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metacomputing�+	�	�� l ���¡J�HI���#�#�,H¢������$ ����
�
�����
�
��#
���H¢�,���
£�¤ ;<¦¥ ;< ¤ >C=�§v<�¨ 9 ¤ <�©
ª�«K¬®­ >3BCBC<�D ª�«�«c¯

O ������H¢��$r��	�
������������	�
��^|�������|������°��	����°���¡$%���°���������,H¢
�
(�,��	��°�,���±�������±����²�	���³�HI
�
(�������°����$%��	´
��#
���
������������������
+������
���	�
�	�HI�µ���µ$r
+
 a·¶�������Is������-���*�^	��,����
���
��°H a �*��	�������²���|����P$r
5���°�����*��������HI
(�¡���,���*���-�¡�����±H a 
�����
��-���±���r����HI��1$%��	�
����#��	�H¢�,��
5����� a 
���������
�
�
(����	¦�¢s����°
��-���,�°���*��$%�����-�±
��#
���HI�����±HI���#�*��������	�����	�
�
5�rH a 
5����
��*�¡2�¸¹�����±����� l ��������
�	�
��°
��H a 
�����
(�*��º¡��
���	�³�	 �����M�:��� l �����#	��,���#��HI���#�*��������	�����	�
�
5� H a 
�����
��-��.��
Chapitre A Curriculum Vitaeg �Z�����������	�
��Z$%��	»
��#
���
��������Z�-��H a ���*H a ��¸��:����	�������²�	���$%��	�
·��
¦���¼
#"
�H a ���¡
���$%��	�����
��#
�
(�������¡�:�������,�¡$r
�
 a¦¶�����
���	�����|�����
�����
(���M$r���c���������,H¢
�
(�,��	����
Chapitre B Optimization of a ½°¾ Factorization Routine Using Comm unication/Computation OverlapO �����-��$r������
5�-
(�,H¢���K�����������	�
���$r���P
(�-
5��
�� l 
�����H � � G ��$%
��+��
M¿°� ` �����#
�	�H a ��
��W�����¡���,����
���$%�,��
5
�����	W������
{(
5HI
����#����
�
(�,��	 ½°¾ ²���"
�H¢�°
5� l �-��HI�������-��$r��	�
��·HI
5��HI������À?HI��$%$r��	���HI
5
�����	¦�AU�"��$r�/���?�,����²�
���	��¦	�������	�
���
��¦
�� ¶����,$%�����#
�
�	�
 & 254�Á�
��F$%
 l ��$r��$%73¸:	������¼
�����	��¼������������ ¶
%�����Z$r���P����,�������P���!$%
�	�� ¶���*� �������HI����� ��
 ¶
r
(�,�-���^��	$r��� ¶�����P²°���	�����-
5���:�µH¢��
�
(�µ�-����
���	���� O ���/�����������
�
�
(�/��	�
+���
y��P��	�������
(�+�������
(�,�������������
5	�����s�� � ]¹VF�������°HI
5�,H¢��������,��H¢�M"��
��:��HI
5�,H¢���¹�������*����
(�,	����M
5³�	K�:��
��*���������Â�����M$%�������,�����-���M������
��#������
�����	����
Chapitre C Optimal Grain Size Computation for Pipelined Algorithms (1996)O ���^
��#
���
�� l ��	�
K���
y��j�,	���
��I��������#
�	�
·$%��	v
5	�	�����K
��vs:
�¿ S zM��	vHI������
������#
�
(�,��	v
�����HPT�� S 
�$%��
���
 g � S ��$%
�	���+��� ¶���P
������������
(�����I�� �����-
5	�
±$r
%
 a¦¶����� �����Z�*��H¢�������-��$r��	�
��P��
5	��+�����¼HI
��+����	����
����*���P����$r��������¸Â	������j
�����	�����
���	���� HI���M�����������
�
5
�� ¶
^�����M������Q�	c"��$r���±|�������HI��	�|�������� } 	���������������
 a¦¶��|����^
R���
���¡�µ��������������^����/|����������#$r��
����{(�����#	����·
�� l s�Ã O/O � �,
^
�
5�,������������
5|�����
��c����
���$r
5�����
Chapitre D Comm unications Optimizations and Efficient Load-balancing for a Volume Rendering

Algorithm on a Cluster of PCs (2000)O ��
^
��#
���HI���������������	�
(�»$%���!
��#
���
�� l 
5����HrÄ¹� O a 
���������$%�����������K���A���|��������,���-
5²��»�����!H a 
5�*²�������
µ�����!�*��H¢����1���*��$%��	�
��µHI
���H¢���,��À?H¢��$r$%��	��,H¢
�
(�,��	��Z��
5	��P��	Å
���²����#�,
 a $%� ���K�*��	����W��������$%�,|������ O ������
M��	���� l 
(��	�������	 ¶
��	Å���-����� ¶��$r� ���#�����²����������µ��� $r���¼
��#
���
5� l �������Hi�������	�
��+|�����HI��	�HI���#	�
5�,��	�
°�,� 
(�-
5��
���$%��	�
±��� ��
��-��HI
����-���Z�������	�	�������M�����²������ ¶���*�����
Chapitre E Scheduling Bloc k-Cyc lic Array Redistrib utionO ���°
��#
���
�� l H¢��	�H¢���-	��^���,����
���$%�,��
5
�����	%���^���,���*����	�	�
�	�HI��$%��	�
������°HI��$%$%��	���HI
5
�����	����������c���^���-����� ¶��$r�µ����,
P�-��������
��#�,����
�����	 ���¡�:��	�	�������±�:�,��
(�-�����µ������±���¡$%
�	�� ¶���*�^HIQ�H¢�,��|����µ��
������,��H¢�±��������	´���������
5�´���^���*��HI�����������#���s����c
5�����,��H¢
�
�����	��/���¡H¢�^
(Q����^�:�^�-��������
��#�,����
�����	!����	�
�	���$%���-��������� & ������������
 a¦¶��|������/	���$)����-��|������/��
5�-
5�,� ¶��������¸HI��$%���,��
5
�����	�����Æ�T�Ä\¸���
(H?� 7��
Chapitre F HPFIT : A Set of Integrated Tools for the Parallelization of Applications Using High Per-

formance For tranO ��
¼
��#
���HI���������������	�
(����	�����
5�-
(�,�W���Ç���-�\LN��
KÆ%T¦Ä�z ` 
5����H»	���
�
5$r$%��	�
K������
��#
���
�� l 
5��
������%������
È��
51�-
5�,�I���������
�
(�,��	�
5��
���$%
�
���|����¡��
���
^�-��H a ���*H a �/������H a ���$%
��M$%
�H¢�*��13���������,��	������
Chapitre G Mixed Parallel Implementations of the Top Level Steps of Strassen and Winograd Matrix

Multiplication Algorithms (2001)O ���¡
��#
���
5� l �����������	�
���	�
¦$r���^�����-	������-�¡
��#
���
5� l 
���
������/���j����
5�,²����-��
 a $%�,|����j��
5�-
5�,� ¶�����Z$%� l 
(��¸�HI�,����
�1 ¶
�13�����*�|�������
���������� ¶
¼��
j{(�����¡���+��
5�-
5�,�I���������$r�¼���+����	�	����������
·���Z��
��#
����I���������$r�+���+
É"
�H a ����� ' �����¡
�����	�������
(�,$%������¼�����



iv

HI��$%$r��	���HI
�
(����	��^��
:���+����
�HI��$%��	�
Â���P����	�	���������������/����� l 
5��²����-��
 a $%����HI��
5�����,|����������+����
5��² ¶�����*�P����	����
5���*��¸� 
(�-
5������	j��
�ÊÅ��	���²��#
��±�
Chapitre H Scilab to Scilab ËÉË – The OURAGAN Project (2001)O ��
?
��#
���H¢�,�c�*�������������	�
(�M��	+������
�	+���j���*�\LN��
�Ã }�S ��Ìj� ' ����	�
����c����
?����
¹���c��
5�-
5�,�I������������i�,�,����
���� � ]:dNf\V^[±
�����H����{�{q����*��	�
����c
5�����*��H a ��� & ���,���,����
 a·¶��|������¡���^H¢��$r$%��	��,H¢
�
(�,��	�¸���	�
����#{(
5HI���°�������±�:���°���,���,����
 a·¶��|������¡����
5��² ¶�����*��,��	����
����*�/��
5�-
5�,� ¶������¸q�����#�������#������HI
5��HI����7É�
Chapitre I A Scalab le Appr oach to Network Enabled Servers (2001)O ��
?
��#
���H¢�,�±�����������	�
��c$r���·
��#
���
�� l �����:�������:�����HI��	�
��Â�������,�±�µ�����������������$%��	�
¹���,��	+��	������*��	�	���$%��	�
�� l 
(��	�������������������,
P$%�����^��	 ����
�H¢�¡���,
���������HI
5
�����	��c���^
�Q����^� � T & �+��������HI
5
�����	 � ���-���,H¢��T��*�����������-7i��
5	��±��	!��	������*��	�	���1$r��	�
��:��$r��
(
�HI��$%����
���	�²Â�



v

�������r�����%� �r����� �!� � � �����%�%�r����%���������%�������
Numerical Computation: from Libraries to Metacomputing Environments�+������	��:� l Jy���,
(
^
5	��´���������,H¢
�
(�,��	��

£�¤ ;<¦¥ ;< ¤ >C=�§v<�¨ 9 ¤ <�©
Í ­ BCÎ ª�« D-Ï±Ð ª�«�«c¯

`�a ���M����HI��$%��	�
����-������	�
(������$r�^��{�$%Qj$%
���	�����������HI
5
�����	��c���,	�HI�¡$rQjT a�G �:��{(��	������
Chapter A Vita (frenc h)z:������H¢�-�����P$%Q´�*������
5�*H a ¸¹
���
5H a ��	�²!
5	���
5��$%�,	�����
��#
�
(�,���+Ñ����-o!����	�HI�+$%Q´T a�G 
�	����,
Â²���������
j�,����
Â��{Â
5�,�i$%Q���������,H¢
�
(�,��	����
Chapter B Optimization of a ½°¾ Factorization Routine Using Comm unication/Computation Overlap`�a ���P³��#��
M��
����������-������	�
(�P$rQ�Ñ����#o»��	vHI������
������-
5
�����	ÅÑ���
 aÒ� � G ��$%
��+
5	��W¿±� ` �����#
�	�H a ��
��W
��-����	��W
 a �����
���$r��Ó5
�
�����	»��{c
 a � ½/¾ {3
�H¢
����#�,Ó5
�
(�,��	�������	�²��������#��
��v��{cHI��$%����
�
�
(����	v��Q%HI��$%$r��	���HI
5
�����	¦� k ����	���{M
 a �²�
���	��±����
(
���	����r
5�*�¡	���
�
 a 
�
���$%�����-
(
�	�
 & $%
 l ��$r��$Ô��{�2�45Á 7(¸5ÑK�µ$%
�	�
�²����%
��K²������µ
�	!
5HIH¢���-
5
���$%����������{
 a �,�·����
���$%��Ó�
�
(����	¼
 a 
�
��,��
5���:
(�P
°²���	����#
��5$r�������?��{�
 a ���¦�*����
(�,	���� `�a ��	¼
 a �°�*��������
��·Ñ����*�±�������K��	���s�� � ]¹V
��%HI��$%����
���
 a ��HI��$%����
�
�
(����	vHI����
c��{M����$r��	���$r���#��HI
5�:�*����
(��	����P
��R���K
����,�j
��R²��������P
 a �K$r����
±��{�³�HI����	�
������
��#�,����
�����	����
Chapter C Optimal Grain Size Computation for Pipelined Algorithms (1996)`�a ���±ÑK���#o���
�
5�-
(���´�����#��	�²K$rQ�Q���
5�¦
�
is�
�¿ S z���	!H¢�����,
5�����#
�
�����	 Ñ���
 a T�� S 
�$%��
�
�	�� g � S ��$%
�	�� `�a �¡�-��������
�����*������	�
����K�,	j
 a ������
�������� l 
���	��K
 a �/�-�������,
(�Â���-������	�
(�����,	j$rQ+T a�G 
 a �����,��
(�P²���	����#
��5HI��$%����� l ��
�Q+{3��	�HI
�����	��{(���ÂHI��$%����
�
�
(����	���
5	�� H¢��$r$%��	���H¢
�
�����	������Õ�������-
5�-Q+Ñ�
5�·�:��������������� 
 a 
�
�²��,�����¦
 a ������
���$r
5�5��
5HIo���
����,Ó5�/
��
 a ��s�Ã O/O � �������#
��#QZ�*����
(��	������
Chapter D Comm unications Optimizations and Efficient Load-balancing for a Volume Rendering

Algorithm on a Cluster of PCs (2000)`�a ���·��
������i���*������	�
��Â$rQPÑ����#oµ��	ZH¢�����,
5�����#
�
�����	+Ñ���
 a Ä¹� O a 
5��������$r������
5�*����	��j
 a �±�,��
5��13��
���
�	�HI��	�²^
5	��K
 a ��������#�,
5�R��{ÂH¢��$r$%��	���H¢
�
�����	��¡��	R
¼�����,��$%�Z�-��	������#��	�² 
5�������,H¢
�
(�,��	�� `�a ��������
�	%� l 
(��	�������	R��{¦$rQ!���-�����������ÑK���#o¼
(�Z���-�-��²�����
��ÂHI��$%����
�
�
(����	����
Chapter E Scheduling Bloc k-Cyc lic Array Redistrib ution`�a ���P��
��������:����HI�#�,�����^
 a ������
���$%��Ó�
�
(����	v��{M
 a ����H a ����������	�²���{±HI��$%$r��	���HI
5
�����	��+{3����
 a �����*�����,��$Ö��{c
 a ��*��������
��#������
�����	Ò��{±
´$r
5
��#� l ������
��#������
�������	W
!������H¢o�1(H¢Q�HI����HKÑK
5Q���	W
´	���
�Ñ����-ov��{±���-��HI���������#��� `:a ���-�K
5�*�$r
5	�Qj
���������HI
�
(����	�����{i����H a �-��������
��#�,����
�����	 & ��
5�-
5�,�����?	���$%���#�,H¢
����������#
��#�,����¸�ÆKT�ÄjHI��$%�����,
5
�����	�¸i�#�-��7��
Chapter F HPFIT: A Set of Integrated Tools for the Parallelization of Applications Using High Perfor-

mance For tran`�a ���±��
������¦���*������	�
��±
µ��
5�-
���{�
 a �PÆrT¦Ä�z ` ���*�\LN��H¢
�
5	��%$r���-�¡���-��HI��������Q¼�����MÑ����#oj
5�*����	��r
5��
���$%
�
���H/��
��-1
��������,��Ó5
�
�����	K
�	��!
 a ��²���	����#
�
�����	���{i$r
5HI�-��1(������������	���H¢��$r$%��	���H¢
�
�����	����
Chapter G Mixed Parallel Implementations of the Top Level Steps of Strassen and Winograd Matrix

Multiplication Algorithms (2001)`�a ���¦��
������#�:�:����HI�#�,�����Â$%Q+��
�
�����
�Ñ����#o+
��-����	���$%� l ����13��
��#
����������,��$%¸y�×� ���\
 a �/���,$%����
�
5	��������¦�����/��{���
5
�
/
�	��
�
���oP��
5�-
5�,����������$W�\Ê��/����
(�,$%��Ó�����
 a �°HI��$%$r��	���HI
�
(����	��M
5	�����
5
�
/������
��#������
�����	j{(����
(Ñ��µ��
�����H����,	���
��:
���²������#

���²����#�,
 a $%��¸ � 
(�-
5������	j
5	��rÊÅ��	���²��-
5�±�



vi

Chapter H Scilab to Scilab ËÉË – The OURAGAN Project (2001)`�a ������
5�����:���*������	�
���
 a �µÃ }�S ��Ìj� ' ���*�\LN��HI
�Ñ a ������²���
��¹���M
��+��
5�-
5�,��������Ó��/
 a � � ]�d�f\V^[/
(�����������,	�²K����{�{3���*1��	�
Â
������*��
5H a ��� & $%������
�²���13��
�������	�²!���,���-
5�-������¸���	�
����#{(
5HI���/{(���°��
��#
���������	���$%���-��HI
5�i�,�����#
��#������¸�HI��$%����
�
5
�����	�
�������-�����-��7��
Chapter I A Scalab le Appr oach to Network Enabled Servers (2001)`�a ���Z��
5�����-�P������H¢�-�������¼$rQÅ�,
5
�����
±ÑK���#ov
5�*����	��F
 a �!��������������$r��	�
±��{°
´��H¢
���
����,� ��	������-��	�$%��	�
°{3���µ� � T& �+��������HI
5
�����	 � ���#����HI�/T��-�����������#7�
5�����,��H¢
�
�����	��M��	�
¡²��#���´��	������*��	�$r��	�
#�





ØÚÙÜÛ±Ý ÞßÝ�à á Ø�âäãjåÝ�æäÝ�à

A Curriculum vitae 3�´� 6 O ���-�#��HI������$ ��ç ��
�
5���^�^�^�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^� .�´� 2 G �����������������$%��	�
���������²���HI�������è�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^� ~�´� º k 	�HI
5���*��$%��	�
����·LN����	����cH a ���*H a �����#� �¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^� ��´� .é�+HI
(������
y����M�:�������
�����
�
(�,��	 �¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^� 0�´� ~ T�
��#
���H¢�,��
5
�����	 ¶
¡�����c���*�\LN��
��M�:���*��H a ���*H a �/
5����Hc���,��	�������
(�-���è�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^� ê�´� � O �����,
5�����#
�
�����	 	�
�
(�,��	�
������M��
���	�
(���-	�
�
(�,��	�
������ë�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^�ì654�´� í ` "
5H a ���MHI��������HI
(�,�����î�^�^�^�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^�ì652�´� 0 k 	�������²�	���$%��	�
Ç�µ�¡�^�^�^�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^�ì65.�´� êéT���������HI
5
�����	��ï�¡�µ�¡�^�^�^�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^�ì6 �
B Optimization of a LU Factorization Routine 21¿±� 6ðz3	�
(�*������H¢
�����	ñ�¡�µ�¡�^�^�^�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^�ì252¿±� 2ðT�
��#
��������¹¿�����HIo ½°¾ G ��HI��$%��������
�����	 �µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^�ì252¿±� º S ����
�
(���´Ê����#o �µ�¡�^�^�^�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^�ì25.¿±� .ð�+	�
���Q������c
5	��!Ã+��
(��$r��Ó�
5
�����	���{i
 a � � HI
�s:�+T�� O/ò ½°¾ Ä�
5HI
(���-��Ó�
5
�����	��¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^�ì2 ~¿±� ~ O ��	�H¢�������,��	´
�	��!{(��
(���*��Ñ����#oî�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^�ìº5.¿±� �ðS ��{3���*��	�HI���ó�¡�¡�µ�¡�^�^�^�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^�ìº ~
C Optimal Grain Size Computation for Pipelined Algorithms 37O � 6ôz3	�
(�*������H¢
�����	ñ�¡�µ�¡�^�^�^�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^�ìº50O � 2 O ��$r����
(
�
(�,��	�À O ��$r$%��	��,H¢
�
(�,��	rÃ+�����#��
��ñ�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^�ìº5êO � º k�l �����-��$%��	�
(���¡�µ�¡�^�^�^�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^�ì.52O � . O ��	�H¢�������,��	´
�	��!{(��
(���*��Ñ����#o��õ�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^�ì.5ºO � ~ôS ��{3���*��	�HI���ó�¡�¡�µ�¡�^�^�^�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^�ì.5.
D Comm unications Optimizations and Efficient Load-balancing for a Volume Rendering Algo-

rithm 45G � 6ïz3	�
(�*������H¢
�����	 
�	��!$%��
�����
5
�����	����¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^�ì. �G � 2 �¹a ��
5�*13Ê�
��#��
���²����#�,
 a $ �¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^�ì. �G � ºïT�
��#
��������¹
���²����#��
 a $ö�^�^�^�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^�ì.5íG � .ïÃ+��
���$%��Ó�
�
(����	����µ�¡�^�^�^�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^� ~ 4G � ~ïk�l �����-��$%��	�
(
����-�������,
(�÷�^�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^� ~ 6G � � O ��	�H¢�������,��	 �¡�¡�µ�¡�^�^�^�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^� ~ .G � í S ��{3���*��	�HI���ó�¡�¡�µ�¡�^�^�^�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^� ~5~
E Scheduling Bloc k-Cyc lic Array Redistrib ution 57k � 6ðz3	�
(�*������H¢
�����	ñ�¡�µ�¡�^�^�^�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^� ~ 0k � 2ðUW��
�����
5
���	�² k�l 
�$%���������^�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^� ~ êk � ºðs���
����#
�
(���*�/�������#������Ñô�^�^�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^� � ºk � .ðUW
���	 S ��������
��v�¡�µ�¡�^�^�^�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^� �5~k � ~ UWT�z k�l �����#��$r��	�
��Ö�^�^�^�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^�ìí ~k � � O ��	�H¢�������,��	 �¡�¡�µ�¡�^�^�^�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^�ìí5ík � í S ��{3���*��	�HI���ó�¡�¡�µ�¡�^�^�^�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�^�^�¡�¡�µ�¡�^�¡�µ�¡�^�¡�µ�¡�¡�^�^�^�¡�µ�¡�^�¡�µ�¡�¡�^�ìí50



TABLE DES MATIÈRES 1
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A.3.1.4 Thèse de Frédérique Chaussumier (soutenance en Juin 2001)Ä�������µ����#�,|���� & º ¶��$%�/
�	�	�������:� O z3Ä S�k 
5����HMU ��} z{~É¸ ~ 4�Áî
�����HMU)�#s�����7�
^
��#
���
5���,�I��/�����·�,�,����
���$%����
�
�����	 ������H¢��$r1$%��	���HI
5
�����	�����
�	��±�:���±
5�����,��H¢
�
�����	��±���#�����²����,� ¶���-���c��
������M��	������-��	�	���$r��	�
 a ���
y����-��² ¶��	���� G 
�	��/��	´���*��$%������
���$%����¸�������¼
K
��#
���
5���,�I��Z���������,����
���$%�,��
5
�����	v�:����	�
5�,²����-��
 a $%�j���¼�*��	����»��������$%��|����jº G ��	���
���������
�	�
������¡
(��H a 	���|������µ����*��H¢�������-��$r��	�
/HI
���H¢���®À?H¢��$r$%��	��,H¢
�
(�,��	ú��
����A���|������������-
5²��%�����jH a 
5�*²����F�����
���
(�,|�������s�
R$r
5H a �,	��RHI�������ø���
�
5�,
���	��²��#
������+���¼T O HI��	�	���H¢
y����¡��
5�±��	����������
���UWQ��#��	���
·��
·�,���^HI��	�
��#
���	�
�������	�������
��#�����,���������
�
�����	�
Â�:������
(��	����/��	��*��	������	W
���$%���¼��������������-��|����r������	���{({(��H¢
���
���
±��	��!�-��
�
5
�����	�
��#����
��#
����*�����È��������$r��� k 	�������
���¸:�������!
%
��#
���
������I�� �����+��	��
���������HI
5
�����	!����	�H a $%
��#o ���r���-��²��#
�$%$r�µ
�$)����-��H¢
���	!� � O z(¸¹��� � Ñ�������º G ��	!��
���������
�	�
:��	�HI���-�^�����°
���H a 	���|���������������������,	������
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Conf érences internationales avec comit é de lecture sans pub lication des actes� Gµ` ê�6�
 �´Ä�� G �������*��Ó�
5	�� ¿°� ` �����#
�	�H a ��
��c�¹UW
5
��#� l UW���,
(�����,��H¢
�
�����	K
�	�� UW
�
��#� l¡` �#
�	����������¼JÉÄ�� l ��� ` ����������²�Q¼������ Ñ���
�H a ��	�² ' ��
�Ñ����#o & ������
����#7É�?z3	 ±R:mCDABABºbCDZF&�4�(+Y ¸�6�ê5ê�6i�� Gµ` ê�6��F�jÄ�� G �������-��Ór
5	��Õ¿±� ` �����-
5	�H a ��
5�c� S ��H¢��	�³�²����-
5
�����	È�����-�����KÄ�� l ��� ` ����������²�Q¹�úz(	 ±RZ�2J*-«�$'.-&ÛQ¼.02'.-,�,�$',AB*-I;«�Z�3%4�&�E°7)(+3N4�*0&)?µ]R*-&�&ÎØq*02'Ö-P'Y *0« � k�� T S z ` 13T O ��Ê����-o�� a ����¸?6�ê5ê�6��
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do

for @ + ! to

 =?� do

if ( ACB %('*),+�$&%('*) ) then
find pivot and its position

end if
broadcast the two values to all processors
exchange pivot rows
if ( ACB %('*),+�$&%('*) ) then

divide under-diag. elts. of col. i by pivot
update col. i+1 to r-1 /* GER */

end if
end for

D EEEEEEEEEEEEEEEEF
EEEEEEEEEEEEEEEEG

phase 1

if ( ACB 
 '.-/+�$ 
 '.- ) then
broadcast ½"H<H to all processors of the $ 
 '.- row
solve ½IHJH�K ¾>H(L + � HML /* TRSM */

end if

D EEF
EEG phase 2

broadcast ½NLOH on processors rows
broadcast ¾ H(L on processor columns
update

� LJLQP � LJL = ½ LOH K ¾ H(L /* GEMM*/

D F
G phase 3
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decompose a block column :
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broadcast pivot information :
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compute block row of U :

PBDTRSM

update trailing submatrix :

PBDGEMM

next block column

no
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exchange local pivot line
and local current line :
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DGERV2D

IDAMAX

maximum value :
searching for local

searching for maximum
value between each

processor of the

DGMAX2D

pivot = 0 ?
yes
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have pivot ?
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no

singularity found !!

broadcast local pivot line :

DGEBS2D DGEBR2D

and pivot information

DSWAP

swap local pivot line

have current line ?

yes

no yes

and local current line :

scale column by pivot
and update local matrix :

DSCAL
DGER

no

have current line ?

next column

and pivot information
receive pivot line :

current block column :

�7Z\[^]�_N] È#b#Ù,»Çj*o:|Rwxyin�{C}Mo:�Sj*�Cj¾n�t�wv�&j PDGETF2f<n�|Rwxyi{&jU]
B.4 Anal ysis and Optimization of the ScaLAPACK ÚÜÛ Factorization

B.4.1 Comple xity Anal ysis� �Rf<j*�,yio:wvykn�{�n�tIwx�Sj¹j*»Çj*o:|Rwvyin�{�wxyi��j¹yi}�yk���Rn�fJwxe�{SwIwvnCo`n�{&ÒRfJ�Ýwv�&j�j*»g�Rj*fJyi�Cj*{Swxegh,f�j*}M|Rhiwv}�] ¿ �&j�·Ueghk|Rj¹n�tIwx�Sj�Re�fJe���j*wxj*fJ}N���Syio:��yi{&ÞR|Rj*{So:j#wv�&j#j*»Çj*o:|Rwvykn�{Cwxyi��j#o:e�{Cl�j¾�,j*�,|Ro`j*�Ct�f�n��ßwx�Sj#�Cn��,j*hO]V��|RfJwx�Sj*fJ�Cn�f<j*��ykw�~�yi·Uj*}�wx�Sjj*»Çj*o:|Rwxyin�{�wxyi��jNn�tSwx�Sj^o:n����C|R{Syio:egwxyin�{3�R�&eg}Mj*}�] Â |Ro`���Rf<j*�,yio:wxyin�{S}>e�f�jN·Uj*fJµ#yi{&wvj*f�j*}Mwvyk{S~�wvn#o:�Sn�n�}Mj����Se�wUo:n����C|RÆ{Syko`e�wvykn�{S}"wvn�n�·Uj*fJhie��"]Í {�wx�Sj Â o:egÁ � d �#Ã^Ä q^s�t�e�o:wvn�f<yizge�wxyin�{S�g�Rj*fJt�n�f<��e�{So:j*}I��j*�Rj*{&�C~�f�j*egwxhiµ¹n�{�wx�Sjcl�hin�o:p3}Myiz�jc|R}Mj*�Ct�n�f�wx�Sj�lUhkn�o`p}Mo:egwxwvj*f�j*�Å�,j*o:n����Rn�}Myiwxyin�{�] ¿ �S|R}M�,yiw"yi}#yi{&wvj*f�j*}Mwvyk{S~�wvnÖo:n����R|Rwxj�wv�&j�n��Rwvyk��e�h>l�hin�o`p�}Myiz�j�wxnÖeg·Un�yi��er{S|R��l�j*f�n�twxj*}Mwv}�] Í w>yi}�eghk}MnCyi{&wvj*f�j*}Mwxyi{S~�wxn�o`n��C�R|Rwvj¹eg|Rwxn���e�wvyko`e�hihiµCwv�&j¹l�j*}Mw>�,e�wve¹��yk}Mwvf<yil�|Rwvyin�{ ² t�n�f��Re�fJe�hihij*hRo:n����Ryihij*f<}M�Stvn�fj*»Çe����Rhkj*´M]��yi~�|Rf<jc_�] à�}M�Sn���}^wv�&j�yi�C�Rego:w�n�t,wx�Sj�l�hin�o:p3}Myiz�jcn�{�wx�Sj��Rj*fJtvn�fJ��e�{So:jcn�tRwv�&j Â o:egÁ � d �#Ã^Ä q^sÜt�e�o`wxn�fJykzge�wvykn�{�]á {�wv�&j Í {Swxj*h�dRe�fJe�~�n�{�egwmwx�Sj"â#{Syk·&j*f<}Myiwvµ�n�t�ÁUµ�n�{&�.e^}Myiz�j�n�t�à�ºNyi}7hij*}M}¶j*txÒRo:yij*{Swmwx�Se�{#Ï��V�3�&yio`��yi}�wv�&jNn��Rwxyi��e�h�·&e�hi|RjU]
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�7Zx[^]Ç_�] à�b¹dRj*fJtvn�fJ��e�{So:j ² Í { Ô ÞRn��R}M´�n�tNq^s
t�e�o:wvn�f<yizge�wxyin�{�n�{�º��Rf�n�o`j*}M}Mn�f<}���yiwv�Öwx�3nC��yktvtvj*f<j*{&w�l�hin�o:p�}Myiz�j*}Qn�{Í {&wvj*h�dRe�fJe�~�n�{�]

B.4.1.1 The ModelÍ {�wx�Syi}�}Mj*o`wxyin�{S�Rwx�Sj¹wv�&j*n�f<j*wxyio:egh�n��Rwxyi��e�h7l�hin�o:pÖ}Myiz�jCä,å"yi}¾n�l�wxegyi{&j*�Ål�µ�e�{�yk{Swxj*fJ�Rn�hie�wvykn�{S�Rl�eg}Mj*��n�{�j*»g�Rj*fJyiÆ��j*{&wve�h��Cj*eg}M|Rf�j*��j*{&wv} ² t�n�f"e¹~�yi·Uj*{�}M|R�Rj*f�o`n��C�R|Rwvj*f<´7n�t¶wv�&j�q^s±}M|Rl�f�n�|Rwvyi{&j*}�].�Un�fNeghihS}M|RlUf�n�|Rwxyi{Sj*}�tv|R{So:wvyin�{�n�tä,å ² }Mj*j�l�j*hin���´���wv�&jcj*»gj*o`|Rwxyin�{3wxyi�Cjcyk}"j*»g�Rf<j*}M}Mj*��hkyiwvj*f<eghkhiµ`��e�{S�rwx�Sj*{��,j*fJyi·Uj*��wxn�ÒR{&�Cwx�SjQn��Rwxyi��e�hRä,å(]¿ �SjCo`n��C�Rhij*»Çyiwxyij*}3e�f�jC~�yi·Uj*{Ül�j*hin��æ�3yiwx�
ä,å�eg}¹wv�&j�l�hin�o:pu}Myiz�j*��ç¶è¹e�{S�Xç¶é�e�}3wx�Sj�{&|R��l�j*f�n�tc�Rf�n�o:j*}M}Mn�ff�n��3}Ne�{S�Co`n�hi|R�C{S}M�me�{S��êëe�}"wv�&j���e�wxfJyi»#}Myiz�jU] ¿ �&j�}M|Rl�f�n�|Rwvyi{&j*}N{&eg�Cj*}Ne�f<jQwx�Sjc_�Á �#Â n�f�Á � d �#ÃNÄ {&eg�Cj*}Nj*»ÇÆ�Rf�j*}M}Mj*�Öyi{���yi~�|Rf�j*}�_N] º#e�{S��_�] È�]`ìÖj#e�}M}M|R��j#wx�Se�w�wv�&j#~Uhkn�lUe�h�o:n����C|R{Syio:egwxyin�{&} ² DGEBS2D, DGMAX2D, ... ´e�f<j��Rf�n��Rn�fJwxyin�{Se�h7wxn�wx�Sj¹lUe�}Myio¾o:n����C|R{Syio:e�wvyin�{�wvyk��jrí(îxq�ï ¯ñð�ò qIó�]g��n�fQe�~Uyk·&j*{�~�hin�l�egh�o:n�����|R{&yio:egwxyin�{uôËõ��í�ö�÷�îvq�ï ¯ùø î ðCò qIóUïv�Ç�3�&j*f<j ø yi}"��j*wxj*fJ�Cyi{Sj*�Cl�µ�wx�SjQo`n��C��|R{&yio`e�wxyin�{C}Mo:�Sj*�Cj�wx�Se�w�e�o`�&yij*·Ujcwx�SjQ~�hin�l�e�hUo:n����C|RÆ{Syko`e�wvykn�{�]:��n�fIj*»Çe����Rhkj*�ge�wvf�j*jQlUf�n�e���o:e�}MwSn�{�e¾f�n��ún�t��Rf<n�o:j*}M}Mn�fJ}"yi}�ego:�Syij*·Uj*��yi{Cí�û èËüOü ¯þýxÿ ô����:ç é����	� ð�ò q"ó�
Õ�Çe�{S�e�fJyi{&~�l�f�n�eg�,o:eg}Mw,yi{Öí�ö è
����� ¯ îvç é ¼�� ï ��� ðÖò qIó�
�] ¿ �Sj ø tv|R{So:wvykn�{�|R}Mj*��wvn�o:n����R|Rwxj#wv�&j�wvn�wxeghSj*»Çj*o:|Rwvyin�{Cwvyk��j�yi}~�yi·Uj*{3yi{3wx�SjQj*»Ç�Rf�j*}M}Myin�{&}"l�j*hin��¹]
B.4.1.2 Subr outines used in PDGETF2b IDAMAX : yi}¹j*»Çj*o:|Rwvj*�
ä å wxyi��j*}3tvn�f�j*ego:� PDGETF2o:eghkhO] ¿ �Sj*f�jCe�f�j ý����� � PDGETF2o:eghkhi}��,|RfJyk{S~uwx�Sjtvego:wxn�fJyiz�egwxyin�{ ² ��yi~�|Rf<j*}�_�] ³ceg{&��_�] º�´M] ¿ �SjQj*»Çj*o:|Rwxyin�{3wxyi��jQn�tSe�}Myi{S~�hij IDAMAX o:eghkhmyi}Ihiyi{&j*egfJ]

� �	��������� ¯  "!# ��$%��&(' ä,å �	� ) �	���������&îvä,å+* ý �,�- � ï ò/. �	����������
0 DGMAX2D : yk}21*»�1�3`|Rw41*��ä,å�wxyi�51*}7698;:<1�=�3`� PDGETF23�=�>	>@? ¿ �A1�1*»B1�3:|Rwvy	8�{�wvyi�C1�8;6D=Q}Myi{S~E>	1 DGMAX2D3F=�>	>yk}2>kyi{G1�=�:<H�|RwS�I:�8��I8;:Jwxy	8�{A=�>�w48�wv�A1c{&|R�5HE1�:J8;6&�I:
8;3F1*}M}�8;:J}
� �K������� ¯ßý ���� �B� ä,å � ø � );L üM����� ò/. L üM�����F
ONR�3ykwv� ø�¯Àý\ÿ ô�� � ç7è �0 DCOPY : yi}P1*»�1�3`|Rw41*�RQS*�ä å wxyi�51*}T6U8;:21�=�3:� PDGETF23F=�>�>i�m�3yiwx�5=#ÒR»�1*���V=gw4=#}Myiz�1¹ä å ? Í wRyi}^ÒI:<}Mw�|R}�1*�Öw48WIX�YUZ\[�]�]P^5_a`cbEdfeMY\Z\[�]�]T^5gBh4i�jEk�lUk�mO`Knc`4opk
qrk
ncl�`
nskDtruFn�d�uMv�wBx k�mOnsk
y\z lUz u\b2w�vOt{trk
n�lUksbEd�hK|Fu"nBz bEqrk�}�k�nclr~�q jEkAX�YUZ\[�]
��bEu"q�`
q�z uMb�z l�vOlUk�d�h
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3F8��Rµ�wv�A1�3`|I:
:
1*{&w��Ryi·A8�w&}�1*~��51*{SwUw48�HE:�8;=g�V3F=g}Mw�ykwv��=�{S�r}�1�3�8�{&�V>iµ�w98�3F8��Rµ�wx�G1�:�1�=�>Ç�Ryi·O8�w&}�1*~��C1*{SwSyk{Sw48�>�8;3�=�>�C=gw4:Jyk»I? ¿ �G1�1*»B1�3:|Rwxy	8�{3wxyi�51+8;6D=c}Myi{S~E>	1 DCOPY3F=�>	>Çyi}7>iyi{G1�=�:K?� �Mé ö�÷F� ¯ Q � ý ���� �B� ä åF�	� );�Mé ö�÷"�*ä å ò�. �Mé ö ÷F�F
0 DGEBS2D,DGEBR2D : yi}71*»B1�3:|Rw91*�Öä å wxyi�51*}76U8;:(1�=�3:� PDGETF23F=�>	>i���3yiwx�S=�ÒR»�1*�r��=�w4=�}Myiz�1¾ä å ?� å�è ö �F�MéM� L û � ¯ßý����� �B� ä,å � ø � );L üM�����Vä�å ò�. L üM�����F
g�3ykwv� øC¯ßý\ÿ ô�� � ç7è �0 DGESD2D,DGERV2D : yk}21*»�1�3`|Rw41*�Öä,åRwvyk�51*}76U8;:J1�=�3:� PDGETF23F=�>�>i���3yiwx�S=�ÒR»�1*�C�V=�w9=Q}Myiz�1#ä�å�?� L üM��� ¯Àý ���� �B� ä�å � ø � )�L üM�����Vä,å ò/. L üM�����"
0 DSCAL : yi}�1*»�1�3`|Rw41*�Üä,å�wvyi�C1*}�6U8;:+1�=�3`� PDGETF23�=�>	>@? ¿ �A1�1*»B1�3:|Rwxy	8�{�wvyi�C1�8;62=�}Myi{S~E>	1 DSCAL3F=�>	>7yi}>kyi{G1�=�:�?
� � L éM��� ¯  F!# ��$%��&(' ä å���� );� L éM��� î�ä å * ý �,�- � ï ò�. � L éM��� 
0 DGER : yi}P1*»�1�3`|Rw41*��ä,å7wvyk�51*}P698;:21�=�3:� PDGETF23F=�>	>k�m�3yiwx�5=#�V1�3F:
1�=�}Myi{S~¹�V=gw4=#}Myiz�1O? ¿ �G1�1*»�1�3`|Rwxy	8�{�wvyk�518;6A=�}Myi{&~E>	1 DGER3�=�>	>�yi}I¸�|I=g�V:
=gwxy	3B? Í wSyk}2=�>	1*·O1�>m���,Á �#Â �3�&y	3:��3�8��C�R|Rw91*} °����(� � � û ò�° �3yiwx� °�� ���;��� �í��K�MüOè�îc�R����ï ¯ î ) �K�(ü�èF� ò/. �K�(ü�è:ï � � ò î9�F�K�(ü�è�� ò�� �K�(ü�è.ï� �K�(ü�è ¯  !# ��$%��&<' ���
� '%� &(' � î );�K�(ü�è î�ä å * ý �, - � ï ò/. �K�(ü�è ï �   ò î9� �K�(ü�è îvä å * ý �, - � ï ò�� �K�(ü�è ï\


B.4.1.3 Subr outines used in PDGETRF0 IGEBS2D,IGEBR2D : yk}21*»�1�3`|Rw41*� ý ���� � wvyi�C1*���3yiwx�S=�ÒR»�1*���V=�w9=c}Myiz�1¾ä å ?� å�è ö �F�MéM� L û � ¯Àý ���� ��� ø � )�L üM�����vä�å ò/. L üM�����4
g�3ykwv� ø�¯Àý\ÿ ô�� � ç¶é �0 PDLASWP : yi}f1*»�1�3`|Rw41*� ý �� � � wxyi�51*�BHU|RwG1*»B3:�G=�{S~E1*}cä,åV:�8��3}2=gwD8�{A1�wxyi�C1O?:ì¡1¢=�}M}M|R�51cwx�G=�w�wv�A1�:
1Qyi}f=�{A1*Æ~E>	1�3:w46�|I>m{&|R�5HE1�:J8;6Swxyi�C1*}2698;:¶�3�&y	3:��wv�A1��Ryi·A8�w&yi}7=gwUwx�G1+:Jyi~��&wS�I>	=�3�1O?J��|I:<wv�A1�:J�58;:�1*��wv�A1Q�I:
8;HE=�HUy�>iyiwxµ�w48�ÒR{S�wx�G1#�Ryk·A8�w�8�{�wx�G1#}�=��51#�I:�8;3�1*}M}�8;:"wx�G=�w(8��3{&}Qwv�A1p3`|I:
:
1*{&w�:�8��Éyi}�3F8�{S}Myk��1�:�1*�Ö|R{Sy�6U8;:J�£? Í {�wx�G1p1*»g�I:
1*}M}My�8�{HE1�>	8��Q�<¤���üM�Xyi}¾wx�G13{&|R�5HE1�:+8;6�wxyi�51*}��3�G1�:�1�wx�G1¥:
8��3}¢=�:�1¹}M�¦=g�R�I1*�Å��yiwv�&yi{R>�8;3�=�>7�C1*�58;:<µ`�I=�{S�/¤¹é ö ����G1*{�wv�A1�:
8���}T=�:
1�}M��=g�R�I1*�5HUµ¦3�8��C��|R{Sy�3�=�wvy�8�{S}�? ¿ �A1*}�1��I=�:K=��51*w41�:J}f3�=�{§HO1�3�8��C�R|Rw91*�Ö�I:�1�3:yi}�1�>iµ�698;:2=~�yi·O1*{�ê½��ä å ��=�{S�Öç è ?� L@¨ � ÷ ¯ ¤¥��üM� �	� ) � L@¨ � ÷ î�ä,åB*5©  !# ��$,�-«ª ï ò�. LM¨ � ÷ 
 ò ¤¹é ö � �	� îUQ � ) �Mé ö�÷F� ò );L üM�����.ï(î�ä,å�*5©  !# ��$,�-«ª ï ò îUQ � . �Mé ö�÷"� òp. L üM�����.ï\
0 PBDTRSM : yi}a1*»B1�3:|Rw91*� ý �� � � ¼R� wxyi�51*}M���3yiwx��=Q·O=�:<y	=�HE>	1��V=gw4=�}Myiz�1*�*��|I>iwxyi�I>	1�8;6�ä�å�? Í wU��|R}MwOHE1^�V1�3�8��C�I8�Æ}�1*�ryi{�wv��8��I=�:Jwx}c�
³D? broadcasting : wx�G1S6U=�3:w98;:�1*�£3F8;>i|R��{£3F=�{«HE1�HE:�8;=g�V3F=g}MwIyi{«8�{G1S3:�S|R{G¬�yi{R8;:<�V1�:Qw98Ö�,yi}Mw4:Jy�HU|Rw41�wx�G13:|I:K:�1*{Sw �7­K­ HE>	8;3�¬ ² }�1�1QÒR~�|I:�1��T? ��´G698;: DTRSM3�8��C�R|Rw9=�wxy	8�{S��=g{&� � ' ­ 6U8;:J>	=�w41�: DGEMM3F8����R|Rw4=gwxy	8�{a?�V1�6U8;:�1PHE:
8;=��V3�=�}Mwxyi{S~���wv�A1Q�3�G8;>	1�3F8;>i|R��{3yk}23F8��Ry	1*��yi{�=c��8;:K¬�yi{&~¦H�|I646U1�:K?
� å�è ö �"�MéM� L û � ¯  !# ��$%��& � � î ø î );L üM�����.ï ò ) �Mé ö ÷F� ï(î�ä �å * ý �, - � ï ò î ø î . L ü@�����.ï ò�. �Mé ö ÷F� ï\
g�3yiwx� ø�¯ßý\ÿ ô�� � ç>é �

�D? DTRSM:
¿ �G1T1*»B1�3:|Rwvy	8�{¹wvyk�51�8;6G=Q}Myi{&~E>	1 DTRSM3�=�>	>gyi}a3`|IH�y	3B? Í w�yi}a=�>	1*·O1�>B®+�,Á �#Â �3�Sy�3`��3F8����R|Rw41*}¯ ��� � ° � ' � ¯ �3yiwx� °p� �p�E�P� =�{S� ¯ � ���;��� �í�� û è L �¹î4�«�
��ï ¯ î ) � û è L ��� ò�. � û è L ��ï � � � ò î4��� û è L ��� ò�� � û è L ��ï � � ò î9°±� û è L ��� òÜø � û è L ��ï
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�D²2³A´ � � ¯
 !# ��$ � 'µ ��&(' � î ) � û è L � � îvä�å�* ©S¶ç é ª ï ò�. � û è L ��ï � ä �å ò î4�F� û è L � � î�ä,å�* ©�¶ç é ª ï ò�� � û è L ��ï � ä,å ò
î4°�� û è L � � îvä�å�* ©S¶ç é ª ï ò�ø � û è L ��ï\


0 PBDGEMM : 1*»�1�3`|Rw41*� ý �� � � ¼«� wvyk�51*���3yiwx�¦=�·O=�:<y	=�HO>�1N�V=gw4=�}Myiz�1*�*��|I>iwxyi�I>	1�8;6,ä,å"? Í wU�C|R}MwAHE1^�V1�3F8����I8�}�1*�yk{3wv�¦8��I=�:Jwx}c�³D? broadcasting : wv�A1�>	=�}Mw�69=�3:w48;:
1*�·:
8�� ² }�1�1 DTRSḾR��|R}MwVHE1�HE:
8;=��V3�=�}Mw�yi{·8;:<�V1�:�w48�=�3`�&y	1*·A1 DGEMM3F8����R|Rw4=gwxy	8�{a?"�V1�6U8;:�1PHE:
8;=��V3�=�}Mwvyk{S~��*wv�A1Q�3�G8;>	1�:�8��©yi}73�8��Ry	1*�ryi{¦=���8;:
¬Uyk{S~¦H�|I646U1�:K?
� å�è ö �"�MéM� L û � ¯  !# ��$ � '%��&(' � î ø î );L üM�����.ï ò ) �Mé ö ÷F� ï(î�ä �å * ý �,�¸ � ï ò î ø î . L üM�����.ï ò/. �Mé ö�÷F� ïM
Ç��yiwv� ø�¯ ýxÿ ô�� � ç7è �

�D? DGEMM:
¿ �G1T1*»B1�3:|Rwvy	8�{¹wvyk�51�8;6G=Q}Myi{&~E>	1 DGEMM3�=�>	>gyi}a3`|IH�y	3B? Í w�yi}a=�>	1*·O1�>B®+�,Á �#Â �3�Sy�3`��3F8����R|Rw41*}¹ ��� � ° � ¯ ò�ð � ¹ �3yiwx� °p� �p�Oº�� � ¯ � º��E��� =g{&� ¹ � �p�E��� �

í �K�Mü@�T� î4�«�
�a�K»�ï ¯ î );�K�(üM�P� � � � ò/. �K�(üM�P� � ò � �K�Mü@�T� � ò�� ï � » òî4°��K�(üM�P��� � � òÜø �K�(üM�P��� ò ���K�(üM�P��� ò/¼ ï
�I²7½�¾ �¦� ¯

 !# ��$ � 'µ ��&(' � î ) �K�(üM�P� � ä,å ò/. �K�(üM�P��ï:îvä,å+*¿© ¶ç¶è ª ï � îvä,å+*¿© ¶ç>é ª ï ò
î9� �K�(üM�P�¥� ä å ò�� �K�(üM�P� ï:îvä å * © ¶ç¶è ª ï ò î4° �K�(üM�P��� ä å òÜø �K�(üM�P� ï(îvä å * © ¶ç>é ª ï òîc� �K�Mü@�T�¦� ä å ò/¼ �K�Mü@�T� ï\


Í {À8;:��V1�:^w98C3�8��C�R|Rw91�wv�A1¥8��Rwxyi�5=�><HE>	8;3F¬�}Myiz�1*�G=�>	>�wv�A1��I:�1�3�1*�V1*{&w<1*¸�|I=gwxy	8�{&}��G=�·O1¦HE1�1*{Ö�V1�:Jyi·O=gw41*�Á8�·A1�:#ä å ?¿ �G1#w48�w9=�>I3F8����I>	1*»gyiwvµ§8��Rwxyi��|R� yk}�8;HUw4=�yi{��3�A1*{�wv�A1#}M|R�Â8;6¶wx�G1��V1�:Jyk·A=�wvyk·A1*}P1*¸�|I=�>i}�z�1�:
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B.4.1.4 Results on an Intel Paragon¿ �G1 Í {Sw41�>DÆI=�:K=�~E8�{�yk}P=���yk}Mw9:<y	H�|Rw91*���C1*�58;:<µ��C=�3:�Syk{G1�HE=�}�1*�Ç8�{�yiÏ�à�È¾�I:
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type matrix size³�È�È�È ��È�È�È ®�È�È�È º�È�È�È1*»Ç�I1�:Jyk�51*{Sw4=�> Ï�ÆD× Ï Ï ³�Èwv�A1�8;:
1*wxy	3F=�> ÏG? ®�³ ×D? ��Ï ×D? à�º ×D? Ï�®
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grid size
matrix size�gÈ�à Èg³�� Êgà�Ï ³�È��gº ³g��Ï�È ³�È�®gà ³�Ê�×�� ��Ègº�ÏQ¦*¡Q �gÈG? È ��×G? Ï ®g�G? Ï ®gÈG? È ®�ÊG? × º�ÈG? � º��D? ® º�ºD? ºß * ß �gºG? ³ ��ÊG? È ��×G? Ê ®g³G? à ®�®G? ® ®�ÈG? È ®�àD? à ®�ÏD? ÈËS*5Ë ��®G? È �gàG? º �gÏG? � ��×G? Ê ®�³G? È ®��G? ® ®�®D? È ®�ºD? Ê
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6U8;:J�C=g{A3�1*}<=�:�1T:�1*}M�I1�3`wxyi·O1�>iµ#��Ï�È+=�{S����Ê�È Ô ÞI8��R}��3�&y	3:��:
1*�I:�1*}�1*{Swx}<=~E=��S8;6D®G? Ê�ÝÁ?0 á {�wv�A1 Â ÆR�g�Rwx�G1S8��Rwxyi�C=�>aHE>	8;3F¬�}Mykz�1�yi}#·O1�:Jµ��V1*�I1*{S�V1*{&wf69:
8��Ýwv�A1r~O:<yi��}Myiz�1S=g{&��wx�G1��C=gw4:Jyk»�}Myiz�1O? ¿ �Syi}à |R}MwvyiÒI1*}Iwx�G1Qyi{&w91�:�1*}MwG8;6&wv�A1�3F8����I>�1*»Çyiwxµ¦=�{G=�>iµ�}Myi}�?
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matrix size�gÈ�à Èg³�� Êgà�Ï ³�È���º ³g��Ï�È ³gÈ�®gà ³�Ê�×g� ��Ègº�Ïß * ß 1*»g�2? ��Ê ®�® ®�È ®�È ®�à ®�È ®�Ï ®�Ïß * ß wx�G1�8�? �gºG? ³ ��ÊG? È ��×G? Ê ®g³G? à ®�®G? ® ®�ÈG? È ®�àG? à ®�ÏD? È� *5áP1*»g�2? ��Ê �gÈ �gº ��È ��à ��Ê ��à ��Ê� *ÇáNwx�G1�8�? ��ÈG? ® �g³G? Ê �g�G? Ê ��®G? Ê �gºG? à ��ÈG? º ��àG? ® ��ÊD? ³
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“Instead of broadcasting î �7­K­ � � ' ­ ï panel before the triangular solve ( TRSM), do it at the same
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­ �C|R}MwAHE1�HE:�8;=g�V3F=g}Mw;8�{3wx�G1�3:|I:K:�1*{Sw��I:�8;3�1*}M}�8;:(:
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step 5

DGER

of pivot information
asynchronous send

DGMAX2D call :
find pivot and its position

asynchronous send
of matrix row

PDLASWP call

DGEBx2D call :
broadcast local pivot row
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D.3 Parallel algorithm 49

Procedure Render()ÙÛÚXÜÞÝÛÜÞß.àÞáIÜÞâãÝÛäãÜÞåFæXÝÛÜÞç.ÚXèÛé
Foreac h viewpoint do

Computation of a part of the shading lookup table (LUT)
Multidistribution of the shading LUT
Foreac h voxels’ slices from front to back do

If I own the dataê ç.ëIì�ç.â�Ü�ÝÛí�èÛî�ß0ÝÛß.ïCì�ß.ä�Ý ÜÞëIß<ðkí�é
EndFor
image = Warp(part image)
Gather(image, root)
If p == root

Display(image)ñ�í�äãâãç.ÚXß.àÞÜÞò.í�î�óÛß0à�àÞô�ß.àÞàÞèÛõ�ç0àÞædëiíãé
EndFor
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D.4 Optimizations
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Step a b c d e f g h i j Total
Cost ã ã ã ã ã ã â â â â 26
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Proof Õ�Ã�Â)Æ�È�É�Á�È2Ç�Æ�<�É.Á#<8Í*È±É.Ê È�Ix¥ ��¼ � ¼ ITî'Ò��¹Á�}�Â�Ã�È�Á � ¥ ��¼���ò Ê Ì=£µ�¹¥¼� ¼ � ò Ò��¹Á?É
Ê�Ê�Á,~ � ¥ , ~ ¼ � ¼ . ,���¼��#ò .-¥,¸� ¼ � ¼ . , ~ ¼ �#ò .�Ò � Ã�9PÃ�É�Ê Â)É�Å�¤ � ��¥ ,�� ¼ � ¼ . ,�� ¼ � ò .`Ò�EÂÉ.Ç�Æ�Iµ¥0K�M 8�, ~ � à � ��.+¥ � ¼ � ¼ K�M 8�, ~ ¼ �#ò à � ¼ � ò .`Ò � Ã�Ì�<:Á ��ò Ã�Æ"ÂlÁ�É�Ê�È�Ã�°Ê�Á�É�Å¢Ë�Â�Ã�9*Á�}�Ã�ÈRÉ �)¼ á���Å¢£�Á�´�Ì
Ã�È�Ã�Ë�Ì�Ë ;$��¼ æTÊ Ì=£�}�Ã�ÈRÉ¡� ò á���Á#<:Ê�Ç�Æ�ÁtK�M 8�,¸� à �4.*¥ � æ�¤�}�Á?É
Ê�Ê.ÁÕK�M 8h, ~ ¼Ð�#ò à ��¼ � ò .,¥K�M 8�, ~ ¼ à �)¼ � ò .�Ò � Ã�9*Ã�É�Ê�Â�É�Å�¤NKNM 8�, ~ ¼ à ��¼ � ò .T¥:K�M 8�, ~ ¼ à �)¼ .1¥:I î ÒEÂÉ
Á�ÂlÁPÊ�Â)Á X Z\ Á�É�Á#9PÁ�Ì
È�ÆvË�Á�Âª<8É�Ê�Æ�Æ�Ò � Ã�Ì=<8ÁPÊ É�É¨<8É�Ê Æ�Æ�Á�Æ�Ê�ÂlÁPË���È�Ê�Ã�Ì.Á#£Þ��Å�Ê�È�Â�Ê�Ì
Æ�É�Ê�È�Ã�Ë�Ì�Ë ; ���D�!��� ,�� .±¤�}�Á�<:Ê�ÌÂlÁ�Æ�È�Â)Ã�<8È�Ë�Ç�Â)Æ�Á�É�Ê�Á�Æ"È�Ë�£�Ã�Æ�<8Ç�Æ�Æ�Ã�Ì�Ì¹ÈRÉ
Á6£�Ã�Æ�È�Â�Ã���Ç�È�Ã�Ë�Ì0Ë ; Á�É�Á#9*Á�Ì
È�Æ�Ã�Ì�ÈRÉ
Ã�Æ¦<:É�Ê�Æ�Æ�Ò!EÂÉ
Á ; Ë�ÂH9*Ç�É�Ê,Ã�Ì ù Á#9©9PÊvÇ,Æ�È�Ê È�Á�Æ
ÈRÉ
Ê�È �����!��� ,�� .�¥�� - ì »0/ ¥ ð - �� / 576�8 - ~ � / �n; Ë�Â �7S ð T X Z\ Ò���Ç�È ð � 576d8 ~0<8Ê�Ì�È�Ê Í�Á$Ë�Ì
É�Å�È±É.Ë�Æ�Á>Ê.Ê�É�Ç�Á�Æ
ÈRÉ
Ê�È�Ê ÂlÁ>9PÇ�É�È�Ã�Ë�É�ÁNË ; � ¼ Ê Ì=£ ð ��576�8�� <:Ê Ì,È�Ê Í�Á&Ë�Ì
É�Å+È±É.Ë�Æ�ÁyÊ�Ê É�Ç�Á�Æ1ÈRÉ
Ê�È�Ê ÂlÁ>9PÇ�É�È�Ã�Ë�É�Á&Ë ;���¼ ¤eÉ.Á�Ì�<:ÁNÈRÉ
ÁNÂ)Á�Æ�Ç�É�È`Ò�E�Ë<�É
Á#<:Í-ÈRÉ
Á(È�Ë�È�Ê�É�Ì
Ç+9*��Á�Â�Ë ; Á�É�Á#9*Á�Ì
È�Æ�¤ Ì.Ë�È�Á(ÈRÉ
Ê�È X Z\ ¥ æ X C [ C ç æ Z C Y C çY C [ C \ ñ ¥ X C Z C\ ñ Ò

ù Á�È.Ç�ÆTÃ�É�É�Ç�Æ�È�Â)Ê È�Á ù Á#9b9PÊ í }�Ã�ÈRÉ,Ë�Ì
Á(Ë ; Ë�Ç�Â.9*Ë�È�Ã�Ê�Ê�È�Ã�Ì=Ì-Á#Í Ê!9©Ë�É�Á�Æ�Ò
Back to Example 4

õ�É�Á#9PÁ�Ì.È�ÆTË ; Á�Ê�<�É?<8É�Ê�Æ�ÆTÆ�É
Ë�Ç�É�£*��Á&É�Ë:<8Ê�È�Á#£�Ë�Ì X C\�ñ ¥ôó Ù ¥¦²#Â)Ë�}+Æ�Ê�Ì�£çZ C\Hñ ¥ôõ Ù ¥ � <:Ë�É�Ç+9*Ì
Æ1Ë ; È±É.Á�Ë�ÂlË:<:Á�Æ�Æ�Ë�ÂÌ�Â�Ã�£�Ò ù Á�È
Ç�Æ4<�É
Á#<:Í ��������� ,l� . ; Ë�Â2Ã�Ì.Æ�È�Ê�Ì�<:Á�Ò`��Ì�£�Á�Á#£R}�Á>É
Ê�Ê�Á$È±É.Á ; Ë�É�É�Ë�}�Ã�Ì�Ì�ú��������� ,t� . ¥,� , � à � . à ,�ö à ºN. à ,l� � à ö . à , � à ��� . à ,�ö à � ²N. à ,t� � à � . à, � à ºN. à ,�ö à ö . à ,l� � à �8� . à , � à � ²�. à ,�ö à � . à ,t� � à ºd. à , � à ö . à ,�ö à �8� . à ,l� � à � ²�. �
ù Á#9b9*Ê í Æ�É.Ë�}�Æ+ÈRÉ
Ê�È/}+Á©<:Ê Ì.Ì
Ë�È#Ç�Æ�Á�ÊPÆ�<�É
Á#£�Ç�É�ÁR��Ê�Æ�Á#£µË�Ì�<:É�Ê�Æ�Æ�Á�Æ�ú:<8Ë�Ì.Æ�Ã�£�Á�Â�Ã�Ì=Ì�Á�Ê�<�É÷<:É�Ê�Æ�Æ�Æ�Á#Ë�Ê Â)Ê È�Á�É�Å}�Ë�Ç�É�£¦É�Á�Ê�£�È�ËxÃ�Ì�<:Ë:9bË�É�Á�È�ÁÏ<8Ë:9©9PÇ�Ì.Ã�<8Ê�È�Ã�Ë�Ì�Æ�È�Á#Ë�Æ�Ò�ä�Ê ÈRÉ
Á�ÂR¤1}�Á�Æ�É
Ë�Ç�É�£¦��Ç�Ã�É�£¦Ç+Ë1<:Ë:9b9*Ç�Ì
Ã�<:Ê È�Ã�Ë�Ì�Æ�È�Á#Ë�Æ���Å9PÃDÍ�Ã�Ì=Ì*Á�É�Á#9*Á�Ì
È�Æ(Ë ; Æ�Á#Ê�Á�Â�Ê�É�<:É�Ê Æ�Æ�Á�Æ�¤�Ã�ÌPË�Â�£�Á�Â1È�Ë,Ç�Æ�Á�Ê�É�É�Ê�Ê.Ê�Ã�É�Ê���É�ÁyË�ÂlË:<8Á�Æ�Æ�Ë�Â)Æ�Ò�E�É.Á¦9PÊ�Í�Ã�9*Ç+9ÀÌ
Ç+9*��Á�Â/Ë ; Á�É�Á�°9PÁ�Ì.È�ÆTÃ�Ì+ÊNÂlË�}XË�Â]<:Ë�É�Ç+9*Ì�Ë ; ÈRÉ
Á¥<:Ë:9b9PÇ�Ì.Ã�<:Ê È�Ã�Ë�ÌvÌ�Â�Ã�£RÃ�ÆTÊ�Ì+Ë��VÊ�Ã�Ë�Ç�ÆTÉ�Ë�}�Á�Â2��Ë�Ç�Ì�£ ; Ë�Â�ÈRÉ
Á(Ì
Ç+9*��Á�Â�Ë ; Æ�È�Á#Ë�Æ�Ë ;Ê�Ì
Å+Æ�<�É
Á#£�Ç�É�Á#¤ ��Á#<8Ê�Ç�Æ�ÁNÁ�Ê�<�ÉvË�Â)Ë:<:Á�Æ�Æ�Ë�Â�<8Ê�Ì
Ì.Ë�È�Æ�Á�Ì�£*á�Ë�ÂTÂ)Á#<:Á�Ã�Ê�Á�æ�9*Ë�Â)Á&È±É.Ê ÌRË�Ì.Áy9PÁ�Æ�Æ�Ê�Ì�ÁNÊ�È�Ê�Ì
Å6<:Ë:9b9*Ç�Ì
Ã�<:Ê�°È�Ã�Ë�Ì,Æ�È�Á#Ë1Ò��� i
��i
�Ecgfhc9ijeÃ«�������! £�¦¨§#"4¦ KNM 8�,�� à ��.�¥ � "N¤�f^¦¨§#"4¦ � < �  �¡S I ~ ' ¦¨§�£ ( s¥l � £t¦¨§�£©k '  Ä Ä� ¤Tl k�"4¦Hl ' ¤�¥ ( l f�l � h � ¢�¢ � $ | h sO£ �B� £t¦¨§�£¤ ' ¦�"4¦Hl ' ¤ � 'Th§m £  Ä "ùø *we$ ¦¨§4£  "�ú!l  Ä�e ¤ �! g £ ( ?�û '�h £�¢ £  £�¤E¦ � l�¤ª" (D' s 'Th ¦¨§4£Äk '  Ä ª� ¤�l k�"4¦Hl ' ¤�¥ ( l f©l � ?�û ¥ Z C\ ñ ç YHü [ 	 Ù[ C ê 
 "N¤�fý $ ¦¨§4£  "�ú!l  Ä�e ¤ �! g £ ( ?�þ 'Th £�¢ £  £�¤E¦ � l�¤ù"ùk ' ¢ �! ¤ '�h ¦¨§�£Äk '  Ä Ä� ¤Tl k�"4¦Hl ' ¤�¥ ( l f©l � ?bþ ¥ X C\Hñ ç Y�ü [ 	 ÙY C ê �

Proof ô¦<�<:Ë�Â�£�Ã�Ì=Ì+È�Ë ù Á#9b9*Ê2Ç!¤�È�}�Ë+Á�É�Á#9*Á�Ì
È�Æ/Ë ; ��������� ,vÿ .�Ê�Ì�£ ��������� ,vÿ�¼ .�Ê ÂlÁ(Ë�Ì�ÈRÉ
Á&Æ�Ê�9PÁ&Â)Ë�} Ë ; È±É.Á�<:Ë:9b9*Ç�°Ì
ÃD<8Ê�È�Ã�Ë�ÌÏÌ�Â)Ã�£�Ã ; ð � < ÿ Û ¥ ð ¼ � < ÿ�¼ Û 576�8 ~ ; Ë�Â$Æ�Ë:9*Á ð Ê Ì=£ ð ¼ Ã�Ì0ÈRÉ
Á-Ã�Ì
È�Á�ÂHÊ�Ê�É × � à X Z\  � Ü Ò @ Á#<8Á�Æ�Æ�Ê�Â�Ã�É�Å�¤�� ¼ ¤}6É.Ã�<�É?£�ÃDÊ.Ã�£�Á�Æ/~¡Ê�Ì�£ , ð  ð ¼ .l��¤T£�ÃDÊ.Ã�£�Á�Æ ,�ÿ) ûÿ�¼ . Û Ò���Ç�È�}�Á¥É
Ê�Ê.Á � Û  ����¥ � ¤�Ê�Ì�£¹��Ã�Æ�Â)Á�É�Ê�È�Ã�Ê.Á�É�ÅªË�Â)Ã�9PÁ$}+Ã�È±É Û Òô ; Ë�Â)È�Ã�Ë�Â�Ã�� ¼ Ã�Æ1ÂlÁ�É�Ê�È�ÃDÊ.Á�É�ÅÄË�Â)Ã�9PÁ(}�Ã�ÈRÉ Û Ò�EÂÉ.Á�Â)Á ; Ë�Â)Á"� ¼ £�Ã�Ê.ÃD£�Á�Æ ÿ� ëÿ ¼ Òî#É�Ê�Æ�Æ�Á�Æ+Æ�É.Ê ÂlÁPÈRÉ
ÁPÆ�Ê!9*ÁPÂlË�}�Æ�Ë ; È±É.Á�Ë�Â)Ë:<:Á�Æ�Æ�Ë�ÂÄÌ�Â�Ã�£ÞÃ ; ÈRÉ
Á�Å�Ê�Â)Ád<:Ë�Ì�Ì�Â)Ç�Á�Ì.È�9*Ë:£�Ç�É�Ë�� ¼ ÒqE�É.Ã�Æ,Ã�Ì=£�Ç+<:Á�Æ+ÊË�Ê�Â�È�Ã�È�Ã�Ë�Ì�Ë�Ì÷<:É�Ê�Æ�Æ�Á�Æ�Ò � Ã�Ì�<:Á,È±É.Á�Â)Á+Ê ÂlÁ�Á#Í�Ê�<:È�É�Å Z C\ ñ Á�É�Á#9PÁ�Ì
È�Æ¦Ë�Á�Â"ÂlË�}ÀÃ�Ì�Á�Ê!<�Éÿ<:É�Ê�Æ�Æ�¤�Ê Ì=£�Æ�Ã�Ì�<:ÁRÈ±É.Á,Ì
Ç+9P��Á�ÂNË ;<:É�Ê Æ�Æ�Á�Æ><:Ë�Ì�Ì�ÂlÇ�Á�Ì
È�È�Ë�ÈRÉ
Á�Æ�Ê�9PÁÄÊ.Ê�É�Ç�ÁÄ9PË:£�Ç�É�Ë�� ¼ Ã�Æ(Á�Ã�ÈRÉ
Á�Â�/ YHü [ 	 Ù[ C 3 Ë�Â ç Y�ü [ 	 Ù[ C ê ¤.}+Áª£�Á#£�Ç+<:Á!È±É.ÁùÊ�Ê É�Ç�Á�Ë ; ? û ÒEÂÉ
Á>Ê�Ê É�Ç�Á$Ë ; ? þ Ã�ÆTË���È�Ê�Ã�Ì
Á#£�Æ�Ã�9*Ã�É�Ê�Â�É�Å�Ò
��È�È�Ç�Â�Ì
Æ1Ë�Ç�È
ÈRÉ
Ê�È�È±É.Á&É�Ë�}�Á�Â2��Ë�Ç�Ì�£ ; Ë�Â2ÈRÉ
Á(Ì.Ç+9P��Á�Â2Ë ; Æ�È�Á#Ë�Æ�Ì�Ã�Ê.Á�Ì,��Å ù Á#9b9*Ê í <8Ê�Ì+Ã�Ì=£�Á�Á#£*��Á$Ê�<�É.Ã�Á#Ê.Á#£�Ò

���)`a�i ���a���a���������! £�¦¨§#"4¦ KNM 8h,�� à ��.1¥ � "N¤#f�¦¨§�"4¦ � < �  ���S I ~ ' ¦¨§�£ ( s¥l � £�¦¨§�£¥k '  Ä Ä� ¤Tl k�"4¦Hl ' ¤>¥ ( l f¦l � h � ¢�¢ �J* "N¤#f �B� £Þ¦¨§4£�¤ ' ¦�"4¦Hl ' ¤ �'Th§m £  ª "ªø6"N¤#f m £  Ä "?ø $
	 §4£ ' rE¦Hl  "N¢+¤ �e g £ (Â'Th � ¦H£Tr � ¾�� é ´ hz')( "N¤ t � k�§�£�f � ¢ £Äl �¾
� é ´�¥ 5vº#» � ? û à�? þ ���
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Proof �¹Á�Ê É�ÂlÁ�Ê�£�Å¦Í�Ì
Ë�} ÈRÉ
Ê�È,È±É.Á�Ì
Ç+9*��Á�Â�Ë ; Æ�È�Á#Ë�Æ ¾ Ë ; Ê�Ì
Å Æ�<�É.Á#£�Ç�É�Á�Ã�Æ÷Ì�ÂlÁ�Ê È�Á�Â¹È±É.Ê Ì Ë�Â0Á�í�Ç�Ê�É+È�Ë5vº#» � ?�û�à�?�þ � Òt�¹ÁnÌ�Ã�Ê�Á�Ê¨<8Ë�Ì.Æ�È�ÂlÇ+<8È�Ã�Ê�ÁÎË�ÂlË�Ë ; ÈRÉ
Ê�ÈEÈ±É.Ã�Æ���Ë�Ç�Ì=£+Ã�Æ�È�ÃDÌqÉ.È�út}+Á¨£�Á�Â�ÃDÊ.ÁTÊ#Æ�<�É
Á#£�Ç�É�ÁT}6É.Ë�Æ�Á/Ì
Ç+9*��Á�Â�Ë ;Æ�È�Á#Ë�Æ2Ã�Æ 5vº#» � ? û à�? þ � Ò�E�Ë¦£�Ë�Æ�Ë:¤'}�Á/��Ë�Â)Â)Ë�}¦Æ�Ë:9PÁ¥9*Ê È�Á�Â�Ã�Ê�É ; Â)Ë:9 Ì�Â�Ê�Ë+É�È±É.Á�Ë�Â�Å�Ò��¹Á¥Ê.Ã�Á�}¦È±É.Á§<:Ë:9b9PÇ�Ì.Ã�<:Ê È�Ã�Ë�ÌÌ�Â�Ã�£�Ê�Æ�Ê�Ì�Â�Ê�Ë+É��X¥ ,�� à�� .±¤�}6É
Á�ÂlÁ¡ � ¥������§¤�}6É
Á�ÂlÁ��ý¥ � � à � à �r�r� à ì  Þ��� Ã�Æ#ÈRÉ
Á"Æ�Á�È�Ë ; Æ�Á�Ì�£�Ã�Ì=ÌvË�Â)Ë:<:Á�Æ�Æ�Ë�Â�Æ�¤�Ê Ì=£�� ¥ � � à � à �r�r� à »  Þ�T� Ã�ÆÈRÉ
Á$Æ�Á�È.Ë ; ÂlÁ#<8Á�Ã�Ê�Ã�Ì=ÌªË�ÂlË:<:Á�Æ�Æ�Ë�Â�ÆÆó'Ê�Ì�£¡ ° ¥ , ì à »B.Þ¹ � Ã ; Ê Ì=£RË�Ì
É�Å-Ã ; ÈRÉ
Á(Á�Ì
È�Â�Å , ì à »B.�Ã�Ì,ÈRÉ
Á><:Ë:9b9*Ç�Ì
Ã�<:Ê È�Ã�Ë�ÌvÌ�Â�ÃD£*Ã�ÆTÌ.Ë�Ì
£�Á�Â)Ë�Ò�ýÃ�Æ+Ê¹��ÃDË�Ê Â)È�Ã�È�ÁbÌ�Â)Ê!Ë+É¡á�Ê�É�É1Á#£�Ì�Á�Æ-É�Ã�Ì
Í�Ê�Ê�Á�Â�È�Á#Í�Ã�Ì��ýÈ�Ë�Ê¢Ê.Á�Â)È�Á#Í�Ã�Ì��#æ`Ò=EÂÉ
Á�£�Á#Ì�Â)Á�Á�Ë ; ��¤.£�Á�´�Ì
Á#£�Ê�Æ�ÈRÉ
Á9PÊ�Í�ÃD9PÇ+9 £�Á#Ì�ÂlÁ�Á*Ë ; Ã�È�Æ6Ê�Á�Â�È�Ã�<:Á�Æ�¤�Ã�Æ 7 � ¥ 5vº#» � ?�û/à�?�þ � Ò.ô¦<�<8Ë�Â�£�Ã�Ì�Ì�È�Ë�ò��Ë�Ì
Ã�Ì
��Æ,Á#£ÂÌ�Áb<:Ë�É�Ë�Â)Ã�Ì�Ì�ÈRÉ
Á�Ë�ÂlÁ#9b¤ÈRÉ
Á�Á#£�Ì�ÁÄ<:Ë�É�Ë�Â�Ã�Ì=Ì�Ì
Ç+9*��Á�Â#Ë ; Ê+��Ã�Ë�Ê�Â�È�Ã�È�ÁªÌ�Â)Ê!Ë+É�Ã�ÆNÁ�í�Ç�Ê�É�È�Ë�Ã�È�Æ�£�Á#Ì�Â)Á�Á!á�Æ�Á�ÁPÎ! !¤qÊ�Ë�ÉtÒ�Ï�¤=Ë1Ò ã «�«�« Ñ�Ë�Â>��Á�Â�Ì�ÁPÎâÏT¤=Ë1ÒÏ�ï í Ñ�æ`ÒeE�É.Ã�Æ?9*Á�Ê Ì.Æ�È±É.Ê È#ÈRÉ
Á�Á#£ÂÌ�Á�Æ�Ë ; Ê*��Ã�Ë�Ê Â)È�Ã�È�ÁjÌ�Â�Ê�Ë+É�<8Ê�Ì���ÁdË�Ê Â)È�Ã�È�Ã�Ë�Ì.Á#£µÃ�Ì 7 � £�Ã�Æ�å¸Ë�Ã�Ì
È$Á#£ÂÌ�Ád9*Ê ÈR<�É
Ã�Ì=Ì�Æ�Òô�<:Ë�Ì
Æ�È�Â)Ç+<:È�Ã�Ê.Á¢Ë�ÂlË�Ë ; Ã�Æ,Ê�Æ ; Ë�É�É�Ë�}�Æ0ú
Â)Á#Ë�Á�Ê�È�Á#£�É�Å�Á#Í�È�Â�Ê�<:È ; ÂlË:9 � Ê�9PÊ�Í�ÃD9PÇ+9 9*Ê ÈR<�É
Ã�Ì=Ì¡ÈRÉ
Ê�È(Æ�Ê È�Ç�Â�Ê�È�Á�Æ+Ê�É�É9PÊ�Í�ÃD9PÇ+9 £�Á#Ì�Â)Á�Á¹Ì.Ë:£�Á�Æ�Ò�ô!È"Á�Ê�<�É�Ã�È�Á�Â�Ê�È�Ã�Ë�Ì=¤/ÈRÉ
Á�Á#Í�Ã�Æ�È�Á�Ì=<8Á�Ë ; Æ�Ç+<�ÉÞÊÿ9PÊ�Í�ÃD9PÇ+9 9*Ê ÈR<�É.Ã�Ì�Ì�Ã�ÆjÌ�Ç�Ê�Â�Ê�Ì
È�Á�Á#£á�Æ�Á�Á���Á�Â�Ì�ÁRÎÐÏT¤qË1Ò�ã�ï�ë Ñ�æ�Ò�E Ëd£�Á�´�Ì.Á!È±É.Á�Æ�<�É
Á#£�Ç�É�Á#¤�}�Á!Æ�ÃD9bË�É�Å*É�Á�È�ÈRÉ
ÁÄ9*Ê ÈR<�É.Ã�Ì�Ì�Æ(Ê�È�Á�Ê�<�É*Ã�È�Á�Â�Ê�È�Ã�Ë�ÌPÂ)Á#Ë�ÂlÁ�Æ�Á�Ì
È�ÈRÉ
Á<:Ë:9b9PÇ�Ì.Ã�<:Ê È�Ã�Ë�Ì,Æ�È�Á#Ë�Æ�Ò
Remark 5 EÂÉ.ÁnË�ÂlË�Ë ; Ë ; EÂÉ
Á�Ë�ÂlÁ#9Xã§Ì�Ã�Ê�Á�Æ�Ê���Ë�Ç�Ì�£ ; Ë�Â�È±É.Á¨<:Ë:9bË�É�Á#Í�Ã�È�Å"Ë ; £�Á�È�Á�ÂH9PÃ�Ì
Ã�Ì=Ì�È±É.Á�Ë:Ë�È�Ã�9*Ê É'Ì
Ç+9*��Á�Â�Ë ;Æ�È�Á#Ë�Æ�Ò�EÂÉ.Á$��Á�Æ�È�Í�Ì
Ë�}�Ì+Ê É�Ì�Ë�Â)Ã�È±É=9 ; Ë�Â�}�Á�Ã�ÌVÉ
È�Á#£Â¤'��ÃDË�Ê Â)È�Ã�È�Á§9*Ê ÈR<�É.Ã�Ì�ÌªÉ
Ê�Æ�<:Ë�Æ�È#" ,�$ ��$ ó ..á�Ó+Ç�Ì�Ì�Ê Â)Ã�Ê�Ì?9PÁ�ÈRÉ
Ë:£Â¤.Î% T¤Ê�Ë�ÉtÒ8ã�¤)Ë1Ò Ï!ë « Ñ�æ�Ò � Ã�Ì=<8ÁNÈ±É.Á�Â)Á&Ê�Â)Á(Ê�È+9PË�Æ�È 5vº#»h, ~ à � .�Ã�È�Á�Â�Ê�È�Ã�Ë�Ì.Æ#È�Ë?<:Ë�Ì
Æ�È�Â)Ç+<:È�È±É.Á"Æ�<�É
Á#£�Ç�É�Á#¤E}�Á�É
Ê�Ê.Á&Ê¦Ë�ÂlË:<8Á#£�Ç�ÂlÁÃ�Ì�" ,�,�$ ~ $ < $ �&$ .('4.�È�Ëª<:Ë�Ì
Æ�È�ÂlÇ+<8È�Ê&Æ�<�É
Á#£�Ç�É�Á(}6É
Ë�Æ�Á(Ì.Ç+9P��Á�Â2Ë ; Æ�È�Á#Ë�ÆTÃ�Æ49PÃ�Ì.Ã�9PÊ�ÉtÒ

E.4.5 Schedule Implementationê!Ç�Â]Ì�Ë�Ê�É�Ã�ÆTÈ�}+Ë ; Ë�É�£*}6É
Á�Ì6£�Á�Æ�Ã�Ì�Ì.Ã�Ì�Ì-ÊNÆ�<�É
Á#£�Ç�É�Á-ú¡Ã9*Ã�Ì
ÃD9PÃ�£�Á(È±É.Á&Ì.Ç+9P��Á�Â2Ë ; Æ�È�Á#Ë�Æ�Ë ; ÈRÉ
Á(Æ�<�É
Á#£�Ç�É�Á#¤'Ê Ì=£¡Ã9*Ã�Ì
ÃD9PÃ�£�Á(È±É.Á&È�Ë�È�Ê É:<:Ë�Æ�È
Ë ; ÈRÉ
Á(Æ�<�É
Á#£�Ç�É�Á�Ò�¹Á?É.Ê!Ê�Á+Ê�É�ÂlÁ�Ê!£�Å*Á#ÍeË�É�Ê�Ã�Ì
Á#£ìÉ
Ë�}¼È�Ë�Ê�Ã�Á�}óÈ±É.Á6<:Ë:9b9PÇ�Ì.Ã�<:Ê È�Ã�Ë�ÌÏÌ�Â)Ã�£�Ê�Æ"Ê,��Ã�Ë�Ê�Â�È�Ã�È�Á?Ì�Â�Ê�Ë+É)�©¥ ,�� à�� .`ÒN��Ë�ÂlÁÊ�<�<:Ç�Â�Ê�È�Á�É�Å�¤�}�Á�Ê�Ã�Á�} Ã�È&Ê�Æ+Ê�Ì¡Á#£�Ì�Á�°�}�Á�Ã�ÌVÉ
È�Á#£���Ã�Ë�Ê�Â�È�Ã�È�Á©Ì�Â�Ê�Ë+É ú�È±É.Á�Á#£ÂÌ�Á*Ë ; Á�Ê�<�É¡Á#£ÂÌ�Á , ì à »B.&Ã�Æ-È±É.Á�É�Á�Ì�Ì�ÈRÉ��YHZ=[]\_^ , ì à »B.�Ë ; È±É.Á¥9PÁ�Æ�Æ�Ê�Ì�Á(Æ�Á�Ì.È
��ÅùË�ÂlË:<:Á�Æ�Æ�Ë�Â�ì�È�ËÄË�Â)Ë:<:Á�Æ�Æ�Ë�Â�»�Ò
�¹Á$Ê�£�Ë:Ë�È.È±É.Á ; Ë�É�É�Ë�}+Ã�Ì�Ì-È�}�Ë�Æ�È�Â�Ê�È�Á#Ì�Ã�Á�ÆNú

stepwise � ; }�Á$Æ�Ë�Á#<8Ã ; Å!ÈRÉ
Á$Ì
Ç+9*��Á�Â�Ë ; Æ�È�Á#Ë�Æ�¤�}�Á¥É.Ê!Ê�Á#È�Ë¦<�É.Ë�Ë�Æ�Á$Ê È�Á�Ê!<�É�Ã�È�Á�Â)Ê È�Ã�Ë�Ì�Ê�9*Ê!Í Ã�9PÇ+9 9PÊ�È±<�É
Ã�Ì�Ì�È±É.Ê ÈÆ�Ê�È�Ç�Â�Ê�È�Á�Æ�Ê É�É
Ì
Ë:£�Á�Æ$Ë ; 9*Ê!Í Ã�9PÇ+9 £�Á#Ì�ÂlÁ�Á�Ò � Ã�Ì�<:Á�}�Á!Ê�Â)Á ; ÂlÁ�Á"È�Ë,Æ�Á�É�Á#<8È�Ê�Ì
ÅRË ; Æ�Ç+<�É©9PÊ�È±<�É
Ã�Ì=Ì�Æ�¤.Ê�Ì
Ê�È�Ç�Â�Ê�ÉÃD£�Á�Ê*Ã�Æ+È�Ë0Æ�Á�É�Á#<8È$Ê�9PË�Ì=Ì�Ê�É�É1Æ�Ç+<�É�9*Ê ÈR<�É.Ã�Ì�Ì�Æ�Ë�Ì.Á*Ë ; 9*Ê!Í Ã�9PÇ+9 }�Á�ÃDÌqÉ.È$á�ÈRÉ
Á*}�Á�Ã�ÌVÉ
È$Ë ; Ê�9*Ê ÈR<�É
Ã�Ì=Ì�Ã�Æ£�Á�´�Ì.Á#£�Ê�Æ�ÈRÉ
Á(Æ�Ç+9 Ë ; ÈRÉ
Á(}�Á�Ã�ÌVÉ.È�Ë ; Ã�È�Æ1Á#£�Ì�Á�Æ�æ`Ò
greed y � ; }�ÁRÆ�Ë�Á#<:Ã ; Å�È±É.Á*È�Ë�È�Ê�É�<:Ë�Æ�È±¤�}�Á©<:Ê�Ì�Ê!£�Ë:Ë�È�Ê�Ì�Â)Á�Á#£�Å�É
Á�Ç�Â)Ã�Æ�È�ÃD<�È±É.Ê È/Æ�Á�É�Á#<8È�Æ�Ê�9PÊ�Í�ÃD9PÇ+9 }�Á�Ã�ÌVÉ.È�Á#£9*Ê ÈR<�É
Ã�Ì=Ì!Ê È�Á�Ê�<�É�Æ�È�Á#Ë1Ò��¹Á§9PÃ�ÌVÉ.È
Á�Ì�£+Ç+Ë�}�Ã�ÈRÉ+Ê(Æ�<�É
Á#£�Ç�É�Á§É.Ê!Ê�Ã�Ì�Ì¦9*Ë�Â)Á/È±É.Ê Ì ¾ � é ´ Æ�È�Á#Ë�Æ2��Ç�È�}?É
Ë�Æ�Á$È�Ë�È�Ê�É<:Ë�Æ�È
Ã�Æ1É�Á�Æ�Æ�ÒE�Ë!ÃD9bË�É�Á#9*Á�Ì
È���Ë�ÈRÉ�Ê�Ë+Ë�Â)Ë�Ê�<�É
Á�Æ�¤�}�Á$ÂlÁ�É�Å!Ë�Ì-Ê&É�Ã�Ì
Á�Ê�Â]Ë�ÂlË:Ì�Â�Ê�9b9PÃ�Ì�Ì ; Â)Ê!9*Á�}�Ë�Â�Í!á�Æ�Á�Á�Î% T¤T<�É.Ê!Ë�È�Á�Â�ï!ë�Ñ�æ`Ò ù Á�È Ö��Á$È±É.Á $ �*$ ÷ $ � $ Ã�Ì=<8Ã�£�Á�Ì=<8Á¥9*Ê È�Â�Ã�Í"Ë ; ��¤'}6É
Á�ÂlÁ

+ µ_¶ ¥ ö � Ã ; Á#£ÂÌ�Á>=(Ã�Æ1Ã�Ì�<:Ã�£�Á�Ì
È
È�ËÄÊ.Á�Â)È�Á#Í�&� Ë�ÈRÉ
Á�Â)}�Ã�Æ�Á
� Ã�Ì=<8Á,��Ã�Æ#��Ã�Ë�Ê�Â�È�Ã�È�Á#¤ Ö Ã�Æ#È�Ë�È�Ê�É�É�Å,Ç�Ì.Ã�9PË:£�Ç�É�Ê�Â�á�Á�Ê!<�ÉRÆ�í�Ç�Ê ÂlÁ"Æ�Ç��V9PÊ�È�Â�Ã�Í�Ë ; Ö É.Ê Æ§£�Á�È�Á�ÂH9*Ã�Ì
Ê�Ì
È � ¤ � Ë�Â  !� æ�ÒJEÂÉ
Á9PÊ�ÈR<�É.Ã�Ì�ÌªË�Ë�É�Å�È�Ë:Ë�Á&Ë ; �µÃ�ÆTÈRÉ
Á(Æ�Á�È.Ë ; Ê É�É:Ê�Á#<:È�Ë�Â)Æ�(^¹�-�. /0.�Æ�Ç+<�É�ÈRÉ
Ê�È

ö ( , ° .>ñ � 1 ° ¹ �é325476 ( , ° . S¦�81 �t¹ � á�õ�Ò   æ
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á�Ã�Ì
È�Ç�Ã�È�ÃDÊ.Á�É�Å�¤+( , ° .N¥ � Ã ;R; Á#£�Ì�Á ° Ã�Æ#Æ�Á�É�Á#<:È�Á#£¹Ã�Ì*ÈRÉ
Á¦9*Ê ÈR<�É
Ã�Ì=Ì�æ`Ò4��Á#<8Ê�Ç�Æ�Á"ÈRÉ
Á2Ë�Ë�É�ÅqÉ.Á#£�Â)Ë�Ì©£�Á�È�Á�ÂH9*Ã�Ì
Á#£P��ÅRõ�í�Ç�Ê °È�Ã�Ë�Ì,õ�Ò  (Ã�ÆTÃ�Ì.È�Á#Ì�Â)Ê É�¤�}�Á><:Ê Ì-Â)Á�}�Â)Ã�È�Á$Ã�È
Ê�Æ�È±É.Á(Æ�Á�È
Ë ; Ê�É�É)Ê�Á#<8È�Ë�Â�ÆÞ(¡¹
- . /�. Æ�Ç+<�É�ÈRÉ
Ê�È
(¡ñ � à Ö ( S�9 }6É.Á�Â)Á 9 ¥ :;;

<
���r�E��
=?>>
@ ¹
- . AB. � á�õ�Ò í æ

E�Ë�´�Ì=£*Ê�9PÊ�Í�Ã�9*Ç+9¾}�Á�Ã�ÌVÉ
È�Á#£d9PÊ�È±<�É
Ã�Ì=ÌV¤ }�Á(É�Ë�Ë�Í ; Ë�Â�(�Æ�Ç+<�É�È±É.Ê È5vº#» � C ´ ( 
 (¡ñ � à Ö ( S�9B� à á�õ�Ò C æ
}6É.Á�Â)Á C ¹
DE. /�.�Ã�Æ1ÈRÉ
Á(}�Á�ÃDÌqÉ.È�Ê�Á#<8È�Ë�Â�Ò� ; }�Á¦<�É
Ë�Ë�Æ�Á!ÈRÉ
Á��Æ±H������³!Æ�È�Â)Ê È�Á#Ì�Å�¤�}+Á�Æ�Ã�9bË�É�Å�ÂlÁ#Ë�Á�Ê�È�È±É.Á�Æ�Á�Ê Â�<�É ; Ë�Â�ÊÄ9*Ê!Í Ã�9PÇ+9¼}�Á�Ã�ÌVÉ
È�Á#£¢9PÊ�È±<�É
Ã�Ì�ÌRÇ�Ì
È�Ã�ÉÊ�É�Ée<:Ë:9b9*Ç�Ì
Ã�<:Ê È�Ã�Ë�Ì.Æ�Ê ÂlÁÎ£�Ë�Ì
Á�Ò�� ; }�Á§<�É
Ë�Ë�Æ�Á$ÈRÉ
Á#ÿ�°v��´�êA�fÿ���Æ�È�Â�Ê�È�Á#Ì�Å�¤�}�Á§É.Ê!Ê�Á/È�Ë�Á�Ì
Æ�Ç�ÂlÁ#ÈRÉ
Ê�È±¤�Ê È�Á�Ê�<�É�Ã�È�Á�Â�Ê�È�Ã�Ë�Ì�¤�Ê�É�ÉÊ�Á�Â�È�Ã�<8Á�Æ1Ë ; 9PÊ�Í�ÃD9PÇ+9 £�Á#Ì�Â)Á�Á(Ê�Â)Á$Æ�Ê�È�Ç�Â)Ê È�Á#£�ÒJEÂÉ.Ã�Æ/È�Ê Æ�Í-Ã�Æ1Ì
Ë�È+£�Ã ; ´+<8Ç�É�È2ú ; Ë�Â�Á�Ê!<�É6Ê�Á�Â�È�Á#Íù�NË ; 9PÊ�Í�Ã�9*Ç+9ô£�Á#Ì�ÂlÁ�ÁÃ�Ì©Ë�Ë�Æ�Ã�È�Ã�Ë�Ì^&R¤�}�Á�ÂlÁ#Ë�É�Ê�<8ÁNÈ±É.Á2<:Ë�Ì
Æ�È�Â�Ê�Ã�Ì
È , Ö (%. µ S � ��Å , Ö (%. µ ¥ � ÒBEÂÉ.Ã�Æ$È�Â)Ê Ì.Æ�É�Ê�È�Á�Æ#Ã�Ì
È�ËÝ# ´ Ö (�¥ ÿ ¤�}?É
Á�ÂlÁ ÿ Ã�ÆÈRÉ
Á�Ì.Ç+9P��Á�Â�Ë ; 9PÊ�Í�ÃD9PÇ+9 £�Á#Ì�ÂlÁ�Á�Ê�Á�Â�È�Ã�<:Á�Æ#Ê Ì=£ # ¹¬� � à ��� . AF.�}6É.Ë�Æ�Á!Á�Ì
È�Â�Å,Ã�Ì©Ë�Ë�Æ�Ã�È�Ã�Ë�Ì¡&�Ã�Æ � Ã ;±; ÈRÉ
Á�&¸È±ÉdÊ.Á�Â)È�Á#ÍÃ�Æ&Ë ; 9PÊ�Í�Ã�9*Ç+9�£�Á#Ì�ÂlÁ�Á�Ò��¹Á-Ì.Ë�È�Á�ÈRÉ
Ê�È2Ã�Ì¹Á�Ã�ÈRÉ
Á�Â¥<:Ê Æ�Á�}�ÁÄÉ.Ê!Ê�Á-ÊùË�Ë�É�Å�Ì
Ë:9*Ã�Ê É�9PÁ�ÈRÉ
Ë:£�ÒB��Á#<:Ê�Ç�Æ�Á!È±É.Áù9*Ê ÈR<�É.Ã�Ì�ÌË�Ë�É�ÅVÉ
Á#£�ÂlË�Ì�Ã�ÆTÃ�Ì.È�Á#Ì�Â�Ê�É�¤�}�Á$Æ�Ë�É�Ê�Á(Ê"Â�Ê�È�Ã�Ë�Ì
Ê�ÉEÉ�Ã�Ì.Á�Ê Â]Ë�Â)Ë���É�Á#9½��Ç�È.Ê ÂlÁ§Ì�Ç�Ê�Â�Ê�Ì
È�Á�Á#£�È�Ë�´�Ì�£�Ã�Ì
È�Á#Ì�Á�Â2Æ�Ë�É�Ç�È�Ã�Ë�Ì
Æ�ÒE�Ë�Æ�Á�Á�È±É.Á ; Ê!<:È�ÈRÉ
Ê�È2ÈRÉ
ÁªÌ�Â)Á�Á#£�Å�Æ�È�Â)Ê È�Á#Ì�Åb<:Ê Ì���Á���Á�È�È�Á�Â#ÈRÉ
Ê�Ì¹È±É.Á-Æ�È�Á#Ë�}�Ã�Æ�Á�Æ�È�Â)Ê È�Á#Ì�ÅPÃ�Ì¹È�Á�ÂH9*ÆNË ; È�Ë�È�Ê ÉÂ<:Ë�Æ�È±¤<:Ë�Ì
Æ�Ã�£�Á�Â2ÈRÉ
Á ; Ë�É�É�Ë�}�Ã�Ì=Ì+Á#Í�Ê�9bË�É�Á�Ò
Example 6î#Ë�Ì.Æ�Ã�£�Á�Â�Ê!Â)Á#£�Ã�Æ�È�Â�Ã���Ç�È�Ã�Ë�ÌvË�ÂlË���É�Á#9ó}+Ã�È±É�~ ¥ ��� ¤ � ¥ ú�¤ � ¥���¤�Ê�Ì�£0�-¥X²�Ò�EÂÉ
Á�<8Ë:9©9PÇ�Ì.Ã�<8Ê�È�Ã�Ë�Ì©Ì�Â)Ã�£PÊ�Ì�£ÈRÉ
Á(Æ�È�Á#Ë�}+Ã�Æ�ÁNÆ�È�Â�Ê�È�Á#Ì�Å�Ê�Â)Á#Ã�É�É�Ç�Æ�È�Â�Ê�È�Á#£�Ã�ÌvE�Ê���É�Á(õ�Ò ã:ã+úmÈRÉ
Á(Ì
Ç+9*��Á�Â2Ë ; Æ�È�Á#Ë�ÆTÃ�ÆTÁ�í�Ç�Ê�É�È�Ë ��� ¤'}6É
ÃD<�É,Ã�Æ1Ë:Ë�È�Ã�9PÊ�É�¤���Ç�ÈÈRÉ
Á$È�Ë�È�Ê�É)<:Ë�Æ�È.Ã�Æ$� � á�Æ�Á�Á§E Ê ��É�Á#õ�Ò ã�Ï æ`Ò�EÂÉ
Á¥Ì�Â)Á�Á#£�Å!Æ�È�Â�Ê�È�Á#Ì�Å!ÂlÁ�í�Ç�Ã�Â)Á�Æ]9PË�ÂlÁ$Æ�È�Á#Ë�Æ�¤'Ì
Ê�9PÁ�É�Å�¤ � �1á�Æ�Á�Á¥E�Ê���É�Á#õ�Ò ã ï�æ�¤���Ç�ÈÃ�È�ÆTÈ�Ë�È�Ê É:<:Ë�Æ�È
Ã�Æ � ù/Ë�Ì
É�Å-á�Æ�Á�Á¥E�Ê���É�Á$õ�Ò ã!Ç�æ�Ò
E �"� Ò�õ�Ò ã8ãÄ¡�î#Ë:9b9*Ç�Ì
Ã�<:Ê È�Ã�Ë�Ì�Ì�Â)Ã�£�Ê Ì=£Ï<:Ë:9b9*Ç�Ì
Ã�<:Ê�È�Ã�Ë�ÌPÆ�È�Á#Ë�Æ$á�Æ�È�Á#Ë�}�Ã�Æ�Á!Æ�È�Â)Ê È�Á#Ì�Å�æ ; Ë�Â(~ó¥ ��� ¤ � ¥ßúB¤ � ¥ý��¤Ê�Ì�£¹�"¥�²�Ò���Á�Æ�Æ�Ê�Ì�Á$É�Á�Ì�Ì�ÈRÉ
Æ1Ê ÂlÁ#Ã�Ì=£�Ã�<8Ê�È�Á#£ ; Ë�Â�Ê�Ê.Á#<:È�Ë�Â�¢ Ë ; Æ�Ã�£�Á"¤¡¥»à � Ò

� È�Á#Ë�}�Ã�Æ�Á$Æ�È�Â�Ê�È�Á#Ì�Å ; Ë�Â0G\§³¨�ªe¤
H4§JIe¤ « §åáe¤�Ê Ì=£ ­ §À¬
� ��ä ë ã Ï ï Ç û @ Ò ��Òë K?L ° K(M ° KON ° ïã POQ P:< P(R P?S P?T P?U «Ï ° K(M ° K?N ° K?L ïï KVM ° KON ° K?L ° ïÇ P(R P?S P8< P?Q POU P?T «û ° K?N ° KOL ° KVM ï« KON ° K?L ° K(M ° ï P8< P?Q POU P?T P(R P?W «í ° KOL ° K(M ° K?N ïC KOU ° K?S ° KOW ° ïã�ë POT PVR P?W P?U P:< P?Q «ã:ã ° K?T ° K?W ° K?S ïã�Ï K?W ° KOQ ° KOS ° ïã�ï P?S P?U P?T PVR POQ P:< «ã�Ç ° K?W ° K:< ° K(R ï@ Ò ��Ò ã�ë ã�ë ã�ë ã�ë ã!ë ã�ë



74 Ð:Ñ�ÒVÓ�ÔVUVÕxÖD×VØRöÎÕDÙ)Ñ`÷eÚ�Û�ø:ÑJÕDÖDÑyÜ>ÝHÝHÞ�øjß>Ó�Ô:Ö�àâáHÝ�ÖDãVU:áHÖxÙ!×
E �N� Ò�õ/Ò ã�Ï�¡&î#Ë:9©9PÇ�Ì
ÃD<8Ê�È�Ã�Ë�Ìv<8Ë�Æ�È�Æ�á�Æ�È�Á#Ë�}+Ã�Æ�Á$Æ�È�Â)Ê È�Á#Ì�Å�æ ; Ë�ÂT~�¥ ��� ¤ � ¥»úB¤ � ¥��B¤'Ê�Ì�£¹�"¥�²�Ò

� È�Á#Ë�}�Ã�Æ�Á$Æ�È�Â�Ê�È�Á#Ì�Å ; Ë�Â0G\§³¨�ªe¤
H4§JIe¤ « §åáe¤�Ê Ì=£ ­ §À¬
Step a b c d e f g h i j Total
Cost Ï Ï Ï Ï Ï Ï Ï Ï Ï Ï 20

E �"� Òmõ�Ò ã�ï>¡"î#Ë:9©9PÇ�Ì.Ã�<8Ê�È�Ã�Ë�ÌvÌ�Â�Ã�£�Ê Ì=£j<8Ë:9©9PÇ�Ì
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E.4.5.1 Comparison with Walker and Otto’ s Strategy
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Ò ï�Ò Ïá�Æ�Á�Á(ä�Á#9*Ê Â)ÍùÇ�æ�Ò`��Ì,ÈRÉ
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È�Â�Å , ì à »B.�Ã�Ì,ÈRÉ
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ðNÂ)Á�Á#£�Å�Æ�È�Â�Ê�È�Á#Ì�Å ; Ë�ÂXGÀ§©¨�ªe¤
H4§YI)¤ « § á!¤'Ê Ì=£ ­ §4¬
Step a b c d e f g h i j k l Total
Cost Ï Ï Ï Ï Ï Ï ã ã ã ã ã ã 18
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CLIC(lcm(r,s)) È�Ë CYCLIC(s) Ò

E.5 MPI ExperimentsEÂÉ
Ã�Æ�Æ�Á#<8È�Ã�Ë�ÌjË�ÂlÁ�Æ�Á�Ì
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Æ�Ë�Ì*ÈRÉ
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Ã�<:Ê È�Ã�Ë�ÌR��Ç ;±; Á�Â�Æ�Òï
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Á(È�Ã�9PÁ�Â�Ò 
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Å�ÈÃ­m´Ä°_¬�­m½
« � Ó�¯�¬�µ�Å ÐP��Ë�� � Ò  "_ N # ­Ä¯¹°À¯�½
ÂÃ²�³?µ�ý�¬�½
ý�¯�½
ÂÃ²�³Oµ�³O½
Å�ÈÃ­m´m°7¬�­m½
«~¯�Ó�¯�¬�µ�Å þ °7¯�µ�º½
«��¹­mµ�«·«®°�Ë�½
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«¨²�½
ÂÃ¬�­Ä«·µ�¯B³?°7´m´m¯7Ê7û±Î®µ~³?½
º±µ~É�µ�«·µ�²�°_¬�µ�º þ Ó���� Ö ûv½
½
´Ä¯�­m¯��²�­m¬�¬�µ�«�­m«�ËsN$NÀ°_«®º�µ�×_ÈÃ´m­m³?­m¬®³?½
Å�Å�ÂÃ«·­m³?°7¬�­m½
«®¯X²�½
ÂÃ¬�­Ä«·µ�¯�³O°7´m´m¯7Ê� ½
Å�µ�½
¬�Î®µ�²F­mÅ�ÈÃ½
²�¬�°7«·¬·³O½
Å�ÈÃ­m´m°7¬�­m½
«�ÈÃ²�½�` µ�³?¬�¯0µ�×_­m¯�¬·´Ä­m¼�µ � ¥�(�Ë�°_«®º Ö °_²�°_º±­mÉ�ÅÔÊû±Î·µ � ¥�(�Ëz³O½
Å�ÈÃ­m´mµ�²  ù # ¶Áº±µ Ì µ�´m½
ÈÃµ�º þ Ó¨¬�Î·µ � ¬�°_«®Æ�½
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Æ·°�³?½
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É�²5°7Å�¯�Æ�½
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¬�Î�²�µ�É�ÂÃ´m°7²0°7«·º�­m²5²�µ�É�ÂÃ´m°_²¹°7ÈÃÈÃ´m­m³?°7¬�­m½
«®¯7Ê�û±Î·²�½
ÂÃÉ¸Î*°�³?½
Å þ ­m«·°7¬�­m½
«�½
ÆÁ³O½
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Æ°7ÈÃÈÃ´m­m³?°_¬�­m½
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«�¯�Î·½
ÂÃ´mº�°_´Ä´m½L�ØÆ�½
²�¬�Î®µ�Å�½
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É�²5°7Å�Å�µ�²�­Ä¯�°_´m´Ä½L��µ�ºz¬�½©²�µ�º±­m¯�¬�²�­ þ ÂÃ¬�µB¬�Î®µ�ºÁ°7¬�°,­Ä«·¯�­mº±µ�¬�Î·µ�³O½
º±µ¸Ê�û±Î·µ�³?½
º±µ�­m¯¬�Î·µ�«�³?½
Å�ÈÃ­m´Äµ�º�¬�½~½ þ ¬�°_­Ä«�°�¯�½
ÂÃ²�³?µÀ³?½
º±µ�­m«©Ë�½
²5¬�²5°7«%N$N���­Ä¬�Î�Å�µ�¯�¯�°_É�µ�ý�ÈÃ°_¯�¯�­m«®É~³?°7´m´m¯7Êe(�¬·­Ä¯0¯�½
Å�µ�¬�­ÄÅ�µ�¯0ÈÃ½
¯�¯�­ þ ´mµ�¬�½Å�½
º±­mÆ�ÓB¬�Î·µ0²�µ�¯�ÂÃ´Ä¬�­m«®ÉB³?½
º±µ�¬�½�­Ä«·¯�µ�²5¬v½
ÈÃ¬�­mÅ�­mü7°_¬�­m½
«·¯7Ê�ûÁÎ®µ�³?½
º±µ�³O°7«�¬�Î®µ�« þ µ�µ�×_µ�³OÂÃ¬�µ�º�½
²Ã¯�­mÅ�ÂÃ´m°7¬�µ�ºXÊ�(�Æe¬�²5°7³?µ�¯ÁÎ®° Ì µþ µ�µ�«�É�µ�«·µ�²�°_¬�µ�º±¶?¬�Î·µ�ÂÃ¯�µ�²Ï³?°7«�Î·° Ì µ�°7«�­mº±µ�°X½
Æv¬�Î®µ þ µ�Î®° Ì ­m½
²Ï½
Æ
Î®­m¯#³?½
º±µ¸Ê ûÁÎ®µ���ÂÃ°7´m­m¬�Ó�½
Æ
¬�Î·µ�º±­m¯�¬�²5­ þ ÂÃ¬�­m½
«�Ð�°7«·º,¬�Î·µ½
ÈÃ¬�­mÅ�­mü7°7¬�­m½
«®¯�ÒF³?°_« þ µ�­mÅ�ÈÃ²�½ Ì µ�º�Ê�û±Î·­Ä¯�³OÓ�³?´mµ�³O°7« þ µ�µ�×_µ�³OÂÃ¬�µ�º¥¯�µ Ì µ�²5°7´·¬�­mÅ�µ�¯�¬�½©½ þ ¬�°7­m«�¬�Î·µ þ µ�¯�¬ÁÈÃµ�²5Æ�½
²5Å�°7«·³?µ¸ÊÑ�«·µ/��ÂÃµ�¯�¬�­m½
«©­m¯�r�Î®½L��ÈÃ½
²5¬�° þ ´mµ�­m¯�¬�Î·µo²�µ�¯�ÂÃ´m¬�­Ä«·É,³O½
º±µ�ýÑ�«·µ~ÈÃ²�½ þ ´mµ�ÅÍ��­m¬�Î,. Ö Ë
­Ä¯B¬�Î·°7¬¹°v. Ö Ë
³?½
Å�ÈÃ­m´mµ�²o­m¯�«·½
¬�²�µ��¸ÂÃ­Ä²�µ�º�¬�½�Æ�½
´m´m½L�Ç¬�Î·µ�ÂÃ¯�µ�²�¾Ä¯B°7º Ì ­Ä³Oµ�¯ÀÐ�¯�¬�°_¬�µ�º °7¯º±­m²�µ�³O¬�­ Ì µ�¯�Ò�Ê�û±Î·­m¯o³?°_« þ µ�°~ÈÃ²�½ þ ´mµ�Å þ µ�³O°7ÂÃ¯�µ�¬�Î®µ�ÂÃ¯�µ�²X³?°_«
Î®° Ì µ�°,Æ�°7´m¯�µ Ì ­Äµ��Ø½
ÆFÎ·­m¯o³?½
º±µ�¶tõ7³O½
²�²�ÂÃÈÃ¬�µ�º�ö þ Ó*¬�Î·µ³?½
Å�ÈÃ­m´mµ�²5ÊOû±Î·°7¬Ã­m¯���Î·Óv��µ�¬�Î®­m«·¼©¬�Î·°7¬±°�¯�¬�²�½
«·É©­Ä«·¬�µ�²5°7³O¬�­m½
« þ µ�¬a��µ�µ�«&¬�Î·µB³?½
Å�ÈÃ­Ä´mµ�²�°7«·º�¬�Î®µ�ÈÃ°7²5°7´m´mµ�´m­mü7°7¬�­m½
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½
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½
´m¯E­m«®¬�µ�É�²�°_¬�µ�º�­Ä«*°B¯�­m«·É�´mµ�µ�« Ì ­m²�½
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Sequential algorithm

Parallel code

Data distribution

Libraries (seq, par)

MonitoringProfiling

Debugging

HPF compiler

Code with message passing

executable

Execute

Compiler

HPFize
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F.4.2 HPFizeÕ < "$��:� < 8+.02#2#�*3!().4&�3! -%'8�Î'. Ì � þ ����%I5S� Ì ���! -2#��5o -%Y89��� < ��%/&�3!.4�!Q Ì ��(�&� -:E -:E2#.4:;.4�!�!���7">.4(?Î'3!%/��84?_û±Î'��89�]() -57��8Î'. Ì �B&� þ �C"> -573Z�#��5N&� þ �C��×R��( < &���5F -%G573!89&�:�3 þ�< &���56"$��"> -:�Ó]"$.0(?Î'3*%'��84?Wmo:�3!&�3!%'KA.X2#:� -Kc:�.0"r3!%�. Ö#P () -%/893!89&�8L3*%3!%/()� < 573!%/KN() -"$2#3!�!.4&�3! -%>5S3*:���(�&�3 Ì ��8\3!%'&� 6&�Î/��89 < :�()��(� -57�c?�(H&73!8E3!%/&���:���89&�3!%'KN&� F893!">2#�*3!,�ÓN&�Î'���F.7Ó6&�Î/� < 89��:L3!%'89��:�&�88 < (?Î[573!:���(�&�3 Ì ��84?�û±Î/3!8X3!8X.0(?Î'3!� Ì ��5 < 893!%'K=.]Kc:�.02ÃÎ/3!(�.0�V��% Ì 3*:� -%/">��%'&M&�Î/.0&M3!8X. þ �!�A&� 6K���&_&�Î'��%'��(���8989.4:5ÓN2#3!��(���8E -,3!%/,H -:;"$.0&�3! -%6,�:� -"f&�Î/� < 89��:_.0%/5=,�:� -"f&�Î/�X2#:� -K�:;.4"l3*&�89���!,·ÐH.4,H&���:M2#.4:;893!%/KG.4%'5N57��2#��%'57��%/()�E.4%'.4�mÓ�893!8�Ò9?ûR N8 < "$">.4:;3mü4��Q�&�Î/���#:�89&_, < %'(�&�3! -%/.0�*3!&�Ó$ -,_&�Î'3!8+2#.4:;&S -,FûT:;.4%'8�ûÃÑ�Ñ��I3*8+&� *Î'���!2I&�Î'� < 89��:B&� N3!%'89��:�&�. Ö#P þ .0893!((� -">2# -%'��%/&�8L3!%/&� ,Î'3!8<õ4 -�!5 P  -:�&�:�.0%töU89 < :�()�E(� -57�oÐH.4%'5NK�3 Ì �X57��,H. < �!&�8 Ì .4� < ��8@.48D" < (?Î6.08D2# -89893 þ �!��ÒJr��!��&/&�Î/� < 89��:3!%/89��:;&�Qt�F3*&�ÎI89 -"$�G.489893!89&�.0%/()��Q�573!:���()&�3 Ì ��8+.4%'5d(� -%'89&�: < (�&�3! -%'8J�!3!O��G&���">2#�*.0&���Q�2#:� -(���8989 -:�Q�.4�!3!K�%'Q/573!89&�:�3 þ�< &���Q�,� -:;.4�!�.4%'5N().4�!�!8@&� �3!%'&�:;3!%/893!(B2#:� -()��5 < :���84?û±Î'�J">.43!%$:���89��.4:�(?Î6&� -2#3*(E.0:� < %'5[&�Î'�U89��">3mý�. < &� -">.4&�3*(E3!%'89��:�&�3! -%$ -,I. Ö#P 5S3*:���(�&�3 Ì ��8L3!8B&�Î'��. < &� -">.4&�3!(E573!89&�:;3Äýþ�< &�3* -%6 -,'">.4&�:;3!(���8 < 893!%'K]57��2#��%'57��%'(��E.0%/.0�ÄÓc893*89Q02#:�� Ì 3* < 8D5S3*89&�:�3 þ�< &�3! -%/8\.4%'5N&�.0:�K���&/"$.0(?Î'3*%'�X2#.0:�.0"$��&���:�84?
F.4.3 Dependence Anal ysis[���2#��%/5S��%/()�G.0%/.0�ÄÓc893*8�3!8�.N(�: < (�3!.4�M2#.4:;&D -,L&�Î/�F89��">3ÄýH. < &� -"$.0&�3!(�2#.0:�.0�*�!���!3mü4.0&�3! -%d -,L.6() -57�c?hKe.4%·Ó[&� - -�!8A,� -:57��2#��%'57��%'(��A.4%'.4�mÓ�893!8�Î/. Ì � þ ����%[57��893!K�%'��5Y.0%/5 Ö ��&�3!&  M�N # 3!8J -%/�G -,_&�Î/��"`? Ö ��&�3!&_3!8X. Ì ��:;893! -%I -,1Ki3!(OÎ/.0���'mI -�mý,H��s
8�ûc3*%·Ói&� - -�L��×R&���%'57��5 þ ÓY&�Î'�*ÑA">��K�. Ö :� �`���(�&B.0&\&�Î/�R¥A%'3 Ì ��:;893!&�Ói -,>Ke.0:�Ó��!.0%/5\?
û±Î/3!8G&� - -� < 89��8�&�Î/��ÑA"$��Kc.�!3 þ :�.0:�Ó  M�O # &� �(� -">2 < &��J&�Î'�E57��2#��%'57��%/()��84?mI� < 89� Ö ��&�3!& Ì 3*.=3*&�8 þ .4&�(?Îo3*%'&���:;,H.4(��F&� I(� -">2 < &��F&�Î'�657��2#��%'57��%/()��8J -,C89���!��(�&���5`�* - -2`%'��89&�84?
û±Î/� < 89��:J(�.4%(?Î' - -89�>.>�! - -2b%/��89&B.0%/5b.489Oi,� -:A&�Î/�>57��2#��%'57��%'(���84?
ûÁÎ/��%'QM.[K�:;.42ÃÎ'3!(�.0�@3!%/&���:�,H.4()�N.4�!�! L�F8G&�Î/� < 89��:A&� i89���=&�Î'�57��2#��%'57��%'(���89Qt&� A89���!��(�&/89 -"$�E5S��2#��%/57��%'(���8^.0(�(� -:�573!%/KA&� A89 -"$�E():�3!&���:�3! -%�Ð�,H -:S��×R.4">2#�!��Qu(OÎ/ - -893!%'KG -%'�mÓ�&�Î'��ô# L�57��2#��%'57��%'(���8�ÒHQ�&� �89���X&�Î/�+893*%'O].0%/5$&�.0:�K���&� -,V57��2#��%'57��%'(���8D -%F&�Î'�X��573!&� -:;?m]Î/��%�.B�! - -2F%/��89&-3!8^(?Î' -89��%'Qu&�Î/�C(� -:;:���892# -%'573!%'KU8 <Ãþ ý�2#:� -K�:�.0"a3!8_:�� þ�< 3!�!&R,H:� -"r&�Î'��� þ 89&�:�.0(�& � Ó�%'&�.7×�ûT:����@.4%'5&�:;.4%'89,H -:�">��5N3!%/&� ]&�Î/� Ö ��&�3!&/�!.4%'K < .0K�� < 893!%/K1,PM02L?P 3!K < :�� P ? MJ8�Î/ L�F8\89 -"$�J -,'&�Î/�E5S��2#��%/57��%'(��E.0%/.0�mÓ�893!8��F3*%'57 L�F8L -,ÏûT:;.4%'8�ûÃÑ�Ñ��\?
F.4.4 Parsing and Unpar sing��[)� Ö ûÃÑ�*©ÐP� < &� -"$.0&�3!(�[U.0&�. Ö .4:;.4�!�!���*3!89"�ûT:�.0%/89�!.0&� -:5Ò03!87.\2 <Ãþ �!3*(_57 -">.43!%A(� -">2#3!�!.4&�3! -%A8�Ó�89&���"v57� Ì ���! -2#��5�.0&cXK�[`,H -:V(� -">2#3!�*3!%'KJ5S.4&�.\2#.4:;.4�!�!���H. Ö#P 2#:� -Kc:�.0"$8#&� X��� < 3 Ì .0�*��%'&T"$��8989.0K��@2#.089893*%'K+2#:� -K�:;.4">8  ù! M # ?Vû±Î'�@(� -">2#3!�*��:&� - -�!8 < 89��5Y,� -:>��[)� Ö ûÃÑ�*i().4% þ �A:���&�:�3!� Ì ��5>.0%/5 < 89��5I&� þ�< 3!�!5d -&�Î/��:C&� - -�!84?�(H%�ûR:;.4%'8�ûÃÑ�Ñ��7QL�F� < 89�A&�Î'�A,H:� -%'&��%'5§��Î'3*(OÎA3!8M. þ �!�@&� J2#.4:;89�@. P  -:�&�:�.0%�N$N\89 < :�(����#�!��Q)&� +K���%'��:�.0&��@&�Î/��� þ 89&�:;.4()& � Ó�%'&�._×EûR:����¹ÐP� � û±ÒT.0%/5G&� < %'2#.4:;89�&�Î'�/� � ûN3!%F.+ < &�2 < &t�#�!�c?WmI� < 89�+&�Î'�/� � û6.4%'5=&�Î'� < %'2#.4:;893*%'K1, < %'(�&�3* -%'.4�!3!&�ÓG&� þc< 3*�!5$&�Î'�E8 <Ãþ ý�2#:� -K�:;.4">8D,� -:^&�Î'�57��2#��%'57��%'(��B.4%'.4�mÓ�893!84?�(H,/&�Î/�E89 < :�(����#�!�E3*8D.0%§. Ö#P 89 < :�(��B(� -5S��Qg&�Î'�E573!:���()&�3 Ì ��8_.4:��C.0�!89 A3*%1&�Î'��� � ûS?�mI���13!�!� < 89�&�Î'��"Z,� -:^&�Î/�X89��">3mý�. < &� -">.4&�3*(\2#.4:;.4�!�!���!3Äü0.4&�3* -%D?mI�E.4�!89 < 89�p��[X� Ö ûÃÑ�*Y,� -:_&�Î'�X(� -">2#3!�!.4&�3! -%6 -,V&�Î'�X() -57�EK���%'��:�.0&���5 þ Ó�. Ö#P (�ûS?
F.4.5 Translation of Calls to Sequential LibrariesKe.4%·Ó+:���.4�t.42#2#�!3!(�.0&�3! -%/8M.4:��@( < :;:���%'&��mÓ < 893!%'K�89��� < ��%/&�3!.4�g�!3 þ :;.4:;3*��8S�*3!O���Q���� �  -:ª��� Ö ���>�]?Vû±Î'��89�L�!3 þ :�.0:�3!��87.0:��. Ì .43!�!. þ �!�J -%=">.4%·Ó6��×03!89&�3!%'K6"$.0(?Î'3!%/��84? Ö .0:�.0�*�!��� Ì ��:�893! -%'8B -,S&�Î'��89�U�*3 þ :;.4:;3!��8\.0:��J. Ì .03!�*. þ �!��Q0�!3!O���&�Î'� Ö Q���� �  M$q #.4%'5 � (�.���� Ö �����  M�^ # ?
û±Î/��ÓY.4:���Î'3*K¸Î/�mÓY -2#&�3!"$3mü4��5SQ7.4%'5`:���.0(?Î Ì ��:�Ó¥Î'3!K�Îe��,a�#()3*��%'(�3!��8�(��! -89�6&� I2#��.4Od2#��:;,� -:�ý">.4%'(��+&� -K���&�Î'��:J�F3!&�ÎN.UK� - -5[89(�.0�*. þ 3!�!3*&�ÓR?�(�&V3!8\3!">2# -89893 þ �!�J&� ]:���.0(?ÎF&�Î'�+89.0"$�J��,a�#()3*��%'(?Ó < 893!%/K < 8 < .4�c(� -">2#3*�!��:;84?�j2#:� þ �*��"l.42#2#��.0:�81��Î'��%1 -%'�/�F.4%'&�8D&� �&�:;.4%'89,H -:�"l.+89 < :�(��E(� -5S�E3*%'&� �. Ö#P rW&�Î'��89�E�!3 þ :�.0:�3!��8D.0:��B.4575S��565 < :�3!%'K
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&�Î'�B�!3*%'OA2ÃÎ'.489��Qt.4%'5F&�Î < 8_&�Î/��3!:789 < :�(��C(� -57�C3!8^%/ -&�. Ì .03*�!. þ �!�L,H -:7. < &� -"$.0&�3!(D2#.4:;.4�!�!���!3Äü0.4&�3* -%]5 < :�3!%'K�&�Î'� < 2#89&�:���.0" -2#��:;.4&�3! -%'84?EKi -:��� Ì ��:�Q)� Ì ��%�3!,��F��Î'. Ì �\&�Î/�C89 < :�()�\ -,�&�Î/�B89��� < ��%'&�3!.0�4:� < &�3!%/��Qt3!&�8^. < &� -"$.0&�3!(D2#.4:;.4�!�!���!3mü4.4&�3! -%��13!�!��!��.45$&� �2# - -:D2#��:;,� -:;">.4%'(��c?4(H,V.J2#.0:�.0�*�!��� Ì ��:;893! -%6 -,#&�Î'�X�!3 þ :�.0:�ÓG��×03!89&�89Q$�F�+" < 89& < 89�X3!&',H -:^&�Î'�+2#.0:�.0�*�!���!3mü4.0&�3! -%G -,&�Î'�X.02#2#�*3!().4&�3! -%D?�  -"$�v�F -:;OzÎ'. Ì � þ ����%o57 -%'�6.4:� < %/5Ö. Ö#P 3*%'&���:;,H.4(���8� -,C2#.4:;.4�!�!���M�!3 þ :;.4:;3!��8  ù!U! Q _ M # ?eûÁÎ/3!8A3!8�&�Î'� þ ��89&��1._Ó&� 6 þ &�.43!%>.�2# -:;&�. þ 3*�!3!&�Ó þ ��&a�F����%�. Ö#P () -"$2#3!�!��:;8X.4%'5I2#.4:;.4�!�!���c�!3 þ :;.4:;3*��84?�ÑA%'�A -,_&�Î'�AK� -.4�!8B -,#ûT:;.4%'8�ûÃÑ�Ñ��I3!8E&�  -,�,H��:@&�Î/� < 89��:;8E&�Î'�A -2#2# -:�& < %/3!&�ÓN&� 6. < &� -">.4&�3!().4�!�mÓN&�:;.4%'89�!.4&����!3 þ :;.4:5Ó6(�.4�!�!8B,�:� -"w89��� < ��%/&�3*.0�V&� 62#.4:;.4�!�!��� Ì ��:�893! -%'8Ð Ì 3!.F&�Î'��3*:�. Ö#P 3!%'&���:;,�.0(���8�Ò9? P < :�&�Î/��:;"$ -:���QÏûR:;.4%'8�ûÃÑ�Ñ����13!�!�_.4�!�! L�q&�Î'� < 89��:X&� >3!%/89��:;&@:���573!89&�:;3 þc< &�3! -%d2ÃÎ'.489��8U3*,3!&^.42#2#��.4:;8B&� þ ��%'��(���8989.4:5ÓR?�(�&1�F3!�*� þ ��.189��"$3mýH. < &� -">.4&�3!(J&�:�.0%/89�!.4&�3! -%>�!3!%'O���5T�F3!&�ÎI&�Î/�G(� -">2#3!�*.0&�3! -%D?yKe -:��� Ì ��:�QûT:�.0%/8�ûÃÑ�Ñ��¯�13!�!�@.0�*�! L�x&� Y3!%'89��:�&C&�Î'�=89 < :�(��N() -57�N -,B8 <Ãþ :� < &�3!%/��8§��Î'3!(?Î`57 Y%/ -&EÎ'. Ì �=&�Î'��3*:A2#.0:�.0�!�*���^3!">2#�*��ý">��%/&�.4&�3! -%D?�ûÁÎ/��%6&�Î/�X89 < :�(��/�F3!�!� þ �/õ�. Ö#P 3mü4��5�öJ.4%'5=573!89&�:;3 þ�< &�3! -%v�F3!�!� þ �X3!%·Î/��:;3!&���5\?�ÑA%/�J2#:� þ �!��"Z3!8@&�Î'.4&�. Ö#PÎ'.4%'57�!��8C">.4%·ÓF"$ -:���573!89&�:;3 þc< &�3! -%/8E&�Î/.0%N&�Î' -89�A8 < 2#2# -:;&���5 þ Ó � (�.���� Ö �����]?�ûÁÎ/3!8��F3!�*�'3!"$2#�mÓ6&�Î/��57� Ì ���* -2#">��%'& -,V(� -% Ì ��:;893! -%1:� < &�3!%'��84?
F.4.6 Execution InterfaceûT:�.0%/8�ûÃÑ�Ñ��¨Î/.08 þ ����%d57��893!K�%'��5o&� þ �1.F89���!,�ýH(� -%'&�.03*%'��5i��% Ì 3*:� -%/">��%'&;? P :� -"y&�Î'�§ú¹÷7">.4()8J��5S3*&� -:�Q'&�Î'� < 89��:8�Î' < �*5 þ �G. þ �!��Q/&�.4Oc3*%'K[.F89��� < ��%/&�3!.4� P  -:�&�:�.0%£N$N1(� -57��Q'&� $89��"$3mýH. < &� -">.4&�3!(�.4�!�mÓ[K���%'��:�.0&���.0%£. Ö#P 89 < :�(��]() -57��Q&� F() -"$2#3!�!�J&�Î/3!8B(� -5S�J.0%/5[&� 1��×R��( < &��J&�Î'� � Ö K+[z2#:� -K�:;.4"{ -%N&�Î/��573!,�,���:���%/&'"$.0(?Î'3!%/��8XÎ/��Î'.48C.4()(���898L&� S?�û0 1&�Î'3!82 < :;2# -89��Q��F�EÎ'. Ì �C57��893!K�%'��56.4%�3!%'&���:;,�.0(��C&� �K�3 Ì �B&�Î/�C2#.4:;.4">��&���:;8M -,c&�Î'�C">.4(OÎ/3!%'��8FÐ�Î' L�v&� �89&�.0:�&-.E() -"$2 < &�.4&�3! -% -%1&�Î'�C">.4(OÎ/3!%'��Q�Î/ L��Ó� < .0�!�* -().4&��C%' -57��89Q�.0%/5689 � -%·Ò�Qg&� �(� -">2#3*�!�E&�Î/��. Ö#P (� -5S� þ ÓA(?Î' - -893*%'K].0"$ -%'KA. Ì .43!�!. þ �!�. Ö#P () -"$2#3!�!��:�89Q0.4%'5N&� G89&�.0:�&/&�Î'�X2#:� -K�:;.4"l -%F.J:���"$ -&��E"$.0(?Î'3!%/�c?
F.4.7 Developer’ s Toolkit. Ö#P (�û¬�F3!�!�/2#:� Ì 3!57�J.A89&�.4%'57.0:�5>3*%'&���:;,H.4(��J&� F">.4%·Ó1 -&�Î/��:\&� - -�!8 < 89��5[3*%$&�Î'�J2#.0:�.0�!�*���!3mü4.0&�3! -%N -,7.02#2#�!3*().4&�3* -%'8�!3!O��\2#��:;,H -:�">.4%'(��@"> -%'3*&� -:�89Q�&�:�.0(���87.0%/.0�mÓ�ü4��:;89Q�.0%/51893!" < �!.4&�3! -%]&� - -�!84?E(H%�&�Î'3!8I�#:;89& Ì ��:;893! -%/Q�. Ö#P (�ûF3!8_%/ -&-.B&� -&�.4�!�mÓ%'���n��% Ì 3!:� -%'"$��%'& þ�< 3!�!&-,H:� -"|89():�.0&�(?Î þc< &-.4%�õ03*%'&����!�!3!K���%'&aöE3!%/&���:�,H.4()�L3!%'&� X��Î'3!(?ÎG��×03!89&�3!%'KA -:7%'���n&� - -�!8^.4:�� þ ��3!%'K2#� < K�K���5\?�û±Î/.0%/Oc8L&� ]&�Î'3*8L3*%'&���:;,H.4(�3!%'K�Q$�F���F3!�!� þ �E. þ �*�E&� �.45S5N%/���a&� - -�!8L.48L&�Î'��Ó].42#2#��.0:;?û±Î'��ûT:�.0%/8�ûÃÑ�Ñ��§[�� Ì ���! -2#��:ts
8#û0 - -�!O�3!&
Ð�û^}5Ò  M$] # 3!8S&�Î/�\89��&R -,T3!%'&���:;,�.0(���8���Î'3*(OÎ�(�.0% þ � < 89��5G&� þc< 3*�!51%/���n&� - -�!8,H:� -" ûT:;.4%'8�ûÃÑ�Ñ��7Q4 -:@&� G3!%'&���K�:;.4&��J%'���r, < %'(�&�3! -%'.4�!3!&�3!��8B3!%/893!57�U&�Î'�J��5S3*&� -:;?U� < :�:���%/&��mÓ�QR&�Î'��ûR - -�!O�3!&±Î/.08\3!%'&���:;,�.0(���8&� ¬r úb&�Î'��ú¹÷7"$.0(�8@��5S3*&� -:�Qúb&�Î'�E2#.4:;89��:�Qúb&�Î'�E57��2#��%/5S��%/()�E.4%'.4�mÓ�893!8@&� - -��?û±Î'��89�+3!%'&���:;,�.0(���8@.0:��/�F:;3*&�&���%R�F3!&�Î=��3*&�Î/��:J�BQvû����$ -:J�S3*892#QR89 1&�Î'��Ó1().4% þ � < 89��5$3!%6.)�~2#:� -K�:�.0"$QR.�&�()��89(�:;3!2#& -:1�F3*&�Î/3!%6&�Î/�/ú¹÷S"$.0(�8@��573!&� -:;?û±Î'���#:�89& Ì ��:;893! -%©ÐP� ! ? ]7Ò/ -,ÏûR:;.4%'8�ûÃÑ�Ñ��6.4%'5=3!&�8@57� Ì ���! -2#��:ts*8¹û0 - -�!O�3!&V3!8L. Ì .43!�!. þ �!�B -%F&�Î'�XmI� þR� ?
F.4.8 Other Tools

HPFbuilder
 ù! O # ,�:� -"�&�Î'�p��( P �¬��Î/3!(?Î$.4�!�! L�F8\&�Î/� < 89��:@&� G3*%'89��:;&ª. Ö#P 573!89&�:�3 þ�< &�3* -%=573!:���(�&�3 Ì ��8 < 893!%'KF.UKc:�._ý2ÃÎ'3*().4�-3!%'&���:;,�.0(����F3*�!� þ �E3*%'&���Kc:�.0&���5N89 - -%D?
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F.5.2 Detection of Pipelined Loops and Code Generation
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T
IM

E

P0 P1 P2 P0 P1 P2 P0 P1 P2

(A) (B) (C)

P õ öB? P ? ùÀúXKe.4():� 
ýH2#3*2#���!3!%'�c?
PARAMETER(N=...)
REAL, DIMENSION (N,N) :: A, B

!HPF$ DISTRIBUTE (*,BLOCK) :: A, B
...

! sweep along the columns
DO I = 2, N

DO J = 1, N
A(I,J) = A(I,J) - A(I-

1,J)*B(I,J)
END DO

END DO
! sweep along the rows

DO J = 2, N
DO I = 1, N

A(I,J) = A(I,J) - A(I,J-
1)*B(I,J)

END DO
END DO
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ý�2#3!2#���!3!%/�c?��i3!&��'3*%F&��/�E57:;3!�c��:7:� < &�3!%'��Q�(��' -3*()��8D.4:��\">.457�B&� < 89�E"$.0(�:� 
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PARAMETER(N=...)
REAL, DIMENSION (N,N) :: A, B

!HPF$ DISTRIBUTE (*,BLOCK) :: A, B
...
DO I = 2, N ! parallel execution

DO J = 1, N
A(I,J) = A(I,J) - A(I-

1,J)*B(I,J)
END DO

END DO

CALL DALIB_LOCCS_DRIVER (BLOCK, 2, 0,
A(:,2:N), [0,1], B(:,2:N), [0,0])

...

EXTRINSIC (HPF_LOCAL) SUBROU-
TINE BLOCK (A, B)

REAL A(:,:), B(:,:)
!HPF$ DISTRIBUTE *(*,BLOCK) :: A, B

DO J=lbound(A,2),ubound(A,2)
DO I=lbound(A,1),ubound(A,1)

A(I,J) = A(I,J) - A(I,J-
1)*B(I,J)

END DO
END DO
END

P õ�öB? P ? qBúp��[)(V.4�!K� -:;3!&��'" < 893!%'KG&��/�p� � ���C���!3 þ :;.4:;�R?
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ýH2#3!2#���!3*%'�]���R��( < &�3! -%d3!8J��,P�#(�3!��%/&W?��I�1.4:����F -:�O�3!%'KI -%d.4%I.0�!K� -:�3!&��/"&��'.4&'57��&���(�&�8D�! - -2#8\&��'.4&c().4% þ ��%'���#&/,H:� -"l.+">.4():� 
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ý�2#3!2#���!3!%/�E89�' < �!5 þ � < 89��5 þ ��(�. < 89�E -,V&��'�X� < Kc�X(� -89&�8@ -,V(� -">" < %'3!(�.4&�3! -%689&�.4:;& < 2#84?
F.6 Conc lusion and Future Work
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ö���)4ú ü ê ü ç7�Ë�í>ã4à'ä � Ý à'ægô=êU%7à'è Ý � ê;ï�á;Þ Ü ß î Ë�á�ægô=ê;û �ì ç!ç*Ë�á�æ��+ê[� �ì î ç*æ0ã4à'è,`\ê � ê �dêU ���ç!Þ*Ëcê É î ËEÐ0ôAà/à'ã4Þ!ÑB%7à'òcÞ!á Ý à/í>Ë�à Ü â Ý á� Ý á Ü ã Ï ç*Ë ë Þ!ß Ü á;Þ Ï�ì Ü Ë�è��#ã0á�ã0ç!ç*Ë�ç2�#á Ý åcá�ã0í$í>Þ!à/åMê Å àh����I*K���97�N97XWXJM*G�I*DHRFG�97I*X:5<G�97820�57GUPQDFRSDHG�T[D]57G�C���;HI*DH^�C�T[XWDHG�T[DH;�*��M@0�C�CJ�@�����Hæuò Ý ç ì í$Ë Å�Å ægé#ã4åcË�ßD÷�)4÷�>4÷����'ê Å %.%.% ü Ý í>é ì Ü Ë�á-� Ý ä�Þ!Ë Ü �l�#á�Ë�ß9ß9æ � ã4à ì ã4áU�c�4þ0þ��Vê
ö����4ú1ô=ê ë ã4á Ü Ë�æVïTê ë Ë�ß9é#á�Ë�Í4æ2	Fê Ì Ë Ï Ý ì á�å�Ë Ý Þ!ß9æ � ê ü ê0ûiÞ!å�à Ý-Ü æt	6ê ô=ê��TÞ!ç Ï Ë�á�æVã4à'è Ì ê É á�Þ!ä Ý à^ê É á;ã4à'ß É ��� Ì  Ý á;ð�Þ!à'å� Ý-Ü Ël�l�y= É á;ã4à'ß É ��� Ì =4ôAà Å à Ü Ë�á;ã4ä Ü Þ!òcËc�#ã0á�ã0ç!ç*Ë�ç!Þ!Í4ã Ü Þ Ý à É Ý-Ý ç�ê É Ë�ä î à/Þ!ä�ã0ç7á�Ë�é Ý á Ü æ Ì Å ��%.�
�TÎ Ì � Ý à/æ'ï�á;ã4à'ä�Ë�æô ì å ì ß Ü �4þ0þ�f'ê
ö���f4ú1ôAç!ã4Þ!à ë ã4á Ü ËCã4à'èFï�á��Ë�èL�Ë�á�Þ!ä-�DÞ!òcÞ!Ë�àDê(�Aà Ü�î Ë��Aé Ü Þ!í>ã4ç!Þ Ü � Ý â/ôAç*ç!Ë�à�ã0à/èFõEË�à'à/Ë�è#���
ß^ôAç!å Ý á;Þ Ü�î írâ Ý á.�#ã4á;ã4ç!ç!Ë�ç!Þ*ß9í%.� Ü á;ã4ä Ü Þ Ý àNÞ!à��FË�ß Ü Ë�è Ì Ý-Ý é#ß4ê Å à$V.RS57T[DFDHz�XWG"Ya;�5WP�k._JRS576�97R�~ ���4æ Ì � Ý à'æTï�á�ã0à/ä)Ë�æTô ì å ì ß Ü �4þ0þ�f'êQ�Té#á�Þ!à'å�Ë�á��7Ë�á;ç*ã0åMêÉ Ý ã4é#é#Ë�ã0á;ê
ö��4ý4ú1ôAç!ã4Þ!à ë ã0á Ü ËEã4à'è6ï�á��Ë�è'�Ë�á�Þ!ä��DÞ!òcÞ!Ë�àDê
�Aé Ü Þ!í>ã4ç-ï�Þ!à'ËEã4à'è6ûeË�è7Þ ì í�	Uá�ã0Þ!àl�#ã0á�ã0ç*ç!Ë�ç!Þ!ß9írÞ!à
� Ý ç�� î Ë�èSá�ã0ç��DË�è ì ä�Ë�èë Ë�é#Ë�à/èSË�à/ä)Ë�	Uá�ã0é î ß4ê Å à�V.RS5<T[DHDHz�X:G�Y2;N5WP�VU/�0�3]~ ���4æ2` Ý ß Ü�Ý à'æ#ûeôAæo�Aä Ü�Ý Ï Ë�áj�4þ4þ�f'ê Å %.%#% ü Ý í>é ì Ü Ë�áB� Ý ä)Þ*Ë Ü ��#á�Ë�ß9ß4ê É Ý ã0é#é#Ë�ã4á;ê
ö���?4ú � ê Î Ì ë Ë�ð�Ë���ß9Ë�áDã4à'è ü ê Ì Ë�âHË�òcá�ËcêcÈ
�#ï�Î*` ì Þ!ç*èSË�áj=9ô��EÞ!ß ì ã0ç�%7à'òcÞ!á Ý à'í$Ë�à Ü#Ü�Ý É á;ã4à'ß9â Ý á;í�ï Ý á Ü á;ã4à6þ4ÿ ü Ý è7Ë�ß Ü�ÝÈ
�#ïMê Å à � ê � ê ë Ý à'å�ã4á;á;ãEã4à'è�`Cê É Ý ì á;ã4à'ä î Ë�ã ì ætË�è7Þ Ü�Ý á;ß9æ�3.K�XWRHzc{
5<RH|<;HK�5<6B57G�k#G�E�XWRS57GJ^�DHG�I*;a97G�zB3�575<8:;7P757R.V#97RH9<8:8WDH8C�T[XWDHG�I*X \]T-0�57^�6�_�I*X:G"YVægï�ã0òcË�á�åcË�ß9æ�ô ì å ì ß Ü �0þ4þ�f'êU� Å ôAûzê
ö��4þ4ú1ï-ê ë Ë�ß9é#á�Ë�ÍVêRô Ì Þ Ï á;ã4áU�Xâ Ý á ü Ý ã4á;ß9Ë�	Uá�ã0Þ!àUûeã0ä�á Ý Î*�#Þ!é#Ë�ç!Þ*à'Þ!à/åJÞ!à ë Þ!ß Ü á;Þ Ï�ì Ü Ë�è1ûeË�í Ý áU�+ôAá�ä î Þ Ü Ë�ä Ü ì á�Ë�ß4ê Å à�M@��M*V������� 0�57GUPQDFRSDHG�T[D�57G�V#RS5�YaRH97^�^�XWG"Y$k.GJE�XWRS57G�^�DFG�I*;�PQ5<Rt1x97;F;HXWE�DH8W��V#97RH9<8:8WDH82��XW;HI*RHXW�<_�I*DHzlC���;FI@DF^�;�æ-é#ã0å�Ë�ßEù�f���>4ù0ý��Vê`7Þ!á;ð î ã0Ë ì ß9Ë�á+�SË�á�ç!ã4å]ô�	Jæe`Sã4ß9Ë�ç!æe�TÆFÞ Ü Í4Ë�á;ç!ã4à'è7æ��4þ0þ�)'ê
ö·÷4ÿ4ú1ï-ê ë Ë�ß9é#á�Ë�Í0æ � ê ü ê�ûiÞ!å�à Ý-Ü æ2	6ê Ì Ë Ï Ý ì á�å�Ë Ý Þ!ß9æcã0à/è Ì ê É á�Þ!ä Ý à^êj3�RF97G�;F3t��� v {
57RF|7XWG"Yy��57I*D]���� a¡A¢� o3.K�D]3�RH9<G�;H�3t��� v ��DHE�DH8W576�6�DHR�~ ;Z3�575<8:|<X:I u DFRH;FX:5<G ����� ê Ì Å ��%.�
�TÎ Ì � Ý à/æ4ï�á�ã0à/ä)Ë�ægô ì å ì ß Ü �4þ0þ�f'ê
ö·÷��4ú1ï-ê ë Ë�ß9é#á�Ë�Í0æ���êe�Dã0í$Ë Ü æcã0à/è � êe� Ý í$ã0à^êL�Aé Ü Þ*í>ã4ç#	Já;ã4Þ!ày�TÞ!Í4Ë ü Ý í>é ì Ü ã Ü Þ Ý àIâ Ý áN�#Þ!é#Ë�ç!Þ!à/Ë�èoôAç*å Ý á�Þ Ü�î í>ß4ê Å àk._�RH576�9<R�~ ���&V.9<RH9<8:8WDH8eV#RS57T[DH;F;HXWG"Y'æuò Ý ç ì í>Ë]�<�4÷0ù Ý â v DFT[I@_�RHD2��5<I@DF;aX:G'0�57^�6�_�I*DHRaC�T[X:DFG�T[D�æué#ã4å�Ë�ß+��f���>��0ý4÷Vê*�Ré#á;Þ!à/åcË�á�7Ë�á;ç!ã4å�æ�ô ì å ì ß Ü �4þ0þ�fVê
ö·÷4÷4ú1ï-ê ë Ë�ß9é#á�Ë�Í�ã4à'èi`Cê É Ý ì á;ã4à'ä î Ë�ã ì ê Ì � üBü �i= Ì Ý Æ£�AòcË�á î Ë�ã0è ü Ý í>í ì à'Þ!ä�ã Ü Þ Ý à$ã0à/è ü Ý í>é ì Ü ã Ü Þ Ý à$� ì#Ï á Ý ì ÎÜ Þ!à'Ë�ß4ê É Ë�ä î à/Þ!ä�ã0ç(�DË�é Ý á Ü þ4÷0Î@)�)4æ Ì Å �NÎ2%.�
� Ì � Ý à/æ ë Ë�ä�Ë�í Ï Ë�áZ�4þ4þ0÷'ê
ö·÷4ù4ú��7êWÈFÞ!á�ã0à/ã0à/è7ã0à/Þ!ægõ]ê�õEË�à/à'Ë�è.�)æ ü ê Î@ �ê É ß9Ë�à/å�æ4ã4à'è��7ê[ Iã4á;á�Ë�àDê ë Ë�ß9Þ*åcà6ã4à'è Å í>é#ç!Ë�í$Ë�à Ü ã Ü Þ Ý à Ý â Ü�î Ë ë %7è7Þ Ü�Ý á;êÅ à � ê � ê ë Ý à/å�ã0á�á;ã+ã0à/è,`Cê É Ý ì á;ã4à'ä î Ë�ã ì æ4Ë�è7Þ Ü�Ý á;ß9æeC�DHT[5<G�z�{
5<RH|<;HK�5<6A5<Gck.G�E�X:RH57G�^�DFG�I@;+97G�zj3�575<8:;"PQ5<R+V#97RH9<8:8WDH8�97GJzC�T[XWDHG�I*X \]T-0�57^�6�_�I*X:G"YVægé#ã4åcË�ß���>��0ÿ4æ É Ý ÆFà/ß9Ë�à'è7æ É �1æ0ûeã��c�0þ4þ�)VêF� Å ôAûzê
ö·÷�)4ú ü ê �7ê Å Ë�á Ý-Ü�î Ë Ý ì æ��7ê ��ê � Ý-î à/ß Ý à'æ-ûzê ü á Ý ß9ß9æRã0à/èi��ê ï-ê Ì Ë�å�å�Ë Ü�Ü ê ü Ý í>é ì Ü Ë�á@ôAÞ!è7Ë�èi�#ã4á;ã4ç!ç!Ë�ç!Þ!ß9ã Ü Þ Ý à É Ý-Ý ç*ßBó ü ô��#ÎÉ Ý-Ý ç*ßg�SÎ ü Ý à/ä)Ë�é Ü ì ã4çJ�AòcË�á;òcÞ!Ë�Ærã0à/èi�#Ë�á�â Ý á;í$ã0à/ä)Ë Ý à Ü�î ËL�#ã4á;ã4ç!ç!Ë�ç!Þ*Í0ã Ü Þ Ý à Ý ât� Ü á ì ä Ü ì á�Ë�è>ûeË�ß î ü Ý èSË�ß4êtV.9<�RH9<8:8WDH8
0�5<^�6�_�I*X:G�Y'æg÷0÷l= ��f0ù�>��4þ��0æ<�0þ4þ�f'ê
ö·÷��4ú � ê ü î/Ý Þ!æ � ê ë Ë�í>í$Ë�ç!æ Å ê ë î Þ*ç!ç Ý à'æ � ê ë Ý à'å�ã4á;á�ã0æa�#ê��Aß Ü á Ý ì ä î'Ý ò)æ#ô=ê��#Ë Ü Þ Ü Ë Ü æ#õ]ê�� Ü ã4à'ç!Ë���æ ë ê� Iã4ç!ð�Ë�á�æ'ã4à'è��+ê ü ê î ã0ç*Ë��Tê Ì ô��4ô ü õ¤ Ý á�ð�Þ!à'åd� Ý-Ü Ëd=��Tä�ã Ì ô��4ô ü õ¥=4ô¥� Ý á Ü ã Ï ç*Ë Ì Þ!à/Ë�ã0áEôAç*åcË Ï á�ã Ì Þ Ï á;ã4áU�=â Ý á ë Þ*ß Ü á�Þ Ï�ì Ü Ë�èûeË�í Ý áU� ü Ý í$é ì Ü Ë�á�ßEÎ ë Ë�ß9Þ*åcà Å ß9ß ì Ë�ßEã4à'èy�#Ë�á�â Ý á;í$ã0à/ä)Ë�ß4ê É Ë�ä î à'Þ!ä�ã0ç2�DË�é Ý á Ü þ��4æ É î Ë � à/Þ!òcË�á;ß Ü Þ Ü � Ý â É Ë�à/Îà'Ë�ß9ß9Ë�ËXÎ/õEà Ý �RòcÞ!ç!ç*Ë�æ��4þ0þ��'ê
ö·÷�f4ú � ê ü î/Ý Þ!æ � ê ë Ý à'å�ã0á�á;ã4æ(�7ê!�Aß Ü á Ý ì ä î'Ý ò)æ-ô=ê!�#Ë Ü Þ Ü Ë Ü æ ë ê" Iã0ç!ð�Ë�á�æ-ã0à/èy�+ê ü ê! î ã0ç!Ë��Rê Ì ô��4ô ü õ¦ Ý á;ð�Þ!à/åh� Ý-Ü Ë�=ô¦�#á Ý é Ý ß9ã0çRâ Ý á_ãB�TË ÜcÝ âJ�#ã0á�ã0ç!ç*Ë�ç Ì Þ!à'Ë�ã4áMôAç*åcË Ï á�ãj� ì#Ï é#á Ý å�á;ã4í>ß4ê É Ë�ä î à'Þ!ä�ã4ç(�DË�é Ý á Ü �0ÿ4ÿ0æ É î Ë � à'Þ!òcË�á;ß Ü Þ Ü � Ý âÉ Ë�à/à'Ë�ß9ß9Ë�ËXÎ'õEà Ý �RòcÞ!ç!ç!Ë�æ��0þ4þ��Vê



94 ÒJÓLÔ_Õ�Ö|×o§©¨
ªQ«B¬4ØMÕ�­�«FªOã�®[¯�«Fª!°$Ö+¬
¬�±�²CØr¬�®�«U³�ª�Ó�¯e®[¯e±W±:ª<±:´*Ù<¯e«F´W¬�­�¬4ØZ§+Ú�Ú�±W´Wµ<¯�«F´W¬�­o²XÛj²F´:­¸ãFÒJÓLÔ
ö·÷4ý4ú� �êYõEË�ç*ç��)æ¶�@êYûeã4ß9ç Ý ò)æ¶ �êb� ì å î æ¦%\êb� Ý ß9ß9Ë�á�æ É êb� î é#Ë�Þ!ß9í$ã0à/æbã4à'è ë êb Ý à'à/ã0ä Ý-Ü�Ü ê ��DH� ·�;HDFRM*X:G�I*DHR PQ9<T[D¦P757R¸V.DFI@XWI¹97G�zº��I@K�DHR»k.¼�I*DHG�;FX:5<G�;uê ü � ë Ë�é Ü æ � à'Þ!òcË�á;ß9Þ Ü � Ý âZûeã4áU��ç!ã4à'è7æzôAé#á;Þ!ç½�4þ4þ�f'êî'Ü�Ü é¾=�¿t¿RÆFÆ1Æ1ê ä�ß4ê ì í>è\ê Ë�è ì ¿Ré#á Ý Ê�Ë�ä Ü ß�¿ Ý í$Ë�å�ãVê
ö·÷�?4ú� �ê>õEË�ç!ç���æÀ�@ê>ûeã4ß9ç Ý òuæn �êd� ì å î æÀ%\êi� Ý ß9ß9Ë�á�æ É êi� î é#Ë�Þ!ß9í$ã0à/æ`ã0à/è ë êi Ý à'à/ã0ä Ý-Ü�Ü ê 3.K�D©��^�DÁYa9v XW�<RF97RF�Â� u DFRH;FX:5<G ����� �ÃM@G�I*DHR PQ9<T[DÅÄN_�XWz�Duê ü � ë Ë�é Ü æ � à'Þ!òcË�á;ß9Þ Ü � Ý âqûeã4áU��ç!ã4à'è7æ ôAé#á�Þ!ç��4þ4þ�f'êî'Ü�Ü é¾=�¿t¿RÆFÆ1Æ1ê ä�ß4ê ì í>è\ê Ë�è ì ¿Ré#á Ý Ê�Ë�ä Ü ß�¿ Ý í$Ë�å�ãVê
ö·÷4þ4ú1õ]êuõEË�à'à/Ë�è.�)æ-õ]ê �7ê)ûiä)õEÞ!à/ç!Ë���æ-ã0à/è ü ê Î* �ê É ß9Ë�à/åMê Å à Ü Ë�á;ã4ä Ü Þ!òcËL�#ã4á;ã4ç!ç!Ë�ço�#á Ý å�á�ã0í$í>Þ!à/å � ß9Þ!à'å Ü�î Ë��#ã4á;ã��Tä Ý é#Ë%7è7Þ Ü�Ý á;ê�M*k.k.k�3�RH97GJ;H97T[I*X:5<G�;#5<G�V.9<RH9<8:8WDH8
97GJzj��XW;HI*RHXW�<_�I*DHzLC���;HI*DH^�;�æ4÷4óHù���= ù4÷0þ�>4ù�)��0æ � ì çW�l�4þ0þ��'ê
ö·ù4ÿ4ú Ì Ë�ß9ç!Þ!Ë Ì ã4í>é Ý á Ü ê É î Ë��#ã4á;ã4ç!ç!Ë�ç.%.�RË�ä ì Ü Þ Ý à Ý â ë � Ì Ý-Ý é#ß4ê�0�5<^�^�_�G�XWTU9<I@XW57GJ;�5�P'I*K�D+/�021 æt�0ý4óH÷��N= ?4ù�>4þ0ù4æ�ï�Ë�ÎÏ á ì ã4áU�c�4þ0ý�)'ê
ö·ù��4ú���ê ï-ê Ì Ë�å�å�Ë Ü�Ü æTô=ê É ê � ê�ûeã0á�ß î æ��7ê ��ê � Ý-î à'ß Ý à/æcã4à'è>ûzê ü á Ý ß9ß4ê Å à Ü Ë�å�á�ã Ü Þ!à'å � ß9Ë�á@õEà Ý ÆFç!Ë�è7å�Ë�ÆFÞ Ü�î Å à'â Ý á;í>ã Ü Þ Ý àâHá Ý í©�#ã0á�ã0ç*ç!Ë�ç!Þ!Í4ã Ü Þ Ý à É Ý-Ý ç!ß Ü�Ý ï�ã4ä)Þ*ç!Þ Ü ã Ü Ë Ü�î Ë\ô ì Ü�Ý í$ã Ü Þ!ä�	UË�à/Ë�á;ã Ü Þ Ý à Ý â�%7â�Ç#ä�Þ!Ë�à Ü �#ã0á�ã0ç*ç!Ë�ç0ï���� É �Dô�� ü Ý è7ËcêV.9<RH978W8WDH8
0�57^�6�_�I@XWG"YVæ�÷4÷�= ÷��4þ�>4÷�?�?4æ!�4þ0þ�fVê
ö·ù4÷4ú���ê ô=ê �+ê Ì Ý á�Ë�à'Í Ý æ�ô=êgû ì ç*ç!Ë�á�æ�mMê�û ì á;ã4ð�ã0í$Þ!æ/ã4à'è�`\ê � ê �dê" ���ç!Þ!Ëcê+ÈFÞ!å î �#Ë�á;â Ý á;í>ã4à'ä�ËAï Ý á Ü á;ã4à Å à Ü Ë�á�âHã4ä)Þ!à/å Ü�Ý�Tä�ã Ì ô��4ô ü õ]ê É Ë�ä î à'Þ!ä�ã0ç��DË�é Ý á Ü É �DÎ�þ�f4Î*�4ù4æ!�TÆFÞ*ß9ß ü Ë�à Ü Ë�áSâ Ý áZ�Rä)Þ!Ë�à Ü Þ*Ç#ä ü Ý í>é ì Ü Þ!à'å]ó ü � ü �
�Hæ)ûeã4à'à Ý æ��RÆFÞ Ü ÎÍ4Ë�á;ç!ã4à'è7æ��4þ0þ�fVê
ö·ù4ù4ú � ê Î Ì ê7�#ã0Í4ã Ü ê É Ý-Ý ç!ßXâ Ý áLÈFÞ!å î �#Ë�á�â Ý á�í>ã4à'ä�Ë�ï Ý á Ü á;ã4à�=tô�� ì á�ò/Ë��Rê É Ë�ä î à'Þ*ä)ã4çVá�Ë�é Ý á Ü æ Å � Å �RôAæ(�DË�à'à'Ë�ß9æ�ï�á;ã4à'ä�Ë�æ�4þ0þ�fVê î'Ü�Ü é}=�¿t¿RÆFÆFÆGê Þ!á;Þ*ß9ãVê âHá"¿Ré#ã0í$é#ãa¿RÈ��#ïZ¿Rß ì á�ò/Ë��Rê î'Ü í>ç�ê
ö·ù�)4ú�`\ê �7ê �TÞ!Ë�å�Ë�ç ã4à'è ��ê ô=ê � Ü Ë�Ë�à'ð�Þ!ß Ü Ëcê ü Ý à Ü á Ý ç!ç!Þ!à/å ôAé#é#ç!Þ*ä)ã Ü Þ Ý à 	Uá�ã0Þ*à�TÞ!Í4Ë Ý à ã �FË Ü Æ Ý á;ð Ý â  Ý á�ðcß Ü ã Ü Þ Ý à/ß4ê Å à C�_�6�DHRST[5<^�6�_�I*X:G�Y�~ ��Æ4æ �4þ4þ��'êî'Ü�Ü é¾=�¿t¿RÆFÆ1Æ1ê ä�ß4ê ä)í ì ê Ë�è ì ¿Rã4âHß�¿Rä�ß�¿Ré#á Ý Ê¬Ë�ä Ü ¿Rà'Ë�ä Ü ã4á�¿� Ç ¶ �¿Råcà/Ë�ä Ü ã4á é#ã4é#Ë�á;ß4ê î'Ü í>ç�ê
ö·ù��4ú ü ê Î* �ê É ß9Ë�à/å_ê]/�Gh��6�I@XW^�XWÈ7XWG"Yi��5<RHI*RH9<Gi�¥0�57^�6�XW8WDHRJP757R+1¦M�1x�¥��XW;HI*RHXW�<_�I*DHz���1xDH^�5<RH�A1x97T[K�XWG�DH;tê'� î ë Ü�î Ë�ß9Þ!ß9æ�DÞ!ä�Ë � à'Þ!òcË�á;ß9Þ Ü ��æ � ã0à ì ã0áF�c�0þ4þ0ù'ê
ö·ù�f4ú1ûzê %\ê[ Ý ç!â#ã0à/èNûzê �7ê Ì ã4í`ê-ô Ì Ý-Ý é É á�ã0à/ß9â Ý á;í$ã Ü Þ Ý à É î Ë Ý áU�1ã4à'è=ã4àFôAç!å Ý á;Þ Ü�î í Ü�Ý ûeã��RÞ!í$Þ!Í0ËN�#ã4á;ã4ç!ç!Ë�ç*Þ!ß9í`êM*k.k.k,3�RF97G�;F97T[I*X:5<G�;+5<G�V.9<RH9<8:8WDH8
97GJzj��XW;HI*RHXW�<_�I*DHzLC���;HI*DH^�;�æ4÷4ó*)��Z= )��4÷�>�)0ý��4æ!�4þ0þ��Vê
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G.1 Intr oduction

�#ã4á;ã4ç!ç!Ë�çcß9ä)Þ!Ë�à Ü Þ*Ç#äJã4é#é#ç!Þ!ä�ã Ü Þ Ý à/ßEä)ã4à Ï Ë�è7Þ!òcÞ!è7Ë�è[Þ!à Ü Æ Ý í>ã9Ê Ý áCä�ç!ã4ß9ß9Ë�ßc="z�97I*97�#ã0à/èyI*97;F|7�*6�97RF978W8:DF8cã0é#é#ç*Þ!ä)ã Ü Þ Ý à'ß4êÉ î ËEâ Ý á;í>Ë�áSä Ý à'ß9Þ!ß Ü ß@Þ!à1ã4é#é#ç���Þ!à'å Ü�î ËEß9ã4í>Ë Ý é#Ë�á�ã Ü Þ Ý à1Þ*à1é#ã4á;ã4ç!ç!Ë�ç Ý àFè7Þ!â�â�Ë�á�Ë�à Ü Ë�ç!Ë�í$Ë�à Ü ß Ý âcãXè7ã Ü ãXß9Ë Ü æ�Æ î Þ!ç!Ë Ü�î Ëç!ã Ü Ë�áMÞ!ßLèSË�Ç#à/Ë�è Ü�Ý Ï ËEä Ý à/ä ì á�á�Ë�à Ü ä Ý í>é ì Ü ã Ü Þ Ý à'ß Ý à6è7Þ!â�âHË�á�Ë�à Ü è7ã Ü ãXß9Ë Ü ß4ê É î Ë�ß9Ë Ü Æ Ý ä�ç!ã4ß9ß9Ë�ßLä�ã4à Ï ËEä Ý í Ï Þ*à'Ë�è Ü�Ýå�Ë Ü ãAß9Þ!í ì ç Ü ã4à'Ë Ý ì ß\Ë��Ré#ç Ý Þ Ü ã Ü Þ Ý à Ý â7è7ã Ü ã4ÎVã4à'è Ü ã4ß9ðcÎ�é#ã0á�ã0ç*ç!Ë�ç!Þ!ß9í$æ0ß Ý ä)ã4ç!ç!Ë�èh^�XW¼�DFz��*6�9<RH978W8WDH8WX:;F^=ê Å àNí$Þ��RË�è7ÎHé#ã4á;ã4ç!ç!Ë�çã4é#é#ç!Þ!ä�ã Ü Þ Ý à'ß9æ�ß9Ë�òcË�á;ã4çtè7ã Ü ã0Î�é#ã0á�ã0ç*ç!Ë�çuä Ý í>é ì Ü ã Ü Þ Ý à/ßMä�ã0à Ï ËLË��0Ë�ä ì Ü Ë�è�ä Ý à/ä ì á�á�Ë�à Ü çW�JÞ!àAã Ü ã0ß9ð�ÎHé#ã4á;ã4ç!ç!Ë�çuÆFã��Rê�ûeÞ��0Ë�èSÎé#ã4á;ã4ç!ç!Ë�ç!Þ!ß9íqé#á Ý åcá�ã0í$í>Þ!à/å6Ë�í>é#ç Ý ��ßEãAûeÎ@� Å û ë ó�û ì ç Ü Þ!é#ç!Ë'� Å û ë � Ý áLûeÎ*�
�#û ë ß Ü ��ç!Ëcê Å Ü Þ!ß Ü�î ËAä Ý í Ï Þ!à/ã Ü Þ Ý à Ý âÏ Ý-Ü�î]Ü ã0ß9ð�ÎHé#ã4á;ã4ç!ç!Ë�ç*Þ!ß9íaóHû Å û ë Ý áMû¾�#û ë �-ã4à'èFè7ã Ü ã4ÎHé#ã4á;ã4ç!ç!Ë�ç!Þ*ß9ívó*� Å û ë Ý á.�
�#û ë �Wê É î ËBË��0é#ç Ý Þ Ü ã Ü Þ Ý à Ý âcí>Þ��0Ë�èSÎé#ã4á;ã4ç!ç!Ë�ç!Þ!ß9í î ã4ßDí>ã4à2��ã4è7ò/ã4à Ü ã0å�Ë�ß4êF�Aà/Ë Ý â Ü�î Ë�ífÞ!ß Ü�î ËEã Ï Þ*ç!Þ Ü � Ü�Ý Þ!à/ä)á�Ë�ã0ß9Ë\ß9ä)ã4ç!ã Ï Þ!ç!Þ Ü � Ï Ë�ä�ã ì ß9ËCÞ Ü ã0ç*ç Ý ÆFß Ü�î Ë ì ß9ËÝ âcí Ý á�ËBé#ã0á�ã0ç*ç!Ë�ç!Þ!ß9í|Æ î Ë�à Ü�î ËBí$ã��0Þ!í>ã4çRã4í Ý ì à ÜcÝ âcè7ã Ü ã4Î Ý á Ü ã0ß9ð�ÎHé#ã4á;ã4ç!ç!Ë�ç*Þ!ß9í Ü�î ã Ü ä�ã0à Ï ËBË��Ré#ç Ý Þ Ü Ë�è6Þ*ß^á�Ë�ã4ä î Ë�è\êôjå Ý-Ý è Ý òcË�á;òcÞ!Ë�Æ Ý â Ü�î Þ*ß Ü�Ý é#Þ!ä\Þ!ß@åcÞ*ò/Ë�àFÞ*àdö·÷gú9ê9û Ý ß ÜcÝ â Ü�î ËXá�Ë�ß9Ë�ã4á�ä î Ë�ß^ã Ï Ý ì ÜcÜ�î ËXß9Þ!í ì ç Ü ã4à'Ë Ý ì ßLË��Ré#ç Ý Þ Ü ã Ü Þ Ý à Ý âè7ã Ü ã4Î/ã4à'è Ü ã0ß9ð�ÎHé#ã4á;ã4ç!ç!Ë�ç*Þ!ß9í î ã0òcË Ï Ë�Ë�àFè Ý à'ËXÞ!à Ü�î ËXã4á�Ë�ã Ý â'é#á Ý å�á;ã4í>í$Þ!à'å]ç!ã4à'å ì ã0å�Ë�ß Ü�Ý å�Þ!òcËEß9Þ!í$é#ç!Ë î Þ!å î ç!Ë�òcË�çã4ä)ä�Ë�ß9ß9Ë�ß Ü�Ý í Ý á�ËUé#ã4á;ã4ç!ç!Ë�ç!Þ*ß9íwã4à'èIÞ!à Ü�î Ë�ã4á�Ë�ã Ý âMä Ý í>é#Þ!ç*Ë�á;ß9æ-Æ î Ë�á�Ë�é#á Ý Ï ç!Ë�í>ß\ß ì ä î ã0ßCß9ä î Ë�è ì ç*Þ!à'å6ã4à'èIã4ç!ç Ý ä�ã0ÎÜ Þ Ý à Ý âVä Ý à'ä ì á;á�Ë�à Ü è7ã Ü ã4ÎHé#ã4á;ã4ç!ç!Ë�ç Ü ã0ß9ð�ß@ã0á�ËEß Ü ì èSÞ*Ë�èeö����gú9ê Å àdö���)gúHæ��Dã0í$ã0ß9ÆFã4íi�]Þ!à Ü á Ý è ì ä)Ë�ß Ü�î ËXûeã4ä)á Ý ë ã Ü ã�î Ý Æ	Uá�ã0é î ó�û ë 	L�Eß Ü á ì ä Ü ì á�Ë Ü�Ý è7Ë�ß9ä)á�Þ Ï Ë>í$Þ��RË�è7ÎHé#ã4á;ã4ç!ç!Ë�çDé#á Ý å�á;ã4í>ß4ê�ôwû ë 	qÞ*ß1ã4à�è7Þ!á�Ë�ä Ü ã0ä7��ä)ç*Þ!äFå�á;ã4é î Æ î Ë�á�Ëà Ý è7Ë�ßDá�Ë�é#á�Ë�ß9Ë�à Ü ß9Ë�ï ì Ë�à Ü Þ!ã0ç Ý áMè7ã Ü ã4ÎHé#ã4á;ã4ç!ç!Ë�çgä Ý í>é ì Ü ã Ü Þ Ý à'ß@ã4à'è6Ë�è7å�Ë�ß^á�Ë�é#á�Ë�ß9Ë�à Ü é#á�Ë�ä�Ë�è7Ë�à'ä�Ë\ä Ý à'ß Ü á;ã4Þ!à Ü ß9ægÆFÞ Ü�îÜ Æ Ý è7Þ!ß Ü Þ!à/å ì Þ*ß î Ë�èeà Ý èSË�ß9æ Ý à'Ë]é#á�Ë�ä�Ë�è7Þ!à'åNã4à'è Ý à'Ë]ß ì ä)ä�Ë�Ë�è7Þ!à'å=ã0ç*ç Ý-Ü�î Ë�áCà Ý è7Ë�ß4ê��Aà/ä)Ë Ü�î ËGû ë 	aÞ!ß+Ë�� Ü á;ã4ä Ü Ë�èâHá Ý í Ü�î Ë]ä Ý è7Ë�æcã0àIã4ç!å Ý á;Þ Ü�î íxÞ!ßJã0é#é#ç*Þ!Ë�è Ü�Ý ß9Þ!í ì ç Ü ã4à'Ë Ý ì ß9ç��Ié#ç!ã4ä�Ë]ã4à'èoß9ä î Ë�è ì ç!Ë Ü ã4ß9ðcß Ý à Ü�î ËGä Ý í>é ì Ü Þ!à/å[á�Ë�Îß Ý ì á�ä)Ë�ß4êgÈFË�á�Ë�æ/ÆFË ì ß9ËGãFß9Ë�ï ì Ë�à Ü Þ!ã4ç_ç!ã4à'å ì ã4åcË]ç!Þ!ð�Ë ü Ý áXï���� É �Dô��Fý4ý6ÆFÞ Ü�îYî Þ!å î Î�é#Ë�á;â Ý á;í>ã4à'ä�Ë]ç!Þ Ï á;ã4á;Þ!Ë�ßJç!Þ!ð�Ë�Tä�ã Ì ô��4ô ü õrö��gú^ã4à'èdÞ Ü ß+ã0ß9ß Ý ä�Þ!ã Ü Ë�èdä Ý í>í ì à/Þ!ä�ã Ü Þ Ý àdç!Þ Ï á;ã4áU��æ Ü�î Ëc` Ì ô ü �#ê�ôLòcã0Þ!ç*ã Ï ç!ËAé#á Ý ä)Ë�ß9ß Ý á�ßXã0á�ËAË��Ré#ç!Þ*ä)Þ Ü ç��è7Þ!òcÞ!è7Ë�è=Þ*à Ü�Ý ß ì#Ï ÎHå�á�Þ!è7ß Ü�î ã Ü á�Ë�ä�Ë�Þ!òcËBè7ã Ü ã0Î�é#ã0á�ã0ç*ç!Ë�ç Ý é#Ë�á�ã Ü Þ Ý à/ß Ü�Ý Ë��RË�ä ì Ü Ëcê
ûeã Ü á�Þ��Fí ì ç Ü Þ*é#ç!Þ!ä�ã Ü Þ Ý àYÞ!ß Ü�î Ë1ð�Ë�á�à'Ë�ç Ý âDí>ã4à2�Iß9ä�Þ!Ë�à Ü Þ!Ç#äAã4é#é#ç!Þ!ä�ã Ü Þ Ý à'ßFö��4÷gæ2��f4ú@ã4à'èoß9Ë�ò/Ë�á�ã0ç7é#ã4á;ã4ç!ç!Ë�ç7Þ!í>é#ç*Ë�Îí>Ë�à Ü ã Ü Þ Ý à'ß î ã4ò/Ë Ï Ë�Ë�àIé#á Ý é Ý ß9Ë�èSæ�í Ý ß ÜDÝ â Ü�î Ë�í ì ß9Þ!à'å$è7ã Ü ã0Î�é#ã0á�ã0ç*ç!Ë�ç!Þ!ß9íeê�� Ý í>Ë�ã0ç*å Ý á�Þ Ü�î í>ßJß ì#Ï ß Ü Þ Ü ì Ü ËGí ì ç Ü Þ*Îé#ç!Þ!ä�ã Ü Þ Ý à/ß Ï �Fã4èSè7Þ Ü Þ Ý à/ßCã4à'è Ü�î ì ßCá�Ë�è ì ä�Ë Ü�î ËJà ì í Ï Ë�á Ý â7í ì ç Ü Þ!é#ç*Þ!ä)ã Ü Þ Ý à'ßBä Ý í>é ì Ü Ë�è\ê<� Ü á;ã4ß9ß9Ë�àYö��4ýgúSã4à'èh iÞ!à Ý Îå�á;ã4èdö�?gúcã0á�ËLß ì ä î ã0ç*å Ý á�Þ Ü�î í>ß Ü�î ã Ü ã0á�Ë Ï Ë�ß Ü ß ì Þ Ü Ë�è6â Ý á7ãXé#á;ã4ä Ü Þ!ä�ã4ç4Þ*í>é#ç!Ë�í$Ë�à Ü ã Ü Þ Ý àDê É î Ë�� î ã0òcË Ï Ë�Ë�à]Ë�� Ü Ë�à'ß9Þ!òcË�ç��ß Ü ì èSÞ*Ë�è Ý à~í Ý à Ý é#á Ý ä�Ë�ß9ß Ý á�í>ã4ä î Þ!à'Ë�ß Ü�Ý Þ!à'ä�á�Ë�ã4ß9Ë Ü�î Ë$ä Ý í>é ì Ü ã Ü Þ Ý à/ã0çLé#Ë�á;â Ý á;í$ã0à/ä)Ë�ß Ý âEà ì í$Ë�á;Þ!ä�ã0ç@ã4é#é#ç!Þ!ä�ã0ÎÜ Þ Ý à'ß$ö��4æ.�gæ#�4ÿgæ.�<�4æ.��?gú9ê
�TË�òcË�á;ã4ç_é#ã4á;ã4ç!ç!Ë�çMÞ!í>é#ç*Ë�í>Ë�à Ü ã Ü Þ Ý à/ß Ý â Ï Ý-Ü�î ã4ç!å Ý á;Þ Ü�î í>ß î ã4ò/Ë6ã4ç!á�Ë�ã0è.� Ï Ë�Ë�àeé#á Ý é Ý ß9Ë�èÏ�ì Ü í Ý ß Ü#Ý â Ü�î Ë�í ì ß9ËJË�Þ Ü�î Ë�á^è7ã Ü ã0Î�é#ã0á�ã0ç*ç!Ë�ç!Þ!ß9ípö·þgú Ý á Ü ã0ß9ð�Î�é#ã0á�ã0ç!ç*Ë�ç!Þ!ß9íxö�f4úWê�ûiÞ��RË�è7ÎHé#ã4á;ã4ç!ç!Ë�ç0ò/Ë�á�ß9Þ Ý à'ßUö·ýgæ���)gúVã4ç!ß ÝË��RÞ*ß Ü ê É î ËCâ Ý á;í>Ë�áLöøýgú ì ß9Ë�ß_ãBí Ý à Ý è7Þ!í>Ë�à/ß9Þ Ý à'ã4çTè7Þ!ß Ü á;Þ Ï�ì Ü Þ Ý à Ý â Ü�î ËCí>ã Ü á;Þ!ä�Ë�ßMã4à'è Ü�î ËCç!ã Ü Ë�áLö���)4ú-Þ*ß_ã4àAã0é#é#ç!Þ*ä)ã Ü Þ Ý àÝ â^ã4à>ã ì Ü�Ý í$ã Ü Þ!ä+é#ã0á�ã0ç*ç!Ë�ç!Þ!Í4ã Ü Þ Ý à Ü�Ý-Ý ç�ê Å à Ü�î Þ!ßXé#ã0é#Ë�á�æ-ÆFË�ä Ý à/ß9Þ!è7Ë�áBã4à>ã4é#é#ç!Þ!ä�ã Ü Þ Ý à Ý âMí>Þ��0Ë�èSÎ�é#ã0á�ã0ç*ç!Ë�ç!Þ!ß9í Ü�ÝNÜ�î ËÇ#á;ß Ü ç*Ë�ò/Ë�ç Ý â7á�Ë�ä ì á;ß9Þ Ý à Ý â#� Ü á�ã0ß9ß9Ë�à6ã4à'èh iÞ!à Ý åcá�ã0è>í>ã Ü á�Þ��Aí ì ç Ü Þ!é#ç!Þ*ä)ã Ü Þ Ý à$ã4ç!å Ý á;Þ Ü�î í$ß4ê<� Ü á;ã4ß9ß9Ë�àNó Ý á� iÞ*à Ý å�á;ã4è.�ã4ç!å Ý á;Þ Ü�î ípÞ*ß ì ß9Ë�èYã ÜMÜ�î Ë î Þ*å î Ë�áBç!Ë�òcË�çVÆ î Þ!ç!Ë]ß Ü ã4à'è7ã4á�è î Þ!å î ÎHé#Ë�á�â Ý á�í>ã4à'ä�ËAç!Ë�ò/Ë�ç'ù��t` Ì ô��1ð�Ë�á;à/Ë�ç!ßXã0á�Ë ì ß9Ë�èdã ÜÜ�î ËXç Ý ÆFË�á^ç*Ë�ò/Ë�ç�ê� ì áXí Ý-Ü Þ!òcã Ü Þ Ý àYÞ!ß Ü�Ý Ï�ì Þ!ç!èeË�â�Ç#ä�Þ!Ë�à Ü é#ã4á;ã4ç!ç!Ë�ç7ã4ç!å Ý á;Þ Ü�î í$ßAâ Ý áEä�ç!Þ!Ë�à Ü Î�ß9Ë�á;òcË�á+ã4é#é#ç!Þ!ä�ã Ü Þ Ý à/ß4ê� IË1ã4ß9ß ì í>Ë Ü�î ã Üí>ã Ü á;Þ!ä�Ë�ßDã0á�ËCè7Þ!ß Ü á;Þ Ïcì Ü Ë�è Ý à1è7Þ!ßHÊ Ý Þ*à Ü å�á�Þ!è7ß Ý â'é#á Ý ä)Ë�ß9ß Ý á�ß Ï Ë�ä�ã ì ß9Ë Ý â'é#á�Ë�ò/Þ Ý ì ß^ä Ý í$é ì Ü ã Ü Þ Ý à'ß4ê!ðeã4à'èdñbã0á�Ë Ü Æ Ýßgï ì ã0á�ËAí>ã Ü á;Þ!ä�Ë�ß Ý â^è7Þ!í>Ë�à/ß9Þ Ý à�ò è7Þ!ß Ü á;Þ Ï�ì Ü Ë�è Ý à Ü Æ Ý ß9Ë�é#ã4á;ã Ü Ë�ßgï ì ã4á�ËAå�á�Þ!è7ß Ý âMé#á Ý ä�Ë�ß9ß Ý á;ß Ý âMß9ã0í$Ë]ß9Þ*Í0Ëcê" IËÆFã4à Ü7Ü�Ý ä Ý í$é ì Ü Ë Ü�î ËUé#á Ý è ì ä Ü-óõô ðjñvÆFÞ Ü�îbó è7Þ!ß Ü á�Þ Ï�ì Ü Ë�è Ý à Ü�î Ë�ß9ã4í>Ë�å�á�Þ!èIã0ßjð�ê Å à$ß ì ä î ãAä�ã0ß9Ë�æ Ü�î Ë�á�ËJã0á�ËÜ Æ Ý Ñ0ä�ç!ã4ß9ß9Þ!ä�ã0ç!Ñ�ÆFã���ß Ü�Ý ä Ý í>é ì Ü Ë Ü�î Þ!ßXé#á Ý è ì ä Ü êuïcÞ*á;ß Ü æcÆ1ËAä)ã4à$á�Ë�è7Þ!ß Ü á;Þ Ï�ì Ü Ëlñ Ý à Ü�î ËAå�á;Þ!èdÆ î Ë�á�ËlðbÞ!ßXç Ý ä�ã Ü Ë�èã4à'è Ü�î Ë�à1ä Ý í>é ì Ü Ë Ü�î ËEé#á Ý è ì ä Ü�Ý à Ü�î Þ!ß@å�á;Þ*èCêU` ì ÜcÜ�î Þ!ßDÆFã��)æ�Æ1Ë ì ß9Ë î ã4ç!â Ý â Ü�î ËEã4í Ý ì à ÜcÝ â'ã4òcã0Þ!ç*ã Ï ç!Ë\é#á Ý ä�Ë�ß9ß Ý á;ß4êÉ î Ë�à/æ4Æ1ËEä)ã4à1á�Ë�è7Þ!ß Ü á�Þ Ï�ì Ü Ë Ï Ý-Ü�î ðeã0à/èiñ Ý à1ã0ç!çRé#á Ý ä�Ë�ß9ß Ý á;ß9ægä Ý í>é ì Ü Ë Ü�î ËEé#á Ý è ì ä Ü æ�ã4à'è Ü�î Ë�à1á�Ë�è7Þ!ß Ü á;Þ Ï�ì Ü Ë ó~Ý àÜ�î ËXå�á;Þ!è$Æ î Ë�á�ËLð~Þ!ßLç Ý ä�ã Ü Ë�è\êg IËXé#á Ý é Ý ß9ËXã Ü�î Þ!á�è$ã4à'è=í>ÞW�RË�è=ÆFã�� Ü�î ã Ü ð�Ë�Ë�é#ßLã4ç!ç-í$ã Ü á;Þ!ä�Ë�ß@Þ!à6é#ç!ã4ä)ËEã4à'è=Ë�òcË�à'ç��è7Þ!ß Ü á;Þ Ï�ì Ü Ë�ß Ü ã4ß9ðcß@ó�Ëcê åMê æ�ã4èSè7Þ Ü Þ Ý à/ß"ö7ã0à/è=í ì ç Ü Þ!é#ç!Þ!ä�ã Ü Þ Ý à/ß Ý àFí$ã Ü á;ÞW�'ï ì ã0á Ü Ë�á�ßg� Ý à Ü�î Ë Ü Æ Ý å�á�Þ!è7ß4ê
É î Ë]á�Ë�í$ã0Þ*à'è7Ë�á Ý â Ü�î Þ!ß�é#ã4é#Ë�áEÞ!ß Ý á�å�ã0à/Þ!Í4Ë�èoã4ßUâ Ý ç!ç Ý ÆFß4ê��RË�ä Ü Þ Ý à�	6ê ÷6á�Ë�ä)ã4ç!ç!ßB� Ü á;ã4ß9ß9Ë�àdã0à/è¾ iÞ*à Ý å�á;ã4èeã4ç!å Ý Îá;Þ Ü�î í>ß4ê Å à$�TË�ä Ü Þ Ý àh	Fê ù4æTÆFËUé#á�Ë�ß9Ë�à Ü#Ý ì á\ã4ç!å Ý á;Þ Ü�î í$ßEã0à/è Ü�î Ë�Þ!áLÞ!ß9ß ì Ë�ßBá�Ë�ç!ã Ü Ë�è Ü�Ý í$ã Ü á;Þ*ä)Ë�ßBè7Þ!ß Ü á;Þ Ïcì Ü Þ Ý à/æ Ü Ë�í$é Ý Îá;ã4áU�$ã0á�á;ã���ßJá�Ë�è ì ä Ü Þ Ý à'æ'ã0à/è Ü ã0ß9ð[é#ç*ã0ä�Ë�í>Ë�à Ü êe�TË�ä Ü Þ Ý à�	6ê )6å�Þ!òcË�ßUã4àdË�ò/ã4ç ì ã Ü Þ Ý à Ý â Ü�î Ë Ü�î Ë Ý á�Ë Ü Þ!ä)ã4ç7ä Ý ß Ü ß Ý â Ü�î Ëè7Þ!â�âHË�á�Ë�à Ü ã4ç!å Ý á;Þ Ü�î í$ß4ê�ï�Þ!à/ã0ç!çW�Gã4à'è Ï Ë�â Ý á�ËBã+ä Ý à/ä)ç ì ß9Þ Ý à'æ4ÆFËXåcÞ*ò/Ë�ægÞ!àl�TË�ä Ü Þ Ý à
	Fê �0æ Ý ì á^Ë��0é#Ë�á;Þ!í$Ë�à Ü ã0çRá�Ë�ß ì ç Ü ß Ý à1ãä�ç ì ß Ü Ë�á Ý â2� ü ß@ä Ý à'à'Ë�ä Ü Ë�è Ü á Ý ì å î ã+û���á;Þ*à'Ë Ü à/Ë Ü Æ Ý á;ðMê
÷Uø ùjú û�üoý:þQÿ ÿ þ���� ù������jü
	�üÁù�þQú�üoü�� ú û�ü
����	�	�� ú�� þ ù��
þ��������
ú������ ú�� þ ù���������	�	�� ú�� þ ù� 
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G.2 Strassen and Winograd algorithms

Å àL�0þ�f0þ4æQ� Ü á;ã4ß9ß9Ë�àNö��4ý�ú-Þ!à Ü á Ý è ì ä�Ë�è�ã0àAã4ç!å Ý á;Þ Ü�î í Ü�Ý í ì ç Ü Þ!é#ç���ò"!�òxí>ã Ü á�Þ!ä)Ë�ßSÆ î Þ!ä îAî ã0ßSãCç Ý ÆFË�áVä Ý í>é#ç!Ë��0Þ Ü �Ü�î ã4à Ü�î ËGä�ç!ã4ß9ß9Þ!ä)ã4ç$#&%@ò�¢�'Dó�ïcÞ*å ì á�Ë�	6ê �4ó Ü�Ý ét�*�Wê Å Ü Þ!ß Ï ã0ß9Ë�è Ý àIãFß9ä î Ë�í>Ë�â Ý á Ü�î ËGé#á Ý è ì ä ÜMÝ â Ü Æ Ý)( ! ( í$ã Ü á;Þ!ä�Ë�ßÆ î Þ!ä î Þ*à'ò Ý ç!ò/Ë�ß+ý1í ì ç Ü Þ!é#ç!Þ!ä�ã Ü Þ Ý à/ßJã4à'èb��?]ã4èSè7Þ Ü Þ Ý à/ß+Þ*à'ß Ü Ë�ã0è Ý â Ü�î Ë ì ß ì ã0ç.?]í ì ç Ü Þ!é#ç!Þ*ä)ã Ü Þ Ý à'ßUã4à'è�)Gã0è7è7Þ Ü Þ Ý à'ß4êÉ î Þ!ßLß9ä î Ë�í>ËXä�ã0à Ï Ë+Ë�ã4ß9Þ!ç��]ã4é#é#ç!Þ!Ë�è Ü�Ý*( ! ( Ï ç Ý ä�ð1í>ã Ü á;Þ!ä�Ë�ß4ê É Ý ä Ý í$é ì Ü Ë Ü�î ËXé#á Ý è ì ä Ü+ó ô ðjñ�æ0Þ!â#ð~ã4à'èdñ ã0á�Ëè7Þ!ß Ü á;Þ Ï�ì Ü Ë�è=Þ*à6ßgï ì ã4á�Ë Ï ç Ý ä)ð�ß Ý âVè7Þ!í>Ë�à/ß9Þ Ý àdò,+ ( æ�ÆFË î ã0òcË�=
- ó�.�. ó�.�/ó0/�. ó0/
/21 ô - ð .
. ð .�/ð /3. ð /
/21 - ñ .�. ñ .�/ñ /�. ñ /�/21

� Ü á;ã4ß9ß9Ë�à>ã4ç!å Ý á;Þ Ü�î í ä)ã4à>ã4ç!ß Ý Ï ËAã0é#é#ç!Þ*Ë�èYá�Ë�ä ì á;ß9Þ!òcË�ç�� Ý à[ßgï ì ã0á�ËAí>ã Ü á;Þ!ä�Ë�ß Ý â^è7Þ!í>Ë�à/ß9Þ Ý à�ò ô4(�5'Ü�Ý Ç#à'ã4ç!ç��Ý Ï Ü ã4Þ!à=ã�ä Ý í>é#ç!Ë��0Þ Ü � Ý â6#&%@ò87 9�:<;>=
?�' ô #&%@ò /�@ A
B =<'Wê!�TË�òcË�á;ã4ç Ý-Ü�î Ë�á\òcã4á;Þ!ã Ü Þ Ý à'ß Ý â Ü�î Þ!ßBã4ç!å Ý á;Þ Ü�î íwã4ç!ç Ý Æ Ü�Ý1î ã4à'è7ç!Ëí>ã Ü á;Þ!ä�Ë�ß Ý âVã4á Ï Þ Ü á;ã4áU��ß9Þ!Í4Ë�æ4í Ý ß Ü'Ý â Ü�î Ë�ílã0á�ËEá�Ë�â�Ë�á�Ë�à/ä)Ë�è Ý á^è7Ë Ü ã4Þ!ç!Ë�è6Þ!àIö��7�0úWê
É î Ë& iÞ!à Ý å�á;ã4èFò/ã4á;Þ*ã0à ÜTÝ â(� Ü á;ã4ß9ß9Ë�àAôAç!å Ý á;Þ Ü�î í$æ�Þ!à Ü á Ý è ì ä�Ë�èGÞ*à>ö�?0ú�æ ì ß9Ë�ß Ü�î ËCß9ã4í>ËLà ì í Ï Ë�á Ý â�í ì ç Ü Þ!é#ç*Þ!ä)ã Ü Þ Ý à'ßÏ�ì Ü á�Ë�è ì ä)Ë�ß Ü�î ËXà ì í Ï Ë�á Ý âVã4è7èSÞ Ü Þ Ý à/ß@âHá Ý í£��? Ü�Ý ���'ê É î Þ!ß@ã0ç*å Ý á�Þ Ü�î íZÞ!ßLé#á�Ë�ß9Ë�à Ü Ë�è6Þ!àFï�Þ!å ì á�ËB	Fê �4ó Ï Ý-Ü�Ü�Ý íh�9ê

Input : C*DFEHG�I�J�K�LNMPO<QRNS$TVUWS�SNXYU[Z�Z R]\PTV^WS�SNX_^[Z�ZR`ZaTVU0Z
SNXYU[Z�Z R`baTV^WScZedf^[Z�ZR]gPTVUWS�SNXYU�ScZ
Phase 1

R]hPTV^0Z
Sidf^�S�SR]jPTVU Z
S dkU S�S R]lPTV^ S�S X_^ ScZR`maTVU ScZ dkU Z�Z R Son TV^ Z
S X_^ Z�Zp SqT2RNSsriR]\ p m T2R]gqrq^[Z�Zp Z T2R Z r$^ S�S
Phase 2

p \ T2R]jqrtR]lp g TVU S�S riR b p b T2R`mirtR Sonp jaTVU Z�Z riR hRNS$T p S
X p j u S�S$T2RNStd*R`ZR g T p g X p S
Phase 3

u ScZ T p g X p mR Z T p mqd p b u Z
S T p Z X p jR]jPT p Z d p \ u Z�Z T2R g d*R]j
Output :

u Twv u$x y�z
Input : C*DFEHG�I�J�K�LNMPO<QRNS$TVU0Z
SNXYU[Z�Z R m TV^WScZedf^�S�SR Z T|{ S d}U S�S

Phase 1
R \ TV^ Z�Z d~R SR g TVU S�S dkU Z
S R b TV^ Z�Z df^ ScZR]jPTVU ScZ df{ Z R h TV^ Z
S X}R Zp S TVU S�S r$^ S�S p meT2R g rtR bp Z TVU ScZ r$^ Z
S

Phase 2
p \ T2R]jqrq^ Z�Zp g T2R S riR`m p b TVU Z�Z riR hp jaT2R Z riR \R S T p S X p j u S�S T p S X p ZR Z T p Z X p m

Phase 3
u ScZ T2R g X p \R g T2R S X p g u Z
S T2R Z X p bu Z�Z T2R Z d p g

Output :
u T�v u$x y��

ï ø�� ê!	6ê �j>Jï�Þ!á�ß Ü ç!Ë�òcË�ç Ý âVá�Ë�ä ì á�ß9Þ Ý à Ý â2� Ü á�ã0ß9ß9Ë�àGã0ç*å Ý á�Þ Ü�î í�ó Ü�Ý ét�'ã4à'èNÞ Ü ß� iÞ!à Ý å�á;ã4è>òcã0á�Þ!ã0à Ü ó Ï Ý-Ü�Ü�Ý íi�Wê
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G.3 Mixed parallel algorithms

É Ý Ï Ë�à'Ë�Ç Ü â�á Ý í Ü�î Ë ì ß9Ë Ý âDí$Þ��RË�è7ÎHé#ã4á;ã4ç!ç!Ë�ç*Þ!ß9íkÞ!ày� Ü á;ã4ß9ß9Ë�àIã0ç*å Ý á�Þ Ü�î í>æ Ü�î Ë1ß Ü á;ã Ü Ë�å��>Ë�í$é#ç Ý ��Ë�èið�Ë�Ë�é#ßUí$ã0ÎÜ á;Þ!ä�Ë�ßJÞ*àYé#ç*ã0ä�Ë�ã0à/èiè7Þ!ß Ü á;Þ Ï�ì Ü Ë�ß Ü ã0ß9ð�ßJã0í Ý à'å[ã4ç!ç Ý â Ü�î ËGé#á Ý ä�Ë�ß9ß Ý á;ßUÞ*à'ß Ü Ë�ã0è Ý âDã0ç!Þ*åcà/Þ!à'å>í>ã Ü á�Þ!ä)Ë�ß Ï Ë�â Ý á�Ë�ä Ý í$Îé ì Ü Þ!à'åMê�ôAß+Æ1Ë ì ß9Ë]ß Ü ã4à'è7ã0á�èIé#ã4á;ã4ç!ç!Ë�çVà ì í>Ë�á;Þ*ä)ã4ç#á Ý ì Ü Þ!à/Ë�ß+â�á Ý í»�Tä�ã Ì ô��4ô ü õEæ-ÆFË�à'Ë�Ë�è Ü�Ý ð�Ë�Ë�é Ü�î Ë�è7ã Ü ã�èSÞ*ß9ÎÜ á;Þ Ï�ì Ü Þ Ý àNÞ!í>é Ý ß9Ë�è Ï � Ü�î Ë�ß9ËJð�Ë�á;à'Ë�ç*ßCóHâ ì ç!ç!Î Ï ç Ý ä)ð Ý á Ï ç Ý ä�ð�ÎHä7��ä)ç!Þ*äEèSÞ*ß Ü á�Þ Ï�ì Ü Þ Ý à/ßg�9ê<� ì á@å Ý ã4çcÞ*ß Ü�î ì ß Ü�Ý á�Ë�è ì ä)Ë Ü�î Ëä Ý í>í ì à/Þ!ä�ã Ü Þ Ý à'ßXã4à'è Ü�Ý Ë�ï ì Þ!ç!Þ Ï á;ã Ü Ë�ã0ßEí ì ä î ã0ßCé Ý ß9ß9Þ Ï ç!Ë Ü�î ËAä Ý í$é ì Ü ã Ü Þ Ý à'ßEã4í Ý à/å Ü�î ËAé#á Ý ä�Ë�ß9ß Ý á;ß4ê É î Ë Ü Æ Ýå�á;Þ!è7ß^ó Ý á7ä Ý à Ü Ë�� Ü ßg�cÆ î Ë�á�ËCí$ã Ü á;Þ*ä)Ë�ß�ðiã4à'è$ñ�ã0á�ËCè7Þ!ß Ü á;Þ Ï�ì Ü Ë�èFã4á�ËLßgï ì ã0á�ËCã4à'è Ý â�è7Þ!í$Ë�à'ß9Þ Ý à�� ô�(�5 êF IËCä Ý à/ß9Þ!è7Ë�áÜ�î ã Ü#Ü�î Ë��6ã0á�ËJß ì#Ï Î�åcá�Þ!è7ß Ý â7ãAò/Þ*á Ü ì ã0çcá�Ë�ä Ü ã0à/å ì ç*ã0áDå�á;Þ*è Ý âSß9Þ*Í0Ë���! ( �]ó Ü�î ì ßBÆ1Ë î ã4ò/ËJã Ü�Ý-Ü ã4ç Ý â ( � / é#á Ý ä)Ë�ß9ß Ý á�ßg�9ê�#á Ý ä)Ë�ß9ß Ý á�ß Ý â Ü�î Þ*ßCå�ç Ý Ï ã0ç�å�á;Þ*è$ã4á�ËEá Ý Æ|í>ã9Ê Ý áDà ì í Ï Ë�á�Ë�è=âHá Ý íxö·ÿ4ægÿ0ú'Þ!à Ü�î Ë ì é#é#Ë�á_ç!Ë�â Ü ä Ý á�à'Ë�á Ü�Ý ö ���w�9æ ( ���w�9úÞ!à Ü�î ËXç Ý Æ1Ë�á^á;Þ!å î/Ü êg IËXÆFÞ!ç!ç�ð�Ë�Ë�é Ü�î Þ!ß@à ì í Ï Ë�á�Þ!à'åGâHá Ý í Ü�î ËXÆ î/Ý ç!ËJä Ý à Ü Ë�� Ü ì à Ü Þ!ç Ü�î ËXË�à'è Ý â Ü�î Þ!ßLé#ã4é#Ë�áWê
G.3.1 Strassen algorithm

G.3.1.1 Data distrib ution� Ü á;ã4ß9ß9Ë�àNã0ç!å Ý á�Þ Ü�î íwÞ*ß Ï Ë Ü�Ü Ë�á Ü�î ã4à=ß Ü ã4à'è7ã4á�è$í>ã Ü á�Þ���í ì ç Ü Þ!é#ç!Þ!ä�ã Ü Þ Ý à$ã0ç*å Ý á�Þ Ü�î í Ï Ë�ä�ã ì ß9ËJã0è7è7Þ Ü Þ Ý à'ßCã0à/è[ß ì#Ï ÎÜ á;ã4ä Ü Þ Ý à'ß Ý â\í>ã Ü á�Þ!ä�Ë�ß�ä)ã4à Ï ËFä Ý í>é ì Ü Ë�è~Þ!àiç*Þ!à'Ë�ã4á Ü Þ!í>Ë6Æ1Þ Ü�î/Ý ì Ü ä Ý í>í ì à'Þ!ä�ã Ü Þ Ý à/ß4ê�` ì Ü Þ!â\Æ1Ë ì ß9Ë6ã�PQ_�8W8W�@�!8:5<T[|è7Þ!ß Ü á;Þ Ï�ì Ü Þ Ý à'æTÞ Ü Þ!à Ü á Ý è ì ä�Ë�ß\ä Ý í>í ì à'Þ!ä�ã Ü Þ Ý à/ß4ê É Ý ã0ò Ý Þ!è Ü�î Ë�í$æRã4ç!ç Ü�î Ë+é#á Ý ä)Ë�ß9ß Ý á�ßCÞ!à/ò Ý ç!òcË�è>Þ*à Ü�î ËJä Ý í$é ì Ü ã Ü Þ Ý àí ì ß Ü_Ý ÆFà[ã1é#ã4á ÜSÝ â^Ë�ã4ä î í>ã Ü á�Þ��
ï ì ã4á Ü Ë�á;ß4ê É î Ë Ï Þ!è7Þ!í>Ë�à/ß9Þ Ý à'ã4ç.�!8W57T[|7�*T[��T[8:XWTBè7Þ!ß Ü á;Þ Ï�ì Ü Þ Ý àIÞ!ß Ü�î Ë�í Ý ß Ü ã4è7ã0é Ü Ë�è7æÏ�ì Ü_Ü�î Ë Ï ç Ý ä�ð$ß9Þ!Í4ËAé#ã4á;ã4í>Ë Ü Ë�á î ã4ß Ü�Ý Ï ËAä�ã0á�Ë�â ì ç!çW�=ä î'Ý ß9Ë�à^ê(ò,+ ( �6Þ!ß Ü�î Ë�í>ã��RÞ*í ì í Ï ç Ý ä�ð$ß9Þ*Í0Ë Ü�î ã Ü ã4ç!ç Ý ÆFß Ü�î Ëç Ý ä�ã0ç7ä Ý í>é ì Ü ã Ü Þ Ý à Ý âDã4ç!ç Ý â Ü�î Ë]ã4ä)ä ì í ì ç!ã Ü Þ Ý à'ß4êgïcÞ*å ì á�Ë�	6ê ÷Fß î'Ý Æ1ßUã4àIË��Rã4í>é#ç!Ë Ý â Ü�î ËGä î'Ý ß9Ë�àdè7ã Ü ãGèSÞ*ß Ü á�Þ Ï�ì ÎÜ Þ Ý à`Æ î Ë�à�� ô�( ê-ï Ý áUË�ã0ä î Ï ç Ý ä�ðcæSß ì#Ï ß9ä)á�Þ!é Ü å�Þ!òcË�ß�Þ Ü ßGí$ã Ü á;Þ��iï ì ã4á Ü Ë�áUã4à'è�ß ì é#Ë�á;ß9ä�á;Þ*é Ü ä Ý á;á�Ë�ß9é Ý à'è7ß Ü�ÝYÜ�î ËÏ ç Ý ä�ðcÎ�ä<��ä�ç!Þ!ä\èSÞ*ß Ü á�Þ Ï�ì Ü Þ Ý à^ê

Context 1 Context 2

B
02
12 B

01
11 B

03
12B

00
11

B
22
22 B

21
21 B

23
22B

20
21

B
12
12 B

11
11 B

13
12B

10
11

B
32
22 B

31
21 B

33
22B

30
21

A
13
12

A
33
22

A
02
12A

00
11 A

03
12A

01
11

A
22
22A

20
21 A

23
22A

21
21

A
12
12A

10
11 A

11
11

A
32
22A

30
21 A

31
21

C
13
12

C
33
22

C
02
12C

00
11 C

03
12C

01
11

C
22
22C

20
21 C

23
22C

21
21

C
12
12 C

11
11

C
32
22C

30
21 C

31
21

C
10
11

ï ø�� ê<	Fê ÷L>+ûeã0é#é#Þ*à'å Ý âVí>ã Ü á;Þ!ä�Ë�ß�ðBæ(ñjã4à'è ó�Ý à6ã ( !f�Bé#á Ý ä�Ë�ß9ß Ý á^å�á;Þ!è\ê
G.3.1.2 Temporar y allocation and memor y usage� î ËFá�Ë�ß ì ç Ü ß Ý â Ü�î Ë
��?6ã4è7è7Þ Ü Þ Ý à'ß�ã4à'è Ü�î ËFýNí ì ç Ü Þ*é#ç!Þ!ä�ã Ü Þ Ý à'ß Ý â Ü�î Ë
� Ü á;ã4ß9ß9Ë�àdã0ç!å Ý á�Þ Ü�î í�í ì ß Ü Ï ËFß Ü�Ý á�Ë�è`Þ*àÜ Ë�í>é Ý á;ã4áU��òcã0á�Þ!ã Ï ç*Ë�ß4ê���â
�FËXä Ý à'ß9Þ!è7Ë�á Ü�î ËXã4ç!å Ý á;Þ Ü�î í�é#á�Ë�ß9Ë�à Ü Ë�è6Þ!àFï�Þ!å ì á�ËB	6ê �0ó Ü�Ý ét��æe�0ÿ Ü Ë�í>é Ý á;ã4áU�]òcã0á�Þ!ã Ï ç!Ë�ß_ã0á�Ëà'Ë�Ë�è7Ë�èoÞ!àdé î ã4ß9Ë��4æ'ýFÞ!àYé î ã4ß9Ë]÷0æ/ã0à/è�)FÞ!àYé î ã4ß9ËGù'ê4ôAß��FË1ä Ý í>é ì Ü Ë Ü�î ËGé#á Ý è ì ä Ü^Ý â@í>ã Ü á�Þ!ä�Ë�ß Ý âDß9Þ!Í4Ëhò Ý à
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G.4.1 Parallel machine and basic operations
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Ò@ã4á�ä î Þ Ü Ò�ä Ü ì á�Ò�ÕHè¥Ò�éNÒ�à/ètÒ�à Ü æ Ü�î Ò��Jã0á�Ò@è¥Ò Ü Ò�á�í>Þ!à`Ò�èÜÒ��0éNÒ�á;Þ!íkÒ�à Ü ã0ç!çW�Tê��TÞ!à/äFÒ Ý ì á Ó ç Ý ä)ðß9ÞHÞ�Ò�Þ!ßXä�ã0á�Ò�â ì ç!çW�Fä î/Ý ß�Ò�à'æ]�&Ò�è Ý à Ý-ÜMî ã4ò`ÒUä)ã4ä î Ò�Ò�â�âªÒ�ä Ü ß4ê<� Ý �+æ]�&ÒAå�Þ!ò]ÒAè¥Ò Ü ã4Þ!çHÒ�è[í Ý è¥Ò�ç!ßXâ Ý áaÒ�ã0ä î>Ý â Ü�î Ò Ó ã0ß9Þ!äÝ éNÒ�á;ã Ü Þ Ý à'ß@Þ!à/ò Ý ç!ò]Ò�è=Þ!à Ý ì á^è7Þ!â�âªÒ�á�Ò�à Ü ã4ç!å Ý á;Þ Ü�î í$ß4ê
Matrix multiplication �Hàdö�)4ú�ægãJí Ý ètÒ�ç-Þ*ßLå�Þ!ò]Ò�àFâ Ý á Ü�î ÒB�Tä)ã�Ý7ô��0ô ü õeâ ì à/ä Ü Þ Ý à PDGEMM

ì ß�Ò�èNÞ!à Ý ì á_ã0ç!å Ý á�Þ Ü�î íÜ�Ý ä Ý í$é ì Ü Ò Ü�î ÒXß�Ò�ò]Ò�à1í>ã Ü á;Þ���í ì ç Ü Þ!é#ç!Þ!ä�ã Ü Þ Ý à/ß\ã Ü/Ü�î ÒXç Ý �ÔÒ�á^çHÒ�ò]Ò�ç�êQ YÒ î ã0ò]Ò Ü�î ÒXâ Ý ç!ç Ý �1Þ!à'åGä Ý ß Ü í Ý è¥Ò�ç#=
¡¥çÔè<é�ê ô ( ò ¢�`ë ã�ä à ò / %�â�ìí àVâ íì '¥à ( ò� %�ßsìí àVß íì '�î� î Ò�á�ÒÛ�bÞ!ß Ü�î Ò Ó ç Ý ä)ðFß9Þ�Þ¾Ò�æTã4à'èYâ ìí ã4à'è_ß ìí óHá�Ò�ß9éLê�â íì ã4à'è_ß íì �7ã0á�ÒXâ ì à/ä Ü Þ Ý à'ß Ý â Ü�î ÒUåcá�Þ!è Ü�Ý é Ý ç Ý å��6ã0à/è Ü�î Òä Ý í>í ì à'Þ!ä�ã Ü Þ Ý à6é#ã Ü�Ü Ò�á�à1â Ý á Ó ã4à'è¥�FÞ*è Ü�î ã4à'è=ç!ã Ü Ò�à/ä<��Þ!à1ãUá Ý �vóHá�Ò�ß9éLêWä Ý ç ì í$à2� Ó á Ý ã0è7ä�ã0ß Ü ê

Matrix addition (resp. cop y) `¥Ò�ä�ã ì ß�Ò Ý â Ý ì á@èSã Ü ã�è7Þ!ß Ü á�Þ Ó ì Ü Þ Ý à'æTã4ç!çcã0è7è7Þ Ü Þ Ý à'ß\óHá�Ò�ß9éLê ä Ý é#ÞHÒ�ßg�Vã4á�Ò�Ò��¾Ò�ä ì Ü Ò�è>ç Ý Õä�ã4ç!ç��Ô�1Þ Ü�î/Ý ì Ü ä Ý í>í ì à'Þ!ä�ã Ü Þ Ý à/ßBã4ß0Ò��Ré#ç*ã0Þ!à`Ò�è>Þ!à���Ò�ä Ü Þ Ý à�	6ê ùVê �'ê �Vê � î ÒUä Ý ß Ü7Ý â7ã0à6ã4è7èSÞ Ü Þ Ý àNó�á
Ò�ß9éLê�ä Ý ét���7Þ!ßå�Þ!ò]Ò�à Ó �h=
¡ ±¥ï�ï ô ò

/� / ã å %*á
Ò�ß9éLêQ¡ °qð ì�ñ ô ò /� / ã æ '�ò
G.4.2 Mixed parallel Strassen algorithm� Ý éNÒ�á;â Ý á;í�Þ!à Ü Ò�á�ÕHä Ý à Ü Ò�� Ü ä Ý í$í ì à/Þ!ä)ã Ü Þ Ý à'ß9æ �&Ò ì ß�Ò+ç Ý ä)ã4ç!ç�� Ó ç Ý ä)ð�Þ!à/åFß�Ò�à'è$ã0à/è>á�Ò�äFÒ�Þ!ò]ÒEâ ì à/ä Ü Þ Ý à/ß4ê<`¥Ò�ä)ã ì ß�ÒÜ�î Ò Ü � Ý ß ì Ó Õ�å�á;Þ!è7ß î ã4ò]ÒBß9ã0íkÒEß9ÞHÞ�ÒEã0à/è6ß9ã0íkÒEß î ã4éNÒ�æ Ü�î Ò�ß�Ò+ä Ý é#ÞHÒ�ßDÞ!à/è ì äFÒEä Ý í>í ì à'Þ!ä�ã Ü Þ Ý à/ß Ó Ò Ü �&Ò�Ò�à1é#á Ý ä�Ò�ß9ß Ý áé#ã4Þ!á;ß4ê"�#á Ý äFÒ�ß9ß Ý áÛó ò8ô ��õ�öÛîUò8ô ó õ�÷ÀøcâHá Ý í ä Ý à Ü Ò�� Ü �ÜÒ��0ä î ã0à/å�Ò�ßEèSã Ü ã³�1Þ Ü�î é#á Ý ä�Ò�ß9ß Ý áÜó ò8ô���õ�öÛî[ò8ô ó õ�÷sà2�]ø/Þ*àä Ý à Ü Ò�� Ü ÷'ê( YÒ î ã0ò]Ò Ü � Ý ��Ò�à/è]¿��eÒ�äFÒ�Þ!ò]Ò6é î ã4ß�Ò�ß]Þ!à�Ò�ã4ä î ä Ý à Ü Ò�� Ü ã0à/è Ý à`Ò$ä Ý í>í ì à'Þ!ä�ã Ü Þ Ý à~â�á Ý í Ü�î Ò$ß�Ò�ä Ý à'èä Ý à Ü Ò�� ÜLÜ�ÝIÜ�î Ò��#á�ß Ü\Ý à`Òcê( YÒ6ä Ý í>é ì Ü Ò Ü�î Ò Ü�Ý-Ü ã4ç_ã4í Ý ì à ÜCÝ âLèSã Ü ã=ä Ý í>í ì à'Þ!ä�ã Ü Ò�è¤=]á ô =/ ì ´ ò / çHÒ�ã0è7Þ!à/å Ü�Ý ã
ä Ý í>í ì à/Þ!ä�ã Ü Þ Ý à6ä Ý ß Ü í Ý è¥Ò�ç Ò�ï ì ã0ç Ü�Ý = ¡ ­¥ù ï 5�ú ê ô,û ßkàýü â( � / ò / ò� î Ò�à/æ Ü�î Ò�á�ÒEã4á
ÒBý+í ì ç Ü Þ!é#ç*Þ!ä)ã Ü Þ Ý à'ß9æ4ù Ý à Ü�î Ò��#á�ß Ü ä Ý à Ü Ò�� Ü ã0à/è�) Ý à Ü�î ÒXß�Ò�ä Ý à'è Ý à
Òcê9ôAß Ü�î Ò�ß�ÒXé#á Ý è ì ä Ü ßq� Ý á;ð Ý àí>ã Ü á;Þ!ä�Ò�ß Ý âVß9ÞHÞ�Ò�ò,+ ( æ��&Ò î ã4ò`Ò�=

¡¥çÔè<é�ê ô �Ôþ /�ÿ��ì ´ � ç /�� ¢ à ( � ç /�� / â ìì à ( ç�� /ç�� / ì ß ìì
	ô ç µì ´ ã ä à ( ò / â ìì à����`ß ìì ò
ï�Þ!à'ã4ç!ç���æ Ü�î Ò�á�Ò]ã0á�Òl��?1ã4è7è7Þ Ü Þ Ý à'ß·� î Þ!ä î ã4á�Ò³Ò�ò]Ò�à'çW�[è7Þ!ß Ü á�Þ Ó ì Ü Ò�è Ý à Ó�Ý-Ü�î ä Ý à Ü Ò�� Ü ß4ê � î ÒGä�á;Þ Ü Þ!ä�ã0çSé#ã Ü�îIî ã0ßA�0ÿã4èSè7Þ Ü Þ Ý à/ß+ã4à'è�)Gí ì ç Ü Þ!é#ç!Þ!ä�ã Ü Þ Ý à/ß Ü ã4ß9ðcß4ê�� Ý æ�ã4ß9ß ì í>Þ!à/å Ü�î ã Ü ã4ç!ç Ý éNÒ�á;ã Ü Þ Ý à'ßW� Ý á;ð Ý àIí>ã Ü á;Þ!ä�Ò�ß Ý â^ß9ÞHÞ�Ò
ò,+ ( æ��&Òå�Ò Ü =

¡ ±¥ï�ï ô ��
�� � ç / � /� / ã å��¥ô û ò /( � / ã å ò
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���`�&Ò�������� �
Ò!��Ò�"$#%��� ��&��ÔÒ(']Ò!�)�*�`Ò���#%+,+,# �.-,/0'1"$#%���)�2#%3¥Ò!+o¡ Æ �*#%4Z�
� 465�����Ò!/75�+,'8#%46-,� �0�Å=

¡ Æ ô ò�¢� / ã ä à - û�ã å à ü â( � / à ( â�ìì 1 ò / à����]ßNìì à û ß6ò
G.4.3 Mixed parallel Winograd variant��/��*�`Ò� 9-,/)#%'8465�3;:<5=4>-,5�/0�?#%�-�
� 465�����Ò!/�5�+,'8#%46-@�*�)�2&]�&ÒA-,/0� 4B#%3C��"�ÒA"D#%E�-HÒ!�(5=���ÔÒA����Ò��kÒ!����5='�ÒA'84B#%��E�-,/0'GF � �
Ò#%� �
Ò!4 Ó 5���-,"�#%ENÒ!4>5=� -,#%/)��5�4�ÒH�*�`ÒA��5=�kÒ�5=�(-,/i�
�*4>5=����Ò!/�:`Ò!4>��-,#%/IF � �
Ò�#%/)+���"D�05�/0'�Ò!��5�4
ÒH� �
Ò�/)��� Ó Ò!4J#%�K5�3?3?-,�*-@#%/0�5�/03L�*�`Ò!-,4J#%4B3¥Ò!4�F����q�ÔÒA+,#%#%M�5�� Ó #%�*�N"D#%/0�oÒ!OP� �(5�+,'8#%46-,� �0����Q*R8-,'8��4
ÒAS7F T�Q*+HÒ!���C5=/)3U46-,'8�)�*V*V�&��&ÒA"D5=/W3¥Ò���/
ÒA� �
ÒA��#%+�Õ+,# �7-@/0'2"D46-@�*-,"D5�+0E�5��*�À=")�5�3C3?-,� -,#%/)��5�/03LX�"D#%E�-HÒ!��#%/N"$#%/)�cÒ!O=�GX�&�)1����+,� -,E�+,-,"D5=� -,#%/)��#%/2"$#%/)�cÒ!O=�Z��&()15�3?3C-@�*-,#%/)�(#%/"D#%/0�oÒ!OP��X�&P5�/03f��/)5=+@+��7YH5�3?3C��¿P��� Ó � 465�"$� �Z#%/W"D#%/0�oÒ!OP�t�0F�[\#%/0"�Ò!46/)-,/0']"D#%�2����/0-,"D5=� -,#%/)��&%5 Ó Ò!�*�oÒ!4I3?5=� 5^E�+,5�"�Ò!�fÒ!/0�4�Ò!3C��"�Ò!��� �
ÒZ'<+@# Ó 5�+_"$#%���6F � �`Ò`� #%�*5�+!5��2#%��/0�%#%�P3C5�� 5J"D#%�2�2��/)-,"D5=�oÒ!3.Q�áKV=-,�iÒ�ï8��5�+_�*# ¢ ç ´ì ´ &$+�Ò!5=3?-,/)'^� #�� �
ÒZ��#%+,+@# �7-,/0'"D#%�2�2��/)-,"D5=� -,#%/]"D#%���a�2#%3¥Ò!+#=

¡ ­¥ù ï 5Hú ê ô �¾ßkà ��ò /� / â�ò
 YÒ��05�:`Ò(� �
Ò���5��fÒ�/0��� Ó Ò!4b#%�a�2��+,� -,E�+,-@"$5��*-@#%/0�Z5=�c-,/,�
� 465�����Ò!/IF[ YÒ�5�+,��#1�)5=:]ÒN�7�^5�3C3?-,� -,#%/)�Z5�/03WX�"$#%E�-HÒ!��Fg�
#%&5��������2-,/)'.� �05��)5�+,+%#%ENÒ!465�� -,#%/0�6�7#%4>M1#%/]��5=� 46-,"�Ò!�I#%�a��-HÞ�Ò'ò,+ ( &��&Ò�'�Ò!�-=

¡ ±¥ï�ï ô �¾�!ò /�F� / ã å 5�/03i¡ °ið ì�ñ ô ò /( � / ã æ ò���`�&Ò�������� �
Ò!��Ò�"$#%��� ��&��&Ò�']Ò!�)�*�`Ò(��#%+,+@# �7-,/0'."$#%���)�2#%3¥Ò!+o¡Cde��#%4+ 9-,/)#%'<4>5=3W5�+,'8#%46-,� �0�Ó=
¡Cd ô ÿ �ì ´ ò�¢aà þ .
.�ÿ�fg ì ´ à ÿ�h/ ì ´ à ¢>iì ´ à ( â ìì 	 ò /

à^���]ß ìì àV�¾ß6ò
G.4.4 Redistrib ution of j and k and PDGEMM multiplication on all processor s YÒ�"$5�/2��E�+@-,�b� �0-,��5�+,'8#%46-,� �0�l-,/2�*�)4
Ò�ÒAE��)5=��Ò!�l=m4
Ò!3?-,��� 46- Ó ��� -,#%/N#%�&ðn5�/03nño� #W� �
Ò�'8+,# Ó 5�+�'<4>-,3?&8�25��*4>-,O7�2��+�Õ� -,E�+,-,"D5=� -,#%/W#%/25�+,+<E�4>#%"�Ò!����#%46��&
5�/0324
Ò!3?-,��� 46- Ó ��� -,#%/W#%�G� �
Ò�4
Ò!����+,� ó #%/2"D#%/0�oÒ!OP�.�aFqpA��4P��4>���?-,3¥Ò!5��75=�`�*#.����ÒH#%/0+���
"D5¾Ý?r���rA[\st4B#%���*-@/
Ò!�(Q���5=� 46-@O1����+,�*-@E�+,-,"D5=� -,#%/U5�/03U4�Ò!3C-@���*4>- Ó ���*-,#%/�4>#%��� -,/`Ò!��V�F"�
"D5¾Ý?r���rA[\st4�Ò!3C-@���*4>- Ó ���*-,#%/�4>#%�NÕ� -,/
Ò1u���Y_v0����Ò!�c5�"$5��cÒ!4>E�-,+,+,5�4b5�+,'8#%46-@�*�)� �7�0-@"$�]-,�6Ò!�o��"$-�Ò!/0�<��#%4b��#%���a4�Ò!3C-@���*4>- Ó ���*-,#%/.E�5=� �cÒ!4>/0��F[`?���)-@�s�&Ò(E�5��15��*�oÒ!/
Õ� -,#%/]�*#���#%��4B"FÒ�5�/03w3¥Ò!���*-@/05��*-,#%/]3?-,��� 46- Ó ��� -,#%/)�`����Ò!3w-,/]#%��4K5�+,'8#%46-@�*�)�2��&��ÔÒ�"D5�/.��Ò�Ò�5=/.#%E��*-,��-HÞ�5=� -,#%/7-,�ZE�#%����- Ó +HÒ<F��/)3¥Ò�Ò!3C&P#%/0+��w#%/
ÒA�)5=+@�G#%�tÒ!5="D�W�25��*4>-,OP&%�)5=�\� # Ó Ò·Ò!� �ªÒ!"D�*-@:`Ò!+��."$#%���2��/0-@"$5��cÒ!3?&%� �
ÒA#%� �
Ò!4Z�05�+,� Ó Ò!-@/0'w"$#%E�-�Ò!3U-,/�5�oÒ!�2E�#%465�4U�]:<5�46-,5 Ó +HÒ<F$R8-,'8��4
Ò^S]F f�E�4
Ò!��Ò!/)�*�\� �
Ò^"$5��cÒ!4>E�-,+,+,5�4c5=+@'<#%4>-,� �0�x�*#%4`5�4�Ò!3C-@���*4>- Ó ���*-,#%/W#%/25 ( !Y�HE�4B#%"�Ò!����#%4'846-,3WQ�����4>4>#%��/)3¥Ò!3]"$#%���2��/0-@"$5��*-@#%/0�J5�4�Ò[Ò!�*�cÒ!"$� -,:]Ò!V�F��/.��Ò!"$� -,#%/]S]F )0F �aF X�&��&Ò�'<5�:]Ò(5^�2#%3¥Ò!+%�*#%4K�*�`Ò���5=� 46-@O^�2��+@�*-,E�+@-,"$5�� -,#%/w#%/75W�_!Ô�A'846-,3`F�Ö&Ò!4
Ò��ÔÒ��)5=:]Ò(5W�Y! ( �'846-,3`F � ��-,/0'7� �
Ò���5=�kÒ Ó 5���-,"\#%ENÒ!4>5=� -,#%/0�`5=/)32"D#%�2����/0-,"D5=� -,#%/W�2#%3¥Ò!+,�`5=�Z��#%4c#%��4I5�+,'8#%46-,� �0�y5=/)325��`� �
Ò�:<#%+,���fÒ#%�a3?5��*5�"D#%�2�2��/)-,"D5=�oÒ!3 Ó �³Ò!5="D�.E�4B#%"�Ò!����#%4K-,�Nò / + ( � / &��&Ò��05�:`Ò�=

¡�z èFé�é�{�| 5 ï}C~c�C� çÔç ô ç µì ´ ã ä à ò / þ ¢6i ² ÿ�h/ ì ´ à|â ì/ ì à|â / ìì 	à·��ß~àY�q%�ß ì/ ì à|ß / ìì '�ò
G.4.5 Redistrib ution of k and PDGEMM multiplication on one sub-grid� �
Ò!4�Ò�5=4�Ò��c�7#����cÒ!E���-,/U� �0-,�H5�+,'8#%46-@�*�)�º=_4
Ò!3?-,��� 46- Ó ��� -,#%/U#%��ñe#%/L� �
Ò.��5��fÒ���� Ó Õ�'846-@395��cð�5�/03;�2��+,� -,E�+,-,"D5�Õ� -,#%/;#%/}� / E�4>#%"�Ò!����#%46��F=�95=� 46-,O ó �7-,+,+ Ó Ò13?-,��� 46- Ó ���oÒ!3�#%/��*�`Ò.��5��fÒ.'84>-,3�5���ðAF � #N4�Ò!3?-,��� 46- Ó ���oÒ�ñ^&s�&Ò1����Ò.� �
Ò
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Ò�"$5��oÒ!46E�-,+,+@5=4C5=+@'<#%4>-,� �0��F
Computation Comm unication

Algorithm ò�¢�+3� / ò / + ( � / ò /
Latenc y�
� 465�����Ò!/ ã�ä û�ã å ü â`+ ( � / à ( â ìì ���]ß ìì à û ß% ü + ( � / à % (K�@��� �s'
+��
'�â % ��� ���=� �Üà û '�ß 9-@/0#%'8465�3 ã�ä ��� ã å + ( à ã�æ ��â`+�� / à ( â ìì ���]ß ìì à|��ß%c��+�� / à % (K�@��� �s'
+��
'�â % ��� ���=� �ÜàV��'�ß���HSA%C�9� z è<é�é�{�| 5 ï ã ä ã æ ��â`+ ( � / à|â / ìì à|â ì/ ì �i%oß / ìì à|ß ì/ ì 'ià|��ß%o��+ ( � / à,% (K�@��� �Üà,�<'�+3�
'�â %��q% (K�@��� �Üà,�<'¥à �¾'�ß���HSA%C�9� ú è!� ¶ {�| 5 ï (�ã ä Õ â`+3� / à ( â ìì ( �`ß ìì à|ß%���+�� / à % (K�@��� �s'
+��
'�â % ( � ���=� �Üà���'�ß�8��� FDS7F �A>j�
���2��5=4F�1#%�)"$#%��E����*5�� -,#%/]5=/)3w"$#%���2��/0-@"$5��*-@#%/W"D#%��� ��F

��5��fÒH��#%3tÒ!+)����Ò!3U�*#]3?#7-@/0�oÒ!4
Õ*"$#%/)�cÒ!O=�C"D#%E�-HÒ!�\-@/i��Ò!"D�*-@#%/�S7F )0F )aF7%C5�"D��E�5�-,4c#%�GE�4B#%"�Ò!����#%46�\����Ò!�(5c��Ò!/)3�¿P�eÒ!"�Ò!-,:]Ò#%ENÒ!465�� -,#%/9� #U"$#%���2��/)-,"$5��oÒdò / +3� / Ò!+HÒ!�kÒ!/0� ��F � �
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<¾!õCõ,î=ï)Ï8Õ�î=Ï8¾�´7ø,Ð Ò�î.Î�¤<ï)Ð*î�&]Î�ø,Ì�ø,õ,î�û�Ð ÍM(8Í%û>Ð*û>î=ïUð�³.Ö*Í%û�Ì�î=Ð û6ø"&]ï0Í%Ð î=Ð ø,Í%ï0Î�ñ�¦Cî�Î�ø,ÔHÌ�î=Ð û6ø"&]Ì2î�ï0ø,ú�Õ�õ,î�Ð ø,Í%ï0ÎÎ�Õ�ÔDÒ]î=ÎcÔDÍ%ï0ÔDî=Ð ¾!ï0î�Ð*ø@Í%ï0ÉP¾�&=Ð*û>î=ÔDÐ ø,Í%ï7Í%ûKÐ û6î�ï0Î�ú�Í%Î�¾�î=ûB¾(ø,Ì�Ì2¾!ö?ø,î�Ð*¾!õ,¤�ú�¾!û6Ö*Í%û6Ì�¾!ö�î�Îc´7¾!õ,õ8î=ÎcÁ8î�Î�ø,ÔJÍ%ú�¾!û>î=Ð ø,Í%ï0ÎZÎ�Õ�ÔDÒî�ÎZî�ö?ö?ø,Ð*ø@Í%ï]Í%ûKÌ2Õ�õ,Ð ø,ú�õ,ø@Ô$î�Ð*ø@Í%ïIñm§N�N�����X��î=õ@Î�Í�î�õ,õ,Í%´.ÎJÌ2î�ï0ø@ú�Õ�õ,î=Ð ø,Í%ï)Î`Í%Ö�Ò)ø,Ï8Ò]õ,¾�
)¾!õ%ö?î�Ð*î�Î�Ð û>Õ�ÔDÐ*Õ�ûB¾!ÎZÎ�Õ�Ô$Ò]î�Îcú�Í%õ,¤8¿ï0Í%Ì�ø,î�õ,Î�É)û>î=Ð ø,Í%ï)î=õ)ï0Õ�Ì2Á8¾!û>Î�É<Î�ú�î�û6Î�¾AÌ�î=Ð û6ø@Ô$¾!Î�É%Ì�Õ�õ,Ð*ø@¿%
<î=û>ø,î=Á8õ,¾!ÎJÎ�¤<Î�Ð ¾!Ì2Î�É<õ,ø,Î�Ð Î�ÉGñ6ñ>ñ ¼ ï2Í%ï)¾�Í%û`Ð*´.Í]õ,ø,ï0¾!Î�Í%ÖGÔ$Í%ö?¾!ÉÐ Ò0ø,ÎIõ,î�ï0Ï8Õ�î�Ï8¾\Ô$î�ï�¾�&Pú�ûB¾!Î�Îbî�Ô$Í%Ì�ú�Õ�Ð*î�Ð ø,Í%ï.Ð Ò0î�Ð8û>¾!Æ8Õ�ø,ûB¾!Îbö?Í���¾!ï0ÎKÍ%Ö<õ,ø,ï)¾!ÎIÍ%ÖO�;Í%ûA(8Í%û6Ð û6î�ï­µ!ç�ë�è0§N�N�����X�(ÔDî�ï1¾!î�Î�ø,õ,¤Á8¾A¾�&PÐ ¾!ï0ö?¾!öU´7ø,Ð ÒNÕ�Î�¾!ûB¿�ö?¾�
<¾!õ,Í%ú�¾!öUÌ2Í%ö?Õ�õ,¾!Îaµ8ç = èK§C�N�´���X�AÔ$î�ï2¾!î�Î�ø,õ,¤wÁ8¾Aø,ï0Ð ¾!û6Ö*î=ÔD¾!öU´7ø,Ð ÒNÍ%Ð Ò0¾!û\õ@î=ï)Ï<Õ�î�Ï8¾!Î(õ,ø,ü8¾�\É�(8Í%û6Ð û6î�ï�Í%ûG¾�
<¾!ï1÷9î=ú�õ,¾`î=ï)ö7÷�Õ�ú�î�ö0µ!ç�ì�è<§N�N�����V�\ÔDî=ï�Ï8¾!ï0¾!û6î�Ð ¾�(8Í%û6Ð û6î�ï1ú�ûBÍ%Ï8û6î�Ì2ÎOµ!ç%��è<î�ï0ö]õ@î=Î�Ð8Á8Õ�Ð8ï0Í%Ð<õ,¾!î=Î�Ð É§N�N�����V�(ø,Îcî^ú�Õ�Á8õ,ø,Ô`ö?Í%Ì2î�ø,ï7Î�Í%Ö�Ð ´7î�û>¾<ñ#Aï0¾�ú�Í%Î�Î�ø,Á8õ,¾�ö?û6î�´7Á8î=ÔDü1Í%Ö�Õ�Î�ø@ï0Ï.î^Î�Í%ú�Ò0ø,Î�Ð ø,ÔDî=Ð ¾!ö2ø,ï)Ð*¾!û>ú�û>¾!Ð ¾!ûbø@ÎJÐ Ò0î�Ð0Î�Õ�ÔDÒWî�õ,î�ï0Ï8Õ�î=Ï8¾�Ô$î�ï7ï)Í%Ð�Ï<ø"
)¾�ú�¾!û6Ö*Í%û>¿Ì2î�ï0ÔD¾Aî�Î\Ï8Í%Í%ö�î�Î(ÔDõ,î=Î�Î�ø@Ô$î�õ0ÔDÍ%Ì2ú�ø,õ@¾!ö�õ@î=ï)Ï<Õ�î�Ï8¾!Î�ñmÊ7Í%´7¾�
<¾!û*É%Ð Ò0¾Aú�¾!û>Ö�Í%û6Ì�î=ï)Ô$¾^õ,Í%Î�Î(ç�Á8¾!Ð ´7¾!¾!ï�²�î�ï0öU²�³�Ð ø,Ì�¾!Î�èÎ�Ò0Í%Õ�õ@ö;Á8¾�Í%ú�ú�Í%Î�¾!öLÐ*ÍwÐ Ò0¾�¾!î=Î�¾AÍ%ÖGö?¾�
)¾!õ,Í%ú�Ì�¾!ï0Ð6ñ_ùAõ@õaÐ*Ò)¾�î=öN
<î=ï)Ð*î�Ï8¾!Î\Í%ÖKÐ Í%Í%õ,Î�õ,ø,ü8¾.÷1�i�i���X�HÔ$î�ïNÁ8¾AÖ�Í%Õ�ï)ö;ø@ï§N�N�����V�<ñ ¼ Ðaø,ÎZÖ�î�ø,û6õ@¤1¾!î�Î�¤1Ð Í�Ì2Í%ö?ø,Ö�¤1Ð*Ò)¾�Ô$Í%ö?¾!ÉPÔDÒ0î�ï0Ï8¾�Ð Ò0¾�Î�ø'�=¾�Í%Ö�ö?î�Ð*î�É_ú�û6ø,ï)Ða
)î�û6ø@î=Á8õ,¾!Î�É_Í%ûIÌ2Í%ö?ø,Ö*¤.Ð Ò0¾�ú�ûBÍ%Á<õ@¾!ÌÖ�Í%û>Ì2Õ�õ,î�Ð ø,Í%ïUø,ï0Ð ¾!û6î�ÔDÐ*ø'
<¾!õ,¤PñmÇCÒ)¾�ú�û>Í%Ð Í%Ð*¤8ú�ø,ï)Ï2Í%ÖKÔDÍ%ö?¾�ø,Î�Ð Ò0¾!ï2¾!ï0Ò0î�ï0ÔD¾!ö�Á<¤WÐ Ò0ø,Î�ø,Ì2ú�Í%û>Ð*î�ï0ÐbÖ�¾!î�Ð*Õ�ûB¾<ñ�÷�Í%ûB¾!Í�
)¾!û ÉÖ�Í%ûAÔDÍ%î�û6Î�¾wÏ8û6î�ø,ï�î=ú�ú�õ@ø,Ô$î�Ð ø,Í%ï0Î�ÉGÐ*Ò)¾�ø,ï)Ð*¾!û>î=ÔDÐ ø'
)¾Wî�Î�ú�¾!Ô$Ð`Í%Ö�§C�i�����X��ø,Î�ï0Í%Ð(î�õ,ø,Ì2ø@Ð*î�Ð*ø@Í%ï½î�ï0ö�Ð*Ò)¾�ø@ï0Ð ¾!û6ú�ûB¾!Ð*î�Ð*ø@Í%ïÍ�
<¾!û>Ò)¾!î=ö]ûB¾!Ì2î�ø,ï0Îcï)¾!Ï<õ@ø,Ï8ø,Á8õ,¾<ñ§N�N�����V�(Î�Ò0Í%Õ�õ,ö2Á<¾�ÔDÍ%ï0Î�ø,ö?¾!ûB¾!öwî=ÎcîV¶�ûB¾!î=õ'·�õ,î�ï0Ï8Õ�î�Ï8¾�î�õ,õ,Í%´.ø,ï0Ï7Ð Ò0¾�ö?¾�
<¾!õ,Í%ú�Ì2¾!ï)Ð0Í%Ö�î�ú�ú�õ,ø,ÔDî=Ð ø,Í%ï0Î�ñ�¢�ûBÍ%Á<õ@¾!Ì2Îö?¾�
)¾!õ@Í%ú�¾!ö�Á8¤�Î�ÔDø,¾!ï)Ð*ø,Î�Ð ÎAÕ�Î�ø,ï)Ï9§N�N�����X�]Ò)î�
<¾7õ,Í%ï)Ï;¾�&=¾!Ô$Õ�Ð ø,Í%ï�Ð*ø@Ì2¾!ÎAî�ï0ö�îwÌ2¾!ö?ø,Õ�Ì¹Í%û^ÔDÍ%î=û>Î�¾7Ï8û6î�ø,ï�Ô$Í%Ì�ú�Õ�¿Ð î=Ð ø,Í%ïIñ!»7Í%´7î�ö?î=¤8Î�É%Ì�î=ï)¤�Î�ÔDø,¾!ï0Ð ø,Î�Ð Î�Ð ¾!ï0öLÐ ÍwÕ�Î�¾Aî1Ï8ûB¾!î=ÐN
<î=û>ø,¾!Ð*¤wÍ%ÖKö?ø,Î�Ð û6ø@Á<Õ�Ð ¾!öLÔ$Í%Ì�ú�Õ�Ð*ø@ï0ÏWû>¾!Î�Í%Õ�ûBÔ$¾!ÎJÎ�Õ�Ô$ÒNî�ÎÌ2î�Î�Î�ø'
<¾!õ,¤�ú�î=û>î=õ@õ,¾!õ=Ì�î=ÔDÒ0ø@ï0¾!Î�É!ÔDõ,Õ�Î�Ð*¾!û>ÎKÍ%Ö<´7Í%û6ü8Î�Ð î=Ð ø,Í%ï0Î�É�§
÷�¢1Ì2î�Ô$Ò)ø,ï0¾!Î�É!î�ï0ö]ú�ø@õ,¾!ÎKÍ%Ö0¢C�JÎ�ñ6ùn§N�N�����V�\Õ�Î�¾!ûC´7Ò0Í´7Í%Õ�õ,ö]õ@ø,ü8¾\Ð*Í^Î�Ô$î�õ,¾\Ò)ø,Î�¸PÒ0¾!ûCî=ú�ú�õ@ø,Ô$î�Ð ø,Í%ï1Á8¤AÏ8Í%ø,ï)ÏAÐ*ÍAî(ú�î�û6î�õ,õ,¾!õ�Ì2î�Ô$Ò)ø,ï0¾JÍ%ûCî�ï)¾!Ð*´7Í%û>üAÍ%Ö)´.Í%û6ü8Î�Ð*î�Ð ø,Í%ï0ÎI´7ø@õ,õPï)Í%ÐÁ8¾�î�Á8õ,¾�Ð*Í�Õ�Î�¾�Ð*Ò)¾H§N�N�����X��õ,î�ï0Ï8Õ�î=Ï8¾�î=ï)ö�Ò)¾9¸PÎ�Ò0¾�´7ø,õ,õ<Ò0î�
)¾�Ð Í1ûB¾!¿�ú�ûBÍ%Ï8û6î�ÌÅÐ Ò0¾�´7Ò0Í%õ@¾^î�ú�ú�õ,ø,ÔDî=Ð ø,Í%ï7ø,ï)�¥Í%û�(8Í%û>¿Ð û6î�ïIñ6ÇPÍ%ö?î�¤8Ñ@ÎIÎ�Õ�ú�¾!ûBÔ$Í%Ì�ú�Õ�Ð*¾!û>ÎIÎ�Ð*ø,õ@õ
õ,î�Ô$ü�Í%Ö0Î�ø@Ì2ú�õ,¾(Õ�Î�¾!ûGø,ï0Ð ¾!û6Ö*î=ÔD¾!Îbî�ï0öwî�Ô$ÔD¾!Î�ÎKú�ûBÍ%Ô$¾!ö?Õ�ûB¾!Î�ñ>¢�î=û>î=õ@õ,¾!õPÔDÍ%Ì2ú�Õ�Ð ø,ï0ÏÔDî=ïWÐ*Ò)¾!ï2Á8¾!ÔDÍ%Ì2¾HÐ û>¾!Ì�¾!ï0ö?Í%Õ�Î�õ,¤]Ð Í%Õ�Ï8Ò2Ð Í]Õ�Î�¾Hî=ï)öUö?¾!Á<Õ�ÏGñ$÷9Í%û>¾!Í�
<¾!û*ÉPÖ�Õ�û6Ð Ò0¾!ûZö?¾�
)¾!õ@Í%ú�Ì2¾!ï0Ð Î\Í%ï�î=ú�ú�õ,ø@Ô$î�Ð*ø@Í%ï0Î´7ø,õ@õCÒ)î�
<¾�Ð*ÍWÁ8¾�Ô$Í%ö?¾!ö�ø,ï¹�nÍ%ûe(8Í%û6Ð û6î�ïIñ!§
ø,ï0ÔD¾�Ð*Ò)¾1ø@ï*
<¾!Î�Ð*Ì�¾!ï0ÐKÖ*Í%û(û>¾!Î�¾!î�û>ÔDÒ0¾!û>Î\Í%û(Î�ÔDø,¾!ï0Ð ø,Î�Ð Î�Ð Í�Õ�Î�¾�Ð Ò0¾�Î�Õ�ú�¾!û>¿ÔDÍ%Ì2ú�Õ�Ð ¾!ûZÖ*î=ÔDø,õ,ø@Ð*ø,¾!Î`ø,ïWÐ*Ò)¾HÐ*û>î=ö?ø,Ð ø,Í%ï)î=õ<´7î�¤7ø,Î\ï)Í%Ð*Í%û>ø,Í%Õ�Î�õ,¤wÁ8ø,Ï8É
Ð*Ò)¾HÕ�Î�¾!ûcÒ0î�ÎJÏ8¾!ï0¾!û>î=õ@õ,¤7Ð Í7Ô$Ò)Í%Í%Î�¾HÁ8¾!Ð*´.¾!¾!ïWÐ ´7Íî�õ,Ð*¾!û>ï0î�Ð*ø"
)¾!Î�é�ú�¾!û6Ö*Í%û6Ì�î=ï)Ô$¾(ç*ø,ï7Ð ¾!û6Ì2ÎcÍ%ÖaÔDÍ%Ì2ú�Õ�Ð î�Ð*ø,Í%ï)î=õ%î�ï0öwÌ�¾!Ì2Í%û6¤1û>¾!Î�Í%Õ�ûBÔD¾!Î�è)Í%ûK¾!î�Î�¾(Í%ÖaÕ�Î�¾<ñÇ?Ò0¾`ø,ö?¾!î\Í%Ö)ú�ûBÍ�
<ø,ö?ø,ï0ÏHî�ï�î=ÔDÔD¾!Î�ÎbÐ Í^ú�î�û6î�õ,õ,¾!õ�Ô$Í%Ì�ú�Õ�Ð*ø,ï)ÏAÐ*Í�÷1�i�i���X�Zø@ÎKï0Í%Ð8ï0¾!´1ñ6Ç?Ò0¾`º�û6Î�Ð8î�ú�ú�û>Í%î�Ô$ÒAÔDÍ%ï0Î�ø@Î�Ð*Îø,ï�Ô$Í%Ì�ú�ø,õ,ø,ï)ÏN÷F�N�i���X��Î�Ô$û>ø,ú�Ð Î(Ð*Í]î�ï�Í%Ð Ò0¾!û`õ,î�ï0Ï8Õ�î=Ï8¾Hç*õ,ø,ü8¾0(8Í%û6Ð û6î�ï òÈó ì�É%ê =_ô Í%ûc� ò ²=ð ô èGî�ï0öUÐ Ò0¾!ï�Ð*Í]î�ú�ú�õ,¤]ÔDõ,î=Î�¿Î�ø,ÔDî=õ?Í%ú�Ð ø,Ì2ø"�=î�Ð*ø@Í%ï0ÎHÖ*Í%û(ø,Ð*Î�ú�î=û>î=õ@õ,¾!õ,ø'��î=Ð ø,Í%ïNî�ï0ö;Õ�Î�¾.Ò)ø,Ï8Ò�ú�¾!û>Ö�Í%û>Ì2î�ï0ÔD¾�õ@ø,Á8û6î�û6ø,¾!Î ò ²�ê_É0²�ð�É)ê=ë ô ñ�Ç?Ò0¾�î=öN
<î=ï)Ð*î�Ï8¾!ÎÍ%Ö\Ð Ò0ø,Î�î�ú�ú�û>Í%î�Ô$Ò;î=ûB¾]ø,Ð Î�Ò0ø,Ï8Ò�ú�¾!û6Ö*Í%û6Ì�î=ï)Ô$¾wî�ï0ö¥Ð*Ò)¾�Õ�Î�¾wÍ%Ö\Î�Í%ú�Ò)ø,Î�Ð ø,Ô$î�Ð ¾!öËÔDÍ%Ì2ú�ø,õ,î�Ð ø,Í%ï�Ì2¾!Ð Ò0Í%ö?Î�ñ<Ê.Í%´7¾�
)¾!û Éø,ï)Ð*¾!û>î=ÔDÐ*ø"
)ø,Ð ¤Nø,Î^õ,Í%Î�Ðcî=ï)ö9Ð ¤<ú�¾.ø,ï0Ö*¾!û>¾!ï)Ô$¾�ø,Î^î]Ð Í%Õ�Ï8Ò;ú�ûBÍ%Á8õ,¾!Ì�ñ�ÇCÒ)¾.Î�¾!ÔDÍ%ï0ö�î�ú�ú�ûBÍ%î=ÔDÒUü8¾!¾!ú�ÎA÷F�N�i���X�1ø,ï0Ð ¾!û6î�Ô$¿Ð ø'
)¾.î=ï)ö�ú�û>Í�
<ø,ö?¾!ÎHú�î�û6î�õ,õ,¾!õC¾�&PÐ ¾!ï0Î�ø,Í%ï)Î�ñ8Ç?Ò0¾!ûB¾.î�ûB¾.î�õ,Î�ÍUÐ*´.ÍUÌ2î�ø,ï9î�ú�ú�û>Í%î�ÔDÒ0¾!Î^Ö*Í%û�Ð Ò0¾.ø,ï0Ð ¾!û6î�Ô$Ð ø'
<¾/
<¾!û6Î�ø,Í%ï;Í%ÖÒ0ø@Ï<Ò)¿�ú�¾!û>Ö�Í%û6Ì�î=ï)Ô$¾^÷F�N�i���X��Ð*Í%Í%õ@Î�ñ�ÇCÒ)¾^º�û>Î�Ð�ø,ö?¾!îHø,ÎJÐ Í.ö?Õ�ú�õ,ø@Ô$î�Ð*¾�Ð Ò0¾�Ð*Í%Í%õ)ø,Ð*Î�¾!õ@ÖCç*Í%ûIîHú�î�û6ÐaÍ%Ö?ø,Ð è�Í%ï�¾�
<¾!û6¤1ï0Í%ö?¾Í%ÖbÐ Ò0¾AÐ î�û>Ï8¾!Ð?Ì2î�Ô$Ò)ø,ï0¾ ò ê=¶_É%ê�� ô ñmÇ?Ò0ø,Î(î�ú�ú�û>Í%î�ÔDÒ�Ò)î=Î(Í%ï)¾Aî=öN
<î=ï)Ð*î�Ï8¾]émÐ*Ò)¾	¶=Ì�î=Î�Ð ¾!û�·�ú�ûBÍ%Ô$¾!Î�ÎGÂ Õ�Î�ÐbÎ�¾!ï0ö?Î(ûB¾!Ï8Õ�õ,î=ûÔDÍ%Ì2Ì2î�ï0ö?ÎIÐ ÍAÐ*Ò)¾4¶�´7Í%û6ü8¾!û6Î�·�´7Ò)ø,ÔDÒ.ø,ï1Ð*Õ�û>ï.ø,ï)Ð*¾!û>ú�û>¾!Ð%ÔDÍ%Ì2Ì�î=ï)öCÎIî�ï0ö]¾�&=¾!Ô$Õ�Ð ¾\Ð Ò0¾!Ì Á<¾!Ö*Í%û>¾`Î�¾!ï0ö?ø,ï)Ï�Ð Ò0¾Jû>¾!Î�Õ�õ,ÐÁ8î=ÔDüGñ ¼ Ð Î�Ì�î=ø@ïNö?û6î�´7Á8î=ÔDü8Î(î=ûB¾AÍ%ÖKÔDÍ%Õ�û6Î�¾Aú�¾!û6Ö*Í%û6Ì�î=ï)Ô$¾Aõ,Í%Î�Î�ö?Õ�û6ø,ï)Ï�ÔDÍ%Ì2Ì�î=ï)ö;ø@ï0Ð ¾!û6ú�ûB¾!Ð*î�Ð*ø@Í%ï0Î�É<Ò0¾!î�
)¤w´7¾!ø,Ï8Ò)Ðú�ûBÍ%Ô$¾!Î�Î�¾!Î�É_î�ï0öwÐ*Ò)¾�ï0¾!¾!öwÍ%Ö0ø,ï)Ð*¾!û>Ö�î�Ô$ø@ï0Ï�¾�
)¾!û>¤Aõ,ø,Á8û6î�û6¤�Ð*Ò)î=Ð<ï0¾!¾!öwÐ Í�Á<¾(î�ö?ö?¾!ö]Ð*Í�Ð Ò0¾�Ð*Í%Í%õ�ñqÇ?Ò0¾�Î�¾!ÔDÍ%ï0öwî�ú�ú�û>Í%î�Ô$Òø,Î�Ð*ÍWûB¾!õ,¤2Í%ïUî7ú�î�û6î�õ,õ,¾!õ0õ,ø,Á8û6î�û6¤�Î�¾!û�
<¾!û\Ð*Ò)î=Ðb´7î=ø@Ð*Î�Ö�Í%û\ÔDÍ%Ì2Ì�î=ï)ö?Î ò ²D²_É ó ë_É)ê�² ô ñ�ùAï)Í%Ð*Ò)¾!û(î=ú�ú�ûBÍ%î�Ô$Ò�Õ�Î�¾!Î�Ì�ø'&P¾!öÔDÍ%Ì2ú�ø,õ,î�Ð ø,Í%ï2î�ï0öUûBÕ�ï0¿*Ð*ø,Ì�¾AÐ*¾!ÔDÒ0ï)ø,Æ8Õ�¾!Î�ñ�÷1�i�i���X�^Î�ÔDû6ø,ú�Ð Î\î�û>¾�Ô$Í%Ì�ú�ø,õ,¾!öUø,ï)Ð*Í]î�ï2ø,ï)Ð*¾!û>Ì2¾!ö?ø,î�Ð*¾�õ,î�ï0Ï8Õ�î=Ï8¾H´.Ò0ø,ÔDÒø,Î�¾�&P¾!ÔDÕ�Ð*¾!ö¥Í%ï�î�
)ø,û>Ð*Õ�î�õIÌ2î�ÔDÒ0ø,ï)¾<ñ<Ç?Ò0ø,Î�÷�î�Ð*õ@î=ÁHLIø,û>Ð*Õ�î�õI÷�î�Ô$Ò)ø,ï0¾wÖ�ûBÍ%Ì Ð Ò0¾W÷�î�Ð*ÔDÒ9ú�ûBÍ�ÂÃ¾!ÔDÐJú�ûBÍ�
)ø,ö?¾!Î�î2Ò)ø,Ï8Òú�¾!û6Ö*Í%û6Ì�î=ï)Ô$¾(ûBÕ�ï0Ð ø,Ì2¾�¾!ïO
)ø,ûBÍ%ï0Ì�¾!ï0Ð ò ¶ ô ñùAõ,õ�Ð Ò0¾!Î�¾�ø,ï0Ð ¾!û6î�ÔDÐ*ø'
<¾�ú�û>Í�Â ¾!Ô$Ð Î�Õ�Î�¾1¾!ø,Ð Ò0¾!û(÷9î=Ð õ,î�ÁWö?Õ�ú�õ,ø@Ô$î�Ð*ø@Í%ïUÍ%û(Î�¾!û�
<¾!û6Î�ñ ¼ ïUÐ Ò0¾T#.·/�\ù � ù7»xú�ûBÍ�ÂÃ¾!ÔDÐ*É<´7¾
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î�ø,Ì Ð Í]Í%Ö Ö�¾!ûcÁ8Í%Ð*ÒWî=ú�ú�ûBÍ%î�Ô$Ò)¾!Î�ñ�#.·/�\ù � ù7» ø,Î(îJÂÃÍ%ø,ï2ú�û>Í�ÂÃ¾!ÔDÐ?Á8¾!Ð*´7¾!¾!ïWÎ�¾�
<¾!û6î�õ)õ,î�Á8Í%û6î�Ð*Í%û>ø,¾!Î\ø,ï2(8û6î�ï0ÔD¾?ºb´.Ò0ø,ÔDÒÍ%ÁmÂÃ¾!ÔDÐ*ø'
<¾�ø,Î�Ð*ÍWÁ8û6ø,ï)Ï�Ò)ø,Ï8ÒUú�¾!û6Ö*Í%û6Ì2î�ï0ÔD¾Aî�ï0öLÌ2¾!Ì�Í%û6¤2ÔDî�ú�î=ÔDø,Ð ¤WÐ Í2§C�N�´���X�AÕ�Î�¾!û6Î�ñ!ÇCÒ)ø,Î�ø,Î�î1ûB¾!î=õ0Ô$Ò)î=õ,õ@¾!ï0Ï8¾�Á<¾!¿ÔDî=Õ�Î�¾(´7¾�´7Í%Õ�õ@ö�õ,ø@ü<¾�Ð Í�Ò0ø,ö?¾�î=ÎcÌ�Õ�Ô$Ò7î�ÎIú�Í%Î�Î�ø,Á8õ,¾�Ð*Ò)¾�Õ�Î�¾(Í%Öaú�î=û>î=õ@õ,¾!õ,ø,Î�Ì Ð*Í�Ð*Ò)¾�Õ�Î�¾!û�ñ¼ ï�Ö*î=ÔDÐ Éb´7¾WÐ*î�ûBÏ<¾!Ð`Ð*Ò)û>¾!¾Wö?ø,Ö Ö�¾!ûB¾!ï0ÐZü<ø@ï0ö?Î.Í%Ö�Õ�Î�¾!û6Î�ñ8Ç?Ò0¾2º�û>Î�Ð\Í%ï0¾�ø,Î.î2ú�î=û>î=õ,õ@¾!õIÔ$Í%Ì�ú�Õ�Ð*ø,ï)Ï�Ï8Õ�û>ÕZñ)Ê.¾9¸PÎ�Ò0¾ü8ï0Í%´7Î�Ò)Í%´�Ð*Í]´.û6ø,Ð ¾Aú�î=û>î=õ@õ,¾!õ0ú�ûBÍ%Ï8û6î�Ì2Î\Õ�Î�ø,ï)ÏwÌ2¾!Î�Î�î�Ï<¾Aú�î�Î�Î�ø,ï)ÏWÍ%û`ú�î=û>î=õ@õ,¾!õ)õ@ø,Á8û6î�û6ø,¾!Î�ñ�Ê7¾9¸PÎ�Ò)¾A´7î�ï0Ð Î(Ð*Í]ü8¾!¾!úÐ û6î�Ô$üLÍ%Ö\Ð Ò0¾w´7î�¤;ö?î�Ð*îwî�ï0ö¥ÔDÍ%Ì2ú�Õ�Ð î=Ð ø,Í%ï0Î�î�û>¾]ö?ø,Î�Ð û6ø,Á8Õ�Ð ¾!ö`ñ�(8Í%ûHÐ Ò0ø@Î�Õ�Î�¾!û ÉC´7¾^ÂÃÕ�Î�Ð\ú�ûBÍ�
)ø@öC¾]ø@ï0Ð ¾!û6Ö�î�ÔD¾!ÎAÐ*ÍLÐ Ò0¾ÔDÍ%Ì2Ì2Õ�ï)ø,ÔDî=Ð ø,Í%ï]î�ï0ö]ÔDÍ%Ì2ú�Õ�Ð î=Ð ø,Í%ï7õ,ø@Á<û>î=û>ø,¾!Î�ñ6Ç?Ò0¾(Î�¾!ÔDÍ%ï0öwü8ø,ï0öwÍ%Ö)Õ�Î�¾!ûbø,ÎIî�Î�Ô$ø@¾!ï0Ð ø,Î�Ð�ñ:¶��?Ü$ÚBÜ$Ý�Ý@áBÝPâ�ØDãAà�Ù<ä,;%»e+�Ü$ä�¼QlAØ»(Ü��D½!þ�¾ Ù9�Bä<Û<áBá<!�Ü�¿�Àe 9ÁJØDà��C»(ØDÚ�[��Bä�ÜDä�å@ØDÛ0»(å�ä%+eÂ�Ã4 eÄN�=ä*á���Ø@ÞcãAáBãAØDÚ���Å5�IØ$Ù8Ým!D��ØDÙHà=Ú¨Ø�Æ=åm!=á0ãAáC»(å@ä%+e�BÙ8â:+e�N�H¼�·añ_(<Í%ûCÐ Ò0ø,Îü8ø,ï0ö?Ém¾�
<¾!û6¤8Ð Ò0ø,ï)ÏHø,ÎGÒ0ø,ö?ö?¾!ï�ø,ï.§C�i�����X�)ñ¨Ç?Ò0¾ZÐ*Í%Í%õ=öC¾!ÔDø,ö?¾!ÎCø,Ð*Î�¾!õ@Ö%´7Ò0¾!Ð Ò0¾!û?Í%û?ï0Í%Ð%ø,Ð%Î�Ò)Í%Õ�õ,ö]ç�ûB¾!è�ö?ø,Î�Ð û6ø@Á<Õ�Ð ¾cÐ*Ò)¾`ö?î�Ð*î�ÉÎ�Ð î=û>ÐKï0¾!´ ú�ûBÍ%Ô$¾!Î�Î�¾!Î�É<î=ï)ö9Î�ÍWÍ%ïIñ=Ç?Ò)ø,Î�ø@Î^ö?Í%ï0¾�ø,ï�§N�N�����V�1Á8¤�Í%ú�¾!û6î�Ð*Í%û(Í�
<¾!û6õ,Í%î�ö?ø,ï0ÏGñ8(<ø@ï0î�õ,õ,¤DÉ0î�ïUø,ï0Ð ¾!û6Ì�¾!öCø@î=Ð ¾õ,¾�
<¾!õ!ø,Î?ú�û>Í�
<ø,ö?¾!ö`ñ ÇCÒ)ø,ÎCÐ*¤8ú�¾cÍ%Ö
Õ�Î�¾!û0´.î=ï)Ð*ÎCÐ*Í�Ò)î�
<¾cîJÐ û6î�ï0Î�ú�î�û>¾!ï)Ð�î�ÔDÔ$¾!Î�Î?Ð Í�Ð Ò0¾Zõ,ø,Á8û>î=û>ø,¾!Î�î=Î?Ì�Õ�Ô$ÒHî�Î?ú�Í%Î�Î�ø,Á8õ,¾ZÁ<Õ�Ðø,ÎZî=õ@Î�Í1ÔDÍ%ï0ÔD¾!û6ï)¾!ö2Á8¤.ú�¾!û>Ö�Í%û6Ì�î=ï)Ô$¾<ñ�Ê7¾9¸PÎ�Ò)¾^Ò)î=ÎZî^Ï8Í%Í%ö2ü8ï)Í%´7õ,¾!ö?Ï8¾^Í%Ö�ú�î�û6î�õ,õ,¾!õ%ÔDÍ%Ì2ú�Õ�Ð ø,ï0Ï7î�ï0öW´7Í%Õ�õ,ö�õ,ø,ü8¾^Ð Íú�ûBÍ%Ï<û>î=ÌÅÒ0ø,Î�¸PÒ)¾!ûIî=ú�ú�õ,ø@Ô$î�Ð*ø@Í%ï0ÎcÕ�Î�ø,ï0Ï1Ì2¾!Î�Î�î�Ï8¾�ú�î�Î�Î�ø,ï0Ï1î=ï)öwÔ$Í%Ì�ú�Õ�Ð*î�Ð*ø@Í%ïWõ@ø,Á8û6î�û6ø,¾!Î�É_Á8Õ�Ðaø,ï7î�Ì2Í%ûB¾�Ð*û>î=ï)Î�ú�î=ûB¾!ï0Ð´7î�¤
ñ(8ø,Ï8Õ�û>¾�ÊLñ ².Î�Ò)Í%´7ÎHÐ Ò0¾1Í�
)¾!û>î=õ,õ?î�û>ÔDÒ0ø@Ð*¾!ÔDÐ*Õ�ûB¾�Í%Ö`§C�N�´���X�?�:�_ñ_§
¾!Ô$Ð ø,Í%ïLÊLñ ó ú�ûB¾!Î�¾!ï0Ð Î^Í%Õ�û(º�û>Î�ÐIî=ú�ú�ûBÍ%î�Ô$ÒN´.Ò0ø,ÔDÒÔDÍ%ï0Î�ø,Î�Ð Î\ø,ï]ö?Õ�ú�õ,ø,ÔDî�Ð*ø,ï)Ïw§N�N�����V��ú�û>Í%ÔD¾!Î�Î�¾!Î`Í%ïwö?ø,Ö Ö�¾!ûB¾!ï0Ð<ú�û>Í%ÔD¾!Î�Î�Í%û6Î�ñqÇ?Ò0¾!ï0É=Ð*Ò)¾!Î�¾^ú�ûBÍ%Ô$¾!Î�Î�¾!ÎcÔDî=ï]¾�&=Ô$Ò)î=ï)Ï8¾�Ì�¾!Î�¿Î�î�Ï<¾!ÎJÕ�Î�ø,ï0Ïw¾!ø,Ð Ò0¾!ûZ¢CL(÷�Í%ûZ÷�¢ ¼iÇ%È å æ23�;>��É�ñ$ùAÎ\´7¾HÐ î�û>Ï8¾!Ð�õ,ø,ï)¾!î=ûZî�õ,Ï8¾!Á<û>îAÍ%ú�¾!û6î�Ð*ø@Í%ï0Î�É%´7¾Hú�ûBÍ�
<ø,ö?¾^ø,ï)Ð*¾!û>Ö�î�Ô$¾!Î\Ð Íú�î�û6î�õ,õ,¾!õ%õ,ø,Á8û>î=û>ø,¾!Î`õ@ø,ü8¾^§
ÔDî=Ä?ùA¢�ù	�4
 ò ë ô î�ï0ö2ø@Ð*ÎZØ$Ù8ä,;�Ø@Þ�;�â6Ø$Ú¨ábú�ûBÍ%Ð Í%Ð*¤8ú�¾ Ç,È å æ73�;%ÄNÉ�ñqÇ?Ò0¾!ï)ÉPø,ïw§
¾!ÔDÐ ø,Í%ïwÊLñ ê=É�´7¾^ö?¾!Ð î=ø@õÍ%Õ�û�Î�¾!Ô$Í%ï)ö�î�ú�ú�ûBÍ%î=ÔDÒ0É)´7Ò0ø,ÔDÒ9Õ�Î�¾!ÎAÔDÍ%Ì2ú�Õ�Ð î�Ð*ø,Í%ï)î=õbÎ�¾!û�
<¾!û6Î�ñ=ùAÖ*Ð*¾!û�ú�ûB¾!Î�¾!ï0Ð ø,ï0ÏUÐ Ò0¾7ø@ï0Ð ¾!û6Ö�î�ÔD¾.Á8¾!Ð*´.¾!¾!ï�§N�N�����X�î�ï0ö�»¹Ê��a§NËQ��Ì�Ê ò ²�³ ô É8´7¾�ö?¾!î=õa´.ø,Ð*ÒUÍ%Õ�û(ö?¾�
<¾!õ,Í%ú�Ì2¾!ï)Ð*Î�Ð Í�¾!ï)Ò0î�ï0ÔD¾.»¹Ê��a§NËQ��Ì�Ê�ÔDÍ%ï0ÔD¾!û6ï0ø@ï0Ï2ö?î�Ð*î�ú�¾!û6Î�ø@Î�Ð*¾!ï)Ô$¾!ÉûB¾!Î�Í%Õ�û>ÔD¾cõ,Í%Ô$î�Ð ø,Í%ï0É!ú�¾!û>Ö�Í%û6Ì�î=ï)Ô$¾c¾�
<î=õ@Õ�î=Ð ø,Í%ï�î=ï)ö.ÔDÍ%Ì2Ì�Õ�ï0ø,ÔDî=Ð ø,Í%ï1õ,î=¤8¾!û>Î Ç,È å æ`3�;%��É�ñ¨Ç?Ò0¾!ï0É�´7¾Jú�ûB¾!Î�¾!ï0Ð
Ð ´7Í�Ð*î�û>Ï8¾!ÐÎ�¾!û�
<¾!û6ÎC´7¾`ø,ï0Ð ¾!û6Ö*î=ÔD¾!ö1´.ø,Ð*Ò�Ð Ò0ø,ÎGÎ�¤8Î�Ð*¾!Ì é6¢g�(§g�i�ÎÍ Ç%È å æ`3�;%U	É*É$´.Ò0ø,ÔDÒ�ø,Îbî\ú�î�û6î�õ,õ,¾!õ_ö?ø,ûB¾!Ô$Ð=Î�Í%õ'
<¾!ûCÖ*Í%û�Î�ú�î=û>Î�¾`Î�¤8Î�Ð ¾!Ì2Îî�ï0öHL���Ï�� � Ç%È å æ23�;�ÿNÉ�É�î	
<ø,Î�Õ�î=õ@ø'�=î�Ð ø,Í%ïwÐ*Í%Í%õ)Ö�Í%ûIö?ø,Î�Ð û6ø,Á8Õ�Ð ¾!öNö?î=Ð îañ�(8ø,ï0î�õ,õ,¤DÉ
´7¾�Ï<ø"
)¾�îHÔ$Í%ï)Ô$õ@Õ�Î�ø,Í%ï2î�ï0ö�ú�û>¾!Î�¾!ï)Ð�Í%Õ�ûÖ�Õ�Ð Õ�ûB¾(´7Í%û6ü�ø,ï7§
¾!ÔDÐ ø,Í%ï7ÊLñ ¶0ñ

NetSolve
Agent

ÐEÐEÐÐEÐEÐÐEÐEÐÐEÐEÐÐEÐEÐÑEÑEÑÑEÑEÑÑEÑEÑÑEÑEÑÑEÑEÑÒEÒEÒÒEÒEÒÒEÒEÒÒEÒEÒÒEÒEÒÓEÓEÓÓEÓEÓÓEÓEÓÓEÓEÓÓEÓEÓ ÔEÔEÔÔEÔEÔÔEÔEÔÔEÔEÔÔEÔEÔÕEÕEÕÕEÕEÕÕEÕEÕÕEÕEÕÕEÕEÕ
SciLab SciLab SciLabSciLabSciLab SciLab SciLab SciLab

PaStiX solver

(E)
Visit

(A) (B)

Scilab processes

Duplication ScaLAPACK
Out Of Core

(D)

Server Server

(C)
NetSolve PaStiX(P��Ö\ñ�ÊLñ ²�À�Ç?Ò)¾�ö?ø,Ö Ö�¾!ûB¾!ï0Ð%î�ú�ú�ûBÍ%î=ÔDÒ0¾!ÎIî�ï0öwö?¾�
)¾!õ@Í%ú�Ì2¾!ï0Ð Îcî=ûBÍ%Õ�ï0ö�§N�N�����X���:�bø,ï]Ð*Ò)¾V#7·T�\ù � ù7» ú�ûBÍ�ÂÃ¾!ÔDÐ�ñ

H.2 SCILAB Processes DuplicationÇ?Ò0¾1º�û6Î�Ðcî=ú�ú�ûBÍ%î�Ô$ÒLÍ%ÖZÍ%Õ�û�§
ÔDø,õ,î�ÁNú�î�û6î�õ,õ,¾!õ,ø"�=î�Ð*ø@Í%ïUî=õ,õ@Í%´7ÎAÐ*Ò)¾7Õ�Î�¾!û�Ð*Í2Î�Ð*î�û6ÐcÍ%Ð Ò0¾!û�û>¾!Ì�Í%Ð*¾]§C�i�����X�7Î�¾!Î�Î�ø,Í%ï0ÎÖ�ûBÍ%ÌÅÐ Ò0¾�§N�N�����X��´7ø,ï)öCÍ%´�É�Ì2î�ü8¾�Ð Ò0¾!ÌÅÔ$Í%Ì�Ì2Õ�ï0ø@Ô$î�Ð*¾�î�ï0öWÕ�Î�¾�ú�î=û>î=õ,õ@¾!õPï0Õ�Ì�¾!û6ø,ÔDî�õ%õ,ø,Á8û6î�û6ø,¾!Î�ñ× Ï%Ø�Ù�Ù9Ú�Û�ÜmÝ<Þaß5à­� áDâ?� �4ã
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H.2.1 Message Passing InterfacesÇPÍ�Á8¾wî=Á8õ,¾wÐ Í;Õ�Î�¾N§C�N�´���X�Wî�Î�î2Ð Í%Í%õ`Ö*Í%ûHú�î�û6î�õ,õ,¾!õIÔDÍ%Ì2ú�Õ�Ð ø,ï0Ï8ÉbÐ Ò0¾Wº�û6Î�ÐJÎ�Ð*¾!ú�´7î�Î�Ð Í�ú�û>Í�
<ø,ö?¾wîM¶�û>¾!Ï8Õ�õ,î�û�·Ì2¾!Î�Î�î�Ï8¾�ú�î=Î�Î�ø,ï)Ï1ø@ï0Ð ¾!û6Ö�î�ÔD¾(Ö�Í%ûKÐ Ò0¾�Õ�Î�¾!û6ñqÇ?Ò0ø@ÎZ´.î=Îcö?Í%ï0¾�Á8¤1ø@ï0ÔDõ,Õ�ö?ø,ï0Ï1Ð*Ò)¾�Î�Ð î=ï)ö?î=ûBö]¢CL(÷ òÈó ³ ô ø,ï)Ð*¾!û>Ö�î�Ô$¾(´7ø@Ð*Ò)ø,ï§N�N�����V�<ñPÇ?Ò0ø,ÎAø,ï)Ð*¾!û>Ö�î�Ô$¾1î=õ@õ,Í%´7Î�Õ�Î�¾!û6ÎHÐ ÍUö?¾�
)¾!õ@Í%ú�ú�î=û>î=õ@õ,¾!õbú�ûBÍ%Ï8û6î�Ì2ÎHî�ï0ö�Á8¾!ï0¾!º�ÐZÖ�ûBÍ%Ì¹î=õ,õGÐ*Ò)¾]Ì2î�ø,ï9Ö*¾!î=Ð Õ�ûB¾!ÎÍ%Ö�§N�N�����V��Ð Ò0î�Ð\Î�ø,Ì�ú�õ,ø,Ö*¤�ï0Õ�Ì�¾!û6ø,ÔDî=õcÔDÍ%Ì2ú�Õ�Ð ø,ï0Ï9ç�î�Î1Ð Ò0¾!¤;´7¾!û>¾wõ,ø@Î�Ð*¾!ötø@ï�ø,ï0Ð û>Í%ö?Õ�ÔDÐ*ø@Í%ï0è�ñ<µU¾�ÔDÒ0Í%Í%Î�¾�¢CL(÷ Ð Íø,Ì�ú�õ,¾!Ì2¾!ï)Ð)Ð Ò0¾(º�û>Î�Ð<Ì�¾!Î�Î�î=Ï8¾\ú�î�Î�Î�ø,ï)Ï�ø@ï0Ð ¾!û6Ö�î�ÔD¾JÎ�ø,ï)Ô$¾(ø,Ð8î�õ,õ,Í%´7ÎIÐ ÍAö?¤8ï0î�Ì2ø,ÔDî=õ@õ,¤AÎ�ú�î=´.ï.ï0¾!´�ú�û>Í%ÔD¾!Î�Î�¾!Îb´7Ò)ø,ÔDÒ7ø,Îï0Í%Ð�Ð Ò0¾�Ô$î�Î�¾�´7ø,Ð Ò�÷�¢ ¼ ò ê=ì ô ñD»7¾�
<¾!û6Ð Ò0¾!õ,¾!Î�Î�É=´7¾^î�õ,Î�Í1î=ö?ö?¾!ö�î^Ì2¾!Î�Î�î�Ï<¾�ú�î=Î�Î�ø@ï0Ï7ø,ï)Ð*¾!û>Ö�î�Ô$¾�Á8î�Î�¾!ö2Í%ïw÷�¢ ¼ ñD·AÎ�ø,ï0Ï÷�¢ ¼ ø,Ì�ú�õ,ø,¾!ÎHÐ Ò0î�ÐIÐ*Ò)¾7Õ�Î�¾!û�Ò0î�ÎHÐ ÍNö?¾!Ô$ø,ö?¾�î=ÐIÐ Ò0¾.Á<¾!Ï8ø,ï)ï0ø,ï)ÏUÍ%Ö`ø@Ð*ÎA§C�i�����X�.Î�¾!Î�Î�ø,Í%ï9Ð Ò0¾.Ì2î�&Pø,Ì�Õ�Ì¹ï)Õ�Ì2Á8¾!û�Í%Öú�ûBÍ%Ô$¾!Î�Î�¾!ÎIÒ)¾9¸PÎ�Ò0¾�´7ø,õ,õ%Õ�Î�¾<ñÇ?Ò0¾!Î�¾/¶�ûB¾!Ï<Õ�õ@î=û�·.Ì2¾!Î�Î�î�Ï<¾.ú�î=Î�Î�ø,ï)ÏLø,ï0Ð ¾!û6Ö*î=ÔD¾!Î^ú�ûBÍ�
)ø@öC¾1õ,Í%´xõ,¾�
<¾!õKÖ*Õ�ï0ÔDÐ*ø,Í%ï)ÎAÐ*Í2Ï<¾!ÐZÐ Ò0¾7Á8¾!Î�Ðcú�¾!û6Ö*Í%û6Ì2î�ï0ÔD¾!ÉÁ8Õ�Ð�î�ûB¾ËûB¾!Î�¾!û�
<¾!ö�Ð*Í±¶�¾�&Pú�¾!û>ÐwÕ�Î�¾!û6Î�·0ñJù §C�N�´���X�?�:��ø,ï)Î�Ð*î�ï0ÔD¾nø,Î�î�Á8õ,¾tÐ ÍoÔ$Í%Ì�Ì2Õ�ï0ø@Ô$î�Ð*¾�î�ï0ö£ø,ï)Ð*¾!û>î=ÔDÐw´7ø,Ð ÒÍ%Ð Ò0¾!û7§C�i�����X�����1ø@ï0Î�Ð î=ï)Ô$¾!Î7î�ï0öËÐ*Ò)¾NÕ�Î�¾!û�Ô$î�ï¥Î�¾!ï0önö?î=Ð îNÍ%Ö�î=ï)¤�Ð ¤<ú�¾!Î.ç�ø,ï)Ô$õ,Õ�ö?ø,ï)Ï�Ì2î�Ð*û>ø,ÔD¾!Î�ÉKõ,ø,Î�Ð Î�ÉIÖ�Õ�ï)Ô$Ð ø,Í%ï0Î�Éñ6ñ>ñ è1Õ�Î�ø,ï)Ïn¢CL(÷ ç*Í%û�÷9¢ ¼ è�Ô$Í%Ì�Ì2î�ï0ö?Î�ñbÇ?Ò0¾!Î�¾�º�û>Î�Ð�õ,Í%´7¿�õ@¾�
)¾!õ�ø,ï0Ð ¾!û6Ö*î=ÔD¾!Î�ú�ûBÍ�
<ø,ö?¾9î�Ð Í%Í%õHÐ*ÍË¾!î=Î�ø,õ@¤nû>Õ�ï�ú�î=¿û6î�õ,õ,¾!õ�î�õ,Ï8Í%û6ø,Ð Ò0Ì�ÎN´7ø,Ð Ò0Í%Õ�ÐAõ@Í%Í%Î�ø,ï0Ï�Ð Ò0¾�ú�Í%´7¾!ûwî=ï)ö�¾!î�Î�¾;Í%Ö�§N�N�����X�)ñ ¼ ï0ö?¾!¾!ö?ÉJÍ%ï)¾�§N�N�����V�?�:�wø,ï)Î�Ð*î�ï0ÔD¾9Ì�î=¤Î�¾!ï0ö¥î�ï0¤�ü8ø,ï0ö�Í%ÖJÎ�Õ�Á8¿�Ì�î=Ð û6ø"&2Í%Ö\îWÌ2î�Ð*û>ø'&jä­ç�ï)Í%Ð`Í%ï)õ,¤9ÔDÍ%ï0Î�¾!ÔDÕ�Ð*ø"
)¾wÁ8õ,Í%ÔDü<Î�è`´7ø,Ð Ò�Ð*Ò)¾]Ö�Í%õ,õ@Í%´7ø,ï0Ï;ø,ï0Î�Ð ûBÕ�Ô$Ð ø,Í%ï
pvm send(dest,A(1 :2 :N, :),tag) Í%ûIÌ2î�¤7ö?¾!º�ï0¾�îHÖ�Õ�ï)Ô$Ð ø,Í%ï¹å.î�ï0ö2Î�¾!ï0ö2ø@Ð�Ð*Í1î=ï)Í%Ð*Ò)¾!ûIø,ï0Î�Ð î=ï)Ô$¾�Ð*Ò)î=Ð´7ø,õ@õ0Á8¾Hî�Á<õ@¾^Ð Í7¾�&P¾!ÔDÕ�Ð*¾�ø,Ð�Í%ï2ø@Ð*Î\Í%´.ï�ö?î�Ð*îWé deff(’[x]=f(y)’,’x = 1/y’) É pvm send(dest,f,tag) ñùAÌ2Í%ï)Ï9Í%Ð Ò0¾!ûHú�¾!û>Ö�Í%û>Ì2î�ï0ÔD¾]û>¾!Î�Õ�õ,Ð Î�É ò ²�¶ ô Î�Ò0Í%´7Î�Ð Ò0î�ÐJç�²�èZ´7Ò0¾!ï�Ð Ò0¾wÕ�Î�¾!ûHÎ�¾!ï)öCÎ�îWÖ�Õ�õ,õIÌ�î=Ð û6ø"&PÉCú�¾!û6Ö�Í%û>Ì2î�ï0ÔD¾!ÎÍ%Á8Ð*î�ø,ï)¾!ö Á8¤n§N�N�����X���:�7î=ûB¾Lî=ÎwÏ8Í%Í%ö�î�Îwî9ú�ûBÍ%Ï<û>î=Ì ´7û6ø,Ð Ð ¾!ïnø,ï��\ÉZî=ï)ö�Ð Ò0¾Lø,ï0Ð ¾!û6ú�ûB¾!Ð î=Ð ø,Í%ïtÍ%ÖAÐ Ò0¾�Ô$î�õ,õ(ö?Í%¾!Îï0Í%Ð�ö?¾!Ð ¾!û6ø,Í%û>î=Ð ¾;Ð Ò0¾9ú�¾!û6Ö�Í%û>Ì2î�ï0ÔD¾Aµ\ç ó èAî�ï�Í�
)¾!ûBÒ0¾!î�ö­ø,Î�ø,ï0Ð ûBÍ%öCÕ�ÔD¾!ö­Á8¤nÎ�¾!ï0ö?ø,ï)ÏnÎ�Õ�Á8¿�Ì2î�Ð û6ø,ÔD¾!Î�ÉJö?Õ�¾9Ð ÍtÌ�¾!¿Ì2Í%û>¤;ÔDÍ%ú�ø,¾!Î�Ð Ò0î�Ð`Ð î=ü8¾]ú�õ,î�ÔD¾]ø,ï�Á8Í%Ð*Ò9Î�¾!ï0ö?¾!û^î�ï0ö¥ûB¾!Ô$¾!ø'
<¾!ûH§C�i�����X�����Hú�ûBÍ%Ô$¾!Î�Î�¾!Î�ñ ¼ ï)ö?¾!¾!öCÉ�î�ï�¾�&=ú�û>¾!Î�Î�ø,Í%ï;õ,ø,ü8¾
send(A(1 :2 :100,2 :2 :100),...) Î�¾!ï0ö�î)æ�ç2èFæ8ç�Ì2î�Ð*û>ø'&7´7Ò)ø,Ô$Ò2ø,Î�ï)Í%ÐbÔDÍ%ï0Ð ø,Ï8Õ�Í%Õ�Î�ø@ïUÌ2¾!Ì2Í%û>¤$É8Î�ÍÐ Ò0¾ send() û>Í%Õ�Ð ø,ï)¾(Ì2Õ�Î�ÐaÔDÍ%ú�¤1î�õ,õ
¾!õ@¾!Ì2¾!ï0Ð Îcø,ï]î�Ô$Í%ï)Ð*ø,Ï8Õ�Í%Õ�ÎZÁ8Õ�Ö*Ö*¾!ûGÁ8¾!Ö�Í%ûB¾(Î�¾!ï0ö?ø,ï)Ï1Ð Ò0¾�ö?î�Ð*î0ñ
H.2.2 Parallel Libraries Interfaces

H.2.2.1 Parallel Linear Alg ebra Package¼ ï�Í%ûBöC¾!ûCÐ ÍAü<¾!¾!ú.î�Ï8Í%Í%öwú�Í%û6Ð î�Á<ø@õ,ø,Ð ¤$É_ø,ï)Ð*¾!ûBÍ%ú�¾!û6î�Á8ø,õ,ø,Ð ¤Aî=ï)ö]¾!Ö*º�ÔDø,¾!ï)Ô$¤DÉ_§N�N�����V�?�:�Kî�õ,Î�ÍAø,ï)Ð*¾!Ï8û>î=Ð ¾!ÎKø,ï)Ð*¾!û>Ö�î�Ô$¾!ÎKÐ Íú�î�û6î�õ,õ,¾!õ�õ,ø,ï)¾!î=ûJî=õ,Ï8¾!Á8û6î�õ,ø,Á8û>î=û>ø,¾!Î�õ,ø,ü8¾7¢K¦IÄIù7§8Éa§C�?��ÄIù.¢<ùT�V
­î�ï0ö�Ð*Ò)¾1¦?Ä?ù	�\§7ÔDÍ%Ì2Ì�Õ�ï0ø,ÔDî�Ð*ø,Í%ïLõ,ø@Á<û>î=û>¤
ñ!Ç?Ò0Õ�Î�ÉÐ Ò0¾AÕ�Î�¾!ûZÌ2î�¤Wö?ø,Î�Ð û6ø@Á<Õ�Ð ¾AÒ0ø@Î�¸PÒ0¾!ûJÌ�î=Ð û6ø@Ô$¾!Î(î�ï0öUûBÕ�ï2ú�î�û6î�õ,õ,¾!õ)û>Í%Õ�Ð ø,ï0¾!Î(ø@ï2Í%ûBöC¾!ûZÐ Í]î=ÔDÒ0ø,¾�
<¾HÏ8Í%Í%öLú�¾!û6Ö*Í%û6Ì2î�ï0ÔD¾<ñùAÎJ´.¾HÎ�î=ø@öNî=Á8Í�
<¾!É
Ð Ò0ø,Î(õ,¾�
<¾!õ<û>¾!Ì�î=ø,ï)ÎJö?¾!ö?ø,ÔDî=Ð ¾!ö2Ð Í/¶�¾�&Pú�¾!û6Ð´·HÕ�Î�¾!û>Î\Ð*Ò)î=Ð�Ò)î�
<¾^Ï8Í%Í%öLú�î�û6î�õ,õ,¾!õ8Ô$Í%Ì�ú�Õ�Ð*ø@ï0ÏwÎ�ü8ø,õ,õ,Îî�ï0öUÐ Ò0î�ÐCî�ûB¾^Ö�î�Ì2ø@õ,ø,î�û`´7ø@Ð*Ò�Ð*Ò)¾AöC¾!Î�ø@Ï<ï�Í%ÖGÐ Ò0¾�§N�?�(ÄIù7¢8ù/�X
�ø@ï0Ð ¾!û6Ö�î�ÔD¾<ñ!§C�N�´���X�?�:�JÎ�ø@Ì2ú�õ,ø,º�¾!Î�ÔDî=õ@õ,Î\Á8¤w¾!ï0î�Á<õ@ø,ï0Ïö?¾!Ö�î�Õ�õ,Ð?î=ûBÏ8Õ�Ì2¾!ï)Ð*Î�É8ÔDî=õ,õ@ø,ï0ÏWî=Õ�Ð Í%Ì2î�Ð ø,Ô$î�õ,õ,¤wÐ Ò0¾�ÔDÍ%û6ûB¾!Î�ú�Í%ï0ö?ø,ï0ÏwÔDÍ%Ì2ú�õ,¾�&.Í%û\ö?Í%Õ�Á<õ@¾AÖ�Õ�ï0ÔDÐ ø,Í%ï0Î�Á8¤�ÔDÒ0¾!ÔDü8ø,ï0ÏWÐ Ò0¾Ð ¤<ú�¾^Í%ÖGú�î�û6î�Ì2¾!Ð ¾!û6Î�É?ñ>ñ6ñ�Ç?Ò0¾AÖ*Í%õ,õ,Í%´7ø@ï0Ï2§C�N�´���X�?�:�JÎ�ÔDû6ø@ú�ÐCø@õ,õ,Õ�Î�Ð û6î�Ð*¾!Î(Ð Ò0¾HÕ�Î�¾AÍ%ÖCÐ Ò0¾�¦IÄIù/�^§]ûBÍ%Õ�Ð ø,ï0¾!Î\î�ï0öUÏ8ø'
<¾!Îî�ï7¾�&Pî�Ì2ú�õ,¾�Í%ÖaÐ Ò0¾�Ö*Õ�ï0ÔDÐ*ø,Í%ï pblas gemmÐ Ò0î�Ð0ÔDÍ%Ì2ú�Õ�Ð ¾`é±êìëPäGí ¬ïîBð é1ñ�ÇCÒ)ø,ÎZÎ�ø,Ì2ú�õ,¾�¾�&Pî�Ì2ú�õ@¾�ø@ÎZ¾�&=¾!Ô$Õ�Ð ¾!öÁ8¤Uî=õ@õK§N�N�����X���:��ú�ûBÍ%Ô$¾!Î�Î�¾!Î�ø,ï;î]§P¢�÷�ý Ì�î=ï)ï0¾!û6ñ=Ç?Ò0¾7Ö*Í%õ,õ,Í%´7ø@ï0ÏLÎ�Ô$û>ø,ú�ÐIÁ8¾!Ï8ø,ï0ÎHÁ8¤Uø,ï)ø,Ð ø,î=õ@ø'�=ø@ï0ÏUîNªKè¥ª�Ï8û6ø,ö9Í%Öú�ûBÍ%Ô$¾!Î�Î�Í%û>Î�ñ�#Aï)Ô$¾�Ð Ò0¾�ø,ï)ø,Ð*ø@î=õ,ø"�=î�Ð*ø@Í%ï]Í%Ö0¾!î�Ô$Ò7õ@Í%Ô$î�õ
ú�î�û6Ð0Í%Ö)Ð*Ò)¾�öCø@Î�Ð*û>ø,Á8Õ�Ð*¾!öWÌ2î�Ð*û>ø,ÔD¾!Î�ä�ñ ¬ î�ï0öHé�ø,ÎcöCÍ%ï)¾!É_Ð*Ò)¾�ÔDî�õ,õÐ Í]Ð*Ò)¾Hú�î=û>î=õ@õ,¾!õ)ûBÍ%Õ�Ð ø,ï0¾ pblas gemmÔDî=ïWÁ8¾H¾�&P¾!ÔDÕ�Ð*¾!ö`ñ$Ç?Ò)¾�§C�N�´���X�?�:�JùA¢ ¼ ø,Îe
<¾!û6¤]Î�ø@Ì2ø,õ,î�ûZÐ*Í7Ð Ò0¾	(8Í%û>Ð*û>î=ïWÍ%ï0¾<ñ»7Í%Ð ¾.Ð Ò0î�ÐKÎ�Í%Ì2¾1ú�î=û>î=Ì�¾!Ð*¾!û>Î�î=ûB¾�Í%Ì2ø,Ð Ð*¾!ö9î=ï)ö9î�û>¾�Î�¾!ÐKÐ Í2ö?¾!Ö�î�Õ�õ,ÐP
)î�õ,Õ�¾!Î�ç�Ð û6î�ï0Î�ú�Í%Î�ø,Ð ø,Í%ï�Í%ÖIÌ2î�Ð*û>ø,Ô$¾!Î�É)û>Í%´ î�ï0öÔDÍ%õ,Õ�Ì2ï]ø,ï)ö?¾�&^Í%ÖaÐ Ò0¾�Î�Õ�Á8¿�Ì�î=Ð û6ø'&�Ð*Í�Í%ú�¾!û>î=Ð ¾!É)ñ6ñ6ñ è�ñ
[mypnum,nprocs] = blacs_pinfo();
blacs_setup(4);
icontxt = blacs_get()
ictxt = blacs_gridinit(icontxt,’R’,2,2);
M=1000;K=1000;N=1000;MB = M/2; NB=K/2;
desc_A = sca_descinit(ictxt,M,K,MB,NB,0,0,M);
desc_B = sca_descinit(ictxt,K,N,MB,NB,0,0,K);
desc_C = sca_descinit(ictxt,M,N,MB,NB,0,0,K);
A = rand(M/2,K/2)
B = rand(K/2,N/2)
C = zeros(M/2,N/2)
pblas_gemm(M,N,K,1,"A",desc_A,"B",desc_ B,0,"C ",desc _C)
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»7¾�
<¾!û6Ð Ò0¾!õ,¾!Î�Î�É!Î�Í%Ì�¾�ï0Õ�Ì2¾!û>ø,ÔDî=õ
î�ú�ú�õ,ø,ÔDî�Ð*ø,Í%ï)ÎIî=ûB¾\õ,ø@Ì2ø,Ð ¾!öwÁ<¤�Ð Ò0¾�ú�Ò0¤8Î�ø,ÔDî�õ
Ì2¾!Ì�Í%û6¤�Î�ø'�=¾<ñ6Ç=Í�Á<ûB¾!î�üAÐ*Ò)ø,ÎIõ,ø,Ì�ø,Ð*ÉØDÙ<ä,;�Ø@Þ�;*â�Ø$Ú¨á�Ð ¾!Ô$Ò)ï0ø,Æ8Õ�¾!ÎcÌ2î�¤�Á8¾\¾!Ì2ú�õ,Í%¤8¾!öwõ,ø,ü8¾\Õ�Î�ø@ï0Ï�öCø@Î�ü<ÎIî�ÎKî�ï.¾�&=Ð*¾!ï)Î�ø,Í%ï.Í%Ö)Ð*Ò)¾(Ì2î�ø,ï.Ì�¾!Ì2Í%û6¤Pñ6§
ÍA´7¾(î�ö?ö7î�ïø,ï)Ð*¾!û>Ö�î�Ô$¾(Ð Í�Ð*Ò)¾^§N�?�(ÄIù7¢8ù/�X
ËØDÙ<ä,;�Ø@Þ�;*â�Ø$Ú¨á?ú�ûBÍ%Ð*Í%Ð ¤8ú�¾<ñ
H.2.2.2 Out-of-Core ExtensionsÇ?Ò0¾AÁ8¾!ï0¾!º�ÐGÍ%ÖbÐ Ò0ø,Î�Ì2¾!Ð Ò0Í%ö�ø,Î�Ð ÍWÒ)î=ï)ö?õ,¾AÒ0Õ�Ï8¾�Ì2î�Ð*û>ø,ÔD¾!Î�Í%ï2î1ÔDÒ0¾!î�úUÒ0î�û>ö?´7î�ûB¾<ñ$ùAÎ�´7¾Aî=ûB¾Hö?¾�
<¾!õ,Í%ú�ø,ï0ÏWî�ïØDÙ<ä,;�Ø@Þ�;*â�Ø$Ú¨áG¾�&PÐ ¾!ï0Î�ø,Í%ïwÍ%Öb§C�N�´���X�?�:��É=Õ�Î�¾!û6ÎZÔ$î�ïw´7Í%û6ü7Í%ïwÌ�î=Ð û6ø,ÔD¾!ÎZÐ*Ò)î=Ð�ö?Í�ï0Í%Ð�º�Ð�ø,ïwÌ2¾!Ì�Í%û6¤Pñ$ýH¾!ú�¾!ï)öCø@ï0Ï7Í%ïwÐ Ò0¾ö?î=Ð î�Î�ø'��¾!É=§C�i�����X�����K´7Í%Õ�õ,öWÎ�ú�î�´7ï.î�Õ�Ð*Í%Ì�î=Ð ø,ÔDî=õ@õ,¤�¾!ø,Ð*Ò)¾!ûbÐ Ò0¾(ø,ï)¿�ÔDÍ%û>¾Jú�û>Í%Ï8û6î�ÌÅÍ%ûGÐ*Ò)¾(Ô$Í%û>û>¾!Î�ú�Í%ï)ö?ø,ï0Ï�ØDÙ<ä,;�Ø@Þ�;*â�Ø$Ú¨áú�ûBÍ%Ï<û>î=Ì�É_´7ø,Ð Ò0Í%Õ�ÐaÎ�ÔDû6ø,ú�Ð)Ì2Í%ö?ø,º�ÔDî=Ð ø,Í%ïKñ

Matrice order

Mflops

OoC 16x1

OoC 4x4

OoC 1x16

IC 16x1

IC 4x4

IC 1x16

500

750

1000

1250

1500

1750

2000

2250

2500

2750

3000

3250

3500

10000 20000 30000 40000 50000 60000 70000 80000 90000 100000(P��Ö\ñ$ÊLñ ó À�Ç?Ò)¾!Í%û>¾!Ð ø,ÔDî=õ
ú�¾!û>Ö�Í%û>Ì2î�ï0ÔD¾(Í%ÖaÐ*Ò)¾Vò4ó¥Ö*î=ÔDÐ*Í%û>ø'��î=Ð ø,Í%ïIñô �?�(ÄIù/õ8ù/�V
tú�ûBÍ�
<ø,ö?¾!ÎZÎ�Í%Ì�¾�ØDÙ8ä%;*Ø,Þ�;�â�ØDÚ¨ábÖ�Õ�ï)Ô$Ð ø,Í%ï)Î ò ²�� ô ´7Ò)ø,Ô$Òw´7¾�ø,ï)Ð*¾!û>Ö�î�Ô$¾!öW´7ø,Ð Ò ô �N�´���X�?�:�cÁ$ö.î�öCö?ø,ï)Ï1îï0¾!´£ö?î�Ð*î�Ð´ö<ú�¾�Ð Í�Ð î�ü<¾AÌ�î=Ð û6ø"&7ö?ø,Î�Ð*û>ø,Á8Õ�Ð*ø@Í%ïUÍ�
)¾!û\ö?ø,Î�ü8Î�ø,ï0Ð ÍWî=ÔDÔ$Í%Õ�ï)Ð�ñmÇ?Ò0¾�ú�¾!û>Ö�Í%û6Ì�î=ï)Ô$¾AÍ%ÖIÐ Ò0¾ ô �?�(ÄIù/õ8ù/�V
Í%Õ�Ð ¿�Í%Ö�¿*Ô$Í%ûB¾JÖ*Õ�ï0ÔDÐ*ø@Í%ï0ÎI´7¾!ûB¾J¾�
<î=õ@Õ�î=Ð ¾!ö7Á8¾!Ö�Í%ûB¾JÐ Ò0¾!ø,ûCø,ï)Ð*¾!Ï8û6î�Ð ø,Í%ï.ø,ï)Ð*Í ô �N�����X���:�mñ�(8Í%ûbø,ï)Î�Ð*î�ï0ÔD¾!É�(8ø,Ï8Õ�û>¾`ÊLñ ó Î�Ò0Í%´7ÎÐ Ò0¾!Í%ûB¾!Ð*ø,ÔDî�õ
û>¾!Î�Õ�õ@Ð*ÎcÍ%ÖaÐ Ò0¾�Ø$Ù8ä,;�Ø@Þ�;�â6Ø$Ú¨áCç%#AÍ��\è)õ,¾!Ö�Ð ¿�û>ø,Ï8Ò0Ð0õ@Í%Í%ü<ø@ï0Ï7î�õ,Ï8Í%û6ø,Ð Ò0Ì£Ö*Í%ûKÐ Ò0¾0ò4ó�Ö�î�ÔDÐ*Í%û>ø'�=î�Ð ø,Í%ï.ç*Í%ï7î^ÔDõ,Õ�Î�Ð ¾!ûÍ%ÖX÷5ø0�\¾!õ@¾!û>Í%ïKõC�JÎ�´7ø@Ð*ÒUð = ÷Fùc¸Pï)Í%öC¾!èbî=ï)ö;ÔDÍ%Ì2ú�î�û>¾!Î(ø@ÐKÐ*ÍWÐ Ò0¾!Í%ûB¾!Ð*ø,ÔDî�õ�ú�¾!û6Ö�Í%û>Ì2î�ï0ÔD¾AÍ%ÖIÐ*Ò)¾1û>ø,Ï8Ò0Ð ¿�õ,Í%Í%ü8ø,ï)ÏNø,ï)¿ÔDÍ%û>¾`ç ¼ �Jè)î�õ,Ï8Í%û6ø,Ð Ò0Ì ç�´7ø@Ð*Ò�ï0ÍAú�ÒOö<Î�ø@Ô$î�õPÌ�¾!Ì2Í%û�ö�õ,ø@Ì2ø,Ð è�ñ�õ�¾!û>Ö�Í%û6Ì�î=ï)Ô$¾Jî=ûB¾`Î�Ò)Í%´7ï7Ö*Í%ûGê(ü8ø,ï)öCÎIÍ%Ö<Ð Í%ú�Í%õ,Í%Ï8ø,¾!Î�é6Í%ï0¾ûBÍ%´�Í%Ö­÷5ø�ú�û>Í%ÔD¾!Î�Î�Í%û6Î\ç�÷Tèú÷5ømè*É
î7û�èHûHÏ8û>ø,ö?É<î�ï0öUÍ%ï)¾�Ô$Í%õ,Õ�Ì�ï2Í%Öe÷�ø�ú�ûBÍ%Ô$¾!Î�Î�Í%û>Î(ç�÷5ø2èú÷�è�ñ�Ç?Ò0ø,Î�º�Ï8Õ�ûB¾HÍ%Õ�Ð*õ@ø,ï0¾!ÎÐ Ò0¾�ø,Ì2ú�î�ÔDÐGÍ%ÖGöCø@Î�Ð*û>ø,Á8Õ�Ð*ø,Í%ïUÍ%ï2ú�¾!û6Ö�Í%û>Ì2î�ï0ÔD¾<ñ�(8Í%û\Ø$Ù8ä,;�Ø@Þ�;�â6Ø$Ú¨ácÔ$Í%Ì�ú�Õ�Ð*î�Ð ø,Í%ï0Î�É<Ð*Ò)¾AÁ8¾!Î�Ðbö?ø,Î�Ð û6ø,Á8Õ�Ð ø,Í%ïNø,Î�î�Ô$Í%õ,Õ�Ì�ïÍ%Ö(ú�ûBÍ%Ô$¾!Î�Î�Í%û>Î.´7Ò)¾!û>¾WÐ*Ò)¾�ÔDÍ%Ì2Ì�Õ�ï0ø,ÔDî�Ð*ø,Í%ï�Í�
<¾!û>Ò)¾!î=ö�Í%Ö�Ð*Ò)¾2î�õ,Ï8Í%û6ø,Ð Ò0Ì ø,Î1î�
<Í%ø,ö?¾!ö`ñ8Ç?Ò0ø@Î.ØDÙ<ä,;�Ø@Þ�;*â�Ø$Ú¨á�Ö�Õ�ï0ÔDÐ ø,Í%ï´7î�Î�î=õ,Î�Í�Ì2Í%ö?ø,º�¾!ö�Ð Í;î�õ,õ,Í%´�Ð Ò0¾WÍ�
)¾!û>õ,î=ú�Í%Ö ¼ ¸g# Á9ö;Ô$Í%Ì�ú�Õ�Ð*î�Ð ø,Í%ïIñ8ÇCÒ)¾!ï0ÉCÐ*Ò)¾�ú�¾!û>Ö�Í%û>Ì2î�ï0ÔD¾]ø,ÎI
<¾!û�ö�ÔDõ,Í%Î�¾�Ð ÍÐ Ò0¾�Ð*Ò)¾!Í%û>¾!Ð ø,ÔDî=õ%ú�¾!û>Ö�Í%û6Ì�î=ï)Ô$¾�Í%ÖaÐ Ò0¾�ø,ï)¿�ÔDÍ%û>¾�î�õ,Ï8Í%û6ø,Ð Ò0Ì Í%ï]î^ç,
)ø@û6Ð Õ�î=õ,è0Ì2î�Ô$Ò)ø,ï0¾�´7ø,Ð Ò]ï0Í1ú�Ò*ö8Î�ø,ÔDî=õ8Ì2¾!Ì�Í%û�ö1õ,ø,Ì2ø@Ðç�Î�¾!¾ ò ð ô Ö�Í%ûGöC¾!Ð î�ø,õ,Î�è�ñÇPî�Á8õ,¾.ÊUñ ²]Ï8ø'
<¾!ÎHú�¾!û>Ö�Í%û6Ì�î=ï)Ô$¾�Í%Á8Ð*î�ø,ï)¾!ö�Ö�Í%û�Ð*Ò)¾7Í%Õ�Ð ¿�Í%Ö�¿*Ô$Í%ûB¾2ò�ó­Ö*î=ÔDÐ*Í%û>ø'��î=Ð ø,Í%ïLø,ï ô �i�����X��ü�ü�ý��� Í%ï;î�ï�ùAõ,ú�Ò0îÔDõ,Õ�Î�Ð*¾!û`´7ø,Ð Òþø^ú�û>Í%ÔD¾!Î�Î�Í%û6Î(î�ï0öLì = �A÷FùLÍ%ÖGÌ2¾!Ì2Í%û�ö
ñmÇ?Ò0¾�Í�
<¾!û>Ò)¾!î=ö2Í%ÖbÐ Ò0¾�ø,ï0Ð ¾!û6Ö*î=ÔD¾Hø,Î(ï)¾!Ï8õ,ø,Ï8ø,Á8õ,¾<ñ ¼ ïNÁ8û6ø@¾!Ö�É%Ð Ò0¾Î�Ð î=û>Ð*Õ�ú�Ð ø,Ì�¾WûB¾!õ,î�Ð*ø"
)¾1Ð*ÍUÐ Ò0¾]Ð ø,Ì2¾wÍ%ÖZÐ*Ò)¾]Ô$î�õ,õKÐ ÍUÐ Ò0¾]ØDÙ<ä,;�Ø@Þ�;*â�Ø$Ú¨á�Ö�Õ�ï)Ô$Ð ø,Í%ï�Á$ö ô �N�����X��ü�ü�ý�:� ø,ÎJÂ Õ�Î�ÐJÎ�Í%Ì2¾wÎ�¾!ÔDÍ%ï0ö?Î
<¾!û6Î�Õ�ÎcÎ�¾�
)¾!û>î=õPÒ0Í%Õ�û6ÎcÍ%ûKö?î�ö8ÎIÐ*Í�¾�&P¾!ÔDÕ�Ð ¾(ø,Ð�ñ·Aï0Ö*Í%û6Ð Õ�ï0î�Ð*¾!õ"ö$ÉmÍ%ï)õ'ö�Ö�¾!´ Ø$Ù8ä%;*Ø,Þ�;�â�ØDÚ¨á�û>Í%Õ�Ð ø,ï)¾!ÎIî=ûB¾Jú�ûBÍ�
)ø@öC¾!ö.ø,ï ô �?�(ÄIù/õ8ù/�X
7ñ�µU¾\ö?¾�
<¾!õ,Í%ú�¾!ö]Î�Í%Ì2¾\Í%û>ø,Ï8ø,ï0î�õÖ�Õ�ï)Ô$Ð ø,Í%ï)ÎJõ,ø,ü8¾�Ð*Ò)¾�ØDÙ8ä%;*Ø,Þ�;�â�ØDÚ¨ábø,ö?¾!ï0Ð ø,Ð´ö7Ì2î�Ð û6ø'&HÏ8¾!ï)¾!û6î�Ð*Í%û É=Ð Ò0¾�Ø$Ù8ä,;�Ø@Þ�;�â6Ø$Ú¨áCÌ2î�Ð*û>ø'&AÔ$Í%Ì�ú�î=û>ø,Î�Í%ïwî=ï)ö�Ð Ò0¾�ØDÙ<ä,;�Ø@Þ�;*â�Ø$Ú¨áÌ2î�Ð û6ø'&�ø,ï*
<¾!û6Î�ø,Í%ï ò � ô ñµËÒ)¾!û>¾!î�Î�Ï8Í%Í%ö7ú�¾!û6Ö*Í%û6Ì�î=ï)Ô$¾Iø,ÎGî=ÔDÒ0ø@¾�
)¾!ö�´7Ò0¾!ïAÔDÍ%Ì2ú�Õ�Ð ø,ï)ÏHÁ8Í%Õ�ï0ö.Í%ú�¾!û>î=Ð ø,Í%ï)ÎGõ,ø@ü<¾ZÌ2î�Ð û6ø'&(Ö*î=ÔDÐ*Í%û>ø'��î=Ð ø,Í%ï0ÉDÐ Ò0¾¼ ¸g#�Í�
<¾!û>Ò)¾!î=ö�Ô$î�ïHï)Í%Ð%Á<¾ZÒ0ø@öCö?¾!ïHÖ*Í%û�¾!õ,¾!Ì2¾!ï)Ð*¿*´7ø,Î�¾ZÍ%ú�¾!û6î�Ð*ø@Í%ï0ÎCÍ%Ö ô �i�����X�)ñ^�\Í%ï)Î�ø,ö?¾!û�Ð*Ò)¾`Ö*Í%õ,õ,Í%´7ø,ï)ÏA¾�&Pú�ûB¾!Î�Î�ø,Í%ïwé
A=sin(A)+cos(B)+sqrt(A) ´7Ò0¾!ûB¾ A î�ï0ö B î=ûB¾(Í%Õ�Ð*¿*Í%Ö�¿*Ô$Í%ûB¾�Ì2î�Ð*û>ø,Ô$¾!Î�ñ�ýHÕ�û>ø,ï0Ï1Ð*Ò)¾�¾�
<î=õ@Õ�î=Ð ø,Í%ï7ú�ûBÍ%Ô$¾!Î�Î�É�Ð Ò0¾
A Ì2î�Ð*û>ø'&7ø,Î�ûB¾!î=öUÐ ´7ÍWÐ*ø,Ì�¾!Î�É)Á8ø,Ï�Ð*¾!Ì�ú�Í%û6î�û�öWÌ2î�Ð*û>ø,ÔD¾!Î�î�ûB¾HÏ8¾!ï0¾!û6î�Ð ¾!ö;î�ï0öLûB¾!¿�ûB¾!î=ö?É
Õ�Î�ø,ï)ÏNõ,î�û>Ï8¾AÎ�ú�î�Ô$¾AÍ%ïUö?ø,Î�üGñÇ?Ò0¾ ¼ ¸g# ÔDÍ%Î�ÐCø,Î�Ï<ûB¾!î�Ð*¾!ûcÐ Ò0î�ï2ÔDÍ%Ì2ú�Õ�Ð î=Ð ø,Í%ïNÔDÍ%Î�Ð�ñ!ù­Î�Í%õ,Õ�Ð ø,Í%ïUÐ Í]û>¾!ö?Õ�ÔD¾ ¼ ¸g#eÔDÍ%Î�ÐGî�ï0öLî�
)Í%ø@öUÏ<¾!ï)¾!û6î�Ð*ø@Í%ïNÍ%ÖbÁ8ø,Ï
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÷9î=Ð û6ø'&�Í%û>ö?¾!û ÷�î�Ð*û>ø'&�Î�ø"�=¾ ¸N&P¾!ÔDÕ�Ð ø,Í%ï.Ð ø,Ì2¾ õ�¾!û>Ö�Í%û>Ì2î�ï0ÔD¾² ó�ó ��� ²añ ó � ù ó ê�ÌÅ²�ë=Î ��� = ÷Fÿ�Í%ú�Îó ²�ë=³�¶ êañ ì � ù ²=Ò1³=ð�Ì ² = ³�²�÷Fÿ�Í%ú�Îó ì = ¶�� = ñ ² � ù ó Ò1¶=ì�Ì ²�¶=³ = ÷Fÿ�Í%ú�ÎÇ$�X�añqÊLñ ²�ÀDõ�¾!û6Ö*Í%û6Ì2î�ï0ÔD¾(ø,ï]÷�¾!Ï8î­(8õ,Í%ú�ÎZç�÷Fÿ�Í%ú�Î�è)Í%Ö ô �N�´���X� ü�ü�ý�:� ò4ó¥Ö�î�ÔDÐ*Í%û>ø'�=î�Ð ø,Í%ïIñ

Ð ¾!Ì2ú�Í%û6î�û�ö1Ì2î�Ð*û>ø,ÔD¾!Î`ø,Î`Ð*Í1Î�ú�õ,ø,Ð�Í%Õ�Ð ¿�Í%Ö*¿�ÔDÍ%û>¾�Ì2î�Ð*û>ø,ÔD¾!Î A î=ï)ö B ø,ï0Ð Í.Î�Ì�î=õ,õ<Á8õ,Í%ÔDü<Î`ø,ïwÎ�Õ�Ô$ÒwîH´.î�ö7Ð Ò0î�ï]Ð Ò0¾^´.Ò0Í%õ,¾¾�&Pú�ûB¾!Î�Î�ø,Í%ï7ø@ÎZ¾�
<î�õ,Õ�î=Ð ¾!ö]ø,ï7Ì�¾!Ì2Í%û�ö.Á8õ,Í%ÔDü1ú�¾!ûGÁ<õ@Í%Ô$üGñ
H.2.3 Semi-transparent Use of Parallel Computing Using SCILAB ���

� 
)¾!ïwø,ÖCÎ�Í%Ì2¾AÎ�ú�¾!ÔDø,î�õ,ø,Î�Ð Î��7î�ï0Ð?Ð Í]î=ÔDÔ$¾!Î�Î`î=ïW¾�&Pú�¾!û>Ð�õ,¾�
<¾!õ,É%Ì2î�ï*ö ô �N�����X�AÕ�Î�¾!û>Î\ö?Í7ï0Í%Ð��7î�ï0Ð?Ð*Í]Î�ú�¾!ï)öUÐ*ø@Ì2¾õ,¾!î�û6ï)ø,ï0Ï�ú�î=û>î=õ@õ,¾!õPú�ûBÍ%Ï8û6î�Ì2Ì2ø@ï0Ï�Á<Õ�Ð)Ð*Ò)¾!ø,ûbÌ�î=ø@ï7Ï8Í%î=õ%Î�Ð ø,õ,õ%ûB¾!Ì2î�ø,ï0ÎIÐ Í�û>Õ�ï]Ð Ò0¾!ø@ûbú�ûBÍ%Ï<û>î=Ì�Î��7Ò0ø@Ô$Ò]Á8¾!ÔDÍ%Ì2¾(Ì2Í%ûB¾î�ï0ö�Ì2Í%ûB¾�Ð ø,Ì2¾Wî�ï0öËÌ�¾!Ì2Í%û�ö9ÔDÍ%ï0Î�Õ�Ì2ø@ï0ÏGñ ¼ ï�Í%ûBö?¾!ûHÐ*Í�ú�ûBÍ�
)ø,ö?¾w¾!Ö���Ô$ø,¾!ï)ÐJú�î�û6î�õ,õ,¾!õIõ,ø@ï0¾!î�ûAî=õ,Ï8¾!Á8û6î�Í%ú�¾!û6î�Ð*ø@Í%ï0Îø,ï)Î�ø,ö?¾7Ð*Ò)¾ ô �N�����V�7ÔDÍ%ï0Î�Í%õ,¾]Á8Õ�Ðcö?¾!î=õ,ø@ï0ÏUï0¾!ø@Ð*Ò)¾!û	�7ø@Ð*Ò;Ì2¾!Î�Î�î�Ï<¾.ú�î=Î�Î�ø,ï)ÏUû>Í%Õ�Ð ø,ï)¾!ÎHï0Í%û�Î�ú�¾!Ô$ø
��Ô ô �?�(ÄIù/õ8ù/�V
ûBÍ%Õ�Ð*ø,ï)¾!Î�É��7¾�ö?¾!Ô$ø,ö?¾!öWÐ*Í1î=ö?öWîHï0¾��eö?ø,Î�Ð û6ø,Á8Õ�Ð ¾!ö2Ð´ö8ú�¾^ø,ï)Î�ø,ö?¾ ô �N�����X�)ñDÇ?Ò)ø,ÎJõ,¾�
<¾!õ8Í%Ö�Ð*û>î=ï)Î�ú�î=ûB¾!ï0Ô�ö�ø,ÎJÌ�Í%Ð*ø'
<î�Ð*¾!öÁ$ö;Ð Ò0¾Wï0¾!¾!ö�Ð Í�Á8û>ø,ï0Ï;Ð*Ò)¾WÁ8¾!ï)¾���Ð*Î�Í%Ö\ø,ï)Ð*¾!û>î=ÔDÐ*ø"
)¾]¾!ïO
)ø,ûBÍ%ï0Ì�¾!ï0Ð Î1Ð Í�Î�Õ�ú�¾!û>ÔDÍ%Ì2ú�Õ�Ð ¾!û6Î
�7Ò)ø,õ,¾WÌ2î�ø,ï0Ð î=ø@ï0ø,ï)Ï9Ð Ò0¾¾!Ö���Ô$ø,¾!ï)Ô5ö�î�ï0öwú�Í��7¾!ûKÍ%Ö)Ò0ø,Ï8Ò)õ'ö.Í%ú�Ð ø,Ì2ø"�=¾!öWú�î=û>î=õ@õ,¾!õPÔDÍ%Ì2ú�Õ�Ð î=Ð ø,Í%ï)î=õ%õ,ø@Á<û>î=û>ø,¾!Î�ñ:(8û>Í%Ì�Ð Ò0¾�Õ�Î�¾!ûGú�Í%ø,ï0Ð)Í%Öa
)ø@¾���É�Ð Ò0¾Ö�î�ÔDÐ�Ð*Ò)î=ÐCî�Î�Ô$î�õ,î�ûZÌ�î=Ð û6ø"&1ø,Î(ö?ø,Î�Ð û6ø@Á<Õ�Ð ¾!öUÍ%ûZï0Í%Ð É��.ø,õ,õaï)Í%ÐGø,ïOÿ�Õ�¾!ï0ÔD¾AÐ*Ò)¾��7î�ö]Í%Ö��7û>ø,Ð ø,ï0Ï ô �N�´���X�^ú�ûBÍ%Ï<û>î=Ì�Î�ñ�Ç?Ò0¾Í%ï0õ"ö.î�öCö?ø,Ð ø,Í%ï)î=õ
ÔDÍ%Ì2Ì�î=ï)ö?ÎZî�ûB¾�é
scip init : ø,ï0ø@Ð*ø,î�õ,ø'��¾!Î�Ð*Ò)¾.Ï8û6ø,ö?É)Ð*Ò)î=ÐKø@Î�ÉaÐ*Ò)¾1ï)Õ�Ì2Á8¾!û�Í%ÖIú�û>Í%ÔD¾!Î�Î�Í%û6Î�Ð Ò0î�ÐIÐ*Ò)¾1Õ�Î�¾!û��7ø@õ,õGÕ�Î�¾1Ö�Í%û(Ð Ò0ø,Î�Î�¾!Î�Î�ø,Í%ïIñ

� Í%Ð*¾AÐ Ò0î�ÐGî�ÔDÍ%ï���Ï8Õ�û6î�Ð ø,Í%ï���õ,¾�ÔDî=ïWÁ8¾AÕ�Î�¾!ö�Ð Í]Î�ú�¾!ÔDø,Ö%öwÐ Ò0¾Aö?¾!Ö�î�Õ�õ,Ð?Ô$Í%ï���Ï8Õ�û6î�Ð*ø,Í%ï2ç�ï0Õ�Ì�Á8¾!ûJÍ%ÖbÒ)Í%Î�Ð*Î�î�ï0öï)î=Ì�¾(Í%ÖaÐ Ò0¾�Ô$Í%Ì�ú�Õ�Ð*¾!û>Î�è�µ
scip init dist : ø,ï)ø,Ð*ø@î=Ð ¾!Îcî�Î�ú�¾!ÔDø
��ÔJö?ø,Î�Ð û6ø@Á<Õ�Ð ø,Í%ï]ø,Ö)Ð*Ò)¾�Õ�Î�¾!ûKö?Í%¾!ÎIï0Í%Ð��7î�ï0Ð)Ð*Í�Õ�Î�¾�Ð Ò0¾�ö?¾!Ö�î�Õ�õ,Ð8Í%ï0¾�µ
scip distribute : ø,ÎWÐ*Ò)¾;Ì�î=ø@ï�ûBÍ%Õ�Ð ø,ï0¾�Ð*Ò)î=Ð��7ø,õ,õ�ö?ø,Î�Ð*û>ø,Á8Õ�Ð*¾;î9Î�ÔDî=õ@î=û]Ì�î=Ð û6ø'&=É`ö?¾���ï)¾!ö�ø,ï)Ð*Í½Ð*Ò)¾ ô �N�����X�ÔDÍ%ï0Î�Í%õ@¾\Í%û?Î�Ð*Í%ûB¾!ö7Í%ï�î���õ,¾JÎ�ö8Î�Ð ¾!Ì2É!Í%ï�Ð*Ò)¾\Í%Ð*Ò)¾!û ô �i�����X�����Gú�ûBÍ%ÔD¾!Î�Î�¾!ÎbÐ Ò0î�Ð��7¾!û>¾`ú�û>¾�
<ø,Í%Õ�Î�õ'ö^Î�Ð*î�û6Ð ¾!ö.Á$öAÐ Ò0¾

scip init Ö�Õ�ï0ÔDÐ ø,Í%ïIñ
� ¾^Í�
<¾!û6õ@Í%î=ö?¾!ö2ÔDÍ%Ì2Ì�Í%ï ô �N�����X�^Ö�Õ�ï0ÔDÐ ø,Í%ï0Î\î�ï0ö2Í%ú�¾!û6î�Ð*ø,Í%ï)ÎJÎ�Í7Ð Ò0î�Ð�Ð Ò0¾�ö��7Í%û>ü��7ø,Ð ÒwÐ*Ò)¾Hö?ø,Î�Ð*û>ø,Á8Õ�Ð*¾!ö�Ð,ö8ú�¾<ñÇ?Ò0Õ�Î�ÉaÍ%ú�¾!û>î=Ð ø,Í%ï)Î�Í%ïLö?ø,Î�Ð û6ø,Á8Õ�Ð ¾!ö9Ì2î�Ð û6ø,ÔD¾!Î	�.ø,õ,õCÁ<¾�¾�&P¾!ÔDÕ�Ð ¾!ö9ø,ïUú�î�û6î�õ,õ,¾!õ¨ñ!ùAÐKÐ Ò0¾1Ì2Í%Ì2¾!ï)Ð*É0î=õ,õ?Í%ú�¾!û>î=Ð ø,Í%ï0Î�Ð*Ò)î=ÐÒ0î�
<¾^Ð Ò0¾!ø,ûZÔ$Í%Õ�ï)Ð*¾!û>ú�î=û>Ð�ø,ïWÐ*Ò)¾HÐ��.Í7ú�î=û>î=õ@õ,¾!õ8õ,ø,ï0¾!î�ûZî=õ,Ï8¾!Á8û6î^õ,ø,Á8û6î�û6ø,¾!Î�É$õ�ùIÄIù ô î=ï)ö ô �?�(ÄIù/õ8ù/�V
�É
î�û>¾�Í�
)¾!û>õ,Í%î=¿ö?¾!ö`ñ�Ç?Ò)¾�Ì�î=ø@ï7ú�Í%ø,ï0Ð0ø,ÎcÐ*Ò)î=Ð)Ð*Ò)¾�Õ�Î�¾!ûbø,ÎcÎ�Ð*ø,õ@õ<î�Á8õ,¾�Ð*Í�Õ�Î�¾�Ð Ò0¾ ô �N�´���X��ÔDõ,î�Î�Î�ø,ÔDî=õ
Ì�î=Ð û6ø"&Hï0Í%Ð î=Ð ø,Í%ï)Î`î�ï0öWÍ%ú�¾!û6î�Ð*ø@Í%ï0ÎÐ Í��.û6ø,Ð ¾�ú�î=û>î=õ,õ@¾!õ
ú�û>Í%Ï8û>î=Ì�Î�ñ#AÖbÔDÍ%Õ�û6Î�¾!É8î�õ,õ ô �N�����V�AÖ�Õ�ï)Ô$Ð ø,Í%ï0Î��7Í%û>ü8ø,ï0Ï�Í%ïNÎ�Ô$î�õ,î�ûJÐ´ö8ú�¾!Î(î=ûB¾Hï0Í%ÐbÍ�
)¾!û>õ,Í%î=ö?¾!ö`ñ � Ò)¾!ïNî�ï2Í%ú�¾!û6î�Ð ø,Í%ïNø,Î�ø,ï)¿Ð ¾!ï0ö?¾!öwÍ%ï7î�öCø@Î�Ð*û>ø,Á8Õ�Ð*¾!öwÐ´ö<ú�¾��.Ò0¾!ûB¾!î=ÎIÐ Ò0¾!ûB¾\ø,Îcï0Í�ú�î�û6î�õ,õ,¾!õ=Ö�Õ�ï0ÔDÐ ø,Í%ï7ÔDÍ%û6ûB¾!Î�ú�Í%ï0ö?ø,ï0Ï�Ð ÍAø,Ð*É_Ð Ò0¾�Õ�Î�¾!ûbÌ�î�ö�ÔDÒ0Í%Í%Î�¾Á8¾!Ð��.¾!¾!ï7Î�¾�
)¾!û>î=õ%Ì�Í%ö?¾!ÎHé�Ð*Ò)¾	��û>Î�Ðaç�î�ï0öwÎ�ø,Ì�ú�õ,¾!Î�Ð è�Í%ï0¾!ÉPø@Î`Ð Í1Ï8¾!ï)¾!û6î�Ð*¾�î�ï7¾!û6ûBÍ%û$µ=Ð Ò0¾�Î�¾!Ô$Í%ï)ö2Í%ï)¾!É=ø,ÎZÐ Í1Î�ö8Î�Ð ¾!Ì2î�¿Ð ø,Ô$î�õ,õ'ö�Ï8î�Ð*Ò)¾!ûGÐ Ò0¾(ö?ø,Î�Ð û6ø,Á8Õ�Ð ¾!öwÌ2î�Ð*û>ø'&�ø@ï0Î�ø,ö?¾(Ð Ò0¾ ô �N�����V�(Ô$Í%ï)Î�Í%õ,¾(ç�ø@Ö0ø,Ð���Ð*ÎIø@ï ô �N�����V�\Ì2¾!Ì�Í%û�ö8èaî�ï0ö]¾�&=¾!Ô$Õ�Ð ¾\Ð Ò0¾Í%ú�¾!û6î�Ð ø,Í%ï]ø,ïwø,Ð6ñDÇ?Ò0¾�Í%Ð*Ò)¾!ûIÔ$î�Î�¾�ø,Î��.Ò0¾!ïwî=ï]Í%ú�¾!û>î=Ð ø,Í%ï]ø,ïO
)Í%õ"
)¾!Î`Á<Í%Ð Ò]Î�ÔDî=õ,î�ûKî�ï0ö�öCø@Î�Ð*û>ø,Á8Õ�Ð*¾!ö�öCî�Ð îañ:#Aï0ÔD¾^î�Ï8î=ø@ï0ÉÐ Ò0¾�Õ�Î�¾!ûJÌ�î�öWÔ$Ò)Í%Í%Î�¾1Á8¾!Ð��7¾!¾!ï2Î�¾�
<¾!û6î�õaÌ�Í%öC¾!Î1é!Ð*ÍwÏ8¾!ï0¾!û>î=Ð ¾Aî�ï2¾!û6ûBÍ%û$µ)Ð ÍwÏ8î=Ð Ò0¾!û`Ð*Ò)¾�ö?ø,Î�Ð û6ø@Á<Õ�Ð ¾!öLÌ2î�Ð*û>ø'&7Í%û\Ð Íú�ûBÍ%ú�î=Ï8î�Ð*¾�Ð Ò0¾�öCø@Î�Ð*û>ø,Á8Õ�Ð*ø,Í%ïKñ=Ç?Ò0¾�õ,î�Î�ÐIÔ$Ò)Í%ø,Ô$¾�¾!ï0î�Á8õ,¾!Î�Ð*Í�Í%ï0õ'öNö?ø,Î�Ð û6ø@Á<Õ�Ð ¾�Ð*Ò)¾1Ì�î=ø,ïLÌ�î=Ð û6ø'&]Í%ï)Ô$¾1î=ï)ö;Ð Ò0¾!ï)ÉaÐ Ò0¾ø,ï)Ð*¾!û>ú�û>¾!Ð Í%û��.ø,õ,õ%î�Õ�Ð*Í%Ì�î=Ð ø,ÔDî=õ,õ"ö�ú�ûBÍ%ú�î�Ï<î�Ð ¾\Ð*Ò)¾(ö?ø,Î�Ð*û>ø,Á8Õ�Ð*ø@Í%ï7Õ�Î�¾!öwÐ*Í�Ð Ò0¾(Í%Ð Ò0¾!ûbö?î�Ð*î�ø,ïO
)Í%õ"
)¾!öWø,ï.Ö*Õ�û6Ð Ò0¾!ûGú�î=û>î=õ,õ@¾!õÍ%ú�¾!û6î�Ð ø,Í%ï0Î�ñqÇCÒ)¾�Ö*Í%õ,õ,Í��7ø@ï0Ï]¾�&Pî�Ì2ú�õ@¾�Î�Ò)Í��7ÎJÒ)Í�� Ð Í.ú�¾!û>Ö�Í%û>Ì�î0
<¾!û�ö�Î�ø,Ì2ú�õ,¾�Ì2î�Ð*û>ø'&AÌ2Õ�õ@Ð*ø,ú�õ@ø,Ô$î�Ð ø,Í%ïwÍ%ïWî
 è"!Ï8û6ø,ö.Í%Ö ô �N�����X���:�Cú�ûBÍ%Ô$¾!Î�Î�¾!Î�ñ ¼ ï�Ð*Ò)ø,ÎK¾�&=î=Ì�ú�õ,¾!É�Ð Ò0¾\ö?ø,Î�Ð û6ø@Á<Õ�Ð ø,Í%ï�Õ�Î�¾!ö7ø,ÎKîJÁ<ø@öCø@Ì2¾!ï0Î�ø@Í%ï0î�õ
Á8õ,Í%Ô$ü8¿*Ô5ö8ÔDõ,ø,ÔIÍ%ï0¾��7ø,Ð Ò1îÁ8õ,Í%ÔDü�Î�ø"�=¾��C&=¾!ö]Ð*Í�#%$±è'&($ËÁ8Õ�Ð8Ð*Ò)¾(Õ�Î�¾!ûGÌ�î�ö�Ò0î�
<¾\Õ�Î�¾!ö]ö?¾!Ö�î�Õ�õ,Ð$
)î�õ,Õ�¾!Î�ñ6Ç?Ò0¾!ï)É!Î�Ô$î�õ,î�ûGÌ�î=Ð û6ø,ÔD¾!Îcä9î=ï)ö)$½î=ûB¾ö?ø,Î�Ð û6ø,Á8Õ�Ð ¾!öWî�ï0öWÐ Ò0¾�Ì2î�Ð*û>ø'&^Ì�Õ�õ,Ð ø,ú�õ,ø,ÔDî=Ð ø,Í%ï]ø,Îcö?Í%ï0¾�Á$ö�Õ�Î�ø,ï0Ï�Ð*Ò)¾�û>¾!Ï8Õ�õ,î�û�íZÎ�ö8Ì2Á8Í%õ8ø,ï0Î�ø,ö?¾�Ð Ò0¾ ô �N�´���X�(Ô$Í%ï)Î�Í%õ,¾<ñ

CTXT = scip_init(P,Q);
DIST = scip_init_dist("CC",0,0,CTXT(3),MB,NB) ;
A = rand(M,N); B = rand(M,N);
MatA = scip_distribute("A", DIST);
MatB = scip_distribute("B", DIST);
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Res = MatA(1:1000,1:500)*MatB(1:500,1:1000);
size(Res)
ans = ! 1000. 1000. !ÇPî�Á8õ,¾JÊUñ ó õ,ø@Î�Ð*ÎIÖ*Õ�ï0ÔDÐ*ø,Í%ï)ÎIÐ*Ò)î=Ð8Î�Õ�ú�ú�Í%û>Ð<Í�
<¾!û6õ@Í%î=ö?ø,ï)ÏAÖ�Í%ûCöCø@Î�Ð*û>ø,Á8Õ�Ð*¾!ö]Ì�î=Ð û6ø,ÔD¾!Î�ñ>ùAÎ*�.¾\ï0Í%Ð ø,ÔD¾(Í%ï.Ð Ò0¾\¾�&=î=Ì�ú�õ,¾î�Á<Í�
<¾!É�Î�¾!Ð*Ð ø,ï0Ï.î=ï)ö�ûB¾!Ð*û>ø,¾�
<ø,ï0Ï1î=û>û6î�ö�Î�¾!ÔDÐ ø,Í%ï0Î`ç�Õ�Î�ø,ï)Ï7Í%ï0õ'ö.Ô$Í%ï)Î�¾!Ô$Õ�Ð ø'
<¾�Á8õ,Í%ÔDÎ�è�î=õ@Î�Í+�7Í%û>ü7Ð û6î�ï0Î�ú�î�û>¾!ï)Ð*õ'ö�Ö�Í%ûböCø@Î�¿Ð û6ø,Á8Õ�Ð ¾!ötÌ2î�Ð*û>ø,ÔD¾!Î�ñ<Ç?Ò0¾�Í�
)¾!û>õ,Í%î=ö?ø,ï)Ï�Í%Ö�Ì2î�ÂÃÍ%û�¾!õ,¾!Ì2¾!ï)Ð*¿��7ø,Î�¾NÖ*Õ�ï0ÔDÐ*ø,Í%ï)Î7õ,ø,ü8¾ cos É sin ø@Î7ö?Í%ï0¾2î�ï0öË¾!î=Î�ö�Ð Íø,Ì�ú�õ,¾!Ì2¾!ï)Ð�ñ

Funct. Description Funct. Descriptionî ñ-,	ñ:í�ñ/.dí?ñ/.10 �\õ@î=Î�Î�ø,ÔDî�õ%Ì2î�Ð*û>ø'&^Á8ø,ï)î=û�ö1Í%úZñ size
ô ø"�=¾(Í%Öaî�ï.Í%ÁmÂÃ¾!ÔDÐ

chol �\Ò)Í%õ,¾!Î�ü$ö.ö?¾!ÔDÍ%Ì2ú�Í%Î�ø,Ð ø,Í%ï hess Ê7¾!Î�Î�¾!ï)Á8¾!û>Ï�Ö�Í%û>Ì
inv ÷�î�Ð û6ø'&�ø,ï*
<¾!û6Î�¾ linsolve Ä?ø,ï)¾!î=ûG¾!Æ<ïKñqÎ�Í%õ"
)¾!û
lu ò�ó¥Ö�î�Ô$Ð Í%ûbÍ%Öaî � î�Õ�Î�Î�ñ�¾!õ,ø,Ì�ñ qr !�2¥ö?¾!ÔDÍ%Ì2úZñ
rcond

¼ ï*
<¾!û6Î�¾�Ô$Í%ï)ö?ø,Ð*ø@Í%ï]ï0Õ�Ì2Á8¾!û schur
ô ÔDÒ0Õ�ûGö?¾!Ô$Í%Ì�úZñ

spec
� ø,Ï8¾!ï*
<î�õ,Õ�¾!Î svd

ô ø@ï0ÏGñ�
<î�õ,Õ�¾(ö?¾!Ô$Í%Ì�úZñ
Ç$�X�añDÊUñ ó ÀD#	
)¾!û>õ,Í%î=ö?¾!öwö?ø,Î�Ð û6ø,Á8Õ�Ð ¾!öWÌ�î=Ð û6ø"&HÍ%ú�¾!û6î�Ð*ø@Í%ï0Îcø,ï ô �N�����X���:�!ñ(8ø,Ï8Õ�û>¾(ÊUñ ê�ú�õ,Í%Ð Î`ú�¾!û>Ö�Í%û6Ì�î=ï)Ô$¾(Í%Á8Ð î=ø@ï0¾!öWÕ�Î�ø,ï0Ï1Ð*Ò)¾�Î�Ð î�ï0ö?î=ûBöHíJÍ%ú�¾!û>î=Ð Í%ûKø,ï)Î�ø,ö?¾�Ð Ò0¾ ô �N�����X��Ô$Í%ï)Î�Í%õ,¾�Í%ï]öCø@Î�¿Ð û6ø,Á8Õ�Ð ¾!ö;Ì�î=Ð û6ø,ÔD¾!Î�ñmÇ?Ò0¾`&P¿*î�&=ø,Î�û>¾!ú�ûB¾!Î�¾!ï0Ð Î\Ð Ò0¾�Î�ø'�=¾AÍ%ÖIÐ Ò0¾�Ì�î=Ð û6ø'&.î=ï)ö�Ð Ò0¾�ö8¿�î�&Pø,Î(Ð Ò0¾�Ð ø,Ì2¾�Ð ÍW¾�&=¾!Ô$Õ�Ð ¾ ó Ì�î=Ð û6ø"&Ì2Õ�õ@Ð*ø,ú�õ@ø,Ô$î�Ð ø,Í%ï0ÎZÎ�ø,ï0ÔD¾��7¾�ú�¾!û6Ö*Í%û6Ì Res=A*B*C �7Ò)¾!û>¾Vä`ñ3$tî=ï)ö¹é¥î=ûB¾\Î�Æ8Õ�î=ûB¾(Ì2î�Ð û6ø,ÔD¾!Î�ñ�ÇCÒ)¾!Î�¾(Ð*¾!Î�Ð Î4�7¾!ûB¾\ú�¾!û>¿Ö�Í%û>Ì2¾!öWÍ%ï7î ôg� ¼ #Aû>ø,Ï8ø,ï ó657565 ñ6ÇCÒ)¾�Ô$Õ�û�
)¾�ú�õ,Í%Ð Ð*¾!ö8�7ø,Ð Ò]ÔDû>Í%Î�Î�¾!Îcç9, î ,`è)ø,ÎcÍ%Á<Ð î�ø,ï0¾!öWÁ$ö1ö?Í%ø,ï)Ï.Ð Ò0¾�Ô$Í%Ì�ú�Õ�Ð*î�Ð ø,Í%ïÍ%ï7î�Î�ø,ï)Ï<õ@¾�ï)Í%ö?¾!É�ø�ñ ¾<ñ É!Á$ö�Õ�Î�ø,ï0Ï�Ð Ò0¾(Î�¾!Æ8Õ�¾!ï0Ð ø,î�õ
Î�Ô$î�õ,î�ûGÍ%ú�¾!û>î=Ð Í%û�ícø,ï ô �i�����X�)ñ6Ç?Ò)¾(Ô$Õ�û�
)¾\ú�õ@Í%Ð*Ð ¾!ö:�7ø,Ð Ò7ç9,Gè;,`è)ø,ÎÍ%Á8Ð*î�ø,ï)¾!öNÁ$ö.Õ�Î�ø,ï)Ï�<Hú�û>Í%ÔD¾!Î�Î�Í%û6Î`î=ï)ö)��ï)î=õ,õ"ö$É
Ð Ò0¾�Ô$Õ�û�
)¾�ú�õ,Í%Ð Ð*¾!ö)�7ø,Ð Ò�Î�Ð î=û>Î`ç�,�í�,`è�ø,ÎJÍ%Á8Ð î=ø,ï)¾!öNÁ$ö7ûBÕ�ï0ï0ø@ï0Ï]Ð Ò0¾Ð ¾!Î�Ð)Í%ï�= = ú�û>Í%ÔD¾!Î�Î�Í%û6Î�ñ�Ç?Ò0¾(Ì�î=ø@ï7ø,Ì2ú�Í%û>Ð*î�ï0Ð<ú�Í%ø,ï)Ð0ø,ÎcÐ Ò0î�Ð)ø,Ð)ø,ÎIú�Í%Î�Î�ø,Á8õ,¾�Ð ÍAÍ%Á<Ð î�ø,ï7îD
)¾!û�öAÏ<Í%Í%öWÎ�ú�¾!¾!ö?Õ�ú]Í%ï7Î�Õ�ÔDÒî�Î�ø,Ì2ú�õ,¾�Í%ú�¾!û>î=Ð ø,Í%ï.Ð Ò0î�Ð<î=ú�ú�¾!î�û6ÎKÌ�î=ïOö1Ð ø,Ì�¾!ÎZø@ï ô �N�����V�(Î�Ô$û>ø,ú�Ð Î�ñ�Ç?Ò)Õ�Î�É=ø,Ð)ø,Î��7Í%û>Ð*Ò��7Ò0ø,õ@¾�Ð Í�Õ�Î�¾(Ð*Ò)¾(öCø@Î�Ð*û>ø,Á8Õ�Ð*¾!öÎ�ÔDî=õ,î�ûcÐ,ö8ú�¾>�.Ò0¾!ï2ö?¾!î�õ,ø,ï)Ï8�.ø,Ð*Ò�Ì2î�Ð*û>ø'&�Í%ÖGÎ�ø'��¾HÏ8ûB¾!î=Ð ¾!ûIÐ*Ò)î=ï(?�ç�ç7è@?�ç�ç8ñDÇCÒ)¾HÍ�
<¾!û>Ò)¾!î=öNø@ï0Ð û>Í%ö?Õ�ÔD¾!öNÁ$öWÐ Ò0¾^öCø@Î�¿Ð û6ø,Á8Õ�Ð ¾!ö�Ð´ö8ú�¾!É8ø¨ñ ¾<ñ É8Î�¾!ï)öCø@ï0ÏWÐ*Ò)¾Aø,ï0Î�Ð û>Õ�ÔDÐ ø,Í%ï0Î�Ð*Í]Ð Ò0¾�Î�¾!ÐCÍ%ÖKÎ�õ,î�
)¾!Î�É8ø,Î(ï)Í%ÐKû>¾!î�õ,õ'ö]î�ú�ûBÍ%Á<õ@¾!ÌA�7Ò)¾!ïNÔ$Í%Ì�ú�Õ�Ð*î�Ð ø,Í%ïÔDÍ%Ì2ú�õ,¾�&=ø,Ð,ö�ç�î�ï0öwÌ�¾!Ì2Í%û�ö1Ô$î�ú�î�Ô$ø,Ð´ö8è)Á8¾!ÔDÍ%Ì2¾!ÎcÐ Ò0¾�û>¾!î�õPÁ8Õ�ûBö?¾!ïIñ

H.3 Network-Enab led Servers¼ ïUÐ Ò0¾�ú�ûB¾�
)ø,Í%Õ�Î�Î�¾!ÔDÐ*ø,Í%ï)É��7¾�Ò0î�
)¾�ú�ûB¾!Î�¾!ï0Ð ¾!ö;Í%Õ�û���û>Î�ÐIî=ú�ú�û>î=ÔDÒNÐ Í�ú�î�û6î�õ,õ,¾!õ,ø"�=¾ ô �N�����V�<ñ8ù?Õ�ÐKÐ Ò0ø@Î^î�ú�ú�û>Í%î�Ô$Òø,Î\ûB¾!Î�¾!û�
<¾!ö2Ð Í]¾�&Pú�¾!û>Ð�Õ�Î�¾!û6Î�ñ ¼ ï�Ð Ò0ø@Î(Î�¾!Ô$Ð ø,Í%ï0É��.¾Hú�û>¾!Î�¾!ï)Ð�î�Ì2Í%ûB¾^Ð û6î�ï0Î�ú�î�û>¾!ï)ÐB�7î�ö]Ð Í7î�Ô$ÔD¾!Î�ÎJú�î�û6î�õ,õ,¾!õ<ûB¾!Î�Í%Õ�û>ÔD¾!ÎÖ�ûBÍ%Ì ô �N�����X�_É_Õ�Î�ø,ï)Ï.ÔDÍ%Ì2ú�Õ�Ð î=Ð ø,Í%ï0î�õ%Î�¾!û�
<¾!û6Î�ñýHÕ�¾AÐ ÍwÐ*Ò)¾Aú�û>Í%Ï8ûB¾!Î�Î(ø,ïNï0¾!Ð��7Í%û>ü<ø@ï0Ï8É)ÔDÍ%Ì2ú�Õ�Ð ø,ï)Ï�ø,ï)Ð*¾!ï)Î�ø'
<¾�ú�ûBÍ%Á8õ,¾!Ì2Î�ø,ï2Î�¾�
)¾!û>î=õ)î=ûB¾!î=ÎJÔ$î�ï2ï)Í��£Á<¾AÎ�Í%õ"
)¾!öÕ�Î�ø,ï)ÏNï0¾!Ð��7Í%û6ü8¾!ö;Î�Ô$ø,¾!ï)Ð*øC��ÔAÔ$Í%Ì�ú�Õ�Ð*ø,ï)ÏGñ ¼ ïLÐ Ò0¾�Î�î=Ì�¾+�7î�ö2Ð Ò0î�Ð � Í%û>õ,ö � ø@öC¾ � ¾!ÁNÒ)î=Î�Ô$Ò)î=ï)Ï8¾!ö9Ð Ò0¾��7î�ö�Ð*Ò)î=Ð
�7¾�Ð*Ò)ø,ï0ü]î�Á8Í%Õ�Ðaø,ï)Ö�Í%û6Ì�î=Ð ø,Í%ï)ÉD�7¾^ÔDî�ï]¾!î=Î�ø,õ"ö.ø,Ì�î=Ï8ø,ï)¾^Ð Ò0¾^Ð´ö8ú�¾!Î`Í%Ö?î�ú�ú�õ,ø,ÔDî=Ð ø,Í%ï)Î��7¾�Ì2ø,Ï8Ò)Ð�Ô$Í%ï)Î�Ð*ûBÕ�Ô$Ð?ø,ÖB�.¾�Ò)î=öø,ï)Î�Ð*î�ï0Ð î=ï)¾!Í%Õ�Îcî=ÔDÔ$¾!Î�ÎbÐ*ÍAî�Î�Õ�ú�¾!û>ÔDÍ%Ì2ú�Õ�Ð ¾!ûCÖ�ûBÍ%Ì Í%Õ�ûKö?¾!Î�ü8Ð Í%úZñ6ÇCÒ)¾e��õC��î=ú�ú�ûBÍ%î�Ô$Ò ò �_É_ð ô ø,ÎIî�Ï8Í%Í%öwÔ$î�ï0ö?ø,ö?î�Ð*¾\Ð ÍÁ8Õ�ø,õ,ö � ¾!Ð��7Í%û>ü8¿ � ï0î�Á8õ,¾!ö ô ¾!û�
)¾!û>Î`ç ��� ô è�¾!ï*
<ø,ûBÍ%ï0Ì�¾!ï0Ð Î\Í%ï�Ð Ò0¾ � û>ø,ö`ñ ô ¾�
<¾!û6î�õ<Ð Í%Í%õ,Î\Ð Ò0î�Ð�ú�ûBÍ�
)ø,ö?¾�Ð*Ò)ø,Î\Ö�Õ�ï)Ô$Ð ø,Í%ï)¿ï0î�õ,ø,Ð´ö�¾�&Pø,Î�Ð)õ,ø,ü8¾ � Ê�� ô ËQ��Ì�Ê ò = 5!ô É �7¼�� ( ò =�ê ô É ��� # ô ò =/= ô É8#	L(÷ ò ì ô Í%û���� ô òÈó_ô ñÇ?Ò0ø,Î�î�ú�ú�û>Í%î�Ô$Ò�õ,¾!î�öCÎ(Õ�Î�Ð Í�ø,ï)Ð*¾!Ï8û>î=Ð ¾�î=ïNø@ï0Ð ¾!û6Ö�î�ÔD¾�Ð Í � Ê�� ô ËQ��Ì�Ê��7Ò)ø,Ô$ÒUø@Î�î1Ô$õ,ø@¾!ï0Ð ¿�î�Ï<¾!ï)Ð*¿*Î�¾!û�
<¾!û6Î(î�ú�ú�õ,ø,ÔDî=¿Ð ø,Í%ï�Ð Ò0î�Ð�¾!ï0î�Á8õ,¾!ÎJÕ�Î�¾!û>Î\Ð Í.Î�Í%õ'
<¾HÔDÍ%Ì2ú�õ,¾�&�Î�ÔDø,¾!ï0Ð ø
��Ô�ú�û>Í%Á8õ,¾!Ì�ÎJûB¾!Ì2Í%Ð ¾!õ'ö]Á$ö7î�Ô$ÔD¾!Î�Î�ø,ï0Ï.Ò0î�û>öE�7î�û>¾�î�ï0öNÎ�Í%Ö*Ð��.î=ûB¾ûB¾!Î�Í%Õ�û>ÔD¾!ÎcöCø@Î�Ð*û>ø,Á8Õ�Ð*¾!ö�î=ÔDû>Í%Î�ÎcîHï)¾!Ð��.Í%û6üGñDù�õ,Í%î�öC¿*Á8î=õ,î�ï0ÔDø,ï)Ï1ú�Í%õ,ø@Ô5ö7ø@ÎJÕ�Î�¾!öWÁ9ö � Ê�� ô ËQ��Ì�Ê�Ð*Í�¾!ï0Î�Õ�ûB¾�Ï<Í%Í%ö�ú�¾!û>¿Ö�Í%û>Ì2î�ï0ÔD¾1Á$öN¾!ï)î=Á8õ,ø@ï0ÏUÐ Ò0¾.Î�ö8Î�Ð ¾!Ì�Ð*Í�Õ�Î�¾.î�
)î�ø,õ,î�Á8õ,¾1ÔDÍ%Ì2ú�Õ�Ð î�Ð*ø,Í%ï)î=õCûB¾!Î�Í%Õ�û>ÔD¾!Î�î�Î^¾!Ö���ÔDø,¾!ï0Ð õ'ö2î�Î^ú�Í%Î�Î�ø@Á<õ@¾<ñ=Ç?Ò0¾ô �N�����V�!¿ � Ê�� ô ËE�<Ì4Ê(ø,ï0Ð ¾!û6Ö*î=ÔD¾�î=õ,õ@Í��7Î`Ð Ò0¾�Õ�Î�¾!ûIÐ Í1Î�¾!ï)ö2Á8õ,Í%ÔDü<ø@ï0Ï7î�ï0öWï0Í%ï)¿�Á8õ,Í%ÔDü<ø@ï0Ï]ûB¾!Æ<Õ�¾!Î�Ð ÎZÐ*Í�Ð*Ò)¾ � Ê�� ô ËQ��Ì4Êî�Ï<¾!ï)Ð��7Ò)ø,ÔDÒ7ú�õ,î�ö<ÎcÐ Ò0¾�ûBÍ%õ,¾(Í%Öaî�û>¾!Î�Í%Õ�ûBÔ$¾JÁ<ûBÍ%ü8¾!û�ñ(8ø,Ï8Õ�û>¾�ÊLñ <�ú�õ,Í%Ð*Î(ú�¾!û>Ö�Í%û>Ì2î�ï0ÔD¾^Í%Á8Ð*î�ø,ï)¾!öUÕ�Î�ø,ï0Ïwï0Í%ï)¿�Á8õ,Í%ÔDü8ø,ï0Ï � Ê�� ô ËQ��Ì�Ê^û>Í%Õ�Ð ø,ï0¾!Î(Ð Í7Î�Í%õ'
<¾AÎ�¾�
<¾!û6î�õ)¾!ø,Ï8¾!ï)¿
<î=õ,Õ�¾!ÎGú�û>Í%Á8õ,¾!Ì�ÎbÍ%ï�î(Î�¾!Ð%Í%Ö8Ì2î�Ð*û>ø,Ô$¾!Î�ñBÇCÒ)¾JÌ�î=Ð û6ø'&�Î�ø'��¾F�.î=Î��C&P¾!ö7Ð ÍTæ8ç�çeè`æ8ç�ç%ñ ô �N�´���X�F�7î�ÎbûBÕ�ï0ï)ø,ï0Ï�Í%ï�î ô ú�î=ûBÔ
�7Í%û>ü<Î�Ð î�Ð*ø,Í%ï]Á8Õ�ÐaÍ%ï)¾�Í%ÖaÐ*Ò)¾�Î�¾!û�
)¾!û��7î�ÎZûBÕ�ï0ï)ø,ï0Ï.Í%ï]î=ï/#Aû>ø,Ï8ø,ï ó656575 ñ�ÇCÒ)¾­&P¿�î�&Pø@ÎIû>¾!ú�ûB¾!Î�¾!ï0Ð ÎIÐ*Ò)¾�ï)Õ�Ì2Á8¾!ûKÍ%ÖaÔDî�õ,õ,Îî�ï0öLÐ*Ò)¾`ö<¿*î�&=ø,Î�Ð*Ò)¾AÐ*ø@Ì2¾<ñ!ÇCÒ)¾�Ô$Õ�û�
)¾Aø,Î�õ,ø@ï0¾!î�û��7Ò0ø@Ô$ÒNø@ïUÖ�î�Ô$ÐCÔ$Í%û>û>¾!Î�ú�Í%ï)ö?Î(Ð*ÍwÐ Ò0¾�Ð*ø@Ì2¾�Ð*ÍwÎ�¾!ï)ö;î�ï0ö�û>¾!ÔD¾!ø'
<¾HÐ Ò0¾



114 �����m�'�8 M¡�¢)�����m�'�8  ���¤£¦¥4§9¨I©VªD«­¬­®0¬X¯±°Q² ¢8³ ¨ ��¡

10000

100000

1e+06

1e+07

1e+08

1e+09

1e+10

0 200 400 600 800 1000 1200 1400 1600 1800 2000

tim
e 

(m
s)

matrix size

seq
4 processors

16 processors

(P��Ö\ñCÊLñ ê�ÀHõ�¾!û6Ö�Í%û>Ì2î�ï0ÔD¾NÍ%Ö^Ì�î=Ð û6ø"&9Ì2Õ�õ@Ð*ø,ú�õ@ø,Ô$î�Ð ø,Í%ïÕ�Î�ø@ï0Ï�Ð*Ò)¾�ö?ø,Î�Ð û6ø@Á<Õ�Ð ¾!öWÍ�
)¾!û>õ,Í%î=ö?¾!ö]Í%ú�¾!û>î=Ð Í%û4íPñ
0

50

100

150

200

250

300

350

400

450

0 2 4 6 8 10 12 14 16 18 20

non blocking calls
local computation

G�H�I�J�K"J L�M�NEO
PRQ�S�T�U7V
WBQ�X�YBZ\[�]RV
Q�^_X*X�[�V
T�O
S�P
WBX�O
S�P
`�a�Q
bEc Hedgf�h�ikj"lgm bBn dpo�l�O
S�`�Q�Z3q�U7r/Q�J

ZpQ�X�WBV
`�X�X�O
S�r/Q�`�a�Q�X�Q�Z3T�Q�Z�s'U7X�U7]RV
Q�`�[>U6r/r-Q�YB`DU6V
V6`�a�Q�r/U7V
VCXtO
S�YBU7Z\U7VCV
Q�VuJpv�`�X�a�[�s�X�`�a�U6`�wxqyZp[�^ bBc Hedgf	hzw-`�a�Q�WBX�Q�ZEO
X*U6]RV
Q
`�[�[�]R`�U7OCS�a�O
PRa�YBQ�Z\qy[�Z3^_U7S�r-Q�U6V
^_[�X�`�s�O
`�a�[�WB`�a�U6T�O
S�P+`�[
{EQ�U7VDs'O
`�a�YBU6Z3U6V
V
Q�V7r-[�^_YBWB`�OCS�P�J

H.3.1 Data Persistence and Data Redistrib ution
| a�Q�S's�QFO
S�`�Q�Z3q�U7r/Q�{ bBc H�dgf	h�U7S�{_j;lgm bEn d\oFlzw�s�QFa�U6T�Q�]RQ�Q�S�r-[�S�qyZp[�S�`�Q�{8]R}�`�s�[
{EZ3U6s�]RU7r/~RXt[�qBj"lgm bBn d\o�l

r/[�S�r/Q�Z3S�OCS�P��6�/�y�
�7�p�p�\���\���\�R���>U6S�{��6�-���
�p�p�6�C�p�y�p�C�g�R���C�/�tJ | a�Q�S�U8X�Q�Z3T�Q�Z�a�U6X
r-[�^_YBWB`�Q�{�U_Z\Q�X�WBV
`�wB`�a�O
X�Z\Q�X�WBVC`�^_U7}
]RQ�WBX�Q�{@U6PRU7OCS)U6X�U7S_O
S�YBWB`�YBU7Z\U7^_Q�`�Q�Z�[�q*U6S�[�`�a�Q�Z�ZpQ��RWBQ�X�`�[�S�`�a�OCX�X�Q�Z\T�Q�Z3JxK�Q�S�r/Q�wRO
`tr/U6S)]RQ�WBX�Q�qyWBVB`�[:WBX�Q��7�/�y�
�6�\�p�\���\���\�R���pwBOuJ Q�J w�r/U7r/a�Q�{EU7`�U�[�S"`�a�O
X>X�Q�Z\T�Q�Z3J6��[�Z\Q�[�T�Q�Z�w�`�a�O
X>ZpQ�X�WBV
`*r/U6S(U6V
X�[_]�Q�O
S�T�[�V
T�Q�{�O
S"U�r/[�^)YBWB`�U7`�O
[�S"[�S
U6S�[�`�a�Q�Z�X�Q�Z\T�Q�Z�w�O
S�`�a�U6`�r/U6X�Q�O
`tr/U7S_]RQ�WBX�Q�qyWBVB`�[8�u�p�7���\���\���g�R�y���7�/�y��q�Z\[�^�X�Q�Z3T�Q�ZF`�[8X�Q�Z\T�Q�Z3JgK�[�s�Q�T�Q�Z�w�j"lgm bBn d\o�l
{E[�Q�X*S�[�`RO
^_YBV
Q�^)Q�S�`�{EU6`�UFZ\Q�{EO
X�`�Z3O
]RWB`�O
[�S�]�Q�`�s�Q�Q�S�X�Q�Z3T�Q�Z3X��\s�a�Q�S+U�X�Q�Z3T�Q�ZEa�U6X*r-[�^_YBV
Q�`�Q�{�U�r-[�^_YBWB`�U6`�O
[�S�wz[�WB`�i
YBWB`�[�]���Q�r-`�X4�yZpQ�X�WBV
`�X���U7ZpQ�ZpQ�`�Z\O
Q�T�Q�{�]�}
`�a�Q�r/V
O
Q�S�`3J��Ea�Q�ZpQ�qy[�ZpQ�w�^)U6S�}
WBX�Q�V
Q�X�X4r-[�^_^)WBS�O
r-U6`�O
[�S�X�r-[�WBVC{_]RQ�U6T�[�O
{EQ�{�J
�Ea�O
X	YBZ\[�]RV
Q�^AU7X�]RQ�Q�S;`�U6r-~RV
Q�{(s�O
`�a"`�a�Q+S�Q�s�ZpQ��RWBQ�X�`tX�Q��RWBQ�S�r/O
S�P;qyQ�U6`�WBZpQ8���z �J�K�[�s�Q�T�Q�Z�w�`�a�Q�r-WBZ\Z\Q�S�`tZpQ���WBQ�X�`
X�Q��RWBQ�S�r/O
S�P'O
^)YBV
Q�^_Q�S�`�U7`�O
[�S:{E[�Q�X�S�[�`�U6V
V
[�s¡`�[�a�U6S�{EV
Q�^)WBV
`�O
YBV
Q�X�Q�Z3T�Q�Z3X6J���[�ZpQ�[�T�Q�Z�wz[�WBZ4{�U6`�U	YBQ�Z\X�O
X�`�Q�S�r-Q�O
^_i
YBV
Q�^_Q�S�`�U7`�O
[�S�U6V
V
[�s�X4`�a�Q�r/V
O
Q�S�`�`�[
^_U7S�U7PRQ�O
`�X4{�OCX�`�Z\O
]RWB`�Q�{:{EU7`�U�U7S�{:`�a�Q�O
Z*U6T�U6O
V
U6]RO
V
O
`�}
[�S�{EO
q�q�Q�Z\Q�S�`�X�Q�Z3T�Q�Z3X6J | Q
a�U6T�Q�^_[�{EO
¢BQ�{�j"lgm bBn d\o�l�O
S�[�Zp{�Q�Z�`�[
O
^_YBV
Q�^)Q�S�`�{EU7`�U�YBQ�Z3X�O
X�`�Q�S�r/Q�U7S�{_ZpQ�{EO
X�`�Z\O
]RWB`�OC[�S�]RQ�`�s�Q�Q�S'X�Q�Z3T�Q�Z3X6J��Ea�O
X
a�U6X�]�Q�Q�S�{E[�S�QFO
S
U�`�Z3U6S�X�YBU6Z\Q�S�`�s�U6}/w-s�OC`�a�S�[	r-a�U7S�P�Q�`�[�`�a�Q�£�¤Bv�JpNE¥7O
X�`�OCS�P>r/V
O
Q�S�`�YBZ\[�PRZ3U6^)XEs�OCV
V7s'[�Z3~>S�[�Z3^)U6V
V
}
U6qy`�Q�ZBZ\Q�r/[�^)YBO
VCO
S�P�J\��[�ZpQ�[�T�Q�Z�w/[�WBZEO
^)YBV
Q�^_Q�S�`�U7`�O
[�S�O
XtX�`�U6S�{EiyU6V
[�S�Q��\{EU6`�U�^)U6S�U6P�Q�^_Q�S�`�s�[�Z\~RX*s�O
`�a�[�WB`R`�a�QFa�Q�V
Y
[�q�U6S�}+[�`�a�Q�Z*`�[�[�VkJ/vyS�[�Zp{EQ�Zt`�[+OC^)YBV
Q�^_Q�S�`�`�a�O
X�w7s�Q�^)[�{EO
¢BQ�{�j;lgm bEn d\oFl�X�Q�Z3T�Q�Z3X�X�[�`�a�U6`�w6s�a�Q�S�U	r-[�^_YBWB`�U6`�O
[�S
r/[�^)YBV
Q�`�Q�X�w�{EU6`�U+X�`�U6}_VC[�r-U6V
V
}�[�S;`�a�Q�X�Q�Z3T�Q�Z3Jz�Ea�Q�X�Q�Z3T�Q�Z�O
X�s�U6O
`�O
S�P�q�[�Z�[�Zp{�Q�Z\X�qyZp[�^¦`�a�Q+r/V
O
Q�S�`�Jz��a�Q�Z\Q
U6Z\Q�¢BT�Q
[�Zp{�Q�Z\X�U'X�Q�Z\T�Q�Z�^)U6}_ZpQ�r-Q�OCT�Q8���\§6�C��^)Q�U6S�X�`�a�U6`*`�a�Q
X�Q�Z3T�Q�ZF`�Q�Z3^)OCS�U6`�Q�X�U6S�{(U7V
VBOC`�X�V
[�r/U7VB{EU6`�U�U6Z\Q�V
[�X�`z¨��\�p�R���/���
�/�����7�R���-�u©k�p���yw6`�a�Q�X�Q�Z3T�Q�Z*X�Q�S�{EX4[�S�Q�[�q�O
`�X�Z\Q�X�WBV
`�X4Q�O
`�a�Q�Z*`�[
O
`�X�r/V
O
Q�S�`�[�Z*`�[+U6S�[�`�a�Q�Z*X�Q�Z\T�Q�ZR¨6�\�p�R���/���t�C�R�7�R���-�u©k�p���yw
`�a�Q�X�Q�Z3T�Q�Z4X�Q�S�{EX�[�S�Q�[�q�`�a�Q�YBZp[�]�VCQ�^�YBU6Z3U6^)Q�`�Q�Z�`�[�OC`�X�r/V
O
Q�S�`�[�Z�`�[�U6S8[�`�a�Q�ZFX�Q�Z3T�Q�ZR¨��\�p�R�+�/ªCª��/�����7�R���-�u©k�p���y�pw�U6V
V
`�a�Q�ZpQ�X�WBV
`�XtU7ZpQ�X�Q�S�`�`�[�U�r/V
O
Q�S�`�[�Z�`�[�U6S�[�`�a�Q�ZtX�Q�Z3T�Q�ZR¨z�\�p�R�	�/ªCª6�C�R�6�����-�u©k�p���y�pw�U6V
VD`�a�Q�YBZp[�]�VCQ�^«YBU6Z3U6^)Q�`�Q�Z3X�U7ZpQ�X�Q�S�`
`�[�U�r/V
O
Q�S�`�[�Z*`�[+U6S'[�`�a�Q�Z*X�Q�Z\T�Q�Z3J

¬ [�^_^)WBS�OCr-U6`�OC[�S�X']RQ�`�s�Q�Q�S�X�Q�Z3T�Q�Z3X
U6Z\Q�OC^)YBV
Q�^_Q�S�`�Q�{­X�[�r/~�Q�`�X6J | a�Q�S�U)r/V
O
Q�S�`�s�U6S�`�X+`�s�[(X�Q�Z3T�Q�Z3X�`�[(Q�¥�i
r/a�U6S�PRQ+{EU6`�U6w�U'X�[�r/~�Q�`�OCX�Q�X�`�U7]RV
O
X�a�Q�{@]RQ�`�s�Q�Q�S;`�a�Q�X�Q'X�Q�Z\T�Q�Z\X6J | Q�U6{�{(S�Q�s®qyWBS�r-`�O
[�S�X�U6S�{�{EU6`�U+X�`�ZpWBr/`�WBZpQ�X	`�[
`�a�Q>j;lgm bEn d\oFl�r-VCO
Q�S�`BV
OC]�Z\U7Z\}'`�[+U6V
V
[�s¡`�a�Q�WBX�Q	[�qB{EU6`�U	YBQ�Z3X�O
X�`�Q�S�r/Q	U6S�{_Z\Q�{EO
X�`�Z3OC]�WB`�O
[�S�q�Q�U7`�WBZ\Q�X6J | a�Q�S:U>r/V
O
Q�S�`
s�U6S�`�X�`�[
WBX�Q�U�ZpQ�^)[�`�Q�{�U6`�U7wxOC`�a�U7X�[�S�V
}+`�[
X�YBQ�r-OCqy}�`�a�Q�X�Q�Z3T�Q�Z�X�Q�X�X�OC[�S�U7S�{�`�a�Q�[�]���Q�r-`�S�WB^_]�Q�Z�U7S�{:`�}RYBQ�qy[�Z�`�a�O
X
X�Q�X�X�O
[�S*J

GRO
PRWBZ\Q'K"J ¯�X�a�[�s�X
a�[�s¦U�r/[�^)YBVCQ�¥)^)U6`�Z3O
¥8^)WBV
`�O
YBV
OCr-U6`�OC[�S�]RQ�`�s�Q�Q�S(`�s�[;{EO
X�`�U6S�`�r/O
`�OCQ�X>^)U6}"]�Q�S�Q�¢B`4qyZp[�^
{EU7`�U�ZpQ�{�OCX�`�Z\O
]RWB`�O
[�S*J\vyS+`�a�O
X*Q�¥7YBQ�Z3O
^_Q�S�`�w�s�Q�X�a�[�s°`�a�Q�`�OC^)Q�`�[>Q�¥�Q�r/WB`�QFU�r-[�^_YBV
Q�¥�^)U6`�Z\O
¥�^)WBV
`�O
YBV
O
r/U6`�O
[�S's�a�Q�ZpQ
r/[�^)YBWB`�U7`�O
[�S:a�U6T�Q�]RQ�Q�S�{EQ�r/[�^)YB[�X�Q�{)U6X4qy[�V
VC[�s�X����y±6��²F³\´�µ·¶�³
¸�¹�³�¨���º7��²F³u»>µ¼¶	½4¸�¹	½x¨6�y�6�t²F½
´	µ·¶�³�¸;¹�½-¨
�yL6�B²F½C»	µ¾¶	½B¸'¹�³�¨��y¯6�E²F³�µ¼²�³3´�¿�²F³u»�¨��yÀ6��²�½tµÁ²F½
´�Â(²F½C»�J | a�Q�Z\Q�¶	³t�yZpQ�X�Y�J9¹	³tU6S�{_²F³��RO
X�`�a�Q�ZpQ�U7V6YBU6Z3`�U6S�{)¶�½
�yZpQ�X�Y�Jg¹ ½ U6S�{(² ½ �B`�a�Q�O
^)U6PRO
S�U6Z3}+YBU7Z\`�[�qBr/[�^)YBV
Q�¥�^_U7`�Z3O
¥'¶��yZpQ�X�Y�Jx¹ÁU6S�{(²���J9��a�Q	q�[�WBZ�^)U6`�Z\O
¥�^)WBVC`�O
YBVCO
r-U6`�O
[�S�X
s�Q�ZpQFr/[�^)YBWB`�Q�{�[�S'[�S�Q�S�[�{EQ�[�q�`�a�Q�vyÃE� b ¤Bº�[�q�`�a�Q�ÄEU6Ã�Å�vRO
S+ÃE[�Z\{EQ�U6WB¥�wgs'a�O
V
Q�`�a�QF`�s�[�^_U7`�Z3OC¥	U6{E{�OC`�O
[�S�X*s�Q�ZpQ



H.3 Network-Enab led Servers 115

100 200 300 400 500 600 700 800 900 1000 1100

0

200

400

600

800

1000

1200

1400

1600

+ +
+

+

+

+

+

+

×
×

×

×

×

×

×

×

With data persistence+
Without data persistence×

T
im

e 
in

 s
ec

on
d 

Matrix size (P��Ö\ñ-ÆLñ ë�ÇX��È�É�ú�õ
Ê�&>É�î7Ë û6ø'&�É)Ì�õ
Ë ø,ú�õ,ø
ÍDî6Ë*ø
È%ï�ÌBÎ�ø@ï�Ï � Ê�� ô ËQ��Ì�Ê�ÐRÊ�Ë��'Ê�Ê!ï � î�ï�Í�ö1î�ï0ö)ùEÈ%ûBö�Ê!î6ÌC&�ñ
úBÊ!û3Ñ�È%û3É_Ê!ö]õ
È�Í$î�õ,õ'ö�ø,ï � î=ï�Í5öPñ�#Aï�Ê�Î�Ò�Ó6Ô
Ô�ÕpÊ�É)Ó6Õ3Ö�Ë�Ò�Ó6Ë�Î�Ë�Ê�×BÎ4=�Ó7Ø�Ù8Ú�Í/Ó7Ø+Ð�Ê�Ê�Û7Ê�Í-ÌBË�Ê�Ù�Ü
Ø�×BÓ6Õ3Ó6Ô
Ô
Ê�Ô7Ó7Î��'Ê�Ô
Ô�Ó7Î�Î�Ë�Ê�×BÎ
Ý Ó6Ø�Ù�<�Þ � Ü
Ë�Ò'ÙEÓ6Ë�ÓFÕ\Ê�ÙEÜ
Î�Ë�Õ3Ü
ÐRÌBË�Ü
È�Ø�ß�È�ÐxàeÊ�Í/Ë�Îcä	á3ß�$�á\ßgä�â�ßxÓ6Ø�Ù)$	â7Ó7ÕpÊFØ�È�Ë�Î�Ê�Ø�ËRÐ�Ó6Í/Ö�Ë�È>Ë�Ò�ÊFÍ-Ô
ÜCÊ�Ø�ËRÐRÊ�Ë���Ê�Ê�Ø�Î�Ë�Ê�×BÎt=6Ç7Ú
Ó6Ø�Ù(Î�Ë�Ê�×BÎ Ý Ç7<�Þ � Ê
Î�Ê�Ê�Ë�Ò�Ó6ËtÜCØ�Ë�Ò�Ó7Ë�Í-Ó6Î�Ê
Í-È�É_×BÌBË�Ó6Ë�Ü
È�Ø�Î�Ó7ÕpÊ>=�Þ ã7ã�ÑyÓ6Î�Ë�Ê�Õ�ÑyÈ�Õ�É)Ó6Ë�Õ\Ü
Û�È�Ñ*Î�Ü
ä6Ê
= 5 Ú6<�Ë�Ò�Ó6Ø�Ë�Ò�Ê
Î�Ó6É)Ê
Í/È�É)×BÌBË�Ó7Ë�Ü
È�Ø�×BÊ�Õ3Ñ�È�Õ3É_Ê�Ù���Ü
Ë�Ò�È�ÌBË�ÙEÓ6Ë�Ó�×BÊ�Õ3Î�Ü
Î�Ë�Ê�Ø�Í/Ê�Ó7Ø�Ù:Õ\Ê�ÙEÜ
Î�Ë�Õ3Ü
ÐRÌBË�Ü
È�Ø�Þ

H.3.2 Software Resour ces Location and Performance Evaluation
å È8Î�Í/Ò�Ê�ÙEÌBÔ
Ê�Í-È�É_×BÌBË�Ó6Ë�ÜCÈ�Ø�Î�È�æ�Ê�Õ�Î�Ê�Õ3æ�Ê�Õ3Î�ß���Ê�Ó7ÕpÊ�ÑyÓ6Í/Ü
Ø�Ï_Ë���È8×BÕpÈ�Ð�ÔCÊ�É)Î'ç6�BÕ3Î�Ë�ß��'Ê+Ò�Ó7æ�Ê
Ë�È8�BØ�Ù@��Ò�Ü
Í/Ò"Õ\Ê�è

Î�È�ÌBÕpÍ-Ê�Î�Ó6Õ\Ê>Ó6ÐRÔ
Ê
Ë�È:Î�Ó6Ë�ÜCÎ�Ñ%ö8Ë�Ò�Ê�ÕpÊ�éRÌBÊ�Î�Ë�ßRÓ6Ø�Ù(Ë�Ò�Ê�Ø�ß���Ê
Ò�Ó6æ�Ê
Ë�È:Í-Ò�È�È�Î�Ê+Ë�Ò�Ê
ÐRÊ�Î�ËtÎ�ÌBÜ
Ë�Ê�Ù(È�Ø�Ê
Ð$ö_Ê�æ�Ó7ÔCÌBÓ7Ë�Ü
Ø�Ï8Ë�Ò�Ê
×BÊ�Õ3Ñ�È�Õ3É_Ó7Ø�Í-Ê4È�ÑRÊ�Ó7Í/Ò�×BÕpÈ�×BÈ�Î�Ê�Ù+Î�È�Ô
ÌBË�Ü
È�Ø*Þ å È�Î�È�ÔCæ�Ê�Ë�Ò�ÊF�BÕ3Î�Ë�×BÕ\È�ÐRÔ
Ê�É_ßg��Ê�Ó7ÕpÊ4ÙEÊ�æ�Ê�Ô
È�×BÜCØ�Ï>Ó�ÔCÜ
ÐRÕ3Ó6Õ�ö�Í/Ó6Ô
Ô
Ê�Ù ô�ê�ë
ì ßô Í/Ü
Ê�Ø�Ë�Ü
�BÍ ê Ü
ÐRÕ3Ó6Õ3Ü
Ê�Î ì Ê�Ë�Ó7Î�Ê�Õ\æ�Ê�Õ3Þ6í�Ë�Î�ÏRÈ�Ó6ÔtÜ
Î�Ë�È�Ô
Ü
Ø�Ö"Ó8×BÕpÈ�ÐRÔ
Ê�ÉîÙ�Ê�Î�Í/Õ3ÜC×BË�Ü
È�Ø(Ë�È;Ü
É)×BÔ
Ê�É_Ê�Ø�Ë�Ó7Ë�Ü
È�Ø�Î�Ó6æ�Ó7Ü
ÔCÓ7ÐRÔ
Ê�È�Ø
Î�Ê�Õ3æ�Ê�Õ3Î6Þ�í�Ø�É)È�Î�Ë�Í/Ó7Î�Ê�Î�ß6Ü
Ë�Ü
Î�Ø�È�Ë�Ó�È�Ø�Ê�èyË�È�èyÈ�Ø�Ê�É_Ó7×B×BÜCØ�Ï;ç�Ó�Î�ÜCØ�ÏRÔ
Ê�×BÕ\È�ÐRÔ
Ê�ÉïÍ/Ó6Ø�ÐRÊ�Î�È�Ô
æ�Ê�Ù_Ð$ö+É_Ó7ØOö'Ü
É_×BÔ
Ê�É)Ê�Ø�è
Ë�Ó7Ë�Ü
È�Ø�Î�ÑyÕpÈ�ÉðÎ�Ê�æ�Ê�Õ3Ó6Ô�Ô
Ü
ÐRÕ\Ó7Õ\Ü
Ê�Î�ß��'Ò�Ü
Ô
Ê�Ó6Ø�È�Ë�Ò�Ê�Õ�×BÕ\È�ÐRÔ
Ê�ÉAÉ)Ó�ö_Ø�Ê�Ê�Ù@É_È�Õ\Ê
Ë�Ò�Ó6Ø;È�Ø�Ê
Í-È�É_×BÌBË�Ó6Ë�Ü
È�Ø�Ó6ÔEÎ�Ë�Ê�×(Ë�È:ÐRÊ
Î�È�Ô
æ�Ê�Ù�Þ7ñRÈ�Õ	Ê�Û7Ó7É_×BÔ
Ê�ß�Ü
Ñ�Ó�ÌBÎ�Ê�Õ���Ó6Ø�Ë�Î>Ë�È_Î�È�Ô
æ�Ê�Ó�Î�öRÎ�Ë�Ê�ÉîÈ�Ñ�ÔCÜ
Ø�Ê�Ó6Õ�Ê�é�ÌBÓ6Ë�Ü
È�Ø�Î>ÕpÊ�×BÕpÊ�Î�Ê�Ø�Ë�Ê�Ù@Ð$ö;Î�×BÓ6Õ3Î�Ê'É_Ó7Ë�Õ3ÜCÛ�ß
ÙEÊ�×BÊ�Ø�ÙEÜ
Ø�Ï�È�ÑEË�Ò�Ê�ÙEÓ7Ë�Ó�Ë�Ò�Ê�É_Î�Ê�Ô
æ�Ê�Î�ßDÜ
ËBÍ/Ó7Ø:ÐRÊ	Î�È�ÔCæ�Ê�Ù�Ð$ö�Ó�ÙEÜ
ÕpÊ�Í/Ë�Î�È�Ô
æ�Ê�Õ4È�Õ�Ð$ö�Ó�×BÕpÊ�Í/È�Ø�ÙEÜ
Ë�Ü
È�Ø�Ê�Õ�Ñ�È�Ô
Ô
È���Ê�Ù;Ð$ö'Ó
Ü
Ë�Ê�Õ3Ó6Ë�ÜCæ�Ê�Î�È�Ô
æ�Ê�Õ�Þ å Ò�ÌBÎ�ßDÎ�Ê�éRÌBÊ�Ø�Ë�Ü
Ó6Ô�Ó6Ø�Ù8×BÓ6Õ3Ó6Ô
Ô
Ê�ÔRÜ
É)×BÔCÊ�É)Ê�Ø�Ë�Ó6Ë�Ü
È�Ø�ÎFÉ_Ó�ö+Ð�Ê�Ó6æ�Ó6Ü
Ô
Ó6ÐRÔ
Ê�Þ9í�Ø�Ë�Ò�Ê��BÕ\Î�Ë�×BÕ\È�Ë�È�Ë´ö�×BÊ�ß7��Ê
ÙEÊ�Í-ÜCÙ�Ê�Ù:Ë�È+ÌBÎ�Ê�Ë�Ò�Ê�Ø�Ó6É)Ê�È�Ñ�Ë�Ò�Ê ôEòEëeógô	õ ÐRÌBÜ
Ô
Ë�èyÜ
Ø�Ñ�ÌBØ�Í/Ë�ÜCÈ�Ø�ÎFÓ6Î4×BÕ\È�ÐRÔ
Ê�ÉöÙEÊ�Î�Í/Õ3Ü
×BË�Ü
È�Ø�Ô
Ó6Ø�ÏRÌBÓ6ÏRÊ�Þ � æ�Ê�Ø�Ü
ÑBË�Ò�Ü
Î�Ó7×Bè
×BÕpÈ�Ó7Í/Ò�Ü
Î�Î�Ó7Ë�Ü
Î�Ñ,ö�ÜCØ�Ï'ÜCØ�Ë�Ò�Ü
Î�Í/È�Ø�Ë�Ê�Û�Ë�ß�ÜCË�Ô
Ó6Í-ÖRÎ4È�ÑBÏRÊ�Ø�Ê�Õ3Ó6Ô
Ü
Ë´ö/ß7Ó6Ø�Ù8��Ê�Ó7ÕpÊ�Í-ÌBÕ\Õ\Ê�Ø�Ë�Ô"ö+��È�Õ\ÖRÜ
Ø�Ï�È�Ø�Ó	ÐRÊ�Ë�Ë�Ê�Õ*Î�È�Ô
ÌBË�Ü
È�Ø
ÐRÓ7Î�Ê�Ù:È�Ø�Ë�Ò�Ê�÷	ÌBÜ
ÙEÊ�Ë�È
ø�æ�Ó6Ü
Ô
Ó6Ð�ÔCÊ ì Ó7Ë�Ò�Ê�É_Ó7Ë�Ü
Í/Ó7Ô ô È�ÑyË���Ó6Õ\Ê�ù�÷�ø ìFô�ú ×BÕpÈ�ÐRÔ
Ê�ÉûË�Ó7Û7È�Ø�È�É�ö;ü Ýzý Þ

þ Ø�Í/Ê ô�ê�ë
ì Ò�Ó6Î�ÑyÈ�ÌBØ�Ù@��Ò�ÜCÍ-Ò"Ü
É_×BÔ
Ê�É)Ê�Ø�Ë�Ó6Ë�ÜCÈ�Ø�Î�Ó6ÕpÊ�Ó6ÐRÔ
Ê
Ë�È8Î�È�Ô
æ�Ê+Ë�Ò�Ê+ÏRÜ
æ�Ê�Ø;×BÕpÈ�ÐRÔ
Ê�É)ß�Ë�Ò�Ê�Î�ö�Î�Ë�Ê�ÉÿÒ�Ó6Î	Ë�È
Ê�æ�Ó7Ô
ÌBÓ6Ë�Ê>Ë�Ò�Ê
×BÊ�Õ3ÑyÈ�Õ\É)Ó6Ø�Í/Ê�È�ÑtÊ�Ó6Í-Ò_È�Ø�Ê
ÑyÈ�Õ�Ê�Ó7Í/Ò)É_Ó7Í/Ò�ÜCØ�Ê
×BÕ\È�æ�Ü
ÙEÜ
Ø�Ï_Ü
Ë3Þ å Ò�Ê ����� ô��4ó�� � Ó6ÏRÊ�Ø�Ë�Î�Í-Ò�Ê�Ù�ÌBÔCÊ�ÕFÒ�Ó6Î
Î�È�É)ÊFÔ
Ó7Í/ÖRÎ*Ü
Ø�Ë�Ò�Ü
Î*ÙEÈ�É)Ó6Ü
Ø�Ë�Ò�Ó7Ë��'Ê�×BÕ\È�×BÈ�Î�Ê�Ë�È��BÔ
ÔuÞ3ñRÜ
Õ3Î�Ë�ß�Ü
ËRÍ/È�Ø�Î�Ü
ÙEÊ�Õ3ÎtË�Ò�Ó7Ë�Ë�Ò�Ê�Í/Ò�Ó6Õ3Ó6Í/Ë�Ê�Õ\Ü
Î�Ë�ÜCÍ-Î�È�Ñ�Ë�Ò�ÊFÔ
Ü
Ø�Ö�ù�ÐRÓ7Ø�Ù�è
��Ü
ÙEË�Ò�Ó6Ø�Ù;Ô
Ó6Ë�Ê�Ø�Í5ö ú Ð�Ê�Ë���Ê�Ê�Ø_Ó+Í/Ô
Ü
Ê�Ø�Ë�Ó6Ø�Ù"Ó�Î�Ê�Õ3æ�Ê�Õ�Ó6Õ\Ê�Ë�Ò�Ê�Î�Ó7É_Ê�Ó7Î�Ë�Ò�È�Î�Ê
È�ÑtË�Ò�Ê�ÔCÜ
Ø�Ö8ÐRÊ�Ë���Ê�Ê�Ø_Ü
Ë�Î�Ê�Ô
Ñ*Ó6Ø�Ù;Ë�Ò�Ü
Î
Î�Ê�Õ3æ�Ê�Õ3Þ å Ò�Ê�Ø�ß6Ë�Ò�Ê	Ë�Ü
É)Ê�Í/È�É)×BÔ
Ê�Û7Ü
Ë´ö'È�Ñ�×BÕpÈ�ÐRÔ
Ê�É)Î4É)ÌBÎ�Ë�Ð�Ê�Ê�Û7×BÕ\Ê�Î�Î�Ê�Ù:Ë�Ò�ÕpÈ�ÌBÏRÒ�Ó	Î�Ü
É_×BÔ
Ê�Ê�Û�×BÕpÊ�Î�Î�Ü
È�Ø�Î�ÌBÍ/Ò�Ó7Î	��

� ß
��Ò�Ê�Õ\Ê���Ó7Ø�Ù��EÓ7ÕpÊ�Í/È�Ø�Î�Ë�Ó7Ø�Ë�Î�ÙEÊ��BØ�ÜCØ�Ï�Ë�Ò�Ê�Í-È�É_×BÔ
Ê�Û�ÜCË,ö/ßzÓ7Ø�Ù�

Ë�Ò�Ê�Î�Ü
ä6Ê�È�Ñ�ÜCØ�æ�È�Ô
æ�Ê�Ù:ÙEÓ6Ë�Ó�Þ å È�ÜCÉ)×BÕpÈ�æ�Ê�Ë�Ò�Ê�ÖRØ�È���è
Ô
Ê�ÙEÏRÊ�È�ÑtË�Ò�Ê
É)Ê�Ë�Ó6Î�ö�Î�Ë�Ê�ÉðØ�Ê�Ê�Ù�Ê�Ù;Ð$ö8Ë�Ò�Ê
Î�Í-Ò�Ê�Ù�ÌBÔCÊ�ÕFË�È8Í/Ò�È�È�Î�Ê
Ë�Ò�Ê
ÐRÊ�Î�Ë�×BÈ�Î�Î�ÜCÐ�ÔCÊ�Î�Ê�Õ\æ�Ê�Õ�ß���Ê
Ó6Õ\Ê>ÙEÊ�æ�Ê�Ô
È�×BÜ
Ø�Ï8Ó
Ô
Ü
ÐRÕ\Ó7Õ�ö�Í-Ó6Ô
Ô
Ê�Ù"ñDø ô å ß�ñRÓ6Î�Ë�ø�ÏRÊ�Ø�Ë ô ö�Î�Ë�Ê�É å ÜCÉ)Ê�Õ�ü1=7ã ý Þzñ�ø ô å Ü
Î�Í/È�É)×BÈ�Î�Ê�Ù"È�Ñ�Î�Ê�æ�Ê�Õ\Ó7Ô�Ô
Ó�ö�Ê�Õ\Î�Ó6Ø�Ù;ÕpÊ�Ô
Ü
Ê�ÎFÈ�Ø_Ô
È��
Ô
Ê�æ�Ê�Ô�Î�È�Ñ�Ë��'Ó7ÕpÊ�ß�Ó6Î�Î�Ò�È���Ø(È�Ø@ñRÜ
ÏRÌBÕpÊ'í�Þ Ú�Þ å È)Ó6Ù�ÙEÕpÊ�Î�Î	Ë�Ò�Ê+ÙEÕ3Ó6��ÐRÓ7Í/Ö_È�Ñ4Ë�Ò�Ê+Ø�Ê�Ë���È�Õ3Ö;×BÊ�Õ\ÑyÈ�Õ3É_Ó7Ø�Í-Ê�ÑyÈ�ÕpÊ�Í/Ó7Î�Ë*ÜCØ
����� ô��4ó�� � ß�ñDø ô å ÌBÎ�Ê�Î�Ë�Ò�Ê � Ê�Ë��'È�Õ3Ö � Ê�Ó6Ë�Ò�Ê�Õ ô Ê�Õ3æ�Ü
Í/Ê
ù � � ô�ú ü�=6< ý Þzí�Ë�Ü
Î�Ó�ÙEÜ
Î�Ë�Õ\Ü
ÐRÌBË�Ê�Ù@Î�öRÎ�Ë�Ê�É¦Ë�Ò�Ó6Ë�×BÊ�Õ3Ü
È�ÙEÜ
è
Í/Ó7Ô
Ô"ö�É)È�Ø�Ü
Ë�È�Õ\Î�Ó7Ø�Ù�ÙNöRØ�Ó6É)Ü
Í/Ó7ÔCÔ'ö�ÑyÈ�ÕpÊ�Í/Ó7Î�Ë�Î�×BÊ�Õ\ÑyÈ�Õ3É_Ó7Ø�Í-Ê�È�Ñ4æ�Ó6Õ3ÜCÈ�ÌBÎ>Ø�Ê�Ë���È�Õ3Ö;Ó6Ø�Ù�Í-È�É_×BÌBË�Ó6Ë�ÜCÈ�Ø�Ó6Ô�ÕpÊ�Î�È�ÌBÕ\Í/Ê�Î6Þ
ñRÌBÕ3Ë�Ò�Ê�Õ\É)È�ÕpÊ�ß�Ë�Ò�Ê:ÙNöRØ�Ó6É)Ü
Í+ÙEÓ7Ë�Ó:Ó7Í/éRÌBÜ
Î�Ü
Ë�Ü
È�Ø�É)È�ÙEÌBÔ
Ê:È�Ñ�ñDø ô å Ê�Ø�Ò�Ó7Ø�Í-Ê�Î � � ô ÞRí�ÑFË�Ò�Ê�ÕpÊ�Ü
Î
Ø�È"ÙEÜ
Õ\Ê�Í/Ë � � ô
É)È�Ø�Ü
Ë�È�Õ3Ü
Ø�Ï�Ð�Ê�Ë���Ê�Ê�Ø�Ë���È�É)Ó6Í-Ò�Ü
Ø�Ê�Î�ßRñDø ô å �BØ�ÙEÎ�Ë�Ò�Ê	Î�Ò�È�Õ3Ë�Ê�Î�Ë�×BÓ7Ë�Ò�ÐRÊ�Ë��'Ê�Ê�Ø�Ë�Ò�Ê�É®ÜCØ�Ë�Ò�Ê	ÏRÕ3Ó6×BÒ�È�ÑBÉ)È�Ø�Ü
Ë�È�Õ\Ê�Ù
Ô
Ü
Ø�ÖRÎ6Þ�í�Ø)Ë�Ò�Ü
Î�Í/Ó6Î�Ê�ßDË�Ò�Ê�Ê�Î�Ë�ÜCÉ)Ó6Ë�Ê�Ù;ÐRÓ6Ø�ÙE��Ü
ÙEË�Ò_Ü
Î�Ë�Ò�Ê�É)Ü
Ø�Ü
É)ÌBÉðÈ�Ñ�Ë�Ò�È�Î�Ê�È�ÑtË�Ò�Ê�×BÓ7Ë�Ò�ÞgñRÈ�ÕFË�Ò�Ê�Ô
Ó7Ë�Ê�Ø�Í�ö/ß�Ë�Ò�Ê>Î�ÌBÉ



116
�������������� !�����������
"#"%$'&	(*),+.-0/212341�57698# �:;)<�=�

Ü
Î�Ë�Ó7ÖRÊ�Ø*Þ�>�È�Ø�Í/Ê�Õ3Ø�Ü
Ø�Ï:Ë�Ò�Ê>Î�Ê�Í/È�Ø�Ù"ÙEÕ3Ó6��ÐRÓ7Í/ÖRßRñDø@? å Ü
Ø�Í-Ô
ÌBÙEÊ�Î�ÕpÈ�ÌBË�Ü
Ø�Ê�Î�Ë�È�É)È�ÙEÊ�Ô�Ë�Ò�Ê�Ë�Ü
É_Ê>Ó7Ø�Ù;Î�×BÓ7Í/Ê>Ø�Ê�Ê�Ù�ÎFÈ�Ñ
Ó�Í/È�É)×BÌBË�Ó7Ë�Ü
È�Ø)È�Ø8Ó�ÏRÜ
æ�Ê�Ø_É_Ó7Í/Ò�Ü
Ø�Ê>Ó6ÎFÑyÌBØ�Í-Ë�Ü
È�Ø�Î�È�Ñ�Ë�Ò�Ê�×BÓ7Õ\Ó7É_Ê�Ë�Ê�Õ\Î�È�ÑEË�Ò�Ê>Í/È�É)×BÌBË�Ó7Ë�Ü
È�Ø*Þgñ�È�Õ�Ë�Ò�Ó6Ë�ßDÜCËBABË�Î�ÙEÓ6Ë�Ó
ÕpÊ�Î�ÌBÔ
Ë�ÜCØ�Ï�È�ÑEÐRÊ�Ø�Í/Ò�É_Ó7Õ\Ö�Î�ùyÕpÊ�Ó7ÔCÜ
ä7Ê�Ù:Ó6Ë�Ü
Ø�Î�Ë�Ó6Ô
Ô
Ó6Ë�ÜCÈ�Ø_Ë�Ü
É)Ê�C�Ü
Ë�Ò_Ø�È'Ê�Û7Ë�Ê�Õ\Ø�Ó6Ô�ÔCÈ�Ó7Ù ú ÐED�Ô
Ü
Ø�Ê�Ó7Õ4ÕpÊ�ÏRÕ\Ê�Î�Î�Ü
È�Ø�ÌBÎ�ÜCØ�Ï�Ë�Ò�Ê
Ô
Ê�Ó6Î�Ë�Î�éRÌBÓ7ÕpÊ�É_Ê�Ë�Ò�È�Ù�Þ å Ò�Ê�Õ\Ê�Î�ÌBÔ
ËBÜCÎFÓ>×BÈ�Ô�DRØ�È�É)Ü
Ó6Ô�Ñ�ÌBØ�Í/Ë�Ü
È�ØFC�Ò�Ü
Í-Ò:È�ÕpÙEÊ�Õ�Ü
ÎFÓ6ÌBË�È�É_Ó7Ë�Ü
Í/Ó7ÔCÔ�D�Í/Ò�È�Î�Ê�Ø:Ë�È+É)Ü
Ø�Ü
É)ÜCä7Ê
Ë�Ò�Ê
Ê�Õ3ÕpÈ�Õ�Þ å Ò�ÜCÎ�Ó6Ô
Ô
È�C'Î	Ë�È:Ë�Ó6ÖRÊ�Í/Ó6Í-Ò�Ê�Ó7Ø�Ù(ÎGC'Ó7×"Ê�Ñ�ÑyÊ�Í/Ë�Î�Ü
Ø)Ó7Í/Í-È�ÌBØ�Ë�Þ�ñRÌBÕ3Ë�Ò�Ê�Õ\É)È�ÕpÊ�ß�Ó6Î�Ë�Ò�Ê
É)È�ÙEÊ�Ô
Ê�Ù(ÑyÌBØ�Í/Ë�Ü
È�Ø;Ü
Î
É)È�ÕpÊ�Í/È�É)×BÔ
Ê�Û7ßxÜ
Ë�Ü
Î*É_È�Õ\Ê�Ê�Û�×BÕpÊ�Î�Î�Ü
æ�Ê�Þ å È>Î�Ë�È�Õ\ÊFË�Ò�Ê�Î�Ê�Î�Ë�Ó6Ë�Ü
Í4Ù�Ó6Ë�Ó7ß�ñDøH? å ÌBÎ�Ê�Î*Ë�Ò�Ê ê Ü
ÏRÒ�ËIC�Ê�Ü
ÏRÒ�Ë*J>Ü
ÕpÊ�Í/Ë�È�Õ�D�ø�Í-Í/Ê�Î�ÎK ÕpÈ�Ë�È�Í/È�Ô�ù ê J�ø K ú ü1ã ý Þ ê J>ø K C�Ó7Î�Í-Ò�È�Î�Ê�Ø'Ñ�È�Õ�ÜCË�Î*È�×BË�Ü
É_Ü
ä7Ó6Ë�Ü
È�Ø�Î*Ë�È>ÕpÊ�Ó7Ù+Ó7Ø�Ù�Î�Ê�Ó6Õ\Í/Ò�ÙEÓ7Ë�Ó�Þpñ�ÌBÕ\Ë�Ò�Ê�Õ3É_È�Õ\Ê�ß ê J�ø K Ü
Î
C�Ü
ÙEÊ�Ô�D
ÌBÎ�Ê�Ù8Ü
Ø'Ë�Ò�Ê�÷	Õ3Ü
Ù:Í/È�É)É)ÌBØ�Ü
ËIDDÞ�ñRÜ
Ø�Ó6Ô
Ô�D/ßDñDø@? å Ó6Ô
Î�È�Ü
Ø�Í-Ô
ÌBÙEÊ�Î4Ó�ÌBÎ�Ê�Õtø K íyß�C�Ò�Ü
Í/Ò�Ü
Î�Ó�Î�Ê�Ë�È�Ñ�Ñ�ÌBØ�Í/Ë�ÜCÈ�Ø�Î4Ë�Ò�Ó7Ë
Í/È�É)ÐRÜ
Ø�Ê�Î�Ë�Ó7Ë�Ü
Í�Ó6Ø�Ù(Ù�DRØ�Ó6É)Ü
Í	Ù�Ó6Ë�Ó+Ó6Í-éRÌBÜ
ÕpÊ�Ù"ÑyÕpÈ�ÉðÔ
È�C�Ê�Õ�ÔCÊ�æ�Ê�ÔBÍ/È�É)×BÈ�Ø�Ê�Ø�Ë�Î	Ë�È_×BÕpÈ�ÙEÌBÍ-Ê�ÕpÊ�Ó6ÙBDRè�Ë�È�è�ÌBÎ�Ê�æ�Ó6Ô
ÌBÊ�Î6Þ
å Ò�Ê�Î�Ê�ÑyÌBØ�Í/Ë�Ü
È�Ø�Î�Ó6Ô
Ô
È�C·Ë�Ò�ÊFÎ�Í/Ò�Ê�ÙEÌBÔ
Ê�ÕEË�È�Ï�Ê�ËRË�Ò�Ê�Ë�Ü
É_Ê�Ë�È>É)È�æ�ÊFÓ6Ø+Ó6É)È�ÌBØ�ËRÈ�Ñ�ÙEÓ6Ë�ÓFÐ�Ê�ËIC�Ê�Ê�Ø�ËLC'È>Í-È�É_×BÌBË�Ê�Õ\ÎtÓ6Ø�Ù
Ë�Ò�Ê�×BÕ\Ê�ÙEÜ
Í/Ë�Ê�Ù�Ë�Ü
É_Ê�Ë�È
Î�È�Ô
æ�Ê�Ó�×BÕpÈ�Ð�ÔCÊ�ÉûÈ�Ø�Ó	Í-È�É_×BÌBË�Ê�Õ�Ë�Ó6ÖRÜ
Ø�Ï+Ü
Ë�Î4Ó6Í-Ë�ÌBÓ6ÔMC�È�Õ3ÖRÔ
È�Ó6Ù8Ü
Ø�Ë�È
Ó7Í/Í-È�ÌBØ�Ë�Þ

ñRÜ
ÏRÌBÕ\Ê�í�Þ Ú�Î�Ò�È�C'ÎFÓ6Ø�È�æ�Ê�Õ\æ�Ü
ÊNC È�Ñ�? ê�ë
ì ßDñ�ø@? å Ó6Ø�Ù8Ë�Ò�Ê�Ü
Õ*Ü
Ø�Ë�Ê�Õ\Ó7Í/Ë�Ü
È�Ø�ÎOC�Ü
Ë�Ò:Ó�Í/Ô
Ü
Ê�Ø�Ë�Ó7×B×BÔ
ÜCÍ-Ó6Ë�ÜCÈ�Ø�Þ å Ò�Ê�Î�Í-Ò�Ê�è
ÙEÌBÔ
Ü
Ø�Ï'Ü
Î4ÙEÈ�Ø�Ê�Ü
Ø�Î�Ê�æ�Ê�Õ3Ó6ÔDÎ�Ë�Ê�×BÎ>ç�ùQP ú Ë�Ò�Ê�Í/Ô
Ü
Ê�Ø�Ë�ÏRÜ
æ�Ê�Î�Ë�Ò�Ê�×BÕ\È�ÐRÔ
Ê�ÉûÙ�Ê�Î�Í/Õ3ÜC×BË�Ü
È�Ø'Ë�È@? ê�ëCì Þ�ùyÚ ú ? ê�ëCì Í/È�Ø�Ë�Ó7Í/Ë�Î�Ë�Ò�Ê
ÙEÓ7Ë�Ó6Ð�Ó6Î�Ê�ÎGDRÎ�Ë�Ê�É Ó6Ø�Ù�Î�Ê�Ó6Õ\Í/Ò�Ê�ÎBÈ�ÌBËDË�Ò�Ê�Î�Ê�ËDÈ�ÑDÜCÉ)×BÔ
Ê�É_Ê�Ø�Ë�Ó7Ë�Ü
È�Ø�ÎRC�Ò�ÜCÍ-Ò�Ó6Õ\Ê�Ó6ÐRÔ
Ê4Ë�È�Î�È�Ô
æ�Ê�Ë�Ò�Ê�Î�ÌBÐRÉ)Ü
Ë�Ë�Ê�Ù'×BÕpÈ�Ð�ÔCÊ�É�Þ
ñRÈ�Õ�Ê�Û�Ó6É)×BÔ
Ê�ß6Ü
Ñ�Ë�Ò�Ê�×BÕpÈ�Ð�ÔCÊ�ÉïÜ
Î�Ó�É)ÌBÔCË�Ü
×BÔCÜ
Í-Ó6Ë�Ü
È�Ø:È�ÑBÙ�Ê�Ø�Î�Ê�É)Ó6Ë�Õ\Ü
Í-Ê�Î�ß6Ë�Ò�Ê DGEMMÑ�ÌBØ�Í/Ë�ÜCÈ�Ø�È�ÑBË�Ò�Ê4? òDô�ê ø K ø@>.SÔ
Ü
ÐRÕ\Ó7Õ�D.C�È�ÌBÔ
Ù�ÐRÊ�Ó�Í/Ó7Ø�Ù�ÜCÙ�Ó6Ë�Ê�Þpù Ý ú å Ò�ÜCÎ*Î�Ê�ËDÜ
Î*Ë�Ò�Ê�Ø
Î�Ê�Ø�Ë�Ë�È�ñDøH? å Ë�È	ÑyÈ�ÕpÊ�Í-Ó6Î�Ë�Ë�Ò�Ê�Ê�Û�Ê�Í/ÌBË�ÜCÈ�Ø�Ë�Ü
É_ÊFÈ�ÑRÊ�Ó7Í/Ò�Î�È�Ô
ÌBË�Ü
È�Ø
ÑyÈ�Õ�Ê�Ó6Í-Ò_Î�Ê�Õ3æ�Ê�Õ�Þ-ùLT ú ñDø@? å Ó6Í-éRÌBÜ
ÕpÊ�Î�Ë�Ò�Ê�Î�Ë�Ó7Ë�Ü
Í�ÙEÓ7Ë�Ó
ÑyÕpÈ�É�Ë�Ò�Ê�ÙEÓ6Ë�Ó6ÐRÓ7Î�Ê�Ó7Ø�Ù"ùQU ú Ë�Ò�Ê�Ù�DRØ�Ó6É)ÜCÍ	ÙEÓ6Ë�Ó�Ñ�Õ\È�ÉWV�XY?�Þ
ùQZ ú ñRÜ
Ø�Ó6Ô
Ô�D/ßDË�Ò�Ê�Î�Ê	Ù�Ó6Ë�Ó>Ó7ÕpÊ�Í-È�É_ÐRÜ
Ø�Ê�Ù;ÐED:ñDø@? å Ü
Ø_Ó�Ô
Ü
Î�ËEÈ�ÑEÍ-È�ÌB×BÔ
Ê�Î4[9ÜCÉ)×BÔ
Ê�É_Ê�Ø�Ë�Ó7Ë�Ü
È�Ø�\�È�Ø8Î�Ê�Õ3æ�Ê�Õ	]_^7Ê�Î�Ë�ÜCÉ)Ó6Ë�Ê�Ù
Ë�Ü
É)ÊH`ba�Ó7Ø�Ù(ÕpÊ�Ë�ÌBÕ3Ø�Ê�Ù"Ë�È:Ë�Ò�Ê�Í/Ó6Ô
Ô
Ü
Ø�Ï_Ó6×B×BÔ
Ü
Í/Ó7Ë�Ü
È�Ø*Þ å Ò�Ê�Ø�ßRË�Ò�Ê
Í-Ô
ÜCÊ�Ø�ËtÌBÎ�Ê�Î�Ë�Ò�Ü
Î�ÕpÊ�Î�ÌBÔ
Ë�Ë�È:Í-Ò�È�È�Î�ÊcC�Ò�Ü
Í/Ò;Î�Ê�Õ3æ�Ê�ÕFË�È
Í/È�Ø�Ë�Ó7Í/Ë�Þ

SLiM

dMegfihQj�k�lnm�moegfip;qrkgfistj

u*vIw�x�y{zIy}|{y{~#�� |{�g|{y{v����g|{� u�vIw�x�y{zIy{|{y{~#����#���g��y{v����g|{�

���0�_� ���_�

��� �����u*�
��~#�c�{�g�#�g�GzI~#�i|{���g�i�

�#u �<�

1

3

2

4 5

6

execution time
feasability

topology
protocols

Batch system
CPU speed
memory amount

batch queue status

status (up/down)

Computation

Network

Computer
Knows about

Does
problem description

implementations

Does

predicted time

machine

implementation
+

Computer
Knows about

Network

latencies 
bandwidths

latencies 
bandwidths

cpu load
memory load

ñ ë�� Þ��"Þ Z�� þ æ���Õ\æ�Üi�NC7 �¡�?
¢ ëCì Ó6Ø�Ù_ñDø@? å Þ

H.3.3 CORBA Interface to Parallel Servers
>	 �£�£�¤BØ�Üi¥-Ó�¦�Üi �Ø
§�Ó6Õ���Ó�ÖE�ND�Ü�§G§G¤���ÜCØ�V@¨�?c��Ø�æ�Ü
Õt �Ø
£���Ø
¦I§6Þ åB© �.¥� �£�£�¤BØ�Ü�¥/Óo¦�Ü� �Ø_Ô
ÓoDE��Õ9§ ©  �¤BÔCÙ;×BÕ� �æ�Ü
Ù���ªE �¦ ©

«E � �Ù�×���Õ�¡Q �Õ#£_Ó7Ø�¥<�
Ó6Ø�Ù¬��Óo§G�c �¡�Ù���æ���Ôi �×�£���Ø
¦3Þ åB© �@> �9­�õgô Ø� �Õ#£_ß�Ù��NABØ
��Ù®ª*D�¦ © �,¯±°;²g³t´bµ
¶¸·�¹E·;º
³t»±³�¹Eµ½¼¿¾;À<ÁEÂÃ ¯Ä¶Å¼¿Æyß�Ó7Ü�£�§'Ó�¦�×BÕ� �æ�Ü
ÙEÜ
Ø�«�Ó�§G¦�Ó7Ø�Ù�Ó6ÕpÙ Ó6Ø�ÙÅ¦�Õ3Ó6Ø
§�×BÓ6Õt��Ø
¦FÜCØ
¦I��Õ#¡yÓ�¥���¡L �ÕÇ¦ © �_Ù���æ���Ô� �×�£���Ø
¦¿ �¡2 �ªxà��N¥�¦¿ �Õ3Ü���Ø�¦L��Ù
ÙEÜ�§G¦�Õ3Ü�ªE¤�¦I��Ù;Ó7×B×BÔ
Üi¥-Ó�¦�Üi �Ø
§¿ �æ*��Õ © �N¦L��Õt �«E��Ø
�N �¤�§�Ø��N¦LC@ �Õ\ÖE§6Þ�> �9­�õgô §GDE§G¦L�N£�§�Ó7Õt�.ªE¤BÜ
Ô�¦�Ó6Õ� �¤BØ�Ù;Ó7ØF¯±°t²r³�´bµBÈ½³tÉ�ÁE³�ÊtµË ¾;À<Ì�³�¾ Ã ¯±È Ë Æyß�C © Ü�¥ © Üi§�Ó�¥< �£�£�¤BØ�Ü�¥-Ó�¦�Ü� �ØÍª*¤�§ÇªE�N¦LCH�N��ØÎ> �9­�õgô  �ªxà��N¥<¦I§6Þ�>	 �£�£�¤BØ�Ü�¥/Óo¦�Ü� �Ø�§�Ó7Õt��Ü
Ø�Ü�¦�ÜCÓo¦I��ÙÏªED
£��N¦ ©  �Ù8Ü
Ø�æ� �¥/Óo¦�Ü� �Ø�§ÐªE�N¦IC@�N��Ø@ �ªxà��N¥�¦L§9C © Ü�¥ © ¥/Ó6ØHªE��Ô� �¥-Ó�¦I��ÙF �Ø'Ù�Üi¡L¡L��Õ���Ø�¦ ©  �§G¦L§6Þ

íyØ�¦ © Ü�§.§G�N¥�¦�Üi �Ø�ß
CH�Ç«RÜ
æ*��ÓHªRÕ3Ü��N¡R �æ���Õ\æ�Üi�NCÑ �¡9> �O­�õgô §GD*§G¦I�N£�§6Þ å�© ��Ø�ß�C@�
ÙEÜ�§G¥<¤�§G§0¦ © ��Ü
Ø
¦I�N«RÕ3Ó�¦�Ü� �Ø;Ó6Ø�Ù®¦ © �
Ù��NABØ�Ü�¦�Ü� �Ø¬ �¡�Ø��NC'§G��Õ3æ�Ü�¥��N§�Ü
Ø® �ÕpÙB��Õ2¦I �×BÕt �æ�Ü
Ù��,£��N¦�Óo¥� �£)×�¤�¦�Ü
Ø
«"Ù� �£)Ó6Ü
ØÒ> �9­�õgô §G��Õ\æ�Üi¥<�N§6Þ þ ¤BÕ0¥�¤BÕ3Õt��Ø
¦�Ü�£_è
×BÔ��N£���Ø
¦�Óo¦�Ü� �Ø�§G¦�ÜCÔ
Ô�Õt��Ô
Ü��N§2 �Ø�¦ © �ÓV ��� ? �4ó�� � Ó7Õt¥ © Ü�¦I�N¥<¦I¤BÕ���ùL§G¥ © ��Ù�¤BÔ���Õ�ß�×BÕt �ª�Ôi�N£¦ÙB�N§G¥/Õ3ÜC×�¦�Ü� �Ø ú ªE¤�¦�Ü�¦nªE�N¥< �£��N§	Ó
×BÓ6Õ#¦n �¡9¦ © �Ó> �9­�õgô §G��Õ\æ�Ü�¥��N§6Þ å�© ¤�§�ß
C@�'Ù��NABØ
�+Ó�Ø
�NC'> �9­�õgô Ü
Ø
¦I��Õ#¡�Óo¥��,ªE�N¦IC@�N��Ø®V ��� ? �4ó�� � ¥� �£)×� �Ø
��Ø�¦L§±¦I 
¦�Ó7ÖE��Ó6Ù�æ�Ó6Ø
¦�Óo«E�	 �¡�> �O­�õgô © Ü�« © Ôi��æ���ÔM¡L��Óo¦I¤BÕt�N§n �æ���ÕR¦ © �2§G �¥-ÖE�N¦�Ü
Ø
¦I��Õ#¡�Óo¥���Þ#X���×BÕ� �×� �§G��Ó0£)Ó6×B×BÜ
Ø
«Ç �¡
¦ © �N§G�¿¦IC@ 



H.3 Network-Enab led Servers 117

¥� �£�£�¤BØ�Ü�¥�Ôo¦�Ü� �Ø!Õ�Ô�D*�NÖ�§½ �ØÓÔ�¥� �£�£� �Ø�Ü
Ø
¦I�NÖ#¡LÔo¥��¿§G ÇÔo§½¦I ,£�Ôo×E�¿¦ © �N£ØÔ�¥<¥��N§G§�Ü�ªEÕ���Ü
ØÓ¦ © �2§GÔ�£��¿C@Ô�D�Þ å�© �2��ÛoÔo£_×�Õ��
Ü
Ø@§G�N¥�¦�Ü� �ØÓ�"Þ Ý Þ Ý Þ Ý § ©  �C@§ ©  �C%C@ �Ö�×*§9Ô�£��N¦IÔo¥� �£)×�¤�¦�Ü
Ø
«Ç§G�N§G§�Ü� �ØÓ¤�§�Ü
Ø�«H �¤�Ö*×�ÕiÔo¦I¡Q �Ö�£�Þ

?M �£��Ä«E �ÔoÕi§n �¡E¦ © �0> �9­�õgô Ø
 �Ö#£ÙÔoÖt��ç�¦L .ÔoÕ�Õi �CYÔ © Ü�« © ¦IÖ#Ô6Ø
§�×�Ô�Ö���Ø�¥<D�Õ���æ��NÕ6Ü
ØÇ¦ © �	¥� �£�£�¤BØ�Ü�¥�Ôo¦�Ü� �Ø'×�Ö\Ü�£)Üi¦�Ü
æ*�N§
 �¡*Ô7ØcÔ6×B×�Õ
Ü�¥�Ôo¦�Ü� �Ø0^Ú¦L �Ø
 �Ö#£�ÔoÕCÜ
äo�Ä¦ © �	¡Q�NÔ�¦L¤�Öt�N§B �¡* �ªxà��N¥�¦E �Ö3Ü���Ø�¦L��Ù�ÙEÜ�§G¦IÖ3Üiª*¤�¦I��Ù@§GDE§G¦I�N£�§�^Ú¦I 4Ô�Õ�Õ� �C°ÜCØ
¦I�NÖ� �×��NÖ�ÔoªRÜ�Õ
Üi¦LD
ªE�N¦LCH�N��Ø�¦ © �N§G�H§GDE§G¦L�N£�§�ù�ÜuÞ ��Þ ß*¦IÖ#Ô6Ø
§�×�Ô�Ö���Ø�¦�¥� �£�£�¤BØ�Ü�¥�Ôo¦�Ü� �Ø
§.ª*�N¦IC@�N��Ø;ÙEÜ�¡I¡Q�NÖt��Ø
¦n> �9­�õgô Ü�£)×�Õ��N£���Ø
¦IÔo¦�Ü� �Ø�§ ú ^
¦I 
×�Öt �æ�Ü
Ù��,Ô�Ù�Üi§G¦LÖ\Ü�ªE¤�¦L��Ù�×�Öt �«EÖ#Ô�£�£_Ü
Ø
«���Ø�æ�Ü�Öt �Ø
£���Ø
¦O¦ © Ôo¦�Üi§>Ü
Ø�Ù���×���Ø�ÙB��Ø�¦9¡QÖt �£Û¦ © �HÕ�Ô7Ø�«E¤�Ôo«E�'ù�ÜuÞ ��Þ ß_¥< �£�£�¤BØ�Ü
è
¥�Ôo¦�Ü� �Ø
§2ªE�N¦IC@�N��Ø�Ô6×B×�Õ
Ü�¥�Ôo¦�Ü� �Ø
§2C@Ö\Ü�¦I¦L��Ø�ÜCØ;Ù�Üi¡L¡L�NÖ���Ø�¦BÕiÔ7Ø�«*¤�Ô�«E�N§¿ÔoÖt�±¦IÖ#Ô6Ø
§�×�Ô�Ö���Ø�¦ ú ^*¦L :Ø� �Ö#£�Ô�Õ
Ü
ä��c£� �§G¦n¥� �£�£� �Ø
§GDE§G¦L�N£û×�Ö� �¥��N§G§G�N§4Ü
Ø
¦I H> �O­�õgô §G�NÖ3æ�Ü�¥��N§_^�Ô7Ø�Ù�¦I cÖ���Ù�¤�¥��	¦ © ��ÙB��æ*�NÕ� �×�£���Ø
¦
¦�Ü�£��0¡L �ÖtÙEÜ�§G¦IÖ3Ü�ªE¤�¦I��Ù�Ô6×B×�Õ
Ü�¥�Ô�¦�Ü� �Ø�§6Þ

H.3.3.1 CORBA Services for Metacomputing.
ø±§.¦ © �F> �9­�õgôYÜ  �Ö�£ÞÝ�Öt �æ�ßiàB�N§�Ô!¦LÖ�Ô Ü §GÝ�ÔoÖt� Ü ¦nCHÔoD�¦I �ß�£�Ý�Õi�N£�� Ü ¦9à�ß�§G¦IÖ#ß�ªE¤�¦I�NàáÔoÝ�Ý�Õiß�¥<Ô�¦Iß�  Ü
â ß�¦I§4¤�§G�@ß Ü ¦ © �

à� �£�Ô�ß Ü  �¡O£��N¦IÔ�¥< �£�Ý�¤�¦Lß Ü «�§ ©  �¤�Õ�àÍªE�@¥�  Ü §Gß�à��NÖt�NàÄã�¨Bäoß�§G¦Iß Ü «�£��N¦IÔ�¥< �£�Ý�¤�¦Lß Ü «�Ý�Õ�Ôo¦I¡Q �Ö�£�§4Ô�Öt�H¤�§G¤�Ô�Õ�Õ�D�§G¤�ªÚå��N¥<¦
¦I 'æ*�NÖ#D@¡LÖ���éE¤�� Ü ¦
�Nä�Ý��NÖ#ßi£�� Ü ¦IÔ�Õ*£� �à�ß�A�¥<Ô�¦Iß�  Ü §	Ô Ü à�¡Q�NÔ�¦L¤�Öt�N§9Ôoà�àEèQ  Ü §�ã�> �9­�õgô §GDE§G¦L�N£�§	ÔoÕiÕ� �C â C@ß�¦ © Ô�æ*�NÖ#D,Õ� �C
¥� �£�£�¤ Ü ß�¥�Ôo¦Iß�  Ü ¦Iß�£��±ß Ü ¥�Ö��NÔ�§G� â Ôc«EÖ��NÔ�¦��NÔo§G�. �¡Rà���æ*�NÕ� �Ý�£�� Ü ¦RÔ Ü à�Ôc«EÖ��NÔ�¦I�NÖO£�Ôoß Ü ¦IÔoß Ü ÔoªEß�Õiß�¦LD! �¡B¦ © �±¥< �à��*ã ì  �è
Öt�N �æ��NÖ â C © � Ü ¥< �£�£�¤ Ü ßi¥<Ô�¦Lß Ü «ÒªE�N¦IC@�N� Ü © �N¦L�NÖt �«E� Ü �N �¤�§cÔoÖt¥ © ß�¦I�N¥<¦I¤�Öt� â > �9­�õgô ¥�Ô Ü ��æ*� Ü ªE�Ó¡LÔo§G¦I�NÖ.¦ © Ô ÜÒæ J4ç
üèP�Z ý ã\ø±§½Ô2£�Ôo¦I¦L�NÖB �¡*¡QÔ�¥<¦ â  �¤�Ö�¦I�N§G¦I§�üèP ý�© Ô7æ*�	§ ©  �C Ü ¦ © Ô�¦�¥� �£�£�¤ Ü ß�¥�Ô�¦Lß�  Ü ¦Lß�£��N§½C@ß�¦ © Ô Ü+þ ç½é!Ô�Ö��Ð��éE¤�ÔoÕM¦I 4¦ ©  �§G�
C@ß�¦ © §G¦IÔ Ü à�ÔoÖtà@§G �¥�×E�N¦L§9Ý�Õ�¤�§½Ô2¥�  Ü §G¦IÔ Ü ¦�æ*ÔoÕi¤��*ã å Ô�ª*Õi�	��ã ê2§ ©  �C@§9¦ © �¿¦Iß�£�� Ü �N¥<�N§G§GÔ�Ö#D±¦I ±§G �£��2¡QÖt�N� þ ç½é�§½¦I ±§G� Ü à
æ*ÔoÖ�ß� �¤�§9§Gß
äo�N§9 �¡_¥ © Ô�Ö#Ô�¥�¦L�NÖ�§nÔoÖ�Ö#Ô�DE§½  Ü Ô�Õ� �¥�Ô�Õ Ü �N¦IC@ �Ö#×Rã K �NÖ�¡Q �Ö�£�Ô Ü ¥��¿ �¡_¦ © �2§G �¥<×E�N¦I§OÕiß�ªEÖ#Ô�Ö#DÇß Ü ¦ © �2§GÔo£��2¥<  Ü àBßCè
¦Iß�  Ü §ÐÔoÖt�2«*ßCæ�� Ü ¦I � Bã å�© �N§G�0Öt�N§G¤�Õ�¦L§O¥�  Ü A�Ö#£ë¦ © Ô�¦_¦ © �0 �æ��NÖ © �NÔ�à!ß Ü à�¤�¥��Nà�ªEDÓ> �9­�õgô ß�§ Ü  �¦_§Gßi« Ü ß�A�¥�Ô Ü ¦�C © � Ü ¦ © �
à�Ôo¦IÔ0Ôo£� �¤ Ü ¦
«EÖt �C@§�ã

§Gß
ä��2ß Ü ªEDE¦L�N§ Poì P�ìoì P�ìoì�ì P�ìoì�ì�ì
ì ß�¥�  ì_ã Z�U2£�§ ì
ã í�ê2£�§ P
ã UoU2£�§ î
ã ïoê2£�§
þ £ Ü ß þ Ö#ªEð ì_ã U�Z2£�§ ì
ã Z�ï2£�§ P
ã T�£�§ î
ã ïoP2£�§
þ Ö#ªRø±¥�¤�§9>	ñ�ñ ì_ã U�í2£�§ ì
ã Z�í2£�§ P
ã UoT2£�§ P�ì_ã ð�Z¿£�§
þ Ö#ªRø±¥�¤�§9òQÔ6æ�Ô P�£�§ ð0£�§ Z�£�§ T�í2£�§
òQ  Ü Ôo¦ © Ô Ü P_ã ì�Z2£�§ P
ã ð�ê2£�§ ê
ã êoí2£�§ ð�T_ã ê2£�§
?M �¥�×E�N¦L§ ì_ã ð�Z2£�§ ì
ã ê�U2£�§ P
ã ðoT2£�§ î
ã Zoí2£�§

å ô	õ ã=��ã ê��0>	 �£�£�¤ Ü ß�¥�Ô�¦Lß�  Ü ¦Iß�£��N§Ð �¡�§G �£��0¡QÖt�N� þ ç½é�§O¥� �£�Ý�Ô�Öt�NàFCHß�¦ © ¦ © �0§G �¥�×E�N¦
Õ�ßiª*Ö�ÔoÖ�DMã
å�© ¤�§ â ��æ*� Ü ß�¡�§GÕ�ß�« © ¦LÕ�DÓªE�N¦I¦L�NÖ9Ý��NÖ�¡Q �Ö#£�Ô Ü ¥<�N§O¥� �¤�Õ�à�ªE�� �ªE¦IÔoß Ü �Nà�ªED@C@Ö�ß�¦Iß Ü «Ó �Ý�¦Iß�£�ßCäo�Nà�§G �¥�×E�N¦�ÔoÝ�Ý�Õiß�¥<Ô�¦Iß�  Ü § â

> �9­�õgô §G�N�N£�§	¦I Óª*�.ÔÇ«E � �à�¥ ©  �ß�¥��±¡Q �ÖO¦ © �±à���æ��NÕ� �Ý�£�� Ü ¦� �¡�Ôc£��N¦LÔ�¥< �£�Ý�¤�¦Lß Ü «!Ý�Õ�Ô�¦L¡L �Ö#£áãgíL¦�ß�§¿C@�NÕ�Õ_§G¤�ßi¦L�Nà�¡L �Ö
Öt�N§G �¤�Ö�¥��ÐÔ�Õ�Õ� �¥�Ô�¦Lß�  Ü ß Ü à�ß�§G¦LÖ�ß�ªE¤�¦L�NàH§GD*§G¦I�N£�§ â C © ß�¥ © ßi§nÔ¿¥<Ö�ß�¦Iß�¥<Ô�Õ�Ý� �ß Ü ¦Eß Ü £��N¦IÔo¥� �£�Ý�¤�¦Iß Ü «�ã#X��Ä¦ © ¤�§nÝ�Ö� �Ý� �§G�Ð¦ © Ôo¦
> �9­�õgô §GDE§G¦I�N£�§OÔoÖt�	Ô Ü ß Ü ¦I�NÖt�N§G¦Lß Ü «,Ô�Õ�¦I�NÖ Ü Ôo¦Iß
æ*�	¡Q �Ön¦ © �2à���æ*�NÕ� �Ý�£�� Ü ¦
 �¡
Ô�£��N¦IÔo¥� �£�Ý�¤�¦Iß Ü «,Ý�Õ�Ô�¦I¡Q �Ö#£Òã

þ±Ü §G¤�¥ © Ý�ÕiÔo¦I¡Q �Ö�£�§ â à�Ôo¦IÔ¿¥<Ô Ü ªE�	£� �æ��Nà!Ô�¥<Öt �§G§n¦ © � Ü �N¦LC@ �Ö�×cC@ß�¦ ©  �¤�¦_¦ © �	¥�Õ�ß�� Ü ¦
ªE�Nß Ü « Ü  �¦LßiA��NàF �¡�¦ © �Nß�Ö Ü �NC
Õ� �¥�Ôo¦Iß�  Ü ã=V@ c¥� �£�£�  Ü §G�NÖ\æ�ßi¥<�¿ß�§9§G¦Iß�Õ�ÕEÔ�ª*Õi�¿¦L cÝ��NÖ#¡L �Ö#£Ù¦ © ß�§Ð×Eß Ü à� �¡
¡Q¤ Ü ¥�¦Iß�  Ü ß Ü Ô0£��N¦IÔo¥� �£�Ý�¤�¦Iß Ü «H¥�  Ü ¦I�Nä�¦#ã ì  �è
Öt�N �æ��NÖ â ¦ © �2�Nä�ß�§G¦Iß Ü «,§G�NÖ3æ*ß�¥��N§½ÔoÖt�	¦I � ,¥� �£�Ý�Õ��Nä.¦L cªE�¿¥<¤�§G¦I �£�ßCäo�NàF¦L c§GÔ�¦Lßi§G¡QDÇ �¤�Ön§GÝ��N¥<ßiA�¥ Ü �N�Nà�§�ã�ø¸§G�N¦
 �¡
§GÝ��N¥<ß�A�¥
§G�NÖ3æ*ß�¥��N§Ä§ ©  �¤�Õ�à�ªE�.à���æ��NÕi �Ý��Nà�¡Q �Ö9£��N¦LÔ�¥< �£�Ý�¤�¦Lß Ü «Rã�X�� © Ô7æ*�.§GÝ��N¥�ß�A��Nà�Ô±§G�N¦� �¡B£��N¦IÔ�¥< �£�Ý�¤�¦Lß Ü «Ó§G�NÖ3æ*ß�¥��N§ÐÔ Ü à
Ý�Öt �Ý� �§G�H¦I �ß Ü ¦L�NÖ�¡QÔ�¥<�Ç¦ © �N£óC@ß�¦ © ¦ © �Ó? òEë�ógô	õ "b" §G �¡Q¦IC@ÔoÖt�*ã�X��,à��N§G¥<Ö�ß�ªE�,ªE�NÕ� �CÑ�NÔo¥ ©  �¡9¦ © �N§G�H§G�NÖ\æ�ß�¥��N§.Ô Ü à¬C@�
«Eß
æ*�0Ô Ü  �æ*�NÖ3æ*ß��NC7 �¡ ©  �C7¦ © �ND,¥� �¤�Õ�àFC@ �Ö#×,¦L �«E�N¦ © �NÖn¦I cÔoÕiÕ� �C7Ô�¦IÖ#Ô Ü §GÝ�Ô�Öt� Ü ¦*£��N¦IÔo¥� �£�Ý�¤�¦Iß Ü «ÇÝ�Öt �¥<�N§G§�ã

þ ¤�Ö0£��N¦IÔo¥� �£�Ý�¤�¦Iß Ü «�§GDE§G¦I�N£Þß�§±¥� �£�Ý� �§G�NàÍ �¡O¦ © Ö��N�@×Eß Ü à�§± �¡Ð� Ü ¦Lß�¦Iß��N§8ç�? òEëeógô	õ "b" ¥<Õiß�� Ü ¦I§_^�¥� �£�Ý�¤�¦IÔo¦Iß�  Ü Ô�Õ
§G�NÖ3æ*�NÖ#§�^EÔ Ü à®£��N¦LÔ�¥� �£�Ý�¤�¦Iß Ü «!§G�NÖ3æ*ß�¥��N§�ãÚ>	Õ�ß�� Ü ¦L§¿Ô�Ö��c? ò�ëeógô	õ "#" Ý�Öt �¥<�N§G§G�N§	�N£�ªE�NàBà��Nà�ß Ü > �9­�õgô  �ªÚå��N¥�¦L§�ãÚ>	 �£_è
Ý�¤�¦IÔo¦Iß�  Ü Ô�Õ_§G�NÖ\æ��NÖ�§¿ÔoÖt� Ü ¤�£��NÖ#ßi¥<Ô�Õ_Õ�ß�ªEÖ�ÔoÖ�ß��N§¿C@ß�¦ © ÔH> �9­�õgô ¡QÖt  Ü ¦IÔ�Õ
C © ß�¥ © ÔoÕ�Õi �C@§2Ö��N£� �¦L�4ß Ü æ* �¥<Ô�¦Lßi  Ü §�ãN>	Õ�ß�� Ü ¦L§Ü ��æ*�NÖ.§G� Ü àÍ¦ © �Nß�Ö.¥� �£�Ý�¤�¦IÔo¦Iß�  Ü Öt��éE¤��N§G¦L§±à�ß�Öt�N¥�¦LÕ�D�¦I �§G�NÖ3æ*�NÖ#§�ã å�© �Ó£��N¦LÔ�¥< �£�Ý�¤�¦Lß Ü «®§G�NÖ3æ*ß�¥<�N§±Ô�Öt�@ß Ü ¥ © Ô�Öt«*�Ó¦I 
¦IÖ#Ô Ü §G£�ßi¦
¦ © �N§G�2Ö���éE¤��N§G¦I§9¦L c¦ © �2ÔoÝ�Ý�Öt �Ý�Ö#ßiÔo¦I�Ä§G�NÖ\æ��NÖ�§�ã�ñE �Ön�NÔ�¥ © ¥< �£�Ý�¤�¦LÔ�¦Iß�  Ü
â Ô�§G�NÖ\æ��NÖRß�§9¥ ©  �§G� Ü ¦L cÔ�¥ © ß���æ*�¿ª*�N§G¦
Ý��NÖ#¡L �Ö#£�Ô Ü ¥<�N§�ãbX��2à��NA Ü �¿¦IC@ ,£�Ôoß Ü £��N¦IÔo¥� �£�Ý�¤�¦Iß Ü «,§G�NÖ\æ�ß�¥��N§ â C © ßi¥ © Ô�Ö��Äß�£�Ý�Õ��N£�� Ü ¦I�Nà�Ô�§Ä> �9­�õgô  �ªÚå��N¥�¦L§�ã

å�© �2µQ¾t·�ôoõ�¹Nº@Ê�³t¾töoõ�´b³ â  �Ö½µQ¾t·<ô�³�¾ â ß�§ÐÖt�N§GÝ�  Ü §Gßiª*Õi��¡L �Ö½¦ © ��§G�NÖ\æ��NÖ�§OÝ� � �Õ*£�Ô Ü Ô�«E�N£�� Ü ¦bã9íQ¦
×E�N�NÝ�§O¤�Ý�¦I ÇàBÔ�¦I�0Ô.¦LÔ�ªEÕ��
 �¡
Ô�Õ�Õo¦ © �¿Ô7æ*ÔoßiÕ�ÔoªEÕ��Ä§G�NÖ3æ*�NÖ#§nÔ Ü àÓ¦ © �Nß�ÖR¡Q�NÔ�¦L¤�Öt�N§tùL�*ã «�ã â C © Ôo¦*Ý�Öt �ª*Õi�N£�§½¦ © �NDcÔoÖt�ÄÔ�ªEÕ��	¦I ±§G �Õ
æ*� â > K�÷ â £��N£� �Ö�D â ã�ã#ã ú ã
øø¥<Õ�ßi� Ü ¦½§G� Ü à�§0ß�¦I§.¥� �£�Ý�¤�¦IÔo¦Iß�  Ü Ö���éE¤��N§G¦n¦I �¦ © �Ç¦IÖ#Ô�àB�NÖÄC © ß�¥ © ¥ ©  � �§G�N§.Ô@§G�NÖ\æ��NÖ	Ô Ü à¬¦LÖ�Ô Ü §G£�ß�¦I§.¦ © �,Ö���éE¤��N§G¦n¦I 
ß�¦#ã-í Ü  �ÖtàB�NÖ½¦I @Ý�Öt �æ�ßiàB��«E � �à�Ý��NÖ#¡Q �Ö�£�Ô Ü ¥�� â ¦ © ��¦LÖ�Ôoà��NÖ½¦IÔo×E�N§Ä£�Ô Ü DÓÝ�ÔoÖ�Ôo£��N¦L�NÖ�§Ðß Ü ¦I @Ôo¥�¥� �¤ Ü ¦#ã-í Ü ¦ © �4ªE�N§G¦�¥<Ô�§G� â



118
�������������� !�����������
"#"%$'&	(*),+.-0ù212341�57698# �:;)<�=�

ß�¦½¦I� Ü à�§0¦L �¥ ©  � �§G�@Ô@§G�NÖ3æ*�NÖ	C © ß�¥ © ß�§�ß�à�Õ��ÇÔ Ü àúC © ß�¥ © Ô�Õ�Öt�NÔoà�D ©  �Õ�à�§.ÔHàBÔ�¦IÔ@ß Ü æ* �Õ
æ*�NàÒß Ü ¦ © �Ç¥< �£�Ý�¤�¦LÔ�¦Lßi  Ü ã7íL¡
C@�±Ô�Ö�� Ü  �¦Rß Ü ¦ © �cß�à��NÔ�Õ
¥�Ôo§G� â ¦ © �±¦IÖ#Ô�à��NÖO¥ ©  � �§G�N§2ÔÇ§G�NÖ3æ*�NÖÐC © ß�¥ © £�ß Ü ß�£�ß
äo�N§¿¦ © �c§G¤�£û �¡�¥� �£�£�¤ Ü ß�¥�Ôo¦Iß�  Ü Ô Ü à
¥� �£�Ý�¤�¦IÔo¦Iß�  Ü ¦Iß�£��*ã å�© �2§G¥ © �Nà�¤�Õ��NÖn �¡� �¤�Ön£��N¦IÔo¥� �£�Ý�¤�¦Iß Ü «HÝ�Õ�Ô�¦L¡L �Ö#£Ùß�§9¦ © ¤�§ÐÝ�Ô�Ö#¦* �¡_ �¤�Ön¦IÖ#Ô�à�ß Ü «c§G�NÖ3æ*ß�¥��*ã

å�© �@ü�À<´#·<µLõiÀ�¹�Ê�³t¾töoõ�´b³�ßi§4Ö��N§GÝ�  Ü §Gß�ªEÕ��@¡L �Ö�×E�N�NÝ�ß Ü «�¦LÖ�Ôo¥�×� �¡O¦ © �ÓàBÔ�¦IÔ@£�ß�«EÖ�Ôo¦Iß�  Ü §cÔ�¥<Öt �§G§.¦ © �HÝ�Õ�Ôo¦I¡Q �Ö�£áã�¨Eæ*�NÖ#D
à�Ôo¦IÔÓß�§4Ô�§G§G �¥�ß�Ôo¦I�NàÒC@ßi¦ © ÔÓ¤ Ü ß
éE¤��Óõiô�³t¹*µLõ ýÐ³t¾2 �Ö2¾t³ þ�³t¾;³�¹E´b³�ã å�© �@ü�À<´b·�µQõ�À<¹�Ê�³t¾�ö�õi´#³0×E�N�NÝ�§4¤�Ý¬¦L �à�Ô�¦L�,ÔÓ¦LÔ�ªEÕ��HC © ß�¥ ©
Ô�§G§G �¥<ß�Ô�¦I�N§	�NÔo¥ © àBÔ�¦IÔÇßiàB� Ü ¦LßiA��NÖÐC@ßi¦ © ¦ © �±§G�NÖ3æ*�NÖÐ �ÖO¥<Õiß�� Ü ¦B �C Ü ß Ü «Fß�¦bã å�© ßi§¿§G�NÖ3æ*ß�¥<�.§ ©  �¤�Õ�à�ªE�4C@Ô�Ö Ü �Nà� �¡���æ*�NÖ#D
à�Ôo¦IÔÄ£�ß�«EÖ#Ô�¦Lßi  Ü ã å�© � Ü
â ßi¦Mß�§BÔoªEÕ��9¦I �ªE�O¥<Ô�Õ�Õ��NàÇªED�Ô	¥�Õ�ß�� Ü ¦M¦I �Öt�N¦LÖ�ß���æ*�½Ô	Ö��N§G¤�Õi¦� �Ö�ªED.¦ © �O¦LÖ�Ôoà��NÖ�C © � Ü à�Ô�¦LÔÐÕ� �¥<Ô�¦Iß�  Ü §
Ô�Ö�� Ü �N�Nà��NàF¦I c¥ ©  � �§G��Ô0§G�NÖ3æ*�NÖ#ã

H.3.3.2 Integration into NETSOLVE.
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H.3.3.3 Metacomputing Session Example .
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H.3.4 Parallel Direct Solver for Sparse Symmetric Positive Definite Systems
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I.1 Intr oductionè ��¸ �Å¶ �7� ½ � � ¹ ¬�ª � �¼� ��Â ½4�Åª � ¹ ¶ ��� ��� � ¾N� ��� µ � � � � � � �N� �I� µ � � Ã ¬ �¡� � � ���êé � ¹ ¶ ��� ��� ¸ëº �N¾N� �7� � ¹ ��� � ¬�ì���í Æ�Q��ª ��� ¬�� ¹ � ¬ �Ç��Á ª ���&� ��� �<� ¶�¶ � ��ª ��� � � �C¬ �<� ��� � ¹ � � ��ª ��� � � µ � � ¬�� ��Á�� ��½ �&��� ����¬ � � Ã �T� �Q� | � �Q�Å��� é®î�� | ª ���Q�Å�<� é,î �����º ´ | ª1��¬ ¹ � �C� �������-�ÇÆ ´Qµ �T��� � � ¸4�&��� � � � ��Á ¬ � ª µ � ��½ �&��� ����¬I��� µ � ¸ µ � ��¾N� �!� ¶�¶ � ��ª �<� � � �N¬ � ¬���� ¸V��� � ¸4����¸ ��¬ � � Ã � } ���&�¡�&� ���� éj��¬ Á:���,Á:�7� ¹ ½4����� ¸ � � ¬ ��Æ � ��� � � ¾F� � � � µ �Èª � ¹ ¶ ���¡�<� � � � ��� ¶ ��Â � ��� �C� ¹ � ¹ ���-� �N�����G¬ ��Á ¬ � ª µ � ¶�¶ � ��ª ��� � � �C¬¹ ���o��Á ª ����� ¬��È� ��� ½4� � ¾ � � ��� ½ � � � �ê��¾F� �&�2Â§���-Ã ¬ �¡��� � � � Æ ´Qµ � ¬�� � µ � Ë�� éïì�ð!� ¤ í�¬���� ¹ ¬ �¡� ½4� �§¸4��� �ñª � �N�Q��� �<� ��¡� ½ � � � � ���7� ½ � � ¹ | ��� ¾F��� ¸òº �C¾F� �7� � ¹ ��� � ¬Lì � í � � � µ � � � ��� Æ | ��¾N� �-�<�Q�¡����� ¬ Á���������Â ��� ¸Ä� µ ��¬ � ¶�¶ �-��� ª µ ��¨<��¬ � � � � Ã �� � � ¬ ��� ¾F� ì��<«!í�� � �:� } ì�� ¥ í:� �§ºQ� | ì����!í:� ���@Ë é | ì�«!í Æ´Qµ ��¬ó¶ � ¶�� � ¶ � ��¬���� � ¬ � µ � ��� ª µ � � ��ª ����� � ��Á®~ �7º ´l» ~ ��¬ �¡� ��½ ��� ��� � � � � �-� ª � ��¾N� º � ¸ ���C��� � ��� ¸ ´ ����� ½ � ¨<À:� � µ ��� �&��� ¿ª µ ��ª �<� ¬�� �G��Á ª � ¹ ¶ � �N��� � ¬ �¡� ½ � � � � � � ��Â§���-Ãëº � � ½ � ��� | � � ¾N� � » �§º | À � ¶�¶ � ��ª �<� � � �C¬ Æ��Å���®�¡�<�7¸ � � ¶ ���<�¡Á:��� ¹ ��¬ � µ �Á:� ¬ � �N� ��Â ���&Ã ¯ ´Qè ~ ª � �C�C��ª � ��� ¸ ¬���¾F� �&����� ��¬�� ��� ª µ ª	��� � � � ¬ » � �N� � µ ��� � ª ��� ¬ � � � ¬�À Á��-� ¹ ���§Ë��:�2Æ ´Gµ ��¬T� � ª � ¹ ��� � ��¬���7¸F� �C��Ê<��� � ¬ Á:��������Â ¬ Ñ | ��ª � � � � ��Æ «®¶ � ��¬���� � ¬ � µ � � ¾N� �-�<������� ª µ � � ��ª �¡��� � ��Á4� µ � ~ó�:º ´ ¶ ������Á���� ¹ � �C�§� � ¬ ¹ � ���Ìª � ¹ ¶ � ¿�C��� � ¬ Æ | ��ª � � � � �8Æ ¥ ¬ µ ��Â ¬ µ ��Â éÅô·õCö9÷òª � �V½4� � ¬���� �¡� ª � �C�N��ª �Ç� µ �T�Q� Á¡Á � � ��� � ª � ¹ ¶ � �C��� � ¬ ��ÁÇ~ó�:º ´ Æ7� � | ��ª � � � � �8Æ � �Â � ¸ ��¾N� � µ � ����¸4��� � � µC¹ ¬ � ¬���� ��� �G��¬�ª � ¾F� � ¬ ��Á:�¡Â§��� � � �N� µ �<� � Â§�<� � � ��¬ ����� ª���¬ � µ �<����� � � ½ � � �¡� ¬ ��� ¾N� � ¶ �7� ½ � � ¹¬���� � ½ ��� ª � ����� �&Æ�ø �
ª � �Nª ��� �Q� ����� �G��¬�ª � ¬�¬�� � �L��� | ��ª � � � � ��Æ � Â � � µ � ��¬ � ¹o¹ ���&� ��Á�� µ � ~ �7º ´ �<� ª µ � � ��ª �¡��� ��� � �C���Á�� µ � ¹ ��ùú��� ª µ ����� ��� ¸ ��¬T���§�Q��û��C��� ¸ ¬ � ª µ ¬ � ¬ � � ¹ ¬ � �C�2� ¹ ¶ � � ¹ ��� � ��� ¸ � ¶ �-���¡���¡� ¶�� Æ
I.2 DIET architecture and related tools� � � µ ��¬1¬���ª � � � �C� Â � ¸ ��¾N��¬ � ¹ �®�Q� �¡� � � ¬ � ½ ������� µ � �<� ª µ � � ��ª �¡��� � ��ÁC~ �7º ´ � �C� Â �,¶ � ��¬���� ��� µ �,�Q� Á¡Á � � ��� � ª � ¹ ¶ � ¿�C��� � ¬����C¾ ��� ¾N���ò���o� � ¬ µ ��� �-�<� ª µ ��Æ	� �ñì ¤ í:� � µ � ����� µ ��� ¬ ¸ ��¾N� �Ì¸ ���C� �-�<�N� ¾N� � ¾N��� Âï��ÁG�§º | ���C¾F� �7� � ¹ ��� � ¬ Æ�Ð ¬ ��������� �¬ � ª µ ���C¾F� �7� � ¹ ��� � ¬ µ � ¾F��û�¾N���Q� Á¡Á � � ��� � ª � ¹ ¶ � �N��� � ¬ ÑÇü8ýÚþ�ÿ������ó� µ ��� ¬ � ½ ¹ � � ¶ �7� ½ � � ¹ ¬ �¡� ¬�� � ¾F� � ¬�� �7ÿ����<ÿ����V� µ �<�¬ ��� ¾F��¶ �7� ½ � � ¹ ¬Q¬���� � ½ � ª � ����� � ¬�� �
	��
���
�
�
�7ÿC� µ ��� ª � � �¡� ���N¬I��� Á:��� ¹ ��� � � �C¬ � ½ ����� ¬ ��Á���Â§��� � � �N� µ �<� � Â§�<� � � ��¬ ����� ª���¬�����7ü���ÿ�	��4ý�ÿ���� µ �<� ª µ ��� ¬���¬ � � � ¶�¶ �-� ¶ � � ��� �)¬�� � ¾F� � �Q��¶����C�Q��� ¸§��Á�� µ �ó¶ �7� ½ � � ¹ ¬���� ��� �C� � µ �
��� Á:��� ¹ ��� � � �C¬®ª � � �¡� ��¿�C��� ��� � µ �§� ����� ½ � ¬���� � �N�Íû�� �������������4þ���������� µ �<�·¸ � � ��� Á���� ¹ ��� � � �C¬ � ½ �����T� µ � ¬ ������� ¬ ��Á�� µ �§ª � ¹ ¶ ���¡��� � � � �<�I� ��¿¬ ����� ª	��¬ Æ� � ~ �7º ´ � � ¬�� � ¾N� � ��¬,½ � � ���Q� ¶ � ��� �����������
��þ������	ý���ÿ��������7ü&ÿ�� ����ÿ�������� » é Ë�~ À � �C� ��!4ÿ�����ÿ��"����ÿ����
� » | � ~ À Æ�ø �µ � ¾F� � µ ��� �&��� ª µ ��ª ��� ¬�� �C��ÁC�<¸ ��� � ¬·���Cª ��� �Q��� ¸$#4ÿ���	�ÿ���%'&�ÿ������ » �Q� À � �C��( ������ÿ���%'&�ÿ������ » � � À Æ&�)�Jÿ�	<þ*�Jÿ-ü����
� » Ë � ~ À���¬� ¬���� �¡� ª µ ��� ¬�� � ¹ � ¬ � � �·�<¸ ��� �QÂ µ ��ª µ ��¬,ª ��� ¬�� ��� � µ �Vª � ����� �&Æ	�§��Â\Â �V�Q� ��� � �F� µ �ó½ � ¬���ª Á:� �Nª � � � � ��� � � ����¬ ��ÁG� µ ��¬���Q� Á¡Á � � ��� � ª � ¹ ¶ � �C��� � ¬ Æ�� � � ¾F� � ¾F��� Âm��Á��¡����� ¬ � ¬����ë��� ~��-º ´¼» | �,+ �.- } � | ´ ÀC��¬ ��� ¬ �Ì¸ ��¾F��� Æ
I.2.1 DIET components

/ � ¸4��� �10 Æ �Å¬ µ ��Â ¬ � µ � µ ��� �&��� ª µ ��ª ���F���-¸4� �C��Ê �<� � � � ��Á32 0 º ´ Æ ´Qµ �ó�G� Á ¿Á � � ��� � ¶ ���&� ¬ ��Á�� µ ��¬ �<� ª µ � � ��ª �¡��� � �<� � � µ � Á:��������Â ��� ¸òÑ
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Ô Æ Aggregation : º ¾��\�q4�� � ¸ � � µ �\� Ê3É � Ê Ì µDÉ]� ÈT���\Ç É Ê ��� Ê ¶ � Ç Ê � Ê �©ÇDÈ¡� ¸4¸ ��� ¸ � � � Ê � µ � ¹ÕÉ Ç � ��� ÇD� Ê � � Í Ì � Í ��� Æ ´Qµ �ûG� � È Ê Ì � ÇEÌ��\�qÇ É Ç ¸ Ì ��¹o¹�Í Ç É Ì�� � É]� Ç � É�¹ � Ê �©��� ¸ �q��È Í � �]� 4ëû �]� �\ÈË� Ê � µ � Ê � � Í Ì � Í ��� Ê Ì ��¹ �È½���Ì Ã � � � µ � > � Æ/�� � � µDÉ]Ê Æ /�� 8 ´ Ì ��¹ ¶ Í � � � µ � � �q��Ç Ê Á �\� � É�¹ � � Á ÈT� � � � � � µ ��Ì��<¶G��½ � � Ê �\�&¾��\� Ê Æ Ì ��¹ ½ É Ç É Ç ¸ É Ç Á � � ¹ � � É]� Ç Ê Á � ��¹
� µ � ¹�� Ç É � � � É Ç ¸ ��ÇEÈ � µ ��ÈT� � ��� �¤� � É ½ Í � � Ê Æ ´QµEÉ�Ê � ���©Ç Ê Á �\� Â É]����ÍGÊ � � µ � Ê�µD� � � � Ê � ¶G� � µ � ¹�� Ç ¸ � µD��Ê � Â µEÉ Ì µ �©���¹�� Ç É � � ���\È Æ ´QµDÉ]Ê ¶G� � µ$� Ç � 4 ÍGÊ � Ê � µ � �]É Ç Ã Ê ½�� � Â �\�\Ç$� Á � � µ �\�T��ÇEÈ É � Ê Ì µDÉ]� ÈT���\Ç � �G½�� � Â �\�\Ç � Â � ½�� � � µ �\� Ê � Ê
Ê�µD� Â Ç � Ç /�É ¸ Í ���
0 Æ ÖCÆ /�É ¸ Í ���,0 Æ ° ¸ É ¾D� Ê � µ �
Ì ��¹ ¶ � � � �
� � ¸ � � É � µN¹×ÍGÊ �\È�½�41� ��Ê � � � ¸4¸ ��� ¸ � � � � µ � É �VÌ µEÉ�� ÈT���\Ç É Ê��� Ê ¶ � Ç Ê � Ê Æ
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ÖCÆ Use : ø µ �\Ç � µ ����� Ê ¶ � Ç Ê � Ê Ì ��¹ �®½��©Ì Ã � � � µ � > � Æ É � Ì��©Ç ÍGÊ � É ��� � � � Ã �,�'ÈT�\Ì É]Ê7É�� Ç Æ ´Qµ �,��¾D� �]Í � � �\È?Ì ��¹ ¶ Í ¿
� � � É]� Ç?�©ÇDÈ±Ì ��¹ë¹�Í Ç É Ì
� � É�� Ç � É�¹ � Ê �©��� ÍGÊ �\È � � ûGÇDÈ � µ � Ê �\�-¾D�\� Â É � µ � µ � �]� Â � Ê � ��� Ê ¶ � Ç Ê � � É�¹ � � � ¶G�\� Á � � ¹
� µ �'Ì ��¹ ¶ Í � � � É]� Ç Æè$� Â ��¾D�\� Æ Â � µ �<¾�� � � Ì � Ç Ê7É ÈT�\� � µ �[Ì�� Ê � Â µ �\���=� Ê �\�-¾D�\� É�Ê Ì µE��Ê �\Ç � Â É Ì�� Â µ �\���\� Ê � µ �óûG� Ê � Ì ��¹ ¶ Í � � � É]� Çµ � Ê Ç � � � � ���\��ÈT4 Ê � ��� � �\È Â µ �\Ç � µ � Ê �\Ì � ÇDÈ�¶G� � ½ � � ¹ Â � Ê9Ê7Í ½ ¹�É ��� �\È Æ ´Qµ �,¶G�\ÇD� � � 4 � Á � µ �®ûG� Ê � Ì ��¹ ¶ Í � � � É]� Ç¶G� � ½ � � ¹ Ì ��ÍG� È?Ç � � ½�� Ì � Ç Ê7É ÈT�\���\È É Ç � µ � Ì ��¹ ¶ Í � � � É]� Ç���¾�� ��Í � � É]� Ç � É�¹ � � Á � µ � Ê �\Ì � ÇEÈ � ÇD� Æ ´QµDÉ]Ê �"Ì � � Ê7Ê7É Ì
� �¶G� � ½ � � ¹ÕÉ Ç$ÈT4�ÇE� ¹�É Ì�¶G�\� Á � � ¹ ��ÇEÌ�����¾�� �]Í � � É]� Ç Æ8ø ��¶G� � ¶ ��Ê � � � ÈT� � ��4 � µ �'��¾�� �]Í � � É]� Ç � Á � µ �'Ì ��¹ ¶ Í � � � É]� Ç
� É�¹ ��� �T� µ � � ��¾�� �E� Á � µ � ¹ � Ê � �\� Â µ �\Ç É � µ � Ê � � Ì µE����Ê � � µ � Ê �\�&¾��\� Æ 0�Ç � µEÉ�Ê Ì
� Ê � Æ Â � Ã Ç � Â � µ � µDÉ]Ê � � �q4 � Á
� µ ��¶G� � ½ � � ¹ÏÊ7Í ½ ¹�É�Ê7Ê7É]� Ç Ê Æ Ê7� Â �'Ì���Ç � � Ã � � µ � ¹ÏÉ Ç � � �©Ì�Ì ��Í Ç � É Ç � µ �)ûGÇE� � ��¾D� �]Í � � É]� Ç Æ

for
�\��Ì µ ÈT� � �

Ddo

if
Ç � ÇE� � Á ¹ 4?ÈT� Ê Ì��\ÇEÈT�©Ç � Ê6� Â Ç Ê D then

timeToMe Ø 0

else if
� ÇE� � Á ¹ 4?Ì µEÉ�� ÈT���\Ç?��� Á �\���\ÇDÌ
� Ê D then

timeToMe Ø timeToMe Á � � � µEÉ]Ê Ì µDÉ]� È¶Ù � É�¹ � � � Ê �\ÇDÈ D Á � � ¹ � µEÉ]Ê Ì µEÉ]� È � �È¹ �
else if D

É]Ê Ç � � Ã Ç � Â Ç�½�4?��ÇE4 � Á ¹ 4$Ì µEÉ]� ÈV���\Ç
then

if
� Ê �\�-¾D�\�

S
� Á ¹ 4 Ê7Í ½4¿ � ���\�'Ì���Ç Ê7��� ¾�� � µ �$¶G� � ½ � � ¹

then

D Â É]�]� ½�� Ê �\Ç �E� µ � ��Í ¸ µ§¹ � � �
S
É Á É � É Ê Ê � � �\Ì � �\È Æ

Ú 0�ÇDÌ
���\� Ê �
DÉ Ê tComm Á � �3�\��Ì µ$Ê �\�&¾��\�

else

D Â É]�]� ½�� Ê �\Ç �E� � �[Ì���¶G�<½ � � Ê �\�-¾D�\� S Á ���]�]� Â É Ç ¸ �ó¶G� � µ?É Ç Â µDÉ Ì µ 0E� ¹ Ç � � É ÇN¾ ��� ¾D�\È Æ
Ú º ÇEÈ tCommÉ Ê Ì ��¹ ¶ Í � � � É]� Ç Á � � ¹ 4�ÈT� Ê Ì
�\ÇDÈV��Ç � Ê Æ

end if

end if

end for

/ +;:®Æ 0 Æ ° <
é ��¹ ¶ � � � �B� � ¸ � � É � µC¹Ï� Á �=� � � � � ¸4¸ ��� ¸ � � � � µ �B��� Ê7ÍG� � Ê Æ

I.4.4 Fault tolerance in DIET
/ � ÍG� �D� ��� �\�q��ÇEÌ�� É]Ê � Ã �\4 É]Ê7Ê7Í � É Ç ¶G� � ½ � � ¹ÏÊ7��� ¾ É Ç ¸ �\ÇN¾ É � � Ç ¹ �\Ç � Ê Æ 0�Ç � µ � 2 0 º ´@Ê 4 Ê � � ¹ Æ � Â � Ã É ÇEÈ Ê � ÁCÁ � ÍG� � ÊÌ��©Ç � Ì�Ì Í � Æ /�É � Ê � Æ ��Ç@� ¸ �\Ç � Ì
��Ç@È É � Í ÇE�\Ð<¶G�\Ì � �\È � 4 Æ ´Qµ � Ã Ç � Â � �\È ¸ � � Á �©ÇD4�� ¸ �\Ç � ½�� É Ç ¸ ÈT�\� É ¾��\È Á � ��¹ÛÉ � Ê Ì µEÉ]� ¿

ÈT���\Ç É Ê Ã Ç � Â � �\È ¸ � Æ É � Ì
��Ço½������\Ì � Ç Ê � � Í Ì � �\È��\� Ê7É]� 4 Æ 8 � Æ � µ � � ¸ �\Ç � Ì
��Ço½�� Ê � �©� � �\È�� ¸ � É Ç Æ � � É � Ê Ì µEÉ�� ÈT���\Ç�Ì
��Ço½��
� ��� �©Ì µ �\È � � ��Ç � � µ �\�B� ¸ �\Ç � Æ ´Qµ � Ê �\Ì � ÇDÈ Ã É ÇEÈ � Á�Á � É]�]Í ��� É]Ê � µ � Í ÇE�\Ð<¶G�\Ì � �\ÈËÈT�\� � µM� Á �?Ì ��¹ ¶ Í � � � É]� ÇE� �IÊ �\�-¾D�\� Æø µ �\Ç±� Ê �\�&¾��\� Á � É]�]Ê Æ ÈT� � �1�©ÇDÈ � � ¹ ¶ � �q���q4$��� Ê7ÍG� � Ê,¹ �©4 ½�� �]��Ê � Æ ´n� ÈV�\Ì����\� Ê � � µEÉ]Ê � É]Ê Ã Æ ��Ì µ �\Ì Ã ¶ ��É Ç � É Ç ¸ Ê 4 Ê � � ¹Ì��©Çê½�� É�¹ ¶ � � ¹ �\Ç � �\È ½�4 � µ �SÌ ��¹ ¶ Í � � � É]� Ç Ê �\�-¾D�\� Ê Æ � Ì µ �\Ì Ã ¶ ��É Ç � Ì � ����� Ê ¶ � ÇDÈ Ê � � ��Ç É Ç � �\� ¹ �\È É � � �S��� Ê7ÍG� � É Ç
� µ �ó¶G� � Ì�� Ê7Ê,� Á Ê7��� ¾ É Ç ¸ �V¶G� � ½ � � ¹ Æ�ø µ �\Ç±��Ì µ �\Ì Ã ¶ ��É Ç � É]Ê ���\��Ì µ �\È Æ � µ � É Ç � �\� ¹ �\È É � � �=��� Ê7ÍG� � Ê �©��� Ê �<¾��\È � � È É]Ê Ã»�� � Ê �\Ç �"� � �±ÈT� � �±����¶ ��Ê7É � � ��44À Æ 8 � Æ É Á � µ � Ê �\�&¾��\� Á � É]�]Ê�� � � �\� Æ � µ �SÌ ��¹ ¶ Í � � � É]� Ç¼Ì���Çñ½��S��� Ê � ��� � �\È Á � ��¹ � µ � � � Ê �
Ì µ �\Ì Ã ¶ ��É Ç � ���\��Ì µ �\È Æ
I.4.5 NES Management´Qµ � ¸ ���\� � ¾D��� É � � 4 � Á ¹ � � ��Ì ��¹ ¶ Í � �\�3Ì ��¹ ¶ � ÇD�\Ç � Ê�» Ì ��¹ ¶ Í � �\� Æ ÇE� � Â � � Ã Ê Æ û � � Ê Æ Ê7� Á � Â ����� Ê �\�&¾ É Ì
� Ê ÀD�©ÇDÈ � µ � É �ÈT4�ÇE� ¹�É Ì�� ��� 4¼½�� µ ��¾ É�� ��¶ ��Ê � Ê�Ê ¶G�\Ì É � � ¶G� � ½ � � ¹�Ê Á � � � µ �$��� Ê7��Í ��Ì�� ¹ ��ÇE� ¸ � ¹ �\Ç � ¶ ��É Ç � � Á ¾ É � Â�Æ 0�Ç Ê7Í Ì µ ����Ì µEÉ ¿
� �\Ì � Í ��� Æ ¹ ��ÇE� ¸ � ¹ �\Ç � Â É]�]� ¶ � ��4Å� ¹ � ù � � � ��� ����ÇEÈ É � ��¶�¶G�\�©� Ê ¾D�\��4 É�¹ ¶ � � � �©Ç ��� � ½����<½ � � � �Å� Á¡Á �\�1� Í Ç É ûG�\ÈÁ ��� ¹ � Â � � Ã�Á � � � µ � ¹ ��ÇE� ¸ � ¹ �\Ç � � Á ÇD� � Â � � Ã Æ Ê �\�&¾ É Ì�� Ê �©ÇDÈM�<¶�¶ ��É Ì
� � É]� Ç Ê Æ ´Qµ � Á �q� ¹ � Â � � Ã É�¹ ¶ �]É � Ê � µ ��ÈT��ûGÇ É ¿
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� É]� Ç � Á �©Ç±����Ì µEÉ � �\Ì � Í ��� � µ � � ¸ Í �©���©Ç � É � Ê � µ � É Ç � �\� � ¶G�\�q��½ É]�]É � 4�½�� � Â �\�\Ç���¶�¶ �]É Ì�� � É]� Ç Ê � µ � ��Í ¸ µ � µ �V¶ � � � ��½ É��]É � 4 � Á¹ ��ÇE� ¸ � ¹ �\Ç � É Ç Á � � ¹ � � É]� Ç Ê Â µ �\����¾��\� � µ �\4?����� � � É ¸ É ÇE� � �\È Æø �¡Ì � � É�¹ � µ � � ¹�É ÈTÈ � � Â ����� � ��4��\� Ê ½�� Ê �\È � ÇÄÜ���¾�� � �\Ì µ Ç ����� ¸ É � Ê Æ ��ÇEÈ ¹�� ���±� Ê ¶G�\Ì É � �]� 4�Ü > À » Ü���¾�� > �©ÇD�<¿¸ � ¹ �\Ç � º Ð � �\Ç Ê7É�� Ç Ê À�ì £©Ý í Æ � Á�Á �\�"ÇD� Â � ¶�¶ � � � Í Ç É � É � Ê � �¡Ê7Í ¶�¶ � � � ÇE� � Â � � Ã �\ÇD�<½ � �\È Ê �\�-¾D�\� ��¶�¶ �]É Ì�� � É]� Ç É Ç�� ¸ � É È�\ÇC¾ É � � Ç ¹ �\Ç � Æk5 Í �3��¶�¶G� � �©Ì µ?É�Ê ½�� Ê �\È � Ç øfºTÞT> » ø ��½4¿ Þ � Ê �\È¡�\Ç � �\�&¶G� É]Ê � > ��ÇE� ¸ � ¹ �\Ç � À Â µEÉ Ì µ � µ � Ê � ��ÇEÈT����È É ¿Ê�� � É]� ÇS� Á¡Á � � � É�Ê ��� � ��4��\È�½�4 � µ � 2�> ´T/È» 2 É]Ê � � É ½ Í � �\È > ��ÇE� ¸ � ¹ �\Ç � ´ � Ê Ã /�� ��Ì
��À É Ç � ��ÈT�\� � � � � Ã � É Ç¡�©Ì�Ì ��Í Ç � Ñ
< 5ÅÁ¡Á �\� É Ç ¸ ��Ç µE��¹�� ¸ �\ÇD� ��ÍGÊ ¾ É � Â � Á � �]�Q¹ �©ÇD� ¸ �\È¶��� Ê7��Í ��Ì
� Ê Â µ � � ��¾��\� É]Ê � µ � É �'ÇE� � Í ��� Æ �]� Ì�� � É]� Ç��©ÇDÈ,J � ���Ì�Ì
� Ê7Ê�¹ � � µD� È ÊEX
<fî'�\��¶ É Ç ¸ � µ � � � ¸ �©Ì�4Ì½�4 É Ç � � ¸ ��� � É Ç ¸ É Ç Á � � ¹ � � É�� Ç ¹�� ÈT� �]Ê Æ ¹ ��ÇE� ¸ � ¹ �\Ç � ����Ì µEÉ � �\Ì � Í ��� Ê ��ÇEÈ¡ÈT��¶ �]� 4��\ÈL¶G� � ¿
� � Ì ���]ÊQX

< 5ÅÁ¡Á �\� É Ç ¸ ��Ç É Ç Á ��� Ê � � Í Ì � Í ��� � � �\ÐnÌ µ ��Ç ¸ � ¹ ��ÇE� ¸ � ¹ �\Ç � É Ç Á � � ¹ � � É]� Ç�½�� � Â �\�\Ç$��¶�¶ �]É Ì�� � É]� Ç Ê Æø �$ÇD�\�\È � � ÈT��ûGÇE�$��Ç É Ç Á � � ¹ � � É]� Ç ¹�� ÈT� � ½�� Ê �\È � ÇDé
0 > » é ��¹ë¹�� ÇË0�Ç Á � � ¹ � � É]� Ç > � ÈT� � À6��� � � � �\È � � � µ �¸ � É È�ÇE� � Â � � Ã ��¶�¶G� � ��Ì µ Æ ´QµEÉ]Ê·¹�� ÈV� � Â É��]� � ���]� Â � � ÈT��ûGÇE� Ñ
< ´Qµ � � � ¸ �©Ç É Ê©� � É]� ÇE� �I¹�� ÈT� �PXEÊ ¶G�\Ì É Á 4@� Á Í ÇDÌ � É]� ÇD� � �©��Ì µEÉ � �\Ì � Í ���È½�4 Ê ¶G�\Ì É Á 4 É Ç ¸ � µ �?�©Ì � É ¾D�È¶G�©� � É Ì É ¶G��Ç � Ê1É Ç
� µ � ¹ �©ÇD� ¸ � ¹ �\Ç � ¶G� � Ì�� Ê7Ê Æ � µ � É �3����¶G��� � É � É]� Ç Æ � µ � É � Á Í ÇEÌ � É]� ÇS��ÇEÈ � µ � É �3��� Ê ¶G�\Ì � É ¾���� ��� � X<µ0�Ç Á � � ¹ � � É]� ÇE� ��¹�� ÈT� �PX< /�Í ÇDÌ � É]� ÇE� ��¹�� ÈT� �
X

< > � ÈV� �n� Á Ì ��¹ë¹�Í Ç É Ì
� � É]� Ç Æ
/ � ��¹ß� Ç ��Í � ¹�� ÈV� � ½�� Ê �\È � ÇÅé�0 > Æ � µ � É�¹ ¶ � � ¹ �\Ç � � � É]� Ç � Á � µ � ¹ ��ÇE� ¸ � ¹ �\Ç � Ì ��¹ ¶ � ÇD�\Ç � Ê9É]Ê È � ÇE�T½�4 ÍGÊ7É Ç ¸Ü > À � µ � �6� � Ã � Ê ��ÈQ¾D��Ç � � ¸ � � Á ½ � � µ Ü���¾D� É Ê Á �\� � Í ��� Ê ��ÇEÈ¼� ¸ �\Ç � ¿:½�� Ê �\ÈË����Ì µEÉ � �\Ì � Í ��� Æ 0�ÇEÈT�\�\È Æ � µ � ¹ ��ÇE� ¸ � ¹ �\Ç �Ê 4 Ê � � ¹ïµ ��¾D� � µ � Á ���]��� Â É Ç ¸�Á �\� � Í ��� Ê Ñ
< º Ð � �\Ç Ê7É ½ É]�]É � 4 Ñ Ê7É ÇDÌ
�BÜ > À É]Ê ½�� Ê �\È � ÇSÜ���¾�� Þ �\��Ç Æ Ü > À�� ¸ �\Ç � Ê Ì��©ÇSÈT4�ÇE� ¹�É Ì
� �]� 4 É ÇDÌ � �-¶ � �q� � �BÇE� ÂmÁ Í ÇEÌ � É�� ¿ÇD� ��É � É � Ê Á � ��¹ ��� ¹�� � �'Ì � � Ê7Ê Ê �\�&¾��\� X
<µ0�Ç � �\� � ¶G�\���<½ É]��É � 4 Ñ Ü > ÀM� ¸ �\Ç � Ê Ì
��Ç§½�� É Ç � � ¸ �q� � �\È É Ç§é�0 > J øfºTÞT> �©ÇDÈLé 5ÅË6Þ �¼X< Ë � ÍGÊ ��½ É]�]É � 4 Ñ � ÇD�[Ì���Ç É Ç � � ¸ �q� � �'�\Ð � �\�qÇE� �]� 4���¾D� É]� ��½ � � Á Í ÇDÌ � É]� ÇD� �]É � É � Ê ÈT��¾D� ��� ¶G�\È¡� Ê Ü���¾�� Þ �\��Ç X< U � � � Á � � ¹àÉ ÇEÈT��¶G�\ÇEÈT�\ÇEÌ�� Ñ Ü > ÀáÌ
��ÇÄ½��?ÈT��¶ �]� 4��\È É Ç µ � � �\� � ¸ �\ÇD� ��ÍGÊ �\ÇN¾ É � � Ç ¹ �\Ç � Ê Â µ �\��� Ê ��¾D�\��� � ¶ � � � ¿Á � � ¹�Ê Ì � �\Ð É�Ê � Æ

I.5 Conc lusion and future work
0�Ç � µEÉ]Ê ¶G�<¶G�\� Æ Â � µ ��¾D��¶G��� Ê �\Ç � �\È ��Í �I¾ É � Â � Á � Ê Ì�� � �<½ � �"LS� � Â � � ÃÅº ÇE��½ � �\ÈS8��\�-¾D�\� Ê 4 Ê � � ¹ Æ&ø ��½�� ��É ��¾D� � µ � �µEÉ �\�q����Ì µ 4 É]Ê�¹ �©ÇDÈV� � � �q4 Â µ �\Ç¼½ ÍGÉ]� È É Ç ¸ Ê7Í Ì µ �\ÇN¾ É � � Ç ¹ �\Ç � Ê Á � � � µ ��â[� É È ÆRø µ �\Ç � µEÉ Ç Ã É Ç ¸ ��½ ��Í � â[� É Èêé ��¹ ¿¶ Í � É Ç ¸ Æ Ê Ì
� � ��½ É]�]É � 4 Ê�µE��ÍG� ÈÄ½�� � ÇD� � Á � µ � ¹ � É Ç�Ì � ÇEÌ��\�qÇ Ê'� Á ÈT��¾D� ��� ¶G�\� Ê Æ9ø �V¶G� � ¶ ��Ê ��� µEÉ �\���©��Ì µEÉ Ì�� � ��¶�¶G� � ��Ì µ

� � L$� � Â � � Ã�º ÇD�<½ � �\È±8��\�-¾D�\� Ê6ÍGÊ7É Ç ¸ �\Ð É]Ê � É Ç ¸ Ê7� Á � Â ����� ��É Ã �=L ø 8 � �·éÌô·õNö9÷ Æ
5 Í � Á Í � Í ��� Â � � Ã É�Ê � � ûG� Ê �,� � Ê �"� µDÉ]Ê �<¶�¶G� � ��Ì µ¶� ÇÄ���\� � ��¶�¶ �]É Ì�� � É]� Ç Ê Æ ��Ê���Í � � ��� ¸ � � ¶ � � � Á � � ¹ � ���]� Â Ê Ô Æ Ñâó½IJ Ê Ì ��¹o¹�Í Ç É Ì�� � É]� Ç Ê ½�� � Â �\�\Ç Ê ��¾��\�q� � 0�L Ë 0 � ��� Ê �\����Ì µ Ì��\Ç � �\� Ê�É Ç / ���©ÇDÌ
� Æ Ì � ÇEÇD�\Ì � É Ç ¸ Ê ��¾��\�q� � Ì ��ÍGÊ � �\� Ê�� ÁU é Ê ��ÇEÈL¶G���q� �]� � ��¹ �©Ì µEÉ ÇE� Ê Æ Â � � µEÉ Ç Ã � µ � �D� É ¸ µ � � 4�Ì ��Í ¶ � �\È���¶�¶ �]É Ì�� � É]� Ç Ê Â � É ��� �\Ç É Ç$� Ë6U é ¹�� ÈT�'Ì ��ÍG� ÈL½��\ÇE��û �

� Á Ê7Í Ì µ ��Ç��<¶�¶G� � �©Ì µ Æ � Ç � � µ �\��¶G� � ½ � � ¹ Â � Â ��ÍG� È �]É Ã � � � �©ÈTÈT��� Ê7Ê,É]Ê � µ � � ¶ � É�¹�É Ê�� � É]� Ç � Á ÈT� � � È É]Ê � � É ½ Í � É]� Ç ÊÁ � �·¶G���q� �]� � ���]É ½����©��4SÌ
� �]�]Ê,ÍGÊ7É Ç ¸ � ¹�É Ðn�\È�ÈV� � ���©ÇDÈ � � Ê Ã ¶G���q� �]� � � ��¶�¶G� � ��Ì µ Æ�ø �[� ��Ê7� Â ��ÍG� È ��É Ã � � � Ì � ÇDÇE�\Ì � ��Í �ÈT��¾D� ��� ¶ ¹ �\Ç � Ê � �1É Ç Á ��� Ê � � Í Ì � Í ��� � ����� Ã É � Ê3�]É Ã �
â �]� ½ ÍGÊ � � ½��\ÇE��û � Á � ��¹ � µ �"ÈT��¾D� ��� ¶ ¹ �\Ç � � Á Ê �\Ì Í � É � 4 Æ ��Ì
Ì ��Í Ç � É Ç ¸ Æ��ÇEÈ É Ç � �\� � ¶G�\�q��½ É��]É � 4 Ê �\�-¾ É Ì�� Ê Æ
� Ì � ÇEÌ��\� � �\È�� Á¡Á � � � É�Ê"� Ç µEÉ]Ê Â ��4 � � ÈV��ûGÇD� � µ � � ¾D�\��� �]� ����Ì µDÉ � �\Ì � Í ���,�©ÇDÈë½�� Ê7É Ì Á Í ÇEÌ � É�� ÇE� �]É � É � Ê,� Á â1� É È��\ÇN¾ É ¿

� � Ç ¹ �\Ç � Ê ì ¢ í Æ � Â � � Ã É Ç ¸�¸ � ��Í ¶ É]Ê ÈV�\È É Ì�� � �\È � �$� ÈG¾���ÇEÌ��\È U � � ¸ �q� ¹o¹�É Ç ¸S> � ÈT� �]Ê Â µEÉ Ì µ�É ÇEÌ �]Í ÈT� Æ � Á Ì ��Í � Ê � ÆLS� � Â � � Ãóº ÇD�<½ � �\È?8 ��� ¾��\� Ê ì�ð ÆPã í ÆJø � � µEÉ Ç Ã � µ � ��� µEÉ�Ê � Á¡Á � � � É]Ê ¾��\�q4 É�¹ ¶ � � � ��Ç ��� � ½��,��½ � � � � ¸ � � � Á ûGÌ É �\Ç � Ê7� Á � Â �©���É Ç Á �q� Ê � � Í Ì � Í ��� Ê7��� Ç¡��ÇEÈ Â � Â ��ÍG� È �]É Ã � � � ½��)¶G�©� � � Á É � Æ
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8 Ë�º � U ��� Ê7Ê Æ ù ÍG� 4 £ ã�ã ð Æ
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