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A Feasibility Study on an Itanium-based Cluster

Yutaka Ishikawa,† Daisuke Takahashi,†† Taisuke Boku††

and Mitsuhisa Sato††

The SCore cluster system software has been ported to a cluster of four Itanium-based ma-
chines each of which consists of four way 800 MHz Itanium processors. The comparison with
a 933 MHz Pentium III-based cluster shows that the Itanium cluster is three times faster than
the Pentium III cluster in the Himeno benchmark. As the result of the CG benchmark of the
NAS parallel benchmarks up to 16 processors, the Itanium cluster is 2.7 to 1.3 times faster
than the Pentium III cluster.

1. �������
2001 �.� Intel �.� IA64 64 bit �g���c���< 2¡�+¢�£>�+¤�¥�¦�§.¨ Itanium ©�ª<«­¬M®2¯d°²±´³µ ®P��¶8·�¸>¹+ºg�2»d¼d½²¾�¿nÀ²¾8³ µdÁ ³+ÂU³d�

IA64 �g�>�n���< �¡�¯mÃPÄ�³ µ �GÅ²ÆG»<Ç�ÈUÉ+ÊË ¿mÌ.¦G§�¨ Á�Í\Î ÉP�m·d¸nÏ�Ð.Å6Ñ�Ò�Ó8Ô\�d�ÖÕ¸�×�Ø.ÆR�2Ù�� IA64 ÚGÛ�¼mÜ Î �<Ý�ÞdÑ�ßGàGá��â<ã ¼mäGåçæ Î8µPÍ2è ��æmé<¿P� Itanium ©�ª\«ê¬®.¯n°G±2³ µ ®d��¶2·d¸�¹<ºK�2»+ÉG�\ë�ìGí�¦�îKïæR¼ 7U( ð 30cm) §´ñ0�>ò µ �mó²ôPõPö�îgïP÷ µø ¦²§U¨ Á
2002 � 7 ù.¿ Itanium2 ©>ªR«ú¬W®U¼+ûGüýæ Î �þ ¿UÉPÿ�����¿ Itanium2 ©8ªc«ê¬a®´¯P°�±ý³ µ®G�G¶´·�¸2¹+ºc��»+¼G½P¾�¿����²¨ Á Intel ���nûü�¦PÉ²� Itanium ©2ªK« ¬0®>� 1.5� 2 �>�nÝ²Þ
	� ¼
���Öò Î ¨ Á ò µ � HP �2Â émÉPïêæ 2U(ð

8.8cm) �c®G�P¶.¤�¥+¼+ûPüúæ ÎÖµdÁ��������� �<á²¿���³���în� IA64 �K�U�K�2�M G¡Ú²Û�� Linux �²����� É+ß�àPÝ� �!#"´Ý²Þ²á�¦$	� ³
�c÷´¨ Á ò µ �&%�'�� Intel �>� IA64 �n���
† (*),+,-,+,-*.,/,021,3,-*4,5,6,7

†† 8*9,+,-,:,;�<=/,023,-,4

�2�K �¡nÚGÛ.·+¸nÏUÐ�Å+ÉG�n����>@?+¬K��A��
B�¿Ú�³C�&D�E�¦GFIHúæ Î �c÷�¨ ÁÍ ��!KJW¿G� IA64 �c���g� �K >¡G¯&L.¿�³ µ �ÅGÆG»KÇGÈU¼&%
M�� èON�PnµdÁ ³mÂ�³m�d��ÅGÆG»KÇÈ.¿GQ�R N ���S�C�,� ��¼GT�Uúæ Î �g÷ N ÷ µ ø �
M
V�¿�WP��XIY>�mÝPÞ.¼��P¨���Â²¼CZ�Â�é N ÷ Á[ Í ¦��m�dÅPÆ+»KÄ.Ø�ÆR��Ù �\�]�&�,� �d¦G§P¨
SCore �GÅUÆ�»dØ>ÆK�´Ù �^�_�C�*� � 10) ¯ IA64�K�>�<�8�\ .¡m¿&`�a�³n� Itanium ©�ªK«ý¬W®U¿�!¨G�²ÅPÆP» � ¦Gb�c>¯&deJ ÁfIg ��h 2 i�¦ SCore ��j�k>¯�lIm8³ µ^n ��h
3 iU¦ IA64 �g���<�´�6 >¡ è Linux ��j�kU¿�od÷
��lIm
p8¨ Á h 4 i�¦ SCore �&`�a�¿� rq.¨��n��g�ý�< 8¡&sIt�uIZ>¿Go²÷
�Cl�m´³ µGn �Gh 5 i
 v!w"�h 6 i.¦Gb�c
 
!#"�x�y>¯�d N J Á

2. SCore

SCore
�z�
�&��� �m�\�²�\���R �¡c¯�{ 1 ¿�|�p Á

2.1 PMv2 }�~r���^�$���
PMv2 �
�2Å+Ð
��Å]�6ÉP���²ÅPÆG» ·+¸�¹+ºg��²ÕM¸n×nÄ��>Ô������&�UÅgÐ^�²Å$�a¦+§�¨ 4) Á PMv2

API (Application Program Interface) ÉP�+��ÅGÆ»G¿C vq2¨����������G�ç¬ �O� �Ö�cÑ����_�\���

研究会Temp 
 

研究会Temp 
 

研究会Temp
ハイパフォーマンスコンピューティング

研究会Temp 
92－１

研究会Temp 
（２００２． １０． ２５）

研究会Temp 
 

研究会Temp 
 

研究会Temp 
－1－



2

�
1 SCore

¿����8�����>¦U���c«ýÆ�¦
	.¨�! JW¿��

êæ Î �÷�¨ Á
• PM/Myrinet

Myricom � Myrinet �ê¬ ��� �ý�GÄ 11) �
PM �]� Ô�Ð��ç¦Ö§ý¨ Á PM/Myrinet É �
Myrinet NIC

� �m©2ªn×>Å�Ùd� Linux �P�
�
���dÅdÐd¶���A��IBçÔ��
�úÅ�Ð
�2ÅS�<Â8é\Ç� æ Î �n÷�¨ Á PM/Myrinet ¦PÉ²��A��
BýÔ
�I�$�I�I 
!z"��ÖªG·�¹K����� è����+Î ¨��
�2¯+ÄP÷v�
�²Ü��>�dïG¶�¸����I�ú¬ �O� � �
����¯&M�%8³C�n÷�¨ Á

• PM/Ethernet

PM/Ethernet É+� Ethernet
� ¿\ �q²¨ PM �

�²©�ª � ·^��¯&M�%�³C�c÷�¨ Á Ethernet >.¶ÐUÆ��<ÅmÐK¶>� � ¿cÇdÈÖæ Î�µ �m�C�&���<©Uª� ·z�� "!��²�n .¸ è Ad��B8Ôw�G�2ÅnÐ&�.År�Â2éMÇ � æ Î ¨ Á PM/Ethernet ÉG� TCP/IPè$#&% ��'�( N ©2ª � ·��) *!>¦"+�,�!�JY¿
��
çæ Î �c÷8¨ Á

• PM/Shmem

PM/Shmem ÉdÒGÓ­Ôg�P�ÖÕm¸²×>Ø2Æ<�ÖÙ²�
��� �O� ��-�Ç´¯�..Äý³I��M�% æ Î �d÷Ö¨ Á
PM/Shmem ¿$!�ñ����8·G¸8¹+ºn�´»��²¦��
�.�n©.ª6«´Æ+¼ PM �
� API ¦&����¼0/GÞ èN ¨ Á

2.2 MPICH-SCore

MPICH-SCore É²� MPI ���2ÅdÐG�2Å
�<¯�M�1³ µ � �0� ��� �G�*� �G¦²§�¨ MPICH ¯ PM �
��ÅcÐC�.Åv� � ¦�2"3�p>¨C!KJq¿²³ µ �\�]�&� � �¦G§²¨ Á MPICH-SCore ¦�ÉG�54"�G©.ª6«ý¬Y®�Â2éÇ � æ Î ¨���ÅGÆ�»06
qG¦ N�7 ������� � �98":";·+¸�¹gºK��»+Â2éaÇ � æ Î ¨���ÅPÆd» � ¦�î�<&=�>7 2*3
p�¨
!�JY¿�?�@8³��c÷´¨ 7)

Á
2.3 SCore-D

SCore-D É������2�OA.�
B>¼��BA>¿.�²Å²Æ²»�¯
.�ÄCp2¨ è 	n¿0<"=�> 7 ·m¸�¹nº\�.»BC&D�¯BE"!Cp¨�-�ÞU¯�F�HCp2¨g×.ª\�d¶��PÒ�Ó´ÔR�d� Õ6¸d×PØUÆ�ÖÙ�¦�§.¨ Á SCore-D É²�&�²�����Ö¯�F�G
p8¨ Í

63 61 IMPL VA MSB 0

R Unimplemented Implemented

R: Region �
2 HJILK�MONLP

0x1fffffffffffffff

M�1*Q�R
0x1ff8000000000000

S M*1�Q�R

0x0007ffffffffffff

M�1*Q�R
0x0000000000000000�
3 TVUXW�Y[ZX\[]9^LK`_ba9PJcJdLe0fhg�TjilkJmè\N�7 >U����¸+©�ª\«8Æ�n�¦�M
%çæ Î �g÷>¨ Á�o ¡¸+×>Æ�pBq�ºK� �M¸+× èB�`�cÎ ¨GÆ�p�q²ºK� �M¸d×

�"��¯gÄ�÷��G�$:&;U�g©K�rp\�UØ�s0¸U¯BA�Z&t2Æ�p
q²ºg���R¸d×2³G�c÷�¨ 6)

Á æ�é<¿ SCore-D ¦PÉ�u�
!@J N -²Þ>¯&F�H8³C�c÷�¨ Á
• M�AwvPª<�x���)y²»
• > ¬��+ª2¬m�^xv�
•  �z\¬n��{PÐP¸ �x| �nÆ�»K� � -PÞ
• Ú�}�8&>.¶ê¬L~��*3
2.4 Omni OpenMP on SCASH

SCASH ÉG���G�
�C� ¯�F*G�p�¨ Í�è�N�7 � PM

���8ÅdÐ��2Å_�g¯nÄ�÷v�GAU��BÖÔO�I�´¦CM�%´³ µ��� �I� � �
Z������ �O� �gØ2Æc�ÖÙ²¦�§.¨ 5) Á
Omni OpenMP É SCASH

�O�S�G�,� ��Z��
���
�#� �KØ.Æ6�´Ùd¯mÃG÷>� OpenMP �m©2ªc×>Å�Ùd¯
F&G8³ N�7 ��îP�²ÅUÆ�» � ¦�3 7 3) Á

3. IA64 �
������������� Linux

IA64 É EPIC (Explicitly Parallel Instruction

set Computing) Ï Å&�>Ð�ÙG¿�L���÷ µ �+�´�+��K >¡�¦�§2ña� predication � control speculation �
data speculation � register stack ¯G�Ip8¨ 1) Á òµ �6Ò�Ó´ÔR�d��Õ<¸�×�ØUÆR�8Ùn¿�!�¨`�&�"��v+¯��� ¿GM�%�¦
	G¨ µ ø ¿P� TLB ÑPÓP��q&E�!*-GÇ�¿
j
k>¯&�
p8¨ 1)

Á
ÿ�i>¦²É.� SCore �0-
��sIt�uIZ� 
!z"]�P�I�

��s
t
u�ZU¿��`��p2¨ IA64 �g���g���< �¡O r! "
Linux ��j�k�¿�o+÷r�²ò è ø ¨ Á&N  U� f�� � IA64�g���m�´�g >¡+Ä Linux ¯ Linux/IA64

è��`��Íè ¿�p´¨ Á
3.1 ���r�$���
IA64 �g�U�K�>�\ ²¡+¦dÉ�� 64bit �)�mÔdÆr��vm¯�"�

3bit ¯nÃ P � 8 o��]�I�*q�sM¸P¿�Z�q
�c÷>¨ Á� �q�&q�sI¸�Éd� 261 ¶UÐ � � p N"�&� � 2 Exabytes
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�
1 �lU������	��

�����������������
���BTVUXW�Y[Z

region address purpose

3 0x6000000000000000 � U! �"!#%$'& U��5iJk
0x60000fffffffc000 P! )( _

2 0x4000000000000000 *�+OP-,[iJk
1 0x2000000000000000 .
/Bfhg"T0"�#�$-& U��5i k

�B��v+¯-1 P �K÷�¨c¼G� MCV²¿dÉ��^{ 2 ¿�|&p��ýñ0�
60 22¬ �43 Â8é IMPL VA MSB + 1 22¬ �43 ò¦²�522¬ � ÉmÃPÄçæ ÎSN ÷ Á IMPL VA MSB É+©ª6«ý¬I®��G>��2¿�s�t�³ µ'6 ¦P§2ñ0� Itanium ©�ª«´¬l®��K¾87P� 50 ¦d§�¨ Á IMPL VA MSB + 1 2�¬�83 ¼ 1 �<¾47�ÉG� 60 2²¬ �83 òn¦�9��n¼ 1 ¿<«ý¬� æ ÎSN q Î)��N é N ÷ Á { 3 ¿ IMPL VA MSB¼ 50 �0A.�P���E�
q sR¸)�+¦��²�K« Æ`/GÞ N �#�
� Q�R>¯�|�p Á

IA64 Ä�¿G·m¸cÏ²Ð^�úæ Î´µ AP�GBG©.ªg×UÅ�ÙnÉG�ü 1 ¿G|
p
! J N Ã �KÎ �>¯U³C�c÷8¨ Á;:=< 2) ¦ÉG�$�Y�*q�sa¸ 4 ¼n©�ª6«8Æd���w� �* �! " Ô`q.Æ»²ÆG»>¬m�cÄU¿mÃ �KÎ �c÷´¨ è�>"% é Î �n÷�¨+¼��
M�V�¿PÉ+Ã �\Î �n÷ N ÷ Á

3.2 ?A@CB8DS�!E
IA64 �n�>�g���g >¡�¦PÉ²�]�I�
q�s6¸AF.¿nÓP�

qn®²Ð5G�¯ 4 KBytes Â>é 256 MBytes òm¦���à"/Þ>¦U§²¨ Á Linux/IA64 ¦²É²�G�P�I���>ÇPÈ�A�¿��Ó���q+®.ÐHGP¯ 4, 8, 16, 64 KBytes �n÷JI Î Â²¿
�Pà
p8¨ Í8è ¼$�'K�¨ Á

3.3 RSE

RSE( Ô�q´Æ²» | ÆU»>¬m� | � ¸�qU¸ ) É.� Sun

Sparc �n�>�c� �K �¡²��Ô�q2ÆG» � ÐP¸�� � �'L��M Ä Ô�q�ÆP»G¯"�����2¿CDONP��Ô�q�ÆP»�n è ³
�PAQAR p>¨`-�Þ�¯^F�H�p>¨ Á ®
�&�P�d �¸P·c���
A¿P�TS&!8Ô�q�Æ�»nÉ8U´³\÷4V�!´Ô�q�Æ�»m¿ renameæ Î ¨ Á �"���.¿�DWNd��ÔBq.Æ�»$n�¯�F�HCp2¨ µ ø¿P�6©�ªK«ý¬W®UÉ&Q
RU¿nÛWXG��V"!8Ô`q.Æ�»n�
�ZY¯v� ���6¿8[4\4]5^5_
p8¨ Á
AG�CB´Ô#�&�çÆPÔP¬��<¯�M�%Cp2¨K¾47�¿�ÉG��[A\æ Î �g÷>¨-V"!�Ô`q.Æd»m���ZY�îZ`4a2³ N q Î���Né N ÷ Á
4. b c
Itanium Ä Red Hat 7.1 ¼GÃ²Ä´³��n÷´¨ Linux

2.4.3 �P�I���´Édß�à´³��m÷ N ÷ Á=d ��É�� Linux

2.4.18 e4f
�d�����>¿ IA64 Ïý¬I �¯HgC� µ �G���
�2¯cÃ�Ä�³ µnÁ SCore �c©.ªg×>ÅGÙAhm�n�6�>�g�2� �¡+¿^s�t�³&�BF"G2³ µ'i 	 NJjAk É f�g �^�ýñM¦§U¨ Á

4.1 l5@4mon!p5qHrsnWtCu����^�����ÆUÔU¬���v­ñ�wyxP¿²ÉG� C Å+Ð
��Å]�<� setjmp

 
!z" longjmp �.�G 2¸.¯mÃ�Ä´³C�m÷´¨ Á Æ.Ô.¬

�
2 z�{�|�}

Itanium800 _~
 P! ��� a�(�� Itanium 800 MHz x 4 processors

+~��()��� 4 MB(L3) 96KB(L2) 32KB(L1)

fhg"T��5Z9M�� 2.1 GB/s� (�,�� U`_ Intel EEPRO100 (100Mbps Ethernet)

Intel EEPRO1000 (1Gbps Ethernet)

Myrinet (Lanai9) SAN �lU	���
66MHz PCI64 �	����~� ,)���lK SCore 5.1 (Linux 2.4.18)���
4
�

SCore III _~
 P! ��� a�(�� Pentium 933 MHz x 2 processors

+~��()��� 512KB(L2) 32KB(L1)� (%� a!(�, ServerSet III LE

FSB 133MHz� (�,�� U`_ Intel EEPRO100 (100Mbps Ethernet)

Myrinet-2000 (Lanai9) 33MHz PCI64 �	����~� ,)���lK SCore 4.1.1 (Linux 2.2.16)���
512
�

�!� � A>¿²É�� setjmp �.�G 2¸.¯ �`�2Í è ¿�! P
�P��Æ�Ô.¬"��� � A2�>Ô�q�Æ²»� S! " Ô0q8ÆP»UÆ»>¬g�d��[4\�¯�d J Á [ ³���� setjmp/longjmp ¼Ã�Ä�p2¨cÇ4�4�.�=hd¦G�g×.ªK��¶
��{GÐ�¸U»0�g©�ª×�Å�Ù&� � ¸>»0� RSE Ä�j=�ÖÔ0q>Æ²»T[H\Iu�Z>�6 �²à>¯�d N�P �n÷8¨ Á

4.2 �s�=t'�5�;�=�C�
PM ���´ÅdÐ��2Å �KÉ�»GÐ ?\¸P×��"
5 >¿�©8ª«ú¬a®��²ª>¬n�^� � ¸�»�¯mÃ P �n÷2¨ Á IA64 �n��K�8�\ .¡n¼81CoP©�ªK«Ö¬I®2�Gª�¬g�^� � ¸.»+¯�¡¢ p´¨��g«>¸��>Å��.�� �¸.¯J£ > ³ µdÁ
4.3 ?A@CBAD ��EÓP�)qd®.ÐCGGÉ 16KBytes

è ³ µ�Á
4.4 PM }G~����\�I�$�
¤ 64bit ¥su�n�rA¦A§
���"Q"R.���&�]�w� �\�
�+Ô+Æ è V�!]�w�K�M�
�Ô+Æd�KÚPÛ.¯BE&!Cp2¨ µ ø ¿P� PM ����Å+Ð&�.Å��¦PÉP� pmAddrHandle

è0��� >.�8»G»dÐG©�¯nÄ=¨³��g÷>¨ Á pmAddrHandle É 64bit ©²¦G� 16bit �©.ª<« Æ ID u è 48bit �P�)�dÔGÆOu.�gÚ�¦+Ç � æÎ ¨d¼U� PM/Myrinet ¦�É��w�PÔPÆ�u�É 32bit ³ÂmÃ²Ä8³C�n÷ N ÷ Ád �P�G`�a2¦�É�� Í �U�w�PÔ�Æ���vG��ò�ò è ³µcÁ ü 1 ¿&|Cpv! J:¿P� Linux/IA64 ¦�ÉP�O�
�&Q
R�É �a�
q s\¸ 3 §�¨n÷>É �E��qxs\¸ 1 �m÷4I ÎÂP¦²§�¨ Á [ Í ¦²� pmAddrHandle �P���dÔPÆ^u�&��� 32bit ���+Ô�Æ���vd¯ 2 Z&t�³m� � �I�*q�s¸�¦ 31bit ��v"�+���"�.���+ÔdÆm¯cä�à�¦�	�¨�!KJ¿.³ µ+Á

5. ª «
ü 2 ¿&b
c4¬4­�¯�|�p Á Itanium800 ��Å²ÆG»+�
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�
3 PM/Myrinet ��#����XP��Jd

SCore III Itanium800

933 MHz 800 MHz

with Lanai9 with Lanai9

CPU READ 5.6 Mbyte/s 5.8 Mbyte/s

CPU WRITE 8.3 Mbyte/s 98.0 Mbyte/s

DMA READ 260 Mbyte/s 248 Mbyte/s

DMA WRITE 259 Mbyte/s 232 Mbyte/s

DMA READ&WRITE 129 Mbyte/s 121 Mbyte/s

Myrinet ¦UÉU���­¬ �^� �Ö�GÐU¸>»n� � zdÐ2ÆPÉ
Myrinet-2000 ¯<ÃdÄ�³��K÷�¨ Á ³gÂ²³g�KÆcÐU¬l �É
1.28Gbps Myrinet

N �G¦²�C���PÝ²Þ>É 1.28Gpbsè�N ¨ Á
SCore III É����������	�MÿPõ�
�¼ k � ³d� PC�GÅ�ÆP»d·G¸ � �.ØU�UÙ 9) ���n¸m¶>¼�.²Ä�¦�	²¨�GÅUÆ�»m¦U§U¨ ÁAd �dÉP� 512 �>���G� 16 �8òm¦¯nÃGÄ2³G�g÷>¨ Á SCore III ÉP� 2Gbps �
�GÝ�Þ�¯

1
o Myrinet-2000 ¯mÃPÄ8³C�c÷�¨ Á
5.1 � r�
��ü 3 ¿�� PM/Myrinet ¿v!�¨��´Æ � �^� � è

Myrinet NIC �^� �"vP������Ý.Þ´¯
|�p Á CPU

READ  !O" CPU WRITE É>�+©Öªn« ¬M®�¼
Myrinet NIC

� �v� � �<¯�������	²³ µ A8�mÝPÞ¦G§²¨ Á SCore III ¦�É 4 ¶.Ð � 4 � ¦G��������	m�
Itanium800 �GÅGÆG»m¦PÉ 8 ¶�Ð � 4 � ¦�������	³ µ A>�nÝ²Þ�¯�|´³C�c÷8¨ Á

DMA READ  !�" DMA WRITE Éê�
Myrinet NIC ¼�1&o DMA -dÇU¯KÃ P �������
	�³µ A��gÝ²Þ.¦²§²¨ Á SCore III ¦GÉP� 33MHz 64bit

PCI ¶ ÆB!AS´¹\���cÝGÞU¦�§�¨ 264 Mbyte/sec
è

 �! �5XcÝ²Þ.¼r���m÷8¨G��¼ � Â�¨ Á Itanium800�GÅPÆ²»m¦²ÉG� 66MHz 64bit PCI ¶ÖÆ`!4S´¹6���ÝPÞ�¦U§U¨ 528 Mbyte/sec ��"�ZIX2�nÝ²Þ è�N�P
�n÷�¨ Á

5.2 #�$I}
~�
��
{ 4 ¿ MPICH-SCore ������¶>¸w�$�GÝ²Þ.¯&|

p Á SCore III �g¾57U¿GÉ²� MPICH-SCore �r� ª·�¹\�I�I�²ÝGÞ2î�|´³C�n÷�¨ Á
Itanium800 ��Å�Æd»m¦²ÉG� Myrinet ��V&!
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Intel 168.4 407.6 546.9
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5 NAS  �!�>#"%$ ?�&�' CG Class A
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6 NAS  �!�>("�$ ?)&�' FT Class A

6. * +
,.- ��� ]0/�jgk01.2�_X��` \ 4 ª�È d�3.4���p

����w{� W�Y�ZX����,5- ��� ]�i�jTk�d 800 MHz

Itanium
~l��ã tËÜXc 933MHz Pentium III

~l�
ã tEÜ�]0607 3 8.9;:�b�����`�é � ]�d 1.5GHz Pen-
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~��Ñã tPÜ m<6;7Xk h 1.3 8.9.:�b�����`�a
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Itanium

W
GNU o�p4q�r�s [�y�zXS�U�V�W�Y�Z

c�d Pentium III ªlÈ h ��� å�H�k�jTà�j�` GNU

o�p�qgrgs�å Itanium
z ]�«5IXà�o4wuÕ [;J â S
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��� ��� ]M/{j	kNGPO{_ �X`XÛ 10 cÍd Ita-
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b�c�d MG b Itanium å 5 8V9S:gd CG d LU b 2

8�eXWX95:Xb�����å�d IS b�cZY 1.5 85[ É à ¶ k
jX��`ÖjQ\�Ù W ��p�����wT��b h dÑæ � åQ] É à��
m�d SCore III m W ����× å;^�_ ¶ k�jl��`
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W
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