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F�GIH�J�K�LNMPORQ?STK�U�VCW#SYX[ZCQ�G	ZCJ�J�K#\]J^VCW�G	X[Q	KC_(X[J^Va`CK<b�_	c	ZCQ	Q	dDKDbD_	W#Z?Q	QIVaXebTbYVCQIW#K<b
f9UTZaghK�S�i9jkVCbYXlZ?Q

m�VanInoZ?UpS�cqK�UTKDW�G	KDUTW�GIKrQ&sutaL?v?w7Myx(KDnqSYKDJz	UTKwav?va{�M}|�{�nIVC`CKDb

~����D���k�	�C�C� F�GIX[b�nIVCnoKDU�nIUYK<bpKDQ?S�b�VNJ�K#STG	Zqc�STZ-bYXlJN�	�eVkSYK�`CUTZk��SYG�n	G	K�QIZCJ�K�QIVI_qVaQIc�X�S�b Van	n	�[XeW�Vk\
STXlZ?Q�STZ�SYG	K�J�ZqcqKD�lX[Q	`�Za�uW#Z?J-nI�lK���ZCUT`?VCQ	X[W�bYGIVan&KDb���KC� `I�[_qn	�[VCQ�STb�ZCUT`?VCQIb���VCQIc���Z?�[c	KDc�bp�IUp��V?W#KDbD�

� �	U�J�VCXlQ�W�ZCQ�SYUTX[z	�qSYX[ZCQ�Xeb2SYGIK�XlQ�STK�U�VCW�STXlj?K VaQIc^bpSTVCz	�lK UTKDbYZC�[�qSTXlZ?QNZC�&STG	K�J�KDW�GoVaQ	XeW�VC�	n	UTZCz	�[K�J
ZC��`CUTZk��SYGq\]XlQocq�IW#K<cNc	K#��ZCUTJ^VkSTXlZ?QIb�_?zIVCbYKDc-Z?QNSTG	K�J�X[Q	X[J-X[�DVaSYX[ZCQ^ZC�oSTG	K�KDQ	K�UT`C�c	�	K SYZ�SYG	K�jkVCUYX[ZC�Ib
W�ZCQIbpSYU�VaX[Q�STb�X[Q�SYG	KNbpG	KD�l�>� �	UTZCJ�SYG	Xeb�_&��K�n	UYZ?noZ�bpK�V�QIK���J�Z(c	K��[XlQ	`AVan	n	UTZ?V?W�GAzoVCbYKDc�ZCQ5V^bYK#S�ZC�
`?UYZk� X[Q	`�STZ(ZC�eb��uF�G	K �IbYK�U W�VCQAVCn	n	�[�¢¡ G	ZCS�bpn&ZaS�b�¡[_�¡ GIZaS W#�	UTjCK<b�¡[_(ZCU�nIVaX[Q�S�`?UYZk� X[Q	`�noVaU�VaJ�K#STK�U�b�Z?Q
STG	K bp�	UY��VCW�K SYZN`CUTZk���2£�UTZk��SYG�WDVaQ�z&K bpX[J�	�eVkSTKDc^KDX�STG	K�U bYXlJN�	�lSTVaQIK�ZC�obp�[�STZ�STG	K¤�obpKDU�X[Q�SYK�U�VCW#SYX[ZCQ¥_
Z?U�ZCQIW�K�Va�[�9nIVCUTVCJ-K�SYKDUTb GIV¦j?K�zoKDK�Q§bYK#SpST�lK<c¨ZCQ¨SYG	KAbp�	UY��VCW�K5��� G	XeW�G©Va�[�lZk��b�STG	K��IbYK^Za��SYK��(SY�	UTKDb
ZC�nIVCUTVCJ-K�SYKDUTbAVaQIcªn	UYZqW�KDcq�	U�Va��ZCn&K�U�VkSTXlZ?QIb����«F�G	K¨J^VaX[QªnIVCUTVCJ-K�SYKDUTbAVaUTK7STG	K¬X[Q�SYKDQIbpXlSh�VaQoc
VCQ	XebpZCSYUTZCn(�®ZC�`CUTZk��SYG"_�VCb���K��[� V?b�STG	K�X[U�jkVaUTX[VaSYX[ZCQIbAZkjCKDU�STXlJ�KC�¯£�K�ZCJ�K�SYUTX[W¬W#ZCQobhSTUTVCXlQ�STb�VaQoc
nI�[V?bhSTX[W�X�Sh��WDVaQ�Va�ebpZ�z&K�W#Z?QIbpXecqKDUYK<c��

° b ZC�	U�UTKDbY�	�lSTb bYG	Zk�ªbYGIVan&KDb WDVaQA��ZC�ec�_qzoKDQIc�_&VaQIc�W#�	UT�¥VCb�X[Q�QIVkST�	UYK?_q� G	XeW�G�cqK���ZCUTJ�XlQ	`NSYZ(Z?�[b
bY�IW�G5V?b�cqXebpnI�[V?W#K�J�KDQ?S¤J�VCn5W#Z?�	�[c�QIZaS�V?W�G	X[K�jCK?��±¬K-cqK�J�ZCQobhSTUTVaSYK�ZC�IU�SYZ(Z?�"� XlSYG7VCQ¢XlQ�SYKDUTV?W�STXlj?K
bYKDbTbYXlZ?QAVaQoc�V-`�Va�[�lKDUY�^ZC��bYGIVan&KDb�K<VCbYXl�[��n	UTZqcq�IW#K<c��
²¢³�´/µT¶· �k¸��C�º¹ ZCUTn	G	Z?`CK�QIKDbYX[bD_(`CUTZk��SYG¥_���ZC�ec	bD_IbY�	Up��V?W#K J�ZqcqK��[XlQI`I_	n	UTZqW#K<cq�	U�Va�/J�Z(c	K��[XlQ	`o_	n	G(�qbh\
XeW�VC��J�Z(c	K��>_	�IbYK�U X[Q?STK�U�VCW#SYX[ZCQ¥�

» ¼¦½�¾�¿�ÀhÁ ÂIÃ	ÄuÅ�Æ�Ç2ÈÉÆ�È�Ê¥ÆËÄÌÊ"Í<Î�Ï¦ÀRÐËÄ�ÑÒ¼aÀhÓ ÀRÁ ÔqÕ�Öa¾�½>ÕTÁ×¾�ØÒ½�À�Ù2Ê"Ä(Ã�Æ�Ê�ÚTÆ�Û Ä�Ù�ÜoÑÝÕ�Öa¾�½>ÕTÁ×¾�ØÒ½×À�Þh¾�ß ß�à¦Ï^á�È�Ê�ÅCÜ
ÆËÏ¦Ó×Á×Ø Á>àDÁ2È�ÕTÁ>ØÒ¾�ÏkÕ�Ñ(â	¾�Ñ ã�Á×ÀpÞ>Í¦Ï¦ØÒä�à¦À9å¦À�Ù�½×ÀhÏ¦¾�Ö¦ÑÒÀ9Æ�È�Ê"ÆËÄ7ÀRÁ�æ"Ï¦Ø ç#Àh½×Ó×Ø Á>è�é�¾�Ó>Àh¼¦Í¤êk¾�à¦½�ØÒÀp½
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	 � ��� K�U�Van	n&ZCUYSn	UTdDbYK�Q�SYKA�	Q	KAJ-d�SYG	ZqcqK�n&K�UTJ-K�SpS�VaQ�S-cqK�bpX[J�I�lKDU-cqK<bnIG	d�Q	Z?J�H�Q	K<bNcqK
W�UYZ?X[bTbTVaQIW�KC_IVCXlQIbYX���	K-bpK<b�VCn	n	�[X[WDVkSYX[ZCQob noZ?�	U��[V^J�ZqcqdD�lXebYVaSYX[ZCQ5cqK���ZCUTJ-K<b�Z?UY`�VaQ	X���	KDb�W�ZCJ�n	�[K#�qKDb
Z?��c	KDb bY�	Up��V?W#K n	�[X[bTbYd�KDbD�
��ZaSYUTK�n	UYX[QIW�XlnIVC�lK W#Z?Q�SYUTXlz	�	SYX[ZCQ�K<bhS �eVUTdDbYZC�[�qSTXlZ?QAbpSTVazI�lK�K#S K�Q�SYKDJ-nob�XlQ�SYKDUTV?W�STX��2cq�AnIUYZ?z	�lHDJ�K

J�d<W�VaQIX���	K�cqK<b�cqd#��Z?UYJ^VaSYX[ZCQIb�X[QIcq�	XlSYK<b�nIVCU �[V^W�UYZ?X[bTbTVaQIW�KC_(`CU�VCW�K����eV�J�XlQ	X[J�X[bTVkSTXlZ?Q¢cqK��×¡ d�QIK�UT`CX[K
c	KDb�W#Z?Q?STUTVCXlQ�STKDb���	X bD¡ VCn	n	�[X���	KDQ�S��¬�	Q	K�W#Z���	KC����ZC�Ib-n	UTZCn&Z?bYZCQob��	Q	K�Q	Z?�	jCKD�l�[KAVCn	n	UTZqW�G	KAcqK
�eV5J�ZqcqdD�lXebYVaSYX[ZCQ©zIV?bpdDKAbY�	U-�	Q§K�QobpKDJz	�[KAc�¡ ZC�	SYX[�[b�cqK�W#UTZCXebYbTVaQIW�KC�-�×¡ �qSTXl�[X[bTVkSTK��	U�n&K��qS^VanIn	�lX���	K�U
c	KDb�� noZ?XlQ�S�b�W�GIVC�Ic	bD¡l_Ic	KDb��ÒW#Z?Q�SYUTZC�	U�b�cqKW#UTZCXebTbYVCQIW#K?¡qZC��noKDXlQocqUYKNcqXlUTKDW#SYKDJ-KDQ�S��lK<b nIVCUTVCJ-H�SYUTKDb cqK
W�UYZ?X[bTbTVaQIW�K9bp�	U��eV�bY�	Up��V?W#K?���"V¤W#UTZCXebYbTVaQIW�KunoKD�qS��#SYUTK�bYX[J�	�[d�K�bpZ?X�S2bpX[J�	�lSTVCQ	d�J�KDQ?S2Va�q��X[Q�SYK�U�VCW#SYX[ZCQIb
c	K^�×¡ �qSYX[�[X[bTVkSTK��	U<_�bYZCXlS�	QIK���ZCXeb���	K�SYZ?�Ib��[KDbnIVaU�VaJ�H#STUYK<b VaX[K�Q�S�d#STd��	�qdDb�bY�	U��eV5bY�	UY��VCW#K¢�×W#K ��	X
VC�qSYZ?UYXebYK��×¡ �qSTXl�[X[bTVkSTXlZ?QAc�¡ �	Q	K�STK#�(SY�	UTK¤c	K�W�KDb�nIVaU�VaJ�H�SYUTKDb�VCXlQobpX!��	K¤�[KDb�Z?nodDUTVaSYX[ZCQIb�n	UYZqW�dDcq�	U�Va�[KDb����
�"KDb�n	UTXlQoW#X[nIVa�q�¬nIVaU�VaJ�H#STUYK<b¤bYZCQ�S �×¡ X[Q?STK�QIbYXlSYd^K#S��>¡ VCQ	XebpZCSYUTZCn	X[KNcqK��eV�W#UTZCXebYbTVaQIW�KC_�VaX[QIbYX"��	K��lKD�	UTb
jkVCUYXeVkSTXlZ?QIb�Va�¢W#Z?�	UTb c	K SYK�J�nIbD� � Q�n&K��qS�dD`?VC�lKDJ-KDQ�S�STK�Q	X[U�W�ZCJ�nqSYK�c	K��[V-n	�eVCbpSYXeW#XlSYd�VCXlQIbYX���	K�cqK
W�ZCQ�SYU�VaX[Q�SYK<b�`?d�Z?J-d�SYUTX���	K<b��
� Z?J-J�K �[K¤J�ZCQ�STUYK�Q	Z?b�UTdDbY�	�lSTVkS�b�_(�[KDb���ZCUTJ�KDb�n&K��	j?K�Q�S�bpK�n	�[X[bTbpKDUD_(n	�[X[K�U�ZC��bpK�SYZ?UTc	UYK-��W#Z?J�J-K

cIVaQIb��[V�QIVaSY�	UTK<�#_&W�K���	KcqK<b�Z?�qSYX[�[b¤cqKNc	d#��ZCUTJ^VkSTXlZ?QIb zIV?bpd<b�bp�IU¤cqK<b�W�VCUpSTKDb�c	Kcqd�nI�[V?W#K�J�KDQ?S�b�Q	K
n&K��IjCK�Q�S UTd��IbTbpX[U�cqK J^VaQ	X[H�UTK�bpX[J�n	�[KC�
# · �<� µ �%$ � ��� ¹ ZCUTn	G	Z?`Cd�QIHDbYKC_	W#UTZCXebTbYVCQIW#K?_�nI�lXeb�_IJ-ZqcqdD�lXebTVkSYX[ZCQ¢bY�	UY��VCW#X���	KC_qJ�ZqcqdD�lXebYVaSYX[ZCQ�n	UTZqW#d#\
c	�	UTVC�lK?_qJ�Z(c	H��[K�nIG��qbYX���	K?_qXlQ�STK�UY��VCW#K �qSTXl�[XebYVaSYK��IUD�



���������	��
��	��������������������������� ��
!�#"#�$" L

% & 
N�"�2�('*)A�����#��
 ��
*',+��2���^�#�-)�!/. ���10

�¤VkST�	UTVC��bpGIVCnoK<b VaUTK Za�ËSYKDQ�W�ZCJ�n	�[K#��_q`C�[ZCzoVa�[�l��V?b���KD�l�¥V?b�XlQ�SYGIK�X[U�cqK#S�VaX[�[bD� ¹ ZqcqK��[XlQI`NSTG	K�J �IbYXlQ	`
W��[V?bYbYXeW�Va�k`?K�Z?J-K�SYUTX[W2J�ZqcqKD�lKDUTb¥WDVaQ�SYG(�Ib"zoK�KDbYnoK<W#XeVa�[�l��SYKDc	XlZ?�Ib�� ° Q(�	Jz&K�U�Za�(SYGIKDbYKuQIVkST�	UTVC�CbYGIVan&KDb
UTKDbY�	�lS9��UTZCJ V�`CUTZk��SYG^nIG	K�Q	Z?J�K�QIV(2 F�G	Zo|4365u��K?� `o��nI�[VCQ?S�b�_�ZCUT`?VCQ	XeW bpGIVCnoK<bT�9ZCU�W�VaQ^z&K�J-ZqcqKD�lK<c�VCb
bY�IW�G���KC� `I����ZC�ecqKDc�bY�	UY��VCW�KDbD_D`?K�ZC�[ZC`?X[WDVa�CbYGIVCnoK<bT�#�"i9j?K�Q�STG	ZC�	`?G�`CUTZk��SYG	\>X[QIcq�IW�KDc cqK���ZCUTJ�VaSYX[ZCQIb�W�VCQ
z&K�nIG��qbYX[WDVa�[�l��bYXlJN�	�eVkSYK<c�bYXlJ�X[�[VCUY�[��STZ¤W��lZCSYGVCQ	XlJ^VaSYX[ZCQ�Z?U�cqK���ZCUTJ�VCz	�[K�ZCz	ghKDW�S�b72 8�±:9�;q_¦F�f78��<; 345>_
UTKDVC��\]��ZCUT�[c^noVaU�VaJ�K#STK�U�b�VCUYK �IbY�IVC�l�[���	Q�=(Q	Zk� Q"� ¹ ZCUTK�Zkj?K�U<_�VCUpSTX[bpSTb���VaQ�S�SYZ(=?K�KDnAKDQ	ZC�	`?G�W�ZCQ�SYUTZC�
bYZ^V-z	�lX[QIc�Z�>&\]�lX[Q	K�bpX[J�I�[VaSYX[ZCQ�X[b QIZaS�cqKDbYX[UTVCz	�lK?�

?9VCUYX[ZC�Ib�SYZ(ZC�eb�GIV¦j?K-z&K�KDQ©XlQ�STUYZqcq�IW�KDc¬SYZ7J-ZqcqKD�9ZCUK�Q	UTX[W�G©V¢bYGIVan&K^z(�¬cqK���ZCUTJ�XlQ	`¢XlSKDX�STG	K�U
VaSN`?�lZ?zIVa� ��K?� `o�1�IUYKDK#\R�	Z?UYJA@¤K#��ZCUTJ^VkSTXlZ?QIbB2Òx(f7;DCq_ � Z� 9?v45���Z?UN�[ZqW�Va��bTW�Va�[K¬��KC� `I�©cqXebpnI�[V?W#K�J�KDQ?S
J^VCnIb-2 � Z(ZD;a{q_o± ¹ �<E9vCv�5Ë�#��x(XlJ�X[�[VCUY�[�C_&bpKDjCKDUTVC�¥j(XlUYSY�IVC��bTW#�	�[nqSTXlQ	`�SYZ(ZC�eb GIV¦j?K�zoKDK�Q5n	UTZCn&Z?bYKDc�KDX�\
STG	K�U���Z?U"STG	K�Zkj?K�U�Va�[�?bYGIVanIXlQ	`-��K?� `o�72 8 �F9?t(_k� � £ vCv45��¥Z?U"STZ¤K<cqXlS2VCQIc�KDQ	UYXeW�GVCQK#�qXebhSTXlQI`¤bYGIVan&K���KC� `I�
¹ V¦�?V ° UpSTX[bTVaQG2 ° �[XH5Ë�#� ° ��STG	ZC�I`CG5STG	K�obpKDU¤X[Q�SYK�U�VCW#SYX[ZCQ5Xeb¤J-Z?UYKNXlQ�ST�	X�STXlj?K� XlSYG7SYG	K<bpKNSYZ(ZC�eb�SYGIVCQ
�obpX[Q	`^V�W#�eVCbTbpXeW�VC�&`?K�Z?J-K�SYUTX[W¤J�ZqcqK��[K�U<_(SYG	K��obpKDU�bhSTXl�[�¥GIV?b�SYZ�K#�qn	�[X[W�X�ST�l��bpn&KDW�X����A� G	K�UTK KDV?W�G�z	�	�[`CK
Z?U�n	XlS�bpG	Z?�	�ec¢zoK?���	ZCU bYGIVan&KDb�SYGIVaS VCUYKNW#ZCJ�n	�[K#�§��K�XlSYG	KDU�`?�lZ?zIVa�[�[�AZ?U¤�[ZqW�Va�[�[�q� SYG	Xeb�W�VaQ7zoK-jCKDUY�
STKDcqX[ZC�ob��

±¨K5��ZC�	�ec �lXI=CK�SYZ©�[K#S�SYG	K¢�IbYK�UAbpn&KDW�X���� SYG	K5`?�lZ?zIVa��VCQIc �lZqWDVa��VCbYn&KDW�S�ZC�¤STG	K7bYGIVan&K¢� XlSYGq\
Z?�qSGIV¦j(X[Q	`¢STZ7cqK �oQ	K�K<VCW�G©jCKDUY�1cqK�STVaX[�>�G2 � �¤v?wJ5�X[Q?STUYZqcq�oW#KDb�SYG	K ��K�����
�"L�M��
N�	��K���OP�� noVaU�VCcqX[`CJ
�×bp�IJ-J^VCUYX[��K<c�X[Q�STG	K¤QIK#�(S�bpK<W�SYX[ZCQ&�9STZ-bYGIVCnoK¤��ZC�ecqKDc�bY�	Up��V?W#K<b���SYG	K �IbYK�U bYnoK<W#X �IKDb�K��(noVaQIbYXlZ?Q¬��X×� KC�
`?UYZk��STGo��noVaU�VaJ�K#STK�U�b��IbYXlQI`¬KDX�STG	K�U^V¬z	UY�obpG®ZCU^V5STK#�(SY�IUYK�J^Van¥� F�GIK�bY�	UY��VCW#K���ZC�ec	b-�	QIcqKDU�SYG	K
�[ZqW�VC�2W�ZCQIbpSYU�VaX[Q�STb�W�VC�IbpK<c7z(��STG	K�`CUTZk��SYG¥��x(XlQoW#K-SYG	K�nIVCUTVCJ�K#SYKDUTb�VaUTK�VkSpS�VCW�G	K<c¢STZASTG	K^bp�IUp��V?W#KC_
KDjCKDQ§�[VCUY`?KAVCJ-nI�lXlSY�Ic	KAZC��`CUTZk��SYG WDVaQ®zoK�bpX[J�I�[VaSYKDc®VaQIc®bhSTXl�[���(XlKD�[c	b-QIVaSY�	U�Va���[Z�ZD=(XlQ	`¬UYK<bp�I��S�b��
� nInoZ�bpXlSYKD�l�?_(bY�	UY��VCW�K�cqXebpn	�eVCW�K�J�K�Q�S�SYZ(ZC�eb�W�VaQIQ	ZaS�zoK Van	nI�lX[KDc���ZCU�G��I`CK VaJ�n	�[X�ST�IcqKDbD��SYG	K cqXebpnI�[V?W#K#\
J�KDQ?S�Xeb�cqZCQIK�VC�lZ?Q	`ASYG	K�Q	Z?UYJ^Va�uVCQIc¬WDVaQ	QIZaS�W#�	UT�2SYG	K�bYGIVCnoK<b��-F"Z(ZC�eb �[XH=?K ¹ V¦��V ° UpSTX[bTVaQN2 ° �lXI5
VC�l�[Zk��b�SYZ7X�STK�U�VkSYKAcqX[bYn	�eVCW�K�J�K�Q�SUTK��[�(XlQ	`¢Z?Q1SYG	K�Q	K�� Q	Z?UYJ^Va�ebD�Q8��qS-bp�IW�G§V�`?K�Z?J-K�SYUTX[W�`?UYZk��STG
��	XeWL=(�l��cqK�`?K�Q	KDUTVaSYK<b�XlQ�SYZ^�IQ	QIVkST�	U�Va��VCQIc�bpKD���Ë\]X[Q?STK�U�bpK<W�STXlQ	`�bY�	UY��VCW�KDbD��F�G	Xeb�cqZ(KDb�Q	ZaS�ZqWDW#�	U�� XlSYG
K��qnIVaQIbYX[ZCQ�STK#�(SY�IUYK<b cq�	K SYZ�STG	K��IbYK Za�uVNJ�K<W�GIVaQ	XeW�VC�/J-ZqcqKD��SYZ^bYXlJN�	�eVkSYK STG	K�cqK���ZCUTJ�VaSYX[ZCQIbD�

F�G	KR2 � �¤v?wJ5�J-ZqcqKD��GIV?b�bYXlJ�X[�[VCUYXlSYX[KDb�� XlSYG©nIG��qbYX[WDVa�9J�ZqcqKD�[bNbp�IW�G©V?b SYG	K�ZCQ	K<b��IbYKDc¨��ZCUNcqK#\
��Z?UYJ^VCz	�lK¤bp�	UY��VCW�KDb¤��KC� `I�S2 F�f78��1;T365����VU�Zk��K�j?K�U<_kSYGIK¤J�KDW�GoVaQ	XeW�VC�IJ�ZqcqK��&X[b�SY�IQ	KDc�SYZ`?Xlj?K�W#Z?Q�SYUTZC�l\
�eVazI�lK UTKDbY�	�lSTb���KC� `I����ZC�ecN��V¦jCKD�lKDQ	`aSTGo��VaQIcNSTG	K�bYZC�[j�X[Q	` Xeb"��IVCbYX�\RbpSTVkSTX[W ��SYG	K�nI�	UYn&Z?bYK Xeb2SYZ�bYXlJN�	�eVkSYK
STG	K�bYGIVan&K�VkS K���	X[�lX[z	UTXl�IJ�_IQ	ZaS STG	K�cq�(QIVaJ�XeW�b����

� �	U�J�ZqcqK��ucqU�V¦��b�Z?QW2 � ��v?w45uVCQIc¢K���STK�QIcIb¤XlS�SYZ�n&K�UTJ�X�S G(�	`CK-cqK#��Z?UYJ^VaSYX[ZCQIb�VkS�XlQ�SYKDUTV?W�STXlj?K
U�VkSTK7��X>� KC�5��KAVCUYK^Q	ZCSN�[XlJ�XlSYK<c1SYZ¨VCc	cqX[Q	`7c	K#STVCXl�eb���VaQoc¨SYZ7X[QIW�UYK<VCbYK�SYG	KBXIK#�qX[z	Xl�[XlSh�C�¬F�G(�IbD_2ZC�	U
STZ(ZC�9VanIn	�lX[KDb�STZ�SYG	K^J�ZqcqK��[X[Q	`¢Za��VA�eVaUT`CK-jkVaUTXlK�Sh�5Za��bpGoVan&KDb^��VCQIc¨Q	ZaS�bYXlJ�n	�[�5��Z?�[cIbT�#���	ZCU STGIVkS
��K�UYKDj(X[bYX�S�STG	K^J�KDW�GIVCQ	XeW�Va�uJ�ZqcqKD�9XlQ1Z?UTcqKDU SYZ�J^V�=?K-XlSJ�ZCUTK�`CKDQ	K�U�Va�>_"bpSYKDV?cq�7VCQIc¨K�Y�W#X[K�Q�SVCb
c	K#STVCXl�[KDcAX[Q�bYKDW#SYX[ZCQ�L	�

�IUYZ?J SYG	Xeb Q	KD� K�QI`CX[Q	K���K-n	UTZCn&Z?bYK-V�Q	KD� J�ZqcqK��[XlQI`�VCn	n	UTZ?VCW�G7zIVCbYKDc¬ZCQ1VAbYK#S�ZC��`CUTZk� X[Q	`
STZ(ZC�eb��uF�G	K<bpK Va�[�lZk�ªzoZCSYG��lZqW�VC��VaQIcA`C�[ZCzIVC��bpGIVCn	X[Q	`I_qVaQoc�z&ZaSYG�X[Q�SYK�U�VCW#SYX[jCK�VaQIc�bpKDJ�X�\]n	UTZ(W�KDcq�IUTVC�
bYn&KDW#X �oWDVkSYX[ZCQ�Za��`CUTZk��SYG¥�2±¨K�cqKDbTW#UTX[zoK�SYGIKDbYK SYZ(ZC�eb�XlQ�bYKDW�STXlZ?Q�{I�

ORQ bpK<W�SYX[ZCQÉtq_u��K�c	K�J�ZCQIbpSYU�VkSTK�Z?�	USTZ(ZC��� X�STG®X[Q�SYK�U�VCW#SYX[jCK�bYKDbTbYXlZ?QIb�_9V?b��K��[� VCb-bYVCJ�n	�lK<bZC�
Sh�(n	XeW�VC�?bYGIVan&KDb"SYGoVkS�VCUYK�KDVCbYX[�l��n	UTZ(c	�IW#K<c^��KC� `I�[_kn	�eVaQ�S"Z?UY`�VaQIbD_<VCQIc ��Z?�[cqK<c�bYGIVan&KDb"�lXI=CK�V�STVCz	�lK<W#�[ZaSTG
Z?U VaQ��	Q	J^VCc	K�z&KDco���
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xqXlQIW�K���K^cqU�V¦� ZCQ¨VaQIc¬K#�qnIVCQIc7SYG	K^VanIn	UYZ�VCW�G5ZC� 2 � ��v�wJ5>_���K�bYGIVaUTKSTG	K�bTVaJ�K��Z?UYJ^VC�lXebpJ��-±¬K
nIUYK<bpKDQ?S G	KDUYK�V�bY�	J�J�VCUY�¬��bYK�K�SYG	K�noVan&K�U���ZCU J�Z?UYK�cqK�STVaX[�ebT�#�

F�G	K¤`CUTZk��SYG^Xeb�J�ZqcqKD�lK<c^z(�-�[ZqW�VC�oVaQIX[bYZaSTUYZ?n	X[W�K#�qnIVaQobpX[ZCQIb9� G	X[W�GAVCW�S�b�Z?Q�V ��UTK�K���ZCUTJ bY�	UY��VCW�K
c	X[bTW#UTK#STXl�DKDc�z(�¢V^SYUTXeVaQ	`?�	�[VCU�J�KDbYG¥�¤F�GIK`CUTZk��SYG5c	Z�K<b�QIZaS¤J�ZqcqXl����K#�qn	�[X[W�X�ST�l��SYGIK-bY�	UY��VCW#Kz	�qS�V
����������
S�L��"#�	���	� c	K �IQ	K<c7z(��STG	K�UYK<bhS��[K�Q	`CSYG ����ZC��KDV?W�G7K<cq`CK���_/SYG	K^UTKDbpS�J�K<VaQ¬W��	UTj¦VaSY�	UTK ���^ZC�
K<VCW�G¢j?K�UYSYK#����VCQIc�STG	K`?UTVCn	G5W#Z?Q	Q	KDW#SYX[j(X�Sh��Za�2SYGIKNJ�KDbYG§��bYK�K��I`C�IUYK�|¦����F�GIX[b �6��#��O���� UYK���K�UTK�QIW�K
bpSTVaSYK§���	n&cIVkSYK<cÉz(�§SYGIK5`CUTZk��SYGo�-cqK �IQ	K<b��[Z(WDVa�[�l� SYG	K¢XecqK<Va��bYGIVan&K¢STG	K5bp�IUp��V?W#K5bYG	ZC�	�ecÉVkSYSTVaX[Q¥�
F�GIK � UYK<Va�>¡�bYGIVan&K�XebNZCzqS�VaX[Q	KDc©z(�©V5J�K<W�GIVaQ	XeW�VC��bYZC�[jCKDU�� G	XeW�G J�X[Q	XlJ�X[��K<b�STG	K�W�ZCQIbpSYU�VaX[Q�STbD_2X×� KC�
STG	K�cqX >/K�UTK�QoW#KDb�z&K#Sh��K�KDQ5SYGIKNJ�KDbYG¬VCQIc¢STG	K-UYK���K�UTK�QIW�KNbpSTVkSTKC� ��ZaSYKNSYGoVkS�SYG	K�bp�IUp��V?W#KGoVCb¤SYZ�zoK
c	��QoVaJ�X[WDVa�[�l��UYKDJ-K<bpGIKDc��

solver

(a) (b) (c) (d)

κle v

��X[`C�	UTK-|C�! #"�$ çDØÒ½�Á×àkÕ�Ñ?½×À&%lÀp½�ÀhÏ¦ÞhÀ�Ó�Á]ÕTÁ×À('*),+ $.-0/1$ +325476 "�$98:$ );6=< $>/@? 6 " ) A*B(CeÕ	D:EF6 "�$G8�$ );6=H $;IJ/LK>M�8&NOI 6 M�8�$ ) PRQSClÖ1DI	/ +�6 "�$T?J8�IVUW"�K;XJ/�/1$;K 6Y' N '*6.4SClÞ>D X:Z 6 "�$ H $ ) "W[\ #"W$ ) X < NO$>8]-0/ +J)T6 "�$ ) "�I&U@$ C[å1DT6 "�I 6^H' / '*H_'a` $ )T6 "�$ +J' b $>8�$5/1K;$
c 'd6 " 6 "�$_8�$eZ&$>8�$>/1K�$ );6 I 6 $Tf H X +J' -g$ +h254T6 "�$G?J8�X c 6 ">i	[

F�G	K¨�[Z(WDVa��K#�qnIVCQIbpX[ZCQªX[b�cqK<bYW�UYX[zoK<cÌz(�VaQ ��K�����
�"#�M��
 �	��
�"���Lj �	�Yk Zkj?K�U�SYG	K1bp�IUp��V?W#KC� ° Q
K��qnIVaQIbYX[ZCQ-SYKDQIbpZ?U�WDVaQ�z&K�UTK�n	UTKDbYK�Q�STKDc-z(��Vmlhn�l n&Z?bYXlSYX[jCK�cqK �IQ	XlSYK�bp�(J�J�K#SYUTXeW�J^VkSTUYXl�moA��O]S�W�VCQ
z&K�cqK �IQ	KDc�z(�^STG	UYKDK nIVaU�VaJ�K#STK�U�b���Sh��ZNK��qnIVaQIbYX[ZCQ�UTVaSYKDbTprq¤VaQoc�p�s�UTK��eVkSYX[jCK�STZNSTG	K�K�X[`CKDQ(jCKDW#SYZ?U
c	XlUTKDW#SYX[ZCQIbD_qVaQIc�VaQ�VaQ	`?�lKht�� G	XeW�G�cqK �IQ	K<b�SYG	K ZCUTX[K�Q�STVaSYX[ZCQ�ZC�"STG	K K�X[`CK�Q(j?KDW�STZCU�b�zoVCbYX[b�UTK��eVkSYX[jCK¤SYZ
STG	K��[Z(WDVa�ulRp«��U�VaJ�KC�uF�G	K�K��qnIVaQIbYX[ZCQAVC�lZ?Q	`^V-jCKDW#SYZ?U ��Xeb�SYGIK�Q�`CX[jCKDQ�z(��v0w!x ��y9z|{ }��~�o�}�h�

F�G	K�`CUTZk��SYG^noVaU�VaJ�K#STK�U�b2SYG	K��IbYK�U�W�VCQ^SY�	QIK¤VaUTKC��SYGIK¤U�VkSTK¤VaQoc�SYG	K�VaQ	XebYZaSYUTZCn(�-Za��STG	K¤K��qnIVaQq\
bYX[ZCQ©��X>� K?�(prqW�>p�sR�5t?� VaS�K�j?K�UT�AV?W�SYX[jCK��[ZqW�VaSYX[ZCQIb@�oVCQIc¢cqKDbYX[UYK<cA��V¦jCKD�lKDQ	`aSTG¢VaQIc�UTK�`?�	�[VCUYXlSh���=qW����s
ZC�/��ZC�ec	b�Z?U�W��	UY�ebD��iu�(STK�UTQIVa�/W#Z?QIbhSTUTVCXlQ�S�b9W�VCQ^zoK VCc	c	KDc�z(�-SYG	K¤�IbpKDUD_(bY�IW�G�VCb�bhS�VkSYXeW�W�ZC�[�lXebYXlZ?Q-� XlSYG
bYZC�[XecZ?zqghKDW#STbuVaQocNnoVaUYSYXeVa�qZCU�STZaSTVC�IVkSYSTV?W�G	J�K�Q�S���X>� K?���p¢_�lRp Z?UG�Rp W#Z?QIbhSTUTVCXlQ�S�bT�"Za��bpZ?J�K�bY�	UY��VCW�K
�[ZqW�VaSYX[ZCQIbD��F�G	K��lZqW�VC�q`CUTZk��SYG-nIVaU�VaJ�K�SYK�U�b2X[Q?STK�U�VCW#SYX[jCK��[��nIVCXlQ�SYK<c�z(��SYGIK �IbpKDU9ZCUunIUYK<cqK �IQIKDc-�IbYXlQ	`
V5nIVaX[Q�Sn	UTZC`CU�VaJºVaUTK�bhSTZCUTKDc¨XlQ®V�J�VCn��7SYGIK ��K#����
�"#�M��
 � ��KD��OP�� � ° nIVaU�VaJ�K�SYK�UTX[�DVkSTXlZ?Q¬ZC� SYG	K
bY�	UY��VCW�K¤Xeb�SYG(�Ib�UYK ?�IXlUTKDc��
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±¨K5��VaQ�S^SYZ§VC�l�[Zk��G(�	`?K¢K#�qnIVCQIbpX[ZCQÉX[QÉZCU�cqK�U^STZ§cqKDVC��� XlSYGV1�eVaUT`CK�UTVCQ	`CK¢ZC��J�Z?UYn	GIZC`CKDQ	KDbYXeb
bYXlSY�IVaSYX[ZCQIbD_�VaQocÌ��K¬��VCQ�S�SYZ®n	UTZkj�XecqK5J�Z?UYK¬n	UYK<W#XebpK5SYZ(ZC�eb�STZ STG	K7�obpKDU¨�×bpKDK¬bYKDW�STXlZ?Q{��#� �	ZCU
STG	Xeb�_�ZC�IU^J-ZqcqKD��J�obhS�QIZaS�cqKDnoKDQIc ZCQÌVaQ(�§`?�lZ?zIVa� nIVCUTVCJ�K#SYKDUYX[�DVaSYX[ZCQ+��� G	XeW�GÌ��Z?�	�ec z&K7bYZ�Z?Q
Zkj?K�U�bhSTUYK�STW�G	K<cI��� ° jCK�UT�bpSTVCz	�lK J�ZqcqKD�IXeb9Va�ebpZ UTK���	X[UYK<c��¥��K UYKD�l�NZCQ�VaQ�K�QIK�UT`CK#STX[W���Z?UYJ^Va�[XebpJ W#�[Z?bYK
STZ�SYGIXlQ�bpG	KD�l�eb9J�K<W�GIVaQ	XeW�VC�IJ�ZqcqK��>�2±¬K�Va�ebpZ���VaQ�S9STZn	UTZkj(X[c	K�SYG	K¤�IbpKDU�� XlSYG�GIXl`?G	K�U��lKDjCK��/W#Z?Q�SYUTZC�eb
��X×� KC��bYK�J�Xl\>nIUYZqW#K<cq�	U�Va�>_qZCU�bpKDJ-Xl\]XlQ�SYKDUTV?W�STXlj?K<��_Iz���Va�[�[Zk� XlQ	`�G	X[J¯SYZ^ST�	Q	K�GIZk�+�[ZCQI`�V^`CUTZk��SYG�� X[�l�
�eVCbpSD_	V?W�W�ZCU�cqXlQI`STZ-� GIX[W�G¢VCW#SYX[jkVkSYX[ZCQ�nIVaSpSYKDUYQ1��K?� `o�9cqK��eV¦�CK<c�bpSTVCUpSTXlQ	`o_qn	UTZC`CUTKDbTbYXlj?K¤cqK<W�V¦�C�[�[� �#�

����� �	��
��������������������
F�Z�V¦j?ZCXec¢V^`C�[ZCzIVC�_x��]�>� y�nIVaU�VaJ�K#STK�UTXl�<VkSTXlZ?Q���KbpSYZ?UYK�STG	KjkVCUYX[ZC�Ib��lZqWDVa��cIVkSTV�VkS�STG	Kj?K�UYSYXeW#K<b�ZCU
VaS�K#�(SYU�V�QIZ(c	KDb � XlSYG	X[Q¨SYG	K���V?W#KDbD���	ZCU�K��(SYU�V�Q	ZqcqK<b ��K^cqK �IQ	K^V�UTV?cqX[�Ib�Za��XlQPXo�	K�QIW�K �AVaQoc¬VCQ
X[QPXI�IK�QIW�K =CKDUYQ	KD��!Lx�"gy#�7±¨KAcqK �IQ	K�V¢�[ZqW�VC�l1p ��U�VaJ�K^��Z?UK<VCW�G©jCKDUpSTK#�¨�IbpX[Q	`7V5�lZqW�VC��`?K�ZqcqKDbYXeW
n&ZC�eVaU�nIVCUTVCJ�K#SYKDUYX[�DVaSYX[ZCQ 2 ±Ì±:9C{�5]�

�IZCU�`CUTZk��SYG�cIVkSTV-cqK �IQ	KDc�VkS j?K�UYSYXeW#KDb���K¤J�ZqcqK��/STG	K�K#�qnIVaQobpX[ZCQAZa�¥STG	K UYK���K�UTK�QIW�K¤�[K�Q	`CSYG �:� ZC�
K<cq`CK(��VCb9SYG	K¤V¦jCK�U�Va`?K�Za�/SYG	K�K#�qnIVaQobpX[ZCQ^VkS�SYG	K�SYX[nIb�� vx���y9z qs x�v0w$#&% x }� �	y(' v0w$#*) x }� �	y>y2� G	K�UTKTo,+ %
VCQIc o,+ ) VCUYK�STG	K STK�QIbYZCU�b9VkS�SYG	K¤KDcq`?K�SYX[nIb.- q VCQIc/-,sa�u�	Z?U9`CUTZk��SYG^c	VaSTV�cqK �IQ	K<c^VkS�VCQ�VaUTz	X�STUTVCUY�
QIZ(c	K10º��K cqK �IQ	K3o2+43Gz5!Lx76*-$8:9;0<6 y&o,=�u�	Z?U�`CUTZk��SYG�c	VaSTV-cqK �oQ	KDcAZCQ�VaQAVCUYzIX�STUTVCUY�^W#�IUYj?K�>
��zIVCbYKDc�Z?Q�W#Z?Q?STUYZ?�qnoZ?XlQ�S�b�?@0 8BA �2��K¤cqK �IQIK(o + 3 z5!mx�Cgx�- 8 �D>uy5y&o = � G	K�UTK�Cgx�-7�D>uy�X[b9SYG	K¤cqX[bpSTVCQIW#K
��UTZCJ VNn&ZCX[Q�S�f SYZ-SYG	K�W��	UTjCK1>u�

° bAbpSTVaSYKDcÌVCzoZkj?K5VaQIcªcqK#S�VaX[�lK<cÉXlQªbYKDW#SYX[ZCQÌ{§��K7V?W�W#Z?�	Q�S���ZCU�SYG	K¬cq�	U�VkSYX[ZCQÌZC��`CUTZk��SYGÉX[Q
STXlJ�K?�2F�GIK¤K��(noVaQIbYXlZ?Q^Za��VCQ�KDc	`CK3��z&K#Sh��K�KDQ�X�STK�U�VkSTXlZ?Q�bhSTK�nIb�W�ZCUTUYK<bpn&ZCQIc	XlQ	` STZ�STXlJ�K1E q VCQIc/E s X[b
vv_x:��y9z vx���y ~ )*F ~ % �

±¨K-VC�[bYZ�S�V�=?K �g�H��"#���M�����:� X[Q?STZAV?W�W#Z?�	Q�S¤Xl��cqK<bpX[UYK<c�_&� G	X[W�G¨V¦jCZ?X[c	b¤VCWDW#�	JN�	�[VaSYX[Q	`��	QocqX[bTbYXlnIVaSYK<c
bpSYUTKDbTbuX[Q�SYG	K¤bp�	UY��VCW�KC�2F�G	Xeb9n&K�UTJ-XlS�bYJ�Z(ZaSYGIK�U�bYGIVan&KDb9XlQ�WDVCbYK Za��G(�	`CK K��qnIVaQIbYX[ZCQ¥��±ÌG	K�Q�STG	K¤c	X��Ë\
��KDUYKDQIW#K�zoK�Sh��KDK�QSYG	K�UTK#��K�UTK�QoW#K��[K�QI`aSYG ���9VCQIc�STG	K�W#ZCUTUTKDbYnoZ?QIcqX[Q	`�UTKDVa���[K�Q	`CSYG-K#�	W#KDKDc	b�V�STG	UTKDbYG	ZC�ec
GIH*JLK*M ~ ��K�Z?noKDUTVaSYK�V-UYKD�[Va�	VkSYX[ZCQAZkjCKDU ���<�NPO � ��Q x5��9 G H*JLK*M ~ y5� ��SR � z|x5��9UT H*JLK*M ~ y �V'<T H*JLK*M ~ x5��9 G H*JLK*M ~ y5� �

W(XZY[W N@O � ��\ xV�.' G H*JLK&M ~ yV� ��SR � z|x5��9UT H*JLK*M ~ y �V'<T H*JLK*M ~ x5�.' G H*JLK*M ~ y5� �
W^]Z_ NPO

���a` b<c�de�f��IdZgih.j@k��������l����mVn�����omp�q�r���������
� Z?Q�SYU�VaUT��SYZ 2 � ��v?w452��KNc	Z�Q	ZCS W�ZCJ�n	�qSTKNK��(nI�lXeW#XlSY�[��SYG	K�cqXebpn	�eVCW�K�J�K�Q�S�Za�9STG	KNj?K�UYSYXeW#K<b�_&z	�qS ��K
c	K �IQ	K¢VCQ KDQ	K�UT`C�tsºZa��cqK���ZCUTJ�VaSYX[ZCQ®zoK�Sh��KDK�Q SYG	K¢bY�	UY��VCW#K¢VCQIc§STG	K¢UTK#��K�UTK�QoW#K�bhS�VkSYK?�F�G	Xeb�X[b
W��lZ�bpKDU�SYZ¬J�KDW�GIVCQ	X[WDVa����ZCUTJ�VC�lXebYJ VCQIc¨SYG	XebNKDVCbYK^STG	K�V?W�W�ZC�	Q�SYX[Q	`¢ZC��Q	K�� n	GIK�Q	Z?J-KDQIV	�7±¬KA�IbpK
STG	UTK�K5W#Z?J�noZ?Q	K�Q�STbD�us|zvs�w7�Dwyx{z K}| �i'<s�x;� |^~ 8 |P� 'ts H z�� MDM�� z��k�+F�G	X[b�cqK �IQIX�STXlZ?Q Xeb^X[QIbYn	XlUTKDc z(�
STG	K�J-ZqcqKD�[b-ZC��SYG	X[QÉbpG	KD�l�eb���bYK�K 2 £ U @�x	vCL�5���Z?U-cqK�STVCXl�ebT�� G	KDUYKASYG	K�K�QIK�UT`C�1X[bNSTG	K¢bp�	J ZC��Sh��Z
W�ZCJ�n&ZCQ	KDQ?S�b bpX[J�Xl�eVaU�STZ�s wT��w�xaz K}| � VCQIc�s x�� |^~ 8 |[� �

Ê�Ê¯Ï�Z�[#\#]#^



C � ������������� �	������

F�GIKNK��(nIUYK<bYbYXlZ?Q¢��KNn	UTZCn&Z?bYKz&K��[Zk����ZCU¤SYG	K<bpKNSh��ZAK�Q	KDUY`?XlK<b¤VCUYKNKDV?bpX[�l�ASYZ�W�VC�[W��	�eVkSYK-VaQIc¬cqK�UTX[jCKC�
O]S�n	UTZqcq�IW#K<b�UTKDVC�lXebpSYXeW¬cqK���ZCUTJ^VkSYX[ZCQob�� U�Zk��K�j?K�U<_ J�ZCUTK¬VCWDW#�	U�VkSTK®�×VaQIcSYG(�IbASYX[J�K#\RW#ZCQobp�	J�X[Q	`��
��Z?UYJN�	�eVkSYX[ZCQob9W#Z?�	�[c�zoK¤�IbpK<c^X[Q^SYG	K�bYW�ZCn&K�ZC�/Z�>o\]�[XlQ	K�W#Z?J-nI�lK��-`?UYZk��STG�bpX[J�	�eVkSTXlZ?Q¥�2F�G	K �!��#"L"#OP��
Xeb�QIZaS�VAW#�eVCbTbpXeW�VC�¥Q	ZCSYX[ZCQ¢G	KDUYK-VaQIc���VCb�XlQ�SYUTZqcq�IW�KDc�z(� 2 � �¤v?wJ5�SYZ�W#ZCQ�STUYZ?��SYG	KN��V¦j?K��[K�Q	`CSYG¢VaQoc
STG	K�UTK�`C�I�[VCUYXlSh��Za��SYG	K�bYGIVan&KC�2±¨K�VCc	VCnqS SYGIX[b�STK�UTJ«SYZ�Z?�	U K�Q	KDUY`?K#STX[W¤��ZCUTJ^Va�[X[bYJ��
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s�w7�Dwyx{z K}| ��J�K<VCbY�	UYK<buSTG	K¤bpSYUTK#S�W�G	XlQI`���W�GIVCQ	`CK¤Za�"VCUYK<V?�2VaQoc�SYG	K bYG	KDVCUYX[Q	`�Za��STG	K bp�	UY��VCW�K��W�GoVaQ	`?K
X[Q��[K�Q	`CSYG�zI�qS�QIZaS�VCUYK<V?�#��±¨K�Z?nqSYK<c���ZCU�V��IQ	XlSYK�K��[K�J�KDQ?S�K#�qn	UTKDbTbpX[ZCQ�ZC��SYG	K bhSTUYK<bYbD��±¬K¤XlQ�SYKD`CU�VkSTK
Z?Q�STG	K�J�KDbYG�SYG	K�cqKDQIbYX�Sh��ZC��KD�[V?bhSTX[W cqK���ZCUTJ�VaSYX[ZCQ�K�Q	KDUY`?� s ~wT��w�x{z K*| � ZC��STG	K SYUTXeVaQ	`?�lK<b.E��
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Xeb�SYG	K UTK#��KDUYKDQIW#K�VaUTKDV�Za�ISTG	K�SYUTXeVaQ	`?�lK E�_ � ~ 8 � �ËSTG	K "#�������
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�"��� ��J�KDVCbY�	UTKDb"SYG	K�c	K#��ZCUTJ^VkSTXlZ?QZa�:E

UTKDbYn&KDW�STXlj?K9STZ¤XlSTb�UTK#��K�UTK�QoW#K�bpSTVaSYKC_?VaQIc � ~8 � �ËSTG	K "L�����"L"7� ��
�"��� _a� G	XeW�GcqKDbTW#UTX[zoK<b"STG	K�XlQ�SYKDUYQoVa�?��ZCU�W#KDb� GIX[W�G¨VCW�S�b�ZCQ5STG	K-SYUTX[VCQ	`C�[K<�¤W�VCQ7z&K^cqKDcq�oW#KDc7�IbYXlQ	`ASYGIK�U�Z(Z�=/¡ b��eV¦����bYK�KN��ZCU X[QIbpSTVaQoW#K*2 � U 9�945
��Z?U�cqK#S�VaX[�[b����
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s x�� |^~ 8 |[� W�ZCQ�SYUTZC�eb-SYG	KQXoK#�q�	UTK¢Za��SYG	K7bY�	UY��VCW�KC�ORQÉJ�KDW�GIVCQ	XeW�bD_�J�ZqcqK��eb�W��[V?bYbYXeW�Va�[�[�©J-K<VCbY�	UTK�V
b ��IVaUTKDc¬cqXH>&KDUYKDQIW#K�z&K#Sh��K�K�Q©W��	UYjkVaSY�	UTKSTK�QIbYZCU�b�VkS�W��	UYUTK�Q�S�VaQoc7UTKDbpS�bhS�VkSYK<b���±¨K^n	UTK#��K�U STZ��IbpK
STG	K J�KDVCQ-W��	UYjkVaSY�	UTK_��� GIX[W�G-X[b�bYWDVa�eVaUu�zoK<W�Va�obpK�XlS9X[b���V?bhSTK�U2SYZ KDj¦VC�l�oVkSYK��×bpKDK 2 @ ¹ xP8 9�9�5Ë�#_CKDV?bpX[K�U
STZ�cqK�UTX[jCK�VaQIcASTG	K���IVa�[XlSh��Za��SYG	KNVan	n	UTZ¦�qXlJ^VaSYX[ZCQ�Xeb KDQ	ZC�	`?G���ZCU ZC�IU�bpX[J�I�[VaSYX[ZCQIbD�9±¨K�XlQ�SYKD`CU�VkSTK
STG	K7cqXH>/K�UTK�QIW�K¢zoK�Sh��KDK�QÉSYGIK5J�KDVaQW��	UTj¦VaSY�	UTK � � VCQIc®SYG	K5UTK#��KDUYKDQIW#K5W��	UTj¦VaSY�	UTK � � VC�lZ?Q	`1SYG	K
bY�	UY��VCW�KC�9x(ZI_q��K GIV¦jCK?�
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� s �x;� |^~ 8 |P�

� GIK�UTK s �x;� |4~ 8 |P� z x�� � 9 � � y s
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2 � ��v�wJ5�UYKD�lX[KDb�ZCQ�QIZCUTJ�VC�&bpSYUTKDbTb }� = ��ZCU�SYG	Xeb�SYKDUYJ�_�SYG(�Ib�SY�	UTQ	X[Q	`�STG	K¤SYUTX[VCQ	`C�[KDb�W#ZCJ�n	UTKDbTbYXlZ?Q^XlQ�SYZ
V cqXebYn	�[V?W#KDJ-KDQ�S2VC�lZ?Q	`�STG	K Q	Z?UYJ^Va�>��F�GIX[b���Z?UTW�K�bY�IWDW#K�K<c	b�XlQ�J�Zqcq�	�eVkSTXlQ	`�STG	K���ZC�ecN��V¦jCKD�lKDQ	`aSTGVaQoc
STG	K�`CUTZk��SYG^n	UTK#��KDUYUTKDc�c	XlUTKDW#SYX[ZCQ¥�2±¨K�V?c	VanqSTKDc�SYG	Xeb�SYK�UTJ SYZ-cqK �oQ	K�VNn	UTKDbTbp�IUYK�KDQ	K�UT`C�/s H z�� MDM�� z�� �

s H z�� MDMD� z�� z � � 
�Ps �H zO� M�M�� zO�

� G	K�UTK s �H z�� MDMD� z�� z 9 �
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���X[b�STG	K��Rp noZ�bpXlSYX[ZCQ�ZC�"SYGIK�jCK�UYSYK��AVkS�V-n	UTK�j(X[ZC�Ib bY�	zq\RbhSTK�n�XlQ�STG	K�ZCnqSTXlJ�X[�DVaSYX[ZCQ�bpZ?�lj?K�U<�

���a� � n�� ���������Id
F�Z�`CKDQ	K�U�VkSTK V�QIK��+`C�[ZCzIVC��K���	X[�lX[z	UTXl�	J Za��SYG	K�bYGIVCnoK�Va�ËSYK�U¤VN`?UYZk��STG�bpSYKDn¥_	��K�bpZ?�lj?K�SYG	K�KDQ	K�UT`C�
J�X[Q	X[J-X[�DVaSYX[ZCQ1�IbYXlQI`�V¢W��[V?bYbYXeW�Va� � Z?Qkgh�	`?VaSYK�£�U�VCcqX[K�Q�S � nqSYX[J�Xl�<VkSTXlZ?QÉ�×bpKDK 2 f�F ?¤�159��Z?U�cqK#S�VaX[�[b����
F�GIK-Z?nqSYX[J^Va�[X�Sh�¢ZC��STG	K�bhSTK�nIb�n	UTZkj(X[c	KDb V�J�Z?UYK�UTZCz	�IbpS�W#ZCQ(j?K�UT`CK�QoW#K�STGIVaQ¬SYG	K�bYX[J-nI�lK^cqXebpnI�[V?W#K#\
J�KDQ?S��IbYKDc¨X[Q 2 � �¤v?wJ5¤�×W#Z?UYUTKDbYnoZ?QIcqX[Q	`�STZ5V�W#ZCQobhS�VaQ�S bpSYKDn§£�UTV?cqXlKDQ�S � n	SYX[J-X[�DVaSYX[ZCQo�#��±¬K�bpSYZ?n
STG	K�ZCnqSTXlJ�X[�DVaSYX[ZCQ7� GIK�Q¬SYG	K^cqXH>&KDUYKDQIW#K�z&K#Sh��K�KDQ5SYGIK-KDQ	K�UT`CX[KDb�X[Q7Sh��Z�W#ZCQobpK<W#�qSTXlj?KNbpSYK�nob ZCU�SYG	K
J^Va�(X[J�IJ�bhSTUYK<bYb VC�lZ?Q	`NSYG	K�bY�	UY��VCW#K�VCUYK�zoKD�lZk�+V^bpJ^VC�l�/STG	UYK<bpGIZC�ec��
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ORQ¨QIVaSY�	UTKC_¥`?UYZk��STG7K��(XebpSTb X[Q1V�jkVaUTX[K#Sh�¢Za��J�Z(cIVa�[X�STXlK<b�� X[Q¨nI�[VCQ?S�b�_�W#K��[�[�	�[VCU n	UYZ?�lXl��K�U�VkSTXlZ?Q7J�Z?bpSY�[�
ZqWDW#�	U�b�VkSVCnoK��(K<b���X>� KC��STXln©ZC��zIUTVCQIW�G	KDb����AF�G	X[bW�Va�obpK<b�SYG	K5|J@ QIVaSY�	UTK^Za��z	U�VaQIW�G	K<b�� ° SNbpZ?J�K
bpSTVC`CK�Za�	STG	K��lK<V¦jCKDb�cqKDjCK��[ZCnIJ-KDQ�S"SYGIK�bY�	UY��VCW�K�K�QI�[VCUY`?KDb�cq�	K�SYZ¤SYG	K W#KD�l�[�	�eVaUucqX[j(X[bYXlZ?QVa�[ZCQI`�SYGIK��[KDVa�
K<cq`CK?��£�K�Z?�lZ?`CXeW�Va�"UYXl�ËSTb�VaUTKVaQIZaSYGIK�U�bYX�ST�IVkSTXlZ?Q7bYG	Zk� XlQI`�VaQ¢K#�qnIVCQIbYXlZ?Q¢Z(WDW#�	UTUTXlQ	`�VC�lZ?Q	`�V�W��	UTjCKC�
° Q	X[J�VC�uSYXebTbp�	K<b�`CUTZk� J�Z?UYK^G	Z?J�ZC`CKDQ	K�Z?�IbY�l�?_¥z	�qSZC�ËSYKDQ¨� XlSYG§VCQ1XlJ�n&ZCUYSTVaQ�SVCQ	X[bYZaSTUYZ?n(�&��z&Zqcq�
nIUYZ?noZ?UpSTXlZ?QIb�W�GIVaQ	`?K���UTZCJ K�JNz	UY�?ZSTZ^VCcq�	�lS-2 ±� ¹ v	|�5]�9F�G	K�cqXebpSYUTXlz	�	SYX[ZCQ�Za�uVCW�STXlj?K�VaQIcAnIVCbTbYXlj?K
��K#�qnIVCQIbpX[ZCQ	\>� XebpK¦��VaUTKDVCb Z?Q©V5bp�IUp��V?W#K^bhSTUYZ?Q	`C�[�7X[QPXI�IK�QIW�KDb STG	K�nIVaSpSYKDUYQ©ZC��c	K#��ZCUTJ^VkSTXlZ?Q1c	�	K^SYZ
J�K<W�GIVaQ	XeW�VC�oW�ZCQIbpSYU�VaX[Q�STbD��VaQ^K��qnIVaQIc	XlQ	`-bpn&ZaS�W�VaQ�ZCQ	�[�NzI�	�l`?K�Z?�qS�ZC��SYG	K�bp�	UY��VCW�KC� ° QAK#�qnIVaQocqXlQI`
�[X[Q	KDVCU�VCUYK<VW#UTZ?bTbYXlQ	`�SYG	K�bY�	Up��V?W#K¤J-X[`CG�S bpX[J�n	�[�^K�Q	�eVaUT`CK¤X�S���K?� `o�2UYXl�ËSTb����u±ÌG	KDQ�STG	K � G	ZC�[K�bY�	UY��VCW�K
Xeb�K#�qnIVCQIcqX[Q	`I_	VCQ(��G	K#STK�UTZC`?K�Q	KDX�Sh�^Z?U �lZqW�VC�¥W#Z?QIbhSTUTVCXlQ�S�� Xl�[�¥UTKDbY�	�lS�X[Q���ZC�ec	b�ZCU�W��	UT�lX[Q	`I�

ORQ®ZCU�cqK�USYZ¨n	UYZkj(XecqK^STG	KA�obpKDUN� XlSYG®J-Z�bhS�XIK��(X[z	X[�lXlSh�C_u��K�VCW�W�ZC�	Q�S���Z?USTG	K�bYVCJ-KAjkVaUTXlK�Sh�¨ZC�
J�Zqc	VC�lXlSYX[KDbD� � �	U�STZ(ZC�eb�WDVaQ�z&K �����7"������M" �×v�@ ��_ ����� ��OP#�4��" �h|J@���ZCU �����V"#OP �����L��" �×w�@ ���	�IZCUTJ^Va�[�l�
STG	KDbYK�STG	UTK�K =�X[QIc	b�Za��VCW�STXlj?K�UTK�`?XlZ?QIb�W�ZC�	�ec�Va�[�/zoK bYXlJ�n	�[��nIVaX[Q�SYKDc�XlQ�VaQ�K��qnIVaQIbYX[ZCQ^STK#�(SY�	UTKC�uF�G	K
c	X >/K�UTK�QIW�K J-Z�bhST�l���lX[KDb�X[Q�SYG	KDXlU�bYnoK<W#X �oW�VaSYX[ZCQ�VaQIc�W#Z?Q�SYUTZC�>�2x(n&ZaS�b�VaQocAW��	UYj?KDb�W#Z?Q�SYUTZC�/noZ?XlQ�S�b VaUTK
�[ZqW�VaSYKDcAn	UTKDW�X[bYK��[��ZCQ�STG	K�J�KDbYG�z(�AUYKD�l�(X[Q	`�ZCQASYG	KDXlU�zoVaUT�(W�K�Q�SYUTXeW¤W�Z�Z?UTc	XlQIVaSYK<b�� X�STG	XlQ���V?W#KDb��VaQoc
�In&c	VaSYX[Q	`�SYGIX[b c	VaSTV�cq�	UTX[Q	`^UYKDJ�KDbYG	XlQI`?b����<U�ZaS�bY�	UY��VCW�K cIVkSTV-Xeb cqK �oQ	KDc�VkS STG	K�J�KDbYGAj?K�UYSYXeW#K<b��
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° G	ZCS�bYn&ZaS X[b cqK �IQ	KDc7z(��SYG	K�`CUTZk��SYG7nIVaU�VaJ�K#STK�U�b�:p q �>p s �>t	_[�l�[� �#_"VAUTV?cqXl�ob�ZC��X[QPXI�	KDQIW#Kr��VaQoc
VCQ�VCW#SYX[jkVkSYX[ZCQ�W��	UTjCK�gxSE5y���`?UYZk��STG�XlQ�STK�QIbYX�Sh��X[Q^SYX[J�KC_(ZCU�z(�^cqK#��VC�	��S�VW�ZCQIbpSTVCQ?S�VaQIcAV�cq�	U�VkSTXlZ?Qo���
xqXlQIW�K�V�G	ZaS�bYnoZCS�`CK�QIK�U�VkSYK<b�VNzI�	�l`?KC_	V��[ZCQ	`�VCW#SYX[jkVkSYX[ZCQ�UTKDbY�	��S�b�XlQ�STG	K�`CUTZk��SYGAZa�uVNzIUTVCQIW�G¥�

±¨K XlJ�n	�[K�J�K�Q�STKDc�jkVCUYX[ZC�Ib�bpn&ZaS�SYZ(Z?�[b�bY�IW�G�VCb�UTZaSTVaSYX[Q	`�STG	K¤��UTVCJ-K�ZkjCKDU9STXlJ�KC_	VCQIc�bYn	�[X�SYSYX[Q	`-V
bYn&ZaS�X[Q�SYZ�bYK�j?K�U�Va�"bYnoZCSTb�� X�STG	XlQ5SYG	KNUTV?cqXl�ob�Za�uX[QPXI�	KDQIW#K?� ° b¤bpGIZk� Q¢XlQ¢STG	K�UTKDbY�	�lSTb�bYKDW#SYX[ZCQ¥_oSYGIX[b
UTKDbY�	�lSTb�X[Q?STZAzIUTVCQIW�G	X[Q	`I� O]S���Z?�	�ec5z&K-K<VCbY��SYZ�W#ZCQIQ	KDW#S¤STG	X[b J�K<W�GIVaQ	XebYJ STZ¢V�n	UTZqW#K<cq�	U�Va�"KDjCKDQ?S
`?K�Q	KDUTVaSYZ?U�bp�IW�G5V?b �¥\]bY�qbhSTK�J^b-2 f � U ;�;452ZCU 2 @�� 9T365]��±¬KSYUTXlK<c¢bpX[J�n	�[KZCQIKDb�V?b�X[�l�[�IbpSYU�VkSTKDc�X[Q¢SYG	K
UTKDbY�	�lS�bpK<W�SYX[ZCQ"�

���a` � ��� m c�d �������4�����(�y�������
° G	ZaS¤W��	UTjCK�W�VCQ5bpGoVaUTK�W#ZCJ�J�ZCQ�`?UYZk��STG�noVaU�VaJ�K#STK�U�b�_q� G	XeW�G¢ZCUTX[K�Q�STVaSYX[ZCQ¢W�VCQA��Z?�l�[Zk��b�STG	K�[ZqW�Va�
��U�VaJ�K-Va�[ZCQ	`^STG	K�W#�	UTjCK?��±¨K-cqKDQ	ZaSTKmp�� SYG	K-K#�qnIVCQIbpX[ZCQ5VC�lZ?Q	`^STG	K-W��	UTjCKA��X×� KC�¤STVCQ	`CKDQ�SYXeVa�Ë��VaQoc
p =«SYG	K�K��qnIVaQIbYX[ZCQ1XlQ§SYG	K�Z?UpSTG	ZC`?ZCQIVC�9cqX[UYK<W�SYX[ZCQ��X×� KC��Q	Z?UYJ^VC�e�#��F�Z5J�ZqcqK���VaQ©G	K�SYKDUYZ?`CK�QIK�ZC�ob
`?UYZk��STG¥_q`CUTZk��SYG�nIVCUTVCJ-K�SYKDUTb�W�VCQ�zoK�noVaX[Q?STKDc�VaQoc�VaSpS�VCW�G	K<c�STZ�SYG	K�W�ZCQ�SYUTZC��n&ZCX[Q�STb��×VaQIc�STG(�Ib�SYZ
STG	K�bY�	UY��VCW#K¦��_�ZCU-bpn&KDW�X �IK<c1z(�¨V1|J@ SYK��(SY�	UTK�gxS�Fy���UTK��[�(XlQI`¢ZCQ§V¢W#�IUYj(X[�lX[Q	KDVCU�nIVCUTVCJ-K�SYKDUYX[�DVaSYX[ZCQ
������F�G	K�eVCbpS�WDVCbYKW�VCQ¢Sh�(n	XeW�Va�[�[�Az&KN�obpK<c���ZCU W#Z?Q?STUYZ?�l�[X[Q	`�SYG	K-VCW#SYX[j¦VaSYX[ZCQ5ZC�9`CUTZk��SYG¢X[Q¢SYX[J�KC� °
�obpKDUp\RcqK �oQ	KDc¬|6@�STK#�(SY�IUYKc	K �IQ	K<b�SYGIK�`CUTZk��SYG�XlQ�SYKDQIbYX�Sh��Va�[ZCQ	`^V�Q	Z?UYJ^Va�[X[��KDcAU�VaQ	`?K�ZC��STXlJ�K?_oVaQoc
STG	K��[Z(WDVa�/STXlJ�K�Z�>�bYK#S�VaQIc��[ZqW�Va�/STXlJ�K�nIV?W#K�VaUTK�XlQ�SYKDUYn&ZC�eVkSTKDc�Va�[ZCQ	`-STG	K�W#�	UTjCK?�

F�G	K�W��	UYj?K�Xeb VkSYSTVCW�GIKDc^STZSTG	K�bp�IUp��V?W#K VaQIc�SYG(�Ib�Xeb�c	X[bpSYZ?UpSTKDc^STZC`?K#SYGIK�U�� X�STGAXlS���z(�^STG	K¤K�>&K<W�S
ZC��X�S�b�VCW�STXlj(XlSh�1n	�l�obSTG	K�ZCQ	K�Za��ZCSYG	KDUN`?UYZk� X[Q	`¢STZ�Z?�[b����©�IZCU-XlQIbpSTVCQIW#K?_uSYGIX[b�Va�[�[Zk��b�SYZ¨cqK �oQ	K�V
j?K�UT��bYG	Z?UpS W#�	UTjCK-VCW#UTZ?bTb�VCQ7Van&K#� ��X×� KC��VAG	ZaS bpn&ZaS���VCQIc¢STZ��[K#S X�S�KDQ	�[VCUY`?K�z&K#��ZCUTKNV?W�STXljkVkSTXlQI`�XlSD�
F�GIX[b�WDVaQ¢z&K��IbYKDcASYZ�`CK�QIK�U�VkSYK<b V��lK<Vk�2��UTZCJ V�bhSTK�J���O]S¤X[b�KDVCbY�^STZ�W#UTKDVaSYK�Va�	SYZCJ^VaSYXeW�Va�[�[��bp�oW�G�V
bYJ^Va�[�9W#�	UTjCKN��UTZCJ `CKDZCJ�K#STUYXeWNnIVaU�VaJ�K#STK�U�b���KC� `I�NSYGIK�Van&K#�7Q	Z?UYJ^VC�u�¢� G	XeW�G¨W�ZCUTUYK<bpn&ZCQoc	b¤SYZ�SYG	K
bpSYKDJ Vk�qXeb3�§_¥ZCU�SYGIK^jCK�UYSYXeW�VC�e�#_"bYZ�V�n	UTZqW#KDc	�	UTVC��SYZ(ZC�9WDVaQ¨`CK�QIK�U�VkSYK�VaQoc5STUYX[`C`?K�U�G	ZaSW��	UYj?KDb VCb
X[�[�l�IbpSYU�VkSTKDcAXlQ�UTKDbY�	�lSTbD�

£�UTZk��SYG�VaQ	XebYZaSYUTZCn(��Va�[ZCQ	`NSYGIK W��	UTjCK W�VaQ�UTKDbY�	��S�X[Q�c	X >/K�UTK�Q�S�bpGoVan&KDbD����Z?U V-bpSYU�VaX[`CG�S�W#�	UTjCK?_(V
STZaS�Va�[�l� U�VCcqXeVa�[�l� Z?UYX[K�Q�SYK<c�`CUTZk��SYGA��X>� K?�,p�� z ��VaQocLp�� \ �<�"`CKDQ	K�U�VkSTKDb"V¤n	�eVaQ	K?� ° c	c	XlQ	` V�bY�[Xl`?G?S
S�VaQ	`?K�Q�SYXeVa��`CUTZk��SYG+��p�� \ �<���X[K��ec	bNSTVCQ	`CKDQ�SYXeVa����ZC�ec	bD_�� G	X[�lK¢V¨bp�[X[`CG�SNS�VaQ	`?K�Q�SYXeVa� W�ZCQ�SYU�VCW#SYX[ZCQ
�:p�� Q �<�¤��Z?�	�ec¢�(XlKD�[c¬UTV?cqXeVa����ZC�ec	b��N�	ZCU�V�W#�	UTjCK?_&SYG	K-SY�IQ	XlQI`�W�ZCUTUYK<bpn&ZCQIc	XlQ	`�SYZASYG	K�zIVC�[VCQIW#K<c
WDVCbYK���X>� K?��V nI�[VCQ	K<��c	K�n&K�QIc	b�ZCQ�STG	K��[ZqW�Va�?W#�	UTjkVkSY�IUYK��2�¥O]�qSTG	K9�IbYK�U���VCQ?S�b/SYZ¤W#ZCQ�STUYZ?�¦SYG	K�UYKD`C�	�eVaUTX�Sh�
ZC��SYG	K¤`CKDQ	K�U�VkSTKDc^bY�	Up��V?W#K�×bpKDK SYGIK¤JN�IbpGIUYZ(ZCJ^buK��	VaJ�n	�[K�ZCQ��o`C�	UTK¤w	��zo�p��V�Q	Z?UYJ^VC�lX[�DVaSYX[ZCQ^GIV?buSYZ
z&K�VanIn	�lX[KDc¥�uXlQ¢bY�IW�G�WDVCbYK ��K�cqK �IQ	K�p � z|�.' �]x�p � 9 �Wy�� � ��_	� XlSYG �¢V�W�ZCQ�SYUTZC�/��V?W�SYZ?U��h|���ZCU�V
nI�[VCQ	K<��VaQIc;� � STG	K-K�Y�W#X[K�Q�S¤X[QPXI�IK�QIW�KNU�VCcqX[�IbSz z

�������� �"!
_�� G	KDUYK !LxS"=y�cqK �IQIKDb¤SYG	K�bYGIVan&KZC�9SYG	K

X[QPXI�IK�QIW�K =CK�UTQ	KD�×�

���a� � ��� � c�d$# �qmp�f���@`��
� �y���o���
F�GIK^�IbpKDU�X[Q?STK�UY��VCW�KN��Z?U�SYGIKAw�@ STZ(ZC��cqU�V¦��b ZCQ©VCQIc¨K#�(SYKDQIc	b STG	K 2 � ��v?w45�ZCQIKC��`CUTZk��SYG¨nIVCUTVCJN\
K�SYKDUTb�VCUYK^cqK �IQ	KDc1KDX�STG	K�Uz��7XlQ�SYKDUTV?W�STXlj?K-noVaX[Q?STXlQI`§��nIVCUTVCJ-K�SYKDUTb VaUTK^bYVCJ�n	�lK<c1VkS�J�KDbYG1jCK�UYSYXeW#K<b�_
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Z?UYX[K�Q�S�VkSYX[ZCQ®X[b�`?Xlj?K�Q®z��§SYG	K�J�ZC�IbYK¢cqX[UYK<W�SYX[ZCQ&�Z?U�z��®V1w�@¯SYK���ST�	UTK1�×V¬SYK�J�n&ZCU�VaUT� xS�,�5� y-nIVk\
U�VaJ�K�SYK�UTX[�DVkSTXlZ?Q �5KC� `I�AV�n	UYZCghKDW#SYX[ZCQ �7Xeb STG	K�Q©cqK �IQ	KDc¨Z?Q¬STG	K�STVCUY`?K#STKDc¨VaUTKDV?�#���	UTZCJ SYG	Xeb�_���K
V?c	cqK<c¢bpKDjCK�U�Va�¥��KDVkST�	UTKDbD��ORQ5SYG	KNXlQ�SYKDUTV?W�STXlj?K�W�VCbYK���KbhSTZCUTKV�STXlJ�KZ�>/bYK#S�E��NVaQoc¢V�SYX[J�KnIV?W#K C4E
VaSKDV?W�G©nIVaX[Q�SYK<c1jCK�UYSYK����STG	X[bNVa�[�lZk��b�SYZ¬W�ZCQ�SYUTZC��G	Zk� �lZ?Q	`�SYG	KA`CUTZk��SYG1� X[�l��Van	nI�l�É��X>� K?�5� G	X[�lK
x�Ei9tE � yDC4E Q �¦���F�GIX[b�VC�[bYZ�n&K�UTJ�X�S�b�SYZ�bpn	UTKDV?c5G(�	`?K`CUTZk��SYG¨Va�[ZCQ	`�SYX[J�KC_�STG��ob�VC�l�[Zk� X[Q	`AbpSTVCz	�lK
G(�	`?K^cqK#��Z?UYJ^VkSTXlZ?QIbD�^±¬K�VC�[bYZ�XlJ�n	�[K�J�KDQ?STKDc¨jkVaUTXlZ?�Ib nIVCXlQ�SYX[Q	`�SYZ(Z?�[b�X[Q1ZCU�cqK�U STZ5Van	nI�l�5`?UYZk��STG
� z	UT�IbYG	KDbD¡aVaQIc-X[Q�SYK�UTn&ZC�eVkSYX[ZCQ"���	Z?UuSYGIK �[VaSpSYKDUD_?��K UTK��[��Z?Q�V?c	Van	SYKDc �"VCn	�eVCW#K�X[Q�SYK�UTn&ZC�eVkSYX[ZCQ*2Ò£�xqvCL�5>�
STG	K �IbYK�U�nIVaX[Q�S�jkVC�l�	K<b���bYnoZCSTb�ZCU W��	UYj?KDb��9� GIX[W�G�VaUTK¤bYn	UTKDVCc�z(��bpZ?�lj(X[Q	`-V-cqXH>&�obpX[ZCQ�K���IVaSYX[ZCQ¬����K
�obpK<c5VaQ5X[J�n	�[X[W�X�S�bpZ?�lj?K�U���ZCU�K�Y�W#X[K�QIW��	��� ORQ�SYK�UTn&ZC�eVkSYX[Q	`^STK�QIbYZCU�b�Xeb�Q	ZaS VCb�bpX[J�n	�[KNVCb���ZCU bTW�Va�eVaU�bD�
xqXlJ�X[�[VCUY�[��SYZ�� GIVaS 2 F"�IUTvI|#5"cqZ(KDb���ZCU�j?KDW�STZCU�b�_(��K �oUTbpS XlQ�SYKDUYn&ZC�eVkSTK�STG	K�SYKDQIbpZ?U W#Z(K�Y�W#X[K�Q�S�b��uF�G	KDQ
��K�UYKDz	�	X[�[c¨VaQ¨ZCUYSYGIZCQ	Z?UYJ^Va����U�VaJ�K-VCQIc¬��K�UTKDW#Z?QIbpSYUT�IW�S�SYG	K^X[Q�SYKDUYn&ZC�eVkSTKDc¢STK�QIbYZCU�z(�5bTW�VC�lX[Q	`�X�S
� XlSYG�STG	K�bpKDnIVaU�VkSTK��[�^XlQ�STK�UTnoZ?�[VaSYKDcAK�X[`CKDQ(j¦VC�l�IKDbD�

� � � !F)�����!
� �IU UYK<bp�	�lSTb VCUYK�n	UTKDbYK�Q�SYK<c�Z?Q �o`C�	UTK�wq� ° QIXlJ^VkSTKDc�bYK���	K�QoW#KDb�VCUYK���U�VaJ�KDc��
��� ��� �
	�bYX[Q	`-VNG	ZCS bYn&ZaS��ËSTG	K XlQ	XlSYXeVa�¥bYGIVCnoK�X[b V-bYn	G	K�UTK<�#�2OhbpZCSYUTZCn	XeW�`?UYZk��STG �(VaQ	XebpZCSYUTZCn	XeW�`?UYZk��STG
����ZC�ec	b�VanInoK<VaU�XlQ¬SYG	K�J�Z?bpS�K#�qnIVCQIcqKDc¬bpXecqK¦�J�"� XlSYG¬Sh� XebhSTKDc7��UTVCJ-K��¥z	U�VaQIW�GIXlQ	`�b�z(�7bYn	�[X�SYSYX[Q	`�SYG	K
bYn&ZaSD�
��� ��� �	¤bpX[Q	`V�GIZaS�W#�IUYj?K��ËSYGIK�X[Q	X�STX[VC�obYGIVan&K�Xeb9V STUYXeVaQ	`?�lK¦��� ¹ �IbYG	UTZ�Z?J^b��ËSTG	K�X[Q	X�STX[VC�IG	ZCS�W#�IUYj?K X[b
VNW#X[UTW��lK VkS�SYGIK�bpSYKDJ SYX[no���u� XlSYG	Z?�qS�Q	ZCUTJ^Va�[Xl�<VkSYX[ZCQu�?� XlSYGASYG	K�Q	Z?UYJ^Va�[X[�DVkSTXlZ?Q¥���¥KDV¦j?KDb¤�ËSYGIK�X[Q	XlSYXeVa�
GIZaS�W#�IUYj?K�Xeb V�GIVC���Ë\RW#X[UTW��lK�W�UYZ�bYbYXlQI`STG	K�Van&K#��VkS SYGIK�bhSTK�J«STXlnu�IXlSTb�W�ZCQ�SYUTZC�/n&ZCX[Q?S�b�VaUTK��I`C�IUYK<c�Z?Q
STG	K��IU�bhS�Sh��Z�XlJ^Va`?KDb����
��� ��� ��	�bYXlQ	`§V¨G	ZCS�bp�IUp��V?W#K©��VCQIc X[bYZaSTUYZ?n	X[WA`CUTZk��SYG&���Ìf9�	J�n�=(X[Q¥�7UTX[`CXec �[XlQIKDb5��XlQÉ`CUTK��	�N��K�UTK
noVaX[Q?STKDc©Z?Q V7bYn	G	KDUYKAzoK���ZCUTK�STG	KAGIZCJ�ZC`?K�Q	KDZC�Ib`CUTZk��SYG¥� �¥KDV¦j?KDbD�N`?UYZk��STG§XebnIVCXlQ�STKDc©Z?Q	�l�1Z?Q
STG	K KDcq`?KC_(�IbYXlQI`NjkVaUTX[ZC�Ib�SY�	QIXlQ	`�b �Ë��UTK���	K�QoW#�C_q`?UTV?cqX[K�Q�S��#�����[Zk��KDUTbD��noVaX[Q?STXlQI`N`?UYZk��STG�ZCQ	�[��ZCQASYG	K
W�ZCUTQ	K�U�b�`CUTZk��b�VCQIc�W#�	UT�eb�SYG	KDJ�X[Q?STZ�noK�STVa�ebD�
��� k�� � ¹ ZqcqKD�lX[Q	`7VCQ©�	Q	J^VCcqK�zoK<c�� ° n	G(�qbpXeW�VC��W#�[ZaSTG§bpX[J�	�eVkSTXlZ?Q1��Z?�	�[c1UTK���	X[UTK�SYZ =(Q	Zk� SYG	K
X[Q	XlSYXeVa��bpSTVkSTKC_(STG	K J�VaSYKDUYXeVa�&nIVaU�VaJ�K�SYK�U�bD_�VCQIc^STG	K G	X[bpSYZ?UY��ZC�"��ZCU�W#K<b���	�bYX[Q	`NZ?�	U�J�Z(c	K��>_(SYG	K VaUYSYXebhS
bYX[J-nI�l�§cqU�V¦��b-VaUTKDVCb� G	K�UTKASYZ1VCc	c � K���STUTV7J^VkSpSTK�U<¡ ��UTKDbY�	��STXlQI`¬X[Q ��Z?�[cIbT�J�IW�G®�lXI=CK�V¨bYW��	�ln	SYZCU
��ZC�I�[c���F�G	K���UTK���	K�QoW#��Xeb�SY�	QIKDc-z(��SYG	K��IbYK�U9VCQIcSYG	K���Z?�[c	buVCUYK�ZCUTX[K�Q�SYK<cz(��STG	K J�ZC�IbYK�c	XlUTKDW#SYX[ZCQ¥�
��� ��� �9F�VazI�lK W#�[ZaSTG¥��x�STVCUpSTXlQI`-� XlSYG¢V-W#�(�[XlQIc	K�U<_(SYG	K��IbYK�U noVaX[Q?S�b V�STZaS�Va�[�l�^S�VaQ	`?K�Q�SYXeVa�¥VCQ	XebpZCSYUTZCn	XeW
K��qnIVaQIbYX[ZCQ Z?Q STG	K¢z&ZaSpSTZCJ�_�VaQIc V¨��K�UTZa\]K#�qnIVCQIbYXlZ?Q W#X[UTW��lK�ZCQ®SYGIK�SYZCn"�ÉF�GIK�QÉG	K�XlQ�STK�UTnoZ?�[VaSYKDb
STG	K�`?UYZk��STG�noVaU�VaJ�K#STK�U�b�XlQ¢z&K#Sh��K�KDQ¥� ��ZCSYK�STGIVkS�STG	K�obpKDU�W�VCQ¢K#�	Va`?`CK�U�VkSTK�STG	K���Z?�[c	bN��V?b ��ZCU�SYG	K
c	UTVCnoK<b�XlQ�VaQIW�XlKDQ�S�nIVaX[Q�SYX[Q	`?b���ZCQ�cqKDbYXlUTKC�
��� ��� � ° W�VazIzIVa`?K¤�[KDVa��J�ZqcqK��[KDc��IbYXlQI`�VCQ�K#�qnIVaQobpX[ZCQ�SYK#�(ST�	UYK���J�IW�G��[XH=?K�X[Q 2 � �¤v?wJ5����
��� ��� ��f9UTZ(W�KDcq�IUTVC��`?UYZk��STG¥� ° n&K#�qK<b^VaUTK�bYn	�[X�S^U�VaQIcqZ?J��l�?����ZaSTK�SYGIVaS�Z?�	U�J�Z(c	K���n	UTZ(c	�IW#K<b-V
W�ZCQ�SYX[Q(�	ZC�ob�`?UYZk��STG¥_	VaQoc�STGIVkS�J�KDW�GoVaQ	XeW�VC�/W�ZCQIbpSYU�VaX[Q�STb�J�ZkjCK z	U�VaQIW�GIKDb�VanIVCUpS QIVaSY�	U�Va�[�[�C�
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±¨KGoV¦jCK�n	UTKDbYK�Q�STKDc¢V�QIK���J�Z(c	K��[XlQ	`AnIVaU�VCc	Xl`?J zIV?bpK<c�ZCQ¢STG	KNW�ZCQ�SYUTZC��Za�9bY�	Up��V?W#K�`?UYZk��STG¥��F�G	K
KDQ	`CX[Q	KW�ZCQIbYXebhS�b�ZCQ5V�Q	K��rK�Y�W#X[K�Q�S¤VaQoc5bhS�Vaz	�[K�J�KDW�GoVaQ	XeW�VC�"J�ZqcqK��2VaQIc¢bYZC�[jCKDU�VazI�lKSYZ�bYXlJN�	�eVkSYK
`?UYZk��STGq\]XlQIc	�IW#K<c^cqK#��Z?UYJ^VkSTXlZ?QIbD� � Z?J�nIVaUTKDc-STZNn	G(�qbYX[WDVa�/bpX[J�	�eVkSTXlZ?QIb���K�VaUTK¤VCz	�lK¤SYZ-n	UTZkj(X[cqK�SYG	K
�obpKDUu� X�STG��IQ	K�W#Z?Q�SYUTZC�qZa�&SYGIK�bpGIVCnoK?� � ZCJ�nIVaUTKDc�SYZ STUTV?cqX�STXlZ?QIVa�IJ-ZqcqKD�lX[Q	` STZ�Z?�[buVCQIcNSYZ�bTW#�	�[nqSTXlQ	`
STZ(ZC�eb ��K^cqZ�Q	ZCS UTK���	X[UTKSTG	K^�IbYK�U�SYZ¢K��(nI�lXeW#XlSY�[�7cqK �IQ	K�KDV?W�G¬j?K�UT�5cqK#S�VaX[�×�(U�Zk��K�j?K�U<_�z(�¢SY�	QIXlQ	`
STG	K�UTV?cqXl�obNZC��X[QPXI�	KDQIW#K�SYGIKA�IbYK�U^WDVaQ X[QIcqKDKDc KDcqXlS�cqK#S�VaX[�[b-� G	KDQ	K�j?K�U-G	KA��VaQ�S�b�� ¹ Z�bhS�Za�¤SYG	K
UTKDbY�	�lS���K�bpGIZk� W�ZC�	�ec�Q	ZaS�GIV¦jCK z&K�KDQ�J�ZqcqK��[KDc�K<VCbYXl�[�N� XlSYGAVaQ(�ZCSYG	KDU�J�ZqcqK��[XlQI`�SYZ(ZC�oZCU�n	G(�(bYXeW�Va�
bYX[J�	�eVkSTXlZ?Q¥�

� �	U�VCn	n	UTZ?V?W�G5X[b�VCz	�[KNSTZ�J-ZqcqKD�9K�XlSYGIK�U�`C�[ZCzoVa�ubpGoVan&KDb�ZCU�W�ZCJ�n	�[K#�7bY�	Up��V?W#K^cqK�STVaX[�eb�_¥UTK��[�(XlQI`
Z?Q®X[Q�SYKDUTV?W�SYX[jCK�ZCU�bYK�J�Xl\>X[Q�SYKDUTV?W�SYX[jCK�ZCn&K�U�VkSTXlZ?QIbD� U�Zk��KDjCK�U<_uSTG	K¢�IbYK�U�J^V¦� bpZ?J�K#SYX[J�K���VCQ?S�VCQ
KDjCKDQ G	X[`CG	KDU^�lKDjCKD��ZC��W�ZCQ�SYUTZC�>� � �IU-J�ZqcqKD��W#ZC�I�[c®zoK5W�ZCQ	QIKDW�STKDc SYZ1n	UTZqW#KDc	�	UTVC��STZ(ZC�eb^bp�IW�GÉVCb
�¥\]bY�qbhSTK�J^b�2 f � U ;D;�59STZ¢`CKDQ	K�U�VkSTK-W�ZCJ�n	�[K#�¬bpSYUT�IW�ST�	UTKDbD�^xqXlJ�X[�[VCUY�[�C_�K#�qnIVaQobpX[ZCQ¬SYK���ST�	UTK�W�ZC�	�ec¨zoK
nIUYZqW#K<cq�	U�Va�[�l�¤K�jkVa�[�IVaSYKDc Z?U�bYXlJN�	�eVkSYK<c �IbYXlQ	`�Q	ZCXebpK 2 f2K�UL;?t45�Z?U"UTKDVCW#SYX[ZCQq\RcqXH>&�obpX[ZCQ�2 F"�	UL9	|�5>����X[QIVC�l�[�C_
XlS���Z?�	�ec¢zoK�X[Q�SYK�UTKDbpSYX[Q	`ASYZ�VCc	c5SYZ�ZC�	U J�ZqcqK��9VAbYW�GIK�J�K��Z?U�SYG	K^bYK�J�X�\]n	UTZqW#KDc	�	UTVC��bY�(Q?STG	KDbYXeb¤ZC�
bY�	UY��VCW�K�W�ZC�[ZCU�b�VCQIcASYK���ST�	UTKDbD�
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2 � ��v�w45 CK<VaQ � ZCJNzIVa�NVaQIc¢�oVaz	UTX[W�K ��K��(UYK�SD��fuVCXlQ�SYX[Q	`^��Z?�[cIb��IbYX[Q	`�K#�qnIVCQIbYXlZ?Q�SYK#�(ST�	UYK<b���ORQ
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