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SMTIU

¥=¦¨§ª©
l�mVnVo¤qV��o¤«V�V¬

, �®~¯p°�±r²¤³µ´ {~} �~¶~� , · � ¯V°�±~²F¸~¹�º�®¡» �~¼p½�¾ 
® .
l�mVnVo_qV��o¤«I� �¤¿VÀ w¡Á�ÂÄÃVÅ �VÆ~ÇµÈ �ÊÉVq � {~£ ,

l�mVnFo~q~spt6nVopvVwËx
z|{r} �I�^Ìr�p�IÍF�VÎ|ÏrÐ £VÑ ® .

�VÒ ¾~Í ��ÓÊÔÖÕ¨×ÙØ °�ÚÜÛVÝpÞ Í¤ßVàVR ²¤á�â Ð £V¬ �¨â¡� Ñ eVP w¡ã�ÂÊl�mVnpo~q~ä Íå hVæVçFè �~é�êFÌ xVz º�®~ë �V�Iq ²Vì ÑF£V¬ Í åFíVî � eIPV�pï wrðuñ~ò � ¬~óVô �_õö ¾ �®y÷ ò �^ø Â �Fë �V�Fq K ¾p�reVPp�Iï w¤ðµñË}pù ² ÍûúVü g � Ã�Ñ ¯V°�± wÊã�ÂÊlmFnVo~q Ì~eVP��_�Vï w¤ý ¶Êþ ò Ï � Ñ�ò � wÊÿ�� º^® }Vù �_�V��� {r£ Í l�mFnVo~q ������ ²��Fæ Ï~Ð } úVü g
	6â�� ��� ²pì��® úVü g w���ù ® eFPV�Vïp�I��Ì¤�V�VÍ_�FÎµÏ_Ð£FÑ ®Ê÷�� t �_eVPV�FïV�V�F�V��� {r£ �pÎ6Ï~Ð £VÑ ® � ¬ Í ¯V°^± vVm °_Ò����^²Vì��®����� { ¿VÀ ² a����Ä�F��¾ ^®Ê÷ { 	 { Í ò �~�I� ¬�� »�� � ����� { ¿FÀ wÊÁ Â��Vô Ì
^® }Fù Í! Vê �
" ��× Ì 	�	 � Í$# } Í  �%|{~£VÑ ®Ê�I�p� Ì 2

� �'&I��(¤�I¾ ^®~��)��* ö'+ Ì �®¡÷
· ò ¾rÍ�, jFk ¾ ¬Fl^mInVo_qF��or«F� ²Vì-^® PDG .-/^Æ~Ç|È �ÊÉFq^wËz�ÑF} eVPI�ïF�I�F� � w �F� º¨®y÷ ò �_�I�¨¾ ¬ Í0#�1 PDG

w ��2 { Í ��2 {_} PDG
K ¾ .�/ w ÁÂ_ò �Ê¾_�V� wyÁ�Â ÷ ò �~�V� wÊz�Ñ ® ò �y¾� Vê �V��" ��×Êw�3�4 ® ò �ÊÌV¾^¶ ®Ê÷ Ï â

² Í�, jVk ¾ ¬ �V���F�~�V�F� wÊ�^�V�V��� �y�Ö�V�Fo~� ²   º�® eFPV�VïF�V���_�VÎ Ò �w �I� º�®y÷ # } ÍF��5 ²Ië �V�Fq�w�6�7|{ Í í z�8-9|w�:<;r£ · ��=->�? w�@-A º^®y÷
B-C�D-E
l^mInporqF��o¤«I�

(program slice)l^mInporq_sItunIoFv
(program dependence graph)�F�����Ë�^�I�por�

(security class)eFP vpm ° (information flow)eFPI�pïI�F�
(information leak analysis)
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1 �������
N�OaP�Q�R�S�QaU�S � Program Slice � � ¬ l�mFn o_q�� � ^® »�² ì�¨®_�®��Fè � �

²��-� w���4 ®�� £ � » Í<( { � ¬ ^®��Fè � æ�� Ì ��� w��T4 ®�� £ � » �_¼I½^¾ ^®y÷l^mInFo~qF��o_«F�I¬
Weiser[1] ² ø � �F�|ÏrÐ_Í l�mInForq � ¯�� ÕFn��-� Í �F�)× Í��� Í lÖmVnIo¤q ½ X ��)¡² xVz Ï~Ð £IÑ ®¡÷_hÖ² Î� ^¾ ¬ Í l mpnVo~q_sVtµnVoVv (Program

Dependence Graph,PDG)
��¡�¢FÐ ® Í l¨mFnFo q » ê � sFt ¸_¹ w�£ º =�¤ nFo vIwyz�Ñ} Í6ø � ÃFÅ ¾¦¥ ÿ � �^or«F� �_¿IÀF�V�^Ì t   º^®Ë÷

�VÒ ¾ Í ��ÓÊÔpÕ^×ÄØ ° ÚÜÛ ÝVÞ ÍËßVà R ² á�â Ð £ ¬ � â � Ñ eVP wÊã ÂÊlÖmVn o q¤ä å
hVæ çVè �~éÖê Ì x z ºÖ® ë � �Vq ² ì�Ö® å íVî � epP �pï ð¨§µw ´~� � { £ Í Denning â¬VlÖm nVo qÖw XÖ� ² �p� { Í l�m nVo q `p� ¯ °Ö± Oª© ¸~¹ w«£ º�Y¬Z$�®¨¯°� Information

Flow ��±¨²T³�´�µª¶�·�¸�¹ ��º0»½¼�¾�¿�À�Á�Â«Ã�Ä ±ªÅ�ÆTÇ�È Â�É�Ê�Ë �HÌ�ÍªÎ Ç�ÏHÐ�Ñ�ÏË�Ò-Ó ÆMÇ�ÔMÕ½Öaµ�×�Ø�ÙMÚ�Û�Ü�Ý-Þ Ë�ÒTß ÆTÇ�à�á Ë�â�ã<äa¾ [3]åæ ¾ µTçTè�é�ê�ë�Ú�à�á�Õ ä Í µ�ìMí'î-ï�ð'±�¶-·Hñ ¼ Ç½¸�ò�ó�ô�õ�Ï » ì�í�î�ï�ð�ö�ò÷ ß ·�±�ø�ù�Ç�ó�ô�õ Ë�ú�û Æ�Ç�à'á�¹�µ¬ü�ý�þ�ÿ���� � Information Leak Analysis � Õ ä Í��� »
[16] ±Mç Ì�Í â-ã ñ ¼ µ
	���ò���<î�� Ê ì-Ö
� â�ã ñ ¼ Í-Î Ç�à-á Ë [17] ±Tç ÌÍ ê-é äa¾ å

[17] Ö���µTÔ�ò����Tò�à�áTò����Tò����T¹���� Í���� ä Í�Î Ç�Ô�Õ�±��! ä µ�ìTí�î�ï�ð" ï$# " ò$%
&�' Õ ä Í [16] Ö â-ã ñ ¼ Í�Î Ç�à�á Ë ê�é ä Í-Î Ç�å ä Ï ä Ú�¹ » µ)(-ò
à�á�Ö
��* Ê)+�, í Ê�-�.�/ [8] ±-ø'ùMÇ10 è32 ä�4�5 ±�²�³ Î�Í Û'Ü-Ý�Þ��
� Ë�6 ÌaÍ ø
è µ
7
8�ë�Ú�9 ";: ¹�Ï�Ï�Ç�µ�ìTí�î-ï¦ð�<�=?>�Õ�±�@$�!A Â�B ð Ë�C �
Ç�D�ET¹�F�Ç�µ�Ú
Ð�ò�G�H�I�¹
F�Ç�å æ ¾ µKJ
% ä Í�Î Ç ¿�À!Á�Â�Ã�Ä�L ï " ¹ 2 ¸�ò
M�Ö
F�Ç�Õ Î�Ì ¾ G�H
ION$F
Ç�å
(�Ô�Ö�µQP����Ö�� ,SRST�Ê;U " ï�# " ËWV �MÇQ@��!A ÂXB ð ËXY & ä µ PDG

ËXZ�[ Æ�Ç
ÔTÕ�±
çMè Û�Ü�Ý-Þ
��� Ë�6 Ñ à�á Ë�â�ã Æ�Ç�å<Ô�ò�à-á Ë & Î ÇW\�]�µ�^�õ PDG

ËX_�`
ä Í ä æ º�a µ'ì
í�î�ï�ð " ï�# " ò�\�] ÕXb�c�±¦µ PDG

ËXZ�[ Æ�Ç'Ô�Õ�Ö���� ËX6 Ñ�Ô�Õ
¹�Ö�´�Ç�å
(�ò ¾ ��µS���Mò�7�8-ëd9 "e: ËXfMº Ç-Ô�Õ½¹$g�h Õ�Ú�Ç½å æ ¾ µi^�j�ë�± " ï
# " ÖQ& Î »�¼ Ç�à�á Ë1Y &TÆ�Ç�ÔMÕ�¹�ÖT´�µ
k�ò�ìMí�î�ï�ð$<�=
lTò$m�nON1o�p Õ�ÚTÇ�å
ñ » ±�µ<Ô ¼ æ Ö�òaÛ�Ü�Ý�Þq���TÖq�aê�é<ñ ¼ Í-Î Ú�Ï Ì ¾ µ�^qjMë�Ú�r _qs0Ë N�t ¿À�Á
Â�Ã�ÄSL ï " ±�²
³!u Û'Ü�Ý-Þ����-à'á Ë�â'ã Æ�Ç�å�^
j�ë�Ú�r _�s�Ë ê�é�ÆTÇ - á Õä Í µ�r _�s
v Ö�ò�w�x 5<ËX6�y Õ ä Í�z é ä µ
F » Ï�{���|�}TÆ�Ç�åix 5 ò�~�±��
(�ò 6y<Ë������
� Æ
Ç-ÔTÕ�Ö�µ�r _�s
v Ö�ò�w
x 5<ËX6 ÑaÔTÕ�¹�ÖM´�Ç�åæ ¾ µ âªã0ä¦¾ ê�é�à�á�±�²�³ Î�Í ê�~M± É " Ã ð'ò�ì�í : + #�ì Ë1����äW��� � Ë�Ò-Ó

ÆTÇ�å����TÖ��¦µ���à�á�Õ�ò�ê 6 7�8�ò��
�-µ
'�HT±$JTÆ�Ç�Ø�& Ë16 Ñ å
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��� µ 2 Ö�� PDG
Ë & Î ¾ ìTí�î�ï¦ð " ïQ# " 4�5 à-á
±�t Î�Í���� µ 3 Ö
���
}�ò�Û�Ü

Ý�Þ����Mò�à-á
±�t Î-Í µ 4 Ö
��� ¾ Ú�����à-áT±�t Î-Í���� Ç�å 5 Ö�� É " Ã ð�ò�ê�é Ë6 Î µ 6 Ö$� ��ä�¾-É " Ã ð-ò Ò-Ó<Ë�6 Ñ å
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2 �����������������
�q�$�) �¡q¢� �£�¤�¥��

(Program Slicing) ¦
§ Õ1�aµTìMí�î�ï�ð P ö�ò
F�Ç�¨ s ©�ø-ù
Ç�FMÇ1ª
« v ©�J ä Í ,v ò�¸�©�¬� Ë1®Mº Ç1¯ Í ò�¨-µON ä u1�aµ s ©�ø-ùTÇ�ª
« w ò C° ©$J ä Í w ¹�¬
 ËX®Tº ÇX¯ Í ò�¨Tò$±�] Q Ë1V �MÇ ¾ ��ò$¦�§MÖ
FMÇ½å0Ô�ò�¨Tò�±�]Ë ìTí�î-ï¬ð " ï�# " æ ¾ �$²�© ¢� �£q¢ (Slice) Õ´³qµaå
¶)©K��� Ë�·�¸Q¹�º$»½¼ ¢� $£¢

(Backward Slice) µ�¾�� ËÀ¿SÁ�º�»;¼ ¢d �£�¢ (Forward Slice) ÕX³
µ�å�ìMí�î�ï�ð " ï�# ÉÂ îX¦
§��aµ Mark Weiser[1] ©Tç Ì¦Í â�ã ñ ¼ µÄÃ$Å���ì�í�î�ï�ð�ò�*QÆ!Ç�î ËXÈ�É ÆMÇ ¾
�
©�Ê)Ë ¼ Í�Î ¾ ¹�µ�é
Ì�Ö���µ
*�Æ�Ç'î$Í�ù'Ö-Ú!u Ã ";:ÏÎ |�Ð�µ�ìTí�î�ï�ð�] � Ú�ÐX©
N Y &Hñ ¼ Í-Î Ç [7, 10, 11, 12].

2.1
¢) $£
¢�Ñ
Ò�Ó
Ô

" ïQ# " ò 4�5 ©
� � òMçTÑ�Ú�à�Õ Ë�¾ ÐaÇ�å
Phase 1: Ö
}�Å�×���� ( * Ê�+ Ö�}TÅ$×�µ
Ø
Ù�Ö�}TÅ�×��
Phase 2: ìTí�î�ïað�Ö
}<î-ï , (Program Dependence Graph,PDG) ò _
`

Phase 3: PDG
ËXZ�[<ä " ï$# " ËXÚMß

2.1.1 Phase 1:Û�Ü)Ý�Þ����
Phase1 Ö��aµ æ$ßdà Ê " 9 ÊeU�Ë ¶'· Õ ä µ
ìMí�î-ï�ð�ö�ò$¨)8�ò�Ö�}TÅ�×
��� ËX6 Ñ å

Ö
}MÅQ×�©
� ��á ò�Ø�Ù
Ö�}TÅ�×�Õ�* Ê�+ Ö�}TÅ�×Tò 2 â � ¹
F�Ç�å
• Ø�Ù
Ö�}TÅ�×ã µ à Ê " ì�í�î�ï�ð p ö�ò�¨ s1 µ s2 ©�t Î�Í�ä º Ç�å �
á ò$å�æ Ë ¯ Í$ç ¾Tä Í�Î
Ç�Õ�´�µ
¨ s1 Ï » ¨ s2 l�òQè
é
Û�Ü (Control Dependence ê CD) ¹�FMÇTÕ Î Ñ å

– ¨ s1 ¹�å
æ�¨�Ö
FTÇ�å
– ¨ s2 ¹�ê 6 ñ ¼ Ç�Ï0Ð�Ñ�Ï
�aµ�¨ s1 ò�ë
ì�©$Ö
}�ÆTÇ�å

• * Ê)+ Ö
}�Å�×ã µ à Ê " ì�í�î�ï�ð p ö�ò�¨ s1 µ s2 ©
t Î-ÍQä º Ç�å ��á ò 3 t�ò$å�æ Ë ¯ Í$ç ¾
Æ�Õ�´�µ
¨ s1 Ï » ¨ s2 l�ª�« v ©�Å ä ÍÀí »�î Û�Ü (Data Dependence ê DD) ¹�FMÇ
Õ Î Ñ å

– ¨ s1 Ö�ª
« v
Ë1C ° ä Í�Î Ç�å
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– ¨ s2 Ö�ª
« v
Ë1�
�0ä Í�Î Ç�å

– ¨ s1 Ï » ¨ s2 lMò�ê 6 g�hTÚ$ï " Ö�µ�('ò$ï " ©�ø Î�Í ¨ s1 Ï » ¨ s2 8
©$ª
« v

Ë�ð
C ° ä Í�Î Ç1¨M¹�}
Ì ä Ú Î µ�Õ Î Ñ�N�ò-¹�}
ÌTÆMÇ�å
" ïQ# " ò<ÑXñ�µ�Ö
}�Å�×
��� Ë ¯ Í òQg�hMÚ¦¶�·�* Ê�+ ©�Å ä Í 6 Ú Ì ¾ " ï�# " Ëóòô ¢� Q£�¢

[1](2.2 õ �
� ��Õ Î Ñ .

2.1.2 Phase 2:
�����) �¡ Û
Ü �)  ¿�ö�÷
ø

Phase2 Ö
��µ Phase1 Ö-ò�Ö
}MÅ�×
�
�MÖ�ù »�¼�¾ Ö
}MÅ�×�Û-Ü Ë�ú ©�µ �����) $¡ Û�Ü�)  ¿
(Program Dependence Graph å ��� µ PDG ÕW³�µ )

Ë1_�` ÆMÇ�å PDG ÕX��µTìMí�î-ï
ð
û�ò�¨)8�ò�Ö
}�Å�× ËX��ü î�ï , Ö z é ä�¾ N�ò�Ö�F<è µ�(-ò�ý�I���µ!ì�í�î�ï�ð
©�þ æ¼ Ç�å�æ�ÿ C�� ¨-µ���¶
¨-µ�¶ ß ·�¨�µ�à��0´�³��
Í ä ¨ Ë z ä , (-ò �)ü�� �	�1t�ò�ý�I
8�ò�Ø
Ù�Ö�}Tø�ç
�
* Ê�+ Ö�}�Å�× Ë z Æ ( ( ¼���¼ Ø
Ù�Ö�} � µÄ* Ê�+ Ö�} � ÕX³�µ )å æ¾ µªà���´Q8�©�Ë ¾ Ç�* Ê�+ Ö�}TÅ�× Ë z é�Æ
Ç ¾ ��ò�¶��ý�I�����¶� � N�}�Ì
ÆMÇ [2]å

2.1.3 Phase 3:
¢� �£
¢
���

Phase3 Ö
��µ Phase2
æ Ö
© _�` ñ ¼-¾ PDG

Ë & Î�Í " ïQ# " ËWÚ�ß Æ
Ç�å " ï�# " ËX45
Ú�ß Æ�Ç�©
��µ æ�ß�� Ð�òQ¨�ò0Ð½ò�ª�«d©�J ä Í " ïQ# " ËW4�5 Æ
ÇaÏ
� Ë��
C Æ�Ç�åTÔ¼TË " ï�# É Â î�����ÕX³�µ�å " ï�# É Â î�������µS¨ Õ3ª�«�ò���Ï »3� Ç�å Ôaò " ï�# "
���MÏ » µ PDG

ËXZ
[<ä µ����
g�h�Ú�ý
IMò�±
] Ë " ï�# " Õ ä Í Ò�ß ÆTÇ�å
2.2

ò ô ¢) �£
¢

2.2.1
ò ô ¢� Q£�¢ ö Ñ�Ò

� ë " ï # " ò 4S5S- á Õ ä Í [15] òK@ � A Â B ð Ë & Î Ç«å¬Ô¨òS@´� A Â B ðK� [5, 14]
Ë

� ä © ä Í ì�íªîªï�ðªöªò�¨!ò�ÖS}�ÅQ× Ë«ú � µ$( ¼�Ë ú © ò ô ���´�d ´¡ Û�Ü �Ä  ¿ (PDG)Ë1���<ä µ�(�ò �<Ëa¾ ÐaÇ�ÔTÕ�©TçMè � ë " ï$# " Ë�4
5 ÆTÇ�å PDG � �)ü î�ï , Ö
FMÇ
ò�Ö�µ�(�ò ¾ Ð�è - ©)N �$â � F<è µ ��ü �0Ë Õ -�ü © ¾ Ð Ì�Í�Î u¬ÔTÕ´©TçMè 4
5 äa¾� ë " ïK# " � Forward Sliceµ�! -)ü © ¾ Ð Ì�Í�Î u�Ô�Õ�©TçTè 4�5<äa¾ � ë " ï$# " �
Backward Slice Õ�ÚTÇ�å
• "�#�$

PDG ��ìTí�î�ïað�û-ò�¨�ò�Ö�}�Å�× Ë z Æ
î-ï , Ö
F�Ç�å PDG ò�ý�I��'ìMí�î�ï�ð-ö�ò÷ ¨��%� if ¨ Î while ¨Tò$å
æ
ÿ C���&<Ë z ä µ � ��ª�«Tò$¬
 Ë�'Tº Ç í »
î Û
Ü�Ý�Þ�å
�%�$å�æ�¨ Î 0 è 2 ä ¨Tò$Ø
Ù�ò�¬� Ë�'Tº Ç�è�é
Û�Ü)Ý�Þ Ë z Æ¨å
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* Êd+ Ö�}TÅ�×��aµ ÷ ý�ITò
��� C ° ±�] (Reaching Definitions µ�( ä Í RD)
ËXV �MÇ�Ô

Õ1©�ç Ì�Í ù »�¼ Ç�å PDG
v Ö�ò
FMÇXý
I t ò RD Õ1��µ�ª
« v Õ3ý�I s Õ�ò)� 〈v, s〉 ò$±

]TÖ�F
Ç�å<Ô ¼ �aµ
1. ì�í�î-ï�ð�ö�ò$¨ s Ö�ª�« v

Ë1C ° ä Í�Î Ç�å
2. ì�í�î-ï�ð�ö�ò��
t�ò�¨ s Õ t ò�8
© v

Ë D ß C ° ÆTÇ�çTÑ�Ú�¨T¹�Ú Î å
ÔTÕ Ë+*0ä Í�Î Ç�å t ò RD © 〈v, s〉 ¹$þ æ ¼ µ�Ï
t t ¹ v

Ë1��� ÆTÇ�7�µ s Ï » t lTò�* Ê+ Ö�}
Å$× (DD(s, v, t)) ¹
F�ÇMÕ Î Ñ åæ ¾ µ�FTÇ�å
æ
ÿ C���& s ò�ë
ì�©TçMè3¨ t ò�ê 6 ò ��, ¹.- C ñ ¼ Ç$7�µ s Õ t Õ�ò�8
©�Ø�Ù�Ö�}�Å�× (CD(s, t)) ¹�}�Ì�ÆTÇ
N�ò0Õ�Æ�Ç�å�Æ�Ú�Ë�ñ�Ø
Ù�Ö�}TÅ�×)� if ¨ Î while ¨
ò�å�æ�ÿ C���& Ï » ( ¼�» ò
û ��/ íSÇ L ©�0�Æ�Ç1¨�l�ò�¬��Ö�F<è µ$Ô ¼ ��ì�í�î�ï�ð Ë
�
�MÆ ¼�a o�pd© V � »�¼ Ç�å
^�j�©�ì
í-î�ï¦ð�©���1�«�ò�à���´�¹ C ° ñ ¼ Í-Î Ç½å ÷ à���´�8�©
��2�« Î�3�4 ª�« Ë5 { Í * Ê)+ Ö
}MÅ�×T¹�6!{-Ç�å Ô ¼<» ò�* Ê)+ Ö
}MÅ�× Ë z Æ ¾ ��©�µ PDG ©�ìTí�î-ï
ð�ö-òQ¨ Õ1�.798�J
% ä Ú Î ý�I (¶�
ý�I�Õ�³
µ )

Ë &�:TÆMÇ½å
PDG ò ��� ��µ
ì�í-î'ïað Ë ��� ä µ�ì�í�î�ï�ð�ò ÷ ¨ Ë PDG ò$ý�I)©�Ù�èXË�ù�µ�ì�í
î�ïað�ö�ò ÷ ¨�©�ø-ùTÇ RD

Ë1V ��µ�( ¼�Ë NMÕ1© ä Í PDG ò ÷ �0Ë 6 � ÆMÇ�ÔTÕ�©Tç ÌÍ 6 Ú�Ë ¼ Ç .[14]v<; ò - áTÖ.6 � ñ ¼�¾ PDG
Ë

G µ G ©Kþ æ ¼ Ç1¯ Í ò � ò�±q] Ë E Õ�Æ�ÇTÕ µTìMí
î�ïað�û-ò�¨ S ò�ª
« v ©-Å'ÆMÇ " ï�# " Ë z Æ�ý
IMò�±
] V � �
á ò
çMÑ1© ä Í 4
5 ñ¼ Ç�å

1. V ← {n|n � S ©�J�%
ÆMÇ1ý�I'å }
2. N ← {n|〈v, n〉 ∈ RDin(S)}

3. N 6= φ ò
8 �
á ò�= �<Ë 0�è 2TÆ¨å
• l ∈ N

Ë ^�t)>�µ�å
• N ← N − {l}

• V ← V ∪ {l}

• N ← N∪{k|(k 6∈ V )∧(k -
? l ∈ E∨k - l)∧(k ¹ g–in ÖªÚ Î )∧(k ¹ para–in ý

I!Ö-Ú Î )}(
¾ Í ä k -

?
l �@?�:�ò�ª�«�ò k Ï » l l�ò
* Ê�+ Ö�}MÅQ× ��Ë�* Æ¨å )

• k ¹ para–in ý�I�Ö)N para–in ý�ITÖ�N�Ú Î Ú »
N ← N ∪ {k|(k 6∈ V ) ∧ (k -

?
l ∈ E ∨ k - l)}(

¾ Í ä k -
?

l ��?�:MòQª�«�ò k

Ï » l l�ò�* Ê)+ Ö�}TÅ�× �0Ë+* Æ¨å )
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1: #include <stdio.h>

2: #define SIZE 5

3:

4: int cube(int x) {

5: return x*x*x;

6: }

7:

8: void main(void)

9: {

10: int a[SIZE];

11: int b[SIZE];

12: int c, d, i;

13:

14: a[0] = 0;

15: a[1] = -1;

16: a[2] = 2;

17: a[3] = -3;

18: a[4] = 4;

19:

20: for (i=0;i<SIZE;i++) {

21: b[i] = a[i];

22: }

23:

24: printf("Input: ");

25: scanf("%d", &c);

26:

27: if (c >= SIZE) {

28: c = c % SIZE;

29: }

30:

31: d = cube(b[c]);

32:

33: if (d < 0) {

34: d = -1 * d;

35: }

36:

37: printf("%d\n", d);

38: }

A
1: B Â ì�� à Ê " 9 ÊeU

2.2.2
ò ô ¢� Q£�¢ ö.C9D�E

A
1 © C <
=�Ö.FHG�I�J)B Â ì���ìTí�î�ï�ð�K *�L å 2 ��B Â ì���ìTí�î-ï¦ð-ò � ë " ï

# " K 4�5%L�M%N.O © _
` ñ
I M PDG P�F M�QSR J�T�B Â ì���ìTí-î�ï�ð
©-ø�U�V�T "�W
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# " �9� (37, c)
N
X V 4
5YX J �%Z "�W # " K A 3 © *%L[Q

a[1] = -1

a[0] = 0

a[2] = 2 a[3] = -3

a[4] = 4for(i=0;i<SIZE;i++)

b[i] = a[i]

i

scanf("%d", &c)

if(c >= SIZE)

d = cube(b[c])

if (d < 0)

printf("%d", d)

return x*x*x

c
d

c

a[0]

a[1] a[2] a[3]

a[4]

i

x-para-out

x-para-in

c = c % SIZE

d = -1 * d

c

c

d
dd

b[c]x

x
d

b

A
2:
A

1 \�]�^�_ W�`�a�b X V ��Z a�c�dYe I M PDG
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fhgjilkmi�npo�qpr
1: #include <stdio.h>

2: #define SIZE 5

3:

4: int cube(int x) {

5: return x*x*x;

6: }

7:

8: void main(void)

9: {

10: int a[SIZE];

11: int b[SIZE];

12: int c, d, i;

13:

14: a[0] = 0;

15: a[1] = -1;

16: a[2] = 2;

17: a[3] = -3;

18: a[4] = 4;

19:

20: for (i=0;i<SIZE;i++) {

21: b[i] = a[i];

22: }

23:

24: printf("Input: ");

25: scanf("%d", &c);

26:

27: if (c >= SIZE) {

28: c = c % SIZE;

29: }

30:

31: d = cube(b[c]);

32:

33: if (d < 0) {

34: d = -1 * d;

35: }

36:

37: printf("%d\n", d);

38: }

s
tpu qpv ujwpx
1: #include <stdio.h>

2: #define SIZE 5

4: int cube(int x) {

5: return x*x*x;

6: }

8: void main(void)

9: {

10: int a[SIZE];

11: int b[SIZE];

12: int c, d, i;

14: a[0] = 0;

15: a[1] = -1;

16: a[2] = 2;

17: a[3] = -3;

18: a[4] = 4;

20: for (i=0;i<SIZE;i++) {

21: b[i] = a[i];

22: }

25: scanf("%d", &c);

27: if (c >= SIZE) {

28: c = c % SIZE;

29: }

31: d = cube(b[c]);

33: if (d < 0) {

34: d = -1 * d;

35: }

37: printf("%d\n", d);

38: }

A
3: BYy�].z%]�^�_ W�` \�{ W�| {�}�~SK (37, d)

N�X J N.O \
� Z { W
| {
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3 �����������
3.1 �����������
���H�<�S���
�H�����9�YX.�)�����9�
��� a� Y¡+¢�¢�£¤¡¦¥�§�¨ª©¬«��®�¯�°�± y�² | y³ ¯�° �������
��� a� µ´
¶�·H¸�¹µ± y�² | y ³ ¯�° �H� ¯�º)¥�»�¼�°
½Ha ��¾À¿��Á�ÃÂ��Ä a�Å�Æ�¸�Ç�È�É�§�¨�a�Å�Æ�¸�Ç�È ��Ê�ËYÌ ¥�»�¼ ��Í  �´[¶�·�¸�¹�Î.°HÏ�Ð�  ��¾�¿µ�Y�
Â�� ÄÒÑ�Ó�Ô ¥ÖÕ�×�ØHa
ÙÛÚÀÜ�¶�º� YÚ� �·�Ç�È ��Ý Ð�Þ {9ß `
ÉHà�°�Þ {�ß ` ³ ¯
á�â%Æ¸ ]�^9_�² `�a9ã�·�¶�º�¥�ä�å�æ% .Ç�È�ç�è ��éYê Î�©+º
ë�ì� 
í�î%¯�£�¸+¹Î.°HÏ�Ð+ �Þ {�ß ` ³ ¯9°.Ç�È�ç�è �.é¤êÃï9ð © Ì ¶�¥ Mandatory Access Control

©+ñ�ò
Ü%¸�óH°�Ï%Ð� 9ô ��õ {�ö�÷�ø � Ï�ù � ·¤Ú�Ü%¸ [4]:

úüû%ý ��þ a b Ì ¶�à<°�ÿ���� ��� Æ��	�	
�������	��� �
Security Class

¥
��� ¥

SC
©��	��Æ�¸�� ��� ¡� �¶H¸�¹ ý ��þ

d
°

SC
�

SC(d)
© � Æ ¹�!#"�a
¥

$ ��% �'& ^ õ { ��a�b Ì ¥)(�°�*���° ý ��þ�+ ¯�ô ��õ { ¯	,�¸#- ��� Æ����.	��/0� �
Clearance

� ��� ¡1 �¶�¸+¹ $ �2%
u
° �	3 ô ²�y�{ � clear(u)

©
� Æ[¹

clear(u) ≥ SC(d)
°¤©#,0-�¢�à�°	©#,.°�4
¥ $ �#%

u
º ý �%þ

d
��5	6

Î�© � ¯	,�¸+¹87
Ì - Ì ¥¤Î.°�ô �.õ {.ö�÷�ø °#9�:�¥ �;3 ô ²�y.{ � SC(d)

� ³ ° $ �#% & ^�_�² ` �ý ��þ
d
��5 40<	4�¥�à�Ü � ¥�=�>�a +�� º#?�@%a%Ï�´�¶
¥ ��3 ô ²�y�{ � SC(d)

Ï%¡BA
e�· $ �0% a�C)ô ��õ { ¯�,�¸�D�E�F%aHGI,0J Ì ¶ Ì�+ Ð�©¬¥�ä�å�æ% .Ç�È�ç�è �HKIL ¸�¹

Denning
Ú�º�¥ÁÎ
°%Ï�Ð� )Ç�È�ç9è �
é¤ê���M a�& ^�_�² ` � �;N a2O�P�ÆH¸ ï ø ��Q�RÌ��

[3]
¹ÁÎ
° ï ø ¯�º)¥ +#S ¥�& ^�_�² `�° Ê�Ë ©� H¸�T�ÉVU�W�a)b Ì ¶ SC

� ¥YX�Z
| z I(�°�J Ë F�a�b Ì ¶ �	3 ô ²�y
{ �1[�\ ÆH¸�¹ ¢;].a)¥�&	^�_ ² `�`�¯ ��� e
Ü%¸�U�W�®a#a�b%Æ%¸ ý ��þ�c�d Å0e ��� Æ ���If�g0h �
Information Flow

��a }	i ,+¥�ä�å�æ� �Ç�Èç�è�°2j�J ��Í Ð ¹�ä�å�æ� �Ç�È�ç�è �.� ,�kSÎ.Æ�Ç�ÈlX�^ � © Ì ¶�º.¥

• m · SC
��n ¢0U�W�o%°0p Ê�q a�ã�·�¶�¥�r%·

SC
��n ¢#U�W �Hs�t e.Ü�¸

• m · ��3 ô ²�y.{ ��n ¢�J Ë�q a�ã�·�¶�¥�r�· SC
��n ¢#U�W �0s�t e)Ü�¸

� £�¸À¹
+.�

[9]
¯�º
¥

[3]
° ï ø ��u�v N aHwVj�x Ì O�P ï ø °Hy�z�{ ��| 4�¶�·�¸À¹ Ì - Ì ¥%ÎÜ¤Ú�° ï ø ¯�º#w�} ï�~ ,�É���F�U�W �����SÌ ¶�·9 �·�ÎH©HC.£S¡¦¥#O�P�b��ª©� %¸H&;^�_

² ` �H���  
c���°;C�°�a��¤Ú�Ü�¶�· � ¹ +
� ¥�Å#W�ñ���J Ì�q a
b�Æ%¸�O�P�°�½�¥��Û¡�T
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°#� \ º#� � W�����a
b Ì ¶�°V4�¯.¥2��½�aI(�° � W%°HT �)��� e)Ü�¶�·H¸H- �����YÌ ¶�·
 �·� l(Ã¥�ä��V�� #��C�£�´ � ¹
à�Î)¯.¥

[16, 13]
aHÏ�´�¶
¥�w�} ���	6.ï�~ ,���&;^�_ ² `�a�b%Æ�¸�Ç�ÈIX�^ � O�P�ô z� 3�� ` �#Q�R e.Ü<¶�·�¸@¹SÎ °0� ø ¯�º�¥�O�P<b���&�^�_ ² `�`�Æ���¶�°�� Í�q a�¢�·¶�¥µà�° q °#� Í��V� ° û U�W�°

SC
®�¯0�ª¡���¢#��,�w�} N  �Å#e�� ��\�� Æ�¸�¹SÎ.°�Åe���a }	i ,+¥�&	^�_ ² `�° û ï�~ ,.°#� Í���  ° SC

� O�P�Æ%¸�¹	&	^�_ ² `�° main
Å

W%°H¡ � W �
x1, . . . , xi

¥ Ê9Ë X¢Z
| z � infile1, . . . , infilej
¥

main
Å#W�°H� ¡�T �

y1

¥�J
Ë X�Z�| z � outfile1, . . . , outfilek

¯�£%¸�©#,+¥�� � W © Ê�Ë X�Z�| z�£#¤�¥ Æ%¸ i + j
§

°
SC
°H¦ �H§�¨ Ú�Ü�¸%©j¥�à�ÜYÚ ��© £ ³ DH°�ÅHe�� � !�ª £H« � ÆH¬�A�O �H ¡¯® Ì�°± £ Ï%¡�² M Ú+Ü%¸�¹%à Ì ¶�¥YÎ.°#O � � ¡BT ©�J Ë X�Z�| z	£H¤�¥ Æ%¸ 1 + k

§�°
SC
©

 %¸�¹
Ç�È9ç�è�O�P £ º�¥�³ N�£#¥ L ¶
•
&;^�_ ²#´ ° Ê�Ë T�° SC

-YÚ�J Ë T�°
SC
� ² M ¸

[16]

•
Ê�Ë T�°

SC
©�J Ë F%° �	3 ô ²�y�{ ©+°0µ�¶ � j�J�Æ�¸ [3]

°
2
¢�° ï ø � £%¸ � ¥�·�¸�¯9º � Ø £2¹ ³�Æ�¸À¹

3.2 º�»�¼�������������½�¾
&�^V_ ²#´ ° Ê�Ë T�° SC

-SÚ�J Ë TH°
SC
� ² M ¸ ï ø © Ì ¶.¥�¿�aH°.Ç�È�ç�è�O�P £ã�·�¶ °�± £ ��� e�Ü�¸ ï ø º 2 À�Á °�Ç�ÈIX�^ �����9�	Ì ¶ SC

��*�� ©�ñ�ò�Ü�¸1w�} N �Å0eV� ��\��SÌ ¥�Â�����*���°  ¡�® Ì�°�±¤��Í  	Ð�� ø ¯�£�¸+¹&;^�_ ²H´�{H² | {�£ ¢9·�¶ �;¨ ¸ ¹V&;^V_ ²H´�{�² | { ¯�º
¥V&;^�_ ²H´ º PDG £ Ï ´¶ � e
Ü�¥�&;^�_ ²H´�ÃHÄ °�ÅHeª© Ì ¶HÅVa�ÅHe �
��� e
Ü�¸À¹%Î�Î
¯ ��� e
Ü�¸�Å�a�ÅHeº�¥ Ç�ÈÆXV^ � °29�:ª©�! L Ï%Ð £ ý ��þ Å�aÈÇ ö�÷ Å�a%° 2 À�Á	£HÉ�Á ¯;,�¥ à�Ü�Ê�Ü�°Ë�Ì C+Ç�È�X�^ � °H9�:ª©BÍ�Î £#Ï ¶�·�¸�¹ +
� ¥ õ�Ð;Ñ;3 ß;Ò O�P £ ã�·�¶ SC
��*�� �

\�� Æ%¸+½ £ º.¥Ó&�^�_ ²0´ `�° û q ¯ s�t e�Ü�¸ û U�W � U�W � (+°0p Ê�q £ Ï�´�¶ \� e.Ü � T ��� ¡BÔY¸#- � O�P%Æ�¸+¹YÎ�°0O�P�º�¥;&�^�_ ²#´�{H² | {�£ ã�Õ%¸ PDG
c�d

ª�°0ÅVa�Å#e�OVPÛ©�! L+ï ø ¯H��Ö�Æ%¸�Î%© � JH×¤¸�¹Î.°HÏ�Ð £ ¥�Ç�È�ç�è�O�Pª© {�² | { ºHÍ�Î £ Ë�Ì%� Ï ¶�·�¸�¹µà�Î�¯
¥�Ç�È�ç�è�O�P�°��Ö £ º {%² | {�£ ã�Õ%¸�O�P ï ø � ¥ � ¯�,�¸�¹¿�aH°.Ç�È�ç�è�O�P�¯�º
PDG

°�c�d ï ø ���9�	Ì ¥ ý ��þ X�^ � ��*�� � û q�Ø £HÙ JÌ ¥ ï�~ , Ø £  ¡¯® Ì�°�±¤�� ¡¯®�Æ�Î%©�¯�¥ û Ê�Ë £ ã�·�¶ [�\ e�Ü � SC
� (À°�Ï�Ð

£ &�^V_ ²#´ `9° û U�W ��Ú	Û ´�¶�J Ë e�Ü�¸#- � O�P%Æ�¸%©�·YÐ ï ø ¯�£%¸+¹

13



PDG £ ã�·�¶�Ç�ÈIX�^ �%��� ÆHÜ%º.¥ ý ��þ Å�a�Ü © ö�÷ Å�a�Ü�°�Ý À�Á ¯ � ÖYe�Ü�¸+¹y���¯
¥
SC
��*�� £ ã�·�¶�º explicit flow

©
implicit flow

°�Ý À�Á ¯ � ÖYe
Ü�¶�·�¸+¹%Î
°ý �Hþ Å�a�Üª©
explicit flow

¥ ö ÷ ÅVa�Üª© implicit flow
º
¥9à�Ü�Ê�Ü�! L�ËVÌY��n ´[¶�·�¸

��M ¥%à�Ü�Ê�Ü � ¤�¥ e�Þ¤¸+¹�¢ + ¡ ¥�ô z � 3�� ´ `�° ý ��þ Å�a�Ü � c�d%Æ�¸ Ä�É � ¥
explicit flow

° °�± Ä;£ ¥ ö�÷ Å�a�Ü � c�d�Æ�¸ Ä�É � implicit flow
° °V± Ä;£Hß ,1à ¨ ¥#OP ��Í  �´�¶�·H¸�¹

+.� ¥ {%² | { ° PDG
°.c�d £ ã�ÕH¸ ï ø ¯9º0O�P�° û ª#á £ ã�·�¶ û U�W�°#T � (�°9�â�¯ \�� e.Ü¤Ð
¸#-�°�Ç�È �Hã ì%¯�£%¸ ��M ¥

(
U�W

,
T �#\�� e
Ü � 9�â

)
°0¦%°Hä�:�¯

£%¸�å�æ \�� ä�: �+� > Ì ¶HO�P ��Í  �´
¶9· � ¹ Ì - Ì ¥ÖÇ�È�ç�è�O�P £ ã�·�¶�º
¥¢O�P
£ ã ì% .Ç�È%ºHO�P�° û ªHá £ û U�W �Hn�ç Ð
¸ SC £ ¢�·�¶�°�Ç�È	è�Õ�¯Hé É ¯�£¤¡¦¥ê(°#9�â%¯ \��Ië Ü � -�°
Ç�ÈHº ã ì% �·�¹�à�Î�¯
¥�O�P;` £ s�tlë Ü�¸�U�W �0n ¢ SC

���
Ö�Æ%¸�ä�: © Ì ¶�¥�ì�ì �

(
U�W

, SC)
°�¦�¯<£%¸í���	
;��������#��î�ï �

Security Class

Set
¥ ��ð ¥

SCset
©��	��Æ�¸1� ��\�� Æ�¸À¹�O�P�¯�º
¥;&;^�_ ²#´ °#� Í�ñ £0ò · SCset

�
ó ó�ôVõ�Æ%¸�ÎH©�¯�J Ë�q £ ã�Õ%¸ SC

� ² M ¸+¹
O�PHº ��� °

2
¢�°öX�÷ ��� ¯0ø�� ë Ü�¶�·�¸À¹

Phase 1: ù�ú�û�ü	¼#ý�þ��Q�ÿ�� º ��� °�&;^�_ ²#´ q ¯ [�\ ¯	,�¸�¹
ý�þ�� :

Ê�Ë�q ¯ 5 4H< + Ü%¸�T�°
SC

½���� �
	��������� : ������� SC

����������� � ��!�"�#�$ � ��� SC ��%�&�'�( low )+*�,.-
Phase 2: /�021�3�4�5�67�8 ÿ���9+:�;�<�=�>�?�@�9+A�B2C�D�E2F ��G ?�H�I�J�K ��L�M�N�O ; ��P�, SC

9
Q�R ,+-S�T�U V�W �

SC ��X�Y�M�N�O 9+Z�[ *�,+-
\ ] �

Phase 2: /�0^1�3�4�5�6 ;�_�C�` �a����� � � SbT ��c�d^e�f S�T ��c�d�e�g S�T;�h Pbi�j�k�jml�n�,.-

3.2.1 o�����pm5�6
(rq Rs; �+csdteufsvuw�xzy j{,}|�~s�r�s��, �s��� � � #s$ � � � �r��� 9s� ) ; � SCset9 x�� * ,�-�L � ��� SC ��%�&�' ( \�� ����� v � ,�-

����� � : low
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��� � : ����*�, c�d�e�� "�M C O ������� � SC �����
��� � � : ����* , c�d^e�� "�M C O���� 7 v � ����� ��� SC �����
i�� W ��c�d�e�f �����r��O�� F G ?bH�ImJ �u����� ;�� Y S�T 9 �¡ ¢- SCset � A�B (�£

4
� £ 5

;�¤�¥ e.�sc�d^e ��������O 9 Pstart )+*�,�) � ALGORITHM(Pstart , ∅) � F§¦ � ,¨-���m� O s � S�T�© ¦�ª�« v � SCset
9

SCset(s)
� O s � S�T�U¬V ª�« v � SCset

9
SCset(s’)

) Z *�- �®^¯�°+± J (�O s ��²�³ ; ��q `�´�µ y j � i�j�kbj
s � S�T ª � f�¶�·�¸

s � S�T�U V ª � SCset � !�"¹M�NbO ��º » SC

��¼�½ v�¾ l Cm` Y�,.-�£ 6
; (�£ 4

� £ 5
v�w�x2y j�,�¿�À 9.[�C�` Y�,�-

3.2.2 o�Á���Âm5�6
c�d�e.Ã�G ?�H�I�J (�Ä���� c�d^e � FÆÅ�Ç y j ` �^� ��c�d^e�� "�M C.È�É (�Ä���Ê�Ë
*�,m� E�Ì�Í�Î v ��,¨- �u����Ï�Ð È�É ��Ê�Ë �.Ñ P F j D Y�-�i�� � R � �¬, c�d�e P �S�T�ÒbÓ E �

P � � "�M C�: c�d�e P ′ � S�T�Ò�Ó ; Ô ����Õ ���b� � 9+Ö�C�`�×�Ø�Ù^9+ÚÛ ,.|�~�� E ��� � *�n ` � c�d^e � S�T�Ò�Ó E�Ü�´ *�, ��v��ac�d�e�� "�M C.È�É � ; Ê
Ë�*�, c�d^e 9�Ý �ÆÞ C S�T *�,.ß�¿ E ��,¨-�i�� � R ��c�d^e 9 ���^à <�=^>�?�@ S�T v
( � \b� � � � 9 x�� C S�T 9 �� á- SCset C

�
S (�*�n ` � c�d�e ; 1 »�â�»�ÊbË *�,+-

5�6äã¨åäæ :csd^e�� "sM C.ÈbÉ{;m¤�¥zç �ècsd^e � SsT �é°ëêéì v �r,.- S�T °.êíì¢(�î�ï�ðsñ y
j ��ò ;�D ,�) G ?�H�I�J�ó�ô � S�T ( U�V *�,+-�õ ô�Î�D ð�ñ��®2¯¬°+± J ( [15]v l�n F j ` Y ,�-

o�Á2�mö�÷�ø�ù¬ú�û SCset C:

��, c�d2em� "�M C O s
E ��ü � ) e�� ����*�, c�d�e P

9 S�T *�,.ý ; � P
E�þ ºC�` Y�, SCset C ) s

; !�� ÿ y j�, SCset C ′ � ��� ��� 9 )�,�-ti�� Ò�Ó � C ! �
X�P�j�� C 9 i���' v�Ï ´bµ^C P � S�T 9 ��  - Ì�� � C )���	 v ��j
� P � S�T (
��� D Y�-

o�Á������ø�ù¬ú�û SCset S:c�d¡e
P � S�T�W � P

E���;�þ º C�` Y�, S ) S�T�U V ª�« v � SCset S ′ � ��� �
� 9 )�,�-�i�� Ò�Ó � S !��ÆX P�j�� � S 9 i���' v�Ï ´�µ�C � P

9 � "�M�*�*�n `
� c�d2e 9 S�T °�êíì ; Ï���� * ,�- Ì�� � S )���	 v ��j���� ��C�D Y�-
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(����� )

cl := { c | x∈Ref(s)∧(x, c)∈SCset } ∪ imp;

kill := { (x, c) | x∈Def(s)∧(x, c)∈SCset };

gen := { (x, tc∈clc) | x∈Def(s)};

SCset := SCset − kill ∪ gen

(����� )
kill := { (x, c) | x∈Def(s)∧(x, c)∈SCset };

gen := SCsetinput(s)

(* { x | x∈SCsetinput(s) } = Def(s) *)

SCset := SCset − kill ∪ gen

( ����� )

cl := { c | x∈Ref(s)∧(x, c)∈SCset } ∪ imp

SCoutput := tc∈clc; SCset := SCset

( �!�� )(if E then Bthen else Belse)

cl := { c | x∈Ref(E)∧(x, c)∈SCset } ∪ imp;

SCsetpre := SCset;

ALGORITHM(Bthen , tc∈clc); SCsetthen := SCset;

SCset := SCsetpre;

ALGORITHM(Belse , tc∈clc); SCsetelse := SCset;

SCset := unite(SCsetthen, SCsetelse)

("$#�%'&�� )(while E do B)

SCsetpre := ∅;

while SCset <> SCsetpre begin

cl := { c | x∈Ref(E)∧(x, c)∈SCset } ∪ imp;

ALGORITHM(B, tc∈clc);

SCset := unite(SCset, SCsetpre)

end

SCset := SCsetpre

£ 4: ALGORITHM(s, imp)(1/2)
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( (�3�)�*�� )(being B1; . . . Bn; end)

ALGORITHM(B1 , tc∈clc);

. . .

ALGORITHM(Bn , tc∈clc)

SCset := SCset

(o�Á�,+�-���&.� )� "�M�* c�d�e 9 P )+*�,.-
SCsetnext := ∅

for i := 0 to |sactuals| begin

cl := { c | (sactuals[i], c)∈SCset };

SCsetnext := SCsetnext ∪ { (P formals[i], cl) };

end;

foreach x∈Ref’(P ) begin

SCsetnext := SCsetnext ∪

{ (x, c) | (x, c)∈SCset }

end;

SCset := SCsetnext;c�d�e
P
f � S�T ;

kill := ∅;

for i := 0 to |sactuals| begin

kill := kill ∪

{ (P formals[i], c) | (P formals[i], c)∈SCset }

end

SCset := SCset − kill

£ 5: ALGORITHM(s, imp)(2/2)
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Ref(s): O s
v�/�02y j�, � ����1�2

Def(s): O s
v ´�µ y j�, � ����1�2

Ref’(P ):
cbd2e

P
v3/�0�y j , ����� ����1�2

Def’(P ):
cbd2e

P
v ´�µ y j , ����� ����1�2

sactuals:
c�d�e�� "�M C O s ����������1�2

Pformals:
c�d�e

P ���������31�2
SCset:

S�T ª�« v ��4�576�°98�:�; I ê�1�2
SCsetinput: <�N�O s

; ��Y `3=b´ y j�, � (
� � , SC)

9 ¿�À�)�* ,>1�2
SCoutput(s): M�N�O s

E º�» SC

t:
��� ��� 9+Q�R ,�? B�@

unite(A, B): 4�576 °>8A:�; I êB1�2 v � , A ) B
9+Ì » ; � ) R ,�-�L � � � SC ( �

A
�

B
; ��Y ` i�� � � � SC � �
� ���ä)¨* ,�-

£ 6: �®�¯ °¨± J ��¿bÀ
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4 PDG CEDGFIHKJILIM�NIOAP
Q�R v ( � 2

�
3 � f�S 9�T ��Û�� � Ê � <�=�U�V S�T c�W ��X3Y « ) � Q�Z�[ v 8�\ *

,�ñ � D c�W ; »�Y ` l�n2,�-

4.1 ]�^ û�/�0�_�`�5�6�o�a�û�b�c�ù
3
v l�n � � Ê�� <�=�U
V S�T c�W (�d @7e�>�?�@3�
f ½ ; ��P�, Ý �ÆÞ C�A�B ;m¤ ¥ Y` Y�, � R �bc�d2e
g ) ;�Ý �ÆÞ C¨A�B�E ß�¿�) D ,.- S�T �3h
iä) D ,�L � �¬� SC

E �
ð y j�, � " ; S�T 9 �é +� vm��j ;�k�l�m�C i�� K v�n ´ y j�, � � �m� E�o Y G ?�H�IJ�; � C�` ( � S�T � Ý �§Þ C �3h�i�) D , � � E�oäç�D ,�p�) v Ý �§Þ C�q � E�r�s�C �t�u�E�v�w ,�- y F¨; � <�N�O�� SC ��%�&�' 9 � ð�*�, � " ; Ï�x Ý �ÆÞ C�A�B E ß�¿í)D ,.-yp�� � R �s��z�{ D G ?�H�I�J�; ��Y ` �}|y~ D SC ��%�&�' 9 <�N�O ;�Ú Û ` S�T9 �í ���2 ;�ª g Î�� ê�ì E X�Yí) D ,+- ����� S�T �®^¯�°.± J�9>��� g ) ;�´�R ,.ß�¿E � , � R�� x � ;��^C Y�-
i��,� � SC

9
high
�
low ���m'���� C ���
� C�` Y D Y � R � Ä�� D���Å
�^9 º�» SC

9
���ä) C � <�=
U�V S�T 9 �� �p�) E v�e â � � x � ;,�2C Y�-

4.2 �7����/�0�_�`�5�6�o�a�û����
� Ê¬� c�W�v ( 4.1

v l�n � !�  D X3Y « E�� Û F j�,�-{i7p v���~ (�ñ � D�<�=
U�V ST � c�W ) C�` � >�����@$� ê I�� ê 9�Q R ,��®�¯ °�± J�9 w�x C � PDG
9���� *�,�p

) ; !�� <�=�U�V S�T 9 �í  c�W 9 8
\ *�,¨-7p� .* ,
p�) vm��G ?�H�I�J ê I�� ê ; ��Y` w�x C�` Y�, c�W 9�� x *�,�p�) E v�e�� � x ����X�Y c�W ) D ,.- ����� Ì�Í�Î�D���Å��9 º�» SC
9 ����) C � <�=�U�V S�T 9 �í ¢-yp�p v ( ��Å
� � ó�` � 2

: � ��� ��� 9
��ï : ��� 9 x Y `�Z *7p ) v�� Ì�Í�Î�D���Å���; ����*�,�-

4.2.1 1��� �4'¡ å7¢3£bå�¤�¥�¦¨§�©�ª
3.2 «�¬�Y ` l�n�7®� �« �¬G�¯ H�ImJ ê I�� ê�°²±�³ U�V S�T v�´�µ «�¶ ¯�·�¸�¹�f�¶º�» Ê7¼�½�¾3¿�ÀÂÁ3Ã � ¶ ¯�·�¸3¹�Ä7¸ � Ä «�¬�Å�Æ3d�Ç e »�È ¼�½$° ��É�Ê »�È ¼3½ ´��

±�³yË ¯ Ç�«�¬�Å�Æ explicit flow
�

implicit flow «�Ì�ÍÂÎ�Ï�Ð�Æ�Ñ7®
ÒÓÏ�¶ ¯�·�¸�¹�Ä�¸�Ô�Äº
PDG «�¬
Å�Æ�Õ�Ç�Ö »�È�× ° É
Ê »�È�× ´�� explicit flow ° implicit flow Ø�Ù�Ã�Ú
Ã3ÛyÎ

Ï�Ð�Æ º�Ü ��Ý Æ>Þ�ß�àyØ Ä�¸�Ô�Ä�á�â °�Î��ã º Ë}ä�å�Ççæ Ä7¸�Ô�Ä�´�è Ù º Þ�ß�à�«�¬
Ð�Ï�é�êÂÁ�Ã�Ï�Ð�Æ>ë�ì�«�í�Ð�Ï º ±�³yË ¯ Ç�Ø>ÛÂÎ�Ï�Ð7Æ�°�î7ïyð>Ã7Æ>ÑI®�Ò�Ï è ¶ ¯�·¸�¹�ñ º�ò Ï º Þ�ß�à7ó�í�Ð�Ï è�ô¨õ º Þ�ß�àyØ Ä7¸�Ô�Ä�á�â °�Î�Ï�Ë}ä�å�Ççæ Ä7¸�Ô�Ä�ö
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����� ó á�� Ð�Ï PDG Ø����yÎ��
¾�ð ,  "!¨Î�# ô�õ º�$�%7Ü SC
º'&�(�) Ø�*�ï�+ è�,�-. ó ò Ï º � ß
à º SC ¾�/10Âð>Ã�Æ�Ñ

 "!¨Î�# ô $�%�Ü�º SC
º'&�(")3254 è Ù º�$�%�º �"6 º SC

2 è7Ä�7,Ô�Ä�á�â 2 Î�#3Þ
ß�à Ü�8:9�;=< Ã�Æ�> º SC Ø�Þ�ß 2 Î�Ï è Ù º ,�?�@"A Ø 2 Æ (")�º1B:2�Ü Ý Æ�ÑDCFE�Î:G
4

4.2.2
è

4.3.2 H"I�J

4.2.2 K�L1M"N�O"P�QSR�T�U SC R�V�WSX1Y�Z'["\�]�^�_"`�a�b
c"d . �'�����ÂØ�e7í SC Ø9Ìgf 2 Î�#'h�i�j�k�l"m 4 è B Ã <�Ü�n�o Á�Ã�Ï 4�p #�q'r
r�s�� 4 Á�Ã�Ï�Ð���Ð�Ñ�t�u�v Ü�4 è�w Ç'x7¾ Ý ð�y:z'0������ÂØ�{�|ÂÎ è Ù�Ã�Ø�H�IyÎ�Ï
SC r (") Ø�*~} B12�Ü c"d . �'�"���ÂØ�e�í����:�����1��� 7�Ä ó á�� G�h�i"j�k�l�m�Ø
s��yÎ�#�Ñ B Ã�ó1�:� è ��s:r"�
Õ'��Øg�:���gs�ó��g��ó�Ûg����Æ B�2 ¾ Ü�p Æ�Ñ���� . ó
4��"� r��3� Ü Ý Æ�Ñ
O�P"Q������

�"�g�:r ôg�:�'� r ,�?�@�A Ø��'� � *�� Ü Û:��Ñ < # è�ô��:�'� r ,�?�@�A Ø�/10�Æ B
2 Ø è B"B�Ü"4�&"(�)~2��"  Ñ�

7 ó è �"��� 2 ��� � *��:r�Ì�Í1r'¡yØ�¢:� Ñ�£1r�¤¦¥'� � Ü ÛyÁ�Ã7Æ��"�g��¾ è¨§ r
��� � *"� 2 Î�Ï�ÛyÁ3Ã7Æ�Ñ"¤©¥�� � r $�% ¾��1r � Ü Ý � è l"m�Ì�f:r"ª1«�¬ 7' r SC
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Ü Ý Æ>Ñ ô SC ó3ìg®yØ5¯°��±²� è�,�?�� Ø low
è�,�³�� Ø high

2 Û:� Ñ B r � Üg4 low
4

0
è

high
4

5
2 Ì�ÍÂÎ�Ï�Ð7Æ�Ñ§ rg��� � *��1r m * n ��r'´�µ:¶ � m

2 �
n r & Ø�Û:� Ñ·¡7ï�+ è¨� 1

2 �
2 r &:4�

3
Ü Ý � è ��� � *��1r 1 * 2 �S¸�r�´�µ1r'> 4 3

Ü Ý Æ>Ñ B r��'� � *"�¨Ø�H"I���Æ B
2�Ü è

SC ¶ a
2

b r &"(�) Ø5/10�Æ B�2 ¶ Ü1p Æ9Ñ < # è B r"��� � *��:yÂð a
2

b r ³?1¹�º Ø¼» )�Ü1p Æ B12 Ø5¢1��Ñ a
2

b r ,�?"@�A Ø c
2 Î è a

2
b r SC ¶�½GÎ3Ð B�2 Ø

a = b
è ½ÂÎ:G���Ð B:2 Ø a 6= b

è
a ¶ b �1� ³ p Ð B:2 Ø a > b

2 Û:� 2 è

• a = b = c r 2�p a = b

• a = c,b 6= c r 2�p a > b

• b = c,a 6= c r 2�p b > a

• a 6= c,b 6= c r 2�p a,b ¾�ó ³g?�¹�º � Î
� @ r:�1}>ó��'� � *���y�ð ³g?:¹�º q�» )7Ü:p Æ>Ñ B r�Ûg�"¿ � Ø�À�Ð
Ï c�d . �'�����
Ø�e�í SC ó á:� G�h�i�j"k�l�myØ5*3} Ñ

4.3 PDG R�Á�Â²Y�Z�K�L:M"N�O�P�Q�Ã�V1Ä�Å�[�\�]�^"_�`
4.2
Ü |�Æ�#�¿ � r�s��ÂØ9î7ï�Æ�Ñ ò Ï�r $�% ó�Ç�Ð�Ï SC r�È�É�> 4 low

2 �7Æ9Ñ�l"m
4 ��r���}�� �gÊ Ø�#©Ë�Æ9Ñ
Phase 1: Ì È ¹�º l�m ( Õ�Ç�Ö�Ì È ¹�º�è�É�Ê Ì È ¹�º J
Phase 2: ª1«�¬ 7� Ì È ¬ 7 Ë (Program Dependence Graph,PDG) r���Í

Phase 3: Î n�Ï�Ð r�Þ�ß
Phase 4: PDG r'�"� 2 SC r &�(�)

Phase1
è

Phase2
4 Ù�Ã}Ú}Ã�ªÑ«¨¬ 7Ò}Ä�7 Ô�Ä ó¨Ç�Å Æ è 2.1.1Phase 1: Ì È ¹Òº lÓm è 2.1.2Phase

2: ª:«"¬ 7' Ì È ¬ 7 Ë�r���Í 2 ��Ô Ü Ý Æ�Ñ

4.3.1 Phase 3:Õ"Ö�×�Ø:��Ù�Ú
Phase3

Üg4 l�m�Ìgf 2 ��Æ�ª�«�¬ 7� r 2 í"r�Î ngÏ"Ð Ø9Þ
ß��7Æ>Ñ
SC ��O�P�Q :

4.2.2
Ü |�Æ1#�Û Ü Û��SÜ�Ã�# è SC r��"�g��r�é�êÂØ9Þ�ß�Ñ
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Ý Ù"ÚgÞ�ß�à�á�âSã�ä:Å�å�� SC:ô Þ�ß�à7ó�í�Ð�Ï è Ù B3Ü�8:9�;S< Ã�Æ�>�r SC Ø9Þ�ß�Ñ

4.3.2 Phase 4:PDG ��æ"ç=X SC ��è�é�ê
Phase4

Üg4
PDG r����ÂØ�Î���¶Âð è"ë�ì�@ r ô $�%7Ü SC r &"(g) Ø�*~} Ñ

PDG ��æ�ç
PDG r��"� 4 è l�m�Ìgf�r�ª:«�¬ 7' r ô Þ�ß�à 2 Ù B�Ü é�êSÜ,Ã�Æ�ë�ì1r�íyØ Ä17�Ô�Äá�â 2 Î è explicit flow Ø�Õ�Ç�Ö�Ì È ¹'º × è implicit flow Ø É�Ê Ì È ¹'º ×7Ü ÛyÎ�Ï�Ð�Æ 2
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2
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Ü Ý ù sec
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2 è ��61r $"% r SC
Ü Ý ù vsec r & Ø ö #�ó�Ù�r $�% r SC

2 ��ù9Ñ B ÷�ó:�
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4.4 _�`��	�
4.3
Ü ¢yÎ'#gï'�©ð:��ò  ó:�:��hgi�j�k�l�m¨Ø5*:� ÒÒ#�ã�r Ô�� Ø � 8 ó'¢:� Ñ � 8-1 ¶

Î n�Ï�Ð Ø>Þ�ßÂÎ'#����:r PDG
Ü Ý ù9Ñ SC r��"�g� 4 � r § � ó'¢:� Ñ�Þ�ß�àyØ�Û:� $�%

ó��Ñ¥���Ü�÷g# SC
4'$�% r	��r��SÜ Ü ¢:� Ñ�� %32 Î�#3Þ
ß�à:r SC ¶ × Ø'#ñË�Ò�Ï PDG

r ô $�% r SC Ø õ�ö Î�Ï�ÐñG ÑSq�Î���r $"% r SC ¶ è � %32 Î�#�Þ�ß�à1r SC �:� ³ p
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high

low

1 2 3

654

7 8 9

1110

(implicit flow)

(explicit flow)

 �! !"
#!$ "
%'&)(*& "
+*,!-).'/!0
1!2!.!/!0

�
8: l�m�r�¡
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3 ÷�+�Ù�r ×:4 #©Ë�ð���Ð�Ñ #SË'ù × ¶�4°G5��÷g+ è �1r�Þ�ß�àyØ5� %~2 Î�Ï�6�7����yØ�*
�ñ} Ñ � 8-11 ¶ ,�- . � ó�ô�Ü Ý ù�Ñ
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Û 1: l"m�Ì�f1r BNF Û�{8
= 9 â 8 | :"� 8 .

9 â 8 = “integer” | “boolean” | “char”

:�� 8 = “array”[ ] “of” 9 â 8 .

;�< à = “begin” à:r	=>7 “end”.

à =
á t�à |
“if” ? “then” @�é�à
“else” à |
“if” ? “then” à |
“while” ? “do” à .

@�é�à =
á t�à |
“if” ? “then” @�é�à “else” @�é�à |
“while” ? “do” @,é�à .á t�à = A
Þ�à | ��B p�� � à |
Þ � ß�à | ;�< à | C�à .

A�Þ�à = £ × “:=” ? .

Þ�ß�à = “readln” [“(” ë�ì:r	=D7 “)”]|� ß�à = “writeln” [“(”
� ß�E
é�r	=D7 “)”].��B p'� � à =

�FB p5G
[“(” ?�r�=>7 “)”].¹ ì � 7 � Î =

¹ ì G [“(” ?�r�=>7 “)”].

5 PDG HJILKNMPONQNRDSNTVUXWNYNZN[V\P]N^

t�_ Ü"4 è tgu"v Ü s���Î�#'h�i"j�k�l�mD`��'�1r�a�´�ó�í�b�c�|�ÆSù�d

5.1 e�f���g�h
t�`i�'�ÑrÒs�� 4 èkj7õ ¶il�mon'#¨ÿ 7qp ÿ�`i�'�sr�tÑù Osaka Slicing System u OSS[6, 15]

r	v . ÿ 7	p ÿ ö �	w�x q 25y n�# 4 r�|"Æ1#�hgi"j�k�l�m wzx�{�|�}�~ �1ù5Û>r��z���	d���������
Pascal �����F���o��rFt������ 1

y�� � BNF ������� w�x5��� d��q�����z���p	� �����z��� p�� � ���� ���¡�¢ ����� ¡�¢ ��� y�£	¤ n	c�b�¥
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5.2 SC ¦�§�¨�©
ª�«F¬��®�¯ ��°	±�²´³�µ	¶�� SC �	·�¸�¹�º>» y � µ	¶�¼D½�¾�¿�À�Á�Â	Ã�Ä�Å�Æ>Ç�º�Èx �o��¶>É�³5��¹�º>»�Ê	Ë�ÌzÍ � ��Î�Ï�Â>É SC

� ·�¸>���D³ÑÐ���¶>µ��>Ò�Ó>³�Ê�Ô�Õ�Ö �
¥5×	Ø�Ù�Ú�Û�Ü � ¥5Ù�Ú � �	Ã�Ä�Å�ÐzÝ�Ê�Þ�ß�Â�à�¥�³�á�º�â�Ê	ã�ä�µ	��³�à�Ú � �P¼D½�¾
¿	À�Á���å�æ�ÚDç�¥	����Æ�¹�º�»��F½�º�è	á�º	â�Ê	é�êDÚ � � SC è5ë ¤ Â�à�¥�ì | Ê�í�î
Â�ïD¥Ñ×

5.2.1 ð�ñ>ò�ó
ôDõ ��Ø�ö>Ú�÷�¸�¶ � � ��ì | ³	µ�¶	�så�æ>��øù��úD� SC è�á�º	â�Ê	é�ê>Ú�ë ¤ ÂDà�¥
ç>Ò�Ú�Ø�û�µ��	×	ü�ýþ³�µ	¶ ��ÿ������ ��ë ¤�� ��Ù���å	æ���øù��ú�è5ë ¤ Â�à�¥�×��
	��
Ú � � PDG Á�� � ��å�æ>� exit �²�� SC Ú��
���	Ù�Ú���ÕzÖ � � SC è��s���kµ�� ÍDÖ�Ú��� �����DÚF÷�¸�¶	� � ���²�� Ö ª�« ��½�º � ¥	¹�º>»�� SC è	������Í � � SC ³ � ¥Ñ×��� � �D���kµ�� SC è�����¹�º�»�Ê ª�« ��½	º � ¥�Ó>³�Ú�ÐD¥5×
Ó���ì | Ú>ç�� ����Õ���¼�½�¾F¿�À�Á�Â�å	æD��ø ��ú>Ú��>Õ�Ö � ¥ SC �	·�¸�¹�º�»�Ê�å

æ���Â�Ë�Ì�Í � �Jû�Ø ��Ú � � ��Ë�Ì�Í � ��¹�º�»��zÖ�É�³Ñ��¹�º�»�è"!$# � ¥�Ó�³�Ê�%�&' Â�ï>¥�³�à5� � ��úD� SC è)(�*���Ú,+.- � ¥�Ó>³�Â	��û�Ø���Ð0/$1
2�Ú�3zµ�� ªF«�¬�®�¯ è54DÐzÒ�Ó�³kÊ�Â�à�¥k×

5.3 6�708�9�:�;�9�<�=
> º � � ®�¯ ��? � è�@ 9 Ú �D� ×�A�BDC ê�E ®�¯
F>� � UI

F �zÖk�	îHGDÚ�I�J�¶�A
B®�¯ ��ê�E ®�¯ è)4DÐzÒLKM@ 9-1N�×�ODÚ	�>á�º�â ��P º�QD����R �
S Â ª�«�¬��®�¯ � ÿ���
� è5ë ¤ KT@ 9-2N µk� UI
F è"U�J�¶ ª�«�¬��®�¯�F
V�W ß � ¥k× ª�«�¬��®�¯
F�� �ÿ��
�$� è)XDÚ ®�¯ è"4>Ð�¸ KY@ 9-3N � ��Z
[zè UI

F Ú,\ � × UI
FD� �Dá�º�â>Ê ¤�] µ

��^ SC ��_zè�^a`	��B��0b�c�_þ³ � ¥�Ó>³kÂ	��^�`���B�� SC è�� �>� ¥ KM@ 9-4N�×
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dfehgfihjfkhl

mfnhofphqfrhs thufvhw khl

xfyhqfzh{1

2 3

4
high

low

SC

|h}f~
�h����� ~

@ 9:
®�¯ �0? �

6 ���
��� Â�� 5 Â,����µ�� ª�«�¬��®�¯�� �a���5� ÀDèÑØ�û�µ�� ª�«�¬��®�¯�� Q
��ÀF���
	
��Ð0�FÜ
����è)� � S�� � ��������è���� � ¥k× 6.1 Â�� �
� Â ª�«�¬��®�¯ è�4�����³�à
�	������� � Q���Àz³���Ø�4 ��  ��¡�¸�Ú���¸�¶�¢�£�¥5×>�,��� 6.2 Â���¤�¥>Ð�¦�A�§zè SC

³	µ�¶,���	�a¨�¼ � ¼�½�¾�¿	À�è5ÔDÕ	� ��� Ú�©�µ	¶ � Q���À�����Üzè"4ª���	×

6.1 «�¬�ó��9	ð
®�¯�°�90±�²
4.1 Â��
����� ª�«�¬��®�¯ ü
³���ü$´�à)µ�Ú	í�î>Ð�¶ù�¸·zµ�¹�ºD����»�Ú���¼�½�Å�µ �
��Á�Â�ã ¤ Í � ¥"¾�æD��æDÊ�¿D¸F¼D½�¾�¿�À�Ú�©�µ�¶
����À>Ê0Á�Â���Ã
Ä�Å�Ð	����B�Æ SC

Æ�Ç�È�úzè�¾�É � ¥���Ê�Ú�Ë�2�¶ÍÌÎ· µ"¹�º�Ê�í�î�Ð�Æ�Â��>Ó�Æ���»	��Ã�Ä�Å�Ð�¼>½�¾�¿�À
Ú�÷�¸�¶���Ïª`�Ð SC Æ�Ç
È�úzè�����B>Ú��DÕ�¶ ®�¯ è)4þÒ ÎFÏ�� �$  ��Ð�QÍ��Ê�°�± ³�Ð
¥�ÓD³�è"¢�£���×
����Æ � Q
��À ³Î���zµ�� � Q���À�Ú���¸�¶�� �
� Â ®�¯ è)¶ÍÌÎ·�µ)4�Ð�¸�� � Æ�Ø�4 �  Æ0Ñ$¹�è)Ò
Ó � ¥5×�@ 10 Ú�Z�[�è ��� ×
@�Æ�UÔÌ � PDG A$Õ�è�4þÒ�íFî�Ê�ï�¥��$2ªÖ�Æ ®�¯ Ú�÷F¸�¶���Ø�4 ��  Ú�×�³5Ø�ÝÎ¡�¸��

Ð�¸�Ê�� ®�¯ è�¶ÍÌÙ·�µ�� õ æ�è)Ú�Û�¥	Ú�ÜÝ��¶�����Æ � Q���À�³Î����µ�� � Q���À�Æ�Ø�4��  Æ�Ñ�¹�Ú�Þ�à	Ê���¶ß-�¥�×�����Æ � Q���À�����2�Ö�Æ ®F¯ Ú��$��¥ �$  ³ ��� Æ ®�¯ Æ��  Ê�¾�à�ÖkÐ�¸	×�µ��Dµ5������µ�� � Q���ÀFÂ
��á02�Ö���Ö)Æ ®�¯ ��  ��â�ã�µ	¶�¸>¥5×
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@ 10: Ø
4 �
  Æ0ä ¤ Z�[ (Ø$å
æ�ç :Pentium4 2GHz�ªè�é � 1GB� Free-BSD4.5)

Ó � ������µ�� � Q���À�Ê���2�A�Õzµ�� PDG Æ0� � ª�« è"¶ÍÌê·�µ�ëFÜDÂ�àF¥0��»FÂ�ïD¥Ñ×
Ó0Æ�ÓD³)��ÖÑ¼D½�¾�¿	À�Ê�Ã�Ä�ÅDÚ�Ð�����Î�Ï�� � ü�³����
À���Â�ïD¥�×

6.2 ì�í�9�î�ï�ð
ñ�ò�ó�ô
õ�ö�÷�ø
ù�ú�û�ü
ý
ODÚ�¤�¥DÐ�¦
AH§zè SC ³�µ�¶�����¼D½�¾�¿	À
Æ�/
1H��Æ�þ
ÿ>Ú � � Q���À>è ��Ü � ¥k×
¼>½�¾�¿�À
Æ,/
1���Æ�þ�ÿ ³5���s¼>½�¾�¿�ÀDè � ��Ú ®�¯ µ SC Æ�·>¸��	��è)� ÿ Ú,�D� �
¥�Ó�³�Â	��������Æ ª�«�¬� è	��
�Ó�³	è�¸�Ò ×�¼>½�¾�¿�À�Æ�/�1��zè�þ�ÿ�µ)©���è��¶�¥
Ó>³kÂ�� SC Æ�·D¸��	��B�è)âùÖ�µk� ª�«�¬� Æ�& ' �zè�ç�Ì¸+ - � ¥�Ó>³�Ê�ÂDàF¥k×��� Æ�������� � Q
��À>è5ÔVÕD¥ ×������	���������aÖ����ù³���� �!��Ö"���DÚ#��!DÂ
à��%$�&�'(& ) &�*,+���� ) %�&�*�Æ�¸�-�&���Â�ï/.Ñ× 1>¶�Æ ��� �1032�Æ���� è3�4����Ú
5 Ö3-�6�798>à�.k×:+0�;�#<��������ªÖ������4�1�	�ªÖ����DÚ$��$�&('�&��(=�>9?;@.ÌA�#<
���(���ªÖ�����Æ���=�>���1CB�Æ �(� Æ	<��������ªÖ,Æ0��� Æ	6�7EDGFIH3J9K1L3MON;P9DQ?
81H�.	?����1�	�ªÖ�����Æ�R��IL�6�7��4FIH�J9K�S1.�P9D�T�89H�U�V	WX�/���IY3���1Z	[�=
>1T	��\1B�Z	]�^9Z	�1�	�IY����9Z;R�_9Z;6�7OD`FIHQJCK9LQMaN	P9D�?�89H�.	?	��<�b�c�d
��YQ�(�/Z�R�_eLQ6�7���FfH�J9K�S/.�P9D�T�81H	U�V!W
]�^(��<�b�c�d��IY3���9Z	[�=�>����1�	��Y3���9Z�[�=�>1T�$�&�'�&	g�h�i�jeL�k4l	B�m
n ��R�_�o�p9q�r�s�t�u�v9w	x�r�S9.�y9u�z�{�|�{�Z	g�h�i�jIL�}�~9S9��W�}�~I�	{��	g�h
i�j/u1� n q�r�s�t�T������1?	���1�1LQ�1�/���1z�{�|�{�Z����!�1u	���!���1�/L��/K1��W
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low

high

���`�G�

0

1 2

3 5

6

4

�
11: q�r�s�t�Z SC L��/S������

z�Z��(�!�1T!�(�/z�Z	�1��u��I���!���IL�M�N�P9D�?� 1H���W¡ �(�!�1Z!¢(£/ 1H���¤��1¥�L�¦�p1S9�1D��
§�¨

: ©3ª1Z�«�b�c�d���¬/�®�Y3¯�°1Z�R�_�W�©�ª9Z!g�h�i�j�W
±�²�³(´�µ�¶Q·(¸/¹�º�»�¼ : \ B�Z!]�^1Z!«�b�c�d�®½Y�¯�°1Z#R�_�W�«�b�c�d�®½YQ¯�°/Z

[�¾�¿/Z�g�h�i�j�W
À1Á µe¶Q·�¸/¹;º�»�¼ : \ B�Z#]�^1Z!¬ �®fY�¯�°1Z!R�_�W�¬ �®fY�¯�°/Z�[�¾�¿/Z�g�h

i�j�W

D�U/�ÂW
��Ã�� n �C¤��1¥/D"�����/��Ä�Å1K��#�fP	Z�q�r�s�t�Z SC Z	������L � 11 Z�ÆfÇ�x �

u�È9SÉW � 11 L�k1D3u!�Êz�{�|�{�Z�¤��1¥	Z SC DË�����!�CZ9w/ÌÂv/Í�Î�r�Z SC u;Ï/S9�
Ð Ç�Ñ(Î�Ò�LQÅCK/��W�Ó�Ô/U�¤��1¥/D�z�Z SC T	�1¤��1¥ d Z SC L SC(d) DË�/SIDË�
±�²�³(´�µ�¶Q·(¸/¹�Õ�Ö cgrade: SC(cgrade) = 1

À1Á µe¶Q·�¸/¹;Õ�Ö sgrade: SC(sgrade) = 2

±�²�³(´�µ�¶Q·(¸/¹�º�»�¼/¹�×�Ø�Ù/Ú copcode: SC(copcode) = 3

À1Á µe¶Q·�¸/¹;º�»�¼9¹�×�Ø�Ù9Ú sopcode: SC(sopcode) = 5
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§�¨ ¹;×�Ø�Ù/Ú studentcode: SC(studentcode) = 4

Û�Ü u(������DÂz�Z1w9Ì�v/Í�Î	r�T!�1����� u Z/w9Ì�v1Í�Î	r1L clear(u) DË�1SID��
§�¨

student: clear(student) = 4

±�²�³(´�µ�¶Q·(¸/¹�º�»�¼ cop: clear(cop) = 3

À1Á µe¶Q·�¸/¹;º�»�¼ sop: clear(sop) = 5

D�U/�ÂW
Ý Î	Þ	ßCÞ9à�Ò�Í	t�Z ¡Iá Z#¤(�/¥	u;ÏI�	B�Ã9 	â�ã9� SC L3�9K�ä	å(æILQMCU9l	�Éç�è��

33 é1Z�ê;~�ë9Z�N�ì	� SC í 4 Z�ê�~�ë9í 1 é�� 5 Z�ê	~�ë/í 1 é�� 6 Z(ê!~�ë9í 26 é�î3V
NËç�èCí!ïEÄQ{(�!Wñð � 12-(a)ò

(a) (b)

�
12: å�æ�ç�è

P!{(T!� ¡ ���!�CZ!g�h�i�j1í Ü á U implicit flow L�ó9H�ôIP��3�9z�Z���õ����!�CZ!g�h
L3MCUIN3ö	÷1í	ø�ù9Z(���!�CZ9w9Ì3v9Í�Î	r9LÂ��úI���	ç�èOî	�;ä!û9S;ü9Z SC í	ýOþ�U n �
z�Z	ü1í�ó/HÂôfP	S implicit flow L�ÿ��1�3ë1í���÷��%l	����õ�u	ô�P#l;�!WI���9��� ¡ ���
� Z�g�h�i�j����9ö#÷/í#û1S�ü í���¯ u�	�
½��{��½î�H�L�����#ä!��g�h1ö#÷1Z�� n ü/Z
SC L low u����I�	ä�����å(æIL3M9U�N�îG� ð � 12-(b)ò 33 é9Z�ê;~�ë/ZeN3ì	� SC í 0 Z4ê!~
ë1í 27 é�� 1 Z�ê	~�ë1í 2 é�� 2 Z�ê!~(ë/í 2 é�� 4 Z�ê�~�ë1í 1 é�� 5 Z�ê�~�ë/í 1 éOîË���� U�¤��9¥!u�	�
fL�M/U�K��	��ø�����U������� 1Z�!�"�#/í�$fH1þ&%1í/��P1îQí�'��1��W
P�Z9�1N3u	� 5.2  �â�ã1��(�"1T	�*)QZ�¤(�/¥	u�	�
IL,+9S�ã.-	�1L3�1��S9�,/�09u1k	U/�ÂW
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7 13254
6�7�8  �T���«(b9��U!�����fL,:9;�x�<9=1ÌQs�>�w�Í!r1L�Ï�?Eî!����� PDG L,@�A��!�
������ �å�æ�L3M9U�N&B�C�LED�F��3�G��øf�;�	WIH!�	�:� n ø����(U�@�AeL�YE/��3�Êö!÷9Z
� n üIL����	�1í�J�K1u����9 �-��E(�"ILE��LI�	�;W5MON/U	�(���ILP:�;�xO<�=CÌQsQ>�w�Í
r�u�R�S�V���¤��1¥�T��(r�q�r(s�t/LPU��I������øI����V��;ßfL	z(Z�Þ/à(Ò�Í	t�u	ÏI�	ä �

A��Q�Cz�Z�W�XO#fL,Y9��õ���WZ �CZ�[�\�î;�!ä��

• ���^]�à���Z���_1Z�`�a

• b9Z�Þ/à�Ò�Í�c�Î�ÒEd�e/u�Ï9S1�f������ �å�æ1v�ßhg9Ì,i�t�Z�`�aEîj��L

U^)Qí�k9l�ÄQ{C�QW
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6�7�8 u(m�V�ä , pCu ��� U�q�/�r9mC��s�qOt�dILEu.-OH��	��$�v�$�]wR�xOy�] 7�8 ®w�
��÷�pOz�¬�{}|�]�~f���!v;®�]�¯�°w�(Ãw��� c��/u��Oþ����O�f��H�� .6�7O8 u�m�V�ä , p1u ��� U�q�/�r1m9��s�q�t�d^�fu�-�H��	� Û�� 6w�9� t�c��1u���þ
�����e��H�� .6�7O8 u�m�V�ä , p1u ��� U�q�/�r1m9��s�q�t�d^�fu�-�H��	� Û�� %w�wt�B9u��Eþ&���
����H�� .6�7O8 u�m�V�ä , p1u ��� U�q�/�r1m9��s�q�t�d^�fu�-�H��	� Û $�� ë9���9u��Eþ&���
����H�� .6�7O8 u�m�V�ä , p1u ��� U�q�/�r1m9��s�q�t�d^�fu�-�H��	� Û����w��� �9u��Eþ&���
����H�� .

� �Cu , z�Z�b Ü á U�q�/�r , q�tOdh�Eu1V���$�v�$�]�R�x�y�] 7�8 ®�����÷�p�z�¬�{�|
]^~f�O�!v�®�](¯�°w��Ã 7O8�� Z�� Ü u��Oþ����1V��1��H�� .
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