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^/_a`cbedgfMbih*`�fA_kj$lkb*fnm�befMf�j&heb*f�oCprqgbefAj*fMbes�o�h*tu`B_vh*wkfx lzyzf�jilkj$f�d{tu_ah*wgf}|~`c_kj*fMbes�oCh*tusBf�dzt��KfMbefM_�|~f}j*|�wkfMp(fp]l�j&h���fTm�`Bbep]lk�uoCh*fAd�oBj�qgb*`zdzl�|�hej=`Bm�fAdz�cf]s�oC�ulgf�j�oB_kdfMtEh*wkfMb�h*b�oC_kj*q�`cb$h�sB`B�ulgp(fAjT��tu_�h*wkfT|Mocj$f]`Cm�dzfA_kj$tEh&�g�:`cbh*b�oC_�j$q�`Bb*h�p�oBjej$f�j��1tE_�h*wgfi|Mocj$f.`Bm]oC�u��`Bh*wgfAb��,lkoB_,h*tE�h*tufAj���� �e���<wkf�h*b�oC_kj*q�`Bb*h�sB`B�ulgp(f.oBjej*`�|MtuoCh*f�d��:tEh*w?oB_fAdg�Bf�t�jTh*wgf�j*tE�c_gfAd��,lkocdzbetE��o�hefMb�oC�"m�`cb*p(f�d�����h*wgf�`B��doC_�d(_gfM�nfAdg�BfAjA coB_kdTh*wgf=j$fA�Bp(fM_,h�j"|~`c_g_gfA|~h*tu_g��h*wkf¡`B��doC_�dn_gfM�¢_g`zdzf�q�`,j$tEh*tu`B_kjA�£^/_�¤[tu�Blgbef�¥z <hewgf�oBb*be`��¡jq�`Btu_ch]m�b*`cp¦h*wkf�`B��d��Bbetud�he`�h*wgf�_gfM�§�Bbet�d6��¨] 5©= [ª« oC_�d«¬?b*fAqgb*f�j$fA_,h"q�`,j$tEh*tusBf<hebeoB_kj$q�`Bb*hsB`c�Elgp(f�j�:wgtu�Ef=®� ¯T B°¡ BoB_kd«¤.befMqgbefAj*fM_,h_gfM�,o�hetEscf	`c_gfAjA�[±.`Bbef8qkb*f�|~t�j$fA�E�c h*wkf�h*b�oC_kj*q�`cb$h:sc`B�ulgp(fAj<²�³�oBb*f´dzfMµk_gf�d�oCh:¶��·f�dz�Bf�j<�,�
²�³�¸E¹5º »P¼&½ ¾À¿ ÁWÂ]Ãc��Ä�Å$ÆEÇ¸u¹ º » ¼ ½ ¾*¹ º » ¼IÈ Ä�ÉBÊ/Ë¸E¹ º » ¼ ½ ¾~Ì º » ¼ �

��ÍgÅ&ÆuÇ¸u¹ º » ¼ ½ ¾~Ì º » ¼ È ÍzÉBÊ&Ë¸E¹ º » ¼ ½ ¾*¹ º » ¼ � È
��Ä�Å$ÆEÇ¸u¹5º »P¼$½ ¾~Ì6º »P¼ È Ä�ÉBÊ/Ë¸u¹5º »�¼&½ ¾*¹[º »P¼ �
��Í Å&ÆuÇ¸u¹5º » ¼ ½ ¾*¹[º » ¼ È Í ÉBÊ/Ë¸u¹5º » ¼ ½ ¾~Ì�º » ¼ �&Î

�:tEh*wno�j*tEp(tu�uoBbTfMy�qkb*f�j*j*tE`c_Ïm�`BbTh*wkf�Ð,�3fAdz�cfAjA�iÑ`B�ulgp(fx lzyzf�jÒoCbef(h*wgfA_Ïdzf~µk_kfAdi����Ó ¸E¹ º » ¼ ½ ¾ ¿ È ²�³ ¸u¹ º » ¼ ½ ¾ oB_kdÓ ¸�½ ¾*¹ º » ¼�¿ È ²�³ ¸1½ ¾*¹ º » ¼~ ktÔ� fB�u 
ÕÒÉcÊ/Ë¸W¾ ¿ÖÕ]Å$ÆEÇ¸P¾Ø× �1Ó ¸�Ì�º » ¼ ½ ¾ È Ó ¸u¹5º » ¼ ½ ¾ � × �1Ó ¸�½ ¾~Ì�º » ¼ È Ó ¸�½ ¾*¹[º » ¼*��Á
�5beoB_kj$q�`Bb*h�p�oBjej*fAj�m�`Bb<|~fM�u�E�3|MfM_,h*fAb*f�d��cl�oC_,h*tEh*tufAj<|MoB_���fdzfMµk_gfAd����]hewgf�qkb*`zdzlk|~h	`Bm6h*wgf�dzfM_�j$tEh&��oC_kd(hewgf¡hebeoB_kj$�q�`Bb*h<sc`B�ulgp(f´o�h�oC_�fAdg�BfBÙ

²�Ú ¸u¹ º » ¼ ½ ¾ ¿ Û ¸u¹ º » ¼ ½ ¾ ²�³ ¸E¹ º » ¼ ½ ¾²�Ú�¸1½ ¾*¹5º »P¼Ü¿ Û�¸1½ ¾*¹5º »�¼$²�³�¸�½ ¾*¹5º »P¼MÁ �1Ý,�
±.ocj*j x lzyzfAj¡oBb*f´dzfMµk_gfAd�����Ó ¸u¹5º » ¼ ½ ¾ ¿ È ²�Ú ¸E¹5º » ¼ ½ ¾ oB_kdÓ ¸�½ ¾*¹5º » ¼�¿ È ²�Ú ¸�½ ¾*¹5º » ¼M gtÔ� fB�u 
Ú ÉBÊ/Ë¸W¾ ¿?Ú Å&ÆEÇ¸W¾�× �1Ó ¸�Ì º » ¼ ½ ¾ È Ó ¸u¹ º » ¼ ½ ¾ � × �1Ó ¸1½ ¾~Ì º » ¼ È Ó ¸�½ ¾*¹ º » ¼*��Þ
�:wgfAb*f�Ú ¸W¾ ¿}Û ¸P¾ Õ ¸P¾ tuj<hewgf´p�oBjej8`Cm|~fM�u��ß�à��
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B
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edge i+1/2,j

edge i,j+1/2

edge i,j-1/2

edge i-1/2,j

(i,j)

á"âuã�ä5å æ�ç�ègé[êMë	ìkç�í(î�ì�ï1ð[ñ�ò�êBó
�<wgfÒ|~`c_cheb*`c�6sB`c�Elgp(f=m�`Bb�p«`cp(fM_,h*lgpôb*fAp�oCq�tuj�|~`B_g�j*tudzfAb*f�dõoÖ�E`c�Bt�|MoB�TbefA|~heoC_k�B�ufBö�m�`cbi_g`zdzf�÷Ötu_a¤[tu�Blgbef

ø  Òh*wgf�|~`B_,heb*`c�´sB`B�ulgp(f�t�j�ù�ú~ûAüK���<wkfÏm�`Blgb���`clg_kd��tu_g��m1oB|~f�j=`Cm"hewgf�|~`c_cheb*`c�5sc`B�ulgp(f«ocj*j*`z|~t�o�hefAd��:tEh*w�h*wkf_g`zdzfÏo�hÏ��ß ×�ý�þ � Þ·à ×�ýWþ � ��oCbef�tu_kdzfMyzfAdÿoBji��ß�Þ·à ×�ý�þ � �� ��ß × ø Þ·à × ý þ � �� ��1ß × ý þ � Þ·à��M ToC_�d ��ß × ý þ � Þ·à × ø ��� �<wkfh*b�oC_�j$q�`Bb*h:p(ocj*j*fAj	m�`cb<h*wgf´¶��"m1oc|~f�j:oCbef��ctEscfM_��,�
²�Ú ÉBÅ*Ç � Æ¸E¹5º »P¼$½ ¾ ¿ ý þ���� ²�Ú ¸1½ ¾*¹5º » ¼ × ²�Ú ¸u¹ ý ½ ¾*¹5º » ¼× ²�Ú ¸1½ ¾~Ì º » ¼ × ²�Ú ¸u¹ ý ½ ¾~Ì º » ¼�� � ø ÷,�

�:tEh*w oTj$tup(tE��oCb8f~yzqgbefAjej*tE`c_(m�`Bb	h*wgf=Ð,�Ôm1oc|~fAjA��<wgf¡hebeoB_kj$�q�`Bb*h<p�ocj*j8p]l�j&h<��fÒdgf~µk_gf�d�tu_ h*wgt�j<p�oC_g_gfAb8h*`(fM_kj*lgbefm�befMfAj$h*befAoBp§qgb*f�j$fAb*s�oCh*tu`B_�`Cm5sBfM�u`z|~tEh&�(�BtusBfM_(hewgf´¬�°	±	�dzt�j*|Mb*fMh*t�
AoCh*tu`B_�`Cm hewgf´p(`Bp(fM_,helgp f��cl�o�h*tu`B_ ��<wgf]befMp�oCq.oB�E�c`Bbet�hewgpô|AoC_._k`��ÿ��fTj*lgp(p�oCbet�
AfAd�ocjm�`B�u�u`��¡jMÙø ��®	`Bp(qglzhef�h*b�oC_kj*q�`Bb*h<sc`B�ulgp(fAj:oCh:oB�E�6f�dz�Bf�jM�¥z��®	`Bp(qglzhefÒdzfM_�j$tEh*tufAj¡oCh¡oC�u��fAdz�cfAjA� ��®	`Bp(qglzhef�h*b�oC_kj*q�`Bb*h<p�ocj*j*fAj8lkj*tE_k�.�1Ýc�8oB_kdi� ø ÷,����k���:fMp�oBq�dgfM_kj*t�h&���,�
ÕÒÉcÊ/Ë¸W¾ Û,ÉBÊ&Ë¸P¾ ¿ Õ]Å$ÆEÇ¸P¾ Û�Å$ÆEÇ¸P¾õ× �1Ó ¸1Ì º » ¼ ½ ¾ È Ó ¸u¹ º » ¼ ½ ¾ �× �1Ó ¸�½ ¾~Ì º » ¼ È Ó ¸�½ ¾*¹ º » ¼*�

�:wgfAb*f
Ó[¸E¹[º »P¼$½ ¾ ¿ È Û�¸E¹5º »P¼$½ ¾M²�³k¸u¹5º »�¼&½ ¾Ó[¸�½ ¾*¹[º »�¼Ü¿ È Û�¸�½ ¾*¹5º »P¼*²�³k¸1½ ¾*¹5º »�¼~Á

Âz���:fMp�oBq��Ö¿��5Þ������
Ú ÉBÊ/Ë¸E¹ º » ¼ ½ ¾*¹ º » ¼ � ÉcÊ/Ë¸u¹ º » ¼ ½ ¾*¹ º » ¼ ¿?Ú Å$ÆEÇ¸u¹ º » ¼ ½ ¾*¹ º » ¼ � Å$ÆEÇ¸E¹ º » ¼ ½ ¾*¹ º » ¼ ×�ÔÓ ¸1½ ¾*¹ º » ¼ È Ó ¸u¹ ý ½ ¾*¹ º » ¼*� × �ÔÓ ¸u¹ º » ¼ ½ ¾ È Ó ¸u¹ º » ¼ ½ ¾*¹ ý �
�:wgfAb*f

Ó ¸�½ ¾*¹5º » ¼Ü¿ È � ¸�½ ¾*¹5º » ¼*²�Ú ÉcÅ*Ç � Æ¸1½ ¾*¹ º » ¼Ó ¸E¹ º » ¼ ½ ¾ ¿ È � ¸E¹ º » ¼ ½ ¾ ²�Ú ÉcÅ*Ç � Æ¸u¹5º »P¼$½ ¾ Á
� ���:fMp�oBq��Ö¿��zû,Þ:ûÒ���
Ú ÉBÊ/Ë¸W¾ � ÉBÊ/Ë¸W¾ ¿ Ú Å$ÆEÇ¸P¾ � Å&ÆuÇ¸P¾ × �1Ó[¸�Ì�º »�¼/½ ¾ È Ó5¸u¹5º »�¼&½ ¾�� ×�ÔÓ5¸1½ ¾~Ì6º »�¼ È Ó[¸�½ ¾*¹[º »�¼*�
�:wgfAb*f
Ó ¸u¹ º » ¼ ½ ¾ ¿ È � ¸u¹ º » ¼ ½ ¾ ²�Ú ¸E¹ º » ¼ ½ ¾Ó ¸1½ ¾*¹5º » ¼Ü¿ È � ¸1½ ¾*¹5º » ¼&²�Ú ¸�½ ¾*¹[º » ¼~Þ¡oC_�d�zû Å&ÆuÇ¸W¾ ¿ ý þ�� �_g`zdzfAj:`Bm5ß�à ý þ � ��� � × � � � Å$ÆEÇ Á

���°"_zm�`cbe|Mf´|~`B_�j$fAb*s�o�hetE`c_�`Bm5he`CheoB�6fM_gfAb*�c�����
û ÉBÊ/Ë¸W¾ ¿ û ÉBÊ/Ë¸P¾ × �gû ÉcÊ/Ë¸P¾ È

ýWþ � �_k`�dgfAj:`Bm5ß�à ýWþ � ��� � × � � � ÉBÊ/Ë Á�� øBø ��� �"!$#&%('*),+.-�+0/213%4135,13!76089�:!$#&6,+0)&5,13%('*/:),+0;<� /21*#&60+,)&5,13%('3/
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³ ´ µi¹(º�» EvN�\�¼T½½ ³o¾�µ�½½T¿jÀ ½½ ³oÁ"µ�½½$¿jÀ ½½ ³oÂ µ�½½4ÃÄ S�K0\G¼�³o¾�µ Ã N�`¡³ Á µC³ Â µ®ÅÇÆ» Æ ¿ L,OD>A@$BDgiNZSb@ ¿gi>A@TB�@I³ Á µÈ»Éµ ¹ ¢yµ ¹�Ê { ��³ Â µÈ»Éµ ¹�Ë { ¢yµ ¹ ��F0\PQ³ ¾ µÌ» {(Í ± ��µ ¹�Ë { ¢eµ ¹�Ê { �¨p�=?>P@eSbODF&OD@TSIL0\�OD>A@ÎJ�@V`�OS�N�Q^@*S?L,` �3_¡@TQ^KM@TSiF0B�@nQ^@$cP\A@TQ�Wu�

µ9Ï Ë¯Ð ÑdÒ¹�Ë Ð Ñ Ò}Ó º Ó Á »·Ô^µÇÕ ³<�À µ ´ Õ ³.ÖÀ µ?×�Ø Ï¹4º¡ÙÚ N�EvN�JZF,Bf@$�uHPB�@*S�S�N�LM\PSwU$F0\�WX@�L0WAODF,N�\A@*Q `�LMBfO�>A@�BDN�K0>�OS�N�Q^@*SoL,`C�3_�@*Q^K0@*SvF,\PQaO�>A@�O�LMHÇF0\PQyW]L0ObO�LMEÛS�N�Q^@*SoL,`��_C@*Q^K0@*S$pfÜ9S�N�\AK���Ý��tg[@�U$F0\�@V�^HABD@TSDSnµ × N�\lO�@TB�EGS<L,`S�HPF&ODN�F0JQ^@$BDN�Y&F,O�N�Y0@TS?F0\PQ�L0W^OjF,N�\
µ Ï Ë Ð Ñ Ò¹�Ë:Ð ÑdÒ Ó º Ó Á » Ô µÇÕ Ô ³<�À Õ ³<Ö^Þ ´iß&àÀuá Ø µ[´.Õ

³.Ö^Þ ¶ ß3àÀuá µi¶&Ø Ï¹(º¡Ù
rs@�@TY&F,J�mPF&OD@Iµ ´ F0SG³ ´ µ Í ³.�eF,\]Q�µi¶ÎFMSf��µ?â¹ Ó º�Ë Ð ÑdÒ ¢µ?â¹ Ó ºVÊÐ ÑdÒ � Í ³.�"p�¸�\	OD>A@vJ�F,ObO�@TBC@$�^HAB�@*S�S�N�L0\	µ?â¹ Ó º�Ë¯Ð ÑdÒ NZStQ^@V_O�@TB�EvN�\A@TQwWu�IH]@TBb`�LMB�EvN�\AKGL0\A@$_2QAN�Ev@$\]SbN�L0\PF0Jª=:F3��J�L0Bi@$�u_HPF0\PSbN�L0\]S?N�\IO�>A@n��Q^N�B�@*U¨O�N�L0\ª�AN�p @0p��

µ?â¹ Ó º�Ë Ð Ñ ÒbÓ ã » Ô µyÕ Ô ³<�À Õ ³<Ö^Þ ¶ ß*àÀuá Ø µi¶ Ø Ï¹(º
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^`_ba]c�a*d,eSfhgic�j�a*kmlhc�a*c�n>oqprfbaBnPstpqu*a*ginPkhkbs�eUvwprx>nKj�a�y�pra
zx>nPfbf{c�e|oq}|a,s�~�p�jt_;n�c�k�a*d,prnSoZjts�aBnKj�x�a*f|j��-eSs�snPsta
�/nSd
zj�preSf�c��t�mjte�c�eSor}Saijt_baCy�pqa*x>nPfbf;kbs�e|�bora,x>c�gba
�hfbaBg�prfc�j�a,k��S��^`_ba�o�nSc�j�c�j�a*k�lhc�a*c%j�_baCy�pra,x>nPfhf�kbsteS�bora,xc�eSorlwj�preSfhc�jteCgba
�hfbaif1lbx�a*s�p�d,nSo���lwvwa*c>nPf�g(lbk$gbnPj�a��d
e|fhc�a,st}UnPj�pr}Sa*oq�|����f�sta,�SpreSf�c:eP�@d
e|f�}|a,st�Sa*f|j:�heK~���nSfa
vwkborp�d
pqjigbp��$lhc�pq}|a��hlbvw�t� prc:n|gbgwa*g�j�e�j�_ha f1lbx�a*s�p�d,nSo�hlwv¡prf¢eSsgwa,s£jt_hnKj�n�c�x>nPoro�nSx�eSlbf�j¤eP�mn|gbgwpqj�preSfhnSof1lbx�a,stprd*nPo¥gwp�ctc�prkhnKjtpqe|f���amkbsta*c�a,f�j>prf�jt_bai}1prd,pqfhp�j¦��eP�c�_bewd§1c*�>^`_ba>¨bz�c�~�a*a,k _hnSc�n�j�prx�a%c�j�a,k sta*c�j�stprd
j�preSf eP�©�ª¦«�¬� x�pqf�®-¯ ° © ¨$±³²*´´ µ «®M° ´´U¶(· «®V°B¸º¹ �» �S¼
½;¾�¿�ÀÂÁhÃ�Ä$ÅÇÆ]ÁbÀÉÈ1¾ZÆ¦ÊwÈËbeSs¥nSoqoÉkbs�e|�bora,x>c,�w~Ìa�lhc�a�n�lbfbpq�-eSstxÍ�Sstp�g%eS�GctÎ�lhnPstad
a*oqo�c*�G^`_ha�ÏÌËGÐmf1lbx]��a,sÌp�c¥� Ñ�lbfbora*ctcºfhePj�aBg>ePjt_ba,st~�p�c�a|�

ÒtÓbÔÕPÖ
×1ØBÔÙ�Ó�ÚiÛÝÜr×�ÞÔ�ß�×PàwÕwá^`_ba:�heK~âgbeSx>nPprf(�-e|s>j�_hprc>e|fba
z�gwprx�a,fhc�pqe|fhnPo`kbsteS�bzora,x%ã�ä�ã�å�_hnSc¥oqa*fb�Pjt_ieSfba�~�pqj�_ista
�haBdæjtpqfb�>~`nPoro�c¥nKjZ��ePjt_a,f�gÝ��^`_ba���nSc�prc�k�eSor��j�steSkbp�d]~�pqj�_�ç ¬ �|¼ è��]éÌj ª�¬�êj�_ha��|nScGp�cºnPjºs�aBc¦jº~�pqj�_>gwa*fhc�pqj¦�%�|�[^`_ha�pqfbpqj�p�nPohkbs�aBc�c�lbstap�c�� êSê|ê prf�jt_ba�oqa,�ëj�x�e|c�j³j�a,f�jt_�eS�ºj�_ba>gwe|x>nPprfÂ�º� ê|ê prfj�_ha�stpq�|_�j�x�e|c�jÂj�a*f�j�_Â�SnSfhg>� ê �ºa*orc�a,~�_ha,staS�É��fhp�jtprnSoqor�S�Uj¦~Ìec�_bewd§�~`nU}SaBcÇnPfhg�j¦~Ìe]d,eSf�jtn|dæj�gwp�ctd
eSf�jtpqf1lbpqj�pra*c�gwa,}|a,oreSknKj�j�_ba�pqfhp�jtprnSo[gwp�ctd
eSf�jtpqf1lbpqj�pra*c�nPfhgmkbs�e|khnP��nKjta³j�eK~`nPsgbceSfha]nPfbeSj�_ba*s*��~�_bproqa]j¦~�e@snPsta
�/n|dæjtpqe|fhc�gwa,}|a,oreSkÂ��kbsteSkhnPz�|nPj�aÌj�eK~`nPsgbcÉj�_ba�~`nPoro�c,�PnSfhg]sta
��a*dæjÇeS�@j�_ba*x:�[é�cGj�prx�akbsteS�|s�aBc�c�a*c*�,jt_ba*c�a`c�pqv�pqfhp�jtprnSow~ÌnU}|a*cÂprf�j�a*stn|dæjÇnPfhg�d
sta*nKjtanSghgwp�jtpqe|fhnPoÂd,eSf�jtn|dæj¥gwp�c�d,eSf�j�prf1lbpqj�pra*c*�Ë�pr�Slhs�a£ìígwp�c�kbo�nU�wc�j�_ba¤gwa*fhc�p�j¦��d,eSx�kblwjta*g{�1�îj�_ha_bpr�S_ba*s�z�eSsgwa*sðï�e1gblbfbeK}�nSfhg�j�_haZÐÉnS�SsnPfb�|aÌkhoqlhcðs�a*x>nPkctd_ba,x�a*c%nKj ªi¬ ¼ ê ìSñ e|f�ní�Bò ê|ê u,eSfha�gweSx>nSpqfÂ�ó^�eeS�bjtnPprfônó�hn|c�a*oqprfba�c�eSorlwj�preSfÉ�%~Ìa�nPo�c�eõd,eSx�kblwjtaîj�_ha�heK~ó��ePj�_�~�p�jt_�n@ÐÉnS�SsnPfb�|prnSf�_hpq�|_ba,s�z�e|stgba,sZï�ewgwlbfbeK}x�a
jt_bewgb��ö{nPf�g¢~�p�jt_¢j�_ha{c�jtnS�S�Sa*s�aBg��SstprgôÐ�nP�|stnSfb�Sactd_ba,x�a`eSf�ìS÷ ê|ê u*eSfba`gwe|x�nSpqf�c,�G^`_ba`pqfhp�jtprnSowu,eSfhpqfb���-e|s��ePj�_iÐ�nP�SsnPfh�Sp�nPf�d,eSx�kblwjnKjtpqe|fhc`prcZc�khnPj�p�nPoroq�%lbfbpq�-eSstx��^`_ba>gwa*fhc�pqj�pra*c�nPj ª�¬ ¼ ê ìSñ>�-e|s�nPoro[�-eSlbs�d,eSx�kblwjnKj�preSf�cnPsta>gwp�c�kbo�nU�SaBgmprf£Ë�pr�Slhs�a>ìb�>^`_ba�j¦~ÌeiÐÉnP�|stnSfb�Sp�nPf�c�eSzorlwj�preSfhc�nPsta�}1pqs�j�lhnSoqor�%prfhgwp�c�j�prfb�Slbp�c�_hnP�bora]nSfhg�j�_ba*s�a,�-eSstac�a,st}Sa�nSc�n��hnSc�a,orpqfha�c�e|oqlwjtpqe|fÂ�Ìø�a�fhePj�a�j�_hnPj¥j�_baBc�a�c�eSzorlwj�preSfhcðj�_ha,x>c�a*oq}|a*c�_hnU}Sa�n���nU~��1n]c�kblbstpreSlhcðeK}Sa,sc�_be1ePjnKj�¨:ù�¼MúK÷|ûb��^`_ba]x�nS�Sfbpqj�l�gwa�eP�[j�_ha]eK}Sa*stc�_be1ePj`p�c�j�_haeSfhoq�¤gwp�ctd
a,stfbpr�bora�gwpq�$a,sta,fhd,a���a
j¦~Ìa,a*f¤j�_ha�j¦~Ìe�c�a
jc�eP�ÐÉnS�SsnPfb�|prnSf:s�aBc�lboqjtc*��^`_bp�c�eK}|a,sc�_he�eSj¥_hnSc���a,a*f�kbsta,}1pqzeSl�c�or�@eS��c�a*s�}|a*gÝ� ã¦åËbsteSxüË�pr�Slhs�a�ìi~�a�c�a*a>j�_�nKj]jt_ba%_hpq�|_ba,s�z�e|stgba,s�ï�eSzgwlbfheK}(c�d_ha,x�ai��a,j�jta,s@x>nKjd_ba*c�jt_ba�gwa*fhc�p�j¦��k�aBnP§(nPj¨ýùþ¼MúPûb��~�_bpqora£jt_ba(ÐÉnS�SsnPfb�|a�khoqlhc�s�a*x>nPk�c�d_ha,x�ac�_beK~¥c�n c�x�nSoqoÌeK}Sa*stc�_be1ePj�_ba,staS��ÿ�f(j�_ba:ePjt_ba,s�_hnSfhgj�_ha�o�nKj�jta,s�c�_beK~¥c%c�_hnSs�k�a,s%s�aBc�e|oqlwjtpqe|fîeP�³j�_ha�d
e|f�jtnSd
jgwp�c�d,eSf�j�prf1lbpqj�pra*c@nPj%¨ ù ¼ ÷£nPfhgí¨ ù ¼MúPûb�;^`_ba�gwa,fwzc�p�j¦�í��a
j¦~Ìa,a,f;¨�ù ¼ ÷�û¤nSfhgî¨¡ù ¼MúPû(nPo�c�e(c�a,a*x>c@jte��a%��a
j�jta,s�sta,kbsta*c�a,f�j�aBgC�1��jt_ba�Ð�nP�|stnSfb�Sa>kborlhc�s�a*x>nPk

ctd_ba,x�aS��ø�a�fbePjtaºjt_hnKj�j�_ba������¡sta*c�lboqjtcÉeP�bø e�ewgw~`nPsgnPf�g�Ï�eSora,oro�n ã c�_beK~¢��a
j�j�a*s>s�aBc�e|oqlwjtpqe|f¤eP�Zj�_baid
e|f�jtnSd
jgwp�c�d,eSf�j�prf1lbpqj�pra*c³jt_hnPfCeSlhs]ï�e1gblbfbeK}msta*c�lboqjtc*�%^`_ba>prx�zkbora,x�a,f�jnKj�preSf>eS������� lhc�a*g��-e|sÇj�_he|c�a¥s�aBc�lho�jcÇpqf�d
orlhgwa*cn�d
eSf�jnSdæj³gwa
jta*d
j�preSf�nSfhg�c�j�a*a,k�a,fbprfb�:c�d_ha,x�aS������j�_hnPjctd_ba,x�a�_hn|g���a*a,f@gwp�c�nS�bora*gÝ�|j�_be�c�a������ sta*c�lbo�jcº~ÌeSlbo�g_hnU}|a���a,a*f aBc�c�a,f�jtprnSoqor�ij�_ha�ctnPx�a>nSc�jt_ba%ï�ewgwlbfbeK}�s�a,zc�lbo�jc�c�_beK~�fí_ba*s�a|� �	� Ï�eSf�jtn|dæj�gba
j�aBdæjtpqe|f�nPfhgîc�j�a*a,kwza,fhpqfb��nPsta�fbeSj�prx�khoqa*x�a*f�j�a*g�pqfmj�_ba�kbs�aBc�a*f�j³ï�ewgwlbfbeK}ctd_ba,x�a���aBd,nPl�c�a:khnSstnS��e|oqp�d@prf�j�a,stk�eSo�nKj�preSfínPkhk�aBnPsc�jte��a�a*ctc�a*f|jtprnSoÝj�e�pqjtc�c�lhd*d
aBc�c�
wx�eSsta,eK}Sa*s*�wc�j�a*a,k�a,fbprfb�@nPkbzk�a*nPsc%j�e�pqf�j�stewgwlhd,a c�kblbstpqe|lhc�f�lhx�a*s�p�d,nSo�nSs�jtp��/n|dæjc%prfx]lho�jtprgwprx�a,fhc�preSfhnSoÂd,nPo�d
lhornPj�preSfhc*� �	�
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higher−order Godunov Lagrange, 3600 zones
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ø�a£fba,v1j:a,vbnPx�pqfha�jt_baCa
�$a*d
jmeP��n|gw}SaBdæjtpqfb�<B gwp�zsta*dæjtoq�in|c¥eSkhk�e�c�aBg:j�e�nSgw}|a*dæjtpqfh�DC�nPfhg?E�C�c�a,khnSstnPj�a*oq�|�

F ^`_haÇ�-eSstx�a,sÂp�cÝjt_baðc�j�snKj�a*�S��lhc�aBg³pqfHGIG¥Ï�� ã�JLK ePj�aºj�_hnPj~�_ba*fMB�p�cGnSgw}|a*d
j�a*g]gwpqsta*d
j�or�S�Ujt_ba�sta,x>nSkbk�aBg�}KnPorlbaÌeP�2Cp�c�gwa,�hfbaBg�nSc$jt_ba�gbp��$a,sta,fhd,að��a
j¦~Ìa,a*f+BînPfhg�j�_ba�§�prfba,j�p�da,fha,st�S���-eSlbf�g��-steSxójt_ba�sta,x>nSkbk�aBg�}|a,ore1d,p�j¦�|�É��f]j�_ba`lbkwzk�a,s]khoqeSj�eP�¥Ë[pq�|lbs�a>èi~Ìa@c�a,a�j�_ha@s�aBc�lho�jc�nKj ª�¬ ¼ ê ì|ñ�-eSs:jt_bsta,a£ÐÉnS�SsnPfb�|amkborlhcista,x>nPk{d,nPo�d
lhornPj�preSfhc*� ^`_ha�hsc¦jÌgwa,fhc�pqj¦��kbsteP��oqa¥c�_beK~¥cGjt_baZctnPx�a¥sta*c�lbo�jcºgwp�c�khornU�|a*gprf�Ë[pq�|lbs�amìh�õ^`_ba�c�a*d,eSfhgíkbsteP��oqaikborePjc@jt_ba�gwa*fhc�p�j¦�~�_ba*fNB p�c�n|gw}SaBdæj�aBg£gwprs�aBdæj�or�S� ^`_bp�c]kbsteP��oqa%d,eSf�jtnSpqf�cn�f1lbx]��a,s�eS�[fhePj�p�d
aBnP�bora�gwa,��d
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interacting blast wave: rho at t =  0.03800j
1200 zones total on [0,1]k

Lagrange plus remap, advect e and ke 
Lagrange plus remap, advect E 
Lagrange plus remap, advect E, minmod limiter
higher−order Godunov
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Lag+remap, cfl=.9, e and ke advected
Lag+remap, cfl=.9, E advected
Lag+remap, cfl=.25, E advected
Lag+remap, cfl=.25, e and ke advected
higher−order Godunov

t = .00273
m
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g.V�Y�f�v waxky.z|{}jaZ4f~`ant���4� n��"Y�V�jhntbilA�)fBntlK�LjaZKf�jhdaf	V�ja��fBlijb�g
�"b�jaZS�iV�`afB`�V�`��)bi�t�9jadhb��Kn Y���ntjaZSfB�9�KV������ `�b�g�[�] �K]���ZKf
� b���n�`�YTZKV�dhViYkjafBdan ��f	��V�`�g�bi�t� b���`�]���Z4f�n lKYpn��OfBlij�`aZ4bOYTc�v
V�WLV�YTZ~`|jaf��~vKV�Y��4da ifB��daf � fBYpjan l4�¡`|Z4bOYTc�v4V�l)�}V¢�£fBV�c
Ypbil9jhV�Ypj��On�`aY�b�l9jan l:�4n�j¤�D��f�fpj'V�j}V¥jhdan �4� f0�)bintl9j	]X��ZKf
Ypbil9jhV�Ypj�fp¦:jhf�lK�4`�g�dhb��§jaZ4fIjadhnt�K�tf��)bintl9j�jhb�jhZ4f£�4f � f	Ykjaf	�
�OfBlK`|ntj¤��n l9jaf�dag.V�Y�f�]�¨��)`¤jhdaf	V��©b�g�jaZKn `�n l9jaf�dT`afBYkjhntbil$v:jaZKf
�Of � fBYpjafB��Of�l)`|ntj¤��ntl9jafBd|g.ViYpf�n�`�YTZKV�dTV�YpjafBdan ��f	���:��dhb�� �t�4�)`
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V�l)�HjhZ4f0jhdhV�lK`|��ntj|jhfB�²`aZ4bOYTcP�4lK�OfBda�ib:fB`¡�On daf	Ykj}WSV�YTZ
dhf � f	Ykjan b�l�]
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n�`'�4n `a�4��V���fB��ntlXr�nt�i�4daf¥^4]©��ZKf°dhfB`a�4�tjh`'�¡V�n l4� ���On�g¿u
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`aZ4bOYTcLjadhn �4�tf¡�"b�n l9j}À���ZKn YTZ¥n�`�b��OjT`|n��Of¡jhZ4f¡dhf���n b�l¥�On�`¤u
�4��V���f	�F] Á¯��Z4f�Â+V���dTV�lK��f��4� �K`+dafB�¡V��Ã`hYTZ4f���f£Ypb����4�4jafB`
V¡��b�dhfÃ�4V����)f	�~dabi�t� �4�0�KV�j|jafBdalQV�lK�0V�`a� b���fBd���dhb���jaZ
dTV�jaf~b�g�jhZ4fL`|ZKfBV�d���V���fBdjhZKV�l²�Ob:f	`¢jaZ4fLZKnt�iZ4f�dauÄbidh�4f�d
Å bO�O�4l4b� S�¢f�jaZ4bO�F]¡��Z4f��KV����4n l4�0Y�V�l°�"f�`af�fBlQf	`|�"fpu
Ypn�V�� � �'n lLjhZ4f¢�4�4�"f�d�dan ��Z9j�Y�b�dhl4f�d�b�g�jhZ4f� b��£f�d��K�tb�j�n l
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�"b�n lij�b�g�] ¼iÇ�^Yp�ÈV�lK�'V�l}V�l4��� f��)f�j¤��fBf�l}jaZ4f�dhf � f	Ykjaf	�
`aZ4bOYTcLV�lK�SjaZ4f�WSV�YTZQ`|jafB�Éb�g�·�¼9Ê�»$��Z4f¡ZKnt�iZ4f�dauÄbidh�4f�d
Å bO�O�4l4b� LV��t�ib�dhn�jhZ4�ËYpbi�¢�K�Ojaf	`�Ypb�dhdhfB`a�)bilK�On l4�� �V�� �4fB`
b�g�] ¼4[	_�Yp�ËV�lK�0´�¼ Ê ]�Ì�b�jaZLY�b:�4fB`Bv)Z4b��£f� if�d	v)Y�b����4�Ojhf
jaZKf�`hV���f�tbOY�V�jan b�lQb�g�jhZ4fn lKY�n �OfBl9j�`aZ4bOYTc0WLV�YTZ°`¤jhf��
V�l)��jaZ4f�`hV���f�V�l4��� f��"fpj¤�£f�fBl¡jaZ4f�WLViYTZ�`¤jhf��mV�l)�¡jaZKf
n lijhf�dag.V�Y�f�vOlKV��¢fB�t�iv)·�^9Ê�]
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�"b�� �ijhdabi�4n�Y¯��ntjaZL�°¹ä¶iþ�ß4»)��ZKf¢`ab�� �Ojan b�lQYpb�l)`|n�`¤jT`�b�gIV
`|jadhb�l4��dTV�dhfpg.V�Ypjan b�l}�¢b� :n l4�¢jab�jhZ4f��tf�g¿jBv"V�lK�~V¡Ypbil9jhV�Ypj
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³ f�Ypbi�¢�K�Ojaf�jaZ4f � b��²��ntjaZ}�)b�jaZ'�¢f�jaZ4bO�4`£bil���dhn �K`
b�g'[B^i¼HV�l)�ä[B���i¼H��bil4fB`B]ÿrKb�dLYpbi���KV�dhn `ab�l�v��£f°V�� `ab
Ypbi���4�OjafLjaZ4f � b��\�"b�jhZ²��n�jhZ�VPÂ�V���dTV�l4�in V�lHZ4n ��ZKf�dau
b�dT�OfBd Å b:�4�4l4b� ���fpjhZ4bO� w üPV�lK�Æ��ntjaZXjaZKfP`¤jTV����if�dhfB�
��dhn���Â�V���dTV�l4�if�`hYTZ4fB�¢f�b�l¡jhZ4f�`aV��¢f��Ob��¡V�ntl$] ³ f�V�� `ab
Ypbi���4�Ojaf�jaZKf�f�¦OViYkj�`|bi�t�Ojhntbil��K`antlK�V�l}fp¦4V�Ypj���n f��¡V�l4l
`ab��  �f�d	]²��Z4f0n lijhf�dhlKV���fBl4f�dh��n fB`¢g�bid�V�� ��g�b��4d��¢f�jaZ4bO�4`
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