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Output Layer: M neurons

Group connection: full connectivity between the two blocks connected

Hidden Layer 2: M neurons

Hidden Layer 1: M neurons

Input Layer: N+1 neurons
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Output Layer: M neurons

Group connection: full connectivity between the two blocks connected

Hidden Layer 1: M neurons

Input Layer: N+1 neurons

Hidden Layer 2: M neurons
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Previously
added daughters

Current
daughter

Output Layer: M neurons

Single Hidden Layer

Input Layer: N+1 neurons

Individual connection between two neurons

Group connection: full connectivity between the two blocks connected
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Output Layer - M neurons

Input Layer - N+1 neurons

Hidden Layer 1

Hidden Layer 2

Hidden Layer connections

Output Layer connections

Individual connection

Group connection: full connectivity between the blocks connected
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Output Layer: M neurons

Input Layer: N neurons

Hidden Layer 2:

Hidden Layer 1:
M+k1 neurons

M+k2 neurons

Input / Master neurons Ancillary neurons

Group connection: full connectivity between the blocks connected
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Group connection: full connectivity between the two blocks connected

Single Hidden Layer

Input Layer: N neurons

Output Layer: M neurons
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+�ø¶í&,cþ/-�. æ�ú¯¬#ú±�æ"¬#ó Ö¯¬ û· û1¬ û à�æ"¬_©&5Ö¯¬#Ö Ö"¬ û·3§¯¬²© à�ß¯¬ à®3æ¯¬_© æ"¬#å5 û1¬#æ
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$!øØígø�þ/!]%�î=ý�î æ�ß¯¬#æ±�§"¬#§ å¯¬ æ® ß"¬_© æÅ©J¬ û53§"¬#æ §"¬#à±�©j¬ û æ�ß"¬#å®3û8¬_© §"¬#ó®�©J¬#æ
$!ý�ñ�þ æ�û8¬#ú±�ó"¬#å ó¯¬ à®�©J¬#ß æÅ©J¬#ó®3å"¬#ú ó"¬#ó±�©j¬ ú æ6û1¬#ú®5å¯¬#ó û1¬#ú®�©J¬#ß
�Gñ)(Øî%ý å�å¯¬#§±�§"¬_© æ¯¬ æ® §"¬#Ö å6û1¬ û5�û1¬#å ©	ú"¬#å®3à¯¬ ó å�å"¬#ß®5å¯¬#ß ©�©j¬#ó±�Ö"¬#å
+�ø¶í&,cþ/-�. ç8²N¬#ç��Ö"¬_© ß�å"¬#æ±�Ö"¬#§ ç8²T¬ ç�3Ö"¬_© ß�å"¬#æ®3Ö¯¬ § û=æ"¬#ó®5Ö¯¬_© ß"¬#ú® ú"¬#ú
+�ø¶í&,cþ/-�è ."²8²�3ú¯¬ ú ß¯¬ Ö® ß"¬_© .½²8²��ú"¬#ú ß"¬#Ö± ß¯¬²© ó�ó"¬_©&5ú¯¬#§ ß"¬#ú® ú"¬#ú
+�ø¶í&,cþ/-¥2 æ�©j¬#å± û1¬ û ©+å"¬#ß± û1¬ û æÅ©J¬#å®�û1¬ û ©	å"¬#ß®�û8¬ û û=æ"¬#ó®5å¯¬#å ß"¬#ú® ú"¬#ú
Û/ñ)3�ï Ö�û8¬#ß±�ó"¬#æ ©+ú"¬#ú±�ó"¬#à Ü"°T¬ 2�3§"¬_© à"¬_©]�û8¬ æ Ö6û1¬#Ö®3û8¬#ú ©	ó"¬_©&�©	ú"¬#à
Û/ý�ø83�ø1�+î=ý�þ à�ó¯¬#ú±�å"¬ û ó¯¬ û5�©J¬ û à�ó"¬#ú®3å"¬ û ó"¬ û³�©j¬ û §�å"¬#ú®5å¯¬#å ß�ú"¬#ú® ó�å"¬#ú
ê�ø¶í�ï�ý à�ß¯¬#ú±�å"¬#à û8¬ å® ó"¬_© Ö�à"¬#§®3à"¬#æ û1¬#à± ß¯¬²© Ö�ó"¬#§®5Ö¯¬ û §"¬#å® ó"¬#å
ê�ø�ù�ð�ïÅý�ò¶î Ö�§¯¬#ú±�§"¬#ß ß�å"¬#ó± û1¬#Ö Ö�§"¬#ú®3§"¬#ß ß�å"¬#ó®�û8¬ Ö ©+ß"¬#ó®5å¯¬#æ ß"¬#ú® ú"¬#ú
ê�ø�ùcþ�3�ïÅð�ð çWÜ´¬~¸��Ö"¬#§ ó¯¬ æ® ú"¬#ó çWÜ ¬ ¸�3Ö"¬#§ ó"¬#æ± ú¯¬ ó ó�ú"¬#ú®5ßÅ©J¬#à ©	ó"¬#ó®�©	à"¬#ß
9/î�%�ñ���ðhî å�§¯¬_©] û1¬#ú ß6û1¬ û³�æ"¬#å °8¸T¬ ¼W3ó"¬#§ ß�ó"¬#Ö®3§¯¬ ú å�ß"¬_©&3û8¬#Ö §�ß"¬#æ®�©	à"¬#å
9/ø1�+î�þ æ�§¯¬#å±�ß"¬#å å¯¬²©& ß"¬#ó æ�§"¬#å®3ß"¬#å å"¬_©] ß¯¬ ó û=Ö"¬#ú®5à¯¬_© û%ß"¬#§® ß�æ"¬#ß
9/ø"�Sî=ð å�å¯¬#Ö±�Ö"¬#§ ó�©j¬ ß®�©	ú¯¬²© å�§"¬#ú®3Ö"¬#Ö ó�å"¬#ó®3à¯¬ § §�Ö"¬#æ®5à¯¬#à ó�æ"¬#ß®�©	ó"¬#§
; ñhí�î æ�§¯¬#æ± û1¬#å û8¬ æ® ú"¬#ó æ�ß"¬ û53Ö"¬#§ û1¬ û³ ú¯¬ Ö æ�ß"¬#æ®5§¯¬#à û1¬ û5 ú"¬#æ
=gø�ø æ�ß¯¬#ú±�Ö"¬#§ å¯¬ ß® ú"¬#æ æ�ß"¬#ú®3Ö"¬#§ å"¬#ß± ú¯¬ æ Ö�§"¬#ú® ©+ß"¬#æ ó�ó"¬ û5�©	Ö"¬ û
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ºG¼~�!Ã�� ÊÞÃ¥Å¶�!¼#ÃÉÈ	¾ Õ�Ê�½�¼�È�Ã:��Ê�Ã�Å¶��¼#Ã+È	¾ Æ�Â�����Â�Ë{����Ê�Ã�Å��!¼#Ã+È+¾
ºGÂ+¾)Â+½�Ã�¾ �: Z �¢�£¥¤j �¦ §:¨#©J©jª�« �: Z �¢�£¥¤j �¦ §:¨#©J©jª�« �: Z �¢�£¥¤j �¦ §:¨#©J©jª�«
è�êcÛ §�å"¬#à®3à"¬ û û8¬ Ö5�ß"¬#Ö §�å"¬#à®3Ö"¬ û å¯¬ û5�©	ú¯¬ ú §�§"¬#ó®3§"¬#æ §"¬#§± ó¯¬ ß
ì�í�í�î%ïÅð�ñhí�ò × × × × × ×
ì�öG÷uñ�øØð�øØòØù × × × × × ×
üSý�ñ�÷uò¶î × × × × × ×
ÿ1ï�ít�6î%ý × × × × × ×
ÿµ�¶� × × × × × ×
�bð�ï�ò × × × × × ×
�0ð�ïØþ	þ å�å"¬#ß®3à"¬#æ Ö¯¬ æ5 û1¬#å å�à"¬#å®3§"¬#Ö ©�©J¬#ú± §¯¬ û å�å"¬#ß®3à"¬#æ Ö"¬#æ±�û8¬ å
0î=ï�ý�� × × × × × ×
0î=ï�ý���ÿ/ð�î × × × × × ×
0î=ï�ý���qö�í × × × × × ×
0î=ï�ý����bü × × × × × ×
0î=ï�ý���ê �fñ × × × × × ×
0î�!�ï"�+ñ#�+ñ�þ × × × × × ×
0øØý�þ�î × × × × × ×
$!ø¶í�ø�þ�!&%�î=ý�î æ�ß"¬#å®3ó"¬#æ §¯¬ û· ©J¬ û ç¯¼&¬ 2: §"¬#ú §¯¬ §5 ©J¬#å æ�ß"¬#æ®3ó"¬#Ö §"¬#à±�©j¬ §
$!ý�ñéþ æ�§"¬#ó®3å"¬#Ö ó¯¬²©t�ú"¬#§ çWÜ ¬ 2: ó"¬#ó û8¬ ú5�ú"¬#ú æ�§"¬#ó®3å"¬#Ö ó"¬_©] ú¯¬ §
�Gñ)(¶î=ý å�å"¬#à®3§"¬#à å¯¬ §5�§"¬#à Ö�ú"¬#å®3å"¬#ß å¯¬ æ5�ó"¬#Ö å�§"¬#æ®3§"¬#ó å"¬#ß± §¯¬ §
+�ø¶í&,cþ/-�. × × × × × ×
+�ø¶í&,cþ/-�è × × × × × ×
+�ø¶í&,cþ/-¥2 × × × × × ×
Û/ñ#3�ï ÖÅ©J¬#å®3ß"¬#à ©+ó"¬#ú± ©	ú¯¬ ß å�à"¬#ß®3§"¬#æ à¯¬ ú5�à"¬_© Ö�ß"¬ û53ó"¬#ú ©�©J¬ û53à¯¬ Ö
Û/ý�ø13�ø8�+î%ý�þ × × × × × ×
ê øØí�ï�ý Ö�æ"¬#§®3Ö"¬#ß à¯¬ ß5�ó"¬#ú Ö�å"¬#§®3à"¬_© û8¬ à5�ß"¬_© Ö�æ"¬#ú®3Ö"¬#Ö å"¬#æ± ß¯¬ ó
ê øÅù�ð�ï�ý�òØî × × × × × ×
ê øÅùcþ�3�ï�ðhð × × × × × ×
91î�%�ñ���ðhî §�à"¬#à®3ó"¬#æ ß�ú"¬#ß±�ß�ú¯¬ Ö åÅ©J¬#ú®3ó"¬#ó ©+Ö"¬#ó± Ö¯¬ § §�à"¬#Ö®3ó"¬#æ ß�ú"¬_©] ß�ú"¬#à
91ø8�+îÞþ × × × × × ×
91ø¯�Sî=ð °ØçT¬ ä: å"¬ û ó�à"¬#ú± à¯¬ ó §�Ö"¬#ó®3å"¬_© ó�§"¬#Ö± ©	ß¯¬²© å�æ"¬#å®3Ö"¬ û ó�à"¬_©&3à¯¬ å
; ñhí�î æ6û1¬#ó®3ó"¬ û å¯¬ ú5�ó"¬#å à�ó"¬#§®3å"¬#ó å¯¬ Ö5 û1¬#ú à�ú"¬#å®3å"¬#§ å"¬#ó±�û8¬²©
=gø�ø × × × × × ×
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ÕcÂ�Ç�Í6ÃÉË�Ë@Â ¿�¾�¾�ËÌ¼�Í�Î	¾)Ã�Ç�ÍÉÂ+½�Ã��
ºGÂ+¾)Â+½�Ã�¾ �¡ Z /¢�£¥¤J /¦ §:¨#©J©jª�« �: Z �¢�£Z¤J /¦ §¡¨)©J©Jª/«
èWêcÛ È È å�ó"¬#Ö± æ¯¬ ú ©+å"¬ û53æ"¬#ß
ìPí�ígî=ï�ðhñhígò × × × ×
ìPöG÷cñhøØð�øØò¶ù × × × ×
üLý�ñ�÷còØî × × × ×
ÿ/ï�ít��î=ý × × × ×
ÿ���� × × × ×
�bðhï�ò × × × ×
�qð�ï¶þ+þ È È å�§"¬#Ö± à¯¬ Ö ß�ß"¬#Ö®3æ"¬#ú
qî=ï�ý�� × × × ×
qî=ï�ý���ÿ1ðhî × × × ×
qî=ï�ý���qögí × × × ×
qî=ï�ý����mü × × × ×
qî=ï�ý���ê �fñ × × × ×
qî�!�ï"�+ñ#�+ñéþ × × × ×
qøØý�þ!î × × × ×
$�ø¶í�ø�þ�!&%�î=ý�î È È æ�ß"¬#å±�û8¬ ó à¯¬#§± ß"¬#æ
$�ý�ñéþ æ�§"¬#ó® å"¬#ú ó"¬_©&5ú¯¬#ó æ�ß"¬#å±�û8¬ ó à¯¬#§± ß"¬#æ
�zñ)(¶î=ý È È ÜÞèT¬#ç¡�§"¬_© ß�©j¬#§± ß�Ö¯¬#ó
+�øØí&,cþ�-/. × × × ×
+�øØí&,cþ�-�è × × × ×
+�øØí&,cþ�-Z2 × × × ×
Û[ñ#3�ï È È Ö6û1¬#Ö± ó¯¬ æ ó�æ¯¬#§± ß�Ö¯¬#æ
Û[ý�ø13�ø8�	î=ý�þ × × × ×
ê�øØí�ï�ý Ö�Ö"¬#§®*©�©J¬#ß û1¬#§®5ß¯¬#ó Ö�à"¬#§± å¯¬ ó §¯¬#ó± ó"¬ û
ê�ø�ù�ðhï�ý�òØî × × × ×
ê�ø�ùcþ/3�ï�ðhð × × × ×
9/î�%�ñ��6ð�î È È §�å"¬#æ± §¯¬ ß Ö�å¯¬_©] ß�ó¯¬#Ö
9/ø8�	î�þ × × × ×
9/ø"�Lî%ð È È §�ú"¬#ß± å¯¬ ß û%à¯¬#Ö± ß�à¯¬_©
; ñhígî æ�§"¬#ó® §"¬#à û1¬#ß®5ú¯¬#à ç�Ü ¬
.É û1¬#ú §¯¬#§±�©J¬#Ö
=�ø�ø × × × ×
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® �)Ã�³�±4º$´�®�ë&S�®�½�·£±R½\»PºM¸ß¼Ö±R·¿¸H¯ Þ ±R»PÁM¸ßÃo¯§ô >U? >îð">}��Àq±=±4¯ÏÁ\ºM¸ß±R½|¸H¯ÌÁ?Àq±ÚÁP®�¼£´H±R½[»PÃ�º\º?±R½$ë^Ã�¯^·mÁ\Ã!Ù"±R®�¯^½�®�¯^·
½$Á<®�¯^·q®�º<·�·£±4³o¸î®�Á$¸HÃ�¯^½	®�¯^·[®�º\±K½MÀqÃ_�|¯T¸ß¯0Á\Àq±�å5Ã�º\Ù H#��O��Ê«	 ý����I�O��þ��}�O�jËRÿ���ý5ÿ M � > W ¯   â � ¸H¯^·o¸î»4®�Á\±R½Á\À^®�Á
Á\Àq±=·o¸î½MÁ<®�¯^»P±Ú»PÃoÙCëqµqÁ<®�Á$¸HÃ�¯r��®�½Z¯qÃ�ÁuëÖÃÏ½\½-¸H¼£´H± �)±">e°N>î²ÏÁ?Àq±Ú·£±4¯qÃ�Ù=¸H¯^®�Á?Ã�º�Ù=¸H°�À£Áu¼Ö±4�4±4º\Ãà¸ß¯ õ�®�ÙÚ¼Ö±4º\º<®
ÙC±4Á\ºM¸î»jS�®�¯^·Ì®   ¶ � ¸H¯^·o¸î»4®�Á\±R½0Á\À^®�Á�Á\Àq±`·o¸�½$ÁP®�¯^»P±`Ù"±4Á\º$¸�»#��®�½T¯qÃ�Á[®�ëqë£´�¸�»4®�¼£´H±*�-±">e°N>H²�í|¸�»P±ö»PÃ£±Pïö»?¸H±4¯ÏÁ
ÙC±4Á\ºM¸î»�»4®�¯=¯qÃ�Á�¼Ö±�µ^½$±R·0å5Ã�º	¯qÃoÙ=¸H¯^®7´^Ã�ºÙ=¸�½\½-¸H¯q°[³�®7´Hµq±R½7Sp>!��Àq±�¼^±R½$ÁZ°�±4¯q±4º<®7´�¸w�R®�Á$¸HÃ�¯æ®�»4»Pµqº<®�»PÂ=®�ÙCÃ�¯q°
·o¸�¹d±4º\±4¯ÏÁ�·o¸�½$Á<®�¯^»P±0ÙC±4Á\º$¸�»4½T®�º\±=½$ÀqÃ
��¯æ¸H¯'¼^Ã�´î· å)®�»P±"> W ½³��±[»4®�¯é½$±4±�åêº?Ã�Ù»�®�¼£´H±Úô >;×�¶)ô >Ê¾q²£¯qÃ!½-¸H¯q°�´H±
·o¸�½$Á<®�¯^»P±=ÙC±4Á?º$¸�»�Ã�µqÁ\ëÖ±4º$å5Ã�º\ÙC±R·æÃ�Á?Àq±4ºuÙC±4Á?º$¸�»4½�Ã�¯'®U´g´K·q®�Á<®o½$±4Á<½�>F��À^®�Á�¸�½|¼^±R»4®�µ^½M±ÚÁ?Àq±[ë^±4ºMåêÃ�º?Ù`®�¯^»P±
·£±4ë^±4¯^·q½ Ã�¯CÁ\Àq±u·o¸�½$Á?º$¸H¼qµqÁ$¸HÃ�¯!Ã�ådÁ\Àq±�·q®�Á<® > W ë^®�º\Á$¸�»Pµ£´�®�º�·o¸î½MÁ<®�¯^»P±�ÙC±4Á\ºM¸î» Ù=¸H°�ÀÏÁZ¼^±�®�ëqëqº\Ã�ëqºM¸î®�Á\±�å5Ã�º
»P±4º\Á<®U¸ß¯"Å�¸H¯^·q½ZÃ�å	·q®�Á<®�½M±4Á<½���À£¸�´H±�¸HÁ�Ù=¸H°�À£Á�¯qÃ�Á�å5Ã�º�Ã�Á\Àq±4ºP½�>!��Àq±�h�µ^»?´�¸�·£±R®�¯'®�¯^·"¾é®�¯qÀ^®�Á\Á<®�¯C·o¸�½$Á<®�¯^»P±
ÙC±4Á\ºM¸î»4½ZÃ�µqÁ?ë^±4º$å5Ã�º\ÙC±R·àÃ�Á\Àq±4ºKÙ"±4Á\º$¸�»4½ ¸ß¯æÙ`®�¯£Â`·q®�ÁP®�½$±4Á<½4²�®�¯^·C°Ï®7³�±�»PÃ�Ù"ë^®�º<®�¼£´H±Tº\±R½$µ£´HÁ<½ZÁ\Ã[Á?Àq±u¼Ö±R½$Á
Ã�¯q±R½Z¸H¯mÃ�Á\Àq±4ºu·q®�ÁP®�½$±4Á<½�»PÃ�¯^½-¸�·£±4º\±R·&>

K-ÁZ¸î½ ¸HÙCë^Ã£½\½-¸H¼£´H±ÚÁ?Ãà·£Ãæ®[Á?ÀqÃ�º\Ã�µq°�À'®�¯^·"åw®7¸Hºu»PÃoÙCë^®�º$¸�½$Ã�¯!¼Ö±4Á���±4±4¯!³�®�º$¸HÃ�µ^½Z´H±R®�º?¯£¸ß¯q°!®7´H°�Ã�ºM¸ßÁ?ÀqÙ`½
½-¸H¯^»P±!±R®�»?À�®7´H°�Ã�º$¸HÁ\ÀqÙ À^®�½�¸HÁ<½=Ã
��¯«M Käý5ÿhH#�O� ë^®�º<®�Ù"±4Á\±4ºÚ½$±4Á?Á$¸H¯q°Ï½P��À£¸�»\À ¸î½0µ^½$µ^®U´g´HÂ µq¯qÅ£¯qÃ
��¯�®�¯^·
¯qÃ�Á0å5±R®�½-¸H¼£´H±!Á\Ã'Ã�¼qÁP®7¸H¯3��¸HÁ\À£¸H¯�®!º\±R®�½MÃ�¯^®�¼£´H±'®�ÙCÃ�µq¯£Á[Ã�åuÁ$¸HÙC±"> W ´�½$Ã^² Á\Àq±`Á?º<®7¸H¯£¸H¯q°§®�¯^· Á\±R½$ÁÚ½M±4Á<½
Á\À^®�Á|À^®�·!¼Ö±4±4¯é°o±4¯q±4º<®�Á\±R·!®�¯^· µ^½$±R·¿®�º\±�¯qÃ�Á ¸î·£±4¯£Á$¸�»4®7´�¸H¯¿°�±4¯q±4º<®7´µq¯^·£±4ºuÁ\Àq±=®�½\½$µqÙ"ëqÁ$¸HÃ�¯'Á\À^®�Á�Á\Àq±
±PØqë^±4º$¸HÙC±4¯£Á<½ZÀ^®7³�±�¼^±4±4¯!·£Ã�¯q±u®cJ^¯£¸HÁ\±T¯£µqÙÚ¼Ö±4ºKÃ�å�Á$¸HÙC±R½�>/� W ¯=¸H¯�J^¯£¸HÁ\±T¯ÏµqÙ=¼Ö±4ºKÃ�åd±PØqë^±4º$¸HÙC±4¯£Á<½R��¸HÁ\À
º<®�¯^·£ÃoÙ ë^®�º\Á$¸HÁ$¸HÃ�¯^½�Ã�å�Á\º<®7¸H¯£¸H¯q°é®�¯^·ìÁ\±R½$Á[½$±4Á<½|å5º\Ã�Ù Á?Àq±`½\®�ÙC±æ·o¸î½MÁ\º$¸H¼qµqÁ$¸HÃ�¯^½0Ã�å ·q®�Á<®!»4®�¯¿¸H¯^»Pº\±R®�½M±
Á\Àq±[»PÃ�¯�Jä·£±4¯^»P±�´H±4³�±P´�Sp>@Q¬Ã�´�´HÃ_� ¸ß¯q°!»PÃ�ÙCë^®�º$¸�½$Ã�¯^½ �2½MµqÙCÙ`®�º$¸w�4±R·"¸H¯��®�¼£´H±[ô >Êx´S ½MÀqÃ�µ£´�·!¼^±T¸H¯£Á\±4º\ëqº\±4Á?±R·
¸H¯!´�¸H°�À£ÁuÃ�å�Á\ÀqÃÏ½M±Ú»PÃ�¯^½-¸�·£±4º<®�Á$¸HÃ�¯^½�>F��Àq±[¼Ö±R½$Áuº?±R½$µ£´HÁ<½�Ã�å >R? A�BDCFE ®�º\±[»PÃ�Ù"ë^®�º\±R·���¸HÁ\ÀmÁ\Àq±[¼Ö±R½$Áuº?±R½$µ£´HÁ<½
ëqº\Ãq·£µ^»P±R·�¼ÏÂ ³U®�ºM¸ßÃoµ^½=´H±R®�º\¯£¸H¯q°�®7´H°�Ãoº$¸HÁ\ÀqÙ`½à¸ß¯�Á\Àq±!´�¸HÁ\±4º<®�Á\µqº\± �  Ì±P¸�½\½»�ÍÌ�®�ë^Ãoµ£´ß±R®o½4²�ð�xO¾Ox ¢:Î ®�¯q°
�Öy|Ã�¯^®7³U®�º7²�ð�xOxqð ¢ ÌTÃoÀ^®R³o¸)²Kð�x�x�á ¢ X Ã
��±�²Kð�x�x�ô ¢ W ¯^·£±4º<½$±4¯ � ¾¿®�º?Á$¸H¯q±���²Kð�xOxoù ¢ Z¸�»\Àq±P´�·o¸f� X ®�¯��P¸w²
ð�xOxoù ¢ á�®�º\±4Å£Àd²äð|xOxO¾�Eb��Ï �
Ë ®�¯ B)� °"¸H¯��®�¼£´H±Úô > x8Sp>�K)¯më^®�º\Á$¸�»Pµ£´�®�ºR²ÖÁ\Àq±�º\±R½$µ£´HÁ<½ ¸H¯ �  �¸�´�½$Ã�¯ ��¾é®�º\Á$¸H¯q±���²
ð�xOxÄûJE	®�º\±C»PÃ�Ù"ë^®�º\±R·¿½$±4ë^®�º<®�Á\±P´HÂé½-¸H¯^»P±=Á\Àq±4Âé®�º\±=º\±R»P±4¯ÏÁ[®�¯^·é®U´î½MÃ`Ã�¼qÁP®7¸H¯q±R·¿¼ÏÂ¿®C¯q±R®�º\±R½$Á\¶5¯q±P¸H°�À£¼^Ã�º
®7´H°�Ã�ºM¸ßÁ?ÀqÙ±��¸HÁ\À§®¿ð n ¶9åêÃ�´î· »Pº\ÃÏ½\½$¶5³�®7´�¸�·q®�Á$¸HÃ�¯ ��Ð:Ð ¸ß¯3�®�¼£´H±öô > x8Sp> W   ¶ � ¸ß¯^·o¸�»4®�Á?±`Á\À^®�Á�Á\Àq±Cº\±R½$µ£´HÁ�¸î½
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¼£¸î®o½$±R½0¸HÙCë£´�¸�»?¸ßÁæ¸H¯ Á\Àq±'·£±R½2¸ß°o¯ »?ÀqÃ�¸�»P±R½=Á\À^®�ÁC·£±4Á\±4º\Ùà¸ß¯q±r��Àq±4¯�®�¯^·¬��Àq±4º\±'®¿¯q±���¯q±4µqº\Ão¯ ¸î½
®�·q·£±R·'®�¯^·mÀqÃ
�Ó¸HÁT¸�½�Á?º<®7¸H¯q±R·&> W ½$ÂÄ½MÁ\±4Ù`®�Á$¸�»�»?À^®�º<®�»PÁ?±4º$¸w�R®�Á$¸HÃ�¯¿Ã�å�Á\À£¸�½T¼£¸î®o½c��Ãoµ£´î· ¼^±=µ^½$±På5µ£´
¸ß¯m°�µ£¸�·o¸H¯q°`Á\Àq±=·£±R½-¸H°�¯'Ã�å »PÃ�¯^½$Á\º?µ^»PÁ$¸H³�±Ú®7´H°�Ãoº$¸HÁ\ÀqÙ`½�±PØqÀ£¸H¼£¸ßÁM¸ß¯q°æ¸HÙCëqº?ÃU³o±R·!ë^±4ºMåêÃ�º?Ù`®�¯^»P±">

ä W ½$Âq½$Á\±4Ù`®�Á$¸�»é»PÃoÙCë^®�º$¸�½$Ã�¯ Ã�åÚÁ\Àq± ë^±4º$å5Ã�º\Ù`®�¯^»P±éÃ�åÚÁ\Àq±§»PÃo¯^½$Á\º\µ^»PÁ$¸H³�±m´H±R®�º\¯£¸H¯q°S®7´H°�Ã�ºM¸ßÁ?ÀqÙ`½
®�°Ï®7¸H¯^½$ÁmÁ\Àq±§ëÖ±4º$å5Ã�º\Ù`®�¯^»P± Ã�åàÃoÁ\Àq±4ºÌ»?´î®o½\½-¸�Jä»4®�Á$¸HÃ�¯�®7´H°�Ãoº$¸HÁ\ÀqÙ`½ �)±">e°N>î²[®7´H°�Ã�º$¸HÁ\ÀqÙæ½!¸H¯�»?À^®�ëq¶
Á\±4ºCá S<²�¼^®o»\Å£ëqº\Ã�ë^®�°£®�Á$¸HÃ�¯ ´H±R®�º\¯£¸H¯q°�®7´H°�Ã�ºM¸ßÁ?ÀqÙ �; µqÙC±P´HÀ^®�º\Á �RýP�O�wv ²�ð|xO¾�ù�E)²�·£±R»?¸�½-¸HÃ�¯SÁ\º?±4±'®7´H¶
°�Ã�º$¸HÁ\ÀqÙ`½ ��å�µ£¸H¯£´î®�¯d²[ð�xO¾où ¢ å�µ£¸H¯£´î®�¯d²[ð�xOxo×�E)²�¯q±R®�º?±R½$ÁC¯q±P¸H°�À£¼^Ã�º'®7´H°�Ãoº$¸HÁ\ÀqÙ`½��;íTµ^·q® �±yT®�º\ÁR²
ð�x£ûU× ¢ í�®�½?®�º<®�Á\À£Â�²�ð�xOxqð¹E)²�±4Á<»�>æS/��Ã�µ£´�·!¼Ö±[µ^½$±På5µ£´¸ß¯m°Ï®7¸H¯£¸H¯q°'®=¼^±4Á?Á\±4ºuµq¯^·£±4ºP½$Á<®�¯^·o¸H¯q°æÃ�å Á?Àq±P¸ßº
º\±P´�®�Á$¸H³�±[®�·£³�®�¯ÏÁP®�°�±R½�®�¯^·!·o¸�½\®o·£³U®�¯£Á<®�°�±R½¹>



¾�ô
ä ��Àq±é»PÃ�¯^½MÁ\º\µ^»PÁ$¸H³�± ´ß±R®�º\¯£¸H¯q°�®7´H°�Ã�º$¸HÁ\ÀqÙ`½æ»4®�¯Ó¼^±mÙCÃq·o¸ J^±R· åêÃ�º ÿ����Rþ���H#���Öý��O�F������þ�^ÿ���� >g� À£¸î½
¸î½=½-¸H°�¯£¸�Jä»4®�¯£Á=å5Ã�º0´H±R®�º\¯£¸H¯q°���Àq±4º\±P¸H¯�®¿½-¸H¯q°�´H±'¯q±4Á���Ã�º\Åm¸�½0Á\º<®7¸H¯q±R· Ã�³�±4º=®'ëÖ±4º$¸HÃÄ· Ã�åuÁ$¸HÙC±!Á\Ã
ë^±4º$å5Ã�º\Ù ·o¸�¹d±4º\±4¯ÏÁ=Á<®o½$ÅÄ½=½$Ã¿Á\À^®�ÁÚ±R®o»\À Á<®�½$Å »4®�¯ ±PØÄë£´HÃ�¸HÁCÁ?Àq±!µ^½$±Påêµ£´�º\±4°oµ£´î®�º$¸HÁ$¸H±R½`®�¼ÖÃ�µqÁ=Á\Àq±
±4¯Ï³o¸Hº\Ã�¯qÙC±4¯£Á�·o¸î½?»PÃU³o±4º\±R·C¼£ÂCÁ\Àq±T¯q±4Á���Ã�º\Å0¸H¯!Á\Àq± »PÃoµqº<½$±TÃ�å�´ß±R®�º\¯£¸H¯q°CÁ\Ã=ë^±4º$å5Ã�º\Ù Á\Àq±Tëqº\±4³�¸HÃ�µ^½
Á<®�½$Åq½�> W ´�½$Ã^²»PÃ�¯^½$Á\º\µ^»PÁM¸ß³o±C´H±R®�º\¯£¸H¯q°Ì®7´H°�Ã�ºM¸ßÁ?ÀqÙ`½[»4®�¯ Ã�¹d±4º�å5º<®�ÙC±���Ã�º\Åæå5Ã�º0ÅÏ¯qÃ
��´H±R·£°�±4¶5¼^®�½M±R·
Á\Àq±4Ã�º\Â�º\±J^¯q±4ÙC±4¯£ÁJ>Ù� Àq±§·£Ã�Ù`®7¸H¯SÁ?Àq±4Ã�º\Â »4®�¯ ¼Ö±¿¸H¯^»PÃ�º\ëÖÃ�º<®�Á\±R· ¸ß¯£Á\Ã Á\Àq±ì¸ß¯£¸HÁ$¸�®7´=¯q±4Á���Ãoº\Å
®�º<»?À£¸ßÁ?±R»PÁ\µqº\±`®�¯^· Á\Àq±4¯ º\±J^¯q±R· ¼ÏÂÌ®'»PÃo¯^½$Á\º\µ^»PÁ$¸H³�±"´H±R®�º\¯£¸H¯q°Ì®7´H°�Ã�º$¸HÁ\ÀqÙç> � Þ ±4±`»?À^®�ëqÁ\±4ºæûCå5Ã�º
½$Ã�ÙC±[®�ëqëqº?ÃÏ®�»?Àq±R½KÁ?ÃCÁ\À£¸�½�ëqµqº?ë^ÃÏ½$±�S7>

ä W ´�´�Á?Àq±ö»PÃ�¯^½MÁ\º\µ^»PÁ$¸H³�±C¯q±4µqºP®7´�¯q±4Á���Ã�º?Å!´H±R®�º\¯£¸H¯q°Ì®7´H°�Ã�º$¸HÁ\ÀqÙæ½Ú»PÃo¯^½-¸�·£±4º\±R· ¸H¯§Á\À£¸�½=·o¸�½\½$±4º\ÁP®�Á$¸HÃ�¯
®�º\±|åêÃ�º�ë^®�Á?Á\±4º\¯!»?´î®o½\½-¸�Jä»4®�Á$¸HÃ�¯mÁ<®�½$Åq½�> W ·q®�ëqÁ<®�Á$¸HÃ�¯!Ã�åÁ\Àq±R½$±[®7´H°�Ã�ºM¸ßÁ?ÀqÙ`½ åêÃ�ºZå5µq¯^»PÁ$¸HÃ�¯é®�ëqëqº\Ã7ØÏ¸H¶
Ù`®�Á$¸HÃ�¯æ¸�½�®7´�½$ÃæÃ�åd¸H¯£Á\±4º\±R½$Áj>

ä W »Pº\ÃÏ½?½$¶5³U®7´�¸�·q®�Á$¸HÃ�¯ ¼^®�½$±R·¿»Pº$¸HÁ\±4º$¸HÃ�¯¿å5Ã�º�Á\ºP®7¸H¯£¸ß¯q°'»PÃo¯^½$Á\º\µ^»PÁ$¸H³�±=¯q±4Á���Ã�º\Åq½�Ù=µ^½$Á�¼Ö±=±4ÙCë£´HÃUÂo±R·
��Àq±4º\±P¸H¯¿Á\Àq±[Á\ºP®7¸H¯£¸ß¯q°"¸�½�½$Á\Ã�ëqëÖ±R·+��Àq±4¯¿Á\Àq±0¯q±4Á���Ãoº\Å � ½K°o±4¯q±4º<®7´�¸w�R®�Á$¸HÃ�¯Ì¼Ö±4°�¸H¯^½TÁ\Ã`·£±4Á\±4º$¸HÃ�ºP®�Á\±
®7åêÁ?±4º�Á?Àq±Ú®�·q·o¸HÁ$¸HÃ�¯mÃ�å ®à¯q±��S¯q±4µqº\Ã�¯ �)Ã�º�®=°�º\Ãoµqë!Ã�å ¯q±4µqº?Ã�¯^½7Sp>!K-Á�¸�½Z´�¸HÅ�±P´HÂ'Á?ÃC°�±4¯q±4º<®�Á?±[»PÃ�ÙC¶
ë^®�»PÁ�¯q±4Á���Ãoº\ÅÄ½|Á\À^®�ÁT±PØqÀ£¸ß¼£¸HÁ=°�Ã£ÃÄ·m°�±4¯q±4ºP®7´�¸��R®�Á$¸HÃ�¯§ëqº?Ã�ë^±4º\ÁM¸ß±R½¼��¸HÁ\À¿º\±P´�®�Á$¸H³�±P´HÂ¿´�¸HÁ\Á$´H±CÁ\ºP®7¸H¯£¸ß¯q°
®�½CÃoëqë^ÃÏ½$±R·�Á\Ã Á\Àq±Ì»Pµqº\º\±4¯£Áö½$Á?Ã�ëqë£¸H¯q°�¶)»Pº$¸HÁ\±4º$¸HÃ�¯SÃ�å4�4±4º\ÃÝ»?´�®�½?½-¸�Jä»4®�Á$¸HÃ�¯S±4º\º?Ã�º<½l��À£¸�»\ÀÓÙ=¸H°�À£Á
´ß±R®o·'Á?Ã!ÃU³o±4º\¶�J^Á\Á$¸H¯q°æÃ�å�Á\Àq±=Á\ºP®7¸H¯£¸ß¯q°'½M±4ÁJ>4��À£¸�½T¸�½T³�±4ºM¸ J^±R·é¸ß¯ Ã�µqº[»PÃ�ÙCë^®�ºP®�Á$¸H³�±Ú½MÁ\µ^·£Â'Ã�å�Á\Àq±
ë^±4º$å5Ã�º\Ù`®�¯^»P±�Ã�å >@? A�BDCFE ��¸HÁ\À!Ã�Á?Àq±4ºu®7´H°�Ã�º$¸HÁ\ÀqÙæ½ ���®�¼£´H±Úô >Êx´Sp>

ä ��Àq±'Á\Àq±4Ãoº\±4Á$¸�»4®7´Ú®�¯^®7´HÂq½-¸�½æÃ�å >R? A�BeCFE ¸�½æÃ�åà½2¸ß°o¯£¸ Jä»4®�¯ÏÁæ¸H¯£Á\±4º\±R½$ÁJ>]Q¬Ã�ºC¸H¯^½$ÁP®�¯^»P±�²TÁ\Àq±é½\®�ÙCë£´H±
»PÃ�ÙCë£´H±PØÏ¸HÁ$ÂCÃ�å >R? A�BDCFE Á?ÃÚÃo¼qÁ<®7¸H¯ö®0»P±4º\Á<®7¸H¯!·£±4°�º\±4±�Ã�å	»?´�®�½\½2¸ Jä»4®�Á$¸HÃ�¯'®�»4»Pµqº<®�»PÂæ»4®�¯`¼Ö±�±PØÄë£´HÃ�º?±R·
¸ß¯mÁ\Àq±4á W õK¶9´H±R®�º\¯£¸H¯q°"åêºP®�ÙC±���Ã�º\Å3� ÛK®7´�¸î®�¯ÏÁR² ð�xO¾�á"E�>

ä K)Á�¸�½|Ã�åêÁ?±4¯!Á\Àq±[»4®�½$±0Á\À^®�Á�Á\Àq±�°�±4¯q±4º<®U´g¸w�R®�ÁM¸ßÃo¯éëÖ±4º$å5Ã�º\Ù`®�¯^»P±0Ã�åd¸H¯^·£µ^»PÁ$¸H³�±=´H±R®�º?¯£¸ß¯q°!®7´H°�Ã�ºM¸ßÁ?ÀqÙ`½
»4®�¯=¼^±�½$µq¼^½$Á<®�¯£Á$¸�®7´�´HÂ0¸ßÙ"ëqº\Ã�³�±R·=¼£Âà®�µq°�ÙC±4¯£Á$¸H¯q°�Á\Àq±4Ùi��¸HÁ\Àæ½$µ£¸HÁ<®�¼£´H± ®U´ß°oÃ�º$¸HÁ\ÀqÙ`½ åêÃ�ºK½M±P´ß±R»PÁM¸ß¯q°
®!º\±P´H±4³U®�¯ÏÁ`½Mµq¼^½$±4Á=Ã�å ®!Ù=µ^»?ÀÌ´�®�º?°�±4ºC½$±4Á=Ã�å�¸ß¯qëqµqÁæ®�Á\Á\º$¸H¼qµqÁ\±R½0Ù`®�¯ÏÂÌÃ�å �|À£¸î»?À Ù=¸H°�À£Á=¼^±"¸ßº?¶
º\±P´H±4³U®�¯£ÁuÃoº�Ùà¸î½2´ß±R®o·o¸ß¯q°T>qhØqë£´ßÃoº<®�Á$¸HÃ�¯mÃ�å »PÃ�¯^½$Á?º\µ^»PÁ$¸H³�±�´H±R®�º?¯£¸ß¯q°!®7´H°�Ã�ºM¸ßÁ?ÀqÙ`½u®�µq°�ÙC±4¯£Á\±R·���¸HÁ\À
½$µ£¸HÁ<®�¼£´H±!å5±R®�Á\µqº\±'½Mµq¼^½$±4Á`½$±P´H±R»PÁ$¸HÃ�¯ÓÁ\±R»?Àq¯£¸�V�µq±R½l��¸�´�´ Á\À£µ^½=¼Ö±'Ã�å�¸H¯£Á\±4º\±R½$Áj>3K)¯Ó»\À^®�ëqÁ?±4º`ùq²!��±
·£±4ÙCÃ�¯^½$Á\ºP®�Á\±[Á?Àq±C±P¹d±R»PÁ$¸H³�±4¯q±R½\½TÃ�å�°�±4¯q±4Á$¸�»C®7´H°�Ã�ºM¸ßÁ?ÀqÙ`½Tå5Ã�º|åê±R®�Á?µqº\±C½$µq¼^½$±4ÁÚ½M±P´ß±R»PÁM¸ßÃo¯Ìå5Ã�ºTë^®�Á\¶



¾�ù
Á\±4º\¯!»?´î®o½\½-¸�Jä»4®�Á$¸HÃ�¯!µ^½-¸H¯q° >@? A�BDCFE � Î ®�¯q°��Þy|Ã�¯^®7³U®�ºR²�ð�xOx£û ¢¯Î ®�¯q°��Þy|Ã�¯^®7³U®�ºR²�ð�xOxO¾�® ¢"Î ®�¯q°��
y�Ã�¯^®7³�®�ºR²�ð�xOxO¾�¼ E�>



¾£û

è é�oQê�ë�ì�í oîÚ5ì�ïçÚ o�ëðÚ�oQñ oóòôëÃõ¯öá÷øìùÚ±õ�÷ûúøêüú o�÷�oQëóõ"òîêºñ¶úýöþíçõ�ëôÿ��

è�l�� õ=xGy�t��5Ü&~·àØy�v)�Gx

¾¿®�¯£Âæëqº<®�»PÁ$¸�»4®7´�ë^®�Á\Á\±4º?¯é»?´�®�½\½-¸�Jä»4®�ÁM¸ßÃo¯ÌÁ<®�½$Åq½ �)±"> °N>H²qÙC±R·o¸�»4®7´�·o¸�®�°o¯qÃÏ½-¸�½7S�º\±�Voµ£¸Hº\±0´ß±R®�º\¯£¸H¯q°!Ã�å�®�¯
®�ëqëqº\Ãoëqº$¸�®�Á\±'»?´�®�½\½-¸�Jä»4®�ÁM¸ßÃo¯�å5µq¯^»PÁ$¸HÃ�¯�Á\À^®�Á`®�½?½-¸H°�¯^½C®¿°�¸H³�±4¯ ¸H¯qëqµqÁ`ë^®�Á?Á\±4º\¯'�)Á$Â£ë£¸î»4®U´g´HÂ º\±4ëqº?±R½$±4¯ÏÁ?±R·
µ^½-¸H¯q°�® ³�±R»PÁ\Ã�ºæÃ�åÚ®�Á\Á?º$¸H¼qµqÁ\±'Ã�º"å5±R®�Á\µqº\±m³U®7´Hµq±R½7SCÁ\Ã Ã�¯q±¿Ã�åÚ®ÅJ^¯£¸HÁ\±Ì½$±4Á`Ã�åÚ»?´î®o½\½$±R½�>]��Àq±Ì»?ÀqÃ�¸�»P±
Ã�å�å5±R®�Á\µqº?±R½4²K®�Á\Á?º$¸H¼qµqÁ\±R½4²�Ã�º"ÙC±R®�½$µqº\±4Ù"±4¯ÏÁ<½0µ^½$±R· Á?Ãéº?±4ëqº\±R½$±4¯£ÁCë^®�Á\Á\±4º?¯^½[Á?À^®�ÁC®�º\±æëqº\±R½$±4¯£Á\±R· Á\ÃÌ®
»?´�®�½\½-¸�J^±4º�®7¹d±R»PÁ��2®�Ù"Ã�¯q°=Ã�Á\Àq±4º�Á\À£¸H¯q°Ï½�S Æ

ä ��Àq±�®�»4»PµqºP®�»PÂ[Ã�å^Á?Àq±�»?´�®�½\½-¸�Jä»4®�ÁM¸ßÃo¯=åêµq¯^»PÁM¸ßÃo¯ÚÁ?À^®�Á »4®�¯[¼^±Z´H±R®�º\¯q±R·0µ^½-¸H¯q°[®�¯0¸H¯^·£µ^»PÁ$¸H³�±�´H±R®�º?¯£¸ß¯q°
®7´H°�Ã�º$¸HÁ\ÀqÙ �)±">e°N>H²®'·£±R»?¸�½-¸HÃ�¯ Á\º?±4±=¸H¯^·£µ^»PÁ$¸HÃ�¯�®7´H°�Ã�º$¸HÁ\ÀqÙ Ã�º=®!¯q±4µqº<®U´�¯q±4Á���Ã�º\Å!´H±R®�º?¯£¸ß¯q° ®7´H°�Ã�¶
º$¸HÁ\ÀqÙCS Æ � Àq±�å5±R®�Á\µqº\±R½|µ^½$±R·!Á?Ã`·£±R½\»Pº$¸H¼^±=Á\Àq±0ë^®�Á\Á\±4º?¯^½Z¸HÙCë£´�¸î»?¸HÁ$´HÂ§·£±J^¯q±C®=ë^®�Á\Á\±4º\¯æ´�®�¯q°�µ^®�°�±">
K5å�Á\Àq±T´�®�¯q°�µ^®�°�±T¸�½�¯qÃoÁ�±PØÄëqº?±R½\½-¸H³�±�±4¯qÃ�µq°�Àd²Ä¸ßÁ³��Ãoµ£´î·öåw®U¸g´dÁ\ÃC»4®�ëqÁ?µqº\±�Á\Àq±T¸H¯£åêÃoº\Ù`®�Á$¸HÃ�¯!Á?À^®�ÁZ¸î½
¯q±R»P±R½\½\®�º\Â åêÃoº »?´�®�½\½2¸ Jä»4®�Á$¸HÃ�¯§®�¯^·mÀq±4¯^»P±Cº\±4°£®�º<·o´H±R½\½TÃ�å�Á\Àq±0´ß±R®�º\¯£¸H¯q°é®7´H°�Ã�ºM¸ßÁ?ÀqÙ µ^½$±R·�² Á\Àq±C®�»P¶
»Pµqº<®�»PÂ=Ã�ådÁ\Àq±�»?´î®o½\½-¸�Jä»4®�Á$¸HÃ�¯æå5µq¯^»PÁ$¸HÃ�¯æ´H±R®�º\¯q±R·l��Ã�µ£´�·C¼Ö±�´�¸HÙ=¸HÁ\±R·!¼£Â=Á\À£¸�½ ´î®o»\ÅCÃ�åä¸H¯£å5Ã�º\Ù`®�Á$¸HÃ�¯t>

ä ��Àq±=Á$¸HÙC±=¯q±4±R·£±R·måêÃoºT´ß±R®�º\¯£¸H¯q°é®æ½$µ£ïö»?¸H±4¯ÏÁM´ßÂÌ®�»4»PµqºP®�Á\±C»?´�®�½\½-¸�Jä»4®�Á$¸HÃ�¯ìåêµq¯^»PÁ$¸HÃ�¯ Æ QqÃ�º�®C°�¸ß³o±4¯
º\±4ëqº\±R½$±4¯£Á<®�Á$¸HÃ�¯ Ã�å�Á\Àq±`»?´�®�½\½-¸�Jä»4®�ÁM¸ßÃo¯ åêµq¯^»PÁ$¸HÃ�¯d² Á\Àq±=å5±R®�Á\µqº\±R½�µ^½$±R·ÌÁ?Ãé·£±R½\»Pº$¸H¼Ö±!Á\Àq±Cë^®�Á\Á?±4º\¯^½
¸ßÙ"ë£´g¸�»?¸HÁ$´HÂ`·£±4Á\±4º?Ù=¸H¯q±�Á?Àq± ½M±R®�º<»?ÀÚ½$ë^®�»P±�Á\À^®�Ád¯q±4±R·q½Á\ÃT¼^±�±PØÄë£´HÃ�º?±R·[¼£Â�Á\Àq±Z´H±R®�º\¯£¸H¯q°[®7´H°�Ã�ºM¸ßÁ?ÀqÙá>
W ¯[®�¼qµq¯^·q®�¯^»P±�Ã�å�¸Hº\º\±P´H±4³U®�¯£Áå5±R®�Á\µqº\±R½d»4®�¯�µq¯q¯q±R»P±R½\½\®�º$¸�´HÂ�¸H¯^»Pº\±R®o½$±KÁ\Àq±�½-¸w�4±KÃ�åqÁ\Àq±K½$±R®�º<»\À[½Më^®�»P±�²
®�¯^·æÀq±4¯^»P±[Á\Àq±0Á$¸HÙC±�¯q±4±R·£±R· åêÃoºK´H±R®�º?¯£¸ß¯q°'®=½$µ£ï!»?¸ß±4¯£Á$´HÂé®o»4»Pµqº<®�Á\±[»?´�®�½\½2¸ Jä»4®�Á$¸HÃ�¯måêµq¯^»PÁ$¸HÃ�¯t>
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ä m ÿ9þ����7ý M þ	N ëqº?Ã0¬o¸�·>�R½�®�½\½-¸�½$Á<®6%^»���¸�%"´ßÃq»4®�Á$¸�%7 C®& ��+%£Á<½�>� ÓÀ7�+%!®&%`®& ��+%£Á�+%£Á3�4º<½ ¸�%ÏÁ\Ã=Á\À7�H%7�4Á���Ã�º?Åy�
¸ßÁ|º3�+ �¸�½$Á3�4º<½ ��¸HÁ\À'Á\À7�[·o¸Hº3�R»PÁ?Ã�º\Â">

ä � ��		��������Rþ À^®6%^·o´��R½!½£�+%^·o¸�%7 �®6%^· º3�R»��P¸�¬o¸�%7  Ã�å[Ù��R½\½\®& 4�R½=¼5�4Á����+�+% ®& 4�+%ÏÁ<½¹>¦K-ÁßVoµ7�4º$¸��R½æÁ\À7�
·o¸ßºF�R»PÁ\Ã�º\ÂÌÁ?Ã'´HÃq»4®�Á3�!®& ��+%£Á<½�>rK)Á`®U´î½MÃéÙæ®&%^®& ��R½�Á\À7�'½$Á\Ã�ºP®& ��C®&%^· Ã�º3 £®&%£¸w�R®�Á$¸HÃ�% Ã�åuÙ��R½\½?®& ��R½�>
� Á\À7�4º�ÙCÃq·£µ£´��R½�µ^½¡�0Á\À7�R½¡�[½$Á?Ã�º3�R·æÙ��R½\½?®& ��R½�>

ä k·â��
	�� I M �^ý5þ M ��� �7þ »PÃ4%ÏÁ\º?Ã�´�½æÁ\À7�'Ã�ºP·>�4º$´HÂ·�PØ7�R»PµqÁ$¸HÃ�%SÃ�åÚ·o¸�¹I�4º3�+%£Á'½$Á<®& ��R½"Ã�å[Á\À7��%7�+ �ÃoÁ$¸�®�Á$¸HÃ�%
ëqº\ÃÄ»��R½?½�¼ÏÂ!»4®7´�´�¸�%7 !Á\À7�[®&%7%qÃ�µ7%^»��4ºc�Ö¼£¸�·q·>�4ºc��®���®�ºP·>�4º ®6%^·!®���®�ºP·>�+�">

ä ü}�I� M �������7þ ½¡�+%^·q½T®&%7%qÃ�µ7%^»��4Ù��+%£Á<½TÁ\Ãæ®&%'®�ëqëqº\Ã�ëqºM¸î®�Á3�Ú½¡�4ÁTÃ�åK®& ��+%£Á<½�>FhK®�»?À'ÙL�R½\½\®& ��[·>�J5%7�R½
Á\À7��Á<®�½$ÅæÁ\ÃC¼@��å5µ£´�Jq´g´��R· ®&%^·!½¡�4Á<½T®&%£ÂC´�¸HÙ=¸HÁ<®�ÁM¸ßÃ4%^½q�)�">¤ N>��£Á\À7�0Ù`®7Ø£¸HÙÚµqÙÜëqº$¸�»��[¸HÁ|¸�½q��¸�´�´�¸�%7 'Á\Ã
ë^®RÂ��Á\À7�"Á$¸HÙ��C´�¸HÙ=¸HÁ=¸HÁ#��¸�´�´u¼5����®7¸HÁ$¸�%7 éÁ?Ã'º3�R»��P¸�¬��æ¼£¸�·q½+�K®&%^· ½$Ã¿Ã�%&Sp>+��À7�"´HÃÄ»4®7´�Ã�ëqÁM¸ßÙà¸��+�4º
½¡�P´��R»PÁ<½C®mÁ<®�½$Åmå5º\Ã�Ù ®�ÙCÃ4%7 'Á\À7�'»Pµqº\ºF�+%ÏÁN%7�+�R·q½0å5Ã�º=Ù`®�Åo¸�%7 ì®6%�®&%7%qÃ�µ7%^»��4Ù��+%£ÁJ> � %£´HÂ Ã�%7�
®&%7%qÃ�µ7%^»��4Ù��+%£Á�Ù��R½\½?®& ��T¸�½u½£�+%ÏÁ�ë@�4ºu»PÂq»?´��">

ä ¹ ÿ��O�O�7þ  4�+%7�4º<®�Á3�R½�¼£¸�·q½ ¸�%'º3�R½$ëÖÃ�%^½¡�0Á\ÃC®&%7%qÃ�µ7%^»��4Ù��+%£Á<½|º3�R»��P¸�¬��R·&>@� À7��ëqº\ÃÄ»��R½?½Z¸�½u»PÃ�Ù"ë£´��4ÁF�R·
¸�%mÁ���Ãæ½$Á<®& ��R½ Æ K)ÁFJ^ºP½$Á ·o¸�½\»4®�º<·q½u®6%7%qÃ�µ7%^»��4Ù��+%£Á<½�Á?À^®�Áu»PÃ�º\ºF�R½$ë^Ã�%^· Á\ÃCÁ<®o½$ÅÄ½ Á\À^®�Áu»4®&%�%qÃ�Á�¼@�



ðj?Ox
ë5�4º$å5Ã�º\Ù��R·� �¸�¬��+%"Á\À7��»Pµqº\º3�+%£ÁK»4®�ë^®�¼£¸�´�¸ßÁM¸��R½ Ã�åäÁ\À7��®& 4�+%ÏÁ�Ã�ºK®6%7%qÃ�µ7%^»��4Ù��+%£ÁKÁ\À^®�ÁÀ^®�¬����PØÄë£¸Hº3�R·&>
K)Á�Á\À7�+%'·>�4ÁF�4º\Ù=¸�%7�R½TÁ\À7�[®�ëqëqº\Ãoëqº$¸�®�Á3��¼£¸�·q½�¼£Â!»PÃ�%^½$µ£´HÁ$¸�%7 !Á\À7�T´HÃÄ»4®U´	Ã�ëqÁ$¸HÙ=¸w�+�4ºJ>

ä ü � ��þ��O�Rþ ��Ãoº\ÅÄ½¼��¸HÁ\À Á\À7�C´HÃq»4®7´uÃ�ëqÁM¸ßÙà¸��+�4º"Á\Ã'ëqº\Ãq»��R½\½�¬U®�º$¸HÃ�µ^½=¼£¸�·q½ �)º3�R»��P¸�¬��R·[� ¸ßÁ?À£¸�%�½MÃ�Ù��
Á$¸HÙ���´�¸HÙ=¸HÁ�S��a ��+%7�4ºP®�Á$¸�%7 ö®|��®�º<·q½Z¼^®�½£�R·'Ã4%é½$Ã�ÙL�[»Pº$¸HÁ3�4º$¸�®��)�">¤ N>w��´HÃ
���R½$Á�»PÃÏ½$Ác�qÀ£¸� �À7�R½MÁ4V�µ^®7´�¸HÁ$Â��
�4Á<»�>�S��d®&%^·¿½¡�+%^·q½0®|� ®�º<·q½�Á?Ã'®�ëqëqº\Ã�ëqº$¸�®�ÁF�`®& ��+%£Á<½�>4� À7�`®& ��+%£Á<½c��ÀqÃÏ½£�Ú¼£¸�·q½=®�º3�N%qÃ�Á[½£�P´��R»PÁF�R·
®�º3�[½¡�+%£Á � M 	 �7þ Ù��R½?½\®& ��R½�>

ä ü � ��þ��O�� ®�»4»��4ëqÁ<½=®&%�®|��®�º<·¿Á\À^®�Á�¸�½=º3�R»��P¸�¬��R·a��»PÃ�Ù"ÙÚµ7%£¸�»4®�ÁF�R½4� ¸ßÁ?À Á\À7�æ´HÃÄ»4®7´�Ã�ëqÁM¸ßÙà¸��+�4ºæÁ\Ã
µqëä·q®�Á3�ZÁ\À7��½$Á<®�ÁF��Ã�å^Á\À7��½MÂÄ½$ÁF�4Ù �)�">¤ N>w�4¸�åq¸HÁ¸�½	½$µqëqëÖÃÏ½¡�R·=Á?Ãu½$µqëqë£´HÂÚ½$ÃoÙ��Këqº\Ãq·£µ^»PÁ<½+�7¸HÁK·>�R»Pº3�R®o½¡�R½
Á\À7�4V�µ^®6%ÏÁ$¸HÁ$ÂæÃ�å ëqº?ÃÄ·£µ^»PÁ<½|®&%^·"¸�%^»Pº3�R®�½¡�R½|Á\À7��¸�%^»PÃ�ÙL��ãU®�½\½¡�4ÁP½7Sp>

� À7� � M ��O� M Käý5ÿhHÚÿw���Rþ ¸î½ ®S·£Ã�Ù`®7¸�%�Ã�ºÌ®�ëqë£´�¸�»4®�Á$¸HÃ�%�·>�4ë5�+%^·>�+%£Á§Ù"ÃÄ·£µ£´��¦�|À£¸î»?À�¸�%^»PÃ�º?ë^Ã�º<®�Á3�R½
·£Ã�Ù`®U¸�%q¶)½Më5�R»?¸�Jä»"å¶�R®�Á\µqº3�R½TÁ\ÃæÙ`®�Å��C·>�R»?¸�½-¸HÃ�%^½�>�hZ®�»?ÀéëqÀ^®o½¡�CÃ�å�%7�+ �Ã�Á$¸�®�Á$¸HÃ�%¿º3�P´�¸��R½�Ã4%§»��4º\Á<®7¸�%må5µ7%^»P¶
Á$¸HÃ�%^½�ë@�4º$å5Ã�º\Ù��R·æ¼£Â`Á?À7�T´ßÃq»4®7´	ÃoëqÁ$¸HÙ=¸w�+�4º���À£¸�»?À��+%^½$µqº3�R½|Á\À^®�Á��R®�»?À'®& ��+%£Á�¼5�4À^®�¬��R½�º<®�Á$¸HÃ�%^®7´�´HÂ'½$ÃC®�½
Á\ÃCÙæ®7ØÏ¸HÙ=¸w�+��¸ßÁP½�µqÁ$¸�´�¸ßÁ$Â">

� À7�Kå5Ã�µqº�ëqÀ^®�½£�R½Ã�å ü}��� M ���I��RþFa¹�ÿ��O���RþFäü � ��þ��O�7þ ®&%^· ü � ��þ��O��� ®�ºF��ºF�4ë5�R®�Á3�R·àµ7%ÏÁ$¸�´^Á\À7�H%7�+ �Ã�Á$¸H¶
®�Á$¸HÃ�%0º3�R®�»?À7�R½	®6%x��Voµ£¸�´�¸ß¼qºM¸ßµqÙ �5¸�>¤�">w�c%qÃ�®& ��+%£Ád¸�½ ¸�%C®�ë^Ã£½-¸HÁ$¸HÃ�%CÁ\Ã�¸HÙCëqº?Ã0¬4��¸HÁ<½µqÁ$¸�´�¸HÁ2Â0¼ÏÂ[·>�P´��+ Ï®�Á$¸�%7 �Ã�º
®�»4»��4ëqÁ$¸�%7 =Á<®�½MÅÄ½Á\Ã�¼@�uë@�4º$å5Ã�º\Ù��R·TSÃ�ºK®&%`®�»4»��4ëqÁP®�¼£´�� ½$Ã�´ßµqÁM¸ßÃ4%z��¸HÁ\Àæ®&%ÏÁM¸î»?¸Hë^®�ÁF�R·CµqÁ$¸�´�¸HÁ$Â=¸�½KÃo¼qÁ<®7¸�%7�R·&>

� À7�`Ã&¬��4º<®U´g´�¬�¸�����Ã�åuÁ?À7�`Ù=µ£´HÁ$¸H¶)®& ��+%£ÁC½$ÂÄ½MÁ3�4Ù]�Á\À7�æë^½¡�4µ^·£Ã�¶)»PÃq·>�'Á\À^®�Á=½$µqÙCÙ`®�º$¸w�+�R½[Á?À7�'õ@àcá®>
®&%^·æÁ\À7��½$Á\º?µ^»PÁ\µqº3��Ã�å ®6%ö®& 4�+%ÏÁ�®�º3��½$ÀqÃ
�;%"¸�% Q ¸� oµqº3�4¾ >Hð���Q ¸� �µqº3�4¾ >U?=®&%^·�Q ¸� �µqº3�4¾ > ×7��º3�R½Më5�R»PÁ$¸�¬��P´HÂ">

Agent

Directory

Agent

Agent

Agent

Q ¸� �ºqº3�#¾ >Hð � ¬��4º<®�»�»"¬�¸����SÃ�å Á\À7�[½MÂÄ½$ÁF�4Ùá>



ð7× n

° ® � ®�¯ � V � ¯ �5¸�% k·â���	 ��I M �^ý5þ M �����Rþ S¹�ÿ��O�O�Rþ+¼
äD8 �R®�·'®�»�»	Á?À7�[®&%7%qÃ�º7%^»��4Ù��+%£Á<½|º3�R»��P¸�¬��R·'®&%^·m»\À7�R»?ÅæÁ\À7�P¸Hº\�PØqë£¸Hº<®�Á$¸HÃ�%mÁ$¸HÙ��R½ ¢
ä è �+%7�4º<®�Á3��¼£¸�·q½³��¸HÁ\À£¸�%¿Á\À7�V»�¸ßÙà¸ßÁTÃ�å�º3�R½$Ã�ºqºP»��R½�®�¬U®7¸�»�®�¼>»�� �)�">¤ N>��q»4®�½MÀ&S�åêÃoº ®6%7%qÃ�º7%^»��4Ù��+%£Á<½Á?À^®�Á�À^®�½�%qÃoÁ��PØqë£¸Hº3�R· ¢
ä Þ �+%^· Á\À7��¼£¸�·q½TÁ\Ã=Á\À7�Ú»PÃoº\º3�R½$ëÖÃ�%^·o¸�%7 ö®& 4�+%ÏÁ<½ ¢
ä íV��»��4Á3�=®&%7%qÃ�º7%^»��4Ù��+%£Á<½|ëqº\Ãq»��R½\½¡�R· ¢
ü � �oþ����Rþ+¼
äD8 �R®�·'®�»�»	Á?À7��¼£¸î·q½|å5Ã�º�®&%7%qÃ�º7%^»��4ÙL�+%ÏÁ<½|º3�R»��P¸�¬��R·a��®&%^·!·£º\Ã�ë'®6%ÏÂæ¼£¸�·q½�Á\À^®�Áu®�º3�V»�®�Á3� ¢
ä á ¸�»\Å!Á\À7��¼@�R½$Á�¼£¸�·q½|å5Ã�º�®&%7%qÃ�º7%^»��4Ù��+%£Á<½³��ÀqÃÏ½¡��Á$¸HÙ��$»�¸ßÙà¸ßÁ|¸�½;�PØqë£¸Hº3�R· ¢
ä Þ �+%^·m®&%'®|��®�º<·o¸�%7 CÙ��R½\½?®& ���Á\Ã=Á\À7�}��¸�%7%£¸�%7 '®& ��+%£Ác�q®&%^·m½¡�+%^·!®�»HÃÏ½¡�4ºTÙ��R½\½\®6 ���Á\Ã®0»½»Á\À7�[Ã�Á?À7�4º ®6 ��+%ÏÁP½F��ÀqÃCÀ^®�·æ¼£¸�· ¢
ä íV��»��4Á3�=®�»�»9�PØqë£¸ßºF�R·'®&%7%qÃ�º7%^»��4ÙL�+%ÏÁ<½ ¢
ü � �oþ������&¼
ä W »4»��4ëqÁ�®�»�» ®|� ®�º<·o¸�%7 CÙ��R½\½\®6 ��R½ ¢ u ë�·q®�Á3��Á\À7�=½$Á<®�ÁF�uÃ�å�Á\À7�[½$Âq½$Á3�4Ù ¢
ä è �4Áu®�»�»	Á\À7�V»HÃÏ½£�4ºuÙ��R½?½\®& ��R½ ¢
äD8 �4ÙCÃ&¬��[®�»�»	Á\À7�=®&%7%qÃ�º7%^»��4Ù��+%£Á<½�º3�R»��P¸�¬��R·¿»PÃ�º?º3�R½$ë^Ã4%^·o¸�%7 æÁ\Ã=Á\À7�=®���®�ºP·o¸�%7 eã+»HÃÏ½¡�4ºÙL�R½\½\®& ��R½ ¢
ü}��� M ���I��Rþ+¼
ä á ¸�»\Å!Ã�%7�T¸HÁ3�4ÙÜå5º\Ã�Ù �N���
	 ½¡�4Á��-Á\À^®�Á� �¸�¬��R½�À£¸� �À7�R½$ÁVºqÁ$¸�»�¸HÁ2ÂTS�®&%^·'½¡�+%^·æÃ4ºqÁu®&%7%qÃ�º7%^»��4Ù��+%£Á<½Á?Ã`®& ��+%£Á<½ ¢
äD8 �+¾)®&%7%qÃ�º7%^»��C®&%7%qÃ�º7%^»��4Ù��+%£Á<½|Á\À^®�Á�·o¸�·�%qÃ�Á|º3�R»��P¸�¬��Ú®&%£Âæ¼£¸î·q½³��¸HÁ\À£¸�%¿Á\À7��Á$¸HÙ��$»g¸HÙ=¸HÁ ¢

�
É °
Q ¸� 4ºqº3�4¾ >U? � À7�[»PÃ�%ÏÁ?º<®�»PÁ�%7�4Áuëqº?Ã�Á\Ãq»PÃ&»�>
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Messenger

Messages

Local Optimizer

Phase Controller

Announcer

Bidder

Awarder

Awardee

Q ¸� �ºqº3�#¾ >;× W %é®& ��+%£Á�º^½-¸�%7 `Á?À7�Ú»PÃ�%£Á\º<®�»PÁ�%7�4Á�ëqº?Ã�Á\Ãq»PÃ&»�>

�6%�'(%w� Á³â��I��9&��,�;w.65
K�%§Ãoº<·>�4º[Á\Ã��PØÄë>»HÃ�ºF�`Á\À7�"å2�R®�½-¸H¼£¸�»g¸HÁ$Â Ã�å;º^½-¸�%7 §õFà�á å5Ã�ºÚ»PÃ£Ã�º<·o¸�%^®�ÁM¸ßÃ4%Ý®�Ù"Ã�%7 é®& 4�+%ÏÁ<½|¸�%�®m·o¸î½£¾

Á\º$¸H¼7ºqÁ3�R· ÅG%qÃ
��»��R·> ���%7�4Á���Ãoº\Åy�����[·>�R½-¸� �%7�R·¿®&%^·"¸HÙCë>»��4Ù��+%ÏÁF�R·é®àÙxº>»HÁ$¸�¾)®& 4�+%ÏÁ�½$Âq½$Á3�4Ù åêÃoº�¸�%£åêÃ�º?Ù`®&¾
Á$¸HÃ�%ÌºF�4Á\º$¸��+¬U®�»�®&%^·¿Å>%qÃ
��»��R·> ��ö·o¸�½\»PÃ&¬��4º?Â'å5º\Ã�Ù ·o¸�½$Á?º$¸H¼7ºqÁ3�R·§·q®�Á<®'½$Ã4ºqº<»��R½�>zhZ®�»?Àì®6 ��+%ÏÁ0Ù`®7¸�%£Á<®7¸�%^½
®Z%7�+�R·q½TÁ<®�¼>»��C®&%^·¿®!»4®�ë^®�¼£¸�»�¸HÁ$¸��R½0Á<®�¼>»��">4��À7�N%7�+�R·q½�ÁP®�¼>»��à»PÃ4%ÏÁ<®U¸�%^½�·>�R½?»Pº$¸HëqÁ$¸HÃ�%§Ã�åKÁ\À7�C·q®�Á<® �)�">¤ N>
®Z»�¸�½$Á=Ã�åqV�º7�4º$¸��R½7S�Á\À^®�Á�Á\À7�ö®6 ��+%ÏÁE%7�+�R·q½¢� ®6%^·¿Á\À7�`»4®�ë^®�¼£¸½»�¸HÁ$¸��R½"Á<®�¼>»��`»PÃ�%£Á<®7¸�%^½=·>�R½\»Pº$¸HëqÁ$¸HÃ�% Ã�å�Á\À7�
®& ��+%£Á � ½T»4®�ë^®�¼£¸�»�¸HÁ$¸��R½ �)�">¤ T>��^Á?À7�[¸�%£å5Ã�º\Ù`®�Á$¸HÃ�%ÌÁ\À^®�Á|¸�½[®�¼>»��CÁ?Ãö½¡ºqëqë>»HÂ��Ã�º[®&%^®0»ßÂq½-¸�½Tå2º7%^»PÁ$¸HÃ�%^½�Á\À^®�Á|¸î½
®�¼>»���Á\Ã=ë5�4ºMåêÃ�º?Ù Ã4%'·q®�Á<®8SÁ\À^®�Á�»4®&%!¼5�EºqÁM¸½»�¸w�+�R·m¼ÏÂ"Ã�Á\À7�4º�®& ��+%£Á<½�>�K)ÁF�4Ù`½Z¸�%!¼^Ã�Á?À!Á<®�¼>»��R½ZÀ^®c¬4�[»PÃÏ½$Á<½
®�½\½MÃÄ»?¸�®�Á3�R·l��¸HÁ\ÀæÁ\À7�4Ùá>T� À7� »PÃÏ½MÁ�¸�%�%7�+�R·q½�Á<®�¼>»��|¸�½�Á\À7�TÙ`®7Ø£¸ßÙNºqÙ »PÃÏ½$ÁZÁ\À7��®& ��+%£Á�¸�½F��¸�»�»�¸�%7 æÁ\Ã0ë^®RÂ
Á\Ã� ��4Á�Á?À7�=¸�%£åêÃ�º?Ù`®�Á$¸HÃ�%t>#��À7�`»PÃÏ½MÁT¸�% »4®�ë^®�¼£¸�»�¸HÁ$¸��R½=Á<®�¼>»��=º3�4ëqº3�R½£�+%ÏÁ<½�Á\À7�`»PÃÏ½MÁQ�)Ù��R®�½¡ºqºF�R·!¸�%§½MÃ�Ù��
½¡º£¸HÁ<®�¼>»���º7%£¸HÁ<½�S�Ã�å�®�»4»PÃ�ÙCë>»�¸�½$À£¸�%7 'Á?À7�ÚÁP®�½$Å"¸�%[V�º7�R½$ÁM¸ßÃ4%t>N� À7�R½¡�C»PÃÏ½$Á<½T®�º3��º^½¡�R·m¼ÏÂ!Á\À7��»HÃq»4®�»KÃ�ëqÁ$¸�¾
Ù=¸w�+�4º�·>ºqº$¸�%7 =Á\À7�;%7�+ �Ã�ÁM¸î®�Á$¸HÃ�%Cëqº\Ãq»��R½\½�>!hK®o»\À`®6 ��+%ÏÁ�½¡�+�4Åq½�Á\Ã�Ù`®UØÏ¸HÙ=¸w�+�|¸ßÁP½ºqÁM¸½»�¸HÁ$Â">T��À7��å5º<®�ÙL����Ãoº\Å
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