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�pu�«±m�u;s�nÑqk}¶o qt¿;u(�¢£±u;{���qtv<s�vBx�nXy�u�®fu(�X�|}B�<u;~P¯�}<�X�òqÂs���¦§v��%u(��nXv/¡�m%qroS�OnXy�u�z�v<{|nX{�}Bs�~pÌ<ÌB�Ò¯�{Xv±�<{�}B®$�ôj
«Es]qt®f¯�v<{|n�}Bs%n�x u(}Bn|m�{XuvBx�nXy%qS�I�pm%qtnXu¹qk�JnXy�}Bn� �u¯�{Xv�£<qS�%u¢¡�v±nXyQ�<³ò¨��}Bs��Ò¨O³p¨©�î£<u;{���qtv<s vBx�u(}<¦|y
}B¯�¯%orqS¦;}Bnpqtv<s-jå¥�y%qS�f}2orotv� ²�£x v±{5}�s�qts��%u;¯�u;s��%u;s%n�u�£¶}¶oÂm�}�npqtv<såvBx²y�v� ´ �u§o o²�±q�¯-u;{Xu;s%n$}2ot�<v<{pqtnXy�®���®�}(�¢¡Wu
qt®f¯%otu;®fu;s%nXu(�Ov<sI�±q�¯@u;{|u;s�n'np�%¯�u(��vBxZ¦§v<®Ö¯�m�nXu;{�±Ë�'}�{�¦Xy%qtnXu(¦§n|m�{Xu(�;j

ãH¹Pã ïS»EÆÆÀ�¿�¼:æ�¼Ç�¼»EÌ
�/m�{X{|u;s�npot�<è%nXy�u�é²´W«��D±Ë��¡Wu;s�¦Xy�®$}�{XÄ<qts��$�Ñm%qÂnE¦§v<s���qS�pn��#vBx-��¡ÍqÂn|u;®$�;è��±q�£<qS�%u(��qts%nXvwnXu;s��<{Xv<m�¯��;è�}<�Zorqk�ÑnXu(�Öqts
¥�}�¡%otu$i�}Bs���� j�³�n�qS��u1¬�¯Wu(¦§nXu(��n|y�}Bn'®fv<{|uÍ}B¯�¯%orqS¦;}Bnpqtv<s��D Yq oro�¡�uw}<���%u(�I�pv%v<s-j
¥�y�uZª�{��pnwnXy�{Xu;uO�<{Xv<m�¯��;è#���pm%qtnXu<èEÈ²u;s�u;{�}¶o�¨}Bn|y�u;®$}BnpqS¦;}2o'«E¯�¯%o qS¦;}BnÑqÂv±s��I}Bs�� nXy�u´�m�{��%m�u�<u;n2è'¦§vBoroÂu(¦§n
}B¯�¯%orqS¦;}Bnpqtv<s��#�%u(��qt�<s�u(�_xPv<{Gn|y�u/qts%qtnpqS}2o nXu(�pn�vBx�nXy�u'z�v<{|nX{�}Bs�~��å¦§v<®Ö¯%q otu;{(j#¥�y�u'}B¯�¯%orqk¦;}�npqtv<s��/}B{|uª��qt®f¯%otu<èY¡�m�n
�±q�£<u;{��pu<j�¥�y�u;�w�pu§otu(¦§npq�£<u§ot�f}<���%{Xu(�X���±q�¯-u;{Xu;s%n/}<�p¯�u(¦§n§�-vBx�¯�}�{�}2orotu§o�¦§v<®f¯�m�npqts���}Bs��_nXy%m��-u;s�})¡%oÂuE�p���ÑnXu;®$}BnpqS¦Bè
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¾�s%q�£±u;{���qtnp��È²{Xv±m�¯�§ ����¨�j�«�¦§nXm�}2orot�<è�®Öv��pn/v�x@n|y�u²¦§v<®f¯�m�n�}�npqtv<s�}2o�¯�{|v¡%otu;®$�0qÂs�¦|otm��%u(�Öqts�nXy�u²�Ñu;n/y�}�£<uB¡Wu;u;s
u1¬�nX{�}<¦§nXu(�ÖxP{Xv<® ok}�{X�<u;{�¦§v<®f¯�m�n�}BnÑqÂv±s��'}Bs���n|y�m��'}�{Xu��pv±®fu� 'y�}Bn'}B{XnÑq�ª�¦|qS}2o�¡%��nXy�u;®$�pu§o�£<u(�;j'é�u�£<u;{Xn|y�u§oÂu(�|�;è
nXy�u��pm%qtnXu��%v%u(�'¦§v<®Ö¯�{pqS�pu�}w{pqS¦|yI�X}B®f¯%otu�vBxG¯�{§}<¦§npqS¦;}2oZ¦§v<®Ö¯�m�n�}Bnpqtv<s��;è�}<���py�v� 's�qtsI¥�}�¡%otu���j/¥�y�u�{|u(�pm%otn��
vBxGn|y�uÍz v<{XnX{�}�s�~��Ò¦§v<®f¯%qrotu;{²n|u(�pn��E¡�}<�pu(�Öv<s�nXy�u�´�m�{��%m�uw�<u;n� �qro o�¡�u�¯�{Xu(�pu;s%nXu(�ÖqtsI}£x v±{XnXy�¦§v<®wqts��w¯�}B¯Wu;{(j
¥�y�u'¯�{|v¡%otu;®$��vBx-nXy�u����pm%qtnXu<èWÈ²u;s�u;{�}¶o�¨©}�nXy�u;®$}BnpqS¦;}2o�«E¯�¯%orqS¦;}Bnpqtv<s��;è�}�s��f´�m�{��%m�u£�<u;nª}B{Xu�nXv%v��p®$}¶o o-}Bs��
��qt®f¯%otuwnXvf�%u;®fv<s��pn|{�}BnXu�nXy�u�¯Wv� ªu;{�vBxZ®�}<�X��q�£<u§ot��¯�}B{�}¶o otu§oZ�Ñm�¯�u;{�¦§v<®Ö¯�m�nXu;{��;j�¥�y�u;{Xu§xPv<{Xu<èN �u��%u§orq�¡�u;{�}�nXu§ot�
}�£<vBqS�}��±qt{Xu(¦§nf¦§v<®f¯�}B{pqS�pv±s©v�xªnXy�u§qt{�¯Wu;{pxPv<{X®$}Bs�¦§uÖv<s^�±q�¯-u;{Xu;s�n�}�{�¦Xy%qtnXu(¦§n|m�{Xu(�;jfê�v% �u�£<u;{2è nXy�u;�y�u§oÂ¯ nXv
m�s��%u;{��pn§}Bs��nXy�uw¯�{pqts�¦|qt¯%otu(�fvBx'��}Bn�}Ö¯�}B{�}2orotu§oª¯�{|v<�<{�}B®Ö®wqts���j�³�sx�}<¦§n(è nXy�u;��}B{Xuwm��pu(��}<��}�nXu(}<¦|y%qts��I}2qS�
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³�j �Í�pm%qtnXu
¡��Bqt®f¯%otuf�¬�}B®f¯%otu(� ó ó
³p³�j�È²u;s�u;{�}¶oZ¨}BnXy-j�«²¯�¯%orqS¦;}Bnpqtv<s��
i<j�È�}Bm��X��qS}BsIZorqÂ®5qÂs�}�npqtv<s ó ó ó ó ó ó
��jOô ³�s%nXu;�<{§}Bnpqtv<s ó ó ó ó ó ó
��j/½�}B¯%oS}<¦§uf�<vBo�£<u;{ ó ó ó ó ó ó
��j/�±��z�z�¥ ó ó ó ó ó ó
³p³p³�j-´�m�{§�%m�u��pu;nD¥wõ�j�Ï�j�Ï#qS¦§uf�pu;n�¦
i<j/¥�{�}B¯Wu;¿;vBqS��}2oG{Xm%otu ó ó ó ó ó ó
��j�{|u(�%m�¦§npqtv<s�xPm�s�¦§npqtv<s��_i ó ó ó ó ó ó
��j�{|u(�%m�¦§npqtv<s�xPm�s�¦§npqtv<s��E� ó ó ó ó ó ó
��j�{|u(�%m�¦§npqtv<s�xPm�s�¦§npqtv<s��E� ó ó ó ó ó ó
¡�j/�òqÂ®Ö¯%oÂuw�pu(}B{�¦|y ó ó ó ó ó ó
·�j�n|{pqS�±qk}��<v<s�}2oZ�Ñu;n'vBx-orqts-j�u�«<m�}�npqtv<s�� ó ó ó ó ó ó
Ì�j/½�}B�<{�}Bs��±u'qts%nXu;{X¯�v�ok}�npqtv<s ó ó ó ó ó ó
¬�j/�±q�£±qS�%u(�©�±q�¯-u;{Xu;s�¦§u(� ó ó ó ó ó ó
¸�j�ª�s%qtnXuw�±q�¯@u;{|u;s�¦§u(� ó ó ó ó ó ó
i(°�j�z v<m�{pqtu;{�±Ë��®Öv<®fu;s%n�� ó ó ó ó ó ó
i<i<j�}B{|{�}2�C±Ë��¦§v<s��ÑnX{Xm�¦§npqtv<s ó ó ó ó ó ó
i(��j�©ÒêE/Ï']¦§v<s��pn|{Xm�¦§n ó ó ó ó ó ó
i(��j#�Bqt®f¯��pv±s!±Ë�²}�s��OÈÍ}Bm��X��±%qts�nXu;�±{�}Bnpqtv<s ó ó ó ó ó ó
i;��j#�/y�u�¡%���py�u�£�qts�nXu;{|¯�vBoS}Bnpqtv<s ó ó ó ó ó ó

ö/÷ðXO9(ñ��rûÂñ��<ûrøOW�î��'ö�ø>÷OXE9(ñ��rûtñ��<ûrøE�¶ü?X/ú	2ú<ÿ�ð§ö
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³���j ½Wqts�u(}B{�´�{Xv±�<{�}B®f®5qÂs��
i±j/¨Ov��±q�ª�u(��Bqt®f¯%otu1¬�¨Iu;n|y�v�� ó ó ó ó ó ó
�wj�½ «�´W«���·
i±j/Ã0oÂv�¦|ÄI½-¾ zW}<¦§nXv<{ÑqÂ¿(}�npqtv<s�~p���_l²¥ ó ó ó ó ó ó
� j/Ã0oÂv�¦|ÄI½-¾ zW}<¦§nXv<{ÑqÂ¿(}�npqtv<s�~p�<«²É�´�Ê ó ó ó ó ó ó
� j/Ã0oÂv�¦|ÄI½-¾ zW}<¦§nXv<{ÑqÂ¿(}�npqtv<s�~pÈ²«EÉÍ´0Ê ó ó ó ó ó ó
�Wj/Ã0oÂv�¦|ÄÎ²Ï zW}<¦§nXv<{pqt¿(}BnÑqÂv±s ó ó ó ó ó ó
¡ j/Ã0oÂv�¦|Ä�/y�vBotu(�pÄ%�1zW}<¦§nXv<{pqt¿(}BnÑqÂv±s ó ó ó ó ó ó
�E³�j ´�y%����qS¦;�
i±j��/v<sY£<u;s%npqtv<s�}2o��<¯%qts ó ó ó þ þ þ
� j���otm��pnXu;{��<¯%qts þ þ þ þ þ þ
�E³p³�j z�qts�}Bs�¦|qS}2o
i±j�l'¯�npqtv<sI¯�{Ñqk¦|qts�� ó þ ó þ þ þ
�E³p³p³�j@©�u(}Bn|y�u;{²}Bs��O��orqt®$}BnXu
i±j���orqt®$}BnXuw¨Iv��%u§o�¥w·Eu;¯�¯�u;s�s�u�¦ ó ó ó þ þ þ
� j��<u�£<u;{Xuw�<nXv±{X® ¨Ov��%u§oE¥X�/«�´��N¦ ó ÿ ó ÿ ÿ ÿ
³�É�j �otu(¦§nX{|v<®$}B�<s�u;nÑqk¦�z�qtu§oS�
i±j//¨���¦;}BnXn|u;{pqts��wx {|v<® �BoÂv±n��1¥ò¥'+¦;}<�pu�¦ ó þ ó þ þ þ
� j//¨���¦;}BnXn|u;{pqts��wx {|v<® �BoÂv±n��1¥ò¥'¨�¦;}<�Ñu�¦ ó � � � � �
� j//¨�é�u(}B{X~�z�qtu§oS�I¥�v$z�}B{|~�z�qÂu§oS�O¥-{�}�s��;j ó ÿ ÿ ÿ ÿ ÿ
Éwj�é�«����pu;n
i±j/�®'¡�}B{X{§}<�X��qts��Bot��´�}B{�}2orotu§o ó ó ó ÿ ÿ ÿ
� j/¨Om%oÂnÑqÂ�±{pqS� ó ó ó ÿ ÿ ÿ
� j��/v<s�Õpm���}BnXu_È²{§}<�±qtu;s�n ó ó ó ÿ ÿ ÿ
�Wj/�<��z�z�¥]´/�� ó ó ó ÿ ÿ ÿ
¡ j�³�s%nXu;�<u;{��<v±{Xnpqts�� ó ó ó ÿ ÿ ÿ
· j/½-¾�~��pvBo�£<u;{ ó ó ó ÿ ÿ ÿ
Ì%j/´�u;s�n§}<�±qS}B�<v<s�}2o��<vBo�£<u;{ ó ó ó ÿ ÿ ÿ
¬ j/Ã0oÂv�¦|ÄI¥-{pqS�±qS}B�<v±s�}2o/�<vBo�£<u;{ ó ó ó ÿ ÿ ÿ
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the blocks (col j:j+nb-1)

Çº�'�!���P� ²4þ � Á �û� ¢�Ë §;© Ç � ¢Z� � �c�'ª � �n� � � � � � �!� �6�

1
P

2
P

3
P

4
P

5
P

6
P

1
P

2
P

3
P

4
P

5
P

6
P

1
P

2
P

3
P

4
P

5
P

6
P

1
P

2
P

3
P

4
P

5
P

6
P

Step 1

Step 2
Step 4

Step 3

Çº�'�!���P� ²�� �  µ����j�g�c� ¥a� ���b�c�P�B�j� �6¥ �P��� 5H� � �)��� � � Á �'� ¢PË-�4� §;©fÇ � ¢Z� � �c�'ª � �c� � �

Northeast Parallel Architectures Center

at Syracuse University, NY

Í½Î%Ï�Ð�ÑcÒ^Ó%Ô�Ð!ÕZÓ%Ï�ÓWÖ Ö ÒYÖ½×6Ï�Ø'Ñ\Ù Ð�Ò^ØWÐ�ÚcÏ_ÒWÔ!Û)Ò^Ü\Ð_ÒWÏ!Ý�Þ\ß�Ï�Ó%Ø^ÚcÔ�Òqà½Ü\Ù á%ÒWÏ�ÔmÙ Ð9ßÞ�ØYÙ ÒWÜcØ^Ò!Ó%Ücâ¼ãBÒWØ'ÑcÜcÎWÖ Î%ä%ß�Û)ÒWÜ�Ð�ÒWÏ!Ýdå%å%åFÛ)ÎWÖ Ö ÒWä%ÒjÕZÖ Ó%ØWÒjÝjÞ\ß�Ï�Ó%ØWÚcÔ_Ò%æcÍ6ç;åWè%é%ê%êWë9ê�åWì%ìS Y R A C U S E

U N I V E R S I T Y
 1       8       7       0.       .       .



ãBÒWØ'ÑcÜ�Ù Ø^ÓWÖgí6ÒWîPÎ%Ï�Ð'ïÞcÛ6Û½Þðè%é�ñ
×6îcî�Ö Ù Ø^Ó%ÐmÙ Î%ÜcÔ�ò)Ò^ÜcØ'ÑcójÓ%Ï�ôjÞ\ÒWÐõ9Î%Ï6öPÎ%Ï�Ð�Ï_Ó%Ü\ë9÷Ó%ÜcâÃø4Ù ä%Ñ
ÕZÒ^Ïmõ9Î%Ï�ójÓ%ÜcØWÒ6öPÎ%Ï�Ð_Ï�Ó%Ü ùHG

0

100

200

300

400

500

600

700

800

64 256 512 1024 1536 2048 2560 3072 3584 4096

M
F
l
o
p
s

n  (Matrix size = n x n)

iPSC QR with 32 nodes

blocksize 12
blocksize 64
blocksize 10
blocksize 32
blocksize 4
blocksize 16
blocksize 1

Çº�'�!���P� ² 3 �JI ���c� �K�)�:� ÇH· IK5 Ä �6¥ §;© ¥%� ���-� ¥ ¾
¥ �B�P�B�¶� �K� �P�c���¸�\�'ªB�4� � �Æ� 5 Ä 9�L 62�M1

0

100

200

300

400

500

600

700

800

64 256 512 1024 1536 2048 2560 3072 3584 4096

M
F
l
o
p
s

n  (Matrix size = n x n)

iPSC QR Parallel Version with Optimal Block Size and Seqential Version

32 processors
16 processors
8 processors
4 processors

sequential QR

Çº�'�!���P� ²�6 �N5 �B� ¥%� � �K� �j¢Z� �6¥ §;© ¥%� �ü�-�70¼�B�P�B�q�
Êq�'� ¢�Ë � �j� �K� �P�c���¬�\�'ªB�4� � � � � Å � � �q�µ� 5 Ä 9OL 62�21

0

10

20

30

40

50

60

70

80

90

100

32 128 256 512 1024 1536 2048

M
F
l
o
p
s

n  (Matrix size = n x n)

DECmpp QR with 1k,2k,4k,and 8kPEs 

8k PEs
4k PEs
2k PEs
1k PEs

Çº�'�!���P� ²4³ �P5 �B� ¥a� � �K� �j¢Z�4� �¦¥ §;© � � �	8:92� ����¾² Å 1M121 ¥a� �µ�P��� � ���c� �K�)�¼Êq�'� ¢PË¸�\�'ªB�

0

10

20

30

40

50

60

70

80

90

100

32 128 256 512 1024 1536 2048

M
F
l
o
p
s

n  (Matrix size = n x n)

DECmpp QR 8K PEs in Different Block Size

 blocksize 64
blocksize 128
blocksize 256
blocksize 32

blocksize 1024
blocksize 512

blocksize 1
blocksize 8

Çº�'�!���P� Å 1 �P5 �B� ¥a� � �K� �j¢Z�4� �6¥ §;© � � �	8:92� ����¾² Å 1M121 ¥%� � 62Q ��� � ¢Z�4�P� � �g� � �j� �-�70¼�B�P�B�¶� Êq�'� ¢PË
�\�'ªB�4�

Northeast Parallel Architectures Center

at Syracuse University, NY

Í½Î%Ï�Ð�ÑcÒ^Ó%Ô�Ð!ÕZÓ%Ï�ÓWÖ Ö ÒYÖ½×6Ï�Ø'Ñ\Ù Ð�Ò^ØWÐ�ÚcÏ_ÒWÔ!Û)Ò^Ü\Ð_ÒWÏ!Ý�Þ\ß�Ï�Ó%Ø^ÚcÔ�Òqà½Ü\Ù á%ÒWÏ�ÔmÙ Ð9ßÞ�ØYÙ ÒWÜcØ^Ò!Ó%Ücâ¼ãBÒWØ'ÑcÜcÎWÖ Î%ä%ß�Û)ÒWÜ�Ð�ÒWÏ!Ýdå%å%åFÛ)ÎWÖ Ö ÒWä%ÒjÕZÖ Ó%ØWÒjÝjÞ\ß�Ï�Ó%ØWÚcÔ_Ò%æcÍ6ç;åWè%é%ê%êWë9ê�åWì%ìS Y R A C U S E

U N I V E R S I T Y
 1       8       7       0.       .       .



ãBÒWØ'ÑcÜ�Ù Ø^ÓWÖgí6ÒWîPÎ%Ï�Ð'ïÞcÛ6Û½Þðè%é�ñ
×6îcî�Ö Ù Ø^Ó%ÐmÙ Î%ÜcÔ�ò)Ò^ÜcØ'ÑcójÓ%Ï�ôjÞ\ÒWÐõ9Î%Ï6öPÎ%Ï�Ð�Ï_Ó%Ü\ë9÷Ó%ÜcâÃø4Ù ä%Ñ
ÕZÒ^Ïmõ9Î%Ï�ójÓ%ÜcØWÒ6öPÎ%Ï�Ð_Ï�Ó%Ü ù%R

0

1

2

3

4

5

6

3264 128 256 512 1024

M
F
l
o
p
s

n  (Matrix size = n x n)

CM QR 16k and 8k PEs

16k PEs
8k PEs

Çº�'�!����� Å ² �S5 �B� ¥%� � �Æ� �j¢Z�4� �6¥ §;© � �S�P��� 9T� Å
0

100

200

300

400

500

600

700

800

64 256 512 1024 1536 2048 2560 3072 3584 4096

M
F
l
o
p
s
:U

n  (Matrix size = n x n)

Comparison of 16KPEx8KMem CM2, 8KPEx16KMem DECmpp and 32 nodes IPSC-860

iPSC 32 Nodes
CM2-CMSSL

DECmpp 8k PEs

Çº�'�!���P� Å!ÅH� 9i�!� � � �c�^� � � �¦¥ §;© �6��� ���
� 5 Ä 9�L 62�21�ÿ �	8:92� ��� � �j� 9V� Å

 µ���[Çº�û�-���P� Å ² �c� �6� �µ������� �q� �b�j�B� ¥%� � �Æ� �j¢Z� �!Ê � � �'���4� ¥%� �l����� 9T� Å �j�\�'���S�P���U� � � �)��� � �HÊq�û� ¢�Ë!�4� �)� � � ¾
�c�'�P� � � �  ¡���l�P� � � � �j� ¥a� �H��� � � � �P�l�P���l� �6� � � � ¥a� �H�����l� � � �)��� � � ·º¹ ¥�� ¢Z� � �c�'ª � �c� � � �)� � � �c�'�P� � �B�HÇº�û�-���P� Å!Å
¢ �!� � � �P�4�H�P���b�j�B� ¥a� � �K� �j¢Z� �6��� ���M� 5 Ä 9�L 62�M1�ÿ �	8:92� ����¾ ² Å 1M121 � �j�¨�P��� 9T� Ä�Ä¶· � � Ê � � �P£ ¥ ���j¢Z�c� � �¸¢ �)���
« � �n�û���P�B�Æ�'� � �P�n� �/Êq� £ �^� ���!� � �!� ° ¥a� �É�P���[§;© � �B�P� � � � �S�P��� 9T� Å �
 µ�����q�'�!���B�[�F�B� ¥a� � �K� �j¢Z� � � �����[� 5 Ä 9�L 6M�21 �'� ¢ �!� � � �c�^� � �o� � �P��� �	8V9i� ����¾ ² Å 121M1 � �j� 9T� Å �c� �6� �
�P� � �µ�P���7�-�^�c�P�c� Ê ���P�4� � � �
� ¢ �-� �����P�B�l�c£��c�P� � �µ¢ � � Ê �7¿!�B��£����ü¢��'�B�¶�¡�û�¸� �6� ¿!�'��� �K� �P�c��� �)� �!� Ê � � ��� �!Ê ¾
� � � �B�  µ�q�j�¬�û�¨�^�S�q�4�\�'� �6Êq� � � � � � � �)��� � � �'ªB� Êq�û� ¢�Ë Êj� �c�4� �½� � � �c�'�P� � � � � �-�^�c���c� Ê ���P�4� � � ��� �P£ � � �-�
� �g¢��q�'�P�4¢Z�P���P�4� �
WYX[Z \^]�_a`cb%dfehgjiSk(l.m2_an2oqpHkrm2oq_as
Âb�Æ� � � � �P� � �¶�l�c�F�4¢�� �)� ¢ � �c� �¦¥¼� �û��� � � �c£��c�P� � �Ttuwvyx � ¢B¢Z���g� � ���B�zt �^� Êj� ���¸�c£ �¨� �B�P�c�^¢ � �j�Æ� � �¤�û�n�û¿-�
�q���j�q�'�P�!� I ���i���ü¢��'�B�¶� � �B�P� � �7� � � �6� ¿!�2���q�Y�I�c�F�4¢�� �½� �c£��c�P� � �F�^�I� �l� ��� � £ 9 � �6� �4�cËq£ ¥�� ¢Z� � �c�'ª � �n� � �7� � £-�û� � �
t{vy|�|~} ÿ � ���B�P�K| �^� �b�'�6� �B�i�P�c� � ���!� �^� � �K� �P�c��� � �'�P�K� � �\�'�c�'¿!�7�-� � � � � �)� � � � � �B�q�g�B�µÄ6�'�j¢Z� � �c£ �¨� �B�P�c�^¢
� � �\�'�c�'¿!�Q�q���j�q�'�P� �K� ���c��� � � � ���6� �Z�'�!�q�c£ � �-� � � � � �)� ÿ �q�'¿ � �c�'���É�^�¼� � �º���4¢Z�4�P� � �P£ ¥%� �¼�����H�¶� � �B�n�Y¢ �½� �c� �6Ê � � �'�c£
�6¥ �P��� ¥�� ¢Z� � �c�'ª � �c� � �[��� � ¢Z�4�P�B� Á �4¢ � �j�c� �6¥ �P���;�c£ ��� �B�P��£ �6¥ t � � � £¨� �)��¥k�¦¥º� �c�'�P� � �B�c�^¢ � �F�B� � �c� � �j� �6¥ �P���
·¼¹ ¥�� ¢Z� � �c�'ª � �n� � � � �P�µ���4¢Z�4�P� � �P£!�H©µ� � �q�B�g� �K� £[¢ � �j�c� � � ±'²�6�ÿq²4³6´ ¥%� � ��� �P�i�'� ¥%� � �K� �n� � � �6Êj� ���2�c£ �¨� �B�P�c�^¢
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¢ � �P���4�c� � �j�ÀÇ � ���P� � � ³21 � � ���c�'���4�B�
Ç � � �	� ¾ � � �
�f�K� ¢��q�'���4� ÿ �P���M� � � � � � �B�¶� � �c� � � �^�b� � �;�c��� � �'�!�q� ¥a� � �l� �g� � �j�u�q�û�F� � �û�q�W���¸�^�É�'�q�P� � �q�j¢Z�4�
� � �!�B� �7Ê �B���P�B�µ�j�B� ¥%� � �K� �j¢Z�!� ·��ûË-�7�P����Ä!Â� 5S� ¾�·¼¹ ¥�� ¢Z� � �c�'ª � �c� � � ÿ ������Ä!Â� 5~� ¾ 9 � �6� �4�cË¶£ � �B�P� � �¨� � �
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���������! ��#�(�a/{��"a�a¤2�¥������"¦�§$c"��� '&(�*��&�"(���H���(�¢¨¦�r¤' �"(�f�!©2�H ��!"a�
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��ª-� �)� � � �����7� �!Êq�'� ¢�Ë
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« Á �'� ¢PË-�4� Êj� �c�4� �)� � � �c�'�P� � � � �P� Ê �B�P�P�B�S�P� � � �P���Z�'�S� �!Êq�'� ¢PË ¢ � ���q�P�B�P� � �P�g� � � ÊF� �P�fÄ!� �
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Host: DECmmp-12000, PEs: 1k (32X32)
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���ü¢��'�B�q�Q�F�B� ¥%� � �K� �j¢Z� � � �	� ¾ � � �
� � �^� � ¥a� � � �B�IÂ ���
�)� � � �n�û��� � �i�j�B� ¥%� � �íçYî.îfïÇëéðü� �SÄ!� �
� � �Y� � ¥a� � � � ÿ
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The Imitation Graph of the Scattering Field
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7 10C.  The best case default mapping
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