[_ d}d[i[_ �_h[Za ]y_ u^ilv^a[hh[_ k}`aZcdx



r[d^_qag_`��x �ghwg_` ^k �ahbh^_qyih�Y[i ]yiaZ[`[_q[ \_hmgi� wgi ��x �_q[ig_` q[b mZilb^k[_ �ancd[__ghwg_`bva^_[b p[Z_d^ah[h m[q[i�_`^p[_ wgi ~[il[dibp[a^bhg_` pwmx wgi `[va^_h[_ viyqglhbv[wZ�Zbcd[_ �ghwg_` q[b ��\�e�ahbh^_qyih[b by_q[i_ a[qZ`aZcd Y^ibh[aag_`[_ wgi ^aa`[k[Z_[_ �ih q[i p^gaZcd[_ �ghwg_` `[kx � �
�pbx � r^g�~� �{i q[_ ��\�e �[gbh^_qyihx Y[i \Z_m^_q Zbh q^d[i wg_ncdbh ^ab _Zcdh�ancd[__ghwg_`bva^_i[a[]^_h wgi{clwgm[Zb[_x�x ~[il[dib^_pZ_qg_`��gcd ]y_ q[i |h^qh �{ihd mZiq q[i �[^aZbZ[ig_` q[i tZad[ake�y[`_[ie|hi^o[ e r^kp[i`[i |hi^o[dyd[ uiZyiZhnh [Z_`[ingkhx �mZbcd[_ q[_ �^cdqZ[_bhbh[aa[_ �Z_q[_ dZ[iwg a^g�[_q ~[id^_qag_`[_ bh^hhzviypa[k^hZbcd g_q _gi g_h[i \Z_p[wg` q[i jig_qp[bZhw[i a}bp^i Zbh qZ[ sd[k^hZl q[b ¸~[ibcdm[_lb¹Zk |h^qh`i[_wp[i[Zcdx Y[i \Z_m^_q mZiq dZ[ikZh wgi �[__h_Zb `[_ykk[_x YZ[ �yiq[ig_`z q^bb q[isi^bb[_][ia^g� q[i `[va^_h[_ r^kp[i`[i |hi^o[ µ tZad[ake�y[`_[ie|hi^o[ wmZbcd[_ q[_ |hnqh[_
�{i_p[i` g_q �{ihd ][ipZ_qaZcd �[bh`[a[`h b[Z_ kgbbz l^__ �{i [Z_[ �gbhZkkg_` wgi�ancd[__ghwg_`bva^_n_q[ig_` _Zcdh p[i{clbZcdhZ`h m[iq[_x YZ[b[ |hi^o[_][ipZ_qg_` Zbh ^gcd ^gb|Zcdh q[i |h^qh �{ihd mZcdhZ` g_q `[va^_h �Z_bp[by_q[i[ ^ab ~[ipZ_qg_` wgk �ag`d �̂[_ �{i_p[i`�
^p[i �{i q[_ ��[ge� |h^_qyih q[i �^x ��\� _Zcdh wmZ_`[_q [i�yiq[iaZcdx Y[i \Z_m^_q mZiq q^d[i
wgi{cl`[mZ[b[_x¶x �^g�li �̂h^pbcd}v�g_`�Y[i ]yiaZ[`[_q[ \_hmgi� wgi ��x �_q[ig_` q[b mZilb^k[_ �ancd[__ghwg_`bva^_[b p[Z_d^ah[h a[qZ`aZcd�_`^p[_ wgi ^aa`[k[Z_[_ �ih q[i p^gaZcd[_ �ghwg_` `[kx � � �pbx � r^g�~� g_q l[Z_[ �_`^p[_ wg~[il^g�b�ancd[_x �ab \i`[p_Zb q[i ui{�g_` q[b �[`Z[ig_`bp[^g�hi^`h[_ Zbh �[bhwgd^ah[_z q^bb ]y_q[_ ]yi`[b[d[_[_ w[_hi^ai[a[]^_h[_ �^_qbyihZk[_h[_ l[Z_[ m[b[_haZcd[_ r[[Z_hincdhZ`g_`[_^gb`[d[_ m[iq[_ g_q ^gb |Zcdh q[i �[`Zy_^ava^_g_` q[bd^ap [kv�yda[_ mZiqz q[i ~[ia^`[ig_` g_q\im[Zh[ig_` q[b ��\�e \Z_iZcdhg_`bd^gb[b wgwgbhZkk[_x �^cdq[k m[q[i q^b �_qgbhiZ[e g_q�^_q[a`i[kZgkz _ycd q[i f^_q[b][ip^_q q[b r^·[ix \Z_w[ad^_q[ab][ip^_q[b pwmx q[i
�ihb]yibZhw[_q[ q[b �{ihd[i \Z_w[ad^_q[ab][ip^_q[b bZcd Zk �^dk[_ q[b
�ancd[__ghwg_`bva^_n_q[ig_`b][i�^di[_b ^pa[d_[_q `[ngo[ih d^p[_z kgbb qZ[ ]y_ q[i |h^qh
�{i_p[i` ][ihi[h[_[ �[Z_g_` ^ab g_p[`i{_q[h pwmx _Zcdh �ancd[__ghwg_`bva^_i[a[]^_hwgi{cl`[mZ[b[_ m[iq[_x�x �ancd[_Z_^_bvigcd_^dk[��YZ[bp[w{`aZcd mZiq ^g� qZ[ g_h[i �Z��[i � `[k^cdh[_ �gb�{dig_`[_ ][imZ[b[_�

�E9PE �@AJ9¡9@AM ��?E�9@A R�RUM T��R� �@AJ9¡9@AX�x �g�`ig_q q[i ji}o[ q[i ~[il^g�b�ancd[ �{i {p[imZ[`[_q Z__[_bh^qhi[a[]^_h[ �^_qbyihZk[_h[ Zbh ]y_[Z_[k g_kZhh[ap^i[k \Z_�agbb ^g� q[_ |cdm^p^cd[i �__[_bh^qh e \Z_w[ad^_q[a ^gbwg`[d[_z q[i bZcdp[i[Zhb �[hwh Z_ [Z_[i viypa[k^hZbcd[_ |Zhg^hZy_ p[�Z_q[hx YZ[ |h^qh |cdm^p^cd bviZcdh bZcd `[`[_ [Z_[\im[Zh[ig_` q[i �^_qbyihZk[_h[ ]y_ c^x °x̄ ¯¯ ^g� �x̄ ¯¯ k± ^gbx�x YZ[ r[a^bbg_` [Z_[i |y_q[i`[pZ[hb_ghwg_` ^g� q[k �[hwZ`[_ |h^_qyih m{iq[ m[`[_ q[i [_yik[_
�^bbZ[ig_` ]y_ \Z_w[ad^_q[ab�ancd[_ g_kZhh[ap^i[_ \Z_�agbb ^g� q[_ �__[_bh^qhd^_q[a Zk yx `x |Z__[
][igib^cd[_x YZ[ |h^qh |cdm^e p^cd bviZcdh bZcd q^d[i q �̂{i ^gbz kZh q[i j[_[dkZ`g_` q[b _[g[_|h^_qyih[b qZ[ �{cl_^dk[ q[i |y_q[i`[pZ[hb^_m[Zbg_` q[b ^ah[_ |h^_qyih[b wg ][ipZ_q[_x

r[d^_qag_`��x Y[i ]yiaZ[`[_q[ \_hmgi� wgi ��x �_q[ig_` q[b mZilb^k[_ �ancd[__ghwg_`bva^_[b p[Z_d^ah[h l[Z_[�_`^p[_ wgi ji}o[ q[i ~[il^g�b�ancd[ yq[i wgi uiyqglhv^a[hh[x r[Z q[_ w[_hi^ai[a[]^_h[_
�^_qbyihZk[_h[_ q[i �^x ��\� mZ[ wx rx �g_bh`[m[ip[z r{iywgp[d}iz �^gbd^ahbm^i[_z uyiw[aa^_zja^bz �[i^kZl bymZ[ r[hhez �^gbe g_q �[Zkh[«hZaZ[_ d^_q[ah [b bZcd �[qycd m[Zh[bh`[d[_q gk [Z_[
��\�e bv[wZ�Zbcd[ uiyqglhv^a[hh[z qZ[ q[i Z__[ibhnqhZbcd[ \Z_w[ad^_q[a Z_ qZ[b[i �ih _Zcdh y��[iZ[ihx
�^cdq[k m[q[i q^b �_qgbhiZ[e g_q �^_q[a`i[kZgkz _ycd q[i f^_q[b][ip^_q q[b r^·[ix
\Z_w[ad^_q[ab][ip^_q[b pwmx q[i �ihb]yibZhw[_q[ q[b �{ihd[i \Z_w[ad^_q[ab][ip^_q[b bZcd Zk
�^dk[_ q[b �ancd[__ghwg_`bva^_n_q[ig_`b][i�^di[_b ^pa[d_[_q `[ngo[ih d^p[_z kgbb qZ[ ]ykq[i |h^qh |cdm^p^cd ][ihi[h[_[ �[Z_g_` ^ab g_p[`i{_q[h pwmx _Zcdh �ancd[__ghwg_`bva^_i[a[]^_hwgi{cl`[mZ[b[_ m[iq[_x



�x YZ[ wganbbZ`[_ ~[il^g�b�ancd[_ bZ_q s[Za q[i a^_q[bva^_[iZbcd[_ r[gih[Zag_` qgicd qZ[ d}d[i[
f^_q[bva^_g_`bp[d}iq[x YZ[ a^_q[bva^_[iZbcd[ r[gih[Zag_` q[b ~yid^p[_b q{i�h[ bZcd ]y_ q[_wganbbZ`[_ ~[il^g�b�ancd[_ d[i ^_ q[k |cdi[Zp[_ q[b �[`Z[ig_`bp[^g�hi^`h[_ ]yk �¯x̄ �x�¯¯�
yiZ[_hZ[i[_x |y m[iq[_ Z_ q[i a^_q[bva^_[iZbcd[_ r[gih[Zag_` q[b ~yid^p[_b l[Z_[ �gbb^`[_ wgi�^cd_ghwg_` q[b ^ah[_ |h^_qyih[b `[k^cdh m[iq[_x �ab \i`[p_Zb q[i ui{�g_` q[b
�[`Z[ig_`bp[^g�hi^`h[_ Zbh �[bhwgd^ah[_z q^bb ]y_ q[_ ]yi`[b[d[_[_ w[_hi^ai[a[]^_h[_
�^_qbyihZk[_h[_ l[Z_[ m[b[_haZcd[_ r[[Z_hincdhZ`g_`[_ ^gb`[d[_ m[iq[_ g_q ^gb |Zcdh q[i
�[`Zy_^ava^_g_` q[bd^ap [kv�yda[_ mZiqz q[i ~[ia^`[ig_` g_q \im[Zh[ig_` q[b ��\�e\Z_iZcdhg_`bd^gb[b wgwgbhZkk[_x Y[i \Z_m^_q pwmx qZ[ �yiq[ig_` q[i |h^qh |cdm^p^cd mZiq q^d[iwgi{cl`[mZ[b[_x
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p^gaZcd[_ �ghwg_` `[kx � � �pbx � r^g�~�x Y[i \Z_m^_q Zbh q^d[i ^ab _Zcdh�ancd[__ghwg_`bva^_i[a[]^_h wgi{clwgm[Zb[_x�x YZ[ ~yi`[d[_bm[Zb[ p[Z q[i r[m[ihg_` q[i ]yid^_q[_[_ g_q `[va^_h[_ rZyhyve g_q �ghwg_`bh·v[_iZcdh[h bZcd _^cd q[i |^hwg_` wgi \id[pg_` ]y_ �ybh[_[ibh^hhg_`bp[Zhin`[_ _^cd � �¶°c
r^g`[b[hwpgcd e ��| e q[i |h^qh �{ihd ]yk ��x��x�¯¯�x YZ[ r[^cdhg_` _^hgibcdghwe g_qa^_qbcd �̂hbv�a[`[iZbcd[i bymZ[ bhnqh[p^gaZcd[i g_q `[bh^ah[iZbcd[i r[a^_`[z Z_bp[by_q[i[ qZ[
\Z_pZ_qg_` q[b r^g`[pZ[h[b Z_ ]yid^_q[_[ Z__[ibhnqhZbcd[ r^gbhiglhgi[_ g_q Z_ qZ[ f^_qbcd �̂h g_q[Z_[ ^_`[k[bb[_[ Ygicd`i{_g_` q[b r^g`[pZ[h[b l}__[_ qgicd [_hbvi[cd[_q[ �[bhb[hwg_`bZ_d^ah[Z_ q[i ][ipZ_qaZcd[_ r^ga[Zhva^_g_` pwmx Z_ [Z_[i [_hbvi[cd[_q[_ ji{_yiq_g_`bva^_g_` bZcd[i`[bh[aahm[iq[_x �nd[i[ \Z_w[ad[Zh[_ m[iq[_ Zk m[Zh[i[_ ~[i�^di[_ ^gb q[k ua^_pa^hh q[b r[p^gg_`bva^_[b
g_q q[k  km[ahp[iZcdh ^ab r[bh^_qh[Za q[i r[`i{_qg_` wg [_h_[dk[_ b[Z_x Y[i \Z_m^_q q[i|h^qhd[Zk^hv�a[`[iZ_ mZiq bykZh p[i{clbZcdhZ`hx¶x Y[i ]yiaZ[`[_q[ \_hmgi� wgi ��x �_q[ig_` q[b mZilb^k[_ �ancd[__ghwg_`bva^_[b p[Z_d^ah[h l[Z_[�_`^p[_ wgk ~[il[dib^g�lykk[_z by_q[i_ a[qZ`aZcd Y^ibh[aag_`[_ wgi ^aa`[k[Z_[_ �ih q[i
p^gaZcd[_ �ghwg_` `[kx � � �pbx � r^g�~�x Y[i \Z_m^_q Zbh Z_by�[i_ ^ab _Zcdh�ancd[__ghwg_`bva^_i[a[]^_h wgi{clwgm[Zb[_x \b mZiq �[qycd Z_ qZ[b[k �gb^kk[_d^_` q^i^g�dZ_`[mZ[b[_z q^bb Zk ¸\_qp[iZcdh q[b ~[il[dib`gh^cdh[_b¼ q[i �^x ���~�uf�� pwmx q[i
¸~[il[dibh[cd_Zbcd[_ ua^_g_` q[i fZcdhbZ`_^a^_a^`[_ g_q q[i �yyiqZ_Z[ig_` Zk r[i[Zcd q[i
uyvv[_i[ghd[i |hi^o[¹ q[i �^x |�\�\�| qZ[ }ihaZcd[ ~[il[dibbZhg^hZy_ _ycdk^ab q[h^ZaaZ[ih `[vi{�hmgiq[x �gb ][il[dibva^_[iZbcd[i |Zcdh bZ_q ][ibcdZ[q[_[ q^iZ_ `[_^__h[ �^o_^dk[_ q^wg `[[Z`_[hz[Z_[_ �{clbh^g q[b ~[il[dib ^g� qZ[ �ghyp^d_ wg ][idZ_q[i_ g_q ^gcd q[_ wg [im^ih[_q[_ ~[il[diq[i |vZhw[_bhg_q[ wg p[mnahZ`[_x Y[i \Z_m^_q Zbh bykZh p[i{clbZcdhZ`hx
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mZiqx ja[Zcd[b `Zah �{i qZ[ �g�bh[aag_` g_q �gbpZaqg_` ]y_ t[ip[hin`[i_ yq[i t[ip[k^o_^dk[_x �k



_ncdbh[_ ua^_g_`bbh^_q Zbh q^b f^_q[b^kh �{i Y[_lk^av�a[`[ pwmx qZ[  _h[i[ Y[_lk^abcdghwp[d}iq[^ab sin`[i }��[_haZcd[i r[a^_`[ �{i [Z_[ �[Z_^pbhZkkg_` mZ[q[i wg p[h[ZaZ`[_x
r[d^_qag_`�Y[i ]yiaZ[`[_q[ \_hmgi� wgi ��x �_q[ig_` q[b mZilb^k[_ �ancd[__ghwg_`bva^_[b p[Z_d^ah[h m[q[i
�_`^p[_ wgi j[pngq[d}d[ _ycd wgi �g�bh[aag_` g_q �gbpZaqg_` ]y_ t[ip[hin`[i_ yq[it[ip[k^o_^dk[_x YZ[ �_i[`g_`[_ q[b �ycdp^g^kh[b [Z_bcdaZ[oaZcd q[i  _h[i[_Y[_lk^abcdghwp[d}iq[ bZ_q q[bd^ap _Zcdh �ancd[__ghwg_`bva^_i[a[]^_hx |Z[ l}__[_ [ibh Zk
_^cd`[yiq_[h[_ r[p^gg_`bva^_][i�^di[_ p[i{clbZcdhZ`h m[iq[_x Y^b f^_q[b^kh �{i Y[_lk^av�a[`[pwmx qZ[  _h[i[ Y[_lk^abcdghwp[d}iq[ mZiq ^ab sin`[i }��[_haZcd[i r[a^_`[ ^_ q[_ m[Zh[i[_
~[i�^di[_bbcdiZhh[_ mZ[q[i p[h[ZaZ`h m[iq[_x Y[i \Z_m^_q q[b �ycdp^g^kh[b [Z_bcdaZ[oaZcd q[i  _h[i[_Y[_lk^abcdghwp[d}iq[ mZiq q^d[i wgi{cl`[mZ[b[_x
ºFP:D:;?9HEM <>:?@A=� ¿:E<F< ²9EDF?@ADË ¡<A¢FP<M �@AJ9¡9@A<F �EF9Q< �VUM TUVW� KLFEAX�x �kkZbbZy_bbcdghw��Zh q[i ua^_g_` p[bh[dh Zk jig_qb^hw \Z_][ibhn_q_Zbx �k r[i[Zcd q[i `[va^_h[_ `[kZbcdh[_

r^g�ancd[ }bhaZcd q[i �^_be~y`[ae|hi^o[z Z__[id^ap q[b ua^_`[pZ[h[bz Zbh q^b ua^_w[Zcd[_
�kkZbbZy_bbcdghw q[ghaZcd ^gcd ^_ q[i b{qaZcd[_ r[`i[_wg_` q[i �ancd[z ^aby `[`[_{p[i q[i
\Z_k{_qg_` q[i |hZcdbhi^o[ q[i �^_be~y`[ae|hi^o[z ^_wgpiZ_`[_x Y^b ua^_`[pZ[h `i[_wh Zk |{q[_
^_ qZ[ `[va^_h[ tZad[ake�y[`_[ie|hi^o[ g_q bykZh ^_ q^b �Zbcd`[pZ[hz q^b Zk r[i[Zcd q[b
r[p^gg_`bva^_[b ��¶^ `[a[`[_ Zbhx Y[i r[p^gg_`bva^_ �ix ��¶ ^ bZ[dh [_ha^_` q[i tZad[ake�y[`_[ie|hi^o[ [Z_[ �z�¯ k dyd[ fnikbcdghwm^_q ]yix YZ[ t^_q mgiq[ �[qycd _ycd _Zcdh
][imZilaZcdhx �p qZ[ �[bh`[b[hwh[ �}d[ ^gbi[Zcd[_q Zbhz mgiq[ pZbd[i _Zcdh g_h[ibgcdhx YZ[b[ _h[ibgcdg_` Zbh Zk �g`[ q[i ][ipZ_qaZcd[_ r^ga[Zhva^_g_` qgicdwg�{di[_x �Z[i^g� Zbh Zk ua^_pa^hh wgi��ue �_q[ig_` qgicd q^b ua^_w[Zcd[_ �kkZbbZy_bbcdghw dZ_wgm[Zb[_x Y[i \iangh[ig_`bp[iZcdh Zbh[_hbvi[cd[_q wg {p[i^ip[Zh[_x �k ´piZ`[_ Zbh bZcd[iwgbh[aa[_z q^bb qZ[b[ fnikbcdghwk^bb_^dk[w[Zh`a[Zcd kZh q[k ~yid^p[_ q[i �^x a�\� gk`[b[hwh mZiqx

�x t^bb[ii[cdh ��aa`[k[Z_��Y^b jig_qbh{cl �{i q[_ `[va^_h[_ �[gp^g aZ[`h ^go[id^ap q[b `[_[dkZ`h[_ \Z_wg`b`[pZ[h[b q[b�^gvh[_hmnbb[ig_`b`[pZ[h[b �x �{i q[_ �_bcdagbb p[q^i� q^b s�� q^d[i wg_ncdbh [Z_[i
m^bb[ii[cdhaZcd[_ \ia^gp_Zbz qZ[ ]yk �� wg [ih[Za[_ Zbhx YZ[ [i�yiq[iaZcd[ �_q[ig_` q[b
\ia^gp_Zbp[bcd[Zq[b �{i q^b �\j � mgiq[ ]yk s�� pZbd[i _Zcdh p[^_hi^`hx t[Zh[i[ m^bb[ii[cdhaZcd[
r[a^_`[ bZ_q q[iw[Zh _Zcdh p[hiy��[_x

¶x �^hgibcdghw��Zh q[i ��ue �_q[ig_` p[bh[dh ^gb _^hgibcdghw�^cdaZcd[i |Zcdh \Z_][ibhn_q_Zbx �g� qZ[ g_h[i ulhx ®x�`[_^__h[ [i�yiq[iaZcd[ \Z_`iZ��beµ �gb`a[ZcdbpZa^_wZ[ig_`z `[kno q[i rZyhyve t[ih[aZbh[ q[i |h^qh
�{ihd Zk �^dk[_ q[i r^ga[Zhva^_g_`z mZiq _ycdk^ab dZ_`[mZ[b[_x�x �aha^bh[_ g_q ryq[_bcdghw�ryq[_][ig_i[Z_Z`g_`[_ bZ_q q[k ��µ  wm^i _Zcdh p[l^__hz �[qycd Zk r[i[Zcd q[i ^ah[_ r^d_hi^bb[
_Zcdh ^gbwgbcdaZ[o[_x 

r[d^_qag_`��x �kkZbbZy_bbcdghw�\_ha^_` ]y_ �^gvh][il[dibbhi^o[_ g_q ^_ q[_ �^dhbh[aa[_ ]y_ tyd_p^g�ancd[_ �^gcd `[kZbcdh[r^g�ancd[_� g_q `[m[ipaZcd[_ r^g�ancd[_ �^gcd |y_q[ip^g�ancd[_� l}__[_ hiyhw r[^cdhg_` q[i
`[b[hwaZcd[_ r[bhZkkg_`[_ wgk �kkZbbZy_bbcdghwz r[a^bhg_`[_ [_hbh[d[_x \Z_[ w[Zcd_[iZbcd[Y^ibh[aag_` ]y_ �ancd[_ kZh �ghwg_`bp[bcdin_lg_`[_ yq[i �{i ~yil[dig_`[_ wgk |cdghw ]yi
bcdnqaZcd[_  km[ah[Z_mZilg_`[_ Zbh Zk �^dk[_ q[i ��uej[b^kh�yihbcdi[Zpg_` _Zcdh k[di
p[^pbZcdhZ`hz q^ qZ[ f[bp^il[Zh q[b ua^_[b [id[paZcd [ibcdm[ih mZiqx ~Z[ak[di Zbh [Z_[ h[«haZcd[Y^ibh[aag_` ^g�`[_ykk[_z my_^cd Z_ q[_ _^cd�ya`[_q[_ ua^_g_`bbhg�[_ qZ[ �kkZbbZy_[_ qgicd`[[Z`_[h[ �[bhb[hwg_`[_ Z_ �gbk^o g_q �gbmZilg_`[_ k}`aZcdbh `[iZ_` `[d^ah[_ m[iq[_ byaa[_x|ym[Zh `ig_qbnhwaZcd g_][ihin`aZcd[ �ghwg_`[_ ^_[Z_^_q[i `i[_w[_z mZiq ^g� qZ[ �yhm[_qZ`l[Zhq[i^ihZ`[i �[bhb[hwg_`[_ wgk �kkZbbZy_bbcdghw dZ_`[mZ[b[_x \_hbvi[cd[_q[ �Z_m[Zb[ [i�ya`[_
dZ[iwg ^gcd Zk \iangh[ig_`bp[iZcdh wgi ��x �_q[ig_` q[b mZilb^k[_ �ancd[__ghwg_`bva^_[b g_h[i



�Z��[i � g_q �Z��[i �x�x� bymZ[ Z_ q[i f[`[_q[ q[b ��ue\_hmgi�bx YZ[ �yiq[ig_` q[b �iq_g_`b^kh[bp[w{`aZcd [Z_[i _ycd qZ��[i[_wZ[ih[i[_ �kkZbbZy_bbcdghwq^ibh[aag_` Zk ��ue\_hmgi� l^__ q^d[i _Zcdhp[i{clbZcdhZ`h m[iq[_x ja[Zcdmyda mZiq qZ[ �kkZbbZy_bbcdghwviypa[k^hZl Zk �^dk[_ q[i
][ipZ_qaZcd[_ r[p^gg_`bva^_g_` [_hbvi[cd[_q qZ��[i[_wZ[ih p[d^_q[ahx�x t^bb[ii[cdh ��aa`[k[Z_��Y^b sZ[�p^g^kh mgiq[ kZh ~[i�{`g_` q[b |h^qhva^_g_`b^kh[b ]yk ¯�x�¯x�¯¯� q^i^g� dZ_`[mZ[b[_zqZ[ [i�yiq[iaZcd[ �_q[ig_` q[b \ia^gp_Zbp[bcd[Zq[b �{i q^b �\j � i[cdhw[ZhZ` wg p[^_hi^`[_x Y[i�Z_m[Zb Zbh bykZh p[i{clbZcdhZ`hx¶x �^hgibcdghw�tZ[ q^b �iq_g_`b^kh iZcdhZ` ^_`[k[ilh d^hz mgiq[ Zk \iangh[ig_`bp[iZcdh g_h[i �Z��x ®x�xe �^hgie g_q
f^_qbcd �̂hbbcdghw mgiq[ p[i[Zhb ^g� qZ[ |^hwg_` q[i |h^qh �{ihd wgi \id[pg_` ]y_
�ybh[_[ibh^hhg_`bp[hin`[_ _^cd � �¶° c r^gjr ��^hgibcdghwlybh[_[ibh^hhg_`bb^hwg_` e ��| e g_qqZ[ [i�yiq[iaZcd[ �y_li[hZbZ[ig_` Zk �^dk[_ q[i ][ipZ_qaZcd[_ r^ga[Zhva^_g_` g_q q[i  ~uz
dZ_`[mZ[b[_x Y[i �Z_m[Zb Zbh bykZh p[i[Zhb p[i{clbZcdhZ`hx

�x �aha^bh[_ g_q ryq[_bcdghw��k \iangh[ig_`bp[iZcdh g_h[i �Z��[i � e �Z_m[Zb[ ^g� qZ[ ][ipZ_qaZcd[ r^ga[Zhva^_g_` mZiq ^g� qZ[b[_|^cd][id^ah dZ_`[mZ[b[_ g_q q^bb Zk �^dk[_ q[i ][ipZ_qaZcd[_ r^ga[Zhva^_g_`[_ yiZ[_hZ[i[_q[
ryq[_g_h[ibgcdg_`[_ ]yiwg_[dk[_ bZ_qx Y[i �Z_m[Zb Zbh bykZh p[i[Zhb p[i{clbZcdhZ`hx

ÃD;<:P9HE ½Ã;NÁM Â¢:>;?�=9Ë RM TUVWR KLFEAXY^b ªg`[_q^kh k^cdh [i_[gh q^i^g� ^g�k[ilb^kz q^bb [b q[_ [im[Zh[ih[_ \ib^hw �{i q[_ªg`[_qhi[��vg_lh uyvv[_i[ghd Z_ �yik [Z_[i ¸ªg`[_q�^ik¼ ^ab �^o_^dk[ p[hi^cdh[hz q[i �{i qZ[
bhnqh[p^gaZcd[ �iq_g_` g_q \_hmZclag_` q[b j[pZ[h[b p[q[ghb^k Zbhz g_q ^g�`ig_q q[i r[bcdagbba^`[
g_q q[i r[i[Zhbcd �̂hb[ilanig_` q[i ~[ihi[h[i q[i �Zik^ ��\� [Z_[ p^gi[cdhaZcd �g_qZ[ih[ Y^g[ia}bg_` q[i|h^_qyih�i^`[ bymZ[ [Z_[  kb[hwg_` q[i �gbbcdgbbe g_q |h^qhi^hbp[bcda{bb[ [Z_wg�yiq[i_ Zbhx
r[d^_qag_`�Y^b ]y_ q[i �^x ��\� ~[im^ahg_` jkp� kZh q[i ua^_g_` p[^g�hi^`h[ �_`xe r{iy f^_qbcd �̂h ua^_[_ 
r^g[_z r[iaZ_ d^h kZh s[a[�^« ]yk �®x��x�¯¯� kZh`[h[Zahz q^bb b{qm[bhaZcd q[b p[bh[d[_q[_
�Z_q[i`^ih[_b ^_ q[i �^_be~y`[ae|hi^o[ [Z_[ c^x �x°¯¯ k± `iyo[ jig_qbh{clb�ancd[ �{i [Z_[
�gbm[Zbg_` ^ab j[k[Z_p[q^i�b�ancd[ kZh q[i �m[clp[bhZkkg_` e |ywZ^a[_ �m[cl[_ qZ[_[_q[ j[pngq[
g_q \Z_iZcdhg_`[_ wgi ~[i�{`g_` `[bh[aah m[iq[_ l^__x YZ[ �ancd[ [_hbviZcdh bykZh q[i ]yk ªg`[_q^kh`[�yiq[ih[_ jig_qbh{clb`i}o[x Y[i \_hmgi� wgi �ancd[__ghwg_`bva^_n_q[ig_` �ix �� mgiq[q^dZ_`[d[_q ^_`[v^bbhx YZ[ �_i[`g_` Zbh bykZh p[i{clbZcdhZ`hx
£D:P ²9EDF?@ADË >: £9Ä<F: <� Å�M ÂF<>?;FD��< KLFEA¾ �E9PEM N=<O9:P<F?EF9Q< �SM TUVWR KLFEAX�x YZ[ Z_ q[i �ancd[__ghwg_`bva^_e �_q[ig_` ]yi`[b[d[_[z {p[iqZk[_bZy_Z[ih[ |y_q[ip^g�ancd[[ik}`aZcdh [Z_[ �ancd[_][ibcdm[_q[_q[ g_q a^_q[bva^_[iZbcd g_[im{_bcdh[ r[p^gg_`bva^_g_`x Y[irg_q �^hgibcdghw �yiq[ih q^d[i [Z_[ qi^bhZbcd[ ~[ila[Z_[ig_` q[i `[va^_h[_ |y_q[ip^g�ancd[ ^g� q[ijig_qa^`[ [Z_[b j[b^khly_w[vhbz q^b ^gcd h^hbncdaZcd [Z_[_ bv^ib^k[_  k`^_` kZh jig_q g_qryq[_ wgk �Z[a d^hx
�x YZ[ `[va^_h[ �gbm[Zhg_` q[i �^_qbyihZk[_h[ a[Zbh[h [Z_[_ m[Zh[i[_ r[Zhi^` wgi j[�ndiqg_` q[bZ__[ibhnqhZbcd[_ \Z_w[ad^_q[ab g_q q[i }ihaZcd[_ jig_q][ibyi`g_`x Y[i rg_q �^hgibcdghw �yiq[ihq^d[i qZ[ pZbd[iZ`[ ��\�e �ancd[ [_hm[q[i Z_ q^b �y_w[vh [Z_[i ��\�e \im[Zh[ig_` [Z_wgp[wZ[d[_yq[i ]y_ [Z_[i wgbnhwaZcd[_ \Z_w[ad^_q[ab_ghwg_` �i[Zwgd^ah[_x¶x YZ[ wg [im^ih[_q[_ |vZhw[_p[a^bhg_` q[b ~[il[dib^g�lykk[_b mni[_ _Zcdh yihb][ihin`aZcdx Y[i

rg_q �^hgibcdghw dnah q^d[i wgkZ_q[bh qZ[ ~[il[dibp[a^bhg_`z qZ[ qgicd qZ[ ^_q[im[ZhZ`[ �ghwg_`q[b p[bh[d[_q[_ ��\�e j[an_q[b wg [im^ih[_ Zbh Z_ qZ[b[k s[Za q[b |h^qh`[pZ[hb �{i _Zcdh k[di
hi^`p^ix Y^d[i Zbh qZ[b[ �ancd[ _^cd �g��^bbg_` q[b rg_q[b �^hgibcdghw [_hm[q[i Z_ q^b �y_w[vh[Z_[i ��\�e \im[Zh[ig_` [Z_wgp[wZ[d[_ yq[i ]y_ [Z_[i wgbnhwaZcd[_ \Z_w[ad^_q[ab_ghwg_`�i[Zwgd^ah[_x�x YZ[ pZbd[iZ`[ ua^_g_` �{dih wg ][ik[Zqp^i[_ fnikp[a^bhg_`[_ g_q r[[Z_hincdhZ`g_`[_ q[b �ihbe g_q
f^_qbcd �̂hbpZaq[bx Y[i rg_q �^hgibcdghw dnah [b �{i g_p[qZ_`h [i�yiq[iaZcdz q^bb bZcd q^b `[va^_h[~yid^p[_ Z_ qZ[b[k r[i[Zcd bhnil[i ^_ q[_ gkaZ[`[_q[_ j[`[p[_d[Zh[_ yiZ[_hZ[ih g_q q^i^g��{clbZcdh _Zkkhx Y^wg `[d}ih [Z_[ q[ghaZcd[ ~[ila[Z_[ig_` q[b _[g[_ j[an_q[b qgicd qZ[
t[Zh[i_ghwg_` q[b p[bh[d[_q[_ jig_qbh{clbz [Z_[ Z_h[aaZ`[_h[ �_yiq_g_` q[i g_h[ibcdZ[qaZcd[_



�ghwg_`[_ g_q [Z_[ ^_bvigcdb]yaa[i[ j[bh^ahg_` q[i r^gl}iv[ix YZ[b m{iq[ ^gcd qZ[ �}`aZcdl[Zh
[i}��_[_z wg q[_ ^_`i[_w[_q[_ [kv�Z_qaZcd[_ �ghwg_`[_ `i}o[i[ �pbhn_q[ [Z_wgd^ah[_ g_q q^kZh^pb[dp^i[ �y_�aZlh[ wg ][ik[Zq[_x

r[d^_qag_`�\Z_a[Zh[_q Zbh �[bhwgbh[aa[_z q^bb q[i \_hmgi� wgi �_q[ig_` �ix �� q[b mZilb^k[_ �ancd[__ghwg_`bva^_[bq[i |h^qh �{ihd Zk t[b[_haZcd[_ _gi Y^ibh[aag_`[_ wgi ^aa`[k[Z_[_ �ih q[i p^gaZcd[_ �ghwg_` `[kx � ��pbx � r^g�~� p[Z_d^ah[hx YZ[ ]yi`[pi^cdh[_ �_i[`g_`[_ iZcdh[_ bZcd �[qycd [d[i `[`[_ q[_
r[p^gg_`bva^_x \Z_[ ~Z[aw^da q[i ]yi`[pi^cdh[_ �_i[`g_`[_ bZ_q q^d[i _Zcdh�ancd[__ghwg_`bva^_i[a[]^_hx�x Y[i \_hmgi� wgi ��x �_q[ig_` q[b mZilb^k[_ �ancd[__ghwg_`bva^_[b p[Z_d^ah[h l[Z_[ �_`^p[_ wgiji}o[ ]y_ ~[il^g�b�ancd[_z wg �ih g_q  k�^_` ]y_ |h[aava^hw^_a^`[_z wgi [Z`[_haZcd[_ r^gm[Zb[ q[b`[va^_h[_ �}p[ad^gb[b pwmx wgi `[va^_h[_ viyqglhbv[wZ�Zbcd[_ �ghwg_` q[b ��\�e �ahbh^_qyih[bxjig_qbnhwaZcd Zbh ^gbwg�{di[_z q^bb qZ[ wganbbZ`[_ ~[il^g�b�ancd[_ pwmx qZ[ �ancd[_`i}o[ q[b

~yid^p[_b s[Za q[i a^_q[bva^_[iZbcd[_ r[gih[Zag_` qgicd qZ[ �}d[i[ f^_q[bva^_g_`bp[d}iq[ bZ_qxYZ[ a^_q[bva^_[iZbcd[ r[gih[Zag_` q[b ~yid^p[_b q{i�h[ bZcd ]y_ q[_ wganbbZ`[_ ~[il^g�b�ancd[_ d[i^_ q[k |cdi[Zp[_ q[b �[`Z[ig_`bp[^g�hi^`h[_ ]yk �¯x̄ �x�¯¯� yiZ[_hZ[i[_x |y m[iq[_ Z_ q[i
a^_q[bva^_[iZbcd[_ r[gih[Zag_` q[b ~yid^p[_b l[Z_[ �gbb^`[_ wgi �^cd_ghwg_` q[b ^ah[_|h^_qyih[b `[k^cdh m[iq[_x �ab \i`[p_Zb q[i ui{�g_` q[b �[`Z[ig_`bp[^g�hi^`h[_ Zbh �[bhwgd^ah[_zq^bb ]y_ q[_ ]yi`[b[d[_[_ w[_hi^ai[a[]^_h[_ �^_qbyihZk[_h[_ l[Z_[ m[b[_haZcd[_
r[[Z_hincdhZ`g_`[_ ^gb`[d[_ m[iq[_ g_q ^gb |Zcdh q[i �[`Zy_^ava^_g_` q[bd^ap [kv�yda[_ mZiqzq[i ~[ia^`[ig_` g_q \im[Zh[ig_` q[b ��\�e \Z_iZcdhg_`bd^gb[b wgwgbhZkk[_x �gcd mgiq[ Z_ qZ[b[k�gb^kk[_d^_` b[Zh[_b q[i �}d[i[_ f^_q[bva^_g_`bp[d}iq[ kZh`[h[Zahz q^bb ^gba^_q[bva^_[iZbcd[i |Zcdh l[Z_[ r[q[_l[_ `[`[_ qZ[ `[va^_h[ r^g�ancd[_^gbm[Zbg_` p[bh[d[_x
�}`aZcd[ �g�a^`[_ g_q r[qZ_`g_`[_ m[iq[_ bZcd ^g� q^b _^cd�ya`[_q[ r[p^gg_`bva^_][i�^di[_p[wZ[d[_x Y[i \Z_m^_q q[b rg_q �^hgibcdghw p[w{`aZcd q[i ji}o[ q[i `[va^_h[_
r^g�ancd[_^gbm[Zbg_` mZiq g_h[i r[wg`_^dk[ ^g� qZ[ a^_q[bva^_[iZbcd[_ �gbb^`[_z qZ[
mZihbcd �̂haZcd[_ g_q g_h[i_[dk[_bbhi^h[`Zbcd[_ �yhZ][ bymZ[ q[i `[y`i^vdZbcd[_ �^lhyi[_
wgi{cl`[mZ[b[_x�x Y[i ]yiaZ[`[_q[ \_hmgi� wgi ��x �_q[ig_` q[b mZilb^k[_ �ancd[__ghwg_`bva^_[b p[Z_d^ah[h a[qZ`aZcd�_`^p[_ wgi ^aa`[k[Z_[_ �ih q[i p^gaZcd[_ �ghwg_` `[kx � � �pbx � r^g�~� g_q l[Z_[ �_`^p[_wgi uiyqglhv^a[hh[x tZ[ p[i[Zhb g_h[i �Z��[i � [iangh[ihz bZ_q qZ[ wganbbZ`[_ ~[il^g�b�ancd[_ s[Za q[ia^_q[bva^_[iZbcd[_ r[gih[Zag_` qgicd qZ[ �}d[i[ f^_q[bva^_g_`bp[d}iq[x YZ[ a^_q[bva^_[iZbcd[
r[gih[Zag_` q[b ~yid^p[_b q{i�h[ bZcd ]y_ q[_ wganbbZ`[_ ~[il^g�b�ancd[_ d[i ^_ q[k |cdi[Zp[_q[b �[`Z[ig_`bp[^g�hi^`h[_ yiZ[_hZ[i[_x |y m[iq[_ Z_ q[i a^_q[bva^_[iZbcd[_ r[gih[Zag_` q[b
~yid^p[_b l[Z_[ �gbb^`[_ wgi �^cd_ghwg_` q[b ^ah[_ |h^_qyih[b `[k^cdh m[iq[_x �ab \i`[p_Zb q[iui{�g_` q[b �[`Z[ig_`bp[^g�hi^`h[_ Zbh �[bhwgd^ah[_z q^bb ]y_ q[_ ]yi`[b[d[_[_ w[_hi^ai[a[]^_h[_�^_qbyihZk[_h[_ l[Z_[ m[b[_haZcd[_ r[[Z_hincdhZ`g_`[_ ^gb`[d[_ m[iq[_ g_q ^gb |Zcdh q[i
�[`Zy_^ava^_g_` q[bd^ap [kv�yda[_ mZiqz q[i ~[ia^`[ig_` g_q \im[Zh[ig_` q[b ��\�e\Z_iZcdhg_`bd^gb[b wgwgbhZkk[_x �^cdq[k m[q[i q^b �_qgbhiZ[e g_q �^_q[a`i[kZgkz _ycd q[i
f^_q[b][ip^_q q[b r^·[ix \Z_w[ad^_q[ab][ip^_q[b pwmx q[i �ihb]yibZhw[_q[ q[b �{ihd[i
\Z_w[ad^_q[ab][ip^_q[b bZcd Zk �^dk[_ q[b �ancd[__ghwg_`bva^_n_q[ig_`b][i�^di[_b ^pa[d_[_q`[ngo[ih d^p[_z kgbb qZ[ ]yk rg_q �^hgibcdghw ][ihi[h[_[ �[Z_g_` g_h[i �Z_m[Zb ^g� qZ[ wg �Z��[i� `[k^cdh[_ �gb�{dig_`[_ ^ab g_p[`i{_q[h pwmx _Zcdh �ancd[__ghwg_`bva^_i[a[]^_h wgi{cl`[mZ[b[_m[iq[_x¶x Y[i ]yiaZ[`[_q[ \_hmgi� wgi ��x �_q[ig_` q[b mZilb^k[_ �ancd[__ghwg_`bva^_[b p[Z_d^ah[h l[Z_[�_`^p[_ wgk ~[il[dib^g�lykk[_x �k ¸\_qp[iZcdh q[b ~[il[dib`gh^cdh[_b¼ q[i �^x ���~�uf��pwmx q[i ¼~[il[dibh[cd_Zbcd[_ ua^_g_` q[i fZcdhbZ`_^a^_a^`[_ g_q q[i �yyiqZ_Z[ig_` Zk r[i[Zcd q[i
uyvv[_i[ghd[i |hi^o[¼ q[i �^x |�\�\�| mgiq[ qZ[ }ihaZcd[ ~[il[dibbZhg^hZy_ _ycdk^ab q[h^ZaaZ[ih
`[vi{�hx �gb ][il[dibva^_[iZbcd[i |Zcdh [ibcd[Z_[_ qZ[ Z_ q[_ jgh^cdh[_ `[_^__h[_ �^o_^dk[_q^wg `[[Z`_[hz [Z_[_ �{clbh^g q[b ~[il[dib ^g� qZ[ �ghyp^d_ wg ][idZ_q[i_ g_q ^gcd q[_ wg[im^ih[_q[_ ~[il[di q[i |vZhw[_bhg_q[ wg p[mnahZ`[_x Y[i �_i[`g_` q[b rg_q �^hgibcdghw mZiqZ_by�[i_ ^ab _Zcdh �ancd[__ghwg_`bva^_i[a[]^_h wgi{cl`[mZ[b[_x�x Y[i ]yiaZ[`[_q[ \_hmgi� wgi ��x �_q[ig_` q[b mZilb^k[_ �ancd[__ghwg_`bva^_[b p[Z_d^ah[h l[Z_[�_`^p[_ wg fnikZkkZbbZy_[_ pwmx �gbb^`[_ wgi j[bh^ahg_` q[b r^gl}iv[ibx Y[i \Z_m^_q q[b
rg_q �^hgibcdghw Zbh Z_by�[i_ ^ab _Zcdh �ancd[__ghwg_`bva^_i[a[]^_h wgi{clwgm[Zb[_ pwmx mZiq dZ[ikZh



wgi �[__h_Zb `[_ykk[_ g_q e by�[i_ k}`aZcd e Zk m[Zh[i[_ ~[i�^di[_ p[i{clbZcdhZ`hx �gb q[i
bcd^aah[cd_Zbcd[_  _h[ibgcdg_` ]yk ��x �lhyp[i �¯¯� q[b �_`xe r{iyb  f^u  km[ahe g_q
f^_qbcd �̂hbva^_g_`z Yix |cdaZ[p[z Yix |cdkZqh  Yix rydk^__ jp� `[dh d[i]yiz q^bb wgk |cdghwq[i �^cdp^ibcd �̂h ]yi j[ingbcdZkkZbbZy_[_ Zk r[p^gg_`bva^_ �[bhb[hwg_`[_ wgk fnikbcdghw wghi[��[_ bZ_qz qZ[ q^wg `[[Z`_[h bZ_qz qZ[ fnikp[a^bhg_` ^g� qZ[ gk`[p[_q[ r[p^gg_` ^g� qZ[`[b[hwaZcd [kv�yda[_[_ �iZ[_hZ[ig_`bm[ih[ wg kZ_ZkZ[i[_z q^kZh ^gcd m[Zh[idZ_ `[bg_q[ tyd_e g_q�ip[Zhb][idnah_Zbb[ ]yiaZ[`[_x �Z_bZcdhaZcd [Z_[i k}`aZcd[_ r[[Z_hincdhZ`g_` q[b �ihbe g_q
f^_qbcd �̂hbpZaq[b Zbh ^gbwg�{di[_z q^bb qZ[ �_k[ilg_`[_ q[b rg_q �^hgibcdghw[b _Zcdh�ancd[__ghwg_`bva^_i[a[]^_h bZ_qz q^ q[i �ancd[__ghwg_`bva^_ a[qZ`aZcd Y^ibh[aag_`[_ dZ_bZcdhaZcdq[i ^aa`[k[Z_[_ �ih q[i p^gaZcd[_ �ghwg_` �� � �pbx � r^g�~�� [_hdnahx YZ[ �_i[`g_` q[b rg_q�^hgibcdghw mZiq Z_by�[i_ ^ab _Zcdh �ancd[__ghwg_`bva^_i[a[]^_h wgi{cl`[mZ[b[_x
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`[_ykk[_z Zbh �[qycd _Zcdh �ancd[__ghwg_`bva^_i[a[]^_h g_q bykZh wgi{clwgm[Zb[_x
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�Z_h[i`ig_q qin_`[_x�x �gi ~[ip[bb[ig_` q[i ¬lyay`Z[ g_q �_�i^bhiglhgi Zk �gb^kk[_d^` byaah[ {p[ivi{�h m[iq[_z yp
^ah[i_^hZ] wx rx Z_ q[i �nd[ q[b �Z_q[i`^ih[_b [Z_[ s[Zcd^_a^`[ `[va^_h m[iq[_ l^__x �}`aZcd[im[Zb[
m[iq[_ q[i |h^qh g_q ��\� q^qgicd [id[paZcd[ sZ[�p^glybh[_ [ibv^ihx¶x  _h[id^ap q[b r^gl}iv[ib byaah[ [Z_ u^ilq[cl qgicd ¸�g�bhn_q[i_¹ q[b r^gl}iv[ib ]yi`[b[d[_
m[iq[_z q^ [Z_[ ^g�`[aycl[ih[ b[ZhaZcd y��[_[ u^il[p[_[ g_h[id^ap q[b r^gl}iv[ib ]y_ q[_ �g_q[_[d[i ^_`[_ykk[_ mZiq ^ab [Z_[ sZ[�`^i^`[x YZ[b[ piZ_`h ��\� ^go[iq[k [Z_[_ �ancd[_`[mZ__x
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f^_qbcd �̂hbpZaq ^gbx \b Zbh wg dy��[_z q^bb q^b uiy�[lh _^cd [Z_[k �icdZh[lhgim[hhp[m[ip `[bh^ah[hmZiqx

®x Y^b ~[il[dib`gh^cdh[_ mgiq[ p[Z ¸p[m}alh[k t[hh[i kZh bh^il[_ �[`[_�naa[_ g_q |hgikp}[_ p[Z
k[Zbh _^bb[_ �^dip^d_[_¹ [ibh[aahx \b mZiq p[wm[Z�[ahz yp q[i �[Zhi^gk i[vinb[_h^hZ] m^ix YZ[ �[hwZ`[
�i[gwg_` �^_be~y`[aeµ uyvv[_i[ghd[i |hi^o[ d^hz mZ[ ^gcd Zk jgh^cdh[_ �[bh`[bh[aahz bcdy_ �[hwhZdi[ f[Zbhg_`b`i[_w[ [ii[Zcdhx �Zh [Z_[i �_q[ig_` q[i f|�e |cd^ahvan_[ mZiq bZcd [Z_ ~[il[dibcd^yb_Zcdh ][idZ_q[i_ a^bb[_z m[__ qZ[ ~[il[dibbhi}k[ ^_ i[vinb[_h^hZ][_ \Z_l^g�bh^`[_ �aZ[o[_x�go`n_`[i g_q �^q�^di[iz |cdgalZ_q[i k{bb[_ [p[_�^aab bZcd[i[ t[`[ �Z_q[_x �Z[i �[dah [Z_ �Z_m[ZbZk jgh^cdh[_x �k �^gkyiq_g_`b][i�^di[_ d[Zoh [bz q^bb qgicd q[_ r^gl}iv[i ��\� l[Z_[ _[`^hZ][_
�gbmZilg_`[_ ^g� q^b |cdghw`gh ¸|h^qhpZaq g_q f^_qbcd �̂hbpZaq¹ ^gb`[d[_ g_q [b mZiq ^g� qZ[\_h�[i_g_` wgi �__[_bh^qh dZ_`[mZ[b[_z �[qycd _Zcdh ^g� q^b �gahgi`gh uyvv[_i[ghd kZh b[Z_[i� ^didg_q[ih ^ah[_ j[bcdZcdh[x �Z[i bZ_q p[by_q[i[ �^o_^dk[_ wg p[i{clbZcdhZ`[_z q^kZh q^b
�gahgi`gh uyvv[_i[ghd _Zcdh ]yaabhn_qZ` dZ_h[i q[k r^gl}iv[i ��\� ][ibcdmZ_q[hx

r[d^_qag_`�\Z_a[Zh[_q Zbh �[bhwgbh[aa[_z q^bb q[i \_hmgi� wgi �_q[ig_` �ix �� q[b mZilb^k[_ �ancd[__ghwg_`bva^_[bq[i |h^qh �{ihd Zk t[b[_haZcd[_ _gi Y^ibh[aag_`[_ wgi ^aa`[k[Z_[_ �ih q[i p^gaZcd[_ �ghwg_` `[kx � ��pbx � r^g�~� p[Z_d^ah[hx YZ[ ]yi`[pi^cdh[_ �_i[`g_`[_ iZcdh[_ bZcd �[qycd [d[i `[`[_ q[_



r[p^gg_`bva^_x \Z_[ ~Z[aw^da q[i ]yi`[pi^cdh[_ �_i[`g_`[_ bZ_q q^d[i _Zcdh�ancd[__ghwg_`bva^_i[a[]^_hx�x Y[i \_hmgi� wgi �_q[ig_` �ix �� q[b mZilb^k[_ �ancd[__ghwg_`bva^_[b q[i |h^qh �{ihd p[Z_d^ah[hl[Z_[ �gbb^`[_ wgi �}d[ [Z_[b ��\�e t[ip[hgik[bx YZ[ �_i[`g_` mgiq[ dZ[ikZh wgi �[__h_Zb`[_ykk[_ g_q ^gcd q[i �^x ��\� kZh`[h[Zahx �p [Z_[ k}`aZcd[ r[[Z_hincdhZ`g_` q[b �ihbh[Za[b
uyvv[_i[ghd qgicd [Z_[_ ��\�e t[ip[hgik ]yiaZ[`hz mZiq Zk �^dk[_ q[b |^hwg_`b][i�^di[_b wgi�g�bh[aag_` q[b r[pp^gg_`bva^_[b �ix ��� `[vi{�h m[iq[_x YZ[ �_i[`g_` Zbh _Zcdh�ancd[__ghwg`bva^_i[a[]^_h g_q kgbb q^d[i wgi{cl`[mZ[b[_ m[iq[_x�x Y[i \_hmgi� wgi �_q[ig_` �ix �� q[b mZilb^k[_ �ancd[__ghwg_`bva^_[b q[i |h^qh �{ihd p[Z_d^ah[hl[Z_[ �gbb^`[_ wg �^o_^dk[_ q[i �[`[_m^bb[ip[mZihbcd �̂hg_`x |ym[Zh wgk `[`[_mnihZ`[_
�[Zhvg_lh p[l^__hz byaa ^g� q[k wgl{_�hZ`[_ j[an_q[ Zk r[i[Zcd q[i |h[aava^hw^_a^`[ [Z_[
g_h[iZiqZbcd[ �[`[_i{cld^ah[^_a^`[ [iiZcdh[h g_q ^gcd k[di[i[ ~[ibZcl[ig_`bh[Zcd[ ^_`[a[`h
m[iq[_x YZ[ �_i[`g_` Zbh _Zcdh �ancd[__ghwg`bva^_i[a[]^_h g_q Zk _^cd�ya`[_q[_
r[p^gg_`bva^_][i�^di[_ _ycd [Z_`[d[_q `[vi{�h m[iq[_x¶x Y[i \_hmgi� wgi �_q[ig_` �ix �� q[b mZilb^k[_ �ancd[__ghwg_`bva^_[b q[i |h^qh �{ihd p[Z_d^ah[hl[Z_[ �gbb^`[_ wgi ji}o[ ]y_ ~[il^g�b�ancd[_z |h[aava^hw^_a^`[_ pwmx wgi r^gl}iv[i`[bh^ahg_`xYZ[ �_i[`g_` Zbh _Zcdh �ancd[__ghwg`bva^_i[a[]^_h g_q kgbb q^d[i wgi{cl`[mZ[b[_ m[iq[_x�x Y[i \_hmgi� wgi �_q[ig_` �ix �� q[b mZilb^k[_ �ancd[__ghwg_`bva^_[b q[i |h^qh �{ihd p[Z_d^ah[hl[Z_[ �gbb^`[_ wgi p[by_q[i_ �ih q[i p^gaZcd[_ �ghwg_` mZ[ wx rx wgk r^gm^`[_viy�[lhx �_ qZ[b[k�gb^kk[_d^_` kgbb ^gb`[�{dih m[iq[_z q^bb q[i ��[hwZ`[� |h^_qyih q[b r^gm^`[_viy�[lh[b ^_q[i tZad[ake�y[`_[ie|hi^o[ b[Zh �[ d[i _gi [Z_[ �mZbcd[_a}bg_` q^ibh[aah[ g_q q[i |h^_qyih
p^gva^_g_`bi[cdhaZcd _Z[ `[bZcd[ih m^ix \b mZiq �[qycd b{qm[bhaZcd q[b p[bh[d[_q[_ �Z_q[i`^ih[_b^_ q[i �^_be~y`[ae|hi^o[ �wgbnhwaZcd wgi �Z_q[i`^ih[_�ancd[� [Z_[ c^x �x°¯¯ k± `iyo[j[k[Z_p[q^i�b�ancd[ ^gb`[mZ[b[_ pwmx q^i`[bh[aah m[iq[_x �g� qZ[b[i �ancd[ l^__ q^__ ^gcd q^br^gm^`[_viy�[lh g_h[i`[pi^cdh m[iq[_x YZ[ �_i[`g_` Zbh bykZh p[i{clbZcdhZ`hx°x Y[i \_hmgi� wgi �_q[ig_` �ix �� q[b mZilb^k[_ �ancd[__ghwg_`bva^_[b q[i |h^qh �{ihd p[Z_d^ah[hl[Z_[ �gbb^`[_ wgi \Z_�{`g_` q[b uiy�[lhb Z_ q^b �ihbe g_q f^_qbcd �̂hbpZaqx YZ[ �_i[`g_` mgiq[dZ[ikZh wgi �[__h_Zb `[_ykk[_ g_q ^gcd q[i �^x ��\� kZh`[h[Zahx YZ[ �_i[`g_` Zbh _Zcdh�ancd[__ghwg`bva^_i[a[]^_h g_q kgbb q^d[i wgi{cl`[mZ[b[_ m[iq[_x®x Y[i \_hmgi� wgi �_q[ig_` �ix �� q[b mZilb^k[_ �ancd[__ghwg_`bva^_[b q[i |h^qh �{ihd p[Z_d^ah[hl[Z_[ �gbb^`[_ wg ~[il[dib`gh^cdh[_ yq[i wgi ~[il[dibp[a^bhg_`x YZ[ �_i[`g_` mgiq[ dZ[ikZh wgi�[__h_Zb `[_ykk[_ g_q ^gcd q[i �^x ��\� kZh`[h[Zahx �k �^dk[_ q[b |^hwg_`b][i�^di[_b wgi�g�bh[aag_` q[b r[pp^gg_`bva^_[b �ix ��� mZiq {p[i [_hbvi[cd[_q[ jgh^cdh[_ qZ[
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