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Average communication cost per processor

0

5000000

10000000

15000000

20000000

25000000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

case index

co
st

(m
ic

ro
se

co
n

d
s)

Greedy
Greedy-Refine
Random 
Random-refine
Branch and bound

þëÿ�� ¡:û`¡ �
|@fhjui!�rfUsWp@m0mUt[n[yzx�i-kuyzprn¤s�pr~lkëï½fhjqïºj�p&xhfh~�~uprj



Efficiency

0

20

40

60

80

100

120

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Case index

E
ff

ic
ie

n
cy

(%
) Greedy

Greedy-Refine

Random

Random-refine

Branch and bound

þëÿ�� ¡��6¡mü�ý xoy�fon[xo�

é.36DaF>Ò&Ch9<Da;AFEDaß-K�d!5&;4MoCE5&]�DaF>T6FEK!Í¸T6]WMo5�9@Yµ58CNMoDaß-K�Mo36K�d!5&FNMª5&Í
Ì:9<Ch9@]G]aK-]W587`ÙNK-d-M>d!CEKr9@MoDa58;IP
Ö Ì:9<Ch9<]a]aK!] FEK@9<CEdh3Õ9<]a]G5!ÏJF¤T6FµMo5�FEKr9<CEdh3 9³ò¨Ñ�Í®5&]G?Ø]®9@CEÒ8K!CµFEK@9@CEd�3�FEÌ:9<d!K�ÏJD«Mo3ADa;ÚMo3AK
Fh9@YµK¤MoDaYµK­]aDaYQDaM�T6FEDG;6Ò¶òåÌ6CE5`d-K-FEFE58CEF!H�ÏJ3ADadh3*9<CEK�9-Ë89<Da]®9@7A]aK¥9<;[Ð`Ï 9-Ð[P���T:9<;[MoD«M�9@MoD«Ë[K
YQKr9<FET6CEK!YQK!;[MoF­58ÍªK���K-d�MoDaË8K!;6K-FEF­58ÍªÌ:9<Ch9<]a]aK!]UFEKr9<CEd�3(9<CEK¶?6DaÎQd!T6]«M­?6TAK¿Mo5�Mo36K¶;658;ZÑ
d-58YQÌ6]GK�MoK�FEKr9<CEdh3´TAFEK-?´Da;�9¤MoDaYµK�Ñ�]aDGYQD«MoK!?�Ì6CE5`d!K-?6T6CEK[P ö KQÌ6]¸9<;³Mo5#FNMoT6?ZÐ¿Mo3ADaF0DaFEFETAK
Í¸T6CNMo3AK-C Da;¥Mo3AK0d-58;[MoK-X`M 58Í�]®9@CEÒ8K�9@ÌAÌ6]aDad@9rMoDG5&;AF!P

ã(Á�À � ÃhÃhS»L
YiO)P\LBF.H�L»H�^{OmN:O1S»S¼U)Së^_N\FmM1N:O1J

Ö�]a]`Mo36KJ9<7L5rË[K.CEK!FET6]«MoF�ÏSK!CEK.Í®5&C1CET6;6F¨Y­9<?6K.5&Í:Mo36K ?6D��LK!CEK-;[Mw9@]GÒ&58CED«Mo3AYQF�DaYQÌA]aK-YµK-;[MoK!?
T6FEDa;6Ò�FEDaY�T6]¸9@MoK-?³?:9@M�9ZP ö KQ3:9-Ë8K­9<]aFE5�Da;[MoK-Ò8Ch9@MoK-?³Mo36KQ76Ch9<;6d�3�9<;6?£7L58T6;6?£FNMoCh9@MoK-Ò&Ð
ÏJD«Mo3¤90Ì:9<Ch9<]a]aK-]A7LK-;6d�36Y¤9<CEB�Ì6CE58Ò8Ch9<Y�9<;6?QMo36KJ]G5[9<?µ7:9<]¸9<;6d-Da;AÒªÍ¸Ch9<YQK-ÏS58CEB�?6K!FEd-CEDa7LK!?
Da;¶Mo3AK�DG;[MoCE5`?6T6d�MoDG5&;ºP�é.3AKQÌ6CE58Ò8Ch9<YõTAFEK-?´DaFªFEDaYQDG]¸9<CUMo5�9¥CEDa;AÒ¥Ì6CE58Ò8Ch9<Y�P½Ö�d-K-CNM�9<Da;
;4T6Y�7�K-C058Í
d-58;6d!T6CECEK-;4M0587ZÙuK!d�MoF�9<CEK�d!CEKr9@MoK-?Øá®Mo36DaF>;`T6Y�7LK!C0dr9<;³7LK�FEÌLK!d-DaÞAK-?´9@M>Mo3AK
d-58YQY­9@;A?�]aDG;6K@è�PLé.36K-FEK�ÌLK-CEÍ®58CEYÜd!58YQÌ6TZM�9@MoDa58;³9<;6?¿d-58YµY�T6;6DGdr9@MoKªÏJD«Mo3¿Kr9<dh3¶5<Mo3AK-C
Da;Ø9�Ì6CEK-Ñ�?6K�MoK!CEYQDa;6K!?¦Í�9@FE3ADa58;IP1é.36K¥d-58YQÌATZM�9@MoDa58;�MoDaYQK­DaF�Ò8K-;6K!Ch9@MoK-?ÚCh9<;6?658YQ]«ÐÚ9@M
CET6;­MoDaYQK[P`é.36K>d-58YQY�T6;6Dad@9@MoDa58;¤Ì:9@MEMoK-CE;¥DaFJ9@F.Í®58]a]a5rÏJF!PZé.36K�Dlû Mo3¥5&7ZÙNK-d�M FEK-;6?6FU9�Ì6CEK�Ñ
?6K-Þ6;AK-?�FEDaß-K!?�YQK-FEFh9<Ò8KSMo5UMo3AK0á°D°ãl+@èlMo3�5&7ZÙNK-d�M@á°Yµ5`?�Mo36K.;4T6Y�7LK-C158ÍA587`ÙNK-d-MoF�èW9@;A?Q9<]aFE5
Mo5QK�Ë[K!CNÐ¤Mo3ADaCE?�K-]aK!YQK-;4M Í®CE5&YóMo3AK-;�58;IP)Ò�FEDa;6Ò­9<TZMo58Y¤9@MoDad0]a549<?�9<;6?�d-58YQY�T6;6Dad@9@MoDa58;
YQKr9<FET6CEK!YQK!;[M�ÌACE5!ËZDa?AK-?£7[Ð³Mo36KµÍ®Ch9<YQK�ÏS58CEB�H½Mo36Kµ7ACh9@;Adh3ZÑ�9<;6?ZÑ�7�5&TA;6?�FNMoCh9@MoK!Ò<Ð´FET6d�Ñ
d-K-FEFEÍ®T6]a]aÐ¶CEK-?6DGFNMoCEDa76TZMoK!?³587ZÙuK!d�MoF0Mo5�Ì6CE5`d-K!FEFE5&CEF�ÏJD«Mo3³DGYQÌ6CE5rË[K-?´Ì�K-CEÍ®5&CEY­9<;6d-K[PIñ�58CEK
K�X`MoK-;6FEDaË8Kª÷4T:9<;[MoD«M�9@MoD«Ë[K>FNMoTA?6DaK-FU9<CEKª7LK-Da;AÒ�d!58;6?6T6d-MoK-?IP



à&�(Þ��IÄ)�ºÂ�È.��á

�r� ï � ¢ � � � v&�zp&p!k�� � v&xN�[p@n[fE|<fo���A��� ��±�� �[f ñ
prn[�[f � ïºj�fh~�fhjl|8yzn[�¿�zp<x�i!��y}k���qaprj�prg8kuy�m0i!�
g4irjui!�z�zfh�zyz~Nm yzn�kNi!~u¼�i!�z��p<x�i-kuyzp@n � ��n	��

���S�4g4i!�rfh~ ÷ � ÷��i÷:õ-� � �¸ô:ô\õ&�

ö&� ñ
pr�Zfhjlk�� � ò�j�t[n[n[foj¨irn[���Li-¬[m>yz¼-i!n<k�� � �Ji!���f � �w�4i!g8kuy�n[��kup���p@i!��prn�©�prj�¼&~lkNi-kuy�prn�xh�zt[~��
kufhj�~ � ��n����������� !�#"%$&�'�%(�)+*-,/.10�23)4,/"5$6�-�87�9:,�"%$;0;�#9#.�,=<?>�@�.1.10� !�#AB(�
�@�9:@�A&AC��A��?,�)+*D23$E@/$60;,�"4�
g4ir�rfh~ ��� � �Z�r�6ö&� � ü�ü�ü s�p@m>g[t8kufhjwv&p&xoy�fEk��Äïºj�fh~�~�� ± fh�[j�t4i!jl� �¸ô\ô:ô8�

�8� � � � � � i!���fSirn[��v8i!n!¯lfofo|F�.j�y�~��[n4i!n � s��4i!jumFG
GIH�ïIi!jui!�z�zfh�)ïºj�pr�rjuirm0m>yzn[� ©
y}ku� ¢ fh~u~ui!�@fE�
e.j�y}|@fhn ¾ �8¯�fhxoku~ � ��n ð j�fh�rprjl�F� �8� yz�z~uprn�i!n[�ÄïIi!t[�6�:tA�[fh�[y}kuprj�~���
�@/9J@/A�AC��A�
�9J,1K/9J@/)I)I0�"-K
2-.:0&"3KL�NM
M1�[g4i!�rfh~ �6õ:÷��iö&���8� ¢ ��§!ïºj�fh~�~�� �¸ô:ô � �

�[� ��i-¬[m>yz¼-i!n<k��Ji!���fr�oñ
pr�Zfhjlk1v&¼rfhfh�¸� ¢ yz�zyzn[�ìò��4i!n[�4i!j�¼-i!jh��ñ
pr�`fhjlkjòWj�t[n[n[fhjh�<�1k�kuyz��i ð t[j�~�p��@�
Owf�i!�P�.jui�©�foku»r���<irm>fo~cïº�[yz���zyzg[~����wj�y}kup<m�p.v&�[yzn[pr»�i!¼&y¸��� j�yz~��[n4irn'�Wi!jui!�4i!jui!¯li!nA�-i!n[�Q�.�«i!t[~
v&xE�<t[�zkufon � Ow� ¢ e ö H ð j�f�i-kufhj0~�x�i!�«i!�[yz�zy}k��¿qaprj0g4i!juir�z�zfh�
m>pr�zfhxht[��i!jª�8�8n4irm>yzxh~ �SR ,�2-9#"D@/A
�?,/)+*D23$E@/$606,/"�@/AT
��U(/.10;V#.N� �¸ô:ôr�8� ��nQg[j�fo~u~ �

÷&�Eð fhprj��rf�� i!jl�8g[yz~�i!n[�I�Syzg[y�nW�.t4m0i!j � ïIi!jui!�z�zfh�4mJt[�}kuyz��fE|<fo�`¼@�®©1i��Ug4i!jlkuy}kuy�prn[yzn[� ~uxN�[f�m>f1qaprj
y�j�j�fo�@t[��i!j �rjui!g[�[~ � ��nX
N9J,�V1�1�JY/0�"-K/.W,Z<5�%2�*���9:V:,/)+*%2-$60�"-K\[ ]P^-�mïºy}k�ku~u�[t[j��[�mïZ�U�_Owp�|@f�mJ�Zfoj
�6ô:ô � �

� � ò ������� i!��irn[�>s ��±���` t � v<kup&xN�4i!~�kuyzx�m>p&�[fh�zyzn[�.prq[�[jui!n[xE�8�°i!n[�8�°�`p@t[n[�0i!�z�rp@j�y}ku�4m>~�©¨y}ku�
�Zfh~lk��®�4j�~lk
~ufhirj�xN� �Na=b?b8b ��9J@/"%.#@PV�$60;,�"%.Q,/"	�D,=<1$;c8@/9:� b "-K�0&"��1��9#0�"3K!� �r� H ô\ö:ö���ôr�!� � �¸ôr�\÷&�

õ&� s��[fhn[�r»h�[prn[�edwt³i!n[� ± jui!n[xhyz~�s � ¢ � ��i!t �\f ,g@UYeh�@/AC@�"TV�0�"3K a "i
�@�9:@�A&AC��A'�?,/)+*D23$Z�#9#.
�����:,/9#(j@/"�Y5
�9:@UV�$;0;V1� � � �zt@©1foj
�wxhir�[fhm>yzx�ïºt[�[�zyz~u�[fhj�~h� �¸ô:ôoõ&�


