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LS = {(ai, ci), i = 1, . . . , N}
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®V¨�µ)§�«�µ9©+¼�²S®V©+§¡±�®e±�¯º¾¿®°«�¨E¯º¦�«

Wx × Wy

¸M§�¯�±�ÅV·°¶E¯ºµW²U³Ó¯º¾O©�Á�®Â®2µ
ci ∈ {1, . . . , M}¨9©Ò·V²Ð©�¨E¨E¯AÀT·�©�µ9¯S¦+« Õ8»�©+¶E¾J¯

M
·V²Ð©�¨E¨E®°¨/×hÆiÝ`®V¨aÅ°²SÅ°¾¿®°«ËµE¨
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±�®
a

i
Õ
k = 1, . . . , Wx

Ö
l =

1, . . . , Wy

Ö
ch = 1, . . . , CH

×q±�ÅV·°¶E¯ºª+®V«>µÉ²º®V¨O»�¯AÃX®V²º¨O©+§MÃ »4¦�¨?¯ºµ9¯º¦�«�¨
(k, l)

¨?¦�§�¨Ì²S©NÔ�¦�¶?¾¿®
±#³´§�«�®Éª�©+²S®°§�¶a®°«ËµE¯S½°¶E®É±T©+«�¨q²S®Ì·V©+¨e±#³Ó¯º¾O©�Á�®V¨)®V«�¾¿¦M±�®Ì«�¯ºª�®V©+§XÃ�±�®ÉÁ�¶E¯º¨wÕ

CH = 1
×)¦�§

¨E¦+§�¨r²S©WÔ�¦�¶?¾¿®g±�®nmuª�©+²S®°§�¶E¨s®V«>µE¯S½V¶?®V¨�±�®V¨D·V©+«T©+§MÃO¶?¦�§�Á�®�Ö>ª�®V¶�µD®2µD¼�²º®V§¡ÕSo`prqd×o±�©+«�¨r²º®�·V©+¨
±#³´¯S¾¿©+Á�®°¨Ñ®V«�¾¿¦M±�®e·V¦�§�²S®V§�¶E¨ ä,s ¼�¯ºµE¨¿Õ

CH = 3
×hÆ1t�Ý`®V¨u¾¿Å2µ9È�¦M±�®V¨ÑµE¶9©�ª�©+¯S²º²S®V¶?¦�«>µÑ¨E§�¶u·°®V¨
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×�á

BDC ¯ LS
·V¦�«>µE¯S®V«>µO±�®V¨Ì¯º¾O©�Á�®V¨¿©+»�»T©�¶?µ9®°«T©+«>µOµE¦�§�µE®V¨65�²S©�¾JßV¾J®x·°²Ð©+¨?¨E®�Ö�¶?®V«>ª�¦LÞ�®°¶w§�«�®

Ô�®°§�¯S²º²S®�Å°µ9¯º¸Ë§�®°µEÅV®u©�ª�®V·u·V®2µEµE®)·°²Ð©+¨?¨E®+Æ
BDC ¯S«�¦�«¡áE ÆGF4©�¯S¶E®

[ak,l,ch < ath] =
ÍrÈ�¦�¯º¨E¯º¶IHdµ9®°¨?µ!Hg©+²ºÅ�©�µE¦�¯S¶?®>Õ

LS
×AJ

ä ÆmØÙ¯ºªM¯S¨?®V¶
LS

®°«
LSleft

®°µ
LSright

¨E®V²º¦�«�²º®�µE®V¨�µ
[ak,l,ch < ath]

®2µ:·V¦+«�¨?µE¶E§�¯º¶E®
²S®V¨ ¨E¦+§�¨�ÎY©+¶E¼�¶?®V¨

Tleft =
Ír¦�«�¨�µ9¶E§�¯S¶E®1Hg©+¶E¼�¶?®KHg©+²ºÅ�©�µE¦�¯S¶?®

(LSleft)
®°µ

Tright =Ír¦�«�¨?µE¶E§�¯º¶E®1H�©�¶E¼�¶?®KHg©+²SÅV©�µ9¦+¯S¶E®
(LSleft)

5e»T©+¶�µ9¯S¶r±�®W·V®V¨g¨E¦+§�¨�ÎÏ®V«�¨?®V¾a¼�²º®V¨LJ
mXÆgÍr¶EÅV®°¶É§�«�«:MW§�±�©�ª�®°·�²º®xµ9®°¨?µ

[ak,l,ch < ath]
ÖD©�µEµ9©+·/È�®V¶
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®2µ
Tright

·V¦+¾¿¾J®
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(ON3)�2@,!24/$7P.Q5�,�.#798>=4?#8�.Q)�2@/<5AR
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«�Å°®V¨mÔ�¶EÅV¸Ë§�®°¾¿¾J®V«>µm§�µE¯S²º¯S¨EÅ°®V¨d±T©�«�¨m²Ð©a²S¯AµEµEÅV¶9©�µ9§�¶?®+ÆTÍr®°²S²º®V¨�ÎÏ·V¯#¨?¦�«>µg»�§�¼�²º¯S¸Ë§�®V¨d®2µgÁ�¶9©�µE§�¯ºµE®V¨°Ö
®°µ�«�¦�§�¨�»Ê®°«�¨E¦�«�¨Ñ¸M§<³Ó®°²S²S®°¨Ù·°¦�«�¨?µE¯ºµE§�®V«>µÑ§�«¡»�©+«�®V²"¶E®°»�¶EÅ°¨E®V«>µ9©�µ9¯AÔo±�®V¨Ñ»�¶?¦�¼�²º½V¾J®V¨g·V¦�§�¶E©+«>µ9¨
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�76 z���|B����z,� � |O���+� � ��|e|8{ �#���+����|���}� � z���{}��z0{98 |��0{}|:1<;���|L��|L��|�z0�}�+��|{���|O�*�N���+z0� � |L�0�}�8�����|����}|L�0��z��>=��
? z#6 � ����z0{��&|{/��|z��}�+��|{���|e��|��&��|:8 ��~l�0���0{�z��n� |�����|����}������� * � � ? z0|���|z�������|<�,|z��A@����}|#���+�0{}~&����}�#���B1�1B|
z���|ez0��~ ���L��|L�����}|���}~&��� �76 z���|L�������+��������~&{S�}~ ? z�|��&��������|�C-D EGFHF��JIBK+L �7D M��JN�O0�PLRQ��

S * |%�}���A����~&��z���~��&~&{}|�|�6��z����}|��T6 ~�� � ���>1����}~&���VU}{ ��|���|�� W � ��z�����~&|r�0���4��|��S�}|�;0��{}|r��|]�������0��|{�CYX[Z\ZB]H^
_\_a`b`\`Hced\fgcih[jbkHc-lbmBk0_[n+j0o�daobpaq0_3m[p Z p[_ h�r3sbq7t3u#v7c9w[_ Q��



��� �������� 1���1 "������� � �

±�®�·V²Ð©�¨E¨E¯AÀT·�©�µ9¯S¦+«Â±#³´¯S¾¿©+Á�®°¨VÆ�Ý`®V¨�·V©+¶9©�·°µ9Å°¶E¯º¨?µ9¯º¸Ë§�®V¨"±�®D·V®°¨i¼T©+¨?®V¨i±�®r±�¦�«�«�ÅV®°¨i¨E¦�«>µ�¶?ÅV¨?§�¾¿Å°®V¨
±T©+«�¨u²º®qµ/©+¼�²º®�©+§ m�Æ ä Æ �Ò¥ � C â�·°¦�«�·V®°¶E«�®J²Ð©É·°²Ð©+¨?¨E¯ºÀ�·�©�µE¯S¦�«¡±�®e·/È�¯AÛ<¶?®V¨u¾O©�«M§�¨E·V¶?¯ºµE¨VÖJ�%o�Ý
·V¦+«�¨E¯º¨?µ9®�5Ù¶E®°·V¦�«�«�©�ãSµE¶E®r±�®V¨iªM¯S¨E©+Á�®V¨�ÈM§�¾O©+¯º«�¨VÖ+Í�� �@Ý<Î E ulug¯S¾J»�²S¯º¸Ë§�®o²Ð©Ù·°²Ð©+¨?¨E¯ºÀ�·�©�µE¯S¦�«)±#³Ó¦+¼XÎ
à?®°µE¨%m�Ø ®2µ��ÑÇ�âmÚ��
²Ð©O·°²Ð©+¨?¨E¯AÀT·�©�µE¯S¦�«Ò±�®ÂµE®2ÃMµ9§�¶?®V¨°ÆÜÝÜ®°¨�¶EÅ°¨E§�²Aµ/©�µE¨�·V¦+«�·V®°¶E«T©+«>µW·°®V¨Ñ¼T©+¨?®V¨
±�®u±�¦�«�«�ÅV®V¨�¨E¦�«>µ�²Ð©+¶?Á�®V¾J®V«>µg±�¯º¨E»4¦�«�¯S¼�²S®V¨d¯º«�±�¯AªX¯º±�§�®°²S²S®°¾¿®°«>µ�Ö�¾¿©+¯º¨N5¿«�¦+µE¶E®W·V¦+«�«T©+¯º¨E¨9©�«�·V®
©+§�·°§�«�®wÅ°µE§�±�®w«#³Ó©¡·V¦�¾J»T©+¶?ÅÉ¨?ÞM¨?µEÅV¾¿©�µ9¯º¸M§�®V¾J®V«>µJ§�«�®É¾JßV¾J®É¾¿Å2µ9È�¦M±�®Ì±#³Ó©+»�»�¶E®V«>µE¯S¨E¨E©+Á�®
¨E§�¶Ñ¸M§�©�µ9¶?®q»�¶E¦�¼�²S½V¾J®V¨W©�§�¨E¨?¯i±�¯ºª+®V¶?¨VÆÜÚ�«N®°ÛÊ®°µ�Ö<®V«NÁ�ÅV«�ÅV¶9©�²FÖ<§�«�®q¾¿Å2µ9È�¦M±�®q®°¨?µW»�¶?ÅV¨E®°«>µ9ÅV®
»4¦�§�¶�§�«eµYÞM»Ê®m±�®m»�¶?¦�¼�²S½°¾¿®d±�¦�«�«�Å�ÆMÍr®V²Ð©Ñ«�®m¨?¯SÁ�«�¯AÀT®d»T©+¨o¸Ë§#³Ó©+§�·°§�«�®g¾¿Å2µ9È�¦M±�®d»�¶?ÅV·VÅ°±�®V¾qÎ
¾J®V«>µs±�Å°ª+®V²S¦+»�»ÊÅ°®�«�®�»4¦�§�¶?¶9©+¯Aµ�ß°µE¶E®g©+»�»�²º¯S¸Ë§�Å°®�5W·V®°¨�±�¯ºª�®°¶E¨s»�¶E¦+¼�²S½°¾¿®°¨o©Lª+®V·�¨E§�·°·V½V¨°ÖX¾¿©+¯º¨
©+§�·°§�«�®uÅ°µE§�±�®W«�®W²F³Ó©a¶EÅV©+²S¯º¨EÅ+Æ

�
	���������������������
# ��� 	����� #

	������ �� �! ��� # "$# 	�������%'&)(+*-, .�/0/0/0/ .�1�243
28 ∗ 28 ∗ 1 5 6 /7)8:9 2;/0/ 6 /0<0/�2'3 92 ∗ 112 ∗ 1 5 2;/

=
7 ( 9?> 6 /0/ .�@0/0/ <0/�.�@A3
32 ∗ 32 ∗ 3 5 6 /0/7)B ,
CED 10F�2 2;G 6IH @A3 128 ∗ 128 ∗ 3 5 H 2TVU-WYX�m�Æ ä B omÅV¨?§�¾¿ÅW±�®°¨ s ¼T©�¨E®V¨g±�®W±�¦�«�«�ÅV®°¨VÆ

JLKNMPO�Q

ÝÜ©¿¼T©+¨?®)±�®Â±�¦�«�«�ÅV®°¨ �x¥�� C âSRÑ·V¦+«ËµE¯S®°«Ëµ å ulu uluq¯S¾¿©+Á�®V¨m±�®u·/È�¯AÛ<¶?®V¨ÙÅ°·V¶?¯ºµ9¨�5e²Ð©e¾O©+¯º«»T©+¶ v ulum»4®V¶E¨?¦�«�«�®°¨VÖ�±�®�µ9©+¯S²º²S®i«�¦+¶E¾¿©+²S¯º¨EÅV®o®2µ�·°®V«>µ9¶?ÅV®D®°«Â¯S¾¿©+Á�®°¨Ü±�®
28×28

»�¯AÃX®V²º¨"©�ª+®V· älv �«�¯Aª�®�©�§XÃw±�®WÁ�¶?¯S¨d»T©+¶m»�¯kÃX®V²FÆ�Ý`®u¼�§�µg®V¨?µg±�®W·°¦�«�¨?µE¶E§�¯º¶E®W§�«p¾¿¦M±�½°²S®�¸Ë§�¯`·°²Ð©+¨?¨E®W²S®°¨g·/È�¯ºÛÊ¶E®V¨°Æ
Ý`®V¨"±�¯ºÛÊÅV¶?®V«>µ9®°¨iÅV·°¶E¯ºµE§�¶E®°¨�¨?®D±�¯S¨�µ9¯º«�Á�§�®°«Ëµ"»T©+¶I±�®°¨�µ9¶E©+¯ºµE¨IÀT«�¨�¦�§)ÅV»T©+¯º¨VÖ�±�®V¨�·�©+¶E©+·°µE½V¶E®°¨�»�²º§�¨
¦�§�¾¿¦+¯S«�¨Ñ»4®V«�·/È�ÅV¨VÖAÆAÆºÆUT�§�®V²º¸M§�®V¨u®2ÃX®V¾J»�²S®°¨)±<³Ó¯º¾O©+Á+®V¨Ñ±#³Ó©+»�»�¶?®V«>µ9¯º¨E¨E©+Á�®J»Ê¦�§�¶u²º®q·/È�¯ºÛÊ¶E® �¨E¦+«Ëµg±�¦+«�«�ÅV¨g»T©+¶d²S©aÀTÁ�§�¶?®rm�Æ s Æ

Ø�©+«�¨)²Ð©É²S¯AµEµEÅV¶9©�µ9§�¶?®+Ö`²S®e»�¶?¦+µ9¦M·V¦+²S®q±#³´®2ÃX»4ÅV¶E¯º¾¿®°«>µ/©�µE¯S¦�«�»Ê¦+§�¶)·°®°µ?µ9®J¼T©+¨E®¿±�®J±�¦�«�«�Å°®V¨
·V¦+«�¨E¯º¨?µ9®oÁ�Å°«�ÅV¶E©+²S®°¾¿®°«>µ�5D§�µ9¯º²S¯S¨?®V¶#²º®V¨ � u ululuD»�¶?®V¾J¯S½V¶?®V¨`¯º¾O©+Á+®V¨<»4¦�§�¶`²U³Ó®°«�¨E®°¾a¼�²º®�±#³l©�»�»�¶E®°«XÎµ9¯º¨E¨E©+Á�®Â®2µÑ²S®°¨ E u ululu¿±�®V¶E«�¯S½V¶?®V¨Ñ»4¦�§�¶�²F³´®V«�¨?®V¾a¼�²º®Â±�®)µ9®V¨�µ�Æ<¥�¦�§�¨�©Lª+¦�«�¨Ñ¨?§�¯ºªM¯I·V®q¨E·/È�ÅV¾¿©�Ö
²Ð©Ñª�©+²S¯º±T©�µE¯S¦�«q·°¶E¦�¯º¨EÅV®g«#³´Å°µ9©+«>µD»T©+¨�«�ÅV·°®V¨?¨9©+¯º¶E®Ù®°«Ì»�¶?ÅV¨E®°«�·V®Ù±#³Ó§�«O¨E¯4Á�¶E©+«�±O«�¦�¾a¼�¶?®�±�®�·�©+¨°Æ
K�²S§�¨?¯S®V§�¶E¨D¾JÅ°µEÈ�¦X±�®V¨D¦�«>µrÅ°µ9ÅÑ»�¶E¦�»4¦�¨EÅ°®V¨D±�©+«�¨D²S©Â²S¯AµEµ9Å°¶9©�µE§�¶E®ÂÕ �´Ý�q�q�� ��� � ×s»4¦�§�¶D©�¼Ê¦�¶@Î±�®°¶J·°®Ò»�¶E¦�¼�²º½V¾J®É±�¦�«>µ¿±�®V¨J¾¿Å2µ9È�¦M±�®°¨J±<³l©+»�»�¶E®°«ËµE¯S¨?¨9©+Á�®Ò©+§�µE¦�¾¿©�µ9¯º¸M§�®Ì·V¦�¾J¾J®É²S®V¨e»�²º§�¨

»�¶?¦X·/È�®°¨Âª�¦+¯S¨E¯º«�¨Â®2µa²º®V¨Â¶?ÅV¨?®�©+§XÃ�±�®O«�®V§�¶?¦�«�®V¨°ÖiÁ�Å°«�ÅV¶E©+²S®°¾¿®°«Ëµ)»�¶?ÅV·VÅ°±�ÅV®°¨e»T©+¶Â§�«�®O»�È�©+¨E®
±�®Ò»�¶EÅhÎÏµ9¶E©+¯ºµE®V¾J®V«>µ�Öo®2µÌ²S®°¨O¾¿©+·/È�¯º«�®V¨ 5�¨E§�»�»Ê¦+¶?µOª+®V·2µ9¦�¶?¯S®V²UÆrÚ�«B®2Û<®2µ�Ö�·V®V¶�µ/©+¯º«�®V¨¿±�®x·°®V¨
©+»�»�¶E¦M·/È�®V¨m¦�«>µg§�µ9¯º²S¯º¨EÅÙ§�«Ò»�¶?Å2ÎFµ9¶9©�¯ºµ9®°¾¿®°«>µd¨E»4ÅV·°¯ºÀT¸Ë§�®�5q²Ð©a¶?®V·V¦+«�«T©+¯º¨E¨9©�«�·V®W±�®W·�©�¶9©+·2µ9½V¶?®V¨
±�®°¨?µ9¯º«�Å 5Â©+§�Á�¾J®V«>µ9®°¶r²S©Wµ9©+¯S²º²S®d±�®�²F³´ÅV·/ÈT©+«>µE¯S²S²º¦�«J®V«ÌÁ�Å°«�ÅV¶E©+«>µd±�®°¨�ª�®°¶E¨?¯S¦�«�¨r±�Å°Ô�¦�¶?¾¿Å°®V¨�±�®V¨
¯S¾¿©+Á�®°¨Â¦�¶?¯SÁ�¯º«T©+²º®V¨OÕ8·V¦+¾a¼�¯S«�©+¯S¨?¦�«�¨a±�®É±�ÅV·�©�²Ð©+Á�®°¨VÖi¯º«�·V²º¯S«T©�¯S¨E¦+«�¨VÖÜ¾J¯S¨E®°¨�5¡²F³´ÅV·/È�®°²S²º®+ÖI·V¦�¾qÎ
»�¶?®V¨E¨?¯S¦�«�¨/×J¦+§ ·V¦+«�¨E¯º¨?µ/©�«Ëµ�5�·°¦�¶E¶?¯SÁ�®°¶J²U³Ó¯º«�·V²º¯S«T©�¯S¨E¦+«Ä±�®V¨¿·/È�¯ºÛÊ¶E®°¨VÆ�ÝÜ®pµ/©+§MÃP±#³Ó®°¶E¶?®V§�¶¿±�®V¨
V � �S�}� 4XWYW ,+������� ��|8��z���� ���B1ZWA|P.��[;[W+1���~*{ ��W
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����� X�m�Æ s B �x¥�� C â á�¸Ë§�®°²S¸Ë§�®V¨g¯S¾¿©+Á�®°¨D±#³Ó©+»�»�¶?®V«>µ9¯º¨E¨E©+Á�®u»Ê¦�§�¶d²Ð©q·V²S©+¨E¨?®�� ��� Æ

¾JÅ°µ9È�¦X±�®°¨)¶?Å°Ô�Å°¶E®V«�·VÅV®°¨Â»T©�¶�´Ý�q�q�� �	� � ª�©+¶E¯º®q±�® ELä�� 5 uXÆ å�� ÆÜÝ�³´§�µ9¯º²S¯S¨E©�µ9¯º¦�«:»T©�¶ � q C�� å��±�®W¾¿©+·/È�¯S«�®V¨N5e¨E§�»�»4¦�¶�µgª+®V·2µ9¦�¶?¯S®V²`¨E©+«�¨m¯S«XÔ�¦�¶E¾¿©�µ9¯º¦�«Ì©e»�¶?¯S¦�¶?¯#©q±�¦�«�«�Å E Æ E�� ±#³Ó®°¶E¶?®V§�¶°Æ
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ÝÜ©Â¼T©+¨?®�±�®Ù±�¦�«�«�Å°®V¨ �%ogÝ¹Õ M�â��Ñâ�ÝI©�¼Ê¦�¶E©�µ9¦+¶E¯S®°¨DÍD©�¾a¼�¶E¯º±�Á�®�×��r·°¦�«>µ9¯º®V«>µd±�®°¨D¯S¾¿©+Á�®°¨
±�§ ªM¯S¨E©+Á�®¡±�® s u�»4®V¶?¨E¦�«�«�®V¨VÆ�ÍrÈT©�·V§�«�®�±�®¡·°®V¨w»Ê®°¶E¨?¦�«�«�®°¨x©ÄÅ°µEÅN»�È�¦+µE¦�Á�¶9©�»�È�¯SÅ°® 5 E u
¶E®°»�¶E¯º¨E®°¨VÖ[¨E¦�§�¨Ù±�¯AÛ<Å°¶E®V«>µE®V¨g·V¦�«�±�¯ºµ9¯º¦�«�¨m¶E®°²Ð©�µE¯ºª+®V¨45J²U³ÓÅ°·V²S©+¯S¶E©+Á�®+ÖX²F³´®2ÃX»�¶?®V¨E¨?¯S¦�«pÔ8©+·V¯S©+²S®JÕ6Þ�®°§XÃ
¦�§�ª+®V¶�µ9¨q¦�§�Ô�®°¶E¾JÅV¨°Ö�¨E¦+§�¶E¯º¶E®O¦+§Ä«�¦�«#Ö"©�ª�®V·É¦+§Ä¨9©+«�¨Â²S§�«�®2µEµE®V¨/×u®°µq±�®¿Ô8©+¯S¼�²º®V¨u±�¯ºÛÊÅV¶?®V«�·°®V¨
±#³´¯S«�·°²S¯º«T©+¯S¨?¦�«q±�®m²Ð©�µEß°µ9®�ÆXÍr®°µEµE®�¼�©+¨E®g±�®m±�¦�«�«�ÅV®V¨�«�®m»�¶EÅ°¨E®°«ËµE®Ù»T©�¨�±�®dª�©+¶?¯Ð©�µE¯S¦�«q®°«JµE®V¶E¾J®
±�®Wµ/©+¯º²S²º®Ñ«�¯Ü±�®uµE¶9©+«�¨E²Ð©�µ9¯S¦+«�Õ�·+³´®V¨�µ?Î�5 ÎY±�¯º¶E®u²S®V¨mªM¯S¨E©+Á�®V¨g¨E¦+«Ëµ�µ9¦�§�¨�»�²º§�¨g¦�§x¾J¦�¯S«�¨d·V®V«>µE¶EÅV¨9×2Æ
ÍrÈT©+¸Ë§�®�¯S¾¿©+Á�®D®°¨?µ�±�®mµ/©+¯º²S²S®

92×112
»�¯AÃX®°²S¨s©�ª�®V· älv � «�¯ºª+®�©+§MÃJ±�®�Á+¶E¯S¨�»�©+¶�»�¯AÃX®V²UÆ>Ý`®�¼�§Xµ®V¨�µg±�®W¶E®V·°¦�«�«T©�ãSµ9¶?®W²S®V¨d»4®V¶?¨E¦�«�«�®V¨°Æ

Ø�©+«�¨W²S©Ì²S¯ºµ?µ9Å°¶9©�µE§�¶E®�Ö<±�¯Aª�®V¶?¨W©+²SÁ+¦�¶E¯Aµ9È�¾J®V¨�¦�«>µWÅ°µ9ÅqµE®V¨?µEÅV¨W¨E§�¶u·°®°µ?µ9®e¼T©+¨?®q±�®e±�¦�«�«�Å°®V¨
µ9®°²S¨m¸Ë§�®u±�®V¨g¾¿¦M±�½°²S®V¨d±�® �x©�¶��+¦Lªw·V©+·/È�ÅV¨ �Ó¥ � � � � ÖT±�®°¨�¶?ÅV¨?®�©+§XÃÒ±�®W«�®°§�¶E¦+«�®V¨n5e·°¦�«>ª�¦�²º§XÎµ9¯º¦�« �ÓÝ�pÑâNq � å � ÖT±�®°¨�¾¿©+·/È�¯º«�®V¨45e¨E§�»�»Ê¦�¶�µmª�®V·2µ9¦�¶?¯S®°² �&pWÝIÍ�ulu � ®°µg±�®°¨gª�©+¶?¯Ð©+«>µE®V¨m±�®V¨m»�²º§�¨»�¶?¦X·/È�®°¨sª+¦�¯S¨?¯S«�¨�� KLK�Í�u E � ÆMÍr®°¨�Å2µ9§�±�®°¨�§Xµ9¯S²º¯S¨?®V«>µo±�¯ºª+®V¶?¨E®V¨sÅ°µ9©+»4®V¨s±�®�»�¶EÅ2ÎFµ9¶E©+¯ºµE®V¾J®V«>µo»Ê¦+§�¶
¶EÅ°±�§�¯º¶E®Ì²S©x±�¯S¾J®V«�¨E¯S¦+«�«T©+²º¯ºµ9Åq±�§P»�¶E¦�¼�²º½V¾J®ÌÍr®°¨e®2ÃX»ÊÅ°¶E¯º®V«�·°®V¨q§�µE¯S²S¯º¨E®°«ËµÂ¨E¦�§Xª�®V«>µe±�®°¨q¾¿ÅhÎ
µ9È�¦X±�¦+²S¦�Á�¯º®V¨�±�¯AÛ<Å°¶E®°«ËµE®V¨�Õ8¾J¦ Þ+®V«�«�®Ù±�®�m�Ö s ¦+§ v ®hÃXÅV·V§Xµ9¯S¦+«�¨r¨?§�¶�±�®V¨rÁ+¶E¦�§�»4®V¨s±�®�±�¦�«�«�Å°®V¨
±�¯º¨?µ9¯º«�·°µE¨/×�·V®e¸Ë§�¯o¶E®°«�±�²S©É·V¦�¾J»T©+¶E©+¯S¨?¦�«¡±�ÅV²º¯S·V©�µ9®eÅ°µ9©+«>µu±�¦�«�«�ÅJ²S®°¨Ñª+©�¶E¯Ð©�µ9¯S¦+«�¨�»�¶?ÅV¨E®°«>µ9®V¨
»T©+¶?¾¿¯`²º®V¨m¯S¾¿©+Á�®°¨d±#³´§�«�®u¾¿ß°¾¿®W»4®V¶E¨?¦�«�«�®u»�È�¦�µ9¦�Á�¶E©+»�È�¯ºÅV®�5e±�¯ºª+®V¶E¨?®V¨�¶E®V»�¶E¯S¨?®V¨g·V¦�¾J¾J®u²º®
¾J¦�«>µ9¶E®q²S©OÀTÁ�§�¶?®>m�Æ v Æ#Ý`®V¨W¶EÅ°¨E§�²Aµ/©�µE¨W¶E®V«�·V¦�«>µ9¶?ÅV¨u±T©+«�¨Ñ²S©Ì²S¯AµEµ9Å°¶9©�µE§�¶E®)ª+©�¶E¯S®°«>µW±�® å Æ v�� 5
u � ¾¿©+¯º¨D²S®Ñ«�¦+¾a¼�¶E®Ñ±<³Ó®hÃ�Å°·V§�µE¯S¦�«�¨�«#³´®V¨�µg»T©+¨m»�¶EÅ°·V¯º¨EÅu±T©+«�¨m·V®W±�®°¶E«�¯º®V¶d·V©+¨VÆ
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x}x E 6 z��}~&�&~&{�����~��+� �#6 z��0|���|� � �0~ ? z�|L�76 ���*�a/��a/+|�� |��>1B|��S������~ �������3;,�a;��&|:1�|����¢�76 �a1����&~��+�}|����|<����z[.n�#6 |�}��|�z���76 z��%���>;���|<��|L�����~*{}~��+� 1`��~*{¢{����0{¢���+z��}|#�0�+{¢��| 1`����~�(���|e{S~�/��0~ �,�����~��+|�� ��z��¢�0���}��|#����z0��|��
x-) �-, �,| * 8 � � * C

svm ) type = 0
Q��[/+�31�1��B��|e�*� � ���0���}~&���n��� ,+��z4� ����,��0�31�~&����|#|���������~&����|�C

gamma =

1/m
Q��i��� |+*`��~�|���b��|N�*� � ���,���}~&�����0� ,+��z�� ����, ���31�~*���&|�C

coef0 = 0.0
Q������-,�� C

C = 1.0
Q����}���&�������,��|N��z

����~��.(���|e�76 �����'@���C
eps = 0.001d0

Q�� � |z���~&{S�}~ ? z�|{ C shrinking = 1
Q��
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K"¦�§�¶�²º®V¨m»�²S§�¨g»�¶E¦M·/È�®V¨mª�¦�¯º¨E¯º«�¨VÖT«�¦+§�¨�§Xµ9¯S²º¯S¨?¦�«�¨D§�«�®)¾J®V¨?§�¶E®u±�®u±�¯S¨�µ/©+«�·°®W®V§�·°²S¯S±�¯S®V«�«�®
ÕU©�»�¶E½°¨�«�¦+¶E¾¿©+²S¯º¨9©�µE¯S¦�«a±�®V¨�ª�©+²º®V§�¶?¨�±�®�·/ÈT©�¸M§�®Ù»�¯kÃ�®°²[»T©+¶s²F³´ÅV·�©�¶?µ?ÎFµYÞM»Ê®�×�®2µr²º®m«�¦�¾a¼�¶?®�¦+»�µ9¯kÎ
¾¿©+²+±�®o»�²º§�¨`»�¶?¦X·/È�®°¨`ª�¦�¯º¨E¯S«�¨sÕ8Å°ª�©+²º§�Å�®V«>µE¶E® E ®°µ E�v ×4®V¨?µI±�Å2µ9®°¶E¾J¯S«�Å�»4¦�§�¶`·/ÈT©�¸M§�®s»�¶E¦�¼�²º½V¾J®¨E®°²S¦�«w²º®�µ/©+§XÃÉ±#³Ó®°¶E¶?®V§�¶g¦�¼�µE®V«Ë§Ò¨?§�¶m²F³´®V«�¨?®V¾a¼�²S®Ñ±�®Ñµ9®°¨?µVÆ

P%QSP%Q� � ��X &�
"d�WLd�X

¥�¦�§�¨Ñ©�ª�¦�«�¨�©+»�»�²º¯S¸Ë§�Åu²S®V¨ å ¾JÅ°µ9È�¦X±�®°¨Ù±#³Ó©+»�»�¶E®V«>µE¯S¨E¨E©+Á�®q©�§XÃ s »�¶E¦+¼�²S½°¾¿®°¨Ù±�®a·°²Ð©+¨?¨E¯kÎÀT·V©�µ9¯º¦�«w®V«p¶E®V¨?»Ê®°·°µ9©+«>µÙ²º®V¨d»�¶?¦+µ9¦M·V¦�²º®V¨d±�Å2ÀT«�¯º¨g»�¶EÅV·°ÅV±�®°¾¿¾J®V«>µVÆ

Q � ��� � � ���!�������

Ý`®V¨oµ/©+¼�²º®V¨Om�Æ�m�Ö�m�Æ s Ö�m�Æ v ®2µ�mXÆ � ¶EÅ°¨E§�¾J®V«>µ�²S®V¨o¶?ÅV¨E§�²ºµ/©�µ9¨s¦�¼�µ9®°«Ë§�¨�¨?§�¶s·/ÈT©+¸Ë§�®Ù»�¶E¦�¼�²º½V¾J®»4¦�§�¶d·/ÈT©+¸Ë§�®u¾JÅ°µ9È�¦X±�®W¨?®V²S¦+«p²º®V§�¶?¨d»T©+¶E©+¾¿½2µ9¶?®V¨m¸Ë§�¯`¦�«>µg±�¦�«�«�ÅW²º®V¨d¾J®V¯S²º²S®°§�¶E¨D¶?ÅV¨?§�²ºµ9©�µ9¨°Æ
� ?".<N )
� 5 �	8>0
����� 5#/</<5$0 /

MÙ¶E¼�¶E®W±�®W±�ÅV·°¯S¨?¯S¦�« E�E Æ v��
m>K�²º§�¨m»�¶E¦M·/È�®V¨dª+¦�¯S¨?¯S«�¨ v Æ ��� �qr©+Á�Á�¯º«�ÁpÕ

T = 50
× s Æ sËä��

MÙ¶E¼�¶E®V¨g©+²ºÅ�©�µE¦�¯S¶?®V¨WÕ
T = 100

× m�Æ E å��
og©+«�±�¦�¾ F[¦+¶E®V¨�µ9¨)Õ

T = 100
× mXÆ&u �

q�¦X¦�¨�µ9¯º«�ÁpÕ
T = 50

× ä Æ ä � �C � �p¨aÕ�»Ê¦�²AÞ ä × E Æ � v��|/'�{pt � 6F_g_���q��_)��� � u�Æ v��
TVU-WYX�m�Æ�m B â"©+§XÃw±<³Ó®°¶E¶E®°§�¶g»Ê¦�§�¶d²Ð©a·V²S©+¨E¨?¯ºÀT·V©�µ9¯º¦�«É±�®W·/È�¯AÛ<¶?®V¨m¾O©�«M§�¨E·V¶?¯ºµE¨ÂÕ �x¥ � C âg×2Æ

� ?".<N )
� 5 �	8>0
����� 5#/</<5$0 /
MÙ¶E¼�¶E®W±�®W±�ÅV·°¯S¨?¯S¦�« ä � Æ ä v�� ± � Æ � �qr©+Á�Á�¯º«�ÁpÕ

T = 50
× � Æ v�� ±

v Æ å
q�¦X¦�¨�µ9¯º«�ÁpÕ

T = 50
× m�Æ ålv��

±
ä Æ å �K�²S§�¨m»�¶?¦X·/È�®Ñª+¦�¯S¨?¯S« ä Æ älv �

±
ä Æ�m �og©+«�±�¦�¾ F[¦+¶E®V¨�µ9¨)Õ

T = 200
× E Æ älv��

±
E Æ �	�MÙ¶E¼�¶E®V¨g©+²ºÅ�©�µE¦�¯S¶?®V¨WÕ

T = 500
× E Æ älv��

±
E Æ �	�C � �Ò¨ÂÕ8²º¯S«�ÅV©+¯S¶?®L× E Æ älv �

±
E Æ älv

T UYW-X�m�Æ s B â"©+§XÃÉ±#³Ó®°¶E¶?®V§�¶m»4¦�§�¶m²Ð©a·°²Ð©+¨?¨E¯ºÀ�·�©�µE¯S¦�«É±�®ÑªM¯S¨E©+Á�®°¨ÂÕ'�%o�ÝI×2Æ



� � ��� ���	��
�������������������	������� �����"!������#�	�	
%$&�(')$*���+�,�.-/'0�����1�	�324� �"� �����,�

� ?".<N )
� 5 �	8>0
� � � 5�/</<5�03/
MÙ¶E¼�¶E®W±�®W±�ÅV·°¯S¨?¯S¦�« ä uXÆ � u �qr©+Á�Á�¯º«�ÁpÕ

T = 50
× ä Æ ä,s �

MÙ¶E¼�¶E®V¨g©+²ºÅ�©�µE¦�¯S¶?®V¨WÕ
T = 500

× E Æ ��� �K�²S§�¨m»�¶?¦X·/È�®Ñª+¦�¯S¨?¯S« E Æ � s �og©+«�±�¦�¾ F[¦+¶E®V¨�µ9¨)Õ
T = 500

× E Æ E å��
q�¦X¦�¨�µ9¯º«�ÁÒÕ

T = 100
× u�Æ v,s �

C � �Ò¨ÂÕ8²º¯S«�ÅV©+¯S¶?®L× uXÆ sls �
�Ü;L-E( � n��¹*<. %#7?(#$O./,g�/��{���cMQ � uXÆ E��

T UYW-X	m�Æ v B â�©+§MÃw±#³´®V¶E¶?®V§�¶g»4¦�§�¶d²Ð©a·°²Ð©+¨?¨E¯AÀT·�©�µE¯S¦�«É±<³Ó¦�¼Ëà?®°µ9¨�m�Ø ÕFÍ�� �@Ý<Î E u u>×2Æ

� ?".<N )
� 5 �	8>0
� ��� 5#/</65�0 /
MÙ¶E¼�¶E®W±�®W±�ÅV·°¯S¨?¯S¦�« � � Æ�m v��K�²S§�¨m»�¶?¦X·/È�®Ñª+¦�¯S¨?¯S« � u�Æ å � �qr©+Á�Á�¯º«�ÁpÕ

T = 50
× å m�Æ E�v��

C � �Ò¨ÂÕ8²º¯S«�ÅV©+¯S¶?®L× å$E Æ � � �q�¦X¦�¨�µ9¯º«�ÁpÕ
T = 50

× � � Æ sls �o�©�«�±�¦�¾ F[¦+¶E®V¨�µ9¨)Õ
T = 1000

× ��� Æ � u �MÙ¶E¼�¶E®V¨g©+²ºÅ�©�µE¦�¯S¶?®V¨WÕ
T = 500

× � v Æ�u v���u�����Ù3S,25Y;EK+7E(#$Â,��U{	�a�i��c � u�Æ ä��
TVU-WYX�m�Æ �*B â"©+§XÃp±<³Ó®°¶E¶E®°§�¶m»Ê¦+§�¶d²Ð©q·V²S©+¨E¨?¯ºÀT·V©�µ9¯º¦�«É±�®Ñµ9®hÃMµ9§�¶?®V¨ÂÕ>�ÑÇ�âmÚ��W×hÆ

Ír¦�¾J¾¿®q»�¶?Å°ªM§#ÖÜ»4¦�§�¶W·/ÈT©+¸Ë§�®¿»�¶E¦�¼�²S½V¾J®+Ö<§�«�©�¶E¼�¶?®J±�®J±�ÅV·V¯º¨E¯º¦�«�·°²Ð©+¨?¨E¯º¸M§�®J«<³Ó®°¨?µ)»T©+¨
¨9©�µ9¯S¨�Ô8©+¯S¨E©+«>µD®°«Ìµ9®V¶?¾¿®°¨D±�®Ùµ9©+§XÃO±#³´®V¶E¶?®V§�¶°ÆT¥�¦+§�¨D²F³´®2ÃX»�²º¯S¸Ë§�¦�«�¨r»T©+¶�²Ð©ÂÁ+¶9©+«�±�®Ùª�©+¶E¯S©+«�·V®�±�®
·V®2µEµE®g¾JÅ°µEÈ�¦M±�®D®V«e»T©�¶?µ9¯º·V§�²º¯S®°¶�®V«e»�¶?ÅV¨?®V«�·°®g±<³Ó§�«J¨E¯�Á�¶9©+«�±q«�¦�¾a¼�¶?®d±#³Ó©�µEµE¶E¯S¼�§�µ9¨mÕ�²S®°¨�»�¯AÃX®V²º¨
±�®°¨s¯º¾O©�Á�®V¨"Á�²S¦�¼�©+²S®°¨/×2Æ�Ø�©+«�¨�²Ð©Ù²º¯ºµEµEÅV¶E©�µ9§�¶?®+Ö�²S®V¨�¾¿Å2µ9È�¦M±�®V¨�±<³Ó®°«�¨E®°¾a¼�²S®d±<³l©+¶?¼�¶E®°¨�¨E¦�«>µs¼�¯º®V«
·V¦+«�«Ë§�®V¨)»Ê¦�§�¶u²U³l©�¾¿Å°²S¯S¦+¶9©�µE¯S¦�«p¸Ë§#³Ó®°²S²º®V¨)©+»�»4¦�¶?µE®V«>µu»T©+¶W¶9©+»�»Ê¦�¶�µ 5p§�«�©+¶E¼�¶E®e±�®J±�ÅV·°¯S¨E¯º¦�«
¨E®°§�²FÖ<®°µW·V®qÁ�©+¯S«¡®°«�»�¶EÅV·°¯S¨?¯S¦�«¡®°¨?µu·V¦�«XÀT¶E¾JÅq»T©+¶�«�¦�¨Ñ®2ÃX»4ÅV¶E¯º®V«�·°®V¨°Æ"Ú�«N®°ÛÊ®°µVÖ`²S®�qr©+Á�Á�¯º«�Á
®°µg±#³´§�«�®uÔ8©#"V¦+«Ò»�²º§�¨m¯S¾J»�¶E®°¨E¨?¯S¦�«�«�©+«>µ9®W²S®rqr¦M¦�¨�µ9¯S«�ÁJ±�¦�«�«�®u±�®V¨g¶EÅ°¨E§�²Aµ/©�µE¨�¼4®�©�§�·V¦�§�»Ò»�²º§�¨
»�¶?ÅV·V¯º¨D»4¦�§�¶r·/È�©+¸Ë§�®Ñ»�¶E¦+¼�²S½°¾¿®�Æ�Ý`®V¨�o�©+«�±�¦�¾ F[¦+¶E®V¨�µ9¨�®°µmÚ�ÃMµ9¶E©�ÎYâI¶E®°®V¨d¨E¦+«ËµD·V¦�¾J»T©+¶E©+¼�²S®°¨
©+§�q�¦X¦�¨�µ9¯º«�Á�Æ�Ý`®V¨i¾¿©+·/È�¯º«�®V¨<5Ù¨E§�»�»Ê¦�¶�µiª�®°·°µE¦�¶E¯º®V²M¨E¦�«>µiµE¶E½V¨�»�¶E¦M·/È�®V¨�±�§�qr¦M¦�¨?µE¯S«�Á�®°µi»4®V§Xµ?Î
ß°µE¶E®W²SÅ°Á�½V¶?®V¾J®V«>µg¾¿®°¯S²º²S®V§�¶E®V¨�®V«p¾¿¦LÞ+®V«�«�®�Æ4Úo«XÀT«#Ö[²F³Ó©+²SÁ+¦�¶E¯Aµ9È�¾J®�±�®V¨m»�²S§�¨g»�¶E¦M·/È�®V¨dª�¦+¯S¨E¯º«�¨
t � ±�¦+«�«�®Ù±�®V¨D¶?ÅV¨E§�²ºµ/©�µ9¨s®V«Ì±�® " 5a±�®°¨r¾JÅ°µEÈ�¦X±�®V¨r²º®V¨s»�²S§�¨r¶EÅ°·V®°«ËµE®V¨D¾¿©+¯º¨s»�²S§�¨�¨9©�µE¯S¨?Ô8©�¯S¨9©�«ËµE¨
¸Ë§�®u²F³Ó©+²SÁ�¦+¶E¯ºµEÈ�¾J®g±<³Ó¯º«�±�§�·2µ9¯S¦+«p±<³l©+¶?¼�¶E®W±�®W±�Å°·V¯º¨E¯S¦+«p¨?®V§�²UÆ

Ý`®V¨I¶EÅV¨?§�²ºµ9©�µ9¨Ü¦�¼Xµ9®V«Ë§�¨"¨E§�¶`µE¶E¦�¯º¨`±�®V¨I¸Ë§T©�µ9¶?®�¼�©+¨E®°¨"±�®s±�¦�«�«�ÅV®°¨DÕ �x¥ � C âÑÖ	�%o�Ý�Ö Í�� �@Ý<ÎE ulu�×e¨?¦�«>µÉ·V¦�¾J»T©+¶E©+¼�²º®V¨¿©Lª+®V·:²º®V¨Jµ9®V·/È�«�¯S¸Ë§�®°¨É±�®x²U³ÓÅ2µ/©�µO±�®x²U³l©+¶�µO¼�¯S®V« ¸M§�®x²SÅ°Á�½V¶?®V¾J®V«>µ¯S«XÔ�ÅV¶E¯º®V§�¶?¨VÆ C §�¶ �ÑÇgâmÚ
�ÂÖs©+§�·V§�« ±�®°¨O©+²ºÁ�¦�¶?¯ºµ9È�¾¿®°¨Â«�®p±�¦�«�«�®Ò±�®w¶?ÅV¨E§�²ºµ/©�µ¿¨E©�µ9¯º¨?Ô8©+¯º¨9©+«>µVÆ
x-S:M ��z�����|��S�}|%1���� � � ��|����T6 z��}~&�&~&{�����~��+�4��|��0��z0{/�76 z��N�+��~*{S~&�`�#6 �a1����&~��+�}|��0��{���|8{����{}z���������{�{}~ ��|��#6 |{S� ? z�|�&�:/-(�}|21�|����¢�,�+z���
���S� �#�
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¥�¦+§�¨D®2ÃX»�²º¯S¸Ë§�¦�«�¨d·V®�¾¿©+§�ª�©+¯º¨r¶EÅ°¨E§�²Aµ/©�µr»T©+¶D²S©Â«T©�µE§�¶E®Ù±�§É»�¶E¦+¼�²S½°¾¿®�Æ�Ú�«w®°ÛÊ®°µVÖ�²S®°¨D¾J¦+µ9¯AÔ�¨
¸Ë§�¯Ù·°¦�¾J»Ê¦�¨?®V«>µÉ²º®V¨¿µE®2ÃMµ9§�¶E®V¨É¨?®¡¶EÅ°»Ê½2µ9®V«>µ 5�±�®V¨É»4¦�¨E¯Aµ9¯º¦�«�¨J±�¯ºÛÊÅV¶?®V«>µ9®°¨Ì±#³´§�«�®¡¯S¾¿©+Á�® 5
²F³Ó©+§�µE¶E®¿©+§�¨?®V¯S«�±#³Ó§�«�®O¾JßV¾J®¿·°²Ð©+¨?¨E®�ÆiÝ`®V¨uª�®V·2µ9®°§�¶E¨q±�®O»�¯AÃX®V²º¨)±�®V¨a¯º¾O©+Á+®V¨W±#³´§�«�®Ì¾JßV¾J®
·V²S©+¨E¨?®W»�¶EÅ°¨E®V«>µE®V«>µ�§�«�®uÁ+¶9©+«�±�®Wª�©+¶?¯Ð©+¼�¯S²S¯Aµ9Å�Ö>»�¶E¯º«�·V¯º»T©+²S®°¾¿®°«>µd¨E¦�§�¨g²S©aÔ�¦�¶E¾J®�±�®W±�Å°·�©+²S©+Á�®V¨°Æ
Ý`®V¨gµ9®V¨�µ9¨�¶?Å�©+²º¯S¨?ÅV¨�©+§XÃp»4¦�¨E¯Aµ9¯S¦+«�¨Ù©�¼�¨E¦�²º§�®V¨g»T©+¶g²S®°¨Ù¾J¦X±�½V²S®°¨m±�®Â·°²Ð©+¨?¨E¯ºÀ�·�©�µE¯S¦�«p¨E¦�«>µ�©+²S¦�¶?¨
»4®V§w·V¦�«�·V²S§�©+«>µ9¨m¨E§�¶m±�®Ñ«�¦�§�ª�®°²S²º®V¨d¯S¾¿©+Á�®°¨VÆ�Ír®V²Ð©q±#³Ó©+§�µ9©+«>µm»�²S§�¨d¸M§�®u²º®�«�¦�¾Â¼�¶E®Ñ±#³´¯S¾¿©+Á�®°¨
±#³Ó©+»�»�¶?®V«>µ9¯º¨E¨E©+Á�®N»T©+¶É·°²Ð©+¨?¨E®N±�¯S¨?»Ê¦+«�¯S¼�²º®V¨¿²S¦�¶?¨É±�®¡²Ð©�»�È�©+¨E®N±#³Ó©+»�»�¶?®V«>µ9¯º¨E¨E©+Á�®N«#³´®V¨?µp¸Ë§�®
±�® � Öi·°®Ò¸Ë§�¯d«�®p»4®V¶?¾¿®2µe»T©+¨e±�®w·V¦+§�ªM¶E¯S¶e²S©:Á�¶9©+«�±�®w±�¯S¨?»T©+¶E¯Aµ9ÅÌ±�®V¨eµ9®2ÃMµE§�¶E®°¨VÆsÝ`®wÔ8©�¯S¼�²º®«�¦�¾Â¼�¶E®É±#³´¯S¾¿©+Á�®°¨q±#³Ó©+»�»�¶?®V«>µ9¯º¨E¨9©�Á�®w»T©+¶q¶9©�»�»Ê¦+¶?µJ©+§�Á�¶E©+«�±�«�¦�¾a¼�¶E®w±�®w»�¯AÃX®°²S¨q®V¨�µJ§�«�®
©+§�µE¶E®)®2ÃX»�²S¯º·�©�µE¯S¦�«Ò»Ê¦+¨E¨E¯º¼�²S®�Æ4ÝÜ®Â«�¦�¾a¼�¶?®Â±�®uµ9®°¨?µ9¨Ñ²º®)²º¦�«�Á¿±#³Ó§�«�®a¼�¶E©+«�·/È�®q±#³´§�«¡©�¶E¼�¶?®a±�®
±�Å°·V¯S¨?¯S¦�«OÅ°µ/©�«Ëµr±�ÅV»4®V«�±T©+«>µm±�§Ì«�¦+¾a¼�¶E®Ù±#³Ó¦+¼Mà?®°µE¨D±#³Ó©+»�»�¶?®V«>µ9¯º¨E¨9©�Á�®+ÖX²S¦�¶?¨E¸Ë§�®�²º®V¨r¯º¾O©�Á�®V¨s«�®
¨E¦+«Ëµg»T©�¨g«�¦�¾a¼�¶?®V§�¨?®V¨VÖ4²S®°¨d¾¿¦M±�½°²S®V¨d·°¦�«�¨�µ9¶E§�¯ºµ9¨m¯º«�±�¯ºªM¯º±�§�®V²º²S®°¾¿®°«Ëµr¨E¦�«>µgµ9¶?½V¨m¾O©�§�ª�©+¯S¨D·V©+¶
²S®Ñ«�¦�¾a¼�¶?®Ñ±�®Ñª+©�²S®V§�¶E¨m±�®W»�¯AÃX®°²S¨Dµ9®°¨?µEÅV®V¨g®V¨�µ�Ô8©�¯S¼�²º®qÕ8¼�¯Ð©+¯º¨DÅV²º®°ª�Å�×2Æ t R
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µ9®°«�¦�«�¨s®°µs²S©W»�©+¶?µE¯S·V§�²Ð©+¶?¯ºµ9Å�±�®g·V®m»�¶E¦+¼�²S½°¾¿®�Ö�¦lkJ±�®V¨s¾¿¦�µ9¯ºÔ�¨�¨?¦�«>µs¶EÅV»4Å°µEÅV¨s®V«¿±�®V¨s»Ê¦+¨E¯ºµE¯S¦�«�¨
«�¦�«�¨?»ÊÅ°·V¯ºÀ�¸M§�®V¨>5¡·/ÈT©+¸Ë§�®w·V²S©+¨E¨?®+Ö4à?§�¨�µ9¯AÀT®V«>µe²F³´¯S«>µE¶E¦M±�§�·°µE¯S¦�«�±#³Ó§�«�®p©+»�»�¶?¦X·/È�®É²º¦X·V©+²S®¿±�®
·V²S©+¨E¨?¯ºÀT·V©�µ9¯º¦�«#ÆIÍÙ³´®V¨�µa²S®e»�¶?¦�»4¦�¨)±�§�·/ÈT©+»�¯Aµ9¶?® s ÆIÚ�«�¦+§�µ9¶?®+ÖÜ«�¦�§�¨uª�®°¶E¶E¦+«�¨q©+§�·/ÈT©+»�¯Aµ9¶?® v¸Ë§�®x±�¯ºª�®°¶E¨?®V¨¿µE¶9©+«�¨?Ô�¦�¶?¾O©�µE¯S¦�«�¨a»Ê®°§�ª�®°«>µÉ»Ê®°¶?µE§�¶E¼4®V¶J²S®°¨J¯º¾O©�Á�®V¨e®°µJ¶?®V«�±�¶?®x±�¯ �J·V¯S²º®É²S®°§�¶
·V²S©+¨E¨?¯ºÀT·V©�µ9¯º¦�«É»T©+¶d²U³l©�»�»�¶E¦M·/È�®W¸Ë§�®W«�¦�§�¨g©�ª�¦+«�¨�»�¶EÅV¨?®V«>µ9Å°®Â±T©�«�¨m·V®W·/ÈT©+»�¯Aµ9¶?®+Æ
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Ý`®V¨D®hÃ�»4ÅV¶?¯S®°«�·V®°¨d±�§É·/ÈT©+»�¯Aµ9¶?®Ù»�¶?ÅV·VÅ°±�®V«>µm¦�«>µd¾J¦�«>µ9¶?ÅÙ¸Ë§�®�²º®V¨�¾¿Å2µ9È�¦M±�®V¨�±#³Ó©+»�»�¶?®V«>µ9¯º¨�Î
¨9©�Á�®V¨�¶?ÅV·°®V«>µ9®°¨�µ9¶9©�ª�©+¯º²S²Ð©�«Ëµg©�ª+®V·q§�«�®Â¶E®V»�¶EÅV¨?®V«>µ/©�µ9¯S¦+«:¼T©+¨?ÅV®q¨E§�¶Ù²S®°¨Ù»�¯kÃX®V²S¨�±�¦�«�«�©+¯S®°«ËµÙ±�®
¼4¦�«�¨g¶EÅV¨?§�²ºµ9©�µ9¨g¨E§�¶gµE¶E¦�¯º¨g»�¶E¦�¼�²º½V¾J®V¨g¨E§�¶g¸Ë§T©�µE¶E®+Ö4¾¿©+¯S¨d±�®uµ9¶?½V¨g¾O©+§Xª+©�¯S¨m¶EÅ°¨E§�²Aµ/©�µE¨g¨?§�¶Ù²º®
¸Ë§T©�µE¶E¯S½°¾¿®r»�¶E¦�¼�²S½V¾J®�á�²Ð©�·V²S©+¨E¨?¯ºÀT·V©�µ9¯º¦�«a±�®DµE®2ÃMµ9§�¶E®V¨°ÆË¥�¦�§�¨o©Lª+¦�«�¨o¨E¦+§�²S¯ºÁ�«�År²S©Ù·V¦+¾¿»�²º®2ÃX¯ºµEÅ
±�®W·V®W»�¶?¦�¼�²º½V¾J®+Ö�®°«Ò»�©+¶?µE¯S·V§�²S¯S®°¶r®hÃ�»�²S¯S¸Ë§�Å°®Ñ»T©+¶m²Ð©a¶?ÅV»4Å°µE¯ºµ9¯º¦�«Ì±�®W¾J¦+µ9¯AÔ�¨D©+§p¨E®°¯S«w±�®°¨mµE®2ÃËÎ
µ9§�¶E®V¨g¸Ë§�¯Ü«�®u¨E®Â¶?®°µE¶E¦�§�ª+®V«>µ�»�©+¨45¿±�®°¨�»4¦�¨E¯Aµ9¯º¦�«�¨DÀ�ÃX®V¨�±#³´§�«�®u¯S¾¿©+Á�®r5e²F³Ó©+§�µ9¶?®+Æ[ØÙ§Ò»Ê¦+¯S«>µ
±�®gªX§�®Ù±�®g²F³Ó©+»�»�¶?®V«>µ9¯º¨E¨E©+Á�®�©+§�µ9¦+¾O©�µE¯S¸Ë§�®m»T©+¶s©+¶?¼�¶E®°¨r±�®�±�ÅV·°¯S¨?¯S¦�«#Ö>«�¦�§�¨D©�ª+¦�«�¨rÅ°Á>©+²º®V¾J®V«>µ
ªM§É¸Ë§#³Ó§�«É®V«�¨?®V¾a¼�²º®�±#³Ó©+»�»�¶?®V«>µ9¯º¨E¨E©+Á�®ÙµE¶E¦�»Ì»4®°µE¯ºµr®V«É«�¦�¾Â¼�¶E®�±#³Ó¦+¼Mà?®°µE¨D«�®�»4®V¶?¾¿®2µEµ/©�¯ºµ�»T©+¨
±�®�·°¦�«�¨�µ9¶E§�¯S¶E®Ù±�®V¨d¾J¦X±�½V²S®°¨�¨?§��J¨9©+¾J¾J®V«>µd·V¦+¾¿»�²º®2ÃX®V¨°ÆTÍr®°¨d»�¶E®°¾¿¯º½V¶E®°¨D¦�¼�¨?®V¶�ª+©�µ9¯S¦+«�¨r¨?§�Á�Î
Á�½°¶E®V«>µ�¸Ë§#³Ó§�«�®Â©�»�»�¶E¦M·/È�®u²S¦M·�©+²º®�®°µ�«�¦�«pÁ�²º¦�¼T©+²º®�±�®°ªM¶E©+¯ºµgß°µE¶E®W®V«>ªM¯S¨E©+Á�Å°®+Ö4®°µg·V®°²Ð©e»Ê¦�§�¶d²Ð©
·V²S©+¨E¨?¯ºÀT·V©�µ9¯º¦�«N±�®¿µE®2ÃMµ9§�¶E®V¨)®V«�»�©+¶?µE¯S·V§�²S¯S®°¶VÆA��«�»Ê®°§�µÂÅ°Á>©+²º®V¾J®V«>µu¨E§�»�»4¦�¨?®V¶Â¸Ë§�®¿±#³Ó©+§�µ9¶?®V¨
»�¶?¦�¼�²S½°¾¿®°¨O»4¦�§�¶?¶9©+¯º®V«>µÌ¼4ÅV«�Å2ÀT·V¯º®V¶Ì±<³Ó§�«�®xµ9®°²S²S®x©+»�»�¶?¦X·/È�®+ÆdÍr®°¶?µ9©+¯S«�¨O¦�¼Mà?®°µE¨Ì»4®V§�ª+®V«>µw¨E®
±�¯º¨?µ9¯º«�Á�§�®°¶Â»T©�¶a±�®V¨q·V©+¶9©�·°µ9Å°¶E¯º¨?µ9¯º¸Ë§�®V¨a²º¦X·V©+²S®°¨)»�²S§�µ/.+µa¸Ë§�®É»T©�¶a²S®°§�¶)Ô�¦�¶?¾¿®¿Á�ÅV«�ÅV¶9©�²S®+Æ�Ç�«
®2ÃX®°¾¿»�²º®O®°¨?µa²S©Ò¶?®V·V¦+«�«T©+¯º¨E¨9©�«�·V®Ì±�®OªM¯S¨9©�Á�®V¨°Ö"¦lk�¯S²o»Ê®°§�µa¨?®V¾a¼�²S®V¶)»Ê®°¶?µE¯S«�®°«Ëµ)±#³´¯S±�®°«>µ9¯ºÀ�®V¶
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§�«�®Ñ»4®V¶?¨E¦�«�«�®Ñ®V«w¨E®Ñ·°¦�«�·°®V«>µ9¶E©+«>µm¨E§�¶d·°®V¶?µ9©+¯S«�®V¨d»T©+¶�µ9¯º®V¨D±�§ÌªM¯º¨9©+Á�®qÕ8²S®°¨rÞ�®°§XÃÊÖT²Ð©Â¼4¦�§�·/È�®+Ö
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Ú�«J¦+§�µ9¶?®+Ö�²S©�²S¯ºµ?µ9Å°¶9©�µE§�¶E®�®V«qªM¯S¨E¯º¦�«q»T©+¶�¦�¶E±�¯º«T©�µE®V§�¶i®°¨?µo¶?¯S·/È�®d®°«JÅ2µ9§�±�®V¨o¸Ë§�¯T»�¶E¦+»Ê¦�¨?®V«>µ
±�®°¨Â¾JÅ°µ9È�¦X±�®°¨W²S¦M·�©+²º®V¨Ñ»4¦�§�¶u²Ð©É·V²S©+¨E¨?¯ºÀT·V©�µ9¯º¦�«N±#³Ó¯º¾O©�Á�®V¨°ÆÜÍr®V¨Â©+»�»�¶?¦X·/È�®°¨Â¨?¦�«>µÂÁ�Å°«�ÅV¶E©+²S®hÎ
¾J®V«>µÙ¾J¦�¯º«�¨m¨E®V«�¨E¯S¼�²S®V¨�©+§XÃp¦M·V·°§�²ºµ9©�µ9¯º¦�«�¨m»T©+¶�µ9¯º®V²S²º®V¨°Ög5¿²S©e»�¶EÅV¨?®V«�·°®a±#³´§�«xÔ�¦�«�±x®V«�·V¦�¾a¼�¶EÅ
®°µo®°²S²º®V¨�¨E¦+«ËµoÅ°Á>©+²º®V¾J®V«>µo¶E¦�¼�§�¨?µE®V¨s©+§XÃÂµ9¶9©�«�¨E²S©�µ9¯º¦�«�¨i·�³Ó®°¨?µ?Î�5�ÎY±�¯S¶E®d¯º«�¨E®°«�¨E¯º¼�²S®°¨e5Ñ²Ð©�»4¦�¨E¯Aµ9¯º¦�«
±�®m²F³´¦�¼Mà?®2µO5Ñ¶E®V·°¦�«�«T©�ãSµ9¶?®d±T©+«�¨o²U³Ó¯º¾O©+Á+®+Æ�ØÙ®m»�²S§�¨VÖ>±�¯AÛ<Å°¶E®V«>µE®V¨�µ9®°·/È�«�¯S¸Ë§�®°¨�»4®V¶?¾¿®2µEµE®V«>µs§�«�®
¨E®°«�¨E¯º¼�¯S²º¯ºµEÅq¾¿¦�¯º«�±�¶?®H5p»�²º§�¨E¯º®V§�¶?¨uµYÞM»4®V¨)±�®JµE¶9©+«�¨?Ô�¦�¶?¾O©�µE¯S¦�«�¨Ñ¦�§�·/È�©+«�Á�®°¾¿®°«ËµE¨Â±�®J·V¦+«�À�Î
Á�§�¶E©�µ9¯º¦�«NÕ�ÅV·/È�®°²S²S®�Ö�¦�¶?¯S®V«>µ9©�µ9¯º¦�«#ÖM»Ê¦�¯º«>µD±�®�ªM§�®�×2Æ[¥�¦+§�¨d¶E®2ªX¯º®V«�±�¶E¦�«�¨d¨?§�¶d²S®°¨d»�¶E¦+¼�²S½°¾¿®°¨D±�®
¶E¦+¼�§�¨?µE®V¨?¨E®a©�§p¨?®V¯º«Ò±�§p·/ÈT©+»�¯ºµ9¶?® v Æ

Ý`®V¨e¾¿Å2µ9È�¦M±�®°¨q²S¦M·�©+²º®V¨Â®hÃX¯S¨?µ9©+«>µ9®°¨J»�¶E¦M·V½V±�®V«>µJÁ�ÅV«�Å°¶9©+²º®V¾J®V«>µaµE¦�§�µe±#³Ó©+¼4¦�¶E±Ä»T©�¶q§�«�®
Å°µ9©+»4®u±�®u±�Å°µ9®°·°µE¯S¦�«p±�®W¶EÅ°Á�¯S¦�«�¨ià?§�Á�ÅV®°¨g»4®V¶�µ9¯º«�®V«>µ9®°¨Ù©�§Ò¨?®V¯S«p±�®°¨g¯º¾O©�Á�®V¨°Æ[Ír®V¨ �V¦�«�®V¨g¨E¦�«>µ
®V«�¨E§�¯Aµ9®:·/ÈT©�·V§�«�®N±�Å°·V¶?¯ºµ9®°¨É»T©+¶¿§�«�®V«�¨?®V¾a¼�²º®:±�®¡·V©+¶9©+·2µ9Å°¶E¯S¨�µ9¯º¸M§�®V¨Ì¨?¦�§�¨É²Ð©�Ô�¦�¶E¾J®x±#³´§�«
ª�®°·°µE®V§�¶°Æ�Ý`¦M·�©+²º¯S¨EÅ°¨Ñ®°µu®V«�·V¦M±�ÅV¨ 5p»�©+¶?µE¯S¶�±#³´§�«�®V«�¨?®V¾a¼�²º®e±#³Ó¯º¾O©�Á�®V¨Ñ±#³Ó©+»�»�¶E®V«>µE¯S¨E¨E©+Á�®�ÖI·°®V¨
ª�®°·°µE®V§�¶?¨Ì·V¦�«�¨?µ9¯Aµ9§�®°«>µÉ©+²º¦�¶E¨e§�«¹«�¦�§�ª+®V²Ù®°«�¨E®°¾a¼�²º®Ò±#³Ó©+»�»�¶E®V«>µE¯S¨E¨E©+Á�®�ÆDÍr®°¨¿ª�®°·°µE®V§�¶?¨É¨E¦�«>µ
©+²º¦�¶E¨a§Xµ9¯S²º¯S¨?ÅV¨Â»�©+¶e©+»�»�¶?®V«>µ9¯º¨E¨E©+Á�®É»4¦�§�¶q·V¦+«�¨?µE¶E§�¯º¶E®Ì§�«�¾J¦X±�½V²S®O±�®É·V²S©+¨E¨?¯ºÀT·V©�µ9¯º¦�«�±�®w¶EÅhÎ
Á�¯º¦�«�¨W¦�§#ÖÜ²S®e»�²º§�¨u¨E¦�§�ª+®V«>µ�Ö"¯S²º¨Ñ¨E¦�«>µa¨�µ9¦M·��+Å°¨q©+§�¨E®V¯º«�±#³´§�«�®¿¼T©+¨?®+Æ"ÝI©w¾JßV¾J®J»�¶E¦M·VÅV±�§�¶E®
±�®Ì±�Å°µ9®°·°µE¯S¦�«�®°µa±�®Ì±�®°¨E·V¶?¯S»�µE¯S¦�«Ä®°¨?µe©�»�»�²S¯º¸Ë§�ÅV®65:·/È�©+¸Ë§�®É«�¦�§�ª+®V²º²S®Ì¯º¾O©+Á+®¿±�¦+«Ëµa¯S²�Ô8©�§�µ
»�¶?ÅV±�¯º¶E®É²Ð©Ò·V²Ð©�¨E¨E®�Æ�Ý`®V¨aª+®V·°µE®V§�¶?¨O©�¯S«�¨?¯r®2ÃMµE¶9©+¯Aµ9¨q¨E¦+«ËµJ©�²S¦�¶?¨a»�¶E¦+»T©+Á�Å°¨q±T©+«�¨q²º®V¨a¾J¦X±�½V²S®°¨
·V¦+«�¨?µE¶E§�¯Aµ9¨Â»�©+¶a©+»�»�¶E®°«ËµE¯S¨?¨9©+Á�®¿¦�§�·°¦�¾¿»�©+¶EÅ°¨a©�ª�®°·Ì²S®°¨)ª�®°·°µE®V§�¶?¨q¯S¨E¨?§�¨Â±�®V¨a¯º¾O©+Á+®V¨u±#³l©�»XÎ
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M ��«�®�df[gYA?H]�[O[givz{[9®oR�jS®�R�l�®V«Zne[gYE®�R W©ivR^R`]_�Zjº®oR�S�® [g?X]�j_jS®
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T
BXiX[9®�RcW�?XYrl�®°«Zn�[^YE® }m®e[ch°® R`zZYcj�UÓ®°«ZRE®�u��Zjº®�S�®oR�l�®V«Zne[gYE®�R�S�®�j�U�]_u�?Xa�®HIZ�+?hojH?XR^R?®�u�? -`ivY^] [g?X]�YE®�W�?XY^u�]qjº®oR

T × (Wx − w1) × (Wy − w2)
BviH[9®oRW®�R`[L?Xj_iXY^R ?XR`R^ifho]�kV® pj�U�]_u�?Xa�®HI '+B�®�h�z�« ?XY`�ZYE® ?Hj_kI? [giv]�YE®X�tj@? WZY`koSZ]�h�[^]_i�« S�U�z�«�®�l�®V«Jn�[gY?®�YE®o�\zZ]º®oY�[e®V« uyi���®°«�«�®
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w1×w2
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�+?�uyke[gPZifS�®��\z�®Ñ«JivzZR ?IBvi+«ZRFWZY^k�RE®°«\[^kV®OR^zJ]�[Fz�«�R`h�PZkou�?�hojH?XR^R`]_�\z�®HI /Qj_jº®�RE®�hoivu�W�iXRE®S�U�z�«�®OWZP�?HRE®OS�®OSZk�[E®ohe[g]_i+«�S�®OY`koav]�i�«ZRo�{S�U�z�«�®�S�®oR`hoY^]�WJ[g]�i�«�S�®OhV®�j_jº®oR�¥ ho]#®e[rS�®Oj@?�R`[^YA?H[^koav]º®S�® YE®�hoi�«�«�?X]_R`RA?+«JhV®XIt¤TP�?Hhoz�«�®�S�®�hV®�R�ke[g?XW4®oR�W©ivzZY^Y ?X]�[�n�[gY?® uyifSZ]�£ZkV®q®�[�ke[gzZSZ]�kV®HIs¡ciX[^YE®SZke[9®ohe[g]�i�« S�®cY^koaX]_i�«ZRs®oR�[�?Xj�kI?H[^iv]_Y?®X��SZi�«Jhc[gY`|oRBYA?XWZ]�S�®X�fu�?X]_R�]_j[®�R`[D®°«EB{]�RA?Xa+®I?X�Zjº®�S�®�Y^kI?Hj_] ¥RE®�YQz�«�®Fke[gzZS�®�h�ivuyW�?XYA?H[^]CB+®TS�®FSZ] ¢Vk�YE®°«\[^RQSZk�[E®ohe[9®ozJY^Ro�Ë«ZiH[g?Xu�u¿®°«�[i®V«�[E®oY^uJ®oRqS�®d«Zivu��JYE®S�® Y^k�av]_i+«ZRÑ®edf[gY ?X]�[E®oRW®�[�jº®ozZY�]º«Zho]�S�®V«Zh°®�R^zZY�jS®�[A?Xz{d S�UÓ®�Y^Y?®ozZY�I /�«ZR`zZ]�[E®X�`«ZiXzZROSZkoh�Y^]CBXi�«ZRjS®�R�l�®°«Zn�[^YE®�RÂ®edf[^YA?X] [9®oR�SZ]_Y?®ohe[9®ouJ®V«�[ p�j�U`?X]�S�® S�®oR B�?XjS®�zZY^R�S�U�]S«�[9®°«ZR^] [gk�S�®oR�WZ] dX®oj�R��\zZ]�jº®oRhoiXuyW©ivRE®°«�[ �J]�j[®oR`[�hoi�«Zh°®fB�?X�Zjº®�S�U�k�[^zZSZ]S®�Y�j�U�]S«#5 z�®V«JhV®�SVU`?Xz{[gYE®�RFYE®�WZY^k�RE®V«�[A?H[g]�i�«ZR�h�ivzZYA?�«\[E®oRw�h�ivu�u¿®�jS®�R�Nm¤	' ivz 6�¤ *r}e�Ê®V« W�?HY`[g]�hozZj�]S®�YrR`]tj�UÓ®�R^W�?HhV®�u�kou�iv]_Y?®W®oR`[�YE®�R`[gY?®o]º«\[o�Ê®e[�S�U´®V«kfB�?Xj�z�®oYtjS®�Rth�i�«ZR^k��\z�®V«Zh°®oRmR^zZYtj@?rWZY^k�ho]_R`]_i�«VI /�«J£�«��XS�UF?XzJ[^YE®�R ?Xj_aXivY^] [gPZuJ®oR S�UF?XWZWJYE®V«�[^]_R^R ?Xa�®W©ivzZY^Y ?X]S®°«�[FYE®�uyWZjH?XhV®�YFj@?�u�k�[^PZi{S�®�S�U´®V«ZR?®ou��Zjº®OS�U`?HY^�ZY?®oRh?Xj_kD?H[giX]_YE®�R�hoiXuyuJ®�jS® 4Bi{ivR�[g]º«Za�\zZ]VWJY^koR?®V«�[9®�YA?X] [FW©ivR^R`]_�Zjº®ouJ®V«�[Tz�«�®�j_k�av|oY?®�?Xu�koj�]_ivY ?H[g]�i�«�SZz [A?Xz{dyS�U´®oY^Y?®ozZY���®e[Fz�«�®choivu�¥WZjº®ed{]�[^k u�iv]º«ZSZYE®�S�®oR�uyifSZ|ojº®oR���?Xz SJk�[gY`]_uJ®V«�[�S�U�z�« [E®ou�WZR S�U`?HWZWZYE®°«�[g]_R`RA?Xa+® �4®I?XzZh�ivzZWWZj�zZRFj_i�«JaZI
�`®oR�Y`koR^zJj�[g? [gR��\z�®q«JivzZR�?IBXi�«ZR�iv�J[E®V«\zZR ?IB+®ohq«ZiX[^YE®�uyke[gPZifS�® S�®���?XR?®�R^i�«�[c[gY^|�R�W©iH¥R^] [g] lxRo�©u�?X]�Rcj�U�ke[gzZS�®�S�®�h°®oR�B�?XY^]H?+«�[9®�R�W�iXzZY^Y ?X]S®°«\[�hoi�«JR`[g] [gz�®�Y�z�«¡®�d{[E®V«ZR`]_i�« ]º«\[^koY?®oR^R ?+«�[9®S�®OhV®�[^YA?IB�?X]_j�I
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/¨jÑ®oR�[�]S«�[gk�YE®oR`RA?+«�[�S�®¡«ZiX[E®oY��\z�UF?IB�®oh�hV®e[^[E®[?HWZWZY^ifh�P�® j_ifhI?HjS®X�mi�« W4®ozJ[�[^YA?X] [9®oY S�®oR]_u�?Xa�®�RyS�®�[g?H]_j_jº®oR SZ] ¢Vk�YE®V«�[E®oRo�Bhoi�«�[^YA?X]�YE®ouJ®V«�[�?Xz{d uyke[gPZifS�®�R S�UF?XWZWZY?®V«�[g]�R^R ?Xa�® R`zZY jº®oR]_u�?Xa�®�R avj�iv��?Xjº®oR��fzJ]T[gY ?TB�?X]�j_jº®V«�[Â®°« W�ivR`]�[^]_i�«ZR ?X�ZR`ivj_z�®�R�S�®oR�WJ] dX®oj�R�S�?+«ZR�z�«�®�u�?H[^Y^]�hV®XI�+? R?®ozZjº®yh�i�«�[gY ?X]S«�[9®J®oR�[��\z�®�j@?�[g?X]�j_jº®�S�®oR�]_u�?Xa�®�ROR^iv] [�R`zZW©koY^]º®ozZY?® p j@?�SZ]�u¿®°«ZR^]�i�« S�®oRl�®V«Jn�[gY?®oR�I
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�+?�WZP�?HRE® S�®yWZY`koSZ]�h�[^]_i�«�S�U�z�«�®�]_u�?Xa�®�W�?XYu«ZiX[^YE®�uyke[gPZifS�®�hoi�«JR^]_R�[9®yp�jH?�W�?XY^h�ivzZY^]�Y
®V«�[^]_|oY?®ouJ®V«�[�W�?XY�avj_]�R^R?®ouJ®V«�[�S�U�z�«�® l�®V«Zne[gYE®�RE®�j_i�« z�« SZkohD?Xj@?Ha�® S�U�z�« WZ] d�®�jOp jH? lxiv]_R�I
* ivzJ[9®�ROjS®oR�l�®°«Zn�[^YE®�R�S�U�z�«�®�[A?X]_j�jS® SJi�«�«Zk°®�R`i�«�[�SZi�«Zh hoi+«ZR^]�SZkoY`kV®oR�I N ?XY�h�i�«�[gYE®H� j@? WZP�?XRE®S�UF?XWZWZY?®V«�[g]�R^R ?Xa�® h�i�«ZR`]_R`[E® pp®edf[gY ?X]_Y?®yz�«�«Zivu �ZYE®�Y^k�SZzZ]�[�S�® l�®V«Zne[gY?®oR W�?XY^u�]�j�U´®V«ZR?®ou��Zjº®W©ivR^R`]_�Zjº®FS�®r[^ivzJ[E®oRmjS®oRQl�®°«Zn�[^YE®oRmS�®�RB]�u�?Xa+®oRoI�c�«�®r]_SZk°®X���\zZ]O?Ok�[^khB�?Xj�]_SZk°®FS�?+«ZRmz�«�®�k�[^zZS�®W�?XY ?Xj_j�|ojº®�p h°®oj�jS®e¥ ho]i®e[ �\z�®J«ZivzJR ?IBvi+«ZR�R`zZW4®oY�Bf]�R^kV® d%$-?XPS*XG3h��Ü®oR�[ S�®e«�®�W�?XR�hoi+«ZR^]�SZkoY?®oY
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6Ù®�z{d ?XWZWJY^ifh�P�®oRFi�«�[�ke[gk�WZY`ivW�iXR^kV®�RoI 6 U�z�«�®�W�?XY`[o�Zj@? u�ifSZ]�£ hD?H[g]�i�« SJz�W�?XRFPZivY`])(�i�«�[g?XjÊ®�[SZz�W�?XR B+®oY`[^]_hD?Xj�S�?+«JRrjº®�W�?XY`hoivzZY`RFR`�fR`[^kou�?H[g]��\z�®OS�®Oj�U�]_u�?Xa�®XI#6 UF?XzJ[^YE®�W�?XY�[ �Zj�UÓ®�df[gYA?Hh�[g]�i�«
?Xj�kI?H[^iv]_Y?®X��p�j�U�]º«ZR`[A?XY�SZz WZY^ifhok�SZk zJ[g]�j_]_R`k ?Xz�SZkoW�?XY`[�S�® j@? WJP�?XRE®�S�UF?XWZWZY?®V«�[g]�R^R ?Xa�®X�sS�U�z�«
«Zivu �ZYE®�Y`koSZzZ] [rS�®�l�®V«Zne[gYE®�R ?Hz R?®o]º«�S�®Oj�U�]�u�?Xa+®X�fhoivu�u¿®�]_j_j�zZR`[^Y^k�p�jH? £ avzZY?®�GJI 7 :fI
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@BADCFE�GZI 7 : M�4 ?XY^]H?+«�[9®�W©ivzZY j@? WZP�?XRE® S�® WZY^k�SZ]_he[g]_i+« b�®�df[gYA?Hh�[g]�i�« ?Xj_kD?H[giv]�YE® SVU�z�« hV®�Y�¥[g?H]S«x«Jivu��ZY?® S�® l�®°«Zn�[^YE®�R ?Xz R?®o]S« S�®�j�U�]_u�?Xa�®Opyhoj@?HR^RE®�Y�wxWZYE®�uy]º®oYg®�[�S�®�z{d{]_|�u¿®)«Z]CB+®I?Xz~}��WZY`ivW�?XaE? [g]_i+«yS�®chV®�RBl�®V«Jn�[gY?®oR�S�?+«ZRTj�UÓ®°«ZRE®�u��Zjº®cS�UF?XY`�ZYE®�wx[gY`iv]_R`]_|�u¿®m«Z])B�®I?Hz~}e� ?XSZSZ] [g]�i�« S�®oR
B�®�h�[E®ozZY`RTS�®�WZY`iv��?X�Z]�j_] [gkoRqS�®

M
hojH?XR^R?®oR�w��\z�?H[^Y^]�|ouJ®d«Z]CB+®I?Xz~}���WZY^k�SZ]_he[g]�i�«�S�®rj@?�hojH?XR^R?®�W�?XYYE®�h�P�®oY`h�P�® SJz�u�? d{]_u�zJu wxho]S«J�fzJ]_|ouJ®Ñ«Z])B�®I?Hz~}

/¨j ? ke[gk u�i�«�[gY^k�S�?+«ZR d3$Y?XP0*XG3h��\z�® h°®oR�S�®�z{d u�k�[^PZifS�®oR W©ivz�B�?X]º®V«�[ SJ]_u�]S«\z�®oYyS�®u�?+«Z]_|�YE®Ì«�®�[^[E®ouJ®V«�[�WÊ®�Y^h°®oWJ[^]_�Zjº® jS® [E®ou�WZR�S�®�WZY^k�SZ]_he[g]�i�« w�WZzJ]_R^�\z�®�u�iv]S«JR S�®�l�®V«Jn�[gY?®oRR^i+«\[�WZY`ivW�?Xavk°®oR�S�?+«ZR jS® u�i{SZ|�jS® }O®V« u�?X]º«\[E®V«�?�«\[ z�« [g?Xzfd S�UÓ®�Y^Y?®ozZY Bviv]�R^]º« SZz [g?Xzfd
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S�U´®oY`YE®ozJY�iv�J[E®V«\z W�?XYcz�« W�?XY`hoivzJY^R�®�dJP�?XzZR`[^]�l�S�® j�U�]_u�?Xa�®XI ¤r®�[^[E®�k�[^zZS�® ?�k�[gk u¿®°«ZkV®�R`zZYjS®�RFGyWJY^iv�Zj�|ouJ®oRF�\z�®W«ZivzJR ?IBXi�«ZRrhoi�«ZR`]_SZk�Y^kHI
NtivzJY�j@? WZY?®ou�]_|�YE® ?XWJWZY^ifh�P�®X�Vz�«�®�u�i{SZ] £ hI? [g]_i+«�WZY`ivWZY?® p h�P�?X�\z�® WZY^iX�Zj_|�u¿®�SZz W�?XR

®oR�[�ivWJ[g]�u�?HjS®XI /¨jQRoUF?Xav] [OS�U�z�«�® uyifSZ]�£ZhI?H[^]_i�« SJz�«Zivu �ZYE®�S�®�WZ] d�®�j_R�S�® SZk�hI?XjH?Xa�® S�?+«JR�jº®W�?XY`hoivzJY^R�PZivY`])(�i�«�[g?XjI®�[�B+®oY�[g]_hD?Xj�®°«�[gYE®�h�P�?X�\z�®�l�®V«Zne[gYE®HI �QU`?Hj_avivY`]�[^PZu¿®OS�®���?XRE®�WJY^koR?®V«�[gkWZY`kohok�S�®ou�uJ®V«�[ ?�z�«�W�?XR PZivY^]U(oi�«�[A?Xj�S�U�z�« WZ] dX®oj>®�[tz�«�W�?XR+B�®oY�[g]�hI?Xj�S�U�z�«�WZ] dX®oj�I /�« Y^k�R^zZu�kS�®�hV®e[^[9®�k�[^zZS�®H�©W©ivzZY�z�« [g?Xzfd S�UÓ®�Y^Y?®ozZYrRE®�u��Zj@?H�ZjS®H�Z]_j`®�R`[cW�ivR`R^]��ZjS®�S�®�SZ])B{]�RE®�Y ?Hz{¥¨u�iv]S«JRW�?XY j jS®)«Zivu��JYE®�S�®�l�®V«Zne[gYE®�R�®�[�SZi�«Zh�jº®�[E®ou�WZR�S�® WZY^k�SZ]_he[g]_i+« S�®oR�]_u�?Xa�®oRrR^zJY $ ¡g/ 76*
®�[�¤F�N/¦�V¥�7 *3*J�ZS�UF?Xz{¥ uyiv]º«ZR�W�?HYrK ��R^zZYc��c.*0/21 ®�[,-`zZR`�fzVU p�G *�lxiv]_R�R`zZYc�-,c�QI

�+? RE®�hoi�«JS�®b?XWZWZY`i{h�P�®X�mW�?XY [g]_Y ?Xa�® ?Xj�kI?H[^iv]_Y?®X��«Zk�hV®oR`R^] [9® k�aE?XjS®�u¿®°«�[ z�« ?$-`zZR�[9®ouJ®V«�[W©ivzZY�h�P�?H�fz�®�WZY`iv�Zj�|ouJ®X�f]_ho]VjS®�W©ivzZY`hV®V«�[A?Xa�®�S�®�l�®°«Zn�[^YE®oRm®�d{[^YA?X] [9®�RFS�?+«ZRFj�U�]�u�?Xa+®cS�®�[E®oR`[oI
6Ù®�RcY`koR^zJj�[g? [gRFR^]�uy]�j@?X]�YE®�RTp�j�UF?XWZWJY^ifh�P�®�W�?XYFu�i{SJ]�£ hD?H[g]�i�« S�®�W�?HRrR`i�«�[riv�J[9®°«\zZRm®V«�[g]_Y ?+«�[
?Xj�kI?H[^iv]_Y?®ouJ®V«�[�S�?+«ZR�j�U�]�u�?Xa+®�z�«¡«Zivu��ZY?® S�®�l�®V«Zne[gYE®�R�hoivY`YE®�R^W©i�«ZS�?+«�[ ?Xzx«Zivu��ZY?®�S�® l�®�¥
«Zne[gYE®�R��\zZ]�Y`koR^zJj�[9®�S�®�j@?�u�i{SZ] £ hI? [g]_i+« ivWJ[^]_u�?XjS®�SJz W�?HR�S�® W�?HY^hoiXzZY^R�I 'czJ[gY?®ouJ®V«�[�SZ]�[o�i�«�iv�J[g]º®V«�[rz�« [A?Xz{d S�U´®oY`YE®ozJY�RE®�u��ZjH?X�ZjS® ?IB�®�hÂ®°« Bf]�Y^i�«�G *� S�®�Rcl�®V«Jn�[gY?®oRr[g]_Y`kV®�R ?Xj�kI?H[^iv] ¥YE®�u¿®°«�[OW�?XY�]_u�?Xa�®�W�iXzZY�$ ¡g/ 76*�� j �  W©ivzZYO¤F�N/¦�V¥�7 *�*J��G  W�iXzZYO��c.*0/21�� j  W�iXzZY�-,c�QI

¤r®oR�Y`koR^zJj�[g? [gR�u�i�«�[gY?®V«�[�SZi�«Jh �\z�U�]�j�«VUÓ®�R`[ W�?XRÂ«Zkoh°®oR^R ?X]_Y?®�S�® h�i�«ZR^]�SZkoY?®oY [^ivzJ[E®oR�jº®oRl�®V«Jn�[gY?®oR�S�U�z�«�®�]_u�?Xa�®BW�iXzZY�WZY`koSZ]�YE®�?IB�®�hrR`zZhoh�|oRmRA?�hojH?XR^R?®XI '+B�®�hrh°®oR B�?XY^]H?+«�[9®�Ro�v]�j{S�® Bf]S®V«�[W©ivR^R`]_�Zjº®�S�® hojH?XR^R?®oY�jS®oR�]_u�?Xa�®�ROS�®yh�P�?X�\z�® WZY`iv�Zj_|�u¿®�p z�« [g?Hz{d[?XR^R?®%( k�jS® Bvk bÜ®°« Bf]�Y^i�«
7 *�*3*O]�u�?Ha�®oRQW�?HYQRE®oh�i�«ZS�®cW�iXzZY $ ¡g/ 7+*��{K3*3*O]�u�?Ha�®oRQW©ivzZYm¤F�N/¦�V¥�7 *3*J� 7 *�*�]_u�?Xa�®�RQW�iXzZY�-,c�Q�#j�* ]�u�?Xa+®oRTW©ivzZY���c.*0/21�I~¤r®e[^[E® B�?XY^]H?+«�[9®�]º«�[gY^ifSZzZ] [TS�®oz{dÌ«Zivz�B+®I?Xz{d W�?XY ?Xuy|e[gY?®oRS�?+«JR�jº®�hI?XR�S�® jH? uyifSZ] £ hI?H[^]_i�« SZz W�?XR�w�W©ivzZY�jº®�SZkohD?Xj@?Xa+®WB�®oY�[g]�hI?XjD®e[�PZivY^]U(oi�«�[A?XjD}W®�[z�«Ä«ZiXz�B�®D?Xz W�?XYA?Huy|e[gYE®yS�?+«ZR jS® hD?XR�SZz [^]_YA?Ha�®�?Hj_kI? [giv]�YE® w�jS®yW�iXzZY^h°®V«�[g?Xa+®�S�® l�®V«Jn�[gY?®oR
®edf[^YA?X] [9®oR�W�?HY^u�]V[givz{[9®oR�jº®oR�l�®V«Jn�[gY?®oRrW�iXR^R^]��ZjS®�R�}�I

����� � !#" �������0�! "��

6�?+«ZRchV®�h�P�?XWZ] [gY?®X�[«ZivzZR ?IBvi�«JRcu�iX[g])BvkW®�[cWZY`koRE®°«�[gk z�«�®Â«ZiXz�B�®�j_jS® ?XWJWZY^ifh�P�®�S�®�h�j@?XR¦¥R^] £ hI? [g]_i+« S�U�]�u�?Ha�®oR�W�?HY�j@? hoiXu��Z]S«�?X]_R`i�« S�U�z�«�®�W�?XY�[yS�® j�U`?Hj_avivY`]�[^PZu¿® S�UF?XWZWJYE®V«�[^]_R^R ?Xa�®
?XzJ[^ivu�?H[g]��fz�®yS�U´®V«JRE®ou �ZjS®�R�S�U`?HY^�ZY?®oR ?Xj�kI?H[^iv]_Y?®oRo�Ü®e[�S�UF?XzJ[gY?® W�?XY�[�j�U´®edf[^YA?Xhe[g]_i+« ?Xj�kI?H[^iv]_Y?®S�® l�®°«Zn�[^YE®�R�S�?+«ZR jS®oR�]_u�?Xa�®�RoIt¤r®�[`[9® ?XWJWZY^ifh�P�® j�i{hD?XjS® ? ke[gk u�iX[g])Bvk°®yW�?HY jS®�R Y`koR^zJj�[g? [gRiv�J[E®V«\zZR ?Xz h�P�?HWZ]�[^YE®�WZY^k�hokoS�®V«�[Ñ®�[cRE®�SZ]_R�[g]º«Zavz�®OS�®�R�?XzJ[^YE®�Rr[^YA?IB�?Xz{d S�®�YE®oh�P�®oY^h�P�®�SZi�«�[
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COIL−100: généralisation

Arbres HSV
Arbres+Fenêtres HSV

LAFs
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WZ] dX®oj_R�p�W�?XY�[g]_Y�S�®oR`�fz�®oj_jº®oR
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COIL−100: erreur en généralisation par angle de vue de test
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Y`av��� PZR!B b
Y^av��� PJR�B b Y^av��� PZR�B b
Y^av��� PJR�B b Y^av��� PZR�B b
Y^av��� PJR�B b Y^av��� PZR�B b
Y`av��b PZR!B b
Y`av��b PZR!B b
Y`av��b PZR!B b
Y`av��b Y`av� b
Y`av��b Y`av� b
Y`av��b Y`av� b
Y`av��b Y`av� b
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COIL−100: rotation 2D

Arbres aléatoires
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COIL−100: erreur en généralisation par angle de vue de test

Arbres+Fenêtres HSV
Arbres+Fenêtres tailles aléatoires HSV
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Nw

bdP�}~PWo���[yNXPWj���_i]zNX[ySVN¸bdP�jOSqRT]`r�P�jbdPTe�k�PWodjXPWRv�neqP�b�kÁ]`_n_dNQP�o£[QSqjXjy]`r�PzJ�e�]�[y]`SqeVeqP
w′

1 = w′

2

bdP�u^hi]`�£�dP�}~P�o���[QNQPÅP�jX[v[QSqNQY�P]`eVY�]z[Q{�SqNXPWR�PWop[�PWop[QNQP
1×1

P�[
min(Wx, Wy)×min(Wx, Wy)

_dSÂwnP�eqj�J ½ ]§_a{�jQS�[ySq{`oZP�jX[P�odjQ�dS�[yP¨bdY�[QPWNXRTSVodYWP¨]`eVY�]z[Q{�SqNXPWR�PWop[O_a{��dN���[QNQP¨uW{�op[yP�o£�dP�P�o£[QSqU�NQPWR�PWop[Ebi]`odj e�k�SqRT]`r�P
~~PWop[yNXP�ª�P\[

Wx − w′

1 − 1
blk��dodPÅ_i]zNX[{i�P�[vª�P\[

Wy − w′

2 − 1
blkm]`�n[QNQPW_d]`NX["�\J�«§odPNX{`[^]z[QSq{�o|blkÁ]zodr�eqPv]`eqYW]z[y{�SVNQP#~�P�o£[QNQPgª

◦
SVoduWeV�dj�P�[���j�ª

◦
��P�jX[¦]`_n_deqSV�K�nYWP¢�Åeq]T}~PWo��\[yNXP`J

n�P�eqeqPx©�u�SiPWjX[�PWodjX�dSV[QP§NXPWbdSVRTP�odjQSV{�ododY�P§P�o
w1 ×w2

_dSÂw�PWeqj�J]oMo�]`jQjX{�u�SqP¨�Zu^hd]`uW�donP�bdPu�PWj�}~PWo��\[yNQP�j�ef]¢uWeq]`jQjXP¦bnP¦e¬kmSVR�]zr�P�bd{`o£[¨P�eqeqP�PWjX[¨Pxw�[QNy]`S�[yPzJ
•
o�o|u�{�odj�[yNQ�nSV[§�do|P�odjQP�Rv�deqP¦bdP

T
]`NQ�dNXPWj§]`eqYW]z[y{`SqNQP�j¨��_i]zNX[ySVN�bd�|od{`�ns�P�e¸PWonjQPWRc�deqPblkm]`_d_nNQPWop[QSqjQjQ]`r�P¥uW{`odjX[QSV[y�nY�bdPWj

Nw

}~PWo��\[yNXPWj�bdYWu�NQS�[yPWjI_d]`NIeqP�j�sz]`eqP��dNQjIbdP�j
w1 × w2_dSÂw�PWeqjI�£�dS¿eVPWj�uW{`RT_a{�jQP�op[�J

C1 C2 C3

C1 C1 C1 C1 C1 C2 C2 C2 C2 C2 C3 C3 C3 C3 C3CEDGFIH OKJ(s{�¢L,�ONQP�RTSVUWNXPZY\[^]`_aPcbdPZef]g_dhi]`jXPcblkm]`_d_nNQPWop[QSqjQjQ]`r�Pc]ts`PWuvPxwK[yNy]zu�[ySV{�o|bnPZ}~PWo���[yNXPWjbdPM[^]zSqeqeVPWjEP�[¨blk�{�NQSVPWop[^]z[QSq{�onj�]`eqYW]z[y{�SVNQP�jI�¢_i]`NX[QSqN�bnPWj¨SqRT]`r�PWj�{�NQSVr�Sqoi]zeqPWj�J

CEDGFIHjO�J\s�O L¾«§onPÅs��nP�b�km�do�{��J�XP�[¢bdP,npoDqre�©"s�ª�ªN~¬�¡rp]z�du^hdPh�v]�s`PWu �£�dPWeV�K�nPWjgP\w�PWR�_deVPWjbdP¢}~PWo���[yNXPWj¦bdP¢[^]`SVeqeVPWjM]`eVY�]z[Q{�SqNXPWj�P\[¥blk�{�NQSVPWop[^]z[QSq{�o�]`eVY�]z[Q{�SqNXPWj$i�NQP�bdSqR�PWonjQSq{`ododYWP�jMPWo¤�dodP[^]zSqeqeVP��donSq�£�dP`J
e�]¥_nhi]`jQPIbnP�[QPWj�[�blkm�nodP�od{��ns`PWeqeVP�SqRT]`r�PESqR�_deqSV�£�dP�eVP�R���RTP�_dNQ{KuWP�jQjQ�njEbdP�[QSqNQ]`r�P�blk��do
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od{�Rc�dNQPTNQYWbn�dSV[cbdPT}~P�o���[QNQPWjcbdP�[^]zSqeqeVPWj¦]`eVY�]z[Q{�SqNXPWj¦�|bdP�jv_é{`jQSV[QSq{�onjZ]zeqY�][y{�SVNQPWj$i¿[yNy]zodjX}~{�NÓ©R�YWPWjI_d]`NI�dodPMNX{`[^]z[QSq{�oÅ]`eqYW]z[y{�SVNQP;i�_d�nSqj�NXPWbdSVRTP�odjQSV{�ododY�PWjIPWo �donP¦R/�WR�P§[y]`SqeVeqP¨_é{`�dNp��[QNQP_dNX{�_i]`r�Y�PWj�bi]`odj�eqP RT{KbdUWeVP�bdP�u�ef]`jXjQS(�du�]z[QSq{�olJ e�]k�ir��dNXPnO�J\s�O¨SVeqeV�djX[QNQPO�£�dPWeV�£�dPWj¸}~P�o���[QNQP�j�bdP[^]zSqeqeVPWj�P\[�b�km{�NXSqP�o£[y]z[ySV{�odj�]`eVY�]z[Q{�SqNXPWjIP\[§NXPWbdSVRTP�odjQSV{�ododY�PWj$ia_a{��dN��donPZSVR�]`r`PMbd��_nNQ{��deVUWR�P
npoDqre�©"stª�ª�J

®§¯d°�±n²a³i´�³i±�µc¶¸· [ � \Á³i±nµx°nµ=\d[¿±����
½ PWeV{�o��do¾_dNX{`[y{KuW{`eqP¢jQSVRTSVef]`SVNQPZ��u�PWeV�dS�bdPTeq]�jQPWu\[ySV{�o OKJ ��J6��i¿od{`�djZ{`�djQP�NXs�{`odjcbi]zodjZeVP[^]z�deqPW]`� O�Jkc¥�£�dP�u�P�[Q[QPIs`]zNQSf]zo£[QP�]`R�YWeqSV{�NQP ef]�NX{��d�dj�[yP�jQjQP�]`��wvu^hi]`odr�P�RTP�op[yj blkm{`NQSqP�op[^]z[QSq{�olJ

e¿PIRT{KbdU�eqP�P�jX[�uW{`odjX[QNQ�dS�[ ��_i]`NX[QSqN�b�km�dogY�u^hi]`op[ySVeqeq{`o¢blkÁ]z_d_dNQP�op[ySqjXjy]`r`PIuW{�odj�[yS�[y�dY�bdP
Nw =

120000
}~PWo��\[yNQP�j§bnP�[^]`SVeqeqP�j�P\[§b�km{�NXSqP�o£[y]z[ySV{�odjI]zeqY�][y{�SVNQPWj��¨P\wK[yNQ]`SV[QPWjIbdP�j�O��pª�ª¢SqRT]`r�P�j�PWo

32 × 32
_dS�w�P�eqjWJ e¿P�j�}~P�o���[QNQP�j§jX{�op[§NXPWbdSVRTP�odjQSV{�ododY�PWj�PWo

16 × 16
_dS�w�PWeVjWJ

n�PWop[�}~P�o���[QNQPWj¸bdPE[y]`SqeVeqPWj¿P\[�blk�{�NXSqPWop[y]z[ySV{�odj�]`eqYW]z[y{�SVNQP�j�jX{�op[�Pxw�[QNy]`S�[yP�j¸bdPEu^hi]`�£�dP�SVR�]`r`PbdPO[yP�jX[0it_d�dSqj�NXPWbdSVRTP�odjQSV{�ododY�PWj�]�s`]zo£[�bnP eVPWj�_dNX{�_i]`r�P�N¿bi]`odj�e¬kmP�odjQP�Rv�deqP�bdP
T = 10

]`NX�dNQP�jWJ
e¿P§[y]`��w�blkmP�NQNXPW�dN�bnP�ef]¥sz]`NQSq]`op[yP¨bdP��i]`jXP�_a{��dNEbdPWj�SVR�]zr�PWj bdP§[QPWj�[�]�s�PWuMNX{`[^][ySq{`oTbdP���O

◦Y�[y]`SV[�bnPg��s`Jdj�f�� PWo�RT{KbdPc�p�¥Ä ~�u�}~N�Jd[^]`�neqP�]z� OKJ O%�xJ e�]gNX{��d�dj�[yP�jQjQPZPWj�[�bd{`oduZonP�[Q[QPWR�PWop[]`R�YWeVSq{�NXYWP�_d�nSqjQ�£�dPEod{��dj�{��n[QPWod{`odj�RT]`SVo£[QPWoi]zo£[LO�JkcpÀ���PWocR�{KbdPF�p�¦Ä�P�[zs�J�O�je� P�ocNXPW_dNXY\©jQP�op[^]z[QSq{�o g ½
i J�e¿PgRT{KbdP g ½3i PWjX[¦_deV�dj¥NQ{��n�djX[QP��£�dPgeVP¢RT{KbdPZ�p�¥Ä�J�n�P�ef]�jWk�P\w�_deVSq�£�dPjy]zodjTbn{��n[yP�_i]`NgeVPWjgRT{KbdS\�iu�]z[QSq{�onjvbdPWj�sz]`eqP��dNQjgbdP�_dS�w�P�eqjgbd�dP�j���ef]�uW{�Rc�dSqoi]zSqjQ{`o bdPWjNQP�bdSqR�PWonjQSq{`ododPWR�PWop[QjTP\[ÅNQ{z[^]z[QSq{�o bdPWj�}~PWo��\[yNXPWjWJfn�PWj�[QNy]`onjX}~{�NXR�]z[QSq{�onj�SVRT_neqSq�£�dP�op[gbdPWjSqop[QPWNQ_a{�eq]z[ySV{�odj¥P�[cYWu^hi]`op[QSqeqeV{�odoi]zr�PWj¦bdPWjc_dS�w�PWeVjWJ�n�PWjvR�{KbdS(�iuW]z[ySV{�odj¥];|éPWu\[yP�o£[vbd{�oduÅbd]©sz]`op[^]`r`PveqPZRT{KbdPv�f�¦Ä�J}e¿Pc[^]`�Kw¡blk�PWNXNQP��dNMbi]`odjMeVPcuW]`j�_i]`N�[ySVuW�deVSqPWNg~¬ª
◦
�§PWj�[MeqY�r�UWNXPWR�PWop[R�{�Sqodj§�é{`o�]ts`PWu¢u�P�[Q[QPvsz]`NQSq]`op[yPc�£�lkm]�s�P�uTeq]Ts�P�NQjQSV{�o�bdP¢�i]zjQPvP\[¥ef]Tsz]`NXSf]`op[yPc]�s�PWu¢[y]`SqeVeqPWjbdPc}~P�o���[QNQP�jM]`eqYW]z[y{`SqNQP�jWJLb|]`SVj�u�Pvu�]`j§odPvjXPvNQP�oduW{�op[QNQPv�£�dP¢bi]zodj��do�P�ops�SVNQ{�onodPWR�PWop[¥]`�KwuW{`odbdSV[QSq{�onj�uW{�op[QNQP�eVYWPWj�J �Oo�jXSV[y�d]z[ySV{�odjINQY�PWeVeqPWj$idef]vR�PWSVeqeVPW�dNXP�NQ{`�d�djX[QPWjXjQPc{`�n[yP�oK�nP¦P�jX[¨_dNXY\©}~YWNQ]`�deVP¨RT]`eVr�NQY�uWP\[Q[QP§eVYWr�U�NQP¨_éP�NX[yPzJ]q�u�S PWodu�{�NQP;i�eq]¥[y]`SqeVeqP�bdP§e�k�YWu^hi]zo£[QSqeVeq{�o¢blkm]`_d_nNQPWop[QSqjQjQ]`r�PPWj�[¨SqbdP�o£[QSq�£�dP¦�¢uWP�eqeqPMbnP¦eq]cs�P�NQjQSV{�o�od{�o�NQ{��d�njX[yP;i

Nw = 120000
}~PWo���[yNXPWj�J

®§¯d°�±n²a³i´�³i±�µc¶¸·º¹�»n¯n³i¼V¼m³
n�{�R�RTP�e¬kmPxwK[yPWonjQSq{`o¦bnP eq]�RTY\[yhd{KbdP�_a{��dN¿eq]�NQ{��n�djX[QPWjQjXP�]z�¦u^hd]`odr�P�RTP�o£[�blk�{�NXSqPWop[y]z[ySV{�oSqonbd�dSV[¦�donPÅeqY�r�UWNXPTbdSVRTSVo£�n[ySV{�o�bdPÅef] _dNXYWuWSVjQSV{�o¾_a{��dNZeqP�u^hi]`odr�P�RTP�op[¢bdP�_a{�SVo£[ZbdP�s��nPiod{��nj¦Y\sz]`eq�d{`odj¥YWrp]`eVPWR�PWop[¥jQ{`o¾P$|éP�[¦P�o¤_dNXYWjXPWodu�P�bdP�u^hi]`odr`PWR�PWop[cb�kmY�u^hdPWeVeqPgjQP��de�J�y¨{��dj[yP�jX[Q{�odj�bd{�odu eqP R�{�bnUWeqP�uW{�odj�[yNX�dSV[T��_i]`N�[ySqN¢bnPWj,s5c�ª�ª�SqRT]`r�P�jvPWo

32 × 32
_dS�w�P�eqj�]`��w

O;�pª`ª SVR�]zr�PWjMbdP¢[QPWjX[ZPWo
48 × 48

_dSÂwnP�eqj�J�n�PT_dNX{`[y{KuW{`eqP¢R�PWoi]`S�[¥� �do�[y]`��w�blk�PWNXNQP��dNZbnPÀ�J\s�O�� ]�s�PWugeq]ÅRTY\[yhd{KbdPvbdP¢�d]`jQPgP�[MªnJ O�je� ]�s�P�ugef]�R�Y�[Qhd{�bnP¢�n[ySVeqSqjQ]`op[�bnPWjM}~PWo��\[yNXPWj¥bdP[^]zSqeqeVPWj�]`eqYW]z[y{�SVNQP�j0iKPWo�NQPW_nNQYWjXPWop[^][ySq{`ol�p�¥Ä�J7e¿P�[y]`��w�b�kmP�NQNQP��dN�{��n[QPWo£�|]�s`PWu¦bdPWjI}~PWo���[yNXPWjbdPv[y]`SqeVeqPWj¨P�[�blkm{`NQSqP�op[^]z[QSq{�odj�]`eqYW]z[y{`SqNQP�j�P�jX[¥bdPZ��J O�À���J�n�P¢NQY�jQ�de�[^]z[MP�jX[¥jXSqR�Sqef]zSqNQP¥�Åu�PWeV�dS
�<;	=0LgIGVZN�CED`>XH9IOJ#L�]a= C?=5]aH9SK=0J#L3H�IGJ#J'=�SK=�J�>\=�>@CXIT>ED`>XH9IOJ%L?IGJ�>\CXN0DGY9HQL?N�=0L���Y ^ DGH�]a=f]a= Y ^ Ra>?H�Y9H9>XDGH9CX=§ÉËÊ^ÌzÍyÎ�Ï�Ð

]a= ÑÓÒ�ÔXÕ�ÎÓÖ¦Ô�Õ\×�É�ØTh
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ra = 0◦

N�J��=O:L I�JQS��5L
ra = 45◦

P�JQS��5L C5JQP5D:L
ra = 90◦

K
JQN��:L C5JQO�K�L
ra = 135◦

S�J�C��:L O�JQP5D:L

U"VXW¸HLO�JdcÅLOn�hd]`odr�P�RTP�o£[cblk�{�NQSVPWop[^]z[QSq{�om�w ~<npoDqre�©"stª�ª%�¢Ç¿[y]`��w�blk�PWNXNQPW�nNv]�s�P�uÅSqRT]`r�P�jbdP�[yPWj�[�_nSVs�{z[yYWP�j�bdP
ra

bdPWr�NXYWj$i�]�s�P�u|eq]�sz]`NXSf]`op[yP �n[QSqeVSqjy]zo£[gbnPWjT}~P�o���[QNQP�jÅbdP [^]`SVeqeqP�j¢P�[{�NXSqPWop[y]z[ySV{�odjZ]`eqYW]z[y{�SVNQP�jWJ�e¿P�R�{�bdU�eqP�PWj�[¢uW{�onjX[yNX�dSV[cjQ�dNcbdPWj¢SVR�]`r`PWj¦blkÁ]z_d_dNQP�op[ySqjXjy]`r`PÅbdP[^]zSqeqeVP
32 × 32

_dSÂwnP�eqj$idPWo�RT{KbdPc�p�¥ÄÃP�[�g ½
i J

{��n[QPWo£�veV{�NQjX�K�nP�eqP�j�SVR�]zr�PWj�bdP�[yP�jX[yj¸jQ{�op[�bnP�R/�WR�P�[y]`SqeVeqPOP\[¸bdPER���RTP�{�NXSqP�o£[y]z[ySV{�og�w �£�dPeqP�j�SqRT]`r�P�j¸blkm]`_d_nNQPWop[QSqjQjQ]`r�Pt~~u�}~NWJ
ra = 0◦

bi]zodjOeqP�[y]`�deVP�]`�4OKJdc1�xJ%eOk��n[ySVeqSqjQ]z[ySV{�o¥bdP�}~PWo���[yNXPWjblk�{�NQSVPWop[^][ySq{`odj¨]`eqYW]z[y{�SVNQP�jIolkmP�jX[�bd{�odu¦_i]`j¨jQP�odjQSV�deqP�RTP�o£[§R�{�Sqodj�NX{��d�dj�[yPv]z��u^hi]zodr�PWR�PWop[blk�YWu^hdP�eqeVP¦�£�dP¥eVPWj¨]`�n[QNQPWjIsz]`NXSf]`op[yP�jWJ

®§¯d°�±n²a³i´�³i±�µc¶a³ZY�[]\q±�µZ¶é³_^�`n³
n�{�R�RTPM_a{��dN�eq]csz]`NQSq]`op[yP¥]�s�P�u¦PxwK[yNy]zu�[ySV{�o bdPM}~PWo��\[yNXPWj�bdPM[^]`SVeqeVPWj�]zeqY�][y{�SVNQPWjE�dodSV�K�nP\©R�PWop[{i£od{��nj�Y�sz]`eV�d{�odj ef]MNX{��d�dj�[yPWjXjQPM]z��u^hi]`onr�PWR�PWop[�b�kmY�u^hdPWeVeqP�bnP§u�P�[Q[QP�od{`�ns�P�eqeqP�s�P�NQjXSq{�o�v_i]`N�[ySVN�bd� u�]zjIeqP�_deV�dj�bdSba�uWSqeVP�bdPMeq]c�i]`jXPMbdPMbd{�onodYWP�jHnpoDqre�©"s�ª�ªnJ7n�P�ef]vu�{�odjQSVjX[QPM�¢�n[ySÂ©eqSVjQP�NE�donP�jQP��deqP¨s��nP�_é{`�dN�u^hi]z�K�nP�{����XP\[Ibi]`odj�e�k�YWu^hi]`op[QSqeqeV{�ogblkm]`_d_dNXPWop[ySVjQjy]zr�P�P�[I�Z_dNXYWbdSVNQPef]TuWef]zjQjQP¢bnPWjZÀ]stª�ªÅSVR�]zr�PWj§NQPWj�[^]`op[QPWjWJ�y¨{��djM{���[yPWon{�odjM�do�[^]z��w�blk�PWNXNQP��dN¥bdP/�%��Jkf1��� PWoNQP�_dNQY�jQP�o£[y]z[ySV{�oM�p�¥ÄHiaP�[gs5jnJkj�ce� PWolg ½3i J}n�PcNXYWjX�deV[y]z[�P�jX[�R�{�SVodj§�a{�o¡�£�dPZef]gs`]zNQSf]zo£[QP]�s�P�u�[^]zSqeqeVPWjZbdP�}~P�o���[QNQP�j�]`eVY�]z[Q{�SqNXPWj¢�donSq�£�dPWR�PWop[�~<�`ª�Jdj%��� P�[,sh��J O�c�� NQP�jQ_aPWu�[QSVs`PWR�PWop[X�RT]`SqjMR�PWSVeqeqP��dNM�£�dP�ef]�s�PWNXjQSV{�o¾bdPT�i]`jXP�~4�;�dJkc%�e� P\[*s5fnJ�O�ce�^�xJ�e�] NQ{`�d�djX[QPWjXjQP�]`�Kw�NQ{`[y]©[ySV{�odjvSVop[yNQ{Kbd�dS�[¢bd{�onu��dodP eqY�r�UWNXP�_éP�NX[yP�bnP�_nNQYWu�SqjXSq{�o _i]zN¢Ny]`_d_a{�N�[g]`��u�]`jg{���jXPW�deVP�ef]_dNX{�u�YWbd�dNXPMbdP�NX{��d�dj�[yPWjXjQP¦]`��u^hi]zodr�PWR�PWop[�blk�YWu^hnPWeqeVP�PWj�[��n[ySVeqSVjQYWP;i�_a{��dNEeqP�uW]`j�_i]zNX[ySVuW�deVSqP�N{�� eqP�j�SqRT]`r�PWj�bdPM[yPWj�[¨{�op[§eq]vR���RTPM{`NQSqP�op[^]z[QSq{�o��£�dP¥eqP�j�SqRT]`r�PWj�blkÁ]z_d_dNQP�op[ySqjXjy]`r`P`J

T$UWV&U�� � acl _��jl�lNa�b�d
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[ySV{�odj�NQY�PWeVeqPWjIu�{�op[yP�oi]`op[��do�YWeVYWR�PWop[¨bdP¥uWP�j�uWeq]`jQjXPWj�J � �r§�©�ª B���]�NXY�]`eVSqjXYM�dodP¦Y�sz]`eq�d]z[ySV{�obdPÅu�PÅ[��K_éPÅ_a{��dNceqPWjZuWeq]`jQjXPWj¢bdP�sz]`u^hnPWj¢P�[vbdP�s�{`SV[y�nNQPWj��O]�s�P�u��do PWodjXPWRv�neqPÅbdPT[yPWj�[gbdP
2�£�f�SqRT]`r�P�jWJ ��]�R�Y�[Qhd{�bnPT�£�dS bd{�odonP�eqP�jZR�PWSVeqeVPW�dNXjMNQYWjX�deV[y]z[yj¦uW{`Rv�dSqonPTeVPWj¦R�]`u^hnSqodP�jv�jQ�n_d_é{`NX[Is�P�u�[Q{�NQSVPWel]�s`PWu¥ef]cbnY�[yP�u�[QSq{�o�bdPM_a{�SVo£[Qj�blk�Sqop[yY�Nh«\[IP�[�bdP�jQu�NQSq_�[yPW�nNQjIbd��[��K_éP H�eq{Ku�]`e
�XP�[KJ^J �¿PWjENQYWjX�deV[y]z[yj {��n[QPWo£�dj�jX{�op[�_dNX{�u^hnPWj�bdP�f�ªe� bnP�NQP�uW{�onoi]`SqjXjy]`onuWP���uWP§�K�nSéP�jX[��no�[yNXUWj�a{�ogNQYWjX�deV[y]z[ ]`�gNQP�rp]`NXb�bnPWjOsz]`NQSq]z[ySV{�odj¸P�op[yNQP�eVPWjOSqRT]`r�P�j�bdPI[yP�jX[���]`uW�£�dSVjQPWj PWogu�{�odbdS�[ySq{`odjNQY�PWeVeqPWj0��P\[�eVPWj�SVR�]zr�PWj�blkm]`_d_dNXPWop[ySVjQjQ]`r�PP��]`uW�£�dSVjQPWj§PWo�R�SqeVSqPW��u�{�op[yN/.�eqYZP�[M]�s`PWuc}~{�onb|�dodSÂ©}~{�NXRTP��\J`©¨{�j¥NQY�jQ�de�[^]z[QjMbdPgef]ÅjQP�u�[QSq{�o jnJ B RT{�op[QNQPWNX{�op[¥�£�lkmSVe�PWj�[¦_é{�jXjQSV�deqPvb�kÁ]`_n_dNQP�odbdNQPT�NQP�uW{�onoi] � [QNQPEbdPWj�u�ef]`jXjQP�ji��_i]zN¸P\w�P�RT_deVP�bdP�j��d�dj��`u^hdP\sz]`��w¢P\[OYWeVYW_dhd]`op[yj&����_i]`N�[ySVN�blk�SqRT]`r�P�j]`u��K�nSqjQP�j§P�o�u�{�odbdS�[ySV{�odj�NXYWPWeVeqP�jWJ
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CEDGFIH:jnJ £�L ���dP�eq�£�dP�j�SVR�]zr�PWjlbnPOef]��i]`jXP�bdPObd{�odonYWPWj�blk�SqR�R�PW�d�deVPWj ���dÄ��<� uW{�NXNQP�jQ_a{�odbi]`op[�¢uWSVod�ÅSqR�R�PW�d�deVPWj�J

�¿PWj¥SqRT]`r�P�j�bdPguWP\[Q[QP¢�i]`jQPgbdP¢bn{�ododY�PWj¦_dNQY�jQPWop[QPWop[c�no�on{�Rv�dNXPg]`jQjXPEDgSqR�_é{`NX[^]zo£[�bdPsz]`NQSq]z[ySV{�odj�_a{��dN¥eVPWjMSqRT]`r�P�jMblk��do¤RB«WR�PgSqR�RTP��d�deVP`J���PWjZjy]`_dSVodj��¿�nNy]`odu^hnPWj¦blkÁ]zNQ�dNXPWj¦P�[_i]`N�}~{�SqjMbnPTeq]�odP�Sqr�Pgu�{�odjX[QSV[Q�dPWop[ZbdS��éYWNXPWop[yj¥[��K_éP�jcblk�{�u�uW�de�[^]z[QSq{�onjM_i]`NX[QSqP�eqeqP�jWJ �¿P�uWSVPWe���ef]NQ{`�n[yP�P�[ eVPWjOs�{�S�[y�dNXPWj��£�dSiuWSVNQu��deqP�o£[E]`��[y{��dNObnPWj ���z[ySVRTP�op[yjONQP�_dNQY�jQP�o£[QPWop[I�donP�}~{`NQR�PIblkmP�o�©uW{`Rv�dNQP�RTP�op[�J ��]c_a{�jXSV[ySV{�o�bd��_dhd{`[Q{�r�NQ]`_dhdP§_i]`N�NQ]`_d_a{�NX[�]`��w����z[QSqR�PWop[yjE_dhd{`[Q{�r�Ny]z_dhdSqY�jSqR�_deVSq�£�dPWop[¥bdP�jcu^hi]zodr�PWR�PWop[QjcbdPT_é{�SVop[ZbnP�sK�dPT_i]`NX}~{`Sqj¦]`jQjXPEDTuW{�odjXYW�£�dP�o£[QjWJ¥©§]z[y�nNQPWeVeqPx©R�PWop[ ��ef]�_nNQSqjXPÅbdPÅ_nhd{`[y{`jcSqR�_deVSq�£�dP�bdP�}�]`SV�deqP�jZNX{`[^]z[QSq{�onjWJY�Oo {��n[yNXP���uWPWN�[^]`SVodPWjc_dhd{`[Q{z©r�NQ]`_dhdSVPWj¥{�op[cY\[yY�_dNQSVjQP�jZP�o¾{�NXSqPWop[y]z[ySV{�o�_é{�N�[yNQ]`SV[M_neq�n[ .`[¦�K�nP�_i]��Kjy]`r`P���R�]zSqj�[y{`�n[yP�jZeVPWj
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SqRT]`r�P�j¢jQ{�op[g}~{��dNXodSqP�j¢PWo {�NQSVPWop[^]z[QSq{�o _d]t�KjQ]`r�P���u�P��£�dS�SVRT_deVSq�£�dPT�dodP�NQ{`[y]z[ySV{�o bdP f�ª
◦_a{��dN�u�PWN�[^]`SVodPWjEblkmP�op[yNQPMP�eqeVPWjD�~s�{`SqN�e¬kmSVR�]zr�P¨�cbdNQ{`SV[yP¨bdP�eq]]�ir`�dNQPojnJ�£ �\J ��]ZbdSqj�[^]`odu�P�P�o£[QNQPeqPI_nhd{`[y{`r�Ny]`_nhdP�P�[ eqP����z[QSqR�PWop[�PWj�[E�¦e¬km{�NXSqr�SVodP�bnP§u^hi]zodr�PWR�PWop[QjEblk�YWu^hnPWeqeVP�P�[EuWP�[ P)��P\[�P�jX[]`�dr`RTP�o£[QY¢_i]`NMbdP�j¥NQYWjX{�eq��[ySq{`odj�blk�SqRT]`r�P�j�bdS��éYWNXPWop[yP�jZP�op[yNQPgeVPWjMSqRT]`r�P�j�blkm]`_d_nNQPWop[QSqjQjQ]`r�P

��P�o
640 × 480

_dSÂw�PWeqj0��P\[MeqP�j�SVR�]`r`PWj�bdPc[QPWjX[g��P�o
320 × 240

_dS�w�P�eqj&�xJ4�§PWj�u^hi]zodr�PWR�PWop[Qjblk�SqeVeq�dR�Sqoi][ySq{`o jX{�op[�YWrp]`eVPWR�PWop[ _dNXYWjQP�op[yj|_n�dSqjX�K�nP�eVPWj�_dhn{`[y{�j {�op[ Y\[yY�_dNQSVjQP�j�� bdS[��Yx©NQP�op[yPWjE_éY�NQSV{�bdP�jEbnP§eq] �X{��nNQodY�P�P�[EPWoTbdS��éYWNXPWop[yP�j�jQ]`SqjX{�odj bdP�e¬kÁ]`onodYWPzJ" �oT_éP��n[�Y�rp]`eVPWR�PWop[uW{`odjX[y]z[yP�N¸�doveVYWr�P�N �d{��c_a{��dN�uWPWN�[^]`SVodPWj�SqRT]`r�P�j��tuWPE�£�dS�P�jX[¸�dodP�}~{�NXRTP�bdPE�dNQ�nSV[�J6�Oo"�io �zeVPWjSqRT]`r�P�j�blkÁ]z_d_dNQP�op[ySqjXjy]`r`P�P�[¸bdPE[QPWjX[�olkm{`o£[¸_i]`j�Y�[yYE_dNQSVjQP�j�]�s�P�u�eqPER\«�RTP ]`_d_d]`NQP�Sqe£_dhd{`[Q{ �P�[eqP�}~{�NXR�]z[EbdP�j�SqRT]`r�P�jEolk�PWj�[I_i]`jESqbdP�op[ySq�£�dPd��F ©Kª _a{��dN�e¬kmY�u^hi]`op[ySVeqeV{�oTb�kÁ]`_n_dNQP�o£[QSqjXjy]`r�P�P�[
	 F>ª _é{`�dNOe�k�YWu^hi]zo£[QSqeVeq{�o¢bdPI[QPWjX[&�\J ��]F�ir��dNXP�j�J B¥SqeVeq�dj�[yNXP��£�dPWeV�K�nPWj �dodPWj bdP�uWP�j sz]`NXSf]z[QSq{�onj_a{��dN¨�do¡RB«WR�PZSVRTR�PW�d�neqP��nod{`[^]zRTR�PWop[§bdPWj§u^hi]`odr�P�RTP�op[yj�blk�SqeVeq�dR�Sqod]z[ySV{�o �KbdPc_a{�Sqop[§bdPsK�dP�� blk�YWu^hnPWeqeVP��iP\[�bdPWj¨{�u�uW�de�[^]z[QSq{�onj�_i]`N�[ySqP�eqeVPWjWJ
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�OeqeVP��n[ySVeqSVjQP�eVPWj�}~PWo"«�[yNXPWj¨eq{Ku�]`eVPWjI]TaTonPWj�bdYWu�NQS�[yPWj�_i]zN¨u�{�P a�uWSqP�op[yj�� � ¤ P\[§eVPM_dNQ{KuWY�bdY¥bdPR�SqjQPEPWo¢u�{�NQNXPWjQ_a{�odbd]`oduWPIbn{�op[Ood{��dj�]ts`{�odjO_i]zNQeqY�]`�¢jQP�Sqo¢bdP�ef]�jXPWu�[QSq{�o 0�J�£�J32�J��OkÁ]`_n_dNQ{Ku^hdPbdP � ªF¤ i ªGB��¸{��n[QSqPWop[g¢�ª�j�uWeq]`jQjXS��iuW]z[ySV{�odj§uW{�NXNQPWu\[yP�jWJ �¿PWjMbnPW��w¡RTY\[yhd{KbdPWj�Y�sz]`eq�nYWPWjMbd]`odj
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$©�ªGB�� �ONQY�_é{�onbdPWop[ZuW{�NXNQPWu\[yP�RTP�o£[Z�s¢tª £ÅP\[RfpÀÅNQP��K�"«�[yP�jWJ ��]�RTY\[yhd{KbdP¢bdP � ½d½ ¤ i ª�£ �SqbnPWop[yS[�iP f�f�SqRT]`r�P�j�_i]zNQR�S¸eqP�jg¢ ¢ 0�J ��]�[QPWu^hdonSq�£�dPg_dNQY�jQP�o£[QYWP�bi]`odj � ½d½�

+
ª £ �ONXPWu�{�odoi] � [

B£À¡SqR�R�PW�d�deVPWj�J �Oo [Q{�eqY�Ny]`op[¢�£�dP�ef]¡u�ef]`jXjQP uW{`NQNQP�u�[QP�jX{�SV[¢_d]`NQR�S�eqP�j 0�u�ef]`jXjQP�j�eVPWj¢_deV�dj_dNX{��i]`�deVPWj�_dNXYWbdS�[yPWj _i]`N eqP�R�{�bnUWeqP���uWP�j�bdP���wTbdPWNXodSqU�NQP�jER�Y�[Qhd{�bnPWj NQPWu�{�odoi]zSqjQjXPWop[ENQPWjX_éP�u\©[yS�s�P�RTP�o£[�¢tª�f�P�["fpÀ�SqRT]`r�P�jWJ���[y]`op[Ebn{�ododY�eqPIr`Ny]`odbgod{`Rv�dNQPIbnP¨u�ef]`jXjQP�jK��2`ª"¢ISqR�R�PW�d�deVPWj0�_a{��dNIuWP¥_dNX{��deVUWR�P��du�P�[Q[QP¦[Q{�eqY�Ny]`onuWPMPWj�[¨uW{�odjXSqbdY�NQY�PZu�{�RTR�PM]`u�uWP�_n[^]`�neqP`J
©§{��njc]�s�{`odjZY\sz]`eq�dYg_deV�djQSVPW�dNXjMs`]zNQSf]zo£[QPWj¥bdPgod{`[QNQP�]`_d_nNQ{Ku^hdP`J ��]�R�Y�[Qhd{KbdP¢blkm]`NQ�dNXPWj]`eVY�]z[Q{�SqNXPWj�uW{�Rv�nSqodY�jO��e�k�P\wK[QNy]`u\[ySq{`ocbdP�}~P�o¦«�[QNQP�jObdP�[^]zSqeqeVP¥�nw�PINQPWu�{�odoi] � [ j�f�SqRT]`r�P�j�_i]zNQR�SeqP�jS¢ ¢ 0 �¸PWo NXPW_dNXYWjXPWop[^]z[QSq{�o 4Iª¥Ä�J	��P�j¢_i]`NQ]`RTU\[yNXPWj

T = 10
�
Nw = 120000

P�[
w1 =
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w2 = 16
{�op[MY\[yYv��[ySqeVSqjXYWj�� P\[g¢tª�ªT}~P�o¦«�[QNQP�jMjQ{�op[MPxw�[QNy]`S�[yP�jM]`�¡jXPWSqo�bnPvu^hi]`�£�dP¢SVR�]`r`PZbdP[yP�jX[��tJ"¨�s`PWu¥eqP�RB«WR�P�on{�Rv�dNXP�blkm]`NQ�dNXPWj�uW{`odjX[QNQ�dS�[yj�P\[�bdP�}~PWo¦«\[yNXPWjIP\wK[QNy]`S�[yPWj��def]¦s`]zNQSf]zo£[QP]�s�P�u¨PxwK[yNy]zu�[ySV{�ogbdP�}~PWo"«�[yNXPWj�bdP�[y]`SqeVeqPWj�P�[�blk�{�NXSqPWop[y]z[ySV{�odjO]`eVY�]z[Q{�SqNXPWj ��NQP�bdSqR�PWonjQSq{`ododYWP�jOPWo

16×16
_dSÂwnP�eqj0�Obn{�ododP�£ £nJkf"¢:� blkmP�NQNXPW�dNXj��Ku`k�PWjX[�©Ó�©ËbdSqNXP§À�j¦SVR�]zr�PWjOu�{�NQNXPWu�[QPWR�PWop[EuWef]zjQjQY�PWj��PWo 4 ª¦Ä �KP�[K¢5cnJ�2�je� � fGBcSqRT]`r�PWj0��P�o�NQP�_dNQY�jQPWop[y]z[ySV{�o�g ½3i J ��]Zsz]`NXSf]`op[yP�]�s�PWuMPxwK[yNy]zu�[ySV{�obdP }~PWo¦«\[yNQP�j¸bdP [^]`SVeqeVPWj�]`eVY�]z[Q{�SqNXPWj>��NXPWbdSVRTP�odjQSV{�ododY�PWj�PWo

16×16
_dS�w�PWeVj&�¿R�]zSqj�blk�{�NQSVPWop[^]z[QSq{�o

�nw�P�bn{�ododP BdJ £�0�� blk�PWNXNQP��dN�jX{�SV[�¢ ¢tª¥SqRT]`r�P�jOuW{�NXNQP�u�[yP�RTP�op[�uWeq]`jQjXYWP�j�_i]`NXRTS ¢�¢ 0 �pPWo g ½3i J
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