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2.1 Cluster�� 

�M Cluster� )>Ë�LM@AB�_
`MasterPComputing NodesP�ÄÅÆ�+P;
Æ Data Center[1]7 

 

 
� 1� Cluster���	� 

 
;aÁ7ÎÞÇÈe·T�®7 
� �É²!Master"Ê
>�²ËÌÍ�Ú|
Î7G�úû+7^���EF^���Åde

YL�U¥ÉÏ2\|ghjÐ Cluster��
���Æ.#´�de\�N Computing Nodes
iI&7NzÑæúû�E�Äö÷Òk�¤^�

��Ä0��âãö÷\0/�P012�Ä

9Ó7 
� ��ÔT!Computing Nodes")Õ I&��
de¸Ú7Ê
¸ÚË��Ö� Cluster´
Ã7���0¸×øù����';x�u�ý

Ø��ÙÚ�Í�Ú7cMasterEºQ^���
ÅdeÛ�¹Ü�qF¶0deJ��¤d

e.#ÝË�Computing Nodes6���Computing 
Nodes��ÞBÛúû¤âãßàMaster-á7 
� �ÄÅÆ�+â�0à��7x�¦ãBM'
;ä�O� Gigabit EthernetåZ�Éæ�12�
¶�ç©ªMyrinetPInfiniBand� Dolphin7c%
&o=>I&z�´� Computing Node�Éfè

�ÅÆ�Ä<N�sô�æ1« Clusterjk�
�12¤�?|��éê1�7 
� Data CenterÊ
>ëìí�È�/�ö÷Ò
k@AB�î�� NFS� GFS.�Ý!�
Computing Node7�L.����det�É�
�ö÷øù�ï�ðq'ñö÷Òkò2xy

óôm,Ëõöva÷7 
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��=>%&o!parallel"<H�o!serial"I&
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Speedup7 
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�P�^���%&��\�=>	�Æ
�Ú

,�B7�y,(�����ÅÆ�>?��5

>��IJ�æ';\ä�=>	�%²ide�

';Em�F�=>�Q%&��7ä\
¿

��ÅÆ�>?�MPI0 PVM7 
MPI (Message Passing Interface) )�Ï�%

&���\���ÅÆ�+���Ñi.o\

�N�{hÚI&=>�';����ÈÒ�Å

Æ�Ä[12]��y)�� fortran0 C/C++	���
��=>7=>\�z�;�>��5>�¤�

�ÅÆ�\=>�9�
�Û0áeMPI�>
?�â�#';\Ë��{hÚi%&���7 

MPI�p]\�N_`�&áe�\ Linux
a����F��=>?áeMPICH'�^
�7MPICH�� mpirun=>��� SSH��Q�
N NodeiI&MPI=>�î>��ÅÆ��[13]7 
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����bcdef=gh�ò';ij�

Cluster� ��mQC��C�%��7de
f='����gh±k (Queue System) ,�
B�Á PBSPCondor[4]PCmetaÈ7 

 
PBS����F���M OpenPBS�';

\4Ë��NJ����¤�NJ�de��

´Ï�����N��'\q�NS� 0��^

� ���Ë��N��\q�#';¤��!

".#[14]7PBS� =>�É.�³LM�
pbs_server�,#4´Ï���6�^��0ÔT
ù�+7pbs_schedÜ\q W�¤��9
de.#Ý Computing NodesI&7pbs_mom�&
\ Computing Nodesi��,I&de7 
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3. ClusterHIJKL 
 
M9Ó#$%&�â); open source ±k

34%²�u��'%²� ×ìU] open source 
±k�;à(��)*71«@ö+=>?0±

k�,���F�� (Open Source)�¢>±k 
(Free Software)�@�Õt';�CNBM¢>
��7 

 
3.1 �� Cluster�� 

 
��´µ ClusterYC�É�x�\4�

�;Ks&´µ#47ÔT!Nodes"Ë�Ê

�ÖCluster´Ã7�y,(�'ÜComputing Nodes
Uk´�Æ��#4�.�-Q-é���A

Ë�K*7¤�NK*;�N�./Ç�uÜ*A

Ç¤´ÔT/Ç
.�5KÑÛ0q��ÔT71

L�2�´µ���\Ì3Q³����´���

N�� W0��^��iW�5K�NJ�d

eI&7æ�É´µ´ÔTUì#4�\Ì�/

�ëì.4Ý�É��5÷6=>^�7 
 

� 1� ������ 

Name Running User Run Nodes 
Time 
(hr) 

large 2 1 16 168 
normal 8 2 8 72 
mini 12 4 4 24 

 
 
 
 
 

� 2� �������� 
Mount Point Size (Mb) Desc. 

/ 1000 �M�  
swap 2000 swap 
/tmp 2000 �� =>5÷^� 
/usr 10000 �4Ð7Æ=> 

/scratch 20000 ���=>5÷^� 
 

3.2 �Master������� 
�ö+8Mastere�� Debian 

GNU/Linux�ÞB� U9�î�� apt-getÐ7g
h=>�k\;a��ÆÐ77 
� NIS¬ij� Cluster!� Node��N^
��:.Æ;��5K^��gh7 
� NFS¬iMaster6<0�Ä9Ó�Ä';
�@�ÔT.���Mi#)¤^��W�á.

�Ý!�� Node7 
� DHCP¬; Computing Nodes��==. 
(MAC)�.# IP;57Nz�����¢>o�
�ö+=H@�7 
� NAT¬i?L�Ä��';7L��7\ö+
Computing Nodesz¹a@Ð7��É7L��Q
apt���¸7 
� 
�Æ�=>¬gccPg++Pg77PperlPRP
octavePpythonPjavaÈ (;����0=Å���
�)7ÎÞ)^��
�=>0�&�É7 
� =>?¬mpichPblasPatlasPlibgmpPlibgslP
lapackPblastÈ (;����0=Å����)7 

 
3.3 ���	��� Debian GNU/Linux 

�y,(�ClusterÊ

A�B 16A�C

64/128A;i Nodes7Za6��¢>o56
ö+� �7|ghBM,(�¤)�ÂD¥{

|7úû3¼u����¸!PXE"5>�s&¢
>oö+�E�Ü´µz*A�ëá��=.

��; DHCP.#��;57\Masteriö+ FAI 
server (Fully Automatic Installation)[6]�ÜõÔTU
k0 Cluster#4Fm FAI class\q�v�´Ï
���ÉÐ7Æ��\q6�\qUì.4�i

FAI=H¢>ö+7;� PXEÏ2Y��=G>
MasteriHÓ (kernel)�s& Computing Nodes
ö+/=�ÞBÛ¥9�¸ Computing Nodesâ
¢>i�7Áö+�=QäHÓIJ�'2�É¢

&
�'KL NFS�M�áHÓ7 
 

3.4 ��	
��� PBS 
��F�� OpenPBS'\ PBS�Ni�

m�æ';^���¢ OpenPBS TORQUE7ö
+ÞBÛ�¤´� NodeÇ�P.A0{hÚ�
Ë��\q�\MasterG> pbs_server0
pbs_sched�\ Computing NodesG> pbs_mom7�
Üö+C´µ��� qmgr0V\q�NJ��
���^��ä�7 



1L'ö+3�OÉ PBS� Kd�7
pestat�,PQ!��ÔT� {@ (load)P-
.kÆ�&de
.7pbs_acct';RPBS log
S� jQ´^��de�ÅTU0deVÔz

ù7pbsnodectæ)R logS jQ!� node^
�TU�{hÚWX=ôÈ7 

1L PBS���Y�+�> php0 javascript
Z>�5K7 linux0V� �[\^��^�
[15]7 

 
� 3� pestat����� !� 

 

 
� 4� PBSWeb"# 

 
3.5 ��� !�"#$%�& 

c Cluster� ÔTË�Ê�z�� gh
¤B�¶�ÕÖ{|7«zúûúûªübc

d�,]üúûgh� POÉ� �C
s&1

2^ªþü7 
� rgang¬Mõ_�q`ÔT*A�kgh�'
;i!��ÔTI&Nade7 
� ganglia¬�� Cluster� \�OÉ=>7'
;¤!��ÔT{hÚP-.k0��È^�

�0�eTb� jº�[7]7u�BcUo�N
�+�'�� rrdtool¤º�Q��d2BZ|
efcÖ7 
� llcbench (Low-Level Characterization 
Benchmarks)¬>³�Ð7 (MPBenchP
CacheBenchPBLASBench) AB12^ªA��
;^ª� Ngâl¿J�ÁMPI��12P
�{hÚß�12PÆhTË��2Ö�\%&=

>\�z'6�ix[11]7 
� HPL (High-performance Linpack Benchmark)¬

��MPI�ç�¸j=��	jk�J5=A�
�;þ� Cluster� hTË��2Ö (flop)�æ
'ª«�ç� 12��üÀ (Speedup)[9]7 

 
4. ClusterMNOPQJRS 

\]^��_`a^� Cluster� s&�
�de���� PBSdef=� �Åde�;
���.#7 

 
� 5� Cluster��$%&�� 

 
;a)·T��=H7 
� ^��\Master��=>�uÞB
�7
�
';� mpicc/mpiCCÈ
�Ú��E^�
gcc/g++
��î�EQ mpich lib7\
�=>z�
4"v��
�Ú��´ÏCvoiË 
(Optima option)7 
� 
�ÞB=>�\K´Ã^ª_`a�
&P^ªÆlI7câãm$nrz�î�ÅQ

Cluster PBS���;oN��pÔ7>|de
�C�I&zùWbPComputing Nodes-.
kæ�W�\^ªzæÉ��=>@ÓÔzù0-

.k���;bcJ4���Ë�de7 
� ^ªÞBÛ�Ü PBS�>����qM 
(script) 0q�����u; qsub0V�Åde7 
� de��ÅÛ�¹\��SÈr@É���'
�^�7c� ^�ÕË�]Pde��z�#É

VÔq]zùÈr�gh�4> pbsacct0V�
qrOÉÈrTb��Um��\q�^� ��

bc.#7 
� clm��.#z�deâ¹��I&7de

Programming and 
Compile 

Test MPI Program 

Submit Job in Queue 

Job Wait in Queue 

Job Running 

Get Result 



I&rù�'�� pestatst=>�e�{hÚ^
��0-.k^��;K��12�07 
� deÞBÛ�¹ÜqM9\q�¤âãö÷
\¿q6<7^��'Ü«âã�Fm=>GÍI

J���Å�N\qYde7 
 
^��';��3�·T0V,�ç=>

I&0 PBS� �b�æ'gh��Åde7 
� qstat¬'PQ��9de�Ö�de@É�
���Æ!�����7 
� qsub¬�,�Åde�';��iË\q�N
�������y]��deqM (PBS Script) 
,\q��7 
� qdel¬cde×=IJz�'¤��Åde
uG7 

 
5. �TU�VO 

\ Cluster^��=9�

×=;a3Ï
��7E�)���4�caÕ^�zv�Cluster
w��¸�x�yz{Ó�Ö��7î,¶)|�

��}Wb�c^��de���� CPU 
nodes���C Cluster?�4 CPU node�a6
�QÉ��~�'de¤aWrÈr�ÜB^��

��<a�714;i���Grid!����"
DE���=7Grid%&\|��.��æ#
)É"�����7¤¢� Cluster�4 CPU 
nodes���8¨ Cluster�s��,�Ézv�
æ';�8¨ Cluster���4 CPU nodes�;�Q
��.��7 

 
� 6� Grid�	� 

�CGrid�t>Globusd�A���q
@��7Globusd�A�É.�³�LM�
Resource Management�|��gh.#P
Information Serviceº� Gridi��PData 
Managements&�Äo�0gh�;i��,
3l\ Security Infrastructurei�;xy Gridöv
[8]7ðÉ^]� Cluster����Q Grid1ã�
��� Globus,ghË� PBS ServerÆ8���

^��E7 Globus�Åde�i Globus���
�\Ë�.o´� Cluster9�§QCb$�
�I&de7 

 
²«��| 2004+<²�����$e��

� Grid�������5 Cluster�ª;á§'&
J<12.t7�5BÏ$e×ì|������

.t� }�¤������.tde����

�NzÅ>3A Cluster.t�;âzlm.t�
Ä�·���Èvzù7 

 
6. NOWXJYZ[\ 

Clusterk\ÞBÛ�â's&� 12^ª
0��^��^�7M9Ó�Ck\�3Ð

Cluster��;s&012%&��Æ Grid��
á§�u���������Y�7;aR^�T

b0� 12,Ö� Cluster� B17 
 

6.1 '()* 
�CMw^��s&���;ÅhPo�<

=Å���������;a)^�TU��

 �7 
� 3� Cluster��$%�'� 

 
No. of 
Jobs 

CPU 
Days 

Avg. 
Nodes 
per Job 

Avg. 
Day in 

Que 
Jan-05 347 1297.88 5.43 0.02 
Feb-05 644 1581.11 3.17 0.09 
Mar-05 1543 1154.28 4.72 0.04 
Apr-05 1146 1240.47 7.62 0.09 
May-05 198 625.52 4.52 0.25 
Jun-05 259 534.80 4.09 0.07 
Total 4137 6434.06 4.93 0.09  

 
6.2 ��"# 

12^ª�\|�ç� �s�pw�

 7Mõ´Ï�N^ªâã�';§Q� ]

^�©ªç?']^�;l�C�127 
� llbench¬� k\\ Gigabits Ethernet switch
i�@;MPI����� (throughput)�'� 100 
MB;i�\���ÄÅÆi��IB�7 

 
� 7� ( llcbench)*+MPI,-./ 



� HPL¬c 32�{hÚNzI&z�'�Q
26.19Gflops��2Ö7cNz^�{hÚ�
Ë]Q��=ô��  Speedup#��7 
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���ç{hÚË�<%&o12Y��

J�úû.ø^� 1P4P16P32A{hÚ^ªá
§7�� HPL12.tâãPQ�c{hÚË
��| 16���  Speedup��òà�o7¬
^>|^� nodeË�Ov�MPI=>�É3Ì
��æO]���w\��Uk\B{|��

?�����  (Collision) �^jkéê1�
�o7«L�^� nodeË��]�#�É{h�
�����T� node-.k�W�c���
|-.k2ö÷�#É�Qàôq¡UìÍ6

SWAP7@;úû\��\q9�T�de^�
 nodeË�¶W� 16�7���QCn��1
ã�G�gh�úû�çi¸MPI%&=>¿
J�úûæm$z��¢£¤¥�¦ê^�� x

sE7 
 

7. ]^ 
 
²«���C������NO Intel x86

kl���#$ open source±k�_`¬Linux<
MPIÈ�BÏ34%&o012����� 7;
�C 210A��ÔT´Ã�Æ�BT�{hÚ
��zù�§�ý� 12,000���Ñ��c|T

����zde 40+;i7úû���õ��
��';iÅhPo�P=ÅP����È��¨

©C,�������¨û7|Ê�����2�

���æ�1và¨û\����iá§q

��s�jQ´>��Bã7 
 
\ ClusterMªgh��5+�úû�¥|

12pw���$zOÉ� ëá�#$´>12

.t±k�pj� \q�st12mn�;�m

Cno\qÌ7¨©ª««¬Q��¶W��

�Wn�BM���C012�^��7 
 
�,úû¨©2�ª>¬D Cluster34¦

§�®8¨��T;i<347G�';��'

T;?��¨©@�����L�Us����

';ª> Grid�����0à���â�¤p]
Cluster�����¯°���¤ Cluster�4z
CPUzù�.��8¨�ÉT;�;�0jk
���5>�±²��pÔ7 
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