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U�gmQcK�_�ORo�l^K�]`XëgRXPK�g�h8Sc�^K>]`X^M^l^S�×�]`UWKNXPac]�gmXPabæWß Sc�ÂO�Sq]kaNYj]�h8SV�^K#�Nl^QcQVKNX�S&QVl^o`K
]`a�aclP�N�NKZaVafhÜl^o�ORXP×0SV�^KtKNÛ�MPO�XP×^KZ×ï�NgRXP×^]dSV]�gmXï]kaLMØg�SVKNX�Sc]kO�o`o`e0pÂKNSTScKZQbæ�Y3Sc�PKNX�aTKNS
; F F O�E ~NM)O E B C D ?)A�ß
; F DP;�æHOma8Sc�^K�X^KZÖ ßÊK�Û�MPORXP×�KZ×ÂæH��gRXÂ×�]dSV]�gmXègRhDSV�^K�QVl^o�KmÞ

3RQ £ q`tvs�>rtvs?w�îj]�hS?)A�ß
;¬DNE �
� æ@T ����~ V�� �����
	 ä~O�XÂ×qU�O�Û�C D ?!A�ß/;GFbDH;�æ ÿ åPY�Ö��^KZQcK�;]`aESV�^K���lPQcQVKNX�S���gmXP×�]�Sc]`gRX�g�h3OLU�O�SV�b�^]`X^��QVl^o�KmYQE �:� QVK�hÜKNQbaDScg�SV�^K�U�O�SV�b�^ÙÄORo�o�QVl^o`K
ßÜÖ�]�Sc�qQVKN��O�Qb×LScg�SV�^K8aVO�UWK�Om�®SV]�gmX&aTMØKZ�N]dÚPK{×�p%e~Sc�^KnQcl^o`K{æ�Y�O�XP×U;GFR]kaDO�U�g�×�]�ÚPK{×
��gRXÂ×�]dSV]�gmX>aTlÂ�b�WSc�PO�S@;GF�OB; U�]`X%lPa�gmX^K�_�O�o`l^KqßÊ]ÆÞ KRÞ`Y�;GFP�POma�gmX^K�o`KZaVa�_�O�o`l^K�]`X
gRX^K&gRhESc�^Kt]�X^MPl�S~×�]`UWKNXPac]`gRXPabæ�ß SV�PO�S~]`aZYØ]dh�SV�^Kt�Nl^QcQVKNX�S�QVl^o`K&]`aLl^XPaclP�Z��KZaVaThÜl^oÆY
p^l�SjSc�^KHaT�PQcl^XPÝ&��gRXÂ×�]dSV]�gmX&]kaDpØK�ScScKZQbæ�Y�Sc�^KZXtacK�S.;GF F�O�E ~NM0O E B CVD ?)A�ß
;GF´DP;�æDORa
Sc�^K�X^KZÖ ßÆaT�PQcl^XPÝ�æH�NgRXP×^]dSV]�gmXègRhDSV�^K�QclPo�KmÞ�éÄhEac�^QV]�XPÝ�]`X^��Sc�PK&��gRXÂ×�]dSV]�gmX¿UWORÝRK{a
]dS�]`UWMÂg�acac]�pPo�K~hÜgRQ�OWQVl^o`K~ScgWU�O�SV�b�0ORX�e#]�X^MPl�S\afSbO�SVKRY^×�KZo�KNScK�Sc�PK�Qcl^o`KRÞ

àßá�âXW%ä�çZY\[:]#^�æ&[bä9] Þ é«X�SV�^K0g�_RKZQVORo�o�O�o`�RgmQc]�Sc�PU�Y8I�ScKZM51�]kaWhÜgRQ�U�ORÝ�]`X^�sSc�^K
ÚPXPORoL×�K{��]kaT]`gRX g�h�Ö��^]k�b�$OR��Sc]`gRX Scg�SbO�ÝRK0p%e4]�XP�NgRQVMÂgmQVO�Sc]`X^��gRl�Sb��gmU�K{a�hÜQcgmU pØg�SV�
o`KN_RKZo`aZÞ � �PKWOR�RKZXmS���gmUqp^]`X^K{a~Sc�^K���gmQcQVKZacMØgRXP×�]`X^�è_»ORo�lPKZaLhÜgRQ&ORXsOR��Sc]`gRXshÜQcgmU Sc�^K
SfÖ8g�o`KN_mKNoka~p�esO#Ö8KN]`�R��ScK{×sacl^UiJ�SV�PO�S�]kaNYD]dhnSc�^K�SVgRM�o�KZ_RKZoj]`XP×�]k�NO�ScK{a~Sc�PO�S�Om�®SV]�gmX�E
�POma�O�X0OR��Sc]`_�O�Sc]`gRX¿_�O�o`l^K`_ïßÊÖ��^]k�b�/aT�^gml^ok×èpØK&åWgRQ�á&Oma�QVl^o�K{a�O�QVK�p^]`XPO�QVe^ænORXP×èSc�^K
pØg�STSVgRU o`KN_mKNo@]`XP×�]k�NO�SVKZa8SV�PO�S�EW�POma8ORXèOm�®Sc]`_�O�SV]�gmXè_�O�o`l^KGa#ßÜSc�^K�;\ÙÄ_»ORo�lPK{æ®Y�SV�^KNXèSc�^K
ÚPXPORo�gRl�Sb��gmU�K�]kacbedgfh_ � bgi�fea%Þ�I�SVg%�b�ÂORaTSc]k�t×�K{��]kaT]`gRXsU�O�Ý%]�XP�èÖ�]�Sc���8gRo�S
HNU�ORX^X
×�]kafSVQc]`p^l�SV]�gmX0pPORacKZ×ègRX¿SV�^K�Ö8KN]`�R��ScK{×�acl^U�a�]kaHSc�PKNX0MØKNQchÜgRQVU�K{×èScg>acKNo`KZ�®S\ORX0OR�®SV]�gmX
gRl^S�g�h�O�o`o^SV�^K�MØgmaVaT]`p^o`K\OR��Sc]`gRXPaZÞ ó KNokO�Sc]`_RK\ÖnKZ]��m�mSba�gRQ�MÂKZQV�NKNX�SVOR�RKZaEgRh@Sc�^K�SfÖ8g�o`KN_RKZo`a
O�QVK�O�l�SVgRU�O�SV]`�ZO�o`o�e>acK�S�pÂORacKZ×ègRX�Sc�^K�QVKNokO�SV]�_mKLMØKNQchÜgRQVU�O�XP�NK�g�hÇSV�^K�SfÖ8g�o`KN_mKNoka�ßÆI%lPX
O�XÂ× � KNScKZQVacgRXsáZâRâmímæ�Þ

�  [�? [� ¤*�kjXp]s2�np�w o`ô%��lhmen�m[o 476 �´q
pQ���btM�]s
G�Û%SVQVOm�®Sc]`X^��QclPo�K{a��PORa�acgRUWK�OR×^_»ORX�SVO��mKZa�Sc�PO�S�U�O�ÝRK�]�S�]�XÂ×�]`acMØKNXPaVO�p^o`KRî



obstacles

agent

target

àj]`�Rl^QVKWáRî1�LO»_�]`�mO�Sc]`gRX#Sc�^QVgRl^�m��O�UW]`X^K�ÚPKZo`×

àj]`�Rl^QVK&ä�î � �^K¥�LO»_�]`�mO�Sc]`gRXèé«X^M^l�S
 E¡�§L©m¢¤£«¥�­d¦b±#¦Nµnµf¡�§\¬�¥m¥�§V¨8­¤§V¹�µ�ªb´N¨f¯�§V¨�¢¤£8µf¡m§\¹`¬�§b­3°{¦Z¬m°{§No^µf¡�§\À»§V¨«µf¢¤ª®¦N­3´{¯m§~¦�µHµf¡�§\¬�¥m¥�§V¨
¨f¢¤°{¡�µEªb´N¨f¯�§V¨E¢d£Çµf¡�§�¨T¦Z¯m°{§8°{¦Z¬m°{§No�µf¡�§�¨f´{¬m¯%©�´Z¯�§8¢¤¯�µf¡�§�³�¢d©�©R­d§�¢¤£jµf¡m§�²�§b¦N¨f¢¤¯�°\°»¦N¬�°{§&oRµf¡m§Ð £«´{¯�¦N¨�°»¦N¬�°Z§b£8¦�¨f§�¦Nµ�µf¡�§8²�´Zµ«µf´{³W½

3 G�Û%ScQbOR��ScKZ×qQclPo�K{aj�ZO�Xt�^KNo`MqSVg�aTMØKNK{×ql^M�o`KZO�QVX^]`X^�PÞÇéÄhÂM^QVgRMØKNQVo�e�lÂaTK{×3Y�QVl^o�K{aDSc�PO�S
O�QVK�K�Û%ScQbOR��ScKZ×+gmX�Ù�o`]`X^K>×�l^QV]�XP�/o�K{O�QVX^]`X^�0�NO�Xë�PKNo`M�Scg¿hÊOR�N]�o`]�SVO�SVK�Sc�PK>o�K{O�QVX^]`X^�
M^Qcg��NKZaVaH]dSbaTKZodhfÞ

3 ó l^o`KZa��ZO�X��^KNo`M�Scg�]`U�MPQcg�_mK\SV�^K�MÂKZQThÜgmQcU�ORXP��K~g�hEo�K{O�QVX^KZ×�ace%aTScKZU�aNÞ
3 ó l^o`KZaE�^KZo�MqScg~�Rl^]k×�K8Sc�^K8K�Û�M^o`gRQbO�SV]�gmX&g�hÂX^KNÖ aT]�SclPO�Sc]`gRXPaZY�O�XÂ×&QVKZ×�lP�NK�SV�^K8Sc]`UWK
X^KZ�NKZaVacORQceWSVg�o�K{O�QVX#]`X�XPKNÖ(aT]�SclPO�Sc]`gRXPaZÞ

3 ó l^o`KZa��ZO�X¿O�okaTg��^KNo`M¿]�X0�NgRUWM^QVKN�^KZXP×�]`X^��O�XP×���gmU�Utl^X^]k�NO�Sc]`X^�Wo�K{O�QVX^KZ×�aTÝ%]`o�okaZÞ
I%lÂ�b��Om×�_�O�X�SVOR�RKZa8�PO»_mK�pÂKZKNX0×�KNUWgmXPafSVQVO�ScK{×sß�I%l^X0O�XP× � K�SVKNQbaTgmXïá{âRâRí�æ®Þ
à^gmQ�K�Û^O�UWM^o`KRYRÖnKnScK{afSVKZ×L���Q�5���C���>gRXtSc�^K�ac]�Utl^okO�ScK{×qXÂO»_�]`�mO�Sc]`gRX�SbORacÝqORaEac�^g�Ö�X

]`Xqàj]��ml^QVK\áRÞ � �^KnOR�RKZXmSj�PORa�ScgLXPO»_%]���O�ScKnO�X&l^XÂ×�KNQVÖ8O�ScKZQÇ_RK{acacKNoRSc�^QVgRlP�R�qO\U�]`X^KNÚPKNok×
SVgtQVKZOm�b�#O&SbO�QV�RKNSno`g%�ZO�SV]�gmX�Þ � �^K~OR�RKZXmSHQVKZ��KZ]�_mKZa�]�X�hÜgmQcU�O�Sc]`gRX#gmX^o`eWhÜQcgmU O&X%l^UqpØKNQ
gRhH]`XPaTScQVl^UWKNX�SVaZÞïuLaqac�^g�Ö�Xë]�X4àD]`�RlPQcKèä^YjSc�^K�aTgmXPO�Q&��O�l^�mK>aT�Pg�Ö�a��^g�Öê��o`gmacK�Sc�PK
UW]`X^KZa�O�QVK>]`X�aTKZ_RKZXëKZç�lPO�oHO�QVKZOma�Sc�ÂO�StQbO�XP�RK�hÜQVgRUp1)q0×^KN�RQVKNK{a�SVg/Sc�PK#o`K�h SWg�h�Sc�PK
OR�RKNX�S�SVgr10q>×�KZ�RQVKNKZa�Scg#Sc�^K�Qc]`�R��S{Þ � �^KthÜl^KNoj�mORl^�RKtaT�^g�Ö�aL�^g�Ö(UqlÂ�b�0Sc]`UWKt]ka~o�KNh S
pØK�hÜgmQcKLhÜl^KNo3QVl^XPangRl^SZÞ � �^K~pÂK{O�QV]�XP�t��O�l^�mKLac�^g�Ö�a�SV�^K�×�]�QVKZ��Sc]`gRXèg�hÇSV�^KLSVO�QV�RKNSnhÜQVgRU
SV�^K�M^QcK{aTKZX�S8�^K{OR×�]`X^�Wg�hDSc�^K�OR�RKNX�S{Þ � �PK~QbO�XP�RK\��O�l^�mK~ac�^g�Ö�an�^g�Ö�hÊORQ8Sc�^K~SVORQc�mK�SH]`a
hÜQVgRU Sc�PKt��lPQcQVKNX�SLo`g��NO�Sc]`gRX�Þ~�8OmaTK{×0gRXPo�e¿gRXsaTlP�b�ï]�X�hÜgmQcU�O�Sc]`gRX�YÂSc�^KWO��mKNX�SL×�K{��]k×�KZa
gmX�ßfá»æ��^g�Ö(SVg#SVl^QcXsO�XP×1ß�äRæ\�^g�Ö(hÊORaTS\SVg#UWg�_RKmÞ � �^KtSc]`UWK�ORo�o`g�ScScK{×¿Scg#Sc�^KWO��mKNX�S
hÜgmQ~K{OR�b�sKNM^]kaTg�×�KW]ka�ä�åRå�aTScKNMÂaNÞ � �^K�O��RKZX�SZY3Ö�]�Sc�^]`X+ORX+ORo�o`g�ScScK{×0Sc]`UWK�MÂKZQc]`g�×3YÇ�ZO�X
KZ]dSV�^KNQ�ßfá»æ�QVKZOm�b�WSc�^KLSVORQc�mK�S~ßÆOqaclP�N�NKZaVaVæ�YØß�äRæ��^]�SHOqU�]`X^KWßÊOqhÊO�]`o�lPQcK»æ®Y%gRQ~ßÊãmæ�QVl^X>gRl^S
gRhÇSc]`UWK>ßÊO�hÊOR]�o`l^QVK{æ®Þ



sut v
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àj]��ml^QVK�ãPî���KZORQcXP]�X^��ORXP×>SVQVORXPaThÜKNQHhÜQVgRU á{å�ÙÄU�]`X^K�UW]�XPK�ÚPKZo`×^aÅ0¨f§V¹`§V¨f£�µf´~µf¡�§H²�´Nµ«µf´{³	­¤§bÀ»§V­Â¬m£«§®©�¦N­d´Z¯�§H¼�¢·µf¡�«nÉÊ­¤§®¦N¨f¯m¢¤¯�°�¦N£�µf¡m§H£«´{­¤§�­¤§®¦N¨f¯m¢¤¯�°�³�§Vµf¡m´�©P½

� Ê°ÉËÍÎÌ>¢¤¯%©R¢dªb¦Nµf§b£\µf¡�§�µf´ZµT¦N­j¯�¬�³L²�§V¨f£�´Z¹�£«¬mªbªb§b£«£Ä¹`¬�­E§b¥m¢¤£«´�©m§b£L©m¬R¨f¢d¯m°Wµ«¨T¦Z¢¤¯�¢¤¯m°m½> E¡m§�¯�§V¸�µ
µf¡m¨f§V§H²�­¤´�ªTºR£�ªb´Z¯�µT¦Z¢¤¯�¥�§V¨«¹`´Z¨f³&¦N¯�ªb§�©m¦NµT¦%² ¢¤¯t¥�§V¨fªb§b¯�µT¦Z°Z§f¶cÁ%¢¤¯qµf¡m¨f§b§�©R¢��^§V¨f§b¯�µ�³�¢¤¯�§H©R§b¯�£«¢·É
µf¢¤§b£¥² ¦�� Á ¹N� ÁÂ¦N¯%© ÃN� ¶�¬�£«¢¤¯�°&µf¡�§�µ«¨T¦Z¢¤¯�§b©#³�´�©R§b­¤£n¼�¢·µf¡è§V¢¤µf¡m§V¨Hµf¡m§\µf´Z¥è­¤§bÀ»§V­ÜÁ^µf¡m§L²�´Nµ«µf´{³
­¤§bÀ»§b­ Á�´Z¨�²�´Zµf¡qµf´{°{§cµf¡�§V¨®½

è#â0^���]#[:]#�¡ �ñ#â?â0¢ Þ àj]��ml^QcK{a#ãPYh1PY\ORXP×�q1ac�^g�Ö Sc�PKs×^O�SVO1gRhì���Q�5���C���EÞ é«X
ScKZQcU�a�gRhjo`KZORQcXP]�X^��K�SØK{�®SV]�_mKNX^K{acaZY^Ö��^]k�b�¿]`a�UWK{ORacl^QcK{×#p%e#Sc�^K&X%l^UtpÂKZQ�g�h�aclP�N�NKZaVafhÜl^o
KNMP]`acg�×�KZatgRl�SWg�h\OïScgRSVORongRh&áZåRåmå0KNMP]`acg�×�KZatg�h�SVQVOR]�X^]`X^� ßÊO»_RKZQVOR�RK{×sg�_mKNQèáZå/QVl^XPabæ®Y
Sc�PKL<TScQbO�]`X2>&��gmo�lPU�XÂa�gRh�Sc�^K{aTK\ÚP�RlPQcK{anac�^g�Ö Sc�^K�×�]ISØKZQcKZXP��KLpÂKNSfÖnKZKNXk���Q�����C�5�0ORXP×
Sc�PK>pÂgRSTSVgRU�Ù�o`KN_mKNo�X^KZl^QbO�o�X^KNSqO�o`gRX^K0ßÜScQbO�]`X^KZ×+Ö�]�Sc�ëgRXPo�e�;\Ù�o`KZORQcX^]`X^�%æ®ÞWéÄStO�MPMÂK{O�Qba
Sc�ÂO�S\O�S��^]`�R�PKNQHUW]�X^K&×^KNXPac]dSV]�K{a�ß SV�PO�S�]kaNY^]`XèSc�^K�UWgRQVK�×�]$£>�Nl^odS\acK�ScSc]`X^�mabæ®Y3���K�����C�5�
MØKNQchÜgRQVU�K{×&ac]��mX^]dÚØ�NO�X�SVo�e~pÂKNSTSVKNQE��gRUWMPORQcK{×�Ö�]dSV�&SV�^K�pØg�ScScgRU�ÙÄo�KZ_RKZomX^KZl^QbO�oRXPK�SjORo�gmX^KRÞ
é«X>SV�^KLãmå�ÙÄUW]�X^K~O�XP× ïRå�ÙÄUW]�XPK\�NOmaTK{aNYRSc�^K�aTlPMÂKZQc]`gRQV]dSfe�g�h����K�����C�5�ëßÜg�_mKNQ�Sc�^KLX^KNl^QbO�o
X^KNS\O�o`gRX^K�Ö�]�Sc�k;\Ù�o`KZORQcXP]�X^�%æ�]ka�aTSVO�Sc]kafSV]`�ZO�o`o�e#ac]`�RX^]�ÚÂ�NORX�S�ßÊÖ�]dSV� � SVKZaTSVaZY T T å�¤ å)qRæ®Þà¥��^�]V N¦°â!� Þ � �^K�Qc]`�R��S�SV�^QcKZKqp^o`g��bÝ�a�g�h�àj]`�Rl^QVKZa~ã^Y§1PY@O�XÂ×Zq>ac�^g�Ö Sc�^KtScQbO�XÂafhÜKZQ
×^O�SVO^Y�Ö��PKNQVK>ScQbO�XÂafhÜKZQq]kaqUWKZOmaTlPQcK{×�p�e+SV�^KèMØKNQb��KZX�SVO��mK>g�h\aclP�Z��KZaVaThÜl^onKZM^]kaTg�×�K{a&]`X
X^KZÖ acK�ScSc]`X^�ma�p�eqSc�^K�ScQbO�]`X^KZ×WUWg�×�KNoka�ßÊKZOR�b��SVQVOR]�X^K{×�U�g�×�KZoP]ka�O�MPM^o�]`KZ×�SVg�UW]�X^KNÚPKNok×^a
Sc�ÂO�S\��gmX�SVO�]`X¿Oi�]t �*o�q
ofsu��X%l^UqpØKNQ�gRhjUW]`X^KZa�hÜgRQ�OtScgRSVO�o3gRh�äRå�KNM^]kaTg�×�K{a�J%SV�^K&×^O�SVO�]`a
O»_RKZQVOR�RK{×qg�_mKNQ�á{å�QclPXPaVæ�Þ	u\an]�XP×^]`�ZO�ScK{×�p%eqSV�^K�SbO�p^o`KZaZYu���Q�����C�5�¿gml�ScMØKNQchÜgRQVU�aESc�^K
pØg�STSVgRU�ÙÄo�KZ_RKNo�X^KNl^QbO�o�X^K�StORo�gmX^K/ß SVQVOR]�XPKZ×�Ö�]�Sc�=;\ÙÄo�K{O�QVX^]�XP��æL]�X�SVQVORXPaThÜKNQqO�S&�^]��m�^KNQ
UW]�XPK�×�KNXPac]�Sc]`KZaËJ�Sc�PK��^]��m�^KNQESV�^KHUW]�X^K�×^KNXPac]dSfemY�Sc�PK�U�gmQcKHM^QVgRXPgRl^XP�NKZ×&Sc�^K�×�]IS@KNQVKNXP�NK
]kaNÞ � �^K\×^]ÔS@KNQVKNXP�NKZa�ORQcK�aTSVO�Sc]kafSV]`�ZO�o`o�e�aT]`�RXP]dÚÂ�ZO�X�S�]`XWSc�^K\ãmå�ÙÄUW]�X^K�ORXP×�ïRå�Ù�UW]`X^K��NOmaTK{a
ßÜlÂaT]`X^� � ScK{afSbaNY T T å�¤ å!qmæ®ÞDàj]`XPO�o`o`eRY���gmUWMPO�QV]�XP��Sc�^K8SVQVORXPafhÜKZQDMØKNQchÜgRQVU�O�XP�NK�gRh�Sc�^K8ScgmM
o`KN_RKZoÆY^Sc�^K&pØg�ScScgmU o`KN_mKNo�YPO�XP×èSV�^K&Ö��^gmo�K&ace�afSVKNU¿YÂO�h ScKNQ�Sc�^KZeèO�QVK�ScQbO�]`X^K{×#SVgR�mK�Sc�PKNQ{Y
Ö8K\X^gRSc]k��K�SV�PO�SnSc�^KLÖ��^gRo`KLace�afSVKNU�O�o`Ö8O»e�a�MØKNQchÜgRQVU�a�UtlP�b�>pØK�STSVKNQnSc�PORX>KN]�Sc�PKNQ8o�KZ_RKNo
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