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CPU >�?�@�A�BDC�EGF = CPU H�I�J�>�KDL�MN�O C�P�Q�RGS�R�TGU�VXW�Y = H�Z�JG[�\�]G^�_DC�`Ga
RXbXcdLfeDUfgdh =Xi�jXk UXlXm�lfndofHXIqprRXTdPfT�Vs g = IT tfuXvdwx>X?XyXB/z|{X}~BdCXE�F =�� ]X�X>~�X�
M����DC�����R�TGU�M =X��� >����GC��GQ�R�b���u���]
u�M����DC��qp�RDS�R�TDU�VX�G��� = ��> 2 ��>����D���� k U����GlDp�R = { � > � ]��G� 1

� C s l�h�U��
l�>��DS�U =X��  B�¡�¢GC�£¥¤�M�¦ s Q�R�TDU�VX§�¨��
[ �X  BX¡X¢d� s lXh =X©Xª >X«X¬dCf�XTXRX�®dUfV
2 ¯/°/±/²+³
�X  BX¡X¢�lX[ =x´dµf¶d·f�~¸d¹fº¼»r=¾½D¿ ud^ = WXÀÁ�Â P�o =dÃ�Ä \�Å�]GÆ�t�u�vGw���Ç�È k U�É�ÊG��Ë�ÌÍ ÇXÎdCfÏqÐrÑXÒXÓdC�ÔXÕ =XÖ E��X×XØ k U�¡X¢X�dÙXU�V

Fig. 1 C �X  BX¡X¢X>XÔXÚd��Û k V

Fig.1
�X  BX¡X¢X>XÔ�Ú ( ÜfÝßÞràfá )
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� ]X� �X  BdlX[ = CPU

»få ]XuX>XæXçD�fèXéXB k U
�X�X��ÙXUfVd�f> � ]X� �X  BdCXEdF = 1

� > � ]X�d�f{� > ��  Í P � ]��DC�Ô�Õqp�ê OS ë���ì ´q»�í ]DtGîÄ ��I�áDL�ïGU = Ù�U�TG[�{ � > � ]���� 1 ��>�ì ´q»í ]dtdî Ä �fIXádLfïDUX�XlfMX�DSXUfV � ]�� �X  Bd[ =
�DS�ð�ÔDñ�R�ò�uôó OS õDl�ö�÷�ø�]���÷�ù�õ�> 2 ú�Ú
>XìX]dûfvd^füdýXCfÔ�Ú k UX�XlfMX�dSXUfV
3.1 þXÿ�� OS �

òXußó OS õdlX[ = WXY~> OS ëdC �X  B å�� ó����fì
��ì ´q»�í ]DtGî Ä >DE	��C�÷ Ä uôó ]�
¥p = � >�ë��
TDð����> OS ��I�áDL�ïDU������DÙ�U�V Fig. 2 C�ò�u
ó OS õ >�Ç�G��Û k V�� >�����G[ = ì ´¥»�í ]GtGîÄ ��÷ Ä u ó ]
 k U��Dñ�� �� � t Ä ��á�Î��GS�U�g
h =���� P���� ÷ � M�� � � Ù F�� Y C���� p ¸ k T V

s g = öX]�� ���xìdCXEXU"!�#%$"&dPfTXgdh = öX]�� ���
ì�>'()�>���M�*Gð�P�U�V¼p+�¥p = ò�uôó OS M �� � t Ä C � Bqp�R�TGP�T,�ç OS �GÙ�U�gGh = @�A�M-
M¼F/.XAXM�0X�dLfedUfV

Fig.2 òXußó OS õX>XÇ�� (1) EdF 1�2 )

3.2 3�4�5�6�7�4�8��
ö�÷~øX]X�X÷XùXõ�lX[ = öX÷Xø~]X�X÷Xùdl:9<;fedU =�� � t Ä >=>DC � Bqp�g?�ú�>@�çA�]�B
�ë���TGð
���> OS ��I�áGL�ïGU�����GÙ�U�V s g = ö�÷�ø�]��
÷�ù�õG��Ç�Î k U�C�DEG[ =GFH���  BDl�IJ ��  BGC
ÔXÚ k UX�XlfMX�dSXUfV
3.2.1 K�L�M�N�O
F�H~�X  B�lX[ = öX]������fìX>~ëdCfò~ußó OS �"P�Q
L�ï�ÑGC ��  BR�>�CDEG�S=T¥p =~��  BR�M�ö�]U�
���fìdl"V�WG0�Xd�">Y�����X�dÙXUxVd�f>����X��[ = Fig.

3 C�Û k EZ��C =X��  BR�M�ö ]U�+�� ì�ë��V�W�H�I
pròXußó OS ldprR�.XA k Uxgdh = Windows

¸
Linux l

TdQfg�?�[X> OS �"\X�dldpxPfTXV s g = ofndP OS �<$]^ ï�ÑDC �� �� t Ä ëGC�÷ Ä uôó ]
 k U���l�M��GS
UfV�÷ Ä ußó ]�
dLfeXg�_Xußó OS [ =9�X  B�RXM CPU`a C�Õ¥F/b�n��c�ÌG��>d��gGh = àGÐ�M �� e�f �GÙ
U���l���gh�ï�ÑGC�H�I k U���l�M��DS�U�V¼p+�¥p = _
uôó OS [�VW�ö�]i�+���ì�>j�áG��>d����l�M��GS�P
TXgDh =�k ]X�X]�l · � M�monfUfV

Fig.3
F�HX��  BX>XÇ�� (1) EdF 1�2 )
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3.2.2 ����M�N�O
IJ ��  BGl�[ = _�uôó OS C��G���Ga =X��  B ef
����hGL�ïGU�E ��CDp�g�����DÙ�U�V Fig. 4 CSI�J �� 
B�>�Ç��G��Û k V�IJ ��  B��G[ OS ��>	$�>G���GS��
a�U���l�� =X��  BR�� `a ���	��ï�Ñ = _�uôó OS �
Ð V�WXöX]i� ���fìX>�jXád�">Y���XlfMX�dS�UfV¼p �¼p =
OS � ]�^ p�gXgDh = OS C�
 k U ¶ ûXÅ » v ¿ ]�^ ´dµ� �Xwf>XéXç��">Y�f�XlfMX�dSfÑ = OS > å ]Xu Ã ]�� ]^ ��×�Ø Í C��Ì��GS�U���]
 ¸ �Ì åG» Å�]GtGî Ä [s �	��=¥p�R�TGP�T�V s g = @�ç�>i�+��÷���M\��GC�P
Ufgdh = 
��XöX]�� ���fìXMX�XcdLfe = OS �X><$f>X>��
S��Ga�$�\����GÙ�U�gDh =�k ] ´DÄ�å ]�uDlGp�R å ]�uÃ ]U� M	�	�GL�e�R�TGU OS C�[�
����GS�U�M = ]^ �
�daXUX�XlfMX�dSXPfT OS CX[�
��X�dSXPfTXV

Fig.4 I�J �X  BX>XÇ�� (1) EDF 1�2 )
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OS
�   B l [ = OS � �   B k U � l C E F =X�  ef ��á F�Ü k ¡ ¢��GÙ U�V 1 ��>�ò�uôó OS ��{ � >

OS C�E ï� ñ R	� � ��l � = ì ´ » í ] tGî Ä�� l C
CPU
=�¹�ºq»�=

I/O P�o�> »�å ]�uD��Õ¥F���R = 1
� >� ]X�XëX��� � >dtfu�vdwX�fHXI k UX�XlfMX�DSXUfV

4.1 OS M�N�O������
OS
��  Bd[ = AX]�B�
 1 �X�dtfuXvdwfÇ~ÎX> ��� ÷�


tfu~vdwX�x{ �����Xk U~�XlfM~�dS~UfVd�fed[ = �Xe� Xe
> ��� ÷�
dtfuXvdwXC Ö TXR =~�� �e�f�!�" � chroot .
Ad�fæXçqprRXTdU�gdhf�dÙ�UfV chroot .XADlX[ = change

root .XAX>d�Xlf� = ì ´¼»rí ]dtdî Ä � root
��� ÷�
dt

u�vGw ¸	# >�ì ´¥»�í ]GtGî Ä �¥Ð%$	&qp = ì ´¥»�í ]
tGî Ä >	'�ØG��(*)�VX��>�gGh =~�� �� ]�� � l�>	+	,
I<$�-~AX�dÙXUfV s g = chroot-Barrier .XAdlfT � = 
X]
ó ½D¿	. ^qó » �qÐ%/GC�0�u í ] ´ p�P�TGE ��C k U�g
hf>�.XA<$ � QfRXTdU�V
4.2 OS M�N�O���1�2�3�4

OS
�X  Bd[ = Two-level disk quota

=
CPU scheduler

=
User Beancounters > 3 ��>���5DC�E�Q�R�É�Ê��ÌD��Ç
Î¥p�R�TDU�V Two-level disk quota �G[ =�6Gµ�· ^�Õ7�
RGC�E�Q�R���ç k U���l�>��GS�U �	� ÷
Gl ½G¿	. ^¥ó» > � �"0X�¼p = i 8f]�� Õ9�fRdCXEXQfRXáXÎ k U��Xlf>
�GS�U ½G¿ uD^�:	;�>�<G��0��qp =X½G¿ uD^�>����D��b
c k U�V�= C = CPU scheduler � [ =�>�?�@�A � CPU

��B�C k U �X �e�f M � c¼p =�D 2
@	A ��E�F Linux

´
µ ¶ u�G�H�I CKJ�L T R�=�> k U ´ µ ¶ u ��'�( k U V

è ª C = User Beancounters �G[ =�� c�> �� ef > »å ]�u	M�ÔD��c	N k U�� � >�ø	� ¹ ]DÆ�� � c¥p =X�� e�f C�
 k U"0�X .�O 
d��P�c k UfV
4.3 OS M�N�O���Q�R

OS
�X  Bd[ = ÉXÊ�XÌdCXEXQfR = »�å ]XuX>XæXçXJd�

bXcqp = ËXÌ »�å ]Xud��S�Ì Í CfÔXÕ k UX�XlfM��dSXUfVs g = $	&GL�e�g �� ef � ! ?�> OS l�ö�]i�+���ì
ëGC�á�Î¥p�R�TGU�gDh = ö�]U�/���ì ¸Då� ó+����ì�>
 Ì C Ö ñ UUT J � è � B k U � l M � S U VDL Ð C =�� ef C Ö ñ�U OS [�ò�u ó OS l	V n%W��	X�ÔG��YZ k U�gGh =�FH���  B ¸ IJ ��  B�> �� � t Ä > �
÷	[GEGF�$����GC�\DL�ð�PGF =�k ]���]�l · �+$S&GP�ð
PXU�V Fig. 5 C OS

�X  BX>XÇ��d�fÛ k V

Fig.5 OS
�X  BX>XÇ�� (2) EdF 1�2 )

5 ]_^_`/¯/°/±+²/³a Q =X��  B�¡�¢�>*b���è	$�@�A�>	c�TI�J ��  B�M
£¥¤���¦Gh�R�TDU�V�IJ ��  BG[ = @�ç�>U�/��÷��G��ç
T OS ���dS��daXUX�Xlf� = OS

�X  BdEdFeddU�$f>X> FH���  BGEGF�$�?	fc�ÌG�S>d����l�M��GS�U�V s g =~� � t Ä ��g	hDL�ï�Ñ�I�á�ö�]U�+����ìG���	i k U���l
>��GS�U��÷ 6� ÷ � . ]GtDî Ä M	j�kGL�e�R Ö F =�¹Ä v	l Ä uG��m�nGC�>d����l�M��GS�U�V¼p+�¥p = è ; �
[��÷ 6� ÷ � . ]GtGî Ä ��j	kqp�g OS

��  B�> å�
ó ���fì<$���odLfedUXPXo = OS

�X  BX>X¡X¢dC�pX«XM�q
Ð�e U�V�?��� = IJ ��  B ��
�rGC =�s gGC CPU C��  B	t	u�¡�¢�M	j�kGL�eGU�E	��C�P�Q�RGS�g�gGh = I
J ��  BG�S�� k U�v�>	w	x�M	y	zGL�e = @�A	$�LGÐ�C{ ë¥p�RGS�g�VX� s F = IJ ��  BG[ OS

��  BGl	V�|} y�>�cXÌ�f�yd��o�~X�DSXUXE<�fC�PXQfRXTdU�Vd�X�f� =
OS
�   B [�Ù s F { � > OS ����ç ï�Ñ� ÌGCU�	� �

�dð��X]�[dC�
¼prR = I�J �X  Bd[�XÌdEdF"$f{ � > OS

����ç k U���]�[GC�
qp�R#�Q	�G���¥p�RDð�U�l��GaGÐ
edUfV¼p/�¼p = ©Xª $ IT tfuXvdwfMX?XyXB z {X}XBd���� U�l = IJ ��  B���{ � >_�uôó OS � � � � ]��	�
� OS

� l�C OS
��  B�� s l�h�g � ]��	�GC���i¥p�g

m	��M = @�AG[����¥Ð�Ñ = �ÌG��EGF%m	nGCS>Ga�U��7�
� V¼p�� p = OS
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