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

)+*-,/.021 *+354 0 , 687/9;:;6<3>=�? 0!@+0 7 0
A(B5CED!F>GIH B5J+G(K�LNM�KOHPC-QRGIB5F'S<T5UVB>JETWBOX/YZJ+UV[�B5F>\]UVG_^�M`K!abaVBWc�BedfK!JEg+K�JhX

ijK!k�B5F(S8G]F>BWBWGWXRdfK!JEg+K�JmlnMporqtsOu�v�X-Yew x w
yOz|{~}R���8�+�8�|�p�R�8���+���R�8�O�8�8�f{~�<�8�|{]�8�|{��8�

���f�W�!�W�+�8��� l�B&C+F>K�C/KO\IBjD�g+D�GID�HPUbJ+UbJEceH K8g+B5a/G]�RD�GNTWD�CRG]Q+F>BW\&G]�RB�QE\IB>F&JRD![��
UVc�DOG]UVK�J��/B5�RD�[�UVK!Q-F�CRD�GIGIB5FIJR\Ww+v��EB�QR\IB5F�JRD�[�UVcOD�G]UVK!J�\IBW\I\]UVK�JR\�D�F>B�H K8g+B5abaVBWg�D�\
D��+^�C/B5F>GIBW�8G�C-F>K!�ED!�-UbabU�\IG]UVT2c�F>D�H�H D�F(k��EKO\IBj�-UVc!�EB>FjC+F>K��RD��+UbabU G_^�\IG]FIUbJEcO\jTWK!FI�
F>BW\]C/K!JEg;GIK�G]�RB QE\IB5F!¡ \�C-F>B5L�B5FIF>BWg¢G]F>D!UbaV\Ww&£�J;D�aVcOK�FIUVG]�RH�GIK�B5¤2T5UVB>J+G]aV^¢HPUbJRB
\]QRT¥�;G]F>D!UbaV\ UV\Pc!UV[�B5JhwNl¦B2H D!§8B QE\IB�K�L�G]�RB�¨�c�F>DOH©H�K8g-B5a`k`�+UVTI�tDO\I\]QEH�BW\
G]�RD�G�G]�EB�aVD�\IGp¨ªCEDOc�BW\��+F>K!kZ\IBrg�D�«/BWTrGZG]�RBjC+F>K��RD��+UbabUVG]^�K�L|G]�RBjJRBW�8G�CEDOc�B�GIK
�/Be[�UV\]UVGIBWg/wfv��RBPH K8g+B5a|UV\j�RD�\IBWg�K!J¢G]�RBeG]�EBWK!F>^�K!L&C+F>K��RD��+UbabUV\IG]U T�c�F>DOH H D�F>\
C+F>K�[�UVg8UbJRcjUVG|k`UVG]�eD�\IK!Q-JRg G]�RBWK�F>BWG]UVTrD�a+L¬K�Q+JEg+D�G]UVK!J L¬K!FfL QRG]Q-F>BNB5J+�ED!JETrBWH B5J+GI\Ww
­�K�F>BrK�[OB5F!X|k�BeC-F>K!C/K�\IB2G]�RB�QR\IB2K�L�B>J+G]F>K�C+^¢DO\PD!J;BW\IG]UVH DOGIK�F�K�L�G]�RB2c�F>D�He�
H D!F!¡ \(\IGID�G]UV\IG]UVTWD!a�C-F>K!C/B5F>G]UVBW\WwhqN�8GIB5JE\]UV[OB2BW��C/B5FIUVH B>J+GI\ k�B5F>BeTWK�JRg8QETWGIBrg¦D!JEg
G]�RB'F>BW\]Q+aVGI\e\]�EK!k�G]�EDOG�G]�EB�D�aVc�K!FIUVG]�EH®FIQ+JE\�UbJ�abUbJEBWD!F G]UVH�B�XfG]�RB c!F>D�H H D!F!¡ \
B5J+G]F>K!C+^�UV\�D�c�K8K8g�BW\IG]UVH DOGIK�FeK!L�G]�EB�J8QRH'�/B>F K!L�HPUbJRBWg¢G]F>D!UbaV\PD!JEg�G]�RB'F>BWD!a
g+D�GIDPFIQ+aVBW\jTrK�J+¯-F>H°G]�EB�B>«/BWTWG]UV[OB5JEBr\I\�K�LNG]�RB�H K8g-B>a¬w

± ²-³�´/µ/¶�·P¸e¹f´/º>¶Z³

» 68¼r6½:¢¾ 7/¾ 7/42687/9¦¿�7À*8Á�Â 0 9/4 0 »e¾ ,5Ã!* @+0 35Ä�¾ ,(687¢68Ã!¼5¾ @-0 3 0 , 0 6<3>ÃWÅ¢9/¾ ,>Ã!¾ Æ/Â ¾ 7 0 ¾�7 @ *+Â @ ¾�7À4
¼>Å 0 ,5¼>Ç/9ÀÄÈ*8Ée¼ 0 ÃrÅÀ7/¾ ÊRÇ 0 ,�Á�Å/¾ ÃWÅÈ, 0 6<3>ÃWÅËÉ_*+32Æf68¼>¼ 0 3>7À,�¾ 7ÈÂ¬68354 0 Ã!*-Â�Â 0 Ã�¼>¾ *+7/,½*8Ée9h6<¼r6/Ì
: 0 6<7RÁ�ÅÀ¾�Â 0+Í ¼5Å 0�0!Î Æ/Â *+,5¾ @-0 4-3>*8Á�¼5Ån*<Ép¼5Å 0�Ï *+35Â�9 Ï ¾ 9 0�ÏÈ0�ÐÒÑ =R7À*8Á�7Ó68, ¼>Å 0 Á 0!ÐhÔ
¾ 7Ó3 0 Ã 0 7E¼�Ä 0 6835,�Åh6<,�¼>Ç/357 0 9Õ¾ ¼�¾�7E¼5*n¼5Å 0 Â�6<3>4 0 ,>¼�,5*+Ç/35Ã 0 *8É�6 @ 6<¾�Â¬6 Ð Â 0 *-7/Â ¾�7 0 9h6<¼r6/ÌÖ�Å 0 3 0 É_*+3 0+Í ¼>Å 0 68Æ/Æ/Â ¾ ÃO6<¼>¾ *+7�*8É|9h68¼W6 ×�¾ 7/¾ 7/4�¼ 0 ÃWÅ/7/¾ ÊEÇ 0 ,�¼5*2¼>Å 0 Á 0!ÐNÍ ÃO6<Â�Â 0 9;ØZÙOÚ Û+Ü-Ý_Ü
Þ�ß~à/ß¬à+á-Í Á�68,Z¼>Å 0 7h68¼5Ç/3r6<Âh,5Ç Ð , 0 ÊRÇ 0 7E¼�,>¼ 0 Æâ6<7/9�¾ ¼�¾ ,�7/*8ÁÕ¼>Å 0 É_*EÃ!Ç/,j*8É�6<7�¾ 7/Ã!3 0 68,>¾ 7/4
7EÇ/× Ðh0 3(*<É�3 0 , 0 6<3>ÃWÅ 0 35,OÌ
ãI7ÈÁ 0!Ð 9h68¼W6;×¦¾ 7/¾ 7/4�¼5Å 0 3 0 6<3 0 Ã�Ç/3>3 0 7E¼>Â ÄÈ¼>Å/3 0!0 ×m6<¾�7ä3 0 , 0 6835ÃrÅå9/¾ 3 0 Ã!¼5¾ *+7/,�æ Ñ ¾ Ô

×�¾ 7/¾ 7/4 É]*+3e¾ 7EÉ]*+3>×¢68¼5¾�*-7 Í|Ñ ¾ ¾ Ô ×�¾ 7/¾ 7/4�¼>Å 0 Á 0!Ð Â�¾ 7/=¦,>¼53>Ç/Ã!¼5Ç/3 0-Í 6<7/9 Ñ ¾ ¾�¾ Ô ×¦¾�7À¾�7À42É_*-3
Ç/, 0 3 Ðf0 Åh6 @ ¾ *+Ç/3PÆh68¼5¼ 0 357/,OÌN:â¾�7À¾�7À42É_*-3e¾ 7EÉ_*-3>×¢68¼>¾ *-7�É_*EÃ!Ç/, 0 ,�*-7;¼>Å 0 9 0!@-0 Â *+Æ/× 0 7E¼�*8É
¼ 0 ÃWÅ/7À¾�ÊEÇ 0 ,�¼>*�6<,>,>¾ ,5¼�Ç/, 0 35,�¾ 7�Æ/3>*EÃ 0 ,5,>¾ 7/4¦¼>Å 0 Â�6<3>4 0 68×¦*+Ç/7E¼5,�*<ÉN9h68¼W62¼5Å 0 Ä�Éç6<Ã 0 9ÀÇ/3Iè
¾ 7/4e7h6 @ ¾ 4R6<¼>¾ *+726<7/9�¼5* Å 0 Â Æ�¼5Å 0 ×êéh7/9�¼>Å 0 ¾�7ëÉ_*+35×m68¼5¾ *+7e¼5Å 0 Ä�683 0 Â *E*+=E¾ 7/4�É]*+3 Í , 0!0 É_*-3
0!Î 68×¦Æ/Â 0pì í-íWî Ì!:¢¾ 7/¾ 7/4e¼5Å 0 Â�¾ 7/= ,5¼>3>ÇÀÃ!¼>Ç/3 0 6<¾�×¦,ï6<¼�9 0!@+0 Â�*-Æ/¾ 7/4e¼ 0 ÃWÅ/7/¾ ÊEÇ 0 ,�¼5*e¼W68= 0 689ëè
@ 687E¼r6<4 0 *8Éf¼>Å 0 Ã!*+Â Â 0 Ã!¼5¾ @+0|ð Ç/9/4 0 × 0 7E¼|*<ÉhÁ 0�Ð Æh6<4 0 ÊEÇh6<Â ¾�¼IÄP¾ 72¼>Å 0 É_*-3>×ñ*8ÉfÅRÄEÆ 0 3>Â ¾ 7/=E, Í
Á�Å/¾ ÃWÅ�ÃO6<7 Ðh0P@ ¾ 0 Á 0 9�6<,(6P× 0 ÃWÅh6<7/¾ ,>×ê*8É|¾�×¦Æ/Â ¾ Ã!¾ ¼ 0 7/9/*-3>, 0 × 0 7E¼ Í , 0�0�ìbò�î Ì8Ö�Å 0 6<¾ ×°¾ ,
¼>*P¾�9 0 7E¼>¾óÉ_ÄPÉ_*+3�6'4+¾ @+0 7½,>Ç Ð+ðW0 Ã!¼(¼5Å 0 68Ç/¼5Å/*+35¾�¼W68¼5¾ @-0 687À9�¼5Å 0 ÅEÇ Ð Æh6<4 0 ,�Ì8ôeÇ/¼5Å/*+35¾ ¼r68¼5¾ @+0
Æh684 0 ,�6<3 0 ¼>Å/*-, 0 Á�Å/¾ ÃWÅnÁ 0 3 0 Ã!*-7EÉ 0 353 0 9Ó6<Ç/¼>Å/*-3>¾ ¼IÄ Ð Äm¼5Å 0�0!Î ¾�,5¼>¾ 7/4¦Â�¾ 7/=E,P¼>*�¾ ¼ Í 6<7/9
ÅEÇ Ð ,�6<3 0 Æh684 0 ,e¼5Åh68¼PÃ!*+7E¼W68¾ 7n6�Ã�*+Â Â 0 Ã!¼>¾ *-7;*8É�Â ¾ 7/=E,e¼>*¦3 0 Â¬6<¼ 0 9n6<Ç/¼>ÅÀ*+3>¾ ¼5¾ 0 ,OÌ|õ&¾�7f68Â Â Ä Í¼>Å 0 *-¼>Å 0 3�3 0 , 0 6<3>ÃWÅÕ9/¾ 3 0 Ã�¼>¾ *+7 Í Á�Å/¾ ÃWÅÈ¾ , Ðh0 ¾�7À4¢É_*+Â Â *8Á 0 9 Ð ÄÈ687È¾ 7/Ã!3 0 68,5¾ 7/4;7EÇ/× Ðf0 3
*8É(3 0 , 0 683>ÃWÅ 0 3>, Í ¾ ,P×�¾ 7/¾ 7/4½É_*+3 Ç/, 0 3 7h6 @ ¾�4E68¼5¾�*-7¢Æh68¼5¼ 0 357/,OÌ&Ö�Å/¾ ,e3 0 , 0 6<3>ÃWÅÈÉ]*RÃ�Ç/, 0 ,½*+7



¼ 0 ÃWÅ/7À¾�ÊEÇ 0 ,�Á�ÅÀ¾�ÃWÅt,>¼5Ç/9/Ä;¼5Å 0 ÇÀ, 0 3 Ðf0 Åh6 @ ¾ *+ÇÀ3eÁ�Å 0 7È7f6 @ ¾ 4E68¼>¾ 7/4�Á�¾ ¼>Å/¾ 7n6¦Á 0!Ð ,5¾�¼ 0 Ì
�e7/9 0 3>,5¼r687À9/¾ 7/4�¼5Å 0e@ ¾ ,>¾ ¼5*+3>,Z7h6 @ ¾�4E68¼5¾�*-72Æ/3 0 É 0 3 0 7/Ã 0 , ¾ ,(6<7 0 ,>, 0 7E¼>¾¬68Â|,5¼ 0 Æ¢¾ 7�¾ ×�Æ/35* @ è
¾ 7/4 ¼>Å 0 ÊEÇh6<Â�¾ ¼IÄ2*<É 0 Â 0 Ã!¼>35*+7/¾ ÃeÃ�*+×�× 0 3>Ã 0 , 0 3 @ ¾�Ã 0 ,OÌÀãI72Éç6<Ã!¼ Í ¼>Å 0 Ç/7/9 0 35,>¼W687/9/¾ 7/4�*8É|¼>Å 0
×�*-,>¼�Â ¾�= 0 Â Ä 6<Ã!Ã 0 ,5,eÆh6<¼>¼ 0 3>7/,�*<É�Ç/, 0 3>,e6<Â Â�*8Á�,Z¼>Å 0 , 0 3 @ ¾ Ã 0 Æ/3>* @ ¾ 9 0 3j¼>*�Ã!Ç/,5¼>*+×¦¾ , 0 6<7/9689h6<Æ/¼e¼5Å 0 ,>¾ ¼ 0�� ,P¾�7E¼ 0 3IÉç6<Ã 0 É_*+3 ¼>Å 0 ¾ 7/9/¾ @ ¾ 9/Çh6<Â|Ç/, 0 3 ì í�� î>Í 687À9;¼>*¦¾�×¦Æ/3>* @-0 ¼>Å 0 ,>¾ ¼ 0�� ,
,>¼W68¼>¾ Ã ,>¼53>Ç/Ã�¼>Ç/3 0 Á�¾ ¼>ÅÀ¾�7¦¼>Å 0 Ç/7À9 0 3>Â ÄE¾ 7/4�ÅEÄEÆ 0 35¼ 0!Î ¼P,>ÄE,>¼ 0 × ì í���î Ì
Ï Å 0 7�Á 0!Ð Ç/, 0 3>,�¾ 7E¼ 0 3W68Ã!¼ZÁ�¾�¼5Å�6P,>¾ ¼ 0+Í 9h6<¼r6 3 0 Ã!*+359/¾ 7/4�¼>Å 0 ¾ 3 Ðf0 Åh6 @ ¾ *+ÇÀ3�¾ ,�,5¼>*-3 0 9¾ 7�Á 0!Ð , 0 3 @+0 3ZÂ�*-4+, Í Á�Å/¾ ÃWÅ2¾ 7�6�× 0 9/¾ Ç/× ,>¾�� 0 9�,>¾ ¼ 0 ÃO6<7 6<×�*-Ç/7E¼h¼5*e, 0�@+0 3W68Â/× 0 4R6 Ð ÄE¼ 0 ,

Æ 0 3e9h6�ÄEÌh:¢*-3 0 * @-0 3 Í ,5¾�7ÀÃ 0 ¼5Å 0 Â *+4�9f68¼r6"¾ ,�Ã!*+Â Â 0 Ã!¼ 0 9n¾ 7n6�3W6�Á É_*+35×m6<¼(¾ ¼e¾ ,e6<7;¾ 9 0 68Â
¼r6<3>4 0 ¼jÉ_*+3 Ðh0 ¾�7À4�687h6<Â�ÄE, 0 9 Ð Äm6<Ç/¼>*-×m6<¼ 0 9�¼5*R*-Â ,OÌ
	jÇ/353 0 7E¼>Â Ä¦, 0!@-0 3r6<ÂNÃ!*-×�× 0 3>Ã!¾¬68ÂÀÂ�*-4
687h6<Â ÄR,5¾ ,�¼5*E*+Â ,p6<3 0 6 @ 68¾ Â¬6 Ð Â 0 ì ����î�
 Å/*8Á 0!@+0 3 Í ¼>Å 0 , 0 ¼>*E*+Â ,jÅh6 @+0 Â ¾ ×�¾ ¼ 0 9 6<7h68Â ÄE,>¾ ,�Ã�68Æh6 è
Ð ¾ Â ¾�¼5¾ 0 ,(ÆÀ3>*E9/Ç/Ã!¾ 7/4�*-7/Â Ä�3 0 ,>Ç/Â ¼5,e,>ÇÀÃrÅt68,�,>ÇÀ×�×m6<3>Ä�,>¼W68¼>¾ ,5¼>¾ Ã!,�6<7/9¦É_3 0 ÊRÇ 0 7/Ã!Ä;Ã�*+Ç/7E¼>,*8ÉNÆh6<4 0 @ ¾ ,>¾ ¼>,�Ì+ãI7¢¼>Å 0 × 0 687E¼5¾�× 0 ¼>Å 0 3 0 , 0 683>ÃWÅ;Ã�*+×�×�ÇÀ7/¾ ¼IÄ2Åh68, Ðf0!0 7;,5¼>Ç/9/ÄE¾ 7/4�9h68¼W6
×�¾ 7/¾ 7/4�¼ 0 ÃWÅ/7/¾ ÊEÇ 0 ,�¼>*½¼r68= 0 É_Ç/Â Âh6<9 @ 687E¼r6<4 0 *8ÉN¾ 7EÉ_*-3>×¢68¼>¾ *-7�6 @ 6<¾ Â�6 Ð Â 0 ¾ 7�¼>Å 0 Â *-4 éhÂ 0 ,OÌ
Ö�Å 0 3 0 Åh6 @+0 ,>*�Éç6<3 Ðh0�0 7;¼IÁj*�×¢68¾ 7�68Æ/ÆÀ3>*R6<ÃWÅ 0 ,�¼>*�×¦¾ 7/¾ 7/4PÉ_*+3�Ç/, 0 3e7f6 @ ¾ 4E68¼>¾ *-7�Æh68¼¥è
¼ 0 357/,�É_35*+×�Â *+4;9h6<¼r6ÀÌNãI7Ë¼>Å 0 éh3>,5¼�68Æ/Æ/35*R6<ÃrÅËÂ *+4;9h6<¼r6¢¾ ,�×m6<Æ/Æ 0 9È*+7E¼>*t3 0 Â¬6<¼>¾ *+7h6<Â
¼r6 Ð Â 0 ,p6<7/9�687¢689h6<Æ/¼ 0 9 @+0 3>,>¾ *-7�*8ÉN,5¼r6<7/9h68359�9h6<¼r6 ×¦¾ 7/¾ 7/4 ¼ 0 ÃWÅ/7/¾ ÊEÇ 0 , Í ,>Ç/ÃWÅ;68,Z×�¾ 7Eè
¾ 7/4m6<,>,>*EÃ!¾¬6<¼>¾ *+7È35Ç/Â 0 , Í 6<3 0 ¾ 7 @ *-= 0 9 Í , 0!0 É_*+3 0!Î 68×¦Æ/Â 0�ì���î ÌfãI7È¼>Å 0 , 0 Ã!*-7/9Ó68Æ/ÆÀ3>*R6<ÃWÅ¼ 0 ÃWÅ/7À¾�ÊEÇ 0 ,�683 0 9 0!@-0 Â *+Æ 0 9¢Á�Å/¾ ÃWÅmÃ�687 Ðf0 ¾�7 @ *+= 0 9m9À¾�3 0 Ã!¼5Â�Ä¦*+7¢¼>Å 0 Â *+4�9h68¼W6 Í , 0�0 É_*-3
0!Î 68×¦Æ/Â 02ì � î *+3 ì��/í î Ì
ãI7n¼5Å/¾ ,2Æh68Æ 0 32Á 0 Æ/3>*-Æh*-, 0 6¦7 0 Á®×�*E9 0 ÂNÉ]*+3 Åh687À9/Â ¾�7À4�¼>Å 0 Æ/3>* Ð Â 0 × *<Ép×¦¾�7À¾�7À4

Â *+4�9h6<¼r6¦Á�Å/¾ ÃWÅn9/¾ 3 0 Ã!¼>Â Ä;Ã�68Æ/¼5Ç/3 0 ,�¼>Å 0 , 0 ×m6<7R¼5¾ Ã!, *8É(¼5Å 0 Ç/, 0 327h6 @ ¾ 4R68¼5¾ *+7¢, 0 ,5,>¾ *+7À,OÌ
ÏÈ0 ×�*E9 0 ÂZ¼>Å 0 Ç/, 0 3�7h6 @ ¾ 4R6<¼>¾ *+7t3 0 Ã�*+3>9À, Í ¾ 7EÉ 0 353 0 9 É_3>*-×�Â�*-4;9h6<¼r6 Í 68,�6¢ÅEÄRÆ 0 35¼ 0!Î ¼
Æ/3>* Ð 6 Ð ¾�Â ¾ ,>¼5¾ Ã(4-3r68×¦×m6<3NÁ�Å/*-, 0 Å/¾ 4+Å 0 3�Æ/3>* Ð 6 Ð ¾�Â ¾ ¼IÄ�4 0 7 0 3r68¼ 0 9¢,>¼53>¾ 7/4+,jÃ!*-3>3 0 ,>Æf*+7/9;¼5*
¼>Å 0 Ç/, 0 3 � ,¢Æ/3 0 É 0 353 0 9 ¼>3W68¾ Â ,OÌ�Ö�Å 0 3 0 É_*-3 0+Í 6tÃ�*+×�Æf68Ã!¼�687/9Õ, 0 ÂóÉ�Ã!*+7E¼W68¾ 7 0 9Õ×�*E9 0 Â�*8É
Ç/, 0 3�¾�7E¼ 0 3r6<Ã!¼>¾ *+7¦Á�¾ ¼>Å�¼5Å 0 Á 0�Ð ¾ ,(ÆÀ3>* @ ¾ 9 0 9NÌEÖ�Å 0 3 0 683 0 ¼IÁj*�Ã!*+7E¼ 0�Î ¼5,�¾ 7�Á�Å/¾ ÃWÅ�,5Ç/ÃWÅ×�*E9 0 Â�¾ ,2Æf*+¼ 0 7E¼>¾¬68Â Â Ä;Ç/, 0 É_Ç/ÂIÌ��P7È¼>Å 0 *+7 0 Åh687/9 Í ¾ ¼ ÃO687ÈÅ 0 Â ÆÈ¼>Å 0 , 0 3 @ ¾ Ã 0 Æ/3>* @ ¾ 9 0 3
¼>*�Ç/7/9 0 3>,>¼W687/9ä¼>Å 0 Ç/, 0 3>,P7 0!0 9/, 687/9¢68,e6½3 0 ,5Ç/Â ¼�¾ ×�Æ/35* @+0 ¼>Å 0 ÊEÇh6<Â ¾�¼IÄ�*8É�¾ ¼>,�, 0 3 @ ¾ Ã 0 Ì
Ö�Å 0 ÊRÇf68Â ¾ ¼IÄ�*<Éï, 0 3 @ ¾ Ã 0 ÃO6<7 Ðh0 ¾ ×�Æ/35* @+0 9 Ð Ä½Æ/3>* @ ¾ 9/¾ 7/4�6<9h68ÆÀ¼>¾ @+0 Æf684 0 ,�,>Ç/¾ ¼ 0 9�¼>* ¼>Å 0
¾ 7/9/¾ @ ¾�9ÀÇh68Â|Ç/, 0 3 Í Ð Ä Ð Ç/¾ Â 9/¾ 7/4�9/ÄE7h68×¦¾ Ã�Æf684 0 ,�¾ 7n6<9 @ 687ÀÃ 0 ¼5*¢3 0 9/ÇÀÃ 0 Áp6<¾ ¼>¾ 7/4�¼>¾ × 0+Í
*+3 Ð Ä¢Æ/35* @ ¾�9À¾�7À4�6�,>Æ 0 Ã!ÇÀÂ�6<¼>¾ @+0 , 0 3 @ ¾ Ã 0 Á�ÅÀ¾�ÃWÅ;, 0 7/9/, Í ¾ 7n689À9/¾ ¼>¾ *+7¢¼>*¦¼>Å 0 3 0 ÊRÇ 0 ,>¼ 0 99/*EÃ!Ç/× 0 7E¼ Í 6¦7RÇÀ× Ðh0 3P*8É�*+¼5Å 0 329/*EÃ!ÇÀ× 0 7E¼>, ¼5Åh68¼2683 0�0!Î Æ 0 Ã!¼ 0 9Ë¼>* Ðf0 3 0 ÊEÇ 0 ,5¼ 0 9Õ¾ 7
¼>Å 0 7 0 683ZÉ_Ç/¼5Ç/3 0 Ì��P7�¼>Å 0 *-¼>Å 0 3(Åh6<7/9 Í ,5Ç/ÃWÅm6 ×¦*E9 0 ÂEÃO687 Ðf0 ÇÀ, 0 É_ÇÀÂh¼5*2¼>Å 0 ¾ 7/9À¾ @ ¾ 9/Çh6<Â
Á 0�Ð Ç/, 0 3 Ð Ä�68Ã�¼>¾ 7/4�68,e6½Æ 0 35,>*-7h68Â�68,>,5¾ ,>¼r6<7E¼(¾ 7E¼ 0 4-3r6<¼ 0 9¢Á�¾ ¼>Å¦Å/¾ ,��8Å 0 3�Á 0�ÐmÐ 3>*8Á�, 0 3OÌ
ãI72Éç6<Ã!¼ Í ¾óÉh¼>Å 0eÐ 35*8Á�, 0 3�= 0!0 Æ/,�6PÇ/, 0 3 � ,(Â *-4�éhÂ 0 Á�Å/¾ ÃWÅ�ÃWÅh683W68Ã!¼ 0 3>¾ , 0 ,(Å/¾ ,��8Å 0 3Z¾�7E¼ 0 3Iè

68Ã!¼5¾ *+7/, Á�¾ ¼>Å;¼5Å 0 Á 0!ÐNÍ 6¦ÅEÄEÆ 0 35¼ 0!Î ¼2ÆÀ3>* Ð 6 Ð ¾ Â ¾ ,>¼>¾ Ã24-3r6<×�×m6<3(Ã�687 Ðh0 ¾ 7/Ã!3 0 × 0 7R¼W68Â Â Ä
Ð Ç/¾ Â ¼OÌ��EÇÀÃrÅ�6t4-3r68×¦×m6<32Á(*-Ç/Â 9 Ðf0 6t3 0 Æ/3 0 , 0 7E¼r6<¼>¾ *+7 *8É2¼>Å 0 Ç/, 0 3 � ,�=E7/*8Á�Â 0 9/4 0 *8É
¼>Å 0 Á 0!Ð Á�Å/¾ ÃWÅ;ÃO6<7n68Ã!¼ 68, 6�× 0 ×�*+35Ä�68¾ 9 ÍÀÐh0 6<7h68Â ÄE, 0 9;¾ 7;*+359 0 3 ¼>*¦¾�7ëÉ 0 3e¼5Å 0 Ç/, 0 3
Æ/3 0 É 0 3>3 0 9ñ¼>3W68¾ Â ,�É_*+3¢6È4-¾ @-0 7Õ,>Ç Ð+ð 0 Ã!¼ Í *+3¢Á(*-3>=Õ68,;6tÆ/3 0 9/¾ Ã!¼>¾ *+7 ¼>*E*-Âe¼>*ËÆ/3 0 É 0 ¼>ÃWÅ
¾ 7R¼ 0 3 0 ,>¼>¾ 7/4�Æf684 0 ,�¾�7;6<9 @ 687/Ã 0 Ì

� 0 Ã!¼5¾�*-7 � ÆÀ3 0 , 0 7E¼>,�¼>Å 0 ÆÀ3>*+Æf*+, 0 9tÅRÄEÆ 0 3>¼ 0!Î ¼24+3W68×¦×m683Z×�*E9 0 Â Í Á�Å/¾ Â 0 � 0 Ã�¼>¾ *+7 �
Æ/3 0 , 0 7E¼>,�¼5Å 0 3 0 ,>ÇÀÂ�¼5,�*8Ée¼5Å 0 Æ 0 3IÉ]*+3>× 0 9 0�Î Æ 0 35¾�× 0 7E¼>,�Ì�� 0 Ã!¼>¾ *+7��;9/¾ ,>Ã�Ç/,>, 0 ,�3 0 Â¬68¼ 0 9
Á(*-3>=È687/9�� 0 Ã!¼>¾ *+7 ò ÆÀ3 0 , 0 7E¼>,m6äÆ/3 0 Â ¾�×¦¾ 7h6835Ä;9/¾ ,>Ã!ÇÀ,>,>¾ *-7Ò*<É�3 0 Ã 0 7E¼�¾ ×¦Æ/3>* @-0 × 0 7E¼5,¼>*�¼5Å 0 ×¦*E9 0 ÂIÌ/õ&¾�7f68Â Â Ä Í ¾ 7�� 0 Ã!¼5¾ *+7 � Á 0 4-¾ @+0 *+Ç/3PÃ!*+7ÀÃ!Â Ç/9/¾ 7/4�3 0 ×m6<3>=E,e687À9;9/¾ ,>Ã!ÇÀ,>,
É_Ç/35¼>Å 0 3�Áj*+35=|Ì



� �������&µE´��
	�´��;µÀ¶�
���
eº��>º��+´/º5¹���µ���������µ��

ô%Â *-4 éhÂ 0 ÃO6<7 Ðf0 , 0!0 7n6<,p6½Æ 0 3IèIÇ/, 0 3�*-3>9 0 3 0 9;, 0 ¼�*8ÉNÁ 0!Ð Æh684 0 3 0 ÊRÇ 0 ,>¼5,�É_35*+× Á�Å/¾ ÃWÅ
¾ ¼N¾ ,�Æh*-,>,>¾ Ð Â 0 ¼5*�¾ 7EÉ 0 3�¼>Å 0 Ç/, 0 3�7h6 @ ¾ 4R6<¼>¾ *+7 , 0 ,>,5¾�*-7/,OÌ-ãI7�¼>Å/¾ ,�Á(*-3>=2Á 0 ,>¾ ×�Æ/Â Ä 9 0 éf7 0 6
��� Ù�� à Ü�� ßVá Ü+Ý ß �+à!� Ù �"�!ß �+à 68,e6½, 0 ÊEÇ 0 7/Ã 0 *<É�Æh6<4 0 3 0 ÊEÇ 0 ,5¼>,e,5Ç/ÃWÅ¢¼>Åh6<¼(7/*�¼IÁj*�Ã!*-7/, 0 ÃWè
Ç/¼>¾ @-0 3 0 ÊRÇ 0 ,>¼5,�6<3 0 , 0 Æh683W68¼ 0 9 Ð Ä�×�*-3 0 ¼5Åh687$#�×�¾ 7EÇ/¼ 0 , Í Á�Å 0 3 0 # ¾ ,e62Æf683r6<× 0 ¼ 0 3OÌ
ãI7 ì � î ¼5Å 0 68ÇÀ¼>Å/*-3>,�Æ/35*+Æf*+, 0 9�É_*+3�# ¼>Å 0�@ 6<Â Ç 0 *<É �+ò&%bò ×¦¾ 7RÇÀ¼ 0 ,&Á�Å/¾ ÃrÅ�Ã!*-3>3 0 ,>Æf*+7/9/,�¼5*
í
'( ,>¼W687/9h6<3>9;9 0!@ ¾�6<¼>¾ *+7À,(*<É�¼>Å 0 6 @-0 3r6<4 0 ¼>¾ × 0�Ðh0 ¼IÁ 0!0 7tÇ/, 0 3�¾ 7R¼ 0 3IÉI68Ã 020�@+0 7E¼>,�Ì �E¾ 7/Ã 0¼>Å 0 7Ò×¢687EÄÈ68Ç/¼5Å/*+35,�Åh6 @+0 689À*+Æ/¼ 0 9Õ¼>Å 0¢@ 68Â Ç 0 *8É ��) ×�¾ 7EÇ/¼ 0 ,OÌ ÏÈ0 7/*-¼ 0 ÅÀ*8Á 0!@-0 3 Í
¼>Åh6<¼(×¦*+3 0 689 @ 6<7/Ã 0 9¦9h68¼W62Æ/3 0 Æh6<3r68¼5¾ *+7�¼ 0 ÃWÅ/7/¾ ÊEÇ 0 , Í ,>ÇÀÃrÅ;6<,�¼>Å/*-, 0 9 0 ,>Ã!35¾ Ðh0 9ä¾�7 ì���î>Í
Ã!*+ÇÀÂ�9 Ðh0 Ç/, 0 9È¾ 7n6¦9h68¼W6¦Æ/3 0 èIÆ/35*RÃ 0 ,>,5¾�7À4n,5¼r684 0 ¼5*¦É_Ç/Â Â Ä�¼r6<= 0 6<9 @ 687E¼r6<4 0 *<Ép68Â Â�¼>Å 0
¾ 7EÉ_*+35×m6<¼>¾ *+7�6 @ 6<¾ Â�6 Ð Â 0 ¾ 7m¼5Å 0 Â *+4½éhÂ 0 ,OÌ
Ö�Å 0 Ç/, 0 3�7h6 @ ¾ 4R6<¼>¾ *+7t, 0 ,5,>¾ *+7À,�¾�7ëÉ 0 3>3 0 9ÈÉ]3>*+×�¼5Å 0 Â�*-4;9h6<¼r6;6<3 0 ×¦*E9 0 Â Â 0 9Ó68,�6*�+�, Ù-��Ý_Ù".+Ý , � � ÚrÜ-Ú ß0/�ß1� Ý ß 2�/ Ü à+á�� Ü á Ù�4 0 7 0 3r6<¼ 0 9 Ð Ä;6 *&+�, Ù��!Ý]Ù3.-Ý , � � ÚWÜ+Ú ß1/ ß1� Ý ß 2 á �>Ü Þ�Þ Ü��

Ñ *-3e,>¾ ×¦Æ/Â Ä547698 Ô2ì í � î Á�Å/¾ ÃWÅt¾�, 6�Æ/35*+Æ 0 32,5Ç Ð Ã�Â�6<,>, *8ÉjÆ/3>* Ð 6 Ð ¾ Â ¾ ,>¼5¾�Ã½3 0 4-Ç/Â¬683e4-3r6<×�è
×m6<3>, ì�� � î Ì|ô:47698�¾ , 6äÆ/35* Ð 6 Ð ¾ Â�¾ ,5¼>¾ Ã�3 0 4-Ç/Â¬683�4+3W68×�×¢683PÁ�Å/¾ ÃrÅËÅh68,�6¢*-7 0 èI¼>*8èI*+7 0
×m6<Æ/Æ/¾ 7/4 Ðf0 ¼IÁ 0!0 7;¼5Å 0 , 0 ¼e*8É�7/*-7EèI¼ 0 35×�¾ 7h68Âf,>ÄE× Ð *+Â ,�687/9¢¼>Å 0 , 0 ¼P*8É�¼ 0 35×�¾ 7h68Â|,5ÄE×�è
Ð *-Â ,OÌ-;Z68ÃWÅ�7À*+7EèI¼ 0 35×�¾ 7h6<Â+,>ÄE× Ð *+Â-Ã!*+353 0 ,5Æh*-7/9/,�¼5*�6'Á 0�Ð Æh6<4 0 687/9�6�Æ/35*R9ÀÇ/Ã!¼>¾ *-7�35Ç/Â 0
Ã!*+353 0 ,5Æh*-7/9/,P¼>*�6�Â ¾ 7/= Ðh0 ¼IÁ 0!0 7;Æh684 0 ,OÌf:¢*+3 0 * @+0 3 Í ¼5Å 0 3 0 6<3 0 ¼IÁ(*�6<9/9/¾ ¼>¾ *-7h68Âf,>¼W68¼ 0 , Í< 6<7/9>= Í Á�Å/¾ ÃWÅm3 0 Æ/3 0 , 0 7E¼ ¼>Å 0 ,5¼r6<3>¼�6<7/9�éf7/¾ ,>Å¢,>¼W68¼ 0 ,e*8É�¼5Å 0 7h6 @ ¾�4E68¼5¾�*-7�, 0 ,5,>¾ *+7À,OÌ
õ/35*+×�¼5Å 0 , 0 ¼m*<É�Ç/, 0 3¢, 0 ,5,>¾ *+7À,�Á 0 * Ð ¼W68¾ 7Ó¼5Å 0 7EÇ/× Ðf0 3�*8É2¼5¾�× 0 ,�6tÆh684 0 Áp6<,

3 0 ÊEÇ 0 ,>¼ 0 9 Í ¼5Å 0 7EÇ/× Ðf0 3�*8É|¼>¾ × 0 ,&¾ ¼�Á�68,�¼5Å 0 éh3>,5¼�,>¼W68¼ 0 ¾�7�6P, 0 ,5,>¾ *+7 Í 6<7/9�¼5Å 0 7EÇ/× Ðf0 3
*8É|¼>¾ × 0 ,�¾ ¼�Á�68,�¼5Å 0 Â¬68,>¼Z,>¼r6<¼ 0 ¾ 7�6P, 0 ,5,>¾ *+7&ÌEÖ�Å 0 7EÇ/× Ðh0 3�*<Éï¼5¾ × 0 ,�6 , 0 ÊEÇ 0 7/Ã 0 *<Éï¼IÁj*
Æh684 0 ,�6<Æ/Æ 0 6835,e¾ 7;¼>Å 0 , 0 ,5,>¾ *+7À,24+¾ @+0 ,�¼>Å 0 7EÇ/× Ðh0 3�*8É�¼>¾ × 0 ,�¼>Å 0 Ã!*+353 0 ,5Æh*-7/9/¾ 7/4¦Â�¾ 7/=
Áp6<,(¼53r6 @-0 3>, 0 9NÌEÖ�Å 0 Æ/35* Ð 6 Ð ¾ Â�¾ ¼IÄ�*8É�6½Æ/3>*E9/ÇÀÃ!¼>¾ *+7"É_3>*-× 6 ,5¼r68¼ 0 ¼>Åh6<¼(Ã!*-3>3 0 ,>Æf*+7/9À,�¼5*6�Á 0!Ð Æh684 0 ¾ , Æ/3>*-Æh*-3>¼5¾�*-7h68Â�¼5*m¼5Å 0 7EÇ/× Ðf0 3e*<É(¼>¾ × 0 ,e¼>Å 0 Ã!*+353 0 ,5Æh*-7/9/¾ 7/4;Â ¾ 7/=¢Áp6<,
ÃWÅ/*+, 0 7¢3 0 Â¬68¼5¾ @+0 ¼>*�¼5Å 0 7RÇÀ× Ðh0 3j¼>¾ × 0 ,(¼5Å 0 Ç/, 0 3 @ ¾ ,>¾ ¼ 0 9¢¼>Åh6<¼�Æh684 0 Ì
Ö�Å 0 ÆÀ3>* Ð 6 Ð ¾ Â ¾ ¼IÄm*<É'6¦Æ/35*E9/Ç/Ã!¼5¾�*-7;É]3>*+× ¼>Å 0 ,>¼W6835¼2,>¼W68¼ 0 ¾ , Æ/35*+Æf*+3>¼5¾ *+7h6<Â�¼>*¢¼>Å 0

7EÇ/× Ðh0 3�*<Ép¼5¾ × 0 , ¼>Å 0 Ã!*-3>3 0 ,>Æf*+7/9/¾ 7/4t,>¼W68¼ 0 Á�68, @ ¾ ,>¾ ¼ 0 9 Í ¾ ×�Æ/Â ÄE¾ 7/4�¼>Åf68¼2¼5Å 0 9 0 ,>¼>¾óè
7h68¼5¾ *+7�7/*E9 0 *8É�62ÆÀ3>*E9/Ç/Ã!¼5¾ *+7�Á�¾ ¼5Å�Å/¾ 4+Å 0 3�Æ/3>* Ð 6 Ð ¾�Â ¾ ¼IÄ�Ã!*+353 0 ,5Æh*-7/9/,e¼5* 6½,>¼W68¼ 0 ¼5Åh68¼
Áp6<, @ ¾ ,5¾�¼ 0 9È×�*-3 0 *8É_¼ 0 7NÌ ÏÈ0 9 0 éh7 0@? 6<,�6¢Æh6<3r68× 0 ¼ 0 32¼>Åh6<¼�68¼5¼r6<ÃrÅ 0 ,�¼5Å 0 9 0 ,5¾ 3 0 9Á 0 ¾�4-ÅE¼�¼>*�6½,>¼W68¼ 0 Ðf0 ¾ 7/4�¼>Å 0 éh35,>¼�¾ 7m6½Ç/, 0 3�7h6 @ ¾�4E68¼5¾�*-7�, 0 ,5,>¾ *+7&ÌEã]É ?BA$) *-7/Â Ä�,5¼r68¼ 0 ,
Á�Å/¾ ÃWÅ;Á 0 3 0 ¼>Å 0 éh3>,5¼2¾ 7n6�, 0 ,>,5¾ *+7tÅh6 @+0 ÆÀ3>* Ð 6 Ð ¾ Â ¾ ¼IÄ�4+3 0 68¼ 0 32¼5Åh687 � 0 3>*;*<É Ðh0 ¾ 7/4¢¾ 7
6�Æ/3>*E9/ÇÀÃ!¼>¾ *+7¦É_35*+× ¼>Å 0 ,>¼r6<3>¼P,>¼r6<¼ 0+Í *+7¢¼>Å 0 *+¼5Å 0 3eÅf687/9¢¾óÉ ?7Atí 68Â Â|,>¼W68¼ 0½@ ¾ ,5¾�¼5,e683 0
4+¾ @+0 7�Æ/35*+Æf*+3>¼5¾ *+7h6<¼ 0 Á 0 ¾ 4+ÅE¼OÌDCP*+¼ 0 ¼>Åh6<¼�Á�Å 0 7 ?FE�)�0!@+0 35Ä¢4+3r6<×�×¢683�,>¼W68¼ 0 Åh68, 687
¾ 7/¾ ¼>¾¬68Â|Æ/35* Ð 6 Ð ¾ Â ¾�¼IÄ¦4+3 0 68¼ 0 32¼>Åf687 � 0 3>*fÌ|Ö�Å 0 Æ/3>* Ð 6 Ð ¾�Â ¾ ¼>¾ 0 ,P*8É(¼5Å 0 Æ/3>*E9/Ç/Ã�¼>¾ *+7/,PÉ_35*+×
¼>Å 0 ,5¼r6<3>¼�,5¼r68¼ 0 Ã!*-3>3 0 ,>Æf*+7/9¦¼>*2¼5Å 0�@+0 Ã!¼>*-3(*<Éï¾ 7/¾ ¼>¾¬6<ÂRÆÀ3>* Ð 6 Ð ¾ Â ¾ ¼>¾ 0 , ÍHG�Í 687/9�¼>Å 0 Æ/35* Ð 6 è
Ð ¾ Â ¾�¼5¾ 0 ,N*<ÉN¼>Å 0 *-¼>Å 0 3ZÆ/3>*E9/Ç/Ã�¼>¾ *+7/,jÃ!*-3>3 0 ,>Æf*+7/9¦¼>*2¼5Å 0 ¼>3W687/,5¾�¼5¾ *+7�×m6<¼>35¾ Î *8É�6 :;6<3>=+* @
ÃWÅh68¾ 7 ì í ��î Ì
ãI7m¼5Å 020!Î 6<×�Æ/Â 0 ,>ÅÀ*8Á�7m¾ 7;õ&¾ 4+Ç/3 0 í Á 0 Åh6 @+0 � Ç/, 0 3e, 0 ,>,5¾ *+7/, Á�¾ ¼>Å¢6�¼>*+¼W68Â|*<É � �

Æh684 0 3 0 ÊEÇ 0 ,5¼>, Í Á�Å 0 3 0 ¾ 7¦,>¼r6<¼ 0JI ' Á�68, @ ¾�,5¾ ¼ 0 9 � ¼>¾ × 0 , Í�� *<ÉïÁ�Å/¾ ÃWÅ�683 0 ¼>Å 0 éf3>,>¼j,>¼W68¼ 0¾ 7â6�ÇÀ, 0 3 , 0 ,>,>¾ *-7 Í ¼>Å 0 3 0 É_*-3 0+Í ,5¾ 7/Ã 0K?LAM)&% ò Á 0 Åh6 @+0NG�Ñ I ' ÔOAQPSR TVU W( WYX PVR TVU (Z AM)�%��+ò Ì
õ&¾�4-Ç/3 0 � ,>Å/*8Á�,�¼5Å 0 4+3W68×�×¢683�¾ 7EÉ 0 353 0 9âÉ_3>*-× ¼>Å 0 4-¾ @-0 7�, 0 ¼e*<É�¼53r68¾ Â ,ZÉ_*+3�[ A°í 6<7/9
?\A])�%bò Ì Ñ~ÏÈ0 É]3 0!0 Â ÄËÇ/¼>¾ Â ¾ , 0 ¾ 7Ë*+Ç/3�éh4-Ç/3 0 ,�¼>Å 0 9ÀÇh68Â ¾ ¼IÄ Ðf0 ¼IÁ 0!0 7 4+3W68×�×¢6�3>,�6<7/9
68Ç/¼5*+×¢68¼r6 ì í�� î Ì Ô



S8BW\I\]UVK�J��~A Y(\IB5F(G]F>D�Uba
o �������	�
���
�
���	

� �������	�
���
�
���	

�����
� � � ��� � ��� 
 ���	�
� � � ��� � ��� �
� �
�	���	�
���
�
��� �
s � 
 ��� � ��� � ��� �

�����f���+�/£ZJ�Br�8D�HPC+aVB \IBWG�K�LhQE\IB>F!¡ \�G]F>D�UbaV\Ww

ãI7 6 47698 ¼5Å 0 Æ/3>* Ð 6 Ð ¾�Â ¾ ¼IÄ¢*8É(¼5Å 0 éh35,>¼29 0 3>¾ @ 68¼5¾�*-7;,>¼ 0 ÆÓ¾ , 9 0 éf7 0 9Ó68, ¼5Å 0$�S� ,��, � �!Ý�Ý * �>Ù � * � / Û Í��EÍ 687À9;¾ ,�7À*+¼�ÉI68Ã!¼5*+3 0 9È¾�7E¼5*�¼>Å 0 9 0 3>¾ @ 68¼5¾�*-7¢Æ/3>* Ð 6 Ð ¾ Â ¾ ¼IÄRÌEÖ�ÅEÇ/, Í ¼>Å 0Æ/3>* Ð 6 Ð ¾�Â ¾ ¼>¾ 0 ,�*<É(¼>Å 0 Æ/35*E9/Ç/Ã!¼5¾�*-7/,PÉ_3>*-×�¼>Å 0 ,>¼W6835¼2,>¼W68¼ 0 683 0 ÇÀ, 0 9t¼>*¢Æ/35Ç/7 0 *+Ç/¼ ¼>Å 0
,>¼53>¾ 7/4+,ZÁ�Å/¾ ÃrÅ�×¢6�Ä *+¼>Å 0 3>Á�¾ , 0 Åh6 @+0 ÅÀ¾�4-Å�Æ/3>* Ð 6 Ð ¾�Â ¾ ¼IÄ Ð Ç/¼jÃ!*+353 0 ,5Æh*-7/9¢¼>*�6P,5Ç Ð , 0 ¼�*8É
¼>Å 0 ÅEÄEÆ 0 3>¼ 0�Î ¼P,>ÄE,>¼ 0 ×�3r6<3 0 Â Ä @ ¾ ,5¾�¼ 0 9NÌ/:¢*-3 0 * @-0 3 Í 62,5¼>35¾�7À4�¾�,�¾ 7/Ã�Â�ÇÀ9 0 9¢¾ 7�¼>Å 0 4-3r6<×�è
×m6<3 � ,(Â¬6<7/4+Çh6<4 0 ¾VÉ�¾ ¼>,�9 0 3>¾ @ 68¼5¾ *+7¢Æ/3>* Ð 6 Ð ¾�Â ¾ ¼IÄ�¾ ,e6 Ð * @+0 ¼5Å 052�� Ý �1, �+ß¬à Ý Í��NÍ Á�Å 0 3 0 ¼>Å 0
Ã!Ç/¼¥èçÆf*+¾ 7E¼ Ã!*+353 0 ,5Æh*-7/9/,�¼>*¢¼>Å 0 4-3r6<×�×m6<3 2"�-à! Û+Ù à�2 Ù¢¼>ÅÀ3 0 ,5Å/*+Â 9NÌ|Ö�Å 0�@ 68Â Ç 0 , *8É�¼>Å 0,>Ç/ÆÀÆh*-3>¼�6<7/9nÃ�*+7Eéh9 0 7/Ã 0 ¼>ÅÀ3 0 ,5Å/*+Â 9/,24-¾ @+0 ¼>Å 0 Ç/, 0 3�Ã!*+7E¼>35*+Â�* @-0 32¼5Å 0 ÊEÇh687E¼>¾ ¼IÄn6<7/9
ÊEÇh68Â ¾ ¼IÄ�*<É�¼5Å 0 ¼>3W68¾ Â ,(¼5* Ðh0 ¾ 7/Ã!Â Ç/9 0 9¢¾�7¢¼5Å 0 3>Ç/Â 0 , 0 ¼�Ì/Ö�Å 0 ,>¼>35¾ 7/4+,�4 0 7 0 3W68¼ 0 9 Ð Ä�¼>Å 0
4+3W68×�×�6<3 Ã!*+353 0 ,5Æh*-7/9�¼>*ÈÇÀ, 0 3¦7h6 @ ¾�4E68¼5¾�*-7È¼>3W68¾ Â , Í 687/9Õ¼>Å 0 6<¾ ×�¾ ,�¼5*È¾�9 0 7E¼>¾óÉ_ÄÈ¼>Å 0
,>Ç Ð , 0 ¼2*<Ép¼5Å 0 , 0 ,>¼>35¾ 7/4+,2¼5Åh68¼ Ðf0 ,>¼�ÃWÅh683W68Ã!¼ 0 3>¾ , 0 ¼>Å 0 Ç/, 0 3 Ðh0 Åf6 @ ¾ *-Ç/3 Á�Å 0 7 @ ¾ ,>¾ ¼>¾ 7/4
¼>Å 0 ,>¾ ¼ 0 Ì 6�683W68× 0 ¼ 0 35,�,5Ç/ÃWÅÒ6<, 2"�+à! Û-Ù à&2 Ùt687/9 �S� ,�, � �!Ý2683 0 9 0 éh7 0 9Õ68,�Æ/3 0 É 0 3 0 7ÀÃ 0
× 0 6<,>Ç/3 0 ,2Á�Å/¾ ÃWÅÈ3r6<7/=t¼>Å 0 4 0 7 0 3W68¼ 0 9Ò,5¼>35¾�7À4+,OÌ&Ö�Å 0 6<Â�4-*+35¾�¼5Å/×�Ç/, 0 9Ó¼5*;×�¾ 7 0 3>Ç/Â 0 ,Åh6 @ ¾ 7/4 Ã!*+7Eéf9 0 7/Ã 0 6<7/9�,5Ç/Æ/Æf*+3>¼�6 Ð * @+0 ¼5Å 0 ,5Æ 0 Ã!¾óé 0 9¢¼>Å/3 0 ,>ÅÀ*+Â 9/,�¾ ,(6½,>Æ 0 Ã!¾¬68Â|ÃO6<, 0 *8É
629À¾�3 0 Ã!¼ 0 9;4+3W68Æ/Å¢» 0 Æ/¼>Åëè¥õ&¾ 3>,5¼ � 0 6<3>ÃWÅ¢Á�Å/¾ ÃWÅmÆ 0 3¥É_*+35×�,�687 0!Î Åh68ÇÀ,>¼>¾ @-0 , 0 6835ÃWÅ;*8É�68Â Â
¼>Å 0 ,5¼>3>¾ 7/4-,�Á�¾ ¼>Å¢¼>Å 0 3 0 ÊEÇ/¾ 3 0 9;ÃWÅh6<3r6<Ã!¼ 0 35¾ ,>¼>¾ Ã!, Í ÃWÉrÌ ì�� î Ì
ãI7âõ&¾ 4+ÇÀ3 0 � Á 0 ,>ÅÀ*8Áñ¼>Å 0 35Ç/Â 0 ,e* Ð ¼r6<¾ 7 0 9;Á�¾ ¼>Å¢9/¾#" 0 3 0 7R¼ ×¦*R9 0 Â|Ã!*+7ëéh4+Ç/3W68¼5¾�*-7/,OÌ

õ/35*+×�¼5Å 0 éh3>,5¼�¼IÁj*¢, 0 ¼5,�*<Ép35Ç/Â 0 ,2Á 0 ÃO687È, 0!0 Å/*8Á Ð *+¼>Åt¼>Å 0 7EÇ/× Ðf0 3e*<Ép35Ç/Â 0 , 6<7/9¾ ¼>,�6 @-0 3r6<4 0 Â 0 7/4-¼>ÅÈ9 0 Ã�3 0 6<, 0 ,¦Á�Å 0 7È¼>Å 0 Ã!Ç/¼¥èçÆf*+¾ 7E¼2¾ 7/Ã!3 0 68, 0 ,OÌ9Ce*-¼ 0 ¼>Åf68¼�6<Â�¼5Å/*+ÇÀ4+Å
I�$ Á�68,P7 0!@-0 3 ¼>Å 0 éh3>,5¼e,5¼r68¼ 0 ¾ 7n6�7f6 @ ¾ 4E68¼>¾ *-7�, 0 ,>,>¾ *-7 Ð *+¼5Å;3>Ç/Â 0 èI, 0 ¼>,2¾ 7/Ã!Â Ç/9 0 3>Ç/Â 0 ,
,>¼W683>¼5¾ 7/4eÁ�¾ ¼>Å½¾�¼�Ì�Ö�Å/¾ ,�*EÃ!Ã�Ç/3>, Ðf0 ÃO6<Ç/, 0JI�$ Åf68,�6�Å/¾ 4-Å É_3 0 ÊRÇ 0 7/Ã!Ä�*8Éh¼53r6 @-0 3>,W68Â/687/9�¼>Å 0
@ 68Â Ç 0 *<ÉïÆf683r6<× 0 ¼ 0 3 ?>A )�%bò 4+¾ @+0 ,�6PÆf*+,>¾ ¼5¾ @-0 Á 0 ¾ 4+ÅE¼�¼>* ¼5Åh68¼�Ì8Ö�Å 0 ¼>ÅÀ¾�359�3>Ç/Â 0 èI, 0 ¼�Åh68,

S

F

A5

A A

A

A4

A1

2 3

6

0.25

0.75 0.4

0.2

0.25

1

0.04

0.08

0.5

0.4

0.11

0.17

0.25

0.35
0.25

0.4

0.5

0.25

0.6

0.25

�����f�!%À�/v��RBj�+^�C/B5F>GIBW�8G(c�F>DOH H D�F�L¬K!Fp¨'& o�D!JEg)(*&,+.- � w



6�Å/¾ 4+Å 0 3�,5Ç/Æ/Æf*+35¼�¼5Å/3 0 ,>Å/*-Â�9t687/9n6<,26�Ã!*-7/, 0 ÊEÇ 0 7/Ã 0 ¼>Å 0 35Ç/Â 0 , ,>¼r6<3>¼5¾�7À4�¾ 7;,>¼W68¼ 0KI�$
683 020!Î Ã!Â Ç/9 0 9&Ìïõ&¾ 7h6<Â�Â Ä Í 35Ç/Â 0 èI, 0 ¼ ��Ã!*-3>3 0 ,>Æf*+7/9/,½¼>*�6�4-3r6<×�×m6�3Z¾�7ëÉ 0 3>3 0 9tÁ�Å/¾ Â 0 4-¾ @-0 7
¼>Å 0 ,r68× 0 Á 0 ¾ 4+ÅE¼�É_*-3�6<Â�Â&¼>3W6 @+0 35,r68Â , Í ¾IÌ 0 Ì ? A í�% )/Í 6<7/9;Ã!*-7/, 0 ÊRÇ 0 7E¼>Â Ä;3>ÇÀÂ 0 ,�,5¼r6<3>¼>¾ 7/4
68¼ I ( 6<7/9 I�$ 683 0 ¾ 7/Ã!Â Ç/9 0 9 0!@+0 7Ó¼>ÅÀ*+Ç/4-ÅÓ¼>Å 0 , 0 ,>¼W68¼ 0 ,�Á 0 3 0 7 0!@+0 3�¼>Å 0 éh35,>¼�¾ 7Ó67h6 @ ¾ 4R68¼5¾ *+7�, 0 ,5,>¾ *+7NÌ

FIQ+aVB5�_\IBWGeo FIQ+aVB5�_\IBWG � FIQ+aVB5�_\IBWG � FIQ+aVB5�_\IBWG �
(*&,+ - � ( &Ëo - +

� & + -Vo � & + -Vo � ��&,+ -Vo
� & + - � � &,+.- � � &,+.- � � & +.- �
FIQ+aVB TWK�J+LIw FIQ+aVB TWK!J-LIw FIQ+aVB TWK!J-LIw FIQ+aVB TWK!J-LIw

��� �	� +-w � � ��� �	� �
� +-w � ��� �	� �
� +-w � ��� �	� �
� +-w �
� � � � � � +-w � � � � 
 +-w � � 
 � � +-w � � � � � � 
 +-w �
� � � � � � � � +-w � � � 
 � � +-w � � � � � +-w � � � � 
 +-w �
�	� �	
 ��� +-w � �	� �	� +-w � �	� �	� �
� +-w ��� �	
 ��� +-w �
� � �	� +-w � � � � � � � +-w ��� � � � � +-w �
�	
 ��� �	� +-w � � �	� �	� �
� +-w ���
� 
 �	� +-w � �
� � � � +-w �
�	� �	� �	� +-w ���
�����f���À�/v��EBjFIQ+aVBW\jK!�EGID!UbJEBrg¦k�UVG]��[!D!FIUVK�QR\�H K8g-B>a|TWK!J-¯Rc�Q+F>D�G]UVK!JE\Ww

���	� 
���
�����������������
 �
ÏÈ0 Ç/, 0 ¼5Å 0 [¢4-3r6<×�Ã�*+7/Ã 0 Æ/¼ ì���î ¼>*;9 0 ¼ 0 35×�¾ 7 0 ¼5Å 0 6<,>,5Ç/× 0 9ËÇ/, 0 3�× 0 ×¦*+3>Ä¢Á�Å 0 7
7h6 @ ¾ 4R68¼5¾ 7/4�Á�¾ ¼>Å/¾ 7 ¼>Å 0 ,>¾ ¼ 0-Í Á�Å 0 3 0 ["!"[$# í-Í ¾�,&ÃO68Â Â 0 9 ¼>Å 0 Å/¾ ,>¼5*+3>ÄP9 0 Æ/¼5ÅNÌ�Ö�Å 0 3 0 É_*+3 0+ÍÁ�Å 0 7¦¼>Å 0 Ç/, 0 3�¾ , @ ¾ ,>¾ ¼5¾�7À4�6 Æh6<4 0 ¾ ¼�¾ ,(6<,>,5Ç/× 0 9¦¼>Åh6<¼�*+7ÀÂ�Ä�¼>Å 0 [ ÆÀ3 0!@ ¾ *+Ç/,5Â Ä @ ¾ ,>¾ ¼ 0 9
Æh684 0 ,e¾ 7 %fÇ 0 7/Ã 0 ¼>Å 0 Â ¾ 7/=�Å 0 Á�¾ Â�Â&ÃWÅ/*E*+, 0 ¼>*"É_*+Â Â *8Á�7 0�Î ¼�ÌfÖ�Å 0 ¾ 7E¼>Ç/¾ ¼>¾ *-7m¾ ,P¼>Åh6<¼e¼>Å 0
Ç/, 0 32Åh68,26¦Â ¾ ×�¾ ¼ 0 9¢× 0 ×�*-3>Ä�*<É(¼>Å 0 Æ/3 0!@ ¾ *+ÇÀ,>Â Ä Ð 35*8Á�, 0 9ÈÆh6<4 0 ,�687/9t¼>Åh6<¼ ¼>Å 0 7 0�Î ¼
ÃWÅ/*+¾ Ã 0 9 0 Æ 0 7/9/,2*-7/Â Ä�*+7ä¼>Å 0 Â¬68,>¼B[�Æh6<4 0 , Ð 3>*8Á�, 0 9NÌfãI7 6<7>[¢4+3W68×�×�*E9 0 Â 0 68ÃWÅt*8É
¼>Å 0 ,5¼r68¼ 0 ,e*<É�¼5Å 0 47698°Ã�*+3>3 0 ,>Æf*+7À9;¼>*�6½, 0 ÊEÇ 0 7/Ã 0 *8É [�Æh6<4 0 , @ ¾�,5¾ ¼ 0 9NÌÖ�Å 0 9/3r6�Á Ð 68ÃW=�*8É|¼>Å 0 [¢4+3W68×®×�*E9 0 ÂR¾ ,j¼>Å 0 ¾ 7/Ã�3 0 6<, 0 ¾ 7�¼>Å 0 7RÇÀ× Ðh0 3�*<ÉN,>¼r6<¼ 0 ,�68,
¼>Å 0 Å/¾ ,5¼>*+35Ä�9 0 Æ/¼>Å¢¾ 7/Ã!3 0 68, 0 ,OÌ|õÀ*+3�6�Á 0!Ð ,5¾�¼ 0 Á�¾�¼5Å'&äÆh684 0 ,e687À9�É_*-3e624-¾ @-0 7�ÅÀ¾�,5¼>*-3>Ä
9 0 Æ/¼5Å�[ ¼>Å 0m0�Î Æ 0 Ã!¼ 0 9 7RÇÀ× Ðh0 3�*8É 4+3W68×�×¢6�3 ,>¼r6<¼ 0 ,¦¾ ,(& %*),+.-0/ '21 Í Á�Å 0 3 0�) ¾ ,�¼>Å 0
6 @+0 3W684 0 7RÇÀ× Ðh0 3Z*8ÉN*+ÇÀ¼>Â ¾ 7/=E,�¾ 7�6 Æh684 0 Ì-ôe,j,>Ç/ÃWÅ Í ¼5Å 0 3 0 ¾ ,�6 Ã!Â 0 683j¼>3W689 0 èç* " Ðf0 ¼IÁ 0!0 7
¼>Å 0 ×�*E9 0 Â�Â 0 9äÇ/, 0 3½× 0 ×¦*+3>Ä Ñ × 0 68,5Ç/3 0 9 Ð Ä;¼>Å 0 Å/¾ ,>¼>*-3>Ä;9 0 Æ/¼>Å Ô 687/9t¼>Å 0 4-3r68×¦×m6<3Ã!*+×¦Æ/Â 0!Î ¾ ¼IÄ Ñ × 0 6<,>Ç/3 0 9¢¾�7¦¼>Å 0 7EÇ/× Ðf0 3�*8É�,>¼W68¼ 0 , Ô Ì
õN¾ 7h6<Â Â�Ä Í ¼>Å 0 ÅEÄEÆ 0 3>¼ 0�Î ¼�4-3r6<×�×m6<3N×¦*R9 0 Â/¾ ,(¾ 7/Ã�3 0 × 0 7E¼r68Âf¾ 7�¼5Å 0 , 0 7/, 0 ¼>Åh6<¼(Á�Å 0 7

×�*-3 0 Â�*-4¢9h68¼W6 Ðf0 Ã!*-× 0 ,�6 @ 68¾ Â¬6 Ð Â 0 ¾�¼ ÃO6<7 Ðf0 ¾ 7/Ã!*+35Æh*-3r6<¼ 0 9Ë¾�7È¼5Å 0 ×�*E9 0 Â�Á�¾ ¼>Å/*-Ç/¼
¼>Å 0 7 0!0 9¢*<ÉN3 0!Ð ÇÀ¾�Â 9/¾ 7/4½¼>Å 0 4+3W68×¦×m683 É_3>*-×®,>Ã!3W68¼>ÃWÅNÌ&4 0 7ÀÃ 0+Í ¼5Å 0 4B6�8ñ¾ ,�6 Ã!*-×�Æh6<Ã!¼
Áp6�Ä½*8É|= 0!0 ÆÀ¾�7À4�¼5Å 0�Ð 3>*8Á�,5¾ 7/42Å/¾ ,>¼5*+35Ä�,5¾�7ÀÃ 0 ¼5Å 0 4-3r68×¦×m6<3|,>¾�� 0 9 0 Æ 0 7/9/,�*+7ÀÂ�Ä½*+7�¼>Å 0
7EÇ/× Ðh0 3(*<É�Æh6<4 0 , @ ¾ ,>¾ ¼ 0 9â6<7/9¢7/*+¼�*-7�¼5Å 0 68×¦*+Ç/7E¼�*<É�Â *+4�9h6<¼r6�6 @ 68¾ Â¬6 Ð Â 0 ÌãI7Òõ&¾ 4+Ç/3 0 �nÁ 0 Æ/3 0 , 0 7R¼�¼5Å 0 68Â 4+*-3>¾ ¼>ÅÀ× Ç/, 0 9Õ¼>*;¾ 7/Ã!3 0 × 0 7R¼W68Â Â Ä Ð Ç/¾ Â 9Ó6 476�8�Ì
ÏÈ0 Â 0 ¼43 Ðf0 ¼>Å 0 , 0 ¼�*8É�Ç/, 0 3P7h6 @ ¾ 4R68¼5¾ *+7�, 0 ,>,>¾ *-7/,e687/965 375<¾�¼5,�ÃO68359/¾ 7h68Â ¾ ¼IÄ Í 3�8 Ðh0 ¼>Å 0



�����¢, 0 ,5,>¾ *+7Ë¾ 7n¼5Å 0 , 0 ¼ 6<7/9 3 8 ì ��îpÐf0 ¼>Å 0�� ���¢Æh684 0 *8Ée, 0 ,>,5¾�*-7��5Ì ÏÈ0 68Â ,5*;Â 0 ¼K[ Ðf0
¼>Å 0 Å/¾ ,>¼>*-3>Ä¢9 0 ÆÀ¼>Åt*8É�¼>Å 0 4+3W68×¦×m683 Í 687À9 <	��
���
�<�
�� Ðf0 ¼5Å 0 , 0 ¼ *8É(4-3r68×¦×m6�3j,>¼W68¼ 0 , 

¼>Å 0 É_Ç/7/Ã�¼>¾ *+7 <���
���
�<�
�� %������ 
���
 Ñ]Ô Ç/Æh9f68¼ 0 , <���
���
�<�
�� Á�¾ ¼>ÅË¼>Å 0 Â¬68,5¼2¾ 7EÉ 0 353 0 9Õ,5¼r68¼ 0 Ì
ô <	��
���
 Ã!*+353 0 ,5Æh*-7/9/,e¼5*5[�Ã!*-7/, 0 Ã!Ç/¼>¾ @-0 Æh684 0 3 0 ÊEÇ 0 ,5¼>, <	��
���
 ì íWî ! %-%�% ! <	��
���
 ì [ î�
 ¼>Å 0É_Ç/7/Ã�¼>¾ *+7�������� ��� 
 � � Ñ]Ô Æ 0 3IÉ_*-3>×¦,�¼5Å 0 68,>,5¾ 4+7/× 0 7E¼ <	��
���
 ì � î æ A <���
���
 ì � X íWî>Í

É_*-3!� A
í ! %-%�% !"[#" í ÌWãI7�689À9/¾ ¼>¾ *+7 Í Á 0 Â 0 ¼%$'&�( �)��* � ��(�&�� Ðf0 ¼5Å 0 , 0 ¼N*8Éh6<Â�Â84-3r6<×�×m6�3ÀÆ/3>*E9/Ç/Ã�¼>¾ *+7/,
687/9È¼5Å 0 É_Ç/7/Ã�¼>¾ *+7+$'&�( �)��* � ��(�&�� %������ 
���
 Ñ]Ô Ç/Æf9h68¼ 0 ,�¼>Å 0 , 0 ¼�Á�¾ ¼5ÅÓ¼>Å 0 Â¬68,5¼�¾ 7EÉ 0 3>3 0 9
Æ/3>*E9/ÇÀÃ!¼>¾ *+7&Ì

, ���+���.-�/10O�+2�3�4���-!�15 68�+���8�R���73�82� ¨:9�9
2/{P}R���.-5�
; { <+���+- & 2=/+�?> @.>
A { <+���¢� & 2B/+�DCE5+�
F { G1/+�1/+��H ��I & @�JKH ��I�L
M ���N5D<+���
O { G1/+�1/+��G8�1/ - ��PN5 �1/8��Q�G1/ �1/8��R�L
S { <+���nz & CUT?2B/+�+> @ J >
V { W8�1<�/NG1/+�1/+� & G1/+�1/+�XL
Y { G1/+�1/+� - �Z0�-�<�/NW��1<�/NQ�R�L
2\[|{ G1/+�1/+��H C1I & @ J HbzZI�L
2�2/{ G1/+�1/+��G8�1/ - ��PN58�1/+��Q�G1/8�1/+�1R�L
2 ; { ]8�+�15��R�1/.-!���+� - ��PN5 �1/+��Q�W8�Z<�/NG\/+�Z/+��^_G1/+�1/+��RZL
2 A { ���N5D<+���
2 F {����N5D<+���
2 M {I���N5N{

�����f��`f� � JET>F>BWH B5J+GID!a|D�aVcOK�FIUVG]�RH®GIKP�+Q-UbaVg�G]�RB'�+^�C/B>F>GIBW�8GZC+F>K��RD��+UbabUV\IG]U T2c!F>D�H H D!F!w

��� � 
���
badc%e,����fhg��Xi �kj:lnm
ÏÈ0 Æ/3>*-Æh*-, 0 ¼>*tÇ/, 0 ¼5Å 0 Ù à Ý � � , + *8Ée¼5Å 0 476�8 68,�687 0 ,>¼>¾ ×¢68¼>*-32*8Ée¼5Å 0 ,>¼W68¼>¾ ,5¼>¾ ÃO68Â
Æ/3>*-Æ 0 3>¼>¾ 0 ,�*<ÉN¼>Å 0 Â¬687/4-Çh684 0 4 0 7 0 3r68¼ 0 9 Ð Ä�¼5Å 0 4-3r68×¦×m6<3OÌ�Ö�Å 0e0 7R¼53>*-ÆRÄ�¾ ,(6½× 0 68,>ÇÀ3 0
*8É�¼>Å 0 Ç/7/Ã 0 3>¼r6<¾ 7R¼IÄ¢¾ 7¢¼>Å 0 *+Ç/¼5Ã!*+× 0 *<É(6�3r687À9/*+× @ 6<3>¾¬6 Ð Â 0 687/9;¾ 7¢¼>ÅÀ¾�,�Ã�*+7E¼ 0!Î ¼ ¼>Å 0
,r6<×�Æ/Â 0 ,5Æh68Ã 0 ¾ ,2¼5Å 0 , 0 ¼2*8Ée68Â Â�,>¼53>¾ 7/4+,½4 0 7 0 3r68¼ 0 9 Ð Ä;¼5Å 0 4-3r6<×�×�683�ÌEã]ÉeÁ 0 Åh6<9È7/*
¾ 7EÉ_*+35×m6<¼>¾ *+7n6<¼�68Â Â�6 Ð *+Ç/¼�¼>Å 0 Ç/, 0 3�¾ 7E¼ 0 3r68Ã�¼>¾ *+7ÕÁ�¾ ¼>ÅË¼>Å 0 Á 0!Ð ¼>Å 0 ×�*-,>¼�3r6<¼>¾ *+7h6<Â¼>Å/¾ 7/4ËÁ(*-Ç/Â 9 Ðh0 ¼>*�68,5,>Ç/× 0 ¼>Åf68¼m6<Â Â�Æf684 0 ,mÅf689�¼5Å 0 ,W68× 0 Æ/3>* Ð 6 Ð ¾�Â ¾ ¼IÄÓ*<É Ðh0 ¾ 7/4
@ ¾�,5¾ ¼ 0 9;687À9â6<Â Â|¾�¼5,�Â ¾�7À=R,jÅh6 @-0 ¼5Å 0 ,W68× 0 Æ/35* Ð 6 Ð ¾ Â ¾�¼IÄ�*8É Ðf0 ¾ 7/4�ÃWÅ/*+, 0 7NÌÀÖ�Å 020 7E¼>35*+ÆEÄ
¾ ,�×m6 Î ¾ ×�Ç/×®¾�7¢¼5Å/¾ ,�ÃO68, 0 6<7/9;¼>Å 0 3 0 ¾ ,�7/*�Æf*+¾ 7E¼�¾ 7mÂ *E*+=E¾ 7/4½É_*+3�Æf68¼>¼ 0 3>7À,�*-3e¼53>ÄE¾ 7/4
¼>* Æ/3 0 9/¾ Ã!¼�6e3W687/9À*+× Ðf0 Åh6 @ ¾ *+ÇÀ3OÌ��P7�¼>Å 0 *+¼5Å 0 3�Åf687/9 Í ¾VÉ|¼>Å 0�0 7E¼>3>*-ÆEÄ�¾ ,�Ã!Â *-, 0 ¼>* � 0 3>*
¼>Å 0 Ç/, 0 3 Ðh0 Åf6 @ ¾ *-Ç/3 Åh68,PÉ 0 ÁñÇÀ7/Ã 0 35¼r68¾ 7E¼>¾ 0 , Í 6<7/9n6",>×m6<Â ÂN, 0 ¼�*<É(,>ÅÀ*+3>¼ 35Ç/Â 0 ,2,>ÅÀ*+Ç/Â 9
Ã!*+7E¼W68¾ 7 0 7/*+Ç/4-Å�¾ 7EÉ]*+3>×¢68¼5¾�*-7 ¼>* ÃWÅh683W68Ã!¼ 0 3>¾ , 0 Å/¾ ,��<Å 0 3 Ðf0 Åh6 @ ¾ *+Ç/3�Ì8ãI7�Ã!*-7/Ã!Â Ç/,>¾ *-7 Í ¼>Å 0¾ 7R¼5Ç/¾ ¼>¾ *+7 Ðf0 Å/¾ 7/9ä¼>Å 0 0 ,5¼>¾ ×m6<¼>*+3j¾ ,�¼>Åh6<¼�¾óÉ�¼>Å 020 7E¼>35*+ÆEÄ�*<ÉZ6½Æ/35* Ð 6 Ð ¾ Â�¾ ,5¼>¾ Ãe4-3r68×¦×m6<3
¾ ,�Ã!Â *+, 0 ¼>* � 0 3>*�¼>Å 0 3 0 ,>Å/*-Ç/Â 9 Ðh0 6 ,>×¢68Â ÂE, 0 ¼j*8É|,>¼53>¾ 7/4+,jÁ�¾ ¼>Å�Å/¾ 4-Å�Æ/3>* Ð 6 Ð ¾ Â ¾ ¼IÄ2687/9�¾óÉ



¼>Å 0½0 7E¼>3>*-ÆEÄm¾ ,�Å/¾ 4-Åm¼5Å 0 7;¼5Å 0 3 0 ,5Å/*+Ç/Â 9 Ðf0 6�Â¬68354 0 7EÇ/× Ðf0 3�*8É�,>¼53>¾ 7/4-,eÁ�¾ ¼>Å¢,>¾ ×¦¾�Â¬6<3
687/9¦Â *8Á�Æ/3>* Ð 6 Ð ¾�Â ¾ ¼IÄEÌ
ôe,>,5Ç/×�¾ 7/4¢6¦¼>3r6<7/,>¾ ¼5¾�*-7nÁ�¾ ¼5ÅnÆ/35* Ð 6 Ð ¾ Â ¾�¼IÄ¢*-7 0 É_3>*-×�,>¼W68¼ 0 =©¼>* < 6 47698 Ã!*-3Iè

3 0 ,5Æh*-7/9/,�¼5*n687Ë¾�353 0 9ÀÇ/Ã!¾ Ð Â 0 6<7/9Ó68Æ 0 3>¾ *E9/¾ Ãm:ä683>=-* @ ÃWÅh6<¾ 7ÓÁ�¾ ¼>ÅÓ6¢,5¼r6<¼>¾ *+7h6<3>ÄÈ9/¾ ,¥è
¼>35¾ Ð Ç/¼>¾ *+7 @-0 Ã!¼>*-3��Ó6<7/9;¼>3W687/,5¾ ¼>¾ *+7¢×m6<¼>35¾ Î I ÌfÖ�ÅRÇÀ, Í Á 0 ÃO6<7 0 ,5¼>¾ ×m6<¼ 0 ¼5Å 020 7E¼>35*+ÆEÄ
Á�¾ ¼>ÅÈ¼>Å 0 É]*+Â Â *8Á�¾�7À4 0!Î Æ/3 0 ,>,5¾�*-7�� A � Ñ G|Ô X Ñ

"�� 8�� G 8 I 8���� (
	 I 8 � Ô Á�Å 0 3 0 � Ñ G|Ô ¾ ,
¾ 7/Ã!Â Ç/9 0 9ä¼>*¢¼r6<= 0 ¾�7E¼5*m68Ã�Ã!*+Ç/7E¼ ¼>Å 0 3W687/9/*-×�7 0 ,>,e*<É(¼>Å 0 ÃrÅÀ*+¾ Ã 0 *8É(¼5Å 0 ¾ 7/¾ ¼5¾�6<ÂNÆh6<4 0+Í, 0!0¢ì í-) î É_*+3P9 0 ¼r6<¾ ÂN*+7ä¼>Å 020 7R¼53>*-ÆRÄ¢*<Ép6�:;6835=+* @ ÃrÅf68¾ 7NÌ�CP*+¼ 0 ¼5Åh68¼PÁ 0 ÇÀ, 0 ¼5Å 0�@-0 ÃWè
¼>*-3e*8É�¾ 7/¾ ¼>¾¬6<Â|Æ/3>* Ð 6 Ð ¾ Â ¾ ¼>¾ 0 , G 6<,�687 0 ,>¼5¾�×¢68¼5*+3�*8É�¼5Å 0 ,5¼r6<¼>¾ *+7h6<3>Ä @+0 Ã!¼>*-3�� Í ,>¾ 7/Ã 0 ¾ ¼
¾ ,�ÆÀ3>*+Æf*+35¼>¾ *+7f68Â�¼>*¢¼>Å 0 7EÇ/× Ðf0 3 *8É(¼5¾ × 0 , 0 6<ÃrÅt,>¼W68¼ 0 Áp6<, @ ¾ ,>¾ ¼ 0 9NÌ|Ö�Å 0�@ 6<Â Ç 0 *8É��
ÃO687 Ðf0 7/*-3>×¢68Â ¾ , 0 9¢¼>* Ðf0 ¾ 7t¼>Å 0 3r6<7/4 0�Ðf0 ¼IÁ 0�0 7 ) 687/9 í2Ð Ä;Ã!*-7/,>¾ 9 0 3>¾ 7/4¢¾ ¼>, 3r6<¼>¾ *
Á�¾ ¼>Åt¼>Å 0 Ã!*-3>3 0 ,>Æf*+7/9À¾�7À4n3W687/9/*-× 4-3r68×¦×m6<3OÌEÖ�Å 0 3r687À9/*+× 4+3r6<×�×¢683�Ã!*-7/,>¾ ,>¼5,2¾ 7Ó6
4+3W68×�×�6<3eÁ�¾ ¼>ÅÈ¼5Å 0 ,W68× 0 ,>¼>35Ç/Ã!¼5Ç/3 0¢Ð Ç/¼�¾ 7ÈÁ�Å/¾ ÃWÅÓ68Â Â�,>¼W68¼ 0 ,�Åh6 @+0 ¼5Å 0 ¾ 3�*+Ç/¼¥èçÂ ¾ 7/=E,
Æ/3>* Ð 6 Ð ¾�Â ¾ ¼>¾ 0 ,j68Ã!Ã!*-3>9/¾ 7/4�¼5*�6�Ç/7/¾óÉ_*-3>×®9/¾ ,>¼53>¾ Ð Ç/¼5¾�*-7NÌ

�EÇ/ÃWÅÓ6¢× 0 68,>ÇÀ3 0 Á�Å/¾ ÃWÅÈ¾ ,�687 0 ,5¼>¾ ×m6<¼>*-3�*<Ée¼>Å 0 ,>¼W68¼>¾ ,5¼>¾ ÃO68Âj9/¾ ,>¼53>¾ Ð Ç/¼5¾ *+7t*8Ée¼>Å 04+3W68×�×�6<3h,5¼>35¾�7À4�ÆÀ3>* Ð 6 Ð ¾ Â ¾ ¼>¾ 0 ,|ÃO6<7 Ðf0 ÇÀ, 0 É_ÇÀÂ/¾ 72Å 0 Â Æ/¾ 7/4P¼>Å 0 Ç/, 0 3�¾ 7�¼>Å 0 ,>Æ 0 Ã!¾óéhÃ�68¼>¾ *-7
*8É�¼>Å 0 ,>ÇÀÆ/Æh*-3>¼ 687/9¢Ã!*-7Eéh9 0 7ÀÃ 0 ¼>ÅÀ3 0 ,5Å/*+Â 9/,�Ì

� � 	����&µ/º � �&³�´����
�������>¸ �&´ëº5¶�³

Ö�*m68,5, 0 ,5,2¼>Å 0 Æ 0 3¥É_*+35×m6<7/Ã 0 6<7/9n¼5Å 0�0 " 0 Ã!¼>¾ @+0 7 0 ,>,�*<É(¼>Å 0 Æ/3>*-Æh*-, 0 9t×�*E9 0 Â 0!Î Æ 0 3>¾óè
× 0 7E¼5,�Á 0 3 0 Ã!*-7/9/Ç/Ã!¼ 0 9�Á�¾ ¼5Å Ð *-¼>Å�3r6<7/9/*-× 6<7/9�3 0 68Âf9h68¼W6/Ì8Ö 0 ,5¼>,jÁ�¾�¼5Å�3W687/9À*+×®9h68¼W6
Æ/3>* @ ¾ 9 0 ¼>Å 0 × 0 687/,�*<É 0!@ 6<Â Çh68¼5¾�7À42×m6<7RÄ½9/¾#" 0 3 0 7E¼�¼>*-Æh*-Â�*-4+¾ 0 ,�687/9¦Ã!*+7ëéh4+Ç/3W68¼5¾�*-7/,j*8É
6N476�8©687/9;¼ 0 ,>¼5,2Á�¾ ¼>Å;3 0 68Â�9h6<¼r6�6<Â�Â *8Á Ç/,e¼5* @-0 3>¾óÉ_Ä¢Á�Å 0 ¼5Å 0 3 *+3P7/*+¼P¼>Å 0 ×�*E9 0 ÂN¾ ,
Æh*-¼ 0 7E¼5¾�6<Â Â�Ä�Ç/, 0 É_Ç/Â&¾�7¢Æ/3W68Ã!¼5¾ Ã 0 Ì
Ö�Å 0 × 0 ¼>Å/*E9tÇ/, 0 9Ò¼5*;Ã!3 0 68¼ 0 ¼5Å 0 3W687/9À*+× 9f68¼r6äÃ!*-7/,>¾ ,>¼ 0 9Ó*<É�É_*+ÇÀ32Ã!*+7À, 0 Ã!ÇÀ¼>¾ @+0

,>¼ 0 Æ/,Oæ Ñ ¾ Ô 4+¾ @+0 7m¼5Å 0 3 0 ÊEÇ/¾ 3 0 9t7EÇ/× Ðh0 3�*8É�,>¼W68¼ 0 ,�687À9;¼>Å 0 6 @+0 3W684 0½Ð 3r6<7/ÃWÅ/¾ 7/4�Éç68Ã�¼>*+3
3r6<7/9/*+×¦Â Ä�Ã!3 0 68¼ 0 6�9À¾�3 0 Ã!¼ 0 9È4+3W68Æ/Å ÍZÑ ¾ ¾ Ô É_*-3 0 68ÃWÅÈ4+3W68×�×¢6�3�,>¼W68¼ 0 6<,>,5¾�4-7n*-Ç/¼>4-*+¾ 7/4Â ¾�7À=R,½Á 0 ¾ 4-ÅR¼5,�68Ã�Ã!*+359/¾ 7/4nÁ�¾ ¼5ÅÈ¼>Å 0 ÃWÅ/*+, 0 7ÕÆ/3>* Ð 6 Ð ¾�Â ¾ ¼IÄ;9/¾ ,5¼>3>¾ Ð ÇÀ¼>¾ *+7 ÍZÑ ¾ ¾ ¾ Ô�@+0 35¾VÉ]Än¾óÉ
¼>Å 0 3 0 ,5Ç/Â ¼>¾ 7/4¢4+3W68×�×¢6�3(Åf68,e¼5Å 0 3 0 ÊEÇ/¾ 3 0 9nÆ/35*+Æ 0 3>¼5¾ 0 , Í ¼>Åh6<¼e¾ , Í ¾óÉ 0!@+0 3>Ä;,5¼r68¼ 0 Åf68,26
Æh68¼5Å�¼>*K=ñ6<7/9�¾óÉN7/*+¼j689/9�6 Â ¾ 7/=�¼>*K= ÍhÑ ¾ @ëÔ 7/*+35×m68Â ¾ , 0 ¼>Å 0 4+3r6<×�×¢683 � ,|Á 0 ¾ 4+ÅE¼>, Í ¼5Åh68¼
¾ , Í ÃO6<Â�Ã�Ç/Â¬68¼ 0 ¼5Å 0 Æ/3>*E9/Ç/Ã�¼>¾ *+7¢Æ/35* Ð 6 Ð ¾ Â�¾ ¼5¾ 0 ,OÌ
õ/*-3|¼>Å 0j0!Î Æ 0 3>¾ × 0 7E¼5,NÁ�¾ ¼>Å 3 0 68ÂE9h68¼W6�Á 0 Ç/, 0 9�Â *-4jéhÂ 0 ,N* Ð ¼r6<¾�7 0 9PÉ_3>*-×ñ¼>Å 0 6<Ç/¼>ÅÀ*+3>,

*8É ì í�� î ÌOÖ�Å 0 Â *-4eéfÂ 0 ,(Ã!*-7E¼r68¾ 7¦¼IÁ(*2×¦*+7E¼>ÅÀ,�*8ÉNÇ/,W684 0 É_35*+×®¼>Å 0 ,>¾ ¼ 0��������������������������! 
�!"�#�#!"�$�%&��'(#�)!�+*!,.-�/(0��1*2$�0+�3/�4!"5-1� Ì�ãI¼�,>Å/*-Ç/Â 9 Ðh0 7/*+¼ 0 9�¼5Åh68¼Z¼>Å 0 9h68¼W6 Áp6<,(Ã�*+Â Â 0 Ã!¼ 0 9
Á�Å/¾ Â 0 ÃO68ÃWÅ/¾ 7/4¦Áp6<, 9/¾ ,r6 Ð Â 0 9n687/9t¼>Åf68¼eÁ 0 Ç/, 0 9È¼5Å 0 9h68¼W6�Á�¾ ¼>Å/*-Ç/¼ Ã!Â 0 687À¾�7À4�¾ ¼OÌ ÏÈ09/¾ @ ¾�9 0 9 0 6<ÃrÅ�×¦*+7E¼>Å ¾ 7E¼>*'É_*+Ç/3�,5Ç Ð , 0 ¼>, Í-0 6<ÃrÅ�Ã�*+3>3 0 ,>Æf*+7À9/¾ 7/42¼>*26'Á 0!0 = Í 687/9½É_*+3 0 6<ÃWÅ
,>Ç Ð , 0 ¼ Á 02Ð Ç/¾ Â ¼�¼>Å 0 Ã!*-3>3 0 ,>Æf*+7/9/¾ 7/4 476�8 É_*+3P, 0!@-0 3r6<Â @ 6<Â Ç 0 ,e*<É�¼>Å 0 ÅÀ¾�,5¼>*-3>Ä¢9 0 Æ/¼5ÅNÌ
�P7 0 *8ÉN¼5Å 0 Á 0!0 =E,jÁp6<,�9/¾ ,>ÃO6<3>9 0 9 Ðf0 ÃO68ÇÀ, 0 ¾ ¼�ÆÀ3 0 , 0 7E¼ 0 9;ÃWÅh6<3r6<Ã!¼ 0 35¾ ,>¼>¾ Ã!,j,>¾ 4-7/¾óéhÃO687E¼5Â�Ä
9/¾#" 0 3 0 7E¼ZÉ_3>*-× ¼5Å 0 *-¼>Å 0 3>, Í 7f68× 0 Â�Ä½¾�7¦¼>Å 0 7EÇ/× Ðh0 3�*8ÉN,5¼r68¼ 0 ,�¾ 7EÉ 0 353 0 9&Ì+Ö�Å/¾ ,jÂ¬68,>¼`Éç68Ã!¼
¾ 7/9/¾ ÃO68¼ 0 ,j¼>Åh6<¼�¼>Å 0 9h6<¼r6½,>Å/*-Ç/Â 9 Ðf0 Ã!Â 0 687 0 9 
 ÅÀ*8Á 0!@-0 3 Í ,5¾ 7/Ã 0 9h6<¼r6½Ã!Â 0 687À¾�7À4�Á�68,�7/*-¼
¼>Å 0 68¾ × *<ÉN¼>Å 0 Áj*+3>=�¼5*+4 0 ¼>Å 0 3�Á�¾�¼5Å�¼5Å 0 Ðh0 Â ¾ 0 É�¼>Åf68¼j¼>Å 0 Æ/35* Ð 6 Ð ¾ Â�¾ ,5¼>¾ Ã�7h68¼5Ç/3 0 *<É�¼>Å 0×�*E9 0 Â|Ã�*+Ç/Â 9;Æh6<3>¼5¾�6<Â Â�Ä¦* @+0 35Ã!*+× 0 ¼>Å 0 9/¾ 3>¼5¾�7 0 ,>,P*8É(¼5Å 0 9f68¼r6�Á 0 9 0 Ã!¾ 9 0 9t¼>*¦Ç/, 0 ¼>Å 0
9h68¼W62Á�¾ ¼5Å/*+Ç/¼�Ã�Â 0 687/¾ 7/4fÌ



���	� l0
 �1i2����� �.c�� 

Ö�Å 0 éh3>,5¼�* Ð+ðW0 Ã!¼5¾ @+0 *8Éh¼5Å 0�0!Î Æ 0 3>¾ × 0 7E¼5,�Á�68,&¼>* 0!@ 6<Â�Çf68¼ 0 ¼>Å 0 6<Â�4-*+35¾�¼5Å/× Æ 0 3¥É_*+35×m6<7/Ã 0
687/9ä¾�¼5, ,>ÃO6<Â�6 Ð ¾ Â ¾�¼IÄEÌEÖ�Å 0�0!Î Æ 0 3>¾ × 0 7E¼>, Á 0 3 0 Ã!*-7/9/Ç/Ã!¼ 0 9tÉ_*-3�, 0!@+0 3r68ÂZ×�*E9 0 Â&Ã!*+7Eéf4+ÇEè
3r6<¼>¾ *+7/,½Á�Å 0 3 0 ¼>Å 0 4+3W68×�×¢6�3 � ,e,5¾�� 0+Í & ÍN@ 6<3>¾ 0 9 Ðf0 ¼IÁ 0�0 7 í�)�) 6<7/9 � )�)�) ,>¼W68¼ 0 , Í ¼>Å 0
Ã!*+7ëéh9 0 7/Ã 0 ¼5Å/3 0 ,>Å/*-Â�9 @ 6<3>¾ 0 9 Ðf0 ¼IÁ 0�0 7 )�% í 687À9 )�%bò Ì
Ce*-¼ 0 ¼>Åh6<¼2¼>Å 0 4-3r6<×�×m6<3e,5¾ � 09 0 Æ 0 7/9/,½*+7/Â Ä;*-7n¼5Å 0 7EÇ/× Ðf0 3 *8ÉjÆh684 0 ,2¾ 7n¼5Å 0 ÅRÄEÆ 0 3>¼ 0!Î ¼�,5ÄE,>¼ 0 × 6<7/9t7/*+¼ *+7t¼>Å 0
7EÇ/× Ðh0 3�*8É�Ç/, 0 32, 0 ,5,>¾ *+7À,�¾ 7;¼5Å 0 Â *+4�9f68¼r6ÀÌfãI7;*+359 0 3e¼5*�Åh6 @-0 6�× 0 68,5Ç/3 0 *8É(,5Ç/Æ/Æf*+3>¼
Á�Å/¾ ÃWÅ 6<Â�Â *8Á�,&Ç/,�¼>*½Ã!*+×¦Æh683 0 ¼5Å 0 3 0 ,5Ç/Â ¼>,ZÉ_*+3�4-3r68×¦×m6<3>,|Á�¾ ¼>Å�9/¾#" 0 3 0 7E¼j,>¾�� 0 ,jÁ 0 Åf6 @+0
9 0 Ã!¾ 9 0 9m¼5*�9 0 éh7 0 ,>ÇÀÆ/Æh*-3>¼�¾ 7m6½Á�6�Ä�¼>Åh6<¼(¼W68= 0 ,�¾�7E¼5*�68Ã!Ã�*+Ç/7E¼�¼>Å 0 7EÇ/× Ðf0 3j*8ÉN,5¼r68¼ 0 ,
& Í ¼>Åf68¼�¾ , �BA��� Á�Å 0 3 0�� ¾ ,�687�¾ 7R¼ 0 4 0 3 @ 68Â Ç 0 Ì<ãI7�*+Ç/3 0!Î Æ 0 3>¾ × 0 7R¼5,�Á 0 Åh6 @+0 689/*-Æ/¼ 0 9
¼>Å 0½@ 68Â Ç 0 �NA '� Á�Å/¾ ÃWÅ;× 0 687/,�¼5Åh68¼P*+7/Â Ä¦¼>3r6<¾ Â�,PÁ�Å/¾ ÃWÅ;Åh6 @+0 ¼>Å 0 éf3>,>¼ ,5¼r68¼ 0 Á�¾ ¼5Ån6É_3 0 ÊRÇ 0 7/Ã!Ä2*<Éh¼>3W6 @+0 35,r6<Âh6 Ð * @+0 ¼5Å 0 6 @+0 3W684 0 Á�¾�Â Â-Æh68,5,�¼>Å 0 ¼ 0 ,>¼OÌ-õ/*-3 0 6<ÃrÅ�Ã!*-7Eéh4+ÇÀ3r68¼5¾ *+7
íOò�) 35Ç/7/,�Á 0 3 0 Æ 0 3¥É_*+35× 0 9;687À9�¼>Å 0 6 @+0 3W684 0 3 0 ,>ÇÀÂ�¼5,e¼W68= 0 7NÌ

0

5000

10000

15000

20000

25000

30000

35000

0 500 1000 1500 2000 2500 3000 3500 4000

N
um

be
r 

of
 it

er
at

io
ns

Number of states

Algorithm performance with random data

Conf. = 0.5
Conf. = 0.4
Conf. = 0.2
Conf. = 0.1

�����f�	�À��
|B5FIL¬K!F>H D�JRTWBek`UVG]��F>D�JRg-KOHêg+D�GID+w

õN¾ 4-Ç/3 0;ò ,>Å/*8Á�,¦¼>Å 0¢@ 6835¾¬68¼>¾ *-7È*8É2¼>Å 0 6 @-0 3r6<4 0 7EÇ/× Ðh0 3�*<É�¾ ¼ 0 3W68¼5¾�*-7/, Ñ É]*+3�¼>Å 0
íOò�) 3>ÇÀ7/, Ô Á�¾ ¼>Åt¼>Å 0 4+3W68×¦×m683j,>¾�� 0 É]*+3�6"é ÎE0 9tÃ!*-7Eéh9 0 7ÀÃ 0 Ì&Ö�Å 0�0�Î Æ 0 35¾�× 0 7E¼>, Á 0 3 0Æ 0 3IÉ_*-3>× 0 9�É_*-3 @ 6<3>¾ *+Ç/, @ 68Â Ç 0 ,�*<ÉN¼>Å 0 Ã!*-7Eéh9 0 7ÀÃ 0 ¼5Å/3 0 ,>Å/*-Â�9;6<7/9�¼5Å 0 3 0 ,5Ç/Â ¼>,e,5Ç/4+4 0 ,>¼
¼>Åh6<¼|¼>Å 0 3 0 ¾ ,�6j,5¼>35*+7/4�Â ¾ 7 0 6<3|Ã!*+353 0 Â¬68¼5¾ *+7 Ðh0 ¼IÁ 0!0 7�¼5Å 0 4+3W68×¦×m683E,5¾ � 0 687/9 ¼5Å 0 7EÇ/× Ðf0 3
*8ÉE¾�¼ 0 3r6<¼>¾ *+7À,OÌOõÀ3>*-× õ&¾ 4+ÇÀ3 0(ò ¾ ¼|ÃO6<7 Ðh0 68Â ,>*e6<,>, 0 ,>, 0 9�Å/*8Át¼>Å 0 Æ 0 3IÉ_*-3>×m6<7/Ã 0 9 0 Ã!3 0 68, 0 ,
É_*+3|Â *8Á 0 3 @ 68Â Ç 0 ,|*8É/¼>Å 0 Ã!*+7Eéf9 0 7/Ã 0 ¼>ÅÀ3 0 ,5Å/*+Â 9NÌ�Ö�Å 0�0�Î Æ 0 35¾�× 0 7E¼ � ,|3 0 ,>Ç/Â ¼>,�,5Å/*8Á 0 9�¼5Åh68¼
¼>Å 0 Æ 0 3IÉ]*+3>×¢687/Ã 0 Á�Å 0 7¢× 0 6<,>Ç/3 0 9¢¾�7 	J6 �°¼5¾ × 0 É_*-Â�Â *8Á�,(6�,5¾ ×�¾ Â¬683�¼>3 0 7/9NÌ
õN¾ 4-Ç/3 0 � ,>ÅÀ*8Á�,�¼5Å 0 Æ 0 3IÉ_*-3>×¢687/Ã 0 6<7h68Â ÄE,>¾ ,'É_*+32¼5Å 0�0!Î Æ 0 3>¾ × 0 7R¼5, Á�¾�¼5Ån¼5Å 0 3 0 68Â

Â *+4 éhÂ 0 ,�ÌEãI¼�ÃO687 Ðh0 , 0!0 7;¼5Åh68¼�¾ ¼ZÉ_*+Â Â *8Á�,�62¼53 0 7/9ä,>¾ ×�¾ Â¬683�¼>*�¼>Å 0�@-0 3>¾óé 0 9�É]*+3j3r687À9/*+×
9h68¼W6/Ì�Ce*-¼ 0+Í Å/*8Á 0�@+0 3 Í ¼>Åh6<¼�Á�Å/¾ Â 0 Á�¾ ¼>Å�3 0 68Â|9f68¼r6 0 68ÃWÅ¢Æh*-¾�7E¼j¾ 7�¼>Å 0 ÆÀÂ�*-¼(3 0 Æ/3 0 , 0 7E¼5,
6 ,>¾ 7/4-Â 0 3>ÇÀ7�Á�¾ ¼>Å¦3r687À9/*+×®9h6<¼r6 0 68ÃWÅ�Æf*+¾ 7E¼jÃ!*+353 0 ,5Æh*-7/9/,e¼5*2¼>Å 0 6 @-0 3r6<4 0 7RÇÀ× Ðh0 3Z*8É¾ ¼ 0 3W68¼>¾ *-7/,&É_*+3 íOò�) 35Ç/7/,OÌE:¢*-3 0 * @-0 3 Í ¾ 7�õ&¾�4-Ç/3 0 � ¼5Å 0 Æh*-¾ 7R¼5,&É_*+3 & E � )�)�) Ã!*-3>3 0 ,>Æf*+7/9
¼>*�3>Ç/7À,e*8É�6 [¢4+3W68× Ã�*+7Eéh4-Ç/3r6<¼>¾ *+7&Ì



0

20000

40000

60000

80000

100000

0 5000 10000 15000 20000 25000 30000 35000

N
um

be
r 

of
 I

te
ra

tio
ns

Number of States

Algorithm performance with real data

Conf. = 0.4
Conf. = 0.5

�����f���/��
|B5FIL¬K�F>H�D�JRTWBPk�UVG]��F>BWD�aïg-DOGID-w

õN¾ 4-Ç/3 0 � ,5Å/*8Á�, Å/*8Áñ¼>Å 0 7EÇ/× Ðf0 3e*<É(3>Ç/Â 0 , * Ð ¼r6<¾�7 0 9 @ 6835¾ 0 , Á�¾�¼5Å Ð *+¼>Åt¼>Å 0 ,5¾ � 0
*8É ¼>Å 0 4+3W68×¦×m68326<7/9Ó¼5Å 0 Ã!*-7Eéh9 0 7ÀÃ 0 ¼>ÅÀ3 0 ,5Å/*+Â 9NÌZãI7ÓÉI68Ã!¼ Í É_*+3�6ä4+¾ @+0 7ÒÃ�*+7Eéh9 0 7/Ã 0¼>Å/3 0 ,>ÅÀ*+Â 9;¼>Å 0 7EÇ/× Ðf0 3e*<É(3>ÇÀÂ 0 ,�¾ 7/Ã�3 0 6<, 0 ,2Â ¾ 7 0 6<3>Â Ä�Á�¾ ¼5Å;¼>Å 0 7EÇ/× Ðf0 3�*8É(,5¼r6<¼ 0 ,�Ì��P7
¼>Å 0 *-¼>Å 0 3�Åf687/9 Í É]*+3�624-¾ @-0 7�4-3r6<×�×m6<3�,>¾�� 0 *+Ç/3 0�Î Æ 0 35¾�× 0 7E¼>,jÅh6 @+0 6<Â�,5*�,5Å/*8Á�7�¼5Åh68¼
¼>Å 0 7RÇÀ× Ðh0 3j*8É�35Ç/Â 0 ,e¾ 7/Ã!3 0 68, 0 , 0!Î Æh*-7 0 7E¼>¾¬6<Â�Â Ä¦Á�¾�¼5Å¢¼>Å 0 9 0 Ã!3 0 68, 0 *<É�¼>Å 0 Ã�*+7Eéh9 0 7/Ã 0
¼>Å/3 0 ,>ÅÀ*+Â 9NÌ

0

1000

2000

3000

4000

5000

6000

7000

0 500 1000 1500 2000 2500 3000 3500 4000

N
um

be
r 

of
 R

ul
es

Number of States

Mined rules with random data

Conf. = 0.5
Conf. = 0.4
Conf. = 0.2
Conf. = 0.1

� ���f���À�/v��EBjJ8QRH��/B5F�K!LfFIQ+aVBW\jk�UVG]��G]�RB�c�F>DOH H D�F(\]U��WBOw

õN¾ 4-Ç/3 0�� ,5Å/*8Á�,�ÅÀ*8Á ¼5Å 0 ,>¾�� 0 *8É2¼5Å 0 Â *+7/4 0 ,>¼¦3>Ç/Â 0 * Ð ¼r6<¾ 7 0 9 @ 6835¾ 0 ,�Á�¾ ¼>ÅÕ¼>Å 0
Ã!*+7ëéh9 0 7/Ã 0 ¼5Å/3 0 ,5Å/*+Â 9NÌfãI¼PÃO687 Ðf0 Ã!*-7/Ã!Â Ç/9 0 9n¼5Åh68¼'É_*+3�Å/¾ 4-Å @ 6<Â Ç 0 ,e*<É�Ã!*+7Eéf9 0 7/Ã 0 Á 0Åh6 @+0 68,m6 3 0 ,5Ç/Â ¼;6È,>×¢68Â Â�7EÇ/× Ðf0 3�*8É @-0 3>ÄÕ,5Å/*+35¼m35Ç/Â 0 ,;687/9 É_*+3¦,>×m6<Â Â @ 68Â Ç 0 ,¦*8É
Ã!*+7ëéh9 0 7/Ã 0 Á 0 * Ð ¼r68¾ 7�6 Â¬68354 0 , 0 ¼(*<ÉNÂ�*-7/4 0 3�3>Ç/Â 0 ,�Ì+Ö�Å 0 3 0 É]*+3 0-Í ¼>Å 0 3 0 ¾ ,�6eÃ�Â 0 683j¼>3r6<9 0 è



*�" Ðh0 ¼IÁ 0!0 7Õ* Ð ¼r6<¾�7À¾�7À4m6ä×m687f684 0 6 Ð Â 0 7EÇ/× Ðf0 32*<Ép35Ç/Â 0 , 6<7/9È¼>Å 0 9 0 ,5¾ 3 0 *8ÉeÅh6 @ ¾ 7/4
3>Ç/Â 0 ,�Á�¾ ¼5Åâ6½,>¾ 4-7/¾óéhÃO687E¼�Â 0 7/4-¼>ÅNÌ

0

1

2

3

4

5

6

7

0.1 0.3 0.5

M
ax

. r
ul

e 
le

ng
th

Confidence threshold

Variation of Max. rule length with the confidence

n=100
n=600

n=2000
n=4000

�����f���À�fv��RBj\]U��WBeK�LNG]�RBjaVK�JRc�Br\IGZFIQ+aVBPk�UVG]��G]�RB�TWK�J+¯Eg+B5JRTWB�w

õN¾ 4-Ç/3 0 � 4-¾ @+0 ,�,5*+× 0(0!Î 6<×�Æ/Â 0 ,�*8ÉN¼5Å 0 3>ÇÀÂ 0 ,(×¦¾�7 0 92É]3>*+×ê¼>Å 0 3 0 6<Âh9f68¼r6ÀÌ+õÀ*+3 0 6<ÃWÅ3>Ç/Â 0 Á 0 4+¾ @+0 ¾�¼5,�ÆÀ3>* Ð 6 Ð ¾ Â ¾ ¼IÄn687/9Ë¼>Å 0 6 @-0 3r6<4 0 7EÇ/× Ðf0 32*<É�¼53r6 @+0 3>,r6<Â ,�*<Ée¾�¼5,�Â ¾�7À=R,�Ì
õ&¾�4-Ç/3 0Èí�) ,>Å/*8Á�,¦¼>Å 0 ¼>*-ÆEèç¼ 0 7�Æh6<4 0 ,¦¾ 7Ò¼5Å 0 Á 0!Ð ,5¾�¼ 0+Í Á�Å/¾ ÃWÅÒÃ�*+3>3 0 ,>Æf*+7À9%¼5*Ó¼>Å 0
,>¼W68¼ 0 ,eÁ�¾ ¼>Å¦¼>Å 0 ÅÀ¾�4-Å 0 ,5¼�¾�7À¾�¼5¾¬68ÂfÆ/3>* Ð 6 Ð ¾ Â ¾ ¼IÄRÌ

����� � ' �
	���
�� � P�� W $ ����� ����	�������� � � ����� � ��� W"W�� T W ��� � � �!
! �#" �$�&%�� !! �#" �$�&%�� ! " �'��%�� !! �#" �$�&%�� ! " �'��%�� !�( Z $ PV'
����� � ( �
	���
�� � P�� T $ ����� ����	�������� � � ����� � ��� '"' T)��� � � �!
!'* �'� � 
+� "#,�� � � ��� !!'* �'� � 
+� "#,�� � � ��� !'- � ��. "0/ �'��% / - 	�� � !!'* �'� � 
+� "#,�� � � ��� !'- � ��. "0/ �'��% / - 	�� � !'1�2 '"' !!'* �'� � 
+� "#,�� � � ��� !'- � ��. "0/ �'��% / - 	�� � !'1�2 '"' ! . ��
3	 !'1�2 '"'�� � � � . �#4
����� � $ �
	���
�� � P�� T Z ����� ����	�������� � � ����� � ��� Z W T)��� � � �! " � ,&� � 	���. � � ! %�� � * / * � "05 . � � � ! ��� * � � � � !! " � ,&� � 	���. � � ! %�� � * / * � "05 . � � � ! ��� * � � � � ! % �#� ����6�7 6�. " 6�� !! " � ,&� � 	���. � � ! %�� � * / * � "05 . � � � ! ��� * � � � � ! % �#� ����6�7 6�. " 6�� ! �98 ��: - 8 !! " � ,&� � 	���. � � ! %�� � * / * � "05 . � � � ! ��� * � � � � ! % �#� ����6�7 6�. " 6�� !! " � ,&� � 	���. � � ! %�� � * / * � "05 . � � � ! ��� * � � � � !

�����f�<;À�/q&�8DOHPC+aVBPK!L|FIQ-aVBW\(HPUbJRBWg�L F>K�HñG]�RBjF>BWD!a|g+D�GID-w

��� � a che ����f%g
ãI7È*+359 0 32¼5* @+0 35¾óÉ_Än¼5Å 0 Ç/¼5¾�Â ¾ ¼IÄ;*<Ée¼>Å 0 4-3r68×¦×m6<3 � , 0 7E¼>35*+ÆEÄ 6<, 6<7 0 ,>¼>¾ ×¢68¼>*-3 *8Ée¼>Å 0
,>¼W68¼>¾ ,5¼>¾ ÃO68ÂÀÆ/3>*-Æ 0 35¼>¾ 0 ,�*<Éï¼5Å 0 4+3W68×�×¢683 � ,|Â¬6<7/4+Çh6<4 0 Á 0 Ã�68Â Ã!Ç/Â¬68¼ 0 9�É_*-3 0 68ÃWÅ�4-3r68×¦×m6<3



v��RB�v|K�C+�_v|B5J�CRD�cOBW\
� 6 � ����� � �&	�� �' ! P�� P��	�( !'* �'� � 
+� "#,�� � � ��� ! P�� P"T"P$ ! ��� * � � � �#� 5�, * � P�� P ("ZW ! ��� * � � � �#� 5�, * � 
 - - ��� � � , P�� P ( $T !'* �'� � 
+� "#,�� � � ��� ! � 	 � �'��% ! P�� P ( PZ ! � . ��6�� ! P�� PV'��� ! � � � � 	 � ���0/�
�� � � � � ! P�� PV' �
�

! " � ,&� � 	���. � � ! ��	'
 , 4 �'� � !�� . ��%�	 4 � ! P�� PV' Z( ! � � �'� "�5 � 5�, * � P�� PV' T' P ! " � ,&� � 	���. � � ! ��	'
 , 4 �'� � ! P�� PV' W
� ���f� ���À�hv|K�C�v|B5J 
|D�c�Br\Ww

,>¾�� 0 6<7/9nÃ�*+7Eéh9 0 7/Ã 0 ¼>Å/3 0 ,>Å/*-Â 9È¼>Å 0 Ã!*+353 0 Â¬68¼5¾ *+7 Ðh0 ¼IÁ 0!0 7&æ Ñ ¾ Ô ¼>Å 0�0 7E¼53>*+ÆEÄn6<7/9È¼>Å 07EÇ/× Ðh0 3�*<É�35Ç/Â 0 , Í Ñ ¾�¾ Ô ¼5Å 0;0 7E¼>35*+ÆEÄ�687/9Õ¼5Å 0 7EÇ/× Ðf0 3�*8É2¾ ¼ 0 3W68¼5¾�*-7/, Í 687/9 Ñ ¾�¾ ¾ Ô ¼>Å 0
0 7E¼>35*+ÆEÄ 6<7/9�¼>Å 0 6 @+0 3r684 0 3>Ç/Â 0 Â 0 7/4-¼>ÅNÌE:¢*-3 0 * @-0 3 Í ¼>*�6<,>, 0 ,>,�¼5Å 0e0 " 0 Ã!¼j¼>Åf68¼ Ð *-¼>Å�¼>Å 0
Ã!*+7ëéh9 0 7/Ã 0 687À9n,5Ç/Æ/Æf*+3>¼�¼>ÅÀ3 0 ,5Å/*+Â 9/,�Åh6 @+0 *+7È¼5Å 0 4+3W68×¦×m683 � , 0 7E¼>3>*-ÆEÄ;Á 0 9 0 Ã!¾ 9 0 9
¼>*�6<Â�,5*�× 0 68,5Ç/3 0 ¼>Å 0 0 7E¼>35*+ÆEÄ¢*8É(6�4+3W68×¦×m6�3�¾ 7EÉ 0 3>3 0 9¢É_3>*-× ¼>Å 0 , 0 ¼ *<É�×�¾ 7 0 9�3>ÇÀÂ 0 , Í
Á�Å/¾ ÃWÅ�Á 0 ÃO6<Â�Â|¼5Å 0 , � � Ý_Ù�� ß � � á �>Ü Þ�Þ Ü��!ÌEÖ�Å 0 Æh*-,>¼ 0 3>¾ *+3�4-3r6<×�×m6<3�¾�,j7/*�×�*-3 0 ¼>Åf687;6
476�8åÁ�Å/*-, 0 ¾ 7/¾ ¼5¾�6<ÂE¾�7ÀÆ/Ç/¼�¼53r68¾ Â ,�683 0 6 , 0 ¼�*8ÉN35Ç/Â 0 ,j×�¾ 7 0 9 É]3>*+×ê¾ ¼>,�Æh6<3 0 7E¼j4+3W68×�×¢683�Ì
ÏÈ0 9 0 éh7 0 69;�� 68,�¼>Å 0m0 7R¼53>*-ÆRÄÈ3W68¼ 0 *8Ée¼5Å 0 Æf*+,5¼ 0 35¾ *+3�4+3W68×¦×m683 Í 6<7/9 ;�� ¾�,�¼>Å 0
0 7E¼>35*+ÆEÄn*<Ée¼>Å 0 Æh683 0 7E¼�4-3r6<×�×m6<3 Ð ÇÀ¼2Ç/,>¾ 7/4t¼>Å 0�@+0 Ã!¼>*-3�*<Ée¾�7À¾�¼5¾¬68Â�Æ/35* Ð 6 Ð ¾ Â ¾�¼5¾ 0 , *8É
¼>Å 0 Æh*-,>¼ 0 3>¾ *+3 4+3W68×¦×m683j68, ¼>Å 0�0 ,5¼>¾ ×m6<¼>*+3jÉ]*+3e¼5Å 0 ,5¼r68¼5¾ *+7h6<3>Ä @+0 Ã�¼>*+3 ¾ 7;¼5Å 0 Æf683 0 7R¼
4+3W68×�×�6<3OÌ

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

1.05

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55

C
or

re
la

tio
n

Confidence threshold

Entropy vs. number of rules with random data

PER; n=2000
PER; n=800
ER; n=2000

ER; n=800

�����f��� �-����BW\]Q-aVGI\(k�UVG]��F>D�JRg-KOHêg+D�GID+w

õN¾ 4-Ç/3 0;í-í ,5Å/*8Á�,�¼5Å 0 3 0 ,>ÇÀÂ�¼5,2É]*+3�4+3r6<×�×¢6�3>, Á�¾ ¼>Å ��)�) 687À9 ��)�)�) ,>¼W68¼ 0 ,OÌ�;�6<ÃWÅ
Æh*-¾ 7R¼P¾ 7;¼>Å 0 ÆÀÂ�*-¼e3 0 Æ/3 0 , 0 7E¼>,�É]*+3�6¦4-¾ @-0 7;Ã!*-7Eéh4-Ç/3r6<¼>¾ *+7 Ñ ,5¾ � 0 6<7/9nÃ�*+7Eéh9 0 7/Ã 0OÔ ¼>Å 0Ã!*+353 0 Â¬6<¼>¾ *+7 Ðf0 ¼IÁ 0!0 7�¼5Å 0 7EÇ/× Ðf0 3�*<ÉN3>Ç/Â 0 ,j×�¾ 7 0 9 6<7/9�¼>Å 0P0 7E¼>35*+ÆEÄ�*<ÉN¼>Å 0 4+3W68×�×¢683�Ì
Ö�Å 0 3 0 ,>Ç/Â ¼5,;,>Å/*8Á ¼>Åh6<¼ Ð *+¼5Å 6�;�� 687À9 ;�� Æ/3 0 , 0 7E¼n6 Å/¾ 4+Å�Ã!*-3>3 0 Â¬68¼>¾ *-7 Ñ 6 Ð * @+0



)�%�� Á�¾ ¼5ÅÈ¼>Å 0 7RÇÀ× Ðh0 3 *<Ép35Ç/Â 0 , Ð Ç/¼2¼>Åf68¼K6�;��®¾ ,�6 Ðf0 ¼>¼ 0 3 0 ,>¼>¾ ×¢68¼>*-3OÌ|Ö�Å 0 3 0 ,5Ç/Â ¼>,
3 0 4E68359/¾ 7/4�;��È,5Ç/4+4 0 ,>¼&¼>Åh6<¼NÁ 0 ÃO6<72* Ð ¼W68¾ 726j4+*E*E9 0 ,>¼5¾�×¢68¼5*+3fÉ_*-3|¼>Å 0 7EÇ/× Ðh0 3|*8É/3>Ç/Â 0 ,
É_3>*-×®¼>Å 0 *+3>¾ 4-¾�7f68Â/4-3r68×¦×m6<3NÆ/35* @ ¾ 9 0 9�Á 0 éh7/9¢624-*E*R9 0 ,>¼5¾ ×m68¼5*+3�É]*+3�¼5Å 0 ,>¼r6<¼>¾ *+7f683>Ä
@+0 Ã�¼>*+3�ÌjãI7ÕÉç68Ã�¼ Í ¼>Å 0 3 0 ,>Ç/Â ¼>,;6<7h68Â ÄE,>¾ ,�,>ÇÀ4+4 0 ,>¼;¼5Åh68¼¦¼>Å 0 ,>¼W68¼>¾ *-7h6835Ä @+0 Ã!¼>*-3mÅf68,;6É_Ç/7/9f68× 0 7R¼W68Â�¾ ×�Æf*+3>¼W687/Ã 0 ¾ 7 ¼>Å 0 * @+0 3W68Â Â8ÊEÇh68Â ¾ ¼IÄ�*8É/¼5Å 0�0 ,5¼>¾ ×m6<¼>*+3�ÌWÖ�Å 0�0!Î Æ 0 3>¾ × 0 7E¼r68Â
3 0 ,5Ç/Â ¼>,�Åh6 @-0 68Â ,>*�,>Å/*8Á�7¢¼5Åh68¼�¼5Å 0 0 7E¼>3>*-ÆEÄ�¾ ,�7/*+¼e6½4+*E*E9 0 ,>¼5¾ ×m68¼5*+3j*8É�¼>Å 0 7EÇ/× Ðf0 3
*8É�¾�¼ 0 3r6<¼>¾ *+7À,�*+3j*8É�¼>Å 0 6 @-0 3r6<4 0 3>Ç/Â 0 Â 0 7/4-¼>ÅNÌ
ÏÈ0 7/*+¼ 0 ¼>Åh6<¼ ¼>Å 0 Ç/, 0 *<É 0 ,>¼>¾ ×¢68¼>*-3>,'É_3>*-×�¼>Å 0 Æf*+,5¼ 0 35¾�*-3 4+3r6<×�×¢683j¾�, ð ÇÀ,>¼>¾óé 0 9

68,2687È¾ 7E¼ 0 3>× 0 9/¾¬68¼ 0 ,>¼ 0 ÆÓ¾ 7t¼>Å 0 , 0 6835ÃWÅÈÉ_*-32¼>Å 0�Ðf0 ,5¼�Á�6�Ä;¼>*ä* Ð ¼W68¾ 7 6<7 0 ,>¼>¾ ×¢68¼>*-3
É_3>*-× ¼>Å 0 *-3>¾ 4+¾ 7h6<Âh4-3r68×¦×m6<3OÌ+:¢*-3 0 * @-0 3 Í ¾ 7;6�Ã!*-7E¼ 0!Î ¼eÁ�Å 0 3 0 ¼>Å 0 Ç/, 0 3 Åh6<,�6�×¦*R9 0 Â¼>Åh6<¼�¾ ,�Æ 0 3>¾ *E9/¾ ÃO68Â Â Ä2¾ 7/Ã!3 0 × 0 7R¼ 0 9�Á�¾ ¼5Å�7 0 Á�Â *+4 9h68¼W6 ¼>Å 0e0 ,5¼>¾ ×m6<¼>*+35,�* Ð ¼W68¾ 7 0 9�É_35*+×
¼>Å 0 Æf*+,5¼ 0 35¾�*-3�4+3W68×�×¢683&¾�7¦*+7 0 9h6�Ä�Ã�687 Ðh0 Ç/, 0 9;68,�¼5Å 0 62Æ/35¾ *+3>¾ 0 ,>¼>¾ ×¢68¼>*-3>,ZÉ_*+3j¼>Å 0
7 0!Î ¼�9h6�Ä � ,(4-3r6<×�×m6<3OÌ
õN¾ 4-Ç/3 0 í�� ,>Å/*8Á�,�ÅÀ*8ÁÈ¼>Å 0 7EÇ/× Ðf0 3N*<Éï×¦¾ 7 0 9 3>Ç/Â 0 ,Z¾�7�¼>Å 0 3 0 68Â/9f68¼r6P3 0 Â¬68¼ 0 ,�¼>* ¼>Å 0

0 7E¼>35*+ÆEÄ2¾ 72¼>Å 0 Æf*+,5¼ 0 35¾�*-3�4+3W68×¦×m683 Í 7À*+¼ 0 ¼>Åf68¼�¼>Å 0 Â *-4R6835¾ ¼>Å/× *8Éh¼5Å 0 7RÇÀ× Ðh0 3�*<Éh3>Ç/Â 0 ,
Áp6<,�¼r6<= 0 7 
 62,5¾�×¦¾ Â�6<3�Æh68¼5¼ 0 357�Á�68,j* Ð ¼W68¾ 7 0 9"É_*+3j¼>Å 0 3W687/9/*-×®9h68¼W6/Ì�Ce*+¼ 0 ¼>Åh6<¼(Á�Å/¾ Â 0
¾ 7 õ&¾ 4+Ç/3 0�í-í�0 68ÃWÅ�Æf*+¾ 7E¼�3 0 Æ/3 0 , 0 7E¼>,P¼>Å 0 Ã!*+353 0 Â¬68¼5¾ *+7 Ðf0 ¼IÁ 0�0 7¢¼>Å 0 4+3r6<×�×¢683 0 7E¼>35*+ÆEÄ687/9�¼5Å 0 7EÇ/× Ðf0 3�*<ÉN3>Ç/Â 0 ,ZÉ_*-3(6 ,>Æ 0 Ã!¾óéhÃ 4-3r68×¦×m6<3N¼>*-Æh*-Â *+4+Ä Ñ É_*-3 íOò�) 3>Ç/7À, Ô!Í ¼5Å 0 ÆÀÂ�*-¼
¾ 7ÓõN¾ 4-Ç/3 0tí�� 4-¾ @-0 ,�¼>Å 0 * @+0 3r68Â Â @ 6<3>¾¬68¼5¾ *+7È*8Ée¼5Å 0 7EÇ/× Ðf0 3�*8Ée35Ç/Â 0 ,�Á�¾ ¼5ÅÓ¼>Å 0 6�;��
687/9 ;��ñÁ�Å 0 3 0 ¾ 7 0 68ÃWÅtÆh*-¾�7E¼PÃ!*+353 0 ,5Æh*-7/9/,2¼5*m6�,5¾ 7/4+Â 0 35Ç/7;É]*+3�6",>Æ 0 Ã!¾óéhÃ�¼5*+Æf*+Â *+4-ÄRÌ
ãI7ÈÃ!*+7ÀÃ!Â Ç/,>¾ *+7 Í *+Ç/3 0!Î Æ 0 3>¾ × 0 7E¼5,�Æ/35* @ ¾�9 0 ,>¼>35*+7/4 0�@ ¾ 9 0 7/Ã 0 ¼>Åh6<¼�Á�ÅÀ¾�Â 0 ¼5Å 0 * @+0 3W68Â Â
@ 6835¾�6<¼>¾ *+7tÆ/3 0 , 0 7E¼5,â6ä3 0 4+Ç/Â¬683 � (
	+èIÂ�¾ 7 0 683�¼>3 0 7/9 Í É_*+3�6ä,>Æ 0 Ã!¾óéhÃ;4-3r68×¦×m6<3�¼5*+Æf*+Â *+4-Ä¼>Å 0 3 0 ¾ ,�6�,>¼53>*-7/42Â ¾ 7 0 683&Ã!*+353 0 Â¬6<¼>¾ *+7 Ðh0 ¼IÁ 0!0 7�¼>Å 0 7EÇ/× Ðf0 3N*<Éï35Ç/Â 0 ,�687/9�¼>Å 0 4-3r68×¦×m6<3
0 7E¼>35*+ÆEÄRÌ

10

100

1000

10000

6 8 10 12 14

N
um

. r
ul

es

Grammar entropy

Entropies vs. number of rules with real data

ER; Conf.= 0.4
PER; Conf.= 0.4

ER; Conf.= 0.5
PER; Conf.= 0.5

�����f��� %À�hM�K�FIF>B5aVDOG]UVK�J��/BWG]k�BWB5J�B>J+G]F>K�C+^�D!JEg�J8QRH��/B5F(K�L|FIQ+aVBW\Ww



��� � � ������� ����� 
 �
Ö�Å 0 éf3>,>¼�*-3>9 0 3e:;6835=+* @ ÃrÅf68¾ 7�Æ/35* @ ¾�9 0 ,p6<7m6<Æ/Æ/3>* Î ¾ ×m6<¼ 0 ×�*E9 0 Âf*8ÉNÇÀ, 0 3�7h6 @ ¾ 4R6<¼>¾ *+7
Æh68¼5¼ 0 357/,jÁ�Å/¾ ÃrÅ�ÃO6<7 Ðh0 ¾�×¦Æ/3>* @-0 9 Ð Ä2¼5Å 0 [¢4-3r6<×°×�*E9 0 ÂR7À*+¼>¾ 7/4 ¼5Åh68¼(6<,�Á 0 ¾�7ÀÃ!3 0 6<, 0
[ ¼5Å 0e0 7R¼53>*-ÆRÄ�9 0 Ã�3 0 6<, 0 ,�Ì �P7 0 ÊEÇ 0 ,>¼>¾ *-7�¼>Åh6<¼(6835¾�, 0 ,�Á�Å 0 7�Ç/,5¾�7À4�¼5Å 0 [â4+3r6<×°×¦*R9 0 Â
¾ ,eÁ�Å 0 ¼5Å 0 32¼5Å 0 3 0 ¾�,26"× 0 ¼5Å/*E9;¼>*¢9 0 ¼ 0 3>×¦¾ 7 0 ¼5Å 0 *+3>9 0 3 *8É�¼>Å 0 :;6835=+* @ ÃWÅh68¾ 7;¼5Åh68¼
Ðh0 ,>¼�×�*E9 0 Â�,j6 4+¾ @+0 7�, 0 ¼�*8É�ÇÀ, 0 3�7h6 @ ¾ 4R6<¼>¾ *+7�, 0 ,>,>¾ *-7/,OÌÀôe,jÁp6<,(,5¼r68¼ 0 9¢¾ 7 � 0 Ã�¼>¾ *+7 � Ì í
¼>Å 0 3 0 ¾ ,�6¦¼53r689 0 *�" Ðf0 ¼IÁ 0�0 7Ó¼5Å 0 ×¦*R9 0 Â�Ã!*-×�Æ/Â 0!Î ¾ ¼IÄ Ñ × 0 68,>ÇÀ3 0 9 Ð Ät¾�¼5,27EÇ/× Ðf0 3 *8É
,>¼W68¼ 0 , Ô 6<7/9�¾ ¼5,`6<Ã!Ã!Ç/3W68Ã!ÄEÌE:¢*+3 0 * @+0 3 Í ¾óÉh¼>Å 0 *+3>9 0 3�*8É|¼>Å 0 ÃrÅf68¾ 72¾ ,�¼>*E* Å/¾ 4+Å½¼>Å 0 ×¦*R9 0 Â
¾ ,eÇ/7/¾ 7E¼ 0 3 0 ,5¼>¾ 7/4¢9/Ç 0 ¼>*¢¼>Å 0 Éç6<Ã!¼e¼5Åh68¼ Ç/, 0 327h6 @ ¾ 4R6<¼>¾ *+7¦, 0 ,5,>¾ *+7À,2Á�¾ ¼>Å/¾ 7n6"Á 0!Ð ,>¾ ¼ 0
683 0 ¼IÄRÆÀ¾�Ã�68Â Â Äm,5Å/*+35¼�*-7 6 @-0 3r6<4 0 6<7/9Ó68Â ,>* Ðf0 ÃO6<Ç/, 0 ¼>Å 0 Æ/3>* Ð 6 Ð ¾ Â ¾ ¼IÄ¢*8É�6 @+0 35ÄnÂ *-7/4¼>3W68¾ Â Ðh0 ¾�7À4�3 0 Æ 0 68¼ 0 9n¾ 7�¼5Å 0 É_ÇÀ¼>Ç/3 0 ¾ ,�7/*-¼ @+0 35Ä�Å/¾ 4-ÅNÌ

0

2

4

6

8

10

12

14

-1 0 1 2 3 4 5

C
on

di
tio

na
l e

nt
ro

py

History depth

Grammar conditional entropy with the history depth

week1
week2
week3

� ���f� ���À���ND�FIUVDOG]UVK�JmK�LNG]�RB�TWK�JRg<UVG]UVK!JED!a&Q+JRTWB5F>GID�UbJ+G_^�k�UVG]��G]�EBj�+UV\IGIK�F>^�g-B5CRG]�hw

ãI7 ì�í ��î ¼>Å 0 68Ç/¼5Å/*+35,�ÇÀ, 0 ¼>Å 0 ¾ 7EÉ_*+35×m6<¼>¾ *+7;¼5Å 0 *-3 0 ¼5¾�Ã¢× 0 68,5Ç/3 0 ,�*8É 0 7R¼53>*-ÆRÄÓ6<7/9
Ã!*+7À9/¾ ¼>¾ *+7h6<Â 0 7E¼53>*+ÆEÄ�¼5*Ò6<7h68Â ÄE, 0 ¼5Å 0È@ 6835¾¬68¼>¾ *-7Ò*<É�¼>Å 0 Ã!*-7/9/¾ ¼>¾ *-7h68Â 0 7E¼>3>*-ÆEÄ�Á�¾ ¼>Å¼>Å 0 ¾ 7/Ã!3 0 68, 0 *8Ée¼>Å 0 4-3r6<×�×m6<3 � ,e*-3>9 0 3OÌ�ô ,>¾ ×¦¾�Â¬6<3�6<Æ/Æ/35*R68ÃWÅËÁp6<,�9 0 ,>Ã!35¾ Ðf0 9�¾ 7 ì � î
¼>*-4 0 ¼5Å 0 3�Á�¾�¼5ÅÈ¼>Å 0 ,>Æ 0 Ã!¾óéhÃO6<¼>¾ *+7Ë*8Ée6¢,>¼W68¼5¾�,5¼>¾ ÃO6<Â(¼ 0 ,>¼�¼5*n68,5, 0 ,5,�¾VÉ�¼>Å 0 9 0 Ã�3 0 6<, 0 ¾ 7
¼>Å 0 Ã!*-7/9/¾ ¼>¾ *-7h68Â 0 7E¼>35*+ÆEÄÓ¾ ,�,>¾ 4-7/¾óéhÃO687E¼�Ì�Ö�Å 0 ¾�7E¼5Ç/¾ ¼>¾ *+7È¾ ,�¼>Åf68¼�¾óÉ�¼5Å 0 9 0 Ã!3 0 68, 0 ¾ 7
¼>Å 0¦@ 68Â Ç 0 *<ÉeÃ!*+7/9À¾�¼5¾ *+7h6<Â 0 7E¼53>*+ÆEÄÈ¾ ,27/*-¼�,5¾ 4+7/¾óéhÃO6<7E¼2¼>Å 0 7Ò¼5Å 0 4E68¾ 7È¾ 7Ó¼5Å 0 ×¦*R9 0 Â
68Ã!Ã�Ç/3r6<Ã!Ä Ð Ä;×�* @ ¾ 7/4�Ç/Æt¾�7ä¼>Å 0 ÃWÅh6<¾�7 � ,P*+359 0 32¾ ,e7À*+¼ ,>Ç���Ã�¾ 0 7R¼ ¼5*mÃ�*+×�Æ 0 7/,W68¼ 0 É_*-3¼>Å 0 6<9/9/¾ ¼>¾ *+7f68ÂfÃ!*+×¦Æ/Â 0!Î ¾�¼IÄ�*<É�¼5Å 0 ×�*E9 0 ÂçÌ-ãI7¢Æ/3r6<Ã!¼>¾ Ã 0 ¼>Å 0 ¼ 0 ,>¼P¾ ,�9/¾���Ã!Ç/Â ¼(¼5*�68Æ/ÆÀÂ�Ä
Ðh0 ÃO68Ç/, 0 *<Ép¼5Å 0�0!Î ¼>3 0 × 0 Â Ä;Â¬6<3>4 0 7EÇ/× Ðf0 3 *8É�9 0 4+3 0!0 ,�*8ÉjÉ_3 0�0 9/*+×tÌ
Ce*-¼ 0 ¼5Åh68¼ ¼>Å 0 3 0
¾ ,p6<7â6<×�*-Ç/7E¼(*<É�9 0 Ã�3 0 6<, 0 ¼>Åh6<¼e¾ ,�9/Ç 0 ¼>*�¼5Å 0 ,W68×�ÆÀÂ 0 ,>¾�� 0�
 ¾ 7�ÉI68Ã!¼ Í ¼>Å 0 ,5×m6<Â�Â 0 3j¼>Å 0
,r6<×�Æ/Â 0 ,>¾�� 0 ¼5Å 0 ÉI68,>¼ 0 3 Á 0�0!Î Æ 0 Ã!¼�¼>Å 0 Ã!*+7À9/¾ ¼>¾ *+7h6<Â 0 7E¼53>*+ÆEÄ;¼5*¢9/3>*-ÆNÌfãI7 õ&¾ 4+Ç/3 0mí �
Á 0 ,5Å/*8Á%¼5Å 0 @ 6835¾�6<¼>¾ *+7¦*8É�¼>Å 0 Ã�*+7/9/¾ ¼5¾�*-7h68Â 0 7R¼53>*-ÆRÄ¦Á�¾ ¼>Å¢¼>Å 0 Å/¾ ,5¼>*+35Ä�9 0 Æ/¼>Å¢É]*+3�¼>Å 0
3 0 6<Â(9f68¼r6äÇ/, 0 9Ó¾ 7Ó*-Ç/3 0!Î Æ 0 3>¾ × 0 7E¼>,OÌ�Ö�Å 0�Ð ¾ 4;9/35*+Æ É_3>*-× � A ) ¼>* ��A í ,>Å/*8Á�,¼>Åh6<¼�¼5Å 0 3 0 ¾ ,�6 Ð ¾�4t4R6<¾ 7È¾�7Õ68Ã!Ã�Ç/3r6<Ã!ÄÓÁ�Å 0 7ÒÃ�*+7/,5¾�9 0 3>¾ 7/4t¼>Åh6<¼�¼>Å 0 Æ/3>* Ð 6 Ð ¾�Â ¾ ¼IÄt*8É
ÃWÅ/*E*+,>¾ 7/4;6¦Æh6<4 0 9 0 Æ 0 7/9À,�*-7È¼>Å 0 Æ/3 0!@ ¾ *+Ç/,2Æf684 0 6<,2*+ÆÀÆh*-, 0 9È¼5*mÃ�*+7/,5¾�9 0 3>¾ 7/4;¼5Åh68¼



¼>Å 0 Æ/35* Ð 6 Ð ¾ Â ¾�¼IÄ½*8É`6½Æh6<4 0 ¾ ,(¾ 7/9 0 Æ 0 7À9 0 7E¼e*<É�¼>Å 0 Æf68¼>Å&Ì/õ/*-3 ��A " í ¼5Å 0 Æ/Â *+¼j,>Å/*8Á�,
� (
	 Ñ & Ô Á�Å/¾ ÃrÅ½Ã!*+353 0 ,5Æh*-7/9/,j¼>*�6'×�*E9 0 Â-Á�Å 0 3 0 ¼>Å 0 ÃWÅ/*+¾ Ã 0 Æ/3>* Ð 6 Ð ¾�Â ¾ ¼>¾ 0 ,N6<3 0 Ç/7/¾óÉ_*-3>×�Â Ä
9/¾ ,>¼53>¾ Ð Ç/¼ 0 9NÌ
ãI7�õ&¾�4-Ç/3 0 í �PÁ 0 ,>ÅÀ*8ÁÈ¼>Å 0 ¾ 7/Ã!3 0 68, 0 ¾ 72¼5Å 0 4+3W68×¦×m6�3 � ,f7EÇ/× Ðh0 3N*8Éf,>¼r6<¼ 0 ,ZÁ�¾�¼5Å2¼>Å 0Å/¾ ,>¼5*+3>Ä 9 0 Æ/¼>ÅNÌ<Ö�Å 0�@ 68Â Ç 0 ,�* Ð ¼r6<¾ 7 0 9�6<3 0 ×�Ç/ÃWÅ�Â *8Á 0 3N¼5Åh687½¼>Å 0 Á(*-3>,5¼�Ã�68, 0-Í & %*),+.-0/ '21 Í687/9¦¼>Åh6<¼�×�¾ 4+ÅE¼ Ðf0 0!Î Æ/Â¬68¾ 7 0 9 Ð Ä�¼5Å 0 ¾ 7/,>Ç���Ã�¾ 0 7R¼e6<×�*-Ç/7E¼�*8É�9h6<¼r6�6 @ 68¾ Â¬6 Ð Â 0 Ì

0

5000

10000

15000

20000

25000

30000

35000

1 2 3 4 5

N
um

. s
ta

te
s

Grammar history depth

Variation of num. states with history depth

Week 1
Week 2
Week 3
Week 4
Week 5
Week 6
Week 7

�����f� �1`f���ND�FIUVD�G]UVK!J�K�LNG]�RB�c�F>DOH H D�Fp\]U��WBek`UVG]� G]�EBj�+UV\IGIK�F>^�g+B5CRG]�fw

� � � � �&´��N·�� ¶Zµ��
�E*+× 0 68Ç/¼5Å/*+35,�Åh6 @+0 3 0 Ã 0 7E¼>Â ÄÓÆ/35*+Æf*+, 0 9Õ¼>Å 0 Ç/, 0 3�*<É�6âéh3>,5¼�*+3>9 0 3�:;6835=+* @ ×¦*R9 0 Â
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Ð Ç/¾ Â 9 É_35*+×ñÆh6<,>¼�Ç/,r6<4 0 ¾ 7EÉ_*+35×m6<¼>¾ *+7 687/92¼5Å 0 ¼>3W687/,5¾ ¼>¾ *+72ÆÀ3>* Ð 6 Ð ¾ Â ¾ ¼>¾ 0 , Ðf0 ¼IÁ 0!0 7�Æh6<4 0 ,
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3 0 ÊEÇ 0 ,>¼>,�ÌEÖ�Å 0 3 0 ¾�,j6e7À*R9 0 É_*+3 0!@-0 3>Ä�3 0 ÊEÇ 0 ,>¼ 0 9mÆf684 0 687À9�687�683>Ã Ðf0 ¼IÁ 0!0 7¦¼IÁ(* 7/*E9 0 ,
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Æ 0 3IÉ_*-3>× 0 9;Á�¾ ¼>ÅtÂ�*-4�9h6<¼r6¦,>ÅÀ*8Á°¼>Åf68¼26¦3 0 9/ÇÀÃ!¼>¾ *+7È¾ 7;¼5Å 0 3 0 ¼>3>¾ 0!@ 6<Â�Â¬68¼ 0 7/Ã!Ä;Ã�687 Ðf0
68ÃWÅ/¾ 0!@-0 9NÌ8ãI7 ì í���î ¼5Å 0 6<Ç/¼>ÅÀ*+3>,ZÆ/3 0 , 0 7E¼p6P,5¼>Ç/9/Ä½*8É|¼>Å 0 ÊEÇh6<Â�¾ ¼IÄ *8É|6�� ���P*+3>9 0 3(:;6<3>=+* @
68Æ/ÆÀ3>* Î ¾ ×m68¼5¾ *87�68,(6�×�*E9 0 Â/*<ÉNÆ/3 0 9/¾ Ã!¼>¾ 7/42ÇÀ, 0 3j,>Ç/3¥éh7/4�Æh68¼5¼ 0 357/,OÌ��P,>¾ 7/42¾ 7EÉ]*+3>×¢68¼5¾�*-7
¼>Å 0 *+3 0 ¼>¾ Ã2× 0 68,>ÇÀ3 0 ,P¼>Å 0 Ä¢Ã!*-7/Ã!Â Ç/9 0 ¼>Åh6<¼�¼>Å 02Ðf0 ,5¼�Ã�*+×�ÆÀ3>*+×¦¾ , 0�Ðf0 ¼IÁ 0�0 7n¼5Å 0 ×¦*R9 0 Â
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