
� ������� �	�
��� �
����������������������������� �
!��
�"�	�
�#����$%�����'&

(')+*�,�-�.0/21�*43	57698�:<;=)+)+*�>@?A;+B0BC*�.ED
FHG#IEJLK�MONQPRIES4N
T�UWV"TXPRJZYZNQI0M\[^]E_`IESL]0I
VaK�MQSZIEbX_`IAc
IEd`d`TXSfe\SL_`ghI0MQiO_jNlk
m _jNONQiOnLYZMQb�oqp msr p9t�uXv4txw

y{z\| r V
[Z}�~ r [ r�r PRIEi
z\I0iOIxK�MQ]�o{V"IES4NQI0M
c
T��sI0NON\��_�I0d=�spsV r����h� whu��Qt �X�X�

�����E�E�������X��� SZI
T�U2NQoLI
]�oL_`I0U9K��Zg�K�S4N�K�b�IEiWT�UsPRT^�ZI0dZ]�oLIE]��^_`SLb#_`i�NQoLI
JZMQT^�7YL]0�
NQ_`TXS�T�U�]ET�YLS4NQI0MQI0�ZK�PRJLd`IEiA�ZIEPRT�SLi�NOM�K�NQ_`SZb{NQoLK�N�K{i�k7i�NQIEP��ZT4I0i�SLT�N�iQK�NQ_`i�U=k
KRiOJ2IE]E_j�L]xK�NQ_`TXS9�2 �Tx¡"IEghI0Mxp2_jN\P�KEk�MQIx¢4YZ_`MQI	KRb�MQIEK�N£�7IxK�d¤T�UWo^YLP�K�S�I0�sT�MON¥NQT
I0�^NOM�K�]0N�NQoZI�IEiOiOI0SL]EI¦T�U�K�S�I0MOMQT�M�U+MQT�P§IEgXIES�K{�ZI0N�K�_�d`Ix��iOTXY7MQ]EI0�¨d`IEghIEd©NOM�K�]EI
T�UaK�UªK�_`d�_`SZb�MQYLS9�L«�I	YZiOI�K�S¬K�YZNQT�P�K�NQIx�HPRICNQoLT^�
U­T�M��LS��Z_`SZb¦PAYLdjNQ_`JLd`I'ghI0MO�
iO_`TXSZi�T�UWK�SfI0MOMQT�M�®¯K�S��
iO_`PR_`d�K�M\I0�7IE]EYZNQ_`T�SLi°NQo�K�N\�7TRSLT�N¥J7MQT^�ZYL]0I'K�SfI0MOMQT�MC±Cp
K�S��{K�SLK�djk7²EI	NQoZIEiOI	I0�7IE]EYZNQ_`T�SLi\NQT�J7MQT^�ZYL]0I�KRPRT�MQI'iOYZ]E]E_`SL]0N£�ZIEiO]0MQ_`J7NQ_�T�S{T�U
NQoZI��hI0k¬IEd`IEPRIES4NQi£T�UaNQoLI�ICMOMQT�Mx�¤³aoLI��ZI0iO]0MQ_`JZNQ_`TXS�J7MQT^�ZYZ]EIx��_`SZ]Ed`Y��ZI0i£_=�7IESZ�
NQ_j��]EK�NQ_`TXS¬T�U©J2T�MONQ_`TXSZi#T�UWNQoLI'iOT�YZMQ]EIA]ET^�ZIA]0MQYL]E_�K�d�NQT��7_`i�NQ_�SZbXYZ_�iOoZ_`SLb�UªK�_`d`_`SLb
K�S���iOYZ]E]EIEIE�Z_`SLb
MQYZSLiEp¤�Z_j�sI0MQIESZ]EIEi'_`S�_`S^gXK�MQ_�K�S4NQi£n2I0Nl¡"IEIES�U­K�_`d`_`SLb{K�SL��SZTXSZ�
U­K�_`d`_�SZbAMQYZSLiEp4K�S���_`SZU+T�MQP�K�NQ_�T�S�TXSRNQoLI°SLI0]EIEiOiQK�MOk�]CoLK�SLb�IEi"_`SRiO]�oLIx�7YLd`_`SLb	K�SL�
IES^g^_jMQTXSZPRIES4N�K�d9K�]0NQ_`T�SLi°SLIEIE�ZIx��NQTA]xK�YZiOI'iOYL]E]EI0iOi�U­YLd9MQYLSZiaNQT�UªK�_�dª�

´ µL¶¥·2¸s¹£ºA»	¼¤·s½Q¹¥¶

¾ 6�>H/282*�)�1E¿s*�1EÀ�;+6sÁ�Â Ã7ÄlÅs57)=ÁZ/7.0;�Æ0¿s>fB�57.C*�Ç9BC*�8�ÆC/fBCÈ2BQÆ0*�>f54Æ0;+1�5^)+)=È¬8s*�ÆC*�.C>H;+6s*�É£¿s*�Æ0¿s*�.
5{B�È2B�ÆC*�>§B054Æ0;+B�Ê9*�BA5{BCËq*X1�;=Êq1�5^ÆC;+/76�Ì�ÍA6s*�/^ÎaÆ0¿s*¦>f54ÏQ/Z.	578sÐh576LÆ05^ÁZ*�B#/7Î°>
/282*�)©1E¿s*X1EÀLÑ
;=6sÁÒ;=6�1�/7>HË957.C;­B�/Z6ÓÆC/ÒBCÇ91E¿Ô>H*�Æ0¿s/28sB¬5ZBfÆ0¿s*�/Z.C*�>ÕËs.0/4Ð�;=69ÁÖ;+B¬ÆC¿s*×Ës.0/�8sÇ91xÆ0;=/Z6</^Î
5ÙØEÚ^Û2Ü9ÝOÞ�ßCÞ0à�á4â	ã¤ä=Þ�ÆC¿95^Æ�Ës.C/4Ð�;­82*�B�5�82*�Æ05^;+)+*�8å*�,s5^>HËs)+*H/^Î#¿s/4ÉæÆ0¿s*{BCÈ�B�ÆC*�>çÐ�;=/Z)+5^ÆC*XB
ÆC¿s*fBCËq*X1�;=Êq1�5^ÆC;+/76åÉ£¿s*�6åÐ7*�.C;=Êq1�5^ÆC;+/76�Î¨57;=)­B�Ì�è'/4É�*�Ð7*�.�Åq*�ÐZ*�6Ù5�82*�Æ057;=)+*�8éÆC.E571�*�/7Î\¿s/4É
5¬BCÈ�B�ÆC*�>êÐL;+/7)­54Æ0*�B�5¬BCËq*X1�;=Êq1�5^ÆC;+/76�>f5hÈ�6s/^Æ�Ës.0/4Ð�;+82*¦*�6s/ZÇsÁ7¿�;+62Î¯/Z.C>f54Æ0;=/Z6�ÆC/�*�5ZB�;+)=È
Çs6982*�.0B�Æ057698�ë¯>�Ç91E¿{)+*�B0B¥.0*�>H*X82ÈsìaÆC¿9*AËs.0/7í9)=*�> É£;=ÆC¿¬ÆC¿s*�B�È2B�ÆC*�>�Ì2î�/282*�)¤1E¿9*�1EÀ�;=69Á�;+B
Ë95^.CÆC;­1�Çs)­5^.0)+È�*�ï¤*X1xÆC;+Ð7*
54Æ'Êq6982;+6sÁ�BCÇsí2Æ0)=*�*�.0.C/Z.0B£ÆC¿95^Æ�1�576�*�)+Ç982*¦ÆC.E5782;=ÆC;+/76q5^)�Æ0*�B�ÆC;+6sÁ9Å
ísÇ2Æ
1�/769BC*�ðLÇs*�6LÆC)+ÈéÆ0¿s*¬*�.C.0/7.EB�5^.0*¬57)+BC/�82;=ñf1�Çs)=Æ�Æ0/�Çs6982*�.0B�Æ057698�Å"*�BCËq*X1�;­5^)+)=È×Î¯.0/7>ò5
B�;+6sÁ7)+*H*�.0.C/Z.�ÆC.E571�*ZÌWósÇ9.�Æ0¿s*�.0>H/7.0*7Å�É£¿s*�6×Æ0¿s*f>H/282*�)°/7Î\Æ0¿s*¬BCÈ2BQÆ0*�>ç;­BR;+6Ù576�È×BC*�69BC*
5^í9B�ÆC.E571�ÆC*�8�Î¯.0/7>§Æ0¿s*¦.0*�57)W;+>
Ë9)=*�>
*�6LÆ054Æ0;=/Z6�Å�B�;+>HËs)=È�82*�ÆC*�.C>H;+6s;=69Á¬É£¿s*�ÆC¿s*�.�576�*�.0.C/Z.
;+B¥;=698s*�*�8f5�Î¨57Çs)=Æ¥;=6HÆ0¿s*	BCÈ2BQÆ0*�> /7.
>H*�.0*�)+È
5R1�/769BC*�ðLÇs*�691�*£/7Î¤>H/282*�)=;+6sÁ¦5ZBCBCÇs>HË2ÆC;+/76qB
/7.£;+691�/Z.C.0*�1�Æ#BCËq*X1�;=Êq1�5^ÆC;+/76�1�576�í¤*�ðLÇs;=ÆC*R82;=ñf1�Çs)=Æ�Ì
:×*¦5^Æ�Æ0*�>HË2Æ	Æ0/f*�,�ÆC.E571�Æ	>H/7.0*R;=6sÎ¯/7.0>H5^ÆC;+/76�Î¯.0/7>ê5fB�;+6sÁ7)+*¦1�/7Çs6LÆC*�.C*�,s5^>HËs)+*�Ë9.C/7Ñ

82Ç91�*X8Rí�ÈA>H/282*�)L1E¿s*X1EÀ�;=6sÁ	;=6�/Z.08s*�.�Æ0/£Î¨571�;=)+;�ÆE54Æ0*¥Çs698s*�.EBQÆE5^6982;+6sÁ'/7Îs*�.0.C/Z.0B�;+6¦5'BCÈ2BQÆ0*�>
ë¯/7.�Ës.0/7ís)+*�>fB\É£;�Æ0¿¬Æ0¿s*�B�Ë¤*�1�;�Êq1�54Æ0;=/Z6{/^Î©5�B�È2B�ÆC*�>fì�Ì�:×*�Î¯/21�Ç9B\;+6{ÆC¿9;+B#É�/7.0À�/Z6fÊ96s;=ÆC*
*�,2*�1�Ç2ÆC;+/769B
8s*�>H/769B�ÆC.E54Æ0;=69ÁAÐ�;+/7)­54ÆC;+/76
/^Î�BC5^Î¯*�ÆQÈ�Ë9.C/ZËq*�.�Æ0;=*XB�ë¨*7Ì Á9Ì^5ZBCBC*�.CÆC;+/76�ÐL;+/7)­54Æ0;=/Z69B�Å
Çs691�57ÇsÁ7¿LÆa*�,s1�*�Ë2ÆC;+/76qB�Å45^6q8¦82*X5782)+/21EÀ�BEìW;=6HôZ5hÐ45	Ës.C/ZÁ7.E5^>fB�Ì�õ#¿s*#À7*�È�ÆC/AÆC¿s;­B
5^Ë9Ës.C/L571E¿
;+B'ÆC/fÊ9.EB�Æ	82*�Ê969*¬ë¨57698�ÆC¿s*�6�Ê9698qì#>¦Çs)=ÆC;+Ës)+*¦Ð45^.0;­54ÆC;+/76qB#/76�5fBC;=6sÁZ)=*�1�/7Çs6LÆ0*�.0*�,s5^>HËs)+*



ë¯/^Æ0¿s*�.�ÐZ*�.EB�;+/769BA/^Î\ÆC¿s*Ùö0BC57>
*X÷{*�.C.0/7.xìxÌ�ós.0/7>êÆ0¿s;+BR8s*�Ê96s;=ÆC;+/76å695^ÆCÇs.E5^)+)=È�57.C;­BC*�B	ÆC¿95^Æ
/^Î
5fB�*�Æ	/^Îa*�,2*�1�Ç2ÆC;+/76qB#ÆC¿95^ÆA5^.0*�Ð45^.0;+5^ÆC;+/769B#;+6�É£¿s;­1E¿�Æ0¿s*�*�.C.0/7.£82/�*�B'6s/^Æ	/21�1�Çs.XÌs:å*
1�5^)+)¤ÆC¿s*AÊ9.EBQÆ£BC*�Æ#/^ÎW*�,�*X1�Ç2Æ0;=/Z69BAÜ¤Þ�øZá^Ýúùªû4Þ�ü\5^698fÆC¿s*RBC*�1�/Z698{BC*�Æ\ãsÚ4üxùªÝúùªû4ÞxüxÌ9(	695^)+È2B�;­B\/^Î
ÆC¿s*�1�/7>H>H/76�Î¯*�54Æ0Çs.0*�B�/^Îa*�5Z1E¿�BC*�Æ'5^698�Æ0¿s*R82;�ï�*�.0*�6q1�*�B#í¤*�ÆQÉ�*�*�6�ÆC¿s*RBC*�Æ0B#>f5hÈ{È�;+*�)­8
5�>H/Z.C*�Ç9BC*�Î¯Çs)�Î¯*�*�8sí9571EÀfÆ0¿95^6�.0*�5Z82;=69Á�ë¨/76s)+Èsì\ÆC¿s*R/Z.C;+Á7;+695^)�1�/7Çs6LÆC*�.C*�,s5^>HËs)+*7Ì
ÍA6s*�5^ËsË9.C/L571E¿�ÆC/¬57695^)+È2B�;­B£É�/7Çs)­8�íq*�ÆC/¬82*�Ê96s*RÆ0¿s*¦69*�ÁZ5^ÆC;+Ð7*XB£57B	57)=)©*�,2*�1�Ç2ÆC;+/76qB

ÆC¿95^Æ�.0*�5Z1E¿�5{Ë957.�Æ0;+1�Çs)+57.	*�.C.0/7.	B�Æ05^ÆC*�ë¨5^)+)a82*�5Z82)=/21EÀ2B�Åq5^)+)a57B0B�*�.�Æ0;=/Z6�ÐL;+/7)­54Æ0;=/Z69B�Å9*�ÆE1^ÌjìxÌ
õ#¿s;+B�82*�Ê96s;=ÆC;+/76¬¿q57B°>f5^ÏQ/7.\8s.05hÉ£í95Z1EÀ2B�Ì7(ý1�/Z>HËs)=*�,H1�/7691�Çs.0.C*�6ZÆ\Ës.C/ZÁ7.E5^>�Å4Î¯/Z.\*�,257>
Ñ
Ës)=*ZÅ�>f5hÈ�¿95hÐ7*
>f5^6�È�82*�5Z82)+/�1EÀ2BAÆC¿q54ÆR¿95hÐ7*H82;=ï¤*�.C*�6LÆR1�5^Ç9BC*�B�Ì�(�Æ�Æ0*�>HË2Æ0BRÆC/�*�,�ÆC.E571�Æ
5^6�Èf1�/7>H>H/76{Î¯*�54Æ0Çs.0*�B\Î¯.C/Z> ÆC¿s*�6s*�ÁL54Æ0;=ÐZ*�B�5^.0*	)+;=ÀZ*�)+È�Æ0/¦Î¨57;=)�/Z.\í¤*�1�/7>HËsÇ2ÆE54Æ0;=/Z695^)+)=È
*�,2Ëq*�69BC;=ÐZ*�ë¯Î¯/7.�*�,s57>
Ë9)=*ZÅ�.C*XðZÇ9;=.0;=69Á�1�)=Ç9B�ÆC*�.C;+6sÁ�ì';+6åÆC¿s;­BR1�5ZB�*ZÌ�õ#¿9*HBC*�1�/7698×Ës.0/7ís)+*�>
;+B¦ÆC¿95^Æ�Ë¤/ZBC;�Æ0;=ÐZ*�B¦É\/ZÇs)+8ÙË9.C*XB�Çs>f57ís)=Èåí¤*�5^6�Èå*�,2*�1�Ç2ÆC;+/76qB�6s/7Æ�*�6q82;=69Áé;+6ÖÆC¿s*�*�.0.C/Z.
BQÆE54ÆC*ZÅ95^ÁL5^;+6�>f57ÀL;+6sÁf1�/Z>HË95^.0;+BC/76�82;=ñ{1�Çs)=Æ�Ì ¾ 6�BC/^ÎªÆQÉ#5^.0*7Å25^Æ')=*X57B�Æ�ÅsÉ�*RÇ9BCÇ95^)+)=È¬ÆC¿s;+6sÀ
/^Î�*�.0.0/7.EB°57B\/21�1�Ç9.C.0;=69Á�54Æ�5¦Ë95^.CÆC;­1�Ç9)+57.¥Ës)­571�*xþ<*7Ì Á9Ì+ÅZ5¦8s*�578s)=/21EÀH54Æ�5¦Ë95^.CÆC;­1�Ç9)+57.\BCÈL6sÑ
1E¿s.C/Z6s;+ÿ�54Æ0;=/Z6�Å¤/7.R5{Î¨57;=)+Çs.0*�/7Î\5�Ë95^.CÆC;­1�Çs)­5^.�57B0BC*�.CÆC;+/76�/Z.�57.C.E5hÈLÑl/ZÇ2Æ�Ñ�/^ÎªÑ�í¤/7Çs6989B£*�.0.C/Z.
54Æ�5¬Ëq5^.CÆC;­1�Çs)­5^.�Ë¤/7;+6ZÆ�;+6×Æ0¿s*fB�/ZÇs.E1�*�1�/282*7Ì�:å*f82*�Ê969*
69*�ÁZ5^ÆC;+Ð7*XB�ÅqÆC¿s*�.C*�Î¯/7.0*7Å�57B�*�,�Ñ
*�1�ÇsÆC;+/769B�Æ0¿954ÆR6s/7Æ�/Z6s)+È�*�698å;+6éÆ0¿s*fBC57>H*
*�.C.0/7.�B�Æ054Æ0*7Å�ísÇsÆRÆC¿95^Æ�.0*�5Z1E¿é;=ÆRÎ¯.C/Z> ÆC¿9*
BC57>
*RØEÚ4ÜqÝúßCÚ^ä2ä=ÚXØ0á^Ýúù¨Ú^Ü9Ì � 54ÆC¿9*�."ÆC¿9576
57695^)+È�ÿ�;+6sÁ�5^)+)�8s*�578s)=/21EÀ2B�ÅX/7Ç9.a8s*�Ê96s;=ÆC;+/76�Î¯/21�Ç9BC*�B
5^6957)=È2BC;+BA/76Ù82*�5Z82)+/�1EÀ2B	ÆC¿95^ÆR/�1�1�Çs.�5^ÎªÆC*�.AÆ0¿s*fBC57>H*
5^Æ�ÆC*�>HË2ÆRÆC/�571�ðZÇ9;=.0*
5�)+/�1EÀ�Å�Î¯/Z.
*�,s5^>HËs)+*7ÌZ:×*Aíq*�)=;+*�ÐZ*'ÆC¿q54Æ\/ZÇs.¥82*�Ê96s;=ÆC;+/76fÎ¯/Z.C>f57)=)+È
1�5^Ë2Æ0Çs.0*�B¥5¦B�;+>HËs)=;=Ê9*X8fÐ7*�.0BC;=/Z6H/^Î
ÆC¿s*�Ë9.C/ZÁ7.E5^>H>H*�.�� B#6s/7ÆC;+/76�/^ÎRö�ÆC¿s*¦B05^>H*R*�.C.0/7.XÌ ÷��a/LB�;=ÆC;+Ð7*XB£5^.0*�ÆC¿s*�*�,2*�1�ÇsÆC;+/769B'ÆC¿95^Æ
Ë957B0B�ÆC¿s.0/7Ç9Á7¿�ÆC¿95^Æ	1�/76LÆ0.C/Z)¤)+/21�5^ÆC;+/76�É£;�Æ0¿s/7Ç2Æ'Ë9.C/21�*�*�82;+6sÁ�ÆC/{576�*�.C.0/7.£B�Æ054Æ0*7Ì
:×*£Ës.0*�BC*�6LÆ
Æ0¿s.C*�*£82;�ï�*�.0*�6LÆ\57695^)+È2B�*XB©ÆC¿95^Æ\1�576�í¤*	5^ÇsÆC/7>f5^ÆC;­1�5^)+)+È�*�,�ÆC.E571�ÆC*X8�Î¯.0/7>

5{B�*�Æ	/^Î
6s*�ÁZ5^ÆC;+Ð7*�B	5^698�Ë¤/ZBC;�Æ0;=ÐZ*�B�Ì9õ#¿s*RÊq.0B�Æ	;­B'í95ZB�*X8�/76�ÆC¿9*RÆC.E5^69BC;=ÆC;+/769B'57ËsË¤*�5^.0;+6sÁ
;=6�ÆC¿9*�B�*�Æ�Ì9õ#¿s*�BC*�1�/7698�;­B£í957BC*�8�/76�8s5^Æ05H;+6LÐ457.C;­5^6LÆ0B�/4ÐZ*�.�ÆC¿s*R*�,2*�1�ÇsÆC;+/769B�Ìsõ#¿s*R)­57B�Æ
5^6957)=È2BC;+B#82;­BC1�/4Ð7*�.0B�>H;=69;=>f5^)�ÆC.E5^69B�Î¯/7.0>f54ÆC;+/76qB¥í¤*�ÆQÉ�*�*�6�69*�ÁZ5^ÆC;+Ð7*XB�57698�Ëq/LB�;=ÆC;+Ð7*XB�Ì
õ#¿s;+B\Ë957Ëq*�.�;­B\/7.0ÁZ5^69;=ÿ�*�8f57B\Î¯/Z)=)+/4É'B��Z;=6	��*�1�ÆC;+/76	
�É�*A82;­B01�Ç9B0B¥.0*�)­54Æ0*�8¬É\/Z.CÀ�ÌZõ#¿9*

82*�Ê969;�Æ0;=/Z69B£/^Îa6s*�ÁZ54Æ0;=ÐZ*�57698�Ëq/LB�;=ÆC;+Ð7*�*�,�*X1�Ç2Æ0;=/Z69B'57.C*AÆC¿s*�6�Î¯/7.0>f5^)+;=ÿ�*�8�;=6���*X1xÆC;+/76	�sÅ
Î¯/7)+)=/4É�*�8�í�ÈR5'Ës.0*�BC*�6LÆE54ÆC;+/76�/7Î95^6¦57)=ÁZ/7.0;�Æ0¿s>�Î¯/Z.©ÁZ*�6s*�.05^ÆC;+6sÁ£*�,2*X1�Ç2Æ0;=/Z69B�Æ0/A57695^)+È�ÿ�*°;+6��*�1�ÆC;+/76{ÃqÌLõ#¿s*AÐ45^.0;=/ZÇ9B¥57695^)+È2B�*XB¥1�Ç9.C.0*�6LÆC)+ÈH5^ËsËs)+;+*�8{57698HÆC¿9*�;+.\;+>HËs)=*�>H*�6LÆ05^ÆC;+/769B�5^.0*
82;+B01�ÇqBCBC*�8H;+6
��*�1�ÆC;+/76
�R57698���*X1xÆC;+/76��9Å7.0*�BCËq*X1xÆ0;=ÐZ*�)+È7Ì^:å*£ÆC¿9*�6{Ës.0*�BC*�6LÆ¥*�,2Ëq*�.C;+>H*�6LÆ057)
.C*XB�Çs)=Æ0B#;+6���*�1�ÆC;+/76���Å�Î¯/Z)=)+/4É�*�8{í�È�1�/76q1�)+Ç9B�;+/76qB�57698�Î¯Ç2ÆCÇ9.C*RÉ�/7.0À�Ì

� �������©·��Wº�� ¹°¸��
õ#¿s*�>H/LBQÆR1�)+/ZBC*�)+È�.C*�)+5^ÆC*�8éÉ\/Z.CÀ�Æ0/�/ZÇs.0BA;­B	Æ0¿954Æ�/^Î! �57)=)lÅ#"	57;=À�Å�5^698 � 54Ï�57>f5^6s;#Â%$�ÄlÌ
õ#¿s*�È¦Ê9698fBCÇ91�1�*�B0BQÎ¯Çs)9Ë954Æ0¿9BaÆC/�Æ0¿s*	1�/76LÆC.0/7)2)+/21�54Æ0;=/Z6f54Æ°É£¿s;­1E¿f5^6H*�.0.C/Z.
;+B¥82;+B01�/4ÐZ*�.0*�8
;=6å/7.E82*�.AÆC/�Ê9698éÆC¿9*
1�5^Ç9BC*�/7Î°ÆC¿9*
*�.C.0/7.XÌ�ÍA6q1�*H5�1�5^Ç9BC*�;­B�82;­BC1�/4Ð7*�.0*�8�ÅsÆC¿9*�È�>H/282*�)
1E¿s*�1EÀÙ5�.0*�B�ÆC.0;+1�ÆC*�8Ù>H/282*�)¥;+6�É£¿s;­1E¿ÖÆC¿s*�B�È2B�ÆC*�> ;­B�.0*�B�ÆC.0;+1�ÆC*X8åÎ¯.C/Z> *�,�*X1�Ç2Æ0;=69Á�ÆC¿9*
1�5^ÇqBC57)	Æ0.05769B�;=ÆC;+/76qB¬Æ0/Ó8s;+B01�/4ÐZ*�.¬;=Î�/7ÆC¿s*�.�1�5^ÇqB�*XB{Î¯/Z.�Æ0¿s*å*�.0.C/Z.�57.C*×Ëq/LBCBC;=í9)=*ZÌ#õ#¿9*
5^6957)=È2BC;+B	Ës.C/4Ð�;­82*�8�;+B�B�;+>H;=)­5^.AÆC/�/7Çs.
ÝlßCá4Ü9üEùªÝlù¨Ú4ÜÒá^Ü¤á^ä'&hüxù­ü)(�69/¬>H*�Æ0¿s/28é5^6q5^)+/7Á7/ZÇ9B#Æ0/
;=6�Ð45^.0;+576LÆ¦/7.¦ÆC.E5^69B�Î¯/7.0>f54ÆC;+/76�57695^)+È2B�;­B�;­B�Ës.C/4Ð�;­82*�8�ÅW6s/Z.�5^.0*¬1�/7691�Çs.C.0*�6LÆ¦Ë9.C/ZÁ7.E5^>fB
5^6957)=È�ÿ�*X8�Ìsõ#¿s;­B#*�.0.C/Z.£5^6957)=È2BC;+B�¿95ZB#íq*�*�6�;=>HËs)+*�>H*�6ZÆ0*�8�Î¯/7.'ÆC¿s**��+©(	î Â 
hÄ�ÆC/�/Z)úÌ��¿95^.0È�Á7;+695f5^6q8,�a*�)+*�8ÖÂ-$.�4Ä"Ës.0/7Ë¤/ZBC*�ÆC¿s*�6s/^Æ0;=/Z6�/^ÎaÆC¿9*¬Ü¤Þ�ù�ø0/�1EÚ4ß2/9Ú�Ú�3
/^Î°5¬1�/7Çs6sÑ
ÆC*�.0*�,s57>
Ë9)=*Ù5^698 B�Ç9Á7Á7*XBQÆ�ÆC¿95^Æ�5^6�*�,2Ës)=/Z.05^ÆC;+/76Ô/7Î�ÆC¿9;+B�.0*�ÁZ;=/Z6Ô>f5hÈÓí¤*ÙÇ9BC*�Î¯Çs)R;+6



Çs6982*�.0B�Æ0576982;+6sÁ�576{*�.0.C/Z.�ÌZè'/4É�*�Ð7*�.�Å7ÆC¿s*�*�,2Ës)+/7.E54Æ0;=/Z6�Å7É£¿9;=)+*A57;+82*X8{í�Èf5RÆ0*�B�ÆC;+6sÁ�Æ0/L/Z)úÅ
;+B
*XBCBC*�6LÆ0;+57)=)+È¦>f5^6�Ç957)s5^698H/7ï¤*�.0Ba69/�5^Ç2Æ0/7>f54Æ0;+1£57695^)+È2B�;­B�Ì4"	/RÎ¯/7.0>f5^)26s/7ÆC;+/76H/^Î�/7ÆC¿s*�.
Ð7*�.EBC;=/Z69B#/^Î"ÆC¿s*�BC57>
*R*�.C.0/7.£;­B'Ë9.C*XB�*�6ZÆ0*�8�Ì65	/282/�/9Å65	/Z6s/4Ð45^6�Å7+W;=6�57698	8°.069B�Æ¦Â �4ÄWÇ9BC*
ÆC¿s*95A57;=ÀZ/76{;+6�Ð45^.0;+576ZÆ#82*�Æ0*�1�ÆC/7.\ÆC/
82;­BC1�/4Ð7*�.�82;=ï¤*�.C*�691�*XB¥;+6¬;+6�Ðh57.C;­5^6LÆEB°í¤*�ÆQÉ�*�*�6�Ë957B0B�Ñ
;=6sÁ�5^698�Î¨57;=)+;=69ÁfÆC*XBQÆA1�57BC*�B�ÅsísÇ2Æ�Ës.0/7Ë¤/ZBC*R6s/{>H*�5769B£Æ0/{.C*XBQÆ0.C;­1xÆ£Æ0¿s*�1�57BC*�B#Æ0/¬BC;=>H;+)+57.
*�,2*�1�Ç2ÆC;+/769B#.0*�)+*�Ð4576ZÆ#Î¯/Z.'5^6957)=È2BC;+B�/7.#Æ0/HÁ7*�69*�.E54ÆC*�Æ0¿s*�>@Î¯.C/Z>@5H1�/7Ç96ZÆ0*�.0*�,s5^>HËs)+*7Ì
ô7;+6�Å � 5hÐ�;25^698���/Z>
*�6sÿ�;�Â-$:$�ÄsËs.0/�1�*�*X8RÎ¯.0/7> Æ0¿s*'BC57>H*�B�Æ057.�Æ0;=6sÁ�Ë¤/7;+6LÆa/7Î¤57695^)+È�ÿ�;+6sÁ

1�/7Ç96ZÆ0*�.0*�,s5^>HËs)+*�B�Ës.0/282Ç91�*�8×íLÈ×5¬>H/282*�)\1E¿s*�1EÀZ*�.XÌ¤õ#¿s*�;=.RÁZ/Z57)";­BR5^)­BC/�BC;+>
;+)­5^.��¤Ë9.C/7Ñ
ÐL;­82;+6sÁ�578s8s;�Æ0;=/Z695^)aÎ¯*�*�82í95Z1EÀ�;+6Ù5Z8s82;=ÆC;+/76×ÆC/�Æ0¿s*f/7.0;=ÁZ;=6q5^)a1�/7Ç96ZÆ0*�.0*�,s5^>HËs)+*H;=6å/7.E82*�.
ÆC/×8s*�5^)�É£;=ÆC¿�Æ0¿s*�1�/7>HËs)+*�,2;=ÆQÈå/7Î'*�.0.C/Z.0B�Ì<;©á4ÝOÞ
5^698�=Eß0Þ0Þ?>
ùªäªä"5^.0*{Æ0*�.0>HB�;+6Ò5�ÁL5^>H*
;=6ÙÉ£¿s;­1E¿å5�1�/7Çs6LÆ0*�.0*�,s5^>HËs)+*�;­B�ís.0/7ÀZ*�6é;+6LÆC/�Ë957.�ÆEBR82*�Ë¤*�6q82;=69Á�/76åÉ£¿s*�Æ0¿s*�.�Æ0¿s*f*�62Ñ
ÐL;+.0/76s>H*�6LÆ�ëú54ÆCÆC*�>HË2Æ0;=69ÁéÆ0/�Î¯/7.E1�*{ÆC¿s*�B�È2B�ÆC*�>ò;+6LÆC/é576�*�.0.C/Z.¦B�Æ054Æ0*Xì�/7.�Æ0¿s*�BCÈ2BQÆ0*�>
ë¨54ÆCÆC*�>
ËsÆC;+6sÁHÆC/f5hÐ7/Z;+8{*�.0.C/Z.Eì\1�/Z6ZÆ0.C/Z)+B\;=Æ�Ì9õ#¿s;­B£5^Ë9Ës.C/L571E¿{Ë9.C/282Ç91�*�B#5H82;=ï¤*�.C*�6ZÆ£À�;+698
/^Îa*�,2Ës)­5^695^ÆC;+/76×ëú5^6�5^)=ÆC*�.C6q54ÆC;+/76�/^Î"Î¨54Æ0*�8�5^698¬Î¯.0*�*�BC*�Á7>H*�6ZÆEB0ì�Ì
õ#¿s*{É�/7.0À�/^Î'('6q82.C*X57BA@�*�)+)=*�.¦É#57B�57)+BC/�5^6Ù;+>
Ë¤/7.CÆ0576LÆ¦;=6�B9Çs*�6q1�*{/Z6ÙÆC¿s;­B�É�/7.0À�ÌC Þ�ä`ÝOáD37Þ�1�Û7øXø^ùªÜ�ø�;+BH5�ÆC*�1E¿96s;+ðLÇs*�Î¯/7.H>H;+6s;=>H;+ÿ�;+6sÁå*�.0.C/Z.�ÆC.E5^;+)­B�Æ0¿954ÆfÉ�/7.0À�B¦í�È�1�/76sÑ

82Ç91xÆ0;=69Á�5�>
/282;=Ê9*X8Hís;=6q5^.0È¦B�*X5^.E1E¿�í¤*�ÆQÉ�*�*�6f5	Î¨57;=)+;+6sÁR.CÇ96H57698H5RB�Çq1�1�*�*�82;+6sÁ�.0Çs6H/^Î�5
Ës.C/ZÁ7.E5^>çÂ-$0�hÄlÌE@�*�)+)=*�.£¿957B£*�,�ÆC*�6q82*�8�ÆC¿9;+B£69/^ÆC;+/76�Æ0/f/^ÆC¿9*�.	57ËsËs.0/Z571E¿9*�B\ÆC/{57Ç2ÆC/Z>H5^ÆC;­1
82*�ísÇ9Á7Á7;+6sÁqÅ�;=691�)=Çq82;=69Á�>H/282;=Î¯È�;=6sÁ�Ë¤/7.CÆC;+/76qB�/^Î�5�Ës.0/7ÁZ.057>	� B�B�Æ054Æ0*
ÆC/�;+BC/7)­54Æ0*f1�5^ÇqB�*�Ñ
*�ï�*�1xÆ{1E¿957;=6qB�Â-$.�^Ä'5^698Ó82;­BC1�/4Ð7*�.0;+6sÁ�ÆC¿9*�>
;+6s;+>f5^)'82;=ï¤*�.C*�691�*�;+6ÒÆ0¿s.C*X578ÓBC1E¿9*�82Çs)+;+6sÁ
6s*�1�*�B0BC57.CÈAÆC/AËs.C/282Çq1�*\5A1�/Z691�Çs.0.0*�691�ÈZÑ�í95ZB�*X8A*�.C.0/7.\Â �^ÄlÌ^ÍAÇs.a1�/7>HËsÇsÆ054Æ0;=/Z6�/^Î9ÆC.E5^69B�Î¯/7.CÑ
>H5^ÆC;+/769B"í¤*�ÆQÉ�*�*�6�Ë¤/ZBC;�Æ0;=ÐZ*£5^698¦6s*�ÁL54ÆC;+Ð7*�*�,2*X1�Ç2Æ0;=/Z69BaÉ�5ZBW;+69BCËs;+.C*X8¦í�ÈRÆ0¿s;+B
57ËsËs.0/Z5Z1E¿�Å
Ë95^.CÆC;­1�Çs)­5^.0)+Èf;=6�ÆC¿q54Æ'É�*�)+/�/7ÀfÎ¯/Z.£>H;=6s;+>f5^)�Æ0.05769B�Î¯/7.0>H5^ÆC;+/769B�Ì

F GH�JI�¶	½Q·s½Q¹¥¶LK
õ#¿s*�1�.CÇ91�;+57)�8s*�Ê96s;=ÆC;+/76qB�57.C*¬ÆC¿s/LB�*�/^Î�Ü¤Þ�øLá4ÝlùªûhÞ�ü¦5^6q8åãsÚ4üxùªÝúùªû4ÞxüxÅaÆ0¿s*¬ÆQÉ�/é1�)+5ZBCBC*�B¦/^Î
*�,2*�1�Ç2ÆC;+/769BHÉ�*�Ç9B�*�;+6�/7Çs.f5^6q5^)+È�BC;­B�Ìa:<¿s;+)=*�>f5^6�Ç957)£*�,2Ës)+/7.E54Æ0;=/Z6�/^Î�Ë954Æ0¿9BH6s*�57.f5
1�/7Ç96ZÆ0*�.0*�,s5^>HËs)+*R1�576�í¤*�Ç9BC*�Î¯Ç9)¥Â%$��4Ä�Å95
Î¯/7.0>f5^)W8s*�Ê96s;=ÆC;+/76�/7Î
5
Ð45^.0;­54ÆC;+/76�/Z6�5f1�/7Çs6sÑ
ÆC*�.0*�,s57>
Ë9)=*�;+B�6s*X1�*�B0B05^.0È�í¤*�Î¯/Z.C*�Ës.C/21�*�*�8s;=6sÁ¬ÆC/�ÆC¿s*
>H/7.0*�Î¯.0Çs;=Æ�Î¯Çs)°57ËsËs.0/Z571E¿�/7Î\5^ÇsÑ
ÆC/7>f5^ÆC;­1�Á7*�6s*�.E54Æ0;=/Z6�5^698é5^6957)=È2BC;+B£/7Î°.C*�)=*�Ð45^6LÆA*�,�*X1�Ç2Æ0;=/Z69B�Ì ¾ 6LÆCÇs;=ÆC;+Ð7*�)=ÈZÅ�É\*�*�,s5^>H;=69*
ÆC¿s*£Î¯Ç9)=)¤B�*�Æ°/^Î¤Ê96s;=ÆC*'*�,�*X1�Ç2Æ0;=/Z69B
;+6HÉ£¿s;+1E¿HÆ0¿s*£Ës.0/7ÁZ.057> .C*X571E¿s*XB"ÆC¿s*	1�/76LÆC.0/7)2)+/21�5^ÆC;+/76
;=>H>H*�82;­54Æ0*�)+È¬Ës.0/21�*�*�82;+6sÁ�ÆC¿s*R*�.C.0/7.£B�Æ054Æ0*7Ì
( )­5^í¤*�)+*�8éÆC.E5^6qB�;=ÆC;+/76åB�È2B�ÆC*�> ëM+2õN�sì�;­B�5�Ã7ÑúÆ0ÇsËs)+*?OQPSRTPVUWR2XLY[Z[R�\^]xÅ�É£¿s*�.0*_PÔ;­B�5

Ê96s;=ÆC*
6s/762Ñ�*�>HË2ÆQÈ�BC*�Æ�/^Î¥B�Æ05^ÆC*�B�ÅJPVU_`aP�;+B	ÆC¿9*
BC*�Æ�/^Î¥;+6s;=ÆC;­5^)aBQÆE54Æ0*�B�ÅVXLY[Z';­B'Æ0¿s*HB�*�Æ
/^ÎR571xÆ0;=/Z69B�Å°5^698b\c`dPfegXLY[ZheiP ;+BHÆ0¿s*�ÆC.E5^6qB�;=ÆC;+/76Ó.C*�)+5^ÆC;+/76�Ì
:å*é5ZBCBCÇs>H*�ÆC¿95^ÆP 1�/76LÆ057;=6qB{5Ö82;­BQÆ0;=6sÁZÇs;­B�¿s*X8�B�*�Æ{/^ÎR*�.0.C/Z.fBQÆE54ÆC*XB�ë¯É£;=ÆC¿<69/Ö/7Ç2Æ0Á7/7;+6sÁÙÆ0.05769B�;=ÆC;+/76qB0ì�Åjlkfm.n U R.o�o�o�R n6p#q ë¨.C*�Ës.C*XB�*�6LÆC;+6sÁ9Å�*7Ì Á9Ìs8s*�578s)=/21EÀ�Å257B0B�*�.�Æ0;=/Z6{Ð�;=/Z)+5^ÆC;+/76�Å�Çs691�5^ÇsÁZ¿LÆ#*�,�Ñ
1�*�ËsÆC;+/76�Ì�Ì�Ì0ì�Ì9:å*¦5^)­BC/f;=6LÆC.0/282Ç91�*�5fB�*�Æ^r /^Î°1�/Z6ZÆ0.C/Z)�)=/21�54ÆC;+/76qB'5^698�5fBC*�Æ^sê/^Î
8s54ÆE5
Ðh57)=Çq54ÆC;+/76qB�ÅhB�Çq1E¿RÆC¿95^ÆtP k ëMruevs¬ìxw j Å^5^6q8R;=6LÆ0.C/282Ç91�*\Ëq5^.CÆC;­5^)7Ë9.C/7ÏQ*�1xÆ0;=/Z6RÎ¯Çs691�ÆC;+/769BYL�WPzy{r 57698}|
�~PDy�s�Ì2:å*RÉ£.C;=ÆC**���� y{����57B£BC¿s/Z.�Æ0¿95^698¬Î¯/7.�ëQ�~R2��RT���ªì!�?\¦Ì
(��°ÜqùªÝ�Þ�ÝlßCá4Ü9üxùªÝúù¨Ú^Ü ü�Þ)��Û9Þ�Ü�Ø0Þ�Î¯.0/7>{� U ��P ;+B
5�BC*�ðLÇs*�6q1�*
Z k � U �W�� y�� 3 �~�� yo�o�o �W�� y��0��R"É£¿s*�.C*
�z�������ÔÌ©:å*¬.0*�Î¯*�.RÆC/z�Ù57BRÆ0¿s*{)+*�6sÁ7ÆC¿�/7ÎvZxÅ"57)+BC/�82*�69/^ÆC*X8

íLÈ�� Z��`Ì":å*�B05hÈ�ÆC¿q54Æ
5�Ê96s;=ÆC*¬ÆC.E5^69BC;�Æ0;=/Z6�B�*XðLÇs*�691�*�Z k � U ���� y�� 3 �~�� y�o�o.o � �� y��0�
;+B�5åã¤ß0Þ��"àé/7Î¦5ÙÊ96s;=ÆC*×ÆC.E5^6qB�;=ÆC;+/76ÔBC*�ðLÇs*�691�*�Z�� k ���U �~��� y���� 3 �:��� y o.o�o �:�� �� y�� � � ;=Î



�����z�����
5^6q8, V¡L¢��i£°ë¤¡^¥��}¦§��¨ k �.�¨ ìS©Öë¤¡9ªa�?¦§�<¨ k �<�¨ ì�Ì�:×*fB05hÈ�ÆC¿95^Æ
5�Ê96s;=ÆC*fÆ0.05769B�;=ÆC;+/76ÖBC*�ðLÇs*�691�*�Z k �.U � �� y«� 3 � �� y¬o.o�o � �� y«� � ;­B�5�ØEÚ4Ü9ÝlßCÚ^ä
üxÛx­åà{/^Î
5�Ê96s;=ÆC*fÆ0.05769B�;=ÆC;+/76ÖBC*�ðLÇs*�691�*_Z�� k ���U �~��� y«��� 3 �~��� y¬o�o.o �~�� �� y«� � � ;=ïb�®�¯�g�¯���°57698 E¡!¢°�®£©ë¤¡v¥���¦{Y7ëM� ��± ¨�ì k Y^ëM���� � ± ¨ ì�ì²©Ùë¤¡³ª��´¦µ� �0± ¨ k �²�� � ± ¨ ì�Ì9:å*�5^)­BC/{82*�Ê969*ÆC¿s*�*�>HË2ÆQÈ{Æ0.05769B�;=ÆC;+/76�BC*�ðLÇs*�6q1�*7Å6¶.·´¸�57B£1�/769BC;­BQÆ0;=6sÁf/7Î"69/{BQÆE54ÆC*XB£/7.'5Z1xÆ0;=/Z69B�Å9É£¿s*�.0*� ¶�·´¸<� k �sÌ
:×*�1�/76qB�;­82*�.¥ÆC¿s*�1�)­57B0B°/7Î�1�/7Çs6LÆ0*�.0*�,s5^>HËs)+*�BaÆ0¿954Æ£5^.0*#Ê96s;=ÆC*AÆC.E5^6qB�;=ÆC;+/76{BC*�ðLÇs*�691�*XB

Î¯.C/Z>�� U ��P U Ì"-�;+Ð7*�6�576Ö;=69;�Æ0;+57)\1�/ZÇs6LÆC*�.C*�,257>HËs)=*_Z k � U �W�� y«� 3 �~�� y¹o�o.o � �� y��0��Å
É£¿s*�.0*?�0�D� j ÅaÉ\*�82*�Êq6s*�5ÒÜ¤Þ�øLá4ÝlùªûhÞH5ZB�576�*�,2*�1�Ç2ÆC;+/76ÒÆC¿95^Æ�.0*�BCÇs)=Æ0B
;=6ÒÆC¿s*�B05^>H*
*�.0.C/Z.#B�Æ05^ÆC*�Î¯.0/7>@ÆC¿s*�B05^>H*�1�/Z6LÆC.0/7)�)=/21�54ÆC;+/76Öë¯ÆC¿s*R/Z.C;+Á7;+695^)�1�/7Çs6LÆ0*�.0*�,s5^>HËs)+*�;+B£;=Æ0BC*�)=Î
5�69*�ÁZ5^ÆC;+Ð7*hìxÌsós/Z.C>f57)=)+ÈV�º}»W¼S½²¾�¿.¾�ÀE½�Á²Â,»�Ã6Ä�¿.¾¤ÅE»EÁ ( 69*�ÁZ5^ÆC;+Ð7*Hë¯É£;=ÆC¿�.0*�BCËq*X1xÆ#ÆC/{5
Ë957.�Æ0;+1�Çs)­5^.³ZxÅ957B#69/^ÆC*X8
5^í¤/4Ð7*Xì�;+B©5#Ê96s;=ÆC*¥ÆC.E5^69BC;�Æ0;=/Z6�B�*XðLÇs*�691�*
Î¯.0/7>a�.�U �	PVUZÅ.Z�� k ���U �:� �� yc��� 3 �~��� yÆo�o�o �:�� �� yc���� � ÅÉ£¿s*�.0*h���b�������ÔÅ9B�Çq1E¿¬Æ0¿954Æ��
$7ÌvY^ëM� ��± 3 ì k Y^ëQ�.�� � ± 3 ì#©?� � k �<�� � 5^698
2ÌN�0� k ���� � Ì
:×*	ÆC¿s*�6�82*�Ê96s*ÈÇJ¶.É�ë¤Z�ì¥57B
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A

2

0

1

3

a

b

b

a

Counterexample

a

b
4

0

1

5

a

Negative

a

A

a

3

b

b

a

a

5

0

2

3

Positive

4

ÖØ×-Ù �0Ú�� r ]0TXYLS4NQI0MQIC�LK�PRJLd`IXpZK�SZIEbhK�NQ_�gXIXp�K�S���K�J2TXiO_jNQ_`ghIX�
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/4Ð457)°/^Î#Ës.0*�Ês,2*�B�/^Î
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í�ÈÙÆC¿9*
>
/282*�)W1E¿s*X1EÀ7*�.XÌ
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