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]�> �8 !�.M!�# "# V!�X 5/�� ��%�� B�S�� xClient-Servery !�.M!�# "� ��!�# ]�* � V!�X "� o�> !�
F1�-"6>% )W !� �! u� � )�KH/1�� $#�� � ��!�W &���8 F1�S� V!�X "� �! ]�> �8 F1�� 56�1 2/
�/�= 1� o�> !� 5/����K� � ��%�� !��U�� UDP/IP �H ��4 �/�= 1� !�.M!�# �� ��!�# �� )�6� o�> !� ��K#��
"� �UDP V!�4 �/�= 1� ���� �� 5H/1�� �� ��?��%���� �?� 6� �K# ���>69'4 �! UDP/IP "# ����1 ��
�6M&6�* .|� @7� !� $-� !��U �PK F!�.8�B�� "����� �� ��K# "+��>� �! V�0D=� � ��% �*9� !�.M!�#
�� �/�� "# ���% ��Q� cA9T� "����� �� �/�� 5H/1�� �� F��Q� F��� �E+ � �/��� ��0 5H/1�� � F���

����% ���)��1�- 5H/1�� �� ��HA�0 ��[� ^?�

!��U ���I9-� �!�� �! �d6[� F������ 1� F�"0��S� F1�� 56�1 F1�-"6>% !�jK� "� !�.M!�#
!� ��HA�0 � V��� ! F��� F1�� 56�1 1� ^-�K� k!� ��S/� $PQ !� V�0D=� 5/� �� �/�K%W "# �����
@/��� �! !�.M!�# F!��N F���9��!�4 1� F���_ $6?+ �}� ]��Q ���� ����, �K���- !�6?� 56�1 5/�

������

���
�% /�)"�0 �����

]��0� !�.M!�# F�- 1� � !�#��, �H% "� "# �K6���U v �K9?� 56���U 1� "0��S� �� ���% "7��?� 56���U
]��0� F1�� �� ���?�� !��� `�= 1� �E+ � ���>� �6T' ���U !�#��, &9?6- Z-� "# �K6���U � ���%��

����%��

1� �K%���� �6T' ���U �7dK� � / � � �>-�[� �/�= 1� "# �K6 ���U ]��0� v ���"��# F 9�I •
F�- 1� ���~m "AX�8 �I� :offside "� )�� �� � �>-�[� 56���U 1� ���%�� B�S�� !�.M!�# F�-
!� �AH6- �


 �/ F�"76U� ~ )��1 &6jK �/ � :���7� &6 ��1W "��N B�aK� !� &6 �� )�KH/1��
2/ �� !� $6_N� ]�9K# )�� �� .6 � �7dK� 56���U "0��S� 1� � ���� �!�%� F1�� 1� "�6 � ��
iU�� !� ���� B� � �! play on � / � :goal kick :kick in :corner kick �6j� F1�� cA9T� F���� 1�
!� xDeterministic Finite Automatay ���K9� � �_dU 56%�� 2/ )��K0 "� �! !�.M!�# )�� ��

��!�� ��Q� !�.M!�# F�- 1� �P�W �6T' )�H�� "# $?��� �/���d, �� �!�,��

&+�- F��Q� ��� ! ��� ��!�� �9-!� ���e �7dK� ��HA�0 �j� 1� 56���U 1� "9-� 5/� v �9�(9� F 9�I •
!� ���?�� !��� �K%����� �6T' ���U !�.M!�# F�- 1� "# �S�W !� � �K/����� ]D9,� !�(� �! F1��
"=��� �&6����� ���?�� 56���U �! �P�W "+�-! 5/� !� �! 5/� 1� � �K#�� �j� ]��0� F�!��� 56K(
F�! 1� )�KH/1� � � /�- !�>0 ��! )��# �- :)�KH/1� � 1� F��/1 ���_ � � �1�� !� )��# �4 :u� )��#
"A�Q 1� �?���/1 F��B�64 1� ���I9-� �� "H>% ;�>%� � :kick � catch V�!�9-� 1� ! �H� ���I9-� :��0

����%�� F!��� ���?�� !��� Z-� "# �K9?� �/���d,

������ ����	 TCP 
��� ��� �	 ����� � �	����� ��� �����	 ��	���� ����� !"�� ��� ���� #�$� �� �



�
 #�$%�& ��.)��� �}�

!�.M!�# F���9��!�4 v�}� ]��Q

&�'�( ���) �� ��*+ �
�,� -�+.� �
�,� �/�
�� ���
-!�� �� 3�� �456� 75�8 goal_width

9+�!�� -!���� 658 player_size

9+�!�� :&�; 654 player_decay

65� player_rand

9+�!�� �!� <656 player_weight

9+�!�� :��' 9��=>�� �56 player_speed_max

9+�!�� ?�=, 9��=>�� �56 player_accel_max

9+�!�� :��@='� 9��=>�� 466656 stamina_max

9+�!�� :��@='� 0��.&� 9��=>�� 4A56 stamina_inc_max

(B��� ��$�� 0	�� �C 658 recover_dec_thr

(B��� ��$�� �C 9��=2� 65A recover_min

(B��� ��$�� 0	�� 6566� recover_dec

DE% 0	�� �C 658 effort_dec_thr

DE% �C 9��=2� 65< effort_min

DE% 0	�� 6566A effort_dec

DE% 0��.&� �C 65< effort_inc_thr

DE% 0��.&� 656� effort_inc

��% -!���� 656FA ball_size

��% :&�; 65G4 ball_decay

656A ball_rand

��% �!� 65� ball_weight

��% :��' 9��=>�� �57 ball_speed_max

��% ?�=, 9��=>�� �57 ball_accel_max

����� (���� H�� 6566< dash_power_rate

��% �� ���I (���� H�� 656�7 kick_power_rate

"�, *��J (�K& ���='L 657 kickable_margin

(B��� 9��=>�� �66 max_power

(B��� 9��=2� M�66 min_power

���=>) 9��=>�� �F6 maxmoment

���=>) 9��=2� M�F6 minmoment

���) ���=>) 9��=>�� �F6 maxneckmoment

���) ���=>) 9��=2� M�F6 minneckmoment

���) ����! 9��=>�� G6 maxneckang

���) ����! 9��=2� MG6 minneckang

3�&0�N ������ ����! G656 visible_angle

9+�!�� (��� O�PQ� (�K& 856 visible_distance

R�Q=� ��,� (��� ��S�& ���� (���N �=����N 65� quantize_step

:��T ��,� (��� ��S�& ���� (���N �=����N 656� quantize_step_l

9+�!�� #�U%� "��N <666 port

VtrainerW �/,!��L #�U%� "��N <66� coach_port

online ���� #�U%� "��N <66� olcoach_port

[msecX�C��] !�'��$, ����! -!�� �66 simulator_step

[msecX�C��] ������ "��EY� ����! -!�� �A6 send_step

[msecX�C��] "���='� D��ZN ����! -!�� �6 recv_step

[msecX�C��] (��& "��EY� ����! -!�� �66 sense_body_step

[byteX�C��] say [�\�N �=,� -!���� �6 say_msg_size

*+�' �	 �� ����, *��J [��N ���]% 9��=>�� � hear_max

�����, 0��.&� � hear_inc
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&�'�( ���) �� ��*+ �
�,� -�+.� �
�,� �/�
�� ���
�����, :&�; � hear_decay

���=� catch �� 9�� ���!�� �� :����2� (�	*+�' A catch_ban_cycle

turn (��� �'���� ���=>) A56 inertia_moment

����T ^PC �� (!�� !� �2�� _� -!���� 866 half_time

drop ball !� 0�N (!�� �� �� =�� (�	*+�' ���]% �66 drop_ball_time

��� :�` 656 656 wind_dir

��� (���� 656 �656 wind_force

��� �� 0��.&� *��J �J��U% ^��I -!�� 656 658 wind_rand

:'� �&��U% ��� ��=��& false wind_random

�	
� /�%	 �
�1�2�� �����

!� �1�� !� �� ��0 � ���� �
~×�z ��_�� F�!�� "# $-� F�_��� ��% F1�-"6>% F�J8 2/ F1�� 56�1
�H% "� )�KH/1�� � u� 56�1 5/� !� ��%���� �_U�� �1�� !� ��0 ����� �� �m���� �K_/ �{�
�m )W
�6%� )�KH/1�� � u� ���%�� ��6SK- ����/�� 5/� .#�� "� $>?� �X��8 � �/��1 ���� � �����% ]�� ��/��
}~��~ 1� �� x !�[� � $-� �>dK� 56�1 .#�� �� V�*9T� !�[� .#�� ���1�-�� �! 56�1 k�[9�
&(�4 ~� F1�� 56�1 `��=� !� ��K��%�4�� �! F1�� 56�1 F�J8 �{ � }�{ 1� �� y !�[� � ~��~ � 
� ���  ��, $ 6 _U� � 5 6 6 _  !� �! 5 H/1� � "# �!�� ��Q� ��% c/�_  @6 4 1� � � T'� F��$6_U�� � �

�x�}� �H%y��1�-��

.5A' 1.-!B 1.�B ���90& ���
!� ����9� �/�� �%�� "9%�� �_U�� Z6[� �� "��'� F��HA�0 F1�-"6>% Z6[� !� ����9� ���0 2/ "HK/� F���
V�0D=� $8�/!� �/���� �/�� �9P� )�6� "� ��%�� "9%�� "/�-�� ���_ F1�-"6>% !�.M�# �� Z6[� 5/�
$+�� !� ^-�K� ��0 B�S�� � :�K%���� F�6M&6�* V�6A�0 B�S�� F��� k�[� @7� !� "# :�K���-
� ��!�# �� !�.M!�# 56� F�"8�=�� ���7 56K( ��S/� ��%�� �!�� �! :$-� �d6[� k�[� �� �T-�4 "# :�A_8
�! o�> !� 5/� F!��U�� F��% c/�_ F�P%�! "���� !� ���% ���>69'4 !�.M!�# &9?6- F�- 1� �/�� fH_+��

�&6K#�� �-!��

�"3��
4 �� 1�5 �
�6�% �����

����� !��U ���I9-� �!�� �! �?� ]�� "- )�KH/1�� "� Z6[� V�0D=� ]�79�� !�jK� "� F1�-"6>% !�.M!�#
]�� "- 5/� ��KK#�� ���� F1�� �� &#�� Z/��% � :��, $6_N� :`��=� Z6[� k!� !� �! ���0 2/ "#
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F1�� 56�1 !� ��&(�4 v�}� �H%

"���� !� ��K���� �6H' ��/(� ��+�A(E � :������ ��+�A(E :����� � ��+�A(E �! �?�
�&6���� !��U �-!�� �!�� �! ���a?� 5/� 1� 2/�� !� ��% "+��>� V�0D=�

������ �������

V�0D=� 5/� ����%�� �79K� 5H/1�� "� �/�K6� F���a?� �/�= 1� F1�� 56�1 !� $/�l! ���U V�0D=�
!� ��Q�� F��&(�4 � u� :)�KH/1�� "# �K9?� 56�1 !� ����'� ���U k�[9� � $��g �l 6%� B�� ���%
���%�� $8�/!� 5H/1�� )�H� "� $>?� � �>dU V!�*� V�0D=� B�� ����%�� ���% �! F1�� 56�1
^/�7 )�!�W $-�� F��� ��%����� F1�� 56�1 !� ��, �Ad� )�H� k!� "� !��U 5H/1�� � ! 5/� 1� �
@T� !� "# x�}� �H%y �K# ���I9-� 56�1 !� ��Q�� F��&(�4 1� �/�� 5H/1�� :��, )�H� 1� $-!�
���� �� F!��/� "/��1 � )��M "/��1 "� "Q� �� "# �/�J8 �� ��D0 5H/1�� �� �$,���4 &6���, )��� �}�
���U F�J8 1� Y!�, � ��, `��=� !� �! visible_distance ;�_% "� F���/�� $-� !��U :�K# ����'�
5 /� " # � �� %� � � 7 9 K � 5 H /1� � " � send_step � �� �1 � X�� 8 !� F!�� /� V� 0D =� �� K # k!� $ /�l!

Visual Sensros �

Aural Sensors �

Body Sensors �
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5H/1� � �� �$-� �6 6|  ��� U ������ ��L� � :� M # "� o���� F���9��!� 4 " � "Q� � � ����1 �l1� �
!�6 9,� !� "# � � ��H�� 1� ���I9-� � � �! V�0D=� $8�/!� )��1 !�� H � :F!��/� F�J8 :$6I6# ����  ��
^ ? � � � xViewQualityy V� 0D =� $ 8� /!� � �� �1 �1� � �� /� � � & 6 j K  F1� � Z /�� % " � " Q�  � � � �!��
�! �

ms � / � :�~
ms :�~ms :���~ms !��7 � !�P( 1� � H/ � ���  �� � ��%� � &6jK  " 6 �� g � A 6 �
V�0D=� $6I 6 # �$-� ��% & 6j K  �~
ms !�� 7� " � !�. M!� # F�- 1� �� 8 @64 !�d � "# � %� � �!��
5 H /1� � �� %� �� � high )W �� 8 @ 6 4 !�� 7 � � � %� � xlowy 5 6 G� 4 � / � xhighy C� � � ��� 9 6 � � 9 8� /!�
F!��/� F�J8 ���� �6 6|  ���T+� ;�� " � F1� � 1� �H6- �� !� �! �98� /!� V�0D=� $6I6# ����  ��
!��7� "- 56� 5H/1�� Z-� )W "/��1 "# $-� �
m ���� !� ;�_% �� ��/�� 2/ 1� �0�dU xViewWidthy
F�- 1� )W "6+�� !��7� � ���� &6jK ���U x"Q!��z
ywide � : x"Q!��
ynormal :x"Q!�{~ynarrow
�� � �K#�� �T'� �! "/��1 5/� 1�?�6� $PQ 5H/1�� )��M $PQ �$-� ��% &6jK normal �� ����� !��-
���%�� "9-�# �98�/!� V�0D=� $6I6# 1� w/!� "� :$-� 5H/1�� �[� )��� "# ;�dU 5/� .#�� 1� )�% !��

�l1�� � $6I6# �9��!�4 �� �/�= 1� �/�K6� V�0D=� $8�/!� f��#�8 �% �!�%� �9'64 "# !�d����
v��%�� 566_ �/1 "d��! 1� V�0D=� $8�/!� f��#�8 ��K%���� &6jK ���U F!��/�

view frequency = send step ∗ view width factor ∗ view quality facotr

566_ 5H/1�� F�- 1� "# wide �/ :normal :narrow !��7� "� "Q� �� view width factor �9��!�4
& � view quality factor ^ 6  �  5 6 � � " � ��� 6 M� � �! ��
 � / :��
 :
�~ � /�� 7 � ^ 6  �  " � �� %� �
� �� 9 ��!� 4 5 /� " � " Q�  � � �� %� � �!�� �! 
�~ � / ��
 � /�� 7 � ^ 6  �  " � low � / high F�1� !� � ���  � �
" � view width factor & 6 j K  � � �~
 × 
�~ × 
�~ � ���~ " d ��! 1� � �� �1 " A X� 8 5 /�  ��  � #
&6jK � � �~
 × ��
 × ��
 � �

 "d��! 1� �1� � 5/�9'6� � low "� view quality factor � narrow

����%�� �X�� high "� view quality factor � wide "� view width factor

v���%�� �79K� 5H/1�� "� �/1 ^+�U !� �/�K6� V�0D=�
(see ���! ��,"��EY� +)

)W !� "#

���! = -��� #�@=�� [�/�	 �� (!�� *+�' -��2,
��,"��EY� = (��,[�� ��S�& ����! [��S�&���\% (�����!:��' [�������! �'����! ]])

= (��,[�� ����!)
��,[�� = (p [“��%[��” [9+�!��-��2, [goalie]]]) % 	 &���	� �� �'���� �� �(��� &�)* goali ��+�

= (b)

= (g[l|r])

= (f c)

= (f [l|c|r] [t|b])

= (f p [l|r] [t|c|b])

= (f g [l|r] [t|b])

= (f [l|r|t|b] 0)

= (f [t|b] [l|r] [10|20|30|40|50])

= (f [l|r] [t|b] [10|20|30])

= (l [l|r|t|b])

= (B)

= (F)
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= (G)

= (P)

��S�& = :$a� �@�@C ���
����! = �`�� �F6 � M�F6 9��

����! ���\% = �@�@C ���
����!:��' = �@�@C ���
�������! = �`�� �F6 � M�F6 9��
�'����! = �`�� �F6 � M�F6 9��
��%[�� = �=,�

9+�!��-��2, = �� �% � 9��

F��� b :5H/1�� F��� p v�K#�� �T'� �! �l 6% ;�� "# �!�� ����� "� �! F�9#�!�# �!���� �l 6% B��
�d/��% !� G � :F :B :P F���9#�!�# ����%�� ���I9-� o�d, F��� l � ���M F��� g :��&(�4 F��� f :u� 
Z-� � ��!�� !��U 5H/1�� F!��/� F�J8 1� )� �6� � visible distance "AX�8 !� �6%� "# ���%�� ���I9-�

����%�� k!� ��� ���%��� ��/� 5H/1��

Z-� "# � �0D=� $6I6# 1� w/!� "� F!��/� ;�dU .#�� 1� )�% !�� �� �% �!�%� "# !�d����
low "� 5H/1�� F�- 1� F!��/� $6I6# "# �d/��% !� "HK/� 5�N ��%�� "9-�# ��%�� $8�/!� 5H/1��
high "� �9��!�4 5/� "# �d/��% !� ��� ��%�� ]�-!� 5H/1�� "� )W �>?� "/��1 � �l 6% B�� Z78 ��%�� &6jK 
"# �%� ! ���6M�� !��U 5H/1�� !�69,� !� F� i��Q V�0D=� )W �� "AX�8 � �l 6% ;�� "� "Q� �� ��% &6jK 
�j� �!�� �l 6% � 5H/1�� "AX�8 �M� "# $-� V!�X 5/� "� ����� !�H� $6I6# �66| 5/� ]��0� F��� !�.M!�#

v &/�6a� �j� !� dist �!

�!�� !� ��%���� �6%� 5/� �� "AX�8 � "/��1 :B�� ���% �!���� V�0D=� 56�1 o�d, � ��&(�4 F��� •
����%�� ��S/� "=���� Z, �� F!��/� "/��1 1�?�6� i=�7 1� "/��1 � "AX�8 5/� 56�1 `��=� o�d,

566_ !��- �A,�� �9��!�4 { �� dist "?/�7� 1� V�0D=� $6I6# �%�� x5H/1��y p ��% ��/� �l 6% �M� •
team too far length � team far length, unum too far length, unum far length "# ���%��

v���%�� Y��T9-� �/1 Z��� ! F�! 1� �+�-!� V�0D=� ;�� ��K%����
:"AX�8�66| :"/��1 :"AX�8 � 5H/1�� �!��% ����� "� &6 B�� : dist ≤ unum far length �M� �

���!�� ��Q� �/�K6� B�|64 !� �- "/��1 � :)�� "/��1 :F�"/��1$0�-
"/��1 � :"AX�8 ����� "� &6 B�� : unum far length < dist ≤ unum too far length �M� �

"/��1 :F�"/��1$0�- :"AX�8�66| :5H/1�� �!��% 1� V�0D=� $8�/!� ]��9�� ��� ��!�� ��Q�

 "� � 1� unum too far length "� dist )�% 2/�.� �� ��% ��/� 5H/1�� �- "/��1 � :)��

��K#�� �6�
:F�" /��1$ 0� - :" A X� 8� 6 6 |  : dist ≤ unum too far length = team far length � M� �

:"AX�8 ����� "� &6 B�� ��� ��!��� ��Q� �/�K6� B�|64 !� ��% ��/� 5H/1�� �- "/��1 � :)�� "/��1
���!�� ��Q� "/��1 �

�!��% : unum too far length = team far length < dist < team too far length �M� �

dist )�% 2/�.� �� .6� 5H/1�� &6 B�� )�% ��/� ]��9�� � �!��� ��Q� F!��/� B�|64 !� 5H/1��
��K#�� �6� 
 "� �d, !�= "� team too far length "�

F�!�� ��% ��/� 5H/1�� � $?6� �6T' ���U &6 B�� : dist > team too far length �M� �

�$-� ]�PS� $/��
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5H/1�� 2/ F!��/� "/��1 v�}� �H%

"��'� :"AX�8 "� "Q� �� V�0D=� ]�-!� ��� ! .6� �%�� xu� y b "� o���� V�0D=� "# �d/��% !� •
�$-� �>U

�/�= 1� u� F�"/��1$0�- � :"AX�8�66| :"/��1 :"AX�8 : dist ≤ unum far length �M� �

���%�� �79K� �/�K6� B�|64
B�|64 !� �!���� "/��1 � "AX�8 : unum far length < dist ≤ unum too far length �M� �


 $�- "� �d, �H% "� F�"/��1$0�- � "AX�8�66| F���9��!�4 ��Q� ]��9�� ��� ��!�� ��Q�
��K#�� �6�

B�|6 4 !� �!���� "/��1 � "AX�8 : dist ≤ unum too far length = team far length �M� �

`E� ��% �79K� V�0D=� $?6+ 1� F�"/��1$0�- � "AX�8�66| F���9��!�4 ��� ��!�� ��Q�
����%��

team far length ,unum too far length F� �� 9 ��!� 4 F�� � ��� I 9 -� �!� � � A _ 8 � /�� 7 �
�������W �}� ]��Q !� ,unum far length team too far length

�!�� F���9��!�4 "� "Q� �� )W �/� $_-� "# ����� "G�!� �! 5H/1�� 2/ 1� �/��� �}� �H%
���
�$-� F!��/� "/��1 5/� 1�?�6� $PQ !� 5H/1�� �- "/��1 �$-� ��% �T'� q[�

F��]���8 1� ���I9-� �� ���"����� � :�������� :����������� :��N���  J* :����� :��N�� �/��7�
����%�� ">-�[� !��- `�= 1� �/1
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prx = pxt − pxo

pry = pyt − pyo
vrx = vxt − vxo

vry = vyt − vyo

"AX�8 =
√

p�rx + p�ry

"/��1 = arctan(pry/prx)− a�
erx = prx/"AX�8
ery = pry/"AX�8

"AX�8�66| = (vrx · erx) + (vry · ery)
"/��1 �66| = [(−(vrx · ery) + (vry · erx))/Distance].(�z
/π)
)��"/��1 = body dir abs− a�
)��M"/��1 = neck dir abs− a�

� (pxo, pyo) � `� � �l 6 % $ 0� - � )� H � ^ 6  �  " � (vxt, vyt) � (pxt, pyt) C� � Z ��� ! !� " #
�! ��KK6� 5H/1�� �- �Ad� $PQ a� ��K���� )�'� �! ��KK6� 5H/1�� $0�- � )�H� ^6 � "� (vxo, vyo)
!� "H/ !���� (erx, ery) � `�� �l 6% �>?� $0�- � )�H� ^6 � "� (vrx, vry) � (prx, pry) ������ )�'�
��% $/�l! �l 6% "# ���%�� "8�N� �d/��% !� �PK )��M"/��1 � �-"/��1 ��K%���� �>?� )�H� $PQ

��%�� 5H/1��

� � �d, 5/� "# $-� ��% ���.8� &9?6- "� �O1 �_U�� ]�� "� F1�-"6>% ]�� �6>d `�� ��
�d, )��.8� F��� "���� )��K0 "� ���%�� �X�� !��- F�- 1� �+�-!� F������ ����# ����? 1� ���I9-�

v��%�� ���I9-� �/1 Z��! 1� 2/ "AX�8 "�

Q Distance = Quantize(exp(Quantize(ln(Distance), StepValue)),�/�)

F�� � :quantize step !�� 7 � �� � ���  � � � ��� � !�� - � A ,�� F� �� 9 ��!� 4 1� StepV alue )W !� " #
� quantize step " � o� �� � � /�� 7 � �� %� � �!�� �! :$ �� g � 6 %� F�� � :quantize step l � :k� [ 9 � � 6 %�
./�� ]��0� �� "AX�8 Q Distance � �767� "AX�8 Distance �������W �}� ]��Q !� quantize step l

v��%�� ">-�[� �/1 ]���8 F�! 1� Quantize "d��! ��K%����

Quantize(V, Q) = rint(V/Q) ·Q

$8�/!� )�� �� C�� Z��� ! "� "Q� �� ��K#�� ��M �6[X ��0 5/� 2/�.� "� �! �Q��, !��7� rint i�� 
�K_/ ��� ����, "AX�8 5/� 
�� �� ����� 5H/1�� 2/ "AX�8 F��� ��% ]��0� F�d, )�.6� �t#��� "#
:$0�- !� ./�� ]��0� F��� �“��0�+ ± 1213 × ��0�+” $��g �6%� �!�� !� � “��0�+ ± 123 × ��0�+”

v��%�� ���I9-� �/1 Z��� ! "0��S� 1� F�"/��1$0�- � "/��1

Q DistChange = Q Distance ·Quantize(DistChange/Distance,

� )
Q Direction = Quantize(Direction,�/
)

Q DirChange = Quantize(DirChange,
/�)

� F�" /��1 $ 0� - � " /��1 :$ 0� - ^ 6  �  " � DirChange � Direction :DistChange " #
��K%���� �d, ]��0� 1� f4 �/��7� 56�� Q DirChange � Q Direction :Q DistChange

Quantize �



�� ��2� 
�=��C 
�PC (�	#�� �}�

�/�K6� F���a?� !� ���I9-� F��� !�.M!�# F���9��!�4 v�}� ]��Q
���@� �=����N
�A6 send_step

4656 team_far_length

G656 visible_angle

<656 team_too_far_length

856 visible_distance

65� quantize_step

�656 unum_far_length

656� quantize_step_l

4656 unum_too_far_length

��
��� �������

�����0 B�� )W !� "# �K#�� F1�-"6>% �! &# ��� � F�KP4 � � ��A% Z6[� 2/ !��- !�.M!�# &9?6-
!� ������K/��� !��U�� o�> !� &� �� 56G�4 )�K6�=� $6A��U �� k�9'� �=�> !� Z, 2/ �/�= 1� �K��� ��
$8�/!� ��%�� ]�-!� "H>% !� �����0 �/�- F�- 1� "# �! � �0D=� � �K9?� !��U )�KH/1�� �d6[� 56K(
&9?6- !� F�6,�l �6� )��� � $0�- "� �98�/!� V�0D=� ���1���b� �98�/!� V�0D=� �6A[ "� � �K/���

v$-� �/1 �H% "� �98�/!� B�64 ^+�U ��K%���� �!�� �! )W )�6K% �/���� )�KH/1�� "�� � ��%�� �'9K�
(hear ���! -��='�& “[��N” )

)W !� "#

���! = -��� #�@=�� [�/�	 �� (!�� *+�' -��2,
-��='�& = online_coach_l | online_coach_r % 	� %, �� -. %, ����

= self % 	 �'���� ��/ !�01 �2 �� �*���
= referee % 	 ��	� !�01 �2 �� �*���
= ���� �'���� !�00� 3� �	 �� ����4 �� 5�6�� %2���� ���	�

[��N = �(!�01 �2 �� �	 �7� �	 5��� 
���1$�

�
 �� ����� �A_8 "T?� !� � $-� "9?��� !�.M!�# !� say msg size �9��!�4 "� ]�79�� ���U B�|64 &S�
�K#�� �T'� �! 5H/1�� Z-� )�6K% ���U V�0D=� $68�e 5/�9'6� hear max �9��!�4 ��%���� $/��
$68�e F1�� 1� �H6- �� ;��% !����%�� &# hear decay �1���� "� $68�e 5/� 1� )�6K% !� � �� � � �
F!��6K% $68�e ��-!�� hear max !��7� "K6'6� "� �  ��%�� ���.8� hear inc �1���� "� F!��6K%
F�6M�AQ �a/� &6 Z-� &6 2/ $68�e ]�|%� 1� �  $-� �79?� c/�� &6 1� F��, &6 )�KH/1��
F�����[� !� "# �K# $8�/!� �! ��5H/1�� 1� "9-� )W "� o���� V�0D=� �PK ���� �� 5H/1�� 2/ ���%

�$-� ���W �}� ]��Q !� ���9��!�4 5/� "� o���� �/��7� ��K%�� audio cut dist 1� � 2/�.�

F!��6K% F���a?� !� ���I9-� F��� !�.M!�# F���9��!�4 v�}� ]��Q
���@� �=����N ���@� �=����N
� hear_max A�� say_msg_size

� hear_decay � hear_inc

A656 audiot_cut_dist
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��� �������

� �-"/��1 :)�� :$0�- �6j� 5H/1�� 1� �H/.68 V�0D=� B�� F��� ��?Q F���a?� "� o���� F��B�64
]�-!� 5H/1�� "� sense body step ����1 �X��8 !� � �K%���� 5H/1�� Z-� ��% B�S�� ]��0� ���_ 

v�%���� �/1 �H% "� �+�-!� B�64 ^+�U ����%��
(sense body )��1

(view mode V�0D=�$6I6# F!��/�F�J8)
(stamina )�� pD )
(speed $0�-!��7� $0�-$PQ)
(neck angle )��M"/��1)
(kick Kick���_ )
(dash Dash���_ )
(turn Turn���_ )
(say Say���_ )
(turn neck TurnNeck���_ )
(catch Catch���_ )
(move Move���_ )
(change view ChangeView���_ ))

)W !� "#
���! = -��� #�@=�� [�/�	 �� (!�� *+�' -��2,

"��EY�:���� = �,�� low �� high ����%�� �� (����� "��EY� :����
(�����(�K& = �,�� wide �� normal 
narrow ����%�� �� (����� (�K&

���% = 9+�!�� (B��� ��.�� ��]� � :$a� �@�@C ���
DE% = 9+�!�� DE% :�&�b ��]� � :$a� �@�@C ���

:��'���@� = 9+�!�� ��]& :��' ����� -!���� ����cd ���@�
:��':�` = 9+�!�� ��]& :��' ����� :�` ����cd ���@�
���)����! = ��� �� :$P� 9+�!�� ���) :�`
�	-����2, = -�, [�e�� #�2�� !� _��	 ���]% �/����

�������W {}� ]��Q !� ��?Q �a?� !� ���I9-� F��� 1�6� �!�� F���9��!�4 �/��7�

��?Q F���a?� !� ���I9-� F��� !�.M!�# F���9��!�4 v{}� ]��Q
���@� �=����N
�66 sense_body_step

�"3��
4 �� 1�4�5 �
�6�% �����

1� �H6- �� !� "# �H% 5/�� �K#�� ���I9-� B�M "� B�M p�! 1� !�.M!�# &9?6- !� ��% ���I9-� �9#�� ]��
2/ !�(� .6� $0�- ��K#�� ��S/� �! �/�Q )�H� � ��%�� i�Q )W 56'64 )�H� �� 5H/1�� $0�- F1��

v��%�� ���I9-� �/1 Z��� ! 1� V��66| 1� "0��S� 5/� ">-�[� F��� ���%�� �T'� 4+
5
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(ut+�
x , ut+�

y ) = (vt
x, vt

y) + (at
x, at

y) + (r̃�, r̃�) + (w�, w�) : h�9%
(pt+�

x , pt+�
y ) = (pt

x, pt
y) + (ut+�

x , ut+�
y ) : �/�S��Q

(vt+�
x , vt+�

y ) = $8�×(ut+�
x , ut+�

y ) : $0�- $8�
(at+�

x , at+�
y ) = (�,�) : ��%�� �IX h�9%

�! t �H6- !� 5H/1�� h�9% � $0�- :)�H� ^6 � "� (at
x, at

y) � (vt
x, vt

y) :(pt
x, pt

y) C�� Z��� ! !�
���.8� �l 6% $#�� "� "# �K9?� ��� � �8��* �/��7� !���� ^6 � "� (w�, w�) � (r̃�, r̃�) � �K���� @/���
� player decay �/��7� ^6 � "� u� � 5H/1�� F��� "# �%���� !��- �A,�� �9��!�4 2/ ���P ����%��
5H/1�� ��, h�9% ������ B�S�� 5H/1�� "# $-� �+��0� &679?� "S69� �6%� h�9%���6M�� �! ball decay

�� "# �d/��% !� ����%�� ��S/� xkicky )W "� )�1 "��N �� u� h�9% � xdashy )�/�� ��0 B�S�� ��
"9%��� �!�,�� &� �� "# ����1 � ������W )W 1� 2/�� "# F�"/��1 $PQ !� �KK#�� �!�,�� �a/�H/ �� �l 6%

����/�� �6A7 "6+�� !��7� 
�� "� �P�W 1� 2/�� $0�- )W 1� f4 � ���%�� ������M1�� ^70 "� �K%��
&9?6- �6%� $#�� !� �d, ��S/� F��� � �_U�� F�6�� !� ��Q�� $6_dU B�0 F1�-"6>% F���
1� !���� 2/ ^+�U !� �d, 5/� � �K#�� �!�� �6%� ���� $#�� !� �! �8��* ���0� ���?H/ !�d� !�.M!�#
�1� � !� )W 1� " I +�l � � � ���� [ � " # � �� %� � ���. 8� � 6 %� � 9 #� � ]� � " � r̃i � H % " � � 8�� *  � /�� 7 �

v��%�� ">-�[� �/1 "d��! 1� � ���� �l 6% $0�- "� "9?��� rmax !��7� ��!�� !��U [−rmax, rmax]

rmax = Rand · ||(vt
x, vt

y) + (at
x, at

y)||

F��� � player rand !��7� 5H/1�� F��� � �%���� !��- �A,�� F���9��!�4 1� Rand C�� "d��! !� "#
���6M�� �! ball rand !��7� u� 

�$-�!�� .6� �! �9#�� &9?6- "� ��� )��.8� �/���� !�.M!�# :�6%� $#�� !� �d, ��S/� p�! �� ��D0
"8�N� �l 6% �9#�� ]�� "� (w�, w�) !���� $/�P� !� � ��%�� o�>K9-� �/1 Z��� ! "� "Q� �� ��� $0�-

v��%��

(wx, wy) = π(wind force, wind dir)

(w�, w�) = ||(vt
x, vt

y) + (at
x, at

y) + (r̃�, r̃�)|| ·
(wx + ẽ�, wy + ẽ�)
Weight× �����

�/�> F��� �+�� ! π � �K%���� !�.M!�# �A,�� F���9��!�4 1� wind dir � wind force "d��! 5/� !�
��%���� [−wind rand, wind rand] �1�� 1� �8��* F��0 ẽi �$-� F!���� ]��_� ]�� "� �>dU ]��
!� � player weight !��7� 5H/1�� �!�� !� "# ��%�� h�T9�� �j� �!�� �l 6% )1� "� "Q� �� Weight
!��7� 5/� � ��6M��� !��U ���I9-� �!�� ��� �9��!�4 �N�� ]�� !� ���6M�� �! ball weight !��7� u� �!��

������ @/��� �! ��8 F���9��!�4 "� o���� �/��7� ~}� ]��Q ���%�� "98�M �j� !� (�,�) �� �����

�9#�� ]�� !� ���I9-� F��� !�.M!�# F���9��!�4 v~}� ]��Q
���@� �=����N ���@� �=����N
654 player_decay 65G4 ball_decay

65� player_rand 656A ball_rand

�
�
 player_weight 65� ball_weight


�
 wind_dir 656 wind_force

656 wind_rand
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�"3��
4 �� 178& �
�6�% �����

��0 �
 �A# !�d� ���� B�S�� F1�� 56�1 !� ���� �� 5H/1�� "# $-� �+��0� "6A# ���% �A�0 F��]��
v 1� �K !�>0 V�!�9-� 5/� ��K%���� B�S�� ���U ��%�� �*9� !�.M!�# &9?6- "� "# 5H/1�� �� F���

�!�W�� ��Q�� �! u� $8�/!� )�H�� � ���� )��1�� !� �9T� "# catch x�

����� 5H/1�� "� �! ���T+� $0�- �� $#�� )�H�� "# dash x�

����� �! u� "� "��N )�H�� 5H/1�� "� "# kick x�

��%�� ���I9-� F1�� 1� F��s/� Z/��% !� � ��, $6_U�� "� $#�� F��� "# move x{

�!�W�� &���8 �! ����0 �/�- �� o�> !� F!��U�� )�H�� "# say x~

�K#�� ��S/� �! @,�( )�H�� "# turn x�

�K#�� ��64 �! )��M $#�� �/���� 5H/1�� 2/ )W "d-��� "# turn neck x�

�!�� ���!�# h�Ad� F!��/� ^+�U 566_ F��� "# change view xz
���K#�� $-��,!� !�.M!�# 1� �! B1C �H/.68 V�0D=� 5H/1�� )W !� "# sense body x�

�!�� ���� �� c/�� &6 � F��, &6 Z-� ��6-! ��g "� F���M ���_ 1� ;D=� F��� "# score x�

���6a� !��U ���I9-�

� �K9?� ���0
 �(
��/)� catch � :dash :kick :move :turn V�!�9-� :C�� V�!�9-� "l 0��S� 1�
�6����� 7
��/)� :V�!�9-� �/�- ��� :���% ]�-!� !�.M!�# "� �P�W 1� �H/ �/�� Z78 F1�� 1� �H6- �� !�
F1�� 1� �H6- 2/ !� "n��K( ����% ���9-�8 !�.M!�# "� �AX� !�9-� 2/ ����� "� �K��� �� � �K%����
��Q� � h�T9�� !�.M!�# Z-� �8��* �H% "� �P�W 1� �H/ ��% ���9-�8 !�.M!�# "� �AX� !�9-� 2/ 1� @6�
5/� �/�� !�.M!�# &9?6- �� o�> !� F��� 5H/1�� �$-� ��% ]�-!� � ��1 "# $-� F!�9-� Cm ��_� "# ��%��
� &6��I� "���� !� ��%�� !�.M!�# F�- 1� )W k!� )�H�� � ��� !�H� F���% c/�_ ^+�U !� �! V�!�9-�

�&6K#�� �-!�� �! V�!�9-� 5/� 1� 2/ �� ^+�U

Catch !�"

��� U �d/��% !� �P K  �� 0 5/� �� �� B� S�� �! catch ��0 ����  �� "# $-� �KH /1� � �P K  )� �1�� !�
"=�[� !� "# ���aK� �! u� ���� �� 5H/1�� ��%�� B�S�� ]�� !� “play on” ��� !� F1�� "# $-��Q�
��_�� �� �A6d9?� �H% "� � 5H/1�� )�� $PQ 1� φ "/��1 !� �J8 5/� ���6a� !�69,� !� �!�� !��U catchable
�t#��� � �U��� �x�}� �H%y��%�� ��S/� "/��1 5/� $PQ !� catchable area w � catchable area l

�0��� 3� �	 ���� �	 8'� �( 9��� �� � �����/ ��� �� 	� �,:+ 
�;<�	 �� �	����� �=�2 ��>�� �� �+�� �� ��1 � ��	 �
�12�� �� 
�;<�	 �%2���� �	�� !��?1 	 ���� ��� �*�'�	 ��0. ���2 �	����� @1:� �� ��)�� ��(�A:* �� ��	 ��	�* �*	�0. ������

�% 	 ��7�B� 8��� CDEFEFG���� ������	 HA� �� ��1 � ��	 �	 84�I
primary command �

concurrent command �
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xφ = −��◦y )��1�� !� Z-� catchable F�J8 v�}� �H%

catch ��0 !� ���I9-� F��� !�.M!�# F���9��!�4 v�}� ]��Q
���@� �=����N ���@� �=����N
� goalie_max_moves �56 catchable_area_l

M�F6 minmoment �56 catchable_area_w

�F6 maxmoment �56 catch_probability

�

 drop_ball_time A catch_ban_cycles

u� ^��* ]��9�� ����%�� ���[� maxmoment � minmoment F���9��!�4 Z-� ^6 � "� φ "/��1
1� catch ban cycles ���_ 5H/1�� catch ��0 �� B�S�� 1� f4 � �%���� catch probability �J8 5/� !�

�$-� )�� �� catch ��0 B�S��

v�%���� �/1 �H% "� catch !�9-� ^+�U
(catch dir)

���6M�� B�S�� $PQ )W !� catch ��0 "# $?/�"/��1 �9P� )�6� "� � φ "/��1 )��� dir "#
" � F1� � � �� $ -�! $ � - � / � ( $ � - )� �1�� !� Z -�  u�  $ 8� /!� � �
free_kick_[l|r] " � F1�� 1� �H6- )��� !� " A X� 8D � f b - � goalie_catch_ball_[l|r]

��0 ��, "�/�Q "=�[� !� goalie max moves ���_ "� $-� !��U )��1�� !� )W 1� f4 ��K#�� �66| 
!� drop ball time �1���� "� u� "n��K( ��K# h� �4 �! u� "# $-� B.A� )W 1� f4 � ��� B�S�� move
"� o���� �/��7� ���%�� B�S�� !�#��, !��� F�- 1� h� �4 ��0 :��'� h� �4 � �%�� )��1�� !� !�69,�

���� ���W �}� ]��Q !� C�� F���9��!�4
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dash ��0 !� ���I9-� F��� !�.M!�# F���9��!�4 v�}� ]��Q
���@� �=����N ���@� �=����N
�66 max_power M�66 min_power

656 extra_stamina 4666 stamin_max


�

� dash_power_rate 4A stamin_inc_max

65< effort_min �56 effort_max


�� effort_dec_thr 6566A effort_dec


�� effort_inc_thr 6566� effort_inc


�� recover_dec_thr 6566� recover_dec

��
 player_speed_max 65A recover_min

�56 player_accel_max

Stamina #�� � Dash !�"

2/ �� !�9-� 5/� ������ �� "� �! @��� $PQ !� 5H/1�� 598�M $0�- )�H�� "# $-� F!�9-� dash
v $-�!�� �! �/1 ^+�U � �K#�� !�# �K#�� �T'� �! h�9% )�.6� "# �9��!�4

(dash power)

��%���� maxpower � minpower �1�� !� � �767� ��0 2/ � $#�� F3��� power )W !� "#
stamina max !�� 7 � " � F1� � ;�� % !� )��  5 /� ��!�� 5 H /1� � 	6
� ( � � & 6 7 9 ? � " d ��! F3� �� 5 /�
dash ��0 �%�� $>t� F3 ��� )�.6� "n��K( ���%�� "9-�# )W 1� dash ��0 !�� �� �� � ��%�� ���!��7�
�� ��% ]�-!� F3��� �M� ��� $-� �8�*� F3��� )�.6� �� ����� )�� @��# )�.6� � 5H/1�� )�� $PQ !�
�8�*� F3��� ����� �� �1���� "� )�� @��# � ���� )�� $PQ `D, !� $#�� �%�� �IK� dash !�9-�
F��Q� � �K#�� �66| )�� �1���� "� F3��� !��7� �%�� ��% ]�-!� F3��� 1� �9�# )�� )�.6� "n��K( �$-�
F�- 1� xedpy���g�l � )�/�� F3��� ">-�[� )�� )�.6� 1� )�% "9-�# �� ��!��� F�9'6� )�� "� 1�6� !�9-�
���I9-� edp ">-�[� !�jK� "� ��pD �A_8 )�.6� .6� � dash power rate �9��!�4 ���%�� 1�\W !�.M!�#

v��%�� ">-�[� �/1 "d��! 1� edp ��%�� effort max � effort min �1�� !� ���� �� pD "# ���%��

edp = effort · dash power rate · Power

dash power rate � 5H/1�� F�- 1� !�.M!�# "� ��% ]�-!� F3��� !��7� )��� Power ��8 "d��! !�
">-�[� F��� 5H/1�� )�� $PQ ����� "� !��7� 5/� :edp ">-�[� �� �$-� !�.M!�# �A,�� F���9��!�4 1�
5H/1�� �A>U )�H� � $0�- 59%�� �� � (at

x, at
y) ">-�[� 1� f4 ����6M�� !��U ���I9-� �!�� �9#�� h�9%

�x�}�}� @T� "� ��% ;�Q!y �!�W $-�� �! �9#�� ]�� )�� ��

5H/1�� )�� 566_ !� �AX� �6|9� "- ���% �-!�� )W F�! )�� �6g�l ��� ! �/�� h�9% ">-�[� F���
v�K%���� �g�l�

�1���� "� )W !��7� 1� dash ��0 �� B�S�� �� :����� )�'� �! 5H/1�� !� ��% ��6,r )�� : Stamina x�
���/1�� ���!W "� F1�� 1� �H6- �� ;� �% �� � ��%�� "9-�# dash !�9-� !� ��% `�*� F3���

��%���� stamina max � 
 56� Stamina !��7� ���%��

Stamina �

effective dash power �	

effort ��
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�9P� )�6 � " � ��%� ��� F1� � 1� �H6- �� ;��% !� Stamina $'M1� � )�. 6� `�_� : Recovery x�
effort min,� �1� � !� �!�� � � Recovery !�� 7 � �� K #� � F!� H 9 -� 5 H /1� � !� �! )��  $ ' M� �

��!�� !��U �effort max

� recover min 56� �!���� � $-� 5H/1�� �/�S��Q !� dash ��0 2/ �6g�l )�.6� �a��6� : Effort x�
��!�� !��U �

�$-� ���W �/1 !� !�.M!�# Z-� ���I9-� �!�� Stamina ]��

{if stamina is below recovery decrement threshold. recovery is reduced}
if stamina ≤ recover dec thr · stamina max then

if recovery > recover min then
recovery ← recovery − recover dec

end if
end if

{if stamina is below effort decrement threshold, effort is reduced}
if stamina ≤ effort dec thr · stamina max then

if effort > effort min then
effort← effort− effort dec

end if
effort← max(effort, effort min)

end if

{if stamina is above effort increment threshold, effort is increased}
if stamina ≥ effort inc thr · stamina max then

if effort < effort max then
effort← effort + effort inc

effort← min(effort, effort max)
end if

end if

{recover the stamina a bit}
stamina← stamina + reovery · stamina inc max

stamina← min(stamina, stamina max)

!� �� � $-�� Z-� �8�*� F3��� 1� ��679?� i�� 5H/1�� $#�� F��� B1C h�9% "HK/� "� "Q� ��
$?6� F!��7� )��� �m��.+ dash ��0 2/ !� 5H/1�� F�- 1� ��% ���9-�8 F3��� "# "A�?� 5/� 598�M �j�
���I9-� �!�� �/�P� h�9% F3��� ">-�[� �! �/1 "d��! :�!�EM�� �6g�l &9?6- �� !�.M!�# Z-� $/�P� !� "#

v&6���� !��U

(at
x, at

y) = edp× (cos(θt), sin(θt))
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dash ��0 "# $-� F!��N "9H� 5/� "� "Q� ������ )�'� �! 5H/1�� )�� $PQ θ C�� "d��! !�
���%�� �IX 5H/1�� h�9% �m��S� F�_� �H6- ;��% !� � ��%�� h�9% ��S/� q0�� �H6- 2/ !� �PK 
player accel max FC�� �� �� ^6 � "� ">-�[� 1� f4 →

vt $0�- !���� !��7� � →
at h�9% !���� !��7�

$ ? 6 + �}� ]�� Q �� K K #� � �� S /� �! 5 H /1� � � 9 #� � ]� � � � �� %� � ]� �� � player speed max �
������ )�'� �! dash �K/��8 2/ ">-�[� F��� !�.M!�# F�- 1� ���I9-� �!�� F���9��!�4

kick !�"

�H% "� �/�� !�9-� 5/� ������ �! �X�, $PQ !� u� "� "��N )�H�� 5H/1�� "� "# $-� F!�9-� kick
v��% ]�-!� !�.M!�# "� �/1

(kick power dir)

dir � [minpower, maxpower] �1�� !� � u� "� "��N F��� ��% `�X F3��� power )W !� "#
���% h�T9�� [minmoment, maxmoment] �1�� !� ���� �� dir ���%�� 26A% )��� u� "# $-� �9PQ
kickable margin + player size + ball size 1� �9�# F�"AX�8 !� �m�9� �/�� u� :u� "� "��N F���
!�.M!�# �A,�� F���9��!�4 1� kickable margin � player size :ball size "# ��6a� !��U 5H/1�� "� $>?�

��K%����

kick ��0 !� ���I9-� F��� !�.M!�# F���9��!�4 vz}� ]��Q
���@� �=����N ���@� �=����N
656 kick_rand M�66 minpower

�57 ball_accel_max �66 maxpower

�57 ball_speed_max M�F6 minmoment

656FA ball_size �F6 maxmoment

658 player_size 657 kickable_margin

656�7 kick_power_rate

)�� � " � �m ��. + )� /�� F�� � B1C F3 � �� � K ���� . 6 � u�  " � )�1 " ��N F�� � ��% `�X F3� ��
2A6% F��� �g�l � F3��� ">-�[� �$?6� �g�l � u� �/�S��Q F��� ��%�� ���9-�8 !�.M!�# "� "# �1����

v��6M�� V!�X �/1 "d��! "� "Q� �� xekpy��u� 

ekp = Power · kick power rate

ekp = ekp ·
(
�− �/��× dir diff

���◦ − �/��× dist diff

kickable margin

)

1� kick power rate � u�  " � " �� N F�� � �� % `� X F3� �� )� � � Power �� 8 " d ��! !�
1� )W "� ��% �!�� "��N "� "Q� �� u� F��� ��% ��S/� h�9% $/�P� !� �$-� !�.M!�# �A,�� F���9��!�4

v��%�� ">-�[� �/1 "d��!

(at
x, at

y) = ekp× (cos(θt), sin(θt)) + (k̃�, k̃�)

effective kick power ��
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dir "/��1 � 5H/1�� )�� "/��1 ;��S� �� ����� � $8! ����, $�- )��� u� "# $-� F�"/��1 θ C�� "d��! !�
u� �9#�� ]�� "� �d, )��.8� F��� (k̃�, k̃�) !���� �$-� kick ��0 B�aK� !� 5H/1�� Z-� ���T9��
�� �d, 5/� ">-�[� ���%�� h�T9�� [−kmax, kmax] �1�� !� �8��* �H% "� � ��6M�� !��U ���I9-� �!��

v ��%�� B�S�� �/1 �/�= "� :$-� !�.M!�# �A,�� F���9��!�4 1� "# kick rand 1� ���I9-�

kmax = kick rand · Power

max power

�+� �_ � )� KH /1� � F�� � �� K %� ��� !�. M!� # �A,�� F��� 9 ��!� 4 1� max power � kick rand "#
FC�� ���� � � !��7� �� 5/� →

vt � →
at ">-�[� � � ���%�� "98�M �j� !� �IX �� � ��� � kick rand !��7�

����%�� ]���� ball speed max � ball accel max

�! u� $#�� F�a+� )�� �� x�}�}�y�/��� #�� @T� !� ��% )��K0 F��p�! 1� ���I9-� ��
� ���6M�� !��U ���I9-� �!�� kick ��0 ">-�[� F��� !�.M!�# Z-� "# �/���9��!�4 $?6+ ���# o�>K9-�

�������W z}� ]��Q !� �P�W �/��7�

move !�"

!� ���� �� �PK � ��6M�� !��U ���I9-� �!�� 56�1 1� ��, )�H� 2/ !� 5H/1�� )��� !��U F��� move ��0
�/ goal l �/ before kick off ��� !� F1�� "H6��aK� !� ��0 5/� ���% ���I9-� F1�� 1� �*T'� F�����
"� :�/��9�� ��6 !�9,�- ��� �H% F��� "# ����� �! )�H�� 5/� &6 �� �� )�KH/1�� "� �!�� !��U goal r

!� �m76U� �! 5H/1�� � ��%�� ��Q� �d, ]��0� )��� !�9-� 5/� ��KK# move F1�� 56�1 1� �*T'� )�H�
catch #�� !� "# !�d���� C�� Z/��% !� move B�S�� )�H�� �� ��D0 )��1�� !� ������ !��U h�Ad� �[�

v$-� �/1 �H% "� !�9-� 5/� ^+�U ���� B�S�� .6� u� 598�M B�aK� !� �! ��0 5/� ���� �� :�% �!�%�
(move x y)

5H/1�� �%���� goal r �/ goal l �/ before kick off !��7� "- 1� �H/ F1�� ��� "# �d/��% !�
[−pitch width/�, pitch width/�] � [−pitch length/�,�.�] �1� � !� ^ 6  �  " � �! y � x � ���  � �
F�� , & 6  " � /� Q " =� [ � !� � /� � y � x �� 6 M� � �! u�  )� �1�� !� " # � d /�� % !� � �� :� K # h� T 9 ��
goalie max moves ���_ u� ^��* 1� f4 5H/1� � F��� 1�S� move ]��0� ���_ ����% h�T9��
� H % " � � �� | 6 4 � K # ]� -!� !�. M!� # " � �! move � � 0 ��� _  5 /� 1� � 9 ' 6 � )� �1�� !� � M� �� %� �� �
1�6� �!�� F���9��!�4 ��% �K���T� B�S�� �8�N� ]��0� � �K#�� $8�/!� (error too_many_moves)

�������W �}� ]��Q !� move ��0 2/ B�S�� F���

move ��0 !� ���I9-� F��� !�.M!�# F���9��!�4 v�}� ]��Q
���@� �=����N ���@� �=����N
� goalie_max_moves A�5A pitch_length

8456 pitch_width
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say ��0 !� ���I9-� F��� !�.M!�# F���9��!�4 v�
}� ]��Q
���@� �=����N ���@� �=����N
A6 audio_cut_dist �6 say_message_size

� hear_inc � hear_max

� hear_decay

say !�"

" � � � 0 5 /� �� K # @ T 4 F1� � 5 6 �1 !� �! B� 6 4 2 / �  �1� -� � !�� U �! 5 H /1� � " # $ -� � %�! say
B� | 6 4 2 / !� ]� 7 9 �� � �� U ���� ]� = �� ��� � �! )� K H /1� � � /� - � � o� >  !� F!�� U� � )� H �� 5 H /1� �
F� �� 9 #!� # " 0� � S � 1� ��� I 9 -� " � ��� [ � 5 H /1� � � � %� �� � say message size � � � ��� � say
�6� )��� 5H/1�� 2/ F�- 1� �+�-!� B�64 �$-� x$#��� F��$�D0 )���y [0-9a-zA-Z()<>.?+-*/]

"AX�8 !� :x�}�}�y )�KH/1�� �/�- �/��K% F���a?� Z-� � ��%�� ]�-!� )�KH/1�� �/�- "� ����1 "IU�
!� )�KH/1�� �/�- )�% ���[� �� say �/�= 1� B�64 2/ ]�-!� $/���[� �$-� k!� ���U audio cut dist

v��% ]�-!� !�.M!�# "� �/1 ^+�U !� �/�� B�64 5/����%�� �X�� say F��B�64 )�6K%
(say message)

�!�� F���9��!� 4 $?6+ �
}� ]��Q �$-� Z6[� !� ��% @T4 �9/� � �
 B�6 4 message "#
������ )�'� �! say B�|64 2/ ��S/� !� !�.M!�# Z-� ���I9-�

turn !�"

!� ��0 5/� ���%�� 5H�� 5H/1�� F��� turn !�9-� 1� ���I9-� �� "# $-� �A�0 F1�� 56�1 !� @,�(
v��%�� ]�-!� !�.M!�# "� �/1 ^+�U

(turn Moment)

� �,�n� F1�� 56�1 !� Moment ���T+� "/��1 "� ���� �� 5H/1�� C�� "��'� F!�9-� 1� ���I9-� ��
� kick ]��0� "��'� .6� ��0 5/� ���% h�T9�� [minmoment, maxmoment] �1�� !� ���� �� Moment

)W $[ 5H/1�� "# $?6� F�"/��1 )��� �m��.+ !�.M!�# "� ��% ]�-!� "/��1 � �%���� �d, �6g�l $[ dash

�/1 ]���8 "� "Q� �� � ��6M�� �6g�l 5H/1�� �9#�� �-�K/� 1� xetmy�� @,�( F��� �g�l� "/��1 ��,�(��
v��%�� ">-�[�

etm =
(�+ r̃) ·Moment

�+ inertia moment · player speed

�8��* ��0 r̃ �$-� !�.M!�# F���9��!�4 �.Q � ���� 5H/1�� �-�K/� �� ����� inertia moment C�� "d��! !�
"� 5H/1�� Z-� "# $-� �',�( )�.6� Moment � �%���� [−player rand, player rand] �1�� !� �
�t#��� �� 5H/1�� "n��K( � $-� F!�Q �H6- !� 5H/1�� $0�- player speed �$-� ��% ]�-!� !�.M!�#
5/�9�# � 5/�9'6� �m 9S69� � �%���� player speed max �� ����� !��7� 5/� �%�� $#�� ]�� !� $0�-
)��.�� turn ��0 2/ �� ���� ��� dash ��0 2/ "# �S�W 1� ��� $-� ±�� @,�( F��� 5H�� !��7�
player speed max · player decay ���� �� turn ��0 B�S�� 1� @64 5H/1�� 2/ $0�- 5/�9'6� �%��

effective turn moment ��
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��%���� ±�� �,�n� )W $[ ���� �� 5H/1�� "# F�"/��1 �t#��� �/��7� 5/� 598�M �j� !� �� � �%��
������ !��U ���I9-� �!�� turn ��0 )��# ]�� F��� !�.M!�# "# $-� �/���9��!�4 $?6+ ��}� ]��Q

turn ��0 !� ���I9-� F��� !�.M!�# F���9��!�4 v��}� ]��Q
���@� �=����N ���@� �=����N
�F6 maxmoment M�F6 minmoment

65� player_rand A56 inertia_moment

turn neck !�"

5/� ����,�n� ]��0� �/�- 1� �79?� �H% "� �! ��, )��M ���� �� 5H/1�� turn neck !�9-� 1� ���I9-� ��
v�K#�� F��64 �/1 ^+�U 1� !�9-�

(turn neck NeckMoment)

���� �� )��M "/��1 ��,�n� )W $[ ���� �� )��M "# $?/�"/��1 NeckMoment C�� "d��! !�
!� �� )� � " � $ > ? � 5 H /1� � )�� M " /��1 !�� 7 � � �� �� 6 a � !�� U [minmoment, maxmoment] �1� � !�
"# �S�W 1� ���%�� BD0� !�.M!�# ^��Q 1� � ��6M�� !��U [minneckmoment, maxneckmoment] �1��
:��% B�S�� �AX� ]��0� �/�- �/ turn �� )��.�� �H% "� ���� �� :$-� )��.�� ]��0� "9-� 1� turn neck
@,�( F1�-"6>% F��� !�.M!�# "# �/���9��!�4 ��%���� 5H/1�� �9#�� �-�K/� 1� �79?� )��M @,�( ���

�������W ��}� ]��Q !� ����� !��U ���I9-� �!�� )��M

turn neck ��0 !� ���I9-� F��� !�.M!�# F���9��!�4 v��}� ]��Q
���@� �=����N ���@� �=����N
�F6 maxneckmoment M�F6 minneckmoment

G6 maxneckang MG6 minneckang

change view !�"

���� �66| cA9T� Z/��% !� � 1�6� ^?� �� �! ��, F!��/� $6_N� � ����� )�H�� 5H/1�� "� !�9-� 5/�
v��%�� ]�-!� !�.M!�# "� �/1 F�a+� �� !�9-� 5/�

(change view viewWidth viewQuality)

� ��6a� �! high �/ � normal :low !��7� "- 1� �H/ ���� �� viewWidth ��8 �+�-!� !�9-� !�
�� � �+�-!� �/��7� 5/� "� "Q� �� ��%�� "9%�� �! high �/ :low �/��7� 1� �H/ ���� �� .6� viewQuality
566_ �! F!��/� F��B�64 ]�-!� F��� �j� �!�� ����1 �1�� !�.M!�# :^-�K9� ^/��N �� �/��7� 5/� �6>d 
!� F��_9� ���_ "� ���� �� � ���� )��.�� V�!�9-� "0��S� 1� !�9-� 5/� �x�}�}� @T�y �K#��

���% ]�-!� !�.M!�# "� F1�� 1� �H6- 2/



�z ���� ������ �}�

!�.M!�# F�- 1� F1�� F����� F�K� &6?7 v��}� ]��Q

�	
�� ����� ��� tc �������
(!�� !� �2�� �	 !�fL !� *$J kick_off_Side 6 before_kick_off

(!�� (��� #�� � #�Y �� play_on

�,�� -��'� ����N �� (!�� �� �c���, �� time_over

���>& !� gNW ����� [E�� �� (!�� h��, *kick_off_Side

V�����d h��, �� Kick off �2��
�	� [�e�� out ?�%�N ���� ��% _� �� ���/�	 play_on *kick_in_Side

Side :2' ��% ��' �� �cd ���I _� play_on *free_kick_Side

Side :2' ��% ��' �� ���� ���I _� play_on *corner_kick_Side

Side :2' ��% ��' �� -!�� �� ���I _� play_on goal_kick_Side

Side :2' ��% i'�% *) goal_Side

���P�� ���� (�' !� ��% �='� ?�%�N play_on 6 drop_ball

Side :2' ��% i'�% ���P&� (�cd free_kick_OSide 86 offside_Side

Side :2' ��% *) 9���n ���'� �2T �� kick_off_OSide A6 goal_Side_n

Side :2' ��% (�cd free_kick_OSide 6 foul_Side

��� catch �� ��% Side :2' ��% ���!�� �� free_kick_OSide 6 goalie_catch_ball_Side

�,�$� 9��! �� ����C [�� �2�� ����N �% time_over 6 time_up_without_a_team

�	 �� ��% �� *+�' <666 ����N �� �)� time_over 6 time_up

��,�� #�'�� ��,�$� (��P�
��,�� #�'�� �2�� �� ���'� �� before_kick_off 6 half_time

(��P� ��% �� *+�' <666 ����N �� �)� before_kick_off 6 time_extended

��,�� #�'�� ��,��
%J+ K��� OSide ����LM� N�0����� % 	� %, � -. %, @�� K��� O���� �� �� N	� r �� l �	�P� �*	���� Side Q�2 3��+ ��

�% 	 8��P�

score !�"

�! F1�� "S69� )�6�P8 )�H�� 5H/1�� "� "# $-� !�.M!�# "� ]�-!� ���U )��.�� ]��0� 1� .6� ��0 5/�
��6,r ���U 5H/1�� Z-� F1�� "S69� "# �S�W 1� ��%���� (score) ���- �H% "� !�9-� ^+�U ������

�$?6� ]���9� ���I9-� !� )��K( !�9-� 5/� $-� F1�-

!��� !�"�# ���
2/ 1� � �>-�[� � �7dK� F���d, �6T' F��� !�.M!�# &9?6- �% �!�%� �*8 F��9�� !� "# !�d����
"� $6_N� ]�79�� �/�= 1� �! !�.M!�# ��HA�0 F1�� Z/��% "� "9?� !��� 5/� ��K#�� ���I9-� !�#��, !���
�K9?� F1�� F����� ��$+�� "0��S� 5/� ��K#�� ]�9K# ��% c/�_ @64 1� F��$+�� 1� "0��S� 2/
� ����� 5/� $?6+ ��K# r�T � ��, ��HA�0 !� �! �X�, $-�6- $-� !�>S� �P�W 1� 2/�� !� 5H/1�� "#

�$-� ���W ��}� ]��Q !� �P�W 1� 2/ �� �!�� !� �6N� 
!�#��, !��� :��� �! �����% �T'� * $�D0 �� ��}� ]��Q !� "# �/����� 1� �H/ "n��K(



�� �������� �������� ~}�

$/.#�� � offside kick margin ;�_% "� F���/�� 1� Y!�, � �K#�� !���� �! c/�� &6 )�KH/1�� "��
��%���� ���~m ;�_% 5/� !��7� �N�� ]�� !� "# :���6a� !��U u� 

$��%&��� '��(����  ��
56�1 �,�� )�KH/1�� �/�_ )�H�� $-� ��% "8�N� &9?6- "� !�.M!�# � "T?� 1� "# �/���Ms/� 1� �H/
"6 +�� ;�� 1� !�.M!�# Z-� �P�W "�� "# ��!�� ��Q� F1�� 56�1 !� 5H/1� � �� ��8@64 !�d� �$-�
online ���� �!�� !��U before kick off ��� !� F1�� "# ���aK� � "7��?� 2/ ;��% !� ������% h�T9��
1� �K# h�T9�� ���� �� ���� "# ���KH/1�� ;���� ��K# �!�� F1�� 56�1 !� �! ��, ���T+� )�KH/1�� ���� ��
��%���� ��8@64 "0��S� 5/� !� �IX ;�� "# ���%�� h�T9�� player types ���_ "� "0��S� 2/
&� �� ���9��!�4 �/�- � F3��� � $0�- �j� 1� � �K9?� cA9T� F���/���� F�!�� cA9T� ;���� �� )�KH/1��
F�/�Q )�KH/1�� F1�� 56�1 !� subs max ���_ "� $-� !��U ���� &� F1�� )�/�Q !� ��K9?� V��I9�
�/�>� �K%�� "9%�� !�J� F1�� 56�1 !� )��.�� �K��� �� "# ��, ;�� 2/ 1� ���KH/1�� ���_ ��K# �!��
"6+�� �/��7� "� �/�Q 5H/1�� F���Ms/� "6A# F1�� )��1 !� �/�_ �� �� � �%�� subs max 1� �9'6�
� �6X�*, �����M�� �� ��, �/��7� 5/�9'6� "� pD � F3��� �6j� � �6X�*, � ���%�� ���!��7�
�/��7� �/�Q 5H/1�� ;�� "� "Q� �� $-� V��I9� cA9T� ;���� �� )�KH/1�� F��� "# F3��� � $0�- �K���

����6M�� �! ^-�K�
F� �� �� � � )� K H /1� � " � � " � c A 9 T � ;�� �� � � )� K H /1� � � �� �  $ ? 6 + :F1� � ;�� % � �
)� K H /1� � � T ' � � )� ? H / " 0� � S � 2 / 1� " # � K 9 ? � c e� � & 6  �� � � ��� %� � � 7 9 K � online
$ -� !�� U � �� � c A 9 T � )� K H /1� � " � o� �� � V� 0D =� )�!�W $ -� � � � �� K K # h� T 9 �� �! �� ,
h� T 9 �� � K #� � f � F1� � c A 9 T � � =� K � !� " # F1� 6 � " � " Q�  � � �! �� , h� A d � )� K H /1� �
v�%���� �/1 �H% "� ��%�� ]�-!� 56�1 )�!� ����0 "� !�.M!�# F�- 1� "# F!�9-� ^+�U ��K# 5/.a/�Q �

(player type id player speed max stamina inc max player decay inertia moment dash power rate
player size kickable margin kick rand extra stamina effort max effort min)

� �K9?� V��I9� "��'9��� )�KH/1�� 56� !� "# �K9?� �/���Ms/� ������W C�� B�64 !� "# F���9��!�4
"� )�KH/1�� "�� &6 2/ F�I� �� "0��S� !� ��K/��� ��S/� )�KH/1�� F��� �! �X�, V�6X�*, �K��� ��
�IX ;�� 1� �m ��.+ �/�� F1�� ]�= !� )��1�� !� ��� :���% �/�_ ;���� �/�- �� �K��� �� )��1�� !� Ǳ�Kt9-�
F���9��!�4 56� F�"?/�7� �~}� ]��Q �$-� �
}�� �1�� !� � 5H/1�� ;�� �a��6� id ��8 B�64 !� ��%��
$?6+ �{}� ]��Q �$-� "��'9��� )�KH/1�� F��� �P�W ]��_� � �IX ;�� )�KH/1�� F��� !�.M!�# !� ��Q��

������ )�'� �! "��'9��� )�KH/1�� Y��, � ��!� $/�/�� F��� !�.M!�# Z-� ���I9-� �!�� F���9��!�4

)�KH/1�� �/�_ !� ���I9-� F��� !�.M!�# F���9��!�4 v�{}� ]��Q
���@� �=����N ���@� �=����N
8 subs_max 7 player_types



�
 ���� ~}�

"��'9��� � ��8@64 )�KH/1�� 56� !�.M!�# F���9��!�4 "?/�7� v�~}� ]��Q

"��'9��� 5H/1�� F��� ]��_� F���9��!�4 ��8@64 5H/1�� F��� !�.M!�# F���9��!�4
-!�� ���@� [�� ���@� [��

�AM4A M�66 stamina_inc_max_delta_factor 4A stamin_inc_max

656 player_speed_max_delta_min

65� player_speed_max_delta_max

656M�66 656 extra_stamina_delta_min 656 extra_stamina

�6656 extra_stamina_delta_max

6566<M6566F 656 dash_power_rate_delta_min 6566< dash_power_rate

6566� dash_power_rate_delta_max

654M65< M6566� effort_min_delta_factor 65< effort_min

656 effort_stamina_delta_min

�6656 effort_stamina_delta_max

65FM�56 M6566� effort_max_delta_factor �56 effort_max

656 extra_stamina_delta_min

�6656 extra_stamina_delta_max

�56M�5� 656 player_speed_max_delta_min �56 player_speed_max

65� player_speed_max_delta_max

654 656 player_decay_delta_min 654 player_decay

65� player_decay_delta_max

657M65G 656 kickable_margin_delta_min 657 kickable_margin

65� kickable_margin_delta_max

656M65� 65A kick_rand_delta_factor 656 kick_rand

656 kickable_margin_delta_min

65� kickable_margin_delta_max

A56M�656 656 player_decay_delta_min A56 inertia_moment

65� player_decay_delta_max

�A56 inertia_moment_delta_factor

65�M658 M�6656 player_size_delta_factor 658 player_size

656 dash_power_rate_delta_min

6566� dash_power_rate_delta_max

���� )��
;�� �� �� "# �K# $6+�_8 trainer � online coach $6_N� �� !� ���� �� ���� F1�-"6>% &9?6- !�

��KK#�� $8�/!� !�.M!�# 1� �! �d, )��� � �Ad� F������

V�6A�0 F1� � )� /�Q !� � / � �K# �!�� &6  !� �! ��, )�KH/1� � $-� !�� U ���� ]�� $+�� !�
]�* � � �

� V!�4 �/�= 1� ���� �� ���� !�jK� 5/� F��� ���6a� !�69,� !� �! &6 2/ $/��� � �/�_ 
V!�X !� � ��6a� �j� �/1 �! c/�� � F��, &6 ��HA�0 F1�� )�/�Q !� � ��% �*9� !�.M!�# "� UDP/IP

��-! F��F1�� !� �m���0 ���� 1� ��� 5/� ���� B�S�� F��, &6 !� �! B1C F���/�_ � ��"6X� 1�6�
� �6A[ "� $-� !��U �!�� Z6[� 1� "# �/�d, )��� � ���# k!� "� "Q� �� � ��6M�� !��U ���I9-� �!��
�/��B�64 ���_ "� "Q� �� )�KH/1�� �� o�> !� F!��U�� !� )W �/���� ��� �1���b� .6� c/�� &6 ��HA�0 �-!��
)��1 :cA9T� F��&6 �� !�# !� ���� )���� ���� !�jK� "� �$-� ��% ���[� �K# ]�� � �! ���� �� "#



�� ��� ������� �}�

��%���� Freeform � :Meta :Define :Advice :Info $�?U wK4 �� ��9'� "# $-� ��% c/�_ F�!����9-�

�/ F�6M��/ )�H�� F1�� 56�1 !� �X�, Z/��% ��S/� �� ��� ����, !��U ���� trainer $+�� !�
u� �/ � &6 �� )�KH/1�� ���� �� ���� $6_N� 5/� !� ��K# ��S/� &6 F��� �! ��, $6+�_8 2/ $? 
�'9K� 56�1 !� �! �>Ad� :��� !��U �X�, ��� !� �! F1�� :�K# �79K� F1�� 56�1 1� �X�, "d7� "� �!
!� trainer $+�� ���� B�S�� 56�1 !� �! �%�� �6I� &6 p1��W F��� ���� �� "# �+��0� �/�- �/ � �K#
!�jK� 5/� F��� ���6M�� !��U ���I9-� �!�� ���a'/��1W Z/��% !� �PK � $-� ]�_8 �6\ ��-! F��F1��
V!�4 �/�= 1� ���� �� trainer "����� $+�� 5/� !� � ��% ��Q� “-coach” �9��!�4 ����� "� !�.M!�# �/��
"0��S� ���� �� ���� ]�� 5/� !� ��K# ]�-!� �! B1C F��B�64 � ��% �*9� !�.M!�# "� UDP/IP � �

�

v�/��� ]�-!� !�.M!�# "� �! �/1 V�!�9-�

����  �� PlayMode ������ �66|  PlayMode "� �! F1�� �� "# v (change mode PlayMode) •
�%�� before kick off �� ����� PlayMode �M� ��%�� �}� @T� !� ��% �!�%� ;���� 1� �H/

����%�� ���9-�8 F��, &6 56�1 "� !�#��, !�= "� )�KH/1��

" � OBJECT �l 6% !� 9 -� 5 /� 1� ��� I 9 -� � � v (move OBJECT X Y [VDIR [VELX VELY]]) •
�- � )�� �Ad� $PQ ��% c/�_ VDIR "H6 !�X !� ���%�� �79K� F1�� 56�1 1� (X, Y) )�H�
�l 6% "� �K%�� ��% c/�_ .6� (VELX, VELY) �M� � ��6M�� !��U �9-�! 5/� !� x5H/1�� F��� Z78y

���%�� ���� →
v =(VELX, VELY) !���� �1���� "� �90�- �j� �!��

1�� "6+�� !��7� "� �m��S� )�KH/1�� B�� Z-� ��% `�X F3��� !�9-� 5/� 2�# "� v (recover) •
���%�� ������M

���� �� MODE ��K#�� ]�9K# �! trainer "� F!��6K% F������ ]�79�� !�9-� 5/� v (ear MODE) •
������ 5/� off $+�� !� � ��%�� �79K� trainer "� F!��6K% V�0D=� on $+�� !� ��%�� off �/ on

����%��� �79K� trainer "�

��%���� kick off "�#� )��'8 ]��_� iU�� !� :�K#�� ;��% �! F1�� !�9-� 5/� v (start) •

���%�� p!�.M trainer "� $-�! � �( $�- &6 B�� !�9-� 5/� 1� ���I9-� �� v (team names) •

� H / !� � ���  � � u�  �� K #� � $ -�� ,!� �! F1� � 5 6 �1 !� u�  $ 6 _ U� � (checkball) •
� H % " � !�. M!� # 1� h�� Q �� %� � out of field � / � goal r :goal l :in field F� �)� H � 1�
�! F1� � � H 6 - �!� � % TIME )W !� " # �� %� � $ 8� /!� (ok check ball TIME BALLPOS)

��%�� "9%�� ���� �� u� "# $-� ���H� !�P( 1� �H/ BALLPOS � �K#�� �T'�

!�.M!�# F�- 1� �6/�l B�64 2/ ���% ��Q� �9-!� "� "# � !�X !� C�� V�!�9-� "0��S� 1� 2/��
�������%�� ���9-�8 �-�4 !� �d, B�64 ���% B�S�� $-!��� "# � !�X !� � ��%�� ]�-!�

*+	 !�,���� -��
o� >  !� F�� � " # � /� �p�! . 6 � � F1� � F1� - ]� � � � ��� = !� !�. M!� # �� H A � 0 ]� X� @ T � 5 /� !�
� :Hear :See ^ +� U !� �9 8� /!� V� 0D=� "0� �S� �� % �-!� � ����� !�� U ��� I 9-� �!�� ����� 0 � �



�� ��� ������� �}�

2/ )�/�Q !� $-� 1�S� 5H/1�� 2/ "# �+��0� "0��S� ��% �-!�� ��B�64 5/� !�9,�- � Sense Body
"_+�d� �K# $/�0! !�.M!�# &9?6- "� V�!�9-� 5/� ]�-!� !� �/�� "# F!�9,�- 56Kn�� � ��� B�S�� F1��
)��K0 "� "# �/����� ;���� ��% ���� �6N� "K6P� ��HA�0 2/ "� ���69-� F��� o���� F��p�! � �%
�-! �� �!�� �P�W ���,! Z/��% � �����% c/�_ !�.M!�# F�- 1� F1�� 2/ !� ��HA�0 cA9T� F��$+��
)�H�� �K��� �� "# F!�.�� "0��S� )��K0 "� "��'9��� )�KH/1�� � ���� 1� ���I9-� $/�P� !� � �$8�M !��U
"9%�� �K��� �� �P�W 1� 2/ �� "# �/�/�.� "0��S� 56Kn�� � ��!�W &���8 �! &6 2/ F��� �9P� ��HA�0

��% �-!�� �P�W V�6X�*, � �K%��
!��U �KK# $6+�_8 )W !� �/� � ����0 "0��S� "# �d6[� ��*, !� �8�# V�0D=� k!� ��
"K��� �9P� k!� "# ��( &6K# ��S/� �!�� ��, Z6[� �� �! F!�M1�- 5/�9P� "# �! �>-�K� &9?6- � ��� &6���,

�$-� �K�%�� ����0 1� �g�l� "0��S� 2/ ��S/� F��� B1C o�% ��HA�0





��� ������� ���������

&6��I� 1� F�"0��S� ���% ��6n64 � �!.� F!�.8�B�� &9?6- 2/ )��K0 "� ��% F1�-"6>% &6 ��
1� & 6  2 / k!� �  � �� %� � q 0� � � �� Ms /� 1� " 0� � S � 5 /� �� %� �� � )W " K 6 P � �� H A � 0 !� � g�l �
��� 6 9-� $/�P � !� "# �K%� � F�" ��M " � �d6[� F��k�[� "� ����0 2 2 �-� 4 � ��, ��a/�Q
" 0� � S � 1� ��� I 9 -� � � �  � K K #� � � _ - � ��� 0 1� 2 / � � ���� M � 6 P ?  & 6  F�� � � /� P � `� � " �
�/�P� `�� "� �6� $PQ !� �! ��HA�0 5/� ^-�K� ����� !��U )��W !�69,� !� Z6[� "# � � ��H��
2 / � � 5 H /1� � )� % )� �. � � v� 6 j � F�!�� � � �� % � d 6 [ � Z /�� % � �� d � � � 0 �� K %� � " 9 %�� & 6  
)�� b - � =� , " � � )W !� �� Q� � Ǳ� 6 %� $ 6 _ N� " � " Q�  � � `�� =� Z 6 [ � k!� :� 7 6 7 � )� �1 Z 6 [ �
��% c/�_ F���/���� 1� ���I9-� �� ��0 $/�P� !� � F!�Q $6_N� F�! 1� Y�9K9-� :Ǳ�6%� $6_U��
c /� _  )� �W F�� � Z 6 [ � " # �  � �� H �� " � " Q�  � � � K 9 ? � B. A � )� K H /1� � �� %� �� � � �� 0 2 / F�� �
�$-� �/�P� `�� "� )�6-! 1�-"K6�1 � �d6[� i��K� 1� �9P� ���I9-� "S69� �9P� ��HA�0 � �KK# ��0 �K#��

�!��� .Q "� &6 5/� �A,�� !�9,�- !� � �% B�S�� F�"/�4 Dm ��# �H% "� �K6-��� ! &6 F�6M�H%
�6�[ �! F��/1 � �_+�d� � ����1 F"K/.� ��9�� !� �K( �� ��0 5/� ��% "9%�� "/�4 1� ���# B�� :�#���
$-�6- ��% &9?6- �� !�# !� C�� $6A��U � !�.M!�# Z6[� 1� $-!� $,�K% ��S/� ^>- $/�P� !� ��� ��#
<�d� cA9T� �G�?� F��� �! F�/�Q F��]�� ��, $6+�_8 )�/�Q !� &6 5/� � �% q0�� "/�4 1� �?/���#
� ����= 5/� 1� @64 "# ��� !��U ���I9-� �!�� �! �/��p�! � ��� "G�!� ��% F1�-"6>% ���0 2/ !� ��%

������ ��'� F1�-���64

���% ���Ms/� 5/� �&6���� !��U �-!�� �!�� �! �K6-��� ! &6 F���Ms/� 5/� &P� �*8 5/� !�
:��%�� �-!�� �}� @T� !� "# $-� ���# 5H/1�� 2/ ��S/� ����� � 5H/1�� 2/ F!��_� �-!��
"_+�d� �}� @T� !� �6,�l  )��� � $-!� o�> !� !��U�� F��� !�.M!�# Z6[� �� 5H/1�� F1�-)��.��
��S/� !� B�U 56+�� "# �1���4�� ��, ��HA�0 Z6[� !� ���0 2/ ���/)�H� q[� "� �}� @T� :��%��
���0 2/ )��K0 "� ���� �� 5H/1�� 2/ "# �! C�� �d- ]��0� "0��S� {}� @T� �$-� `��=� F�6��
V�% :u� idU :u� �� $#�� !� �/���� ���% ]��0� "0��S� 5/� "# �K#�� �-!�� ��� B�S�� �79?�
)�KH/1�� F�6M�Q !� �K6-��� ! ��6 ��HA�0 F�a+� ~}� @T� !� :�K%���� )��� O�4 � u� )��#
)��K0 "� ��Q�P F�P%�! 88 @T� !� $/�P� !� � �_8�� F�P%�! 88 @T� !� :��%�� �-!��
� F�K�i�Q .6� �}� @T� ����%�� �-! �� "A��0 �K( Z6[� !� &6��I� 5/� "9?Q�� � 5/� �AX�

��
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��%���� �*8 5/� !� ��% <�d� &6��I� �� F�6M"S69�

.&/�� !��01� ���

56K( !� ��%���� ��&6 � /�- !� ���I9-� �!�� ]�� �� "��'� �K6-��� ! ���0 2/ !� &9?6- F!��_�
:����/+� ��a� 1� &9?6- )W !� "# ��6M�� !��U ���I9-� �!�� � �'/�.8� � C�� "� 56G�4 p�! 2/ �+��
)� /� Q !� & 9 ? 6 - � /� � " # " ()W F!� 9 8! �� a � !� ��~: ����� %� � � -!� � ��9�)��� �  � ���� ��� �
k!� &9?6- )W F" d-�� " � "# � /�a +� F�� �!� # ��a � !� :�� %�� �-!� � ��� 1�� � ��, 1� ��HA�0
k!� ���U ]� ��_� F"���64 "� �7dK� c/�_ �� ��>d�� .6� � ��%�� ��6SK- )W F��V!��N :��%��
���W $-�� F��"���64 F1�-���64 ��a� !� $/�P� !� � ��%�� �/�-�K% :��6M�� V!�X 56%�� F���
5/� !� ����%�� ����W F!�.8�B�� � F!�.8�$T- F��]�� !� ��0 � F1�-���64 F��� �>U F"A��� 1�
F���! 5 6 K( 5 /� !� �& 6���� !�� U !� # !� 9 -� !� F!� 9 8! F"/��1 1� �! & 9?6- " � �+��Q� ��a � @T�
�&6���� <�% !�*9,� "� �! ���6a� !��U �j� �� �/�� $?6+�> �8 ���0 2/ ��S/� !� "# �/��V!��N "0��S�

�/�- �� "��'� F!�98! ��a� 1� �K6-��� ! &6 !� ���I9-� �!�� ]�� �% �!�%� ��9�� !� "# !�=)���
"/C �� )W !� "# $-C�� "� 56G�4 F�"/C ]�� 2/ VC�� 5/� !� &9?6- F��� B�-�� ]�� �$-��&6 
V!�X !�y � C�� F"/C �� ���_ � V�0D=� p1���4 1� f4 � ���# $8�/!� 5/�/1 F"/C 1� �! V�0D=�
�/1 F��"/C "0��S� F!��_� 56K( !� �A# !�= "� ��K#�� ]�-!� 56G�4 F"/C "� �! V�!�9-� :x��Q�

����%�� c/�_ &9?6- F���
(Connection Layer) V�=�> !� F"/C •

(World Model Layer) `��=� F�6�� F"/C •
(Skills Layer) ��V!�P� F"/C •

(Decision Layer) F�6M&6�* F"/C •

������� ���� �����

� ]�> �8 !�.M!�# �� F�"H>% o�> !� "/C 5/� !� �AX� F"I6e� ��!�� !��U V�=�> !� F"/C :"/C 5/� 56G�4 !�
1� !�>0 1� f4 � ���%�� �!�� &9?6- "� "/C 5/� �/�= 1� V�0D=� �X� !� ��%���� B�64 ]�-!� � $8�/!�
��KK#�� ]�-!� �! !�.M!�# Z6[� F��� ^-�K� �-�4 � "9'M1�� "/C 5/� "� p1���4 ]��0�� � � C�� F��"/C
!� � C�� F"/C F�- 1� ���I9-� F��� � ���%�� �"/.S !�.M!�# F�- 1� �98�/!� V�0D=� "/C 5/� !�
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functional �

operational �

implementational �

Parse �
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"� "/C 5/� !� �/�P� F"S69� .6� p1���4 ��0 B�S�� 1� f4 ����%�� ��6,r ���� 1� �>-�K� F��)��9,�-
&6���, )��� �}� @T� !� "#)�K( :"/C 5/� !� ���%�� ]�-!� � ��% ]�� !�.M!�# F��� &P8 ���U �AH%
)�6-! �m�G�� "# �!��� ��Q� F�"7A� �K_/ :��%�� B�S�� �����d,)��� V!�X "� ��B�|64 ]�9K# :$,���4
���6M�� V!�X ����0&9?6- F��"IU� !� ���I 9-� � � B�| 6 4 $8� /!� �-!� � "HA � �K# ]�9 K# �! B�| 6 4
�! �6I� F������ F1�-��Q ��0 "# ���%�� ]�-!� ��KK#"/.S i�� 2/ "� "���� !� ��% $8�/!� F��B�|64

������ B�S��

� � ����� ���� �����

!��U 5H/1�� )W F"d-�� "� "# ��%�� B�S�� 5H/1�� F��� `��=� Z6[� 1� k!� ��S/� V�6A�0 "/C 5/� !�
Z-� �98�/!� V�0D=� "/C 5/� !� ��!�W $-� "� �! ��, `��=� F�J8 1� �A# $6K�r 2/ � ��%��
!� World Model ����%�� �/�> 5H/1�� F��� k!� ���U �AH% "� � ��% p1���4 cA9T� F���a?�
F�����,! � � W F��$#�� 1� �>/�7 ����� "� 56�1 !� �g�l � Ǳ�6%� $0�- � $6_U�� 1� ����9,�- �X�
!� � d , �� Q� � K #� � F� 6 A # � 5 6 a K - !� 6 ? � �! & 9 ? 6 - 1� " /C 5 /� F" I 6 e� " ()W �� %� �� � �� K /W
�d, @��# � ]�9K# $PQ !� �! ��$-�6- 1� F�"0��S� World Model F"/C �/�� iU�� !� �$-���a?�

��K# &���8 Z6[� 1� $-!� k!� ��S/� �

�!���"# ���� �����

]��0�	 ��K# $6+�_8 F1�� 56�1 !� � ��� �� )�H�� 5H/1�� "� "# $-� ]��0� 1� F�"0��S� ���% "/C 5/�
��S/� $/�P� !� � ��)W p1���4 � World Model !� ��% ��6,r F������ 1� ���I9-� �A# !�= "� "/C 5/�
F�- 1� "/C 5/� !� ��Q�� F��!�9U! F"0��S� 56� h�T9�� ��0 �$-� !�.M!�# F��� &P8 ���U !�9-� 2/
��P0 �� �! �Q� �, F"S69� ��S/� � p1���4 ��% h�T9�� ��0 )W 1� f4 � ��%�� B�S�� � C�� F"/C
@T� !� "# ���%�� &6?7 C�� � "��6� :56G�4 �d- @T� � "� �m ��0 V�!�9-� 1� "0��S� 5/� ���6M��

�$,���4 &6���, C�� �d- F"0��S� �6N� "� �6*I "� {}�

� �$%�&'� ���� (����

��HA�0 F��� �A# F��$-�6- )W !� "# $-� 5H/1�� F!�98! ]�� !� "/C 5/� C�� F�6M&6�* F"/C
�K� � �A# ��a� 2/ 1� World Model !� ��% ��6,r � �98�/!� F������ "/C 5/� !� ����%�� r�T � 5H/1��
1� �H/ "/C 5/� �6T' "� "Q� �� $/�P� !� � ���%�� �-!�� 5H/1�� ��HA�0 !� 5H�� F��"K/.M "�
��0 !���)���U ^+�U 2/ !� �m ��0 "/C 5/� ���%�� �6/�l B�S�� F��� V!�P� F"/C FC�� �d- ]��0�
$6_N� 2/ �� ��,! �� "# ��6M�� ��P� ���K9� � �_dU $+�� 56%�� !�9,�- 2/ 1� �9P� )�6� "� � �K#��
��K#�� $/��� 56_� FC�� �d- ��0 2/ iU�� !� � �T'� $+�� 2/ "� �! F�6M&6�* 56%�� ��,

offline �

Interrupt �
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�2�23'��� 4�5� �� !���'���0" ���
� V�0D=� p1���4 :�d6[� F������ $8�/!� )�H�� ��S/� �767�)��1 &9?6- 2/ F1�-���64 !� B�M 56+��
&9?6- ��K#��� 1��S "6��g �� 1� ����1 $X�8 5/� Cm ��_� "# $-� 1�S� ����1 �1�� !� ^-�K� ��0 B�S��
�� )W !� "# �K#�� ���I9-� �X�, ����1 !�9,�- 1� �767�)��1 Z6[� 2/ F1�-"6>% F��� !�.M!�#
LK���� � �!�� !�69,� !� $X�8 ��8 ]��0� "0��S� B�S�� F��� "6��g �A6� �

 �K_/ �H6- 2/ 5H/1��
)��.�� "(�� ��%���� !�.M!�# �� �6�� 6����� !�.M!�# �� C�� F��$6+�_8 �# B�S�� !� 5H/1�� )�%
�/���� � ��%�� � ���� ��, F��$6+�_8 B�S�� !� ���0 2/ ��% B�S�� F� �6U� �H% "� !�.M!�# �� )�%

����S���� $-!� ��6 ��HA�0 "� ^-�K� ��0 B�S�� !� ����0 F"0��S�

&6?7 ����1 F���1�� 1� F�"0��S� "� �! F1�� F�J8 !�.M!�# &9?6- �% �!�%� "# !�= )���
"9??M F�J8 2/ "� �! F1�� )��1 �a+� 5/� iU�� !� ��'#�� ]�= �

ms �J8 5/� 1� Ǳ.Q �� "# �K#��
"� )��.�� ]��0� 1� F�"0��S� ����� "� �! �AX� ��0 2/ ���� �� ���0 �

ms �� !� � �!�a���
!� "n��K( ���% ;�Q! �}�}� @T� "� )��.�� � �AX� ]��0� �!�� !� ;D=� F��� ��K# ]�-!� !�.M!�#
2/ �� ]�� 5/� !� � $-� ���� $-� 1� �! ��0 $X�8 2/ 5H/1�� ��'� ]�-!� !�.M!�# "� F!�9-� �1�� 5/�
&9?6- "� �AX� !�9-� 2/ 1� @6� ����1 �1�� 5/� !� 5H/1�� �M� �&69?� "Q��� 5H/1�� ��HA�0 !� 	��:�
�+�-!� F������ !� �����;( �� ]�� 5/� !� "# ��%�� ��Q� �8��* !�= "� ]��0� 1� �H/ .6� �K# ]�-!�
��0 &6jK �� ��D0 &6��/��!� "# ��%�� 5%�! �9'6� ����1 F1�-)��.�� $6��� ��~�&/�%�� �! "� � !
V!�X $-!� F1�-)��.�� B�S�� �� 1� ! "� � �/�Q F������ 1� "K6P� ���I9-� :F1�� 1� �H6- 2/ !�

������ !��U �6g�l $[ F�"j�D� ���U �H% "� �! ��6 � F��8 ��HA�0 "# ��6M��

)W ^Q�� "� "# $-� $?6+�> �8 ���0 2/ ��S/� 1� F�"A��� !�.M!�# �� 5H/1�� 2/ )��# )��.��
� � ���� F�����1���4 �� �/��56%�� 1� ���I9-� �m_>= � ��%�� "9?��� &9?6- !�.8�$T- "� ���0 ��HA�0
��S/� F1�-"6>% &9?6- !� �767�)��1 ]�� �� "PQ��� !� F�9�# F��@+�( �9M!.� �AX� F"j8��
.6� �! Z-�9� $0�- �� 56%�� 2/ F� ! ��0 )�H�� "# �%�� F�"��M "� �/�� ���0 ����= ��� ����K#��

��%�� "9%��

$8� /!� )�� � )��.���6\ $-� !��!�,� � )W 1� !�.M!�# F�K �)��1 ]�� "# �/���Ms/� �a/� 1�
5/� &P� "# �/�K6� F���a?� "� o���� V�0D=� � F!��/� F������ �$-� ��?Q � F!��/� F������
!�.M!�# F�- 1� �}�}� !� ��% <�d� F!��/� f��#�8 "� "Q� �� �K%���� V��� ! F�6M&6�* !� ���0
$?6� �H/ ������ 5/� $8�/!� )��1 �� �m��.+ F1�� 1� �H6- 2/ ;��% )��1 � ���%�� ]�-!� 5H/1�� "�
�/ �!�� ��Q� F1�� 1� �H6- 2/ !� F!��/� F���� 2/ 1� ���I9-� )�H�� �/W "# ^Ad� 5/� k!� 5/����K�
�/ � ��0 !� ��I� ��S/� q0�� ���� �� $X�8 5/� ">-�[� !� ��>9%� �$-� &P� !�6?� 5H/1�� F��� �6,
F1�� 1� �H6- �� F��9�� !� � �!���� �a/� F�- 1� ���% 5��d��� � ��/�U F������ "/�4 �� F�6M&6�* 
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B�64 �� $8�/!� �� "# $-� �K_� )��� 5/� � ��%�� ]�-!� ���0 "� !�.M!�# `�= 1� sense body B�64 2/
)�'� ��% B�S�� F���-!�� ���%�� ;� �% F�6M&6�* F��� ���0 )��1 "6��g �A6� �

 :sense body
2/�.� !�j9�� �!�� ����1 "AX�8 "� ��/1 �A6, !��7� "� ;�� 2/ 1� F���� �� 56� ����1 "AX�8 "# �����
2/ �!���� � x�!�� ��Q� sense body )�?H/ ���� �� $8�/!� )��1 !� ��# F�d, "���� )��K0 "�y$-�
F1�� 1� �AH6- "� o���� see F���� �� 5/����K� ��~��-!�� ���0 "� see B�64 2/ 1� �>U sense body B�64
�!�� F1�-)��.�� F��� �K6-��� ! "# �! �%�! "���� !�� $-� ���W �9'64 )W sense body B�64 "# $-�

�&6K#�� "_+�d� ��� !��U ���I9-�

)�* )�#+&! ,-� �����

�! �P�W 1� F���_ )�� �� "# $-� ��% "G�!� cA9T� F��&6 Z-� F1�-)��.�� F��� F��_9� F��p�!
� �/�.� �&6K#�� �-!�� �! �K6-��� ! &6 !� ���I9-� �!�� p�! @T� 5/� !� ���# "_+�d� ���: ~� iQ��� !�

�$8�M ����, !��U "_+�d� �!�� �_� @T� !� p�! 5/� ^/�_�

)�H�� "# �%�� �AH% "� "����� ���)��1�- �/�� F�K�)��1 F�a+� 2/ !� �% �!�%� "# !�= )���
1� !�.M!�# �� o�> !� F!��U�� ��%�� "9%�� ��Q� )W p1���4 � ���� $8�/!� F��� )��1 1� ���I9-� �t#���
!��U �-!�� �!�� �! !�.M!�# �� o�> !� V!�4 �!���� �/�� 5H/1�� � ��%�� B�S�� UDP/IP ]�* � �/�=
V!�X )��1 5/� !� .6� ��0 B�S�� � ���� p1���4 �/�� �a/� F�- 1� ����� $-� 1� F�/�Q F���� � ���
1� ���I9-� �� 56�1 Ǳ�6%� $#�� ���! �/�� 5/����K� �!�� ��Q� ���� $8�/!� B�0 )�H�� "HK/� "� "Q� �� ����6M
1� �H6- 2/ ;��% �-!�� F��� ���6a� !��U ���I9-� �!�� 1�6� V!�X !� � ��% �K6�@64 �A>U F������
�$-� F1�� 1� F�/�Q �H6- ;��% �� �6+� "# ��( $-� sense body B�64 1� ���I9-� ��! 5/� ^-�K� F1��
� ��# ">-�[� .6� �! see B�64 $8�/!� �X��8 )�� �� 5H/1�� F�- 1� ��% 566_ F!��/� f��#�8 ��6,r ��
�H6- 2/ !� ��0 ��� ! �}� �H% ��6SK- �! `��=� F�6�� ���-! 1�! "� !� F!��/� B�64 ��Q� )�H��

������ )�'� �! F1��

"�6� !� see F���� ��Q� �$-�!�� �! $6_N� "- �H6- 2/ !� see F���� ��Q� :�H% "� "Q� ��
� xhy}�}� �H%y �H6- 2/ B�� "6��g�A6�~
 !� ���� ��Q� :xxc+�y}�}� �H%y �H6- 2/ ]��
2/ !� $-� 5H�� "# $-� �#r "� B1C �xx�y}�}� �H%y�H6- 2/ !� see ��>� �/ � xxYy}�}�
�S�W 1� ��� �%�� "9%�� ��Q� ��% &6jK F!��/� f��#�8 "� "Q� �� see F���� 2/ 1� @6� F1�� 1� �H6-
��8 F�K�&6?7 ]��0�� F��� kD� �K9?� "��'� &� �� Dm ��# �H6- 2/ !� �98�/!� �/�K6� F������ "#
!� ��1W )��1 �H6- �� F�P9�� F"6��g�A6��
 �H% "� "Q� �� �m K�N �$-� �98�/!� F���� 56+�� )��1
F�a/� �%1���4 ��0 �6� �98�/!� F������ F"/.S .Q "� "AX�8 5/� !� 5H/1�� "# $-� ���� ]�-!�
"# $-� !�.M!�# V!�4 "� ���� ]�-!� !� ����0 B�� pD ��1W F�1�� 5/� 1� ���I9-� �6+� ������� B�S��
� ���H� 268�� 5/� 1� ���� �� ���� � ��1 ]�-!� �E+ ���% !�.M!�# V!�4 !� 268�� ��S/� ^>- ���� ��

��K# 56�J �! !�.M!�# Z-� ���� $8�/!�

��Q� V�0D=� p1���4 F��� �8�# )��1 ��% $8�/!� ]�� "6��g�A6�~
 !� see F���� "# �d/��% !�
F"�6� !� ���� "# � !�X !� ������ B�S�� �! F�6M&6�* ��0 �/�Q F���� �� "6H �� 5H/1�� � �!��
F"6�� g�A6��
 !� ���� "# $-� ����1 ]�� $+�� �&69?� ���� ! $+�� �� � � ��% $8�/!� �H6- B��
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� �!�� ��Q� F�6M&6�* F��� )��1 $+�� 5/� !� "#xxhy}�}� �H%y ��% $8�/!� �1�� 5/� F��9��
������ p1���4 ��0 $-� 5H�� ]�� 5/� !� ����� F�6M&6�* �/�Q �98�/!� F���� O�-� �� )�� ��
���6M�� !��U F�K�)��1 1� $+�� 5/� !� )�KH/1�� 1� ��# ���_ "# �S�W 1� ��� :��'� .6� ��1W F�1�� �!��
�H6- 2/ F�P9�� F"6��g�A6��
 !� see F���� "# $-� ����1 B�� $+�� ���� ����T� 1�-�H'� )��K(
F���� 1� ���I9-� Z/��% 5/� !� �$-� ��% ���� )�'� xYy}�}� �H% !� $6_N� 5/� "# ��% $8�/!�
!��U ���I9-� �!�� )W F�! �K6�@64 ]��0�� �� F�_� �H6- !� � ��%�� ��6,r ���� � ��%�� �j�`�X see
��Q� x�y}�}� �H% "��'� F1�� 1� �H6- 2/ !� see F���� "# $?� )�H�� 5/� $/�P� !� ���6a�
�H6- 2/ �P�W $#�� ���! "# ��/�U F������ F�! �/�� F�6M&6�* Z/��% 5/� !� "# �%�� "9%���
"� "Q� � � ����1 F�K�&6?7 "# $-� F!��N "9H� 5/� "� "Q� ���% B�S�� $-� ��% ���� �AQ "�
1� ���I9-� F��� ���0� � $-� ��% B�S�� �!�� 1�6� F�6M&6�* F��� �K6-��� ! ���0 2/ "# ����1 $X�8

��K%���� �66| ���U �a/� F�6M&6�* F��&9/!�a+�

���I9-� ���0 &9?6- !� ���I9-� ���U ��9?6- F��]�Ka6- 1� ��8 F�K�)��1 p�! "� ���69-� F���
���I9-� �!�� cA9T� Ǳ�.Q� ��HA�0 ]�9K# !�jK� "� �! ��]�Ka6- 1� F�"0��S� f#�K6+ ���0 &9?6- ��%
"_+�d� F��� ��K9?� ^-�K� ��8 V���H�� ��S/� F��� Alarm � I/O ]�Ka6- �� )�6� 5/� !� "# ����� !��U
�T'� �� "# �K#�� ��0 �H% 5/� "� Alarm ]�Ka6- ���# ;�Q! ��~� "� )�� �� ��]�Ka6- ��*, !�
�1�� 5/� )�% F�b- �� h��K9� !�= "� ���� �� &9?6- :"����� Z-� &9?6- F��� �X�, ����1 F�1�� )��#
���!��% 2/ � �% &6dK "6��g�A6��
 Alarm F�1�� C�� ]�� F1�-���64 !� ���� Alarm "����� "� ����1
F�/�Q �H6- � �%�� �IX ���!��% sense body B�64 �� $8�/!� �� "# ��#�� $>g �! ����1 �X��8 5/�
]�Ka6- ���� �-!�� ���U F�"6��g�A6��
 F�1�� �
 !� �H6- 2/ p�! 5/� 1� ���I9-� �� ��%�� 1�\W
�6T' F��� )�� �� )W 1� � ��6a� !��U ���� &9?6- F��!� F��V!�4 F�! "# ����� �! ����1 I/O

���# ���I9-� !�.M!�# F�- 1� ���� $8�/!�

)�% )��.�� "� o���� F�"/�4 &6��I� $/�0! �!�� ��Q� 5H/1�� )��# )��.�� !� "# F�a/� "A�?�
B�S�� �� �d/��% !� � ���%�� ��6,r F����� )��9,�- !� "/.S 1� f4 !�.M!�# 1� �98�/!� F������ �$-�
��6,r � �6A[ ��0 !� ����[� @T� ���� )��9,�- 5/� ����%�� ���� �AQ "� �H6- 2/ �K6�@64 ��0
� 4+�<� :!��,/� ��;=�
 �K_/ F1�-)��.�� !� �AX� VDH'� "# ��% 56�J �/�� � $-� ����
56�J F��� �! �<�>� 1� ���I9-� ��&6 �/�- Z-� ��% "G�!� F��p�! �$-� iI �� )W F��� ���)�?
"� 1�6 � )��� �K6-��� ! ���0 !� ��% ���I9-� p�! ��� x�~� "� ��% ;�Q!y �K#�� ��PK'64 C�� Z/��%

��K#�� 56�J �! ���K/W�8 $-!� ��0 �'#��

F"67� � ��%�� ��Q� �K/W�8 2/ "j[+ �� !� "# ��( �K#�� ���>69'4 �! ���79� !�*[�� p�! 5/�
"Q� �� �a/� F�- 1� ���%��� ��S/� ��% ��6,r F������ !� �66| )W "d-��� "# ���%�� �IU ��]�Ka6-
Z-� !� see �/�Q F���� "HK/� ]��9�� F!��/� f��#�8 F�! 1� see B�64 2/ )�6-! F��� �K6�@64 "�
���� )��9,�- �!�� )��.�� �H% "� "-��4 �� ��M�6� 5/����K� � �%���� �IX �-�� �A>U F������ p1���4
�IU ��"-� �4 �/�- ���� 2/ ��!� �� "# ��( ��%�� ���>69'4 p�! 5/� Z-� .6� $8�'64 ����%���
!� ��K#�� ��64 $/�+�� ��0 F��� ��%�� �!�� ����[� F"6��� !� "# F�"-��4 �!���� 5/����K� � ���%��
�H/ ���K9��� !�j9�� 1� i��� ����1 ">-�[� "# ��( $%�� ����T� ��Q� "-��4 �� 56� �aK-�M �H'� $/�P�
:��%�� p1���4 ���� I/O ]�Ka6- ��Q� �� �a/� `�= 1� � ��%�� ����[� "6��� "� �� !� F��� ��"-��4 1�

��!�� �H6- F"���� !� ������U�� )��1 � F1�� Z/��% "� "9?� ����[� F"6��� F�! �66| ]��0�� :���

��%���� F1�� 1� �H6- 2/ cA9T� F��@T� "� �6U� �-�9-� ��S/� !� p�! 5/� �AX� F�/�.�
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see F���� 2/ )�6-! )��1 �K6�@64 �� )��9� �M��- "� � ��%�� q0�� �Ms/� 5/� �% �!�%� "# !�=)���
��HA�0 �6U� )��1 )�� �� �a/� F�- 1� ���# �-!�� �! F!�Q �H6- !� )W 1� �j�`�X �/ ���I9-� )�H��
!� )W �g� )�.6� "-��4 �� "� 1�6� �!�� )��1 �6*T �� � ��� !��U "_+�d� �!�� �! cA9T� F��"-��4
�M� � $-� "9?��� 56%�� $0�- "� V�% "� p�! 5/� �a/� F�- 1� ��� ��6SK- �! ���0 ��HA�0 )�/�Q
2/ �H% "� �! Alarm B�64 �9-!� ����1 F���1�� !� ����9� � ��6a� !��U !�'8 �/1 �A6+� �� "� ���1���4
!�'8 � ��%�� �a9T/! &�!� !�(� ���# !�= "� F�K�)��1 V!�X 5/� !� ��� p!�.M "����� "� ]�Ka6-
"� B�0 �H'� 5/� �AX� $A0 ������ C�� �! F1�� !� ����I� ���_ F�"j�D� ���U �H% "� ��% ]��0�
5/� "� ��"-��4 "�� �/�% �a9?��� �6+� "� "# $-� �H6- 2/ !� ����1 F���!��% iU�� "� )�% 1�!
F��Q� !� ]�H%� ^>- :$-� ��% ^Q�� �}� ]�H%� ���d� �! �X�, F�K�)��1 ��S/� "# :���!��%
�� 56%�� F���1���4 ��HA�0 �# "n��K( sense body F���� $8�/!� �� ���%�� "-��4 �� iU�� "� � $-!�
��� ��� !���6�� F��0 ]�� ! F�6M�4 "� �IX "� ���!��% ��S� ���!��7� �� )�� �� �%�� ��'� "Q��� �H'�
�� F1�-)��.�� �KH� ��64 &jK� � $-!� �H% ���1���4 1� �+�-!� Alarm "� "����� �-�4 ��� ! "n��K(
!�� @/�.8� � )�KH/1�� F"-��4 ���_ )�% ��/1 �� ����I� @/�.8� ��� ! �}� ]��Q ���%�� "Q��� �H'�

������ )�'� �! F.#�� ���1���4

�K6-��� ! ���0 2/ )�% )��.�� F�a+� !� ��B��* � ����I� ���_ @/�.8� ��� ! v�}� ]��Q
�	[��U% ���]% �	-��C ���]% V-�, (�j' (�	*+�' ���]%W c V#�]& ���+�!�� (�'��N ���]%W n

6 6 <666 �
� A 8666 A
7 �7 8666 ��
�� �6< 8666 ��

F.#�� ���1���4 �� LapTop 2/ F�! �}� ]��Q !� n ���_ "� ���KH/1�� F��Q� 1� ��8 ]��Q
����0 5/� 1� �H/ F��� ��B��* � ����I� ���_ � $-� ��% �X�� �~�MB �AX� F"j8�� � ��zGHz
)�% ����� �� �� ��%�� ����'� ]��Q !� "# !�= )��� �$-� ��% �-!�� F1�� �H6- c )��1 V�� !�
F�! !�� "� &9/!�a+� �a9?��� �a��6� "# ���/�� @/�.8� "j�D� ���U �H% "� ����I� ���_ ���K/W�8 ���_ 
F�X!� {{
 �%! ����I� ���_ !� ���/�� @/�.8� �� "� ~ 1� ��"-��4 ���_ "# �d/��% !� �$-� CPU
"# �%���� �X!� ��� ���� �%! 5/� ���/�� @/�.8� �� "� �� 1� ���_ "# ����1 � ��%�� ����'�
F�[� "� �K6-��� ! ���0 2/ !� ��HA�0 F�a+� �$-� "9%�� @/�.8� �X!� ��� �A>U !��7� "� $>?�

�$?6� ��/1 )��K( ����I� ���_ �� "?/�7� !� B��* "# $-� ��% ����=

6���� 7�1��� 8��19 ���
<� d � 5 H /1� � `�� =� F� 6 �� 1� ]� � 2 / � ��� H % !� " # $ -� � � 6 �� I � 5 6 9 ? T � 1� � �� /)� H �
� ��� 0 � Ǳ� 6 %� � /� - � [ � " � $ > ? � � K 6 � T  � ��� 9 � " # )W 1� @ 6 4 V� �� ! 2 / i U� � !� ��� %� �
Z 6 [ � �� %� � � ���  � � 0 Z 6 [ � !� �� , $ 6 _ N� 5 9 8� / !� � /� � � %� � " 9 %�� 5 6 �1 !� �� Q� �
" � )��  � � )W !� " # � K #� � �� S /� �! � /� J 8 �� % �� /� F� ����� !� � d , ]� � 0� � � F1� -" 6 > %
� /� �" �� � � �� * , 5 /� !� �$ ,��� 4 . 6 � � �� /)� H � " A � ? � � � F�� � � /� �!� H ��! F� S 9 ? Q
F� �� M� 6 n 6 4 � 6 +� " � " # � ���� �W ��� � �~� i Q�� � !� � �& 6  � /� - !� �� % " G�!� F� �$ 6 +� _ 8 1�
@ T � 5 /� !� �� K 9 ? 6 � ��� I 9 -� � �� U )�� K ( :� 6 U� � 6 N�  B� 0 � / � F1� -��� 6 4 !� F!�� %� :� A � 0
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�&/1���4�� F1�� 56�1 !� ���0 2/ ���/)�H� !�jK� "� �K6-��� ! &6 !� ��% ���I9-� F��&9/!�a+� �-! �� "�

!�#��, �H% "� !�.M!�# x�}�}�y �% ���� �6N� �/�K6� F���a?� @T� !� "n�W "� "Q� ��
�! 56�1 !� ��Q�� Ǳ�6%� k!� !� $6_dU B�0 "# �K#�� �!�� �! �/�d, 56�1 !� ��Q�� Ǳ�6%� $/�l! !�
F��$6_U�� �� $��g Ǳ�6%� 1� ���I9-� ��! 5/� ^-�K� 56�1 !� ���0 2/ ���/)�H� F��� ���%�� ^Q��
�� $��g Ǳ�6%� ��&(�4 ��K#�� �X�� �! )�H�� 5/� ��&(�4 1� ���I9-� F1�-"6>% &9?6- !� � $-� B�A_�
���% �/�K6� F���a?� 1� �98�/!� ���� �� � �����% ^?� F1�� 56�1 `��=� !� "# �K9?� �T'� )�H�
1� � �6U� 56�T ^Q�� ��&(�4 ���_ )��� �9'6� 2%�� �$-��&(�4 5/� 1� F���_ �� "/��1 � "AX�8

���� ����, 5H/1�� )�H�

!�= "� ���� 5/� 1� )��  ��� �%� ��� �d, F�!�� .6 � ��&(�4 V�0D=� F��� F���� "# �S�W 1�
!�# "� �d, )�.6� @��# F��� �%�! �/�� !�jK� 56�� "� � ��# ���I9-� 5H/1�� )�H� o�>K9-� F��� &679?�
�!�� !�.M!�# Z-� �/1 �H% "� &(�4 "/��1 � "AX�8 !� �d, ]��0� F��� ���I9-� �!�� F��]���8 �$8�M

v���6M�� !��U ���I9-�

Quantize(V, Q) = round(
V

Q
)×Q

Q Distance = Quantize(e(Quantize(ln(Distance),�/��)),�/�)

Q Direction = Quantize(Direction,�/�)

"AX�8 Direction � Distance :�� !�� !�# "� &9?6- !� �d, ]��0� F��� Quantize i�� )W !� "#
f4 &(�4 � 5H/1�� 56� "/��1 � "AX�8 Q Direction � Q Distance � &(�4 � 5H/1�� 56� �767� "/��1 �
$-� �8�# �!�� ��Q� )W !� ��
 ]��9�� �� 5H/1�� "# �/�J8 )�!�W $-�� F��� ��K%���� �d, ]��0� 1�

v$%�� &6���, ��0 5/� �� �&6K# O�H_� �! Quantize ]���8 � 

Quantize−�min(V, Q) = (round(
V

Q
)− �/�)×Q

Quantize−�max(V, Q) = (round(
V

Q
) + �/�)×Q

F���a?� Z-� Q Direction � Q Distance "# ��� 5/� "� "Q� �� � ��8 "d��! �� 1� ���I9-� ��
"# F�"AX�8 5/�9'6� � 5/�9�# )��K0 "� �! dmax � dmin )�� �� ���6M�� !��U 5H/1�� !�69,� !� �/�K6�

v��# ">-�[� �/1 �H% "� �!�� ��Q� )W !� &9� !�= "� 5H/1��

dmin = Quantize−�min(ln(Quantize−�min(Q Distance,�/�)),�/��)

dmax = Quantize−�max(ln(Quantize−�max(Q Distance,�/�)),�/��)

v$%�� &6���, Distance F��� �

dmin ≤ Distance ≤ dmax

v$%�� &6���, .6� Direction F��� "��'� �H% "�

(θmin = Q Direction− �) ≤ Direction ≤ (Q Direction + � = θmax)
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"/��1 )W $[ ���� �� &(�4 "# $?/�"/��1 F��� 5H�� !��7� 5/�9'6� � 5/�9�# θmax � θmin )W !� "#
���% ��/�

F�J8 !� 5H/1�� "# $8�M �j� !� &(�4 $/.#�� "� .#��&� ��/�� �� ;�_% )�� �� �! dmax � dmin

`D9,� &� "� $>?� "Q!� �� "# �K9?� ��/�� 5/� 1� ;�_% �� .6� θmax � θmin � �!�� !��U ��/�� �� 5/� 56�
)�� �� V�0D=� "0��S� 5/� �� ���1�-�� ;�_% �� 5/� "# ��6M�� !��U �0�dU !� 5H/1�� � ��!�� "/��1

�x�}� �H%y�!�� ��Q� )W !� ��
 ]��9�� �� 5H/1�� "# ��# ��S/� �! �/�J8

.#�� !� &(�4 ������ )�'� �! 5H/1� � ��Q� F��� ��9[� F�J8 ��!�, !�%�� "6��� v�}� �H%
α = θmax−θmin = �◦ F.#�� "/��1 ��%���� dmax � dmin ����/�� ;�_% � �!�� !��U ��% ��S/� F����/��

"HK/� "� "Q� �� � &/!�W $-� "� ��8 �H% "��'� ;�dU 2/ &6��� �� 56�1 )�!� &(�4 �� F���
5/����K� ���� ����, .6� ���J8 1� "0��S� 5/� k��9%� !� 2% )��� �!�� ��Q� ���J8 5/� B�� !� 5H/1��
���[� ���%�� ��S/� Quantize i�� )��# O�H_� 1� "# �/���J8 F"0��S� 56� F�6Mk��9%� "� "A�?�

���%��

�-�K� �H% �U�8 �J8 5/� "# �S�W 1� �}� �H% �6j� �/���J8 "0��S� 56� F�6Mk��9%� ��0
&jK� �-�K� �H% 2/ "� �J8 5/� �/�> F��� �%�! &69?� �/.M�� f4 $?6� ���- )��K( $-� &jK�
&9/!�a+� @T� 5/� !� "# �����% "G�!� �K6-��� ! &6 Z-� ��% �-!�� p�! �� ��� !� �&/�6M !�# "�

���&6���� �6N� �! �d6[� F��"7�1�r

$8�M �j� !� 5H/1�� ��Q� F��� ��9[� F�J8 `��=� !� )�� �� "# ���[� �H% 5/�9H(�#

�	�� O �0� � ��?� <Z ��� %�� � 	�+	 %;� �� �+�� �� � %2�� �	�� !��?1 	 ���� �0� ��� � @�� �� %��J* �� @1���S7	 ��	 ��
�% 	 ��� !����
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�H% ��K#�� 56�J �! 5H/1�� ��Q� "7�1�r 5/� 1� �X�� F�J8 �$-� �J8 5/� ��KK# Z6[� F"7�1�r
������ )�'� �! c+�}�}� �H% 1� �X�� F�J8 F�! ��% ��S/� �d6[� F"7�1�r h}�}�

xc+�y xhy

�� 5H/1�� ��Q� F��� ��9[� F�"7�1�r F�J8xhyh�[� "7�1�r 2/ "� �J8 �/�> xc+�y v�}� �H%
F��&9/!�a+� :h�[� �-�K� !�9,�- 1� �J8 5/� F!��!�,�� �6+� "� �$-���% �T'� L�! ��W o�d,

�$-� ]��0� ���U )W F�! �M��- "� � �>-�[� "-�K�

F�6Mk��9%� F��� � �>-�[� "-�K� F��p�! 1� )�� �� h�[� F"7�1�r 2/ "� �J8 �/�> ��
"# �!�� ��Q� ���_AN�K( F�! F�6Mk��9%� F��� F��_9� F��&9/!�a+� ���# ���I9-� ��"7�1�r 5/� F�!
�� 56� k��9%� ">-�[� )��1 :)W !� � $-� ��% "G�!� ���� !� 5/�/�- � de Burg F�UW Z-� �P�W 5/�,W
��%���� �_AN�K( �� 1� 2/�� O�G! ���_ ^6 � "� n � m "# $-���% �8�_� O(m + n) �_AN�K(
�_AN�K( �� F�! F�6Mk��9%� !� h�!�Q Z, 2/ 1� ���I9-� �!�� ��Q� <�= 5/� f4 !� "# �AX� ��/�
"# �_AN�K( �� 1� ]�/ { �� "j[+ �� !� � �K#�� $#�� "� ;��% 56G�4 $�- "� C�� 1� Z, 5/� �$-�
1� ���I9-� �� �x{}� �H%y &6����� #�*+ ���#�� �! ��]�/ 5/� "# �K#�� �!�,�� ��!�� k��9%� &� ��
�� �&/1�?� �! k��9%� 1� �X�� h�[� �_AN�K( &6��� �� ]�_8 F��]�/ �6T' � h�!�Q Z, $#��
F��]�/ "0��S� 1� �! �A>U ]�/ "# &6-!�� F�/�Q F"d7� "� ]�_8 ]�/ { 5/� 1� ]�/ �� F�P9�� "� )�6-!
&� � ]�_8 F��]�/ F"K��� &� $+�� 5/� !� "# �/�.8��� "0��S� "� �! F�/�Q ]�/ � �K#�� k�4 ]�_8

���# "_+�d� ���� !� )�� �� �! p�! 5/� V�6G.Q ����%�� ���-! 1��� h�!�Q Z, $6_N�

"��'� $8�M !��U ���I9-� �!�� �K6-��� ! &6 Z-� ���_AN�K( k��9%� �6T' !� "# �%�!
]� _ 8 F� �]� / � 6 T '  F� Q " � p�! 5 /� !� " # V�� I  5 /� � � � %� �� � ���� !� �� % <� d � p�! � �
o�7� �6T' p�! 5/� ����%�� "8�N� "0��S� "� � �/�-�K% ]�_8 F��]�/ F���1�- o�7� :�_AN�K(
2/ 1� "d7� �� ��!��� .6� �! �a/�H/ �� ��]�/ "?/�7� "� o���� �M�6n64 "# 5/� 5�N �K#�� ���- �!
5/� 5�N :$-� �/�Q �_AN�K( ���1�- o�7� 1� �!�� !��U �a/� �_AN�K( ]�_8 ]�/ �� 56� "# �_AN�K(
1� ��K%���� k�9'� �_AN�K( o�7� "0��S� !� &9� !�= "� .6� �_AN�K( �� 1� ]�/ �� �!�,�� o�7� "#
F��Q� )��1 ���� �� "��'� 5/����K� �!EM�� �_AN�K( 1� "d7� �� 1� !�� 2/ Z78 h� !�Q Z, "# �S�W
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�
56/�4 $�- "� $#��

h�!�Q

]�_8 F��]�/ )�% �T'� � 56/�4 $�- "� h�!�Q Z, $#�� v{}� �H%

p� ! 1� ���I9-� �� ��%���� O(m + n) F"> �� 1� � ���_AN�K( O�G! ���_ ;��S� �� ^-�K9� &9/!�a+�
��Q� )��1 T (n) �M� ��!�W $-�� O(n log n) )��1 !� �! h�[� �_AN�K( n k��9%� )�� �� �� � &6?7 
����, )��1 T (n) = �T (n/�) + O(n) &9/!�a+� �# F��Q� �%�� h�[� �_AN�K( n F�! k��9%� F���
"d��! 5/� ">-�[� �� �$-� ���W $-�� �_AN�K( �� "0��S� 56� F�6Mk��9%� )��1 O(n) "# ���

��/W�� $-� "� O(n log n) &9/!�a+� �# F��Q� )��1 �9'M1��

v$-� ��% ��!�W �/1 !� h�[� F���_AN�K( F�! k��9%� &9/!�a+�

method mergeConvexPolygons
set List to NULL
set List� to Points in convex polygon CP�
set List� to Points in convex polygon CP�
set LeftList� and RightList� for left-side and right-side Points in List�
set LeftList� and RightList� for left-side and right-side Points in List�
while unchecked segments have remained do

make l� and r� segments from LeftList� and RightList� according to SweepLine Position
make l� and r� segments from LeftList� and RightList� according to SweepLine Position
if start point p� for l� or r� is in between l� and r� then

add start point p� to List

end if
if start point p� for l� or r� is in between l� and r� then

add start point p� to List

end if
if there is any intersection point p� between segments then

add intersected point p� to List

move SweepLine down
end while



{~ ,�� �- ���(!�.� {}�

��&(�4 1� �X�� �d6[� F��"7�1�r F�! F�6Mk��9%� v~}� �H%

�d6[� F��"7�1�r &9/!�a+� !� ��Q� )��1 � $U� )�.6� v�}� ]��Q
/�	��0 �1	�23�43 ���� !�	�� �3 53�&�3 /���2�-6 +	���	� �������� ���!��73

658A� 6568F 656<� �c�Q� (�	�@�!�k �=���/�

make convex polygon ICP from List

end method

]��9�� �� 5H/1�� "# �/�J8 5/� 2(�# )�� �� ���_AN�K( F�! k��9%� p�! 1� ���I9-� ��
F��"7�1�r &9/!�a+� F��Q� � F1�-���64 �A�0 F"���� ~}� �H% ��!�W $-� "� �! �!�� !��U )W !� ��

!� ������ @/��� $-� ��% ]�� ����LEDA "��T��9# Z-� "# �! ]�> �8 F1�-"6>% Z6[� !� �d6[�
F�J8 � $-� ��% ���� @/��� &(�4 { Z-� ��% ��S/� F��"7�1�r F�! F�6Mk��9%� ��0 �H% 5/�
"HK/� F��� ��!�� ��Q� )W !� 5H/1�� "# $-� p�! 5/� 1� ��% ��S/� F�J8 5/� 2(�# �/�P� ��% ��S/�
"d7� � &/�6M�� 56a��6� �/�P� �_AN�K( O�G! F�! &6�.� O�� �J8 5/� !� �! 5H/1�� ���H� V�*9T�
$?/�"d7� F�6M56a��6� ��0 "S69� ~}� �H% !� �&6K#�� ��8 5H/1�� �6U� $6_U�� �! ���W $-� "�
��full state ���� 1� "# $-� 5H/1�� �AX� )�H� L�! ��W "d7� � $-� ��% ���� )�'� .��U L�! �� "#
&9/!�a+� 5/� ��HA�0 ��K#�� �-!�� �! ��% "G�!� &9/!�a+� $U� )�.6� �}� ]��Q �$-� ��% Y��T9-�

�$-� ��% �-!�� �~�MB �AX� "j8�� �� ���GHz B�69K4 ���1���4 �� �K6%�� F�!

:�� ;<� !�"6����  ��

:56/�4 �d- F��V!�P� F"0��S� "- "� )�� �� �! 5H/1�� 2/ !� ��HA�0 �/���� F��� ^ ��� �?A-
�/���� ^?# "� o�K� "/C �� F��V!�P� B�S�� F��� 5H/1�� $6A��U "# ��# &6?7 C�� �d- � "��6� �d-
!� F�9P� ��HA�0 �%�� �9'6� � 56/�4 "/C ��0 2/ !� $U� )�.6� �1���� �� � �%���� � 56G�4 F"/C !�

�� �Z2�4 � �	����� �� �	 �� % 	 ���� �� ��+�� Ǳ���	 5�,� ���� �� �B/ &��� 
�;<�	 �	 �	�;�,�� 8��� full state ��

������� �	�� &�0'���� ���1/	 �� !�S)����Y #�$� �� %:� ��\0�
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F"d7� 2/ $�- "� )�� �/ )��M @,�( �6j� F�!��� ���% 56/�4 "/C ]��0�	 ��% ����, "S69� � C�� "/C
��%���� ��� � )�� � �- )��# �9-�! &� :u� )��# cU�9� :56�1 1� ��, "d7� 2/ "� $#�� :��,
"� $#�� 56/�4 "/C !�9-� 1� "# $?��� ��, )�H� "� $#�� �6>U 1� F�!��� )�� �� �! "��6� �d- ]��0�	
"� @,�( 56/�4 �d- !�9-� 1� "# ��, �l 6% 2/ $�- "� @,�( �/ �K#�� ���I9-� "d7� 2/ $�-
��% B�S�� F�K�&6?7 !� C�� �d- ]��0� $/�P� !� �5/� �6j� F�!��� � �K#�� ���I9-� "d7� 2/ $�-
"� V�% � u� idU :��0 !� O�4 :&679?� O�4 :�>/!� ]��0� F"0��S� ���% �K6-��� ! ���0 2/ F���
56/�4 �d- 1�6� V!�X !� �/ � "��6� �d- !� ]��0� 1� F�"0��S� �P�W 1� 2/ �� "# �%���� �1�� !� $�-
iQ�� !� �_��Q � ���# �H% "� ^+�d� ���6� � 56/�4 "/C ]��0� �!�� !� ��K���� !��U ���I9-� �!�� �!
FC�� �d- ]��0� F1�-���64 !� ���9?M �H% "� �! ]��0� 1� "0��S� 5/� .6� �K6-��� ! ���0 � ������W �~�
5/� !� �E+ �KK#�� ]�>�� �! F��8 "� �*[K� F��]�� ��F1�-���64 C�� "/C !� ��� ��6M�� !�# "� ��,

�&/1���4�� "/C 5/� C�� !� ]��0�	 �6N� "� B�� � ]�� F��"/C i��� 1� �j�`�X �� @T�

"� �/ � $,��W ���0 2/ "� F�6M��/ F��p�! 1� ���I9-� �� )�� �� �! C�� �d- ]��0� "0��S�
F1�-���64 F��&9/!�a+� � ]��0� 1� "0��S� 5/� �8�_� "� @T� 5/� !� ���# F1�-���64 � �>-�[� �H%
"0��S� :F�6M��/ F��p� ! �8�_� 1� �_� ��K/W F���*8 !� � &/1���4�� � �>-�[� F��p�! �� ��)W

�&6���� !��U "_+�d� �!�� ��% F1�-���64 �P�W F�! F�6M��/ F��&9/!�a+� "# �! �/��V!�P�

.Intercepting the Ball/ 0�� 123 ��(��

Z-� u� 598�M $/� +� &� "# ��9?6- 1� $-� V!�>0 � �%� ��� F�"/� 4 F��V!�P� 1� V!�P� 5/�
"# �KH/1�� $-!� k!� ���� B�S�� �! u� 598�M ��0 &� � �K# k!� �! @/����6 &� "� $>?� �KH/1��
��6 @/�!W � ��% B�S�� � 5��d� � �9_/�- u� $8�/!� � ��%�� q0�� �%�� �AX� F����6M u� �/��

v��%�� &6?7 $�?U �� "� �A# !�= "� V!�P� 5/� ���'� �a9I%W !�(� )�KH/1��

u� 598�M V!�P� x�

u� ��KK# ^��* k!� F��� Fs ��9-� �H�# !�.�� x�

@�( A/+�? 7��B�

�K( !� �! u� :��, .6� � u� F�! �� �g�� F��5H/1�� ����� "# �!�� 1�6� F�6M&6�* F��� 5H/1�� ��
F������ 1� ���I9-� �� ���, �m9>?� $U� �� )�� �� �! 5H/1�� ��, "� o���� V�0D=� ����6M�� ����1 �H6-
� ���j� �!�� 5H/1�� Z-� ��% �79K� &6��I� �/�= 1� �/ �a/� F��5H/1�� V�0D=� ��!�W $-�"� ��Q��
F���H6- ���_ )�!�W $-�"� "# �S�W 1� ��K/W�� $-�� �'/��64 � �>-�[� F��&9/!�a+� �/�= 1� �/
&9/!�a+� �� :"S69� !� :$-� 5H�� �6\ �d6[� ������ !� �d, $A0 "� �a/� )�KH/1�� F��� u� 598�M
�X��8 !� "# ���6M�� !��U ���I9-� �!�� 2/�.� �X��8 F��� F�a/� � !�� �X��8 F��� �H/ cA9T�

����6M�� !��U ���I9-� �!�� u� $#�� � �6U� ">-�[� F��� F�9'6� F���9��!�4 2/�.�

communication ��
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vx)�KH/1�� �/�- F���y���H6- )��# ��64 �K6�T &9/!�a+� �

� �K#�� @��# "� ;��% ���?� �0�* V!�*� ��'� �!�� )W �� F�/�Q F��6� �M� u� $0�-
)��� !� ����9� .6� 5H/1�� �-�� �X�, "d7� "� ����1 �H6- n !� �4� �M� "# $6_N� 5/� �-!�� ��
�6|9� 5�N !�������M�� �� "A�?� 5/� h��Q )��K0 "� �! n :�%�� ��, F"d7� )W !� �9�# �/ ����1 F�1��
56Kn�� :$-� ��% "98�M�j� !� �
 !��7� �� ����� u� idU "� "9?��� i��� B�� !� interceptMaxCycles

������M���� �! ��, "d7� 2/ "� Ǳ�6% 2/ )�6-! F���H6- ���_ predictNrCyclesToPoint i�� 

method getInteseptionInfo
i = �

repeat
i = i + �

qt+i = predictPosistionAfterNrCycles(ball,i)
n = predictNrCyclesToPoint(Player,qt+i)

until n < i or i > interceptMaxCycles

end method

vx5H/1�� ��, F���y���H6- )��# ��64 �6U� &9/!�a+� �

� -!� � � $ -� 2 /�. � 5 H /1� � " � u�  " # $ -� F�!�� � F�� � i ��  5 /� v simpleIntercept x�
������M���� �! �� ��! 5/� i/�- u� 598�M cA9T� F��$+��

)�( "# V��I 5/��� $-����H6- )��# ��64 �K6�T &9/!�a+� "��'� v getInterceptionInfo x�
���% �� �-!�� i�� 5/� !� F�9'6� V�6G.Q �!�� ��, "� $>?� C�� $U� �� �/����� 5H/1��

�� � $-���H6- )��# ��64 �K6�T &9/!�a+� "��'� getInterceptionInfo �% �#r "# !�=)���
�&6K#�� ��K?� simpleIntecept �6N� "� Z78 O�-� 56��

v simpleIntercept
� ��� Q � ���  � � i ��  5 /� � %� � � /E 4)� H �� � H 6 - ~ !� � t #�� � 5 H /1� � F" A 6 -� � u�  5 9 8� M � M�
� onlyForwardIntercept � A X� i ��  � /1 " - F�!�� i ��  5 /� �� %� � " 9 %�� � � 0 5 /� B� S �� F�� �
�d/��% onlyForwardIntercept i�� ��%���� turnDashIntercept � onlyBackwardIntercept

i�� :�K# �� �-! �� �! ��� �� B�S�� u� 598�M F��� @,�( )��� � �AQ "� � ! $#�� 5H/1�� "# �!
i��  �+� :�K# �� �-! �� �! @,�( )��� � ^70 "� $#�� �d/��% &� onlyBackwardIntercept

^70 "� � ! �/ � �AQ "� � ! $#�� )W 1� �_� � �,�n� ����9� 5H/1�� "# �! )�H�� 5/� turnDashIntercept
"� ^70 "� � ! $#�� "# ��% �#r �/�� "9H� 5/� 56� 5/� !���K# �� �-!�� �! �%�� "9%�� u� 598�M F���
F!� �N )W �-!�� V!�P� 5/� $6-�?� $A0 "� �+� $?6� h�Ad� )��K( stamina FC�� `�*� $A0

�$-�



{z ,�� �- ���(!�.� 4-3

@�( ������ C��;( ��� �
�� �D�� �
��
 E�F(
�/)


�! $6_N� 5/� )��9� �M� � �K# ;�8� �/ � �K# "A�� �/�� &6 2/ "# �K#�� �T'� 56�1 !� u� $6_N�
���# h�T9�� �! �K ��I9� �A6, &� �� Cm ��_� "# F�"A�� �/ �0�8� $-!� Fs ��9-� )�� �� ��# k!� $-!�
"# $6_N� �� !� ��%���� ���G H�( 4�DI�� �� �/ � J��� 4�DI�� �� :�
9K $+�� "- "� 56�1 !� u� 
�M� ��� �+� $-� �9T- !�# u� ^��X k!� :�%�� "9%��� ��Q� �8�# F������ �M� :�!�� 2+�� u� 
!� �! u� $6_N� ��� ����, �?# "( ^��* !� $/�P� !� u� "# ]��9�� 5/� k!� �%�� ��1W u� 
u� 2/�.� )�KH/1�� Z-� ��% "9IM V�0D=� �/�= 1��/ )�� �� �! k!� 5/� � ��K#�� �T'� ��K/W

��!�W $-� "� u� �� �g�l� )�KH/1�� B�� F��� u� 598�M $6_N� �-!�� �/ � xcommunication)

!� )�KH/1�� B�� F��� u� 598�M $6_N� "# ��% "98�M �j� !� F�"j8�� "A�?� 5/� �� F���
�/�= 1� �/ � �K6��� 5H/1�� "# � �0D=� �6A[ V!�X �� "� "j8�� 5/� F������ ���%�� ��6,r )W
$#�� !� &6K#�� ��8 ��/W�� $-� "� xcommunicationy �K���� ]�79�� )�KH/1�� ��, "# � �0D=�
)��1 56>� F���� Z/��% 5/� !� :x�KH� ��S/� u� $#�� !� F�66| �KH/1��y ��'� ��S/� �+�[ u� 
F���H6- ���_ 1� ���� �_� �H6- !� �/W�� $-� "� �a/� )�KH/1�� �� o�> !� �/�= 1� "# u� ^��* 
]�79�� F����� "# ���KH/1�� ��� � ���%�� ��6,r �A_8 F���� )��K0 "� � ��% &# 5H/1�� )W �� 98�/!�
)W F���H6- ���_ 1� ��'� ��/� �M� �+� ��% �� 1�! "� ��)W F������ ��% ��/� 5H/1�� �M� :��������
�I� �! ��, !�>90� �d/��% !� ���%�� 1�! "� �/�= 5/� 1� "# �/������ � ��% �� &# ���� 2/ 5H/1��
u� $#�� !� "n��K( ��%�� "9%EM ����1 �H6- ~ �t#��� �����% ��/� "# F!�� 5/�,W 1� "# �KK#��

���% "98�M �- 1� �/�� ]��0� �# � $-� !�>90� �U�8 V�0D=� �# :�% ��S/� �+�[ 

.Dribbling/ 4���� ��(��

"# ��!�� !�j9�� V!�P� 5/� !� ��%���� F��8 F�6M&6�* "� "9?��� "# $-� �/��V!�P� "A�Q 1� �>/!�
5H/1�� "n��K( � �K# $#�� �X�, $PQ !� u� �� �/ ��� ]�79�� ��, F"d7� 2/ "� �! u� 5H/1��
�! cA9T� F��$0�- �� ��0 $6A��U �/�� V!�P� 5/� 5�N !� ��K# !�>0 �� 1� ��6M !��U )W ����� !� i8���
��, F"d7� "� $#�� ���- ��0 V!�P� 5/� �!��� ��Q� �_8��� 5H/1�� "# F��0 Z/��% !� ��%�� �!��
���%�� ]�_8 5H/1�� 59%�EM �Q �K_/ V!�P� 5/� �AX� ��0 :i8��� ��Q� V!�X !� ��� ������ B�S�� �!

v��% &6?7 $�?U "- "� V!�P� 5/�

u� �� $#�� x�

5H/1�� )��� ^/�8 x�

u� �I� x�

5/� B�S�� )��� 5H���6\ h��Q ��KK# ����,��8 i�� "� �%�>� ��8 ]��0� B�S�� "� !��U V!�P� 5/� �M� �
������M���� �! V!�P�

method dribble
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if run with ball is possible then
runWithBall( )

else if palyer is misleadable then
mislead( )

else
holdBall( )

end if
end method

@�( �� 4���

!� � ���� F�9'6� )��1 ����9� 5H/1�� "# ��%�� �AH% "� u� "� )�1"��N !� �_- u� �� $#�� !�
���# F�K� &6?7 $+�� �� "� )�� �� �! u� �� $#�� ���6a� !�69,� !� �! u� $/�P�

������ 5H/1�� kickable area !� u� "# �9+�� x�

V!�X 5/� !� ����M�� 5H/1�� kickable area "� �!���� ����1 �H6- �K( 1� �_� u� "# �9+�� x�
" � � �� �1 "( !� u�  "HK /� O� -� � � �H6 - � � � F��?� � � 1� � 9'6 � :� 1� � 9�# F�K �& 6?7  
" S 6 9 � �! � I A 9 T � $ #� � F� �$ 0� - " # �� 6 M� � V!� X �� %� � �!�� 5 H /1� � kickable area

Z/��% � 5H/1�� ;�� "� $>?� F�K�)��1 5/� �/�P9�� F�1�� "# $-� �#r ���U "9H� 5/� "9>+� ������
�$-� �66| ���U )W

�� "# �!�� u� �� �g�l � )�KH/1�� �-! �� "� 1�6� V!�P� 5/� ^-�K� F"��N 2/ !� $678�� F���
����1 �H6- ���_ :�g�l� � i8��� )�KH/1�� Z-� )W $8�/!� ]��9�� � u� "� cA9T� F��"��N F">-�[�
B�S?�� ��S/� � &6�* 2/ �I� �a/� "9H� ��/W�� $-� "� 5H/1�� Z-� u� �� $#�� F��� ^-�K�
�d, ��S/� i��� $-!� �-!�� �� "# �AH% "� $-� ��K/W F��)��1 !� )W B��� � &6�* 2/ F��� �7dK�
F��)��1 !� "# ��%�� "98�M �j� !� F�"j8�� "A�?� 5/� �� F��� ����M u� 598! $-� 1� Cm ��9�� �
"98�M �/�Q &6�* V!�X 5/� �6\ !� � ���/�� B��� &6�* 5/� ��� ���X F�6M&6�* Z/��% �M� ��K/W

���%��

��u� � 5H/1�� ���H� oD9,� ��%�� ��S/� u� �� $#�� Z/��% !� Cm ��_� "# VDH'� 1� �H/
!� ZA\ &6�* 2/ ��S/� q0�� ��/1 ]��9�� "� � u� $6_N� !� F��/1 F�d, ��S/� q0�� "# $-�
`E� .Q F��!�( Z/��% 5/� !����# `E� &9?6- 1� �! $+�� 5/� �  ��% �_- �/� � � ��%�� $#��
]�� 5/� �� �$?6� B��* ��Q� )�H�� F��� �a'6�� �-!�� .6� � ���% �� B��* "� �SK� "# �/��$+��
���# ����W �/�Q ;� �% 2/ F��� �! Z/��% �/�� � �!��� )�H�� $6_N� 5/� 1� ./�M ��$+�� 1� �J_� !�
F���-!�� 1� �_� ���% h�T9�� �/�Q u� "� �4 $#�� 2/ ;��% F��� 5H�� $+�� 5/� "K6P� �/�� �m �0�U
"� $>?� ±$�D0 h�T9�� �� � 5H/1�� )�� "� $>?� "Q!� ��~ "/��1 "# ��W $-� "� "S69� 5/� cA9T�

�$-� u� �� $#�� h�, ;��% 2/ F��� $+�� 5/� ^-�K� u� �A_8 )�H�

Collision ��



~
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method runWithBall
previousDecision = get dribble decision from memory
if isSafe( previousDecision ) then

return true
end if
cycle = find best cycle for run with ball
if isCollision( nextBallSituation, myNextPosition ) then

cycle = bestRunWithBallPosition( )

else if cycle ≤ 3 and ballSafeFasterNCycle( ) == false then
return false

end if
initializeDribbleMemory( )

decision = createNewDecisionRunWithBall( cycle )

setNewDribbleMemory( decision )

end method

�! u� "� 5H�� F"��N 5/�9P� )��9� )W F"A6-�� "# � �>-�[� &9/!�a+� F1�-���64 "# �S�W 1�
� :���M�� 5H/1�� kickable area "� �8�N� turn B�S�� )��� u� &� $/�P� !� "# �!�W $-� "� F!�=
2/ 1� ���I9-� �$-� !��%� F��� :���� 5H/1�� "� �! u� ����� "� )�/�� F��� 5H�� )��1 5/�9'6� &�

��%���� "Q� !�,!� � �K���- V!�P� 5/� p1��W !� �>*0 F"H>%

AD�9�� 6�
� C��+

�/���� :�9'6� V�6G.Q �-!�� � F1�-���64 !� $U� � $-� �>/!� V!�P� $�?U 5/� &P� 5H/1�� 59I/�8
v �!�� )�H�� V!�X �� "� i8��� 5H/1�� 2/ ^/�8 ��K#�� �9'6� �! V!�P� 5/�

��, �6?� "� 5H/1�� $+�� 5/� !� �AD�9�� C��+ 4��B� �� � ��?�� 4�*'� �� AD�9�� A/�
L? � x�
Q��� �R*��'�� F"A6-� "� ��# ��S/� $���.� �6?� "���� F��� i8��� 5H/1�� �M� � ����� "����

��K#�� 5H/1�� )��� ^/�8 !� �_-

�� &� �/�= 5/�� 5H/1�� "# $#�� F��� F�6?� h�T9�� ���?�� ��M 7��0 �� AD�9�� A/�
L? � x�
���% i8��� )�����Q q0�� i8��� ��HA�0 !� �d, ��S/� �� &� � ��'� �6M!� c/�� 5H/1��

!� � $-� � C�� c/�� �1�� !� $�- "� F��'64 V!�U @/�.8� � �>/!� FC�� $0�- ]�� $+�� !�
!� ���%�� ��S/� &Q�P� 5H/1�� � i8��� 56� F��/1 F"AX�8 :5H/1�� ^/�8 "� $678�� V!�X !� 5�N
��% i8��� ��>9%� q0�� "# F�6?� h�T9�� � $-� �9T- !�# F�6M!� B�0 1� ./�M B�� $+�� !� "# �+��
F� 56/�4 $0�- 1� 5�N !� �$-� !��%� u� Block !� cA9T� F�� p�! $A0 "� cA9T� F��&6 F���
&6 2/ �K6-��� ! &6 "# �S�W 1� ��%�� �K���- ���� �� F1�-���64 V!�X !� �+� :$-� !��!�,�� ��Q� !�
u� ^��* � F�6M!� B�aK� )�KH/1�� ����0 !�98! F�! �� ���, F"_+�d� 56Kn�� � $-� �90�-
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45 45

60 -60

0.8 * kickable_area

Golden Point

Body Dir

1 2

34

Dribbler F��� &P� o�7� v�}� �H%

��% F1�-���64 ]�� $+�� :��� ��% B�S��

v 1� �K !�>0 ��% ��>9%� !�(� i8��� 5H/1�� ��%�� q0�� "# � �H� 5/� &P�

"� Z78 ��>9%� !�= "� kD� V!�P� F1�-���64 !� ��&6 Cm ��_� "# kD� V!�P� c6_N F1�-���64 •
!�= "� � �K����� �96��� c/�� 5H/1�� "� $>?� u� $6_N� "� � �K9?� O�?� u� )�H�

��KK#�� �!�,�� (Intercept) u� 598�M �K��� V!�P� 5/� �� � �N��

�6M!� c/�� )�KH/1� � � � � ! !� � ! !�= "� u� 598�M F��� )�KH/1� � ]��_� !�= "� "# �S�W 1� •
� �U��� �K�� B�S�� kD� ��0 !� ���>9%� �M� �K9?� &� �/C�� $0�- F�!�� Cm ��_� � ���%��

�$?� &� � �/�% "��'9��� )�KH/1�� !� "A�?� 5/� � �K����� ^70 u� ���� 5H/1�� 1� �H6-

�}� �H% V!�X "� 5H/1�� )�� $/.#�� "� �! 5H/1�� F�J8 "# &/�K�1�6� �9'6� �-!�� F���
� � � �/� × kickable area F�1�� �� " � � ��� J8 5/� 1� 2 / �� !� �! � /D = o� 7 � � &6 K # F�K �& 6?7  

�&6/��� 566_ �H% !� ��% 566_ F��"/��1

v $-� !��9-� �/1 ]�X� 1� �H/ �� � $-� V!��� 5/� $6+�_8 5/� �AX� )��� ^/�8

q0�� �!�� !��U &Q�P� 5H/1�� F�AQ $�?U !� i8��� 5H/1�� "# �d/��% !� u� )�H� �66| �
� �%�� � �/ � F�� $6_N� 1� �H/ !� i8��� 5H/1�� �M� "# ^6 � 5/� "� ���%�� i8��� 5H/1�� ��>9%�

���% �� ��0 �/1 &9/!�a+� �� �K� �%�� "9%�� u� ���� 5H/1�� 1� ��� 1��9'6� F�"AX�8

method mislead1
if opponentState does not equal 1 or 2 then

return false
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end if
if opponentState equals 1 then

firstState = 2
secondState = 4

else
firstState = 1
secondState = 3

end if
if canSendBallTo( firstState ) and isSafeInNextCycle( firstState ) then

decision = createNewDecisionMislead( firstState, misleadType1 )

else if canSendBallTo (firstState) and isSafeInNextCycle (firstState) then
decision = createNewDecisionMislead( secoendState, misleadType1 )

else
return false

end if
initializeDribbleMemory( )

setNewDribbleMemory( decision )

end method

;�� 5/� �$-� ��% �T'� V!�P� 5/� F"A��� "� "A��� V�6A�0 1� "���� 2/ �}� �H% !�
$-� ^/�8 ;�� 5/� �8�� � 5/� i/�- � �K#�� ��0 �K+�- ]�> �8 !� �� � =� D!��� �K���� )��� ^/�8

������ )�'� �9'6� �! ��, ��HA�0 V!�U �N�0 $#�� B�aK� !� ��, !�= "� "#

45

45 60

60

1

2

3

4
xxxx
xxxx
xxxx
xxxx
xxxx

45

45 60

60

2

3

4

xxxxx
xxxxx
xxxxx
xxxxx
xxxxx

45

45 60

60

1

2

3

4

xxxxx
xxxxx
xxxxx
xxxxx

Body Direction

�8�� �� $ %� �>/!� 1� "���� 2/ v�}� �H%

!� �! u� ���� �� �_� �H6- !� "# �K# ��8 i8��� 5H/1�� "# �K# ��64 ]�79�� �/�Q "� u� �
���� �� "A��� �� �/ 2/ �= !� ��0 5/� B�S�� �� u� ���� 5H/1�� ��%�� "9%�� ��, kickable area

� �!�W $-� "� �! $X�8 �/�P� F"A��� F��Q� F��� � ���'H� ��, $'4 $�- "� �! c/�� 5H/1��
2/ ;��% � !��8 $PQ u� ���� 5H/1�� F��� F�9'6� )��1 � ����� �Q )�/�Q 1� Dm ��# i8��� 5H/1��

��K# ��S/� �8�� u� �� $#��
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method mislead2
if opponentState equals 1 then

firstState = 4
secondState = 3

else if opponentState equals 2 then
firstState = 3
secondState = 4

else if opponentState equals 3 then
firstState = 2
secondState = 4

else if opponentState equals 4 then
firstState = 1
secondState = 3

end if
if canSendBallTo( firstState ) and isSafeInNextCycle( firstState ) then

decision = createNewDecisionMislead( firstState, misleadType2 )

else if canSendBallTo( firstState ) and isSafeInNextCycle( firstState ) then
decision = createNewDeciosnMislead( secondState, misleadType2 )

else
return false

end if
initializeDribbleMemory( )

setNewDribbleMemory( decision )

end method

�$-� ��% �T'� V!�P� 5/� F"A��� "� "A��� V�6A�0 1� "���� 2/ z}� �H% !�
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Body Direction
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xxxx
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�8�� �KA� �>/!� 1� "���� 2/ vz}� �H%

Z/��% h�, u� � "� �4 $#�� 2/ F��� "# ��6M�� !��U �96_N� !� u� 5H/1�� ^/�8 1� �_�
v $%�� �/1 V!�X "� )�� �� �! 5H/1�� ^/�8 �/�P� &9/!�a+� $/�P� !� ��!�� �>-�K�

method mislead
if mislead1( ) = true then
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return true
end if
return mislead2( )

end method

@�( N:�

!��U "# �A[� !� �! u� �/�� 5H/1�� "HA� $?6� ��, F"d7� "� u� ]�79�� F��� F!�j9�� $�?U 5/� !�
F1�-���64 $+�� 5/� ���- ��K# ��64 ��, F��V!�P� 1� �H/ B�S�� F��� F�9P� Z/��% � �K# �I� �!��
)�� .#��1� ���!EM Z, F�! �� u� "# &6�� !��U �96_N� !� �! u� "# $-� � !�X "� $�?U 5/�

�x88 �H%y��%�� i8��� � u� 56� &Q�P� )�� "# �7/�= "� �%�� &Q�P� 5H/1�� � i8��� 5H/1��

.Direct Passing/ %�567# 8�9 ��(��

&� � ��K9-�8 ���0 &� "HA� $?6� "9?��� F��8 F�6M&6�* 2/ "� �PK "# $-� �+��0� "9-� 1� O�4
u� "# �K# 56�J �/�� u� F��K9-�8 5H/1�� ��K%�� "9%�� $6_N� 1� $-!� k!� �/�� ����6M ���0
�a/� F�- 1� �-!�� ���7� 5H/1�� "� � �K#�� �= c/�� )�KH/1�� F�- 1� F�/�P �6� )��� �! �6?�
"98�M !��U )W !� u� ]�-!� "d-�� "� "# �96_N� 1� $-!� &P8 ]�� "Q!� !� �/�� ��KK# $8�/!� 5H/1��
!� "# $-� F!� �N "9H� 5/� "� "Q� ��%�� "9%�� �! u� $8�/!� V!�P� �a/� F�- 1� � �%�� "9%��
�AX� `�� :$?6� `�� ��, "d7� 2/ "� u� )�6-! Z6[� !� �d, ��Q� "� "Q� �� O�4 V!�P�
5/�9�# �� � $6_U�� 5/�9P� !� )W $8�/!� )�H�� ��KK# $8�/!� 5H/1�� "# $-� �9PQ !� u� $#��

�$-�!�� �! c/�� F�- 1� ^��* )�H��

�-! �� ^-�K� 5H/1�� h�T9�� F��� Z/��% F�- 2/ "# ��%�� B�S�� �H% 5/� "� O�4 V�6A�0
�� Z-� u� $8�/!� )�H�� �K9?� �!�� �! Z/��% 5/� "# F��, )�KH/1�� 1� F���_ 598�/ 1� f4 � ���%��
"� $/�P� !� $-�!�� �! u� $8�/!� !� $6_N� 5/� ^-�K� "# �KH/1�� � ��%�� �-!�� )��W 1� 2/
"� u� :��, "d7� 2/ "� u� ]�-!� � 56/�4 F"/C !�9-� 1� ���I9-� �� � ��%�� ��8 u� ����6M )��K0

���%�� ���9-�8 �� $�-

�K%�� F��, �6\ �/ F��, �K��� �� "# `��=� )�KH/1�� Z/��% )�KH/1�� F�6M�Q $6_N� "?/�7� !�
��KK# 566_ �K��� �� ��KK# $8�/!� 5H/1�� `��=� )�KH/1�� ���_ !�=56�� � "/��1 � "AX�8 �$-� &P�
1� @64 �/�� "# �d/��% "� "Q� �������� )�'� �! O�4 ��0 F��� use case ]�� �}� �H% ��K%��
@T� !� "# $-� F�6M��/ p� ! 2/ 1� ���I9-� ��! 5/� ^-�K� ���% �-!�� F�a/� 5H/1�� "� u� ]�-!�
����� "� �! &+�- � $-!� O�4 2/ ]�-!� F��� "6+�� &6��I� "A��� 5/� !� �$,���4 &6���, )��� �}~
O�4 ��0 $-� ��% ���� )�'� �}� �H% !� "# !�= )��� �&6���� !��U "_+�d� �!�� �/��9�� p�! 2/
����� �K# �= $?/���� u� "# F�6?� ��*, !� V�0D=� F!�Wi�Q �� �/�� )W ��KK# ]�-!� ��M�/� 1�
$�- "� �/�� u� "# F�6?� )��K0 "� ���� �� �6?� 5/� ^-�K� �8�# V�0D=� )��# i�Q 1� f4 ��%��

v��% c/�_ �/1 �H% "� ���� �� $+�� 5/� !� &9/!�a+� 5/� ���- ���% h�T9�� ��% h� �4 )W
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O�4 ��0 F��� use case ]�� v�}� �H%

method directPass
foreach receiver

→
ri who satisfies decision conditions do

create passLinei from sender
→
s to

→
ri

−→
oclose = closest opponent player

→
oi to passLinei

→
pi = intersection point of passLinei with its perpendicular line drawn from

−→
oclose

if predictNrCyclesToPoint (
−→

oclose,
→
pi) < predictNrCyclesToPoint (BALL,

→
pi) then

return
end if
αi = passLinei angle relative to

−→
oclose

λi = Number of players around ri and within π(init ball speed, distanceToReceiver)
end foreach
αmax = find max αi

foreach ri do
αi = normalize αi with αmax

pass ratei = αi/(λi + �)
end foreach
−→

rmax =
→
ri with maximum pass ratei

end method

1� !�jK� 5/� F��� "# ��% 56�J c/�� 5H/1�� Z-� )W idU 1� @64 ri "� u� )�6-! �/�� ��9��
�K_/ c/�� 5H/1�� 5/� 2/�.� � �6'#�� ]�= "# �/���H6- ���_ �M� ��% ���I9-� u� idU &9/!�a+�
→
p "d7� 1� u� !�>0 F���H6- ���_ 1� �9�# ��6a� !��U O�4 ]�-!� Z, F�! �� →

p "d7� F�! −→
oclose

O�4 $8�/!� F��� 5H/1�� 5/�9P� "���� !� �$?6� ^-�K� O�4 $8�/!� F��� →
ri !� iU�� 5H/1�� :�%��

�g�l� )�KH/1�� !�J� F��� �! 5H/1�� 2/ `��=� F�J8 "# $-� �_�� π C�� &9/!�a+� !� ���%�� �T'�
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O�4 &9/!�a+� � �>-�[� ]�� F1�-���64 1� �'/��� v�
}� �H%

"� "��N B�aK� !� "# �90�- "� "Q� �� "# $-� �H% 5/� "� π ��HA�0 ��K#�� �-!�� u� idU !�
u� ��KK# ]�-!� 5H/1�� � ��KK# $8�/!� 5H/1�� "AX�8 � init ball speed �K_/ �K#�� ��64 u� :u� 
">-�[� �-�� 5H/1�� "� u� � �'#�� ]�= "# �! F1�� 1� �/���H6- ���_ distanceToReceiver �K_/
player speed max !��7� �H6- �� !� $+�� 5/� �� !� ���� �� c/�� 5H/1�� "HK/� ��8 �� � �K#��
�/�- !�J� F��� 5H/1�� `��=� !� �! 3m × ��!D�) �
�*( ;�_% "� F���/�� �K# �= �! �9� � �K_/

v ��# ���I9-� �/1 Z��� ! 1� )�� �� ���H6- ���_ ">-�[� F�����K#�� �-!�� )�KH/1��

distanceToReceiver = init ball speed · �− ball decaycycles

�− ball decay
⇒

cycles =
[
logball decay

(
�− distanceToReceiver · (�− ball decay)

init ball speed

)]
+ �

radius = player speed max× cycles

"d��! ">-�[� "� 1� 6 � )��� � ���- @/��6 4 ��0 2/ � � �! cycles ���_  )��  �� C� � Z��� ! !�
��!�W $-� "� .6� ��9/!�a+

& 9 /!� a +� � H % 5 /� �� ��� � )� ' � �! �� 8 & 9 /!� a +� F1� -��� 6 4 1� F�" �� � � �
}� � H %
"� "# ����6M 5H/1�� �� �-!�� B�aK� � �H6- 2/ !� �! →

s )�H� !� ��K9-�8 5H/1�� F��� F�6M&6�* 
]�-!� Z, � →

oi !� iU�� c/�� 5H/1�� "AX�8 di ������ )�'� ��!�� !��U →
r� � →

r� F��)�H� !� ^6 � 
�!�,�� "d7� �H% �� !� .6� →

pi ��%���� u� � :di !��7� 5/�9�# �� :→oi "AX�8 γi � →
ri "� →

s 1� O�4
F��� ��%���� u� $#�� �6?� )��� �K_/ →

ri � →
s !���� �� Z-� ��% ��S/� Z, �� −→

oclose 1� ���0 Z,
�H% �� !� predictNrCyclesToPoint (

−→
oclose,

→
pi) "# &6K#�� ��8 O�4 &9/!�a+� ]��0� )�H��



~� ,�� �- ���(!�.� {}�

5/� ]��0� � � �$-� F��?� )W � � � / � 9M!. � �H% )W !� predictNrCyclesToPoint (BALL,
→
pi) 1�

v&/!�� xc+�y}�
}� �H% !� V�6N�8

d� < d� < d� ⇒ α� = arcsin
(

d�
γ�

)
, λ� = �

v&/!�� .6� xhy}�
}� �H% F��� "��'� V!�X "�

d� < d� < d� ⇒ α� = arcsin
(

d�
γ�

)
, λ� = �

5/� �$-�!�� �! F�9P� Z/��% u� $8�/!� F��� →
r� 5H/1�� �E+ pass rate� � pass rate� "# �S�W 1�

�� F�6a�'( V!�X "� pass rate !��7� � �!�� ����6M `��=� )�KH/1�� ���_ "� �/C�� $6-�?� &9/!�a+�
���%�� &# ���_ 5/� @/�.8�

F�!�� �K#�� F� �64 )W 1� "# F����- !�6?� !�9,�- �6+� "� �% �!�%� )��� "# �-�4 &9 /!�a+�
"� ���� �� ��� $-� ��/1 )W !� c/�� Z-� u� ^��* ]��9�� � $?6� �/C�� )��K( )�K6�=� $6A��U
��1W V�7��?� !� �K6-��� ! &6 !� "# )�K( ��6a� !��U ���I9-� �!�� O�4 ��0 !� "6+�� F�a+� 2/ )��K0
F��� �!�� "# �96X�, "� "Q� �� )�� �� �! &9/!�a+� 5/� �$8�M !��U ���I9-� �!�� �

� ]�- !� �H/��W

���� !��U ���I9-� �!�� λ �g� `E� � α F�! �T'� 56/�4 �� )��� !��U �� :xcleary u� )��# !��

.Through Passing/ :&� �� 8�9 (�(��

���9-�8 F��, 5H/1�� "� �m�679?� u� )W !� "# $-� O�4 F1�-���64 1� F� "98�'64 ]�� ��0 !� O�4
�6� Z-� u� $8�/!� ]��9�� "# �d/��% !� � :c/�� )�KH/1�� 56� :1�� F�J8 2/ !� "HA� ��%���
^-�K� $6_U�� 2/ ���� �� u� $8�/!� �� ����6M 5H/1�� � ��%�� ���9-�8 $?6� c/�� )�KH/1�� 1� 2/
]�-!� 1� � &P� !�6?� ����6M 5H/1�� !� $-!� k!� ��S/� ��0 !� O�4 2/ ]�-!� !� ��!�W $-� "� �!
�M��- "� $6_U�� � u� �KH� $#�� u� $�- "� �6+� �� "� ����6M 5H/1�� �M� "# ��( $-� �J8 !� u� 
�! ���H� �/�� ��KK# ]�-!� 5H/1�� &6��/��!� "# ��%�� � 5%�! ����1 "9H� 5/� $6��� ���� !�� $-� 1�
�9� $#�� �/ � ]�-!� !� `�= �� 1� 2/�� �M� � �K# ">-�[� �K# idU )W !� �! u� ���� �� ����6M "#

���%�� ]D9,� !�(� V�>-�[� �KK# �A_ �H6- 2/

v��# &6?7 "A�?� �/1 �� "� )�� �� �! ��0 !� O�4 "A�?�

1� 2/ �6� Z-� "d7� )W "� )�6-! 1� �>U � u� $8�/!� "# →
t ��, "d7� 2/ "� u� ]�-!� x�

�$?6� 5H�� F��, )�KH/1�� �9� �/ � c/�� )�KH/1��

Z-� u� idU 1� )�K6�=� � F�a/� 5H/1�� �� 1� @64 →
t "d7� "� →

ri ����6M 5H/1�� )�6-! 56�J x�
�����6M 5H/1�� 5/�

5/� F��� ���# ���I9-� �}{}� @T� !� ��% <�d� p�! 1� �M��- "� )�� �� ]�� $�?U �� F���
F��KK# $8�/!� 5H/1�� )��K0 "� �! F��, 5H/1�� 2/ )�H� "# �! F�6|9� &9/!�a+� !� $-� �8�# !�jK�
��� ! )W 1� f4 ���# 5/.a/�Q :→t :��% ]�-!� )��� u� �/�� "# F�"d7� �� �! →

ri �K_/ �K#�� ��6,r u� 
!� "# &679?� O�4 "��'� "# �!�� F!�6?� $6��� "9H� 5/� "� "Q� ���� ����, �>U "��'� &9/!�a+� F"����
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h�T9�� .6� @T� 5/� !� �%�� B�S�� F�6M&6�* "/C !� O�4 $8�/!� F��� ^-�K� )�KH/1�� h�T9�� )W
���_ ���%�� B�S�� F�6M&6�* "/C !� ���% h�T9�� ��0 !� O�4 `�� )��K0 "� �K��� �� "# �=�7�
5H/1�� )W `��=� F�J8 !� �9'6� � �H/ 1� →

ri !� iU�� 5H/1�� �� F��� Z/��% "� "9?� �K��� �� o�7� 5/�
��K%��

����1 F">-�[� ��� !��U ���I9-� �!�� "A�?� 1� B�� $�?U �� F��� )�� �� "# � �>-�[� p�!
)�� �� )��1 5/� $-!� ">-�[� �� ��K# `�X `�� "d7� "� )�6-! F��� �/�� ����6M 5H/1�� "# $-�
5/� !� � �-�� !�j9�� �!�� "d7� "� )��1 1� !��7� )��� `�X �� "# ��# &6jK �AH% "� �! u� $0�-
���6a� !�69,� !� �! u� � �K# idU �! u� �6?� ^-�K� iU�� !� ��� ����, !��U ����6M 5H/1�� Z/��%
5/� !� $#�� )��1 � ]�-!� )��1 ">-�[� F��� ����6M � ��K9-�8 5H/1�� 56� $-!� k!� ��S/� $6���

v��# ���I9-� �/1 F��]���8 1� )�� �� V�>-�[� 5/� B�S�� F��� ���%�� �T'� �9P� @T�

cycles = predictNrCyclesToPoint (
→
ri,

→
t )

init ball speed = min(ball speed max, σ(dist(BALL,
→
t ), ball decay, cycles))

σ(dist, ball decay, nCycles) = dist · �− ball decay

�− ball decaynCycles

)�6-! F� �� H6 - ��� _  predictNrCyclesToPoint (
→
ri,

→
t ) 1� ��� I 9-� � � C� � "d ��! �� !�

→
t "� u� � ��% ���� u� "� �/�� "# F�"6+�� $0�- .6� σ i�� � ��%�� ">-�[� →

t "d7� "� →
ri 5H/1��

�K_/ �H6- �� !� u� $0�- $8�� !��7� :dist (BALL,
→
t ) �K_/ →

t � u� F"AX�8 "� "Q� �� �! �-��
"� �! u� ���� �� ��K9-�8 5H/1�� i�� �� 5/� "� "Q� �� ��K#�� ">-�[� cycles ���_ � ball decay

�K6_� �� 1� �M� "# $-� init ball speed !��7� ��%�� <�d� "# F�a/� "A�?� ��� �K# ]�-!� →
t $�-

� u� ]�-!� $0�- !� ]��_ �/�� Z/��% 5/� !� �K#�� ���- )�KH/1�� �/�- F��� �! u� idU �%�� � 56/�4
u� )��9� � �%�� !��U�� �a/� )�KH/1�� Z-� u� idU )�H�� � �P9�� $0�- �� →

ri F�- 1� )W $8�/!� )�H��
�9'6� F�6M��/ @T� !� � $-� �M!.� @+�( ]��_ 5/� ��S/� "# ��# ]�-!� !�#E� "d7� "� �9-!� "� �!

�$8�M ����, !��U "_+�d� �!��

@T� p� ! ]��0� )W !� "# �%���� ��0 !� O�4 &9/!�a+� F1�-���64 1� �'/��� ��}� �H%
v&/!�� $+�� 5/� !� �H% "� "Q� �� �$-� ��% ���� )�'� →

t `�� "d7� F�! �� �}{}�

d� < d�⇒ α� = arcsin
(

d�
γ�

)

λ = �

]�-!� F��� �A6A[ � � �>-�[� �M�6n64 !�K# !� :�% �!�%� @T� 5/� F��9�� !� "# !�= )���
Z-� ��% "9?� F�J8 1� )��# !�>0 !� ���� �� $-!� �H% "� ��0 !� O�4 2/ ]�-!� :��0 !� O�4
1� F�"���� ��}� ]�H%� "0��S� �%�� �K���- !�6?� �M )�6��-! ��g "� !� $678�� � c/�� )�KH/1��

��K���� )�'� �K6-��� ! &6 !� �! F1�-���64 5/�
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��0 !� O�4 &9/!�a+� F1�-���64 @/��� v��}� �H%

.Shooting toward Goal/	;- �� <&� �� ��* =�(��

5/� !� ���%�� B�S�� ��6  `�� "� )�6-! F�9-�! !� "# $-� �A�0 5/�,W �1�� !� $�- "� V�%
V�% �1�� !� $�- "� �K6��� ^-�K� c/�� &6 1� 1�69�� 598�M F��� �! Z/��% "# ����1 5H/1�� ��0
"0��S� 1� V�% �$-� ��% �8�� ��, `�� "� ���69-� !� &6 u� )�6-! ��g "� V!�X !� � �K#��
�! F�� _ 9 � F� �F1� -��� 6 4 $ -� !��!� ,� � )W 1� " # � /� �� Ms /� � $ 6 � �� � 6 +� " � " # $ -� � A G� ? �
F�6M�� / p�! 1� ��� I 9-� � > U F� �]� � " ��'� �$-� ���� ��* 9,� ��, " � cA9T� F��&6  Z-�  
�!�� ������ 8 $6��� ��, Z /�� % k!� " � 1� 6 � � ��$+�� "0��S� !� �M�� 9?M �6 +� " � V� % F�� �
!� ���# &6���, q[� V�% "A�?� F�! �6M�� / &9 /!�a+� 2/ ]��0�� ��*, !� �}~ @T� !� "#
�&6���� !��U �-!�� �!�� �! � �>-�[� F1�-���64 ���U � ���- p�! 2/ �>U F��@T� �� "��'� @T� 5/�

�*U →
s !� iU�� 5H/1�� )W !� "# $-� V�% � �>-�[� ]�� 1� �'/��� xc+�y}��}� �H%

F�_��� &9?6- !� )��1�� !� ��% ���� )�'� �H% !� "# !�d���� ��!�� �! �1�� !� $�- "� u� 26A%
@,�( "# ��( �K# $#�� �1�� !� 1� r "AX�8 "� � l �T'� Z, F�! "# ��%�� ���64 �AH% "� Cm ��_�
!�6?� u� $8�/!� ��0 !� ���� �� ��%�� 26A% �1�� !� $�- "� "# �4� FC�� $0�- �6+� "� )��1�� !�

v&6%��"9%�� �j� !� �! !�9#�8 �� �/�� �8�� V�% 2/ F��� ��%�� 1�-�H'�

�1�� !� "� u� ��!� x�
c/�� )��1�� !� F�- 1� u� ^��* B�0 x�

1� )�K6�=� F��� � &6K#�� �d�`�X �1�� !� "� u� ��!� ]��9�� 1� @T� 5/� ���- � �>-�[� p�! !�
� x~��~ :}��~y V�*9T� !� �K_/ �1�� !� �,�� �9�&6� "AX�8 "� �! →

p� � →
p� F��!���� u� Y��, B�0

1� B�� $�?U !� ��� �&6K#�� ">-�[� "d7� �� 5/� $�- "� �! V�% � &/�6M�� �j� !� x~��~ :���~y
l Z, i=�7 1� �! →

c� � →
c� !���� �� $-� u� ^��* !� c/�� )��1�� !� �/���� B�0 1� )�K6�=� "# "A�?�

���_ "n��K( :O�4 &9/!�a+� �� "��'� :]�� �&/!�W�� $-� "� →
p� � →

p� �� →
b �!�,�� 1� ��% ��S/� Z, ��

�H/ "� u� )�6-! )��1 1� ^6 � "� �K#�� `�X →
c� �/ →

c� "d7� "� )�6-! F��� )��1�� !� "# �/���H6-
"n�W "� "Q� �� ��% ����T� catch )��1�� !� Z-� u� "# ��# o�>K9-� )�� �� �%�� �9'6� "d7� �� 5/� 1�

v&/!�� �! �/1 &9/!�a+� �% "9IM
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��1W V�7��?� ]�K68 F1�� ��( $�- !� �K6-��� ! ���7� !� $-�! $�- !� UTUTD v��}� �H%
��/D= �M :�{{�� �H6- � �{{~� �H6- 1� :�

{ ]�- !� �H/��W

��K#�� ]�-!� �! u� :receiver $6_U�� � `�� "d7� :�J8 k!� �� sender 5H/1�� xc+�y
��K#�� $#�� `�� "d7� $�- "� � �K#�� k!� �! $6_U�� receiver 5H/1�� xhy

��K#�� $8�/!� `�� "d7� !� �! u� receiver xYy
��M� x�y
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V�% &9/!�a+� � �>-�[� ]�� v��}� �H%

method shoot
l = vertical line which passes

→
g

shootLine� = line from
→
b to

→
p�

shootLine� = line from
→
b to

→
p�→

c� = intersect (shootLine�, l) and
→
c� = intersect (shootLine�, l)

diffCycle� = predictNrCyclesToPoint (
→
g ,

→
c�) - predictNrCyclesToPoint (

→
b ,

→
c�)

diffCycle� = predictNrCyclesToPoint (
→
g ,

→
c�) - predictNrCyclesToPoint (

→
b ,

→
c�)

if max(diffCycle�, diffCycle�) > � then
if max(diffCycle�, diffCycle�) == diffCycle� then
shootToward (

→
p�)

else
shootToward (

→
p�)

end if
end if

end method

�H% �� "��'� �9+�� ��� �! ">-�[� 5/� )�/�Q !� ���� �� "# ��P� � ^6S0 :^+�Q ��I � ���
!� �$-� "98�M !��U )��1�� !� 1� �H/�.� "AX�8 !� →

s !� iU�� 5H/1�� )W !� "# �%���� xhy}��}�
�

→
bt )�H� !� t �H6- !� � ��# 26A% �1�� !� $�- "� F�"��M "� �! u� "# $?� )�H�� 5/� �d/��% 56K(

)�H� 1� )� �6� �m��S� �
→

bt+� )�H� !� t + � )��1 !� � c/�� &6 )��1�� !� F��� catchable "6��� 1� )��6�
�!�� ��Q� )�H�� 5/� �K( �� :$-� ��% �T'� �H% !� "# !�= )��� ��%�� )��1�� !� F��� catchable
!�9,�- "� "Q� �� ��� x→

c� "d7� �� "��'�y �!Ea� .6� c/�� )��1�� !� F�! 1� �9� u� $#�� �6?� "#
���� �6N� �}�}� @T� !� � ����� !��U ���I9-� �!�� Ǳ�6%� $#�� ">-�[� !� !�.M!�# "# F�"9??M
)��1�� !� "# �d/��% !� $6X�, 5/� ���%�� �1�� !� �!�� u� � $?6� u� ^��* "� !��U )��1�� !� :�%
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]�/ 2/ &6���� B�S�� O�l! )W !� ��Q�� �6A# O�-� �� O�l! �� !� "# �'SK- "� "Q� �� "# ��%��
!� !�j9�� �!�� 26HI "� )�6-! � ��0 5/� � ����� F�a/� $,!� �/1 $�- "� �! �� � ��% �T'�
26HI �� &6��� �� :&69?� "Q��� "9-�64 F���� �� "# F�!��� !� ���!�� @64 $,!� F����� 1� �H/
!��7� �� @SK- ]�� 5/� !� �&/�>� @64 �! &9/!�a+� �J8 5/� !� F1�� !��7� 2/ �� �6A# @/��1W � �J8
!��7� 1� ��M "� F��!� !��7� )��� �9�# �/ �9'6� ��$,!��/1 F�! $#�� kD� � ��% B�S�� ��M �� F1��
1� F�"0��S� "� $,!� 2/ �/�> 1� F�"���� �}{ �H% ���: ����%���� �j� �!�� �6A# F��� F1��

�$-� &6�* F��� $,!� ��S/� F"/�4 iU�� !� "# ����� )�'� �! 56���U

F��_9� &6�* F��$,!� :�!�� ��Q� �%1��W F���� 2/ F��� "# �IA9T� F���6A# "� "Q� ��
" A �? � F�� � � T-� 4 � � K �� @ %�4 �! $+� � F�J8 B� �  � K ���  �� "�� "# $8�M �j � !� )��  �� �!
$,!� F���_ � �%1��W F������ 1� "0��S� 2/ 59%�� �� "# $-� 5/� ]��l - ]�� ��K%�� F�K�"7>=
$-!� F�K�&6?7 F��� ]��9�� 5/�9'6� $,!� B��# �KK#�� F�K�&6?7 �! ������ 5/� "# V��I9� &6�* 
ID3 &9/!�a+� �$-�!�� �����'� $/�l! �%1��W F����� !� "# $+�� F�J8 1� F��"���� "� "Q� �� �!

�$-� ]��l- 5/� F��� �T-�4

ID3 ����3 %6���
@ ����(

�%1��W F������ F��� �J8 F��K�� @%�4 F��$,!� "0��S� 56� �/�� �% �!�%� "()W "� "Q� ��
�����'� ]��0� $,!� "� F�6M��/ &9/!�a+� !� "# $+�� F�J8 1� �/������ "� �-�4 !� �! 5/� ^-�K�
5/� ^-�K� $+�� F�J8 B�� @%�4 $6A��U �� $,!� 5/� ���- "# �K#�� ��8 ID3 &9/!�a+� �$8�/
F���M�6n64 � V�6N�8 1� h�K9Q� � F1�-���- "# $-� ���S F"S69� ��8 5/� F�K>� ��%���� $,!�
��%�� "9,�K% “Occam’s Razor” )��K0 $[ "# F�"/�4 B�PI� 5/� ��!��%�� �Q!� �! F!��N �6\

v�% <�d� F�D6� ���{ ]�- !� William of Occam �d-� )��U )���dK� Z-� !�� 56+��
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��$/��Q�����$-� B�S�� ���U .6� �9�# i��K� �� "# ��/1 V���H�� �� F!�# B�S�� $-� q>0”
“���z����% �6tH V!��N 1� � ��8 �/�>�

Y�9K9-� �� �! &6��I� � �% "G�!� Russ Quinlan F�UW Z-� F�D6� ��z� ]�- !� !�� 56+�� ID3 &9/!�a+�
� �K#�� ��S/� 56/�4 "� C�� ]�� 2/ !� �! &6�* $,!� &9/!�a+� 5/� ��!�W�� $-� "� ��"���� F�! 1�
"9??M F��"0��S��/1 "� �! �%1��W F������ "0��S� �/�� $6X�*, �� F��� �% �!�%� "# !�=)���
)W F�1� !� �! �#�9'� !��7� ���6M�� !��U "0��S� 2/ !� "# �/��"���� B�� "# F�[� "� &6K# &6?7 
� �K#�� h�T9�� �N�� ��M !� @SK- F��� �! $6X�*, 2/ "A��� �� !� ID3 ��K%�� �!�� $6X�*,
�/1 F��� �! ��0 56�� �9'M1�� �H% "� &9/!�a+� � �K#�� &6?7 �! ������ "0��S� )W 1� ���I9-� ��
1� ����6a� !��U @T� )��� !� @T� 2/ �J0� B�� "# ����� "���� ����1 � � ����� B�S�� ��$,!�
��% `�X )��1 �%���� �H9� �K#�� ���I9-� ��M �� !� $? F��� "# �=�% "� V�% "� ID3 "# �S�W
5/� ��8 �� @T� 5/� !� �$-� ���- &6�* $,!� 2/ ��S/� !� ����[� kD� :!�6_� 5/� h�T9�� F���
p� ! �_� @T� !� � &/1���4�� &9/!�a+� �6N� "� $-� "K6P� ��M �� !� $? !�6_� h�T9�� &9/!�a+� "#

�&6���� �6N� �! �,�% ��S/�

method induceTree (training − examples, Properties)
if all enteries in training − examples are in the same class then

return a leaf node labeled with that class
else if Properties is Empty then

return leaf node labeled with disjunction of all classes in training − examples

else
select a property, P , and make it the root of the current tree
delete P from Properties

foreach value, V , of P do
create a branch of the tree labeled with V

let partitionv be elements of trainig − examples with values V for property P

call induceTree (partitionv, Properties)
attach results to branch V

end foreach
end if

end method

� � %1� �W F� ����� F" 0� � S � �� K �� )� ' � training − examples C� � & 9 /!� a +� !� " #
�$-�!�� �%1��W F���� 1� �J0 �� "# $-� � �6X�*, "0��S� F����6M �� !� Properties

)A �&�� ��6B# 8��  � ID3 �� CD�� EF�* G�H6� ����(

"���� )W F�K�&6?7 F��� B1C V�0D=� 1� �*T'� !��7� F��� �'/��1W F"���� 2/ !� $6X�*, ��
�96X�*, fb- � �K# ">-�[� $6X�*, �� F��� �! V�0D=� !��7� 5/� � �K#�� �_- ID3 �$-�
�/1 "'/! !� 598�M !��U F��� ^-�K� �,�% )��K0 "� id7� �� !� �!�� �! V�0D=� !��7� 5/�9'6� "#
F"/�4 2/ �% �8�_� Shannond-� F�D6� ��{z ]�- !� "# V�0D=� F!�� ���%�� h�T9�� $,!�
�� ���� �� B�64 2/ "/�j� 5/� !� "# �!�W�� &���8 B�64 2/ � �0D=� F��9[� F�6M�1���� F��� �! �N�/!
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F��B�64 "0��S� 1� �H/ h�T9�� )��� B�64 ]�79�� ��0 � �%�� 5H�� F��B�64 1� �6�� 2/ !� F�"����
F�1���� ���0 �� 1� �_�� �! B�64 2/ � �0D=� F��9[� "# $-� �7dK� �j� "d7� 5/� 1� �$-� 5H��

�$?��� B�64 )W ��Q� !�H � �!�� ��Q� )W !� "# �/�6��

�� ���# "+���8 B�64 )W !��H ]��9�� 1� �_�� )��K0 "� �! B�64 2/ � �0D=� F�9[� Shannon
F��9[ � B� 6 4 2 / ��� ,! F�� � p(mi) ]�� 9�� � ��B� 6 4 1� M = {m�, m�, ..., mn} F�J8 2/ 59%��

v�� $-� ����� M !� B�64 2/ � �0D=�

I(M) =
n∑

i=�

−p(mi) log�(p(mi))

!� �! � �0D=� F��9[� 5/�9'6 � "# �'/��1W �,�% h�T9 �� F�� � �! V�0D=� F!��  ID3
"'/! !� @SK- 2/ B�S�� 1� "# �V�0D=� F��P� ���6M�� !�# "� $-�!�� �%1��W F��"���� F�K�&6?7 
"# � �0D=� !��7� F�PK� $,!� !� V�0D=� "0��S� B�� �� $-� ����� �/W�� $-� "� �A_8 $,!�
���# F��� "# � �0D=� !��7� �$-� B1C @SK- 5/� ]��0� 1� f4 F�K�"7>= V�6A�0 )��# ���# F���
"# ��%�� c/�_ )W F��$,!� �/1 B�� !� V�0D=� !��)1� 56a��6� )��K0 $[ $-� B1C $,!� )��#
��!�� ��Q� $,!� �/1 !� "# �/��"���� �X!� !� $,!� �/1 �� � �0D=� F��9[� )��# h�N �� !��7� 5/�
�%1��W F������ F"0��S� F��K�� )�'� C &6K#�� ��8 ���%�� B�S�� ��h�N �X�� 5/� i�Q �
�� C ]�� 5/� !� &/�6a� �j� !� �A_8 $,!� "'/! )��K0 "� !��7� n 56� !� �! P $6X�*, �M� �$-�
!��7� V!�X 5/� !� ���%�� &6?7 {C�, C�, ..., Cn} F��"0��S��/1 "� P F��� 5H�� �/��7� "� "Q� 

v�� $-� ����� "'/! �,�% )��K0 "� P )��� !��U 1� f4 $,!� )��# ���# F��� "# � �0D=�

E(P ) =
n∑

i=�

|Ci|
|C| I(Ci)

���# D��# ���� ��S'9� ��� ���TU� �N�I �� )�� �� �! P $6X�*, 1� � �0D=� F��P� ]�� 5/� !�
v�K_/ :�!�W $-� "� �1�� �*��TU� ��'B� D# 1� �1��

gain(P ) = I(C)− E(P )

I<7�� C4.5 (���(

� ��% ����= Quinlan Z-� "# $-� ID3 F�"/�4 &9/!�a+� F�K>� �� "98�/ "_-� !�.8�B�� 2/ C4.5
v�K# ���69-� ���U ���%��� ��!�W�� �/�PK "� ID3 Z-� "# �! �/1 &6��I�

���� F"K6'6� F!�EM!�� 1� h�K9Q� •

&6�* $,!� 2/ F��� �%! ��0 566_ �

$,!� )��# ��� !� �d, @��# •

Information Gain �
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$,!� ��[/� 1� f4 ��� )��# �K�����U •

"9-�64 F������ �� )��#!�# •

V���! 2/ !� 2/�9� F������ ]�t� )��K0 "� �

$6X�*, @K/.M !� ^-�K� O�67� 2/ h�T9�� •

�K9?� V�6X�*, 1� �J_� �U�8 "# �%1��W F������ �� )��#!�# •

�6|9� F��"K/.� �� � �6X�*, �� )��#!�# •

$?6� )�?H/ �%1��W F������ B�� F��� &9?6- F�! $6X�*, 2/ F!�EM�6g�l �

� �>-�[� $6I6# )��#"K6P� •

fb- � ��6M�� �T'� $��8 �� �/�8 F���_ !� �! �%1��W F������ 1� F�"0��S� !�.8�B�� 5/�
$6A��U "# �K#�� ��S/� �! &6�* $,!� 2/ ��8 ���, "� "Q� �� F1�-"K6P� � ID3 &9/!�a+� ]��0� ��
:F� K �" 7 >= !�. 8�B� � 5 /� �� K #� � & ��� 8 �! � %1� �W F� J 8 1� )�� 6 � F� �" �� � � F�� � � ����� 2 6 H I  
2/ 1� :�%�� "9-�64 �/ "9??M F�1�� 2/ ���� �� "# :�! $6X�*, �� F��� 5H�� �/��7� � :$6X�*,
)��K0 �� �%1��W F������ "� o���� �/�8 � �/��7� 5/� "� "Q� �� � ����,�� X.names )��K0 �� �/�8
X.test � X.tree :X.unpruned 5/��K0 � � �/���/�8 !� �! "S69 � � ����� ��Q� �! ID3 &9/!�a+� X.data
��� $,!� X.unpruned ��K#�� �T'� �! "?/�7� ��0 "# $-� �A/�8 B�� X )W !� "# �����M����
"# ��%�� F!�W��/ ���%�� "9,�- "# $-� �/�P� $,!� X.tree � &9/!�a+� F��Q� 1� �X�� F��'�
Z6[� 1� �/�� $,!� 2/ ��S/� ;��% F��� "# $-� � �0D=� "0��S� B�� �8�_� ���% X.names �/�8

����% F!�Wi�Q

:���� F!�Wi�Q Z6[� 2/ !� �! �%1��W F������ �M��- "� )�� �� !�.8�B�� 5/� 1� ���I9-� ��
)���� �T'� �� � ��# Y��T9-� �! V�6X�*, :���� �6T' �! ���� �� 598�M !��U F��� B1C F��"7>=
!�.8�B�� 5/� "� �%1��W F������ ]�-!� �� fb- �$,�- �! X.names �/�8 V�6X�*, 5/� 1� 2/�� "K���
�6N� ��!�W $-� "� ID3 ]��0�� 1� f4 �! ������ 26HI F��� 5H�� �9,!� ]�� ��� �# V�� `�e

�$8�/ ���� iQ�� !� )�� �� �! !�.8�B�� 5/� ��*, !� �9'6�

�A��+� �B+A !�"$(B� �� 

>� ?� ����(

]�* � ���� ���_ � �%���� )� !�� x����y �!�6A6� �

 1� @6� 1� �H'9� �>/�7 !�= "� )�?�� .|�
�K#�� �79K� Ǳ�J0� "� .|� !�9,�- 1� �! Y�9K9-� &9?6- "# $-� ���/�Q ��K�� ]�79�� ���W )�� !� �>*0
"H>% ��!�� ��Q� �>*0 ]�* � �


 ���� �>*0 )�!�� �� F�P9�� � ��9�� !� "# $-� �K_� )��� 5/� �
1� F�"0��S� ���% "# $-� �767� �>*0 &9?6- 2/ 1� ��S� F1�-"6>% 2/ �0�K*� �>*0
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2/ F��]�/ �� �N�/! ]�� !� "# $-� �>*0 F��)�?# W �/�= 1� o�> !� $6A��U �� �>*0 F������
�$-� ���1 V���Q�� F��� �_U�� �>*0 Z/��% 1� �H/�.� !�6?� @/��� ]�� 5/� ����%�� �T'� `��M
�! F1��� p1���4 1� �/�Q �1�� 2/ F���7+�� �H% "� ]�� :�����1�-��, � ��KK# LK���� !�9,�- "� "Q� ��
!� !�� 56+�� ]�� 5/� ��%�� � ���- � � !��/�4 �A>U B�-�� F��]�� �� "?/�7� !� ���� �� "# �K#�� ��PK'64
�>*0 F��$6+�_8 1� � �>-�[� ]�� 2/ )��K0 $[ Pitts � McCulloch )�/�UW Z-� � ��{� ]�-

��% <�d�

$%�a� :�d,�6\ �G�?� �� !� �! �>*0 F��"H>% V!�U )�� �� :F���!�# F���I9-� F">KQ 1�
�AX� F��!�[� "� �>*0 F��"H>% �� �!�# F�1� � �A# !�= "� ��� $?��� F1��� p1��� 4 � �e�K 9�
�����$-� &6?7 ���U F1�-"K6P� � :&6�_ $'M1�� :�a+� �6�H :�F�K�"7>= �F�K�"%�,��=�K 

v���%�� &6?7 �/1 "9-� "- "� �=�K9� F�6M��/ &9/!�a+� ^?� �� �>*0 F��"H>%

�6M��/ �>*0 F��"H>% �E+ � $?6� <�d� F�6M��/ p�! $+�� 5/� !� v	$��g )1� F��"H>% x�
��K%���� �/1 "9-� �� ���%

F� �Y�1 1� F�" 0� � S � � �� % � %1� �W F���� ]� � 5 /� !� v��� e� �� � � > * 0 F� �" H > % x�
��- "H>% p1��W !� &A_� �/ �e�� F���� 2�# 1� F�6M��/ p�! 5/����K� � $-� �Q��,F��!�

���� ����,
:$-� F�� !� F���� ���% �P K  � %1��W F���� $+�� 5/� !� v���e� �)�� � �>*0 F��"H>% x�
"# F�"��S "� "Q� �� F�6M��/ p� ! 5/� !� ���%�� ���� F1��W &A_� !�J� )��� "H>% 5/����K�
5/� F��]�� 5/� &P� 1� )�� �� "# �� !�� @64 $-� ��% �X�� 56'64 F���a+� F�6M��/ 1�

���# �!�%� �/��P� ���?��� "� p�!

��'� ���* J� � � �K��� )��� ����(

� �3!� V�0*� ��HA�0 �6N� �� ���� �� "# $-� ��% ���� )�'� �}{ �H% !� F�"/�4 �>*0 "H>% 2/
5/� "# �%���� aj ���!�� !��7� F�!�� xp1���4 ����y �>*0 ]�A- �� ���% �T'� ���9 � ��K�
�� "� �e�K9� ���%�� �79K� ��]�A- �/�- "� "H>% !� "/�- 2/ V�=�> !� �/�= 1� !�'9�� 2�# "� !��7�
]�!��% ]�A- F�! �� j F�!��% ]�A- �g� � ��%�� �T'� wij �� "# �!�� ��Q� �?4�K6- )1� 2/ ]�* �
B�� �� O�/�� �Q!�, !��7� 2/ ����� "� ��]�A- �/�- F�- 1� B�i ]�A- "� F��!� !��7� ��K#�� 56_� �! i

�6\ i�� 2/ 1� !EM �� ui !��7� )W 1� f4 ���� �H% �! ui �� �e�K9� �Q��, !��7� � ��%�� i�Q θi

�/�P� !��7� iU�� !� ��K#�� ��S/� ai )��K0 �� F�/�Q F1�-]�_8 !��7� �9�)#�*+ Q��( )��K0 $[ �d,
���% )�6� y = φ(x, W ) �H% "� W F��)1� � x F��!� !��7� 1� �_�� )��K0 "� ���� �� y �Q��, F���

Association �

Clustring �

Classification �

fixed-weight �

supervised �	

unsupervised ��
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ΣInput

Wi1

Wi2

Win

θ

ui ai

i

fh()

"/�4 �>*0 "H>% 2/ v�}{ �H%

v$8�M �j� !� "H>% F��� )�� �� �! �AX� i�� ��

�Q��, !��7� � �%���� LBF �/ ��F��6K� �d, i�� 2/ ���- �H% !� "# v"H>% i�� �/ "/�4 i�� •
v��%�� c/�_ F��!� �/��7� 1� �d, ^6#� �H% "�

ui(x, w) =
n∑

j=�

xj · wij

"� "AX�8D� ���% �T'� u(x, w) "/�4 i�� 1� ���I9-� �� "# )W 1� f4 "H>% �/��7� vF1�-]�_8 i�� •
��%]���� !��7� 2/ �m ��0 � ���� F1�-]�_8 i�� "# ���%�� �79K� )�!�� 1� �d, �6\ i�� 2/
� step, ramp, sigmoid F1�-]�_8 i��  F�� ���" ��� � 5/�  ]���9������� "S69 � �Q��, !� �!

v$-� ��% ��!�W i��� 5/� 1� "���� �� �/1 !� ��K%���� Gaussian

vsigmoid i�� �

fh(ui) =
�

�+ e−ui/σ

vGaussian i�� �

fh(ui) = ce−u�i /σ�

v$%�� )�� �� C�� Z��� ! "� "Q� ��

φ(x, W ) = fh

⎡
⎣ n∑

j=�

xj · wij + θi

⎤
⎦

Linear Basis Function ��
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5/� 1� � �K9?� �6I� F�K�"%�, � F�K�"7>= �G�?� �� !� �>*0 F��"H>% :�% �!�%� "# !�= )���
&6�* F��$,!� 5/.a/�Q �AG�?� 56K( �� !� �K��� �� � ���� "��'� &6�* F��$,!� �� q6�
$8�/!� F���6n64 F���a?� �/�= 1� �/ � ���� �d, F�!�� F��!� F������ "# F�!��� !� ��D0 "� ��K%��
�� "� F1�-]�_8 i�� ;�� ^?� �� ��"H>% 5/� �������%�� "6X� �>*0 F��"H>% 1� ���I9-� ���%��
F�9'6� &S� !� F�K�"7>= �/ ^/�7 �/���� �d,�6\ F��"H>% "# ���%�� &6?7 �d,�6\ � �d, "9-�
2/ "� �! F��!� F���� "0��S� 2/ ���� �� "# �/��"/C ���_ ��D0 "� ��K%���� �!�� �! �G�?� 1�
"� �! "H>% !� ^/�7 F��$6A��U "/C �K( "H>% 2/ 1� ���I9-� � ���� �6|9� �!�aK� �Q��, F"0��S�

������ @/�.8� F�6a�'( �H%

^/�7 � F�K�"7>= �G�?� �� F��� �g�l � ���69-� 2/ BackPropagate &9/!�a+� 56� 5/� !�
1� ���I9-� �� BackPropagate "H>% 2/ ���% ]��0� F1�-"K6P� ]���8 �� F�! �� ���� �� "# �%����

v��%�� )�6� �/1 V!�X "� F1�-]�_8 i�� F��� sigmoid � "H>% i�� F��� LBF

ui(l) =
Nl−�∑
j=�

wij · aj(l − �) + θi(l)

ai(l) = f(ui(l)) l ≤ i ≤ Nli, � ≤ l ≤ L

� � ��%� � � 8� _� yi ≡ ai(L) � � � Q�� , F������ � xi ≡ ai(�) � � F��!� F������ )W !� "#
F�a+� 56��m F��� ��%�� ���I9-� F�6M�� / F��� "# F�"/� 4 ]���8 ������ )�'� �! ��"/C ���_ L

v�%���� �/1 V!�X "� m = �,�, ..., M "# :t(m) )W �� �e�K9� &A_� � :a(m)(�):F�6M��/

w
(m+�)
ij = w

(m)
ij (l) +	w

(m)
ij (l)

v�K#�� F��64 �/1 Z��� ! "0��S� 1� � �%���� �767� )1� !��7� 1� `��[�� 	w
(m)
ij (l) )W !� "#

	w
(m)
ij (l) = −η ∂E

∂w
(m)
ij

(l)

= −η ∂E

∂a
(m)
i

(l)

∂a
(m)
i

(l)

∂w
(m)
ij

(l)

= ηδ
(m)
i (l)f ′(u(m)

i (l))a(m)
j (l − �)

�
δ
(m)
i (l) ≡ − ∂E

∂a
(m)
i (l)

���d, i��� �U��� !��7� "# $-� F�[� "� θi O�/�� � wij F��)1� p1��W `�� Z/��% 5/� !�
�K_/ ���% "K6�# �_U�� �Q��, � �e�� F���� 56�

E =
�

�

M∑
m=�

N∑
i=�

[
t
(m)
i − a

(m)
i (L)

]�

least-square-error ��
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F��� :E !��7� "� "Q� � � ������ )�'� �! �Q��, F�J8 ��_�� N � �%1��W F���a+� ���_ M "#
v&/!�� δ

(m)
i (l)

δ
(m)
i (l) = t

(m)
i − a

(m)
i (L)

BackPropagate %6���
@ (���(

�! BackPropagate &9/!�a+� 1� ���- ]�� 2/ &6��� �� &69,���4 �P�W "� C�� !� "# �/��]���8 "� "Q� ��
�����&6K# <�d�

�/��7� !���� →
x )W !� "# �%���� (

→
x,

→
t ) �H% "� $IQ 2/ �%1��W F���� �� &6K#�� ��8

F�!�� ]�t� )��K0 "� � “learning-rate” � � � ��� � η :�%���� `�� �/��7� !���� →
t � "H>% "� F��!�

F������ ���_ nhidden � �Q� �, F������ ���_ nout "H>% "� ��F��!� ���_ nin :���� 
�
~ !��7�
���� )�'� wij �� �K#�� �X� j "� �! i "# �+�/ )1� � xij �� j ���� "� i ���� 1� F��!� :�%���� )�PK4

��%���� &9/!�a+� !��H V�_8� m = �,�, ...M � "H>% !� ��"/C ���_ L :��%��

method backPropagation (training − examples, η, nin, nout, nhidden, L)
create a feed-forward network with nin inputs, nhidden hidden units, and nout output units
initialize all weights to small random numbers (e.g. between -0.005, 0.005)
while the termination condition is not met for mth time do

foreach pair (
→

x(m),
→

t(m)) in training − example do

input
→

x(m) to the network and compute yi for every unit u of the network
foreach output yi in network layer l do

calculate its error term δ
(m)
i (l) as:

if l == L then
δ
(m)
i (l) = y

(m)
i (�− y

(m)
i )(t(m)

i − y
(m)
i )

else
δ
(m)
i (l) = y

(m)
i (�− y

(m)
i )

∑
j ∈ output wjiδj

end if
end foreach
update each network weight w

(m+�)
ji (l) = w

(m)
ji (l) +	w

(m)
ji , where 	w

(m)
ji = ηδ

(m)
j xji

end foreach
end while

end method

�&��29 !������ �� 
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" � � �$ 6 _ N� $ %� a � �� [ � � K _ / :�� % B� S �� � /� � " # $ -� " n �W F� 6 M�� 8 � 9 /� 7  F� 6 M�� /
� �� 0 ���
��� % " K 6 ' 6 � � � 0 )W B� S �� p��� 4 F�� 0 ]� K a 6 - " # F� [ � " � :B� S �� � �� U ]� � 0�
2 / B�� # " # � �� /� �!� $ /� P � !� � �� B� S �� � ���  � � " # � +� � 0� " 0� � S � B� �  @ /� �1W � � � 6 M�� /
� �  & P � $ +� � !� �$ %�� � ��� , ]� > �� " � B� S �� V!� X !� �! p��� 4 )�. 6 � 5 /� 9 ' 6 � ]� � 0� 5 /� 1�
"HA � $-� !�EM�6 g�l  ��W F��% $8� /!� p��� 4 !� �PK  " � ���0 F�- 1� ��% B�S�� ]��0� �  ��6n6 4
� � W '(� �� ��� � !�� U � 6 g�l  $ [  . 6 � �! ^ U� _ 9 � F� �p��� 4 B� �  )W ]� > �� " � � F� _ � $ 6 _ N�
�/�- "� $>?� �! )W "# �K9?� �9/�7  F�6M�� / 1� �96X�*, �� � 1�X * � � 6��� ? � �O1 � Y����;
" A � ? � 2 / V!� X " � " A � ? � � # " � � 9 /� 7  F� 6 M�� / p�! �� K K #� � . /� � 9 � F� 6 M�� / F� �p�!
p� a � 1� ;� � 5 /� �$ -� o� >  !� !� � _ d U � 6 \ Z 6 [ � 2 / � � � �� 0 )W !� " # �� a �� � ��
� ?R��
��K#�� F�6M�AQ ���%�� ��S/� �.S� !�= "� ��"A�?��/1 F�! .#�� "d-�� "� "# F!�6?� F��$/���[� 1�

2/ !� ��0 5/� Cm ��_� "# �S�W 1� � �%���� ��F!������P� � ���S9?Q �� �K9>� �9/�7 F�6M��/
�H% "� �! �J8 5/� ^-�K� p���4 )�!�W $-� "� F��� �/�� ���0 � ��%�� B�S�� �!.� F�6M��/ F�J8
!� ��P� !�6?� @7� Y��T9-� )�.6� � `�'9#� )�.6� 56� ^-�K� ]��_ 2/ ��S/� �K# �S9?Q ���#
� ��6M�� !��U ���I9-� �!�� ��K/W !� �9P� V���T9�� ��S/� F��� �S9?Q ��!�� F�6M��/ $0�- � $U�
�K��� ��� ��)W 1� 2/ �6� ��� :&/�"98�/ $-� )W "� � ��1 "# $-� � �0D=� 1� ���I9-� .6� F!������P�
"� "9?��� "# :�e�� �� �6M��/ ]�� 2/ 1� �9/�7 F�6M��/ �a/� F�- 1� ����% ]�>�� F!�*[�� �H% "�
�/�= 1� F�6M��/ :Z6[� �� ���0 2/ ���7 !� "# ��( �K#��� F��64 :$-� ��% "��S @64 1� F��"����
)��K( �K%�� "9%�� �[6[X V�0D=� � �K%�� �%�4 $+�� F�J8 B�� �� "# ��% &���8 @64 1� F������

���
��%�� ��, F��"��S F"/�4 �� F�6M��/ "� !��U �/�� ���0 �d6[� 56K( !� � $?6� 5H��

v1� �K !�>0 "# $-� !��9-� �AX� B�PI� "- F"/�4 �� �9/�7 F�6M��/ �A# !�= "�

��%���� �K���- F�6M��/ F��� � $?��� Z6[� �� o�> !� !� �/�� "# F.6( �� vState x�
�&69?� )W r�T � F��� ���! ]�>�� "� "# ��6�* �� vAction x�

�$8�/ $-� )W "� �/�� "# �/�P� F"S69� vGoal x�

F�a+� 2/ "� �! ��8 V�0D=� "# ��%�� c/�_ ��.6��H� �6M��/ &9?6- 2/ !� B�PI� "- 5/� "� "Q� ��
v$-� �/1 &6��I� �� ��9'� B.6��H� 5/� ��K# �/�> F�6M��/

���action � ��State 56� $%�a� vPolicy •

�)W ��W F"S69� � Z6[� F�! action 2/ L�!�D� �6g�l vReward •
�Z6[� !� ��action "� 59,���4 V�� �KA� �g� vValue •

��K#�� fH_K� �! Z6[� !�98! "# "n�W v���d6[� ]�� •

goal-directed ��

exploration ��

exploitation ��

Model of the environment ��
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Environment

Agent

rt

rt+1

st

st+1

State
Action

Reward

at

�9/�7 F�6M��/ ]�� v�}{ �H%

:Policy ��S/� �� � :��Goal �/ Goal � ��Action :��State �6T' �� :��8 &6��I� "0��S� "� "Q� ��
���%�� &���8 F�6M��/ )�H�� :�d6[� ]�� � Value :Reward

� �$��� ���A N ����(

��KK#�� ���I9-� ��Markov & /0* 6����? ��-! h�(!�( 1� �9/�7 F�6M��/ "K6�1 !� )!�� V�767[ 
� K K #� � � �� 7  & � � � " 9 ? ? M � �� �1 F� �� H 6 - 1� " 0� � S � 2 / !� Z 6 [ � � � �� 0 h� (!� ( 5 /� !�
h�T9�� �! at ��0 � �K#�� k!� st $+�� 2/ ^+�U !� �! Z6[� ���0 B�M �� !� �t = �,�,�,�, ...

2/ �U�I � �H% "� � ����� B�S�� st+� �/�Q $+�� "� �! �8��* !EM 2/ :Z6[� :�-�4 !� ��K#��
�x��
��}{ �H%y �K#�� ]�-!� p���4 )��K0 "� �! rt+� ∈ � F��0 !��7�

]�t� )��K0 "� ��K#�� $8�/!� &9?6- 1� "# $-� �%���4 @/�.8� $PQ !� ���! ]�>�� "� ���0
���% "K6'6� expected discount return !��7� "# $-� �AH% "� at ��0 �� h�T9�� �.6a�� 5/� ]���9�

v ��%�� c/�_ �/1 �H% "� !��7� 5/�

E{rt+� + γrt+� + γ�rt+� + ...}

��%���� � ≤ γ ≤ � � discount-rate �9��!�4 γ )W !� "#

��K%���� ���0 2/ F��� &6�* r�T � $-�6- !� F1�-"K6P� ]�>�� "� �9/�7 F�6M��/ F��p�!
F�! ��% i/1� ]��9�� "� �/ � ]��0� "� ��$+�� 1� �9%�a� �% "9IM "# !�=)��� Policy �/ $-�6- 5/�
1� !�� VC�� �� "PQ��� !� "# F�"��M "� $-� ��% ��6,r `�I% �m9>?� ^+�U 2/ !� $-�6- �$-� ]��0�
)��K0 "� �! π $-�6- $[ s $+�� !� )��� 6��� &6��� �� �$-� �6+� ���U �>-�K� F���-�4 !�j9��
�9-�! 5/� !� "# �_�� �&6K# c/�_ π $-�6- 1� F��64 � $+�� )W 1� ;��% �� expected discount return

���%�� �����, Policy )W F��� State-Value i�� �!�a��� ��)W 6��� "� �! ��$+�� F"�� �/��7�

V π(s) = Eπ{rt+� + γrt+� + γ�rt+� + ...|st = s}

Markov decision process ��
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& 6 %� � " 9 %�� s VC� � B� �  F�� � " # �� %� � �� ��� , π′ $ -� 6 - 1� � 9 P � � d /�� % !� � P K  π $ -� 6 -
�9P� "67� "� $>?� "# ��!�� ��Q� $-�6- �K( �/ 2/ �!���� MDP ���K9� ]�� 2/ !� �V π(s) ≥ V π′

(s)
i�� 2/ ��)W F"�� � ���%�� �����, ���B� ���4)��) :��$-�6- 5/� ��K9?� F��?� ��)W �� �/

���!�EM�� k��9%� "� &� �� �! State-Value

Q � �$��� %�!�O# ����(

��%�� ]��0� $-� ���7 !� Z6[� �� "# �A��0 F��"��S "� �m�679?� �9/�7 F�6M��/ 1� $+�� 5/� ���-
one-step tabular p�! "� )�� �� "���� 5/� 1� ������ �66|  �767�)��1 p�! 2/ !� �! $-�6- �
1� !EM �� � ���� �9/�7 F�6M��/ ;���� 5/� ���- 1� "# ��# �!�%� Q �+��Q B�M 2 F�6M��/ �/ Q-learning
Y�1 �� F��� :��%�� �T'� Q �� "# :]��Q 5/� ��K#�� ���-!1�!"� �! ]��Q �X�K0 1� �H/ $+�� ��
$8�/!� � at ��0 B�S�� 1� f4 st+� "� st $+�� 1� !EM �� ��!�� Q(s, a) F��!� 2/ a ��0 � s $+��

v�%���� �/1 �H% "� &9/!�a+� 5/� !� ���-!1�!"� p�! rt+� p���4

Q(st, at)← Q(st, at) + α
[
rt+� + γ max

a
Q(st+�, a)−Q(st, at)

]

�8�# V�8�'9#� 56�J ��y ^-�K� 56���U 1� ���I9-� �� �$-� $>t� �	:�" �����9� �9��!�4 2/ α )W !� "#
�� �9�0��E ��� � 2/ ]��0�� "# � !�X "� :��%�� ��a�� �K/W�8 5/� x)��1 !��� �� α )�.6� @��# �
�AH% "� s $+�� �� !� a ��0 h�T9�� "��*/�� $-�6- ��K#�� ��S/� �! "K6P� h��Q Q ]��Q F�!
)�6-! )�H�� &9 /!�a+� 5/� 1� ���I9-� � � 5/�� �� K � ��%�� "K6'6� Q(s, a) !��7� ��0 )W F��� "# $-�
���%�� 5H�� Z6[� 1� �/�4 ]�� 59%�� )��� � ���W $-� "� V�6��S "� "Q� �� �PK "K6P� $-�6- 2/ "�

F��p�! �$-� �9 /�7  F� 6M�� / F� �p�! 1� ��� - !� 6? � " ��� � 2/ �% �!�%� C� � !� "n�W
p1��W ���U 2/�9��!�4 i�� 2/ )��K0 "� �! )W "HA� �KK#��� ����= ]��Q 2/ ^+�U !� �! Q � ��6n64
"� ��$+�� F� ! $6X�*, &6�_ )�H�� ��0 5/� 1� ���I9-� �� ��KK#�� ���64 �>*0 "H>% 2/ �6j�
!� ������ @��# �! 1�6� �!�� F"j8�� � F�6M��/ )��1 F�"j�D� ���U !��7� "� "# ��%�� &���8 �M��-
:�K#�� �6�[ �! ��/1 F"j8�� � � �>-�[� F"K/.� ]��Q 2/ "� $+�� F�J8 $%�a� "# �d/��%
� ���- ]�� F��� Q �6M��/ &9/!�a+� �/1 !� �$-� �K���- !�6?� Q ^+�U F��� �6M��/ F��p�! 1� ���I9-�
iQ�� !� )�� �� �! �9/�7 F�6M��/ ;���� �/�- ��*, !� �9'6� ^+�d� �$-� ��% ��!�W �+��Q B�M 2 

�$8�/ ��
�

method Q-Learning
initialize Q(s, a) arbitrary
foreach possible episode do

initialize s

repeat foreach step of episode do
choose a from s using policy derived from Q

take action a, observe r, s′

Q(s, a)← Q(s, a) + α [r + γ maxa′ Q(s′, a′)−Q(s, a)]

step-size ��



�� ��� ������� {}{

s← s′

end foreach
until s is not terminal

end foreach
end method

*+	 !�,����  � 
�-! �� � "_+�d� �!�� �K6-��� ! &6 !� ��% ���I9-� F�6M��/ F��&9/!�a+� 1� F���_ "+�-! 1� �*8 5/� !�
�8�_� �9/�7 F�6M��/ � �>*0 F��"H>% :&6�* F��$,!� @T� "- !� ��&9/!�a+� 5/� ��K98�M !��U
F��$,!� ]�� @T� !� ����%�� h�?[� F�6M��/ F��p�! 5/� ���!�#�4 1� �N�� ]�� !� � ���%
C4.5 !�.8�B�� ����� "� )W !� @K/.M �,�% h�T9�� F��[� � ID3 &9/!�a+� ��, !�= "� � &6�* 
� ���% �8�_� BackPropagate &9/!�a+� ����� "� �>*0 F��"H>% &6��I� B�� @T� !� ����% �8�_�
!� ��K98�M !��U "_+�d� �!�� Q &9/!�a+� F�! �*9T� �6N� �� �9/�7 F�6M��/ �,W @T� !� $/�P� !�
�-!�� �!�� �! �����% F1�-���64 ����/� 5/� 1� ���I9-� �� "# �K6-��� ! ���0 1� �/��@T� "+�-! 5/� F"����

�&6���� !��U
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@ /� �1W F�� � � > -� K � � 9 ? � F1� -" 6 > % & 9 ? 6 - & 6 9 ,��� 4 )W " � �� 9 �� !� " # " n �W " � " Q�  � �
56aK- F��"K /.� �_U�� F�6 �� !� ��Q�� F��&9?6- !� ��% �8�_� �0�K*� p�� F��&9 /!�a+�
@/� �1W $ 6A �� U �  � �� %�� `� X F!�. 8�$T - ^-�K� � 9? � 2/ ��S/� F�� � �!���� �+� � � ��� �1
F!�. 8�$ T - F� �� M� 6 n 6 4 5 /� `E � � � F1� -" 6 > % & 9 ? 6 - �� �!�W & ��� 8 �! � K � %� � F� �p�!
�$ -� ��� � � & ��� 8 �� /1 � +� � V� �� H �� " � 1� 6 � )�� � �! F� 6 M�� / c A 9 T � F� �p�! @ /� �1W )� H ��
$ 8� M !� # " � V� �� ! 2 / �� H A � 0 p1� �W � � 6 [ *  F�� � )��  � � " # � /� �p�! 5 /�  ]��� 9 �
F� 6 M�� / $ /� P �!� � 2 6 9 �3 F� �& 9 /!� a +� :� 0� K * � p� � F� �& 9 /!� a +� :& 6 � *  F� �$ ,!�
!� �� % ��� I 9 -� F� �p�! � A X� & 6 �� I � � � " d ��! !� F� * 9 T � � 6 N�  { � * 8 !� �$ -� � 9 /� 7  
� �p�! 5 /� 1� ��� I 9 -� � � " # $ -� )W � � � _ - � * 8 5 /� !� � � % " G�!� � K 6 -� �� ! � �� 0 2 / p1� �W
�&/1���b� $-� "98�M !��U F1�-���64 � @/��1W �!�� �K6-��� ! ���0 !� "# &P� V!�P� �� F�6M��/ �6N� "�

�6N� V�% V!�P� p1��W F��� �! BackPropagate �>*0 "H>% 2/ 1� ���I9-� �}~ @T�
"� u� 26A% !� ^-�K� &6�* r�T � !� 5H/1�� )���� ���� V!�P� 5/� F1�-���64 1� `�� ���� ����,
���I9-� �}~ @T� !� ��%���� �1�� !� �,�� "� )W ��!� � )��1�� !� 1� u� !�>0 56�J � �1�� !� $�-
F"/��1 1� V!�P� 5/� ��% ����, �-!�� )��� O�4 V!�P� p1��W F��� C4.5 !�.8�B�� � ID3 &9/!�a+� 1�
F��, )�KH/1�� 1� F�"0��S� 56� 1� u� !�>0 `�� )W !� � ��%�� �-!�� O�4 ��KK# ]�-!� 5H/1�� �/�

���� ����, ��, F"d7� 2/ "� )W )�6-! 56�J $/�P� !� � c/�� �

6�� 6���� �� �B+A $(B� �� C���&�� ��)
r�T � $?6+�> �8 ���0 2/ F��� �E+ � �%���� �M )�6��-! ��g "� ]�> �8 F1�� 2/ !� ���.6a�� 5/� &P� 1�
B�aK� !� ��%���� &P� !�6?� �A_8 $6_N� "� "Q� �� 1�69�� )�!�W $-� "� )�H�� !� $-!� &6�* 
u� �� !� 1� &� �/�� 5H/1�� �% �!�%� ~}{}� @T� !� "# !�= )��� �1�� !� $�- "� V�% F��� &6�* 
"� �/�� "d7� 5/� ���� �6T' �! u� 26A% F��� "d7� 5/� ^-�K� &� � �K# ��64 )�K6�=� �1�� !� "�
5/� 1� ���I9-� ���% Y!�, �1�� !� 1� u� "� � �%�� ���� u� ^��* !� )��1�� !� "� "# ��% h�T9�� F�[�

z
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]��9�� "HA� �K#�� ���� u� 26A% F��� "d7� 5/� ^-�K� �6T' !� �! 5H/1�� �PK "� V�% !� p�!
���1�� 56�T .6� �! "d7� 5/� "� u� ��!�

� �K9?� &6�_ � F�K�"7>= F��� �>-�K� !�.�� �>*0 F��"H>% �}{ @T� ^+�d� "� "Q� ��
$+�� 2/ "� ������ 1� F�"0��S� $%�a� F��� F!�.�� )��K0 "� �! ��)W 1� ���I9-� )�H�� �Ms/� 5/�

�&6K#�� �8�_� �! V��� ! p1��W !� ��% ����= F�a+� "���� !� ��!�W�� &���8 ��,

��P7# Q�B# ��D� - >� ?� ����=

F��� "d7� 5/� ^-�K� "# $-� F�[� "� �1�� !� $�- "� 26A% F��� f i�� p1��W "A�?� 5/� !� `��
�� 5H/1� � 2/ ��%�� )W �Q��, :�1�� !� "� u� ��!� )�H�� V!�X !� :�1�� !� $�- "� u� 26A%
2/ F�6M��/ � f i�� "� �K���- F���9��!�4 ]��0�� :��, F���a?� �/�= 1� �d6[� V�0D=� $8�/!�

����/ $-� &P� 5/� "� ���� �� f i�� )��# ]�� F��� �>*0 "H>%

v&6�� B�S�� �! �/1 ]��0� �/�� �>*0 F"H>% Z-� �� ���U F�a+� 2/ "� "A�?� �/�> F���

F��$+�� $%�a� )�H�� "# � !�X "� "9??M F�J8 2/ "� F1�� 56�1 F"9-�64 F�J8 �/�> x�
"9%�� ��Q� 2/ "� 2/ �e�K 2/ ^+�U !� F�K�&6?7 5/� cA9T� F��@T� "� ��% F!�Wi�Q

��%��

F�� � "# $ -� V�0D =� 1� F�"0��S � ���% iU�� !� "# Z6[� 1� 1� 6 � �!�� F������ Y��T9-� x�
��K9?� �8�# � B1C V�% ��*, !� F�6M&6�* 

u� ^��* �6j� "6+�� F��V!�P� B�S�� !� �/���� �� :&Q�P� ���0 )��� !��U !� trainer 1� ���I9-� x�
episode 2/ ��S/� � F1�� 56�1 !� �[>9� )��1�� !� 2/ .6� � :��, "d7� 2/ $�- "� "��N �
56�1 1� Y��, :)�% �M V!�X !� � ��%�� 1�\W &Q�P� 5H/1�� Z-� u� 26A% �� "# �'/��1W

���/E4�� )�/�4 )��1�� !� F�- 1� u� ^��* �/ �

�"9??M F�J8 1� �T'� ���� 2/ "� �%1��W F���� $%�a� F��[� x{

i�� 2/ ��S/� !� ]�� B�M �J8 &6?7 ���% B�S�� �J8 &6?7 V�6A�0 �/�� ;��% !� ��8 ]��0� "� "Q� ��
"� �m1�S� )�� �� �! ���%�� ��S/� ��0 5/� �Q��, )��K0 "� "# �IA9T� F��"7>= �$-� ��KK# F�K�"7>=
�� �9P� )�6� "� ��K9?� �!�� �! F��!� F���� "0��S� 2/ p�/E4 $6A��U "# $8�M �j� !� �/��"9?� �H%
� �%���� ��"7>= 5/� 1� �H/ ]��_� f F��% ��1 56�T i�� 1� !�>0 1� f4 F��!� F���� "0��S�
��0 :�% ���� �6N� � �*8 !� "# !�=)��� ���# 26HI &� 1� �! ������ )�� �� )W F"d-�� "�
}��
�m !��7� 1� "# �%���� �{�
�m �K_/ goal width �� ����� F�_��� F1�-"6>% Z6[� !� �1�� !�
5/� 1� u� !�>0 V!�X !� � $-� ��% ��6'# :c/�� �1�� !� F��� x = ��/� F�1� "� :y F��� ��
� � 
&6?7 $8�M !��U ���I9-� �!�� �J8 F�K�&6?7 F��� @T� 5/� !� "# F���/� ���6M�� �H% �M 2/ �J8
�! f i�� ��� F�K�&6?7 5/� �x�}~ �H%y��� :~
cm F"AX�8 �� :$�?U �� "� �1�� !� ���7� F"6���
1� "d7� 2/ �� �e�K9� "# "7>= 2/ "� :�%1��W F������ )��# �!�� �� )�� �� )W Z-� "# ����� "S69�
� $-� F�K�&6?7 ���� 2/ F��K/��� si )�H64 �� �}~ �H% ���d� ��6-! $-� �1�� !� F�K�&6?7 

���%�� ]��0� ��)�H64 5/� B�� F��� �%1��W F���� �� !� �1�� !� $�- "� V�% ��0
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sx

pb
x

pgxx
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x
x
x
x
x
x
x
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x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx

s1

s29

xxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxx

x
x

distcb

dircb

s2

s14

s8 =  010001
states in which

ball enters the goal

Binary translation of a 
successful state

V�% ��0 F��� �6M��/ ���0 p1��W F��[� v�}~ �H%

"AX�8 )�6� 5/� !� ����% @K/.M V�% $6_N� �-!�� !� �g�l � F���9��!�4 �/�� F�_� @T� !�
�� u� "/��1 � :distcb:�1�� !� .#�� 1� u� "AX�8 :�pb :u� �[� !���� : �pg :c/�� &6 )��1�� !� )�H� !����
�H% !� ���9��!�4 5/� h�T9�� 1� F�"���� ����% h�T9�� �6I� F���9��!�4 )��K0 "� :dircb :�1�� !� .#��
u� 26A% !� B1C �/���� &Q�P� 5H/1�� "# $-� ��% ��8 Z/��% 5/� !� �$-� ��% ���� @/��� �}~
��% ���I9-� 5H/1�� )�� 5/� @6� 1� �1�� !� "� u� 26A% F��� � $-�!�� �! ���T+� "d7� "� )�� �t#��� ��
�6\ �/�9-�! !� u� �+��9�� $0�- Ǳ�- �g� i8! F��� B1C V!�P� F�!�� &Q�P� 5H/1�� "HK/� 5�N �$-�
F��!� ����H% F��� ��% ���� .6� F���9��!�4 $?6+ �}~ ]��Q �$-� ��% ��8 ���T+� F�9-�! 1�
������ )�'� ���/Eb� �K��� �� ��)W 1� 2/ �� "# F!��7� 5/� @6� ����� "� �! V�% �%1��W F���� 2/

�� ]��_� episode �� ���# ���I9-� p1��W F�� episode ��S/� F��� trainer 1� �/� � �_� B�M !�

V�% V!�P� p1��W F��� ��% h�T9�� F���9��!�4 v�}~ ]��Q
&�'�( ���<�� �
�,� �/�
��

�%�� "9%�� x !�[� F� ! ���� �� c/�� )��1�� !� "# F!��7� 5/�9'6� ~��~ pgx

�%�� "9%�� y !�[� F� ! ���� �� c/�� )��1�� !� "# F!��7� 5/�9'6� �{ pgy

�%�� "9%�� x !�[� F�! ���� �� u� "# F!��7� 5/�9'6� ~��~ pbx

�%�� "9%�� x !�[� F�! ���� �� u� "# F!��7� 5/�9'6� �{ pby

�1�� !� $�- "� V�% F��� &Q�P� F"AX�8 !��7� �t#��� �
 distcb

�1�� !� $�- "� V�% F��� &Q�P� F"/��1 �t#��� �z
 dircb
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1� ���I9-� �� ������ )�'� �! ��, Z/��% !� V��� ! ��HA�0 F��[� � $-� �%1��W $+�� 2/ ���,!
"� "Q� �� ����%�� ��S/� �%1��W F���� n ���_ epsiode n ]�= !� ��% F!�Wi�Q F������ "0��S�
���� �� "# � !�X "� $-� F1�� 1� �X�, $+�� F1�-"6>% $6A��U �� ���� 2/ trainer :� �*8 ^+�d�
F!�Wi�Q )�H�� � ����� ��S/� &Q�P� 5H/1�� F��� �! �1�� !� $�- "� V�% Z/��% !�H� V�_8� ���_ "�
c/�� )��K0 "� �! C�� �/���� �� )��1�� !� 2/ �/�� !�jK� 5/� F��� ��K# &���8 �! 5H/1�� 5/� F�- 1� ����
:p1��W )�/�Q !� ���� ���I9-� F�6M��/ �K/W�8 !� !�H�� ���0 !�jK� "� )W �/���� 1� � ����� h�T9��
� &Q�P� 5H/1�� F��� �! )�?H/ Z/��% "> �� �� �K_/ �1�� !� Z, F�! ��% &6?7 o�7� ���_ "� trainer
!� "n��K( ��K#�� V�% "d7� �� 5/� 1� �H/ "� &Q�P� 5H/1�� $+�� �� !� � �K#�� ��S/� )��1�� !�
F��� 5H�� o�7� "0��S� 1� �H/ )��K0 "� "d7� )W &6-�� �M "� "d7� �� 5/� 1� 2/�� $�- "� V�%
$6_N� 5/� :"d7� �� �� @/��1W �� �M )�6��-! ��g "� !� $678�� B�0 V!�X !� ���%�� $>g )�1 �M
�� �/� �� F"0��S� 2/ 598�/ )�/�4 �� ���%�� $>g �M )�6��-! ��g "� !� �8���� $+�� 2/ )��K0 "�
F��� ���� F!�Wi�Q ��0 ��)W 1� 2/ �� �/�P� F"S69� $>g � �� epsiode F��� )�?H/ ;��% $6_N�
"� F�/�Q �d6[� Z/��% !� )��1�� !� � &Q�P� 5H/1�� )��� !��U �� trainer � "98�/ "� �, $6_N� 2/
�� F"0��S� �� ���6M�� �- 1� �! �a/� �/� �� F"0��S� 2/ F��� ���� F!�Wi�Q :�8��* �H%

�$8�M ����, !��U ���I9-� �!�� �>*0 "H>% !� F��!� F���� "���� 2/ )��K0 "� $/�P� !� �/� 

F������ $%�a� ��0 �/�� :&69,���4 )W "� C�� !� "n�W ���d� B1C F������ F!�Wi�Q 1� f4 ���
��g "� !� "d7� �� �� @/��1W �� 5H/1�� "# � !�X !� ���% B�S�� VC�� 1� �H/ "� ��% F!�Wi�Q
!� ��� ���%�� $>g �8�� �6\ $+�� 2/ )��K0 "� $6_N� � $-� ��% �� "A�?� �%�� )�� �� �M )�6��-!
26A% !� 5/� ^-�K� �/�J8 "( "# $-� 5/� ]��l - ��% �8�� �M )�6��-! ��g "� !� 5H/1�� "# �d/��%
���7� F�J8 &6?7 )��� iU�� !� �/�J8 F�K�"7>= "# &/�%�� �#E9� �m��S� ��%���� )W "� u� 
"d7� h�T9�� F��� ��%���� �J8 5/� `�_� )��K0 "� "d7� 2/ h�T9�� � �1����&� ���� �� "� �1�� !�
� 5/� !�� 56� $-� "j�D� ���U �}~ �H% !� "# "��M )��� ���%�� ��0 �}~ �H% �� "��'� ^-�K�
�K_/ $-� ��% �!�� �1�� !� "� ��)W !� u� "# :)��1�� !� "� $>?� :"9??M F�J8 1� o�7� 5/� 2/�.�
!� o�7� "0��S� 1� �H/ "� �/�> �� "d7� 5/� � ��%�� h�T9�� $-� s� "# ���6� F"d7� :s�� � s� o�7�
���I9-� �� �9P� )�6� "� ���%�� "98�M �j� !� )W "� u� 2A6% F��� ^-�K� `�� )��K0 "� "9??M F�J8
�1�� !� 1� )�% Y!�, F��� ]��9�� 5/� &# "# �! )��1�� !� F��$-� 1� "d7� 5/� !�� )�� �� p�! 5/� 1�

�$8�/ V�% !� `�� F"d7� )��K0 "� $-�!�� �!

R���# ��'� ���* ��D� ����=

F� ����� F!�Wi � Q � � Q� � , F� ����� F� K �" 7 > = )�� � � � T ' � :F��!� F� ����� � 6 T '  � �
�$,�- �! �>*0 "H>% �/�� ]�� �&/���!�W &���8 �>*0 "H>% ��S/� F��� �! B1C V���H�� :^-�K� �%1��W

"H>% "# �1 O�� )�� �� &/��# �!�%� ��)W "� �}~ ]��Q !� "# F��!� F���9��!�4 "� "Q� ��
F��� "# ���% ]���� �/�� "H>% "� )�% �!�� 1� @64 F��!� � 5/� �$-�!�� F��!� F���9��!�4 F��� ��M �
� &6K#�� &6?7 �}~ ]��Q !� "K6'6� !��7� �� �! trainer �/�= 1� ��% F!�W i�Q !��7� !�jK� 5/�

�&/!�W�� $-� "� �! ��% ]���� �/��7�

�~: �� iQ��� 1� )W ��S/� F��� "# $-� �Q��, F�K�&6?7 $,�- "H>% ��S/� !� @T� 5/� &P�
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Σ Σ
a 6 Node
input data

5 Nodes
in hidden Layer

6 Nodes
in output Layer

θ i θ i

tgsig logsig

V�% p1��W !� ��% ���I9-� �>*0 "H>% ]�� v�}~ �H%

�! ���� 2/ �E+ � �!��� ��Q� V�% )�H�� �1�� !� "� u� ��!� B�0 V!�X !� "# &69IM ��% F!���� ��/�
B�aK� !� ����� �/�- � ��� 5/� ��'� �!�� �1�� !� "� u� "n��K( �&/�6M�� �j� !� )�H�� 5/� �-!�� F���
���6M�� �! 2/ !��7� ��� 5/� ��% �!�� �1�� !� "� u� "# � !�X !� � ����M�� �IX �%1��W F���� ��!�
$+�� �� 1� �H/ "# �! �d� �!�� $+�� �/�� $-� ^-�K� 26A% F��� "d7� B��# "# 5/� �6T' F��� ���
"� �! $+�� �� 5/� !�# 5/� F��� �&6K# h�T9�� �% ���� �6N� )W h�T9�� p�! �>U @T� !� � �%����
"� �&6���� @/��� �� F�K>� !� ��0 2/ �� �! VC�� 1� 2/�� �K_/ &6K#�� $%�a� F�K/�� F�J8 2/
��M � �m_�Q $678�� �6T' ��M 598�M �j� !� �� "# &/!�� 1�6� ��� ~ "� VC�� 26HI F��� ^6 � 5/�
F�K� &6?7 1� &��S� F"d7� !� u� ]�t� )��K0 "� �M� F�K� &6?7 5/� "� "Q� �� ��%���� �Q��,
��% �1�� !� �!�� &�� "d7� !� �M� � ���� �

�
� �H% "� �Q��, �%1��W F���� ��% �!�� �1�� !� "�
�! �1�� !� "� u� ��!� !� $678�� $-�! $�- !� � 56+�� "# �%���� 
�
�
� V!�X "� F�K�&6?7 

��KK#�� �T'� �! $+�� F�!��% F�_� &U! ~ � ���� @/���

"� ��M ~ ���_ "/C 5/� !� "# �% "98�M �j� !� )�PK4 "/C 2/ �� "/C �� "H>% 2/ �j� �!�� "H>%
�K#�� �*9� )�PK4 F"/C "� �! F��!� F"/C "# F1�-]�_8 i�� ��K98! !�# "� )�PK4 "/C F����� )��K0
$/�P � !� ��%� ��� tgsigmoid �Q��, F"/C "� )�PK 4 F"/C ]�* � F1�-]�_8 i��  � logsigmoid

"H>% 5/� @/��� �}~ �H% ��% ]��0� "H>% "� �6M��/ &9/!�a+� )��K0 "� BackPropagate &9/!�a+�
�$-�

5/� ���# ]��0� "H>% "� �! ��% F!�Wi�Q �%1��W F������ )�� �� "H>% ��S/� 1� f4 $/�P� !�
)W "� �}�}{ @T� !� "# least mean square F��� !��7� 5/�9'6� "# �K#�� ��64 "���� ����1 � ��0

���% �9�# δ !��7� 2/ 1� &/��# �!�%�

	�* �6N $  N ��* ; 	��O6� S��6� ����=

"9%��� ��Q� �AH'� &9/!�a+� ]��0�� � ������ F!�Wi�Q !� "# �d/��% !� p1��W ��0 598�/ )�/�4 ��
]�� 5/� !� ���# ���I9-� V�% ��HA�0 �9-!� )�.6� 566_ F��� F!�.�� )��K0 "� "H>% 1� )�� �� �%��
"� u� ��!� ]��9�� )�.6� )��K0 "� ���� �� �>*0 "H>% $X�, "� "Q� �� ]�� ��M 1� �Q��, !��7�
p �K_/ �1�� !� $�- "� 26A% F��� B1C ]��9�� 1� !��7� 5/� "# � !�X !� ���6a� !��U ���I9-� �!�� �1�� !�
"# F�"7>= F�!��% &6��� �� :&6K# ]��0� �/1 Z/��% �� f i�� 2/ :�a/� ��M ~ F�! "n��K( :��� �9M!.�

Node �
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�&/!�W $-� "� �! ^-�K� "d7� �m9S69� � $-� ^-�K� V�% F���

f(x) =

⎧⎨
⎩

� if x < �/�

� if x ≥ �/�

"# "��'� � �>-�[� ]�� �� F�6M��/ p� ! 5/� )W $-!� ��HA�0 1� )�K6�=� � &9/!�a+� 5/� ]��0� 1� f4
&9/!�a+� �� 5/� "?/�7� 1� �}~ ]��Q � $8�M !��U "?/�7� �!�� &69,���4 )W "� ~}{}� @T� !�

��% �X��

�6M��/ V�% �� � �>-�[� V�% &9/!�a+� F"?/�7� v�}~ ]��Q
4�,+�� �0�� 4�,+�� �
�*( �9�� S �� �+��;( ���.���9K �
�*( H/����I


��
�z �{ �� � �>-�[�
��~�� {� ~{ �6M��/

)�6-! !� F�6M��/ &9/!�a+� 1� ���I9-� "# $8�/!� )�� �� ��8 ]��Q 1� �X�� w/�9� "� "Q� ��
$678�� �X!� �}~ ]��Q !� ���� ����, �K���- � �>-�[� &9/!�a+� "� $>?� � �8�� ]�� 2/ "�
�! &9/!�a+� 5/� 1� ���I9-� "# $-� �9'6� �� ���� � �>-�[� "��'� �!�� "� $>?� �6M��/ &9/!�a+� !�
1� F�"0��S� �/� � V�% "� B��U� F��� � �>-�[� V�% !� "# 5/� 5�N ��K#�� �Q!� V��� ! �# !�
�! V�% V���N ���_  ����  �� "# �AH% "� $?6� ���- )��K( ��)W h�T9 �� � �K%� � ���X 56��� U
� ���  �� " A ��� � � !� "H>% 1� ]�� ��M !�� 7� � 6 M�� / V�% !� "# )W ]�� �K# �� /1 �� 1� @ 6 � � / &#
}~ ]�� Q � /�� 7 � " � " Q�  � � � �V� % ��� _  !� V�� I  5 /� �� %� � V� % " � B�� U� F�� � � > -� K � !� 6 _ �
�$-� � �>-�[� F��V�% ���_ ����� �� �m���� �6M��/ F��V�% ���_ "# F!�= "� $-� �/�* ���U .6� �

p1��W F��� "# $-� F��/1 )��1 $-� <�d� �J_� 2/ )��K0 "� "H>% 5/� p1��W !� "n�W ���
�! ������ fb- � �K# V�% V��I9� )�H� �� "� �/�� 5H/1�� $+�� �� !� "# ��( ��%�� `�X "H>%
F��/1 ���_ F!�Wi�Q F��� ]��0� 5/� F"0��S� "# �K# o�>K9-� �! `�� F"d7� � ����� F!�Wi�Q
c/�� &6 F�- 1� u� 598�M !� �g�l� ���0 ��D0 "� ���%�� �H'� 1��� ^Q�� � ���� ��)��1 !�6?� ����
1� &9/!�a+� 5/� !� �K%�� �1�� !� )�!� c/�� )�KH/1�� "n��K( � �%���� )��1�� !� �PK &9/!�a+� 5/� !�
���"98�M !��U �1�� !� !� c+�T� &6 56_8��� "# F�!��� !� $-� 5H�� �E+ ��%�� �j�`�X ��)W ��Q�

��KH� ��0 �8�� V�%

D�E 6���� �� .�0+9 7@�� �� C���&�� ��)

$>?� ��V��� ! "� ��6 ��HA�0 2/ p1��W � ��%�� <�d� ��6 F"d6� !� V!�P� 2/ )��K0 "� O�4
k!� ����0 1� F�"0��S� �/�� `�� ]�*[9-� F��� "# ��( $-� � $T- ^ ��� "� F��8 ��HA�0 "�
!� O�4 � �>-�[� F1�-���64 1� ���- F�"���� ��K/��� F!�H�� �a/�H/ �� � ����� ��64 Z6[� 1� $-!�
1� � �>-�[� &9/!�a+� 5/� �% �!�%� @T� )W !� "# !�=)��� ��� $8�M !��U �-!�� �!�� �}{}� @T�
��%���� �K���- !�6?� Z/��% 5/� !� �6M��/ ]�� 2/ 1� ���I9-� �E+ � $?6� !��!�,�� �/C�� )�K6�=� $6A��U
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5/� �&6���� !�� U �-!� � �!�� �! � K 6-� �� ! &6  !� ��% ���I9-� O�4 &9 /!�a+� $�?U 5/� !�
"� "Q� �� ��K#�� ���I9-� VC�� F�K�"7>= F��� F��� ID3 &9/!�a+� � &6�* F��$,!� 1� &9/!�a+�
F��� !�.8�B�� 5/� 1� ���I9-� :�% ���� �6N� C4.5 !�.8�B�� �!�� !� {}�}{ @T� !� "# �/���Ms/�
$-� "9-�64 F�J8 2/ 1� F�"���� � $-� ��% ��S/� !�.M!�# &9?6- !� "()W �� "��'� �/�J8 F�K�&6?7 

��%���� �K���-

��P7# Q�B# ��D� - >� ?� ����=

5H/1�� 2/ "� $>?� �d6[� Z/��% "n��K( "# $-� F�"��M "� f B�� "� �_�� ��S/� `�� "A�?� 5/� !�
�! 5H/1�� 5/� Z-� u� $8�/!� ]��9�� ����9� f :���% ]��0�� )W "� F��!� F���9��!�4 )��K0 "� `��

���.� 56�T 

���U "A�?� 2/ "� "A�?� �/�> !�jK� "� ��% "9%���� ��
� 1� F�6M��/ p�! 5/� ��S/� F��/�
v���% B�S�� �/1 F���K/W�8 "0��S� �/�� &6�* $,!� �� ��

�&6�* $,!� p1��W !� &P� F����� F"0��S� �/�-�K% x�

� F1�� 56�1 !� )�KH/1�� 1� F�"0��S� F��� O�4 Z/��% !�H� ��S/� `�� �� trainer 1� ���I9-� x�
���% F!�Wi�Q F������ "0��S� ���)��1�- � F!�Wi�Q

1� @T� 5/� !� "# &6K#�� ����'� �>*0 "H>% ��S/� !� ��% )��K0 Z/��% �� C�� Z/��% F"?/�7� ��
!�= "� C4.5 !�.8�B�� Z-� ��0 5/� � &69?� 1�6��� "9??M F�J8 "� "9-�64 F�J8 &6?7 F�a+� ��S/�

��% ����, B�S�� !�#��,

]�79�� F� ! !�EM �6g�l ����0 "� "9?��� �m��� �K9?� �g�l � �8�� O�4 2/ ��S/� !� "# �/���9��!�4
� p1��W B�aK� !� ��K%���� u� $#�� �6?� "� "9?��� �9P� )�6� "� �/ � ����6M "� ��K9-�8 1� u� 
"� i��� �6� )��� u� )�6-! $-!� O�4 2/ !� `�� "# ��% "Q� ^Ad� 5/� "� �/�� ���� F!�Wi�Q
�g�l� ����0 )�� �� ^+�d� 5/� "� "Q� �� �&6 &� )�KH/1�� �/ �j� �!�� 5H/1�� "� "� :$-� �j� �!�� )�H�
�$?��� "d7� 5/� �� �>?� F"/��1 .6� � `�� F"d7� �� "AX�8 �6j� �A���0 �! �1�� !� "� u� )�6-! !�
!� �K��� �� "# :`�� 5H/1�� Ǳ�Kt9-� "� F��, �6\ � F��, )�KH/1�� B�� F"/��1 � "AX�8 "# 5/� 5�N
��K%���� &P� F���9��!�4 1� ����6M "� ��K9-�8 1� $#�� Z, "� $>?� :�K/��� �H'� ��S/� u� !�>0
!� ��%���� u� ]�-!� !� �a/� �g�l � F���9��!�4 1� .6� ����6M � ��K9-�8 5H/1�� 1� )�KH/1�� �/�- F"AX�8
.6� ����6M � ��K9-�8 1� �T'� �X��8 !� 5H/1�� ���_ �K��� F1�� 56�1 1� F!��W V�0D=� $/�P�
]��Q !� ����% <�d� �%1��W F���� F!�Wi�Q !� B1C F���9��!�4 1� F�a/� @T� )��K0 "� �K��� ��

�������W O�4 F�6M��/ !� V!�P� ��S/� � 5H/1�� p1��W F��� 1�6� �!�� F���9��!�4 $?6+ �}~

�/�� trainer @T� 5/� !� ��%���� O�4 ]�-!� F��� �%1��W ^-�K� F�J8 ��S/� B�� $�?U
5H/1�� .6� � ��KK# $8�/!� 5H/1�� h�T9�� :F1�� 56�1 !� )�KH/1�� 1� �>-�K� ���_ @/�!W ]� ��0� "0��S�
episode 2/ ;��% ���� B�S�� �! �%1��W episode �� )�/�4 � ;��% ]�9K# $/�P� !� � O�4 ��KK# ]�-!�
�/�- �/ :`�� 5H/1�� F�- 1� u� $8�/!� �� )W )�/�4 � �K#�� 26A% u� "� 5H/1�� "# $-� ����1
$8�/!� 1� �8�� $+�� 2/ �-�� `�� 5H/1�� "� u� "# �9+�� !� ��%���� 56�1 1� Y��, �/ � )�KH/1��
F���� 2/ )��K0 "� � ���� �8���� O�4 F�a/� $6_N� �� 1��� V!�X !� "# )W ]�� :"98�M �H% u� 
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O�4 p1��W !� ���I9-� �!�� F���9��!�4 v�}~ ]��Q

v����6M 5H/1�� �� "/��1 � "AX�8 •
senderReceiverDist v����6M 1� ��K9-�8 F"AX�8 �

passAngle v����6M 1� ��K9-�8 F"/��1 �

pointConf v"9%EM `�� 5H/1�� $/�l! F"> �� 5/�,W 1� "# �/���H6- ���_ •
v�����% ^ �� ��K9-�8 1� "/��1 ^?� �� "# &6 &� )�KH/1�� �/�- 1� ��K9-�8 5H/1�� "/��1 � "AX�8 •

F�"/��1 ^?� �� World Model !� ��)W ��Q� V!�X !� �a/� &6 &� 5H/1�� � )��# ^ �� �

�KK#�� ��S/� ��K9-�8 �� "#
i 5H/1�� F��� teammatesFromPasser[i].dist F��6,r �

i 5H/1�� F��� teammatesFromPasser[i].dir F��6,r �

v�����% ^ �� ��KK# $8�/!� 1� "/��1 ^?� �� "# ���7� &6 )�KH/1�� 1� "/��1 � "AX�8 •

"# F�"/��1 ^?� �� World Model !� ��)W ��Q� V!�X !� c/�� 5H/1�� �� )��# ^ �� �
�KK#�� ��S/� ��K9-�8 ��

i 5H/1�� F��� opponentsFromPasser[i].dist F��6,r �

i 5H/1�� F��� opponentsFromPasser[i].dir F��6,r �

v�����% ^ �� ����6M 1� "/��1 ^?� �� "# &6 &� )�KH/1�� �/�- 1� ����6M 5H/1�� F"/��1 � "AX�8 •

F�"/��1 ^?� �� World Model !� ��)W ��Q� V!�X !� �a/� &6 &� 5H/1�� � )��# ^ �� �

�KK#�� ��S/� ����6M �� "#
j 5H/1�� F��� teammatesFromReceiver[i].dist F��6,r �

j 5H/1�� F��� teammatesFromReceiver[i].dir F��6,r �

v�����% ^ �� ����6M 1� "/��1 ^?� �� "# c/�� &6 )�KH/1�� 1� ����6M 5H/1�� F"/��1 � "AX�8 •

"# F�"/��1 ^?� �� World Model !� ��)W ��Q� V!�X !� c/�� 5H/1�� �� )��# ^ �� �
�KK#�� ��S/� ����6M ��

j 5H/1�� F��� opponentsFromReceiver[i].dist F��6,r �

j 5H/1�� F��� opponentsFromReceiver[i].dir F��6,r �

F��� ��K9-�8 � ����6M 5H/1�� F��� F1�� 56�1 !� )�KH/1�� i/1� ^?��� ��% F!�Wi�Q !��W •
v"���� )��K0 "� �"Q!� �{ � �� :z :{ F��"/��1 � �{ :�� :z �X��8

��K9-�8 5H/1�� �� "Q!� �� 1� �9�# F"/��1 � �9� z 1� �9�# F"AX�8 �� F��, )�KH/1�� ���_ �
passerOurDistLessThan8AngLessThan12Num

����6M 5H/1�� �� "Q!� �{ 1� �9�# F"/��1 � �9� �� 1� �9�# F"AX�8 �� F��, )�KH/1�� ���_ �
rcivrOurDistLessThan12AngLessThan24Num

��K9-�8 5H/1�� �� "Q!� { 1� �9�# F"/��1 � �9� �{ 1� �9�# F"AX�8 �� c/�� )�KH/1�� ���_ �
passerOppDistLessThan24AngLessThan4Num

����6M 5H/1�� �� "Q!� z 1� �9�# F"/��1 � �9� �{ 1� �9�# F"AX�8 �� c/�� )�KH/1�� ���_ �
�rcivrOppDistLessThan24AngLessThan8Num
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d1
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α1 α2
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δ4

γ1
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γ4

O�4 ��0 F��� �6M��/ ���0 p1��W F��[� v�}~ �H%

F�K�"7>= Fail � Success OD# �� !� F��!� �%1��W F������ 5/����K� ���%�� $>g �8���� �%1��W
����%��

���� @ /� � � )� K H /1� � 1� F��� _  F�� � ���� F!�Wi � Q p�! 1� F�" �� � � �}~ � H % !�
F� K �& 6 ? 7  ^ 6  �  " � �� �� 6 M � �� K 9 -� 8 5 H /1� � $ /. #� � � � . #� � & � � /��� �$ -� �� %
)� ' � �! � �!�� !�� U � X�� 8 5 /� !� " # )� K H /1� � ��� _  1� ���� F!�Wi � Q !� j K � " � F1� � F� �
��� % ��� I 9 -� � %1� �W F���� !� F!� �W F� �� 9 ��!� 4 1� � ' T � )�� K 0 " � � ���  � � � � ��� �
� � K ��� � )� ' � �! u�  F�� K K # $ 8� /!� � �� K 9 -� 8 1� i 5 H /1� � F" /��1 ^ 6  �  " � βi � αi 5 6 K n � �
��K���� )�'� �! F1�� 56�1 !� i )�KH/1�� �/�- 1� ����6M 5H/1�� � ��K9-�8 5H/1�� F"AX�8 ^6 � "� γi � δi

`�� 5H/1�� !�jK� 5/� F��� :$-� �j� �!�� F"d7� "� u� )�6-! `�� �% �!�%� "# !�= )���
���_ "# �% ��0 V!�X 5/� "� ���� F!�Wi�Q "A��� !� ��/�6� �� u� idU ��X !� � �9?/�� $��g �/��
���_ �� F��"0��S� 1� ���I9-� �� F�6M��/ V�6A�0 � ���% ���� !��U F1�� 56�1 !� )�KH/1�� 1� � ��I9�
F������ �� )��#!�# C4.5 F���Ms/� 1� ��% B�S�� ! �H� V�_8� "� &6 &� �6\ � &6 &� )�KH/1�� 1� V��I9�
!� ��0 F��1W 5H/1�� "� �Ms/� 5/� "# x{}�}{y�K9?� V�6X�*, 1� �J_� �U�8 "# $-� �%1��W
� $?6� !�>S� 5H/1�� �%1��W F���� �� !� �K_/ ������ �! ���# �6\ V�0D=� "0��S� 2/ 1� ���I9-�
�$-� �6I� !�6?� �G.Q �/� �� $?6+�> �8 F��V��� ! !� �Ms/� 5/� � �/��� F!�Wi�Q �! V�6X�*, B�� 
�N�� &6 &� )�KH/1�� F"0��S� )�6� 1� �8��* �H% "� `�� 5H/1�� ��9�� p1��W ��0 ;��% ��
B�� � � � ����%�� F!�Wi�Q ��K9-�8 5H/1�� Z-� B1C F���9��!�4 fb- � ��%�� h�T9�� 56�1 !�
!� ��, F�K�"I6e� "� $>?� `�� 5H/1�� 1� �6\ )�KH/1�� �/�- � ��%�� ���9-�8 u� ������ F!�Wi�Q
�/ ��% �!�� )�KH/1�� 1� 2/�� kickable F"7dK� "� u� "n��K( � �KK#�� ��0 u� )��# ��! �/ � 598�M
"� �! u� �KH/1�� �6� � ��% `�X F��/1 �m9>?� � 56_� ����1 �H6- ���_ �/ � ��% Y!�, F1�� 56�1 1�

��K#�� idU �! F1�� trainer x�H6- �

 ]�t� )��K0 "�y �!��6� !� ^��* 
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%�&'� <F�� <F�� ����=

�� �/�� ���0 Z-� ��% F!�Wi�Q F������ 1� C4.5 F���I9-� F��� {}�}{ @T� ^+�d� "� "Q� ��
F�K�"7>= $?T� �/�8 �&6����� pass.data � pass.names �! �/�8 �� 5/� "# ���% ��S/� �AX� �/�8
]��Q "� "Q� �� �! ��% F!�Wi�Q F���9��!�4 B�� 5/��K0 .6� � �%���� Success �/ Fail )��� "# �/�P�
5/� ]��0� �� ����6M�� !��U p1��W B�aK� !� ��% F!�Wi�Q F������ &� B�� �/�8 !� ��!�� �� !� �}~
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Decision Tree:

passerAllDistLessThan24AngLessThan24Num <= 0
| senderReceiverDist_ <= 20.4369
| | rciverOppDistLessThan24AngLessThan24Num <= 0 Success (1536.0/179.2)
| | rciverOppDistLessThan24AngLessThan24Num > 0
| | | passAngle_ <= -66.1046
| | | | passerOppDistLessThan12AngLessThan8Num <= 0 Success (178.0/90.1)
| | | | passerOppDistLessThan12AngLessThan8Num > 0 Fail (15.0/6.8)
| | | passAngle_ > -66.1046
| | | | senderReceiverDist_ <= 16.1679
| | | | | rciverOurDistLessThan24AngLessThan8Num <= 0 Success (608.0/99.8)
| | | | | rciverOurDistLessThan24AngLessThan8Num > 0
| | | | | | rciverAllDistLessThan12AngLessThan4Num > 0 Fail (3.0/1.1)
| | | | | | rciverAllDistLessThan12AngLessThan4Num <= 0
| | | | | | | pointConf_ <= -4 subTree1
| | | | | | | pointConf_ > -4 subTree2
| | | | senderReceiverDist_ > 16.1679
| | | | | rciverAllDistLessThan24AngLessThan4Num <= 0
| | | | | | opponentsFromPasser[1].dir <= -49.6407
| | | | | | | pointConf_ <= -1 Fail (19.0/4.8)
| | | | | | | pointConf_ > -1 Success (3.0/1.1)
| | | | | | opponentsFromPasser[1].dir > -49.6407
| | | | | | | passAngle_ <= 94.1748 Success (180.0/30.0)
| | | | | | | passAngle_ > 94.1748
| | | | | | | | opponentsFromPasser[1].dir <= -3.01519 Fail (10.0/2.4)
| | | | | | | | opponentsFromPasser[1].dir > -3.01519 Success (4.0/1.2)
| | | | | rciverAllDistLessThan24AngLessThan4Num > 0 subTree3
| senderReceiverDist_ > 20.4369
| | senderReceiverDist_ <= 24.5858
| | | opponentsFromPasser[1].dist > 23.0835 Fail (175.4/57.4)
| | | opponentsFromPasser[1].dist <= 23.0835
| | | | rciverAllDistLessThan24AngLessThan4Num > 0 Fail (57.0/25.1)
| | | | rciverAllDistLessThan24AngLessThan4Num <= 0
| | | | | passAngle_ <= -78.1088 Fail (57.4/23.7)
| | | | | passAngle_ > -78.1088 Success (151.2/39.7)
| | senderReceiverDist_ > 24.5858
| | | opponentsFromPasser[1].dir <= 22.9849 Fail (171.2/11.8)
| | | opponentsFromPasser[1].dir > 22.9849
| | | | rciverOppDistLessThan24AngLessThan24Num <= 0 Fail (35.8/8.2)
| | | | rciverOppDistLessThan24AngLessThan24Num > 0
| | | | | rciverOurDistLessThan24AngLessThan24Num > 0 Success (7.0/2.4)
| | | | | rciverOurDistLessThan24AngLessThan24Num <= 0
| | | | | | opponentsFromReceiver[8].dir <= -82.925 Success (8.8/2.2)
| | | | | | opponentsFromReceiver[8].dir > -82.925
| | | | | | | teammatesFromPasser[1].dir <= 104.414 Fail (8.4/2.6)
| | | | | | | teammatesFromPasser[1].dir > 104.414 Success (4.8/1.2)
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RoboSina from Scratch

Abstract

In this thesis incremental development, design and implementation of a soccer simulation team

named RoboSina along with it’s prominent aspects are reviewed. RoboSina is a soccer simulation

team consists of 11 autonomous agents which interact together in a physical simulated environment

called soccer server. The soccer server environment enables two teams of autonomous agents to play a

soccer game against each other using predefined rules managed by the system. Soccer Server provides

a fully distributed and real-time system in such a way that in which each of the agents must cooperate

with other teammates in order to achieve the ultimate goal of winning the game. This simulator

system models many aspects and properties of a real environment such as: Noise in movment of ob-

jects, Noise in sensors and actuators, limited physical abilities, and restricted communication. Our

main contributions in this thesis include defining the architecture of an agent in a multi-layer model,

synchronizing an agent with the simulator, new localization method for the agent, analysis and devel-

opment of agent’s world model using partial sensation of the environment, tactics and strategies used

in defending against opponent’s penetration and attacking to it’s defending lines, and finally focusing

on algorithms to break the defence line of the opponent and scoring a goal. Throughout the project

RoboSina has participated in several internal and international competitions which it’s prominent re-

sults can be summarized as : Championship of the 3rd American Open RoboCup Competitions in May

2005, 2nd place of the 3rd Iranian Open RoboCup Competitions in April 2005, 5th palce of RoboCup

World Cup Competitions 2004 in Portugal, Championship of the 2nd American Open RoboCup Com-

petitions in May 2004 and Championship of the 2nd Iranian Open RoboCup Competitions in March

2004.

Keywords: 1)Soccer Robots, 2)Simulation System, 3)Soccer Server, 4)Artificial Neural Networks, 5)Decision

Trees, 6)Reinforcement Learning, 7)Distributed Artificial Intelligence
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