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¶ ·�¸	¹;º;»k¼�½m¾C¹;¿0»�¸

À 1-Á0/2?�1;,FÂ�Ã*,^E>.�ÂL,�.0ÄÅ=X79G�ÆXB�B\1¯Ç479/@1>?@ÈÊÉN,-Ë�E;G0B\:¯,^1�Á0=;B«:>B�G0/26^1Ì,9É�7Í1;B�E;.b7F?m1>B�ÁeÎ
ÂL,�.0Ä«7F.HËb=;/2Á0B�Ë�ÁHE;.0BÐÏ�1X79Ç�B�:Ð<�B\.0ÑmË�Ò)<�B�.HË�B�A;ÁH/@,�1-ÎeÑmË�ÁH/@,�1XÓ�ÉN,�.�Á0=;B�Ë�,�1-Á0.0,�?	,FÉk7�Ô-/2G0E¢Î
7F?2?2È�6�E;/2:;B�:Å7FE;ÁH,^1;,�Ç�,^E>Gm.0,�ÆX,�Á{ÕCÖm,FÂ�B�Ô�B�.{ÃsÁH=;B�<�B�.0Ñ�Ë479.0Ëb=;/2Á0B�Ë\Á0E;.HB�:;,-B�G�1;,�Á¬=>B�?2A
Á0,�G0,�?2Ô^BkA;.H,^Æ;?2B�Ç×G�Âk=;/2Ëb=�=X7&Ô^Bm791�/21-Á0.H/21;G0/2Ëk=;/26^=#:;/2Ç�B\1;G0/2,^1�Õ�Øk=;B�.HBbÉN,�.0Bm/2Ç×/@Áb7FÁH/@,�1�,FÉ
7F?2.0B&7F:;È�?2B{79.01;B\:�ÆCB�=X7&Ô-/2,^.0G�,^.�G0E;Æ;AC7F.0ÁHGL,9É¡7�ÆXB�=C7&Ô8/2,�.	1;,^Á�Ë�,^Ç×A;?2B�Á0B�?2È�:>/@GHË�,FÔ^B\.0B�:5/2G
Ë�B�.HÁ®7F/21;?2È#,^1;BkÂk7&È�ÁH,�7F?2?2,FÂ³7�AC,^A>E;?�7FÁ0/2,�1�,9É¡791;/2Ç47F?2G�,^.	.H,^ÆC,^Á0G�Á0,�?2B{79.01�7F1>:�Á0,�ÙX1>:
G0,�?@E>Á0/2,^1;G�Æ8È×Á0=;B\Ç�G0B\?@Ô�B�G{Õ;Ú¡B{7F.H1;/21;6#Æ8È�/2Ç×/@Áb7FÁH/@,�1�/2GÛ79?2.0B{79:;È�E;G0B\:«/2147�ÉNB�Â¯A;.H,{ÜbB�Ë\Á0G
,FÉkÑm.HÁ0/ÝÙXË�/�7F?�Þe18ÁHB�?2?2/@6�B�1;Ë�B5Ï�GHB�Bàßªá>Ã0â;Ã0ã�äNÓ�ÕsÞe1Ð,^E;.­A;.0B�Ô-/2,^E>G�ÂL,�.0Äµßªå�ä¦ÃCÂ�B�A;.0,�AX,�G0B�:Ì7
1;B�E;.b7F?s7F.HË®=>/@ÁHB�Ë�ÁHE;.0B�ÉN,�.	/2Ç�/2Á®79Á0/2,^1�ÆC7FG0B\:�,^1�Ô-/2G0EC7F?;/21-ÉN,�.0Ç57FÁ0/2,�1�7F1;:�Â�BkG0=>,FÂk1�=;,FÂ
Á0,�E;GHB�/2ÁkÁH,�Á0B&7FËb=«Á0=>B�.0,�ÆX,�ÁmÁ0,×AXB\.eÉN,�.0Çæ7#AX79.0Á0/2Ë�E>?¨79.mGHB�ç-E;B�1;Ë�B�,9É	Ç�,FÔ^B\Ç�B�1-Á0G�Ï�Á0,
Ç479Ä^B�7×è�/26^è&7F65Á0.b7�ÜbB�Ë�ÁH,^.HÈ8Ã*7×G0ç-EX7F.HB«Õ2Õ@ÕªÓ\ÕXÞe1ÅÁH=;/2G�AX7FACB�.�Â�B�Á0.HÈàÁH,4A>E;Á�Á0,�6^B�ÁH=;B�.�á
/2:;B{7FG&Ò;=;,FÂé7�<�B�.0Ñ�Ëê79.0Ëb=;/2Á0B\Ë�Á0E;.HB�Ë&7F1«ÆCB�E;GHB�:«Éh,^.k?2B{7F.H1;/21;6�Æ-È�/2Ç�/2Áb7FÁ0/2,�1ê791;:«=;,FÂ
Á0=;B�A;.H,^ACB�.0ÁH/2B�Gm,9É�ÁH=;B�1;B�E;.b7F?¡ÙXB�?2:;GkË{7914ÆCB�E;GHB�:«ÁH,�/@Ç×A;.0,FÔ�BkÁ0=;B�Ç×,^Á0,�.	Ë�,�18ÁH.0,�?ëÕ

ì íïî�½�º;ð*ñ�¸mî¡¹Fòà»	º;óõô{»	ºÌö-î�÷k½mî�¸m¾sî¯¿Høù¿e¹;ð�¹;¿0»	¸

ú ,�.mÁH=;B�/2Ç×/@Áb7FÁH/@,�1�ÆCB�=X7&Ô-/2,^.&ÃXÂ�B#G0Á®79.0Á�Âk/2ÁH=«Á0=;B�7FGHG0E;Ç×A;Á0/2,�1«Á0=X79Á�A;.0,�Á0,�/2Ç×/@Áb7FÁH/@,�1
Ï�1;,�Á�/218ÁHB�1-Á0/2,^1>B�:Ì/@Ç×/2Á®7FÁH/2,^1XÓ�/2G�Á0.H/@6�6^B�.HB�:¯Æ-È³7ÍACB�.0Ë�B\A;Á0/2,^1ïB�.H.0,^.ÐÏ�GHB�Bµßªå&äkÉN,�.�:;BbÎ
Á®79/@?2GbÓ)791;:�/21 ú /@6CÕ;ûkÂ�BmA;.HB�G0B\18Ám791�,FÔ^B�.HÔ-/@B\Â³,9É)7�6^B�1;B\.®7F?�<�B�.HÑmË�7F.HËb=;/2Á0B�Ë�ÁHE;.0B�E;GH/21;6
Á0=;/2G�A;.0/21;Ë�/2A;?2B^ÕCØk=;B#.0B(üXB�ýÐAX7FÁH=«,FÉÛ<�B�.HÑmË�Â�,^.HÄ8G�7FG�7�Ç×,FÔ^B�Ç×B�1-ÁLÁH.®79Ë®Ä-/21;6×Ç�B�Ëb=X7�Î
1;/2G0ÇþÂk=;/2Ë®=×Ë�,^1>G0/2G0ÁHGL/21�6^,�/21;6�Á0,FÂk7F.0:>GÛ7918È#ACB�.0Ë�B\/@Ô�B�:5Ç�,FÔ�B�Ç�B�1-Á&Õ�Øk=;B�G0B�Ë�,�1;:5?2B�Ô^B�?
£LK¨d ÿ�°*tC¥jZ�Y0_bo\d8Z�V���° uNÿ�°�Q�gj`®Z\[8q>V)o\d8qÅt*°���Z�d-q^o&q^o�V	_®q9gjfeZ�Y0|bV����
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S MFZ\Yegªd<��Z&z{o�_bf	o\¥�°
,FÉ�Á0=;Bà79.0Ëb=;/2Á0B\Ë�Á0E;.HBà?2B{79.01;G�ÁH=;B«ÁHB�Ç�AC,^.b7F?k/21-Á0B�.HÔ^7F?kÆCB�ÁeÂLB\B�1¯Á0=>B«G0E;Ë\Ë�B�G0GH/2Ô^BÐ.0,^ÆC,^Á
,^.H/@B\18Áb7FÁH/@,�1;G�Ï /ëÕ¡B^Õ	75G0B\ç8E>B�1;Ë�B«,9ÉmÇ�,FÔ�B�Ç�B�1-ÁHG®Ó�Ãs791;:µ7FGHG0,-Ë�/�7FÁHB�G�/2Á�Á0,à7ÍAX79.0Á0/2Ë�E>?¨79.
Ç�,�Á0/2Ô^7FÁH/@,F1�Õ
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CCD

one to all link (Hebbian learning)
one to one link

M TD

PO

TB

MOMI
head rotation

body rotation

movement
perception

event prediction

=?>�@C�BA��Llþz{_Hd-_0Y0o\¥mqFgjo&z\Y0o{©´Z�§mfh -_�rs_0Y0l�`�o\Y0`e ^gjfe_b`bfh[^Y0_×[-|e_#§¨Z\Y�¥j_bo\Yed^gªd8zÅfh -_�fe_b©m];Z\Y0o�¥
o{|h];_b`bfe|LZ\§�o�fhY0o8Cë_b`bfeZ\Y0a{°;P	P*ÿ�u	P	P*ÿÌ`bo{©�_HY0o^V�� uD��Z&fhgjp�o&fhgjZ�d-|bVE��K�u-��Z�p&_®©�_Hd^fkK2d�]^[8fbV�GFÍuH��Z&feZ\YIF�[8fh]�[8fbVFJ	ÿÐuXJ�gj©¬_�ÿL_HYegjp�o&feZ�Y�V�J?J5uXfhgj©�_�c8o&fefe_0Y0a&VFrDFÍusrsY0_bq9gj`®fhgjZ\dGF�[8fh]^[-f

Ñ¯ÉN.b7FÇ×BbÎë6�.®79Æ;ÆXB\.	/2GLE;GHB�:5Á0,#Á®79Ä^B¬7�G0B�ç-E;B�1>Ë�B�,9É�/2Ç47F6�B�G{Õ9Þe1�,^1>Bm,FÉ�,�E;.�G0/2Ç�A;?2B�GHÁ
/2Ç�A;?2B�Ç�B�1-Áb7FÁ0/2,�1�ÃF7LK0Ç�,FÔ�B�Ç�B\18Á*/2Ç4796^B�M­/@GkÁH=;B�:;/ON B\.0B�1;Ë\B�ÆCB�ÁeÂ�B�B�1àá#:;/ONsB�.0B\18Á�Á0/2Ç�B
/218ÁHB�6^.b7FÁHB�:à/2Ç57F6^B\Gm,FÉkÁ0=>B�7FÆC,FÔ^B#G0B�ç-E;B�1>Ë�B^Õ*Øk=;B�ACB�.0Ë\B�/2Ô^B�:�Ç�,FÔ^B\Ç�B�1-Ák,^.H/2B�1-Á®7FÁH/2,^1
/2GkË�,^Ç×A;E;Á0B\:5ÉN.0,�Ç ÁH=;B�KHÇ�,FÔ^B\Ç�B�1-Á	/2Ç4796^B�MCÕ-Øk=;B�.HB�G0E;?2Á�/2Gk,^1;B(ÎëÁH,FÎe,^1;B�KHA;.0,&ÜbB�Ë�ÁHB�:�M
,^1¯7ÅÇ57FAÌ,FÉ�791X7F?2,^6ÐÉh,^.0Ç57F?�1;B�E;.H,^1;G&ÃkÁ0=>B 35,�Á0,�.�Þe1;A;E>ÁàÏN3ÊÞ0Ó�6�.0,�E;A¯/21 ú /26CÕmû^Õ
Ø*,47&Ô^,�/2:«Á0=;B×AXB\.0Ë�B�A>Á0/2,^1�B�.0.H,^.0G­/@1ÐÁ0=>B�Á0.b7FËbÄ-/21;65Ç�B�Ëb=X791;/2G0ÇàÃ>ÂLB�7F?2?2,FÂéÁ0=>B�.0,^ÆC,^Á
Ë{7FÇ×B�.®7�Ï�.0,�ÆX,�ÁL=>B{7F:XÓ�Á0,#.0,�Á®79Á0B^Õ�Þe1�ÁH=;/2GLÂk7&È8Ã9Á0=;B�=;B{79:�ÁH.0/2B�GkÁ0,­A;E;.0GHE;/2ÁkÁ0=;B�Á0B{79Ëb=;B�.
7FÁm7918È5ÁH/@Ç×BmÆ-È5Ë�B�1-Á0B\.0/21;6�/2Á�/@15/2Á0G�Ô-/@GHEX7F?¡ÙXB�?2:�Õ>Øk=;B�.0,�ÆX,�ÁmÆC,-:;È5Á0E;.H1;G�,^1;?2È�/ÝÉ	Á0=>B
Á0B{79Ëb=;B�.#Ç�,FÔ^B\Ç�B�1-Ák/2G�,^Æ>G0B�.HÔ^B�:�E;1;:;B�.­Á0=;B×G®7FÇ×Bê791;6^?2B­ÉN,^.�756�/2Ô^B�1ÐÁ0/2Ç�B#/21-Á0B�.HÔ^7F?eÕ
Øk=;B�/21;:;B�ACB�1;:>B�1-Á�.0,^Áb7FÁH/@,�1à,9ÉmÁ0=;B×.0,�ÆX,�Á�=;B{79:³7F1>:Å/@ÁHG�ÆC,8:>ÈÅË{7F1ÅÆCB�Ô-/2B�Â�B�:µ7FG�7
G0/2Ç�A>?@B*ÁeÂ�,�:;B�6^.HB�B�G�,FÉCÉN.0B\B�:;,^ÇþG0È-G0ÁHB�ÇàÕ9Øk=;B	ÉhE;1;Ë�ÁH/@,�1;/21;6�,FÉXÁH=;BkÇ�,�Á0,�.�6^.H,^E;A5ÏN3QP¬Ó
/2G�ç-E;/2Á0B×G0/2Ç�A>?@B�ÕsÑkÁ�B&7FËb=ÌG0Á0B\A�ÃL7QR¯Ø*ÑùÇ�B\Ë®=C7F1;/2G0Ç Ëb=;,-,^GHB�G�ÁH=;B5Ç�,�G0Á�79Ë�Á0/2Ô^7FÁHB�:
1;B�E;.H,^1�Ã>AXB\.eÉN,�.0Ç�GkÁH=;B#.0,^Áb7FÁH/@,�15Ë�,^.H.0B�GHAX,�1;:;/21;6�ÁH,�ÁH=;/2Gk1;B�E;.H,^1Å7F1;:×ÙX1;/2GH=;B�GmÂk/2ÁH=à7
ÙXý-B�:�ÁH.®7F1>G0?�7FÁH/@,�1�Õ&Øk=;Bk3�PÌ6^.H,^E;A­E;G0B�G�Á0=;B�G®79Ç�B	/21-ÉN,�.0Ç57FÁ0/2,�1k.0B�A;.HB�G0B\18Áb7FÁH/@,�1�7FG*Á0=>B
35Þ�6�.0,�E;A�Õ�ÞeÁ	.0B�Ë\B�/2Ô^B�G�Á0=;B�/21-ÉN,^.HÇ479Á0/2,^1 ÉN.0,�Ç ÆC,^ÁH=�.0BbüCB�ý�?2B�Ô�B�?s7F1;:�B�Ô�B�1-Á	A;.HB�:;/2Ë�Á0/2,�1
?2B�Ô^B�?eÕ

Þe14,�.0:;B\.¬ÁH,�?2B{7F.H1à7#G0B�ç-E;B\1;Ë�B^ÃsÁH=;B#G0Á0E>:;B�1-Ám.H,^ÆC,^Ám:>B�Á0B�Ë\Á0G�791;:5?@B&7F.01>GmÁ0=>B�Á0.b7F1-Î
G0/2Á0/2,�1;G�/21ï/@ÁHG5,FÂk1 ÆC,-:;È¯,^.H/2B�1-Á®7FÁH/2,^1 791;: ÁH,ÌÆXBµ79Æ;?2BàÁH,³.HB�A;.H,8:>E;Ë�BµÁH=;B�ÇÐÕLØk=>B
Ç�,FÔ�B�Ç�B�1-Ás.H,^Á®79Á0/2,^1>G	Ëb=X7F.b7FË�ÁHB�.0/2è�B�:ÍÆ8ÈSP ú*ú Î�PUT ÁH.®791;G0/2Á0/2,�1;GmÏ�Øk/2Ç×BWV�B�.H/@Ô^79Á0/2Ô^BkØ4V
6^.H,^E;AXÓ�,FÉ)3QPï1;B�E;.H,^1;Gm79.0B�E;G0B\:47FGk/21;A>E;Á	/21-ÉN,�.0Ç479Á0/2,^1�ÉN,^.k7�ÆC7F1;Ä�,9É�G0ACB�Ë�Á0.b7F?�1;B�E-Î
.0,�1;G�Ï�Ø�X /21 ú /26XÕ	û&Ó�ÕsØk/2Ç�B­ÙX?2Á0B\.�ÆX79Á0ÁHB�.0/2B�G5Ï�Ø�XkÓ�79Ë�Á�7FG�:;B\?¨7&ÈÐ1;B�E>.0,^1>G�B�1>:;,FÂLB\:
Âk/2Á0=Ð:;/ON B�.HB�1-Á�Á0/2Ç×B�Ë�,^1>G0Á®791-Á0G{Õ�ÑmG­G0E;Ëb=�Ã�Á0=;B\ÈàACB�.eÉh,^.0Ç 7×G0ACB�Ë�Á0.b7F?k:;B\Ë�,^Ç×AX,�G0/2Á0/2,^1
,FÉLÁH=;B#G0/26^1X79?�ÁH=X7FÁ�Âk/2?2?)7F?2?2,FÂïÁ0=;B�1;B\E;.0,�1;G�/@1ÍÁ0=;B�<*.HB�:;/2Ë�ÁH/@,�1YP�E;ÁHA;E;Á�6^.H,^E;AÌÏN<ZP¬Ó
Á0,�GHÁ0,�.0B�Á0=;B�ÁH.®7F1>G0/2Á0/2,^1�AC7FÁ0ÁHB�.01>GkÆXB�ÁeÂ�B�B�1ÍÁeÂL,�B\Ô^B�1-Á0Gk/21�ÁH=;B�G0B�ç-E;B�1>Ë�B^Õ ú /21X79?@?2È-ÃFÁ0=>B
<?Pé6�.0,�E;A5/@G�?2/21;Ä^B�:5Âk/2Á0=×Á0=;B#3�Pé6�.0,^E>A4Ô-/�7­,^1;BbÎeÁ0,9Î¦79?2?XÇ×,8:>/jÙs7FÆ;?2Bk?2/21;Ä-G{Õ



QL_H[�Y0Z�d-o�¥s|efhYe[8`bfh[^Y0_ §�Z�Y	¥j_bo\Yed^gªd-z�c^a�gj©�gjfeo&fhgjZ�d T[ \Ì¸�¸�î�½mº>ð)ñ#¼�]m¸�ð*øù¿0¾söÐ»�ô4¹�^�î øù»�¹¢»�ºÅö�]mö�¹;î�ø
Øk=;B�ÙX.HG0Á�?2/2Ç�/2Á®79Á0/2,^1�/21«,�E;.¬79.0Ëb=;/2Á0B�Ë\Á0E;.HB�/@G�Á0=;B#AC,8,�.�G0Á®79Æ;/2?2/@ÁeÈ×,FÉ	Á0=>B�ÁH.®7FËbÄ-/21;6�ÆCBbÎ
=X7&Ô-/2,^.{Õ&_*Ô�B�15/jÉ	ÁH=;B�Á0B�Ç×AX,�.®7F?s/21-Á0B\6^.®79Á0/2,^157F?2?2,FÂkGÛ7­Ç�B\Ç�,^.HÈ�B`N B�Ë\Á{Ãs7F1-È�1;B�Âé/21;A>E;Á
G0ÁH/@Ç�E>?@E>GLË{791«6^B\1;B�.®79Á0B�7F15/2Ç�Ç×B�:;/�7FÁHBkË®=C7F1;6�B�,FÉLÁH=;B�=;B&7F:«,�.0/2B�1-Á®79Á0/2,^1ÅÏN7�Ë�?�7FGHG0/2Ë{7F?R¯Ø*Ñé:;B�Ë�/2GH/@,�1XÓ�ÕCÑþG0B�Ë�,�1;:ÐÇ47�Üb,�.L?2/2Ç�/2Áb7FÁ0/2,�1�/@GkÁH=;B#/@1>A;E;Ám:>/@GHË�.0/2Ç×/@1C7FÁ0/2,�1�Õ^ØkÂ�,�,^.
Ç�,�.0B�Ç×,FÔ^B�Ç×B�1-Á�è�,�1;B�G�Ë&7F1ÌÆXBÍ/@1-ÁHB�.0A;.HB�Á0B\: 79G�:;/ON B�.HB�1-Á5Á®7F.H6^B�ÁHG�,�.�7FG�Á0=>B«G®79Ç�B
Á®79.06^B\Á¬:>E;B�Á0,5ACB�.0Ë�B\A;Á0/2,^1�B�.0.H,^.&ÕsÞe1àÁH=;B�A;.HB�G0B�1-Á#G0È-G0ÁHB�ÇàÃ¡1;,5/@1-ÁHB�.0A;.HB�Á®79Á0/2,^1Ð,FÉkÁ0=>B
AXB\.0Ë�B�/2Ô�B�:�Ç×,FÔ^B�Ç×B�1-Ás/@G*ACB�.eÉh,^.0Ç×B�:#/@1#,^.H:;B�.�Á0,�7&Ô^,�/2:�7�Ç�/2G0/21-Á0B�.HA;.0B\Á®7FÁH/2,^1�Õ&Øk=;BkÇ×,FÎ
Á0,�.L6�.0,^E>A�=X79GkÁ0,#ÆXB�7­Á0,�AX,�?2,^6^/2Ë{79?;Ç479A�,FÉ*1;B�E;.H,^1;G�E;G0/21;6�7�:>È81C7FÇ�/2Ë{79?;/21-Á0B�6�.®7FÁH/2,^1
,FÉ�Á0=;B5/21;A;E;Á�/21-Éh,^.0Ç57FÁH/@,�1àÁH, 7&Ô�,^/2:ÅÉh,^.06�B�Á0ÁH/21;6àÁH=;B5A;.0B\Ô8/2,�E;G0?2ÈµÁH.®79Ë®Ä�B�:¯Áb7F.06�B�Á{Õ*Ñ
:;È-1X7FÇ×/2Ë{7F?�Ë�,^Ç×AXB�ÁH/2Á0/2,^1�=C7FGL79?@GH,�Á0,�ÆXBkE>G0B�:×Á0,�7&Ô^,�/@:#/21-Á0B�.HÇ�/2Á0ÁHB�1-Á�G0Âk/2ÁHË®=>/@1>6^G*ÉN.H,^Ç
7�6�/2Ô^B�15Á®79.06�B�ÁkÁ0,�791;,^ÁH=;B�.{ÕRÅB)Âk/2?2?FE;GHBLÁH=;B	G0/2Ç×A;?2/jÙCB�:kÉN,�.0Ç�E;?�79Á0/2,^1k,9É¢ÁH=;B	1;B\E;.®79?^ÙCB�?2:�A;.0,�AX,�G0B�:#7F1;:�GHÁ0E;:>/@B\:
Æ-È�ÑmÇ479.0/*ß2ûbä0Õ

acb�d Ï�egfih®Ój�h kml d Ïne�f*h®Ó2oqpkÏ*egfih®Ó%osrtovu&w#x�y#z�{�Ï�|^Ó b`} Ï d Ïne l |�fih®Ó0Ó�j&| Ï0û{Ó

R¯/2Á0=;,�E;ÁL/21;A>E;Á0G&Ã-Á0=;B�=>,^Ç�,�6^B�1>B�,^E;G�AX79Á0Á0B\.015,FÉ*Á0=;B�1>B�E;.®79?sÙXB\?@:�Ã d Ï�egfih®Ó k r�Ã;/2G
G0Áb7FÆ;?2B^Õ&Øk=;Bk/21;A;E>Á0G*,FÉXÁH=;BkG0È-GHÁ0B�ÇÐÃ~p Ïne�f*h®Ó\Ã{.HB�A;.HB�G0B�1-Á�Á0=;BkGHÁ0/2Ç�E;?2/^/21-Éh,^.0Ç57FÁH/@,�1mÂk=;/2Ëb=
B�ý-Ë�/2Á0B�Á0=>B¬:>/'NsB�.HB�1-Ák.0B�6�/@,�1;Gk,FÉ*Á0=;B�1;B\E;.®79?sÙXB�?2:57F1;: a /2G�Á0=;B�.HB�?�7Fý;7FÁH/@,�1�.b7FÁ0B�,9É)Á0=>B
G0È-G0ÁHB�ÇàÕ�{­Ïn|^Ó�/@G�Á0=;Bk/21-Á0B�.b7FË�ÁH/2,^1�Ä^B\.01;B�?C/21�ÁH=;Bk1;B�E>.®7F?>ÙXB�?2:�7FË�ÁH/2Ô^7FÁ0/2,�1�Õ&Øk=;B�G0B�?�7FÁ0B\.®7F?
/218ÁHB�.®79Ë�Á0/2,�1;G�Ï�KHB�ý-Ë�/2Á®79Á0,^.HÈ&M 791;:mK0/21;=;/2Æ;/2ÁH,^.0È&M-Ó�7F.HB�Ç�,-:;B\?@B\:àÆ-Èµ7�V�P�D ÉNE;1;Ë\Á0/2,^1�Õ�/� /2G�Á0=;B#?�7FÁHB�.®79?	/218ÁHB�.®79Ë�Á0/2,�1à/21-Á0B�.HÔ^7F?eÕ } Ï d Ï*egfih®ÓeÓ�/@G�ÁH=;B�7FË�ÁH/2Ô8/2ÁeÈ5,FÉ�Á0=;B�1;B\E;.0,�1ve7FË�Ë\,^.0:>/@1>6�ÁH,�/@ÁHGkAX,�Á0B�1-ÁH/¨79? d Ïne�f*h®ÓbÕ�RÅBmE;GHB�7#Ë�?�7FGHG0/2Ë�.®7FÇ×A#ÉNE;1;Ë\Á0/2,^1�ÕD�Õ�+-Ëb=g�,�1;B�.5ß �>Ã*�Fä�=X7FG#A;.0,�AX,�G0B�:�Á0,«E>G0B�ÁH=;B�A;.H,^ACB�.0ÁH/@B\G�,FÉmÁ0=>B�1;B�E;.b7F?�ÙXB�?2:ÐÉN,�.
Ç�,�Á0,^.�Ë�,^1-ÁH.0,^?�A;.H,^Æ;?2B�Ç×G{ÕCØk=;B�K0.HB{7F:¢Îë,�E;Á�M«Ç×B�Ëb=X7F1>/@GHÇæË�,�1;G0/2GHÁ0G#/@1ÐÁ0=>B�E;GHB�,FÉmÁ0=>B
:;B�.H/@Ô^79Á0B«,9É�Á0=>B«1;B�E;.b7F?�ÙCB�?2: 7FË�ÁH/2Ô^7FÁ0/2,�1³ÁH,µË�,�Ç�A;E>Á0B«ÁH=;B«Ç�,�Á0,�.�Ë�,^Ç×Ç47F1>:�Õ�Øk=>B
,^.H/@B\18Áb7FÁH/@,�1«,FÉkÁ0=>B�.0,�ÆX,�Á�=;B{7F:�ÃD�%���*�FÃs.0B\?¨79Á0/2Ô^B�ÁH,«7�ÙCý8B\:Å.0BbÉNB\.0B�1;Ë\B«/2G¬E>G0B�:�/@1ÐÁ0=>B
G0È-G0ÁHB�Ç�7FGm7­ÆXB�=C7&Ô8/2,�.®7F?sÔ^79.0/�7FÆ>?@B�Õ^Øk=;B�GHÁ®7FÁHB�,FÉ*Á0=;B­G0È-G0ÁHB�Ç /2GkB�ý-A;.HB�G0GHB�:Å7FGm7­Ô^7F?2E;B
,FÉLÁH=;/2G�Ô^7F.H/�7FÆ;?2B^ÕCØk=;B�?2,-Ë{7F?�Ç47Fý-/2Ç�7­,FÉkÁ0=;B�1;B\E;.®79?	ÙXB\?@:Å7F.HB�1X7FÇ×B�:Å7FÁ0ÁH.®79Ë�Á0,�.0G{Õ�ÞhÉ
Á0=;B�Áb7F.06�B�Ám,�.0/2B�1-Á®79Á0/2,^1×/2G4�%�n����Ï�GHB�B ú /26XÕ;á>Ã;7^Ó\Ã;/2ÁkB�.0B\Ë�Á0G�7F1«79Á0Á0.b7FË�ÁH,^.�/@15ÁH=;B�1;B�E;.b7F?
ÙXB�?2:ÌÏ�G0B\B ú /26XÕsá;ÃsÆCÓ�7F1;:ÐÁ0=>B�.0,�ÆX,�Á�.0,^Áb7FÁH/@,�1àGHAXB\B�:µÂk/2?2?*ÆXB�� k��� k�� Ï��%�:�*�&Ó�Õ ��/2Gm7#ÉNE;1>Ë�Á0/2,^1Í,FÉ	Á0=;B#Ë�E;.H.0B�1-Á�.H,^ÆC,^Á�,^.0/2B�1-Áb7FÁ0/2,�1�Ã�� �:�i� Õ;ÞeÁ�G0B�ÁHG�Á0=;B­:;È-1X7FÇ×/@Ë\Gk,FÉ	,^E;.
.0,�ÆX,�Á{Õ

Ø�79Ä^B�1 G0B�AX79.®79Á0B�?2È-ÃLB&7FËb=é/21;A;E;Á×B�.0B�Ë\Á0GÅ7F1 79Á0Á0.b7FË�ÁH,^.5/21 ÁH=;BÐ1;B�E;.b7F?�ÙXB\?@:�ÕLØk=>B
ÑmÇ57F.0/*� G#B�ç-EX7FÁH/@,�1 7F?2?2,FÂkG�Á0=>BàË�,-,�AXB�.b7FÁH/@,�1ÌÉN,�.�Ë�,�=;B�.0B\18ÁÍ/@1>A;E;Á0G«79G0G0,-Ë�/�79Á0B�:ïÂk/2Á0=
:;/ON B\.0B�1-Á�6�,879?@G	Ï G0AX79Á0/�7F?2?2ÈkG0B\AX7F.b7FÁ0B\:�Áb7F.06�B�Á0GbÓ�Õ ú ,^.sË�?2,^GHB�?2È�G0AX79Ë�B�:�/21;A;E>Á�/21-ÉN,�.0Ç479Á0/2,^1�Ã
Á0=;B×:;È-1X7FÇ×/2Ë�=X79Gê7ÍG0/21;6�?2B47FÁHÁ0.b7FË�ÁH,^.#Ë�,^.H.0B�GHAX,�1;:;/21;6ÅÁ0,ÐÁ0=>BÊ7&Ô�B�.®796^B×,FÉmÁ0=>B4/21;A>E;Á
/21-ÉN,^.HÇ479Á0/2,^1�Õ ú ,^.m7#Ë�.H/2Á0/2Ë{7F?�:;/2G0Áb7F1;Ë�B�ÆCB�ÁeÂ�B�B�1Ð/@1>A;E;Á0G&ÃX7#Æ;/ÝÉNE>.0Ë{79Á0/2,^1×AX,�/@1-Ám79A;AXB&7F.0G
7F1;:ÌÁH=;BàA>.0B�Ô-/2,^E;G57FÁHÁ0.®79Ë�Á0,�.�ÆCB�Ë�,�Ç�B�G«7Ð.0B\AXB�?2?2,^.57F1;:ïáÅ1;B�Âæ79Á0ÁH.®7FË\Á0,^.HG5B�Ç�B�.H6^B^ÕV�B�AXB\1;:;/21;6k,^1­Á0=;B	/21;/2ÁH/¨79?FG0Áb7FÁ0B�Ã{ÁH=;B	.H,^ÆC,^ÁsG0Âk/2ÁHË®=>B�G*Á0,m,�1;B*,FÉ;Á0=>BÛá�1;B\ÂÐÙXý-B�:�AC,^/21-Á0G{Õ
Øk=;/2G	Ç�B\Ë®=C7F1;/2G0Çþ,FÉs/21;A;E;Á	Ë\,^Ç�ACB�ÁH/@ÁH/2,^1S��Ë�,-,^ACB�.®79Á0/2,^1×=X7FG�7F1�=-È-G0Á0B\.0B�GH/@GkA>.0,^ACB�.HÁ0/2B�G
Âk=;/2Ëb=�7&Ô^,^/2:;G*,�G0Ë�/2?2?�7FÁ0/2,�1;G*ÆXB�ÁeÂ�B�B�15ÁH=;BmÁeÂ�,�AX,�G0G0/2Æ;?2B�ÆXB�=C7&Ô8/2,�.0G{Õ�Ñm1>,^Á0=>B�.	ÉhB{7FÁHE;.0B�,FÉ
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=?>�@C�:�>�;o���J� 8_�Y0Z�c;Z&f	o�d-q�fh -_Lfeo\Y0z&_®f*`bZFZ\Y0qFgªd8o&fe_b|ko�Y0_�Y0_H]^Y0_b|e_Hd^fe_bq�gªd�fh 8_k|eo&©�_	Y0_H§�_HY0_0d-`b_{°
J* 8_�Y0_H§�_0Y0_Hd-`®_�Z\Yegj_0d^feo&fhgjZ\dXV�����gj|�[8|e_bq#feZ�`®Z&©�]^[-fe_��E�*�*��o\d8q��E�� ��\°Fc¡��J* -_kfeo�Y0z&_bf�]¢Z&|hgjfhgjZ\d
_HY0_®`bfe|*o\d�o{fefhY0o&`bfeZ�Y�o{f-� �� �� °^J* 8_�¢ Y0_®o&qFuhZ�[-f*£¬©�_b`e -o�d�gj|e© o\¥ª¥jZ�¤	|	feZ�`bZ&©m]�[8fe_kfh -_	Y0Z&feo{fhgjZ\d
|h];_®_bq�¤5[8|hgªd-z�fh -_kq^_HYegjp�o&fe_mZ\§�fh 8_�d-_0[�Y0o�¥s²-_H¥jq�o{`bfhgjp�o&fhgjZ�dC°
Á0=;B#1;B�E>.®7F?�ÙXB�?2:à/2G�Á0=;B�Ç×B�Ç�,�.0È-Õ^ÞhÉkÁ0=;B#AX79.®7FÇ×B�Á0B\.¬=Í/@1�_*çsÕ*Ï0û&Óm=C7FG�7×G0E&¥�Ë�/2B�1-ÁH?@È
1;B�6-7FÁ0/2Ô�B)Ô^79?2E;B�ÁH=;B�1�ÁH=;B	1;B�E>.®7F?9ÙXB�?2:�,�AXB�.b7FÁHB�G�Âk/2Á0=�7�Ç×B�Ç�,�.0È�B�N B\Ë�Á*/@1�Âk=;/2Ëb=�7�AXB&7FÄ
,FÉÛ791à7FÁHÁ0.b7FË�ÁH,^.�=X79G�ÆXB�B\1ÅÇ47F/21-Á®79/21;B�:×ÉN,^.�7×G0=;,�.0Á�Á0/2Ç�B­/@1-ÁHB�.0Ô^79?ëÕ>Ñ ?¨79.06�B�AC,^GH/@ÁH/2Ô^B
Ô^7F?2E;B#,FÉk=µ:;B\Á0B�.HÇ�/21;B�G�7ÊG0E;A;.b7&ÎeÁ0=;.HB�G0=>,^?2:µ/21ÅÁ0=>B�1;B�E;.b7F?�ÙXB�?2:³79Ë�Á0/2Ô^7FÁH/2,^1�Õ%RÅB�E;GHB
Á0=;B­/@1>A;E;Á0G�,FÉ	Á0=>Bê79Ë�Á0EX79?*G0È-G0ÁHB�Ç�Á0,×:;.0/2Ô^B#7�Ç�,�Á0,�.LË�,�Ç�Ç57F1;:�E;GH/21;647#1;B\E;.®79?�ÙCB�?2:
Âk/2Á0=;,�E;ÁÛ791-È�Ç�,-:;/ÝÙXË&7FÁ0/2,�1�Õ�¦kB\A;?�7FË�/21;6�ÁH=;B�3�Pþ6^.0,�E;A5Æ-È47­1;B�E;.b7F?�ÙXB�?2:5/2GkÁ0=;B�G0,�?2B
Ç�,-:;/ÝÙXË{79Á0/2,^1�/215Á0=>Bê79.0Ëb=;/2Á0B�Ë\Á0E;.HB4Ï G0B�B ú /@6CÕ�û&Ó�Õ;Ñ�?2?�7FÆC,FÔ^B�A;.H,^ACB�.0ÁH/2B�G�,FÉ	Á0=;B­1;B�E;.b7F?
ÙXB�?2:�Ë�,�Ç�Bk/21-Á0,�ÁH=;Bm6�B�1;B�.b7F?s7F.0Ëb=;/2ÁHB�Ë�Á0E>.0B^Ã>B�?2/@Ç×/21X7FÁH/@1>6mÁ0=>Bm/21;A;E;Á�G0B�6�Ç�B�1-Á®79Á0/2,^1�791;:
Á0=;B�GHÁ®7FÆ>/@?2/2ÁeÈ�A;.H,^Æ;?2B�Çù,9É)ÁH=;B�/21;/2Á0/�7F?s7F.HËb=;/2Á0B�Ë�ÁHE;.0B�Õ

§ ¨ª©4«�î�º;¿0ø î�¸	¹;ð*ñ�º;î�ö-½mñ¦¹;öÅð)¸�¼�¼m¿Hö8¾s½�ö-ö8¿H»	¸

ÑkÁ�ÙX.0GHÁ{Ã>ÂLB�=C7&Ô^B�/2Ç�A;?2B�Ç×B�1-Á0B�:�ÁH=;B�Á0.b7FËbÄ-/21;6�.HBbüXB�ýÍE;G0/21;6�,�1;?2È�,^1;B�:>B�6^.HB�B�,FÉ*ÉN.HB�BbÎ
:;,^ÇÐÃ�/eÕ&B^Õ�Á0=;Bk.H,^ÆC,^Á*Ç�,FÔ�B�G�,�1;?2È�/2Á0G	=;B&7F:�ÕFÞe1#,^.H:;B�.	ÁH,�:;B�Ç×,^1;GHÁ0.b7FÁ0B�Á0=>BkË{7FAX79Æ;/2?2/@ÁH/2B�G
,FÉL1>B�E;.®79?�ÙXB�?2:àÁH,5Ë�,^1-Á0.H,^?*G0B\Ô^B�.b7F?	:;B\6^.0B\B�G�,9É	ÉN.HB�B�:;,�ÇæÂ�B�Áb7FÄ^B�7�GH/2Ç�A;?2B�B�ý;7FÇ×A;?2B^Õ
Øk=;B#.0,^ÆC,^Á�ÉN,^?2?2,FÂkG¬7qK0ÁHB{7FËb=;B\.�Mà791;:à?2B{79.01;G#7�GHB�ç-E;B�1;Ë\B4,9ÉLÇ�,FÔ�B�Ç�B\18ÁHGmÑUXW¬�ÕsØk=>B
G0B�ç-E;B\1;Ë�B5G0Áb7F.0ÁHG�Âk/2ÁH=ÅÁ0=;B57FË�ÁH/@Ô^79Á0/2,^1Í,FÉmÁ0=>B�G0Áb7FÁHB�ÑæÏ ,^.0/2B�1-Áb7FÁ0/2,�1XÓ�Ë�,^.H.0B�GHAX,�1;:;/21;6
1;B�E;.H,^1�ÕCØk=;B#/21;A;E;Á�/21«Á0=;B#1;B�E>.®7F?�ÙXB\?@:Ð6^B\1;B�.®79Á0B�G#7F1à79Á0Á0.b7FË�ÁH,^.�7FÁ�Á0=;B#Á0=>B­�%®Ì,^.H/ÝÎ
B�1-Á®79Á0/2,^1ÐÏ�G0B\B ú /@6CÕ;â^Ó\Õ

ÑkÁ a Ç×,^Ç×B�1-Á{Ã;ÁH=;BG�%¯é1;B�E>.0,^1ÅÂk/2?2?*ÆXB�79Ë�Á0/2Ô^79Á0B�:ÅÆ-È«ÁH=;B4<?P 6^.H,^E;A�ÕsØk=;/2G�7FËbÎ
Á0/2Ô^7FÁH/2,^1ÌG0=;/ÝÉNÁHG5Á0=;BÅ7FÁHÁ0.®79Ë�Á0,�.5Á0,°�%¯ /21¯ÁH=;BÅ1;B�E>.®7F?�ÙXB\?@:�Õ À GH/@1>6µÁ0=>BmK0.0B&7F:-Îe,^E;Á
M
Ç�B�Ëb=X791;/2G0Ç×G{Ã&ÂLBk,�Æ;Á®79/21�á�.®79Á0B�Gk,9É ,�.0/2B�1-Á®79Á0/2,^1�Ëb=X791;6^B#Ï�:;E;B�Á0,�:>/'NsB�.HB�1;Ë�B�G�/21;B�.0ÁH/�7^Ó�Ò
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