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Ó Ô Ë�¬C­gª
Ò¶É-«�¬K±�ª�Ë Ó
Õ H Õ ó ¥��w�¢Æ ¸ �w��¥�»�H~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ
Õ H Õ ó ¸ �¢»k¥� P�w��¿��w�¢Æ
���oHÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Ö
Õ H×Ö Y¼�'¡�¡ ¸ ¦wÇS¥g¤X¥�¦w�¢§��¢» ¸ ¾�¿�¥�»��w¦w�¢ '�'�w��¥�»�� H~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H h
Õ H h Ô �'�w¾¢�¢»���¥g¤²�w���O�w�����w���ØHÆH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H ×

Ù ¯òÐ(¬�¬CÏ¼­gËÛÚ:Ð(¬C«�°²±�Ë�ÎÍ±ÜÚ:Ð'Î5Ïk«
ª
Ò¶± Ë-Î Ó*Ó
ÕPH Õ Äå���hº ¸ �w����¦w»k¡ ¸ ��¿��'�¢»'§3�¢¡ ¸ §
�N¿�¥¼£(�¢»'§Iº ¸ ¦ ¸ £(�¢§�¡ HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H ÕgÕ
ÕPH Õ \ò��¿��'¦w¦���»���º ¸ �w����¦w»k¡ ¸ ��¿��'�¢»'§ ¸ ¾¢§
¥�¦w�¢�w�'¡W�MHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ Ö

ÕPH ÕPH Õ Äå���ÆÁ���¡�º���¾OA�Ý5�¢ÆÊ�w�w¦w�¢»'§�¡ ¸ ��¿ �'�¢»'§I¡W���w��¥%£'�ºHÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ Ö
ÕPH ÕPH Õ ñ/��¿���¥�¦]T¼� ¸ »��w��� ¸ �w��¥�»�H~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ�Þ

ÕPH×Ö Ô �w����¦�º ¸ �w����¦w»ô¡ ¸ ��¿��'�¢»'§,¡W���w��¥¼£'�ßHÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H ÕSà
ÕPH×ÖPH Õ ÄÇ` < À �¢¡ ¸ §
�N¿�¥%£(�¢»'§"H~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ�Ö
ÕPH×ÖPH Õ ó ¸ ��¿��'�¢»'§Iº'�'¦����'�¢�"HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ�Õ

ÕPH h ÁY¥�»�¿�¾¢���w��¥�»��áH�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H ÕgÖ

â Ì�É²³Ó¬K±Ó´K«
Ð�³�Ïô­gÏ�«�É�­g­FÏ%Ë�¬"µ²Ð(¬�¬CÏ�­�Ë�´gãN¬K°�ÏkÌ�Ì ¯ Ð�³ÓÎ5ª�­�±Ó¬K°�Ú Ù*ä
ÖPH Õ Äå���Nó ó�E ¸ ¾¢§
¥�¦w�¢�w�'¡ HÆH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õg^

ÖPH Õ H Õ Ô º'�w�¢¡���� ¸ �w��¥�» ¥g¤²�w���N� ��§�¡W��»�� ¸ �w��¥�»k�w¦����åHÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ�×
�OC



ÖPH Õ H Õ ½X»�¿�¥%£(�¢»'§W�w���Nó ó�En£ ¸ � ¸ H~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H{Õ à
ÖPH Õ H×Ö Y%¿ ¸ ¾�� ¸ £ ¸ º'�w�¢Æ
�Nº ¸ �w����¦w»k¡ ¸ ��¿��'�¢»'§ H~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H:Ö�Ö
ÖPH Õ H h �[£ ¸ º'�w�¢Æ
�N£(��¿��w��¥�» ¸ ¦wÇ H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H:Ö�Ö

ÖPH Õ ½VC(º���¦w�¢¡W��»�� ¸ ¾-¦������'¾¢���[¤<¥�¦�óôó�E H~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H:ÖgÖ
ÖPH ÕPH Õ < »��w¦�¥%£(��¿��w��¥�» ¸ »�£Ê�@C(º���¦w�¢¡W��»¼� ¸ ¾������w�'ºæH~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H:ÖgÖ
ÖPH ÕPH Õ E²��¦ ¤ ¥�¦w¡ ¸ »�¿�����Æ ¸ ¾¢� ¸ �w��¥�» H~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H:Ögç

ÖPH×Ö �ò» ¸ ¾¢Ç%������¥g¤²�w���hó ó�En '�¢���w�w¦�� ¸ ¡ HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H:Ö�×
ÖPH h �ò» ¸ ¾¢Ç%������¥g¤²�w���h£(��¿��w��¥�» ¸ ¦wÇS��� ¸ §
� ¸ »�£ ¸ £ ¸ º'� ¸ �w��¥�»kº'¦�¥%¿������åH~H�HÆH~HÆH~HÆH~HÆH�H:Ö à

ÖPH hèH Õ Â �¢¦��w�[�����w����¥�»Ê£(��¿��w��¥�» ¸ ¦wÇ ¸ £ ¸ º'� ¸ �w��¥�» H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�Héhgh
ÖPH×ç ÁY¥�»�¿�¾¢��£(�¢»'§,¦���¡ ¸ ¦ Q%� HÆH~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H:ç�Ö

ê ÈSÏÇë ± Ë�´K±�Î5°�¬C´W± Ë�¬Cª:Ì�Ì ¯ ä�â
hèH Õ ���w�w¦w�¢»'§W¡ ¸ ��¿ �'�¢»'§Iº�¥��¢»���¥g¤¶Æ¼���+=:H~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H:çgÖ
hèH Õ � Æ
��¿���¥�¦zT¼� ¸ »��w��� ¸ �w��¥�»ôº�¥��¢»¼��¥g¤²Æ%���+=ºH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H:çih
hèH×Ö ���w�¢§�» ¸ ¾-£'��¿�¥�¡�º�¥��w�¢�w��¥�»Êº�¥��¢»���¥g¤¶Æ%���+=ìHÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H:çgç

hèH×ÖPH Õ Y¼�¢§�» ¸ ¾-£'��¿�¥�¡�º�¥��w�¢�w��¥�»��æHÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H:çg^
hèH×ÖPH Õ ó óIE=�w�¢§�» ¸ ¾�£'��¿�¥�¡�º�¥����¢�w��¥�» H~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H:ç Þ
hèH×ÖPH×Ö ó óIE=�wÇ¼»¼�w�����w����=[�¢�w�k£'�� '¾�¥%¿wQ%�¢»'§¿N�¾¢����¦w�¢»'§¶HÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H:^gÖ

hèH h � »�¥�»PA��'»'� ¤ ¥�¦w¡{� ¸ ¡�º'¾¢�¢»'§Wº�¥��¢»���¥g¤¶Æ%���+= HÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H:^g^

ä Ì Ì�¯íëI±Ó¬K°nµ²­gÏ�Ò¶±Ó«
¬K±$Î�Ïk«
ª
Ò¶± Ë-Î�ãO¬K°-ÏôÌ Ì�¯�î Ô Ñ,³�Î5ª�­�±Ú¬K°ÒÚ ï ä
çPH Õ < ¡�º'¦�¥CÆ%�¢»'§,£(��¿��w��¥�» ¸ ¦wÇ ¸ £ ¸ º'� ¸ �w��¥�»
=[�¢�w�k¡W¥¼£(�ON���£Ê���¢§�» ¸ ¾-£(���w�w¦w�¢ '�'�w��¥�»��ðHÆH~HÆH�H Þ ^

çPH Õ H Õ Äå���O§
��»���¦ ¸ ¾¢������£�À ¸ �����w� ¸ »S¡W¥%£'��¾ñH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H ÞgÞ
çPH Õ H Õ ÁY¥%£(�¢»'§W¥g¤²§
��»���¦ ¸ ¾¢��� ��£�À ¸ ������� ¸ »Ê��¥��'¦�¿�����=[�¢�w�kó ó�EòH�HÆH~HÆH~HÆH~HÆH�H Þ ×

çPH Õ Äå���Nó ó�EVA < ¸ ¾¢§
¥�¦w�¢�w�'¡ H~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H{× Õ
çPH ÕPH Õ Ô Æ
��¦wÆ%���+= HÆH~HÆH~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H{×gÖ
çPH ÕPH Õ \ ¸ ���@A#£(���w��¥�¦w�w��¥�»k¥�º'�w�¢¡���� ¸ �w��¥�»JH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H{×g^
çPH ÕPH×Ö Äå���Oº'¦���£(��¿��w��¥�»ôº'¦�¥¼¿������6HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H{× à
çPH ÕPH h Äå���hó óIEcA < £(��¿��w��¥�» ¸ ¦wÇ«HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H à Õ

çPH×Ö �ò¾¢§
¥�¦w�¢�w�'¡�ó ����Æ ¸ ¾¢� ¸ �w��¥�» ¸ »�£Ê�@C(º���¦w�¢¡W��»�� ¸ ¾�¦����w�'¾¢���ÅHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H à Ö
çPH×ÖPH Õ Â �¢¦��w�[¡W� ¸ �w�'¦���¡W��»¼��� ¸ »�£k¿�¥�¡�º ¸ ¦w����¥�»�=[�¢�w�kó óIEôHÆH~H�HÆH~HÆH~HÆH~HÆH�H à h
çPH×ÖPH Õ ÁY¥�¡�º ¸ ¦w����¥�»
=[�¢�w�k�w� ¸ ���@A#¥g¤LA��w���@A ¸ ¦w��¡W���w��¥%£'��H~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H Õ Ö�Ö

çPH h Ô »Ê�w���Nº'¦�¥�  ¸  '�¢¾¢�¢�#ÇÊ£(���w�w¦w�¢ '�'�w��¥�»k¥g¤¶�w���Nó óIEcA < º'¦���£(��¿��w��¥�» ��¦w¦�¥�¦6H~HÆH~HÆH~HÆH�H Õ Ög^
C



çPH hèH Õ ½/�w�w�¢¡ ¸ �w��¥�» ¥g¤²�w���Nº'¦�¥�  ¸  '�¢¾¢�¢�#ÇS¡W¥%£'��¾-¥g¤¶ó ó�EVA < º'¦���£(��¿�����£Ê¦����w��£(�����;H~H Õ Ö�×
çPH×ç ÁY¥�»�¿�¾¢���w��¥�»��áH�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ Ö à

õ öz÷ «�±�Ï¼Ë�¬WÒ¶±Ó«
¬K±Óª�Ë-Ð'­F·2Ð'Ò�Ð'µ�¬CÐ(¬K±�ª5Ë Ó�ÓPâ
^PH Õ ¹ ��¿��w��¥�» ¸ ¦wÇ6º ¸ ¦w�w�¢�w��¥�»'�¢»'§8H~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H ÕgÕ h
^PH Õ ¹ ��¿��w��¥�» ¸ ¦wÇ6¦���£(�'»�£ ¸ »�¿�ÇÊ¿�¥�»��w¦�¥�¾øH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H ÕgÕ�Þ

^PH ÕPH Õ óô�'¾¢�w�¢º'¾��N£(��¿��w��¥�» ¸ ¦w�����ùH�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H ÕgÕSà
^PH ÕPH Õ ��Æ
¥���£(�¢»'§I�w���O�¢»�¿�¾¢���w��¥�»k¥g¤¶¦���£(�'»�£ ¸ »��O��¾���¡W��»����´H~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ Õih

^PH×Ö < ¡�º'¦�¥CÆ%�¢»'§,£(��¿��w��¥�» ¸ ¦wÇ ¸ º'º'¦�¥�C(�¢¡ ¸ �w��¥�» º�¥�=���¦]H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ Õ à
^PH×ÖPH Õ ÀO��¥�¡W���w¦w��¿¨�w¦ ¸ »�� ¤ ¥�¦w¡W� HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ Ö Õ
^PH×ÖPH Õ ¹ ���wº'¾ ¸ ¿���£S '¾�¥%¿wQ(�åHÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ ÖgÖ
^PH×ÖPH×Ö �[£'£(�¢�w�¢Æ
�¨��Ç¼¡�¡W���w¦w��¿ÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ Ö�×
^PH×ÖPH h ÁY¥�¡¨ '�¢»'�¢»'§3�w���h»��+= �'º�£ ¸ �w�¢»'§,�w�w¦ ¸ ����§������ H~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ Ö à

^PH h ��Æ
¥���£(�¢»'§W�w���h�¢»�¿�¾¢���w��¥�»ô¥g¤²�'»'»���¿������ ¸ ¦wÇ3 '¾�¥%¿wQ(��H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ h.ç
^PH hèH Õ Á
�¢¡��¢�w�¢»'§,�w���h¦ ¸ »'§
�N¥g¤X��¿ ¸ ¾��O�w¦ ¸ »�� ¤<¥�¦w¡W�ÉHÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ h.^
^PH hèH Õ Äå���h�����h¥g¤ ¸ £ ¸ º'�w�¢Æ
�N '¾�¥%¿wQS�w� � ���úHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ h�×
^PH hèH×Ö Äå���N�@Â
��¿�����¥�»k£(��¿��w��¥�» ¸ ¦wÇ ¸ £ ¸ º'� ¸ �w��¥�»øH~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ ç�Ö

^PH×ç [8¥�¦w¡j��T¼� ¸ ¾¢��� ¸ �w��¥�»k¥g¤X��¿ ¸ ¾���£S '¾�¥%¿wQ(�åH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ ç Õ
^PH×çPH Õ EX¦�¥�  ¸  '�¢¾¢�¢� Çk£(���w�w¦w�¢ '�'�w��¥�»k¥g¤¶�w���hº'¦���£(��¿�����£Ê¦�������£(���h»�¥�¦w¡W��HÆHÆH~HÆH~HÆH~H Õ çgÖ
^PH×çPH Õ � »��+= »�¥�¦w¡j��T¼� ¸ ¾¢��� ¸ �w��¥�»Êº'¦�¥%¿���£(�'¦��>H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ ç Þ

^PH×^ Y%¥�¡W�å¿�¥�»��w��£'��¦ ¸ �w��¥�»��/¥�»"�w���å¿�¥�¡�º'�'� ¸ �w��¥�» ¸ ¾�¿�¥�¡�º'¾��@C(�¢�#Çp¥g¤5óôó�EVA�  ¸ ����£p¡W���w��¥%£'� Õ ç à
^PH×^PH Õ < ¡�º'¾���¡W��»�� ¸ �w��¥�» �����w�����:HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ ^ Õ
^PH×^PH Õ Ô »Ê�w���N¿�¥�¡�º'�'� ¸ �w��¥�» ¸ ¾²¿�¥�¡�º'¾��@C%�¢� ÇÊ¥g¤²�w���Nº'¦�¥�º�¥�����£ ¸ ¾¢§
¥�¦w�¢�w�'¡W�®H~HÆH~H Õ ^�Õ

^PH Þ ½VC(º���¦w�¢¡W��»�� ¸ ¾-¦������'¾¢���[¤<¥�¦�óôó�EVA <w< HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ ^gç
^PH × ÁY¥�»�¿�¾¢���w��¥�»��áH�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ�Þ�Õ

ï Í�É-­F¬K°�Ï�­6±LÚÍµ�­gª�Î5Ï�Ú:Ï¼Ë�¬C´"¬Cª�Ì Ì�¯�î Ô�Ô Ó ï â
Þ H Õ Äå���hº'¦���£(��¿��w��¥�»ôº'¦�¥¼¿���� �;H~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ�Þ Ö

Þ H Õ H Õ �ò¾¢����¦w�¢»'§W�w��� ¸ Æ ¸ �¢¾ ¸  '¾��Nº'¦���£(��¿��w��¥�»ô¡W¥¼£'��� H~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ�Þ h
Þ H Õ H Õ �ò¾¢����¦w�¢»'§W�w���hº'¦���£(��¿��w��¥�»k '¾�¥%¿wQS�w� � ���ûH�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ�ÞgÞ
Þ H Õ H×Ö `Y¾�¥¼¿tQ6º'¦���£(��¿��w��¥�»
=[�¢�w�Ê����¡�º'¾ ¸ ���h¡ ¸ ��¿ �'�¢»'§ HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ�Þ ×

Þ H Õ ½V?I¿�����»¼�ò£'�� '¾�¥%¿wQ%�¢»'§W¤<¥�¦�óôó�EVA <w< H~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ × Õ
Þ H ÕPH Õ ½VC(º���¦w�¢¡W��»¼� ¸ ¾Ò\ò���w�'¾¢��� HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ ×�×

C%�



Þ H×Ö ÁY¥�»�¿�¾¢���w��¥�»��áH�HÆH~HÆH~HÆH~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H ÕSà h

ü ¯òÐ(¬�¬CÏ¼­gËÛÚ:Ð(¬C«�°²±�Ë�ÎaîtÐ²Ð'´CÏ¼ÒýÎ-±�Ò�Ï¼ªÍ«
ª�Ú:µ²­FÏ¼´C´K±�ª5Ë Ó�þ�ä
×PH Õ Äå���Æd>H Õg^ihkjg��ñòÁ�Æ¼��£'��¥I��»�¿�¥¼£(�¢»'§I��� ¸ »�£ ¸ ¦�£ H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H ÕSà ^
×PH Õ Ô »k¥KÆ
��¦w¦w��£(�¢»'§Åd>H Õg^ihkjg�-ñòÁeó ��¡W¥��w��¥�»PA#¿�¥�¡�º���»�� ¸ ����£k¦����w��£(���¨¿�¥¼£(�¢»'§�HÆH~HÆH~HÆH�H�Õ�Ö Õ

×PH ÕPH Õ Äå��� Ô Æ
��¦w¦w��£(�¢»'§-EX¦�¥¼¿���� �3H~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ�Ö�Õ
×PH ÕPH Õ ��º ¸ �w����¦w»k¡ ¸ ��¿��'�¢»'§,Æ¼��£'��¥I��»�¿�¥¼£(�¢»'§Wº�¥��¢»��BA#¥g¤LA�Æ%���+=øH~H�HÆH~HÆH~HÆH~HÆH�H�Õ�ÖgÖ
×PH ÕPH×Ö ½VC(º���¦w�¢¡W��»���£'����¿�¦w�¢º'�w��¥�» ¸ »�£Ê�w�¢¡��'¾ ¸ �w��¥�»k¦����w�'¾¢���¿H~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ�Ögç

×PH×Ö ñ8��£'��¥W¿�¥%£(�¢»'§|=[�¢�w�Ê¡¨�'¾¢�w��� ¿ ¸ ¾��h¦���¿��'¦w¦���»��8º ¸ �w����¦w»��SÿX�w���Nó ó�EVA�ñò��£'��¥ ¸ ¾¢§
¥�¦w�¢�w�'¡ Õ ÕgÕ
×PH×ÖPH Õ ó óIEcA�ñò��£'��¥ ¸ ¦�¿ �'�¢����¿��w�'¦��|H~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ Õ Õ
×PH×ÖPH Õ ¹ ��¿��w��¥�» ¸ ¦wÇS£'���w�¢§�»6¤<¥�¦�óôó�EVA�ñ8��£'��¥ H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ Õ ç
×PH×ÖPH×Ö Äå���O�����¨¥g¤ ¸ ÁZ`½EVA�¾¢�RQ
��� ¸ §"HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ Õ ×
×PH×ÖPH h ½VC(º���¦w�¢¡W��»�� ¸ ¾-¦������'¾¢��� H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ ÕSà

×PH h ÁY¥�»�¿�¾¢���w��¥�»��áH�HÆH~HÆH~HÆH~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ�Õ Þ

þ Ê ª5Ë�«�³ É-´K±�ª�Ë-´�Ð�Ë�Ò=® É�¬KÉ�­FÏ�ë�ª�­�� Ù�Ù�þ

Ñ Ï�Ï¼´�¬���±ÓÎ�Ë-Ð�³�´ Ùèâ�ä
�fH Õ Ä����w���¢¡ ¸ §
��� H�HÆH~HÆH~HÆH~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�ÕgÖgç
�fH ÕMÄ����w��Æ%��£'��¥W����T¼����»�¿���� HÆH~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�ÕgÖ à

� Ô ÚÍµ²³�Ï�Ú:Ï¼Ë�¬CÐ(¬K±�ª�Ë=Ò²Ï
¬CÐ�± ³�´W®#ª5­W¬K°�ÏkÌ�Ì ¯ Ð�³�Î�ª�­�±Ó¬K°�ÚÍ´ Ùaê�â
`eH Õ < »��w¦�¥%£(��¿��w��¥�» ¸ »�£S  ¸ ����¿h£'�@N�»'�¢�w��¥�»���HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õih.Ö
`eH Õ �ò¾¢§
¥�¦w�¢�w�'¡z¤<¥�¦�óôó�E HÆH~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õih.^

`�H ÕPH Õ ó óIE=¥�º'�w�¢¡���� ¸ �w��¥�»kº'¦�¥%¿���£(�'¦�� HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õih Þ
`�H ÕPH Õ ó óIE=��»�¿�¥¼£(�¢»'§Wº'¦�¥%¿���£(�'¦��ôHÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õih à

`eH×Ö �ò¾¢§
¥�¦w�¢�w�'¡z¤<¥�¦�óôó�EVA <YÂ `�Y�H¥H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õih à
`�H×ÖPH Õ ó óIEcA <�Â Y�` ¥�º'�w�¢¡���� ¸ �w��¥�»kº'¦�¥%¿���£(�'¦�� H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õgç�Ö
`�H×ÖPH Õ ó óIEcA <�Â Y�` ��»�¿�¥¼£(�¢»'§Iº'¦�¥¼¿���£(�'¦��3H~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õgç Õ

`eH hs�ò¾¢§
¥�¦w�¢�w�'¡z¤<¥�¦�óôó�EVA < H6H~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õgç�Õ
`�H hèH Õ ó óIEcA < ¥�º'�w�¢¡���� ¸ �w��¥�»kº'¦�¥¼¿���£(�'¦��ÉHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õgç�Õ
`�H hèH Õ ó óIEcA < ��»�¿�¥%£(�¢»'§Wº'¦�¥%¿���£(�'¦�� H~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õgçih

C(�¢�



Ê ö Ë�µ/Ï¼­g±ÜÚÍÏ¼Ë�¬CÐ�³Y­FÏ¼´KÉ²³Ú¬C´�® ª�­I¬K°-Ïôµ�­gª�µ/ª5´CÏ�Ò«Ú:Ï�¬K°-ª
Ò²´ Ù�ä*ä
ÁeH Õ ÁY¥�¡�º'¾���¡W��»¼� ¸ ¦wÇÊ¦����w�'¾¢���å¤<¥�¦òÁ�� ¸ º'����¦eÖ�HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕgçgç
ÁeH Õ ÁY¥�¡�º'¾���¡W��»¼� ¸ ¦wÇÊ¦����w�'¾¢���å¤<¥�¦òÁ�� ¸ º'����¦zhoHÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕg^ Õ
ÁeH×Ö ÁY¥�¡�º'¾���¡W��»¼� ¸ ¦wÇÊ¦����w�'¾¢���å¤<¥�¦òÁ�� ¸ º'����¦eç�HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕg^ à
ÁeH hsÁY¥�¡�º'¾���¡W��»¼� ¸ ¦wÇÊ¦����w�'¾¢���å¤<¥�¦òÁ�� ¸ º'����¦e^�HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕ Þ Ö
ÁeH×çåE²��¦�¿���º'�w� ¸ ¾�¦������'¾¢���å¤ ¥�¦[�w���¨óôó�EVA�  ¸ ����£S¡W���w��¥%£'�ôH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕ Þ ^
ÁeH×^ ÁY¥�¡�º'¾���¡W��»¼� ¸ ¦wÇÊ¦����w�'¾¢���å¤<¥�¦òÁ�� ¸ º'����¦ Þ HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕ�×�Õ
ÁeH Þ ÁY¥�¡�º'¾���¡W��»¼� ¸ ¦wÇÊ¦����w�'¾¢���å¤<¥�¦òÁ�� ¸ º'����¦8×�HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕ�× à

© ¯¨É�Ð¶³ ±�´K°-Ï¼Ò=µ²Ð'µ/Ï�­g´ Ùèþ ï
¹ H Õ Ä
¥��'¦w» ¸ ¾�º ¸ º���¦�� HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕ àÇÞ
¹ H ÕØ`å¥%¥�Q3����¿��w��¥�»��¥H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕ àÇÞ
¹ H×ÖUÁY¥�»(¤<��¦���»�¿��Nº ¸ º���¦�� H~HÆH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕ à ×

C%�¢�¢�
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ÕPH Õ �ò»Ê�@C ¸ ¡�º'¾��¨¥g¤² '¾�¥%¿wQ6¡ ¸ ��¿��'�¢»'§I¤ ¥�¦�ÁÒÝ ÞgÞ ¸ ¾¢§
¥�¦w�¢�w�'¡W�SHbHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ h
ÕPH Õ � Æ
��¿���¥�¦zT¼� ¸ »��w��� ¸ �w��¥�» ¿�¥�¡�º'¦������w��¥�» ¸ ¦�¿ �'�¢����¿��w�'¦��gH|H~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ ×

ÖPH Õ `Y�¢» ¸ ¦wÇS����§�¡W��»�� ¸ �w��¥�»ô�w¦����N¥g¤ ¸ »Êóôó�E=��»�¿�¥%£'��£S '¾�¥%¿wQ�HÅH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õg^
ÖPH Õ ½VC ¸ ¡�º'¾��h¥g¤-�w���8óôó�E2����§�¡W��»¼� ¸ �w��¥�»Ê£'��¿����w��¥�»��Y¤ ¥�¦ ¸ 4× 4

�¢»'º'�'�å '¾�¥¼¿tQ D ¾���Æ
��¾�hkF@H¨Õ Þ
ÖPH×Ö Â ¾�¥S=Y¿�� ¸ ¦w�ò¤ ¥�¦[�w���¨óôó�E ¸ ¾¢§
¥�¦w�¢�w�'¡�HJH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ à
ÖPH h ¹ ��¿��w��¥�» ¸ ¦wÇ6�'º�£ ¸ ���h¤ ¥�¦[�w���Nó ó�E ¸ ¾¢§
¥�¦w�¢�w�'¡�H®H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HÉÖ Õ
ÖPH×ç Y%¥�¡W�Ê¥g¤O�w���S������£)�������W�¢¡ ¸ §
���SH Â ¦�¥�¡^¾��ë¤�����¥�¦w�¢§��¼� ð ��¥�ºn��¥Q �¥��w��¥�¡�ÿ
Á���» ¸ ð

ÀO¥�¾�£(�'�¢¾¢¾ ð E§E Õ Õ�Ögç ð EXE Õ Õ�Ö à ð Á ¸ ¡W��¦ ¸ ¡ ¸ » ¸ »�£�E���º'º���¦��SH�H~HÆH~H�H~HÆHÆH~HÆH~HÆH~HÉÖih
ÖPH×^ ½VC(º���¦w�¢¡W��»�� ¸ ¾�¦����w�'¾¢����¥g¤
óôó�E�¤<¥�¦/�w¡W¥%¥��w�W�����w�/�¢¡ ¸ §
���GÁ���» ¸¨¸ »�£3Á ¸ ¡W��¦ ¸ ¡ ¸ »

D
256 × 256

F@H>HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HúÖg^
ÖPH Þ ½VC(º���¦w�¢¡W��»�� ¸ ¾-¦������'¾¢����¥g¤Xóôó�E)¤<¥�¦[�����w�[�¢¡ ¸ §
���zE§E Õ Õ�Ögç ¸ »�£�E§E Õ Õ�Ö à H
HÆH~HÆH~HÉÖ Þ
ÖPH × `Y�¢��¦ ¸ ���O��� ¸ §
�h¤ ¥�¦[�w���h�¢»�£'�@C'��� ¸ »�£Ê� ��§�¡W��»�� ¸ �w��¥�»�� ¸ §
� ð ¤ ¥�¦�ó ó�E�HÒHÆH~HÆH~HÆH~HÉÖ�×
ÖPH à Â �¢» ¸ ¾'»��'¡� ���¦Y¥g¤���¾���¡W��»¼�����¢»��w���[£(��¿��w��¥�» ¸ ¦wÇ�¥g¤�� ¿ ¸ ¾���× D Õ ^ × Õ ^O '¾�¥¼¿tQ%�@F
¤<¥�¦/ó óIEÒH~h�Ö
ÖPH Õ Ö Â �¢» ¸ ¾(»��'¡� ���¦/¥g¤5��¾���¡W��»¼���¶¤<¥�¦ ¸ ¾¢¾'��¿ ¸ ¾����X¥g¤��w���å£(��¿��w��¥�» ¸ ¦wÇ¨¤ ¥�¦¶óôó�E ð ¤<¥�¦¶�¢¡ ¸ §
���

Á���» ¸I¸ »�£�E§E Õ Õ�ÖgçPHúH~HÆH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H:h Õ
ÖPH ÕgÕ ½XÆ
¥�¾¢�'�w��¥�» ¥g¤��w���h»¼�'¡¨ ���¦�¥g¤X��¾���¡W��»����[¤<¥�¦���¿ ¸ ¾��N×"¥g¤¶�w���h£(��¿��w��¥�» ¸ ¦wÇ3¤ ¥�¦�ó óIE ð

¤<¥�¦[�¢¡ ¸ §
���zÁ���» ¸I¸ »�£�E§E Õ Õ�ÖgçPHùHÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H:h�Õ
ÖPH Õ Õ=½XÆ
¥�¾¢�'�w��¥�»W¥g¤5�w����»¼�'¡¨ ���¦/¥g¤5��¾���¡W��»����X¤ ¥�¦ ¸ ¾¢¾%� ¿ ¸ ¾����²¥g¤5�w���Y£(��¿��w��¥�» ¸ ¦wÇ�¤<¥�¦²ó óIE ð

¤<¥�¦[�¢¡ ¸ §
�ÆÁ���» ¸ ��»�¿�¥¼£'��£ ¸ ��ÖPH à ×� 'º'º&H�HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H:h.Ö
ÖPH Õ Ö Â �¢» ¸ ¾�»��'¡¨ ���¦�¥g¤-��¾���¡W��»���� ¸ �å� ¸ ¿��S£(��¿��w��¥�» ¸ ¦wÇ3��¿ ¸ ¾�� ¸ »�£3�w��� ¸ ¿��w� ¸ ¾5»¼�'¡¨ ���¦�¥g¤

 '¾�¥%¿wQ(�[������£S ¼Ç3ó ó�E ¸ ��� ¸ ¿��ô��¿ ¸ ¾�� ð ¤<¥�¦[�¢¡ ¸ §
�ÆÁ���» ¸ HRH H~HÆH~H�H~HÆHÆH~HÆH~HÆH~H:hgh
ÖPH Õ h«\ò���w�'¾¢���ò¤ ¥�¦Oóôó�EÛ=[����»�£(��¿��w��¥�» ¸ ¦wÇô�'º�£ ¸ �w�¢»'§6���8�¢»�����¦w¦w�'º'����£ ¸ � ¸ º���¦�¿���»¼� ¸ §
�

¥g¤¶�w���h��¥�� ¸ ¾�»¼�'¡¨ ���¦ò¥g¤X��»�¿�¥¼£'��£S '¾�¥%¿wQ(� ð ¤<¥�¦[�¢¡ ¸ §
�ÆÁ���» ¸ H¿HÆH~H�H~HÆHÆH~HÆH~HÆH~H:h.ç
C(Æ



ÖPH Õ ç�\ò���w�'¾¢���ò¤ ¥�¦hó óIE«=[����»�£(��¿��w��¥�» ¸ ¦wÇô�'º�£ ¸ �w�¢»'§6���O�¢»�����¦w¦w�'º'����£ ¸ � ¸ º���¦�¿���»¼� ¸ §
�
¥g¤¶�w���h��¥�� ¸ ¾�»¼�'¡¨ ���¦ò¥g¤X��»�¿�¥¼£'��£S '¾�¥%¿wQ(� ð ¤<¥�¦[�¢¡ ¸ §
���zE§E Õ Õ�Ögç ¸ »�£�E§E Õ Õ�Ö à H*HÆH�Héh.^

ÖPH Õ ^�\ò���w�'¾¢���X¤<¥�¦�ó óIEÍ���w�¢»'§ ¸ ¡ ¸ C%�¢¡��'¡ £(��¿��w��¥�» ¸ ¦wÇ,�w� � � ¸ »�£,�w�����)=Y¥¨����������£I��¾¢�¢¡MA
�¢» ¸ �w��¥�» ¿�¦w�¢����¦w� ¸ ð ¤ ¥�¦[�¢¡ ¸ §
��Á���» ¸ H~H~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�Héh�×

ÖPH Õ�Þ \ò���w�'¾¢���X¤<¥�¦�ó óIEÍ���w�¢»'§ ¸ ¡ ¸ C%�¢¡��'¡ £(��¿��w��¥�» ¸ ¦wÇ,�w� � � ¸ »�£,�w�����)=Y¥¨����������£I��¾¢�¢¡MA
�¢» ¸ �w��¥�» ¿�¦w�¢����¦w� ¸ ð ¤ ¥�¦[�¢¡ ¸ §
��E§E Õ Õ�ÖgçPHáH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�Héh à

hèH Õ ó óIE ¿�¥¼£'�@A�Æ
��¿���¥�¦�� ¸ »�£Ê��¿ ¸ ¾��O�w¦ ¸ »�� ¤<¥�¦w¡W�SHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H:ç�×
hèH Õ ¹ ��¿�¥�¡�º�¥��w�¢�w��¥�»:¥g¤ ¸ �w�¢§�» ¸ ¾X�¢»¼��¥ ¸ � ���O¥g¤Yº'�'¾�������=[�¢�w� ¸ ¡�º'¾¢�¢�w��£'� αk ð ��¿ ¸ ¾�� βk

¸ »�£Sº�¥��w�¢�w��¥�» γk
H HÆH~HÆH~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H:ç à

hèH×Ö Â �'»�¿��w��¥�» �wº ¸ ¿����S§
��»���¦ ¸ ����£  ¼Ç ó óIE ¸ �Ê� ¸ ¿ � ¸ º'º'¦�¥�C(�¢¡ ¸ �w��¥�»���¿ ¸ ¾�� ð =[����¦��
VL ⊂ VL−1 ⊂ VL−2 ⊂ · · · ⊂ V0

H�HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H:^ Õ
hèH h \ò��¾ ¸ �w��¥�»� ����)=Y����»2�w���W¤ �'»�¿��w��¥�»*��º ¸ ¿�����§
��»���¦ ¸ ����£* ¼Ç:�w���,� ��Æ
��¦ ¸ ¾Y��¿ ¸ ¾����p¥g¤ ¸

¡��'¾¢�w�¢¦�����¥�¾¢�'�w��¥�» £'��¿�¥�¡�º�¥��w�¢�w��¥�»&HØH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H:^�Õ
hèH×ç Å ���h¥g¤ ÂÒ< \ÛN�¾¢����¦��z=[�¢�w� ¸ £ ¸ º'�w�¢Æ
�N�w�'º'º�¥�¦w� ¸ ¿�¿�¥�¦�£(�¢»'§I��¥"�w���¨óôó�E2 '¾�¥%¿wQS��¿ ¸ ¾��gH ^ih
hèH×^ ¹ ��� ¸ �¢¾-¥g¤¶�w���hóôó�E2º�¥��w�BA�º'¦�¥%¿������w�¢»'§W£'�� '¾�¥%¿wQ%�¢»'§|N�¾¢����¦��å¤<¥�¦[�¢¡ ¸ §
�ÆÁ���» ¸ ¿�¥%£'��£

¸ ��ÖPH Õ à  'º'º&ÿ ¸ FYó óIE2£'��¿�¥%£'��£6�¢¡ ¸ §
�O *FY£'�� '¾�¥%¿wQ%�¢»'§¿=[�¢�w�S¦���¿�� ¸ »'§��'¾ ¸ ¦zQ
��¦w»���¾
¸ »�£Ê¿�FY£'�� '¾�¥%¿wQ%�¢»'§_=[�¢�w� ¸ À ¸ �����w� ¸ »�Q
��¦w»���¾�HJH�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H:^gç

hèH Þ ¹ ��� ¸ �¢¾�¥g¤å�w����� ¸ ¡�º'¾¢�¢»'§Êº�¥��¢»�����£'�@N�»���£� �ÇQóôó�E ¤<¥�¦ ¸ 32 × 32
º'�OC'��¾ ¸ ¦�� ¸ ¥g¤

�¢¡ ¸ §
�ÆÁ-��» ¸ H>H�HÆH~HÆH~HÆH~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H:^ Þ
hèH × ½VC ¸ ¡�º'¾����[¥g¤-� =�¥"»�¥�»PA��'»'� ¤<¥�¦w¡z� ¸ ¡�º'¾¢�¢»'§"§�¦w��£'�Sÿ ¸ F ¸ ¾¢¾�¥S=��Y¤<¥�¦ ¸ ����º ¸ ¦ ¸  '¾��8º'¦�¥iA

¿��������¢»'§ ¥g¤��w���3� ¸ ¡�º'¾����S¾� *FN¥�»'¾¢Ç ¸ ¾¢¾�¥S=��p¤<¥�¦�»�¥�»PA#����º ¸ ¦ ¸  '¾��3º'¦�¥%¿������w�¢»'§Q¥g¤��w���
� ¸ ¡�º'¾�����HÅHÆH~H�HÆH~HÆH~HÆH~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H:^�×

hèH à \ò���w�'¾¢���O¥g¤�óôó�E�¦���¿�¥�»��w�w¦w��¿��w��¥�»:¿�¥�¡�º ¸ ¦���£�=[�¢�w�Q�w�'�¢»PA�º'¾ ¸ �����wº'¾¢�¢»��p�¢»�����¦wº�¥�¾ ¸ A
�w��¥�» ð ���w�¢»'§ ÝÓâ�à æ)x'æ â�à æ â�õ ¥�º'�w�¢¡���� ¸ �w��¥�»=¥g¤8�¢¡ ¸ §
�6 '¾�¥¼¿tQ%� ¸ »�£2¥�º'�w�¢¡���� ¸ �w��¥�» ¥g¤
Ü�á æëê ø Ù xÇx ÝÓâ ì �¢¡ ¸ §
�h '¾�¥¼¿tQ%��H H�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H Þ Ö

hèH Õ Ö < ¡ ¸ §
�MÁ���» ¸ ¿�¥�¡�º'¦���������£ ¸ �NÖPH Õ Õ, 'º'º&ÿ ¸ Fò¥�¦w�¢§��¢» ¸ ¾/ó óIE ��Ç¼»¼�w�����w���S¾
 *FòÄå�'�¢»PA
º'¾ ¸ ���N��º'¾¢�¢»��h�¢»�����¦wº�¥�¾ ¸ �w��¥�»k���w�¢»'§ 16 × 16

¥CÆ
��¦w¾ ¸ º'º'�¢»'§3 '¾�¥¼¿tQ%�SH*HÆHÆH~HÆH~H�H~HÆHÆH Þ Õ
hèH ÕgÕ ¹ ��� ¸ �¢¾/¥g¤��¢¡ ¸ §
�¿Á-��» ¸ ¿�¥�¡�º'¦���������£ ¸ �¨ÖPH h.ç, 'º'º&ÿ ¸ Fò¥�¦w�¢§��¢» ¸ ¾/ó óIE ��Ç¼»¼�w�����w���S¾

 *FWî ç ÝÓâ�
 x5ø Ù�õ æ Þ x5ø ÝÓâ æ �¢»�����¦wº�¥�¾ ¸ �w��¥�»k�����¢»'§ 16 × 16
¥CÆ
��¦w¾ ¸ º'º'�¢»'§3 '¾�¥¼¿tQ%��HeH�H~HÆHÆH Þ Õ

çPH Õ ÀO��»���¦ ¸ ¾¢��� ��£
À ¸ �����w� ¸ »S£(���w�w¦w�¢ '�'�w��¥�»��Y¤<¥�¦[����¾���¿�����£3Æ ¸ ¾¢�����[¥g¤²�w���8��� ¸ º��òº ¸ ¦ ¸ ¡W�@A
����¦

α
H H~HÆH~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H~HÆH~HÆH~HÆHÆH Þ ×

C%Æ%�



çPH Õ Ä����w���¢¡ ¸ §
����=[�¢�w�
Q¼»�¥�=[»Êº'¦�¥�  ¸  '�¢¾¢�¢�#ÇÊ£(���w�w¦w�¢ '�'�w��¥�»�� D Õgçg^ × Õgçg^�º'�OC'��¾���F@H�HÆH~HÆH~H ×�Ö
çPH×Ö dò���w��¥�§�¦ ¸ ¡W��¥g¤¶�����w�[�¢¡ ¸ §
����¤ ¥�¦�� ¸ ¿ �Êº'¦�¥�  ¸  '�¢¾¢�¢�#ÇÊ£(���w�w¦w�¢ '�'�w��¥�»&HåH~HÆHÆH~HÆH~HÆH~H ×�Ö
çPH h \ ¹ º���¦ ¤ ¥�¦w¡ ¸ »�¿��6¥g¤òó óIE ¤<¥�¦��w���3¿�¥�¡�º'¦������w��¥�»2¥g¤����������¢¡ ¸ §
���M=[�¢�w�"Q¼»�¥�=[»

º'¦�¥�  ¸  '�¢¾¢�¢� ÇÊ£(���w�w¦w�¢ '�'�w��¥�»��SH§HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H × Õ
çPH×ç ó óIE�¿�¥¼£(�¢»'§Ê¥g¤Y�����w�h�¢¡ ¸ §
���~=[�¢�w�oQ%»�¥S=[»:º'¦�¥�  ¸  '�¢¾¢�¢� Ç:£(���w�w¦w�¢ '�'�w��¥�»��Sÿ ¸ FzN�» ¸ ¾

¿ ¸ ¦�£(�¢» ¸ ¾¢�¢� ÇÊ¥g¤ D8 á�Þ�Ø ¿�¥�¡�º'¦������w��¥�»k¦ ¸ �w��¥a¾' *FZEGY�[e\ á�ÞCØ N�» ¸ ¾�¿ ¸ ¦�£(�¢» ¸ ¾¢�¢�#ÇÊ¥g¤ D8 Hj×�Õ
çPH×^ Y%��§�¡W��»¼� ¸ �w��¥�»n¥g¤��w���Wº'¦���£(��¿��w��¥�»2�w����º ¸ »�£*ó óIE�¿�¥¼£(�¢»'§Q�w����ºÍ¤ ¥�¦ ¸ FNó óIEcA <

Â `�Y ¸ »�£S *Fåó óIEcA < ���w�¢»'§ ¸ £ ¸ º'�w�¢Æ
�¨ '¾�¥¼¿tQS�w� � �gH�HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H ×ih
çPH Þ Â ¾�¥S=Y¿�� ¸ ¦w�ò¤ ¥�¦[�w���¨óôó�EVA <YÂ `�Y ¸ ¾¢§
¥�¦w�¢�w�'¡�HíH�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H × Þ
çPH × Â ¾�¥S=Y¿�� ¸ ¦w�ò¤ ¥�¦[�w���¨óôó�EVA < ¸ ¾¢§
¥�¦w�¢�w�'¡�H¥HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H ×�×
çPH à Äå�'¦����[¥g¤��w���å£(�¢¦���¿��w��¥�» ¸ ¾'º'¦���£(��¿��w��¥�»�¡W¥%£'��� ¸ »�£��w���å���¢§��¼�Xº'¦���£(��¿��w��¥�»W£(�¢¦���¿��w��¥�»��

������£Ê�¢»Êóôó�EVA < H�HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H × à
çPH Õ Ö=½VÂ
��¿�����¥g¤ ¹ Á ¸ »�£Êó Â ñ�º'¦���£(��¿��w��¥�»Ê¡W¥%£'����¥�»S� =�¥W���@C(�[�¢¡ ¸ §
�h '¾�¥%¿wQ(�SHºH~HÆH~H àPÕ
çPH ÕgÕ ½VC(º���¦w�¢¡W��»�� ¸ ¾-¦������'¾¢���[¤<¥�¦�óôó�EVA < ¤ ¥�¦��w¡W¥%¥��w�S�¢¡ ¸ §
�ÆÁ���» ¸ H¿H~H�H~HÆHÆH~HÆH~HÆH~H à h
çPH Õ Õ=½VC(º���¦w�¢¡W��»�� ¸ ¾-¦������'¾¢���å¤ ¥�¦[ó óIEcA < ¤<¥�¦[���@C%�[�¢¡ ¸ §
�~EXE Õ Õ�Ögç ¸ »�£S¿�¥�¡�º�¥��'»�£S�¢¡MA

¸ §
�ÆEXE Õ Õ�Ö à HGH�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H à ç
çPH Õ Ö�EX¦���£(��¿�����£6�¢¡ ¸ §
� D ¸ F ¸ »�£3º'¦���£(��¿��w��¥�»Ê��¦w¦�¥�¦å�¢¡ ¸ §
� D  *F/¤<¥�¦��¢¡ ¸ §
��Á���» ¸ ��»�¿�¥%£'��£

=[�¢�w�kó ó�EVA < ¸ � ¸ º'º'¦�¥�C(�¢¡ ¸ ����¾¢ÇkÖPH×Ögç" 'º'º&HIH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H à ^
çPH Õ h«EX¦���£(��¿�����£��¢¡ ¸ §
� D ¸ F ¸ »�£�º'¦���£(��¿��w��¥�»)��¦w¦�¥�¦¨�¢¡ ¸ §
� D  *FO¤ ¥�¦¨�¢¡ ¸ §
�_E§E Õ Õ�Ögçô��»PA

¿�¥%£'��£�=[�¢�w�kó óIEcA < ¸ � ¸ º'º'¦�¥SC%�¢¡ ¸ ����¾¢ÇkÖPH ×" 'º'º&H
HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H àÇÞ
çPH Õ ç�[ò�'¡¨ ���¦Y¥g¤
 '¾�¥%¿wQ(���w� ¸ ��������£I� ¸ ¿ �3¥g¤��w����º'¦���£(��¿��w��¥�»,¡W¥%£'��� ð ¤ ¥�¦Y� ¸ ¿��6��¿ ¸ ¾�� ð ¤<¥�¦

�¢¡ ¸ §
��� ¸ FZÁ���» ¸I¸ »�£6 *F½EXE Õ Õ�ÖgçPH�H~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H à ×
çPH Õ ^=ó óIEcA < ����§�¡W��»¼� ¸ �w��¥�»k¤<¥�¦[�¢¡ ¸ §
�ÆÁ���» ¸ ¿�¥¼£'��£ ¸ ��ÖPH×ç� 'º'º&HGHÆH~H�H~HÆHÆH~HÆH~HÆH~H àgà
çPH Õ�Þ Â �¢» ¸ ¾¨����§�¡W��»¼� ¸ �w��¥�»�¤<¥�¦Ê�¢¡ ¸ §
�8Á���» ¸ ¿�¥%£'��£ ¸ �ôÖPH×ç) 'º'º ð ¤<¥�¦ ¸ F6ó ó�E ¸ »�£

 *Fåó ó�EVA < HaH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ Ö�Ö
çPH Õ ×=½VC(º���¦w�¢¡W��»�� ¸ ¾¶¦����w�'¾¢����¥g¤/ó óIEcA < ¤<¥�¦�§�¦ ¸ Ç%� ¿ ¸ ¾��¨�w¡W¥%¥��w�k�����w���¢¡ ¸ §
���]Á���» ¸3¸ »�£

E²��º'º���¦���HfHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ Ö Õ
çPH ÕSà ½VC(º���¦w�¢¡W��»�� ¸ ¾�¦����w�'¾¢���¶¥g¤5ó ó�EVA < ¤<¥�¦²§�¦ ¸ Ç%� ¿ ¸ ¾��Y��¡W¥¼¥��w�"�����w�²�¢¡ ¸ §
��Á ¸ ¡W��¦ ¸ ¡ ¸ »

D Õgçg^ × Õgçg^ÇF@H³HÆH~H�HÆH~HÆH~HÆH~HÆH�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~H Õ Ö�Õ
çPH Õ�Ö ¹ ��� ¸ �¢¾5¤ ¥�¦��¢¡ ¸ §
�eÁ-��» ¸ ¿�¥�¡�º'¦������ ��£ ¸ � ¸ º'º'¦�¥�C(�¢¡ ¸ ����¾¢Ç3ÖPH×ç¨ 'º'º,�����¢»'§ ¸ F/óôó�E�¾

 *Fåó ó�EVA < ¾'¿�FZÄ.E/½GÀhÕ�Ö�Ö�ÖP¾ ¸ »�£S£�F½d>H Õg^ihkjg�-ñòÁeHfHÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ ÖgÖ
C(Æ¼�¢�



çPH Õ Õ ½VC(º���¦w�¢¡W��»�� ¸ ¾'¦����w�'¾¢���X¥g¤5ó ó�EVA < ¤<¥�¦����@C(���¢¡ ¸ §
�½E§E Õ Õ�Ögç ¸ »�£p¿�¥�¡�º�¥��'»�£"�¢¡ ¸ §
�
E§E Õ Õ�Ö à HIHÆH~H�HÆH~HÆH~HÆH~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H Õ Öih

çPH Õ�Õ ¹ ��� ¸ �¢¾�¤<¥�¦
�¢¡ ¸ §
�§E§E Õ Õ�Ögç�¿�¥�¡�º'¦���������£ ¸ � ¸ º'º'¦�¥�C(�¢¡ ¸ ����¾¢Ç¨ÖPH×^gçå 'º'ºh���w�¢»'§ ¸ F�ÄÇE�½GÀhÕ�Ö�Ö�Ö
¸ »�£S *F�dfH Õg^ihkjg��ñòÁeH&H~HÆH~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H Õ Ögç

çPH ÕgÖ�dò���w��¥�§�¦ ¸ ¡W�"¤<¥�¦ ¸ F¨¥�¦w�¢§��¢» ¸ ¾��¢¡ ¸ §
��Á���» ¸�¸ »�£2óôó�EVA < º'¦���£(��¿��w��¥�»n¦����w��£(����� ¸ �
¿�¥�¡�º'¦���������¥�»Ê¦ ¸ �w��¥��SÿX *F[ÖPH Õ  'º'º&¾�¿�F[ÖPH×ç" 'º'º ¸ »�£Ê£�F Õ H Õgçp 'º'º&HéHÆH~HÆH~HÆH~HÆH�H Õ Ö Þ

çPH Õih«dò���w��¥�§�¦ ¸ ¡W�
¤<¥�¦ ¸ F�¥�¦w�¢§��¢» ¸ ¾����@C(�
�¢¡ ¸ §
�XEXE Õ Õ�Ögç ¸ »�£Nó óIEcA < º'¦���£(��¿��w��¥�»�¦����w��£(�����
¸ ��¿�¥�¡�º'¦���� �w��¥�»Ê¦ ¸ �w��¥��SÿX *FåÖPH×Ö Þ  'º'º&¾�¿�F[ÖPH×çp 'º'º ¸ »�£Ê£�F Õ H Õgç� 'º'º&HýHÆH~HÆH~HÆH�H Õ Ö Þ

çPH Õgç Ô ¦w�¢§��¢» ¸ ¾8£(���w�w¦w�¢ '�'�w��¥�»=¥g¤O�w���6º'¦���£(��¿�����£=��¦w¦�¥�¦��W¿�¥�¡�º ¸ ¦���£J=[�¢�w� ¸ §
��»���¦ ¸ ¾¢������£
À ¸ ��� �w� ¸ »k£(���w�w¦w�¢ '�'�w��¥�»�=[�¢�w�k�w���N���w�w�¢¡ ¸ ����£Sº ¸ ¦ ¸ ¡W������¦��SHVH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H ÕgÕ Ö

^PH Õ `Y�¢�O¦ ¸ ���"��� ¸ §
��¤ ¥�¦O�w���p�¢»�£'�@C ð º'¦���£(��¿��w��¥�»:¡W¥¼£'��� ¸ §
� ¸ »�£Q����§�¡W��»¼� ¸ �w��¥�»�� ¸ §
�
�wÇ%¡¨ �¥�¾�� ð ¤<¥�¦�ó óIEVA < H�HÆH~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H ÕgÕ ç

^PH Õ ¹ �¢Æ%���w��¥�»k¥g¤X£(��¿��w��¥�» ¸ ¦wÇ Dl �¢»¼��¥ Ll + 1
º ¸ ¦w�w�¢�w��¥�»��SH�HÆH~HÆH~HÆH~HÆH�H~HÆH~HÆH~HÆHÆH ÕgÕ ^

^PH×Ö \ò���w�'¾¢���å¤<¥�¦[�w���h�����h¥g¤X¿�¥�»����@C(��¿�¥�»�£(�¢�w��¥�»'�¢»'§Å=[�¢�w�ôóôó�EVA < ð ¤ ¥�¦[�¢¡ ¸ §
�ÆÁ-��» ¸ H>H�H ÕgÕ�Þ
^PH h \ò���w�'¾¢���/¤<¥�¦��w���ò�����8¥g¤-¿�¥�»����@C(�[¿�¥�»�£(�¢�w��¥�»'�¢»'§>=[�¢�w�6ó óIEVA < ð ¤<¥�¦Y�¢¡ ¸ §
���ZEXE Õ Õ�Ögç

¸ »�£�EXE Õ Õ�Ö à H´HÆH~HÆH~HÆH~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H ÕgÕ ×
^PH×ç Â �¢» ¸ ¾�»¼�'¡¨ ���¦ò¥g¤X��¾���¡W��»����ò�¢»Ê£(��¿��w��¥�» ¸ ¦wÇ D8

D
16 × 16

 '¾�¥%¿wQ(��F�¤ ¥�¦�ó ó�EVA < HìHÆH ÕgÕSà
^PH×^ ÁY¥�¡�º ¸ ¦w����¥�»Í ���� =�����»oN�» ¸ ¾X£(��¿��w��¥�» ¸ ¦wÇ��w� � �"¥g¤Y��¿ ¸ ¾���×I¤<¥�¦Oó ó�EVA < ¸ »�£�ó óIE ð

¤<¥�¦[�¢¡ ¸ §
���zÁ���» ¸ ð E§E Õ Õ�Ögç ¸ »�£
E§E Õ Õ�Ö à HýHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H Õ Õ�Ö
^PH Þ ¸ F�½VC ¸ ¡�º'¾��p¥g¤X '¾�¥¼¿tQ6º'¦���£(��¿��w��¥�» �����¢»'§W�)=Y¥I¡W¥%£'���S¾� *F[�w���¨£(�¢¦���¿��w��¥�» ¸ ¾²º'¦���£(��¿@A

�w��¥�»Ê¡W¥%£'��� H�HÆH~HÆH~HÆH~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H Õ Õ Õ
^PH × \ò���w�'¾¢����¤ ¥�¦¶¥�¦w�¢§��¢» ¸ ¾�óôó�EVA < ¸ »�£p»��+=)����¿��'»'�UT¼�����¶�w� ¸ �¶�����å����Æ
��¦ ¸ ¾%�¢»�£'��º���»�£'��»¼�

£(��¿��w��¥�» ¸ ¦w����� D óôó�EVA < ó ¹ F ð ¤<¥�¦[�¢¡ ¸ §
��Á���» ¸ HbH�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H Õ Õ�Õ
^PH à \ò���w�'¾¢����¤ ¥�¦¶¥�¦w�¢§��¢» ¸ ¾�óôó�EVA < ¸ »�£p»��+=)����¿��'»'�UT¼�����¶�w� ¸ �¶�����å����Æ
��¦ ¸ ¾%�¢»�£'��º���»�£'��»¼�

£(��¿��w��¥�» ¸ ¦w����� D óôó�EVA < ó ¹ F ð ¤<¥�¦[�¢¡ ¸ §
���zE§E Õ Õ�Ögç ¸ »�£�E§E Õ Õ�Ö à HðHÆH~HÆH~HÆH~HÆH�H Õ ÕgÖ
^PH Õ Ö Å ���W¥g¤ ¸ ¡��¢»'�¢¡¨�'¡M£(���w� ¸ »�¿��W¿�¥�»�£(�¢�w��¥�»*�¢»:�w���W£(��¿��w��¥�» ¸ ¦wÇ��'º�£ ¸ ����º'¦�¥%¿���£(�'¦��gH

< »S�w�'�����@C ¸ ¡�º'¾�� ð  '¾�¥%¿wQ A ���[»�¥��[�¢»�� ��¦w����£S�¢»Ê�w���h£(��¿��w��¥�» ¸ ¦wÇÇHºHÆH�H~HÆH~HÆH~HÆHÆH Õ Õgç
^PH ÕgÕ Â �¢» ¸ ¾�»��'¡� ���¦�¥g¤¶��¾���¡W��»����Y¤<¥�¦Y�w���O£(��¿��w��¥�» ¸ ¦w������¥g¤²� ¸ ¿��S��¿ ¸ ¾�� á�Þ�Ø �w���O¿�¥�¡�º'¦����BA

�w��¥�»k¦ ¸ �w��¥ ð ¤ ¥�¦[�¢¡ ¸ §
��Á���» ¸ ÿ ¸ Fåó óIEcA < ¾( *FYó óIEcA < =[�¢�w��\ò��£(�'»�£ ¸ »�¿�ÇkÁY¥�»��w¦�¥�¾�H Õ Õ Þ
^PH Õ Õ Õ ¹ º'¾�¥��O¥g¤/�w���

2 × 1
¿�¥%£'�@A�Æ
��¿���¥�¦��O¥g¤�£(��¿��w��¥�» ¸ ¦wÇ D1 ð ¤<¥�¦��w���p¥�¦w�¢§��¢» ¸ ¾²ó óIEcA <

¸ »�£Êó ó�EVA < =[�¢�w�k¦���£(�'»�£ ¸ »�¿�ÇÊ¿�¥�»��w¦�¥�¾ ð ¤<¥�¦[�¢¡ ¸ §
�ÆÁ���» ¸ D ÖPH×ç" 'º'º*F@H�HÆH~HÆH~HÆH�H Õ Õ�×
C%Æ%�¢�¢�



^PH Õ Ö�\ò���w�'¾¢���,¤ ¥�¦S¥�¦w�¢§��¢» ¸ ¾Nó óIEVA < ¸ »�£ óôó�EVA < ���w�¢»'§)¦���£(�'»�£ ¸ »�¿�Ç ¿�¥�»��w¦�¥�¾ D  �¥��w�
¡W���w��¥%£'� ¸ ¾���¥"��� �h£(��¿��w��¥�» ¸ ¦wÇSº ¸ ¦w�w�¢�w��¥�»'�¢»'§kF ð ¤<¥�¦[�¢¡ ¸ §
�ÆÁ���» ¸ H
H�H~HÆHÆH~HÆH~HÆH~H Õ Õ à

^PH Õ h«\ò���w�'¾¢���,¤ ¥�¦S¥�¦w�¢§��¢» ¸ ¾Nó óIEVA < ¸ »�£ óôó�EVA < ���w�¢»'§)¦���£(�'»�£ ¸ »�¿�Ç ¿�¥�»��w¦�¥�¾ D  �¥��w�
¡W���w��¥%£'� ¸ ¾���¥"��� �h£(��¿��w��¥�» ¸ ¦wÇSº ¸ ¦w�w�¢�w��¥�»'�¢»'§kF ð ¤<¥�¦[�¢¡ ¸ §
���zE§E Õ Õ�Ögç ¸ »�£�E§E Õ Õ�Ö à HcH Õ Ö�Ö

^PH Õ ç�[8�+= º ¸ �w����¦w»��ò¿�¦�� ¸ ����£Ê �Ç6���w�¢»'§�§
��¥�¡W���w¦w��¿N�w¦ ¸ »��w¤ ¥�¦w¡ ¸ �w��¥�»��SHJH�H~HÆHÆH~HÆH~HÆH~H Õ Ö�Õ
^PH Õ ^�\ò���w�'¾¢����¤ ¥�¦[ó óIEVA < =[�¢�w�6�w���O�����ò¥g¤²»��+= £(��¿��w��¥�» ¸ ¦wÇ,�'º�£ ¸ �w�¢»'§¿=[�¢�w�S§
��¥�¡W���w¦w��¿

�w¦ ¸ »�� ¤<¥�¦w¡W� ð ¤<¥�¦[�¢¡ ¸ §
�ÆÁ���» ¸ H H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ ÖgÖ
^PH Õ�Þ \ò���w�'¾¢����¤ ¥�¦[ó óIEVA < =[�¢�w�6�w���O�����ò¥g¤²»��+= £(��¿��w��¥�» ¸ ¦wÇ,�'º�£ ¸ �w�¢»'§¿=[�¢�w�S§
��¥�¡W���w¦w��¿

�w¦ ¸ »�� ¤<¥�¦w¡W� ð ¤<¥�¦[�¢¡ ¸ §
���zEXE Õ Õ�Ögç ¸ »�£�E§E Õ Õ�Ö à H¿H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ Öih
^PH Õ ×�[8�+= º ¸ �w����¦w»��p¿�¦�� ¸ ����£: �Ç������¢»'§k£(���wº'¾ ¸ ¿���£:Æ
��¦�����¥�»���¥g¤[�w���W¥�¦w�¢§��¢» ¸ ¾�º ¸ �w����¦w»�� ð

=[�¢�w�
s = 2

HºHÆH~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H~HÆH~HÆH~H Õ Ögç
^PH ÕSà \ò���w�'¾¢���å¤<¥�¦�óôó�EVA < =[�¢�w�Ê�w���N��� �h¥g¤²»��+=�£(��¿��w��¥�» ¸ ¦wÇ3�'º�£ ¸ �w�¢»'§_=[�¢�w�ô£(���wº'¾ ¸ ¿���£

 '¾�¥%¿wQ(� ð ¤<¥�¦��¢¡ ¸ §
�ÆÁ���» ¸ HcH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ Ög^
^PH Õ�Ö�\ò���w�'¾¢���å¤<¥�¦�óôó�EVA < =[�¢�w�Ê�w���N��� �h¥g¤²»��+=�£(��¿��w��¥�» ¸ ¦wÇ3�'º�£ ¸ �w�¢»'§_=[�¢�w�ô£(���wº'¾ ¸ ¿���£

 '¾�¥%¿wQ(� ð ¤<¥�¦��¢¡ ¸ §
����E§E Õ Õ�Ögç ¸ »�£�E§E Õ Õ�Ö à HÉH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ Ö Þ
^PH Õ Õ [8�+= º ¸ �w����¦w»ô¿�¦�� ¸ ����£S ¼Ç6���w�¢»'§��w��� ¸ £'£(�¢�w�¢Æ
�¨��Ç¼¡�¡W���w¦w��¿N¥g¤¶�w���h¥�¦w�¢§��¢» ¸ ¾- '¾�¥%¿wQ�H�H Õ Ö�×
^PH Õ�Õ�\ò���w�'¾¢���
¤<¥�¦-ó óIEVA < =[�¢�w���w���/������¥g¤(»��+=*£(��¿��w��¥�» ¸ ¦wÇN�'º�£ ¸ �w�¢»'§z=[�¢�w�¨�w��� ¸ £'£(�¢�w�¢Æ
�

�wÇ%¡�¡W���w¦w��¿h '¾�¥%¿wQ ð ¤<¥�¦[�¢¡ ¸ §
�ÆÁ���» ¸ H»HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ Ö à
^PH ÕgÖ�\ò���w�'¾¢���
¤<¥�¦-ó óIEVA < =[�¢�w���w���/������¥g¤(»��+=*£(��¿��w��¥�» ¸ ¦wÇN�'º�£ ¸ �w�¢»'§z=[�¢�w�¨�w��� ¸ £'£(�¢�w�¢Æ
�

�wÇ%¡�¡W���w¦w��¿h '¾�¥%¿wQ ð ¤<¥�¦[�¢¡ ¸ §
���zE§E Õ Õ�Ögç ¸ »�£�E§E Õ Õ�Ö à HÒHÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ h�Ö
^PH Õih«\ò���w�'¾¢���¶¤<¥�¦�óôó�EVA < ���w�¢»'§¨¿�¥�¡� '�¢» ¸ �w��¥�»��Y¥g¤��w���[»��+=�£(��¿��w��¥�» ¸ ¦wÇp�'º�£ ¸ �w�¢»'§¨����¿ �PA

»'�UT¼����� ð ¤<¥�¦[�¢¡ ¸ §
�ÆÁ���» ¸ HÛHÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ h Õ
^PH Õgç�\ò���w�'¾¢���¶¤<¥�¦�óôó�EVA < ���w�¢»'§¨¿�¥�¡� '�¢» ¸ �w��¥�»��Y¥g¤��w���[»��+=�£(��¿��w��¥�» ¸ ¦wÇp�'º�£ ¸ �w�¢»'§¨����¿ �PA

»'�UT¼����� ð ¤<¥�¦[�¢¡ ¸ §
����E§E Õ Õ�Ögç ¸ »�£�E§E Õ Õ�Ö à HðH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ h�Õ
^PH Õg^=½VÂ
��¿����²¥g¤����w�¢»'§�¦���£(�'»�£ ¸ »�¿�Ç¨¿�¥�»¼�w¦�¥�¾k=[�¢�w��»��+=*£(��¿��w��¥�» ¸ ¦wÇh�'º�£ ¸ �w�¢»'§8����¿��'»'�UT¼�����

D ���w�¢»'§,£(���wº'¾ ¸ ¿���£S '¾�¥%¿wQ(��=[�¢�w�
s = 2

F ð ¤ ¥�¦[�¢¡ ¸ §
���]Á���» ¸W¸ »�£�E§E Õ Õ�ÖgçPH�H~HÆH~HÆH~H Õ h.Ö
^PH Õ Þ \ò���w�'¾¢���8¤ ¥�¦hó óIEcA <w< ¤<¥�¦8�¢¡ ¸ §
�¿Á-��» ¸ ð =[����»:¿�¥�»����@C(�N¿�¥�»�£(�¢�w��¥�»'�¢»'§ ¸ ����¥%¿�� ¸ ����£

=[�¢�w�Ê�w���¨¿�¥¼£'�@A�Æ
��¿���¥�¦��Só�¥�¦w�¢§��¢»Ê���[������£bH±HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ hgh
^PH Õ�×�\ò���w�'¾¢����¤ ¥�¦[ó óIEVA <t< =[����»Ê��¿ ¸ ¾��8¦����w�w¦w��¿��w��¥�»S�¢»S£(��¿��w��¥�» ¸ ¦wÇ ¸ £ ¸ º'� ¸ �w��¥�» D óôó�EVA

<w< `�F ¸ »�£���¿ ¸ ¾��W¦����w�w¦w��¿��w��¥�»*º'¾¢��� ¸ £ ¸ º'�w�¢Æ
�I '¾�¥%¿wQ:�w� � � D óôó�EVA <w< Á�F ¸ ¦��I������£ ð
¤<¥�¦[�¢¡ ¸ §
�ÆÁ���» ¸ HÅHÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ h�×

C%�OC



^PH Õ à \ò���w�'¾¢���Y¤ ¥�¦åó óIEVA <t< =[����»Ê��¿ ¸ ¾��8¦����w�w¦w��¿��w��¥�»S�¢»S£(��¿��w��¥�» ¸ ¦wÇ ¸ £ ¸ º'� ¸ �w��¥�» D óôó�EVA
<w< `�F ¸ »�£���¿ ¸ ¾��W¦����w�w¦w��¿��w��¥�»*º'¾¢��� ¸ £ ¸ º'�w�¢Æ
�I '¾�¥%¿wQ:�w� � � D óôó�EVA <w< Á�F ¸ ¦��I������£ ð
¤<¥�¦[�¢¡ ¸ §
���zE§E Õ Õ�Ögç ¸ »�£�E§E Õ Õ�Ö à H&H~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H Õ h à

^PH×Ö�Ö Â �¢» ¸ ¾��w� � �S¥g¤O�w���S£(��¿��w��¥�» ¸ ¦w�����3¥g¤8� ¸ ¿�����¿ ¸ ¾�� á�ÞCØ �w���S¿�¥�¡�º'¦���������¥�»n¦ ¸ �w��¥ ð ¤ ¥�¦
�¢¡ ¸ §
�ÆÁ-��» ¸ ÿ ¸ FYó óIEVA < ¾( *Fåó óIEcA <w< �>¾'¿�Fåó óIEVA <t< ` ¸ »�£Ê£�FYó óIEVA <t< ÁeH�H�H Õ ç Õ

^PH×Ö Õ dò���w��¥�§�¦ ¸ ¡W�h¥g¤��w��� L0.5 »�¥�¦w¡þ¥g¤��w���pº'¦���£(��¿�����£Q¦����w��£(���" '¾�¥%¿wQ(� ¸ º'º'¦�¥�C(�¢¡ ¸ ����£
 ¼Ç6ó ó�EVA < ¤<¥�¦�� ¸ ¿��ô��¿ ¸ ¾��N¥g¤¶�¢¡ ¸ §
�ÆÁ���» ¸ ¿�¥%£'��£ ¸ ��ÖPH ×gÖ" 'º'º&H§H�HÆH~HÆH~HÆH~HÆH�H Õ çgÖ

^PH×Ö�Õ�[8¥�¦w¡ ¸ ¾¢������£ �'���w��¥�§�¦ ¸ ¡W�ô¥g¤p�w��� Lα »�¥�¦w¡ ¥g¤p�w����ó ó�EVA < º'¦���£(��¿�����£�¦����w��£(���
 '¾�¥%¿wQ(�å¤<¥�¦�� ¸ ¿��k� ¿ ¸ ¾�� ð ¤ ¥�¦[�¢¡ ¸ §
��Á���» ¸ ¿�¥%£'��£ ¸ ��ÖPH ×gÖ" 'º'º&H H~H�HÆH~HÆH~HÆH~HÆH�H Õ çih

^PH×ÖgÖ��O�'¦w��¥��w���O¥g¤
Lα »�¥�¦w¡u£(���w�w¦w�¢ '�'�w��¥�»��8¤ ¥�¦ò�w���¨¦���º'¦���� ��»�����£  '¾�¥¼¿tQk��¿ ¸ ¾���� ¸ »�£ô£(� ¤LA

¤<��¦���»���Æ ¸ ¾¢������¥g¤ α H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H~HÆH~HÆH~HÆHÆH Õ çgç
^PH×Öih�ó ¥��w�Y¤�¦���T¼����»��[Æ ¸ ¾¢���O¥g¤�� ¸ ¿�� Lα »�¥�¦w¡ ð ¸ � ¸ ¤ �'»�¿��w��¥�»Ê¥g¤-�w���O '¾�¥%¿wQ,� ¿ ¸ ¾�� D  �¥�¾�£

¾¢�¢»���F ð ¤<¥�¦[�w���h¦���º'¦�������»¼����£ÊÆ ¸ ¾¢������¥g¤ α H»HÆHÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H~HÆH~HÆH~HÆHÆH Õ çg^
^PH×Ögç�\ò���w�'¾¢����=[����»

L1 »�¥�¦w¡ ��T�� ¸ ¾¢��� ¸ �w��¥�»ô���[������£»=[�¢�w�kó ó�EVA <w< � ð ¤<¥�¦[�¢¡ ¸ §
�ÆÁ���» ¸ H Õ ç à
^PH×Ög^�\ò���w�'¾¢����=[����»

L1 »�¥�¦w¡ ��T¼� ¸ ¾¢��� ¸ �w��¥�» ���6��� ��£Û=[�¢�w��óôó�EVA <w< � ð ¤<¥�¦S�¢¡ ¸ §
���
E§E Õ Õ�Ögç ¸ »�£�E§E Õ Õ�Ö à HzHÆH~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H Õ ^�Ö

^PH×Ö Þ Â �¢» ¸ ¾�»��'¡¨ ���¦å¥g¤-��¾���¡W��»����Y¤<¥�¦���¿ ¸ ¾��8×N¥g¤��w����£(��¿��w��¥�» ¸ ¦wÇ á�Þ�Ø ¦ ¸ ����¤<¥�¦��¢¡ ¸ §
�eÁ���» ¸ H Õ ^gÖ
^PH×Ö�× < »�¿�¦�� ¸ ���N�¢» ¿�¥�¡�º'�'� ¸ �w��¥�» ¸ ¾²¿�¥�¡�º'¾��@C(�¢�#Çô¥g¤¶�w���¨»��+=��'º�£ ¸ �w�¢»'§I����¿ �'»'�UT������8¦���¾ ¸ A

�w�¢Æ
�h��¥Ióôó�EVA < ð ¤ ¥�¦[�¢¡ ¸ §
�ÆÁ-��» ¸ H�H~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H Õ ^ih
^PH×Ö à ½VC(º���¦w�¢¡W��»�� ¸ ¾-¦������'¾¢���[¤<¥�¦�óôó�EVA <w< ð ¤ ¥�¦[�¢¡ ¸ §
���]E§E Õ Ö�Õgç ¸ »�£
E§E Õ Õ�Ö à HáHÆH~HÆH�H Õ ^ Þ
^PH h�Ö=½VC(º���¦w�¢¡W��»�� ¸ ¾-¦������'¾¢���[¤<¥�¦�óôó�EVA <w< ð ¤ ¥�¦[�¢¡ ¸ §
���]Á���» ¸W¸ »�£IÀO¥�¾�£(�'�¢¾¢¾�H�HÆH~HÆH~HÆH�H Õ ^�×
^PH h Õ ½VC(º���¦w�¢¡W��»�� ¸ ¾�¦����w�'¾¢����¤ ¥�¦�ó óIEVA <t< ð ¤ ¥�¦"�¢¡ ¸ §
���,Á ¸ ¡W��¦ ¸ ¡ ¸ » D Õgçg^ × Õgçg^ÇF ¸ »�£

E²��º'º���¦���HfHÆH~H�HÆH~HÆH~HÆH~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H Õ ^ à
^PH h�Õ ¹ ��� ¸ �¢¾¼¤ ¥�¦��¢¡ ¸ §
�ZÁ���» ¸ ¿�¥�¡�º'¦���������£ ¸ � ¸ º'º'¦�¥�C(�¢¡ ¸ ����¾¢Ç�ÖPH×ç� 'º'º����w�¢»'§ ¸ F
ó óIEcA < ¾

 *Fåó ó�EVA <w< ¾%¿�F�ÄÇE/½GÀhÕ�Ö�Ö�ÖP¾ ¸ »�£Ê£�FZd>H Õg^ihkjg�-ñòÁeH:HÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H Õ�Þ Ö
^PH h.Ö ¹ ��� ¸ �¢¾�¤<¥�¦
�¢¡ ¸ §
�§E§E Õ Õ�Ögç�¿�¥�¡�º'¦���������£ ¸ � ¸ º'º'¦�¥�C(�¢¡ ¸ ����¾¢Ç¨ÖPH×^gçå 'º'ºh���w�¢»'§ ¸ F�ÄÇE�½GÀhÕ�Ö�Ö�Ö

¸ »�£S *F�dfH Õg^ihkjg��ñòÁeH&H~HÆH~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H Õ�Þ�Õ

Þ H Õ Äå���hº'¦���£(��¿��w��¥�» £(�¢¦���¿��w��¥�»���������£Ê �Ç3�w���Nóôó�EVA <w< º'¦���£(��¿��w��¥�»k¡W¥%£'���SHáH~HÆH~HÆH�H Õ�Þ ç
Þ H Õ ½VÂ
��¿�����¥g¤X¿�� ¸ »'§��¢»'§,�w���Nó óIEVA <t< º'¦���£(��¿��w��¥�»k¡W¥%£'��� ð ¤<¥�¦[�¢¡ ¸ §
�ÆÁ���» ¸ HôHÆH~HÆH�H Õ�Þ ç
Þ H×Ö ½VÂ
��¿����h¥g¤Y¿ � ¸ »'§��¢»'§S�w���"óôó�EVA <w< º'¦���£(��¿��w��¥�»�¡W¥%£'��� ð ¤<¥�¦ò�¢¡ ¸ §
����E§E Õ Õ�Ögç ¸ »�£

E§E Õ Õ�Ö à HIHÆH~H�HÆH~HÆH~HÆH~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H Õ�Þ ^
C�C



Þ H h ½VÂ
��¿����[¥g¤�¿ � ¸ »'§��¢»'§��w���ò¡��¢»'�¢¡��'¡z '¾�¥%¿wQI��¿ ¸ ¾��8������£,�¢»6�w���8º'¦���£(��¿��w��¥�»Ê�w� ¸ §
�O¥g¤
ó óIEcA <w< ð ¤<¥�¦��¢¡ ¸ §
�ÆÁ���» ¸ HPHÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ�Þ ×

Þ H×ç ½VÂ
��¿����[¥g¤�¿ � ¸ »'§��¢»'§��w���ò¡��¢»'�¢¡��'¡z '¾�¥%¿wQI��¿ ¸ ¾��8������£,�¢»6�w���8º'¦���£(��¿��w��¥�»Ê�w� ¸ §
�O¥g¤
ó óIEcA <w< ð ¤<¥�¦��¢¡ ¸ §
����E§E Õ Õ�Ögç ¸ »�£�E§E Õ Õ�Ö à H H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ�Þ�à

Þ H×^ < »��w¦ ¸ º'¦���£(��¿��w��¥�»ô���w�¢»'§W����¡�º'¾ ¸ ���h¡ ¸ ��¿ �'�¢»'§èHùH�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ ×�Ö
Þ H Þ ½VÂ
��¿����N¥g¤å���w�¢»'§Ê����¡�º'¾ ¸ ����¡ ¸ ��¿ �'�¢»'§k�¢»��w����º'¦���£(��¿��w��¥�»��w� ¸ §
�W¥g¤Yó ó�EVA <w< ð ¤<¥�¦

�¢¡ ¸ §
�ÆÁ-��» ¸ H>H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ × Õ
Þ H × ½VÂ
��¿����N¥g¤å���w�¢»'§Ê����¡�º'¾ ¸ ����¡ ¸ ��¿ �'�¢»'§k�¢»��w����º'¦���£(��¿��w��¥�»��w� ¸ §
�W¥g¤Yó ó�EVA <w< ð ¤<¥�¦

�¢¡ ¸ §
���]E§E Õ Õ�Ögç ¸ »�£
E§E Õ Õ�Ö à H�H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ ×�Õ
Þ H à Å ���h¥g¤ ÂÒ< \ÛN�¾¢����¦��z=[�¢�w� ¸ £ ¸ º'�w�¢Æ
�N�w�'º'º�¥�¦w� ¸ ¿�¿�¥�¦�£(�¢»'§I��¥"�w���¨óôó�E2 '¾�¥%¿wQS��¿ ¸ ¾��gH Õ ×gÖ
Þ H Õ Ö«Y¼� ¸ º��N¥g¤¶�w���O�¢¡�º'�'¾����h¦����wº�¥�»�������¥g¤¶�w��� ¸ £ ¸ º'�w�¢Æ
�~N�¾¢����¦���������£6¤<¥�¦�£'�� '¾�¥¼¿tQ¼�¢»'§èH¼H Õ ×gç
Þ H ÕgÕ ½VÂ
��¿�����¥g¤X�w����óôó�EVA <w< £'�� '¾�¥¼¿tQ¼�¢»'§3¡W���w��¥¼£k¥�»k�w���h�¢¡ ¸ §
�gó �eEGY�[e\ ð =[����»k£(� ¤LA

¤<��¦���»���Æ ¸ ¾¢������¥g¤²º ¸ ¦ ¸ ¡W������¦ α ¸ ¦��h������£ ð ¤<¥�¦[�¢¡ ¸ §
�ÆÁ���» ¸ H¶HÆH~HÆH~H�HÆH~HÆH~HÆH~H Õ ×g^
Þ H Õ Õ=Äå����¿�¥�»�¿ ¸ ����» ¸ �w��¥�»p¥g¤' '¾�¥%¿wQ(�&=[�¢�w�¨Æ
��¦wÇh£(�OÂ
��¦���»��²�w�'º'º�¥�¦w��� ¸ »�£Nº'�OC'��¾
�¢»�����»����¢�w�����

¿ ¸ ���������w��� ¸ º'º�� ¸ ¦ ¸ »�¿���¥g¤ ¸ »S�¢¡ ¸ §
� ¸ ¦w�w� ¤ ¸ ¿�� ¸ ¤ ����¦��w���h£'�� '¾�¥%¿wQ%�¢»'§|N�¾¢����¦w�¢»'§èH¡H~H Õ × Þ
Þ H Õ Ö=� ��������º,Æ ¸ ¦w� ¸ �w��¥�»6�¢»3º'�OC'��¾��¢»�����»��w�¢�w�����å¡ ¸ ÇI �� ¸ ¤ � ¸ �w�'¦��O¥g¤��w���O¥�¦w�¢§��¢» ¸ ¾��¢¡ ¸ §
� ð

�w� ¸ ������¥��'¾�£S»�¥��[ ��~N�¾¢����¦���£bH�H~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H Õ ×�×
Þ H Õ h���£'��� ¸ �¢¾-¥g¤¶�¢¡ ¸ §
�ÆÁ���» ¸ ð ��»�¿�¥%£'��£�=[�¢�w�kó ó�EVA <w< ¸ ��ÖPH Õ Ögç� 'º'º&H�H~HÆHÆH~HÆH~HÆH~H Õ × à
Þ H Õ ç Ô  P�w��¿��w�¢Æ
�zT¼� ¸ ¾¢�¢�#Ç"§ ¸ �¢»��X¤<¥�¦X�¢¡ ¸ §
�zÁ-��» ¸ D ¸ £ ¸ º'�w�¢Æ
��£'�� '¾�¥%¿wQ%�¢»'§ÆN�¾¢����¦�������£¿=[�¢�w�

α = 0.10 ¸ »�£ s = 256
F@H�H~HÆH~HÆH�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~H ÕSà Ö

Þ H Õ ^�EGY�[e\ § ¸ �¢»���¤ ¥�¦[�w���¨óôó�EVA <w< £'�� '¾�¥¼¿tQ¼�¢»'§W¡W���w��¥%£ ð ¤<¥�¦[�¢¡ ¸ §
��Á���» ¸ H«H~HÆH~HÆH~H ÕSàPÕ
Þ H Õ�Þ ��£'��� ¸ �¢¾-¥g¤¶���@C%�[�¢¡ ¸ §
�fE§E Õ Õ�Ögç ð ��»�¿�¥%£'��£�=[�¢�w�kó ó�EVA <w< ¸ ��ÖPH×çihI 'º'º&H�HÆH~HÆH~H ÕSà Õ
Þ H Õ ×=��£'��� ¸ �¢¾-¥g¤¶�¢¡ ¸ §
�ÆE§E Õ Õ�Ö à ð ��»�¿�¥¼£'��£�=[�¢�w�ôóôó�EVA <w< ¸ �òÖPH×Ö�Õ" 'º'º&HeHÆHÆH~HÆH~HÆH~H ÕSà Ö
×PH Õ �ò¦�¿��'�¢����¿��w�'¦���¥g¤ ¸ »
d>H Õg^ihkjg��ñòÁ�Æ¼��£'��¥I��»�¿�¥¼£'��¦SHIHÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H ÕSàÇÞ
×PH Õ �[£ ¸ º'�w�¢Æ
�h '¾�¥%¿wQ6�w� � ���[��� ��£3¤ ¥�¦[º ¸ ¦w�w�¢�w��¥�»'�¢»'§I� ¸ ¿ �kó�`=¤<¥�¦å¡W¥��w��¥�»k¿�¥�¡�º���»�� ¸ �w��¥�»&H ÕSà ×
×PH×Ö ó ¥��w��¥�»3¿�¥�¡�º���»�� ¸ �w��¥�»6���w�¢»'§�¡¨�'¾¢�w�¢º'¾��O¦��ë¤<��¦���»�¿���¤ ¦ ¸ ¡W��� ¸ »�£, '�OA�º'¦���£(��¿��w�¢Æ
�O¡W¥iA

�w��¥�»k¿�¥�¡�º���»�� ¸ �w��¥�»&H�H~HÆH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~H ÕSàgà
×PH h �ò¦�¿��'�¢����¿��w�'¦��O¥g¤ ¸ �¼Ç¼ '¦w��£,Æ¼��£'��¥���»�¿�¥¼£(�¢»'§p��¿�����¡W�ò�w� ¸ �Y�������/»�¥�¿�¥�¡�º'¦������w��¥�»6¥g¤

�w���h¡W¥��w��¥�»PA#¿�¥�¡�º���»�� ¸ ����£ ��¦w¦�¥�¦SHÉH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕ�ÖgÖ
×PH×ç ½VC(º���¦w�¢¡W��»�� ¸ ¾[¦����w�'¾¢���p¥g¤��w���,¥�¦w�¢§��¢» ¸ ¾�d>H Õg^ihkjg�-ñòÁV��»�¿�¥%£'��¦ ¸ »�£��w���I»��+= ��»PA

¿�¥%£'��¦ ð �w� ¸ ��£(��� ¸  '¾������w���¨¿�¥�¡�º'¦���� �w��¥�»ô¥g¤¶¡W¥��w��¥�»PA�º'¦���£(��¿�����£Q��¦w¦�¥�¦ D ¤<¥�¦z` �w¾¢��¿����
¥�»'¾¢ÇèF@H H~HÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕ�Ög^

CkC(�



×PH×^ [ò�'¡¨ ���¦ò¥g¤XóI`�ó �[�w� ¸ �������N� ¸ ¿�� ¥g¤²�w��� ¸ Æ ¸ �¢¾ ¸  '¾��Nº'¦���£(��¿��w��¥�»k¡W¥%£'��� ð ¤<¥�¦��w���Æ`
�w¾¢��¿�����HæH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ�Ö Þ

×PH Þ ½VC(º���¦w�¢¡W��»�� ¸ ¾p¦����w�'¾¢���Ê¥g¤W¥�¦w�¢§��¢» ¸ ¾�d>H Õg^ihkjg�-ñòÁ ¸ »�£ »��+= ��»�¿�¥%£'��¦ ð �w� ¸ �k£(���BA
¸  '¾����"�w���6¿�¥�¡�º'¦������w��¥�»n¥g¤8¡W¥��w��¥�»PA�º'¦���£(��¿�����£n��¦w¦�¥�¦ D ¤<¥�¦M` �w¾¢��¿�����¥�»'¾¢ÇèF ð ���w�¢»'§
ú�� ÿYÿYÿ � ØFØKØ �w¾¢��¿��hº ¸ �w����¦w»&H�H�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ�Ö à

×PH × ½VC(º���¦w�¢¡W��»�� ¸ ¾(¦����w�'¾¢���-¥g¤�¥�¦w�¢§��¢» ¸ ¾�dfH Õg^ihkjg��ñòÁ ¸ »�£�d>H Õg^ihkjg�-ñòÁ¡[ò¥�ó�E/½ ð =[����»
�w����¿�¥�¡�º'¦���� �w��¥�»I¥g¤�¡W¥��w��¥�»PA�º'¦���£(��¿�����£,��¦w¦�¥�¦X���/£(��� ¸  '¾���£"¤ ¥�¦§EÍ�w¾¢��¿���� D ¦����w�'¾¢���/¤ ¥�¦
E ¸ »�£�` �w¾¢��¿���� ð ¥g¤X����T�����»�¿�� Â ¥�¦���¡ ¸ »*F@H HÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ Õ Ö

×PH à ½VC(º���¦w�¢¡W��»�� ¸ ¾(¦����w�'¾¢���-¥g¤�¥�¦w�¢§��¢» ¸ ¾�dfH Õg^ihkjg��ñòÁ ¸ »�£�d>H Õg^ihkjg�-ñòÁ¡[ò¥�ó�E/½ ð =[����»
�w���å¿�¥�¡�º'¦������w��¥�»W¥g¤5¡W¥��w��¥�»PA�º'¦���£(��¿�����£I��¦w¦�¥�¦¶���¶£(��� ¸  '¾���£p¤ ¥�¦² �¥��w�ME ¸ »�£M`*�w¾¢��¿����
D ¦����w�'¾¢����¤ ¥�¦�E ¸ »�£�` �w¾¢��¿���� ð ¥g¤X����T¼����»�¿�� Â ¥�¦���¡ ¸ »*F@H|H~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ ÕgÕ

×PH Õ Ö�` ¸ �w��¿ ¸ ¦�¿ �'�¢����¿��w�'¦��¨¥g¤ ¸ »kó óIEVA�ñ8��£'��¥W��»�¿�¥%£'��¦SH»HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ Õ Ö
×PH ÕgÕ ÁY¥�¡�º ¸ ¦ ¸ �w�¢Æ
�8¦����w�'¾¢����¤<¥�¦�ó óIEVA�ñ8��£'��¥¨��»�¿�¥%£'��¦ ¸ »�£I�w���]dfH Õg^ihkjg��ñòÁ2�'�¢§��3º'¦�¥iA

N�¾��hÆ%��£'��¥W��»�¿�¥%£'��¦ ð ¤<¥�¦[�w���~` �w¾¢��¿�����¥g¤X����T�����»�¿�� Â ¥�¦���¡ ¸ » D Á < Â F@HGH~HÆH~HÆH~HÆH�H�Õ�Õ�Ö
×PH Õ Õ�ÁY¥�¡�º ¸ ¦ ¸ �w�¢Æ
�8¦����w�'¾¢����¤<¥�¦�ó óIEVA�ñ8��£'��¥¨��»�¿�¥%£'��¦ ¸ »�£I�w���]dfH Õg^ihkjg��ñòÁ2�'�¢§��3º'¦�¥iA

N�¾��hÆ%��£'��¥W��»�¿�¥%£'��¦ ð ¤<¥�¦�����T�����»�¿�� Â ¥�¦���¡ ¸ » D Á < Â F@HIHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ�Õ Õ
×PH Õ Ö�ÁY¥�¡�º ¸ ¦ ¸ �w�¢Æ
�8¦����w�'¾¢����¤<¥�¦�ó óIEVA�ñ8��£'��¥¨��»�¿�¥%£'��¦ ¸ »�£I�w���]dfH Õg^ihkjg��ñòÁ2�'�¢§��3º'¦�¥iA

N�¾��hÆ%��£'��¥W��»�¿�¥%£'��¦ ð ¤<¥�¦�����T�����»�¿��hó ¥� '�¢¾����VÁ ¸ ¾���»�£ ¸ ¦ D Á < Â F@H�H�HÆH~HÆH~HÆH~HÆH�H�Õ�Õ�Õ
×PH Õ h ÁY¥�¡�º ¸ ¦ ¸ �w�¢Æ
�8¦����w�'¾¢����¤<¥�¦�ó óIEVA�ñ8��£'��¥¨��»�¿�¥%£'��¦ ¸ »�£I�w���]dfH Õg^ihkjg��ñòÁ2�'�¢§��3º'¦�¥iA

N�¾��hÆ%��£'��¥W��»�¿�¥%£'��¦ ð ¤<¥�¦�����T�����»�¿��hó ¥� '�¢¾����VÁ ¸ ¾���»�£ ¸ ¦ D Á < Â F@H�H�HÆH~HÆH~HÆH~HÆH�H�Õ�ÕgÖ
×PH Õ ç�ÁY¥�¡�º ¸ ¦ ¸ �w�¢Æ
�8¦����w�'¾¢����¤<¥�¦�ó óIEVA�ñ8��£'��¥¨��»�¿�¥%£'��¦ ¸ »�£I�w���]dfH Õg^ihkjg��ñòÁ2�'�¢§��3º'¦�¥iA

N�¾��hÆ%��£'��¥W��»�¿�¥%£'��¦ ð ¤<¥�¦�����T�����»�¿��h�]Q%�¢Ç
¥ D yhÁ < Â F@H�HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ�Õih
×PH Õ ^�ÁY¥�¡�º ¸ ¦ ¸ �w�¢Æ
�8¦����w�'¾¢����¤<¥�¦�ó óIEVA�ñ8��£'��¥¨��»�¿�¥%£'��¦ ¸ »�£I�w���]dfH Õg^ihkjg��ñòÁ2�'�¢§��3º'¦�¥iA

N�¾��hÆ%��£'��¥W��»�¿�¥%£'��¦ ð ¤<¥�¦�����T�����»�¿��h�]Q%�¢Ç
¥ D yhÁ < Â F@H�HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ�Õgç
×PH Õ�Þ ÁY¥�¡�º ¸ ¦ ¸ �w�¢Æ
�h¦������'¾¢����¤<¥�¦[óôó�EVA�ñ8��£'��¥"��»�¿�¥¼£'��¦ ¸ »�£3�w����dfH Õg^ihkjg��ñòÁ;[ò¥"ó�E/½

Æ%��£'��¥W��»�¿�¥%£'��¦ ð ¤ ¥�¦�� ��T�����»�¿�� Â ¥�¦���¡ ¸ » D Á < Â F@H6H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ�Õg^
�fH Õ À8¦ ¸ Ç%� ¿ ¸ ¾��h» ¸ �w�'¦ ¸ ¾-�����w�[�¢¡ ¸ §
��Á���» ¸ ð ç Õ Õ × ç Õ ÕPH H�HÆH~HÆH~HÆH~HÆH�H~HÆH~HÆH~HÆHÆHYÕgÖgç
�fH Õ À8¦ ¸ Ç%� ¿ ¸ ¾��h���@C%���¢¡ ¸ §
�ÆE§E Õ Õ�Ögç ð ç Õ Õ × ç Õ ÕPH;H~HÆH~H�HÆH~HÆH~HÆH~HÆH�H~HÆH~HÆH~HÆHÆHYÕgÖg^
�fH×Ö À8¦ ¸ Ç%� ¿ ¸ ¾��N¿�¥�¡�º�¥��'»�£ D ���@C%� ¸ »�£Ê§�¦ ¸ º'�'��¿���FY�����w�[�¢¡ ¸ §
�fE§E Õ Õ�Ö à ð ç Õ Õ × ç Õ ÕPH>HÆHÆHYÕgÖg^
�fH hìÀ8¦ ¸ Ç%� ¿ ¸ ¾��h» ¸ �w�'¦ ¸ ¾-�����w�[�¢¡ ¸ §
�>ÀO¥�¾�£(�'�¢¾¢¾ ð ç Õ Õ × ç Õ ÕPHÒHÆH~HÆH~HÆH~HÆH�H~HÆH~HÆH~HÆHÆHYÕgÖ Þ
�fH×ç À8¦ ¸ Ç%� ¿ ¸ ¾��h» ¸ �w�'¦ ¸ ¾-�����w�[�¢¡ ¸ §
��E���º'º���¦�� ð ç Õ Õ × ç Õ ÕPHGHÆH~HÆH~HÆH~HÆH�H~HÆH~HÆH~HÆHÆHYÕgÖ Þ
�fH×^ À8¦ ¸ Ç%� ¿ ¸ ¾��h» ¸ �w�'¦ ¸ ¾-�����w�[�¢¡ ¸ §
�pÁ ¸ ¡W��¦ ¸ ¡ ¸ » ð Õgçg^ × Õgçg^PHÉH~HÆH~HÆH�H~HÆH~HÆH~HÆHÆHYÕgÖ�×

C�C(�¢�



�fH Þ Y%¥�¡W�O¤ ¦ ¸ ¡W����¥g¤¶�w���h�����w�[Æ%��£'��¥W����T¼����»�¿�� Â ¥�¦���¡ ¸ » D Á < Â ÿ
352 × 288

F@HùHÆH~H�H~HYÕgÖ à
�fH × Y%¥�¡W�O¤ ¦ ¸ ¡W����¥g¤¶�w���h�����w�[Æ%��£'��¥W����T¼����»�¿��Nó ¥� '�¢¾����VÁ ¸ ¾���»�£ ¸ ¦ D Á < Â ÿ

352 × 288
F@H Õih�Ö

�fH à Y%¥�¡W�O¤ ¦ ¸ ¡W����¥g¤¶�w���h�����w�[Æ%��£'��¥W����T¼����»�¿�� Â ¾�¥S=Y��¦�À ¸ ¦�£'��» D Y < Â ÿ
352 × 240

F@H
H~HYÕih Õ
�fH Õ ÖÆY%¥�¡W�O¤ ¦ ¸ ¡W����¥g¤¶�w���h�����w�[Æ%��£'��¥W����T¼����»�¿��N�]Q¼�¢Ç
¥ D yhÁ < Â ÿ

176 × 144
F@H�H~HÆH~H�H~HYÕih�Õ

`eH Õ Y%��§�¡W��»¼� ¸ �w��¥�»ô�w¦����O¤<¥�¦ ¸  '¾�¥%¿wQS��»�¿�¥¼£'��£�=[�¢�w�kóôó�EÒHéHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕih.Ö
`eH Õ � æëê õ Ý<Û�Ù ø Þ æ�ì ß æ â�õ�Ù�õ Ý<Ü�â ¥g¤ ¸ »Q¥�¦w�¢§��¢» ¸ ¾ 4 × 4

 '¾�¥%¿wQ D ¾���Æ
��¾chkF@ÿ ¸ Fò����§�¡W��»�� ¸ �w��¥�»
£'��¿����w��¥�»���¾' *F� '¾�¥¼¿tQ6º ¸ ¦w�w�¢�w��¥�»'�¢»'§èH�H~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕihgh

`eH×Ö�� Ü ê Ý��CÜ�â�õ�Ù ø Þ æ<ì ß æ â�õ�Ù�õ Ý<Ü�â ¥g¤ ¸ »,¥�¦w�¢§��¢» ¸ ¾ 4×4
 '¾�¥%¿wQ D ¾���Æ
��¾èhkF@ÿ ¸ F²����§�¡W��»�� ¸ �w��¥�»

£'��¿����w��¥�»���¾' *F� '¾�¥¼¿tQ6º ¸ ¦w�w�¢�w��¥�»'�¢»'§èH�H~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕihgh
`eH h Â ¾�¥S=Y¿�� ¸ ¦w�ò¤ ¥�¦[�w���¨óôó�E ¸ ¾¢§
¥�¦w�¢�w�'¡�HJH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕih Þ
`eH×ç Â ¾�¥S=Y¿�� ¸ ¦w�ò¤ ¥�¦[�w���¨óôó�EVA <YÂ `�Y ¸ ¾¢§
¥�¦w�¢�w�'¡�HíH�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕgç Õ
`eH×^ Â ¾�¥S=Y¿�� ¸ ¦w�ò¤ ¥�¦[�w���¨óôó�EVA < ¸ ¾¢§
¥�¦w�¢�w�'¡�H¥HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕgçgÖ

ÁeH Õ ½VC(º���¦w�¢¡W��»�� ¸ ¾-¦������'¾¢����¥g¤Xóôó�E)¤<¥�¦[» ¸ �w�'¦ ¸ ¾������w���¢¡ ¸ §
�fÀh¥�¾�£(�'�¢¾¢¾�HoHÆHÆH~HÆH~HÆH~HåÕgçgç
ÁeH Õ^½VC(º���¦w�¢¡W��»�� ¸ ¾-¦������'¾¢����¥g¤Xóôó�E)¤<¥�¦[» ¸ �w�'¦ ¸ ¾������w���¢¡ ¸ §
�ÆE²��º'º���¦��SH±HÆHÆH~HÆH~HÆH~HåÕgçg^
ÁeH×Ö Â �¢» ¸ ¾²»��'¡¨ ���¦h¥g¤���¾���¡W��»����8¤<¥�¦��w���p£(��¿��w��¥�» ¸ ¦wÇÊ¤<¥�¦òó óIE ð ¸ � ¸ ¤��'»�¿��w��¥�»Q¥g¤/�w���

�¢¡ ¸ §
�N¿�¥�¡�º'¦���� �w��¥�»k¦ ¸ �w��¥ ð ¤<¥�¦[�¢¡ ¸ §
���eÀh¥�¾�£(�'�¢¾¢¾ ¸ »�£�E§E Õ Õ�Ö à HýH�H~HÆHÆH~HÆH~HÆH~HåÕgç Þ
ÁeH h \ò���w�'¾¢���ò¤ ¥�¦Oóôó�EÛ=[����»�£(��¿��w��¥�» ¸ ¦wÇô�'º�£ ¸ �w�¢»'§6���8�¢»�����¦w¦w�'º'����£ ¸ � ¸ º���¦�¿���»¼� ¸ §
�

¥g¤¶�w���h��¥�� ¸ ¾�»¼�'¡¨ ���¦ò¥g¤¶ '¾�¥¼¿tQ%� ð ¤<¥�¦[�¢¡ ¸ §
���eÀh¥�¾�£(�'�¢¾¢¾ ¸ »�£ôÁ ¸ ¡W��¦ ¸ ¡ ¸ »&H¿HÆH~HÆH~HåÕgç�×
ÁeH×çå\ò���w�'¾¢���X¤<¥�¦�ó óIEÍ���w�¢»'§ ¸ ¡ ¸ C%�¢¡��'¡ £(��¿��w��¥�» ¸ ¦wÇ,�w� � � ¸ »�£W�w�����)=Y¥�����������£I��¾¢�¢¡MA

�¢» ¸ �w��¥�» ¿�¦w�¢����¦w� ¸ ð ¤ ¥�¦[�¢¡ ¸ §
�>ÀO¥�¾�£(�'�¢¾¢¾�H¡H~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕgç à
ÁeH×^å\ò���w�'¾¢���X¤<¥�¦�ó óIEÍ���w�¢»'§ ¸ ¡ ¸ C%�¢¡��'¡ £(��¿��w��¥�» ¸ ¦wÇ,�w� � � ¸ »�£W�w�����)=Y¥�����������£I��¾¢�¢¡MA

�¢» ¸ �w��¥�» ¿�¦w�¢����¦w� ¸ ð ¤ ¥�¦[�¢¡ ¸ §
��E§E Õ Õ�Ö à HáH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕg^�Ö
ÁeH Þ \ò���w�'¾¢���å¥g¤��w���8£'�� '¾�¥%¿wQ%�¢»'§"º�¥����BA�º'¦�¥¼¿��������¢»'§¨¤<¥�¦��¢¡ ¸ §
��Á���» ¸ ��»�¿�¥%£'��£_=[�¢�w�Só óIEÒH�Õg^ Õ
ÁeH × < ¡ ¸ §
�±Á���» ¸ ¿�¥�¡�º'¦���������£  ¼Ç ó óIE ¸ �:ÖPH Õ à  'º'ºá=[�¢�w� »�¥ £'�� '¾�¥¼¿tQ¼�¢»'§ º�¥��w�BA

º'¦�¥%¿������w�¢»'§ D EZY�[]\��¶Ö�ÕPH×çgç�£a`�F@H�H~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕg^ Õ
ÁeH à \ò���w�'¾¢���/¥g¤��w���[óôó�E�º�¥��w�BA�º'¦�¥¼¿���� �w�¢»'§¨£'�� '¾�¥%¿wQ%�¢»'§~N�¾¢����¦��X¤<¥�¦X�¢¡ ¸ §
��Á���» ¸ ¿�¥%£'��£

¸ ��ÖPH Õ à  'º'º,¤<¥�¦ ¸ F¶£'�� '¾�¥%¿wQ%�¢»'§�=[�¢�w�I¦���¿�� ¸ »'§��'¾ ¸ ¦ZQ
��¦w»���¾ ¸ »�£W *F¶£'�� '¾�¥¼¿tQ¼�¢»'§>=[�¢�w�
À ¸ ��� �w� ¸ »�Q
��¦w»���¾�H³HÆH~HÆH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕg^�Õ

ÁeH Õ Ö�\ ¸ ���@A#£(���w��¥�¦w�w��¥�»,¦������'¾¢���X¤<¥�¦��w����º�¥��w�BA�º'¦�¥%¿������w�¢»'§¨£'�� '¾�¥%¿wQ%�¢»'§fN�¾¢����¦��/¤<¥�¦/���@C(���¢¡MA
¸ §
�ÆEXE Õ Õ�ÖgçW��»�¿�¥%£'��£�=[�¢�w�kó óIEÒHôHÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕg^gÖ

CkC(�¢�¢�



ÁeH ÕgÕ \ò���w�'¾¢����¥g¤¶�w���Nóôó�E2º�¥��w�BA�º'¦�¥%¿������w�¢»'§W£'�� '¾�¥%¿wQ%�¢»'§|N�¾¢����¦��[¤<¥�¦ ¸ £'��� ¸ �¢¾�¥g¤¶�¢¡ ¸ §
�
E§E Õ Õ�ÖgçW¿�¥%£'��£ ¸ ��ÖPH Þ çg 'º'º&HÅH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õg^gÖ

ÁeH Õ Õ�\ ¸ ���@A#£(���w��¥�¦w�w��¥�» ¦����w�'¾¢���W¤<¥�¦I�w���kº�¥����BA�º'¦�¥¼¿��������¢»'§�£'�� '¾�¥%¿wQ%�¢»'§6N�¾¢����¦��,¤<¥�¦,¿�¥�¡MA
º�¥��'»�£S�¢¡ ¸ §
�ÆE§E Õ Õ�Ö à ��»�¿�¥%£'��£�=[�¢�w�kó óIEÒHÅH�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õg^ih

ÁeH Õ Ö�\ò���w�'¾¢����¥g¤¶�w���Nóôó�E2º�¥��w�BA�º'¦�¥%¿������w�¢»'§W£'�� '¾�¥%¿wQ%�¢»'§|N�¾¢����¦��[¤<¥�¦ ¸ £'��� ¸ �¢¾�¥g¤¶�¢¡ ¸ §
�
E§E Õ Õ�Ö à ¿�¥%£'��£ ¸ ��ÖPH Þ ×g 'º'º&HÅH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õg^ih

ÁeH Õ h>\ò���w�'¾¢�Y¥g¤��w���8�w�'�¢»PA�º'¾ ¸ ���O�wº'¾¢�¢»��ò�¢»�����¦wº�¥�¾ ¸ �w��¥�»S���w�¢»'§ ÝÓâ�à æ)x'æ â�à æ â�õ ¥�º'�w�¢¡���� ¸ �w��¥�»
¥g¤¶�¢¡ ¸ §
�h '¾�¥%¿wQ(��=[�¢�w�Ê£(�¢¡W��»��w��¥�»�� ¸ F 64 × 64 ¸ »�£S *F 32 × 32

H H�H~HÆH~HÆH~HÆHÆHYÕg^gç
ÁeH Õ ç�\ò���w�'¾¢�N¥g¤��w���"�w�'�¢»PA�º'¾ ¸ ���W��º'¾¢�¢»����¢»�����¦wº�¥�¾ ¸ �w��¥�»:���w�¢»'§Ê¥�º'�w�¢¡���� ¸ �w��¥�»*¥g¤ Ü�á æëê ø Ù x 


x Ý�â ì �¢¡ ¸ §
�N '¾�¥%¿wQ(��=[�¢�w�k£(�¢¡W��»�����¥�»�� ¸ F 64 × 64 ¸ »�£S *F 32 × 32
HÅH~HÆH~HÆH~HÆHÆHYÕg^g^

ÁeH Õ ^ < ¡ ¸ §
�GÁ-��» ¸ ¿�¥�¡�º'¦������ ��£ ¸ �¶ÖPH Õ Õ� 'º'º&ÿ ¸ F�Äå�'�¢»PA�º'¾ ¸ ���å�wº'¾¢�¢»����¢»�����¦wº�¥�¾ ¸ �w��¥�»"���w�¢»'§
16 × 16

¥KÆ
��¦w¾ ¸ º'º'�¢»'§, '¾�¥%¿wQ(�S¾( *Få¥�¦w�¢§��¢» ¸ ¾-ó ó�E=�wÇ%»��w�����w����HcHÆH~HÆHÆH~HÆH~H�H~HÆHÆH�Õg^ Þ
ÁeH Õ�Þ < ¡ ¸ §
�GÁ-��» ¸ ¿�¥�¡�º'¦������ ��£ ¸ �¶ÖPH h.ç� 'º'º&ÿ ¸ F�Äå�'�¢»PA�º'¾ ¸ ���å�wº'¾¢�¢»����¢»�����¦wº�¥�¾ ¸ �w��¥�»"���w�¢»'§

16 × 16
¥KÆ
��¦w¾ ¸ º'º'�¢»'§, '¾�¥%¿wQ(�S¾( *Få¥�¦w�¢§��¢» ¸ ¾-ó ó�E=�wÇ%»��w�����w����HcHÆH~HÆHÆH~HÆH~H�H~HÆHÆH�Õg^�×

ÁeH Õ ×¨½VC(º���¦w�¢¡W��»�� ¸ ¾'¦����w�'¾¢���¶¥g¤5ó óIEcA < ¤ ¥�¦²§�¦ ¸ Ç(��¿ ¸ ¾��Y�����w�²�¢¡ ¸ §
���XÀO¥�¾�£(�'�¢¾¢¾ ¸ »�£ME���º'º���¦��SH�Õg^ à
ÁeH ÕSà \ò���w�'¾¢���å¤<¥�¦[�w���h�����h¥g¤X¿�¥�»����@C(��¿�¥�»�£(�¢�w��¥�»'�¢»'§Å=[�¢�w�ôóôó�EVA < ð ¤ ¥�¦[�¢¡ ¸ §
�fÀh¥�¾�£(�'�¢¾¢¾�HôÕ Þ Ö
ÁeH Õ�Ö�\ò���w�'¾¢����¤ ¥�¦¶¥�¦w�¢§��¢» ¸ ¾�óôó�EVA < ¸ »�£p»��+=)����¿��'»'�UT¼�����¶�w� ¸ �¶�����å����Æ
��¦ ¸ ¾%�¢»�£'��º���»�£'��»¼�

£(��¿��w��¥�» ¸ ¦w����� D óôó�EVA < ó ¹ F ð ¤<¥�¦[�¢¡ ¸ §
�>ÀO¥�¾�£(�'�¢¾¢¾�H�HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ Þ Ö
ÁeH Õ Õ \ò���w�'¾¢���,¤ ¥�¦S¥�¦w�¢§��¢» ¸ ¾Nó óIEVA < ¸ »�£ óôó�EVA < ���w�¢»'§2¦���£(�'»�£ ¸ »�¿�Ç ¿�¥�»��w¦�¥�¾ D  �¥��w�

¡W���w��¥%£'� ¸ ¾���¥"��� �h£(��¿��w��¥�» ¸ ¦wÇSº ¸ ¦w�w�¢�w��¥�»'�¢»'§kF ð ¤<¥�¦[�¢¡ ¸ §
�>ÀO¥�¾�£(�'�¢¾¢¾�H H~HÆH~HÆH~HÆH�H�Õ Þ�Õ
ÁeH Õ�Õ�\ò���w�'¾¢���Y¤ ¥�¦åó óIEVA < =[�¢�w�6�w���O�����O¥g¤-»��+= £(��¿��w��¥�» ¸ ¦wÇ,�'º�£ ¸ �w�¢»'§M=[�¢�w�S§
��¥�¡W���w¦w��¿

�w¦ ¸ »�� ¤<¥�¦w¡W� ð ¤<¥�¦[�¢¡ ¸ §
�fÀO¥�¾�£(�'�¢¾¢¾�HæH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ Þ�Õ
ÁeH ÕgÖ�\ò���w�'¾¢���å¤<¥�¦�óôó�EVA < =[�¢�w�k�w���h��� �h¥g¤¶»��+= £(��¿��w��¥�» ¸ ¦wÇS�'º�£ ¸ �w�¢»'§|=[�¢�w�ô£(���wº'¾ ¸ ¿���£

 '¾�¥%¿wQ(� ð ¤<¥�¦[�¢¡ ¸ §
�fÀO¥�¾�£(�'�¢¾¢¾�H|H�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ Þ Õ
ÁeH Õih>\ò���w�'¾¢���
¤<¥�¦-ó óIEVA < =[�¢�w���w���/������¥g¤(»��+=*£(��¿��w��¥�» ¸ ¦wÇN�'º�£ ¸ �w�¢»'§z=[�¢�w�¨�w��� ¸ £'£(�¢�w�¢Æ
�

�wÇ%¡�¡W���w¦w��¿h '¾�¥%¿wQ ð ¤<¥�¦[�¢¡ ¸ §
�fÀO¥�¾�£(�'�¢¾¢¾�H HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ Þ Õ
ÁeH Õgç�\ò���w�'¾¢���¶¤<¥�¦�óôó�EVA < ���w�¢»'§¨¿�¥�¡� '�¢» ¸ �w��¥�»��Y¥g¤��w����»��+= £(��¿��w��¥�» ¸ ¦wÇ��'º�£ ¸ �w�¢»'§N����¿ �PA

»'�UT¼����� ð ¤<¥�¦[�¢¡ ¸ §
�fÀO¥�¾�£(�'�¢¾¢¾�HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ Þ Ö
ÁeH Õg^¨½VÂ
��¿����²¥g¤����w�¢»'§�¦���£(�'»�£ ¸ »�¿�Ç¨¿�¥�»¼�w¦�¥�¾k=[�¢�w��»��+=*£(��¿��w��¥�» ¸ ¦wÇ¨�'º�£ ¸ �w�¢»'§ò����¿��'»'�UT¼�����

D ���w�¢»'§,£(���wº'¾ ¸ ¿���£S '¾�¥%¿wQ(��=[�¢�w�
s = 2

F ð ¤ ¥�¦[�¢¡ ¸ §
���]E§E Õ Õ�Ö à ¸ »�£�ÀO¥�¾�£(�'�¢¾¢¾�H�H~HÆHÆHYÕ Þ h
C�C%�¢Æ



ÁeH Õ Þ \ò���w�'¾¢����¤ ¥�¦[ó óIEVA <t< =[����»Ê��¿ ¸ ¾��8¦����w�w¦w��¿��w��¥�»S�¢»S£(��¿��w��¥�» ¸ ¦wÇ ¸ £ ¸ º'� ¸ �w��¥�» D óôó�EVA
<w< `�F ¸ »�£���¿ ¸ ¾��W¦����w�w¦w��¿��w��¥�»*º'¾¢��� ¸ £ ¸ º'�w�¢Æ
�I '¾�¥%¿wQ:�w� � � D óôó�EVA <w< Á�F ¸ ¦��I������£ ð
¤<¥�¦[�¢¡ ¸ §
�fÀO¥�¾�£(�'�¢¾¢¾�HÛH~HÆH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕ Þ ç

ÁeH Õ�×�\ò���w�'¾¢���Ò=[����»
L1 »�¥�¦w¡ ��T¼� ¸ ¾¢��� ¸ �w��¥�»"������� ��£�=[�¢�w��ó óIEVA <t< � ð ¤ ¥�¦²�¢¡ ¸ §
��ÀO¥�¾�£(�'�¢¾¢¾�H�Õ Þ ç

ÁeH Õ à < ¡ ¸ §
�ÆÁ���» ¸ ¿�¥�¡�º'¦���� ����£ ¸ � ¸ º'º'¦�¥SC�H�ÖPH×çg 'º'ºk���w�¢»'§Ió óIEÒH�HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕ Þ ^
ÁeH×Ö�Ö < ¡ ¸ §
�ÆÁ���» ¸ ¿�¥�¡�º'¦���� ����£ ¸ � ¸ º'º'¦�¥SC%�¢¡ ¸ ����¾¢ÇkÖPH×çg 'º'ºÊ�����¢»'§Ióôó�EVA < ¸ »�£Sóôó�EVA <w< H#Õ ÞgÞ
ÁeH×Ö Õ < ¡ ¸ §
�§Á���» ¸ ¿�¥�¡�º'¦���� ����£ ¸ � ¸ º'º'¦�¥�C(�¢¡ ¸ ����¾¢Ç�ÖPH×çg 'º'ºN�����¢»'§�ÄÇE/½GÀhÕ�Ö�Ö�Ö ¸ »�£~d>H Õg^ihkjg�-ñòÁeH�Õ Þ ×
ÁeH×Ö�Õ < ¡ ¸ §
�]EXE Õ Õ�Ögç"¿�¥�¡�º'¦���������£ ¸ � ¸ º'º'¦�¥�C(�¢¡ ¸ ����¾¢Ç3ÖPH×^gçg 'º'ºS���w�¢»'§ ¸ F/ó ó�E ¸ »�£, *F

ó óIEcA < H HÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕ Þ�à
ÁeH×ÖgÖ < ¡ ¸ §
��E§E Õ Õ�Ögç�¿�¥�¡�º'¦���� ����£ ¸ � ¸ º'º'¦�¥�C(�¢¡ ¸ ����¾¢ÇnÖPH×^gçg 'º'ºn���w�¢»'§ ¸ FfÄÇE/½GÀNÕ�Ö�Ö�Ö

¸ »�£S *FZd>H Õg^ihkjg��ñòÁeH�H~HÆH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕ�×�Ö
ÁeH×Öih < ¡ ¸ §
�ÆE§E Õ Õ�ÖgçI¿�¥�¡�º'¦���������£ ¸ � ¸ º'º'¦�¥SC%�¢¡ ¸ ����¾¢ÇkÖPH×^gçg 'º'ºô���w�¢»'§|d>H Õg^ihkjg�-ñòÁeH H~HåÕ�× Õ
ÁeH×Ögç¨½VÂ
��¿�����¥g¤X¿�� ¸ »'§��¢»'§,�w���Nó óIEVA <t< º'¦���£(��¿��w��¥�»k¡W¥%£'��� ð ¤<¥�¦[�¢¡ ¸ §
�fÀO¥�¾�£(�'�¢¾¢¾�HaH~HÆH~HåÕ�×�Õ
ÁeH×Ög^¨½VÂ
��¿����O¥g¤/���w�¢»'§ ¸ £(�OÂ
��¦���»��O»��'¡� ���¦h¥g¤/º'¦���£(��¿��w��¥�»Q¡W¥¼£'����¤<¥�¦��'�¢§�����¦O��¿ ¸ ¾����O¥g¤

ó óIEcA <w< ð ¤<¥�¦��¢¡ ¸ §
�ÆÁ���» ¸ HPHÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕ�×�Õ
ÁeH×Ö Þ ½VÂ
��¿����O¥g¤/���w�¢»'§ ¸ £(�OÂ
��¦���»��O»��'¡� ���¦h¥g¤/º'¦���£(��¿��w��¥�»Q¡W¥¼£'����¤<¥�¦��'�¢§�����¦O��¿ ¸ ¾����O¥g¤

ó óIEcA <w< ð ¤<¥�¦��¢¡ ¸ §
����E§E Õ Õ�Ögç ¸ »�£�E§E Õ Õ�Ö à H H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕ�×gÖ
ÁeH×Ö�×¨½VÂ
��¿����[¥g¤�¿ � ¸ »'§��¢»'§��w���ò¡��¢»'�¢¡��'¡z '¾�¥%¿wQI��¿ ¸ ¾��8������£,�¢»6�w���8º'¦���£(��¿��w��¥�»Ê�w� ¸ §
�O¥g¤

ó óIEcA <w< ð ¤<¥�¦��¢¡ ¸ §
�fÀO¥�¾�£(�'�¢¾¢¾�H�H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕ�×ih
ÁeH×Ö à ½VÂ
��¿����N¥g¤å���w�¢»'§Ê����¡�º'¾ ¸ ����¡ ¸ ��¿ �'�¢»'§k�¢»��w����º'¦���£(��¿��w��¥�»��w� ¸ §
�W¥g¤Yó ó�EVA <w< ð ¤<¥�¦

�¢¡ ¸ §
�fÀh¥�¾�£(�'�¢¾¢¾�HJHÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕ�×ih
ÁeH h�Ö < ¡ ¸ §
�¿Á���» ¸ ð ��»�¿�¥%£'��£o=[�¢�w�:ó óIEcA <w< ¸ �¨ÖPH Õ Ögç6 'º'º&ÿ ¸ Fò»�¥6£'�� '¾�¥%¿wQ%�¢»'§ D Ö Õ H Ö�×

£a`�F@¾' *FYó óIE £'�� '¾�¥¼¿tQ¼�¢»'§_=[�¢�w�Ê¦���¿�� ¸ »'§��'¾ ¸ ¦zQ
��¦w»���¾ � Õ"! D Õ�×PH à hI£a`�F@HèHÆH~HÆH~HÆH~HåÕ�×gç
ÁeH h Õ < ¡ ¸ §
�~Á���» ¸ ð ��»�¿�¥%£'��£»=[�¢�w�Êóôó�EVA <w< ¸ ��ÖPH Õ Ögçp 'º'º&ÿ ¸ F�ó óIE2£'�� '¾�¥%¿wQ%�¢»'§|=[�¢�w�

À ¸ ��� �w� ¸ »�Q
��¦w»���¾#� Õ ! D Ö�ÖPH Õgç�£a`�F@¾' *F[óôó�EVA <w< £'�� '¾�¥¼¿tQ¼�¢»'§ D Ö Õ H×ÖgçW£a`�F@H HÆH~HÆH~HåÕ�×g^
ÁeH h�Õ¨��£'��� ¸ �¢¾-¥g¤¶�¢¡ ¸ §
�ÆE���º'º���¦�� ð ��»�¿�¥¼£'��£�=[�¢�w�ôóôó�EVA <w< ¸ ��ÖPH Õ ^" 'º'º&HVHÆHÆH~HÆH~HÆH~HåÕ�× Þ
ÁeH h.Ö Ô  P�w��¿��w�¢Æ
�|T¼� ¸ ¾¢�¢�#Ç § ¸ �¢»��O¤ ¥�¦O�¢¡ ¸ §
�|E²��º'º���¦�� D ¸ £ ¸ º'�w�¢Æ
�W£'�� '¾�¥%¿wQ%�¢»'§�N�¾¢����¦h������£

=[�¢�w�
α = 0.10 ¸ »�£ s = 32

F@H H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HåÕ�×�×
ÁeH hghp½VC(º���¦w�¢¡W��»�� ¸ ¾[¦����w�'¾¢���p¥g¤��w���,¥�¦w�¢§��¢» ¸ ¾�d>H Õg^ihkjg�-ñòÁV��»�¿�¥%£'��¦ ¸ »�£��w���I»��+= ��»PA

¿�¥%£'��¦ ð �w� ¸ ��£(��� ¸  '¾������w���¨¿�¥�¡�º'¦���� �w��¥�»ô¥g¤¶¡W¥��w��¥�»PA�º'¦���£(��¿�����£Q��¦w¦�¥�¦ D ¤<¥�¦z` �w¾¢��¿����
¥�»'¾¢ÇèF@H H~HÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆHÆH~H�H~HÆH~HÆHÆH~HÆH~H�H~HÆHÆH~HÆH~HÆH~HåÕ�× à

CkC(Æ



ÁeH h.ç¨½VC(º���¦w�¢¡W��»�� ¸ ¾
¦����w�'¾¢���Y¥g¤-¥�¦w�¢§��¢» ¸ ¾bdfH Õg^ihkjg��ñòÁ ¸ »�£,»��+= ��»�¿�¥¼£'��¦ ð �w� ¸ �å£(��� ¸  '¾����
�w���"¿�¥�¡�º'¦������w��¥�»�¥g¤/¡W¥��w��¥�»PA�º'¦���£(��¿�����£:��¦w¦�¥�¦ D ¤<¥�¦e` �w¾¢��¿����8¥�»'¾¢ÇaF ð ¤<¥�¦ò�w���p¡ ¸ �¢»
º'¦�¥iN�¾��gH~H~HÆH~H�HÆH~HÆH~HÆH~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ�× à

ÁeH h.^¨½VC(º���¦w�¢¡W��»�� ¸ ¾
¦����w�'¾¢���Y¥g¤-¥�¦w�¢§��¢» ¸ ¾bdfH Õg^ihkjg��ñòÁ ¸ »�£,»��+= ��»�¿�¥¼£'��¦ ð �w� ¸ �å£(��� ¸  '¾����
�w���W¿�¥�¡�º'¦���� �w��¥�»Í¥g¤�¡W¥��w��¥�»PA�º'¦���£(��¿�����£*��¦w¦�¥�¦ D ¤<¥�¦Æ` �w¾¢��¿����N¥�»'¾¢ÇèF ð =[����»:»�¥6 '�OA
º'¦���£(��¿��w�¢Æ
��¿�¥¼£(�¢»'§W����������£bHìH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ à Ö

ÁeH h Þ ½VC(º���¦w�¢¡W��»�� ¸ ¾
¦����w�'¾¢���Y¥g¤-¥�¦w�¢§��¢» ¸ ¾bdfH Õg^ihkjg��ñòÁ ¸ »�£,»��+= ��»�¿�¥¼£'��¦ ð �w� ¸ �å£(��� ¸  '¾����
�w���[¿�¥�¡�º'¦���������¥�»I¥g¤5¡W¥��w��¥�»PA�º'¦���£(��¿�����£3��¦w¦�¥�¦ D ¤ ¥�¦c`)�w¾¢��¿����X¥�»'¾¢ÇèF ð =[����» ¸ 32×32
��� ¸ ¦�¿ ��=[�¢»�£'¥S= ���[������£bH�H~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ à Ö

ÁeH h�×¨½VC(º���¦w�¢¡W��»�� ¸ ¾�¦����w�'¾¢����¥g¤
¥�¦w�¢§��¢» ¸ ¾*d>H Õg^ihkjg�-ñòÁ ¸ »�£�»��+= ��»�¿�¥%£'��¦ ð =[�¢�w�,»�¥N¿�¥�¡MA
º'¦���������¥�»*¥g¤[¡W¥��w��¥�»PA�º'¦���£(��¿�����£2��¦w¦�¥�¦ D ` �w¾¢��¿����p¥�»'¾¢ÇaF ð ¤<¥�¦ ¸ ú�� ÿ�ÿYÿ � ØKØKØ �w¾¢��¿��
º ¸ �w����¦w»&H HÆH~H�HÆH~HÆH~HÆH~HÆH�H~HÆH~HÆH~HÆHÆH~H�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ àPÕ

ÁeH h à ½VC(º���¦w�¢¡W��»�� ¸ ¾(¦����w�'¾¢���-¥g¤�¥�¦w�¢§��¢» ¸ ¾�dfH Õg^ihkjg��ñòÁ ¸ »�£�d>H Õg^ihkjg�-ñòÁ¡[ò¥�ó�E/½ ð =[����»
�w����¿�¥�¡�º'¦���� �w��¥�»I¥g¤�¡W¥��w��¥�»PA�º'¦���£(��¿�����£,��¦w¦�¥�¦X���/£(��� ¸  '¾���£"¤ ¥�¦§EÍ�w¾¢��¿���� D ¦����w�'¾¢���/¤ ¥�¦
E ¸ »�£�` �w¾¢��¿���� ð ¥g¤X����T�����»�¿��¨óô¥� '�¢¾����VÁ ¸ ¾���»�£ ¸ ¦�F@H*HÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ à Õ

ÁeH×ç�ÖpÁY¥�¡�º ¸ ¦ ¸ �w�¢Æ
��¦����w�'¾¢���¶¤<¥�¦/óôó�EVA�ñ8��£'��¥N��»�¿�¥¼£'��¦����w�¢»'§h�)=Y¥ ¸ »�£��w�OCp�¢»�£'��º���»�£'��»¼�
£(��¿��w��¥�» ¸ ¦w����� ð ¤ ¥�¦�� ��T�����»�¿�� Â ¥�¦���¡ ¸ » D Á < Â F@HðH�H~HÆHÆH~HÆH~HÆH~H�HÆH~HÆH~HÆH~HÆH�H�Õ à Ö

ÁeH×ç Õ ÁY¥�¡�º ¸ ¦ ¸ �w�¢Æ
�"¦����w�'¾¢���ò¤<¥�¦8ó ó�EVA�ñò��£'��¥3��»�¿�¥%£'��¦ D Õ,£(��¿��w��¥�» ¸ ¦w������F ð ¤<¥�¦8����T¼����»�¿��
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ó óIE ð ¤<¥�¦[�¢¡ ¸ §
���zÁ���» ¸I¸ »�£�E§E Õ Õ�ÖgçPH

�¢»�¿�¦�� ¸ �w�¢»'§h�w���å»��'¡� ���¦�¥g¤�£(��¿��w��¥�» ¸ ¦wÇ��'º�£ ¸ �����SH§Y¼�¢¡��¢¾ ¸ ¦/¥� �����¦wÆ ¸ �w��¥�»��c=���¦���¡ ¸ £'�Y¤ ¥�¦X¥��w����¦X�����w�
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£(��¿��w��¥�» ¸ ¦w�����Y¥g¤ ¸ ¾¢¾���¿ ¸ ¾���� ð ¤<¥�¦/�¢¡ ¸ §
�eÁ���» ¸ ��»�¿�¥%£'��£,���w�¢»'§ ¸ º'º'¦�¥SC%�¢¡ ¸ ����¾¢Ç Õ  'º'º&H < »W�w�'���XN�§��'¦��
=��O¿�¾�� ¸ ¦w¾¢ÇW»�¥��w��¿��8�w����¾�� ¸ ¦w»'�¢»'§W�@Â
��¿���¤ ¥�¦Y�w���ò£(��¿��w��¥�» ¸ ¦w�����[¥g¤²��¿ ¸ ¾����[Ö ¸ »�£ Õ Hc[ò��Æ
��¦w�w����¾���� � ð ¤ ¥�¦
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�ÆÁ���» ¸ ��»�¿�¥%£'��£ ¸ �òÖPH à ×p 'º'º&H

�w���h£(��¿��w��¥�» ¸ ¦w������¥g¤¶�'�¢§�����¦���¿ ¸ ¾����[�w���O¾�� ¸ ¦w»'�¢»'§,º'¦�¥¼¿������å� ¸ � ¸ Æ
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Â �¢§��'¦��»ÖPH Õ Ö �w��¥�=��"�w���ÅN�» ¸ ¾[»��'¡¨ ���¦W¥g¤ò��¾���¡W��»¼���"¤ ¥�¦�� ¸ ¿ �)� ¿ ¸ ¾��3¥g¤8�w���6£(��¿��w��¥�» ¸ ¦wÇ ¸ »�£

¿�¥�¡�º ¸ ¦����X�w�������åÆ ¸ ¾¢�����c=[�¢�w���w���å»��'¡� ���¦Y¥g¤5 '¾�¥%¿wQ(�X�w� ¸ �c=���¦�����»�¿�¥%£'��£" �Ç"ó óIE ¸ �/� ¸ ¿ �W��¿ ¸ ¾�� ð
¤ ¥�¦h�¢¡ ¸ §
�ÅÁ���» ¸ H < �N¿�¾�� ¸ ¦w¾¢Ç:£'��¡W¥�»��w�w¦ ¸ �������w� ¸ � ð ¸ �h�w���W� ¸ ¦w§
���p¿�¥�¡�º'¦������w��¥�»Í¦ ¸ �w��¥k£'��¿�¦�� ¸ ����� ð
óôó�E2����»�£'����¥"º'¦�¥�§�¦���� �w�¢Æ
��¾¢Ç6�����N�w¡ ¸ ¾¢¾���¦�Æ
��¿���¥�¦��ò¥g¤²�w���¨£(��¿��w��¥�» ¸ ¦wÇ D Ý�Ø æ Ø ¸ ¾ ¸ ¦w§
��¦�»��'¡� ���¦8¥g¤
����§�¡W��»�� ¸ �w��¥�»���F���¥3��»�¿�¥¼£'���w�����¢»'º'�'�ò '¾�¥%¿wQ(�SH�K:��¡ ¸ Çô¥� �����¦wÆ
�¨�w� ¸ �ò¤<¥�¦8ÖPH ÕgÕ  'º'º ð �w�����¢»'º'�'�
 '¾�¥¼¿tQ%� ¸ ¦�� ¸ º'º'¦�¥�C(�¢¡ ¸ ����£����w�¢»'§6¡W¥��w�w¾¢Çô¾ ¸ ¦w§
�" '¾�¥¼¿tQ%� ð²Ý�Ø æ Ø Æ
��¿���¥�¦��O¤ ¦�¥�¡u�w���p�'�¢§�����¦N��¿ ¸ ¾����O¥g¤
�w����£(��¿��w��¥�» ¸ ¦wÇÇH Â ¥�¦Y¾ ¸ ¦w§
��¦Y '�¢��¦ ¸ �����G=��ò»�¥��w��¿�� ¸ ����»�£'��»�¿�ÇW��¥¨��� ���w¡ ¸ ¾¢¾���¦Y '¾�¥¼¿tQ%���¢»I�w���8óôó�E
¸ º'º'¦�¥�C(�¢¡ ¸ �w��¥�»��SHòÄå�'���ò� ¸ �ò�w���¨�@Â
��¿��8¥g¤X�¢»�¿�¦�� ¸ �w�¢»'§6�w���~N�» ¸ ¾²»��'¡� ���¦O¥g¤�£(��¿��w��¥�» ¸ ¦wÇk��¾���¡W��»¼���
¤ ¥�¦ ¸ ¾¢¾���¿ ¸ ¾���� ð £(���O��¥��w���Nó óIEn�'º�£ ¸ �w�¢»'§I� ¿�����¡W�gH
��»�¥��w����¦å¦���¾���Æ ¸ »��åº'����»�¥�¡W��»�¥�»Ê¥� �����¦wÆ
��£3�¢»6�w�������òº'¾�¥��������Y�w���ò¤ ¸ ¿����w� ¸ �å�w���zN�» ¸ ¾�»¼�'¡¨ ���¦

¥g¤���¾���¡W��»�����¤ ¥�¦²� ¸ ¿�����¿ ¸ ¾�� l ¥g¤��w����£(��¿��w��¥�» ¸ ¦wÇN����¡¨��¿ �"¾ ¸ ¦w§
��¦��w� ¸ »p�w��� ¸ ¿��w� ¸ ¾%»��'¡� ���¦X¥g¤� '¾�¥%¿wQ(�
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��¦ ¸ ¿��w� ¸ ¾¢¾¢ÇI������£3�¢»3�w��� ¸ º'º'¦�¥SC%�¢¡ ¸ �w��¥�»ô¥g¤
�w���8¥�¦w�¢§��¢» ¸ ¾-�¢¡ ¸ §
�Oº ¸ �w����¦w»��SH/Äå�'���[�@Â
��¿�� ð �w��¥S=[»S����¦��8¤<¥�¦å�¢¡ ¸ §
�~Á���» ¸ ð = ¸ � ¸ ¾�� ¥p¥� �� ��¦wÆ
��£3¤ ¥�¦
¸ ¾¢¾�¥��w����¦8�����w����£k�¢¡ ¸ §
����H�Äå���¨�'»¼������£ô '¾�¥¼¿tQ%�ò� ¸ Æ
���w���¨�'»(¤ ¸ Æ
¥��'¦ ¸  '¾��"�@Â
��¿��ò¥g¤/�¢»�¿�¦�� ¸ �w�¢»'§3�w���
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��¿��w�¢Æ
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¥g¤¶ '¾�¥¼¿tQ%��������£6 �ÇSó óIE ¸ �ò� ¸ ¿��k��¿ ¸ ¾�� ð ¤ ¥�¦[�¢¡ ¸ §
�ÆÁ-��» ¸ HRH

¡ ¸ �w��¥�»Iº�¥S=���¦ ð�Ý�Ø æ Ø �w��� ¸  '�¢¾¢�¢�#ÇI��¥ ¸ ¿��'����Æ
� ¸ ¾�¥S=�£(���w��¥�¦w�w��¥�»-=[����»I���w�¢»'§ ¸ £(��¿��w��¥�» ¸ ¦wÇWÆ
��¿���¥�¦���¥
¸ º'º'¦�¥�C(�¢¡ ¸ ��� ¸ »3�¢¡ ¸ §
�8 '¾�¥%¿wQ�HXÄå�'���å�w�'§�§
���w���Y�w� ¸ �Y¤��'¦w�w����¦[£'��Æ
��¾�¥�º'¡W��»������¢»6ó ó�E*£(��¿��w��¥�» ¸ ¦wÇ
¸ £ ¸ º'� ¸ �w��¥�»kº'¦�¥%¿������[¡ ¸ Ç6 ���=�¥�¦w�w�Ê�¢»¼Æ
���w�w�¢§ ¸ �w�¢»'§èH
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�ò�¢¡�º'¾���¡W��»�����£6��¥�¡W������¿��PA
»'�UT������h�w� ¸ � ¸ �¢¡ ��¥6�¢»�¿�¦�� ¸ � ���w�����@?I¿�����»�¿�Ç�¥g¤Y£(��¿��w��¥�» ¸ ¦wÇQ��� ¸ §
�" �ÇQ��¾¢�¢¡��¢» ¸ �w�¢»'§ô� ¥�¡W��¥g¤Y�w���
�'»�������£Í '¾�¥¼¿tQ%�SH6�ò»Í¥� �Æ%��¥���������¿��'»'�UT¼���W¤<¥�¦¨¿�¥�»��w¦�¥�¾¢¾¢�¢»'§Q�w���I§�¦�¥S=[�w�)¥g¤å�w���Ióôó�E £(��¿��w��¥�» ¸ ¦wÇ
������¥I�¢¡�º�¥���� ¸ ¾¢�¢¡��¢�8��¥,�w���¨»¼�'¡¨ ���¦O¥g¤���¾���¡W��»¼���8�w� ¸ � ¸ ¦����¢»�����¦w����£ô�¢» � ¸ ¿ � Dl H��ò¾¢¾�º'¦���Æ%��¥����
Æ
��¦��w��¥�»��ò¥g¤�ó ó�E ð ¤�¦�¥�¡{�¢���ò�¢»'�¢�w� ¸ ¾�º'¦�¥�º�¥�� ¸ ¾-��¥,�w���p����Æ
��¦ ¸ ¾-�¢¡�º'¾���¡W��»¼� ¸ �w��¥�»��h�w� ¸ �ò� ¸ Æ
�p �����»
£'��Æ
��¾�¥�º���£ ð £'¥�»�¥��������N����¿�� ¸ ¾¢�¢¡��¢�SH�Äå���N¦�� ¸ ��¥�»Ê¤ ¥�¦��w�'���������w� ¸ � ð �'���w��¥�¦w��¿ ¸ ¾¢¾¢Ç ð �¢»(¤<¥�¦w¡ ¸ ¾������w���
¦���Æ
� ¸ ¾���£ô�w� ¸ �O�w���������#Ç%º���¥g¤�����¿ �'»'�UT������¨¿�¥�»��w���w����»��w¾¢Çô¾�� ¸ £k��¥3º���¦ ¤ ¥�¦w¡ ¸ »�¿��p¾�¥���� ���SH][8��Æ
��¦w�w���@A
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Í[±�Î5É�­gÏ â t Ókê ã \ò���w�'¾¢���¶¤<¥�¦�ó óIE8=[����»,£(��¿��w��¥�» ¸ ¦wÇ��'º�£ ¸ �w�¢»'§¨�����¢»�����¦w¦w�'º'����£ ¸ � ¸ º���¦�¿���»��BA
¸ §
�h¥g¤¶�w���h��¥�� ¸ ¾�»¼�'¡¨ ���¦ò¥g¤X��»�¿�¥¼£'��£S '¾�¥%¿wQ(� ð ¤<¥�¦[�¢¡ ¸ §
��Á���» ¸ H

¾������ ð ¸ �w��¥�¦�¥��'§��*�w�w��£(Ç ¥g¤å�w���W�@Â
��¿����N¥g¤å¾¢�¢¡��¢�w�¢»'§k�w����£(��¿��w��¥�» ¸ ¦wÇ�§�¦�¥S=[�w�8= ¸ �hº���¦ ¤<¥�¦w¡W��£ ð �¢»
¥�¦�£'��¦���¥�¿�¾ ¸ ¦w� ¤�Ç3�w�'������� �w���gH
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¤��'»�¿��w��¥�»��SH�Äå���"�¢»'�¢�w� ¸ ¾/óôó�E £(��¿��w��¥�» ¸ ¦wÇ ������� ¸ �����h¥g¤Y£(����¿�¦������"¦���¿�� ¸ »'§��'¾ ¸ ¦Nº'�'¾�� ����=[�¢�w�:£(� ¤WA
¤ ��¦���»¼� ¸ ¡�º'¾¢�¢�w��£'��� ¸ »�£k� ¿ ¸ ¾����SH�Äå��� ¸ º'º'¦�¥SC%�¢¡ ¸ �w��¥�»�¥g¤/�w���¨�¢»'º'�'�8�w�¢§�» ¸ ¾¶¿ ¸ »k ��N¦���§ ¸ ¦�£'��£ô� ¸ �
¸ ¿�¥�¡� '�¢» ¸ �w��¥�»=¥g¤ò�w�������3º'�'¾������ ð ���w�¢»'§ ¸ º'º'¦�¥�º'¦w� ¸ ��� ¸ ¡�º'¾¢�¢�w��£'��� ð ���'� ¤���� ¸ »�£)��¿ ¸ ¾���� ð �w� ¸ � ¸ ¦��
£'������¦w¡��¢»���£k ¼ÇS�w���¨ó óIE�ó ��¦ ¸ ���@A#£(���w��¥�¦w�w��¥�»Q¥�º'�w�¢¡�������£ô¿�¥%£(�¢»'§ ¸ ¾¢§
¥�¦w�¢�w�'¡�H < »k¥��'¦ ¸ » ¸ ¾�¥�§�Ç�=��
�w�����²¦���¾ ¸ ����ó ó�E ¿�¥%£(�¢»'§8��¥ ¸ �w�¢§�» ¸ ¾ ¸ » ¸ ¾¢Ç(�w��� ¸ ¾¢§
¥�¦w�¢�w�'¡�H¶Äå����£'��¿�¥%£(�¢»'§ D ¥�¦²�wÇ%»��w����������F�º'¦�¥%¿������
�������[�w���h� ¸ ¡W�h  ¸ �����å¤��'»�¿��w��¥�»�����¥"¦���¿�¥�»��w�w¦w��¿����w��� ¸ º'º'¦�¥SC%�¢¡ ¸ ����£ �w�¢§�» ¸ ¾�H

·S³6;D³aµ ¶ �#�-�/�
!O�/�5$(�-���[�-0��<	
���-��0
K:�p��� ¸ ¦w�h �Çk¦���Æ%���+=[�¢»'§Ê��¥�¡W�p  ¸ �w��¿"»�¥��w��¥�»�� ¸  �¥��'�N�w�¢§�» ¸ ¾X£'��¿�¥�¡�º�¥����¢�w��¥�»��h���w�¢»'§S�w���"�w�¢¡�º'¾���¦
Õ A ¹ ¿ ¸ � �gH2�j�w¦ ¸ »�� ¤<¥�¦w¡ £'��¿�¥�¡�º�¥������W�w���6�¢»'º'�'�I���¢§�» ¸ ¾ ð x(t) ð �¢»¼��¥ ¸ ¾¢�¢»�� ¸ ¦I¿�¥�¡� '�¢» ¸ �w��¥�» ¥g¤
¤��'»�¿��w��¥�»�� ð fi(t) ð =Y���¢§�������£ô �Ç3�w���N¿�¥%�@?I¿�����»���� ð ci ÿ

x(t) =
∑

i

cifi(t).
D hèH Õ F

Â �'»�¿��w��¥�»��
fi(t)

¸ ¦���¿ ¸ ¾¢¾���£ Þ ö â5õ ç(æ Þ ÝÓÞ ¤��'»�¿��w��¥�»�� ð ¸ ���w����ÇS¿�¥�¦w¦����wº�¥�»�£Ê��¥W�w��� C  '�'�¢¾�£(�¢»'§I '¾�¥%¿wQ(�FE
¥g¤5�w���Y¦���¿�¥�»��w�w¦w��¿�����£W�w�¢§�» ¸ ¾�H¶Äå���Y�w¦ ¸ »�� ¤<¥�¦w¡ ¿�¥¼�@?I¿�����»¼��� ð ci ð ¿ ¸ »" ��å£'������¦w¡��¢»���£� ¼Çp��Æ ¸ ¾¢� ¸ �w�¢»'§
�w���Wº'¦�¥i�w��¿��w��¥�»*¥g¤ ¸ »Í�¢»'º'�'�p�w�¢§�» ¸ ¾��¢»¼��¥ ¸ �����¨¥g¤ Ù�â�Ù ø ö ÞëÝÚÞ ¤ �'»�¿��w��¥�»�� ð gi(t)

HSÄå�'�������¨£'¥�»��, �Ç
£'������¦w¡��¢»'�¢»'§I�w���h�¢»'»���¦�º'¦�¥%£(��¿��� ����)=Y����»

x(t) ¸ »�£ gi(t)
ÿ

ci =< gi(t), x(t) > .
D hèH ÕÇF

Y%¥�¡W�ò¿�¥�¡�¡W¥�»'¾¢Ç,������£I�w¦ ¸ »��w¤ ¥�¦w¡W� ¸ ¦��ò�w��� Â ¥��'¦w����¦å�w¦ ¸ »�� ¤<¥�¦w¡ D Â ÄzF ¸ »�£,�w���ò¿�¥����¢»����w¦ ¸ »�� ¤<¥�¦w¡
D ÁYÄzF ¸ �½=���¾¢¾ ¸ �å�w�����¢¦�£(����¿�¦������h¿�¥��'»¼����¦wº ¸ ¦w��� ð ¹OÂ Ä ¸ »�£ ¹ ÁYÄ~H'Äå���O��� �8¥g¤²�w���h£(����¿�¦������h¿�¥��w�¢»��
�w¦ ¸ »�� ¤ ¥�¦w¡ ¤<¥�¦[£(�¢§��¢� ¸ ¾��¢¡ ¸ §
�h¿�¥�¡�º'¦������w��¥�»k���åÆ
��¦wÇ3¿�¥�¡�¡W¥�» ð £(���O��¥"�w���Oº�¥�º'�'¾ ¸ ¦�ÄÇE/½ZÀ �¢¡ ¸ §
�
¿�¥¼£(�¢»'§I��� ¸ »�£ ¸ ¦�£�� ÕgÕ�! H
Â ¥�¦å�w���ò£(��� ¿�¦������8¿ ¸ � � ð � ¤ ¸ »�ÇI�¢»'º'�'�[�w�¢§�» ¸ ¾ ð x(n) ð ¥g¤-¾���»'§��w� N ð ¿ ¸ »6£'��¿�¥�¡�º�¥�� ��£,�¢»¼��¥ ¸ � ���

¥g¤
N
¾¢�¢»�� ¸ ¦w¾¢Ç6�¢»�£'��º���»�£'��»��8����T�����»�¿���� fi(n) ð �w����» fi ð i = 1, ...N ð £'�@N�»�� ¸ üwÙgÞëÝÚÞ ¥g¤¶�w���N�w�¢§�» ¸ ¾

�wº ¸ ¿��Û�×^gÖ ! H < »S�w�'����¿ ¸ ����=Y�h� ¸ Æ
�

x(n) =

N
∑

i=1

cifi(n).
D hèH×ÖÇF

��»¼Ç2�w�¢§�» ¸ ¾�¡ ¸ Ç2�w�����, ��S¦���º'¦���� ��»�����£  �Ç2�w���k� ���I¥g¤N¿�¥¼�@?I¿�����»¼��� {c1, c2, ..., cN} ð =[�'��¿ �
�¢¡�º'¾¢��¿��¢�w¾¢Ç6¿�¥�¦w¦�����º�¥�»�£'����¥ ¸ ¾¢�¢»�� ¸ ¦�¿�¥�¡¨ '�¢» ¸ �w��¥�» �w���O  ¸ �w����� ��T�����»�¿����

x(n) = c1f1(n) + c2f2(n) + ...+ cNfN (n).
D hèH hkF
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��»�¥��w����¦[�¢¡�º�¥�¦w� ¸ »��8¿ ¸ ���O���[�w���O�����h¥g¤²¦���£(�'»�£ ¸ »�� D Ý<Ø æ Ø ¾¢�¢»�� ¸ ¦w¾¢Ç6£'��º���»�£'��»���Få¤��'»�¿��w��¥�»��[¤ ¥�¦

�w�¢§�» ¸ ¾�£'��¿�¥�¡�º�¥��w�¢�w��¥�»&H < »3�w�'���Y¿ ¸ � � ð ¸ �w�¢§�» ¸ ¾ x(n)
���å£'��¿�¥�¡�º�¥�����£3�¢»���¥p�w���8�w�'¡ ¥g¤ ¸ �����å¥g¤ M

Ù�õ�Ü�ßpÞëð fm(n)
ÿ

x(n) =
∑

m∈IM

cmfm(n),
D hèH×çÇF

=[�¢�w�
m ∈ IM

¸ »�£ IM ⊂ {1, ..., k} H*Äå��� k ¸ ��¥�¡U����T¼����»�¿���� ð {f1, ..., fk} ð £'�@N�»�� ¸ frame
¤ ¥�¦ò�w���>[zA#£(�¢¡W��»��w��¥�» ¸ ¾X�w�¢§�» ¸ ¾¶�wº ¸ ¿�� ¸ »�£ô¥�»��p�#Ç%º'��¿ ¸ ¾¢¾¢ÇÊ� ¸ �8�w� ¸ � k � M

�×^gÖ ! HòÄå����º'¦���Æ¼��¥����
£(����¿������w��¥�»��,¿ ¸ »= ��k�@C(º ¸ »�£'��£n��¥:�w���k�)=Y¥�£(�¢¡W��»��w��¥�» ¸ ¾h¿ ¸ ��� ð ���¢�w����¦3 �Ç2���w�¢»'§*¥�¦w�¢§��¢» ¸ ¾OÕ�A ¹
¤��'»�¿��w��¥�»���¥�¦" �Ç*¿�¥�¡�º'�'�w�¢»'§:�w����¡³=[�¢�w� ¸ ����º ¸ ¦ ¸  '¾��S¿�¥�¡¨ '�¢» ¸ �w��¥�»�¥g¤��w��� Õ A ¹ ¤ �'»�¿��w��¥�»�� D �¢»
=[�'��¿��k¿ ¸ ���Æ=��h� ¸ Æ
� ¸ ��¥iA#¿ ¸ ¾¢¾���£k� ��º ¸ ¦ ¸  '¾��h�w¦ ¸ »�� ¤<¥�¦w¡ÅF��×^ih ! H
·S³6;D³´² I±I³² 0��#�-�/�
!8�/��$(�-���[�-0���	��#�-�
< »N�w�'���²����¿��w��¥�»f=���£'��� ¿�¦w�¢ �����¥�¡W� ¸ �wº���¿����-¥g¤�ó óIE ¿�¥�¡�º'¦������w��¥�»p�w� ¸ ��¿ ¸ »� ��/¦���¾ ¸ ����£¨��¥ ¸ �w�¢§�» ¸ ¾
£'��¿�¥�¡�º�¥��w�¢�w��¥�» º'¦�¥¼¿���� �SH=Äå���S�¢»¼����»��w��¥�»����W»�¥��W��¥�¤ ¥�¦w¡ ¸ ¾¢¾¢Ç)º���¦ ¤ ¥�¦w¡ ¸ �w����¥�¦����w��¿ ¸ ¾ ¸ » ¸ ¾¢Ç(�w���
¥g¤�óôó�E ¸ � ¸ �w�¢§�» ¸ ¾[£'��¿�¥�¡�º�¥��w�¢�w��¥�» ð  '�'�"��¥kº�¥��¢»���¥��'����¥�¡W� ¸ » ¸ ¾�¥�§������" ���� =�����»2�w�������,�)=Y¥
£(�OÂ���¦���»¼��º ¸ ¦ ¸ £(�¢§�¡W�SH < »Ê�w���h¤<¥�¾¢¾�¥S=[�¢»'§ ¸ » ¸ ¾¢Ç%������=���¿�¥�»��w��£'��¦��w���¨º ¸ ¦w�w��¿��'¾ ¸ ¦8¿ ¸ � �N¥g¤ ¸ »k�¢»'�¢�w� ¸ ¾
£(��¿��w��¥�» ¸ ¦wÇÍ¿�¥�¡�º�¥�� ��£Í¥�»'¾¢Ç� �Ç��¢¡�º'�'¾�� ��� ¸ »�£�¦���¿�� ¸ »'§��'¾ ¸ ¦�º'�'¾�� ���S¾¶�w���,� ¿ ¸ ¾��W�w¦ ¸ »�� ¤<¥�¦w¡ ¸ �w��¥�»��
¿�¥�»��w���w�,¥g¤ � ��¦�¥�¥�¦�£'��¦6�¢»�����¦wº�¥�¾ ¸ ��¥�¦�� D ¤<¥�¦,�w��� �@C%º ¸ »�����¥�»���F ¸ »�£��w�¢¡�º'¾��Q£'��¿��¢¡ ¸ ��¥�¦�� D ¤<¥�¦I�w���
¿�¥�»��w¦ ¸ ¿��w��¥�»���F@H�Äå�'���8��»��w�'¦����ò�w� ¸ ���w����¿�¥�»�¿ ¸ ����» ¸ �w��¥�»Q¥g¤ ¸ »¼ÇS»��'¡� ���¦O¥g¤/ '¾�¥¼¿tQ%�ò¿�¥�¡�º�¥�� ��£k ¼Ç
¦���¿�� ¸ »'§��'¾ ¸ ¦�º'�'¾����������p�w�w�¢¾¢¾ ¸ ¿�¥�»�¿ ¸ ����» ¸ �w��¥�»2¥g¤�¦���¿�� ¸ »'§��'¾ ¸ ¦"º'�'¾������ ¸ � ¸ »�Ç���¿ ¸ ¾��gH Â �¢§��'¦��|hèH Õ
� ¸ � ¸ ¦���º'¦���� ��»�� ¸ �w��¥�»2¥g¤��w�'���¨¿ ¸ ����H�H�[8¥����W�w� ¸ ���w�'���¨���¨»�¥����w���,¿ ¸ ����¤<¥�¦N�w���,¥�¦w�¢§��¢» ¸ ¾Yó óIE ð
�w�¢»�¿��8�¢������¿ ¸ ¾��8�w¦ ¸ »�� ¤<¥�¦w¡W�[����� ¸ »6�¢»�����¦wº�¥�¾ ¸ �w��¥�» D ¾�¥�= º ¸ ����F§N�¾¢����¦w�¢»'§èHGY%¥�¡W�N¿�¥�¡�¡W��»¼����¥�»6�w���
�¢¡�º'¾¢��¿ ¸ �w��¥�»��Y¥g¤
���w�¢»'§p��¿ ¸ ¾����w¦ ¸ »��w¤ ¥�¦w¡ ¸ �w��¥�»��Z=[�¢�w� ¸ N�¾¢����¦w�¢»'§p�@Â
��¿�� ¸ ¦���º'¦�������»�����£,¾ ¸ ����¦Y�¢»I�w�'���
����¿��w��¥�»&H

< »:ó ó�E���»�¿�¥%£(�¢»'§ ð �w��� ¸ º'º'¦�¥SC%�¢¡ ¸ �w��¥�»2¥g¤[� ¸ ¿����¢»'º'�'�¨ '¾�¥%¿wQ ð Xl ð ¿ ¸ »� ��"¦���§ ¸ ¦�£'��£ ¸ � ¸
¿�¥�¡¨ '�¢» ¸ �w��¥�»ô¥g¤X����Æ
��¦ ¸ ¾-£(��¿��w��¥�» ¸ ¦wÇSÆ
��¿���¥�¦�� ð Sli

i
ð ¸ ��£(�OÂ���¦���»¼�ò��¿ ¸ ¾���� lk ∈ [0, lMax]

ÿ

X̂l = [S
li0
i0

S
li1
i1

S
li2
i2

... S
lik
ik

],
D hèH×^ÇF

=[����¦��
lMax

�����w���h¾ ¸ ¦w§
���w����¿ ¸ ¾��O��� ��£S �Ç6óôó�EÒH
J ê OÃ_F]�^\s q/`\Ov[ko�w�o�q/^Òp(M�OÃ_4o�s O×]�mNo�^¼]�^\Ovë6`\qtnrOF^�s qt]�^�o�l
W%o�^�`u_F]�^�p(qt^�U�]�U�sLi
p(q/nrOks qtw�^�o�lZ��m9]�[Öp(M\O×s(o���O�]�mS_vl/OFo�[

w�[Lo�Y\M�qt_4o�l�[(OFYy[(OFs OF^-pLo�p(qt]�^�~VKNM�OÖ_F]�^���Ov[(s qt]�^Qm9]�[
p(M\OÖ`\qts _v[(O#p(O>_4o�s O>�S]�U\l*`Q�BO>YBOv[ m"]�[(nrO4`QU�s qt^�w�o×s qtnrY�ltOÊU\^�q|m9]�[(n
s(o�nrY�ltqt^�w×Y\[(]-_FO4`yU\[(OkoÔp

t = n
�
n ∈ N

~
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S
l0
i0

Sl1
i1

Sl2
i2

S
l3
i3

S
l0−1
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S
l1−1
i′1

Sl2−1
i′2

S
l3−1
i′3

Sl0+1
i′′0

Sl1+1
i′′1

S
l2+1
i′′2

Sl3+1
i′′3 W%o�ikì�[(qtw�qt^�o�l��\l/]-_L�

S
l0
i0

Sl1
i1

S
l2
i2

Sl3
i3

S
l0−1
i′0

Sl1−1
i′1

S
l2−1
i′2

S
l3−1
i′3

Sl0+1
i′′0

S
l1+1
i′′1

S
l2+1
i′′2

Sl3+1
i′′3 WZ�Bi � lt]-_L�x_F]�^-p [Lo�_vp(qt]�^

Sl0
i0

S
l1
i1

S
l2
i2

Sl3
i3

Sl0−1
i′0

Sl1−1
i′1

S
l2−1
i′2

Sl3−1
i′3

S
l0+1
i′′0

S
l1+1
i′′1

Sl2+1
i′′2

S
l3+1
i′′3

WZ_Ôi � lt]-_L�xO#Î\Y�o�^\s q/]�^
Í[±�Î5É�­gÏ ê t Ó ã ó ó�E=¿�¥%£'�@A�Æ
��¿���¥�¦�� ¸ »�£Ê��¿ ¸ ¾��O�w¦ ¸ »��w¤ ¥�¦w¡W�SH

½ ¸ ¿��:� ��§�¡W��»�� ð Slk
ik
ð ¡ ¸ Ç  ���¥�»��"¥g¤��w���pÆ
��¿���¥�¦��h�w� ¸ ��=Y��¦��"������£ ��¥, '�'�¢¾�£ �w���"�¢»'�¢�w� ¸ ¾X£(��¿@A

�w��¥�» ¸ ¦wÇ ð ¥�¦ ¸ ¡W¥�¦��8��¾ ¸  �¥�¦ ¸ ���8º ¸ �w����¦w»6�w� ¸ �G= ¸ �[¿�¦�� ¸ ����£, ¼ÇW�w���8£(��¿��w��¥�» ¸ ¦wÇI�'º�£ ¸ ���òº'¦�¥%¿���£(�'¦��gH
< »,�w���zN�¦����Y¿ ¸ ��� ð Slk

ik

��� ¸ º'�'¾���� D ¥�¦ ¸ Õ ¹ º'�OC(��¾� '¾�¥¼¿tQaF�¥g¤�¿�¥�»��w� ¸ »¼� ¸ ¡�º'¾¢�¢�w��£'� ð αik
ð ¸ »�£Å=[��£(�w�

2lk
D ¥�¦�£(�¢¡W��»�����¥�»��

2b
lk+1

2
c × 2b

lk
2
c ¤ ¥�¦��w���NÕ ¹ ¿ ¸ ����F@H

óôó�E�¡ ¸ Ç:�w�¼���" ��I¦���§ ¸ ¦�£'��£ ¸ � ¸ �w�¢§�» ¸ ¾[£'��¿�¥�¡�º�¥��w�¢�w��¥�»)���w�¢»'§ ¸ ¤ ¦ ¸ ¡W�2�×^gÖ ! ð �w� ¸ �"¿�¥�¦BA
¦����wº�¥�»�£'�3��¥*�w���Q¦���£(�'»�£ ¸ »��Ê¤��'»�¿��w��¥�»�� Sl

i

D ¥g¤ ¸ ¾¢¾ ¸ Æ ¸ �¢¾ ¸  '¾���� ¿ ¸ ¾�����FI�w� ¸ � ¸ ¦��Q�w��¥�¦���£��¢» �w���
£(��¿��w��¥�» ¸ ¦wÇ ¸ � ¸ §��¢Æ
��»ô�w�¢¡W�gH�Äå����ó óIE�¿�¥%£(�¢»'§ ¸ ¾¢§
¥�¦w�¢�w�'¡ ¿���¥%¥������ ¸ �����8¥g¤ ¸ ��¥�¡W� ¸ »�£k¿�¥�¡MA
 '�¢»����¨�w����¡ ð �¢»�¥�¦�£'��¦���¥ ¸ º'º'¦�¥SC%�¢¡ ¸ ���3�w���W�¢»'º'�'�p�¢¡ ¸ §
� ð ¸ ¿�¿�¥�¦�£(�¢»'§ô��¥ô��T�� ¸ �w��¥�» D hèH×^ÇF@H Ô »��
�¢»�����¦����w�w�¢»'§�¤<� ¸ �w�'¦�� ¸  �¥��'�Ióôó�E �����w� ¸ ���w���6������£*¤ ¦ ¸ ¡W�6���" �¥��w� ¸ £ ¸ º'�w�¢Æ
� ¸ »�£2£'��º���»�£'��»¼�
¥�»��w���"�¢»'º'�'�h�¢¡ ¸ §
�gH < �h��� ¸ £ ¸ º'�w�¢Æ
�� ���¿ ¸ �����"»��+= ¸ ��¥�¡W� ¸ ¦���¿�¦�� ¸ ����£� ¼Çô�w����£(��¿��w��¥�» ¸ ¦wÇ �'ºPA
£ ¸ �w�¢»'§Iº'¦�¥%¿���£(�'¦��gH Ô »k�w���¨¥��w����¦ò� ¸ »�£ ð ¤<¥�¦�� ¸ ¿�� �¢»'º'�'���¢¡ ¸ §
� D ¸ »�£k¿�¥%£(�¢»'§Iº ¸ ¦ ¸ ¡W������¦���F ð �w���
¸ ¾¢§
¥�¦w�¢�w�'¡j������� ¸ £(�OÂ
��¦���»��ò������¥g¤X¿�¥¼£'�@A�Æ
��¿���¥�¦��SH

Y¼�¢»�¿��h�w���¨£(��¿��w��¥�» ¸ ¦wÇS�'º�£ ¸ ���hº'¦�¥%¿���£(�'¦��N '�'�¢¾�£'��»��+= º ¸ �w����¦w»��������¢»'§W�w���N¿�¥�»�¿ ¸ ����» ¸ �w��¥�»Q¥g¤
��¿ ¸ ¾���£:Æ
��¦��w��¥�»��p¥g¤�¿�¥¼£'�@A�Æ
��¿���¥�¦�� ð � ¸ ¿ �*ó ó�E ¸ ��¥�¡ ¤��'»�¿��w��¥�»)¿ ¸ »Í�'¾¢�w�¢¡ ¸ ����¾¢Ç: ���¦���º'¦�������»¼����£
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α0

α1

α2

α3

α4

β0 β1 β2 β3 β4

γ0 γ1 γ2 γ3 γ4

. . .

. . . . . .

. . .

Í[±�Î5É�­gÏ ê t Ù ã,¹ ��¿�¥�¡�º�¥��w�¢�w��¥�»�¥g¤ ¸ �w�¢§�» ¸ ¾²�¢»���¥ ¸ �����8¥g¤�º'�'¾������e=[�¢�w� ¸ ¡�º'¾¢�¢�w��£'� αk ð � ¿ ¸ ¾��

βk
¸ »�£Sº�¥��w�¢�w��¥�» γk

H

 �Ç ¸ ¿�¥�¡¨ '�¢» ¸ �w��¥�» ¥g¤²  ¸ �w��¿Nº'�'¾������ ð φ(t) ð £'�@N�»���£S ¼Ç�ÿ

φ(t) =











1 0 ≤ t < 1

0 otherwise

.
D hèH Þ F

½ ¸ ¿���¿�¥%£'�@A�Æ
��¿���¥�¦k��� ��£ �¢» �w�����¢»'�¢�w� ¸ ¾N£(��¿��w��¥�» ¸ ¦wÇ ¿�¥�¦w¦����wº�¥�»�£'�S��¥ ¸ �w�¢»'§�¾��Qº'�'¾����gH �8�6�w���
�'º�£ ¸ �w�¢»'§Qº'¦�¥%¿���£(�'¦��,º'¦�¥�§�¦���� ����� ð »��+=  '¾�¥%¿wQ(� ¸ ¦��,¿�¦�� ¸ ����£) ¼ÇÍ�w���6¿�¥�»�¿ ¸ ����» ¸ �w��¥�»n¥g¤ ¸ �����"¥g¤
º'�'¾�������¿�� ¸ ¦ ¸ ¿�����¦w��� ��£Ê �Ç6�w�����¢¦ ¸ ¡�º'¾¢�¢�w��£'� ð =[��£(�w� ¸ »�£Sº�¥��w�¢�w��¥�» ð�Ý�Ø æ Ø ÿ

sl
i(t) =

K′−1
∑

k=0

αkφ

(

t− γk

βk

)

.
D hèH ×ÇF

Äå����º ¸ ¦ ¸ ¡W������¦ αk
¿�¥�¦w¦����wº�¥�»�£'�N��¥,�w��� ¸ ¡�º'¾¢�¢�w��£'�I¥g¤Y� ¸ ¿���º'�'¾�� �g¾ βk

���O�w���p���'º'º�¥�¦w�N¥g¤å� ¸ ¿��
¦���¿�� ¸ »'§��'¾ ¸ ¦/º'�'¾���� ð βk ∈ {2lk , lk ∈ [0, lMax]} ¾ γk

¦���º'¦���� ��»����/� ¸ ¿ �Wº'�'¾����gó �¶º�¥��w�¢�w��¥�» ð �¢»W¥��'¦/¿ ¸ ��� ð
¸ º�¥��w�¢�w�¢Æ
�O�¢»¼����§
��¦SH
Äå���Q¿�¥¼£'�@A�Æ
��¿���¥�¦��S£'�@N�»���£  ¼Ç=��T�� ¸ �w��¥�»��»hèH×^ ¸ »�£«hèH ×*¿�¥�¦w¦����wº�¥�»�£ ��¥*�w��� ¸ ��¥�¡W�S¥g¤¨�w���

óôó�E)¤ ¦ ¸ ¡W�gHXY¼�¢»�¿��h�w���N£'��¿�¥%£'��£S�w�¢§�» ¸ ¾ ð x̂(t) ð ���å '�'�¢¾¢�[¤�¦�¥�¡z¿�¥�»�¿ ¸ ����» ¸ ����£ ¸ ��¥�¡W� ð �¢��¿ ¸ » ¸ ¾�� ¥
 ��O¦���º'¦�������»¼����£Ê�¢»S����¦w¡W�ò¥g¤ ¸ ¿�¥�¡� '�¢» ¸ �w��¥�» ¥g¤¶�w�������O¡W¥%£(�'¾ ¸ ����£ ð ��¿ ¸ ¾���£ ¸ »�£k�w�'� ¤�����£6º'�'¾�� ���Sÿ

x̂(t) =

K−1
∑

k=0

αkφ

(

t− γk

βk

)

,
D hèH à F

��§�¦ ¸ º'�'��¿ ¸ ¾�¦���º'¦���� ��»�� ¸ �w��¥�»Q¥g¤²�w�'���[º'�'¾�� �N¿�¥�¡¨ '�¢» ¸ �w��¥�»ô���[§��¢Æ
��»Ê�¢» Â �¢§��'¦��~hèH ÕPH
Â ¦�¥�¡ Â �¢§��'¦���hèH Õ~=���¥� �� ��¦wÆ
�[�w� ¸ ��� ¸ ¿ � βk ð ¦���¾ ¸ �w�¢»'§���¥h�w����ó óIE���¿ ¸ ¾���¥g¤
� ¸ ¿��Iº'�'¾�� � ð ¡ ¸ Ç

 ��O¦���º'¦�������»¼����£ ¸ � ¸ ¤ �'»�¿��w��¥�»k¥g¤¶�w���hº�¥��w�¢�w��¥�»���¥g¤¶�)=�¥ ¸ £i� ¸ ¿���»¼��º'�'¾������Sÿ

βk = γk+1 − γk.
D hèH Õ ÖÇF

Äå���O¦���¿�¥�»��w�w¦w��¿�����£k�w�¢§�» ¸ ¾-¡ ¸ Ç6�w����¦��ë¤ ¥�¦��N ��O¦���º'¦�������»¼����£Ê ¼Ç ¸ »Ê¥�¦�£'��¦���£ô������¥g¤¶º ¸ �¢¦��

ξk = (αk, γk),
D hèH ÕgÕ F



�Õ� �MAÊæ#`�ç QREJf�QR�M�JGJf#QREHGJK]W]W]¦
�w� ¸ �I¿�� ¸ ¦ ¸ ¿�����¦w����� � ¸ ¿�� ¸ ��¥�¡U¤ �'»�¿��w��¥�»=�w� ¸ �|= ¸ �W������£2��¥Í¿�¥�¡�º�¥���� x̂(t) H=Äå����¦��ë¤<¥�¦�� ð ��Æ
��¦wÇ
��»�¿�¥¼£'��£� '¾�¥%¿wQ ð £(��¿��w��¥�» ¸ ¦wÇ�Æ
��¿���¥�¦ ¸ »�£��'¾¢�w�¢¡ ¸ ����¾¢Ç"�w����=[��¥�¾��[�¢»'º'�'���w�¢§�» ¸ ¾ ð ¿ ¸ »I ��å¦���º'¦�������»¼����£
 �Ç

x̂ = {ξ0, ξ1, . . . , ξK−1},
D hèH Õ ÕÇF

�w� ¸ ��¿�¥�¦w¦����wº�¥�»�£S��¥

x̂(t) =
K−1
∑

k=0

αkφ

(

t− γk

γk+1 − γk

)

.
D hèH Õ ÖÇF

Â ¦�¥�¡ �w���8º'¦���Æ¼��¥����[£(��� ¿������w��¥�»�=��O¿ ¸ »Ê���w� ¸  '¾¢����� ¸ » ¸ » ¸ ¾�¥�§�Ç3 ���� =�����»Ê�w���Oó óIE2��»�¿�¥%£(�¢»'§
º'¦�¥¼¿���£(�'¦�� ¸ »�£ ¸ �w�¢§�» ¸ ¾ C ¸ » ¸ ¾¢Ç%�w���4E ¸ ¾¢§
¥�¦w�¢�w�'¡ ð �w� ¸ ��£'������¦w¡��¢»����Y�w���[ ����w�/¦���º'¦�������»¼� ¸ �w��¥�»3¥g¤
�w���
�¢»'º'�'�Y�w�¢§�» ¸ ¾ x(t) ¸ ¿�¿�¥�¦�£(�¢»'§p��¥¨�w���8�w�¢§�» ¸ ¾�£'��¿�¥�¡�º�¥����¢�w��¥�»6£'��� ¿�¦w�¢ ���£I �ÇI��T¼� ¸ �w��¥�» D hèH Õ ÖÇF@H�Äå�'���
¸ » ¸ ¾¢Ç%�w����£'������¦w¡��¢»������w���h ����w� ¸ ��¥�¡W� D ¿�¥%£'�@A�Æ
��¿���¥�¦���F�¤<¥�¦[�w���N�w�¢§�» ¸ ¾�£'��¿�¥�¡�º�¥��w�¢�w��¥�»&H
Â �'¦w�w����¦w¡W¥�¦�� ð �w���¨¿�¥%£'�@A�Æ
��¿���¥�¦��8�w� ¸ ��¦����w�'¾¢��¤�¦�¥�¡ �w���¨£(��¿��w��¥�» ¸ ¦wÇ ¸ £ ¸ º'� ¸ �w��¥�» º'¦�¥¼¿���� ��¿�¥�¦BA

¦����wº�¥�»�£:�w����¡W����¾¢Æ
���¨��¥ ¸ �����¨¥g¤��w�¢¡�º'¾���¦ ¸ ��¥�¡W� ð �w� ¸ ��=���¦��3¿�¥�»�¿ ¸ ����» ¸ ����£ ¸ »�£:� ¿ ¸ ¾���£bH,½ ¸ ¿ �
óôó�E £(��¿��w��¥�» ¸ ¦wÇ��¢»�£'�@C)¿ ¸ »2�w����¦��ë¤ ¥�¦��6 ��3¦���§ ¸ ¦�£'��£ ¸ � ¸ »n�@?I¿�����»����w¥��¢»��W��»�¿�¥%£(�¢»'§:¥g¤ ¸ �����
¥g¤�º ¸ �¢¦��h�w� ¸ �N£'����¿�¦w�¢ ��"�w����£(��¿��w��¥�» ¸ ¦wÇQº ¸ �w����¦w» D ��������T¼� ¸ �w��¥�» D hèH Õ ÕÇF F ð ¸ »�£Q ���¿�¥�¡W� ¸ Æ ¸ �¢¾ ¸  '¾��
¤ ¥�¦Y¤ �'�w�'¦�� ¸ º'º'¦�¥�C(�¢¡ ¸ �w��¥�»��SH��ò»�¥��w����¦[�¢»�����¦����w�w�¢»'§,¥� �����¦wÆ ¸ �w��¥�»S���å�w� ¸ � ð =[�'�¢¾��O�w���h£(��¿��w��¥�» ¸ ¦wÇ3���
¿�¥�¡�º�¥�����£I �Ç�� ���w�/¦���¿�� ¸ »'§��'¾ ¸ ¦Yº'�'¾������ ð �w����ó óIE*¿�¥�¡�º'¦������w��¥�»6��¿�����¡W���¢¡�º'¾¢��¿��¢�w¾¢ÇI��»�¿�¥%£'�����w���
βk
¸ »�£ �w��� γk

º ¸ ¦ ¸ ¡W������¦��~=[�¢�w�Q�w���"����§�¡W��»�� ¸ �w��¥�»��w¦���� ð =[�'�¢¾��p�w���p¿�¥�¦w¦����wº�¥�»�£(�¢»'§ αk
Æ ¸ ¾¢�����

¸ ¦��,��»�¿�¥%£'��£"=[�¢�w���w���6£(��¿��w��¥�» ¸ ¦wÇÍ�¢»�£'�@CbH�[ò��Æ
��¦w�w����¾������ ð ¸ �¨¡W¥�¦��6¿�¥�¡�º'¾��@C)¿�¥¼£'�@A�Æ
��¿���¥�¦�� ¸ ¦��
¿�¦�� ¸ ����£ ð ¸ ¾¢¾Xº ¸ ¦ ¸ ¡W������¦��p¥g¤å� ¸ ¿ � ξk ¸ ¦��e� ¥��¢»¼�w¾¢Ç���»�¿�¥¼£'��£� ¼Ç�óôó�E�ó �N£(��¿��w��¥�» ¸ ¦wÇ��¢»�£'�@C'��� ¸ »�£
����§�¡W��»�� ¸ �w��¥�»k� ¸ §
�SH

< »��w���ôº'¦���Æ¼��¥���� ¸ » ¸ ¾¢Ç(�w���6¥g¤�óôó�E ð ¥�»�� »�¥��w��¿����3�)=Y¥)�¢¡�º�¥�¦w� ¸ »¼�6¤ � ¸ �w�'¦����6¥g¤¨�w��� óôó�E
�w�¢§�» ¸ ¾�£'��¿�¥�¡�º�¥��w�¢�w��¥�»,º'¦�¥%¿������Sÿ&N�¦��w� ð �w��� ¸ ��¥�¡W�/������£I �Ç�ó óIEÍ��¥ ¸ º'º'¦�¥�C(�¢¡ ¸ �����w�����¢¡ ¸ §
� ¸ ¦��
¥�¦w�w��¥�§
¥�» ¸ ¾ ð �w�¢»�¿��å�w����Ç"� ¸ Æ
�[»�¥�»PA��¢»�����¦�����¿��w�¢»'§"�w�'º'º�¥�¦w���S¾ ¸ »�£I����¿�¥�»�£ ð �w����¿ ��¥�����»I¿�¥%£'�@A�Æ
��¿���¥�¦��
¿ ¸ »* ��6�@C%º'¦���� ����£* �Ç ¸ ¿�¥�»�¿ ¸ ����» ¸ �w��¥�»=¥g¤O¥��w����¦ ¸ ��¥�¡W� ð ¦���º'¦�������»¼����£ ¸ � ¸ N�»���¦"� ¿ ¸ ¾��gHÍÄå�'���
¦���Æ
� ¸ ¾�� ¸ »��¢»�����¦����w�w�¢»'§k¦���¾ ¸ �w��¥�»: ���� =�����»Íó ó�E ¸ »�£ ¸ ¡¨�'¾¢�w�¢¦�����¥�¾¢�'�w��¥�» ¸ » ¸ ¾¢Ç%�����h¥g¤��w���"�¢»'º'�'�
�w�¢§�» ¸ ¾ ð �w� ¸ �8¿ ¸ »k ��¨�@C(º'¦���������£ ¸ �[¤<¥�¾¢¾�¥S=��SH�`å�

Vl
�w���¨�����8¥g¤X¤��'»�¿��w��¥�»��ò�w� ¸ �ò¿ ¸ »  ��h§
��»���¦ ¸ ����£

 �Ç6óôó�E ¸ � ¸ §��¢Æ
��»k� ¿ ¸ ¾�� ð l HXÄå����»ô¥�»��h� ¸ �[�w� ¸ �Sÿ

Vl ⊂ Vl−1 ⊂ · · · ⊂ V0.
D hèH Õ hkF

Â ¥�¦X��¿ ¸ ¾��[Ö D  '¾�¥¼¿tQ%�V=[�¢�w�
1×1

º'�OC(��¾���F ð ó ó�EQ��� ¸  '¾�����¥ ¸ ¿ �'����Æ
�å¾�¥����w¾������¶¿�¥�¡�º'¦������w��¥�»W¥g¤��w���
�¢»'º'�'���¢¡ ¸ §
�8� ¤ ¸ ¾¢¾�º�¥�� �w�¢ '¾���º'�OC'��¾5Æ ¸ ¾¢����� ¸ ¦����¢»�¿�¾¢��£'��£3�¢» D0 H < »Iº'¦ ¸ ¿��w��¿�� ð �w�'���Y����»�¥��Y�w���8¿ ¸ ��� ð
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VL

VL−1

VL−2 í-í-í

V0

Í[±�Î5É�­gÏ ê t â ãNÂ �'»�¿��w��¥�»ô�wº ¸ ¿�����§
��»���¦ ¸ ����£Ê �ÇSó óIE ¸ ��� ¸ ¿�� ¸ º'º'¦�¥SC%�¢¡ ¸ �w��¥�»Q��¿ ¸ ¾�� ð =[����¦��
VL ⊂ VL−1 ⊂ VL−2 ⊂ · · · ⊂ V0

H

£(������¥8�w���½T¼� ¸ »��w��� ¸ �w��¥�»�������£p�¢»"�w���[£'�@N�»'�¢�w��¥�»W¥g¤��w���å�¢»'�¢�w� ¸ ¾( '¾�¥%¿wQ(�Só ¸ ¡�º'¾¢�¢�w��£'���SHXÄå�'���¶¡ ¸ Ç� ��
¦���§ ¸ ¦�£'��£ ¸ � ¸ T¼� ¸ »��w��� ¸ �w��¥�»"¥g¤5�w����¿�¥%�@?I¿�����»���� cm ������£N�¢»p�w���Y�w�¢§�» ¸ ¾%£'��¿�¥�¡�º�¥��w�¢�w��¥�» ð £'����¿�¦w�¢ ���£
�¢»I��T�� ¸ �w��¥�» D hèH×çÇF@HV[ò��Æ
��¦w�w����¾������ ð ¸ »¼Ç ¸ ��¥�¡V¤��'»�¿��w��¥�»I¤�¦�¥�¡ V1, . . . , VL

¿ ¸ »I ��å¦���º'¦�������»�����£ ¸ � ¸
¿�¥�¡�º�¥��w�¢�w��¥�»,¥g¤5¤ �'»�¿��w��¥�»��X¤ ¦�¥�¡

V0
HcY¼�¢»�¿��[�w����ó ó�E:��»�¿�¥¼£'��¦���� ¸  '¾��[��¥N�w�¢¡��'¾¢� ¸ »���¥����w¾¢Ç"����� ¸ ¾¢¾

�w�' ��wº ¸ ¿���� Vn ð ó ó�E ¿�¥�¡�º'¦���� �w��¥�»�¡ ¸ ÇN ���¦���§ ¸ ¦�£'��£ ¸ �²�w����¥�º'�w�¢¡ ¸ ¾(¿���¥���¿��å¥g¤���¥�¡W�Y¥�¦w�w��¥�§
¥�» ¸ ¾
�w�¢§�» ¸ ¾�� ð ¤ ¦�¥�¡ ¸ ¾ ¸ ¦w§
��¦¨�����N¥g¤�¦���£(�'»�£ ¸ »¼� ¸ ��¥�¡W� ð �w� ¸ �¨�wº ¸ »��w���"§
��»���¦ ¸ ����£ ¸ º'º'¦�¥SC%�¢¡ ¸ �w��¥�»*¥g¤
�w���O�¢»'º'�'���¢¡ ¸ §
�gH�� ¦���º'¦�������»�� ¸ �w��¥�» ¥g¤²�w�'����º'¦�¥¼¿���� �å¡ ¸ Ç6 ��8¤<¥��'»�£S�¢» Â �¢§��'¦��~hèH×ÖPH

< »)�wº'�¢���6¥g¤��w���3�w�'���"¡¨�'¾¢�w�¢¦���� ¥�¾¢�'�w��¥�»2¤ � ¸ �w�'¦�� ð �w���,º'¦���Æ%��¥����"�¢»�����¦wº'¦���� ¸ �w��¥�» ¥g¤òóôó�E � ¸ �
�¢¡�º�¥�¦w� ¸ »¼�O£(�OÂ
��¦���»�¿����]=[����» ¿�¥�¡�º ¸ ¦���£�=[�¢�w� �w���¨�w����¥�¦wÇk¥g¤X¡��'¾¢�w�¢¦�����¥�¾¢�'�w��¥�» ¸ » ¸ ¾¢Ç%�������×^gÖ ! H < »
�w�'���W¿ ¸ ��� ð ¸ ¤ �'»�¿��w��¥�»n�¢» Vj+1

¿ ¸ »n ��6£'��¿�¥�¡�º�¥�����£n�¢»���¥ ¸ ¤ �'»�¿��w��¥�»n�¢» Vj
D §
��»���¦ ¸ ����£n ¼Ç ¸

¾¢�¢»�� ¸ ¦Y¿�¥�¡� '�¢» ¸ �w��¥�»k¥g¤-��¿ ¸ ¾¢�¢»'§p¤��'»�¿��w��¥�»�� φj(t) ð ¸ �å��¿ ¸ ¾�� j F ð º'¾¢��� ¸ £'��� ¸ �¢¾
�w�¢§�» ¸ ¾ ð ¿�¥�¡�º�¥�����£3 �Ç
¸ ¾¢�¢»�� ¸ ¦h¿�¥�¡¨ '�¢» ¸ �w��¥�»�¥g¤��w¦ ¸ »��w¾ ¸ �����h¥g¤ ¸ ¿�¥�¦w¦����wº�¥�»�£(�¢»'§ ´ Ù�á æëø�æ õ ¤��'»�¿��w��¥�» ð ψ(t) ð ¸ �O�w���"� ¸ ¡W�
��¿ ¸ ¾��gÿ

f(j+1)(t) =
∑

k

cj,kφj,k (t) +
∑

k

dj,kψj,k (t) .
D hèH Õ çÇF

< ¤
Wj
���å�w���N� ����¥g¤�¤ �'»�¿��w��¥�»���§
��»���¦ ¸ ����£k �Ç ψj(t) ð �w����»�=Y�N¥� '� ¸ �¢»&ÿ

Vj+1 = Vj ⊕Wj .
D hèH Õ ^ÇF

Â ¦�¥�¡ ��T�� ¸ �w��¥�»�� D hèH Õ çÇF ¸ »�£ D hèH Õ ^ÇF�¥�»��Y� ¸ �¶�w� ¸ � Vj = Vk⊕Wk⊕Wk+1⊕· · ·⊕Wj−1 ð ¤<¥�¦ k < j
H

Äå����� ð ¸ »¼ÇN¤ �'»�¿��w��¥�»��¢» Vj+1
¿ ¸ »" ��Y£'��¿�¥�¡�º�¥�� ��£"�¢»���¥ ¸ �w�'¡�¥g¤5¤��'»�¿��w��¥�»��²�w� ¸ �/�w� ¸ ¦w�Ò=[�¢�w� ¸ ¾�¥S=
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Vj

Wj

Wj+1
Wj+2

Vj+3

Í[±�Î5É�­gÏ ê t ê ã \���¾ ¸ �w��¥�»  ���� =�����»Q�w���¨¤��'»�¿��w��¥�»Q�wº ¸ ¿����ò§
��»���¦ ¸ ����£ô ¼ÇS�w����� ��Æ
��¦ ¸ ¾²��¿ ¸ ¾����8¥g¤
¸ ¡��'¾¢�w�¢¦�����¥�¾¢�'�w��¥�» £'��¿�¥�¡�º�¥��w�¢�w��¥�»&H

¦�����¥�¾¢�'�w��¥�»ô��¿ ¸ ¾¢�¢»'§I¤��'»�¿��w��¥�» ¦���º'¦�������»¼� ¸ �w��¥�» ð ¿�¥�¡� '�¢»���£
=[�¢�w� ¸ �����ò¥g¤V= ¸ Æ
��¾����O¦���º'¦�������»¼� ¸ �w��¥�»��
¥g¤-�w���O¦����w��£(���O£'��� ¸ �¢¾��SH/Äå�'���å¡ ¸ ÇI ��ò¦���º'¦���� ��»�����£6 �Ç,�w���8¤��'»�¿��w��¥�»S�wº ¸ ¿����[¥g¤ Â �¢§��'¦��]hèH hèHX[ò¥����
�w� ¸ ���w���O¦����w��£(����� D £'��� ¸ �¢¾��wº ¸ ¿�����F ¸ ¦��O»�¥������ ��£6 �ÇSóôó�EÒH
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W%o�iÖì�[(qtw�qt^�o�l øuø ËG�\l/]-_L�

WZ�Bi+*
^�`yOFYBOF^�`\OF^-p
64 × 64

WZ_Ôi,*
^�`\OFYBOF^�`\OF^-p
32 × 32

W%`�i>ìÊ��Ov[(l/o�Y�Y�qt^\w
64 × 64

WZOÔiÖìÊ��O#[(l*o�Y�Y\q/^\w
32 × 32

Í[±�Î5É�­gÏ ê t þ ã \����w�'¾¢���²¥g¤�ó óIE ¦���¿�¥�»��w�w¦w��¿��w��¥�» D ¸ F-¿�¥�¡�º ¸ ¦���£>=[�¢�w���w�'�¢»PA�º'¾ ¸ ���å�wº'¾¢�¢»��Y�¢»�����¦BA
º�¥�¾ ¸ �w��¥�» ð ���w�¢»'§ Ý�â5à æ x'æ â5à æ â�õ ¥�º'�w�¢¡���� ¸ �w��¥�»�¥g¤��¢¡ ¸ §
�� '¾�¥¼¿tQ%� D 64 × 64

D  *F ¸ »�£ 32 × 32
D ¿�F F

¸ »�£Ê¥�º'�w�¢¡���� ¸ �w��¥�»k¥g¤ Ü�á æëêëø Ù x.x ÝÓâ ì �¢¡ ¸ §
�h '¾�¥%¿wQ(� D
64 × 64

D £�F ¸ »�£ 32 × 32
D ��F F@H



�MA��ÒÑ EJKeE�úFNJEJQR�ÕKeIH� f�Y[�r­B�jQ\E[�§­bKMQREHGÛKM�~cMQR`-ç �"�
ó óIE º=�OÖPH Õ º=�OÖPH Õ ç º=�OÖPH Õgç º=�OÖPH×Ögç º=�OÖPH×ç º=� Õ
Õ�×PH Þ × Þ £a` Õ Þ H × Þ hI£a` Õ Þ H à ^�Ö�£a` Õ Þ H àÇÞ h,£a` Õ Þ H à Õ�×�£a` Õ Þ H ×ih�ÖW£a` Õ Þ H×çg^ih,£a`

Ï�ÐaÐ²³�Ï ê t Ó ã EZY�[]\ Æ ¸ ¾¢�����¨¤<¥�¦p�¢¡ ¸ §
�ÅÁ���» ¸ ð ¤ ¥�¦��w���,¥�¦w�¢§��¢» ¸ ¾[ó óIE��¢¡ ¸ §
� ¸ »�£:¤<¥�¦¨�w���
�¢»¼����¦wº�¥�¾ ¸ ����£kÆ
��¦��w��¥�»���=[�¢�w�kÄ�EGY ð ���w�¢»'§W£(�OÂ
��¦���»���Æ ¸ ¾¢������¥g¤¶º ¸ ¦ ¸ ¡W������¦ p H

����¥�¾ ¸ ����£ ¸ »�£:¿�¥�»�¿ ¸ ����» ¸ ����£Í�¢»Í¥�¦�£'��¦N��¥6¦���¿�¥�»��w�w¦w��¿����w���W£'��¿�¥¼£'��£:�¢¡ ¸ §
�gHIÄå����º�¥��¢»����N¥g¤å�w���
»����¢§��� �¥��'¦w�¢»'§¨ '¾�¥%¿wQ(�X����¦wÆ
� ¸ �¶ �¥�¦�£'��¦�¿�¥�»�£(�¢�w��¥�»��/��¥O�w���[¥�º'�w�¢¡���� ¸ �w��¥�» ð ¸ ¾¢¾�¥S=[�¢»'§ ¸ ¿�¥�»��w��£'��¦ ¸  '¾��
¦���£(��¿��w��¥�»3¥g¤
�w���[ '¾�¥%¿wQ%�¢»'§ ¸ ¦w�w� ¤ ¸ ¿����/�¢»,�w�����¢»¼����¦wº�¥�¾ ¸ ����£,�¢¡ ¸ §
� ð ¸ �Y¿ ¸ »W ���¥� �����¦wÆ
��£I�¢» Â �¢§��'¦����
hèH à ¿�F ¸ »�£Q£�F.-gH < »ô�w����� �ÆN�§��'¦����e=��"¿ ¸ » ¸ ¾���¥3¥� �����¦wÆ
���w� ¸ �8�w�����¢»�����¦wº�¥�¾ ¸ �w��¥�»Í¥g¤/¾ ¸ ¦w§
�p�¢¡ ¸ §
�
¦���§���¥�»�� D

64 × 64 ¸ »�£ 32 × 32
F�¦����w�'¾¢���å�¢» ¸ »�¥��w��¿�� ¸  '¾��N��¡W¥¼¥��w�'�¢»'§W�@Â
��¿��å�¢»S�w���ò¦���¿�¥�»����w¦w��¿�����£

�w�¢§�» ¸ ¾�H|`å��¿ ¸ �����W¥g¤[�w�'���~=Y�W� ¸ Æ
�W������£ 16 × 16
º'�OC'��¾/ '¾�¥%¿wQ(�N�¢»��w�����¢»¼����¦wº�¥�¾ ¸ �w��¥�»)�w����º D �w�'���

���W�w���S¡��¢»'�¢¡��'¡f '¾�¥%¿wQn�w� � �Ê�w� ¸ �I§�� ¸ ¦ ¸ »�������� ¸ ¡��¢»'�¢¡��'¡s¥g¤�h�¿�¥�»��w¦�¥�¾8º�¥��¢»¼���W¦���T¼�'�¢¦���£= ¼Ç
�w���pó ¸ �w¾ ¸  0/© ó �8�¢¡�º'¾���¡W��»�� ¸ �w��¥�»*¥g¤�Ä�EGYaF ð =[�'��¿���º'¦�¥%£(��¿���£Q»�¥��w��¿�� ¸  '¾��"�¢¡�º'¦�¥CÆ
��¡W��»¼���¨�¢» �w���
�¢»�����¦wº�¥�¾ ¸ �w��¥�» ¦����w�'¾¢�SH < » ¥��'¦6¿ ¸ ���ô�w���ô��¡W¥¼¥��w�'�¢»'§2Ä�EGYn���6£'������¦w¡��¢»���£  ¼Çn¡��¢»'�¢¡����w�¢»'§)�w���
¤��'»�¿��w��¥�»

pE(f) + (1 − p)R(f),
D hèH Õ Õ F

=[����¦��Qº ¸ ¦ ¸ ¡W������¦ p ∈ [0, 1]
¦���º'¾ ¸ ¿����Sº ¸ ¦ ¸ ¡W������¦ λ ¥g¤"��T¼� ¸ �w��¥�» D hèH Õ ×ÇF ð ¸ � ¸ ¿�¥�¡�º'¦�¥�¡������

¡W� ¸ �w�'¦��6 ���� =�����»n�¢»¼����¦wº�¥�¾ ¸ �w��¥�» ¸ ¿�¿��'¦ ¸ ¿�Ç ¸ »�£2�w¡W¥%¥��w�'»������SH±Y%��Æ
��¦ ¸ ¾[Æ ¸ ¾¢�����|=���¦��6�����w����£)�¢»
¥�¦�£'��¦Y��¥"£'������¦w¡��¢»��h�w���8 ����w�½=�¥�¦ Q%�¢»'§�º�¥��¢»¼�Y¤ ¥�¦å�w���8�¢»�����¦wº�¥�¾ ¸ �w��¥�»&H Â �¢§��'¦��ehèH Õ Ö"¿�¥�¡�º ¸ ¦����å�w���
¦����w�'¾¢�N¥g¤��w���"�¢»¼����¦wº�¥�¾ ¸ �w��¥�»�º'¦�¥¼¿�������=[�¢�w�Í�w����¥�¦w�¢§��¢» ¸ ¾�óôó�E £'��¿�¥%£'��£��¢¡ ¸ §
� ð ¤<¥�¦ ¸ £'��� ¸ �¢¾/¥g¤
�¢¡ ¸ §
��Á���» ¸ ��»�¿�¥¼£'��£ ¸ �/ÖPH Õ Õ8 'º'º21gHVE ¸ ¦ ¸ ¡W������¦ p = ¸ �/�����¶��¥ 0.25 ð  ���¿ ¸ �����å�w�'���¶Æ ¸ ¾¢���Y¦����w�'¦w»���£
�w���"�'�¢§������w�NÆ ¸ ¾¢���W¥g¤½EZY�[]\ ¤ ¥�¦h�w�����¢»¼����¦wº�¥�¾ ¸ ����£��w�¢§�» ¸ ¾�HWÄ ¸  '¾��|hèH Õ ¿�¥�¡�º ¸ ¦����¨�w����Æ ¸ ¾¢�����¨¥g¤
EGY�[]\n¤ ¥�¦��w����¥�¦w�¢§��¢» ¸ ¾5ó óIEÍ�¢¡ ¸ §
� ¸ »�£"¤<¥�¦/�w���[�¢»¼����¦wº�¥�¾ ¸ ����£,Æ
��¦��w��¥�»�� ð ���w�¢»'§N�w���[¦���º'¦�������»¼����£
Æ ¸ ¾¢������¥g¤ p H

< » Â �¢§��'¦��~hèH Õ Ö>=Y�N¿ ¸ »k¥� �����¦wÆ
�N�w���h '¾�¥¼¿tQ¼�¢»'§,�@Â���¿��[�¢»¼�w¦�¥¼£(��¿���£k �ÇSóôó�E)¤<¥�¦ ¸ �'�¢§��k¿�¥�¡MA
º'¦������w��¥�»W¦ ¸ �w��¥��SHc\ò��§ ¸ ¦�£(�¢»'§¨�w�����¢»�����¦wº�¥�¾ ¸ ����£,�w�¢§�» ¸ ¾�¥�»��[¡ ¸ ÇW¥� �� ��¦wÆ
� ¸ ¿�¾�� ¸ ¦�¦���£(��¿��w��¥�»,¥g¤
�w���
 '¾�¥¼¿tQ¼�¢»'§ ¸ ¦w�w� ¤ ¸ ¿���� ð  '�'� ¸ ¾���¥6��¥�¡W�"�w¡W¥%¥��w�'�¢»'§ ¸ »�£Q¦w�¢»'§��¢»'§ ¸ ¦w�w� ¤ ¸ ¿����O�¢»��w¦�¥%£(��¿���£� ¼Çk�w���"Ä�EGY
�¢»�����¦wº�¥�¾ ¸ �w��¥�»&H�Äå�'���z= ¸ � ¸ ¾�� ¥"�w���N¿ ¸ ���O¤<¥�¦[¾�¥S=Y��¦ò¿�¥�¡�º'¦������w��¥�»ô¦ ¸ �w��¥�� ð =[����¦�� ¸ £(¦�¥�ºÊ�¢»
EGY�[e\
º���¦ ¤<¥�¦w¡ ¸ »�¿���= ¸ � ¸ ¾�� ¥p¥� �� ��¦wÆ
��£bH Â �¢§��'¦���hèH ÕgÕ º'¦�������»����[�w���O¦������'¾¢����¥g¤��w���O¥�¦w�¢§��¢» ¸ ¾-ó óIE2��Ç¼»PA
3Fò�O#m9Ov[�p(]rÌºqtw�Uy[(OÃÍ�~ �o� ]�mÁ��Y�YBOv^�`\q|ÎxÍGm9]�[>oÃ[(OFY\[(OFs Ov^�pLoÔp(qt]�^Ø]�mºp(M�OÖOF^-p(q|[(O>qtnDo�w�OFsF~
4Fò�O#m9Ov[�p(]rÌºqtw�Uy[(OÃÍ�~ ��� ]�mÁ��Y�YBOv^�`\q|ÎxÍGm9]�[>oÃ[(OFY\[(OFs Ov^�pLoÔp(qt]�^Ø]�mºp(M�OÖOF^-p(q|[(O>qtnDo�w�OFsF~
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W%o�i øuø Ë W ?Õ� ~ �8�j� ` � i WZ�BiÊK
Ëó�gW ?�� ~ �j� s ` � i
Í[±�Î5É�­gÏ ê t Ó:Ù ãÉ< ¡ ¸ §
�"Á���» ¸ ¿�¥�¡�º'¦���������£ ¸ �QÖPH Õ Õ= 'º'º&ÿ ¸ FÊ¥�¦w�¢§��¢» ¸ ¾"ó óIEu�wÇ%»��w�����w����¾
 *FYÄå�'�¢»PA�º'¾ ¸ �����wº'¾¢�¢»��h�¢»�����¦wº�¥�¾ ¸ �w��¥�»k�����¢»'§ 16 × 16

¥CÆ
��¦w¾ ¸ º'º'�¢»'§3 '¾�¥¼¿tQ%��H

W%o�i øuø Ë W g�g ~ ����� ` � i WZ�BiÊK
Ëó�gW gB� ~ s ��� ` � i
Í[±�Î5É�­gÏ ê t Ó*Ó ãO¹ ��� ¸ �¢¾�¥g¤��¢¡ ¸ §
�zÁ���» ¸ ¿�¥�¡�º'¦���������£ ¸ �YÖPH h.ç¨ 'º'º&ÿ ¸ FX¥�¦w�¢§��¢» ¸ ¾�óôó�EÍ�wÇ%»��w���@A
�w����¾¼ *FIî ç ÝÓâ 
 x5ø Ù�õ æ Þ x5ø ÝÓâ æ �¢»¼����¦wº�¥�¾ ¸ �w��¥�» ���w�¢»'§ 16 × 16

¥CÆ
��¦w¾ ¸ º'º'�¢»'§3 '¾�¥%¿wQ(�SH

�w�����w��� ¸ »�£�¥g¤åÄ�EZYô�¢»�����¦wº�¥�¾ ¸ �w��¥�»:¤<¥�¦ ¸ £'��� ¸ �¢¾/¥g¤��¢¡ ¸ §
�|Á���» ¸ ��»�¿�¥¼£'��£ ¸ �¨ÖPH h.ç3 'º'º H"5 H Ô »�¿��
¡W¥�¦��f=Y�p¡ ¸ Çô¥� �� ��¦wÆ
���w���"�w¡W¥%¥��w�'�¢»'§S�@Â���¿��h¥g¤��w���p�¢»¼����¦wº�¥�¾ ¸ �w��¥�» ¸ »�£ �¢���8»���§ ¸ �w�¢Æ
���@Â���¿��h¥�»
�w���Sº���¦�¿���º'�w� ¸ ¾]T�� ¸ ¾¢�¢� Ç)¥g¤h�w���6¦���¿�¥�»��w�w¦w��¿�����£ �¢¡ ¸ §
�gH < »2�w�'���W¿ ¸ ��� ð �w���SÄ�EGY2�¢»�����¦wº�¥�¾ ¸ �w��¥�»
£(¦�¥�º'º���£Q�w����¥�¦w�¢§��¢» ¸ ¾§EGY�[e\ Æ ¸ ¾¢����¥g¤½ÖgÖPH ×gçgç6£a` ð ¸ ¿��'����Æ
��£� ¼Çô�w����ó ó�E £'��¿�¥¼£(�¢»'§Sº'¦�¥%¿������ ð
��¥|Ö Õ H h à ^W£a`�H

J�6Fò�O#m9Ov[�p(]rÌºqtw�Uy[(OÃÍ�~ �o� ]�mV��Y�YBOF^�`\q|ÎQÍGm9]�[>oÃ[(OFY\[(OFs Ov^�pLoÔp(qt]�^Ø]�mºp(M�OÖOF^-p(q|[(O>qtnDo�w�OFsF~



�MA��ÒÑ EJKeE�úFNJEJQR�ÕKeIH� f�Y[�r­B�jQ\E[�§­bKMQREHGÛKM�~cMQR`-ç �8g
ÁY¥�¡�º'¦������w��¥�»Ê¦ ¸ �w��¥ ó óIE=�wÇ¼»¼�w�����w��� Ä�EGY3�¢»¼����¦wº�¥�¾ ¸ �w��¥�» D º=�OÖPH ÕgçÇF

ÖPH ÕgÕ  'º'º Õ à H Ögç Þ £a` Õ Þ H à ç Þ £a`
ÖPH hW 'º'º ÖihèH Ö ÞgÞ £a` Ö Õ H×Ö�×gÖW£a`

Ï�ÐaÐ²³�Ï ê t Ù ã \����w�'¾¢����¤<¥�¦ò�w���pÄ�EGYÊ�¢»�����¦wº�¥�¾ ¸ �w��¥�»��¢» ó óIE;=[�¢�w� ¾�¥S=½A�º ¸ ���eN�¾¢����¦w�¢»'§6�¢»k�w���
��¿ ¸ ¾��O�w¦ ¸ »��w¤ ¥�¦w¡W� ð ¤ ¥�¦[�¢¡ ¸ §
�ÆÁ-��» ¸ H

K ����»Q�w����¥�¦w�¢§��¢» ¸ ¾/��¿ ¸ ¾��"�w¦ ¸ »��w¤ ¥�¦w¡W� ¸ ¦��"������£ ð �¢»�¿�¥�¦wº�¥�¦ ¸ �w�¢»'§ ¸ �w¡W¥%¥��w�'�¢»'§»N�¾¢����¦w�¢»'§ ð �w���
�wÇ¼»¼�w�����w��� ¸ ��¥�¡W�ò¤ ¥�¦8�w���¨¦���¿�¥�»����w¦w��¿�����£Q�¢¡ ¸ §
��»�¥,¾�¥�»'§
��¦O� ¸ Æ
� ¸ £(�¢¦���¿��O¿�¥�¦w¦�����º�¥�»�£'��»�¿��>=[�¢�w�
¦���¿�� ¸ »'§��'¾ ¸ ¦"¤��'»�¿��w��¥�»��SH�Äå����� �,¦���¿�� ¸ »'§��'¾ ¸ ¦Iº'�'¾������ ð �w� ¸ ���@C%�������¢»)�w���3�¢»'�¢�w� ¸ ¾[£(��¿��w��¥�» ¸ ¦wÇ ð ¸ ¦��
¿�� ¸ »'§
��£n�¢»¼��¥:�w¡W¥%¥��w�2¤ �'»�¿��w��¥�»��� �Ç)�w���Ê�w��¿�¿���� �w�¢Æ
�S��¿ ¸ ¾��S�w¦ ¸ »�� ¤<¥�¦w¡ ¸ �w��¥�»��W��� ��£2�¢»n�w���S£(��¿@A
�w��¥�» ¸ ¦wÇÍ�'º�£ ¸ �w�¢»'§�º'¦�¥¼¿�������HÍÄå�'���"¡ ¸ Q
���"�¢�W£(�O?I¿��'¾¢����¥Q£'������¦w¡��¢»��S�w���6� ¸ ¡�º'¾¢�¢»'§�º�¥��¢»����w� ¸ �
¿�¥�¦w¦����wº�¥�»�£'�8��¥3� ¸ ¿��� '¾�¥%¿wQÊ��� ��£k ¼Çkóôó�E ð ���¢»�¿�� ¸ £(�¢¦���¿��O¦���¾ ¸ �w��¥�» »�¥3¾�¥�»'§
��¦h�@C(���w���� ����)=Y����»
�w���Wº ¸ �w����¦w»��p������£:�¢»��w���I¦���¿�¥�»����w¦w��¿��w��¥�» ¸ »�£Í�w���I  ¸ ����¿I�wÇ%»��w�����w���¨¤ �'»�¿��w��¥�»��SH�[8��Æ
��¦w�w����¾������ ð
��Æ
��»*�¢»*�w�'���"¿ ¸ ���6¥�»��I¡ ¸ Ç�¿�¥�»��w��£'��¦"�w� ¸ � ð �'¾¢�w�¢¡ ¸ ����¾¢Ç ð ¸ »�Ç*£(����¿�¦������6�w�¢§�» ¸ ¾�¡ ¸ ÇÍ ��,¿ � ¸ ¦ ¸ ¿@A
����¦w������£) �Ç*�w���S¿�¥�»�¿ ¸ ����» ¸ �w��¥�» ¥g¤ ¸ »��'¡¨ ���¦I¥g¤8¦���¿�� ¸ »'§��'¾ ¸ ¦Iº'�'¾������ ð �w� ¸ ��¡ ¸ Ç*� ¸ Æ
�S�'»'�¢� ¸ ¦wÇ
�w�'º'º�¥�¦w��� D Ý<Ø æ Ø �w����Ç3 ���¿�¥�¡W�N£(����¿�¦������N�¢¡�º'�'¾�������F@H < »S�w�'����¿ ¸ ����=Y�h¡ ¸ Ç6¡ ¸ �¢»¼� ¸ �¢»ô�w���Oº'¦���Æ%��¥����
£(����¿������w��¥�» ¸ »�£:¦���¾ ¸ ���W�w���I¿�¥�»���� ¸ »��¨¦���§���¥�»����¢»:�w���I�¢¡ ¸ §
�|=[�¢�w�:�w���I  ¸ �w��¿� '¾�¥%¿wQ(� ξk ������£:�¢»
�w���8��Ç¼»¼�w�����w��� ð �¢»��w��� ¸ £6¥g¤����w�¢»'§p�w���O�¢»(¤<¥�¦w¡ ¸ �w��¥�» ¸  �¥��'�å�w���O��¿ ¸ ¾��O¥g¤-�w���8������£3 '¾�¥¼¿tQ%��HXÄå����� ð ¸
§�¦�� ¸ ����¦�£(�O?I¿��'¾¢�#ÇI�¢»I�w����£'������¦w¡��¢» ¸ �w��¥�»S¥g¤
�w�����¢»¼����¦wº�¥�¾ ¸ �w�¢»'§p¤ �'»�¿��w��¥�»I¡ ¸ Ç� ����@C(º���¿�����£ ð �w�¢»�¿��
�w����� ¸ ¡�º'¾¢�¢»'§pº�¥��¢»¼���Z=�¥��'¾�£, ����¢» ¸ ¾ ¸ ¦w§
��¦�»¼�'¡¨ ���¦ ¸ »�£I¾�¥¼¿ ¸ ����£,Æ
��¦wÇW¿�¾�¥����ò��¥¨� ¸ ¿ �3¥��w����¦SH/½cCkA
º���¦w�¢¡W��»¼� ¸ ¾-�����w����¿�¥�»PN�¦w¡W��£k�w�'���SH/Äå���h¦������'¾¢���å¤ ¥�¦�ó ó�En���w�¢»'§��w���N¥�¦w�¢§��¢» ¸ ¾²��¿ ¸ ¾��O�w¦ ¸ »�� ¤<¥�¦w¡W� ð
=[�¢�w�*¾�¥�=½A�º ¸ ���>N�¾¢����¦w�¢»'§ ð ¸ �M=Y��¾¢¾ ¸ �"�w���,¦������'¾¢���¨¤<¥�¦"�w���6Ä�EGYÍ�¢»�����¦wº�¥�¾ ¸ �w��¥�» ¸ ¦��6�w�'¡�¡ ¸ ¦w������£
�¢»�� ¸  '¾��MhèH Õ ð ¤<¥�¦h�)=�¥Ê�����w���hº���¦ ¤ ¥�¦w¡W��£Q���w�¢»'§S�¢¡ ¸ §
�_Á���» ¸ H�Äå�'���h� ¸  '¾�� ð ¸ �Æ=���¾¢¾ ¸ �h�w���"Æ%���w� ¸ ¾
�¢»��wº���¿��w��¥�» ¥g¤/�w���¨¦������'¾¢�w�¢»'§,�¢¡ ¸ §
��� D »�¥��8����¥S=[» ����¦���F ð ����¥S=�¦������'¾¢�����w� ¸ � ¸ ¦��¨Æ
��¦wÇÊ���¢¡��¢¾ ¸ ¦ò��¥
�w��¥����Oº'¦�������»�����£Ê¤ ¥�¦�ó ó�EJ=[�¢�w�Ê»�¥�¾�¥�= º ¸ ���½N�¾¢����¦w�¢»'§èH

��ª�Ú:ÏÊ«
ª�Ú6ÚÍÏ¼Ë�¬C´�ª5Ë Ì�Ì ¯zÐ'´IÐ:Ë-ª�Ëbî É²Ë�±�® ª�­�Úf´KÐèÚ:µ¶³�± Ë�Î:µ²­Fª
«
Ï¼´C´
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th��swvxj2tef�cugRs�c�{��2c�trlRn�~m|m{hg\{�v�lRj�g\i�trlRn�~mi�c¨�`vx{"qBl\��{��2c
~mf�l
trcrs�s¥�`��vx{���j2l�oZg\vxj2s�vxj�trl�k`vxjmoyc¨Ôytev�cej2teqG�

Ä�cedGcef�{��2cei�crshsu�\vx{C��gRs+�[crcej�dGcef�v�§�crk�{���g\{+vx{^v�s^gRk`d�g\jZ{hg\oGcrlR|2s,{�l�|2s�c@n�lRf�c]cei�g\�[lRfhg\{�crk�s�th�2cen�crs
l\�,~mf�crk`v�te{�vxdGcwtrl
k`vxjmo���lRf�������É � �2vxj����mv�t��}~mf�crk`v�te{�v�lRj}kml�crs�j2lR{�|2s�c�gw§m�`crk��mi�l
th��s�vxæuc0�m|m{�v�s
g\~m~mixv�crk	gRk2g\~m{�vxdGceixqG�C�Zq�|2s�vxjmo�d�g\f�v�g\�mi�c¨ÉS�mi�l
th�}s�vxæucrs¥� � j�{��mv�s�tugRshc�{��2c�~mf�crk`v�te{�v�lRj©s�{�ce~�nygrq}��c
|2s�crk�s�cedGcefhg\i2{�vxn�crs&�blRf&cugRt��Y�mi�l
th��l\�Ii�cedGcei

ltop
�Gn�cug\jmvxjmo�{���g\{]k`v�ÌIcef�cejZ{zg\f�cugRs]l\�

Xltop
nygrq�|2s�c

k`v�Ì[cef�cej
{,~mf�crk`v�te{�v�lRj�n�l�kmcrsu�,��f�crk`v�te{�v�lRj�|2s�vxjmo�i�g\f�oGcef,�mi�l�t��`s�°�trlRf�f�crs�~[lRj2k`vxjmo�{�l��mvxo��2cef�i�cedGcei�s�l\�
{��2c0�mvxj�g\f�q�s�ceo�n�cejZ{hg\{�v�lRj�{�f�crc¥³�v�s�{�crs�{�crk�§2f�s�{uø2{��2cej}s�nyg\ixi�cef��mi�l�t��`s�g\f�c0�mv�cefhg\f�th�mv�tug\ixixq�{�crs�{�crkI�
vxj©lRf�kmcef�{�l�kmcrtev�kmc����mv�th�¦v�s0{��2c�n�l�s�{�c¨Ôytev�cejZ{w�zgrq	{�l�~[cef$��lRf�n {��2c��mi�l
th�}~mf�crk`v�te{�v�lRjC�>���mv�s
tef�cug\{�crs�g}j2ce� s�ceo�n�cejZ{hg\{�v�lRjä~�g\{�{�cef�jÃ{���g\{�v�s�gRs�s�l�tev�g\{�crkÃlRjmixq©��vx{��B{��2cy~mf�crk`v�te{�v�lRjå~mf�l�trcrs�su�
���Z|2su��{��2c>s�ceo�n�cej
{hg\{�v�lRj�{�f�crc>|2s�crk©�blRfw~mf�crk`v�te{�v�lRj�tug\jÃ�[c>cevx{��2cefwv�kmcej
{�v�tug\i�{�l¢{��2c�lRj2c>|2s�crk
���2cej}gw�mi�l
th��v�s�cej2trl
kmcrk��Zq��}����lRf�tug\j��[c�gw~mf�|mj2crk�dGcef�s�v�lRj}l\�,vx{u�

� j�{��2c�c¨�2g\n�~mi�cwl\� ¡ vxo�|mf�c�á`�!¬`�C{��2c�~mf�crk`v�te{�v�lRj©l\��g\j	vxjm~m|m{0�mi�l
th���
X̂l

PM

�[v�s�~[cef$��lRf�n�crk	vxj
��lR{��©��g\ixdGcrs¥�

Rl−1
PM1

g\j2k
Rl−1

PM2

�C|2s�vxjmo�vxj2kmce~�cej2kmcej
{�~mf�crk`v�te{�v�lRjÃn�l
kmcrs
M1

g\j2k
M2

� � jP{��mv�s
tugRs�c��Z{��2c�i�c¨�±{]f�crs�v�k`|2c��mi�l
th��v�s&kmce{�cef�n�vxj2crk>|2s�vxjmo�~mf�crk`v�te{�v�lRj�n�l�kmc

M1
g\j2ky{��2c�trlRf�f�crs�~[lRj2k`vxjmo

f�crs�v�k`|2c@�mi�l�t��[�
Rl−1

M1

�¥v�s�g\~m~mf�lr�`vxnyg\{�crkw|2s�vxjmo�g�s�vxjmo�i�c&trl�kmc¨ÉSdGcrte{�lRfu�R��vx{���vxj2kmc¨�
i0
�,���2c&kmcrtrl�kmcrk

dGcef�s�v�lRj¢l\��{��2c�§2f�s�{���g\i���l\�,{��mv�s��mi�l�t��[�mo�vxdGcej��
q�÷

X̂l−1
left = Pl−1

M1
+ R̂l−1

M1
,

°bá`�ÛÚ�³
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v�s�|2s�crk�{�l>kmce{�cef�n�vxj2c�{��2c�~mf�crk`v�te{�v�lRjP�mi�l�t��¢��lRf�{��2c�f�vxo��Z{0��g\i��]l\�&{��2c��mi�l�t��[�
Pl−1

M1

�����2cwf�vxo��Z{
��g\i��,|2s�crs�lRjmixq�lRj2c�~mf�crk`v�te{�v�lRj�s�{�ce~¤°±n�l�kmc

M2
³¨�2�m|m{�{��2c�trlRf�f�crs�~[lRj2k`vxjmo�f�crs�v�k`|2c0�mi�l�t��[�

Rl−1
M2

�
v�s�cej2trl
kmcrk��Zq��}���å|2s�vxjmo�{��2c�trlRj2tug\{�cej�g\{�v�lRj}l\��{��mf�crc�k`v�te{�v�lRj�g\f�q�dGcrte{�lRf�su÷

R̂l−1
M2

=
(

Ŝl−2
i1

: Ŝl−3
i2

: Ŝl−3
i3

)

.
°bá`� ­ ³

���2c0s�crtrlRj2k���g\i��@l\�,{��2c0lRf�vxo�vxj�g\i^�mi�l
th�>tug\j¢��c�f�crtrlRj2s�{�f�|2te{�crk¢�Zq�|2s�vxjmo2÷

X̂l−1
right = Pl−1

M2
+ R̂l−1

M2
,

°bá`�54G³

g\j2k�§2j�g\ixixqG�¥{��2c]g\~m~mf�lr�`vxnyg\{�v�lRjwl\�`{��2c@lRf�vxo�vxj�g\iZ�mi�l�t���nygrq��[c@kmce{�cef�n�vxj2crk��
q�{��2c@trlRj2tug\{�cej�g\{�v�lRj
l\�,{��2crs�c�{L�]ly�mi�l
th��su�[ÕSÓ±ÖuÓ�÷

X̂l =
(

X̂l−1
left : X̂l−1

right

)

.
°bá`�xéuÆG³

���2c�|2s�c�l\�@gRk2g\~m{�vxdGc��mi�l�t���s�vxæucrs���lRf�~mf�crk`v�te{�v�lRj�~m|mf�~[l�s�crs�n�cug\j2s�{���g\{�vxj`�blRf�nyg\{�v�lRj�g\�[lR|m{
{��2c�k`vxn�cej2s�v�lRj2s�l\��{��2c�~mf�crk`v�te{�v�lRj¦�mi�l�t��`s0n�|2s�{�g\i�s�l���c�cej2trl�kmcrkI�^g\i�lRjmo¢��vx{��©{��2c�~mf�crk`v�te{�v�lRj
n�l
kmc��Is�l>{���g\{0{��2c�kmcrtrl�kmcef�v�s�g\�mi�c�{�l�f�ce~mixv�tug\{�c�{��2c�~mf�crk`v�te{�v�lRj©~mf�l
trcrk`|mf�c�� � j2s�{�cugRk	l\�]vxj2kmc¨É
~�cej2kmcej
{�ixq¢cej2trl
k`vxjmoY{��2c��mvxj�g\f�q¢shceo�n�cejZ{hg\{�v�lRj	{�f�crcrsu�2{���g\{�f�ce~mf�crs�cej
{�{��2c�s�|m�`ÉS�mi�l
th��s�|2s�crk���lRf
~mf�crk`v�te{�v�lRj¤g\j2k	{��2c��}���ëtrl�k`vxjmo�k2g\{hg`�C{��mv�s�vxj`�blRf�nyg\{�v�lRj¦v�szÈ�lRvxjZ{�ixq	cej2trl
kmcrkI�+|2s�vxjmo¢g>s�vxjmo�i�c
s�ceo�n�cejZ{hg\{�v�lRj�{�f�crc�� ¡ lRf�{��mv�s�~m|mf�~[l�s�c��`{��mf�crc�s�ceo�n�cej
{hg\{�v�lRj6�Og\oGs�g\f�c0|2s�crkI�`vxj2s�{�cugRk�l\�^{��2c�{"�zl
lRf�vxo�vxj�g\i&�Og\oGs�kmcrs�tef�vx�[crk�vxj�)]��g\~m{�cef�«`�-)zlRj2s�v�kmcef�vxjmo�{��2c0c¨�2g\n�~mi�c�vxj ¡ vxo�|mf�c�á`�!¬`�`{��2c0s�{�f�vxjmo�l\�
s�q
n���lRi�s�oGcej2cefhg\{�crk��Zq�{��2c����}��É � cej2trl�kmcef��blRf�{��mv�s��mi�l
th��v�su÷

0 1 M1 i0 2 M2 1 i1 0 1 i2 1 i3,

���2cef�c
M1

g\j2k
M2

g\f�c¢{��2c¢~mf�crk`v�te{�v�lRj®n�l�kmc7�Og\oGs�g\j2k
i0, ..., i3

g\f�c}{��2c�vxj2kmc¨�mcrsy|2shcrkä�
q
�}����É � {�l�g\~m~mf�lr�`vxnyg\{�c�cugRt���l\�,{��2c�s�|m�`ÉS�mi�l
th��s¥�����2c0j2ce�ês�ceo�n�cej
{hg\{�v�lRj6�Og\oGs�g\f�c�÷

• �Og\o�Ø!Æ`Ørvxj2k`v�tug\{�crs�g�{�f�crc&j2l
kmc�°±�mi�l�t���shceo�n�cejZ{hg\{�v�lRjO³I��lRfC���mv�th��j2l�~mf�crk`v�te{�v�lRj�v�sCj2crtrcrshshg\f�qG�
���mv�s8�Og\o¤v�s�|2s�crk����2cejäj2lP~mf�crk`v�te{�v�lRjWn�l
kmc���gRs��[crcej�s�ce{Yg\j2k���lR{���{��2c�~mf�crk`v�te{�v�lRj
�mi�l�t��Yg\j2k����}�B�mi�l�t���n�|2s�{���c�s�ceo�n�cej
{�crk©°±ixvx�Gc�vxj>{��2c�§2f�s�{"�Og\ow|2shcrky�blRfz{��2c�~mf�ced�v�lR|2s
c¨�2g\n�~mi�c¥³wlRfw���2cejå{��2c>~mf�crk`v�te{�v�lRjäs�{�ce~Ã��gRs�g\ixf�cugRk`qÃ�[crcejÃ~[cef$�blRf�n�crkI�@�m|m{�{��2c��}���
�mi�l�t���s��2lR|mi�k��[c0s�ceo�n�cejZ{�crkÃ°bgRs�vxj�{��2c�tugRs�c0l\��{��2c�s�crtrlRj2kPØ!Æ`Ø9�Og\oyl\�,{��2c0c¨�2g\n�~mi�c¥³¨ø

• �Og\o¦Øxé�Ø[vxj2k`v�tug\{�crs�g�{�f�crc�i�cugM�$� � �]j2l�~mf�crk`v�te{�v�lRj¦n�l�kmc���gRs0��crcej¦~mf�ced
v�lR|2s�ixq	s�ce{��blRf0{��2c
~mv��mcei�swl\��{��mv�s��mi�l�t��[��{��mv�s:�Og\o	v�s��blRixi�lu�zcrkB�Zq¤g¢~mf�crk`v�te{�v�lRjån�l�kmc��Og\o2��{���g\{�kmcrs�tef�vx�[crs
{��2c�~mf�crk`v�te{�v�lRjB~mf�l�trcrs�s����mv�th�ås��2lR|mi�k©�[c�|2s�crkÃg\{�{��mv�sws�tug\i�c}°±|2shcrk¦vxj¤{��2c�§2f�s�{���g\i���l\�
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{��2c��mi�l�t���f�ce~mf�crs�cejZ{�crk¢vxj�{��2c0c¨�mg\n�~mi�c�l\� ¡ vxo�|mf�c�á`�!¬`���blRixi�lu�zcrk��Zq�{��2c�~mf�crk`v�te{�v�lRj}n�l
kmc
�Og\o

M1
³¨� � �@~mf�crk`v�te{�v�lRj¦k2g\{hgY��gRs0g\ixf�cugRk`q¢�[crcejPkmc¨§2j2crk¢�blRf�{��mv�s��mi�l
th���=�Og\oPØxé�Ø[s�vxo�j�g\i�s

gYs�vxn�~mi�c�{�f�crc�i�cugM�zg\j2k}v�s���lRixi�l¥�]crk��Zq�{��2c�k`v�te{�v�lRj�g\f�q}vxj2kmc¨�}l\�@{��2c�dGcrte{�lRf�|2s�crk¢�blRf�{��2c
g\~m~mf�lr�`vxnyg\{�v�lRj °bgRs�vxjB{��2c�tugRs�c�l\��{��2c�s�|m�`ÉS�mi�l
th��s�{���g\{�|2s�c>vxj2kmc¨�`crs

i2
g\j2k

i3
vxjå{��2c

c¨�2g\n�~mi�c¥³¨ø

• �Og\o©Ø!«`ØIg\i�s�l�trlRf�f�crs�~�lRj2kms�{�l�g>{�f�crcwj2l�kmc�°��}���ìs�ceo�n�cej
{hg\{�v�lRjO³¨�C�m|m{�g\{�g�s�tug\i�cw���2cef�c
~mf�crk`v�te{�v�lRj�s��2lR|mi�k���c]~[cef$��lRf�n�crkI� � {^v�s�g\ix�zguq�s,�blRixi�lu�zcrk��Zq�{��2c�trlRf�f�crs�~[lRj2k`vxjmo�~mf�crk`v�te{�v�lRj
n�l�kmc>�Og\o¢°±ixvx�Gc���lRf�{��2c0s�crtrlRj2k>��g\i���l\�^{��2c��mi�l�t��yf�ce~mf�crshcejZ{�crk�vxj�{��2c0c¨�2g\n�~mi�c0l\� ¡ vxo�|mf�c
á`�!¬G³¨� ¡ f�lRní{��mv�s�~[lRvxjZ{�lRj�j2lw��|mf�{��2cef�~mf�crk`v�te{�v�lRj¢s��2lR|mi�k��[c�|2shcrk�g\j2k�g\ixi=�Og\oGs�f�ce~mf�crs�cej
{
trl�k`vxjmoykmcrtev�s�v�lRj2s�f�cei�g\{�crk¢{�l�{��2c��}���å~mf�l�trcrs�su�

��s�vxj	�}���^�Ig\ixi�s�q�n��[lRi�s�g\f�c�cej2trl�kmcrk�|2s�vxjmo�g\jPgRk2g\~m{�vxdGc�g\f�vx{��mn�ce{�v�t�cej2trl
kmcefu�0���2c�~mf�c¨É
d
v�lR|2s�ixq¦~mf�crs�cejZ{�crk	È�lRvxjZ{�cej2trl�k`vxjmoP~mf�l
trcrk`|mf�c���gRs�t��2l�s�cejå�[crtug\|2s�c>vx{�v�swn�lRf�c�c¨Ôytev�cejZ{�{���g\j
{�fhg\j2s�n�vx{�{�vxjmo�{L�]l�vxj2kmce~�cej2kmcej
{�s�ceo�n�cejZ{hg\{�v�lRj�{�f�crcrsu�
lRj2c��blRf&�mi�l�t���~mf�crk`v�te{�v�lRj�g\j2kYg\j2lR{��2cef]��lRf
�}���¤k2g\{hg`� � jY{��2c�g\�[ludGc�c¨�2g\n�~mi�c���éuù�s�q�n��[lRi�szg\f�c�cej2trl�kmcrkY�
q�|2s�vxjmo�g�s�vxjmo�i�c�s�ceo�n�cej
{hg\{�v�lRj
{�f�crc��w��j©lR�Zd�v�lR|2s�g\ix{�cef�j�g\{�vxdGcy�]lR|mi�kP�[cw{�l�cej2trl
kmc�g\j2kP{�fhg\j2s�n�vx{�g\jPvxj2kmce~�cej2kmcej
{�{�f�crc���vx{��
{��2c��mi�l
th�¤~mf�crk`v�te{�v�lRjäk2g\{hg`�]~mix|2s�g	s�ce~�g\fhg\{�c�{�f�crc���vx{��å{��2c������Ïg\~m~mf�lr�`vxnyg\{�v�lRjC� ¡ lRf�{��2c
~mf�crs�cejZ{�crkYc¨�mg\n�~mi�c�{��mv�s&�]lR|mi�ky��c�n�lRf�c�vxj2c¨Ôytev�cejZ{&{���g\jY{��2c�|2s�crk�g\~m~mf�lGgRth�C�
�[crtug\|2s�c�vx{&�]lR|mi�k
f�crÇZ|mvxf�c>g�{�lR{hg\i]l\��éu¬�s�q�n��[lRi�su÷�á�s�q�n��[lRi�s0�blRf�{��2c�~mf�crk`v�te{�v�lRjÃ{�f�crc�~mix|2s>é�é�s�q�n��[lRi�s0�blRf�{��2c
�}����k2g\{hg`�

üD³´²D³´² ?	F�aR? · N&JLKMaRV+E�aGJSV+DûVA@@aGJLTWJLK\FOaGJ"V+D
Å�jmixvx�Gc�{��2c�g\ixoGlRf�vx{��mníkmcrs�tef�vx�[crk�vxj�£�crte{�v�lRj�ù`�xé��xé���{���g\{�lRjmixq�trlRj2s�v�kmcef�s]{"�]l�tugRs�crs&�blRf]cugRt��>{�f�crc
j2l
kmc�°�cugRt��B�mi�l
th�©tug\jÃcevx{��2cefw�[cYs�ceo�n�cej
{�crk¤lRf�g\~m~mf�lr�`vxnyg\{�crkB�ZqP|2s�vxjmo	g¢s�vxjmo�i�cYk`v�te{�v�lRj�g\f�q
dGcrte{�lRf�³¨��{��2cP�}����É � cej2trl
kmcef�n�|2s�{}g\i�s�lålR~m{�vxn�v�s�c©{��2c	�mi�l
th��~mf�crk`v�te{�v�lRjC� � jëlRf�kmcef�{�l�kml
{��mv�su�����}��É � |2shcrs>g\jìgRk2g\~m{�crkWdGcef�s�v�lRjWl\��{��2c�lRf�vxo�vxj�g\i0Í�Î lR~m{�vxn�v�s�g\{�v�lRjìg\ixoGlRf�vx{��mn�� ���2c
k`v�s�{�lRf�{�v�lRj©g\j2k}fhg\{�cwd�g\ix|2crs�gRs�s�l�tev�g\{�crk¢��vx{��P{��2cwf�crs�v�k`|2cw�mi�l�t��}g\{0cugRth�P�mvxj�g\f�q¢{�f�crcwj2l
kmc�g\f�c
crs�{�vxnyg\{�crkI�zg\j2kB{��2c�d�g\ix|2crsw�blRfw{��2c�trlRf�f�crs�~�lRj2k`vxjmo¦trl�s�{���|mj2te{�v�lRj2syg\f�c�kmce{�cef�n�vxj2crkI�åÎ�|mf�vxjmo
lR~m{�vxn�v�shg\{�v�lRjC��{��2cyÿ+g\o�fhg\jmo�v�g\jåtrl�s�{�s��blRf�{��2c�~mf�crk`v�te{�v�lRjOþ\trl�k`vxjmoPlR~m{�v�lRj2s�g\f�cytrlRn�~�g\f�crkI�@g\j2k
{��2c�n�l�s�{��SgrdGlR|mfhg\�mi�c�shlRix|m{�v�lRj�v�s�t��2l�shcejC�

�}����É � ��vx{���g�§m�mcrky~mf�crk`v�te{�v�lRj��mi�l�t��>s�vxæucw°�������É �&¡ ��£m³�|2shcrs�gws�{�fhg\vxo��
{$��lRf���g\f�k�~mf�crk`v�t¨É
{�v�lRj�lR~m{�vxn�v�shg\{�v�lRj�°�s�crc ¡ vxo�|mf�c]á`�ÛÚ�³¨÷[�blRf+cugRt���grd�g\vxi�g\�mi�c@~mf�crk`v�te{�v�lRjwn�l
kmc��

M
�Mvx{I§2f�s�{^kmce{�cef�n�vxj2crs
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C�D(EFDHGHI�J KLD�MONPMPJ Q M RHQ D�I9SUT DWV

Rl
M = Prediction(Xl,M)

TM = MMP X optimise(Rl
M , λ)

J(TM ) < Jmin?

Jmin = J(TM );Mbest = M

���%�

���%�

�� 

�� 

Q MUV(EYIZSUT D\[

M = ] D(EYKLD�^_EYI9SUT DP` a

encode(Mbest)

MMP b encode b block(TMbest
)

Ý�¸�Á�º+¹\´}Þc%Od�à�¡ i�lu�]th��g\f�{��blRf�{��2c����}��É �]¡ ��£�g\ixoGlRf�vx{��mn��

{��2c�~mf�crk`v�te{�v�lRj}cef�f�lRfz�mi�l�t���l\�+{��2c0lRf�vxo�vxj�g\iCs�tug\i�c��
Rl

M

�mg\j2k�{��2cej>|2shcrs�{��2c������ålR~m{�vxn�v�shg\{�v�lRj
g\ixoGlRf�vx{��mnp{�l�kmce{�cef�n�vxj2cw{��2c��}���ìg\~m~mf�lr�`vxnyg\{�v�lRj©l\�&{��mv�s��mi�l
th���[o�vxdGcej	�
q

R̂l
M

�����2c��}���
lR~m{�vxn�v�shg\{�v�lRj�f�lR|m{�vxj2c�g\i�s�l�f�ce{�|mf�j2s�{��2c�dRg\ix|2c�l\�,{��2c0trl�s�{���|mj2te{�v�lRj}gRs�s�l�tev�g\{�crk���vx{���~mf�crk`v�te{�v�lRj
n�l
kmc

M
÷
J(TM )

�]����{�cef�f�ce~�cug\{�vxjmoY{��mv�s�~mf�l�trcrk`|mf�c0�blRf�cedGcef�q¢grd�g\vxi�g\�mi�c�~mf�crk`v�te{�v�lRj�n�l�kmc��m{��2c
~mf�l
trcrs�s�s�vxn�~mixqPt��2l�l�s�crs�{��2cYlR~m{�v�lRj©{���g\{�n�vxjmvxn�v�s�crs�{��2c�d�g\ix|2c�l\��{��2c�Í�Î lR~m{�vxn�v�shg\{�v�lRjBtrl�s�{
�±|mj2te{�v�lRj©g\j2k�|2s�crs�vx{�{�l>cej2trl�kmcw{��2cwvxjm~m|m{��mi�l�t��[�0�è�blRf�nyg\i�kmcrs�tef�vx~m{�v�lRj©l\�]{��2cw�}����É ��¡ ��£
g\ixoGlRf�vx{��mn v�s�~mf�crs�cej
{�crk�vxj�£�crte{�v�lRje���!ù�l\����~m~�cej2k`v��7���

�}����É � ��vx{��YgRk2g\~m{�vxdGc��mi�l�t���s�vxæuc�~mf�crk`v�te{�v�lRjY{�crs�{�s&g\ixi2~[l�s�s�vx�mi�c�trlRn��mvxj�g\{�v�lRj2s]l\�[~mf�crk`v�te{�v�lRj
�mi�l
th�¢s�vxæuc�g\j2k¢~mf�crk`v�te{�v�lRj	n�l�kmc��Ovxj	lRf�kmcef�{�lYkmce{�cef�n�vxj2cw{��2cwn�l�s�{�c¨Ôytev�cejZ{0lR~m{�v�lRjC� � j	lRf�kmcef
{�l©kmlP{��mv�su�]{��2c¢���}��É ��¡ ��£Ã~mf�l�trcrk`|mf�c�v�s�|2shcrkåf�crte|mf�s�vxdGceixqG�z~�cef$�blRf�n�vxjmo¦{��2c¢lR~m{�vxn�v�shg\{�v�lRj
kmcrtev�s�v�lRj2s���lRf�g�o�vxdGcej	vxnyg\oGc��mi�l
th�

Xl �[l\��§m�`crk�s�vxæuc��>�zcrs�v�kmcrs�{��2cwlR~m{�vxn�v�shg\{�v�lRjPl\�&{��2cw�}���
trlRn�~mf�crs�s�v�lRjël\��{��2c	te|mf�f�cej
{�j2l
kmc���{��mv�s>��|mj2te{�v�lRjêg\i�s�lB��gRs�{�lBkmcrtev�kmc	v���{��2cPte|mf�f�cejZ{¢�mi�l
th�
s��2lR|mi�k	|2s�c�g�s�vxjmo�i�c�~mf�crk`v�te{�v�lRj¤n�l
kmc��+lRf���c�~mf�crk`v�te{�crk©vxj©{"�zl�lRf�n�lRf�c�s�ce~�g\fhg\{�c�s�{�ce~2su� ¡ lRf
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T = optimise(Xl)

l > 4?

segment
(

Xl
)

→ Xl−1
0 | Xl−1

1

T0 = optimise(Xl−1
0 )

T1 = optimise(Xl−1
1 )

J(T ) < J(T0) + J(T1)

���%�

���%�

�� 

�� 

h  :¢v 
£ �"�Hi_jÁ� ¢(£�¤#¦ � «L§ kZ£*§  
¢
use(T )

l �Hi_jÁ� ¢(£�¤#¦ � «L§ kZ£*§  
¢
use(T0)

use(T1)

Ý�¸±ÁOº^¹M´	Þ&%(mIà�¡ i�lu�zt���g\f�{���lRf�{��2c��}����É � g\ixoGlRf�vx{��mn��

{��mv�s�~m|mf�~[l�s�c��+{��2cYg\ixoGlRf�vx{��mn ~�g\f�{�vx{�v�lRj2s�{��2c�vxnyg\oGc��mi�l�t��	vxj
{�l�{"�zl¢s�ce~�g\fhg\{�cYs�|m�`ÉS�mi�l�t��`s�g\j2k
f�crte|mf�s�vxdGceixqìlR~m{�vxn�v�s�crs�{��2cP���}��É � trlRn�~mf�crs�s�v�lRjì��lRf}cugRt��ë��g\i����í����{�cef�ced�g\ix|�g\{�vxjmoä{��2c©Í�Î
lR~m{�vxn�v�shg\{�v�lRj�trl�s�{C�±|mj2te{�v�lRj�gRs�s�l�tev�g\{�crk0��vx{���{��2crs�c&{"�]l�trl
k`vxjmo�lR~m{�v�lRj2su�\{��2c�n�ce{��2l
k�kmce{�cef�n�vxj2crs
{��2c��[crs�{�~mf�crk`v�te{�v�lRjÃ~�g\{�{�cef�jÃ��lRf�{��2c>te|mf�f�cejZ{��mi�l�t��¦g\j2k¦{��2cYtrlRf�f�crs�~[lRj2k`vxjmo	�}���ûcej2trl�k`vxjmo
k2g\{hg`�Ñ� s�vxn�~mi�cn��lu�zt���g\f�{¢��lRf�{��mv�s�~mf�l�trcrs�s�v�s�~mf�crs�cej
{�crkìvxj ¡ vxo�|mf�c©á`� ­ �Ñ��jëg\ixoGlRf�vx{��mn�v�t
kmcrs�tef�vx~m{�v�lRj¢l\���}����É � v�s�~mf�crs�cejZ{�crk¢vxj�£�crte{�v�lRje��� Â2�

���2c0�}����É � lR~m{�vxn�v�shg\{�v�lRj�~mf�l�trcrs�s�f�c3��crte{�s�gwtrlRn�~mf�lRn�v�s�c0�[ce{"�zcrcej�{"�zl��SgRte{�lRf�su÷�§2f�s�{u�`{��2c
|2s�c�l\��s�nyg\ixi�~mf�crk`v�te{�v�lRj¦�mi�l
th��s�vxæucrs��SgrdGlR|mf�s�~mf�crk`v�te{�v�lRj¤gRtrte|mfhgRteqG�C�m|m{���gRs�{��2c�k`v�shgRk`dRg\j
{hg\oGc
l\��vxj2tef�cugRs�vxjmo}{��2cYludGcef��2cugRkBgRs�s�l�tev�g\{�crk©��vx{��¦{��2cY~mf�crk`v�te{�v�lRjÃn�l
kmc��Og\oGsuø�s�crtrlRj2kI�,{��2c�|2s�cyl\�
i�g\f�oGcef^~mf�crk`v�te{�v�lRjw�mi�l
th��s,shgudGcrs+~mf�crk`v�te{�v�lRj��mvx{�su�M�m|m{^{�cej2kms^{�l�oGcej2cefhg\{�c]~mf�crk`v�te{�crk�f�crs�v�k`|2c&�mi�l�t��`s
��vx{��©n�lRf�cygRte{�vxd�vx{"qG�^{���g\{�|2s�|�g\ixixq�f�crÇZ|mvxf�c�n�lRf�c��mvx{�s0{�l��[c�trlRn�~mf�crs�s�crkI�Y���Z|2su�^{��2c�|2s�cyl\��g
�mv�cefhg\f�t��mv�tug\i,~mf�crk`v�te{�v�lRj�s�th�2cen�c���trlRn��mvxj2crk¢��vx{���{��2c�kmcrs�tef�vx�[crk�Í�ÎèlR~m{�vxn�v�shg\{�v�lRj�{�crt��mjmv�Ç
|2crsu�
g\ixi�lu��s@{��2c�cej2trl
kmcef]{�l0kmce{�cef�n�vxj2c�{��2c��[crs�{�{�fhgRkmc¨É"l\Ì��[ce{"�]crcej>{��2c�~mf�crk`v�te{�v�lRjY~�cef$�blRf�nyg\j2trc�g\j2k
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Ý�¸±ÁOº^¹\´�Þc%H�Cà ���mf�crc�l\�C{��2c�k`vxf�crte{�v�lRj�g\i�~mf�crk`v�te{�v�lRj�n�l�kmcrszg\j2kY{��2c�cevxo��
{�~mf�crk`v�te{�v�lRj�k`vxf�crt¨É
{�v�lRj2s�|2shcrk�vxj��}����É � �

{��2c�g\ixi�l
tug\{�crk¢fhg\{�c��

ü��O���O� <>=@?�@&EG?ON&J"_�aGJ"V+D�@]EGV�_`?�KRK
� jPlRf�kmcef�{�l�cejm��g\j2trc�{��2c�~�cef$�blRf�nyg\j2trc�l\�z{��2c�~mf�crk`v�te{�v�lRj¦~mf�l�trcrs�su�I���mv�th�¤g\vxn�s�{�l�~mf�l�k`|2trcyg
i�lu��cej2cef�o�q�f�crs�v�k`|2c�~�g\{�{�cef�jY��lRf&cedGcef�q�~mf�l�trcrs�s�crk��mi�l
th����s�cedGcefhg\i�~mf�crk`v�te{�v�lRj>n�l�kmcei�s@�]cef�c�vxj2trlRf$É
~�lRfhg\{�crk�vxjZ{�l�������É � �[���2crs�cwn�l�kmcrs��]cef�c�vxj2s�~mvxf�crk	�
q¢{��2l�s�cw|2s�crk��Zq ã �!«�¬\Â
þ\����)��xéuù��"�[~mix|2s
g�s�ce{wl\��lR{��2cefwn�l�kmcrsu�,{���g\{�kmce{�cef�n�vxj2c>{��2c�~mf�crk`v�te{�v�lRjB�mi�l�t��P��gRs�crkÃlRj¦j2lRj`É"k`vxf�crte{�v�lRj�g\i�~mf�c¨É
k`v�te{�v�lRj�s�th�2cen�crsu����lRf�crludGcefu�[s�lRn�c�gRk2g\~m{hg\{�v�lRj2s��zcef�cwg\i�s�lynygRkmc�lRj}{��2c�lRf�vxo�vxj�g\i ã �!«�¬\Â
þ\����)
~mf�crk`v�te{�v�lRjP~mf�l
trcrs�s¥�����2cwÎ�)ên�l
kmc���{���g\{�v�s0g\i�s�ly|2shcrk}�
q ã �!«�¬\Â
þ\����)����zgRs�vxjmvx{�v�g\ixixq�trlRj2s�v�k�É
cef�crkI�G�m|m{&��gRs@f�ce~mi�gRtrcrky�Zqyg�j2ce��~mf�crk`v�te{�v�lRj>n�l�kmc�{���g\{&|2s�crs@{��2c�n�l�s�{���f�crÇ
|2cejZ{&d�g\ix|2c�°�� ¡ �0³
g\n�lRjmoY{��2c�j2cevxo��Z�[lR|mf�vxjmo�~mv��`cei�s¥��vxj2s�{�cugRk�l\�@{��2cevxf0grdGcefhg\oGc������mv�s�t���g\jmoGc��Cg\ixi�lu�zcrk	�}����É � {�l
gRt��mv�cedGc�oGl�l
k�~�cef$�blRf�nyg\j2trcrs@cedGcejw�blRf^j2lRj`É"s�n�l�lR{���vxnyg\oGcrsu�����2c�� ¡ ��~mf�crk`v�te{�v�lRj�n�l�kmcz��vxixi`��c
c¨��~mi�g\vxj2crk¢i�g\{�cef�vxj¢{��mv�s�s�crte{�v�lRjC��gM�±{�cef�g��mf�v�c¨�@k`v�s�te|2s�s�v�lRj�l\��{��2c�k`vxf�crte{�v�lRj�g\i�~mf�crk`v�te{�v�lRj}n�l�kmcrs
|2s�crk��Zq����}��É � �

·�¸�¹\´��G¶¥¸�»�¼+½2¾]¿,¹M´��,¸P��¶¥¸±»O¼��©»c�,´Zµ
Î�vxf�crte{�v�lRj�g\iI~mf�crk`v�te{�v�lRj¢n�l
kmcrs�g\f�c�c¨Ôytev�cejZ{�g\{z~mf�crk`v�te{�vxjmo>g\f�cugRs�l\�^{��2c�vxnyg\oGc���vx{���s�{�f�|2te{�|mf�crk
{�c¨��{�|mf�c��©£�cedGcefhg\i�k`vxf�crte{�v�lRj2s�g\f�c>|2s�crk¦vxjBlRf�kmcef�{�l}trl¥dGcef�{�c¨��{�|mf�c>lRf�v�cejZ{hg\{�v�lRj2s�fhg\jmo�vxjmo	�±f�lRn
dGcef�{�v�tug\i�g\j2k��2lRf�vxæulRj
{hg\iO~�g\{�{�cef�j2s&{�l�g0s�ce{@l\�Ck`v�g\oGlRj�g\i�n�l�kmcrsu��{���g\{ztrlRf�f�crs�~[lRj2k�{�l0{��2c�~[l�s�s�vx�mi�c
~mf�crk`v�te{�v�lRj©k`vxf�crte{�v�lRj2s0{���g\{�|2s�c�tug\|2s�g\i,f�c¨�bcef�cej2trc��mi�l�t��`su�0���2cwvxnyg\oGc�g\f�cugRs�|2s�crkPgRs�f�c¨�bcef�cej2trc
��lRf^~mf�crk`v�te{�v�lRj�trlRf�f�crs�~�lRj2k�{�l�{��2c&j2cevxo��
��lR|mf�vxjmo0~mv��mcei�s^{�l�{��2c]i�c¨��{�g\j2k�g\��l¥dGcz{��2c]te|mf�f�cej
{,�mi�l�t��[�
gRs�f�ce~mf�crs�cej
{�crk	vxj ¡ vxo�|mf�c�á`�54`��Î�ce~[cej2k`vxjmo�lRj}{��2c�i�l�tug\{�v�lRj	l\�@{��2cwvxnyg\oGc��mi�l
th�¢{���g\{�v�s���cevxjmo
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~mf�crk`v�te{�crkI��j2lR{�g\ixiz~mf�crk`v�te{�v�lRjån�l�kmcrs�nyguq¦�[cYgrd�g\vxi�g\�mi�c�� ¡ lRf�c¨�mg\n�~mi�c��@v���{��2cyi�c¨��{�f�c¨�bcef�cej2trc
~mv��`cei�s0g\f�cwj2lR{�grd�g\vxi�g\�mi�c�°±ixvx�Gcwvxj�{��2c�tugRs�c�l\�&vxnyg\oGc��mi�l�t��`s�i�l�tug\{�crk	g\{�{��2cwi�c¨��{��[lRf�kmcef0l\�]{��2c
~mv�te{�|mf�c¥³¨��lRjmixq�dGcef�{�v�tug\i�°bÆG³�g\j2k��"i�c¨��{� Y°bùyg\j2kPÚ�³�n�l�kmcrs�nyguq���c�|2s�crkI� � j¢{��mv�s�tugRs�c��[g\ixi^lR{��2cef
n�l
kmcrs�g\f�c�nyg\f��Gcrk¢gRs�|mj�grd�g\vxi�g\�mi�c�g\j2k}g\f�c0j2lR{�trlRj2s�v�kmcef�crk�vxj�{��2c�cej2trl
k`vxjmo�~mf�l�trcrs�su�

���2c>vxn�~mi�cen�cejZ{hg\{�v�lRj�l\��{��2c�k`vxf�crte{�v�lRj�g\i�n�l
kmcrsw|2s�crkåg\jägRk2g\~m{hg\{�v�lRj�l\��{��2cY~mf�l�trcrs�s�kmc¨É
s�tef�vx��crk�vxjW{��2c ã �!«�¬\Â
þ\����) s�{hg\j2k2g\f�k¡�xéuù��"�¡��crtug\|2s�c}������É � |2s�crsY~mf�crk`v�te{�v�lRjì�mi�l
th��sY��vx{��
gRk2g\~m{�vxdGc¢k`vxn�cej2s�v�lRj2su�z|mjmixvx�Gc ã �!«�¬\Â
þ\����) {���g\{ylRjmixqåkmc¨§2j2crsy{��2c�~mf�crk`v�te{�v�lRjä�mi�l�t��`s��blRf�{��2c
16 × 16

�
8 × 8

g\j2k
4 × 4

tugRs�crsu��{��2c>lRf�vxo�vxj�g\i�~mf�crk`v�te{�v�lRjå~mf�l
trcrshs���gRs�gRk2g\~m{�crkB{�l¢{��2cYj2ce�
~mf�crk`v�te{�v�lRjW�mi�l�t��Ws�vxæucrsu��|2s�vxjmoBg¤s�{�fhg\vxo��Z{$�blRf��zg\f�kêc¨��~�g\j2s�v�lRj®l\��{��2c ã �!«�¬\Â
þ\����) ~mf�crk`v�te{�v�lRj
~mf�l
trcrs�s¥�å� kmce{hg\vxi�crk�kmcrshtef�vx~m{�v�lRj�l\��{��2c�lRf�vxo�vxj�g\i�~mf�crk`v�te{�v�lRjä~mf�l�trcrs�s�tug\jä��c>�blR|mj2kåvxj��xéuù��"�
���mvxi�c0f�c¨��cef�cej2trcrs:�ÛÚRá`��ÚR¬��C~mf�crs�cej
{�gwdGcef�q>|2s�c¨�±|miCl¥dGcef�d
v�ce� l\�,{��2crshc0n�ce{��2l
kms¥�

���2c�k`vxf�crte{�v�lRj�g\i�~mf�crk`v�te{�v�lRj�n�l�kmcrs�vxjZ{�f�l�k`|2trc�d
v�s�vx�mi�c�g\f�{�v��SgRte{�s�vxjB{��2c�~mf�crk`v�te{�v�lRj�s�vxo�j�g\iS�
{���g\{Yg\f�c�|mj`�SgrdGlR|mfhg\�mi�c}{�l¦g\jäc¨Ôytev�cejZ{>trlRn�~mf�crs�s�v�lRjC��crs�~[crtev�g\ixixqÃ��lRf��mi�l�t��ås�vxæucrsyi�g\f�oGcef�{���g\j
4 × 4

�ÛÚ�Ú��"�U�+lÃf�crk`|2trc�{��2cPg\f�{�v��bgRte{�su��{��2c�~mv��`cei�s>|2s�crk��blRfY~mf�crk`v�te{�v�lRjêg\f�c}§2ix{�cef�crkW|2s�vxjmo�g
i�lu��ÉS~�gRs�s�§2ix{�cef���vx{���vxn�~m|mi�s�c0f�crs�~�lRj2s�c�÷

h(n) =

{

1

4
,

2

4
,

1

4

}

.

��s�vxj ã �!«�¬\Â
þ\����)��m{��mv�s�§2ix{�cef�vxjmoYs�{�ce~�vxj2tef�cugRs�crs�{��2c�c¨Ôytev�cej2teq�l\��{��2c�~mf�crk`v�te{�v�lRj¢~mf�l�trcrs�su�
���2c�c¨Ôytev�cej2teq�l\�0{��2c�k`vxf�crte{�v�lRj�g\i�~mf�crk`v�te{�v�lRjän�l�kmcrs�v�s�o�f�cug\{�cefy��lRf�s�nyg\ixi�cefy�mi�l�t��ås�vxæucrsu�

{���g\{���grdGc�n�lRf�c¢f�ceo�|mi�g\f�{�c¨�`{�|mf�c�lRf�v�cejZ{hg\{�v�lRj2su�Wÿ+g\f�oGcefY�mi�l
th�Bs�vxæucrs�l\�±{�cej�s��2lu� j2lP|mjmv��blRf�n
{�c¨��{�|mf�c>lRf�s�cedGcefhg\i�g\f�cugRs���vx{��Bk`v�s�{�vxj2te{�{�c¨�`{�|mf�crs�g\j2kBk`v�ÌIcef�cejZ{�lRf�v�cejZ{hg\{�v�lRj2s¥�©���2cef�c¨��lRf�c�����lRf
i�g\f�oGcef��mi�l�t��}s�vxæucrs�s�lRn�c�~mf�crk`v�te{�v�lRjPn�l�kmcrs0g\f�c�kmcugRte{�vxd�g\{�crkI�CgRs�{��2c�~mf�crk`v�te{�v�lRjP~mf�l�trcrs�s�{�cej2kms
{�l���cYgRs�s�|mf�crkP�
q©lR{��2cef�~mf�crk`v�te{�v�lRjBs�t��2cen�crsu�>���mv�s�v�s�g\i�s�l�{��2cytugRs�c�l\� ã �!«�¬\Â
þ\����)Ucej2trl�kmcef
°±���2cef�cYlRjmixqPdGcef�{�v�tug\i�g\j2k©�2lRf�vxæulRj
{hg\i�k`vxf�crte{�v�lRjBg\f�cY|2s�crk©��lRf

16 × 16
�mi�l
th��s¨³¨���}����É � |2s�crs

lRjmixqÃ{��2c�dGcef�{�v�tug\i�g\j2kå�2lRf�vxæulRj
{hg\i0k`vxf�crte{�v�lRj2s��blRf��mi�l�t��`s���vx{��äs�tug\i�crsyo�f�cug\{�cefy{���g\j®¬�°
8 × 8

�mi�l
th��s�³¨� � j©{��2crs�c�tugRs�crs¥�^g\j2lR{��2cefw~mf�crk`v�te{�v�lRj¤s�th�2cen�c�v�s�|2shcrkI�^tug\ixi�crk¤��i�g\j2c�~mf�crk`v�te{�v�lRjC�,{���g\{
|2s�crs�g\j	vxjZ{�cef�~[lRi�g\{�v�lRj¦n�ce{��2l�k}{�l�kmce{�cef�n�vxj2cYgy~mi�g\j2cw��|mj2te{�v�lRjP{���g\{0�[crs�{�§2{�s�{��2c�|m~m~�cef�g\j2k
i�c¨�±{0f�c¨�bcef�cej2trc�~mf�crk`v�te{�v�lRj¤s�g\n�~mi�crsu�����mv�s�n�ce{��2l�kPv�s�n�lRf�c�c¨Ôytev�cej
{��blRf0i�g\f�oGcef��mi�l�t��`su�Ck`|2c�{�l
{��2c��mvxo��2cef&jZ|mn���cefzl\�IgudRg\vxi�g\�mi�c�f�c¨��cef�cej2trc�~mv��mcei�su��g\j2k���gRs]g�oGl�l
k�~[cef$��lRf�nyg\j2trc�vxj�vxnyg\oGc�g\f�cugRs
��vx{��¢s�n�l�lR{���dRg\f�v�g\{�v�lRj2s�l\�,ix|mn�vxj�g\j2trc��
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Ý�¸±ÁOº^¹\´}Þ&%_´�µCà ª�ÌIcrte{�s�l\��Î�)ìg\j2k�� ¡ �û~mf�crk`v�te{�v�lRj}n�l
kmcrs�lRj�{"�zl�{�c¨��{�vxnyg\oGc0�mi�l
th��s¥�
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� jÃ�}����É � �C{��2cyÎ�)Ï~mf�crk`v�te{�v�lRj¤n�l�kmc���{�fhgRk`vx{�v�lRj�g\ixixq©|2s�crk¤vxj¤shcedGcefhg\i]�zceixi]��j2lu��jÃ~mf�crk`v�te{�vxdGc
trl
k`vxjmo�n�ce{��2l�kms�°bg\j2k©vxj ã �!«�¬\Â
þ\����)�³¨�+�zgRs�f�ce~mi�gRtrcrk©�
qPg�j2ce�Ï~mf�crk`v�te{�v�lRjÃn�l
kmcy{���g\{�|2s�crs
{��2c�n�l�s�{���f�crÇZ|2cej
{�dRg\ix|2crs�°�� ¡ ��³�g\n�lRjmo�{��2c�f�c¨��cef�cej2trc�shg\n�~mi�crs�l\��{��2c�j2cevxo��Z�[lR|mf�vxjmoY�mi�l�t��`su�

���2c�Î�)�~mf�crk`v�te{�v�lRj�n�l
kmc�tef�cug\{�crs�g�|mjmv��blRf�nú~mf�crk`v�te{�v�lRj�~�g\{�{�cef�jC�����2c�d�g\ix|2c�l\�^cugRth��~mv��`cei
l\��{��mv�s�|mjmv���lRf�nU�mi�l�t���v�s�{��2c�grdGcefhg\oGc�l\�Ig\ixi`trlRj2s�v�kmcef�crk�f�c¨��cef�cej2trc�shg\n�~mi�crs¥�,Å�jmixvx�Gc ã �!«�¬\Â
þ\����)��
{���g\{�|2s�crs�{�fhg\j2s$�blRf�n trl�k`vxjmo}{�l�trlRn�~mf�crs�s�{��2cy~mf�crk`v�te{�v�lRjåcef�f�lRfw�mi�l
th�������}��É � cej2trl
kmcrsw{��mv�s
s�vxo�j�g\im|2s�vxjmo��mi�l�t��`s���f�lRn g�k`v�te{�v�lRj�g\f�qG��ª���~[cef�vxn�cejZ{�szs��2l¥�]crk�{���g\{u����lRf@s�lRn�c�vxnyg\oGc�g\f�cugRs���vx{��
�mvxo���gRte{�vxd�vx{"qG�O{��2c�|2s�c�l\��Î�)ìdRg\ix|2c���lRf�~mf�crk`v�te{�v�lRj�v�s�j2lR{�gRs��[cej2c¨§�tev�g\i^��lRf�������É � gRs��blRf�{��2c
tugRs�c0l\�,{�fhg\j2s���lRf�nÊtrl�k`vxjmo2�@���mv�s�v�s�{��2c�tugRs�c��blRf�{�c¨��{�g\j2k�trlRn�~[lR|mj2k�vxnyg\oGcrs¥�

¡ vxo�|mf�c�á`�xéuÆ�f�ce~mf�crs�cejZ{�s�g\j�c¨�mg\n�~mi�c�l\�,{��2c�~mf�crk`v�te{�v�lRj}l\�,{"�]l�{�c¨��{�f�ceo�v�lRj2su�&���2crs�c�f�ceo�v�lRj2s
g\f�cwth��g\fhgRte{�cef�v�s�crk	�Zq	gYj2cug\f����mvx{�cw��gRth�
o�f�lR|mj2kP��vx{��©gy�bce�ûdGcef�q�k2g\f��¢~mv��mcei�s�gRs��blRf�ceo�f�lR|mj2kI�
� j�{��mv�s�tugRs�c��mÎ�)�~mf�crk`v�te{�v�lRj}{�cej2kms�{�l�oGcej2cefhg\{�c�cef�f�lRf��mi�l�t��`s���vx{��¢gw|mjmv��blRf�n o�f�ceqYd�g\ix|2c��`{���g\{
tug\j���gudGc}s�cedGcef�c}d�g\f�v�g\{�v�lRj2su��kmce~[cej2k`vxjmoBlRjW{��2c}jZ|mn��[cef�l\�����mvx{�cPg\j2kä�mi�gRth��~mv��`cei�s>l\��{��2c
f�c¨��cef�cej2trc�g\f�cugRsu�����mv�s�tug\|2s�crs�{��2c�Î�)®d�g\ix|2crs�l\�@{��2c�s�cedGcefhg\i,~mf�crk`v�te{�crk�f�crs�v�k`|2c��mi�l�t��`s�{�l�g\i�s�l
��grdGc�dGcef�q¢k`v�Ì[cef�cej
{�g\n�~mixvx{�|2kmcrsu�CgRs�tug\j��[c�s�crcej�vxj�{��2c�c¨�2g\n�~mi�crs�l\� ¡ vxo�|mf�crs0á`�xéuÆy�O³�g\j2k�c¥³¨�
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Ë��2cejP|2s�vxjmo�g>{�fhg\j2s$�blRf�n�É"Ç
|�g\jZ{�v�shg\{�v�lRj`ÉS��gRs�crk¦n�ce{��2l
k	{��mv�s0�bgRte{�lRjmixq�trlRf�f�crs�~�lRj2kms�{�l�gYs��mv��±{
vxj©{��2c�Î�)ètrl�c¨Ôytev�cejZ{�l\��{��2c�{�fhg\j2s���lRf�n�crk¦~mf�crk`v�te{�v�lRj¦f�crs�v�k`|2cy�mi�l
th�Pg\j2k©~�l�s�crs�j2l�~mf�lR�mi�cen��
Ä�cedGcef�{��2cei�crs�s¥�G�}���P��gRs�{�l�|2shc]{L�]l�trl�kmc¨ÉSdGcrte{�lRf�s@��vx{��y{��2c�shg\n�c�s���g\~[c�°��¿)åtrlRn�~�lRj2cej
{�³¨�G�m|m{
��vx{��wk`v�ÌIcef�cejZ{@grdGcefhg\oGczd�g\ix|2crsu� � jw{��mv�s^tugRshc��R{��2c&|2s�czl\��Î�)P~mf�crk`v�te{�v�lRj�vxj
{�f�l
k`|2trcrs�n�lRf�c]dGcrte{�lRf�s
vxjy{��2c�k`v�te{�v�lRj�g\f�qG�mtrlRn�~mf�lRn�v�s�vxjmow{��2c�c¨Ôytev�cej2teqyl\�C{��2c�i�cug\f�jmvxjmow~mf�l�trcrs�s]l\�C{��2c�k`v�te{�v�lRj�g\f�qYg\j2k
vxn�~�g\vxf�vxjmo}{��2c>cej2trl
k`vxjmo�~[cef$��lRf�nyg\j2trc�� � j¦{��2crshcytugRs�crsu�,{��2cy|2s�cyl\��{��2cYn�l�s�{���f�crÇ
|2cejZ{wdRg\ix|2c
��lRf�{��2c�~mf�crk`v�te{�v�lRj}��gRs�{��2c�gRk`d�g\jZ{hg\oGc�l\��tef�cug\{�vxjmoy~mf�crk`v�te{�v�lRj¢cef�f�lRf��mi�l
th��s���vx{��}shg\n�~mi�crs�{���g\{
g\f�cYn�lRf�c�trlRj2s�v�s�{�cejZ{�ixqÃteix|2s�{�cef�crk�g\f�lR|mj2kBæucef�lå°�s�crc ¡ vxo�|mf�crs�á`�xéuÆ	t¥³wg\j2k¤�¨³�³¨�©���mv�s�i�cugRkms�{�l
g�k`v�te{�v�lRj�g\f�qP��vx{��P��ce�zcef��]lRf�kms¥�C{��Z|2s�cejm��g\j2tevxjmo¢{��2c�l¥dGcefhg\ixi]trl�k`vxjmo�c¨Ôytev�cej2teqG� � j¦gRkmk`vx{�v�lRjC�
c¨��~[cef�vxn�cejZ{hg\i�{�crs�{�s���grdGc>s��2lu��jB{���g\{u��vxj¤{��2cYtugRs�c>l\��s�n�l�lR{��¦vxnyg\oGcrsu��{��2cY|2s�c>l\��{��2cY� ¡ �
vxj2s�{�cugRk�l\��Î£)�~mf�crk`v�te{�v�lRj}��gRs�j2l�c¨ÌIcrte{�lRj�{��2c�trl�k`vxjmo�~�cef$�blRf�nyg\j2trc��

ü��O���(À <>=@?ÂÁÃÁÅÄ�Æ3Ç�N&JL_�a�J"V+D@F[E�È

�}����É � s���g\f�crs]{��2c�gRk2g\~m{�vxdGc�~�g\{�{�cef�j>nyg\{�t��mvxjmo�~�g\fhgRk`vxo�nÑ��vx{��y{��2c�lRf�vxo�vxj�g\i����}�Ãg\ixoGlRf�vx{��mn��
� {�g\i�s�l�|2s�crs,{��2czs�g\n�c]k`v�te{�v�lRj�g\f�qw|m~�k2g\{�vxjmo0s�{�fhg\{�ceo�v�crs@g\j2kws�tug\i�cz{�fhg\j2s$�blRf�nyg\{�v�lRj2su��{���g\{�~mf�lud�v�kmc
oGl
l�k�gRk2g\~m{hg\�mvxixvx{"q��blRf�g���v�kmc0fhg\jmoGc�l\��vxjm~m|m{�s�vxo�j�g\i�s¥�@Ä�cedGcef�{��2cei�crshsu�2���}��É � cej2trl�kmcrs�~mf�crk`v�t¨É
{�v�lRj�f�crs�v�k`|2crs�vxj2s�{�cugRk�l\�,{��2c�vxnyg\oGc�~�g\{�{�cef�j2s�~mf�l
trcrshs�crk��Zq>�}���^�`n�cug\jmvxjmoy{���g\{�{��2c�fhg\jmoGc0l\�
shg\n�~mi�c�d�g\ix|2crs�l\�&{��2c�k`v�te{�v�lRj�g\f�q[ØÙs�dGcrte{�lRf�s�v�s�j2l¥�

[−255, 255]
�����2c�k`v�te{�v�lRj�g\f�q�vxjmvx{�v�g\ixv�s�g\{�v�lRj

�zgRs0{��
|2s0n�l
k`v�§�crkI�+{�l�{hg\�Gc�vxjZ{�l�trlRj2s�v�kmcefhg\{�v�lRj¦{��2c�t���g\fhgRte{�cef�v�s�{�v�trs�l\��{��2c�~mf�crk`v�te{�crkPf�crs�v�k`|2c
s�vxo�j�g\iS�

ÿIvx�Gc�vxj��}���,�2g�shce{�l\�,|mjmv���lRf�ní�mi�l�t��`s�v�sz|2s�crk>�blRfz{��2c�vxjmvx{�v�g\iC���}��É � k`v�te{�v�lRj�g\f�qG�m�m|m{�{��2c
Î£)äd�g\ix|2crs�l\�+{��2crs�c��mi�l�t��`s�g\f�c�j2lR{z|mjmv��blRf�n�ixqYs�~�gRtrcrk�g\i�lRjmow{��2c0k`q�j�g\n�v�t�fhg\jmoGc0l\�^{��2c�dGcrte{�lRf
shg\n�~mi�crsu����s�~mf�crk`v�te{�v�lRj	cef�f�lRf�shg\n�~mi�crs�{�cej2k�{�ly��c�teix|2s�{�cef�crk}g\f�lR|mj2k}æucef�lm���mi�l�t��`s���vx{��	s�nyg\ixi
dRg\ix|2crsz{�cej2kY{�l��[c�n�lRf�c���f�crÇZ|2cej
{z{���g\j�{��2l�s�c���vx{��>i�g\f�oGcef�s�g\n�~mi�c�d�g\ix|2crsu��Î�|2c�{�l�{��mv�s]�bgRte{u�mg\j
vxjmvx{�v�g\iOk`v�te{�v�lRj�g\f�q���vx{��YvxjZ{�cej2s�vx{Lq�dRg\ix|2crs]��vx{��y�mvxo��2cef�kmcej2s�vx{Lq�j2cug\f&æucef�l�v�s]|2s�crkI��ª��`~�cef�vxn�cej
{hg\i
{�crs�{�s�trlRj`§2f�n�crkå{��2c¢gRk`d�g\jZ{hg\oGc�l\��{��mv�s�vxjmvx{�v�g\ixv�shg\{�v�lRj�~mf�l�trcrk`|mf�c��z���2cej�trlRn�~�g\f�crkå��vx{���{��2c
|2s�cYl\��|mjmv��blRf�n�ixq¤s�~�gRtrcrk¤shg\n�~mi�crs¥�½)zlRj2s�v�kmcef�vxjmo�{��2c>vxjmvx{�v�g\i�k`v�te{�v�lRj�g\f�q¦dGcrte{�lRf�s¥�

S0
l
i

��s�lRf�{�crk
vxj�vxj2tef�cugRs�vxjmoYg\n�~mixvx{�|2kmcwlRf�kmcefu�m{��2c�k`v�ÌIcef�cej2trc

q
�[ce{"�]crcej}{��2c�g\n�~mixvx{�|2kmcrs�l\�,{L�]l>trlRj2s�crte|m{�vxdGc
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q = 2,
v�� |I(S0

l
i)| ≤ 10;

q = 4,
v��

10 < |I(S0
l
i)| ≤ 22;

q = 8,
v��

22 < |I(S0
l
i)| ≤ 86;

q = 13,
v�� |I(S0

l
i)| > 86
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Î�crs�~mvx{�c�{��2cytrl�k`vxjmo�vxj2c¨Ôytev�cej2teq¦tug\|2s�crk©�ZqP{��2c�|2s�cyl\��{��mv�s��mvxo��mixq©s�~�g\f�s�c�vxjmvx{�v�g\izk`v�te{�v�lRj�g\f�qG�
{��2c��}����ØÙs�k`v�te{�v�lRj�g\f�qå|m~[k2g\{�vxjmo¦~mf�l�trcrk`|mf�c¢Ç
|mv�t���ixq�gRk2g\~m{�s�{��2c}k`v�te{�v�lRj�g\f�qÃ{�l¦{��2c�{"q�~mv�tug\i
~�g\{�{�cef�j2s�{���g\{�g\f�cY��cevxjmo	cej2trl
kmcrkI� � j¤lRf�kmcefw{�l��SgrdGlR|mf�{��mv�s�gRk2g\~m{hg\{�v�lRjå~mf�l
trcrs�s¥�,k`v�te{�v�lRj�g\f�q
D0 �ItrlRjZ{hg\vxjmvxjmo¢�mi�l
th��s0��vx{��Pk`vxn�cej2s�v�lRj 1 × 1

�[v�s�g\j©c¨�`trce~m{�v�lRjP{�l>{��2c�~mf�crs�cej
{�crkPf�|mi�c�g\j2k	v�s
vxjmvx{�v�g\ixv�s�crk���vx{��Pg\ixi�{��2c�vxjZ{�ceoGcef�s0vxj�{��2cwfhg\jmoGc

[−255, 255]
�����mv�s�cej2s�|mf�crs�{���g\{�{��2c�g\ixoGlRf�vx{��mn

v�s�g\�mi�c�{�l�gRtrte|mfhg\{�ceixq¦g\~m~mf�lr�`vxnyg\{�cYg\j
q	vxjm~m|m{��mi�l
th�©g\{0{��2c��mvxo��2crs�{�~mf�crtev�s�v�lRjW°±�mi�l
th��s���cevxjmo
~�g\f�{�vx{�v�lRj2crk�{�l�é × é¥³¨��g\ixi�lu��vxjmo0cedGcef�q�~mv��mcei
{�l���c&vxj2kmce~�cej2kmcej
{�ixqwg\~m~mf�lr�`vxnyg\{�crk��Zq�g\j
q�~[l�s�s�vx�mi�c
dRg\ix|2c��ZvxjYs�~mvx{�c�l\�[{��2c��bgRte{&{���g\{]s�lRn�c�g\n�~mixvx{�|2kmc�d�g\ix|2crszg\f�c�j2lR{&~mf�crs�cej
{&vxjY{��2c�|m~m~[cef]s�tug\i�crs]l\�
{��2c�k`v�te{�v�lRj�g\f�qG� � {�g\i�s�l�g\ixi�lu��s��blRf�i�l�shs�i�crs�s�trl
k`vxjmo>���2cej

λ = 0
vxj	crÇZ|�g\{�v�lRj2s�°bù`�!«G³�g\j2kB°bù`�!ùG³¨�

{���g\{�i�cugRkms�{�lygwj
|mixi+k`v�s�{�lRf�{�v�lRj��blRf�cedGcef�q�g\~m~mf�lr�`vxnyg\{�crk¢�mi�l�t��[�
���2czoZg\vxj2s�vxjZ{�f�l�k`|2trcrk��Zq�{��2c�|2s�c�l\�OcrÇZ|�g\{�v�lRjyá`�xé�é�vxj�{��2c�tef�cug\{�v�lRjyl\��{��2c�vxjmvx{�v�g\i2k`v�te{�v�lRj�g\f�q

g\f�c�lRjmixq�nyg\f�o�vxj�g\iS� � j��bgRte{u�Zc¨��~[cef�vxn�cejZ{hg\i2{�crs�{�s@kmcen�lRj2s�{�fhg\{�crk�{��2c��mvxo��>gRk2g\~m{hg\{�v�lRjytug\~�g\�mvxixvx{"q
l\�,{��2c0���}��É � ~mf�l�trcrs�su�`vxj2kmce~[cej2kmcejZ{�ixq�l\��{��2c0n�ce{��2l�k�|2s�crk�{�l�tef�cug\{�c0{��2c�vxjmvx{�v�g\i+k`v�te{�v�lRj�g\f�qG�

� j}lRf�kmcef�{�lYgudGlRv�k�{��2c�vxj2shcef�{�v�lRj}l\��f�ce~�cug\{�crk¢�mi�l
th��s�vxj¢{��2c�k`v�te{�v�lRj�g\f�qG�[g�{�crs�{�trlRj2k`vx{�v�lRj¢v�s
|2s�crk�vxj�{��2cw|m~[k2g\{�vxjmo�s�{hg\oGc���ÿCvx�Gc�vxj	�����^��vxj2kmce~[cej2kmcejZ{�trlR~mv�crs�l\�]{��2c�k`v�te{�v�lRj�g\f�q	g\f�cw�Gce~m{
��lRf�cugRth��shtug\i�c�����s�g�f�crs�|mix{u��{��2c�s�nyg\ixi�cef�s�tug\i�crs�l\��{��2c�k`v�te{�v�lRj�g\f�q�{�cej2k¢{�l���grdGc�i�crs�s�cei�cen�cej
{�s
{���g\j�{��2c�lRj2crs��blRf�{��2c�i�g\f�oGcef�s�tug\i�crsu�[�[crtug\|2s�c�g\{0s�nyg\ixi�cef�s�tug\i�crs�vx{�v�s�n�lRf�c�ixvx�Gceixq¢{���g\{�gYj2ce�
dGcrte{�lRf

X̂l ��vxixiCnyg\{�t��	g\j�c¨��v�s�{�vxjmoyk`v�te{�v�lRj�g\f�q��mi�l
th���

Ð®Ñ\Ò Óèó~Ô ô�õ=Õ�ö î×ÖÙØ\Úëï�Û]ò�ó~Ü�ò ö�Õ�ôÞÝ ò Ý:ß ïáà£âYï õ&Õ Ö ï Ý�ö ò�ó õ ï²ÚãÜwó ö Ú

� jÃ{��mv�s�s�crte{�v�lRjå�]c�ced�g\ix|�g\{�cY{��2c�c¨�`~�cef�vxn�cej
{hg\i�f�crs�|mix{�sw�blRfw���}��É � �@£�crte{�v�lRjäá`�!ù`�xé�trlRn�~�g\f�crs
{��2c>Í�Î ~[cef$��lRf�nyg\j2trc�l\���}����É � ��vx{��å{���g\{�l\���}���,�^vxj�lRf�kmcef�{�l©gRs�shcrs�sw{��2c>Ç
|�g\ixvx{"qÃoZg\vxj2s
vxjZ{�f�l�k`|2trcrky�
q�{��2c�|2s�c�l\�C~mf�crk`v�te{�vxdGc�trl�k`vxjmo2��Ë©c�g\i�shl�~mf�crs�cej
{�shlRn�c�trlRj2s�v�kmcefhg\{�v�lRj2s�g\�[lR|m{&{��2c
�}����É � trl
k`vxjmoY~mf�l
trcrshsu��gRs��]ceixi,gRs�g\j}ced�g\ix|�g\{�v�lRj�l\��{��2c�c¨Ì[crte{�s�l\�@|2s�vxjmo ¡ ��£>�blRf�~mf�crk`v�te{�v�lRj
g\j2k>l\�,|2s�vxjmo�{��2c�� ¡ �ê~mf�crk`v�te{�v�lRj�n�l�kmc��`vxj2s�{�cugRk�l\�+{��2c0lRf�vxo�vxj�g\iCÎ�)än�l�kmc�� � j¢£�crte{�v�lRj¢á`�!ù`�!«
�]c�trlRn�~�g\f�c�{��2c�~[cef$�blRf�nyg\j2trc�l\�&���}��É � g\oZg\vxj2s�{�{���g\{�l\�@{��2c�te|mf�f�cejZ{�s�{hg\{�c¨É"l\��ÉS{��2c¨ÉLg\f�{�vxnyg\oGc
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Ý�¸±ÁOº^¹M´	Þ&%_´ã´Oà ª���~[cef�vxn�cejZ{hg\i^f�crs�|mix{�s��blRf��}����É � ��lRf�s�n�l
lR{���vxnyg\oGc�ÿ+cej�g`�

trlRn�~mf�crs�s�v�lRjPs�t��2cen�crs¥�[j�g\n�ceixq�äG�@ªz×0«�Æ�Æ�Æå�xéu«��@g\j2k ã �!«�¬\Â
þ\����)�ØÙs*æáç¿è²é�ê��mvxo��	~mf�l\§2i�c � jZ{�fhg
cej2trl
kmcef*�xéuùÏ�"�

ü��O���\ë ì£í.î�ï¥anð�ñãò&ï�ó-î�ñãðôñãõ^a�ï7òcõ-öU_Z÷�ðô@-ò&î�í°ï�÷�õùø�íba�ú¡ÁÃÁÅÄ

¡ vxo�|mf�crs0á`�xé�é�g\j2k�á`�xéu«>trlRn�~�g\f�c�{��2cwfhg\{�c¨É"k`v�s�{�lRf�{�v�lRj	~�cef$�blRf�nyg\j2trc�l\�&�}����É � g\oZg\vxj2s�{�{���g\{�l\�
{��2c�lRf�vxo�vxj�g\i@���}�ìg\ixoGlRf�vx{��mn����blRf�j�g\{�|mfhg\i�vxnyg\oGc�ÿCcej�g`�[{�c¨�`{�vxnyg\oGc��@��éu«�Æ�á�g\j2k�trlRn�~[lR|mj2k
vxnyg\oGc��@��éu«�Æ�4�ûR�����2c�§2j�g\i�f�crs�|mix{�s]l\�+���}��É � ��vx{��Y§m�mcrk�~mf�crk`v�te{�v�lRj>�mi�l
th��s�vxæuc�° ¡ ��£m³�nyguq���c
lR�2s�cef�dGcrkI�
��lRf]{��2c�tugRs�crs]���2cef�c�{��2c ã �!«�¬\Â
þ\����)�ØÙszÎ�)�~mf�crk`v�te{�v�lRj�n�l
kmc�v�s]|2shcrk}°U�L���}��É �&¡ ��£
°�Î£)�³\ .³�g\j2kP���2cej¤Î�)ûv�s�f�ce~mi�gRtrcrk©�Zq	{��2c�� ¡ �Ñ~mf�crk`v�te{�v�lRjÃn�l
kmc�°U�L���}��É ��¡ ��£å°�� ¡ �0³\ .³¨�
���2c�f�crs�|mix{�sz��lRf����}��É � ��vx{����>��£�°����}��É � ³�g\f�c0g\i�s�l�~mf�crs�cej
{�crkI� ¡ f�lRn ¡ vxo�|mf�c�á`�xé�é0lRj2c�nygrq
lR�2s�cef�dGc�{��2c�~�cef$�blRf�nyg\j2trcwoZg\vxj2s�vxj
{�f�l
k`|2trcrk��
q}g\ixi^dGcef�s�v�lRj2s�l\�&���}��É � ���2cej�trlRn�~�g\f�crk���vx{��
{��2c�lRf�vxo�vxj�g\i&�}���ëg\ixoGlRf�vx{��mn��+��lRf0s�n�l�lR{��Pvxnyg\oGcrsy°±j�g\n�ceixq	vxnyg\oGc�ÿCcej�gG³¨�����2crs�c�trlRj2s�v�s�{�cejZ{
oZg\vxj2su��{���g\{zoGlw|m~�{�lwn�lRf�c�{���g\j�«wk9���`kmcen�lRj2s�{�fhg\{�c�{��2c�|2s�c¨��|mixj2crs�s�l\�+{��2c0s�vxo�j�g\i[k`v�s�{�f�vx�m|m{�v�lRj
gRk2g\~m{hg\{�v�lRj�~�g\fhgRk`vxo�n���vxn�~mi�cen�cejZ{�crk��
q�{��2cz~mf�crk`v�te{�vxdGc�s�{�ce~�l\��{��2c��}����É � g\ixoGlRf�vx{��mn�� � j��bgRte{u�
��lRf�s�n�l
lR{��¤vxnyg\oGcrsu��cedGcej¤{��2c ¡ ��£�dGcef�s�v�lRjÃl\�����}��É � v�swg\�mi�c�{�l¢vxj2tef�cugRs�cy{��2cy~�cef$�blRf�nyg\j2trc
l\��{��2c����}�Ñg\ixoGlRf�vx{��mn �Zq�g\ixn�l�s�{}é�k9���&��kmk`vx{�v�lRj�g\ixixqG�]{��2c}gRk`dRg\j
{hg\oGc¢l\��|2s�vxjmo©{��2c�n�lRf�c
c¨Ôytev�cejZ{@gRk2g\~m{�vxdGc&�mi�l�t���s�vxæuc@~mf�crk`v�te{�v�lRj�g\ixoGlRf�vx{��mnèv�s^tei�cug\f^�±f�lRnû{��mv�s+~mi�lR{u�,��j2lR{��2cef^vxj
{�cef�crs�{�vxjmo

ü.ý��þ� ÿ {F� � «Wy<��y|�.� � �A� ��� ��v��Þw<x ��� w|� ��� � �þ� � zY� � � v5z ­ v5x ÿ � � ©�� ¤L1 y<«�� ����� z � v
	�©��
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Ý�¸±ÁOº^¹\´�Þc%P´mß[à ª��`~�cef�vxn�cej
{hg\iIf�crs�|mix{�s]��lRf����}��É � ��lRf]{�c¨��{�vxnyg\oGc��@��éu«�Æ�á�g\j2k�trlRn�~�lR|mj2k
vxnyg\oGc��&��éu«�Æ�4`�

lR�2s�cef�dRg\{�v�lRj}tug\j���c�nygRkmc0f�ceoZg\f�k`vxjmoy{��2c0|2shc�l\�,{��2c�� ¡ � ~mf�crk`v�te{�v�lRj�s�th�2cen�c�vxj�f�ce~mi�gRtrcen�cej
{
l\�@{��2c�lRf�vxo�vxj�g\i�Î�)ìn�l�kmc�÷��blRf�s�n�l
lR{���vxnyg\oGcrsu��{��mv�s�t���g\jmoGcw��gRs�j2lyj2lR{�v�trcug\�mi�c�c¨ÌIcrte{�s�vxj�{��2c
~�cef$�blRf�nyg\j2trc�l\��{��2c�g\ixoGlRf�vx{��mn��OgRs���gRs�~mf�ced�v�lR|2s�ixq�k`v�s�te|2s�s�crk�vxj}£�crte{�v�lRj	á`�!«`�!ù`�

¡ vxo�|mf�c�á`�xéu«�~mf�crs�cejZ{�s�{��2c0shg\n�c0trlRn�~�g\f�v�s�lRj2su�`�blRf�{�c¨�`{�vxnyg\oGc0�@��éu«�Æ�á`� ¡ lRf�{��mv�s�vxnyg\oGc���gRs
��lRf�lR{��2cef]{�c¨�`{u�`trlRn�~�lR|mj2k�lRfzj2lRj`É"s�n�l�lR{��>vxnyg\oGcrs�vxj>oGcej2cefhg\iS�`{��2c�c¨Ôytev�cej2teqYl\�+{��2c�~mf�crk`v�te{�v�lRj
~mf�l
trcrs�s�v�s�ixvxn�vx{�crkI�]k`|2c�{�l	{��2c��mvxo���s�~�g\{�v�g\i�gRte{�vxd
vx{LqÃl\��{��2c�vxnyg\oGcrsuØ�~�g\{�{�cef�j2s¥�Â�zcrtug\|2shc�l\�
{��mv�su��{��2c�~mf�crk`v�te{�v�lRjPf�crs�v�k`|2c�kml�crs�j2lR{���gudGc�{��2c�shg\n�cwf�ceo�|mi�g\f��bcug\{�|mf�crs�gRs�{��2c�lRj2crs�lR�2s�cef�dGcrk



p<; � ������f½¼
	���,8g�
�����	�����	�����������	���������,�������fc¾ �"�"!#����
�	���,�$

� w � �H¨��

Ý�¸±ÁOº^¹\´ìÞc%_´�âIà �@f�crk`v�te{�crkävxnyg\oGcÃ°bgG³�g\j2k�~mf�crk`v�te{�v�lRj®cef�f�lRfyvxnyg\oGcÃ°±�O³w�blRf�vxnyg\oGc¢ÿCcej�g
cej2trl�kmcrk���vx{��¢���}��É � g\{�g\~m~mf�lu��vxnyg\{�ceixq¢Æ`�!ù�á��m~m~C�

��lRf�{��2c¢tugRs�c¢l\��s�n�l�lR{���vxnyg\oGcrsu�®���mv�s�v�s>g\i�s�lPf�c3��crte{�crk�vxj�{��2c�~mf�lR��g\�mvxixvx{Lqäk`v�s�{�f�vx�m|m{�v�lRjWl\�
{��2c�~mf�crk`v�te{�v�lRj¢f�crs�v�k`|2c��m{���g\{�v�s�j2lR{�g\ix{�cef�crk�vxj¢gw�zguq>{���g\{��bgudGlR|mf�s�{��2c0k`v�te{�v�lRj�g\f�q�gRk2g\~m{hg\{�v�lRj
~mf�l
trcrs�s¥����crtug\|2s�c�l\��{��mv�su�R{��2c]|2s�czl\��~mf�crk`v�te{�vxdGc�{�crt��mjmv�Ç
|2crs��Zq�������É � v�s,j2lR{�g\�mi�cz{�l�vxjZ{�f�l�k`|2trc
g\jZq	Í�Îú~�cef$�blRf�nyg\j2trc�oZg\vxj2s0vxjPf�cei�g\{�v�lRj©��vx{��P{��2c�lRf�vxo�vxj�g\i&�����®n�ce{��2l
kI��Ä�lR{�v�trc��C�2lu�zcedGcefu�
{���g\{�{��2c�~mf�crk`v�te{�v�lRjyk2g\{hg�oGcej2cefhg\{�crs&g\j>gRkmk`vx{�v�lRj�g\i�ludGcef��2cugRkI�
{���g\{�v�s@trlRn�~[cej2shg\{�crk��Zq�g��mvxo��2cef
c¨Ôytev�cej2teq¤vxjå{��2c>f�crs�v�k`|2c�cej2trl�k`vxjmo¦s�{hg\oGc�l\��������É � � ¡ vxj�g\ixixqG�]lRj2c���gRs�{���g\{�{��2c�|2s�c�l\��{��2c
lRf�vxo�vxj�g\iOÎ�)B~mf�crk`v�te{�v�lRj>n�l
kmc�s�cedGcef�ceixq�trlRn�~mf�lRn�v�s�crs]{��2c�~[cef$��lRf�nyg\j2trc�l\�I{��2c����}��É � n�ce{��2l�k
��lRfC{�c¨�`{Cvxnyg\oGcrsu� � j�{��mv�s+tugRs�c@{��2cef�c@v�s^g�~�cef$�blRf�nyg\j2trc@i�l�s�s^l\��g\ixn�l�s�{,«�k9���uk`|2c&{�l�{��2c&k`v�te{�v�lRj�g\f�q
s�tug\{�{�cef�vxjmo�c¨ÌIcrte{�s,l\�2{��2c@|2s�c]l\��Î£)P~mf�crk`v�te{�crk��mi�l�t��`su�\{���g\{,�zgRs^~mf�ced
v�lR|2s�ixq�k`v�s�te|2s�s�crk�vxj�£�crte{�v�lRj
á`�!«`�!ù`�

¡ vxo�|mf�c�á`�xéu«wg\i�s�l�s��2l¥��s&{��2c�Í�Îì~mi�lR{�s&�blRf@{��2c�trlRn�~[lR|mj2kYvxnyg\oGc��@��éu«�Æ�4`�&ÿIvx�Gc��blRf]s�n�l
lR{��
vxnyg\oGcrsu�G���}��É � v�s@g\�mi�c�{�l�gRt��mv�cedGc�g�trlRj2s�v�s�{�cejZ{&oZg\vxj�ludGcef@{��2c�lRf�vxo�vxj�g\i������¦g\ixoGlRf�vx{��mn���ª�dGcej
{��2lR|mo���{��2c0ÇZ|�g\ixvx{LqYoZg\vxj2s�g\f�c�j2lR{�gRs�i�g\f�oGc�gRsz��lRf�{��2c0tugRshc0l\�,s�n�l�lR{���vxnyg\oGcrsu�2���}��É � v�s�g\�mi�c
{�l�gRth�mv�cedGc�ÇZ|�g\ixvx{Lq�vxn�~mf�l¥dGcen�cejZ{�s&vxjw{��2c�fhg\jmoGc�l\��ézk9��� ¡ f�lRnè{��2c�trlRj2teix|2s�v�lRj2s�k`fhgu��j��±f�lRnè{��2c
~mf�ced
v�lR|2s�ixq�g\j�g\ixq`s�crk�vxnyg\oGcrsu�mvx{�v�s�~[l�s�s�vx�mi�c�{�l�vxj`�bcef�{���g\{�s�|2th��oZg\vxj2s�l¥dGcef����}��trlRn�c�nyg\vxjmixq
�±f�lRn trl�k`vxjmo�{��2c�s�n�l�lR{��¦g\f�cugRs�l\��{��2c�vxnyg\oGc�� ¡ lRf�{��2c�{�c¨��{0f�ceo�v�lRj2s¥�^���}��É � nyg\vxj
{hg\vxj2s�{��2c
trl
k`vxjmo�~[cef$�blRf�nyg\j2trc�l\�������^�
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Ý�¸±ÁOº^¹\´PÞc%_´
çCà ��f�crk`v�te{�crk	vxnyg\oGc>°bgG³�g\j2k}~mf�crk`v�te{�v�lRj©cef�f�lRf�vxnyg\oGc�°±�O³��blRf�vxnyg\oGc��@��éu«�Æ�á
cej2trl�kmcrk���vx{��¢���}��É � g\{�g\~m~mf�lu��vxnyg\{�ceixq¢Æ`� ­ �m~m~C�

¡ vxo�|mf�crs¢á`�xéuù�g\j2kêá`�xéeÂäs��2lu� {��2c	~mf�crk`v�te{�v�lRj s�vxo�j�g\i�s¢g\j2kì{��2cP~mf�crk`v�te{�v�lRjûcef�f�lRf�vxnyg\oGcrs
oGcej2cefhg\{�crk¦�
q	������É � ��lRf�vxnyg\oGcrs�ÿCcej�g}g\j2k¦�@��éu«�Æ�á`�^f�crs�~�crte{�vxdGceixqG� � j©{��2c�~mf�crk`v�te{�v�lRjBcef�f�lRf
vxnyg\oGcrs�{��2c�j2ce|m{�fhg\iI{�lRj2crs�l\�^o�f�ceq�g\f�c�|2s�crk>{�l�f�ce~mf�crs�cej
{�{��2c�æucef�lm�`���mvxi�c0~mf�lRo�f�crs�s�vxdGceixq�k2g\f��Gcef
g\j2k��mf�vxo��Z{�cef�f�ceo�v�lRj2s�f�ce~mf�crshcejZ{�~mf�crk`v�te{�v�lRj�cef�f�lRf�~mv��`cei�s���vx{��¢i�g\f�oGcef�g\�2shlRix|m{�c�d�g\ix|2crsu� ¡ lRf�{��2c
s�n�l
lR{��	vxnyg\oGc�ÿCcej�gP° ¡ vxo�|mf�c�á`�xéuùG³�vx{0v�s�~[l�s�s�vx�mi�cw{�l�lR�2s�cef�dGc�{��2c�gRtrte|mfhgRteq	l\�]{��2cw~mf�crk`v�te{�v�lRj
~mf�l
trcrs�s¥�2{���g\{�v�s�g\�mi�c�{�lYtrlRj
dGcejmv�cejZ{�ixq}crs�{�vxnyg\{�c�{��2cwlRf�vxo�vxj�g\i^vxnyg\oGc�~�g\{�{�cef�j2su�����mv�s�f�crs�|mix{�s�vxj
g�dGcef�q©f�ceo�|mi�g\f�~mf�crk`v�te{�v�lRjåcef�f�lRf�vxnyg\oGc��@{���g\{�g\ixi�l¥��sw��lRf�g�n�lRf�c>c¨Ôytev�cejZ{ygRk2g\~m{hg\{�v�lRjål\��{��2c
�}����k`v�te{�v�lRj�g\f�qG�2f�crs�|mix{�vxjmo�vxj}gwn�|2th�¢n�lRf�c�c¨Ôytev�cej
{�trlRn�~mf�crs�s�v�lRjC�

¡ vxo�|mf�c�á`�xéeÂ>~mf�crshcejZ{�s0{��2c�~mf�crk`v�te{�v�lRj¤g\j2k	f�crs�v�k`|2cws�vxo�j�g\i�s���lRf�{�c¨�`{�vxnyg\oGc��@��éu«�Æ�á`� ¡ f�lRn
{��2crs�c�vxnyg\oGcrs�vx{�v�swtei�cug\f�{���g\{w{��2c�~mf�crk`v�te{�v�lRjÃ~mf�l
trcrshs�v�s�n�l�s�{�l\��{�cej¦|mj�g\�mi�cY{�l¢trlRj
dGcejmv�cejZ{�ixq
crs�{�vxnyg\{�c�{��2c��mvxo��mixqåkmce{hg\vxi�crkå~�g\{�{�cef�j2s>l\��{��2c�vxjm~m|m{�vxnyg\oGc��»��crtug\|2s�c�l\��{��mv�su�]{��2c�lRf�vxo�vxj�g\i
vxnyg\oGcY~�g\{�{�cef�j2sYg\f�cYn�l�s�{�ixq¦f�ce~[cug\{�crkBvxj¤{��2c�~mf�crk`v�te{�v�lRj�cef�f�lRf�vxnyg\oGc��©��s�g}f�crs�|mix{u�@{��2c>|2s�c
l\�z���}��É � cej2kms0|m~P��gud
vxjmo¢g\~m~mf�lu��vxnyg\{�ceixqP{��2c�shg\n�c�trlRn�~mf�crshs�v�lRj¦c¨Ôytev�cej2teq©gRs�{��2c�lRf�vxo�vxj�g\i
�}���äg\ixoGlRf�vx{��mn��m�blRf�{��mv�s�{Lq
~[c�l\��~�g\{�{�cef�j2su�

¡ vxo�|mf�c�á`�xéuáws��2l¥��s�{��2c�jZ|mn���cef�l\�^������É � �mi�l�t��`sz{���g\{�|2s�crkYcugRth��l\�^{��2c0grd�g\vxi�g\�mi�c�~mf�crk`v�t¨É
{�v�lRj�n�l
kmcrsu�
g\{&cugRt��yl\��{��2c��mi�l�t���s�tug\i�crs�|2s�crkw�blRf�~mf�crk`v�te{�v�lRjC�����2c�~mi�lR{�s@trlRn�~�g\f�c�{��2crs�c�f�crs�|mix{�s
��lRf@vxnyg\oGcrs]ÿCcej�gwg\j2k��@��éu«�Æ�á`� ¡ lRf&{��2c�s�n�l
lR{���vxnyg\oGc�tugRs�c�° ¡ vxo�|mf�c�á`�xéuá�gG³�³�lRj2c�nyguq�lR�2s�cef�dGc
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Ý�¸±ÁOº^¹\´�Þc%_´`Þ[à Ä�|mn���cef@l\���mi�l�t��`s�{���g\{�|2s�crk�cugRt���l\�O{��2c�~mf�crk`v�te{�v�lRj�n�l
kmcrsu����lRf�cugRt���shtug\i�c��
�blRf�vxnyg\oGcrs�gG³zÿCcej�gyg\j2k��O³��@��éu«�Æ�á`�

g�k`v�s�{�f�vx�m|m{�v�lRj	l\�@g\ixi^~mf�crk`v�te{�v�lRj}n�l�kmcrs�gRtef�l�s�s�g\ixi^~mf�crk`v�te{�v�lRj}�mi�l�t���s�vxæucrs¥��£
nyg\ixi�cef�~mf�crk`v�te{�v�lRj
�mi�l
th��s]f�crs�|mix{&vxj�g0n�lRf�c�c¨Ôytev�cejZ{�crs�{�vxnyg\{�v�lRj�l\�C{��2c�vxnyg\oGc�~�g\{�{�cef�j2s�g\j2k�g\ixi�lu�®�}����É � {�l�s�grdGc
�mvx{�s�|2s�crk¤�Zq¦{��2cy���}�ètrlRn�~mf�crs�s�v�lRjBl\��{��2cY~mf�crk`v�te{�v�lRjBcef�f�lRfu��Ä�cedGcef�{��2cei�crs�su��{��mv�swvxj2tef�cugRs�crs
{��2c�l¥dGcef��2cugRk	gRshs�l
tev�g\{�crk}��vx{���{��2c�~mf�crk`v�te{�v�lRjPk2g\{hg`��ª]gRt��	~�g\vxf�l\�]~mf�crk`v�te{�v�lRj�n�l�kmc�g\j2k}~mf�c¨É
k`v�te{�v�lRjå�mi�l
th�Ãs�vxæuc>v�s�th�2l�s�cejå�Zq¤{��2c��}����É � Í�ÎÊlR~m{�vxn�v�shg\{�v�lRjWg\ixoGlRf�vx{��mn�� ¡ lRf�{�c¨��{�vxnyg\oGc
�@��éu«�Æ�áå° ¡ vxo�|mf�c�á`�xéuá¢�O³�³¨�&lRj2cYnyguq¦j2lR{�v�trc>{��2c>~mf�crkmlRn�vxj�g\jZ{�|2shcYl\��dGcef�q¤i�g\f�oGc>�mi�l
th�¦s�vxæucrs
��lRf�{��2c0~mf�crk`v�te{�v�lRj	s�{�ce~C�]��i�s�lm�`{��2c0�±f�crÇ
|2cej2teq�l\��{��2c�� ¡ � ~mf�crk`v�te{�v�lRj¢n�l�kmc0v�s�tei�cug\f�ixq��mvxo��2cef
{���g\j}{���g\{�l\�&{��2cwlR{��2cef�n�l�kmcrsu����lRf�g\ixi�~mf�crk`v�te{�v�lRj��mi�l�t��}s�vxæucrsu�����mv�s���g\~m~[cej2s���crtug\|2s�cwl\�&{��2c



� �5É��º!#����
�	���,�$²Ê5ËÌ�Y�3/�!#Í�/#��	����8/����o�¥Î�gÏ��
�	�$A�����</�!®
��ÏËLÍ�!.��Ë p<p

Ý�¸±ÁOº^¹\´�Þc%_´�'Ià ���}��É � s�ceo�n�cej
{hg\{�v�lRj���lRfzvxnyg\oGc0ÿCcej�g�trl�kmcrk�g\{�Æ`�!á��m~m~C�@���2c�~mf�crk`v�te{�v�lRj
�mi�l�t��`s�g\f�c�f�ce~mf�crshcejZ{�crk¤�Zq	{��2c��mi�gRt��Pixvxj2crswg\j2k©{��2c������ês�ceo�n�cej
{hg\{�v�lRj¤v�s�f�ce~mf�crs�cejZ{�crk
�
qY{��2c0���mvx{�c�ixvxj2crsu�

k`v�Ôyte|mix{"q�vxj�~[cef$�blRf�n�vxjmo¢g\j	c¨Ôytev�cej
{0~mf�crk`v�te{�v�lRj¦l\�&{��2c�{�c¨�`{�~�g\{�{�cef�j2s¥�I{���g\{�oGcej2cefhg\ixixq�kml>j2lR{
§2{�vxjZ{�l�g\jZq¢~�g\f�{�v�te|mi�g\f�k`vxf�crte{�v�lRj�g\i�{�c¨�`{�|mf�c�����i�s�lm�2�[crtug\|2s�c�{��2c�~mf�crk`v�te{�v�lRj	~mf�l�trcrs�s�{�cej2kms�j2lR{
{�l��[c�gRk`d�g\jZ{hg\oGcrlR|2s¥�m{��2c�Í�ÎêlR~m{�vxn�v�s�g\{�v�lRj�t��2l�l�s�crsz{�l�|2shc�n�l�s�{�ixqYi�g\f�oGc�~mf�crk`v�te{�v�lRj��mi�l
th��su��vxj
lRf�kmcef�{�l�shgrdGc��mvx{�s�gRs�s�l�tev�g\{�crk���vx{���{��2c�vxnyg\oGc�~mf�crk`v�te{�v�lRj�~mf�l
trcrshsu�

¡ vxo�|mf�c>á`�xéu¬¢f�ce~mf�crs�cejZ{�sw{��2cy�mi�l
th�¦s�ceo�n�cejZ{hg\{�v�lRjB|2s�crk¤�Zq©������É � ���2cej¤vx{�v�swg\~m~mixv�crkÃ{�l
vxnyg\oGc�ÿCcej�gwcej2trl�kmcrk>g\{�Æ`�!á��m~m~C����j2c�nyguqylR�2s�cef�dGc�{��2c�gRk2g\~m{�vxdGcej2crs�s�l\�C{��2c����}��É � cej2trl�kmcef
��lR{��Ãf�ceoZg\f�k`vxjmoP{��2cy~mf�crk`v�te{�v�lRjå�mi�l�t��Ãs�vxæuc	°±f�ce~mf�crs�cejZ{�crkB�
q©{��2c>�mi�gRt��¦ixvxj2crs¨³�g\j2k¤{��2c��}���
~�g\f�{�vx{�v�lRjYl\�I{��2c�~mf�crk`v�te{�v�lRj>f�crs�v�k`|2crs�°�s��2lu��j>vxj����mvx{�c¥³¨�����2c�vxnyg\oGc�f�ceo�v�lRj2s&��vx{��Y�mvxo��2cef]kmce{hg\vxi
i�cedGcei�s�oGcej2cefhg\ixixq©trlRf�f�crs�~[lRj2k©{�l¢{��2c�|2s�c�l\��s�nyg\ixi�cef��mi�l
th��s¥�+�[lR{��P�blRf�{��2c�~mf�crk`v�te{�v�lRjåg\j2kP{��2c
�}����cej2trl�k`vxjmoYs�{�ce~2su�]Ä�cedGcef�{��2cei�crshsu�`�blRf�s�lRn�c0vxnyg\oGc�g\f�cugRs�lRj2c0nyguq>j2lR{�v�trc�{��2c0|2s�c�l\��i�g\f�oGc
~mf�crk`v�te{�v�lRj>�mi�l�t��`s�gRs�s�l�tev�g\{�crky��vx{���{��2c�s�ceo�n�cejZ{hg\{�v�lRj�l\�^{��2c�~mf�crk`v�te{�crk�cef�f�lRf�~�g\{�{�cef�j2su� ¡ vxo�|mf�c
á`�xé¥Ú�trlRn�~�g\f�crs�{��2c��mi�l�t��>s�ceo�n�cejZ{hg\{�v�lRj���lRfz{��2c��}����g\j2k>{��2c0�}����É � cej2trl�kmcef�su���blRf�gwkmce{hg\vxi
l\�]vxnyg\oGc�ÿCcej�g�cej2trl
kmcrk©g\{�Æ`�!á��m~m~C� � jP{��mv�s�tugRs�c��[lR{��©s�ceo�n�cejZ{hg\{�v�lRj2s�|2s�crk	�
q}{��2c����}��É �
cej2trl
kmcefyg\f�c�trlRn��mvxj2crkI�]vxjålRf�kmcef�{�lPs��2l¥�í{��2c�f�cug\i�s�vxæuc�l\��{��2c�|2shcrk¤�mi�l�t��Bs�ceo�n�cej
{�su� � {�v�s
~�l�s�s�vx�mi�c�{�l�lR�2s�cef�dGc0{���g\{u�moGcej2cefhg\ixixqG��{��2c�~mf�crk`v�te{�v�lRj¢{�crt��mjmv�Ç
|2crs�g\ixi�lu�ë{��2c�������É � cej2trl�kmcef�{�l
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Ý�¸±ÁOº^¹\´�Þ&%_´ãdOà�¡ vxj�g\i^shceo�n�cejZ{hg\{�v�lRj}��lRf�vxnyg\oGc�ÿCcej�g�trl�kmcrk¢g\{�Æ`�!á��m~m~C�m�blRf�gG³����}�äg\j2k
�O³z���}��É � �

|2s�c�n�|2t���i�g\f�oGcef]~�g\f�{�vx{�v�lRj2s����2cej�trlRn�~mf�crs�s�vxjmow{��2c�vxjm~m|m{]vxnyg\oGc��@���mv�s]v�s]~�g\f�{�v�te|mi�g\f�ixqYced�v�kmcejZ{
vxj¢{��2c�n�lRf�cwkmce{hg\vxi�crk}f�ceo�v�lRj2s�l\��{��2c�vxnyg\oGc���ixvx�Gc�{��2c�j2l�shc�g\j2k}ixvx~2s�l\�@ÿCcej�g`�IgRs��zceixi�gRs�g\i�lRjmo
{��2c�vxnyg\oGc>crk`oGcrsu� ¡ f�lRn {��2cYg\j�g\ixq`s�v�swl\��{��2c�~[cef$��lRf�nyg\j2trc>l\���}���ê��lRf�×�×ís�vxo�j�g\i�s¥�,s��2lu��j
vxjP{��2c�cug\f�ixq�shcrte{�v�lRj2s�l\��{��mv�s�t���g\~m{�cefu��lRj2c��]lR|mi�k¤c¨��~[crte{0{��2c�n�lRf�c�f�ceo�|mi�g\f�~mf�crk`v�te{�v�lRj¤cef�f�lRf
~�g\{�{�cef�j2su�G{���g\{�g\f�c�n�l�s�{�ixq�trlRj2trcejZ{�fhg\{�crk�g\f�lR|mj2kYg0s�~�crtev�§�t�s��2ceixi�l\�I{��2c�vxnyg\oGc�s�~�gRtrc��Z{�l��SgrdGlR|mf
{��2c�k`v�te{�v�lRj�g\f�q>gRk2g\~m{hg\{�v�lRjC�&���mv�s&f�crs�|mix{�s��2l¥��s]{���g\{u�
�[crs�v�kmcrs&{��mv�s¥�Z{��2c�~mf�crk`v�te{�v�lRj�~mf�l
trcrs�s�g\i�s�l
�bgudGlR|mf�s�{��2cY|2shc>l\���mi�l
th��s�l\��i�g\f�oGcef�s�tug\i�crs�vxjB{��2c�g\~m~mf�lu��vxnyg\{�v�lRjä~mf�l
trcrs�s¥�����mv�t��äg\f�c>n�lRf�c
c¨Ôytev�cejZ{�{���g\j¢{��2c0s�nyg\ixi�cef��mi�l�t��`su�

ü��O���O� Xo÷�ðô@"ò=î�í\ï�÷�õùø�íba�ú¡ïMa�ò�a�ñZÆ#÷�
°Æ�a�ú0ñZÆ#ò&î�aåðôñma�ú-÷�ö"ï

� j}{��mv�s�shcrte{�v�lRj}�zcwced�g\ix|�g\{�cw{��2c�f�cei�g\{�vxdGc�Í�ÎU~�cef$�blRf�nyg\j2trc�l\�@{��2c�������É � g\ixoGlRf�vx{��mn g\oZg\vxj2s�{
{���g\{+l\��{��2c�te|mf�f�cej
{^s�{hg\{�c¨É"l\�±ÉS{��2c¨ÉLg\f�{+vxnyg\oGc&cej2trl
k`vxjmo�n�ce{��2l�kms�äZ�@ª]×0«�Æ�Æ�Æ*�xéu«Ï��g\j2k ã �!«�¬\Â
þ\����)
�mvxo��¤~mf�l\§2i�c>vxjZ{�fhg¢��fhg\n�cYcej2trl�kmcef��!á�4��"�¢Ä�lR{�cy{���g\{w{��2c ã �!«�¬\Â
þ\����)�ØÙs��mvxo��¤~mf�l\§2i�c�g\i�s�l¢|2s�crs
­ × ­ �mi�l�t��`s���lRf�vxjZ{�fhg>~mf�crk`v�te{�v�lRj¦g\j2k�{�fhg\j2s$�blRf�nptrl�k`vxjmo2�[vxj©gRkmk`vx{�v�lRj	{�lY{��2c�éu¬ × éu¬>g\j2k�Â × Â
�mi�l
th��s�kmc¨§2j2crk�vxj�{��2c0��gRshceixvxj2c�g\j2k�nyg\vxj}~mf�l\§2i�crsu�]���mv�s�q
v�cei�kms�g�oGl�l
k�g\~m~mf�lu��vxnyg\{�v�lRj�{�l�{��2c
�mv�cefhg\f�t��mv�tug\i+~mf�crk`v�te{�v�lRj}~�cef$�blRf�n�crk��
q�������É � �`vxj¢g�Î£)z�ìtrl�k`vxjmo���fhg\n�ce�]lRf��[�

ª��`~�cef�vxn�cej
{hg\iz{�crs�{�s��]cef�cY~[cef$��lRf�n�crk¤|2s�vxjmo}shcedGcefhg\i&{"q�~[crs�l\��vxnyg\oGcrs�°�s�crc>£�crte{�v�lRjåù`�!«`�xé¥³¨�
¡ vxo�|mf�crs�á`�xé ­ g\j2kåá`�xé¥4�s��2l¥�í{��2c>Í�ÎÊ~[cef$�blRf�nyg\j2trc>��lRfwj�g\{�|mfhg\i�°�s�n�l�lR{��`ÉSixvx�Gc¥³wvxnyg\oGcrs�ÿCcej�g
g\j2k>�,ce~m~[cef�s�g\j2k6)�g\n�cefhg\nyg\jC�&���2crs�c�§2o�|mf�crs�s��2lu�ëlRj2trc0g\oZg\vxj�{��2c0s�vxo�jmv�§�tug\j
{�vxn�~mf�ludGcen�cej
{
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Ý�¸±ÁOº^¹\´�Þ&%_´ZmIà ª��`~[cef�vxn�cejZ{hg\i,f�crs�|mix{�s�l\���}����É � �blRf�o�fhgrq`s�tug\i�c�s�n�l�lR{��¢{�crs�{�vxnyg\oGcrs�ÿCcej�g
g\j2k��,ce~m~�cef�s¥�

vxj>lR�`È�crte{�vxdGc�ÇZ|�g\ixvx{LqyvxjZ{�f�l�k`|2trcrk>�Zq>�}����É � �blRf]{��2c�trlRn�~mf�crs�s�v�lRj�l\�^s�n�l
lR{��>o�fhgrq`s�tug\i�c�vxnyg\oGcrs
°±|m~Ã{�lPg\ixn�l�s�{�«}k9���^���2cejåtrlRn�~�g\f�crkå��vx{��å���}�z³¨�,���2c>oZg\vxj2s�vxjåÍ�ÎÊ~�cef$�blRf�nyg\j2trc�l\��{��2c
{�fhg\j2s$��lRf�n�ÉS��gRshcrkyn�ce{��2l�kms�ludGcef��}����É � g\f�c�j2l¥�ìs�nyg\ixiS�
trlRn�~�g\f�crk>��vx{��>{��2c�~[cef$��lRf�nyg\j2trc�oZg\~
ludGcef��}���,�����2crs�c>oZg\vxj2sws�{�f�lRjmo�ixq¤kmce~[cej2kålRj¤{��2c�{�crs�{wvxnyg\oGc��@�m|m{�lRj2c>nygrqÃlR�2s�cef�dGc�s�nyg\ixi
�]£�Ä�Í k`v�ÌIcef�cej2trcrs����2cejW������É � v�s�trlRn�~�g\f�crkW��vx{��ôäG�&ª]×0«�Æ�Æ�Æ`� ¡ lRf>vxnyg\oGc )�g\n�cefhg\nyg\jC�
�}����É � v�swcedGcej¦�[ce{�{�cef�{���g\jÃ{��2cYÎ�ËW�zÉS��gRs�crkÃcej2trl�kmcef�°�s�crc ¡ vxo�|mf�c>á`�xé¥4G³¨�����mvxi�cy��lRf�vxnyg\oGcrs
ÿCcej�g�g\j2kP�^ce~m~[cef�su�I{��2c�k`v�ÌIcef�cej2trcrs0vxjPlR�`È�crte{�vxdGc�ÇZ|�g\ixvx{Lq	g\f�cwvxj`�bcef�v�lRf0{�l�Æ`�ÛÚ>k9� g\j2k©Æ`�!á�k9���
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	���,8g�
�����	�����	�����������	���������,�������fc¾ �"�"!#����
�	���,�$

 26

 28

 30

 32

 34

 36

 38

 40

 42

 44

 0.2  0.4  0.6  0.8  1  1.2  1.4  1.6  1.8

PS
NR

bpp

Image Cameraman

MMP-I
MMP

H.264/AVC - High
JPEG2000

Ý�¸±ÁOº^¹\´	Þc%P´Z�Ià ª��`~�cef�vxn�cej
{hg\i,f�crs�|mix{�s�l\�@���}��É � �blRf�o�fhguq�shtug\i�c�s�n�l�lR{��¢{�crs�{�vxnyg\oGc )�g\n�É
cefhg\nyg\j¤°b«�á�¬ × «�á�¬G³¨�

f�crs�~�crte{�vxdGceixq>°�s�crc ¡ vxo�|mf�c�á`�xé ­ ³¨� � j�s�~mvx{�czl\��{��mv�su�\{��2c&{�fhgRk`vx{�v�lRj�g\im{�fhg\j2s���lRf�n�É"Ç
|�g\jZ{�v�shg\{�v�lRj`ÉS��gRshcrk
n�ce{��2l
kmsu�Z{���g\{zg\f�c��mvxo��mixq�lR~m{�vxn�v�s�crk���lRf&i�lu��ÉS~�gRs�s]vxnyg\oGcrsu�
g\f�c�s�{�vxixi2n�lRf�c�c¨Ôytev�cej
{]{���g\j>�}����É
� �blRf0{��mv�s�{"q�~[c�l\�zvxnyg\oGcrsu����j2c�nygrq©g\i�s�l�lR�2s�cef�dGc�{��2c�f�cei�g\{�vxdGc�~�cef$�blRf�nyg\j2trc�l\� ã �!«�¬\Â
þ\����)
cej2trl
kmcef�g\j2k*äG�@ªz×0«�Æ�Æ�Æ`�\��lRf^{��2c@{�crs�{�crk�vxnyg\oGcrsu� ¡ lRf+vxnyg\oGcrs,ÿCcej�g�g\j2k��^ce~m~[cef�s,{��2crs�c&cej2trl�kmcef�s
~mf�crs�cejZ{�g\~m~mf�lu��vxnyg\{�ceixq	{��2c�shg\n�c�Í�Î ~[cef$�blRf�nyg\j2trc�� � nyg\oGc�)�g\n�cefhg\nyg\j¦v�s�g\j©c¨�mtrce~m{�v�lRj©{�l
{��mv�s�f�|mi�c��0s�vxj2trc ã �!«�¬\Â
þ\����)pv�s}g\�mi�cP{�l�gRt��mv�cedGc¤ÇZ|�g\ixvx{LqWoZg\vxj2s¢l\�wn�lRf�cP{���g\{¤é��!áåk9� ludGcef
äG�@ª]×0«�Æ�Æ�ÆYg\j2k©é0k9�ìg\��l¥dGc�{���g\{�l\���}����É � �

¡ vxo�|mf�c�á`�!«�Æ�s��2l¥��s�g�kmce{hg\vxiC�blRf�vxnyg\oGc�ÿCcej�gytrlRn�~mf�crs�s�crk¢g\{�g\~m~mf�lr�`vxnyg\{�ceixq¢Æ`�!á��m~m~�|2s�vxjmo
�}���^�+�}����É � �cäG�@ª]×0«�Æ�Æ�Æ}g\j2k ã �!«�¬\Â
þ\����)���� ¡ f�lRn {��2crs�c�vxnyg\oGcrs�lRj2c�nygrq	j2lR{�v�trc�{��2c�vxn�É
~mf�ludGcen�cejZ{�vxj>~[cef�trce~m{�|�g\iCÇ
|�g\ixvx{"q>{���g\{zv�szvxj
{�f�l
k`|2trcrk��
qY���}��É � ���2cej�trlRn�~�g\f�crk���vx{����}���
��lRf�{��mv�s�vxnyg\oGc�����j�g\ixq`s�vxjmo�{��2c�~[cef�trce~m{�|�g\i�f�crs�|mix{�s�l\��{�fhg\j2s$��lRf�n�ÉS��gRshcrk¦vxnyg\oGc>cej2trl
kmcef�s¥���]c
j2lR{�v�trc�gws�n�l�lR{��2cef�f�ce~mf�crs�cej
{hg\{�v�lRj¢l\�+{��2c�vxnyg\oGc����2cej�trlRn�~�g\f�crk���vx{����}����É � �
{���g\{�~mf�crs�cej
{�s
s�lRn�c��mi�l
th�
vxjmo	g\f�{�v��bgRte{�s¥�����mv�s�~�g\f�{�v�g\ixixqPc¨�`~mi�g\vxj2s�{��2c��]£�Ä�Í oZg\vxj2s�gRt��mv�cedGcrk¤�Zq�{��2crs�cyg\ixoGl\É
f�vx{��mn�su�

¡ vxo�|mf�c}á`�!«`é�trlRn�~�g\f�crsY{��2c�~[cef$��lRf�nyg\j2trc}l\�0������É � ��lRf�{�c¨�`{}°��@��éu«�Æ�áG³Yg\j2kätrlRn�~[lR|mj2k
°��@��éu«�Æ�4G³�vxnyg\oGcrs¥�C��vx{��©{���g\{�l\�����}�,�cäG�@ª]×�«�Æ�Æ�Æ}g\j2k ã �!«�¬\Â
þ\����)��^���2crs�c�~mi�lR{�s�s��2lu�Ï{��2c
gRk`dRg\j
{hg\oGc�l\�@|2s�vxjmo>{��2c�n�|mix{�v�s�tug\i�cwf�crte|mf�f�cejZ{�~�g\{�{�cef�j`ÉS��gRs�crk	cej2trl�kmcef�s��blRf�{��2crs�c�{"q�~[crs�l\��vxn�É
�þý�� « � �A�.y ­ v5x ÿ � ��� ©�� ± p �.yÞ©�� r ¤ y|«�� ����� z � v�	�© «�y<��w"� ��� � ��� � zY�\w|�.v5y3z>y<«9�.� �á� zY�.v5� � v��Þw|x ��� �



� �5É��º!#����
�	���,�$²Ê5ËÌ�Y�3/�!#Í�/#��	����8/����o�¥Î�gÏ��
�	�$A�����</�!®
��ÏËLÍ�!.��Ë ¤ q<r

� w �²¬£¬ ª � r<t � 1 ± ��¦&� �H¨���¬£¬ ª���� � r ; � 2<B ��¦c�

� � ��� ª���� ±<q<q3q � r B � ¤~2 ��¦c� �(����� � ± ; tYs � ¯ © � r B � ±|t ��¦&�

Ý�¸±ÁOº^¹\´èÞc%�ßãµIà Î�ce{hg\vxi���lRf�vxnyg\oGc©ÿ+cej�gåtrlRn�~mf�crs�s�crkëg\{¢g\~m~mf�lu��vxnyg\{�ceixqêÆ`�!áÃ�m~m~ë|2s�vxjmo
gG³z���}��øm�O³z�}����É � ømt¥³ÌäG�@ªz×0«�Æ�Æ�Æ`øOg\j2k�k�³ ã �!«�¬\Â
þ\����)��

g\oGcrsu� � {zv�s�g\i�s�l�~[l�s�s�vx�mi�c�{�l�lR�2shcef�dGc�g�trlRj2s�v�s�{�cej
{�~�cef$�blRf�nyg\j2trc0gRk`dRg\j
{hg\oGc�l\� ã �!«�¬\Â
þ\����)�ludGcef
äG�@ª]×0«�Æ�Æ�Æ`�
{���g\{]g\n�lR|mj
{�s&{�l0Ç
|�g\ixvx{"q�oZg\vxj2s&l\�Cg\�[lR|m{�é�k9�Ã��lRf&g\ixim{�crs�{�crk�fhg\{�crsu� � j�{��2crshc�tugRs�crsu�
{��2c��mvxo��mixqPgRk2g\~m{�vxdGc�trlRn�~mf�crs�s�v�lRj©sht��2cen�c�|2s�crk��
q ã �!«�¬\Â
þ\����)��[��vx{��Pvx{�s�d�g\f�v�lR|2s�~mf�crk`v�te{�v�lRj
n�l
kmcrs�g\j2k>dRg\f�v�g\�mi�c��mi�l�t��>s�vxæuc��mi�l
th��s]�blRf�{�fhg\j2s$��lRf�nítrl�k`vxjmo�g\j2k��mi�l
th�y~mf�crk`v�te{�v�lRjC�2g\ixi�lu��s���lRf
g>o�f�cug\{�cef�c¨Ôytev�cej2teq	{���g\j¦{���g\{�l\��{��2c�Î�Ë®�zÉS��gRs�crk©cej2trl�kmcefu�yÄ�cedGcef�{��2cei�crs�su�^j2cevx{��2cef�l\��{��2crs�c
{�fhg\j2s$��lRf�n�ÉS��gRshcrk�n�ce{��2l
kms&v�s]g\�mi�c�{�l�c¨Ôytev�cejZ{�ixq�trlR~[c���vx{���{��2c��mvxo��YgRte{�vxd�vx{"q�~�g\{�{�cef�j2s&{���g\{]g\f�c
{"q�~mv�tug\i^l\��{�c¨��{�vxnyg\oGcrs¥�]���mv�s���g\~m~[cej2s���crtug\|2s�c�{��2crs�c0~�g\{�{�cef�j2s�d�v�lRi�g\{�c�{��2c�i�lu��ÉS~�gRs�s�gRs�s�|mn�~`É
{�v�lRj���lRf�{��2c0��f�crÇZ|2cej2teq�s�~[crte{�f�|mn l\��{��2c0vxjm~m|m{�vxnyg\oGc��º��lR{�� ã �!«�¬\Â
þ\����)ëg\j2k�äG�@ª]×0«�Æ�Æ�Æ`�[gRs
oGcej2cefhg\ixixq>g\ixi[lR{��2cef]{�fhg\j2s$�blRf�n�ÉS��gRs�crk�vxnyg\oGc�trlRn�~mf�crs�s�v�lRj�g\ixoGlRf�vx{��mn�su�2g\f�c��mvxo��mixqYlR~m{�vxn�v�s�crk>vxj
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Ý�¸±ÁOº^¹\´�Þ&%�ßc´�à ª���~[cef�vxn�cejZ{hg\i,f�crs�|mix{�s�l\�@���}��É � �blRf�{�c¨�`{�vxnyg\oGc��&��éu«�Æ�áYg\j2k}trlRn�~�lR|mj2k
vxnyg\oGc��&��éu«�Æ�4`�

c¨��~mi�lRvx{�vxjmo�{��mv�s��bcug\{�|mf�c�l\�zn�l�s�{�j�g\{�|mfhg\i&vxnyg\oGcrsu��Ä�cedGcef�{��2cei�crs�su�C{��2cevxf0~�cef$�blRf�nyg\j2trc�kmceo�fhgRkmcrs
s�cedGcef�ceixq����2cejY{��mv�s&v�s@j2lR{&{��2c�tugRs�c�����crtug\|2s�c�{��2c��}����ÉS��gRs�crk>g\ixoGlRf�vx{��mn�szkml�|2s�c�g\j
q! #"%$�Õ'&($¨Õ
gRs�s�|mn�~m{�v�lRjYg\�[lR|m{@{��2c�vxjm~m|m{&s�vxo�j�g\iS�G{��mv�s@Ç
|�g\ixvx{"q�kmceo�fhgRk2g\{�v�lRj>v�s�j2lR{&lR�2s�cef�dGcrk��blRf�{��2c�tugRs�crs&l\�
�}���¤g\j2kY�}����É � �G��szg0f�crs�|mix{u�G��lRf]{�c¨��{&vxnyg\oGc��@��éu«�Æ�á`�����2cef�c��}���¤g\j2kY�}����É � ��grdGc�s�vxn�É
vxi�g\f�~�cef$�blRf�nyg\j2trcrsu��{��2c��]£�Ä�ÍêoZg\vxj2s�l\�,{��2crs�c�g\ixoGlRf�vx{��mn�s�g\f�cwg\��lR|m{�ÂYk9���2���2cej ã �!«�¬\Â
þ\����)
v�s�trlRj2s�v�kmcef�crkI�Ig\j2k�g\��lR|m{0á�k9�êvxj}trlRn�~�g\f�v�s�lRj	��vx{���äZ�@ª]×0«�Æ�Æ�Æ`�����2c�~[cef�trce~m{�|�g\i�f�crs�|mix{�s���lRf



� �5É��º!#����
�	���,�$²Ê5ËÌ�Y�3/�!#Í�/#��	����8/����o�¥Î�gÏ��
�	�$A�����</�!®
��ÏËLÍ�!.��Ë ¤ q 2

� w �²¬£¬ ª � r3q � 1 ± ��¦&� �H¨���¬£¬ ª���� � r3q � 1<p ��¦c�

� � ��� ª���� ±<q<q3q � ± B � ± ¤ ��¦c� �(����� � ± ; tYs � ¯ © � ± 1 � ± B ��¦&�

Ý�¸±ÁOº^¹\´	Þc%�ßOß[à Î�ce{hg\vxi+�blRf�vxnyg\oGc��@��éu«�Æ�áytrlRn�~mf�crs�shcrk�g\{0g\~m~mf�lr�`vxnyg\{�ceixq�Æ`�!¬�áy�m~m~}|2s�vxjmo
gG³ºäG�&ª]×0«�Æ�Æ�Æyg\j2k��O³ ã �!«�¬\Â
þ\����)��

{��mv�s0vxnyg\oGc��+cej2trl�kmcrk¦g\~m~mf�lr�`vxnyg\{�ceixq¦g\{�Æ`�!¬�á��m~m~C�+nygrq	��c�lR�2shcef�dGcrkPvxj ¡ vxo�|mf�cyá`�!«�«()�� ¡ f�lRn
{��2crs�c�vxnyg\oGcrs�lRj2c�nyguq¢tei�cug\f�ixq�j2lR{�v�trc�{��2c�Ç
|�g\ixvx{"q}gRk`d�g\jZ{hg\oGc�l\���[lR{������}��ÉS��gRs�crk¢cej2trl�kmcef�su�
���2cej¢trlRn�~�g\f�crk���vx{��eäG�&ª]×0«�Æ�Æ�Æ>g\j2k ã �!«�¬\Â
þ\����)��

¡ lRf&trlRn�~[lR|mj2k�vxnyg\oGc��@��éu«�Æ�4y°�shcrc ¡ vxo�|mf�c�á`�!«`é��O³�³¨�
�}����É � lR|m{�~�cef$�blRf�n�s]g\ixiOlR{��2cef@{�crs�{�crk
n�ce{��2l
kmsu�]ËW�2cej¢trlRn�~�g\f�crk¢{�l�äG�@ª]×0«�Æ�Æ�Æ`�����}��É � v�s�g\�mi�c�{�l�vxn�~mf�l¥dGc�{��2c�lR�`È�crte{�vxdGc�Ç
|�g\ixvx{"q
�Zq¢g\�[lR|m{wé�k9�������2c ã �!«�¬\Â
þ\����)ëtrlRj2s�v�s�{�cejZ{�ixq}gRth�mv�cedGcrs���ce{�{�cef�f�crs�|mix{�s�{���g\j�äG�&ª]×0«�Æ�Æ�Æ�g\i�s�l
��lRf�{��mv�s�{"q�~[c�l\��vxnyg\oGcrsu� � {�s�Í�Îè~�cef$�blRf�nyg\j2trc�v�s�crÇZ|mvxd�g\i�cejZ{�{�l�{���g\{�l\�@�}�����m|m{�vxj`�bcef�v�lRf�{�l
{���g\{�l\�,���}��É � �m�
q�g\�[lR|m{�Æ`�!á�k9���
*�ý�� « � �A�.y ­ v5x ÿ � ��� ©�� r#± �.yÞ©�� r<t y|«�� ����� z � v�	�© «�y<��w"� ��� � ��� � zY�\w|�.v5y3z>y<«9�.� �á� zY�.v5� � v+�Þw|x ��� �
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���2crs�czc¨��~[cef�vxn�cejZ{hg\i`f�crs�|mix{�s,s��2lu�Ã{���g\{��}����É � v�s�g\�mi�c&{�l�s�vxo�jmv�§�tug\jZ{�ixq�vxn�~mf�ludGc�{��2c&Ç
|�g\ixvx{"q
l\���}���ú��lRf>s�n�l
lR{��Wvxnyg\oGcrsu�����mvxi�c�nyg\vxj
{hg\vxjmvxjmo2��lRf>vxn�~mf�lud�vxjmo2��{��2c�c¨�`trceixi�cej
{�f�crs�|mix{�sY��lRf
{�c¨��{yg\j2k�trlRn�~[lR|mj2k�vxnyg\oGcrs¥�&���2cejätrlRn�~�g\f�crkä��vx{��äs�{hg\{�c¨É"l\�±ÉS{��2c¨ÉLg\f�{Ycej2trl�kmcef�su�äÅ�jmixvx�Gc�{��2c
{�fhgRk`vx{�v�lRj�g\i@{�fhg\j2s$�blRf�n�É"ÇZ|�g\j
{�v�shg\{�v�lRj`É"cejZ{�f�lR~
q¤trl�k`vxjmoRÉS��gRs�crk	n�ce{��2l
kms¥�I{���g\{���grdGc�~[l�lRf�trl�k`vxjmo
c¨Ôytev�cej2teq���lRf�j2lRj`É"s�n�l
lR{��}vxnyg\oGcrsu�Og\j2k�lRf�vxo�vxj�g\i����}�,�m{���g\{���gRs�g�i�g\f�oGc�~[cef$�blRf�nyg\j2trc�kmc¨§�tevx{
��lRfws�n�l
lR{��Ãvxnyg\oGcrsu�����}��É � ��gRswg¢oGl
l�k©~[cef$�blRf�nyg\j2trc��blRf�g\ixizvxnyg\oGcY{"q�~�crsu�}���mv�s�oGl�l�k¤g\ixi�É
f�lR|mj2k	~�cef$�blRf�nyg\j2trc�l\�z���}��É � f�crs�|mix{�s���f�lRn vx{�s�g\�mvxixvx{"q�{�l>c¨Ôytev�cej
{�ixqPc¨��~mi�lRvx{�{��2cw�bcug\{�|mf�crs0l\�
{��2c�~mf�crk`v�te{�v�lRjäcef�f�lRfys�vxo�j�g\iS�]{���g\{yg\ixi�lu�í�blRfyg}n�lRf�c�c¨Ôytev�cejZ{Y�}���Ïk`v�te{�v�lRj�g\f�q�gRk2g\~m{hg\{�v�lRjC�
���2c0f�crs�|mix{�v�s�gw�mvxo��mixq�gRk2g\~m{�vxdGc�cej2trl�k`vxjmo�n�ce{��2l�k���vx{��}gw|2s�c¨��|miI|mjmvxdGcef�shg\i+��cug\{�|mf�c��

���2c�~mf�crs�cej
{�crkÃf�crs�|mix{�s�n�lR{�vxd�g\{�crk¤{��2c�vxjZdGcrs�{�vxoZg\{�v�lRjBl\��vxn�~mf�l¥dGcrkBk`v�te{�v�lRj�g\f�q¤gRk2g\~m{hg\{�v�lRj
{�crt��mjmv�Ç
|2crs��blRf�������É � �,��j2c�vxn�~[lRf�{hg\jZ{�oGlGg\i�l\�@{��mv�s�vxjZdGcrs�{�vxoZg\{�v�lRj	v�s�{�l���|mf�{��2cef�vxj2tef�cugRs�cw{��2c
~�cef$�blRf�nyg\j2trc�l\��{��mv�s�n�ce{��2l�kÃ��lRf�s�n�l�lR{��Ãvxnyg\oGcrs¥�¦���2c�g\vxn {�lPgRt��mv�cedGc¢g\jåcrÇ
|mvxdRg\i�cej
{�~�cef$É
��lRf�nyg\j2trcw{�l>{��2c�s�{hg\{�c¨É"l\��ÉS{��2c¨ÉLg\f�{�{�fhg\j2s$��lRf�n�ÉS��gRshcrk	n�ce{��2l
kms��blRf�s�n�l
lR{��	vxnyg\oGcrs0s��2lR|mi�k�j2lR{u�
�2lu�]cedGcefu��trlRn�~mf�lRn�v�s�c�{��2c�c¨�`trceixi�cej
{z~[cef$�blRf�nyg\j2trc0l\�^�}����É � �blRf�{��2c�{�c¨�`{�g\j2k�trlRn�~�lR|mj2k>vxn�É
g\oGcrsu�¢���2cYf�crs�|mix{�s�l\��{��mv�s�vxj
dGcrs�{�vxoZg\{�v�lRjäg\f�cY~mf�crs�cejZ{�crkÃvxjÃ{��2c��blRixi�lu��vxjmoPt���g\~m{�cef�s¥�}��f�v�lRf�{�l
{��mv�swk`v�shte|2s�s�v�lRjC�@{��2c>j2c¨�`{�s�crte{�v�lRjB~mf�crs�cejZ{�s�g\j�g\j�g\ixq`s�v�s�l\��{��2c>~mf�crk`v�te{�v�lRjäcef�f�lRf�~mf�lR��g\�mvxixvx{"q
k`v�s�{�f�vx�m|m{�v�lRjC�mvxj�lRf�kmcef�{�l�kmce{�cef�n�vxj2c�{��2c�gRtrte|mfhgRteq�l\��{��2c�gRs�s�|mn�crk¢×�×ûn�l�kmcei+g\j2k�kmce{�cef�n�vxj2c
j2ce���m|2s�c¨��|miIvxj2s�vxo��Z{�s�lRj�{��2c���cug\{�|mf�crs�l\�,{��2c�~mf�crk`v�te{�v�lRj�cef�f�lRf�s�vxo�j�g\iS�
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���2c�c¨Ì[crte{�s�l\��|2s�vxjmo�vxjZ{�fhg�~mf�crk`v�te{�v�lRj¤vxj¦���}�ì�zcef�c�§2f�s�{�lR�2s�cef�dGcrkPvxjÃ£�crte{�v�lRj¤á`�!ù`�xé��^���2cef�c
¡ vxo�|mf�crs@á`�xéuù�g\j2k�á`�xéeÂ�g\ixi�lu�zcrk��blRf�g�d�v�s�|�g\i2g\j�g\ixq�s�v�s,l\����lR{���{��2cz~mf�crk`v�te{�v�lRjYg\j2kw{��2cz~mf�crk`v�te{�v�lRj
cef�f�lRf]vxnyg\oGcrsu� � j>{��mv�szshcrte{�v�lRjY�zc���|mf�{��2cefzvxjZdGcrs�{�vxoZg\{�c�{��2c��}����É � ~mf�crk`v�te{�v�lRj�cef�f�lRf�s�vxo�j�g\iS��Ë©c
s��2lu��{���g\{@{��mv�s&s�vxo�j�g\i�trlRj2s�v�s�{�cej
{�ixq�~mf�crs�cejZ{�s]�mvxo��mixq�~�cug\�Gcrk�~mf�lR��g\�mvxixvx{"qyk`v�s�{�f�vx�m|m{�v�lRj2s¥�Z{���g\{]�]c
tug\j�gRtrte|mfhg\{�ceixq�n�l�kmcei`|2s�vxjmo0oGcej2cefhg\ixv�s�crky×0g\|2s�s�v�g\j���|mj2te{�v�lRj2su�,Ë©c�g\i�s�l0crs�{�vxnyg\{�cz{��2c�d�g\ix|2crs,��lRf
{��2c�s���g\~[c�~�g\fhg\n�ce{�cef0g\j2k}s�{hg\j2k2g\f�k}kmced�v�g\{�v�lRj�l\��{��2crs�c�n�l�kmcei�su�����2crs�c�c¨�`~[cef�vxn�cejZ{hg\i�f�crs�|mix{�s
s��2lu�í{���g\{�{��2c�~mf�crk`v�te{�v�lRjäcef�f�lRfYs�vxo�j�g\i���gRs�~mf�lR��g\�mvxixvx{"qåk`v�s�{�f�vx�m|m{�v�lRj2sy{���g\{yg\f�c�trlRj2s�v�s�{�cejZ{�ixq
j�g\f�f�lu�]cef�{���g\j�{��2c�ÿ+g\~mi�gRtev�g\j�lRj2c��

¡ vxo�|mf�c�á`�!«�ù�s��2l¥��s�{��2c0�mv�s�{�lRo�fhg\n ��lRf�{��2c�lRf�vxo�vxj�g\iCvxnyg\oGc�ÿCcej�gyg\j2k�{��2c0�mv�s�{�lRo�fhg\nÊl\��{��2c
~mf�crk`v�te{�v�lRj¦cef�f�lRf�s�vxo�j�g\i@oGcej2cefhg\{�crk©�Zq	�}����É � ����lRf0{��2c�f�ce~mf�crshcejZ{�crk¦trlRn�~mf�crshs�v�lRj©fhg\{�v�l�su��Ë©c
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Ý�¸±ÁOº^¹\´	Þc%�ß�âIà�ã v�s�{�lRo�fhg\n�s��blRf�gG³�lRf�vxo�vxj�g\i^vxnyg\oGcwÿCcej�g>g\j2k¢���}��É � ~mf�crk`v�te{�v�lRj	f�crs�v�k`|2crs
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Ý�¸±ÁOº^¹\´ÃÞ&%�ß2çCà¢ã v�s�{�lRo�fhg\n�s0�blRf�gG³�lRf�vxo�vxj�g\i&{�c¨�`{0vxnyg\oGc��@��éu«�Æ�á¢g\j2k©���}��É � ~mf�crk`v�te{�v�lRj
f�crs�v�k`|2crs�g\{�trlRn�~mf�crs�s�v�lRj�fhg\{�v�l�s¥÷��O³�Æ`�!ùGÚw�m~m~Cø2t¥³�Æ`�!á��m~m~�g\j2k�k�³�é��!«�á��m~m~C�

lR�2s�cef�dGcy{��2c>{�fhg\j2s$�blRf�nyg\{�v�lRjål\��{��2cY~mf�lR��g\�mvxixvx{"qBk`v�s�{�f�vx�m|m{�v�lRjÃ�±|mj2te{�v�lRjC��{���g\{wv�swj2lu�ítrlRj2trcej`É
{�fhg\{�crkYg\f�lR|mj2k�g�f�crk`|2trcrkYshce{]l\�Ii�lu��ix|mn�vxj�g\j2trc�d�g\ix|2crsu�����mv�s&trlRf�f�crs�~�lRj2kms]{�l�{��2c�~mf�lR��g\�mvxixv�s�{�v�t
trlR|mjZ{�cef�~�g\f�{�l\��{��2c�f�ceo�|mi�g\f�vx{"qP�bcug\{�|mf�crsu�,{���g\{��zcef�c�vxj`�bcef�f�crk©�
qP{��2c�d�v�s�|�g\i@vxj2s�~[crte{�v�lRj¤l\��{��2c
~mf�crk`v�te{�v�lRjäcef�f�lRfys�vxo�j�g\iS�]~�cef$�blRf�n�crkåvxj ¡ vxo�|mf�c¢á`�xéuù`� ¡ vxo�|mf�c¢á`�!«�ù	s��2l¥��s�{���g\{u��gRs�{��2c�trlRn�É
~mf�crs�s�v�lRj	fhg\{�v�l�kmcrtef�cugRs�crsu�I{��2c�k`v�s�{�f�vx�m|m{�v�lRj©��crtrlRn�crs�j�g\f�f�l¥�]cefu�^n�cug\jmvxjmo�{���g\{�{��2c�~mf�crk`v�te{�v�lRj
~mf�l
trcrs�s��blRf�{��2crs�c>�mvxo��2cef�fhg\{�crswv�s�n�lRf�c�gRtrte|mfhg\{�c��P�+�]l��SgRte{�lRf�swc¨�`~mi�g\vxjB{��mv�s��bgRte{u÷�§2f�s�{u�,��lRf
�mvxo��2cef�fhg\{�crs��}����É � v�s�g\�mi�c�{�l�|2s�c0s�nyg\ixi�cef�~mf�crk`v�te{�v�lRj}�mi�l
th�>s�vxæucrs¥�
vxj2tef�cugRs�vxjmo�{��2c�~mf�crk`v�te{�v�lRj
gRtrte|mfhgRteq�ø+g\j2k	s�crtrlRj2kI���blRf�s�nyg\ixi�cef0trlRn�~mf�crs�s�v�lRjPfhg\{�v�l�s�{��2c�k`v�s�{�lRf�{�v�lRjPl\�]{��2c�cej2trl�kmcrk}~mv��mcei�s
{���g\{�g\f�c�|2s�crk�vxj�{��2c0~mf�crk`v�te{�v�lRj�s�{�ce~�kmcrtef�cugRs�crsu�2���mv�t���g\i�shl�vxn�~mf�ludGcrs�~mf�crk`v�te{�v�lRj¢c¨Ôytev�cej2teqG�

���2c�~mf�crk`v�te{�v�lRj©~mf�l�trcrs�s��blRf0g\ixi]lR{��2cef�s�n�l
lR{��P{�crs�{0vxnyg\oGcrs0��gRs0{��2c�shg\n�cw�bcug\{�|mf�crs�gRs�{��2c
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lRj2crszkmcrshtef�vx��crk>�blRf]vxnyg\oGc0ÿ+cej�g`��Ä�cedGcef�{��2cei�crs�s¥�`j2lRj`É"s�n�l
lR{���vxnyg\oGcrsu�`ixvx�Gc�{�c¨�`{�g\j2k>trlRn�~[lR|mj2k
vxnyg\oGcrsu�`~mf�crs�cejZ{�dGcef�q>k`v�Ì[cef�cej
{��bcug\{�|mf�crsu�`{���g\{�g\i�s�l�gMÌ[crte{�{��2c�~mf�crk`v�te{�v�lRj�~mf�l�trcrs�su� ¡ vxo�|mf�c�á`�!«\Â
f�ce~mf�crs�cejZ{�s�{��2c�lRf�vxo�vxj�g\im�mv�s�{�lRo�fhg\nÏl\��{�c¨�`{,vxnyg\oGc��@��éu«�Æ�á0g\j2kw{��2cz�mv�s�{�lRo�fhg\n�s�l\��{��2cz~mf�crk`v�te{�crk
f�crs�v�k`|2crs��blRf@s�lRn�c�s�cei�crte{�crkytrlRn�~mf�crs�s�v�lRjyfhg\{�v�l�s¥�^Ë©c�lR�2s�cef�dGc�{��2c�c¨�`v�s�{�cej2trc�l\�Cg��bce�åix|mn�vxj�g\j2trc
dRg\ix|2crs���vx{��©c¨�`{�f�cen�ceixq¢�mvxo��	~mf�lR��g\�mvxixvx{"q	vxj�{��2c�vxjm~m|m{0vxnyg\oGcw�mv�s�{�lRo�fhg\n��C{���g\{�trlRf�f�crs�~�lRj2k	{�l
{��2c�j2cug\f0���mvx{�c�dRg\ix|2crs�l\�]{��2c���gRt���o�f�lR|mj2k©~mv��mcei�su����i�s�lm�[{��2c�~mf�lR��g\�mvxixvx{"q©k`v�s�{�f�vx�m|m{�v�lRj¤l\�z{��2c
~mf�crk`v�te{�crkYf�crs�v�k`|2crs&��gRsz{"�zl�dGcef�qyvxn�~�lRf�{hg\j
{�k`v�ÌIcef�cej2trcrsz���2cej>trlRn�~�g\f�crk>��vx{��>{���g\{zl\�+s�n�l
lR{��
vxnyg\oGcrsu÷�§2f�s�{u�,vx{�v�swgRs�q
n�n�ce{�f�v�tug\iSøzg\j2k¤shcrtrlRj2kI�^{��2cef�c�g\f�c�nyg\j
q©~mf�crk`v�te{�v�lRjåshg\n�~mi�crs���vx{��Bg
�mvxo��Ãg\�2s�lRix|m{�cydRg\ix|2c��,���mv�t��Ã��grdGc>g�s�vxo�jmv�§�tug\j
{�~mf�lR��g\�mvxixvx{LqG�¢���2crs�c��bgRte{�s�g\f�cytug\|2s�crk¦�ZqP{��2c
~mf�crk`v�te{�v�lRjÃ~mf�l�trcrs�s�vx{�s�cei���÷���crtug\|2s�cYn�l�s�{�l\��{��2cy~mf�crk`v�te{�v�lRjåv�s�nygRkmcY|2s�vxjmo}{��2c>� ¡ �Ên�l
kmc��
{��2c�~mf�crk`v�te{�v�lRj¦~mv��mcei�s�{�cej2k¦{�l���c�trcej
{�f�crkÃg\f�lR|mj2kÃ«�á�á`�y��s�g�f�crs�|mix{u�^{��2c�~mf�crk`v�te{�crk¤f�crs�v�k`|2crs
g\f�c�nyg\vxjmixq�j2ceoZg\{�vxdGc�g\j2k�{��2cevxf�~mf�lR��g\�mvxixvx{"q�kmce~�cej2kms�lRj¢{��2c�lRf�vxo�vxj�g\i^�mv�s�{�lRo�fhg\n������2crs�c0�SgRte{�s
kmcen�lRj2s�{�fhg\{�c�{��2c�trlRj2teix|2s�v�lRj2s�{���g\{��]cef�c�{hg\�Gcej�vxj¢£�crte{�v�lRj¢á`�!ù`�xé���f�lRn {��2c�d
v�s�|�g\i�vxj2s�~[crte{�v�lRj�l\�
{��2c�~mf�crk`v�te{�v�lRj}cef�f�lRf�vxnyg\oGcrsw°�s�crc ¡ vxo�|mf�c�á`�xéeÂ
³¨�
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¡ f�lRn ¡ vxo�|mf�crs�á`�!«�ù�g\j2k�á`�!«\Â�lRj2c�nygrq�lR�2s�cef�dGc�{��2c��mvxo��mixq
ÉS~[cug\�Gcrk�s���g\~[c0l\�^{��2c�{��2c0���}��É � ØÙs
~mf�crk`v�te{�crk	f�crs�v�k`|2crsuØ�~mf�lR��g\�mvxixvx{"q	k`v�s�{�f�vx�m|m{�v�lRjC�Ccrs�~[crtev�g\ixixq��blRf0s�n�l�lR{��}vxnyg\oGcrsu� � j	{��mv�s�s�crte{�v�lRj
�]c���|mf�{��2cef�g\j�g\ixq`s�c	{��mv�s�~mf�lR��g\�mvxixvx{Lq®k`v�s�{�f�vx�m|m{�v�lRj®�±|mj2te{�v�lRjêg\j2k®f�cei�g\{�c	vx{�{�lågÃoGcej2cefhg\ixv�s�crk
×0g\|2s�s�v�g\j	k`v�s�{�f�vx�m|m{�v�lRjC� � j�lRf�kmcef�{�l�kmly{��mv�su��{��2c�dRg\ix|2crs��blRf�{��2cws���g\~[c�~�g\fhg\n�ce{�cefu�

α
�Ig\j2k}l\�

{��2cws�{hg\j2k2g\f�kPkmced
v�g\{�v�lRjC�
β
�[�zcef�c�crs�{�vxnyg\{�crkÂ�!¬�4m�CÚRÆÏ�"�����2c�gRte{�|�g\i@shg\n�~mi�crs0l\�z{��2cw~mf�crk`v�te{�v�lRj

cef�f�lRf��]cef�c�|2s�crkI�`�blRf�cugRt��}{�crs�{�vxnyg\oGc�g\j2k��blRf�k`v�ÌIcef�cejZ{�{hg\f�oGce{�trlRn�~mf�crs�s�v�lRj¢fhg\{�v�l�su�&�,g\�mi�cwá`�!«
s��2lu��s�g�s�|mn�nyg\f�q�l\��{��2c�crs�{�vxnyg\{�crk¢dRg\ix|2crs���lRf�~�g\fhg\n�ce{�cef�s

α
g\j2k

β
�m��lRf�{��2c�n�cejZ{�v�lRj2crk}{�crs�{

vxnyg\oGcrs�g\j2k�trlRn�~mf�crs�s�v�lRj}fhg\{�v�l�su�
���2c�g\j�g\ixq`s�v�s&l\�C�,g\�mi�c�á`�!«�g\ixi�lu��s&��lRf&shlRn�c�vxjZ{�cef�crs�{�vxjmowtrlRj2teix|2s�v�lRj2s¥� ¡ lRf&j�g\{�|mfhg\i�o�fhgrq`s�tug\i�c

vxnyg\oGcrs��]c�lR�2s�cef�dGc�~mf�lR��g\�mvxixvx{Lq¢kmcej2s�vx{Lq��±|mj2te{�v�lRj2s�trlRj2s�v�s�{�cejZ{�ixq�j�g\f�f�l¥�]cef�{���g\j¢{��2c�ÿ+g\~mi�gRtev�g\j
lRj2c�����i�s�lm�Z��lR{��>{��2c�dRg\ix|2c���lRf]{��2c�s���g\~�c�~�g\fhg\n�ce{�cef�g\j2ky�blRf&{��2c�s�{hg\j2k2g\f�k�kmced
v�g\{�v�lRj�kmcrtef�cugRs�c
��vx{��¤{��2c�kmcrtef�cugRs�vxjmoPtrlRn�~mf�crs�s�v�lRjBfhg\{�v�lm�	���mv�swn�cug\j2s�g�o�f�l¥��vxjmo©trlRj2trcejZ{�fhg\{�v�lRj�l\��{��2cY~mf�c¨É
k`v�te{�crk�cef�f�lRf�k`v�s�{�f�vx�m|m{�v�lRj���vx{���{��2c0kmcrtef�cugRs�vxjmoygrdGcefhg\oGc�k`v�s�{�lRf�{�v�lRj�l\�^{��2c�cej2trl�kmcrk�vxnyg\oGc�� ¡ lRf
g\ixi@lR�2s�cef�dGcrk	vxnyg\oGcrsu�I{��2c�crs�{�vxnyg\{�crk©dRg\ix|2cw�blRf�{��2c�s���g\~�cw~�g\fhg\n�ce{�cef�v�s�n�l�s�{�ixq}trlRj2trcej
{�fhg\{�crk
��ce{L�]crcej�Æ`�!á�g\j2k�Æ`�ÛÚRá`��c¨�`trce~m{��blRf�vxnyg\oGc:)�g\n�cefhg\nyg\jC��{���g\{�{�cej2kms�{�l���grdGc�gwj�g\f�f�lu�]cef�k`v�s�{�f�v�É
�m|m{�v�lRjC�Cg\j2k¢vxnyg\oGc�×�lRi�k`�mvxixiS���blRf����mv�th�	{��2c�crs�{�vxnyg\{�crk	d�g\ix|2cwl\�

α
oGl
crs�|m~�{�l>Æ`�54�á�g\{��mvxo��2cef
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NCOQP�R S�RUTVOXWYRUTVRUP Z�[�\+]<^`_E\a\ b,bdcQegfUh b,bdcQegfUi
jlklk

α β
jlkQk

α β
jlkQk

α β
jlklk

α β
jlklk

α βmQn ûLû mQn oYp û ) n q mQn � m mQn )3r �3s n m mQn ûLû mQn s3t ûut n p mQn ) o mQn r p ) t n � mQn � r mQn t3û � r n m
mQn ) p mQn r û ûLû n û mQn ) p mQn ) p �3s n û mQn ) � mQn q r ûu� n t mQn t3� mQn r m ) pln ) mQn ) t mQn t m � qQn û
mQn t m mQn t3s û mQn ) mQn t3û mQn ) p �3s n � mQn t m mQn q û ûLû n q mQn o t mQn r3) ) t n m mQn t r mQn p s � qQn m
mQn r o mQn t o û mQn � mQn o � mQn )3) � oXn q mQn o s mQn o3o ûLû n ) mQn s m mQn r p ) t n ) mQn o t mQn p r �3s n p
mQn q ) mQn t r û mQn m mQn s q mQn ) û � qQn � û n m3q mQn o t ûLû n m û n �3t mQn r t ) t n p û n m3m mQn p s � qQn �
û n �3t mQn t p s n r û n )3r mQn ) û � pln p û n )3r mQn o ) û mQn q û n p û mQn r3) ) t n � û n r p mQn t m � r n o
¶ ½�v,¾±´�Þc%�ß[à ª@s�{�vxnyg\{�crkÃdRg\ix|2crs�l\��{��2cYoGcej2cefhg\ixv�s�crk�×0g\|2s�s�v�g\j¤~�g\fhg\n�ce{�cef�s��blRf�s�lRn�cy{�crs�{
vxnyg\oGcrsu�

trlRn�~mf�crs�s�v�lRj�fhg\{�v�l�su�
¡ vxo�|mf�c�á`�!«�áYtrlRn�~�g\f�crs�{��2c�gRte{�|�g\i�k`v�s�{�f�vx�m|m{�v�lRjPl\�&{��2cw~mf�crk`v�te{�v�lRj©cef�f�lRf�shg\n�~mi�crs���vx{���{��2c

oGcej2cefhg\ixv�s�crk	×�g\|2s�s�v�g\j}k`v�s�{�f�vx�m|m{�v�lRjC�O��gud
vxjmo>{��2c
α
g\j2k

β
~�g\fhg\n�ce{�cef�s0crÇZ|�g\i^{�l�{��2cwcrs�{�vxnyg\{�crk

~�g\fhg\n�ce{�cef�su�����2czgRtrte|mfhgRteq�l\�2{��2c]~mf�crk`v�te{�crkwn�l
kmcei`kmce~[cej2kms^lRjw{��2c@�bcug\{�|mf�crs,l\��{��2c@{�crs�{,vxnyg\oGc��
�m|m{�oGcej2cefhg\ixixq��]c�nygrq�lR�2s�cef�dGcwg�oGl
l�k�nyg\{�t����[ce{"�]crcej�{��2c�lRf�vxo�vxj�g\i�s�vxo�j�g\i+k`v�s�{�f�vx�m|m{�v�lRj2s�g\j2k
{��2c�crs�{�vxnyg\{�crkBoGcej2cefhg\ixv�s�crk�×0g\|2shs�v�g\jC�B���mv�s�kmcen�lRj2s�{�fhg\{�crs�{��2c�gRkmcrÇ
|�gRteqÃl\��{��mv�s�n�l�kmcei���lRf
f�ce~mf�crs�cejZ{�vxjmoY{��2c0~mf�crk`v�te{�v�lRj}cef�f�lRfu�

Ð®ÑþÐ w ô¿ÝA= ó~Ü×Ú Õ�ôÞÝ Ú

� j�{��mv�s0t���g\~m{�cef��zc���grdGc�~mf�crs�cej
{�crk©���}��É � �IgYj2ce�ètrlRn�~mf�crshs�v�lRj©s�t��2cen�c�{���g\{�trlRn��mvxj2crs0{��2c
|2s�c�l\�����}�è��vx{��ä~mf�crk`v�te{�vxdGc�trl
k`vxjmoP{�crth�mjmv�ÇZ|2crs¥�å���mv�s�vxjZdGcrs�{�vxoZg\{�v�lRj��zgRs�n�lR{�vxd�g\{�crkå�
qBg
s�{�|2k`qwlRjy{��2c�~�cef$�blRf�nyg\j2trc�l\�I���}�©��lRf@{��2c�trlRn�~mf�crs�s�v�lRjyl\�Cs�vxo�j�g\i�s]t���g\fhgRte{�cef�v�s�crky�Zq�k`v�Ì[cef�cej
{
~mf�lR��g\�mvxixvx{"q�k`v�s�{�f�vx�m|m{�v�lRj2su� � jY£�crte{�v�lRjyá`�xé��]c���grdGc�s��2lu��j�{���g\{�{��2c�c¨Ôytev�cej2teq�l\�O{��2c�k`v�te{�v�lRj�g\f�q
gRk2g\~m{hg\{�v�lRjwvxj2tef�cugRshcrs+�blRf+vxjm~m|m{�s�vxo�j�g\i�s,��vx{��wj�g\f�f�lu�]cef�~mf�lR��g\�mvxixvx{Lq�k`v�s�{�f�vx�m|m{�v�lRj2s¥�R���mv�t���f�crs�|mix{�s
vxj>g���ce{�{�cef�cej2trl
k`vxjmow~[cef$��lRf�nyg\j2trc���lRf����}�,���zq�|2s�vxjmo�gRk2g\~m{�vxdGc�vxnyg\oGc�~mf�crk`v�te{�v�lRj�~mf�l�trcrs�s�crsu�
ixvx�Gc�{��2l�shc�l\� ã �!«�¬\Â
þ\����)ù�xéuùÏ�"�
�zc�g\f�c0g\�mi�c�{�l�~mf�l�k`|2trc�~mf�crk`v�te{�crk�f�crs�v�k`|2c�s�vxo�j�g\i�sz��vx{��>�mvxo��mixq
trlRj2trcejZ{�fhg\{�crkP~mf�lR��g\�mvxixvx{Lq	k`v�s�{�f�vx�m|m{�v�lRj2su�C{���g\{�trlRf�f�crs�~[lRj2k	{�l�gYoGcej2cefhg\ixv�s�crk¤×0g\|2s�s�v�g\j�n�l�kmceiS�
�}����É � gRt��mv�cedGcrs0g�o�f�cug\{�cef�c¨Ôytev�cej2teq�l\�@{��2c�k`v�te{�v�lRj�g\f�q¢gRk2g\~m{hg\{�v�lRj�~mf�l
trcrshsu�2�
q�trlRn�~mf�crs�s�vxjmo
{��2c�~mf�crk`v�te{�crk¢cef�f�lRf�s�vxo�j�g\i+vxj2s�{�cugRk�l\��{��2c�vxjm~m|m{�vxnyg\oGc�k2g\{hg�°�s�crcw£�crte{�v�lRj}á`�!«G³¨�

ª��`~�cef�vxn�cej
{hg\i+f�crs�|mix{�su��s��2lu��j�vxj}£�crte{�v�lRj	á`�!ù`�2kmcen�lRj2s�{�fhg\{�cwg�s�vxo�jmv�§�tug\jZ{�vxn�~mf�ludGcen�cejZ{0lRj
{��2c�trlRn�~mf�crs�s�v�lRjY~�cef$�blRf�nyg\j2trc�l\�C�}����É � �����2cejytrlRn�~�g\f�crky��vx{��Y���}�,�Gcrs�~[crtev�g\ixixqw��lRf&s�n�l
lR{��
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� � � ªãª ¤ ±<q 2 q � B32 ¨ ���
−400 −200 0 200 400

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

Original
−400 −200 0 200 400

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5
x 104

GG α= 0.46402, β= 29.432

�(��� ªãª ¤ ±<q p q � B<2 ¨ ���

Ý�¸±ÁOº^¹\´�Þ&%�ß�ÞIà ��f�vxo�vxj�g\i�k`v�s�{�f�vx�m|m{�v�lRjwl\�m{��2c@~mf�crk`v�te{�crkwcef�f�lRf�s,trlRn�~�g\f�crk���vx{���g�oGcej2cefhg\ixv�s�crk
×0g\|2shs�v�g\j�k`v�s�{�f�vx�m|m{�v�lRj¢��vx{��¢{��2c0crs�{�vxnyg\{�crk�~�g\fhg\n�ce{�cef�su�

vxnyg\oGcrsu�
� jP£�crte{�v�lRj	á`� ÂY�]c��]cef�c�g\i�s�lYg\�mi�c�{�lykmcen�lRj2s�{�fhg\{�c�{��2c�s�|mvx{hg\�mvxixvx{"q}l\�@{��2c�|2s�crk	×�×Ïn�l
kmcei

��lRf�f�ce~mf�crs�cej
{�vxjmo�{��2c�~mf�crk`v�te{�v�lRj¢cef�f�lRf�s�vxo�j�g\iS�mcrs�~[crtev�g\ixixqY��lRf�{��2c0tugRs�c�l\��j�g\{�|mfhg\iIvxnyg\oGcrsu�@���mv�s
f�crs�|mix{�d�g\ixv�k2g\{�crs�lRj2cyl\��{��2cYvxjmvx{�v�g\i�gRs�s�|mn�~m{�v�lRj2s�{���g\{w�]cef�c�trlRj2s�v�kmcef�crk¦��lRf�{��2cykmcedGcei�lR~mn�cej
{
l\�@{��2cw������É � g\ixoGlRf�vx{��mn�su�0��kmk`vx{�v�lRj�g\ixixqG�Cg�×�× ~mf�lR��g\�mvxixvx{"q}k`v�s�{�f�vx�m|m{�v�lRj	�±fhg\n�ce�zlRf����blRf�{��2c
cej2trl
kmcrkBs�vxo�j�g\i�g\ixi�lu��sw�blRf�g¢�[ce{�{�cef�|mj2kmcef�s�{hg\j2k`vxjmo©l\��{��2c�k`v�s�{�f�vx�m|m{�v�lRj�l\��{��2c�trl�kmc¨ÉSdGcrte{�lRf�s
{��mf�lR|mo��2lR|m{Y{��2c}k`v�te{�v�lRj�g\f�qäs�~�gRtrc��®��f�ced�v�lR|2sy�zlRf���s>kmcen�lRj2s�{�fhg\{�crk�{��2c�{�cej2kmcej2teqB�blRfy{��2crs�c
dGcrte{�lRf�s0{�l�teix|2s�{�cef�g\f�lR|mj2k©g>{��mvxj©s��2ceixi�l\��trlRj2s�{hg\jZ{

Lα j2lRf�n �ÛÚMÂ��"�����mv�s��mf�vxjmoGs�g\jPvxj
{�|mvx{�vxdGc
|mj2kmcef�s�{hg\j2k`vxjmowl\�[���Zq�{��2c��}���¦k`v�te{�v�lRj�g\f�qygRk2g\~m{hg\{�v�lRj>~mf�l
trcrshs�v�s@n�lRf�c�s�|2trtrcrs�s$��|miOg\{��"i�cug\f�j`É
vxjmo� �{��2crshc�teix|2s�{�cef�crk©~�g\{�{�cef�j2s¥�^{���g\j¤{��2c�s�tug\{�{�cef�crk¦�mi�l
th��s�{���g\{�c¨�`v�s�{�vxj©{��2cYlRf�vxo�vxj�g\i&vxnyg\oGc��
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��i�s�lm�]{��mv�s�~[lRvxjZ{�sY{�l©s�lRn�c�vxj
{�cef�crs�{�vxjmo¦��|m{�|mf�c�f�crs�cug\f�th�C����gRs�crk�lRj�~mf�ced�v�lR|2sys�{�|2k`v�crs�f�cei�g\{�crk
{�lytrlRn�~m|m{hg\{�v�lRj�g\ixixq	c¨Ôytev�cejZ{��zguq�s�{�l>cej2trl
kmcws�|2t��	s�vxo�j�g\i�s �ÛÚ ­ �"� ¡ vxj�g\ixixqG��j2ce����n�lRf�c�c¨Ôytev�cej
{
�zgrq`sz{�l�c¨�`~mi�lRf�c�{��2c�k`v�te{�v�lRj�g\f�q�gRk2g\~m{hg\{�v�lRj�nygrq��[c���lR|mj2kY�Zq�|2s�vxjmow{��2c�f�crs�|mix{�s�l\�C{��mv�s�s�{�|2k`qG�
���2c0kmcedGcei�lR~mn�cejZ{�l\��s�|2th��{�crt��mjmv�Ç
|2crs�v�s�{��2c�nyg\vxj¢s�|m�`È�crte{�l\��{��2c�j2c¨��{�th��g\~m{�cefu�
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­®¨ ©l¢>�Ç¦(¯>�g¯d¶3� �»¡�¢>¤(Ã�¦�Ã�­®µ®­®¶KÄA¤�£�¯>´ ©g©g�g¯>¯�£·´�µ2Ã�µ¹¤C©>ÏM¥§¦�¶>©¸� �g¯ÇÊ`¶3��¦�¶��l¨���¦�¨ ©g��¶3� �»©g¤C¾¿­®¨�ªÔ¡%�l¢�£'¤(¢3¥§¦�¨ ©g�`Á
³ ¨Â¶3��­¹¯V©>��¦�¡�¶>�l¢ÑÅ��Ó¶¸¦(©>ÏCµ¹�M¶3� �g¯¸�Ô­®¥¼¡%¤(¢3¶¸¦�¨2¶V­¹¯>¯>´ �g¯ÇÊ¿­®¨!¤(¢>¾��l¢5¶>¤Æ�Q×¿¡�µ¹¤(¢>�Ó¨ �lÅ�Å�¦gÄ¿¯5¶>¤¼­®¥¼¡�¢>¤UÉ<�
¶3� �§� Ô ©l­¹�l¨ ©lÄÙ¤�£#¶3� ��°�°²± Éu³ �l¨ ©g¤2¾��l¢ÇÁ � ´�¢A­®¨2É<�g¯3¶3­®ª¬¦�¶3­¹¤(¨Ú¢>�g¯3´�µ®¶>�g¾Ù­®¨:¨ �lÅ|¶>�g©¸��¨�­ Ç ´ �g¯º¶3��¦�¶
­®¥¼¡�¢>¤ÇÉ<�Ò¯¸�lÉ<�l¢¸¦�µ�¦(¯3¡%�g©l¶>¯Ñ¤�£�°²°�± Éu³ ¾¿­¹©l¶3­¹¤(¨�¦�¢3Ä!¦(¾ ¦�¡�¶¸¦�¶3­¹¤(¨�¦�¨ ¾Â´ ¯¸¦�ª<�`Ê¿¨�¦�¥Æ�lµ®Ä ÷

• Û �g©l¶3­¹¤(¨ÝÜ¿Á é ¾��g¯>©l¢3­®ÃI�g¯§¶3� ��´ ¯>��¤�£Ò©g¤(¨¬¶>�Q×¿¶�©g¤(¨ ¾¿­®¶3­¹¤(¨�­®¨�ªÚ¶>¤½­®¥¼¡�¢>¤UÉ<�²¶3� ��� Ô ©l­¹�l¨ ©lÄÀ¤�£
¦�¢3­®¶3��¥Æ�l¶3­¹©Ò�l¨ ©g¤C¾¿­®¨�ª§¤�£�¶3� �M¾¿­¹©l¶3­¹¤(¨�¦�¢3­¹�g¯ Ø ­®¨ ¾��Q×��g¯ ø

• Û �g©l¶3­¹¤(¨ÎÜ¿Á�ÞÕ¡�¢>�g¯>�l¨2¶>¯�¦Ô¾¿­¹¯>©l´ ¯>¯3­¹¤(¨¼¤(¨¼¢>�g¾¿´�¨ ¾ ¦�¨ ©lÄ¼©g¤(¨¬¶3¢>¤(µ £·¤(¢�¶3� �#¾¿­¹©l¶3­¹¤(¨�¦�¢3Ä Ø ¯«�lµ¹�l¥Æ�l¨¬¶>¯ ø

• Û �g©l¶3­¹¤(¨:Ü¿Á ù ¯3¶3´ ¾¿­¹�g¯ÓÅ�¦gÄ¿¯M¶>¤Ð­®¨ ©l¢>�Ç¦(¯>�Æ¶3� �Æ¦�¡�¡�¢>¤g×¿­®¥§¦�¶3­¹¤(¨Ù¡I¤ÇÅ»�l¢º¤�£»¶3� �Æ¾¿­¹©l¶3­¹¤(¨�¦�¢3Ä<Ê�Ã¬Ä
´ ¯3­®¨�ª§¦(¾�¾¿­®¶3­¹¤(¨�¦�µ�¡�¦�¶3¶>�l¢3¨ ¯ ø
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• Û �g©l¶3­¹¤(¨áÜ¿Á Â ¡�¢>�g¯>�l¨¬¶>¯Ð¶KÅ»¤â£·´�¢3¶3� �l¢�¥Æ�l¶3� ¤C¾�¯Ð¶3��¦�¶Ðµ®­®¥¼­®¶Â¶3� �²­®¨ ©lµ®´ ¯3­¹¤(¨ã¤�£Ò´�¨�¨ �g©g�g¯>¯¸¦�¢3Ä
�lµ¹�l¥Æ�l¨¬¶>¯V­®¨Â¶3� �M¾¿­¹©l¶3­¹¤(¨�¦�¢3Ä ø

• Û �g©l¶3­¹¤(¨ÐÜ¿Á á ¡�¢>�g¯>�l¨¬¶>¯�¶3� �Ñ´ ¯>�Ñ¤�£�¨ ¤(¢3¥ä� Ç ´�¦�µ®­¹¯¸¦�¶3­¹¤(¨�¶>¤A¦(¾ È ´ ¯3¶»¶3� �Ñ¯>©Ç¦�µ¹�g¾Î¡�¦�¶3¶>�l¢3¨ ¯�¶>¤A¶3� �
¯3­®ª`¨�¦�µ¹¯ Ø ¾¿­¹¯>¶3¢3­®Ã�´�¶3­¹¤(¨ ø

Ë �Ñª<�l¨ �l¢¸¦�µ®µ®ÄÆ¢>�Q£'�l¢�¶>¤M¶3� �Õ©g¤(¥ÒÃ�­®¨�¦�¶3­¹¤(¨Ë¤�£�°²°�± Éu³ Å#­®¶3�Î¶3� �V¨ �lÅå¾¿­¹©l¶3­¹¤(¨�¦�¢3Ä�¦(¾ ¦�¡�¶¸¦�¶3­¹¤(¨Â¶>�g©>� É
¨�­ Ç ´ �g¯Ñ¦(¯Ñ°�°²± Éu³>³ Ê2£Ö¢>¤(¥æ°²°²± Éu³ Å#­®¶3��çXè "%$�&RÐRÖ3éÂéRÕ'êYê�Õ·&`ë� ($Qì§ <é< X"=ê. �ê�Õ·&(ë Á

í £·¶>�l¢»¾¿­¹¯¸©l´ ¯>¯3­®¨�ªA�Ç¦(©¸�Â¤�£�¶3� �5¡�¢>�lÉC­¹¤(´ ¯»¶>�g©¸��¨�­ Ç ´ �g¯UÊ Û �g©l¶3­¹¤(¨ÂÜ¿Á�ÜÒ¡�¢>�g¯>�l¨¬¶>¯#¦ÓÃ�¢3­¹�Q£d¾¿­¹¯>©l´ ¯>¯3­¹¤(¨
¤(¨Î¶3� �Ô©g¤(¥¼¡�´�¶¸¦�¶3­¹¤(¨�¦�µ�©g¤(¥¼¡�µ¹�Q×¿­®¶uÄ�¤�£�°�°²± É Ã�¦(¯>�g¾�¥Æ�l¶3� ¤C¾�¯ÇÁ Ë ��­®µ¹�V�Q×¿¡I�l¢3­®¥Æ�l¨¬¶¸¦�µ,¢>�g¯3´�µ®¶>¯5¦�¢>�
¡�¢>�g¯>�l¨¬¶>�g¾�­®¨ ¾¿­®ÉC­¹¾¿´�¦�µ®µ®Ä!£'¤(¢Ó�Ç¦(©>�½¤�£�¶3� �Ì¡�¢>¤(¡I¤`¯>�g¾²¶>�g©>��¨�­ Ç ´ �g¯Ó­®¨�¶3� �Ì©g¤(¢3¢>�g¯3¡I¤(¨ ¾¿­®¨�ª!¯>�g©l¶3­¹¤(¨ ¯ÇÊ
Û �g©l¶3­¹¤(¨ãÜ¿Á Ú ¡�¢>�g¯>�l¨2¶>¯Î¶3� ��¢>�g¯3´�µ®¶>¯Ð¤�£M¶3� �l­®¢Ð©g¤(¥ÒÃ�­®¨ �g¾Ý´ ¯>�`Áî��� �g¯>��¢>�g¯3´�µ®¶>¯§¢>�lÉ<�Ç¦�µÓ©g¤(¨ ¯3­¹¯>¶>�l¨¬¶
­®¥¼¡�¢>¤ÇÉ<�l¥Æ�l¨¬¶>¯Õ­®¨Â¶3� �M�l¨ ©g¤C¾��l¢ Ø ¯5¡I�l¢�£'¤(¢3¥§¦�¨ ©g�`Á

ï�Ñ¸ð ñ Õ>=Cö=Õ�ôÞÝ ò õ�1 â�ò õOö�Õ$ö�ÕhôÞÝ:Õ|Ý Ô

í ¯d£'¤(¢�°²°�±dÊ`¶3� �5¦�¨�¦�µ®Ä¿¯3­¹¯«¤�£,¶3� �#°�°²±�ò ³ Ã�­®¶�¯3¶3¢>�Ç¦�¥ó¢>�lÉ<�Ç¦�µ¹�g¾§¶3��¦�¶«¶3� ��¢¸¦�¶>�#´ ¯>�g¾Æ¶>¤M©g¤(¥¼¡�¢>�g¯>¯
¶3� �Ó¯>�lª`¥Æ�l¨¬¶¸¦�¶3­¹¤(¨ � ¦�ª<¯#­¹¯�ª<�l¨ �l¢¸¦�µ®µ®ÄÂ©lµ¹¤`¯>�Ô¶>¤ éuá<ô ¤�£d¶3� �Ô¶>¤(¶¸¦�µ�Ã�­®¶#¢¸¦�¶>�`Á«õ ¤(¢5°²°�±�ò ³ Ê�¤(¨ �Ô��¦(¯
¦�µ¹¯>¤¼¶>¤Æ©g¤(¨ ¯3­¹¾��l¢Ñ¶3� �Ò¦(¾�¾¿­®¶3­¹¤(¨�¦�µ�´ ¯¸�M¤�£d¡�¢>�g¾¿­¹©l¶3­¹¤(¨�¥Æ¤2¾�� � ¦�ª<¯ÇÁ�õd­®ª`´�¢>�ÒÜ¿Á é ¯3� ¤ÇÅ5¯V¶3� �Ó¢>�lµØ¦�¶3­®É<�
¡%�l¢>©g�l¨2¶¸¦�ª<�M¤�£d¶3� �Ô¶>¤(¶¸¦�µ�Ã�­®¶#¢¸¦�¶>�Ó¶3��¦�¶5­¹¯�´ ¯>�g¾ÐÃ2Ä��Ç¦(©¸��©g¤(¥¼¡I¤(¨ �l¨¬¶Ñ¤�£�¶3� �Ó°�°²±�ò ³ Ã�­®¶5¯3¶3¢>�Ç¦�¥ËÁ
õ�­®ª`´�¢>�ÐÜ¿Á é ¦<öM©g¤(¥¼¡�¦�¢>�g¯Ì¶3� �Î¡I�l¢>©g�l¨¬¶¸¦�ª<�Â¤�£5Ã�­®¶Ì¢¸¦�¶>�§´ ¯¸�g¾ÙÃ2Ä:¯>�lª`¥Æ�l¨2¶¸¦�¶3­¹¤(¨ � ¦�ª<¯AÅ#­®¶3�â¶3��¦�¶
´ ¯>�g¾¼£'¤(¢�¶3� �Ñ¢>�l¥§¦�­®¨�­®¨�ªÌ¾ ¦�¶¸¦¿ÊC©g¤(¥¼¡I¤`¯>�g¾§Ã2Ä¼¶3� �Ñ¾¿­¹©l¶3­¹¤(¨�¦�¢3ÄÆ­®¨ ¾��Q×��g¯�¡�µ®´ ¯�¶3� �Ñ¡�¢>�g¾¿­¹©l¶3­¹¤(¨Ð¥Æ¤2¾��
� ¦�ª<¯ÇÁ ) ¤(¥¼¡�¦�¢3­®¨�ªÎ¶3� �g¯>�Ò¾ ¦�¶¸¦¼Å#­®¶3��õd­®ª`´�¢>� ù Á�÷¼­®¶Ñ­¹¯Ñ¡%¤`¯¸¯3­®Ã�µ¹�Ó¶>¤Æ¤(Ã ¯>�l¢3É<�Ò¶3� �Ò¯3­®¥¼­®µØ¦�¢3­®¶3­¹�g¯VÅ#­®¶3�
¶3� �Ñ°²°�±â©Ç¦(¯>�`Á�õd­®ª`´�¢>�VÜ¿Á é Ã�ö�­®¨ ¾��l¡%�l¨ ¾��l¨2¶3µ®Ä§¢>�l¡�¢>�g¯>�l¨2¶>¯�¶3� �5¡I�l¢>©g�l¨¬¶¸¦�ª<�Õ¤�£�Ã�­®¶�¢¸¦�¶>�V¦�µ®µ¹¤C©Ç¦�¶>�g¾
¶>¤Î¶3� �Ì¾¿­¹©l¶3­¹¤(¨�¦�¢3Ä²­®¨ ¾��Q×¿�g¯M¦�¨ ¾�©g¤(¥¼¡�¦�¢>�g¯Ó­®¶Ô¶>¤�¶3� �º¢¸¦�¶>�Ì´ ¯>�g¾²Ã¬Ä�¶3� �A¡�¢>�g¾¿­¹©l¶3­¹¤(¨Ù¥Æ¤2¾�� � ¦�ª<¯ÇÁ
��Å»¤§­®¨¬¶>�l¢>�g¯3¶3­®¨�ª�¤(Ã ¯>�l¢3É`¦�¶3­¹¤(¨ ¯#¢>�g¯3´�µ®¶#£·¢>¤(¥ø¶3� �g¯>�Ó¡�µ¹¤(¶>¯ ÷

• ��� �¼¢>�lµØ¦�¶3­®É<�Î­®¥¼¡%¤(¢3¶¸¦�¨ ©g�Î¤�£�¶3� �Mù�¤(­®¨2¶MÃ�­®¶Ò¢¸¦�¶>�g¯M£·¤(¢Ó¶3� �§­®¨ ¾��Q×¿�g¯º¦�¨ ¾Í¡�¢>�g¾¿­¹©l¶3­¹¤(¨:¥Æ¤C¾��
� ¦�ª<¯�­¹¯#¦�¡�¡�¢>¤g×¿­®¥§¦�¶>�lµ®Ä�©g¤(¨ ¯3¶¸¦�¨2¶�£·¤(¢#¦�µ®µ%¶>�g¯3¶>�g¾�­®¥§¦�ª<�g¯�¦�¶5¦�µ®µ%¶¸¦�¢3ª<�l¶#©g¤(¥¼¡�¢>�g¯>¯3­¹¤(¨Ð¢¸¦�¶3­¹¤`¯ ø

• ��� �º¡%�l¢>©g�l¨2¶¸¦�ª<�º¤�£»Ã�­®¶V¢¸¦�¶>�º´ ¯>�g¾!£·¤(¢Õ¶3� �A¡�¢>�g¾¿­¹©l¶3­¹¤(¨½¾ ¦�¶¸¦Æ­¹¯ÕµØ¦�¢3ª<�l¢Õ£·¤(¢ÕÉ<�l¢3ÄË��­®ª`��©g¤(¥Ìò
¡�¢>�g¯>¯3­¹¤(¨!¢¸¦�¶3­¹¤`¯ÇÊ�¥Æ�Ç¦�¨�­®¨�ªÆ¶3��¦�¶#£'¤(¢5¶3� �g¯>�Ó©Ç¦(¯¸�g¯#¶3� �M°²°�±�ò ³ �l¨ ©g¤C¾��l¢5¶>�l¨ ¾�¯5¶>¤¼¢>�lµ®Ä�¥Æ¤(¢>�
¤(¨§¶3� �Ñ¡�¢>�g¾¿­¹©l¶3­¹¤(¨Î¡�¢>¤C©g�g¯>¯�¶>¤A¦�¡�¡�¢>¤g×¿­®¥§¦�¶>�Õ¶3� �5­®¨�¡�´�¶»­®¥§¦�ª<�`Á�ãV¤UÅ»�lÉ<�l¢ÇÊ ¦(¯«¶3� �V©g¤(¥¼¡�¢>�g¯�ò
¯3­¹¤(¨:¢¸¦�¶3­¹¤!¾��g©l¢>�Ç¦(¯>�g¯ÇÊd°²°�±�ò ³ ¡�¢>¤(ª`¢>�g¯¸¯3­®É<�lµ®ÄÍ´ ¯>�g¯M¥Æ¤(¢>�Î¾¿­¹©l¶3­¹¤(¨�¦�¢3Ä½Ã�µ¹¤C©>Ï¿¯ÇÊ�­®¨:¤(¢>¾��l¢A¶>¤
¦(©>��­¹�lÉ<�º¦Ì¯3¥§¦�µ®µ¹�l¢Ñ¾¿­¹¯3¶>¤(¢3¶3­¹¤(¨�­®¨Â¶3� �Ó¢>�l¡�¢>�g¯>�l¨2¶¸¦�¶3­¹¤(¨�¤�£�¶3� �M�l¨ ©g¤2¾��g¾Ë­®¥§¦�ª<�`Á
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õd­®ª`´�¢>�ÒÜ¿Á é ¢>�lÉ<�Ç¦�µ¹¯5¶3��¦�¶Õ¦¼¯3­®ª`¨�­���©Ç¦�¨¬¶V¡�¦�¢3¶Ñ¤�£�¶3� �Ó¶>¤(¶¸¦�µ�Ã�­®¶5¢¸¦�¶>�Ó­¹¯V¦�µ®µ¹¤2©Ç¦�¶>�g¾!¶>¤Ì¶3� �Ó¶3¢¸¦�¨ ¯�ò
¥¼­¹¯>¯3­¹¤(¨�¤�£�¶3� �A¾¿­¹©l¶3­¹¤(¨�¦�¢3Ä�­®¨ ¾��Q×¿�g¯UÊ�¶3��¦�¶Ô´ ¯>�A´�¡²¶>¤�÷�� ô ¤�£«¶3� �º¶>¤(¶¸¦�µ�¢¸¦�¶>�`ÁÕ����­¹¯Ô¤(Ã ¯>�l¢3É`¦�¶3­¹¤(¨
µ¹�g¾È¶>¤:¶3� ��¯3¶3´ ¾¿ÄÈ¤�£M¥Æ¤(¢>�²� Ô ©l­¹�l¨¬¶ÐÅ�¦gÄ¿¯Î¶>¤â�l¨ ©g¤C¾��!¶3� �g¯>�!­®¨ ¾��Q×¿�g¯UÁ � ¢3­®ª`­®¨�¦�µ®µ®Ä<ÊV¦:©g¤(¨¬¶>�Q×¿¶
¦(¾ ¦�¡�¶3­®É<�Æ¦�¢3­®¶3��¥Æ�l¶3­¹©Æ�l¨ ©g¤2¾��l¢ÔÅ�¦(¯M�l¥¼¡�µ¹¤ÇÄ<�g¾,Ê�¶3��¦�¶Õ´ ¯¸�g¾�¶3� �¼¯>Ä2¥AÃ%¤(µ Ø ¯Ó¯>©Ç¦�µ¹�¼¦(¯Ó¦�©g¤(¨¬¶>�Q×¿¶ÇÊ�¶>¤
µ¹¤`¯>¯3µ¹�g¯>¯3µ®Ä�©g¤(¥¼¡�¢>�g¯>¯Ó¶3� �Æ©g¤C¾��Qò.É<�g©l¶>¤(¢>¯ Ø ­®¨ ¾��Q×��g¯ÇÊ�¦(¯ÓÅ��lµ®µ»¦(¯Ô¶3� �¼¯>�lª`¥Æ�l¨¬¶¸¦�¶3­¹¤(¨Ú¦�¨ ¾�¡�¢>�g¾¿­¹©l¶3­¹¤(¨
¥Æ¤2¾��º¯3ÄC¥ÒÃI¤(µ¹¯ÇÁÑ����­¹¯Ô©g¤(¨¬¶>�Q×¿¶Ó¾���� ¨�­®¶3­¹¤(¨�­¹¯Ñ­®¥¼¡�µ®­¹©l­®¶Õ£'¤(¢V¶3� �º¾��g©g¤2¾��l¢ÇÊI¯>¤Î¨ ¤�¯3­¹¾��M­®¨¿£'¤(¢3¥§¦�¶3­¹¤(¨
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£·¤(¢�¶3� ��¯3¥§¦�µ®µ¹�l¢«¯>©Ç¦�µ¹�g¯�¤�£%¶3� �#¾¿­¹©l¶3­¹¤(¨�¦�¢3Ä<Ê<ÃI�g©Ç¦�´ ¯>��¶3� �lÄº¦�¢>��µ¹�g¯>¯dµ®­®Ï<�lµ®Äº¶>¤VÃI��´�¡%¾ ¦�¶>�g¾,Á í µ¹¯>¤�Ê`¶3� �
©Ç¦�¢>¾¿­®¨�¦�µ®­®¶uÄË¤�£�µØ¦�¢3ª<�l¢Ñ¯>©Ç¦�µ¹�M¾¿­¹©l¶3­¹¤(¨�¦�¢3­¹�g¯VÅ#­®µ®µ�¶>�l¨ ¾Â¶>¤Ì­®¨ ©l¢>�Ç¦(¯>�M£'¦(¯>¶>�l¢#¶3��¦�¨Ë¶3� �M¤(¨ �g¯5¤�£�¯3¥§¦�µ®µ¹�l¢
¯>©Ç¦�µ¹�g¯ÇÁ²����­¹¯º���,�g©l¶º¥§¦gÄÙÃI��¤(Ã ¯>�l¢3É<�g¾Ù­®¨Úõd­®ª`´�¢>�ÂÜ¿Á é�é Ê�Å#� �l¢>�§¶3� �,� ¨�¦�µ�¨¬´�¥AÃ%�l¢Æ¤�£V�lµ¹�l¥Æ�l¨2¶>¯
£·¤(¢Ò¦�µ®µ«¯>©Ç¦�µ¹�g¯Ò¤�£�¶3� �¼¾¿­¹©l¶3­¹¤(¨�¦�¢3Ä�£'¤(¢Ó­®¥§¦�ª<� ÿ �l¨�¦Â­¹¯Ô¡�¢>�g¯¸�l¨¬¶>�g¾,Ê�Ã%¤(¶3��£'¤(¢Ó¶3� �Æ¤(¢3­®ª`­®¨�¦�µ�°²°�±�ò ³
�l¨ ©g¤2¾��l¢Ô¦�¨ ¾!°²°�±�ò ³ ©g¤(¥AÃ�­®¨ �g¾!Å#­®¶3��¶3� �M¢>�g¾¿´�¨ ¾ ¦�¨ ©lÄË©g¤(¨¬¶3¢>¤(µ�¦�µ®ª<¤(¢3­®¶3��¥ËÁ ³ ¨Ë¶3��­¹¯-� ª`´�¢>�Ò­®¶5­¹¯
¡%¤`¯>¯>­®Ã�µ¹�Ì¶>¤Ë¤(Ã ¯>�l¢3É<�Î¦ÂµØ¦�¢3ª<�¼¢>�g¾¿´ ©l¶3­¹¤(¨â¤(¨Ù¶3� �+� ¨�¦�µ�¨2´�¥ÒÃI�l¢A¤�£5�lµ¹�l¥Æ�l¨¬¶>¯º¤�£�¶3� �Î¾¿­¹©l¶3­¹¤(¨�¦�¢3­¹�g¯
£·¤(¢Ñ¯>¥§¦�µ®µ¹�l¢Ñ¯>©Ç¦�µ¹�g¯ � 4 × 4

¦�¨ ¾ËÃI�lµ¹¤ÇÅVöQÁ
�Õ�lÉ<�l¢3¶3� �lµ¹�g¯>¯ÇÊ�¶3� �l¢>�Ò­¹¯5¨ ¤¼¢>�g¾¿´ ©l¶3­¹¤(¨²­®¨Ë¶3� �M¨2´�¥ÒÃI�l¢V¤�£
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Ý#üÖý�þ�ÿ�� 'A%_´ã´�à�õd­®¨�¦�µV¨¬´�¥ÒÃI�l¢Ð¤�£Ó�lµ¹�l¥Æ�l¨2¶>¯Æ£'¤(¢§¶3� �!¾¿­¹©l¶3­¹¤(¨�¦�¢3­¹�g¯�¤�£M�Ç¦(©¸��¯>©Ç¦�µ¹� ÐrÒrÓ ¶3� �
©g¤(¥¼¡�¢>�g¯>¯>­¹¤(¨Ë¢¸¦�¶3­¹¤�Ê¿£'¤(¢#­®¥§¦�ª<� ÿ �l¨�¦ ÷ ¦<ö�°²°²±�ò ³�ø Ã�ö#°�°²±�ò ³ Å#­®¶3� Í �g¾¿´�¨ ¾ ¦�¨ ©lÄ ) ¤(¨¬¶3¢>¤(µ.Á

�lµ¹�l¥Æ�l¨¬¶>¯�£'¤(¢�¶3� �Ô��­®ª`� �l¢5¯>©Ç¦�µ¹�g¯ÇÁ ³ ¨Î£.¦(©l¶ÇÊ¿¶3� �l¢>�Õ­¹¯5¦Ì¯3µ®­®ª`�¬¶#­®¨ ©l¢>�Ç¦(¯¸�Ô­®¨�¶3� �Ô¨2´�¥ÒÃI�l¢Ñ¤�£��lµ¹�l¥Æ�l¨2¶>¯
£·¤(¢#¶3� �g¯>�Ó¯¸©Ç¦�µ¹�g¯ÇÁ

í µ®¶>�l¢3¨�¦�¶3­®É<�MÅ�¦gÄ¿¯Ñ¤�£�©g¤(¨¬¶3¢>¤(µ®µ®­®¨�ª�¶3� �Ó¥¼­®¨�­®¥A´�¥�¾¿­¹¯3¶¸¦�¨ ©g�ÓÃI�l¶uÅ��g�l¨!Ã�µ¹¤C©>Ï¿¯#Å»�l¢>�A©g¤(¨ ¯3­¹¾��l¢>�g¾
¦�¨ ¾��Q×¿¡%�l¢3­®¥Æ�l¨2¶¸¦�µ�¶>�g¯3¶>¯ÕÅ»�l¢>�Ì©g¤(¨ ¾¿´ ©l¶>�g¾�­®¨�¤(¢>¾��l¢Õ¶>¤Î­®¨¬É<�g¯>¶3­®ª¬¦�¶>�ÌÃ%¤(¶3�²¶3� �Ì©g¤(¥¼¡�¦�¢¸¦�¶3­®É<�Ì¡%�l¢�ò
£·¤(¢3¥§¦�¨ ©g�g¯¼¦�¨ ¾:¶3� �Î���,�g©l¶>¯A¤�£Ñ�Ç¦(©¸�Ú¥Æ�l¶3� ¤2¾:­¹¯Ò¶3� ��¾¿­¹©l¶3­¹¤(¨�¦�¢3ÄÙª`¢>¤UÅ#¶3��Á���� �Î¶>�g¯3¶>¯A­®¨ ©lµ®´ ¾��g¾,Ê
¦�¥Æ¤(¨�ª�¤(¶3� �l¢>¯ÇÊ%¶3� �º©Ç¦(¯>�g¯V£·¤(¢ÕÅ#��­¹©>��¶3� �Ì¦gÉ<�l¢¸¦�ª<�Ì¾¿­¹¯3¶>¤(¢3¶3­¹¤(¨�¡I�l¢V¡�­ ×��lµ�Å�¦(¯@��×¿�g¾²¤(¢Ñ£'¤(¢ÑÅ#��­¹©¸�
¶3� �V¯3¡�� �l¢>�V¢¸¦(¾¿­®´ ¯»­®¨ ©l¢>�Ç¦(¯>�g¯�µ®­®¨ �Ç¦�¢3µ®ÄÎ¤(¢»�Q×¿¡I¤(¨ �l¨¬¶3­Ø¦�µ®µ®Ä§Å#­®¶3��¶3� �VÉ(¦�µ®´ �Õ¤�£
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Ý#üÖý�þ�ÿ��×'A%P´mß[àVÞL\À¡�µ¹¤(¶�¤�£�¶3� �
2×1

©g¤C¾��Qò.É<�g©l¶>¤(¢>¯�¤�£�¾¿­¹©l¶3­¹¤(¨�¦�¢3Ä D1 Ê�£'¤(¢d¶3� �»¤(¢3­®ª`­®¨�¦�µ °²°�±�ò
³ � Þ���� á �lµ¹�l¥Æ�l¨2¶>¯Xö«¦�¨ ¾Æ°²°²±�ò ³ Å#­®¶3�Î¢>�g¾¿´�¨ ¾ ¦�¨ ©lÄÆ©g¤(¨¬¶3¢>¤(µ � é �Z]Ó�lµ¹�l¥Æ�l¨¬¶>¯QöQÊ<£'¤(¢�­®¥§¦�ª<� ÿ �l¨�¦
�l¨ ©g¤C¾��g¾!¦�¶Ñ¦�¡�¡�¢>¤g×¿­®¥§¦�¶>�lµ®Ä^�¿Á á Ã�¡�¡�Á

¢>�g¯3´�µ®¶>¯ÒÅ��l¢>��¦(©¸��­¹�lÉ<�g¾âÅ#� �l¨â���2´�¦�¶3­¹¤(¨ � Ü¿Á é öMÅ�¦(¯º´ ¯>�g¾,ÊdÃI�g©Ç¦�´ ¯>�`Êd£·¢>¤(¥ ¦�_@\ø¡I¤(­®¨¬¶Ì¤�£5É2­¹�lÅMÊ
­®¶M­¹¯Ò¦(¾¿É`¦�¨¬¶¸¦�ª<�g¤(´ ¯A¶>¤Â��¦gÉ<�§ª`¢>�Ç¦�¶3µ®Ä²¡I¤(¡�´�µØ¦�¶>�g¾Ù¾¿­¹©l¶3­¹¤(¨�¦�¢3­¹�g¯Ò£'¤(¢M¶3� �¼µØ¦�¢3ª<�Æ¯>©Ç¦�µ¹�§¾¿­¹©l¶3­¹¤(¨�¦�¢3­¹�g¯ÇÊ
Å#��­®µ¹�Ó¡%�l¢�£'¤(¢3¥¼­®¨�ª�¦Ì¯¸�lÉ<�l¢>�Ó¢>�g¾¿´�¨ ¾ ¦�¨ ©lÄË¢>�g¾¿´ ©l¶3­¹¤(¨Ë£'¤(¢#¶3� �M¯3¥§¦�µ®µ¹�l¢Õ¯>©Ç¦�µ¹�g¯ÇÁ«����­¹¯Ñ­¹¯5¯>¤¼ÃI�g©Ç¦�´ ¯>�
­®¨Ì°²°²±Í¥Æ�l¶3� ¤2¾�¯UÊ`µØ¦�¢3ª<�l¢�Ã�µ¹¤2©¸ÏC¯�¡�¢>¤UÉ2­¹¾��V¦ÑÉ<�l¢3ÄÌ��`§©l­¹�l¨¬¶�Å�¦gÄÌ¤�£%�l¨ ©g¤C¾¿­®¨�ªÓ­®¥§¦�ª<�#¡�­ ×��lµ¹¯ÇÊ(Å#��­®µ¹�
¶3� �#´ ¯>�5¤�£,¯3¥§¦�µ®µ¹�l¢»¯¸©Ç¦�µ¹�g¯«­®¥¼¡�µ®­¹�g¯«��­®ª`� �l¢»Ã�­®¶«¢¸¦�¶>�Ñ©g¤`¯>¶ÇÁdõ ´�¢3¶3� �l¢3¥Æ¤(¢>�`ÊC°²°²±�ò ³ Ê2¦(¯«°�°²±dÊ<¶>�l¨ ¾�¯
¶>¤Ô´ ¯>��¥Æ¤`¯3¶3µ®ÄÌÃ�µ¹¤2©¸ÏC¯�¤�£%¶3� �5¯>¥§¦�µ®µ¹�l¢«¯>©Ç¦�µ¹�g¯ � Ã�µ¹¤C©>ÏÌ¯3­ æ �g¯�£·¢>¤(¥ 2×2

¶>¤
4×4

¡�­ ×��lµ¹¯XöQÁ���� �l¢>�Q£·¤(¢>�`Ê
¶3� �Ð¢>�g¾¿´ ©l¶3­¹¤(¨�¤�£Ô¶3� �Ð¢>�g¾¿´�¨ ¾ ¦�¨ ©lÄÈ¤�£Õ¶3� �Â¾¿­¹©l¶3­¹¤(¨�¦�¢3Ä~�lµ¹�l¥Æ�l¨¬¶>¯§£'¤(¢¼¶3� �g¯>�Â¯>©Ç¦�µ¹�g¯Æ©g¤(¨2¶3¢3­®Ã�´�¶>�g¯
¥Æ¤(¢>�Ñ¶>¤º­®¨ ©l¢>�Ç¦(¯>�V¶3� �Ô©g¤2¾¿­®¨�ªÌ��`§©l­¹�l¨ ©lÄ<Á � ¨�¶3� �Õ¤(¶3� �l¢���¦�¨ ¾,Ê¿��¦gÉC­®¨�ªÌ¢3­¹©>� �l¢ÇÊC��­®ª`��µ®Ä§¡I¤(¡�´�µØ¦�¶>�g¾
¾¿­¹©l¶3­¹¤(¨�¦�¢3­¹�g¯º£·¤(¢A¶3� �§µØ¦�¢3ª<�l¢¼¯>©Ç¦�µ¹�g¯A­®¨ ©l¢>�Ç¦(¯>�g¯Ì¶3� ��©>��¦�¨ ©g�g¯Ì¤�£Õ¦�¯3´ ©g©g�g¯>¯�£·´�µ�¥§¦�¶>©¸��Ê�Å#��­¹©>�È¦�µ¹¯>¤
Ã%�l¨ ��� ¶>¯Ì©g¤(¥¼¡�¢>�g¯>¯3­¹¤(¨Ú¡I�l¢�£·¤(¢3¥§¦�¨ ©g�`Ê�¯3­®¨ ©g�§­®¶Æ¦�µ®µ¹¤UÅ5¯º£·¤(¢º¶3� �Î�l¨ ©g¤C¾¿­®¨�ªÍ¤�£Õ¦!µØ¦�¢3ª<�Î¨2´�¥ÒÃI�l¢¼¤�£
¡�­ ×¿�lµ¹¯#´ ¯>­®¨�ªÆ¤(¨ �M¯3­®¨�ª`µ¹�M©g¤C¾��Qò.É<�g©l¶>¤(¢ÇÁ

õd­®ª`´�¢>�ÌÜ¿Á é ÞÐ¯>� ¤ÇÅ5¯Ô¶3� �Ì���I�g©l¶M¤�£»´ ¯3­®¨�ªÂ¤�£»¢>�g¾¿´�¨ ¾ ¦�¨ ©lÄ�©g¤(¨¬¶3¢>¤(µ«¯>©¸� �l¥Æ�¼¤(¨Í¶3� �º¾¿­¹©l¶3­¹¤(¨�¦�¢3Ä
¤�£�¯>©Ç¦�µ¹� é � 2× 1

¡�­ ×��lµIÃ�µ¹¤2©¸ÏC¯QöQÊ¬£'¤(¢�­®¥§¦�ª<� ÿ �l¨�¦Ì�l¨ ©g¤2¾��g¾Â¦�¶*�¿Á � 4 Ã�¡�¡�Á í ÞL\�¡�µ¹¤(¶#¤�£�¶3� �
2× 1

©g¤2¾��Qò.É<�g©l¶>¤(¢>¯Ó¤�£�¶3� �º¾¿­¹©l¶3­¹¤(¨�¦�¢3Ä D1 ­¹¯Õ¡�¢>�g¯>�l¨¬¶>�g¾,Ê�Ã%¤(¶3�²£'¤(¢V¶3� �Ì¤(¢3­®ª`­®¨�¦�µ«°²°�±�ò ³ �l¨ ©g¤2¾��l¢M¦�¨ ¾
£·¤(¢Ó¦�¨²°²°²±�ò ³ �l¨ ©g¤C¾��l¢V¶3��¦�¶Ô´ ¯>�g¯V¢>�g¾¿´�¨ ¾ ¦�¨ ©lÄ²©g¤(¨2¶3¢>¤(µ.ÊIÅ#­®¶3�

d = 10
ÁÕ��� �º¢>�g¾¿´ ©l¶3­¹¤(¨Í¤(¨�¶3� �

¶>¤(¶¸¦�µ�¨¬´�¥AÃ%�l¢Õ¤�£«©g¤2¾��Qò.É<�g©l¶>¤(¢>¯V­¹¯Ñ©lµ¹�Ç¦�¢ � £Ö¢>¤(¥�Þ���� á ¶>¤ é �Z]`öQÊ Ã�´�¶V­®¶Ñ©Ç¦�¨�¦�µ¹¯>¤§Ã%�Ó¤(Ã ¯¸�l¢3É<�g¾Ë¶3��¦�¶
¶3� �Ë©g¤2¾��Qò.É<�g©l¶>¤(¢>¯§¶3��¦�¶Î¦�¢>�Â¥§¦�­®¨2¶¸¦�­®¨ �g¾ÀÃ2Äâ¶3� �Ë¢>�g¾¿´�¨ ¾ ¦�¨ ©lÄ~¢>�g¾¿´ ©l¶3­¹¤(¨å¦�µ®ª<¤(¢3­®¶3��¥�©g¤UÉ<�l¢§¶3� �
¯¸¦�¥Æ�A¯>¡�¦(©g�Ì¦(¯V¶3� �Ì¤(¢3­®ª`­®¨�¦�µ�¾¿­¹©l¶3­¹¤(¨�¦�¢3Ä<Ê,Ã�´�¶ÔÅ#­®¶3��¦Î¥Ò´ ©¸�½¯3¥§¦�µ®µ¹�l¢Ô¾��l¨ ¯3­®¶uÄ<ÁÓ����­¹¯Ô¥Æ�Ç¦�¨ ¯Õ¶3��¦�¶
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¥Æ�l¶3� ¤C¾�¯Ñ¦�µ¹¯>¤¼´ ¯¸�Ó¾¿­¹©l¶3­¹¤(¨�¦�¢3Ä�¡�¦�¢3¶3­®¶3­¹¤(¨�­®¨�ª2öQÊ�£'¤(¢#­®¥§¦�ª<� ÿ �l¨�¦¿Á

¶3� �V¢>�lµ¹�lÉ`¦�¨¬¶#¡�¦�¶3¶>�l¢3¨ ¯�£'¤(¢#�l¨ ©g¤2¾¿­®¨�ªÌ¶3� �Õ­®¨�¡�´�¶5¯3­®ª`¨�¦�µ�¦�¢>�Õ¨ ¤(¶#�lµ®­®¥¼­®¨�¦�¶>�g¾�£Ö¢>¤(¥�¶3� �Ô¾¿­¹©l¶3­¹¤(¨�¦�¢3Ä<Ê
Ã�´�¶5¤(¨ �Ò¦gÉ<¤(­¹¾�¯V¤ÇÉ<�l¢3¡I¤(¡�´�µØ¦�¶3­®¨�ªÎ¶3� �M¾¿­¹©l¶3­¹¤(¨�¦�¢3ÄÂ¯3¡�¦(©g�MÅ#­®¶3�Ë¢>�g¾¿´�¨ ¾ ¦�¨¬¶Õ©g¤2¾��Qò.É<�g©l¶>¤(¢>¯ÇÁ

õd­®ª`´�¢>�g¯ÆÜ¿Á éuù ¦�¨ ¾~Ü¿Á é � ) ©g¤(¥¼¡�¦�¢>�Ð¶3� ��¡%�l¢�£'¤(¢3¥§¦�¨ ©g�Ð¤�£Ñ¶3� �Ð°�°²±�ò ³ ¦�µ®ª<¤(¢3­®¶3��¥ Å#� �l¨Ú¶3� �
¤(¢3­®ª`­®¨�¦�µ�¾¿­¹©l¶3­¹¤(¨�¦�¢3Ä¼´�¡I¾ ¦�¶3­®¨�ªM¡�¢>¤2©g�g¾¿´�¢>�Ñ­¹¯«´ ¯>�g¾Î¦�¨ ¾¼Å#� �l¨Æ¶3� �5¨ �lÅÀ¢>�g¾¿´�¨ ¾ ¦�¨ ©lÄÆ©g¤(¨¬¶3¢>¤(µ%¶>�g©>�¿ò
¨�­��¬´ �V­¹¯#¦�¡�¡�µ®­¹�g¾ � ÃI¤(¶3�Ð�l¨ ©g¤2¾��l¢>¯#¦�µ¹¯>¤A´ ¯>�V¶3� �Õ¾¿­¹©l¶3­¹¤(¨�¦�¢3ÄÎ¡�¦�¢3¶3­®¶3­¹¤(¨�­®¨�ª¼¶>�g©>��¨�­��2´ �Ô¾��g¯>©l¢3­®Ã%�g¾�­®¨
Û �g©l¶3­¹¤(¨ÍÜ¿Á é öQÁ��½�Ì¤(Ã ¯>�l¢3É<�º¶3��¦�¶Õ¶3� �A¡�¢>¤(¡I¤`¯>�g¾�¶>�g©>��¨�­��2´ �¼©g¤(¨ ¯3­¹¯3¶>�l¨2¶3µ®Ä!­®¨ ©l¢>�Ç¦(¯>�g¯Ô¶3� �)_�\|¡%�l¢�ò
£·¤(¢3¥§¦�¨ ©g�Ô¤�£�°²°�±�ò ³ �l¨ ©g¤2¾��l¢�£'¤(¢�¦�µ®µI¶>�g¯3¶>�g¾�­®¥§¦�ª<�g¯#¦�¨ ¾Â¦�µ®µI¶¸¦�¢3ª<�l¶�©g¤(¥¼¡�¢>�g¯¸¯3­¹¤(¨Ð¢¸¦�¶3­¹¤`¯ÇÁ���� �g¯>�
¢>�g¯3´�µ®¶>¯�¾��l¥Æ¤(¨ ¯3¶3¢¸¦�¶>�Õ¶3� �Õ��`§©l­¹�l¨ ©lÄ�¤�£�¶3� �Õ¨ �lÅ�¢>�g¾¿´�¨ ¾ ¦�¨ ©lÄÎ¢>�g¾¿´ ©l¶3­¹¤(¨!¦�µ®ª<¤(¢3­®¶3��¥ËÊ¿¶3��¦�¶�­¹¯�¦�Ã�µ¹�
¶>¤�� µ®¶>�l¢�¶3� �Õ¡�¦�¶3¶>�l¢3¨ ¯�¶3��¦�¶�­®¨¬¶3¢>¤C¾¿´ ©g�Ô¦A¨ �lª`µ®­®ª`­®Ã�µ¹�Õª¬¦�­®¨Ð­®¨Ð¶>�l¢3¥Æ¯�¤�£�¦�¡�¡�¢>¤g×¿­®¥§¦�¶3­¹¤(¨Ë¡%¤UÅ»�l¢�Ã�´�¶
ª<�l¨ �l¢¸¦�¶>�Ò¦�¨Ë´�¨¿£.¦gÉ<¤(´�¢¸¦�Ã�µ¹�M¡I�l¨�¦�µ®¶uÄÐ­®¨Ë¶3� �Ó¤UÉ<�l¢¸¦�µ®µ��l¨2¶3¢>¤(¡¬ÄË¤�£�¶3� �Ó­®¨ ¾��Q×Ð¯>Ä2¥AÃ%¤(µ¹¯ÇÁ
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��� �Ð¡�¢>�lÉ2­¹¤(´ ¯Æ¯¸�g©l¶3­¹¤(¨È¾��g¯>©l¢3­®Ã%�g¾�¦�¯¸�l¶Æ¤�£V¶>�g©>��¨�­��2´ �g¯Æ¶3��¦�¶�¦�¶3¶>�l¥¼¡�¶Æ¶>¤�­®¥¼¡�¢>¤ÇÉ<�Â¶3� �Â¤UÉ<�l¢¸¦�µ®µ
¡%�l¢�£'¤(¢3¥§¦�¨ ©g�A¤�£»¶3� �A¾¿­¹©l¶3­¹¤(¨�¦�¢3Ä�¦(¾ ¦�¡�¶¸¦�¶3­¹¤(¨²¡�¢>¤C©g�g¯>¯VÃ¬ÄË¢>�l¥Æ¤UÉ2­®¨�ªÐ­®¨ ��`§©l­¹�l¨2¶Ó¡�¦�¶3¶>�l¢3¨ ¯ÇÁ ³ £�¶3� �
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¦(¾�¾¿­®¶3­®É<�M¯>Ä2¥¼¥Æ�l¶3¢3­¹©ÓÃ�µ¹¤C©>ÏIÊ¿£'¤(¢#­®¥§¦�ª<�g¯Ñ±«±�xÇÞ���y§¦�¨ ¾Ë±«±�xÇÞ�� 4 Á

� ¦(¯¸�g¾Î¤(¨Ð¶3� �g¯>�Ô�Q×¿¡%�l¢3­®¥Æ�l¨2¶¸¦�µ�¤(Ã ¯>�l¢3É(¦�¶3­¹¤(¨ ¯UÊ2¶3� �ÕÃI�g¯3¶�©g¤(¥ÒÃ�­®¨�¦�¶3­¹¤(¨!¤�£�´�¡I¾ ¦�¶3­®¨�ª¼¥Æ�l¶3� ¤C¾�¯»Å�¦(¯
©>� ¤`¯>�l¨�Á

í ¾��l¶¸¦�­®µ¹�g¾À¾��g¯>©l¢3­®¡�¶3­¹¤(¨å¤�£M¦�µ®µÑ¶>�g¯3¶>¯Æ¨ �g�g¾��g¾À¶>¤½©g¤ÇÉ<�l¢Î¶3� �Ë¡I¤`¯>¯3­®Ã�µ¹�Ë©g¤(¥AÃ�­®¨�¦�¶3­¹¤(¨ ¯�¤�£Ó¶3� �
¾¿­¹¯>©l´ ¯>¯>�g¾¼¥Æ�l¶3� ¤C¾�¯»Å»¤(´�µ¹¾ÎÃ%�#É<�l¢3Ä¼�Q×¿¶>�l¨ ¯3­®É<�V¦�¨ ¾§´�¨�¨ �g©g�g¯>¯¸¦�¢3­®µ®Ä¼¶>�g¾¿­¹¤(´ ¯ÇÁ���� �l¢>�Q£'¤(¢>�`Ê2Å»�Ñ©¸� ¤`¯>�
¶>¤ÆÃ�¢3­¹� � Ä!¾��g¯>©l¢3­®ÃI�M¶3� �A¥§¦�­®¨�©g¤(¨ ©lµ®´ ¯3­¹¤(¨ ¯Ô¤�£�¶3� �g¯¸�Ò¶>�g¯3¶>¯Ô¦�¨ ¾Ë¡�¢>�g¯¸�l¨¬¶Ó¤(¨�µ®ÄÂ¶3� �M¥Æ¤`¯3¶Õ¢>�lµ¹�lÉ`¦�¨¬¶
¢>�g¯3´�µ®¶>¯ÇÁd��� �»ÃI�g¯3¶d¢>�g¯3´�µ®¶>¯dÅ»�l¢>�5¦(©¸��­¹�lÉ<�g¾ÌÃ¬ÄÒ¶3� ��©g¤(¥ÒÃ�­®¨�¦�¶3­¹¤(¨Î¤�£%¦�µ®µ¿´�¡%¾ ¦�¶3­®¨�ªÓ¯3¶3¢¸¦�¶>�lª`­¹�g¯ÇÊ<Å#��­¹©>�
©g¤(¨&� ¢3¥Æ¯Ò¶3� �§´ ¯>�Q£Ö´�µ®¨ �g¯¸¯A¤�£#¶3� �§¯>¶3´ ¾¿­¹�g¾½¶>�g©>��¨�­��2´ �g¯ÇÁ��Õ�lÉ<�l¢3¶3� �lµ¹�g¯>¯ÇÊd¶KÅ»¤²¤(¶3� �l¢º©g¤(¥AÃ�­®¨�¦�¶3­¹¤(¨ ¯
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t#üÖý�þ�ÿ��e'c%� X©4vª_Ñ�g¯3´�µ®¶>¯�£'¤(¢5°²°�±�ò ³ ´ ¯3­®¨�ª§©g¤(¥AÃ�­®¨�¦�¶3­¹¤(¨ ¯V¤�£�¶3� �Ô¨ �lÅá¾¿­¹©l¶3­¹¤(¨�¦�¢3ÄÐ´�¡%¾ ¦�¶3­®¨�ª
¶>�g©¸��¨�­��¬´ �g¯ÇÊ�£·¤(¢#­®¥§¦�ª<�«���l¨�¦ÂÁ

¦(©>��­¹�lÉ<�g¾Ú¦�µ®¥Æ¤`¯3¶A���2´�­®É(¦�µ¹�l¨2¶A¢>�g¯>´�µ®¶>¯ÇÊ�¨�¦�¥Æ�lµ®ÄÙ¦<öÓ¶3� �Æ´ ¯>�§¤�£�ª<�g¤(¥Æ�l¶3¢3­¹©Î¶3¢¸¦�¨ ¯�£'¤(¢3¥Æ¯A©g¤(¥AÃ�­®¨ �g¾
Å#­®¶3�ÂÃ�µ¹¤2©¸Ï�¾¿­¹¯3¡�µØ¦(©g�l¥Æ�l¨2¶>¯5´ ¯3­®¨�ª

s = 2
¦�¨ ¾ÐÃ�ö»¶3� �Ô­¹¯>¤(µØ¦�¶>�g¾Â´ ¯>�Ô¤�£�¾¿­¹¯3¡�µØ¦(©g�l¥Æ�l¨¬¶>¯ÑÅ#­®¶3�

s = 4
Á

¬V¤UÅ»�lÉ<�l¢ÇÊ2£·¤(¢�¦�µ®µ ¶3� �g¯>�Ñ©Ç¦(¯¸�g¯ÇÊ<¶3� �5± Û �@_�ª¬¦�­®¨ ¯»©g¤(¢3¢>�g¯>¡%¤(¨ ¾¿­®¨�ªA¶>¤M¶3� �#´ ¯>�V¤�£2ù�´ ¯3¶«¶3� �V¾¿­¹¯3¡�µØ¦(©g�g¾
Ã�µ¹¤2©¸ÏC¯ÕÅ#­®¶3�

s = 2
Å��l¢>�A¥§¦�¢3ª`­®¨�¦�µ.ÁA��� �l¢>�Q£·¤(¢>�`ÊI¶¸¦�ÏC­®¨�ªÐ­®¨¬¶>¤Ë¦(©g©g¤(´�¨2¶Ó¶3� �A­®¨ ©l¢>�Ç¦(¯¸�g¾²©g¤(¥¼¡�´�¶¸¦�ò

¶3­¹¤(¨�¦�µd©g¤(¥¼¡�µ¹�Q×¿­®¶uÄ²¢>�g¯3´�µ®¶3­®¨�ªÎ£Ö¢>¤(¥�¶3� �º­®¨¬¶3¢>¤C¾¿´ ©l¶3­¹¤(¨�¤�£��Q×C¶3¢¸¦Î¾¿­¹©l¶3­¹¤(¨�¦�¢3Ä!Ã�µ¹¤C©>Ï¿¯ÇÊ%Å»�º©g¤(¨ ©lµ®´ ¾��
¶3��¦�¶Ó¶3� �¼­¹¯>¤(µØ¦�¶>�g¾Í´ ¯>�¼¤�£�¶3� �Æ¾¿­¹¯3¡�µØ¦(©g�g¾½Ã�µ¹¤2©¸ÏC¯ÓÅ#­®¶3�

s = 2
­¹¯A¦�Ã%�l¶3¶>�l¢M¤(¡�¶3­¹¤(¨�ÁÎõ�­®ª`´�¢>�g¯AÜ¿Á�Þ��

¦�¨ ¾�Ü¿Á�Þ�y q ©g¤(¥¼¡�¦�¢>�V¶3� �Ñ¢>�g¯3´�µ®¶>¯»£·¤(¢�°�°²±�ò ³ ´ ¯3­®¨�ªº¶3� �Õ¤(¢3­®ª`­®¨�¦�µ%¾¿­¹©l¶3­¹¤(¨�¦�¢3ÄÎ´�¡%¾ ¦�¶3­®¨�ªº¶>�g©>��¨�­��2´ �
� °�°²±�ò ³ öQÊ�¶3� �Ð¨ �lÅ�´�¡I¾ ¦�¶3­®¨�ª½¯3¶3¢¸¦�¶>�lª`­¹�g¯¼´ ¯3­®¨�ªÍ¤(¨�µ®ÄÚ¾¿­¹¯3¡�µØ¦(©g�g¾ÚÃ�µ¹¤C©>Ï¿¯ÌÅ#­®¶3�

s = 2 � °�°²±�ò ³\V­¹¯>¡�µØ¦(©g�g¾>xV­(Þ<ö�¦�¨ ¾Â¶3� �Ó¨ �lÅã´�¡I¾ ¦�¶3­®¨�ª§¯3¶3¢¸¦�¶>�lª`­¹�g¯ÑÅ#� �l¨�¦�µ®µ�¤�£d¶3� �Ò¯3¶3´ ¾¿­¹�g¾Â¥Æ�l¶3� ¤C¾�¯Ñ¦�¢>�Ó´ ¯>�g¾
� °�°²±�ò ³�í µ®µ�öQÁ

� ¶3� �l¢�­®¥¼¡%¤(¢3¶¸¦�¨2¶»©g¤(¨ ©lµ®´ ¯3­¹¤(¨Î¤�£�¶3��­¹¯«¯3¶3´ ¾¿Äº­¹¯�¶3��¦�¶«¶3� �#���,�g©l¶>¯«¤�£�¶3� ��¡�¢>¤(¡I¤`¯>�g¾Ì¢>�g¾¿´�¨ ¾ ¦�¨ ©lÄ
©g¤(¨¬¶3¢>¤(µ�¥Æ�l¶3� ¤2¾�¯ÒÃ%�g©g¤(¥Æ�Î�lÉ<�l¨Ù¥Æ¤(¢>�Æ¢>�lµ¹�lÉ`¦�¨¬¶AÅ#� �l¨Ù¶3� �§´�¡%¾ ¦�¶3­®¨�ª�¶>�g©>��¨�­��2´ �g¯Ì¦�¢>�§´ ¯>�g¾,Á ³ ¨
£'¦(©l¶ÇÊ�¶3� �Ò´ ¯>�M¤�£�¥Ò´�µ®¶3­®¡�µ¹�ºÃ�µ¹¤C©>Ï¿¯5¶>¤¼´�¡I¾ ¦�¶>�M¶3� �A¾¿­¹©l¶3­¹¤(¨�¦�¢3ÄËª<�l¨ �l¢¸¦�¶>�g¯Ô¦ÌµØ¦�¢3ª<�M¨2´�¥ÒÃI�l¢Õ¤�£�¨ �lÅ
¡�¦�¶3¶>�l¢3¨ ¯ÇÊ�¶3�¬´ ¯Æ­®¨ ©l¢>�Ç¦(¯3­®¨�ª�¶3� �Î¢>�g¾¿´�¨ ¾ ¦�¨ ©lÄ~¦�¥Æ¤(¨�ªÍ¶3� �Ð¾¿­¹©l¶3­¹¤(¨�¦�¢3Ä:É<�g©l¶>¤(¢>¯UÁ½��¤²¢>�g¾¿´ ©g�Ð¶3��­¹¯
���I�g©l¶ÇÊ%¶3� �º¢>�g¾¿´�¨ ¾ ¦�¨ ©lÄ²©g¤(¨2¶3¢>¤(µ�¶>�g©>��¨�­��2´ �g¯ÇÊ�¾��lÉ<�lµ¹¤(¡I�g¾²­®¨ Û �g©l¶3­¹¤(¨ÙÜ¿Á�Þ¿Á�Þ¿ÊIÅ��l¢>�¼¦�¡�¡�µ®­¹�g¾,ÁÒ����­¹¯
©g¤(¥ÒÃ�­®¨�¦�¶3­¹¤(¨Í¢>�g¯3´�µ®¶>�g¾²­®¨Í¦ÆÉ<�l¢3Ä!��`§©l­¹�l¨2¶M©g¤(¥¼¡�¢>¤(¥¼­¹¯>�ºÃ%�l¶KÅ»�g�l¨Í¶KÅ»¤Â¤(¡�¡I¤`¯3­®¶>�Òª<¤<¦�µ¹¯ � ­®¨ ©l¢>�Ç¦(¯�ò
­®¨�ªM¶3� �V¦�¡�¡�¢>¤Ç×C­®¥§¦�¶3­¹¤(¨Ð¡I¤ÇÅ»�l¢�¤�£,¶3� �Ñ¾¿­¹©l¶3­¹¤(¨�¦�¢3Ä<ÊCÅ#��­®µ¹�V¦ÇÉ<¤(­¹¾¿­®¨�ªÌ¦Ó©g¤(¥¼¡�¢>¤(¥¼­¹¯>­®¨�ªA¢>�g¾¿´�¨ ¾ ¦�¨ ©lÄ
®c� � � � ��� ÿ {F� � «�y<��y<�.� � �A� ��� ��v��Þw<x �þ� w~� ��� � ��� � z¥� � � v5z ­ v5x ÿ � � ©�� ± 2 y<« � ����� z � v
	�©��
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t#üÖý�þ�ÿ��e'c%� �uhvª_Ñ�g¯3´�µ®¶>¯�£'¤(¢5°²°�±�ò ³ ´ ¯3­®¨�ªÆ©g¤(¥AÃ�­®¨�¦�¶3­¹¤(¨ ¯V¤�£�¶3� �Ô¨ �lÅá¾¿­¹©l¶3­¹¤(¨�¦�¢3ÄÐ´�¡%¾ ¦�¶3­®¨�ª
¶>�g©¸��¨�­��¬´ �g¯ÇÊ�£·¤(¢#­®¥§¦�ª<�g¯V±«±-xÇÞ���y§¦�¨ ¾!±«±-xÇÞ�� 4 Á

¦�¥Æ¤(¨�ª²­®¶>¯A¡�¦�¶3¶>�l¢3¨ ¯ÇÁ í ¨ ¤(¶3� �l¢A­®¨2¶>�l¢>�g¯3¶3­®¨�ª½¤(Ã ¯>�l¢3É`¦�¶3­¹¤(¨â­¹¯A¶3��¦�¶Ì¯>¤(¥Æ�Î¤�£V¶3� �§´�¡I¾ ¦�¶3­®¨�ª�¶>�g©>�¿ò
¨�­��¬´ �g¯ÇÊ�¶3��¦�¶Õ¤(¢3­®ª`­®¨�¦�µ®µ®Ä!­®¨¬¶3¢>¤C¾¿´ ©g�g¾²©g¤C¾¿­®¨�ª§µ¹¤`¯¸¯>�g¯ÇÊ ÃI�g©Ç¦�¥Æ�Ò£'¦ÇÉ<¤(´�¢¸¦�Ã�µ¹�ÒÅ#� �l¨²¶3� �Ò¢>�g¾¿´�¨ ¾ ¦�¨ ©lÄ
¢>�l¥Æ¤ÇÉ`¦�µ Å�¦(¯�¦�¡�¡�µ®­¹�g¾,Á�°²¤(¢>�g¤ÇÉ<�l¢ÇÊ2¶3� �#©g¤(¥¼¡�¦�¢¸¦�¶3­®É<�5¢>�g¯>´�µ®¶>¯�¦�¥Æ¤(¨�ªM¶3� �#¶>�g©¸��¨�­��¬´ �g¯»¾¿­¹¯>©l´ ¯>¯>�g¾Ì­®¨
¶3��­¹¯Ñ¯>�g©l¶3­¹¤(¨!©¸��¦�¨�ª<�A¯>µ®­®ª`�¬¶3µ®ÄÂÅ#� �l¨Ë¢>�g¾¿´�¨ ¾ ¦�¨ ©lÄ!©g¤(¨2¶3¢>¤(µ�­¹¯Ñ´ ¯>�g¾,Á»��� �l¢>�Q£'¤(¢>�`Ê�¦�µ®µd¤�£d¶3� �Ò¢>�g¯3´�µ®¶>¯
¡�¢>�g¯>�l¨¬¶>�g¾¼­®¨Æõd­®ª`´�¢>�g¯�Ü¿Á�Þ��º¦�¨ ¾ÆÜ¿Á�Þ�yÓ¦�µ®¢>�Ç¦(¾¿Äº´ ¯¸�»¶3� �5¢>�g¾¿´�¨ ¾ ¦�¨ ©lÄº¢>�g¾¿´ ©l¶3­¹¤(¨§¥Æ�l¶3� ¤2¾¼¾��g¯>©l¢3­®ÃI�g¾
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t#üÖý�þ�ÿ��,¼h½� �¼hv=#5�I�g©l¶>¯�¤�£,´ ¯3­®¨�ªÒ¢>�g¾¿´�¨ ¾ ¦�¨ ©lÄÎ©g¤(¨¬¶3¢>¤(µ%Å#­®¶3�Î¨ �lÅå¾¿­¹©l¶3­¹¤(¨�¦�¢3ÄÆ´�¡%¾ ¦�¶3­®¨�ªº¶>�g©>�¿ò
¨�­��2´ �g¯ � ´ ¯3­®¨�ª§¾¿­¹¯>¡�µØ¦(©g�g¾ÂÃ�µ¹¤2©¸ÏC¯5Å#­®¶3� s = 2

öQÊ¿£'¤(¢#­®¥§¦�ª<�g¯����l¨�¦Æ¦�¨ ¾Ë±«±-xÇÞ���y¿Á

­®¨ Û �g©l¶3­¹¤(¨§Ü¿Á�Þ¿Á�Þ¿Á�õ�­®ª`´�¢>�5Ü¿Á�Þ`Ü s ¡�¢>�g¯¸�l¨¬¶>¯�¦�¨Æ�Q× ¦�¥¼¡�µ¹�#¤�£%¶3� �#���,�g©l¶«¤�£�´ ¯>­®¨�ªÓ¢>�g¾¿´�¨ ¾ ¦�¨ ©lÄÌ©g¤(¨2¶3¢>¤(µ
£·¤(¢�¶3� �Ñ¥Æ¤`¯>¶»£.¦gÉ<¤(´�¢¸¦�Ã�µ¹�Ô´�¡I¾ ¦�¶3­®¨�ª¼¯3¶3¢¸¦�¶>�lª`Ä<Ênd�eNfge�¶3� �V´ ¯¸�V¤�£�¾¿­¹¯>¡�µØ¦(©g�g¾ÎÃ�µ¹¤C©>Ï¿¯�Å#­®¶3�Â¤(¨ �V��¦�µ £d¤�£
¶3� �ÔÃ�µ¹¤2©¸ÏÐ¾¿­®¥Æ�l¨ ¯>­¹¤(¨�Á

��� ��´�¡%¾ ¦�¶3­®¨�ª�¯3¶3¢¸¦�¶>�lª`­¹�g¯Ë¾��g¯>©l¢3­®ÃI�g¾Ý­®¨ã¶3��­¹¯Ë¯>�g©l¶3­¹¤(¨�Å��l¢>�Ù¦�µ¹¯>¤Ú�lÉ`¦�µ®´�¦�¶>�g¾á¦(¯!¦Ú©g¤(¨¬¶>�Q×¿¶
©g¤(¨ ¾¿­®¶3­¹¤(¨�­®¨�ªÔ©l¢3­®¶>�l¢3­¹¤(¨�Ê<¶>¤ÑÃI�«´ ¯>�g¾A­®¨º¶3� �»¾¿­¹©l¶3­¹¤(¨�¦�¢3ÄA¡�¦�¢3¶3­®¶3­¹¤(¨�­®¨�ªM¯>©>� �l¥Æ��¾��g¯>©l¢3­®ÃI�g¾Ò­®¨ Û �g©l¶3­¹¤(¨

¾c� � � � ��� ÿ {F� � «�y<��y<�.� � �A� ��� ��v��Þw<x �þ� w~� ��� � ��� � z¥� � � v5z ­ v5x ÿ � � ©�� ± ; y<« � ����� z � v
	�©��
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t#üÖý�þ�ÿ��^¼h½� =dnvª_Ñ�g¯3´�µ®¶>¯�£'¤(¢#°�°²±�ò ³>³ £·¤(¢#­®¥§¦�ª<�¿���l¨�¦¿Ê�Å#� �l¨Ë©g¤(¨¬¶>�Q×¿¶Ñ©g¤(¨ ¾¿­®¶3­¹¤(¨�­®¨�ªÐ¦(¯>¯>¤C©l­ ò
¦�¶>�g¾ÂÅ#­®¶3�!¶3� �Ó©g¤2¾��Qò.É<�g©l¶>¤(¢>¯gb�¤(¢3­®ª`­®¨Ë­¹¯#´ ¯>�g¾,Á

Ü¿ÁFx`Á ³ ¨À¶3��­¹¯Ð©Ç¦(¯>�`Ê5¯¸�l¡�¦�¢¸¦�¶>��¡�¦�¢3¶3­®¶3­¹¤(¨ ¯�Å��l¢>�²©l¢>�Ç¦�¶>�g¾å¶>¤â¾¿­¹¯3¶3­®¨�ª`´�­¹¯3�Ý¶3� ��Ã�µ¹¤2©¸ÏC¯Î¶3��¦�¶ÐÅ»�l¢>�
¤(¢3­®ª`­®¨�¦�µ®µ®Ä²©l¢>�Ç¦�¶>�g¾�´ ¯3­®¨�ªÂ�Ç¦(©¸�½¾¿­��I�l¢>�l¨2¶Ó´�¡%¾ ¦�¶3­®¨�ªË©l¢3­®¶>�l¢3­¹¤(¨ � ¾¿­¹¯3¡�µØ¦(©g�g¾�Ã�µ¹¤C©>Ï¿¯ÇÊIª<�g¤(¥Æ�l¶3¢3­¹©Ç¦�µ®µ®Ä
¶3¢¸¦�¨ ¯�£·¤(¢3¥Æ�g¾åÃ�µ¹¤C©>Ï¿¯ÇÊÕ�l¶>©`Á+öQÁÀ¬V¤UÅ»�lÉ<�l¢ÇÊÔ�Q×¿¡%�l¢3­®¥Æ�l¨2¶¸¦�µÓ¢>�g¯3´�µ®¶>¯Ð��¦gÉ<�Í¯3� ¤UÅ#¨Ý¶3��¦�¶Â¶3� �g¯>���Q×C¶3¢¸¦
¡�¦�¢3¶3­®¶3­¹¤(¨ ¯Æµ¹�Ç¦(¾~¶>¤�¨ ¤Í¡I�l¢�£'¤(¢3¥§¦�¨ ©g�Â­®¥¼¡�¢>¤ÇÉ<�l¥Æ�l¨2¶>¯ÇÊÑ¦(¯Æ©Ç¦�¨ÈÃI�Â¯>�g�l¨~­®¨Àõd­®ª`´�¢>�!Ü¿Á�Þ~]!£'¤(¢Æ¶3� �
©Ç¦(¯>�Ò¤�£«­®¥§¦�ª<�+���l¨�¦¿ÁÕ����­¹¯Ñ­¹¯Õ¥§¦�­®¨�µ®Ä!¾¿´ �Ò¶>¤§¶KÅ»¤�¢>�Ç¦(¯>¤(¨ ¯ � � ¢>¯>¶ÇÊ�¶3� �A¡�¢>¤(Ã�¦�Ã�­®µ®­®¶uÄ²¾¿­¹¯3¶3¢3­®Ã�´�¶3­¹¤(¨
¦(¯>¯>¤C©l­Ø¦�¶>�g¾ÆÅ#­®¶3�Ð¶3� �5´ ¯>�Õ¤�£�¾¿­��,�l¢>�l¨¬¶#¾¿­¹©l¶3­¹¤(¨�¦�¢3Ä§´�¡I¾ ¦�¶3­®¨�ªA¡�¢>¤C©g�g¯>¯>�g¯�¾�¤C�g¯�¨ ¤(¶»£'¦ÇÉ<¤(´�¢»¶3� �V¶uÅ�¤�ò
¯3¶>�l¡��l¨ ©g¤C¾¿­®¨�ªkÁ,¯>�g©g¤(¨ ¾,Ê%¶3� �Ò­®¨ ©l¢>�Ç¦(¯¸�g¾�¨2´�¥ÒÃI�l¢Ó¤�£«¡�¦�¢3¶3­®¶3­¹¤(¨ ¯ � ¦�¢3­®¶3��¥Æ�l¶3­¹©º�l¨ ©g¤C¾¿­®¨�ªÂ©g¤(¨¬¶>�Q×¿¶>¯Xö
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¯X¦�¥¼¡�µ¹�g¯XöQÊ¿Ã�´�¶5¦(¾ ¦�¡�¶>�g¾Î¶3� ��¢Ó¦�´ ¯¸¯3­Ø¦�¨�b
¯
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2
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­®¨2¶>�l¨ ¯3­®¶3­¹�g¯Ñ©Ç¦�´ ¯>�g¯5¶3� �Ò¦�¡�¡%�Ç¦�¢¸¦�¨ ©g�A¤�£�¦�¨Â­®¥§¦�ª<�A¦�¢3¶3­ £'¦(©l¶V¦�£·¶>�l¢5¶3� �Ó¾��lÃ�µ¹¤C©>ÏC­®¨�ª<� µ®¶>�l¢3­®¨�ª Á

Ã�µ¹¤2©¸Ï%Ê
A
Ê�­¹¯Ò©g¤(¨ ©Ç¦�¶>�l¨�¦�¶>�g¾:Å#­®¶3�½¶uÅ�¤!Ã�¢3­®ª`�2¶ÒÃ�µ¹¤C©>Ï¿¯ � ¤(¨ �¼¨�¦�¢3¢>¤UÅ Ã�µ¹¤C©>ÏIÊ

B
Ê,£·¤(µ®µ¹¤UÅ»�g¾:Ã¬ÄÍ¤(¨ �

Å#­¹¾��VÃ�µ¹¤C©>ÏIÊ
C
Á���� �l¨ÐÃ�µ¹¤C©>Ï¿¯

A
¦�¨ ¾

B
¦�¢>�@� µ®¶>�l¢>�g¾,Ê ¦º¯3¥Æ¤2¤(¶3��¶3¢¸¦�¨ ¯3­®¶3­¹¤(¨!¦�¡�¡I�Ç¦�¢>¯�¶3��¦�¶#�lµ®­®¥¼­ ò

¨�¦�¶>�g¯�¶3� �ÑÃ�µ¹¤2©¸Ï2­®¨�ªÌ���I�g©l¶»­®¨§¶3� �
AB

ÃI¤(¢>¾��l¢ÇÁ���� �l¨�¶3� �5Ã�µ¹¤C©>Ï
C
­¹¯"� µ®¶>�l¢>�g¾,Ê2Ã%�g©Ç¦�´ ¯¸�5¶3� �V´ ¯>�g¾

� µ®¶>�l¢Ó��¦(¯M¦§É<�l¢3Ä²Å#­¹¾��¼¯3´�¡�¡I¤(¢3¶Ó¢>�lª`­¹¤(¨�Ê,¶3� �Ì¡�­ ×��lµ¹¯Ô¨ �Ç¦�¢Ó¶3� �
BC

ÃI¤(¢>¾��l¢ÓÅ#­®µ®µ«¯3´&�,�l¢V£·¢>¤(¥�¶3� �
­®¨M
 ´ �l¨ ©g�º¤�£�¯¸¤(¥Æ�Ò¤�£�¶3� �º¾ ¦�¢3ÏÂ¡�­ ×¿�lµ¹¯Ô¤�£«Ã�µ¹¤C©>Ï

A
ÁÑ����­¹¯Õ©Ç¦�´ ¯>�g¯Ó¦Æ¾ ¦�¢3Ï6ÑQÉ`¦�µ®µ¹�lÄuÑM¶>¤Ð¦�¡�¡%�Ç¦�¢Õ­®¨

¶3� �
BC

ÃI¤(¢>¾��l¢ÇÊ�¶3��¦�¶5­®¨2¶3¢>¤2¾¿´ ©g�g¯Ô¦ºÉC­¹¯3­®Ã�µ¹�M¦�¢3¶3­ £'¦(©l¶Ñ­®¨Ë¶3� �Ó¾��lÃ�µ¹¤2©¸Ï<�g¾Ë­®¥§¦�ª<�`Á
³ ¨Ð¤(¢>¾��l¢#¶>¤¼¦gÉ<¤(­¹¾Ð¶3� �g¯>�Ó¦�¢3¶3­ £.¦(©l¶>¯ÇÊC¶3� �Õ¨ �lÅã¥Æ�l¶3� ¤2¾Ð©g¤(¨¬¶3¢>¤(µ¹¯5¶3� ��� µ®¶>�l¢#µ¹�l¨�ª`¶3��Ê�¯¸¤Ò¶3��¦�¶�¶3� �

¾��lÃ�µ¹¤2©¸Ï2­®¨�ª,� µ®¶>�l¢V¾�¤C�g¯Ñ¨ ¤(¶V¶¸¦�Ï<�Ò­®¨2¶>¤Î©g¤(¨ ¯>­¹¾��l¢¸¦�¶3­¹¤(¨�¡�­ ×��lµ¹¯Ñ¶3��¦�¶Ó¦�¢>�M¨ �l­®¶3� �l¢V£·¢>¤(¥æ¶3� �Ò©l´�¢3¢>�l¨2¶
Ã�µ¹¤2©¸ÏÙ¨ ¤(¢º£Ö¢>¤(¥ ­®¶>¯Ì­®¥¼¥Æ�g¾¿­Ø¦�¶>�Ð¨ �l­®ª`�2Ã%¤(´�¢>¯ÇÁ ³ ¨Ú¶3� �Ð�Q× ¦�¥¼¡�µ¹�Â¤�£Võd­®ª`´�¢>�^]CÁFxÇÞ¿Ê�¶3� ��µ¹�l¨�ª`¶3�È¤�£
¶3� �ª� µ®¶>�l¢Ñ´ ¯¸�g¾Ë­®¨!¶3� �

C
Ã�µ¹¤C©>Ï.b
¯Ñ¡�­ ×��lµ¹¯V¶3��¦�¶Õ¦�¢>�M¨ �Ç¦�¢Õ¶3� �

BC
Ã%¤(¢>¾��l¢V­¹¯5µ®­®¥¼­®¶>�g¾,ÊI¯>¤¼¶3��¦�¶V¶3� �

µ¹�Q£Ö¶V¥Æ¤`¯3¶V¡�­ ×��lµd¶3��¦�¶V­¹¯V´ ¯>�g¾�­®¨�¶3� �º¾��lÃ�µ¹¤2©¸Ï2­®¨�ª�­¹¯Ó¦�µ®Å�¦ÇÄC¯Õ¶3� �¿� ¢>¯3¶ � µ¹�Q£·¶Õ¥Æ¤`¯3¶Xö�¡�­ ×��lµd¤�£»Ã�µ¹¤2©¸Ï
B
Ê��lµ®­®¥¼­®¨�¦�¶3­®¨�ªÍ¶3� �Ð¾��g¯>©l¢3­®ÃI�g¾È¦�¢3¶3­ £'¦(©l¶ÇÁ ³ ¨Úõd­®ª`´�¢>�^]CÁFxÇÞ¿Ê�¶3��­¹¯Ì¥Æ�Ç¦�¨ ¯Ì¶3��¦�¶Ì¶3� �Î¨ �lÅ�¥Æ�l¶3� ¤C¾

´ ¯>�g¯�¶3� ��� µ®¶>�l¢5¢>�l¡�¢>�g¯>�l¨2¶>�g¾ÂÃ¬Ä�¶3� �Ó¯>¤(µ®­¹¾Ðµ®­®¨ �`Ê�­®¨ ¯3¶>�Ç¦(¾Â¤�£d¶3� �M¤(¢3­®ª`­®¨�¦�µ�¤(¨ �`Ê�¢>�l¡�¢>�g¯>�l¨2¶>�g¾ÂÃ¬Ä�¶3� �
¾ ¦(¯3� �g¾Ðµ®­®¨ �`Á

í ¨ ¤(¶3� �l¢�¦�¢3¶3­ £.¦(©l¶«©Ç¦�´ ¯>�g¾ÌÃ2ÄA¶3� �#¤(¢3­®ª`­®¨�¦�µ�¥Æ�l¶3� ¤C¾Ì­¹¯�¶3� ��­®¨¬¶3¢>¤C¾¿´ ©l¶3­¹¤(¨Î¤�£I¯3¥Æ¤2¤(¶3�ÌÉ`¦�¢3­Ø¦�¶3­¹¤(¨ ¯
­®¨Ë¢>�lª`­¹¤(¨ ¯V¤�£«¶3� �M­®¥§¦�ª<�Ò¶3��¦�¶Õ¤(¢3­®ª`­®¨�¦�µ®µ®ÄÂ��¦gÉ<�AÉ<�l¢3ÄË¯3¶>�g�l¡Ë¶3¢¸¦�¨ ¯3­®¶3­¹¤(¨ ¯ � £·¢>¤(¥ µ¹¤ÇÅî¶>¤Æ��­®ª`��¡�­ ×¿�lµ
­®¨¬¶>�l¨ ¯3­®¶KÄÂÉ(¦�µ®´ �g¯ÇÊ�¤(¢5É2­¹©g�MÉ<�l¢>¯¸¦<öQÁ�����­¹¯Ñ¡�¢>¤(Ã�µ¹�l¥æÅ�¦(¯V©g¤(¢3¢>�g©l¶>�g¾ËÃ2Ä�¥Æ¤(¨�­®¶>¤(¢3­®¨�ª�¶3� �M¾¿­��,�l¢>�l¨ ©g�g¯
­®¨�¶3� �A£·¢>¤(¨¬¶3­¹�l¢>¯gb%¡�­ ×��lµ¹¯gb%­®¨¬¶>�l¨ ¯3­®¶3­¹�g¯ÇÊI­®¨Í¤(¢>¾��l¢Ô¶>¤Â¦gÉ<¤(­¹¾�� µ®¶>�l¢3­®¨�ªË¯3¶>�g�l¡�É`¦�¢3­Ø¦�¶3­¹¤(¨ ¯Ô¶3��¦�¶Ô¾�¤Î¨ ¤(¶
©g¤(¢3¢>�g¯3¡%¤(¨ ¾�¶>¤ÐÃ�µ¹¤C©>ÏC­®¨�ª�¦�¢3¶3­ £.¦(©l¶>¯ÇÁÌ����­¹¯Ó­¹¯M¦�ª¬¦�­®¨Ù©g¤(¨2¶3¢>¤(µ®µ¹�g¾½Ã¬Ä²¶3� �¼°²°�±�ò ³¸³ �l¨ ©g¤C¾��l¢ÇÊ�´ ¯3­®¨�ª
¦�¨~¦(¾ ¦�¡�¶3­®É<�Ë¥Æ�l¶3� ¤2¾,Á í ¯3¶>�l¡~­®¨2¶>�l¨ ¯3­®¶uÄÚ¶3��¢>�g¯3� ¤(µ¹¾,Ê

s
Ê�­¹¯Ì´ ¯>�g¾,Á:����­¹¯ÌÉ`¦�µ®´ �Â©g¤(¢3¢>�g¯3¡I¤(¨ ¾�¯¼¶>¤

¶3� �Ó¥§¦�×C­®¥A´�¥æ­®¨2¶>�l¨ ¯3­®¶uÄÂ¾¿­��,�l¢>�l¨ ©g�MÃI�l¶uÅ»�g�l¨�¶3� �Ó¶uÅ�¤ÆÃI¤(¢>¾��l¢5¡�­ ×��lµ¹¯#£'¤(¢#Å#��­¹©>��� µ®¶>�l¢3­®¨�ªÎ­¹¯5¯3¶3­®µ®µ
¡%�l¢�£'¤(¢3¥Æ�g¾,Á�����­¹¯�¡�¢>¤2©g�g¯¸¯�­¹¯�¢>�l¡�¢>�g¯>�l¨¬¶>�g¾¼­®¨Æõd­®ª`´�¢>��]CÁFxg�¿Ê¬Å#� �l¢>��¶uÅ»¤MÃ�µ¹¤2©¸ÏC¯

A
¦�¨ ¾

B
Å#­®¶3�¼É<�l¢3Ä

¾¿­��I�l¢>�l¨2¶Õ­®¨2¶>�l¨ ¯3­®¶uÄ�É(¦�µ®´ �g¯Ó¦�¢>�Ì©g¤(¨ ©Ç¦�¶>�l¨�¦�¶>�g¾,Á ³ ¨�¶3��­¹¯Ô©Ç¦(¯>�`Ê%¶3� �
AB

ÃI¤(¢>¾��l¢Õ­¹¯Õ¤(¨�µ®Ä�� µ®¶>�l¢>�g¾�­ £
¶3� �M¦�Ã ¯>¤(µ®´�¶>�Ò¾¿­��,�l¢>�l¨ ©g�ÓÃI�l¶uÅ»�g�l¨�¶3� �ÓÃI¤(¢>¾��l¢5¡�­ ×¿�lµ¹¯5­¹¯#­®¨¿£·�l¢3­¹¤(¢Ñ¶>¤¼¶3� �M¾���� ¨ �g¾ÂÉ`¦�µ®´ �Ô£'¤(¢

s
Ê.dHeifge



K Ò�Ò �¸¯DCu  ·?³~è~²�·�°%»4ëV·�µL¹Z²V»4²V¶�³x¡
³~µ��	�	��¢E���

A0 Ak

B0 Bj

Block A Block B

t#üÖý�þ�ÿ��£��½v³&¨hv í ¯3¶>�g�l¡½É`¦�¢3­Ø¦�¶3­¹¤(¨½­®¨½¡�­ ×��lµ�­®¨¬¶>�l¨ ¯3­®¶3­¹�g¯A¥§¦gÄ�ÃI�Æ¦Î£·�Ç¦�¶3´�¢>�§¤�£�¶3� �Æ¤(¢3­®ª`­®¨�¦�µ
­®¥§¦�ª<�`Ê�¶3��¦�¶V¯3� ¤(´�µ¹¾Â¨ ¤(¶#ÃI��� µ®¶>�l¢>�g¾,Á

ÒÔÓ ÆB¾bÕ Ó ¿p»ÅÊ
s ÁÔÂ½Ä º$Æ�ÇÉÈ�¿·Êµ¾

á á�áQá
K Î á�á K
� � á K á
Î A á K�K
â�Î K áQá
K �QÒ K á K
K â � K�K á
��Ð�Ð K�K�K

Ë1ã v5äN���n½� hvM����¢>�g�ÓÃ�­®¶5Ã�­®¨�¦�¢3ÄÐ©g¤2¾��g¯5´ ¯>�g¾Â¶>¤Ì¢>�l¡�¢>�g¯>�l¨2¶Ñ¶3� �Ó¡�¦�¢¸¦�¥Æ�l¶>�l¢
s
Á

­ £ |Ak −B0| < s
Á

��� �¼É`¦�µ®´ �Æ¤�£
s
­¹¯M©>� ¤`¯¸�l¨½­®¨Ù¤(¢>¾��l¢M¶>¤Â¥§¦�×¿­®¥¼­¹¯>�¼¶3� �§± Û �@_ó£·¤(¢Ó¶3� �Æ­®¥§¦�ª<�¼¶3��¦�¶Ò­¹¯ÓÃI�l­®¨�ª

¾��lÃ�µ¹¤2©¸Ï<�g¾,Á���� ���l¨ ©g¤C¾��l¢�¶>�g¯3¶>¯�¦Õ¯>�l¶�¤�£�¾¿­��,�l¢>�l¨¬¶«É`¦�µ®´ �g¯«¦�¨ ¾º¶3¢¸¦�¨ ¯3¥¼­®¶>¯�¶3� �#©g¤2¾���©g¤(¢3¢>�g¯3¡I¤(¨ ¾¿­®¨�ª
¶>¤Ð¶3� �Æ©>� ¤`¯>�l¨:¯3¶>�l¡½¶3��¢>�g¯3� ¤(µ¹¾,Á í ¶3��¢>�g�¼Ã�­®¶Ò©g¤C¾��¼­¹¯Ó´ ¯¸�g¾�¶>¤Â¢>�l¡�¢>�g¯>�l¨¬¶A�l­®ª`�¬¶Ò¡I¤`¯>¯3­®Ã�µ¹�ÌÉ`¦�µ®´ �g¯
£·¤(¢

s
Ê,¾��l¶>�l¢3¥¼­®¨ �g¾:�Q×C¡I�l¢3­®¥Æ�l¨¬¶¸¦�µ®µ®Ä<Á¼��� �¼©g¤C¾��¼¦(¯>¯3­®ª`¨�¥Æ�l¨2¶M­¹¯Ó¾��g¯>©l¢3­®ÃI�g¾�­®¨Í¶¸¦�Ã�µ¹�
]CÁ�Þ¿Á ³ ¨�¶3��­¹¯

¡�¢>¤2©g�g¯>¯
s = 0

©g¤(¢3¢>�g¯3¡I¤(¨ ¾�¯M¶>¤Ð¨ ¤z� µ®¶>�l¢3­®¨�ª�¦�¨ ¾
s = 255

©g¤(¢3¢>�g¯3¡I¤(¨ ¾�¯M¶>¤Ð¶3� �§©Ç¦(¯>�¼Å#� �l¢>�Î¦�µ®µ
Ã�µ¹¤2©¸ÏC¯Ñ¦�¢>�ª� µ®¶>�l¢>�g¾,Á

FHGgfQG+Ö G°�'ñØ×zÙ·Ú+ÛÜ×�Ý���ÞußJàL×�ápâdßH�xá
#�×C¡I�l¢3­®¥Æ�l¨¬¶¸¦�µ#¶>�g¯>¶>¯ÒÅ��l¢>�Î¡I�l¢�£'¤(¢3¥Æ�g¾:´ ¯>­®¨�ª�¶3� ��¨ �lÅø¦�¨ ¾:¶3� ��¤(¢3­®ª`­®¨�¦�µ#¾��lÃ�µ¹¤2©¸Ï2­®¨�ª�¥Æ�l¶3� ¤C¾�¯ÇÁ
õ�­®ª`´�¢>��]CÁFxC�xã#¡�¢>�g¯>�l¨¬¶>¯�¦Ó¾��l¶¸¦�­®µ�¤�£I­®¥§¦�ª<�����l¨�¦¿Ê2�l¨ ©g¤2¾��g¾§´ ¯3­®¨�ªM°²°�±�ò ³¸³ Ê<¦�¨ ¾Æ©g¤(¥¼¡�¦�¢>�g¯»­®¶�Å#­®¶3�
�6��N$OdO \'UEYVPEOÔY)ä Z�[ O RDl W P�PEO R�å W \p^TY)\ [ U W UENTO R�OÔl Z R�O R Z PEOÔåbPEO R�O \'UEOn^�Y)\�`MY [�æ PEO�R2cHç A á Z \p^ècHç A K ç2`MY [�æ PEOØcHç A��åbPEO R�O \'UER�UEN$Oé^bO h$S W l+ê]Y�\ [ PEO R æ SVUERkq W PHY)ä Z�[ OéëMO�å$å�O�PER ç



�~¯�� à=ì'ì�°%±�°J²V¶~³<´¸²bíLÂCµ!±�ÃZ°J¶~º�ì�µZ·��	�	��¢E��� K Ò â

î Z�ï � W ^bO h$S W l+êbY)\ [ î � K ç á Ò ^$ð ï î h ïQñañ ëm^bO h$S W l+ê]Y�\ [ PEO l�U Z \ [ ç=ò Koó
î �QÒ ç â A ^$ð ï

î l ï2ñañ ëô^bO h$S W l+ê]Y�\ [JõQZ�æ R�R�Y Z \¨ò � óî ��á]ç ��Ð ^$ð ï
î ^ ï2ñañ ëzöø÷�÷ù^TO hTS W l+ê]Y)\ [ î

α = 0.10Z \p^
s = 256

ï î � K ç � Ð ^Tð ï
t#üÖý�þ�ÿ��L�n½v³Z©�v í ¾��l¶¸¦�­®µ�¤�£�­®¥§¦�ª<�����l¨�¦¿Ê �l¨ ©g¤C¾��g¾ÂÅ#­®¶3�!°²°²±�ò ³>³ ¦�¶��¿ÁFxg��yÌÃ�¡�¡�Á

¶3� �Î¢>�g¯>´�µ®¶>¯¼¤�£Ñ´ ¯3­®¨�ª�¶3� �Ð¤(¢3­®ª`­®¨�¦�µ5¾��lÃ�µ¹¤2©¸Ï2­®¨�ªÍ¶>�g©¸��¨�­��¬´ �g¯ÇÊ»¢>�Q£'�l¢3¢>�g¾:¶>¤Í¦(¯¼°²°�±�¾��lÃ�µ¹¤C©>ÏC­®¨�ª Á
±��l¢>©g�l¡�¶3´�¦�µ®µ®Ä<Ê%Å»�º©Ç¦�¨�¤(Ã ¯¸�l¢3É<�M¶3��¦�¶Ñ¶3� �A¨ �lÅ ¾��lÃ�µ¹¤C©>ÏC­®¨�ª<� µ®¶>�l¢Õ­¹¯V¦�Ã�µ¹�Ò¶>¤§��`§©l­¹�l¨2¶3µ®Ä!�lµ®­®¥¼­®¨�¦�¶>�
¶3� �MÃ�µ¹¤C©>ÏC­®¨�ªÐ¦�¢3¶3­ £.¦(©l¶>¯Õ­®¨����l¨�¦&b
¯V£.¦(©g�A¦�¨ ¾���¦�¶ÇÊ�Å#­®¶3� ¤(´�¶Ô©g¤(¥¼¡�¢>¤(¥¼­¹¯3­®¨�ªÐ¶3� �Ò­®¥§¦�ª<�)�2´�¦�µ®­®¶uÄ�¦�¶
¢>�lª`­¹¤(¨ ¯«Å#­®¶3�§��­®ª`��¾��l¶¸¦�­®µ.Ê¬µ®­®Ï<�����l¨�¦&b
¯���¦�­®¢�¦�¨ ¾¼¶3� �5��¦�¶gb
¯«£·�Ç¦�¶3� �l¢>¯UÁ ³ ¨Æ¶3��­¹¯»©Ç¦(¯>�`Ê<¶3� �Ñ´ ¯>�g¾+� µ®¶>�l¢
��¦(¯

α = 0.10
¦�¨ ¾

s = 255
Á"�å� �l¨Ë©g¤(¥¼¡�¦�¢>�g¾ËÅ#­®¶3�Ë¶3� �Ó¤(¢3­®ª`­®¨�¦�µd¾��lÃ�µ¹¤2©¸Ï2­®¨�ªÆ¥Æ�l¶3� ¤C¾�¯ÇÊ¿Å��M©Ç¦�¨

¤(Ã ¯>�l¢3É<�Ñ¶3��¦�¶�¶3� �ÕÃ�µ®´�¢3¢3­®¨�ªÆ¦�¢3¶3­ £'¦(©l¶>¯�¶3��¦�¶5¦�¢>�V¨ ¤(¶3­¹©g�Ç¦�Ã�µ¹�Ô­®¨�õd­®ª`´�¢>�g¯�]CÁFxC�ºÃ�ö»¦�¨ ¾�©Uö � �g¯3¡I�g©l­Ø¦�µ®µ®Ä
­®¨�¶3� �¼¦�¢>�Ç¦(¯ÔÅ#­®¶3�q� ¨ �l¢Ó¾��l¶¸¦�­®µ¹¯XöÕ¦�¢>�Ì¦ÇÉ<¤(­¹¾��g¾,ÁM��� �º¡%�l¢>©g�l¡�¶3´�¦�µ�¦(¾¿É`¦�¨¬¶¸¦�ª<�¼¤�£»´ ¯3­®¨�ª^¢Ó¦�´ ¯>¯3­Ø¦�¨
Ï<�l¢3¨ �lµ¹¯5­®¨ ¯3¶>�Ç¦(¾Â¤�£�¢>�g©l¶¸¦�¨�ª`´�µØ¦�¢V¤(¨ �g¯Ñ­¹¯Ñ¦�µ¹¯>¤¼©lµ¹�Ç¦�¢#£·¢>¤(¥ ¶3� �g¯>��� ª`´�¢>�g¯ÇÁ

³ ¨Æõd­®ª`´�¢>�g¯3]CÁFxC�ÒÃ�ö�¦�¨ ¾¼©UödÅ»�Ñ©Ç¦�¨Î¦�µ¹¯>¤Ó¤(Ã ¯>�l¢3É<�#¶3� �	� ¢>¯>¶«¶uÄC¡%�#¤�£�¦�¢3¶3­ £.¦(©l¶>¯ÇÊ¬�Q×¿¡�µØ¦�­®¨ �g¾¼­®¨¼¶3� �
¡�¢>�lÉ2­¹¤(´ ¯Ô¯>�g©l¶3­¹¤(¨�ÁÕ��� �lÄ�¦�¡�¡I�Ç¦�¢V­®¨ ���l¨�¦&b
¯Ô¯3� ¤(´�µ¹¾��l¢ÇÊ%Å#� �l¢>�º¶3� �A¾��g¯>©l¢3­®ÃI�g¾ûúK¾ ¦�¢3ÏËÉ(¦�µ®µ¹�lÄ¿¯ üÒ¦�¢>�
�Ç¦(¯3ÄÒ¶>¤Ô¤(Ã ¯>�l¢3É<�`Á5�½��©Ç¦�¨Æ¯>�g��¶3��¦�¶�¶3� ��¡�¢>¤(¡I¤`¯>�g¾Ì¥Æ�l¶3� ¤C¾¼��`§©l­¹�l¨¬¶3µ®Ä¼�lµ®­®¥¼­®¨�¦�¶>�g¯«¶3� �g¯>�#¦�¢3¶3­ £.¦(©l¶>¯ÇÁ



K â�á �¸¯DCu  ·?³~è~²�·�°%»4ëV·�µL¹Z²V»4²V¶�³x¡
³~µ��	�	��¢E���

 28

 30

 32

 34

 36

 38

 40

 42

 0  0.2  0.4  0.6  0.8  1  1.2  1.4

PS
NR

 (d
B)

bpp

Image Lena

MMP-II (no deblock)
MMP-II deblock
Orig deblock [1]
Orig deblock [2]

t#üÖý�þ�ÿ����n½v³&u.v�ýVÃ¿ù3�g©l¶3­®É<�=�¬´�¦�µ®­®¶KÄ§ª¬¦�­®¨ ¯»£·¤(¢�­®¥§¦�ª<�=���l¨�¦ � ¦(¾ ¦�¡�¶3­®É<�Ó¾��lÃ�µ¹¤C©>ÏC­®¨�ª+� µ®¶>�l¢�´ ¯¸�g¾
Å#­®¶3�

α = 0.10
¦�¨ ¾

s = 256
öQÁ

��� �g¯>�*� ª`´�¢>�g¯#¦�µ¹¯>¤A¯3� ¤ÇÅåÅ#�¬ÄÆ¶3� �V¥Æ�l¶3� ¤C¾�¯»¾��lÉ<�lµ¹¤(¡I�g¾Ð¤(¢3­®ª`­®¨�¦�µ®µ®Ä¼£·¤(¢»¶3� �V°²°²±:�l¨ ©g¤C¾��l¢�¯>´&�I�l¢
£Ö¢>¤(¥�¦�´�¨ �Q×C¡I�g©l¶>�g¾¿µ®ÄM��­®ª`�A¡%�l¢�£'¤(¢3¥§¦�¨ ©g��µ¹¤`¯¸¯ÇÊUÅ#� �l¨A´ ¯>�g¾MÅ#­®¶3�º°�°²±�ò ³>³ Ágæ��g©Ç¦�´ ¯>�»°�°²±�ò ³>³ ´ ¯>�g¯
¡�¢>�g¾¿­¹©l¶3­®É<�V©g¤C¾¿­®¨�ª Ê<¶3� �Ñ´ ¯>�g¾Æ¾¿­¹©l¶3­¹¤(¨�¦�¢3Ä¼Ã�µ¹¤C©>Ï¿¯»¦�¡�¡�¢>¤g×¿­®¥§¦�¶>� � f j d éL� fV¡�¦�¶3¶>�l¢3¨ ¯UÁ ³ ¨§¯¸¤(¥Æ�5©Ç¦(¯>�g¯ÇÊ
Å#� �l¢>�5¶3� �#¡�¢>�g¾¿­¹©l¶3­¹¤(¨Ð¯3¶>�l¡Æ­¹¯�¡�¦�¢3¶3­¹©l´�µØ¦�¢3µ®ÄÆ��`§©l­¹�l¨¬¶ÇÊ¿¯>¤(¥Æ�5¾��l¶¸¦�­®µ¹�g¾Ð¦�¢>�Ç¦(¯»¦�¢>�Ñ¦�¡�¡�¢>¤Ç×C­®¥§¦�¶>�g¾�Ã2Ä
µØ¦�¢3ª<�`Ê2´�¨�­ £'¤(¢3¥ËÊ¿¢>�g¯3­¹¾¿´ �ÕÃ�µ¹¤C©>Ï¿¯�¦�¨ ¾Â¦º¾��l¶¸¦�­®µ¹�g¾�¡�¢>�g¾¿­¹©l¶3­¹¤(¨ÂÃ�µ¹¤2©¸Ï%Á ³ ¨Ð¶3��­¹¯�©Ç¦(¯>�`ÊC¶3� �Õ¾��lÃ�µ¹¤C©>ÏC­®¨�ª
¡�¢>¤2©g�g¯>¯Ñ´ ¯>�g¯Ô¦ÌÅ#­¹¾���� µ®¶>�l¢Õ¶>¤§¾��lÃ�µ¹¤C©>Ï!¦�¨�­®¥§¦�ª<�º¦�¢>�Ç¦Æ¶3��¦�¶V­¹¯Ñ¨ ¤(¶Ñ¨ �g©g�g¯>¯X¦�¢3­®µ®ÄË¯3¥Æ¤2¤(¶3��Á-��� �l¨
¶3��­¹¯«��¦�¡�¡I�l¨ ¯ÇÊ¬¶3� �Ñ´ ¯>�Ñ¤�£,¶3� �V¤(¢3­®ª`­®¨�¦�µ%¾��lÃ�µ¹¤C©>ÏC­®¨�ªA¥Æ�l¶3� ¤C¾§¤(¢3­®ª`­®¨�¦�¶>�g¯»¨ ¤(¶3­¹©g�Ç¦�Ã�µ¹�Ó¦�¢3¶3­ £'¦(©l¶>¯UÊ<µ®­®Ï<�
¶3� �º¤(¨ �¼¤(Ã ¯¸�l¢3É<�g¾�­®¨>���l¨�¦&b
¯Ôµ®­®¡�ÁÒ����­¹¯Ô¢>�g¯3´�µ®¶>¯Ô­®¨Ù¦�¯>�lÉ<�l¢>�º¢>�g¾¿´ ©l¶3­¹¤(¨ÍÃI¤(¶3�Í­®¨�¯>´�Ã¿ù��g©l¶3­®É<�¼¦�¨ ¾
¤(Ã¿ù��g©l¶3­®É<���¬´�¦�µ®­®¶KÄÆ¥Æ�Ç¦(¯3´�¢>�g¯ÇÊC¶3�2´ ¯�©g¤(¥¼¡�¢>¤(¥¼­¹¯>­®¨�ªº¶3� �V¡I�l¢�£·¤(¢3¥§¦�¨ ©g�Ô¤�£�¶3� �Õ¤(¢3­®ª`­®¨�¦�µ%¥Æ�l¶3� ¤C¾§£·¤(¢
°�°²±�ò ³>³ Á�¬Õ¤ÇÅ��lÉ<�l¢ÇÊ»¾¿´ �Ð¶>¤²­®¶>¯Æ¦(¾ ¦�¡�¶¸¦�Ã�­®µ®­®¶KÄ<Ê»¶3� �Ð¨ �lÅ °²°²±�ò ³>³ ¾��lÃ�µ¹¤C©>ÏC­®¨�ªÍ¡�¢>¤2©g�g¾¿´�¢>�Â¾�¤C�g¯
¨ ¤(¶Ñ¯>�g�l¥ ¶>¤Æ¯>´&�I�l¢#£·¢>¤(¥ ¶3��­¹¯V¾¿­¹¯3¶3´�¢3Ã�­®¨�ªÆ£.¦(©l¶>¤(¢ÇÁ»����­¹¯V©Ç¦�¨!ÃI�Ó¤(Ã ¯>�l¢3É<�g¾Ë­®¨�õ�­®ª`´�¢>�+]CÁFxgypþ`Ê�¶3��¦�¶
¯3� ¤ÇÅ5¯Ô¶3� �Ì¢¸¦�¶>�Qòu¾¿­¹¯3¶>¤(¢3¶3­¹¤(¨Ù¡%�l¢�£'¤(¢3¥§¦�¨ ©g�Æ¤�£�¶3� �¼¾��g¯>©l¢3­®ÃI�g¾�¥Æ�l¶3� ¤C¾�¯ÇÊI£'¤(¢Õ­®¥§¦�ª<�����l¨�¦¿ÁAõd­®ª`´�¢>�
]CÁFxÇÜ²��­®ª`��µ®­®ª`�¬¶>¯Î¶3� �Â± Û �@_ �¬´�¦�µ®­®¶KÄ:ª¬¦�­®¨ ¯Æ­®¨¬¶3¢>¤C¾¿´ ©g�g¾ÈÃ¬Äâ¶3� �Ð¨ �lÅæ¾��lÃ�µ¹¤C©>ÏC­®¨�ª½¥Æ�l¶3� ¤C¾,Á í ¯
Å»¤(´�µ¹¾ÐÃI�Õ�Q×¿¡I�g©l¶>�g¾,Ê¿¶3� �g¯>�Ôª¬¦�­®¨ ¯Ñ¦�¢>�Õ¥Æ¤(¢>�Ô¢>�lµ¹�lÉ(¦�¨2¶#£'¤(¢���­®ª`� �l¢5©g¤(¥¼¡�¢>�g¯¸¯3­¹¤(¨Â¢¸¦�¶3­¹¤`¯ÇÊ¿Å#� �l¢>�Ó¶3� �
Ã�µ¹¤2©¸Ï2­®¨�ªÎ¦�¢3¶3­ £.¦(©l¶>¯Ñ¦�¢>�Ó¥Æ¤(¢>�M¨ ¤(¶3­¹©g�Ç¦�Ã�µ¹�`Á

�½�»¦�µ¹¯>¤Ñ¡%�l¢�£'¤(¢3¥Æ�g¾Ò�Q×¿¡I�l¢3­®¥Æ�l¨¬¶¸¦�µ¿¶>�g¯3¶>¯�´ ¯>­®¨�ªÑ¨ ¤(¨¿òu¯3¥Æ¤C¤(¶3�A­®¥§¦�ª<�g¯UÊ�µ®­®Ï<�»¶>�Q×¿¶�­®¥§¦�ª<��±�±-xÇÞ���y
¦�¨ ¾²©g¤(¥¼¡I¤(´�¨ ¾²­®¥§¦�ª<�Ì±«±-xÇÞ���é¿ÁÒ��� �º´ ¯>�º¤�£�¦�¨2Ä�¤�£�¶3� �Ì°²°�±ã¾��lÃ�µ¹¤C©>ÏC­®¨�ªÂ¯3¶3¢¸¦�¶>�lª`­¹�g¯Ô­®¨�¶>�Q×C¶
�c��N$O2l W P�PEO R�å W \$^TY)\ [ PEO R æ SVUERuq W PDY)ä Z�[ OéëMO å$å�OoPER Z PEOéåTPEO R�O�\]UEO ^_Y)\�`MY [�æ PEOÔcHç A �bç



�~¯�� à=ì'ì�°%±�°J²V¶~³<´¸²bíLÂCµ!±�ÃZ°J¶~º�ì�µZ·��	�	��¢E��� K â K

 0

 0.05

 0.1

 0.15

 0.2

 0.25

 0.3

 0  0.2  0.4  0.6  0.8  1  1.2  1.4

PS
NR

 d
iff

er
en

ce
 (d

B)

bpp

Image Lena

t#üÖý%þ�ÿ��L��½v³&¼hvM± Û ��_�ª¬¦�­®¨ ¯5£·¤(¢#¶3� �Ó°²°�±�ò ³>³ ¾��lÃ�µ¹¤C©>ÏC­®¨�ªÆ¥Æ�l¶3� ¤C¾,Ê¿£'¤(¢#­®¥§¦�ª<�����l¨�¦¿Á

¢>�lª`­¹¤(¨ ¯A­®¨2¶3¢>¤2¾¿´ ©g�g¯Ì��­®ª`��µ®Ä:¾¿­¹¯3¶3´�¢3Ã�­®¨�ª�Ã�µ®´�¢3¢3­®¨�ª½¦�¢3¶3­ £.¦(©l¶>¯ÇÁ²��� �g¯>��¦�¢3¶3­ £.¦(©l¶>¯Ì¦�¢>�§¨ ¤(¶3­¹©g�Ç¦�Ã�µ¹�Ð­®¨
õ�­®ª`´�¢>�q]CÁFxV]CÊ�¶3��¦�¶§¯>� ¤ÇÅ5¯§¦Í¾��l¶¸¦�­®µV¤�£Õ¶3� �Ð¶>�Q×¿¶¼­®¥§¦�ª<�!±«±�xÇÞ���y�¡�¢>¤2©g�g¯¸¯>�g¾~´ ¯3­®¨�ªÍ¶3� �ÂÉ`¦�¢3­¹¤(´ ¯
¾��lÃ�µ¹¤2©¸Ï2­®¨�ªÂ¥Æ�l¶3� ¤C¾�¯ÇÁ�¬Õ¤ÇÅ��lÉ<�l¢ÇÊ,¶3� �º´ ¯>�Ì°�°²±�ò ³>³ ¾��lÃ�µ¹¤C©>ÏC­®¨�ªË�l¨�¦�Ã�µ¹�g¯Ó¶3� �Ì�l¨ ©g¤2¾��l¢Ô¶>¤Â¦(¾ ¦�¡�¶
¶3� �q� µ®¶>�l¢3­®¨�ª�¯3¶3¢>�l¨�ª`¶3�á¤�£Ì¶3� ��Ï<�l¢3¨ �lµ.Á æ�ÄÝ¯>�l¶3¶3­®¨�ªÈ¶3� �

α
¡�¦�¢¸¦�¥Æ�l¶>�l¢!¶>¤ �¿ÊÕ¶3� �Í�l¨ ©g¤C¾��l¢Ë­¹¯

¦�Ã�µ¹�§¶>¤�¶3´�¢3¨~¤��È¶3� ��¾��lÃ�µ¹¤C©>ÏC­®¨�ª�¡�¢>¤2©g�g¯¸¯ÇÊd¶3�¬´ ¯¼�lµ®­®¥¼­®¨�¦�¶3­®¨�ªÍ¶3� �ÎÃ�µ®´�¢3¢3­®¨�ªÍ¦�¢3¶3­ £.¦(©l¶>¯A£Ö¢>¤(¥ ¶3� �
¢>�g©g¤(¨ ¯3¶3¢3´ ©l¶>�g¾â­®¥§¦�ª<�`Ê«¦(¯Ò¥§¦ÇÄ½Ã%�Î¤(Ã ¯>�l¢3É<�g¾:­®¨:õd­®ª`´�¢>�z]CÁFxV]CÁ�����­¹¯A£·�Ç¦�¶3´�¢>��¯>¤(µ®É<�g¯º¤(¨ �§¤�£5¶3� �
¥§¦�­®¨!¾¿¢¸¦gÅ#Ã�¦(©¸ÏC¯Õ¤�£d¶3� �Ó¤(¢3­®ª`­®¨�¦�µd¾��lÃ�µ¹¤2©¸Ï2­®¨�ª§¥Æ�l¶3� ¤2¾�¯ÇÁ

��� �l¨!¶3� �Ò¾��lÃ�µ¹¤C©>ÏC­®¨�ªÎ¯>©¸� �l¥Æ�g¯Õ¦�¢>�Ó´ ¯¸�g¾Ð£·¤(¢V©g¤(¥¼¡%¤(´�¨ ¾�­®¥§¦�ª<�g¯5Å��Mª<�l¶V¦§©g¤(¥ÒÃ�­®¨�¦�¶3­¹¤(¨�¤�£
¶3� �Ò¡�¢>�lÉC­¹¤(´ ¯3µ®Ä�¾��g¯¸©l¢3­®Ã%�g¾²���I�g©l¶>¯ � ¦�¨²­®¥¼¡�¢>¤ÇÉ<�g¾>�2´�¦�µ®­®¶uÄË­¹¯Ô¤(Ã ¯>�l¢3É<�g¾�£'¤(¢Ô¶3� �A¯3¥Æ¤C¤(¶3�½¦�¢>�Ç¦(¯Ô¤�£
¶3� �V­®¥§¦�ª<�`Ê Ã�´�¶�Å#­®¶3�!¦Aµ¹¤`¯>¯#¤�£�¯3��¦�¢3¡�¨ �g¯>¯�­®¨Ð¶3� �Ô¶>�Q×¿¶�¢>�lª`­¹¤(¨ ¯UÁ"�V�lÉ<�l¢3¶3� �lµ¹�g¯¸¯ÇÊ¿¶3� �Ô¤(¡�¶3­®¥¼­¹¯¸¦�¶3­¹¤(¨
¡�¢>¤2©g�g¾¿´�¢>�!´ ¯>�g¾À¤(¨�¶3� ��°²°�±�ò ³>³ �l¨ ©g¤C¾��l¢Â¦�µ®Å�¦gÄ¿¯�©>� ¤C¤`¯>�g¯§¶3� �!Ã%�g¯>¶§¡�¦�¢¸¦�¥Æ�l¶>�l¢Ð¯>�l¶Æ£'¤(¢Æ¶3� �
¾��lÃ�µ¹¤2©¸Ï2­®¨�ª�� µ®¶>�l¢ÇÊ�¦gÉ<¤(­¹¾¿­®¨�ª§¶3� �Ò± Û �@_áµ¹¤`¯>¯>�g¯#¶3��¦�¶ÑÅ»�l¢>�Ó­®¨2¶3¢>¤2¾¿´ ©g�g¾!Ã¬ÄÐ¶3� �Ó°�°²±À¾��lÃ�µ¹¤C©>ÏC­®¨�ª
¥Æ�l¶3� ¤2¾�¯ÇÁâõd­®ª`´�¢>��]CÁFxÇ÷²¡�¢>�g¯>�l¨2¶>¯¼¶3� �Ð¡%�l¢>©g�l¡�¶3´�¦�µÑ¢>�g¯3´�µ®¶>¯Ì£'¤(¢Ì©g¤(¥¼¡I¤(´�¨ ¾~­®¥§¦�ª<�Â±«±�xÇÞ���é¿Á ³ ¨
¶3��­¹¯M©Ç¦(¯>�`Ê�¶3� �§°�°²±�ò ³>³ ¾��lÃ�µ¹¤2©¸Ï2­®¨�ª!´ ¯>�g¯

α = 0.05
¦�¨ ¾

s = 32
ÁÎ��� �g¯>�¼É`¦�µ®´ �g¯M©Ç¦�´ ¯>�§¦ÐÉ<�l¢3Ä

¥¼­®µ¹¾Æ¾��lÃ�µ¹¤2©¸Ï2­®¨�ªÌ���,�g©l¶ÇÊ<¶3��¦�¶�­¹¯�¨ ¤(¶»¦�Ã�µ¹�5¶>¤Ò�lµ®­®¥¼­®¨�¦�¶>�Ñ¶3� �#Ã�µ¹¤C©>ÏC­®¨�ªº¦�¢3¶3­ £.¦(©l¶>¯�¤(¨§¯3¥Æ¤C¤(¶3�Î¦�¢>�Ç¦(¯ÇÁ
�V�lÉ<�l¢3¶3� �lµ¹�g¯>¯UÊ2¯3¶3¢>¤(¨�ª<�l¢�¾��lÃ�µ¹¤C©>ÏC­®¨�ªA¡�¢>¤C©g�g¾¿´�¢>�g¯�Å»¤(´�µ¹¾�µ¹�Ç¦(¾§¶>¤Ò¨ ¤(¶3­¹©g�Ç¦�Ã�µ¹�=�¬´�¦�µ®­®¶KÄÆµ¹¤`¯>¯>�g¯�­®¨§¶3� �
¶>�Q×C¶�¢>�lª`­¹¤(¨ ¯ÇÁ í ¯�¦Õ©g¤(¥¼¡�¦�¢3­¹¯>¤(¨�Ê¬õ�­®ª`´�¢>��]CÁFxÇ÷Õ�Uöd¯3� ¤UÅ5¯�¶3� �����I�g©l¶>¯�¤�£%´ ¯3­®¨�ªÓ°�°²±�ò ³>³ ¾��lÃ�µ¹¤C©>ÏC­®¨�ª
Å#­®¶3�!¯3´�Ã¿òu¤(¡�¶3­®¥§¦�µ�¡�¦�¢¸¦�¥Æ�l¶>�l¢>¯UÊ ­®¨Â¶>�l¢3¥Æ¯Ñ¤�£�± Û ��_ÒÁ õ ¢>¤(¥ ¶3��­¹¯*� ª`´�¢>�Ó­®¶Ñ­¹¯5©lµ¹�Ç¦�¢5¶3��¦�¶5¶3� �Ó¡I¤`¯3¶
¡�¢>¤2©g�g¯>¯>­®¨�ªA¥Æ�l¶3� ¤C¾§­¹¯#¦�Ã�µ¹�V¶>¤Ì��`§©l­¹�l¨¬¶3µ®Ä§¢>�g¾¿´ ©g�Õ¶3� �VÃ�µ¹¤2©¸Ï2­®¨�ªÆ¦�¢3¶3­ £.¦(©l¶>¯�¤�£�¶3� �V¯>¥Æ¤2¤(¶3��¢>�lª`­¹¤(¨ ¯
Å#­®¶3� ¤(´�¶Ñ©g¤(¥¼¡�¢>¤(¥¼­¹¯3­®¨�ª§¶3� �¿�¬´�¦�µ®­®¶KÄÐ¤�£�¶3� �Ô¶>�Q×¿¶5¢>�lª`­¹¤(¨ ¯ÇÁ



K â � �¸¯DCu  ·?³~è~²�·�°%»4ëV·�µL¹Z²V»4²V¶�³x¡
³~µ��	�	��¢E���

î Z�ï r PEY [ Y)\ Z SµY)ä Z�[ O î \ W ^bO h$S W l+ê]Y�\ ['ï
î ��á]ç ��� ^$ð ï

î h ïQñañ ëm^bO h$S W l+ê]Y�\ [ PEO l�U Z \ [ ç=ò Koó
î � Îbç K Ð ^$ð ï

î l ï2ñañ ëô^bO h$S W l+ê]Y�\ [JõQZ�æ R�R�Y Z \¨ò � óî �QÒ ç A'� ^$ð ï
î ^ ïQñañ ë�ög÷�÷�^TO hTS W l+ê]Y)\ [ î

α = 0
ï

î ��ábç ��� ^$ð ï
t#üÖý%þ�ÿ��L��½v³���v í ¾��l¶¸¦�­®µd¤�£d¶>�Q×¿¶#­®¥§¦�ª<�M±«±�xÇÞ���y¿Ê��l¨ ©g¤C¾��g¾ÂÅ#­®¶3�!°²°�±�ò ³¸³ ¦�¶@�¿Á�y��ÆÃ�¡�¡�Á

õd­®ª`´�¢>�+]CÁFxÇ÷Î¦�µ¹¯>¤§�Q×¿¡%¤`¯¸�g¯5¶3� �º¯>�g©g¤(¨ ¾Ë¶KÄ2¡I�Ò¤�£»¦�¢3¶3­ £.¦(©l¶>¯Ñ­®¨2¶3¢>¤2¾¿´ ©g�g¾²Ã2ÄÂ¶3� �A¤(¢3­®ª`­®¨�¦�µ�°�°²±
¥Æ�l¶3� ¤2¾�¯ÇÊ�¶3��¦�¶ÆÅ��l¢>�Ë¡�¢>�lÉC­¹¤(´ ¯3µ®Ä~�Q×C¡�µØ¦�­®¨ �g¾,Áå��� �g¯>�!¦�¢3¶3­ £.¦(©l¶>¯§©g¤(¨ ¯>­¹¯3¶§¤�£Ò¦Í¯3¥Æ¤C¤(¶3��­®¨�ª½¢¸¦�¥¼¡
­®¨Ù¦�¢>�Ç¦(¯Ò¤�£�¶3� �¼­®¥§¦�ª<�Æ¶3��¦�¶Ò¤(¢3­®ª`­®¨�¦�µ®µ®Ä���¦(¾Ù¦�¨â¦�Ã�¢3´�¡�¶MÉ(¦�¢3­Ø¦�¶3­¹¤(¨�Ê�µ®­®Ï<�¼¶3� �¼ÃI¤(´�¨ ¾ ¦�¢3­¹�g¯Ò¤�£#¶3� �
¯3¥Æ¤2¤(¶3�Ð¦�¢>�Ç¦(¯�­®¨Î­®¥§¦�ª<�Õ±«±-xÇÞ���é¿Á"æ��g©Ç¦�´ ¯>�V¶3� �Õ°�°²±�ò ³>³ ¾��lÃ�µ¹¤C©>ÏC­®¨�ªº¥Æ�l¶3� ¤C¾Î´ ¯>�g¯�¦�¨Â¦(¾ ¦�¡�¶3­®É<�
¯3¶>�l¡~¶3��¢>�g¯3� ¤(µ¹¾,Ê�­®¶¼­¹¯§¦�Ã�µ¹�Â¶>¤½¦ÇÉ<¤(­¹¾~¶3� �Â­®¨¬¶3¢>¤C¾¿´ ©l¶3­¹¤(¨�¤�£Ô¶3� �g¯>�!¦�¢3¶3­ £.¦(©l¶>¯ÇÁ2¬Õ¤ÇÅ��lÉ<�l¢ÇÊ#�lÉ<�l¨~­ £
¤(¨ �¼­®ª`¨ ¤(¢>�g¯Ò¶3� �g¯¸�§¦�¢3¶3­ £'¦(©l¶>¯Ò£'¤(¢Ó¶3� �§¤(¢3­®ª`­®¨�¦�µ�¥Æ�l¶3� ¤C¾�¯ÇÊ�¶3� �Æ¯>�lÉ<�l¢>�§µ¹¤`¯>¯Ó­®¨:¯>´�Ã¿ù��g©l¶3­®É<�<�2´�¦�µ®­®¶uÄ
©g¤(¥¼¡�¢>¤(¥¼­¹¯>�M¶3� �M¯>´�­®¶¸¦�Ã�­®µ®­®¶uÄË¤�£�¶3� �g¯>�Ò¦�µ®ª<¤(¢3­®¶3��¥Æ¯Ô¦(¯#ª<�l¨ �l¢3­¹©Ò¾��lÃ�µ¹¤C©>ÏC­®¨�ªÎ¯>©¸� �l¥Æ�g¯ÇÁ�����­¹¯Ñ­¹¯#¨ ¤(¶
¶3� �Ó©Ç¦(¯>�Ô£'¤(¢#¶3� �Ó¨ �lÅ�¾��lÃ�µ¹¤2©¸Ï2­®¨�ª�¯>©>� �l¥Æ�`Á



�~¯�� à=ì'ì�°%±�°J²V¶~³<´¸²bíLÂCµ!±�ÃZ°J¶~º�ì�µZ·��	�	��¢E��� K â��

î Z�ï r PEY [ Y)\ Z SµY)ä Z�[ O î \ W ^bO h$S W l+ê]Y�\ ['ï
î �QÒ ç � Ð ^$ð ï

î h ïQñañ ëm^bO h$S W l+ê]Y�\ [ PEO l�U Z \ [ ç=ò Koó
î ��Ð ç � K ^$ð ï

î l ï2ñañ ëô^bO h$S W l+ê]Y�\ [JõQZ�æ R�R�Y Z \¨ò � óî � Î]ç Ñ�� ^$ð ï
î ^ ï r åbUEY�ä æ ä ñañ ëzöø÷�÷u^bO h$S W l+ê]Y�\ [

î
α = 0.05, s = 32

ï î �QÒ ç � Ð ^$ð ï

î O ï ¡ æ hbö W åTUEY)ä æ ä ñañ ë�öø÷�÷
^TO�h$S W loê]Y)\ [ î

α = 0.15, s = 64
ï

î ��Ñ ç â Ð ^$ð ï
t#üÖý�þ�ÿ��L��½v³!í�v í ¾��l¶¸¦�­®µ�¤�£d­®¥§¦�ª<�M±�±-xÇÞ���é¿Ê��l¨ ©g¤C¾��g¾ÂÅ#­®¶3�!°²°�±�ò ³>³ ¦�¶��¿Á��`ÞÌÃ�¡�¡�Á



K â A �¸¯DCu  ·?³~è~²�·�°%»4ëV·�µL¹Z²V»4²V¶�³x¡
³~µ��	�	��¢E���

��ÿ�� � Ä���� É��
	�� Ä
� 	

³ ¨â¶3��­¹¯¼©>��¦�¡�¶>�l¢ÆÅ��Ð¡�¢>�g¯>�l¨¬¶>�g¾Ú¶3� ��¢>�g¯3´�µ®¶>¯¼¤�£Ó¦�¥Æ¤(¢>��¾��l¶¸¦�­®µ¹�g¾Ú­®¨2É<�g¯3¶3­®ª¬¦�¶3­¹¤(¨À¤(¨~¶3� ��¡�¢>�g¾¿­¹©Qò
¶3­¹¤(¨Ù¡�¢>¤C©g�g¯>¯M´ ¯>�g¾ÙÃ¬ÄÍ¶3� �Î°�°²±�ò ³>³ �l¨ ©g¤2¾��l¢¼¦�¨ ¾Ù¾¿­¹¯¸©l´ ¯>¯>�g¾:¦Â¨ �lÅ °²°�±�ò ³¸³ ¡I¤`¯3¶�ò.¡�¢>¤C©g�g¯>¯3­®¨�ª
¾��lÃ�µ¹¤2©¸Ï2­®¨�ªÆ¥Æ�l¶3� ¤C¾,Á

��� ��¯3¶3´ ¾¿Ä�¤�£Ì°�°²±�ò ³>³ ¡�¢>�g¾¿­¹©l¶3­¹¤(¨á¾��l¶>�l¢3¥¼­®¨ �g¾Ý¶3� ��´ ¯¸�Q£Ö´�µ®¨ �g¯>¯Ð¤�£¼¦�
��Q×¿­®Ã�µ¹�²¡�¢>�g¾¿­¹©l¶3­¹¤(¨
¯>©>� �l¥Æ�`Ê2¤(¢3­®ª`­®¨�¦�µ®µ®ÄÌ¾���� ¨ �g¾§­®¨ Û �g©l¶3­¹¤(¨,y¿Á�Þ¿Á��¿Ê<¶3��¦�¶�­¹¯«©g¤(¥¼¡%¤`¯¸�g¾¼Ã¬ÄÌ�l­®ª`�¬¶�¾¿­®¢>�g©l¶3­¹¤(¨�¦�µ�¡�¢>�g¾¿­¹©l¶3­¹¤(¨
¥Æ¤2¾��g¯Ñ¡�µ®´ ¯5¶3� �Ò°²õ < ¥Æ¤2¾��`Á	#�×¿¡%�l¢3­®¥Æ�l¨2¶¸¦�µ�¶>�g¯3¶>¯V¯3� ¤ÇÅ��g¾!¡I�l¢�£'¤(¢3¥§¦�¨ ©g�Mµ¹¤`¯>¯>�g¯ÑÅ#� �l¨�¯>¤(¥Æ�Ò¤�£
¶3� �Ë¾¿­®¢>�g©l¶3­¹¤(¨�¦�µV¥Æ¤C¾��g¯Î¦�¢>�!¾¿­¹¯¸¦�Ã�µ¹�g¾~£'¤(¢Æ¶3� �!¯>¥§¦�µ®µ¹�l¢§¯>©Ç¦�µ¹�g¯ÇÁåõ�´�¢3¶3� �l¢3¥Æ¤(¢>�`ÊÑ¦Í¯>¶3´ ¾¿ÄÚ¤�£Ó¶3� �
°�°²±�ò ³>³ ¡�¢>�g¾¿­¹©l¶3­¹¤(¨ÙÃ�µ¹¤2©¸Ï�¯3­FwÇ�g¯ÇÊI¢>�lÉ<�Ç¦�µ¹�g¾�¶3��¦�¶Ó¶3� �º´ ¯>�Ì¤�£�­®¨¬¶3¢¸¦�ò'£·¢¸¦�¥Æ�¼¡�¢>�g¾¿­¹©l¶3­¹¤(¨Í£'¤(¢ÕÃ�µ¹¤C©>Ï¿¯
¾�¤ÇÅ#¨²¶>¤

2 × 2
¡�­ ×¿�lµ¹¯Ô¦�µ®µ¹¤ÇÅ5¯Ó¦ÆÃ%�l¶3¶>�l¢V¡%�l¢�£'¤(¢3¥§¦�¨ ©g�Ò¶3��¦�¨�¶3� �Ò´ ¯¸�Ò¤�£�¶3� �A¤(¢3­®ª`­®¨�¦�µ

4 × 4
Ã�µ¹¤C©>Ï

¯3­FwÇ�#µ®­®¥¼­®¶ÇÊ2­®¨�� �l¢3­®¶>�g¾¼£·¢>¤(¥ó¶3� ��¬ºÁ�Þ`Ü��Z­ í=<@ï �l¨ ©g¤2¾��l¢ÇÁ�õd­®¨�¦�µ®µ®Ä<Ê¬¶3� �5´ ¯>�5¤�£�¦Ó¾¿­��,�l¢>�l¨¬¶»¡�¢>�g¾¿­¹©l¶3­¹¤(¨
¥Æ¤2¾��`Ê#¶3��¦�¶�­¹¯Î¨ ¤(¶ÎÃ�¦(¯>�g¾�¤(¨å¾¿­®¢>�g©l¶3­¹¤(¨�¦�µÔ¡�¢>�g¾¿­¹©l¶3­¹¤(¨ÝÃ�´�¶Ð¤(¨�¶>�l¥¼¡�µØ¦�¶>��¥§¦�¶>©>��­®¨�ª ÊVÅ�¦(¯Â¦�µ¹¯>¤
­®¨¬É<�g¯3¶3­®ª¬¦�¶>�g¾Ë£·¤(¢5°²°�±�ò ³>³ ÊCÅ#­®¶3�Â£.¦gÉ<¤(´�¢¸¦�Ã�µ¹�Ò¢>�g¯3´�µ®¶>¯ÇÁ

��� �Ò­®¨2É<�g¯3¶3­®ª¬¦�¶3­¹¤(¨½¤�£�¦Î¾��lÃ�µ¹¤2©¸Ï2­®¨�ªÐ¥Æ�l¶3� ¤C¾�£·¤(¢Ô°�°²±�ò ³>³ Å�¦(¯Õ¥Æ¤(¶3­®É(¦�¶>�g¾²Ã¬Ä!¶3� �º¤(Ã ¯¸�l¢3É(¦�ò
¶3­¹¤(¨²¤�£�¯>¤(¥Æ�ÒÃ�µ¹¤2©¸Ï2­®¨�ªÂ¦�¢3¶3­ £.¦(©l¶>¯ÇÊ��g¯>¡%�g©l­Ø¦�µ®µ®ÄÂ£'¤(¢Ñ��­®ª`��µ®Ä�©g¤(¥¼¡�¢>�g¯>¯>�g¾²¯3¥Æ¤2¤(¶3��­®¥§¦�ª<�g¯ÇÁÑ��� �A´ ¯>�
¤�£I¶KÅ»¤º¾��lÃ�µ¹¤2©¸Ï2­®¨�ªA¥Æ�l¶3� ¤2¾�¯�¤(¢3­®ª`­®¨�¦�µ®µ®ÄÆ¡�¢>¤(¡I¤`¯>�g¾¼£'¤(¢�°²°�±ÙÅ�¦(¯�¯3¶3´ ¾¿­¹�g¾¼£'¤(¢�¶3� �Ñ°�°²±�ò ³>³ ©Ç¦(¯>�`Ê
¢>�lÉ<�Ç¦�µ®­®¨�ª�¯>�lÉ<�l¢¸¦�µ�©g¤(¥¼¡�¢>¤(¥¼­¹¯3­®¨�ª!­®¨ ��`§©l­¹�l¨ ©l­¹�g¯ÇÁ í ¨ �lÅ|¾��lÃ�µ¹¤C©>ÏC­®¨�ª!¥Æ�l¶3� ¤C¾½Å�¦(¯M¶3� �l¨Ù­®¨2É<�g¯�ò
¶3­®ª¬¦�¶>�g¾,Ê�Ã�¦(¯>�g¾²¤(¨!¶3� �º¤(¢3­®ª`­®¨�¦�µ�°�°²±�¯¸©>� �l¥Æ�g¯ÇÁV��� �Ò°²°�±�ò ³¸³ ¾��lÃ�µ¹¤C©>ÏC­®¨�ªÂ¦�µ®ª<¤(¢3­®¶3��¥�´ ¯¸�g¯Õ¦�¨
¦(¾ ¦�¡�¶3­®É<�Õõ ³ _ � µ®¶>�l¢»¶>¤A¡�¢>¤2©g�g¯¸¯��Ç¦(©¸�Ð­®¥§¦�ª<�ÑÃ�µ¹¤C©>ÏIÁ���� �@� µ®¶>�l¢gb
¯�¯>��¦�¡%�V­¹¯�¦(¾ ¦�¡�¶>�g¾Â¦(©g©g¤(¢>¾¿­®¨�ª¼¶>¤
¶3� �Ó­®¥§¦�ª<�M¢>�lª`­¹¤(¨�¶3��¦�¶Ñ­¹¯#ÃI�l­®¨�ªÆ¡�¢>¤C©g�g¯>¯>�g¾,Á���Å»¤
� µ®¶>�l¢3­®¨�ª§¡�¦�¢¸¦�¥Æ�l¶>�l¢>¯Ô¦�¢>�M¾��l¶>�l¢3¥¼­®¨ �g¾�Ã¬ÄÂ¶3� �
�l¨ ©g¤2¾��l¢ÇÊ�­®¨½¤(¢>¾��l¢M¶>¤Ð¥§¦�×C­®¥¼­¹¯¸�¼¶3� �¼¾��lÃ�µ¹¤2©¸Ï2­®¨�ª�¡%�l¢�£'¤(¢3¥§¦�¨ ©g�Ì£'¤(¢M¯3¥Æ¤C¤(¶3�Í­®¥§¦�ª<�g¯Ò¦�¨ ¾½�lµ®­®¥¼­ ò
¨�¦�¶>�Ô¶3� �Ó¯>�lÉ<�l¢>�Ó± Û ��_�µ¹¤`¯>¯>�g¯�£'¤(¢#¨ ¤(¨¿òu¯3¥Æ¤C¤(¶3�Ë¤(¨ �g¯ÇÁ«��� �Ô¡�¦�¢¸¦�¥Æ�l¶>�l¢>¯Õ¦�¢>�Ô¶3¢¸¦�¨ ¯3¥¼­®¶3¶>�g¾Ë¶>¤Ì¶3� �
¾��g©g¤2¾��l¢Ó´ ¯3­®¨�ªË¦�¨ �lª`µ®­®ª`­®Ã�µ¹�¼¤UÉ<�l¢3� �Ç¦(¾,Á�#�×C¡I�l¢3­®¥Æ�l¨¬¶¸¦�µ�¢>�g¯3´�µ®¶>¯Ó¯3� ¤ÇÅ7¶3��¦�¶Ó¶3� �Ì¨ �lÅó¾��lÃ�µ¹¤C©>ÏC­®¨�ª
¥Æ�l¶3� ¤2¾§­¹¯»¯3´�­®¶¸¦�Ã�µ¹�5£·¤(¢�¦�¨¬Ä¼­®¥§¦�ª<�V¶uÄC¡%�`Á í ¾�¾¿­®¶3­¹¤(¨�¦�µ®µ®Ä<Ê2£'¤(¢�¶3� �V¯3¥Æ¤2¤(¶3�Î¢>�lª`­¹¤(¨ ¯ÇÊ2­®¶>¯�´ ¯>�Ñ¢>�g¯3´�µ®¶>¯
­®¨!¦�¨Ë­®¥¼¡�¢>¤ÇÉ<�l¥Æ�l¨2¶Õ¤�£�Ã%¤(¶3��¤(Ã¿ù��g©l¶3­®É<�Ò¦�¨ ¾!¯3´�Ã¿ù��g©l¶3­®É<�ª�2´�¦�µ®­®¶uÄÐµ¹�lÉ<�lµ¹¯ÇÁ



� ����������� �

7 ������� �"! 1 #$�"%£0'&(!*) 8,+-# 5.� / 30&(/*�21

%31 1 4'���45:55&617!

8�9;:=<?>Ð¡�¢�>A@CBEDGF?HJIK<�L�¡M:�>l¢�HJNO>PDGQ?HK>l¢=@R>TSU:=<?>WVRDXDXS:¡Y>l¢[Z\D(¢=]^L_9?IT>PD_Za`�`�b Z\D(¢�Bc]^L_VR>PITDXSdBc9MV?e
9�L_],>AfcghBc9�:=<?>iITDG]¼¡�¢�>TH�H=BEDG9�D_Z(:=<?>jBc9k:3¢KLml.¡�¢�>TSdBEIA:�>TS.>l¢3¢�D(¢nH�BcVo9�L_fqpO8r9s:=<MBEH
BEH�I�<�L�¡M:�>l¢aNO>iBc9C@R>TH[l
:=BcVkL_:�>j:=<?>tF?H�>iD_Z6:=<?>Ô¡�L_:=:�>l¢=9u]^L_:�IK<MBc9MVhL_9?Ss`�`�bÈ¡�L�¢KLGSdBcVo],H
Bc9s@XBESM>TDJITDG]¼¡�¢�>TH�H=BEDG9vp
w >A@R>l¢KL_faSM>TIxLGSM>THyD_Zi@XBESM>TD�ITDXSdBc9MV;H�:KL_9?S?L�¢�SMHW<�Lx@R>�ITDG9dz ¢=],>TS{:=<?>�<kgXQ�¢=BES|],DXSM>AfaLGHW:=<?>

¡�¢�>}Z~>l¢3¢�>TS�L�¢�I�<MBc:�>TIA:=F�¢�>sZ~D(¢�@XBESM>TD.>A9?ITDCSdBc9MV�L_fcVRD(¢=Bc:=<M],Hxp"8�9U:=<?>TH�>h],>A:=<?DXSMHxe�L�],DG:=BEDG9�ITDG]�l
¡�>A9?HKL_:=BEDG9sH�:KL_VR>Ó¢�>TSdF?IT>TH�:=<?>j:�>A]¼¡YD(¢KL_f�¢�>TSdFM9?S?L_9?IAgPD_Z�:=<?>jH�BcVo9�L_fqp���<?>j],DG:=BEDG9uITDG]¼¡Y>A9?HKL_:�>TS
¢�>TH=BESdF?>tBEH�:=<?>A9sITDG]¼¡�¢�>TH�H�>TSsF?H=Bc9MVJ:3¢KLGSdBc:=BEDG9�L_fv:3¢KL_9?H[Z\D(¢=]�l��kF�L_9C:=BEHKL_:=BEDG9dl�>A9k:3¢�D(¡Cg�ITDXSdBc9MVJ],>A:=<dl
DCSMHxeX:=<�L_:�>}�^IABE>A9C:=fcgs>}�C¡MfEDGBc:�:=<?>iS?L_:KLd��H
H3¡�L_:=B�L_f�ITD(¢3¢�>Af�L_:=BEDG9vp
��<MBEHtVR>A9?>l¢KL_f�L�¢�I�<MBc:�>TIA:=F�¢�>,N�LGHt]^L_Bc9k:KL_Bc9?>TS5Bc9.:=<?>�H=F?ITIT>TH�H=Z�FMf5¬�p��o�_�Z­_� <@ï >c�x� @�H=:KL_9?S?L�¢�S�e

:=<�L_:tLGIK<MBE>A@R>THt],D(¢�>�:=<�L_9�:�N�D_Z~DGfES�VkL_Bc9?HtDx@R>l¢tBc:�HV¡�¢�>TSM>TIT>TH�H�D(¢�Hxpa��¢�>AfE>A@GL_9C:aZ\LGIA:nBEH�:=<�L_:t:=<?>TH�>
¡�>l¢[Z\D(¢=]^L_9?IT>JVkL_Bc9?H�L�¢�>,9?DG:i:=<?>¼¢�>TH=FMfc:�D_Z
LPIK<�L_9MVR>^D_Z�ITDCSdBc9MVË¡�L�¢KLGSdBcVo]�Á6:=<?>Ag5ITDG],>J]^L_Bc9Mfcg
ZÖ¢�DG]�:=<?>n>}�¿¡MfEDGBc:KL_:=BEDG9PD_Z�LÓ¢=BEIK<?>l¢�HK>A:�D_Zv:�DXDGfEH�Z\D(¢�>xLGI�<yD_Z�:=<?>n>A9?ITDXSM>l¢�Hx�C],DCSdFMfE>TH�e¬¢�>TH=FMfc:=Bc9MV�Bc9
L
],D(¢�>iITDG]¼¡MfE>}�Ye?QMFM:
<MBcVo<MfcgP>}�^IABE>A9k:�],>A:=<?DXS >��G� @�p
�nH�Z\D(¢�:=<?>jIxLGH�>tD_Z�Bc]^L_VR>jITDG]¼¡�¢�>THKH=BEDG9veM:=<?>l¢�>t<�LT@R>tQY>T>A9Â¢KL�¢�>Ô¡�¢�D(¡YDoHKL_fEH�:�DJLGS?L�¡M:5¡�L_:=:�>l¢=9

]^L_:�I�<MBc9MVGlqQ�LGH�>TS�L_fcVRD(¢=Bc:=<M],H
:�Du@XBESM>TDuITDXSdBc9MV5L�¡�¡MfcBEIxL_:=BEDG9?Hxp w DG],>W>}�dIT>l¡M:=BEDG9?H�IxL_9;Q�>�Z\DGFM9?S
Bc9u:=<?>�NOD(¢=�sD_Z >��o  e � �de �o� e�¡ � @�e�QMFM:xe¢:�D^:=<?>
L_FM:=<?D(¢�Ha�C9?D�N�fE>TSdVR>oe¢9?DG9?>
D_Z�:=<?>TH�>�],>A:=<?DCSMHa<�LGH
Q�>T>A9uL_QMfE>j:�D,LGIK<MBE>A@R>�LÌ¡Y>l¢[Z\D(¢=]^L_9?IT>j9?>xL�¢
:�D�:=<�L_:�D_Z(IAF�¢3¢�>A9k:aH=:KL_:�>}l�D_Z£lq:=<?>}lrL�¢=:n],>A:=<?DCSMH�p
8�9�:=<MBEHtI�<�L�¡M:�>l¢tNO>
SM>A@R>AfED(¡.:�NOD�¡�L_:=:�>l¢=9.]^L_:�I�<MBc9MVGlqQ�LGHK>TS¤L�¡�¡�¢�DRLGI�<?>THt:�DW@CBESM>TDhITDG]¼¡�¢�>TH[l

H=BEDG9vp¥8r9 w >TIA:=BEDG9h¡dp��aN�>�Bc9k@R>TH�:=BcVkL_:�>nLa@R>l¢�H=BEDG9^D_ZY:=<?>�¦
p��o�_�C§_� <@ï @XBESM>TDiITDG]¼¡�¢�>TH�H�BEDG9^H=:KL_9?S?L�¢�S



K â�Î (k¨ �!ÏA©o©Rª�«o¬,­hÏA©R®�èR¯°¬R±·¢Eí�Ï ¡=ª�²J³X¯´²Cª�µh®oµC­�ëm«oªb¡n¡=¯°µC¬

:=<�L_:JF?H�>THJ9?D�¢�>TH=BESdF�L_f�>l¢3¢�D(¢,>A9?ITDXSdBc9MV?p�¶6�¿¡Y>l¢=Bc],>A9k:KL_fÑ¢�>TH�FMfc:�H,SM>A],DG9?H=:3¢KL_:�>P:=<�L_:,:=<MBEH,:�>TI�<dl
9MBE�kF?>jIxL_9Ë¡�¢�D�@CBESM>�H=BcVo9MB·z�IxL_9k:nBc]¼¡�¢�Dx@R>A],>A9k:�HaBc9P:=<?>Ó¡Y>l¢[Z\D(¢=]^L_9?IT>iD_Z�:=<?>�D(¢=BcVoBc9�L_f�>A9?ITDCSM>l¢
Z~D(¢
æOB·l.¡�¢�>TSdBEIA:=Bc@R>�¸¤æ
¹aH=fcBEIT>THxev>TH3¡Y>TIAB�L_fcfcg¤L_:jfEDxNº:�Ds],>TSdBcFM]»QMBc:Ó¢KL_:�>THxp,�ºZ~D(¢=]^L_fOL_9�L_fcgdH=BEHiD_Z�:=<MBEH
¡�¢�DCIT>TH�H�¢�>Af�L_:�>TH�Bc:O:�DiITDCSdBc9MVA¡�L�¢KLGSdBcVo],H�9?DG:�F?H=F�L_fcfcg^LGH�H�DXIAB�L_:�>TSJN�Bc:=<W@CBESM>TD�ITDCSdBc9MV?ekfcBc�R>
@R>TIA:�D(¢
�kF�L_9C:=BEHKL_:=BEDG9�L_9?SP¼v>A]¼¡Y>Af·l¾½¢Bc@s>A9?ITDXSM>l¢�Hxp
8�9 w >TIA:=BEDG9.¡dp � N�>jBc9k@R>TH=:=BcVkL_:�>�L_9u`�`�b(lqQ�LGH�>TSP@XBESM>TD^>A9?ITDXSdBc9MVWL_fcVRD(¢=Bc:=<M]se�9�L_],>TS�`�`�b6l

< BESM>TDMp(8r:�F?H�>TH�`�`�b�:�DJ>A9?ITDXSM>j:=<?>t],DG:=BEDG9uITDG]¼¡Y>A9?HKL_:�>TSÂ¢�>TH�BESdF?>oedBc9�L�<kgXQ�¢=BESP@CBESM>TDJITDXSdBc9MV
H�I�<?>A],>op.`�`�b6l < BESM>TD�9�L_:=F�¢KL_fcfcg�Bc9M<?>l¢=Bc:�>TSUH�DG],>hD_Z
:=<?>hSdBEIA:=BEDG9�L�¢=g"F�¡�S?L_:=Bc9MV.H=:3¢KL_:�>AVoBE>THJSM>}l
H�Il¢=BcQ�>TS
Bc9Ì¡�¢�>A@XBEDGF?H(I�<�L�¡M:�>l¢�Hxp(¿a>A@R>l¢=:=<?>AfE>TH�HxekLaH=:=F?Sdg
DG9�:=<?>�¡�L�¢=:=BEIAFMf�L�¢�LGH3¡�>TIA:�H(D_Z�F?H=Bc9MVj`�`�b
Z~D(¢�@XBESM>TDJITDG]¼¡�¢�>TH�H=BEDG9.L_fEH�D�fE>TSP:�D�9?>ANÀSdBEIA:=BEDG9�L�¢=gPSM>TH=BcVo9s:�>TIK<M9MBE�kF?>TH�Z\D(¢
`�`�b6l < BESM>TDMp

æ�DG:=<�D_Z�:=<?>M¡�¢�>A@XBEDGF?Hn],>A:=<?DCSMHnNO>l¢�>
SM>A@R>AfED(¡�>TS�Q�LGH�>TS�DG9u:=<?>�D(¢=BcVoBc9�L_f�¦
p��o�_�C§_� <@ï H=:KL_9dl
S?L�¢�S >c�x� @�p"æ�>TIxL_F?H�>jD_Z6:=<MBEHxeM:=<MBEH
H=:KL_9?S?L�¢�SsBEH�Q�¢=BE>�
?gPSM>TH�Il¢=BcQ�>TSsBc9P:=<?>j9?>}�X:
HK>TIA:=BEDG9vp

*èÿKÁ ;�Â�Ã$Ä ÿ¾Å�Æ�ÇjÈOÉ�ÊË� Ì ��Í Ã(ÎÏÃ(�
�¥Î Í
� �
Ð 	MÑ¢Ò � Í
Ò�Ó�Í

8�9�:=<MBEHnH�>TIA:=BEDG9�NO>A¡�¢�>TH�>A9C:tL^Q�¢=BE>}Z�Dx@R>l¢=@XBE>AN�D_Z�:=<?>�¦
p��o�_�C§_� <nÔ @XBESM>TD^ITDXSdBc9MVhH=:KL_9?S?L�¢�S >c�x� @�p
��<MBEH�Dx@R>l¢=@XBE>AN{BEH�Õ[F?H=:=B·z�>TS,QCgJ:=<?>5¢�>AfE>A@oL_9?IT>�D_Zv¦�p��o�_�C§_� <nÔ @CBESM>TDiITDXSdBc9MViZ\D(¢�:=<?>nSdBEH�IAF?H�H=BEDG9WD_Z
:=<?>�L_fcVRD(¢=Bc:=<M],H�SM>TH�Il¢=BcQ�>TS.Bc9.:=<MBEHjIK<�L�¡M:�>l¢xp���<?>
Z\DGfcfEDxN�Bc9MVsSdBEH�IAF?HKH=BEDG9.BEHt:=<?>l¢�>}Z~D(¢�>�fcBc]JBc:�>TS.:�D
:=<?>O],DoH�:�¢�>AfE>A@oL_9k:�LGH3¡Y>TIA:�H6D_Z�:=<?>�¦�p��o�_�C§_� <nÔ >A9?ITDCSdBc9MViL_fcVRD(¢=Bc:=<M]sp(Ö?D(¢�LnSM>A:KL_BcfE>TSJSM>TH�Il¢=B®¡M:=BEDG9
D_Z�:=<?>h¦
p��o�_�C§_� <nÔ H=:KL_9?S?L�¢�S�e6:=<?>Æ¢�>xLGSM>l¢
BEH
LGSd@XBEH�>TS�:�DË¢�>}Z\>l¢�:�DuDG9?>hD_Z�:=<?>^]^L_9Cg"LT@oL_Bcf�L_QMfE>
:�>}�X:�H
DG9P:=<MBEHnH=FMQdÕ=>TIA:xed9�L_],>Afcg >c�x� e � �?e?� � e � �T@�p
8�95H3¡MBc:�>JD_Z�:=<?>J>A@R>l¢jV`¢�DxN�Bc9MV.LT@oL_Bcf�L_QMfE>JQ�L_9?SXlqN�BESd:=<"L_9?S.9?>A:�N�D(¢=�¤H3¡Y>T>TSMHxeY:=<?>�Bc9?Il¢�>xLGH=Bc9MV

9kFM]�QY>l¢�D_Z�HK>l¢=@CBEIT>THxe�LGHiN�>Afcf�LGHi:=<?>^V`¢�DxN�Bc9MV²¡�D(¡MFMf�L�¢=Bc:rg¤D_Z�<MBcVo<"SM>}z?9MBc:=BEDG9;:�>AfE>A@CBEH=BEDG9ve¥]^L_�R>
:=<?>P9?>T>TS�Z\D(¢^>}�^IABE>A9k:h@XBESM>TD¤>A9?ITDCSdBc9MVUL_fcVRD(¢=Bc:=<M],HhLGH^Bc]¼¡�D(¢=:KL_9C:W9?D�N7LGH^Bc:,<�LGH^>A@R>l¢WQ�>T>A9vp
��<MBEH^ZqLGIA:hfE>TS|:�D;:=<?>�ITDG]�QMBc9�L_:=BEDG9ÀD_Z�>}×�D(¢=:�HhZÖ¢�DG]Ø:=<?>�:�NODU]^L_Bc9{@XBESM>TD;ITDXSdBc9MVUH=:KL_9?S?L�¢�SMH
SM>A@R>AfED(¡MBc9MVWV`¢�DGF�¡?HxÙ�:=<?>�8r��Ú�l��j��H < BESM>TD Ô DXSdBc9MVh¶(�C¡Y>l¢=:�HaÛÕ¢�DGF�¡U¸ <nÔ ¶OÛi¹nL_9?Ss:=<?>�8 w ýj§_8¾¶ Ô
`�D�@CBc9MV�b�BEIA:=F�¢�>�¶6�¿¡�>l¢=:�H�ÛÕ¢�DGF�¡�¸~`�b�¶OÛi¹}pk��<MBEH�FM9MB·z�>TS,:=<?>�¦�p��o�m�,L_9?S,:=<?>
`�b�¶OÛal\�
ZqL_]JBcfcBE>TH
D_Z�H=:KL_9?S?L�¢�SMHxe�:=<�L_:t<�LGSuQY>T>A9�SM>A@R>AfED(¡Y>TS�Qkgs:=<?>TH�>�V`¢�DGF�¡?Hxpt�aHaLÆ¡�¢�DCSdF?IA:jD_Z�:=<MBEHOÕ[DGBc9C:a>}×�D(¢=:xe
:=<?>J¦�p��o�_�C§_� <nÔ @CBESM>TDPITDXSdBc9MVuH=:KL_9?S?L�¢�S >c�x� @(>A],>l¢=VR>TS"LGHj:=<?>JIAF�¢3¢�>A9k:�H�:KL_:�>}l�D_Z£lq:=<?>}lrL�¢=:�@CBESM>TD
ITDG]¼¡�¢�>TH�H=BEDG9�H�IK<?>A],>op���<?>s¦�p��o�_�C§_� <nÔ H=:KL_9?S?L�¢�S�SM>}z?9?>THWL.H�>A:JD_Za9?>ANÜITDXSdBc9MV5:�DCDGfEH�e�:=<�L_:
Bc]¼¡�¢�Dx@R>WBc:�H�>}�^IABE>A9?IAg5:�D�L_Q�DGFM:�:�NOD�:=Bc],>TH�:=<�L_:�D_Z5¡�¢�>A@XBEDGF?H�H=:KL_9?S?L�¢�SMHy¸�9�L_],>Afcg5:=<?>,<MBcVo<Mfcg
H=F?ITIT>TH�H[Z~FMfv`�b�¶OÛnlr�JH=:KL_9?S?L�¢�S > ¡o¡T@�¹}e�L_:
:=<?>jITDoH=:�D_Z�L_9PBc9?Il¢�>xLGH�>TSsITDG]¼¡MFM:KL_:=BEDG9�L_f6ITDG]¼¡MfE>}�dBc:�gRp



Ý ¨EÞ I�ßRª�à ¨���ámâoã�ä�åOæ ³C¯°²kª�µWª�¬R®oµX²k¯°¬R±ô¡[©èçC¬R²Gçk«o² K=é}ê

ë ì

ì −1

ë −1

í=îEï\ð�ñMò�ñ�ð�óqî·ôõ�ö\÷°ø ö~ù¥úmö~û�üKýEù=þEÿ�÷·ø ö\ù

ò�ó���� ó����	�
��� ðYï���� ó��

��
�������������������
���� �

!"�#����$&%'��
��)(*����(*�+�

�,�-�'
.��
�/*
�����(*���

0�13254�6�7 8�4�6�9;:=<34�:�>�?
@�25?
A�1

BXñ�C�D óFE�GF� ��HYí�� D �cñ£î

!"�'%'�'�
��
�I#��
�����


JK LM NO LP QNRST URM VWOX
YWZ NRS

[ \
]^ _`aa`b
cdeae _`f ]

ò.g

0�132":�4�7 8�4�6+9h:=<34�:�>�?
@�25?
A�1 ikj�l+m�noj)p

qsr�tvu�wyx{z}|v³=~i�V¢�I�<MBc:�>TIA:=F�¢�>�D_Z(L_9�¦�p��o�_�C§_��� Ô @XBESM>TD,>A9?ITDCSM>l¢xp

8�9JH3¡MBc:�>�D_Z¢:=<?>�Bc]¼¡YD(¢=:KL_9?IT>
D_ZY:=<?>�9?>AN�¦�p��o�_�C§_��� Ô ITDXSdBc9MVi:�DCDGfEH�eG:=<MBEH�H=:KL_9?S?L�¢�SJ]^L_Bc9C:KL_Bc9?H
:=<?>�:3¢KLGSdBc:=BEDG9�L_fd<kgXQ�¢=BES�ITDCSdBc9MVjL�¢�I�<MBc:�>TIA:=F�¢�>oeCLGH¥N�>AfcfdLGH(L
:3¢KL_9?H[Z~D(¢=]�l��CF�L_9k:=BEHèL_:=BEDG9JQ�LGH�>TS�>A9?ITDXSXl
Bc9MVaH�IK<?>A],>�:�D�ITDG]¼¡�¢�>TH�H6:=<?>O],DG:=BEDG9JITDG]¼¡�>A9?HKL_:�>TSA¢�>TH=BESdF?>�¡�L_:=:�>l¢=9?Hxp���<?>�<kgXQ�¢=BES�@XBESM>TDnITDXSdBc9MV
¡�L�¢KLGSdBcVo]se`¢�>l¡�¢�>TH�>A9k:�>TS�Bc9�Ö�BcVoF�¢�>�¡dp � eGF?H�>TH�LnITDG]�QMBc9�L_:=BEDG9WD_Z¢H=BcVo9�L_fC¡�¢�>TSdBEIA:=BEDG9^L_9?S�:3¢KL_9?H[Z\D(¢=]�l
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],DCSM>oevZ~D(¢jN�<MBEIK<¤9?Ds` Ô S?L_:KLyBEHj:3¢KL_9?H=]JBc:=:�>TS�p,8r9?H=:�>xLGS�e�:=<?>¼¢�>TITDG9?H=:3¢=F?IA:�>TS�`�� BEHiDGQM:KL_Bc9?>TS
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BEH�L_fEH�D,SM>}z?9?>TS�eM:=<�L_:nF?H�>TH�LJH�Bc]JBcf�L�¢
:�>TI�<M9MBE�CF?>i:�DJ:=<�L_:nD_Z6b H=�CB®¡s`���Hxp���<?>Ó¢�>}Z\>l¢�>A9?IT>jZ·¢KL_],>TH
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ØÐÙ-Ù Ý ¨&� çA©o©Rª�«o¬,­�çA©R®oßR¯°¬R±oÚEímçÛ¦=ª�²J³X¯´²Cª�µh®oµC­��m«oª3¦�¦=¯°µC¬

��9?DG:=<?>l¢^Bc]¼¡�¢�Dx@R>A],>A9k:WZqLGIA:�D(¢JZ~D(¢J:=<?>u>A9?ITDCSdBc9MV½¡Y>l¢[Z\D(¢=]^L_9?IT>sD_Zt¦
p��o�_�C§_��� Ô BEHJ:=<?>PBc9dl
:3¢�DCSdF?IA:=BEDG95D_Z�L_95LGS?L�¡M:=Bc@R>�Bc9dlqfEDCD(¡.SM>AQMfEDXI��XBc9MVyz?fc:�>l¢=Bc9MV?eY:=<�L_:V¢�>TSdF?IT>THt:=<?>
QMfEDXI��XBc9MVPL�¢=:=B·ZqLGIA:�H
Bc9k:3¢�DXSdF?IT>TS�QCgs:=<?>�QMfEDCIK�klqQ�LGH�>TS�¡�¢�DXIT>TH�H=Bc9MVWD_Z�>xLGI�<�Bc9�¡MFM:�Z·¢KL_],>opÜ��DG:=<�:=<?>�>A9?ITDXSM>l¢iL_9?Su:=<?>
SM>TITDCSM>l¢�ITDG9k:3¢�DGf�:=<?>�z?fc:�>l¢=Bc9MVJH=:3¢�>A9MVo:=<vedQ�LGH�>TShDG9W:=<?>n@GL_fcF?>THOZ\D(¢�HK>A@R>l¢KL_f�H=gX9k:KLm�h>AfE>A],>A9k:�H�:=<�L_:
NO>l¢�>iF?HK>TSuDG9�>xLGIK<uQMfEDXI��Yp���<?>jz?fc:�>l¢=Bc9MVhBEHnL�¡�¡MfcBE>TSsBc9?H�BESM>�D_Z(:=<?>M¡�¢�>TSdBEIA:=BEDG9�fEDCD(¡U¸~H�>T>iÖ�BcVoF�¢�>
¡dp � ¹}eM],>xL_9MBc9MV^:=<�L_:
:=<?>M¡�¢�>TSdBEIA:=BEDG9�H=BcVo9�L_fvBEHaL_fEH�D,Lm×�>TIA:�>TSsQkgy:=<?>Ó¡�¢�DXIT>TH�Hxp���<?>jBc]¼¡�¢�Dx@R>A],>A9C:
Bc9sH=FMQdÕ[>TIA:=Bc@R>��kF�L_fcBc:rghBEHnLGITITDG]¼¡�L_9MBE>TSsQkgPL � :�D �x ÉÝ ¢�>TSdF?IA:=BEDG9�DG9P:=<?>jQMBc:[l.¢KL_:�>tZ\D(¢�:=<?>iHKL_],>
DGQdÕ[>TIA:=Bc@R>��kF�L_fcBc:rgRp�� SM>A:KL_BcfE>TS�SM>TH�Il¢=B®¡M:=BEDG9�D_Z�:=<?>�LGS?L�¡M:=Bc@R>�SM>AQMfEDXI��XBc9MVWz?fc:�>l¢nIxL_9uQY>tZ\DGFM9?SsBc9
��¡ � ��p
��<?>�>A9?ITDCSdBc9MVÂ¡�L�¢KL_],>A:�>l¢�HiD_Z�¦�p��o�_�C§_��� Ô L�¢�>�ITDG]¼¡�¢�>TH�H�>TS.F?H=Bc9MVsLW@oL�¢=B�L_QMfE>�fE>A9MVo:=<¤ITDCSM>

¸��a¼ Ô ¹
ITDG]¼¡�¢�>TH�H=BEDG9.L_fcVRD(¢=Bc:=<M]sp�¦�p��o�_�C§_��� Ô ITDG]�QMBc9?>THÜ�t¼ Ô N�Bc:=<uQMBc9�L�¢=gsL�¢=Bc:=<M],>A:=BEI�ITDXSdBc9MV
¸���� Ô ¹}e�Bc9ÀLUITDG9C:�>}�X:[lrLGS?L�¡M:=Bc@R>¤ZÖ¢KL_],>AN�D(¢=��p���<MBEHÐ¢�>TH�FMfc:�HPBc93:=<?>5SM>}z?9MBc:=BEDG9ÀD_Z�:rNOD�<MBcVo<Mfcg
LGS?L�¡M:=Bc@R>�L_9?S�>}�^IABE>A9k:iITDG]¼¡�¢�>THKH=BEDG9¤L_fcVRD(¢=Bc:=<M],HxÙ�ITDG9C:�>}�X:[lrLGS?L�¡M:=Bc@R>J@oL�¢=B�L_QMfE>�fE>A9MVo:=<.>A9?ITDXSdBc9MV
¸ Ô �.�t¼ Ô ¹
L_9?SUITDG9k:�>}�d:[lrLGS?L�¡M:=Bc@R>PQMBc9�L�¢=g"L�¢=Bc:=<M],>A:=BEIPITDXSdBc9MV�¸ Ô �Ã��� Ô ¹}p6�ÜH=Bc]¼¡MfE>hFM9MBc@R>l¢�HKL_f
�a¼ Ô ITDXSM>t:KL_QMfE>tBEH�L_fEH�D�F?H�>TSWZ~D(¢�H�DG],>a<MBcVo<?>l¢[lqf�LxgR>l¢nH=gX9k:KLm�y>AfE>A],>A9k:�HxeMfcBc�R>jHK>T�kF?>A9?IT>jL_9?SPH=fcBEIT>
<?>xLGSM>l¢�HxpQýn:=<?>l¢6H=gX9k:KLm��>AfE>A],>A9C:�HxeGfcBc�R>«¢�>}Z\>l¢�>A9?IT>�Z·¢KL_],>�Bc9?SM>}�M>THxeG`���H¥L_9?S��CF�L_9k:=BEHK>TS�:3¢KL_9?H[Z\D(¢=]
ITDC>}�^IABE>A9C:�Hn]^LxgsQY>i>A9?ITDCSM>TS�F?H=Bc9MV Ô �.�t¼ Ô D(¢ Ô �Ã��� Ô p���<?>�>A9?ITDXSdBc9MV�¡�>l¢[Z\D(¢=]^L_9?IT>�BEHtL_fEH�D
Z\Lx@RDGF�¢�>TSyQkgh:=<?>tF?H�>tD_Z�¡�¢�>TSdBEIA:=Bc@R>j:�>TIK<M9MBE�kF?>TH�Z\D(¢�>A9?ITDCSdBc9MVWH�>A@R>l¢KL_f�H=gC9C:KLm�y>AfE>A],>A9C:�HxeMfcBc�R>t:=<?>
F?H�>TSs`���Hxp;��DG:=< Ô ���t¼ Ô L_9?S Ô �Ã��� Ô F?H�>�ITDG9k:�>}�d:�],DXSM>AfcfcBc9MVW:�D,IK<?DCDoHK>iN�<MBEI�<�¡�¢�DGQ�L_QMBcfcBc:�g
],DCSM>Af�H=<?DGFMfES.QY>JL�¡�¡MfcBE>TS5Bc95:=<?>��t¼ Ô H=:�>l¡vp
��<MBEHiI�<?DGBEIT>JBEHtQ�LGHK>TS5DG95fEDCIxL_f�H=:KL_:=BEH�:=BEITHjD_Z�:=<?>
IAF�¢3¢�>A9k:JH=:3¢�>xL_]sp Ô �Ã��� Ô F?H�>THJL_9�LGSMSdBc:=BEDG9�L_f�QMBc9�L�¢=BEHKL_:=BEDG9�H=:�>l¡ve6:�D�:3¢KL_9?H[Z\D(¢=] :=<?>yD(¢=BcVoBc9�L_f
H=gC]�Q�DGfEHOBc9k:�DJL�H�>A:OD_Z¥QMBc:�H�:=<�L_:
L�¢�>n:=<?>A9hITDG]¼¡�¢�>TH�HK>TSWF?H�Bc9MV�:=<?>tLGS?L�¡M:=Bc@R>jL�¢=Bc:=<M],>A:=BEIa>A9?ITDXSM>l¢xp
��<?>,F?H�>,D_Z Ô �Ã��� Ô L_fcfEDxN
H�Z\D(¢�L_9�Bc9?Il¢�>xLGHK>TS"ITDG]¼¡�¢�>TH�H�BEDG9">}�^IABE>A9?IAgRe6N�<?>A9"ITDG]¼¡�L�¢�>TS"N�Bc:=<
Ô �.�t¼ Ô e�L_:y:=<?>�ITDoH�:yD_ZJL_9 LGSMSdBc:=BEDG9�L_f�ITDG]¼¡MFM:KL_:=BEDG9�L_f�ITDG]¼¡MfE>}�dBc:�gRpÞÔa>A:KL_BcfE>TS Bc9dZ\D(¢=]^L_:=BEDG9
L_Q�DGFM:
¦
p��o�_�C§_�.� Ô ��H �a¼ Ô ITDCSdBc9MVWIxL_9PQ�>aZ\DGFM9?SPBc9¡�*� � ��p

ýn9?>�Bc]¼¡�D(¢=:KL_9C:�¢�>xLGH�DG9�Z\D(¢�:=<?>�¡Y>l¢[Z\D(¢=]^L_9?IT>�VkL_Bc9?H(D_Z�¦
p��o�_�C§_�.� Ô BEH6:=<?>�@R>l¢=g
<MBcVo<
9CFM]�QY>l¢
D_Z�LT@oL_Bcf�L_QMfE>t>A9?ITDCSdBc9MVJH=:3¢KL_:�>AVoBE>TH�Z\D(¢�>xLGIK<yQMfEDCIK��p(� 9CFM]�QY>l¢
D_Z�¡�¢�>TSdBEIA:=BEDG9P],DCSM>THj¸�Bc9C:3¢KLdedBc9k:�>l¢
L_9?S�QMB·l�SdB®¢�>TIA:=BEDG9�L_f£¹t]^LTg�Q�>�F?H�>TS�Bc95ITDG9GÕ¾FM9?IA:=BEDG95N�Bc:=<5QMfEDXI��dHaN�Bc:=<�LGS?L�¡M:=Bc@R>JH=B��x>THxp���>TIxL_F?H�>
D_Z6:=<MBEH�e�>}�^IABE>A9k:t>A9?ITDXSM>l¢nITDG9k:3¢�DGf6H=:3¢KL_:�>AVoBE>THtL�¢�>�>TH�HK>A9k:=B�L_fvZ\D(¢nSM>A:�>l¢=]JBc9MBc9MVh:=<?>iQY>TH=:�>A9?ITDXSdBc9MV
D(¡M:=BEDG9�Z\D(¢
>xLGIK<UQMfEDCIK��p�¦�p��o�_�C§_��� Ô ¸�9�L_],>Afcg�Bc:�H�@R>l¢=B·z�IxL_:=BEDG9�],DCSM>Af�H�D_Z~:�N�L�¢�>oe�F?H�>TS�Bc9;:=<MBEH
:=<?>TH=BEHè¹
F?H�>THhL5¼�L_V`¢KL_9MVR>�D(¡M:=Bc]JBEHKL_:=BEDG9{:�>TI�<M9MBE�CF?>s:�D½¡Y>l¢[Z\D(¢=] ¢KL_:�>}l�SdBEH=:�D(¢=:=BEDG9 D(¡M:=Bc]JBEHKL_:=BEDG9vp
Ö?D(¢a>xLGIK<�QMfEDXI��Ye¢:=<?>�>A9?ITDXSM>l¢n:�>TH�:�HaL_fcf(LT@oL_Bcf�L_QMfE>�>A9?ITDXSdBc9MVy],DCSM>THtL_9?S�QMfEDCIK�sH=B��x>THaL_9?S�SM>A:�>l¢[l



Ý ¨¥¤àß ¬^µG³Cª�«o«o¯°²k¯°¬R±hà ¨¥¤mámâGãmä�åOæ�á ¦�­�µk©R¯°µC¬�Ú\®oµX­��mª�¬É¦[çA©Rª�²^«oª3¦=¯°²oâRªi®oµX²k¯°¬R± Ø#Ù��

]JBc9?>THt:=<?>
ITD(¢3¢�>TH>¡�DG9?SdBc9MVsSdBEH=:�D(¢=:=BEDG9�L_9?S.>TH=:=Bc]^L_:�>TS²¢KL_:�>�@oL_fcF?>THxp���LGH�>TS.DG9.:=<?>�@oL_fcF?>�D_Z�:=<?>
¼�L_V`¢KL_9MVoB�L_9�ITDoH=:�Z~FM9?IA:=BEDG9;¸~HK>T>j>T�kF�L_:=BEDG9"¸ � p��R¹=¹�Z~D(¢�>xLGIK<Ë¡YDoH�H=BcQMBcfcBc:�gRe?:=<?>i>A9?ITDCSM>l¢nI�<?DXDoH�>TH�:=<?>
],DoH=:j>}�^IABE>A9k:�ITDG]¼¡�¢�>TH�H�BEDG9¤],DCSM>
Z\D(¢t:=<?>JIAF�¢3¢�>A9k:iQMfEDXI��Ye�Bc9¤L_9�Õ Ô H�>A9?H�>op���SM>TH�Il¢=B®¡M:=BEDG9"D_Z
:=<?>jITDCSM>l¢�ITDG9C:3¢�DGf¥H=:3¢KL_:�>AVoBE>TH�F?H�>TSyBc9s¦
p��o�_�C§_�.� Ô BEH�¡�¢�>TH�>A9k:�>TSuBc9¡�*�o�	��p
w >A@R>l¢KL_f¥DG:=<?>l¢t>A9?ITDCSdBc9MVW:�DCDGfEHaL�¢�>�SM>}z?9?>TSuQkgs¦
p��o�_�C§_�.� Ô e�9�L_],>AfcgÂ¢�>Af�L_:�>TSuN�Bc:=<vÙ»¢�DGQMF?H=:[l

9?>TH�Hy:�D�S?L_:KL�>l¢3¢�D(¢�HuL_9?S3Bc9dZ\D(¢=]^L_:=BEDG9 fEDoH�HK>TH�����>}�dBcQMfE>5D(¡�>l¢KL_:=BEDG9 Z~D(¢uL;@oL�¢=BE>A:�g D_Z
9?>A:rNOD(¢=�
>A9k@XB®¢�DG9M],>A9k:�H��XF?H�>�D_Z���>}�XBcQMfE>�]^LGIl¢�DGQMfEDCIK�,L_9?S,H=fcBEIT>
D(¢�SM>l¢=Bc9MV�L_9?S�fEDoH�H=fE>TH�H(]^LGIl¢�DGQMfEDXI��J],DXSM>THxe
L_],DG9MVsDG:=<?>l¢�H,¸~H�>T> � � �de � ��e �x� ��Z\D(¢tBc9dZ~D(¢=]^L_:=BEDG9"DG9�:=<?>THK>�],>A:=<?DCSMHè¹}p��nHaZ\D(¢t:=<?>�IxLGH�>JD_Z�:=<?>
¡�¢�>A@CBEDGF?H
>A9?ITDXSdBc9MV^H=:KL_9?S?L�¢�SMH�eM¦�p��o�_�C§_��� Ô <�LGH�L�H�>A:
D_Z6>A9?ITDCSdBc9MVäã p�m�åçæ�j-è eM:=<�L_:�SM>}z?9?>tN�<MBEIK<
ITDCSdBc9MV
:�DCDGfEH�L�¢�>tLT@oL_Bcf�L_QMfE>aZ~D(¢O:=<?>n>A9?ITDXSM>l¢xp��êé�ë è�j-æ5ì�í�j ¡�¢�D_z?fE>�N�LGH�SM>}z?9?>TSh:�Di]JBc9MBc]JBEH�>tITDG]�l
¡MfE>}�XBc:rgJN�<MBcfE>�:=<?>Îîäë ì�í ¡�¢�D_z?fE>nN�LGH�SM>TH=BcVo9?>TS^N�Bc:=<PL_9W>A]¼¡M<�LGH�BEHODG9yITDCSdBc9MVA¡�>l¢[Z\D(¢=]^L_9?IT>op(��<?>
j�ï�ð�j-ívnÛj�n ¡�¢�D_z?fE>nN�LGHOSM>TH=BcVo9^Bc9hD(¢�SM>l¢�:�DiITDG]�QMBc9?>�:=<?>nITDCSdBc9MVA¡�>l¢[Z\D(¢=]^L_9?IT>�D_Z�:=<?>�]^L_Bc9§¡�¢�D_z?fE>
N�Bc:=<hL�H�>A:OD_Z�:�>TI�<M9MBE�CF?>TH�¢�>Af�L_:�>TSWN�Bc:=<h>}�d:3¢KLj9?>A:rNOD(¢=�§¢�DGQMF?H�:=9?>TH�Hxp(� z�SM>AfcBc:�gÎ¢KL_9MVR>n>}�d:�>A9?H=BEDG9?H
¸~Ö�Õn¶6�d:è¹iL_],>A9?Sd],>A9k:JN�LGHJL_fEH�D!¡MFMQMfcBEH�<?>TS�e6:=<�L_:
Bc9?IAfcF?SM>THJL�H�>A:�D_Z
9?>AN�Z\>xL_:=F�¢�>THxe6F?H�>TS"Qkg"L
9?>ANÀZqL_]JBcfcguD_Z�¡�¢�D_z?fE>THxeYIxL_fcfE>TS�:=<?>òñ ì
ó ñ!¡�¢�D_z?fE>THxpt��<?>TH�>�:�DCDGfEHjL�¢�>�]^L_Bc9MfcgË¢�>Af�L_:�>TS�N�Bc:=<vÙ�H=F�¡dl
¡�D(¢=:=Bc9MVi<MBcVo<?>l¢OHKL_]¼¡MfE>�¢�>TH�DGfcFM:=BEDG9^@XBESM>TDjH=BcVo9�L_fEHa¸�F�¡J:�D � �aQMBc:�H�¡Y>l¢�HKL_]¼¡MfE>�¹6L_9?S,DG:=<?>l¢�IK<�¢�DG]^L
HKL_]¼¡MfcBc9MV,Z\D(¢=]^L_:�H
¸�9�L_],>AfcgP:=<?>��?Ù �?Ù��^L_9?S�:=<?>j�?Ù �?Ù �WZ~D(¢=]^L_:�Hè¹}e�F?H=Bc9MVhLGS?L�¡M:=Bc@R>�QMfEDXI��sH=B��x>TH
Z~D(¢
¢�>TH=BESdF�L_fMH3¡�L_:=B�L_fXZÖ¢�>T�CF?>A9?IAgi:3¢KL_9?H[Z\D(¢=]ºL_9?S�:=<?>�F?H�>�D_Z¢>A9?ITDXSM>l¢[l�H3¡Y>TIAB·z�I�¡�>l¢�IT>l¡M:=F�L_f·lqQ�LGH�>TSJ�CF�L_9dl
:=BEHKL_:=BEDG9y]^L_:3¢=BEIT>THxp(8�9dZ\D(¢=]^L_:=BEDG9sDG9y:=<?>nÖ&Õn¶6�X:�ITDXSdBc9MV�:�>TI�<M9MBE�CF?>TH
L_9?SÎ¡�¢�D_z?fE>TH�]^Lxg^QY>
Z\DGFM9?S
Bc9���� � ��p

ôèÿ¾Å õ ��Î�Ì
Ã Ó¢ÓY��Í
� ��Ð�Ä ÿ[Å�Æ�ÇtÈOÉ�ÊË�÷ö 	�ø Î Ñ�� Î
�àùR��Î øûú Ã(� 	¢Ò�Ñ Ã Í Ó Ã 	¢��Í
� Ã
��Î Í
� ��Ð

8�9P¦
p��o�_�C§_�.� Ô e�LGH
Bc9P],DoH=:�@CBESM>TD^ITDCSdBc9MV,H=:KL_9?S?L�¢�SMH�eM:=<?>t:3¢KL_9?H=]JBEH�H=BEDG9�D_Z�:=<?>j` Ô l.¡�¢�>TSdBEIA:=BEDG9
>l¢3¢�D(¢aBEHtVR>A9?>l¢KL_fcfcg.LGITIT>l¡M:�>TS¤LGHjIl¢=F?IAB�L_f6Z~D(¢a:=<?>º¡�>l¢[Z\D(¢=]^L_9?IT>JD_ZO@XBESM>TDy>A9?ITDCSM>l¢�H�pi��<MBEHÔ¢�>TH=FMfc:�H
ZÖ¢�DG]�:=<?>�ZqLGIA:�:=<�L_:�:=<?>Ñ¡�¢�>TSdBEIA:=BEDG9Ð¡�¢�DCIT>TH�H�L_fEDG9?>�BEH�9?DG:�L_QMfE>�:�D�>AfcBc]JBc9�L_:�>n:=<?>Ñ¡�¢�>TSdBEIA:=BEDG9y>l¢3¢�D(¢
Z~D(¢�:=<?>jIAF�¢3¢�>A9C:nH�>AVo],>A9C:nD_Z6:=<?>t],>TH�HKL_VR>op���<?>iITDXSdBc9MV,>l¢3¢�D(¢
BEH�:=<CF?H5¡�¢�D(¡�L_VkL_:�>TS�e¢H=Bc9?IT>tBc:nL_fEH�D
ITDG]¼¡�¢�DG]JBEH�>TH�:=<?>5¡Y>l¢[Z~D(¢=]^L_9?IT>aD_Z�:=<?>Ñ¡�¢�>TSdBEIA:=BEDG9yD_Zv:=<?>�Z\DGfcfEDxN�Bc9MV
QMfEDCIK��pÖÔt>TH3¡MBc:�>�:=<MBEHxeCBc9^:=<MBEH
H�>TIA:=BEDG9�N�>�SM>THKIl¢=BcQ�>�L^H�F?ITIT>TH�H[Z~FMf¥¦
p��o�_�C§_�.� Ô lqQ�LGH�>TS.ITDG]¼¡�¢�>TH�H�BEDG9�H�IK<?>A],>
:=<�L_:aSMDX>TH�9?DG:aF?H�>
:=<?>t:3¢KL_9?H=]JBEH�H=BEDG9uD_Z(:=<?>t],DG:=BEDG9dl�ITDG]¼¡Y>A9?HKL_:�>TS�¢�>TH=BESdF?>op���<?>iSM>THKIl¢=BcQ�>TSy],>A:=<?DXSP<�LGHnL_9PBc9C:�>l¢[l
>TH=:=Bc9MV§¢�>Af�L_:=BEDG9�N�Bc:=<u:=<?>M¡�L_:=:�>l¢=9dlq]^L_:�IK<MBc9MVsITDCSdBc9MVÎ¡�L�¢KLGSdBcVo]se�LGHaSM>TH�Il¢=BcQY>TSsBc9 w >TIA:=BEDG95¡dp��dp��dp



ØÐÙ)Ø Ý ¨&� çA©o©Rª�«o¬,­�çA©R®oßR¯°¬R±oÚEímçÛ¦=ª�²J³X¯´²Cª�µh®oµC­��m«oª3¦�¦=¯°µC¬

¶6�C¡Y>l¢=Bc],>A9k:KL_f�¢�>TH=FMfc:�HxeI¡�¢�>TH�>A9C:�>TS.Bc9 w >TIA:=BEDG9�¡dp��dp � e�SM>A],DG9?H=:3¢KL_:�>�:=<�L_:xe�FM9MfcBc�R>JDG:=<?>l¢Ó¡�L_:=:�>l¢=9dl
]^L_:�I�<MBc9MV�@CBESM>TD�ITDXSdBc9MV�L_fcVRD(¢=Bc:=<M],H�¡�¢�D(¡YDoH�>TSWBc9W:=<?>nfcBc:�>l¢KL_:=F�¢�>oed:=<?>aSM>TH�Il¢=BcQ�>TSh],>A:=<?DXS^BEH�L_QMfE>
:�D,LGI�<MBE>A@R>�ITDG]¼¡�¢�>THKH=BEDG9sVkL_Bc9?H
N�<?>A9�ITDG]¼¡�L�¢�>TSsN�Bc:=<uH=:KL_:�>}l�D_Z�lq:=<?>}lrL�¢=:�¦
p��o�_�C§_�.� Ô H=:KL_9?S?L�¢�S�p

ü&ý�þ&ý�ÿ ���������	��
�
�
���
oÝ�����
�������ápá
8�9 w >TIA:=BEDG9 ¡dp � N�>sSM>TH�Il¢=BcQY>TS�:=<?>yBc9k:�>l¢[l\Z·¢KL_],>Ë¡�¢�>TSdBEIA:=BEDG9�¡�¢�DCIT>THKHJF?H�>TSUQkg�¦
p��o�_�C§_�.� Ô p��nH
N�LGHÕ¡�¢�>A@CBEDGF?H�fcguSdBEH�IAF?H�H�>TS�e�:=<?>�F?H�>
D_Z�:=<?>�<MBcVo<Mfcg.LGS?L�¡M:=Bc@R>
` Ô L_fcVRD(¢=Bc:=<M] Il¢�>xL_:�>THjL§¢�>TH=BESdF�L_f
>l¢3¢�D(¢�Bc9dZ\D(¢=]^L_:=BEDG9U:=<�L_:
IxL_9;Q�>W>}�^IABE>A9k:=fcg;ITDG]¼¡�¢�>TH�H�>TS�p�Ö?D(¢k��H=fcBEIT>THxe�:=<�L_:
F?H�>^Bc9dZ\D(¢=]^L_:=BEDG9
ZÖ¢�DG]ÜQYDG:=<Ë¡�LGH=:aL_9?SyZ�FM:=F�¢�>Ò¢�>}Z~>l¢�>A9?IT>jZÖ¢KL_],>THxe�:=<?>iITDG]�QMBc9�L_:=BEDG9.D_Z(:=<?>TH�>j:�>TIK<M9MBE�kF?>THV¡�¢�Dx@XBESM>TH
>A@R>A9Wf�L�¢=VR>l¢�VkL_Bc9?H�Bc9yITDG]¼¡�¢�>TH�H=BEDG9�¡Y>l¢[Z~D(¢=]^L_9?IT>op(��<?>nVkL_Bc9?H�Bc9k:3¢�DXSdF?IT>TSWBc9h¦�p��o�_�C§_��� Ô Qkg,:=<?>
],DG:=BEDG9UITDG]¼¡Y>A9?HKL_:=BEDG9Ú¡�¢�DXIT>TH�H
L_9?S;Bc:�H�>}�^IABE>A9k:äÕÜÔ D(¡M:=Bc]JBEHKL_:=BEDG9�H�IK<?>A],>WN�>l¢�>hBc]¼¡�¢�>TH�H=Bc@R>op
��<?>AgufE>TS�F?Ht:�Dh<kgC¡�DG:=<?>TH=BEHK>�:=<�L_:xe¥L_:afE>xLGH�:aBc9¤HKDG],>
IxLGHK>THxe�],DG:=BEDG9¤ITDG]¼¡�>A9?HKL_:=BEDG9�BEHa>}�^IABE>A9C:
>A9?DGFMVo<,:�DjDGQk@XB�L_:�>
:=<?>�9?>T>TS�Z\D(¢�` Ô l.¡�¢�>TSdBEIA:�>TS^>l¢3¢�D(¢�ITDXSdBc9MV?p6ÖMF�¢=:=<?>l¢=],D(¢�>oeX:=<?> ��>}�XBcQMfE>�F?HK>�D_Z
H�>A@R>l¢KL_f�¡�¢�>TSdBEIA:=BEDG9PH�IK<?>A],>TH�L_9?SÎ¢�>}Z~>l¢�>A9?IT>
ZÖ¢KL_],>TH�L_fcfEDxN
H�:=<?>n>A9?ITDCSM>l¢�:�D�>}�^IABE>A9C:=fcg^SM>A:�>l¢=]JBc9?>
:=<?>WQY>TH=:Ì¡�¢�>TSdBEIA:=BEDG9�QMfEDXI��YeOL_],DG9MV�L�N�BESM>yH�>A:JD_ZV¡YDoH�H=BcQMBcfcBc:=BE>THxp¤��<MBEH,L_fcfED�N
HJ:=<?>�¡�¢�>TSdBEIA:=BEDG9
¡�¢�DCIT>TH�Hi:�DË¢�>TSdF?IT>oe�D(¢�>A@R>A9">AfcBc]JBc9�L_:�>oe�:=<?>¼¡�¢�>TSdBEIA:=BEDG9U>l¢3¢�D(¢xpy8�95:=<MBEH
H�>TIA:=BEDG9¤N�>,Bc9C@R>TH=:=BcVkL_:�>
:=<?>Ó¡�>l¢[Z\D(¢=]^L_9?IT>�D_Z�LJ¦
p��o�_�C§_��� Ô lqQ�LGH�>TSu>A9?ITDXSM>l¢���eM:=<�L_:nSMDX>TH�9?DG:
:3¢KL_9?H�]JBc:�:=<?>iBc9dZ\D(¢=]^L_:=BEDG9
Z~D(¢�:=<?>j],DG:=BEDG9dl�ITDG]¼¡Y>A9?HKL_:�>TS!¢�>TH=BESdF?>jQMfEDXI��Yp
Ö�BcVoF�¢�>
¡dp �Õ¡�¢�>THK>A9k:�H�LaH�IK<?>A]^L_:=BEI
D_Z�:=<?>�H=:3¢=F?IA:=F�¢�>�D_Z�:=<?>�:�>TH�:�>TS
>A9?ITDXSM>l¢xp�¢¤>�<�LT@R>�IxL_fcfE>TS�Bc:

¦�p��o�_�C§_��� Ô ¿nDa`�b�¶�¸�9?Dn],DG:=BEDG9dl�ITDG]¼¡Y>A9?HKL_:�>TSÌ¡�¢�>TSdBEIA:=BEDG9,>l¢3¢�D(¢è¹}p6��<?>�D(¢=BcVoBc9�L_fMD(¡M:=Bc]JBEHKL_:=BEDG9
H�I�<?>A],>
:�>TH=:�Ha>xLGI�<¤LT@oL_Bcf�L_QMfE>Ì¡�¢�>TSdBEIA:=BEDG9.],DCSM>�L_9?S�:=<?>A9�F?HK>THn:3¢KL_9?H=Z~D(¢=] ITDCSdBc9MVh:�DyITDG]¼¡�¢�>TH�H
:=<?>Æ¡�¢�>TSdBEIA:�>TS;>l¢3¢�D(¢�QMfEDXI��Ye�Bc9;D(¢�SM>l¢�:�DuSM>A:�>l¢=]JBc9?>W:=<?>^>A9?ITDXSdBc9MV�SdBEH�:�D(¢=:=BEDG9vpP��<?>l¢�>}Z~D(¢�>oe6:=<?>
D(¡M:=Bc]JBEHKL_:=BEDG9:¡�¢�DXIT>TH�H
L_fcN�LTgdH�:KL_�R>TH�Bc9C:�D�LGITITDGFM9C:�:=<?>WSdBEH=:�D(¢=:=BEDG9;L_9?SÙ¢KL_:�>,@oL_fcF?>TH
LGH�HKDCIAB�L_:�>TS
N�Bc:=<¤:=<?>J:3¢KL_9?H=]JBEH�H�BEDG9�D_Z�:=<?>Æ¡�¢�>TSdBEIA:�>TS">l¢3¢�D(¢xpW8�9¤D(¢�SM>l¢i:�DuIl¢�>xL_:�>WLyITDXSdBc9MVuH�I�<?>A],>^:=<�L_:iBEH
ITDG]¼¡MfcB�L_9k:hN�Bc:=<�:=<?>sD(¢=BcVoBc9�L_fnH�:KL_9?S?L�¢�S�e�Bc9?H=:�>xLGS�D_ZjH=Bc]¼¡MfcgÚ¢�>A],Dx@XBc9MV;L_fcf�:=<?>Ë¢�>TH=BESdF�L_f�>l¢3¢�D(¢
Bc9dZ~D(¢=]^L_:=BEDG9hZ·¢�DG]�:=<?>aQMBc:�H=:3¢�>xL_]sed:=<?>aHKL_]¼¡MfE>TH�D_Z�:=<?>a` Ô ¢�>TH=BESdF?>aQMfEDCIK�WL�¢�>tH�>A:�:�DÎ�x>l¢�DMeC¡�¢=BED(¢
:�DP:=<?>¼¢�>TH=BESdF�L_f�>A9?ITDCSdBc9MV�H=:�>l¡vpW��<MBEH�BEH�L_fEH�DsSMDG9?>WSdF�¢=Bc9MVu:=<?>,D(¡M:=Bc]JBEHèL_:=BEDG9;H=:KL_VR>oe¥],>xL_9MBc9MV
:=<�L_:�:=<?>a>A9?ITDXSM>l¢�IK<?DCDoHK>TH�:=<?>V¡�¢�>TSdBEIA:=BEDG9y],DXSM>a:=<�L_:�D(¡M:=Bc]JBEHK>TH�:=<?>n¼�L_V`¢KL_9MVoB�L_9�ITDoH=:�Z~FM9?IA:=BEDG9
Bc9":=<?>yL_Q?H�>A9?IT>yD_Z
:=<?>y>A9?ITDCSM>TS;>l¢3¢�D(¢JH=BcVo9�L_fqp.��<?>W¦
p��o�_�C§_�.� Ô >A9?ITDXSdBc9MV�H�gC9C:KLm�">}�^IABE>A9k:=fcg
ITDG]¼¡�¢�>TH�H�>TH,:=<?>�Dx@R>l¢=<?>xLGS LGH�H�DXIAB�L_:�>TS�N�Bc:=< :=<?>s9kFMfcfaITDC>}�^IABE>A9C:�Hxp3��<?>u>A9?ITDXSM>l¢WH�BcVo9�L_fEH^:=<?>
��� �"!$#�% Ø'&'(�)'*,+.-0/ !213! / !54765!98;:'1=<?>A@ / !CB éED'F�GIH ! / 8;JK:'4ML'NPO�Q=R�S�> @'8UT"8;!WVX1Y: / <Z�"![V7! H !2\]:'^"_`!54a<b:'1c<Z�7![47!2>

@d\KeE: / Jf<Z�7_$%



Ý ¨¥¤àß ¬^µG³Cª�«o«o¯°²k¯°¬R±hà ¨¥¤mámâGãmä�åOæ�á ¦�­�µk©R¯°µC¬�Ú\®oµX­��mª�¬É¦[çA©Rª�²^«oª3¦=¯°²oâRªi®oµX²k¯°¬R± Ø#Ù'D

ë ì

ì −1

ë −1

í=îEï\ð�ñMò¥ñ£ð�óqî·ôõ�ö~÷·ø ö\ù�úmö\û?üèýEù=þcÿ~÷·ø ö\ù

ò¥ó���� ó����y�
�
� ðYï��
� ó��

��
�g������������hg���
��s�,�

!"�#����$&%'��
��)(Kg���(*���

� �-�'
���
�/*
�g���(*���

BXñ�C�D óFE�GF� ��HYí�� D �cñ£î

!��'%'�'�
��
�I#��
��hg�


JK LM NO LP QNRST URM VWOX
YWZ NRS

[ \
]^ _`aa`b
cdeae _`f ]

ò�g

iÜA+25?
A�1�7�@�A�9 <�:�1aj�6+2":�>s:�4�4�A�4�@�AF>�?Ì1Ek�AWl�:�4�4�?5>+?Ì1'k

�

qsr�tvu�wyx z}|Im�~��V¢�I�<MBc:�>TIA:=F�¢�>nD_Z�La<CgCQ�¢=BES�@XBESM>TDj>A9?ITDXSdBc9MV�H�I�<?>A],>
:=<�L_:(F?H�>TH(9?DjITDG]¼¡�¢�>TH�H=BEDG9
D_Z6:=<?>t],DG:=BEDG9dl�ITDG]¼¡�>A9?HèL_:�>TS�>l¢3¢�D(¢xp

9kFMfcft8r�7ITDC>}�^IABE>A9C:yQMfEDCIK��Qkg|HK>A:=:=Bc9MV":=<?>on m�noj�n � æ�m�lEp �së ð�ð�j-p-í ¸ Ô ��bO¹§¡�L�¢KL_],>A:�>l¢h:�D �x>l¢�D
L_9?S�:3¢KL_9?H=]JBc:�HW9?D5Z~F�¢=:=<?>l¢^Bc9dZ\D(¢=]^L_:=BEDG9vp ��<MBEH^Z\LGIA:,BEHW>}�^IABE>A9k:=fcg{>}�C¡MfEDGBc:�>TS|Qkg�:=<?>u>A9C:3¢�D(¡kg
ITDCSdBc9MV�:�DCDGfEHOSM>}z?9?>TS,Bc9^:=<?>n¦�p��o�_�C§_��� Ô H�:KL_9?S?L�¢�S�p�qn9^:=<?>
SM>TITDXSM>l¢OH=BESM>oeC:=<?>
F?HK>TS¼¡�¢�>TSdBEIA:=BEDG9
],DCSM>PL_9?S;:=<?>y9kFMfcf
>l¢3¢�D(¢JQMfEDXI��UL�¢�>hSM>TITDXSM>TS�L_9?SUF?H�>TS"Z\D(¢
:=<?>�¢�>TITDG9?H=:3¢=F?IA:=BEDG9 D_Zn:=<?>y`��te
F?H=Bc9MVJ>}�MLGIA:=fcgW:=<?>jHKL_],>Õ¡�¢�DCIT>TH�H
LGH�Z\D(¢�:=<?>jIxLGH�>tD_Z¥9?DG9dlq9CFMfcf�¢�>TH=BESdF?>Ô¡�L_:=:�>l¢=9?Hxp���<?>l¢�>}Z\D(¢�>oed:=<?>
¢�>TH=FMfc:=Bc9MV�QMBc:[l�H=:3¢�>xL_] BEH(Z~FMfcfcgJITDG]¼¡MfcB�L_9k:�N�Bc:=<^:=<?>nD(¢=BcVoBc9�L_f¢¦
p��o�_�C§_�.� Ô ¢�>}Z\>l¢�>A9?IT>�SM>TITDXSM>l¢Ü�*�_����p
8�:jBEH�Bc]¼¡�D(¢=:KL_9C:�:�Ds9?DG:�>,:=<�L_:jZ\D(¢iBc9k:3¢KLml\Z·¢KL_],>Î¡�¢�>TSdBEIA:=BEDG9ve¥:=<?>^ITDG]¼¡�¢�>TH�H=BEDG9"D_Z�:=<?>JBc9C:3¢KLml

¡�¢�>TSdBEIA:�>TS¤>l¢3¢�D(¢iBEHj]^L_Bc9C:KL_Bc9?>TS�pW��<MBEHjBEH�H�DyQ�>TIxL_F?HK>oe�Z\D(¢j:=<?>JBc9k:3¢KLPIxLGHK>oev:=<?>J>A9?ITDXSM>l¢i<�LGHi9?D
N�LTgW:�DJLT@RDGBESy:=<?>Ô¡�¢�>TSdBEIA:=BEDG9s>l¢3¢�D(¢�¡�¢�D(¡�L_VkL_:=BEDG9vp��nfEH�DMeCZ~D(¢�b�D(¢s�|H�fcBEIT>THxeX:=<?>nBc9C:3¢KLº¡�¢�>TSdBEIA:=BEDG9
¡�¢�DCIT>TH�H�>A9?H=F�¢�>THi:=<�L_:i:=<?>^>A9?ITDCSM>l¢�L_fcN�LTgdH�<�LGH
Lh@CB�L_QMfE>^D(¡M:=BEDG9�:�DuL�¡�¡�¢�Dx�XBc]^L_:�>W:=<?>,D(¢=BcVoBc9�L_f
QMfEDCIK��eCBc9WIxLGH�>
:=<�L_:O:=<?>�],DG:=BEDG9Î¡�¢�>TSdBEIA:=BEDG9WZ\L_BcfEH�eC>A@R>A9WB·ZYBc:O]�F?IK<h],D(¢�>nITDoH=:=fcgJBc9^:�>l¢=],H�D_ZvF?H�>TS
¢KL_:�>op

ü&ý�þ&ý�þ rtsvuxw"wy��
{z}|~uxw����v
�z�����
������~��z�������
�z��~s`�	
�z.w"�E�����E��
����

8�9�:=<MBEHjH�>TIA:=BEDG95¦�p��o�_�C§_��� Ô ¿nDy`�b�¶ BEHÔ¢�>AVkL�¢�SM>TS¤LGHjL_9.Bc]¼¡MfE>A],>A9k:KL_:=BEDG9"D_Z�L^fEDoHKH=gË¡�L_:=:�>l¢=9
]^L_:�I�<MBc9MVGlqQ�LGH�>TSP@XBESM>TD�>A9?ITDCSM>l¢
L_9?SyBEH�¢�>Af�L_:�>TSyQYDG:=<h:�D�¼¥½�L_9?S§����lqQ�LGH�>TSy@XBESM>TD�ITDG]¼¡�¢�>TH�H=BEDG9



ØÐÙ'( Ý ¨&� çA©o©Rª�«o¬,­�çA©R®oßR¯°¬R±oÚZ�mçÛ¦=ª�²J³X¯´²Cª�µh®oµC­��m«oª3¦�¦=¯°µC¬

H�I�<?>A],>THxp
�nH�N�LGHÆ¡�¢�>A@XBEDGF?H=fcgUSdBEH�IAF?H�H�>TSUBc9 Ô <�L�¡M:�>l¢y�de�Bc9|¼v>A]¼¡Y>Af·l¾½¢Bc@UQ�LGH�>TS�>A9?ITDXSM>l¢�HxeO>xLGIK<�9?>AN

QMfEDCIK�;D_Zt:=<?>yBc9�¡MFM:^H=BcVo9�L_f
BEHWL�¡�¡�¢�DT�dBc]^L_:�>TS�Qkg;F?H=Bc9MV�HK>AVo],>A9k:�H^D_Za:=<?>Â¡�¢�>A@XBEDGF?H=fcg;>A9?ITDXSM>TS
¡�L�¢=:
D_Z¥:=<?>t],>TH�HKL_VR>op�8�9P¼¥½ �o� � � ��>A9?ITDXSM>l¢�Hxe¿¡YDGBc9k:�>l¢�H�L�¢�>tF?HK>TSy:�D�BESM>A9k:=B·Z~gW:=<?>tfEDG9MVR>TH=:�]^L_:�I�<
Z~D(¢t:=<?>JIAF�¢3¢�>A9k:�QMfEDCIK��N�Bc:=<MBc9�LyHK>xL�¢�I�<¤QMFd×�>l¢xevITDG]¼¡YDoH�>TS.Qkg�:=<?>Ì¢�>TIT>A9k:=fcg5>A9?ITDXSM>TS¤S?L_:KLdp�8�9
:=<MBEHjIxLGH�>
:=<?>�fE>A9MVo:=<¤D_Z�:=<?>
]^L_:�I�<?>TS¤H=:3¢=Bc9MVyBEHiL_fEH�Dh:3¢KL_9?H=]JBc:=:�>TS�p
¼¥½ � ¡Ñ� � �(Bc]¼¡MfE>A],>A9k:KL_:=BEDG9?H
F?H�>�L_9�>}�¿¡MfcBEIABc:tSdBEIA:=BEDG9�L�¢=gRe¢ITDG]¼¡YDoH�>TSsQCguL_9uBc9?SM>}�M>TSufcBEH�:�D_Z«¡�¢�>A@CBEDGF?H�fcghF?HK>TSË¡YD(¢=:=BEDG9?HnD_Z�:=<?>
],>TH�HKL_VR>op ��>TIA:�D(¢��CF�L_9k:=BEHKL_:=BEDG9UL_fcVRD(¢=Bc:=<M],H§� � �OF?H�>^LPH�>A:�D_Z�ITDXSM>ANOD(¢�SMH�e�H�:�D(¢�>TS5Bc9"LhzM�M>TS�D(¢
LGS?L�¡M:=Bc@R>jSdBEIA:=BEDG9�L�¢=gRe?:�DJL�¡�¡�¢�DT�dBc]^L_:�>j:=<?>tBc9�¡MFM:
H=BcVo9�L_fqp�¶OLGI�<P],>TH�HKL_VR>tQMfEDXI��WBEH�:=<kF?H
>A9?ITDXSM>TS
Qkg�¢�>l¡Mf�LGIABc9MV,Bc:
N�Bc:=<uL�SdBEIA:=BEDG9�L�¢=gyBc9?SM>}�Yp�`�D(¢�>jSM>A:KL_BcfEHnDG9PQ�DG:=<s¼¥½.L_9?S ���ËL_fcVRD(¢=Bc:=<M],H
]^LTg
Q�>aZ\DGFM9?SyBc9 w >TIA:=BEDG9��dp��dp

¢ <?>A9WNO>aDx@R>l¢3¢=BESM>a:=<?>aITDG]¼¡�¢�>TH�H=BEDG9yD_ZY:=<?>a` Ô l.¡�¢�>TSdBEIA:=BEDG9y>l¢3¢�D(¢xeC:=<?>nQ�>TH=:�L�¡�¡�¢�DT�dBc]^L_:=BEDG9
D_Zt:=<?>uIAF�¢3¢�>A9k:hQMfEDCIK��BEH,VoBc@R>A9 HKDGfE>Afcg;QCg|L.QMfEDXI��UBc9{L�¢�>}Z\>l¢�>A9?IT>uZÖ¢KL_],>oe�¡YDGBc9k:�>TS�:�D�Qkg�:=<?>
`{��SM>A:�>l¢=]JBc9?>TS"Qkg5:=<?>W],DG:=BEDG9dl�>TH=:=Bc]^L_:=BEDG9�L_fcVRD(¢=Bc:=<M]sps�nH�Bc9"¼¥½�H�I�<?>A],>TH�e6:=<?>,F?H�>TS�QMfEDCIK�
ITD(¢3¢�>TH3¡�DG9?SMH�:�D5L!¡�¢�>A@CBEDGF?H�fcg">A9?ITDXSM>TS:¡YD(¢=:=BEDG9�D_Zn:=<?>h],>TH�HKL_VR>opÑ¢¤>yIxL_9U:=<kF?H�:=<MBc9M�;D_Zn:=<?>
`{��H
Bc9�¦�p��o�_�C§_��� Ô ¿aD�`�b�¶ºLGHJ¼¥½ �o� ¡YDGBc9k:�>l¢�H�e�:=<�L_:,L�¢�>y>A9?ITDCSM>TSUQCg�F?H=Bc9MV¤L�¡�¢�>TSdBEIA:=Bc@R>
H�I�<?>A],>�L_9?SWLjITDG9k:�>}�d:OLGS?L�¡M:=Bc@R>nL�¢=Bc:=<M],>A:=BEIn>A9?ITDCSM>l¢xp(��<?>
fE>A9MVo:=<^D_Z�:=<?>
],>TH�HKL_VR>�F?H�>TS�Bc9W>xLGI�<
L�¡�¡�¢�DT�dBc]^L_:=BEDG9�BEH�Bc]¼¡MfcBEIABc:=fcg;>A9?ITDCSM>TS;QCg¤:=<?>§¡�L�¢=:=Bc:=BEDG9�H�B��x>^F?H�>TS"Bc9;:=<?>W` Ô ¡�¢�DXIT>TH�Hxp���<?>
¼¥½�HK>xL�¢�I�<;QMFd×Y>l¢P¸~H�>T> w >TIA:=BEDG9��dp��dp � ¹iBEH�SM>}z?9?>TS;QCg5:=<?>§¢�>}Z\>l¢�>A9?IT>,Z·¢KL_],>TH
:=<�L_:�L�¢�>WF?H�>TS¤Z~D(¢
>xLGI�<�H=fcBEIT>oe6:�DGVR>A:=<?>l¢�N�Bc:=<":=<?>h],DG:=BEDG9U@R>TIA:�D(¢�Hx��¢KL_9MVR>op.¦�p��o�_�C§_��� Ô ¿nD�`�b�¶ËL_fEHKD!¡�¢�>TH�>A9C:�H
L_9 Bc9C:�>l¢�>TH=:=Bc9MV|LGSMSdBc:=BEDG93:�D;:=<MBEHWQ�LGH�BEI�¼¥½2H�IK<?>A],>oÙ�:=<?>�F?H�>�D_Z � H=fcBEIT>THPL_fcfEDxN
Hy:=<?>�F?H�>�D_Z
L.ITDG]�QMBc9�L_:=BEDG9 D_ZtQMfEDXI��dHJD_Za:=<?>Ð¢�>}Z\>l¢�>A9?IT>yZ·¢KL_],>THxpU��<MBEHJ],>xL_9?HJ:=<�L_:^>xLGIK<|H�>AVo],>A9k:WD_Za:=<?>
],>TH�HKL_VR>s]^Lxg�QY>�>A9?ITDXSM>TS{LGHyL¤ITDG]�QMBc9�L_:=BEDG9 D_Zi:�N�D:¡�¢�>A@XBEDGF?H=fcg|>A9?ITDXSM>TS{H�>AVo],>A9k:�HyD_Z�:=<?>
H�>xL�¢�I�<sN�Bc9?SMD�Nip

¢¤>�IxL_9^L_fEH�DÕ¢�>Af�L_:�>�:=<?>�¡�L_:=:�>l¢=9?H�H=:�D(¢�>TS�Bc9�:=<?>�¢�>}Z~>l¢�>A9?IT>�Z·¢KL_],>TH6:�DjL_9^LGS?L�¡M:=Bc@R>�SdBEIA:=BEDG9�L�¢=gRp
��>TIxL_F?HK>�:=<?>
SdBEIA:=BEDG9�L�¢=g,BEH�ITDG]¼¡YDoH�>TS^QkgÌ¡�¢�>A@CBEDGF?H�fcg�>A9?ITDXSM>TS,H�>AVo],>A9C:�HOD_Z�:=<?>�@XBESM>TDiH�>T�CF?>A9?IT>oe
:=<MBEH,]^LTg�QY>Ð¢�>Af�L_:�>TS{>ABc:=<?>l¢^:�D�L5¼�½ � ¡¤D(¢WL����ÏL_fcVRD(¢=Bc:=<M] ¸~HK>T> w >TIA:=BEDG9?Hh�dp��dp � L_9?S|�dp��dp��de
¢�>TH3¡�>TIA:=Bc@R>Afcg?¹}p�Ö?D(¢^:=<MBEH^SdBEIA:=BEDG9�L�¢=gRe�>xLGI�<{`{� LGIA:�HWLGH^L_9�Bc9?SM>}�U:=<�L_:,BESM>A9C:=B·z�>TH^:=<?>sIK<?DoH�>A9
ITDCSM>AN�D(¢�S�p
��<?>�F?HK>
D_Z�SdB·×Y>l¢�>A9C:M¡�L�¢=:=Bc:=BEDG9�H=B��x>THtBc9.:=<?>J` Ô ¡�¢�DCIT>THKHjIxL_9�QY>Ì¢�>AVkL�¢�SM>TS¤LGHj:=<?>
F?H�>sD_ZjH�>A@R>l¢KL_fnSdBEIA:=BEDG9�L�¢=BE>THxe�:=<�L_:hH=:�D(¢�>PQMfEDXI��dH,N�Bc:=<{SdB·×Y>l¢�>A9C:WSdBc],>A9?H=BEDG9?Hxp{��<?>uSdBEIA:=BEDG9�L�¢=g
Bc9?SM>}�XBc9MV¼¡�¢�DXIT>TH�H�BEH�Bc]¼¡MfcBEIABc:=fcghSM>A:�>l¢=]JBc9?>TSsQkgh:=<?>aIK<?DGBEIT>iD_Z�:=<?>Ô¡�L�¢=:=Bc:=BEDG9uH�B��x>op(ÖMF�¢=:=<?>l¢=],D(¢�>oe
:=<?>OSdBEIA:=BEDG9�L�¢=gJLGS?L�¡M:KL_:=BEDG9¼¡�¢�DCIT>THKH�ITDG9?H�BEH=:�H�Bc9�:=<?>�F?H�>�D_Z�L�@GL�¢=B�L_QMfE>�H�>A:6D_Z¢ITDXSM>ANOD(¢�SMHxeo:=<�L_:�L�¢�>



Ý ¨¥¤àß ¬^µG³Cª�«o«o¯°²k¯°¬R±hà ¨¥¤mámâGãmä�åOæ�á ¦�­�µk©R¯°µC¬�Ú\®oµX­��mª�¬É¦[çA©Rª�²^«oª3¦=¯°²oâRªi®oµX²k¯°¬R± Ø#ÙE�

I�<?DoH�>A9,LGITITD(¢�SdBc9MVt:�D�:�>A]¼¡YD(¢KL_fv¸Ö¢�>Af�L_:�>TS
:�D�:=<?>�I�<?DGBEIT>�D_Z ¢�>}Z\>l¢�>A9?IT>OZÖ¢KL_],>THè¹¥L_9?S�9?>ABcVo<kQYDGF�¢=<?DCDXS
¸Ö¢�>l¡�¢�>TH�>A9k:�>TS QCg�:=<?>.H�>xL�¢�I�< N�Bc9?SMDxNn¹hIl¢=Bc:�>l¢=B�Ldp���<MBEHWBc9?Il¢�>xLGHK>THW:=<?>.SdBEIA:=BEDG9�L�¢=gY��HP>}�^IABE>A9?IAgRe
Q�>TIxL_F?H�>�Bc:h:�>A9?SMHy:�D�F?H�>�ITDXSM>ANOD(¢�SMHy:=<�L_:sL�¢�>�fcBc�R>Afcg�:�D�QY>�H=Bc]JBcf�L�¢y:�D�:=<?>.IAF�¢3¢�>A9k:yZ·¢KL_],>o��H
QMfEDCIK�XHxph�aHtZ~D(¢�:=<?>^¼¥½ �o� L_9�L_fcgXH=BEH�e�:=<?>^F?H�>,D_Z,��H=fcBEIT>TH�IxL_9�Q�>JBc9C:�>l¢3¡�¢�>A:�>TS�LGH�L_9�>}�d:�>A9?H=BEDG9
D_Z�:=<?>�SdBEIA:=BEDG9�L�¢=gklqQ�LGH�>TS�ITDXSdBc9MV§¡�L�¢KLGSdBcVo]se¢:�DJ:=<?>�IxLGH�>iNO>l¢�>�LJNO>ABcVo<k:�>TS.ITDG]�QMBc9�L_:=BEDG9�D_Z(:�N�D
ITDCSM>AN�D(¢�SMH
BEH
>A]¼¡MfED�gR>TS�p

ü&ý�þ&ý�� ����s`��
�
�|~��z.w���������
�
Zs�wy
��	z�u zv����
�|��v�Zuxw�
Z�	z�
��������Zwy�

� H�>A:�D_Z¥>}�C¡Y>l¢=Bc],>A9k:KL_f�:�>TH�:�HON�LGH�¡�>l¢[Z\D(¢=],>TShF?H=Bc9MV
:=<?>�z ¢�H�: �x o  Z·¢KL_],>TH�D_Z¥H�>A@R>l¢KL_f�NO>Afcf��X9?DxN�9
:�>TH=:vH�>T�CF?>A9?IT>TH�Ö?D(¢�>A]^L_9y¸ Ô 8rÖ�¹}eT`�DGQMBcfE>�� Ô L_fE>A9?S?L�¢O¸ Ô 8¾Ö�¹}ex���XBcgRDi¸Z� Ô 8¾Ö(¹vL_9?SiÖ�fEDxNO>l¢(ÛjL�¢�SM>A9
¸ w 8rÖ�¹}eRN�Bc:=<W�?Ù��dÙ   ITDGfEDGF�¢�H=FMQdl�HKL_]¼¡MfcBc9MV��op6��<?>TH�>aH�>T�CF?>A9?IT>TH�N�>l¢�>nIK<?DoH�>A9ySdF?>
:�Di:=<?>AB®¢�ITDG]J],DG9
F?H�>,LGHiQY>A9?I�<M]^L�¢=�dHiZ\D(¢j@XBESM>TDs>A9?ITDCSdBc9MV.L_9?S�L_fEH�DPQY>TIxL_F?H�>J:=<?>Ag�¢�>l¡�¢�>TH�>A9C:
LyN�BESM>^@GL�¢=BE>A:rg5D_Z
@CBESM>TDPITDG9C:�>A9k:xÙ�ZÖ¢�DG] LP:�gC¡MBEIxL_f�<?>xLGS�L_9?S¤H=<?DGFMfESM>l¢�H�H�>T�CF?>A9?IT>J:�DP<MBcVo<Mfcg5SM>A:KL_BcfE>TS�H�>T�CF?>A9?IT>THxe
N�Bc:=<sf�L�¢=VR>j],DG:=BEDG9vp
¶6�¿¡�>l¢=Bc],>A9C:KL_f�:�>TH=:�H(N�>l¢�>#¡Y>l¢[Z~D(¢=],>TS�Z\D(¢�LtN�BESM>
HK>A:�D_Z�Bc9�¡MFM:«¡�L�¢KL_],>A:�>l¢O@GL_fcF?>TH�eoBc9^D(¢�SM>l¢�:�D

LGH�H�>TH�HY:=<?>AB®¢�>}×�>TIA:vBc9i:=<?>«¡�>l¢[Z\D(¢=]^L_9?IT>�D_ZM¦�p��o�_�C§_��� Ô ¿aD
`�b�¶
px¦aDxNO>A@R>l¢xeGH�DG],>�ITDG9dz?VoF�¢KL_:=BEDG9?H
L�¢�>hITDG]J],DG9�:�D5L_fcf�H=Bc]�FMf�L_:=BEDG9?Hxe�9�L_],>AfcgYÙ§Õ Ô D(¡M:=Bc]JBEHèL_:=BEDG9�BEH�>A9�L_QMfE>TS�e �o  ¦Ü�WZ·¢KL_],>}l.¢KL_:�>oe
@GL�¢=B�L_QMfE>^QMBc:[l.¢KL_:�>�¸���� Õt¹a],DXSM>oe¥DG9Mfcg.:=<?>Jz ¢�H�:jZÖ¢KL_],>,BEHiBc9k:3¢KLde � ¢�>}Z~>l¢�>A9?IT>,ZÖ¢KL_],>TH
L�¢�>,F?H�>TS�e
Ô �Ü��� Ô L_9?S5SM>AQMfEDCIK�CBc9MVyz?fc:�>l¢�L�¢�>�>A9�L_QMfE>TS�L_9?S.H=Bc9MVofE>�fE>A@R>Af6QMB·l.¡�¢�>TSdBEIA:=Bc@R>,H�FMQ²¡MB·�M>Af(],DG:=BEDG9
>TH=:=Bc]^L_:=BEDG9.N�LGHaF?H�>TS�pt��<?>�¦
p��o�_�C§_��� Ô <MBcVo<²¡�¢�D_z?fE>
N�LGHtF?H�>TS�QYDG:=<uZ\D(¢n:=<?>
D(¢=BcVoBc9�L_f6@R>l¢�H=BEDG9
L_9?ShZ~D(¢
:=<?>t9?>AN2>A9?ITDCSM>l¢xp

¢¤>Oz ¢�H=:�>A@oL_fcF�L_:�>TS
:=<?>�¢�>TH=FMfc:�H6N�<?>A9Ì¢�>TH=BESdF�L_fM>l¢3¢�D(¢6ITDXSdBc9MVtBEH6SdBEHKL_QMfE>TS�Z~D(¢�9?DG9dlqBc9k:3¢KLtQMfEDXI��dH
D_Z���H=fcBEIT>TH�DG9MfcgRe�N�Bc:=<;L_9����ç� ��¡�L_:=:�>l¢=9vpy8�95:=<MBEH�:�>TH=:xe¥:=<?>,ITDCSdBc9MV�H=:3¢KL_:�>AVoBE>THiZ\D(¢i:=<?>,8tL_9?S
b�H=fcBEIT>TH�N�>l¢�>jfE>}Z�:�FM9�L_fc:�>l¢�>TS�p;ÔaB·×Y>l¢�>A9C:�:KL�¢=VR>A:
QMBc:#¢KL_:�>TH�N�>l¢�>�LGIK<MBE>A@R>TSsQkgh@oL�¢=gCBc9MVJ:=<?>j@oL_fcF?>TH
D_Z�:=<?>tBc9�¡MFM:��CF�L_9k:=BEHèL_:=BEDG9!¡�L�¢KL_],>A:�>l¢
¸Z�ab�¹}e¢LGITITD(¢�SdBc9MV,:�DJ:=<?>i@GL_fcF?>TH
D_Z6:KL_QMfE>�¡dp � p�¿aDG:�>t:=<�L_:
:=<?>l¢�>�BEHPL"SdB®¢�>TIA:Ð¢�>Af�L_:=BEDG9?H=<MB®¡3Q�>A:rNO>T>A93:=<?>�@oL_fcF?>THhD_ZX�abÜL_9?S :=<?>�¼�L_V`¢KL_9MVoB�L_9 ]�FMfc:=B®¡MfcBE>l¢
¡�L�¢KL_],>A:�>l¢

λ
edF?HK>TSyBc9s:=<?>�Õ ÔËD(¡M:=Bc]JBEHKL_:=BEDG9��*�o�	��p

Ö�BcVoF�¢�>�¡dp ��� ¡�¢�>THK>A9k:�Ha:=<?>M¢�>TH=FMfc:�H�Z\D(¢�:=<MBEHn:�>TH=:xp w Bc9?IT>�:=<?>�ITDCSdBc9MVhH=:3¢KL_:�>AVoBE>THnZ~D(¢n:=<?>�8�L_9?S
bÀH=fcBEIT>TH�NO>l¢�>,FM9�L_fc:�>l¢�>TS�e�:=<?>§¢�>TH=FMfc:�HjZ\D(¢i:=<?>TH�>,H�fcBEIT>J:�gC¡�>TH
L�¢�>,H=Bc]JBcf�L�¢xpy��<?>l¢�>}Z\D(¢�>oe¥DG9Mfcg.:=<?>
Õ Ô�¢�>TH=FMfc:�H�Z~D(¢k�ºH=fcBEIT>TH�L�¢�>Æ¡�¢�>TH�>A9C:�>TS�p�8r9¤:=<MBEH�z?VoF�¢�>^N�>WDGQ?HK>l¢=@R>^:=<�L_:�SdBEHKL_QMfcBc9MV�:=<?>^ITDG]�l
� * 4�: H ! /ZH J]!�>M:d1�<Z�"!28;!�8;!W�aT"!54765!58AJK8�^ / !58;!54a<Z!WV�JK4¡ ¢!56�<ZJ]:'4 * % Ø %£5¤.!28;T"\f<Z8A1Y: / :d<Z�"! / <Z!58¥<�8;!W�aT7!54"65!28.@ / !�^ / !58;!24h<Z!5V�JK49¦�JKeET / ! - % ('( %



ØÐÙE& Ý ¨&� çA©o©Rª�«o¬,­�çA©R®oßR¯°¬R±oÚZ�mçÛ¦=ª�²J³X¯´²Cª�µh®oµC­��m«oª3¦�¦=¯°µC¬

 25

 30

 35

 40

 45

 50

 55

 50  100  150  200  250  300  350  400  450  500

Av
er

ag
e 

PS
NR

 B
 fr

am
es

 (d
B)

Average Rate (bits/B frame)

Akiyo (QCIF) - B Slices

Original - Y
No MPE - Y
Original - U

No MPE - U
Original - V

No MPE - V

 28

 30

 32

 34

 36

 38

 40

 42

 44

 46

 48

 0  5000  10000  15000  20000  25000

Av
er

ag
e 

PS
NR

 B
 fr

am
es

 (d
B)

Average Rate (bits/B frame)

Foreman (CIF) - B Slices

Original - Y
No MPE - Y
Original - U

No MPE - U
Original - V

No MPE - V

 22

 24

 26

 28

 30

 32

 34

 36

 38

 40

 42

 44

 0  10000  20000  30000  40000  50000  60000  70000  80000

Av
er

ag
e 

PS
NR

 B
 fr

am
es

 (d
B)

Average Rate (bits/B frame)

Mobile & Calendar (CIF) - B Slices

Original - Y
No MPE - Y
Original - U

No MPE - U
Original - V

No MPE - V

qsr�tvu�wyx z}|¨§ ~;¶6�C¡Y>l¢=Bc],>A9k:KL_f#¢�>TH�FMfc:�H
D_Z
:=<?>yD(¢=BcVoBc9�L_f�¦
p��o�_�C§_�.� Ô >A9?ITDCSM>l¢,L_9?S":=<?>^9?>AN
>A9?ITDXSM>l¢xeM:=<�L_:�SdBEHKL_QMfE>TH
:=<?>iITDG]¼¡�¢�>TH�H=BEDG9uD_Z6],DG:=BEDG9dl.¡�¢�>TSdBEIA:�>TS�>l¢3¢�D(¢�¸£Z~D(¢Ü�{H�fcBEIT>TH
DG9MfcgM¹}p



Ý ¨¥¤àß ¬^µG³Cª�«o«o¯°²k¯°¬R±hà ¨¥¤mámâGãmä�åOæ�á ¦�­�µk©R¯°µC¬�Ú\®oµX­��mª�¬É¦[çA©Rª�²^«oª3¦=¯°²oâRªi®oµX²k¯°¬R± Ø#Ù}ê

�ab�Z~D(¢,� H=fcBEIT>TH � � �   �o� �o  � � �   �x� ∗
�ab�Z~D(¢
8�L_9?SPb|H�fcBEIT>TH � � � ¡ �o� �o¡ � � � ¡ �x� ∗¸ ∗ F?H�>TSPDG9MfcghZ~D(¢�:=<?>t@R>l¢�H=BEDG9uN�Bc:=<s9?D¼¢�>TH=BESdF�L_f�ITDXSdBc9MVC¹
©vª�«c¬ xÑz}|¥­=~P�ab|@GL_fcF?>TH
F?H�>TSyBc9s:=<?>j>}�¿¡�>l¢=Bc],>A9C:KL_f�:�>TH=:�Hxp

 0
 1000
 2000
 3000
 4000
 5000
 6000
 7000
 8000
 9000

 10000

In
tra

16
x1

6

In
tra

8x
8

In
tra

4x
4

8x
8

8x
16

16
x8

16
x1

6

Co
py

Us
ag

e 
(n

um
be

r o
f b

lo
ck

s)

Prediction mode count

Foreman - B slice (QP=20)

Original
No MPE

 0
 1000
 2000
 3000
 4000
 5000
 6000
 7000
 8000
 9000

 10000

In
tra

16
x1

6

In
tra

8x
8

In
tra

4x
4

8x
8

8x
16

16
x8

16
x1

6

Co
py

Us
ag

e 
(n

um
be

r o
f b

lo
ck

s)

Prediction mode count

Mobile & Calendar - B slice (QP=20)

Original
No MPE

qsr�tvu�wyxÓz�|¯®}~t¿�FM]�Q�>l¢�D_Z¥`��t��H�:=<�L_:�F?H�>a>xLGI�<PD_Z�:=<?>jLT@oL_Bcf�L_QMfE>Õ¡�¢�>TSdBEIA:=BEDG9P],DCSM>TH�eRZ\D(¢O:=<?>
� H=fcBEIT>THxp

¡�¢�>TH�H=BEDG9UD_Zn:=<?>WBc9k:�>l¢¼¢�>TH=BESdF?>y>l¢3¢�D(¢�Bc9?Il¢�>xLGH�>TH�:=<?>�¡�>l¢[Z\D(¢=]^L_9?IT>yD_Zn:=<?>hD(¢=BcVoBc9�L_f
¦�p��o�_�C§_��� Ô
L_fcVRD(¢=Bc:=<M]se�Z~D(¢tL_fcf�ITDG]¼¡YDG9?>A9k:�HjD_Z�L_fcf�:�>TH=:�>TS�H�>T�CF?>A9?IT>THxp�8r9�:=<?>THK>�IxLGH�>THn:=<?>�],DG:=BEDG9.ITDG]¼¡Y>A9dl
HKL_:=BEDG9§¡�¢�DXIT>TSdF�¢�>�BEH�L_QMfE>n:�D�>}�^IABE>A9k:=fcgÎ¢�>TITDG9?H=:3¢=F?IA:�:=<?>�QMBESdB®¢�>TIA:=BEDG9�L_fcfcgÎ¡�¢�>TSdBEIA:�>TS^Z·¢KL_],>TH�ZÖ¢�DG]
:=<?>§¡�¢�>A@XBEDGF?H=fcg�>A9?ITDXSM>TS"H�fcBEIT>THxe�N�Bc:=<;9?Du9?>T>TS;:�D�>A9?ITDXSM>^:=<?>h` Ô l.¡�¢�>TSdBEIA:=BEDG9U>l¢3¢�D(¢xp.Ö?D(¢�H�>}l
�kF?>A9?IT>TH�N�Bc:=<�H=]^L_fcf¥],DG:=BEDG9;¸�fcBc�R>��n�XBcgRD,H�>T�CF?>A9?IT>�¹}e?9?DG:�F?H�Bc9MV§¢�>TH=BESdF�L_f�ITDCSdBc9MV^Z~D(¢ �3H�fcBEIT>TH
BEH
L_fcN�LTgdH�LGSd@GL_9C:KL_VR>TDGF?Hxe�LGI�<MBE>A@XBc9MV?e6Bc9"H�DG],>WIxLGH�>THxe¥:=<?>WHèL_],>^b w ¿ÃÕ�F?H�Bc9MVufE>TH�H�:=<�L_9"<�L_f·Z�:=<?>
QMBc:Ò¢KL_:�>yD_Z
:=<?>WD(¢=BcVoBc9�L_f�¦
p��o�_�C§_�.� Ô >A9?ITDCSM>l¢xp�Ö?D(¢�H�>T�CF?>A9?IT>TH�N�Bc:=<UITDG]¼¡MfE>}�"D(¢
<MBcVo<;H>¡�>T>TS
],DG:=BEDG9veM:=<?>j¦�p��o�_�C§_��� Ô ¿aDJ`�b�¶�],>A:=<?DXSPH=:=BcfcfvDGFM:3¡�>l¢[Z\D(¢=],H
:=<?>jD(¢=BcVoBc9�L_f¥>A9?ITDCSM>l¢xeMQMFM:nDG9Mfcg
Z~D(¢�fED�N :�D�],>TSdBcFM] �CF�L_fcBc:=BE>THè§mQMBc:5¢KL_:�>THxp
Ö�BcVoF�¢�>h¡dp��Ë¢�>l¡�¢�>TH�>A9k:�H
:=<?>W:�DG:KL_f�9kFM]�Q�>l¢JD_Z�`��t��H�>A9?ITDXSM>TS�N�Bc:=<U>xLGI�<â¡�¢�>TSdBEIA:=BEDG9"],DXSM>oe

Z~D(¢i:=<?> ��H=fcBEIT>TH�D_Z
H�>T�CF?>A9?IT>TH�Ö�D(¢�>A]^L_9UL_9?S"`�DGQMBcfE>�� Ô L_fE>A9?S?L�¢xe6F?H=Bc9MV°�ab
= 20

pÓ¢¤>,]^LTg
DGQ?H�>l¢=@R>�:=<�L_:xeX>A@R>A9,Z\D(¢�:=<MBEH«¢�>Af�L_:=Bc@R>AfcgJfED�N|@oL_fcF?>
D_Z�:=<?>��abÙ¡�L�¢KL_],>A:�>l¢xeX:=<?>
ITD(¡CgJ],DCSM>
BEH�F?H�>TS
ZÖ¢�>T�CF?>A9k:=fcgRp,�nfEH�DMe�N�<?>A9¤NO>,SM>xLGIA:=Bc@oL_:�>,:=<?>Æ¢�>TH=BESdF�L_f�>l¢3¢�D(¢�>A9?ITDXSdBc9MV?ev:=<?>J],DG:=BEDG9;>TH=:=Bc]^L_:=BEDG9
F?H�>TH�],D(¢�>Î¡�L�¢=:=Bc:=BEDG9?HJD_ZaL�H=]^L_fcf�H=B��x>�±op���<?>TH�>hH=]^L_fcfE>l¢
QMfEDCIK�XHJL_fcfED�N�Z\D(¢JLË¢�>TSdF?IA:=BEDG9�D_Z
:=<?>
²5³ :d<Z!.<Z��@´<Wµ¢V7T7!.<Z:v@v\KJK_`JK<�@´<ZJK:E4�J]4U<Z�"!.#v% Ø'&d(a)d*,+.-�/ !21Y! / !24"65!¶8;:d13<�>A@ / !'µ"<Z�"!

8× 8

62:E\KT"_`4U��@d8x<Z�"!.4hT"_b·y! /



ØÐÙ-� Ý ¨&� çA©o©Rª�«o¬,­�çA©R®oßR¯°¬R±oÚZ�mçÛ¦=ª�²J³X¯´²Cª�µh®oµC­��m«oª3¦�¦=¯°µC¬

SdBEH=:�D(¢=:=BEDG9�@oL_fcF?>THxe�Z\Lx@RDGF�¢=Bc9MVn:=<?>çÕÜÔÚ¡�>l¢[Z\D(¢=]^L_9?IT>�D_ZM:=<?>TH�>�],DCSM>TH�N�<?>A9�9?D#¢�>TH�BESdF?>�BEH�>A9?ITDXSM>TS�p
Ö?D(¢
:=<?>iD(¢=BcVoBc9�L_f�>A9?ITDCSM>l¢xeM:=<?>iF?H�>jD_Z(:=<?>TH�>Ô¡�¢�>TSdBEIA:=BEDG9�],DXSM>TH�BEH#¡Y>A9�L_fcBEH�>TSPQCgy:=<?>j<MBcVo<?>l¢
QMBc:[l
¢KL_:�>opOÖ?D(¢n:=<?>�`�DGQMBcfE>¸� Ô L_fE>A9?S?L�¢aH�>T�CF?>A9?IT>iNO>�IxL_9�L_fEH�D,DGQ?HK>l¢=@R>�L_9uBc9?Il¢�>xLGHK>jBc9u:=<?>j9CFM]�QY>l¢
D_Z�F?H�>TShBc9k:3¢KLA¡�¢�>TSdBEIA:�>TSP`��a��H�p��aH�N�LGH�¡�¢�>A@XBEDGF?H=fcgWSdBEHKIAF?H�H�>TS�eXBc9k:3¢KL�QMfEDXI��dH
L�¢�>nF?HK>TS^N�<?>A9P:=<?>
],DG:=BEDG9dl�>TH=:=Bc]^L_:=BEDG9�BEH
9?DG:nL_QMfE>i:�D,>}�^IABE>A9C:=fcgÂ¢�>TITDG9?H=:3¢=F?IA:�:=<?>�D(¢=BcVoBc9�L_f¥H=BcVo9�L_fvN�Bc:=<?DGFM:n:=<?>jF?H�>
D_ZO:=<?>�],DG:=BEDG9dl.¡�¢�>TSdBEIA:�>TS;>l¢3¢�D(¢xe�¢�>TH=FMfc:=Bc9MVPBc9�Lh<MBcVo<¤SdBEH=:�D(¢=:=BEDG9;L_9?S.:=<?>l¢�>}Z~D(¢�>^Lh<MBcVo<?>l¢�@GL_fcF?>
Z~D(¢�:=<?>àÕÜÔ2ITDoH�:�Z�FM9?IA:=BEDG9vp
Ö�BcVoF�¢�>s¡dp���H�<?DxN
HJ:=<�L_:xe�N�<?>A9�9?D�¢�>TH�BESdF�L_f�Bc9dZ~D(¢=]^L_:=BEDG9�BEH�F?H�>TS�e�:=<?>y>A9?ITDCSM>l¢JBEH,L_QMfE>y:�D

ITDG]¼¡�>A9?HKL_:�>W:=<?>^SdBEH�:�D(¢=:=BEDG9;fEDoHKH�>THiQCg¤F?H=Bc9MV�H�]^L_fcfE>l¢�QMfEDXI��¤H=B��x>TH�Z\D(¢�` Ô p�¿a>A@R>l¢=:=<?>AfE>TH�Hxe6:=<MBEH
>}×Y>TIA:,BEH,fcBc]JBc:�>TS�QkgU:=<?>P]JBc9MBc]�FM]*L_fcfED�NO>TS QMfEDCIK��H=B��x>yZ\D(¢^¦�p��o�_�C§_��� Ô e�H�>A:^:�D5� × �?p|�aH^L
ITDG9?H�>T�kF?>A9?IT>oe�Z~D(¢�<MBcVo<?>l¢Ì¢KL_:�>TH�:=<?>P>A9?ITDXSM>l¢
BEH�9?DG:,L_QMfE>h:�D²¡�¢�Dx@XBESM>y:=<?>y9?>T>TSM>TS;z�SM>AfcBc:�gRp"8�9
Z\LGIA:xeY:=<?>Ì¡MfEDG:�HiD_ZOz?VoF�¢�>,¡dp � H=<?DxN�:=<�L_:j:=<?>�b w ¿ÃÕºD_Z�:=<?>��2H=fcBEIT>THi:�>A9?SMHt:�DyQ�>
QYDGFM9?SM>TS�Z~D(¢
¢KL_:�>THOL_QYDx@R>�LjIT>l¢=:KL_Bc9Î¡�DGBc9C:xp6Ö?D(¢�<MBcVo<?>l¢«¢KL_:�>TH�NO>
DGQ?HK>l¢=@R>
:=<�L_:�:=<?>
D(¢=BcVoBc9�L_f�>A9?ITDCSM>l¢�BEH�L_QMfE>
:�D
Bc9?Il¢�>xLGH�>j:=<?>�b w ¿ÜÕÀ@GL_fcF?>oe�LGH�:=<?>jQMBc:[l.¢KL_:�>iBc9?Il¢�>xLGHK>THxe?QMFM:
:=<MBEH�BEH
9?DG:
:=<?>�IxLGH�>tZ\D(¢
:=<?>�L_fc:�>l¢�>TS
@R>l¢�H=BEDG9PD_Z�:=<?>jL_fcVRD(¢=Bc:=<M]sp�8�9h:=<MBEH�@R>l¢�H=BEDG9veX:=<?>tb w ¿ÃÕã¢�>A]^L_Bc9?H
L�¡�¡�¢�DT�dBc]^L_:�>AfcghITDG9?H�:KL_9k:xeM>A@R>A9
Z~D(¢a<MBcVo<?>l¢Ô¢KL_:�>THxpj��<MBEHÕ¡M<?>A9?DG],>A9?DG95BEHn],D(¢�>�>A@XBESM>A9k:aZ\D(¢aH�>T�CF?>A9?IT>THtN�Bc:=<.<MBcVo<?>l¢t],DG:=BEDG9vpj8�9
:=<?>TH�>WIxLGHK>THxe6:=<?>^F?HK>WD_ZÑ¢�>TH�BESdF�L_f�>l¢3¢�D(¢�Bc9dZ\D(¢=]^L_:=BEDG9;BEHJLGSd@oL_9k:KL_VR>TDGF?Hxe�Q�>TIxL_F?H�>hBc:JL_fcfEDxN
H�:=<?>
>A9?ITDCSM>l¢i:�DÐ¢�>TSdF?IT>,:=<?>,SdBEH=:�D(¢=:=BEDG9�D_Z�:=<?>¼¢�>TITDG9?H=:3¢=F?IA:�>TS"H�>T�kF?>A9?IT>TH�e�Bc9?Il¢�>xLGH=Bc9MVs:=<?>,DGQdÕ=>TIA:=Bc@R>
�kF�L_fcBc:rg�fE>A@R>AfEH�pW¿a>A@R>l¢=:=<?>AfE>TH�Hxe�ZÖ¢�DG] :=<?>TH�>,DGQ?H�>l¢=@oL_:=BEDG9?H�DG9?>J]^Lxg¤ITDG9GÕ[>TIA:=F�¢�>^:=<�L_:i:=<?>JF?H�>^D_Z
H=]^L_fcfE>l¢�QMfEDXI��sH=B��x>TH�Bc9u:=<?>i` Ô ¡�¢�DXIT>TH�H�NODGFMfES�Bc9?Il¢�>xLGH�>i:=<?>Ò¡�>l¢[Z\D(¢=]^L_9?IT>�D_Z(Bc9C:�>l¢[l.¡�¢�>TSdBEIA:=BEDG9vp
��<MBEH�NODGFMfESWBc9?Il¢�>xLGH�>n:=<?>5¡Y>l¢[Z~D(¢=]^L_9?IT>nD_Zv:=<?>nL_fc:�>l¢�>TSW>A9?ITDCSM>l¢xe2¡�DoHKH=BcQMfcg,L_fcfEDxN�Bc9MV�Bc:�:�D�LGIK<MBE>A@R>
VRDCDXSÐ¡�>l¢[Z\D(¢=]^L_9?IT>THnL_fEHKD�Bc9P:=<?>j<MBcVo<u�CF�L_fcBc:�g?§mQMBc:[l.¢KL_:�>M¢�>AVoBEDG9?Hxp
8�9 D(¢�SM>l¢P:�D;Q�>A:=:�>l¢P>A@oL_fcF�L_:�>�:=<?>�¡�¢�D(¡YDoH�>TS{:�>TI�<M9MBE�CF?>oetDG:=<?>l¢y:�>TH=:�HyNO>l¢�>²¡Y>l¢[Z~D(¢=],>TS QCg

@GL�¢=gXBc9MVs:=<?>,],DoH�:Ò¢�>AfE>A@oL_9k:�>A9?ITDCSdBc9MV�¡�L�¢KL_],>A:�>l¢�Hxps��<?>Æ¢�>Af�L_:=Bc@R>WVkL_Bc9?HA¡�¢�>TH�>A9k:�>TS:¡�¢�>A@CBEDGF?H�fcg
NO>l¢�>�L_fEH�D�DGQ?H�>l¢=@R>TS�N�<?>A9
:=<?>�]^L_Bc9º¡�¢�D_z?fE>�N�LGH�F?H�>TSh¸~H�>T>�Ö�BcVoF�¢�> Ô p � � ¹}eGN�<?>A9�:=<?>OQMB·l.¡�¢�>TSdBEIA:=Bc@R>
ITDCSdBc9MVt],DXSM>ON�LGH�:=F�¢=9?>TSJD_×�¸~H�>T>�Ö�BcVoF�¢�> Ô p �k�R¹�L_9?SJL_fEH�DaN�<?>A9�:=<?>�N�BESd:=<�D_Z�:=<?>�],DG:=BEDG9,HK>xL�¢�I�<
N�Bc9?SMDxN|N�LGH�Bc9?Il¢�>xLGH�>TS^:�D � � × � �Ô¡MB·�M>AfEHn¸~H�>T>�Ö�BcVoF�¢�> Ô p � � ¹}p(Ö?D(¢�L_fcf?:�>TH=:�>TS,IxLGH�>TH�eR:=<?>#¡�¢�D(¡YDoH�>TS
],>A:=<?DCSP]^L_Bc9C:KL_Bc9?>TS�L_9�LGSd@oL_9k:KL_VR>iZ~D(¢�L_fcfvHK>T�kF?>A9?IT>THaL_9?SyQMBc:5¢KL_:�>iH�IT>A9�L�¢=BEDoHxp
8�9sDG9?>�DG:=<?>l¢
:�>TH=:xe�NO>jBc9?Il¢�>xLGH�>TSu:=<?>j9kFM]�Q�>l¢tD_ZÖ�3H=fcBEIT>THxp���<MBEHnSM>TIl¢�>xLGH�>TH
:=<?>
LGITIAF�¢KLGIAgPD_Z

:=<?>V¡�¢�>TSdBEIA:=BEDG9�H=:�>l¡vedH=Bc9?IT>t:=<?>a�R>Ag,Z·¢KL_],>TH�Z~D(¢�:=<?>��{H=fcBEIT>THj¸�:=<?>j8OL_9?Syb;ZÖ¢KL_],>TH}¹�L�¢�>C¹èZ~F�¢=:=<?>l¢
LTN�Lxg ¹�¸£Z·¢�DG]$L�:�>A]¼¡YD(¢KL_f%¡YDGBc9k:�D_Z�@XBE>ANn¹}eRZ·¢�DG]$>xLGI�<P>A9?ITDCSM>TS§�|H�fcBEIT>op(¿n>A@R>l¢=:=<?>AfE>TH�H�eC:=<?>aHKL_],>
:d1�@'\K\

8 × 8

·"\K:a6�ºh8	@'4"V�<Z�7!5J / ^"@ / <ZJf<ZJK:E478



Ý ¨¥¤àß ¬^µG³Cª�«o«o¯°²k¯°¬R±hà ¨¥¤mámâGãmä�åOæ�á ¦�­�µk©R¯°µC¬�Ú\®oµX­��mª�¬É¦[çA©Rª�²^«oª3¦=¯°²oâRªi®oµX²k¯°¬R± Ø#Ùèé

 26

 28

 30

 32

 34

 36

 38

 40

 42

 44

 46

 48

 0  5000  10000  15000  20000  25000  30000  35000

Av
er

ag
e 

PS
NR

 B
 fr

am
es

 (d
B)

Average Rate (bits/B frame)

Foreman (CIF) - B Slices

Original - Y
No MPE - Y
Original - U
No MPE - U
Original - V
No MPE - V

qsr�tvu�wyx�z}|?»�~�¶6�¿¡�>l¢=Bc],>A9C:KL_f�¢�>TH=FMfc:�H�D_Z�D(¢=BcVoBc9�L_f6¦�p��o�_�C§_��� Ô L_9?Su9?>ANÀ>A9?ITDCSM>l¢xe¢:=<�L_:nSdBEH=l
L_QMfE>TH�:=<?>iITDG]¼¡�¢�>TH�H=BEDG9�D_Z6],DG:=BEDG9dl.¡�¢�>TSdBEIA:�>TS�>l¢3¢�D(¢
¸£Z\D(¢ �3H=fcBEIT>TH�DG9MfcgM¹}e�F?H=Bc9MV����ç� �;� �U¼7¼¢¼
H=fcBEIT>Ô¡�L_:=:�>l¢=9vp

:�>A9?SM>A9?IAg^SM>TH�Il¢=BcQY>TSJZ\D(¢�:=<?>9���ç�;�ÀIxLGH�>�<�LGH�QY>T>A9WDGQ?H�>l¢=@R>TS�p���<?>�SdB·×�>l¢�>A9?IT>�BEHO:=<�L_:O:=<?>Ñ¡�DGBc9C:�H
Z~D(¢(N�<MBEIK<^:=<?>nL_Q?HK>A9?IT>
D_Z,¢�>TH=BESdF�L_f�S?L_:KLjQY>TITDG],>THOLiSdBEHKLGSd@GL_9C:KL_VR>
<�L�¡�¡Y>A9WL_:OLtfED�NO>l¢�¢KL_:�>�:=<�L_9
Z~D(¢�:=<?>U���ç�;� IxLGH�>op6¦aDxN�>A@R>l¢xeGZ~D(¢6fED�N;:�Da],>TSdBcFM]7¢KL_:�>TH6Bc:�BEH6H=:=Bcfcf?LGSd@GL_9C:KL_VR>TDGF?H(:�DtDx@R>l¢3¢=BESM>�:=<?>
:3¢KL_9?H=]JBEH�H=BEDG9sD_Zd¢�>TH=BESdF�L_fvS?L_:KLde�LGH�IxL_9PQY>jH�>T>A9yB·Z�Ö�BcVoF�¢�>�¡dp �"½ eX:=<�L_:#¡�¢�>TH�>A9k:�H�:=<?>jITDG]¼¡�L�¢KL_:=Bc@R>
¢�>TH=FMfc:�H(D_Z¢:=<?>�9?>AN|L_fcVRD(¢=Bc:=<M],HxekN�<?>A9 �"H�fcBEIT>TH�L�¢�>�F?H�>TS�N�Bc:=<^L9���;� �;�h�;� �;��¼¢¼¢¼,H=fcBEIT>�¡�L_:=:�>l¢=9vp
��<?>^D�@R>l¢3¢=BESdBc9MV.D_Z
],DG:=BEDG9dl.¡�¢�>TSdBEIA:�>TSU>l¢3¢�D(¢�ITDCSdBc9MV�N�LGH�L_fEH�Ds:�>TH�:�>TS¤Z\D(¢�b H=fcBEIT>THxpP8r9�:=<MBEH

IxLGH�>oeX:=<?>V¡Y>l¢[Z\D(¢=]^L_9?IT>jD_Z¥:=<?>t>A9?ITDCSM>l¢
SM>TIl¢�>xLGHK>TH�H=BcVo9MB·z�IxL_9k:=fcgRe�LGH�IxL_9yQY>tH�>T>A9yBc9yÖ�BcVoF�¢�>i¡dp�¡�¾oe
:=<�L_:�H=<?D�N
H�:=<?>W>}�,¿Y>�À=Bc],>A9k:KL_fÁÀ�>TH=FMfc:�H�Z\D�À�¦
p��o�_�C§_�.� Ô ¿nD�`�b�¶
e�N�<?>A9;:=<?>,:WÀKL_9?H�]JBEH�H=BEDG9UD_Z
:=<?>j],DG:=BEDG9�¿�À�>TSdBEIA:�>TS�>�ÀWÀ�D�À
BEH�SdBEHKL_QMfE>TSPZ~D�À
:=<?>�b|H=fcBEIT>THxpO��<?>TH�>jfEDoH�HK>TH`À�>TH=FMfc:�Z¥À�DG]Ü:=<?>jF?H�>�D_Z
DG9Mfcg�¿�LGH=:a8
L_9?S.b H=fcBEIT>THtLGH�À�>}Z\>�À�>A9?IT>THaZ\D�À�:=<?>
b|Z¥ÀKL_],>THxpa��<MBEHa],>xL_9?Hn:=<�L_:xe�LmZ~:�>�Àn:=<?>�Bc9MBc:=B�L_f
Z?ÀKL_],>TH�L"À�>nITDG]X¿�À�>THKH�>TS�ed>xLGI�<PbUH=fcBEIT>�F?HK>THODG9MfcgÂ¿�LGH�:ObUH=fcBEIT>TH�LGH�À�>}Z\>�À�>A9?IT>op(��<MBEHOZ\LGIA:�9?DG:�DG9Mfcg
fcBc]JBc:�Hn:=<?>�¿�L_:=:�>�À=9?Ht:=<�L_:a]^LTg�F?H�>TSu:�DPL"¿�¿�À�Dx�XBc]^L_:�>J>xLGIK<�9?>AN Bc]^L_VR>
QMfEDCIK��eYQMFM:jL_fEH�DW],>xL_9?H
:=<�L_:xekQY>TIxL_F?H�>�9?D¸¿�À�>TSdBEIA:=BEDG9y>�ÀWÀ�D�ÀOBEH�:WÀKL_9?H=]JBc:=:�>TS^Z\D�À�:=<?>UÀ�>}Z\>�À�>A9?IT>�H�BcVo9�L_fqek:=<?>�À�>TITDG9?H=:WÀ=F?IA:=BEDG9
>�ÀWÀ�D�À
BEHU¿�À�D�¿�L_VkL_:�>TSuZ?À�DG] >xLGI�<.b�Z¥ÀKL_],>i:�DJ:=<?>�9?>}�X:xp�ÖMF�À=:=<?>�À=],D�À�>oe�DG9?>�H=<?DGFMfESsITDG9?H�BESM>�À�:=<?>
Bc9dZ~>�À=BED�Àb¿�>�À[Z\D�À=]^L_9?IT>jD_Z�:=<?>nFM9MBESdBIÀ�>TIA:=BEDG9�L_f�` Ô ¿�À�DXIT>TH�HxeXSdF?>oeCZ~D�À�>}�ML_]X¿MfE>oed:�DP¿�À�DGQMfE>A],H�N�Bc:=<
Ã2¤.!28;T"\f<Z8A1Y: / :d<Z�"! / <Z!58¥<�8;!W�aT7!54"65!28.@ / !�^ / !58;!24h<Z!5V�JK49¦�JKeET / ! - % (-� %Ä5¤.!28;T"\f<Z8A1Y: / :d<Z�"! / <Z!58¥<�8;!W�aT7!54"65!28.@ / !�^ / !58;!24h<Z!5V�JK49¦�JKeET / ! - % (}é %



Ø'��Ù Ý ¨&� çA©o©Rª�«o¬,­�çA©R®oßR¯°¬R±oÚZ�mçÛ¦=ª�²J³X¯´²Cª�µh®oµC­��m«oª3¦�¦=¯°µC¬

 28

 30

 32

 34

 36

 38

 40

 42

 44

 46

 48

 0  10000  20000  30000  40000  50000  60000  70000  80000

Av
er

ag
e 

PS
NR

 P
 fr

am
es

 (d
B)

Average Rate (bits/P frame)

Foreman (CIF) - P Slices

Original - Y
No MPE - Y
Original - U

No MPE - U
Original - V
No MPE - V

 28

 30

 32

 34

 36

 38

 40

 42

 44

 46

 48

 0  5000  10000  15000  20000  25000  30000  35000  40000

Av
er

ag
e 

PS
NR

 B
 fr

am
es

 (d
B)

Average Rate (bits/B frame)

Foreman (CIF) - B Slices

Original - Y
No MPE - Y
Original - U

No MPE - U
Original - V
No MPE - V

qsr�tvu�wyxÑz�|"z}~^¶6��¿Y>�À=Bc],>A9k:KL_f¶À�>TH=FMfc:�HtD_ZOD�À=BcVoBc9�L_f(¦�p��o�_�C§_��� Ô L_9?S�¦
p��o�_�C§_��� Ô ¿aDW`�b�¶
e
N�<?>A9�:=<?>�ITDG]X¿�À�>TH�H�BEDG9�D_Z�],DG:=BEDG9dlZ¿�À�>TSdBEIA:�>TS5>�ÀWÀ�D�ÀaBEH�SdBEHKL_QMfE>TSuZ\D�Ànb H=fcBEIT>TH�¸?À�>TH�FMfc:�H�Z\D�Ànb
L_9?S � H=fcBEIT>TH�eMD_Z6H�>T�CF?>A9?IT>iÖ?D�À�>A]^L_9¢¹}p

FM9?ITDx@R>�À�>TSJQ�LGIK�CVyÀ�DGFM9?S�p(Ö�BcVoF�À�>
¡dp*�aH=<?DxN
H6:=<?>b¿Y>�À[Z~D�À=]^L_9?IT>�D_ZY¦�p��o�_�C§_��� Ô ¿aDn`�b�¶5N�<?>A9J9?D
À�>TH=BESdF?>�BEH�F?H�>TS^Z\D�À�QYDG:=<hb�L_9?SÓ��H=fcBEIT>THxp(�aH�DG9?>�N�DGFMfESh>}��¿Y>TIA:�Z¥À�DG]�:=<?>[¿�À�>A@XBEDGF?H�SdBEH�IAF?H�H=BEDG9ve
Bc9h:=<MBEH�IxLGH�>t:=<?>$¿�À�>TSdBEIA:=BEDG9u>�ÀWÀ�D�À�BEHÁ¿�À�D�¿�L_VkL_:�>TSuLGI�À�DoH�HnL_fcf�Bc9k:�>�À�Z¥ÀKL_],>TH�L_9?Sy:=<?>$¿�>�À[Z\D�À=]^L_9?IT>
H=Fd×Y>�À�H�ITDG9?H=BESM>�ÀKL_QMfcghZ?À�DG]�:=<MBEH
Z\LGIA:xp



Ý ¨KÅjå ¯°²kª�µW®oµC²C¯´¬k±XÆ�¯�©RßJ­�â�Çq©R¯5¦=®Gç�ÇAªi«oª�®�âR«o«oªm¬o© �[çA©o©Rª�«o¬É¦�È�©RßRª¡ÉÊÉ � Ú å ¯´²Cª�µWç�ÇA±CµX«o¯�©Rßk­ Ø��#�

 28

 30

 32

 34

 36

 38

 40

 42

 44

 46

 48

 0  10000  20000  30000  40000  50000  60000  70000  80000

Av
er

ag
e 

PS
NR

 P
 fr

am
es

 (d
B)

Average Rate (bits/P frame)

Foreman (CIF) - P Slices

Original - Y
No MPE - Y
Original - U
No MPE - U
Original - V
No MPE - V

 28

 30

 32

 34

 36

 38

 40

 42

 44

 46

 48

 0  2000  4000  6000  8000  10000  12000  14000  16000  18000  20000

Av
er

ag
e 

PS
NR

 B
 fr

am
es

 (d
B)

Average Rate (bits/B frame)

Foreman (CIF) - B Slices

Original - Y
No MPE - Y
Original - U
No MPE - U
Original - V
No MPE - V

qsr�tvu�wyxÑz�|¯Ë}~^¶6��¿Y>�À=Bc],>A9k:KL_f¶À�>TH=FMfc:�HtD_ZOD�À=BcVoBc9�L_f(¦�p��o�_�C§_��� Ô L_9?S�¦
p��o�_�C§_��� Ô ¿aDW`�b�¶
e
N�<?>A9;:=<?>WITDG]X¿�À�>THKH=BEDG9;D_Z
],DG:=BEDG9dlZ¿�À�>TSdBEIA:�>TS�>�ÀWÀ�D�À
BEH
SdBEHKL_QMfE>TS¤Z\D�À
Q�DG:=<;bËL_9?S��ºH=fcBEIT>TH
¸?À�>TH=FMfc:�H�Z~D�À
b{L_9?S � H=fcBEIT>THxeMD_Z(H�>T�kF?>A9?IT>�Ö?D�À�>A]^L_9¢¹}p

ô¡Ì�Í Ê�Î Í Ã(Î Ï¥Î Í Î´Ð
Ð ÑÒÎ Ñ Â øÔÓPÕ=Ñ Î´Ö�Ï ÒUÕ Ã Ó Ã�Ï Ó�Ó¢Ó Ã�Ð Ñ ú
Ò�Ñ�Ñ Ã Ó Ð�Ö.× Ñ Â�Ã
ØÙØÙÚ ùRÊ�Î Í Ã(Î ÒUÕ Ð
Î Ó Î Ñ Â ø

8�95:=<?>X¿�À�>A@XBEDGF?H�HK>TIA:=BEDG9�NO>,<�LT@R>Â¿�À�>THK>A9k:�>TS"L_9"¦�p��o�_�C§_��� Ô lqQ�LGH�>TS¤@XBESM>TDsITDG]X¿�À�>TH�H�BEDG9;L_fcVRD_l
À=Bc:=<M]º:=<�L_:�Dx@R>�ÀWÀ=BESM>THO:=<?>�:WÀKL_9?H=]JBEHKH=BEDG9^D_ZY:=<?>
` Ô lZ¿�À�>TSdBEIA:=BEDG9h>�ÀWÀ�D�Àxp6��<?>
SM>TH�I�À=BcQY>TS^L_fcVRD�À=Bc:=<M]
À�>A@R>xL_fE>TS�L_9�Bc9k:�>�À�>TH=:=Bc9MVÛÀ�>Af�L_:=BEDG9|N�Bc:=<�:WÀKLGSdBc:=BEDG9�L_fU¿�L_:=:�>�À=9dlq]^L_:�I�<MBc9MVUITDG]X¿�À�>TH�H=BEDG9�H�IK<?>A],>THxp



Ø'�+Ø Ý ¨&� çA©o©Rª�«o¬,­�çA©R®oßR¯°¬R±oÚZ�mçÛ¦=ª�²J³X¯´²Cª�µh®oµC­��m«oª3¦�¦=¯°µC¬

¶6�,¿Y>�À=Bc],>A9k:KL_f�À�>TH=FMfc:�H¥Z~D�À6:=<?>b¿�À�D�¿�DoHK>TSJH�I�<?>A],>bÀ�>A@R>xL_fE>TS^LGSd@oL_9k:KL_VR>TDGF?H�¿Y>�À[Z\D�À=]^L_9?IT>TH6Z~D�À�<MBcVo<
ITDG]X¿�À�>TH�H=BEDG9ÜÀKL_:=BEDoHxeYN�<?>A95:=<?>�` Ô >�ÀWÀ�D�ÀtBEHa9?DG:j:WÀKL_9?H=]JBc:=:�>TS�Z\D�Àn:=<?>�� H=fcBEIT>THxpj¿a>A@R>�À=:=<?>AfE>TH�Hxe
:=<?>�]^L_Bc9C:�>A9�L_9?IT>,D_Z�LhHKL_:=BEH[ZqLGIA:�D�À=g�¿Y>�À[Z\D�À=]^L_9?IT>�Z\D�Àt<MBcVo<?>�À$ÀKL_:�>THjSM>A]^L_9?SMHj:=<?>�ITDG]X¿�À�>TH�H=BEDG9
D_Z�:=<?>j>�ÀWÀ�D�À
Bc9dZ\D�À=]^L_:=BEDG9vp
8�9{:=<MBEHPH�>TIA:=BEDG9 NO>�Bc9C@R>TH=:=BcVkL_:�>¤L;H�>TITDG9?S~¿�L_:=:�>�À=9{]^L_:�IK<MBc9MVGlqQ�LGH�>TSÝ¿�L"ÀKLGSdBcVo]*Z\D�Ày@CBESM>TD

ITDG]X¿�À�>TH�H=BEDG9veX9�L_],>Afcg^:=<?>nF?H�>�D_Z�`�`�b;:�D�>A9?ITDXSM>�:=<?>n],DG:=BEDG9PITDG]X¿�>A9?HèL_:�>TS�À�>TH�BESdF�L_fYS?L_:KLdeXBc9
L�<CgCQ�À=BES�@XBESM>TDtITDCSdBc9MViHKI�<?>A],>op�¢¤>ÁÀ�>}Z~>�À6:�Da:=<MBEH�L_fcVRD�À=Bc:=<M]�LGH(`�`�b(l��nBESM>TDMp6��<?>�VRDCDXS�À�>TH=FMfc:�H
LGI�<MBE>A@R>TSUQkg;`�`�b6l�8�L_9?SU`�`�b(l�8�8^¸~H�>T> Ô <�L"¿M:�>�À�H � L_9?SU�R¹�SM>A],DG9?H=:WÀKL_:�>y:=<�L_:J`�`�b BEH,L_9
>}�^IABE>A9k:�],>A:=<?DXSJ:�Dj>A9?ITDXSM>�Bc]^L_VR>`À�>TH=BESdF?>Á¿�L_:=:�>�À=9?Hxek:=<�L_:�À�>TH=FMfc:6Z¥À�DG]�L[¿�À�>TSdBEIA:=BEDG9Ê¿�À�DXIT>TH�H�¸�Bc9
:=<?DoH�>tIxLGH�>THxeCBc9k:WÀKLml\Z¥ÀKL_],>9¿�À�>TSdBEIA:=BEDG9¢¹}p�ÖMF�À=:=<?>�À=],D�À�>oe?:=<?>aITDG]X¿�L"À=BEHKDG9PN�Bc:=<y¦
p��o�_�C§_��� Ô Bc9k:WÀKLml
Z?ÀKL_],>�>A9?ITDXSM>�À�H=<?D�N
H�:=<�L_:OL"¿�¿�À�Dx�XBc]^L_:�>�¿�L_:=:�>�À=9,]^L_:�I�<MBc9MV�N�Bc:=<^H�IxL_fE>TH�IxL_9vekBc9^H�DG],>�IxLGH�>THxeRQ�>
LGSd@GL_9C:KL_VR>TDGF?H�Dx@R>�À�:=<?>J¦�p��o�_�C§_��� Ô ��HjBc9k:�>AVR>�À�:WÀKL_9?H[Z\D�À=]sp
8r9.:=<?>
Z~DGfcfED�N�Bc9MVuH�>TIA:=BEDG9?HjN�>�z�À�H=:
¿�À�>TH�>A9k:�L_9,D�@R>�ÀKL_fcf?SM>TH�I�À=BI¿M:=BEDG9^D_Z¢:=<?>�`�`�b6l��nBESM>TDj>A9?ITDXSM>�ÀxeGZ\DGfcfEDxN�>TSJQkg�LtSdBEH�IAF?H�H=BEDG9JDG9,H�DG],>
Z�FM9?IA:=BEDG9�L_faBc]X¿�À�Dx@R>A],>A9C:�HuL_9?S L"À�IK<MBc:�>TIA:=F�ÀKL_f�LGS?L"¿M:KL_:=BEDG9?Hxe�9�L_],>Afcg�À�>Af�L_:�>TS N�Bc:=<{SdBEIA:=BEDG9�L"À=g
LGS?L"¿M:KL_:=BEDG9sZ\D�À
`�`�b6l��aBESM>TDMp�¶6��¿�>�À=Bc],>A9C:KL_f	À�>TH=FMfc:�H�L"À�>�L_fEH�DC¿�À�>TH�>A9k:�>TS�p

ü&ý��&ý�ÿ ÞßÞÔ�Â�'àá
������~u 
����v
;wy���,w���
��

��<?>�`�`�b6l��nBESM>TD�L"À�IK<MBc:�>TIA:=F�À�>¤BEHhQ�LGH�>TS3DG9 :=<�L_:sD_Z�¦
p��o�_�C§_�.� Ô e�QMFM:PF?HK>THP`�`�b Z~D�Ày:=<?>
ITDG]X¿�À�>TH�H=BEDG9�D_Z�:=<?>�],DG:=BEDG9�ITDG]X¿�>A9?HèL_:�>TSâÀ�>TH=BESdF�L_f�S?L_:KLdp���>TIxL_F?H�>,D_Z�:=<MBEHxe�:=<?>J`�`�b6l��aBESM>TD
Bc]X¿MfE>A],>A9k:KL_:=BEDG9^H=<�L"À�>TH�Bc:�H�Q�LGH=BEI�H=:WÀ=F?IA:=F�À�>�N�Bc:=<J¦�p��o�_�C§_��� Ô À�>}Z~>�À�>A9?IT>�H�D_Z~:�N�L"À�>hãGp¥Ö�BcVoF�À�>�¡dp �x 
¿�À�>TH�>A9k:�H�L
SdB�L_VyÀKL_] D_Z�:=<?>iL"À�I�<MBc:�>TIA:=F�À�>�D_Z6L_9s`�`�b6l��aBESM>TDJ>A9?ITDXSM>�Àxp���<?>tBc]X¿MfE>A],>A9k:KL_:=BEDG9�D_Z
`�`�b6l��aBESM>TDaLGITITD�À�SdBc9MVj:�Dn:=<MBEH(L"À�I�<MBc:�>TIA:=F�À�>ÁÀKL_BEH�>TH6H�DG],>OBc9k:�>�À�>TH=:=Bc9MVjBEHKH=F?>TH�:=<�L_:6N�>�À�>�L_9�L_fcgdH�>TS
SdF�À=Bc9MV�:=<?>5SM>}z?9MBc:=BEDG9ÀD_Z�:=<?>.],>A:=<?DXS�p w DG],>5D_Z
:=<?>TH�>.VR>A9?>�ÀKL_ftZ~>xL_:=F�À�>THuD_Z�:=<?>5L_fcVRD�À=Bc:=<M]
L"À�>WSdBEH�IAF?HKH�>TS;Bc9":=<MBEH�H�>TIA:=BEDG9vp5��<?>yHW¿Y>TIAB·z�IWD�¿M:=Bc]JBEHèL_:=BEDG9?Hxe�:=<�L_:CÀ�>TH=FMfc:�>TS"Z¥À�DG] L�:=<?D�À�DGFMVo<
Bc9k@R>TH=:=BcVkL_:=BEDG95DG9�:=<?>�`�`�b(l��nBESM>TDMe¢Bc9?IAfcF?SdBc9MVy:=<?>�ITD�ÀWÀ�>THW¿YDG9?SdBc9MVP>}�,¿Y>�À=Bc],>A9k:KL_f6:�>TH=:�H�e?N�Bcfcf�Q�>
SM>TH�I�À=BcQ�>TSsN�Bc:=<P],D�À�>iSM>A:KL_Bcf�Bc9P:=<?>tZ\DGfcfEDxN�Bc9MVWH�>TIA:=BEDG9?Hxp
8�9;:=<MBEH
Bc9k@R>TH=:=BcVkL_:=BEDG9|NO>PL"À�>h]^L_Bc9Mfcg�Bc9k:�>�À�>TH�:�>TSUBc9�LGHKH�>TH�H=Bc9MV�:=<?>Ê¿Y>�À[Z\D�À=]^L_9?IT>PD_Zn`�`�b

Z~D�ÀtBc9k:�>�À9À�>TH�BESdF�L_f�ITDCSdBc9MV?e�H=Bc9?IT>
:=<?>C¿Y>�À[Z~D�À=]^L_9?IT>JD_Z�`�`�b{Z\D�ÀaBc9C:WÀKLy`���Ha<�LGHiL_fIÀ�>xLGSdg�Q�>T>A9
SMDCIAFM],>A9C:�>TSWBc9W:=<?>U¿�À�>A@XBEDGF?HOIK<�L"¿M:�>�À�H�D_Zv:=<MBEHOSMDXIAFM],>A9k:xp�8r9,:=<?>�¿�À�>A@CBEDGF?H=fcgÊ¿�À�>TH�>A9k:�>TS�À�>TH=FMfc:�H
NO>h<�LT@R>yH=<?D�N�9�:=<�L_:�:=<?>�¿Y>�À[Z~D�À=]^L_9?IT>PD_Zn`�`�bËL_9?S;:WÀKL_9?H[Z\D�À=] ITDCSdBc9MV�Z\D�À�Bc9C:WÀKL�Z?ÀKL_],>TH
BEH
SdB·×Y>�À�>A9C:xp ��>TIxL_F?H�>�`�`�b6l��nBESM>TDMeYLGHa¦�p��o�_�C§_��� Ô e�F?HK>TH�:=<?>�8�H=fcBEIT>THnLGH�À�>}Z~>�À�>A9?IT>THnZ\D�À�:=<?>�` Ô
ä � �"!�#v% Ød&'(a)d*,+.-Ê/ !213! / !54"62!.8;:d13<?> @ / !�B éED'F�GIH ! / 8;JK:E49L'NPOaQ]R�S�> @'8�T"8;!WVv13: / <Z�"!	V7! H !5\K:E^"_`!24h<�:d1,å9å$æ�ç + J]V¢!5:7%



� % D £ ßkª¸ÉÂÉ � Ú å ¯°²kªmµ^ç�ÇA±XµC«o¯´©RßR­ Ø��5D

� ��è

� �Uè −1

í=îEï\ð�ñMò�ñ�ð�óqî·ôò¥ó���� ó��¶é_óqðv�}ñ��+�Eï���� ó��

ò�ó���� ó����	�
��� ðYï���� ó��

��
�g������������hg���
���� �

!"�#����$&%'��
��)(Kg���(*�+�

�,�-�'
.��
�/*
�g���(*���

BXñ�C�D óFE�GF� ��HYí�� D �cñ£î

!"�'%'�'�
��
�I#��
��hg�


JK LM NO LP QNRST URM VWOX
YWZ NRS

[ \
]^ _`aa`b
cdeae _`f ]

ò.g

ikj�l+m�noj)p

qsr�tvu�w	x{z�|¥­,ê}~à��LGH=BEIiL"À�IK<MBc:�>TIA:=F�À�>�D_Z�L_9s`�`�b6l��aBESM>TD,>A9?ITDXSM>�Àxp

Z?ÀKL_],>THxeR:=<?>�F?H�>�D_Z�SdB·×Y>�À�>A9C:�Bc9k:WÀKL�ITDG]X¿�À�>TH�H=BEDG9^H�IK<?>A],>TH�ITDGFMfES,ITDG]X¿�À�DG]JBEHK>
:=<?>
ITDG]X¿�L"À=BEH�DG9WD_Z
:=<?>�¿Y>�À[Z~D�À=]^L_9?IT>tD_Z¥`�`�b6l��nBESM>TDJL_9?Sh¦�p��o�_�C§_��� Ô eCZ~D�À�ITDXSdBc9MV
],DG:=BEDG9PITDG]X¿Y>A9?HKL_:�>TS�À�>TH=BESdF�L_f
>�ÀWÀ�D�À�Hxp¡��>TIxL_F?H�>yD_Zn:=<MBEH�N�>y<�LT@R>yF?H�>TS�L_9�>A9?ITDXSM>�ÀJ:=<�L_:C¿�À�DCIT>TH�HK>TH,L_fcf�:=<?>yBc9C:WÀKL.`���F?H=Bc9MV
>}�MLGIA:=fcgh:=<?>iHKL_],>$¿�À�DXIT>TSdF�À�>i<�LGH
¦
p��o�_�C§_��� Ô eMBc9?IAfcF?SdBc9MV^:=<?>jHKL_],>iBc9k:�>AVR>�À�:WÀKL_9?H=Z~D�À=]sp
�nH�¦�p��o�_�C§_��� Ô e?:=<?>�`�`�b6l��aBESM>TD,>A9?ITDCSM>�ÀtL_fEH�DJF?H�>THaLGS?L"¿M:=Bc@R>iQMfEDXI��sH=B��x>TH�¸~�Ü� w ¹�:�DÊ¿�>�À[l

Z~D�À=]Ï:=<?>�],DG:=BEDG9�>TH�:=Bc]^L_:=BEDG9¢§_ITDG]X¿�>A9?HKL_:=BEDG9UD_Z�:=<?>�Bc9k:�>�À[lZ¿�À�>TSdBEIA:�>TS;`���Hxp���<?>J`�`�b6l��aBESM>TD
` Ô ¿�À�DCIT>THKHaD�¿M:=Bc]JBEHK>THt:=<?>P¿�L"À=:=Bc:=BEDG95H=B��x>THjL_9?S.ITD�ÀWÀ�>THW¿YDG9?SdBc9MVs`{��H�e¢:=<�À�DGFMVo<.:=<?>
F?H�>
D_Z�:=<?>
HKL_],>n¼¥L_VyÀKL_9MVoB�L_9 Õ Ô ITDoH=:OZ~FM9?IA:=BEDG9vp�`�`�b6l��aBESM>TD
F?H�>TH�:=<?>tHKL_],>aH�IK<?>A],>tLGH�:=<?>a¦�p��o�_�C§_��� Ô
À�>}Z~>�À�>A9?IT>�H�D_Z�:rN�L"À�>�:�D^ITDG9C:WÀ�DGf¥:=<?> Õ Ô�ITDG]X¿�À�DG]JBEH�>�Z~D�Àn:=<?>�ITDG]X¿�À�>TH�H�BEDG9�D_ZOLJH�>T�CF?>A9?IT>op��vN�D
�kF�L_9C:=BEHKL_:=BEDG9ë¿�L"ÀKL_],>A:�>�À
@oL_fcF?>TH
L"À�>jSM>}z?9?>TSPBc9PD�À�SM>�À
:�D�ITDG9k:WÀ�DGfv:=<?>t:KL"À=VR>A:nITDG]X¿�À�>TH�H=BEDG9�ÀKL_:=BED
D_Z?:=<?>�>A9?ITDXSM>�Àxp6��<?>�@oL_fcF?>TH6D_Z�:=<?>U�abÜ¿�L"ÀKL_],>A:�>�À�L"À�>�HK>A:¥Bc9?SM>�¿Y>A9?SM>A9k:=fcg�Z~D�À�:=<?>�8[§_b.H=fcBEIT>TH(L_9?S
Z~D�À�:=<?>�� H�fcBEIT>THxp(��<?>TH�>t@oL_fcF?>TH�<�LT@R>iL�SdBIÀ�>TIA:
ITD�ÀWÀ�>THW¿YDG9?SM>A9?IT>j:�D
:=<?>t@GL_fcF?>tD_Z�:=<?>j¼�L_VyÀKL_9MVoB�L_9
]�FMfc:=BI¿MfcBE>�Àxe

λ
�*�o�y��p6`�`�b(l��nBESM>TDjF?HK>TH(:=<?>
HKL_],>�@oL_fcF?>
D_Z

λ
LGH(:=<?>
DG9?>
SM>}z?9?>TS,Z~D�ÀO¦�p��o�_�C§_��� Ô e

:�DC¿�>�À[Z\D�À=]Ü:=<?>�Õ ÔËD�¿M:=Bc]JBEHKL_:=BEDG9�D_Z�:=<?>�`�`�b�>A9?ITDXSM>�Àxp
ÔaF�À=Bc9MVJ:=<?>jD�¿M:=Bc]JBEHKL_:=BEDG9sfEDXD�¿ved:=<?>j>A9?ITDCSM>�À�:�>TH=:�H�>}�d<�L_F?H=:=Bc@R>AfcgPL_fcfvD_Z¥:=<?>jITDXSdBc9MV,D�¿M:=BEDG9?Hxp

��>TIxL_F?HK>�D_Z�:=<?>�<MBcVo<3ITDG]X¿MfE>}�XBc:rg D_Z�`�`�b¥eO:=<?>�ITDG]X¿MFM:KL_:=BEDG9 D_Z�:=<?>�ÕÜÔ ITDoH=:WZ�FM9?IA:=BEDG9 Bc9
`�`�b6l��aBESM>TD.BEHX¿�>�À[Z\D�À=],>TSUF?H=Bc9MV¤:=<?>PHèL_],>y],>xLGH=F�À�>A],>A9k:�HyLGHJBc9�:=<?>P¦
p��o�_�C§_�.� Ô >A9?ITDXSM>�Àxp



Ø'�5( Ý ¨&� çA©o©Rª�«o¬,­�çA©R®oßR¯°¬R±oÚZ�mçÛ¦=ª�²J³X¯´²Cª�µh®oµC­��m«oª3¦�¦=¯°µC¬

��<MBEH�],>xL_9?H�:=<�L_:�:=<?>nSdBEH=:�D�À=:=BEDG9yBEH�>TH=:=Bc]^L_:�>TSWQ�LGH�>TSWDG9h:=<?>n:WÀKL_9?H[Z~D�À=]$ITDXSdBc9MV
D_Zv:=<?>�À�>TH=BESdF?>THxe
>ABc:=<?>�À
QkghF?H=Bc9MV,:=<?>jH=FM]ÜD_Z�L_Q?H�DGfcFM:�>iSdB·×�>�À�>A9?IT>TH�¸ w �ÃÔi¹�D�À
:=<?>jH=FM]ÜD_Z�L_Q?H�DGfcFM:�>j:WÀKL_9?H[Z\D�À=],>TS
SdB·×Y>�À�>A9?IT>TH5¸ w �(�sÔi¹}p�8�:WBEH^Bc]X¿YD�À=:KL_9k:y:�D"9?DG:�>u:=<�L_:xe�FM9MfcBc�R>�:=<?>�IxLGH�>�D_Z�¦
p��o�_�C§_��� Ô ��Hxe
:=<?>
À�>TH=BESdF?>(QMfEDXI��aN�Bc:=<�]JBc9MBc]^L_f w �ÃÔUD�À w �(�sÔUBEH�9?DG:v9?>TIT>TH�HèL"À=Bcfcga:=<?>6QMfEDXI��t:=<�L_:vBEHv],D�À�>�>}�^IABE>A9k:=fcg
>A9?ITDCSM>TSPQCgP`�`�b6l��aBESM>TDMp���<MBEH�],>xL_9?H
:=<�L_:�:=<?>i` Ô ¿�L"ÀKL_],>A:�>�ÀaH�>xL"À�I�<�BEH
H=FMQdl�D�¿M:=Bc]^L_fqe?Z?À�DG]
:=<?>u`�`�b$ITDXSdBc9MVá¿YDGBc9k:[l�D_Z�lq@CBE>ANip ¿n>A@R>�À=:=<?>AfE>THKHxe
DGF�ÀWH�Bc]�FMf�L_:=BEDG9?Hy<�LT@R>�SM>A],DG9?H=:WÀKL_:�>TS{:=<�L_:
:=<?>.F?H�>¤D_Z�:=<?>TH�>5>�ÀWÀ�D�Às],>xLGH=F�À�>TH�H=:=Bcfcf�L_fcfEDxN
H�`�`�b6l��aBESM>TD�:�Dì¿Y>�À[Z~D�À=] >}�^IABE>A9C:=fcgRejN�Bc:=<2L
H=BcVo9MB·z�IxL_9k:`À�>TSdF?IA:=BEDG9yBc9PITDG]X¿MFM:KL_:=BEDG9�L_fvITDG]X¿MfE>}�XBc:rgRp���<MBEH�ITDG]X¿MfE>}�dBc:�g�À�>TSdF?IA:=BEDG9�À�>TH=FMfc:�HOZ?À�DG]
:�NOD�ZqLGIA:�D�À�HxÙ
z�À�H=:xe�:=<?>hH=Bc]X¿MfcB·z�IxL_:=BEDG9�Bc9M<?>�À=Bc:�>TS"Z?À�DG] :=<?>WD�À=BcVoBc9�L_f�>A9?ITDXSM>�Àxe6:=<�L_:�À�>�¿Mf�LGIT>THJL
N�<?DGfE>j`��t��HÁÀ�>TH=BESdF?>iSdBIÀ�>TIA:�L_9?SyBc9C@R>�À�H�>j:WÀKL_9?H[Z\D�À=]Ü>A@oL_fcF�L_:=BEDG9sN�Bc:=<uL�H=Bc]X¿MfE>�À w �ÃÔ2D�À w �(�sÔ
IxL_fEIAFMf�L_:=BEDG9���L_9?S5H�>TITDG9?S�e�:=<?>CÀ�>�¿Mf�LGIT>A],>A9k:
D_ZO:=<?>
Z~FMfcf6SdBEIA:=BEDG9�L"À=g5H�>xL"À�IK<ve�À�>T�CFMBIÀ�>TS.Qkg.`�`�b
>A9?ITDCSdBc9MV?eaQkg{:=<?>5H=Bc]X¿MfE>�Às:WÀKL_9?H=Z~D�À=]�lqQ�LGH�>TS L_fcVRD�À=Bc:=<M]sp ¿n>A@R>�À=:=<?>AfE>TH�H�eaDG9?IT>.:=<?>5D�¿M:=Bc]�FM]
ITDCSdBc9MV�¿�L"ÀKL_],>A:�>�À�HtL"À�>
SM>A:�>�À=]JBc9?>TS�e�:=<?>�` Ô S?L_:KL,BEHn>A9?ITDXSM>TS�L_9?S�:WÀKL_9?H=]JBc:=:�>TS�e¢Z\DGfcfEDxNO>TS�QCg
:=<?>h`�`�bºITDG]X¿�À�>TH�H=BEDG9�D_Za:=<?>h` Ô À�>TH=BESdF?>yQMfEDXI��Yp���<MBEHJ<�LGH�:=<?>hBc9C:�>�À�>TH=:=Bc9MV�H=BESM>P>}×�>TIA:JD_Z
L_fcfEDxN�Bc9MV,Z\D�À�L
ZqL_BIÀ�ITDG]X¿�L"À=BEH�DG9sQY>A:�N�>T>A9�:=<?>�>A9?ITDCSdBc9MV^>}�^IABE>A9?IAgsD_Z(`�`�b|L_9?Su¦�p��o�_�C§_��� Ô ��H
:WÀKL_9?H[Z~D�À=] ITDXSdBc9MV?e�QY>TIxL_F?H�>y:=<?>�À�>TH=BESdF?>í¿�L_:=:�>�À=9?HxeOVR>A9?>�ÀKL_:�>TS�QCg�:=<?>y],DG:=BEDG9|ITDG]X¿Y>A9?HKL_:=BEDG9
¿�À�DCIT>TH�H�ed:�>A9?SP:�D�Q�>iL"¿�¿�À�Dx�XBc]^L_:�>AfcgP:=<?>�HKL_],>tZ\D�À�Q�DG:=<s>A9?ITDXSM>�À�Hxp
��<?>�F?H�>OD_Z��Ü� w ],DG:=BEDG9dl�ITDG]X¿�>A9?HKL_:=BEDG9�],>xL_9?H�:=<�L_:¥>xLGIK<
` Ô lZ¿�À�>TSdBEIA:=BEDG9J>�ÀWÀ�D�À¥]^LGI�À�DGQMfEDXI��

¸�N�Bc:=<
16 × 16

fcFM]^L¤HKL_]X¿MfE>THè¹^IxL_9|QY>s:=<?>�À�>TH=FMfc:WD_Zi:=<?>�ITDG9?IxL_:�>A9�L_:=BEDG93D_Z�H�>A@R>�ÀKL_fnH=]^L_fcfE>�À
H�>AVo],>A9k:�HxeaSM>�¿Y>A9?SdBc9MV�DG9{:=<?>�F?H�>TS~¿�L"À=:=Bc:=BEDG9�¸~H�>T>.Ö�BcVoF�À�>¤¡dp��R¹}pº¦
p��o�_�C§_�.� Ô >A9?ITDXSM>THy:=<MBEH
À�>TH=BESdF?>�`�� N�Bc:=<�L,QMfEDCIK�sH=B��x>tZ\D�À�:=<?>i:WÀKL_9?H=Z~D�À=]7ITDCSdBc9MVW:=<�L_:nSM>�¿Y>A9?SMHnDG9�:=<?>�` Ô ¿�L"À=:=Bc:=BEDG9
H=B��x>op38�9 `�`�b6l��aBESM>TDMe�:=<MBEH^Bc9dZ\D�À=]^L_:=BEDG9 IxL_9{L_fEH�D�Q�>PF?HK>TS�e�Qkg�ITDG9?H=BESM>�À=Bc9MV�>xLGI�<~¿�L"À=:=Bc:=BEDG9
Bc9?SM>�¿�>A9?SM>A9C:=fcg5Bc95:=<?>,`�`�b ITDG]X¿�À�>TH�H�BEDG9�H=:�>�¿vpJ¿a>A@R>�À=:=<?>AfE>TH�Hxev:=<?>^`�`�b >A9?ITDXSM>�Ài]^LTg¤L_fEH�D
SdBEHWÀ�>AVkL"À�S�:=<?>�` Ô ¿�L"À=:=Bc:=BEDG9MBc9MViL_9?S�¿�À�DCIT>THKH�:=<?>�>A9k:=BIÀ�> � � × � ��À�>TH=BESdF?>�QMfEDXI��YeGITDG]X¿�DoHK>TS�QCgi:=<?>
ITDG9?IxL_:�>A9�L_:=BEDG9hD_ZY:=<?>�H�>A@R>�ÀKL_f¢` Ô ¿�L"À=:=Bc:=BEDG9WQMfEDCIK�XH�p�8r9J:=<MBEH�IxLGHK>oek`�`�b"H�>AVo],>A9k:�HO:=<?>
D�À=BcVoBc9�L_f
� � × � �iQMfEDXI��,Bc9PL�N�LTgW:=<�L_:�D�¿M:=Bc]JBEH�>TH�:=<?>aITDG]X¿�À�>THKH=BEDG9hITDoH�:�D_Z�:=<?>a` Ô À�>TH=BESdF?>op Ô DG9?H=BESM>�À=Bc9MV
:=<?>jD�À=BcVoBc9�L_f	¿�L"À=:=Bc:=BEDG9�D_Z6:=<?>j`��{IxL_9uQ�>$À�>AVkL"À�SM>TS�LGH�L�>}�^IABE>A9k:nN�LTgP:�DJ>A9?ITDXSM>j:=<?>tz�À�H�:�Z~>AN
H�>AVo],>A9k:KL_:=BEDG9�SM>TIABEH=BEDG9?H�D_Z6:=<?>

16 × 16
QMfEDCIK��edN�<MBEIK<�ITDGFMfESPfE>xLGSs:�DJH�DG],>$¿�>�À[Z\D�À=]^L_9?IT>iVkL_Bc9?H�p

¿n>A@R>�À=:=<?>AfE>TH�H�eX>}��¿Y>�À=Bc],>A9k:KL_f�:�>TH=:�H�H=<?DxN�>TSsLi]^L"À=VoBc9�L_fA¿Y>�À[Z\D�À=]^L_9?IT>nVkL_Bc9hN�<?>A9y:=<?>t>A9k:=BIÀ�>t`��
N�LGHÁ¿�À�DXIT>TH�H�>TSyQkgh`�`�b�eM>THW¿�>TIAB�L_fcfcg^Z~D�Às�{H=fcBEIT>THxedH�D
:=<MBEH�N�LGHnLGSMD�¿M:�>TSyBc9h:=<?>az?9�L_f�@R>�À�H�BEDG9?H�D_Z
`�`�b6l��aBESM>TDMp
��¿�L"À=:yZ¥À�DG]':=<?>5],DG:=BEDG9ÀITDG]X¿Y>A9?HKL_:�>TSÝÀ�>TH�BESdF�L_f�S?L_:KLdejL_fcfiBc9dZ~D�À=]^L_:=BEDG9À:WÀKL_9?H=]JBc:=:�>TS QCg



� % D £ ßkª¸ÉÂÉ � Ú å ¯°²kªmµ^ç�ÇA±XµC«o¯´©RßR­ Ø��W�

`�`�b6l��aBESM>TDsBEH�>A9?ITDXSM>TS¤F?H�Bc9MVs:=<?>^D�À=BcVoBc9�L_f�¦�p��o�_�C§_��� Ô :�>TIK<M9MBE�kF?>THÓ� �x� ��py��<MBEHiBc9?IAfcF?SM>THJL_fcf
` Ô Bc9dZ\D�À=]^L_:=BEDG9vevfcBc�R>�:=<?>�¿�L"À=:=Bc:=BEDG9¤],DXSM>THiL_9?S.:=<?>�],DG:=BEDG95@R>TIA:�D�À�HtZ~D�Àj>xLGIK<¤QMfEDCIK��e¥LGHtNO>Afcf
LGHaHK>T�kF?>A9?IT>oe�H=fcBEIT>JL_9?S5`�� <?>xLGSM>�À�Hxp�8�9.:=<?>TH�>�IxLGH�>TH�e¢:=<?>JD�À=BcVoBc9�L_f�¦
p��o�_�C§_��� Ô D�¿M:=BEDG9?HiNO>�À�>
]^L_Bc9k:KL_Bc9?>TS�e�9�L_],>Afcgs:=<?>iF?HK>�D_Z Ô ���a¼ Ô D�À Ô �Ã��� Ô e¢SM>�¿Y>A9?SdBc9MVhDG9�:=<?>iF?H�>TS�>A9?ITDCSdBc9MV�¿�À�D_l
z?fE>op�Ö?F�À=:=<?>�À=],D�À�>oe�:=<?>hBc9dlqfEDXD�¿USM>AQMfEDXI��XBc9MVÜ¿�À�DCIT>THKH�N�LGH�]^L_Bc9k:KL_Bc9?>TSUBc9�`�`�b6l��aBESM>TDMp5��<MBEH
SM>TIABEH=BEDG9sN�LGH�Õ¾F?H�:=B·z�>TSsQkgy:=<?>9¿Y>�À[Z\D�À=]^L_9?IT>iVkL_Bc9?H�DGQ?HK>�À=@R>TSPBc9uH�DG],>i>}��¿Y>�À=Bc],>A9k:KL_f�:�>TH=:�Hxed:=<�L_:
SM>A],DG9?H=:WÀKL_:�>TSs:=<?>j>}�^IABE>A9?IAgsD_Z6:=<MBEH�],>A:=<?DXSuL_fEH�D
Z\D�À
`�`�b6l��aBESM>TDMp

ü&ý��&ý�þ îÛ
��,wy
��	z�u 
yï�������
Z�	z}�5��
ÜÞßÞÔ�Â�'àá
������

8�9�L
@XBESM>TDnITDXSdBc9MVaZ?ÀKL_],>AN�D�À=��eR:=<?>O`�`�b.SdBEIA:=BEDG9�L"À=g
SM>TH=BcVo9P¿YDoH�H=BcQMBcfcBc:=BE>TH�Bc9?I�À�>xLGH�>�H=BcVo9MB·z�IxL_9C:=fcgRe
Q�>TIxL_F?H�>,Bc:�BEH¡¿YDoH�H=BcQMfE>,:�Du>}��¿MfEDGBc:�LGSMSdBc:=BEDG9�L_f�H�BcVo9�L_f�Z\>xL_:=F�À�>THxpy`�`�b6l��aBESM>TDMe6LGH�¦�p��o�_�C§_��� Ô e
SdBc@CBESM>TH�:=<?>,@XBESM>TDuH�>T�CF?>A9?IT>,Bc9C:�D�8}e�bËL_9?S¡��H=fcBEIT>THh¸£Z\D�À�L_fcf�DGF�À�:�>TH=:�H�e¥>xLGIK<;H�>T�CF?>A9?IT>JZ¥ÀKL_],>
ITD�ÀWÀ�>THW¿�DG9?SMH
:�D,L_9PBc9?SdBc@CBESdF�L_f�H�fcBEIT>�¹}pçÔaF?>t:�DJ:=<?>jSdB·×Y>�À�>A9C:�>A9?ITDXSdBc9MV,:�DCDGfEH
F?H�>TShZ~D�À
>xLGIK<uH=fcBEIT>
:�g,¿�>oeCDG9?>
]^LTgW>}�,¿Y>TIA:�:=<?>UÀ�>TH�BESdF?>nH=BcVo9�L_fEH�:�Di@oL"À=g,LGITITD�À�SdBc9MVofcgRp�ÖMF�À=:=<?>�À=],D�À�>oedQY>TIxL_F?H�>
N�>nL"À�>
SM>xL_fcBc9MV,N�Bc:=<sITDGfEDGF�À�H�>T�CF?>A9?IT>THxeM>xLGI�<sZ?ÀKL_],>tBEH�ITDG]X¿YDoH�>TSPQCgyL
fcFM]^LP¸�ð�¹�L_9?Sy:�N�D^I�<�À�DG]^Lu¸~Ú
L_9?S �j¹jITDG]X¿�DG9?>A9C:�H´ñRph��<?>JBc9dZ~D�À=]^L_:=BEDG9�L_QYDGFM:i:=<?>JZ¥ÀKL_],>J:�g,¿Y>^L_9?S¤:=<?>,ITDGfEDGF�À
ITDG]X¿�DG9?>A9C:
:=<�L_:�BEH�QY>ABc9MV¸¿�À�DXIT>TH�H�>TSWIxL_9^QY>�F?H�>TS^Bc9^:=<?>�`�`�b6l��nBESM>TD�SdBEIA:=BEDG9�L"À=g^SM>TH=BcVo9�¿�À�DCIT>TH�H�p��n9?DG:=<?>�À
À�>AfE>A@GL_9C:6Z~>xL_:=F�À�>�BEH6:=<?>�fEDG9MVR>�À(:=Bc],>
Lx@GL_Bcf�L_QMfE>�Z\D�À�SdBEIA:=BEDG9�L"À=g�LGS?L"¿M:KL_:=BEDG9vekN�<?>A9,ITDG]X¿�L"À�>TSJN�Bc:=<
Bc]^L_VR>aITDXSdBc9MV?pçÔt>�¿Y>A9?SdBc9MV�DG9y:=<?>a9kFM]�Q�>�À
D_Z6ITDG]X¿�À�>TH�H�>TSyH�>T�CF?>A9?IT>nZ?ÀKL_],>THxeX:=<?>t`�`�b6l��aBESM>TD
SdBEIA:=BEDG9�L"À=gh<�LGH
]�F?I�<�],D�À�>j:=Bc],>j:�D�ò�fE>xL"À=9�ój:=<?>t9?>ANÒ¿�L_:=:�>�À=9?H�p
w >A@R>�ÀKL_f�:�>TH=:�H^NO>�À�>M¿�>�À[Z\D�À=],>TS�Bc9 D�À�SM>�ÀW:�D¤>A@oL_fcF�L_:�>sN�<MBEIK< N�LGH^:=<?>uQ�>TH�:^ITDG9dz?VoF�ÀKL_:=BEDG9

Z~D�Àh:=<?>5`�`�b6l��aBESM>TDM��HPSdBEIA:=BEDG9�L"À=gRp�8r9 :=<?>TH�>�:�>TH=:�HyNO>�<�Lx@R>.F?H�>TS{]�F?I�<2D_Z�:=<?>��C9?D�N�fE>TSdVR>
VkL_:=<?>�À�>TSUZ?À�DG] :=<?>PNOD�À=��DG9|`�`�b�SdBEIA:=BEDG9�L"À=g�LGS?L"¿M:KL_:=BEDG9 Z\D�ÀJBc]^L_VR>sITDCSdBc9MV?e�SM>TH�I�À=BcQY>TS�Bc9
:=<?>M¿�À�>A@XBEDGF?HPI�<�L"¿M:�>�À�HuD_Z�:=<MBEHPSMDXIAFM],>A9k:xpÔqn9?>MÀ�>AfE>A@oL_9k:uLGH´¿�>TIA:PD_Z�:=<?>.SdBEIA:=BEDG9�L"À=g SM>TH=BcVo9
¿�À�DCIT>TH�H�Z\D�À,`�`�b6l��aBESM>TD�BEH�:=<?>í¿�DoH�H�BcQMBcfcBc:�g"D_ZaF?H=Bc9MV5Bc9?SM>�¿Y>A9?SM>A9k:^SdBEIA:=BEDG9�L"À=BE>TH�Z\D�ÀJSdB·×Y>�À�>A9C:
Bc]^L_VR>�ITDG]X¿YDG9?>A9k:�HtD�ÀtH=fcBEIT>i:rg{¿Y>THxp
8r9uBc:�HnBc9MBc:=B�L_f6@R>�À�H=BEDG9ve¢`�`�b6l��nBESM>TDWF?H�>TS�H=B·�sBc9?SM>�¿�>A9?SM>A9C:
SdBEIA:=BEDG9�L"À=BE>TH�:�D
>A9?ITDXSM>a:=<?>n`���H�D_Z¥>xLGI�<PITDGfEDGF�À�¸�ðjÚ �i¹(ITDG]X¿YDG9?>A9k:
D_Z�:=<?>tb�L_9?S§� H�fcBEIT>THxp68�9
:=<MBEH
IxLGH�>oeM>xLGI�<�SdBEIA:=BEDG9�L"À=gyDG9MfcgÊò�fE>xL"À=9?H5ój:=<?>jHW¿Y>TIAB·z�I$À�>TH=BESdF?>9¿�L_:=:�>�À=9?HnD_Z�>xLGI�<�:�g,¿�>jD_Z6H�DGF�À�IT>
S?L_:KLde j ¼ ó ¼(:=<?>jb6l;ðËSdBEIA:=BEDG9�L"À=gyBEH�DG9MfcghF?H�>TSh:�D,L"¿�¿�À�DT�dBc]^L_:�>jfcFM]^L�¿�L_:=:�>�À=9?H
D_Z6b�H=fcBEIT>TH
L_9?SyBEH
>}�dIAfcF?H=Bc@R>AfcghF�¿YS?L_:�>TShZ~D�À
H=F?IK<uIxLGH�>THxp�qn9sDG9?>t<�L_9?S�e?:=<MBEH
IxL_9PQ�>iL�¿Y>�À[Z\D�À=]^L_9?IT>jBc]X¿�À�Dx@R>A],>A9C:
ô5õ?4$<Z�7J]8.<Z�"!58;JK8.>x!v13:E\K\K:´>â<Z�7!v#�% Ø'&'(�)'*,+.- 62:E4 H !54a<ZJK:E4�µy<Z��@d<.T"8;!28c<Z�"!�<Z! / _`8	\]T7_U@`@'4"V¡6�� / :'_U@`J]478¥<Z!W@EV9:d1

\KT7_`J]4"@'4765!¶@d4�V[6�� / :'_`J]4"@'4765!bB �WD'F %



Ø'�W& Ý ¨&� çA©o©Rª�«o¬,­�çA©R®oßR¯°¬R±oÚZ�mçÛ¦=ª�²J³X¯´²Cª�µh®oµC­��m«oª3¦�¦=¯°µC¬

Z\LGIA:�D�ÀxedQY>TIxL_F?H�>aBc:`À�>TH=FMfc:�H�Bc9P<MBcVo<MfcgWH´¿�>TIAB�L_fcBEH�>TSPSdBEIA:=BEDG9�L"À=BE>TH�pvqn9P:=<?>jDG:=<?>�À�<�L_9?S�ed:=<MBEH�],>xL_9?H
:=<�L_:�L�`���D_ZaLuVoBc@R>A9UITDG]X¿YDG9?>A9k:è§_H�fcBEIT>y:�g,¿�>hIxL_9;DG9Mfcg"Q�>hL"¿�¿�À�DT�dBc]^L_:�>TS�Qkg�QMfEDCIK�XH�D_Z�:=<?>
ITD�ÀWÀ�>THW¿�DG9?SdBc9MV"SdBEIA:=BEDG9�L"À=gRe�:=<�L_:J<�LGHWL.H=]^L_fcfE>�ÀWL"¿�¿�À�Dx�XBc]^L_:=BEDG9�¿�D�NO>�ÀW:=<�L_9 L�],D�À�>PVR>A9?>�ÀKL_f
¸\L_9?SP:=<kF?H�],D�À�>iITDG]X¿MfE>A:�>�¹�SdBEIA:=BEDG9�L"À=gRp

qnF�ÀO:�>TH�:�HOSM>A],DG9?H=:WÀKL_:�>TSh:=<�L_:O:=<?>�F?H�>nD_Z�H=B·�,Bc9?SM>�¿Y>A9?SM>A9k:�SdBEIA:=BEDG9�L"À=BE>TH�fcBc]JBc:�>TS^:=<?>�¿Y>�À[Z~D�À[l
]^L_9?IT>iZ\D�À�:=<?>�I�<�À�DG]^LhITDG]X¿�DG9?>A9C:�Hxp w Bc9?IT>�IK<�À�DG]^LÂÀ�>TH=BESdF?>�QMfEDXI��dH�:�>A9?S�:�D,QY>i@R>�À=guH�],DCDG:=<ve
:=<?>,9kFM]�Q�>�À�D_Z
H�>AVo],>A9k:KL_:=BEDG9?HC¿Y>�À[Z\D�À=],>TS¤Qkg¤`�`�b3Z\D�À�:=<?>TH�>^QMfEDCIK�XH�BEH�H=]^L_fcfqpy��<MBEH
IxL_F?H�>TH
:=<?>JI�<�À�DG]^LPSdBEIA:=BEDG9�L"À=BE>TH�:�DyfE>xL"À=95@R>�À=guZ\>AN�9?>AN�¿�L_:=:�>�À=9?Hxe�N�<MBEIK<�ITDG]X¿�À�DG]JBEH�>THi:=<?>ABIÀiITDXSdBc9MV
>}�^IABE>A9?IAgRp���<?>�À�>}Z\D�À�>oe?H�>A@R>�ÀKL_f�DG:=<?>�À�SdBEIA:=BEDG9�L"À=gPITDG9dz?VoF�ÀKL_:=BEDG9?HnNO>�À�>�:�>TH=:�>TS�p
��9?DG:=<?>�ÀnBc]X¿�D�À=:KL_9C:�:�DXDGf�Z\D�À�`�`�b6l��aBESM>TD^SdBEIA:=BEDG9�L"À=gsSM>TH=BcVo9�BEH
:=<?>jF?HK>iD_Z�ITDG9k:�>}�d:nITDG9?SdB·l

:=BEDG9MBc9MV�:�>TIK<M9MBE�kF?>THxe�fcBc�R>^:=<?>^DG9?>TH
SdBEH�IAF?H�H�>TS�Bc9 w >TIA:=BEDG9;�dp � pP8r9�:=<?>THK>^IxLGH�>THxe¥:=<?>^SdBEIA:=BEDG9�L"À=g
>AfE>A],>A9k:�H^L"À�>yD�À=VkL_9MBEH�>TSUBc9C:�D5SdB·×Y>�À�>A9C:X¿�L"À=:=Bc:=BEDG9?Hxe�N�<MBEIK<�F?H�>hBc9?SM>�¿�>A9?SM>A9C:Â¿�À�DGQ�L_QMBcfcBc:�gUITDG9dl
:�>}�X:�H�Z\D�À
:=<?>�L"À=Bc:=<M],>A:=BEI�>A9?ITDCSdBc9MVWD_Z6:=<?>iBc9?SM>}�d>THxp���<?>jZ\DGfcfEDxN�Bc9MVWI�À=Bc:�>�À=B�LJNO>�À�>i:�>TH�:�>TSuLGH
:=<?>
¿�À�DGQ�L_QMBcfcBc:�gsITDG9k:�>}�d:�HxÙ

• ��<?>nD�À=BcVoBc9�L_fYQMfEDXI��^HKIxL_fE>oekBc9hN�<MBEI�<y>xLGI�<PSdBEIA:=BEDG9�L"À=gÊ¿�L"À=:=Bc:=BEDG9PITDG9C:KL_Bc9?HO:=<?>n@R>TIA:�D�À�H�:=<�L_:
NO>�À�>�D�À=BcVoBc9�L_fcfcgsI�À�>xL_:�>TSuL_:nL
VoBc@R>A9uH�IxL_fE>��

• ��<?>,H=fcBEIT>�:rg{¿Y>oev],>xL_9MBc9MVs:=<�L_:�>xLGI�<Û¿�L"À=:=Bc:=BEDG9;ITDG9k:KL_Bc9?Hi:=<?>,@R>TIA:�D�À�Hi:=<�L_:jNO>�À�>WI�À�>xL_:�>TS
Z\D�À�:=<?>i8èeMb|D�À � H=fcBEIT>TH��

• ��<?>
Bc]^L_VR>
ITDG]X¿YDG9?>A9k:xevN�<?>�À�>
>xLGIK<Ü¿�L"À=:=Bc:=BEDG9¤ITDG9k:KL_Bc9?Ht:=<?>
@R>TIA:�D�À�Ht:=<�L_:nN�>�À�>JI�À�>xL_:�>TS
Z\D�À�:=<?>$ð�eMÚ D�Às�ËITDGfEDGF�À�ITDG]X¿�DG9?>A9C:�Hxp
¶6��¿�>�À=Bc],>A9C:KL_f�:�>TH=:�H
NO>�À�>PITDG9?SdF?IA:�>TS�e�Bc9�D�À�SM>�À�:�D.>A@GL_fcF�L_:�>h:=<?>�¿Y>�À[Z~D�À=]^L_9?IT>yD_Z�F?H=Bc9MV¤L

SdB·×Y>�À�>A9C:a9CFM]�QY>�ÀjD_Z�SdBEIA:=BEDG9�L"À=BE>THiL_9?S�SdB·×�>�À�>A9k:tITDG9k:�>}�d:jITDG9?SdBc:=BEDG9MBc9MVyI�À=Bc:�>�À=B�Ldpa8r9�:=<?>TH�>�:�>TH=:�H
:=<?>�À�>JN�LGH�9?DG:�LyFM9MBE�CF?>,ITDG9dz?VoF�ÀKL_:=BEDG9":=<�L_:P¿�À�Dx@R>TS�:�DPQ�>�:=<?>,Q�>TH=:tZ\D�À�L_fcf(Z¥ÀKL_],>J:rg{¿Y>TH�L_9?S
ITDGfEDGF�À�ITDG]X¿�DG9?>A9C:�Hxe¢L_:aL_fcfvITDG]X¿�À�>TH�H=BEDG9ëÀKL_:=BEDoHxpO¿n>A@R>�À=:=<?>AfE>THKHxeM:�N�D,D�¿M:=BEDG9?HnLGIK<MBE>A@R>TSu:=<?>tQY>TH=:
Dx@R>�ÀKL_fcf	À�>TH�FMfc:�HxÙ

• 8�9�:=<?>hz�À�H�:^D�¿M:=BEDG9veO`�`�b6l��nBESM>TD¤F?H�>THJ:�N�D ì�ívnoj ã j)ívnoj-í=ð SdBEIA:=BEDG9�L"À=BE>TH�ÙsDG9?>yZ\D�ÀJ:=<?>sb
H=fcBEIT>THJ¸\L_fcf(ITDGfEDGF�ÀjITDG]X¿�DG9?>A9C:�Hè¹aL_9?S.L_9?DG:=<?>�ÀaZ\D�Àn:=<?>��2H=fcBEIT>THxpt¶�LGI�<5SdBEIA:=BEDG9�L"À=g�BEH�:=<CF?H
L_QMfE>
:�D^fE>xL"À=9.:=<?>PÀ�>TH=BESdF?>�¿�L_:=:�>�À=9?Ht:=<�L_:jITD�ÀWÀ�>THW¿�DG9?S�:�DyL_fcf¥:=<�À�>T>�ITDG]X¿YDG9?>A9k:�HiD_Z�>A@R>�À=g
`��"D_Z�>xLGI�<^H�fcBEIT>O:rg{¿Y>oeCL_fcfED�N�Bc9MV�`�`�b5:�DtF?HK>�L[À=BEIK<?>�À�SdBEIA:=BEDG9�L"À=g�:�Dj>A9?ITDCSM>�:=<?>�IK<�À�DG]^L
ITDG]X¿YDG9?>A9k:�Hxe�Bc]X¿�À�Dx@XBc9MVs:=<?>JITDCSdBc9MVs>}�^IABE>A9?IAg5D_Z�:=<?>TH�>CÀ�>TH=BESdF?>THxpÂqn95:=<?>JDG:=<?>�Àj<�L_9?S�e



� % D £ ßkª¸ÉÂÉ � Ú å ¯°²kªmµ^ç�ÇA±XµC«o¯´©RßR­ Ø��=ê

fcFM]^LJ`���H�<�LT@R>j:�DPòrH=<�L"À�>Eót:=<?>jSdBEIA:=BEDG9�L"À=gyN�Bc:=<s:=<?>jI�<�À�DG]^LÂ¿�L_:=:�>�À=9?HxeMIxL_F?H=Bc9MVWL�H�fcBcVo<k:
>}�^IABE>A9?IAg^fEDoHKH�Z\D�ÀO:=<?>nfcFM]^L
ITDG]X¿�DG9?>A9C:xp�¿a>A@R>�À=:=<?>AfE>TH�HxeX:=<MBEH�ITDG9dz?VoF�ÀKL_:=BEDG9uLGI�<MBE>A@R>TSh:=<?>
QY>TH=:�Dx@R>�ÀKL_fcf�À�>TH=FMfc:�H�N�<?>A9,N�>�F?H�>TSJBc9?SM>�¿Y>A9?SM>A9k:�SdBEIA:=BEDG9�L"À=BE>THxeCQ�>TIxL_F?H�>
:=<?>
H=]^L_fcf?fEDoH�H(Z~D�À
:=<?>jfcFM]^LJITDG]X¿YDG9?>A9k:�HnBEH�ITDG]X¿Y>A9?HKL_:�>TSPQCgy:=<?>9À�>AfE>A@GL_9C:�VkL_Bc9?HaLGI�<MBE>A@R>TSuZ~D�À�:=<?>iIK<�À�DG]^L
ITDG]X¿YDG9?>A9k:�Hxp

• 8�95:=<?>JHK>TITDG9?S5D�¿M:=BEDG9ve¥LyH=Bc9MVofE>,SdBEIA:=BEDG9�L"À=g.BEHtF?H�>TS.:�DsL"¿�¿�À�Dx�XBc]^L_:�>hL_fcf�À�>TH=BESdF?>JQMfEDXI��dHxe
Bc9?SM>�¿Y>A9?SM>A9k:=fcg.D_Z�:=<?>ABIÀjITD�ÀWÀ�>THW¿�DG9?SdBc9MVsITDG]X¿YDG9?>A9k:�L_9?S.H=fcBEIT>�:�g,¿Y>opj��<MBEHjSdBEIA:=BEDG9�L"À=guBEHxe
<?DxN�>A@R>�ÀxeCHK>AVo],>A9k:�>TS^ITDG9?H�BESM>�À=Bc9MVi:=<?>
D�À=BcVoBc9�L_f?fE>A@R>Af?D_Z�>xLGI�<,9?>AN|QMfEDCIK�
D_ZY:=<?>�SdBEIA:=BEDG9�L"À=gRe
F?H=Bc9MV�LuH=Bc]JBcf�L"À¸¿�À�DXIT>TSdF�À�>,:�Du:=<?>,DG9?>^SM>THKI�À=BcQ�>TS�Bc9 w >TIA:=BEDG9U�dp � py��<?>XÀ�>TH�FMfc:�HiZ\D�Ài:=<MBEH
],>A:=<?DXSWN�>�À�>�L_fc],DoH=:�>T�CFMBc@GL_fE>A9C:�:�D�:=<?>aF?H�>tD_Z�:=<?>n:rNODJBc9?SM>�¿Y>A9?SM>A9k:
SdBEIA:=BEDG9�L"À=BE>THnD_Z�:=<?>
¿�À�>A@XBEDGF?H
IxLGH�>oedH�>AVo],>A9k:�>TSsQkghfE>A@R>Afqp���<?>tF?H�>tD_Z6L�H=Bc9MVofE>tSdBEIA:=BEDG9�L"À=gy],>xL_9?H�:=<�L_:�L_fcf�SdBEI}l
:=BEDG9�L"À=g
QMfEDCIK�XH�L"À�>
L_fcN�LTgdHOLx@GL_Bcf�L_QMfE>oe{À�>AVkL"À�SdfE>TH�H�D_ZY:=<?>�H=fcBEIT>�:�g,¿Y>
L_9?SJITDGfEDGF�À�ITDG]X¿�DG9?>A9C:
:=<�L_:�BEHnQY>ABc9MVW>A9?ITDXSM>TS�p�qn9?IT>�],D�À�>oe¢:=<MBEHn<�LGHaL,Q�>A9?>}z�IAB�L_f6>}×Y>TIA:nBc9u:=<?>�ITDG]X¿�À�>TH�H=BEDG9.D_Z
:=<?>hI�<�À�DG]^L�ITDG]X¿�DG9?>A9C:�Hxe�L_:
:=<?>^ITDoH=:�D_ZnLsH=]^L_fcfbÀ�>TSdF?IA:=BEDG9UBc9�:=<?>h>}�^IABE>A9?IAg�D_Z
fcFM]^L
ITDG]X¿�À�>TH�H=BEDG9vp
��<?>.SdBEIA:=BEDG9�L"À=g�À�>TSdFM9?S?L_9?IAg ITDG9k:WÀ�DGf�HKI�<?>A],>oeaSdBEH�IAF?H�H�>TS{Bc9 w >TIA:=BEDG9 �dp��deaL_9?S{:=<?>5H�IxL_fE>

À�>TH=:WÀ=BEIA:=BEDG9y:�>TI�<M9MBE�CF?>,¸~H�>T> w >TIA:=BEDG9u�dp �?p � ¹}edN�>�À�>jL_fEH�D�F?HK>TSWBc9y`�`�b6l��aBESM>TDMp���<?>aF?H�>aD_Z	À�>TSdFM9dl
S?L_9?IAg�ITDG9k:WÀ�DGf�Bc9k:WÀ�DXSdF?IT>TH�ITDG9?H=BEH=:�>A9C:��kF�L_fcBc:rg�VkL_Bc9?H(Z~D�À�L_fcf?H�>T�CF?>A9?IT>THxp��nH�Z\D�À6:=<?>�IxLGH�>�D_Z¢Bc]^L_VR>
>A9?ITDCSdBc9MV?e�:=<?>�Q�>TH=:t@oL_fcF?>
Z~D�Àj:=<?>�F?HK>TS5SdBEH=:�D�À=:=BEDG95:=<�À�>TH=<?DGfES�e

d
evSM>�¿�>A9?SMH�DG95:=<?>J:KL"À=VR>A:9ÀKL_:�>

L_9?S�BEH¶À�>Af�L_:�>TS�N�Bc:=<�:=<?>�@oL_fcF?>�D_Z
λ
p���<?>Á¿�L"ÀKL_],>A:�>�À

λ
D_Z�:=<?>�`�`�b6l��nBESM>TDj>A9?ITDXSM>�À6BEH(H�>A:�Q�LGH�>TS

DG9J:=<?>��abÛ¿�L"ÀKL_],>A:�>�ÀxekF?H=Bc9MVi:=<?>
HKL_],>ÁÀ�>Af�L_:=BEDG9^:=<�L_:�N�LGHOSM>}z?9?>TS�Z~D�À(:=<?>�D�À=BcVoBc9�L_f�¦�p��o�_�C§_��� Ô
>A9?ITDCSM>�À��*�o�y��p��n9.>}�,¿Y>�À=Bc],>A9k:KL_f(D�¿M:=Bc]JBEHKL_:=BEDG95D_Z�:=<?>

d(λ)
À=FMfE>�N�LGH[¿�>�À[Z\D�À=],>TS�e�LGITITD�À�SdBc9MVP:�D

L�¿�À�DCIT>TSdF�À�>�H=Bc]JBcf�L"À
:�D�:=<?>iDG9?>iSM>THKI�À=BcQ�>TSyZ\D�À
`�`�b|Bc]^L_VR>iITDCSdBc9MV^Bc9 w >TIA:=BEDG9��dp��dp��dp�8r9uHW¿MBc:�>
D_ZO:=<?>JVyÀ�>xL_:�>�Ài@oL"À=B�L_9?IT>,D_Z�:=<?>CÀ�>TH=FMfc:�HtZ\D�Àj@CBESM>TDuH�>T�kF?>A9?IT>JITDXSdBc9MV?ev:=<?>^D�À=BcVoBc9�L_f�À=FMfE>,SM>}z?9?>TS
Z~D�À�`�`�b6l�8K8�¸~H�>T>j>T�CF�L_:=BEDG9�¸\�dp��R¹=¹ON�LGH�Z\DGFM9?Sy:�D
Q�>iL"¿�¿�À�D�¿�À=B�L_:�>�L_fEHKD�Z\D�À
`�`�b6l��aBESM>TDMp(�aH�Z~D�À
`�`�b6l�8�8}eM:=<?>¡À�>TH�:WÀ=BEIA:=BEDG9.D_Z�:=<?>�H�IxL_fE>�:WÀKL_9?H[Z~D�À=],HnF?H�>TSuBc9�SdBEIA:=BEDG9�L"À=gsF�¿YS?L_:=Bc9MVPL_fEH�DhLGIK<MBE>A@R>TH
À�>AfE>A@GL_9C:�ITDG]X¿MFM:KL_:=BEDG9�L_f¥ITDG]X¿MfE>}�XBc:rg^VkL_Bc9?HxeXN�Bc:=<?DGFM:
L�9?DG:=BEIT>xL_QMfE>tBc]X¿�LGIA:�DG9h:=<?>[¿�>�À[Z\D�À=]^L_9?IT>
D_Z6`�`�b(l��nBESM>TDMp
�»]^Lm�dBc]�FM] SdBEIA:=BEDG9�L"À=g H=B��x>.N�LGHPH�>A:yZ~D�ÀyQYDG:=< @R>�À�H=BEDG9?HsD_Z
`�`�b6l��nBESM>TDMpÞ¢¤>�F?H�>TS L

@GL_fcF?>a:=<�L_:
SdBESy9?DG:�VR>A9?>�ÀKL_fcfcghfcBc]JBc:�:=<?>jSdBEIA:=BEDG9�L"À=ghVyÀ�D�N�:=<"¸ �x o  p  o o  >AfE>A],>A9C:�Hè¹}p�¿a>A@R>�À=:=<?>AfE>TH�Hxe
:=<MBEHifcBc]JBc:
N�LGH
H�DG],>A:=Bc],>TH�À�>xLGI�<?>TS�e(>THW¿Y>TIAB�L_fcfcg.Z~D�À�],D�À�>WITDG]X¿MfE>}��H�>T�CF?>A9?IT>THy¸�fcBc�R>^`�DGQMBcfE>��
Ô L_fE>A9?S?L"Àè¹iL_9?S.Z\D�Àj<MBcVo<?>�À¸ÀKL_:�>THxp^��<?>JBc9?SM>}�.Z?À�>T�CF?>A9?IAgklqQ�LGHK>TS¤>AfcBc]JBc9�L_:=BEDG90À=FMfE>oe¥SM>A:�>�À=]JBc9?>TS



Ø'��� Ý ¨&� çA©o©Rª�«o¬,­�çA©R®oßR¯°¬R±oÚZ�mçÛ¦=ª�²J³X¯´²Cª�µh®oµC­��m«oª3¦�¦=¯°µC¬

Bc9 w >TIA:=BEDG9 � p �?p � Z~D�À�Bc]^L_VR>jITDXSdBc9MV?eMN�LGHnL_fEH�D
F?H�>TShZ~D�À�`�`�b(l��nBESM>TDMp��aH�Z\D�À�:=<?>jIxLGHK>jD_Z¥Bc]^L_VR>
ITDG]X¿�À�>TH�H=BEDG9veX>}�,¿Y>�À=Bc],>A9k:KL_f�:�>TH=:�H�À�>A@R>xL_fE>TSW:=<�L_:�:=<?>U¿Y>�À[Z\D�À=]^L_9?IT>�D_Z�:=<?>�`�`�b(l��nBESM>TDi>A9?ITDXSM>�À
SMDC>TH(9?DG:�H=:WÀ�DG9MVofcgJSM>�¿�>A9?SWDG9,:=<MBEH�:=<�À�>TH�<?DGfES�ekFM9MfE>TH�H�:=<?>�]^Lm�dBc]�FM]$SdBEIA:=BEDG9�L"À=g,H=B��x>�BEH�HK>A@R>�À�>Afcg
À�>TSdF?IT>TS�p
��<?>�9?D�À=]�l�>T�CF�L_fcBEHKL_:=BEDG9C¿�À�DXIT>TSdF�À�>oeoSM>TH�I�À=BcQ�>TS�Bc9 w >TIA:=BEDG9J�dp � eGN�LGH6L_fEH�Dn:�>TH=:�>TS�p�¶6�,¿Y>�À=Bc],>A9dl

:KL_fxÀ�>TH�FMfc:�HvÀ�>A@R>xL_fE>TSy:=<�L_:�:=<?>aQY>A9?>}z?:�H�D_Z�:=<MBEH�:�>TI�<M9MBE�CF?>jSM>�¿Y>A9?ShDG9y:=<?>aBc9�¿MFM:�@XBESM>TD
HK>T�kF?>A9?IT>
L_9?ShDG9y:=<?>nZ\>xL_:=F�À�>TH�D_Z�:=<?>j>A9?ITDCSM>�Àxp(Ö�D�À�HKDG],>aIxLGHK>THxeX:=<?>nF?HK>aD_Z¥9?D�À=]Ü>T�kF�L_fcBEHKL_:=BEDG9PBc]X¿�À�D�@R>TH
:=<?>hITDXSdBc9MV°¿�>�À[Z\D�À=]^L_9?IT>oe�QMFM:xe6Z\D�À�H�DG],>WHK>T�kF?>A9?IT>THxe�Bc:�<�LGH,Lu9?>AVkL_:=Bc@R>yBc]X¿�LGIA:xp ��>TIxL_F?H�>yD_Z
:=<MBEHxed:=<MBEH�:�>TI�<M9MBE�CF?>iN�LGH�SdBEHKL_QMfE>TSPZ~D�À
`�`�b(l��nBESM>TDMp

ü&ý��&ý�� �����ö���"�ì���¡uÒ÷�øí�X�a��
Zù	�âúvu �

�nH�N�LGHU¿�À�>A@XBEDGF?H=fcgPSM>TH�I�À=BcQY>TS�e?:=<?>i¦
p��o�_�C§_�.� Ô H=:KL_9?S?L"À�SPF?H�>THaLJITDXSM>TSPQMfEDCIK�í¿�L_:=:�>�À=9;¸ Ô ��bO¹
¿�L"ÀKL_],>A:�>�ÀJ:�D5I�<�L"ÀKLGIA:�>�À=BEH�>P:=<?>y>A9?ITDXSM>TSìÀ�>TH=BESdF?>yQMfEDXI���:WÀKL_9?H=Z~D�À=] ITDX>}�^IABE>A9k:�Hu¸£Z\D�À�Bc9?H=:KL_9?IT>
:=<?>^L_Q?H�>A9?IT>^D_Z�9?DG9dl��x>�À�Du� Ô ITDC>}�^IABE>A9C:�Hè¹}e�Z~D�À�>xLGIK<"`��tpv��<MBEH�L_fcfED�N
H�:=<?>,>A9?ITDXSM>�À�:�D�LT@RDGBES
:WÀKL_9?H=]JBc:=:=Bc9MVsBc9dZ\D�À=]^L_:=BEDG9;LGH�H�DXIAB�L_:�>TS.N�Bc:=<�H�DG],>�9CFMfcf�À�>TH=BESdF�L_f�ITDX>}�^IABE>A9k:�H�e¥HKLx@CBc9MVsD�@R>�À=<?>xLGS
QMBc:�Hxp w Bc9?IT>P`�`�bËSMDC>TH�9?DG:�F?H�>h>A9?ITDXSM>TS�ITDC>}�^IABE>A9C:�Hxe�:=<?>ySdBIÀ�>TIA:�F?H�>yD_Z�:=<?> Ô ��bË@GL_fcF?>hBEH
9?DG:X¿�DoH�H�BcQMfE>op"¿a>A@R>�À=:=<?>AfE>TH�Hxe�L_9|L_9�L_fcgXH�BEHJD_Za:=<?>P`�`�b(l��nBESM>TD5ITDXSdBc9MV¤S?L_:KLÜÀ�>A@R>xL_fE>TS�:=<�L_:^L
f�L"À=VR>�9CFM]�QY>�ÀiD_Z�9kFMfcf

16 × 16
L_9?S

8 × 8
QMfEDXI��dHaNO>�À�>
:WÀKL_9?H=]JBc:=:�>TS�pt��<MBEHtIxL_9�QY>
LWH�DGF�À�IT>
D_Z

Bc9?>}�^IABE>A9?IAgPZ~D�À�:=<?>�`�`�b6l��aBESM>TD^>A9?ITDXSM>�Àxp�Ö?D�ÀaL,9kFMfcf.À�>TH=BESdF�L_f¥QMfEDXI��Ye�`�`�b�<�LGH
:�D^:WÀKL_9?H=]JBc:
DG9?>
9?D_l�H�>AVo],>A9C:KL_:=BEDG9 �¢L_ViZ~DGfcfED�NO>TShQkg�:=<?>
Bc9?SM>}�,:=<�L_:�ITD�ÀWÀ�>THW¿YDG9?SMH�:�Di:=<?>�9kFMfcf¢QMfEDCIK��ekZ~D�ÀO>xLGI�<
D_Z�:=<?>t:=<�À�>T>iITDG]X¿YDG9?>A9k:�H�e?Bqp�>opce�L
:�DG:KL_f�D_Z(H=B·�PH=gX]�QYDGfEHxp
�vN�DJ:�>TI�<M9MBE�CF?>TH�Z\D�ÀbÀ�>TSdF?IABc9MVJ:=<MBEH�Bc9?>}�^IABE>A9?IAgyBc9y:=<?>t`�`�b6l��aBESM>TDJ>A9?ITDCSM>�À�N�>�À�>jH=:=F?SdBE>TS�p

��DG:=<�D_Z�:=<?>A] F?H�>h:=<?>h:WÀKL_9?H=]JBEH�H�BEDG9UD_Z Ô ��b(lqfcBc�R>yBc9dZ~D�À=]^L_:=BEDG9vp¤8r9U:=<?>,z�À�H�:�IxLGHK>oe�LsQMBc9�L"À=g
�¢L_V
H=BcVo9�L_fEH�:=<?>a>}�dBEH=:�>A9?IT>tD_Z�9?DG9dl��x>�À�D�À�>TH=BESdF?>aQMfEDCIK�XHOZ\D�À�L_9CgWD_Zv:=<?>�ðtÚÜ� ITDG]X¿YDG9?>A9k:�Hxp�8�Z�L_fcf
ITDG]X¿�DG9?>A9C:UÀ�>TH=BESdF?>TH
L"À�>a9kFMfcfqeM:=<MBEH �¢L_Vu¸�N�>t]^L_Bc9k:KL_Bc9?>TSP:=<?> Ô ��b�SM>TH=BcVo9�L_:=BEDG9ve¢LGH
L¸À�>}Z\>�À�>A9?IT>
:�DuBc:�H�¿MF�ÀW¿YDoH�>^Bc9U:=<?>hD�À=BcVoBc9�L_f�¦�p��o�_�C§_��� Ô >A9?ITDCSM>�Àè¹�N�Bcfcf�Q�>ò�x>�À�D5L_9?S":=<?>h>A9?ITDXSM>�À�H�Bc]X¿Mfcg
SMDC>TH�9?DG:�:WÀKL_9?H=]JBc:�L_9kg,`�`�b�Bc9dZ~D�À=]^L_:=BEDG9WZ~D�À�:=<?>�IAF�ÀWÀ�>A9k:�`��aeR:=<kF?H�HKLT@XBc9MV�QMBc:�H�Z~D�À�:=<?>�HKL_],>
À�>TITDG9?H=:WÀ=F?IA:=BEDG9¤�kF�L_fcBc:rgRp�¢{<?>A9�:=<?>�À�>,L"À�>�9?DG9dlq9kFMfcf�À�>TH�BESdF?>THxe�:=<?> Ô ��b �¢L_VyBEHtH�>A:a:�DhDG9?>�L_9?S
Bc:�Hi:WÀKL_9?H=]JBEH�H�BEDG9�BEHjZ\DGfcfEDxN�>TS�QCg5:=<?>^>A9?ITDXSM>TS�`�`�b�À�>TH=BESdF?>,QMfEDXI��dHxpy��<?>^HK>TITDG9?S¤@R>�À�H=BEDG9;D_Z
:=<MBEH�¿�À�DXIT>TH�H�F?HK>TH�L Ô ��b;@oL_fcF?>
N�Bc:=<h:=<�À�>T>
QMBc:�HxeXDG9?>�Z\D�ÀO>xLGIK<hD_Z�:=<?>�ð�eRÚ L_9?Sò�3ITDG]X¿�DG9?>A9C:�Hxp
�nHjL_95>}�ML_]X¿MfE>oe¥L Ô ��b N�Bc:=<5@oL_fcF?> � BEHnZ\DGfcfEDxN�>TS5Qkg�:=<?>J`�`�b >A9?ITDCSM>TSÜÀ�>TH=BESdF?>THaZ\D�Àt:=<?>Pð
L_9?S �2ITDG]X¿YDG9?>A9k:�HtL_9?Ss>}��¿MfcBEIABc:=fcgyH�BcVo9�L_fEH�:=<?>iSM>TITDXSM>�À
:=<�L_:�:=<?>iÚ�À�>TH=BESdF?>jBEH�9CFMfcfqp



� % D £ ßkª¸ÉÂÉ � Ú å ¯°²kªmµ^ç�ÇA±XµC«o¯´©RßR­ Ø��[é

8�9UQYDG:=<|IxLGH�>THxe�:=<?> Ô ��bº@oL_fcF?>yBEH,>A9?ITDCSM>TSUF?H�Bc9MV"L_9|LGS?L"¿M:=Bc@R>uL"À=Bc:=<M],>A:=BEIu>A9?ITDXSM>�À^L_9?S
:WÀKL_9?H=]JBc:=:�>TS;Z~D�ÀJ>A@R>�À=g;`��te�Bc]J],>TSdB�L_:�>Afcg"QY>}Z\D�À�>W:=<?>P`�`�b�S?L_:KLu:=<�L_:,>A9?ITDXSM>TH�:=<?>�À�>TH=BESdF?>
¿�L_:=:�>�À=9?HxpO��<?>iF?H�>iD_Z(:=<?> Ô ��b�¿�L"ÀKL_],>A:�>�ÀnQkgP`�`�b6l��aBESM>TD,:=<CF?HUÀ�>T�CFMBIÀ�>THaL_9�LGSMSdBc:=BEDG9�L_f	ÀKL_:�>
Dx@R>�À=<?>xLGS�p ��>TIxL_F?H�>�D_Z�:=<MBEHxe?QYDG:=<�D�¿M:=BEDG9?HaN�>�À�>�:�>TH=:�>TSsZ~D�Àa`�`�b6l��aBESM>TDMe�Bc9�ITDG9GÕ¾FM9?IA:=BEDG9�N�Bc:=<
:=<?>�Bc9C@R>TH=:=BcVkL_:=BEDG9�D_Z�:=<?>�],DoH�:tZ\Lx@RDGF�ÀKL_QMfE>JSdBEIA:=BEDG9�L"À=g5L"À�IK<MBc:�>TIA:=F�À�>THxp w DG],>JH=Bc]�FMf�L_:=BEDG9?H�NO>�À�>
¿�>�À[Z\D�À=],>TS,Bc9hD�À�SM>�À�:�D�SM>A:�>�À=]JBc9?>nN�<MBEI�<yD_Z�:=<?> Ô ��b0¿�L"ÀKL_],>A:�>�À�ITDG9dz?VoF�ÀKL_:=BEDG9?H�N�>�À�>�],D�À�>n>}Z£l
z�IABE>A9k:xeGZ\D�À¥:=<?>�:rNODjSdBEIA:=BEDG9�L"À=gJL"À�I�<MBc:�>TIA:=F�À�>TH�SM>THKI�À=BcQ�>TS
Bc9
:=<?>v¿�À�>A@XBEDGF?H(H�>TIA:=BEDG9vp6¶6��¿�>�À=Bc],>A9C:KL_f
À�>TH=FMfc:�H�SM>A],DG9?H=:WÀKL_:�>TSP:=<�L_:�:=<?>tQY>TH=:�D�¿M:=BEDG9PZ\D�À�:=<?>tF?HK>jD_Z6L Ô ��bö¿�L"ÀKL_],>A:�>�À�Bc9P`�`�b6l��aBESM>TD
SM>�¿�>A9?SMH
DG9u:=<?>jSdBEIA:=BEDG9�L"À=gsITDG9dz?VoF�ÀKL_:=BEDG9vÙ

• ¢ <?>A9U:rNOD�Bc9?SM>�¿�>A9?SM>A9C:^SdBEIA:=BEDG9�L"À=BE>TH^L"À�>WF?H�>TS�e(:=<?>hQY>TH=:
D�¿M:=BEDG9UBEH
:�D.>A9?ITDCSM>PL Ô ��b
¿�L"ÀKL_],>A:�>�ÀPN�Bc:=< :=<�À�>T>�QMBc:�HyL_9?S{F?H�>�Bc:WZ~D�ÀhQ�DG:=<3b�L_9?S � H=fcBEIT>TH�p 8r9{:=<MBEHPIxLGH�>oe�:=<?>
:=<�À�>T>}lqQMBc: Ô ��b�BEH�L_QMfE>t:�D�>}�^IABE>A9k:=fcgPLT@RDGBESP:=<?>a:WÀKL_9?H=]JBEH�H�BEDG9yD_Z�9kFMfcfAÀ�>TH=BESdF?>nZ\D�À�H�DG],>tD_Z
:=<?>iITDG]X¿YDG9?>A9k:�HtL_9?SPN�LGHaH=<?D�N�9s:�DJQY>j],D�À�>i>}�^IABE>A9k:a:=<�L_9s:=<?>jF?HK>iD_Z(LJQMBc9�L"À=gh@oL_fcF?>TS
¿�L"ÀKL_],>A:�>�À��

• ¢ <?>A9P`�`�b(l��nBESM>TD
F?H�>TH�DG9MfcgWDG9?>tSdBEIA:=BEDG9�L"À=gRedBc:�BEH�],D�À�>t>}�^IABE>A9k:�:�D
F?H�>jLiQMBc9�L"À=g Ô ��b
L_9?S�:WÀKL_9?H=]JBc:t:=<MBEHa@GL_fcF?>
DG9MfcgsZ\D�Àn:=<?>k�ÀH�fcBEIT>THxpt8�9�:=<MBEHtIxLGH�>oe�:=<?>
D�@R>�À=<?>xLGS.Bc9k:WÀ�DXSdF?IT>TS
QkgW:=<?>aF?H�>nD_Z6L�:=<�À�>T>}lqQMBc: Ô ��bìÀ�>TH=FMfc:�H�Bc9sL�fEDoH�H�D_Z�ITDXSdBc9MVJ>}�^IABE>A9?IAgRe?LGH�SMDX>TH�:=<?>aF?H�>aD_Z
:=<?>jQMBc9�L"À=g Ô ��b�Z\D�À�:=<?>ib|H=fcBEIT>TH�p

ü&ý��&ý¯û ����s`��
�
�|~��z.wyuA�U
����"�v�;w��
8�9P:=<MBEH
HK>TIA:=BEDG9sNO>9¿�À�>THK>A9k:�:=<?>�>}�,¿Y>�À=Bc],>A9k:KL_f.À�>TH=FMfc:�H
D_Z6:=<?>9¿�>�À[Z\D�À=]^L_9?IT>iD_Z6:=<?>i`�`�b6l��aBESM>TD
>A9?ITDCSM>�Àxp���<?>i:�NOD,@R>�À�H=BEDG9?H�SdBEH�IAF?HKH�>TSyBc9s:=<?>$¿�À�>A@XBEDGF?H�H�>TIA:=BEDG9sN�>�À�>j:�>TH=:�>TS�Ù

• `�`�b6l��aBESM>TDs� ÔaBEIoÙnF?HK>THt:�NODsBc9?SM>�¿�>A9?SM>A9C:�SdBEIA:=BEDG9�L"À=BE>TH�L_9?S¤Lh:=<�À�>T>�QMBc: Ô ��b�e�L"¿�¿MfcBE>TS
DG9sb L_9?S{�{H�fcBEIT>TH��

• `�`�b6l��aBESM>TD � ÔaBEIoÙ�F?H�>TH¥DG9?>�SdBEIA:=BEDG9�L"À=gReoN�Bc:=<JITDG9k:�>}�d:6ITDG9?SdBc:=BEDG9MBc9MV?eCL_9?S�L�DG9?>OQMBc: Ô ��b�e
F?H�>TSPDG9MfcgPD_ZÖ�{H�fcBEIT>THxp

��<?>ÊÀ�>TH=FMfc:�H
D_Z�`�`�b6l��aBESM>TD�NO>�À�>hITDG]X¿�L"À�>TSUL_VkL_Bc9?H�:�:=<?DoH�>hD_Z
:=<?>h¦�p��o�_�C§_��� Ô <MBcVo<�¿�À�D_z?fE>
@CBESM>TDy>A9?ITDXSM>�ÀJ¸�QY>TH=:jITDXSdBc9MV�¿Y>�À[Z\D�À=]^L_9?IT>�¹}p���<?>�z�À�H=:à���^Z?ÀKL_],>THjD_Z�:=<?>��?Ù��dÙ   :�>TH=:jH�>T�CF?>A9?IT>TH
Ö?D�À�>A]^L_9;¸ Ô 8¾Ö�¹}eM���XBcgRDs¸Z� Ô 8rÖ�¹�L_9?SP`�DGQMBcfE>¸� Ô L_fE>A9?S?L"À
¸ Ô 8rÖ�¹�N�<?>�À�>jF?HK>TSyBc9s:=<?>t:�>TH=:�Hxp
�ÀH�>A:�D_Z¥ITDG]J],DG9�>A9?ITDCSdBc9MVX¿�L"ÀKL_],>A:�>�À�H�N�LGH�F?H�>TSWZ\D�À�L_fcf�:=<?>t>A9?ITDXSM>�À�Hxed9�L_],>AfcgPL�8F��bç��b

¿�L_:=:�>�À=9�N�Bc:=<UDG9Mfcg¤DG9?>,Bc9k:WÀKL�À�>}Z\>�À�>A9?IT>JZ¥ÀKL_],>WL_9?S¤:=<?>W<MBcVo<á¿�À�D_z?fE>opu��<?>^H=fcBEIT>TH�NO>�À�>hH�>A:�:�D



Ø#Ø#Ù Ý ¨&� çA©o©Rª�«o¬,­�çA©R®oßR¯°¬R±oÚZ�mçÛ¦=ª�²J³X¯´²Cª�µh®oµC­��m«oª3¦�¦=¯°µC¬

 28

 30

 32

 34

 36

 38

 40

 42

 44

 0  2000  4000  6000  8000  10000  12000  14000  16000  18000  20000

Av
er

ag
e 

PS
NR

 (d
B)

Average Rate (bits/frame)

Foreman - Luma, B Slices

MMP-Video 1Dict - B slices
MMP-Video 2Dict - B slices

H.264 high - B slices

 28

 30

 32

 34

 36

 38

 40

 42

 44

 46

 0  10000  20000  30000  40000  50000  60000  70000  80000  90000 100000

Av
er

ag
e 

PS
NR

 (d
B)

Average Rate (bits/frame)

Foreman - Luma, P Slices

MMP-Video 1Dict - P slices
MMP-Video 2Dict - P slices

H.264 high - P slices

qsr�tvu�wyxÓz�|¥­�­=~ Ô DG]X¿�L"ÀKL_:=Bc@R>$À�>TH=FMfc:�H�Z\D�À�`�`�b6l��aBESM>TD
>A9?ITDXSM>�À
L_9?Sh:=<?>a¦
p��o�_�C§_��� Ô <MBcVo<
¿�À�D_z?fE>j@XBESM>TD,>A9?ITDXSM>�ÀxedZ\D�À�:=<?>à� H=fcBEIT>TH
D_Z(H�>T�kF?>A9?IT>jÖ�D�À�>A]^L_9;¸ Ô 8¾Ö(¹}p

:=<?>J>A9k:=BIÀ�>�Z¥ÀKL_],>THxp�Õ Ô D�¿M:=Bc]JBEHKL_:=BEDG9"L_9?S5:=<?>�F?HK>JD_Z�8�`���HtBc95Bc9k:�>�À[lZ¿�À�>TSdBEIA:�>TS�Z?ÀKL_],>THiNO>�À�>
>A9�L_QMfE>TS�e�N�<MBcfE>.9?DU>�ÀWÀ�D�À�À�>TH=BcfcBE>A9?IT>¤L_9?S{9?D;NO>ABcVo<C:�>TSÒ¿�À�>TSdBEIA:=BEDG9 Z\D�ÀÓ� Z¥ÀKL_],>THyNO>�À�>.F?H�>TS�p
��<?>WITDG9C:�>}�X:[lqQ�LGH�>TS�LGS?L"¿M:=Bc@R>PL"À=Bc:=<M],>A:=BEIPITDXSM>�Ày¸ Ô �Ã��� Ô ¹�D�¿M:=BEDG9;N�LGH�H�>A:�Z\D�ÀJL_fcf�>A9?ITDXSM>�À�Hxp
��L"À=B�L_QMfE>iQMBc:UÀKL_:�>j],DXSM>jN�LGH
F?H�>TSuL_9?Su:=<?>i>A9?ITDXSM>�À�H
NO>�À�>�:�>TH=:�>TSyZ\D�À�H�>A@R>�ÀKL_f��CF�L_fcBc:�gyfE>A@R>AfEHnD_Z
:=<?>$À�>TITDG9?H=:WÀ=F?IA:�>TSs@XBESM>TD,H�>T�CF?>A9?IT>oeMQkgWzM�dBc9MV,:=<?>P�ab�¿�L"ÀKL_],>A:�>�À
Z~D�À
:=<?>j8=§_b L_9?S{�{H�fcBEIT>THxp
Ö�BcVoF�À�>THO¡dp �o� :�D�¡dp � �iH=<?DxN�:=<?>UÀ�>TH=FMfc:�H(Z\D�À(:=<?>
b"L_9?Sò��H=fcBEIT>TH�D_Z�:=<�À�>T>�:�>TH=:�H�>T�CF?>A9?IT>THxp6��<?>

À�>TH=FMfc:�H�Z\D�À
:=<?>aZ?ÀKL_],>�8�L"À�>j9?DG:�¿�À�>TH�>A9k:�>TS�e�Q�>TIxL_F?H�>i:=<?>AgyL"À�>i>T�CFMBc@oL_fE>A9k:
Z\D�À�L_fcfv:=<?>j>A9?ITDXSM>�À�Hxp



� % D £ ßkª¸ÉÂÉ � Ú å ¯°²kªmµ^ç�ÇA±XµC«o¯´©RßR­ Ø-Ø'�

 34

 36

 38

 40

 42

 44

 46

 48

 0  10000  20000  30000  40000  50000  60000  70000  80000  90000 100000

Av
er

ag
e 

PS
NR

 (d
B)

Average Rate (bits/frame)

Foreman - Chroma U

MMP-Video 1Dict - P slices
MMP-Video 2Dict - P slices

H.264 high - P slices
MMP-Video 1Dict - B slices
MMP-Video 2Dict - B slices

H.264 high - B slices

 34

 36

 38

 40

 42

 44

 46

 48

 50

 0  10000  20000  30000  40000  50000  60000  70000  80000  90000 100000

Av
er

ag
e 

PS
NR

 (d
B)

Average Rate (bits/frame)

Foreman - Chroma V

MMP-Video 1Dict - P slices
MMP-Video 2Dict - P slices

H.264 high - P slices
MMP-Video 1Dict - B slices
MMP-Video 2Dict - B slices

H.264 high - B slices

qsr�tvu�wyxÓz�|¥­ � ~ Ô DG]X¿�L"ÀKL_:=Bc@R>$À�>TH=FMfc:�H�Z\D�À�`�`�b6l��aBESM>TD
>A9?ITDXSM>�À
L_9?Sh:=<?>a¦
p��o�_�C§_��� Ô <MBcVo<
¿�À�D_z?fE>j@XBESM>TDJ>A9?ITDXSM>�ÀxeMZ\D�À
H�>T�kF?>A9?IT>jÖ�D�À�>A]^L_9;¸ Ô 8¾Ö(¹}p

��<MBEH`À�>TH=FMfc:�H�Z¥À�DG]Ü:=<?>tF?H�>iD_Z6:=<?>jD�À=BcVoBc9�L_f¥¦
p��o�_�C§_��� Ô Bc9k:WÀKLJITDXSdBc9MV,:�>TIK<M9MBE�kF?>TH�Bc9s:=<?>t:�>TH=:�>TS
@R>�À�H=BEDG9?H
D_Z�`�`�b6l��aBESM>TDMe�LGH�N�LGHU¿�À�>A@XBEDGF?H=fcgP>}�,¿Mf�L_Bc9?>TS�pO��<?>àÕ Ô fcBc9?>TH`À�>�¿�À�>TH�>A9C:�:=<?>�Lx@R>�ÀKL_VR>
b w ¿ÜÕ @oL_fcF?>TH�ü è ¼6:=<?>aLT@R>�ÀKL_VR>n9kFM]�QY>�À�D_ZYQMBc:�Hv¿Y>�À(Z?ÀKL_],>op(��<?>�À�>TH=FMfc:�H�L"À�>UÀ�>�¿�À�>TH�>A9C:�>TS,Z\D�À�:=<?>
fcFM]^L,ITDG]X¿YDG9?>A9k:jD_Z(:=<?>�b L_9?S��3H=fcBEIT>TH�¸~Ö�BcVoF�À�>THa¡dp �o� eY¡dp �x� L_9?S�¡dp �x� ¹
L_9?SuZ\D�À
:=<?>�Ú�L_9?S{�
I�<�À�DG]^L,ITDG]X¿YDG9?>A9k:�HnD_Z�:=<?>Î� L_9?Sub�H=fcBEIT>TH�¸~Ö�BcVoF�À�>THn¡dp � �de¢¡dp � �WL_9?Su¡dp � �R¹}p

¢ <?>A9.N�>
ITDG]X¿�L"À�>�:=<?>
:rNODy@R>�À�H=BEDG9?HjD_Z�:=<?>�`�`�b(l��nBESM>TDy>A9?ITDXSM>�ÀaN�>�DGQ?H�>�À=@R>�:=<�L_:t:=<?>Ag
@GL"À=gsBc9°¿Y>�À[Z~D�À=]^L_9?IT>
QMFM:t<�LT@R>
VR>A9?>�ÀKL_fcfcg�:=<?>�HKL_],>
QY>A<�LT@XBEDGF�Àxpj`�`�b6l��aBESM>TD � ÔnBEIA:t:�>A9?SMHt:�D



Ø#Ø-Ø Ý ¨&� çA©o©Rª�«o¬,­�çA©R®oßR¯°¬R±oÚZ�mçÛ¦=ª�²J³X¯´²Cª�µh®oµC­��m«oª3¦�¦=¯°µC¬

 22

 24

 26

 28

 30

 32

 34

 36

 38

 40

 42

 0  10000  20000  30000  40000  50000  60000  70000  80000

Av
er

ag
e 

PS
NR

 (d
B)

Average Rate (bits/frame)

Mobile & Calendar - Luma, B Slices

MMP-Video 1Dict - B slices
MMP-Video 2Dict - B slices

H.264 high - B slices

 20

 25

 30

 35

 40

 45

 50

 0  50000  100000  150000  200000  250000

Av
er

ag
e 

PS
NR

 (d
B)

Average Rate (bits/frame)

Mobile & Calendar - Luma, P Slices

MMP-Video 1Dict - P slices
MMP-Video 2Dict - P slices

H.264 high - P slices

qsr�tvu�wyxÓz�|¥­ Ò}~ Ô DG]X¿�L"ÀKL_:=Bc@R>$À�>TH=FMfc:�H�Z\D�À�`�`�b6l��aBESM>TD
>A9?ITDXSM>�À
L_9?Sh:=<?>a¦
p��o�_�C§_��� Ô <MBcVo<
¿�À�D_z?fE>j@XBESM>TD,>A9?ITDXSM>�ÀxedZ\D�À
H�>T�kF?>A9?IT>j`�DGQMBcfE>¸� Ô L_fE>A9?S?L"À
¸ Ô 8rÖ�¹}p

Q�>n]^L"À=VoBc9�L_fcfcgWQY>A:=:�>�À�Z\D�ÀO:=<?>jIK<�À�DG]^L�ITDG]X¿�DG9?>A9C:�H
D_Z¥:=<?>tb�H=fcBEIT>TH�eCN�<MBcfE>t`�`�b(l��nBESM>TD,� ÔaBEIA:�H
¿�À�>TH�>A9k:�H,HKDG],>yLGSd@oL_9k:KL_VR>PZ~D�À
:=<?>yfcFM]^L.ITDG]X¿�DG9?>A9C:�H,D_ZnQYDG:=<�bºL_9?S ��H�fcBEIT>W:rg{¿Y>THxp¡¢ <?>A9
ITDG]X¿�L"À�>TSuN�Bc:=<�:=<?>�¦
p��o�_�C§_�.� Ô <MBcVo<�¿�À�D_z?fE>i@XBESM>TD^>A9?ITDXSM>�Àxe¢:=<?>9¿�>�À[Z\D�À=]^L_9?IT>
D_Z6:=<?>�`�`�b6l
�nBESM>TD�>A9?ITDXSM>�À�BEH�ITDG9?H=BEH�:�>A9k:=fcghQ�>A:=:�>�À�Z\D�À�L_fcf�ITDG]X¿YDG9?>A9k:�H
D_Z��|H=fcBEIT>THxed>THW¿Y>TIAB�L_fcfcghL_:�<MBcVo<?>�À�QMBc:
ÀKL_:�>THxeCZ~D�À Ô 8¾Ö"H�>T�CF?>A9?IT>TH�Ö?D�À�>A]^L_9�¸~H�>T>tÖ�BcVoF�À�>TH
¡dp �o� L_9?SP¡dp � �R¹�L_9?Sy`�DGQMBcfE>¡� Ô L_fE>A9?S?L"À�¸~H�>T>
Ö¥BcVoF�À�>TH�¡dp �x� L_9?Sh¡dp � �C¹}p(Ö?D�À�:=<?>TH�>�ÀKL_:�>TH�N�>�]^Lxg^DGQ?H�>�À=@R>ab w ¿ÃÕ VkL_Bc9?H�:=<�L_:vÀKL_9MVR>�F�¿h:�D
�GS �tp
Ö?D�ÀO:=<?>tbUH=fcBEIT>TH�NO>tDGQ?H�>�À=@R>n:=<�L_:�`�`�b6l��aBESM>TD
BEH�L_QMfE>a:�D�LGI�<MBE>A@R>jH�DG],>aITDCSdBc9MV
VkL_Bc9?H�Dx@R>�À�:=<?>



� % D £ ßkª¸ÉÂÉ � Ú å ¯°²kªmµ^ç�ÇA±XµC«o¯´©RßR­ Ø-ØdD

 26

 28

 30

 32

 34

 36

 38

 40

 42

 44

 46

 0  50000  100000  150000  200000  250000

Av
er

ag
e 

PS
NR

 (d
B)

Average Rate (bits/frame)

Mobile & Calendar - Chroma U

MMP-Video 1Dict - P slices
MMP-Video 2Dict - P slices

H.264 high - P slices
MMP-Video 1Dict - B slices
MMP-Video 2Dict - B slices

H.264 high - B slices

 28

 30

 32

 34

 36

 38

 40

 42

 44

 46

 0  50000  100000  150000  200000  250000

Av
er

ag
e 

PS
NR

 (d
B)

Average Rate (bits/frame)

Mobile & Calendar - Chroma V

MMP-Video 1Dict - P slices
MMP-Video 2Dict - P slices

H.264 high - P slices
MMP-Video 1Dict - B slices
MMP-Video 2Dict - B slices

H.264 high - B slices

qsr�tvu�wyxÓz�|¥­{m�~ Ô DG]X¿�L"ÀKL_:=Bc@R>$À�>TH=FMfc:�H�Z\D�À�`�`�b6l��aBESM>TD
>A9?ITDXSM>�À
L_9?Sh:=<?>a¦
p��o�_�C§_��� Ô <MBcVo<
¿�À�D_z?fE>j@XBESM>TDJ>A9?ITDXSM>�ÀxeMZ\D�À
H�>T�kF?>A9?IT>j`�DGQMBcfE>¸� Ô L_fE>A9?S?L"À
¸ Ô 8rÖ�¹}p

¦�p��o�_�C§_��� Ô >A9?ITDXSM>�ÀiZ\D�Ài:=<?>^IK<�À�DG]^LsITDG]X¿YDG9?>A9k:�Hxe�Z\D�À�L_fcf�HK>T�kF?>A9?IT>TH
>}�dIT>�¿M:�Z~D�À����XBcgRD�¸~H�>T>
Ö¥BcVoF�À�>THa¡dp �x� L_9?S�¡dp � �R¹}p�Ö?D�À�:=<?>jfcFM]^L^ITDG]X¿�DG9?>A9C:aD_Z�:=<?>�b H=fcBEIT>TH�e?:=<?>9À�>Af�L_:=Bc@R>P¿�>�À[Z\D�À=]^L_9?IT>
D_Z�`�`�b6l��aBESM>TDh@GL"À=BE>THiN�Bc:=<�:=<?>�:�>TH�:�>TS5H�>T�kF?>A9?IT>oÙaBc:tBEHtQY>A:=:�>�Àj:=<�L_95:=<?>
¦
p��o�_�C§_��� Ô Z~D�Àt:=<?>
`�DGQMBcfE>C� Ô L_fE>A9?S?L"ÀiH�>T�kF?>A9?IT>oeY>T�CFMBc@GL_fE>A9C:tZ~D�Àa:=<?>�Ö?D�À�>A]^L_95H�>T�CF?>A9?IT>�L_9?S.H=fcBcVo<C:=fcguN�D�À�H�>�Z~D�À
���XBcgRDMp
Ö?D�ÀÁ� Ô 8¾Ö5H�>T�CF?>A9?IT>��n�CBcgRDMeCDG9?>
]^Lxg^L_fEH�DiDGQ?H�>�À=@R>n�kF�L_fcBc:rgJVkL_Bc9?H�Z\D�À�:=<?> ��H�fcBEIT>THxeRQMFM:�DG9Mfcg

L_:�<MBcVo<?>�ÀUÀKL_:�>THxp(Ö?D�À
:=<?>ifEDxNO>�À�ÀKL_:�>TH�DG9?>jDGQ?H�>�À=@R>TH
HKDG],>i�kF�L_fcBc:rgWfEDoHKH�>THxp(��<?>iH�>T�CF?>A9?IT>j�n�CBcgRD



Ø#Ød( Ý ¨&� çA©o©Rª�«o¬,­�çA©R®oßR¯°¬R±oÚZ�mçÛ¦=ª�²J³X¯´²Cª�µh®oµC­��m«oª3¦�¦=¯°µC¬

 28

 30

 32

 34

 36

 38

 40

 42

 44

 46

 48

 50  100  150  200  250  300  350  400  450  500

Av
er

ag
e 

PS
NR

 (d
B)

Average Rate (bits/frame)

Akiyo - Luma, B Slices

MMP-Video 1Dict - B slices
MMP-Video 2Dict - B slices

H.264 high - B slices

 28

 30

 32

 34

 36

 38

 40

 42

 44

 46

 48

 0  1000  2000  3000  4000  5000  6000  7000

Av
er

ag
e 

PS
NR

 (d
B)

Average Rate (bits/frame)

Akiyo - Luma, P Slices

MMP-Video 1Dict - P slices
MMP-Video 2Dict - P slices

H.264 high - P slices

qsr�tvu�wyxÓz�|¥­�§ ~ Ô DG]X¿�L"ÀKL_:=Bc@R>$À�>TH=FMfc:�H�Z\D�À�`�`�b6l��aBESM>TD
>A9?ITDXSM>�À
L_9?Sh:=<?>a¦
p��o�_�C§_��� Ô <MBcVo<
¿�À�D_z?fE>j@XBESM>TD,>A9?ITDXSM>�ÀxedZ\D�À
H�>T�kF?>A9?IT>j�n�XBcgRDu¸Z� Ô 8rÖ�¹}p

BEH
Lu:�g,¿MBEIxL_fO<?>xLGSXlrL_9?SXl�H�<?DGFMfESM>�À�H,H�>T�CF?>A9?IT>oe6N�Bc:=<"@R>�À=g�H�]^L_fcfO],DG:=BEDG9vp.��<MBEH�],>xL_9?H�:=<�L_:�:=<?>
],DG:=BEDG9dl�ITDG]X¿�>A9?HKL_:�>TSìÀ�>TH�BESdF?>WVR>A9?>�ÀKL_fcfcg"<�LGHJLs@R>�À=g�H�]^L_fcfqe(D�À
9CFMfcfqe�L_]X¿MfcBc:=F?SM>oe�¿�L"À=:=BEIAFMf�L"À=fcg
Z~D�À�:=<?> � H=fcBEIT>THxp ¢ <?>A9�<MBcVo<�ITDG]X¿�À�>TH�H�BEDG9öÀKL_:=BEDoH^L"À�>yF?H�>TS�e�:=<?>P>A9?ITDXSM>�ÀJ:�>A9?SMH�:�D.F?H�>y:=<?>
9kFMfcf�QMfEDXI��dHi@R>�À=g5D_Z~:�>A9vp^��<MBEH�<�LGH�L_9¤FM9dZqLT@RDGF�ÀKL_QMfE>h>}×Y>TIA:
DG9¤:=<?>,ITDG]X¿�L"ÀKL_:=Bc@R>�¿�>�À[Z\D�À=]^L_9?IT>
D_Z�`�`�b6l��aBESM>TDMe�Z\D�À^:�N�D�À�>xLGH�DG9?HxÙ.z�À�H=:xe
:=<?>uF?H�>�D_Z�:=<?>�D�À=BcVoBc9�L_ft¦
p��o�_�C§_��� Ô :�>A9?SMHh:�D"Q�>
],D�À�>�>}�^IABE>A9k:�Bc9^ITDG]X¿�À�>TH�H�Bc9MV�:=<?>
9CFMfcf�À�>TH=BESdF?>TH�eCSdF?>�:�D�Bc:�H�<MBcVo<Mfcg,D�¿M:=Bc]JBEH�>TSWI�<?DGBEIT>nD_Z�ITDXSdBc9MV
¿�L"ÀKL_],>A:�>�À�H�L_9?S¤LGS?L"¿M:=Bc@R>A9?>TH�HiD_Z�:=<?> Ô �Ã��� Ô >A9k:WÀ�D�¿Cg�>A9?ITDXSM>�À��¥L_9?S5H�>TITDG9?S�eY:=<?>CÀ�>�¿Y>A:=Bc:=Bc@R>



� % D £ ßkª¸ÉÂÉ � Ú å ¯°²kªmµ^ç�ÇA±XµC«o¯´©RßR­ Ø-Ø'�

 34

 36

 38

 40

 42

 44

 46

 48

 50

 0  1000  2000  3000  4000  5000  6000  7000

Av
er

ag
e 

PS
NR

 (d
B)

Average Rate (bits/frame)

Akiyo - Chroma U

MMP-Video 1Dict - P slices
MMP-Video 2Dict - P slices

H.264 high - P slices
MMP-Video 1Dict - B slices
MMP-Video 2Dict - B slices

H.264 high - B slices

 36

 38

 40

 42

 44

 46

 48

 50

 0  1000  2000  3000  4000  5000  6000  7000

Av
er

ag
e 

PS
NR

 (d
B)

Average Rate (bits/frame)

Akiyo - Chroma V

MMP-Video 1Dict - P slices
MMP-Video 2Dict - P slices

H.264 high - P slices
MMP-Video 1Dict - B slices
MMP-Video 2Dict - B slices

H.264 high - B slices

qsr�tvu�wyxÓz�|¥­,®}~ Ô DG]X¿�L"ÀKL_:=Bc@R>$À�>TH=FMfc:�H�Z\D�À�`�`�b6l��aBESM>TD
>A9?ITDXSM>�À
L_9?Sh:=<?>a¦
p��o�_�C§_��� Ô <MBcVo<
¿�À�D_z?fE>j@XBESM>TDJ>A9?ITDXSM>�ÀxeMZ\D�À
H�>T�kF?>A9?IT>j�n�XBcgRDs¸Z� Ô 8rÖ�¹}p

F?H�>^D_Z
:=<?>W9kFMfcf�ITDCSM>AN�D�À�S;Qkg¤`�`�b6l��aBESM>TD�:�>A9?SMH�:�D�fcBc]JBc:
:=<?>^SdBEIA:=BEDG9�L"À=g�VyÀ�D�N�:=<ve(],>xL_9MBc9MV
:=<�L_:xedN�<?>A9s:=<?>j` Ô ZqL_BcfEH�:�DX¿�À�DXSdF?IT>iL
9?>xL"À
9kFMfcfAÀ�>TH�BESdF?>oeM:=<?>j>A9?ITDCSM>�À�<�LGH�],D�À�>jSdB·�^IAFMfc:�gPBc9
z?9?SdBc9MVWL
VRDCDXSy]^L_:�I�<�Bc9P:=<?>iSdBEIA:=BEDG9�L"À=gRp
Ö�BcVoF�À�>�¡dp ��� ¿�À�>TH�>A9C:�H¥L�ITDG]X¿�L"À=BEH�DG9iQY>A:�N�>T>A9�:=<?>�¿Y>�À[Z\D�À=]^L_9?IT>TH�D_ZM`�`�b6l��aBESM>TDMem¦
p��o�_�C§_�.� Ô

L_9?Su¦
p��o�_�C§_�.� Ô ¿nD^`�b�¶�e¢SM>TH�I�À=BcQY>TSsBc9 w >TIA:=BEDG9.¡dp��dp�¢¤>�]^LTgsDGQ?HK>�À=@R>i:=<�L_:t`�`�b6l��aBESM>TD,BEH
L_QMfE>P:�D�LGI�<MBE>A@R>u:=<?>sHKL_],>yVRDXDCS�À�>TH=FMfc:�H^LGH^¦
p��o�_�C§_��� Ô ¿nD5`�b�¶
e�Z~D�ÀJ:=<?>s],>TSdBcFM] :�D.:=<?>
<MBcVo<?>�À[ÀKL_:�>TH�pn¿a>A@R>�À=:=<?>AfE>TH�HxeY:=<?>P¿�>�À[Z\D�À=]^L_9?IT>
fcBc]JBc:KL_:=BEDG9.:=<�L_:aN�LGHtDGQ?H�>�À=@R>TS�Z~D�Àt¦�p��o�_�C§_��� Ô



Ø#Ø'& Ý ¨&� çA©o©Rª�«o¬,­�çA©R®oßR¯°¬R±oÚZ�mçÛ¦=ª�²J³X¯´²Cª�µh®oµC­��m«oª3¦�¦=¯°µC¬

 28

 30

 32

 34

 36

 38

 40

 42

 44

 0  5000  10000  15000  20000  25000

Av
er

ag
e 

PS
NR

 (d
B)

Average Rate (bits/frame)

Foreman - Luma, B Slices

MMP-Video 1Dict - B slices
H.264 high - B slices

H.264/AVC No MPE - B slices

 34

 36

 38

 40

 42

 44

 46

 48

 0  5000  10000  15000  20000  25000

Av
er

ag
e 

PS
NR

 (d
B)

Average Rate (bits/frame)

Foreman - Chroma U, B Slices

MMP-Video 1Dict - B slices
H.264 high - B slices

H.264/AVC No MPE - B slices

 34

 36

 38

 40

 42

 44

 46

 48

 50

 0  5000  10000  15000  20000  25000

Av
er

ag
e 

PS
NR

 (d
B)

Average Rate (bits/frame)

Foreman - Chroma V, B Slices

MMP-Video 1Dict - B slices
H.264 high - B slices

H.264/AVC No MPE - B slices

qsr�tvu�wyx�z}|¥­�»�~ Ô DG]X¿�L"ÀKL_:=Bc@R>XÀ�>TH�FMfc:�HaZ~D�Àt`�`�b6l��aBESM>TDP>A9?ITDCSM>�ÀiL_9?S�:=<?>J¦
p��o�_�C§_�.� Ô ¿aD
`�b�¶�@XBESM>TDJ>A9?ITDXSM>�ÀxedZ~D�ÀnH�>T�kF?>A9?IT>jÖ�D�À�>A]^L_9;¸ Ô 8¾Ö(¹}p



Ý ¨�â�æ µC¬R®yÇ)âÉ¦=¯°µX¬É¦ Ø-Øèê

¿nD
`�b�¶;Z~D�À�<MBcVo<?>�À`ÀKL_:�>TH�SMDX>THO9?DG:�>}�dBEH=:OZ~D�À�`�`�b6l��aBESM>TDMeMH=Bc9?IT>oeXBc9y:=<MBEH�IxLGH�>oeX:=<?>t>A9?ITDCSM>�À�BEH
L_QMfE>j:�D,LGI�<MBE>A@R>�:=<?>jfEDxNÀSdBEH�:�D�À=:=BEDG9sfE>A@R>AfEHUÀ�>T�CFMBIÀ�>TSyZ\D�À�:=<?>TH�>iIxLGH�>THxp
Ö�BcVoF�À�>TH Ô p �o  :�D Ô p �o� ¸~H�>T>t��¿�¿Y>A9?SdB·� Ô ¹�H=<?D�N3:=<?>[À�>TH=FMfc:�H�Z~D�À�DG:=<?>�À`¿�À�>A@XBEDGF?H=fcgySdBEH�IAF?H�H�>TS

D�¿M:=BEDG9?H
D_Z�:=<?>j`�`�b6l��aBESM>TDJ>A9?ITDXSM>�Àxed9�L_],>AfcgW:=<?>tF?H�>tD_Z(��Bc9?SM>�¿Y>A9?SM>A9k:nSdBEIA:=BEDG9�L"À=BE>THxeM:=<?>tF?H�>
D_Z¥�Ü� w edDx@R>�ÀWÀ=BESdBc9MVhD_Z�:=<?>jSM>AQMfEDXI��XBc9MV�z?fc:�>�À�L_9?SW:=<?>tF?HK>aD_Z¥:=<?>t9?D�À=]Ü>T�kF�L_fcBEHKL_:=BEDG9�¿�À�DXIT>TSdF�À�>
Bc9s`�`�b6l��aBESM>TDMedZ~D�À
HK>T�kF?>A9?IT>iÖ�D�À�>A]^L_9vp

ô¡ÌqÇ ý|Î�ÐPÏ Õ´Ó Ö�Î�ÎUÐ�Ö

8�9 :=<MBEHWIK<�L"¿M:�>�ÀPNO>�<�LT@R>°¿�À�D�¿�DoHK>TS|:rNODUH=F?ITIT>TH�H[Z~FMfaL_fcVRD�À=Bc:=<M],HhZ\D�À^@XBESM>TD;ITDG]X¿�À�>TH�H=BEDG9vp 8�9
w >TIA:=BEDG9"¡dp��hNO>,SM>THKI�À=BcQ�>J¦
p��o�_�C§_�.� Ô ¿aDP`�b�¶
Ù�L_9¤¦
p��o�_�C§_�.� Ô lqQ�LGHK>TS¤ITDG]X¿�À�>TH�H=BEDG9�HKI�<?>A],>
:=<�L_:^SMDC>TH,9?DG:^F?H�>y:=<?>u:WÀKL_9?H=]JBEH�H=BEDG9|D_Zt:=<?>s],DG:=BEDG9dl�ITDG]X¿Y>A9?HKL_:�>TS�À�>TH=BESdF?>op|�n9�Bc9C:�>�À�>TH=:=Bc9MV
À�>Af�L_:=BEDG9,N�LGH�>TH�:KL_QMfcBEH=<?>TS�Q�>A:rNO>T>A9W:=<?>�SM>TH�I�À=BcQ�>TS,L_fcVRD�À=Bc:=<M]$L_9?S�:WÀKLGSdBc:=BEDG9�L_f�¿�L_:=:�>�À=9dlq]^L_:�I�<MBc9MV
ITDCSdBc9MVt],>A:=<?DXSMHxeo9�L_],>Afcg�¼�>A]X¿�>Af·l¾½¢Bc@,L_9?Sk���
pob�L"À=:�D_Z�:=<?>�QMBc:[lZÀKL_:�>�:=<�L_:(BEH6F?H=F�L_fcfcg
LGH�HKDCIAB�L_:�>TS
N�Bc:=<J:=<?>�ITDG]X¿�À�>TH�H=BEDG9,D_ZY:=<?>�],DG:=BEDG9dl�ITDG]X¿�>A9?HKL_:�>TSÊ¿�À�>TSdBEIA:�>TSXÀ�>TH=BESdF?>�BEH6F?H�>TS�QCg�:=<?>Á¿�À�D�¿YDoH�>TS
>A9?ITDCSM>�ÀhBc9 ],D�À�>�>Af�L_QYD�ÀKL_:�>�¿�À�>TSdBEIA:=BEDG93],DXSM>THxpÀ¶(�,¿Y>�À=Bc],>A9k:KL_ft:�>TH=:�HyH=<?D�N :=<�L_:xe�N�<?>A9{:=<?>
],DG:=BEDG9dl�ITDG]X¿�>A9?HKL_:�>TS�>�ÀWÀ�D�ÀaBEHa9?DG:i>A9?ITDXSM>TS�Z~D�À��2H�fcBEIT>THxe�:=<?>P¿�À�D�¿YDoH�>TS5ITDG]X¿�À�>TH�H�BEDG9�],>A:=<?DXS
<�LGH
ITDG]X¿�À�>TH�H=BEDG9sVkL_Bc9?HnDx@R>�À
:=<?>�D�À=BcVoBc9�L_f�H=:KL_9?S?L"À�S�edZ\D�À
fEDxNÀ:�D�],>TSdBcFM]þÀKL_:�>THxp
��<?>aF?H�>nD_Z�`�`�b;Z~D�À�@XBESM>TD
ITDXSdBc9MV�N�LGH
L_fEH�D
Bc9C@R>TH=:=BcVkL_:�>TSsL_9?SPL�9?>AN ],>A:=<?DXS�e,À�>}Z~>�ÀWÀ�>TSy:�D

LGHi`�`�b6l��aBESM>TDMevN�LGH¡¿�À�>TH�>A9C:�>TS¤Bc9 w >TIA:=BEDG9"¡dp � p^��<?>JF?H�>,D_Z�`�`�b3Bc9"Lh<CgCQ�À=BES�@CBESM>TDuITDCSM>�À
Z?ÀKL_],>AN�D�À=��:�DXDG�iBc9k:�DjITDG9?H�BESM>�ÀKL_:=BEDG9^H�DG],>�Bc]X¿�D�À=:KL_9C:6Z�FM9?IA:=BEDG9�L_f?D�¿M:=Bc]JBEHèL_:=BEDG9?Hxp w DG],>�D_Z¢:=<?>TH�>
:�>TI�<M9MBE�CF?>TH�À�>TH=FMfc:�>TSsZ?À�DG] :=<?>iBc9C@R>TH=:=BcVkL_:=BEDG9�DG9�`�`�b LGHtLJSdBcVoBc:KL_f¥Bc]^L_VR>�>A9?ITDXSM>�Àxe�¿�À�>TH�>A9C:�>TS
Bc9,:=<?>`¿�À�>A@XBEDGF?H�I�<�L"¿M:�>�À�H�p(¿n>A@R>�À=:=<?>AfE>TH�H�eR9?>AN�:�>TIK<M9MBE�kF?>THONO>�À�>n>THW¿�>TIAB�L_fcfcgJSM>TH=BcVo9?>TS,Bc9^D�À�SM>�À�:�D
>}�,¿MfEDGBc:
:=<?>$¿�L"À=:=BEIAFMf�L"ÀaI�<�L"ÀKLGIA:�>�À=BEH=:=BEITHtD_Z(SdBcVoBc:KL_fv@XBESM>TD,>A9?ITDCSdBc9MV?p�¶6�,¿Y>�À=Bc],>A9k:KL_fcÀ�>TH=FMfc:�H
H�<?DxN
:=<�L_:
:=<?>tVR>A9?>�ÀKL_f¥ITDXSdBc9MVÂ¿Y>�À[Z~D�À=]^L_9?IT>iD_Z6:=<?>i`�`�b(l��nBESM>TD,>A9?ITDXSM>�À
BEH�QY>A:=:�>�À
:=<�L_9s:=<?>jDG9?>�D_Z
¦�p��o�_�C§_��� Ô <MBcVo<°¿�À�D_z?fE>oe¢>TH´¿�>TIAB�L_fcfcgyZ\D�À�],>TSdBcFM]7:�D,<MBcVo<�QMBc:[lZÀKL_:�>THtL_9?SsZ~D�Àn:=<?>Î� H�fcBEIT>�S?L_:KLde
N�<?>�À�>�:=<?>JITDCSdBc9MVyVkL_Bc9?H9ÀKL_9MVR>�F�¿5:�DP�GS �tp�`�D�À�>TD�@R>�Àxe�`�`�b(l��nBESM>TDsLx@RDGBESMHj:=<?>C¿�>�À[Z\D�À=]^L_9?IT>
fcBc]JBc:KL_:=BEDG9?HWD_Zj¦�p��o�_�C§_��� Ô ¿aD¤`�b�¶�Z~D�ÀJ<MBcVo<?>�À�ÀKL_:�>THxe�SdF?>s:�D5:=<?>uL_Q?HK>A9?IT>uD_Zt:=<?>s],DG:=BEDG9
¿�À�>TSdBEIA:�>TSs>�ÀWÀ�D�Àxp
��<?>JSM>TH�I�À=BcQY>TSÜÀ�>TH=FMfc:�HtZ\D�Ài`�`�b6l��aBESM>TDPH=<?DxNº:=<�L_:xe�Bc9¤HW¿MBc:�>JD_ZOBc:�Hif�L"À=VR>�ÀiITDG]X¿MFM:KL_:=BEDG9�L_f

ITDG]X¿MfE>}�XBc:rgReC:=<?>�]�FMfc:=BEH�IxL_fE>[À�>TIAF�ÀWÀ�>A9C:v¿�L_:=:�>�À=9h]^L_:�I�<MBc9MVC¿�L"ÀKLGSdBcVo] ]^LTg^L_fEH�D�Q�>�F?H�>TS,Bc9W@CBESM>TD
ITDG]X¿�À�>TH�H=BEDG9vp���<?>TH�>�À�>TH=FMfc:�H6L_fEH�DnH=<?DxN;:=<?>�Bc]X¿YD�À=:KL_9?IT>OD_Z?F?H�Bc9MVaL"¿�¿�À�D�¿�À=B�L_:�>�SdBEIA:=BEDG9�L"À=g�SM>TH=BcVo9



Ø#Ø#� Ý ¨&� çA©o©Rª�«o¬,­�çA©R®oßR¯°¬R±oÚZ�mçÛ¦=ª�²J³X¯´²Cª�µh®oµC­��m«oª3¦�¦=¯°µC¬

:�>TI�<M9MBE�CF?>TH�Z\D�À
`�`�b6l��aBESM>TDMp



ÿ ���������
	 �

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

��<MBEHW:=<?>TH�BEH^Bc9C@R>TH=:=BcVkL_:�>TS 9?>AN»L_9?S >}�^IABE>A9C:PBc]^L_VR>�L_9?S{@XBESM>TD"ITDG]X¿�À�>TH�H�BEDG9 HKI�<?>A],>THhQ�LGH�>TS
DG9�:=<?>P]�FMfc:=BEH�IxL_fE>�À�>TIAF�ÀWÀ�>A9k:�¿�L_:=:�>�À=9�]^L_:�I�<MBc9MVUITDXSdBc9MVâ¿�L"ÀKLGSdBcVo]sp � ¿�À�>A@CBEDGF?H�fcg0¿�À�D�¿YDoH�>TS
ITDG]X¿�À�>TH�H=BEDG9hL_fcVRD�À=Bc:=<M]se,À�>}Z\>�ÀWÀ�>TS,:�D
LGH�]�FMfc:=BESdBc],>A9?H�BEDG9�L_f�]�FMfc:=BEH�IxL_fE>�¿�L"À�H�>�Àa¸~`�`�b�¹6N�LGHOF?H�>TS
LGHn:=<?>�H=:KL"À=:=Bc9MVí¿YDGBc9k:tZ\D�Àn:=<?>�SM>A@R>AfED�¿M],>A9C:�D_Z�:=<MBEH$¿�L"ÀKLGSdBcVo]sp��
Z~:�>�ÀtL_9.Bc9C:WÀ�DCSdF?IA:=BEDG9¤:�DW:=<?>
¿�L_:=:�>�À=9�]^L_:�IK<MBc9MVuITDG]X¿�À�>TH�H=BEDG9Ü¿�L"ÀKLGSdBcVo] L_9?S�:=<?>�`�`�b L_fcVRD�À=Bc:=<M]se�:=<?>
:�N�Dy]^L_Bc9.VRDRL_fEHjD_Z
:=<MBEH`À�>TH�>xL"À�I�<�NOD�À=�hNO>�À�>
LGSMS�À�>TH�H�>TS�Ù

• ¿n>AN;`�`�b6lqQ�LGH�>TS�Bc]^L_VR>OITDG]X¿�À�>THKH=BEDG9�L_fcVRD�À=Bc:=<M],H�N�>�À�>�¿�À�D�¿YDoH�>TS�e_:=<�L_:�LGIK<MBE>A@R>�L�H=Bc]JBcf�L"À
ITDXSdBc9MV°¿Y>�À[Z\D�À=]^L_9?IT>y:�D�:=<?>yH=:KL_:�>}l�D_Z�lq:=<?>}lrL"À=:JBc]^L_VR>PITDG]X¿�À�>TH�H=BEDG9�HKI�<?>A],>TH
Z\D�À�H�],DCDG:=<
Bc]^L_VR>THxekN�<MBcfE>
]^L_Bc9k:KL_Bc9MBc9MV?eMD�ÀO>A@R>A9^Bc]X¿�À�Dx@XBc9MV?eC:=<?>�`�`�b�VkL_Bc9?H(Z\D�À�9?DG9dl�H=],DXDG:=<^Bc]^L_VR>
ITDXSdBc9MV×�

• ��9?>ANº`�`�b6lqQ�LGHK>TS�@XBESM>TDPITDG]X¿�À�>TH�H=BEDG9¤L_fcVRD�À=Bc:=<M]se�N�Bc:=<.H�:KL_:�>}l�D_Z£lq:=<?>}lrL"À=:�ITDG]X¿�À�>THKH=BEDG9
À�>TH=FMfc:�HxedN�LGH�SM>A@R>AfED�¿Y>TS�p

Ô <�L"¿M:�>�Àt�Ê¿�À�>TH�>A9C:�HtL,Q�À=BE>}Z�Bc9k:WÀ�DXSdF?IA:=BEDG9.:�DÂ¿�L_:=:�>�À=9.]^L_:�I�<MBc9MVGlqQ�LGHK>TS¤L_fcVRD�À=Bc:=<M],Hxe�N�Bc:=<.L
HW¿�>TIAB�L_fYZ\DXIAF?H
DG9uL"¿�¿MfcBEIxL_:=BEDG9?H�:�D�:=<?>�ITDG]X¿�À�>TH�H=BEDG9uD_Z6Bc]^L_VR>�L_9?SP@XBESM>TD,H=BcVo9�L_fEHxp
Ô <�L"¿M:�>�À � ¿�À�>THK>A9k:�>TS¤LWSM>TH�I�À=BI¿M:=BEDG9¤D_Z�:=<?>�`�`�b L_fcVRD�À=Bc:=<M] Z\D�ÀnBc]^L_VR>�ITDG]X¿�À�>TH�H=BEDG9vp���9

>}�,¿Y>�À=Bc],>A9k:KL_f�>A@oL_fcF�L_:=BEDG9¤D_Z�`�`�b3N�LGH�L_fEHKDW]^LGSM>oe�Bc95D�À�SM>�Àj:�DsLGH�H�>TH�Ha:=<?>JITDG]X¿�À�>TH�H=BEDG9á¿�>�À[l
Z~D�À=]^L_9?IT>sD_Zt:=<?>PD�À=BcVoBc9�L_f
],>A:=<?DXS|L_VkL_Bc9?H=:,:=<�L_:WD_Za:=<?>PH=:KL_:�>}l�D_Z�lq:=<?>}lrL"À=:^Bc]^L_VR>uITDG]X¿�À�>TH�H=BEDG9
L_fcVRD�À=Bc:=<M],Hxp w DG],>,Z�FM9?IA:=BEDG9�L_fOLGH´¿�>TIA:�H�D_Z�`�`�b�eAÀ�>Af�L_:�>TS�N�Bc:=<¤:=<?>JQMBc:[l�H=:WÀ�>xL_] H=:WÀ=F?IA:=F�À�>^L_9?S
ITDCSM>}lq@R>TIA:�D�ÀPF?HKL_VR>oe�NO>�À�>�Bc9k@R>TH�:=BcVkL_:�>TS�p���<MBEHh�X9?DxN�fE>TSdVR>Ü¿�À�Dx@R>TS :�D�QY>�@R>�À=g�F?H�>}Z~FMfaBc9{:=<?>
SM>A@R>AfED�¿M],>A9k:nD_Z69?>ANÀITDG]X¿�À�>TH�H�BEDG9s:�>TI�<M9MBE�CF?>THxe�SM>THKI�À=BcQ�>TSPBc9Pf�L_:�>�ÀnH�>TIA:=BEDG9?H�D_Z6:=<?>t:=<?>TH=BEHxp



ØdD-Ù ' ¨6æ µC¬R®yÇ)âÉ¦=¯°µX¬É¦�çC¬R²)('âo©Éâk«oª9ÆOµX«+*

Ô <�L"¿M:�>�À���¿�À�>THK>A9k:�>TSPL�Z~D�À=]^L_f�L_9�L_fcgXH�BEH�D_Z¥:=<?>a`�`�bUL_fcVRD�À=Bc:=<M]se�À�>A@R>xL_fcBc9MV,DG:=<?>�À�Bc9?H=BcVo<C:�Hxp
`�`�b�N�LGH�:=<?>A9MÀ�>AVkL"À�SM>TSsQYDG:=<�LGHnL_9�>}�X:�>A9?H=BEDG9�D_Z(:WÀKLGSdBc:=BEDG9�L_f¥@R>TIA:�D�Àa�kF�L_9C:=BEHKL_:=BEDG9�],>A:=<?DXSMH
L_9?S¤LGH�LyH=:WÀ=Bc9MVP]^L_:�I�<MBc9MVGlqQ�LGHK>TS"L_fcVRD�À=Bc:=<M]0¸~¼v>A]X¿Y>Af·l¾½¢Bc@?¹}p w DG],>,DG:=<?>�À�L_9�L_fEDGVoBE>THiN�>�À�>^L_fEH�D
SM>TH�I�À=BcQ�>TS�en9�L_],>Afcg{Q�>A:rNO>T>A9À`�`�bÜL_9?S :WÀKL_9?H=Z~D�À=]�lqQ�LGH�>TS3SM>TITDG]X¿YDoH=Bc:=BEDG9ÀHKI�<?>A],>THsD�Ày9?DG9dl
FM9MB·Z~D�À=]*HKL_]X¿MfcBc9MVì¿�À�DCIT>TSdF�À�>TH�p2��<?>TH�>�Bc9?H=BcVo<C:�HWN�>�À�>5L_:^:=<?>�VR>A9?>TH=BEHyD_Z�H�DG],>�D_Zi:=<?>�NOD�À=�
¿�À�>TH�>A9k:�>TSuBc9sDG:=<?>�À�H�>TIA:=BEDG9?H�D_Z6:=<?>jSMDXIAFM],>A9k:xp
�nH�H=FMVoVR>TH=:=BEDG9?HjZ\D�ÀjZ~FM:=F�À�>JNOD�À=�Ye�DG9?>,ITDGFMfES�>}��¿MfEDGBc:i:=<?>,9?DG9dlqFM9MB·Z\D�À=] HèL_]X¿MfcBc9MV�L_9�L_fEDGVogRe

Bc9¤D�À�SM>�Ài:�DPSM>A@R>AfED�¿"L_fc:�>�À=9�L_:=Bc@R>,N�LTgdHi:�DíÀ�>TITDG9?H=:WÀ=F?IA:�:=<?>J`�`�b6l�ITDG]X¿�À�>TH�HK>TS�H=BcVo9�L_fqe�9�L_],>Afcg
Qkg�F?H=Bc9MVuDG:=<?>�ÀjBc9k:�>�ÀW¿YDGf�L_:=BEDG9;],>A:=<?DCSMHxpJ��<?>Â¿�L_:=:�>�À=9¤]^L_:�I�<MBc9MV�9�L_:=F�À�>,D_Z�`�`�b ITDGFMfES�L_fEH�D
Q�>
>}�,¿MfED�À�>TS�eY9�L_],>Afcg�Qkg.LGS?L"¿M:=Bc9MVsH�DG],>�D_ZO:=<?>�:WÀKLGSdBc:=BEDG9�L_fÖ����SdBEIA:=BEDG9�L"À=g.SM>TH=BcVo9.H=:WÀKL_:�>AVoBE>TH
:�DJ`�`�b¥p
Ô <�L"¿M:�>�À � z�À�H=:�¿�À�>TH�>A9C:�>TSUL�H=:=F?Sdg¤:=<�L_:JSM>A],DG9?H=:WÀKL_:�>TS;:=<?>PLGSd@oL_9k:KL_VR>yD_Z�F?H=Bc9MV.H�DGF�À�IT>TH

Bc9�`�`�b N�Bc:=<�],D�À�>
ITDG9?IT>A9k:WÀKL_:�>TSÜ¿�À�DGQ�L_QMBcfcBc:rg�SdBEH=:WÀ=BcQMFM:=BEDG9?H�e¢:=<�L_:aNO>�À�>�À�>�¿�À�>TH�>A9C:�>TS�QkgPVR>A9dl
>�ÀKL_fcBEH�>TS�ÛjL_F?H�H=B�L_9.Z~FM9?IA:=BEDG9?Hxp���LGH�>TS5DG95:=<MBEHjBc9C@R>TH=:=BcVkL_:=BEDG9ve�Lh9?>AN�Bc]^L_VR>^ITDG]X¿�À�>TH�H=BEDG9�L_fcVRD_l
À=Bc:=<M]sed:=<�L_:�ITDG]�QMBc9?>TH
`�`�b
��H�]�FMfc:=BEH�IxL_fE>$À�>TIAF�ÀWÀ�>A9k:`¿�L_:=:�>�À=9P]^L_:�IK<MBc9MV^L_9?S�¿�À�>TSdBEIA:=Bc@R>jITDXSdBc9MV
¿�L"ÀKLGSdBcVo],HxedN�LGH`¿�À�D�¿YDoH�>TS�p���<?>a9?>ANÀL_fcVRD�À=Bc:=<M]se�À�>}Z\>�ÀWÀ�>TSy:�D,LGH�`�`�b6l�8}eXF?H�>TH�LGS?L"¿M:=Bc@R>jBc]^L_VR>
¿�À�>TSdBEIA:=BEDG9;:�>TIK<M9MBE�kF?>TH�e�H=Bc]JBcf�L"À
:�Du:=<?>hDG9?>TH�SM>}z?9?>TS¤Z\D�À�:=<?>h¦
p��o�_�C§_�.� Ô ITDG]X¿�À�>TH�H=BEDG9�H=:KL_9dl
S?L"À�S�e�:�D5:WÀKL_9?H[Z\D�À=] :=<?>sBc9�¿MFM:WBc]^L_VR>o��HÊ¿MB·�M>AfEH,Bc9C:�DÛ¿�À�>TSdBEIA:�>TS�À�>TH=BESdF?>uHèL_]X¿MfE>TH^N�Bc:=<�<MBcVo<Mfcg
ITDG9?IT>A9k:WÀKL_:�>TS0¿�À�DGQ�L_QMBcfcBc:�g�SdBEH=:WÀ=BcQMFM:=BEDG9?H�p^��<?>JF?H�>^D_Z�:=<?>Ê¿�À�>TSdBEIA:�>TS�>�ÀWÀ�D�À�H=BcVo9�L_f�Z\Lx@RDGF�À�H�:=<?>
LGS?L"¿M:KL_:=BEDG9uD_Z�`�`�b���H�SdBEIA:=BEDG9�L"À=gReMfE>xLGSdBc9MVJ:�D,L
H=BcVo9MB·z�IxL_9k:
Bc]X¿�À�D�@R>A],>A9k:tDG9y:=<?>jITDG]X¿�À�>TH�H=BEDG9
¿�>�À[Z\D�À=]^L_9?IT>oeY>THW¿�>TIAB�L_fcfcgyZ\D�ÀtH=],DCDG:=<�Bc]^L_VR>THxe�N�<?>�À�>�:=<?>P¿�À�>TSdBEIA:=BEDG9Ü¿�À�DCIT>THKH�<�LGHjLJ<MBcVo<?>�ÀiLGI}l
IAF�ÀKLGIAgRp��n9s>}�,¿Y>�À=Bc],>A9k:KL_f6>A@GL_fcF�L_:=BEDG9�D_Z(`�`�b6l�8è��HU¿�>�À[Z\D�À=]^L_9?IT>9À�>A@R>xL_fE>TSs:=<�L_:�:=<?>�LGSd@GL_9C:KL_VR>
Dx@R>�À�:=<?>tH=:KL_:�>}l�D_Z�lq:=<?>}lrL"À=:
:WÀKL_9?H[Z\D�À=]�lqQ�LGH�>TSPITDG]X¿�À�>TH�H=BEDG9uL_fcVRD�À=Bc:=<M],H�N�LGH�]^L_Bc9k:KL_Bc9?>TSPZ~D�À�9?DG9dl
H=],DCDG:=<yBc]^L_VR>THxe?fcBc�R>t:�>}�X:�L_9?SyVyÀKL"¿M<MBEITHxp�Ö?D�À
H=],DXDG:=<PBc]^L_VR>THxedN�<?>�À�>i`�`�bì¿�À�>TH�>A9C:�>TS�L
IAfE>xL"À
¿�>�À[Z\D�À=]^L_9?IT>
SM>}z�IABc:xeR:=<?>�b w ¿ÜÕ|VkL_Bc9?H�¿MFM:�:=<?>�`�`�b(l�8	¿Y>�À[Z~D�À=]^L_9?IT>�DG9MfcgJL_QYDGFM:   p � S �;QY>AfEDxN
:=<�L_:�D_Z�,kb�¶OÛj�  o o  L_9?Ss¦�p��o�_�C§_��� Ô Bc9C:WÀKL
Z?ÀKL_],>�>A9?ITDCSM>�Àxp
�nH�L�H�FMVoVR>TH=:=BEDG9,Z\D�À�Z~FM:=F�À�>
N�D�À=��eX:=<?>�VR>A9?>�ÀKL_fcBEH�>TSsÛjL_F?H�H=B�L_9dlqfcBc�R>�¿�À�DGQ�L_QMBcfcBc:�ghSdBEH=:WÀ=BcQMFM:=BEDG9?H

D_ZY:=<?>�¿�À�>TSdBEIA:=BEDG9PH=BcVo9�L_f¢ITDGFMfESWQ�>�>}�,¿MfEDGBc:�>TSWQkgXÀ�>Af�L_:=Bc9MV�`�`�b6l�8(ITDG]X¿�À�>TH�H�BEDG9^N�Bc:=<PL9¿kg,ÀKL_]JBES
����HKI�<?>A],> � � ¡	��eY9�L_],>Afcg�Z~D�Àt:=<?>�SM>A@R>AfED�¿M],>A9k:�D_Z�9?>ANieY],D�À�>JITDG]X¿MFM:KL_:=BEDG9�L_fcfcg5>}�^IABE>A9k:j@R>�À[l
H=BEDG9?H�D_Z¥:=<?>j>A9?ITDXSM>�Àxp��n9?DG:=<?>�À�Bc9k:�>�À�>TH=:=Bc9MVÂÀ�>THK>xL"À�I�<sfcBc9?>tN�DGFMfESPQ�>a:=<?>tF?H�>jD_Z¥Z\LGH�: ��� HK>xL"À�I�<
L_fcVRD�À=Bc:=<M],Hxek:�DtBc]X¿�À�D�@R>�:=<?>�ITDG]X¿MFM:KL_:=BEDG9�L_f�>}�^IABE>A9?IAgJD_Z�`�`�b"L_fcVRD�À=Bc:=<M],Hxp(�{H=Bc]X¿MfE>�],>A:=<?DXS
N�LGH�F?HK>TSJZ\D�À�`�`�b6l�8}eoN�Bc:=<^VRDXDXSCÀ�>TH=FMfc:�HxeRQMFM:O:=<?>
Bc9C@R>TH=:=BcVkL_:=BEDG9hDG9^:=<?>U¿Y>�À[Z~D�À=]^L_9?IT>nD_Z�ZqLGH=:�>�Àxe



é %�æ µX¬R®yÇ)âÉ¦=¯°µC¬o¦�çk¬k²)('âo©ÉâR«oª¡ÆOµX«+* Ø'D��

H=FMQdl�D�¿M:=Bc]�FM]7H�>xL"À�I�<uHKI�<?>A],>TH
BEHnL_9uD�¿�>A9�¿�À�DGQMfE>A]sp
Ô <�L"¿M:�>�À��U¿�À�>THK>A9k:�>TSJH�DG],>�9?>ANU:�>TI�<M9MBE�CF?>TH�À�>Af�L_:�>TS�N�Bc:=<JSdBEIA:=BEDG9�L"À=g�LGS?L"¿M:KL_:=BEDG9�Z\D�À(`�`�b6l

8èpT��<?>(F?HK>(D_ZX:=<?>TH�>�],>A:=<?DCSMH	À�>TH=FMfc:�>TSjBc9�L�9?>AN�ITDG]X¿�À�>THKH=BEDG9
L_fcVRD�À=Bc:=<M]se"À�>}Z\>�ÀWÀ�>TSj:�D�LGHv`�`�b(l�8�8èe
:=<�L_:�¿�À�>TH�>A9k:�H�LtQY>A:=:�>�ÀOITDXSdBc9MV¸¿Y>�À[Z~D�À=]^L_9?IT>
Z~D�À�L_fcf?:�>TH=:�>TS,Bc]^L_VR>TH�p���<?>�¿�À�D�¿�DoHK>TS^H�IK<?>A],>THOL"À�>
À�>Af�L_:�>TS,N�Bc:=<yH�>A@R>�ÀKL_f�LGHW¿Y>TIA:�H�D_Zv:=<?>n`�`�b;>A9?ITDCSdBc9MVP¿�À�DCIT>TH�H�Ù¥:=<?>�F?H�>
D_Z�ITDG9C:�>}�X:�ITDG9?SdBc:=BEDG9MBc9MV
Z~D�ÀJ:=<?>uLGS?L"¿M:=Bc@R>�L"À=Bc:=<M],>A:=BEIu>A9?ITDXSM>�À�¸~H�>T> w >TIA:=BEDG9 �dp � ¹
Bc]X¿�À�Dx@R>TH^:=<?>PfEDoH�H=fE>TH�H^ITDG]X¿�À�>TH�H=BEDG9
D_Z�`�`�b2SdBEIA:=BEDG9�L"À=g.Bc9?SM>}�d>THx��H=gC]�Q�DGfEH3�.À�>TSdFM9?S?L_9?IAgâÀ�>TSdF?IA:=BEDG9":�>TI�<M9MBE�CF?>THh¸~HK>T> w >TIA:=BEDG9;�dp��R¹
H�>AfE>TIA:=Bc@R>AfcgìÀ�>A],Dx@R>uSdBEHèLGSd@GL_9C:KL_VR>TDGF?HWSdBEIA:=BEDG9�L"À=g�QMfEDXI��dHxevÀ�>TSdF?IABc9MV�:=<?>PBc9?SM>}�M>THx��Lx@R>�ÀKL_VR>u>A9dl
:WÀ�D�¿kg5L_9?S5Bc9?I�À�>xLGH=Bc9MVs:=<?>J>A9?ITDXSdBc9MVë¿Y>�À[Z~D�À=]^L_9?IT>���>A9M<�L_9?IT>TS¤SdBEIA:=BEDG9�L"À=g.F�¿�S?L_:=Bc9MV�H=:WÀKL_:�>AVoBE>TH
¸~H�>T> w >TIA:=BEDG9;�dp � ¹nBc9C:WÀ�DCSdF?IT>^9?>AN�ITDCSM>}lq@R>TIA:�D�À�H�:=<�L_:iN�Bcfcf�QY>�F?H�>}Z~FMf6Z~D�ÀtZ~FM:=F�À�>JQMfEDXI��¤L"¿�¿�À�DT�Xl
Bc]^L_:=BEDG9?H��(H�IxL_fE>}lrLGS?L"¿M:=Bc@R>WF�¿�S?L_:=Bc9MV.H�I�<?>A],>TH�Z\D�Ài:=<?>^SdBEIA:=BEDG9�L"À=g|¸~H�>T> w >TIA:=BEDG9;�dp �C¹�L_fcfEDxNO>TS�L
H=BcVo9MB·z�IxL_9k:vÀ�>TSdF?IA:=BEDG9WBc9Â¿�À�DXIT>TH�H=Bc9MV�:=Bc],>
N�Bc:=<^DG9MfcgJ9?>AVofcBcVoBcQMfE>�¿�>�À[Z\D�À=]^L_9?IT>
fEDoHKH�>TH��CL

L1 lq9?D�À=]
>T�kF�L_fcBEHKL_:=BEDG9Ü¿�À�DXIT>TSdF�À�>s¸~H�>T> w >TIA:=BEDG9��dp � ¹aLGS?L"¿M:�Ht:=<?>�9?>ANËSdBEIA:=BEDG9�L"À=g°¿�L_:=:�>�À=9?HiLGITITD�À�SdBc9MVs:�D
L�¿�À�DGQ�L_QMBcfcBc:�gsSdBEH=:WÀ=BcQMFM:=BEDG9�I�À=Bc:�>�À=BEDG9vp

Ôt>THW¿MBc:�>,:=<?>ABIÀ�`�`�b6lqQ�LGH�>TS"VR>A9?>TH=BEHxe�],DoH=:
D_Z�:=<?>Ê¿�À�D�¿YDoH�>TS�HKI�<?>A],>THJL"À�>^VR>A9?>�À=BEIh>A9?DGFMVo<
:�DyQ�>JF?HK>TS5N�Bc:=<�DG:=<?>�À�LGS?L"¿M:=Bc@R>Ê¿�L_:=:�>�À=9�]^L_:�I�<MBc9MV5L_fcVRD�À=Bc:=<M],HxpW�nH�L_9">}�ML_]X¿MfE>oe�DG9?>,ITDGFMfES
ITDG9?H=BESM>�ÀW:=<?>�F?H�>�D_Zi:=<?>�¿�À�D�¿YDoH�>TS�À�>TSdFM9?S?L_9?IAg ITDG9k:WÀ�DGft:�>TIK<M9MBE�kF?>THhBc93L¤fEDoH�H�gU¼�½ � ¡mlqQ�LGH�>TS
>A9?ITDCSM>�À�¸ j ¼ ó ¼ � �o� ��¹}edBc9uD�À�SM>�À�:�D,LT@RDGBESs:=<?>iBc9?H�>�À=:=BEDG9uD_Z(SdBEHKLGSd@GL_9C:KL_VR>TDGF?HnITDXSM>}lq@R>TIA:�D�À�Hxp
¶6��¿�>�À=Bc],>A9C:KL_fvÀ�>TH=FMfc:�H�H=<?DxN�>TS�:=<�L_:
`�`�b6l�8�8nBEH�L_QMfE>^:�D�LGIK<MBE>A@R>W�CF�L_fcBc:�g5VkL_Bc9?H�Dx@R>�À
Q�DG:=<

`�`�b�L_9?S{`�`�b6l�8�Z\D�ÀW>A@R>�À=g�:�>TH=:�>TS Bc]^L_VR>�L_9?S L_fcfnITDG]X¿�À�>TH�H�BEDG9�ÀKL_:=BEDoHxp3Ö�D�ÀW9?DG9dl�H=],DXDG:=<
Bc]^L_VR>THxe
:=<?>TH�>�VkL_Bc9?HhZ~F�À=:=<?>�ÀPBc9?I�À�>xLGH�>�:=<?>5LGSd@GL_9C:KL_VR>¤D_Z�`�`�b6lqQ�LGHK>TS L_fcVRD�À=Bc:=<M],HsDx@R>�Ày:=<?>
H=:KL_:�>}l�D_Z£lq:=<?>}lrL"À=:xev:WÀKL_9?H[Z~D�À=]�lqQ�LGHK>TS�>A9?ITDXSM>�À�HxpiÖ�D�ÀtH�],DCDG:=<.Bc]^L_VR>THxeY:=<?>
],>A:=<?DXSMH$¿�À�D�¿�DoH�>TS�Bc9
:=<MBEHnIK<�L"¿M:�>�ÀtL_fcfED�NË`�`�b6l�8�8O:�DÊÀ�>xLGIK<.LÂ¿�>�À[Z\D�À=]^L_9?IT>�fE>A@R>Af�H=Bc]JBcf�L"Àa:�D,:=<�L_:tD_Z6:=<?>-,Rb�¶�Ûj�  o o 
L_fcVRD�À=Bc:=<M]seMZ~FMf·z?fcfcBc9MV^DG9?>jD_Z�:=<?>i]^L_Bc9uDGQdÕ[>TIA:=Bc@R>THnD_Z�:=<MBEH
:=<?>TH=BEHxp
ÖMFM:=F�À�>�NOD�À=�uITDGFMfES�Bc9?IAfcF?SM>
:=<?>�>}��¿MfEDGBc:KL_:=BEDG9.D_Z�:=<?>�`�`�b6l�8�8OZ\>xL_:=F�À�>THa:�D^ITDG]X¿�À�>TH�HtDG:=<?>�À

H=BcVo9�L_f¢:rg{¿Y>THxp(��<MBEH�:=<?>TH=BEH�N�LGH�]^L_Bc9Mfcg^Z~DXIAF?H�>TShDG9WBc9?I�À�>xLGH�Bc9MV,H=],DCDG:=<hBc]^L_VR>tITDG]X¿�À�>TH�H=BEDG9P>}�Jl
IABE>A9?IAgRp�8r9,HW¿MBc:�>
D_ZY:=<?>�VkL_Bc9?H�:=<�L_:�NO>�À�>
DGQ?H�>�À=@R>TSWL_fEH�DtZ\D�À(9?DG9dl�H=],DCDG:=<^Bc]^L_VR>THxeR:=<?>`¿�À�DGQMfE>A]�D_Z
D�¿M:=Bc]JBEH=Bc9MVj:=<?>�>A9?ITDCSdBc9MV9¿Y>�À[Z~D�À=]^L_9?IT>�Z\D�À6:=<?>TH�>�Bc]^L_VR>�IAf�LGH�H�>TH�N�LGH�9?DG:6H´¿�>TIAB·z�IxL_fcfcg�LGSMS�À�>TH�H�>TS�p
��9�D�¿�>A9CÀ�>TH�>xL"À�IK<JfcBc9?>�BEH�:=<?>�D�¿M:=Bc]JBEHèL_:=BEDG9^D_Z¢`�`�b6lqQ�LGHK>TS,L_fcVRD�À=Bc:=<M],H6Z~D�À�:�>}�d:(L_9?SJITDG]X¿YDGFM9?S
Bc]^L_VR>�ITDG]X¿�À�>TH�H=BEDG9vp��n9?DG:=<?>�À�Bc9k:�>�À�>TH�:=Bc9MV�¿�À�DGQMfE>A] BEH�:=<?>�D�¿M:=Bc]JBEHKL_:=BEDG9�D_Z�`�`�b6l�8�8�ITDG]X¿�À�>TH[l
H=BEDG9^],>A:=<?DXSMHOZ~D�À�DG:=<?>�À�H=BcVo9�L_f�:�g,¿Y>THxp6��9h>}�ML_]X¿MfE>nNODGFMfEShQY>
:=<?>aITDG]X¿�À�>TH�H=BEDG9yD_Z�H=:�>�À�>TDoH�ITD�¿MBEI
Bc]^L_VR>TH�L_9?SP@XBESM>TD,H�>T�CF?>A9?IT>THxeMD�À�>AfE>TIA:WÀ�DXIxL"À�SdBEDGVyÀKL_] ¸~¶ Ô Ûi¹
H=BcVo9�L_fEHà� �x� e � �	��p



ØdD)Ø ' ¨6æ µC¬R®yÇ)âÉ¦=¯°µX¬É¦�çC¬R²)('âo©Éâk«oª9ÆOµX«+*

8�9 Ô <�L"¿M:�>�À � N�>9À�>A@CBEH�Bc:�>TSW:=<?>$¿�À�>TSdBEIA:=BEDG9�¿�À�DCIT>TH�H�F?HK>TSyQkgy`�`�b6l�8�8�L_9?Sí¿�À�D�¿YDoH�>TSsL�9?>AN
`�`�b6l�8�8�¿�DoH=:[lZ¿�À�DXIT>TH�H=Bc9MV,SM>AQMfEDXI��XBc9MV,],>A:=<?DXS�p���<?>jBc9MBc:=B�L_f�¿�À�D�¿YDoHKL_fvD_Z(`�`�b6l�8OBc9M<?>�À=Bc:�>TSs:=<?>
¿�À�>TSdBEIA:=BEDG9 ],>A:=<?DXSMHWD_Zj:=<?>�¦�p��o�_�C§_��� Ô H�:KL_9?S?L"À�S�p38�9 :=<MBEH^I�<�L"¿M:�>�ÀxenL_9 >A@oL_fcF�L_:=BEDG9{D_Zi:=<?>
F?H�>TSÜ¿�À�>TSdBEIA:=BEDG9"H�IK<?>A],>JN�LGH¸¿�>�À[Z\D�À=],>TS�e¥L_9?S�H�DG],>,D�¿M:=Bc]JBEHKL_:=BEDG9?H�NO>�À�>JBc9C:WÀ�DCSdF?IT>TS�ecÀ�>Af�L_:�>TS
N�Bc:=<�¿�À�>TSdBEIA:=BEDG9PQMfEDXI��hH=B��x>aL_9?SW:=<?>aF?H�>aD_Z�LGSMSdBc:=BEDG9�L_f ¿�À�>TSdBEIA:=BEDG9P],DCSM>THxp(��SMSdBc:=BEDG9�L_fcfcgRe?L�9?>AN
SM>AQMfEDCIK�CBc9MV"],>A:=<?DCS�Z~D�À^`�`�b6l�8�8�N�LGHWBc9k@R>TH=:=BcVkL_:�>TS�e�],DG:=Bc@oL_:�>TS Qkg�H�DG],>sQMfEDXI��XBc9MV;L"À=:=B·ZqLGIA:�H
DGQ?H�>�À=@R>TS�Bc9�:=<?>P`�`�b6l�8K8iBc]^L_VR>THxe�>THW¿Y>TIAB�L_fcfcg�Z\D�ÀJ<MBcVo<Mfcg;ITDG]X¿�À�>THKH�>TS�H=],DXDG:=<�Bc]^L_VR>THxp���<?>
¿�À�D�¿�DoH�>TShSM>AQMfEDXI��XBc9MV^L_fcVRD�À=Bc:=<M]�F?H�>TH�L_9sLGS?L"¿M:=Bc@R>nz?fc:�>�Àxed:=<�L_:�@GL"À=BE>TH�SM>�¿Y>A9?SdBc9MVJDG9W:=<?>aBc]^L_VR>
À�>AVoBEDG9 :=<�L_:WBEH^QY>ABc9MVá¿�À�DXIT>TH�H�>TS�p3��<?>uz?fc:�>�À=Bc9MV0¿�L"ÀKL_],>A:�>�À�HPL"À�>�D�¿M:=Bc]JBEH�>TS Qkg�:=<?>u>A9?ITDXSM>�À
L_9?S|:=<?>A9{:WÀKL_9?H=]JBc:=:�>TS{:�D�:=<?>�SM>TITDXSM>�ÀhF?H�Bc9MVUL¤9?>AVofcBcVoBcQMfE>�D�@R>�À=<?>xLGS�p���<MBEHh]^Lm�XBc]JBEH�>THh:=<?>
SM>AQMfEDCIK�CBc9MVX¿Y>�À[Z~D�À=]^L_9?IT>aZ\D�À�H=],DCDG:=<yBc]^L_VR>TH�L_9?Sy>AfcBc]JBc9�L_:�>TH�:=<?>t:WÀKLGSdBc:=BEDG9�L_fvb w ¿ÜÕ3fEDoHKH�>THOZ~D�À
SM>AQMfEDCIK�R>TS.9?DG9dl�H=],DCDG:=<.Bc]^L_VR>THxeY]^L_�XBc9MVy:=<?>�¿�À�D�¿�DoH�>TS.H�IK<?>A],>�H=FMBc:KL_QMfE>�Z~D�ÀiL_9kguBc]^L_VR>�:�g,¿�>op
��SMSdBc:=BEDG9�L_fcfcgRevZ\D�Àj:=<?>JH=],DXDG:=<âÀ�>AVoBEDG9?Hxe�>}��¿�>�À=Bc],>A9C:KL_f�À�>TH=FMfc:�HiH�<?DxN�L_95Bc]X¿�À�D�@R>A],>A9k:
Bc95Q�DG:=<
DGQdÕ[>TIA:=Bc@R>�L_9?SuH=FMQdÕ[>TIA:=Bc@R>��kF�L_fcBc:rghfE>A@R>AfEH�p

��<?>�Bc9C@R>TH=:=BcVkL_:=BEDG95DG9�:=<?>�F?H�>
D_Z�DG:=<?>�À�¿�À�>TSdBEIA:=BEDG9�],>A:=<?DCSMHaBc9.`�`�b6l�8�8�BEHtL_9uBc9C:�>�À�>TH=:=Bc9MV
Z�FM:=F�À�>CÀ�>TH�>xL"À�IK<á¿�À�DGQMfE>A]sp w >A@R>�ÀKL_fO9?>AN�¿�À�>TSdBEIA:=BEDG9á¿�L"ÀKLGSdBcVo],H�<�LT@R>,QY>T>A9âÀ�>TIT>A9k:=fcgâ¿�À�D�¿YDoH�>TS
�*� � e;�o�Meh� � e;�o¡	��e�N�<MBEI�< ITDGFMfES�¿�À�Dx@XBESM>u9MBEIT>�¿�>�À[Z\D�À=]^L_9?IT>uVkL_Bc9?HWBc9 `�`�b6l�8�8}e�>THW¿Y>TIAB�L_fcfcgUZ~D�À
H=],DCDG:=<PBc]^L_VR>�ITDG]X¿�À�>TH�H=BEDG9vp

Ô <�L"¿M:�>�À�¡tBc9C@R>TH=:=BcVkL_:�>TS,:=<?>
F?H�>
D_Zv`�`�b.Z\D�À�@XBESM>TDiITDG]X¿�À�>TH�H=BEDG9vp(�aH�L[À�>TH=FMfc:�H�Lt9?>AN L_fcVRD_l
À=Bc:=<M]se�`�`�b6l��aBESM>TDMeMN�LGH�¿�À�D�¿YDoH�>TS�p w DG],>iZ�FM9?IA:=BEDG9�L_f�D�¿M:=Bc]JBEHKL_:=BEDG9?HnNO>�À�>�SM>A@R>AfED�¿Y>TSuH´¿�>TIAB·zMl
IxL_fcfcg,Z\D�À�`�`�b(l��nBESM>TDMp���<?>aF?H�>aD_Z�HKDG],>aD_Z¥:=<?>�¿�À�>A@XBEDGF?H=fcgW],>A9k:=BEDG9?>TSP:�>TIK<M9MBE�kF?>THxeMSM>A@R>AfED�¿Y>TS
Bc9":=<?>h`�`�b6l�8�8nZ¥ÀKL_],>ANOD�À=�Ye(N�LGHJL_fEH�D�ITDG9?H=BESM>�À�>TS�p.`�`�b6l��aBESM>TD�>A9?ITDXSM>�ÀJLGI�<MBE>A@R>TS�LuQ�>A:=:�>�À
>A9?ITDCSdBc9MV�¿�>�À[Z\D�À=]^L_9?IT>n:=<�L_9h:=<?>nIAF�ÀWÀ�>A9k:�H=:KL_:�>}l�D_Z�lq:=<?>}lrL"À=:�>A9?ITDCSM>�ÀxeX:=<?>a¦�p��o�_�C§_��� Ô <MBcVo<�¿�À�D_l
z?fE>oeRZ\D�À�],>TSdBcFM] :�Di<MBcVo<^QMBc:[lZÀKL_:�>TH�L_9?S,Z~D�À�:=<?>Ü��H=fcBEIT>
S?L_:KLdeXN�<?>�À�>�:=<?>�ITDXSdBc9MV�VkL_Bc9?HvÀKL_9MVR>�F�¿
:�D^�GS �tp���<?>TH�>9À�>TH�FMfc:�HnH=<?D�NÀ:=<�L_:
:=<?>�]�FMfc:=BEH�IxL_fE>PÀ�>TIAF�ÀWÀ�>A9k:[¿�L_:=:�>�À=9.>A9?ITDCSdBc9MV�¿�L"ÀKLGSdBcVo] ]^LTg
L_fEH�D.Q�>yH=F?ITIT>THKH[Z�FMfcfcg"F?H�>TS;Z\D�ÀJ@CBESM>TD5ITDG]X¿�À�>TH�H�BEDG9ve�Z~FMf·z?fcfcBc9MV¤:=<?>PH�>TITDG9?SU]^LmÕ=D�À^DGQdÕ=>TIA:=Bc@R>PD_Z
:=<MBEH
:=<?>TH=BEHxp���SMSdBc:=BEDG9�L_fcfcgRe�L_9�¦
p��o�_�C§_�.� Ô lqQ�LGHK>TSuITDG]X¿�À�>TH�H=BEDG9�H�I�<?>A],>�:=<�L_:nSMDX>TH
9?DG:�F?H�>i:=<?>
:WÀKL_9?H=]JBEH�H=BEDG9�D_Z�:=<?>J],DG:=BEDG9dl�ITDG]X¿Y>A9?HKL_:�>TS0À�>TH=BESdF?>JN�LGH
L_fEH�DsBc9k@R>TH=:=BcVkL_:�>TS�p w DG],>JBc9C:�>�À�>TH=:=Bc9MV
À�>Af�L_:=BEDG9?HjNO>�À�>J>TH=:KL_QMfcBEH�<?>TS�eYBc9.D�À�SM>�Àj:�D�À�>AVkL"À�S.:=<MBEHiL_fcVRD�À=Bc:=<M] LGHiL�¿�L_:=:�>�À=95]^L_:�I�<MBc9MVu@CBESM>TD
ITDG]X¿�À�>TH�H=BEDG9WHKI�<?>A],>op�¶6��¿Y>�À=Bc],>A9k:KL_f�:�>TH=:�HOH�<?DxNO>TSW:=<�L_:�:=<MBEHO],>A:=<?DXS^BEH�L_QMfE>
:�D�LGIK<MBE>A@R>aQ�>A:=:�>�À
À�>TH=FMfc:�H�:=<�L_9s:=<?>iD�À=BcVoBc9�L_f¥¦�p��o�_�C§_��� Ô H=:KL_9?S?L"À�S�edZ\D�À
fED�N :�D�],>TSdBcFM]þÀKL_:�>THxp



é %�æ µX¬R®yÇ)âÉ¦=¯°µC¬o¦�çk¬k²)('âo©ÉâR«oª¡ÆOµX«+* Ø'D'D

ÖMFM:=F�À�>�NOD�À=�uD�¿M:=BEDG9?HaBc9?IAfcF?SM>
:=<?>�Bc9C@R>TH=:=BcVkL_:=BEDG95DG9�:=<?>�F?H�>
D_Z(Z\LGH=:nBc9k:WÀKLhL_9?SuBc9C:�>�À�Z¥ÀKL_],>
¿�À�>TSdBEIA:=BEDG9{],>A:=<?DXSMHWZ~D�Ày`�`�b6l��aBESM>TDMpË`�L_9Cg�À�>Af�L_:�>TS{:�>TI�<M9MBE�CF?>THy<�LT@R>�QY>T>A9�¿�À�D�¿YDoH�>TS|Z~D�À
¦�p��o�_�C§_��� Ô e�N�Bc:=<�VRDCDXSëÀ�>TH�FMfc:�H �*���Me �x o  e �x d� ��p w F?I�<.H�I�<?>A],>THjL"À�>�LX¿�À�DG]JBEH=Bc9MV�À�>TH�>xL"À�I�<�fcBc9?>
Bc9^:=<?>UÀ�>TSdF?IA:=BEDG9PD_Zv`�`�b6l��aBESM>TDM��H�ITDG]X¿MFM:KL_:=BEDG9�L_f�ITDG]X¿MfE>}�XBc:rgRp���<?>�À�>THK>xL"À�I�<yDG9W`�`�b6l��aBESM>TD
SM>A],DG9?H=:WÀKL_:�>TS
VRDCDXS¡¿Y>�À[Z~D�À=]^L_9?IT>�DG9
:=<?>OITDG]X¿�À�>TH�H�BEDG9
D_Z?:=<?>�I�<�À�DG]^LaITDG]X¿YDG9?>A9k:�H(D_Z?:=<?>O@CBESM>TD
H�>T�kF?>A9?IT>TH�p¥�aH¥Z�FM:=F�À�>�NOD�À=�
DG9?>�ITDGFMfES
Bc9k@R>TH=:=BcVkL_:�>�D�¿M:=Bc]JBEH�>TS�N�LTgdH(:�DaITDG]X¿�À�>TH�H�ITDGfEDGF�À6Bc]^L_VR>THxe
QkgP>}�,¿MfEDGBc:=Bc9MVW:=<?>¡¿�L"À=:=BEIAFMf�L"ÀnZ~>xL_:=F�À�>THnD_Z(:=<?>�H�>A@R>�ÀKL_fvBc]^L_VR>�ITDG]X¿�DG9?>A9C:�Hxe�Z~D�À�SdB·×�>�À�>A9k:tITDGfEDGF�À
HW¿�LGIT>THxp
�nHPL"H=FM]J]^L"À=gReaDG9?>�]^Lxg ITDG9?IAfcF?SM>.:=<�L_:y:=<?>�F?H�>.D_Z�:=<?>�]�FMfc:=BEH�IxL_fE>ÜÀ�>TIAF�ÀWÀ�>A9C:ë¿�L_:=:�>�À=9

]^L_:�I�<MBc9MV"ITDXSdBc9MVÛ¿�L"ÀKLGSdBcVo]se
L_9?S�D_Zj`�`�b6lqQ�LGHK>TS�],>A:=<?DCSMH�e�]^Lxg;fE>xLGS�:�D¤H=F?ITIT>TH�H[Z~FMf�Bc]^L_VR>
ITDG]X¿�À�>TH�H=BEDG9uH�IK<?>A],>THxp�Ö?D�ÀnH=],DCDG:=<PBc]^L_VR>TH�eM:=<?>9¿�À�D�¿YDoH�>TSP:�>TI�<M9MBE�CF?>TH
N�>�À�>�L_QMfE>t:�D^LGIK<MBE>A@R>�L
ITDCSdBc9MV$¿Y>�À[Z~D�À=]^L_9?IT>�:=<�L_:6BEH(ITDG]X¿�L"ÀKL_QMfE>�:�Da:=<?>�DG9?>�D_Z¢:=<?>�IAF�ÀWÀ�>A9k:�H�:KL_:�>}l�D_Z£lq:=<?>}lrL"À=:(:WÀKL_9?H[Z\D�À=]�l
Q�LGH�>TS5Bc]^L_VR>,ITDG]X¿�À�>TH�H�BEDG9"H=:KL_9?S?L"À�SMHxpW¿n>A@R>�À=:=<?>AfE>THKHxevFM9MfcBc�R>^:=<?>J:WÀKLGSdBc:=BEDG9�L_f�L_fcVRD�À=Bc:=<M],Hxe¥:=<?>
¿�À�D�¿�DoH�>TS|],>A:=<?DCSMHyL_fEH�D;LGI�<MBE>A@R>�:�D�¿�¿Y>�À[Z~D�À=]^L_9?IT>TH^Z\D�À^9?DG9dl�H=],DXDG:=< Bc]^L_VR>TH�e�fcBc�R>s:�>}�d:hL_9?S
ITDG]X¿�DGFM9?S.Bc]^L_VR>THxe¥LGH�H=BcVo9MBc9MVP:=<?>A] Lh@R>�À=guF?HK>}Z�FMf6FM9MBc@R>�À�HKL_f(Z\>xL_:=F�À�>op
��SMSdBc:=BEDG9�L_fcfcgRev:=<?>C¿�À�D_l
¿�DoH�>TS|`�`�b6lqQ�LGH�>TS|@CBESM>TD"ITDG]X¿�À�>TH�H=BEDG93L_fcVRD�À=Bc:=<M]*L_fEH�D�SM>A],DG9?H=:WÀKL_:�>TS{L_9{>A9?ITDCSdBc9MV�¿Y>�À[Z~D�À[l
]^L_9?IT>hL_QYDx@R>W:=<?>^fE>A@R>AfEHJLGIK<MBE>A@R>TS"QCg¤:=<?>^IAF�ÀWÀ�>A9C:JH=:KL_:�>}l�D_Z£lq:=<?>}lrL"À=:JH=:KL_9?S?L"À�S�p���<?>TH�>�À�>TH=FMfc:�H
H=<?DxN :=<�L_:xekBc9^H´¿MBc:�>�D_Z�Bc:�H�f�L"À=VR>�À�ITDG]X¿MFM:KL_:=BEDG9�L_f�ITDG]X¿MfE>}�dBc:�gReX:=<?>�]�FMfc:=BEH�IxL_fE>�À�>TIAF�ÀWÀ�>A9k:Á¿�L_:=:�>�À=9
]^L_:�I�<MBc9MVÂ¿�L"ÀKLGSdBcVo] BEH�9?DG:
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qsr�t�u.wyx
={|¥­=~�Û[À?>A@CBEDA>GFE>IHJ>GKML�À?>GFNK�>OBMK
BQP)>GRR>i¼�>SHJ>UTJVUWAX × VUWAXUY
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qsr�tvu�w	x8={|�� ~�Û[À?>A@CB?DA>GFE>gK�>ihCK�BQP)>GRR>Ij]jkWAX+l+VUTmVUWAX × VUWAXUY

qsr�tvu�w	xn= |"Ò}~�Û$À?>O@UBEDA>GFE>IDOopPX¿qopLrHts$uvK�>ihCKw>GHtsxRyÀ?>"¿ryMBzDOB|{}K�>OBMK�BQP)>GRR>~j]jkWAX+l��UT�VUWAX × VUWAXUY
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qsr�tvu�w	x
= |Im�~�Û[À?>O@UBEDA>GFE>�HJ>GKML�À?>GF�K�>OBEK�BQP)>GRR>�Û�opFzsUyMBQFQF�T�VUWAX × VUWAXUY

qsr�t�u.wyx8={|¯§}~
Û[À?>A@CBEDA>GFE>�HJ>GKML�À?>GF�K�>OBMK�BQP)>GRR>Ij�>�¿�¿�>�ÀEB�T�VUWAX × VUWAXUY
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qsr�tvu�w	x
= |¯®}~�Û[À?>O@UBEDA>GFE>gHJ>GKML�À?>GFNK�>OBEK�BQP)>GRR> Ô >GP,>�À?>GP)>GHNTmX+V+� × X+V+�UY
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G @�S¶¦ / @d_`! Ù G ·�Sc¦ / @'_`! Ø#Ù

G 6´S¶¦ / @'_`! (-Ù G V"Sc¦ / @'_`! &-Ù

G !´S¶¦ / @'_`! �#Ù G 1�S¶¦ / @d_`! é}é

qsr�t�u.wyx8={|�»�~��CopP,>��¥À?>GP,>OB�oG��KMy?>IK�>OBMK�@CBzsM>Oo)B�>O��L?>SHtDT>�Öto�À�>SP)>GH�u Ô}� Ö�Ù
352 × 288

{iY
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G @�S¶¦ / @d_`! Ù G ·�S¶¦ / @'_`! Ø#Ù

G 6´S¶¦ / @'_`! (-Ù G V"S¶¦ / @'_`! &-Ù

G !´S¶¦ / @'_`! �#Ù G 1�S¶¦ / @d_`! é}é

qsr�tvu�wyx�={|"z}~��CopP,>[�¥À?>GP,>OB�oG��KMy?>wK�>OBMK�@CBzsM>Oo-B�>O�5L?>SHtDT>w�nop�MBQFE>¡� Ô >GFE>SHtst>"À~u Ô}� Ö�Ù
352×

288
{iY
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G @�S¶¦ / @d_`! Ù G ·�Sc¦ / @'_`! Ø#Ù

G 6´S¶¦ / @'_`! (-Ù G V"Sc¦ / @'_`! &-Ù

G !´S¶¦ / @'_`! �#Ù G 1�S¶¦ / @d_`! é}é

qsr�tvu�wyx�={|IË�~g�CopP,>k�?À?>GP,>OB}oG��KMy?>kK�>OBMKO@CBzsM>Oo�B�>O�5L?>SHtDT>�Ö�FzoA��>�À�Ûg>"ÀEsM>SH�u�� � Ö�Ù
352×240

{iY
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G @ES¶¦ / @'_`! Ù G ·ySc¦ / @'_`! ØÐÙ

G 6´S¶¦ / @'_`! ()Ù G V�Sc¦ / @'_`! &#Ù

G !´S¶¦ / @'_`! �-Ù G 1ZS¶¦ / @'_`! éèé

qsr�tvu�wyx
={|?­�ê}~��CopP,>��¥À?>GP,>OBkoG��KMy?>gK�>OBMK�@XBzsM>OoaB�>O�5L?>SHtDT>g�� XBQ@co8uZ� Ô}� Ö�Ù
176 × 144

{iY
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� H²KMyMBzB³>"¿�¿Y>SHtsdB´hµ��>Ü¿�À�>OB�>SH�K
>�sM>SK?>_BQFE>Os¶sM>OB?D�À=BI¿rK=BzopH�oG��KMy?>��
LrFQK=BzsdBQP,>SHtB=BzopHJ>GF~�
LrFQK=BzBEDA>GFE>
j�>"ÀEB�>�À_·��J>pBK>Os¸>GFQRco�À=BQKMyrPaB�KMyJ>GK�yJ>T@R>��Y>T>SH�sdBzBEDSLtBEB�>Os�KMy�ÀEopLrR+ytopLrK�KMyMBzB�sroCDSLrP,>SH�KAY���FQF¹KMy?>OB�>
P,>SKMyto5srB¸¿J>"ÀMK=BQK=BzopH$KMy?>JBQH�¿rLrKiBQP)>GRR>^BQH�KEo8�rFzo5D? CBIoG�¹ºrhM>Os�B=B��x>+T

Xl TNKMyJ>GK�>"À�>aDOopPX¿�À�>OB?B�>Os5BQHU·
sM>�¿�>SHtsM>SH5KMFQ@cY~�»BMK?>GHtst>"ÀEs°À?>pBMK�>�ÀgBEDA>GH�o�ÀEsM>�ÀtBzBwLtB�>Os
�¼o�Àw�rFzoCDE 
BK>SFE>ODSK=BzopHNYI�
�nj²LtB�>OB�sU@�>psdBzD
B�>SR+P,>SH�K?>GK=BzopHtBgoG��>A>pD?yno�À=BQRoBQHJ>GF�BQP)>GRR>-�rFzo5D? mT�KEo)sdBc@XBzsM>~KMy?>�BQP)>GRR>�BQH�KEoW@p>"À=B½>G�rFE>-B=B��x>IK�>ihUKML�À�>
À�>SRoBzopHtBAT�KMyJ>GKa>"À�>y>SHtDOo5sM>Os¾LtB=BQHrR.@R>ODSKEo�ÀEB-�¥ÀEopP°>³P�LrFQK=B´·¿BEDA>GFE>8>pst>"¿rK=Bc@R>xsdBzDSK=BzopHJ>"ÀM@cT D Y�À¹y?>
sM>ODABzB=BzopH²KEoá¿Y>�À_�¼o�ÀMP"KMy?>n�MBzB�>ODSK=BzopH¨oG��>A>pD?y¶BMLr�U·��rFzo5D? |BzBÁ�J>pB�>Os²opH~À?>GK�>i·¿sdBzBMKEo�ÀMK=BzopH�D�À=BQK�>�À=B½>
>GHts�À�>�¿Y>A>GK�>Os°À�>ODSL�ÀEB=Bc@R>SFQ@cY�À¹y?>-BK>SR+P,>SH�K?>GK=BzopHÂBMKWÀMLtDSKML�À�>-KMyJ>GK[À�>OBMLrFQKEB[�?ÀEopP�KMyMBzB�o�¿rK=BQPJBzB?>GK=BzopH
¿�ÀEo5DT>OsUL�À�>jBzBUÀ�>�¿�À�>OB�>SH�K�>Os8��@³>-�MBQHJ>"ÀM@xB�>SR+P,>SH�K?>GK=BzopH
KWÀ�>T>+T T Tt>pBkBEytoA��HsBQHuÖ�BQR+L�À�>à��YQW+Y

i0

i1

i2 i3

i4

node 0

node 2

node 6

node 13

qsr�t�u.wyx³Ã§|¥­=~��X>SR+P,>SH�K?>GK=BzopHnKWÀ�>T>w�Äo�À�>Å�rFzo5D? h>SHtDOoCsM>Osx��BQKMy8�n�nj�Y
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X4

X3
0 X3

1
X2

0

X2
1

X1
0 X1

1

X0
0

X0
1

G @�S

i0

i1

i2

i3
i4

G ·yS

qsr�tvu�wyx�Ã§|�� ~8É j-p)ð�ì�l ë æ è'j�ó î j-í=ð ë ð�ì�m í oG�q>GH-o�À=BQRoBQHJ>GF 4×4
�rFzoCDE �uvFE>A@R>SFUÊ5{}Ù�>c{�B�>SR+P,>SH5K?>GK=BzopH

sM>ODABzB=BzopHtB3�r��{Ë�rFzo5D? í¿J>"ÀMK=BQK=BzopHMBQHrRtY

X4

X3
0 X3

1

X2
0

X2
1

X1
0 X1

1

X0
0

X0
1

G @�S

i0

i1

i2 i3

i4

G ·�S

qsr�tvu�wyxxÃ |"Ò�~IÌ m p-ìQÍ3m í=ð ë æ�è'j�ó î j-í=ð ë ð�ì�m í oG��>GH³o�À=BQRoBQHJ>GF 4 × 4
�rFzoCDE �uvFE>A@R>SF�Ê5{}Ù�>c{ËB�>SR+P,>SHU·

K?>GK=BzopH8sM>ODABzB�BzopHtB��r��{Ë�rFzoCDE í¿J>"ÀMK=BQK=BzopHMBQHrRtY
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¢¤>)sM>iºtH?>
Xl >pBÅ>GH�BQH�¿rLrK
BQP)>GRR>)�rFzoCDE ÂoG��B?DA>GFE> l Y³À¹yMBzB�B?DA>GFE>,@+>GFQL?>nu�BzsM>SH5K=B´º�>Os �5@�KMy?>

LtB�>)oG��KMy?>ÁBML�¿�>�ÀEB?D�À=BI¿rK
l
{�yJ>pBÅ>³sdBIÀ�>ODSKÅDOo�ÀWÀ�>OBW¿mopHtsM>SHtDT>Á��BQKMy KMy?> æ"j ü j-æ oG�¹KMy?>ÁB�>SR+P,>SH5K?>GK=BzopH

KWÀ�>T>+T T TJKMyJ>GK�BQKwDOo�ÀWÀ�>OBW¿mopHtsrB[KEorY�À¹y?>�À�>iBzB�>GFzBEo)>)sdBIÀ�>ODSK�À�>SF½>GK=BzopHn��>SKÏ�O>T>SHÐKMyMBzB
@+>GFQL?>�>GHts8KMy?>
sdBQP,>SHtB=BzopHtB�oG�

Xl Ù

• � �tKMy?>¹BE�5LJ>"À�>Ë�rFzo5D? CBAT+DOo�ÀWÀ�>OB´¿mopHtsdBQHrR�KEot>A@R>SH�@+>GFQL?>OB�oG� l Tc>"À�>¹B�>SR+P,>SH�K�>Os
BQH�KEo�KÏ�Ëo�ü j-p)ð�ì�l ë æ
p+j�l'ð ë íÛó�æ�j#è u~Ö�BQR+L�À�>à��YÑXc{iTrKMy?>SH
>-�rFzoCDE xoG��FE>A@R>SF l yJ>pBksdBQP,>SHtB�BzopHtBxÙ

2b
l+1
2

c × 2b
l
2
c;

u���YQW�{

• � ��KMy?>IBE�5LJ>"À�>��rFzoCDE UB[>"À�>IB�>SR+P,>SH5K�>OssBQH5KEoaK¿�}o ñ m�p#ìzÍ�m ívð ë æ}p�j+l'ð ë íÛó æ"j#è u~Ö�BQR+L�À�>à��YÑÒc{iTrKMy?>SH
>-�rFzoCDE 

Xl yJ>pBksdBQP,>SHtB=BzopHtBxÙ
2b

l
2
c × 2b

l+1
2

c.
u���YÑXc{

Ó[opK�>�KMyJ>GKk�qopKMys>iht>GPX¿rFE>OB�oG�(Ö¥BQR+L�À�>OB �wYÑX)>GHts �wYÑÒ�LtB�>�KMy?>gB�>SR+P,>SH�K?>GK=BzopHnKWÀ�>T>9À�>�¿�À�>OB�>SH5K�>OssBQH
Ö¥BQR+L�À�>Ã��YQW+Y�À¹y?>kFE>A@R>SFNlIoG� T uvKMy?>wsM>T>�¿�>OBEKËFE>A@R>SFÔ{Ë>GFQ�}>A@CB�DOo�ÀWÀ�>OBW¿qopHtsrBËKEo~�rFzoCDE UB¹oG��sdBQP,>SHtB=BzopH
1×1

Y�À¹y?>UÀEoCopKËoG� T BzBË>GFQ�¹>O@UBËFzoCDA>GK�>Os�>GKËKMy?>�FE>A@R>SF�KMyJ>GKËDOo�ÀWÀ�>OBW¿qopHtsrB}KEoIKMy?>[B=B��x>�oG� Xl Y�Õ�>pD?y
Hto5sM>�oG�kKMy?>a�MBQHJ>"ÀM@ÂKWÀ�>T>�À�>�¿�À�>OB�>SH�KEB�>8sM>ODABzB=BzopH KEonsdBc@XBzsM>aKMy?>ÁDOo�ÀWÀ�>OBW¿mopHtsdBQHrRn�rFzoCDE qT���yMBQFE>Á>
KWÀ�>T>gFE>A>Ö�]DOo�ÀWÀ�>OBW¿mopHtsrB[KEo)>GH
LrHtsdBc@CBzsM>Os�À�>ODSK?>GHrR+LrF½>"ÀwBMLr�U·��rFzoCDE qY}�×KWÀ�>T>~FE>A>Ö�(BzBUÀ�>�¿�À�>OB�>SH5K�>Os8�5@
>I�MBQHJ>"ÀM@ä��>GR�B�>SK}KEo�ØÎlUÙ5��yMBQFE>g>�B�>SR+P,>SH�K?>GK=BzopHPBzBbÀ�>�¿�À�>OB�>SH5K�>Os���@�>)ØzW+ÙQY�À¹y?>[�¼opFQFzo���BQHrRaB�>ODSK=BzopHtB
yJ>T@R>)>GH >GFQRco�À=BQKMyrPJBzDÊÀ�>�¿�À�>OB�>SH�K?>GK=BzopH¾oG�¹KMy?>�DOopHtB=BzsM>�À�>OsÂP,>SKMytoCsrBAYa�ÚsM>SK?>_BQFE>OsÂsM>OBED�À=BI¿rK=BzopH�oG�
KMy?>OB�>�P,>SKMyto5srB�P)>O@��Y>w�¼opLrHtsyBQH³KMy?>�P)>_BQH8K�>ihCK�oG��KMyMBzB�KMy?>OB=BzB�Y
À¹y?>°À?>GK�>i·¿sdBzBMKEo�ÀMK=BzopH�o�¿rK=BQPJBzB?>GK=BzopHÝ¿�ÀEoCDT>OsUL�À�>OB�LtB�>�>�Û�ë ó p ë íÛó�ì ë í î-Ü æ
ð�ì ã æ5ì�j-p T λ �ÑVGÊJT¹V+Vy�

BQH¸o�ÀEsM>�À)KEoÐ�O>ABQR+y5K��qopKMy�KMy?>³sdBzBMKEo�ÀMK=BzopHµoG��opH?>³�rFzo5D? ¾>GHts�KMy?>ëÀ?>GK�>xH?>T>OsM>Os¸KEo5>SHtDOoCsM>xKMy?>
>pBEBEoCDAB½>GK�>OsPBQHU�¼o�ÀMP)>GK=BzopHNY�À¹yMBzB[o�¿rK=BQPJBzB?>GK=BzopH°¿�ÀEop�rFE>SP7BzB[BEopFc@R>Os8��@xPJBQHMBQPJBzB=BQHrR�KMy?>�@+>GFQL?>IoG�Ë>
DOo+BMK¹�vLrHtDSK=BzopH

J(T )
TrRoBc@R>SH³��@YÙ

J(T ) = D(T ) + λR(T ),
u���YÑÒc{

��y?>�À�>
D(T )

BzB}KMy?>gsdBzBMKEo�ÀMK=BzopH³oG��KMy?>I>"¿�¿�ÀEoAhXBQP)>GK=BzopH�À�>�¿�À�>OB�>SH�K�>Osx�5@ T >GHts R(T )
BzB¹KMy?>[À?>GK�>

LtB�>OsnKEoW>SHtDOoCsM>ÅKMyMBzBg>"¿�¿�ÀEoOhdBQP)>GK=BzopHNY-À¹y?>ÅBMLrPÝoG�ËB?��LJ>"À�>OsÐsdB·×�>�À�>SHtDT>OBau��r� Ôg{nBzBwLtB�>Os�>pBwKMy?>
sdBzBMKEo�ÀMK=BzopH³P,>A>pBML�À�>g�Y>SK¿��>T>SH8KÏ�Ëoa�rFzoCDE UBAT

Xl >GHts Sl
i

Y � K�BzB�sM>iºtH?>Os8>pBxÙ

D(Xl,Sl
i) =

M
∑

y=1

N
∑

x=1

(

Xl(y, x) − Sl
i(y, x)

)2
.

u���Y Ê5{

Ô opHtB=BzsM>�À�>��rFzoCDE 
Xl oG��BEDA>GFE> l T�DOo�ÀWÀ�>OBW¿qopHtsdBQHrR8KEo8>ÁHtoCsM> nj

BQHÂKMy?>aB�>SR+P,>SH5K?>GK=BzopH$KWÀ�>T>+Y
nj
DA>GH��Y>Á>8KWÀ�>T>ÁFE>A>Ö�-u�BQH¾KMyMBzB-DA>pBK>

Xl BzB�>"¿�¿�ÀEoOhdBQP)>GK�>Os¾��@ >nB=BQHrR+FE>ÁsdBzDSK=BzopHJ>"ÀM@�@R>ODSKEo�À|{-o�À
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BQK~DA>GH$�Y>)>�KWÀ�>T>)Hto5sM>+T.¿J>"À�>SH�KÅoG��K¿�Ëo
HtoCsM>OB
n2j+1

>GHts
n2j+2

u�BQH KMyMBzB~DA>pB�>+T
nj
B�BQR+HJ>GFzB~KMy?>

B�>SR+P,>SH�K?>GK=BzopH¶oG�
Xl {iYÞÀ¹yMBzB�sM>ODABzB=BzopH BzB)P)>psM>�>Ö�¼K�>�ÀÁDOopPX¿J>"À=BQHrR�KMy?>nDOo+BMK��vLrHtDSK=BzopHtB�oG�~KMy?>

o�À=BQRoBQHJ>GF}>"¿�¿�ÀEoOhdBQP)>GK=BzopH¾��BQKMy KMy?>)opH?>)oG�kKMy?>aKÏ�ËonB�>SR+P,>SH�KEB�Yx�
o�À�>X¿�À�>ODABzBK>SFQ@cT6B´�
nj
BzB�>³FE>A>Ö�

Hto5sM>+TdBQKEBkDOo+BEK
BzB�RoBc@R>SH³�5@

J(
FE>A>Ö�

(nj)) = D(Xl,Sl
j) + λR(

FE>A>Ö�
(nj)),

u���YÑVc{
��y?>�À�>

R(
FE>A>Ö�

(nj))
BzBgKMy?>XÀ?>GK�>aB´¿�>SH5KIKEoP>SHtDOo5sM>aHto5sM>

nj
>pB�>ÁFE>A>Ö��HtoCsM>+Y

R(
FE>A>Ö�

(nj))
BzBIKMy?>

BMLrP«oG�]KMy?>PÀ?>GK�>~BW¿Y>SH�KwKEoh>SHtDOo5sM>~KMy?>�sdBzDSK=BzopHJ>"ÀM@s@R>ODSKEo�ÀAT
R(Sl

j)
T���BQKMynKMy?>¸À?>GK�>-oG�]KMy?>I�MBQHJ>"ÀM@

��>GRaKMyJ>GKkB=BQR+HJ>GFzBkKMyJ>GK�KMy?>��rFzo5D? �BEytopLrFzsxHtopK���>gBK>SR+P,>SH�K�>Os�T
R(f l

1)
T ì ¼ j ¼

R(
FE>A>Ö�

(nj)) = R(Sl
j) +R(f l

1).
u���YÑ�c{

À¹y?>¡À?>GK�>i@+>GFQL?>OB�>"À�>~sM>SK�>�ÀMPJBQH?>Osn�J>pB�>Os8opH
KMy?>¸¿�ÀEop�J>G�MBQFcBQKÏ@8oG�]KMy?>ILtBK>Os8BM@CP~�qopF�BQH
KMy?>~DOo�ÀWÀ�>i·
BW¿mopHtsdBQHrRÁyMBzBMKEopRyÀ?>GP³Y � HtsM>�¿Y>SHtsM>SH�K$¿�ÀEop�J>G�MBQFcBQKÏ@nsdBzBMKWÀ=BQ�rLrK=BzopHtBg>"À�>� R>�¿rK��Äo�ÀwKMy?>�B�>SR+P,>SH5K?>GK=BzopH
��>GRcB�>GHts³sdBzDSK=BzopHJ>"ÀM@yBQHtsM>ihd>OB[oG�6>A>pD?y8BEDA>GFE>+Y]À¹y5LtBATr��>gyJ>T@R>gKMyJ>GK

R(x) = log2
1

P (x|l(x)) = −log2 (P (x|l(x))) , u���YÎß+{
��y?>�À�>

x
BzBkKMy?>~DSL�ÀWÀ�>SH5KwBE@5P��mopF�>GHts

l(x)
BzB�KMy?>~BEDA>GFE>�oG�

x
TtKMyJ>GKwDOo�ÀWÀ�>OBW¿mopHtsrB[KEo,BQKEBn>SHtDOo5sdBQHrR

DOopH�K�>ihUKAY)À¹y?>^>ih�¿�À�>OBEB=BzopH
P (x|l(x)) À�>�¿�À�>OB�>SH�KEB�KMy?>X¿�ÀEop�J>G�MBQFcBQK¿@ÂoG�kBM@CP~�qopF x BQH$KMy?>aDOopH�K�>ihUK

u?¿�ÀEop�J>G�MBQFcBQK¿@ayMBzBMKEopRyÀ?>GP�{]DOo�ÀWÀ�>OBW¿qopHtsdBQHrR�KEoIB?DA>GFE>
l(x)
Y��[B�>GHh>ihr>GPX¿rFE>+T��Äo�À]KMy?>`¿J>"ÀMK=BzDSLrF½>"À¹DA>pB�>

oG��sdBzDSK=BzopHJ>"ÀM@yBQHtsM>ihM>OBk�O>IyJ>T@R>gKMyJ>GK

R(Sl
j) = −log2(P (il|Dl)),

u���YÑàc{
��y?>�À�>

P (il|Dl)
BzBkKMy?>P¿�ÀEop�J>G�MBQFcBQK¿@noG�]o5DODSL�ÀWÀ�>SHtDT>ÅoG��KMy?>�@R>ODSKEo�Àw��BQKMy�BQHtsM>ih

i
oG�]FE>A@R>SF

l
oG�]KMy?>

sdBzDSK=BzopHJ>"ÀM@cY
À¹y?>~á�>GRyÀ?>GHrRoB½>GHÐDOo+BMK�oG��>"¿�¿�ÀEoAhXBQP)>GK=BQHrRÁ�rFzo5D? 

Xl LtB=BQHrR)KMy?>~DOopHtDA>GK�>SHJ>GK=BzopHÐoG��KÏ�ËoaHtoCsM>OB
n2j+1

>GHts
n2j+2

BzB�>OBMK=BQP)>GK�>Osx��@YÙ

J(node(nj)) = J(n2j+1) + J(n2j+2) + λR(f l
0).

u���Y*�c{
��y?>�À�>

R(f l
0)
DOo�ÀWÀ�>OB´¿mopHtsrB�KEo�KMy?>$À?>GK�>gLtB�>OsxKEoJ>SHtDOoCsM>���>GR³ØÎlUÙt>GK�FE>A@R>SF

l
Y

¬ Ì_â É Õ Ð
Î Ó Î Ñ�ã�ø ä Î Ó}ØÙØÙÚ

À¹y?>-�n�njµDOopPX¿�À�>OB?B=BzopH � oG�}>GH.BQH�¿rLrKaBQP)>GRR>-�rFzoCDE qT
Xl TmP)>O@8�Y>-sM>iºtH?>OsÐ��@³KÏ�Ëo�P)>_BQH�BMK�>�¿tB

u¼B�>T>jÖ�BQR+L�À�>à��Y Ê5{}Ù
�� ¢!5!� h!562<ZJK:E4 D % � 1Y: / @ÁV7!2<�@dJK\]!5V$V7!58;6 / J]^¢<ZJK:E49:'1,<Z�"!�å9å$æí@d\KeE: / Jf<Z�7_$%
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T = MMP å optimise å block(Xl, λ)

X̂l = MMP å encode å block(T )

last block?

Xl = next å block()

æOç½è

épê

qsr�tvu�w	x8Ã |Im.~iÖ�Fzo��ËD?yJ>"ÀMK��Äo�À�KMy?>I�n�
jë>GFQRco�À=BQKMyrP³Y

• Ö�BIÀEBMKxÙ¶¿�ÀEo5DT>OsUL�À�> {X̂l, T , J(T )
}

= MMP ì optimise ì block(Xl, λ)
¿Y>�À_�Äo�ÀMPaBk>GH m ã ð�ìÔí

î ì�è ë ð�ì�m í oG�¹KMy?>J>SHtDOo5sM>Os��rFzoCDE qY � K9À�>ODT>ABc@R>OB�>GH5BQH�¿rLrKI�rFzo5D? mT Xl oG�¹BEDA>GFE> l T�>pB���>SFQFË>pB
KMy?>j@+>GFQL?>��Äo�ÀkKMy?>Iá�>GRyÀ?>GHrRR>A>GH�Õ Ô�o�¿rK=BQPJBzB?>GK=BzopHM¿J>"À?>GP,>SK�>�ÀAT

λ
Y � KksM>SK�>�ÀMPJBQH?>OB[KMy?>g�Y>OBMK

�n�
jìÀ�>�¿�À�>OB�>SH5K?>GK=BzopH8oG��KMy?>�o�À=BQRoBQHJ>GF��rFzoCDE UB�BQHx>kÕÜÔ�B�>SHtB�>g>GHts�À�>SKML�ÀMHtB¹KMy?>g�n�
j�KWÀ�>T>
T KMyJ>GK¸À�>�¿�À�>OB�>SH�KEB�BQKAT�>pBg��>SFQF}>pBgKMy?>ÂÀ�>OBMLrFQK=BQHrRn>"¿�¿�ÀEoAhXBQP)>GK�>Os �rFzo5D? mT X̂l Y J(T )

BzBIKMy?>
á�>GRyÀ?>GHrRR>A>GHnDOo+BMKkoG��KMy?>�>"¿�¿�ÀEoOhdBQP)>GK=BzopH�¿Y>�À_�¼o�ÀMP,>Osx�5@ T Y�À¹yMBzB`¿�ÀEoCDT>OsUL�À�>iBzB�sM>OBED�À=BQ�Y>Os
BQH
�X>ODSK=BzopH���YÑXUYQW��

• �X>ODOopHts�Ùâ¿�ÀEoCDT>OsUL�À�>
X̂l = MMP ì encode ì block(T )

¿Y>�À_�¼o�ÀMPaB�KMy?> j-ívl+m�n�ì�íÛó oG�IKMy?>
¿�À�>A@XBzopLtBMFQ@-o�¿rK=BQPJBzBK>Os��rFzo5D? mY�À¹yMBzB¶¿�ÀEoCDT>OsUL�À�>�>GHJ>GFQ@UB�>OB�KMy?>��n�
jÂBK>SR+P,>SH�K?>GK=BzopH)KWÀ�>T>+T T T
sM>SK�>�ÀMPJBQH?>Os-��@IKMy?>}o�¿rK=BQPJBzB?>GK=BzopH-�¼LrHtDSK=BzopHNT+RR>SH?>�À?>GK�>OB�KMy?>Ë�n�
jÐBMKWÀ=BQHrRw��BQKMy-KMy?>ËBM@CP~�qopFzB
�Äo�À�KMy?>³B�>SR+P,>SH�K?>GK=BzopH ��>GRcB)>GHts¸sdBzDSK=BzopHJ>"ÀM@�BQHtsM>ihM>OB)>GHts�>SHtDOoCsM>OB^>A>pD?yëBM@CP~�qopFkLtB=BQHrR
KMy?>�>pst>"¿rK=Bc@R>³>"À=BQKMyrP,>SK=BzDP>SHtDOo5sM>�ÀAYÐ�[FzBEorT��¼o�À�>A>pDEy��rFzoCDE  B�>SR+P,>SH�K?>GK=BzopHNT�KMy?>h>SHtDOoCsdBQHrR
¿�ÀEoCDT>OsUL�À�>X¿�>�À_�Äo�ÀMPaB�KMy?>CÀ�>SFE>A@+>GH�K~sdBzDSK=BzopHJ>"ÀM@nL�¿mst>GK=BQHrR
o�¿�>�À?>GK=BzopHtBAYÅÀ¹yMBzB9¿�ÀEoCDT>OsUL�À�>�BzB
sM>OBED�À=BQ�Y>OsPBQH
�X>ODSK=BzopH���YÑXUYÑX �

øÑý�þ&ý�ÿ ÞßÞÔ� ��s�wy
�|o
��"uxwy
��	zÒsv
�����������
��

Procedure
{

X̂l, T ,J(T )
}

= MMP ì optimise ì block(Xl, λ)

îqï x�ð�­=~gB�>A>"ÀED?y Dl �¼o�À�KMy?>�>SFE>SP,>SH�K Sl
i

KMyJ>GK�PJBQHMBQPJBzB�>OB�KMy?>�>"¿�¿�ÀEoAhXBQP)>GK=BzopHaDOo+BMK�sM>iºtH?>OsÅ�5@
J(T ′) = D(Xl,Sl

i) + λ.R(Sl
i)
T���y?>�À�>

D(Xl,Sl
i)
BzBwKMy?>ÅBE�5LJ>"À�>Os�>�ÀWÀEo�À��Y>SK¿��>T>SH
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KMy?>�BQH�¿rLrKg�rFzoCDE �>GHtsÐKMy?>�sdBzDSK=BzopHJ>"ÀM@�>SFE>SP,>SH5K�>GHts
R(Sl

i)
BzB�KMy?>CÀ?>GK�>ÅH?>T>OsM>Os�KEo

>SHtDOoCsM>jBQHtsM>ih
i
oG� Dl �

îqï x�ð � ~gB�>SR+P,>SH5K
Xl BQH5KEo)KÏ�Ëoa�rFzoCDE UBxÙ Xl−1

0

>GHts
Xl−1

1

LtB�BQHrRaKMy?>�>"¿�¿�ÀEo�¿�À=B½>GK�>PÀMLrFE>)u�@R>�À_·
K=BzDA>GF�o�Àkyto�À=B��AopH5K?>GFÔ{-�

îqï x�ð Ò}~gDOopPX¿rLrK�> {
X̂l−1

0 , T0, J(T0)
}

= MMP ì optimise ì block(Xl−1
0 , λ)

�

îqï x�ð~m�~gDOopPX¿rLrK�> {
X̂l−1

1 , T1, J(T1)
}

= MMP ì optimise ì block(Xl−1
1 , λ)

�

îqï x�ðÝ§ ~gsM>SK�>�ÀMPJBQH?>IKMy?>~DOo+BMKkoG��>"¿�¿�ÀEoAhXBQP)>GK=BQHrR
Xl LtB=BQHrR)>�B�BQHrR+FE>��rFzo5D? ��¥ÀEopP Dl Ù

Jleaf = J(T ′) + λ.R(f l
0),

��y?>�À�>
R(f l

0)
BzBËKMy?>wH�LrP~�Y>�ÀkoG���MBQKEB}H?>T>OsM>OsÁKEo�>SHtDOo5sM>[KMy?>wFE>A>Ö����>GR�ØÎlUÙ5oG��FE>A@R>SF

l
�

îqï x�ðo®}~gsM>SK�>�ÀMPJBQH?>IKMy?>~DOo+BMKkoG��>"¿�¿�ÀEoAhXBQP)>GK=BQHrR
Xl LtB=BQHrR)>�BK>SR+P,>SH�K?>GK=BzopHvÙ

Jnode = J(T0) + J(T1) + λ.R(f l
1),

��y?>�À�>
R(f l

1)
BzB�KMy?>gH5LrP~�Y>�À[oG���MBQKEB�H?>T>OsM>OsxKEo,>SHtDOoCsM>gKMy?>�HtoCsM>���>GR³ØzW+ÙroG��FE>A@R>SF

l
�

îqï x�ð�»v~tB´�
(Jleaf <= Jnode)

TUKMy?>SH8sro

X̂l = Sl
i

�

T = leaf(Sl
i)
�

J(T ) = Jleaf
�

îqï x�ð z}~j>SFzB�>gsro

X̂l =
(

X̂l−1
0 : X̂l−1

1

) T���y?>�À�>
( : )

P,>A>GHtBnKMy?>¾DOopHtDA>GK�>SHJ>GK=BzopH»oG�aK¿�Ëo
�rFzoCDE UB�>pDODOo�ÀEsdBQHrR)KEo�KMy?>I>"¿�¿�ÀEo�¿�À=B½>GK�>-sdBIÀ�>ODSK=BzopH u�@R>�ÀMK=BzDA>GF�o�À�yto�À=B��AopH�K?>GFÔ{-�

T = (T0
⋃ T1)

T}��y?>�À�>
(
⋃

)
BzBaKMy?>
DOopP~�MBQHJ>GK=BzopH¨oG�wKÏ�Ëo �MBQHJ>"ÀM@�KWÀ�>T>OB

LrHtsM>�À[>�DOopP�PaopH�ÀEo5opKkHtoCsM>��

J(T ) = Jnode
�

îqï x�ðoË}~$À�>SKML�ÀMH {
X̂l, T , J(T )

} Y
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Procedure X̂l = MMP ì encode ì block(T )

îqï x�ð�­=~tB´�
l = 0

KMy?>SH8RcoÅKEoaBMK�>�¿8V �
îqï x�ð � ~gB�>SK T0 = left ì node(T )

>GHts T1 = right ì node(T )
�

îqï x�ð Ò}~tB´� T0 = 0
>GHts T1 = 0

Rco�KEo�BMK�>�¿³Ê×�M>SFzBK>�Rco�KEo�BMK�>�¿nß �
îqï x�ð~m�~j>SHtDOoCsM>~>GHts³opLrKW¿rLrKs��>GR³ØÎlUÙroG��FE>A@R>SF

l
�

îqï x�ðÝ§ ~j>SHtDOoCsM>I>GHts³opLrKW¿rLrK
BQHtsM>ih
i
oG��FE>A@R>SF

l
T�À�>�¿�À�>OB�>SH5K=BQHrRW>SFE>SP,>SH�K

Sl
i

>pBEBEoCDAB½>GK�>Os���BQKMy
T �

îqï x�ðo®}~$À�>SKML�ÀMH
X̂l �

îqï x�ð�»v~j>SHtDOoCsM>~>GHts³opLrKW¿rLrKs��>GR³ØzW+ÙroG��FE>A@R>SF
l
�

îqï x�ð z}~gsro
X̂l−1

0 = MMP ì encode ì block(T0)
�

îqï x�ðoË}~gsro
X̂l−1

1 = MMP ì encode ì block(T1)
�

îmï x5ð�­�ê}~gsM>SK�>�ÀMPJBQH?>
X̂l =

(

X̂l−1
0 : X̂l−1

1

) �

îmï x5ð�­�­=~w�Äo�À
>A>pDEy
B?DA>GFE>
li
TtsroMÙ

sM>SK�>�ÀMPJBQH?>
X̂li = T l

li

(

X̂l
) TC��y?>�À�>

T l
li

()
¿Y>�À_�¼o�ÀMPaB�>-BEDA>GFcBQHrRÅo�¿�>�À?>GK=BzopH��¥ÀEopP

o�À=BQRoBQHJ>GF�B?DA>GFE>
l
KEoaB?DA>GFE>

li
�

L�¿qst>GK�>�sdBzDSK=BzopHJ>"ÀM@ Dli
��BQKMy¾�rFzo5D? 

X̂li
T�LrHrFE>OBEB�>nB=BQPJBQF½>"ÀJ>SFE>SP,>SH�K)>GFIÀ�>A>psU@

>ihdBzBMKEB�BQH Dli
�

îmï x5ð�­ � ~$À�>SKML�ÀMH
X̂l =

(

X̂l−1
0 : X̂l−1

1

) Y

¬ Ì�Í ò ÕEókô�õ Î_ö ã�ø äOô�õ}ØÙØÙÚ ù+®ø÷ ¬¶ù Ì

À¹y?>��n�
j�· �Iú ���ëu ú B´hd>Os��}Fzo5D? ��CB��x>�{->GFQRco�À=BQKMyrP � DOopHtB�BzsM>�ÀEB�BQP)>GRR>��rFzoCDE UB-oG�wDOopHtBMK?>GH�K�B=B��x>
�¼o�À-KMy?>�¿�À�>OsdBzDSK=BzopH¸BMK�>�¿NY�À¹yMBzBÅB=B��x>�DOo�ÀWÀ�>OBW¿mopHtsrB-KEonKMy?>ÁKEo�¿¾FE>A@R>SF¹oG�[KMy?>ÁBK>SR+P,>SH�K?>GK=BzopH�KWÀ�>T>
�¼o�À¹KMy?>��
�nj¸>GFQRco�À=BQKMyrP³Y ú o�À�>A>pD?ysBQH�¿rLrK��rFzoCDE qTC�n�nj�· ��ú �k�aº�ÀEBMK�sM>SK�>�ÀMPJBQH?>OB[>GFQF ¿�À�>OsdBzDSK=BzopH
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Pao5sM>OB~>x@p>_BQF½>G�rFE>a�¼o�À
Xl Y)À¹y?>SH¤BQK¡¿Y>�À_�Äo�ÀMPaBIKMy?>X¿�À�>OsdBzDSK=BzopH�BMK�>�¿ÂLtB=BQHrRu>A>pD?y�>x@p>_BQF½>G�rFE>)Pao5sM>

>GHts�o�¿rK=BQPJBzB�>OBËKMy?>w�
�nj¾DOopPX¿�À�>OBEB=BzopH�oG�NKMy?>[DOo�ÀWÀ�>OBW¿qopHtsdBQHrRC¿�À�>OsdBzDSK=BzopHP>�ÀWÀEo�ÀË�rFzoCDE qT��5@aLtB=BQHrR
KMy?>�¿�À�>A@CBzopLtBEFQ@�sM>OBED�À=BQ�Y>Os¸�n�
j�>SHtDOo5sdBQHrR0¿�ÀEo5DT>OsUL�À�>+Y ú BQHJ>GFQFQ@cT}KMy?>8>GFQRco�À=BQKMyrPþDEytoCo+B�>OBaKMy?>
��>OBMKÊ¿�À�>OsdBzDSK=BzopHøPaoCsM>+T¹�J>pB�>OsëopHøKMy?>8sM>SK�>�ÀMPJBQH?>Os{@+>GFQL?>OB)oG�IKMy?>{ÕÜÔÝDOo+BMKa�¼LrHtDSK=BzopHtBAY � K,BzB
BQPX¿rFE>SP,>SH�K�>Os
LtB=BQHrR�K¿�}oÂ¿�ÀEoCDT>OsUL�À�>OBAÿ

• ¿�ÀEo5DT>OsUL�À�> {
X̂l, T , J(T ),M

}

= MMPI ì FSB ì optimise ì block(Xl, λ)
TqKMyJ>GKgsM>SK�>�À_·

PJBQH?>OB]KMy?>���>OBEK�¿�À�>OsdBzDSK=BzopH)PaoCsM>+T
M
T5>GPaopHrR�KMy?>�>T@+>_BQF½>G�rFE>�PaoCsM>OB��Äo�À�KMy?>�DSL�ÀWÀ�>SH5KË�rFzoCDE 

>GHtsíÀ�>SKML�ÀMHtBkKMy?>g�n�nj¸st>GK?>-KMyJ>GK�o�¿rK=BQPJBzB�>OB�KMy?>gDOopPX¿�À�>OB?B=BzopH8oG��KMy?>$¿�À�>OsdBzDSK�>Os�À�>OB=BzsUL?>+Y
Rl

M

>GHts
Pl

M

>"À�>+T,À�>OBW¿Y>ODSK=Bc@R>SFQ@cTCKMy?>[¿�À�>OsdBzDSK=BzopH�À�>OB�BzsUL?>�>GHts�¿�À�>OsdBzDSK=BzopHx�rFzoCDE UB��Äo�À}�rFzo5D? 
Xl LtB=BQHrRaPaoCsM> M Y

• ¿�ÀEo5DT>OsUL�À�>
X̂l = MMPI ì FBS ì encode ì block(T ,M)

>GHJ>GFQ@UB�>OB�KMy?>~�n�
j�· � B�>SR+P,>SHU·
K?>GK=BzopH³KWÀ�>T>~>GHtsu>SHtDOo5sM>OB�>GFQF�KMy?>IBM@CP~�qopFzB�>pBEBEoCDAB½>GK�>Os���BQKMy³KMy?>g�rFzoCDE �À�>�¿�À�>OB�>SH�K?>GK=BzopHNY
�[B-�Äo�ÀÅKMy?>x�
�nj»>GFQRco�À=BQKMyrP³T�>A>pDEy�BQP)>GRR>��rFzoCDE ;BzB-º�ÀEBMKC¿�ÀEo5DT>OB?B�>Os¾��@�KMy?>�o�¿rK=BQPJBzB?>GK=BzopH

ÀEopLrK=BQH?>
>GHts�KMy?>�À�>OBELrFQKEB)oG��KMyMBzB��¼LrHtDSK=BzopHµ>"À�>xKMy?>SH�¿J>pBEB�>Os¾KEo�KMy?>�>SHtDOo5sdBQHrRÛ¿�ÀEoCDT>OsUL�À�>+Yµ�
sM>iºtHMBQK=BzopH
oG��KMy?>OB�>gKÏ�Ëo�¿�ÀEo5DT>OsUL�À�>OB�BzBU¿�À�>OB�>SH5K�>OsuBQH³KMy?>g�¼opFQFzo���BQHrRÁB�>ODSK=BzopHtB�Tr��yMBQFE>�>k�Jo��ËD?yJ>"ÀMK
oG��KMy?>I>GFQRco�À=BQKMyrP BzBkBMytoA��HuBQH ú BQR+L�À�>à��YÑVUY

øÑý��&ý�ÿ ÞßÞÔ�Â�������¶ø ��s�w�
�|~
��"u�w�
��	zÒsv
�����������
��

Procedure
{

X̂l, T ,J(T ),M
}

= MMPI ì FSB ì optimise ì block(Xl, λ)

îqï x�ð�­=~gsM>SK�>�ÀMPJBQH?>-KMy?>�BK>SK[oG��¿�À�>OsdBzDSK=BzopH�PaoCsM>OB�KMyJ>GKg>"À�>->x@p>_BQF½>G�rFE>��Äo�À��rFzoCDE 
Xl T��J>pB�>Os

opH³KMy?>$¿�À�>A@XBzopLtBMFQ@P>SHtDOo5sM>OssBQP)>GRR>9¿MB´hd>SFzB�T M �

îqï x�ð � ~tBQHMBQK=B½>GFcBzB�>
Jmin = ∞ >GHts

M = 0
�

îqï x�ð Ò}~w�Äo�À
>A>pDEyn>x@p>_BQF½>G�rFE>¡¿�À�>OsdBzDSK=BzopH8PaoCsM>+T
m ∈ M Trsrorÿ

sM>SK�>�ÀMPJBQH?>
Pl

m

>GHts
Rl

m

�5@í¿�>�À_�Äo�ÀMPJBQHrRa�rFzoCDE �¿�À�>OsdBzDSK=BzopH8LtB=BQHrRaPaoCsM>
m
�

DOopPX¿rLrK�> {
R̂l

m, T l
m, J(T l

m)
}

= MMP ì optimise ì block(Rl
m, λ)

u¼B�>T>ÁB�>OD+Y
��YÑXUYQW�{-�
B�>SK

J(T l
m) = J(T l

m) + λ.R(f l
m)
Tq��y?>�À�>

R(f l
m)
BzB�KMy?>PÀ?>GK�>ÅLtBK>Os
KEoy>SHtDOoCsM>

¿�À�>OsdBzDSK=BzopH ��>GR
m
oG��FE>A@R>SF

l
�

B´� (
J(T l

m) < Jmin

) KMy?>SH³B�>SK
Jmin = J(T l

m)
>GHts

M = m
�
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M = Available å modes(Xl)

Rl
m = Prediction(Xl,m)

Tm = MMP � optimise � block(Rl
m, λ)

J(Tm) < Jmin?

Jmin = J(Tm);Mbest = m

æAçzè

æAçzè

épê

épê

m == last(M)?

m = next(M)

encode(Mbest)

MMP å encode å block(TMbest
)

	�

���.wyx³Ã§|¨§ ~ ú FzoA�}DEyJ>"ÀMK[�¼o�À�KMy?>I�n�nj�· �Ëú �k��>GFQRco�À=BQKMyrP³Y

îqï x�ð~m�~gsM>SK�>�ÀMPJBQH?>
X̂l = Pl

M + Rl
M

�

îqï x�ðÝ§ ~$À�>SKML�ÀMH {
X̂l, TM, J(TM),M

} Y

øÑý��&ý�þ ÞßÞÔ�Â�������¶ø ��z������v
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Procedure X̂l = MMPI ì FBS ì encode ì block(T ,M)

îqï x�ð�­=~gopLrKW¿rLrKU¿�À�>OsdBzDSK=BzopH{��>GR
m
oG��FE>A@R>SF

l
�

îqï x�ð � ~gsro
R̂l

M = MMP ì encode ì block(T l
M ,M)

u¼B�>T>IB�>OD+YÖ��YÑXUYÑXc{-�
îqï x�ð Ò}~gsM>SK�>�ÀMPJBQH?>

Pl
M

�5@í¿�>�À_�Äo�ÀMPJBQHrRa�rFzoCDE í¿�À�>OsdBzDSK=BzopH8LtB=BQHrR�PaoCsM>
M
�

îqï x�ð~m�~gsM>SK�>�ÀMPJBQH?>
X̂l = Pl

M + R̂l
M

�

îqï x�ðÝ§ ~$À�>SKML�ÀMH
X̂l Y
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¬ Ì�� ò ÕEókô�õ Î_ö ã�ø äOô�õ}ØÙØÙÚ ù+®AÌ

À¹y?>nBQPX¿rFE>SP,>SH5K?>GK=BzopH
oG���n�nj�· � � BzB¹�J>pB�>OsÁL�¿qopHÁKMy?>��n�
j�o�À=BQRoBQHJ>GFNo�¿rK=BQPJBzB|>GK=BzopH8>GHtsh>SHtDOoCsC·
BQHrRë¿�ÀEo5DT>OsUL�À�>OB�T�DOopP��MBQH?>Os$��BQKMy¾>GH$yMBE>�À?>"ÀED?yMBzDA>GF�T]>pst>"¿rK=Bc@R>)�rFzoCDE ÂB=B��x>Â¿�À�>OsdBzDSK=BzopH�BMK�>�¿NYÁÀ¹y?>
¿�À�>OsdBzDSK=BzopHÂP)>O@nLtB�>Å�rFzoCDE UB���BQKMyÂsdBQP,>SHtB=BzopHtB~sro���HÂKEoÁÊ × ÊtTNDOo�ÀWÀ�>OBW¿qopHtsdBQHrR³KEo l = 4

Y � HÂo�À_·
sM>�À�KEo�¿�>�À_�Äo�ÀMP KMy?>��MoGBQH�KÅo�¿rK=BQPJBzB?>GK=BzopH�oG�k�mopKMy KMy?>Ê¿�À�>OsdBzDSK=BzopH¾PaoCsM>Á>GHts0¿�À�>OsdBzDSK=BzopH¾�rFzo5D? 
B=B��x>+TUKMy?>$¿mo+B?B=BQ�rFE>gDOopP~�MBQHJ>GK=BzopHtB�>"À�>�K�>OBMK�>OsíÀ�>ODSL�ÀWÀ�>SH�KMFQ@cTJLtB=BQHrRaKMy?>g�n�
j�· ��ú �k�Áo�¿rK=BQPJBzB?>GK=BzopH
¿�ÀEo5DT>OsUL�À�>+T�sM>iºtH?>Os¤BQH�KMy?>X¿�À�>A@XBzopLtBIB�>ODSK=BzopHNYa�/H?>S� ¿�ÀEoCDT>OsUL�À�>JBzBIsM>iºtH?>OsÐ�Äo�ÀgKMyMBzB¡¿rL�ÀW¿qo+B�>+ÿ
{

X̂l, T , J(T )
}

= MMPI ì optimise ì block(Xl, λ)
Y � HëKMyMBzBÁDA>pB�>+T¹KMy?>8B�>SR+P,>SH5K?>GK=BzopH²KWÀ�>T>

BMKWÀMLtDSKML�À�>��¹>pB�>GFQK�>�À�>OsÁB?oIKMyJ>GK�BQK¹>GFzBEo�ytopFzsrB}KMy?>�BQHU�Äo�ÀMP)>GK=BzopH³>G�mopLrK}KMy?>�¿�À�>OsdBzDSK=BzopH�¿�ÀEoCDT>OsUL�À�>+Y
À¹y�À�>T>���>GRcB�>"À�>gLtB�>Os�ÿ

• ú F½>GR³ØÎlUÙdBQHtsdBzDA>GK�>OB[>-KWÀ�>T>gHtoCsM>auv�rFzoCDE xB�>SR+P,>SH�K?>GK=BzopH�{¹�¼o�À���yMBzD?y8HtoC¿�À�>OsdBzDSK=BzopH�BzB�H?>ODT>OB_·
B?>"ÀM@cY�À¹yMBzB&��>GRiBzB]LtB�>Os���y?>SHaHto9¿�À�>OsdBzDSK=BzopH�Pao5sM>kyJ>pB���>T>SH�B�>SK�>GHts��qopKMy�KMy?>`¿�À�>OsdBzDSK=BzopH
�rFzoCDE n>GHts��n�nj²�rFzo5D? 8P~LtBEKg��>ÅB�>SR+P,>SH5K�>Os�o�Àw��y?>SH�KMy?>C¿�À�>OsdBzDSK=BzopHÂBEK�>�¿nyJ>pBI>GFIÀ�>A>psU@
�Y>T>SH�¿�>�À_�Äo�ÀMP,>Os�Tr�rLrKkKMy?>I�n�nj��rFzo5D? xBMytopLrFzs���>~B�>SR+P,>SH�K�>Os}�

• ú F½>GRnØzW+Ù¢BQHtsdBzDA>GK�>OBI>�KWÀ�>T>-FE>A>Ö�_Y � �]Hto�¿�À�>OsdBzDSK=BzopH�PaoCsM>�yJ>pB[�Y>T>SHÜ¿�À�>A@CBzopLtBEFQ@8B�>SK[�¼o�À�KMy?>
¿MB´hM>SFzBËoG�NKMyMBzB}�rFzoCDE qT�KMyMBzB;��>GR
BzB]�ÄopFQFzoA��>Os��5@)>¡¿�À�>OsdBzDSK=BzopH�PaoCsM>,��>GRtT5KMyJ>GK¹sM>OBED�À=BQ��>OB}KMy?>
¿�À�>OsdBzDSK=BzopHâ¿�ÀEoCDT>OBEB�KMyJ>GKgBMytopLrFzsn��>�LtB�>Os�>GK�KMyMBzBgBEDA>GFE>+Y � �v¿�À�>OsdBzDSK=BzopHÂst>GK?>ÁyJ>pB�>GFIÀ�>A>psU@
�Y>T>SHÐsM>iºtH?>Os
�Äo�À[KMyMBzB��rFzoCDE qT���>GR�ÙQW+Ù�B�BQR+HJ>GFzBI>)B=BQPX¿rFE>-KWÀ�>T>-FE>A>Ö�¹>GHts�BzBw�ÄopFQFzoA�O>OsÐ�5@8KMy?>
sdBzDSK=BzopHJ>"ÀM@yBQHtsM>ih³oG��KMy?>j@R>ODSKEo�À�LtB�>OsÁ�¼o�À�KMy?>�>"¿�¿�ÀEoOhdBQP)>GK=BzopH��

• ú F½>GRnØÎXUÙmDOo�ÀWÀ�>OBW¿qopHtsrB�KEoÁ>�KWÀ�>T>-HtoCsM>Áu¼�n�
j¨BK>SR+P,>SH�K?>GK=BzopH�{[�rLrKI>GK�>ÁBEDA>GFE>���y?>�À�>�¿�À�>i·
sdBzDSK=BzopHÂBMytopLrFzsÐ�Y>�¿�>�À_�Äo�ÀMP,>Os�Y � KtBzBI>GFQ�}>A@CB��ÄopFQFzoA��>Os���@nKMy?>�DOo�ÀWÀ�>OBW¿qopHtsdBQHrR�¿�À�>OsdBzDSK=BzopH
PaoCsM>ò��>GRtY ú ÀEopP:KMyMBzBC¿qoGBQH�KaopH¾Hton�¼L�ÀMKMy?>�À�¿�À�>OsdBzDSK=BzopHøBMytopLrFzs¾��>ÁLtB�>Os�>GHts�>GFQF���>GRcB
À�>�¿�À�>OB�>SH5K[DOoCsdBQHrR)sM>ODABzB=BzopHtB`À�>SF½>GK�>Os8KEoÅKMy?>I�
�njö¿�ÀEoCDT>OBEBAY
� �Jo��ËD?yJ>"ÀMKwoG��KMy?>I�n�
j�· � >GFQRco�À=BQKMyrP BzB�BEytoA��HuBQH ú BQR+L�À�>à��YÑ�UY
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Procedure
{

X̂l, T ,J(T )
}

= MMPI ì optimise ì block(Xl, λ)

îqï x�ð�­=~gDOopPX¿rLrK�> {
X̂l, T , J(T ),M

}

= MMPI ì FSB ì optimise ì block(Xl, λ)
u¼B�>T>

B�>OD+YÖ��YÑÒUYQW�{-�
£´ ¢!5!� h!562<ZJK:E4 � % Ø 1Y: / @ÁV7!2<�@dJK\]!5V$V7!58;6 / J]^¢<ZJK:E49:'1,<Z�"!�å9å$æ�ç¨õA@'\KeE: / Jf<Z�"_$%
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T = MMPI � FSB � optimise � block(Xl)

l >= 4?

segment
(

Xl
)

→ Xl−1
0 | Xl−1

1

T0 = MMPI � FSB � optimise � block(Xl−1
0 )

T1 = MMPI � FSB � optimise � block(Xl−1
1 )

J(T ) < J(T0) + J(T1)

æAçzè

æAçzè

épê

épê

�+ê�� ê
�Gèeç����rç�� �"!$#eç&%�' (��)' ê
�
process(T )

* ç����rç�� �"!$#eç&%�' (��)' ê
�
process(T0)

process(T1)

	�
+���-,".8Ã0/¯®21 ú FzoA�}DEyJ>"ÀMKw�Äo�À�KMy?>g�
�nj�· � >GFQRco�À=BQKMyrP³Y

îqï .�ð4351gDOopPX¿rLrK�>
J(T ) = J(T ) + λ.R(f l

x)
TJ��y?>�À�>

R(f l
x)
BzB[KMy?>¸À?>GK�>�H?>T>OsM>OsnKEo^>SHtDOoCsM>

KMy?>IB�>SR+P,>SH5K?>GK=BzopH76�>GRaLtBK>OsÁ�¼o�À�KMyMBzB[DA>pB�>+ÿ

f l
x = 1

B´�
(T0 = T1 = 0) 8

f l
x = 2

B´�
(T0 6= 0 ∧ T1 6= 0) 8

îqï .�ð Ò21tB´�
l = 4

KMy?>SH�À�>SKML�ÀMH {
X̂l, T , J(T )

} 8
îqï .�ð~m91gB�>SR+P,>SH5K

Xl BQH�KEoaK¿�Ëo)�rFzo5D? CB�ÿ Xl−1
0

>GHts
Xl−1

1

LtB=BQHrR�KMy?>~>"¿�¿�ÀEo�¿�À=B½>GK�>¸ÀMLrFE> 8
îqï .�ðÝ§51gDOopPX¿rLrK�> {

X̂l−1
0 , T0, J(T0)

}

= MMPI ì optimise ì block(Xl−1
0 , λ) 8

îqï .�ðo®21gDOopPX¿rLrK�> {
X̂l−1

1 , T1, J(T1)
}

= MMPI ì optimise ì block(Xl−1
1 , λ) 8

îqï .�ð�»:1tB´� (
J(T ) < J(T0) + J(T1) + λ.R(f l

0)
) TcKMy?>SH)KMy?>�¿�À�>OsdBzDSK=BzopH�BMytopLrFzs)��>kP)>psM>kLtB_·

BQHrRaPaoCsM>
M
>GKkFE>A@R>SF

l
TrB?oCÀ�>SKML�ÀMH {

X̂l, T , J(T )
} TrsM>SK�>�ÀMPJBQH?>OssBQH³BMK�>�¿
X 8
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îqï .�ð?>21j>SFzB�>
B�>SK

X̂l =
(

X̂l−1
0 : X̂l−1

1

) Tq��y?>�À�>
( : )

P,>A>GHtB�KMy?>�DOopHtDA>GK�>SHJ>GK=BzopH oG�ËK¿�Ëo
�rFzoCDE UB�>pDODOo�ÀEsdBQHrR)KEo�KMy?>I>"¿�¿�ÀEo�¿�À=B½>GK�>-sdBIÀ�>ODSK=BzopH 8
B�>SK T =

(

T l−1
0

⋃

T l−1
1

) T5��y?>�À�>
(
⋃

)
BzB}KMy?>�DOopP��MBQHJ>GK=BzopH³oG��K¿�}o~�MBQHJ>"ÀM@

KWÀ�>T>OBkLrHtsM>�Àw>ÅDOopP�PaopH�ÀEoCopK�Hto5sM> 8
B�>SK

J(T ) =
(

J(T0) + J(T1) + λ.R(f l
0)
) 8

À�>SKML�ÀMH {
X̂l, T , J(T )

} Y

øÑý¯ûçý�þ ÞßÞÔ�Â���í��z������v
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Procedure X̂l = MMPI ì encode ì block(T )

îqï .�ð�­@1$À�>A>ps�º�ÀEBMKkBK>SR+P,>SH�K?>GK=BzopHA6�>GR��?ÀEopP T >GHts³BMKEo�À�>tBQK�BQH5KEo f l
x 8

îqï .�ð4351tB´� (
f l

x = 0
) KMy?>SH³BK>SR+P,>SH�K�KMy?>I�rFzo5D? 

opLrKW¿rLrK�6�>GR8ØÎlUÙtoG��FE>A@R>SF
l 8

B�>SK T0 = left ì node(T )
>GHts T1 = right ì node(T ) 8

DOopPX¿rLrK�>
X̂l−1

0 = MMPI ì encode ì block(T0) 8
DOopPX¿rLrK�>

X̂l−1
1 = MMPI ì encode ì block(T1) 8

B�>SK
X̂l =

(

X̂l−1
0 : X̂l−1

1

) 8
îqï .�ð Ò21j>SFzB�>+TMB´� (

f l
x = 1

) KMy?>SHNÿ
opLrKW¿rLrK�6�>GR8ØzW+ÙtoG��FE>A@R>SF

l 8
B´��KMy?>9¿�À�>OsdBzDSK=BzopH�¿�ÀEoCDT>OBEB�yJ>pBkHtopKk@R>SK���>T>SH�¿�>�À_�Äo�ÀMP,>OsxKMy?>SH
DOopPX¿rLrK�>

X̂l = MMPI ì FBS ì encode ì block(T ,M)
u¼B�>T>IB�>OD+YCB�YÑÒUYÑXc{ 8

>SFzB�>
DOopPX¿rLrK�>

X̂l = MMP ì encode ì block(T )
u¼B�>T>gB�>OD+YCB�YÑXUYÑXc{ 8

îqï .�ð~m91j>SFzB�>+TMB´� (
f l

x = 2
) KMy?>SHNÿ

opLrKW¿rLrK�6�>GR8ØÎXUÙtoG��FE>A@R>SF
l 8

DOopPX¿rLrK�>
X̂l = MMPI ì FBS ì encode ì block(T ,M)

u¼B�>T>IBK>OD+YCBwYÑÒUYÑXc{ 8
îqï .�ðÝ§51$À�>SKML�ÀMH

X̂l Y
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HJÐ2�9/3w%$�&'$�&'$z�)(+*vÑ=B�,-�?>�	/.+p0$21%$zB3$�*
�54CB�ÿc@��6.2&'$zB3$�*M>�b��"Ñ=@��"ÿ�7
(�.
48$+&9$+&9$2*M> ú �"Ñ=B��%���
*
�aB��:(ÒÑA&'$�&'$+4CB�ÿc@-�6.^Ó��%$=<->�nY��1-�ab B���	K>�*��nB
*M>�(hbC(+*dB���,Lü)	�B���,K&T�oÿ��=B
	����"ÿE>a�n>��B�oÑ�Ñ�>B���
@;������>rÑ��
	Aÿ ú B�Ñ:	:�7��>�	��oÿ��:	Õ×�. ß[à@á�yr~[à:âìá Þ�| à�âÒã[� | ~�� ó[Ý�| ÷ | à��Oy�~kD'� |-� ¶�Þ á�~�â^á�y�� Þ xYy |-.
46�"Ñ:*dB��MB��6.LV����"ÿ�Z�.�4X>rÖ���>BJ]F�>rÑ3<-M-M-}6$

HJÐ@Ð:/3w%$N&'$N&'$-�)(+*vÑ=B�,-�?>�	/.QpO$H1%$-B3$N*
�P4CB�ÿc@-�6.Q&'$-B3$H*M>{b��"Ñ=@-�"ÿ�7
(�.R48$N&'$N&'$N*M> ú �"Ñ=B��
���
*��nB��:(ÒÑ#&9$q&'$A4CB�ÿc@-�6.·Ó�VSJX��,R>T@CÑ�>�*dB
�B�=Bc@R>�bC(+*dB���,9�
	=B���,r&`�oÿ��=B
	:���"ÿE>`�n>��B�oÑ�Ñ�>B���
@;������>rÑ��
	Õ×�. ä | àlå Ü y�ã&y\ê�ëìëìýhõ ä | àlåwyr~�y�à�çXy | à Ü yrã�y�ç |Òùhù%y à Þ çæâ^á Þú| à óB.��N(�JX�"Ñ�.
@Q(ÒÑ�����,��"ÿI.
1aÖoÑ=B�ÿH<-M-M-}6$
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¬�{�­]&T�oÑ=B�ÿ
(nB�Ñ�>�	:�AB����MBW*M>?b��"Ñ=@-�"ÿ�7
(�. ä |Òù ÷:~�y óXó[Þú| à | å iTy ã©á Þ x Þ
ù y�à ó�Þ�| à�âÒãhî Þ�ñ à:âÒã ó ð�â ó yæx
| à¡ �y�ç y ~[~æy�à@á iTy ã á Þ+ó çæâ^ã�y µ â^áúá�y�~�à óB.�@d7G$��%$���7?>�	�B
	�.�b�Ô�@d@dp¢o�üO�MBc@R>rÑ:	=B
*
��*M> ú >�*M>rÑ��"ÿ
*�(T�
B
(r*M>`û����?>AB�Ñ:(�.f1aÖoÑ=B�ÿ)<-M-M6{-.\Ý áúá)÷ ø £�£L�q�q�v¼ ã ÷ óa¼
y å�~�¤ ¼ ð�~ £ ÷:~ | å ó�£ y�x y âÒ~�x |�£ á�y ó y ó�£:ù5y ~ Þ ã | õ
çæâÒ~k¥RâÒã Ý�|�¼ ÷ óa¼)ñ/¦�$

¬=<R­]&9$�*M> b��"Ñ=@-�"ÿ�7
(�.-p0$�*
�)4CB�ÿc@-�6.-���
*K§¨$ ú B�����J\(ÒÑ�>-.YÓS&`�oÿ��=B
*dB�J,>B�
	=B
(����"ÿ�	=B�,-���"ÿ6��(�J�ÖoÑ�>�	:	=B
(��
�
	=B���,[JK�oÿ��=B
	����"ÿE>�Ñ�>��B�oÑ�Ñ�>B����Ö�������>rÑ��
	�. × é�ã ó yB¥ Þ yr~�î Þ�ñ à:âÒã µ ~ | çXy ó[ó[Þ à ñ-.¥@�(ÒÿI$G|-<6.2ÖoÖG$q{�}-}^]/©
{�}-|-M6.
w�(x@R>BJKFY>rÑ�<-M-M-<6$

¬=ªR­�û�����(�F_«¢Bc@r���
*r1)FoÑ���7���J­¬v>BJ�ÖY>rÿI.{ÓS1^���MBc@R>rÑ:	��"ÿ��"ÿ�,�(ÒÑ=B���7�J®g¯(ÒÑ%	�>�°+�?>B���=B��"ÿ�*
��������(�J5o
ÖoÑ�>�	:	=B
(��G. × ß�é}é·é Ü ~�âÒà ó âìçwá Þú| à ó�| àTß[àlå | ~ ù â^á Þú| à Ü-Ý y | ~kD .¥@�(ÒÿI$H<-ª6.N�
(�$Hª6.-ÖoÖG$Nª-ª�±�©2ª�n�ª6.
{l]�±-±2$

¬ nÒ­�û�����(�FT«¢Bc@#���
*W1OFoÑ���7���J²¬v>BJ�ÖY>rÿI.9ÓÕbC(�J�ÖoÑ�>�	:	=B
(���(�gvB��
*dBc@XB
*6���"ÿG	�>�°��?>B�
�T>�	�@XB��i@-�"Ñ=B���FoÿE>ko
Ñ�����>0��(2*dB���,
. × ß�é·é}é Ü ~�âÒà ó âzçwá Þ�| à óa| à�ß[àlå | ~ ù â^á Þú| à Ü-Ý y | ~kD .R@�(ÒÿI$2<�n
.��
(�$�}6.zÖoÖG$�}-ª-M/©2}-ª->6.
{l]�±�|6$

¬=}R­]1]$·Kt>rÑ:	:7
(c���
*¹�K$·K\Ñ���Z�. �Oy�çwá | ~´³ y âÒà@á Þ
¦ â^á Þú| à âÒà�x�î Þ�ñ à:âÒã�ä |Òù ÷:~æy ó[ó[Þú| à ._4YÖoÑ=B���,R>rÑ�.
{l]^]6{-$

¬=>R­]&9$�û
$�1����"ÿ�ÿ���7G.�µE$"Kt>B�MB��G.-���
*K§¶$�4YgwÖ�����x�( Y 	�xXBI.YÓS@Q������>rÑ��5JX���:�:7MB���,aB�JX��,R>C��(�J�ÖoÑ�>�	:	=B
(��Nÿ
1�ÿ�,�(ÒÑ=B���7�JJB
�´���
*{>BJ�ÖMB�Ñ=B
���"ÿ Ñ�>�	��oÿ��:	�. × ß�é·é·é Ü ~Õâ^à ó âìçlá Þ�| à óA| à µ â^áúá�y�~�à�òaà:âÒã·D ó[Þ+ó âÒà:x
i âìç ÝYÞ à�y ß[à@á�yrã+ã Þ©ñ y�à:çXy .?@�(ÒÿI$�<6{-.��
(�$�±2.oÖoÖG$�>6{Bn�©2>-<�±2.N{l]^]^]6$

¬¸±�­]&9$SB3$G*M>{b��"Ñ=@-�"ÿ�7
(`���
*9§¨$G1]$ ú B�����J\(ÒÑ�>-.�ÓS¬G(-	�	�Z�ÿE>BJ�Ö�>rÿ¹o gTBc@r(��'	���F�F����
*'��(+*dB���,�(�g
B�JX��,R>�	�. × ß�é·é·é?ß[à@á�y�~�à:â^á Þú| à:âÒã5îLD ù ÷ |Òó[Þ�yYùÉ| à`ß[àlå | ~ ù â^á Þ�| à Ü-Ý y | ~kD .Oû-���?>\{l]^]^]6$

¬=|R­hb�$-bC(��
	��������=B��?>�	��B�'���
*Iû
$G1%$G4+�:(ÒÑ�>rÑ�.LÓSVSJ�ÖoÑ:(x@R>�*c��>���7��MB
°��?>�	bg¯(ÒÑ�	=B���,^ÿE>ko Ö���	�	K��*
�"Ö��=Bc@R>
@R>��B�:(ÒÑd°������+�=B�g/���=B
(��G. ×Lµ ~ | çXyæy�x Þ à ñÒó | å�á Ý y�ß�é·é·é .m@�(ÒÿI$�|-<6.��
(�$->6.ÒÖoÖG$^]-ª-ª/©�]-ª^]6.ìû-���?>�{l]^]�n
$
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¬ª]R­]&9$8pq�5Ñ:(-	�.8@H$"1%$�bA7
(��G.G���
*��K$�&'$2K\Ñ���Z�.�ÓÕÔ)�?>ko Ö���	:	���*
�"Ö��=Bc@R>%���MBc@R>rÑ:	��"ÿ6@R>��B�:(ÒÑ�°������6o
�=B�g/���=B
(��G. × ßÒä9ò\î@î µÂÁ/Ã õ\ß�é·é·é�ß[à@á�y�~�à:â^á Þú| à:â^ãaä | àlåly�~æy�à:çXy | à»ò°ç |�yYó á Þ ç ó è\îì÷oyæy�ç Ý è�âÒà:x
î Þ�ñ à:âÒã µ ~ | çXy óXó[Þ à ñ-.L1�ÖoÑ=B�ÿA{l]^]�n
$

¬�{�MR­]1OJJB�Ñ�46�_B
*#���
*\§{B�ÿ�ÿcB���JÄ1%$-@�>��"Ñ�ÿ�JX���G.5ÓS1Å�?> Y gI��	��R���
*^>kmX�ABE>B�+�OB�JX��,R>)��(+*M>��0F���	�>�*X(��
	�>B� Ö��"Ñ��=B��=B
(��MB���,sB��´7MBE>rÑ��"Ñ:�:7MB
���"ÿA��Ñ�>T>�	�. × ß�é·é}é Ü ~ÕâÒà ó âìçwá Þú| à óJ| à?ä Þ ~�ç y�Þ á ó âÒà:x�î�D ó á�y ùLó
å | ~T� Þ xzy |IÜ yæç Ý à | ã |æñ D .�@�(ÒÿI$�>6.vÖoÖG$�<�n�ª/©2<-}-M6.N{l]^]->6$

¬�{-{�­K§¶$�@¥>B���?>BF���xR>rÑf���
*�û
$�&uB��:��7?>rÿI.qÆ"µ é3Ç ø î:á Þ ã+ãYß ù â ñ yfv�â^á â{ä |Òù ÷:~æy óXó�Þ�| à=î�á âÒà:xìâÒ~�x .��R���
w)(-	:��Ñ����
*7��>AB���7
(Òÿ
*�.G{l]^]-ª6$

¬�{�<R­��5$+48$��Q����F�JX���W���
*#&9$ §¨$�&P�"Ñ:�T>rÿcB��G.dÆ"µ é�Ç ê�ëìëìë ø ß ù â ñ yhä |Òù ÷:~æy ó[ó[Þú| àXÈ y à:xìâ ù y�à@á â^ã ó è
î:á âÒà:xzâÒ~Õx ó â^à:x µ ~Õâzçwá Þ ç[y .R� ÿ�� Y >rÑ)1f����*M>BJJB
�]@q��FoÿcB
	�7?>rÑ:	�.L<-M-M6{-$

¬�{�ªR­�û�(GB���� �nB
*M>�( ��>���J É�ûì���OÊ (�g V�4oÔ���V?p£b &`@Rp£K Ë VS��üOo�� �abCp£K
É¯VÌ4oÔ���V?p£bÀû���b�{��-4ob�<^]ì��§ K5{-{Í���
*¢V?��ü0o��Î4oK5{�>ÐÏ%$=>�Êk. v�~Õâ�å�á | åÑ�Oy�~ ó�Þ�| à Ã | å
Ò¸¼ ê�í Ã�£ òK�Cä¡Ó�ß Ü)Ô õ Ü  °yæç |Òùhù y�à:xìâ^á Þú| à Ò¸¼ ê�í Ã â^à:x�ßXîNs £ ß�é�ä ö Ã�Ã
Á í"õ�öìë[Ó i{µ é3Ç õ Ã ÷vâÒ~rá
öìë�Õ�ò°x-¥RâÒà:çXyæx_� Þ xzy | ä | x Þ à ñ Õ .
&P�"Ñ:�:7`<-M-M-}6$

¬�{BnÒ­�ÓÌ4YÖ�>��AB��"ÿ�B
	:	��?>%(�����7?>��%$=<->�nY��1-�ab @XB
*M>�(#��(2*dB���,Ö	:�����
*
�"Ñ:*�. × ä Þ ~Õç y�Þ á ó âÒà:x=î�D ó á�y ùLó å | ~
� Þ xzy |IÜ y�ç Ý à | ã |æñ DRè·ß�é·é·é Ü ~�âÒà ó âìçwá Þú| à ó�| àoè .d@�(ÒÿI$G{�ª6.6�
(�$L±2.@û-�oÿ�ZW<-M-M-ª6$

¬�{�}R­]p0$ìB3$-¬d$ ú B�ÿ�7
(�.�w%$-&'$×&9$^�)(+*vÑ=B�,-�?>�	�.�p0$�1%$^B�$-*
�b4CB�ÿc@-�6.248$-&'$-&'$-*M> ú �"Ñ=B��6.ì�5$-&'$-&9$-*
�
4CB�ÿc@��6.G���
*P&'$:B3$"*M>Jb��"Ñ=@��"ÿ�7
(�.�Ó�p�b�KØ	=B�,-���"ÿq��(�J�ÖoÑ�>�	:	=B
(��´F���	�>�*P(��I��b >�°+���"ÿcB�g/���=B
(��
���
*U��(�J�ÖoÿE>kÙXB��SZ9	:(ÒÑ��=B���,
. × ¶°Þ�|Òù y�x Þ çæâ^ã·é à ñÒÞ à�yæy�~ Þ à ñ è\ß�é·é·é Ü ~�âÒà ó âzçwá Þ�| à ó0| à .6@�(ÒÿI$q}-}6.
�
(�$L±2.vÖoÖG$G{l]-<-ª/©L{l]-<->6.:û-�oÿ�Z�<-M-M-|6$

¬�{�>R­]p0$^B3$�¬d$ ú B�ÿ�7
(�.�w]$�&'$�&'$Ò�O(2*vÑ=B�,-�?>�	�.-p0$-1%$ÒB�$�*
��4CB�ÿc@-�6.+48$�&9$�&'$�*M> ú �"Ñ=B��6.z�nB��:(ÒÑq&'$�&9$
4CB�ÿc@��6.;���
*r&'$9B3$N*M>{b��"Ñ=@��"ÿ�7
(�.{ÓÕÔ)�9p£b�K¢	=B�,-���"ÿR��(�J�ÖoÑ�>�	:	�B
(�� Y B���7'(��?>ko�*dB�J,>B�
	=B
(����"ÿ
JK�oÿ��=B
	:���"ÿE> Ñ�>��B�oÑ�Ñ�>B�+�·Ö�������>rÑ��
	d�"ÿ�ÿcBE>�*%�:(\ÖoÑ�>ko ÖoÑ:(+�T>�	:	�B���,���>���7��MB
°��?>�	/. ×�Ü@| â[÷ì÷oy�â^~ Þ à�ß�é·é·é
Ü ~�âÒà ó âìçwá Þú| à ó�| à ¶�Þú|Òù y�x Þ çæâÒã2é�à ñÒÞ à�yæyr~ Þ à ñ-.�<-M-M-|6$

¬�{/±�­]p0$�B�$2¬d$ ú B�ÿ�7
(�.6p0$+1%$zB3$2*
�%4CB�ÿc@-�6.6&9$�B3$+*M>�b��"Ñ=@-�"ÿ�7
(�.+§¨$�48$648$�û-z��MB
(ÒÑ�.
���
*0û
$+�)(GB�ÿ�ÿE>rÑ�.
ÓSpCÿE>��B��Ñ:(2���"Ñ:*dB
(�,^Ñ��"Ö�7MB
��	=B�,-���"ÿ���(�J�ÖoÑ�>�	:	=B
(��Ö�
	=B���,bJ]�oÿ��=B
	:���"ÿE>aÑ�>��B�oÑ�Ñ�>B��� Ö�������>rÑ��
	�. × ß�é·é·é
Ü ~�âÒà ó âìçwá Þú| à ó�| àtä Þ ~Õç y�Þ á ó âÒà:x7î�D ó á�y ùLó ß .�@�(ÒÿI$H}-<6.H�
(�$R{�<6.SÖoÖG$N<�±�ª^]/©2<�±�}-ª6.C�t>��T>BJKFY>rÑ
<-M-M-}6$
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¬�{�|R­]&9$2�%$5�5$2�)���"Ñ���>-.H&9$-B�$�*M>�b��"Ñ=@-�"ÿ�7
(�.Qp0$G1%$2B�$�*
��4CB�ÿc@-�6.¡b�$N¬d$G@;��,^ÿcB��"Ñ=BI.Q���
*»KE$5�%$
&�>B�
*�(��
Ú��6.�ÓS&T�oÿ��=B
	:���"ÿE>=Ñ�>��B�oÑ�Ñ�>B����Ö�������>rÑ��
	\�"ÖoÖoÿcBE>�*'�:(�	���>rÑ�>�(�B�JX��,R>Ö��(2*dB���,
. × ß�é·é·é
Ü ~�âÒà ó âìçwá Þú| à ó�| à±ä Þ ~�ç yYÞ á ó âÒà:xhîLD ó á�y ùLó å | ~�� Þ xzy |�Ü yæç Ý à | ã |æñ D .M@�(ÒÿI$"{-{-.6�
(�$"{�}6.�w�(x@R>BJ5o
F�>rÑO<-M-M-}6$

¬�{l]R­]��$
4+ZYg�JX���
	�xXB2û
$�4+�:(ÒÑ�>rÑ�.-Ó$�������]��(�J�ÖoÑ�>�	�	=B
(��P@CB��]��>kÙ6�����"ÿG	���F
	��=B������=B
(��G. ×PÆY|�y ~[à�âÒã | å á Ý y
òhä i`.X@�(ÒÿI$�<^]6.��
(�$6n
.oÖoÖG$:]-<-|/©�]-}6{-.G{l]-|-<6$

¬=<-MR­��3p ú ¬G1q�fp bC(�J�ÖoÑ�>�	:	�>�* ������� ú (ÒÑ�JX��� 4YÖ�>��AB¹Û������=B
(�� @R>rÑ:	=B
(�� {-$=ª6.
Ý áúá)÷ ø £�£ á |l| ã óh¼�Þ yrá å ¼U| ~ ñ�£@Ý á ù ã £ ~
årçRö Á ýzö .R&���ZP{l]^]->6$

¬=<6{�­��5$@�)�v�8JX���G.�ÓS1¨J,>B��7
(2*[gh(ÒÑO��7?>]��(��
	���Ñ��
�B�=B
(��´(�gdJJB��MB�JK��J¦Ñ�>�*6���
*
���
�BZ`��(2*M>�	�. ×fµ ~ | õ
çXyæy�x Þ à ñÒóh| å�á Ý y ß� °é .d@�(ÒÿI$6n�M6.��
(�$�|6.vÖoÖG$G{�M^]-|/©L{-{�M6{-.H{l]-}-<6$

¬=<-<R­]��$@B�>rÿ�ÿI.�Ó$B�>B����>rÑ3(ÒÖ�J=�RÿN��>kÙ6�)��(�J�ÖoÑ�>�	:	=B
(��G. × ß�é}é·é Ü ~�âÒà ó âìçwá Þú| à ó�| à�ä |^ùLù5y à Þ çæâ^á Þú| à ók.
@�(ÒÿI$�ª�n
.6�
(�$G{�<6.oÖoÖG$�{-{/±�>/©L{-{�|-<6.H{l]-|->6$
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(�$�{-.oÖoÖG$�{�>/©2<�n
.H{l]-|6{-$
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>6.oÖoÖG$
|/©L{l]6.H{l]-|�n
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¬=<->R­]&9$-û���x�(�F
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�B�=B
(����"Ñ�Z�. ×¨¶ ß Ü
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.6�
(�$�<-}6.oÖoÖG$
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��7Þ*
��������(�J�ÖoÑ�>�	:	=B
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