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à`ãZÜ ð ø ñ i ã � æ�
`æÝ ò í�æ��æß�í�Þ�ß<à�ã>ß�Ûeå�æyã�� ð Þ�à>Ü�ÛeÞ�ã`ß ð æ�
>æ ð¢ò
à`ãZÜ ð ø � Þ ð�ð ��æ&�ãZøkÛ�æí ó>ñ Ü`øÄÜ�÷�ã`ß�Ïkù<ß�÷0Û�Þ�ã>ß � Þ�Ûeå�Û�å<æ
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Ûeå�æ
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L`g>gOP.K¢PRbOfhLON�Z,N�L�f<� Ûeå�Ü�Û � Þ ð�ð Ü`÷�å<Þ�æ�
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>æ ð
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e11  e12  e13   e14  e15    e16   e17   e18  e19  e20

door−state:DOOR−FS1,CLOSED

furnace−state(S1−FURNACE):OFF

furnace−state(S1−FURNACE):OFF

door−state(DOOR−FS1):CLOSED

furnace−state(DOOR−FS1):CLOSED

door−state(DOOR−FS1):OPENED

furnace−state(S1−FURNACE):ON

Event (door−state(DOOR−FS1):(Closed,Opened),e12),Rp,Suc={e13}

Event (furnace−state(S1−FURNACE):(OFF,ON),e14),Rp,Suc={e18}

Event (furnace−state(S1−FURNACE):(ON,OFF),e20),Rp,Suc={}

Event (door−state(DOOR−FS1):(opened,closed),e19),Rp,Suc={}

Use−furnace(S1−FURNACE,2)
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>ã��`æ)øAÞ�Û�ø�ã � ßL ð Ü`ß�ú
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Ü{ä�ù�Ûeù�Ü ð æ���÷ ð ù�ø_Þ�ã`ßnä&æ÷�å�Ü`ß<Þ�øeä�� ñÍ� å�æ�Ýeæ)ø_ù ð Û(Þ3ø(Ü
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Ò�Õ�×�Ò�Ø`é�� élÒhÓ Ü�ß�í�Ûeå<æ Ö�élçRÙ �XéZÔHè<ÓÙRÕ,Ò ñ`H ù<Ý�Þ�ß<à&Û�å<æ
Ü`ß<ß<ã`ù�ß�÷�æä!æßZÛ�<Ý�ãl÷qæø�ø ò�� å<æqß�æ�
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e11
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Detailed job
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End

e21
e22e12

non−redondant
single transition

shared step

cooperative step:
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End

e21
e22

Init

End

e11
e12

Detailed job
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Negotiation

action

Original plans: New plan of Rp and Rq

FusionRp

Rq
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ï á.Û�æqÝAæ)Ü`÷�å�í�æ ð Þ��,æqÝ�ÜOÛeÞ�ã`ßÍ<Ý�ãl÷qæø�ø ò Ûeå�æ'Ý�ã��,ã�Û�ø�Û�ã
Ü`í�Ü��Û�Ûeå<æÞ�Ý- ð Ü�ß�ø#ÛeãÎÛeå�æ�Ïkã�� ä&ãlí<ÞÎ1�÷ÜOÛ�Þ�ã>ß ñFS ã�Û�æ
Ûeå�ÜOÛXøeù�÷�å�Ü'ß<æà`ã�Û�Þ�Ü�ÛeÞ�ã`ß&<Ýeã�÷qæø�ø1Þ�ß>
`ã ð 
>æø�ã`ß ð�� ÷qã`ä!ú
ä#ù�ß<Þ�÷ÜOÛ�Þ�ã>ß
Ü�ß�í
÷qã`ä-<ù�Û�ÜOÛeÞ�ã`ß{Ü�ß�í�÷�ã>ß�÷�æÝeß�øXáÐù<Ûeù<Ý�æ
î øeå<ã>Ý_Û�Û�æqÝ�ä ö Ý�ã��,ã�ÛÄÜ`÷�ÛeÞ�ã`ß�ø ñ � Û�÷Ü�ß�Ý�ù<ß�Þ�ß)�Ü�Ý�Ü ð�ð æ ð
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Ü�ß�í�Ûeå<æ&ã`Ûeå<æÝ'Ý�ã��,ã�Û�ø�÷qÜ�ßÎã`ß ð�� ,æqÝeú
áÐã`Ý�ä Þ�ß�øeæqÝeÛeÞ�ã`ß�øAÜ�á.ÛeæÝÄÜ�
HÜ ð Þ3í<Ü�Ûeæí
Û�Ý�Ü`ß�ø_Þ�ÛeÞ�ã`ß ñXï ÷�ÛeÞ�ú
ã`ß�æ��læ)÷�ù�Û�Þ�ã>ß¾÷qÜ�ù�ø_æ)ø'Ûeå<æ æ�
`ã ð ù�Û�Þ�ã>ßnã`áyÛ�å<æ�ø � ø_Ûeæä ò
Ý�æøeù ð Û�Þ�ß�à
Þ�ßÎæ�
`æß>Û�ø�Ûeå�Ü�Û � Þ ð�ð æßZÛ�Ü�Þ ð ß<æ �  ð Ü�ß<ß<Þ�ß<à ò
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' æ�å�Ü�
`æJÞ�ä- ð æä&æqßZÛeæ)í Ü"1�Ý�økÛ�
>æqÝ�ø_Þ�ã`ß!ã�á,Ûeå<æÄã2
`æqÝ�Ü ð�ð
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ÛeÞ�ã`ß í�ã>ä Ü�Þ�ß#Û�å�ÜOÛ � æJå�Ü�
`æJ÷�å<ã>øeæqß!Þ3ø�Ü'øeæ�Û�ã`á�ä&ã���Þ ð æ
Ý�ã��,ã�Û�øJÞ�ß�Ü&å<ã>ø�<Þ�Û�Ü ð æqß>
lÞ�Ý�ã`ß�ä!æßZÛ ñ ÚlæÝ�
lÞ3÷�Þ�ß<à!Û�Ü`ø���ø
Ü�Ý�æ�ÞQÛ�æqä øAí�æ ð Þ�
`æÝ � Û�ã-��æ)í<ø�Ü`ø � æ ð�ð Ü`øT�,æí{÷ ð æ)Ü�ß<Þ�ß<à
Ü�ß�í"Ý�ãlã`ä}<Ý�æ��Ü`Ý�Ü�ÛeÞ�ã`ßWV ñP* Þ�à ñXõ ø_å�ã � ø#Û�å<æ�øeÞ�ä�ù�ú
ð ÜOÛeæ)í�æß	
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container4
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door0

door1
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� å<æ�Ý�ã��,ã�Û�øAä#ù�økÛÄß�æqà`ã`ÛeÞ3ÜOÛ�æ�Û�å<æ(ù�øeæ�ã�á~Û�å<æ�áÐã ð ú
ð ã � Þ�ß�à T i�����LOf�P3�0T�� ò øeæqæ&1�à`ù�Ýeæ Y9^&ó>ñzÚlk	Å>����m�Û9�>�k�
Û�å�ÜOÛ�Ü ð�ð ã � ø�÷ ð æ)Ü�ß<Þ�ß<à¾Ü`÷�ÛeÞ�ã`ß�ø � Þ�Ûeåv÷�ù�ä#ù ð ÜOÛ�Þ�
>æBæqá.ú
áÐæ)÷0Û�ø � å�æqß!æ���æ÷qù�Ûeæ)í#øeæ�
`æÝ�Ü ð Û�Þ�ä&æ)ø~ã`Ýr� � ø_æ�
`æqÝ�Ü ð Ý�ã�ú
�,ã�Û�ø =>�`ö í�ãlã`Ýeú¢ä Ü�ß�Þ�<ù ð Ü�ÛeÞ�ã`ß � Þ�Ûeå �onUÅ���p9Úqk	�UÙ�Å Ü>÷0ÛeÞ�ú
ã>ß�ø ò�� å<Þ3÷�å�÷qÜ�ß(�,æ.,ã�Û�æqßZÛeÞ3Ü ð�ð�� Ý�æí�ù<ß�í<Ü�ßZÛ = Ü�ß�í(� ö Ü
ä&æ÷�å�Ü�ß<Þ3ø_ä Ûeå�Ü�ÛA÷qã`ßZÛeÝ�ã ð øyÛeå<æ�ù�øeæ'Ûeå<æ(í<ãl÷;��ø_Û�Ü�ÛeÞ�ã`ß
� � Ûeå<æ�Ý�ã��,ã�Û�ø ñ�� å<Þ�ø9ä&æ÷�å�Ü`ß<Þ�øeä å�Ü`ø�Ü`ß �k�_���>�!� Ýeù ð æ
î�� ÞQÛ�å ð ã � b 7 N±PÎ�ZLOK¢PRbOfnN�iqFHiqN ö Û�å�ÜOÛ ð Þ�ä&Þ�Û�ø¹Ûeå�æ'ßlù<ä&��æÝ
ã`á�Ý�ã��,ã�Û�øyß�æÜ�Ý�Ü&ø_Û�Ü�ÛeÞ�ã`ß
Ûeã ã`ß�æ ñ

state−room(?r):CLEAN
End State

state−room(?r):DIRTY

clean−room(?r)

Begin state

Event(state−room(?r):DIRTY,CLEAN,?e1)

pos−robot(?robot):?old−station

occuped−station(?new−station)

pos−robot(?robot):OPEN−AREA
End State

Begin state

Event(pos−robot(?robot):?old−station,?new−station,?e1)

Event(pos−robot(?robot),?new−station,OPEN−AREA,?e2)

state−door(?d):CLOSE

door(?d)

state−door(?d):CLOSE
End State

Begin state

Event(state−door(?d):CLOSE,OPEN,?e1)

Event(state−door(?d):OPEN,CLOSE,?e2)

rLsqtvu�wx y z u�{ |v} ~�t�� y z t���t�x� ��� ��w |��(y � x��x � tvw�� �������Ly rL����r��
?e1:
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Ü`ß�í ïÄð Ü`ä!Þ òAóô>ô`ôZö_ö0ò Ûeå<æ �  ð Ü�ß Ü`ß�í Þ�ß�÷qÝeæä&æqßZÛ�Ü ð�ð��
Ü ð�ð ã�÷qÜOÛ�æ�Û�å<æÄÛ�Ü`ø���øyù�ø_Þ�ß<àbs�t ��b)b$Z�iqdeLOK¢P.FHi���LH��0(D�N±^
N�b)��LOK¢PRbOf ñ * Þ�à ñ�< øeå<ã � ø
Ûeå<æ�Þ�ß�í�Þ�
lÞ�í�ù�Ü ð  ð Ü�ß�øBÜ�á.ú
Û�æqÝ�Ü�ßlù<ä��,æqÝ�ã�á�ß<æqà>ã�Û�Þ�Ü�ÛeÞ�ã`ß)<Ý�ã�÷�æø�øeæø ñTS ã�Û�æ(Ûeå�ÜOÛ
Û X¾å�Ü`ø�Ü ð�ð ã�÷qÜ�ÛeæíPxW_¾Þ�ß Ü�1�Ý�ø_Û
økÛ�æ� ñ i ã � æ�
`æqÝ Þ�Û
å�Ü>ø ð ãZøkÛ�ÞQÛM�,æ÷Ü�ù�øeæ Û ]!å�Ü>ø�áÐã`ù<ß�íÎÜz�,æ�ÛeÛeæÝ(÷�ã>ø_Û'Ûeã
Ü>÷�å<Þ�æ�
`æ�Þ�Û ñ�Û ] Þ3ø
Ü>÷�å<Þ�æ�
lÞ�ß<àjx\_ ñ � Û{å�Ü`ø�æ ð Ü��,ã`Ý�ÜOú
Û�æí{Ü- ð Ü�ß � ÞQÛ�å�ø_Þ��BÜ>÷0ÛeÞ�ã`ß�øJÞ�ß�ã>Ý�í�æÝ¹Ûeã�Ü`÷�å�Þ�æ�
`æ�ÞQÛ�ø
ä Ü�Þ�ß�à>ã>Ü ð�Ù2�9���9Å\m�Û9�	������� ]q����w�� Â y Ã Ü`ß�í{Û�ã
ø�ÜOÛeÞ3ø_á �
Û�å<æÄøeãl÷qÞ�Ü ð Ý�ù ð æAÝ�æ�WZù<Þ�Ý�Þ�ß<à Ù2�9���9Å�m�Æ!�>��ÛZ�L� X����@w�� Àq��ÂQ�
� Þ�Ûeå%ÜÎå<Þ�à>å ã�� ð Þ�àZÜOÛeÞ�ã`ß ð æ�
`æ ðñ � æøeÞ�í<æø ò Þ�Û&å�Ü`ø Ü ð ú
øeãl<Ý�ã�í�ù�÷�æ)í Ü�ß L`g`g�P.KPRb�f,L�N`Z,N�L�f Ûeå�ÜOÛ øeÜ�ÛeÞ3ø�1�æ)ø(Ý�ù�ú
ð æ ó î�� ÞQÛ�å Ü ð ã � ã�� ð Þ�àZÜOÛeÞ�ã`ß ð æ�
>æ ð.ö � � Þ�ßZÛeÝ�ã�í�ù�÷�Þ�ß<à
Ü � ��m��9�¡��À�Á>Â>ÃNm y	Ä Â y ö Ü>÷0Û�Þ�ã>ß ñ ï á.Û�æqÝ�øeæ�
`æÝ�Ü ð Õ b 7 �
ß<æà`ã`ÛeÞ3ÜOÛeÞ�ã`ß5<Ý�ãl÷qæø�ø_æ)ø ò_Û ]&í�æ ð æqÛeæø�Þ�Û�ø �qnUÅ�� Ü`÷0Û�Þ�ã>ß ò
� å<Þ3÷�å � Þ ð�ð �,æÄÜ>÷q÷�ã>ä- ð Þ3øeå<æí�� �&Û _ ñ�� å�Þ�øXÝeã���ã`Û � Þ ð�ð
ã��æßBÜ&1�Ý�økÛJÛ�Þ�ä&æ'Ûeå<æ(í<ãZã>ÝAÜ�ß�íBÜOá.Û�æqÝ�Ü ð�ð Ýeã���ã`Û�ø¹Û�ÜOú
�>æ�Þ�ßBÜ>í!
OÜ�ßZÛ�Ü`à`æ�ã�á9Û�å<Þ3øJæ�
`æßZÛ ñ�ï á.Û�æqÝ � Ü`Ý�í<ø ò>Û ] � Þ ð�ð



÷ ð ã>øeæ�Ûeå<æ�í�ãlã`Ý¹áÐã>Ý¹æ�
`æÝ � �,ãlí �`ñ`' æ�÷qÜ`ßBøeæqæ�Ü ð øeã#Û�å<æ
Þ�ß�÷�Ý�æqä&æqßZÛ�Ü ð Ü ð�ð ã�÷qÜ�ÛeÞ�ã`ß��Ýeã�÷�æ)øeø ^b� å<Þ ð æ�Û�å<æ
Ý�ã��,ã�Û�ø
Ü�Ý�æ�Ü`÷�å�Þ�æ�
ZÞ�ß<àBÛeå�æqÞ�Ý�÷�ù�ÝeÝ�æqßZÛ�Û�Ü>ø#��ø ò Û�å<æ � ÛeÝ � Û�ã Ü ð ú
ð ãl÷ÜOÛ�æ�Û�å<æqÞ�Ý�áÐù�Û�ù<Ýeæ&Û�Ü`ø�� ò áÐã`Ý�Þ�ß�ø_Û�Ü�ß�÷�æ ^MÛ ] m xW¢
Ü`ß�í
ÛW£\m xW¤ ñ�� å�æ'Ü`ÝeÝ�ã � ø��,æ�Û � æqæß�Ý�ã��,ã�Û� ð Ü`ß�øXÞ ð�ð ù�ø_ÛeÝ�ÜOÛ�æ
Ûeå�æyÛ�æqä-,ã`Ý�Ü ð ÷�ã>ß�økÛ�Ý�Ü`Þ�ßZÛ�ø1Þ�ß�í�ù�÷�æí&� � Ûeå�æJ÷qãlã`Ý�í�Þ�ß�ÜOú
ÛeÞ�ã`ße�,æ�Û � æqæß�Ïkã���ø ñ

redundant

action coordination

next task (T7)

next task (T8)

r0 losts T3 for r1

cooperative action

current
past future

additional plan
coordination
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lÞ�ÛeÞ�æøJÝ�ù<ß{Þ�ß)�Ü�ú
Ý�Ü ð�ð æ ðñaS ã`Ûeæ�Ûeå�Ü�Û¹æ���æ÷�ù<ÛeÞ�ã`ß
Ü>÷0Û�Þ�
lÞ�ÛeÞ�æøJÜ�Ý�æÄä&ã`Ý�æ'æ��lú
,æqß�øeÞ�
>æ ò å<ã � æ�
`æÝ Û X(å�Ü>øXÜ�å�Þ�à>å&Û�Ü`ø��&Ü ð�ð ã�÷qÜ�ÛeÞ�ã`ß Ü`÷�ú
ÛeÞ�
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