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|;kQµdZ$z�l;vio{�´k;�dgio�Y)o�¶P�}gio�kmn5Y"Z2n1gio�kmnXnXZP�5�m��k}|;ZKC�¤PI¨Z�j�VXkfk1ehZ�gik«��ehZ�¢1�ª³-\£u 1��K�mj 6m�f© F GR; + 6m��A
�;e���km�pnp�do�nXl±|mkmz��XY)Z2e Q�grVXZ$c­�mviZ²�Hl;kfkf�¯���X�pvikQµdo�Y)��gio�kmn±s�k;v"Y)k1exg)km�dwxZPj�g�e"�mnp�5�mviZ�Z2�;ehc¨gik
j$kmnpehgivr�pj,g]�mnp��gik��X�K�X�}grZ��d�XZ�gik �(#&% ¤
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Simulated Object JSimulated Object I

Zone Agent A

1.1.
3.3.

4.

5.

2.

?
o�l;�XvrZ-�VQ�®BµX��Y)�Xz�Z-k�s#gx ¡k�j,k;z�z�o��Xo�nXl)��kmz�cfVXZ2�dv�� /
I
�mnp�

J
C¡o�n�giVXZ-¶2kmnXZ

A
¤

U�k9Y���¢mZ)grVXo�nXl;e�j$z�ZP��vrZ$vP©#j,k;npeio��dZ2v �plm�pviZ��X¤ ?
o�v�exg�ZP�mj�V±��kmz�c1VpZ2�dvrkmn±ehZ2np�¨oqg�e�¢1��³L\£u gikH�
¶2kmnXZ��mlmZ2n;g0/t��vrvrk} De���C�¤HU�VXZ2n±giVXZ�¶$kmnpZ���l;Z$n1g �pnp�Xe���kmgiZ2n;gro��mz%j$kmz�z�o{�do�nXlH�p�mo�v�eS/t�mvivrk}  ��C-��n��
o�nds�k;viY�e�ZP�mj�V±��kmz�c1VpZ2�dvrkmn±k�sDo�gre���kmgiZ2n;gro��mz%j$kmz�z�o{eho�kmn�eS/t�mvivrk} De-��C,¤Hy§e

I
��n��

J
Y��Qc@�Xvik;�p���pz�c

j$kmz�z�o{�dZ;©
J
ehZ2np�Xe£oqg�e§��k;eio�gio�kmn²gik

I
/T��vrvik}  � C,¤

I
�dZ$giZPj�gre���j$kmz�z�o{eho�kmn9 ]o�giV

J
© giVpZ$n«j$kmY)�X�dgrZ2e§giVXZ

��Z$npZ,giv��}gro�k;n��XZ$�dgrV²�mnp�²ehZ2np�Xe�o�g]gik
J
/T��vrvik}  �8C�¤

y§z�z�k�sLgiVpZ2eiZ@�m�p�dZ2�(ehgr�mlmZ2e�viZP�d�pj,ZHgiVXZ«j$kmY)�X�dg��}gro�k;np��z�j,k;ehg�kms-j$kmz�z�o{eio�k;n¬�XZ,giZPj�gro�k;n o�n(k;vh�
�XZ$vLgik²�peiZ)oqg�o�n¨o�n1giZ2vr�;j�gro�|;Z"eio�Y��Xz{�}gio�kmn�e$¤ ;9kmvrZ$k}|;Z$v�Y)k;ehgLkms¡j$kmY)�X�dg��}gio�kmn�e-/�Z2ei��Z2j,o{��z�z�c«j,k1exgrz�c
j$kmY)�X�dg��}gro�k;npe C¡�mviZ-�dk;nXZL�1c�giVXZ�eio�Y��Xz{�}giZP��k;�dwxZ2j,gre2©do�n�eh�Xvro�nXl����dgrkmnXk;Y�c�s�k;v�giVXZ��mlmZ$n1g�e$¤

��� � 3 ��G/
���G/G/�>���
U�VpZ"j$kmz�z�o{eho�kmn@���X�Xvrk;�;j�V9�XvrZ2eiZ$n1giZP�Ho�nHgiVpo�e-eiZ2j,gio�kmn@�mo�Y)ZP�«�}gL�Xvrk}|fo��do�nXl�eho�Y��Xz{�}grZ2�H�mlmZ2n;g�e§ ]o�giV
j$kmz�z�o{eio�k;n��Xvrkdj,ZPeie
grVp�}g� ¡km�pz��"��ZD�me��$��lmZ2n1gh�ªz�o�¢mZ��N�meN��k1eieio��pz�Z;¤X.�n)grVp�}gN ��Qcm©� ¡Z�givro�Z2��gik-Y)o�nXo�Y)o�¶$Z
grVXZ�l;z�k;�p��z��Xvrkfj$Z2ereho�nXl��p�mvhg£k�sBgiVpZ"j$kmz�z�o{eho�kmnH�XZ,giZPj�gro�k;n�©��mnp�9k;�dgio�Y)o�¶2Z�giVpZ�j,k;z�z�o{eho�kmn9�Xo���Z$z�o�nXZ;¤T.ªg
o{e¡gik�npk�giZ�grVp�}gP©pj,z�Z2�mviz�cm©Xei�pj�V²��n²���X�Xvrk;�;j�V�Vp�;e¡giVXZ-Y��mo�n��Xvrkm��Z$vigio�Z2e Q

� ?
o�v�exgP©Nj,z{�mereho{j$�mz�j,k;z�z�o{eho�kmn±�Xvrkm�Xz�Z$Y�e�k�s]Y��Xz�gio��Xz�Z�j$kmn1gr�;j�g�e-��Z$gx %Z2Z$n­vro�lmo{�@k;�dwxZ2j,gre���vrZ�nXk�g
�m�X�XviZPeieiZ2�²�fc�km�Xv����X�Xvrk;�;j�V�©p�;e]giVpZ$c9��vrZ-km�dg�k�sBgrVXZ�erj,k;��Z�kms�giVXZ��Xvik;�Xz�Z$Y��m�X�dvrZ2ereiZ2�²o�n
giVXo{e¡��vigio{j,z�Zm¤�yD��km�dg%giVXo{eN�Xvrkm�pz�Z2Y�©;giVpZ§���X�pvik1�mj�V)�XvrZ2eiZ$n1giZP��VpZ$vrZ§�dkfZ2e�nXk�g��pvio�nXl��mn1c1grVXo�npl
nXZ$  k;n±giVXo{e2©��;e�o�g�o{e��p�;ehZP�±kmn´Z,µdo{exgro�nplHviZPeh�pzqg�e�����km�Xg�lmZ2kmY)Z,grvio{j$�mzNj,kmz�z�o�eio�k;n­�dZ,grZ2j,gio�kmn�¤
U#ZPj�VXnXo��1�XZ2eLz�o�¢;Z�l;z�k;�p��z�k;�dgio�Y)o�¶P�}gio�kmn�e(1 ;«ad�p��Aª©#Z2ei��Z2j,o{��z�z�c²giVXZ �1�XZ2ehgio�kmn@gik�¢fnXk}  o{eLeh��j�V
���X�pvik1�mj�VXZPe�j,k;�Xz{����Z�z�o�nX¢;Z2��gik��mlmZ2n;gi�7���meiZ2�"giZPj�VXnXo��1�XZ2e�s�kmv]eio�Y��Xz���gio�kmn�©f��vrZ§o�np�dZ2Z2��o�n1giZ2vh�
Z2ehgio�nXlp©p�X�dg§��vrZ£st��v]��Z$cmk;np��giVXZ�erj,k;��ZLkms#giVpo�e]������Z$vP¤

� I@Z]��ehZ���Z$np�mzqgxc�Y)Z$giVXkd��s�kmv�s�kmv�j,Z¡vrZ2ei��k;npehZ�j$�mz�j$�Xz��pe�Q
�me���viZPeh�pzqgP©� %Z��dkLnXkmg
grvic�gikLVp��n��dz�Z
Z,µX�mj,g£j,k;n1gr�mj,g§��Z,gx ¡Z$Z$n9k;�dwxZ2j,gre Q�grVXo{eD�XvrZ2eiZ$n1gre]giVXZ�o�Y)Y)Z2�do{�}grZ��dv��Q ]�p�;j�¢�giVp��g£eio�Y��Xz���giZP�

���HZ����



���������
	���
���
��������������������������� !	"���
�#�
��$&%���'(�"$)���*�#
�� 6

km�dwxZPj�g�e�j2��n@��kmgiZ$n1gro��mz�z�cHlmZ2kmY)Z,grvio{j$�mz�z�c�o�n1giZ2vreiZ2j,g�ZP�mj�V@k�giVpZ$v-�d�Xvro�npl�grVXZ"eio�Y��Xz{�}gro�k;n�©F�X�dg
��z{ehk�Vp�me�grVXZ£�;�d|}��n1gr�mlmZ�grVp�}g%giVXZDvrZ$z{�}µdZP��ehcfnpj�VXvrkmnpo�¶P�}gio�kmn"k�sKgrVXZ£eio�Y��Xz{�}gio�kmn�j2��n��;j�gi����z�z�c
��Z��XkmnXZ;¤

?
o�np��z�z�c;©�o�g�eiVXk;�Xz��9�mz�eik���Z�nXkmgiZ2�9giVp��gDgiVXZ�nXk�gro�k;n9k�sB¶$k;nXZ��mlmZ$n1g§Y)Z2n;gro�k;nXZ2�²o�n9grVXo�e£ehZPj�gro�k;n
�Xk1ZPe�nXkmg�vrZ,s�Z2v�gik5giVXZ¨ei�mY)Z9gxcf��Z@k�s � . ���_� grVp��n o�n(grVXZ«kmgiVXZ2v�eiZ2j,gio�kmnpe�k�s-giVpo�e���vigio{j,z�Z8Q¨ %Z
n���Y)Z2�°grVXo�e�z�o�¢mZ2 ]o�eiZHo�n(kmv��dZ$v�gik­vrZ$Y���o�n¬ ]oqgrVXo�n(giVXZ@ei�mY"ZHgiZ$vrY)o�npkmz�kmlmc;¤ 9NZ$g2©]grVXZ$c¬j$�mn(��Z
eiZ$Z2n9�me]�Xv��mj,gio{j$�mzF ¡�Qcde2©dkmv§�Q|}��o�z{���Xz�Z�gikfkmz{e�s�kmv£��nXo�Y��}giZP�²��lmZ2n1gre2©ds�kmv]ZP�meio�z�c �pn��do�npl�giVXZ-k;�dwxZ2j,gre
��k�grZ$n1gio{��z�z�c�j$kmz�z�o{�do�nXl)giVXZ2Y²¤ ��kmnpZ���l;Z$n1greD�mviZ-npk�g£erj�VXZ2�X�Xz�ZP�2/teiZ$Z�eiZ2j,gio�kmn«��C�©�z�o�¢mZ-kmgiVXZ2v£��l;Z$n1gre
j$kmY)��k;eio�nXl�giVpZLs�vr�mY"Z2 %k;vi¢K¤

� � 
����p��������	���
���
������#�$* ��&,�L�
�,
�� ���$* � 	���� ,�&,�,���

y£eDZ$µf�pz��mo�nXZP�²o�n@ehZPj�gio�kmn9�p©�k;�Xv]s�v���Y)Z$ ¡kmvr¢�o{e£�mnH��lmZ2n1gh�ªz�o�¢mZ-eicfehgiZ2Y�grVp�}g�nXZ$ZP�Xe§j$kmnpeio{exgrZ$npj$c�gik
Y��m¢mZ£giVXZLlmz�km����zKeho�Y��Xz{�}gro�k;n�vrZ2�mz�o{exgro�jm¤�[%kmnpeio�ehgiZ2npj,c�j2��nXnpk�g���Z-�mj�Vpo�Z2|mZ2�� ]oqgrV�Z$µd�Xz�o{j,o�gDehcfnpj�Vpvikm�
npo�¶P�}gio�kmn� ]oqgrVXo�n�km�Xv¡j,k;n;grZ,µfg2¤ .�npehgiZP�m��kms�o�Y)��k;eio�npl�j,k;npehgiv���o�n;g�eBgrk���l;Z$n1gre2©m ¡Z£j�Vpk1k1ehZDgik�j$kmn1givrkmz
grVXZ���Z2Vp�Q|fo�k;v�k�s#�mn��mlmZ$n1g��fc��dZ��pnXo�nXl�z�kdj$�mz��dZPj,o{eho�kmn�vi�Xz�Z2e2©;giVp��g¡z�Z,g�Z2�;j�V���l;Z$n1g%�mj,gre%kmn�oqg�e%eio�Y"�
�pz���gio�kmn�¤H.�n)kmv��dZ$v�grk��pvikd�d�pj$Z]Z���j,o�Z$n1gP©;��n���vrZ2�;j�gro�|;Z%Z2nXkm�Xl;V�ehcdehgiZ$Y²©� ¡ZDj�VXk1ehZ¡gik-�p�Xo�z�gNkm�pvNk} ]n
erj�VXZP�d�Xz�Z$v¡giVp��gDj,kfkmv��do�np�}grZ2e�gr�mei¢de�/t�dcfnp�mY"o{j£km�dwxZPj�gre
C�¤NU�Vpo�e�erj�VXZ2�d�pz�Z2v�/�giVp��gDo�e¡�X�po�z{��o�n²� �1�Xo�giZ
j$z��;eieio{j$��z�Y)�mnXnXZ2v
C�o�npei�XvrZ2e����dgrkmnXk;Y�c«kms§��l;Z$n1gre Q� ]VpZ$n5�mn5��l;Z$n1g�o{e��Xvrk}|fo��dZP�± ]oqgrV­Z,µdZPj,�dgro�k;n
gro�Y)Z;©�giVpZ)�mlmZ2n;g-��npo�Y��}gro�k;n@z�kfkm�@oqgrZ$v��}gio�kmn¨o{e-j$��z�z�Z2�F©#�mnp�¨eh�pj�V¨�²j$��z�zBo{eLnXk�g-o�n;grZ$vrvi�p�dgiZP�«�Xn1gro�z
grVXZ"s��Xnpj,gio�kmn´j$�mz�z
giZ2viY)o�np�}grZ2e2¤(I(o�giVpo�n¨giVpo�e-j2��z�zT©�ZP�mj�V¨��lmZ2n1g�Vp�;e�giVXZ��m�Xo�z�o�gxc �pv�exgLgik9j2��z{j,�Xz{�}grZ
o�greDnXZ,µfgDeho�Y��pz���gio�kmn²exg��}giZ;©X�X�dg§�mz�eik�gik�eiZ$np��gik)grVXZ�eij�VpZ2�d�Xz�Z$v�o�gre]�pvio�kmvroqgxc�j�V���nXl;Z� ]o{eiV�¤

�(��� 	 ��� G/
9�������=�>�6�
\£�pv�erj�VXZ2�d�pz�Z2v�o{e��H�Xvio�kmvro�gxc@�p�;ehZP�F©!?H. ?
\ erj�VXZ2�X�Xz�Z2v�grVp�}g)eij�VXZP�d�Xz�Z2e�gr�;eh¢de /toT¤ Zm¤±���XgikmnpkmY)km�pe
�mlmZ2n;g�e C
���meiZ2�)kmn"grVXZ$o�v��Xvro�kmvroqgro�ZPe$¤�y eiZ,g�kms

N +1
o�n1giZ$l;Z$vN�pvio�kmvroqgro�ZPeBo{e��dZ��pnXZ2�) ]o�giVpo�n�grVXZ§eio�Y��d�

z{�}gro�k;nWQ#ZP�mj�V���l;Z$n1g
a
o{e��mereio�l;nXZ2�"ehk;Y)Z]o�nXo�gio{��zp�Xvio�kmvro�gxc

p(a) ∈ {0, 1, · · · , N}
/�Vpo�l;V"�pvio�kmvroqgxc�|Q�mz��pZ

j$kmvrviZPeh��kmn��Xe$©Bo�n¬km�Xv)nXkmgr��gio�kmn�©�gik±o�n1grZ$npeio�|;Z9j,kmY)�X�Xgr�}gro�k;n5k;�dwxZ2j,gre
C�¤(U�VXZ² ¡�Qc´k;�Xv�eij�VpZ2�d�Xz�Z$v
 ¡kmvr¢deDo{eLj,z�k;eiZ�s�vrkmY j,z{�mereho{j$�mz�eicdexgrZ$Y erj�VXZ2�d�pz�Z2v QD� �1�XZ$�XZ

Qi

o�eL�;eieikdj,o{�}giZP�² ]oqgrV«ZP�mj�VH�Xvro�kmvroqgxc
i
©��)gr�;eh¢

a
o{eDo�npj$z��p�XZ2�9o�n �1�XZ$�XZ

Qp(a)
¤]®%�mj�V²gio�Y)Z��mnH��lmZ2n1g§o�e£�mj,gio�|Q��giZP�F©�o�g�j2��nH�dcfnp�mY)o�j2��z�z�c

j�V���nXl;Z%o�greB�pvio�kmvroqgxc�z�Z2|mZ$z7©�o�n) ]VXo�j�V)j$�;ehZ�o�gNo�eBgiVXZ2n��1�XZ2�XZ2�"o�n)oqg�eBnXZ$ °�Xvro�k;vio�gxc �1�XZ$�pZ /teiZ$Z]ehZPj�gro�k;n
�X¤ �X¤���s�k;v§�dZ,g���o�z�e
C�¤§\£nXZ��;�X�do�gio�kmnp�mz#��vrv��Qcm©

S
©�exgrkmvrZ2e�km�XwxZ2j�g�e�giV��}gDgrZ$Y)��k;vr�mvio�z�c��dvrkm�X��Z2��k8L¨��n��

�Xk�nXk�g£nXZ$ZP�9ehcdehgiZ$Y vrZ2eikm�Xv�j,ZPe¡s�kmv£�)Y)k;Y"Z2n1g /teiZ$Z�ehZPj�gio�kmnH�X¤ �X¤ ��s�k;v£�dZ$gr��o�z{e§����km�XgDgiVXo{e
C�¤]®��;j�V
�1�XZ2�XZ

Qi, i ∈ {0, · · · , N}
o{e��merehkdj,o{�}grZ2�´ ]o�giV¬��n¯Z,µdZ2j$�dgio�kmn°o�n;grZ$l;Z$v

ni

©NgiV��}g�j$�mn5nXZ2|mZ$v"Z,µf�
j$Z$ZP��eikmY)Z£�pviZ$�ª�dZ��pnXZP��|}��z��XZ

max 
 exec
Q
giVpZ

ni

��vrZ£�peiZ2��gik)j,k;n;grvik;zpgrVXZLZ,µdZ2j$�dgio�kmn�s�viZ �1�XZ$npj$cm©
�mnp���Q|mk;o��"Z$µfZPj,�dgro�k;n�exg���vr|1o�nXl-�Xvrkm�pz�Z2Y)e2¤H.�n��peiZ$�p�dkm�ªj$kd�dZD�dZ2erj,vro��dgio�kmn�©mgiVXZ�eij�VpZ2�d�Xz�Z$v%��z�lmkmvro�giVXY
j$km�Xz{����Z��dZPeij$vio���Z2���me¡s�kmz�z�k} De�Q

���_��� /
S
©
Q0
©
· · ·
©
QN

C��
prioCurrent � N

�
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�dk"s�kmvrZ$|;Z$vKQ
nprioCurrent = nprioCurrent + 1

�
o�s5/

nprioCurrent � � max 
 exec
C%giVXZ2n

nprioCurrent = 0
�

prioCurrent = (prioCurrent − 1)mod(N + 1)
�

Z2z�eiZ
a � .���� � �_���_��� �
� � / QprioCurrent

C �
�
��$�$ �T����' ���*�#
��V%���� � /

a
C��

���_���_� /
a
©
Qp(a)

C �
prioCurrent = N

�

.ªg�o�e�o�Y)��kmvigr�mn;g%gik��Xnp�dZ2vrehgr�mnp�"giVp��g �
��$�$ �T�_��'-�����#
��V%���� � kmn��mlmZ$n1g
a
j$�mn�j�Vp��nplmZDo�gre%�Xvro�k;vio�gxcm©

�;j$j$kmv��do�npl§grk�vr�Xz�Z2eB�dZ��pnXZP��o�n�ehZPj�gro�k;n��X¤ �X¤��;©���np�"VXZ2npj,Z;©}giV��}gBgiVpZ �;�pZ$�XZDehgik;vr�mlmZ¡Y"o�lmV1gBnXkmg�exgrkmvrZ
�mlmZ2n;g

a
o�n²giVXZ �;�pZ$�XZ�o�g§ ��me]o�nXo�gio{��z�z�c²o�npeho{�dZ;¤�U�VpZ ���_���_� s��Xnpj�gro�k;n«j$�mn²Z$o�giVXZ2v£ehgikmvrZ���l;Z$n1g

a
o�n

o�gre�nXZ$ °grviZP�}giY)Z2n;g �1�XZ2�XZm©1kmvNehgik;viZ]o�g�o�n���vrvr�Qc
S
o�s�nXZPj,Z2erer��vrc /teiZ$ZDeiZ2j,gio�kmn��d¤ �d¤ �8C,¤�U�VXZ§�Xvik;��k1ehZP�

erj�VXZP�d�Xz�o�nXl)��z�lmk;vio�giVpY�©deio�Y)�Xz�Z£gik)o�Y)�Xz�Z$Y)Z2n;gP©XZ$n�eh�XvrZ2e�giV��}gD��l;Z$n1g¡kms��Xvro�kmvroqgxc
k
�mviZLehgr�}gro�ehgio{j$�mz�z�c

�;j�gro�|}�}grZ2�­s�kmv���nXo�Y��}gro�k;n
max 
 exec

gio�Y)Z2e)Y)kmvrZ�kms giZ2n­giV���n¬��lmZ2n1gre�k�s£�pvio�kmvroqgxc
k − 1

Q��me)�
vrZ2ei�Xz�g2©fs�vrZ��1�XZ2npj,c�j2��z�zT©X�;e]��s��Xnpj�gro�k;n9k�s
�Xvio�kmvro�gxcm©fo�e§��n�Z,µd��k;nXZ$n1gro��mzFvi�Xz�Zm¤
U
�mei¢deNexgrkmvrZ2�"o�n

S
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