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Figure 1. Comparison space. Each sequence in the “source” and
“target” arrays must be compared to form a two dimensional array
of results structures.
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Figure 4. Default block distribution of data. Block size is config-
urable and affects application runtime.
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Figure 5. Basic complib application model. Black areas show
startup overhead. Arrows indicate data flow.
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Figure 6. Distribution of execution performance. Shown on the
left is a histogram of average execution performance for one of
the Sun HPC servers, measured in sequence pairs compared per
millisecond. Superimposed on the histogram is the bell curve of a
normal distribution with the same mean and standard deviation. On
the right is the same information shown as a cumulative distribution.
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Figure 7. Histogram of CPU availability values on a single work-
station provided by the Network Weather Service. This distribution
is multimodal. Availability refers to the fraction of the CPU a new
application to be executed can expect to receive.
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Figure 8. Single worker object’s partitions. At time
� �

, work on
the second half-partition begins. Time

�IH
is the boundary between

placement and replacement, as the worker begins using some dy-
namic technique such as GSS or workstealing. At time

�FJ
, the

worker executes a second dynamically determined partition.
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Figure 9. Dependable and Expected CPU Availability. In this case,
the Network Weather Service predicts that 75% of the processor
will be available with a mean percentage error ( � ) of 1.3%.

�E���A�j�.�)�¢���<�¢���¢£���§K���
�!¤��<� ¬ �.�¢£4£%�"�t�����V§K�,�2�A�ª j�J�¢�"�µ�¢£2�V�E à� ¬ �E¤¨«
�¨�G¦a�¢�b�.�j£2�E�!�t�S£��E¥,£�«h©��V ª­$�. ¢§4�<�2�!�d¤E�!�,�!¤E�0�E���Q�.�< ¢�E�V��¦a�<­H�ª�V�ª«
�¢�E��¥,�!¯'&R���!�.§ ¬ �E���'�¢£����¢�E§K�V« ¬ �.¤��.���!�E�2¥I�.¤E¥,�< ¢�E�¢£�§ ­$�. '©2¤��<�!�V«
§K�V���"±v�o�¨�¢£u�U�g�!�E¥,£)�¢�"�u�.�2�<©��j�<�¢�E�.���.­ E ¶2¶+�¢�b�.¤E¤E�)�"�<�¢�S�¢£��
 ¢�V§4�.�E�2�E�2¥µ�!�,§K©�®��j�<�¢�E�.�9¯

� + H6+7� �6���
�
��
t��� �<	 
t����� �)�t�
�G�O�. j���� ��¢�0�j�<¡t�M�¢£�� ¬ �V�A�'�,�
�,�<���j�<¥,���.­v�¢£2��¤��"�z�J�t�V ¢£��"�,�S�<­
©�¤��.�!�!§K�V���"±v�¢£2� ¬ �.®2�2�2�< ª¦+�ª£��,®�¤7� ¬ �d�j£2�,�ª�V���ª�b�¢£2�<�4©2¤��<�!�V«
§K�V���M�E�µ®��ª�"�b­��< 4�.�M§µ®2�j£R�<­��¢£��I���<�j�O�.�M©��,�ª�ª� ¬ ¤E�,¯ &R�0�!�A«
�¢�E§4�J�¢�µ£2�"�z§M®2�j£S�.­g�¢£��M�g�. ¢¡S�"�<� ¬ �µ©�¤��.�!�"� ¬ ¦O�!�A�¢�E§4�<�¢�E�2¥
�¢£����.�< ¢���.���!�H�E�k�V´
�!�!®
�¢�E�,�I�¢�E§K�H�<���M­�®��2�V�¢�E�,�I�.­��¢£����.�< ¢���.���!�
�E� =8.��^�"�,�<�E¤7� ¬ �E¤E�¨��¦)¯	�6´
�!�!®
�¢���.�R�¢�E§K�K�.¤E�ª�O�,�J ¢�E�!�µ�<�µ�0­�®2���V«
�¢�E�.�b�.­g�¢£2�µ�ª�)��®��!�2�V�!� ¬ �!�E�2¥I�!�,§K©2�< ¢�"��¯p°�£��K���E�A�ª ¢� ¬ ®
�¢���.�b�<­
=8.��\�¢�E§K�µ ¢� �)®��E ¢�!�b©��V '�ª� �)®2�V�2�!�K�!�.§K©%�J ¢�"��¹��"�t�V j�<¥,�"�Q�<�,�V 
�j£�®2��¡
���.­o�J�'¤��!�.�A�4ü � � � �ª� �)®2�V�2�!�M�!�,§K©2�< ¢�E�ª�,���jíH�E�'�ª£2�"�o�Q���
(��E¥.®� ¢� " ¯'°�£2� ¬ �,®2�2�2�J ª¦d�E�H��£��,�ª�!�O�.�b�4©��V ª«h� ¬ ;A�!��� ¬ �<�ª�����ª��¢£2�<����§4�J´��E§4�<¤2©��. ª�¢�E�.�0�<­9�¢£����g�. ¢¡µ�¢£2�<�g�"�.�0���V©��!�%��� ¬ ¤¨¦ ¬ �
�V�,§K©2¤E�V�¢�!�Q�E�H©2¤��.�V�"�T¯ � ­$�¢�V ��<�b� ¬ ;��!�V� � �µ�
�!©��!�2�2� ¬ ¤E�µ©��. ª�¢�E�.�
�<­6�¢£2���g�. ¢¡I���o�!�.§K©2¤E�V�¢�,±��¨�o ¢� �)®2�!�A�¢���,�����¨�¢�E�,�2�.¤����. ¢¡I�.��©%�J ª�
�<­6�¢£2�� ¢�V©2¤��.�!�V§K�!�)�o©2£%�<�ª�,¯
¶
�E���!���¢£����
���A�ª ¢� ¬ ®��¢�E�,�0�.­ =8. �`�"�,�<�E¤7� ¬ �E¤E�¨��¦4�.�.¤E®2�!�g���g�.­$�¢�V�

§M®2¤¨�¢�E§K���2�<¤�±2¹n�ª�!� (���¥.®� ¢� % í��������H���.�g�.�ª�ª®2§K�o���. ¢§4�.¤E�¨��¦)± ¬ ®
� j�J�¢£2�V 0®��ª�O�.�u�!�A�¢�E§4�J�¢�S�.­'�.�< ¢���.���!�S©� ¢�J�������"� ¬ ¦+�¢£���% &r¶
©
 ¢�"���E�V�¢�E�.�U§K���
®2¤E�!� ù ü " ÿ�¯H°�£�� % &r¶I�ª j�.�j¡����¢£2���V ª ¢�< H�.�ª�ª�)�V�E«�J�¢�"�@�o�E�¢£+�"�<��£+�<­��¢£��I©
 ¢�"���E�V�¢�E�,���p�.­� ¢�!�ª�.®� ¢�!�I©��V ª­��< ¢§4�.�2�V�
�¨�µ�ª®2©2©�¤E���V�!¯	&R�4�E�2�!�< ¢©��. j�<�¢�4�¢£%�J�µ�E�
­��. ¢§4�J�¢�E�,�@�E�)�¢�O�¢£��K�"�.¤¨«
�V®2¤��<�¢�E�,�a�.­��¢£2�4©�¤7�<�!�!§K�!�)� �" ¢�!©2¤��.�V�!§K�!�)� ¬ �.®2�2�2�< ª¦ ¬ ¦Q®2�ª�E��¥
�0§µ®�¤E�¢�E©�¤��M�.­v�¢£2�µ§K�!�.�O©��V ¢�!�!�)�H©
 ¢�"���E�V�¢�E�.�b�V ª ¢�< ��.�'�4�!�,� �2«
�
�!�2�V�g�E�)�¢�V ¢�,�<¤�� ¬ �.®����¢£��g©� ¢�!���E�V�¢�E�,�T¯ �m§K©2�¨ ¢�E�"�.¤E¤¨¦)±tþà�¢�E§K�!�&�¢£��
§K�!�.�d©��V ¢�V�!�)�o©� ¢�"�
�����¢���.�d�V ª ¢�< �¥.�!�2�V j�J�¢�"�S�.�d�.©2©
 ¢�,©
 ¢�7�J�¢�H�E��«
�¢�� ¢�,�<¤�¯�°�£2�<�g���!±)�¢£����ª�j£2�!��®2¤E�V ��.�ª�ª®�§K�!�v�¢£2�<���¢£2��©��V ª­��< ¢§4�.�2�V�
�¢£2�<���¢£2�'�<©2©2¤E�E�"�J�¢���.�S�o��¤E¤��V�t�!�)�¢®%�<¤�¤¨¦0 ¢�!�!�!�E�t�H�o�E¤E¤&­n�<¤E¤& ¢�!¤E��� ¬ ¤¨¦
�o�¨�¢£����Q�¢£2�p�E�)�¢�V ¢�.�.¤m©� ¢�J�������"� ¬ ¦S�¢£�� % &W¶�¯ �G�H�!�.�b�¢£��V ¢�V­��< ¢�
�V�,®2�)�v�,�K ¢�!�!�V�����E�2¥��J��¤E�"�.�A���.�v§µ®2�j£µ ¢�!�ª�.®� ¢�!��©��V ª­$�. ¢§4�.���!���.�
�E�2���E�"�<�¢�!� ¬ ¦d�¢£2�M¤E�"�,�
����¥k�"�
¥,�p�<­g�¢£��µ�E�)�¢�V ¢�,�<¤n¯µ°�£��p�"�<¤��V®2¤��<«
�¢�E�.�R�.­o�
�!©��!�2�2� ¬ ¤E� =8. �\©��V ª­��< ¢§4�.�2�V�K���'�ª£��J�o�b¥. j�.©�£2�E�"�<¤�¤¨¦
�E�	(��E¥.®� ¢� � ±%�.�2�k�.���<�d� �)®%�J�¢���.� ¬ �!¤E�"�H¯

����� !*4 �.!*/�� !*��� � % &r¶ =8.�� � �,�<��¤ � �g�!�2�j£2§4�J ¢¡
� !�� !*�7/2�
	�� !�
���� � % &r¶ =8.�� � �,�<��¤��

þ � % &r¶ =8.�� �� !��3!��7/2�
	�� !5� !*��� � � !�� !*�7/2�
	�� !�
���� � �g�!����£�§4�< ¢¡
°�£2�H��®�§ ¬ �V à�<­6�ª� �)®2�V�2�!�!�o©
 ¢�,©��. ª�¢�E�.�%�.¤T�¢�µ�¢£2��­$ j�.���¢���.�

����� !*4 ��!*/�� !�������� !��3!��7/2�
	�� !5� !*���
����� !*4��.!*/�� !*���

�E�4£2�V¤7�+�E�� ¢�!�ª�� ¢�t�k­��< 4 ¢�!©2¤��.�V�!§K�!�)�"¯u°�£��E�K�"�.¤E�!®�¤7�J�¢�E�,�u�j�.¡,�!�
©�¤��.�!�O­��< d�"�<��£q§4�<��£������,±��ª�R�¢£%�J�k§4�<��£������!�4�o�E�¢£q£��E¥,£q¤E�t�.�
�.�< ¢���<�2�!�'�J ¢�H�.¤E¤E�)�"�<�¢�!�S�M�ª§4�.¤E¤E�V �©��. ª�¢�E�.�k�.­&�¢£2��©
 ¢� ¬ ¤E�!§ �.�%�
�V�,�)�ª ¢� ¬ ®��¢�H§K�< ¢���¢�µ�¢£��� ¢�!©2¤��<�!�!§K�!�)�à���< ¢¡I©��)�.¤n¯
¶
�)��®��!�2�V�!�6�.¤E¤E�)�"�J�¢�"���¢£
 ¢�,®2¥.£'©2¤��.�!�V§K�!�)�6�< ¢�g�ª£2�"�o�M�E��(��E¥.«

®
 ¢�!��ü � �.�2�4ü.ü,¯ �G�!(��E¥,®
 ¢��ü � ±.�¢£����
��
��� ¢�!�2�!� ¬ �V���g�!�!� ï���ô�ï¢òVðGïD4
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Figure 10. Conceptual view of expected and dependable perfor-
mance. Sequences are placed based on the dependable performance
of a processor. Sequences to be compared are held in reserve based
on the difference between expected and deliverable performance.

Replacement Work Pool

Dependable Performance

Figure 11. Implementation view of expected and dependable per-
formance. Sequences are allocated in contiguous blocks. Work
kept in reserve can be allocated to any worker object that requests
more work, and is not tied to any individual machine.

�.�2� 4tïGô�ï�÷64tñ�� � ï ©��� ª­��. ¢§4�<�2�!�I�E�p�ª£2�"�o�9¯a���!¥,�E�.�2�p�ª£2�,���!�a�E�¬ ¤��<��¡S ¢�!©
 ¢�!�ª�!�)�H�¢£2�K�
��
��V ¢�!�2�V� ¬ �V���g�!�!�U�¢£2�!�ª�,±T�¢� ¬ �p£��!¤��Q�E�
 ¢�!�ª�V ¢�,�,¯ �G�Q�<�V�¢®%�<¤v�E§K©�¤��V§K�!�)�j�<�¢�E�,�T±��ª� �)®2�!���!�!�'�< ¢�p�.¤E¤E�)�"�<�¢�"�
�!�.���¢�E¥.®2�,®��ª¤¨¦)±��.�2�I�¢£2�� ¢�!�ª�V ¢�t�"�0���. ¢¡k�.�V�¢®2�.¤E¤¨¦k ¢�!©
 ¢�!�ª�!�)�¢�à�¢£2�
¤��.�A���ª�V�o�.­m�ª�)��®��!�2�V�!�!±%�<�o�ª£2�"�o�d�E�	(��E¥,®
 ¢�pü,ü,¯

� ! � "V�
	 � "
���H�¢£����9�ª�!�V�¢�E�,�T±.�g�v�V�,§K©%�J ¢���¢£��v��´��V�!®��¢�E�,�H�¢�E§K�m�.­
�¢£2���. ¢�E¥,�E�2�.¤
�k�!�)�j�<����§K©�¤E�!§K�!�)�j�<�¢�E�,�K�<­ ò¢ó.î�ô � ö�� �o�¨�¢£K�¢£%�J�à�.­&�.� � ©2©��T�J¶�«
�!��£%�.���!�"�d�t�� ¢�ª���.�9¯$�G�S�.¤E¤���´�©��� ¢��§K�V���¢�!±����'�V´
�!�!®
�¢� ¬ �.�¢£d�t�� ª«
�ª�E�,��� ¬ �<��¡)«��¢�.« ¬ �.�j¡�§M®2¤¨�¢�E©2¤E���¢�E§K�!�9�.�H�2�.��«G���"�
�E�"�<�¢�"��§4�.�j£2�E�2�!�
�.�2�µ�2�������< ¢¡��!±)�.�2�M ¢�!©��< ª���¢£��� j�.��¥,�o�.­��V´
�!�V®��¢�E�,�µ�¢�E§K�!�m�<¤E�,�2¥
�o�¨�¢£µ�¢£2���J�,�V j�.¥.�,¯v¶
�E�2�V�g�¢£2�à�J�t�V ¢£��"�,�
�m�< ¢�o�2�<�m�E�
�.�< ¢���<���6�o�¨�¢£
 ¢�!�ª©��!�����¢�p©
 ¢� ¬ ¤��V§^�ª� �V�,±%���H�V�,§K©%�J ¢�H�V´
�!�!®
�¢���.�2�o®2�ª�E��¥p�¢£� ¢�!�
����
��V ¢�V���K ¢�V©� ¢�!�ª�!�)�j�J�¢���,�S�ª� �)®2�!���!�S¤E� ¬  j�< ¢�E�!�!³Q�,���S�ª§4�.¤E¤n±o�,�2�
§K�"�
��®�§d±%�<�%�k�.�2�'¤��< ¢¥.�,¯�¶
�E§K�E¤7�J ¢¤¨¦)±%���H�o�E�ª£S�¢�p ¢� O%�!�����
��
��� ª«
�!�)�'©��,�ª�ª� ¬ ¤��0§K�V�j�<�!�,§K©�®��¢�E�2¥0�ª�V�ª�¢�E�2¥.�!±6�ª�d���K®��ª�K�!¤E®2�A�¢�V ¢���.­
 ¢�!�ª�.®� ¢�!�!�m ¢�!©
 ¢�!�ª�!�)�¢�E�2¥��ª§4�<¤�¤n±,§K�"���E®2§d±.�<�%�µ¤��< ¢¥.�o¤��V�t�!¤E�m�.­�¥.�V«
�,¥< j�.©�£2�E�µ�
�E�ª©��V ¢�ª�E�,�9±��¢£��'¤7�J ¢¥,�!�A���.­m�o£2�E�j£S�!§K©2¤E�"¦
�o ¢�V�ª�,®� ¢�V�!�
¤E�)�"�<�¢�!�d�,�k�.©2©��.�ª�E�¢�'�!�,�.�A�¢���.­��¢£��'�����E�¢�!�d¶��j�J�¢�!�!¯
¶
�E�2�!�p�.©2©�¤E���!�<�¢�E�,�b ¢®���«��¢�E§K�!��­$�. '�¢£2�M�. ¢�E¥,�E�%�<¤ ò¢ó.î�ô � ö�� ����«©��!�2�k®2©��.�d�¢£2�H�ª���!���.­m�¢£2�H¤E� ¬  j�J ª¦d�j£
®��2¡)«h�ª���!�,±2�g���<�ª�¢�!§K©
�¢�"�

�¢�H�
�V�¢�V ¢§K�E�2���¢£2� ¬ �!�A�m�j£�®2��¡��ª���!��­��< v�!�.�j£p�!¤E®2�A�¢�V m�V§K©2�¨ ¢�E�"�.¤E¤¨¦)¯
°�£%�J�'�E�!±9�g�p�!�,�2��®��V�¢�"�S�ª�!�t�V j�<¤v£�®��%�
 ¢�!�k ¢®2�2���.­g�¢£����k�!�)�j�J�
ò¢ó.î�ô � ö�� �,�S�"�<��£d�V¤�®��A�¢�V "±�®��ª����¥K����
��V ¢�V��� ¬ ¤��)�j¡��E�2¥p­n�<�V�¢�. ¢�!¯ ����.¤E¤��<­o�¢£2�4�V´
©��V ¢�E§K�!�)�¢�'�ª£2�"�o� ¬ �!¤E�"�H±��g�0 ¢�V©��. ª���¢£2�4©��V ª­��< ª«
§4�.���!�µ�<­��¢£2�µ�. ¢�E¥,�E�%�<¤ �k�V���j�J� ò¢ó.î�ô � ö � ®2�ª�E�2¥0�¢£2�p�j£�®2�2¡)«h�ª���!������ ¬ �ª�V ¢�t�"���¢�à©��� ª­��. ¢§ ¬ �!�A�9�,�H�"�<��£'�!¤E®2�A�¢�� ��ª���!�,¯ ���H�!�.���ª j�<�A�"±
�¢£2� � ©2© �9�J¶)«G�V�2£%�<�2�!�!�O�,�V ¢�ª�E�,�R�j£2�)�.�ª�!�M�¨�¢���"�o�R©%�J ª�¢�E�¢�E�.�2�E�2¥
�.®
�¢�,§4�J�¢���!�.¤E¤¨¦ ¬ �.�ª�"�k�.�d©��V ª­$�. ¢§4�.���!��­��< ¢�!�"�<�A�¢�!¯

� +$� K8�.� �t�h�����)���,����" � 	 
,������� � "
&R�m�j£2�.�ª�m�¢£
 ¢�!������
��V ¢�!�)�9©2¤��<�ª­$�. ¢§K�T�ª�à�¢£%�<�9�ª�j£2�"�
®2¤E�E�2¥à§K�V�¢£����
«
�,¤E�.¥,�E�!�p�!�.®2¤�� ¬ �4�!�,§K©2�< ¢�"�b�E�+�
��
��� ¢�!�)�µ�!�����¨ ¢�,��§K�!�)�¢�!¯S°�£2�
�ª§4�.¤E¤m�!¤E®2�A�¢�� M�E�'�E�)�¢�!�%�
�"�O�¢�I�ª£2�"�]§4�.�j£2�E�2�V���,�b�k¤E�)�"�.¤g�< ¢�"�
�2�������< ¢¡�±)�¢£2��§K�"���E®2§]�.�2���v§4�.�j£2�E�2�V�g�E�0�.�2�<�¢£2�V  ¬ ®2�E¤����E��¥' ¢��«
O%�V�V�¢�E�2¥d§K�V�j�<�!�,§K©�®��¢�E�2¥I�<�M�<�R�. ¢¥,�.�2���"�J�¢�E�,�%�<¤à�. ��!�)�¢�V ¢©
 ¢���ª��«
�ª�"�<¤��.±��.�2�I�¢£2�H¤��< ¢¥.�µ�.�2�
���p§4�<��£��E�2�H�<�V ¢�,�ª���¢£2�H�!�.®2�)�ª ª¦)¯ � ¤E¤
 ¢�!�ª�.®� ¢�!�!�µ���@�!�.�j£@�!¤E®2�A�¢�V "±v��®
 ¢�E�2¥S�"�<��£@ ¢®2�T±6���V ¢�0�,©��� j�<�¢�E�2¥



�E�I�H�2�,�
«G���"�
���!�<�¢�"�K©� ¢���
®2�V�¢�E�.�0�V�,§K©2®
�¢�E�2¥H§K�����.¯ �v�<��£ ò¢ó.î �ô � ö�� �V´
�!�!®
�¢���.�b£2�,�U�¢�I�!�,§K©����¢�µ�o�¨�¢£b©��.�¢�V���¢���<¤�¤¨¦Q�!�,�)�¢�!�2���E�2¥�<©2©�¤��E�"�J�¢�E�,�2���.�2�k£%�.�0�¢�p®��ª�H�ª£%�J ¢�"�I���V���g�. ¢¡��!¯

Small Cluster

Large Cluster

Medium Cluster

UCSD-PCL SDSC SAIC

Single Processor

(four processors)
Multiprocessor
Shared Memory

Figure 12. Cluster sizes chosen. Workstations and servers from
UCSD’s Parallel Computation Lab (PCL), the San Diego Super-
computer Center (SDSC), and Science Applications International
Corporation (SAIC) in Virginia were used.
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Execution time: Small Cluster
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Figure 13. Execution times for small cluster. Bar height is the
average of 30 execution times. Error bars cover the range.
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Execution time: Medium Cluster
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Figure 14. Execution times for medium cluster. Bar height is the
average of 30 execution times. Error bars cover the range.
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Execution time: Large Cluster
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Figure 15. Execution times for large cluster. Bar height is the
average of 30 execution times. Error bars cover the range.
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