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>h>h>h����������)a�)a�)a [O�[O�[O�>�>�>�\�¦\�¦\�¦ �������½Ó�½Ó�½ÓÜ¼Ü¼Ü¼�Ð�Ð�Ð ½̈½̈½̈�&³�&³�&³
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�
�
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1 �¢���AI)o�M� AiracV

Airac[8]�Ér ¹���K�$3�d�¦(abstractכ interpretation framework)[5, 6, 4]\� l�ìøÍ
�#� C áÔ�ÐÕª
Ïþ�[9]\�"f µ1ÏÒqt½+É Ãº e����H �̧��H !Q(� �̧!Q��� �̧ÀÓ\�¦ îß����
�>� ¹1Ô��ÅÒ��H &ñ
&h� áÔ�ÐÕªÏþ� ì�r$3�
l�s���. Airac�Ér áÔ�ÐÕªÏþ�_� y�� t�&h� Z>��Ð �̧²ú���0pxô�Ç �©�I�\�¦ îß����
�>� ÆÒ&ñ
ô�Ç��. Õªo��¦
s� �©�I�[þt�̀¦ �����
�#� !Q(� �̧!Q���s� µ1ÏÒqt½+É Ãº e����H t�&h�[þt�̀¦ ·ú��9ï�r��. Airac�Ér o�³nqÛ¼

&�V,�, GNU �èáÔàÔJ?#Q x9� �©�6 x e��Z�n�×¼ �èáÔàÔJ?#Q 1px z�́]j C áÔ�ÐÕªÏþ�\�"f �̧ÀÓ\�¦ &h�
]X�ô�Ç q�6 xõ� &ñ
SX��̧�Ð ¹1Ô��?/��HX< $í
/BN
�%i���. &ñ
&h� áÔ�ÐÕªÏþ� ì�r$3� l�Õüt�̀¦ z�́]j �&³�©�\� &h�
6 xK��̧ Áºo��� \O��̀¦ &ñ
�̧�Ð ÁºØÔe��%3�6£§�̀¦ SX����r�&�ÅÒ%3���.

AiracV[��s�|ÃÌ ��s�ÚÔ]��H Airac�̀¦ [O�>�
��¦ ëß�[þt���"f %3��Ér �â
+«>�̀¦ ���½ÓÜ¼�Ð x9���{��ÂÒ'�

¢-a���y� Dh�Ð ½̈�&³
��¦ e����H .���¹���K�$3�l�sכ Äºo���H Airac\� ��6 xô�Ç l�Õüt[þt�̀¦ "î
«Ñ
�>� &ñ


o�
��¦ Õª îß����$í
�̀¦ %3�x9�
�>� ���7£x
��¦ z�·%3�Ü¼ 9, Airac\�"f %3��Ér $í
õ�\�¦ !Q(��̧!Q��� ü@_�

���Ér 7áxÀÓ_� ì�r$3�Ü¼�Ð�̧ ~1�>� SX��©�
��¦ z�·%3���. s� õ�&ñ
\�"f l��>r_� [O�>��� ½̈�&³Ü¼�Ð��H ~1�
t� ·ú§�Ér {9�e���̀¦ SX����
�%i��¦, [O�>�\�"fÂÒ'� ½̈�&³��t� ���:£§s� \O��̧2�¤ "î
«Ñ
�>� K�������H ���
\O��̀¦ ���'��K�M®o��. Õª ���õ� AiracV��H >á¤°ú s� ½̈çß� �̧Bj���(interval domain)\�"f ¦¹���K�$3��̀כ

���H ì�r$3�l�e��\��̧ Ô�¦½̈
��¦ Airacõ� B�Äº ���Ér �̧_þv�̀¦ °ú�>� ÷&%3���.

2 AiracV�� AiracÜï ��¦Ø< +8�

2.1 úmÔ��»Â6Ò ï̂Bµÿ�a�@#e

Airac_� C’\�"f��H �̧¿º +'[O�#�e��%3�~�� Bj�̧o� ìøÍ6£x�̀¦ {9�Ü¼v����� z�́'��âì2£§�̀¦ ��Ë̈��H "î


§î
(statement; command)õ� °ú̀�כ¦ ³ð�&³
�l� 0Aô�Ç >�íß� d��(expression)�̀¦, AiracV\�"f��H "f
�Ð ¢-a���y� ì�ro�
�#� B�Äº "î
«Ñô�Ç ×�æçß����#Q�Ð ëß�[þt�¦ ì�r$3�\� ��6 xô�Ç��.

1�:r ���½̈��H &ñ
�Ð:�x���ÂÒ ����̧l�ìøÍl�Õüt>hµ1Ï��\O�õ� �§¹¢¤���&h���"é¶ÂÒ ¿ºö&ô�Ç²DG21��\O�_� t�"é¶Ü¼�Ð Ãº'��
�%i���.
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2.2 F�Bá�¥Ê¥�mr ½�7�É�

AiracV��H áÔ�ÐÕªÏþ� d��s� ����� z�́'��âì2£§ ÕªA�áÔ(control flow graph)[1, §9.4]\�¦ ��t��¦ ì�r$3�
ô�Ç��. "î
§î
õ� d��Ü¼�Ð ì�ro�ô�Ç Dh ×�æçß����#Q\�¦ ��6 x
�l� M:ë�H\� z�́'��âì2£§ ÕªA�áÔ\�¦ çß�éß�ô�Ç ~½Ó
ZO�Ü¼�Ð Õªwn= Ãº e����. ì�r$3� ��� éß�>�\�"f s� ÕªA�áÔ\�¦ p�o� Õª�9¿º�¦ ì�r$3�\� [þt#Qçß���. ��0px
ô�Ç z�́'�� âì2£§�̀¦ p�o� �����½+É Ãº e��l� M:ë�H\� »¡¤t�ZO� t�&h�(widening point)�̀¦ &ñ
�§
�>� ¹1Ô��H
{9� 1px�̀¦ �����Û¼XO�>� ½+É Ãº e����.

Airac�Ér áÔ�ÐÕªÏþ� d���̀¦ ì�r$3�\�"f f��]X� ��ÀÒ���"f ×¼�Q��t� ·ú§>� z�́'��âì2£§ ÕªA�áÔ\�¦ Õªo�

���"f ì�r$3��̀¦ ���'��Ùþ¡��. C áÔ�ÐÕªÏþ�\�"f��H gotoë�H�̀¦ ��Ä»\�v>� ��6 x½+É Ãº e��l� M:ë�H\� z�́'��
âì2£§ ÕªA�áÔ\�¦ ëß�[þtt� ��m�½+É Ãº \O�l� M:ë�Hs���. áÔ�ÐÕªÏþ�_� �̧��H ÂÒì�r\� @/K�"f ÕªA�áÔ\�¦
Õªo���H ���\O��̀¦ ì�r$3�õ� �<Êa� 
���H ��Ér	כ ½̈�&³�̀¦ Ô�¦�9¹כ�
�>� 4�¤ú̧�
�>� ëß�[þt%3�Ü¼ 9, ô�Ç ��� Õª
�9é�H ÂÒì�r_� ÕªA�áÔ\�¦ ìøÍ4�¤K�"f Õªo�>� ÷&��H q�ò́Ö�¦�̧ e��%3���. ����"f Äºo���H [O�>�\�"fÂÒ
'� {9��'a÷&>� ÕªA�áÔ\�¦ @/�©�Ü¼�Ð ì�r$3�
���H ~½Ó�¾Ó�̀¦ ×þ�ô�Ç �.���s	כ

2.3 Áì>&8� ·ÿ�a�q� (Ûo)o�

AiracV\�"f��H ì�r$3�éß�0A\�¦ �̂¦!3�(basic block)[1, §9.4]Ü¼�Ð ß¼>�Zþt§4���. l��>r_� Airac�Ér áÔ�Ð

ÕªÏþ�_�z�́'��âì2£§�̀¦B�Äº �̧x9�
�>���¾º#Qy��"î
§î
x9�>�íß�d��[þt��t� �̧��Ht�&h�_��©�I�\�¦�Ð

�'a
��¦ e��%3���. Õª�Q�� s���H ì�r$3�\� ¹ô�Çכ��9 Bj�̧o�\�¦ t���u�>� Zþto���H ë�H]j�� e��#Q Äºo���H
âì2£§s� ��7
t� ·ú§��H �̂¦!3� éß�0A�Ð �©�I�\�¦ l�%3�
�l��Ð 
�%i���. ��t�}��\� ì�r$3� ���õ��ÐÂÒ'� �â

�Ð\�¦ Òqt$í
½+É M:\���H y�� �̂¦!3�_� {9�§4� �©�I�\�¦ ��t��¦ ô�Ç ��� �8 y�� "î
§î
[þt_� _�p�\�¦ ��������


���H éß�&h�s� e��t�ëß� Äºo���H ì�r$3�\� ¹ô�Çכ��9 Bj�̧o�\�¦ ]X����½+É Ãº e������H 	�H �©�&h��̀¦ ×þ�Ùþ¡��.

2.4 =i4�+8�->	 ¦�)ç�

AiracV��H �¦&ñ
&h� ·ú��¦o�7£§õ� áÔ�ÐÕªÏþ� _�p� &ñ
_�, Õªo��¦ ì�r$3� �̧Bj���_� &ñ
_�[þt�̀¦ ½̈�&³ Ãº
ï�r\�"fÂÒ'� Z>��̧_� >�8£xÜ¼�Ð ¢-a���y� ���o�
�%i���. s��Ð+� ���Ér �̧Bj����̀¦ ��6 x
���H ì�r$3�Ü¼
�Ð SX��©�
���H {9�s� /'0>&��Ü¼ 9, ½̈�&³õ� [O�>�\�¦ ��_� {9�u� r���� �s�Ù¼�Ð	כ ½̈�&³_� ���7£xs� [O�
>�_� ���7£x �Ð�� Z>��Ð #Q§>�t� ·ú§�Ér Ãºï�rÜ¼�Ð =åJ#Q�̀¦§4���. @/ÂÒì�r_� q�6 x ]X�y�� ~½ÓZO�[þt�̧ 8£x
�̀¦ �Å���[þtt� ·ú§�¦ ½̈�&³
�l� M:ë�H\� Õª ~½ÓZO�s� �= �̀¦���Ér��\�¦ ÂÒì�rëß� �Ð���"f�̧ "î
SX�
�>� SX�

���½+É Ãº e��Ü¼ 9 #Q*�ô�Ç "é¶o��Ð q�6 xs� ×�¦#Q×¼��H���̧ ì�r"î
y� ×¼�Qèß���.

2.5 ï̂>#e¥�< _k;U�(«
 U�+8�

»¡¤t�ZO� ���íß�[7]�Ér Z�}s��� Áºô�Çô�Ç BNçß�\�"f/���¹כ ì�r$3��̀¦ Ä»ô�Ç r�çß� îß�\� =åQ?/l� 0AK�"f ìøÍ×¼
r� K���ëß� ô�Ç��. Õª�Q�� &ñ
SX��̧\�¦ ß¼>� ±ú�ÆÒ��H �¹���sכ ÷&l��̧ 
� 9, s� &ñ
SX��̧\�¦ �r4�¤
�l�
0Aô�Ç a%vy�l�(narrowing) ���íß��̀¦ Ä»µ1Ï
�#� ì�r$3��̀¦ t����r�v�l��̧ ô�Ç��. C áÔ�ÐÕªÏþ�_� �â
Äº,
#Q�"� t�&h�s� ����or���� �©�I��� ��r� ��l� �����\�>� [þt#Q�̧��H �â
Äº, 7£¤ �¦o�(loop)\� 5Åqô�Ç t�
&h�[þt�Ér �©�I��� Áºô�Çy� ��7
���"f �¦&ñ
&h��̀¦ ¹1Ôt� 3lw½+É Ãº e����. ����"f ��¾ú \�"f �¦o��Ð [þt
#Q����H U�́õ� �¦o�\�"f ÷&[�t���̧��H U�́(back edge)s� ëß�����H �¦o�r����&h�(loop head)\�"f »¡¤
t�ZO����íß��̀¦&h�6 xK�ÅÒ#Q��ô�Ç��. l��>r_� Airac�Ér�¦o�r����&h�[þt�̀¦�í�<Ê
�#�¿ºU�́s��©�s�ëß�

����H �̧��H ½+ËÀÓ&h�(join point)\�"f »¡¤t�ZO��̀¦ &h�6 x
��¦ e��%3���.
AiracV��H Õª ½̈�̧&h� s�&h��̀¦ s�6 x
�#� »¡¤t�ZO�(widening) ���íß��̀¦ ò́Ö�¦&h�Ü¼�Ð &h�6 x
��9�¦
ô�Ç��. AiracV��H �<ÊÃº ?/_� ÕªA�áÔ��H p�o� Õª�9¿ºl� M:ë�H\� ìøÍ4�¤ë�Hs��� gotoë�HÜ¼�Ð �)a �¦o�
[þt�̀¦ p�o� ¹1Ô��Ñüt Ãº e���¦ F�)
&h���� �<ÊÃº  ñØ�¦\� _�K�"f Òqtl���H �¦o�[þt�Ér ì�r$3� ×�æ\� �<ÊÃº

 ñØ�¦�'a>��ÐÂÒ'�·ú�Ãºe����. ������y���¦o�r����&h�_�÷&[�t���̧��HU�́_��©�I�\�¦�����
�#�z�́
]j�Ð�¦o���+þA$í
|̈cÃº\O���H�â
Äº��t��̧ C�]j
�#������¦o��̧d��Z>�K�è­qÃºe����. AiracV��H
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s�XO�>� ¹1Ô�Ér �¦o�_� r����&h�[þt\�ëß� »¡¤t�ZO� ���íß��̀¦ &h�6 xr�&� ì�r$3��̀¦ �8 ò́Ö�¦&h�Ü¼�Ð =åQè­q Ãº

e����.

2.6 ÿ¶;ÿ¶;Â6Ò 4�»ÿ� )Ö<"k

AiracV��Hz�́'��âì2£§ÕªA�áÔ\�¦��t��¦ì�r$3�
�l�M:ë�H\��¦&ñ
&h�·ú��¦o�7£§\�"f>�íß�í�H"f\�¦�8
>á¤>á¤
�>� ½+É Ãº e����. Airacs� ��6 x
���H ½+ËÀÓ&h� t����(wait-at-join)[8, §2.4] l�Õüt�̀¦ >h���
�#�
q�6 x�̀¦ �8 ×�¦{9� Ãº e����. l���o���H ½+ËÀÓ&h�s� #�!Á	 e���̀¦ M:, Airac�Ér e��_��Ð ���×þ��̀¦ 
���H ìøÍ

���, AiracV��H ÕªA�áÔ\�"f_� t�&h�[þt_� Äº\P� �'a>�(dominator)[1, §10.4]\�¦ s�6 x
�#� Ô�¦�9¹כ�ô�Ç
>�íß��̀¦ ×�¦{9� Ãº e����. ������ �¦&ñ
&h� >�íß� õ�&ñ
\�"f ×¼�Q����H �<ÊÃº  ñØ�¦ �'a>���t� �¦�9
�
��� F�>h½+É ½+ËÀÓ&h��̀¦ ú̧�3lw Y�J�� µ1ÏÒqt
���H >�íß�|¾Ó�̀¦ �8 ß¼>� ×�¦{9� Ãº e����.

2.7 4�9̀	ùÚH V���� �ÖV�Mכ�

AiracV��H ì�r$3� ���ìøÍ\� ���5g"f ò́õ��� t�5Åq÷&��H Y�J�� ½+Ëu�l�(selective join) l�Õüt�̀¦ ��6 x
�
�9�¦ ô�Ç��. Y�J�� ½+Ëu�l� l�Õüt�Ér [2, §6.2] \�"f�̧ çß�|ÄÌy� Õª >h¥Æ��̀¦ ���/åL
��¦ e����. Airac_�

Y�J�� ½+Ëu�l� ½̈�&³[8, §2.4]�Ér �̧�̀Óüts� ¾º&h�÷&���"f Õª ò́õ��� :£¤&ñ
 ÂÒì�r\�"fëß� ��������H ���
�<Ês� e��%3���. AiracV��H s��Qô�Ç �̧�̀Óüt[þt�̀¦ Ë̈ï�ry� ���o�
�#� Áú¢������H ~½ÓZO�Ü¼�Ð Y�J�� ½+Ëu�
l�_� ¢-a$í
�̧\�¦ Z�}s��¦ SX�z�́ô�Ç q�6 x ]X�y���̀¦ ²ú�$í

�%i���.

2.8 ��!l*Ö< �Ú_ô>#Ü�}¹�~x (Ûo)o�

�<ÊÃº[þt_�  ñØ�¦�â
�Ð(context sensitivity)\�¦ �¦�9ô�Ç ì�r$3�\� ×¼��H q�6 x�̀¦ éß�í�Hy� �<ÊÃº_� 3luÝüæ
s�(procedure body)\�¦ ��4Rü< �̀�u���H(inlining) ����Ð	כ @/;�¤ ±ú�ÆÒ�9�¦ ô�Ç��. Airacs� 2[
���H

~½Ód���Ér �<ÊÃº  ñØ�¦ t�&h��̀¦ �<ÊÃº_� 3luÝüæs�\�¦ Dh�Ðî�r áÔ�ÐÕªÏþ� t�&h�[þt�Ð ëß�[þt#Q 4�¤��K�V,�#Q

ì�r$3��̀¦ ���'��
���H �.���s	כ Õª�Q�� �<ÊÃº\�¦ #Q�"� �â
�Ð�Ð Ô�¦§4�Ö¼��\� ���� �<ÊÃº_� 3luÝüæs��� ²ú�
��t�t���H ·ú§Ü¼Ù¼�Ð ���Ð s� ÂÒì�r\� �©�{©�|¾Ó_� >h���_� #�t��� e��6£§�̀¦ ·ú� Ãº e����. AiracV��H
�<ÊÃº3luÝüæs�_�ÕªA�áÔ��H4�¤��
�t�·ú§�¦=�Gl�%3�½+É�9¹כ���e����H�<ÊÃºçß�_� ñØ�¦�'a>�ü<y��t�

&h�_�  ñØ�¦�â
�ÐZ>� �©�I�ëß��̀¦ l�%3�
�#� q�6 x�̀¦ @/;�¤ ]X�y��½+É �.���s	כ

2.9 G�Bºÿ�+8� F�Bá�¥Üï+ä� (Ûoù��

ì�r$3�_� &ñ
SX��̧\�¦ Z�}s�l� 0AK�"f z�́'��õ�&ñ
 ì�r½+É(trace partitioning) l�Õüt[11]�̀¦ ��6 x½+É Ãº e��
��. Airacs� ��6 x
���H ìøÍ4�¤ë�H �̀�u�l�(loop unrolling)�� F�)
 ñØ�¦ �̀�u�l� %i�r� s� l�Õüt_� ô�Ç
\V�Ð s�K�½+É Ãº e����. Airac�Ér gotoë�HÜ¼�Ð ëß�[þt#Q��� �¦o���H �̀�u�t� 3lw
� 9, �<ÊÃº �̀�u�l�ü<
��ðøÍ��t��Ð áÔ�ÐÕªÏþ� �ï×¼\�¦ 4�¤��
�#� ìøÍ4�¤ë�H x9� F�)
 ñØ�¦�̀¦ �̀��2;��. áÔ�ÐÕªÏþ�_� Òqt|�� �̧
�ª�s� z�́'��õ�&ñ
\� ����"f ���
���H ��s	כ %i�r� ��m�Ù¼�Ð �ï×¼\�¦ 4�¤��
�#� ½̈�&³
���H ��Ér	כ Ô�¦�9�

¹ô�Çכ Bj�̧o�\�¦ ��6 x
���H ~½ÓZO�s���. ����"f �<ÊÃº �̀�u�l�ü< q�5pw
�>� z�́'��õ�&ñ
Z>� �©�I�ëß��̀¦
�8 l�%3�
���H ~½Ód��Ü¼�Ð ½̈�&³
���� q�6 x�̀¦ ×�¦{9� Ãº e����. AiracV��H ìøÍ4�¤ë�H �̀�u�l� x9� F�)
 ñ
Ø�¦ �̀�u�l�\�¦ �í�<Ê
���H {9�ìøÍ&h���� z�́'��õ�&ñ
 ì�r½+É l�Õüt�̀¦ ò́Ö�¦&h�Ü¼�Ð ½+É Ãº e���̧2�¤ ½̈�&³
��¦

e����. ������ e��_�_� z�́'��õ�&ñ
�̀¦ ��¾º#Q ì�r$3�r�~�́ Ãº e����H t�r�ZO��̀¦ �¦îß�
�#� ��|ÃÐs� Ãº1lx
Ü¼�Ð ¢̧��H Z>��̧_� ì�r$3�l��� ì�r$3�_� &ñ
SX��̧\�¦ �̧]X�½+É Ãº e��>� 
��9�¦ ô�Ç��.

3 )ç��ûB �¾×�¹M�

·ú¡"f [O�"î
ô�Ç ?/6 x[þts� �&³F� AiracV\� �̧¿º ½̈�&³�)a ��Ér	כ ��m���, Airac\�"f æ¼��� $í
0px >h���

l�Õüt[þt�̀¦ q�5pwô�Ç Ãºï�r\�"f ��6 x
��¦ e����. ³ð I, II\� �����·p °úכ[þt�Ér �&³F�_� AiracV\�¦ ��t�
�¦ 8£¤&ñ
ô�Ç ���õ�s���. z�́+«>�Ér �̧¿º ���9\� K$�w�%3�4 3.2GHz áÔ�Ð[j"fü< 4GB Bj�̧o�\�¦ °ú�ð�r o�
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³nqÛ¼ 2.6 r�Û¼%7�\�"f Ãº'��
�%i���. AiracVõ� Airac�Ér F�)
 ñØ�¦s� \O���H �<ÊÃº  ñØ�¦�̀¦ Y>� �����

t� �̀�}9�(inlining) �¦�\����t	כ t�&ñ
 ½+É Ãº e����HX<, �̧¿º ô�Ç �����t� �̀��2; Êê\� ì�r$3�
��̧2�¤ 
�%i�
��. AiracVü< Airac_� ì�r$3�r�çß��Ér ���%�o�ü< ���8̈�\� ���o���H r�çß��̀¦ ]jü@ô�Ç �:r���y� ì�r$3�\�ëß�

����2; CPUr�çß�s� 9, ·ú�|ÃÐ Ãº��H �̧¿º !Q(�_� ß¼l��� �����oÛ¼ #3�0A\�¦ ���)� ·ú� Ãº \O���H �â
Äº��H
]jü@ô�Ç >hÃºs���. ³ð I_� GNU �èáÔàÔJ?#Q_� �â
Äº\���H �̧��H �<ÊÃº\�¦ 	�YV@/�Ð ì�r$3�
���H ~½Ó
d��Ü¼�Ð z�́+«>ô�Ç ���õ�s� 9, ³ð II��H ì�r$3� r���o��̧\�¦ ëß�[þt#Q"f z�́+«>ô�Ç ���õ�e���̀¦ µ1ß)�é�H��.

áÔ�ÐÕªÏþ� AiracV Airac

(LOC) r�çß�(sec) ·ú�|ÃÐÃº z�́]j!QÕª r�çß�(sec) ·ú�|ÃÐÃº z�́]j!QÕª

sed-4.0.8 (6053) 256 5 0 1089 18 0

gzip-1.2.4a (7327) 330 50 0 2363 102 0

grep-2.5.1 (9297) 1314 28 0 864 16 0

tar-1.13 (20258) 2003 76 1 6524 138 1

bison-1.875 () 7050 30 0 5089 91 0

[�¢ I]AiracVã# Airacq� )ç��ûB R�z� – GNU �ÐÉ�È�1@#e

áÔ�ÐÕªÏþ� AiracV Airac
(LOC) r�çß� ·ú�|ÃÐÃº z�́]j!QÕª r�çß� ·ú�|ÃÐÃº z�́]j!QÕª

vmax301.c (246) 0.01 1 1 0.38 1 1

cdc acm.c (849) 0.14 2 2 7.14 3 2

atkbd.c (944) 0.27 3 2 2.80 5 2

eata pio.c (984) 12.3 10 1 7.12 5 1

ip6 output.c (1110) 1.07 0 0 2.09 0 0

xfrm user.c (1201) 93.63 3 1 53.45 5 1

keyboard.c(1256) 0.38 14 0 4.21 6 0

af inet.c (1273) 0.87 3 2 4.03 1 1

usb midi.c (2206) 14.45 11 4 167.66 10 4

aty128fb.c (2466) 0.03 1 1 0.64 1 1

mptbase.c (6158) 0.06 1 1 1.83 1 1

[�¢ II]AiracVã# Airacq� )ç��ûB R�z� – Linux Kernel 2.6.4q� G�B«»

Y>�Y>� �â
Äº\�¦ ]jü@
��¦ o�³nqÛ¼ &�V,�(Linux Kernel)õ� GNU áÔ�ÐÕªÏþ� �̧¿º\�"f AiracV_�
ì�r$3�r�çß� x9� &ñ
SX��̧�� Airac\� q�K� B�Äº �¾Ó�©�÷&%3�6£§�̀¦ SX����½+É Ãº e����. AiracV%�!3�  ñØ�¦�â

�Ð\�¦ Áºr�
��¦ �<ÊÃº_� 3luÝüæs�\�¦ 
����Ð 
���¹כ���H �â
Äº, ëß���� �<ÊÃº  ñØ�¦�̀¦ ¿º ��� s��©� ô�Ç��
��� �<ÊÃº\�¦  ñØ�¦ô�Ç Dh {9�§4�8̈��â
\� ���� �8 	�H(Ö¼��HK����) Ø�¦§4�8̈��â
�̀¦ ��t��¦ Õª �<ÊÃº\�¦  ñØ�¦
ô�Ç �̧��Ht�&h�s�Êê\�¦��r�ì�r$3�K���ëß�ô�Ç��. ����"f,�<ÊÃº\�¦
����Ð�Ð��Hì�r$3�(AiracV)s��<Ê
Ãº\�¦ �̧¿º �̀�u���H �â
Äº(Airac)�Ð�� ìøÍ×¼r� >�íß�|¾Ós� &h��Ér ��Ér	כ ��m� 9, �<ÊÃº\�¦ �̧¿º �̀�u���H
�â
Äº�Ð�� �8 ú́§�Ér >�íß��̀¦ 
���H �©�S!�\� 7áx7áx Z�~�����. Óüt�:r, �<ÊÃº\�¦  ñØ�¦ �â
�ÐZ>��Ð ì�r$3�
����
y��y��_� �©�I�\�¦ l�%3�
�l� 0AK� �s̀��� ú́§�Ér /BNçß��̀¦ ¹�Ðכ��9 
���H ��Ér	כ ì�r"î

���. 
�t�ëß� /BNçß�
ëß��̀¦ �8 ¹�Ðכ��9 ½+É ÷�r r�çß���t� �8 ¹�Ðכ��9 
�t���H ·ú§�̀¦ �¦����s	כ \V�©�ô�Ç��. �<ÊÃº[þt_� �©�I�
\�¦ �̧\�¦t���5g¹כ���(over approximation)
�l�0AK�Ô�¦�9¹כ�ô�Ç>�íß��̀¦
��¦e��6£§\��̧Ô�¦½̈
�
�¦ Airac�Ð�� ���Ér ì�r$3� r�çß��̀¦ �Ð#�ÅÒ�¦ e��Ü¼Ù¼�Ð AiracV\� �<ÊÃº ñØ�¦Z>�(context sensitive)
ì�r$3��̀¦ �©��ÃÌ
�#� F�)
  ñØ�¦�̀¦ ]jü@ô�Ç �̧��H �<ÊÃº  ñØ�¦�̀¦ �̀��2;���¦ 
��8���̧ ß¼>� Ö¼�9t�t�

·ú§��H $í
0px�̀¦ �Ð#�×�¦ Ãº e���̀¦ �Ü¼�Ð	כ l�@/ô�Ç��.
³ð III�Ér Raccoon[10]õ�_� q��§\�¦ �Ð#�ï�r��. AiracVü< Raccoonõ�_� q��§\�"f Raccoon_�
ì�r$3�r�çß��Ér áÔ�ÐÕªÏþ�_� CFG Òqt$í
 x9� �í���'� ì�r$3� r�çß�, ��{9� I/O r�çß��̀¦ �̧¿º �8ô�Ç °úכe��
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áÔ�ÐÕªÏþ� AiracV Raccoon

(LOC) ���8̈� ÕªA�áÔÒqt$í
 ì�r$3� ·ú�|ÃÐÃº z�́]j!QÕª r�çß� ·ú�|ÃÐÃº z�́]j!QÕª

vmax301.c (246) 0.64s 0.14s 0.01s 1 1 0.04s 1 1

cdc acm.c (849) 1.04s 0.17s 0.14s 2 2 0.73s 2 2

atkbd.c (944) 0.92s 0.16s 0.27s 3 2 0.68s 2 2

xfrm user.c (1201) 2.36s 0.45s 93.63s 3 1 8.77s 1 1

af inet.c (1273) 3.07s 0.55s 0.87s 3 2 1.17s 3 1

usb midi.c (2206) 1.32s 0.3s 14.45s 11 4 1.04s 4 4

aty128fb.c (2466) 1.34s 0.18s 0.03s 1 1 1.06s 1 1

mptbase.c (6158) 2.27s 0.4s 0.06s 1 1 3.34s 1 1

[�¢ III]AiracVã# Raccoonq� )ç��ûB R�z� – Linux Kernel 2.6.4q� G�B«»

�̀¦ µ1ß)�é�H��. 8úx 8>h_� áÔ�ÐÕªÏþ� ×�æ\�"f vmax301.c\�¦ �í�<Êô�Ç 6>h áÔ�ÐÕªÏþ�_� ì�r$3�\�"f��H
AiracV�� �8 ���Ért�ëß� xfrm user.cü< usb midi.c\� @/
�#���H Raccoons� ·ú¡$3���.

4 �lB&è< D�� óm¦Ä�}¹

AiracV��HÄºo��� Airac�̀¦ëß�[þt���"f%3��Ér�â
+«>�̀¦�Ð@/�Ð
�#��&³F�ëß�[þt�¦e����H�8��Z>��¦,�8
��ØÔ�¦, �8 &ñ
SX�
� 9, �8 Ä»���ô�Ç, C ���#Q\�¦ 0Aô�Ç !Q(� �̧!Q��� ì�r$3�l�s���. Airac�̀¦ ëß�[þt���"f

����Ér#��Q[O�>��©�_�ë�H]j&h�[þt�̀¦�¦�9
�#�[O�>�x9� ½̈�&³�̀¦���×�æ
�>����'��
��¦e����. Airac_�

½̈�&³\�"f 2[Ùþ¡~�� ���¶nq&h���� ��&ñ
[þt�̀¦ ×¼�Q?/#Q ���èô�Ç ÂÒì�r[þt��t��̧ "î
SX�y� 
��¦ e����. Õª
õ�&ñ
\�"f ì�r$3�_� ���ø@�̧�� $í
0px�̀¦ @/;�¤ Z�}{9� Ãº e����H ņu����� ÂÒì�r[þt�̀¦ Airac\�"f µ1Ï|
�
��¦

e��Ü¼ 9Dh AiracV_�[O�>�ü< ½̈�&³\�ìøÍ%ò
×�æs���. Dh[O�>�×�æ{9�ÂÒ\�¦ ½̈�&³ô�Ç�&³F�_� AiracV�Ð
�̧ s�p� Airac_� $í
0px�̀¦ 	�H ;�¤Ü¼�Ð >h���½+É Ãº e��6£§�̀¦ SX����½+É Ãº e����. Äºo���H �&³�>r
���H &ñ

&h� áÔ�ÐÕªÏþ�ì�r$3� l�Õüt[þt�̀¦ �̧�o
�#� ·ú¡Ü¼�Ð AiracV\�¦ C áÔ�ÐÕªÏþ�[þtõ� °ú s� t�&h�Z>� �©�I���
×�æ¹כô�Ç áÔ�ÐÕªÏþ��̀¦ 
�¹���K�$3כ�l� 0Aô�Ç 
���_� �̧#3�&h���� d�¦�Ð µ1Ï���r�v��9�¦ ô�Ç��.
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Antoine Miné, David Monniaux, and Xavier Rival. A static analyzer for large safety-
critical software. In PLDI ’03: Proceedings of the ACM SIGPLAN 2003 conference
on Programming language design and implementation, pages 196–207, New York, NY,
USA, 2003. ACM Press.

[4] Patrick Cousot. Abstract interpretation. Symposium on Models of Programming Lan-
guages and Computation, ACM, 28(2):324–328, June 1996.

[5] Patrick Cousot and Radhia Cousot. Abstract interpretation: a unified lattice model for
static analysis of programs by construction or approximation of fixpoints. In Proceedings



6 · É�}¹½�7��?�a�@#e$ã<'Ö<U� <K19-!H 2�Ú (2005[Í	 11i�J)

of ACM Symposium on Principles of Programming Languages, pages 238–252, January
1977.

[6] Patrick Cousot and Radhia Cousot. Systematic design of program analysis frameworks.
In Proceedings of ACM Symposium on Principles of Programming Languages, pages
269–282, 1979.

[7] Patrick Cousot and Radhia Cousot. Comparing the galois connection and widen-
ing/narrowing approaches to abstract interpretation. In PLILP ’92: Proceedings of
the 4th International Symposium on Programming Language Implementation and Logic
Programming, pages 269–295, London, UK, 1992. Springer-Verlag.

[8] Yungbum Jung, Jaehwang Kim, Jaeho Shin, and Kwangkeun Yi. Taming false
alarms from a domain-unaware c analyzer by a bayesian statistical post analysis. In
Igor Siveroni Chris Hankin, editor, Static Analysis: 12th International Symposium, SAS
2005, London, UK, September 7-9, 2005. Proceedings, volume 3672 of Lecture Notes in
Computer Science, pages 203–217. Springer-Verlag, September 2005.

[9] B. W. Kernighan and D. M. Ritchie. The C programming language. Prentice-Hall, Inc.,
Upper Saddle River, NJ, USA, 1978.

[10] Youil Kim. áÔ�ÐÕªA�bç
���#Q���½̈�r ÆÒ>� �<ÆÕüt@/�r �7Hë�H 6£x�̧. email to Kwangkeun Yi,
22 October 2005.

[11] Laurent Mauborgne and Xavier Rival. Trace partitioning in abstract interpretation
based static analyzers. In M. Sagiv, editor, European Symposium on Programming
(ESOP’05), Lecture Notes in Computer Science, pages 5–20. Springer-Verlag, 2005.

��� F�  ñ

– 2000-2004 ô�Ç²DGõ��<Æl�Õüt"é¶ �<Æ��
– 2004-�&³F� "fÖ�¦@/�<Æ�§ $3���õ�&ñ


<�'ad��ì�r��> áÔ�ÐÕªÏþ� ì�r$3� x9� ���7£x, áÔ�ÐÕªÏþ� {9�ìøÍ�o x9� þj&h��o

�̂� F� S!�

– 1992-1997 "fÖ�¦@/�<Æ�§ �<Æ��
– 1997-2003 (ÅÒ)¾ºo�9\�YU9�u
– 2004-�&³F� "fÖ�¦@/�<Æ�§ $3���õ�&ñ


<�'ad��ì�r��> áÔ�ÐÕªÏþ� ì�r$3� x9� ���7£x



�¢���AI)o�M� AiracV – ,>	<��Ú · ��»<�%·n · �¡�ÈÑ®£ · +ä�*å�(8� · T��¢9£Ó	 · 7

�̧ �<Æ ÅÒ

– 2001-2005 ô�Ç²DGõ��<Æl�Õüt"é¶ �<Æ��
– 2005-�&³F� "fÖ�¦@/�<Æ�§ $3���õ�&ñ


<�'ad��ì�r��> áÔ�ÐÕªÏþ� ì�r$3� x9� ���7£x

&ñ
 %ò
 #3�

– 1998-2004 "fÖ�¦@/�<Æ�§ �<Æ��
– 2004-�&³F� "fÖ�¦@/�<Æ�§ $3���õ�&ñ


<�'ad��ì�r��> áÔ�ÐÕªÏþ� ì�r$3� x9� ���7£x

s� F̄g ��H

– 1983-1987 "fÖ�¦@/�<Æ�§ �<Æ��
– 1988-1990 Univ. of Illinois at Urbana-Champaign $3���
– 1990-1993 Univ. of Illinois at Urbana-Champaign ~ÃÌ��
– 1993-1995 Bell Labs., Murray Hill ���½̈"é¶
– 1995-2003 ô�Ç²DGõ��<Æl�Õüt"é¶ �§Ãº
– 2003-�&³F� "fÖ�¦@/�<Æ�§ �§Ãº

<�'ad��ì�r��> áÔ�ÐÕªÏþ� ì�r$3� x9� ���7£x, áÔ�ÐÕªA�bç
 ���#Q


