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H-L�.F*-JyL]H�HKð
ËhÅE*62_H}HKÄ
03Å�H-Ä]21Ë�Ä(L]H�Ë�Å¬L]ËhÄ
*ýÄMH}HKÉ¸<7HKÄ³.1Ëh*DL�L].1Ë�Hc@-ËhÅ�L]H *¸ÆK0A@KËhÅ&LNËhÉEð
ËhÄ]*DLNÞ1ÄMË
í
Ë�Ç�H-Ä]Ë³,hHBHKî¬0?Å_Æ%*E,�*Dî-Ë-<�Ë�LN,-ô3ô

RQ.1Ë'~�A<}<B4CE�8F�J�~Ê,�*DÅ�í
Ë¸J]ËhË�Å *-JE*DÅ�Ë¡ø}L]ËhÅ1JM0?H-Å H-Ç+LN.1Ë¸,�HKÅ1,hË�ð_L�H-Ç
ÄMËhJMHKÞ1Ä],�ËE|�*öÄ]HKí
H-L�Å1H-L
HKÅ1>Aþ�*D>?>3H},h*DLNË�JÍ*-Å_2�Ç�Ä]Ë�ËhJ�*öÉEË�,/.F*-Å103J]É¸< 0ALÍÅ1HDL
H-Å1>3þú,hHKÅ_J]Þ1ÉEËhJ+HKÄQð1ÄMH}2_Þ1,hË�JQ03Lh<103L",h*-Åý*->3J]HEË�ø}ð1>30?,�03L]>3þ¸É�*-Å_0?ð1Þ_>C*DL]Ë'03L"H-Ä
*D,�L�HKÅú0AL�<�2_0?ÄMËh,�L]>3þ�HKÄ�L].1Ä]HKÞ_ÆK.%ÄMË;h¬Þ1Ë�JMLNJ�LNH�*(,�HKÅ�LNÄMHK>?>3ËhÄ¨*DLML/*-,/.1Ë�2%L]H(L].1Ë
ÉEË�,/.F*-Å103J]É¸ô

RQ.1Ë´J]03ÉEð1>?Ë�JMLQË�Å�LN0ALUþ�L].F*DL�ï"0?>3>
íXË+21Ë�*D>3L�ï"03L].%L].1Ä]HKÞ_ÆK.È*±~�A<}<B4CE�8F�J�~
03J³*ÈJ]ð1*DLN0?*-> ÄMËhJ]H-Þ1Ä],�ËÍLN.F*DL³,h*-Å�í
Ë�Þ1J]Ë�2÷í�þ�H-Å1>3þöHKÅ1ËÍÄMHKí
H-L³*DL³*úL]0?ÉEË&|
*Eð1>?*-,hË(ï".1ËhÄMË�L]H%ðF*DÄ]î�ô�4ù21HBHKÄQ03J�*E>?0AL]L]>?Ë(ÉEHKÄ]Ë(J]H-ð1.103JMLN03,�*«LNËh2aôX9�L´É�*�þ
.1*�@-Ë'J]Ë�@KËhÄ]*->ZJvL/*DL]ËhJh<_03LQÉ�*�þ%íXË�ËhÅ#HKð
ËhÅ#HKÄI,h>3HKJ]Ë�2Z<1HKÄ¨HKðXË�ÅÈLNH�*�,hËhÄvL/*-03Å
Ë¡øBLNËhÅ�Lhôa4 21H}H-Ä´,h*-Å í
Ë
*-Þ}LNHKÉ�*DL]0?,�HKÄ´É�*-Å¬ÞF*D>;ôXOIËhJM0?2_ËhJh<X21Ëhð
ËhÅ_210?Å_Æ#HKÅ
L].1Ë6,�HKÅ�LNË¡ø}Lh<_*(21HBHKÄ¨JM.1HKÞ1>32Èí
Ë´É�*-03Å�L/*-03Å1Ë�2#,h>3HKJ]Ë�2#*-J�É
Þ1,/.¸*-J¨ðXH-J]J]03í1>3Ë
H-Ä´Å1HDL�ôcP´H-L]Ë
*->3J]H%LN.F*DL+LN._ËhÄ]Ë�H-ÇlLNË�Å Ë�ø}03JML'ð_Ä]HB,hËh2_Þ1Ä]Ë�J´LNHúHKðXË�ÄN*DL]Ë�JMHKÉEË
É�*-,/._0?Å1Ë�J�ï"03L]. J]Ë�@KË�ÄN*-> JvLNË�ð1J'*-Å12öÄ]Þ1>3ËhJ6L]HúJM.F*-Ä]Ë�LN.1Ë�0?Ä´Þ_LN03>?03ß�*«LN03HKÅZôa4´Å
03Å�LNË�Ä]ËhJvLN03Å1ÆúË¡ø_*-ÉEð1>?Ë(03J"L].1Ë³Ëh>3Ë�@D*DL]HKÄhô

RQ.1Ë¹~�A<}<B4CE�8F�J�~RJ�*->3>?H�ï�|O!�#&%(L]H�0321ËhÅ�LN0AÇlþ¶LN.1ËýËhÅ�L]03L]0?Ë�JúH-Ç6,hHKÉEÉEHKÅ
Þ_J]Ë-<a!)(*%6LNH­9}øÿÄMÞ1>?Ë�J
LNHöÆKÞF*-Ä]*-Å�LNËhËú,hHKÄMÄ]Ëh,�L�*-Å_2õ,hHK.1Ë�Ä]Ë�Å¬LÍ,hHBHKðXË�ÄN*DL]03@-Ë
Ú���F��VFgÛ�CE��F)G � H-Ç´J]Þ_,/.�Ë�Å¬L]03L]0?Ë�Jú*DÅ12p!qÛ�%³LNH²Å1Ë�ÆKH-L]0C*DL]ËÈLN.1Ë�0?ÄE,�HKÉEÉ�H-Å�Þ1JMË
*DÉ�H-Å1Æ�LN.1Ë(*-ÆKË�Å�LNJhô

Ü-��� é ç�êKÓBÐ7Ï1Õ«×qãÿã�å+êKãZã>��Ó¬ÕcÏ_äc×�ãXÐ
4ñ~�A<}<B4CE�8F�J�~ 0?JI*
2F*DLN*�JvLNÄ]Þ_,�LNÞ_Ä]Ë6L].F*DL�2_Ëy9FÅ1Ë�J�.1H�ï LNH
Þ1J]Ë6*
21Ë�@B03,hË�H-Ä
*#É�*-,/.103Å1ËDô¢9�L³21Ëy9FÅ_ËhJh<7JMHKÉEËh.1H�ï³<¢LN.1Ë�03Å1JvLNÄ]Þ_,�LN03HKÅ1J�!qH-Ä�2103Ä]Ëh,�LN03HKÅ1J�%´Ç�H-Ä



Þ_J]ËE|
LN.1Ë
ðXHKJMJ]03í1>3Ë�J]Ë;h¬Þ1Ë�Å1,hË�J³H-Ç�HKð
ËhÄN*«LN03HKÅ1Jh<X0?Å�ï".F*DL',�HKÅ1210ALN03HKÅ1J�0AL',h*-Å
í
Ë³J].F*DÄ]Ëh2ýHKÄQÞ1JMËh2�J]03É
Þ1>AL/*-Å_ËhHKÞ1JM>3þýí�þ¸J]Ë�@KË�ÄN*->7Þ1JMËhÄ]J�<�Ë�LN,Dô

9UÅ³LN.1Ë�,�Þ1Ä]ÄMËhÅ�L¥@KËhÄMJ]03HKÅ(H-Ç_H-Þ1Ä¢JMþBJML]ËhÉ¸<�LN.103J7î¬Å1H�ï">?Ë�21ÆKË�0?J¢ÄMËhð1ÄMËhJ]Ë�Å�LNËh2
í�þ¹!�J]ËhËl9FÆ-Þ1Ä]Ë(Û�%�|

é î¬Å1H�ï"Åö03Å10ALN0?*->7*-Å12¼9FÅF*D>ZJMLN*DLNË�Jh<
é *ÍJMË�L+H-Ç¥*->ALNË�Ä]ÅF*DL]03@-ËQ�4CE�^BfJN�1Ë�*-,/.¸ðF*«LN.#03JQðF*-ÄML]0C*D>?>AþÈ03Å1JMLN*-Å�LN0?*DLNË�2ö*DÅ12
ÄMËhð1ÄMËhJ]Ë�Å�LNJ�*ö@D*->?032õJ]Ëyh¬Þ1ËhÅ1,�Ë¸H-Ç´*-,�L]0?HKÅ_J�*-Å12õJvL/*DL]ËÈ,/.F*-Å1Æ-ËhJ�H-ÇQL].1Ë
*-JMJ]HB,h0?*DLNË�2öË�Å¬L]03LUþ-ô

é *�J]Ë�L6HDÇ[J�G�}�F�CE�-H�Ú���A<J�ô

.

..

{Event  |Event  =Event(ATT  (?object):?new_value      ,?new−value  ,?e  )n nx x x n−1 n

{Event   |Event   =Event(ATT  (?object):?value,?new−value  ,?e  )}11 x
x x

1 1

name−mechanism(?entity)

Begin−state=
{att  |att  =ATT(?object):?value}

Path
Path

x x

1

i

End−State=
{att  |att  =ATT  (?object):?value  }

rule  =Rule(?type,state−violation,u,proposed−state)}}

x x x n

j j hRules−list={Ev−rule  |Ev−rule  ={rule    |

h

.  . .

n

List−Event  =1
i

List−Event  =
i
n

i

�>��� ��/c� Wú�]k�r�kto�z�sZ��kUs���pMr�zijl�10

2 ã¢ê�×�ÏFÎ3�ß�yÎ�ÓBç 03ÉEðXH-J]Ë�,hH-Å1JML]ÄN*-03Å�LNJ�LN.1*DL'É
Þ_JML³í
ËÍL/*-îDËhÅ²0?Å�L]H¸*-,h,�HKÞ1Å�L
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í
ËhË�Åö03Å�LNÄ]HB21Þ1,�Ëh2 03ÅýHKÄ]21Ë�Ä+L]H
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Ç�H-Ä]í1032121Ë�Å
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L].1Ë³Ä]Þ1>3Ë-ôFRQ.¬Þ1J�<�J]HB,h0?*->¢Ä]Þ1>3ËhJ+.F*�@KË³LN._Ë³Ç�H->?>3H�ï"0?Å1Æ�ÆKË�Å1ËhÄM0?,³21Ë�J],hÄM0?ð}LN03HKÅ-|

46587,9¡!;:=<?>A@-BDC,EGFIHKJ	:=ELFTÞ M):=J	:N@-BOM-BG>QPIFO>QFRMS@UT M):=J,:N@&%
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í
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Ë
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Þ_JMLÍí
Ë�JN*DL]0?J�9FËh2¶*DL(LN._Ë%Ë�Å12ÿH-ÇQËh*-,/.
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H-L�û´ü�21Ë�L]Ëh,�LNJÈLN.1*DLú0ALNJúð1>C*DÅ Þ1J]Ë�J#*-Å Ë�Å�LN0ALUþ *-JMJ]HB,h0ñÝ
*«LNËh2�ï"0ALN.÷*ÈÉEËh,/.F*DÅ10?JMÉ¤£ù<Z0AL³í1Þ103>321J³*'¥�GE?¦£ ü

§ ôX4�¥�GE?E03J'*#2_þBÅF*-ÉE03,
JvLNÄMÞ1,�L]Þ1Ä]ËD<7ï"._0?,/.&Ä]ËhJMÞ1>ALNJ³Ç�Ä]HKÉ LN.1ËE03Å1JMLN*-Å�LN0?*DLN03HKÅ÷H-Ç�*��4CE��B÷H-ÇI*¸Æ-03@-ËhÅ
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HKJ]Ë�2¶H-ÇQJ��$A	�8J�ô
S�*-,/.èJ��	A	�õ.F*-J(*#J]Ë�L(H-ÇI03Å_Ç�HKÄMÉ�*DLN03HKÅ÷*-J]JMH},�0C*«LNËh2²ï"0ALN.÷03L;|ZÇ�HKÄ�03Å1JMLN*-Å1,hËD<
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*-Å12ýH-LN.1Ë�Ä6*DÆKËhÅ�LNJ"LNHE21Ë�,h0321Ë
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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)

¬ ­ ® ¯ ° ± ¬ ± ² ¯ ° ³ ´ ± µ ´¶ ¬ ± · ± ¸ ¹ ¬ ´ ± ° ° ¬ ¹ º

¹ » ¹ µ ¶ ¬ ² ­ ® ¼ ¹ ¯ ¬
° ¶ µ µ ¹ ° ° ² ­® µ ¬ ± ² ¯ °
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Original plans: New plan of Rp and Rq
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Rq
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Doors: D0 , D1
Meals: M1, M2, M3
Containers: C3, C4
Stations: S0, S1, S3, S4, S8, S9
Robots: R0, R1, R2, R3, R4

D1

M3

S0
open−area

S1

D0

open−area

S3
M1

C4

S4
C3

S8

M2 S9
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T11: pos(C4):S4
−−−−−−−−−−−−−−−
−−−−−−−−−−−−−−−
−−−−−−−−−−−−−−−

T10: pos(C3):S3

state−room(S1):DIRTY
state−room(S8):DIRTY
state−exame(S3):NO
state−exame(S4):NO
pos(C3):S4
pos(C4):S3
pos(M1):S3
pos(M2):S8
pos(M3):S1

−−−−−−−−−−−−−−−−−−−−
−−−−−−−−−−−−−−−−−−−−
−−−−−−−−−−−−−−−−−−−−

T6: pos(C3):S1
T7: pos(C4):S8

−−−−−−−−−−−−−−−−−−−−

State4

T10, T11

−−−−−−−−−−−−−−−−−−−−
−−−−−−−−−−−−−−−−−−−−
−−−−−−−−−−−−−−−−−−−−
−−−−−−−−−−−−−−−−−−−−

−−−−−−−−−−−−−−−−−−−−
T13: pos(M2):S8
T12: pos(M1):S0
T9: pos(C4):S9
T8: pos(C3):S0

T0: state−room(S1):CLEAN
T1: state−room(S8):CLEAN
T2: state−exame(S3):OK

−−−−−−−−−−−−−−−−−−−−
−−−−−−−−−−−−−−−−−−−−
−−−−−−−−−−−−−−−−−−−−
T4: pos(M2):S1
T5: pos(M3):S8

State1 State2

T6,T7 T8, T9, T12, T13

State3State0

T0, T1, T2, T3, T4, T5

T3: state−exame(S4):OK
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redundant
cooperative action

action coordination

next task (T8)

r0 losts T6 for R1

next task (T9)

current
past future

additional plan
coordination

j k l m

T3

T2

T0

T1

T6

T6

T7

T5

T4

R3 opens D0

R3 opens D1

R2 closes D1

R2 closes D1

R3 opens D0,
R1 closes it
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