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fn���Qo(�wx6d<v�k(mpd(~Ô��q6f>vÝfMdgdgxy�� �vgc��ih%�6�i�0o"�ixum�dgki�6c�dÔhy�nv���fi�wce�Òc�h�mgkYfn��dl��dlvgk(��d�~Ïj�k�fi�Qm��i¦9�nvpdÏo(fihyhy�ivÝ�Mficwh$fMo(o"kYdgdÏvg�sfi�w�
vgquk� uxuop��d0c�hBf��ic��ik�hso"��xudlvgk�m��7hy�Mm�o�fnhsvgqyk���mgkYfiopq kYfiopqso(�wxudlvgk�m�f>v�í�cw���K~�rthsvgqycedzZ7kYoGvgc��ih%��íÚk���k(m�cw�MkÔv�qykÍo"�ih6��c�v�cw�Mh
xyhu�yk(mÏí�qyceopq$f�dlk(vÔ�n��o"��xudlvgk�m�d�xyh6��k(m�v�qykc�h�:uxyk�huo"kß�n�&�ihyk��Mm����Mmgk�m��i¦9�nvpd�í�cw���%���Mhy�nv��ihyceo(fi�w�������>�ikÍvg� f�dgc�hy�i��k
o"��xudlvgk�m�~
rth fZmgkYfn��c�dlvgceoBk&%� 9k(m�cw��k(hWvY��m��i¦9�nvpd�fnm�k$ yq7��dlceo(fi�w��� ��cw��cwvgk�� ¦7� vgqyk�o(�w�WdlkY� fimgk�hufid�c�h í�qyceopqSv�qyk(� �i 9k(mpf>v�k��Y~

#Ï�>í�k(�Mk(mY�>xyhy��k�d�d2dg 6kYo"c *6o�¦9k(quf��7c��im�ced2o"m�k�fnvgk���í�qyceopq� ym�k���cedl 9�Mdgk�d�v�qykÏ���nv�cw�Mh��n�9vgqykÔfi�ik�hMvpd�vg�fÍ�Mcw�Mk(h�fnm�k�fÝ�n�`vgquk
fnm�k(h6fy�yí�k��f��sk�%7 9k�o"vÔv�quf>vÏv�qykv�cw��k(¤·f��Mk(mpfn�ikY�s��k�hudgc�v<�	���i�&m��i¦9�nvpdÏc�h$hy�ih6o"��xud<v�k(mÔdg ufMo"kcedÏkYdgdgk(hWvgcefn�����+o"�Mhudlv�fnhWvY~
��qyced��k�fihud�v�quf>v��ih f��Mk(mpfn�ikM�¡vgquksm��i¦9�nv�dvgqyk���dlk��w�Mk�dßfimgk�hu�nvß ufimlv�c�o(xy�efnm��w�@cwhWvgk�mgkYd<v�cwhu�4fidvgqyk�cwm����ivgc��ih o(�ixy�e�
�ik�mg��íÚk��w�6¦6kÝ��k�d�o"m�cw¦9k���¦7��f�huf>v�xympfn�y�Wfidl¤I��cw�Mk�o"�ih6��c�v�cw�Mh�~�;@kÔk&%� 6kYoGv2v�qyced2v��¦6kÏvgm�xykÏhy���fnvlvgk�m�vgqukÝo"�Mh�*u�Mxym�fnvgc��ih
�n�& yxuop��d��� ym��>�Wce��kY� v�quf>v�v�qykßo"�Mh�*u�Mxym�fnvgc��ih+�n�& yxuop��d���ce�+hu�nvÏm�k�dlvgm�c�o"v�fMo(o(k�d�dlc�¦yc��wcwv<� �n��vgquk�mg�M¦6�iv�d�vg� fimgkYfid��n��vgquk
fnm�k(h6f�
>~&��q7xud(�iíÚkÏo(�ihuo(k(hWvgmpf>v�kÚ�Mhßv�qyk����nvgc��ih6d&�n�9vgqyk� yx6op�7d&mpf>v�qyk(m�v�qufnh�vgq6f>v2�n�9vgquk�mg�M¦6�iv�d�~Q��qyced&�7cwk�íSm�k(��k(�Wf>vgkYd
vgquk mg�M¦6�iv�dÍv��$vgquk mg�M�wk��i�� ufnmgv�n��vgquk k(h7�7cwm��ihu��k�hWvm�fnvgqyk�m�vgqufih fnh fio"vgc��ik  6fnmgv�n��vgqyk+dl��dlvgk(�Ò~�;@kBfnm�k�vgqyk�h
c�hMv�k(m�k�dlvgkY�ÒcwhÒv�qykv�cw��k"¤tf��ik�m�fi�ikY�sk��i�i��x�v�cw�MhB�i�&vgqyk�dl��dlvgk(�ú�n�� yx6op�7dÔxyhu��k�mÏv�qykßc�h�:uxyk�huo"k��n�&vgqukßm��i¦9�nvl¤·k(huqufnhuo(k��
k(h7�7c�mg�Mhy��k(hWv�~
�QíÚ��fid�dlxu�� yvgc��ihud�fimgkÍ��fi��kM~
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{y~Ï�Ôdgc���kß��mg�M� v�qykßk��>fn 9�impf>vgc��ih .Kfnhu�4o"�ih6��k(hud�f>v�cw�Mh¶0��i�& uxuop��dÏ��m��i� .��MhMv���0Ôf o"��xudlvgk(mY�6vgqyk�¦6k�quf��7cw�MmÔ�n�2 uxuop��d
xyhu��k�m�vgqykfMoGvgc��ihB�n�Qvgqyk�m��i¦9�nvpd�í�cw����¦9k�o(�i��ki���MhÒf��Mk(mpfn�Mki�ikB!Wxufn���w�+��c�dg 9k(mpdlkY� v�qymg�Mxy�iqu�ix�v�vgqukdl ufMo"kM~

; ko"�ih6dlce��k(m�v�qykfn¦yc���c�v<�+�n�%v�qykdg�7dlvgk���vg� o(�wx6d<v�k(m�xyhu�yk(m�vgquk�dgkfid�dlxy�� �v�cw�Mhud�~
¥�k(v"f dßdgí�c�vpopq �ikYfnmpd����im�f����M��k(hWv�~5; ks���W�M�@fnv�f�dg�7dlvgk�� �Mx�vß�i��kB!Wxycw��c�¦ymgc�xy� c�h í�qyc�opqZv�qyk(m�ksfimgk f$�efnm��ik�m

h7xy�ß¦9k(m��i�Úm��i¦9�nvpdÔc�hZ�ihyk� ufnmgv��n�Úvgqyk�fnm�k(h6fso(fimgm��7cwhu�s yxuop��d�v�qufnh cwhZfnh7�$�ivgqyk�mÍfimgkYfy~�rth4v�qyc�d�o�fidgki�¡í�k�quf��ik�f
dg ufio(k�cwh í�qyceopqZvgquk(m�k k&%�ced<vpdßfÒ�impfi�ycwk�hMv�i�� yxuop�Z��k(hudgcwv<�i~ÒrthZvgqyk+dlc��� y�wkYd<v��n�Ïo(fMdlkYd(�Qvgqyced�Mm�fM��c�k(hWvc�dß�wc�hykYfnmc�h
dg�i��kÝ��c�m�k�oGv�cw�Mhmtu�~�r·�%í�kÝ��k�hy�nv�kÏv�qyk��yc�dlv�fihuo"k�fn���ihy��v�qyced�f4%�c�dÚ¦7�>vQ�7vgqyk�hsí�kÔí��ixy�e� fMdgdgxy��kÏv�quf>vÚvgqykÍ��k(h6dlcwv<�mwÍc�d
f���xyh6oGvgc��ih$�i�#v%�7wJìQvºï(~J;@k���f��+fid�dgxy��k�vgqufnv:w�cedÏ���ihy�ivg�Mhyc�o�fn���w�+cwh6o"m�k�fidgc�hy����mg�M� �Mhykk(h6�Ò�n�&vgqyk�fnm�k(huf�v���vgquk
�nv�qyk(mY~&r·vÏc�dÏcwhWvgk�mgkYd<v�cwhu�ßv���xyhu��k�m�dlv�fihu�sí�q6f>v���cw�MqMvÏq6fn y 9k(hÒqyk�mgkM~
j�kYo(fn���Qvgqufnv���fn���&�nv�qyk(mÝvgqyc�hy�WdÝm�k(��ficwhyc�hy� kB!Wxufn�I�¡c�vÍ��f��Ò¦6k�fid�dlxu��kY�Òvgq6f>vÍvgqyk�hufnvgxympfn�Qvgk�hu��k(h6o"�$cedÔv�quf>v�vgquk

f��ik�m�fi�ik���k(h6dlcwv<�@�i�����>�7c�hy�Ò yxuop��dí�c����0¦9k�o"�M��kso"�Mhud<vpfnhWv�~�; qufnvvgqyced��kYfnhudßc�dvgqufnvvgqyk�mgk�í�c����Ú¦9ksfÒhyk(vM:u�>í
�n�� yxuop��d���m��i� qucw�Mq ��k�hudgc�v<� fnm�k�fidÔvg�$���>í �yk(hudgc�v<�@fnm�k�fid�~���qyc�dí�cw����vgk�hu�@vg�Òqufi y 6k�hZcwm�mgkYdl 9k�o"vgc��ik��n��fnh7���ivgqyk�m
o"�Mhudgc���k�m�fnvgc��ihud�~�#Ô�>íÚk��ik�m��>v�qyced0��k�fihud�v�quf>v�cwhs�imp��k(m0vg�ßdgxudlv�fnc�h�v�qykÝ��k�hudgc�v<���impfi��c�k(hWvY�nvgquk(m�kÔ�ßx6d<v0¦9kÍf� yxuop��dlc�hy�
f>vÝvgqyk����>í �yk(hudgc�v<�$fimgkYf��n��v�qyk�fimgk�hufy~���qyc�dÝ��k�fihud�v�quf>v�vgqyk�mgk���f��+�Mhy�w�Ò¦9k�f+dlxudlv�ficwhuk��$�Mm�fM��cwk�hWvÔc��0vgqyk�mgkced�f
hyk(vF:u�>í �i�Q yxuop��d���m��i� vgqyk�qyc��iqÒ��k�hudlcwv<�sfimgkYfv���vgqyk����>íÛ��k�hudgc�v<�sfimgkYfy~
��qykÏ�M y 9�Mdgc�v�kG!Wxyk�dlvgc��ih�ced0fi��dg�c��� 9�imgv�fihWv ì í�quf>v0ced�v�qykÔm�k"!Wxyc�m�k(��k(hWv����im�f�hyk(vP:u�>í �n�¡ yx6op�7d2��mg�M� �MhykÔfimgkYfÍ�n�

vgqukÝfnm�k(h6f�vg��v�qykÔ�ivgqyk�m�x+r·��í�kÔ���ßhu�nv0��k"vÚvgqykÝmg�M¦6�iv�d�k�%�opq6fnhy�Mk� yxuop��d(�Mvgquc�dÚ��k�fnh6d�vgq6f>vÚfdgc�hy�i��kÏm��i¦9�nvÚo�fnm�mg�7c�hy��f
 yxuop���ßxudlv0���>�ik���m��i� �ihyk�m�k(�Mcw�Mh�fihu����mg�M �c�v2�{L+c�h�v�qykÏ�ivgqyk�m2mgk��ic��ih�~Qr·�`vgqyk�v��nvpfn�u��k�hudgc�v<���n�`mg�M¦6�iv�d�ced2o"�Mhudlv�fnhWvY�
vgquc�d���kYfnhud�v�quf>v�v�qyk�h7xy�ß¦9k(m��i�Úk(�� �v<�@mg�M¦6�iv�dÍ�Mh4v�qyk��w�>í ��k(h6dlcwv<�4dgc���k�í�c��w�0¦6k��efnm��ik�mÝv�qufnh@vgq6f>v�ih@vgquk�qycw�Mq
��k�hudlcwv<�Òdlce��ki~Ý��qykk(h6�$mgkYdlxu��vÔced�v�quf>vÍf ��k�hudlcwv<�B�impfi��c�k(hWvÏí�c��w����o(o"xumÝfnh6�Ò¦6k���ficwhWvpfnc�hyk��¡~Ï��quc�dÔc�dÝfnh$c��� 9�imgv�fihWv
o"�Mhudgk"!Wxyk(h6o"ki~
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rth �ik(huk(mpfn�I�6v�qyk�m�fnvgk��n�Úopqufihy�ik��n�0vgqyk�dgc ��k��i�Úfs 6fnmgvgceo"xy�efnmÍo"��xudlvgk(mY�`vgquk(h��%�yk( 9k(hu�ydÍ�Mh�v<í�� v�qycwhu�Md�~���qyk3*umpd<vÍc�d
vgqukßh7xy�ß¦9k(mÔ�n�2o(fimgm�cwk�m�d�c�hWvgk�m�fMoGvgc�hy��í�cwvgq$v�qyk�o(�wx6d<v�k(mY~���qukßdlkYo"�Mhu�Bc�dÏvgqyk�huf>v�xymgkß�n�&vgqykßcwhWvgk�m�fMoGv�cw�MhB�i�2f o(fimgm�cwk�m
í�cwvgqBvgqyko(�wx6d<v�k(m�c�h5!WxykYd<v�cw�Mh�~���qyk�mpf>vgkÍ�i��opqufihy�ikÍ�n�Qvgqykdgc��(k��n�&f�dlc�hy�i��k�o"��xudlvgk(m���f�� ¦9k�í�m�c�vgvgk(h$fMd

ü ~ aü{ý ÷ ó w ��� ìU~ a ïIù�w 	q� ì©~ a ï .K¢y�-0
í�qyk�mgk�v�qyk ���7o�fn����k(hudgcwv<�4�n��k��� yv<�@m��i¦9�nvpd9wh��fnh6�Z�n��mg�M¦6�iv�do�fnm�mg�7c�hy�Ò yxuop��d9w 	 fnm�k���xyhuo"vgc��ihudß�n�� 6�Wdlcwvgc��ih fihu�vgc���ki~�rthZv�qycedßkB!Mx6f>vgc��ih%�%v�qyk ��xyh6oGvgc��ih6d � fnh6� � fnm�ksfnhufi�w�M�i�Mxud�vg�� umgk��Wc��ix6dÍ��xyhuo"vgc��ihud��&¦yx�v�hu�>í c�huo(�wxu�yk vgquk�ik��i��k"v�mgceoÝ ymg�M 6k�mlv�cwkYd��n�Qvgqykfimgk�huf�fnhu�Bo"��xudlvgk(m� 9�Mdgcwvgc��ih9.Kd«0"~
r·�&íÚkÍquf��MkÔv<í���o"��xud<v�k(mpd(�7v�qyk(hBv�qykdl��dlvgk�� c�dÔ��k�d�o"m�cw¦9k��+¦7�

ü ~ aücý ÷ ó wh��ì1v a ï � ìU~ a ïIù�w 	 ìQv a ï � ìT~ a ï .K¢M{c0

ü ~ �ücý ÷ ó wh��ì1v � ï � ìU~ � ïIù�w 	 ìQv � ï � ìT~ � ï .K¢i¢�0
r·��fn�Mficwh%�Wí�kfid�dgxy��kÔv�quf>v�v�qyk�h7xy�ß¦9k(m��i�� yx6op�7d�c�hBvgqyk���kY��cwxu� ced�d<vpf>vgc��ih6fnm���vgqyk�hBí�k�quf��MkÔv�quf>v

ü ~ aücý ÷ ó ü ~ �ücý .K¢4=�0
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ó w � ìQv a ï � ìT~ a ï9ù�w 	 ìQv a ï � ìU~ a ï)÷�w � ìQv � ï � ìT~ � ï ó w 	 ìQv � ï � ìU~ � ï .K¢M§c0

rth �ik(huk(mpfn�I�`vgqyk���k�hudlcwv<���i��o(fimgm�c�k(mpdÔcedÍhy�nvo(�ihudlv�fihMvÍv�qymg�Mxy�iqu�ix�v�vgqyk�m�k(�Mcw�Mh�~H#Ô�>íÚk��ik�m��`cw��í�k�o(�ihudgce��k(m��Mhy�w�
vgquk���k�hudgc�v<���n�Qmg�M¦6�iv�dÚcwhsvgqykÍfnm�k(hufu�ik�c�v�qyk(m�k(�� �v<���MmP*u����k��¡�7cw�%���i�����>íÏd�vgq6f>v�vgqyced���k(hudgcwv<��ced��W�Mh+f��Mk(mpfn�ikM�io"�Mhudlv�fnhWvY~
r·�%í�kÔ��k"v�� ��k�hy�nv�kÏv�qykÔv�cw��k(¤·f��Mk(mpfn�ikY����k(hudgcwv<���i�%m��i¦9�nv�d0cwhsvgqykÍfnm�k(h6fy�7fnhu�mw � fnh6��w 	 ��k�hy�nv�kÔv�qykÔv�cw��kÍf��ik�m�fi�ik�����7o�fn����k�hudgc�v�cwkYd��n��k(�� �v<�+fihu�s��xy�w�%mg�M¦6�iv�d���mgkYdl 9k�o"vgc��ik(���i�7v�qyk(h� ÷�wh�Yù�w 	 .K¢i£�0
; kÒfMdgdgxy��kBvgqufnv�íÚk$fnm�kBíÚ�Mmg�7c�hy�4c�h f@dlv�fnvgkÒ�n�Í���7hufn��ceo+kB!Wxycw��c�¦ymgc�xy�Ò��cwh í�qyceopq v�qyk$�w��o�fn����k(h6dlcwv<� �n��k(�� �v<�
o(fimgm�c�k(mpd2fnhu���i�¡��xy���`o�fnm�mgc�k(mpd&cedÚfi y ym��-%7c���f>v�k(����o"�Mhudlv�fnhWvY~���qycedÚ��kYfnhud2vgqufnvÚk��ik(h vgqy�Mxy�iq�v�qyk(m�kÔ��f���¦6k�fhyk(vP:u�>í
�n�� yx6op�7dÏ¦6k(v<íÚk�k(h�o"��xudlvgk�m�d�c�h$v�qykßdg�7dlvgk�� í�k�hy�>í o"�Mhudlce��k�m��6íÚkfMdgdgxy��kÍvgqufnvÔv�qyk���7o�fn�%�yk(hudgc�v�cwkYdÏ�i��v�qykßo�fnm�mgc�k(mpd
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A Two Cluster System Evolution
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nonembodied simulation
Completion time of pseudoclustering
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Evolution of Two Cluster System under Robot Swarm
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