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Solelc SUT , VXWZY\[^]`_baXc^dUe^]Uf^gihUj^kUlnmXo^[UprqtsvuxwUynzX{^|U} . hUj`kUlbT ,~n�r�X�U�`�U� SX�U�nz , oU[^pXqv�r�U�t�U}X�^�vgr�U�v�^} . oU[UpiqvT , hUj^kUl � �U�b�U}�U� gX�^��z , �X�t{ �r�U�U�^�v�r�U� gX�U�t�U} . � �v�^�X� wUyU�^�v� �^� { , oU[^pXqn�\��X U¡U¢U£¤�X�U�¦¥ � m ��§ , ¨U© � oU[UpXq �U� {XªU« �¬�U�U�¦�v� �X�¤{ �X�¦� gX�­�v�U}�Umr�X¥ � m � } . zXsvz , ¨U© � oU[^pXqt�XªU« �X�^�U�^� Sr�U�t�U}U®^¯ ,
�U�^� � 1 °vSv±²U³ �U}vmXdUeU]UfX´U�v�XµU¶v�X·v¸v�UmX� � } . dUeU]Uf �X¹UºU» m\¥U� » gU¼ ��½\¾ }U®U¯�UT , ¿vÀXÁ »v� ®`¯ �r�U� �rÂU¥bÃvm � } . ÄUÅvS^T , ÆUÇ�ÈÊÉU� �nË\Ì a\ÍtÎUdnÏra\kv� � }¿bÀrÁ » ¼ � �U�bgi�^Ðb�U} . Ä^�`�bT , Solelc �r�^�v�^}^�i�b{ �X�^�^� � �^� {iÑUÒ ½xÓ }rÔÕUÖb× �v� ÆUÇ�È �XØUÙ^» gXÚU�v�U}v± � SUÛU} .

A Method for Improving Fault-tolerance by Transactional
Memory Operations in the Solelc Distributed Operating System
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In Solelc, the operating system consists of abstraction layers and a kernel. The abstraction

layers work on each computer and provide the environment which the kernel works. The kernel

uses functions provided by the abstraction layers and manages the resources of all computers.

By this construction method, the kernel itself works in a location-transparent fashion, and it

becomes possible to manage all resources on multiple computers with a single kernel. However,

since a single kernel works on multiple computers, the entire system might stop when a certain

computer breaks down. In order to improve the reliability and availability of the system,

it is necessary to provide functions for fault-tolerance. In this paper, we propose a method

for improving fault-tolerance by transactional memory operations. This method utilizes the

memory redundancy on the virtual space shared by all computers which Solelc manages.
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1 Ü ÝßÞ-àá¦â VãWäYå[­]U_vaæc¦dçe­]¦f Solelc [1, 2] T , U¡^¢`£ �r�U� �^�vgrèv| , ªU« �X�^�U� �révê �� gìë^íbî^�iÚ^�b�^}b�`mrgbïrîbm`zr{^|^} . � Óu¬g¬ð¦ñò�¦}¦®¦¯¦� , Solelc S¦T , ¨¦© � o¦[¦p¬q� �ó� {^dôe`]ôf^�iéõê`�r�õ{ �r�ô�`� gi�`�özì{|U} .� �¤�¦�¬� o¦[¦p¬qvg¬�­� ½÷¾ }¦®­¯U� , SolelcSUT , ø �`�U�^� S �^�U�^�`� grhUj^kv�^} � wtg�U� ½ù¾ ,  U¡^¢^£v� �U� �`�vgrè � �Umrgr¥ � m�^}ì�^�bgrw`únzr{^|^} . � � �^� � S^o^[^prqtg�U� ½ù¾ }b�Umr� �`� { , oU[UprqbTX ^¡U¢^£v�i��v�^}t�Umr�X¥ � m �n§ , ª`« �r�U�^� gr©^û�zi{�U�b�U}v�UmX�USvüX} .�ý�b{ �ì�`�ô� �i¨ô© � o`[`piqõ� �ó� {i�`� ½Ó }vm , o¦[Up¬qv�¦þUÿ��¦eU�¬�U�¤�U} �U� T , ��v{ �X�U�U� S��¬© � ± � m � } . � � ®U¯ , oU[pæq¤�ã�­� �­}¦�ã�ò{ ��� [��ãe­g�	�
 �ã�­�­�� SX�U�v�U}v�Um¬�USvüX} . �U® , �X�v{ �X�U�¦�S��r© � o^[UprqbgX�^�v�`}v�^mrsvu , þUÿ��Ue`T�ô� ��
õ�`}ìÉ`�ö±  `¡^¢ô£t�ìè � �ômi�ì¥ � S`Û} . � ����� ,
�U�¦�­�¦�¤� h¦j­k¤� �U� { , o¦[pXqnm����v�UþUÿ��Ue �  U¡U¢U£ » ±\ðUñ ½\Ó } .zýstz , Solelc �óT ,

�ô�ô� � 1 °õSt± ²`³ �ô}õmd^eô]^fr´^�t�rµ^¶b�r·t¸bmr| ����� �^Û^} . � ���� T , ¨U© � oU[UpXqv�Xª`« �X�U�U� ���U®U� �{X�^�t�U}^®U¯ , oU[^pXq � ©�� �X�^� ��� �UÓ }®U¯USUÛU} . zX®U� � { , ���vî � À¬Áv� � }Ud¦e]Ufr´`��� � µ^¶bg�����z , dUe^]Uf �X¹^º^» mù¥� » g`¼ �n½\¾ }^®U¯^�UT , ÀXÁb��
� v�^} �U�t�ðUñb�XÂU¥vÃUSUÛU} .

�b�¬S , Solelc �X�U�¤�U}U�æ�v{ �X�U�¦� � �¦�{ìÑ`Ò ½ Ó }ìÔ Õ"!$# Yxe Öt× �t� ÆôÇöÈ � Ø`Ù`»�UÛ^}v�`mX��%�ï^zX® . Solelc
� Æ^Ç�ÈÊ�U�b��&('}*) » sõu , 1 ° �ì�`�`� � ²`³ zi®*+(,ö± , -". ��ô� � �ã� {�/ôé ½ùÓ {`|^®ôÆ`ÇnÈ10�2öm��"3�4ô[57698 [ # ��: �¬�U�U� ��;�<¤�U} . � ����� , ��õ�`} �ô�`�ô�t� 8 [ # gìÚ`� zi{�� �`Ó ®`o`[`pq �r�`� g�=�> ½x¾ }b�Um 6 ,
! Î��^eU�^}�
Uj �

4ô[ 5 g*?(@BA`}t�ômiS^dôe`]ôf`g�CEDözì{i�`� ½¾ }v�UmX�X¥ � S¦ÛU} . F ���¤§ , ØUÙv� ÆUÇ�ÈHGI gXÚ¦��z , ¿¤ÀXÁ » ¼ �¤� ®¦¯ � �U� mUzæ{ , ÆÇ�ÈÊÉU� ��Ë\Ì a\ÍvÎ`d�ÏXa\kvgX�UÐv�U} .
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�
1 Solelc

� dUeU]UfXw^y
Á » ¼ � �¦� , 4 K¤S­ÆUÇ È ÉU� ��Ë÷Ì aåÍvÎ¦d�ÏaùkE�(� �`ê`|ó{��ô� , 5 KõSiÄ(��� �*�E� g��õ� .

2 Solelc �����
2.1 �����������

Solelc
� d^e^]ôfrw^ybg � 1 ���b� . Solelc S`T ,ViWZY [`]ã_ aic^dôe`]`f`g`o`[ôprqöm h`j^kôl �

2 lõ�(�ýl`k zì{ô|ô} . h`j`kóltT , �ì�t{ �i�ó�`�S 1 ê��^êX�^�nz , o`[Uprqv�r�^�v�^}U®`¯ � �^�gXwUú¤�U} . oU[UpXq¤T , dUeU]¦fX´U�vS 1 êUSUÛ§
, hUjUk^lb�X�^�v�`} �U� gX�b|U{^�i�v{ �X�^�� gæ©Uû zX{X�¦�v�¦} . � ����� , hUj­kUl¤� ~���X�U�^� gr�^��z , oU[^pXqb�Ud^eU]^fi´U� �X�^��¦� g¬è � . � �¤�¦�¬� w­yòg¤m¬}ò�¦m¬� �U� { , U¡U¢^£ �r�^� �`�vgrðUñnz , ªU« �r�`�U� gXë^í��� �U�v�U}v�UmX�^SvüX} .

2.1.1 ������ 
h¦j­kUl �¢¡�£ T ,

�¦�v� hUj­kvg¬è¤| ,  ¦¡¦¢£ �æ�­� �­�¤gãè � ®­¯ � �­�ògãw­ú¤�ç}ò�çmæSÛU} . hUjUkUlvT , �X�v{ �X�U�¦� S 1 ê��UêX�U�z , �¥¤ � �U�t�^} �^�U� gi�^�v�^} . h^j^k`lbT ,�¦¤õ�r�`�õ�`} �ô�`�ô�`� g�§(¨`Éô�t�ô} �`� gié�
, Æ^ÇnÈ , CPU,

£�©«ª
, ¬�­«4�®«¯`ebmr| � ® ��U�U�U�v� hUjUkvgrè � .½ uæ� , h­jUk¦lvT , h¦j¦kUl × S¢°�±�²¦�vg¬è� ®^¯ ��³U¹^�^� gré � {^|`} . h^j^k^l × ��³^¹�UT�´^� � þ^ÿ Ë 8 qb�X�^� ½\Ó , ëUí ��� |�°�±

²U�¤gXðUñ�zX{U|U} . øUhUjUkUl¤T , µv|U��°�±�²�tgrè � �ômr� �ã� {`d`e`]`fi´ô� �i�ô�t�  ô¡tg
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�U�nz , oU[Uprqbsvu �X�^� ÉU� ��M�¶ g�
^j�m �} �^� gXévê �U�U� ��·�¸v�U} .

2.1.2 ¹�º�»�¼
Solelc
� oU[UpXqvT , �U��
Uj �X�U�U�v� °U«v�� u�� 1 êUS^Û § , hUj^k^lv�i�U�b�^} �^� gr�`�zr{ô�r�b{ �i�^� gr©^ûözr{r�^�b�`} . ¨^© � o`[pXqbS`�X�b{ �r�U�^� gr�U�t�U}b�^mX� �^� { ,

��­�¾½ mæ�ço­[¦pãqògæ�ç� ½÷¾ {­|ç}À¿ÂÁ � VæWY\[^]ô_varcUd^eU]^fvmiT�Ã ��§ , °�±^�U� � ®`¯� ²U�v�XÂ M m � } . � � ®U¯ , oU[UpXq��\� � ²�vT , ¨�Ä � ± � m �v� {U|U} .

o^[UpiqvT , ¿�Á � VrW Yx[U]ô_baXc^dUe^]Uf`�ð­ñ zã{­|ç}ò± � mÀ�À� �¬�­� gæðçñ¤�­} . o­[pXq �X�`� T , ªU« � o^[UprqveöY�Å # � �`� {Xðè ½\Ó } . oU[UpXqve�Y�Å # T , h^j¦kUl �X�U� g�U�nzi{X�^�v�^}^®U¯ , �7¤ �  ^¡ 6 �U�b�  U¡t�� u*���r© � �^�bS�²^�tgrè � �^mi�^Sbür} . � �®¦¯ , oU[¦p¬qve Y�Å # T ,  ¦¡­¢U£¤�¬�U�¦¥ � SÛ § , ø �r� e�Y�Å # g�� Ó�ÆrÓ Ã � } �U�^�U� S�U� ½ù¾ ® § , �^�v�^} �^�`� gr�vî^��Ç�ÈnzX® §�^}õ�^mr�^Stür} . � �b�`�r� )�ÉbgiÚ^�nzr{^o`[pìqteöYRÅ # g*Ê�? �ì�`�^�ô� Sr�ô� ½ù¾ }t�`mì��^� { , ëUívî �X�^�v� �U� 6 o^[^pXqn�\� ��Ë(ÌáUâ �X¥ � m � } .

2.1.3 Í�Î7Ï�Ð
þUÿÂ�¦eUT , oU[¦pæqv� �U� {Xð¦ñ ½\Ó , oU[¦pq �ì�ô� gi�ô�özì{i�`�õ�`} . �ó® , þôÿ(�ôe`T , deô]`f 8 [rqt� �ã� {ôo`[^pìqt�r�ô�t�`} � ["�ìeg¬ÚU�¤�U}¤�Umæ�US¤üX} . Solelc S¦T , þ¦ÿ��¦eUT

1 ê�F �v��Ñ [XÍve�YÀÅ # gæé � , þUÿÂ�Ue � 8 [# Tb� Ó u � e�Y�Å # � �U� {XðUè ½\Ó } .Ñ [XÍte�Y�Å # T , 	�
 �i�U�^�U� Sb�7¤ ��Ò �}Uþ^ÿ(�Ue � 8 [ # 6 4U[ 5 g�Ó�ÔvSbü ,  ^¡U¢`£�r�ô�^¥ � S`Û^} . �^® , Solelc S^T ,
Ñ [rÍbenY*Å# mio`[ôprqte YRÅ # ��µb| �  ^¡õg�
(Õt�`}t�ôm�9� �`�U¥ � S^ÛU}b�Umrsvu , oU[^pXqbe�Y�Å # ��ô�özi{ô| � | �`�^� St± Ñ [iÍõenYRÅ # gi�`� ½¾ }b�UmX�USvüX} .

Ö¥×ÙØ¥Ú
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ß¥à¦á¥â
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ä ÜÙå

Û¥Ü¦ÝÙÞ
Ö¥×ÙØ¥Ú

æ¦ç¥è¥é

êêê

�
2 Solelc

� !9# Y\e Öb×

2.2 ë�ì�í�î
Solelc S­T , d¦e¦]¦fæ´­� �¬�­�¦�¦�¦� g , hUjk¦l � �U� {¬h¦j­k z÷�¦� z¬{¦|¦} . h­j¦k¦l¤T ,o`[ôprqtsõu �i�ô� Éô� M(¶ g�
`j m � } �`� giéê �U�U� ��Ê�?v��·�¸v�U} . � � ®U¯ , Solelc SUT ,d`eô]^f �õ�"ïi�ì�`�ô� stuiSt±i�ì�t{ �i�`�ô�`�� gX ^¡U¢^£v�r�U�`¥ � S^ÛU} . Solelc ��&�'^}UÆÇ È , CPU,

£�©�ª
, ¬Â­�4¢®ð¯¦e � �¦�¤�­ê¦|¦{

F�Jv���U�v} .

2.2.1 ñ�ò9ó
Solelc SUT , hUjUkUl�mXoU[UpXqv��°�±U�U�v�U}�Um¬� �U� {UÆUÇ�È �U�ò�Xè �UÓ } . � ����� , hj¦k­lvT , ø �¦�U�¤� é¤ê�ô¦�òÆUÇ È\g , �¬�v{ ��`�^� stu Ñ`Ò ½ùÓ }`dôe`]^fì´`�õS 1 ê � Ô Õ"!# Y\e Öb× mUzr{rh^j^kv�`} .

½ ur� , o^[^piqbT ,� � !õ# Yxe Öb× gi�U�b�^}v�^mX� �`� { , ö�÷nmzX{U�X�v{ �X�U�U�b� ÆUÇ�È\gX�U�v�U} .!¾# Y\e Öv× T ,
�

2 �À�v� �U� � , ø¦ÑUÒÂG Im\ÑUÒÂG I � 2 êU� á '¤u Ó } . øUÑUÒ�G I T , hjUkUl � 8 [ # 6 4U[ 5 ��ù^¡ ½xÓ ,
�`�U�õ½ mr�

Ã � }�0�2bg�/^énzi{^|^} . Ñ^Ò(G I �^T^o`[^prq6 þUÿ��Ue^��ùU¡ ½\Ó , �X�b{ �r�U�^� �v� � G IgrÑ^Òb�`} . � �b�^�r� ª^« �r�^�`� � �`� {rÑ^Ò½ùÓ } !ú# Y e Öt× grw`úõ�^}`®ô¯^� , hôj`k^lõT ,�^�^� × � Æ^ÇnÈ � ©(û »�ü�ý giè � {`|^} . � ����
, ôU�bÆ^Ç�È � Ô Õ«!9# Y\e Öv× � ��£Z§nþ '6 �U�^� × S � Wt[�ÿ�0�2 � ¸�� ¹ gièb| ,

�U�^�× � ÆUÇ�È � ©�û » g�/ � {U|U} . � � ®U¯ , oU[pXqvT , �X�b{ �r�U�`� svux U¡^¢U£ � ÆUÇnÈ ! Î
�UeUgXè � �UmX�USbüX} .
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2.2.2 CPU

Solelc SUT , CPU g , hUjUk^lv�^oU[^pXq 6 þ`ÿ
�¦e � 8 [ # gXð¦è¤�¦}­e�Y�Å # m¦z¬{Xh¦j­k z ,o^[ôpiqbTôenYRÅ # gr�`�t�`}t�`mi� �ã� {�ö�÷ mz¬{ CPU

�­� g¬�¦�v�¦} . e Y�Å # T , o¦[¦p¬q6 þôÿ��^e � 8 [ # grð`èb�^}rð^è`ð^�bS^Û^} . ��¢���
, o¦[¦pXq 6 þUÿÂ�Ue¦T , e Y�Å # g¬�U�¤�}v�^mX� �U� { CPU gX�U�v�U} .

e Y7Å # T , hójãkôl � ðôñ �ã}ì ó¡ã¢ô£ » � �r�{ , 	�
 �X�U�U� �Xévê CPU gX�¦��zX{X�¦�v�U}�¦mX�¬¥ � S­ÛU} . � � ®¦¯ , 1 ê ����� g¬ªU«¤�á £ z , � Ó�ÆXÓ Ã � } CPU gX�¦��zX{�²¦�v�U}mX| � ®b�¦mX��2��v�¬ðUñvSvüX} . � �v�U� � , ¨© � þçÿ��çe­g¬ªç« �æ�ç�­� Sãð­è �­} � mÀ�À�� , Solelc S¦T , o¦[¦p¬q � ð¦è ±÷ª¦« �¬�¦�¦� Sè � �`mX�r¥ � S^Û § , ¿�Á � d^eU]^fUS^T��	�tSÛ � ®`o^[ôpiqE²^� �*Ë(Ì áôâ grðôñt�`}t�`mi�ôSüX} .

2.2.3 
��
�
©��¤� , o¦[Up¬q � ²­�vT , þ­ÿÂ�Ue 6 ¬Â­�4�®
¯­e¦����� ½å¾ } £�©ðª g�� � m­zã{æè �çÓ }���vî � ± � S^ÛU} . Solelc ��&�'U}^oU[^pXqn±��`ÄîU�^T £�©«ª g�� � m^zX{i�U�b�^}U� , ¿�Á � d`e]Uf �t�U� � £�©«ª g�§�¨����b�^} � SUT �ú� , hjôk`lt���^yt�ô}(¯�� a Ë g����õ�^}t�ômi� �ã� {oU[UpXq � ²U�v�¬è �UÓ } . ¯	��a Ë mXT ,

5 ¯��£E©"ª 6 d`eô]`f 8 [iq �Bï ø �`�`� S�� �özi® �jvgrhUjUk�zX®v± � S`ÛU} .

Solelc SUT , hUjUkUlv� £�©�ª g�¯	��a Ë mUzX{h^j`knz , � Ó g^o`[Uprqb� ³�! �`} . ¯��na Ë T ,

� �özi® � j ��"�# g�$b�E¯�� a Ë&% ' m*� ��� j��(U�U}	)�*vsvu\wUy ½\Ó } .
�

3 T , ¯	��a Ë �o^[ôprqb� ³�!n½xÓ }���+bg�$nzr{`|^} . h^j^k`l�¦T , Ûvu¬s�3X¯ , o¦[¦pXqò� �^� {Â¯���a Ë g��
�v�U}Ue�Y�Å # �	,�- ½\Ó } . hUjUkUlvT , � � eY�Å # gU�¬�v{ �X�U�¦� � ³�! �U} . � � ®U¯ ,

�
3 SUT ,

�^�U�
B S	���nzX® £�©«ª ��¯���a Ë m`z{rh`j^k ½\Ó ®�. ,
�ô�U�

A � ³�!�½xÓ {U|`} . hjUk^lt�v� �v�^�X� ²U�bgXè � �^mr� �`� { , oU[pXqbT , 	�
 �r�^�U� svur�i�v{ � ¯���a Ë g	����U}b�UmX�X¥ � m � } .
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�
3 ¯	��a Ë ²U�

2.3 []\_^a`cbad
Solelc e�f , g�h�i�j
k	l�m�n�o
p	q�r
s�ÿ�p	t

m�uwvyx�z|{	}�~
���
��v��
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, D`E<Fà²a³:Õa«`¬^ÚÒ,\,�2� , á,À,Ã�Ã ¹kº'»�¼ �,½j¾ »�¿ �JÛ�ÁÂ�Í,Ó .

4.3 â:ãåä<æèçÝé>êìë<í<îðï8ñåò_óåæ
4.2 ôiÄaõLÎ^� ¹Ëº^»à¼ �L½G¾ »àö`÷Lø Ä Ì

, ùÇ
È,ú2Û�û,ü�ý,þ,ÿ
Ä����j���,Ö�� , Ç
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©,ª Ì�Y1Z À2���"����ÚHÇ'Èú�Û�7�����Í�Ó Æ ÑHÚ�Ä £ Ó .ù\[°ÀS�&�]�G� Ì , ¤2¥W¦2Û
®  T , ^`_WÀ2�&�]�
� ID Ñ�) * Ç
ÈLú�Û�72���^���`������� ID ÑaÛa�b � ,

�	�
ID Ä����	�a¤L¥i¦LÛ�:��^ÍLÓ . c^ÒÓ ID Ä��2<��a©Lª
Õ Ì

, dLÈ�e�>^Õ�fhg
ÍLÓ�Ç^Èú�
'À'i1j%kKl@È,Õ2���]�(�kÛ,�SÒ2m`n�/,µ2Å2Û"op Í`Ó .
Æ �
Õ � � ,

��! ûLü�ý�#
Õ��h0
ÀL�����
�CÚ�f1g
Í,Ó�©,ª
Õ2Ö��1�2� , ���"�%�q

Õ�c
Ò,Ó����������
�Û�r p Í�Ó Æ Ñ�Ú�Ä £ Ó .

4.4 s é>ê�t<é<ò:ëQu\v
w1x�y{z 4'Û ¹kº'»k¼ �2½Ý¾ »�ö Í2Ó Æ ÑHÕ � <

� , |�}�§,¨'µ�Õ���~JÒ w�x�y ²H³
ÛH­2�
Í,Ó Æ ÑÚ����GÑ�Ò�Ó . � · � ,
¹Cº
»à¼ ��½G¾ » À ¿�8��Ì

, �
À ¹�º
»�¼ �,½¯¾ »H·
¸ À��,���2��Ú���
1�Ó�� Ì Ï�Ð����'Ó��2� , �2�2��7%����Ú
§�¨'Í�Ó��
���
Ú���Ó ( + 7 (b) ,�- ).á Æ Ä , ���1M
Ú�N 8 ���1��ÓHÇ'È�ú,Û�7��H�
��L�����%� ID ÛL�	��Ó Æ ÑhÕ � <�� , �h�����^×À����1n�/ ( + 8 ,�- ) Ú�§,¨G�����,Ó · Û����G� ,

�h�h�`7h�Ë�SÀ'DW�2Û°®  . ù9[ËÀS�@���h� Ì , ÇJÈú,�,�S�,�2Õ � <A�
Ç'ÈSú��(��> ¹ Ú
§S¨5�`����M� 
�À����'ÛH¡�¢j������� , Ç
È,ú�À���� � Û�� ¸
7

研究会Temp 
－47－

研究会Temp 
 



Thread 32

Page A

Thread 40

Page BThread 28

Page C

���{�{��� �{¡{¢¤£���{�{¥{¦
+ 8 �������
×�À�����n�/

�
Ò · <H��©,ª , i�j2k1l2È�Õ������2�CÛ��,Ò�m`n
/�µ,Å2Û�o p Í,Ó . i�j�k$l,È�Õ,��Ò,Ú��'���&���
� Ì , n�/2µ�Å,Ú ! p µ�Å,Û"§�¨5���2�CÇ'È,ú�À"�
� � Ú�� ¸ �'Ò��H©�ª , �2�%��72�H��À����1�
Ú��ÓL��� , ) * Ç
ÈLú�Ûh7%���i�a���©����� ID Û�,
-G� , á�À2���"�2�CÚ��,���2��¡,¢'Û�§,®G�����2ÓÇ^È�ú�Û�D��^Í�Ó . � ¸ Õ , Dh�Ê���aÇ
È�úLÛ�7���^�a�L������� ID Û�,�-Ê� , áLÀ`�©�����àÚL�L����H¡�¢
Û�§�®G�����2Ó�Ç
È�ú�Û�D��
Í�Ó .Æ À ¿�8 Û�ª«�q¬5������� ,

! p µ,Å�Û�­'Â
�
��©����� ID Ú�,�-����
�a©�ª , �������^×�À����
n�/�Ú�§�¨G������Ó . Í�Ò�.�/ , ������7	���,Ú�§¨G�H� Æ ÑHÕ � � , ���1n�/,Õ�®�¯'Í�Ó,���"�%�CÀ /�°&��n2/�µ,Å�À�±��,���'�2� , Í�Ò�.�/�°�±JÕ¡S¢JÛ
§S®5�
�S�&�A�G� ·'¸�² ÕHÁWÂ%�`³JÓ Æ ÑTÕ� <�� , ������7����,Û�´�µ
Í�Ó Æ Ñ�Ú2Ä £ Ó .

5 ¶¸·
½@�1¹�º�»
È'>'À
§S®JÕ � ��ÇJÈSú��(�¼> ¹ ÚT§¨�½ ,
w�x&y É'ÀH¤�¥'¦�ÚH®�.��2¾�T'Õ��, 'Û�Þ2ßÍSÓ .
Æ ÀJÑ £ , 4.2 ôJÀ$+ 6 Ä"¿�½'¾
ÇJÈ2ú2À
ØSÙÀ�Á Ú�Â Æ Ó . á�À ¿�8 µ�Å2Û�û�o�½�¾ . �� 
À�Þß ¿18 Ì

, Ã
Õ�Ä�Å'Õ�¿
Í 3 Æ,Ä�Ç�È���������Ó .

(1) Þ�ß'Í�Ó�Ç
È�ú�À w�x�y{É�Ê À�»�Ë�È
(2) MASTER RW ØSÙWÀTÇJÈ@ú2Û°­�ÌÔÍ2Ó°û2ü@ýÕ�Ö,×�Ó�Í�Î ¿�8
(3) BACKUP ØSÙ'À
ÇWÈ2úSÛH­�ÌWÍ2ÓHûSü2ýJÕSÖ×�Ó�Ï�Î ¿�8
ÒWÖ , Ð%Ñ¯Õ Ì

, Celeron 500MHz Û�Ò�ÓÔ½I¾
PC/AT Õ�ÖLýiÛ 100Mbps À�×LÈKØ	e�� ¹ Ä�Ù�Ú
½�¾���Û
Û�Ü�������Ó .

(1)Ý (3) Àaù ¿�8 µ`Å^ÑaáLÀaª`û^Û�Þ 1 Õ�¿^Í .

ÍhÏ�Î:À ��ß Û�à^ÓG¾há , (3) Ä Ì
, ÏhÎhâGã^À�ä

Þ 1 �� �Þ�ß
À ¿�8 µ�Åå�æ�ç`è é"ê
(1) ë"ì1í`î�ï�ð 0.036ms
(2) ñ"ò å"æ 2.688ms
(3) ó"ò å"æ 1.184msô�õ

3.908ms

ö � ¹ Û�Í1Î1÷,û2ü,ý'Õ�¬�½"�1�,Ó .
Æ � ¸ À ¿18µ,Å Ì

, fork ½�ø�¹1º2»TÈ�>'À ¿18 µ,Å2À"j 34% Ûù á�Ó1ú,È�û�ü��2�HÑHÒ�Ó . Ã�¾ , ú,È�û1ü���� Ì ,¤ £ ¥JÃ"��¾
ÇÔÈ2ú'0JÕ a$ý ½'�"þ$SJÍ2Ó . ½ · ½ ,Æ À�ú�È�û�ü��2� Ì ,
w1x�yqz 4
Û ¹�º
»C¼�ÿ ½G¾»Cö Í,Ó Æ Ñ�Õ � <�� , |�}�§,¨
µ,Õ���~
Ò w�x�y²
³WÛH­�ÌWÍ2Ó Æ Ñ
ÚSÄ £ Ó Æ Ñ2ÑTÀ ¹ �kÈ&��ú��Ä���� , ��±
À�D1E���H
Ä���Ó .

6 ��� ���
	�
 Ä Ì

, ����ú�Ç �CÈ�¹�
 »�� ½�ø�¹�º SolelcÕ2Ö,×SÓ w$x�y¤z 4JÀ ¹ÜºJ»�¼�ÿ ½:¾ »Üö Õ � Ó��
|�}1���"# ÷,ø Õ1Æ��1�Hõ,Î2¾ .

w1x�y{z 4JÛ ¹�º»C¼�ÿ ½5¾ »Cö Í�Ó Æ ÑHÕ � <�� , |�}2§�¨��
À��
Ü
Ò w�x�y ²�³
Û�­hÌ
Í�Ó Æ Ñ�ÚLÄ £ Ó . Ã�¾ ,

Æ
À w1x@y Û��1ÜJÍSÓ Æ ÑTÕ � <A���1.���¾�d,È$e">À
ý$�'Û��$÷JÍ2Ó Æ Ñ��J½�ø�¹�º2Û���Ú@½"�"3$4&�
³
Ó Æ Ñ�Ú����
Ä��,Ó .

��� �"!
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