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�̧4Sq ���7£x Model Checking

“�̧4Sq” = ���7£x½+É @/�©� = z�́'��õ�&ñ
/_�p�½̈�̧

“���7£x” = ̈½¹כ���H $í
|9��̀¦ ëß�7á¤���Ht� ���7£x

%i���&h�Ü¼�Ð �̧4Sq ���7£x(model checking)�Ér �×¼J?#Q ���7£x�̀¦ 3lq³ð

�Ð

&ñ
SX�ô�Ç �̧4Sq�Ér �½Ó�©� Ä»ô�Ç: Ä»ô�Ç �̧�Ð����(finite automata)

�̧4Sq ëß�[þtl� �%;K�. �©�I��� ú́§��"f ÕªXO�t�: 2|bits|

�èáÔàÔJ?#Q\� &h�6 x��9���? �̧4Sq ëß�[þtl��� ë�H]j��o�
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���7£x\� ÅÒîß�&h�

s��:r �̧4Sq>�íß� ���7£x

�¹���K�$3כ
√

��{9�ì�r$3�
√ √

]j���d��ì�r$3�
√

�̧4Sq���7£x
√

áÔ�ÐÕªÏþ� ì�r$3� = áÔ�ÐÕªÏþ� �̧4Sq >�íß� + �̧4Sq\� @/ô�Ç ���7£x

= X<s��� �̧Ü¼l� + &ñ
�Ð ÆÒØ�¦�l�
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�̧4Sq ���7£x õ�&ñ


Ä»ô�Çô�Ç �̧4Sq ëß�[þtl�(finite modeling)

�©�I� ���s� ÕªA�áÔ(state transition graph)

hw: E��íÂÒ'� Ä»ô�Ç

sw: Áºô�Çô�Ç _�p�½̈�̧\�¦ Ä»ô�Ç�>� >�íß�K��� (!���¹כ)

���7£x½+É $í
|9� &ñ
_��l�(specification)

áÔ�ÐÕªÏþ� �7Ho�(program logic, dynamic logic, modal

logic)����H ���#Q\�¦ ��6 x

�̧4Sqs� $í
|9��̀¦ ëß�7á¤���H t� SX�����l�(verification)

ÕªA�áÔ ������"f SX����K� �Ðl�(graph reachability)

a(����¹כ �̧4Sqs�%3������ ìøÍAá¤ ����:rëß� ��0px

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Spring 2006 Note 22



�èáÔàÔJ?#Q �̧4Sq ���7£x Software Model Checking

v9�YU��

v9�YU�� (áÔ�ÐÕªÏþ� ì�r$3�s� ��t���H /BN:�x�)a)

�èáÔàÔJ?#Q_� Ä»ô�Çô�Ç �̧4Sqs� ¹כ��9��¦

Ä»ô�Çô�Ç �̧4Sq�Ér �¹���sכ �9�Ãº

���7£x ���õ��� ìøÍAá¤s� ÷&t� ·ú§>� #Qb�G>� ?���¹���Kכ

·ú� Ãº \O���

)�0A �̧ÀÓ�Ð ÂÒ'� ¦¹����̀כ ��1pu��H(abstraction refinement)

�2³àÔ\�¦ ~ÃÎ��H��.

ÕªXO�>� ��r� ¹���ô�Çכ �̧4Sq�̀¦ ��t��¦ �̧4Sq ���7£x

0A_� õ�&ñ
�̀¦ ìøÍ4�¤.

���7£x÷&���� ����� �̧ÀÓ�� ¹1Ô��|9� M: ��t�; îß� =åQ±ú� Ãº �̧
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2[½+É&h�

2[½+É&h� (�̧4Sq ���7£x 1lxW1\�"f x�#Q�̧ØÔ��H ���l�[þt)

)�0A �̧ÀÓ�Ð ÂÒ'� ��1lxÜ¼�Ð ¦¹����̀כ ��1pu��H(abstraction

refinement) l�Õüt

���7£x½+É $í
|9��̀¦ %3�x9���¦ &ñ
SX��>� ³ð�&³���H ���#Q:

áÔ�ÐÕªÏþ� �7Ho�(program logic)[þt

���7£x\� ��6 x÷&��H �â
]j&h���� X<s��� ½̈�̧

�̧ÀÓ_� s�Ä»\�¦ ��1lxÜ¼�Ð [O�"î
�l�
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�̧4Sq ���7£x_� $í
/BN{��

1020>h_� �©�I�\�¦ ����� �̧4Sq(hw �r�Ð) ���7£x: 1980�̧�@/ ÊêìøÍ

10120>h_� �©�I�\�¦ ����� �̧4Sq(hw �r�Ð) ���7£x: 1991�̧�

IEEE Futurebus+ cache coherence protocol ���7£x/�̧ÀÓµ1Ï|
�:

1992�̧�

2500×�¦ C áÔ�ÐÕªÏþ�(�Ð4�© ]j#Q) ���7£x/�̧ÀÓµ1Ï|
�: 2001�̧�

10K C áÔ�ÐÕªÏþ�(CDMA :�x�o %�o�) ���7£x/�̧ÀÓµ1Ï|
�: 2002�̧�
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�̧4Sq = _�p�½̈�̧ [[?]]

Ä»ô�Çô�Ç �©�I� ���s� ÕªA�áÔ(labeled state-transition graph) (ß¼wn�H�

½̈�̧(Kripke structure)���¦ �<Ê) �Ð &ñ
_�

Áºô�Çô�Ç �©�I�[þt ��s�_� ���s�õ�&ñ
�̀¦ Ä»ô�Ç�>� >�íß�K� ö"��

îß�����>� ���¹כ���H ��s	כ �9�Ãº

¹���ô�Çכ �̧4Sqs�l� M:ë�H\� ìøÍAá¤ ���7£xëß� ��0px

���7£x Êê �̧ÀÓ e��Ü¼���: ����� �̧ÀÓ���t���H ·ú� Ãº \O���

���7£x Êê �̧ÀÓ \O�Ü¼���: �̧ÀÓ��H ������Ð \O���
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�̧4Sq: �©�I� ���s� ÕªA�áÔ(state transition graph) \V
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¹ô�Çכ��9 $í
|9� &ñ
_��l�(specification)

áÔ�ÐÕªÏþ� �7Ho�(program logic, dynamic logic, modal logic)s�����H

���#Q\�¦ ��6 x

r�çß� �7Ho�(temporal logic): r�çß� âì2£§�̀¦ %i�¿ºô�Ç �7Ho�d��[þt

>�íß� àÔo� �7Ho� CTL(computational tree logic): �©�I� ���s�

ÕªA�áÔ\�¦ (Áºô�Çô�Ç) àÔo��Ð s�K�����"f r�çß� âì2£§�̀¦ %i�¿ºô�Ç

�7Ho�d��[þt

àÔo�: �̧��H z�́'�� �â
�Ð�� ×¼�Qz��
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>�íß� àÔo�(computational tree)_� \V

�©�I����s� ÕªA�áÔ

{(a, b), (a, c), (b, a), (b, c), (c, c)}

0A_� ÕªA�áÔ��H ��6£§_� >�íß� àÔo�õ�&ñ
Ü¼�Ð Û�¦#Q {9��̀¦ Ãº e����

{(ai, bi), (ai, ci), (bi, ai+1), (bi, ci+1), (ci, ci+1) | i ∈ N}
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CTL(computational tree logic) d��_� \V

formula → modality (predicate)

modality = {A, E} × {G, F, X, U}
s��¦

Does variable v remain positive?

M |= AG(v = ⊕)

Can variable v be positive?

M |= EF(v = ⊕)

Does variable v remain positive until w is negative?

M |= AU(v = ⊕, w = 	)

“After state s, does variable v remain positive?”

M, s |= AG(v = ⊕)
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>�íß� àÔo� �7Ho�d��(computational tree logic) f ���7£x ·ú��¦o�7£§_�

4�¤ú̧��̧:

O(|f | × |M |)

|M |�Ér �©�I� ���s� ÕªA�áÔ(>�íß� àÔo��Ð Û�¦t�·ú§�Ér) �̧4Sq\�"f �©�I�

ü< ��������� Ì�	Ãº_� ½+Ë
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�̧4Sq ���7£x 2[½+É l�Õüt[þt

)�0A �̧ÀÓ�Ð ÂÒ'� ��1lxÜ¼�Ð ¦¹����̀כ ��1pu��H(abstraction

refinement) l�Õüt

���7£x½+É $í
|9��̀¦ %3�x9���¦ &ñ
SX��>� ³ð�&³���H ���#Q:

áÔ�ÐÕªÏþ� �7Ho�(program logic)[þt

���7£x\� ��6 x÷&��H �â
]j&h���� X<s��� ½̈�̧: BDD(binary

decision diagram)

�̧ÀÓ_� s�Ä»\�¦ ��1lxÜ¼�Ð [O�"î
�l�

{9�l�:

Model Checking, E. Clarke, O. Grumberg, and D. Peled,

MIT Press, 2002

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Spring 2006 Note 22



�èáÔàÔJ?#Q �̧4Sq ���7£x Software Model Checking

���¹כ ��1pul�(abstraction refinement) l�Õüt_� \V

Microsoft’s SLAM system
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