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Algorithm:   y = A * x

Data

Row

9347 19
2 1 5 6 31

1 2 2 4 5 9 11

53

95 13 72 10

76

28 12Vector X

19 44 17 27 33
6542

elements on 5th row

Column

Y[i] = Y[i] + Data[Row[i]+j]  *  X[Column[Row[i]+j]]

first level of indirection

second level of indirection

12 95 13 72 10

A

28

19 47
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0 0
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0

93 0

76

44 17 27 33

19

X

Y

* * * *

+

for i=1 till number of matrix rows
for j=1 till number of nonzeros in row i
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force[edge[i,2],1] = force[edge[i,2],1] − 
force[edge[i,2],2] = force[edge[i,2],2] − 
force[edge[i,2],3] = force[edge[i,2],3] − edgeData[i.3] * (x[edge[i,1],3] + y[edge[i,2],3]);

+ y[edge[i,2],2]);
+ y[edge[i,2],1]);

(x[edge[i,1],2] edgeData[i,2] *
edgeData[i,1] * (x[edge[i,1],1] 
edgeData[i.3] * (x[edge[i,1],3] + y[edge[i,2],3]);

+ y[edge[i,2],2]);
+ y[edge[i,2],1]);

edgeData[i,2] *
edgeData[i,1] * (x[edge[i,1],1] 

(x[edge[i,1],2] force[edge[i,1],2] = force[edge[i,1],2] + 
force[edge[i,1],3] = force[edge[i,1],3] + 

force[edge[i,1],1] = force[edge[i,1],1] + 

Mapping
onto the

GPU
n1 = edge[i,1];
n2 = edge[i,2];

force[n1,1] += edgeData[i,1] *

edgeData[i,1] *

(x[n1,1] + y[n2,1]);

+ y[n2,1]);(x[n1,1] 
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such as velocity,

force (or other
particle features

delta, ...)

updatesupdates

for i = 1 .. NumEdges

for i = 1 .. NumEdges

for iters = 1 .. NumIters
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	 Ä"® Õe´ ö £\¤l§8´<à�Ä8Ä"®¦«�ÎX�8¢�Ù{�l�R�8�ÓÔ Ò �8¤����c�8�v¢\���TÕe«/ÈN¤����®��³��8��¤¥���\¤l�½��¢	È Ò ã
�a�v�8¢��v�8�K�V�l� ¢���� ¢�¯N�v���\���¥�R�R´�h@� ¤z«Eà8à¦´E¢x«]®¦´��\���8�W�CáXÌ�â�¹:á8à�ÆG´¬à�Ä8Ä"®¦«

ú Ù�¯{Þ/á8àÅû4Ù{£�nõÿ�« Î4«l´²¯N�v�¥¡*�W�j/�« ¯`«l´²�8¢\� ÞÜ�R¨²���R´�öG« ¯�« _ÜdWHKJ�� d½m8DXSUu~H�hR?�J®F^QXH�
6Z�J�ÐoHKk^k��
t ?�HRSc[¦m�d�BGZ�JvdWH�AyZ8FUJ�S���Ov?8kck�HVO�FUSU?�[����
HRklHvZ�dRH�w���� �a�W�v��¢��¥�R�8¤L/²�R�4�8�v�6�©/{ß�°4ÈMß�á8à ß�Ã8Â¦´
Ò ¾¡/²¿XÈ Ò Î�´��Ü� £�¤�� £����8´xÌWá8á8à¦«

ú ¿�Î Ã Ä�Æºû��*«1¿\���V�8���8¤����8¢¬´ öG« ÎX£��8�R�v¡y�8¢¬´�°/« Ã �8¢G�v�8���8¢x« _a[Eu~HKJed�F�Z�[Eu8Sc[~m F^QXH ä�� ORS�HK[4ORf
?�h�����_ LNk m~?�J�S^F^QTA`d�hR?�J¸i Z8FUJ�S�����i Z8FUJ�S�� i�DXkÖFUS B4k SzOvZ8FUSz?�[E� °��V�X�K�R�W����¢G� � �8���V���
È Ò ã Î>ÿV¯�¯ª/²ÈN° Ã ¹	¾o±}/
¼�¯ª/CÈC° Ã ÿ Ò Î ­®�8�VµX�V�G�8� � ¢ ¯{�v���\�����R� Ã ���e�G¨ ���v�
Ô Ã ­ ­ Î 	 Ä�Æ~Õe«x¯N�V�W¢��8�\¤l��ÔU¿G�v�8¢\�K�·Õe´4ÈN£G� £����R´\à�Ä8Ä�ÆG«

ú ¯N­ Þ k�Ä"®Åûx¯N�¦�¦��¢\�l� �T�R´�Í6«l´�­®�~� ¤�¤��R§8´ Ò «l´�Þx�R¨²��¢x´�¯`«l´
Þa£G�R��µ8�8´�Ù`«l´
�8¢�� Ã £�¡y�\�G�V�R§X�R´
¯�« L A�DXk�FUSlm8J�SUu%dR?�k b8HKJahK?�J�ýV?�DX[EuTZ�Jef�b�Z�k D\H�BEJ�?(ýRklHRA6dCD~d�Sc[¦m²BEJP?vm8J�Z�A�A*ZxýKk�HCm JPZ�B\QTSzOKd
QXZ�JPu8Ð1Z�J�H «~°1�V�¦�K�R�W�\��¢G� �a�8���V�G��È Ò ã Î>ÿV¯�¯ª/CÈC° Ã ¹¬¾1±
/�¼%¯ª/²ÈN° Ã ÿ Ò ÎM­®�8�VµX�V�G�8�
� ¢j¯{�v���\�����R� Ã ���v�G¨����V��Ô Ã ­ ­ Î 	 Ä"® Õe«<ÎX�8¢�ÙN���R�8�®Ô Ò �8¤��l�^�8�v¢����TÕe´E���x«�ÌRÄ à·¹vÌ8Ì8Ì�´aöT£�¤l§8´
à�Ä8Ä"®¦«

ú ¯{ÞT­ k�Ä�Æºûx¯N��³X��¢��\���v�·Ú�£x´<Í6«��*«l´@ÞÜ¤l�·§¦�x´<ÝN«l´<­ �8¢G�G´�­ «l´@ÞÜ��¢x´<ãj«l´1ã��8¢��¦�e���X´�Ù`«! Z�dKF
Oe?�ACBEDGF�Z8FUSz?�[»?PhNu Z8F�Z(ývZ�dRH%?eBGHKJ�Z8FUSz?�[GdND~d�Sc[¦mMm8J�ZeB\QTSzOKd@B4JP?WO�H�dedK?�JedK� °��V�X�K�R�W����¢G� ��à�Ä8Ä�Æ
È Ò ã Î>ÿV¯Mã�¼{Ù�ÿ|¢~� 	 ¤ Ò � ¢G�|«{� ¢ ã��8¢\���8�W¡*�W¢T�j�8�g�����V�X´M�E���8�W�jàXÌ^æ·¹:à8à8Â¦«`°<���v�¥�R´
¿��v�8¢��K�8´4à�Ä8Ä�ÆG«

ú ��Ùª/�k�Ä"®Åû"�����8�¥¤��8¢T§8´	ÝN«l´ Ù{�8¤�¤l§8´	­¸«l´e/C�ÖªX¢��R�W´�Î�«l´#�%���\�8�V�z´	±%«l´)¼{¨o�W¢��W´	ö�«	�8¢\�
�a��¨C¤l�W�R´1ÝN« ä ��BEkl?�J�Sc[~m	F^QGH%$�&<nXwgnEOvZ8kÖZ(ýRSck�SUFUf	?Ph½nEFUJ�HvZ�A'��JP?WO�H�dedK?�Jed «�°��V�X�K�R�W����¢�� �
á��V� Î¦§X¡*��� �V��£\¡ � ¢ Ã �l� � °/�R�V�c�8�e¡y�8¢��K� Ò � ¡*�\£G���R� ÈC�v�v�������W�K�V£G�V�8«	ÈC¢��8���W��¡
Ô Ò �8¤��l�^�8�v¢����TÕe´G¿G�R���e£����V§8´Eà�Ä8Ä"®¦´E���x«xÌ^æD®·¹vÌWÂ�ÆG«

ú ��ÿPÞÜÄ�Æºû"����¤l� ���v�x´¦ãj«)( $�w�YNw�L }aBGHK[*��& ä � FIHR[GdeSz?�[»n�BGHVOWS + OvZ8FUSz?�[Gd�hR?�J�F^QXH�>/Sc[�H  *,.- ��/
L{JPORQTS^FIHvOWFUDXJVH0� ( $213�4��� ÍC³¦���\��� Ò �8�V���8�v���V�l� ¢¬´�ã����Vµ¶öG«)���¥¤l� ���v���W���l���8��«\ã���§8´4à�Ä8Ä�ÆG«

ú �M­ Ä"®Åû"���v£G�8�R�W´ ö�«l´ ­®�W�����R�e¡y�8¢�¢¬´ /�« &<S^[4HVZ�J LNk m~HÅýKJ�Z
}aB�HKJ�Z8F�?�Jed�hK?�J5���*_ weACBEk�HKA�HK[EF�Z8FUSU?8[ ?�h ( DXAyHRJeSzOvZ8k�L{k m~?�JeSUF^QTA`d «o°��V�X�K�R�W����¢G� �6�8�
�V���yÈ Ò ã ®�Ä��V� Ò � ¢G�^�R�V�W¢��K��� ¢ Ò � ¡*�\£����R�6¯N�v���\���¥�R�N�8¢\�yÿ|¢~���R�v�8�K�V�l³8�y�a�W�v��¢\��º~£��W�
Ô�Î�ÿ�¯�¯�/²ÈN° Ã
	 Ä"® Õe´�öT£�¤l§8´�à�Ä8Ä"®¦«¬ÎG�8¢¶Ù{�l�R�8��Ô Ò �8¤����c�8�v¢\���TÕe«

ú Þ/ã�ÄGÌ�û�ÞÜ���v���W¢x´¶¾
«��8¢�� ã��RÈN¤�¤����V���R�W´¶Ù`«6 Z�dKF�ijZ8FUJeS�� i�DXk�FUS BEk�SzHKd¸D¦deS^[~m7� JPZeBEQTSUORd

6Z�J�u�Ð1Z�JVH « °��V�X�K�R�W����¢G� �*ÎX£G���R�v�K� ¡y�\£G�V��¢G�»à�Ä8ÄGÌ�«�ÙC�W¢~³8�R��Ô Ò � ¤��8�v�8�G�~Õe´@Í²�·³8�W¡%���R�W´
à�Ä8ÄGÌ�«

���



ú Þ8� Ã k�Ä"®Åû�Þx�R�^� ��¢¬´ È6«l´9��¢��¥�V�R´ öG«l´ Ã �8¢����W¢x´ Ò «l´Ó�8¢��'­ ���l�V��µ8�R��´é/�« we[EFIHKJ�Z OWFUS^b�H
Y�HzhK?�J�AyZ8FUSz?�[�Z�[Eu:$xScdeD�Z�k�S�;�Z8FUSz?�[�?Ph<&aHKb8HKk�n4HWFÜn\D¦J^hRZ OeHKd�_adeS^[~m0� JPZeBEQTSUORd=
6Z�J�u�Ð1Z�JVH «
°1�V�X�K�R�W����¢G� � ÌKÆ8�V� ÿ|¾o¾1¾ hN���v£��8¤��lÊW���V�l� ¢ Ò � ¢G�^�R�V�W¢��K�8´ Î¦�W�����V¤l�'Ô^­ �8�V����¢G�8��� ¢4Õe´
¼M�K���8�4�R��´Eà�Ä8Ä"®¦´\���Ü«Eâºæ·¹:Ã8à¦«

ú ã�ÈVhMáXÌ�û4Ù`« ö�«gã��W³¦�v�l�\¤��¥�R« ü QTJ�HeH u�S^AyHR[GdeSz?�[EZ8k¶A�D¦kÖFUSlm8J�SUu)hR?�J F^QXH ä DXk�HKJ H?>WDGZ FUSU?�[�dK�
ö � £G�v¢��8¤¬È}ÿPÈCÈ6´��\�����R�²áXÌ�¹vÌ^æ�ÆTá Ò °/´��\���8�W�CÃ8à�Æ�¹:ÃD®8à¦«¬ö £\¢G�yÌWá8áXÌ�«

ú Î>ÿPÈNÄ"®Åû�Î¦�W¡y���K� ¢\��£��K���8� ÿ|¢��\£������V§ ÈN�V���X�R�����V�l� ¢¬« ü QXH we[EFIHKJ�[EZ8FUSz?�[EZ�k ü HVORQT[E?�kl?Vm f
�
?WZ u�AyZeB½hK?8J�n4HKA�SzOv?�[4u�D�OWF�?�Jed «4¾1���l�V��� ¢¶à�Ä8Ä"®¦«

ú Î Ã ÍNÄ"®Åû�ÎX�G�R�V��� ¢���§8´�È6«l´ Ã � £������ ¢¬´)ãj«l´ÓÍN�����W¤z´ÓÎ4«% Z�dKF@$�?�k�DXA�H(n4H�m A�HK[\F�Z8FUSz?�[
A S^F^Q-n�S^A�D¦kÖF�Z�[4Hv?�D¦dB$ÜS¥d�D�Z�k SC;WZ FUSU?�['_adeS^[~mD��J�?Vm JPZ�A�AyZ(ýRklHE� JPZ�B\QTSzOKdF
6Z�J�u�Ð1Z�JVH «
°1�V�X�K�R�W����¢G� � ÌKÆ8�V� ÿ|¾o¾1¾ hN���v£��8¤��lÊW���V�l� ¢ Ò � ¢G�^�R�V�W¢��K�8´ Î¦�W�����V¤l�'Ô^­ �8�V����¢G�8��� ¢4Õe´
¼M�K���8�4�R��´Eà�Ä8Ä"®¦«

ú ÎX¾oÄGÌ�û�Î¦�\����ÊR�R�W´�öG«��8¢�� ¾1³8�R�v�l���R´ Ò «6¯MÞ Í2h ³8�R�v���Kª ���V�v��§ �v�8¢G�8�)�8¢��Å¯{Þ Í}h �c�W¢\�K�
� ¢ ¯N�W¿G�8�v�K�(°��V�X��£��K�V� �8¢�� �4�R§8� ¢\�¬«®Í2h
ÿ|Ù
ÿPÈ Ò �8�V���8�v���V�l� ¢¬«®ÈN£G� £����R´jà�Ä8ÄGÌ�«
G �~�����xØ ß8ß·¨
¨²¨�« �G�R³8�W¤l�8���R�W« ¢~³¦�¥�����X« �K� ¡�ß·�8�XÚ��W�K�eß�±N�V��¢G� ¯{Þ Í}h �^�W¢��K�8« �T�V¡�¤ G «

ú �²ã�Ý�Ä"®Åû¬Î4«��Ü� ¡y��¨�´8ã «8ã���¯{£��l� �8¢¬´º/�«�Ý �W¢�¢G�R���R´ ¯`«8ÎG¡y�l�V�¬´·ö�«�Î¦�E��¤l�R�V����« t HR[EOKQTAyZ�J�þ·S^[~m
Z8[Eu6weACBEk�HKA�HK[EF�Z8FUSU?8[®?�hH��JP?(ývZ(ýKS^k�S^FUfI� t Z�dRHVu�n�S^A�DXkÖZ8FUSz?�[Gd�?�[J��J�?Vm8J�Z�A�AyZ(ýKk�H0����_adK�
°1�V�X�K�R�W����¢G� �6È Ò ã ¯N�v���\�\���R� Ã ���v�G¨����V��­®�8�vµ¦�V���8�x´ Ô^­ «/ã����Vµ �8¢�� È%«@ÎX�v���¥¤�¤���¢G�
�W�\�l���8�v�eÕe«EöT£�¤l§8´�à�Ä8Ä"®¦«xÎX�8¢½Ù{�l�R�8�»Ô Ò �8¤¥�l�c�8�e¢����TÕe«

ú ±MÎXÄ"æÅû4ãj«»±�ÚV�8¤��G� ¢¬´�öG« ÎX�8¤l��Ê8« ü QXHB����_ Z�dÁZ�[ S^[Eu�S^J�HvOWFUSz?�[ HK[¦m8S^[4HÓhK?�JÇZ hRZ�dKF
S^[WhR?�J�A*Z FUSU?�[jJ�HWFUJeS�HKb�Z�kÖ� ÿP¢T�V¤aöG«�¾1¤��W�K���V� ¢����MÝ�£��V�¥¢G�W�V�R´�à�Ä8Ä"æ¦«

��®


