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V� 1 â�
 Introduction

1.1 What is a cluster?

9þt�QÛ¼'�(cluster)���¦ Ô�¦o�Äº��H r�Û¼%7��Ér çß�éß�y� ú́�K�"f 
���_� (��ÉÓ'�%�!3� 1lx���

���H#��Q>h_�éß�{9�(��ÉÓ'�[þt_�|9�½+Ë�̂���¦½+ÉÃºe����.���çß�_�r�Û¼%7�õ� network�©�
_� [O�&ñ
 Õªo��¦ áÔ�ÐÕªÏþ�_� ���$í
\� e��#Q"f LAM/MPI(<�Ê�Ér PVM)\�¦ s�6 xô�Ç �ïç̀

s� 
¹כ��9�|�� 
�t�ëß� #��Q>h_� éß�{9� (��ÉÓ'�[þt�̀¦ Óü�6£§Ü¼�Ð+� 
���_� �¦$í
0px r�Û¼%7�

�̀¦ %3��̀¦ Ãº e������H &h�\�"f 9þt�QÛ¼'�a�A(clustering)�Ér @/éß�y� 	�H B�§4�õ� �©�&h��̀¦ t�m�
�¦ e�����¦ ½+É Ãº e����.
{9�ìøÍ&h�Ü¼�Ð ÃºGiga bytes��©�_� Bj�̧o�ü< �&³F� {9�ìøÍ�o÷&#Q e����H CPU�Ð�� �s̀���

���Ér CPU\�¦ °ú�ÆÒ�¦ e����H �¦$í
0px r�Û¼%7��̀¦ ½̈{9�
���HX<��H îß���¾ú�>��̧ ú́§�Ér q�6 x�̀¦
t�Ô�¦K���ô�Ç��.
�t�ëß�9þt�QÛ¼'�\�¦s�6 x
�>�÷&���F�g�©�y�$�§4�ô�Çq�6 xÜ¼�Ðs�ü<1lx
{9�ô�Ç ò́õ�\�¦ %3��̀¦ Ãº e����. \V\�¦ [þt#Q, s� ë�H"f\�"f ���$í
ô�Ç ��õ	כ °ú s� 2l���_� Bj
�̧o�ü< 4>h_� Athlon XP 1800+ CPU\�¦ °ú�ð�r 9þt�QÛ¼'�ü< 1lx{9�ô�Ç $í
0px_� 0>ß¼Û¼_�
s����(Workstation)�̀¦ ½̈{9�
�l�0AK�"f��HÃº��;ëß�"é¶_�q�6 x�̀¦[þt#���
�t�ëß�z�́]j�Ð
s� 9þt�QÛ¼'�\�¦ Ë̈p���HX< ��H �7H�Ér 3Ñþ�ëß�"é¶s� �̧�FK îß�÷&��H q�6 xs�%3���.

1.2 COW and Beowulf

#�l�"f Äºo���H Cluster of Workstationõ� Beowulf�� #Qb�G>� ��ØÔ 9 Beowulf��H Áº%Á	
���t�\� @/K� SX����K��̂¦ ��¹כ��9 e����. COW��H ú́� Õª@/�Ð ¢-a#4�
�>� 1lq��&h�Ü¼�Ð 1lx���
��0pxô�ÇWorkstation(<�Ê�Ér PC)[þt�̀¦
���_�9þt�QÛ¼'��ÐÓü��Érr�Û¼%7��̀¦ ú́�ô�Ç��.y��y��
_� �̧×¼(node)2

[þt�Ér 1lq��&h�Ü¼�Ð ��6 xs� ��0px
� 9 î�r%ò
�̂]j[þt�̧ �̧¿º [O�u�÷&#Q e��

��.²DIs�9þt�QÛ¼'��Ð1lx���
�t�·ú§���Q�̧Z>��̧�Ð áÔ�ÐÕªÏþ��̀¦z�́'��
��¦��6 x|̈cÃºe��
l� M:ë�H\� 9þt�QÛ¼'��Ð+� ��6 x÷&t� ·ú§�̀¦ M:\���H y�� r�Û¼%7�[þt�̀¦ ���Ér ��6 x��[þts� y��

��_� 3lq&h�\� _�K� ���Ér 6 x�̧�Ð ��6 x½+É Ãº e����. ÕªXO�t�ëß� l��:r&h�Ü¼�Ð �̧��H r�Û¼%7�
[þts� 
�×¼ n�Û¼ß¼ü< q�n��̧ 
�×¼\�¦ q�2�©ô�Ç �©�u�[þt�̀¦ °ú�2X�� 
�l� M:ë�H\� ����̂&h����

½̈»¡¤ q�6 xs� Zþt#Qèß���. ëß�{9� �©�6 x î�r%ò
�̂]j\�¦ ��6 x
��9 ô�Ç����� �̧×¼Ãº ëß��pu_� î�r
%ò
�̂]j ½̈{9� q�6 x�̀¦ ÆÒ��K��� ½+É �.���s	כ
ìøÍ���\� Beowulf��H s�ü<��H �̧�FK ���Ér :£¤fç
�̀¦ t�m��¦ e����. beowulf��H 
�×¼ n�Û¼

ß¼, q�n��̧ 
�×¼ 1px�̀¦ °ú�ÆÒ�¦ e��t� ·ú§Ü¼ 9 �̧�Ðt� CPU, mother board, ram1pxëß��̀¦
°ú�ÆÒ�¦ e��Ü¼ 9 ü@ÂÒ\�"f ����K®o�̀¦M: 
���_� r�Û¼%7�Ü¼�Ð �Ð�����. beowulf��H ô�Ç��n�
�Ð #î
§>=%�o�\� þj&h��o ÷&#Q e����H r�Û¼%7�s� 9 COW\� q�K� �s̀��� $�§4�ô�Ç ½̈»¡¤q�6 x
s���H��. beowulf\�"fy�� �̧×¼\�¦Z>��̧�Ð ��6 x½+ÉÃºe����H~½ÓZO��Ér\O�Ü¼ 9]X���H%i�r�Bj
����̧×¼\�¦ :�xK�"fëß� ��0px
���.
ÕªXO������ #QÖ¼Aá¤s� �8 a%~�Ér��? ²ú��Ér �����s� õ���� #Q�"� 6 x�̧�Ð 9þt�QÛ¼'�\�¦ Ë̈p�

�9 
���Ht�\� e����. #î
§>=>�íß� s�ü@\� ���Ér 6 x�̧�Ð jþt {9�s� \O������ beowulf��H Õª K�
²ú�s� |̈c �s� 9	כ ���çß�_� 
�×¼J?#Q q�6 x�̀¦ �8 t�Ô�¦
��8���̧ y�� �̧×¼[þt�̀¦ î̈
�è\� ��

�Ér 6 x�̧�Ð æ¼ 9 ¹ô�Çכ��9 �â
Äº\�ëß� #î
§>= r�Û¼%7�Ü¼�Ð s�6 x
��9 ô�Ç����� COW�� Õª K�
²ú�s� |̈c �.���s	כ
?/�� s�]jÂÒ'� ½̈»¡¤
��9��H 4-node��o� 9þt�QÛ¼'�(MINIONs�����H s�2£§�̀¦ °ú��¦

e����.)��H ���+þA&h���� COW�Ð ��"é¶�è�̧�� ú́§�Ér Ãºu�>�íß��̀¦ ½+ÉM:\���H y�� �̧×¼\�¦ �̧¿º
��6 x
�t�ëß� ÕªXO�t� ·ú§�Ér ��!9î�r >�íß�s��� l��� 3lq&h�Ü¼�Ð jþtM:��H ���½̈z�́_� ½̈$í
"é¶

[þts� �&³F� q�#Qe����H �̧×¼\�"f �����_� ���\O��̀¦ ½+É Ãº e��>� ½̈$í
÷&#Q e����.

1.3 
�Þ«M(#a Ä©���

MINION�̀¦ ½̈»¡¤
���HX< æ¼��� 
�×¼J?#Q��H ��6£§õ� °ú ��.
Athlon XP 1800+ CPU (4EA)

VIA KT133A Mother Board (4EA)
GeForce2 Graphic Card (4EA)
3Com 3CSOHO100-TX Lan Card (5EA)
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9þt�QÛ¼'�\� Óü�#� e����H y��y��_� (��ÉÓ'�[þt�̀¦ �̧×¼ ���¦ ÂÒ�Ér��
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3Com 3C16790 dual speed switch 5 plus hub (1EA)
IMT4000 System Case (4EA)
Samsung 3.5 inch Floppy disk drive (4EA)
�̧��HÂÒ¾¡§�Ér6 xíß�������©���\�"f ½̈{9�Ùþ¡Ü¼ 9��������1lxs�d��ô�Ç(��ÉÓ'�ÂÒ¾¡§_�:£¤

fç
�©� Z>�>h ÂÒ¾¡§_� ������̀¦ s���l� 
���H ��Ér	כ Áº_�p�
��� 8úx ½̈{9� q�6 x�Ér 300ëß�"é¶\�
�̧�FK 3lwp�'¬I��.
9þt�QÛ¼'�\�¦ Ë̈p�l�0AK�
�×¼J?#Q\�¦ ½̈{9�½+ÉM:���©�×�æ¹כô�Ç���½Ó�Éry��r�Û¼%7�[þt

s� 1lx{9�ô�Ç ���ª�_� 
�×¼J?#Q\�¦ °ú�2X�� ô�Ç����H ��õ	כ ���Ér networks� t�"é¶÷&#Q�� ô�Ç
����H �.���s	כ ëß�{9� �̧×¼Z>� >�íß� 5Åq�̧�� 	�s��� ����� ����̂ $í
0px�Ér ���©� Ö¼�2; �̧×¼
\� ú́�2Xt�l� M:ë�Hs� 9 >�íß� ×�æçß�×�æçß� /BNÄ»K���
���H X<s�'�[þt�̀¦ network�̀¦ :�xK�"f
ÅÒ�¦~ÃÎl� M:ë�H\� networks� Ö¼wn=�â
Äº ���Ér CPU\�¦ ½̈{9�ô�Ç _�p��� ����t�l� M:ë�H
s���. ¢̧ô�Ç ����H q�6 x�̀¦ 300ëß�"é¶\� ú́�ÆÒl� 0AK� ÕªXO�>� 
�t� 3lwÙþ¡t�ëß� Bj����̧×¼��H
dual systemÜ¼�Ð ½̈»¡¤
���H ��s	כ a%~��. s�Ä»���7£¤, Bj����̧×¼��H ü@ÂÒü< �������)a r�Û¼%7�
s� 9 ����̂ �̧×¼[þt�̀¦ �'ao�
�>� �)a��. ¢̧ô�Ç �èÛ¼_� (����{9�õ� l��� ���\O�%i�r� ÅÒ�Ð Bj
����̧×¼\�"fs�ÀÒ#Q�����.ëß�{9� CPU�� 2>h��� SMPr�Û¼%7�s������
���_� CPU\�¦s�
��� ���\O�[þt�̀¦ 0AK� ��6 x
��¦ �� Qt� 
�����H >�íß�\� ��6 x½+É Ãº e��#Q"f ����̂&h���� ç�H

+þA�̀¦ K�u�t� ·ú§�¦ ���\O��̀¦ ½+É Ãº e����.

V� 2 â�
 System configuration

2.1 
�Þ«M(#a Ä©Å]� ��� (P�ÆZ�W�V� à�
n�

9þt�QÛ¼'� ]j���\� ��6 x½+É Ãº e����H î�r%ò
�̂]j_� 7áxÀÓ��H ]jZO� ú́§��. d��t�#Q ��s�ß¼�Ð
�èáÔàÔ_�Windows NT >�\P�_� î�r%ò
�̂]j\�¦ s�6 xK�"f�̧ ½+É Ãº e����. 
�t�ëß� Õª\� ��
�Ér }��@/ô�Ç q�6 x�̀¦ [þt#��� ô�Ç��. #�l�"f��H î�r%ò
�̂]j�Ð Debian GNU/Linux\�¦ ��6 x
Ùþ¡��. GNU/Linux_� [O�u�\� @/K�"f ��[jy� [O�"î

���H ��Ér	כ s� ë�H"f_� #3�ÅÒ\�¦ �Å�#Q
"fÙ¼�Ð Òqt|ÄÌ
���x��.
y�� �̧×¼��H Debian GNU/Linux_� base system�̀¦ [O�u�Ùþ¡Ü¼ 9 [O�u� Method��H

network�̀¦ s�6 xÙþ¡��. ��6 x ��0pxô�Ç ½+É{©��)a IP�� 
���%i�l� M:ë�H\� y�� �̧×¼\� î�r%ò
�̂
]j\�¦ [O�u�½+ÉM:���� �½�����̀¦ �̀��� g1LÜ¼���"f 1lx{9� IP�Ð [O�&ñ
K� [O�u�ô�Ç Êê IP&ñ
�Ð\�¦
����â
Ùþ¡��. s��Qô�Ç ������Ð¹¡§s� z������� CD-ROM�̀¦ ������K�"f CD�Ð [O�u�
���H �̧�	כ
a%~�Ér ���×þ�{9� �.���s	כ èß� CD-ROM�̀¦ ²ú���ú<�� Õª��t� jþt{9�s� \O�����H óøÍéß�\� NS!Q
o��¦e�¦�Ðx�\�¦s�6 xK�"f&�V,�õ�
�×¼J?#Q �̧Ñýtëß�[O�u�ô�ÇÊê\��� Qt���H network�̀¦
:�xK�"f [O�u�Ùþ¡��.
Bj��� �̧×¼\� �½�
�×¼\�¦ ¿º>h [O�u�K��� ô�Ç����H ��z�́�̀¦ ]jü@
���� y�� �̧×¼_� 
�×¼

J?#Q ½̈$í
�Ér �̧¿º 1lx{9�
���.

2.2 Network Ä©Å]��¿

2.3 Network configuration

9þt�QÛ¼'�\�¦ ½̈»¡¤
�l� 0AK� network\�¦ ½̈$í

���H ��Ér	כ {9�ìøÍ&h���� subnetwork\�¦ ½̈$í


���H��_�õ�ß¼>���ØÔt�·ú§��.·ú¡]X	כ ½̈$í
�̧\�"fs�p�SX����Ùþ¡1pws�y�� �̧×¼\���H¼#�_�
�©� node number ����H s�2£§�̀¦ ½+É{©�Ùþ¡Ü¼ 9 node1 s� Bj����̧×¼�Ð ü@ÂÒ networkõ� ���
����)a Ä»{9�ô�Ç �̧×¼s���. ¢̧ô�Ç node1 �Ér hubü< ������÷&#Q e��l��̧ 
���. �� Qt� node2,
node3, node4��H s� hub\� ������÷&#Q e��Ü¼ 9 ��[O� IP\�¦ ½+É{©�Ùþ¡��.
Äº��� y�� �̧×¼_� W1àÔ�°3�̀¦ :�xô�Ç ������s� ��0px
�>� K��� Ùþ¡l� M:ë�H\� ����H ��6£§õ�

°ú s���[O� IP\�¦½+É{©�Ùþ¡��. /etc/hosts��{9��̀¦:�xK�"f��[O�IP[O�&ñ
�̀¦K�ÅÒ����)a��.s�
��{9�_� ?/6 x�Ér y�� node���� 1lx{9�K��� ô�Ç��.

# /etc/hosts
127.0.0.1 localhost
192.168.0.1 node1
192.168.0.2 node2
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192.168.0.3 node3
192.168.0.4 node4

¢̧ô�Ç node1 �Ér 166.104.53.194 ����H ü@ÂÒ\�"f ]X�5Åq ��0pxô�Ç IP ÅÒ�è�̧ �<Êa� ½+É{©�
÷&#Qe����. node1_� /etc/network/interfaces��{9��̀¦��6£§õ�°ú >����$í
K�ÅÒ����)a��.

# /etc/network/interfaces -- configuration file for ifup(8), ifdown(8)

# The loopback interface
auto lo
iface lo inet loopback

# The first network card - this entry was created during the Debian installation
# (network, broadcast and gateway are optional)
auto eth0 eth1
iface eth0 inet static

address 166.104.53.194
netmask 255.255.255.0
network 166.104.53.0
broadcast 166.104.53.255
gateway 166.104.53.1

iface eth1 inet static
address 192.168.0.1
netmask 255.255.255.0
network 192.168.0.0
broadcast 192.169.0.255
gateway 166.104.53.194

node2_� /etc/network/interfaces ��{9�_� ?/6 x�Ér ��6£§õ� °ú ��.

# /etc/network/interfaces -- configuration file for ifup(8), ifdown(8)

# The loopback interface
auto lo
iface lo inet loopback

# The first network card - this entry was created during the Debian installation
# (network, broadcast and gateway are optional)
auto eth0
iface eth0 inet static

address 192.168.0.2
netmask 255.255.255.0
network 192.168.0.0
broadcast 192.168.0.255
gateway 192.168.0.1

node3õ� node4_� network[O�&ñ
�̧ ß¼>� ��ØÔt� ·ú§��. addressÂÒì�rëß� ½+É{©��)a ��
[O�IP�Ð ����â
K� ÅÒ��� �)a��. s�Êê network interface\�¦ F�r���� r�v����� r�Û¼%7��̀¦ F�
ÂÒh�A r�&�"f y�� �̧×¼[þtçß�\� pings� �̧²ú�
���� �)a��.

node1\�"f ���Ér �̧×¼[þt�̀¦ ���d��
�t� 3lwô�Ç�����, /etc/nsswitch.conf ��{9�_� ?/6 x
×�æ

hosts: files dns

s�����H ?/6 xs� [þt#Q e����Ht� SX����K��Ðl� ��êøÍ��. files �� \O�Ü¼��� /etc/hosts��{9�
�̀¦ �ÃÐ�̧
�t� ·ú§�¦ ���Ð dns�Ð 3$o�\�¦ �Ð?/l� M:ë�H\� ��[O�IP\�¦ &h�6 xô�Ç node2ÂÒ'�
node4 ��t���H ���d��s� ÷&t� ·ú§��H��.
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2.4 NFS configuration

9þt�QÛ¼'�r�Û¼%7�\�"f��6 x����Hy�� �̧×¼[þt\� �̧¿º]X���Hs���0pxK���ô�Ç��.s���Hy�� �̧
×¼����>�&ñ
s�e��#Q��ô�Ç����H�9# �
��p_¦̀�	כQn�"f���\O��̀¦Ùþ¡��H���õ�\�¦���Ér �̧×¼

\�"f�̧ SX����s� ��0pxK��� ô�Ç����H �	כ %i�r� _�p�3ô�Ç��. ¢̧ô�Ç y�� �̧×¼[þt�Ér 1lx{9�ô�Ç !Q���
_� áÔ�ÐÕªÏþ�õ� ��s�ÚÔ�Qo�\�¦ ��6 xK��� ô�Ç��. ëß�{9� y�� �̧×¼[þts� Z>��̧_� /usr ��w����
�̀¦ î�r%ò
ô�Ç����� J�v�t� \O�X<s�àÔ\�¦ K�×�¦M:�̧ �̧¿º �� K�1>�� ô�Ç��. ëß�{9� node1_�
/usr ��w�����̀¦ �� Qt� �̧×¼[þts� /BNÄ»ô�Ç����� J�v�t� \O�X<s�àÔ�� !Q��� �'ao�1px�̀¦

node1ëß� K�ÅÒ��� ÷&Ù¼�Ð s� %i�r� �s̀��� �'ao����\O��̀¦ Ãº�Z4
�>� K�ï�r��. s��Qô�Ç s�Ä»
�Ð 9þt�QÛ¼'� r�Û¼%7�\�"f��H NFS\�¦ �̧{9�
���H ��s	כ a%~��.
s�\�¦ 0AK�"f ����H ¿º>h_� J�v�t�\�¦ ÆÒ�� [O�u�Ùþ¡��. nfs-commonõ� nfs-kernel-

server �̀¦ [O�u�Ùþ¡��HX< ÅÒ_�½+É ��Ér	כ nfs-user-server\�¦ [O�u�
�t� ú́�����H �.���s	כ User
space\�"f_� nfs��7á§�8 ú́§�Érl�0px�̀¦°ú��¦e��|��
�t�ëß�5Åq�̧�� �8 Ö¼o���.9þt�QÛ¼'�
\�"f ���©� ×�æ¹כô�Ç ��s	כ network_� 5Åq�̧����H &h��̀¦ �¦�9½+ÉM: ���×þ�\�"f ]jü@½+É Ø�æì�r
ô�Ç s�Ä»�� �)a��. X<q�îß�\�"f��H dselect\�"f s� ¿º J�v�t�\�¦ ���×þ�K� ÅÒ��H �Ü¼�Ð	כ �̧
��H [O�u��� =åQèß���. YU×¼'?@s��� ���Ér C��íóøÍ�̀¦ [O�u�Ùþ¡����� K�{©� C��íóøÍ\� ú́���H J�
v�t� [O�u� ë�H"f\�¦ SX����K��ÐU�́ ��êøÍ��.

node1s� nfs server�Ð 1lx���
� 9 node2,node3,node4��H nfs client�Ð 1lx���ô�Ç��. s�
\�¦ 0AK�"f node1_� /etc/exports ��{9��̀¦ ��6£§õ� °ú s� ¼#�|9�
���.

# /etc/exports: the access control list for filesystems which may be exported
# to NFS clients. See exports(5).

/home node2(rw)
/usr node2(rw)
#/cdrom node2(ro,all_squash,anonuid=150,anongid=100)

/home node3(rw)
/usr node3(rw)
#/cdrom node3(ro,all_squash,anonuid=150,anongid=100)

/home node4(rw)
/usr node4(rw)
#/cdrom node4(ro,all_squash,anonuid=150,anongid=100)

s�XO�>�K�¿º��� /homeõ� /usrn��7��Ðo���H node2,node3,node4\�"f nfs�Ð��î�ràÔ
K�"f��6 x½+ÉÃºe����. cdrom\�@/ô�Ç×�¦�Ér �̧¿º ÅÒ$3�Ü¼�Ð}��)�e����HX<ëß�{9� cdroms�
node1\� [O�u�÷&#Q e���¦ ���Ér �̧×¼[þt\�"f node1_� cdrom�̀¦ ��6 x
��¦ z�·����� ÅÒ$3�
�̀¦ Û�¦�¦ nfs server\�¦ F�r���� 
�l�ëß� 
���� �)a��.

node2ü< �� Qt� �̧×¼[þt_� [O�&ñ
�Ér 1lx{9�
���. node1_� /home, /usr n��7��Ðo�\�¦
��î�ràÔ K�"f ��6 x
��̧2�¤ [O�&ñ

���� �)a��. ��f�� y�� �̧×¼\� {9�ìøÍ ��6 x�� >�&ñ
�Ér ÆÒ��

�t� ·ú§�Ér �©�I�s�Ù¼�Ð /home ��w�����Ér q�#Q e���̀¦ �.���s	כ ÕªXO�t� ·ú§����� ��Áº�	כ
�̧ \O�s� L:�FM
�>� t�î�r Êê n��7��Ðo�\�¦ ��r� ëß�[þtl� ��êøÍ��. /usr ��w�����̧ ��ðøÍ��
t� s�t�ëß� /usr �Ér î�r%ò
�̂]j\�¦ baseëß� [O�u�Ùþ¡���¦ K��̧ l��:r&h�Ü¼�Ð [O�u�÷&��H �þt]	כ
s� e��Ü¼Ù¼�Ð q�#Qe��t���H ·ú§�̀¦ �.���s	כ ?/ �â
Äº\���H /usr �̀¦ /usr-local �Ð mv "î
§î

�̀¦ s�6 xK�"f ����â
ô�Ç Êê ��r� /usr n��7��Ðo�\�¦ ëß�[þt%3���. Õªo��¦ ��"f ��6£§õ� °ú s�
��î�ràÔ "î
§î
�̀¦ ?/�9"f nfs�Ð ��î�ràÔ�� ÷&��Ht�\�¦ SX����
���.

mount -t nfs node1:/home /home

��î�ràÔ�� �)a����� /home n��7��Ðo�_� ?/6 xs� node1_� �Ü¼�Ð	כ ��7
#Q e���̀¦ ��s	כ
��. s�]j nfs�Ð node1_� ��"é¶�̀¦ s�6 x½+É Ãº e��Ü¼Ù¼�Ð /etc/fstab\� ��6£§_� ×�¦�̀¦ ÆÒ��
K�"f ÂÒh�Ar�\� ��1lx&h�Ü¼�Ð ��î�ràÔ\�¦ 
��̧2�¤ [O�&ñ

���.

3node1\�"f áÔ�ÐÕªÏþ� �èÛ¼\�¦ Ãº&ñ
ô�Ç Êê node3\�"f ���\O�×�æ ��r� �èÛ¼\�¦ Ãº&ñ
K��� 
���H �©�S!�s� ZO�
#Q|9� �â
Äº node1Ü¼�Ð �̀���ü<"f Ãº&ñ
ô�ÇÊê Ãº&ñ
ô�Ç �èÛ¼\�¦ ftp\�¦ :�xK�"f \O��Ð×¼ K��� ô�Ç����� &ñ
ú́� Ô�¦¼#�
ô�Ç {9�s� ��u�́ Ãº \O���. Z>��̧_� �ÐÕª���/�ÐÕª��Ö�© õ�&ñ
 \O�s� node3\�"f ���Ð �èÛ¼\�¦ Ãº&ñ

��¦ s��¦̀�	כ #Q
Ö¼ �̧×¼\�"f��H ��6 x½+É Ãº e��>� [O�&ñ

���H ��s	כ �Ð�� ½+Ëo�&h�{9� �.���s	כ
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# NFS
node1:/home /home nfs defaults,hard,intr 0 0
node1:/usr /usr nfs defaults,hard,intr 0 0

fstab��{9�_� [O�&ñ
\� @/ô�Ç [O�"î
�Ér Òqt|ÄÌ
���x��. ��ëß� {9�ìøÍ ��w���� ��î�ràÔü< ���Ér
ÂÒì�r\� @/K�"fëß� [O�"î

����, 'Í	ÂÒì�r_� �©�u�"î
\� node1:/homes����¦ &h�)� e����H �	כ
�Ér nfs\�¦ :�xK�"f node1_� /home�̀¦ ��î�ràÔ½+É �©�u��Ð ��6 x
���x����H _�p�s� 9, �̀v���
_� hard��H ëß�{9�\� network\� ë�H]j�� Òqt����̀¦ �â
Äº hard�̀v����Ér t�5Åq&h�Ü¼�Ð ������ r�
�̧\�¦ ô�Ç��. intr�̀v����Ér node1\� ë�H]j�� µ1ÏÒqtÙþ¡�̀¦ �â
Äº nfsc+t�̀¦ ���'�XO�àÔ ��0px
�>�
K� �������̀¦ 7áx«Ñr�v���HX< Ä»6 x
���. s�XO�>� [O�&ñ
K�¿º��� ��6£§ÂÒ'���H F�ÂÒh�Ar� ��1lx
Ü¼�Ð node1_� /home, /usrn��7��Ðo�\�¦ ��î�ràÔ ô�Ç��. ¢̧ô�Ç dselect\�¦ :�xô�Ç J�v�t�_�
[O�u��� \O�X<s�àÔ %i�r� node1\�"fëß� K�ÅÒ��H �Ü¼�Ð	כ Ø�æì�r
���.

2.5 SSH configuration

\V���\� ���$í
�)a ë�H"f[þt�̀¦ ¹1Ô���Ð��� �̧¿º �̧×¼çß�_� s�1lx�̀¦ 0AK� rlogin�̀¦ ��6 xô�Ç��
�¦��ü<e����.
�t�ëß�?/��[O�u�ô�Ç Debian(woody) GNU/Linux_��â
Äº\���H rlogins�
ssh�Ð d���̂¦aË: a�Aß¼÷&#Q e��%3���. ÕªA�"f �̧×¼çß�_� ]X�5Åq�̀¦ 0AK� rlogins� ����� ssh\�¦
��6 xÙþ¡Ü¼ 9 Êê\� Òqty��K� ú<�̧ r >�\P� "î
§î
s� ����� ssh\�¦ ��H��s	כ �Ðîß��©�Ü¼�Ð�̧ �8
¿
ËÒ6xô�Ç ���×þ�s�%3���. �&³F���H ssh�� [O�u�÷&#Q e��t� ·ú§Ü¼Ù¼�Ð node1\� ssh\�¦ [O�u�
�
�̧2�¤ 
���.

ssh\�¦ s�6 x
���� �̧×¼çß�\� ���7£xv�\�¦ �����\� �§8̈�
�#� ��� ñ{9�§4� \O�s� �ÐÕª���s�
��0px
���. ssh_� ���7£xv� Òqt$í
\� @/K�"f��H #�l�"f &h���H �	כ �Ð�� l��>r\� ��ü<e����H ë�H
"f�� ¿
ËÒ6x
�Ù¼�Ð Õª�¦̀�	כ �ÃÐ�̧
�U�́ ��êøÍ��. ë�H"f_� URL�Ér ��6£§õ� °ú ��.

http://kldp.org/KoreanDoc/html/SSH-KLDP/x80.html
KLDP_� e���ÉrF�_��s� ���$í
ô�Ç ë�H"f�Ð @/éß�y� ��[jy� [O�"î
÷&#Q e����. ��6£§�Ér ssh

���7£xv��§8̈�Ü¼�Ð���K����7£x\O�s� node1\�"f node2�Ð_�]X�5Åq�©�����̀¦Ö�s5gô�Ç�.���s	כ
s���� !lo�����t� ��Áº��� ë�H]j\O�s� $í
/BNÙþ¡����� s�]j y�� �̧×¼[þt�̀¦ 
����Ð Óü�#Q éß�

{9� 9þt�QÛ¼'� r�Û¼%7�Ü¼�Ð 1lx���
�>� 
�l� 0Aô�Ç �̧��H ï�rq��� =åQèß� �.���s	כ
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V� 3 â�
 LAM/MPI configuration

3.1 LAM/MPIÐM� ÈÁÆ-
ê�>��?

9þt�QÛ¼'���Hl��:r&h�Ü¼�Ðy�� �̧×¼����Z>��̧_�Bj�̧o�\�¦°ú��¦e����.����"fÄºo���[O�
&ñ
ô�Ç node1\�"f node2�����Ér �̧×¼ü<X<s�'�\�¦ÅÒ�¦~ÃÎÜ¼�9���Bj�̧o��©�\�"f_�f��
]X� /BNÄ»�� 4�¤���� Ô�¦��0px 
�Ù¼�Ð network�̀¦ :�xK�"f s�ÀÒ#Q �����. ����"f 9þt�QÛ¼'�
��H s��Qô�Ç Bj[jt� ���²ú�½̈�̧�� ���'��÷&#Q�� 
� 9 9þt�QÛ¼'�\�¦ ¢-a#4�
�>� ��6 x
�l� 0A

K�"f��H s��Qô�Ç ���²ú�½̈�̧\� l�ìøÍ
�#� áÔ�ÐÕªÏþ��̀¦ ���$í
K��� ô�Ç��.
��'��s��̧ s��Qô�Ç Bj[jt� ���²ú��̀¦ 0Aô�Ç ��s�ÚÔ�Qo��� s�p� ���$í
÷&#Q"f C��í÷&�¦

e����. @/³ð&h�Ü¼�Ð PVMs��� MPI�� Õª�.���s	כ #�l�"f y����_� :£¤fç
\� @/K� ��[j
�
>� �7H_�
���H ��Ér	כ Ô�¦�9¹כ�ô�Ç �̧§4�s�Ù¼�Ð Òqt|ÄÌ
��̧2�¤ 
���x��. ��ëß� çß�|ÄÌ
�>� [O�"î

�
��� PVMs� %i���&h�Ü¼�Ð ���$� ��ü<"f ú́§�Ér #î
§>=(��ÉÓ'�[þt\�"f ��6 x÷&#Q M®oÜ¼ 9 MPI
��H PVM�Ð�� 0py>� ���̧|�� Ùþ¡t�ëß� �8 ú́§�Ér l�0px�̀¦ t�m��¦ e��Ü¼ 9 
�×¼J?#Q �$��8[þt
_� t�"é¶�̀¦ ~ÃÎ�¦ e����. MPI��H MPICHü< LAM/MPI����H ¿º��t� !Q���s� e����HX< Äº
o���H Õª×�æ LAM/MPI\�¦ ��6 x½+É �.���s	כ #�l�"f ���/åLô�Ç y�� ��s�ÚÔ�Qo�[þt�Ér ��6£§_�
URL\�"f &ñ
�Ð\�¦ %3��̀¦ Ãº e����.

PVM :
http://www.epm.ornl.gov/pvm/
MPICH :
http://www-unix.mcs.anl.gov/mpi/mpich/
LAM/MPI :
http://www.lam-mpi.org/

X<q�îß� r�Û¼%7�\�"f LAM/MPI��H dselect o�Û¼àÔ_�, lam3ü< lam3-dev ¿º J�v�t�
\�¦ ���×þ�K�"f [O�u�
���H �Ü¼�Ð	כ �̧��H [O�u��� =åQèß���.

3.2 lambootãÃ�× ��£� TÒ» �¿Þ« ¤n>f9c
�e�

lam�Ér l��:r&h�Ü¼�Ð y�� node\�¦ ���d��
��¦ �'ao�
���H X<�7Hs� ���$� z�́'��÷&�̧2�¤ ÷&#Q e��
��. lamX<�7H�Ér lamboot s�����H "î
§î
Ü¼�Ð z�́'��½+É Ãº e����HX< lamboot�Ér lamhosts ��
{9��̀¦ �ÃÐ�̧
�#� �����s� ��6 x½+É node[þt�̀¦ ���d��ô�Ç��. lamhosts��{9�\���H çß�|ÄÌ
�>� ��
6 x½+É �̧×¼[þt_� s�2£§�̀¦ &h�#QÅÒ��� �)a��. ?/�� ��6 x½+É r�Û¼%7��Ér 4>h_� �̧×¼\�¦ �̧¿º ��
6 x½+É >�S\�s�Ù¼�Ð

node1
node2
node3
node4
s�����H ?/6 x�̀¦ &h�#QÅÒ��� �)a��. ëß�{9� >�íß��̀¦ 
���HX< ¿º>h &ñ
�̧_� CPUëß� ��6 x
�

��� ÷&�¦ ����� s�ü@\� ���Ér ��|ÃÐs� #Q�"� �̧×¼\�¦ +��� ô�Ç����� #�l�"f ��6 x½+É �̧×¼\�¦

2[�� ���×þ�½+É Ãº e����.
z�́'���Ér ��6£§õ� °ú ��. -v �̀v����Ér n�!QÕª &ñ
�Ð\�¦ �Ð#�ÅÒ����H >pwÜ¼�Ð ��6 x
��¦��


���H node[þts� ]j@/�Ð ���d��÷&��Ht� SX����½+É Ãº e����. ��6£§�Ér lamboot"î
§î
Ü¼�Ð y�� �̧
×¼[þt�̀¦ ]j@/�Ð ���d��½+É�â
Äº ��������H �o���s���.
&ñ
�©�&h�Ü¼�Ð ���d��s� �)a����� $í
/BNô�Ç �.���s	כ s�]j LAM/MPI ��s�ÚÔ�Qo�\�¦ s�6 x

K�"f áÔ�ÐÕªÏþ��̀¦ ���$í

�l�ëß� 
���� ¿
ËÒ6xô�Ç >�íß�6 x 9þt�QÛ¼'�\�¦ s�6 x½+É Ãº e����.

3.3 LAM/MPI programming

�&³F�s�ë�H"f\�"f]j���ô�Ç9þt�QÛ¼'� minionl�ìøÍÜ¼�Ð FDTD method\�¦s�6 xô�Ç pho-
tonic band gap calculator\�¦ >hµ1Ï×�æs���. ��f�� ë�H"f�o ½+Éëß�	�H Ø�æì�rô�Ç áÔ�ÐÕªA�bç

Û¼~�́�̀¦ %3�t� 3lwK� ë�H"f�o��H 0py#Qt��¦ e��t�ëß� pbc_� 'Í	���P: !Q���s� ���̧��HX<�Ð

LAM/MPI áÔ�ÐÕªA�bç
\� @/ô�Ç ë�H"f\�¦ ���$í
½+É \V&ñ
s���.
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