
���������	��
�����������
�����
���� �!��"�$#&%(')#&%�*+�-,/. .10$23�4#5���26�$7(0$��

8�9;:=<?>$@A9	BCBCDFEHG$I�BKJHL!9;MON$9;:�P�BQ9;:�RS>UTVJH:�WX:6GY9	:�PVR[Z�EKECJ]\^\�_�JHECEKD^J]B
`(JHa�9;BKbCL!J]:"bcW	dfe�\^J]M]bCBCD^MH9;\�9;:�PhgiWXLja�Z�bCJHB[e�:�kXDF:�JHJ]BCD^:�k

l�:�DFmXJ]BCEKDFb5n+W;dfT�9;EKEQ9;MON"Z�EKJ]bKbQE49	b[o�L!N�J]BCE&b
efpqLr9	D^\tsuN$9;BKBCD^EQv(JHMHE]>wZ�Lr9;EKEH>xJHP�Z6G3LjJH:�WX:Uv(JHM]EH>xZ�Lr9	ECEH>xJHP�ZyG3bCJHEKECD^J]BOv(JHM]EH>xZ�L!9;ECE]>wJ]P�Z

I�N�WX:�J	s{z�|~}�p��	z"��pQ|��;�;z�G�z�|~}�p&�	z"�~p&�X��|~��G"z�|~}�p��	z"��p5��|~�X�
�U9��Ys�z�|�}�p&�	z���pO|~�;�X}

�f���5�F���]�����
�{�������F�����K���O�� ��¢¡��C��£;¤¦¥���§¨�©���O£;ª��O �«j«¬ ~�§¨�
ª	 ~®C�V ~�Q�O ]¯"�h°²±�³µ´A¶[�O·¸ ��!¹º£;«?�3£;»���»X®K�¸�F»¼���Fª	��½
�3�H�Q¤¾£	�O«¬ �»�¹º�j�K¯"�K®K��«¬�4�� ��S�F»�¹º�Q�� ��C���¿®C���r�K�Fª	»��¨¤F½
�¨¹º �»�¹]�À£;¤¬�� ~®K�Á���H§F º¯Â¤¾ �¡�§Ã®C�¿�¨»Ä±�³µ´A¶[�]Å Æ��
���O���K��»X®i 4®K��¹Q��»��¨Ç�¡��(¤¾£��È±�³µ´A¶¢�� ~®C�!����§¨ ]¯¬¤¾ �¡�§¨®
���H®K��¹º®K�¨£;»É�È���F¹C�Ê�F»X®K��ª��O ~®C���¸®K���&®¸�¨»��C�]�Q®C�¨£;»Ë�È�Ã®C�
®K���À±�³µ´A¶ ��§F �¹º��«¬��»X®Ë �»��Ä�Q£;¡�®K�¨»�ª©�K®K �ª	���¿®C£
 �¹º¹]£	«?��§¨�F�K�/®C���&®C�¨»�ªÌ�È�Ã®K�Ä§¨£��Í®K���&®� ~����§¨�F¹º ~®C�¨£;»
®K�¨«j�	Å�¶[»� �¹º¹]¡��O ~®C���K®K ~®C�¨¹Ë®K�¨«j�¨»�ª¼ �»� �§Ã¯"Î]�]�¿�F�
¡��C���j®C£Ï�F����»X®C�¨¤^¯j¹Ð�O�¨®K�¨¹] �§Y�� ~®C���� �»��r�¡��¨§¨®�½q�¨»r�K��§¨¤F½
®K���&®[°²ÑÓÒCÔ"�Ó·{�� ��Q���µ ~�O�(�¨�µ�¨»��K�H�Q®K���¬¡��K�F»�ª4 Õ��§F �¹º�]½
«¬��»X®f �»��?�O£;¡�®C�¨»�ª4®K£�£	§²ÅuÒ�»��Ã®C�¨ �§��HÖ��3�H�O�¨«¬��»X®K �§��O�]½
�K¡�§Ã®C�6�C��£���®K�� ~®�®K���K®K�¨»�ª��¨�y �¹]¹º£;«?��§F�¨�C�������È�Ã®K�(§F£��
®K���&®� ~����§F�¨¹º �®K�¨£;»Ï®K�F«¬�Ó¤¾£	�µ�C�]×;�H�Q �§�3��»�¹Q��«¬ ��CØ¦���]½
�K�Fª	»��ºÅ

ÙQÚÓÙtÛ"ÜXÝXÞ�ß�à�á	Ü�âÃÞ�Û
ã�äæå&çéècê�ëtìºí]ëtîºïiïÈîºð�çwå�íHîOñtåuîÐëtëqîQòAóFã�ô6õföu÷Uñ�åCøqù�ú�ìºçæìºí]ò
ù�îºû�è~ëtî]ûüñtäæøKîÐçæçwòrëtåKè~ý�ø&åKèþñtù�å¦ø&ì]û²ñ�ìºÿ{ù�îÐëqè��yîÐëtå4ï�îºú�ý��
ÿ¨îºø5ñtý�ëtå � ïÈî��Häæú�í=ù�îÐëqè��yîÐëtå?äwï�ê�çæå&ï�å&úHñqîOñ�äæìºú�åKø&ìºú�ì]ïiä��ø&îÐçæçæòjÿÃåCîºû�äwð�çæå4ÿÃì]ë�îÐê�ê�çwäéø&îÐñ�äæìºú�û���ù�äéøqù��YåKë�åÕê�ë�å
	Häæìºý	û²çæò
ë�åCûüñtë�äéø5ñtåKè4ñtìAû�ìÐÿ ñ��yîÐëtå��Óö�ûuñ�ù�åÈý	û²åiìÐÿyã�ô6õfö�û�äæúÏø&ìºï�
ïiåKëtø&äæîºç�ê�ë�ì~è~ý	ø5ñtû�ð;åKø&ìºï�åKû�ï�ì]ë�åyø�ì]ïiï�ì]ú�ê�çéîºø�å � ñ�ù�å�û�äæí��ú�ä��;ø&îÐú	ø�åÏìÐÿµëtå&çæäæîºð�äæçwäwñüò+îÐú�è ñ�åKû²ñ4ù�îºû(î!íºëtåKîÐñ�å&ë���ú�îºú��
ø�äéîÐç�äæï�ê�îºø�ñ
���yù�åSý�û²åSìÐÿ{ã�ôYõföÌñtåKøqù�ú�ìºçæìºíºò!äwú+ù�äwí]ù��
ê	åKë²ÿÃì]ë�ïÈîÐú	ø�å{û�ò�û²ñ�åKïÈû�ù�îºû�äwú	ø�ëtåKîºû�åKè[ñ�ù�åÓû�äwí]ú�ä��;ø&îÐú	ø�å�ìÐÿ
ã�ô6õföVê	îOñ�ùAè~å&çéîQòiÿ¨îÐý�çwñtû
�$ö�ûyã�ôYõföVñ�åCøqù�ú�ìºçæìºí]òÓï�ì�	]åKû
ñ�ìþø�çæý�ûüñtå&ë��^ð	îºû�åKè+îÐëqøqù�äwñ�åCø5ñ�ý�ë�åCû�� ��� � ñtù�å¦ïÈî��üìºëAäwï�ê�î]ø5ñìÐÿ{è~å&çéîQò!ÿ¨îÐý�çwñtû�ìºú+äæúHñ�å&ëqø�ì]ú�ú�åCø5ñ[ê�îÐñ�ù�û[ð	åCø�ì]ïiåCûcï�ìºëtå
îºø�ý�ñ�å��
�Ïåµê�ëtåKû�å&úHñfîÈð�ý�äæçxñ��^äæú¦û�å&çwÿ��^ñ�åKû²ñió����! ���÷�îºê�ê�ëtì]î]øqù�ÿÃì]ë
ñ�ù�åAñ�åCûüñtäwú�í?ìÐÿ�ã�ô6õföÀê	îOñ�ù+è~åKçæîQò¸ÿ¨îºý�çwñtû
�"��úþì]ëtè~åKëiñ�ì
ð	å�îÐð�çæåÓñ�ì[í]ý�îÐëqîÐúHñtå&åµø&ìºëtë�åCø5ñuì]ê	åKëtîÐñ�äæìºúSîÐñuñtù�åiù�äwí]ù�åKû²ñ
ê	ìHû�û�äwð�çwå�û�ê	åKåKè � äxñUäéû$åCû�û�å&úHñ�äéîÐç�ñtì#	ºåKë�äwÿÃò{ñtù�îOñUú�ì�ê	îOñ�ùÈè~å$�çæîQòcå$%�ø�å&åCè�ûyñtù�åµø�çæì~ø&�cê;å&ëtäwì~è'�6ã�ô6õfö����! ��Vñ�åKøqù�ú�ä)(Hý�åCû
è~ì4ú�ìÐñµû�ý�*Xå&ë�ÿÃëtìºï©ñ�ù�å[ì�	ºå&ëtù�åCîºèÕëtåKû²ñ�ëtäéø5ñ�äæìºú	ûfìÐÿ6ñ�ëqîºè~ä��
ñ�äæìºú�îºç+���! ��Êð;åKø&îºý�û�åcñ�ù�å�ã�ôYõföÀäæûÓëtåKø�ì]ú���í]ý�ë�åCè¸îOÿ ñ�åKë
ñ�åKû²ñ�äæú�í4ñtì4ë�åKï�ì�	ºåÈîÐçæç+���! ���çwì]íºäéø��4õ�ä�	]å&ú¸ñtù�åcï�äwçæçæäwì]ú�û
ìÐÿfäwúHñ�åKëtø&ìºú�ú�åKø5ñÈñtëtîºú�û�äæû²ñ�ì]ëtûiäæúþîºú+ã�ô6õföÌäwñ,�Yì]ý�çæèrð;å
äwï�ê;ì]ûtû²äæð�çæåfñ�ìiñ�åCûüñ�ñtù�å{ê�îÐñ�ù4è~å&çéîQò[øqù�îºëtî]ø5ñtå&ëtäæû²ñ�äéø&ûYìÐÿ$îÐçæç

ÿÃåKîºû�äæð�çwå4äæúHñ�åKëtø&ìºú�ú�åCø5ñÈê�îÐñ�ù�û
�.-4ìHûüñ[ã�ôYõföÌø&ìºú�û�ý�ï�å&ëqû
çwìHîºèjî¸û�ê	åCø�ä��	ø(è~åKû�äæíºújäæúHñ�ì¸ïÈîÐú�ò¬ã�ôYõföuû$�"�yù�å&ëtå�ÿÃì]ë�å
äxñ�äéûyìºú�çæòÈú�åKø&åKûtû�îºë�òiñtìÓñtåKû²ñyñ�ù�åCû²åfû²ê;åKø&ä��;ø�è�åKû�äwí]ú[ê�îÐñ�ù�û
�
/0%�îÐï�ê�çæåKû�äæú�ø�çæý�è~åcã�ôYõföuû�ý�û²åCèSäæú¸ú�å�ñ��6ìºë1�(ù�îÐëqè��yîÐëtå �è�îOñqîÓê�ë�ì~ø�åCû�û�äæú�íÓå2(Hý�äwê�ïiåKúHñ � îºú�èAïiäæçæäxñqîÐëtò[û²ò~û²ñ�åKï�û
�$ö�ç��ñ�ù�ì]ý�íºùÕè~å
	�äæø&åKû�ù�î3	]åfñ�ù�åÓø&îÐê	îÐð�äæçwäwñüòcñtìcð;å{ë�åCø�ì]ú���íºý�ë�åCè
äwúrñ�ù�å4�	å&çéè � ï�ìHûüñcã�ôYõföuû�ï�îºäwúHñqîÐäæújñtù�å4û�îºïiå4è~åCû²äæíºúñ�ù�ëtìºý�í]ù�ìºý�ñ3ñ�ù�å&äæë6ý	û�îºð�çwåuçwäwÿÃå��Uöuûyî{ëtåKû�ý�çxñ6äwú�äxñtäæîºç	ñtåKû²ñ�äæú�í
ÿÃìºëYîµû²ê;åKø&ä��	øuè~åKû�äæíºúcîOñ6ïÈîÐú�ý~ÿ¨îºø�ñ�ý�ëtåyñ�äæï�å�äéû3ìºÿ�ê�ë�äæïÈîÐëtò
	ºå&ëtä��	ø&îÐñ�äæìºú�ø&ìºú�ø&å&ëtú5�
6 ý�ëcñ�åKøqù�ú�ä)(Hý�åSäæû�îÐê�ê�çæäéø&îOñtäwì]ú+û²ê;åKø&ä��	ø � ñ�åCûüñtäwú�íjìºú�çæòñ�ù�ìHû²åAê�îOñtù�û7��ù�äæøqùrîÐëtå�ø&ë�äwñ�äéø&îºç3ÿÃì]ëiîSê�îÐë�ñ�äéø�ý�çéîÐë�îÐê�ê�çwä��
ø&îOñtäwì]ú5�=ö©ûüñqîOñ�äéø(ñtäwï�äæú�í¬îÐú�îºçwò98Kå&ëÈäéûcý�û�åKè!ñ�ìjäæè~åKúHñ�äwÿÃò
ø�ëtäxñtäæøKîÐç�ê�îOñtù�ûuÿÃìºëuñ�åCûüñtäwú�í(îÐú	è4ñ�ù�åÓê�îÐñ�ù�ûfîºë�åiû�øqù�åCè~ý�çæåKè
äwúHñ�ì¸ñtåKû²ñ�û�åKûtû²äæìºú�û�åCîºøqùrìÐÿ:��ù�äéøqùþñ�åKû²ñtû[î?û²å&ñcìÐÿfê�îOñtù�û
äwú(ê�îºëtîºçwçæå&ç;�< ~äwú�ø&å�ã�ô6õfö�ë�åCø�ìºú=��íºý�ëqîOñtäwì]ú[ø&îºú�ëtå
(Hý�äæëtå�î
íºëtåKîOñ�è~åKîºç]ìºÿ�ñ�äæï�å � ñtù�å6øqù�äwå&ÿ�íºìHîÐçHäæû�ñ�ì�ï�äwú�äæï�ä�8Kå3ñtù�åYñ�åKû²ñîÐê�ê�çæäéø&îOñtäwì]úµñtäwï�åyð�ò{ï�äwú�äwï�ä)8&äæú�í�ñ�ù�åyú�ý�ïµð;å&ë$ìºÿ�ñtåKû²ñ$û�åKû!�
û²äæìºú�û
�>�yù�å�ïÈîÐäæú¦ëtåKû²ñ�ëtäæø�ñ�äæìºúÏìºú¦ñ�ù�å�äæú�û�å&ë�ñ�äæìºúÏìÐÿ����! ��
çwì]íºäéøfäæûyñtù�îOñ�ñtù�å{è~åKçæîQòAøqù�îÐëqîºø�ñ�å&ëtäéûüñtäæøKûYìºÿ�ñtù�å�ê�îÐñ�ù�û�ý�ú��
è~å&ë[ñ�åKû²ñ[ïÓý�ûüñAú�ìÐñ�ð	åSîºçxñtå&ëtåKè'�?�yù�äéûcäéû[î]ø&ø&ìºï�ê�çæäæû�ù�åKè
ðHòAäæú�û²åKë²ñtäwú�í,�+�! =�Vçæìºí]äæøfý�û�äæú�ícìºú�çwòAø�ìºï�ê;ìºú�åKúHñtû�ìºÿ�ñtù�å
ã�ô6õfö@��ù�äéøqù¸îºë�å�ú�ìºñµè~ëtä�	]å&úÏðHò¦îÐú�òÕê�îÐñ�ù¸ý�ú�è~åKë�ñ�åCûüñ2�
�¦å6ù�î3	ºåYï�ì�è�ä���åCèµî�ê�çæî]ø�åKïiåKúHñ�îºú�è�ëtìºý~ñtäwú�í�ñ�ì�ìºç]ñ�ìfø�ì]ú��
û²äéè~å&ëyñtù�äéû�ë�åCûüñtë�äéø5ñtäwì]úAè�ý�ë�äæú�í>���! �� äæú�û�å&ë�ñ�äæìºú5�
�yù�å�ëtå&ïÈîÐäæú�è~åKëYìºÿ"ñ�ù�äéû6ê�îÐê;å&ë6äéûYì]ë�íHîÐú�ä)8&åCèÈîºû3ÿÃìºçæçwì���û
A

 �åKø�ñ�äæìºúB�!�Yû�ý�ï�ïÈîÐëtä�8KåKûYê�ëtå$	�äwì]ý�û��Yì]ë��C�0 �åKø�ñ�äæìºú4�!�!�Yê�ëtì��
	Häéè~åCûµî4ù�äæíºùjçwå
	ºå&ç+	�äwå
�Éìºÿyñ�ù�åAû²ò~û²ñ�å&ïD��ù�äéøqùE�Yå[ù�î3	ºå
äwï�ê�çæå&ï�å&úHñtåKè¸ñtì4äwú�û�å&ë�ñF���! ��Éçwì]íºäéø�äwúHñtìÕîÐú¬ã�ôYõfö-è~å$�
û²äæíºú5�E �åCø5ñ�äæìºúG�IHÀð�ë�äæåKJ�ò¸ëtå$	�äæå$��û�ñtù�å(îºûtû²ý�ï�åCè¬ã�ôYõfö
ûüñtë�ý�ø�ñ�ý�ëtåuîºú�èiñ�ù�å�ð�î]û²äéø�ø&ìºú�ø&å&ê~ñqûUìÐÿ�è�å&çéîQòµñtåKû²ñ�äæú�íL�M �åCøN�
ñ�äæìºúOH+è~åKûtø�ëtäwð;åKû�ù�ì��P���! ��jû²ñ�ëtý�ø5ñtý�ëtåKû�îÐëtåyäwú�û�å&ë�ñ�åCè{äæúHñ�ì
ñ�ù�å{è~åCû²äæíºú[ñ�ìiñ�åCûüñ�åCîºøqù�ê�îOñtù5�Q �åKø�ñ�äæìºúBHR�6è~åKûtø�ëtäwð;åKû6ñtù�å
ê�ë�ì~ø&åKûtû[ìºÿ{ñ�åCûüñ4û²åCû�û�äæìºúVè~å$��ú�äwñ�äæìºú5�S �åCø5ñtäwì]ú�ûBHR�!��îÐú�è
HR�!���uê�ë�åCû²åKú]ñ�åK%~ê;å&ëtäwï�å&úHñqîÐç�ë�åCû²ý�çxñqû�îºú�èSø&ìºú�ø&çwý	û²äæìºú�ûuëtåK�
û²ê;åKø�ñ�ä)	ºå&çæò��

Ù�ÙQÚFTuÝ'U9V�âÃÞ�àXW7YËÞ�Ý'Z
 �å
	ºåKëtîºç�ïiå&ñ�ù�ì~è�û�ÿÃìºë�ú�ìºú���è~å&çéîQòÈñtåKû²ñ�äæú�ícã�ôYõfö�û�ù�î3	ºå
ð	åKå&ú4ê�ý�ð�çwäéû²ù�åKè(äæú(ñ�ù�å{çæäwñ�å&ëqîOñtý�ëtå � å�� íL� � � [3� � � \�� � � ]�� � ��^
_�� ���^`^K� � ��^2[�� � ��^
a�� � ��^�b2� � ��^2\��c�d-4ìHûüñ�ìÐÿUñtù�åiïiå&ñ�ù�ì~è�û�ý~ñtäwçæä)8&å



e=f=g)h�i�j;g)kml!n
h�o�j;i�n2l�iqpsr�t!u�vxw�e9y�z${�k�|~}�f=�1g�kL}7��L��i�i�n
��kB}�n
k�j
n$�&��i�{`����kL���Bl!g)}�k~��i�fL��nF��kL��h)y9�$n
�Ro��1{���f=k9fLl�n
���L����i1ld{�o
i��=nq�<�+�:�F�Lv��=n2l!n:�OnKi1�={��=l��L�3�`n�e�n$n
k����=�=h)g)n
��i�{Oi�n2l�i�j
g�k=}qo�{��Qh){�}`g)z�eLh�{�z&��l0os��f=h�i&lR���
���;�����2���c�`g)k�i�n$�&zK{`k=k=n2zNi0os��fLh�i&l
���3�3�c�5�����2�c�5� ���;�5� ���X��kL�Be=��g ��}`g�k=}7os��fLh�i&lq���2���c�
�<�+�:�¡r�t!u�v¢i�n2z&�=k=g £`fLn
l7�L�3��n���h)l�{�e�n$n
kG���L�=h�g)n
�Ei�{

��n$h �3y¤i�n
l!i�g)k=}¤e9y¤f~l!g)k=}�i�n
l!iO�L��i�i�n$�1k¥}`n$k=n
�1��i�{��&lq¦��Lg)z&�
}�n$kLn$�&��i�nqi�¦+{,�~��i!i1n$�1k�i1n
l!i1l� ���;�0���$§��c��¨:�&��l�k=g)n$¦xl��9gQ���`�K�c�
���3©3�c�ª�L�`lq�=�1{���{`l�n
�«��k¥���=�=�1{`�`z&�«¦��=g)z&�¥z${�k�|~}�f=�1n
l#fLk�j
fLl!n2��¬�Xr�l�g�k�i��=n�<�+�:�¢��l�h�g)k=n
���xo�n
n
��eL�`z&�ml!�=g�o�i:��n
}�j
g)l!i�n
�1l�p�X�0u�®xl&wOo�{`���L��i!i1n$�1k�}�n$kLn$�&��i�g){�k���kL��l!g)}�k~��i�fL��n
��kL��h�y�l�g)l
�>¯x{�¦�n$��n
�
�Ci1�=n,��n
h)�3ymos��f=h�iFzK{���n
�1��}�n7{�e�i&��g)k=n
�
fLl!g)k=}>�&��kL�={��S�L��i!i1n$�1kLl��L�`l�e~n
n$k°o�{�fLkL�4i�{>e�nqh�{�¦¢���3©3�c�
v�¦+{±�OnKi1�={��=lm{�oOg)��L��{��9g)k=}"os��f=h�i�zK{��`n$�&��}�n�e9y.�O{��9j
g�o�y9g)k=}²i1�=nPi1�=n¥o�fLkLzNi1g�{`kLl¤g��O�=h)n$�On$k�i1n
��e9y³g)kL��g)��g ��fL��h
zK{�k=|L}�f=�&��eLh�n:h){�}�g zde=h){9z&��lqpc¬�Xr�l&w��L�3��n#e�n$n
km�=��{`�~{�l!n2�'�
u9g�k~zKnMi1�=n���n$h �3ydi��=�1{�f=}`�q�d¬�ªr«g��O�=h)n$�On$k�i1n
�qe9y#�xh){9{���j
f=�i1��eLh�nqp�X´Rvxwµg l0g)kL��n
�~n
kL��n$k�iM{�o~i1�=n�o�f=kLzKi�g){�k>�1n
��h)g)�$n
�
e�y4g�i2�Li1�=g l�i��&��k~l�o�{`���>��i1g�{`k4¦�g)h)hXk={�iR��¶Cn
zNid��k9y��L��i�����n$j
h)�3y`�
tIk.i��=n�|L�&l�iB�n$i��={��·���`�K�c��i��=n«X´�v¸{�oqn
��n
��y±�O{��9j

f=h�nOg l:��n
�=�1{�}��&���O�On
�Bi1{°g��O�=h)n$�On$k�i:i��Ln�~���1g�i�y¥ps¹�ºd®Rw
o�f=kLzNi1g�{`k¥{�oxg�i1lg)k=�=f�i&l$�«�xh�i��L{�f=}`�Ei��=g lFi��&��kLl!o�{��1�>��i�g){�k
g�kLz$��n2��l�n
ldi1�=n,�=�1{�eL��e=g)h�g�i�y�{�o��=nKi�n2zNi1g�{`kE{�ox��n$h �3y�os��f=h�i1l
�
i��=nBl!g)}�kL��h0i��&��k~l!g�i�g){�kLl7��h){�k=}°i1�=n,i1n
l!i�n2�E�L��i1�¥�>�3y�kL{�i
e~n4i��=nml1���On°��lFi��={�l!nBg�kGi��Ln4{`��g)}�g)kL��h�zKg)�&zKf=g�i
�Pv��Ln$�1nKj
o�{��1n��ªi��=n�i�n
l!i7�1n
l�f=h�i1l#�>�3y¤k={�iFi��1f=h�y¤g)kL��g z$��i1n�¦��=n$i��=n
�
{��:k={�i#i1�=n>{��1g)}�g)kL��h0zKg)�&zKf=g�iq¦+{`f=h ��{`�~n
�1��i�n>zK{`���1n
zKi�h)y���i
i��=n#�&��i1n
�BzKh){9z&�4l!��n$n2�'�
v��=n:l�n
zK{`kL�,�On$i��={������2©��5��i!i1n$�O��i&lQi1{>zK{��1�1n
zNiQi��=g l�e9y

��n
�=��{`}��&���O�Og�kL}Bn2��z&�Pª´Rv»l�{�i1�L��ii��=n4i��&��k~l!g�i�g){�kLlF{�k
n
��z&�Eg)k=�=f=iN¼3{`f�i��Lf�i7�L��g�����1nOi��=nBl����On���lqi��={�l!n,g)kEi1�=n
{��1g�}`g�kL��hRX´�v���kL�±i1�=n�i1{�i&��hRk9f=�7e~n
��{�o:{`f�i��Lf�i�i1�1��k�j
l!g�i�g){�kLl,g)l>�>��½9g)�Og��
n
�'�¾v��=g l>�OnKi��L{9�±�~��l>e�n$n
k±l��={�¦�k
i�{�=��{���f~zKnd�=g�}`�=n$�+os��fLh�ixzK{��`n$�&��}`n�¦�g�i1�4�1n
��f~zKn
�,i�n2l�i�l!n$j
£`fLn$kLz$n�h�n
k=}�i1�5��u9g)kLzKnmi1�=n�o�fLkLzNi1g�{`kLl,g)�O�=h�n
�On$k�i�n2��e9y
i��=n#�����1g){�fLlx¬�Xr�l��L�3�`n:e~n
n$kmz&�L��kL}�n
�5�9i��=nql�g�}`kL��h�i1�1��k�j
l!g�i�g){�kLl���h){�k=}>������g){�fLlx�L��i1�LlR�>�3yBl�i1g�h)hµ�=g�¶Cn$��o���{`�¿i1�={`l�n
g�kBi��Ln#{��1g�}`g�kL��h'zKg)�1z$f=g�i2�

ÀKÀ$À2Á7Â:ÀKÃCÄSÀ&ÅXÆ$ÇLÈ`É'Ê�ËªÅ�Ã~ÌµÆKÉ'Ç=Í
v��=n{���n
�1��h�hµl�i1��f~zNi�fL��n7{�oMi1�=n>r+t!u=v³g�kLl�n$��i�g){�k¤l!y�l!i�n
�

g)lql��={�¦�k«g)k¥�ªg)}�fL��nm�`�4�»�`n$y��~����iq{�o�{�f=�F���=�=�1{`�`z&��g l
i��=n��=g��1n
zKi�g��O�=h)n$�On
k`i&��i1g�{`k�{�o#�L��i1�²��n$h �3y¥i1n
l!i�g)k=}Pz$g���j
zKf=g�i��1yFg)kOi��=n��µ���:�²��n
��g zKn`�µvª{#�=�1{���n�i��LnR��n$h �3yqi1n
l!i�g)k=}
zK{�k~zKn$�=iF¦+n��L�3��n>fLl�n
�Ei��=n,Î0n
�1l1��i1g�h)n��Qh)�`zKn,��k~�¥®�{�f=i�n
p�Î��+®Rw��<�+�:�Ïi�{9{�h5l�nKi�o��1{��»i1�=n#´xk=g)��n
�1l�g�i�y>{�oªvª{��1{�k�i�{
� §���i1{7g)�O�=h)n$�On$k�i�i��=n#z$g��&zKf=g�i��1y��0v��=ndi1{�{`h'l!f=g�i�n:g)kLzKh)fL��n2l
i�g)�g)k=}«���1g��`n$k¥�L�`z&�9g�k=}~�<�=h)�`zKn
�n
k�i
�Q��kL�E�1{�f�i1g�k=}�o�f=kLzKj
i�g){�kLl
��v��=n4Î��+®@i�{9{�h+i1����}`nKi&lq��}`n$k=n
��g z,zKh)fLl!i�n
�!jceL��l�n
�
���&z&�=g�i1n
zKi�f=�&��h��O{���n$h��1��i��=n
�>i��~��k²�El��~n2zKg�|~zmg)kL��fLl!i��1g)��h
�µ���:�?���&z&�=g�i�n
zKi�f=�1n��

v��=n¤{��1g)}�g)kL��h�h�{`}�g z���n2l!g)}�kÏg)lBl!y9k�i��Ln
l�g��
n
��fLl�g)k=}Pi1�=n
Î��Q®"i1{9{�h;�<�.l�i&��i�g z�i1g��Og)k=}7��kL��h)y9�$n$�0¦��Lg)z&�,g lMeLf=g�h�iQg)k�i�{
i��=n#Îd�Q®.i�{9{�h0���
Ð��'g l�fLl�n
��i�{Og)�=n$k�i�g�o�y4z$��g�i�g z$��h��~��i��~l�o�{��
i�n
l!i�g)k=}~�<vªn
l!iMl!n2l�l�g){�kLl0����n���nK|~k=n
�e9yF}`��{`f=�=g)k=}Ri1{�}`nKi��Ln$�
i��=n¤zK�1g�i1g)z
��hR�~��i��~l,¦��=g z&�²�Ff~l�i�e�n�i1n
l!i�n2�'�Ñv��=n�Îd�Q®
i�{9{�h+g)lFfLl!n2�«��}`��g�k¤i1{��=h ��zKn,��kL�«�1{�f�i1nOi��=n�r�t!u�v¢h){�}`g)z
k=n$n2��n
��o�{��:n
�`z&��i1n
l!i#l�n
l1l�g�{`k5�Fv��=n|LkL��h0��n2l!fLh�i:g)l#�Bl�nKi
{�oQ�<�+�:��r�t!u�v³��n2l!g)}�k~l$��{�k=n:o�{`�Rn2��z&�°i�n2l�idl!n2l�l�g�{`k5�xr�y
�=��{`}��&���O�Og�kL}�i��LnB�<�+�:�Ò¦�g�i��"n
�`z&�Gr�t!u�vS��n2l!g)}�kX�Q��h)h
zK�1g�i1g)z
��h'�L��i��Bi�g)�Og�k=}Oos��f=h�i1lx����n:��nKi1n
zKi�n
�5�

À1ÓBÁFÔ�È'Ç=Õ�Ê�ÍRÊ�Å'ÖªÈ'Ê�ÇLÆ
× n¤�`l�l�f=�On���k�g)l�h)��kL�9jIl�i�y9h)n��<�+�:�Ø���&z&�=g�i1n
zKi�f=�1n¥� ���

¦��=g)z&�°g lxzK{`�O�~{�l!n2��{�o<��k°�����&�3y>{�o<g ��n$k�i�g z$��hCi�g)h�n2l$�+ÙQ��z&�
i�g)h�n°g lz${��O��{`l�n
�E{�o��GÚ$ÛÝÜ9ÞNßcà$á�� Ð��x��k~�Pl�f=���1{�fLkL��g)k=}�g)k�j
i�n$�&zK{`k=k=n2zNiB�`l�l��={�¦�k²g)k.�µg�}`f=�1n¤©��¢v��=n�g)k�i�n
�1z${�k=k=n2zNi
l�i1��fLzKi�f=�1n�{�oCn
�`z&�Fi1g�h)nxg lM�#l�nKiM{�oCh)g�k=n2l0¦��=g z&�,z$��k7e�nRzK{`k�j
k=n
zKi�n
�"e9yP�«l�nKi>{�o�â�á�ã1ä�á�å�ææOå`çKÛ)à�è�é~ßcà$á�Ú&ã�é~é�à&ÚKß�â=ã�è�éLß�Þ
ps�Mt���w+¦��=g)z&�B��zKi��`l�l!¦�g�i1z&�=n2l$�0�Qt��Ql����1ndl��={�¦�k4�`l�l!�>��h)h
l�£�fL����n2l���i�i��=n:g)k`i1n$�&l!n2zNi1g�{`kLl�{�oªh)g)k=n#l!n
}��On$k�i1l�g)k°�ªg)}�fL��n
©��+Ù+��z&�°zKh)fLl!i�n$�Rg�k��i1g�h)n#g)l��,¬�XrÏ¦��={`l�ndo�f=kLzNi1g�{`kL��h)g�i�y
z$��k¤e�n�L��{`}��&���O�On
�'��»¬�ªr?g l#zK{��O��{`l�n
��{�o��4l�nKi#{�o
�Ff=h�i�g)�=h)nK½�n$�&l$�~êLg)��j;êL{��Ll
�~��kL�mX´�v�l��`lRl��={�¦�k°g�k��ªg)}�fL��n
Ð=�<ÙQ��z&�7X´Rv¥g)l0��§�jce=g�i<�`�=���1n
l1l���e=h�n�®x�Rë¿¦��=g z&�z
��kFe�n
�=��{`}��&���O�On
�Oi1{7g)�O�=h)n$�On$k�iR��k9yO§Og�kL�=f�i�h�{`}�g zxo�fLkLzNi1g�{`k5�

G1

C1

F1

X

F4
ì

C4 G4
YQ

Y

G3

F3

G2C2F2
XQ

C3

Double

í Double

íSingle

Longline

îLongline

î

Double
ï

Single
ð

Double
ï
Longline
ñ

Longline
ñ

  Switch
  Matrix

Direct
ï

Cluster
ò

ó=ôöõ3÷�ø2÷,ù�ú�ûÝü&ý3þ2ÿ������2û��0ó	��
���5ôöû��
r�nKo�{`��n>�L��n2l!n
k`i1g�kL}m{�f=�#i1n
l!iF�OnKi1�={��'�<¦+nO|L�&l!iF��n
�9g�n
¦

l!{`�n,i�n$�1�Og�kL{�h){�}�y¤g)kP��n$h �3y�i1n
l!i�g)k=}L�M�`lF���=�=h)g�n2�¤i�{�z$g���j
zKf=g�i1l4zK{�k~l!g l�i1g�kL}¥{�oql�g��O�=h)n�}`��i�n2l�ps�����7���������7�xºd®#�
�dºd®���kL���dºdvxwK� × n�l!�L��h�hRfLl!nBi1�=n�l����On4i1n$�1�Og�k={`h�}`y
o�{��x�<�+�:��l$�=�1n$�Lh)�`zKg)k=}7}���i1n
l�e9y�X´�v�l$�
� âLå�ß���� g l � l�n
£�f=n$k~zKn {�o»}���i�n2l ��k~� h)g)k=n
l
�



Logic 
Circuit
(.blif)

Place/
Route Analysis

Timing
Session
Test

Definition

Place/
Route

FPGA
BIST

Designs

Initial
Design Insertion

BIST

�	����� �!�"�	#%$&('%)�*,+-)�.0/2143656��7!.8*:9,/65614;

......

LUT D

    I
Inputs

    O
Outputs

   Clock

�	������<0�"&(=%7!.0>��!?�3A@CB�D�1FEG7!�!��HF'%D�7:HAI

JLKNMPOQKRM4J S0MTO�S�M,UVUWUVMTO�XGY�SZM4JNX%[]\_^a`:bT`-JNcedQfhgji gZkT`N[]gLlnmoO�cedQf
g�pWdVla`hkT^agZk"q�rRl	l	`0q!kTfskT^	`trRuvkPwauvkxrLy�J c kPrjgNlzdWl	w	uvkxrLy
J cV{|SZ} J K gNlam~J X gLbT`skT^	`-�:�Z�v�T�T�egLlam��N���!�6���%�Z�2���Z�~rLy���[
bP`0f�w�`,q�kPdW�N`:pW� }�� `xfP^agLpWp�bP`,w	bP`0f�`,l k�fPuaqC^~gtwagZkT^~�G��g�f�`:�
�Rua`:laq:`xrLy�iRgZkT`,f8gNpVrRl	`N[|d } ` } [|����JLK�J S�UVUWU4JNX�[�f�dWlaq�`xdVk�dQf
f�uv�"q:dV`,lRk�kPreu	ladW� u	`,pV��dWm	`:l kPdVy���kP^	`�wagZkT^ }�  �N`,bP��iRgZkT`]dWlv�
w	uvksrRl¡g�wagLkP^j��dQfsgNl¢�Z�n£W¤	�L��¥z���Z¤%�v��rNy]� }�¦ pWp§rNkP^	`,b
dVl	wauvkTf�kTr¨iRgZkT`,f�rRlt�©gLbT`8q:gLpWpW`,mtdªkCf«�!���N�s���Z¤%�v��� }
¦ wagLkP^��~^agRf�gt�!�Q�!���G¬-�®��Z¯�¯°���G¬!±"�2�P�L�	�!���6���L��®��Z�v¯ª�²dªy4[vdWl

kP^	`�w	bT`,fP`:laq:`]kP^a`�y�gNu	pªk0[GkP^	`«mv`,pWg��¨rLy³kP^	`�wagZkT^hdQf�iRbP`0gZkT`:b
kP^agNl©kP^	`�q�pWrGqC´~wn`,bPdWrvm�[y�rNb�kP^	`"wngLbPkPdQq�u	pQgLb�m	dVbT`,q�kPdWrNljrLy
kPbCgLlafPdªkTdVrRl�gZk�kP^	`¨f�rRu	bCq�`erNy�kP^	`�wagZkT^ }�¦ l�dWl	w	uvk«�N`0q!kTrNb
µ-dWf8fTgLdQm-kTr~�:�:�	�!���2�V¶,�«g�wagLkP^~dªy�kP^	`¨�ZgLpWu	`xgZk«kT^	`xmv`,f�kPdV�
lagZkTdVrRl·m	`:w�`:lam	f�rNl·kT^	`e�ZgLpWu	`�gLk]kP^	`sf�rRu	bTq:` }�¦ kP`0f4k]y�rRb
kP^	`�bPdQf�dWl	i�¸�y�gLpWpWdVl	iG¹�kTbTgNlaf�dVkPdWrNl"y�gLu	pVk§rRlhgewagLkP^t��q�rNlnf�dQf4kCf
rLy]g·�N`0q!kPrRb��AwagNdVbxº©µRSLM�µL»]¼8[�\_^	`,bP`xµRS"gLlam(µL»hw	bPrvmvunq�`
½ ¸4¾�¹�gLlam©¾ ¸ ½ ¹![	bT`,fPwn`0q!kTdV�R`:pW�N[agLk]kP^	`sf�rRu	bTq:`8rLy���[�gNlam�µL»
f�`,laf�dVkPdW¿:`0f�kP^	`8wngZkP^ }
� ^	`,lÀwagZkT^Ámv`:pQg���y�gLuapªkCf�gLbT`¡q:gNuaf�`0m¢�G�Â��gNbPdQgZkTdVrRlaf

dVl·kT^	`eÃxgLlGuvy�gRq!kPuabPdWl	ixw	bTrvq�`,fTf,[	\§`sq:gLlal	rLk�gRfPfPu	Ã¨`«kP^agLk
rNl	pW�hkT^	`skP`,f�kP`0m-wagLkP^�dQf]y�gNu	pVk4� }�Ä ra[%g¨y�bP`0� u	`:l k�bT`,� u	dWbT`��
Ã�`,l k§dWlhmv`:pQg���kP`0f4kTdVl	isdWf�kP^ngZk�kT^	`�y�gLu	pVk§u	lnmv`:b§kP`0f4k�Ã�uaf�k
�n`�mv`�kT`,q�kP`,m�dVlnmv`:w�`:lam	`:l krNynmv`,pWg��vf²dWlekT^	`�bP`0f4krLyvkP^a`�q:dVbP�
q�u	dVk }FÅ `,f�kTf�\_dVkP^·kT^	dWf�wabPrRwn`,b�k4�hgNbP`8q,gLpWpV`0m��P�RÆ��G�!�§�A���!��� }
¦ kT`,f�ktºjµ S M�µ » ¼�dQf�gNw	w	pWdV`0mjgNf«y�rRpVpWrZ\]f,Ç ¦ y�kT`:b�µ S dQf

gLw	w	pWdW`,m�[NfPuv�"q�dW`:l k�kTdVÃ¨`_dQf�gLpWpVrZ\�`,mey�rNb�kP^a`]q�dWbTq:u	dªk�kTr«f�kTgL�
�	dVpWdW¿:`e��`�y�rRbP`8µ » dWf�gLw	w	pWdW`,m }�Å ^	dQf]iNungLbCgLl kP`,`,f�kP^a`edVladªkTdWgNp

��gNpVua`«gLk§kT^	`8mv`,f�kPdWlagLkPdWrNlhdQf§kP^agLk_w	bPrvmvunq�`,mh�G�¨kP^	`«�ZgLpWu	`
gZk³kT^	`�fPrNu	bCq�`R[,dWlamv`,wn`,lamv`,lRkrLyagNl ��mv`:pQg���y�gLu	pVkTf²kP^agLk|Ãxg��
�n`"wabP`0f�`,lRk }tÅ ^	`x�ZgNpVu	`"gLkekP^a`"mv`,f�kPdWlagZkTdVrRljdWferN�afP`:bT�N`0m
¸�pQgZkTqC^a`,ma¹«`:È	gNq!kTpV�~gZy�kP`,b8kP^a`xbTgLkP`,m©q:pVrvqC´�w�`:bTdVrvm }hÉ y�kT^	`
y�gLu	pVk�dWf�w	bT`,fP`:l k0[�kP^	`��ZgLpWu	`�gZk�kP^	`_mv`0f4kTdVlngZkPdWrNls\_dVpWpv��`§kT^	`
fPgNÃ�`8gRf�kP^	`8�ZgLpWu	`8u	lnmv`:b_µ SL}
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Å ^	`xwngZkP^nf«kPr·��`xkP`0f4kT`,m©gLbT`�ÙabTf�k8dWm	`:l kPdVÙa`,m(�G�~q:rNÃ��

w	uvkPdWl	i©wagLkP^afxmv`,pWg��vf�rLy�kP^	`-q:uaf4kTrNÃ¨dW¿:`,mÛÚ�Ü§Ý ¦ [�uaf�dWl	i
��gNpVua`,f�g��ZgLdWpWgN�	pW`�y�bTrNÃÞÚ�Ü�Ý ¦ fPw�`,q�dVÙnq,gZkPdWrNlnf�gLlamsbPrRuvkPdWl	i
dVlvy�rRbPÃxgLkPdWrNl }"Ä dWlaq�`¨kT^	`xbTdWfP`xgLlam�y�gLpWpFmv`:pQg��vf8gLbT`�m	dªß%`:bP�
`:l k,[v`0gNqC^tfP`:pW`,q�kP`0mhwagLkP^tÃ�uaf�k_�n`�kP`0f4kT`,mt\_dªkT^hkT^	`8f�dWiNlngLp
kPbCgLlafPdªkTdVrRlaf«kT^agZk¨q:gLl©��`hw	bTrvmvuaq:`,mjgLpWrNlai·kP^	`"wngZkP^jualv�
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x changes to 1; destination FF and FF-A will be at
value produced by x=0 
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final value of 1->0 transition captured in destination FF7

x changes from 1 to 0 to test falling transition

(x steady at 1 from 3 to 6)
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