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²S®°§�¶Ù»�¶EÅV·°¯S¨?¯S¦�«Ò®°µÑ±�®)»�²S§�¨Ù®V²º²S®°¨Ù»�¶?ÅV¨E®°«>µ9®V«>µW±�®°¨�µ9®°¾¿»�¨�±�®a·V©+²S·°§�²Ü»ÊÅ°«T©+²S¯º¨9©+«>µE¨VÆÊÝo³´§�µE¯S²S¯º¨9©�Î
µ9¯º¦�«w±�®W¾¿Å2µ9È�¦M±�®°¨m©+§�µ9¦+¾O©�µE¯S¸Ë§�®°¨d±�®W¶EÅV±�§�·°µE¯S¦�«p®2ÃX»�²º¯S·V¯Aµ9®�±�®u±�¯S¾J®V«�¨?¯S¦�«�Õ�±�¦�«>µg²F³Ó©+«T©+²AÞX¨?®
®V«O·V¦�¾J»Ê¦+¨9©+«>µ9®°¨r»�¶?¯S«�·°¯S»T©�²S®V¨9×i¨E§�¯Aµr²º®g¾JßV¾J®g¦�¼Mà?®V·2µ9¯AÔ�áË²Ð©)¶?ÅV±�§�·°µ9¯º¦�«O±�®Ù²F³´®V¨?»T©+·°®Ù±#³´®V«>µ9¶?ÅV®
»4¦�§�¶d®V«p»4®V¶E¾J®°µ?µ9¶?®u²º®�µ9¶E©+¯ºµE®V¾J®V«>µd»T©+¶m§�«�®u¾JÅ°µEÈ�¦M±�®Ñ±#³Ó©+»�»�¶?®V«>µ9¯º¨E¨9©�Á�®u©+§�µ9¦+¾O©�µE¯S¸Ë§�®�Æ
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Ý�³Ó¯º«�Ô�¦�¶E¾¿©�µE¯S¦�«eÔ�¦�§�¶?«�¯S®�®°«w®V«>µ9¶?ÅV®Ñ±#³´§�«p©+²SÁ+¦�¶E¯Aµ9È�¾J®m±#³l©�»�»�¶E®°«>µ9¯S¨?¨9©+Á+®Ñ»Ê¦�§�¶D²Ð©Â·°²Ð©+¨?¨E¯AÀ�Î
·�©�µ9¯S¦+«p±<³Ó¯º¾O©+Á+®V¨D®°¨?µg§�«p®V«�¨?®V¾a¼�²º®W±#³Ó¯º¾O©�Á�®V¨d»�¶?Å2ÎÏ·V²Ð©�¨E¨E¯AÀTÅV®°¨VÖ

LS = {(ai, ci), i = 1, . . . , N}

¦lk
a

i
®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¨

ai
k,l,ch

±�®
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¨

ª�©+²S®°§�¶E¨r®V«>µ9¯º½V¶E®°¨dª+©�¶E¯Ð©�«ËµD®V«>µ9¶?®rue®2µ älvlv Æ�wiµ/©+«>µm±�¦�«�«�ÅÑ²Ð©Â«�ÅV·V®°¨E¨?¯ºµ9Åu»4¦�§�¶D²S©Â»�²S§�»T©+¶?µD±�®V¨
¾JÅ°µ9È�¦X±�®°¨Ü±#³l©�»�»�¶E®°«>µ9¯S¨?¨9©+Á+®�©�§�µ9¦�¾¿©�µE¯S¸Ë§�®i±�®�µE¶9©�ª�©+¯S²º²S®V¶Ê©�ª�®°·�²º®�¾¿ß°¾¿®i«�¦�¾a¼�¶?®s±<³l©�µ?µ9¶?¯S¼�§�µE¨
x�y�z {}|�~&� ��|%�*��{S|8���}~&��� ��� �����+�g����z0{N�������&z�|������,{��&����|������
{}|��������}~&���������O�	�<���,{N��|��
��{` ������&|�z0��{

¡ ���S�������}|
{¢{}|���������z��}~&�&~&{}��|8{��
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LS
×�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¶

Tleft

®2µ
Tright

·V¦+¾¿¾J®
¨E§�·°·V®V¨?¨E®°§�¶E¨�±�®u·°®W«:MW§�±Ò®2µg¶E®V«>ª+¦ Þ+®V¶�²F³Ó©+¶E¼�¶?®Ñ¶EÅ°¨E§�²Aµ/©+«>µ�Æ

(ON3)�2@,!24/$7P.Q5�,�.#798>=4?#8�.Q)�2@/<5AR
LS S áE Æ C Å°²S®°·°µ9¯º¦�«�«�®°¶m©+²SÅV©�µ9¦+¯S¶E®°¾¿®°«>µd§�«�®W»4¦�¨E¯Aµ9¯S¦+«É®°µm§�«p·�©+«�©+² (k, l, ch)

J
ä Æ C Å°²S®°·°µ9¯º¦�«�«�®°¶s©+²SÅV©�µ9¦�¯º¶E®°¾¿®°«Ëµi§�«O¨?®V§�¯º² ath

¨E®V²º¦�«J§�«�®g±�¯S¨�µ9¶E¯º¼�§�µE¯S¦�«
N(µk,l,ch, σk,l,ch)

Ö
¦lk

µk,l,ch

®°µ
σk,l,ch

¨E¦�«>µÑ¶?®V¨?»Ê®°·°µ9¯Aª�®°¾¿®°«Ëµu²S©¿¾J¦ Þ+®V«�«�®J®2µÑ²F³´ÅV·V©+¶?µ�ÎÏµYÞM»4®a±�®V¨�ª+©�²S®V§�¶E¨
ak,l,ch

±�©+«�¨
LS

J
m�Æ C ¯M²S®s¨E·°¦�¶E®�±�®r·°®�µE®V¨?µi®V¨?µ�¨E§�»4ÅV¶?¯S®°§�¶#5g§�«a¨E®°§�¯S²M±�¦�«�«�Å sth

Ö�¶E®V«>ª+¦ Þ+®V¶�²º®sµE®V¨?µ
[ak,l,ch <

ath]
J

s Æ C ¯º«�¦�«#ÖL¶?®°µE¦�§�¶E«�®V¶�5g²U³ÓÅ2µ/©+»4® E ®2µ�¨?ÅV²º®V·°µE¯S¦�«�«�®V¶Ü§�«�®�©+§�µE¶E®o»4¦�¨E¯Aµ9¯S¦+«u®2µI§�«a©+§Xµ9¶E®o·V©+«T©+²UÆC ¯Iµ9¦�§Xµ9®V¨Ù²S®V¨�»Ê¦+¨E¯ºµE¯S¦�«�¨�®2µ�·�©�«T©+§XÃ:¦�«>µ�±�ÅYà85ÌÅ°µ9ÅÂ·V¦�«�¨?¯S±�Å°¶EÅ°¨VÖ<¶?®V«>ª�¦LÞ+®V¶W²S®)¾¿®°¯S²S²º®V§�¶µE®V¨?µg¦�¼Xµ9®V«Ë§aà?§�¨E¸Ë§#³´¯S·°¯FÆ

TVU-WYX�m�Æ E B MÙ²ºÁ�¦�¶E¯Aµ9È�¾J®Ù±<³Ó¯º«�±�§�·2µ9¯S¦+«Ì±#³Ó©+¶E¼�¶?®W©+²SÅV©�µ9¦+¯S¶E®�»Ê¦+§�¶d²Ð©Â·°²Ð©+¨?¨E¯AÀT·�©�µE¯S¦�«O±#³Ó¯º¾O©�Á�®V¨°Æ
»4¦�§�¶oµ9¦�§�¨r²S®V¨s¦�¼Mà?®2µ9¨°Ö�²S®°¨�¯º¾O©�Á�®V¨s±#³´§�«�®�¾JßV¾J®�¼�©+¨E®�±�®Ù±�¦+«�«�ÅV®°¨D±�®2ªX¶?¦�«>µm©�ª�¦�¯º¶r²S©u¾JßV¾J®
¶EÅ°¨E¦�²º§�µ9¯º¦�«#Ö+©+§�¨E¨?¯T¼�¯S®°«e®V«eµ9®V¶?¾¿®°¨�±�®m±�¯S¾J®V«�¨E¯S¦+«�¨mÕ

Wy

®2µ
Wx

×�¸Ë§�®m±�®m«�¦+¾a¼�¶E®d±�®g·V©+«T©+§MÃ
Õ
CH

×hÆeMÙ¯S«�¨E¯FÖ�§�« ©�µEµE¶E¯º¼�§�µJ±�ÅV«�¦+µ9®Ò²Ð©¡¾¿ß°¾¿®p»4¦�¨E¯Aµ9¯S¦+«P±�®Ò»�¯kÃX®V²g®°µ¿²S®w¾¿ß°¾¿®p·�©�«T©+²m±�®
·V¦+§�²S®°§�¶d±#³´§�«�®u¯S¾¿©+Á�®%5q²F³Ó©+§�µE¶E®�Æ

C §�¯Aª+©�«Ëµ¿·V®°¨O±�Å2ÀT«�¯Aµ9¯S¦+«�¨VÖ�²º®V¨¿©+²SÁ�¦+¶E¯ºµEÈ�¾J®V¨a±#³Ó©+»�»�¶E®V«>µE¯S¨E¨E©+Á�®x©+§�µ9¦+¾O©�µE¯S¸Ë§�®w»�¶?ÅV¨E®°«>µ9ÅV¨©+§ ·/ÈT©�»�¯ºµE¶E®:»�¶?ÅV·°ÅV±�®°«Ëµp¨?¦�«>µw±�¯S¶?®V·°µE®V¾J®V«>µw©+»�»�²S¯º·�©+¼�²º®V¨O©+§ »�¶E¦+¼�²S½°¾¿®Ò±�®¡·V²S©+¨E¨?¯ºÀT·V©�µ9¯º¦�«
±#³´¯S¾¿©+Á�®°¨VÆ�ÝÜ©gµ/©�¼�²S®bm�Æ E ¾J¦�«>µ9¶E®�²F³Ó©+²SÁ+¦�¶E¯Aµ9È�¾J®i±#³´¯S«�±�§�·°µE¯S¦�«)±#³Ó§�«q©+¶E¼�¶E®D©�²SÅ�©�µ9¦�¯º¶E®gÕ8»�¶EÅV¨?®V«>µ9Å
©+§u¨E®°¯S«Â±�®�²S©m¨?®V·2µ9¯S¦+« ä Æ�m�Æ�m>×#±T©+«�¨I·V®s·V¦�«>µE®2ÃMµ9®�Æ+ÝÜ©dÀTÁ�§�¶?®Bm�Æ E ¯S²S²º§�¨?µE¶E®i§�«a©+¶?¼�¶E®s±�®s±�ÅV·°¯S¨E¯º¦�«·V²S©+¨E¨?¯S¸Ë§�®�¨?¯S¾J»�²S®i¸Ë§�¯>¶?Å�©+²º¯S¨?®i²S®°¨ÜµE®V¨�µ9¨Ü±�®o·V¦�¾J»T©+¶E©+¯S¨?¦�«�¨#±�®V¨`ª�©+²S®°§�¶E¨`±�®o»�¯kÃX®V²S¨�5d¨?®V¨Ü«:MW§�±�¨
¯S«>µE®V¶E«�®V¨g®°µÙ©�µEµE¶E¯S¼�§�®W§�«�®u·V²Ð©�¨E¨E®)©+§XÃwÔ�®°§�¯S²º²S®°¨d±�®)²U³l©�¶E¼�¶?®+Æ[ÝÜ©eÀ�Á�§�¶E® m�Æ ä ¯º²S²º§�¨?µE¶E®Ñ²Ð©q»�È�©+¨E®
±#³Ó©+»�»�¶?®V«>µ9¯º¨E¨E©+Á�®W»Ê¦+§�¶m²S®V¨d¾JÅ°µEÈ�¦M±�®V¨m±#³´®V«�¨?®V¾a¼�²S®V¨g±#³Ó©+¶E¼�¶E®V¨°Æ
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N

N

N

N

O

O

O

O

a 18,23,1 < 10

< 6745,17,3a

3,9,2 < 157a

12,13,1a < 34

C1

C5

C2

C6 C3

����� X�m�Æ E B Çg«J©+¶E¼�¶?®d±�®m±�ÅV·°¯S¨?¯S¦�«q¨?¯S¾J»�²S®r©Lª+®V·mµ9®°¨?µ9¨o±�®Dª�©+²º®V§�¶?¨�±�®d»�¯kÃ�®°²S¨�¸Ë§�¯T·°¦�«�¨?µE¯ºµE§�®V«>µ²F³´¯S¾¿©+Á�®�Æ

C1 C2 C3

T2T1 T3 T4 T5

����� X�m�Æ ä B K�ÈT©+¨?®J±<³l©+»�»�¶E®°«ËµE¯S¨?¨9©+Á�®pá#·°¦�«�¨?µE¶E§�·2µ9¯º¦�«�±<³Ó§�«�®V«�¨E®V¾Â¼�²S®e±#³Ó©+¶E¼�¶E®V¨¿Õ T = 5
×%5

»T©+¶�µ9¯º¶D±�®V¨g¯S¾¿©+Á�®°¨DÁ�²º¦�¼T©+²º®V¨D»�¶?Å2ÎÏ·V²Ð©�¨E¨E¯AÀTÅV®°¨VÆ
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T2T1 T3 T4 T5

C1 C2 CM
0 0 0 00 00 14 0

C2

?

����� X�m�Æ&m B K�ÈT©+¨?®¿±�®e»�¶?ÅV±�¯º·°µE¯S¦�«Äá`»�¶?¦�»T©+Á�©�µ9¯º¦�«¡±�®e²F³´¯S¾¿©+Á�®)·V¦�¾J»�²S½2µ9®a±�©+«�¨u²F³´®V«�¨?®V¾a¼�²º®±#³Ó©+¶E¼�¶E®V¨d®2µd»�¶?ÅV±�¯º·°µ9¯º¦�«O±�®Ñ²Ð©)·°²Ð©+¨?¨E®�»�©+¶D¶E®°·/È�®V¶?·/È�®W±�§É¾¿©�ÃX¯S¾a§�¾�»�©+¶E¾J¯Ê²º®V¨rª+¦+µ9®°¨d±�®V¨
T©+¶?¼�¶E®°¨g»4¦�§�¶d²º®V¨

M
·V²Ð©�¨E¨E®°¨VÆ

P%QSR%Q}R U VLWLX�Y[Z`Y _Oa��<Z f���dgf�� c

ÝÜ©m»�ÈT©+¨E®s±�®o»�¶?ÅV±�¯º·°µ9¯º¦�«Ñ±#³´§�«�®s«�¦�§�ª+®V²º²S®�¯S¾¿©+Á�®�·V¦�«�¨?¯S¨�µ9®O5d§�µ9¯º²S¯S¨?®V¶Ê²S®�¾J¦X±�½°²S®i·°¦�«�¨�µ9¶E§�¯ºµ
²S¦+¶E¨É±�®�²Ð©Ä»�ÈT©�¨E®�±#³l©�»�»�¶E®°«>µ9¯S¨?¨9©+Á+®�»4¦�§�¶w»�¶EÅ°±�¯S¶?®N¨9©�·V²Ð©�¨E¨E®�Öm·V¦�¾J¾¿®¡»4¦�§�¶ÉµE¦�§�µÒ©+§�µE¶E®
»�¶?¦�¼�²S½°¾¿®�±�®Ñ·V²S©+¨E¨?¯ºÀT·V©�µ9¯º¦�«#ÆXÝ`®V¨d¯S¾¿©+Á�®°¨r¨?¦�«>µm±�ÅV·°¶E¯ºµE®V¨d»T©�¶D²S®°¨D»�¯AÃX®°²S¨D¸Ë§�¯#²º®V¨D·°¦�¾J»Ê¦�¨?®V«>µ
®°µu²º®V¨W¾¿¦M±�½°²S®V¨Ñ§Xµ9¯S²º¯S¨?®V«>µW·V®2µEµ9®J¯S«XÔ�¦�¶E¾¿©�µ9¯º¦�«:»4¦�§�¶W±�Å2µ9®V¶?¾¿¯º«�®V¶Ñ²S©É·V²Ð©�¨E¨E®J±�®e²F³´¯S¾¿©+Á�®�Æ#ÝÜ©
ÀTÁ�§�¶E®�m�Æ�me¯º²S²º§�¨?µE¶E®�·°®°µEµE®W»�ÈT©+¨?®)»4¦�§�¶d§�«�®u¾JÅ°µEÈ�¦M±�®W±#³Ó®°«�¨E®°¾a¼�²º®u±<³l©+¶?¼�¶E®°¨VÖT®°«Ò»T©�¶?µ9¯º·V§�²º¯S®°¶
²S®°¨g©+¶E¼�¶?®V¨�©+²SÅV©�µ9¦+¯S¶E®°¨VÆ C ®°²S¦�«p·V®2µEµE®)¾JÅ°µEÈ�¦X±�®+ÖT»4¦�§�¶g§�«�®u¯S¾¿©+Á�®+Ö�·/ÈT©+¸Ë§�®a©�¶E¼�¶?®Wª+¦+µ9®)»Ê¦+§�¶§�«�®m±�®°¨

M
·V²S©+¨E¨?®V¨°ÆXÝ`®°¨

T
ª�¦+µE®V¨s¨E¦�«>µ�©+±�±�¯Aµ9¯º¦�«�«�Å°¨�®°µs²Ð©�·°²Ð©+¨?¨E®m¶E®°·V®°ª�©+«>µ�²S®d»�²º§�¨o±�®dª�¦+µE®V¨

®V¨�µ�©�µEµE¶E¯S¼�§�ÅV®r5e²Ð©a«�¦+§�ª�®°²S²S®Ñ¯º¾O©�Á�®+Æ

P%QSR%Q}P 	�d�Wed ZNY�
�\ WOa�d

Ø�©+«�¨d²S©)²º¯ºµEµEÅV¶E©�µ9§�¶?®+ÖË¸Ë§�®V²º¸Ë§�®V¨dÅ2µ9§�±�®°¨D§�µE¯S²S¯º¨9©+«>µ�±�®V¨r¾¿Å2µ9È�¦M±�®V¨r¶EÅV·°®V«>µ9®°¨d±#³Ó©+»�»�¶?®V«>µ9¯º¨�Î
¨9©�Á�®�5J»T©�¶?µ9¯º¶D±�®°¨�»�¯kÃX®V²S¨m¦�«>µgÅ°µEÅW¾¿®°«�ÅV®°¨VÆ�K"¦�§�¶�²S©a·V²Ð©�¨E¨E¯AÀT·�©�µ9¯S¦+«p±�®u·/È�¯ºÛÊ¶E®V¨m¾¿©+«Ë§�¨E·°¶E¯Aµ9¨
Õ8¨?§�¶a²º®O»�¶?¦�¼�²S½°¾¿®
�x¥�� C âg×2Ö�� q C�� å�� ©:§Xµ9¯S²º¯S¨?ÅJ²º®V¨)¾O©+·/È�¯S«�®°¨�5x¨E§�»�»Ê¦+¶?µaª+®V·°µE¦�¶E¯º®V²UÆ<KI¦�§�¶
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²Ð©J¶E®°·V¦�«�«�©+¯S¨?¨9©+«�·°®q±#³´¦�¼Mà?®°µE¨rm�Ø Õ8¨?§�¶�²º®Â»�¶?¦�¼�²S½°¾¿®aÍ�� �@Ý#Î E ulu>×hÖÊ²º®V¨�¾O©+·/È�¯S«�®°¨%5O¨E§�»�»Ê¦+¶?µª�®°·°µE¦�¶E¯º®V²`¦�«>µmÅ°µEÅW§�µ9¯º²S¯S¨?ÅV®°¨D»T©+¶ � K�� ��� � Ö � o��#ÚLu E � ®°µ � ± C pru ä�� Ö�²F³Ó©+¶E·/È�¯ºµ9®°·°µE§�¶E® C ¥g¦	� »T©+¶
� 
OM o4ulu � Æ ����
lK��ru ä � ·V¦+¾a¼�¯S«�®Â±�®°¨ C � � ®°µ�§�«¡¶EÅ°¨E®�©�§�±�®a«�®V§�¶E¦�«�®°¨Ñ»Ê¦+§�¶�²Ð©J·V²S©+¨E¨?¯ºÀT·V©�Î
µ9¯º¦�«Ä±�®Éµ9®hÃMµ9§�¶?®V¨ 5�»T©�¶?µ9¯º¶a±�®°¨J«�¯ºª�®V©+§XÃP±�®wÁ�¶?¯S¨°Æ#K�©�¶¿©�¯S²S²º®V§�¶?¨VÖ �ÓÝ�q���u s � ©¡¶EÅ°·V®°¾¿¾J®V«>µ·V¦+¾¿»T©�¶EÅÙ²U³Ó§Xµ9¯S²º¯S¨E©�µ9¯º¦�«q±�®V¨ C � �Ò¨°Ö�±�®°¨d»�²S§�¨�»�¶E¦M·/È�®°¨Dª�¦�¯º¨E¯S«�¨r®°µD±�®V¨D¶?ÅV¨?®�©+§XÃÌ±�®�«�®°§�¶E¦+«�®V¨5q·V¦�«>ª+¦�²S§�µE¯S¦�«��g¨E§�¶m§�«�®u¼�©+¨E®u±�®W±�¦�«�«�ÅV®V¨g±�®W·�©�µ9ÅVÁ+¦�¶E¯º®V¨d±#³´¦�¼Mà?®2µ9¨VÆ �

ØÙ®V¨m¾JÅ°µEÈ�¦X±�®V¨D¶?ÅV·V®°«>µ9®V¨m±#³Ó©+»�»�¶E®V«>µE¯S¨E¨E©+Á�®Ñ¦�«>µdÅ°Á>©+²º®V¾J®V«>µDÅ2µ9ÅÑ§�µE¯S²S¯º¨EÅ°®V¨r»4¦�§�¶�±#³Ó©+§�µ9¶?®V¨
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���������	��������� � � �!�������

Ý`®V¨�¾JÅ°µEÈ�¦X±�®V¨Ù±<³Ó®°«�¨E®°¾a¼�²S®°¨�¨E¦+«Ëµ�µ9¦�§Xµ9®V¨�¯S« � §�®V«�·°ÅV®°¨�»T©+¶�²S®u«�¦�¾a¼�¶?®Â±#³Ó©+¶?¼�¶E®°¨
T
¸Ë§�¯

¨E¦+«ËµW·°¦�«�¨�µ9¶E§�¯ºµ9¨Ù®°µu©+Á�¶?ÅVÁ�Å°¨VÆ`¥g¦+µ9¦+«�¨�¸Ë§�®eÈT©+¼�¯Aµ9§�®°²S²º®V¾J®V«>µ�Ö[»�²º§�¨�²S®Â«�¦�¾a¼�¶?®a±#³Ó©+¶E¼�¶E®V¨W®°¨?µ
Á�¶E©+«�±#Ö�¾J®V¯º²S²S®°§�¶E®O®V¨?µ¿²Ð©¡»�¶?ÅV·°¯S¨E¯º¦�«#ÆoØ�©�«�¨¿«�¦�¨¿®hÃX»ÊÅ°¶E¯S®°«�·V®°¨VÖs«�¦�§�¨J§�µE¯S²S¯º¨E¦�«�¨q±�¦�«�·p»Ê¦+§�¶
·/ÈT©+¸Ë§�®)»�¶E¦+¼�²S½°¾¿®W®°µ�»4¦�§�¶m·/ÈT©+¸Ë§�®Â©+²SÁ�¦+¶E¯ºµEÈ�¾J®+Ö�§�«x«�¦�¾Â¼�¶E®u±#³Ó©+¶E¼�¶?®V¨g¸Ë§�¯"¨?®V¾a¼�²S®V«>µ�ß°µE¶E®
¨E§ �¿¨E©+¾J¾¿®°«ËµmÁ+¶9©+«�±w»4¦�§�¶D±�¦�«�«�®°¶d§�«�®W®V¶?¶E®V§�¶d¨?µ/©�¼�²S®Ñ¨?§�¶d²F³´®V«�¨?®V¾a¼�²S®�±�®ÑµE®V¨?µVÆ �Ù©�¼�¯ºµE§�®V²kÎ
²S®°¾¿®°«>µ�Ö�²º®V¨o©+¶?¼�¶E®°¨�©�²SÅ�©�µ9¦�¯º¶E®V¨�¸M§�¯T¨E¦�«>µs·V¦�«�¨?µ9¶?§�¯ºµE¨o±�®DÔ8©#"V¦+«¿»�²º§�¨o©+²ºÅ�©�µE¦�¯S¶?®r¸Ë§�®m²S®°¨�©�§�µ9¶?®V¨
¾JÅ°µ9È�¦X±�®°¨e±#³Ó®°«�¨E®°¾a¼�²º®V¨e±#³Ó©+¶E¼�¶?®V¨J¶E®°¸M§�¯S½V¶?®V«>µJ§�«P«�¦�¾a¼�¶?®É»�²S§�¨qÁ�¶9©+«�±¹±#³Ó©+¶?¼�¶E®°¨J¸Ë§�®w²º®V¨
©+§�µE¶E®°¨mª�©+¶?¯Ð©+«>µE®V¨ ��pW®°§gulm � Æ

ÝÜ©�ª�©+¶E¯S©+«>µ9®s±�®V¨�©�¶E¼�¶?®V¨�©+²ºÅ�©�µE¦�¯S¶?®V¨Ü¸Ë§�®D«�¦+§�¨�©+»�»�²S¯S¸Ë§�¦+«�¨"§Xµ9¯S²º¯S¨?®s²º®�¨?®V§�¯º²X¨?§�¶i²S©�¾J®V¨E§�¶E®
±�®J¨E·°¦�¶E®J±�§�µE®V¨�µa©+§�¨E®°¯S«�±<³Ó§�«�«�¦�MW§�±#Ö

sth

Æ C ©+§XÔd¾¿®°«>µ9¯S¦+«�·°¦�«>µ9¶E©+¯S¶?®+Ö`«�¦�§�¨a©�ª�¦�«�¨uÀ�ÃXÅ·V®W¨?®V§�¯º²`±T©+«�¨d«�¦+¨g®hÃX»ÊÅ°¶E¯S®°«�·V®°¨n5Hu�Æ E Õ8·°®u¸Ë§�¯`·°¦�¶E¶?®V¨?»Ê¦�«�±I5 E u � ±�®Ñ²Ð©aª�©+²S®°§�¶D¾¿©�ÃX¯S¾¿©+²S®
»4¦�¨E¨?¯S¼�²º®Ñ±�§Ò¨?·V¦�¶?®L×hÆ

Ý`®V¨u�D(+*4GM;�$&%I;�79./,25�,r±�ÅV»4®V«�±�®V«>µÑ±#³´§�«Ò»T©+¶9©�¾¿½2µ9¶E®u©+±�±�¯ºµE¯S¦�«�«�®V²
k
¸Ë§�¯"®°¨?µ�²S®W«�¦�¾Â¼�¶E®

±#³Ó©�µEµE¶E¯º¼�§�µ9¨m·/È�¦+¯S¨E¯º¨Ù©�²SÅ�©�µ9¦�¯º¶E®V¾J®V«>µm®°«x·/ÈT©+¸Ë§�®)«:MW§�±x±�®uµE®V¨?µVÆ<ØÙ©+«�¨g«�¦�¨Ù®hÃX»ÊÅ°¶E¯S®°«�·V®°¨VÖ4¨9©
ª�©+²S®°§�¶d©qÅ°µEÅÑÀ�ÃXÅV®�5a²Ð©Âª�©+²º®V§�¶d»T©�¶D±�Å°Ô8©�§�µm¨E§�Á+Á�ÅV¶?ÅV®W»T©+¶d²U³l©+§Xµ9®V§�¶d±�®Ñ²F³Ó©+²SÁ+¦�¶E¯Aµ9È�¾J®m®°µg¸Ë§�¯
¶E®°»�¶EÅ°¨E®°«ËµE®x²S©:¶9©+·°¯S«�®É·V©+¶E¶?ÅV®w±�§�«�¦�¾a¼�¶E®Éµ9¦+µ9©+²r±<³l©�µ?µ9¶?¯S¼�§�µE¨VÆ�Ú�«P¨E®w¶EÅ2Ô�ÅV¶E©+«>µ 5 � qr¶E®�u E�� Ö·V®2µEµE®Wª�©+²º®V§�¶d±�¦�«�«�®WÈT©+¼�¯ºµ9§�®V²S²º®V¾J®V«>µd²º®Ñ¾¿®°¯S²S²º®V§�¶sµ/©+§MÃw±#³´®V¶E¶?®V§�¶°Æ

O�' J

K"¦�§�¶a²S®°¨)¾¿©+·/È�¯º«�®V¨]5pª�®°·°µE®V§�¶q±�®¿¨E§�»�»Ê¦�¶�µ�ÖI«�¦�§�¨Â©�ª�¦�«�¨Â§�µ9¯º²S¯S¨?Åe²S®V¨)»T©+¶E©+¾¿½2µ9¶?®V¨u»T©+¶
±�Å2Ô8©+§�µÌ±�®x²Ð©N²S¯º¼�¶9©�¯S¶E¯º®ÉÝ`¯S¼ C � ��Æ t � ¥�¦+§�¨Ì©�ª�¦+«�¨O®°¨E¨9©�Þ+Å¡²F³´¯S¾J»�²SÅ°¾¿®°«Ëµ9©�µ9¯º¦�«�±�®°¨Ì«�¦LÞ>©�§XÃ²S¯º«�Å�©�¯S¶E®°¨VÖ>»4¦�²ºÞM«�¦+¾¿¯S©+§XÃxÕ8±�®Ù±�®°Á�¶EÅ ä ®°µ`m�×s®°µr¶9©+±�¯Ð©+§XÃÊÆ �Y·V¯4®V«�·°¦�¶E®�Ö�²S®g¾J®V¯S²º²S®°§�¶o«�¦LÞ>©+§É®°¨?µ·/È�¦�¯º¨E¯`¨?§�¶m¼T©+¨E®W±�§wµ/©�§XÃw±#³´®V¶?¶E®V§�¶g±�§Ò¾J¦X±�½V²S®Ù¨E§�¶m²F³´®V«�¨E®V¾Â¼�²S®W±�®Ñµ9®°¨?µVÆ
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¨
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� ¾ � ¨r»4¦�§�¶r²Ð©Â»�¶?ÅV±�¯º·°µE¯S¦�«Ì±�®V¨ E ulu uluÂ¯S¾¿©+Á�®°¨r±�® �Ò¥ � C âÑÆTÝÜ©a¾JÅ°µEÈ�¦X±�®�±�®V¨d»�²S§�¨D»�¶E¦M·/È�®V¨ª�¦+¯S¨E¯º«�¨a®°¨?µe²Ð©:»�²S§�¨a²º®V«>µ9®É±�®Ìµ9¦�§�µE®V¨q»�§�¯S¨E¸Ë§�®É±�©+«�¨q¨9©:ª+®V¶E¨?¯S¦�«�±�®É¼�©+¨E®É®°²S²S®¿·V¦�«�¨E¯S¨�µ9®G5
·V¦+¾¿»T©�¶E®V¶s·/ÈT©+¸Ë§�®�¯S¾¿©+Á�®m©�ª�®°·Ùµ9¦+§�µ9®°¨�²º®V¨s¯S¾¿©+Á�®V¨o±�®�²F³´®V«�¨?®V¾a¼�²S®m±#³Ó©+»�»�¶?®V«>µ9¯º¨E¨9©�Á�®+Æ �Y²4Ô8©�§�µ
®V«>ªM¯S¶?¦�« ä u¿¾¿¯º«M§Xµ9®V¨g»4¦�§�¶Ù»�¶EÅV±�¯S¶E®)²Ð©J·V²Ð©�¨E¨E®)±�®V¨ v,s uluJ¯S¾¿©+Á�®V¨m±�®qÍ�� �@Ý<Î E ulu¿®2µ�®°«ËªM¯º¶E¦�«
ä Ègm ue»4¦�§�¶d²º®V¨ E ulu ulua¯S¾¿©+Á�®°¨D±�® �x¥ � C âÑÆ

�N��� ���¡ �;�D �]:N?U�N ]:

Ø�©+«�¨d·°®�·/ÈT©+»�¯ºµ9¶?®+ÖX«�¦�§�¨m©�ª�¦+«�¨d·V¦�«�¨E¯S±�ÅV¶EÅÙ²Ð©Â·°²Ð©+¨?¨E¯ºÀ�·�©�µE¯S¦�«¿±#³Ó¯º¾O©�Á�®V¨�·V¦�¾J¾¿®�§�«É»�¶?¦�Î
¼�²º½V¾J®Ì±#³Ó©+»�»�¶?®V«>µ9¯º¨E¨9©�Á�®p©+§�µ9¦+¾O©�µE¯S¸Ë§�®¿¨E§�»4®V¶�ªX¯º¨EÅ�Æ C ®V²º¦�«Ä·V®w»T©+¶E©+±�¯ºÁ�¾¿®�Ö"§�«PÅ°·/ÈT©+«>µ9¯º²S²º¦�«±#³´¯S¾¿©+Á�®°¨�»�¶?Å2ÎÏ·V²Ð©�¨E¨E¯AÀTÅV®°¨D®V¨�µd±�¦�«�·�§�µ9¯º²S¯º¨EÅm»Ê¦+§�¶r¯º«�Ô�ÅV¶?®V¶D©�§�µ9¦�¾¿©�µE¯S¸Ë§�®V¾J®V«>µ�§�«É¾J¦X±�½°²S®g±�®
·V²S©+¨E¨?¯ºÀT·V©�µ9¯º¦�«#Æ>ÝÜ©W»�¶EÅ°±�¯S·2µ9¯º¦�«e±#³Ó§�«�®�«�¦�§�ª�®°²S²º®g¯º¾O©�Á�®d·V¦�«�¨E¯S¨�µ9®�5u²º§�¯T©+»�»�²S¯º¸M§�®V¶o·V®g¾¿¦M±�½°²S®+Æ
x � � .��,�
�}~&|��,��|
{��}�8���&~&{}��|8{/{}z��¢z�� M |�����~�z�1 �^� ��� �� bN ��� �



�����#���A���#� ���Q
������6
 � �

� ?".<N3) �35 �	5����Y, � ?".<N )
� 5 �	5����-,
qr¦M¦�¨?µE¯S«�ÁÒÕ

T = 50
× � È ä+ä ¾ ä � ¨ q�¦X¦�¨�µ9¯º«�ÁpÕ

T = 100
× v È älv ¾ u E ¨

qD©+Á�Á�¯º«�ÁpÕ
T = 50

× v Ègu E ¾ EKE ¨ qD©+Á�Á�¯º«�ÁpÕ
T = 50

× E È v m+¾ älv ¨
C � �Ò¨aÕ�»Ê¦+²ºÞ ä × ä � ¾ ä � ¨ o�©+«�±�¦�¾ FT¦�¶?®V¨�µ9¨)Õ

T = 500
× v$E ¾ m s ¨

og©+«�±�¦+¾ FT¦�¶E®°¨?µE¨ÂÕ
T = 100

× ä u+¾ E � ¨ MÙ¶?¼�¶E®W±�Å°·V¯S¨?¯S¦�« m+¾ u � ¨MÙ¶?¼�¶E®°¨Ù©�²SÅ�©�µ9¦�¯º¶E®V¨ÑÕ
T = 100

× E�E ¾ m � ¨ C � �Ò¨)Õ8²º¯S«�ÅV©+¯S¶?®L× E ¾ u ä ¨
MÙ¶?¼�¶E®W±�Å°·V¯S¨?¯S¦�« å ¾ E å ¨ M�¶E¼�¶?®V¨�©+²SÅV©�µ9¦+¯S¶E®°¨WÕ

T = 500
× � ¨

TVU-WYX�m�Æ å B â"®°¾¿»�¨g±<³l©+»�»�¶E®°«ËµE¯S¨?¨9©+Á�®Ñ»4¦�§�¶��Ò¥ � C â Õ}5aÁ>©+§�·/È�®L×D®°µ�Í�� �@Ý<Î E uluwÕ}5a±�¶?¦�¯ºµE®L×hÆ

Ír¦�¾J¾¿®�·°®V¶?µ9©+¯S«�®V¨Ü¾¿Å2µ9È�¦M±�®°¨I¶?ÅV·°®V«>µ9®°¨�±#³Ó©+»�»�¶?®V«>µ9¯º¨E¨E©+Á�®�©+§�µ9¦+¾O©�µE¯S¸Ë§�®�»4®V§�ª+®V«>µIµ9¶9©�¯ºµ9®°¶
±�®°¨�»�¶E¦+¼�²S½°¾¿®°¨Ù±�¦�«>µÑ²º®V¨�¦�¼Mà?®°µE¨�¨E¦+«Ëµ�±�ÅV·°¶E¯ºµE¨�»T©+¶�§�«:Á�¶E©+«�±¡«�¦+¾a¼�¶E®)±�®Âª�©+¶?¯Ð©+¼�²º®V¨°Ö4«�¦�§�¨
©�ª�¦�«�¨¿Å2ª+©�²S§�ÅÉ²U³l©+»�»�²S¯º·�©�µE¯S¦�«�±�®p·°®V¨J¾¿Å2µ9È�¦M±�®°¨ 5¡²S©N¶?®V»�¶?ÅV¨?®V«>µ/©�µE¯S¦�«P»�¯kÃ�®°²S¨e±�®°¨¿¯º¾O©+Á+®V¨VÆ
Ír®°µ?µ9®J©+»�»�¶E¦M·/È�®¿«<³Ó¯º¾¿»�²º¯S¸Ë§�®Â©+§�·V§�«�®e»Ê®°¶?µ9®e®hÃ�»�²S¯S·°¯ºµE®q±#³Ó¯º«�Ô�¦�¶?¾O©�µE¯S¦�«Ò®°µu²S®q¼�§�µW±�®e«�¦+µE¶E®
Å°ª�©+²º§T©�µE¯S¦�«aÅ2µ/©+¯Aµ�±�®d±�Å2µ9®°¶E¾J¯S«�®°¶�¨E¯�§�«�®mµE®V²º²S®d©+»�»�¶E¦M·/È�®dÁ�Å°«�ÅV¶?¯S¸Ë§�®m®V¨�µoÅVÁ>©+²º®V¾J®V«>µ�¨E©�µ9¯º¨?Ô8©+¯kÎ
¨9©�«ËµE®�®V«ÌµE®V¶?¾¿®°¨r±�®�»�¶EÅV·°¯S¨?¯S¦�«#Æ C ®°»�µd¾JÅ°µ9È�¦X±�®°¨r±#³Ó©+»�»�¶E®V«>µE¯S¨E¨E©+Á�®Ñ©�§�µ9¦�¾¿©�µE¯S¸Ë§�®g¨E§�»4®V¶�ªX¯º¨EÅ¦�«>µoÅ°µEÅd·V¦�¾J»T©+¶?ÅV®°¨�¨E§�¶�¸Ë§T©�µE¶E®d»�¶?¦�¼�²º½V¾J®V¨�±�®d·°²Ð©+¨?¨E¯ºÀ�·�©�µE¯S¦�«a±<³Ó¯º¾O©+Á+®V¨VÆ+ØÙ®V¨iµ9©+§XÃa±#³Ó®°¶E¶?®V§�¶
¨9©�µ9¯S¨�Ô8©+¯S¨E©+«>µ9¨`¨?¦�«>µ�©�µEµ9®°¯S«>µ9¨`®°«)·°¦�¾J»T©+¶9©�¯S¨E¦+«W©Lª+®V·s·V®°§XÃu±�®o²F³´Å°µ9©�µ`±�®o²F³Ó©+¶�µ�ÆLÝ`®V¨`µE®V¾J»�¨Ü±#³l©�»XÎ
»�¶?®V«>µ9¯º¨E¨9©�Á�®q¨E¦�«>µW»T©�¶?µ9¯º·V§�²º¯S½°¶E®V¾J®V«>µÙ¶9©+»�¯º±�®V¨W©�ª+®V·e²S®°¨Ñ©+¶E¼�¶E®V¨W©�²SÅ�©�µ9¦�¯º¶E®V¨�®°µW²º®V¨ÙµE®V¾J»�¨Ñ±�®
»�¶?ÅV±�¯º·°µ9¯º¦�«w¨E¦�«>µ�©+·°·V®V»Xµ/©+¼�²º®V¨m¸Ë§�®V²º²S®Ñ¸Ë§�®W¨E¦+¯ºµm²Ð©q¾JÅ°µEÈ�¦X±�®Ñ±#³Ó®°«�¨E®°¾a¼�²º®u±<³l©+¶?¼�¶E®°¨�§Xµ9¯S²º¯S¨?ÅV®+Æ
K"¦�§�¶d²S®Ñ¸Ë§T©�µE¶E¯S½°¾¿®Ù»�¶E¦�¼�²S½V¾J®+ÖM²Ð©a·°²Ð©+¨?¨E¯AÀT·�©�µE¯S¦�«O±�®�µ9®hÃXµE§�¶E®°¨VÖ4©+§�·°§�«�®Ñ¾JÅ°µEÈ�¦X±�®Ñ±#³l©�»XÎ

»�¶?®V«>µ9¯º¨E¨9©�Á�®q©+§�µE¦�¾¿©�µ9¯º¸M§�®)«#³´¦+ÛÊ¶E®)§�«:¶EÅ°¨E§�²Aµ/©�µÙ¨9©�µE¯S¨�Ô8©+¯S¨E©+«>µ�Æ4Ý`®V¨�¶?ÅV¨E§�²ºµ/©�µ9¨Ù¸Ë§�®Â«�¦�§�¨�¦+¼XÎ
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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»4®V¶E¾J®°µ�±�®�¨EÅV²º®V·2µ9¯S¦+«�«�®V¶�±�®V¨�¨E¦�§�¨�ÎÏÔ�®°«�ß°µE¶E®°¨`5)µ9¶E©�ª�®V¶?¨D§�«�®�»Ê¦+¶?µ9¯º¦�«J¯S¾J»Ê¦�¶�µ/©+«>µE®g±�®Ù²F³´¦�¼Mà?®2µ
5�¶?®V·°¦�«�«T©�ãºµ9¶?®Ò»�²º§�µ .�µO¸Ë§�®Ò±�®V¨¿¨E¦�§�¨@ÎÏÔ�®°«�ß°µE¶E®V¨O·V¦�«�·°®V«>µ9¶?ÅV®°¨w©+§�µ9¦+§�¶¿±�®x¸Ë§�®V²º¸Ë§�®V¨Ì»4¦�¯º«ËµE¨
±#³´¯S«>µ9Å°¶Eß2µ�Æ4Ír¯S«�¸M§�©+«>µ9®W»Ê¦+¯S«>µ9¨d±#³´¯S«>µEÅV¶Eß2µ9¨g¨E¦�«>µg±�Å2µ9®V·2µ9Å°¨Ù©+§p¨E®°¯S«w±#³´§�«�®u¯S¾¿©+Á�®�Æ

Ø�©+«�¨
��� � � å � ÖÜ²S®°¨Â©�§�µ9®°§�¶E¨)±�Å°ÀT«�¯S¨E¨?®V«>µaµE¶E¦�¯º¨u·°¶E¯Aµ9½V¶?®V¨)»Ê¦�§�¶)¨?ÅV²S®°·°µE¯S¦�«�«�®V¶u²S®V¨WÔ�®V«�ß°µ9¶?®V¨§�µE¯S²S®°¨�»�©+¶E¾J¯Ü²F³´®V«�¨?®V¾a¼�²º®Â±�®uµ9¦�§Xµ9®V¨Ù²S®V¨mÔ�®V«�ß°µ9¶?®V¨Ñ»4¦�¨E¨?¯S¼�²º®V¨g±#³´§�«�®Âµ9©+¯S²º²S®Ñ±�¦�«�«�ÅV®Ìá4²Ð© �@±�ÅhÎ
µ9®°·°µ9©+¼�¯S²º¯ºµEÅ � ÖM²F³´§�«�¯º·V¯Aµ9Å�®2µ�²S©ÂÀ[©+¼�¯º²S¯Aµ9Å+Æ

ÝÜ©m¾JÅ°µEÈ�¦M±�® � C�C â��%ulm � ®2ÃMµ9¶E©+¯ºµ`±�®V¨Ü¶EÅ°Á�¯S¦�«�¨`®V²S²º¯S»�µE¯S¸Ë§�®°¨<·V¦+«�¨?µE¶E§�¯Aµ9®V¨I©+§Xµ9¦�§�¶`±<³Ó®hÃXµE¶E®°¾O©±#³´¯S«>µ9®°«�¨E¯Aµ9Å°¨g·°¦�²S¦+¶E¯S¾JÅ°µE¶E¯º¸M§�®V¨VÆ
Ý�³l©+²ºÁ�¦�¶?¯ºµ9È�¾¿®¿»�¶E¦�»4¦�¨?ÅÉ»T©+¶ ��� �Iu ä ¼ � «�®w¨?®wÔ�¦+«�±�®w»T©+¨q¨?§�¶e²Ð©:±�Å2µ9®V·2µ9¯º¦�«¹±�®p»4¦�¯º«ËµE¨±#³´¯S«>µ9Å°¶Eß2µ9¨e¾O©�¯S¨Â¨?§�¶q²F³´®2ÃMµE¶9©+·2µ9¯S¦+«Ä±�®É¶EÅ°Á�¯S¦�«�¨q±#³Ó¯º«>µ9®V«�¨E¯ºµEÅV¨qÈ�¦+¾¿¦�Á+½V«�®°¨VÆ�Çg«�®w¶EÅVÁ+¯S¦�«Ä®°¨?µ

¯S·°¯<ªM§�®u·V¦�¾J¾¿®Ñ±�®V¨g·V¦�¾J»Ê¦+¨9©+«>µ9¨m±�®W»�¯kÃX®V²S¨m·°¦�«�«�®°·°µ9Å°¨Ù¸Ë§�¯`¨?¦�«>µ�µE¦�§�¨m»�²S§�¨g·°²Ð©+¯º¶E¨d¦�§w»�²º§�¨
¨E¦+¾a¼�¶E®°¨¿¸Ë§�®wµ9¦+§�¨¿²º®V¨e»�¯kÃ�®°²S¨e¸Ë§�¯m¨E®wµ9¶?¦�§�ª�®°«>µÌ¨E§�¶J²º®w·V¦�«>µ9¦+§�¶¿±�®Ò²S©N¶?ÅVÁ�¯º¦�«#Æ � »T©�¶?µ9¯º¶
±�®:·°®V¨É¶?ÅVÁ�¯º¦�«�¨O¨?¦�«>µw©+²º¦�¶E¨¿·V¦�«�¨�µ9¶?§�¯ºµE®V¨Ì±�®x«�¦�¾a¼�¶?®V§�¨?®V¨ÌÔ�®°«�ß°µE¶E®V¨É»�©+¶Ì²F³Ó©+»�»�²S¯S·V©�µ9¯º¦�«�±�®
±�¯Aª�®V¶?¨Â·°¦�«�¨?µE¶E§�·2µ9®°§�¶E¨q¸Ë§�¯s«�¦�¶?¾O©+²º¯S¨?®V«>µu·V®V¨Â¶EÅVÁ+¯S¦�«�¨u®V«�Ô�¦�«�·°µE¯S¦�«�±�®O²U³Ó¦+¶E¯S®°«>µ/©�µE¯S¦�«N®°µÂ±�®
²F³´ÅV·/È�®V²S²º®+Æ<Ír®°µ?µ9®a¾JÅ°µEÈ�¦X±�®Â¨E®°¶9©Ì±�Å°·V¶?¯ºµ9®Â»�²S§�¨Ù©+¾J»�²S®°¾¿®°«ËµÙ²S¦�¶?¨�±�§¡·/ÈT©+»�¯Aµ9¶E® v ·V¦�«�¨9©+·°¶EÅH5
²Ð©a¶?¦�¼�§�¨�µ9®°¨E¨E®)»�§�¯º¨E¸Ë§#³´®V²S²º®Ñ®V¨�µ�»�©+¶?µE¯S·V§�²S¯S½°¶E®°¾¿®°«ËµD·V¦�«�"°§�®u±T©+«�¨m·V®W¼�§Xµ�Æ

Ý`®V¨q¾JÅ°µ9È�¦X±�®°¨a¸Ë§�®Ì«�¦+§�¨aª�®°«�¦�«�¨q±�®É¨?§�¶?ª+¦�²S®°¶a»4®V¶E¾J®°µ?µ9®°«Ëµa±�®Ì±�Å2µ9®V·2µ9®°¶q§�«Ä«�¦�¾a¼�¶E®



�	� �L���0�����/$1�,� 2N� � 
��g

�,� �g� ���¢��
��	'����1��� �	$�� �������"

� 2	�	�S����
g��

�,�

¶EÅ°±�§�¯Aµm±�®Ñ»Ê¦+¯S«>µ9¨"à?§�Á+ÅV¨m»Ê®°¶?µE¯S«�®°«ËµE¨g©+§w¨E®V¯º«w±#³Ó§�«�®W¯S¾¿©+Á�®+Æ�Ý`®�ª�¦�¯º¨E¯S«�©+Á�®�±�®W·°®°µg®V«�¨?®V¾a¼�²S®
»T©+¶�µ9¯º®V²D±�®p»4¦�¯S«>µ9¨q®°¨?µ¿®V«�¨?§�¯ºµE®w±�ÅV·°¶E¯ºµJ»4¦�§�¶q²S©N¶?®V·°¦�«�«T©+¯º¨E¨E©+«�·V®�Æ C ®V²º¦�«¹²S©:µ9®V·/È�«�¯S¸Ë§�®p±�®±�Å2µ9®V·2µ9¯º¦�«�¾J¯S¨?®N®V«�»�²Ð©+·°®+Öd²S®N«�¦+¾a¼�¶E®N±�®�»4¦�¯S«>µ9¨w¶?®°µ9®°«Ë§�¨Òª�©+¶?¯S®+Æm¥g¦+µ/©�¾¿¾J®V«>µ�Ö ��
�Ø u u �
¨E¦+§�²S¯ºÁ�«�®J¸M§<³Ó§�µE¯S²º¯S¨E®°¶W¨E®V§�²S®V¾J®V«>µ v »Ê¦+¯S«>µ9¨u±#³´¯S«>µ9Å°¶Eß°µÂ®V¨�µq¨E§��J¨E©+«>µq±T©+«�¨ å u � ±�®°¨Â·�©�¨a±�®
²S®°§�¶E¨J®2ÃX»4ÅV¶?¯S®V«�·V®V¨°ÆDÝÜ©N¶EÅVÁ+¯S¦�«P·V¦�§Xª�®V¶�µ9®:»�©+¶e²S®V¨ v ¨?¦�§�¨@ÎÏÔ�®V«�ß°µ9¶?®V¨¿±�®

10 × 10
¸M§�¯�¨?¦�«>µ

®2ÃMµE¶9©+¯Aµ9®V¨Ù©+§�µE¦�§�¶g±�®)·°®V¨�»4¦�¯º«ËµE¨aÕ�¨E¦�¯Aµ v ulu¿»�¯AÃX®V²º¨/×d¶E®V»�¶EÅV¨?®V«>µ9®a©+²S¦�¶?¨g©+»�»�¶?¦LÃX¯º¾O©�µE¯ºª+®V¾J®V«>µ
¨E®°§�²S®°¾¿®°«>µ>u�Æ E � � ±�®Ì·/ÈT©+·°§�«�®w±�®É²S®°§�¶E¨Â¯S¾¿©+Á�®V¨)®V« � s u ∗ s � ux»�¯AÃX®V²º¨VÆiÝ`®°¨aµ9¶E¦+¯S¨Â·°¶E¯Aµ9½V¶?®V¨±�®J²Ð©É¾JÅ°µ9È�¦X±�®q±�® ��� � � å�� »4®V¶E¾J®°µ?µ9®°«Ëµu±#³´®2ÃMµE¶9©+¯º¶E®J®V«�¾¿¦LÞ�®°«�«�®J®V«>ªM¯S¶?¦�« v uÌÔ�®°«�ß°µE¶E®V¨)±�®µ/©�¯S²S²º®

15× 15
5Â»T©+¶�µ9¯º¶r±�®°¨D¯S¾¿©+Á�®°¨�±�®�µ/©+¯º²S²S®

128× 120
±�§Ì»�¶?¦�¼�²º½V¾J®Ù¸Ë§#³´¯S²S¨s·V¦+«�¨E¯º±�½V¶?®V«>µ�Æ

K�©�¶Ñ·V¦�«>µ9¶?®+Ö`²S©Ì¾¿Å2µ9È�¦M±�® ��� � u ä ¼ � ±�Å°µ9®°·°µE®J§�«�«�¦+¾a¼�¶E®e©�¨E¨E® �e¯S¾J»Ê¦�¶�µ/©+«>µÙ±�®e¶EÅVÁ+¯S¦�«�¨Ù®°µÁ�Å°«�½V¶?®:®V«>ªM¯S¶?¦�« E ulu3ululu�Ô�®°«�ß°µE¶E®V¨O±�®xµ/©�¯S²S²º®
21 × 21

»4¦�§�¶¿§�«�®:·°¦�«�ÀTÁ+§�¶9©�µE¯S¦�«¹±�® s u u
¯S¾¿©+Á�®°¨�®V«

128 × 128
»�¯kÃX®V²S¨Ñ±�®J²S©É¼T©+¨E®e±�®e±�¦+«�«�ÅV®°¨)Í�� �@Ý<Î E ulu�Æ`Ú�«Nµ9®°¶E¾J®V¨W±�®e»�¯AÃX®°²S¨VÖ·V®°²Ð©W¶E®°»�¶EÅ°¨E®V«>µE®�±�¦�«�·g»�²º§�¨�±�® � Ô�¦�¯S¨�Õ 21∗21∗100000 = 44100000

×�²S®m«�¦+¾a¼�¶E®m±�®�»�¯AÃX®°²S¨
±�®J²F³´®V«�¨?®V¾a¼�²S®e±�®V¨)¯S¾¿©+Á�®°¨Ñ±#³l©�»�»�¶E®°«>µ9¯S¨?¨9©+Á+®¡Õ

128 ∗ 128 ∗ 400 = 6553600
×2Æ`Ý`®J«�¦�¾a¼�¶E®

±�®�»Ê¦�¯º«>µ9¨o±�Å°µE®V·2µ9ÅV¨r®°µD±�®�Ô�®V«�ß°µ9¶?®V¨�®2ÃMµ9¶E©+¯ºµE®V¨r±�ÅV»4®V«�±Ì±�¦�«�·g±�®V¨rµE®V·/È�«�¯S¸Ë§�®V¨r§�µ9¯º²S¯S¨?ÅV®°¨s¾¿©+¯º¨
©+§�¨?¨E¯`±�§p·V¦+«ËµE®V«Ë§x±�®V¨g¯S¾¿©+Á�®V¨�5e¶?®V·°¦�«�«T©�ãºµ9¶?®+Æ

K � � � � � � ��� �������

Ý�³l©+»�»�¶E¦M·/È�®a¸Ë§�®)«�¦�§�¨�»�¶E¦�»4¦�¨?¦�«�¨Ù¶?Å�©+²º¯S¨?®)Å°Á>©+²S®°¾¿®°«>µÙ§�«�®Â®2ÃMµE¶9©+·2µ9¯S¦+«x±�®uÔ�®V«�ß2µ9¶E®°¨�²S¦�Î
·�©�²S®V¨Â±T©+«�¨a²º®V¨a¯º¾O©�Á�®V¨°Æ�¥gÅ�©+«�¾J¦�¯º«�¨VÖI²S®Ì»�¶E¯S«�·V¯S»4®J±�®É«�¦+µE¶E®É©+»�»�¶E¦M·/È�®É¨E®°¶9©:±�®O²Ð©+¯º¨E¨E®°¶�5
²F³Ó©+²ºÁ�¦�¶E¯Aµ9È�¾J®�±#³Ó©+»�»�¶E®V«>µE¯S¨E¨E©+Á�®)²S®u¨E¦�¯º«x±#³Ó©+»�»�¶?®V«�±�¶E®�5J²S®V¨g±�¯º¨E·V¶?¯S¾J¯S«�®°¶d®°µ 5¿®V«x¨EÅV²º®V·2µ9¯S¦+«XÎ
«�®°¶a²S®°¨Â¯S«XÔ�¦�¶E¾¿©�µ9¯º¦�«�¨W»4®V¶?µE¯S«�®°«>µ9®V¨°Æ�Ú�«Ä®°ÛÊ®°µVÖ�«�¦�¨Â¨E¦�§�¨@ÎÏÔ�®°«�ß°µE¶E®V¨q¨?®V¶?¦�«>µq®2ÃMµ9¶E©+¯ºµE®V¨�5Ò±�®V¨
»4¦�¨E¯Aµ9¯S¦+«�¨i©+²ºÅ�©�µE¦�¯S¶?®V¨e5�»�©+¶?µE¯S¶i±�®°¨�¯S¾¿©+Á�®°¨VÖ+¨E©+«�¨�§�µE¯S²º¯S¨E®°¶�±�®d·°¶E¯Aµ9½V¶?®d±#³´¯S«�Ô�¦�¶?¾O©�µ9¯S¦+«a©�»�¶?¯S¦�¶?¯
®°µi¨9©+«�¨�±�ÅV»4®V«�±�¶E®d±�®D²S©gÔ8©+·°¯S²º¯ºµ9Åo±�®r±�Å°µE®V·°µE¯S¦�«q±�®D»Ê¦+¯S«>µ9¨"±#³Ó¯º«>µ9ÅV¶?ß°µE¨i«�¯�±�®D²Ð©g»�¶EÅ°·V¯S¨?¯S¦�«a©Lª+®V·
²Ð©�¸M§�®V²S²º®)¯º²S¨g¨E¦�«>µÑ²º¦X·V©+²S¯º¨EÅ°¨VÆ4Ý`®Â«�¦�¾Â¼�¶E®a±�®ÂÔ�®V«�ß2µ9¶?®V¨%5O®hÃMµ9¶9©�¯S¶E®Â±�®V¨�¯º¾O©�Á�®V¨g±#³Ó©+»�»�¶?®V«>µ9¯º¨�Î
¨9©�Á�®�®°µm±�®�µ9®V¨�µd¨E®°¶9©q§�«É»T©�¶9©+¾J½°µE¶E®�±�®Ñ²S©Â¾JÅ°µ9È�¦X±�®�¸Ë§�¯#»4¦�§�¶E¶E©aß°µE¶E®�À�ÃXÅÑ»4¦�§�¶d©�µ?µ9®°¯S«�±�¶?®
§�«Ì·°¦�¾J»�¶E¦�¾J¯S¨�¨E©�µ9¯º¨?Ô8©+¯º¨9©+«>µs®V«>µE¶E®Ù²º®gµE®V¾J»�¨s±#³l©�»�»�¶E®°«>µ9¯S¨?¨9©+Á+®+ÖM²S®mµ9®V¾J»�¨s±�®Ù»�¶EÅV±�¯S·°µE¯S¦�«<Ö>®°µ
²Ð©�»�¶EÅ°·V¯S¨?¯S¦�«<Æ7��«e¨V³Ó©�µEµE®V«�±>5�·V®d¸Ë§�®m²S©Ù»�¶EÅ°·V¯º¨E¯S¦+«q¨E¦�¯Aµ�§�«�®DÔ�¦�«�·°µ9¯º¦�«a·°¶E¦�¯º¨E¨9©�«ËµE®m±�§q«�¦�¾a¼�¶E®
±�®eÔ�®V«�ß2µ9¶?®V¨Â§Xµ9¯S²º¯S¨?ÅV®V¨°ÆÜÍr®°µ?µ9®Jµ9®V·/È�«�¯S¸Ë§�®J¨E¯º¾¿»�²º®q±#³´®2ÃMµ9¶E©+·°µE¯S¦�«�®V¨?µ)¶9©�»�¯S±�®e®2µ)®°²S²º®J»4®V¶?¾¿®2µ
±�®¿¶E®V»�¶EÅV¨?®V«>µ9®°¶a§�«�®¿»Ê¦+¶?µ9¯º¦�«�¯S¾J»Ê¦�¶�µ/©+«>µE®q±�®V¨a¦+¼Mà?®°µE¨VÆ"Úo²º²S®e»4®V§�µ)ß°µE¶E®Ì©�»�»�²S¯º¸Ë§�ÅV® 5pµE¦�§�¨
²S®°¨�µYÞX»4®V¨s±#³´¯S¾¿©+Á�®°¨�¨9©+«�¨�©+±T©�»�µ/©�µE¯S¦�«e¯º¾¿»4¦�¶?µ9©+«>µ9®d©�§¿»�¶?¦�¼�²º½V¾J®+Æ>ÝÜ©Ñµ/©+¯º²S²S®�±�®g·V®V¨oÔ�®V«�ß°µ9¶?®V¨
¨E®°¶9©qµ9¦�§Xµ9®°Ô�¦+¯S¨d¨E»4ÅV·°¯ºÀT¸Ë§�®)©+§w»�¶?¦�¼�²S½°¾¿®Ñ·°¦�¾J¾¿®�«�¦�§�¨m²S®�ª+®V¶E¶?¦�«�¨°Æ
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ÝÜ©�¾J¦M±�ÅV²º¯S¨9©�µ9¯S¦+«�±�®°¨�¶?ÅVÁ�¯º¦�«�¨¡®°«ËµE¦�§�¶E©+«>µ�²º®V¨¡»4¦�¯S«>µE¨¡±�Å°µE®V·°µEÅV¨�·V¦�«�¨E¯S¨�µ9® 5 ±�ÅV·°¶E¯º¶E®
·/ÈT©+¸Ë§�® �V¦�«�®O»T©+¶u§�«�ª�®°·°µE®V§�¶q±#³Ó©�µ?µ9¶E¯º¼�§�µE¨VÖI·V¦�¾J¾¿®e¯º²S²S§�¨?µ9¶?Åe»T©+¶Â²S©wÀ�Á�§�¶E® s Æ E Æ�Ý�³´¦�¼Mà?®°·2Î
µ9¯AÔÑ»�¶?®V¾J¯S®V¶¿±�®:·°®:±�®V¨?·V¶?¯S»�µE®V§�¶Ì®°¨?µÉ±<³Óß2µ9¶E®¡¨?§��J¨9©+¾J¾J®V«>µÉ±�¯º¨E·V¶?¯S¾J¯S«T©�«ËµJ·�³Ó®°¨?µ?Î�5�ÎY±�¯S¶E®Ò±�®
»4®V¶E¾J®°µ?µ9¶?®g²S©�±�¯S¨�µ9¯º«�·°µE¯S¦�«q®°«ËµE¶E®g²S®°¨s·V©+¶9©�·°µ9Å°¶E¯º¨?µ9¯º¸Ë§�®V¨o±�®°¨�±�¯AÛ<Å°¶E®°«ËµE¨o¦�¼Mà?®°µE¨B5Ñ¶?®V·V¦+«�«T©�ãºµ9¶E®�Æ
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Ír¦�¾J¾¿®r«�¦�§�¨�²º®�ª�®°¶E¶?¦�«�¨o±T©+«�¨�²º®D·/ÈT©+»�¯ºµ9¶?®d¨E§�¯Aª�©+«>µ�Ö+§�«J±�®V¨o©+¨?»Ê®°·°µ9¨O5�»�¶?®V«�±�¶E®m®V«q·°¦�¾¿»Xµ9®
²S¦+¶E¨D±�®Ù²Ð©a·V¦+«�·V®°»�µ9¯º¦�«É±�®Ñ·V®2µEµE®Ñ¶E®V»�¶EÅV¨?®V«>µ/©�µ9¯S¦+«p®°¨?µmÅ°Á>©+²S®°¾¿®°«>µd²Ð©Â¶?¦�¼�§�¨�µ9®°¨E¨E®�Ö[©+§XÃOª+©�¶E¯Ð© Î
µ9¯º¦�«�¨d±�®W²U³l©+»�»T©+¶E®°«�·V®W±#³´§�«p¦�¼Mà?®2µaÕ�·/ÈT©+«�Á+®V¾J®V«>µg±#³Ó¯º²S²º§�¾¿¯º«T©�µE¯S¦�«#Ö>±�®u»4¦�¯º«ËµD±�®ÑªX§�®+Ö[®°µE·+Æl×2Æ

����� X s Æ E B og®°»�¶EÅ°¨E®°«Ëµ9©�µ9¯º¦�«Ì±#³´§�«�®Ù¯S¾¿©+Á�®m»T©+¶s±�Å°µE®V·2µ9¯S¦+«Ì±�®Ù»4¦�¯º«ËµE¨�±<³Ó¯º«ËµEÅV¶?ß°µ9¨�®°µr±�®V¨?·V¶E¯º»XÎµ9¯º¦�«É»T©+¶dª+®V·°µE®V§�¶?¨Ù±�®W·V©+¶9©+·2µ9Å°¶E¯S¨�µ9¯º¸M§�®V¨m²S¦M·�©+²º®V¨WÕ8©+±T©+»Xµ9ÅÑ±�® � C ·/È ��� � ×2Æ
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�QUÓ®�d{[^Y9©Xhe[g]�i�«q©Xj�k�©H[^iv]_Y?®BW4®ozJ[�n�[gY?®�Y^kV©Xj_]�R^k°®�®°«�[g]_YE©+«�[�©Xj�k�©H[^iv]_Y?®ouJ®V«�[tp
Nw

YE®�WZY^]�RE®�RQz�«�®]_u¿©Xa�®�S�®�j�UÓ®°«ZRE®�u��ZjS®�S�UÓ©XWZWZY?®V«�[g]�R^RE©Xa�®Â®e[Ù®°«���WZY?®V«T©�«\[�©Xj_kV©H[giX]_YE®�u¿®°«�[�z�«�®Ol�®V«Zne[gYE®HI���z�Z]º®V«��\i�«�WÊ®�zJ[BW�ivzJYBh�PT©H�fz�®�]_u¿©Xa�®FiXY^]_aX]S«T©Xjº®TS�®cj�U´®V«ZR?®ou��JjS®�S�UÓ©XWZWZY?®V«�[g]�R^R9©Ha�®cj�zZ][®edf[gYE©X]_Y?®z�«�hV®�Y`[/©H]S«�«Zivu��ZY?®�w�koa�©XjQS�U�z�«�®�]_u¿©Xa�®�p�j�UÓ©XzJ[^YE®�}�S�®�l�®°«Zn�[^YE®oR�W�iXzZYu©H[^[E®o]S«JSZYE®�jº® [^iX[/©Hj
Nw

S�®�l�®°«Zn�[^YE®oR�S�®�uO©+«J]_|oY?®�WZj�zZR�k��fzJ]_j_]��ZY^k°®XI{¡civzJRd«�Ul©�ªXi�«ZR�WT©XR�Y?®ou¿©XY^�\zZk�S�UÓ®e¢<®e[�R^zZYFjº®[/©Hz{d�S�U´®oY`YE®�zZY�RE®oj�i�«�hV®�RrSJ]�¢�koYE®°«�[9®oR�u�k�[^PZi{S�®oRoIZ�I©�R`kojº®oh�[^]_i�«p©Xj�k�©H[^iv]_Y?®�S�U�z�«�®�l�®°«Zn�[^YE®W©XzRE®�]S«yS�U�z�«�®�]�uO©Xa+®g®�R`[TY^k�©Hj_]_R`kV®�S�®cuO©+«J]_|oY?®rp)®edf[^Y9©X]�YE®rS�®oRml�®V«Zne[gYE®�R�S�®rjÐ©�[/©X]�j_jº®�£Jd{kV®�RE©+«ZRhoiXzZWZzZY?®Ù©Xzfd���ivY`SZRoI{¤�U´®oR�[`¥¦p§¥¨SZ]�YE®r�fzVU�ke[/©+«�[BSZi�«�«Zk°®�jS©�[9©X]_j�jS®�S�®cjS©Ol�®°«Zn�[^YE®X�\i�«ySZk�[E®oY`uy]º«�®
©Xj�k�©H[^iv]_Y?®ouJ®V«�[�jÐ©OW�iXR^]�[^]_i�« SZzyhoiv]º«yR`zZW©koY^]º®ozZYBa>©XzZh�P�®�S�®rjÐ©�l�®V«Zne[gY?®�S�®ruO©�«Z]_|�YE®rp�h°®c�\z�®
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jÐ©�l�®°«Zn�[^YE®�R^iv] [�®°«�[g]_|�YE®�u¿®°«\[choiXuyWZY`]_R?®�ST©+«ZRrj�U�]_u¿©Xa�®HI�'�z{[gYE®�u¿®°«�[�SZ] [ �Zh°®�h�iv]S« R^zJW�k�Y^]S®�zZYa>©XzJh�P�®�®oR�[�[g]�Y^kÙ©Xj_kV©H[giv]�YE®�u¿®°«\[s®°«\[^YE®�jº®oRBW�ivR`]�[^]_i�«ZRmPZivY`])(�i�«�[/©Xjº®oR+*)®�[
Wx −w1 − 1

®�[�jº®oRW©ivR^] [g]_i+«ZR�ª�®�Y`[^]_h�©HjS®oR,*W®e[
Wy−w2−1

I�¡rivzZRo«�®Fu�kou�ivY^]�R^i�«JRqWT©XR�W©ivzZY�z�«�®�uyn�u¿®�]�uO©Ha�®jS®�R W©ivR^] [g]�i�«ZR SJk.-^p�[^]_Y^k°®oR��qjS®�R�l�®°«Zn�[^YE®oR�h�PJiv]_R`]S®oR W�ivzJY z�«�® uyn�u¿®y]_u¿©Xa�® WÊ®�z�ª�®°«�[ySJi�«ZhRE®�j_i�« hV®�WZY`i{h°®oR`R^zZRg©Xj�k�©H[^iv]_Y?®rR?®�R^zJWÊ®�Y^W©ivRE®�YoI0/¨jÊ®oR`[T[givzJ[E®�lxiv]�RTYE©X]_R`i�«�«T©X�JjS®rS�®�W4®V«ZR?®oY��\z�®jS®�Rml�®°«Zn�[^YE®�RD®edf[gYE©X]�[E®oRBS�®�jS©�R`ivY`[E®Ù®V«O«Zivu��ZY?®�R`z�1�R9©+«�[Fh�ivz�ªfYE®°«\[�z�«�®�W�©XY`[^]S®r]_u�W�ivY�[/©+«�[E®S�®�Rc]�uO©Xa+®oR�ivY`]_av]º«T©Xjº®oRoIJ¤r®�[`[9®OhoiXz�ª�®�Y`[gzJYE® SJkoW4®V«ZSÒ©XzZR`R^]sS�®OjÐ© [9©X]_j�jS®�S�®oRFl�®V«Zne[gY?®oRoI
¡civzJR�Y^kV©Xj_]�RE®oY`i�«ZRcjS® h�PJiv] d�ivWJ[^]_u¿©XjsS�®oR�WT©XY9©Huy|e[gYE®�R

Nw

�
w1

®�[
w2

S�®�u¿©+«Z]_|�YE®u®ou�¥WZ]�Y^]_�\z�®�W�iXzZY�jº®oR�SJ]�¢�koYE®°«�[gR�WZY`iv�Zj�|ouJ®oRoI��`® h�PZiX] d�SZz¡«Zivu �ZYE®
Nw

SZkoW4®V«ZS k2ª{]�S�®ou�uJ®V«�[SZzN«Zivu �ZYE®�S�U�]_u¿©Xa�®�R�ivY`]_av]º«T©XjS®�RcSJi�«�[Oi�« SZ]_R`W�ivR?®q®�[OS�U�z�«�® h°®oY`[9©X]S«�® l8©32oi+«�S�®oROSZ]_uJ®V«f¥R^]�i�«ZR
w1

®�[
w2

I#4T]S®°« �\z�®�«ZiXzZRr«�UÓ© �vi�«JR�WT©XRBY^kV®�j_jº®ouJ®V«�[Tu�]_Ro®°« WZjÐ©HhV®rz�« u�k�[gPJi{S�®cW�iXzZYSZke[9®oY`uy]º«�®oY�©XzJ[giXuO©H[^]_�\z�®�u¿®°«\[�hV®�R�SZ]_uJ®V«ZR`]_i�«JRo�©hV®oj�jS®�R�¥¨h�]qW4®oz�ª+®V«�[�n�[^YE®�SZke[9®oY`uy]º«ZkV®�RÑ®V«k°ª�©Xj�zT©+«�[cjS®�[9©Xz{d�S�U´®oY`YE®ozJY�Y^k�R^zZj [/©+«�[�SZz uyifSZ|�jS®OR^zZYcj�U´®V«ZR?®ou��JjS® S�®�[9®�R`[�W�©XYgª�©Xj�]_ST© [g]_i+«hoY`iv]_R`kV®HIt�QU�]S«�5Zz�®V«Zh°®yS�®yh°®oR W�©XY9©Xu�|�[^YE®�R�R`zZY�jº®�[9®ou�WZR�S�UÓ©XWZWZY?®V«�[g]�R^R9©Ha�®¿®e[ jº®�[9®ou�WZR�S�®WZY`koSZ]�h�[g]�i�«��fSZkoh�ivzZjS©+«�[�S�®�jS©�hoiXuyWZjº®ed{]�[^k�S�®�Rd©XY`�ZYE®�Ro��«VUÓ®�R`[�WT©XRTk°ªf]_S�®°«�[m®�[D®�R`[rp ke[gzZSJ]S®oY�I
6�©+«ZRw«ZiH[gYE® hV©XRo�Fjº® u�i{SZ|�jS® h�i�«ZR�[gY^zJ]�[�RE®�Y9© z�«�®V«JRE®ou �ZjS® S�UÓ©XY^�JYE®oRp©Xj�k�©H[^iv]_Y?®oR�IT�`®

«Zivu �ZYE®�SVUl©XY`�ZYE®�Ro�
T
��YE®�R`[9®�z�« WT©XY9©Huy|e[gYE®�S�®�h°®�[^[E®q«Zivz�ª+®oj�jS®�u�k�[^PZi{S�®XIV¤r®q«Zivu��ZY?®�]S«f¥

5 z�®°«ZhV®FSJ]_YE®�h�[E®ouJ®V«�[QjS®�[9®�uyWJR�S�UÓ©XWZWZY?®V«�[g]�R^R9©Ha�®D®�[�jS®B[E®ou�WZRqS�®�WZY^k�SZ]_he[g]�i�«�I37{i�«�]º«�5 z�®°«ZhV®R^zJY jº® [/©Xz{d S�UÓ®�Y^Y?®ozZYp®oR�[ h�ivuyuJ® WZY`koh�koS�®�uyuJ®V«�[ p ke[gzZSZ]º®oY�W©ivzZY�h�PT©X�\z�®�WZY^iX�Zj_|�u¿®HI¤Tivu�u¿®d«JivzZRmj�UÓ©LªXi�«ZRoªfzÌ©Xz�h�PT©XWZ] [gY?®�K{��jS©�hoivu�WZjS®�d{]�[gkFS�®cj�Ul©Xj�avivY`]�[gPJu¿®mS�®rhoi�«ZR�[gY`zZh�[^]_i�«S�U�z�«¡©XY`�ZYE®)©Xj�k�©H[^iv]_Y?®Ñ®oR`[�j_]�kV®u©Xzx«Jivu��ZY?®�S�U�]_u¿©Xa�®�R�w�]_h�]sS�®�l�®°«Zn�[^YE®�R�}cST©�«ZR�j�U�k�h�PT©+«�[g]�j_j_i+«S�UÓ©XWZWZY?®V«�[g]�R^RE©Xa�® b
O(NwlogNw)

I

8:9<;�9"; =?>A@AB�CEDFCHGJI%KLDNMPORQSMUTNVWDYX[Z\VJCWVATNZ^],CJ_"_UCHM"`a@Ab+C

�`® u�i{SZ|�jS®)©yke[gk�h�i�«ZR`[^Y^zZ] [�pyWT©XY`[^]_Y�S�®�l�®V«Zne[gYE®�R�S�® [9©X]_j�jS®
w1 × w2

®�[�WÊ®�Y^uJ®�[�SJi�«ZhS�®yhojÐ©HR^RE®�Y S�®�Ra«ZivzXª�®oj�jS®�R�l�®V«Jn�[gY?®oR�S�® hV®e[^[E® [/©X]�j_jº®XI N ivzZY�jS© h�jÐ©XR`R^]�£Zh�©H[^]_i�«�S�U�z�«�® ]�uO©Xa+®hoiXuyWZj�|�[E®X��]�jtl8©XzJ[OSJi�«Zh�j_zJ]i®edf[gYE©X]_Y?®�S�®oR�l�®°«Zn�[^YE®oR�S�®�h°®�[^[E®�[/©X]�j_jS®H��jº®oR�WZY`ivWT©Xa+®oY�ST©+«JR�jº®u�i{SZ|�jS®H��®�[rh�ivu��Z]º«�®oYFjº®oRFWZY`koSZ]�h�[g]�i�«ZRFS�®�RcSJ]�¢�koYE®°«�[9®oRFl�®°«Zn�[^YE®oR�I
c�«�®p©XWJWZY^ifh�P�®�SZ]_Y?®ohe[9®X�q�fzJ]d®oR`[�k�a>©XjS®�u¿®°«�[�hV®�j_jS® S�®�d�egf,*�*ih���®oR�[�S�UÓ®�df[gY9©H]_YE® [^ivzJ[E®oRjS®�R l�®°«Zn�[^YE®�R W©ivR^R`]_�Zjº®oR�S�®�j�U�]_u¿©Xa�® S�®�[9®�R`[Ò®V« jS© W�©XY^h�ivzZY9©�«\[�S�®�PT©XzJ[Ò®V« �T©XRp®�[�S�®a>©XzJh�P�® p SZY^iX]�[9®H�VWT©HY�z�« SZkohV©XjÐ©Ha�®�S�U�z�« WZ] dX®�jQp jÐ©ylxiX]_Ro��S�UÓ©X��iXY^S R^zJY�z�«�®�u�nouJ®�j_]�a�«�®X�WZzZ]�R�®°« WT©XR`R9©+«�[Op�jÐ© j_]�a�«�®OR^zZ]Aª�©+«�[9®X�©hoiXuyuJ®O]_j_j�zZR`[^Y^k�pyjS© £ZavzZYE®�GZI�jJI©�siXY^RrS�® jS©�WZP�©XRE®S�UÓ©XWZWZY?®V«�[g]�R^RE©Xa�®X�v[^ivzJ[E®oRQjS®�R�l�®V«Zne[gY?®oR�S�®oRQ[^ivzJ[9®�RQjS®�RQ]_u¿©Xa�®oR"«�U�i�«�[BW�©XRQk�[^kFzJ[g]�j_]_R`kV®�R�h�©XYQjº®

«Zivu �ZYE®�S�®�l�®V«Zne[gYE®�RQ�\zZ]�®V«�SJkohoiXzZjS®�Y9©X] [�W©ivzZY^YE©X]�[qS�®°ª+®V«Z]�YQWZY^iXPZ]_�Z] [g] l¦I$c�«�[g]�Y9©Xa+®D©Xj�k�©H[^iv]_Y?®
®V«�© Y^k�SZzZ]�[�jº®¡«Zivu��JYE®XI��siXY^R�S�® jÐ© WZP�©XRE® S�® WZY`koSZ]�h�[g]�i�«���«ZivzZR�hoi+«ZR^]�SZkoY?®oY^i+«ZR�S�©+«ZRj�UÓ©Xj�avivY^] [gPZuJ® S�®��T©XR?® [givz{[9®oR jº®oR l�®°«Zn�[^YE®oR S�U�z�«�®�]�uO©Xa+®X� z�«�®Ìª�©XY^]S©+«�[9® WJY^ivW©ivRE®�Y9© S�U´®V«
®edf[^Y9©X]�YE®�z�«p«Zivu��JYE®OY^k�SZzZ]�[g©Hz R?®o]º«�S�®OjS©�RE®ohe[g]�i�«�GJI�GZI
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@BADCFE�GZI�j M NQP�?XR?®�S�®�WZY`koSZ]�h�[g]�i�« b�W�?XY^h�ivzZY`R�S�®�j�U�]�u�?Xa+® p h�j@?XR`RE®�Y�W�iXzZY�j�U´®edf[^YA?Xhe[g]_i+« S�®[giXzJ[9®�R RE®oRsl�®V«Jn�[gY?®oRBw�WJYE®ou�]S®�Y#®�[sS�®oz{d{]_|�u¿®�«J]CB�®D?Xz~}�� WZY^iXW�?XaE?H[^]_i�«�S�®�h�P�?Xhoz�«�®�S�®oR l�®V«Jn�[gY?®oRS�?+«JRFj�U´®V«ZR?®ou��Zjº®�S�UF?XY^�JYE®�wx[^Y^iv]�R^]�|ouJ®�«Z])B�®D?Xz~}e��?XSZSZ] [g]_i+« S�®oRGB+®ohe[9®ozJY^RrS�®�WZY`iv��?X�Z]�j_] [gkoRBS�®
M

hojH?XR^R?®oR wx�fz�?H[gY`]_|ouJ®O«J]CB�®D?Xz~}��qWZY`koSZ]�h�[g]�i�« S�® j@? h�j@?XR`RE® W�?HY YE®�h�P�®oY`h�P�® SZz u�?§dJ]�u�zZuw�h�]S«Z�\zZ]�|ouJ®Ñ«Z]CB+®I?Xz }

JLKFMON$P�QFRTS�UWVYX�V[Z�P]\�X Q_^*RIQ`N abX$V'c�d�efV

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®
w1 × w2

p�W�?XY�[g]_YOS�®�j�U�]_u�?Xa�®�\z�U�i�« SZkoR`]_YE®Oh�j@?XR`RE®oY��M ��«�WZY^iXW�?Xa�®Oh�P�?X�\z�®Ol�®V«Jn�[gY?®OS�?+«ZR�j�U´®V«JRE®ou �ZjS®OS�UF?XY^�JYE®oRh?Xj�kI?H[^iv]_Y?®oR��
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M ��« h�ivu��Z]º«�®�jS®�Ryh�j@?XR`RE®oR�?H[^[^Y^]��ZzZkV®�R�?Hz{d R^ivzJR�¥ l�®°«Zn�[^YE®�R W�?XY�j�U´®V«ZR?®ou��JjS®�S�UF?XY^�ZY?®oR
?Xj�kI?H[^iv]_Y?®oRD®e[ri�« ?XR^R`i{h�]S®�p�j�U�]_u�?Xa�®�jH?�hojH?XR^R?®�u�?$-`ivY`]�[A?X]_Y?®�W�?XY`uy]�hV®�j_jS®�R�¥ ho]�I

6Ù®�u�?+«J]_|oY?®�pq«�®OW�?XR�W4®oY^SJYE®OS�U�]S«JlxivY`u�? [g]_i+« j_ivY`RFS�®Oj@?�h�ivu��Z]º«�?X]_R`i�«�S�®�Rch�j@?XR`RE®oRh?H[�¥[gY`]_�ZzJkV®oR ?Xzfd R^ivzJR�¥ l�®°«Zn�[^YE®�Ro�Ü«ZivzZROh�ivu��Z]º«Zi�«ZR�jº®oR B�®�h�[9®�zZY^R�S�® SZ]�R`[gY`]_�Zz{[g]_i+«ZR�S�® hojH?XR^R?®oRW©ivzZY�h�P�?H�fz�®�l�®°«Zn�[^YE®�WJj_zJ[�
X[Q�\z�®FS�®�Y?®�[E®V«Z]�Y�z�«Z]��fz�®ouJ®V«�[�j@?�h�j@?XR`RE®�u�?$-`ivY`]�[A?X]_Y?®mW©ivzZYqh�P�? ¥hoz�«�®�S�®oR�l�®V«Zne[gYE®�RoI '�z{[gYE®�u¿®°«�[cSJ]�[ ��«ZivzZRh?XSZSJ]�[g]�i�«�«Zi+«ZRFjS®�R�BXiX[9®�R ?HR^R^]�a�«Zk�R ?Hz{d�l�®V«Jn�[gY?®oRW�?XY�jº®oR ?XY^�ZY?®oR w
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���®°«�«�®

logNw

[9®�R`[gRm�\zZ]~hoi�«JR^]_R�[9®°«\[Bh�P�?Xh�z�« pOhoiXuyW�?HYE®oY�jH? B�?Xjº®ozZYQSVU�z�«yWZ] dX®�j~p�z�«�RE®�zZ]_j��vhoiXuyuJ®
«ZivzJRrj�U`?IBXi�«ZR BfzY?Xz h�P�?XWJ]�[gY?®�K{I
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N ?XY�Y ?XWZW©ivY`[�p�jH?�uyke[gPZifS�®�S�®�h�i�«ZR�[gY^zJh�[g]�i�«�S�UF?XY^�ZY?®oRh?Xj�kI?H[^iv]_Y?®oRTR`zZY�jS®�RF]_u�?Xa�®oRBavj_i ¥��?Xjº®oR��vjS®�RmW�?XYA?Xu�|�[^YE®�R�?XSZSZ] [g]_i+«�«�®oj�R�R^i+«\[mjH?�[g?X]�j_jS®BS�®oR�l�®V«Jn�[gY?®oR
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� R N ^���d�M�VYX � U N X ��K`V

N ?XYFh�i�«ZR�[gY^zJh�[g]�i�«��Zjº®�«Zivu �ZYE®�S�®Ñ« ��zJSZR�S�?+«ZRFz�« ?XY`�ZYE®�S�®�SZkoh�]_R^]�i�«�hoi+«ZR`[^Y^zZ] [FRE®�j_i�«j�UF?Xj�avivY^] [gPZuJ®QKfILKd®oR�[q�©ivYE«JkBW�?HY
2∗Nw−1

I$6�?+«ZR"«ZivRI®ed{W�k�Y^]º®V«Zh°®oRo� W©ivzZYsh�P�?X�\z�®BWZY^iv�Jj_|ouJ®
®�[ W�iXzZY h�P�?H�fz�® [g?X]�j_jS®�iXWJ[g]�u�?Xjº®�S�® l�®°«Zn�[^YE®X�tjS®J«Zivu��JYE® S�®O«��OzZSZR S�?+«ZR�z�« ?XY^�JYE®O«VU`?W�?XR�SZk�W�?XR^R`k�K3*�*3*�*�*JIs¤TP�?X�\z�®W?XY`�ZYE®�W4®ozJ[ n�[gY?®yY?®oWZY`koR?®V«�[gk W�?XY�z�« [g?H�ZjS®D?Xz S�®¿«��OzZSJRoI¤TP�?X�\z�®g«��OzZS�S�U�z�«�?HY^�ZY?®rh�i�«�[g]º®V«�[ j B�?Xjº®ozZY`RFb�z�«¿«\zZu�koY`i�SVU`?H[`[gY`]_�ZzJ[�w�j�UF?H[`[gY^]��ZzJ[Qz{[g]_j�]_R`k
®V«�h°®u« ��zJS W©ivzZYFjº®�[9®�R`[�}��Zz�« RE®�zZ]_j�wxjS®�R?®ozZ]�j�S�®OSZ]�R^hoY`k�[^]_RA? [g]_i+« S�®Oj�UF?H[^[^Y^]��ZzJ[�}��{z�« ]º«ZS�®�d
B�®�Y^RrjS®W«��OzZS�£ j_R�aE?HzZh�P�®Oivz z�«Ò«\zZu�koY`iyS�®�h�j@?XR`RE®OR^]s]_jVRoUF?Xav]�[�SVU�z�«p«��OzZS�[9®�Y^u�]S«�?Xj�IZ�`®
«Zivu �ZYE®cS�®����\[9®�«JkohV®�R^R ?X]_Y?®�W�iXzZY�®°«ZhoifS�®�Y�jS®g«\zZuyk�Y^i�SVU�z�«W?H[^[^Y^]_�JzJ[mSZkoW4®V«ZS�SJzÌ«Zivu��JYE®S�UF?H[^[^Y^]��ZzJ[gR��VhHUÓ®�R`[`¥¨p ¥¨SJ]_YE®�S�®�j@?�[g?X]�j_jS®OS�®�R�l�®V«Zne[gY?®oRW®�[�SJz�«Jivu��ZY?®�S�®�hD?+«�?Xz{d W�?XY�WJ] dX®oj�I¡ciXzZR ?IBvi+«ZR�zJ[^]_j_]�R^k�S�®.7FpcG����\[9®�RoIv¤TivuyuJ®s«ZivzZRtYE®oWJY^koR?®V«�[gi+«ZRQjS®�RqWZ] d�®�j_R W�?XYtS�®oR B*?HjS®ozJY^RS�U�]S«�[9®°«ZR^] [gkÑ®e[F�\z�®OhV®oj�jS®�¥¨ho]OB�?XY^]º®�®V«�[^YE® *q®�[rK1� �{�Jjº®oRGB�?Xjº®ozZY`R�S�®�RE®�zZ]_j�WÊ®�z�B�®°«�[�SZi+«Zh�n�[^YE®YE®�WZY^k�RE®°«\[^kV®�R�W�?XYFz�« R?®ozZj ���\[9®HI � [A?+«�[�SZi�«�«Jk�jH? hoiXuyWZjº®ed{]�[^k�S�®�Rru�ifSZ|ojº®oRo�Jj�U�]S«ZS�®�d S�®�j@?[gY`iv]_R`]_|�u¿® B�?XjS®�zZY�SZzN«��OzZS SJiv]�[�n�[gY?®a®V«JhoifSZk�W�?XY ?Hz{¥¨u�iv]S«JR j ���\[9®HI *tiXzJ[9®elxiv]_R��VjS®�hoifS�®�\z�®r«JivzZRqz{[g]_j�]_R`i�«ZR`®V«JhoifS�®Tz�« ?XY^�ZY?®BR`ivzZRtj@?FlxivY^uJ®�S�U�z�« [g?X�JjS®I?Hz�S�®J5 iX[`[g?+«�[gR�I 7{]{j�UÓ®�R^W�?HhV®u�kou�iv]_Y?®g®�R`[�Y?®oR`[^YE®�]S«�[ �{]_j[®oR�[Fl0?Xho]�jS®ouJ®V«�[mW©ivR^R`]_�Zjº®�S�®�R ?Xz�B+®oaE?XY`S�®oYFR`zZY�SZ]�R^�\z�®�jº®oR ?HY^�ZY?®oR
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SZzZY ?+«�[Fj@?�WZP�?XR?®�S�UF?XWZWZY?®V«�[g]�R^R ?Xa�®XIZNtivzZYBj@? WJP�?XRE®�S�®�[9®�R`[o�Ji�« W4®oz{[Fh�P�?XY`a�®oY�®V«�u�kou�iv]_Y?®z�«[?XY^�JYE®�p jH? lxiv]_RÑ®e[ ?HWZWZj_]��\z�®oYORA?�Y^|�avjS® p�j�U´®V«JRE®ou �ZjS® S�®�R�l�®°«Zn�[^YE®oR��sWZzZ]_R�[^iX[g?Xj�]_R?®oY�jº®oRWZY`koSZ]�h�[g]�i�«ZR�I
��d�P�Q`d�a�R V e

�+?�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

�@U d�MOV e X$V R d$QCKCKFV e X+Q���\�P]V�a�R V e

/¨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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[giXzJ[9®�RBjº®oRQl�®V«Zne[gY?®oRmS�U�z�«�®�]�u�?Xa+®�S�®�[9®oR�[Tu�?X]�RQRE®ozJjS®ouJ®V«�[mz�«yR^ivzZR¦¥Y®°«ZRE®�u��ZjS®rS�®rhV®�j_jS®�R�¥ ho]�I
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
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�@K)K �$UYQHa�d�RIQ`N+a
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nv = 1 ) 0◦ \<\ O \ *,+ Z * O.- +
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nv = 1

}cRE®�j_i�« jH? u�k�[gPJi{S�® S�U`?HY^�ZY?®oR ?Xj�kI?H[^iv]_Y?®oR ?X]S«ZR`]q�\z�UF?IB�®oh jH? uyke[gPZifS�®�j�i{hD?XjS®L?IB�®�h
®edf[^YA?Xhe[g]_i+« S�®�l�®°«Zn�[^YE®�Ro�o®V« YE®�WZY^k�RE®V«�[A?H[g]�i�« e 764�I � ¤r®e[^[E® £ aXzZYE®�W4®oY^uJ®�[ S�® R?®�YE®V«JSZYE®hoiXuyWJ[E®�S�®�j�U�]S«�5Zz�®V«Zh°®�R^zZY j�U´®oY`YE®�zZY�S�®oR SZkelxivY^u�?H[^]_i�«ZR SZz�®oR�?Xz h�P�?+«Ja�®ouJ®V«�[�S�®�W�iX]S«�[S�® Bfz�®XI /�«x®�¢Ê®�[o�[®V« W�?XY`[A?+«�[�S�®�j@? Bfz�®�]S«Z] [g]@?HjS® w0?+«Zavjº® *

◦
R^zZYrjS®OavY ?XWZPZ]��\z�®�}�i���jS®�[g?XzfdS�U´®oY`YE®ozJY¿®�R`[J«\zZj�w�]�j�RoUF?Xav] [ S�®�j@?
Bfz�®�zJ[g]�j_]_R`kV®�W©ivzZY�j�U`?XWJWZYE®°«\[^]_R`RA?Xa�® }e�Qi�« iv�JRE®oY!B�®�z�«�®
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◦
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®�[Fp�u¿®�R^zZY?®��fz�®�j�U�i�«�RE®�Y ?XWZWZY`i{h�P�®�S�®�j@?LBfz�®�SJz u�]_j�]S®�z w
±
7 ��*
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}eI~¤r®�j@?�R�UÓ®�dJWJj_]_�\z�®�W�?XYjS®�l0?H]�[��\z�U�z�«�hV®oY�[g?X]º«w«Zivu��ZY?®�S�U�iv� -?®�[^R�S�®Oj@?���?XR?®OS�®OSZi�«�«Zk°®oR�R^i+«\[r�\z�?XR`] R`�fu�k�[gY`]_�\z�®�RoI¡ckD?+«Zu�iv]S«JRo�J]�j_R�«�®�jS®�R`i�«�[�W�?XRT[^ivzZR���®�[�j�U`?XWJW�?XYE®°«ZhV®�S�®�hV®oY�[g?X]º«ZR�iv��-?®�[gRGBfzZR�S�®�j�U`?HY^Y^]�|oY?®

®oR�[�R?®V«ZR`]_�Zjº®ouJ®V«�[�SZ] ¢Vk�YE®°«\[E® S�® j@? B{z�® S�®yl0?HhV®X� hV®y�\zZ]r®�dJWJj_]_�\z�®¿®V« W�?XY`[^]S®�jS®oRu®oY`YE®�zZY^RW©ivzZYrj@?yY?®oh�i�«�«�?X]�R^R ?+«ZhV® RE®oj�i�« h°®�[`[9® Bfz�®HI /�«J£T«V�<«ZivzJR�iv�ZR?®oY!Bvi�«ZR��fz�®�j@? uyke[gPZifS�® ?TB+®oh
?XY`�ZYE®�R ?Xj�kI?H[^iv]_Y?®oRm®�[�®edf[^YA?Xhe[g]_i+«�S�®Ol�®V«Jn�[gY?®oRcRE® h�ivu�W�ivY�[9®OYE®�j@?H[^]CB+®ouJ®V«�[r�Z]S®°« wxuyiv]º«ZR�S�®
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COIL−100: erreur en généralisation par angle de vue de test

Arbres HSV
Arbres+Fenêtres HSV
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}�I

� [^]�[^YE®OS�U´®edX®ou�WZjS®H�~jS®oR�iv��-?®�[gRcu�?Hj�hojH?XR^R`koR�W©ivzZY�jH? Bfz�®�S�®O[9®oR�[�p 7 ��*
◦
R^i+«\[cSZi�«�«ZkoRW�?XY�j@?y£ aXzZYE® �{I�j W©ivzZY�jH? YE®�WZY^k�RE®V«�[A?H[g]�i�«�, & 4�®�[Oj@?yYE®oWJY^koR?®V«�[g? [g]_i+« e 764�I�NtivzZY�hV®�[`[9®

Bfz�®X� 7 � iv��-?®�[gR�W�?XY^u�] jS®oR 7 *�*�iv� -?®�[^R�R^i�«�[�u�?Xj hojH?XR^R`koR�®°« YE®�WZY^k�RE®V«�[A?H[g]�i�« , & 4 hoi�«�[^YE®
7 *:®°« Y?®oWZY`koRE®°«�[g?H[^]_i�« eN7 4�I��`®oR�iv��-?®�[gR u�?XjTh�j@?XR`R^k�RJ®°« eN764 R^i+«\[ z�« R`ivzZR¦¥Y®V«JRE®ou �ZjS®S�®�R�iX� -?®�[^Ryu�?XjTh�j@?XR`R^k�RJ®°« , & 4�IL'�zJ[^YE®ouJ®V«�[�SZ] [ ��W©ivzZY�h°®�[^[E® B{z�®X�Qj@? Y?®oWZY`koRE®°«�[g?H[^]_i�«
eN7 4 W4®oY`u¿®e[ S�®��Z]º®V« hojH?XR^R?®oY hV®�Y`[g?H]S«ZR�S�®�RyiX� -?®�[^R�u�?XjBhoj@?HR^R^k�R W�?XY j@? Y?®oWZY`koRE®°«�[g?H[^]_i�«
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, & 4��vR ?+«ZR�]S«�[gY`i{SJzZ]_Y?®�S�®m«Zivz�B+®oj�jS®d®oY`YE®�zZYcw�hXU´®oR�[`¥¨p ¥¨SZ]�YE® ?HzZhoz�«�iv� -?®e[mu�?Xj{hojH?XR^R`kg®°« e 764
«�U�k�[A?X]�[��Z]S®°« hojH?XR^R`kO®°« , & 4�}eI�*tiXzJ[9®elxiv]_R��tjº®oR S�®oz{d uyifSZ|�jS®oR�hoi+«ZR`[^Y^zZ] [gR�p W�?XY�[g]_Y�S�®yj@?YE®�WZY^k�RE®°«\[A?H[g]�i�« e 764 ®e[ , & 4 R?®c[^Y^ivu�WÊ®°«�[TS�®cu�?�«Z]_|�YE®�SZ]�¢�koY?®V«�[9®cW�iXzZY	j�]_u�?Xa�®�Ro�\hXU´®oR�[`¥p ¥ SZ]_Y?® �\z�®�jH? hojH?XR^R?® WJY^koSJ]�[9®w®�Y^Y^i+«ZkouJ®V«�[J«�U´®oR`[�W�?HR�jH? uyn�u¿®HIQ¤r®oR�iv�ZR?®oY!B*? [g]_i+«ZR R^i�«�[p WZY?®V«ZSZY?®�hoivu�uJ® z�«Ä®�d�®�uyWJjS®Ì®e[e«�® RE®�aXkV«Zk�YA?Xj�]_RE®°«�[�W�?XRa«JkohV®�R^R ?X]_Y?®ouJ®V«�[yp S�UF?XzJ[gY?®oRWZY`iv�Zj_|�u¿®�RoI

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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?IB�®�h
?+«ZaXjS®�S�® Bfz�®�S�® 7 �3*

◦
S�® h°®�[yiv� -?®e[ I � h 
X[^kX�o®V« lxi�«Zh�[^]_i�« S�® j@? Y?®oWZY`koRE®°«�[g?H[^]_i�«w�Y`av��b>®�[��Hivz�ivz PZR�B�b }e��jH? B{z�®rlxY`i�«�[g?Xjº®FS�®�j@?�hojH?XR^R?®rWJY^koSJ]�[9®d®�Y^Y`i�«ZkouJ®V«�[BW�?XYQjH?Ou�k�[^PZifS�®S�UF?XY^�JYE®oRh?Xj�kI?H[^iv]_Y?®oR ?IB+®ohu®edf[gY ?Xh�[^]_i�« S�®�l�®V«Zne[gY?®oRg®V« , & 4 ®e[ �Hivz e 764�I
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NtivzJY�k B*?Hj_z�®�Y�jH?�Y`iv�ZzZR�[9®�R^RE®�?Xz h�P�?+«Za�®�u¿®°«\[�S�U�koh�P�®�j_jº®X�Ü«ZivzZRO[9®�R`[^i�«ZR jº® uyifSZ|ojº®�S�®hojH?XR^R`]�£ hD?H[g]�i�« h�i�«ZR�[gY^zJ]�[�p�W�?HY`[g]�YBS�®oRF]_u�?Xa�®�RTS�UF?XWZWJYE®V«�[^]_R^R ?Xa�®Ñ®°«
32× 32

WZ] d�®�j_R�R`zZY�S�®�R
B�®�Y^R`]_i�«ZR�Y?®oSZ]�u¿®°«ZR^]�i�«�«Zk°®oRQS�®�Rm]�u�?Ha�®oR�S�®�[9®oR�[ If¤Tivu�uJ®�jS®�R�?XY^�ZY?®oR ?Xj�kI?H[^iv]_Y?®oRqR`zZY�]_u�?Xa�®�Ravj�iv��?Xjº®oRmSZiv]CB+®V«�[F[gY ?IB*?H]_j_jº®oY�R^zJYFS�®oR�]�u�?Ha�®oRBhoi�«�[9®°«�?+«�[�jS®�uyn�u¿®�«Zivu��ZY?®�S�®�WJ] dX®oj�R�W�iXzZYj@? hoivPZk�YE®°«ZhV®�S�®oR [E®oR�[gR�S�® WZ] d�®�j_RÌ®°« W©ivR`]�[g]�i�«ZR�?X�ZR^iXj_z�®�Ro��h°®�[^[E® uyke[gPZifS�®:«�®�W4®oY`u¿®e[W�?XR�S�®�h�j@?XR`RE®�Y�S�®oRO]_u�?Xa�®�R�S�®�[g?H]_j_jº®oRcSZ]�¢�koY?®V«�[9®�RoIs¡ciXzZR�kfB�?Xj�zZi�«ZR�SZi+«Zh z�«Z]_�\z�®�u¿®°«�[Oj@?Y^iX�ZzZR`[E®oR`RE® S�®�jH? u�k�[^PZifS�®OS�U`?HY^�ZY?®oR ?TB+®oh)®edf[gY ?Xh�[^]_i�« S�®Ol�®V«Zne[gYE®�RoI '+B�®oh�hV®e[^[9®�u�k�[gPJi{S�®H�[giXzJ[9® [A?X]_j�jS®�S�U�]�u�?Ha�® W4®ozJ[ ne[gY?®�hoi�«ZR`]_SZk�Y^k°®X�QW©ivzZY ?Xz{[g?+«�[ �\z�U´®oj_jº® R^iX]�[�R`zZW�k�Y^]º®ozZY?®�p j@?[g?H]_j_jº®�S�®�RFl�®V«Zne[gYE®�R�®�df[gYA?H]�[9®�Ro�

16 × 16
WZ] d�®�j_R�S�?+«JRg«JiX[gY?®�hI?XR�I

¡civzJR ?IBvi+«ZRtSJi�«ZhQ[9®�R`[gkmjS®Qu�ifSZ|ojº®Qhoi�«ZR�[gY`zZ]�[sR?®oj_i+«�jº®oRsW�?XY ?Xuy|e[gY?®oRsP�?X�Z] [gz�®�j_Rmw
T = 10

�
Nw = 120000

}e�fR^zZYFjº®oR�]�u�?Xa+®oRTS�®�[9®oR�[ B�?XY^]H?+«�[�S�®
16× 16

WJ] dX®oj�RFp
48× 48

WZ] dX®�j_RoI�c�«
®edX®�uyWZjº®OS�®OYE®oSJ]_uJ®V«ZR`]_i�«�«�®ouJ®V«�[m®oR�[cSJi�«�«ZkOW�?XYFjH?�£ avzZY?®[�fI�GZI��
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?IB�®�h ?+«ZaXjS® S�® Bfz�® * w�aE?HzZh�P�®�}��Oz�«�® ]_u�?Xa�® S�® [9®�R`[�®V« 7 9 d 7 9 ?IB+®oh ?�«ZavjS® S�®3Bfz�®
7 ��*

◦
w�u�]_j�]S®oz }e�\j@?�u�nouJ®�]_u�?Xa�®�S�®O[E®oR�[�®°«�G
� d{G � w�SZY`iv]�[E®�}
�`®�WJY^iX[^i{h�ivjS®�z{[g]_j�]_R`k�R^k�W�?XYE®Oh�ivuyuJ®�WZY`kohok�S�®ou�uJ®V«�[rj@?���?XR?®OS�®OSZi�«�«Zk°®oRg®V«�7 � Bfz�®oRW�?XY iv� -?®�[�W�ivzJY�j�UF?XWZWZY?®V«�[g]�R^R ?Xa�®X�I®�[ �HG
Bfz�®oR�S�® [E®oR�[�W�iXzZY�h�P�?Xh�z�« S�U´®V«�[gY?®É®oz{d�IQ¡rivzZR

?IBvi�«JR YE®�WZY^ifSZzZ] [OjS®�R�[A?Xz{d�S�U´®oY`YE®ozJY�R`zZY�jº®oR�koh�P�?�«\[^]_j�j_i�«ZR�S�®�[E®oR`[ ?Xz{d�]�u�?Ha�®oR�Y?®oSZ]�u¿®°«{¥R^]�i�«�«Zk°®oR ?Xz RE®�]S«�S�® j@? [A?X�ZjS®0�{I�GJI �`®oROY^k�R^zZj [g?H[^R�R`i�«�[�YE®ojH?H[g])B�®�u¿®°«\[���i�«JR�W©ivzZY�S�®oR B�? ¥Y^]H?H[g]�i�«ZRcuyifSZkoY`kV®�R�S�®�j�U�k�h�P�®oj�jS®HI��`®�[gY^|�ROu�?Xz B*?H]_R�Y`koR^zJj�[g? [Oiv�J[9®°«\z ?IB�®�hyS�®oRO]_u�?Xa�®�R�S�®[9®�R`[FS�®�j@?�[A?X]_j�jS®�S�®�R�l�®V«Zne[gYE®�R�w
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CEDGFIH OKJ(s%sML,�ONQP�RTSVUWNXPZY\[^]`_aPcbdPZef]g_dhi]`jXPcblkm]`_d_nNQPWop[QSqjQjQ]`r�Pc]ts`PWuvPxwK[yNy]zu�[ySV{�o|bnPZ}~PWo���[yNXPWjbdPM[^]zSqeqeVPWj�]`eqYW]z[y{�SVNQP�jI��_d]`NX[QSqN�bdP�j�SqRT]`r�PWjI{`NQSqr`Sqoi]`eVPWj�J

e�]cs�PWNXjQSV{�o�bdP��i]zjQPMbdP�eq]c_dhi]zjQPMbdP�[QPWj�[t~�u\}~NWJ��nJ ��J:�%��NQY�]zeqSqjQ]`SV[E�do�_i]zNQuW{`�dNQj�Pxw�hi]`�dj�[ySV}bdP�j�}~PWo���[yNXPWj�bnPE[^]zSqeqeVP��nw�P�blk��dodPESqRT]`r�PzJhq�e�jXPWNy]zSV[�uW{��n[QPW��wZbdPENQYW]`eqSVjQPWN�]`��[^]`op[�bnP�_i]`NXuW{��nNQjbdP�e�k�SqRT]`r�P��K��kmSVe���]�bnP�[y]`SqeVeqPWj�bdP�}~PWo��\[yNQP�j|_a{�jQjXSq�deVPWj�Jn*�s`PWu�bdPWj�}~PWo��\[yNQP�j�bnP�[y]`SqeVeqPWjRv�de�[ySV_deqP�j0i�od{`�dj�_dNX{�_a{�jQ{�onj�blk��n[ySVeqSVjQPWNgeq]�sz]`NXSf]`op[yP bdP�ef]�_dhi]`jXP¡bdP [yP�jX[9~~u�}~N�Jz�dJ_�J�¢�£�dSuW{`odjQSVjX[yPg��Pxw�[QNy]`SVNQPv�no¤od{`Rv�dNQPcNQYWbn�dSV[¥bdPv}~P�o���[QNQP�jZ]z��jXPWSVo�bnP¢e�k�SqRT]`r�PZ��[QPWj�[yPWNM_neq�n[QP`[�£�dP¦ef]v[y{`[y]`eqS�[yY�b�kmP�o£[QNQPZPWeqeVPWj�J�n�P�[Q[QP¦sz]`NXSf]`op[QP¦P�jX[§jQSVRTSVef]`SVNQP§��eq]g_nNQ{KuWYWbn�dNQP¦blk�P\wK[yNQ]`u�[QSq{�oNQYW]`eqSVjQY�P�eq{�NXjIbdPMef]v_nhi]`jQP¥blkm]`_d_nNQPWop[QSqjQjQ]`r�PzJ e�]v�ir`�dNQP$O�J\s �vSqeVeq�dj�[yNXP��£�dPWeV�£�dPWjI}~PWo���[yNXPWj¨bdP[^]zSqeqeVPWj�]`eqYW]z[y{�SVNQP�j�P�[¨NQP�bdSqR�PWonjQSq{`ododYWP�j0ii_a{��dNI�donP¦SVR�]zr�P�bd��_dNQ{`�deqU�RTPtnpoDqre�©"stª`ªnJ

CEDGFIH O�J\s �¥L�«§onP¥sK�dPMb�km�do {��J�XP�[�bdPtnpoDqre�©"stª`ª=~¬�vrp]`�nu^hdPh��]�s�P�u¥�K�nPWeq�£�dP�j�P\w�PWR�_deqP�jIbdP}~PWo���[yNXPWj¨bdPM[^]`SVeqeVPWj�]zeqY�]­[y{�SVNQPWj�NQPWbnSqR�PWodjXSq{�odonYWPWj�P�o��donP¥[y]`SqeVeqP§�dodSq�£�dP

®§¯d°�±n²a³i´�³i±�µc¶¸·º¹�»n¯n³i¼V¼m³
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�JÁÀM�£�dPIu�P�[X[yPIsz]`NQSq]`op[yP�_aPWNXRTP\[�ef]�NX{��d�dj�[yPWjXjQP§]`��wgu^hd]`odr�P�RTP�o£[Qj�blkmY�u^hdPWeVeqPIu�{�odjQSÂ©bdY�NQYWj�J�e¿P¨RT{KbdU�eqPIPWj�[�u�{�odjX[QNQ�dS�[E�¦_i]zNX[ySVN�blkm�no�YWu^hd]`op[ySqeVeq{�ogblkm]`_d_nNQPWop[QSqjQjQ]`r�P§uW{�odj�[yS�[y�dY¨bdP

Nw = 120000
}~PWo���[yNXPWjTbdP�[^]`SVeqeqP�j¢]`eVY�]z[Q{�SqNXPWj¢P\wK[QNy]`S�[yPWjgbdP�j O��pª�ª�SqRT]`r�P�j¢PWo

32 × 32_dSÂwnP�eqj$i�PWoÃR�{KbdP��p�¥Ä�Jje�P�j�}~PWo���[yNXPWj jQ{`o£[ÅNQPWbnSqR�PWodjXSq{�odonYWPWjXÆ�s�PWNXj�ef]¤[y]`SqeVeqP �£�dS�bd{`o�©oi]`S�[�eVPWj�R�PWSVeqeVPW�dNXjENXYWjQ�neV[^]­[yj�bi]zodj�ef]¥s�P�NQjQSV{�o bdP�e¬kÁ]`eVr�{�NXSV[yhnRTPI�n[QSqeVSqjy]zo£[E�dodP�jQPW�neqP�[y]`SqeVeqP¥Ç
È�i�IGR'CfC?=5]aH�Sf=0J#L?H9IOJ'J'=�C Y9=5L_b�=0J'[!>XC?=5L�U�J'IGR"L Ra>XH9Y�HQL3IOJ#L Y ^ R'>?H�Y9H9>XDGH9CX=cÉËÊ^ÌzÍyÎ�Ï�Ð(]a=�ÑÓÒ�ÔXÕ�ÎÓÖ¦Ô�Õ\×�É�ØZÙ�ÚtÛ�Û�ÜlÝÞ�ÞxßWß�ßlà�áÓâ`ã�äæåyâ�ã\ä�áWçyèéà~ê�ë�ä h



��� �����	��
���
��������	������������
�� 
!�"���#���$
%�'&(
��)�	*�
��������	�,+-�.��/$
��0�"�1
��)�	���2+3���54167�"�

16 × 16
_nS�w�PWeVjWJ�n�PWop[¨}~PWo��\[yNXPWj¨bdP¦[y]`SqeVeqP�jI]`eqYW]z[y{`SqNQP�j�jQ{`o£[§P\wK[QNy]`S�[yPWj�bdP¦u^hi]`�£�dP¦SqRT]`r�PMbnP[yP�jX[0ia_n�dSqj�NQP�bdSqR�PWonjQSq{`ododYWP�j�]�sz]`op[¨bdP¦eqPWj�_dNX{�_i]`r`PWN�bi]`odj¨e�k�PWonjQPWRc�deqP¥bdP

T = 10
]`NX�dNQP�jWJ

e¿P¢[^]`��w�blkmP�NQNXPW�dN¦bdPgef]Åsz]`NQSq]`op[yP¢bdPg�i]zjQPg_é{`�dN¥bdPWj¦SqRT]`r�P�j�bdP¢[yP�jX[ZbdP¢[^]`SVeqeqP�j
48 × 48Y�[y]`SV[�bdP¥À�J\s�O�� ~~u�}~NWJK[^]`�neqP�]z�;O�J_�J�\J *�s`PWuMu�P�[Q[QP�od{���s�PWeVeqP�sz]`NXSf]`op[QP
iKeqP§[y]`��w�blk�PWNQNXPW�dN�NQPWj�[yPjQP�Rv�deq]`�deqP�_a{��dN¥[y{��n[QPWjZeqPWj¦[^]`SVeqeVPWjMblk�SqRT]`r�P�jZu�{�odjQSVbdYWNXYWP�jWJ�w§P�_deV�dj0i�e�k�P\wK[yNQ]`u�[QSq{�o¤bdPT}~Px©o��\[yNQP�j�bdP¨[^]`SVeqeqP�j ]`eqYW]z[y{�SVNQP�j onP�bdYWr`Ny]`bdP§_i]`jEeqP�[^]`��w�blk�PWNXNQPW�nN�_i]`NENy]`_n_é{�N�[��Zef]ZR�Y�[Qhd{KbdPbdP��d]`jQPI]z_d_deqSV�£�dYWP�]`�¢u�]`j¸_i]`NX[QSqu��deqSVPWN�blk�SqRT]`r�PWj�bdP�[QPWj�[ObdP�eq]§R/�WR�PE[^]zSqeqeVP��K�nP�eqP�j�SqRT]`r�P�jblkm]`_d_dNXPWop[ySVjQjQ]`r�P`J1q�e�PWj�[ESVop[yYWNXPWjXjy]`op[�bdPIjX{��deqSVr�odP�N��£�dPIef]�[y]`SqeVeqP bdPIe�k�YWu^hi]zo£[QSqeVeq{�oZblkÁ]z_d_dNQP�o�©[ySVjQjQ]`r�PcP�jX[¥SVbdPWop[ySV�£�dPv��u�PWeVeqPcbnPvef]gs�PWNXjQSV{�o�od{�o�NX{��d�dj�[yP
i
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}~P�o���[QNQP�jWJ¿«¨odPR�PWSqeVeqP��dNQP�NX{��d�dj�[yP�jQjQP§PWj�[�bd{`odu§{`�n[yP�oK�nP§jQ]`odj�]z�dr�R�PWop[^]z[QSq{�o¢bnP§eq]M[y]`SqeVeqP�bnP§e¬kmY�u^hi]`op[ySVeqeq{`oblkm]`_d_dNXPWop[ySVjQjQ]`r�P`J
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U"VXW¸H]OKJºÀ¥L#n�hd]`odr�P�RTP�o£[�blkmY�u^hdPWeVeqP^~4npoDqrel©�stª�ª1�IÇ�[y]`��w�blk�PWNQNXPW�dN�jQ�dN�bnPWj�SVR�]`r`PWj�bnP�[yP�jX[NQP�bdSqR�PWonjQSq{`ododYWP�j¢]�s�P�u�ef]�sz]`NXSf]`op[QPÅ]�s�P�uÅ}~PWo��\[yNQP�jvbdP�[y]`SqeVeqP�jc]`eVY�]z[Q{�SqNXPWj�J�e¿PTRT{KbdUWeVP�P�jX[uW{`odjX[QNQ�dS�[�jQ�dN�bdP�j§SVR�]`r`PWj�blkm]`_d_nNQPWop[QSqjQjQ]`r�P¦bdPM[^]`SVeqeVP
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_dS�w�P�eqj0inPWo�RT{KbdPc�p�¥Ä�J

®§¯d°�±n²a³i´�³i±�µc¶a³ZY�[]\q±�µZ¶é³_^�`n³
Ä�SqP�o �£�dP u�P�[Q[QP�sz]`NXSf]`op[QP�]�s�PWu�}~PWo��\[yNXPWjgbdP [^]`SVeqeqP�jv]`eVY�]z[Q{�SqNXPWj¢]zSV[¢u�{�RTR�P�_dNXPWR�SqUWNXPR�{`[yS�s`]­[ySq{`o ef] NQ{`�d�djX[QPWjXjQP ]z� u^hi]zodr�PWR�PWop[�blk�YWu^hdP�eqeqP;i�Sqe�P�jX[�Sqop[yY�NQPWjXjy]`op[�blk�Y�sz]`eq�nPWN jy]NQ{`�d�djX[QPWjXjQP�]`��u^hi]`odr`PWR�PWop[¥bdP¢_a{�Sqop[�bnPvs��nP`J��Oo�P$|éP�[0iluWP�NX[^]zSqodP�j�}~PWo��\[yNQP�jMbdP¢_deV�djM_éPx©[yS�[yP�j�[^]`SVeqeqP�jEjX{�op[�jQ�djXuWP�_n[ySV�deqP�j¨b�k6�\[yNQP¥R�SqP���wÅNXPWu�{�odo£�dPWj¨�£�dP¥bdPWj�}~P�o���[QNQP�j§bdP�[y]`SqeVeqP�jE_deV�djr�NQ]`odbdP�j�eq{�NXjEb�km�do�u^hd]`odr�P�RTP�o£[�bnP�_a{�Sqop[�bnP�sK�dP`J���o�Pu|�P\[{i�uWPWN�[^]`SVodPWj�NQYWr`Sq{�odj bdP�_aP�[QSV[QPWj[^]zSqeqeVPWj§_éP��ns�P�o£[ZjQPgNXYW_aY�[yP�N¥R�]`eVr�NQYZ�do�u^hi]`odr`PWR�PWop[¦bdPg_é{�SVop[MbdP¢sK�dP`J�wckm]`�n[QNQPg_i]`N�[{ileVPNQP�bdSqR�PWonjQSq{`ododPWR�PWop[¸bdPIr�Ny]zodbdPWj�}~PWo��\[yNQP�jOPWo¢}~PWo���[yNXPWjO_deV�dj¸_aP�[QSV[QPWjO]z[X[yY�oK�nPIuWPWN�[^]`SVodPWj¸bdPWjbdY\}~{�NQRT]z[ySV{�odj�bn�dPWj§]`� u^hi]`odr`PWR�PWop[�bnP¦_a{�SVo£[�bdPMs��nP`J
y§{��nj�]ts`{�odj�Y�sz]`eV�dYMuWP\[�P$|éP�[¨�v_i]zNX[ySVN�bd� u�]zjIeqP�_deV�djIbdSbaTu�SqeVP�bdPMeq]c�i]`jXP¦bnPMbd{�ododY�PWj

npoDqre�©"stª�ª¢�£�dS¿u�{�odjQSVjX[QPZ�¢�n[QSqeVSqjQP�N��donP¦jXPW�deVPMs��nPZ_a{��dNIu^hi]z�K�nPZ{��J�XP�[¨bi]`odj�e¬kmY�u^hi]`op[ySVeqeq{`oblkm]`_d_dNXPWop[ySVjQjQ]`r�P`J ��{��dN�Ny]z_d_éP�e ~�u\}~NWJW[y]`�deVP�]`�&O�J:�%�ui�eqP�[y]`��wMb�kmP�NQNQP��dN�{��n[QPWo£�c]�s`PWu ef]�s�P�NQjXSq{�obdP��i]`jXPTY\[^]`S�[ZbnP#���dJdc
�e� PWo¤NQP�_dNQY�jQPWop[y]z[ySV{�oK�p�¥Ä P�[�s5fnJ�O�ce� P�o¾NQP�_dNQY�jQP�o£[y]z[ySV{�ohg ½3i_a{��dN eqPWj�À]stª�ª¦SqRT]`r�P�j bnP§[yP�jX[IP�o
32× 32

_dS�w�PWeVjWJ�*�s�PWu�uWP�[X[yP�on{��ns�P�eqeVP¨sz]`NXSf]`op[yP¨�n[QSqeqSVjy]`op[bdP�jZ}~PWo���[yNXPWjZbdP�[y]`SqeVeqP�j¥]`eqYW]z[y{�SVNQP�j0ilod{`�djZ{`�n[yP�od{�odjv�`ªnJkj%�e� P�o¾NQP�_dNQY�jQP�o£[y]z[ySV{�o��p�¥Ä P�[
sh�nJ�O�ce� P�o¡NQP�_dNQY�jQPWop[y]z[ySV{�olg ½3i Jnm od{`[yNXPvuW{`odoi]`SVjQjy]zoduWP;i�Sqe�j�kÁ]`r`SV[�bn�¡RTP�SqeVeqPW�nN¨NXYWjX�deV[y]z[{��n[QPWo£��_é{��nNOuWPI_dNX{`[y{KuW{�eVP�jQ�nN u�P�[X[yP��i]`jXP¨bnPIbd{�ododY�PWj�J]e�]H�ir`�dNQP+O�J\sh��NQP�_dNQY�jQP�o£[QP�eVP�[^]`�Kwblk�PWNXNQPW�nN jX�dN e�k�PWodjXPWRv�deVPIbdPWjkstª`ª¥{`���XP�[QjEbdP�eq]��i]`jQP�bdP¨bd{�onodYWP�jE_a{��dNOu^hi]z�K�nP¨sK�dP¨bdPI[yP�jX[
~�bnP�ef]¦R���RTP¨RT]`odSqU�NQP��£�dP�eq]c�ir`�dNQP�O�J ��i�_i]zr�Poc
�1�\J]e�]ZR�Y�[yhn{�bdP¨�£�dS�NXY�]`eVSqjXP¨e¬kmPxwK[yNy]zu�[ySV{�o
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bdP¨}~PWo��\[yNQP�j�bdP¨[^]`SVeqeqP�j�]`eqYW]z[y{`SqNQP�j�jQP�R�{�op[yNXP�_deV�dj NQ{��d�njX[yP�]`��wTu^hi]`onr�PWR�PWop[yj�bdP�_a{�Sqop[EbdPsK�dPI�£�dPIef]§RTY\[yhd{KbdP��£�dSdPxwK[yNy]zSV[ObdP�j�}~PWo��\[yNXPWj�bdP�[^]zSqeqeVPWj��nw�PWj�J1e¿PIod{�Rv�dNXP�blk�PWNXNQPW�nNQj�_é{`�dNeqP�j¸sK�dPWj ]`��[y{��dN¸bdP
±
s=c�ª

◦
PWj�[�jQSVRTSVef]`SVNQPO_a{��dN�eVPWj�bdP���wgR�Y�[Qhd{�bnPWj0izR�]zSqj¸eq]�R�Y�[yhn{�bdP�]ts`PWu}~PWo���[yNXPWj¨bdPM[^]`SVeqeVPWj�]zeqY�]­[y{�SVNQPWj�jQP¥uW{�R�_a{�NX[QPMRTSVPW��wÅ_é{��nNIeqPWjIsK�dP�j§_dNX{�u^hnPWj�bdP

±
f�ª

◦
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angle azimutal de la vue de test

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

Arbres+Fenêtres HSV
Arbres+Fenêtres tailles aléatoires HSV

CEDGFIH OKJ(sh�§L/n�hi]`odr�P�RTP�op[�bdP¨_a{�Sqop[�bdP�sK�dPZ~4npo�qre�©�stª�ª1��Ç£od{�Rc�dNQP�blk�PWNXNQPW�nNQj�P�oT}~{�onu�[ySV{�obdP�e¬kÁ]zodr�eqP¨bdP¨s��nPMbdP�[yP�jX[I_a{��dNEef]¦RTY\[yhd{KbdP�]�s`PWuMP\wK[QNy]`u\[ySq{`oÅbdP�}~P�o���[QNQPWjIbnP�[^]`SVeqeVPWj��nw�PWjP�[Åef]¾R�Y�[Qhd{�bnP¡]�s�P�u�PxwK[yNy]zu�[ySV{�o bdP¡}~P�o���[QNQP�j�bdP|[^]zSqeqeVPWjT]`eqYW]z[y{`SqNQP�j0i�PWo NXPW_dNXYWjQP�op[^]z[QSq{�o
g ½
i J]*�_n_dNQP�o£[QSqjXjy]`r�PZ]�s�P�u

nv = 1
~GsK�dP¦ª

◦
�xJ

®§¯d°�±n²a³i´�³i±�µc¶¸· [ � \Á³i±nµx°nµ=\d[¿±����
y§{��nj¢]�s�{�odj¢Y�rp]`eVPWR�PWop[vY\s`]zeq�dYTuWP�[X[yPÅon{��ns�P�eqeVPTsz]`NQSq]`op[yP�]`� u�]`jceqP�_neq�djZbdS7a�uWSVeqP�bdPod{`[QNQP�_dNQ{`[Q{�u�{�eqP blk�Y�sz]`eV�i]z[QSq{�o bdP|eq]¤NX{��d�dj�[yPWjXjQP�]z� u^hi]`odr`PWR�PWop[Åblk�{�NXSqPWop[y]z[ySV{�o�i�u`k�PWj�[X©�­©ËbdSqNXP�bi]`odj�eqP�u�]`j�blk�SqRT]`r�P�j�bnP�[QPWjX[|]��p]`op[|jQ�d�dS¥�donP¾NQ{z[^]z[QSq{�o bdPO��O

◦
_i]`N�Ny]`_n_é{�N�[]`��w¾SqRT]`r�P�jcblkm]`_d_nNQPWop[QSqjQjQ]`r�PzJ�n�P�[X[yPÅsz]`NQSq]`op[yPTodP�RT{`o£[QNQPÅonS��dodPÅ]`RTY�eqSV{�Ny]z[QSq{�o�odS��dodPbdY�r�Ny]`bd]z[ySV{�ogjQPWonjQSq�neqPWj�bdP�eq]¥NX{��d�dj�[yP�jQjQPzJ�e¿PI[^]z��wgblk�PWNXNQPW�nNE{���[yPWo£�TPWjX[ bdP���ª�Jdc�j�� uW{�op[QNQP

��s�Jkj�fe� {��n[QPWo£��_nNQYWu�YWbdP�RTR�PWop[v~�u\}~NWJn[y]`�deqPW]`� O�J�O%�uidP�o�NXPW_dNXYWjXPWop[^]z[QSq{�o?�p�¥Ä�J

T$UWV&U�� Y	�[Z]\'^�_`Z]acb�d e�
 g�
 djikZ]\

LlSe�
 Z�^napo�o�
Ll�
?Zqe��WbJ\�a�
�dtZ�^tZ]a�b�d�l ^no�sk^��
Z�b�ap\�
kl

w�]`odj�uWP�[X[yPvjXPWu\[ySq{`o|od{��nj�_dNQY�jQP�o£[Q{�odjM�donPcP\wK[QPWodjXSq{�o�bdPZe�k�P\wK[yNQ]`u�[QSq{�o�bdPc}~P�o���[QNQP�j�bdP[^]zSqeqeVPWj ]`eVY�]z[Q{�SqNXPWjWJ]�OeqeVP�]`_n_deqSV�K�nP��dodP§[yNy]zodjX}~{�NXR�]­[ySq{`o�bdP�NX{`[^]­[ySq{`oÅ]`eVY�]z[Q{�SqNXP��Z[Q{��n[QPWj�eVPWj}~PWo���[yNXPWj¨P\wK[yNQ]`SV[QPWj¨];�io blkm]`R�YWeVSq{�NXPWN�eq]vNQ{��d�njX[yP�jQjXPv�¢uWP\[Q[yPM[QNy]`odj�}~{�NQRT]z[QSq{�olJ
y§{��nj¦_nNQ{�_a{�jQ{`odj0i¿_a{��dNMu^hi]z�K�nP�}~P�o���[QNQPgbdPv[^]zSqeqeVPv]`eVY�]z[Q{�SqNXPcPxw�[QNy]`S�[yPg���dodPg_a{�jQS�[ySV{�o]`eVY�]z[Q{�SqNXP
inP\[§]tsz]`op[¨bdP¦ef]¢NQP�bdSqR�PWonjQSq{`ododPWN$idbdP¥eq�nS�]`_d_deVSq�£�dPWNI�nodP¥NQ{`[y]z[ySV{�o blkÁ]zodr�eqP¥]zeqY�]æ©
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[y{`SqNQP3~~PWop[yNXP�ª
◦
Sqodu�eq�djOP\[f��j�ª

◦
�xJJy§{��dj ef]¥NQP�bdSqR�PWonjQSq{`odod{�odj�P�odjQ�dS�[yP�s�P�NQj�eq]�[^]`SVeqeqP��dodSq�£�dPzJ

e�]v�ir��dNXPIOKJ(s{�gSVeqeq�njX[yNXP�uWP\[Q[QP¥sz]`NXSf]`op[QP`J7eOkm]`eqr�{`NQSV[QhdR�P�blkm]`_d_dNXPWop[ySVjQjQ]`r�P¥bdP�sKSVPWop[¨bd{�odugÇ
•
o�o¢P\wK[QNy]`S�[O]`eVY�]z[Q{�SqNXPWR�PWop[¸�no�u�PWN�[^]`SVovod{�Rv�nNQP

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��nP
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�<;	=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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S�J�C��:L O�JQP5D:L
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ra

bdPWr�NXYWj$i�]�s�P�u|eq]�sz]`NXSf]`op[yP �n[QSqeVSqjy]zo£[gbnPWjT}~P�o���[QNQP�jÅbdP [^]`SVeqeqP�j¢P�[{�NXSqPWop[y]z[ySV{�odjZ]`eqYW]z[y{�SVNQP�jWJ�e¿P�R�{�bdU�eqP�PWj�[¢uW{�onjX[yNX�dSV[cjQ�dNcbdPWj¢SVR�]`r`PWj¦blkÁ]z_d_dNQP�op[ySqjXjy]`r`PÅbdP[^]zSqeqeVP
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w �£�dPeqP�j�SqRT]`r�P�j¸blkm]`_d_nNQPWop[QSqjQjQ]`r�Pt~~u�}~NWJ
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T$UWV&U�� � acl _��jl�lNa�b�d

w�]`odj�u�P�[Q[QPIjQP�u�[ySV{�o�i�on{��dj ]�s�{�odjO_nNQ{�_a{�jQYI�nodP�P\wK[yP�odjQSV{�ogbdPIef]�R�Y�[Qhd{�bnP�blk�P\wK[yNQ]`u�[QSq{�obdP¦}~PWo��\[yNQP�j���bdPWj§_é{�jXSV[QSq{�odj¨]`eVY�]z[Q{�SqNXPWj�J7�OeqeqP¥u�{�odjQSVjX[QPv�TPxwK[yNy]zSqNQP¥bdP�j�}~PWo���[yNXPWj§bdPZ[y]`SqeVeqPWjP�[Tblk�{�NQSVPWop[^]­[ySq{`odjg]`eqYW]z[y{`SqNQP�jWJ�y¨{��dj�e�km]�s�{�odj�Y�sz]`eV�dYWP�_a{��dNgeqP�j�uW]`j�bdP�[QNy]`onjX}~{�NXR�]z[QSq{�onj]`��w��£�dP�eqeqP�jceq]�R�Y�[Qhd{�bnPTbdPT�i]`jXP�Y�[y]`SV[¦eq]�_deV�djcjXPWodjXSq�deVP`J�«§onP�R�PWSqeVeqP��dNQP¢NX{��d�dj�[yPWjXjQP�P�jX[{��n[QPWo£�dP¥jy]zodj¨]`�dr�R�PWop[^]­[ySq{`oÅbdPMe�k�YWu^hd]`op[ySqeVeq{�oTblkm]`_d_dNXPWop[ySVjQjy]zr�P¥R�]`SVj�_i]zNIjQSqR�_deVPWj�[QNy]`odjÓ©}~{�NXR�]z[QSq{�onj¸]`_n_deqSV�K�nYWPWj���[Q{��n[QPWjOeqP�j¸}~PWo���[yNXPWj�P\wK[QNy]`S�[yPWj$i`eV{�NQj�bnPIef]�_dhd]`jQPIblkm]`_d_nNQPWop[QSqjQjQ]`r�PP�[¦eV{�NQjMbdPgeq]Å_dhi]`jXP�bnPg[QPWj�[�J�wckm]`�n[yNXPWj¥Y�[Q�dbdP�j0i�_dNQY�jQP�o£[QYWP�j¢]`��jQP�Sqo�bdPgef]ÅjQP�u�[QSq{�o.O�J6�nJ:�]i{�op[ERT{�op[QNQY
ipu�{�R�RTP�od{��nj0i£�£�dP§e¬kÁ]z_d_dNQP�op[ySqjXjy]`r`P��¥_i]`N�[ySqN�blk�SqRT]`r�P�jOr�YWonYWNQY�PWjE_éP�NQR�P�[E�dodP
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���¬J
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�­]`r�P�PWo�R�YWR�{�SqNXP�bdP¨e�k�YWu^hi]zo�©[ySVeqeV{�o¾blkm]`_d_nNQPWop[QSqjQjQ]`r�P�eVSqR�SV[yPgeVPÅod{�Rv�nNQPÅbdPÅ}~P�o���[QNQP�j���[ySqeVSqjQ]`�deqP�jWJ *�s�PWu

Nw = 200000}~PWo���[yNXPWj$iaon{��dj�olkm]ts`{�odj¨_i]`j�{��djXPWN�s�Y¦�dodPZ]`RTY�eqSV{�Ny]z[QSq{�o�bdP¥ef]vNX{��d�dj�[yP�jQjQPzJ
� ³i´ Y��¢¶é³|»�°�¼Á»�`�¼
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«§odP¥]z�n[yNXPMP\wK[yP�odjQSV{�o uW{�odjXSqj�[yP¦�v�n[ySVeqSVjQPWN eqP�j�}~PWo��\[yNXPWj�eq{Ku�]`eVPWj�]�a�odPWjIu�{�odjX[QNQ�dS�[yP�jI_i]`Nef]MR�Y�[Qhd{�bnP��:ocb|ª1�­��� _dNQY�jQP�o£[QYWPM]z�TjXPWSqo�bdP�ef]MjXPWu�[QSq{�o O�J6�nJ:��Jp«§onP¨}�]���{�o�bdSqNXPWu�[QP�bdP�uW{�R¢©
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�dSVodPWN od{`[QNQP§]`_d_dNX{�u^hdP��Zu�P�[Q[QP�R�Y�[yhn{�bdP¨PWj�[�bdP§NQP�RT_deq]`uWP�N�od{`[yNXP§PxwK[yNy]zu�[ySV{�oÅ]zeqY�]­[y{�SVNQP�bdP}~PWo���[yNXPWj�_d]`N§eq]TbdY\[yP�u�[ySV{�o|bnPcNQY�r�Sq{`odj§P\[�eq]�u�{�odjX[QNQ�du\[ySV{�o¡bdP¦}~PWo��\[yNQP�j�_dNXYWjQP�op[yYWjM_d]`N§u�PWj]`�n[QPW�dNXjWJ���{��nNZeq]�_dhd]`jQPTblkÁ]z_d_dNQP�op[ySqjXjy]`r`P
i�eqPW�nN¦_nNQ{�r�NQ]`R�RTP¢bdP�r�Y�odYWNQ]z[ySV{�o¾bdPg}~PWo���[yNXPWjod{�NXR�]zeqSqjXYWP�j�_éP��n[���[yNXP¦]`_d_deVSq�£�dY¥]`��w�SqRT]`r�PWj�blkÁ]z_d_dNQP�op[ySqjXjy]`r`P`J�e¿PWj�}~PWo��\[yNQP�j�]zSqodjXSlr�YWonY\©NQY�PWj§uW{�odj�[yS�[y�dP�o£[�e�k�PWodjXPWRv�neqP¦blkÁ]z_d_dNQP�op[ySqjXjy]`r`PcP�[§�do¡P�odjQP�Rv�deVPZblkm]`NX�dNQP�j�]`eVY�]z[Q{�SqNXPWj�_éP��n[
��[QNQPvu�{�odj�[yNQ�nSV[¥�Å_i]zNX[ySVN§bnP¢uWPWeVeqP�j�©�u�S�J���{`�dNMef]�_dhi]`jXP¢bdPc[yP�jX[0ileqPZR���RTPZ_dNQ{KuWY�bdY¢PWj�[¥�n[ySÂ©eqSVjQYM_a{��dN¨eqP�j¨SVR�]zr�PWj���uWef]zjQjQP�NWJLn�hi]`�£�dP¥}~PWo���[yNXPcr�Y�odYWNXYWPZPWjX[§_dNX{�_i]`r�Y�PZbd]`odj¨e�k�PWodjXPWRv�deVPblkm]`NQ�nNQPWj�P�[�eqP�j�_nNQYWbnSqu�[QSq{�onj¸]z[X[yNXSq�d�dY�PWj��¨[Q{��n[QPWj�uWPWj�}~PWo��\[yNXPWj¸jX{�op[O]`bnbdSV[QSq{�odonYWPWj�P\[¸u�{�Rv�dSÂ©odY�PWjWJJe�]�u�{�odj�[yNQ�nu�[ySV{�ogP�[Oe¬km��[ySqeVSqjQ]z[ySV{�o¥blkm�no�R�{KbdUWeVP�blk�PWodjXPWRv�neqP�blkm]`NX�dNQP�jONQPWR�_deq]`uWP�bn{�odueqPg_dNX{�u�YWbdY�blkm]`_d_i]zNQSqP�RTP�op[¥_i]`N¥NQP��XP�[yj¦bdP�uW{�NXNQP�jQ_a{�odbi]`onuWPWjZSqR�_dNQ{`�i]`�deVPWjMP�[¦R�PWjX�dNQP�bdPbdSVjX[^]zoduWP¦bdP¥ef]gRTY\[yhd{KbdP¥{�NXSqr�SVoi]`eqP��:ocb|ª%�z���¬J��M�nPWeq�£�dP�j�PxwnP�RT_neqPWj¨bdPM}~PWo���[yNXPWj§P\wK[yNQ]`SV[QPWj_i]`N uWP\[Q[QP�R�Y�[yhn{�bdP¨jQ{`o£[�bd{�odonYWj�_a{��dN �dodP§SqRT]`r�PIbdP§ef]¥�i]`jXP�bdP¨bd{�odonYWPWjpnpo�qre�©�stª�ª¥_i]`Nef]g�dr��dNQP&O�J\s5jnJ

CEDGFIH O�J\s5j¦L�«§onP¥sK�dPMb�km�do {��J�XP�[�bdPtnpoDqre�©"stª`ª=~¬�vrp]`�nu^hdPh��]�s�P�u¥�K�nPWeq�£�dP�j�P\w�PWR�_deqP�jIbdP}~PWo���[yNXPWj¨P\wK[yNQ]`SV[QPWj�_i]`NIeq]vRTY\[yhd{KbdP
�6otb�ª1�z���¬J
y§{��nj�]ts`{�odjINXY�]`eVSqjQY§�£�dPWeV�K�nPWj�P\w�_aYWNQSVPWodu�PWj�jQ�nN�npo�qre�©�stª�ªnJ]e�]vRTY\[yhd{KbdP�bdP �:ocb|ª1�­���olkm]t�Q]`RT]`Sqj¨Y�[QYg]`_d_deVSq�£�dYWPc�ÅbdPWjM_nNQ{��deVUWR�PWj�bnPvNQP�uW{�odod]`SqjXjy]`odu�P¢bdP¢u^hdS\|�NXPWj0iébdPvsKSqjQ]`r�PWj$ibdP�[QP\wK[y�dNXPWj�J ½ �dN�npoDqre�©"stª`ª�i�on{��djI{��n[QPWod{`odjI�doÅ[^]z��w�blk�PWNXNQP��dNIbdP¥ªnJ6�pÀ�� PWo u�{�Rv�dSVoi]`op[eqP�j¦]`NQ�dNXPWjc]`eqYW]z[y{�SVNQP�jMP�[ZeqPWjM}~P�o���[QNQPWjc]�a�odPWjZ_é{`�dN¥eqPWj/s5c�ª`ª SVR�]zr�PWjMblkm]`_d_nNQPWop[QSqjQjQ]`r�PTP�[eqP�j&O;�pª�ª�SqRT]`r�P�j�bdPg[yP�jX[¦PWo¤NQYWjX{�eq��[ySq{`o

32 × 32
_dS�w�PWeVjWJ�n�P�NQY�jQ�de�[^]z[¥P�jX[ZuW{�R�_i]`NQ]`�deVPg�od{`[QNQP�]`_d_nNQ{Ku^hdP`J�y¨{`[y{�onj��£�dP�od{�j¢[QPWR�_djgbdP u�]`eVuW�de�jX{�op[�SVon}~YWNXSqP��dNQjg��uWP\[Q[QP|]`_n_dNQ{Ku^hdPr�N��`uWP��cod{`[QNQP�Pxw�[QNy]`u\[ySV{�o�]`eVY�]z[Q{�SqNXP¨bnP§}~PWo���[yNXPWjIP\[�uWP�ef]cP�o�od{�Rv�nNQP�NXPWeq]z[yS�s�PWR�PWop[�NQYWbn�dSV[WJ

�¸]zN�P\w�P�RT_deVP
i£e�km]`_d_neqSquW]z[ySV{�o¢bd�Å_nNQ{�r�NQ]`R�RTPIbdP§r�YWonYWNy]­[ySq{`o�bdP¨}~PWo��\[yNQP�j�]�a�odP�jI]`��w,s=c�ª�ªSqRT]`r�P�j�blkÁ]z_d_dNQP�op[ySqjXjy]`r`PcbdPvnpo�qre�©�stª�ªgbdPcbdSVRTP�odjQSV{�odj
32 × 32

_dS�w�P�eqj0ii_nNQ{Kbd�dSV[§_deV�dj§bnP
��f�ª`ª�ª�ªc}~PWo���[yNXPWj�J��	�

��{��nN�ef]¨NQ{��d�njX[yP�jQjXP�]`�vu^hi]`onr�PWR�PWop[Oblk�YWu^hnPWeqeVP
izuWP�[X[yP�u�{�Rv�dSVoi]`SVjQ{�o¦bd{�odonP fnJ�O�À�� _é{`�dNeqP�jISqRT]`r�P�j�bdP�[QPWjX[�P�o bdSqR�PWodjXSq{�o
16× 16

_dSÂwnP�eqj$i}s�J\sh�e� PWo
48× 48

_nS�w�PWeVjIP�[���Jkc"O�� PWo
64×64

_dS�w�P�eqjWJJe¿P�j�NQY�jQ�de�[^]z[Qj�bdP§on{`[yNXP�]`_n_dNQ{Ku^hdP¨Y�[^]zSqPWop[ _dNX{�_é{`jQYWj�]`�g[^]`�deVP�]`� O�JÁÀ]ip_i]`r`P
f�cnJ

��{��nN�ef]¥NQ{`�d�djX[QPWjXjQP¥]`�Tu^hi]`odr�P�RTP�op[Iblk�{�NQSVPWop[^]z[QSq{�o}ipuWP�[X[yP§uW{�Rv�nSqoi]`SVjQ{�o�bd{�onodP cnJkf%�e�_a{��dN�bdP�j�SVR�]zr�PWjÅbnP¡[yPWj�[�_dSVs`{`[yY�PWj bdP9��O
◦
P\[,�nJkj%�e� _a{��dN��nodP�NQ{`[y]z[ySV{�oÃbdPlf�ª

◦
Jke¿PWjNQY�jQ�de�[^]z[Qj�bdP¥od{`[yNXP¥]`_d_dNX{�u^hnP¦Y\[^]`SVPWop[¨NQP�_dNQ{Kbd�dS�[yjIbi]`onj¨eVP�[^]`�neqP�]z� OKJdc�in_i]`r�P^stª1�KJ
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e�]�u�{�Rv�dSVoi]`SVjQ{�o�bnPWj¿}~PWo��\[yNXPWj�]�a�odPWj�P\[�bdPWj�]`NX�dNQP�j�]zeqY�]­[y{�SVNQPWjéPWj�[¸]z�djQjXSpRT{�SVodjlNX{��d�dj�[yP]`��u^hi]zodr�PWR�PWop[�bdPM_a{�SVo£[�bdP�sK�dP¢Ç���j�J6�J��� blk�PWNXNQP��dNQj�jQ{`o£[�{`�n[yP�oK�njIjQ�dNIeVPWj�À]s�ª�ªvSqRT]`r�P�jbdP�[QPWj�[Ibi]`odjIeVP�uW]`j�{����donP�jQP��deqP�sK�dPMP�jX[I��[ySqeVSqjXYWP¨_é{��nN�e�km]`_d_dNXPWop[ySVjQjQ]`r�P`J]y§{z[yNQP�RTP�SqeqeVPW�dNNQY�jQ�de�[^]z[�Y\[^]`S�[�bdP^sh�nJ�O�ce�ÅJ
e¿PWj�NXYWjQ�neV[^]­[yj�{`�n[yP�oK�nj�jQ{�op[MSVon}~YWNXSqP��dNQj§��uWP���w|bdPvod{`[QNQPc]`_d_dNX{�u^hdPzJ�n�P�jMP\w�_aYWNQSVPWodu�PWj_dNXYWeqSVRTSVoi]`SVNQPWj jX�dr�r�U�NQPWop[��£�dP�uWP\[Q[yP�R�Y�[Qhd{�bnP�blk�P\wK[yNQ]`u�[QSq{�o¥bdPONXYWr�SV{�odjlNXPW�£�dSqP�NX[�bdP�j�SqRT]`r�PWjbdPTbdSqR�PWodjXSq{�onj¦_neq�dj¦r�Ny]zodbdPWjZ_é{`�dNZ{;|�NXSqNMbdPTRTP�SqeqeVPW�dNXjMNQY�jQ�de�[^]z[QjWJ�e¿PWjZ[QNy]`onjX}~{�NXR�]z[QSq{�onj�£�dP¨od{��dj�]ts`{�odj jQSVRv�deqY�PWj�SqR�_deVSq�£�dPWop[�bdP�jEbnYWr�NQ]`bi]z[QSq{�odj�blk�SqRT]`r�P�j��K�nSa_aPWN�[y�dNX�éP�op[�jXPWodjXS�©�deVPWR�PWop[¨ef]gbdY�[QPWu�[QSq{�o�bdP¦NQYWr`Sq{�odj�bdPZuWP\[Q[yP¦R�Y�[yhn{�bdPzJLn�PWNX[y]`Sqonj§bdY\[^]`SVeqjIbdP�j�jX�dNX}�]`u�PWj§bdPWj{����XP\[yjMjX{�op[MPWo�P$|éP�[�bdSqR�Sqo£�dY�j�{��¡_aPWNXbd�djMjQ�nSV[yPv]`��w¡[QNy]`onjX}~{�NXR�]z[QSq{�onj§blk�SqRT]`r�P�j0ié�ÅeqP��dNNQP�bdSqR�PWonjQSq{`ododPWR�PWop[¨P�[���eVPW�dN¨PWonuW{Kbi]`r�P¦PWo|[y]`�deVP�]`��bdP¦_dS�w�PWeVjWJ � ��y§{`�dj§o�kÁ]�s�{`odj�_i]`j¨_d�NQYW]`eqSVjQP�N�bdSVNQP�u�[yP�RTP�op[¸[y{`�n[yP�j�uWP�jOP\w�_éY�NQSVPWodu�PWjO]�s�P�uIbdPWj�[^]`SVeqeqP�j�blkmSVR�]zr�PWj�_deq�nj¸r�NQ]`odbdP�j0i`uW]`NeqP�od{�Rv�dNXPIbdPI}~PWo��\[yNXPWj�r�YWonYWNQY�PWj�{KuWuW�n_éP¨]`eV{�NQj��no�P�jQ_i]zuWP�RTY�RT{`SqNQPE_dNQ{`hdSq�dS�[yS�} _é{��nN�od{`[QNQPSqR�_deVYWR�PWop[^]z[QSq{�o¥eV{�NQjX�K��kmP�eqeqP�j�jQ{`o£[�NQYW�nodSqP�j�PWo¢�dogjXPW�de�YWu^hi]`op[QSqeqeV{�ovblkm]`_d_nNQPWop[QSqjQjQ]`r�PzJ%��{`��©[yP\}~{�Sqj$iæ_é{��nN�eq]§NQ{`�d�djX[QPWjXjQP�]`�Zu^hi]`odr�P�RTP�op[ObdP�_a{�SVo£[�bdP s��nP
i­�doc[^]z��wZblkmP�NQNXPW�dN�bnPp��À�JÁÀ
�e�PWj�[�{��n[QPWo£� jQSleVPWj�SVR�]`r`PWj�jX{�op[�bdP�[^]zSqeqeVP

128× 128
_dSÂwnP�eqjI]z��eqSqP��ÅbdPc��j�J6�J��� P�o

32× 32_dSÂwnP�eqj�J � � n�PZNXYWjX�deV[y]z[¨NQPWj�[yP¦Sqon}~Y�NQSVPW�dN��guWP���w�bdP¦od{`[yNXP¦]`_d_dNX{�u^hdPzJ q�e¿e�k�PWjX[¨Y�rp]`eqP�RTP�op[�_i]`NNy]z_d_é{`NX[��¤uWP�eq�dS�{���[yPWo£�ÃjXPWeq{`o ef]�uW{`Rv�dSqod]`SqjX{�o bnP�}~PWo���[yNXPWj�]�a�odPWj�]�s`PWu¡eVP�_nNQ{KuWPWjXjQ�djuW{`RT_deVP�[�blkÁ]z_d_i]`NXSqPWR�PWop[�bdYWu�NQSV[M]`�¡jQP�Sqo�bdP¢eq]TjXPWu�[QSq{�o OKJ:�nJ:��J}n�P¢_dNQ{KuWP�jQjX�dj��ieV[QNQPceVPWj�}~Px©o��\[yNQP�jIPWo NQP��XP�[y]`op[�eqPWj�uW{�R�_i]`NQ]`SqjX{�odj��£�dS�jQ{�op[ISVRT_dNX{��i]`�neqPWjEjQ�dNI�d]`jQPMbdP�jIbdY�[QPWu\[yPW�nNQj�bdPNQY�r�Sq{`odj�P�[�uW{�odj�[yNX�du�[QPW�dNXjZbdPZ}~PWo��\[yNQP�j¥�n[ySVeqSqjXYWj�]`SqodjXS¸�£�lk�PWo�}~{�odu\[ySV{�o¡bdP�j¦_d]`Ny]`R�U�[QNQP�j�bdP[yNQ]`odj�}~{�NQRT]z[ySV{�odj�bdP�on{�NQRT]`eqSVjy]z[QSq{�o¢�£�dSé{�op[�Y\[yY�NXY�]`eVSqjXYWPWj�J ½ PWeq{`oÅod{`[QNQP�u�{�Rv�dSVoi]`SVjQ{�o�ipu�PWjuWNXSV[QUWNQP�jIodP¥jQ{�op[¨_i]`jI_nNQSqjIP�o uW{�R�_n[yPzJ�q�e¿jQP�Rv�deVPMPWo {��n[QNQPM�£�dP¥eqP�j�}~PWo��\[yNQP�j§r`YWodY�NQYWP�j�_i]`NeqP��dN�]z_d_dNQ{Ku^hdP�{`o£[��dodP�sz]`NQSq]`�dSVeqSV[QYI_deq�nj�SqR�_a{�NX[y]`op[yP§]`��jQP�SqoÅblk��dodPMR/�WR�P�u�ef]`jXjQP�jX�dSV[QPM�e�k��n[QSqeqSVjy]z[QSq{�o¥bdP�od{�Rv�dNXPW�djXPWjO[yP�u^hdodSV�K�nPWj�bdS(|éYWNXPWop[yP�jObdP�od{`NQRT]`eqSVjy]z[QSq{�olJ �Oov[QPWNQR�PWj¸bdP�sz]­©eqP��dNQj�bdP¨_dSÂwnP�eqj _i]`N�P\w�P�RT_deVP
ipeq]c�ir`�dNQP�O�J\s5jMRT{�op[QNQP¨bdPWj�}~PWo��\[yNXPWj�r`YWodY�NQYWP�j�_i]zN _neq�djXSqPW�nNQjuW{`odjX[QNQ�du\[yPW�nNQjWJ�n�P�eqeVPWj�©ËuWSKuW{�R�_a{�NX[QPWop[�bdP�j�_dSÂwnP�eqj�bd]`odj�bdP�od{�Rv�dNXPW��wZ[y{`odjk~��neqPW�nj0i��Q]`�dodP�j0iNQ{`�dr�PWj$ias`PWN�[yj0iéR�]z�ns�P�j0iaNQ{�jXPWj0iér�NQSVj0i �deq]`oduWj��¨]zeq{�NXj§�£�dPZe�k�{����XP�[§bd{�op[�PWeqeVPWj¨jQ{�op[�P\wK[yNQ]`SV[QPWjPWj�[�_nNQSqonuWSq_d]`eqP�RTP�o£[�NQ{��dr`PZP\[��Q]z�dodP¥jQ�dN�}~{�odb�od{�SVNWJ �Oeq�njQSqP��dNQj�{��J�XP�[yj¨jQP¦_i]`N�[^]`r`PWop[§]`eq{�NXjbdPZR���RTP�j§[y{`odj�_a{��dN§eqPW�nNQj§}~P�o���[QNQP�jM]�a�odPWj�uW{�op[yNQ]`SqNXPWR�PWop[���eqP��dNQj§SqRT]`r�PWj�r�eV{��i]`eVPWj�{��]`��wc}~PWo��\[yNXPWjOP\wK[QNy]`S�[yPWj¸jQPWeV{�o¢od{`[QNQPIR�Y�[Qhd{�bnP`J1n�P\[Q[QP�s`]zNQSf]z�dSqeVSV[yY�]z�¢jQPWSVo¢bdPIu^hi]`�£�dP�u�ef]`jXjQPbdSVRTSVoK�nP�]`eV{�NQjEef]c_a{�jQjXSq�dSVeqS�[yY�_é{`�dN��dodPMR�Y�[Qhd{KbdP�blkm]`_d_nNQPWop[QSqjQjQ]`r�P/~~�K�nSluW{�onjQSqbnUWNQP�[Q{��n[QPWjeqP�j¢}~PWo��\[yNQP�j�bdP�ef]�R/�WR�P�}�]��W{�o7�¢b�kmY\[^]`�deVSqN¢bdP�jTNXUWr�eVPWjgbdP�bdSqjXuWNXSqR�Sqoi]z[QSq{�o¾_dNQY�uWSqjXPWj�Jje�]}�]���{�o|bdPZuW{�Rc�dSqodP�N�eqPWj¨}~PWo��\[yNXPWj�]TaTonPWj�]�s`PWuv�donPcR�Y�[yhn{�bdP¦blkm]`_d_dNXPWop[ySVjQjQ]`r�PcP�o¡r�Y�odYWNQ]`eP�[��dodP§Y�sz]`eq�d]z[ySV{�og_deq�djE]`_d_nNQ{`}~{�onbdSqP¨bdP�u�P�[X[yP�]z_d_dNQ{Ku^hdP§jQ{�op[��nodP�Pxw�[QPWodjXSq{�o�_é{�jXjQSV�deqP¨bdPuWPM[QNy]�sz]`Sqe¬J
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∗
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+
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∗
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ETH−80, Nw=120000, T=10, 0.01

Global

0%

5%

10%

15%

20%

16x16 32x32 48x48 64x64 80x80 96x96 112x112 128x128

ta
ux

 d
’e

rr
eu

r

dimension fenêtres (pixels)

ETH−80, Nw=120000, T=10, 0.01

Apple

15%

20%

25%

30%

35%

16x16 32x32 48x48 64x64 80x80 96x96 112x112 128x128

ta
ux

 d
’e

rr
eu

r

dimension fenêtres (pixels)

ETH−80, Nw=120000, T=10, 0.01

Car

25%

30%

35%

40%

45%

50%

16x16 32x32 48x48 64x64 80x80 96x96 112x112 128x128

ta
ux

 d
’e

rr
eu

r

dimension fenêtres (pixels)

ETH−80, Nw=120000, T=10, 0.01

Cow

10%

15%

20%

16x16 32x32 48x48 64x64 80x80 96x96 112x112 128x128

ta
ux

 d
’e

rr
eu

r

dimension fenêtres (pixels)

ETH−80, Nw=120000, T=10, 0.01

Cup

55%
60%
65%
70%
75%
80%
85%
90%
95%

100%

16x16 32x32 48x48 64x64 80x80 96x96 112x112 128x128

ta
ux

 d
’e

rr
eu

r

dimension fenêtres (pixels)

ETH−80, Nw=120000, T=10, 0.01

Dog

50%

55%

60%

65%

70%

75%

80%

85%

90%

16x16 32x32 48x48 64x64 80x80 96x96 112x112 128x128

ta
ux

 d
’e

rr
eu

r

dimension fenêtres (pixels)

ETH−80, Nw=120000, T=10, 0.01

Horse

15%

20%

25%

30%

35%

40%

16x16 32x32 48x48 64x64 80x80 96x96 112x112 128x128

ta
ux

 d
’e

rr
eu

r

dimension fenêtres (pixels)

ETH−80, Nw=120000, T=10, 0.01

Pear

0%

5%

16x16 32x32 48x48 64x64 80x80 96x96 112x112 128x128

ta
ux

 d
’e

rr
eu

r

dimension fenêtres (pixels)

ETH−80, Nw=120000, T=10, 0.01

Tomato

CEDGFIHejnJ�2IL��¥¤8g�©'c�ªvÇ`SVo��i�dP�oduWP�bdP�ef]§bdSqR�PWodjXSq{�oZbdPWj�}~P�o¦«�[QNQP�jOjQ�dN�eVPE[y]`��wcblkmP�NQNXPW�dNOr�eV{��i]`e
��P�o�hd]`�n[A��P\[¨_é{��nN¨u^hd]`�£�dPZu�ef]`jXjQPzJ
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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
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