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Construction of a PC cluster with dynamic power/performance optimization feature

Yasunori OSANA�1, Shin-ichi KURIBAYASHI�2

ABSTRACT� Integrated power and performance optimization of network and computers� is an 
important issue in this cloud computing age. This paper proposes a dynamic relocation method of virtual 
computing nodes to optimize and reduce power consumption of datacenters. The experiment system 
consists a network attached storage and 2 host PCs with a quad-core CPU, to run 16 virtual computing 
nodes. From the early evaluation of the method, the method is expected to enable dynamic optimization 
of power and performance.  
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¢»� PC ����1��� L��I�`a[¼½
�K¾~��� VirtualBox OSE 1) ,bCB`a��� 
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GS116v2 Gigabit copper switch

Computing nodes: 
Dell PowerEdge T110 x 2

Network storage:
ReadyNAS Pro (8TB)
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• Model: Dell PowerEdge T110 
• CPU: Intel Xeon X3440 2.53GHz (4 cores x 2 threads) 
• RAM: DDR3 1333MHz ECC, 2GBx4 
• OS: FreeBSD 8.1-RELEASE (amd64) 

OS G� á|�â LWNf!ã�ähi�Dj_�
� � 1 � � �  L G IPMI 2)(Intelligent Platform 
Management Interface) IåÆ�B������� !¯
°�7æç^=è��é,�àj$��<�D

VirtualBox OSE,bCBê��`a��� L,hë
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• Virtualization software: VirtualBox OSE 3.2.8 
• CPU: 1 core 
• RAM: 512MB 
• OS: FreeBSD 8.1-RELEASE (amd64) 
• Network: Bridged 
WNf!±² ®G���� !f� ®�I�ã_

B���j_,�1��� L� NFS¯°� mounti�
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VirtualBox Gúû>I GUI ã�üb�_���
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• MEncoder 4)
I��h%É&% L

• &'��: 15�
• ()Ô: 720x480, 24fps 
• *): H264 900kbps 
• +,: AAC stereo 192kbps 

• ClustalW 5) I�� DNA�-�{|}�|~J±²
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• W )X��: BioBench 6) ã��.
• 430�-
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VirtualBoxG System V IPC,�b�B½�&�É&L
$��,�à/.�ê�� VirtualBox,©�I¢�i�
ÍÎIG�s��µ�� System V semaphore,���B
�LÅ����Dj�ñG sysctl %{&L��.i�
j $ � � < � � � í � G � < = C / . �

/boot/loader.conf�óði�Å����D
�/��1��� L$�B�b�/ PowerEdge T110
IG Ethernet controller $�B Broadcom BCM5722 (bge
LJ±��hë) ����_BC���W½�|��ó
ð�G bge LJ±��ö÷[�I BMC (Baseboard 
Management Controller) ��Ethernet,¯°�/��"m
,���B��à/.�IPMI ,üb�/7æ�ék
serial over LAN = è � " m , � à / . I G

hw.bge.allow_asf, 1Ióð�B�LÅ����D

s�Ñã�serial over LAN�%&¼ |,�à/.�
óð,-.�$�/boot/loader.conf�4¹Gµ¶��

àI=�D

VirtualBox�Àf�OS$�B 64bit�� FreeBSD,b
C�/.�BIOS óð� CPU � VT-x ��,´ I�B
�LÅ�����I �þ�Å����DBIOS �G�
�I�console redirection=è�óð,�AB�Ã=�7
æç^9wã� IPMI� serial over LAN¯°��ýë�
Ïm���D

B. /0()*+,�1�234

VirtualBox G`a{¤&���,�j=à"m,�/
=C��`aâ LWNf!���G�� ��_�/

.�%{&LJ±&ã�ê��`a{¤&,ë§���

��/â LWNf!,^�_B�j$��©I�`a

{¤&,ê�ë§i�j$��<�D

� /$@=�â LWNf! vmbsd01.vdi ,���B
vmbsd02.vdi,ë§i�=�=µ¶��àIi_=�CD

��I��C`a{¤&��I,¶4��àIð.�D

• Guest OS: FreeBSD (amd64) 
• RAM: 512MB, �1~Lf�� off, VRAM 10MB 
• Audio: OSS (Open sound system: /dev/dsp) 
• Network: bge0 IÈ
�®
• PIIX4 compatible IDE controller 

• Primary master: HDD 
• Secondary master: DVD (LJ±ÈG�)

j��I�`a{¤&,ë§�B�<Ñè�`aâ 

LWNf!, attach i����o�Gµ¶��àI=�D

kern.ipc.semmni=40
kern.ipc.semmns=300

ipmi_load="YES"

console="comconsole,vidconsole"
boot_multicons="YES"
hint.uart.0.disabled="1"
hint.uart.1.flags="0x10"
hw.bge.allow_asf="1"

% VBoxManage clonehd ¥ 
    vmbsd01.vdi vmbsd02.vdi --register 
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_=�WNf�±$Á � L,bCB%&¼ |I
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� =��WNf!±² ®s�ù,³´�BC����

teleport "mI��`a{¤&�migration,�àÍÎ
IG�©ú¦§�©ªWNf!±² ®� attach�_/
#/��`a{¤&,bþ�B�<�kIäh�/è�

�ãú+ã�ù+�� teleport$Cà�,$�j$I=
��I�þ�Å����D

% VBoxManage createvm ¥ 
    --name vmbsd02 ¥ 
    --ostype "FreeBSD_64" --register 
% VBoxManage modifyvm vmbsd02 ¥ 
    --memory 512 --pae off --vram 10 ¥ 
    --audio oss ¥ 
    --nic1 bridged --bridgeadapter1 bge0 
% VBoxManage storagectl vmbsd02 ¥ 
    --name "IDE Controller" ¥ 
    --add ide --controller PIIX4 
% VBoxManage storageattach vmbsd02 ¥ 
    --storagectl "IDE Controller" ¥ 
    --port 0 --device 0 ¥ 
    --type hdd --medium vmbsd02.vdi 
% VBoxManage storageattach vmbsd02 ¥ 
    --storagectl "IDE Controller" ¥ 
    --port 1 --device 0 ¥ 
    --type dvddrive --medium emptydrive 

% VBoxManage startvm vmbsd02 ¥ 
    --type=headless 
% VBoxManage controlvm vmbsd02 ¥ 
    acpipowerbutton 


