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\^�¹X[`�wxZ�rB¦�r�´��8Z�rt�¶O¥¤�]�u{}iVY\{��yT�8ZaO�\^�a¡F}iV[Qsr��8\^}k�¢\{���8Z�ORQ w�rk��SUOWwR}iQ¢OqO�rkX-´�rk� p O]fbOWw¥�8\��iOk|
µ¶Z�OWV[O rkVYOBXY}iQ!OB¡�rkwR\^u^\��8\{OWX$}i�²K��g�8OWV[��OR�W��u^\{°kOÃÆ o s3­«­ux¯�8Z�rt�3}iVYygrt��\^©ROB�8Z�O p }�wR`�Q¢OR�g�8X3\{�
w�rt�YOWyi}kVY\^ORXe¦¯\{�8Z!yiV[O�rt��u¬rkSU}iVR|Dµ¶Z�\{X�wROWV-�xrk\{��u{´Â\{Q¢]aVY}n�iORX��YZ�O$]bORV[¡F}iV[Qsrk�awWO¯}k¡#V[OR�YVY\^O¥�trkuv�gS�`��
\{��\^X�}iSg��\{}i`�X[u{´¼O¥¤�]UOWwR�YO p �8Z�rt�3\��qX[Z�}i`�u p SbO p }i��OBrk`a�8}kQsrt�Y\^wWrku^u�´i|¶K��§�8ZaOT]�VYORXYOR�9�«]�rk]bORVW�
¦�O«Z�r��kO®�YVY\^O p �8}¢r p�p V[OWXYX¶�YZ�\^X¯]�V[}iS�u^ORQ;`�X[\^��y � ORu{¡¬��­�V[ygrk��\{©W\{��y M�rk]0� � ­®M m~�6oÖ�ª|

y z cS. V�l .{&0Y}|`~X�

� OWu�¡¬�-­3VYyirk��\^©R\^��y�M�rk]�� � ­«M§�q¡�rku{u^X3`a� p OWV®r�XY]UOWwR\¬rku¾wRu¬rkX[X«}k¡��aOW`�VYrkue��OR��¦�}iV[°�XÃS�rkX[O p }k�
äxÊ�Ìqà�Ð¥ÎÀÏÖÎ�ÏÖÑkÐPÒ^ÐYÍkËªÈ�ÏÖÈ�×�m h�ov| K���XY`�wxZN��OR`�V8rku���OR��¦�}iV[°�XR�q}i`��8]�`a�s��OW`aVY}i��Xs}k¡��8Z�O���OR��¦�}iVY°
wW}iQ!]UOR�8O�rtQ¢}i�ay½�YZ�OWQ!XYORu{�kOWXÂ�8}ÄSbO�rtwR�8\��trt�8O p }kV ·�VYO p ��¦¯\��8Z �8Z�O�V[OWXY`au{� �8Z�r�� }i��u{´�Ê�È�Ð
}i`a�Y]�`a�«��OR`�VY}i���*}kV�}i��O ��OW`aVY}i�Ä]bORV�yiVY}k`�]#��\^X�}k�¨r��®rk�g´²}i��OÂ�8\{Q¢Ot| o �¨}i`��8]�`a�«�aOW`�V[}i�
�8Z�r��Â¦¯\^��XÂ�8ZaO¼wR}iQ!]bO¥�8\{�Y\^}i�0\^X w�rku{u^O p r ÙeÏÖÈ�È�Ð¥ËªÜ�ÎvÍ�ÚgÐxå¥Ü-ÍkÒÖÒ�È�Ð¥Ø�Ë8Ê�È¨}iVÂX[\^Q!]�u{´£r ÙeÏÖÈ�È�ÏÖÈ�×
È�Ð¥Ø�Ë8Ê�È���X[OWOu��\^yi`aVYOTl>�ª|

K�� r � ­«M¨�(�8ZaOs��OR`�VY}i�aXÂrkVYO!]�u^rkwWO p rt�®�8Z�O¢��} p OWXB}t¡¯r¨Ò�ÍkÎ�ÎÀÏväxÐ«�YZ�rt�Ã\^X®`�XY`�rku^u�´½}i��O¥�
}iV¯��¦�}t� p \^Q!OW�aXY\^}k��rkuv|¶µ¶ZaOT��OW`aVY}i��XqSbORwW}iQ!O!ånÐ¥Ò^Ðxä¥Î�ÏÖÑkÐ¥Ò��sÎ�Ø�È�ÐYÕÃ�Y}¢�trkV[\^}i`�X�\^��]a`a�q]�rt�Y�YOWVY�aX
}iVswRu¬rkX[XYORX�}k¡«\^�a]�`a��]�rt�Y�YOWVY�aX�\^���YZ�O§wR}i`�VYX[O§}k¡®r0wR}iQ!]bO¥�8\{�Y\{�kO�u^OWrkVY�a\^��yÄ]�VY}�wWORXYXR| µ¶ZaO
u^}�w�rt�Y\^}i�aXÃ}k¡¶�YZ�O���OR`�VY}k��XÂXY}§�Y`���O p �F\v|~Ok|§�8ZaOs¦¯\^���a\^��y§�aOW`�V[}i��Xx�BSUOWwR}iQ!O�}iV p OWVYO p ¦¯\{�YZ
VYORXY]UOWwR���8}BOWrkwxZ¹}k�YZ�OWV�\^�sX[`�wxZ�rÃ¦�r�´¢�YZ�rt�¶r®Q¢OWrk��\{��yk¡F`�u1wW}�}iV p \^��r��8O¯X[´�X[�YOWQ
¡F}iV p \�f�ORVYOR�9�
\^��]a`a��É�ÐYÍkÎ�Ø�ËxÐxå�\^X®wWVYOWrt�8O p }n�iORVÃ�8ZaOsu¬r��Y�8\{wWOt| o � ­«M \^X«�8Z�ORVYOR¡F}kVYOswxZ�rkV8rkw¥�8ORVY\^©RO p Sg´½�8ZaO
�R������� �]�K�6�5�p� �����
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¡F}iVYQ¢rt�Y\^}i�¨}k¡3r£Î�Êxà�Ê�Ò^ÊY×kÏväYÍkÒ�Ì!Í¥à¨}k¡¯�YZ�O�\^��]�`��Â]�rt�[�8OWV[��X \^�£¦¯Z�\{wxZ �8Z�O§å�àaÍkÎ�Ï�ÍkÒ�Ò^ÊnäYÍkÎ�ÏvÊ�Èaå
áèÏ���Ð5��ÓBäxÊnÊ�Ë[ÕkÏÖÈUÍkÎ�Ðxå�â²Ê�ÉsÎ4��Ð�È�Ð¥Ø�Ë8Ê�Èaå¢ÏÖÈ&Î4��Ð�Ò�ÍkÎ�Î�ÏväxÐ¹ÍkË8ÐsÏÖÈUÕkÏväYÍkÎÀÏÖÑkÐ�Ê�É!ÏÖÈ�Î�Ë¥ÏÖÈaå¥Ïvä!å¥ÎvÍkÎÀÏ^å¥Î�ÏväYÍkÒ
É�ÐYÍkÎÀØ�Ë8ÐxåÂäxÊ�È�ÎèÍkÏÖÈ�ÐYÕ!ÏÖÈ§Î���Ð®ÏÖÈkàUØ�Î�àaÍkÎÀÎ�Ð¥ËªÈaå¥��Z�OW��wRO®�YZ�O«��rkQ!O � OWu�¡¬�-­3VYyirk��\^©R\^��yTM�rk]�m h�ov|

Winning
neuron

Two-dimensional array
of postsynaptic neurons

Bundle of synaptic
connections

Input

��\^yk`�VYOTlkc � OWu�¡¬�-­3VYygrt��\^©R\^��y MPrk]���rtX�rÂ��OR`�V8rtu���OR��¦�}iVY°

� |`~X� ��e \ & _tV ),�`�

� ­«M)Z�rkX(\{�8X(}n¦¯�Ãrku^yi}kVY\{�YZ�QN¡F}iV��8V8rt\^��\{��y¶S�rkX[O p }i�ÃwR}iQ!]bO¥�8\{�Y\{�kOeu^O�rtVY��\{��y�|(µ¶Z�\^X*rku{yi}iV[\{�8ZaQ
\^X¶yi\��iOR�PSUOWu{}>¦$m~h6ov|

h(O¥�sÌ;SbO �8Z�O p \^Q!OW�aXY\^}k�Ä}t¡¶\^��]a`a�B]�rt�Y�YOWVY�aXW�¾rt� pD� SbO �8ZaO¢�8}t�xrkue�9`�QTSUOWVÃ}k¡¸\{��]�`a�
]�rt�[�8OWV[��XW|�h�OR�¢Ò#SUO¢�YZ�O¢�9`�QBSbORVB}k¡¶�aOW`�V[}i��XB\{�Ä�YZ�Os}k`a�8]�`��Bu^rn´kOWVR|PL�rkwxZ0wW}iQ!]b}k��OW�g�Ã}k¡
\^��]a`a�¯]�rt�[�8OWV[��\^X¶wW}k����OWw¥�8O p �8}!O�rtwxZP��OR`�VY}k�P}k¡D}i`a�Y]�`a�¯u^rn´kOWV¶¦¯\{�YZ¹¦�OR\^yiZg�8O p wR}i����ORwR�Y\^}i�#|
K���}k�YZ�OWV ¦�}iV p XR�¸�8Z�ORVYOPrkVYOÄÒ�¦�OW\{yiZg�¢�kOWwR�Y}iVYXs}k¡TÌ p \^Q!OW��X[\^}i�aX!OWrkwxZ�wR}i����ORwR�8\{��y0\{��]�`a�
XY]�rtwWO¶�8}«}i`a�Y]�`a��XY]�rkwWOt|,a�OWwR�Y}iV��t��V[OR¡FOWV[Xe�8}®r3¦�OR\^yiZg���iORwR�8}kV�¡FV[}iQ�\{��]�`a��X[]�rkwWO¶�Y}®�aOW`�V[}i�
�9`�QTSUOWV���\{�¹�8Z�O«}i`a�Y]�`a�$XY]�rkwWOt��¦¯Z�OWV[O����þl¡ ªh� 5¢g¢�¢g �£¤¢

li|�Ç¥È�ÏÖÎ�Ï�ÍkÒ Ï�ÞnÍkÎ�ÏvÊ�È�| º Z�}�}iXYOÂVYrk� p }kQ5�trku{`�OWX$¡F}iV��YZ�OÂ\^��\��8\^rku#¦�OR\^yiZg�3�kOWw¥�8}iV[XF�t�t��fg�¥|�µ¶ZaO
}i��u�´�V[OWX-�8VY\{wR�Y\^}i�²Z�ORVYOÂ\{Xq�8Z�r����8Z�O��t���Àfi��SbO p \gfbOWVYOR�g��¡F}iV¥���;l¡ ªh� 5¢g¢�¢g �£¤ U¦¯Z�OWV[O(£�\^X
�8ZaO¶��`aQTSbORVe}k¡b��OW`�V[}i��X�\^�T�YZ�O¶u¬r��Y�8\{wWOt|DKè��Q¢r�´TSUO p OWX[\^V8rtS�u^O��Y}«°kOWOR]¢�YZ�O¶Qsrtyi��\{�Y` p O
}k¡*�8Z�O�¦�OW\{yiZg�8X¯XYQ¢rku^uÀ|
o �a}k�8Z�ORV#¦¸r�´�}t¡�\{��\{�Y\¬rku{\^©R\^��ye�8ZaO�rku^yi}kVY\{�YZ�Q,\^X#�Y}¶XYORu^OWw¥���8Z�O¾¦�OW\{yiZg���iORwR�8}kVYXt¦��t�t��fg�K§�¨�ª© x¡FVY}kQ �8ZaOÃr��trk\{u¬rkS�u{OqX[OR�$}k¡D\^��]�`��$�kOWw¥�8}iV[X«¦­¬0®?§6¯®�© x \{�¼r VYrk� p }kQ Qsrt����OWVR|
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h�|�ÛbÍkÌqàUÒ ÏÖÈ�×k|e�3VYrn¦»rÂX8rkQ!]�u{O-¬³¡FV[}iQ;�YZ�O«\^��]�`��¯XY]�rkwRO®¦¯\��8Z¼rÂwWORV[�xrt\^��]�VY}kS�rkS�\{u^\{��´k|
�a|�Û1ÏÖÌÂÏÖÒ�ÍkËªÏÖÎ��¼ß½ÍkÎ�ä°��ÏÖÈ�×k|±��\^� p �8Z�O¹SUOWX-�[��Q¢rt�YwxZ�\^��y �F¦¯\^�a��\^��yg�®��OR`�VY}i�W²8��¬Ä�Br��T�8\{Q¢O
X[�YOW]ÄÈ¢Sg´�`�X[\^��yÂ�YZ�O«Q¢\{��\^QT`aQ � p \^X-�xrk��wROqLe`�wRu^\ p O�rk��wRVY\{�YOWV[\^}i�#c

²x��¬½���´³�µ6¶���Q!\^�� ·¸· ¬J��¹#�"º
�t� ·¸· �K  ���ïl� ªh� �¢�¢g¢� °£ �-l>�

d�|�»�àaÕgÍkÎÀÏÖÈ�×k| oqp �[`�X-�¾�8ZaO¶X[´���rk]a�Y\^w�¦�OW\{yiZg�e�iORwR�8}kVYXe}k¡brku{u���OR`�VY}k��XeSg´T`�X[\^��y3�YZ�O¸`�] p rt�YO
¡F}iV[QT`�u¬r

�t�t��¹(¼�l>�t�½�t�t��¹��¾¼D¿���¹#�ÁÀ ��Â ®¸ÃÅÄ�Æ ��¹��W�4¬J��¹#�Çº
�t����¹��[� �vhi�
¦¯Z�ORVYOÈ¿���¹#�«\{X®�YZ�Osu{O�rkV[��\^�ayt��VYrt�8OÂ]�rtV8rkQ!OR�YOWVW��rk� p À �¤Â ®¸ÃÉÄ,Æ ��¹���\^X«�8Z�O¢��OW\{yiZ9Sb}kVYZ�}�} p
¡F`���w¥�8\{}i� wWOW�g�YOWVYO p rkV[}i`�� p �8Z�O¶¦¯\{����\^�ay®�aOW`�V[}i�È²8��¬Ä�ª¿�SU}k�8Z0¿���¹#��rt� p À���Â ®gÃÉÄ,ÆY��¹��erkVYO
�trkVY\{O p�p ´���rkQ!\^wWrku^u�´ p `�VY\{��y u^OWrkVY��\{��yT¡F}iV¸�YZ�O«SbORX[�$VYORXY`�u��8XW|

��|(Ê�Ê�È�Î�ÏÖÈ�Ø�ÍkÎ�ÏvÊ�È�| º }k�9�Y\^�9`�OB¦¯\��8Z§X-�8OR]Äh¢`��g�8\{uD��}s��}k�8\{wWOWrkS�u^O®wxZ�rk�ayiOWX3\{���8ZaOÃ¡FO�r��8`�V[O
Q¢rk]�rkVYO«}iSaXYOWV-�iO p |

ja|(Ê�ÍkÒ Ï�ËWË[ÍkÎÀÏvÊ�È�|�K���]�`a�¶�YZ�O�X8rkQ!]�u{OWXÌ¬0®(}i��wRO«rkygrk\{���8}T�YZ�O3�8VYrk\^��O p Qsrt]�rk� p u¬rtSbORub�8ZaO
SUOWX[�-��Q¢rt�8wxZa\^��yÂ��} p ORX�rtwWwW}kV p \{��yÂ�8} �8Z�O«X[´�QTSU}iu{X¯rkXYX[}�wR\¬rt�YO p ¦¯\{�YZ�¬0®è|

Í Î +F. V5\ ' &0YÏ),�I+ |*Ð�."),+-� Y¡& _ ~ _�\ cS' V5Ñ2V ' \ bD+ÓÒ�) Î & lÕÔ
^ � +-'�),.

µ¶Z�OWV[O�\{XDr¯¡�rkQ!}i`�X*rk]�]�u{\^wWrt�8\{}i��}k¡ � ­®M ¡F}iV(}iVYyirk��\^©R\^��y¶�YO¥¤�� p }�wW`aQ¢OR�9�YXDwWrku^u{O p ±�L�ÿ � ­«M
m~���gda�9ja���6oÀ|�±¨O¶¡F}iu^u{}>¦�O p �YZ�\^X�Q!OR�8Za} p �8} p ORXY\^yk�¢}i`aVeX[´�X[�YOWQ ¡F}iV�}iVYyirk��\^©R\^��yq��OR¦¯X�rkV[�Y\^wWu{OWX
wW}iu{u^ORwR�8O p ¡FVY}iQ
�8Z�O�±¨OWS#|�µ¶Z�\{X p OWXY\{yi�¼\^X¶XYZa}>¦¯�P\^����\{yi`�V[O®h�|

Ö j � ×`e]+F� +F'*),c«) V &(' &(YL)��I+ |*Ð�."),+-�

��}iu^u{}>¦¯\{��y��8ZaO p ORXY\{yi�0X[Z�}n¦¯�£\^�A��\^yk`�VYO¢h��(¦�O¢\^Q!]�u^ORQ¢OR�g�8O p OWrkwxZ£X[�8rkyiO!}k¡��YZ�OsX-´�X[�8ORQP�
}k¡Ö�8OR� p \gfbOWV[\^��y¸¡FV[}iQ��YZ�O�}iVY\{yi\^��rku�±�L�ÿ � ­®M Q!OR�8Za} p |(µ¶Z�Oe¡F}iu{u^}n¦¯\^�ay¸XY`�SaXYOWw¥�8\{}i��X(]�VY}n��\ p O
p OR�8rk\^u{X¸}k¡*�8Z�\{X¯\^Q!]�u^ORQ¢OR�9�8rt�8\{}i�¢¦¯\��8Z�wW}kVYVYORXY]U}i� p \{��y!VYOWX[`�u{�YXW|
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�D\^yi`�V[O®h�c��3OWX[\^yi��}k¡*�8ZaO®X-´�X[�8ORQ �8}!}iVYyirk��\^©RO p �8Oª¤�� p }�wR`�Q¢OR�g�8X
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o X��8Z�O$·�VYX-�¶X[�YOW]¹}k¡#�YZ�\^X�rk]�]au^\^wWrt�8\{}i�#�i¦�O3X[�8rkV[�YO p wR}iu^u{OWwR�Y\^��y p rt�8ra�9¦¯Z�\^wxZs¦�OWV[O3��O¥¦¯X¯rkV[�Y\��
wWu{OWX��8rk°kOR��¡FVY}iQ �YZ�O�±¨OWS#|�µ*}TSUOq]�V[OWwW\{XYOt��¦�O�wW}iu{u^OWw¥�8O p XY`awxZ p }�wR`�Q¢OR�g�8X�¡FV[}iQ
��L��3K¤�,�"Û
��OR¦¯X�rkV[wxZ�\{�kOWX¯¡F}iV¶XYO¥�iOW�Pw�rt�YOWyi}kVY\^ORX$rkX¶XYZ�}n¦¯�P\^��µ�rtS�u^OÂli|eµ¶ZaOWXYOBrkV[�Y\^wRu^OWX�¦�ORVYO®wW}iu{u^OWw¥�8O p
Qsrt��`�rku^u�´Ä��wR}i]�\^O p ¡FV[}iQÜs�µ$MÝh ]�rkykOWX3rt� p X8r��kO p rkX��YO¥¤��q·�u^OWX8��rk� p ]�`a�q\^�§rt]�]�VY}k]�VY\^rt�8O
w�rt�YOWyi}kVY\^ORXW|

@ÃGa�nð9H��1E�= ôPõDò²�eð9EÈ���Ó7M�#�gõDò0ð��b�n�
�D}ku^\{�Y\^wRX l>hkj
LewW}i�a}iQ¢\{wWX lnfif
L¾�iOR�9�YX �kf
� ]U}iV[�YX lnfg�
µ*OWwxZ���}ku^}iyk´ hkf
µ*OWVYV[}iVY\{XYQ �kd
Le�g�8OWV-�xrk\{��Q!OW�g� lnfif
�Ì���nG	� C�;�C

µDrkS�u{OÂlic º }iu^u{OWw¥�8O p�p r��xr
Þ ������� ß�àÁá­âäã@� �¤���
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µ¶Z�O p rt�xr¹wR}iu^u{OWwR�YO p �*rkX p ORXYwRVY\^SUO p rkSU}n�iOk�(¦�rkX¢Ë[ÍkÙ Î�Ð[ãiÎ��*¦¯Z�\{wxZÄ¦�rkX®��}k�®VYOWr p ´§¡F}kV�]�VY}t�
wWORXYXY\{��y�|�µ¶Z�OWV[OB¦�ORVYOTu{}k�8X$}k¡�`��g¦�rk�g�8O p X-´�QTSb}ku^X�rk� p ¦�}iV p X3\^�¼�8Z�\{X��8Oª¤���|�±¨OBQ¢r p O«�8ZaO
p }�wW`�Q!OW�g�8X«V[O�r p ´�¡F}iV3]�V[}�wROWXYX[\^��y¼Sg´ p }i\{��y¹]�V[OW]�V[}�wROWXYX[\^��y¼}i�²�8ZaOWQ¼|���}iu^u{}>¦¯\{��y�rtVYOT�8ZaO
Qsrn�[}iV¸VYOWrkXY}k��X$¡F}kV p }i\^�ayT�8Z�\{X$]aVYOW]aVY}�wWOWX[XY\{��y�c

li|¯µ¶Z�ORXYOT�8Oª¤�� p }�wW`�Q!OW�g�YXq¦�ORVYO p ORVY\��iO p ¡FVY}iQý¦�OWS½]�rkyiORXW�U¦¯Z�\^wxZ§¦�OWV[O�s�µ$MÝh p }�wW`��
Q!OW�g�8XR¿�rt� p �YZ9`�Xe�8Z�ORVYO¶¦�ORVYO¯XY}kQ¢O¶\{Q¢]�`aVY\{�Y\^ORXW|"�1}kV¾O¥¤arkQ!]�u^Ot� w@ç ¦�rkX�}k¡Ö�8OR�¢V[OW]�u^rkwWO p
Sg´ çéè¡ç |

h�|¯µ¶Z�O �8Oª¤��®wR}i�g�xrk\{��O p u^}k�YX�}k¡�]a`���wR�Y`�rt�Y\^}i�ÄQsrtVY°9X®rk� p }k�8Z�ORVÃX-´�QTSb}ku^XW��¦¯Z�\{wxZÄ¦�OWV[O
��}k�¯V[OWÁ9`�\{VYO p ¡F}iV¸¡F`�V-�8Z�ORV¯]�VY}�wWORXYXY\{��y�|

�a|¯µ¶Z�ORVYO�¦�ORVYO�Q¢rk�g´ X-�8}i]J¦�}iV p X¢rk� p wR}iQ!Q¢}i� ¦�}iV p XW��¦¯Z�\{wxZ&¦�OWV[O���}k�!`�X[OR¡F`�u¶¡F}iV
VYO¥�8V[\^OR�trku�]�`�VY]U}iX[Ok|

d�|$�¯OWQ!}>��\{��y3`����aOWwWORXYXYrkV[´Â¦�}iV p X¾¡FVY}iQþ�8Z�O¶]U}i\{�9�¾}k¡���\^OR¦&}k¡UVYO¥�8V[\^OR�trku�Qsrt°kOWX¾�Y\^Q!O¸rk� p
XY]�rkwWO«wW}kQ¢]�u{O¥¤�\{��´¢�iORV[´�u^ORXYXR|

µ¶Z�OÃX[wxZ�OWQ!O�¡F}iV¶]�V[OW]�V[}�wROWXYX[\^��y!�8Z�O«wR}iu^u{OWwR�YO p�p }�wW`�Q!OW�g�YX$\{X¶XYZ�}n¦¯�P\^����\^yk`�VYO���|
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µ¶Z�O���} p OWXB}k¡¸�8ZaO¢·���rtu�Q¢rk],���3}�wR`�Q¢OR�g�ÂM�rt]1�ÃrkV[OsyiOR��OWVYrku^u�´½u¬rkSUOWu{O p ¦¯\{�8Z¨¦�}iV p XW|
��}iV3¡F}iVYQ!\^�ay º rt�8ORyi}iV[´½M�rk]#��¦�O!¡F}iu{u^}n¦�O p �8Z�O ¡F}iu{u^}n¦¯\^��ysXYwxZ�ORQ¢O ¡F}iV�u¬rtSbORu^\^�ay�|B±¨O ·�� p
�8Z�O«wR}iVYV[OWXY]U}i� p \^��y p }�wW`�Q!OW�g�YX¯¡F}kV¶O�rkwxZP��} p O«�YZ�rt�¯Z�rtX$yk}k�$rt�¯u^OWrkX[�¯}k��O«u¬rkSUOWuÀ|D±¨O®Z�rn�kO
rku^V[O�r p ´ w�rt�YOWyi}iV[\^©RO p �YZ�OWX[O p }�wW`�Q!OW�g�YX�Q¢rk�9`�rku^u�´Â\^�¢XYO¥�iOW� p \gfbOWVYOR�g�¸w�r��8OWyk}iVY\{OWXW|¾_�}n¦«��¡F}iV
O�rkwxZ¹�a} p Ot�a�8ZaO3w�rt�YOWyi}kV[´!�8}B¦¯Z�\{wxZ��8Z�OqZ�\^yiZaOWX[�¸��`aQTSbORVYX¸}t¡ p }�wR`�Q!OW�g�8X¶SUOWu{}i��y��9¦�O�u^rkSUOWu
�8Z�r��¯��} p O«¦¯\��8Z¹�8Z�rt�¯w�rt�YOWyi}kV[´i|

��\^yi`aVYOTln��c º rt�8ORyi}iV[´�M�rk]
o X8rkQ!]�u^O º r��8OWyk}iV[´¼MPrk]¹¡F}iV¸¦�}kV p OW��wR} p \{��y }k¡¾�kf�� p \^Q!OW��X[\^}i��XR��± º M³X[\^©RO®�>¤��!rk� p
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�«M XY\^©RO®hkf�¤�hkfT\{X¶XYZ�}n¦¯�¼\^����\{yi`�VYOBln�a|ts�ORVYO®rku{XY}T¦�O®Z�rn�kO�·�u^u{O p �8ZaO�Qsrk]�¦¯\��8Z�]�X[OW` p }��
wW}iu{}iVYX¸¡F}kV¶SbO¥�Y�8ORV¶��\{OR¦¯\{��y�|eµ¶Z�O«u^ORyiOW� p X$rkVYO«yi\��iOW��\{�¼µDrkS�u{O�d�|

/ G��eð�� @ÃGa�nð9H��UE­=
]U}iu �D}iu{\{�Y\^wWX
ORwW} LewW}i��}kQ¢\{wWX
OR��� L¾�iOW�g�YX
X[]b} � ]U}iV[�YX
�YOWw µDORwxZ���}iu{}iyk´
�8OWV µDORVYV[}iVY\{XYQ
OW�g� Le�9�YOWV-�xrk\{��Q¢OR�g�

µDrkS�u{O®dacth(ORyiOW� p X$¡F}kV¸�8Z�O º rt�YOWyi}iV-´¼M�rk]
Kè��wWrk��SUO�X[OWOW��¡FV[}iQ �8ZaO�wWrt�8ORyi}iV[´!Q¢rk]�X�}k¡��D\^yi`�V[O«ln�®�YZ�rt���8Z�O p }�wR`�Q!OW�g�8X�SbORu^}i��yk\^��y

�8} �8Z�O«XYrkQ¢O«wWrt�8ORyi}iV[´s�8OW� p �8} ¡F}iV[Q wWu{`�X[�YOWVYXR|�µ¶Z�\{X¯O�rkX[\^u{´«�[`�X[�Y\{·�ORX�}k`�V¯Q¢O¥�8Z�} p SbORw�rk`�X[O
¦�OTrkVYOÂrtS�u^O«�8}¹X[Z�}n¦ �YZ�OTwWrt�8ORyi}iV[´g�v¦¯\^XYOB}iVYygrt��\^©Wrt�8\{}i�P}t¡ p }�wR`�Q!OW�g�8X3}k���8Z�\{XqQ¢rk]#|3­��aO
Q¢}kVYOÂ}iS�X[OWV-�kr��8\^}k�Ä\{X3�8Z�r��®¦�O wW}i`au p ��}k�®yiO¥�ÃwRu^`�X-�8ORVYX�¡F}iV ç µDORwxZ���}iu{}iyk´ ç rk� pWç µ*OWV[VY}iV[\^X[Q ç
w�rt�YOWyi}kVY\^ORXW|*µ¶Z�O¸V[O�rkX[}i�B¦�rkX�}iSg��\^}k`�XWc(�8Z�O p rt�8r$¡F}iV(�8ZaOWXYO���¦�}3wWrt�8ORyi}iV[\^OWX(¦�OWVYO���}k�DOW��}i`ayiZ
�8} p }iQ!\^��rt�8O�rt�9´�]�rkV[�$}k¡*�8ZaO®Q¢rk]#|

Ø¥Ù7@ .£	��a (�����1�-��	��������A>��è�/� %' (���� ( ����:  *�ïçB (��+����-<
º rt�8ORyi}iV-´�M�rk]�X[Z�}n¦¯X¯�YZ�O�wWV[\^X[]¼wWrt�8ORyi}iV[\^OWXR��S�`a�¯X-�8V[\^wR�Yu{´¢XY]UO�rk°9\{��y�����} p }�wW`aQ¢OR�9�¯wWrk��SbO
wWu^rkXYX[\{·�O p \{�Ä}k��u{´�}i��O w�rt�YOWyi}kV[´i| o u{Q¢}kX[�«O�rtwxZ p }�wW`aQ¢OR�9�W�DORXY]UOWwR\¬rku{u{´§�aOR¦¯XÃrkV[�Y\^wWu{Ok�#¦¯\{u^u
Z�r��iO wW}kQ¢]U}i��OR�9�YX�}k¡�rku^u(�8Z�O wWrt�8ORyi}iVY\{OWX3\{�½Q¢}iV[OT}iV3u{OWX[X�O¥¤��8OR� p |Âµ¶Z�\{X�Q¢}k�Y\{�trt�YO p `�X3�Y}
\^�g�8V[} p `�wWO3�YZ�O¢Õ�Ðv×kËxÐxÐBÊ�É«ÌsÐ¥Ì(Ë¥Ð¥Ëxå°��ÏÔà¢wR}i��wWOR]a��|�Kè�¯\^X¶\{Q¢]au^OWQ!OW�g�YO p rkX¶�8ZaO«¡F}ku^u^}n¦¯\{��y�|

�1}kV¢OWrkwxZ���} p O¼}i���«M¨��¦�OP·�� p �8Z�OPwW}iV[VYOWX[]b}k� p \^�ay0u¬rtSbORu^XÂ¡FVY}iQ ± º M¨|�±0O¼�8Z�OR�
]�VYOR]�rkV[OPr²u{\^X[�T}k¡q·�u{OWXÂ\{� ¦¯Za\^wxZ&rk�g´ }k¡��YZ�OWX[O¹¦�}iV p X!\^XÂ}�wWwW`aVYVY\{��y�| � \{��wWO¹¦�O�Z�r��iOPrku��
VYOWr p ´§wWrt�8ORyi}iV[\^©WO p �8Z�OBwW}iu{u^OWw¥�8O p²p }�wR`�Q!OW�g�8X�\{�§w�rt�YOWyi}kVY\^ORXW��¦�OÂw�rt�Ä`aXYOT�8Za\^X3u{\^X[�$�8}�·�� p
�8Z�O¢]b}kV[�8\{}i�Ä}k¡¯O�rkwxZ wWrt�8ORyi}iV-´i|¼K��0¡�rkwR�W��¦�O�u¬rkSUOWu�r¼��} p Os\^� º rt�8ORyi}iV-´£MPrk] `�XY\{��yP�YZ�\^X
\^�a¡F}kVYQ¢rt�8\{}i�¹}i��u�´i|«�Fµ¶Z�OÃwWrt�8ORyi}iV-´¼¦¯\��8Z��8Z�OÃZ�\^ykZ�OWX-�q]U}iV[�Y\^}i��SUOWwR}iQ¢ORX��YZ�OÃu^rkSUOWu�}i�¼�8Z�rt�
��} p OT}k¡ º rt�YOWyi}iV-´²MPrk]1��µ¶Z�\{X3¦¸r�´k��OR�iORV[´²u^rkSUOWu^O p ��} p OÂ}i�§�YZ�OÂ�«M \{X3rkX[XY\^yk��O p½p ORyiVYORO
}k¡DQ¢ORQTSbORVYX[Z�\^]�\^�¹�trkV[\^}i`�X�w�rt�YOWyi}iV[\^ORXW|

��V[}n��\ p \^�ayBXY`awxZ p OWyiV[OWO3}t¡�Q¢ORQTSUOWVYX[Z�\^]¢¡F}iV�OWrkwxZ¹��} p O3rtu^XY}ÃZ�OWu{]�X�`aX�\^���[`�X[�Y\{¡Ö´�\^�ayB}i`�V
VYORXY`�u��8XW| Kè�!w�rt�&SUO�XYOWOR�&�YZ�rt��v[��OWrkVYORV w ��} p OWX!Z�r��iO¼XY\{Q¢\{u¬rkV p OWykVYOWO¼}k¡�Q¢ORQTSUOWVYX[Z�\^] \{�
VYORXY]UOWwR�Y\{�kOÃwWrt�8ORyi}iVY\{OWXR|

±0O«w�rt�Prtu^XY}Â`aXYO��8Z�\{X¶wW}i�awWOW]���\{�¹wWu^rkXYX[\{¡Ö´�\^��y rt�9´���OR¦ p }�wR`�Q!OW�g�¶�8Z�r��¯\^X¸��}t�¯`�XYO p \{�
�8VYrk\^��\{��y�|DK���X[�YO�r p }k¡�wRu¬rkX[XY\�¡Ö´�\{��yÂ\{�¸\^�¼rÂwWVY\{XY]¼w�rt�YOWyi}kV[´i��¦�O«w�rk�¼]�V[}>��\ p O��8Z�O«\^��¡F}iVYQ¢rt�8\{}i�
rkSU}i`a�e\��8X p ORyiVYORO$}t¡�Q!OWQTSUOWV[XYZ�\{]Â\^�Â�trkVY\{}i`�X¾wWrt�8ORyi}iV[\^OWXR| � `�wxZ!O¥¤�]UOWV[\^Q!OW�g�8X�rkV[O p OWX[wWVY\{SbO p
\^� � ORwR�8\{}i�P��|
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­3��O¶}k¡U�8Z�O¯yi}grtu^X¾}k¡b}iV[ygrk��\{©W\^�ayq�8Oª¤�� p }�wW`aQ¢OR�9�YX�\^� w�rt�YOWyi}kVY\^ORXe\^X¾�Y}®\{Q¢]aVY}n�iO��YZ�O¯VYO¥�8VY\{OR�trku
}k¡®\^�a¡F}kVYQ¢rt�8\{}i�&Sg´�VYOR·���O p XYOWrkVYwxZa\^��y�|ïÿ�´�VYOR·���O p XYOWrkVYwxZa\^��y ¦�O²Q¢OWrk���8Z�O�XYO�rtVYwxZ�\{��y
]bORV[¡F}iV[Q¢O p }i�½r�]�rkV-�8\{wW`�u^rkVqyiV[}i`�]²}k¡ p }�wW`aQ¢OR�9�YX�\^��X-�8OWr p }k¡��8Z�OTOR�g�8\^V[O p rt�8rkS�rkX[Ok| � `�wxZ
XYOWrkVYwxZ�\{��y¹w�rt�ÄSUOTOWrkXY\{u{´�¡�rkwW\{u^\��xrt�YO p ZaOWVYOTrkX3¦�O rtu^VYOWr p ´¼Z�r��iO p \�f�ORVYOR�9�3yiVY}i`a]�X3}k¡ p }�wW`��
Q¢OR�g�8X¯}iVYyirk��\^©RO p \^�¹�YZ�VYORO®u{OR�kOWu^XRc

li| �BA(ð�ð��U�>C�E>ðNò0Gaó�ö ��V[}n��\ p \^�ay¨X[O�rkV[wxZ�\^��y0rt�!�8Z�\{X¢u{OR�iORu�\{X OWÁ9`�\{�trku{OW�g�!�8}0�a}iVYQ¢rku
¡F`�u{u��è�YO¥¤��¶X[O�rkV[wxZ�\^��ya��¦¯Z�\^wxZ�¦�O«Z�r��kOÃ��}t��\{Q¢]au^OWQ!OW�g�YO p |

h�| �Â�PGJó*G�En�>CÀ�gõM�FG�EÝ�¾��7(ð
���®�>A(ð ò0Gaó�ö µ¶Za\^X«u^O¥�iOWuewR}iQ!OWX3¦¯Z�OR�¨�8ZaOÂ`�XYORVÃX[OWu^ORwR�YX
rk�g´Â]�rtV[�8\{wW`�u^rkV¾��} p OÃ��Sg´ÂwRu^\{wx°�\{��y�}i�!\{�x�¾rk� p r®X[`�S�Q¢rk] \^X p \{XY]�u^rn´kO p |�µ¶Z�\^X�XY`aS�Qsrt]
XYZa}>¦¯X�XY}iQ!O®XY`�S��a} p ORX3u¬rtSbORu^O p ¦¯\{�YZPX[}iQ!O®¦�}iV p XW| � O�rtVYwxZ�\{��y¹rt�¯�8Za\^X$u^OR�kOWu*\^X p }i�aO
}i��u�´s�YZ�VY}i`ayiZ¹�8Z�}iX[O p }�wR`�Q!OW�g�8X$\^�¹¦¯Z�\{wxZ�rk�g´¹}t¡D�YZ�OWX[O®¦�}iV p X�\{X¶}�wRwW`�V[VY\^�ay�|

�a| �Â��G ó*G�En�>CÀ�gõM�FG�E���õ(�Ç�¾��7(ð����q�>A(ð0��õ(�Dò0G�ó�ö µ¶Za\^Xqu{OR�kOWu�wR}iQ!OWXq¦¯Z�OR�§�8Z�OB`�XYORV
XYORu^ORwR�8X�rk�g´Â]�rkV[�Y\^wW`au¬rkV¾X[`�S���} p OÃ��Sg´ wRu^\^wx°9\{��y�}i� \{�x��rk� p r�XY`�S�X[`�S�Q¢rk]!\^X p \{XY]�u^rn´kO p |
µ¶Z�\{X¾XY`�SaXY`�S�Q¢rk]!XYZ�}n¦¯Xe�8ZaO¶u^\^X-�¾}k¡ p }�wW`aQ¢OR�9�YXe\^�T¦¯Z�\{wxZÂ�8Z�rt�¾]�rkV[�Y\^wR`�u¬rkV*¦�}kV p ¦¯\{�YZ
¦¯Z�\{wxZ£�8Z�O¢XY`�S�X[`�S���} p O�\^XÃu¬rkSUOWu{O p \^XB}�wWwR`�VYV[\^��ya| � OWrkVYwxZ�\{��y²rt�Ã�8Z�\{XBu{OR�iORu�\{X p }i�aO
}i��u�´s�YZ�VY}i`ayiZ¹�8Z�ORXYO®u^\^X-�8O p¼p }�wR`�Q¢OR�g�8XW|

F Î V&G + _ +F' l + z +2)IH +-+-' ~ ),�I+ _ |*)Çcu) V .") V�l cQe � +�)��I&�k`.
cS'`k |`~X�

­3��O¶w�rk�¢rkV[yi`�O¸�8Z�rt�e�8Z�O¯X[\^Q!\^u¬rtV*V[OWX[`�u{�YX�wWrk� SbO¯}iS��xrk\{��O p Sg´ `�X[\^��y�X[}iQ¢O¶}t�8Z�ORV�X-�xrt�Y\^X-�8\^wWrku
Q¢O¥�8Z�} p XR|�­��aO3w�rk��]UOWV-¡F}iVYQ
XY}iQ!O3X-�xrt�Y\^X[�Y\^wWrku#rk��rku{´�XY\{X�}n�iORV$rTu¬rkV[yiO3rkQ!}i`��g�¶}t¡ p rt�xrÂrk� p
`�XYOÃ\{�¯�8}!wWu^rkXYX[\{¡Ö´ p }�wW`aQ¢OR�9�YXW|$ÿ�`a�$¦�OÃ¦�}i`�u p u^\{°kO��8}¢Qsrk°tOÃ\��$wWu^OWrkV¶�8Z�r�� � ­«M/wWrk]a�Y`�VYORX
QT`�wxZ½Q!}iVYOT\{�a¡F}iV[Qsrt�Y\^}i���8Z�rk�¢�[`�X[��¦�}iV p ¡FV[OWÁ9`�OR��wW\{OWXW| o ]�rkV-��¡FVY}iQ5X[�8rt�8\{X[�Y\^w�rtu�rk��rku{´�XY\{XW�
� ­«M Z�rkX¯XY}iQ!O«r p�p O p r p �trk�g�xrkyiORX¯u^\^X-�8O p SUOWu{}n¦«|

li| � ­«M;��}k�¾}i��u{´ÃVYOKJ�OWw¥�8X¾�YZ�O¸�trkVY\^rt�8\{}i��X*\^�B�YZ�O¶X[�8rt�8\{X[�8\{wWXD}k¡1�8Z�O¶\{��]�`a� p \^X-�8VY\{S�`a�Y\^}i�#�t\{�
rku{XY}«XYORu^OWw¥�8X�r®X[OR�¸}t¡#SUOWX[��¡FO�r��8`�V[OWX�¡F}kV�rt]�]�VY}�¤�\^Q¢rt�Y\^��y3�YZ�O�`a� p OWV[u{´�\^�ay p \{X[�8V[\^S�`��8\^}k�#|

h�| � \{��wWOT¦�O!rkVYO `�X[\^��y�XY}kQ¢OÂ°9��}n¦¯u^O p yiO }k¡�wW}i�g�YO¥¤��Ã¦¯Za\^u^OÃ¡F}iVYQ!\^��y¢�8Z�O Q¢rk]#��\{�3w�rk]��
�8`aVYOWX®\^Q!]�u{\^wW\��3V[OWu¬r��8\^}k��XYZ�\{]ÄrkQ¢}k��y¹�8Z�O ¦�}kV p XR|¹µ¶Z�\^X®\^X«XY`aVYOWu�´½Q¢}kVYO O]fbOWw¥�8\{�kO¢¡F}iV
w�r��8OWyk}iVY\{©�rt�Y\^}i��VYrt�8ZaOWV¶�8Z�rt� p OR]bOR� p \{��y `�]b}k�P}i�au{´s¦�}iV p ¡FV[OWÁ9`�OW�awW\^ORXW|

�a|�­3��O¸¦�rn´T}k¡�u{}�}k°�\{��y3r�� � ­«Mý\{X�rq�iORwR�8}kV�Á9`�rt�9�Y\^©ROWVW| � ­«M Q¢rk]�X��YZ�O¯Z�\^ykZ�OWV p \^Q!OW���
XY\{}i��rku p r��xrP�Y}��iORV[´£u{}n¦ p \^Q!OW��X[\^}i�¨Qsrt°�\{��y�\��B]U}iX[XY\^Sau^O¢�Y}���\^X[`�rku^\{©WO �8Z�ORQ/`aXY\^�ay
wW}k�9�kOW�g�8\{}i��rku�Q!O�rt��X¯u^\^°tO�wW}iQ!]�`a�YOWV¶X[wWVYOROW�P}iV¯]�rk]UOWVW|
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Kè�«\^Xq�kOWV-´²}iSg��\^}i`�X3�Y}¼rkXY°P\{¡�r���OR¦ p }�wW`�Q!OW�g�¢�F¦¯Za\^wxZÄ\^X3��}t��`�XYO p ¡F}kV3�8V8rt\^��\{��y9�¶w�rk�ÄSbO
wWu^rkXYX[\{·�O p ]�VY}i]UOWV[u{´!`�X[\^��yT�YZ�\^X��YV8rk\{��O p �3}�wR`�Q¢OR�g�$M�rk]#|eµ¶Za\^X¸\{X¶rku^X[}T\^Q!]U}iV[�8rk�g���Y}ÂXYZ�}n¦
�8Z�O�wW}iV[VYORwR�8�aOWXYXe}t¡��8Z�O��8OWwxZa��\^Á9`�Ot|¾µ¶Z�\^XDXYORwR�8\{}i� p ORXYwRVY\^SUOWX�O¥¤�]bORVY\{Q¢OR�9�YX p }i�aO��8}$�8ORX[�eX[}iQ¢O
��OR¦ p }�wR`�Q¢OR�g�8X�¡F}kV$�YZ�OW\{V�wWrt�8ORyi}iVY\{OWXR|$µ¶ZaOT}n�iOWVYrku^u(X[wxZ�OWQ!OB¡F}iV¯�8ORX[�8\{��y�r!��OR¦ p }�wR`�Q¢OR�g�
\^X¶X[Z�}n¦¯��\^����\{yi`�V[OTl�d�|

��\{yi`�V[OÂl�d�c � �8rkyiOWX¯}k¡*�8ORX[�Y\^��yÂ¡F}iV¶wWrt�8ORyi}iV[´�}k¡¾r ��O¥¦ p }�wW`�Q!OW�g�
±0O¹wR}iu^u{OWwR�YO p dgf§��O¥¦ p }�wW`aQ¢OR�9�YXÂ¡F}iVB�8ORX[�Y\^��y�¿qlnf§O�rkwxZ ¡F}iV ç �D}iu{\{�Y\^wWX ç � ç LewW}i�a}iQ¢\{wWX ç �

ç � ]b}iV-�8X ç �«rk� p}ç L��g�YOWV[�8rk\^�aQ¢OR�9� ç |;µ¶Z�OWX[O p }�wW`�Q!OW�g�YXP¦�OWVYOÄ�8Z�OR�»]�V[}�wROWX[XYO p rtX¼]UOWV��8ZaO
XYwxZ�ORQ¢O ]�V[}i]U}iXYO p \{�§�8Z�OÂ]aVYOR��\{}i`�X«XYORwR�8\{}i��XR| � \{��wWOT�YZ�O �3}�wR`�Q!OW�g�ÃM�rk] p }�OWX���}t�«XYZ�}n¦
wWV[\^XY]½wWrt�8ORyi}iVY\{©�rt�Y\^}i������} p }�wW`�Q!OW�g�«wR}i`�u p SUO wWu^rkXYX[\{·�O p rtX�O¥¤arkwR�Yu{´�SbORu^}i��yk\^��ys�Y}¼r�]�rkV-�
�8\{wW`�u^rkVqwWrt�8ORyi}iV[´k| µ¶Z�OWV[OR¡F}iV[Ok�(\^��X-�8OWr p }t¡�]�V[}n��\ p \^�ay0Ê�È�Ð3wWrt�8ORyi}iV[´k�#¦�O!]�V[}>��\ p O¼Õ�Ðv×kË8ÐxÐ�Ê�É
ÌsÐ¥Ì(Ë¥Ð¥Ë8å°��ÏÔà¢�Y}!r ]�rkV[�Y\^wW`au¬rkV¸wWrt�8ORyi}iV-´i|

L�rtwxZ p }�wW`aQ¢OR�9�3\^Xq�YOWX[�YO p ¡F}iV3\��8X p ORyiVYOROÂ}k¡�Q¢ORQTSUOWVYX[Z�\^]²\{�²O�rkwxZ½wWrt�8ORyi}iV[´k| � �YVY\{wR�8u�´
XY]UO�rk°9\{��y��9��} p }�wR`�Q!OW�g��w�rk�¢SbO¯X8rt\ p �8}®SbO¯}k¡�Ê�È�Ð¾wWrt�8ORyi}iV-´ }i��u{´k�9rkX�O�rkwxZ p }�wR`�Q!OW�g��Qsr�´
Z�r��iO�Q!}iVYO$}iV�u^OWX[X¸wW}kQ¢]U}i��OR�9��¡FVY}iQ
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]bORV[¡F}iV[Q¢O p ]�V[OW]�V[}�wROWX[XY\^�ay£}i�&�YZ�OWQ \{��}iV p OWV!�8}0V[OWQ!}n�iO�`a�9¦�rk�g�8O p Qsr��8OWV[\¬rku¸¡FV[}iQ �8ZaO
�8Oª¤��W|s±¨O!OR��wW} p O p �8Z�O!VYORQsrt\^��\{��yDv[`�X[OR¡F`�u w ¦�}iV p XB\^�½V[O�rku�V8rt� p }iQ �kOWw¥�8}iV[XW�erk� p ¡F}i`�� p
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