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{�x©{�¢¦|n�h|g}bwy��{q¢t|n�U� É vc�tx6|�x6�U��w¸{���}6|q{�x6�¦�Lwy�c¢+��|n��va{q�Lwyx6� É |»{�}6|{��N{��y®Uxbwy�c¢hµNu@vh|n}6|����t}6|t n�¿�t}>{q��{q¢t|n�U�,x$y�z6 qvLwyx4|n´U�6|n}6�N{��N~h|gx6�n}bwyzh�bwy�¦�
{}|!~#�$���:wyxE~c|¨ÀN�h|g~R{�x2�����«�y� É x�?

�(�������#���
������C��
� ò �(�������#��¯<x$y � ³
É vh|g}6|l�(�������#�6¯<x$y � ³awyx	�6vc|2�n�¦}6}6|nx6za�t�c~Uwy�h¢�|g�U�6}6®�wy�}x$y�zb§ x>|n´U�6|n}6�N{��~c|nx6�n}bwyzc�bwy�t� É vh|n�+�6vc|­wy�L���¦}6�k{��bwy�¦�Z{q�a�t�c�0x$y � wyx­x6�6�t}6|n~]µ]¶b�£�6vh|zc}6|nºtwy�t�cx����t}6�©�L�¸{U  É |k{q}6|�x6�czhza�¦xbwy�h¢`�6va{q���6vc|k{�¢¦|n�c�n®Ëwyx©�n�t��ªza�¦x6|n~+�����R{�¢¦|n�U�6xn ax6��|�{���vR{�¢t|g�U�SvN{�xK��|n�U�6}bwy|nx@wy�+vLwyx�|n´U�6|n}6�N{��
~c|nx6�n}bwyzc�bwy�t�] 	�g�t}6}6|nx6za�¦�h~Uwy�c¢Ë�6�k|q{q�¨vR{q¢t|n�U�­�6vN{����a|¨�y�t�c¢tx©�6�k�6vh|
{�¢¦|n�c�n®t awy�c�¨�y�h~Uwy�c¢+vLwy��x6|��«�6µ
±E�R|n´U�6|n}6�N{��@~c|nx6�n}bwyzc�bwy�t��|n�U�6}6®�{}|!~ �$� ����tvuo���»wyx©�U®+wy�6x É {n®~c|¨Àa�c|n~`{�x2���q�«�y� É x�?

�(���W���#�¨¯<x$y � ³ �
�������� ���#��¯<x$y � ³#���K���#�b¯<x$y � ³#�
�H���#��¯<x$y � ³#�
�����#�6¯<x$y � ³#�
É vh|g}6| � ���#� ¯<x$y � ³¼wyx@�6vh|­x6|g�S�q�>¢¦�U{��yxHy z  �� ���#� ¯<x$y � ³¼wyx��6vh|�x6|n�@���{��g�bwy�t�cx0x�z: N�l���#�¨¯<x$y � ³¼wyx��6vh|­x6|g�S�q�>}6|nx6�¦�h}6�g|nx(��z�{��c~ �����#�6¯<x$y � ³wyxR�6vh|Zx6|g�+���kzU�¸{��cx ¡ z x$y z �N|¨�«wy|nºt|gx^x$y � va{qxnµE±@�+�6vUwyxËzN��wy�U�n É |R���cx6�����¸{�}bw«��®.�6vN{�� É |R{�}6|R�h�¦�¤wy�U�6|n}6|gx6�6|n~ wy�.�6vc|R���t��|g�U�wy��vh� É {��`{�¢¦|n�U�©�q{��Z¢·{��6vc|n}­�6vUwyx�wy�L�¿�t}6�k{q�bwy�t��{��a�¦�h�©�6vc|��t�6vUª|n}6xnµ>u@vUwyx��k{n®R�a|k~h�¦�h|£�U®Ë|n´UzU�«wy�¨wy�k�n�¦�����c�Uwy�q{��bwy�¦� É vc|n�c|nºt|g}{���{�¢t|g�U�­|n�U�6|n}6x­�6vc|�{q¢t|n�c�n®Z¯����¦}Ewy�hx6��{q�h�g|t >�cxbwy�h¢`{��+wy�U�6}6�U~h�c�¨ª
�bwy�t�£zh}6�¦�6�U�n���¼{�x2~c|nx6�n}bwy�N|n~�wy�Ëäyê6æ�³	�¦}2�U®��6vc|­{q¢t|n�U�n§ x@za|n}6�n|nzc�bwy�t�
��|n��vN{��Uwyx6��xnµ­u@vh|Rwy��za�t}6��{q�U�ËzN��wy�U��wyx+�6vN{��+�6vUwyx�wy�L���¦}6�k{��bwy�¦�
�n�¦}6}6|nx6za�t�c~cx��6�R�6vh|£�a|¨�«wy|¨��x£{q�[{q¢t|n�U�6xkvN{�x�}6|g¢U{�}6~Uwy�c¢Z�6vh|£�t�6vUª
|n}6xn �{q�h~��6va{q���6vc|nx6|R�a|¨�«wy|¨��x+�½{�®��a|��a�q��Ây�a���£�a���¨�n���n�U������¢�Â���Ìh�
�a�U�Z���U�2Ä]�y��Â��nµ2¾�wy�6vh�¦�h�Z�¸{q�¨Êtwy�c¢8���½¢t|n�c|n}�{��«wy�B®t k{q�h~�wy� �¦}6~h|g}
�6�Ëw«�«�y�cx6�6}�{��6|��6vc|+za� É |n}k���¥�6vh|+zc}6�tza�¦x6|n~.��}�{���| É �t}6Êa  É | É w«�«�{�~c�tzc�Z�6vc|�vU®Uza�t�6vc|nxbwyx����k|g´U�6|n}6�a{n�k~c|nx6�n}bwyzc�bwy�t�Q�n�¦��za{q�bwy�Lw«�«w¸�b®
¯<�(��� ���#� ¯<x$y z ³¤£¥�(��� ���J¦ ¯<x$y z ³!§ �(��� ���#� ¯<x$y � ³¤£¨�(��� ���J¦ ¯<x$y � ³6³:wy��6vc|+}6|nx6�k���©�6vUwyx¤zN{�zN|n}n  É vc|n�.{q�a{n�y®Uxbwy�h¢.�6vc|+x6�U�¨w¸{��¥}6|q{�x6�¦�Lwy�c¢��|n��vN{��Uwyx6�����4� É ��}6|��¸{��6|n~R{q¢t|n�U�6xnµâ:|g¢U{�}6~Uwy�c¢­�6vh|4~h|gx6�n}bwyzh�bwy�¦�����c�6vc|4zL�¸{q�hxn o© �$� ���Wtvuo�vª
u¬«N�>}6|¨��|n}6x
�6���6vc|©x6|n�­����zL�¸{q�hxH¡ ���#��­ ¯<x$y � ��y�®t³(x$y z �a|¨�«wy|nº¦|nx©�6va{q�0x$y � vN{�xEwy��t}6~c|n}2�6�©{q�¨vUwy|nº¦|­�6vh|@¢t�·{��¯y ® µ·¹	{q�¨vkzU�¸{��q°±�$���g²��Wtvu � ª�u « �S��{����a|
���¦}6�k{��«�y®+~c|nx6�n}bwy�a|g~Z{qx�?
¡¬���#� ­ ¯<x$y � �Wy ® ³ �
������ y ® ����¯�¡¬���#� ­ ¯<x$y � �Wy ® ³6³#��³a¯�¡¬���#� ­ ¯<x$y � ��y ® ³6³#�

É vh|g}6|´u « wyx­�6vh|©¢t�·{����6�k�a|�{q�¨vUwy|nº¦|n~Z�U®+�6vUwyx­zL�¸{q�D ¡�6vh|©x6|n�n�¦�h~�6|n}6�¶µ �g°��$���g²$�Wtvu � ª�u « ���	wyx�{�¯�za�tx6xbwy�U�y®k|n��zc�b®c³>x6|n�>���¡}6|nx6�¦�h}6�n|gx
�cx6|n~�wy���6vUwyx2zL�¸{q�£{��c~C· �g° �$� �g²$��t¬u��¬ª�uN«¬����wyx:{�¯�za�tx6xbwy�U�y®�|n�»zh�B®c³
x6|�¸U�c|n�c�n|­���¡wy�hx6��{q�U�bw¸{��6|n~R{q�n�bwy�t�cx2�cx6|n~¤wy�k�6vUwyxSzU�¸{��]µN¹	®�wy�6x É {�®¦ |q{q�¨vkwy�hx6��{q�U�bw¸{��6|n~R{q�n�bwy�t�»º#¼4�g°��$���g²���tvu � ª#u « ���2wyx2~c|¨Àa�c|n~ã{�x	���q�«ª
�y� É x�?

½[¾�¯�¡ ���#� ­ ¯<x$y � ��y�®t³6³,�#������ x�¾´�
� ��¿ ¯�¡ ���#� ­ ¯<x$y � ��y�®¦³6³#�
É vh|g}6|Ct ¼ wyx»{���{q�n�bwy�t��{q�h~^µ ��À �g° �$� �g²���tvuo�¬ª#uN«¬����wyx»{Î¯�za�¦xbª
xbwy�U�y® |n�»zh�B®c³¤x6|n�k���©}6|gx6�t�c}6�n|nx+�cx6|n~[wy�.�6vLwyxR{q�n�bwy�t�]  É wy�6v.�6vh|���q�«�y� É wy�c¢+�n�t�cx6�6}�{�wy�U�K�l� ¿ ¯�¡N���#� ­�¯<x$y � ��y ® ³6³�ÁÂ�­¯�¡¬���#� ­�¯<x$y � ��y ® ³6³¨µÞh�t}+xbwy��zU�«wy�¨wy�B®����½�h�¦��{��bwy�t�] ­wy�8�6vc|Z�h|g´U�Ëx6|n�g�bwy�t�cx É | É w«�«�~c}6�tz��6vh|kx6�c�hx6�g}bwyzh��}6|���|n}6}bwy�c¢Ë�6�£�6vh|k¢t|g�h|n}bwy�ã{�¢¦|n�U�cx$y�z É |k{�}6|{��N{��y®Uxbwy�c¢k¯����t}awy�cx6��{��c�n|t  É | É w«�«�c�cx6| � ¯<x$y � ³hwy�cx6�6|q{�~»��� � ���#�6¯<x$y � ³6³¨µ

¾Ë| É w«�«�N{��yx6�E�cx6|�� � ® {��c~¤¡¬Ã ® }6|nx6za|g�n�bwyºt|¨�y®­wy�cx6�6|q{�~©���v�����#�b¯<x$y � �Wy ® ³{��c~C¡ ���#��­ ¯<x$y � ��y�®t³¨µN¾[vc|n�c|nºt|n}­�6vc|nx6|©�h�¦��{��bwy�¦�Z{qx6x6�h��zc�bwy�t�cx»{�}6|�6���a|©~h}6�¦zhza|g~D ]�6vUwyxS�B{q�n� É w«�«�4�a|­|n´UzU�«wy�¨wy�b�y®Zx6��{q�6|n~]µ
Ä Y[7�;E74G@Ü@7	G@Aa7�I�7>d�1>Tc3O=@G@K[12G@Ü Y[7�;E7	G:ÜS74G@Aa7

Å.7^T$Æ`=2M¬Ç@K
ÈSxbwy�c¢.�6vh|Z~c|¨ÀN�Lwy�bwy�¦�hx`�¨wy�6|n~F{��a�qºt|¦ ­{q�8{q¢t|n�U�4x$y�z É w«�«���a|`pÊÉp�Ë>mn×NÌ>×¬ÍZ×¬Ë>lE���¦}�{½¢qwyºt|n�+¢¦�U{n�,y$®U >�U���¨�U�BÃU���U�©ÂO�k�k�n�qÂ4��=	Ä]�y�U�h�
��Î ® w«���6vh|g}6|�wyx�{�zU�¸{����6vN{��©{q�¨vUwy|nºt|gx��6vLwyx©¢t�·{��2wy�`�6vLwyx©x6|n�»{��c~
|nºt|n}6®ã{��n�bwy�¦�R{�zcza|q{q}bwy�h¢kwy�+�6vLwyx�zL�¸{q�+�a|¨�y�t�c¢tx­�6�q��¯<x$y�zb³#?

x���Ï�Ð;¯<x$y�z��Wy ® �
��Î ® ³ �
�����Ñ y ®±Ò � ¯<x$y�z�³ Ñ ¡¬Ã ®�Ò ��Î ®Óv½ ¾ ¯�¡¬Ã ® ³ Ò ³a¯�¡NÃ ® ³�x ¾ Ò ��¯<x$y�z�³
±��a{n�y�t¢t�¦�hxb�y®¦ ©{���{q¢t|n�U�4x$y�z É w«�«�»�a|Ëo�É�p�Ë>mn×¬Ì>×¬Í`×¬Ë>lÎ�¿�t}£{¢�wyºt|g�Ë¢¦�U{��_y�®L >�U�����U�bÃU���U�©Â��¤���g�qÂ	��=	Ä]�y�U�h�±� Î ®¥w«��?

����Ï�Ð;¯<x$y�z���y ® �
��Î ® ³ �#�����Ñ y ®±Ò � ¯<x$y�zb³ Ñ ¡¬Ã ®�Ò ��Î ®Ó¯��¾ Ò ��¯�¡ Ã ®U³���¾ Ò �­¯<x$y z ³
ÞDwy�N{��«�y®t ¼{��`{�¢t|g�U�­{��`{�¢¦|n�U�(x$y z É w«�«�2�N|�l#É�p�Ë>mn×¬Ì>×NÍZ×¬Ë>l����¦}{¤¢�wyº¦|n�Z¢¦�U{��,y ®  e�U�¨���U�bÃU���·�¤Â������g�qÂ2��=SÄ]�y�U�h����Î ® w«�@vc|�wyx­�a�¦�6v

{�ª¬{��c�6�t�c�t���¦�hx©{q�h~+}bª¬{q�h�6�¦�h�¦���t�cxS���¦}@�6vLwyx�¢t�U{n�[?
Ô ��Ï�Ð;¯<x$y�z���y ® �
��Î ® ³ �
���� x���Ï�Ð6¯<x$y$z���y ® �
��Î ® ³c§¥����Ï�Ð;¯<x$y�z���y ® �
��Î ® ³
u@vc|	�k{�Õ6�¦}>�n�t�U�6}bwy�c�h�bwy�¦�k���N�6vLwyx É �t}6Ê@wyx>�6vh|4�B{��n�¡�6va{q�>�6vLwyx>�c��ª�bwy�t�k���e{��c�6�t�c�t�©®�wyx2�¨�y�¦x6|¨�y®+}6|¨�¸{��6|g~+�6���6vh|­x6|g�S�q�>zU�¸{��cx­�hx6|g~�wy�

�6vh|©}6|q{�x6�¦�Lwy�c¢k��|n��va{q�Lwyx6� µ>¶b���¦�6vh|n} É �t}6~cxn �{���{�¢¦|n�U���q{q�J�cx6||¨wy�6vh|g}R�a���+�UÆ>�Zx6|n�k�q�©zL�¸{q�hxZ¯ É vc|n�×Ö^£�½�wy�.�6vh|R~c|¨Àa�Uwy�bwy�t�cx
{��a�qºt|�³S�t}©Ây�a�t�g�­��=­Â��a�­�UÂy�a�q�6�¼wy�£�t�6vc|n}E�6�­wy�U��|n}EvUwyxE� É �+{q�h�6�¦�Lª�t�©®tµUÏ@��wy�c¢�x6�c U{q��{q¢t|n�U�4�q{q��l�Ø[ÍÙË�Ú�pcmnÔ­m�Û>Ô�oqÔUpcln×¬Ì�Ø[Ì�Ük×�Ý4m�Û>Ô
×am�Û>ÔUoqlt ]�U®k�hxbwy�c¢RÂy�a���¸�2ÇU�a�UÆ	�y��Ãq�U�S¯�wy���¦�h}��q{�x6|¦ a�6vc|¨wy}@zL�¸{q�hx�³¨µ
¶��4{��R{q¢t|n�U�2wyx��h�¦�E{q�h�6�¦�h�¦���t�cxE���¦}@{�¢�wyº¦|n�R¢t�U{n�� ]vh| É w«�«�e~h|¨ªza|n�c~��t�k�¦�6vh|n}6x��6�©{���vLwy|nº¦|Ewy�nµc±E�k{q¢t|n�U�¤x$y�z^p�É�Ø>Ô�Þ	Ô�Ì>Ø>l@�¦��{q�Lª

�t�6vc|n}@{�¢¦|n�U��x$y � ���¦}2{@¢�wyº¦|n��¢¦�U{��vy ®  c{��g�n�t}6~Uwy�h¢©�6�©{Ex6|n�4���¡zU�¸{��cx� Î ®Sw«�>vc|SvN{�x�y$®Ewy�kvLwyx�x6|n�2���¡¢¦�U{��yxn cvc|Swyx2�c�t�:{�ª¬{��c�6�t�c�t���¦�hx2���¦}
y ® {��c~k�6vh|g}6|:wyx:{EzL�¸{q�¤wy�»��Î ® �6vN{��@{q�¨vUwy|nº¦|nx
y ® {q�h~£{q�¼�y|q{qx6�2�t�c|
{��n�bwy�¦�Ë�cx6|n~¤wy�+�6vUwyxEzU�¸{���wyx@wy�4x$y � § x�x6|n�@����{��g�bwy�t�cxnµ¡Þh�t}6�k{n�«�y®¬?
x �
�jß ¯<x$y$z��
x$y � ��y ® ����Î ® ³ �#�����Ñ y ®�Ò � ¯<x$y�zO³�à,x���Ï�Ð;¯<x$y�z���y ® �
��Î ® ³�§

Ñ ¡¬Ã ®±Ò ��Î ® Ñ ½ ¾ ¯�¡¬Ã ® ³ Ò ³a¯�¡NÃ ® ³�x ¾CÒ ��¯<x$y � ³
¶B�Z{kxbwy��w«�¸{�} É {�®¦  É |»~h|¨ÀN�c|¤�6vN{��©{q��{�¢¦|n�U�0x$y�zSo�É�Ø>Ô�Þ4Ô�Ì>Ø>l�t��{q�h�¦�6vh|n}»{�¢¦|n�U�0x$y � ���¦}­{¤¢qwyºt|n��¢¦�U{���y ®  e{��n�g�t}6~Uwy�h¢+�6�ã{¤x6|n����4zU�¸{��cx0� Î ®¥w«��?
� �
�jß ¯<x$y z �
x$y � ��y�®Ê��� Î ®t³ �#�����Ñ y$® Ò � ¯<x$y z ³�à,� ��Ï�Ð ¯<x$y z ��y�®��
� Î ®q³�§

Ñ ¡ Ã ® Ò � Î ® Ñ ��¾ Ò ��¯�¡ Ã ®U³���¾ Ò ��¯<x$y � ³
ÞDwy�N{��«�y®t e{��R{q¢t|n�U�Kx$y�z¼l#É�Ø>Ô�Þ4Ô�Ì>Ø>l­�t�R{q�h�¦�6vh|g}­{�¢¦|n�U�(x$y � ���¦}{�¢�wyºt|g�J¢¦�U{n�¤y ®  >{q�n�n�t}6~Uwy�c¢Z�6�+{�x6|n�©����zU�¸{��cx}��Î ® w«��vc|k|¨wy�6vh|g}

{�ªB~h|gza|n�c~hx­�¦}S}bªB~c|nza|n�c~cxE�t�+�6vUwyx2�¸{��6�6|n}�?
Ô �
�jß ¯<x$y�z��
x$y � �
y ® �
��Î ® ³ �#����x �
�jß ¯<x$y�z��
x$y � ��y ® ����Î ® ³ áC� �
�jß ¯<x$y$z��
x$y � ��y ® ����Î ® ³ÈE�c�n|2~c|¨ÀN�h|n~»�6vh|nx6|@~c|nza|n�c~c|n�h�g|E}6|¨�¸{q�bwy�t�cxn a{q��{q¢t|n�U�4�q{q���n�¦�Lª

x6�6}6�h�n��{�ÃU�bÄN�q�aÃU�q�a�6�@�a�qÂ�Æ>�U�bÇE�6�©}6|nzc}6|nx6|n�U�Swy�ã{�x�{��»|­x6�6}6�h�n�6�c}6|
{��«������vUwyxk{��n�bwy�¦�aßq}6|nx6�t�c}6�n|+~c|nza|n�c~c|n�h�g|nxk}6|n¢U{q}6~Lwy�c¢Z�6vc|¤�¦�6vh|g}6xnµ
uSvc|nx6|��h|n� É �t}6ÊUx4�q{q�¤�N|E�cx6|n~��¸{��6|n}	wy�k�6vc|�{�¢t|g�U�n§ x2x6�U��w¸{��¡}6|q{�x6�¦�Lªwy�h¢R��|n��va{q�Lwyx6�£ ^wy�ZzN{�}6�bwy�n�U�¸{�}k�6��~c|n�6|n�g�­�6vh|k~c|nza|n�c~h|g�h�n|£xbwy�6�Lª
{��bwy�t�cx©}6|n¢U{q}6~Lwy�c¢+� É �£{q¢t|n�U�6xE���¦}­{k¢�wyºt|g�Z¢t�·{��� e{�xE~c|nx6�n}bwy�N|n~Zwy��6vh|©�h|g´U�Sx6|g�n�bwy�t�]µ

â�×¬ÜNÌ�ØOm�ØjãNÔ ä ×]Ø>Ô�Ú[Ú[ØjÌ�Ü åÊæ¬ç è>s�é	s,é!Ø�r�Û�ÍZp�Ì`ÔUm¤p�Ú6s



ê ë C27)Y[7�;E7	G:ÜS74G@Aa7�9@3�Ta_21>Tc3�=SG:K
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IND

Agent A has the goal g1
in his list of goals and is not
a-autonomous for it.
Does it a-depend on B for g1?

Is there any other goal gx so
that according to agent A’s plans,
it can infer that agent B a-depends
on him for gx?

According to agent B’s plans,
can agent A infer that there is
a MD between them?

LBMD MBMD

According to agent B’s plans,
can agent A infer that there is
a RD between them?

LBRD MBRD

Does Agent B has
g1 in his list of goals?

No

Legend:

IND:
UD:
MD:
RD:
LBMD:
MBMD:
LBRD:

mutually believed mutual dependence
locally believed reciprocal dependence
mutually believed reciprocal dependence

locally believed mutual dependence
reciprocal dependence
mutual dependence
unilateral dependence
independence

MBRD:

According to agent A’s plans,
can it infer that agent B a-depends

on him for g1?

MDRD

No Yes No Yes

UD

No Yes Yes

No Yes

Yes

No
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��z ® ³
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