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wlVeU�S�Y[WJ�6��VeU¬�XVe�a�HK,g¬Ze�£S�FHK�wlVeU�VeILKJS�KJU�g�VeQHiLYaQ6YaS�Y�Ve�(W,ZXQHiCYaS�Y[ZXQHgh¡�vpVeS�FHKJUhbT��K���ZX�6�[i��aYa´fK�S�Z�´AQHZh� ��F6Y[W�F?WJ��VXg�g�K,g
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S�Z dfKJQHKJU�VeS�K¤� �lVe�aYaS�VeS�Ya�fK¤g�S�VeS�K,gL��F6Y[W�F VeU�K¦QHZXS`�XVe�aY[i§YaQ§S�FHK\�aYadcF S`Ze��S�FHK�g�K,� �HKJQHW,K�Ze���T�lVe�aYaS�VeS�Ya�fK\g�S�VeS�K,g
w6U�K,W,K,iCYaQ6d�YaSh¡{ORQ`ZXU�i6KJU�S�Z �H�aS�KJU¬ZX�6SsS�FHK,g�K��T�lVe�aYaS�VeS�Ya�fK�g�S�VeS�K,ghbTV�S�F6YaU�iLSR�Aw(K�Ze�tW,ZXQHg�S�U�VeYaQ S¬WhVeQ`�(K���ZXU�I��6��VeS�K,i
��F6Y[W�F�w6�6S�g�U�K,g�S�U�Y[WJS�Y[ZXQHg$ZXQ�g�K,� �HKJQHW,K,g�Ze�¬�T�lVe�aYaS�VeS�Ya�fKLg�S�VeS�K,gh¡¢OQ5g�K,WJS�Y[ZXQ©MC¡a|cbtg��HW�F @��-�H�K���C!t����5$	
*K������	�5 ��Ya�a�
�(K�iCY[g�WJ�Hg�g�K,i�YaQ¦ILZXU�K°i6KJS�VeYa�_¡

Ordinary differential equation (ODE)

Qualitative differential equation (QDE)

abstraction abstraction

numerical simulation

analytical solution or

Qualitative behavior
qualitative simulation
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�4Yadc�6U�K�MC®N�p�Hg�S�U�VXWJS�Y[ZXQ�U�KJ��VeS�Y[ZXQHg�YaQ\� �lVe�aYaS�VeS�Ya�fK�g�YaI��6��VeS�Y[ZXQt¡

ACB�� FG<HJIEK)LMH1L�K)N�O�R,K�� G<IQH�L�KQ^�W H%I���^+`aK)L�\��
E�FHK=�lVXg�Y[W¢Y[i6KhV��6QHi6KJU��a�TYaQ6d¤� �lVe�aYaS�VeS�Ya�fK�g�YaI��6��VeS�Y[ZXQ�Y[g�Ze�¶S�KJQ¥g�W�FHKJI`VeS�Y[WhVe�a�a� g��6I=I`VeU�Y�0hK,i��T�¤ILKhVeQHg$Ze� �HdX]
�6U�K MC¡ E�FHK VeYaI Ze��� �lVe�aYaS�VeS�Ya�fK g�YaI$�6��VeS�Y[ZXQ Y[g?S�Z©dfKJQHKJU�VeS�K¤�³U�ZXI V�ª �0q VeQHi YaQ6YaS�Y�Ve��� �lVe�aYaS�VeS�Ya�fK g�S�VeS�K
YaQC��ZXU�I`VeS�Y[ZXQ �XW&��#�2 # 6 ��S�FHZcg�K¦�T�lVe�aYaS�VeS�Ya�fK¦� KJFlVh�TY[ZXU�gLS�FlVeS�VeU�K�Ve�Hg�S�U�VXWJS�Y[ZXQHg`Ze�0S�FHK¦g�ZX�a�6S�Y[ZXQHgLZe�0S�FHK¦WJ��VXg�g
Ze�(^ ��qsg°g�VeS�Y[g
�³�TYaQ6d�S�FHKLª �0q�¡tE�FHK=Ve�adfZXU�YaS�F6I g�S�VeU�S�g0�T�¨W,ZXI=w6�[KJS�YaQ6d\S�FHK¢YaQ6YaS�Y�Ve�7g�S�VeS�K�YaQC�³ZXU�I`VeS�Y[ZXQ�S�Z�Ve�a�
�T�lVe�aYaS�VeS�Ya�fK=g�S�VeS�K,g�W,ZXQHg�Y[g�S�KJQTS0��YaS�F S�FHK�g�S�VeS�K�W,ZXQHg�S�U�VeYaQ S�gh¡ \�K^¯CShb(YaS�i6KJS�KJU�I=YaQHK,g0��ZXU�KhVXW�F W,ZXI=w6�[KJS�K,i�g�S�VeS�K
YaS�g�w(Zcg�g�Ya�6�[K�g��HW,W,K,g�g�ZXU�ghbA�Hg�YaQ6dLS�FHK0S�U�VeQHg�YaS�Y[ZXQ\W,ZXQHg�S�U�VeYaQ S�gk¡sE�FHK�g��HW,W,K,g�g�ZXU�g�S�VeS�K,g�W,ZXQHg�Y[g�S�KJQTS���YaS�F¦S�FHK°g�S�VeS�K
W,ZXQHg�S�U�VeYaQTS�g¬VeQHiLdc�[ZX�lVe�lW,ZXQHg�S�U�VeYaQ S�g¬VeU�K��aYaQ6´fK,i=S�Z�S�FHK�W,ZXI=w6�[KJS�K,i`YaQ6YaS�Y�Ve�lg�S�VeS�Kc¡{E�F6Y[g7w6U�ZAW,K,iC�6U�K�Ze�£g��HW,W,K,g�g�ZXU
dfKJQHKJU�VeS�Y[ZXQ¤Y[g�U�K,WJ�6U�g�Ya�fKJ�a��Vew6w6�aY[K,i�S�Z¢S�FHK°g��HW,W,K,g�g�ZXU�g�S�VeS�K,ghb6K^¯6W,KJw6S�Y±��g��HW�F¨V¢g�S�VeS�K

|c¡�Y[g�V 2 �8���$5q!t�$�%	 g�S�VeS�Kcb S�FlVeS°Y[ghb V¦g�S�VeS�K¢YaQ���F6Y[W�FµVe�a���XVeU�Y�Ve�6�[K,g�FlV,�fK`V¦�T�lVe�aYaS�VeS�Ya�fKLiCYaU�K,WJS�Y[ZXQ�K,� �lVe�7S�Z576 ! �
}C¡�Y[g V 	
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����� 5$	���	j� b�S�FlVeS Y[ghbkYaQHWJ�a�Hi6K,i�YaQ�S�FHK��(ZX�6QHiHVeU��°Ze�CS�FHKsZXw(KJU�VeS�YaQ6d�U�KJdcY[ZXQ�VeQHi°ILZh�AYaQ6d�ZX�6S�¬VeU�i �
MC¡�Y[g�Y[i6KJQ S�Y[WhVe��S�ZLV¢w6U�KJ�AY[ZX�Hg�g�S�VeS�KcbHg�YadcQlVe�aY�0,YaQ6d?V=WJ�AWJ�aY[W��T�lVe�aYaS�VeS�Ya�fK°�(KJFlV,�AY[ZXU!�HZXU
�H¡�ZTW,WJ�6U�gpVeS���� y ¡

�lZXU�KhVXW�F�W,ZXI=w6�[KJS�K,i�YaQ6YaS�Y�Ve��g�S�VeS�Kcb S�FHK�g�YaI$�6��VeS�Y[ZXQ�Ve�adfZXU�YaS�F6I S�F �Hg�w6U�ZTiC�HW,K,g¬V)2 �����4��	��9	
�7��F�+���8��U�
��*n	
*+�+� ¡
E�FHK¤� �lVe�aYaS�VeS�Ya�fK\� KJFlVh�TY[ZXU�g?VeU�K¦S�FHK¦wlVeS�FHg=�³U�ZXI"S�FHK¦U�ZAZXSU=³g[I�S�Z�S�FHK¦�[KhV,�fK,g?Ze��V S�U�K,Kcb�S�FlVeS`Y[ghb��¶U�ZXI"S�FHK
YaQ6YaS�Y�Ve�(g�S�VeS�K9=³g[I�S�Z$g�S�VeS�K,gs��YaS�FHZX�6S�g��HW,W,K,g�g�ZXU�gh¡W��Ya�fKJQ¦V$ª �0q���YaS�F`�cVeU�Y�Ve�6�[K,gTb\VeQHi`YaQ6YaS�Y�Ve�(�T�lVe�aYaS�VeS�Ya�fKpg�S�VeS�K
YaQC��ZXU�I`VeS�Y[ZXQ`�XW&��#�2 # 6 �^bfS�FHK¬��ZX�a�[Zh��YaQ6d�Ve�adfZXU�YaS�F6I �³ZXU�I`Ve�a�a�¢i6K,g�WJU�Ya�(K,g�S�FHK�dfKJQHKJU�VeS�Y[ZXQ`Ze�£� �lVe�aYaS�VeS�Ya�fK�� KJFlVh�TY[ZXU
S�U�K,K,g�YaQ¤ª�«AO � ¡

& � ¸�" $ �¬ZXI=w6�[KJS�K �XW&��#&2 # 6 ��S�Z¢YaQ6YaS�Y�Ve� g�S�VeS�K,g:�XWT�����s�grs�utututU�(�XW ����� ���hbA��F6Y[W�F¤VeU�K0S�FHK0U�ZAZXS�g�Ze�4S�FHK0� KJFlVh�TY[ZXU
S�U�K,K,gh¡�m��6S�S�FHK�W,ZXI=w6�[KJS�K,i�YaQ6YaS�Y�Ve� g�S�VeS�K,g�ZXQ�S�FHK°VedfKJQHiHVC¡

& � ¸�" � OR�£S�FHK�VedfKJQHiHV�Y[g¬KJI=w6SR�fbAS�FHKJQ?g�S�ZXw#�TS�FHK�wlVeS�FHg��³U�ZXIxS�FHKpU�ZTZXS�gsS�Z�S�FHKp�[KhV,�fK,g¬YaQ`S�FHKp�(KJFlV,�AY[ZXU�S�U�K,K,g
VeU�K�S�FHK°�T�lVe�aYaS�VeS�Ya�fK°�(KJFlV,�AY[ZXU�g��cb r �ututut �(�cb%$_¡C^pS�FHKJU���Y[g�Kcblw(ZXw¤V=g�S�VeS�K �XW&��� J ��ZXU��XW ��� J ��� J # r ���¶U�ZXIS�FHK°VedfKJQHiHVC¡

& � ¸�" " �lZXULKhVXW�F²�cVeU�Y�Ve�6�[K�q©Ze��S�FHK¦g��Ag�S�KJI�b��Hg�K�S�FHK�S�U�VeQHg�YaS�Y[ZXQ²W,ZXQHg�S�U�VeYaQTS�gLS�Z i6KJS�KJU�I=YaQHK¦S�FHK�w(Zcg�g�Ya�6�[K
g��HW,W,K,g�g�ZXU�g�Ze� �XW ����JQ�¬ZXUa�XW&����J ���KJ # r��^¡
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& � ¸�"��$�0KJS�KJU�I=YaQHK�S�FHK�g��HW,W,K,g�g�ZXU$g�S�VeS�K,g$W,ZXQHg�Y[g�S�KJQ S¢��YaS�F©S�FHK�g�S�VeS�K?W,ZXQHg�S�U�VeYaQ S�gLVeQHi¥dc�[ZX�lVe��W,ZXQHg�S�U�VeYaQ S�gh¡
��i6i�S�FHK,g�K°g�S�VeS�K,g�S�Z=S�FHK0� KJFlVh�TY[ZXU�S�U�K,K�� ���aYaQ6´AYaQ6dLS�FHKJI S�Z �XW ����J_��ZXU��XW ����JE����J # r �^¡

& � ¸�"�� ��i6i KhVXW�F KJ�aYadcYa�6�[K5g��HW,W,K,g�g�ZXU?g�S�VeS�K¤S�Z�S�FHK5VedfKJQHiHVC¡ � g��HW,W,K,g�g�ZXU�g�S�VeS�K¤Y[g?KJ�aYadcYa�6�[Kcb��6Q6�[K,g�g?YaS`Y[g
� �6Y[K,g�W,KJQ ShbCY[i6KJQ S�Y[WhVe� S�ZLV�w6U�KJ�AY[ZX�Hg�g�S�VeS�KcbHV$S�U�VeQHg�YaS�Y[ZXQ�g�S�VeS�Kcb6ZXU�ZTW,WJ�6U�U�YaQ6d`VeS��7� y ¡ �¬ZXQTS�YaQ �HK���YaS�F
g�S�KJw\}C¡

E�F6Y[g`i6K,g�WJU�Yaw6S�Y[ZXQ Ze��S�FHK\ª�«AO � Ve�adfZXU�YaS�F6I�W,ZXQHW,KJQTS�U�VeS�K,g`ZXQ²YaS�g¢�lVXg�Y[W?��KhVeS��6U�K,g!��YaS=�[KhVh�fK,g`ZX�6SLi6KJS�VeYa�[g
VeQHi¥VeS�S�KJI=w6S�g$V?U�VeS�Y[ZXQlVe�7U�K,W,ZXQHg�S�U��HWJS�Y[ZXQ¥Ze��g�ZXILKLVXg�w(K,WJS�gh¡��HZXU�YaQHg�S�VeQHW,KcbtS�FHK=g�ZX�6U�W,K¢U�K^�³KJU�KJQHW,K,g$i6K,g�WJU�Ya� K
FHZk� g�S�VeS�K=W,ZXI=w6�[KJS�Y[ZXQ�YaQ�g�S�KJwHgL|`VeQHi���Ze�¬S�FHK`Ve�adfZXU�YaS�F6I Y[g�VXW�F6Y[KJ�fK,i©� �¤��ZXU�I`Ve�aY�0,YaQ6d\YaS$VXg�V�W,ZXQHg�S�U�VeYaQ S
g�VeS�Y[g���VXWJS�Y[ZXQ=w6U�ZX�6�[KJI =���«Am�I^¡Aª�«AO � �Hg�K,g4S�FHK�Ve�adfZXU�YaS�F6I � �H�aS�KJU(Ba|c|J��H6�³ZXU�K$.`WJY[KJQTS��a��g�ZX�a�AYaQ6d�S�F6Y[g ��«Am4¡ � Zcg�S
dc�[ZX�lVe�7W,ZXQHg�S�U�VeYaQTS�g�VeU�KLVew6w6�aY[K,i ZXQ6�a�¨V��³S�KJU0S�FHK¢g�S�VeS�K,g0FlV,�fK¢�(K,KJQ W,ZXI=w6�[KJS�K,i � � � �H�aS�KJU�VeQHi�VXi6i6K,i¤S�Z�S�FHK
�(KJFlV,�AY[ZXU�S�U�K,Kc¡

��SLV 	
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����� 5$	���	j� S�FHK?�(ZX�6QHiHVeU��©Ze��VeQ§ZXw(KJU�VeS�YaQ6d U�KJdcY[ZXQµY[g$U�KhVXW�FHK,i VeQHi�S�U�VeQHg�dcU�K,g�g�K,i£¡¥O_��S�FHKJU�K
Y[g°V�ILZAi6KJ����ZXU0S�FHK=g��Cg�S�KJI YaQ S�FHK�U�KJdcY[ZXQ ��F6Y[W�F©ª�«AO � Y[g°Ve� ZX�6S0S�Z�KJQ S�KJUhb�� �lVe�aYaS�VeS�Ya�fK=g�YaI$�6��VeS�Y[ZXQ¥WhVeQ5� K
U�K,g��6ILK,i�YaQ¦S�FHK0QHKJ� U�KJdcY[ZXQ���YaS�F¦YaQ6YaS�Y�Ve�tg�S�VeS�K9=³g[I�i6K �HQHK,i¦� ��V 	
*_���L5[�
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���F�[�8�%!#	
����� ¡�E�FHK0�cVeU�Y�Ve�6�[K,g�I`V,�?� K
iCY[g�W,ZXQTS�YaQ �HZX�Hg�VXWJU�Zcg�g�U�KJdcY[ZXQ\S�U�VeQHg�YaS�Y[ZXQHgh¡

E�FHK¢ª�«AO � Ve�adfZXU�YaS�F6I FlVXg�� K,KJQ¦YaI=w6�[KJILKJQTS�K,i¨YaQ\V=W,ZXI=w6�6S�KJU�w6U�ZXdcU�VeI �³ZXU�S�FHK°�T�lVe�aYaS�VeS�Ya�fK�g�YaI��6��VeS�Y[ZXQ
Ze��g��Cg�S�KJILg°i6K,g�WJU�Ya�(K,i5� �¥ª �0q7g<BVD�D�HR¡=E�FHK=�T�lVe�aYaS�VeS�Ya�fKL�(KJFlV,�AY[ZXU�g°U�K,g��6�aS�YaQ6d¦�¶U�ZXI S�FHK=g�YaI��6��VeS�Y[ZXQ¥w6U�ZAW,K,g�g
WhVeQ¦�(K�VeQlVe�a��0hK,i�VeQHi?dcU�Vew6F6Y[WhVe�a�a�¦iCY[g�w6��V,�fK,i£¡sE�FHK0�Hg�KJU�FlVXg�S�FHK�ZXw6w ZXU�S��6Q6YaS��S�Z=W,ZXQTS�U�ZX�£S�FHK�g�YaI��6��VeS�Y[ZXQ��T�
g���YaS�W�F6YaQ6d?ZXQ¨VeQHi�Z�, �H�aS�KJU�g���F6Y[W�F¨W�FHK,W�´�W,ZXQHg�Y[g�S�KJQHWJ�¦Ze��S�FHK°g�S�VeS�K,g���YaS�F\S�FHK°�cVeU�Y[ZX�Hg�SR�Aw(K,g�Ze�7� �lVe�aYaS�VeS�Ya�fK
W,ZXQHg�S�U�VeYaQTS�gh¡ ��S�U�VXW,K���VXWJYa�aYaS��Ve�a�[Zk��g�ZXQHK�S�Z�ZX�Hg�KJU��fK0S�FHKpYaI=wlVXWJS�Ze�{iCY-,(KJU�KJQTS�W,ZXQHg�S�U�VeYaQ S�g�YaQ�S�FHK�g�YaI��6��VeS�Y[ZXQ
w6U�ZAW,K,g�g0VeQHi¤i6KJ�6�6d�S�FHK$ILZTi6KJ�[gh¡pE�FHK�YaI=w6�[KJILKJQTS�VeS�Y[ZXQ�Ze�¬ª�«AO � FlVXg��(K,KJQ¤��U�YaS�S�KJQ¨YaQ �¬ZXI=ILZXQ5rtY[g�w¨VeQHi
Y[g�Vh�XVeYa��Ve�6�[K�VeS�������	�
���������������������������������! !�����"�!��#"�!��$�#��6¡&%

E�FHK¢�(KJFlV,�AY[ZXU°Ze��V�S�VeQ6´¨g��Ag�S�KJI �H�a�[K,i¨�³U�ZXI KJI=w6SR�5WhVeQ � K¢g�YaI$�6��VeS�K,i5� �¨ILKhVeQHg�Ze��ª�«AO � b �Hg�YaQ6d¦S�FHK
��ZX�a�[Zh��YaQ6d�YaQ6YaS�Y�Ve� g�S�VeS�K�YaQC��ZXU�I`VeS�Y[ZXQt®

�XW ��#�2 # 6 ���B�Y��� ��
������ ���B��/ �('�'��(��� �l	 �����U���B� h / ��y.d � 5Y6 !]'��(��� �l� �����U���B� h / ����
�7d � 5Y6 !4'�'��
��FHKJU�K)'1ILKhVeQHg�S�FlVeS�S�FHK��cVe�a�HK$Y[g��6QHg�w(K,WJY��lK,i£¡�E�FHK�YaQ6YaS�Y�Ve��g�S�VeS�K�YaQC�³ZXU�I`VeS�Y[ZXQ5Y[g�W,ZXI=w6�[KJS�K,i¤YaQTS�Z¦V`g�YaQ6dc�[K
YaQ6YaS�Y�Ve� � �lVe�aYaS�VeS�Ya�fKpg�S�VeS�K�� ��YaQC��KJU�U�YaQ6d�S�FlVeS7S�FHK��T�lVe�aYaS�VeS�Ya�fK�iCYaU�K,WJS�Y[ZXQ?Ze�J
=VeS<����Y[g�#�2433=³g�S�KJw\|UI^¡{E�F6Y[g7g�S�VeS�K�Y[g
w(ZXw6w K,i=�¶U�ZXI S�FHK�VedfKJQHiHV0YaQ�g�S�KJw`}C¡���g�YaQ6d�S�FHK�W,ZXQHg�S�U�VeYaQ S�ghbAV0g�YaQ6dc�[K�g��HW,W,K,g�g�ZXU7g�S�VeS�K�ZXQ hI���,����rUdeY[g{dfKJQHKJU�VeS�K,i
=³g�S�KJwHg�MLVeQHi¦��I^¡���i6iCYaQ6dLS�F6Y[g�g�S�VeS�K°S�Z=S�FHK�VedfKJQHiHV =³g�S�KJw¤z9I^blVeQHi¦U�KJw(KhVeS�YaQ6d`S�FHK°g�S�KJwHg�}¢S�Z=�Hb6�AY[KJ�[i6g�S�F6U�K,K
g��HW,W,K,g�g�ZXU�g�S�VeS�K,g0VeS�� r ¡Q\�ZXQHK�Ze�sS�FHK,g�K¢g�S�VeS�K,g�Y[gpKJ�aYadcYa�6�[K =³g�S�KJw5z9I^b(g�Z�S�FHK¢g�YaI��6��VeS�Y[ZXQ �HQ6Y[g�FHK,g�VeS0g�S�KJw�}LYaQ
S�FHK�QHK^¯CS�wlVXg�g�Ze�{S�FHK��[ZAZXwt¡

E�FHK��T�lVe�aYaS�VeS�Ya�fK�� KJFlVh�TY[ZXU¢S�U�K,K?U�K,g��6�aS�YaQ6d¨�³U�ZXI S�FHK�g�YaI$�6��VeS�Y[ZXQ§Y[g�g�FHZh��QµYaQ �Hdc�6U�K���=�V9I^¡ E ��Z Ze��S�FHK
S�F6U�K,K¤� KJFlVh�TY[ZXU�g�VeU�K\i6KJS�VeYa�[K,i YaQ wlVeU�S`=¶�%IR][=³WUILZe��S�FHK �Hdc�6U�Kc¡ OQ²S�FHK �HU�g�S`�(KJFlV,�AY[ZXUhb�g�FHZh��Q YaQ =¶�%I^b�S�FHK
VeILZX�6QTS�Ze�4��VeS�KJU�W,ZXQ S�YaQT�HK,g�S�Z�YaQHWJU�KhVXg�K��6QTS�Ya�£S�FHK0S�VeQ6´�Y[g¬�³�6�a�tVeQHi�V$S�U�VeQHg�YaS�Y[ZXQ\g�S�VeS�K0Y[g�U�KhVXW�FHK,i =¶S�FHK0S�VeQ6´
Zk�fKJU_alZh��g[I^¡¢OQ¤S�FHK¢g�K,W,ZXQHi5�(KJFlV,�AY[ZXUhb£S�FHK�S�VeQ6´\U�KhVXW�FHK,g°K,� �6Ya�aYa�6U�Ya�6I VeS0S�FHK��fKJU��\ILZXILKJQTS°��FHKJQ S�FHK�S�VeQ6´
Y[g��¶�6�a�_bC��F6Ya�[K�YaQ¦S�FHK�S�F6YaU�i��(KJFlV,�AY[ZXUhbHg�FHZk��Q\YaQ =³WUI^blK,�T�6Ya�aYa�6U�Ya�6I Y[g�U�KhVXW�FHK,i��(K^��ZXU�K0S�FHK�S�VeQ6´�Y[g��¶�6�a�_¡ \pZXS�Y[W,K
S�FlVeShb�W,ZXQ S�U�VeU��5S�Z�Q �6ILKJU�Y[WhVe�¬g�YaI��6��VeS�Y[ZXQtb�g�KJ�fKJU�Ve�7w(Zcg�g�Ya�6�[K�� KJFlVh�TY[ZXU�g�Ze�¬S�FHK=g��Cg�S�KJI VeU�K¢w6U�K,iCY[WJS�K,i�YaQ S�FHK
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��ZXU�I�®

ª�«AO ��� �	��
�h�XW ��#�2 # 6 ��i �cb r�� tutut � �cb $ t
ª�«AO � w6U�Zh�fK,g��³U�ZXI�V?ª ��q VeQHi¤YaQ6YaS�Y�Ve�4�T�lVe�aYaS�VeS�Ya�fK¢g�S�VeS�K°YaQC��ZXU�I`VeS�Y[ZXQ �XW&��#�2 # 6 ��S�FHK$iCY[g�n �6QHWJS�Y[ZXQ5Ze�s� �lVe�aY±]
S�VeS�Ya�fK��(KJFlV,�AY[ZXU�ga�cb r�� tutut � �cb $ ¡

ª�«AO � Y[g 5q����� � VeQHi �7�"!+��� �%� �q	j� YaQ�S�FlVeS�S�FHK�iCY[g³n
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VeQHi b7��� � ����b���g�VeS�Y[g
�³�TYaQ6d[�	��
 VeQHi �XW ��#�2 # 6 �^¡ �§��KJ�a�±]_´AQHZh��Q�K^¯6VeI=w6�[K�Ze� V�g�w6�6U�Y[ZX�Hg{�T�lVe�aYaS�VeS�Ya�fK�� KJFlVh�TY[ZXU
Y[g�S�FHK$I`VXg�g
]Rg�w6U�YaQ6d?� KJFlVh�TY[ZXU0�AY[ZX��VeS�YaQ6d�S�FHK���Vh�.Ze�sKJQHKJU�dc�¨W,ZXQHg�KJU��cVeS�Y[ZXQ Ba|c|J��HRb ��F6Y[W�F¨��Ya�a�4�(K$iCY[g�WJ�Hg�g�K,i\YaQ
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�T�lVe�aYaS�VeS�Ya�fK°�(KJFlV,�AY[ZXUhb6S�FHK��(KJFlV,�AY[ZXU�Ve��Ve�Hg�S�U�VXWJS�Y[ZXQ¤U�KJ��VeS�Y[ZXQ�YaQ �Hdc�6U�K�M��6U�KhVe´Cg�i6Zk��Qt¡

�pQ�K,g�S�YaI`VeS�K°Ze�4S�FHK°W,ZXI=w6�[K^¯CYaSR�¦Ze��S�FHK�ª�«AO � Ve�adfZXU�YaS�F6I Y[g�dcYa�fKJQ�� �?S�FHK0Q �6I$� KJUpZe�{�T�lVe�aYaS�VeS�Ya�fK°g�S�VeS�K,g
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� ��� 	�����)l������)���*©�.� ���
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OQHg�S�KhVXi Ze��Q �6ILKJU�Y[WhVe���cVe�a�HK,g��³ZXU?S�FHK¨wlVeU�VeILKJS�KJU�ghbpU�KJ��VeS�Y[ZXQHg�� KJS��K,KJQ�g��AI��(ZX�aY[W¨�XVe�a�HK,g¦VeU�K¤�Hg�K,i£b���F6Ya�[K
Ve�adfKJ�6U�VeY[Ws�¶�6QHWJS�Y[ZXQHg I`V,���(K{YaQHW,ZXI=w6�[KJS�KJ�a��g�w(K,WJY��lK,i£bkS�FlVeS�Y[ghbei6K �HQHK,i°� �0S�FHKJYaU�ILZXQHZXS�ZXQ6Y[WJYaSR�°w6U�ZXw(KJU�S�Y[K,g ZXQ6�a�f¡
E�FHK�U�K,g��6�aS�YaQ6d¤�T�lVe�aYaS�VeS�Ya�fK�� KJFlVh�TY[ZXU�g¢VeU�KLYaQTS�KJU�w6U�KJS�K,iµVXg¢Ve�Hg�S�U�VXWJS�Y[ZXQHg�Ze��Q �6ILKJU�Y[WhVe��g�ZX�a�6S�Y[ZXQHghb4WhVew6S��6U�YaQ6d
�T�lVe�aYaS�VeS�Ya�fK���KhVeS��6U�K,g?Ze�°S�FHK\g�ZX�a�6S�Y[ZXQHghb�g��HW�F VXg`S�FHK\S�KJI=w ZXU�Ve�0ZXU�i6KJU�YaQ6d�Ze��I`V�¯CYaI`V©VeQHi I=YaQ6YaI`V¥Ze�°S�FHK
�cVeU�Y�Ve�6�[K,gh¡

E�FHK��lVXg�Y[W¦Y[i6KhV5Ze��� �lVe�aYaS�VeS�Ya�fK�g�YaI��6��VeS�Y[ZXQtb�g��6I=I`VeU�Y�0hK,i§YaQ �Hdc�6U�K\MCb7Y[g=YaQTS��6YaS�Ya�fKJ�a�§w6��Ve�Hg�Ya�6�[K�iC�HK¦S�Z
YaS�g�VeQlVe�[ZXdcY[K,g?��YaS�F QT�6ILKJU�Y[WhVe�0g�YaI��6��VeS�Y[ZXQt¡1o�Zh�¬KJ�fKJUhb�g�KJ�fKJU�Ve��w6U�ZX�6�[KJILg�Ze�¶S�KJQ W,ZXI=w6�aY[WhVeS�K¨S�FHK\w6U�VXWJS�Y[WhVe�
Vew6w6�aY[WhVeS�Y[ZXQ�Ze��ª�«AO � ¡£OQ S�F6Y[g�g�K,WJS�Y[ZXQtbtS��Z�WhVeS�KJdfZXU�Y[K,g$Ze�¬w6U�ZX�6�[KJILg°��Ya�a�7� K¢iCY[g�WJ�Hg�g�K,i£b£S�FHK=ZAW,WJ�6U�U�KJQHW,KLZe�
g�w6�6U�Y[ZX�Hg`� KJFlVh�TY[ZXU�g =³g�K,WJS�Y[ZXQ MC¡a|UI=VeQHiµS�FHK¦W,ZXI��6YaQlVeS�ZXU�Y�Ve�0K^¯Cw6�[Zcg�Y[ZXQ²Ze���(KJFlV,�AY[ZXULS�U�K,K,g =³g�K,WJS�Y[ZXQ MC¡ }9I^b¬VXg
�¬KJ�a��VXg$K^¯AS�KJQHg�Y[ZXQHg�Ze��S�FHK`�lVXg�Y[W�Ve�adfZXU�YaS�F6I S�Z¨W,ZX�6Q S�KJU�S�FHK,g�K�w6U�ZX�6�[KJILgh¡ �p�aS�FHZX�6dcF©S�FHK`S�K,W�F6Q6Y[WhVe��i6KJS�VeYa�[g
VeU�K?iCY-,(KJU�KJQTShb{S�FHKLw6U�ZX�6�[KJILg=Ve�[g�Z¤ZTW,WJ�6U$YaQ¥S�FHK`ZXS�FHKJU¢�T�lVe�aYaS�VeS�Ya�fK�g�YaI$�6��VeS�Y[ZXQ©ILKJS�FHZAi6g$ILKJQ S�Y[ZXQHK,i�YaQ©S�FHK
YaQTS�U�ZTiC�HWJS�Y[ZXQt¡=E�FHK=KJ�cVe�a�lVeS�Y[ZXQ�Ze��S�FHK¢w6U�ZX�6�[KJILg�VeQHi K^¯CS�KJQHg�Y[ZXQHg0YaQ�g�K,WJS�Y[ZXQ¥MC¡ M�w6U�KJwlVeU�K,g�S�FHK¢��V,�¤�³ZXU�S�FHK
iCY[g�WJ�Hg�g�Y[ZXQ¦Ze��� �lVe�aYaS�VeS�Ya�fK0w6FlVXg�Kpg�wlVXW,K�VeQlVe�a�Cg�Y[g�VeQHi�g�KJI=Y±]R� �lVeQTS�YaS�VeS�Ya�fK°g�YaI$�6��VeS�Y[ZXQ\Vew6w6U�ZfVXW�FHK,g�YaQ�S�FHK�QHK^¯AS
S��Z`g�K,WJS�Y[ZXQHgh¡

�CBED ���&G<`aK_^�G&R �CG7H%IQK_LMH�L�K_N�O�Y[O?\<H]N7K_^+`aR
E�FHK�g�YaI��6��VeS�Y[ZXQ�Ve�adfZXU�YaS�F6I�Ze��ª�«AO � U�K,WJ�6U�g�Ya�fKJ�a�LdfKJQHKJU�VeS�K,g�� �lVe�aYaS�VeS�Ya�fK�g�S�VeS�K,g�VeQHi`S�U�VeQHg�YaS�Y[ZXQHg�S�Z$g��HW,W,K,g�g�ZXU
g�S�VeS�K,gkb{VXg�K^¯Cw6��VeYaQHK,i¥YaQ�g�K,WJS�Y[ZXQµ}C¡ �H¡\E�FHK��T�lVe�aYaS�VeS�Ya�fK`�(KJFlV,�AY[ZXU�g�YaQ¥S�FHK�U�K,g��6�aS�YaQ6d¨� KJFlVh�TY[ZXU�S�U�K,K`I`Vh� � K
g�w6�6U�Y[ZX�Hgkb YaQ�S�FHK`g�KJQHg�K¢S�FlVeS°S�FHKJ� i6Z¦QHZXS�W,ZXU�U�K,g�w ZXQHi S�Z¤VeQ � g�ZX�a�6S�Y[ZXQ¥Ze��VeQ ^ �0q1Ze����F6Y[W�F©S�FHK�ª �0q�Y[g
VeQ�Ve�Hg�S�U�VXWJS�Y[ZXQt¡7E�FHK�ZAW,WJ�6U�U�KJQHW,K�Ze��g�w6�6U�Y[ZX�Hg��T�lVe�aYaS�VeS�Ya�fK0�(KJFlV,�AY[ZXU�g�WhVeQ?�(KpS�U�VXW,K,i��lVXW�´`S�Z�S�FHK�dfKJQHKJU�VeS�Y[ZXQ
Ze�{g�w6�6U�Y[ZX�Hg�� �lVe�aYaS�VeS�Ya�fK�g�S�VeS�K,ghbCg�w6�6U�Y[ZX�Hg�S�U�VeQHg�YaS�Y[ZXQHg��(KJSR�¬K,KJQ\�T�lVe�aYaS�VeS�Ya�fK�g�S�VeS�K,ghb6ZXU�g�w6�6U�Y[ZX�Hg�g�K,�T�HKJQHW,K,g�Ze�
�T�lVe�aYaS�VeS�Ya�fK�g�S�VeS�K,gk¡�ORQ¦S�F6Y[g�g�K,WJS�Y[ZXQtbHK^¯6VeI=w6�[K,gpZe�{KhVXW�F¤Ze�4S�FHK,g�K°g�YaS��lVeS�Y[ZXQHg���Ya�a�t� K0dcYa�fKJQt¡
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�T�lVe�aYaS�VeS�Ya�fK\VeQlVe�a�Cg�Y[g=Ze��iC�AQlVeI=Y[WhVe��g��Cg�S�KJILg B ~C|cb�~9FCb�|UFX}�HR¡�E�FHK,g�K�S�K,W�F6Q6Y[�T�HK,g=FHKJ�aw§w6U�Zh�AY[i6K\V¤F6YadcFC]_�[KJ�fKJ�
�AY[KJ��Ze��S�FHK��T�lVe�aYaS�VeS�Ya�fK°iC�AQlVeI=Y[W,g�Ze�{V�g��Cg�S�KJI-� �?Y[i6KJQ S�Y±�³�TYaQ6d�K,� �6Ya�aYa�6U�Ya�6I�w(ZXYaQ S�ghbC�aYaI=YaSpWJ�AWJ�[K,ghb6VeQHi¦ZXS�FHKJU
VeS�S�U�VXWJS�ZXU�gsYaQ=S�FHK�w6FlVXg�K�g�wlVXW,Kcb VXg{�¬KJ�a��VXg{� �¢i6KJS�KJU�I=YaQ6YaQ6d°S�FHKJYaU7g�S�Ve�6Ya�aYaS�=VeQHi¢�lVXg�YaQLZe�(VeS�S�U�VXWJS�Y[ZXQt¡ ��FlVeQ6dfK,g
YaQ©wlVeU�VeILKJS�KJU$�cVe�a�HK,g�I`Vh� �[KhVXi�S�Z\�6Y±�¶�6U�WhVeS�Y[ZXQHghb{S�FlVeS$Y[ghb�S�Z\W�FlVeQ6dfK,g�YaQ�S�FHK`Q �6I$� KJU=ZXU$W�FlVeU�VXWJS�KJU�Ze��S�FHK
VeS�S�U�VXWJS�ZXU�gh¡�m�U�ZX�lVe�6�a��S�FHK0� K,g�S
]_´TQHZk��Q¦U�K,g��6�aS�Ze�{iC�AQlVeI=Y[WhVe� g��Cg�S�KJILg�S�FHK,ZXU��?Y[g�S�FHK�W�FlVeU�VXWJS�KJU�Y�0kVeS�Y[ZXQ5Ze�4S�FHK
w6FlVXg�K^]Rg�wlVXW,Kp�(KJFlV,�AY[ZXU�Ze��g�K,W,ZXQHiA]RZXU�i6KJU��aYaQHKhVeU¬g��Ag�S�KJILg�YaQ?S�KJU�ILg¬Ze�tS�FHK�g�YadcQ�Ze�tS�FHKpKJYadfKJQT�XVe�a�HK,g�Ze��S�FHKpg�S�VeS�K
I`VeS�U�Y±¯£¡ E�F6Y[g¢U�K,g��6�aS�Y[g$dfKJQHKJU�Ve�aY�0kVe�6�[K�S�Z\F6YadcFHKJU
]RZXU�i6KJUL�aYaQHKhVeU=g��Cg�S�KJILghb4��F6Ya�[K¦ZXS�FHKJU¢S�K,W�F6Q6Y[�T�HK,gLVew6w6�a�¥S�Z
wlVeU�S�Y[WJ�6��VeU�WJ��VXg�g�K,g�Ze�{QHZXQ6�aYaQHKhVeUpg��Cg�S�KJILgh¡

�¬ZXQHg�Y[i6KJU�Ved VeYaQ�S�FHK�iHVeI=w(K,i¦I`VXg�g
]Rg�w6U�YaQ6d`g��Cg�S�KJI =�D9IR][=�F�I^¡ �K°WhVeQ�U�KJ��U�YaS�K°S�FHK°K,� �lVeS�Y[ZXQHg�YaQ¦S�FHK0��ZXU�I@@(� � � q�� ��� � �
q	� ����YaS�F
� � � / \

��� � ��� t =�~9I

E�F6Y[g��aYaQHKhVeU¦g��Cg�S�KJI FlVXg�V¥g�YaQ6dc�[K5K,�T�6Ya�aYa�6U�Ya�6I w ZXYaQTShb ��/ � /a�^¡ E�FHK¨g�S�Ve�6Ya�aYaSR� Ze��S�FHK¤K,�T�6Ya�aYa�6U�Ya�6I WhVeQ � K
g�S�U�VeYadcFTS
�³ZXU���VeU�iC�a�\i6KJS�KJU�I=YaQHK,i¦�³U�ZXI YaQHg�w(K,WJS�Y[ZXQ�Ze�{S�FHK°KJYadfKJQ �cVe�a�HK,gpZe����®

 � � ����� � � ������ t

«TYaQHW,K�S�FHK0U�KhVe�£wlVeU�S�Ze�{S�FHK�KJYadfKJQ �cVe�a�HK,g�Y[g�QHKJd VeS�Ya�fKcblS�FHK�K,� �6Ya�aYa�6U�Ya�6I w ZXYaQTS�Y[g�g�S�Ve�6�[Kc¡�OR� � � -����(bCS�FHKJQ�S�FHK
KJYadfKJQT�XVe�a�HK,g7VeU�KsU�KhVe�_bfVeQHi$VeQ�YaQ6YaS�Y�Ve�CiCY[g�w6��VXW,KJILKJQTS�Y[g£��ZX�a�[Zh��K,i��T��VeQ�Zk�fKJU�iHVeI=w K,i�U�KJS��6U�Q�S�Z�S�FHKsK,�T�6Ya�aYa�6U�Ya�6I�¡
^pQLS�FHKpZXS�FHKJU7FlVeQHi£bTY±� � � � ���(bTS�FHKJQLS�FHK�KJYadfKJQT�XVe�a�HK,g¬FlV,�fKpV0U�KhVe��VeQHi�VeQ`YaI`VedcYaQlVeU��=wlVeU�ShbTVeQHi=S�FHK�g��Ag�S�KJI
Zcg�WJYa�a��VeS�K,g��lVXW�´?S�Zh�¬VeU�i6g�S�FHK0K,� �6Ya�aYa�6U�Ya�6I YaQ�VeQ�VXg��AI=w6S�ZXS�Y[W0I`VeQ6QHKJUh¡ �\�4Yadc�6U�K=|h��g�FHZh��g�K^¯HVeI=w6�[K�g�ZX�a�6S�Y[ZXQHg
��ZXU�S�FHK�Ve�(Zh�fKpSR�¬Z=WhVXg�K,g¬VXg¬S�U�V�n�K,WJS�ZXU�Y[K,g�YaQ�S�FHK���� ��q �R]_w6FlVXg�K�w6��VeQHKc¡7E�FHKpQ �6�a�[WJ�aYaQHK,g���@��/¢VeQHi �q���/¢iCYa�TY[i6K
S�FHK?w6FlVXg�K?w6��VeQHK?YaQ S�Z¤��ZX�6U�U�KJdcY[ZXQHgkb�YaQ§KhVXW�F§Ze����F6Y[W�F§S�FHK�iC�AQlVeI=Y[W,g=Ze��V¤g��Ag�S�KJI Y[g¢W�FlVeU�VXWJS�KJU�Y�0hK,i²� ��V
�6Q6Y[�T�HK°g�YadcQ���ZXU���¨VeQHio�q(¡

E�FHK�K^¯HVeI=w6�[K�i6KJILZXQHg�S�U�VeS�K,g¬FHZh� g�YaI=w6�[K�I`VeS�FHKJI`VeS�Y[WhVe� S�K,W�F6Q6Y[� �HK,g¬w(KJU�I=YaSsS�FHKp� �lVe�aYaS�VeS�Ya�fKp� KJFlVh�TY[ZXU¬Ze�
S�FHKpI`VXg�g
]Rg�w6U�YaQ6d�g��Cg�S�KJI S�Z$� K�VeQlVe�a�80hK,i�YaQ?VeQ�KJ�[KJd VeQTS�VeQHiLw6U�K,WJY[g�Kp�¬Vh� =³g�K,K�Ba|UFA|$H��³ZXU�S�K,W�F6Q6Y[�T�HK,g�Vew6w6�a�TYaQ6d
S�Z¥QHZXQ6�aYaQHKhVeU��cVeU�Y�VeQ S�g?Ze�°S�F6Y[g`g��Cg�S�KJI6I^¡ OQ W,ZXQ S�U�VXg�Shb�S�U�KhVeS�ILKJQ S¦Ze��S�FHK\g�VeILK¤g��Ag�S�KJI"� � ª�«AO � Y[gL�[K,g�g
g�S�U�VeYadcFTS
�³ZXU���VeU�i£¡�OS�U�K,�T�6YaU�K,g�KJQHKJU�dc�\W,ZXQHg�S�U�VeYaQTS�g<BAF�GCb�|c|J�9H4S�FlVeS°VeU�K�WJ�6I��(KJU�g�ZXILK¢S�Z�K^¯Cw6U�K,g�g�YaQ¨S�FHK¢ª �0q
��ZXU�I`Ve�aY[g�I�bCVXgs�¬KJ�a� VXg�ILK,W�FlVeQ6Y[g�ILg¬S�Z�i6KJS�K,WJS�VeQHi�KJ�aYaI=YaQlVeS�K�W�FlVeS�S�KJU�YaQ6d��cVeU�Y�Ve�6�[K,gh¡ � ZXU�K,Zk�fKJUhbAS�FHK�U�K,g��6�aS�YaQ6d
�(KJFlV,�AY[ZXU°S�U�K,K¢i6ZTK,g0QHZXS�VXi6K,�T�lVeS�KJ�a�5i6K,g�WJU�Ya� K¢S�FHKLVXg��TI=w6S�ZXS�Y[W¢�(KJFlV,�AY[ZXU°Ze��S�FHK=g��Cg�S�KJI�b(YaQ5S�FHK=g�KJQHg�K�S�FlVeS
YaS=YaQHWJ�a�Hi6K,gLg�w6�6U�Y[ZX�Hg=� KJFlVh�TY[ZXU�g`YaQµ��F6Y[W�F²S�FHK¦K,�T�6Ya�aYa�6U�Ya�6I"w(ZXYaQ SLY[g¢QHZXS=U�KhVXW�FHK,i VXg��AI=w6S�ZXS�Y[WhVe�a�a�fb��6�6S=YaQ
�HQ6YaS�K$S�YaILKcb£V��¶S�KJU0V �HQ6YaS�K$Q �6I��(KJU�Ze�sZcg�WJYa�a��VeS�Y[ZXQHgh¡  F6Ya�[K$S�FHK,g�K°�(KJFlV,�AY[ZXU�g�I`V,�\ZAW,WJ�6U���ZXUpg�ZXILK°QHZXQ6�aYaQHKhVeU
I`VXg�g�]Rg�w6U�YaQ6d`g��Cg�S�KJILghbCS�FHKJ��i6Z=QHZXS�W,ZXU�U�K,g�w(ZXQHi¦S�Z`VeQT��g�ZX�a�6S�Y[ZXQHg�Ze�4S�FHK°�aYaQHKhVeU�g��Cg�S�KJI =�~9I^¡� 365/7��	�������]C�FG< N! GN C�<.\ >ANEL.7�>KC�>ALB8/=?=" !H68\ O(<�H�8 � HIC�FG< NM5�=AR C�>?5 � NZ7�<�NM<�\ T6=A< C�F65NM< D 5/7EC�FG< 5,P�<.74H68/\ O(<BH]LB8NM<�e
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�4Yadc�6U�K?|h�C®�q{¯HVeI=w6�[K�g�ZX�a�6S�Y[ZXQ\S�U�V�n�K,WJS�ZXU�Y[K,g0Ze�{S�FHK$iHVeI=w K,i\I`VXg�g
]Rg�w6U�YaQ6d?g��Cg�S�KJI�b6��ZXU3=�V9I � � - ���¤VeQHi =¶�%I
� � � ���(¡

vpK^�³ZXU�I$�6��VeS�Y[ZXQHg°Ze�7S�FHKLª�«AO � Vew6w6U�ZfVXW�F YaQ¤S�FHK$�³U�VeILKJ��ZXU�´¨Ze�siC�TQlVeI=Y[WhVe��g��Cg�S�KJILgpS�FHK,ZXU��SB ~Cb(z9FAb�|h}c}6b
|hzc~�H¬g�FHZh� S�FlVeS°S�FHK`W,ZXQHWJ�a�Hg�Y[ZXQHg$��K?VeU�U�Ya�fK,i©VeS°YaQ¥S�FHK`g�YaI=w6�[KLK^¯HVeI=w6�[K�Ve�(Zh�fK?Vew6w6�a�5ILZXU�KLdfKJQHKJU�Ve�a�a�f¡�ORQ
I`VeQT��g�YaS��lVeS�Y[ZXQHghb6S�FHK$ª�«AO � w6U�K,iCY[WJS�Y[ZXQHgpZe�{S�FHK°�T�lVe�aYaS�VeS�Ya�fK�� KJFlVh�TY[ZXU�gpZe��VLiC�TQlVeI=Y[WhVe�4g��Ag�S�KJI VeU�K0��KhVe´fKJU
S�FlVeQ?S�FHZcg�K�ZX�6S�VeYaQHK,i�� �=S�K,W�F6Q6Y[� �HK,g�i6KJ�fKJ�[ZXw(K,i`YaQ?iC�TQlVeI=Y[WhVe�(g��Cg�S�KJILg7S�FHK,ZXU��f¡W1�K,g�Y[i6K,g��(KJYaQ6d�V�S�ZX�HW�FHg�S�ZXQHK
��ZXU`S�FHK¤WJU�YaS�Y[WhVe��KJ�cVe�a�lVeS�Y[ZXQ Ze���¬ZXU�´²ZXQ �T�lVe�aYaS�VeS�Ya�fK¤g�YaI$�6��VeS�Y[ZXQtb�S�FHK¤w KJU�g�w(K,WJS�Ya�fK\Ze�°iC�AQlVeI=Y[WhVe��g��Ag�S�KJILg
S�FHK,ZXU��µVe�[g�Z\w6U�Zk�TY[i6K,gLV\�lVXg�Y[g��³ZXU�S�FHK?i6KJ�fKJ�[ZXw6ILKJQ S`Ze�pVe�aS�KJU�QlVeS�Ya�fK�ILKJS�FHZAi6gRB }6b�|h�c�Cb¬|hzc~�HR¡ «AKJ�fKJU�Ve��g��HW�F
2 �����4��	��9	
�7�� ���/��5#� 5��/�f!t�`���%������5[�75 ILKJS�FHZAi6gLFlV,�fK�� K,KJQ²w6U�ZXw(Zcg�K,i²g�YaQHW,K�S�FHK�KhVeU��a�µQ6YaQHKJS�Y[K,gh¡ �¬ZXQ S�U�VeU��§S�Z
ª�«AO � VeQHi�YaS�g�U�KJ��VeS�Ya�fK,gkbCS�FHK,g�K�ILKJS�FHZAi6g�VeU�K�S�VeYa�[ZXU�K,i?S�Z=V�wlVeU�S�Y[WJ�6��VeU�WJ��VXg�g¬Ze� iC�AQlVeI=Y[WhVe�£g��Cg�S�KJILghbTYaQ?ZXU�i6KJU
S�Z?ZXw6S�YaI`Ve�a�a�\K^¯Cw6�[ZXYaSpI`VeS�FHKJI`VeS�Y[WhVe�{U�K,g��6�aS�g0V,�cVeYa��Ve�6�[K$�³ZXUpS�FHK,g�K$g��Ag�S�KJILgk¡�E�F6Y[g�U�K,iC�HW,K,g�S�FHK�ZTW,WJ�6U�U�KJQHW,K�Ze�
g�w6�6U�Y[ZX�Hg�VeQHi¦�6Q6YaQC��ZXU�I`VeS�Ya�fK°�(KJFlV,�AY[ZXU�w6U�K,iCY[WJS�Y[ZXQHgh¡

E�FHK �HU�g�S{S�Tw(K�Ze� � �lVe�aYaS�VeS�Ya�fK�w6FlVXg�K�g�wlVXW,K�VeQlVe�a�Cg�Y[g{ILKJS�FHZTi¢i6KhVe�[g4��YaS�F¢Q �6ILKJU�Y[WhVe�HYaQHg�S�KhVXi�Ze� � �lVe�aYaS�VeS�Ya�fK
ILZAi6KJ�[gh¡ �0Ya�fKJQ VeQ ^ �0q�b{QT�6ILKJU�Y[WhVe��wlVeU�VeILKJS�KJU=�cVe�a�HK,ghb�VeQHi§V¨QT�6ILKJU�Y[WhVe��� ZX�6QHiCYaQ6d �(Z,¯©�³ZXU¢S�FHK¦g�S�VeS�Kcb
S�FHK,g�K?ILKJS�FHZAi6g=i6KJU�Ya�fK�S�FHK?w6FlVXg�K�g�wlVXW,K?� KJFlVh�TY[ZXULZe��S�FHK¦g��Ag�S�KJI �Hg�YaQ6d�V¨W,ZXI��6YaQlVeS�Y[ZXQ Ze��g��TI$� ZX�aY[W¦VeQHi
QT�6ILKJU�Y[WhVe��S�K,W�F6Q6Y[� �HK,gh¡  F6Ya�[K°S�FHK�ILZTi6KJ�[g�� KJYaQ6dLS�U�KhVeS�K,i¨VeU�K�Q �6ILKJU�Y[WhVe�_blYaS�Y[g�QHKJ�fKJU�S�FHKJ�[K,g�g�Vew6w6U�ZXw6U�Y�VeS�K�S�Z
��Ve�(KJ�7S�FHK=ILKJS�FHZAi6g$VXg°�T�lVe�aYaS�VeS�Ya�fKc¡)�p�aS�FHZX�6dcF¥QT�6ILKJU�Y[WhVe�sS�K,W�F6Q6Y[� �HK,g$�aY[K`VeS°S�FHK=FHKhVeU�S$Ze�¬S�FHK`Vew6w6U�ZfVXW�FHK,ghb
S�FHKJYaU��¶�6QHiHVeILKJQTS�Ve��VeYaI Y[g°S�Z�ZX�6S�VeYaQ�� �lVe�aYaS�VeS�Ya�fK�YaQHg�YadcF S$YaQ S�Z\S�FHK`iC�AQlVeI=Y[W,g�Ze��S�FHK`g��Cg�S�KJI�¡�E�FHKLU�K,g��6�aS�g
Ze��S�FHK=ILKJS�FHZAi6g°i6Z¦QHZXS°g�YaI=w6�a�5W,ZXQHg�Y[g�S�Ze��V¦g�KJS°Ze��g�ZX�a�6S�Y[ZXQ�S�U�V�n�K,WJS�ZXU�Y[K,gh¡LOQHg�S�KhVXi£btS�FHK¢ILKJS�FHZAi6g°w6U�Zk�TY[i6K
VeQ©VXW,W,ZX�6QTS$Ze�¬S�FHK=w Zcg�g�Ya�6�[K=� �lVe�aYaS�VeS�Ya�fKL� KJFlVh�TY[ZXU�g$Ze�¬S�FHK=g��Cg�S�KJI�btg�S�U��HWJS��6U�K,i�� �¨ILKhVeQHg�Ze��W,ZXQHW,KJw6S�g°�aYa´fK
K,�T�6Ya�aYa�6U�Ya�6I-w ZXYaQTShb �aYaI=YaS�WJ�AWJ�[KcbTg�S�Ve�6Ya�aYaSR�fb6VeQHi��6Y±�¶�6U�WhVeS�Y[ZXQt¡�OQ�W,ZXI=wlVeU�Y[g�ZXQ���YaS�F?��KJ�a�±]_´AQHZh��Q�I`VeS�FHKJI`VeS�Y[WhVe�
w6U�ZX�6�[KJI g�ZX�a�fKJU�g��aYa´fK � Vew6�[Kcb � VeS�FHKJI`VeS�Y[WhVCb�VeQHi � VeS���Ve�tb6S�FHK0w6FlVXg�K�g�wlVXW,K°VeQlVe�a�Ag�Y[g�w6U�ZXdcU�VeILg�VXi6i�V���V,�fKJU
Ze�0´TQHZk���[K,iCdfK¦U�KJw6U�K,g�KJQTS�VeS�Y[ZXQ VeQHiµS�VXg�´µW,ZXQ S�U�ZX��S�FlVeS`Ve�a�[Zk��gLS�FHK¦W,ZAZXU�iCYaQlVeS�K,i Vew6w6�aY[WhVeS�Y[ZXQ Ze��V¨U�VeQ6dfK¦Ze�
�[Zk��]_�[KJ�fKJ��Q �6ILKJU�Y[WhVe�pU�ZX�6S�YaQHK,gh¡ � iCY[g�VXiC�cVeQ S�VedfK\Ze��S�FHK�ILKJS�FHZAi6g=Y[g¢S�FlVeS`V5g�ZX�6QHiCQHK,g�gLdc�lVeU�VeQ S�K,K��aYa´fK�YaQ
ª�«AO � WhVeQ6QHZXSp� K0dcYa�fKJQt¡

q�¯6VeI=w6�[K,g�Ze��YaI=w6�[KJILKJQTS�K,i²Q �6ILKJU�Y[WhVe�pw6FlVXg�K¦g�wlVXW,K\VeQlVe�a�Cg�Y[g¢ILKJS�FHZAi6g`VeU�K PX� � B }c�e�lb7}c�czZHRb � �pm�«
B }C|h�6bT}C|c|qHRbfm�^�Oz\ �C��v�q Ba|hz�G�HRbTVeQHi�m�«Tu�}�\prSBa|J� M�HR¡{E�FHK(PX� � w6U�ZXdcU�VeI Y[gsW,ZXQHW,KJU�QHK,iL��YaS�F�S�FHK�Ve�6S�ZXI`VeS�Y[W
�T�lVe�aYaS�VeS�Ya�fK�VeQlVe�a�Ag�Y[g�Ze�lQHZXQ6�aYaQHKhVeU7o�VeI=Ya�aS�ZXQ6Y�VeQ�g��Ag�S�KJILg���YaS�F¢S��Z�i6KJdcU�K,K,g7Ze�H�³U�K,K,i6ZXI�¡{ORQ¢ZXQHK�YaQHg�S�VeQHW,KcbcS�FHK
�Hg�K�Ze�%PX� � FlVXg4�[K,i�S�Z�w6U�KJ�TY[ZX�Hg��a���6Q6´AQHZh��Q=U�K,g��6�aS�g{YaQ�F �CiCU�ZTiC�AQlVeI=Y[W,gh¡ � �pm¬«�Y[g7V�w6U�ZXdcU�VeI W,ZXQHg�S�U��HWJS�YaQ6d
V�� �lVe�aYaS�VeS�Ya�fK¬i6K,g�WJU�Yaw6S�Y[ZXQ=Ze�6S�FHK7w6FlVXg�K¬g�wlVXW,Ksg�S�U��HWJS��6U�K�Ze�6QHZXQ6�aYaQHKhVeU�g��Cg�S�KJILgh¡ �p�aS�FHZX�6dcF$S�FHK¬W,ZXI=w6�6S�VeS�Y[ZXQlVe�
W,ZXI=w6�[K^¯CYaSR� Ze��S�FHK¦ILKJS�FHZAi²FlVXg��aYaI=YaS�K,i²YaS�g?Vew6w6�aY[WhVeS�Y[ZXQ S�Z©g�K,W,ZXQHiA]RZXU�i6KJU?VeQHi S�F6YaU�iA]RZXU�i6KJU?g��Ag�S�KJILgkb�S�FHK
�6QHi6KJU��a�AYaQ6d§W,ZXQHW,KJw6S�g�VeQHi Ve�adfZXU�YaS�F6ILg�Vew6w6�a� S�Z¥F6YadcFHKJU
]RZXU�i6KJU�g��Cg�S�KJILg�VXg?��KJ�a�_¡.E ZXdfKJS�FHKJU¦��YaS�F m4KJU
�³K,WJS
� ZXILKJQ Shb���F6Y[W�F²VeQlVe�a��0hK,gLV\g��Ag�S�KJI � g$w6FlVXg�K�g�wlVXW,K��(KJFlV,�AY[ZXU$��YaS�F§g�w(K,WJY�Ve��VeS�S�KJQTS�Y[ZXQµS�Z¤W�FlVXZXS�Y[W?�³KhVeS��6U�K,g
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E�FHK$YaQ6YaS�Y�Ve���cVe�a�HK�� �°Ze� �5w6�6S�g�VXi6iCYaS�Y[ZXQlVe�{U�K,g�S�U�Y[WJS�Y[ZXQHg�ZXQ¨S�FHK°w(Zcg�g�Ya�6�[K°�(KJFlV,�AY[ZXU�g0Ve�a�[Zh��K,i¨�T��S�FHK � ZXQHZTi
ILZAi6KJ�"Ba|?DZHR¡4OR� � � � >J � bkS�FHKJQ���$Y[g�w(Zcg�YaS�Ya�fKcbcVeQHi°FHKJQHW,K!�¢VeQHi >¬WhVeQ6QHZXS4g�YaI$�6�aS�VeQHK,ZX�Hg��a��i6K,WJU�KhVXg�Kc¡ � ZXU�K,Zh�fKJUhb
Y±����µY[g$w Zcg�YaS�Ya�fKcb{S�FHKJQ �§Y[g$� KJ�[Zk� YaS�g¢K,�T�6Ya�aYa�6U�Ya�6I �XVe�a�HKcb7VeQHi �²VeQHii>�WhVeQ6QHZXS=g�YaI$�6�aS�VeQHK,ZX�Hg��a�¥�(K�Ve�(Zh�fK
S�FHKJYaU�K,� �6Ya�aYa�6U�Ya�6I��XVe�a�HKc¡ ^pQ S�FHK\ZXS�FHKJU�FlVeQHi£b�Y±� � � - > J � b¬S�FHKJQ �� Y[g`QHKJd VeS�Ya�fKcb�VeQHi � VeQHi >¨WhVeQ6QHZXS
g�YaI$�6�aS�VeQHK,ZX�Hg��a�¨YaQHWJU�KhVXg�Kc¡ � ZXU�K,Zh�fKJUhb£Y±�6�� Y[gpQHKJd VeS�Ya�fKcbtS�FHKJQ�� Y[g0Ve�(Zh�fK¢YaS�g0K,�T�6Ya�aYa�6U�Ya�6I �XVe�a�HKcbtVeQHi �¥VeQHi>?WhVeQ6QHZXS¢g�YaI��6�aS�VeQHK,ZX�Hg��a�¥� K=�(KJ�[Zh� S�FHKJYaU$K,�T�6Ya�aYa�6U�Ya�6I �cVe�a�HKc¡�E�FHKLU�K �HQHK,i©S�U�VeQHg�YaS�Y[ZXQ¥dcU�Vew6F©Y[g�g�FHZk��Q©YaQ
�Hdc�6U�K�|hM�=¶�%I^¡¢�HZXU��(ZXS�F0�� -Z/�VeQHi0�� � /�S�FHK=g��Cg�S�KJI W,ZXQ �fKJU�dfK,g�S�Zh�¬VeU�i6g$S�FHK=K,�T�6Ya�aYa�6U�Ya�6I�¡�o�Zh�¬KJ�fKJUhb YaQ
S�FHK��³ZXU�ILKJU�WhVXg�KcbR�¨wlVXg�g�K,g�S�F6U�ZX�6dcF�V=I=YaQ6YaI$�6I VeQHi >�S�F6U�ZX�6dcF V=I`V�¯CYaI��6I�b ��FHKJU�KhVXg�YaQ\S�FHK$��VeS�S�KJU�WhVXg�Kcb
�¤wlVXg�g�K,g�S�F6U�ZX�6dcF5V�I`V�¯AYaI$�6I�VeQHi >°S�F6U�ZX�6dcF¨V�I=YaQ6YaI��6I�¡

rtYa´fK?ª�«AO � b(S�FHK=w6FlVXg�K^]Rg�wlVXW,K`VeQlVe�a�Cg�Y[g�ILKJS�FHZAi�Ze��1�KJU�QlVeU�i�VeQHiS�0ZX��0hj=i6KJS�KJU�I=YaQHK,g$w Zcg�g�Ya�6�[K=� �lVe�aYaS�V�]
S�Ya�fK�g�S�VeS�K,g$VeQHi S�U�VeQHg�YaS�Y[ZXQHg��(KJSR�¬K,KJQ��T�lVe�aYaS�VeS�Ya�fK`g�S�VeS�K,gk¡`o�Zh��KJ�fKJUhb4S�FHK�i6K �HQ6YaS�Y[ZXQ©Ze��� �lVe�aYaS�VeS�Ya�fK�g�S�VeS�K=Y[g
�lVXg�K,i5ZXQ�V�i6K,W,ZXI=w Zcg�YaS�Y[ZXQ�Ze��S�FHK$w6FlVXg�K�g�wlVXW,K$S�FlVeS0Y[g�ILZXU�K=Vew6w6U�ZXw6U�Y�VeS�K��¶U�ZXI V`I`VeS�FHKJI`VeS�Y[WhVe�7w(ZXYaQ S�Ze�
�AY[KJ�°¡7OQ\VXi6iCYaS�Y[ZXQtb6S�FHK°W,ZXI=w6�6S�VeS�Y[ZXQ¤Ze���T�lVe�aYaS�VeS�Ya�fK°g�S�VeS�K,g�VeQHi¦g�S�VeS�K°S�U�VeQHg�YaS�Y[ZXQHg�FlVXg��(K,KJQ¦S�VeYa�[ZXU�K,i¦S�Z=S�FHK
�[ZAZXwC]Rg�S�U��HWJS��6U�K,iµg��Cg�S�KJILg°�6QHi6KJU�g�S��HiC�f¡¦E�F6Y[g�U�K,iC�HW,K,g�S�FHK`U�Y[g�´ Ze��dfKJQHKJU�VeS�YaQ6d¤�6Q6YaQC��ZXU�I`VeS�Ya�fK�ZXU$g�w6�6U�Y[ZX�Hg
�T�lVe�aYaS�VeS�Ya�fK�g�S�VeS�K,g�VeQHi�g�S�VeS�K`S�U�VeQHg�YaS�Y[ZXQHgh¡¨E�FHK,ZXU�KJILg�g�YaI=Ya��VeU$S�Z\S�FHK�g�ZX�6QHiCQHK,g�g$w6U�ZXw(KJU�SR�©Ze��ª�«AO � =³g�K,W^]
S�Y[ZXQ¦}C¡ z9I�FlVh�fK�� K,KJQ?i6KJU�Ya�fK,i`��ZXUsS�FHK��T�lVe�aYaS�VeS�Ya�fK0VeQlVe�a�Cg�Y[g¬Ze�t�[ZTZXwC]Rg�S�U��HWJS��6U�K,i?g��Ag�S�KJILg Ba|UFZHR¡{E�FHKpW�FHKJILZcg�S�VeS
K^¯HVeI=w6�[K�W,ZXQHW,KJU�QHg�V¨S��Ze]RiCYaILKJQHg�Y[ZXQlVe�0g��Cg�S�KJI�b7�6�6S`S�FHK�ILKJS�FHZTi Vew6w6�aY[K,gLS�Z �[ZTZXwC]Rg�S�U��HWJS��6U�K,i²g��Cg�S�KJILg=Ze�
iCYaILKJQHg�Y[ZXQ Q7¡
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QT�6S�U�Y[KJQ S¢W,ZXQHW,KJQ S�U�VeS�Y[ZXQ�Y[g�QHZXS°S�Ve´fKJQ�YaQTS�Z\VXW,W,ZX�6Q Shb4��FHKJU�KhVXg°YaQ|=¶�%I0YaS°Y[ghb£�[KhVXiCYaQ6d�S�Z¤V?U�K �HQHK,i�S�U�VeQHg�YaS�Y[ZXQ
dcU�Vew6Ft¡�E�FHK �HU�g�S�W,ZX�a�6I=Q�YaQ¥S�FHKLg�YadcQ I`VeS�U�Y±¯�W�FlVeU�VXWJS�KJU�Y�0,YaQ6d V¦g�S�VeS�K¢dcYa�fK,g�S�FHK=w Zcg�YaS�Y[ZXQ¥Ze�¬S�FHKL�XVeU�Y�Ve�6�[K,g
��YaS�F¨U�K,g�w(K,WJS�S�ZLS�FHKJYaU�K,� �6Ya�aYa�6U�Ya�6I��XVe�a�HKcbl��FHKJU�KhVXg�S�FHK°g�K,W,ZXQHi¨W,ZX�a�6I=Q\dcYa�fK,gpS�FHK�g�YadcQ\Ze�7S�FHK$i6KJU�Ya�XVeS�Ya�fK$Ze�
S�FHK��cVeU�Y�Ve�6�[K,gh¡7E�FHK �HU�g�S�U�Zh�1Ze�{S�FHK�I`VeS�U�Y±¯�W,ZXQHW,KJU�QHg�S�FHK°�XVeU�Y�Ve�6�[K �5VeQHi�S�FHK°g�K,W,ZXQHi¦U�Zk��S�FHK��cVeU�Y�Ve�6�[KF>T¡

E�FHK�ILKJS�FHZTi�iCY[g�WJ�Hg�g�K,i`YaQLS�F6Y[g¬g�K,WJS�Y[ZXQ`FlVXgs� K,KJQL�Hg�K,i=��ZXU7S�FHKpVeQlVe�a�Cg�Y[gsZe� V°U�VeQ6dfK�Ze�£�6Y[ZX�[ZXdcY[WhVe� g��Ag�S�KJILg
��ZXU���F6Y[W�F©QHZ¦ZXU�ZXQ6�a�¤�¬KhVe´ � �lVeQTS�YaS�VeS�Ya�fKLYaQC��ZXU�I`VeS�Y[ZXQ�Y[g�V,�cVeYa��Ve�6�[K Ba|UFAb�|h~Hb�|?GCbt}C|qHR¡=�HZXU°K^¯HVeI=w6�[Kcb YaS�FlVXg
�(K,KJQ�Vew6w6�aY[K,i?YaQ?S�FHK��XVe�aY[iHVeS�Y[ZXQ¦Ze��V�S�F6YaU�iA]RZXU�i6KJU�ILZTi6KJ�(Ze� S�FHKpU�K,g�w ZXQHg�KpZe��V�w ZXw6�6��VeS�Y[ZXQ¦Ze� w6FT�TS�ZXw6��VeQ6´AS�ZXQ
S�Z¦V�w KJU�Y[ZAiCY[W$YaQ6w6�6S°Ze�sQ �6S�U�Y[KJQTS)Ba|?GZHR¡X1¬�\W,ZXI=wlVeU�YaQ6d�S�FHK$w6U�K,iCY[WJS�K,i g�K,� �HKJQHW,K,g�Ze�¬� �lVe�aYaS�VeS�Ya�fK=g�S�VeS�K,g���YaS�F
ZX�Hg�KJU��fK,i¥� �lVe�aYaS�VeS�Ya�fK`S�U�KJQHi6ghb£YaS°��VXg0�³ZX�6QHi�S�FlVeS�S�FHK=w6F �AS�ZXw6��VeQ6´TS�ZXQ©dcU�Zh��S�F©ILZTi6KJ�[g�VeU�KLVew6w6U�ZXw6U�Y�VeS�KL�³ZXU
�[Zk��]��¶U�K,�T�HKJQHWJ�¦YaQ6w6�6Shb6�6�6S��6U�KhVe´�i6Zh��Q5VeS�F6YadcF¦�¶U�K,�T�HKJQHWJ�f¡
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^ �0q7g�VeQHi\ª �0q7gpVeU�K0S�FHK0SR��Z`K^¯AS�U�KJILK,g�Ze��V¢g�WhVe�[K0U��6Q6Q6YaQ6d=�³U�ZXI�W,ZXI=w6�[KJS�K�S�Z¢QHZ¢Q �6ILKJU�Y[WhVe�tYaQC��ZXU�I`VeS�Y[ZXQt¡
� Zcg�S°g�YaS��lVeS�Y[ZXQHg$Ze��w6U�VXWJS�Y[WhVe�sYaQ S�KJU�K,g�Shb4FHZh�¬KJ�fKJUhb���Ve�a�7g�ZXILKJ��FHKJU�K`YaQ � KJS��K,KJQ�S�FHK¢SR�¬Z\K^¯CS�U�KJILK,gh¡`OQ5��VXWJShb
��ZXU°I`VeQ ��g�WJY[KJQ S�Y��lW�VeQHi�KJQ6dcYaQHK,KJU�YaQ6d¤w6U�ZX�6�[KJILgkb�QT�6ILKJU�Y[WhVe���(ZX�6QHi6g�ZXQ©wlVeU�VeILKJS�KJU��cVe�a�HK,g$VeQHi��¶�6QHWJS�Y[ZXQlVe�
U�KJ��VeS�Y[ZXQHg�F6YawHg¦VeU�K¨V,�cVeYa��Ve�6�[Kc¡ E�F6Y[gLYaQC��ZXU�I`VeS�Y[ZXQ WhVeQ � K�K^¯Cw6�[ZXYaS�K,i²S�Z�VeU�U�Ya�fK¤VeS�� KJS�S�KJU�w6U�K,iCY[WJS�Y[ZXQHg`S�FlVeQ
S�FHZcg�KpZX�6S�VeYaQlVe�6�[K�S�F6U�ZX�6dcF��T�lVe�aYaS�VeS�Ya�fK�g�YaI$�6��VeS�Y[ZXQ�Ve�[ZXQHKc¡s«AKJ�fKJU�Ve� ILKJS�FHZTi6gs��ZXU 5#�$����� 2 ������	
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����� FlV,�fK��(K,KJQ¦w6U�ZXw(Zcg�K,i�YaQ¦S�FHK0�aYaS�KJU�VeS��6U�Kcb6�lVXg�K,i¦ZXQ\V�dfKJQHKJU�Ve�aY�0kVeS�Y[ZXQ¨Ze�4W,ZXQ �fKJQTS�Y[ZXQlVe�
QT�6ILKJU�Y[WhVe�sS�K,W�F6Q6Y[�T�HK,g°�T�\ILKhVeQHg°Ze��YaQ S�KJU��cVe�sVeQlVe�a�Cg�Y[g<Ba|hMc}ZHR¡ � ZXU�K=g�w(K,WJY��lWhVe�a�a�fbtS�FHK,g�K$ILKJS�FHZAi6g°i6KhVe����YaS�F
g�KJI=Y±]R�T�lVeQ S�YaS�VeS�Ya�fKLILZTi6KJ�[g0YaQ¨��F6Y[W�F wlVeU�VeILKJS�KJU��cVe�a�HK,g°VeQHi¨YaQ6YaS�Y�Ve�{W,ZXQHiCYaS�Y[ZXQHg$VeU�K$g�w(K,WJY��lK,i¨� �¤Q �6ILKJU�Y[WhVe�
YaQTS�KJU��XVe�[gh¡�OQ�VXi6iCYaS�Y[ZXQtbT�³�6QHWJS�Y[ZXQlVe�lU�KJ��VeS�Y[ZXQHg�F6YawHg�VeU�K�g�ZXILKJS�YaILK,g�i6K �HQHK,i`�T�¢ILKhVeQHg�Ze�£Q �6ILKJU�Y[WhVe�(KJQ �fKJ�[ZXw(K,gh¡

OQ ZXU�i6KJULS�Z�Ya�a�a�Hg�S�U�VeS�K�S�FlVeSLQT�6ILKJU�Y[WhVe�pYaQC��ZXU�I`VeS�Y[ZXQtb�KJ�fKJQ Ze��V¨��KhVe´§QlVeS��6U�Kcb�WhVeQ²U�K �HQHK\S�FHK¦U�K,g��6�aS�g
ZX�6S�VeYaQHK,i¥� �5� �lVe�aYaS�VeS�Ya�fK=ILKJS�FHZAi6ghb�W,ZXQHg�Y[i6KJU�S�FHKLiHVeI=w(K,i I`VXg�g
]Rg�w6U�YaQ6d�g��Ag�S�KJI Ze��g�K,WJS�Y[ZXQ��H¡a|c¡=OR���¬K�n �Hg�S
´AQHZh��S�FlVeS��w- /LVeQHi ��- /6b6�¬K�WhVeQ6QHZXS�iCY[g�S�YaQ6dc�6Y[g�F��(KJSR�¬K,KJQ�S�FHK�S��ZL�T�lVe�aYaS�VeS�Ya�fK��(KJFlV,�AY[ZXU�g�g��6I=I`VeU�Y�0hK,i
YaQ �Hdc�6U�K¥|h�C¡ o�Zh��KJ�fKJUhb�g��6w6w Zcg�K¦S�FlVeS`QT�6ILKJU�Y[WhVe���(ZX�6QHi6g`ZXQ S�FHK��cVe�a�HK\Ze� � VeQHi �+VeU�K¤Vh�XVeYa��Ve�6�[Kcb ��>��?>
�.� d / t /M/ \,� / t /M/ � h°VeQHi � � d / tI\,� / t��UhR¡²�6U�ZXI YaQ S�KJU��cVe�pVeQlVe�a�Cg�Y[g¢YaS��³ZX�a�[Zk��g=S�FlVeS ���.� d / t /M/ �]� / t /M/��Uh�VeQHi
� � � d / t / \,� / t /��UhRb VeQHi\FHKJQHW,K ��� � � � ¡¬E�F6Y[g�K^¯6WJ�a�Hi6K,gpZXQHK$Ze�{S�FHK�� KJFlVh�TY[ZXU�Ve�4w(Zcg�g�Ya�6Ya�aYaS�Y[K,ghblS�FHK�Zcg�WJYa�a��VeS�Y[ZXQ
Ze�sS�FHK$I`VXg�g0VeU�ZX�6QHi¨S�FHK$K,�T�6Ya�aYa�6U�Ya�6I3w Zcg�YaS�Y[ZXQt¡�E�FHK$�Hg�K�Ze�sYaQTS�KJU��XVe�[g�Ve�a�[Zk��g0Q �6ILKJU�Y[WhVe�{�6QHW,KJU�S�VeYaQ S�¤S�Z�� K
U�KJw6U�K,g�KJQTS�K,i�YaQ�VRalK^¯CYa�6�[K��¬V,�f¡¤E�FHKLYaQTS�KJU��XVe�¬��ZXU�I`Ve�aY[g�I YaQHWJ�a�Hi6K,g¢K^¯HVXWJS��cVe�a�HK,gT= �?>�@f> b � �$d / t /M/ \,� / t /M/ \ h�I
VeQHi©g�YadcQ��cVe�a�HK,g6= �?>�@f> b � �%h / ��y.dVI°VXg$g�w K,WJY�Ve��WhVXg�K,ghb{VeQHi�S�F �Hg$W,ZXQHg�S�YaS��6S�K,g¢V¦�6Q6Y±�³�TYaQ6d¦�³U�VeILKJ��ZXU�´5��ZXU�S�FHK
U�KJw6U�K,g�KJQTS�VeS�Y[ZXQ¨Ze�{�(ZXS�F�� �lVe�aYaS�VeS�Ya�fK�VeQHi�� �lVeQTS�YaS�VeS�Ya�fK°YaQC��ZXU�I`VeS�Y[ZXQt¡

«AZXILK�g�KJI=Y±]R� �lVeQTS�YaS�VeS�Ya�fK�g�YaI$�6��VeS�Y[ZXQ\ILKJS�FHZAi6ghbC��F6Y[W�F\��Ya�a�£� K�WhVe�a�[K,iY2 �����4��	��9	
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���� ILKJS�FHZTi6ghb
�Hg�K\S�FHK\QT�6ILKJU�Y[WhVe�0YaQC�³ZXU�I`VeS�Y[ZXQ S�Z�U�K �HQHK¤S�FHK��(KJFlV,�AY[ZXU�S�U�K,K¤ZX�6S�VeYaQHK,i S�F6U�ZX�6dcF �T�lVe�aYaS�VeS�Ya�fK¤g�YaI��6��VeS�Y[ZXQt¡
� ZXU�K�w6U�K,WJY[g�KJ�a�fbAS�FHKpILKJS�FHZAi6g�W,ZXI=w6�6S�K�YaQ S�KJU��cVe�£� ZX�6QHi6g���ZXU�S�FHK���VeQHiCI`VeU�´��XVe�a�HK,g�Ze� S�FHK0g��Cg�S�KJIx�cVeU�Y�Ve�6�[K,gh¡
E�F6Y[g�I`V,�¦�[KhVXi¤S�ZLS�FHK$U�K^�³�6S�VeS�Y[ZXQ¨Ze�s�T�lVe�aYaS�VeS�Ya�fK��(KJFlV,�AY[ZXU�g�YaQHW,ZXQHg�Y[g�S�KJQTSp��YaS�F¨S�FHK°QT�6ILKJU�Y[WhVe�4YaQC��ZXU�I`VeS�Y[ZXQtb
VeQHi�FHKJQHW,K�S�ZLV$U�K,iC�HW,K,i¦�(KJFlV,�AY[ZXU�S�U�K,Kc¡7OQ�VXi6iCYaS�Y[ZXQtbHS�FHK0Q �6ILKJU�Y[WhVe� YaQC�³ZXU�I`VeS�Y[ZXQ\WhVeQ¦�(K0�Hg�K,i?S�Z=K,g�S�YaI`VeS�K
S�FHK¢w6U�ZX�lVe�6Ya�aYaS�5Ze��Ve�aS�KJU�QlVeS�Ya�fK¢S�U�VeQHg�YaS�Y[ZXQHg0�³U�ZXI V?g�S�VeS�KcbtVeQHi5FHKJQHW,K¢w6U�Y[ZXU�YaS�Y�0hK=� �lVe�aYaS�VeS�Ya�fKL� KJFlVh�TY[ZXU�gbB z�G6b
~c�6b |h}cMZHR¡�E�FHK�ILZcg�S���KJ�a�±]_´AQHZh��Q5�T�lVe�aYaS�VeS�Ya�fK^]R� �lVeQTS�YaS�VeS�Ya�fK¢ILKJS�FHZTi6g�VeU�K$ª0}Cb ª0MCb VeQHi \0«AO � ¡lª0} Ba|J�Hbt|c|J��H
VXWJS�g�VXgpV �H�aS�KJUpZXQ¨S�FHK��T�lVe�aYaS�VeS�Ya�fK¢g�S�VeS�K,gpYaQ¨V=�(KJFlV,�AY[ZXUhb dfKJQHKJU�VeS�YaQ6d�YaQ S�KJU��cVe�4W,ZXQHg�S�U�VeYaQTS�gp�¶U�ZXI�S�FHK�ª�«AO �
ILZAi6KJ�tVeQHi�w6U�ZXwlVed VeS�YaQ6d=YaQTS�KJU��XVe�(�(ZX�6QHi6g�S�F6U�ZX�6dcF�S�FHK�W,ZXQHg�S�U�VeYaQ S�gh¡�ª0MTBa|hzZH£YaI=w6U�Zh�fK,g��6w(ZXQ\ª0}°�T�?VXi6iCYaQ6d
YaQTS�KJU��XVe��W,ZXQHg�S�U�VeYaQ S�g?ZX�6S�VeYaQHK,i§�³U�ZXI�V5U�K �HQHKJILKJQ S�Ze�0S�FHK¦S�YaILK�g�S�KJw²�(KJSR�¬K,KJQ W,ZXQHg�K,WJ�6S�Ya�fK¤iCY[g�S�YaQ6dc�6Y[g�FHK,i
S�YaILK^]_w(ZXYaQ S�gh¡¬ª0}°VeQHi�ª0M0��Ya�a�H�(K�iCY[g�WJ�Hg�g�K,i=YaQLILZXU�K�i6KJS�VeYa��� KJ�[Zk�°¡�ª0}�VeQHi�ª0M�WhVeQL�(K��Hg�K,i=YaQLW,ZXI$�6YaQlVeS�Y[ZXQ
��YaS�F \�«AO � Ba|h�cz�HRbC��F6Y[W�F¤W,ZXI=w6�6S�K,g�Q �6ILKJU�Y[WhVe��KJQT�fKJ�[ZXw K,g���ZXU�S�FHK°g�ZX�a�6S�Y[ZXQHg�Ze�7V=g�KJI=Y±]R�T�lVeQ S�YaS�VeS�Ya�fK�ILZTi6KJ�_¡
ª0}�VeQHi`\0«AO � FlVh�fK¢� K,KJQ5YaQ S�KJdcU�VeS�K,i�YaQ S�Z?S�FHK¢g�YaI��6��VeS�ZXU�«6ª�«AO � Ba|h�e��HR¡�E�FHKLVe�(Zh�fK¢K^¯CS�KJQHg�Y[ZXQHg�Ze��ª�«AO �
FlVh�fK�� K,KJQ��Hg�K,i¦Vew6w6�aY[K,i�YaQ�ILZAi6KJ�±]_�lVXg�K,i�U�KhVXg�ZXQ6YaQ6d=S�VXg�´Cg��aYa´fK�ILZXQ6YaS�ZXU�YaQ6d BVDC|fb(|hzc}ZHRb6g��Cg�S�KJI Y[i6KJQTS�Y��lWhVeS�Y[ZXQ
Ba|h��D�HRb6W,ZXI=wlVeU�VeS�Ya�fK¢VeQlVe�a�Cg�Y[g Ba|h~e��HRblVeQHi�K^¯Cw(KJU�YaILKJQ S�g�KJ�[K,WJS�Y[ZXQSBa|h~cM6b£|h~cz�HR¡

�-g�K,W,ZXQHi�Vew6w6U�ZfVXW�F�S�Zh��VeU�i6g�g�KJI=Y±]R� �lVeQTS�YaS�VeS�Ya�fK�g�YaI$�6��VeS�Y[ZXQ�i6ZAK,g°QHZXS$S�Ve´fK=S�FHK`�T�lVe�aYaS�VeS�Ya�fKL�(KJFlV,�AY[ZXU�g
w6U�ZAiC�HW,K,i\�T�¨ª�«AO � ZXU�VeQHZXS�FHKJU�� �lVe�aYaS�VeS�Ya�fK�g�YaI$�6��VeS�ZXU�VXgpYaS�g�g�S�VeU�S�YaQ6dX]_w ZXYaQTSh¡n�0Ya�fKJQ¨VeQY^ ��q ILZAi6KJ� ��YaS�F
YaQTS�KJU��XVe� � ZX�6QHi6g¬ZXQ`S�FHKpwlVeU�VeILKJS�KJU�g�VeQHiLYaQ6YaS�Y�Ve�(W,ZXQHiCYaS�Y[ZXQHghbAS�FHK�ILKJS�FHZAi6g�W,ZXI=w6�6S�KpYaQ S�KJU��cVe� � ZX�6QHi6g¬ZXQ�S�FHK
g�S�VeS�KL�XVeU�Y�Ve�6�[K,g�VeS°g��HW,W,K,g�g�Ya�fK¢S�YaILKLg�S�KJwHgk¡`«TS�VeU�S�YaQ6d���YaS�F�S�FHK¢w6Y[ZXQHK,KJU�YaQ6d\�¬ZXU�´ Ze� � ZTZXU�K Ba|hMc}�HRb�V?�XVeU�Y[KJS�
Ze��g��HW�F ����	j�$*$Z��� 5$�7���8�-�9	
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��ZXU�U�K,W,KJQ S�U�KJ�AY[KJ��g[I^¡	� E�FHK$ILKJS�FHZAi6g�w6U�Zk�TY[i6K=ILZXU�K=ZXU0�[K,g�g�g VeS�Y[g
��VXWJS�ZXU��¨g�ZX�a�6S�Y[ZXQHg0��ZXU0S�FHK¢I`V�n
ZXU�w6U�ZX�6�[KJI
Ze�0g�KJI=Y±]R� �lVeQTS�YaS�VeS�Ya�fK�g�YaI$�6��VeS�Y[ZXQt®`S�FHK?S�KJQHi6KJQHWJ�µZe��YaQ S�KJU��cVe��� ZX�6QHi6g�S�Z5K^¯Cw6�[ZTi6K¦VXg�S�FHK?Q �6I��(KJULZe��S�YaILK
g�S�KJwHg�YaQHWJU�KhVXg�K,ghbHK,g�w K,WJY�Ve�a�a���³ZXU���VeU�dfK�YaQ S�KJU��cVe� �(ZX�6QHi6g�Ze�{S�FHK�wlVeU�VeILKJS�KJU�g�VeQHi�YaQ6YaS�Y�Ve��W,ZXQHiCYaS�Y[ZXQHgh¡�^pQHK��¬Vh�
S�Z5i6KhVe����YaS�FµS�F6Y[g¢w6U�ZX�6�[KJI Y[g�U�KJw6U�K,g�KJQTS�K,i§� �©rtZXF6QHKJU � g<��;��g��Cg�S�KJI Ba|h}cz�HRb���F6Y[W�F²KJI=w6�[Zh�Cg=W,ZTZXU�iCYaQlVeS�K
S�U�VeQHg
��ZXU�I`VeS�Y[ZXQHg�S�Z W,ZX�6Q S�KJU`S�FHK j *K�����"�7��@ ��� �K!?	 b�S�FHK��[Zcg�gLZe�0w6U�K,WJY[g�Y[ZXQ KJQ S�VeYa�[K,i � ��S�FHK\Vew6w6U�Z,¯CYaI`VeS�Y[ZXQ
Ze��VeQ©VeU��6YaS�U�VeU��5U�KJdcY[ZXQ�� ��V?�(ZX�6QHiCYaQ6d��(Z,¯£¡Lv�K,W,KJQTS��a�fbE� VeQHg�g�KJQtb �0KJ�a�AYa�a�[Kcb�VeQHi`]sVeQ¥o�KJQ S�KJQ6U�Y n�W�´ BVG9FAbEGc~ZH
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FlVh�fK�w6U�ZXw(Zcg�K,i�g�ZXw6F6Y[g�S�Y[WhVeS�K,i�W,ZXQHg�S�U�VeYaQ SLg VeS�Y[g
��VXWJS�Y[ZXQµVe�adfZXU�YaS�F6ILg¢S�Z\U�K,iC�HW,K�S�FHK?g�Y�0hK�Ze���(ZX�6QHiCYaQ6d¨� Zh¯CK,g
VeS¦g��HW,W,K,g�g�Ya�fK¤S�YaILK^]_w(ZXYaQ S�gk¡xq{¯HVeI=w6�[K,g¦Ze��U�KhVe�±]_��ZXU��[i+Vew6w6�aY[WhVeS�Y[ZXQHg�Ze��S�FHK5YaQ S�KJU��cVe��g�YaI��6��VeS�Y[ZXQ1ILKJS�FHZTi6g
ILKJQTS�Y[ZXQHK,i¤YaQ\S�F6Y[g�wlVeU�VedcU�Vew6F VeU�K°S�FHK°ILZXQ6YaS�ZXU�YaQ6d�Ze�sV=g�YaQTS�KJU�YaQ6d`w6U�ZAW,K,g�g�YaQ5V=g�S�K,KJ� w6��VeQTS3Ba|h~9FZH{VeQHi¤V¢d VXg
S��6U��6YaQHK�YaQ\V=W�FHKJI=Y[WhVe��w6��VeQ S�Ba|h~c��HR¡

OQ�W,ZXI=wlVeU�Y[g�ZXQ ��YaS�F�ª�«AO � VeQHi5YaS�g0QT�6ILKJU�Y[WhVe��K^¯CS�KJQHg�Y[ZXQHghb(YaQTS�KJU��XVe�sg�YaI��6��VeS�Y[ZXQ�w6U�ZAiC�HW,K,g°�T�lVeQ S�Y�VeS�Ya�fK
w6U�K,iCY[WJS�Y[ZXQHg���YaS�FHZX�6S¬YaI=w Zcg�YaQ6d¢VeQ?Zh�fKJU�VeU�W�F6YaQ6dL�T�lVe�aYaS�VeS�Ya�fKp�¶U�VeILKJ�¬ZXU�´ ¡�OQ`wlVeU�S�Y[WJ�6��VeUhbCYaS¬i6ZTK,g�QHZXS�i6K,g�WJU�Ya� K
S�FHK��(KJFlV,�AY[ZXU�Ze�sS�FHK�g��Cg�S�KJI YaQ¨S�KJU�ILg0Ze��g�K,�T�HKJQHW,K,g0Ze�siCY[g�S�YaQ6dc�6Y[g�FHK,i¨S�YaILK^]_w ZXYaQTS�ghb(��FHKJU�K��XVeU�Y�Ve�6�[K,g�VeS�S�VeYaQ
��VeQHiCI`VeU�´Cg�ZXU�K^¯CS�U�KJI`VC¡7E�F6Y[g�FlVXg�S�FHK�iCY[g�VXiC�cVeQ S�VedfK°S�FlVeS�� �lVe�aYaS�VeS�Ya�fKJ�a�T]RiCY-,(KJU�KJQTSp�(KJFlV,�AY[ZXU�g�VeU�K0QHZXS�U�K,W,ZXdX]
Q6Y�0hK,i£b4��F6Y[W�F�I`V,�5dcYa�fK`U�Y[g�K=S�Z��6U�ZfVXi¥YaQ S�KJU��cVe�s�(ZX�6QHi6g$W,Zk�fKJU�YaQ6d¨g�KJ�fKJU�Ve��g��HW�F�� KJFlVh�TY[ZXU�gk¡ � ZXU�K,Zh�fKJUhb{S�FHK
Ve�Hg�KJQHW,K�Ze��V�� �lVe�aYaS�VeS�Ya�fK`U�KJw6U�K,g�KJQ S�VeS�Y[ZXQ�I`Ve´fK,g°YaS°ILZXU�K`iCY-.`WJ�6�aS�S�Z�iCY[g�W,KJU�Q¥ILKhVeQ6YaQ6dX�¶�6��wlVeS�S�KJU�QHg�YaQ�S�FHK
��VeU�dfK�VeILZX�6QTS�gpZe�{Q �6ILKJU�Y[WhVe�4iHVeS�VC¡

^pQHK=W,ZX�6�[i�YaI`VedcYaQHK=KJQ6FlVeQHWJYaQ6d�YaQ S�KJU��cVe�sg�YaI$�6��VeS�Y[ZXQ�� �¤S�FHK¢wlVeU�Ve�a�[KJ�sK^¯CK,WJ�6S�Y[ZXQ�Ze��V?� �lVe�aYaS�VeS�Ya�fK`VeQHi�V
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