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��j�q �zozeivyxzj=���wm¡f�j���s-£5j�hkj���e��uowj=h��s���e�oze���eg¯=j����wj�¶¢qtsu����xzowe�q=m���e�suo
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j²���zj-hkegf(eihkj�lnmpo5h(lrqtsuowvyxzj={�����{�mp��j=�ue�j=����jÇhkj=��eg��ozj=h	��s�{���zj�ª�mu{�ozj���ln��xz��mp~��us�{�eg���w�`�g«��r�!Î©�wmp|z��jt{���hkj=��q�{�eg£
j=�!���wj�e���|z~�jt��jtoy��mp��e�suo	sp�?���zs���j����{ m���jt�ue�j=�	mpowh9���zj°|z{�su£z~�jt���}��jºj=owq�s�xzoy��j={�j�h�hkxz{�egow�¨���wj§e���|z~gj=��jtoy��mp��e�suo?��¦noÎ©�wmu|k��j={�Ï���j�qtsu��|wmp{�j����zj²|5j={���s�{���muowq�jbsp�?���zj����z{�jtj�fuj={���egs�ow�=�GÐGe�owmp~�~g���(egoRÎ©�wmp|zl��jt{/Ñ-�©j�|w{�j���j=o���s�xz{�q�suo5q�~�xw��e�suo5�t�

Á



J KML�NPORQTS Ò

Ó ÔbÕ [ÖZÅa�X$× Ø Ù
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suxk�Çmuoy�Èj�mp{�~ge�jt{���su{�Ú	���wm���xw��j=�²m�hke�f(e�hkjtlrmuowh(lnq�s�owvyxzjt{���k����jt�Û��s�e���|z~gj=��jtoy�.���wj/ª�mp{�ozj=��lr�/xk�.mp~��us�{�eg���z���peg�!ei��ozsu�©q�~�j=mu{����wm������zj�su|z��e���mu~|5mp{ mp~�~gj=~ge�¯=mp��e�suo¤����{�mp��j=�u�Rei�t��Æ°j����wjt{�j���su{�j��wm¡f�j}hkj=��eg��ozj=h­muowh­eg��|z~�jt��j=o���j=h°��s�xz{f�jt{ ��e�suo5�bsu�!���zj}ª�mp{�ozj=��lr�/xk��mp~��usu{�eg���z�������zeiq �°hze�Ü#jt{Çe�o§���zj�Ú(e�owh§muowh°mp��suxzoy��sp�Ý s�£w�����zjt�	�ujtowjt{ m���jb��su{����zjÇhke�f(e�hkjtlrmuowh(lnq�s�owvyxzjt{����(����j=���Æ°j/��e�~�~5xw��j�|w��jtx5hks�q�skhkj/��sÇjt±k|z~�muego}���zj�mp~��usu{�eg���z������j�xw��ju�@¦r�¼m²��xzo5q¬��e�suo�xw��j�����zj�½km���egoºhzegf(eihkj�lnmpowhklrqtsuowvyxzj={/���k����j=���5���wj�Þ¡ßwàuáyâ�Úuj=�y��su{ h�mpowh¤Þ¡ãyâ#ä¼å=æ���xzowq���e�suoq=mp~�~?e�owhkeiqtm���j²egoy��j={�m�q¬��egs�o	��eg���R½kmp��e�o?�³��wj�Þ¡ßwàuáyâÈÚ�jt�(�©s�{�h�ei��xw��j=h§egoº��{�s�o��²sp��m���xzo5q¬��e�suo­qtmu~g~G��s�e�owhkeiqtmp��j-���wmp�²���zei���xwowq¬��egs�o�q=mp~�~�e�����{�muow����su{���j�h}e�oy��s�m Ý su£?�k���zeiq ��e������zjto���xz£z��e�����j�h���s}½km���ego?�.À��ç��j={m°��|wm¡��o¨sp�/m Ý su£¼�����zj�|z{�su��{�mu�èhks(j���ozsu����mpeg����s�{����zj�{�j���xz~g�=�!£zxk��e��}q�s�oy��e�oyxwj=�{�xzozowegoz�5��À������zei����e���ju�
f�mp{�e�mu£z~gj������zeiq ���wsu~ihÈm�{�j���xz~g��sp��m���|wm¡��ozj=h	��xzo5q¬��e�suoRq=mp~�~q=mpozowsp��£
j�xw��j�h��z��egowqtj²���zjÇ��|wm¡��ozj�h���xzo5q¬��e�suoRq=mp~�~���m¡�}ozsp���wm¡f�j�q�su��|z~�j���j=h��Æ9�wjtoé���zj­Þ�ãyâ#ä?å=æ	��xzowq���e�suoêsp�²½zm���e�oêe���q=mp~�~gj�h��.���zj�|z{�s��u{ mp�ë��mpeg����xzoy��e�~�mp~�~��|wm¡��ozj�h Ý su£w�©mp{�j�{�xzo���s-q�su��|z~�j���egs�o?�@À��ç��j={©m�q=mp~�~k��s����zj�Þ�ãyâ#ä?å=æ���xzo5q¬��e�suo¼�u���zj�{�j�l��xz~g���@su�w���wj���|wm¡��ozj�h���xzo5q¬��e�suo�qtmu~g~i�G�wm¡fuj�£
jtjto�����su{�j=h�ego����zj=eg{�{�j=��|
j=q¬��egf�j©f�mu{�eimp£z~�j=�=�³��wj�f¡mu{�eimp£w~gj���q=mpo�ozs��ì£5jÇ��m���j=~g�}x5��j�h��¦no����zjÇ��s�~g~�s���e�oz�}��j�q¬��egs�oÈ�©j�hzj=��q�{�eg£
j���su��jÇq �wmp{ muq���j={�ei����e�q=��sp�@���wj-ª�mp{�ozj=��ln��xk�mu~g��su{�e����z���@¦no	���zj�ozjt±y�/��j=q���e�suow����j�hkj=��q�{�e�£5j����wj²��suxz{�f�jt{ ��e�suow����j�hkj=��eg��ozj=h?�
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³��wj/ª�mp{�ozj=��lr�/xk�.mp~��us�{�eg���z�Û��e���xz~im���j=�@���zj�jtf�su~�xk��e�suo�su�#m�~imp{��uj���jt�.sp��£
s(hzegj���xzowhkj={���zj�ego��wxzjto5q�j�sp�z��s�{�qtj=�=�¼¦r��qtmuo�£
j�mu|z|z~�egj�h���sbf�mp{�e�suxw�Ghksu��muegow�Gsu�5��qtegj=oy��e��5q©qtsu��|zxk��le�oz�5�ue�owq�~�xwhke�oz�Ç£zxz�.ozsp�.~�eg��eg��j�h���sÇmu����{�su|w�y�k��e�q=�t���5xze�h�hz�yo5mp��e�q=�t�ujt~�j=q¬��{�sy��� m���e�q=��mpowhj=fuj=o­qtsu��|zxk��jt{���{�mu|z�zeiqt�=��¦no°s�xz{�e���|w~gj=��j=oy��m���egs�o?�?���zj�£
s(hzegj���{�j=|z{�j=��jtoy��|z~�muozj�� �muowh�����mu{��0e�oÇ���wj�xwozegf�jt{ ��j��¼³��zj©��su{ q�j��0mu{�j�qtmp~iq�xw~�mp��j=h�xw��egoz��»�j=����suo
	 �G�u{ m¡f(e�� m���egs�owmp~���zjts�{����³��wjÈjtfus�~gxz��e�suo sp�����zjÈ£
skhke�j=�}ei�}��eg�-xz~im���j�hêego9hkei��qt{�jt��j���eg��jR����jt|5�t�3Â!muq �êsp����zj=��j-��e���j�����j=|w�²q�su{�{�j=��|5s�owhz����s�muoReg��jt{ m���egs�oRsp�!���zj�ª�mp{�ozj=��ln��xk�²mp~��usu{�eg���z���²À�oeg��j={�mp��e�suo�qtsuow��ei��� �.sp���(mp��s�oz�Çsp���zjt{ �=�ym²��s�{�qtj/qtmu~�qtxz~im���e�suo�|w�wmu��ju�yego����ze�q �}���zjb��su{ q�jjt±kjt{���j=h�suo�j=m�q �}£5skhk��£y�}mu~g~#su���zj={�£
skhke�j=��ei��qtsu��|zxk��j=h��zmuowh�muo�xz|#hzmp��j²|z�wm���j��kego���we�q �����zj�ozj=�ì|
s���eg��e�suoRmpo5h�fujt~�skq�eg����ei�/qtsu��|zxk��j=h���su{/j=muq ��£
skhk�u��¦r�.mp~�~¼|wmueg{���ei��je�oy��j={�m�q¬��e�suo5��£5jt���©j=jto	���©s�£
s(hzegj���mp{�j�q�su��|zxz��j=h?�(���zjÇqtsu��|z~�j�±ke�����e��/µ�¶�·��¡¹¬�
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skhk�u�k���zei����j=q �woze�vyxzj²jt±(|w~gs�e�� �����zj²�¢m�q¬�����wmp�/m��u{�suxz|	sp�0£
skhke�j=�����zeiq �	ei��{�jt~im���egf�jt~���¢mu{�m¡��m¡�}��{�su�´���5m��²£5skhk�Rq=mpoR£
j�mu|z|z{�s¡±keg��m���j=h�£(�Èm���egow�u~�j�f(eg{���x5mp~G£5skhk�Èm������wjqtjtoy��j={-su����m����-sp�/���zj��u{�suxz|¤su�/£
s(hzegj��t�¤³��zei����m¡�u����muoy�­|wmueg{���ei��j}e�oy��j={�m�q¬��e�suo5�hks�owsp�/�wm¡f�j²��s�£
j-qtsu��|zxk��j=h���³��zjÇ|z{�j=qte���e�suo��¢muq���su{�
�����
���e�owhkeiqtmp��j=�/e��.m���{�s�xz|�sp�£
skhkegj���ei���¢mp{�jtowsuxz����m¡��m¡����s�xw��j²���zj�s�|k��e���eg¯�m���egs�o?�³0s���mpÚ�j����zei�!s�|k��e���eg¯�m���egs�o}|5sy����e�£z~gj��p���zj/£
skhkegj��©mu{�j/su{���mpoweg¯=j=h�ego}mÇ��{�jtj/����{�xwq�l��xz{�j-���5m��²{�j=|z{�j���j=oy�������zj���|wm�q�j-���zj�£
s(hzegj���mu{�j-ego¼��½(ego5q�j-���zj���|5muq�j-�©j-{�j=|z{�j=��jtoy�ei�/m}���z{�jtj�hzeg��jto5��e�suowmu~¼xzowegf�jt{ ��j��w��jÇxw��j-mpoÈskq���l7��{�jtj���s�{�jt|z{�j=��jtoy��eg�=�/³��zj-£5skhke�j=�mu{�jÇ~�skqtmp��j=hRegoº���zj�~gj�m��.ozskhkj��/su�.���wj���{�j=ju�b³��wj���{�j=j�ei�/{�j=qtxz{���e�fujt~�����xz£#hke�f(e�hkj�hºm����su{�j²£5skhke�j=��mu{�j�m�hzhkj=h?�³��zj�|z{�j=qte���egs�oÈ�¢muq���s�{b���zj�� m�e�owhkeiqtmp��j��b���wjto­m}|wmu{��²sp�.���zj���{�jtj���e����§£
skhke�j=��e��mu|z|z{�s¡±(e���m���j=h	£y��e�� �/q�j=oy��jt{�su����m����=�!³��zjÇmu|z|z{�s¡±keg��m���egs�o�ei��hks�ozj�e��@���zjÇhkei��� mpowqtj��s����zjb|5mp{��©sp�¼���zjb��{�jtj�e��©�u{�j=mp��j={.���5mpo}���zj²��e�¯tj�sp�?���zei�©|5mp{��©sp�¼���zjb��{�jtjb��xz~g��e�|z~�egj�h£(�¨���zj�� mz�D³��wjR��e�¯tjÈsu�²m°|wmu{��}su�b���zj���{�jtjÈei�����wjÈ~gj=oz�p���êsu�²m¤��eihkj�sp�����zjºqtxz£
j{�jt|z{�j=��jtoy��j=h}£(�����zj�|wmu{���su�¼���wj²��{�jtju�¦no�j=muq �-e���jt{ m���egs�o?�¡���zj©��{�jtj�����{�xwq¬��xz{�j!�wm��¼��s²£5j�{�j=£zxze�~���£
j=q=mpxw��j!���zj�£5skhke�j=�G�wm¡f�j��s�fuj�h���s²m/hkegÜ#jt{�jtoy�0|wmu{��Gsp�5��|wm�q�ju�0³��zj�qtjtoy��j={0su�z��mu�����wj=~�hw�¼su�z���zj�e�o���jt{�owmp~�ozskhkj=�su�����zjb��{�jtj�mp~i��s-�wm¡fuj���s-£
jbqtsu��|zxk��j=h�j=muq ��e���jt{ m���e�suo¼��£
j���s�{�j/���zjb��su{ q�j�qtmp~iq�xw~�mp��e�suo����mu{�� �t��À�o�eg��j={�mp��e�suo	���(xw��qtsuow��e�������su�0���zj²��su~�~gs���e�oz�-��suxz{/|z�wmu��j=���
«���³¼{�jtj�q�s�ow����{�xwq¬��egs�o
Áz�/Î©jtoy��j={�sp�@��m�����q=mp~iq�xz~im���egs�o
�w��Ðzsu{ q�j�q=mp~iq�xz~im���egs�o
Ï5��ª©skhk�	xz|#hzm���j}¶¢qtmu~�qtxz~im���j²ozj=�ì|
s���eg��e�suo�mpowh	fuj=~gskq�eg���z¹
½(e�owq�j����(|ze�q=mp~�~g�§��su{�j����wmuo¨������su�����zj�jt±kj=q�xz��e�suo°��e���j�ei����|5j=o���ego­���zj}��s�{�qtjq=mp~iq�xz~im���egs�o�|z�wmu��ju����j©q �zsy��j@��s/|wmu{�mu~g~�jt~�eg¯=j�suoz~��b���zei�¼|w�wmu��ju�G³��zj!su���zj={?���w{�j=j.|z�wm���j��mu{�j�j�±kj=qtxk��j�h���j�v�xwjtoy��eimp~�~g���³��zj���s�~g~�s���e�oz����j�q¬��e�suo5��hkj=��q�{�eg£
j��zs��ì�©j�xw��j=h�hke�f(e�hzj�lnmpowh(lnq�s�owvyxzjt{���j=q �zozeivyxzj=���s§|wmu{�mu~g~�jt~�e�¯tj	���zj���su{ q�j�qtmu~�qtxz~im���e�suo¥|z�wmu��ju�éÆ§j��wm¡f�j	hkj���e��uowj=h¤��s�xz{�fuj={���egs�ow�-sp����zj	ª�mp{�ozj���ln��xk��mu~g��su{�e����z���R³��zj}|z{�j=��jtoy��j=h­|w��jtxwhzsºq�skhkj�hkj=��q�{�eg£
j=�-mpo¤eg��j={�mp��e�suosu�¼���wj�ª�mp{�ozj=��lr�/xk��mp~��usu{�eg���z����³��zei��|ze�j=q�j²su�@qts(hzj²qtsuoy��muego5�����zj���m Ý s�{�hkegÜ
j={�j=owq�j��£
j�����jtj=o����zj²��suxz{/fujt{ ��egs�ow�t�¦no�mp~�~(fujt{ ��egs�ow�t�¡��j�xw��j����zj�����{�xwq���xz{�j�sp�w���zj���{�jtj�sp�
£5skhke�j=�G��s²{�j�q�xz{ ��e�fuj=~g����|wm¡��oÝ s�£w����s�{b½km���ego¼��À Ý su£Èei�/m�|5mp{��/sp�@���wjÇ��{�jtj���¦r�bhks(j=�����zj���su{ q�jÇqtmu~�qtxz~im���e�suo���s�{����wj£
skhkegj���ego	���zj�~�j=m��0ozskhkj=��e�o����ze���|wmu{���sp�¼���zj���{�jtj��@Æ9�zjto�mp~�~#~gj�m�� Ý s�£w��mp{�j��wozei���zj=h�����zj}{�j=��xz~�� �Çsu�����zj Ý s�£w��mu{�j�{�j=qtxz{���e�fujt~��ºqtsu��£wegozj�h���³��zj}ozskhkj����wm�����|5m¡��ozj=h§���wj{�s(sp� Ý s�£����zj=o}�wmu�.��sÇxw|
hzmp��j/���zj�muqtqtjt~�jt{ m���egs�o��wj=~�hw�!su�
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1 void barnesNaiveIteration( Body[] bodies ) {
2 TreeNode root;
3 JobResult result;
4

5 root = new TreeNode(bodies); // build tree
6 root.computeCentersOfMass();
7

8 result = spawn barnesNaiveJob(root, root); // force calculation
9 sync();

10

11 updateBodies(bodies, result);
12 }
13

14 JobResult barnesNaiveJob( TreeNode job, TreeNode root ) {
15 JobResult result;
16 int i;
17

18 if (! job.isLeaf()) {
19 JobResult childResults = new JobResult[8];
20 for (i = 0; i < 8; i++) {
21 childResults[i] =
22 spawn barnesNaiveJob(job.children[i], root);
23 }
24 sync();
25 result = combineResults(childResults);
26 } else {
27 //do force calculation for the bodies in this leaf node
28 result = forceCalcLeafNode(job);
29 }
30 return result;
31 }
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Only center−of−mass is copied

Necessary part (copied entirely)

Job
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Only center−of−mass is copied

Necessary part (copied entirely)

Job

ÐGeg��xz{�j�Áz� ����³��zj²ozj=qtj=����mu{�����{�j=j²��su{�«�1 D Ï-sp�G���zj²��{�j=j
¿0mp{��uj Ý su£¤¶¢ÐGe���Ák�ÄÁu¹ ½k��mu~g~ Ý su£­¶¢ÐGeg��Áz� �y¹»�skhkj����(|5j É�su£ »�j=qu�.³¼{�jtj É�su£ »�j�qp�.³0{�j=jÊ�s(sp� l « l «¦noy��jt{�owmu~�«�1¡Ï « � l Ï¦noy��jt{�owmu~�«�1(« D Ï «�Á l « D¿?j�m���¶¢suoz~���qtjtoy��j={�sp�@��m���� ¹ l «u« l Á�Ã³¼su��mu~�egoy��j={�o5mp~6� Ñ Á�Ã l Ï�Í¿?j�m���¶�q�s���|w~gjt��j�¹ « D � « Í

³0mu£z~gjÇÁz�g«E�@»/xz��£
jt{/sp�@ozskhkj=��e�oÈm-~imp{��uj²mpo5h�m�����mp~�~ Ý su£

��{�j=ju�ze�owqt~gxwhzegoz�����zjte�{�q�j=oy��jt{�su�G��m�����e�ok��su{���m���egs�o?�
³��we��}qtjtoy��j={}sp�²��mu����e�ok��su{���m���e�suoêei��ozj=qtj=����mu{��¨��su{���xz£ Ý s�£w��sp�²���we�� Ý s�£?�ì³0se�~�~gxw����{ m���jÇ���ze��=�
�©jÇ�5m¡fujÇ~imp£
jt~�j=h�����s}e�o���jt{�owmp~0ozskhkj=�be�oºÐGeg��xz{�j�Ák�ÄÁ�mu�!	Ä½F	#mpowhG	ÄÎB	��³��wj=��j�ows(hzj=��£5su����q�suoy� mpe�o�Ï�~gj�m��¼ozskhkj��t�.½�e��©���zj���xz£ Ý su£}���wm���qtsuoy��muegow�!���wj�xw|z|5j={~�j��ç�b|wmp{���sp�0���zj Ý s�£?�!»/sp��j²���wm������zj�ozj�q�j=����mp{�����{�jtj²��su{/½�ei��q�s�ow����{�xwq¬��j=h�xw��egoz�����zjowj=q�j�����mp{��È��{�j=j-��s�{����wj����zsu~�j Ý su£?�@��egowqtj����zj}���wsu~�j���{�jtj�e��Çxzowm¡f�mpe�~�mu£z~�j�¶¢e��-e���owsp�|5mp{���su�¼���zj²egoz|wxk�/hzm�� mÇ��s�{�m Ý s�£5¹¬�.dbxz{�egow�-���zjÇq�s�ow����{�xwq¬��egs�o�sp�0���zj²ozj�q�j�����mp{�����{�jtj��s�{���xz£ Ý su£¤½#�?eg�Çsuow~g�Rowjtj=hw�Çq�j=o���jt{�su�©��mu���²egoz��su{���mp��e�suo°sp�/Îb�¼³��zei�²egoz��su{���mp��e�suo���(xw���wm�����s�£
j�|z{�j���j=oy��e�o	���zj�ozj�q�j�����mp{�����{�jtj²��s�{����zj����zs�~gj Ý s�£?�
¦r��m Ý su£�e��.{�j=~�mp��e�fujt~���~imp{��uju��eg���.ozj=qtj=����mu{�����{�jtj�ei��{�jt~im���e�fuj=~g�Ç����mp~�~��@³��zei�@£5j�q�s���j��qt~gj�mp{�£(�Rq�su��|wmu{�e�oz�����zj�~�mu{���j Ý su£§���zs���oºego°Ð0e��uxw{�j�Ák�ÄÁk�
���zeiq �º{�jt|z{�j=��jtoy����«�1�Ï�sp����zj���sp��mu~@��{�jtj��?��s����zj�����mu~g~ Ý s�£¤���zs���o°e�o­ÐGe��uxz{�j}Ák� �z�?���we�q �­{�jt|z{�j=��jtoy����«H1 D Ï�sp����zj���su��mp~
��{�j=ju��»�su��j����wmp�©��xw~g~���q�s�|ze�j=h}~�j=mp�0ozskhkj��©��su{������zj�£ze��u�uj�����|wmu{���sp�0m���{�jtj����e�owq�j����zj=��j�ozskhkj=�!q�suoy� mpe�o���jtf�jt{ mp~k£
s(hzegj��t�@³��zj�sp���zjt{!ozskhkj=��s�oz~���q�s�o�� mpe�o�qtjtoy��j={.sp���m����!egok��s�{���mp��e�suo�muowh���{�jtj�����{�xwq���xz{�j=�wj=~�hw�t��³0sÇego5hke�q=m���j����wjb��eg¯=j/sp�#���zjbowj=q�j�����mp{����{�j=j�{�j=~�mp��e�fuj©��s����zj Ý s�£-eg�.e��G��jtozj={�mp��j=hÇ��su{��p��j©��e�~g~z���zj={�jt��su{�j©xw��j����zj�{ m���egs�£5jt���©j=jto���zj�oyxw��£
jt{²sp����xz~�~��Rq�su|wegj�hR~�j=m��.ows(hzj=�begoº���zj�ozj=qtj=����mu{��	��{�jtj�mpowhR���zj�o(xz��£
jt{�sp�~�j=mp�Gows(hzj=��e�o	���zj Ý su£¤¶¢���ze�q �Èmu{�j²mp~���m¡�k�©��xz~�~g��q�s�|zegj�hw¹¬�
³Gmp£w~gjÈÁk��«	���zs��������zjÈhkjt��mpe�~�j=h¥hze�Ü#jt{�jtowqtj=��£
j�����jtjto¥���zj	����s Ý su£5�t�¥³��wj	{ m���egs£
j�����jtj=oÈ���wj-��eg¯=jÇsp�����zjÇozj�q�j=����mp{��}��{�jtj-mpowh����zj-qtsu{�{�j���|
suo5hkegow� Ý s�£Rei�/����sº« D ��s�{���zj�~�mu{���j Ý su£¼�pmpowh-Í���s-«!��s�{¼���zj�����mp~�~ Ý su£?�@³��zj�s�fujt{��zj�muh�sp�5��jto5hkegow�����wj�owj=q�j�����mp{��

Ã



��{�j=j/mp~�suoz�²��eg�������zj Ý s�£����(xw�.e�owqt{�j�mu��j=�����zj=o����zj Ý su£w�.�uj�������mp~�~�jt{��G³��zei�.ei�.jt±zmuq¬��~g����wmp����j���muo����!��egowqtj�½zm���e�o¥|w{�jt��jt{ ��~imp{��uj Ý su£w��s�fuj={�����mp~�~ Ý s�£w�����zjtoêeg��hkj�q�eihkj=����zeiq � Ý su£���eg~�~?£
jÇ����su~�jto�e���m�{�j=��sp��j²ozskhkjÇ��jto5hz��m�����j=mu~�{�j�v�xwj=���=�
2436543I2 J$K=L�CNMEO�PRQTSUO�Q�P�C
¦no�j=m�q �-eg��j={�mp��e�suo?��m Ý su£����wmp�.�zsu~ihz�G���zj�{�s(su�.ozskhkj�sp�
���zj���{�j=j�e��.��|wm¡��ozj�h��0³��we�� Ý s�£{�j=qtxz{���e�fujt~��È��|5m¡��ow� Ý s�£w�����5m����zsu~ihReg����q �weg~ihºows(hzj=�=��xzoy��e�~.m	~�j=mp�!ozskhkj�ei�b{�j=m�q �zj=h?�É�su£w�G���zeiq ���zsu~ih-m�~�j=mp�5ozskhkj4�wo5mp~�~g��hzs/���zj���su{ q�j�qtmu~�qtxz~im���e�suo���su{@���zj�£5skhke�j=�@e�o����wmp�~�j=mp�#ows(hzju��ÐGeg��xz{�j²Ák� ÏÇ���ws����.|w��jtxwhzs�q�skhkj/��su{©muo�e���jt{ m���egs�o�sp�����wj���su{ q�jbqtmp~iq�xw~�mp��e�suo|z�5mu��j!e�oÇ���wj©ozj�q�j�����mp{��/��{�j=j©f�jt{ ��e�suo¼�¼³��zj��zeg���z~�eg������j=h�|5mp{��Ge�owhkeiqtmp��j=�¼���wj�hkegÜ#jt{�jtowqtj��s-���zjV	 owmpe�fujE	kfujt{ ��egs�o?�ÐGeg��xz{�j�Áz� Ñb���zs����@|w��jtxwhks²q�skhkj���s�{.q�suo5����{�xwq���s�{0���wm��.qt{�j�m���j��0���zj�ozj�q�j�����mp{�����{�jtju�³��zj�q�xz� & Ü�d/ei��� mpowqtj�f¡mu{�eimp£w~gj�ego°m	³0{�jtj=»/skhkj-s�£ Ý j=q���egowhze�q=m���j��²m��²���ze�q �°hkei��� mpowqtjeg���bq�jtoy��jt{ & �¢ËRmu���W�wjt~ihÈqtmuo�£5jÇx5��j�h�m���mpoRmu|z|z{�s¡±keg��m���egs�o�su�G���zjÇ£
skhkegj���£
jt~�s��ìeg�=�³��zei��f�mp~�xzj�ei��hkjt|
jtowhzjtoy�/suo	���wjÇ��e�¯tj²sp�G���wj�ozskhkj�mpowh	���wj�|z{�j�q�ei��e�suo��¢muq���su{����zj�� mz�
í�îYX ð�ñ�òëü�û�ZÈý�ò¸ø%Z�ô[)�ò\"�ò�ö�ø/�tÿ-÷
Àb�}���ws���oée�oìÎ©�wmp|z��jt{�Ï5�!���zjRozj�q�j�����mp{��­��{�jtjÈf�jt{ ��e�suoêhks(j=��ozsu�}j�±k�ze�£zeg�}su|k��eg��mp~jt®�qtegj=owq����éÆ°j��wm¡fuj	���wjt{�j���su{�j�hkj=��eg��ozj=h¨���zj���xz|z~�jÈ��|wm�q�j�fuj={���egs�o?�.���zeiq �êxw��j���mhkegÜ#jt{�jtoy��mu|z|z{�s�muq �°��sRego5q�{�j=mu��j����zj�jt®�qtegj=owq��°sp�����zj]	 owmuegf�j�	¼f�jt{ ��e�suo¼�R³��zj}��xz|z~�j��|wmuqtj-f�jt{ ��e�suoÈx5��j���muoºjt±y��jtow��e�suoR��s����zj�½km���ego­hke�f(e�hkjtlrmuowh(lnq�s�owvyxzjt{����k����jt� qtmp~�~�j=h���zjÇ½km���ego���xw|z~gjÇ��|wm�q�ju��³��zei��j�±(��jtow��egs�o	��mu��£zxweg~g����e��������zj�ª�mp{�ozj=��ln��xk��mp~��us�{�eg���z�e�o���e�owh��Æ9eg���ì���zj­½km���egoD��xz|z~�j­��|wm�q�jºm¥|z{�su�u{ mp��qtmuo�j�®}q�e�jtoy��~g�����wmp{�jºÉym¡f�m¤su£ Ý j�q¬� �£
j�����jtj=o§���zj}f�mp{�e�suxw��qtsu��|zxk��j�ozskhkj=�=��À$|z{�su��{�mu�Ìqtmuo°|wxk��su£ Ý j=q¬� ��e�o§���zj���xz|z~�j��|wmuqtju����j���su£ Ý j�q¬� �¼��{�su� ���zj���xw|z~gj���|wmuqtj�muowh-{�j=��s�f�j!s�£ Ý j=q����0��{�s�� ���zj���xz|z~�j���|wm�q�j��³0s�e�hzjtoy��eg���	muo�s�£ Ý j=q���ego����zj²��xz|w~gj���|wm�q�ju�5m-Ú�jt�	e���xw��j=h����we�q ��ei��m���� muq �zj�h	��s����wjs�£ Ý j=q������zj=o§eg��e���|zxz�²e�o§���zj���xw|z~gj���|wmuqtju��³��we���Úuj=�RqtmuoR���wjto°£5j�xw��j=hR��s��ujt��s�{{�jt��s�fuj/���zj²s�£ Ý j=q��=��³��zj���xz|w~gjÇ��|wmuqtjb��su{�Úk�!£(��£z{�s�m�hzqtm�����egow�Ç���wj�s�£ Ý j=q����©���5m���mp{�je�ow��jt{���j=h°e�oy��sÈeg�=��³��ze���e���hksuozj}mp�Ç���wj}��su��jtoy�����wjt�­mp{�j�e�ow��jt{���j�h­egoy��s����zj���xz|z~�j��|wmuqtju�³��zj���xz|z~�j���|wmuqtj}fuj={���e�suo­xw��j=�²���zj	��mp��j}�ze�jt{ mp{ q �zeiqtmu~@��j=q �woze�vyxzj	mu�²���zj�owmuegf�jf�jt{ ��e�suoÈ��s��ujtowjt{ m���j Ý su£5�t��³��zj�hzmp��m�hkei����{�e�£zxk��egs�oº��s	���zj�f�mp{�egs�xw�²q�su��|zxz��j�ozskhkj=�ei�Çj=o���eg{�jt~��§hze�Ü#jt{�jtoy�=�G�zs���jtf�jt{��	À��Ç���zj�����mp{��Çsp�����zj���su{ q�j}q=mp~iq�xz~im���egs�o­|z�wmu��ju�0���wj���zs�~gj���{�j=j�su��£
skhke�j=�²ei��|zxk�Çe�oº���zj�½kmp��e�o§��xz|z~�j}��|5muq�j��}½km���ego§���zj=o­£z{�symuhzq=mu������eg���s}mp~�~¼q�s���|wxk��jÇows(hzj=�=�©À Ý s�£�	 �/egow|zxk�/s�oz~g��q�s�ow��ei������su�@m�|
sue�oy��jt{���s}m�ozskhkj�e�o����wj��{�j=ju�5muowhRm���xz|z~�j-��|wmuqtj�Úuj=�����wm���e��/xw��j�h���s	~gs(suÚ(xz|����zjÇ��{�j=j���su{����zei�/eg��j={�mp��e�suoÈe�o���zj���xw|z~gj���|5muq�j��ÈÀ�~�~©su���zj={-hzmp��m�ei��mp~�{�j=muhz�º|z{�j=��jtoy�-mp�Ç���zj	ozskhkj}���zj={�j}���zj Ý s�£ei��{�xzo?��À��b���zjÇj=owhÈsu�G���zjÇ��s�{�qtjÇqtmu~�qtxz~�mp��e�suoÈ|z�5mu��ju�z���zjÇ��{�j=jÇei��{�jt��s�fuj�h���{�su�����wj��xz|z~�j���|wmuqtj���s���m¡fuj���jt��su{��u��¾©��j=xwhks�qts(hzj���su{©���wj/��xz|z~�j���|wmuqtj�fuj={���e�suo�ei�!��egf�jto}e�oÐGe��uxz{�j�Áz� D �G³��zjb�ze��u�z~�eg���y��j=h}|wmp{����©ego5hke�q=m���j����wjbhkegÜ
j={�j=owq�j��.��s����zj�	 owmuegf�j�	yfujt{ ��egs�o?�
í�î_^ ð�ñ�ò¸ô[)�ü-�#"�òPü@û�ZÈýtò\"-ò/ö�ø/�tÿ-÷
¦no����zjb��xz|w~gj���|wmuqtj/fuj={���e�suo?�y�©jbozsp��e�qtj=h}���wmp��e�ow��jt{���e�oz�Ç���zj����zsu~�j/��{�j=jb��eg���	£5skhke�j=�e�oy��sÈ���zj���xw|z~gj	��|wm�q�j}e�owqtxz{�����e��uoze��5q=mpoy��q�s����-xzozeiqtmp��e�suo­s�fuj={��zj�muh���³¼sº��e�oze���eg¯=j���ze���s�f�jt{��zj=m�h�����j�eg��|z~�jt��jtoy��j=h�mpozsu���zj={©f�jt{ ��e�suo����wm���xw��j=�©���wj�½zm���e�o}��xz|z~�j���|wm�q�j��

Í



1 void barnesNTCIteration( Body[] bodies ) {
2 TreeNode root;
3 JobResult result;
4

5 root = new TreeNode(bodies); // build tree
6 root.computeCentersOfMass();
7

8 result = spawn barnesNTCJob(root, root); // force calculation
9 sync();

10

11 updateBodies(bodies, result);
12 }
13

14 JobResult barnesNTCJob( TreeNode job, TreeNode necessaryTree ) {
15 TreeNode subjobNecessaryTree;
16 JobResult result;
17 int i;
18

19 if (! job.isLeaf()) {
20 JobResult childResults = new JobResult[8];
21 for (i = 0; i < 8; i++) {

22 / `
23 ` invoke the necessary tree constructor to create the
24 ` necessary tree for this subjob
25 ` /
26 subjobNecessaryTree =
27 new TreeNode(necessaryTree, job.children[i]);
28

29 childResults[i] = spawn
30 barnesNTCJob(job.children[i], subjobNecessaryTree);

31 }
32 sync();
33 result = combineResults(childResults);
34 } else {
35 //do force calculation for the bodies in this leaf node
36 result = forceCalcLeafNode(job);
37 }
38 return result;
39 }
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1 TreeNode( TreeNode original, TreeNode job )
2 double distance;
3 int i;
4

5 // copy original’s position, size, center of mass, and cut off
6 // distance (just like a standard copy constructor) (not shown)
7

8 distance = minimalDistance(original.centerOfMass, job);
9 if (distance < cutOffDistance) {

10 if (original.isLeafNode()) {
11 bodies = original.bodies; // copy the bodies in original
12 } else {
13 // copy the necessary parts of the children of original
14 // recursively using this constructor
15 children = new TreeNode[8];
16 for (i = 0; i < 8; i++) {
17 children[i] = new TreeNode(original.children[i], job);
18 }
19 }
20 } // else this part can be cut off, nothing has to be copied
21 }
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1 void barnesTupleIteration( Body[] bodies, int iteration ) {
2 TreeNode root;
3 JobResult result;

4 String rootIdentifier = "root" + iteration;

5 root = new TreeNode(bodies); // build tree
6 root.computeCentersOfMass();
7

8 // force calculation

9 TupleSpace.put(root, rootIdentifier);

10 result = spawn barnesTupleJob(root, rootIdentifier);
11 sync();

12 TupleSpace.remove(rootIdentifier);

13

14 updateBodies(bodies, result);
15 }

16 JobResult barnesTupleJob( TreeNodePointer jobPointer,
17 String rootIdentifier ) {
18 TreeNode root = TupleSpace.get(rootIdentifier);
19 TreeNode job = root.findNode(jobPointer);

20 int i;
21 JobResult result;
22

23 if (! job.isLeaf()) {
24 JobResult childResults = new JobResult[8];
25 for (i = 0; i < 8; i++) {

26 childResults[i] = spawn barnesTupleJob(job.children[i],
27 rootIdentifier);

28 }
29 sync();
30 result = combineResults(childResults);
31 } else {
32 //do force calculation for the bodies in this leaf node
33 result = forceCalcLeafNode(job);
34 }
35 return result;
36 }
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1 class Updater() implements ActiveTuple {
2 JobResult prevResult;
3

4 Updater(JobResult jr) {
5 prevResult = jr;
6 }
7

8 // active tuple method, called at each node upon receipt
9 handleTuple() {

10 BarnesHut.updateBodies(BarnesHut.bodies, prevResult);
11

12 BarnesHut.root = new TreeNode(BarnesHut.bodies); //build tree
13 BarnesHut.root.computeCentersOfMass();
14 }
15 }
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1 class BarnesHut {
2 //these fields are updated by the active tuples
3 static Body[] bodies;
4 static TreeNode root;
5

6 JobResult barnesActiveTupleIteration( JobResult prevResult ) {

7 JobResult result;

8 Updater u; //active tuple
9

10 //broadcast updates from previous iteration
11 u = new Updater(prevResult);
12 TupleSpace.add(u);
13

14 result = spawn barnesActiveTupleJob(root); //force calculation

15 sync();
16

17 // ’result’ will be passed to this function as the parameter
18 // in the next iteration
19 return result;
20 }

21 JobResult barnesActiveTupleJob( TreeNodePointer jobPointer ) {
22 TreeNode job = root.findNode(jobPointer);

23 JobResult result;
24 int i;
25

26 if (! job.isLeaf()) {
27 JobResult childResults = new JobResult[8];
28 for (i = 0; i < 8; i++) {

29 childResults[i] =
30 spawn barnesActiveTupleJob(job.children[i]);

31 }
32 sync();
33 result = combineResults(childResults);
34 } else {
35 //do force calculation for the bodies in this leaf node
36 result = forceCalcLeafNode(job);
37 }
38 return result;
39 }
40 }
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³��zj�� m «u� � Ák� � �z� �ËRm�±���£
s(hzegj��B1�~gj�m��0ows(hzj « D � ÍE� D �
³0mu£z~�j�Ï5�g«E�.³��zj²��m�±keg�-xz��mu��suxzoy��sp�G£5skhke�j=��|
jt{/~gj�m��0ows(hzj

«¡Ã



£
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nec. tree; threshold = 6
tuple space; threshold = 5
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ideal speedup
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active tuple; threshold = 6
ideal speedup
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