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Ô$Õ�Ö�×FØ(ÙJÚ¤Û Ü(Ý�Ø&Ú1Þ�ßFà�á�Ø&âãÞPÝ Û

Â/C�Âäe��%L%&0B!/>�;� )��!B68!/*F%(·¹#(!/5$5$%(')#&%äCLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC �

Â/C � �N!/ "��01./ )��6�M$%(3J.B5$=�>�%&�yC2CLC2CLC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC å

Â/C å ��M/%(6J )��*,!B'��R>�%(#& "')!/6���#-EF!/5$5$%(')#(%æCLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC ç

Â/C ¼ e��%L����O����Rj�)+4�@ "%&5èCLC2CLC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC ç

Â/C ç ��%(�)%&./')#°�8#(!/64 )')��9�;� )��!B6��wCLC2CLC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Ç

Â/C Ç O�;���7�%2 "!$ )������ "��%(�)���}CLC2CLC2CLC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Ä

Ô$Õ�Ö�×FØ(ÙJÚ¤é ê-Ù4ëãÖ�Ø&Ù4ß_ìxÞPÚ1í î

�:C�Âä�N;�>� )��·¹./M/%(6J �6�%&MB!/ )��./ )��!B6 C2CLC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Æ

�PC�Â/C�Â 
�!/>�0J��6�M$=�')!/9�>�%(5$��;��)��6�M�5$.B')�/%( )��./6�7<./;�#( )��!/6��^CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Ã

�PC�Â/C � ��;� )!/5$./ "%&7<�@;�=�=²!B') �*,!B'�./;�#( )��!/6�����68%(>�%&#( )')!/6���#L#(!/5$5$%('@#(%¯CLC2CLC2CLC2CLC2CLC2CLC Â±�

�PC�Â/C å ��6�*G')./�) )');�#& ";�')%L�@;�=�=:!/') �*,!B'�6�%(M/!/ "��./ )��!/6ïCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Â/Â

�:C � E�!/5�9���6�./ "!/')��.B>l.B;�#( )��!/6��ðC2CLC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Â±�

�:C å 
�%(./')#°�¯C2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Â±å

�:C ¼ 
�%(./')#°�8=:%&')*G!/')5$./6�#(%2./6�78%(01./>�;�.B )��!B6½C2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Â±å

�:C ç QD%(>���9:%&').B )��!/6<�@#°��%&7�;�>���6�M C2CLC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Â±å
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¼PC ¼:C ¼ ��>�>�!J#(./ )��6�M$ )��5$%2 "!���6�7���04��7�;�./>? )./�)�J�ÎCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC å:Ä

¼PC ¼:C ç F')./7���6�M$!/�N*,%(./�)��9���>��� �+-*G!/'���%(3J��9���>��� �+xCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC å/Æ

¼:C ç �R01./>�;�./ )��6�M${���7���CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC å/Ã

¼PC ç:C�Â �P!/')5$./>?7�%(�@#(')��=� )��!/68!/*� )��% � ��6�6�%(')·¸7�%( )%(')5$��6�./ )��!/68=�')!/9�>�%(5 CLC2CLC2CLC2CLC2CLC2CLC å/Ã

¼PC ç:C � �	01./>�;�./ "��!/68#(')�� "%&')��. CLC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC ¼/�

¼PC ç:C å ����3J%(7�·¹��6��� )��.B )��0/%L./=�=�')!/./#°��%&��C2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC ¼:Â

¼:C Ç � � ./')7���6�M${���7�� CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC ¼/�

¼:C�Ää�R3J%(#(;� "��!/68�N./6�./M/%(5$%(6J C2CLC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC ¼/�

Ô$Õ�Ö�×FØ(ÙJÚ¤û �FÞPë	��âãÝ
�wØ&Õ�ÙNóxô$õsös÷�ò��$âãÝ�ÝFÙJÚ�µßFÙ4Ø&Ù4Ú1ú�âãÝ�Ö�Ø(âãÞPÝ~×�Ú1Þ���ëãÙJú ÿ:ÿ

ç:C�Âä��64 )%(M/%('��	')!/M/')./5$5$��6�M$*G!/')5�;�>�./ )��!/6SCLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC ¼/ç

çPC�Â/C�Â ���%L6�.B��0/%L./=�=�')!/.B#±� C2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC ¼/ç

çPC�Â/C � �	')%&=�')!4#&%(�)�@��6�M$ "!$')%&7�;�#&%L=�')!B9�>�%&5��)��¬(%�C2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC ¼:Ä

ç:C � 
���5�;�>�.B )%(78��6�6�%(./>���6�M$*,!/')5�;�>�./ "��!/6qCLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC ç/�

çPC �:C�Â {e./�)��#L*,').B5$% � !/')� C2CLC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC ç:Â

çPC �:C � F;�6���6�M¤C2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC ç/¼

ç:C å ��=� )��5$.B>l "')%&%L�)%&.B'@#°�8*G!/')5�;�>�./ "��!/6©C2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC ç/Æ

çPC å:C�Â {e��7� )')%(%L*,')./5$% � !/')� CLC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC ç/Æ

çPC å:C � �$Ï�*,!B')5¢;�>�.B )��!B6qCLC2CLC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Ç/�

çPC å:C å {e��7� )')%(%L!/')7�%(')��6�MäC2CLC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Ç:Â

çPC å:C ¼ �� )%(')./ )��0B%2QD%(%&=:%(6���6�M$�$Ï C2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Ç/Ç

Ô$Õ�Ö�×FØ(ÙJÚ�� �FÙ4Ö�Ú1á´Õ_×�ÙJÚ���ÞPÚ´úwÖ�Ý�á�Ù �:î

Ç:C�Âä�R3J=:%(')��5$%(6J "./>?�@%( );�=�CLC2CLC2CLC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Ç/Ã

ÇPC�Â/C�Â EF;��) )!B5$%&'���O�%(6�%(')./ "%2=�>�./6æCLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Ä±�

0J�����



ÇPC�Â/C � EF;��) )!B5$%&'���EF!B6��) )');�#& �.B6�7<���)�@;�%L.$��%(IJ;�%(�@ e*,!/'���;�!/ "%&�$CLC2CLC2CLC2CLC2CLC2CLC2CLC Ä/Â

ÇPC�Â/C å 
�;�=�=�>���%('���Oe%(6�%&').B )%2{���7��yC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Ä±�

ÇPC�Â/C ¼ EF;��) )!B5$%&'��F�	01.B>�;�./ )%29���7�� CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Ä±å

Ç:C � E���./').B#& "%&')��¬&��6�M$ )��%L��6J )%(M/%('��	')!/M/')./5$5$��6�M��)!/>�0/%&'�C2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Ä±¼

ÇPC �:C�Â ��%&')*G!/')5$./6�#(% � �� )�8./6�7 � �� )��!/;� �=�')%(=�')!J#(%&�)�)��6�M CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Ä±¼

ÇPC �:C � {e��7<#(!/;�64 �%(3J=:%(')��5$%(6J £CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Ä±ç

ÇPC �:C å {e��7<�)��¬(%2%(3J=:%(')��5$%(6J èC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Ä/Ä

ÇPC �:C ¼ F./�)�-#(!/;�6J �%(3J=:%(')��5$%(6J uCLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Ä±Ã

ÇPC �:C ç F./�)�-6�%& � !B')�-#&!B5$=�>�%&34�� �+-%(3J=:%(')��5$%(6J 8C2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Æ/�

Ç:C å E���./').B#& "%&')��¬&��6�M$ )��%L
���5¢;�>�.B )%(78��6�6�%(./>���6�M$�@!B>�0/%(' C2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Æ/¼

ÇPC å:C�Â {e��7<#(!/;�64 �%(3J=:%(')��5$%(6J £CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Æ/ç

ÇPC å:C � {e��7<�)��¬(%2%(3J=:%(')��5$%(6J èC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Æ/Ç

ÇPC å:C å F./�)�-#(!/;�6J �%(3J=:%(')��5$%(6J uCLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Æ:Ä

ÇPC å:C ¼ QL%( ).B��>�%(7<./6�.B>�+J�)����!/*F "��%L
��z�)!/>�0/%('�CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Æ/Ã

Ç:C å:C ¼:C�Â ��%(')*,!B')5$./6�#&%L7����@ "'@��9�;� )��!/68!B68��6�7���0J��7�;�./>?=�')!/9�>�%(5$�¨C2CLC2CLC2CLC2CLC2CLC Ã/�

Ç:C å:C ¼:C � �;�6���6�M$ )��%2
��z�)!/>�0/%('þC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Ã/¼

ÇPC å:C ç �	')!/9�>�%(5$·¹9J+J·¹=�')!/9�>�%(5^#(!/5$=�./')���@!/6���!B*F���S./6�78
��z�)!/>�0/%(')�¤C2CLC2CLC2CLC2CLC2CLC2CLC Ã/Ç

Ç:C ¼ E���./').B#& "%&')��¬&��6�M$ )��%L�$Ï�./6�78�� )%(')./ "��0/%LQL%(%(=:%&6���6�M$�$Ï��)!/>�0/%(')�zC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Ã/Ã

ÇPC ¼:C�Â ��%(./�);�'@��6�M$ "��%L��5$=�./#( �!/*F9���7� )')%(%L!/')7�%('xCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC^Â°�/�

ÇPC ¼:C � {e��7<#(!/;�64 �%(3J=:%(')��5$%(6J £CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC^Â°�/å

ÇPC ¼:C å {e��7<�)��¬(%2%(3J=:%(')��5$%(6J èC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC^Â°�/¼

ÇPC ¼:C ¼ F./�)�-#(!/;�6J �%(3J=:%(')��5$%(6J uCLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC^Â°�/ç

ÇPC ¼:C ç F./�)�-6�%& � !B')�-#&!B5$=�>�%&34�� �+-%(3J=:%(')��5$%(6J 8C2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC^Â°�/Ç

ÇPC ¼:C Ç �	')!/9�>�%(5$·¹9J+J·¹=�')!/9�>�%(5^#(!/5$=�./')���@!/6���!B*F���RHJ�$Ï/HJ./6�78��Q��$Ï��)!/>�0/%(')�«C2CLC2CLC2CLC2CLC^Â°�/Ã

Ç:C ç ���@��6�M$=:%(')*,!B')5$./6�#&%L7�.B ).$*,!B'�7�%(>���9:%(')./ "��!/68�)#°��%(7�;�>���6�MjC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC^ÂBÂ±�
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Ô$Õ�Ö�×FØ(ÙJÚ�� Ô$ÞPÝFá�ë,àFø&âãÞPÝFø ÛPÛ:ñ

Ä/C�Âä��%(0J��% � C2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC^ÂBÂ±¼

Ä/C � ��;� ";�')%L')%&�)%(./')#±�½CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC^ÂBÂ±Ç

� â��FëãâãÞ��PÚ1Ö�×FÕ�ù ÛPÛ:î
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å:C�Âäe��%L����O����Rj.B')#±���� )%(#( );�')%ÁC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Â±Ç

å:C � �¿��.B')�/%( L
�%&�)�)��!/6©�/%(%(=��L )')./#°�N!B*�.<�)��6�M/>�%u )')./6��@.B#& "��!/6©*,!/'L!B6�%sEF;��) )!/5$%('L./6�7.«�@%( L!B*

�;�=�=�>���%('@�1C�C2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC �/�

å:C å �j�N./')�/%( ��@;�=�=²!B') )�e#(!/5$5$%(')#&%���6«.¢=�.B') )��#(;�>�./'�9�;��@��6�%(�)�e./')%(.:H�./6�7-%&6�#(./=��@;�>�./ "%&��.u�)%( e!B*

�%(�)�@��!/6���')%(=�')%(�)%&64 )��6�M$ )��%2.B#& "��0/%L )')./6��@.B#& "��!/6�����68 )��%2�N./')�/%( 1CSCLC2CLC2CLC2CLC2CLC2CLC2CLC �/�

å:C ¼ ��68�	34#±��./6�M/%2.BM/M/')%(M/./ "%&��5¢;�>� "��=�>�%25$.B')�/%& "��./6�78=�')!104��7�%&��#&!B5$5$!/68�)%('@04��#(%(�´C~CLC2CLC2CLC �/¼

å:C ç 
�#°��%(5$./ "��#27���./MB')./5�!/*F.$�N��Oe���	y#(;��) )!/5$%('�./M/%(6J µC�C2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC �/ç

å:C Ç {���7<��.B6�./MB%&'��F����MB��·¹>�%(0/%(>?�)#±��%(5$./ )��#qC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC �/Ç

å:C�Ää��%&MB!/ )��./ )��!/68��.B6�./MB%&'��F����MB��·¹>�%(0/%(>?�)#±��%(5$./ )��#$CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC �:Ä

¼:C�Âä�R>�./6<*,!/'� )��% � ��6�%&·¹9:!/ " )>���6�M$%(3J./5$=�>�%4CPC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC å:Â

¼:C � {���7�·¹=�')!4#&%(�)��=�>�.B68*,!B'� "��% � ��6�%(·¸9:!B ) )>���6�M�%(3J.B5$=�>�%JCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC å/å

¼:C å �+4=���#(./>? )��5$%(>���6�%L*,!B'�.$�)��6�M/>�%2���e��CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC å/¼

¼:C ¼ ��6��� "��./>� "��5$%s.B>�>�!4#(./ )��!B6���*,!/'� ).B�@�4�¤��6S���e�����&Cz��6�>�+� )��%�� �"!(Ì$#´ÍD./6�7%� & 'fÌ$#BÍD "��5$%(�¤./')%
.B#& ";�.B>�>�+-�)=:%(#&��K�%(78��68 "��%L�����LC�CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC å/Ç

¼:C ç ��%(0J���@%(78 "��5$%2.B>�>�!4#(./ )��!/6���*,!/'� ).B�@�4����68���e�(���&C�CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC å/Ã

¼:C Ç {���7<�	3J.B5$=�>�% C2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC ¼:Â

ç:C�Âä
�./5$=�>�%L9���7����)��! � ��6�M$�/·¹9���7<./6�7<å/·¹9���78��6�*G%(./�@��9���>��� )��%(�1CDC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC ¼/Ç

ç:C � ��9��) )').B#& �7�%(=� "��·¹K�')�@ �
���5�;�>�./ "%&7<��6�6�%(./>���6�M�.B>�M/!/')�� )��5NC�CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC ç:Â

ç:C å 
���5�;�>�.B )%(78��6�6�%(./>���6�M$./>�M/!B')�� )��5^*G!/' � ��6�6�%&'�7�%& "%&')5$��6�.B )��!B6FC�C2CLC2CLC2CLC2CLC2CLC2CLC2CLC ç/�

ç:C ¼ 
���5�;�>�.B )%(78��6�6�%(./>���6�M$6�!47�%(·¹�@%(>�%&#( )��!/68./>�M/!/')�� "��5NCÀC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC ç/å

34�



ç:C ç 
���5�;�>�.B )%(78��6�6�%(./>���6�M$6�!47�%(·¹%&34=�./6��)��!B68./>�M/!/')�� "��5NC�C2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC ç/¼

ç:C Ç �R3J./5$=�>�%L9���7� "')%&%4HJ>�%&34��#(./>? ).B�@�-!B'@7�%('~C2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC ç/Ã

ç:C�Ää{���7� )')%(%(·¸9�./�)%(78�$Ï��)%(./')#±�<./>�MB!/')�� )��5NC�C2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Ç:Â

ç:C Æ {���7� )')%(%(·¸9�./�)%(786�!J7�%&·¹%(3J=�./6��)��!/6<./>�M/!B')�� )��5NClCLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Ç/�

ç:C Ã �R3J./5$=�>�%-9���7� )')%(%«�)!/') )%(7§9J+��6�#&')%(./�)��6�M�9���7§#(!/;�6J 8ÌG )!/=�Í�./6�7�94+w7�%(#&')%(./�)��6�M�9���7§#(!/;�64 
ÌG9:!/ ) )!B5NÍ)C~C2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Ç/å

ç:C�Â±�_�R3J./5$=�>�%2�)%&.B')#±�8 )')%(%&�� "��./ �')%&�);�>� �*G')!/5^;��@��6�M$9���7� "')%&%(� � �� "�s��6�#(')%(./�@��6�M�9���7s#(!/;�6J �Ì,>�%(*G 1Í
.B6�7S7�%(#(')%&.B�@��6�M�9���7_#(!/;�6J µÌ,')��MB�J 1Í"CÎ��6�#&!B5$=�>�%& "%N6�!J7�%&�¤ )��./ ¤#(./6_��.10/%N6�!�#±����>�7�')%(6_./')%
#(')!/�)�)%&7<!/;� 1HJ./6�78#(!/5$=�>�%( )%L6�!47�%&��./')%2!B;� ">���6�%(78��6<9:!/>�7<9²!134%(�´C8CLC2CLC2CLC2CLC2CLC2CLC2CLC Ç/¼

ç:C�Â/Â{���7� )')%(%(·¸9�./�)%(78�� )%(')./ "��0/%2QD%(%(=:%&6���6�M$�$Ï��)%(./')#±�<./>�MB!/')�� "��5)�F )!/=<>�%(0/%(>�C�C2CLC2CLC2CLC2CLC2CLC Ç/Ç

ç:C�Â±�_{���7� )')%(%(·¸9�./�)%(78�� )%(')./ "��0/%2QD%(%(=:%&6���6�M$�$Ï��)%(./')#±�<./>�MB!/')�� "��5)�F7�%&=� )��·¹K�')�) �#(!/6J "!/;�'1C�C2CLC2CLC Ç:Ä

Ç:C�Âä�./�)�-6�%& � !/')�-*G!/'��	')!/9�>�%(5+*NÂ/CF{e!13 � ��7� )������6�7���#(./ )%L')%&>�./ )��0/%2 ).B�@�¤7�;�')./ )��!/6��´C|C2CLC2CLC Ä±�

Ç:C � �R3J./5$=�>�%L )./�)�-6�%& � !B')�-*,!/'������~��>�>�;��@ "')./ )��!B6FC<C2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Ä/Â

Ç:C å O�./64 ) �#°��.B'@ �*G!/'� ).B�@�-6�%( � !/')�-!/*�����M/;�')%2Ç:C � � �� )�-,/.yÂ10 �:H32).yÂ10GÂ°ç:C�C2CLC2CLC2CLC2CLC2CLC Ä±�

Ç:C ¼ e��%L
�;�=�=�>�+-��!B6��) )%('�#&!B5$=:!/6�%(64 ïCLC2CLC2CLCLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Ä±�

Ç:C ç ��9��@%(')0/%(7§./6�7§��6�*G%(')')%&7�');�64 )��5$%¤7����@ "')��9�;� )��!/6��¢*,!B'¢���x�)%(./')#±��*,!/'�.N')./6�M/%-!/*e9���7§#(!/;�64 
01.B>�;�%&�1H � �� )�8 ).B�@�¤#&!B;�64 4.~�/�:HJ.B6�7<9���78�)��¬(%�5ÒÄ/C å$ ).B�@�4�@ÅB9���7FCqCLC2CLC2CLC2CLC2CLC2CLC2CLC Ä±Ç

Ç:C Ç �R�@ "��5$./ "��6�M� )��%� )��5$%�'@%(I4;���')%&7~ "!�./#°����%(0/%�Ã/ç�6¯�@;�#(#&%(�)�«')./ )%�;��)��6�M� "��%������)!/>�0/%('«*G!/'
�B�/·¹ )./�)�-=�')!/9�>�%(5$��./#(')!/�)��.$')./6�M/%L!/*F9���7<#&!B;�64 )�1C?CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Ä/Ä

Ç:C�Ä ��9��@%(')0/%(7}./6�7}��6�*,%(')')%(7}'@;�64 )��5$%	7����) )')��9�;� )��!/6���*G!/'����N�@%(./')#°�}*,!B'�.�').B6�M/%	!B*�9���7}�)��¬(%	01./>�;�%(�1H
� �� )�8 "./�)�-#(!/;�64 4.~�/�PHJ./6�789���78#(!/;�6J 75~Æ:Ä/C:CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC2CLC Ä±Æ
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¹poÔq�r,s�t�uwvwq�t��� x = 5�3 °
;ÙÒÑ	Ó¯Ô]Õ]Öd×'Ø
ã {D|·}^����Ø�ÖdÞ]Û�Ö'Ú�×��jÓ¯Û&Ö	ÜJç1á��jÖdç���ÛjÚ�×�×dÝ�ö1Ó]Û&û
é � Ø�ÖdÞ]Û�×dÛ&Ö�ç1èw�]Ýßû¯×�}#ádÛ&Ô]á�Û&×dÛ&Ó¾Ö[Û&û�Ú�×(Ú~�]Ý�û]ÖdádÛ&Û
¸��JÕ]ÖdÔ]Õ]Ö'Ø
ù ����� � ØXÖdÞ]Û�Ó]ç¾û]Û�Þ�Ú[å¾ÝßÓ¯öªÚÃò¼Ú�Ô]Ô¯ÝßÓ]öÅ� Æ ����� � Ç ë�|�� �

ç1è�Ö'Ú�×��¾×�Ödç��¯Ýßû]×�Ü�Ý�Ö[Þ�ÚIÓ�ç1Ô¯ÖdÝßò¼Ú�æmÛ&å¯Ú�æßÕ¨Ú�Ö[Ý�ç1Ów}¾Ýßè�ç1Ó¯Û�Û
Õ¾Ýß×�Öd×
ý ��ádç¾â&Û ×�×'Ø
� � � � 3 �(� 3 � :�� ��_>=�_>= }¾×dç1ádÖdÛ&û��¾üjÓ]ç¾û]Û�Û&å]Ú�æ�Õ�Ú�ÖdÝßç1Ó¢ä Æ � Ç
� ��� � Û&ò�Ô]Ö	ü¬Ó]ç#û¯Û
¹>º Z�B��0ÞA� { �N� } B��>Ä } B��>Ä }�� z�� Â » �
¹s¹ ���Ø�� � � � 8 : 3 =�= �<_>= 3 � Æ � rKZYB��DÞOÇ

@ ���Ø � �N�PB��0E�H¥S2½ � �N��������� H+X�E¦½�S�W2Z S2½¯B��DE�H¥S2½ � �N� � ]^C�Þ�E�H+���(�wC0S��>H+B��N�>�N�>¨�H.X�E
� �N����H.X�B�H CDB�� � EY]6�0ED��H+S�E �\F[B��>� ��� J¹1Ù � 7 x = 3 : Æ � r ��� Ç

¹1ã �������
¹ é ��� = 9�� :�� Æ � Ç :<;>= 7¹3 =�:<_ 3<7 � 5 �(� _ 3 =
¹s¸ � � �6� 3 x : Æ � Ç
¹1ù ���¹x(��� _^: �(� 7 Æ � Ç :<;>= 7¹3 =�:<_ 3<7 �
¹ ý � î�� 5 x : 5�3 = � � 5�768 Æ � ÇQ@+�DEDEY±¥�N¨�]6W\EY²�³�!IJ
¹(� ����� î ë �[]6RNR :<;$= 7�3 = 9$� �6= � 3 � 7 : Æ � ÇQ@#"LE�ZYS���E��[S���E���UVX�E���H.X�E�Ä~½0B��NR,H+S�E �GF6B��>�IJ
¹(� = ��x = ���4� = 5 x�� � � = Æ � î Ç :<;>= 7 � 7 x = 3 : Æ � r � î Ç
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¹ oÔq�r,s�t�uwvwq�t 5 x : 5�3 = � � 5�768ÙºÑ,Ó]Ô]Õ]Öd×�Ø
ã ��ØXÖdÞ¯Û�Ó]ç¾û]Û�Ödç��ñÛ�Û
Õ¾Ô�Ú�Ó]û]Û&û
é �JÕ]ÖdÔ]Õ]Ö'Ø
¸ � î Ø-ÚÃÓ]Û&ÜRÓ]ç#û¯Û�Ü�Ý�Ö[ÞàÛ
ÕyÚ�â&Ödæßü¬ç1Ó]Û¬Ú�û]û]Ý�ÖdÝßç1Ó�ÚIæ,�]Ý�ûw}#ç1á�Ó¾Õ]æßæ
ù ��ádç¾â&Û&×d×'Ø
ý � ]^C�Þ�E�H+���)(
� ª ; �(� =�� ]^C�Þ�E�H+� ë (Q8 �
� ��� ���Ø ë ( :<;>= 7�3 =<:<_ 3<7 �>]6RNRA@ ���Ø �N��H+X�EY�DE�H S2½·C0B��>���N��B�H.E � �N���L½0S�W��[S���E � J
¹>º s À � °
; ����x = Æ ���Ø ÇQ@ FI�NC�ÞYB � ����½�W\S�ZÃH+X�EY�DE�H¦S2½~C0B��>������B�H.E��<J
¹s¹ ���Ø � ���Ø O s À @+W\E�ZYS���E�H.X�E�C�X�S��DE�� � �N��½0W\S�ZÃH.X�EY�0E�HDJ
¹1Ù � îw� Ó¯Û&Ü«Ó]ç¾û]Û
¹1ã � Ø

� � � Ø ¶ s À @ � Ø � �N��H.X�EY�DE�H¦S2½ � �N���·���y�>S���E � îKJ
¹ é |+* � _ 7>5 ����� ° 5 :6= 8 : 5 x ,>x Æ � î®ÇQ@+H+B��DÞ����[S�H¦C0S���E�W\ED� � ÄÅB��>Ä � �N�.s Ö � Ø � J¹s¸ ZYB��DÞÅ� ° 3 = 5 :6= 9 5 x , Æ � î Ø Ç@ ½0S�WQEDB�C�X H.B��DÞâH.X�B�HY�N��CDS���E�WGE0� � Ä�B � �N�c��� � Ø � �Y�DE�HYH+X�EâCDS�WDWGE���F[S��>���N�>¨E��>H+WDÄÅH+S ç1Õ]Ö ³�-�X�E���¤¥�[��H+X�EP¤¥W2�DH H+B��0Þ��N�W» ÖA|+* ��H+X�EYH+B��DÞY�N� |+* UV�NH+X�H+X�E

ZY���[��ZY]^Z �N�>��E ����� H.X�E � �N��H+W\EDE.�YB��[���DE�H¥�NH+�PE��>H.W2Ä�H.S Ý�Ó ³0/>E�H¥H+X�E�W\E�Z�B��N�>�N�>¨
E��>H+WD��E���H.S Ú�Ó¾ü J¹1ù � ]6C�Þ�E�H+��� � � 8 : 3 =�= ��_>= 3 � Æ � rKZ�B��0ÞOÇ

¹ ý � * �21 » ÖA|+* r 9Í� 7 �
9 _ 9 _ x 5�� � = � � 8 Æ »)Ç�@+�DEDEYH+X�EY�>B�WDWGB�H.�N��E6J
¹(� ��� Æ x(��� _^: �(� 7 Æ � î ÇdÇ

! Æ�Æ � ]6C�Þ�E�H.�43ë (<Ç�¬ Æ�«+5 » ÖA|6*�7 9Í� 7 �K9 _ 9 _ x 5�� � = � � 8 Æ »)Ç ë �>]^RNR�ÇdÇ
¹(� :<;>= 7Ù>º ���

Ø � � � ]6C�Þ�E�H.� @+CDB��>���N��B�H+E�� ½�S�W � îKJÙs¹ = ��x =Ù1Ù 3 = 9$� �6= Æ ���Ø r�� _$° , =�: Æ s À ÇdÇ
@�B�RNR � �����¯�N� H.X�E � ]^C�Þ�E�HwCDS��>H.B����[���[¨Js À �N� �>S���E � UV�NR�R�FIW\S���]6C0E�H+X�E��DB�ZYE
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PreProcess + IP Search time (msec)

69.6 bids
logN(163.4,0.26)

104.4 bids
logN(398.5,0.44)

139.2 bids
logN(1197.8,0.71)

173.2 bids
logN(2964.8,0.96)

207.4 bids
logN(6293.2,1.35)
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PreProcess + IP Search time (msec)

5 tasks
logN(14.9,0.11)

15 tasks
logN(91.7,0.31)

25 tasks
logN(416.1,0.65)

35 tasks
logN(1516.9,0.81)
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52 bids
LN(786.9,1.74)
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Bid size = 3.04
LN(73258.6,2.30)

Bid size = 4.22
LN(22793.9,3.66)

Bid size = 6.4
LN(6620.5,3.68)

Bid size = 7.9
LN(3253.4,3.26)
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Problem #1, Node Count / 1000
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Weibull(1.31,19.9)
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Weibull(1.14,62.7)
Optimum
Weibull(1.20,84.5)
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Problem #2, Node Count / 1000

Optimum + 5%
Weibull(0.89,1.6)
Optimum + 1%
Weibull(0.84,10.8)
Optimum
Weibull(0.97,57.9)
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:Cö¤úÖú=<&ö¤ì�ê�ß=ê�í�áCì�ö�:2:Cî¤à�ì=ÝÖï=ÞÒí�îÒø=à�î¤é=úÖáCùTêbÝ=HDá�ã@K~ím�0î¤ß=úÖìZéaáJí�áDùZø=í�Ýòï�ÞÒí�îÒö¤í�í�áCùZø=í í�îÒî¤ø=í�ÝòùZÝBHCáJáCö�:^þ�î�ðní�þ=áCùPõ
ö¤úòí�þ=î¤ß�Þ�þµí�þ=áZí�ÝÖùZáXà�á�Ã�ß�Ýòà�áDìp�0î¤ß=úÖì énáXø=à�î¤þ�Ýòé�Ýòí�ÝÖë�áxã>K~í ÝÖê ö¤úÖê�î�ë¤áCà�<PúÖÝ=�¤áCúB<Pí�þ�ö¤í í�þ�áXî¤ø=í�ÝòùZö¤úGë�ö¤úÖß=áCêÒð�î¤à
î¤ï=áÒê�áCíiî¤ðuø=à�î¤é=úÖáCùZê0�0î¤ß=úÖì�ï�î�íiéaáÒî¤ø=í�ÝòùZö¤ú6ð#î�àJö�ï%<Wî¤í�þ�áCàiêbáCí�ã
ü ê ö¤ï�á2;�ö¤ùZø�úòá�õD��áiê�þ�î��èÝÖïZÜpÝÖÞ¤ß=à�áJâ®ã ÿ��Òí�þ=áià�áDê�ß=úÖí�ê î¤ðnë�ö¤à�<�ÝÖï=ÞÒí�þ=áb].ø=ö¤í�ÝÖáCï!:CáJð�ö�:Cí�î�àJ`®õ�î¤à í�þ=áJïxß=ù4éaáCà
î�ð
ÝÖí�áDà�ö�í�ÝÖî¤ï=ê��÷ÝÖí�þ=î¤ß=í÷ÝÖùZø=à�î�ë¤áCùZáDï�í÷í�þ=ö¤í��iÝÖúòúlí�à�ÝÖÞ�Þ¤áCàiöXà�áCê�í�ö¤à�í�ã6K~ï�í�þ�Ýòêiê�áCà�ÝÖáCê\õ��0á êbþ=î�� þ=î�� øaáCà�ð�î¤à�ùZö¤ï(:Dá
ë�ö¤à�ÝÖáCê��iÝÖí�þ í�þ=à�áCá ì=ÝB�aáCà�áCïxí�:Cî¤ù4é=ÝÖï=ö¤í�Ýòî¤ï=ê�î¤ðÒø�ö�í�ÝÖáCï(:Dá'ð�ö�:Dí�î¤à�ö¤ï=ì ùZöD;xÝÖù4ß=ù ö¤úÖúòî���áCìÙà�áDê�í�ö¤à�í�Ud:Cî¤ß=ï�í�ã
Ü®î¤àÒí�þ�á\].é�ö�êbá2`b:Cö¤ê�áxõ,�0á�ê�áCíÒí�þ=á�ø=ö¤í�ÝòáDï(:Cá�ð�ö�:Cí�î¤àÒí�î�ö¤úòúÖî��Tâ�����ï=îxì=áDê>�iÝÖí�þ�î�ß�íÒÝÖùZø=à�î�ë¤áCùZáCïxíÒéaáCð#î¤à�áZö
à�áCêbí�ö¤à�í�õSö¤ï=ìóß=øNí�îPâ��Pà�áCêbí�ö¤à�í�ê�ã�Pµá%g ë¤áWí�þ�áCïNö¤ì�ì=áCìóíA�0î4:Cö¤ê�áDê4ÝÖïÅ�iþ�Ý=: þÅ��á�ì=î¤ß�é=úòáDìNö¤ï�ìNþ=ö¤úÖë¤áCìóí�þ�á
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Problem #4, Node Count / 1000

Optimum + 5%
Weibull(1.06,66.0)
Optimum + 1%
Weibull(1.05,428)
Optimum
Weibull(1.1,1210)
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Problem #5, Node Count / 1000

Optimum + 5%
Weibull(1.01,24.0)
Optimum + 1%
Weibull(1.0,114)
Optimum
Weibull(1.1,517)

ÜpÝÖÞ�ß�à�ácâaãÖä F æSû ü ï=îxì=á2UV:Dî¤ß=ï�í0î¤é=êbáCà�ë�ö¤í�Ýòî¤ï=ê�ö¤ï=ì�ÝÖï=ð#áCà�à�áCìOPµáCÝÖé=ß=úÖúaì=ÝÖê�í�à�Ýòé�ß=í�Ýòî¤ï�ê�õ¤ø�à�î¤é=úÖáCùZêNc.���#í�î¤ø)6ö�ï�ì
cZå4�#éaî¤í�í�î¤ù4�ã
ø=ö¤í�ÝòáDï(:Cá4ð�ö�:Cí�î¤à�õ!�÷ÝÖí�þPí�þ�á�ö¤úÖúòî��0ö¤é=úÖá4à�áCêbí�ö¤à�íM:Cî¤ß�ï�ícö¤úÖê�î�éaáDÝòï=ÞWþ=ö¤úòë¤áCìPö¤ï=ìPì=î¤ß=é�úòáDì¶í�î�ö¤úòúÖî�� ö�éaî¤ß�ící�þ�á
ê�ö¤ùZáÒö¤ùZî�ß�ï�íJî�ðpê�áCö¤à�:^þ�á��aî¤à�íBãpÜ®à�î¤ù�í�þ=áÒí�î¤ø�ø=úÖî�íJÝòï�ÜpÝÖÞ¤ß=à�áÒâaã ÿ��aõ%�0áÒùZÝÖÞ¤þ�í0:Cî¤ï(:CúÖß=ì�á í�þ�ö�íJí�þ�áÒþ=ÝÖÞ�þ�áCà
ø=ö¤í�ÝòáDï(:CáZð�ö�:Dí�î¤à Þ¤ÝÖë¤áCêÒéaáCí�í�áCà à�áCêbß=úÖí�ê\õnö¤í úÖáCö¤ê�í î¤ïµø=à�î¤é=úÖáCùËcPä¤ãX��î��0áDë�áDà�õnÝÖï í�þ=áZéaî¤í�í�î¤ù ø�úòî¤í�õ³�0áZê�áDá
í�þ=ö¤í
í�þ=ácê�ùZö¤úòúÖáCà0ø=ö¤í�ÝÖáCï!:Cácð�ö�:Cí�î�à��#ð�î¤à«�iþ=ÝB: þ�íA�iÝB:Cácö�ê0ùZö¤ï�<Xà�áDê�í�ö�à�í�êN�0áCà�ácö�úÖúÖî��0áCì66ø=à�îxì=ß(:DáCì�ö¤éaî¤ß�í
í�þ�á
ê�ö¤ùZáÒö�ë�áDà�ö¤Þ�áÒøaáCà�ð#î¤à�ùZö�ï!:Cá�õxé�ß=íií�þ=á î¤ø�í�ÝÖùZö¤ú6ë�ö¤úòß�á��0ö¤êJð�î¤ß=ï=ì�ÝÖï�ö¤úÖú6ÿD���Zí�à�ÝÖö�úÖê�ã
n÷á2:Cö¤ß=êbá�î¤ð®à�áCêbß=úÖí�êGúÖÝB��á÷í�þ=ÝÖê�õ\ö¤úòú=í�þ�á�áDö�àbúòÝÖáCàGá2;xøaáCà�ÝÖùZáCï�í�ö¤ú�à�áDê�ß=úÖí�ê½��áCà�á÷ê�áCípß�øXí�î ë�ö¤à�<�í�þ�á÷ø=ö¤í�ÝÖáCï!:Cá÷ð�ö�:Cí�î¤à
ö¤í áDöD: þ à�áDê�í�ö�à�í�ã>
iþ=ÝÖê ÝÖê ì=î¤ï�áXé�<Pê�áCúÖá2:Cí�ÝÖï=Þ�ö¤ï á2;xøaî¤ï=áCïxí�Ýòö¤úÖú=<%Uhì=ÝÖê�í�à�ÝÖé=ß=í�áCìµà�ö¤ï=ì�î�ù ïxß=ù4éaáDà í�î�à�á2U.ê�:Cö¤úÖá
í�þ=á�ø=ö¤í�ÝÖáCï!:Cá�ð�ö�:Cí�î¤à�õ+í�þ�á�ùZö�;xÝòù4ß�ùôÃxß=áDß=á�úÖáCï�Þ�í�þuõ6ö¤ï�ìKí�þ=á�ö¤ï=ï=áDö�úÖÝÖï=Þ¶êJ:^þ=áDì=ß=úÖá�î�ïNáCö�: þKà�áDê�í�ö¤à�íBãOPµá
:Cö¤ï¶ê�áDáÒé%<�:Dî�ùZø�ö�à�ÝÖï=Þ�ÜpÝÖÞ�ß�à�á�âaã ÿ��f�iÝÖí�þT
Sö¤é�úòá�âaãòä ÿ�í�þ=ö¤íJí�þ=ÝÖêcø=à�îxì=ß(:DáCêcê�ÝÖÞ¤ï=ÝÖñ(:Cö¤ï�í�úB<��0î¤à�êbáÒàbáCê�ß�úòí�êcð�î¤à
ø=à�î¤é�úòáCùïcPä�õxé=ß=í÷ù4ß!:^þ�éaáCí�í�áCà÷à�áDê�ß=úÖí�ê÷î¤ï�ø�à�î¤é=úÖáCùõcZÿaã6K~í÷ÝÖêiö�úÖê�îXí�þ=á î¤ï=úB<�êbáCí�í�ÝÖï=Þ.�0á þ�ö�ë�á ð�î¤ß=ï�ì�í�þ=ö¤í
ñ=ï�ì=êJê�î¤úòß�í�ÝÖî¤ï=êJùZî�àbá í�þ=ö¤ïóä��aô î¤ðuí�þ=á í�ÝÖùZá ð#î¤àiø=à�î¤é=úÖáCù×c.�®ã
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Node Count / 1000

Bid set #1
Weibull(0.97,57900)
Bid set #2
Weibull(1.19,1684)
Bid set #3
Weibull(0.85,5927)
Bid set #4
Weibull(0.98,1532)
Bid set #5
Weibull(1.15,3136)
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Node Count / 1000

Bid set #1
Weibull(1.1,5.17e5)
Bid set #2
Weibull(0.84,4.75e5)
Bid set #3
Weibull(1.05,7.03e5)
Bid set #4
Weibull(1.0,208e5)
Bid set #5
Weibull(0.97,2291)

ÜpÝÖÞ�ß�à�áWâaãòä G æXû ü ï�î�ì�á2UV:Dî�ß�ï�í&î¤é=ê�áDà�ë�ö¤í�ÝÖî¤ï=ê&ö¤ï=ìeÝòï�ð�áCàbà�áCìóì=ÝÖê�í�à�ÝÖé=ß=í�ÝÖî¤ï=ê&ð#î¤à&ñ=ï=ì�Ýòï�ÞPî¤ø=í�ÝÖùZö�ú�êbî�úÖß=í�ÝÖî�ï�ê�õí�ö�êJ�Wï=áCíA�0î¤à��OcZÿ4�#í�î¤ø)uö�ï�ì�í�ö¤ê��Wï=áDíA�0î¤à��ÐcZå4�#éaî¤í�í�î�ù4�õ%�iÝÖí�þ�åZì=ÝB�aáDà�áCï�íié�Ýòì�ê�áDí�ê\ã
��������ö ÷>9e-�ø6"��%ù�úkøE*�ú�û69�-�ø6"��%ùýü?-�ùaû)�(9e #+k-�')+.-�/0þ2÷ï�!')$&3657+�-�"�8���9�+


iþ=áJø=à�áCëxÝòî¤ß�ê í�ö�é�úòáDê ö¤ï=ìZñ�Þ¤ß=à�áCê ì�áCê�:Dà�Ýòénáiö¤Þ�Þ¤à�áCÞ¤ö¤í�áiøaáCàbð�î¤à�ùZö¤ï(:Cáiî¤ðní�þ�áiíA�0îÒê�î¤úÖë¤áCà�ê�õ�ö¤ï=ìZí�þ=á�<4ö¤úÖúòî��èß�ê
í�îO:Cî¤ï=ñ=à�ù í�þ�ö�í�õ®ð�î¤à�ö¤ïPö¤à�é=ÝÖí�à�ö¤à�<�ø�à�î¤é=úÖáCù Ýòï'öWí�ÝòùZá2U.úòÝÖùZÝÖí�áDìPêbÝòí�ß=ö¤í�Ýòî¤ïSõ��0á&þ=ö�ë¤á4öWþ�ÝòÞ¤þ=áDà�ø=à�î¤é=ö¤é=ÝÖúÖÝòíA<
î¤ðpñ�ï=ì=ÝÖï=Þ�ö¤ï¶î¤ø�í�ÝÖùZö¤úSê�î¤úòß�í�ÝÖî¤ï¶ß�ê�ÝÖï=Þ�í�þ=áXKALÙê�î¤úÖë¤áCàcí�þ=ö¤ï¶ß�ê�ÝÖï=Þ�í�þ=á�û ü êbî¤úòë¤áCà�ãW
iþ=ÝÖêcÝÖêcï�î�ícö�ê�ß�à�ø=à�ÝÖê�á�ã
��î��0áCë¤áCà�õxí�þ=ÝÖêJì=î�áDêiï�î�íií�áCúÖú6ß=êJí�þ�ö¤íií�þ�á�KAL ê�î¤úÖë¤áCàiÝÖêQ¦ Ê�ÿ ¦��eÏJð#ö¤ê�í�áCà�ã
K~ï�ÜpÝÖÞ¤ß=à�áJâaã ÿ®ä��0á0:Dö�ï�ê�áCáJí�þ=áJà�áDúòö¤í�Ýòë¤áJønáCà�ð�î¤à�ùZö¤ï(:DáJî�ðlí�þ�á0KALNö¤ï�ì�û ü ê�î¤úòë¤áCà�ê0î�ï�áCö�:^þ�î¤ðní�þ=áY��êbî�úÖë�ö¤é=úÖá�
ÝÖï=ì=ÝÖëxÝòì=ß�ö¤úGø�à�î¤é=úÖáCùZêÒð#î�à�í�þ�áZÿ��DU.í�ö¤ê��'êbáCíÒð�à�î¤ù û=á2:Dí�ÝÖî¤ïµâaã �aã �aõlö¤ï=ìKÝòïKÜpÝòÞ¤ß�à�áZâaã ÿ¤ÿ�ð#î�àÒí�þ=áf��å�Uhí�ö¤ê��'ê�áDíBõ
ð�à�î¤ù í�þ�á4í�ö¤ê��%UV:Cî¤ß=ïxí�á2;xøaáCà�ÝÖùZáCïxí�ê�áCà�ÝÖáCê\ã0K~ïPáDöD: þ'ñ=Þ¤ß=à�á�õ®í�þ=á&í�î¤ø'ø=úÖî¤íR:Cî¤ùZø=ö¤à�áCê í�þ=áQKAL í�ÝÖùZáQ�iÝòí�þ'í�þ�á
í�ÝòùZácà�á2Ãxß=ÝÖà�áCì�ð#î�à0û ü í�î�ñ�ï=ì�ö�ê�î¤úÖß=í�Ýòî¤ïÐ�iÝÖí�þ�Ýòï�åaô î�ðlî¤ø=í�ÝÖùZö¤ú:õ¤ö¤ï=ì�í�þ=ácéaî¤í�í�î¤ù ø=úÖî�íN:Cî¤ùZø=ö¤à�áCêNKALóí�ÝÖùZá
�iÝÖí�þZí�ÝÖùZáið�î¤à û ü í�îÒñ=ï=ìZî¤ø�í�ÝÖùZö¤ú=êbî�úÖß=í�ÝÖî�ï�ê�ã+Ü®î¤à ø=à�î¤é=úÖáCùZê éaáCúÖî��èí�þ�áW�����XúòÝÖï=áDê�õ\û ü �0ö¤ê ð#ö�êbí�áDà�Ô�ö¤éaî�ë¤á
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Problem #1, node count / 1000

Patience: 335
Weibull(1.08, 18504)

Patience: 670
Weibull(1.15, 17980)

Patience: 1340
Weibull(0.950, 8857)
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Problem #2, node count / 1000

Patience: 335
Weibull(1.32, 450619)

Patience: 670
Weibull(1.22, 353000)

Patience: 1340
Weibull(1.0, 353427)

ÜpÝÖÞ�ß�à�á âaã ÿ��®æ�� ö¤à�<�ÝÖï=ÞZí�þ=áÒø=ö¤í�ÝòáDï(:CáÒð�ö�:Cí�î¤à�õxø=à�î¤é=úÖáCù×cPä.��í�î¤ø6�õxö¤ï=ì�ø=à�î¤é=úÖáCùïcZÿ4�#éaî¤í�í�î¤ù4
í�þ=áÒúòÝÖï=á�õ%KALq��ö�êJð�ö¤ê�í�áCà\ã

iþ=áDà�á ö¤à�á íA�0î�Ýòïxí�áDà�áCê�í�ÝÖï=ÞZð#áCö¤í�ß�à�áCêJÝòï�í�þ=áCêbá ø=úÖî¤í�ê�æ

ä¤ãN
iþ=á>KAL ê�áCö¤à�: þ�í�ÝÖùZá ÝÖêiï�î¤í�:Cî¤à�à�áCúÖö�í�áCìb�iÝÖí�þ�í�þ=áÒû ü ê�áCö¤à�: þ�í�ÝÖùZá�ã
ÿaã0Ü®î¤àcúòö¤à�Þ¤áCà�ø=à�î¤é=úÖáCùZê�ö�ï�ì¶ð#î¤àcúòî���áCàcì�áCùZö¤ï=ì=ê�î¤ï¶î¤ø=í�ÝÖùZö�úÖÝÖíA<�õ�û ü î¤ß=í�øaáCà�ð#î�à�ùZêRKALÙÝÖï¶ùZö¤ï�<�:Dö�êbáCê�õ

é=ß�íiê�áCúÖì=î¤ù �#ÝÖï�í�þ=ÝÖêJì=ö¤í�ö�ê�áCí�ué�<WùZî¤à�á í�þ�ö�ï�öZð�ö�:Cí�î¤àiî¤ðuÿaã
ÜpÝÖÞ�ß�à�áXâ®ã ÿ���ê�þ�î��iê êbÝòùZÝÖúÖö�à ì=ö¤í�ö�ð�î¤à í�þ�á&ÿaã ÿ�é=ÝÖì=êJZ�í�ö¤ê��¶ø�à�î�é�úòáDù ê�áDí ð�à�î¤ù í�þ�á&é�Ýòì(U.ê�ÝBHCáXá2;�ønáCà�ÝÖùZáCï�í�ã�K~ï
í�þ=ÝÖê«:Cö¤ê�áJí�þ=ácì=ÝB�aáCà�áCï!:CáJéaáDí���áCáCï�í�þ�áJíA�0î�Ýòê
áDë�áDï�ùZî¤à�áJê�í�à�ÝB��ÝÖï=Þaã6Pµá0:Cö¤ï�áCö¤êbÝòúB<&êbáCáJí�þ=áJúÖö¤à�Þ�ácë�ö¤à�Ýòö¤é=ÝÖúÖÝòíA<
î¤ðSí�þ�á�KAL ê�î¤úÖß=í�Ýòî¤ï�í�ÝòùZáxõxö�ï�ì�êbî�ùZáÒî¤ðSí�þ=áÒû ü êbî�úÖß=í�ÝÖî�ï�ê0�0áCà�á ùZî¤à�áÒí�þ�ö¤ï�ö¤ï�î�à�ì�áCàiî¤ðuùZö¤Þ�ï�Ýòí�ß=ì�á ð#ö¤ê�í�áCà
í�þ=ö¤ï�í�þ�á�KAL ê�î¤úÖß=í�Ýòî¤ï�ð�î¤àií�þ�á ê�ö¤ùZáÒø=à�î¤é=úÖáCùZê�ã

G �



1e+02

1e+03

1e+04

1e+05

1e+01 1e+02 1e+03 1e+04

S
A

 s
ea

rc
h 

tim
e 

(m
se

c)

�

IP search time (msec)

1e+02

1e+03

1e+04

1e+05

1e+06

1e+01 1e+02 1e+03 1e+04

S
A

 s
ea

rc
h 

tim
e 

(m
se

c)

�

IP search time (msec)

ÜpÝÖÞ�ß�à�á�âaã ÿaä�æ)L à�î¤é�úòáCù.U.é�<%Uhø=à�î¤é�úòáCùõ:Cî¤ùZø=ö¤à�ÝÖê�î¤ï�éaáCíA�0áDáCï�KAL ê�î¤úòß�í�ÝÖî¤ï�í�ÝÖùZá ö¤ï=ì�í�ÝÖùZá à�á2Ãxß=ÝÖà�áCì�é�<�û ü í�îñ=ï�ì�î¤ø=í�ÝÖùZö�úAë�å®ô)ê�î¤úÖß=í�Ýòî¤ï=êQ�#í�î¤ø)�õxö¤ï�ì�î¤ø=í�ÝÖùXö¤ú6êbî�úÖß=í�ÝÖî¤ï=êQ��éaî¤í�í�î�ù4�õxÿ���Uhí�ö�êJ�Wø=à�î¤é=úÖáCù�êbáCí�ã
Pµá þ=ö�ë¤á ï�î¤í÷ö�í�í�áCùZø=í�áCì�í�îXì=áDë�áDúòî¤ø�à�ß=ïxí�ÝÖùZá ø=à�áCì�Ý=:Dí�î¤à�êið�î¤à÷í�þ=á û ü êbî�úÖë¤áCà÷ö¤ê��0á ì�Ýòì�ÝÖï�û�á2:Cí�ÝÖî�ï�âaã ÿXð�î¤à
í�þ=á.KAL êbî�úÖë¤áCà�ã�
iþ=ÝÖêÒÝÖêÒø=ö¤à�í�úB<Péaá�:Cö¤ß=ê�á.�0áZþ�ö�ë�áZï�î¤í ð�î¤ß=ï�ìµø=à�î¤é=ö¤é=ÝÖúÖÝòíA<'ì=ÝÖê�í�à�Ýòé�ß=í�Ýòî¤ï=êÒí�þ=ö¤íÒö�à�áZö�Þ�îxîxì
ùZö¤í�: þ�ð�î¤à�í�þ=á à�ß=ïxí�ÝòùZáC:^þ�ö¤à�öD:Dí�áDà�Ýòêbí�ÝB:Cê÷î¤ð+í�þ�á�û ü ê�î¤úòë¤áCà\õ�é=ß�í�ùZî�àbá�ÝÖùZøaî¤à�í�ö¤ïxí�úB<�ÝÖí�ÝÖê�éaá�:Cö¤ß=ê�á í�þ=áCà�á ö¤à�á
ùZö¤ï�<�í�ß=ï=ÝÖï=Þ�ø�ö�à�ö¤ùZáCí�áCà�ê�ð�î¤àcí�þ=á�û ü êbî�úÖë¤áCà�õ=ö¤ï�ì¶í�þ=áCêbá�ì=ö¤í�ö�à�áDø=à�áCêbáCïxí½ê�ß=ê�ícî¤ï=á�ønî�êbê�ÝÖé=úÖáX:Cî¤ù4é=ÝÖï=ö¤í�ÝÖî�ï
î¤ð+êbáCí�í�ÝÖï=Þ¤êiî¤ð+í�þ=î¤ê�á ø=ö¤à�ö¤ùZáCí�áCà�ê�ã)K~ðSí�þ�á Þ¤î¤ö�ú6Ýòêií�îXß�ê�á í�þ�á û ü êbî�úÖë¤áCà÷í�î�].þ=áCì�Þ¤á2`Xí�þ=á à�ß�ï�í�ÝÖùZá î¤ðSí�þ�áCKAL
ê�î¤úÖë�áDà�õ=î¤ï=áX�0î¤ß=úÖìPúòÝB�¤áCúB<�ß�ê�á�ë¤áCà�<�ì=ÝB�aáCà�áCïxícø=ö¤à�ö¤ùZáCí�áCàcê�áDí�í�ÝÖï=Þ¤ê�õ=ö¤ï=ì¶ö�:�:CáCø=ícö�þ=ÝÖÞ¤þ=áCàcð#ö�ÝÖúÖß=à�á4à�ö�í�á�ã0Ü®î¤à
ö¶ñ=ï�ö�ú«:Cî¤ùZø=ö¤à�ÝÖê�î¤ïSõ@�0á�êbþ=î�� ÝòïNÜpÝÖÞ�ß�à�á�âaã ÿ��¶í�þ=á�à�áDê�ß=úÖí�î¤ðW: þ=ö¤ï=Þ¤Ýòï�Þ¶íA�0î¶î�ð÷í�þ=á�é�ö�êbÝ=:�û ü ø=ö¤à�ö¤ùZáCí�áCà
ê�áDí�í�ÝÖï=Þ¤ê�ã�
iþ=ÝÖê ø�úòî¤í ÝÖêÒö�ë�ö¤à�Ýòö¤í�ÝÖî�ïµî¤ð0ÜpÝÖÞ�ß�à�áZâ®ã ÿaä��#í�î¤ø)�õlÝÖïp�iþ�Ý=: þµí�þ�á�].ø=ö¤í�ÝÖáCï(:CáZð#ö�:Cí�î¤à�`�ÝòêÒê�áDí í�î F �aõ
ö¤ï=ì í�þ�áÆ].éaáCö¤ù.UV�iÝÖì=í�þ(`�ÝÖê êbáCí í�î�ÿ����aã ü ê ì�ÝòêJ:Cß=êbê�áCì áCö¤à�úòÝÖáCà�õaí�þ=áXø=ö¤í�ÝÖáCï!:Cá&ð#ö�:Cí�î�à�:Cî¤ï�í�à�î¤úòê í�þ=á&ïxß=ù&éaáCà
î¤ðpÝÖí�áDà�ö¤í�ÝÖî¤ï=êM�iÝÖí�þ=î¤ß=ícñ=ï=ì�Ýòï�Þ�ö¤ï¶ÝÖùZø=à�î�ë¤áCìPï=îxì=á�í�þ=ö¤íM�iÝòúÖúSí�à�ÝÖÞ¤Þ�áDàcí�áDà�ùZÝòï�ö�í�ÝÖî¤ï¶î¤ðpö�à�áCê�í�ö¤à�í0:�<�:Dúòáxõ=ö�ï�ì
í�þ=á�éaáCö¤ù×�iÝÖì=í�þ¶Ýòêcö�úÖÝÖùZÝòícî�ï¶í�þ=á�ê�ÝBHCá�î¤ðuí�þ=á�ê�áDö¤à�:^þTÃ�ß�áCß=áxãmn÷î�í�þ¶ð�ö�:Cí�î¤à�êcö¤à�áÒêJ:Cö¤úòáDì�é%<�ø=à�î¤é=úÖáCù ê�ÝBHCá�Ô
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ÜpÝÖÞ�ß�à�á�âaã ÿ¤ÿ®æ)L à�î¤é�úòáCù.U.é�<%Uhø=à�î¤é�úòáCùõ:Cî¤ùZø=ö¤à�ÝÖê�î¤ï�éaáCíA�0áDáCï�KAL ê�î¤úòß�í�ÝÖî¤ï�í�ÝÖùZá ö¤ï=ì�í�ÝÖùZá à�á2Ãxß=ÝÖà�áCì�é�<�û ü í�îñ=ï�ì�î¤ø=í�ÝÖùZö�úAë�å®ô×�#í�î¤ø6�õxö¤ï=ì�î¤ø=í�ÝòùZö¤ú6ê�î¤úÖß=í�ÝÖî�ï�ê��#éaî¤í�í�î¤ù4�õ%�¤å�Uhí�ö¤êJ��ø�à�î¤é=úÖáCù�ê�áDíBã
í�þ=áCêbáXö�à�áXí�þ=áXê�áDí�í�ÝÖï=Þ¤ê ß=êbáCì ÝÖï'ö¤úÖúpí�þ=áXû ü à�ß=ï�ê ì�áCê�:Dà�ÝòéaáDì ê�î�ð#ö¤à�ã�
iþ=áXø=úÖî¤í ÝÖï ÜpÝòÞ¤ß=à�áXâaã ÿ���ê�þ�î��iê í�þ�á
ê�ö¤ùZá ø=à�î¤é=úÖáCù�ê�áCí�õ�í�þ=á ê�ö¤ùZá�KALèì=ö¤í�öaõ�é=ß�í��0á þ=ö�ë¤á êbáCí÷í�þ=á ø=ö¤í�ÝòáDï(:Cá ð#öD:Dí�î¤àií�î.�D�Zö�ï�ì�í�þ�á éaáDö�ùï�iÝòì�í�þ
í�î�å��®ã�
iþ=á4ï�ß�ù4éaáCà�î¤ðpø�à�î¤é=úÖáCùZê�ð�î¤àM�iþ=ÝB: þ¶û ü ñ=ï�ì=êcÝÖí�êT].î¤ø=í�ÝÖùZö�úAë�å®ôR`Wê�î¤úÖß=í�Ýòî¤ïPð�ö¤êbí�áCà�í�þ=ö¤ï4KALÙñ=ï=ì�ê
ÝÖí�ê4ê�î¤úÖß=í�Ýòî¤ïNÝÖê�ï�áCö¤à�ú=< ì�î�ß�é=úÖáCìSãO�cî��0áDë�áDà�õ+í�þ�á�ð#ö¤ÝòúÖß=à�á�à�ö¤í�á�ð�î¤à4í�þ�á�û ü ê�î¤úòë¤áCà4ß=ï=ì�áCà�í�þ=áDê�áÐ:Cî¤ï=ì=ÝÖí�Ýòî¤ï=ê
ê�ß�ùZø=êJð�à�î¤ùï�aã F ô)Ýòï�í�þ=áÒî�à�ÝÖÞ¤Ýòï�ö¤ú6ê�áCíií�îZï=áCö¤à�úB<µä å®ô)Ýòï�í�þ=áp].ð#ö�êbí�áDà�`Zê�áCí�ã
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ÜpÝÖÞ�ß�à�á�âaã ÿ��®æOL
à�î¤é=úÖáCù.Uhé%<%Uhø=à�î¤é=úÖáCù :Cî¤ùZø=ö¤à�ÝÖê�î¤ï éaáDíA�0áCáCïiKAL ê�î¤úÖß=í�Ýòî¤ïèí�ÝòùZá�ö¤ï=ìèí�ÝÖùZá�ð#î¤àZû ü í�îµñ=ï�ìî¤ø=í�ÝòùZö¤úAë0åaô)ê�î¤úòß�í�ÝÖî¤ï=êQ��í�î¤ø6�õxö¤ï=ì�î¤ø=í�ÝòùZö¤ú6ê�î¤úÖß=í�ÝÖî�ï�ê��#éaî¤í�í�î¤ù4�õxÿ��Zí�ö¤êJ��ê�õxÿaã ÿZí�ö�êJ��êJZ�é�Ýòìuã
í�þ=áCêbá ö¤úÖÞ�î¤à�ÝÖí�þ�ùZê�õxö¤ï=ì�í�î.:Cî¤ùZø=ö¤à�á í�þ�áCùï�iÝÖí�þ�í�þ=á>KAL ê�î¤úòë¤áCà�ã
Pµá&þ=ö�ë¤á&ï=î¤í�ö¤í�í�áCùZø�í�áDì'í�î�à�áCø=à�îxì=ß!:Cá4û�ö¤ï=ì=þ�î�úÖù4g ê î�à�ÝÖÞ¤Ýòï�ö¤úuá2;xøaáCà�ÝÖùZáCïxí�ê � û=ö¤ï=ì�þ=î¤úòùPõ®ÿ����¤ÿ � õ®ö¤úÖí�þ�î�ß�Þ�þ
í�þ=ö¤í��0î¤ß=úÖìÅ:DáCà�í�ö¤Ýòï�ú=<µéaáWì=áCêbÝòà�ö¤é=úÖá�ã�
iþ�ö�í��0î¤ß�úòìóà�á2Ãxß=ÝÖà�á�ö�:2:DáCê�ê&í�îPþ�Ýòê&í�î�î¤úÖê�õ6:Cîxì=á�õSö¤ï=ìóø=à�î¤é�úòáDù Ýòï!U
ê�í�ö¤ï(:CáDê>=xã

�������@? A ���!+CB)9� �'EDÅ��16�4 �ùaû)�!ü?�Y-�/Mø6 �$)�29e���4-�9�$)��9

K~ïNÜGÝòÞ¤ß=à�áWâaã ÿ¤å4�0áWê�áCáWê�áCö¤à�: þ(UhøaáDà�ð�î¤à�ùZö¤ï(:CáO:Cß�à�ë�áDê4ð#î�à&í�þ�áÐKAL)ê�î¤úÖë¤áCà�õSö¤ï=ìóð�î¤à ü:9 ö¤ï=ìÅK<; üF9 ß�ê�ÝÖï=ÞPö
é=ÝÖì=í�à�áCá ê�î¤à�í�áCìWé%<ZÝÖï(:CàbáCö¤ê�ÝÖï=Þ&é=ÝÖìO:Cî¤ß�ï�í>�#úòö¤éaáCúÖáCì üF9 �#ÝÖï(:�+ö¤ï=ì�K<; ü:9 �#ÝÖï(:���õ�ö¤ï=ìWð#î¤à üF9 ö¤ï=ì�K<; ü:9 ß�ê�ÝÖï=Þ
G<H |M�N�Du�~V�V�{|������������«��|�x �}�{�Vx ��|(�{t�u½x |�y�x �}�{�Vu}yM�Vt����,�Vt�u��Vu½�W���Vu�~Vx ��� �E��~Vu)|��{�³����~V~Vu�|2�V�JI�x |Mz����2yM����|�y�x �Vx �{|0�V�W�Vt���~Vuk�{��|�y
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ÜpÝÖÞ�ß�à�ácâaã ÿ��aæ@L
à�î¤é=úÖáCù.Uhé%<�Uhø�à�î¤é=úÖáCù_:Cî¤ùZø=ö¤à�ÝÖê�î¤ï�éaáCíA�0áCáDïÐKALóí�ÝÖùZácö�ï�ì�í�ÝÖùZácð#î�à0û ü í�î4ñ=ï�ì�î�ø�í�ÝÖùZö¤ú�ë�åaôê�î¤úÖß=í�Ýòî¤ï�ê�õxÿ��DU.í�ö¤ê��xê�õxû ü ø=ö¤à�ö¤ùZáCí�áCà�ê�æuø�ð��N���aõxé%�X��å��®ã
ö é=ÝÖì=í�à�áCá�êbî�à�í�áCì é�<Nì=á2:Dà�áCö¤ê�ÝÖï=Þ é=ÝÖì�:Cî¤ß�ï�íT��úÖö¤éaáCúÖáCì üF9 �#ì=á2:%Jö¤ï�ì�K<; ü:9 ��ì�á2:���ã ü úÖú÷ñ=ë¤á�á2;xøaáCà�ÝÖùZáCïxí�ê
ß=êbáCì�í�þ�á ê�ö¤ùZá�êbáCà�ÝÖáCê÷î¤ð�ä����&àbö�ï�ì=î¤ùZú=<%UhÞ¤áCï�áCà�ö¤í�áDì�ø=à�î¤é=úÖáCùZê\ã�çuúòáDö�àbú=<�õ�í�þ=á ü:9 ö¤ï=ì�K<; ü:9 øaáDà�ð�î¤à�ù ù4ß(: þ
éaáCí�í�áCà�õ��iÝÖí�þ�úòî��0áDà÷ë�ö�à�ÝÖö¤é=ÝÖúòÝÖíA<�õ�ÝÖð+í�þ=á é=Ýòì�í�àbáCá ÝÖê�:Cî¤ï=êbí�à�ß!:Cí�áCì�ê�í�ö¤à�í�Ýòï�ÞQ�iÝÖí�þ�í�þ=á í�ö¤ê���þ�ö�ë�ÝÖï=ÞXí�þ=á úÖö¤à�Þ¤áCê�í
ïxß=ù4éaáDàiî¤ðSé�Ýòì�ê>Nxã
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IP
logN(519.3,0.83)

A*(inc)
logN(481.9,6.94)

IDA*(inc)
logN(1391.7,7.02)

A*(dec)
logN(24.5,1.97)

IDA*(dec)
logN(47.0,1.96)

ÜpÝÖÞ�ß�à�á&âaã ÿ¤åaæ�LpáCà�ð#î�à�ùZö¤ï!:Cá&î¤ð üF9 õ�K<; ü:9 õaö�ï�ìSKAL ê�áDö¤à�:^þi�#�¤åWí�ö¤ê���ê\õpä¤ä¤äÒé�Ýòì�ê�m�iÝÖí�þ é=ÝÖì'í�à�áDá&ê�î¤à�í�áCì'é�<ÝÖï(:Cà�áDö�êbÝòï�Þ é=ÝÖìQ:Cî¤ß=ïxí0� üF9 �#Ýòï!:�®ö¤ï=ìQK<; üF9 �#ÝÖï(:���õ�ö¤ï=ìXé�<�ì=á2:Dà�áCö¤ê�ÝÖï=Þ é=ÝÖìQ:Dî�ß�ï�í�� üF9 �#ì=á2:%®ö¤ï=ìQK<; üF9 �#ì=á2:%��ã
í�î��Ç�0á4ê�áCá4Þ¤à�ö�ø�þ=ÝB:Cö¤úòúB<�í�þ=á4ÝòùZø�öD:Dícî¤ðpí�þ=á4úÖî��0áCàcé�à�ö¤ï(:^þ�Ýòï�Þ�ð�ö�:Cí�î¤àcÝÖï=ì�ß(:CáDì¶é%<�í�þ�á�ì�á2:Cà�áCö¤êbÝòï�Þ�ê�î¤à�ícî�ð
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í�þ=áXé=ÝÖì=í�à�áCáxã�PµáY:Cö¤ï ß�ê�áXö¤ï ö�ø�ø=à�î�;xÝòùZö¤í�Ýòî¤ïp�xï=î��iï ö¤ê í�þ=á4Î�b�Î�®k¯V°ÍækÎOÞ�¨}¦?!®k¥?°#dc�ª�¦?®�¯d±?¨XÀ,eXí�î�Ãxß=ö¤ïxí�ÝÖðÍ<
í�þ=á�ì=ÝB�aáCà�áDï(:Cáxã6K~ð.f ÝÖê0í�þ�ácí�î¤í�ö�únï�ß�ù4éaáCà�î¤ð6ï=îxì=áCê�Þ¤áCï�áCà�ö¤í�áDìWö�ï�ìhg ÝÖê�í�þ�ácì�áCø=í�þWî¤ð6í�þ=á�ê�î¤úòß�í�ÝÖî¤ïWð�î¤ß�ï=ìSõ
í�þ=áCïóí�þ=áWá2�aá2:Dí�ÝÖë¤á�é�à�ö¤ï(:^þ�Ýòï�ÞPð�ö�:Cí�î¤à>À�e�ÝÖê4í�þ=áWé=à�ö¤ï!:^þ=ÝÖï=Þ'ð�ö�:Cí�î�à&í�þ=ö¤í4öPß=ï�Ýòð#î¤à�ù í�à�áCáWî�ðií�þ=áWì=áCø�í�þ0g
�0î¤ß=úÖì�þ=ö�ë¤á�ÝÖï�î�à�ì�áCà�í�îQ:Cî¤ïxí�ö¤ÝÖïhf�ï�î�ì�áCê�ã)PµáR:Dö�ï�ö¤ø=ø=à�î�;xÝÖùZö�í�á í�þ�Ýòê÷Þ¤Ýòë¤áDïWí�þ=ö¤íW�0áC��ï�î��Ùí�þ=á�ì�áCø=í�þ�î�ð
í�þ=áÒé�à�ö�ï!:^þ�î¤ðuí�þ�áÒí�à�áDáÒí�þ=ö¤íiÝÖï(:Dúòß�ì=áCêJí�þ=á�ê�î¤úòß�í�ÝÖî¤ïSãw
iþ=ÝÖêJÝÖêJê�ÝÖùZø=úB<Wî¤ï=á�ùZî�à�á�í�þ�ö�ï¶í�þ�áÒï�ß�ù4éaáCàJî¤ðué�Ýòì�ê
ÝÖïKí�þ=á�ê�î¤úòß�í�Ýòî¤ïSõ+ê�ÝÖï(:Dá�í�þ=á�à�î�î¤í�ï=îxì=áÐ:Cî¤ï�í�ö¤ÝÖï=ê4ï=î¶é=ÝÖì=ê\õ6ö¤ï=ìNáCö�:^þNá2;xø=ö¤ï=êbÝòî¤ïNö�ì�ì=ê4ö¶é=ÝÖìKí�î¶ö¶ø=ö¤à�í�Ýòö¤ú
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2.43 tasks/bid
LN(21921.2,7.76)

3.81 tasks/bid
LN(1299.1,5.38)
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uö�é�úòá�â®ãÖä��&ê�þ=î��iêÒí�þ=áZð#ö�:Cí�î�à�ê�ÝòïKí�þ�á
úÖáCð�í�:Dî�úÖß=ùZïuõxö�ï�ì�à�áCêbß=úÖí�êJð�î¤àií�þ=á�].à�ö���`�ï�ß=ù&éaáCà�ê�õxð#î�àJöZï=î¤à�ùZö�úÖÝBHCáCì�ë¤áCà�ê�ÝÖî¤ï�í�ÝÖí�úÖáCìè]dícî¤à�ù ä�`4�#�iþ=ÝB:^þ�î�ð
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fanin=1.74,bs=2.65
LN(1975.4,9.85)

fanin=1.74,bs=16.0
LN(15.9,0.55)

fanin=1.37,bs=11.9
LN(22.9,0.63)

fanin=.961,bs=6.22
LN(73.5,1.93)

fanin=.489,bs=2.01
LN(504.6,6.74)

ÜpÝÖÞ�ß�à�á âaã �®ä¤æiç0é=êbáCà�ë¤áCì�ö¤ï�ì�ÝÖï=ð�áDà�à�áCì�à�ß�ï�í�ÝÖùZá ì=ÝÖê�í�à�ÝÖé=ß=í�ÝÖî¤ï=ê÷ð#î¤à÷í�þ�áCK<; ü:9 ê�î¤úÖë�áDà÷ö�:Cà�î¤ê�ê÷öXà�ö¤ï=Þ¤á î¤ðSí�ö¤ê��ï=áDíA�0î�à��O:Dî�ùZø�úòá�;�ÝÖíA<Wë�ö¤úòß�áCê�ã
:Cî¤ß=à�êbáJî�ùZÝÖí�ê
í�þ�áb]^ä�`�ð�ö�:Cí�î¤à�nö¤ï=ì�ð�î¤à
öÒï�î�à�ùZö¤úÖÝ=HDáCì�ë¤áCà�ê�ÝÖî¤ï�í�ÝÖí�úòáDìi]dícî¤à�ù ÿD`�í�þ=ö¤í î¤ùZÝòí�ê
í�þ=áJíA�0î�ð�ö�:Cí�î¤à�ê
� â%¯V® ö¤ï=ì�úòî¤Þ Û � â%¯V®¤ã


Sö¤é=úÖáÒâ®ãÖä��¤æ)K<; ü:9 à�áCÞ¤à�áCêbê�ÝÖî�ï�ð�ö�:Cí�î¤à�êiö¤ï�ì�à�áCêbß=úÖí�êið�î¤àJà�ö�� ö¤ï=ì�ï�î¤à�ùZö�úÖÝBHCáCì�ì=ö¤í�öaã
Ü®ö�:Cí�î¤à �Jö�� ícî¤à�ù ä í�î�à�ùzÿ

í�ö¤ê��O:Dî�ß�ï�íQ¯V® UV�aã â��¤å U ä�ã ÿ¤ÿ¤å U.ÿ®ã �¤âé=ÝÖì�:Dî�ß�ï�íQÞ�® �aã ����� F �aã F �¤ÿ �aã F ���é�Ýòì�ê�ÝBHCáOÞkÏ UV�aã �¤å F Ud�®ã ÿ�� G UV�aã ÿ¤å��
¯V®Dâ%Þ�Ï ä¤ã ��å �aã â G å �aã â G åð�ö¤ï!UhÝòï � U^ä å®ã � Ud�®ã âaä�� UV�aã G�F â
� â�¯d® U^ä¤ä�ã � Ud�®ã ������å
� w�¯V® �aã ��� F �aã G � F ä¤ã G �

� â6úòî¤Þ Û ¯V® UV�¤å®ã â Ud�®ã ��� F UV�aã å F åúÖî¤Þ Û � â�¯d® Uhÿ���ã � Ud�®ã �¤â¤ÿ®äúÖî¤Þ Û � w�¯V® �aã � F â �aã=� G â �aãB�����ä ���aãòä
j �aãÖä F�G �aã �D� F �¤å �aã ����� â F

çuî¤ùZø=ö¤à�á4í�þ=áDê�á4à�áCêbß=úÖí�êC�iÝòí�þ4
uö¤é=úÖá4âaã=�¤ãJÜ�ö¤ï!UhÝòï'à�áCùZö¤Ýòï�ê�öWï=áDÞ�ö¤í�Ýòë¤á&ð�ö�:Cí�î¤à�õ�é=ß�ícì�î�áDê�ï6g í�ì=î¤ùZÝòï�ö�í�á&í�þ�á
ð�î¤à�ù4ß�úòöZö¤êJÝòíiì=ÝÖì��iÝÖí�þ�í�þ=á>KALèì�ö¤í�öaãuö¤ï=ì�í�þ�á áCà�àbî�àiÝÖêià�áDùZö�à���ö¤é�ú=<WúÖî��4ã ü ê0�0ö�êJí�þ=á�:Dö�êbá��iÝÖí�þ�í�þ=á ì�ö�í�ö
ÝÖï�û=á�:Cí�Ýòî¤ï¶â®ã ÿaã åaõ�í�þ=á�í�ö¤ê���ï=áDíA�0î�àJ�O:Dî�ùZø�úòá�;�ÝÖíA<��0ö�êcà�áCúÖö¤í�ÝÖë¤áCúB<O:Dî�ï�ê�í�ö¤ï�íJð�î¤àJí�þ=á�í�ö¤ê��%UV:Cî¤ß�ï�í�õ�é=ÝÖì(Ud:Cî¤ß=ï�í�õ
ö¤ï=ìÙé=ÝÖì(UhêbÝ=HDáPá2;xøaáCàbÝòùZáCïxí�ê�õ÷ö�ï�ìýêbîóí�þ=áCê�á'ïxß=ù4éaáDà�êO:Dî�ß�úòìÙø=à�áDê�ß=ùZö¤é�ú=<èéaá'ÝòùZø�à�î�ë¤áCìÓ�iÝòí�þÙö¤ì=ì=ÝÖí�Ýòî¤ï=ö¤ú
á2;xøaáCà�ÝÖùZáCïxíiê�áCí�ê�ã
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:Cà�áDö�êbÝòï�Þ�ê�î¤à�í�õnî¤ïµí�þ=á.��å�Uhí�ö¤ê��6õ ä¤ä¤ä�Uhé=ÝÖìµø=à�î¤é=úÖáCù ê�áCí ð#à�î¤ù û�á2:Cí�Ýòî¤ïµâaã �®ã �aã�
÷þ�ÝòêÒÝÖêÒí�þ�áXúÖö¤à�Þ¤áCê�í ø�à�î¤é=úÖáCù
ê�ÝBHCá�ð�î¤à>�iþ=ÝB:^þKí�þ=á ü:9 ùZáCùZî¤à�<'úòÝÖùZÝÖí�ö¤í�Ýòî¤ïKì=îxáCê�ï=î¤í�:Dö¤ß=ê�á�ê�áCà�ÝÖî¤ß=êÒø�à�î¤é=úÖáCùZê�ãYPµá.:Cö¤ïKê�áCá�í�þ�ö�íÒí�þ=áDà�á
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iþ=á&î�ï�á4î¤ß=í�úÖÝòáDàR�0ö¤ê ö¤ï
î¤ß=í�úòÝÖáCàJð�î¤àiéaî¤í�þ�ùZáDí�þ�î�ì�ê�õxö¤ï=ì üF9 Þ¤áDï=áCà�ö¤úÖú=<WéaáDö�í�ê0K<; ü:9 é�<Wö¤éaî¤ß=íiöZð�ö�:Dí�î¤àiî¤ðuÿaã
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ÜpÝÖÞ�ß�à�á4âaã ��ÿaæWL àbî�é�úòáDù.Uhé�<%Uhø=à�î¤é�úòáCùñ:Cî¤ùZø=ö¤à�Ýòêbî¤ïPî¤ð ü:9 ö�ï�ì4K<; üF9 à�ß=ï!Uhí�ÝòùZáDê�ð�à�î¤ùò�¤å�Uhí�ö�êJ�lõpä¤ä�ä�Uhé�Ýòì'ê�áCíî¤ðSû�á2:Cí�ÝÖî�ï�âaã �®ã �aã
K~ï�ÜpÝòÞ¤ß=àbá�âaã �D�aõ��0á ê�áCá í�þ�á à�áCúòö¤í�ÝÖë�á øaáDà�ð�î¤à�ùZö¤ï(:Cá î¤ð+í�þ�áRKAL êbî¤úòë¤áCà÷ö�ï�ì�í�þ�áRK<; üF9 ê�î¤úòë¤áCà÷î¤ïWí�þ=á å���Uhí�ö�êJ�lõ
ä â��DU.é=Ýòì�ê�áCí÷ð�àbî�ù û=á�:Cí�Ýòî¤ï�âaã �aã �aã ü ê��0ö¤ê÷í�þ�áC:Cö¤ê�á ð#î¤à÷í�þ�áCKAL êbî�úÖë¤áCà÷ö¤ï=ì�í�þ�á û ü ê�î¤úòë¤áCà÷ÝÖï�û�á2:Cí�Ýòî¤ï�â®ã �aã åaõ
í�þ=áCà�á�ÝÖê�ëxÝòà�í�ß=ö¤úÖú=< ï�îT:Cî¤à�à�áCúÖö¤í�ÝÖî¤ïNéaáCíA�0áCáDïKí�þ=á�à�ß=ïxí�ÝÖùZáCê4î¤ð�í�þ�á�íA�0î¶êbî�úÖë¤áCà�ê�ãÐ
iþ�áfK<; üF9 êbî�úÖë¤áCà�ÝÖê4í�þ�á
:CúÖáCö¤à��iÝÖï=ï=áDàiÝÖï�ö¤úÖùZî�êbíiö¤úòúE:Dö�êbáCê�õ%�iÝÖí�þ�î¤ï=áÒì=à�ö¤ùZö¤í�ÝB:Òá2;�:DáCø=í�ÝÖî�ïuã
n÷áCð�î¤à�áC�0á�úÖáCö�ë¤áC�iÝòí�þ�í�þ=á ÝòùZø�à�áCê�êbÝòî¤ï�í�þ�ö�í�K<; ü:9 Ýòê÷ö&ð�ö¤êbí�áDà�ê�áDö�à�: þ�ùZáCí�þ�î�ì�í�þ=ö¤ï�KAL ð�î¤à�í�þ=áCh ü Ý�íMl«

�iÝÖï=ï=áDà�Uhì=áCí�áCà�ùZÝÖï=ö¤í�ÝÖî�ï�ø=àbî�é�úòáDùPõ���á ï=áDáCì�í�îZà�á2:Dö¤úòú6í�þ=áÒà�áCê�ß�úòí�êiî¤ï�í�þ�á í�ö¤ê��Wï=áCíA�0î¤à��O:Cî¤ùZø=úÖá2;xÝÖíA<Wá2;�ønáCà�U
ÝÖùZáCï�í�ê�ãOK~ïNÜpÝòÞ¤ß=àbá�âaã �D�aõ@�0á�ê�áDá�í�þ=á�á2;xí�à�áDùZáf:Dö�êbáCê4ÝòïNí�þ=ÝÖê�á�;�øaáDà�ÝòùZáDï�í�ãÐK~ïNí�þ=á�úòáDð�í�ø�úòî¤í�õ@�0á�êbáCá�í�þ�á
Þ¤áCï=áDà�ö¤úòúB<Wð#ö¤ê�í�áCàJøaáCà�ð#î�à�ùZö¤ï!:CáÒö¤ï=ì�ù&ß(:^þ¶úòî��0áDàJë�ö¤à�Ýòö¤é=ÝÖúÖÝòíA<�î¤ðuí�þ=á>KALýê�î¤úÖë�áDàJð�î¤àJí�þ�áÒúÖî���U.ð�ö¤ï(UhÝÖï�ø�à�î¤é=úÖáCù
ê�áDíBãJÜ®î¤à�øaî¤ÝÖï�í�ê�ø�úòî¤í�í�áCì'ö�énî�ë�á&í�þ=á>�i���PúòÝÖï=áxõ!KALÙ��ö�ê ð�ö¤ê�í�áCà\ã�
iþ�á�K<; üF9 êbî�úÖë¤áCàR��î�ß�úòìS:CúÖáCö¤à�úB<�ï�î¤í�éaá
í�þ=áZéaáCê�í�: þ=î¤ÝB:CáZð�î¤à í�þ=áDê�áZø=à�î¤é=úÖáCùZê�õláCë¤áCïµí�þ�î�ß�Þ¤þ ÝÖí ì=îxáCê>�iÝÖïSõnêbî�ùZáDí�ÝÖùZáCêÒé�<PùZî¤à�áZí�þ=ö¤ï ö¤ïµî¤à�ì=áCàÒî�ð
ùZö¤Þ¤ï=Ýòí�ß�ì=á�õlÝÖï ö¤éaî¤ß=íÒö�í�þ=ÝÖà�ìµî¤ð0í�þ�áY:Dö�êbáCê�ã�ç�ïµí�þ�áZî�í�þ=áDà þ�ö�ï�ìSõlí�þ�áXàbÝòÞ¤þxí ø=úÖî¤í î¤ð0ÜpÝòÞ¤ß�à�áXâaã ����ê�þ�î��iê
í�þ=áÒî¤í�þ�áCàJá2;�í�à�áDùXáxã½�cáDà�á�õxí�þ=áDà�á ö¤à�áÒï=îf:Cö¤ê�áCê0�iþ=áDà�á>KALq�iÝòï�ê�õxö¤ï�ì�ÝÖï�ð�ö�:CíJí�þ�áC�a����úÖÝÖï=áÒÝòê0:Dî�ùZø�úòáDí�áDú=<
ö¤éaî�ë¤á í�þ=áÒö¤à�áCöZî¤ðSí�þ=áÒø=úÖî¤íBã
ü ê ö�ñ=ï�ö¤úuêbö�ï�ÝòíA<T: þ=á2:��lõ��0áXà�ß=ï'î¤ß�à ø=à�áCì�Ý=:Dí�ÝÖî¤ï=ê î�ï íA�0î�ø=à�î¤é=úÖáCùZê í�þ=ö¤íC�0áCà�á&ö¤éaî¤à�í�áCì éaá2:Cö¤ß=êbá&ÝÖíC�0ö¤ê
:CúÖáCö¤à�í�þ�á2<Æ�0î¤ß�úòìèï�î¤íZñ=ï�ÝòêbþèÝòïèöKà�áCö¤ê�î¤ï=ö¤é�úòá�í�ÝÖùZá�ã�
iþ�á�ñ=à�ê�í�Ýòê�í�þ=á�í�ÝÖùZá�ð�î¤à�í�þ�ábKAL êbî�úÖë¤áCà�î¤ïèí�þ�á
ñ=ð#í�þ ø�à�î�é�úòáDù ÝÖïS
uö¤é=úÖáXâ®ãÖä â®ã���ê�ÝÖï=Þ�í�þ=á�].à�ö���`�:Cîxá2�.:CÝÖáCïxí�ê ð#à�î¤ùñ
uö�é�úòáXâaã=�¤õ³�0á&Þ¤áCí ö G åaô_:Cî¤ï=ñ=ì�áCï(:Dá
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ÜpÝÖÞ�ß�à�áXâ®ã ���aæ�L
à�î¤é=úÖáCù.Uhé%<%Uhø=à�î¤é=úÖáCùË:Cî¤ùZø=ö¤à�ÝÖê�î¤ï î¤ð«KAL ö¤ï=ìpK<; ü:9 à�ß�ï(Uhí�ÝÖùZáCê ð�à�î¤ù åD��Uhí�ö¤ê��6õGä â��DU.é=ÝÖì ê�áCíî¤ð û=á2:Cí�ÝÖî¤ïPâaã �aã �aã0Lpî¤ÝÖï�í�ê ö¤éaî�ë¤á4í�þ=áX�i���PúòÝÖï=á&ö¤à�á4ø�à�î¤é=úÖáCùZê ð�î¤àR�iþ=ÝB: þPí�þ=áQKAL ê�î¤úÖë¤áCàR�0ö¤ê ð�ö¤ê�í�áCà í�þ�ö¤ïí�þ=á>K<; ü:9 ê�î¤úòë¤áCà�ã
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IP search time (msec)ÜpÝÖÞ�ß�à�á&âaã ���aæ�l«;�í�à�áCùZá&á2;xö¤ùZø=úÖáCê î¤ðmKAL ë�ê�ãRK<; ü:9 øaáDà�ð�î¤à�ùZö¤ï(:CáQ:Dî�ùZø�ö¤à�Ýòêbî�ï�ê�õ��¤å�í�ö¤ê��xê�õGä�ä¤ä�é=ÝÖì=ê�æ÷ð#ö�ï!UÝÖï6�N�aã � G õ�é=Ýòì!Uhê�ÝBHCá%�0ÿaã �S��úÖáCð#ík�Ôxð�ö¤ï!UhÝòï)� ä¤ãB��õ�é=ÝÖì(Uhê�ÝBHCá%� ä â4�#à�ÝòÞ¤þxík�ã
î¤ð
ñ=ï=ÝÖê�þ�Ýòï�Þ�ö�êbÝòï�Þ�úÖáXø=à�î¤é=úÖáCù Ýòï�ê�í�ö¤ï(:CáXÝÖïp�(·�ä¤ä wxä��*�XùZê�á�:�õaî¤à ö�éaî¤ß�í�ä¤ä�����þ=î¤ß=à�ê�ã�
iþ=áXêbá2:Cî¤ï=ìp�0ö¤ê ö¤ï
ö¤í�í�áCùZø�íJí�î�à�ß�ï�í�þ=áXK<; üF9 ê�î¤úòë¤áCàcî¤ï¶ö�ø=à�î¤é=úÖáCù	�iÝòí�þ\¯V®�� ä�����í�ö¤ê��xê�õ)ÞJ®Q� G ����é=ÝÖì=ê\õ�é=ÝÖì¶ê�ÝBHCá�ÞkÏ��èÿ�âaõ
ð�ö¤ï�Ýòï � � äe· ÿ G ã)
iþ=áÒø=à�áDì=ÝB:Cí�áCì G åaô :Dî�ï�ñ=ì=áDï(:CáÒà�ß=ïxí�ÝòùZáÒÝòê&äe· ÿ¤å2w�ä�� µ#Ú ùZêbá2:�õxùZî¤à�á í�þ=ö¤ïóä�� Ø <¤áCö¤à�ê\ã

�	��� �&46���	�31`�+���a5.���3�,�	���#'	�,�����a5.��' �+7����`����������58��46��	��'	�	7����	�

í�î��Tí�þ=ö¤í>�0á�þ=ö�ë¤á�à�áCÞ¤à�áCê�êbÝòî¤ïKð�î¤à�ù4ß�úòö¤ê�í�þ�ö¤íÒì=áCêJ:Cà�ÝÖéaáZí�þ=á�øaáCà�ð#î¤à�ùZö�ï!:Cá�î¤ð0í�þ=áfKAL ö¤ï=ìaK<; ü:9 ê�î¤úÖë¤áCà�ê�õ
í�þ=áXï=á2;xíCÃ�ß�áCê�í�ÝÖî�ï ÝÖê þ=î��2í�þ�á&ö¤Þ¤áCïxí ê�þ=î¤ß=úÖì éaáCê�í ß�ê�á&í�þ=áDùPã Ü�àbî�ù í�þ�á&ì=ö¤í�ö��0áXþ=ö�ë¤á&ì�áCë¤áCúÖî�øaáDì'þ�áCà�á�õ
ÝÖíXê�áDáCùZêZí�þ=ö¤íXí�þ=áDà�á�ö¤à�á�ö�íZúòáDö¤ê�íXíA�0îµì=á�:CÝÖê�ÝÖî�ï�êZí�þ�á�ö¤Þ�áDï�íZù4ß=êbíXùZö��¤á�ãÅ
÷þ�á�ñ=à�êbíXÝÖêZì=á2:DÝòì�Ýòï�Þp�iþ=ÝB: þ
ê�áDö�à�: þµùZáCí�þ=îxìµí�î�ß=ê�áxõnö¤ï=ìµí�þ=áZê�á�:Cî¤ï=ìµÝÖê>:Cö¤úòÝÖé=à�ö¤í�Ýòï�Þ�ÝÖí�êÒø=úÖö�í�ð�î¤à�ù í�î�:Cî¤ïxë�áDà�í í�þ=áZê�áDö�à�: þ�:Cî¤ùZø=úÖá2;xÝòíA<

ä¤ä��



ø=à�áDì=ÝB:Cí�Ýòî¤ï=êJí�îZö�:Cí�ß=ö¤ú6à�ß=ïxí�ÝÖùZáCê\ã
ç0ß�à0ì=ö¤í�ö4ê�þ=î��iê0í�þ�ö�í0ð#î�à0ùZî¤êbí
î¤ð6í�þ�ácá2;xøaáCà�ÝÖùZáCïxí�ö¤ú�:Cî¤ï=ì�Ýòí�ÝÖî¤ï=êN�0á�ß=ê�áDìSõ¤í�þ=áRK<; ü:9 ê�áCö¤à�: þÐ�0ö¤ê0í�þ=á�éaáCê�í
øaáCà�ð#î¤à�ùZáCà>� ü:9 ð�î¤à�ê�ùZö¤úòúÖáCà�ø=à�î¤é=úÖáCùZê�ÝÖð6ê�ß!�.:CÝÖáCï�í�ùZáCùZî¤à�<ZÝÖê�ö�ë�ö¤ÝòúÖö¤é=úÖá��ã6��î��0áCë¤áCà�õ�í�þ=á�à�áDê�ß=úÖí�ê�ð�à�î¤ù�í�þ�á
ï=áDíA�0î�à���:Cî¤ùZø=úÖá2;�ÝÖíA<�á2;xøaáCà�ÝÖùZáCïxíJì=áDùXî¤ï�ê�í�à�ö�í�á�í�þ=ö¤íJí�þ=áCà�á�ö¤à�áÒêbî�ùZá�ø=à�î¤é=úÖáCù ø=à�î¤ñ=úÖáCêcð�î¤à0�iþ�Ý=: þ¶í�þ�á>KAL
ê�î¤úÖë�áDàÒÝÖêÒí�þ=áZéaáDí�í�áCà�øaáCà�ð�î¤à�ùZáDà�ãQK~ð0í�þ=á�ö�Þ¤áDï�íÒÝÖêÒö¤é=úÖáZí�î�ö�:2:Cî¤ùZî�ì�ö¤í�á�í�þ�áZúÖÝòùZÝÖí�ö�í�ÝÖî¤ï=ê�î�ð�í�þ=á.KAL ê�î¤úÖë¤áCà
�#ð�î¤àÒá�;�ö¤ùZø=úÖá�õ6ï=î¤íÒéaáCÝÖï=Þ�ö¤é=úÖá�í�î�î¤ø�í�ÝÖùZÝ=HDáZí�þ�áZì=ÝÖê�í�à�ÝÖé=ß=í�ÝÖî¤ïµî¤ð�ê�úÖö�:��'ÝÖïµí�þ=á�ê�: þ=áCì�ß=úÖá��õlí�þ=áCïKð�î¤àÒí�þ�î�êbá
ø=à�î¤é�úòáCùZê í�þ=áYKAL ê�î¤úÖë�áDà ÝÖêC:DúòáDö�àbú=<¶í�þ=áXéaáCêbíC:^þ=î¤ÝB:Cá�ã�
iþ=áXì=á2:DÝòêbÝòî¤ïp�0î¤ß=úÖì éaá&ì�à�Ýòë¤áCï é%<¶ùZáCö¤ê�ß=à�ÝÖï=Þ�ö�ï�ì
áCêbí�ÝÖùZö¤í�ÝÖï=Þ�í�þ=ácø=à�î¤é=úÖáCù.UhêbÝ=HDáJø=ö¤à�ö¤ùZáCí�áCà�ê�õ¤ö¤ï=ì�í�þ�áCï�êbî�úÖë�ÝÖï=Þ�énî�í�þ�î¤ðlí�þ�áJáCùZø�Ýòà�ÝB:Cö¤ú®à�ß=ïxí�ÝÖùZáJð#î¤à�ù4ß=úÖö¤ê�ã6K~ð
î¤ï=áiÝÖêGø�à�áCì=ÝB:Cí�áCìZí�î éaáiê�ß�é=ê�í�ö¤ïxí�ÝÖö¤úòúB<4ð#ö�êbí�áDàM�#ùZî¤à�áií�þ�ö¤ïXöÒð�ö�:Cí�î¤àGî¤ð��aõ\ð#î�à á2;xö¤ùZø=úÖá�aí�þ=ö¤ïZí�þ=áiî�í�þ�áCà�õ\í�þ=áDï
ÝÖí êbþ=î¤ß=úÖìµéaá�ß=ê�áDìSãQK~ð�í�þ�á2<'ö�à�á�ï=áCö¤à�úB<'Ýòì=áDï�í�ÝB:Cö¤ú:õ6í�þ�áCïµì�î¤ß=é=úÖÝòï�Þ�í�þ�áZí�ÝòùZá�ö¤ï=ìµà�ß�ï=ï�Ýòï=Þ�éaî¤í�þµî¤ð�í�þ�áCù
ÝÖï�ø�ö�à�ö¤úÖúòáDú,:Cö¤ï�à�áCì=ß!:Cá í�þ=á ß=ï!:CáCà�í�ö¤ÝòïxíA<�õxì=ß=á í�îXí�þ�á úÖö�:���î¤ð6:Cî¤à�à�áCúÖö¤í�ÝÖî¤ï�ÝÖï�í�þ=áCÝÖà÷øaáDà�ð�î¤à�ùZö¤ï(:Cá à�áCêbß=úÖí�êiî¤ï
ÝÖï=ì=ÝÖëxÝòì=ß�ö¤ú6ø=à�î¤é=úÖáCùZê�ã

iþ=á
î�éxëxÝòî¤ß=ê6�0ö�< í�îJö¤ì=ì�à�áCê�êSí�þ�ám:Cö¤úÖÝÖé=à�ö¤í�ÝÖî¤ïÒø�à�î¤é=úÖáCù ÝÖê+ð�î¤à+í�þ=á
ö¤Þ�áDï�í+í�îJí�áDê�í+Ýòí�ê6:Cî¤ùZø=ß=í�ÝÖï=ÞJáCïxë�ÝÖà�î¤ï=ùZáDï�í
�iþ=áDï�ÝÖí
ê�í�ö¤à�í�ê
ß�øSõ¤ùZáCö¤ê�ß=à�ÝÖï=Þ4Ýòí�ê0øaáCà�ð#î�à�ùZö¤ï(:DáJö¤Þ¤ö¤Ýòï�ê�í
ö�éaáDï(: þ=ùZö¤à��lã6
iþ=ácéaáCï!:^þ�ùZö�à��Xêbþ=î¤ß=úÖì�énáJö�à�ß�ï
î¤ðní�þ=áM�iÝÖï=ï=áDà�Uhì=áCí�áCà�ùZÝÖï=ö¤í�ÝÖî�ï�ê�î¤úÖë¤áCà
î¤ï�ö�ê�ö¤ùZø=úÖáJø�à�î�é�úòáDùPõ�à�ö¤í�þ=áDà
í�þ�ö¤ï�ê�î¤ùZácê�ÝÖùZø=úÖáJúÖî�î¤ø�í�áCê�í�õ¤éaá2:Cö¤ß=êbá
:Cî¤ùZø=ß�í�ÝÖï=Þ�ø=úÖö�í�ð#î�à�ùZê ë�ö¤à�<¶ÝÖï'ønáCà�ð�î¤à�ùZö¤ï(:CáXö¤úÖî�ï�Þ�ùZö¤ï�<¶ì�ÝòùZáCï�ê�ÝÖî¤ï=ê�ã�Pµá&þ�ö�ë�áXï=î¤í ÝÖùZø=úÖáCùZáCïxí�áCì í�þ=ÝÖê
éaáCþ�ö�ë�ÝÖî¤à�<¤áCí�õxö¤ï=ì�í�þ�áCà�á à�áDùZö�ÝÖï�ùZö¤ï�<Wß=ï�ö�ï�ê��0áCàbáCì�Ãxß=áDê�í�Ýòî¤ï=êJà�áCúÖö¤í�áDì�í�îZí�þ=ÝÖêiá�;�áDà�:CÝÖê�á�æ

o ç�ïPùXö�: þ=ÝÖï=áCêC�÷ÝÖí�þPúòÝÖùZÝÖí�áDìPùZáCùZî¤à�<�î¤àR:Cî¤ï�í�áCïxí�Ýòî¤ïPð#à�î¤ù î¤í�þ=áCà�ø=à�î%:CáDê�ê�áDê�õ�í�þ�á4í�ÝÖùZÝÖï=ÞWî�ðGöWê�ÝÖï=Þ¤úÖá
í�à�Ýòö¤ú÷énáCï(: þ=ùZö¤à��Å:Cö¤ï éaá�ö¤úÖùZî¤ê�íXùZáCö¤ï�Ýòï�Þ�úÖáCêbê�õGì=áCønáCï=ì=ÝÖï=Þµî�ï\�iþ�ö�íXáDúòêbá���ö�êZþ�ö�ø�øaáCï=ÝÖï=Þµö�íZí�þ�á
í�ÝòùZáxõxî�à0�iþ=ö¤íiáCúÖê�áÒùZÝòÞ¤þ�íJéaá þ�ö�ø�øaáCï=ÝÖï=Þ.�iþ�áCï�í�þ�á ï�áCáCì�ö�à�ÝÖê�áDêií�îZáCë�ö¤úÖß=ö¤í�á öZà�áDö�ú6êbáCíiî¤ðSé�Ýòì�ê�ã

o n÷á2:Cö¤ß=êbá0î¤ð=ëxÝÖà�í�ß�ö¤ú�ùZáDùZî�àJ< á��aá2:Cí�ê�õ�ö�ï�ì4éaá�:Cö¤ß=ê�á�î¤ð�{�ö�ë\öM:Dúòö¤ê�êpúÖî�ö¤ì=ÝÖï=Þ ö�ï�ì�ê�ß=ê�í�UhÝÖï(Uhí�ÝÖùZáN:Dî�ùZø�ÝòúÖÝÖï=Þ
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þxß=ï=ì�à�áCì=ê�î�ð à�ß=ï�ê�õ
éaá2:Cö¤ß=êbáb�0á¶ß=ê�áDìèöKì=áCì�Ý=:Dö�í�áCì ùZö�:^þ�Ýòï�áb�iÝÖí�þ ö¤ùZø=úÖá�ùZáCùZî¤à�<�õ
ö¤ï=ì éaá2:Cö¤ß=êbá
î¤øaáCà�ö¤í�Ýòï�ÞWê�<�êbí�áCù î�ø�í�ÝÖùZÝBHCö¤í�ÝÖî¤ï=ê ë�ÝÖà�í�ß=ö¤úÖú=<�áCúÖÝòùZÝÖï=ö¤í�áCì'í�þ�á4ï=áCáDìPí�î�àbáCö¤ì4:Cîxì=á4ð#à�î�ù ì�ÝòêJ��ÝÖïPùZî¤ê�í
:Cö¤ê�áDê�ã+Ü®î¤àGá2;xö¤ùZø=úÖá�õ�ö�úÖí�þ=î¤ß=Þ¤þZí�þ=áCà�á��0ö¤ê ø=àbî�:CáDê�ê ê�áCí�Uhß�øZî�ë�áDà�þ=áCö¤ìZÝÖïZî�ß�àGí�à�ÝÖö¤úòê ß�ê�ÝÖï=Þ í�þ=áiá�;�í�áCà�ï=ö¤ú
��� �C������� ø=à�î%:CáCê�ê\õ�í�þ=á÷ì�ÝòêJ�X:Cö�: þ=á÷éaáCþ�ö�ë�ÝÖî¤àw�0ö�ê ö�é�úòá÷í�î áCúÖÝòùZÝÖï=ö¤í�á÷í�þ=á÷ï=áDáCìXí�î à�áDö�ìXí�þ=á�:Dî�ì�á÷ð�à�î¤ù
ì=ÝÖê��Wö¤ð�í�áCàJí�þ�á ñ�à�ê�íií�à�Ýòö¤ú~ã

o 
iþ=á4ö¤Þ¤áCïxícÝÖê�ö�ù4ß�úòí�ÝBUhí�þ=à�áCö¤ì=áDìPö¤ø=ø=úÖÝB:Cö¤í�ÝÖî¤ïSõ�ö¤ï=ì4:Dö¤ïPùXö¤ï�ö�Þ¤á4ùZö¤ï%<�ï=áDÞ�î¤í�Ýòö¤í�ÝÖî�ï'ê�áCêbê�Ýòî¤ï�ê�ê�ÝÖù4ß=úBU
í�ö�ï�áCî¤ß=êbú=<�ã�
iþ=áCàbá�Ýòê.:Cß=à�à�áDï�í�úB<Kï�î�í�þ=ÝÖï=Þ í�î ø=à�áDë�áDï�íXÝòíXð#à�î�ù :Cî¤ùZùZÝòí�í�Ýòï�Þ Ýòí�ê�áDúòðcí�î áCë\ö�úÖß=ö¤í�Ýòî¤ï î�ð
ù4ß�úòí�ÝÖø=úÖá ö¤ß!:Cí�Ýòî¤ï=êiÝÖï�í�þ�á êbö¤ùXá í�ÝÖùXá øaáDà�ÝòîxìSã)
iþ=ÝÖê�:Cî¤ß=úÖì�éaá ùZö¤ï�ö�Þ¤áCì�é%<�ùZö¤Ýòïxí�ö¤ÝÖï=ÝÖï=ÞZöXê�: þ=áCì�ß=úÖá
î¤ð+ê�ß(: þO:Dî¤ùXùZÝÖí�ùZáCïxí�ê÷ÝÖï�í�þ�á�í�ÝÖùZá�ùZö¤øSã)Pýþ�áCï�ø=úÖö�ï�ï=ÝÖï=Þ&ö¤ï��JÜ\�Òõ�ö&à�á2Ãxß=áCêbí�ð�î¤à�áDë�ö¤úòß=ö¤í�ÝÖî�ï�í�ÝÖùZá
�0î¤ß=úÖì¶éaáÒùZö¤ì=áxõ�ö¤ï=ì¶ê�ø�öD:DáÒö¤úÖúòî%:Cö¤í�áDì¶Ýòï¶í�þ=á�í�ÝÖùZá�ùZö�øuãm
uî�ö�ë�î¤ÝÖìT:Cî¤ï��=ÝB:Cí0�iÝÖí�þ�ø�à�Ýòî¤àJáDë�ö¤úòß=ö¤í�ÝÖî�ï
:Cî¤ùZùZÝÖí�ùZáDï�í�ê�õ6é�Ýòì�êX�0î¤ß=úÖìKï=î¤íÒéaá�áDë�ö�úÖß=ö¤í�áCìKß�ï�í�ÝÖú í�þ=áCÝÖà�ê�:^þ�áCì=ß�úòáDìKáCë�ö¤úòß�ö¤í�ÝÖî¤ïKí�ÝòùZá�ö¤à�à�ÝÖë¤áCìSõ6î¤à
ß=ïxí�Ýòú6í�þ=á>:Cî¤ùZø=ß�í�ÝÖï=ÞZàbáCê�î¤ß=à�:Dá éaá2:Dö�ùZáÒð�àbáCá áCö¤à�úÖÝÖáCàií�þ=ö¤ï�á2;xøaá2:Cí�áCìuã

o 
iþ=áµö¤Þ�áDï�í�ùZö�<ýéaáµà�ß=ï=ï�Ýòï�Þ î¤ï ö ù4ß�úòí�ÝBUhø=à�î%:CáCêbê�î¤à�ø=úÖö¤í�ð�î¤à�ùPõJö¤ï=ì ùZö�< éaáµö¤é=úÖá í�î ùZö��¤á ß=êbá
î¤ð4ù4ß=úÖí�Ýòø�úòáµø�à�î�:CáDê�ê�î¤à�ê�í�î þ=ö¤ï=ì�úòáµù4ß�úòí�ÝÖø=úÖáµí�þ�à�áCö¤ì=ê�î¤ð4áCë�ö¤úòß�ö¤í�ÝÖî¤ïSã_
iþ=á�:Cß�à�à�áCïxí�ì=áCêbÝòÞ¤ï à�ß=ï�ê

ä¤ä¤ä



í�þ=á�áCë�ö¤úÖß=ö¤í�Ýòî¤ïNÝÖïNöPê�áCø�ö�à�ö¤í�á�í�þ=à�áCö¤ìNð#à�î�ù í�þ=á�ö¤Þ¤áCïxí�ÝÖí�êbáCúÖð�õ+é�ß=í4í�þ�á�áCë�ö¤úòß�ö�í�î¤à�ê4í�þ=áDùXêbáCúÖë�áDê4ö¤à�á
ï=î¤í�ù4ß=úÖí�ÝBUhí�þ=à�áDö�ì�áCìSã¿n÷î¤í�þ í�þ=á û ü ö¤ï=ìÙK<; üF9 ê�î¤úÖë�áDà�ê�:Cî¤ß=úÖì øaî¤í�áDï�í�ÝÖö�úÖúB< éaáDï=áCñ�í�ð#à�î�ù ù4ß�úòí�ÝBU
í�þ=à�áCö¤ì�ÝÖùZø=úÖáCùZáCïxí�ö¤í�ÝÖî�ï�êJî¤ï�ö�ù4ß=úÖí�Ý=Uhø�à�î�:DáCê�êbî�àJø=úÖö¤í�ð#î¤à�ùPõxé�ß=í��0á>:Cß�à�à�áCïxí�úB<WúÖöD:��WáCö¤ê�<Wö�:2:DáCê�êJí�îZö
:Cî¤ùZø=ß�í�ÝÖï=ÞWáCïxë�ÝÖà�î¤ï=ùZáCïxící�î�í�áCê�í�í�þ�Ýòê�ÝÖì=áCöaã�
÷þ�á�Ã�ß=áDê�í�Ýòî¤ïPî¤ðGþ=î�� í�þ=á4ö¤Þ¤áCï�íR:Cî¤ß=úÖìPì=áCí�á2:Cí�í�þ�ö�í�Ýòí
:Cî¤ß=úÖì�éaáDï=áCñ=í÷ð�à�î¤ù ö&ù4ß=úÖí�Ý=U.ø=à�î%:CáCê�êbî¤à�ø�úòö¤í�ð�î¤à�ù Ýòê÷î¤øaáCïuõ�é�ß=í�ÝÖí�ùZÝÖÞ¤þ�í÷ùZöD�¤á ê�áDï=ê�á í�î&ùZö��¤á í�þ�Ýòê÷ö
:Cî¤ï=ñ�Þ¤ß=à�ö¤í�ÝÖî¤ï¶î�ø�í�ÝÖî¤ïSã.{�ß�ê�íJí�áDúòú+í�þ=á�ö�Þ¤áCïxíJþ=î�� ùZö¤ï%<�ø=à�î%:CáCêbê�î¤à�êJÝÖíJÝòêcö�úÖúÖî��0áCì¶í�î�ß�ê�á�õ�ö¤ï�ì�ÝÖí0:Cö¤ï
é=ß�ÝòúÖì�ù4ß=úÖí�Ýòø=úÖáÒê�: þ=áCì�ß=úÖáCêiÝÖï�Ýòí�êJí�ÝÖùZáÒùXö¤øuã

o 
iþ=á ö¤Þ¤áCï�í÷Ýòê÷ì�áCê�ÝÖÞ¤ï=áCì�í�î&éaá ö&øaáDà�ê�ÝÖê�í�áCïxí�áCï�í�ÝÖíA<�õ��iÝòí�þ�øaáCà�êbÝòêbí�áDï�í�êbí�ö¤í�á ö�ï�ì�Ýòì�áCï�í�ÝÖíA<�ã6
iþ�Ýòê÷ùZáCö¤ï�ê
í�þ=ö¤íXÝòíY:Cö¤ïeéaá�êbþ�ß�í&ì�î��÷ïuõpùZî�ë¤áCìeí�î ö'ì�Ý=�aáDà�áCïxí&ø�úòö¤í�ð�î¤à�ùPõpö¤ï=ìeà�áDê�í�ö¤à�í�áDìSãpPýþ�ö�íXþ=ö¤ø=ønáCï=êXí�î
î¤ß=í�ê�í�ö¤ï=ì=ÝÖï=ÞWáCë�ö¤úÖß=ö¤í�ÝÖî¤ï4:Cî¤ùZùZÝÖí�ùZáCïxí�êR�iþ=áCïPí�þ=ÝÖê�þ=ö¤ø=øaáDï=ê�õ�ö¤ï=ìPþ=î�� ì=îxáCê�í�þ�á4ö�Þ¤áCïxícì�áCí�á2:Cí�ö�ï�ì
ö¤ì=ö¤ø=íií�îZöZï=á�� ø=úÖö¤í�ð#î¤à�ùï�iþ=áDï�ÝÖíiê�í�ö¤à�í�êJß=ø��.
iþ=áCêbá ö¤à�áÒî�øaáDï�ì�áCê�ÝÖÞ¤ï�ÝÖê�êbß=áCê\ã

ü ê�ö&à�áDê�ß=úÖí�î¤ð6á2;xö¤ùZÝòï�Ýòï�Þ&í�þ=áCêbá�ÝÖê�ê�ß�áCê�õ�Ýòí�ö¤ø=øaáDö�à�ê÷í�þ=ö¤í�í�þ=á�ö¤Þ¤áCïxí�ï=áCáDì=ê÷ê�î¤ùZáR:Cî¤ïxí�àbî�únî¤ð+Ýòí�ê�:Cî¤ùZø=ß=í�ÝÖï=Þ
áCïxë�ÝÖà�î¤ï=ùZáCïxí�Ýòð�ÝÖíÒÝÖê�í�î¶î¤øaáCà�ö¤í�áZÝÖïKö¶ùZî�ì=áf�iþ�áCà�á�Ýòí�ï=áCáDì=ê�í�î�ø=à�îxì=ß!:Cáf�iÝòï�ï=áCà�U.ì=áCí�áCà�ùZÝÖï=ö¤í�Ýòî¤ïKà�áDê�ß=úÖí�ê
î¤ï ö�í�ÝòÞ¤þxí í�ÝòùZáCúÖÝÖï=á�ãX
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