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Performance Evaluation of Commodity Distributed Shared Memory IBM x440

Akira Nishida,† Akira Nukada † and Yoshio Oyanagi†

In this study, we target a commodity NUMA computing environment which enables users
to realize high performance scalable scientific computing without thinking the details of its
architecture. We report the preliminary results of the performance evaluation of sparse matrix
algorithms on IBM’s ccNUMA server x440, and discuss the merits and the subjects of the
ccNUMA architecures based on commodity components.

1. µ�¶¸·º¹»�¼
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���§Ê����;!; u¼;� ì�� é .

��½ çÇî , Intel Xeon ï ðñÇòJó !Jæ � í "�#§Ô§ÕÇÖJØ
Ù:Û ½§¾§Ü§Ý§Þ ü � ì�¾ ¼
k§Ë � �§í IBM ¿�À PC

ó À ø x440 !�Á§æ;� ì , L
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������Ç�»�¾�!&È
êyÉ�Ê�°�Ë8Í&J ��ì , Ç Ó�Ì�" !&ÍQ »§¾ ü �ÇÄ þ ¤§Ê ( Ê�º§ÝÇîJÜ§Ý�Î§Ê��Çè Ó�Y§û !�Ï
j§é . �&�;��î BLAS10) +;!-æ ��ì L�Ð��8é�� ü ß��
Ò�çÑ<�é6ß , Ç�»�¾ - �×Ä þ ¤ ( º�Ý×Í�J ��ì , Ò " Í
Á§Æ ò �Ó Ö(ØÚÙ !KÔ�æ��×é(Ê×îKÕÑ� � . �(í�ß ë(ì ,

Ç�»§¾§¿�¤;Ö Ùu× ®JÊ§½§¾�EØ!�»
êuÙ û , BLAS ¤§À§Å
��«���¤§ç§Ê§½§¾�E§ß ² : Ó�M�N�O ç;<§é�� 4 êu�;!�ÚÛ �ÇéJí;j§Í§î , Ò "§Ó Â ` ß�6�7§ç;<§é .

BLAS Ê§½§¾�LÜÐÇÍÝ/;� ì î , 1) ScaLAPACK6) Ê
ÎÇêJÍ , MPI Í§Î§é BLAS

ü + ` Ó ½§¾�E;G�Þ�£;G Ù
!������Âé�,6Ê ü , 2) ATLAS12) ÊÂÎÂê6Í ù « ò b�!
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æ � í Ô�Õ×Ö%ØÚÙ ¿§À×Á%Ã×Ä(ÅÇÆh¥��(Ê�½E¾IEÑ!K» ê
,-Ê§ß���� � � ì J¸Ï , 1), 2)

ü ,&»§¾ ( º�Ý§Ê8Î8ê Ó
Á§Æ ò �Ó Ö6Ø Ù Ê�Ô�æ�Ê�ã�ä Ó BLAS ¤§À�Å���Í Q��ì î , ����â Ó ½�¾�L�Ð�!&L�]�� ì�� é . PBLAS î"�#8Ö-Ø¸Ù ¿§À8Á-Ã8Ä-ÅÇÆ�!&� Ó ��� ü � ì J¸Ï , ��í
ATLAS Í&J	��é-½§¾�EÇî ,

����� ç�
 Û � ì�� é§Î8êÓ Ç�»�¾�°�Ë���Ê�:�æ�!�
 Û �-í�,-Ê�ç8î Ó�� ß ,
Ö-Ø

Ù ¿ÇÄ ñ ù [�\§Ê� � �§Ô§ÕÇÖJØ
Ù ¿§ÀÇÁJÃÇÄJÅÇÆ R Í
J ��ì î , ¤§À�ï�«���¤�ç�Ê�½�¾�EÂÍ�Î ë6ì , �ÂÄ þ ¤( º�Ý�Z�»§¾ - �ÇÄ þ ¤ ( º§Ý8Í Q��§ì ,�����âÇÍ-ÑoÒ
¥ R !�� Ì çÇè§é�,JÊ ü���� � �Çé .�h½ ç î , �h�h�hÇ »E¾i! ��� ü � é�� Õ�� °hËEÊ?�� ç;<§é Jacobi-Davidson Ë 13) !��ÇÍ ü Ï , Ü§Ý�Î
Êh��� " !hÏhjEé 7��hºEÝ Í Qh�Eì ,

"h#EÔEÕ Ö%Ø Ù
 ù ÃÑ® R ç�ÐID×ÍKVI1I�×é(íÑj(Ê����×Í QI��ìI=IÄ
�×é . Jacobi-Davidson ËEÊILIÐ ü � ì î Fokkema,

van Gijzen � 9) ÍoÎoé Templates5), BLAS ��� LA-

PACK6) !Jæ � íØ,#Êoß��Ø�Ý� ì J Ï , y ← αAx+ βyÛ Ê� ��I»�¾ - �×Ä þ ¤ ( º�Ý�çÑ<Eé Level 2 BLAS

¤§ÀoÅØ�NÊ zgemv !§î"!Üj ü � ì ,  �� � Ä þ ¤ ( º/Ý
zdotc (x̄T y), zaxpy (y ← αx+ y), dznrm2 (‖ x ‖2)Ó�4 Ê Level 1 BLAS ¤§À�Å��-ß�º�Ý�ÎÂÍ�Ï�j�é Y�û
ßI�×è 5 13), �×Ä þ ¤EÜ�Ý�Þ R çEÊIVI1×Í :Ñ�(í�¿I¤
Ö Ùy× ®-ç�<�é .

����� ç8î��&���-Ê�/�#�! OpenMP

API !Jæ �§ì ½§¾�E;� ,
"�#§Ô§ÕÇÖJØ Ù  ù Ã;® R ç§Ê

Â ` !�» ë í .

3. $&%&')(
3.1 *�+�,�-�.�/	0���I� ç×î , Intel ¿§À×Á6Ã×Ä6ÅÇÆK�§À ù Ê "I#�Ô�ÕÖJØ
Ù�Û ÜoÝ§Þ ü � ì IBM ¿§ç�k§Ë � �oí PC

ó À ø
x440 !21�3�� , A Ø�B;C Ã C�"�#�Ô�ÕÂÖ6ØÚÙnR ç�Ê�Ü
Ý�Ñ�Ò×Í Q���ì Â ` !�» ë í . x440 î Intel Xeon ïðJñÇòJó ¥��JÊ IBM ¿�À§Å ò ï ñÇò þ çØ<§é Summit

!-æ � , 4 4�Ê Xeon ï ð-ñÇòJó !�5�6���Ò Ó�a À b&!7 æ�Ð�D ý ò¸þ~ÿ À8Ä-ç�8�98Í-ô�õ��8é�� ü Í�Î8Ï ,
²

��ç 16 4�: Ê Xeon ï ð6ñÇò-ó !2; ? Þ�� ù�H � ù Ê
©�ª�«JÀ�Ã C ��¬� ù Ã�®6ç=<�1��Âé�� ü ß�çÂè�é .3).����� ç8î�>�?@5-Ê 2 4§Ê a Àcb-Í 2.4 GHz Ê Xeon

DP ï ð6ñÇò6ó ! 2 4�A Q=B=C � , 4 ï ð6ñÇò6ó � Ì ç
Â ` !&» ë í . D 1 Í x440 Ê� ù Ã�®&� Ì , ��í�D 2,

D 3 Í 7 æ ý ò þ:ÿ À Ä§ÍoÎoé a À b ( Ê§ôoõ§öo÷;!ÝX
� 3),4).

a Àcb25-Ê�ï ð6ñÇò-ó - Å ò ï ñÇò þ �=� Ö6ØÙ
- Å ò ï ñÇò¸þ ( ,

a À b&! ú=E T�U ¢ À�£�¤�Ê���	

Âî � A���, 3.2GB/s ç�<8Ï ,

a À b ( î2 =#�Ê ¢ À
£�¤ÇÍ§Î§é�Þ;� HÇÙ À�£§ß��§Ò§ç;<§é .

:=FHGJILKHM�NPORQTSHUWVHX , Xeon DP Y�Z\[2]_^ NP`ba�X 1c ��dfe 2 g�h V , i~o V 2
c ��d 4 g�h VHNPjHk�l\mRnHoHpq

.

r
2 SMP expansion ports with two SMP expansion

modules installed.

chassis 2

chassis 1

Crossover Cat 5 cable
(or connected to
an Ethernet switch)

SMP Expansion
cables

r
3 Connecting the two x440s together in a 16-way

configuration.

3.2 s�tvuw+�-	x�y�z	{�|�-�}
 �#§Ê a À bu�;��� Ì � �Çé "Ü#§Ô§ÕÇÖJØ
Ù ¿§ÀÇÁJÃ
Ä-ÅÇÆ R Í&J ��ì , ©�ª�«JÀ�Ã C ��¬� ù Ã�®�«&��¤�çù�¢ À�G�~ Ù Ã C !������8é-í�j-Ê���Ë ü � ì î , ��µ
Ê;,JÊ;!��	�§é�� ü ß§çÇè§é .� +��L*	��x���-	x
ï ð(ñ ù Ê����i!K¼ Û �(í a À bJ5�ÍK� Û �×é%Þ
Ò 8).���v� *	��x���-	x
0�1�â Ó8ÖJØ¸Ùy$�%���� Í���� ��ì , ï ð-ñ ù Ê ÖØ
Ù 7�� ' Í ð À���¤ a À b:Ê Ö#Ø
Ù !����§âÇÍ Y
Ï�� ì éJÞ§Ò .�����	��� *	��x���-	x
ï ðJñ ù !�¼ Û �Jí§ï ðJñÇòJó Í�� Û �ÇéJÞ§Ò .

t�+	������zvuw+	{	 �y
<§é ÖJØ
Ù ª§À;S§ÍÝ�;� ì�¡ Û Ê Ù:Ø À þ a À bu�
�-Ê�¿8Ä ñ ù ß�¢@£&�8é�Ù û , OS ß��&��!2¤����ì ª§À;S�! Ù~Ø À þ a ÀcbJÍ�A�¥JÀ��ÇéJÞ�Ò . ©§Àø�¦ ò bJÍ�§�¸��Çé�6�7§ß;<§é .

� � �%ÊPÞEÒ ÍEÎ Ï ,
Ù<Ø À þ a À bW�EÊ Ö%Ø Ù ¿

Ä ñ ù ß�¨�©Ñ� ,
B À H Ê�ª�«�Ñ�ßi¥ R �×é üEü ,�Í ,

CPU
( Ê�ï ð-ñ ù ���8Í�Î§é�Á§Æ ò �Ó�¬ ù Ê�Ë�;!® > é�� ü ß§çÇè§é .
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IBM              .  For the next generation of e-business.

IBM XA-32 
Scalability/L4 

cache

32 MB L4 
cache

IBM XA-32
Memory I/O
Controller

8 DIMMs

8 DIMMs

2 X SMI

2 X SMI

Standard SMP 
Expansion Module 2

CPU 1 CPU 3

CPU 4CPU 2

IBM XA-32 
Scalability/L4 

cache

32 MB L4 
cache

IBM XA-32
Memory I/O
Controller

8 DIMMs

8 DIMMs

2 X SMI

2 X SMI
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Expansion Module 1

IBM XA-32 PCI-X 
Host Bridge

IBM XA-32 PCI-X 
Host Bridge

Savage 4 Graphics

4MB BIOS

VIA 82C686B

Super I/O

Gigabit Ethernet 
bcm5700 
bcm5401

7899 Dual 
Ultra160

HPC

66 MHz 100 MHz 133 MHz

Remote Supervisor adapter in PCI slot

6 Active 
PCI-X slots

I/O board

PCI slot board

64-bit 400 MHz 
3.2 GBps

CPU 5 CPU 7

CPU 8CPU 6

64-bit 400 MHz 
3.2 GBps

256-bit 100 MHz 
3.2 GBps

2.0 GBps

256-bit 100 MHz 
3.2 GBps

64-bit 400 MHz 
3.2 GBps

64-bit 400 MHz 
3.2 GBps

SMP 
Expansion 
ports 3.2 

GBps

External 
Remote I/O 
16-bit 1 GHz 

1GBps

External 
Remote I/O 

16-bit 
500MHz GHz

1.0 GBps

2 HDDs

External 
Tape 

RJ45
RS485
Serial
RJ45

Video

IDE

I2C

PCI 
32-bit 

33 
MHz

2.0 GBps

r
1 x440 architecture block diagram.

"�#§Ô§ÕÇÖJØ
Ù ¿§ÀÇÁJÃÇÄJÅÇÆ R çoÐ � Ü§Ý§Ñ§Ò;! ¦
é-í�j�Í�î , Ü�Ý§¿�¤�Ö Ùy× ®�Í&J ��ì , � ����� Ó «
��¤§ç�Ê ² :�E�ß�6�7§ç�<§é . �-ÊÇÎ8ê Ó  ù Ã;®�! �� �Âé R ç , ����ß����ÂÍ���k � � , 	�
�ç��JÀ ù AJÀ
b4Ê�3��������� Ó���� ßI�EÒ Ó ©Iªi«JÀ�Ã C �I¬hù Ã�®������ � G&Þ�£�G Ù Ê�k�Ë�ß ,

ý ò¸þ~ÿ À8Ä-Ê��
�8Í�F ë-ì ?�� â8Í Ó Ï Q�Q <§é . ��Ê8ÎÇê Ó ©�ª;«JÀ
Ã C ��¬� ù Ã;®JÊ�P ü�Q8ü � ì , Linux !��	��é�� ü
ß§ç8è§éJß , Linux Í&J ��ì L�] � � ì�� é ù�¢ S�ÓJÀÙ ��¬JÞ§ÒÇî���] '�� çÇîJà§á§â����� Ó  ù Ã;®�¥��
Í���Ü � � ì J¸Ï ,

����� ç���� ü �8é&����� Ó�Ô§Õ8ÖØ¸Ù ¿§À8Á-Ã8Ä-ÅÇÆ R ç�Á�æ��8é�Í�î , Ñ�Ò R��� ß�<
é . � R Ê�!�"�!�, ü Í , Linux Í&J ��ì�ù�¢ À�G�~ Ù
Ã C !�¥ R � g é-í�j-Ê ��� ß���j��&� ì�� é 1).

���
� ç8î , x440

R Í&L�Ð � ��í Linux ©�ª�«JÀ�Ã C ��¬
 ù Ã�®�!-æ ��ì ,

"�#�Ô�Õ8Ö-Ø¸ÙyR ç�Ê�Ü�Ý�Ñ�Ò;!&Â` �Jí .

4. $ %
Â ` Í�î IBM x440 (2.4GHz Intel Xeon DP Pro-

cessor ×4, 32KB L1 cache (16KB data), 512KB L2

cache, 64MB node cache, 4GB main memory), �
��à�á���� ü � ì Itanium ï ð6ñÇò-ó !-æ � í "�#�ÔÕ×Ö(ØÚÙ4Û ½�¾�Ü�Ý�Þ�çÑ<�é NEC AzusA (733MHz

Intel Itanium Processor ×8, 32KB L1 cache (16KB

data), 96KB L2 cache, 2MB L3 cache, 2GB main

memory) !Jæ � í . x440 Ê 2 #§Ê a À b#Íoî$� �&%Ü�
2 4EÊEï ð%ñÇò%ó , 32MB Ê L4 cache (2-way inter-

leaved PC200 DDR-SDRAM) ��� 2GB Ê PC133

SDRAM ß , ��í AzusA Ê 4 #�Ê a À b(Í�î'�I��%

� 2 4�Ê�ï ð-ñÇò-ó ü 512MB Ê PC100 SDRAM ßB�C � � ì�� é .

©�ª�«JÀ�Ã C ��¬�Í�î�����%�� Red Hat Advanced

Server 2.1 � � Red Hat 7.1 �§À ù Ê NEC Linux

R1.2 ! , ��í=�§À ý ¤ÂÍ�î��I��%�� 2.4.21-pre4 ���
2.4.7-nec1.2 ! Á�æi�(í . x440 Í�î ¡�(EÊ Red Hat

Advanced Server ß�Á/æ � � ì J Ï ,
"�#oÔoÕ Ö#Ø Ù �) Í QÜ�§ì î�koË�*��§À ý ¤§Ê 2.5 +§¾§ç&,�-oß��ØjÜ�

� ì�� é2: . ?�@ NEC Linux Í�î�.8Í ÖJØ¸Ù ¿0/ C�1
Ã C Þ�Ò , ï ð6ñÇò-ó ¿�/ C�1 Ã C Þ�Ò�ß�L�Ð � � ì J
Ï , ��µ�Ê�Â ` ç8î Ö-Ø¸Ù ¿�/ C�1 Ã C ! Õ �8Í��-í�2
÷§ç&3 Û �#í . A��$4ÜÞØGoÍ/î � AÜ�Ø, Intel Compiler

for Linux 6.0 Ê ²�5 *;!Jæ � í .

4.1 EPCC OpenMP Microbenchmark

OpenMP Ê�L�» Ø�B ¤�ç8î , ï ð ¬�G�®6Ê�L�»Âî�6ùÑH(ù « ò b ü87:9 �×éJ; ? ï ð%ñ ù×ü � ì k�; � �
é . 6 ù�H-ù « ò bJî&T�<�Ê ù Ã§À þ Ö � þ !�=�>�L�»
� , ¼�X�?oÊ��oç�� Ì � �Çé#½§¾Ü��·oß�]�� é ü , 1

Q �R Ê ù « ò by��� Ó é-Å§À�®�!� Ì � , Å§À�®-Ê Ö � ø
Ê�����%��8Í Q��§ì�B À H ����Ê�� Û !�» Ó ê . ½�¾��
·@5-Ê ù Ã§À þ Ö � þ î , Å§À�®�56Ê�� ù « ò b-Í�Î ëì ½�¾8Í&L�» � � , ½�¾���·�Ê�@�A '�� ç�Å§À�®�5-Ê ù
« ò b-î�B � � , 6 ù�H À ù « ò b-î�C 5 � ��í B À H
!Jæ �§ì Ü§Ý;!Jõ	�§é .

���-çÂî OpenMP API !6æ � í�½�¾�Ü�Ý8Í&F êyT
U [h\ !EDGF é2í j , EPCC OpenMP Microbench-

mark7) !(æ ��ì Â ` !�» ë í . Microbenchmark î ,

:�mIH , iKJ NMLONKPRQ �KSKT�UWV pbFOXMYTVHX[ZK\WNW]_^ eO` p
o[acb I FOdc^Re[fEgihWoRpWmPpHF_j , k$l NIm ��� lbI_oHXWn
V I_mIobnPF .
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� SI� ø GK�I9�ç�k�Ë � ��í OpenMP Ê:B � ��� ù¢ S�ÓJÀ Ù �h¬ ©§À ø�¦ ò bM3 Û ÊEíij(Êh�i�%Å�6§À
Ä6ç�<ÂÏ , 52�ÂÍ dummy /=#�! ��� ¤§À�ïÂÍ Q���ì ,

OpenMP ¼�X�?�!������Jí�Ù û Í�@!�é�[�\;!�3 Û �
é .
'�( 3 Û Í�î	� a	
 ©§À;�-Ê�L�» '�( !JÜ�3��8é��ü Ê�çÇè§é&/�# clock gettime() !Jæ � í . ��Çî�L

» '�( !§Ä ð§ò Ä ó ÞÇÄ�¤�# Í	�§Ý;�Jí � ç;<§é . Intel

Compiler Íoî A �$4 Þ G�©/ïØ���� ü � ì -O3 -zero

-ip -nodps -w -openmp !-æ � , x440
R ç8î����8Í

-tpp7 -axW !	���;�Jí .
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4 Synchronization overheads on IBM x440.
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5 Synchronization overheads on NEC AzusA.

D 4, D 5 Í x440, AzusA
R ç�Ê�B � ©§À ø�¦ ò b

!&X�� . �6Ê ú�Ã ��� " �Âé�Î8ê6Í , B � ¼�X�?8Í�/��ì
, x440 ç×î AzusA

ü à�áÑ� ì 8I��â×Í���<×ÍK�ÂèÓ ©§À ø�¦ ò b�ß�	! ì�� é . ���Çî Xeon ï ðJñÇòJó
Ê�����#§ß 2.4GHz ç;<ÇÏ , 733MHz Ê Itanium ï ðñÇò-ó Ê 3 ��� R ç�<�é�Í�,&��� f ��A ,

ý ò¸þ~ÿ À8Ä
!	�����8é�� ü ç�T�U�[�\�ß AzusA Ê�Ù û ÎÇÏ&,	���
� ì�� é�� ü ß�� Ó�� ç�<�é ü&=�> �&�8é-ß , ?�@ ù¢ S�ÓJÀ Ù ��¬K©§À ø�¦ ò b6ÍK/�� ì î , D 6, D 7 Í
X�� 4

ù « ò b:ç§Ê�L�» ú�Ã �;� , chunk
ó Þ × Í�,§Î

éJß AzusA
ü à§á�� ì  � Ó��Çü-ÓÇëJì�� é�� ü ß "

�Çé .
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6 Scheduling overheads on IBM x440.
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7 Scheduling overheads on NEC AzusA.

4.2 STREAM benchmark

Ü�Ý§Þ�Ê ¡ Ñ8Í Q���ì ÎÇÏ���� 5 D�F8é-í�j ,
ø À�S1 ¿ �Ü9oç koË � � ìÜ� é STREAM benchmark2) !

æ ��ì ����%���Ê� ù ÃÑ®6Ê Ö6Ø Ù ��	�
�!�3 Û �6í .

�-Ê����-Å�6§À8Ä-ï ð ¬�G�®-ç8î , ��������# $ ¾
Í&��� ì ��µ§Ê�º�Ý�!&» � , L�3 � !�, ü Í-Ü§Ý�Þ�Ê�L
����	�
;!�Â ` �Çé .

 
1 STREAM benchmark types

Benchmark Operation Bytes per iteration

Copy a[i] = b[i] 16

Scale a[i] = q * b[i] 16

Add a[i] = b[i] + c[i] 24

Triad a[i] = b[i] + q * c[i] 24

���-ç�È ë-ì�� é&¤§À�Å��§î , !�"�ç#�F�í$�%�Ê��
� ü � é%ÜEÝ Í'&ij ì » 5 ,

Ö%Ø Ù �h	h
EÊh� è Ó Ü
Ý�Þ×Í :Ñ�(í 5(ãEçÑ<�é . �I�(ç î OpenMP *�Ê�½
¾§ï ð ¬�G�®Jç;<oé stream d omp.c !Jæ � , ����%��
Ê�¿§À×Á(Ã×Ä(ÅÇÆ R çIÂ ` �(í . D 8 î �� ó Þ × !
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5

4,000,000
ü �#í Ù û Ê x440

R ç/ÊoÑ/Ò � ç </éNß ,
²

�§ç 1GB/s � ü#ÓÇëNì J Ï , D 10 Í�X � Ö#Ø Ù ¿ / C1 Ã C Þ§Ò;!�Á§æ;� Ó�� 2§÷§ç�3 Û �Jí AzusA
R ç§Ê�8ü B����ç�<§é . �&�ÇÍ&��� ì��� ó Þ × 2,000,000

Ê�Ù û Íoî , D 9 Í�X�� Î ê#Í#Ð ��� ß ¦ �Ý� é .
�� ó

Þ × 2,000,000 Ê�Ù û ÍÝ6�7 ü#Ó é Ö#Ø Ù Î îÝ 44MB

ç�<�é-Ê�ç , �-Ê8Î8ê Ó Ä�G ù Ê �� Í&��� ì î , x440

Í B"C � � ìÜ� é 64MB Ê node cache ß�� Ã !NË��Ü�
éÜ,#Ê üÝ= > ��� é . ?�@ , D 10, 11�;� , NEC AzusAR Í&J ��ì î ,

Ö-Ø¸Ù ¿�/ C�1 Ã C Þ�Ò�!-å�æ��8é�� ü
Í�ÎÂÏn��
 Ó Ñ�Ò�ÊÑ¥ R ß ¦ ��� ì�� é�� ü ß " �Âé .

x440 çÇîT���ÜÒ "oÓ ÑoÒoß ¦ �Ý� ìÜ�oÓÜ� ß , ©�ªØ«JÀ
Ã C ��¬� ù Ã�®-ß�� ) �8é�� ü ç , Î8Ï~Ð � Ñ�Ò�ß ¦
���Çé§ÎÇêJÍ Ó é�,JÊ ü���f �Çé .
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8 STREAM benchmark performance (MB/s) with array

size 4,000,000 on IBM x440 (without memory affin-

ity).
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9 STREAM benchmark performance (MB/s) with array

size 2,000,000 on IBM x440 (without memory affin-

ity).

Ó J ,
Ö-Ø¸Ù ¿�/ C�1 Ã C Þ�Ò�Á�æ ' Ê AzusA Í&J��ì

, D 11 Í�X��ÂÎÂê Ó	� ��
���Ê�Ð ��ù�¢ À�G=~ Ù
Ã C ß ,

'�( ß�	��8é�Í��-í�ß ë-ì >	�8Í�� f �8é��

ü ß " � ë%ìh� é . � � î ©hªi«JÀ�Ã C �h¬h ù Ãi®
Í§Î ëJì  Ì � �Çé�/���Þ�¤ÇÁ§Æ ò �ÓJß � � a À b R
ÊI�I�I I�Ñ���×Í $I% � � ìI�Ñ5 � ü Í�Î�é üK=Ñ> �
�8é-ß , �-Ê �� î , SGI ¿�Ê "�#�Ô�Õ8Ö-Ø¸Ù~Û Ü�Ý�Þ
Origin ç�.×ÍKLI] � � ìI� é�Î×ê(Í , /�� ÞI¤ÂÁ§Æ ò
�Ó�!�G����;b ð ~�� @�� ç "�#�$�% �Çé�� ü Í§Î ëJì
°�Ú§çÇè§é�,JÊ ü���f �Çé .
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10 STREAM benchmark performance (MB/s) with ar-

ray size 20,000,000 on NEC AzusA (without memory

affinity).
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11 STREAM benchmark initial performance (MB/s)

with array size 20,000,000 on NEC AzusA (with

memory affinity).

4.3 ����� BLAS ��+�/	y
�i�Pç î , Î Ï L�� Í » � �� ü � ì , Jacobi-

Davidson Ë
ÍÜJ �Çì Ü Ý;ÎÇÊ;� è Ó � " !;Ï;jÇé
 ���º�Ý�¤§À�Å;� zgemv, zdotc, zaxpy, dznrm2 ! M
� , Â ` ! » ë í . �h�G% �EÊ / # î ²���� ¤§ÀPï !
OpenMP API !Jæ �§ì ½§¾�E;� ì�� é . �ÇÄ þ ¤ ó Þ× î 2562, »§¾ ó Þ × î 2562 × 4

ü � ì Ü�3;�Jí .

x440, AzusA
R ç/Ê/Ñ/Ò ! D 12, D 13 ÍÝXÜ� . x440

ß�Ð � Ñ�Ò�!&X�� ì�� é-ß , �&�8î��	��ç�X��-í8Á§Æ ò
�Ó! �"EÊ�� Ã ÍPÎEé ,%Ê ü#�hf � , ï ð%ñÇò%ó 5 6
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12 Parallel BLAS performance on IBM x440.
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13 Parallel BLAS performance on NEC AzusA.

Á§Æ ò �Ó ó Þ × Ê���Z ,
ý ò¸þ~ÿ À8Ä�«&Þ�Ã����!��

êuÒ "§Ó Ñ§Ò§ß ¦ ��� ì�� é .

5. � � ·
��½ ç8î , A Ø�B;C Ã C&� Àcb&���-¿8Í�Î�é "�#�Ô�ÕÖJØ Ù:Û ¿§À ÁJÃ Ä#ÅÇÆ ü � ì , IBM Ê Intel Xeon

B
C ó À ø ç�<�é x440 !-æ ��ì , Ç�»�¾�¿�¤�Ö Ùy× ®-Ê
7���º§Ý§Ê "�#§Ô§ÕÇÖJØ
Ù ¿§ÀÇÁJÃÇÄ-ÅÇÆ R �§Ê�L�Ð @
� Í Q��§ì ¤��;!�» ë í .

ÇI»�¾�¿I¤ÑÖ Ùs× ®�ÍKJ ��ì 6I7 ü(Ó é	�Ñ«K�I¤ Ó
BLAS º§Ý§Ê§½§¾�E;! =;> é�Ù û , «�Þ§Ã;���!� � 5
�8é ü�ü ,�Í ,

a Àcb ( ç�Ê Ö-Ø¸Ù ��	�
�!�Ò " Í����
�ÂéI� ü ß�6I7 ü6Ó é . �6Ê�í�j�Í�î , x440 ç���æ �
� ì�� é a À bJÁ§Æ ò �Ó§î Õ � Ó ��Ë�ç;<§é ü���f �
é . ��í , k�Ë�
 R Ê�í�j����Ê�L���çÂî&Ò " Í&Â ` ç
è ì���Ó�� ß , ©�ª�«JÀ�Ã C ��¬� ù Ã�®�Í Q���ì ,��
èJõÇè§ÎÇÏw���§â Ó L�Ð���Ë;!�W;���8Í�� ì��;5 6�7§ß
<�é . ï ð-ñÇò6ó «���¤�ç�Ê ² :�E ü-û�f�g , �	�ÂÎ8Ï��� Ó Â ` !�» ëJì�� èJí � .��� �h�I� ! �ÑjEé�Í��(í Ï , IBM ¿EÊ Martin

J. Bligh � , � ������ ��� ¿�Ê��������� , �@5��� 
��!�î�!�j , ! 5 Ê @ %8Î8ÏI��% Ó ó�" À þ ����¿cb ø

Þ ù !$#Âè2���-í . %�&'��2��� .
Ó J ,

����� Ê ? �
î ,
¡ Û�( 	 ��� (2) 14019030, 8�9 ����) ��*�+���,���
(B) 13480080, ����8�9�È�É-./�-�012�â3

· ����4 ��/�-ÇÍ§Î§é�,JÊ§ç;<§é .
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