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Ä Ê�È¤Í ÅSÅ Èj©JÍ�Ë�ÌOË)©p¬S¯�«�¯�­�¯f©�å�Õ�®�Çp®�È�Í£ßp«k¬�ßµå´È�©�É ­jÌ�®>×E®3Õk«�®)å
å´È�Í�É'® Ô ©pÈjÜ>©£å�Ë�©�ßp¬�«i­�«kÇp®¤Í£ßp®�¬J­�¯�ÍM­§­jÌ�®¼Õ�©DË3Í£Õ¸Õ�®�Ç�®3Õ|×SÊl­
®�¬SÓl© Ô «�¬�ß¤­jÌ�®fÍ£ßp®�¬J­�¯ Ô «k­jÌ>­jÌ�®fÍpÓ�Í Å ­�ÍM­�«kÇp®§Ë�Í Å Í£×S«kÕ�«i­�«k®<¯

©£å�È�®�«�¬lå´©�È�Ë)®3É'®3¬J­eÕk®<Í£È�¬�®�È�¯[Í�¯uÍ£¬IÍ�ÓSÓl«i­�«k©p¬SÍ£ÕEË)©D©�È�Ól«�¬SÍM­�«k©p¬
É�®3Ë�ÌSÍ�¬�«�¯jÉ�ÍM­I­�Ì�®"ßpÕk©p×SÍ£ÕtÕk®3Ç�®�Õ Ô Ì�®�È�®¤Ë�©�É�É¹Ê�¬S«�Ë3ÍM­j«�©�¬
«�¯§Ê�¬S¯jÊ�È�®"Í�¬SÓ»Ê�¬�È�®�Õ�«�Í£×�Õ�®�°êÞYÌ�®"©MÇp®�È�Í£È�Ë�Ì�«�¬�ß½«�¯�¯�ÊS®3¯nÍpÓDÏ
ÓlÈ�®3¯�¯�®<Ó�Í�Èj®§Ðªì<Ò�Ì�© Ô ­j©I«�¬J­j®�ßpÈ�Í£­j®²ßp®�¬�®3È�Í�ÕmÉ�©DÓ�®�Õ�¯�©£åeË�©£Ï
© Å ®�È�ÍM­�«k©p¬ Ô «k­jÌ»È�®�«�¬lå´©�È�Ë)®3É'®3¬J­'Õ�®3Í�Èj¬�«�¬�ß½«�¬zÓ�«�¯�­jÈ�«k×SÊl­j®<Ó�é
© Å ®�¬½®�¬DÇD«�Èj©p¬�É�®�¬J­�¯�ÐqÑpÒ Ô ÌSÍM­¹Í�Èj®'ß�©D©lÓ¼É�®)­jÈ�«�Ë�¯ å´©�È¸­�Ì�®
Å È�© Å Í�ßpÍM­�«k©p¬¶©£åY×7®�Õ�«k®�åg¯¸­j©,Ì�®�­j®�È�©�ßp®�¬�©pÊS¯¸Í£ßp®�¬J­�¯¸Í£¬EÓ>ÐqÿpÒ
Ì�© Ô ­�©�«k¬J­j®3ß�È�ÍM­�®|É�Ê�Õi­�« Å Õk®�ßp©pÍ�Õ�¯3°

���������s�;�@���@�W�

ÞYÌ�È�©�Ê�ßpÌz­jÌ�® Å Èj© Å Í£ßJÍM­�«k©p¬µ©�å�×E®3Õk«�®)åg¯3éê­jÌ�®½Í£ßp®�¬J­�¯nÌSÍQÇ�®
¯�©pÉ�®uÜD¬�© Ô Õ�®3Ólßp®P©�å�­jÌ�®YßpÕk©p×SÍ£ÕD¯�«k­jÊEÍM­j«�©�¬'Í£Õ�×E®3«i­[«�É Å ®3È�å´®<Ë�­
Í£¬SÓ�Ó�®3Ë�ÍQäD«�¬�ß Ô «k­jÌ�­�«kÉ�®p°JÞYÌ�«�¯êË�Í Å Í£×�«�Õk«k­ªä'Èj®3Õ�Í£æD®<¯;­jÌS®|«�¬lÏ
ÇMÍ£Õ�«�Ó�Í£­j«�©�¬'©£å7­jÌ�®|Ö¶Í£È�Ü�©MÇ Å È�© Å ®�Èj­ªä²å´©pÈ[É¹Ê�Õk­j«kÏ5Í�ß�®3¬p­[È�®�«�¬lÏ
å´©�È�Ë)®3É'®3¬J­¸Õ�®3Í�Èj¬S«k¬�ßf¯jäl¯ª­�®�É�¯�°�í�¬E¯ª­�®3Í�Ó¼©�åYË�©�É�É�«i­j­j«�¬�ß,­j©
Í¼¬�©�¬lÏ5Õ�©DË3Í£ÕYÈ�©�Õ�®�é;­jÌS®¶Í£ß�®3¬J­�¯ ¨ªÊS¯�­nË)©pÉ'É�«k­�­j©¼­jÌS®f¬�®)æD­
«k¬EÓl«kÇD«�ÓlÊSÍ�ÕP¯ª­�® Å °�ÞYÌ�«�¯�«�¯�Í�Õ�®3Íp¯ª­jÏ5Ë�©�É�É�«i­�É'®3¬J­¹Í Å�Å È�©pÍpË�Ì
­jÌSÍ£­IÍ�Ó�ÓlÈ�®3¯�¯j®3¯¹­jÌ�® Å È�©�×�Õ�®�É�¯'©�Ê�­jÕ�«k¬�®<Ó>Í�×E©MÇp®n©�åt­j®<Í£É'Ï
Ô ©pÈjÜ½«�¬>© Å ®3¬>®3¬DÇJ«�È�©�¬�É�®�¬J­�¯�°�Om©lË�Í�ÕY®�¬DÇD«kÈ�©�¬�É�®3¬p­�Í£ÕY×7®)Ï
Õk«�®)åg¯|©�¬¶­jÌ�®'©£­�Ì�®�È|ÌSÍ£¬SÓf­jÈ�«kßpß�®�È ÍIÈ�©�Õ�®¹Í£Õ�Õ�©DË3ÍM­�«k©p¬fÉ'®<Ë�ÌlÏ
Í£¬�«�¯jÉ���Í£É�©�¬Sß¹¬�®3«kßpÌJ×7©�È�¯P¯jÌSÍ�Èj«�¬�ß�­�Ì�®¸¯jÍ�É'®|×E®3Õk«�®)åg¯3°�ÞYÌ�®
¨ª©�«�¬J­ Í�Ë)­j«�©�¬S¯tß�®3¬�®�È�ÍM­�®3Ó,ÌSÍQÇp® Å È�®3Ë)®<Ól®�¬EË)®�©MÇp®�È�­�Ì�®¹«�¬SÓl«kÏ
ÇD«�ÓlÊEÍ£Õ[Í�Ë)­j«�©�¬S¯¸ßp®�¬�®3È�Í£­j®3Ó¶×Jä¶­jÌ�®�Ë)©D©pÈ�Ól«�¬SÍ£­j«�©�¬¤Õ�®3Í�Èj¬S«k¬�ß
É�®3Ë�ÌSÍ�¬�«�¯jÉ,°1ïD«�É'«�Õ�Í£È�«i­�«k®<¯¸×E®�­ Ô ®3®�¬�¨ª©�«�¬J­²ÍpË�­�«k©p¬S¯²Í£¬SÓ¼«�¬lÏ
Ól«�ÇJ«�ÓlÊSÍ�Õ+ÍpË�­�«k©p¬S¯ Å Èj©lÓlÊSË�®�­�Ì�®¹­�®�È�É�«k¬SÍ�Õ;Èj® Ô Í�È�Ó�¯�¬�®�®<Ól®3Ó
å´©�Èê­jÌS®²Õk®<Í£È�¬�«k¬Sß'Í�Õkßp©�È�«i­�Ì�É,°pí�¬�­jÌS«�¯�Í Å�Å È�©pÍ�Ë�Ì1é�­�Ì�®�È�®¸«�¯�Í
­j«�ß�ÌJ­¹«�¬J­j®�ßpÈ�Í£­j«�©�¬Ù×7®)­ Ô ®�®3¬½­jÌ�®�Õk©lË3Í£ÕPÕ�®�Çp®�Õu©£å�­j®<Í£É Ô ©pÈjÜ
Í£¬SÓc­jÌS®fß�Õ�©�×SÍ�ÕêÕ�®�Çp®�Õ�©�å Ë�©J©pÈ�Ó�«k¬SÍ£­j«�©�¬m°[ÞYÌ�®f©MÇp®�È�Í£Õ�ÕêÍ Å Ï
Å È�©pÍ�Ë�Ì'«�¯PÓl®<¯jË�Èj«�×E®<Ó�«k¬§Ø�Õ�ß�©�È�«k­jÌ�É¡ì�°pë+«�ß�Ê�È�®tÿ¸«�ÕkÕ�ÊS¯�­jÈ�ÍM­�®3¯
­jÌ�®�Í Å�Å È�©pÍpË�ÌI«k¬�­�Ì�®¸îSÈ�®|îEß�ÌJ­j«�¬�ß�®)æ�Í£É Å Õ�®�°
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ÞYÌ�®µ«k¬lå´©pÈjÉ�Í£­j«�©�¬ È�®3Ë�®�«�Ç�®3Ó «k¬SË�ÕkÊEÓl®3¯½«�¬lå´©�È�É�ÍM­�«k©p¬ å´Èj©pÉ
Å ®3®�È�¯¸Í£¬SÓ	ÄM©�È Å ®3È�Ë�®�«�Ç�®<Ó¶«�¬lå´©�È�É�ÍM­j«�©�¬¤å´Èj©pÉð­jÌS®'®3¬DÇJ«�È�©�¬lÏ
É�®�¬J­3°

ÞYÌ�®¶®3¬JÇD«�Èj©p¬�É�®�¬J­n©�å¹Í£ß�®3¬J­�¯IÍpË�­j«�¬�ß�ÊS¬SÓl®�È�Ê�¬SË�®�Èj­�Í�«k¬J­ªä
Ë�Í�¬�×E®¸Ë)©p¬JÇp®�¬�«�®�¬J­�Õkä'É�©DÓ�®�Õ�Õk®<ÓIÍ�¯êÍ²Î Ä Ö��|ÎOÐ´Î[Í£Èj­j«�Í£Õ�ÕkäJÏ

Å�Æ ¡¢»- W±J»-»-¡0¶g±.���-¡¢��¡J¯ ° ¾ � ¾ ±J»-» Çc +ÂE¶"» ¾ £�� ·� q��±J£�Á6£	±J°9¡¢�_Às±JÀ¢ "����£	¶½±J�È  �°9¡0¿_ "»-»- g¿�É�� ��ÊQ±s¿_�-£F��«F� È ¾ �� "¿}«F "£�¡ ¾ «F¶" �±J»-»-¡0¶g±.���-¡¢�}±J»-À¢¡¢«F� ��Ê_°£��-°9�-»¼±J«���¡;��Ê_ 9Ë¢Ì+Í7ÎEÏJÍ7Î6Ð�Ñ_Ò6Í2Ó Ô¢Õ+Ô+Ñ_Ò_ÖgÌ+Õ@ÑmÌFÔ0×gÓ Ö½ØÚÙ Û¢ÜªÝ



Role Allocation

Propagation of information

ÞYÌ�® Í�ß�®3¬p­�¯ Å Èj© Å Í£ßJÍM­�®|Ë�ÌSÍ�¬�ß�®<¯u©�å Å ©p¯j«i­�«k©p¬�Í�¬SÓ§Ë�ÌEÍ£¬�ßp®3¯
«k¬z­�Ì�®fîSÈ�®3¯6ÞP¯�­�ÍM­�ÊS¯�­�©Ù­jÌS®�«�Èn¬�®3«kßpÌJ×7©�È�¯�È�®3Ë)ÊSÈ�¯j«kÇp®�Õ�äcÍ�Ë)Ï
Ë)©�È�Ól«�¬�ßI­�©fÍI­�«kÉ�®)ÏV­j©�ÏVÕ�«�Ç�®,ÐgÞ�Þ9O�Ò Å Í�È�Í�É�®)­j®3È3°Añ�©pÕk®�Í£Õ�Õk©�Ï
Ë�ÍM­�«k©p¬�¯�­jÈ�ÍM­�®�ßp«k®<¯uÈ�®3¯j©�Õ�Ç�®|Õk©lË3Í£ÕmË)©p¬(ßS«�Ë�­�¯�°
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©�×S¯j®�È�ÇMÍ£×�Õ�®|Ö¶Í�ÈjÜp©MÇã�|®3Ë�«�¯j«�©�¬nÎPÈj©lË)®<¯j¯�Ò�°DÎ Ä Öw�tÎ»Ë�Í�¬n×7®
Èj®�å´©�È�É¹Ê�Õ�ÍM­�®3Ó¹Íp¯[Ë)©p¬p­�«k¬DÊ�©pÊS¯�Ï5¯ Å Í�Ë�®êÖ¤Í£È�Ü�©MÇ²Ól®3Ë�«�¯j«�©�¬ Å Èj©�Ï
Ë)®3¯�¯j®3¯�ÐqÖ��tÎu¯�Ò|È�® Å È�®3¯j®�¬J­j«�¬�ß�×7®�Õ�«k®�åu¯�­�ÍM­�®3¯3á äMã;Í�¬SÓf¯�©pÕkÇp®3Ó
ÊS¯�«�¬�ßnÍ�¬¶Í Å�Å Èj©Qæl«�É�Í£­j«�©�¬�­j®<Ë�Ì�¬�«¸ZJÊ�®�°	H»Ì�®�¬ Å Èj© Å Í£ßJÍM­�«k¬�ß
Õk©lË�Í�Õ�®�¬DÇD«�Èj©p¬�É�®�¬J­�Í�Õ�×E®3Õk«�®)åg¯3é|­jÌ�®�È�®3Ó�Ê�¬SÓ�Í�¬SË)äs©£å�É�®3¯�Ï
¯jÍ�ß�®3¯¸È�®�«�¬lå´©pÈ�Ë�®3¯¸­�Ì�®§Ë�Ê�ÈjÈ�®�¬J­¹¯�­�Í£­j®I×7®�Õ�«k®�åg¯ Ô ÌS«kÕ�®§Ól®<Ë�ÍQäJÏ
«k¬�ß Ô «i­�Ì¶­j«�É�®�°7ÎeÈ�© Å Í�ßpÍM­�®3Ó�Õ�©DË3ÍM­�«k©p¬f«k¬lå´©pÈjÉ�Í£­j«�©�¬¶«�¯�Ê Å Ï
Ó�ÍM­�®3Ó�­�Ì�È�©�Ê�ßpÌ�­jÌ�®²¯�Í£É�® Å Èj®<Ól«�Ë�­j«�©�¬§É�®3Ë�ÌSÍ�¬�«�¯jÉvÊS¯j®3Ó�­�©
¯�®3Õk®<Ë�­1­�Ì�®ê¬�®)æD­[Í�Ë�­�«k©p¬¹©�å�­jÌ�®YÍ£ßp®�¬J­�¯3°Që�©�È�ß�®�­�­�«k¬�ß|Í£¬SÓ Å Èj®�Ï
Ól«�Ë)­j«�©�¬¶Í�Èj®¸­�Ì�®²­ Ô ©�­j©D©�Õ�¯�®3¬SÍ£×�Õ�«�¬�ß�­jÌ�®�¯�äD¬SË�Ì�È�©�¬S«73<ÍM­j«�©�¬
©£å�×7®�Õ�«k®�åg¯+­jÌ�È�©�Ê�ßpÌ¹Í�¯jäD¬SË�Ì�È�©�¬�©pÊS¯1Í�¬SÓ�ÊS¬�Èj®3Õk«�Í£×SÕk®êË)©�É�É�ÊlÏ
¬�«�Ë3ÍM­�«k©p¬m°MÞYÌ�®YÉ'©J¯ª­;Õ�«kÜp®�Õ�ä�¯ª­�ÍM­j®Y©�å�­jÌ�®YßpÕk©p×SÍ£Õl¯j«i­�ÊSÍM­�«k©p¬¹«�¯
­jÌ�®3¬�É'©lÓl®3Õk®<Ó�Í�¯eÍ�¬�Ö��tÎ>Í£¬SÓ'­�Ì�®tÍ�Ë)­j«�©�¬'­j©�­�Í£Üp®�Ól®)­�®�ÈjÏ
É'«�¬�®<Ó�×Dä�Í�¯ª­�©lË�ÌSÍ�¯�­j«�Ë Å ©�Õ�«�Ë�ä�Í Å�Å È�©Qæl«kÉ�ÍM­�®3Ó'×Dä�Í Å ©�Õ�«�Ë�ä
ß�È�Í�Ól«�®�¬J­YÉ'®�­jÌ�©lÓ¼á�ì�ì�ã5°
í�¬vÍpÓ�Ól«k­j«�©�¬v­�©OîSß�ÌJ­j«�¬�ß Í�¬SÓv¯�®<Í£È�Ë�Ì�«�¬�ßså´©�ÈÙîSÈ�®3¯3é²­�Ì�®
îSÈj®�­jÈ�ÊSË�Ül¯[Ð�­�Ì�®uÍ�ß�®�¬J­�¯�ÒAÌEÍQÇ�®;­jÌS®PÍ�Ó�Ó�«i­�«k©p¬SÍ£Õ�­�Í�¯jÜ ©£ålÉ�Í£«�¬lÏ
­�Í£«�¬�«�¬�ß§Ë�©�¬�¬S®3Ë�­�«kÇD«k­ªäf©£åe­�Ì�®'¬�®)­ Ô ©�È�ÜA°Eí5­¸«�¯ ¬�®<Ë)®<¯j¯�Í£È�än­�©
×SÍ£Õ�Í£¬SË�® ­jÌ�©J¯�®²¯j©�É�®)­�«kÉ�®3¯�Ë�©�¬(ßE«�Ë�«k¬�ß�ßp©pÍ�Õ�¯3°lÞYÌ�®�¯�äD¬�®3Èjßpä
©£å;­jÌ�©J¯�®¹­ Ô ©nß�©pÍ�Õ�¯t¯�Ì�©pÊ�Õ�ÓfÉ�Í£«�¬p­�Í£«�¬¶Í Å È�© Å ®�È Ól®�ßpÈj®3®²©£å
Ól«�¯ Å ®�È�¯�«�©�¬»Í£É�©p¬�ßÙ­jÌS®"Í£ßp®�¬J­�¯3°Pí�¬%­jÌ�«�¯§Ë�©�¬J­j®�æD­3éPÉ�Ê�Õk­j«kÏ
Å Õk®¸Ö��|ÎP¯YÉ�©lÓl®�Õ7­jÌS®¸Ó�«21A®�È�®�¬J­Y«k¬J­j®3¬J­j«�©�¬S¯ê©£å1­jÌ�®¸Í£ßp®�¬J­�¯3°
Ø�¬nÖ��|ÎµÈj® Å Èj®<¯�®3¬J­�¯;­�Ì�®|×7®�Õ�«�®)å1É�Í Å ©£åm­�Ì�®|Í�ß�®�¬J­�¯0ÞpÕk©lË�Í£Ï
­j«�©�¬ Ô Ì�«�Õk®IÍ�¬�©£­�Ì�®�È¹Öw�tÎ È�® Å È�®3¯j®�¬J­�¯ ­jÌ�®I×7®�Õ�«�®)å�É�Í Å ©£å
­jÌ�®¸Õ�©DË3ÍM­�«k©p¬§©�å1­jÌS®|îEÈj®<¯�°�ÞYÌ�®²ÍpË�­j«�©�¬§­j©'­�Í£Ü�® «�¯ê­jÌ�®²×7®3¯�­
Í�Ë�­�«k©p¬má-å3ã|Í�Ë�Èj©J¯j¯¹­jÌ�©J¯�®,Ö��|ÎP¯IÍ£å�­j®�ÈIÍ Å ®�È�«k©lÓ>©£å|®�æ Å Õk©�Ï
È�Í£­j«�©�¬m°

æ�ç �@è;����éê���s�;�	��ë�ì��

ÞYÌ�® Ô ©pÈjÕ�Ón«�¯YÉ�©lÓl®�Õ�®3Ó,Í�¯ê­�Ì�® Å È�©�×�Õ�®�É¡¯ Å ÍpË)® 5

í�îlï/ð�ñ.ðcòFñ.ózñgô}ñ½õdö

Ô Ì�®�È�®

÷ ðf«�¯�­jÌ�®Y×7®�Õ�«k®3Ç�®<Ó Å ®�È�Ë)®3«kÇp®3Ó²Õ�©lË�Í£Õl¯�­�Í£­j®ê©£åS­�Ì�® Ô ©pÈjÕ�Ó�°
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