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Figure 1. InfiniBand Architecture overview (courtesy IBTA)
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Figure 2. MPI Alltoall

3.2 Existing Algorithms
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Figure 3. A 3-Dimensional Hypercube
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Figure 4. A Virtual Ring
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4.2 Point-to-Point Messages

qËþ�ó���ýÕò�òÉô,ù�óÉýÕú¹þ1�m�3ô���ýÕð�ð?÷¹þ�÷«ð��,��ôÔó���ôn�K÷«õ�ý�údñ�ò ù�úqòvó
ù�údûfü#ú¹þ�ô�þqó�ò�ú �jü#ú¹ýÕþdó��xó�ú��¦üLúdý�þqó¶û�ô,ò�òÉ÷¹ÿ¹ôpòÈ�·údõ�ó���ôÉp��(q
ý�û�ü�ðÕô�û�ô,þdóU÷Kó�ý�údþ sut#tCw � ® ôx��ýÕð�ð���ý�ÿ#��ðÕý�ÿ#�dó�ó���ôçðÕý�û�ý�ó�÷Kó�ý�údþ�ò
ú���ñ�òÉýÕþ�ÿmp��(qHüLúdý�þqó��xó�ú��¦üLúdý�þqó1�·ñ�þLùtóÉýÕú¹þLò`�·údõRýÕû�ü�ð�ô,û�ô�þqóÉýÕþ�ÿ
ù�údð�ðÕô,ù�óÉý��¹ô,ò��

]`ìYífì9î ^`úV:�ÿ9ÿZ_-òa`!`�:�ýQòa`
qËþ ó���ôØù�ñ�õÉõ�ô�þqó<ýÕû�ü�ðÕô�û�ô�þqó�÷«óÉýÕú¹þÌú �pz³+"%�(qÉï�¥x�"òÀû¶÷«ðÕð
üLúdý�þqó��xó�ú��¦üLúdý�þqó[ûfôpòÉò�÷«ÿdô,ò3÷«õ�ô�óÉõU÷«þLò��·ô,õÉõ�ô,ø�ñ�òÉýÕþ�ÿ{ %¢mp�"È�
¥�ú�Çô��dô�õR�¹ýÕþrú¹õUø�ô�õ¤óÉú�÷¹ù<��ýÕô��dô ó���ô� �¢�p�"ª��ý�ó���ú¹ñ�ó���÷3�7�
ý�þ�ÿ5ó�úfüL÷3��ó���ô"ú¹þ��xó���ô��Ob��¶õ�ô�ÿ¹ýµòÀóÉõU÷KóÉýÕú¹þ1ù�údòÀó�÷«þ�ø ó���ô"÷dø,�
ø�õ�ô,ò�ò3ô���ù<��÷«þ�ÿdôÐù�údòÀó��Gó���ô?û�ô,ò�òÉ÷¹ÿ¹ô,ò�÷¹õÉô"ù�údü�ý�ôpø�ú�dô�õÇóÉú¶÷
ü�õ�ô��¦õÉô,ÿ¹ýµòvó�ô�õ�ô,øÜö�ñ��#ô,õ s
tR�3w �¬����ô�"�ðÕðu�]óÉú �>"
ð�ðÌù�ú¹û�û5ñ�þ�ýÕù,÷�
óÉýÕú¹þr�·údõOòÉû�÷¹ð�ð¹ûfôpòÉò�÷«ÿdô,òHýµò9ú �¢óÉô,þ?ý�û�ü�ðÕô�û�ô�þqó�ô,ø?ö,�Ðñ�òÀýÕþ�ÿÊ÷

v



MPI

Collectives

Pt−to−Pt

ADI

Interface

Channel Meiko Shmem InfiniBand

Figure 5. Implementation path for current col-
lectives in MPICH

ù�ú¹û+ö�ýÕþ�ý�þ�ÿj÷«ðÕÿ¹údõÉý�ó���û ð�ý�&¹ô�¥��Gü#ô�õUù�ñ�ö#ô�ú¹õ+ �ô,ù�ñ�õ�òÉý��¹ô�¢
údñ��
ö�ð�ýÕþ�ÿV� ����ô¶ù�ñ�õ�õ�ô�þqóÐýÕû�ü�ðÕô�û�ô�þqó�÷«óÉýÕú¹þ�ú��j�,�_� ���,� ���,�,�,�
ýÕò¶öL÷¹òÉô,ø údþ² �ô,ù�ñ�õ�òÉý��¹ôz¢
údñ�ö�ðÕý�þ�ÿ��ª����ýÕòiþ�ôpù�ô,ò�òÉý�óU÷KóÉôpò
÷«þ�ú¹ó���ô,õ;ù�ú¹ü,�¯�·õÉúdû ó���ô}ñ�òÉô�õ�ö�ñ��Yô�õ;óÉú%ó���ônp��(qrðÕô��¹ô,ð
ö�ñ��Yô�õR�Ä*Gú��¤ý�þoóÉú«óU÷«ð:��ó���ô�õ�ô;÷¹õÉô v ù�ú¹ü�ýÕô,òÈ�·ú¹õ¶òÉô�þ�ø�ý�þ�ÿ�÷
òÀýÕþ�ÿ¹ðÕôÌû�ô,ò�ò�÷«ÿ¹ô?÷dù�õ�údò�ò3÷dò�ò���ú��þ;ýÕþ ~ ýÕÿ¹ñ�õ�ôjº��

sbuf rbuf sbuf rbuf

Sender Receiver

Network

ADI

MPI

UserUser

MPI

ADI

send copy receive copy

Figure 6. MPI Alltoall Message Path for Small
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Figure 7. The Rendezvous Protocol
�jþrù�ñ�õ�õÉô,þqó¤ÿ¹ô,þ�ô�õU÷Kó�ý�údþ{qËþ�	�þ�ý��Ç÷¹þ�ø���÷¹õ�ø���÷«õ�ô �«ó���ô
÷dø,�

ø�õ�ô,ò�ò�ô���ù<�L÷«þ�ÿdôÐü���÷¹òÉô?ù�údòÀó�ò
÷«õ�ú¹ñ�þ�ø t�� � ò��Æ����ô�òÉô�þ�ø�ô�õ
ù�÷¹þ�þ�ú«ó�òÀô,þ�øMó���ô%û�ôpòÉò�÷«ÿdôÊñ�þqóÉýÕð5ó���ôØõÉôpù�ô�ý��¹ô,õ.õ�ô�ü�ðÕýÕô,ò
ö�÷¹ù<&fó�ú�ó���ôÐòÉô�þ�ø�ô�õ���ý�ó���ó���ôm�GýÕõÀó�ñ�÷«ðY÷¹ø�ø�õÉôpòÉò3÷«þ�ø û�ô�û{�
ú¹õ�����÷«þ�ø�ð�ôpò�� ® ��ô,þ1ýÕû�ü�ð�ô,û�ô�þqóÉýÕþ�ÿ{��ý�ÿ#�1ù�ú¹û�û5ñ�þ�ýÕù,÷KóÉýÕú¹þ
ø�ô�þLòÀý�ó���ù�ú¹ðÕðÕô,ùtó�ý
�dô,ò ðÕý
&dôÈ�,�_� ���,� ���,�,�,����ó���ýÕòÐü�õ�ô,òÉô�þqóUòj÷
ù�õ�ý�ó�ýÕù,÷«ð ÁU¥K£]£]¡���ªY�U³�Ù ø�ñ�õÉýÕþ�ÿ?ô,÷dù<�¶òvó�ô�ü¶ú��Yó���ô
ù�údð�ðÕô,ù�óÉý��¹ô�÷«ð
�
ÿ¹údõÉý�ó���û|�¯���qñLò���÷dòÇó���ô�ò���òvó�ô�û òÉý
�,ô?ý�þLù�õ�ô,÷¹òÉô,ò��qó���ô"ó�ú«óU÷«ð
ù�úqòvó�ø�ñ�ôjóÉú+ó���ô ¨É��ª#°d��¯�ºK¥K»G© ü�õÉú¹óÉú�ù�údðLýÕþ�ù�õ�ô,÷dòÀôpò�ðÕý�þ�ô,÷«õ�ð�� �

����ô�üLúdý�þqó��xó�ú��¦üLúdý�þqó)ý�û�ü�ðÕô�û�ô,þdóU÷Kó�ý�údþ+õ�ô�¨qñ�ýÕõÉôpò!ý�þLø�ý
�Gýµø,�
ñ�÷«ð û�ô�û�ú¹õ��&õ�ô�ÿdýÕòÀóÉõU÷Kó�ý�údþ&ú �¶ó���ôØòÀô,þ�ø�ô,õÔ÷«þLøMõÉôpù�ýÕô��¹ô
ö�ñ��Yô�õ×üLô,õ�û�ô,ò�òÉ÷¹ÿ¹ô#��qËþ�ù�údð�ðÕô,ù�óÉý��¹ô¶ù�údû�û5ñ�þ�ýµù�÷«óÉýÕú¹þ1�Rú��Y�
óÉô,þÊóÉýÕû�ô,ò+ó���ôÝòÉ÷¹ûfô;ù�údþdó�ý�ÿdñ�ú¹ñLò5ö�ñ��#ô,õfýµòfñ�òÉô,øo÷dò�ó���ô
òÀô,þ�ø�ô,õ�ö�ñ��Yô�õR�¬����ô ýÕþ�ø�ý��GýÕø�ñ�÷«ð3ûfôpòÉò�÷«ÿdô,ò?÷¹õÉô¶òÉüLôpù�ý
	�ô,ø
÷¹ò�ú �YòÉô�óUò��·õÉúdû>ó���ôAöLô,ÿ¹ýÕþ�þ�ýÕþ�ÿ¶ú��*ó���ýµò�ö�ñ��#ô,õ�������ô?û5ñ�ð
�
óÉýÕü�ðÕôjõ�ô�ÿdýÕòÀóÉõU÷Kó�ý�údþ>ú¹ü#ô�õU÷Kó�ý�údþ�ò¤ù,÷«þ�ö#ô"ù�úd÷¹ð�ôpòÉù�ô,ø¶ýÕþqóÉú+ú¹þ�ô
�·ú¹õ)ýÕû�ü�õÉú�GýÕþ�ÿ"üLô,õ��·údõÉû¶÷¹þ�ù�ô#�g¥�ú�Çô��dô�õR�Kýu�#ó���ôjù�ú¹ðÕðÕô,ùtó�ý
�dô,ò
÷«õ�ô�ýÕûfü�ð�ô,ûfô,þqóÉô,ø<ñ�òÉý�þ�ÿ¬p��?q�ü#ú¹ýÕþqó��]óÉú��¦ü#ú¹ýÕþdóÊ�·ñ�þ�ù�óÉýÕú¹þ�ò��
õÉô,ÿ¹ýµòvó�õ�÷«óÉýÕú¹þ;ù�úd÷¹ð�ôpòÉù�ý�þ�ÿ5ýµò�þ�ú�ð�údþ�ÿ¹ô,õ�üLúqòÉòÉýÕö�ð�ô#�

qËþ8ú¹õUø�ô�õ ó�úçú¹ü�ó�ý�û�ý���ô ó���ôÌõ�ô�ÿdýÕòÀóÉõU÷Kó�ý�údþ údüLô,õ�÷«óÉýÕú¹þ1�
pz³+"%�?qÉï�¥ û¶÷«ýÕþqó�÷¹ý�þ�ò�÷oõÉô,ÿ¹ýµòvó�õ�÷«óÉýÕú¹þ�ù,÷¹ù<��ô#� �Çñ��Yô�õUò
�N��ýµù<��÷«õ�ôÜõ�ô�ÿ¹ýµòÀóÉô�õ�ô,ø údþ�ù�ô}÷«õ�ôÜþ�ú¹ó;ø�ô��]õ�ô�ÿdýÕòÀóÉô,õÉôpø[ý�û{�

´



ûfôpø�ýµ÷KóÉô,ð
�#�!ý�þ�òÀóÉôp÷¹ø�ó���ô���÷¹õÉôÔ&dô�ü�ó+ý�þo÷Ôù�÷dù<��ô ��"jò�ó���ô
þqñ�û5ö#ô�õÐú���õ�ô�ÿ¹ýµòÀóÉõU÷KóÉýÕú¹þ�údüLô,õ�÷«óÉýÕú¹þ�òWý�þLù�õ�ô,÷¹òÉô �Ló���ô+ù�÷dù<��ô
	�ð�ðµò*ñ�ü�ÿ¹õU÷¹ø�ñL÷«ðÕð
�#�w÷¹þ�øfòÀúdûfô�ù�÷dù<��ô�ô��Gýµùtó�ý�údþ�ò*û�÷3�?ú�ù,ù�ñ�õR�
����ýÕò�ýÕò?üL÷«õÉóÉýµù�ñ�ðµ÷«õ�ð
�<ý�û�ü#ú¹õÉó�÷«þqój�·údõ8ð�údþ�ÿ�õÉñ�þ�þ�ýÕþ�ÿ�p��?q
÷«ü�ü�ðÕýµù�÷Kó�ý�údþ�ò��LËjòÀýÕþ�ÿÈp��(q)üLúdý�þqó��xó�ú��¦üLúdý�þqóoúdüLô,õ�÷«óÉýÕú¹þ�ò+�·údõ
ý�û�ü�ðÕô�û�ô�þqó�ý�þ�ÿ;ù�údð�ðÕô,ù�óÉý��¹ô,ò
þ�ô�ôpø�ðÕô,ò�òÀð��âÿ¹ô�þ�ô�õU÷KóÉôpò
÷¶ðÕú«óÐú��
ù�÷¹ù<��ôjô,þdó�õÉýÕô,ò�ø�ñ�ô"óÉú�ýÕþ�ø�ý��qýµø�ñ�÷¹ð�ö�ñ��Yô�õ�õ�ô�ÿdýÕòÀóÉõU÷Kó�ý�údþ�ò��

����ô�ù�ñ�õ�õÉô,þdó;ý�û�ü�ðÕô�û�ô,þdóU÷Kó�ý�údþ&ú ��ó���ô��,�_� ���,� ���,�,�,�
ù�ú¹ðÕðÕô,ùtó�ý
�dôg�·údõOðµ÷«õ�ÿ¹ô3û�ô,ò�òÉ÷¹ÿ¹ô,òRñ�òÉô,ò!÷%¢jý�õ�ô,ù�óH³
ýÕõÀó�ñ�÷«ð� �ýÕþ�ÿ
÷«ðÕÿ¹ú¹õ�ý�ó���û|�

4.3 Performance Limitations of the Current Im-
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Figure 10. Buffer arrangement for Hypercube
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Figure 14. Small Messages on 16 Nodes

6.2 Evaluation for Larger Messages
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Figure 15. Small Messages (32 Bytes) Scala-
bility
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Figure 16. Medium Messages on 16 Nodes

6.3 Performance Extrapolation for Large Mes-
sages
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Figure 17. Large Messages on 16 Nodes
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Figure 18. Large Messages (4k) Scalability
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Figure 19. Large Messages (128k) Scalability
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Figure 20. Performance for 4k message
among 1k processes
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÷«þ�÷¹ð
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�?ñ�óÉýÕð�ý���ýÕþ�ÿjó���ôN �¢�p�"
÷«þ�ø� �¢mpg" ® õÉý�óÉô��"÷Kó���ô�õ��·ú¹õÇô��rù�ý�ô,þdó�ð
��ýÕû�ü�ð�ô,û�ô�þqóÉýÕþ�ÿ
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�·ñ�õÉó��Gñ�õ�ýÕû�ü�õÉú�GýÕþ�ÿ¶ú¹ñ�õ
ø�ô,òÉýÕÿ¹þ�ò���"
ðÕòÉú����3ôçü�ðµ÷«þ;ó�ú���÷3�¹ô
÷«þ&ô��rù�ýÕô�þqó|�7�_� ���,�����,���,��ýÕûfü�ð�ô,ûfô,þqó�÷Kó�ý�údþ �·ú¹õ�*�p��
û¶÷¹ù<��ýÕþ�ô,ò�� ® ôoýÕþqóÉô,þ�ø¾óÉú ô��w÷¹ð�ñL÷KóÉôoú¹ñ�õ<ø�ô,òÉý�ÿdþ�ò�ú¹þ ÷
ðÕ÷¹õÉÿdô�õ�ò�ù�÷«ðÕô"ù�ðÕñ�òvó�ô�õR�

kÆ¿�Y<¿9��¿ ê �_¿R�
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t�w qËþ��·þ�ý���÷«þ�ø��OõU÷¹ø�ô�"jòÉòÉú�ù�ýµ÷KóÉýÕú¹þ`�VqËþ�	Lþ�ý�öL÷«þ�ø¶÷¹õ�ù<��ý�óÉôpùC�
óÉñ�õÉô?òÉüLôpù�ý
	Lù�÷«óÉýÕú¹þ1�H �ô,ð�ôp÷¹òÉô t � � �V�Ðùtó�ú¹ö#ô�õ ���#� � �

s �3w ¢��r¥È�j�Ç÷¹ý�ðÕô��#��°%����÷«õUò��,ù��#�·¶V�r�r�r��÷«õÉóÉúdþ1��¢��x*_�
�ÇõÉú��þ�ý�þ�ÿV�m j� ! �ÐïÇ÷¹õÀó�ô�õR��¢��%¢Ð÷«ÿ¹ñ�û¬�j j�m"x� ~ ÷�
óÉúGú#��ý9���+����� ~ õÉôpø�ô�õ�ýÕù<&�òÉú¹þ1���r�("x� ! ÷¹òÉýÕþ�ò�&Gý:�� j��*_�
*�ù<��õ�ô�ýÕö#ô�õR��¥x�V¢��V*GýÕû�ú¹þ1�V³È��³)ô,þ�&K÷KóU÷�&GõÉýµò���þ�÷«þ`��÷«þ�ø
*_��e�� ® ô,ô�õU÷KóÉñ�þ�ÿd÷��V����ô%$m"m*fü�÷¹õ�÷¹ð�ðÕô�ð�öLô,þ�ù<��û¶÷«õ�&�ò��
�¹údð�ñ�ûfô ´ ��ü�÷«ÿdô,ò�º �C¸��� � ~ ÷«ðÕð t n n t �

s �w $x�¹¶V�L�Çú�ø�ô�þ`�+¢��¤ï3ú ��ô,þ1�H j�H°�� ~ ô�ðµø�ô,õÉû¶÷«þ`�?"x�+°��
e"ñ�ðµ÷3��ý
&_�*ïm� ! ��*Gô,ý�ó�� �¹¶��1$È�L*Gô,ý
�,ú�GýÕù �R÷«þ�ø ® ��*�ñ1�
pz�Gõ�ý�þ�ô�ó�©L"[ÿ¹ýÕÿd÷«ö�ý�ó��]ü#ô�õ��¦òÉô,ù�ú¹þ�ø5ð�ú�ù,÷«ð�÷«õ�ô,÷Ðþ�ô�ó��3údõ�&_�
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�)÷«þ�ø�÷���¥�ýÕÿ ���!ô,õ��·údõÉû¶÷¹þ�ù�ô� �¢�p�"N�§��÷¹òÉô,ø�p��?qLqËû{�
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sutR�w ~ ��!ô�óÉõ�ýÕþ�ý9� ® � ~ ô,þ�ÿ��g"È��¥�údýÕòÉýÕô �n*f�1ï3ú¹ðÕð9�}÷«þ�ø
°�� ~ õU÷¹ù<�qóÉô,þqö#ô�õ�ÿ��Ì����ô¯¨dñL÷¹ø�õ�ýÕù,òÜþ�ô�ó��3údõ�&_© ¥�ýÕÿ �
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sut3´3w $x��*_��*Gñ�þ�ø�÷¹õ���¢���$x�a¶d÷3�q÷¹òÉý�û���÷��#¢��@e��,�)÷«þ�ø�÷��G÷«þ�ø
�+�H*�÷¹ø�÷3�q÷«ü�ü�÷¹þ1��¥��Gö�õ�ýÕø%÷«ðÕÿ¹ú¹õ�ý�ó���û¶òÈ�·ú¹õ�ù�ú¹û�ü�ðÕô�ó�ô
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sut�Rw  j�Q���L÷�&Gñ�õ
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