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QZdqU!N U!NmO$[Ì`)rVO0� OK�fOKW(OKX2U�r(rtUVYGSVOA��dfX XmO0dqldN^W	Y\S�dfXml�]�QZd³UON�S�O0rVQ&OAc.UÄUVYÇU!NmOÎW(O0r!N³_�QmSVYacKO0r�rtYGS�r0�´oY$Q£OKpGOKSA�CU!Nmd�rkR\QmQmS�YGRGc�NÄ�fO0RG�mr3UVY
s)XmOZl\SsRTdfX´ceYGW�WÄ`mXmd�cKRTUVdfY\X´RTX)�(rVu�X)c�NmS�Y\Xmdrb0RTUVdfY\XÄU!N)RTU_cKR\X�Q	YTU�OKX2UVd�RT�f�fu��fdqW(dqUkU!N)O
Y�p\O0S�R\�q�MQ)RTSsRT�f�qO0��Oa`wcedfOKX)cKu\�{[mYGSPUONmdfr�S�O0RGrtYGXRQ_O��aOKpGOK�fY\Q	O0�FR\XÇRT�qUVO0SVX&R�UVOÄRTQmQmS�YGRGc�NÎ[ÌY\SËceYGSVS�O0ceUVdfXml´U!N)O�S2`)R\�qdqUvuÎYT[
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1...nsteps

Create Fused Element Graph

Refine Graph

Distribute Graph

Redistribute Original Graph

Run serial algorithm on every processor

Repartition Fused Element Graph and

[;dqlG`mS�O�|d|1c4NmO¦p�RTS�dqYG`)r£QgN)RGrtOAr�YT[MUONmOËU!N)O¦Q)RTSsRT�f�qO0�ÑQmS�Y�cKO0�a`)SVOG�
U!N)O0rVOÄdfX2UVOKSV[áR\cKO�O0�qO0W�O0X2U�r0�
c4NmO � OKuÎd��aO0R¼YT[kYG`mS�R\QmQmS�YGRGc�Nydfr�UVY$`)rVO�R\X�R\�)RTQaU�dqpGO�l\SsRTQ�NFQ)RTSVUVdqUVdfY\X)dqXml$RT�fl\YGSVdqU!NmW
UVYÎQ	OKSVUV`mSOW5U!NmO´OaVadfrtUVdfXmlÎW(O0r!NÇQ)R\StU�d³U�dqYGX���rVYÆU!N)RTU¦U!NmO´O0�qO0W�O0X2U�r¦RT�fY\X)lÆUONmO(QmS�Y�cKO0r�rtYGSËdqX2UVO0St[áRGceO�W&YG`mX)�mR\SVu�W�Y�pGO
ce�fYGrVOKS^UVYhUONmOPdfX2UVO0SVdfY\SA�GR\X)�´R�Q£RCu�[ÌSVYGWjUONmOZW	Y\`)X)�mRTS�u\��c4NmO�W�Y\UVdfp�R�UVdfY\XtW	OaN)dqX)�wU!Nmd�r£RTQmQmS�YGRGc�NÄd�rkU!N)RTU_dq[ÑU!NmOP[Ì`)rtOA�
OK�fOKW(O0XGUsr_R\�qYGXmlhUONmO�dqX2UVO0St[áRGceOoW(Y�pGOoUVY$Q�RTSs�mr3UONmO�dqX2UVO0SVdfY\S£YT[ÑUONmOËrt`gW9�aYGW(R\dqXM�GUONmOKX¼U!NmO0dqS�R\�$�tR\ceO0X2Uk[Ì`)rVO0�¼OK�fOKW(OKX2U�rQZdf�q�£W(Y�p\O(UVY�U!NmO$rVR\W(Owrt`gW9�aYGW(R\dqX�R\r
Q£OK�f�=�3R\X)�5U!N)OKdfS�S2`)R\�qdqUvu5c0RTX(W	O¼dfW(QmSVY�pGO0�÷W�u5rVdfW�Q)�quÉQ	OKSV[ÌY\S�W�dfXmlF�fYacKR\�
S�OKs)XmO0W(OKX2U0��c4Nmd�r�dfr£df�q�f`)rtUVSsR�U�O0�ÆdqXH[;dql&� ~m�adqXmQ\Nmd�c�N¼UONmO¦�mRTS � Wm��R\c � �fdqXmOAr�ceY\S�S�O0rVQ&YGX)�(UVY�UONmOËXmOaQ�Q&RTSVUVdqUVdfY\XmdfXml�YT[
U!N)O�YGSVdfl\dfX)R\�	W(OAr�N��^�PYTU�O�UON)R�U�UONmO¦SVO0Q)RTSVUVdqUVdfY\X)dqXml�YT[�U!NmOËW(O0r!NÎcKRTXwW	OË�mY\XmOËdfXÎrV`)c�N$RLQ�RCuwrVY�UON)R�UZUONmOËOK�fOKW(OKX2U�r
U!N&R�U4N)RCp\O�RT�fSVOAR\�au?W	OKOKXÆ[Ì`)rVO0�wUVY\lGOeUONmOKSZRTS�O�RGrVrVdfl\XmOA�(UVYÄU!NmO¦r�RTW(OPQ)SVYaceOArVrVY\SA�GU!N�`)r£QmS�O0rVOKS�p2dfXml¦UONmO{S2`)RT�fd³Uvu´Y\[�U!N)O
OKVad�rvU�dqX)lÄ[Ì`&rtOA�ÆO0�qO0W(OKX2U�r0�T�`mS�Q)RTSsRT�f�qO0�MRT�fl\YGSVdqU!N)W�`)rVO0rPU!N)OÄR\�)RTQaU�dqpGOhl\SsRTQgNyQ&RTSVUVdqUVdfY\XmdfXml¼R\�qlGY\S�d³UONmW�RCp�R\dq��RÌWm�fO¦dfX�× RTSsxyOKUVd�r
]�vq|\|�x-_.�ÑR\X)�
U!N)OyY�p\OKSsRT�f��QmS�Y�cKO0r�r(YT[¦R\�mR\QaUVdfp\OyS�OKQ&RTSVUVdqUVdfY\XmdfXmlÇ[ÌY\�f�qY$Q£O0��W�u �fY�c0RT�oS�OKs&XmOKW(OKX2Uwd�r´Q	OKSV[ÌY\S�W�OA� `)XGU�dq�PU!NmOyY�pGOKSsRT�f�S2`)RT�fdqUvuwU!N)OhceYGR\S�rVO�l\S�df�Î�aY�O0roXmYTUodfW(QmSVY�pGO�R\X�uw[Ì`mSVU!NmO0S0�4T�`mSZOKVaQ	OKS�dqW(OKX2Usr\N)RCp\O¦r!NmY$QZXÆU!N)RTUoU!NmO¦Y�pGOKSsRT�f�9QmSVYacKO0r�r
ceYGX�p\OKS�l\OAr�QZdqU!N)dqXyR(rtW´R\�q��X�`mWLW&O0SZYT[3d³U�OKSsR�U�dqYGX)rP]Ì�fO0r�r�U!N)R\X¼U�OKX³_e�
� �
	wý÷k�@1J8üÿkZ=�>��
��� kZnAER��>An
f5OÄO0pCR\�q`&R�UVOA�ÎU!N)O�Q	OKSV[ÌY\S�W(R\X)ceO�YT[^Y\`)S�R\�qlGY\S�d³UONmW�YGXyU�Q£Ywl\S�df�)rK��c4NmO
s)SsrtU�cKRGrtOG�	x6·m�9dfr�RTX�`mX)rtUVS�`)c.U�`mSVOA�yW(O0r!NQZdqU!Ny}TzGzG} � OK�fOKW(OKX2U�r£UON)R�UPcKY\S�SVOArtQ	Y\X&�mr^U�Y´RTXÎxF·
QZdfXml&�1c4NmO¦rtOAceY\X&�Æc0R\rVO\�:[ ~\~a�ad�rZRTXÆ`mX)rtUVS�`)c.U�`mS�O0�ÆW�OAr�NM�gQZd³UON

�
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Original Partition

New partition

[�dfl\`)SVOh~:|1× R\StU�d³U�dqYGX��
z2~��^��z��hO0�qO0W(OKX2U�r0�&cKY\S�SVOArtQ	Y\X)�mdqXmlÄUVY(UONmO
QZdfXml´YT[ RTXR[ ~\~(R\dqS�Qm��RTXmOG���£YTU!Nyc0R\rVO0roR\SVO � N�UVOeU�S�R)NmO0�mS�R\�ÑW�OAr�N)O0r0��f5ON)RCpGO¦OKp�RT�f`)R�U�O0�ÆU!N)O�Q	OKSV[ÌY\S�W(R\X)ceO¦Y\[;YG`mSPQ&RTSsRT�f�qO0��RT�fl\Y\S�dqU!NmWÍ[ÌY\SPcKY\X)rtUVS�`)c.U�dqX)lwceYGR\S�rVO¦l\S�d��mrZY\XyRy|A�G~Tz��2Q)SVYaceOArVrVY\S
]���y��Uc � i�Q&RTSsRT�f�qO0�9cKY\W(Qm`aU�OKS�Q\N)OKS�O�OAR\c�N$QmS�Y�cKO0r�rtYGS�N&R\ro�a|C~Tx��
Y\[;W(O0W�YGSVuG�
�4��� �I¡�Ú�¥�á�ð?ò¼ð�ó1Ý�Ú�¥æ£gàZô �Ö¡�§}ñZð�£:§
f5O{N)RCp\O�UVOArvU�O0�ÆU!NmO
S2`)R\�qdqUvu´YT[;U!N)O¦l\S�df�mr£YdWaU�R\dqXmOA�w[ÌS�Y\WÍY\`mSorVOKS�dfR\�ÑRT�fl\Y\S�dqU!NmW#dfXÆU!NmOhrVdqWÄ`m��R�UVdfY\X$YT[3RTX$`mX)rtUVOAR\�au
� Y$Q7YT[3W�Y�p�dfXml�l\S�df�mr0�mRTS�d�rtdfXml�dqXyRTO0SVY��2O0�fRGrvU�dfcKd³Uvu(QmS�Y)Wm�fOKW´r0�a`)rVdqXml´R\XÆOA�al\O �^W)RGrtOA�wW�`)�³U�dqlGSVd��ÎrtYG�qpGOKSA��©Xu[;dql&� � RTX)� [;dql&�ÎzRQ_O¼r!NmY$Q U!NmOÆceY\X�pGOKS�l\OKX&ceO�YT[�U!NmOÆW�`m�qUVdfl\S�d��ÇW(OKU!NmYa�É`)rVdqX)l��ad,X	O0SVO0XGU�UVO0c�N)XmdrS2`mOAr¦[ÌYGS
U!N)O$cKY\X)rtUVS�`)c.U�dqYGX YT[ZUONmO$cKYGR\S�rVO´l\S�df�)rK�3[ÌYGSÄxF·ÇRTX)�u[ ~G~yS�O0rVQ&OAc.UVdfp\O0�quG��c4NmOArtO�s)l\`)SVOAr�r!NmY$QëU!NmO$SVOArt`)�³Usrh[ÌYGSÄrVdYV
�ad,X	O0SVO0X2U(R\�qlGY\S�d³UONmW´r¦[ÌY\S(ceYGX)rtUVS�`)c.U�dqXml5ceY2RTSsrtOwlGSVd��mr0�(c4NmO¼S�O0rV`m�qU�r��fR)W&O0�qOA� µ!c�SsR\�ç|�¶�ceYGSVS�O0rVQ	Y\X)�5U�YFU!N)OÎrVdfXml\�fO
XmO0dqldN^W	Y\SONmY�Ya�wW)R\rVO0�yR\l\l\�fY\W(O0S�RTUVdfp\OËrVc�NmO0W(Oh�aO0r�ceS�d,W	O0�ÎdfX�rVO0ceUVdfY\XF~a��c4NmO�SVOArt`m�qU�ro�fR)W&O0�qOA�¼µ!c�S�RG�$~)¶wceYGSVS�O0rVQ	Y\X)�
UVY¼U!NmOÄXmOKdfl)N}W	Y\SONmY�Ya�HW)R\rVO0�FR\l\lG�qYGW�O0S�RTUVdfp\O¦r�c�NmOKW(O¦UON)R�U�U�R � O0rPdqX2U�Y¼R\c0ceY\`)XGU�U!NmO�R\rVQ&OAc.U�S�RTUVdfYwYT[ UONmO�XmO8Q�ceO0�q��rK�
rVOKOFvq|Kz$x¿�Ivq|���x�_e�mc4NmOwS�OKW´R\dqXmdfXmlÎS�O0rV`m�³Usr¦��RÌW	OK�fO0�âµVx�! [£|8¶m�eµVx�! [3~)¶m�eµVx�! [ � ¶m��µVx�! [ � [ ~)¶m�3ceY\S�S�O0rVQ&YGX)�yU�Y
Y\`)S�WÄ`m�qUVdf�qO0p\OK�^cKYGR\S�rVOÄlGSVd���cKY\X)rtUVS�`)ceUVdfY\XÇR\�qlGY\S�d³UONmW´r�`)rtdfXml$U!N)O?º ² ]v|�_.��º ¯ ]?~d_.�Aº ­ ] � _.��RTX)�÷º ­#"

º ¯ Y)Wg�vO0c.U�dqpGO[Ì`mX)ceUVdfY\X)roSVOArtQ	O0ceUVdfp\OK�fu´[ÌS�Y\WÍrVO0ceUVdfY\X � �f|\�[mS�Y\W U!N)O0rVO�S�O0rV`m�qU�r�Q_O�cKRTXÆrtO0OZU!N)RTU0�adfXwl\O0XmOKSsRT�=�GU!NmO�W�`m�qUVdf�qO0p\O0�9R\�qlGY\S�d³UONmWëQmSVYa�a`&ceO0rkl\S�df�)r^UON)R�U£�qOAR\�(U�Y�[ÌO8Q_O0S
W�`)�³U�dqlGSVd��$d³U�OKSsR�UVdfY\X&rK�1c4NmO¦YGXm�fuwXmYTUsRÌWm�fO¦OKVmcKOKQaU�dqYGX$d�rtµ�x�! [ � [ ~Ì¶Ä[ÌYGS�[3~G~a�mdfXHQ\Nmd�c�NÆUONmO¦W�`)�³U�dqlGSVd��ÎrtYG�qpGOKS£[áRTdf�fr
UVY´cKY\X�p\O0SVlGO\�
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�4�+Ù $Há�Úgá�ð�ð�¡�ð
ò¼ð�ó�Ý1Ú�¥æ£gàeô �Ö¡�§}ñeðæ£g§
f5O£O0p�RT�f`)R�U�O0�¦UONmO�Q&O0St[ÌYGSVW´R\X)ceO£YT[	Y\`mS;Q)RTSsRT�f�fOK�2[ÌY\S�W�`m��R�U�dqYGX�Y\[mU!NmO�WÄ`m�³U�dq�fOKpGOK�mcKYGRTSsrVOkl\S�d��hceYGX)rvU�SV`&c.UVdfY\X�RT�fl\YGSVdqU!NmW
Y\XÇU!N)OwrVR\W�O�U�Q£YÆ`)X)rvU�SV`&c.UV`)SVOA��W(O0r!NmOArË`)rtOA�÷W2uFU!NmO´rVOKS�dfR\�^RT�fl\Y\S�dqU!NmWÎ�´b�dqX&ceO(Y\`mS¦WÄ`m�qUVdfl\S�df�5rtYG�qpGOKSËceYG`m�f�ÇY\X)�qu
S�`mX Y\X�R\X b M �¦Qm��R�Ut[ÌYGSVW Q£ODQ_O0SVO´X)YTU�R)Wm�fO´UVY��mdqS�O0ceUV�fuÇO0pCR\�q`&R�UVOwU!NmOwSG`&RT�fd³Uvu5YT[�U!N)OÆceY2RTSsrtO(lGSVd��mr¦dfX UVO0SVW´r�YT[
W�`)�³U�dqlGSVd��ÆcKY\X�p\O0SVlGOKX)cKO\�A[mY\S�UONmd�r�SVOAR\rVY\XwYG`mSZOKp�RT�f`)RTUVdfY\X�Q�R\r_[ÌYace`&rtOA�¼YGXmNmY$Q7OKX9O0ceUVdfp\O�U!NmOËQ)R\S�R\�q�fOK�ÑR\�qlGY\S�d³UONmW dfr
dfX$YGQaUVdfW(d,b0dqX)lÄUONmO¦Y)Wg�vO0c.U�dqpGO�[Ì`mX)c.U�dqYGX��)R\X)�$Y\X$d³UsrorVc0RT��RÌWmdf�fd³UvuG�c;RÌWm�fOZ|^r�N)Y$Qor	U!NmO�S2`)R\�qdqUvuPY\[GUONmOkcKYGRTSsrVO�lGSVd��mrÑQmS�Ya�a`)cKO0��W�uPY\`)S�Q)RTSsRT�f�fOK�TRT�fl\YGSVdqU!N)W�`)rVdqXml¦| ± ~ ± z ± � ± |8· ± � ~ ± ·\zRTX&��|A~��FQmS�YaceOArVrVY\Ssr¦[ÌYGSLW	YTUON UONmO$x6·ÇR\X)� UONmOR[3~G~F�mRTU�R5rtOKU�r0�uc4NmO0rVO$SVOArt`m�qU�r�Q£OKS�O¼YdWaU�R\dqXmOA��`)rVdfXml�UONmOÎ�a`)RT�
Y)Wg�vO0c.U�dqpGOh[Ì`mX&c.UVdfY\XÇYT[�º ­ R\X)�Fº ¯ �¦b�YGW�OÄYT[^UONmO�SVOArt`m�qU�r�ceYG`m�f��XmYTU�W&O�Y)WmU�RTdfXmOA�F�a`mOÄUVY¼U!NmOÄ[áR\ceUPU!N&R�U�U!NmO0SVOLQ£RGrXmY\UoOKXmYG`ml)NÎW(OKW(Y\S�uwYGXÎrVW´RT�f��X�`mW
W	OKSPYT[ QmS�Y�cKO0r�rtYGS�r0��[mS�Y\WÍU!NmOArtOhS�O0rV`m�qU�r4Q£OhcKR\XÎrVOKOËUON)R�UeQZd³UON$S�O0rVQ	O0c.UPUVY(U!N)O[ ~´YdW:�vO0ceUVdfp\O¦[Ì`mX&c.UVdfY\XM�)UONmO�S2`)R\�qdqUvu$YT[ U!N)OÄceY2RTSsrtO¦lGSVd��mrZQ)SVYa�a`)cKO0�RW�uÆU!NmOÄQ)RTSsRT�f�fOK��R\�qlGY\S�d³UONmW�SVO0W(R\dqX&rZU!N)OÄr�RTW(O
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