
���������
	���
�����������������	������
	�� �"!#� �$�&%$� '(�*),+��"�.- 
/���

021�3416587:92;=<?>4@�92;BA8C292DE165:F*G#;IH=J/KLG2;�ME>N@OG2PRQTSU925:A:V
W�XZY\[B]2^`_8acb2d8ef_8gBdR_ihj_8[Tk�al^`Y\_8g#^
X6mn^`op_jqUgpefrZ_8a`slet^vu?X6mxwya`ez^`ezslo{W�X6|f]pY�}pe~k

� k6gpdRXZ]pr�_8a��pwc� Wc�z�NW
k6gBkZ�pk2� �U�Z����������6�������T�����B���#���4�����p�4�l�6�

�����R R¡�¢T£6 Z¤�¥ _��2_Rsld8a`ez}�_Ek�g(k�|f¦6X6a`et^`oBY§^`oTk�^\kZ�Bk�[p^`ezr�_R|tuOs¨u2gBd©opa`X6gBezsl_Rs\k�gk�¦Z_Rg�^«ª«et^`oEet^`s�_8g2r#eta`XZgpY\_Rg�^
_RgBk6}p|fezgp¦¬Y�k�­2ezY�k6|N�2_R|zef}�_:a©k�^`ezXZgE^`ezY\_ik�gT� ezY¬®[2a`X�rZ_��¬k6d:^`efX6g\sl]BdRd8_Rslsya©k�^`_RsR� � op_«Y\_8^`oBX#�/}Tk6|fk�gBdR_Rsyet^`sya`_8|fefk�gBdR_�]B[�X6g�gBX6ezs¨u_Rr#ef�p_8gBdR_¬ª«et^`o�ezg�^`_8a`gTk�|¯a`_R[2a`_Rsl_Rg�^©k�^`ezXZgpsR�nY�k�°2ezgp¦Eet^/a`X6}B]ps¨^/^`X*ezg�^`_8a©k�d8^`ezXZgm�k6]B|t^`sjdRk6]Bsl_R�{}�uE}�X�^`o*dRXZY\Y±]BgpefdRk�^`ezXZg�k�gT�E^`ezY\efgp¦p� � op_±gpX6^`ezXZg�X�m
k�d8^`ezXZgdRX�ala`_Rd8^`gp_Rslscezsc�p_RrZ_R|zXZ[�_��Ek�gT�?]Bsl_�� ^`X¬k6gTk�|tupsl_i^`op_jgB_8ª²Y\_8^`opX#� k�s�ª�_R|z|nk6s^³ª
X´sl[�_RdRefk6|Bd�k6sl_RsRµ#¶³g�^`_8a`gTk�|Tk6gB�¬·�­2^`_:a`gTk6|ps¨u2gBd©opa`XZgpezs`k�^`ezXZg¸�#¹cd8^`ezX6g\dRX6ala`_Rd:^l®gp_Rsls±ezs±�p_8^`_:a`Y\efgp_���X6gB|zezgB_�}�u�kEgpX�r�_R|¯k6d8^`ezXZgOk�dRdRX6]Bg�^`ezgB¦*[pa`X�d8_��p]2a`_�^`oBk�^�2_8^`_8a`Y\ezgB_Rsx^`oB_�XZ]2^`dRXZY\_«X�mId8XZY\Y�k6gB�p_���k6d8^`ezXZgpsR�#¶vg\dRX6g6ºv]BgBd:^`efX6gI��^`op_Rsl_c_8|z®_RY\_8g#^`s�[2a`X�r2ef�2_iXZgB|zezgB_´k�gTk�|zu2slezsUX�mxk6¦6_Rg�^jk�d8^`ezr#ez^³u��Tk�d8^`ezXZgEd8XZgp»pa`Y�k�^`ezXZg m�X6aY\X#�2_R|
[pa`_R�pezd8^`ezXZg¸�yk6gT�Ok*dRXZk�a`sl_EY\_�k�sl]pa`_?X6m�^`oB_ k6¦6_Rg�^�¼ s�dRXZop_8a`_RgBd8_?ª«et^`o^`op_i_Rg#r2eta`X6gBY\_Rg�^�^`oBk�^�ezs«]Bsl_���^`X\kZ�pk6[p^�et^`s«[�_8alm�X�a`Y�k6gpdR_Z�

½ ¾B¿�À�ÁNÂiÃ±Ä/Å4ÀNÆ`Â�¿
</Ç�7`A85:ÇLÈNÉ�A816H�7:F�7`A81�D*7�ÊISiÇfA8V�5:16K~16Ë�G#;BA/P�9T925RH�ÇL;¸G�A8Ç~9p;xÊNP�G2;�ÈI1?D�9p5:1\1�Ì�P�ÇL1�;BA±G#;IH�Í¸5:92Î
H�É¸P�A8Ç~Ëp1�A:VIG#;�Ç~;IH�1�Í41�;¸HN1�;BA�16;pA8ÇfA8Ç~1Z7�>cÏjVNÇL7�ÐÑG2P�A{V¸G27�;N9#A�1Z7:P6G#Í416H²A:VN9B7©1ÒÇ~;Ó7:16G258PRV
9#Ð\G(P�92DEÍNÉ�ARG�A8Ç~9p;¸G#KiDE9�H�1�K/9#Ð¬Ç~;BA:16K~KLÇLC21�;IP�1�SiVN165:1�ÇL;pA81�KLK~ÇLC216;BA6Ê�H�Ç�7©A:58Ç~ÈNÉNA:16H�G2C21�;BAR7
G#K�7©9�ÍN5892DEÇ�7©1{D�9p5:1*1�Ì�P�ÇL1�;BA�G2;¸HÔÍN589THNÉ¸P�A8Ç~Ëp1{7©9pK~ÉNA:ÇL92;¸76>yJ/P6P�9p58H�ÇL;NCpK~FpÊyD?É¸KfA8ÇfÎlG#Cp1�;BA
7©F�7©A:1�D*7¬V¸G�Ëp1EÈI1ZP�92DE1*G#;ÔÇLDEÍI9p5©ARG#;BA�G#;¸HÕSiÇLHN1�KLFÒ58167:16G#5RPRVN1ZH�A:9pÍNÇ�P#>xÖN9p5\1�×NG#DEÍNKL12Ê
5:9pÈI92A/7©9�P�P�1�5´SjG27jÍ¸5:1Z7©16;pA816H�G27/G�7©É¸ÇfARG#ÈNKL1�H�92D*G2Ç~;�Ð�9p5´1�×�ÍNKL9258Ç~;¸C A8VN1�ÍN5892Í41�5:A:ÇL167´9#Ð
7©Ç~A:É¸G#A:1ZH�ÊyD ÉNKfA8ÇfÎlG#Cp1�;BA�7©F�7©A:16DE7{Ø Ù#ÚcG#;¸H(V¸Gp7�7:Ç~;¸P�1*ÈI161�;ÛH�16Ë216K~9pÍI1ZHÕÇL;BA:9OG�Í492ÍNÉ¸KLG25
F216G25:KLF�P�9pDEÍI1�A:Ç~A:ÇL92;�ÈI1�A`Sc161�;�G#5:A:Ç~ÜIP�ÇLG2Kn7:9�P�P�1�5jA:1ZG#D*7\ØtÝZÚ¨>
Þ´9�SU1�Ë21656Ê�H�Ç�7`A85:ÇLÈNÉ�A816Hß7:F�7`A81�D*7EG#581�7:ÉNÈ�à`1ZP�A�A:9(ÍN5:9pÈNKL1�D*7 7:É¸PRVáG27 Í¸G#5:A:Ç�G#KcÐÑG#ÇLKfÎ

ÉN5:1pÊTÇ~;¸P�92DEÍNKL1�A81�9pÈ¸7:1�58Ë�G2ÈNÇLK~Ç~A`F2Ê�G#;IH{ÉN;¸5:16K~Ç�G#ÈNKL1¬P�92DED ÉN;NÇ�P�G�A8Ç~9p;x>�ÏjVN1�581�Ð�9p5:1pÊpÇ~A´Ç�7UG2;
Ç~DEÍ4925:A8G#;BA�ÍN5892Í41�5:A`F¬Ð�925«7:É¸P�P�16787`Ð�É¸KNH�ÇL7©A:58ÇLÈNÉ�A:1ZHE7©F�7©A:1�D*7�A89�È41iG#ÈNKL1UA:9\1�Ì*P�Ç~16;BA:KLF?P�92Î
925RH�Ç~;IG�A:1/ÈI1�A`Sc161�;*ÇL;¸H�ÇLËBÇ�H�É¸G2KL76ÊBÇ~;¸P�K~ÉIH�Ç~;¸C\A:VN1±1�;TËTÇ~5892;¸D�16;BA6>pâ/;NÇ~Ü¸16H*9pÍI1658G#A:ÇL92;�ã&G
äRå�ænç8è�é:ê�æIë�ä�ì8í 7:FT7©A:16D§ãîP6G#;�È41�GpPRVNÇL1�Ë21ZH�É¸7:Ç~;NC=G2P6P�ÉN5RG�A81?7©F�7©A:16Dï7:Í416P�Ç~ÜIP6G�A:ÇL92;ÛØ ð#Ú
925´A8VN5892ÉNCpVO7©É�Ì�P�Ç~16;pA\P�9pDED?ÉN;NÇ�P�G#A:ÇL92;ÛØ ñNÊ�ò�ó�Ú¨>IJ±7©FT;¸PRVN5892;¸92É¸7/92Í41�5RG�A:ÇL92;OP6G#;�58167:ÉNK~A
Ç~;OÇL585:16K~16Ë�G2;BA±7©16;¸7:Ç~;NCIÊIÇL;¸P�92;¸7:ÇL7©A:16;BA±581�ÍN58167:1�;BA8G#A:ÇL92;¸76Ê¸G2;¸HOH�16KLG�Fp16H�925/ÐÑG#ÇLK~1ZHOG2P�A:ÇL92;xô
ÍN5:9pÈNKL1�D*7�SiV¸ÇLPRV{P6G#;{G#341ZP�Aj1�Ëp1�;BA�A8VN1±DE9B7`Aj7©9pÍNVNÇ�7`A8ÇLP6G�A:1ZH�7:QBÇLKLKL7UG#;¸H{ÍNK�G#;¸7�Ø óNÊ:õ�Ê6ò6ö¸Ê
ò�ð#Ú¨> ÷

92;¸7:ÇLHN1�5RG#ÈNKL1j5:1Z7©1ZG#5RPRV?V¸Gp7�ÈI161�;�H�9p;N1iÇL; A8VN1´581�K�G�A816HEG#5816Gp7
9#Ð�P�KL9TPRQ�7©Qp1�SáH�1�A816P�Î
A:ÇL92;?G2;¸H�H�Ç�7`A85:ÇLÈNÉ�A816H 7©F�7©A:1�DøDE92;¸ÇfA89258Ç~;NC Ø ñ¸Ê:ù�Ú¨ÊZÍ¸G#5:A:Ç�P�ÉNK�G#58KLF±CpÇ~Ëp1�;\5816P�16;BA¯ÇL;pA81�58167©A¯ÇL;
7`A85:1ZG#DEÇ~;¸C±D ÉNKfA8Ç~DE1ZH�ÇLG¸>#úl;�A:VN1iûi9pÈI9

÷
ÉNÍ�üTÇLD?ÉNK�G�A8Ç~9p; KL16G2C2ÉN1pÊ�VN9�Sc16Ë21656Ê6A:VN1´P�92DED?ÉNÎ

;NÇLP6G�A8Ç~9p;�ÍN5:92A:9�P�9pKxÇ�7´A89B9{5:1Z7`A85:Ç�P�A8Ç~Ëp1¬A:9{7:ÉNÍNÍ4925:A/A8VN1?7©A8G#;IHNG#5RH�7©9pK~ÉNA:ÇL92;¸7´HN1�Ë216K~9pÍI1ZH



Ç~;�A:VN1Z7©1�1�3n925:A876>�J/P6P�925RH�ÇL;NC2KLF2ÊT7:Ç~DEÍNKL1\7©9pK~É�A8Ç~9p;¸7cV¸G�Ë21±ÈI161�;�G2H�9pÍ�A:1ZH�9#Ð A81�;=1�;BA8G2Ç~KLÇL;NC
ÉN;�à`É¸7©A:Ç~Ü¸16H{G2787©ÉNDEÍ�A8Ç~9p;¸76>#úl;EA:VNÇ�7«ÍIG#Í41�5ZÊ2SU1´H�1678P�58Ç~È41/G¬;N16S G2HNG2Í�A:ÇLË21´G2K~Cp9258ÇfA8VND Ð�9p5
7©FT;¸PRVN5892;¸ÇL7:Ç~;¸C�A:V¸1EG2C216;pA�SiÇfA8VÔÇfAR7±16;TËBÇL5892;NDE1�;BA�A:V¸G#A\ÇL7�5892ÈNÉ¸7©A�A:9�P�9pD�D ÉN;NÇ�P�G#A:ÇL92;
H�1�K�G�F�7�Ê�KL9p7©AiD�1Z7:78G#Cp1676Ê�G#;¸H{A:ÇLDEÇ~;NCEÐÑG2ÉNK~A876>
úl;ÕüT16P�A:ÇL92;Ôó�Ê4Sc1�H�1�Ëp1�KL92Í�A8VN1 ;¸9#A:ÇL92;Ò9#Ð�P�9p5:5816P�A±G2P�A:ÇL92;xÊ4SiVNÇ�PRVÕH�1�Ü¸;N1Z7±P�5:Ç~A:165:Ç�G

Ð�925�Gß7:92KLÉ�A:ÇL92;ÓG2;¸H�Ð�9258D*7�A8VN1(È¸G27:ÇL7{9#Ð�9pÉN5�16Ë�G#KLÉ¸G�A8Ç~9p;ÓG#;¸HÓG2;¸G#KLF�7©Ç�76>UüT1ZP�A:ÇL92; �
ÍN5:1Z7©16;BA87´GEARG�×�92;¸92D?F{9#Ð�ÍN5RG2P�A8ÇLP6G#KxÇ�787©ÉN1Z7iSiVNÇ�PRV�ÇL7/É¸7:16H=A:9{D�92A:ÇLË�G�A:1 G#;¸H�P�9pDEÍ¸G#581
A`FBÍ¸ÇLP6G#KN7:FB;IPRVN5:9p;NÇ�7:G#A:ÇL92;�A816PRVN;¸Ç��BÉN1Z7
Ç~;�üT1ZP�A:ÇL92;EðI>2üT16P�A:ÇL92;¸7�õ�G2;¸H ñ¬Í¸5:1Z7©16;pA«G�;N9�Ëp1�KvÊ
G2HNG2Í�A:ÇLË21´7:FT;¸PRVN5892;NÇ�7:G#A:ÇL92;EG#KLC29p5:Ç~A:VND È¸G27:16H�9p;�G#;E92;NKLÇL;N1/G2P6P�9pÉN;BA:ÇL;NC\ÍN589TP�16H�É¸5:1jÐ�9p5
G2P�A8Ç~9p;\P�92DED*G#;IHN7�>6Ö¯ÇL;¸G2K~KLF2Ê�A:VN1«58167:ÉNK~A87y9#Ð�G#;\1�DEÍNÇL58ÇLP6G#K2P�92DEÍ¸G#58Ç�7©9p;±92ÐpA8VN1�ÍN58167:1�;BA816H
A:16PRV¸;NÇ��BÉN1Z7iG#581¬Ç~;¸P�K~ÉIH�16H�G#;IH=HNÇL78P�É¸787:16H�Ç~;OüT1ZP�A:ÇL92;OÝT>

� ��Â��\Â�À	�ÔÀ	
��¯À�
 Å4À��ÕÂ«ÁNÁ��yÅ4À	���

úl;ÓC216;N1�5RG#KvÊ�G é:ê��Rê��vëÑçÕäRå�ä��lì�� Ç�7*A:V¸1ÕP�9pÉNÍNKLÇ~;¸CÛ9#Ð?G é8ê��Rê�� SiÇfA8VÓÇ~A87 ì�æ��6ë é:ê#æ��*ì�æ�� >ÖNÉN5:A:VN1656Ê6Gj5:9pÈI92AyP�G#;¬È41«ËTÇ~16Sc1ZH¬G27xG çRê�æ��³é8ê�� �~ì�é 1�D?È416H¸H�16H¬ÇL;\G"! �$##æ�� Ê�A:V¸5:9pÉNC2V¬SiVNÇ�PRVA:VN1´5892È49#AU7©16;¸7©1Z7«G#;IH*G2P�AR7�ÇL;*A:VN1/1�;TËTÇ~5892;NDE16;pAZ>2J Cp1�;N1658G2KN5:9pÈI92A:Ç�Pi7©F�7©A:16D Ç�7�7:VN9�Si;
Ç~;�Ö¯ÇLC¸>Bò2>Zúl;�A8VN1jûi92È49

÷
ÉNÍ�üTÇ~D ÉNK�G�A:ÇL92;?K~1ZG#C2É¸12Ê6A`Sc9/HNÇL7©A:ÇL;¸P�A�7:9#Ð A`SjG#581«ÍN5892C25RG#D*7�%�A:VN1

#'&Bì�æ�� G#;¸H)(+*�,+,.-�/	(+-�/10	-�/	2nÇL;pA81�5RG2P�A�A8VN5892ÉNCpV�G¬KL9p787©F P�92DED ÉN;NÇ�P�G�A8Ç~9p;�PRVIG#;N;N16K³>pÏjVNÇL7
P�G#;�ÈI1�ËTÇ~16Sc1ZH{Gp7cG 5:9pÈI92A:Ç�P/7:F�7`A81�D,SiVN165:1/A:VN13(+*�,1,�-�/	(+-�/+0	-�/\ÇL7cA8VN1±16;TËBÇL5892;NDE1�;BAZÊ
A:VN1�P�92DED?ÉN;¸ÇLP6G�A:ÇL92;�PRV¸G2;N;N1�K�Ç�7UA:V¸1\ÍNKLG2;BA6Ê¸G2;¸H�A8VN1�G#Cp1�;BAiÇL7iA:VN1�P�92;BA:5892KLK~1656>

Controller
(Agent)

Plant
(Communication Channel) (SoccerServer)

Environment
percept

command

stimuli

action

Robot

4�5�6 ¤�7T¤ ¹�¦6_RgB_:a©k6|�a`XZ}�X�^`ezd¯s¨u2s¨^`_RYßsloBX�ª«ezgB¦«^`oB_xezg�^`_8a©k6d8^`ezX6gBs4}�_:^vª
_8_Rgi^`oB_�a`XZ}�X�^�¼ s4dRXZg�^la`XZ|z|z_8ak�gT�?[B|fk6g�^ck6s�ª
_8|f|4k6s�ª«et^`o�^`oB_U_Rg#r2eta`X6gBY\_Rg�^��

8 è¸ì±ì�æ��Zë é:ê#æ��*ì�æ��¯ì:9±ì8ç'�³ä;#2ç'�vëÑê�æ<##æ4í ! é:ê��ZëÑí2ì�äjä��³ë �>=?�zë@�¨êA��èNì´é:ê��Rê.�CB (+*	,+,�-�/	(1-�/+0	-�/4Ê
7©VN9�Si;ÒÇ~;(Ö¯ÇLC¸>�ó�Ên7:Ç~D ÉNKLG#A:1Z7/5816G2KfÎ¨K~Ç~Ð�1?5892È49#A8ÇLP 7©9�P6P�1�5�G#;¸HÒH�ÇL787:1�DEÇ~;IG�A:1Z7±7©A:ÇLD?É¸K~É¸7±A89
16G2PRV(9#ÐUA:V¸1�P�92DEÍ41�A8Ç~;NCOG2C216;pAR7*Øfòpò�Ú¨>xÏjVN1�7:Ç~D ÉNKLG#A:ÇL92;ÔP�F�P�KL167�SiÇfA8VÔG�Í41�58ÇL9TH(92Ð±ò6öpö
D�ÇLKLK~Ç�7©1ZP�9p;¸HN7yG2;¸H¬P�G2;\ÈI1�HN1678P�58Ç~È416H¬ÈTF±Ð�92ÉN5y7©A8G#A:1Z7�>ED�G2PRV\P�FTP�K~1�È41�CpÇ~;I7xÇL;\A:VN1F(.G¬7`ARG�A81
%�SiVN165:1IH�-�J@H�- K�*1L1MÒ7`A8Ç~D ÉNKLÉ¸7?H�1Z7:P�5:ÇLÈNÇL;NC�A:V¸1�G#Cp1�;BAON 7�P�92;¸H�Ç~A:ÇL92;ÔÇ�7�ÍN589�ËTÇLHN16H�2¬G2;¸H
1�;¸HN7´Ç~;�A8VN1QP�7©A8G#A:1R%�SiV¸1�581¬A:VN1?HN92D*G#ÇL;�H�FT;¸G#DEÇ�P�7iG#581�7:Ç~D ÉNKLG#A:1ZH�2�>�(+*�,+,�-�/	(+-�/+0?-�/
G2P�P�1�Í�AR7�GpP�A8Ç~9p;¸7�ÇL;ÓA8VN1TS 7©A8G#A:1ÕG2;¸H 16;pA81�5R7*A8VN1U(�P 7©A8G�A81Ò16Ë21�58Fá92;N1(G#;¸HÓGßV¸G#K~Ð
P�F�P�KL167«A:9?Í¸5:9�ËTÇ�H�1´ËTÇL7:É¸G2KI7:1�;¸7:925UHNG�ARG\Ç~;�A:VN1VH.-+- 7`A8Ç~D ÉNKLÉ¸7�>+WU16P6G#É¸7:1´9#Ð�A8VN1/ÇL;NVN165:16;BA
Ð�5:1E�pÉ¸1�;¸P�F�DEÇ�7©D*G#A8PRVxÊ�7©A8G�A81�Îl7©ÍIG2P�1/ÇL7cA:5RG�Ë216587:16H*7:1O�BÉN16;BA:Ç�G#KLK~F�A:V¸5:9pÉNC2V*A8VN581�1±HNÇL7©A:ÇL;¸P�A
P�F�P�KL1�A`FTÍ4167OX¸A`FTÍ41�ò<%Y(�G[Z\(�P<Z]SIZ]P?2�Ê4A`FBÍ41�ó^%Y(�GIZ]S[Z\(�P<Z_S<Z_P	2�Ê4G2;¸H
A`FBÍ41 � %Y(�G)Z`S>ZaP	2�>



SB3

SE1

SE2

E 1

E 2 R2R3

R1 SB2 R2SB1

E 3

(sense_body)
stimulus

(see)
stimulus

(sense_body)
stimulus

(sense_body)
stimulus

(see)
stimulus

So
cc

er
Se

rv
er

action action

action action

4�5�6 ¤��¸¤ b#^©k�^`_8sUk�gT��s¨^©k�^`_/^la©k�gBslet^`ezXZgBs«m�X�aU^`op_���� ������� � ����	���� _Rg#r#eta`XZgBY\_8g#^�� � X\_8Y\[BoTk�sle�
R_^`op_�^`opa`_R_«d8u2dR|z_«^vu2[�_RsR��s¨^©k�^`_�^la©k�gBslet^`ezXZgps
k�a`_�Y�]p|t^`ef[p|zef_R�¬XZ]p^�k6gB��^`oB_«d8u2dR|z_«^vu2[�_�ezs
�p_8gBX6^`_R�}�u k�sl]p}Bsld8a`ez[p^�^`X±^`oB_js¨^©k�^`_/|fk�}�_R| �

8 è¸ì çRê#æ��vé:ê�� �~ì�é�ä�= !�! �fëÑì�äV#�çRê��>�)#�æ4í)�³é #pçRìQ�lê>� è¸ì ! ��#�æ��"�¨ê #2çRèTëÑì'��ìV� è¸ì?ípì�ä�ë é:ìRíEä�å�ä
�
�¨ì'� �Rì8è�#��ZëÑê�=�é'B Ö¸925¬7©ÇLDEÍNKLÇLP�ÇfA`FpÊISU1 Gp7:7:ÉNDE1?G#;ÕG#C216;BA�P�G2Í¸G#È¸K~1�92Ð«58G#A:ÇL92;¸G2KxA8VN92ÉNCpVBAÈ¸G27:16HÒ92;ÕG=7:1�;¸7:1�Î¨ÍNK�G#;�ÎlG2P�A�G#5RPRVNÇ~A:1ZP�A:É¸5:1pÊ4Gp7±7:VN9�Si;ÒÇL;ÔÖ¯ÇLC¸> � >nÏjV¸ÇL7¬G#Cp1�;BA±5816P�1�ÇLË21Z7
ÍI1658P�1�Í�AR7jSiVNÇ~KL1\ÇL;�7©A8G#A:13(IÊ�A:V¸1�;�H�1�KLÇLÈI1658G#A:167jÇL;�7`ARG�A:1��nÊNG2;¸H�ÜI;¸G#KLK~F=P�9pD�D*G2;¸HN7UA:V¸1
H�167:Ç~5816H=G2P�A:ÇL92;=Ç~;�7©A8G#A:1��n>

P AA
ge

nt

percept
(see, sense_body) command

S

4�5�6 ¤��N¤ b#^©k�^`_8sck�gT�?s¨^©k�^`_i^la©k6gpslez^`ezX6gBs�m�X�ac^`op_ik6¦6_Rg�^��

üTÉ¸P�P�16787`Ð�É¸KUG2C21�;BAR7?D É¸7`AEC216;N1�5RG�A81{G2P�A:ÇL92; A8V¸G�AEÇ�7�P�92;¸7:Ç�7`A81�;BA SiÇ~A:VßA:VN1�P�ÉN58581�;BA
1�;TËTÇ~5892;NDE16;pAZ>�Ïy9 G2PRV¸Ç~16Ë21�A:VNÇ�7*P�9pVN1�581�;¸P�12Ê�G#;�G#Cp1�;BA*D?É¸7©A*D*G#Q21�H�1ZP�Ç�7©ÇL92;¸7EÈIG27:16H
92;Ò7:1�;¸7:925±HNG�ARG{G#;IHOP�9pD�D*G2;¸H�G2P�A:ÇL92;OÇL;Ò7:É¸PRVÒG*SjG�F{A8V¸G�A¬Ç~A±Ç�7/1�341ZP�A:1ZH�SiVNÇLK~1 A:V¸1
5:16K~16Ë�G2;BAi7:1�;I7©9p5jH¸G�A8G�Ç�7´7©A:ÇLK~KxË�G2K~Ç�H�>��(1�P�G#KLKnA:V¸ÇL7 çRê#é�é:ìRç�� #2ç'�³ëÑê#æ >
�������������� !�#"%$'&( *)�)+�-,.�0/1,2���� !�43�5Búl;¬A:VN1�û´92È49

÷
ÉNÍ�üTÇLD?ÉNK�G�A8Ç~9p;\H�92D*G#ÇL;xÊ�G2;\G#C216;BAON 7

G2P�A8Ç~9p;¸7´G25:1 çRê�é�é8ì8ç'� SiV¸1�;�A:V¸1\Ð�92KLK~9�SiÇL;NCEA81�DEÍI9p58G2KxÍN5816P�16H�16;¸P�1�P�92;¸7©A:5RG#ÇL;BA87´G25:1�78G�A:ÎÇL7©Ü¸16HxÊNSiVN1�581�687:9{P�9p;¸7`A858G2Ç~;I7i7`ARG�A:1�6*A89*V¸G#Í¸ÍI16;=È41�Ð�9p5:1\7©A8G#A:1�9n>
òE2;�87 P
ó�2 (�G<7:�>=<(�P�7?�*@

A ¶vg\d8u2dR|z_�^vu2[�_CB2�Zª«oBezd:o��2X�_Rs�gpX6^�efgpdR|z]T�2_«^`op_D�FE�s¨^©k�^`_Z��^`op_�sl_8dRXZgB�\^`_:a`Y X�mN^`oB_«dRXZg�º¨]pgBd8®^`ezXZg{efsiez¦6gBX6a`_R�¸�!Gc^`oB_8alª«ezsl_Z�Nª«op_8a`_H�FI8JK�FE*ezsjdRX6gBslef�p_8a`_R�=k\^©k6]p^`X6|zXZ¦6u��N^`op_±»Ba`s¨^U^`_8a`Yd�k6g�}�_jez¦ZgBX�a`_��¸�



ÏjVN1«Ü¸5R7©A¯P�9p;¸7`A858G2Ç~;BAyÇ�7�7`A85:Ç�P�AEX (+*�,+,.-�/	(+-�/10	-�/ � =Tä�� 5:1ZP�1�ÇLË21�92;N1UG2P�A8Ç~9p;�P�9pD�D*G2;¸HÈI1�Ð�92581iÇfA�È41�CpÇ~;I7«7©ÇLD?É¸KLG#A:ÇL;NC¬A:VN1±H�FT;¸G#DEÇ�P�76>#ú¨Ð � �7 P4Ê#A:VN1/G2C216;pA«SiÇLKLK¸581�D*G#ÇL; Ç�H�KL1´ÉN;�Î
A:ÇLK¸A8VN1±;¸1�×TAU7:Ç~D ÉNK�G�A:ÇL92;�P�F�P�KL12>Bú¨Ð (1*�,+,�-�/?(+-�/+0	-�/¬5816P�1�ÇLË2167�DE92581iA:V¸G2;�92;¸1/P�9pD�D*G2;¸H
Ç~;ßGÒ7©ÇL;NC2KL1{P�FTP�K~1pÊxA8VN1�7:16P�92;¸HÔG#;IHÛG#;TFÕ7:ÉNÈ¸7:1O�BÉN16;BA P�9pD�D*G2;¸HÔÇL7 ÇLC2;N9p5:1ZH�>yÏjVN165:1�Î
Ð�925812ÊTSiVN1�A8VN1�5iGpP�A:ÇL92;{ÇL7U1�3n16P�A:1ZH{9p;�A:ÇLDE1¬ÇL7jH�1�A:1�58DEÇ~;¸16H�;¸9#Aj92;NKLF*ÈTFEA:VN1¬P�9pD�D*G2;¸H
5:1ZP�1�ÍNA:ÇL92;�A:ÇLD�1pÊNÈNÉ�A/G2KL7:9EÈTF*A:V¸G#A´9#Ð�A:VN1\Í¸5:16ËBÇL92ÉI7UP�F�P�KL1¬Gp7iH�1678P�58ÇLÈI1ZH�ÇL;�Ï¯G2ÈNKL1�òp>

� ¢p�����<7B¤ ��� ������� � ����	+��� a`]p|f_8s«mLX6ac_��N_Rd8^`ezgp¦\k6d8^`ezX6gE}Tk�sl_���XZg�dRXZY\Y�k�gT�¬a`_RdR_R[2^`ezXZg�^`ezY\_RsR�

W�XZY\Y�k�gT�\a`_RdR_R[2^`efX6g W�]pala`_Rg�^�k6d:^`efX6g
	�

����� J E 

��������	 J E ·��N_Rd:^`_���XZg?^`ezY\_
	�

�������J E 

��������	 J E �Bk6ez|z_��
	 

����� J E 

����� ��	��J E ·��N_Rd8^`_R��|fk�^`_
	�

�������J E 

��������	��J E ·��N_Rd8^`_R��|fk�^`_

ÏjVN1/7:16P�9p;¸HEP�9p;¸7`A858G2Ç~;BA«Ç�7�7:9#Ð AEX#A:V¸1±G#Cp1�;BA ä:èNê.=?�~í P�92;¸7:ÇLHN1�5�GpP�A:ÇL92;*9p;NKLF G�Ð A81�5U7©É�Ð ÎÜIP�ÇL1�;BAc7:1�;¸7:ÇL;NC¸>�ú¨ÐnA:V¸ÇL7«P�92;¸7©A:5RG#ÇL;BA«ÇL7«ËBÇL92K�G�A816H?A:VN16;EA:VN1±G#C216;BA
Ç�7«ÈIG27:Ç~;NC¬Ç~A87cG2P�A8Ç~9p; 9p;
ÍI9B7:7:Ç~È¸K~F�ÇL;¸P�9p;¸7:ÇL7©A:16;pA�7:1�;¸7:925¬HNG#A8GN>xÖ¸925¬1�×NG2D�Í¸K~1pÊnA:VN1

÷
@Oâ/;NÇfA816HNÙpù�G#C216;BA¬GpP�A87¬G#A

A:VN1\È41�CpÇ~;N;¸Ç~;NC*92Ð�1ZG2PRV�7©ÇLD?É¸KLG#A:ÇL92;�P�F�P�KL1�Øfò � Ú¨>NÏjVNÇ�7iËTÇ~5:A:É¸G2K~KLF�16;¸7©É¸5:1Z7UA:VN1¬Ü¸5R7©A/P�92;NÎ
7`A858G2Ç~;BA
ÈBF�G2È¸G#;IH�92;NÇL;NC±A:VN1i7:16P�92;¸H X�G2K~K�H�1ZP�Ç�7©ÇL92;¸7
G25:1cÈ¸G27:16H?92;EH�16GpHTÎv5816PRQp92;NÇL;NCjÐ�5892D
A:VN1EÍN581�ËTÇL92É¸7¬P�F�P�K~1*G#;IHÒ;N92A¬Ð�5:9pD�P�ÉN58581�;BA¬7:1�;I7©9p5¬H¸G�A8G¸>�ÏjVN92ÉNCpVÒA8VNÇ�7¬D�1�A:VN9�H(V¸Gp7
ÍN5:9�Ëp1�;Ò7:É¸P6P�16787©Ð�ÉNK�Ç~;ÔP�9pDEÍI1�A:Ç~A:ÇL92;ÔSiVN1�581 A:VN1*16;BËTÇL5:9p;NDE1�;BA8G2K�HNFB;IG#DEÇLP67\G#581�7©A:58É¸P�Î
A:ÉN5816H�G#;IH{1ZG27:F*A:9*7:Ç~D ÉNKLG#A:1pÊ�A:VNÇ�7iG#Í¸ÍN5:9BG2PRV�ÇL7iÇLKLKfÎlG2H�ËTÇ�7©1ZH�ÇL;�C21�;¸1�5RG#Kv>

� � � �BÆ©Á	�yÃ��"� �pÀ?���  U� 
���!´Æ`Â�Ä/Á
" Ç~Ëp1�;(A:VN1*581O�BÉNÇL5816H(P�92DEÍNÉNA8G�A8Ç~9p;(Ð�925�7:1�;¸7:925\ÍN589�P�1Z7:7:Ç~;¸C¸Ê�H�1�KLÇLÈI1658G#A:ÇL92;xÊyG2;¸H(7©ÇLD?É�Î
KLG#A:ÇL92;xÊ�A8VN1{P�92;¸7©A:5RG#ÇL;BA87�Ç~;Û<±1�ÜI;NÇfA8Ç~9p; ò*Ç~DEÍNKLFOA8V¸G�A?A:VN165:1*Ç�7�G#;Ô9pÍ�A:ÇLD*G#K�A8Ç~DE12Ê$#&%�Ê
SiÇfA8VNÇ~;�A:VN1�7©ÇLD?ÉNK�G�A8Ç~9p;�P�F�P�KL1´SiVN16;�G2P�A:ÇL92;¸7c7©VN9pÉNK�HEÈI1�P�92DED*G#;IH�16H�>pú¨ÐyP�9pD�D*G2;¸H�ÇL;NC
G�A´A8VN1?9pÍ�A:ÇLD*G#KxA8Ç~DE1pÊNA:V¸1 G#Cp1�;BA´SiÇLK~K�5:1ZP�16Ç~Ëp1\5:16K~16Ë�G2;BA/7`A8Ç~D ÉNK~ÇvÊ4V¸G�Ë21¬A8VN1�D*G�×�ÇLD?ÉND
G#DE92ÉN;BA´92Ð�A8Ç~DE1\A89{H�16K~ÇLÈI1658G#A:1pÊ¸G#;¸H�VIG�Ë21\G#KLKyG2P�A:ÇL92;�9�P�P�ÉN5/Gp7i1�×�Í416P�A816H�>4ÏjVNÇ�7iÇLHN16G#K
ÈI16V¸G�ËTÇ~9pÉN5jÇL7´7:VN9�Si;=Ç~;�Ö�ÇLC¸>�ð¸>
úl; ÍN5RG2P�A:Ç�P�1pÊUV¸9�Sc16Ë21�5ZÊcA:VN165:1 G#581 7©16Ë21658G2K/ÐÑGpP�A:9p587�A8V¸G�AOH�Ç�7©58ÉNÍ�A�A8VN1ÔÇLHN16G#K\È41�Î

V¸G�ËTÇ~9pÉN56>�ÏjVN1O7:ÇLD?ÉNK�G�A8Ç~9p;áP�FTP�K~1�Ç�7E;N9#A�9pÈ¸7:1�58Ë�G2ÈNKL1�ÈTF A8VN1OG#Cp1�;BAEG2;¸H�G#ÍNÍ416G2587 A89
' É¸P�A8É¸G�A81*Ç~;ÔÇ~A87¬Í41�58Ç~9�H�Ç�P�Ç~A`F2>xÏjV¸167:1 ' É¸P�A8É¸G�A8Ç~9p;¸7\G#581 A:VN1*58167:ÉNK~A¬92ÐU9p;N1E925¬DE92581E9#Ð
A:VN1\Ð�9pK~KL9�SiÇL;NC*ÍN5RG2P�A8ÇLP6G#KxP�92;¸7:ÇLHN1�5RG�A:ÇL92;I7jSiVNÇLPRV�D*G2Q21�G2P�A:ÇL;NC�P�9p5:5816P�A:KLF{H�Ç~Ì�P�ÉNK~A6>nÖN9p5
1�×NG#DEÍNKL12ÊN7:1�1\Ö�Ç~CI>Iõ�>
&�(  ,*) � ��/1, ,,+�)+/1,2� �.- 5\ÏjVN1V�BÉ¸G25©A�/\9p78P�ÇLK~K�G�A8Ç~9p;¸7jA:VIG�A�P�92DEÍNÉ�A81�5R7iÉ¸7:1\A:9{Q21�16Í=A:ÇLD�1

G#581�ÇL;¸G2P6P�ÉN5RG�A812>�Ï�FTÍNÇ�P�G2K~KLF2Ê�G/P�K~9�PRQ\P�G2; H�16ËTÇLG#A:1«Ð�5892Dø5816G2K2A8Ç~DE1jÈTF¬Gp7yD É¸PRV Gp7 � ö
DEÇ~KLK~Ç�7:16P�9p;¸HN7c9�Ë2165cG�òZö�DEÇL;BÉNA:1�ÍI165:ÇL9�HÒØ~òZó�Ú¨>TJ´K�7©9IÊB7:Ç~;IP�1±A:VN1¬7©F�7©A:16D Ç�7cA`FTÍNÇLP6G#KLK~F
;N9#A�58ÉN;(9�Ë2165¬G=5816G2KfÎvA:ÇLDE1 9pÍI1658G#A:ÇL;NC=7:F�7`A81�D�ÊxÇL;BA:1�58Ë�G#K
A8Ç~DE1�5R7�A:16;¸HÕA:9�9�Ë2165:58ÉN;



RSESB

S P

SB R ESE

P A

E

SA S

SB R

P

E

A S

R

1 2 3

SoccerServer

Agent

Time

4�5�6 ¤��4¤ ¹cg�_8r�_Rg�^i^`ezY\efgp¦*�pefk�¦6a©k6Y �2_R[Bezd8^`ezgB¦�e~�2_�k6| �4dRXZop_8a`_Rg�^/}�_RoTk�r#ezXZ]pa´mLX6a±_�k6d©o�X6m�^`op_^`o2a`_R_id8u2dR|z_U^³up[�_8sRµTk�|f|¸^`opa`_R_jk6d8^`ezXZgpsUk�a`_idRX6ala`_8d8^

SiVN1�;²A:V¸1=Í¸5:9�P�1Z7:7:925 ÇL7E9�Ëp1�58K~FÕA8G#×�16H�>«ÏjVN1Z7©1�G#;¸92D*G#KLÇ~1Z7?9�P6P�ÉN5EÇL;¸H�1�Í41�;IH�1�;BA:KLF
G2P�5:9B7:7¬A8VN1�7:F�7`A81�D SiVNÇ�PRVxÊ¯9�Ëp1�5\A8VN1�P�92ÉN5R7:1�9#Ð´G�Ð�É¸K~KUCpG2D�1pÊ¯P6G#; ÇL;¸P�ÉN5 A:ÇLDEÇ~;¸C
H�1�ËTÇ�G�A8Ç~9p;¸7�A:V¸G#A�P�9p;¸7`A8ÇfA8É�A:1´7:ÇLC2;NÇ~ÜIP�G2;BA
Í4925:A:ÇL92;I7
9#Ð4A:VN1´7:Ç~D ÉNK�G�A:ÇL92;*P�FTP�K~1jÍ41�58Ç~9�H�>

��/1)�� � ���?,2 ��	� + � ��,2/1���� !� )+� (�� /�
�� (������*5�
«G25:FTÇL;NCÓ;N1�A`Sc9p5:Q A:5RG�Ì�PÛP6G#É¸7:167�É¸;N92È�Î
7©165:Ë�G2ÈNK~1´G2;¸HEÉN;NÍ¸5:1ZH�ÇLP�A8G2ÈNK~1±P�92DED ÉN;NÇ�P�G�A8Ç~9p;*H�1�K�G�F�7�>2Ö¸ÉN5:A:VN1656ÊB7©ÇL;¸P�1´A:VN1/7:F�7`A81�D
É¸7:167jG�KL9p787©F*P�92DED?ÉN;¸ÇLP6G�A:ÇL92;{ÍN5:92A:9�P�9pK³ÊBDE16787:G2C21Z7�P�G2;�G25:58Ç~Ëp1´92ÉNAU92Ðy925RH�1�5U925UÈ41
K~9B7`AU1�;BA:ÇL581�KLF�ÇL;�A8VN1±A:5RG#;¸7:ÍI9p5©AcKLG�Fp1�5Z>pÏjVN165:1�Ð�925812Ê#A8VN1¬7©16;¸7©Ç~A:ÇLËTÇfA`FE92Ð¯G?7:FT;¸PRVN5892;NÇ~Î
7:G#A:ÇL92;=DE1�A:V¸9TH�A89�7©É¸PRV�P�9pDED?ÉN;NÇ�P�G#A:ÇL92;�ÐÑG#ÉNK~A87´ÇL7j1�×BA85:16DE1�KLF�5:16K~16Ë�G#;BA6>

RSESB

S

ESEE

SA

SB R E

A S

R

P SAP P

RSB

1 32

4�5�6 ¤��¸¤ ¹�g _8­pk6Y\[p|f_*slopX�ª«efgp¦Õ[�X6slslez}B|z_{m�k6]p|z^`sEk6slslX�dRefk�^`_R�Ûª«et^`oÛdR|zX�d:°(efgBk6dRd8]pa©k6d8ef_8s*k6gB�r6k�alu2ezgB¦igp_8^vª�X6a`°/a`_R|ze~k�}Bez|zet^vu��#¶vg±^`oB_�»Ba`s¨^�d8u2dR|z_Z��^`oB_ �����p��� � � ��� efs��p_R|fkRu�_��N�#k�ala`ezr#ezgB¦´XZ]2^�X�mX�a©�p_8a�ª«et^`o?^`oB_ �F��� s¨^`ezY�]p|f]psR�2¹c|zslXp�2^`oB_ ��� ���F��� � ����	+��� ¼ sUezg�^`_8a`r6k6|T^`ezY\_8a�X�r�_:ala`]BgBs�d�k6]pslefgp¦^`op_cgp_8­#^ �����p��� � � ����� ª«opefd©o�_RgT�2s�]p[?}�_8efgp¦±|zX6s¨^«efg\^la©k�gBslet^��y^`X/}�_U�2_R|fk�u�_��¸�#¶³g¬^`oB_Usl_8dRXZgB�d:upd8|f_6�p^`op_ik6d8^`ezX6g*dRXZY\Y�k�gT�\ezsU�2_R|fk�u�_���k�gT� gpX6^«_��N_8d8^`_���]pg#^`ez|�^`oB_c^`oBeta©� d8u2dR|z_Z�Tb2ezgpdR_j^`oBezsk�d8^`ezXZg�k�ala`efrZ_Rs�|fk�^`_6��^`oB_«k�¦Z_Rg�^ya`_RY�k6ezgBsxef�p|z_ck6gB�±^`oB_«k�d8^`ezXZg�dRXZY\Y�k�gT�2_��/ezg¬^`op_
^`oBeta©�¬d8u2dR|z_ezs«ez¦ZgpX6a`_��E}�u(��� �Z����� � ����	+��� �

� �F�i¿±Å�
/ÁNÂ�¿/Æ �1�¯ÀNÆ©Â�¿ 
 ���«Â«ÁIÆlÀ	
 � �

úl;?925RH�165xA:9�7©FT;¸PRV¸5:9p;NÇL7:1�SiÇ~A:V�A8VN1U1�;TËTÇ~5892;NDE16;pAZÊ�1ZG2PRV?G2C21�;BAyD É¸7©A
H�1�A:165:DEÇL;N1�Ç~A87�È4167©A
167©A:ÇLDEG#A:1c9#Ð�A:V¸1�1�;TËTÇL5:9p;NDE1�;BAON 7x7©A8G�A812ÊZSiVNÇ�PRV�ÇL7¯;N92A¯H�ÇL5:1ZP�A:KLF¬92È¸7:1�58Ë�G#ÈNKL12>ZÏjVNÇ�7y7:16P�A8Ç~9p;
ÍN5:1Z7©16;BA87�A`Sc9�167©A:ÇLD*G�A:ÇL92;{A:1ZPRVN;NÇ �pÉ¸167UÈ¸G27:16H{92;�Ç~;BA:165:;IG#KnG#;¸H�1�×TA:165:;IG#K41�ËTÇLHN1�;¸P�1�G2;¸H
P�92DEÍ¸G25:1Z7cA:VN16D È¸Gp7©1ZH{9p;�A8VN1�ÇL5iKLÇ~Qp1�KLÇ~VN9T9�H�9#Ð
ÍN5:9�H�ÉIP�ÇL;NC*P�92585816P�AiG2P�ÇfA892;x>



� 5 " � � ��,���)+ � � -�/����  � + -���� ���F� ����)+��/ (��	� ��
 �-��, �
úl;pA81�58;¸G#K�7©FT;¸PRV¸5:9p;NÇL78G�A8Ç~9p;�É¸7©1Z7/ÇL;BA:165:;¸G2Ky16ËBÇ�H�16;¸P�1?A:9�P�9T925RH�Ç~;IG�A:1?SiÇfA8V�A:VN1�1�;TËTÇL5:9p;�Î
D�16;BA6>xÏjVN1E1�ËTÇ�H�1�;IP�1*P�9pD�DE9p;NK~F�ÉI7©1ZHÒÇ�7±A:VN1*1�×TÍ¸Ç~5RG�A8Ç~9p;O9#ÐjG#;(Ç~;BA:165:Ë�G2K¯A8Ç~DE165¬A:V¸G#A
D�ÇLDEÇLP67*A8VN1O7©ÇLD?É¸KLG#A:ÇL92;�ÍI165:ÇL9�H�Ç�P�Ç~A`F X«A:VN1ÒG2C216;pA�Gp7:7:ÉNDE167*GÔ;N16S$7©ÇLD?ÉNK�G�A8Ç~9p;áP�F�P�KL1
ÉNÍI9p;(A:VN1*A8Ç~DE165ON 7¬1�×�ÍNÇL5:FÕ1�Ëp1�58F ò6ö2ö=DEÇLK~KLÇL7:16P�92;¸H¸7*Ø � Úv>yÏjV¸1�G#C216;BA�A8VN1�;ÛP�92DED*G#;¸H¸7
G#;�G2P�A8Ç~9p;=G#A/7©9pDE1±Ü¸×T1ZH ë æ��lì�é�æ@#�� A:ÇLD�1pÊ
�# % >¸J´;�1�×�G2DEÍNK~1¬Ç�7i7©V¸9�Si;�ÇL;�Ö¯ÇLC¸>Nñ¸>

t*

RSESB ESEE SB R ERRSB

1 2 3

100 ms

P A A AS S S P

4�5�6 ¤��¸¤ ¹cgÕ_8­pk6Y\[B|z_EX�m´¶vg�^`_8a`gBk6|«s¨u2gBd©opa`XZgpezs`k�^`ezXZg(ª«op_8a`_�k6g(efg�^`_8a`gBk6|�d8u2dR|z_*ezs?ezgpez^`efk�^`_��]p[�XZg�_:­p[peta©k�^`ezXZg�X�m�k6g�ezg�^`_8a`r6k6|x^`efY\_:a�� � op_�»pa`s¨^±k6gT�{^`oBeta©�=d8u2dR|z_Rs/sloBX�ª dRX6ala`_Rd:^¬k�d8^`ezXZgI�k�|t^`oBXZ]p¦ZoE^`op_±k�¦Z_Rg�^cezscgpX6^�m�]B|z|tuE]2^`ez|fe�
Rezgp¦�^`op_/k�r6k6ez|fk6}p|z_±�2_R|zez}�_8a©k�^`ezXZg*^`ezY\_Z�B¶vg�^`op_/sl_8dRXZgB�d:upd8|f_6��^`oB_jk�d8^`ezXZg?ezs
sld:op_��p]p|z_��?}�_:m�X6a`_�^`oB_ ����� s¨^`ezY±]B|z]BsR� � op_8a`_8mLX6a`_Z�2^`oB_ck6d8^`ezX6gE�p_8dRezslefX6g ezs}Bk6sl_�� XZg�[2a`_Rr#ezXZ]Bs � [�X6slslef}p|tu�ezgBd8XZgBslezs¨^`_Rg�^��
sl_RgpslX6aU�Bk�^©k#�

</ÉN1?A:9*A8VN1�Ç~;BA:165:;IG#Ky;IG�A:É¸5:1�92Ð�A:VNÇ�7�G#KLC29258Ç~A:VND�Ê�A8VN1�581 G25:1�;¸9�92È¸7:1�58Ë21ZH ' É¸P�A8É¸G�Î
A:ÇL92;¸7�H�ÉN1�A:9´;N1�A`Sc9p5:Q�Ë�G#58ÇLG#A:ÇL92;x>6Þ´9�SU1�Ë21656Ê�A:VN165:1cSiÇ~KLKBG2K~SjG�F�7�1�×�Ç�7`A�GiA:16DEÍI9p58G2K29#3�7:1�A6Ê� ÊNÈI1�A`Sc161�;�A:VN1¬A85:É¸1�7©ÇLD?ÉNK�G�A8Ç~9p;=P�F�P�KL1¬G2;¸H�A:VN1�G2C216;pAEN 7UÇL;BA:1�58;¸G2K�5:16ÍN5:1Z7©16;BA8G�A8Ç~9p; X

...

...δ

Time

SoccerServer cycle

Agent cycle

ÏjVN1/Ð�É¸;¸HNG#DE16;pARG#K�G2787:ÉNDEÍ�A:ÇL92;�È41�V¸Ç~;¸H�úl;BA:165:;¸G2K47:FT;¸PRVN5892;NÇ�78G�A:ÇL92;*Ç�7cA:V¸G#AcA8VN1�Ç~;�Î
A:1�58;¸G2K«G#;¸H(1�×TA81�58;¸G#K«P�FTP�K~1Z7\G#581EÇ~;ÔÍNV¸Gp7©1I%ÑÇ³> 12>LÊ ��� ö��'2�>yú¨ÐUA:VNÇ�7�Gp7:7:ÉNDEÍ�A:ÇL92;(VN9pKLHN7
A:VN1 Ç~;BA:165:;IG#KyDE1�A:VN9�H�ÍN589�H�É¸P�167´1�×NP�1�KLKL1�;BA±58167:ÉNK~A876Ê¸ÈNÉ�A¬G2787©É¸D�ÇL;NC{P�92585:16KLG#A:ÇL92;=ÇL7±ÉN;�Î
à`É¸7`A8ÇfÜI16H�>4úl;OC216;N1�5RG#KvÊ � Ç�7/ÉN;¸ÇfÐ�9p5:DEKLF=H�Ç�7©A:58Ç~ÈNÉNA:16HÒH�1�Í41�;¸HNÇ~;NC{92;�SiVN16;�A:VN1�G#Cp1�;BA´ÇL7
Ç~;NÇ~A:Ç�G�A816H�G#;IH�Ë�G25:ÇL167jH�FT;¸G2D�Ç�P�G2K~KLF{H�É¸1¬A:9*P�KL9�PRQ�Ç~;IG2P�P�ÉN5RG2P�ÇL1676>

� % ��� # 2���� @@���� Ç~Ð #�� Ø! /õ#ö#"Rõ#ö#Ú
ö 92A:VN165:SiÇ�7©1 %`ò 2

úl;O925RH�1�5±A:9=H�1�A81�58DEÇ~;N1�VN9�S ËTÇL92K�G�A:ÇL92;Ò9#Ð«A8VNÇL7±Ð�ÉN;IHNG#DE1�;BARG#K�G2787©É¸D�ÍNA:ÇL92;O1�341ZP�A87
G2P�A8Ç~9p;=P�92585:1ZP�A8;N16787�ÊBSU1¬P�92;¸7:Ç�H�1�5jVN9�S K~ÇLQ216K~F�Ç~AiÇL7UA8V¸G�A/<±1�ÜI;NÇfA8Ç~9p;Ôò�SiÇLKLK�VN92K�H{É¸;¸H�1�5$ qUgp|f_8slsiX6^`oB_:alª«efsl_\sl[�_8dRet»T_��N�I^`opefsi[Bk6[�_8ai�p_Rsld8a`ez}�_Rsi^`ezY\_�ezg�efg�^`_R¦6_8a´Y\ez|z|fezsl_Rd8XZgT�2sR�4qcgBet^`sª«ez|f|I}�_iXZY\et^l^`_���m�X6a«^`op_Ua`_RY�k6ezgB�p_8a«X�m�^`oB_j[Bk6[�_8a��



A:VN1Z7©1{P�92;¸HNÇfA8Ç~9p;¸7�>�Ï¯G2QTÇ~;NCOÏ�G#È¸K~1�ò�ÇL;BA:9ÒP�92;¸7:Ç�H�1�5RG�A8Ç~9p;xÊnA:VN1�ÍN5892È¸G2ÈNÇ~KLÇ~A`FO9#Ð´P�9p5:5816P�A
G2P�A8Ç~9p;�Ç�7

��%
÷
9p5:5816P�A´G2P�A8Ç~9p;�2�� ��% % � ������� 7 P ������� =���7 P	2 =T% (�G<7:�>=<(�P<7?�	2 2 %³ó�2

Ïy9*ÍN589�P�1616H�Ê�SU1�G2787©É¸D�1¬A8V¸G�A/A:VN1?P�92DED?É¸;NÇLP6G�A8Ç~9p;=PRV¸G2;N;N16KxÇ~;BA85:9�H�É¸P�167´G�A858G2;¸7©Î
D�Ç�787©ÇL92;ÛH�16KLG�FpÊ
	�� ��
���� ÊxA:VIG�A Ç�7 1�×�ÍI9p;N1�;BA8ÇLG2K~KLF(HNÇL7©A:58Ç~È¸É�A:1ZH SiÇfA8VÛ1�×�Í416P�A:16H HN1�K�G�F���ÊG#;¸H�Ç~;IH�1�Í41�;¸HN1�;BA/9#Ð¯A:ÇLDE1{Øfò�Úv>

��%�	�� ��
���� � # 2�� � @���  ��� Ç~Ð #���ö
ö Ç~Ð #���ö % � 2

ú¨Ð�	� �!� Ç�7�A:VN1*1�×TA:1�58;¸G2K«P�F�P�KL1EA:ÇLDE1EA:V¸G#A\A:VN1[H�-+-�7`A8Ç~D ÉNKLÉ¸7\Ç�7\ÍN589�ËBÇ�H�1ZH %Ñ925¬A:V¸1
H.-�J@H�- K�*1L1M�7`A8Ç~D ÉNKLÉ¸7´H�ÉN58ÇL;NC*P�F�P�KL1�A`FBÍ41 � 2�Ê�A:V¸1�;

��%�	� �!� � # 2��#"$ % � & Ç~Ð # � ö
@& Ç~Ð # � õ#ö
ö 9#A8VN1�58SiÇ�7©1

%�ð+2

Ö¯ÇL;¸G2K~KLF2ÊBÇfÐ'	�� ��
)(+* G2;¸H,	� (.- G#581´A8VN1/A8Ç~DE1�5:1E�BÉNÇ~5816H*A:9EH�16P�ÇLH�1�92;�G#;¸H�A:9 7:ÇLD?ÉNK�G�A81
G#;EG2P�A8Ç~9p;?58167:ÍI1ZP�A8Ç~Ëp1�KLFR%�È49#A:V�9#Ð4SiVNÇ�PRV�G25:1jG2787©É¸D�1ZH?P�92;¸7©A8G2;pA�2�A8VN1�;�A8VN1jÍN5:9pÈ¸G#È¸Ç~KLÇfA`F
9#Ð4P�92585:1ZP�A�G2P�A:ÇL92;?ÉI7©ÇL;NC¬úl;BA:1�58;¸G2KT7:FT;¸PRVN5892;NÇ�78G�A:ÇL92;�Ð�92KLK~9�S´7
H�ÇL5:1ZP�A8K~F\Ð�5892D D"�BÉ¸G�A8Ç~9p;�ó?X

�0/ ÷ 92585816P�AG2P�A:ÇL92;01111 úl;BA:165:;IG#K
7:FT;¸PRVN5892;NÇ�78G�A:ÇL92;32 � �54666798 �  áò6ö2ö;: �# % :<	>= @@?� ��
��A� :B	� (.-DC öFE

= 8 � : �# % :<	>= ��?� ��
��A� :B	� (.-DC ò6öpöFE
= 8 	G �!� :B	H= & ?� ��
.�A� :<	�� ��
)(+*IC � : �# % E

J�KKKL
%³õ�2

D �BÉ¸G�A8Ç~9p; õßP6G#;ÓÈ41ÔP�92DEÍNÉNA:16H G#;¸G2K~FBA8ÇLP6G#KLK~FpÊUG2;¸H GßÍ¸G#5:A:Ç�G#K�1�KL1�Ë�G�A8Ç~9p;ÓÍNKL9#A�ÇL7
7©VN9�Si;ÒÇ~;ÒÖ�ÇLC¸>yÝT>4ú¨A\7©VN9�S´7´A:V¸G#A�úl;BA81�58;¸G#K
7©FT;¸PRV¸5:9p;NÇL78G�A8Ç~9p;�ÇL7±;N9#A¬Ë2165:F�7:1�;¸7:ÇfA8Ç~Ëp1�A89
;N1�A`SU9258Q�Ë�G#58ÇLG#A:ÇL92;xÊ�È¸É�A´A:VIG�A´A8VN1�ÍN5892È¸G2ÈNÇLK~Ç~A`F�9#Ð�P�9p5:5816P�A´G2P�A8Ç~9p;�ÇL7iKL9�S ÈI1ZP�G#ÉI7©1 � ÇL7
ÉN;NKLÇ~Qp1�KLF*A:9EÐÑG2K~KxÇL;�A:VN1�H�1Z7©ÇL5816H�58G2;NC21p>

� 5NM � � ��,���)+ � � -�/����  � + -���� ���PO ����)+� / (�� � � 
��-� ,2�
J/7�H�1�DE9p;¸7`A858G#A:1ZH Ç~;øüT16P�A:ÇL92; ð¸>Lò2ÊcA:VN1ÔÍN5892È¸G2ÈNÇLK~Ç~A`F�9#Ð P�92585:1ZP�A�GpP�A:ÇL92; ÇL7�H�ÇL5:1ZP�A8K~F
5:16KLG#A:16HÒA:9�A8VN1�Ë�G#KLÇ�H�ÇfA`FÒ9#ÐUA:VN1�ÇL;BA:165:;¸G2K�5:16ÍN58167:1�;BA8G#A:ÇL92;x> D�×TA81�58;¸G#K«7:FT;¸PRVN5892;NÇ�7:G#A:ÇL92;
G#È¸G2;¸H�92;I7¬A:VN1{Ç~;BA:165:;IG#K«A8Ç~DE165 G#;IHÔÉ¸7©1Z7�G#; 1�×TA:1�58;¸G2K«Ç~;IH�ÇLP6G�A8925�A89OG2PRVNÇL1�Ëp1�G�DE92581
ÐÑG�Ë292É¸58G2ÈNK~1 � H�Ç�7`A85:ÇLÈNÉ�A8Ç~9p;x>RQ
1658P�1�Í�A8Ç~9p;Ô9#Ð´G H�-.J@H�- K�*�L1MÒ7©A:ÇLD?É¸K~É¸7?ÇL7?É¸7:16H G27�1�ËTÇfÎ
H�1�;¸P�1/92Ð4A8VN1A(�G*7`ARG�A81±G#;IHE9#ÐyG\;N16S (+*	,+,�-�/	(1-�/+0	-�/¬P�F�P�KL12>pJ±7c7:VN9�Si;*ÇL;{Ö�Ç~CI>pù¸Ê2A8VNÇL7
1�ËTÇLHN1�;¸P�1/A85:ÇLC2Cp1�5R7cG�;N16SÓÇ~;BA81�58;¸G#K�P�F�P�K~1\G#;IH{G2P�A:ÇL92;=P�92DED*G#;IHN7jG#581�78PRVN16HNÉNK~1ZH{G#Ð A:1�5
G?Ü¸×T1ZH=Ç~;BA:165:;IG#KnA:ÇLDE12Ê �# % Ø � Ê�ò6ö#Úv>
ÏjVN1�Ð�ÉN;¸HNG2D�16;BA8G#K�Gp7:7:ÉNDEÍ�A:ÇL92;(È41�VNÇL;¸HUD�×TA:165:;IG#K
7©FT;¸PRVN5892;¸ÇL78G�A8Ç~9p;OÇL7�A8V¸G�A\Ë�G#58Ç~Î

G�A:ÇL92;áÇL;áP�92DED?ÉN;¸ÇLP6G�A:ÇL92;�H�16KLG�F Ç�7*;N16C2KLÇ~CpÇ~ÈNKL1�G#;¸HßA:V¸G#A{G#;�G#ÍNÍ¸5:9pÍN5:Ç�G�A81{Ë�G#KLÉN1�Ð�9p5
A:VN1\P�9pDEDEG2;¸H{A:ÇLD�1pÊ��# % Ê�Ç�7UQT;N9�Si;x>Nâ´;IH�1�5UA:V¸167:1¬P�92;¸HNÇfA8Ç~9p;¸7�ÊBA8VNÇL7jDE1�A:VN9�H=ÍN589THNÉ¸P�1Z7



0 10 20 30 40 50 60 70 80 90 100
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
Probability of a Correct Action using Internal Synchronisation

Expected Communication Delay, τ, in milliseconds
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Probability of a Correct Action using Enternal Synchronisation

Expected Communication Delay, τ, in milliseconds
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