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S�T�W.n?�eoiWK{�f`���cW#np�yfjTy��_�}�npf`W#�¨_)f`n-_�bylj�cWKh[f`TyW�n��cWKl`T�WKacz�_AVXW�f��¡h�VXnc�y����W�acze 4Tyne{.}yW�fi£#nclj¤[xyl`ncf`ne{�n?��_
��}Px�apl`f`�¨{�b���acl#�%W�fi£#W�WK}	ljWKa?{Òfj���?Wªxyljnpfjne{�nc�¨_�ap}©zOxyljnp sac{�f`���cWªxyl`ncf`ne{�n?��_K¥

S§ncx%nc��nc�?h	nc�mlja?ze��nO}yW�fi£#nclj¤e_���_ªb�_`b�ap����hPzyW�}�_`W�ac}�z²��aplj��W�_Inc�Öf`W�} ¥�3�W�acl`W��?nc��}y��fjn	_`W�W�fjT�a�f
{�nc}Lf`ljnc�¡n��?W�ljTyWKa?z'��}Xxyljnpfjne{�nc�¨_§� ncl�fjTy��_)fih¡x%W�np�%}yW�fi£#nclj¤e_)zyW�x%W�}�zy_mVXac��}���h�n?}�fjTyW�£�aDh'l`n?bef`W�_ apljW
{�nc}�_�f`ljb�{�f`WKzA¥�w�ap}yW�f#xyljnpfjne{�nc�¨_$4�Y��e¸65�7Axyljncx%n?_`WgV�ap��}y��hXfi£.n�£�aDh¡_m� ncl�{�ljWKapf`��}y��l`n?bef`W�_8��}�a?z¡ ¢Tyne{
}�W�fi£#nclj¤¡_� 
Yc¥#f`TyW�{��¨ac_j_��¨{�ac�Mnc}yW�{�nc}©_��¨_if|_���}²W��cWKl`h	}ynezeW�WKV���f�fj��}���TyW�����n?_I��}²ncl|zeWKl�f`n���WKacl`}�fjTyW'f`n?x©n?��n?�ch
� a�V�W�{|T�ap}���_`V �¨_ fjTyW�}	b�_`WKz�f`n��yljn?acz�{�ac_�f f`T���_.��}y� ncljVXapf`��nc}Xncl#a�_`b68�{���W�}Lf.x�acl�f.np�A��f8f`n��©W
ap�y��W-f`n�{�ncVXxybefjW'l`n?bef`W�_%��9

�e¥�nc}XfjTyWInpfjTyW�l.T�ap}©zM¸La-�?W�ljh�_`��VXxy��WI£�aDh�nc� �©}�ze��}y��a'ljncbefjWI{�n?}�_��¨_�fj_ ��}X¹�n¡neze��}���¸?f`TyWg_`ncb�lj{�W
¹�n¡nezy_Ia�x�ac{|¤?W�f�ap}�z	fjTyW'x�a�fjTO� n?����n�£#WKz	�Lh�f`TyW'x�a?{|¤cW�f#fjnXl`W�ac{|T�fjTyW�zeW�_ifj��}�apf`��nc}���_Ib�_�W�zM¥

S�TyW�_�W�fi£.n	apxyxyljn?a?{|TyWK_�acl`W��cW�ljh	zy� �<W�ljW�}Lfª£���f`T�l`WK�?apl|z	f`nO{�nc}Lf`ljnc�§n��cWKl`TyW�aczM¥�rs}²fjT�a�f[_�WK}�_�W
fjTyWOac}�ap��he_��¨_-V�aczeW���} f`Ty�¨_'x�acx©WKl�_`W��cljW��La�fjWK_ªf`TyWOxyl`ncf`ne{�n?��_-x�l`n?x©nL_�W�z:� n?l�acz¡ ¢Tyne{X}yW�fi£.n?l`¤e_-��}
fi£#nXV�ap��}O¹©aD�?ncl|_  ;:�TyW�����nXxyljnpfjne{�nc�¨_=<ªap}�z>:i¹�n¡n¡zy��}y��xyljnpfjn¡{�nc�¨_?<Ò¥

S�TyW�_`WK{�nc}�z�apx�xyl`nLac{|T:�¨_'�?W�ljh:a�f�fjlja?{Òfj���?W�� n?l-fi£.n�ljWKac_`nc}©_  [��}y� ncljVXapf`��nc}���_�_ifjncljWKz:n?}y��h²� ncl
a?{Òfj���?W�l`n?bef`W�_ � f`TyW	l`W�_if�np��f`TyW	f`n?x©n?��n?�chVXaDh��%WO���c}yn?l`W�z �'ap}©z � fXap����n�£I_�f`n�{�l`W�a�fjW�"Lby��{|¤¡��h�a
ljncbyf`W���} ljWKa?{Òf`��nc}�fjn��¨aplj�cW�VXnc������� fih?¥¦g��VXn?_�f�ac���.f`T�WOxyljncx%n?_`WKz xyljnpfjne{�nc�¨_�apf�w:ac}yW�f�b�_`W�f`T���_
VXW�{|T�ap}y�¨_`V�¥[S�TyW�VXnL_if[x©n?xyby�¨apl[��_[¦gvA@CBD4Ë�c�e¸M�yYE7��Lh�u.T�acl`��WK_gk�W�lj¤L��}�_K¥GFeb�{|T�a�x�l`ncf`ne{�n?� £������
�%W�{�ac����WKz�aH:s¹©nLneze��}y�Xxyljnpfjn¡{�nc�I<|¥

S�TyW �©lj_�fIapxyxyljn?a?{|TOV�aDhXfjac¤cW'aczy�Dac}Lfjap�?Wªnc� fjTyW'��n?}y�Xl`n?bef`��}y�XW�dex%W�lj��WK}�{�W[��}���d¡W�z�}yW�fi£#nclj¤e_
� � ncl�W�deacVXxy��W?¸©vGF¡k)J l`W�ac{Òf|_��©W�f�fjW�l�fjn�����}y¤	ac}�z�}ynezeW[� ap����byljW[f`T�ac}²\�rsk ���ybyfg_�WKW�V�_#f`nXxyljnezeb�{�W
VXn?l`W�n��?W�ljTyWKa?zM¸ ap}�z {�ncVX��}y�:� ljncV �ydeW�z }yW�fi£#nclj¤e_�¸�n?}yW	{�ncby�¨z f`T���}y¤ fjT�a�fX��f�ljWKa?{Òfj_���aczy��h�f`n
}�W�fi£#nclj¤�VXnc�y������fihc¥K3WapljW²�cnc��}y��f`n¯_�WKWPf`T�apfO� f	��_�}�npfOap��£�aDh¡_�fjTyW�{Kac_`Wc¥ S�T�W�ljW²��_�V�ac��}y��h
n?}yWOx�l`ncf`ne{�n?�mnp�IfjTy�¨_�¹©aD�?ncl�x�l`n?x©nL_�W�z a�f�w�ap}yW�f� 	v �LFy\M4�Y�NL¸�YcYE7��¡hPO[aDhLh¡byVP¸ �Lac{ "LbyW�fK¸ ap}©z
w:byTy��W�f`T©ap��W�l8�¨_.��}�_`xy��l`W�zX� ljncV f`TyWªl`n?bef`��}y��x©apl`f$4�Y��¡¸%YK�Q7<np�MfjTyWg����}y¤X��aDh?W�l8x�l`ncf`ne{�n?��qI��x©WKl`�¨ap}�4 ��74¥
r¢f-�¨_ªaO����}y¤:_�fja�fjW�xyljnpfjne{�nc�)��}:f`T�W�_�fih¡��W�np�#vGF¡k)J¬fjT�a�f-V�ap¤?WK_[_�x%WK{�� �©{�ncxefj��VX�SRKapf`��nc}�_g� ncl[lja?ze��n
}�W�fi£#nclj¤¡_K¥ S�Ty�¨_)xyljncx%n?_`� fj��n?}�fjac¤cW�_§a?ze��ap}Lfjac�cW8nc�yf`T�W#¤¡}yn�£���WKzy�cW8nc��fjTyW#f`ncx%nc��nc�?h-��ne{�ac����h[f`n-V�ap¤?W
W�8�{���W�}Lf��yl`nLaczy{Kac_�f`��}y��¥TF¡b�{|TPxyljnpfjne{�nc�¨_#£������A�%W�{�ac����WKzU:iT�W�����nXxyljnpfjn¡{�nc�¨_?<Ò¥

J)��n¡neze��}y�Xxyljnpf`ne{�nc�¨_ qIWK����nXxyljnpf`ne{�nc�¨_
J)� deW�z	n��?W�ljTyWKa?z VXWZY\[ ]�^Z_$`ba6c�d�e=Y\[
w²n?�y������fihOn��cWKl`T�WKacz Vgf,hSij]lkjm�no^pe=qrY\[ fUh�is]lkjd�n�^ZetdQcQY�[

S)ap����W�Y# vu#ac}�ze£��¨z¡f`T	n��cWKl`TyW�acz�np�A�%npfjTOxyljnpfjne{�nc��¹©aD�cn?lj_K¥§S)ap����W[��zeW�fjap���¨_mfjTyWgx�acljacVXW�f`WKlj_8b�_`WKzM¥

S)ap�y��W�Y:x�l`W�_�WK}?f|_�ncb�l ��l|_if	VXac��} ljWK_`by��f	{�n?}�{�WKl`}���}y��{�nc}Lf`ljnc�gn��cW�ljTyW�aczM¥ S�TyW:npfjTyW�l	V�ap��}
ljWK_`by��f[nc�8fjTyW�xyljWK_`W�}Lf[}�npf`W�{�nc}�{�W�lj}�_ªf`TyWXn��cWKl`T�WKacz�zebyW�f`nP}yn?}e 4n?xef`��V�ap��� fih²nc�.ljncbefjWK_[nc�yfjap��}yW�z
�¡h�¹©nLneze��}y�©¥mS§ac�y��W����c���cW�_�a�� n?l`W�fja?_ifjW[nc�§fjTyW�ap}©ap��h¡_`�¨_#ac}�z�_���V�by�¨a�fj��n?}�_�xyljWK_`W�}Lf`W�zO�¨a�fjW�l�¥
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optimal distance from source

density=5 (25 nodes)
density=10 (50 nodes)
density=15 (75 nodes)

density=30 (150 nodes)
density=50 (250 nodes)

density=100 (500 nodes)
density=200 (1000 nodes)
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optimal distance from source

density=5 (39 nodes)
density=10 (79 nodes)

density=15 (119 nodes)
density=30 (238 nodes)
density=50 (398 nodes)

density=100 (796 nodes)
density=200 (1592 nodes)
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optimal distance from source

5x5 grid (25 nodes)
7x7 grid (49 nodes)
10x10 (100 nodes)
15x15 (225 nodes)
20x20 (400 nodes)
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