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å���hEv �Âf�n}ã&wxf�� � iV��wxn�� � qÔh�l f�iVoEn ï�ðEð���� ��hjk�h�iVw�v
ï�ðEð���� ��hji���f�i+ï�ð�ð*
���utv��}n}f�wxztf�i�è}oEnEk�hjn �(��hjk�h�iVw�v
ï�ðEð�
Eæ����}stk2�yh���h��x�VoÂ�yf�f&n�ztf&lmoEnO�bk�i�hjkVf�z?á�w�kV�Oo�stk2f&â�à
g}�xwxv&wÈk�v�o�lml?s}n}w�v&h�k�w�oEnÛå � iV��wxn�ï�ðEð � � �Ôf�v��Ef&i��&� ë oE�Èà�xh�nOzÐ� �Úe=f�n}f&s}�_o�sOiV|+ï�ð�ð��Qæ�� ë o�árf���f�i��yf&��f�n��Zwxlmg}�xfv�oEl l?s}n}w�v&hjkVwxo�nJ�OhE�¾�_f&f�n��V�}o�á�nîkVo6wxnOv�i�f�hE�ZfÖ�Vs}�tà
�bk�hjnQkVw�hj�x�x�ÓkV�}f#g_f&iVpÞo�i�l�hjnOv&f´o�p\i�o��_ojk��má��}f&n6pÞo�i�hj|�à
w�nO|O�jv�oEnO�Vs}lmw�n}|y�jhjnOz?|�i�hjã�w�nO|?å	�4h��xv�� � � i���w�n´ï�ðEðj�Qæ��
� ��hjlmwmåbï�ðEðE�Eæm�Oh��´�V�}o�á�n�v�o�oEi�ztwxnOhjkVwxo�nJojp�nyhÇ�Qwx|Ehjà
kVwxo�n ojp¡l?s}��kVwxg}��fJi�o��_ojk��+kV�}i�o�s}|E�þhÜg}��hjntàµlmf&i�|�wxn}|
gOhji�h�z}w�|El pÞo�i�k��}f#k�hE�Z�7ojpÂkVi�hjnO�Vg_o�iVkVwxn}|ªv�o�nQk�hjwxn}f&i��
w�n´�Oh�iV�_o�i��&�

+ � ��i�o��}�xf&l��rá��}f&i�f � � �&�'���&�"��
	�"�,� !����.-/� $
�"$
�0�&� $ ��� � �1)

 ���2���&� � �.
	��� $ � � �Zwx|�nOw � v�hjnQk=�_otzt�#ojp�i�f��Vf�h�i�v���wxnÖv�o�à
o�g_f&i�h�k�w��Ef?lmo��Ow��xfÊi�o��_ojkVw�v&��z}f�hj���Âá�w�kV�ÓkV�Of¡�bk�sOzt�+ojp
�xh�iV|EfÖn�s}l?�yf�i��´ojp?�}o�lmo�|Ef&n}f�o�sO�¾i�o��_ojk��Óå��Zá4hji�l���æ��
ßJ�}f&nîl�hjn��6�Zwxlmg}��fÖiVoE�yo�k���hji�f#�}i�o�s}|E�Qk k�o�|Ef�kV�Of&i��
|��xo��Oh����x��w�nQk�f&i�f��ZkVwxn}|¾�_f&�yhÇ�Qwxo�i��=v�hjnÉf&lmf&i�|�f h��Âh¾iVf&à
�ZsO�ÈkÂojp�k��}f ��otv&h��YwxnQkVf�i�hEv$kVwxo�ny�=o�p�kV�}f i�o��_ojk���� � ��f&�
iVf��Zf�hji�v��#wx���Vs}f?w��Âztf�k�f&i�lmw�n}wxn}|¾kV�}fmg}i�o�g_f&iÂztf��Zwx|�n+ojp
kV�}f��xo�v�hj�Òv�oEnEk�iVoE�O��hÇá���k��Oh�k4á�wx���Ðhj�x�xo�áîkV�}fÂv�oE���xf�v�kVwxo�n
ojpÂiVoE�yo�k��mk�oçg}i�otztsOv�f�kV�}fÖz}f��Vw�i�f�z6�_f&�OhÇ��wxo�i��&�Kè}oEi
w�ny�bk�hjnOv&f�����h�k�hji�wxv�åbï�ð�ðQ�jhEæ�ztf��Vv&iVwx�_f���|EiVoEs}gÓ�yf��OhÇ�Qà
w�oEi����VsOv��+hE��ztwx�Vg_f&i��Zwxo�n���h�|�|EiVf�|Eh�k�w�oEn��yh�nOz-�Ootv��Qwxn}|y�
� |Qhj�#hjnOz-�rf���f��+åbï�ð�ðQ��æ4�ZkVsOztwxf�z#kV�}f?f�ìÒf�v$k\ojp2v�oEl à



l?s}n}w�v&h�k�w�oEn�ojp��Zwxl	s}��h�k�f�z´i�o��_ojk�v�oE��oEn}w�f��4w�n�pÞf&k�v��}wxn}|
h�nOz�v&hji�i��Qwxn}|?k�hE�Z�t��� �Ôf��OhÇ��w�oEi��Ôojp�v�oE��oEn}wxf��4ojp-w�ny�Zf�v$k
�Vgyf�v�wxf���h�iVf�v�hj�x��f�z��Vf&sO�Votv�w�hj���¾å���v&èyhji��xh�nOzÉï�ðEðj�Qæ���kVo
v&o�nQkVi�h��Zk�kV�}f�lÛá�w�kV���Vv&o�o�g_f&i�h�kVwx��f����_f&�OhÇ��wxo�i����Z�}o�á�n
���#�}wx|��}f�i�h�n}wxlmh��x��á��}f�iVf v�o�o�g_f&i�h�k�w�oEn�w��=k��}fmiVf��ZsO�Èk
o�p-wxnQkVf&i�h�v�kVwxo�nO�Ôo�p-�Vf&� � �Z�#h�|�f&nQk��Ôh�w�lmf�z´hjk�lmhjâtw�lmwxã�à
wxn}|mw�nyztw���w�ztsOh���stkVwx�xwÈkb�E�

��hjn��Ûh�g}g}i�oEh�v��Of��É�OhÇ��fî�_f&f�n gOiVoEgyoQ�Zf�z�pÞoEiçztf��Vw�|Entà
wxn}| lmf�v��Oh�n}w��Zl���pÞoEiÖhj|Ef&nQkÖwxnEk�f&i�h�v�kVwxo�nO���û�#oQ�bk+l f�v��tà
hjnOwx�Vl��¾i�f�éQs}wxi�fÖf�âtg}�xw�v�w�k#v&o�o�i�ztw�nyh�kVwxo�n�hjnOz�n}f&|Eojk�wxhjkVwxo�n��
�}stkÓztwxiVf�v$kÉv&o�lml	sOn}wxv�h�k�w�oEnÜw��+ojpÙkVf�n�i�f&g}��h�v&f�zÜ����wxnOztw�à
i�f�v$k�v�oElml	s}n}w�v&hjkVwxo�nÊ��w�h	�Vf&nO�Vwxn}|?oEir��w�h�k��}fÂf&n���w�i�o�n}lmf�nEk
h�����pÞoEimw�nO�Zk�h�nOv�fE�2wxnÜå � i���w�nÜï�ðEð � � �Ôf�v��Ef&i��&� ë o��x�xh�nOzÐ� �
e\f&n}f�s}�yoEs}i�|´ï�ð�ð��Qæ$�
qro�n���f�nEk�w�oEnO��h�iVfÊh+�bk�i�h�w�|E�EkVpÞo�i�áÔh�i�zÖáÔhÇ�+ojp=hEv��}w�f���w�n}|

v�o�oEi�ztwxnOhjkVwxo�nÓw�nAh#l	s}��kVw�àµiVoE�yo�k?�Z�t�ZkVf�l´���ºnç|�f�n}f&i�hj�ñ�-z}f�à
�Vw�|En}w�nO|�hj�x��n}f�v�f�����hji��\v�oEn���f&nQk�w�oEnO�Òwx�Yztw�Ý�v&s}��k-hjnyzÂgyf�iV�Oh�gO�
wxnEk�i�hEv$k�hj�}�xf�å�u��Oo��Oh�l �.üYf&n}nOf&n}�}oE�Èk�ãÖï�ð�ðE�Eæ$�Y�}stk?w�k?�yh��
�_f&f&nî�V�}o�á�nçk��Oh�kÊv�oEn���f&nQk�w�oEnO�?v�hjnA�yf�i�f�h�v��Of�zªá�w�kV�}oEstk
v�f�nQkVi�hj�xw�ã�f�z	v&o�nQkVi�o��Qw�p_hj|Ef&nQk��-wxnQkVf&i�h�v�k�h�nOz?��f�hji�n¾å�ut�}o��Oh�l
� ü�f�n}n}f&nO�}o���kVãÊï�ð�ð � æ$�4u��}oE�Ohjlýg}iVoEgyoQ�Zf���h��Vf�k=o�p��Votv�w�hj�
��hÇá���pÞo�i�h´|�i�o�s}gÉojp4w�ztf�h���wxã&f�zÖlmo��Ow��xf�iVoE�yo�k���k��Oh�k	h����xo�á
kV�Of&lýkVoÊlmo���f�oEn#hm|�i�wxz´á�w�kV�}oEstk�v&o��x��w�ztwxn}|ÊhjnOz´wxnQkVf&iVpÞf&iVà
wxn}|O��ü4�}f��Votv�w�hj�Ð��hÇá���hji�fÂ�Oh��Vwxv�hj�x���mk�i�hjÝÊv\��hÇá��ÔkV�yh�k=v�oEntà
kVi�o��2�}o�á kV�}fÊi�o��_ojk���lmo���fE��á��Ohjk�kV�}f��É�V�}oEs}�xzªz}o#á��}f&n
kV�Of&��|�f&k=kVo � s}nOv$k�w�oEnO���_f&k�v��\ü4�}f h����Zs}lmgtk�w�oEn#wx�=kV�yh�k=k��}f
i�o��_ojk���h�iVf4�}oElmo�|�f�n}f&oEsO��hjnOz ��hÇáAh��}wxz}w�n}|y�YßÓhjnO|ÊåÞßÓhjn}|
ï�ðEðE�Eæ$��pÞoEi�wxnO�bk�hjnOv&f��-g}i�o�g_oE�Vf����Vf&�Ef&i�hj��pÞs}nOv�kVwxo�nOh��2g}i�wxl w�à
kVwx��f��ÔpÞo�i4k�i�hjÝ�vÂv&o�nQkVi�o��Ðwxn´z}wx�ZkVi�w��OstkVf�z¾i�o��_ojk�wxvÂ�V�t�bk�f&l��&�

�
	���X�NOFZI X�RrØt:�<�
JX�C�UÒNOF���Ø}FbPrR
��h�nQ�+p�h�v�kVoEi�� ztf�k�f&i�lmw�n}f¡kV�}f¾f�ìÒf�v�kVwx��f&nOf����	o�p=hÖv�o�oEgyf�iZà
h�k�w��Ef�l	sO�Èk�wÈàµiVoE�yo�kVw�v��Vo��xstkVwxo�nJk�o7h7�Vf�h�i�v��Jh�nOzJi�f�kVi�wxf&��hj�
g}i�o��}�xf&l�� ü4�}i�f&fª�VsOv���p�h�v$k�o�i���w�nyv��xsOztfÓkV�OfªnQsOl	�_f&i�o�p
i�o��_ojk��¾sO�Vf�zÐ��kV�}fÉg}���t�Zw�v&h���ztw��ZkVi�w��}s}kVwxo�n o�p�kV�}f+k�h�iV|Ef�k��&�
hjnyz¡k��}f�o��y�bk�h�v��xf�ztf�nO�Zw�kb�¡wxn´kV�}f�f�n��Qwxi�o�n}lmf&nQk��2ü4�}f�g}s}iVà
g_oE�Vf�ojp4kV�}w���gyhjg_f&i�w���k�o��bk�sOzt�É�}o�áÛk��}fÊo��Ef&i�hj�x���VsOv�v�f����
ojp�h�i�o��_ojk�wxv�k�f�h�lýw��\hjì_f�v$k�f�z����´h��Èk�f&i�w�nO|mkV�}f��Zf�f�n��Qwxi�o�ntà
lmf&nQk�h��Òp�h�v�kVo�i����
ü4�}f�k�h��V�î�Vf�k´�yf&pÞo�i�f#kV�Of+i�o��_ojk��Êá4h���k��Oh�k´ojp	�Vw�lmg}�xf

�Vf�hji�v���hjnyz#iVf&kVi�w�f���hj�ñ��ü4�}f?iVoE�yo�k����bk�hjiVk=pÞi�o�l)h � â�f�z#�xojà
v&hjkVwxo�nÓwxn+k��}fÊf�nQ��wxiVoEn}lmf&nQk��Y�Zf�hji�v��Ök��}fÊhji�f�h¾pÞo�i�k�hji�|�f&k��
hjnyz¡i�f�k�s}iVn´k��}f&l kVo kV�}f��Oo�lmf��Oh��Vf��
{�âtgyf�iVwxlmf&nQk��YáÔf&i�f2i�s}n�o�n ztw�ì_f�iVf�nEk�n�s}l	�_f&i��Yojp}i�o��_ojk����

i�hjn}|Ew�n}|�pÞiVoEl oEn}f\kVo�pÞoEs}i���{rh�v���f&â�g_f&i�wxl f�nQkÔoEn¡h	v&o��x��f�v$à
kVwxo�nÖojp�i�o��_ojk��\á4h���i�s}n#pÞoEs}i\kVwxl f��\h�nOz�k��}f?i�f��Vs}��k��\árf�iVf
hÇ��f�i�h�|�f�zÐ��ü4�}f�ztw��bk�iVwx�}stk�w�oEn#ojp-k�h�iV|Ef�k���w�n�k��}f�hji�f&nOhm��h�iZà
wxf�z#pÞi�o�l h¾s}n}w�pÞo�i�l �Vg}iVf�h�z�kVo¾kVwx|��QkV�x��v��xsO�ZkVf&i�f�zÖ|�i�o�s}gy�&�
è-w�nyhj�x���E�O�ZoElmf�f&âtgyf�iVwxlmf&nQk���hEz}ztf�z´oE�O�bk�h�v&��f��ÔkVo kV�}f�f�n��Qw�à
i�o�n}lmf&nQk�k�o¡wxlmgyf�ztf	k��}f iVoE�yo�k�� $OgOhjkV�O���\ü4�}f��Zf?o��O�Zk�hEv��xf��
otv&v&s}g}wxf�z´iVoEs}|��O��� � ��� o�p�kV�Of�hji�f&nOh'$ �4hji�f�hO�
ü4áromztw�ì_f�iVf�nEk�f�n��Qwxi�o�n}lmf&nQk��2áÔf&i�f�v�o�ny�bk�iVsOv�kVf�z�pÞo�i�sy�Zf

wxn?k��}f�f�âtg_f&i�w�lmf�nEk��&��ü4�}f � i��bk�á4h���hÂv�wxi�v��xfrpÞoEs}i�lmf�k�f&i���w�n
ztw�hjlmf�k�f&i�å�èYwx|�sOiVf � æ�hjnyz�k��}f��Zf�v�oEnOz	á4h���h�n?oE�}�xo�n}|�hji�f�h
i�o�s}|E�}���Ê�Vf&�Ef&n´lmf�kVf�i��4�xo�nO| h�nOz¾�Vw�â¡lmf�kVf�i��4á�w�ztfÊå�èYwx|�sOiVf
+ æ���è}o�i4�_ojk����Vf�k��ÔojpYf&âtgyf�iVwxlmf&nQk��ÔáÔf\sO�Vf�z´h �Zwxn}|��xf��xh�nOz�à
l�hji��Ò�jh�ï �E� ßawxnOv&h�nOztf��Vv&f&nQk-�xwx|��Qk-�Os}�����-ü4�}fÔi�o��_ojk��-sO�Vf�z
kV�Of ��hjnyztl�hji��¾k�o#�Zf�hji�v��#kV�}f�h�iVf�nOh¡h�nOzÖ�Oo�lmf?wxnÉo�n�k��}f

ztiVoEgtàµojì#ã&oEn}f��

Drop Off 
Zone

4m

Arena Wall
Obstacles

Targets

Light
Incandescent

è-w�|Es}iVf � ä�ü4�}f��Zl�hj�x��h�iVf�nOh	sy�Zf�z¡pÞoEi4kV�}f�f&âtgyf�iVwxlmf&nQk��

èOo�i-f�h�v���o�p}kV�Ofrf&â�g_f&i�wxl f�nQk�����iVoE�yo�k��Yárf�iVf�oEn}�x�Âh����xo�áÔf�z
kVo#|EhjkV�}f�iÂk�h�iV|Ef�k���pÞoEiÊï � lmwxn�stkVf��&��ü4�}fmkVwxlmf��?h�k�á��}w�v��
kV�}f4i�o��_ojk���z}f&�xw��Ef&i�f�z h=k�hji�|�f&kYk�oÂkV�}f���hjnOz}lmh�iV���xwx|��Qk��}s}�x�
árf�iVf�iVf�v�oEi�ztf�zÐ�
ü4�}f�k�hji�|�f�k���v&h�n¾�_f�ztf�k�f�v�kVf�z�hjk=h?i�hjnO|�fÂojp�hj�_o�stk�kbáÔo

kVo+kV�}i�f&f¾pÞf&f&kmá�w�kV�îh 
 � z}f&|�i�f&f´hjn}|E��f´ojp��Zf�nO�Zw�kVwx��wÈkb�E�r�Vo
kV�}f�i�o��_ojk���l	sy�bk\hEv$k�w��Ef&�x�¾i�oEh�lýhji�o�sOnOz¾kV�}f	h�iVf�nOhmwxn#o�iVà
ztf&i	kVo��xotv&h�k�fÊk��}f&l��+ü4�Of¡i�o��_ojk��	hji�f¡v�s}i�i�f&nQkV�x�+nOojk?f&â�à
g}��w�v�w�kV�x�ÓhÇáÔh�iVf ojp�f�hEv��+o�kV�}f�i $ ��g}i�f��Vf&nyv�f����µp4kbáro�v&o��x��w�ztf��
kV�}f�� �Vw�lmg}�x� kVi�f�hjk�f�h�v���o�kV�}f�i2�xw��Ef�o��y�bk�h�v��xf��2hjnOzmg_oE�VwÈk�w�oEn
kV�}f�lm�Vf&�x��f���hj�xo�n}|mhjn´s}n}wxlmgyf�ztf�z�gyh�kV���
ü4�}f#i�o��_ojk��Êhji�f#g}i�o�|Ei�h�l lmf�zçk�oço�n}�x�7i�f�hEv$k�k�oªkV�}f�w�i

w�lmlmf�ztw�h�k�fÖf�nQ��wxiVoEn}lmf&nQk��4k���sO�Êk��}f&�îi�f�k�hjwxnJn}o7wxnQkVf&i�nOh��
lmh�gÉh�nOz+sO�Zf�nOo´gOiVf��Qwxo�sy�\��n}o�á��xf�z}|�f�hj�_o�stkÂk��}f&wxi�f&n���w�à
iVoEn}lmf&nQk���ü4�}f�i�o��_ojk����bk�hjiVkVf�z+o�s}k�hjk�kV�}fÊz}iVoEgtàño�ìçã&oEn}f
hjnOz¾lmo���f�z¾hÇáÔhÇ� pÞi�o�ldw�k��OsO�Zwxn}|mw�k�pÞo�i���f�iV��i�sOztwxlmf&nQk�h�iV�
kVi�h�v���w�nO| h�nOz¡�Oo�lmw�nO|O�

>îP�B�P�Ø}FZU���:�NO[��É:�N}X
ü4�}f�i�o��_ojk���hji�f�v�oEnO�bk�iVsyv$kVf�z.o�stkÜojp��Y{��  ü�f�v��}n}w�v
�}��otv��t������{��  ���árf�iVf4sO�Vf�z �_f�v�hjsO�Vf4kV�}f��?h�iVf4�xw�|E�EkbáÔf&wx|��Qk��
�bk�iVoEn}|O�}f�h��V�¡k�oÊáÔo�i��¡á�w�kV���Ðhjnyz#hji�f�wxz}f�hj��pÞo�i\i�h�g}wxz�gOiVo�à
kVojkb��g}wxn}|¡h�nOz#g}i�o�ojpÙàµojpÙàºv�oEnOv�f�gtk=ztf��Vwx|�nO���=ü4�}f ~�n}wx��f�i��VwÈkb�
ojp��#w�nOn}f��Vojk�h � � � "��ª�OhE���Zsyv&v�f��V�ZpÞs}�x���¾�yf�f&n�l�hj��wxn}|�sO�Vf
ojp��Y{��  ���hE��hÓiVoE�yo�k p�h��}i�wxv�h�kVwxo�n6l�h�k�f&i�wxh��4pÞo�iÊ�Vf&��f�i�h��
��f�h�i����
ü4�}f�v��OhE�V�Vw��\w���h�ztsOh��ÈàñkVi�f�hEztf�z+ztf��Vw�|En���|Ew���wxn}|¾w�k��}oE��o�à

n}o�lmw�v�lmo��Ow��xwÈkb�E� ü�o |�i�h��Vg hÛk�h�iV|Ef�k���f�h�v�� i�o��_ojk6wx�
f�éQs}wxg}gyf�zÖá�w�kV�ªh��Vw�n}|E��f�ztf�|�i�f&f ojprpÞiVf�f�ztoEl)pÞo�i�����w�pÙkZàº�bkb���xf
|�i�w�g}g_f&i���v&h�gOhj�}�xf�o�pÂ�xw�pÙkVwxn}|AhÓk�hji�|�f&k¡ojì�kV�}f+|�i�o�s}nOzAk�o
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Uniform Distribution with Obstacles for Seven Targets

One Robot
Two Robots

Three Robots
Four Robots
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Uniform Distribution with Obstacles for Eleven Targets
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Uniform vs. Non-Uniform Distribution with Obstacles for Seven Targets

Uniform Distribution
Non-Uniform Distribution
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Uniform vs. Non-Uniform Distribution with No Obstacles for Eleven Targets

Uniform Distribution
Non-Uniform Distribution
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