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x := x+ 1
½F³I»7Ã:¿5Ã�½nÄOÄrÈ�·�ºn¶�½�¶5ºH¾�µ¡¹½n·:ÁÜÓ:³IºkÅk»\·1µO·H¶Iº�½(ÄOº<½nÁ�Ú�µO·�¹B³I»\¾�»\·k¶7½n·:Á1¿�¶5ºk³I»,¶ªÈ�¼x»�µ¡·:¿É¶I³£Ã:¹>¶£µrºH·�¿�Î

� �"!#�O� � /�-0GoTU35479*+R1X+�354768/�4:9ZT¡=2+R1X+.-0/�)¢CfGH-£1X+�35476
ôHÈ:·:¹>Æ�³IºH·:µOË@½�¶£µrºH·ñµO¿(Ã:¿I»\Áæ¶Iºá³I»@¿�¶5³5µO¹B¶(µ¡·k¶5»�³£Är»@½�Ï:µO·�¸H¿\Ú3ºk³�¿�¶>½�¶5»\¿�Ú3ºHÍÀ¶£Æ�»¢¼:³Iºk¸k³£½n¾ ¶5ºÁ�»@¿IµO³£½FÓ�Är»�ºH·�»\¿\Î1õ�ºH·:¿Iµ¡Á�»�³�¶£Æ�»�¼:³Iºk¸k³£½n¾ Í�³£½F¸H¾(»\·H¶\Ú*Ê	Æ:»�³I»Ð½n¹>¶£µrºH·�¿�Äf½�Ó/»\Är»\ÁÙÊ	µÇ¶£Æ

a½n·:Á
b
¾�½�ÈÐ»�ÒU»\¹�Ã�¶5»�¿IµO¾yÃ:Är¶>½F·:»�ºHÃ:¿5ÄÇÈ�Ê

a1 :
µOÍ
(x ≥ 10) b1 : x := 0

a2 : x := x− 10

è ·<Ã�¾(»�³£½�¶£µ¡·�¸	½FÄ¡ÄF¶£Æ�»3¼xºH¿5¿IµOÓ�Är» µO·H¶5»�³5ÄO»@½�Ï�µ¡·�¸H¿�ºHÍk¶£Æ�»-¼:³Iºk¸k³£½n¾ ½�Ó/º@Ïk»3ÊÀ»3¸k»B¶@Ú
(a1; a2; b1)

Ú
(a1; b1; a2)

Ú
(b1; a1; a2)

Î
Ü	º@Ê�Ú/µOÍ

I : x ≥ 0
ÊD½n¿7½n·wµ¡·kÏk½F³5µ¡½n·H¶,ºHÍ~¶5Æ:»�¼�³Iºk¸k³£½n¾Ê	µÇ¶£Æá½n·wµO·:µr¶£µ¡½nÄ*Ïk½nÄOÃ�»yºkÍ

x
½n¿

10
Úk¶£Æ�»\·�¶5Æ:»	µO·H¶5»�³5Är»�½�Ï�µ¡·�¸

(a1; b1; a2)
Ê�ºkÃ�ÄOÁ(Ï:µrºHÄf½�¶I»R¶£Æ�»	µ¡·kÏk½F³5µ¡½n·H¶ K ½F·�Á(¶£Æ�»R³I»\Äf½�¶5»\Á¿£½FÍ�»B¶ªÈw¼�³Iºk¼x»�³É¶ªÈ\L£Î�õÀÄO»@½F³5ÄÇÈHÚ�Ê�»y³5»\Ý<Ã�µr³I»(¶5Æ¦½�¶�½n¹>¶£µrºH·:¿ K

a1; a2
L,½n·:Á

b1
½F³I»i½ °�ª§°6��¢A¢ ¾��ªÀ©M½¿¦8��¿Éº(¶£Æ�½�¶D¶£Æ�»BÈÜÁ�º�·:ºF¶	µ¡·k¶5»�³£Íf»�³I»ÌÊ	µÇ¶£ÆÜ»@½n¹£ÆÜºn¶£Æ�»�³\Î

�3½F³É¶£¿~ºkÍ:¶5Æ:»À¼:³Iºk¸k³£½n¾ ¶£Æ�½�¶3¾yÃ:¿�¶ÛÓ/»�¾PÃU¶£Ã�½nÄ¡ÄÇÈ(½@¶5ºH¾�µO¹-Ê	µr¶£ÆPºH·�»D½n·�ºn¶£Æ�»�³3¿Éº7¶5Æ¦½�¶~¶£Æ�»¼:³5ºn¸k³£½n¾"µ¡·kÏk½F³5µf½n·k¶£¿�½F³I»R¼:³I»\¿I»�³ÉÏH»\Á�Ífºk³�½nÄ¡Ä:»BÒ�»\¹�ÃU¶£µOºH·:¿-ºHÍ¦¶£Æ�»R¼:³Iºk¸k³£½n¾ ½F³I»RÅU·�º@Ê	·�½n¿�¶«!¦8ª8¦8�¨��¢,£�¡»��ª8¦§©M 6£>ÎL� ¾(ºk³I»Ì½F¼:¼:³Iºk¼:³£µ¡½�¶5»R¶5»�³5¾ ÊÀºHÃ:ÄOÁ�Óx»Ì½r��«!¦8ª8¦§�¨��¢�«»¡À¼M¦§©M �ÚU¹�ºH¾(¼xºH¿É»@ÁºHÍ�¾�½n·kÈ�¹�³5µÇ¶£µO¹@½nÄ¦¿I»\¹>¶£µOºk·�¿�ÚHÊ	µr¶£Æ�¶£Æ�»	¼�³Iºk¼x»�³É¶ªÈ(¶£Æ¦½@¶D½�¶�¾(ºH¿�¶Àºk·:»R¶£Æ�³I»@½nÁ�»�ÒU»\¹�Ã�¶5»\¿�µ¡·¶£Æ�»P¹B³5µr¶£µO¹\½nÄ*³I»�¸HµOºH·Ö½�¶,½n·HÈÜ¸HµÇÏH»\·1¶£µO¾(»HÚ�Ó�Ã�¶RÊÀ»P¿É¶5µ¡¹5Å¢¶Iº�¶£Æ�»P¹�Äf½F¿5¿Iµ¡¹Ì¶5»�³5¾�µ¡·�ºHÄOºn¸nÈÜºHÍ¹B³5µr¶£µO¹@½FÄ�¿I»\¹>¶£µOºk·�Î
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��¿É»@¾�½F¼�Æ�ºk³I»	µO¿À½Ì¿I¼x»\¹�µf½nÄ�ÅUµO·�Á�ºHÍ�¿IÆ�½F³I»@ÁyÏk½F³5µf½FÓ�Är»R¶£Æ�½�¶ÀÆ�½n¿�½�·�ºH·UÑp·�»\¸<½@¶£µrÏk»7µ¡·k¶5»�¸k»�³½n¿ Ïk½nÄOÃ�»�½n·:Á¢µO¿�¾�½n·:µO¼�Ã:Äf½�¶I»@Á�ºH·:ÄÇÈ�ÓHÈ�¶ªÊÀº�½�¶5ºH¾�µO¹	ºk¼x»\³£½�¶5µOºH·:¿�³I»\Í�»�³I³I»\Á�¶Iº�½n¿

P
½n·:Á

V
Î-åDÆ�»

V
ºk¼x»\³£½�¶£µrºH· µO¿�Ã:¿I»\Áñ¶5º´¿IµO¸H·�½nÄÀ¶£Æ�»1º�¹�¹�Ã:³I³I»\·:¹B»1ºHÍ,½n· »BÏH»\·k¶�Ê	Æ:µ¡Är»1¶5Æ:»

Pºk¼x»�³£½�¶£µOºH·æµ¡¿yÃ:¿I»\ÁÙ¶5ºÖÊR½nµÇ¶�Ífºk³(½n·æ»BÏH»\·H¶P¶5ºwº�¹�¹�Ã:³\ÎáåDÆ�»¢Á�»�ß¦·:µÇ¶£µOºH·:¿PºHÍÀ¶£Æ�»\¿I»�¶ªÊÀººk¼x»�³£½�¶£µOºH·:¿R½F³I»�¸kµrÏH»\·¢Ó<È�Ê
P(s) : < await (s > 0) s := s− 1 >

V(s) : < s := s+ 1 >

åDÆ�»
V
ºk¼x»�³£½�¶£µOºH·wµO·:¹�³I»\¾(»\·H¶£¿R¶£Æ�»�Ïk½nÄOÃ�»yºHÍ~¶£Æ�»y¿I»\¾�½F¼¦Æ�ºk³I»y½�¶5ºH¾�µ¡¹\½nÄOÄrÈHÎ7åDÆ�»

P
ºk¼�Ñ»�³£½�¶£µOºH·´ÊD½nµr¶5¿P¶£µOÄ¡Ä ¶£Æ�»�Ïk½nÄOÃ:»¢ºHÍÀ¶£Æ�»Ü¿É»\¾�½F¼�Æ�ºk³I»¢µ¡¿P¼xºH¿5µÇ¶£µÇÏH»1½n·:Á´¶£Æ:»\·óÁ:»\¹B³I»\¾�»\·k¶£¿µr¶�½�¶5ºH¾�µ¡¹\½nÄOÄrÈHÎÌØ�ÍÛ¶ªÊÀº�¶£Æ:³I»@½nÁ:¿	¶5³ÉÈ1¶5ºÐ»BÒ�»\¹�Ã�¶I»�½

P
ºn¼/»�³£½�¶£µrºH·á¿Iµ¡¾PÃ�ÄÇ¶>½n·�»�ºHÃ:¿5ÄÇÈÖ¶5Æ:»\·ºH·:ÄrÈ1ºH·�»�Ê	µ¡ÄOÄ~¿5Ã:¹�¹B»�»@Áá½�¶Ì½�¶£µO¾(»HÎRØ�Í~¶ªÊÀº�¶£Æ�³I»@½nÁ:¿R¶5³ÉÈÜ¶5ºÐ»BÒU»\¹\ÃU¶5»(½

P
½n·:Á

V
ºk¼x»�³ÉÑ½�¶£µrºH·á¿IµO¾yÃ:Är¶>½F·:»�ºHÃ:¿IÄrÈÖÓxºn¶£Æ1Ê	µOÄ¡Ä~¿IÃ:¹�¹�»�»\Áî½n·:Á1¶£Æ:»�Ïk½FÄ¡Ã�»yºHÍ~¶£Æ�»(¿É»\¾�½F¼�Æ�ºk³I»�Ê	µOÄ¡ÄÔÓx»Ã:·�¹£Æ�½n·:¸n»@Á�Îz� ¶£Æ�³5»@½nÁáÊD½nµr¶5µ¡·�¸ÖÍ�ºk³Ì¶£Æ�»�Ïn½nÄ¡Ã�»�ºHÍ-¶£Æ�»�¿É»@¾�½F¼�Æ�ºk³I»�¶Iº1Óx»@¹BºH¾(»�¼xºH¿5µÇÑ¶£µÇÏH»�Ê	µ¡ÄOÄ�ÊD½nµÇ¶Ì½n¿RÄOºH·�¸¢½n¿	½n·:ºF¶£Æ:»�³D¶£Æ�³I»�½nÁ1Á:º<»@¿	·�ºn¶	¼x»�³5Í�ºk³5¾�½
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� ��� �R¦ C E74:-£[:=?3 47+.]0/�1X+�354Y/�479ÍiÏ354(+R1�3�=X6
çH½\Ïn½Ì¼:³Iº@Ï:µOÁ�»@¿�½�¾(ºH·:µr¶5ºk³ µO¾�¼�Är»@¾(»\·H¶£½�¶£µOºk·(¶5ºP¿�È:·:¹£Æ:³IºH·:µrË\»7½n¹�¹B»\¿5¿-Óx»B¶ªÊÀ»�»@·(¶£Æ�³I»@½nÁ:¿\ÎÕwÃ�¶£Ã�½nÄ�»BÒ�¹\ÄOÃ:¿5µrºH·1µO¿D¸HÃ�½F³£½n·H¶I»\»\Á¢Ó<È�¶£Æ:»�Ã:¿I»ÌºHÍ*¶5Æ:»

synchronized
Åk»BÈUÊÀºk³5Á�Î

è3ÏH»�³ÉÈwµO·�¿�¶>½n·:¹B»yºHÍ
Object

½F·�Áwµr¶£¿7¿5Ã�Ó�¶ªÈ�¼x»\¿7¼xºH¿I¿I»\¿I¿I»\¿,½�Ärº�¹5Åw½n·�Áw¾�½�Èá½n¹>¶�½n¿,½¾(ºH·�µÇ¶5ºk³\ÎDôU¹\½nÄf½F³5¿DºHÍÔ¶ªÈU¼x»
int
Ú
float

»B¶£¹nÎ¡Úx½F³I»P·�ºn¶
Object

¿7½n·:Áw½F³I»�¼:³Iºn¶5»\¹>¶5»\Á



Ó�� � Ø�¹��M×�µ¯�,¸,��·
Ã:¿5µO·�¸,¶£Æ�»DÄOº�¹5Å�¿ÛºHÍ:¶£Æ�»\µO³3»\·:¹�ÄOºH¿Iµ¡·�¸,¶ªÈU¼x»@¿�ÎL�D¹�¹B»@¿I¿~¶5ºÌµ¡·:Á:µrÏ�µ¡Á:Ã�½nÄ:ß:»\Ä¡Á:¿3µ¡¿3·:ºF¶ ¾�½F³IÅk»\Á½n¿D¿ÉÈ�·:¹>Æ�³IºH·:µOË�»\Á�Ú�³£½�¶£Æ�»�³RÄOºU¹£ÅUµ¡·�¸�¾�½�ÈÐºH·�ÄÇÈ¢Óx»�½F¼�¼�ÄOµO»\Á1µ¡·:¿Iµ¡Á�»�¾(»B¶£Æ�º�Á:¿\Î

$�-'=�5M�'+2>D=U/AÏ71�B�&*17F2�'>�BUGÍ)�=�B�NL@A>�5<;�GMË O ·�»�¾�½�ÈÌÃ:¿I»Û¶£Æ:»
synchronized

Åk»BÈ<ÑÊÀºk³5Á1µO·¢¶ªÊÀº�ÊD½�È�¿\Ú:»\µr¶5Æ:»�³DÓ<ÈÜÁ�»@¹�Ä¡½F³5µ¡·�¸Ð½(¾(»�¶5Æ:ºUÁÖ½F¿R¿�È:·:¹>Æ�³IºH·:µOË�»\ÁÜºk³DÓ<ÈÜ¹B³I»�½�¶5µ¡·�¸½�¿�È:·:¹£Æ:³IºH·:µrË\»\Á�Ó�ÄOºU¹£ÅxÎÛØ�·�¶£Æ�»7¹\½n¿I»	ºHÍ�½�¿ÉÈ�·:¹>Æ�³IºH·:µOË�»\Á�Ó�ÄOº�¹5Å(¶£Æ�»	ºkÓ6o�»\¹>¶�Ê	Æ�ºH¿É»,Ärº�¹5Å¿IÆ:ºkÃ�ÄOÁyÓx»D½n¹�ÝUÃ:µO³I»\Á(·�»�»\Á�¿Ô¶5º,Óx»À¼�³Iº@Ï�µ¡Á�»\Á�ÎÛö�ºk³3¾(»�¶5Æ:ºUÁ�¿ÛÁ�»\¹�Äf½F³I»\Á�½n¿Û¿�È:·:¹£Æ�³5ºk·�µrË�»@Á�Ú¶£Æ�»�ÄOº�¹5ÅÜ½n¿I¿IºU¹\µ¡½�¶5»\ÁÐÊ	µr¶5Æ¢¶£Æ�»
this

ºkÓ6oª»\¹>¶	µ¡¿R½n¹�ÝUÃ:µO³I»\Á�Î ö:ºk³D»�Ò:½n¾(¼¦Är»�Ê
synchronized void foo() { /* body */ }

µO¿D»\ÝUÃ:µÇÏk½nÄO»\·k¶R¶5º,Ê
void foo() { synchronized(this) { /* body */ } }

åDÆ�»�³5»,µ¡¿D½P¿Iµ¡·�¸HÄO»,ÄOº�¹5ÅÐ½n¿5¿Éº�¹�µ¡½�¶5»\Á�Ê	µÇ¶£Æ¢µO·�Æ�»�³5µr¶5»\Á¢¹�Äf½n¿I¿I»\¿�Ú�µVÎ »kÎ¡Ú<¶£Æ�»ÌÄrº�¹£Å�ºHÍ/¶£Æ:»7Óx½F¿I»¹�Äf½n¿I¿�µO·�¿�¶>½n·:¹B»7µ¡¿�·�ºn¶ÀÁ�µO¿É¶5µ¡·:¹>¶�Íf³IºH¾"¶£Æ�½�¶�ºHÍ�µÇ¶£¿�Á:»�³5µÇÏH»\ÁÐ¹�Ä¡½n¿5¿�ÚHÊ	Æ:µ¡¹£Æ�µ¡¿À½n¿-»�ÒU¼x»\¹B¶I»@Á�Îà	º@ÊÀ»BÏH»�³\Ú�¶£Æ�»�Ärº�¹5ÅÐºHÍ~½n·1µO·�·�»�³	¹�Ä¡½n¿5¿Dµ¡¿DÁ�µÕ�x»�³I»@·k¶	Í�³IºH¾×¶£Æ�½�¶RºHÍÔµr¶5¿DºHÃU¶5»�³R¹\Ä¡½n¿5¿�Î

9:5«Õ�%'/A+M/8=�C ),='B�+21�@A1�),G./8=�C @A>�52;�GMË ÷*ºU¹£ÅUµ¡·�¸1ºkÓx»�È�¿P½n·´µO¾�¼�ÄOµ¡¹�µr¶y½n¹�ÝUÃ:µO³I»BÑt³I»@Är»@½n¿I»¼:³Iºn¶5º�¹BºHÄ8�<½D³I»@¿IÃ:Är¶~ºHÍ�¶£Æ�»
synchronized

Åk»BÈ<Ê�ºk³5Á�Óx»\µ¡·�¸,ÄO»BÒ�µ¡¹\½nÄOÄrÈP¿5¹Bºk¼x»\Á�ÎÛåDÆ�»�³I»BÑÍfºk³I»kÚ�µÇ¶�µ¡¿,·�ºn¶Ì¼xºH¿I¿5µrÓ¦Är»P¶5ºÜÍfºk³I¸k»B¶,¶5ºÐ³5»\Är»�½F¿I»�½ÐÄrº�¹5Å/Î�ö¦Ã�³É¶£Æ�»\³\Ú�½ÐÄOºU¹£ÅÖµ¡¿7³I»\ÄO»@½n¿É»@ÁáµOÍ½n·¢»BÒ:¹B»�¼:¶5µOºH·1µO¿�¶£Æ�³Iº@Ê	·ÜÍ�³IºH¾ ½(¿�È:·:¹£Æ:³IºH·:µOË�»\Á1¾(»B¶£Æ�º�Á¢ºk³DÓ�ÄOº�¹5ÅxÎ
� ¶£Æ�³I»@½nÁ1¶£Æ�½�¶7¼xºH¿I¿É»@¿I¿É»@¿7½�ÄOºU¹£Å1¾�½�È1»\·k¶5»�³Ì½�³I»�¸HµOºH·1¼:³Iºn¶5»\¹B¶I»@Á1Ó<ÈÜ¶£Æ�»y¿5½n¾(»PÄrº�¹£ÅxÚµXÎ »kÎ¡Ú¦Ärº�¹5Å�¿	½F³I»�³I»BÑp»\·k¶5³£½n·H¶\Î�åDÆ:µ¡¿	½nÄOÄOº@Ê	¿	½

synchronized
¾�»B¶£Æ�º�ÁÐ¶5º�¾�½FÅk»�½�¿É»@ÄOÍ¹\½nÄ¡Ä<ºk·(½n·�ºn¶£Æ�»�³

synchronized
¾(»B¶£Æ�º�Á�»BÏH»\·Pºk³Û¹\½nÄ¡ÄUµÇ¶£¿I»\ÄOÍ:³I»@¹�Ã�³5¿5µÇÏH»\ÄÇÈ<ÎUÜ	ºn¶5» ¶£Æ�½�¶¾(»B¶£Æ:ºUÁ�¿	¶£Æ�½�¶�½F³I»�·�ºn¶�¿ÉÈ�·:¹>Æ�³IºH·:µOË�»\Áî¾�½�Èw¿É¶£µOÄ¡Ä~Óx»(»BÒ�»\¹�ÃU¶5»\ÁîÓHÈáÁ:µ�x»�³I»@·k¶Ì¶5Æ:³I»@½nÁ:¿\ÎåDÆ:µ¡¿	µ¡¿	Ã�·:ÄOµOÅn»�¶£Æ�»y¹�Ä¡½n¿5¿IµO¹P¾(ºH·:µr¶5ºk³DÊ	Æ:»�³I»y½nÄ¡Ä*¾�»B¶£Æ�º�Á:¿7½F³I»Pµ¡¾(¼�Ä¡µO¹�µr¶£ÄÇÈw½�¶5ºH¾�µ¡¹nÚ¦Ó�ÃU¶¶£Æ�»Ì¼�³Iºk¸k³£½n¾�¾(»\³D¾�½�ÈÜÃ:¿É»P½n·kÈ¢ºkÓ�o�»\¹>¶7½n¿	½y¾�ºH·:µÇ¶5ºk³\Î

åDÆ�»�ºk³5Á�»\³	µO·¢Ê	Æ�µO¹£ÆÖ¹BºH·k¶5»\·�Á:µO·:¸�¶5Æ:³I»@½nÁ:¿	½n¹�ÝUÃ:µr³I»y½(ÄOº�¹5Å¢µ¡¿R·�ºn¶	¸HÃ�½F³£½n·k¶5»�»@Á�Ú�Ê	Æ�µO¹£ÆµO¾�¼�Ä¡µr»\¿�¶5Æ¦½�¶	çH½�Ïk½(¾�½FÅn»@¿D·�ºn¶RÍX½FµO³5·�»@¿I¿�¸HÃ�½F³£½n·k¶5»\»\¿�Í�ºk³D¹�ºH·k¶5»\·:Á�µO·�¸(¶£Æ�³5»@½nÁ:¿ÀÊD½nµr¶5µ¡·�¸¶5º�½F¹\Ý<Ã:µO³I»P½(Ärº�¹5Å/Î

Ñ >D=U/ F.>�+2GMË è3Ïk»\³ÉÈ´µO·:¿É¶>½n·:¹B»�ºkÍ
Object

Æ¦½F¿\Ú~µ¡·ó½FÁ�Á:µr¶5µOºH·î¶5ºá½1ÄOºU¹£ÅxÚ3½¢ÊD½nµr¶y¿É»B¶¶£Æ�½�¶,µ¡¿,¾�½n·:µO¼�Ã:Äf½�¶I»@ÁÖÓHÈ1¶£Æ�»(¾(»B¶£Æ�º�Á:¿
wait()

Ú
notify()

Ú
notifyAll()

½n·:Á
Thread.interrupt()

Î3åDÆ�»ÌÊD½nµr¶	¿É»B¶£¿R½nÄOºH·�¸(Ê	µÇ¶£Æ¢¶5Æ:»�¾(»�¶£Æ�º�Á:¿À¶5º�¾�½n·:µr¼¦Ã:Ä¡½�¶5»¶£Æ�»\¾�¼�³Iº@Ï�µ¡Á�»á½n·âµ¡¾(¼�ÄO»\¾(»@·k¶>½�¶£µrºH· ºHÍÌ½Ù¹�ºH·:Á:µr¶5µOºH· Ïk½F³5µf½�Ó¦Är»kÎ è�½F¹>Æ
Object

Æ�½n¿½1ÄOºU¹£Å´½n·:Áæ¹BºH·:Á:µr¶£µrºH·ÙÏk½�³£µ¡½FÓ�ÄO»¢½n·:Áæ¾�½�Èî¶5Æ:»�³I»\Í�ºn³5»Ð½n¹>¶(½n¿y½1¾(ºH·:µr¶5ºk³\ÎrÜ	ºn¶5»�¶£Æ¦½@¶



³�ÔÕ³8· ¸2¸ ��é ¹¬b�Ö,µ4 7Ø�·xéÕ��×jº�Ø�¹Hé»¸Çé ��é  7#yéh�>¼7ØHý7Ø Ó S
Ã:·�ÄOµOÅn»,¹\Ä¡½n¿I¿5µO¹@½FÄx¾�ºk·�µÇ¶5ºk³5¿ ºH·:ÄrÈ�½�¿5µO·:¸kÄO»7¹�ºH·:Á:µr¶5µOºH·�Ïn½F³£µ¡½FÓ�ÄO»7µ¡¿À½n¿5¿Éº�¹�µf½@¶5»@Á�Ê	µÇ¶£Æ�»�½n¹£Æ
Object

Î-åDÆ�»�¾�»B¶£Æ�º�Á:¿DÆ�½�ÏH»Ì¶£Æ�»�Í�ºkÄ¡Ärº�Ê	µO·�¸�¿É»\¾�½F·H¶£µO¹�¿�Ê
´ )�/ F�Ë �

wait()
µ¡·kÏHº�¹\½�¶£µrºH·y¹\½nÃ:¿I»\¿*¶£Æ:»À¹\½nÄ¡ÄOµ¡·�¸	¶£Æ�³I»�½nÁ�¶5º,¿IÃ:¿I¼x»\·:ÁP»BÒ�»\¹�Ã�¶5µOºH·(½n·:ÁÓ¦Ärº�¹5Å�µO·�¶£Æ�»R¶>½F³I¸k»B¶�ºkÓ6oª»@¹>¶.� ¿ ÊD½nµÇ¶�¿É»B¶@Î3ò7·:ÄO»\¿I¿-¶£Æ:»R¶£Æ�³I»@½nÁ�µ¡¿¨®@ÊD½n¿�µO·H¶5»�³I³5Ã�¼:¶I»@ÁÓ<È©¶£Æ�»

interrupt()
¾�»B¶£Æ�º�Á�µr¶ÜÊR½Fµr¶£¿1Ã:·H¶£µOÄ�µÇ¶wµO¿Ö¿IµO¸H·�½nÄr»\Á ÓHÈ ½n·�ºn¶£Æ�»�³¶£Æ�³5»@½nÁ Ã�¿Iµ¡·�¸ÙºH·�»1ºHÍR¶£Æ�»Ö·:ºF¶£µ¡Í¡È ¾�»B¶£Æ�º�Á:¿�ÎâåDÆ�»ÖÄOºU¹£ÅóºHÍR¶£Æ�»Ü¶>½F³I¸k»B¶�ºkÓ6oª»\¹>¶µ¡¿D³I»\Är»�½n¿É»\ÁÜÓ¦ÃU¶7½n·HÈ¢ºn¶£Æ�»�³	Ärº�¹5Å�¿RÆ�»\Ä¡ÁÖ½F³I»�³I»B¶>½nµO·:»\Á�Î ò	¼xºH·Ü³I»\¹B»@µÇÏ:µO·�¸Ð½�¿IµO¸H·�½nÄ¶£Æ�»�Ärº�¹5Å¢¿É¶>½@¶£Ã�¿�ºkÍ*¶£Æ�»Ì¶£Æ�³I»@½nÁÜµ¡¿D³I»\¿�¶5ºk³I»\Á¢Óx»@Ífºk³I»�µÇ¶	¹BºH·H¶5µ¡·<Ã:»\¿�Î

Ö >6F2/83§-,Ë �
notify()

µ¡·kÏHº�¹\½�¶£µrºH·Ü¹\½nÃ:¿I»\¿À¶5Æ:»Ì¹\½nÄ¡ÄOµ¡·�¸(¶£Æ�³I»@½nÁÐ¶Iº�¿Iµr¸H·¦½nÄ�©M �¡,ºHÍ�¶5Æ:»¶£Æ�³5»@½nÁ:¿	µO·Ü¶£Æ�»�¶>½F³I¸k»B¶£¿�ÊR½Fµr¶7¿I»B¶@Î�åDÆ�»P¿IµO¸H·�½nÄOµ¡·�¸�¶£Æ�³I»@½nÁÖ¹BºH·H¶5µ¡·<Ã:»\¿R»BÒ�»\¹�ÃU¶£µOºH·½nÍf¶I»\³(¿5µr¸H·�½nÄ¡ÄOµ¡·�¸�Ú µVÎ »kÎ¡Ú ¿IµO¸k·¦½nÄ�½n·:Áñ¹�ºH·k¶£µO·UÃ�» K ô�õÀL�¿É»@¾�½n·k¶£µ¡¹�¿�ÎæåDÆ�»1¿Iµr¸H·¦½FÄ¡Är»@Á¶£Æ�³5»@½nÁÖ¹BºH·H¶I»@·:Á:¿RÊ	µÇ¶£Æá½nÄOÄ*ºn¶£Æ�»\³R¶£Æ�³I»@½nÁ�¿D¶5º K ³5»pLª»\·k¶5»�³	¶5Æ:»P¾(ºH·�µÇ¶5ºk³,½n·:Áw¹BºH·UÑ¶£µ¡·<Ã�»@¿À¶5º�»BÒ�»\¹�ÃU¶5»P½nÍ¡¶5»�³�¶£Æ:»Ì¼�Äf½n¹B»ÌÊ	Æ�»�³I»�µÇ¶	¹\½nÄ¡Är»\Á
wait()

Î
Ö >6F2/83§-�9i@8@4Ë �

notifyAll()
ÊÀºk³IÅ�¿y¶£Æ:»1¿5½n¾�»¢ÊD½�È ½n¿y¶£Æ�»

notify()
»BÒ:¹B»�¼�¶¶£Æ�½�¶	µr¶	¿Iµr¸H·¦½FÄ¡¿	½FÄ¡Ä/¶£Æ�³I»@½nÁ:¿DºH·Ð¶£Æ�»ÌÊD½nµÇ¶	¿I»B¶RºHÍ�¶£Æ:»,¶>½F³I¸k»B¶@Î

J =�F.1"+2+<%���F�Ë åDÆ�»�Óx»\Æ�½�Ï:µrºk³ÔºHÍ�½À¶£Æ�³I»�½nÁP½nÍ¡¶5»�³~µr¶~³I»\¹B»\µrÏk»@¿~½n·
interrupt()

¾(»B¶£Æ�º�ÁÁ:»�¼x»\·:Á�¿yºH·æÊ	Æ�»B¶£Æ�»\³P¶£Æ�»Ð¶£Æ:³I»@½nÁæÊD½n¿PÊD½nµÇ¶£µ¡·�¸îºk³y³5Ã�·:·:µ¡·�¸�Îæö:ºk³�½Ö³5Ã�·:·:µ¡·�¸¶£Æ�³5»@½nÁÐ¶£Æ�»�µO·H¶5»�³I³5Ã�¼:¶	¿É¶£½�¶£Ã:¿�m¦½F¸�µ¡¿R¿É»B¶@Î�� ÊD½nµÇ¶£µ¡·�¸�¶£Æ�³I»@½nÁ1µO¿�¶5³I»@½�¶5»\ÁÖ½n¿Dµ¡Í~µÇ¶ÊÀ»\³I»�·�ºn¶£µOß:»\Á�ÚÔ½n·�ÁÙ½n¿Ì¿Iº<ºH·Ù½n¿Ìµr¶:½a� ¾ ¹�ºk·H¶£µO·UÃ�»�»BÒU»@¹�ÃU¶£µrºH·�ÚÔ½n·á»BÒ:¹B»�¼�¶£µOºH·îµ¡¿¶£Æ�³5º@Ê	·ÜÍf³IºH¾×¶£Æ�»
wait()

¾�»B¶£Æ�º�Á�Î

� ��� �`½ TU3547-sV7=X=?G�4�1 ;>=?3�@�=?/�ABAB+$4À@Ø×'1X+,)$+R1X+�GH6d+,4YÙ5/sÚ�/Û!#�R¦
åDÆ�»-³I»\ÄO»@½n¿É»3ºHÍ�çH½�Ïk½�ÏH»�³5¿5µrºH· N ÎhWUÚ@ºk³ÔçH½�Ïk½cWUÎ ùDµ¡·:¹�Ä¡Ã:Á�»\ÁP½

java.util.concurrent¼¦½n¹£ÅF½F¸k»7Ífºk³�¹BºH·�¹�Ã�³I³I»@·k¶�¼:³Iºk¸k³£½n¾�¾�µO·�¸PÃU¶£µOÄ¡µÇ¶£µO»\¿�Î3åDÆ�»@¿É»	Ã�¶5µ¡ÄOµr¶£µr»\¿À½F³I»7µO·H¶5»\·:Á�»@Á(¶5º�Óx»¶£Æ�»�Ó¦½n¿5µO¹�Ó�Ã:µ¡ÄOÁ�µO·:¸�Ó�ÄOºU¹£ÅÜÍfºk³7¹BºH·:¹\Ã�³I³I»\·H¶	¼:³5ºn¸k³£½n¾�¿eÝZW�ßpÎ�åDÆ�»P¹�ºk·�¹�Ã�³I³I»@·:¹>È1ÃU¶£µ¡ÄOµr¶£µr»\¿µ¡·:¹�Ä¡Ã:Á�»�Ê
Ó ),G�;�G�5M��1"BU%U@8/8=�C(34+2),&E17? >�+2;LË �æÍ�³£½n¾(»BÊÀºk³IÅ,Ífºk³*¿É¶£½n·�Á�½F³5Á:µOË\µO·:¸RµO·HÏkº�¹\½�¶£µrºH·�ÚF¿I¹>Æ�»BÑÁ�Ã:ÄOµ¡·�¸�Ú�»BÒ�»\¹�ÃU¶£µOºH·�Ú�½n·�Á¢¹BºH·k¶5³IºHÄxºHÍÔ½n¿ÉÈ�·:¹>Æ�³IºH·�ºHÃ�¿�¶>½n¿ÉÅ�¿�½n¹\¹Bºk³5Á:µ¡·�¸y¶5º�½y¿É»B¶DºHÍ»�ÒU»\¹�Ã�¶£µrºH·Ü¼xºHÄOµ¡¹�µO»\¿�Î-Ø�·Ü¼:³5»BÏ�µOºHÃ:¿�ÏH»�³5¿IµOºH·:¿DºHÍ~ç<½�Ïk½(åDµO¾�»�³5¿\Ú�½n·�ÁÐ¶£Æ�³5»@½nÁ:¿�ÊÀ»�³I»¶£Æ�»P½�Ïk½nµOÄf½�Ó¦Är»�¾(»�½n·:¿À¶5º�¹B³I»@½�¶5»�½n·�ÁÜ¿I¹>Æ�»\Á�Ã:Är»Ì¶>½n¿ÉÅ�¿�Î
��>D='5�%�+2+21�=�Fz57>�@8@A1�5MF</A>D='GMË õ�ºH·:¹�Ã�³I³5»\·k¶~µ¡¾(¼�ÄO»\¾(»\·H¶>½�¶5µOºH·:¿!®F½nÁ¦½�¼:¶5ºn³£¿�Í�ºk³Ô¹BºHÄOÄO»\¹>¶£µOºk·¹\Ä¡½n¿I¿ÌµO·H¶5»�³5Ís½n¹B»@¿

Map
Ú
List

½n·:Á
Queue

Ú*½F¿7ÊÀ»\Ä¡Ä3½n¿,¿I¼x»\¹�µf½nÄOµOË�»\Áî¹BºH·�¹�Ã�³I³I»@·k¶½n¹�¹�»\¿I¿R¹BºHÄOÄO»\¹>¶£µrºH·�¿ÌÚ:»HÎ ¸�Î¡Ú
CopyOnWriteList

Ý [Hù<ßpÎ
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9¿F.>D&(/A5iH6)6+</A)2NU@A1"GMË õÀÄ¡½n¿I¿I»\¿ÛÍ�ºn³ ½�¶IºH¾�µO¹À¾�½n·�µr¼�Ã�Ä¡½�¶£µrºH·yºHÍ:¼:³5µ¡¾�µr¶5µrÏH»�¶ªÈ�¼x»\¿-½n·:ÁP³I»@Í¡Ñ»�³I»@·:¹B»\¿\Î_ÝZW.ß:¿�¶>½�¶5»\¿Ô¶£Æ�½�¶~¶£Æ�»�¹�Äf½n¿I¿É»@¿~µ¡·

java.util.concurrent.atomicº��x»�³�Æ�µr¸HÆ�»�³�¼x»�³5Í�ºn³£¾�½n·:¹B»	¶£Æ�½n·¢Ã:¿Iµ¡·�¸(¿ÉÈ�·:¹>Æ�³IºH·:µOË@½�¶£µrºH· K ºk·¢¾(ºH¿�¶�¼�Ä¡½�¶£Í�ºn³£¾�¿ML>Î
$�-'=�5M�'+2>D=U/AÏ71�+2GMË x,»\·�»�³£½nÄn¼�Ã�³5¼xºH¿É»-¿ÉÈ�·:¹>Æ�³IºH·:µOË@½�¶£µrºH·�¹�Äf½F¿5¿É»\¿\Ú�µO·�¹�ÄOÃ�Á:µO·:¸R¿I»\¾�½F¼�Æ:ºn³5»\¿�Ú¾yÃU¶5»BÒU»@¿�ÚÔÓ¦½F³I³£µr»�³5¿\Ú~Äf½�¶5¹>Æ�»\¿\ÚÛ½n·:Á´»BÒ:¹£Æ�½n·�¸k»�³£¿�ÚÔÊ	Æ:µ¡¹£Æ´ÍX½n¹�µOÄ¡µÇ¶>½�¶5»Ð¹BºUºn³£Á:µO·¦½�¶5µOºH·Óx»B¶ªÊ�»�»\·Ð¶£Æ:³I»@½nÁ:¿�Î
� >�5<;�G�Ë åDÆ�»

java.util.concurrent.locks
¼x½n¹5Ån½F¸k»À¼:³5º@Ï�µ¡Á�»\¿-½	ÄOº�¹5ÅPµO¾�¼�Är»�Ñ¾(»@·k¶>½�¶£µrºH·�Ê	µr¶£Æ�¶£Æ�»Ì¿5½n¾(»Ì¾(»\¾(ºk³ÉÈ�¿I»\¾�½n·H¶£µO¹�¿D½n¿

synchronized
ÚUÓ¦ÃU¶R½nÄO¿Iº¿IÃ:¼:¼xºk³É¶£¿-¿É¼x»@¹�µOÍfÈ�µ¡·�¸P½7¶£µO¾�»�ºHÃU¶-Ê	Æ�»\·�½@¶I¶5»\¾�¼�¶£µO·:¸,¶5º�½n¹\Ý<Ã:µO³I»	½ÌÄOºU¹£ÅxÚ<¾yÃ:ÄÇ¶£µO¼�ÄO»¹BºH·:Á�µÇ¶£µOºk·´Ïn½F³5µf½FÓ�ÄO»\¿�¼x»�³yÄrº�¹5Å/ÚÛ·�ºH·UÑªÄr»BÒ:µO¹\½nÄ¡ÄÇÈæ¿5¹Bºk¼x»\ÁæÄOºU¹£ÅU¿\Ú3½F·�Áæ¿IÃ�¼�¼xºk³É¶yÍfºk³µ¡·k¶5»�³I³5Ã:¼�¶£µO·�¸�¶5Æ:³I»@½nÁ:¿�Ê	Æ:µO¹>ÆÖ½�³5»,ÊD½nµr¶5µ¡·�¸(¶5º�½n¹�ÝUÃ:µr³5»�½(Ärº�¹£ÅxÎ

Ö ),='>�G�1�57>�=�BHI»C�+2)�=�%U@A)6+</ F�-�F</8&E/8='C�Ë åDÆ:»
System.nanoTime

¾�»B¶£Æ�º�Á�»@·�½FÓ�ÄO»\¿½n¹�¹B»@¿I¿Ì¶5ºá½1·¦½F·:ºH¿É»\¹BºH·�ÁUÑt¸k³£½n·<Ã�Ä¡½F³5µr¶ªÈî¶5µ¡¾(»�¿IºHÃ�³5¹B»ÐÍfºk³P¾�½FÅUµ¡·�¸Ö³I»\Äf½@¶£µrÏk»�¶£µ¡¾(»¾(»�½n¿IÃ�³I»@¾(»\·H¶5¿\Ú:½n·:Á¢¾�»B¶£Æ�º�Á:¿�Ê	Æ:µ¡¹£Æ1½n¹�¹B»�¼:¶À¶£µ¡¾(»�ºHÃ�¶5¿D¹\½n·�¶>½FÅn»,¶£µO¾(»\ºHÃU¶ÀÏk½nÄrÑÃ�»@¿�µ¡·Ì·¦½F·:ºH¿É»\¹BºH·�Á:¿�ÎÔåDÆ:» ½n¹>¶£Ã�½nÄn¼:³I»\¹�µ¡¿IµOºH·,ºHÍH¶£µO¾(»-¾�»@½n¿IÃ:³I»\¾(»\·H¶£¿�µ¡¿�¼�Ä¡½�¶£Í�ºn³£¾yÑÁ�»\¼x»\·:Á�»@·k¶@Î

åDÆ�»7Ã:¿£½�¸k»	ºHÍ�·�ºH·�Är»�Ò�µ¡¹\½nÄOÄrÈ<Ñp¿5¹Bºk¼x»\ÁÐÄrº�¹5Å�¿À½n·:Á�¿É»@¾�½F¼�Æ�ºk³I»@¿-º��x»�³5¿ ¸k³I»@½�¶5»�³�m�»BÒ�µOÓ�µOÄ¡µÇ¶ªÈ¶5º(¼�³Iºk¸n³>½F¾�¾(»�³5¿\ÚU»HÎ ¸�Î¡Ú�½nÄ¡Ärº@Ê	µ¡·�¸(¶5º�½F¹\Ý<Ã:µO³I»�½n·:ÁÜ³I»\ÄO»@½n¿É»�ÄOº�¹5ÅU¿RµO·1Á:µÕ�/»�³I»\·H¶D¶5Æ:³I»@½nÁ:¿\ÚÓ�ÃU¶7½F³I»�¾(ºk³I»�¹BºH¾(¼¦ÄOµ¡¹\½�¶5»\ÁÐ¶5º�½n·�½nÄrÈUË�»�¿É¶£½�¶£µ¡¹\½nÄOÄrÈHÎ

â:Â$Ü Ý ÅUÈeêeÅUëeÞ ß ìrëàÃ��zæ'ç�æ
�-³Iºk¸k³£½n¾"½n·�½nÄÇÈ:¿Iµ¡¿3¼:³Iº@Ï:µOÁ:»\¿-¹BºH¾(¼¦µOÄO»�¶£µO¾(»�¶5»\¹>Æ:·:µ¡Ý<Ã�»@¿Û¶5ºz�!±�±D«ø©�á�¦s½:��ª4¡À¶£Æ�»RÁUÈ:·�½n¾�µ¡¹ºk³	³5Ã:·�ÑV¶£µO¾�»�Óx»\Æ¦½�Ï�µOºn³7ºHÍ~¼�³Iºk¸k³£½n¾�¿�ÎRåDÆ�»P³I»\¿IÃ�ÄÇ¶£¿7½F³5»y½F¼:¼:³Iº@Ò:µO¾�½�¶I»PÓx»\¹\½nÃ:¿I»�ºHÍ~¶£Æ�»¶£Æ�»�ºk³I»B¶£µ¡¹\½nÄ	Ä¡µO¾�µÇ¶£¿�ºHÍÌ¹�ºk¾�¼�ÃU¶>½FÓ�µ¡ÄOµr¶ªÈHÎ åDÆ:µ¡¿Ðµ¡¿ÐÁ�»@¾(ºH·:¿�¶5³£½�¶5»\Á Ê	µr¶5Æ ¶£Æ:»áÍfºHÄ¡Ärº@Ê	µ¡·�¸»BÒ�½F¾�¼�ÄO»�Íf³IºH¾�Ý WM\2ß4Ê
x = 17 ; if (TM(j)) x = 18;

Ø�Í ÊÀ»Ð¹BºHÃ:ÄOÁæ¿�¶>½�¶£µO¹@½nÄOÄrÈÙÁ:»B¶5»�³5¾�µ¡·�»�¶£Æ�½�¶�¶£Æ:»�Ïk½FÄ¡Ã�»�ºHÍ
x
µO¿�¹�ºk·�¿�¶>½n·k¶�ÊÀ»�¹BºHÃ�ÄOÁæ½nÄ¡¿ÉºÁ�»B¶5»�³£¾�µO·:»,¶£Æ�½�¶D¶£Æ�»Ío�� ¶£Æ1åÔÃ:³5µO·:¸�¾�½n¹£Æ�µO·�»�Æ�½nÄÇ¶£¿DºH·¢»\¾�¼�¶ªÈÜµO·�¼¦ÃU¶@Î

è3Ïk»@·´¶£Æ�ºHÃ�¸HÆ´¶5Æ:»Ð¼:³I»\¹�µ¡¿É»ÐÓx»@Æ�½�Ï�µOºk³PºHÍR½Ö¼:³Iºk¸k³£½n¾ ¹\½n·ó·�ºn¶yÓx»Ð¼:³5»\Á:µO¹B¶5»\Á´¶£Æ�»Ü½F¼�Ñ¼:³Iº@Ò:µO¾�½�¶I»1Óx»\Æ�½�Ï:µrºk³�Æ�½n¿�¾�½n·kÈ Ã:¿I»\Í�Ã�ÄR½F¼:¼�Ä¡µO¹\½�¶£µOºH·:¿�Ú�»HÎ ¸�Î¡ÚÀµO· ¹BºH¾�¼�µOÄO»�³�ºk¼:¶5µ¡¾�µOË@½�Ñ¶£µrºH·�Úx¼:³Iºk¸k³£½n¾�Ã:·:Á:»�³5¿�¶>½n·:Á�µO·�¸�Ú¦³5»\Ís½n¹>¶5ºk³5µ¡·�¸�»B¶£¹nÎRåDÆ�»y½F¼�¼:³Iº@Ò:µO¾�½�¶£µOºk·w¹\½nÄ¡¹�Ã:Ä¡½�¶5»\Áwµ¡¿»\µr¶5Æ:»�³R½F·*©M¥M¡�«�¬ø�!±7±D«¬©�áM¦s½:��ª8¦§©M ¢ºk³R½n·�°�  ¤ ¡�«�¬��!±7±D«¬©�áM¦A½a��ª§¦8©M ÜºHÍ�¶5Æ:»Ì½n¹>¶£Ã¦½FÄx¼�³Iºk¸k³£½n¾Óx»\Æ¦½�Ï�µOºn³@ÎyåDÆ:µO¿�¹\½n·áÓx»�¿É»�»\·ÙµO·ÙöÛµr¸HÃ�³I»Ðø<Î N �ÔµO·Ù¿IÃ�¹£Æî¹\½n¿I»\¿7¶£Æ�»�½n·¦½FÄrÈ�¿5µO¿�µO¿�¿5½nµOÁá¶IºÓx»¿£¶©M°�  ¤ Î
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öÛµO¸HÃ�³I»yø<Î N Ê�Ü,½�¶5Ã:³I»ÌºHÍÛôUºkÃ�·:Ái�	¼�¼:³Iº@Ò�µ¡¾�½�¶£µOºk·�¿DµO·X�-³Iºk¸k³£½n¾k�7·�½nÄÇÈ:¿Iµ¡¿

öÛµO¸HÃ�³I»yøUÎzø"Ê-ö¦½nÄ¡¿É»�¼xºH¿Iµr¶£µÇÏH»\¿	½F·�ÁÜÍX½nÄO¿I»�·�»�¸<½�¶£µrÏk»\¿D³I»\¼xºk³É¶I»@Á¢ÓHÈ1½y¼�³Iºk¸n³>½F¾ ½n·�½�È:¿Iµ¡¿
�-³Iºk¸k³£½n¾yÑª½n·�½nÄrÈ�¿I»\¿À¶£Æ�½�¶	¹BºH¾(¼�Ã�¶I»�º@Ïk»�³7½F¼:¼:³5º@Ò�µ¡¾�½�¶£µrºH·:¿D¼:³Iº�Á:Ã:¹B»�³I»\¿5Ã:ÄÇ¶£¿DÅU·�º�Ê	·1½n¿Ì¶��¢ £�¡�±6©<£!¦Aª§¦s¥M¡!£��x½PÏk½nÄ¡µOÁ1Óx»\Æ¦½�Ï�µOºn³7Ífºk³7½(¼:³5ºn¸k³£½n¾Ó�Ã�¶7·�ºn¶7·�»\¹B»\¿5¿5½F³5µ¡ÄÇÈ¢¶£Æ�»�Óx»@Æ�½�Ï�µOºk³ºHÍ/½n·(»�ÒU»\¹�Ã�¶£µrºH·�µO·�¿�¶>½n·:¹B»RºkÍ�½,¼:³Iºk¸k³£½n¾ÜÎ~öx½nÄ¡¿É»D¼xºH¿5µÇ¶£µÇÏH»\¿ ¾�½�ÈyÓx»R¼:³Iº�Á:Ã:¹�»\Á(Ó<ÈyÓxºn¶£Æ¿IºkÃ�·:Áî½n·:ÁáÃ:·:¿IºkÃ�·:Áw¼:³Iºk¸k³£½n¾ ½n·�½nÄrÈ�¿É»@¿�Î,Ø�·á¹BºH·k¶5³£½n¿�¶@Ú�Ã:·:¿IºHÃ:·:Áw¼:³Iºk¸k³£½n¾ ½n·�½nÄrÈ�¿I»\¿¾�½\È�·�ºn¶�³I»\¼xºk³É¶�½nÄOÄ¦¼xºH¿5¿IµOÓ�Är»	Óx»@Æ�½�Ï�µOºk³5¿ ºHÍ�½�¼:³Iºk¸k³£½n¾ÜÎÛåDÆ:»\¿É»,¾�µO¿5¿É»@Á�Óx»@Æ�½�Ï�µOºk³5¿À½F³I»Å�·�º@Ê	·Ö½n¿�Ì���¢Z£�¡� �¡4¼7��ª8¦A¥<¡!£�½n·:ÁÜöÛµO¸HÃ�³I»yøUÎzøy¿5Æ�º@Ê	¿�»BÒ�½n¾(¼�ÄO»\¿DºkÍÔÓxºn¶£Æ�Î
� �R_f�$! ce/	1�1X+,-£Gåmn[ÀGH3�=�E
åDÆ�»�¶I»@¹£Æ:·�µOÝUÃ�»\¿PÍfºk³P¿�¶>½�¶£µO¹Ð½n·�½nÄÇÈ:¿Iµ¡¿P½F³I»�Ó¦½n¿I»\ÁÙºH·î¶£Æ�»�¶5Æ:»�ºk³ÉÈîºHÍÀÄf½�¶É¶£µ¡¹B»\¿\ÎÐØ�·î¶£Æ:µ¡¿¿I»\¹>¶£µrºH·¢ÊÀ»Ì¼:³5º@Ï�µ¡Á�»P½yÓ:³5µO»\ÍÔº@Ïk»\³ÉÏ�µO»BÊe��Ífºk³7½y¾�ºk³I»�¹BºH¾(¼¦Är»B¶5»,¶5³I»@½�¶£¾(»@·k¶	¿É»�»zÝ WMQ2ßpÎ
� )�F¶F</A571
� ±6�M«!ª§¦8��¢�©M« ¤ ¡�«Pµ¡¿R½y¾�½@¶£Æ:»\¾�½�¶£µO¹@½FÄ�¿�¶5³5Ã:¹B¶5Ã:³I»

L = (S,v)
Ú<Ê	Æ:»�³I»

S
µ¡¿R½y¿I»B¶	½n·:Á vµ¡¿R½yÓ¦µO·�½F³ÉÈ¢³I»@Ä¡½�¶£µrºH·Üºk·

S
¶£Æ�½�¶	¿5½�¶£µ¡¿Éß:»\¿�¶£Æ�»�Í�ºkÄ¡Ärº@Ê	µ¡·�¸�¹BºH·:Á�µÇ¶£µrºH·�¿¶Ê
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öÛµO¸HÃ�³I»yøUÎ Q�Ê��-µ¡¹>¶5ºk³5µf½FÄ�³I»\¼:³I»\¿I»\·k¶>½�¶£µrºH·ÜºHÍ~½(Äf½�¶É¶£µ¡¹B»
(2{1,2,3},⊆)

• ûD»�m:»BÒ:µÇ¶£µÇÏ:µÇ¶ªÈ ∀x ∈ S : x v x

• åÔ³£½n·:¿Iµr¶£µÇÏ:µÇ¶ªÈ ∀x, y, z ∈ S : x v y ∧ y v z ⇒ x v z

• �7·k¶£µrÑp¿�È:¾�¾(»�¶I³ÉÈ ∀x, y ∈ S : x v y ∧ y v x⇒ x = y

÷�»�¶
X ⊆ S ÚH¶£Æ�»\· y ∈ S µ¡¿À½F·Þ°.±�±6¡�«æ�»©M°"  ¤ Ífºk³ X ÚkÊR³5µr¶I¶I»@· X v y Ú<µ¡Í ∀x ∈ X : x v

y
Î ô�µO¾�µOÄf½�³£ÄÇÈHÚ

y ∈ S µO¿D½Æ¢Õ©F®_¡!«à�»©M°�  ¤ Ífºk³ X Ú<ÊR³5µr¶I¶5»\· y v X Ú�µOÍ ∀x ∈ X : y v x Î��¢¡»�<£�ªÀÃ�¼:¼x»�³RÓxºHÃ:·:Á1Ífºk³
X
Ú�ÊR³£µÇ¶I¶5»\· tX Ú�µO¿RÁ�»�ß¦·�»\ÁÖ½n¿¶Ê

X v tX ∧ ∀y ∈ S : X v y ⇒ tX v y

Þ,Ã�½nÄ¡ÄÇÈHÚ:¶5Æ:»�¼M«»¡»��ª4¡!£�ª�Ärº@Ê�»�³DÓxºHÃ:·�ÁÜÍ�ºk³
X
Ú�ÊR³5µr¶É¶5»\· uX Ú�µ¡¿DÁ:»�ß�·�»@Á1½n¿�Ê

uX v X ∧ ∀y ∈ S : y v X ⇒ y v uX

�é¢��ª§ª8¦§�¨¡�µ¡¿7½(¼¦½F³É¶£µf½nÄ�ºk³5Á:»�³	µO·ÜÊ	Æ�µO¹£Æ tX ½F·�Á uX »BÒ:µO¿É¶7Ífºk³,½nÄOÄ X ⊆ S
Î_� Äf½�¶É¶£µ¡¹B»¾PÃ�¿�¶�Æ�½�ÏH»Ì½PÃ:·:µ¡Ý<Ã�»¿¢�M«À¼�¡!£!ª3»@Är»\¾�»\·k¶ > Á�»�ß�·:»\Á¢½n¿ > = tS ½F·�Á¢½�Ã:·:µ¡Ý<Ã:»�£!½a��¢A¢¡!£�ª»\ÄO»\¾(»\·H¶ ⊥ Á�»�ß�·:»\ÁÖ½n¿ ⊥ = uS Î

Ø�·Ö¼:³Iºk¸k³£½n¾ä½n·�½nÄrÈ�¿Iµ¡¿RÊÀ»PºHÍ¡¶5»\·wÁ�»�½FÄ*Ê	µÇ¶£ÆÖß�·:µr¶5»y¿É»B¶£¿�Î	è3Ïk»\³ÉÈ1ß�·�µÇ¶5»y¿É»�¶
A
Á�»�ß¦·�»\¿,½Ä¡½�¶I¶£µO¹�»

(2A,⊆)
Ú*Ê	Æ:»�³I» ⊥ = ∅ Ú > = A

Ú
x u y = x ∩ y ½F·�Á x t y = x ∪ y Î1ö�ºk³»BÒ�½F¾�¼�ÄO»kÚ¦½(Ä¡½�¶I¶£µO¹�»,Ê	µÇ¶£Æ¢¶£Æ�³I»�»�»\ÄO»\¾(»\·H¶£¿DµO¿R¿5Æ�º@Ê	·Üµ¡·ÜöÛµO¸HÃ�³I»yøUÎ Q�Î

åDÆ�» �6¡�¦¼<�"ª3ºHÍ*½PÄf½�¶É¶£µ¡¹B»,µ¡¿ÀÁ:»�ß�·�»@Á¢½n¿�¶5Æ:»,ÄrºH·�¸k»@¿�¶�¼¦½�¶£ÆÐÍ�³IºH¾ > ¶5º ⊥ ÎÛØ�·�¶£Æ:»Ì½FÓxº@ÏH»»BÒ�½F¾�¼�ÄO»,¶£Æ�»�Æ:»\µr¸HÆH¶RºHÍ�¶£Æ:»�Äf½�¶É¶£µ¡¹B»�µ¡¿gQ�Î



³�Ô Ú8â�µ4��×�µ4ØXãªäg��Ø?¸ P7#�éZ# ³�Ó
Ñ >D='>6F2>D=�1èçU%'='5MF2/A>D='G:),='B¿çc/���1"B 0 >�/8=�F2G
Ñ >D='>6F2>D=�1*34%U=�5MF</A>D='GMË � Í�Ã:·:¹B¶£µrºH·

f : L → L
µO¿�½a©M D©�ª4©M �¡PµOÍ ∀x, y ∈ S : x v

y ⇒ f(x) v f(y)
ÎgÜRºn¶5»�¶£Æ�½�¶,¾(ºH·:ºn¶IºH·�µO¹�µr¶ªÈ1Á:º<»@¿e D©�ªDµO¾�¼�ÄrÈ1µ¡·:¹B³5»@½n¿Iµ¡·�¸,�/¹BºH·:¿É¶>½n·k¶Í�Ã�·:¹>¶£µOºk·�¿R½F³I»�¾(ºH·�ºn¶5ºH·�»kÎU~ÌµO»BÊÀ»\Á1½(Í�Ã�·:¹>¶£µrºH·�¿�Ú t ½n·�Á u ½�³5»,Óxºn¶£ÆÜ¾(ºH·�ºn¶5ºH·�»kÎ-åDÆ�»¹BºH¾�¼xºH¿IµÇ¶£µOºH·¢ºHÍÔ¾�ºk·:ºn¶IºH·:»ÌÍsÃ:·:¹B¶5µOºH·:¿RµO¿	½F¸<½nµO·1¾(ºH·�ºn¶5ºH·�»kÎ

çc/���1�B ��>D/8=DF.GMË � ¹B»\·k¶5³£½nÄ7³I»\¿IÃ�ÄÇ¶Ü³I»\Ý<Ã�µr³I»@Áâ¶5ºñ¹@½nÄO¹�Ã�Ä¡½�¶5»Ù½n·�½nÄÇÈ:¿Iµ¡¿Ð³I»\¿5Ã:Är¶5¿¢Í�ºk³Ü½¼:³5ºn¸k³£½n¾ µ¡¿�¶£Æ�»êé	á�¡ ¤ ±6©M¦A �ª¿ªA�6¡»©M«»¡�½yÎ Ø�·�½óÄ¡½�¶I¶£µO¹�»
L
Ê	µÇ¶£Æ©ß¦·:µÇ¶5»ÙÆ�»\µO¸kÆH¶@ÚR»�Ïk»�³IÈ¾(ºH·:ºn¶IºH·:»ÌÍsÃ:·:¹>¶£µOºH·

f
Æ�½n¿	½r°" �¦ìë¶°�¡�¢ ¡»�<£�ª2é	á�¡ ¤ ±�©M¦A �ªÀÁ�»�ß�·:»\ÁÖ½n¿ïÊ

fix(f) =
⊔

i≥0

fi(⊥)

åDÆ�»�¼:³IºUºHÍ�ºHÍ�¶£Æ:µO¿�¶£Æ�»�ºk³I»\¾ ¾�½�ÈîÓx»ÐÍfºHÃ:·�Á´µ¡·uÝ WMQ2ßpÎ¢öÛµrÒU»\Á´¼/ºkµ¡·k¶£¿y½�³5»�µ¡·k¶5»�³I»\¿É¶£µO·�¸Óx»\¹@½nÃ:¿É»y¶£Æ�»�Èî½nÄOÄOº@Ê Ã:¿7¶5º1¿ÉºHÄÇÏH»�¿ÉÈ�¿É¶I»@¾�¿7ºHÍ-»@Ý<Ã�½�¶£µOºk·�¿�½n·:Áî¹\½nÄ¡¹�Ã:Äf½�¶5»y¶£Æ�»�½F¼:¼:³5º@Ò<Ñµ¡¾�½�¶5»yÓx»\Æ¦½�Ï�µOºk³ÌºHÍ3¼�³Iºk¸n³>½F¾�¿�Ú�µXÎ »kÎ¡Ú/¶£Æ�»�½n·�½nÄrÈ�¿5µO¿7ÊÀ»�½F³I»�µO·H¶5»�³I»\¿�¶5»@ÁîµO·�ÚÔ½n¿7ÊÀ»(¿5Æ�½nÄOÄ¿I»�»�µ¡·Ð¶£Æ�»�¹BºH¾�µ¡·�¸�¿É»\¹B¶£µrºH·:¿\Î
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ÞÌ½�¶>½<m:º@Ê ½n·�½nÄrÈ�¿Iµ¡¿Ü¹BºH¾(¼�Ã�¶5»\¿Ü½n·�½F¼:¼�³Iº@Ò�µ¡¾�½�¶£µrºH· ºHÍÌ¼:³Iºk¸k³£½n¾ Óx»\Æ�½\Ï�µrºk³1Ífºk³¢»�½n¹£Æ¼xºHµ¡·k¶7ºHÍÔ¶£Æ�»�¼�³Iºk¸k³£½n¾�¶£Æ�½�¶RÊÀ»(½�³5»PµO·H¶I»\³I»\¿�¶5»\ÁwµO·�Î�Øp¶,Á�ºU»\¿	¿Iº�ÓHÈ1ß:³5¿�¶7³I»�¼:³I»@¿É»\·H¶£µO·�¸¶£Æ�»,¼:³Iºk¸k³£½n¾�½n¿�½r�¨©M �ª8«¬©�¢pð�©F®(¼M«¬�!±�� K õÀöUxñL>Î�� õÀöUx µ¡¿�½�¸k³£½F¼�Æ�Ê	Æ�»�³I»7¶£Æ�»,·:ºUÁ:»\¿³I»�¼�³I»\¿I»\·k¶P¶£Æ�»Ð¼:³Iºk¸k³£½n¾ ¼/ºkµ¡·k¶£¿PºHÍDµO·H¶5»�³I»\¿É¶\Ú3»kÎ ¸:Î¡Ú3¿É¶£½�¶5»\¾�»\·k¶£¿�ºk³PÓx½n¿Iµ¡¹�Ó¦Ärº�¹5Å�¿(½n·:Á¶£Æ�»�½F³5¹�¿�³5»�¼:³I»\¿I»\·k¶�m:º@Ê�ºHÍ*¹BºH·H¶I³IºHÄ¦¶£Æ�³IºHÃ�¸HÆ�¶£Æ�»,·:ºUÁ:»\¿�Î-ö:ºk³�»BÒ:½n¾(¼¦Är»kÚU¶5Æ:»�õÀöLx Ífºk³¶£Æ�»�¼:³Iºk¸k³£½n¾
input x;
if ( x > 10 ) y = 0
else y = 100
output y;
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IN(vi) = t OUT (vw),
Ê	Æ�»�³I»

vw
µO¿	½(·�»\µO¸HÆHÓxºk³RºHÍ

vi

OUT (vi) = IN(vi)\kill(vi) ∪ gen(vi)
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foo()

½n·:Á
bar()
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³ � � Ø�¹��M×�µ¯�,¸,��·
��>D=�F21«��Fi$�1�=�G./ F</sHD1ÞH�GÆ��>�=�F.1���F J =�G�1�=�G./ F</sHD1
åDÆ�»y¹BºH·:¿É¶I³£Ã:¹>¶£µrºH·ÖºHÍ~¶£Æ�»�m:º@Ê ¸k³£½F¼¦Æw½FÓxº@ÏH»yÁ�ºU»\¿7·�ºn¶,¹BºH·�¿IµOÁ:»�³,¾PÃ�ÄÇ¶£µr¼¦Är»y¹\½nÄ¡ÄÔ¿5µÇ¶5»\¿\ÚµXÎ »kÎ¡Úx½nÄOÄ*¹\½nÄOÄ¡¿�¶5º�½(¼¦½F³É¶£µO¹�Ã�Ä¡½F³	Í�Ã�·:¹>¶£µrºH·1³I»\¿IÃ�ÄÇ¶7µO·1¹BºH·H¶5³IºHÄ�m:º@Ê	µ¡·�¸�¶Iº�¶£Æ�½�¶	ÍsÃ:·:¹>¶£µOºH·�� ¿³I»�¼�³I»\¿É»@·k¶>½�¶£µrºH·ñµO·ó¶£Æ�»rm:º@Ê¸k³£½F¼�Æ�Î´à	º@Ê�»BÏk»\³\Ú ¤ ¦ õ�¡�«»¡� �ª�µO·HÏHºU¹\½�¶£µOºH·:¿yºHÍ�¶£Æ�»1¿5½n¾(»Í�Ã�·:¹>¶£µrºH·P½F³I»À½F¿5¿Éº�¹�µf½�¶I»@Á,Ê	µÇ¶£ÆP½DÁ:µ�x»�³I»\·H¶~¹\½nÄOÄ<¿Iµr¶I»À½n·:Á�³I»B¶£Ã�³5·,¶5º7½DÁ:µ�x»�³I»@·k¶~ÄOº�¹\½�¶£µrºH·�Î� ·¦½nµÇÏH»yÊD½�Èw¶Iº1¹\½F¼�¶£Ã�³I»y¶£Æ:µ¡¿,³I»\Äf½�¶£µrºH·:¿5Æ:µr¼´¹BºHÃ:ÄOÁîÓx»y¶5ºÜ¹B³5»@½�¶I»�½�£�¡¯±6�M«¬��ª4¡(¹BºH·H¶5³IºHÄm:º@Ê×¸k³£½F¼�Æ´Í�ºk³�»@½n¹>Æ´µ¡·kÏHº�¹\½�¶£µrºH·�ÚÛÓ�ÃU¶�¶£Æ:µ¡¿�ÊÀºHÃ:Ä¡ÁÙ¸k»\·:»�³£½�¶5»�»�Ò�¹B»\¿5¿IµrÏk»@ÄÇÈæÄ¡½F³I¸k»zm:º@Ê¸k³£½F¼�Æ:¿PÍfºk³P·�ºH·Ù¶5³5µÇÏ:µ¡½nÄ-¼:³Iºk¸k³£½n¾�¿�½n·�Á´¹\½n·æ·�ºn¶yÆ�½n·:Á:ÄO»�³I»\¹�Ã�³£¿IµrºH·�ÎÜåDÆ�»�³I»\Í�ºk³I»�¶ªÊÀºµO¾�¼xºk³É¶>½n·k¶R¹�ºH·:¹B»�¼:¶5¿	½F³I»�µ¡·k¶5³Iº�Á:Ã�¹B»\Á�Î

��>D=�F21«��FÆ/8=�G�1�=�G./ F</sHD1�Ë åDÆ:»,µ¡·:Ífºk³5¾�½�¶5µOºH·¢½FÓxºHÃU¶R½nÄ¡Ä/¹\½nÄ¡ÄOµ¡·�¸�¿Iµr¶5»\¿Àµ¡¿�¹BºH¾PÓ�µO·:»\ÁÜ½F·�Á¶£Æ�»ÜÍ�Ã�·:¹>¶£µrºH·ñÓxºUÁ�Èñ½n·�½nÄrÈUË�»\ÁóºH·�ÄÇÈóºH·:¹B»ÜÃ:¿5µO·:¸w¶£Æ:µ¡¿(¹BºH¾�Ó¦µO·�»@ÁñµO·:Í�ºk³5¾�½�¶£µrºH·�ÎåDÆ�»,³I»@¿IÃ:Är¶£µO·�¸�µ¡·:Ífºk³5¾�½�¶£µrºH·Ü½FÓxºHÃU¶�¶£Æ�»Ì¿É»B¶DºHÍ�³I»�¶5Ã:³5·�Ïk½FÄ¡Ã�»\¿Dµ¡¿�Ã:¿I»\ÁÜ½�¶	½FÄ¡Äx¶£Æ�»³I»B¶£Ã:³5·¢¼xºHµO·H¶£¿�Î

��>D=�F21«��Fi$�1�=�G./ F</sHD1,Ë åDÆ:µ¡¿À½F¼:¼�³Iº<½F¹>Æ�Ån»�»\¼�¿�¹BºH·H¶I»�Ò<¶�µO·:Í�ºk³5¾�½�¶£µrºH·Ð½nÄrºH·�¸�Ê	µÇ¶£Æ�»@½n¹>Æ¹\½nÄ¡Är»\Á1Í�Ã:·�¹>¶£µrºH·�Î åDÆ�»�³I»@Ífºk³I»,¶ªÊÀº�Á:µ�x»�³I»\·H¶	¹\½nÄOÄ¡¿R½F³5»�½F¿5¿Éº�¹�µf½�¶I»@ÁÐÊ	µÇ¶£ÆÜÁ:µ�x»�³I»\·H¶¹BºH·H¶I»�Ò<¶£¿	½F·�ÁÐ¶£Æ�»ÌÏk½nÄOÃ�»@¿DÃ�¿É»\Á¢¶5º�½n·�½nÄÇÈ�Ë�»Ì¶£Æ�»�ÍsÃ:·:¹>¶£µOºH·1¹\½nÄOÄO»\ÁÖ½n¿ÀÊ�»\ÄOÄ*½n¿�¶£Æ�»³I»B¶£Ã:³5·ÐÏk½FÄ¡Ã�»�µ¡¿D¿I¼x»\¹�µOß�¹,¶Iº�¶5Æ:»�¹\½nÄ¡Ä�¿IµÇ¶5»HÎ

õ�ºH·k¶5»BÒU¶	¿É»@·:¿Iµr¶£µÇÏ:µÇ¶ªÈÜµ¡¿R¹�Är»�½�³£ÄÇÈÜ¾�ºn³5»Ì¼:³I»\¹\µO¿É»Ì¶£Æ�½n·1¹BºH·k¶5»BÒU¶	µ¡·:¿É»@·:¿Iµr¶£µÇÏ�µr¶ªÈÜÓ�ÃU¶7¹BºH¾(»\¿½�¶R½F·Ü½nÁ:Á:µr¶£µrºH·�½nÄ/µ¡·:¹B³I»�½F¿I»,µ¡·Ð¹�ºH¾(¼�ÄO»BÒ�µr¶ªÈHÎ3åDÆ:»	¶5³£½nÁ�»BÑpº��ÖµO·Ð¹�ºH¾(¼�ÄO»BÒ�µr¶ªÈ�Ïk»\³5¿IÃ:¿�¹BºH¿�¶Ífºk³-¹BºH·k¶5»�Ò<¶ ¿É»\·�¿Iµr¶5µrÏk»	½n·�½nÄÇÈ:¿Iµ¡¿3µ¡¿3¾�½nÁ�»�Ó<ÈyÃ:¿5µO·:¸�½,Ä¡µO¾�µÇ¶5»\Á�½n¾�ºkÃ�·k¶3ºHÍ¦¹�ºH·k¶5»BÒU¶ÛÊ	Æ�µOÄO»½n·�½nÄÇÈ�Ë\µ¡·�¸Ð¶£Æ�»y¼:³Iºk¸k³£½n¾ÜÚ/»kÎ ¸�Î¡Ú/³I»\¿�¶5³5µ¡¹>¶£µO·:¸�¶£Æ�»(¹BºH·H¶5»BÒ<¶,¶5ºÜ½�¶�¾(ºH¿�¶Îö ÅD��¹\½nÄOÄO»�³5¿,Í�ºn³�½Í�Ã�·:¹>¶£µrºH·�Î

çc@A>"? J ='G�1"='G./ F2/sH�1ÞH�G¶çc@A>�? $�1"='G./ F2/sH�1
åDÆ�»	¹�Ä¡½n¿5¿Iµ¡¹\½nÄ�Á�½�¶>½<m:º@Ê ½n·�½nÄÇÈ:¿Iµ¡¿ ¿É»�»@·�¿ÉºPÍs½F³�½F³I»	½nÄ¡ÄÑð�©F®#¬L£�¡� 6£!¦8ª8¦s¥M¡	½n·�½nÄrÈ�¿Iµ¡¿�½n¿Û¶£Æ�»�È¶>½FÅn»,¶5Æ:»�m:º@Ê ºHÍ�¶£Æ:»,¼:³Iºk¸k³£½n¾�µO·k¶5º�¹BºH·:¿Iµ¡Á�»�³£½�¶£µOºH·�ÎÛØ�·¢¸n»@·�»�³£½nÄ�¿IÃ:¹>ÆÜ½n·¦½FÄrÈ�¿5µO¿ÀÊÀºHÃ:ÄOÁÈ�µO»\Ä¡Á©Á:µ�x»�³I»@·k¶¢³I»\¿5Ã:ÄÇ¶£¿Ðµ¡Í7¶£Æ�»w¼�³Iºk¸k³£½n¾�Óx»\µ¡·�¸ ½n·�½nÄrÈUË�»\Á ¹£Æ�½n·:¸n»@Á©Íf³IºH¾

S1;S2
¶Iº

S2;S1
Î��7·�½nÄÇÈ:¿Iµ¡¿DÊ	Æ�»�³I»�¶£Æ�»�ºk³5Á:»�³	ºHÍÔ¶£Æ�»P¿�¶>½�¶5»\¾(»@·k¶£¿	Á�ºU»\¿	·�ºn¶,½<�x»@¹>¶	¶5Æ:»y½n·�½nÄÇÈ:¿Iµ¡¿³I»\¿5Ã:ÄÇ¶-½F³I»�Å�·�º@Ê	·(½n¿£ð�©F®*¦s 6£�¡� 6£!¦8ª8¦A¥<¡BÎ~åDÆ�»�½F¼:¼¦ÄOµ¡¹\½FÓ�µOÄ¡µÇ¶ªÈPºHÍ�m�º@Ê µO·�¿É»\·�¿Iµr¶5µrÏ�µr¶ªÈP¿É»\»\¾�¿Ý<Ã:»\¿�¶£µOºk·¦½FÓ�Är»w½�¶�ß�³5¿�¶�Ó¦ÃU¶�ÊÀ»Ö¿IÆ�½nÄ¡ÄD¿É»�»1»BÒ�½n¾(¼�ÄO»\¿�ºHÍ7½n·¦½FÄrÈ�¿5µO¿(¶£Æ�½�¶�Ã:¿I»ÖµÇ¶�µ¡·ñ¶£Æ�»ÍfºHÄ¡Ärº@Ê	µ¡·�¸�¿É»\¹>¶£µOºH·�Î
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� �R_f�O� TU354�1X=?35)Î÷ø).3Hîù%ú4À/�)RE:6?+.6
åDÆ�»(¼�³I»\¿É»@·:¹B»(ºHÍ Í�Ã�·:¹>¶£µrºH·î¼xºHµO·k¶5»�³£¿�Ú*Æ:µr¸HÆ:»�³ÉÑtºk³5Á�»\³ÌÍ�Ã�·:¹>¶£µOºk·�¿,ºk³�ÁUÈ�·¦½F¾�µO¹(Á:µ¡¿É¼x½@¶£¹>Æµ¡·k¶5³Iº�Á:Ã:¹�»\¿3·�ºH·UÑpÁ:»B¶5»�³5¾�µ¡·:µ¡¿I¾ µ¡·P¶£Æ�»Ím:º@Ê ºHÍ¦¹BºH·k¶5³IºHÄ�Ífºk³ ½	¼:³5ºk¸n³>½F¾ ³I»\Ý<Ã�µr³5µ¡·�¸ÌºH·�»À¶5º½n·�½nÄrÈUË�»�½n·:Áá¹BºH·:¿�¶5³5Ã�¹>¶Ì½Ð¹\½nÄOÄÔ¸k³£½F¼�ÆÖÓx»@Ífºk³I»yµ¡·k¶5»�³ÉÑp¼:³Iº�¹B»\Á:Ã:³£½nÄ~½n·¦½FÄrÈ�¿5µO¿,µ¡¿	¼xºH¿5¿IµrÓ¦Är»kÎ²´»Ü»\Ä¡µOÁ�»1Á�µO¿5¹�Ã:¿5¿IµO·:¸Ù¹�ºk·H¶5³IºHÄ_m:º@Ê�½n·�½nÄrÈ�¿5µO¿�µ¡·ó¶5Æ:»¢¼�³I»\¿É»@·:¹B»ÜºHÍ	Í�Ã:·:¹B¶5µOºH·ñ¼xºHµO·H¶5»�³5¿½n·:Á©Æ:µO¸kÆ:»�³ÉÑtºk³5Á:»�³ÐÍsÃ:·:¹>¶£µOºH·:¿�ÚRÍfºk³�Ê	Æ�µO¹£Æ ¶£Æ:»Ö³I»@½nÁ:»�³Ðµ¡¿�³I»\Í�»�³I³I»@Á ¶5º ÝZWM\UÚÍWMQ2ßpÎ ö�ºn³ºkÓ6oª»@¹>¶IÑtºk³5µr»\·H¶5»\Á¢Ä¡½n·�¸HÃ¦½�¸k»@¿ ¶£Æ�»Ì¿�¶5³5Ã:¹>¶£Ã:³I»7¼:³Iº@Ï:µOÁ�»@ÁÐÓHÈ�¶£Æ�»Ì¹�Ä¡½n¿5¿ÀÆ:µO»�³£½F³5¹>ÆkÈ¢½n·:Á�¶£Æ�»¶ªÈ�¼x»(¿�È:¿�¶5»\¾ ½FÄ¡Ärº@Ê	¿Ì¿ÉºH¾�»y¿5µO¾�¼�Är»\³�½nÄÇ¶5»�³5·¦½�¶5µrÏH»\¿	¶£Æ�½�¶�½F³I»(¾(ºk³I»�¿I¹\½nÄf½�Ó¦Är»y¶5Æ¦½n·áÍ�Ã�ÄOÄrÑÓ�ÄOº@Ê	·P¹BºH·k¶5³IºHÄ7m�º@Ê ½n·�½nÄrÈ�¿5µO¿*¶5»\¹>Æ:·:µ¡Ý<Ã:»\¿Û½n·:Á�»\ÝUÃ�½nÄ¡ÄÇÈ�¼�³I»\¹�µ¡¿É»ÀÍ�ºk³Ô¼:³£½n¹B¶5µ¡¹\½nÄH¼:³5ºn¸k³£½n¾�¿ÝZWM\.ßpÎÜö�ºk³�ºkÓ6oª»\¹>¶IÑtºk³5µO»\·H¶I»@Á´Äf½n·�¸HÃ�½F¸k»\¿P¹BºH·k¶5³IºHÄrÑÀm:º@Ê�½n·�½nÄrÈ�¿5µO¿�³I»\Á:Ã�¹B»\¿�¶5ºá½F·�¿�ÊÀ»�³£µO·�¸¶£Æ�»�Ý<Ã�»\¿É¶£µrºH·�ÚUÊ	Æ�µO¹>Æ¢¾�»B¶£Æ�º�Á:¿�¾�½�È�Óx»�µO·HÏkºkÅk»\Á1½�¶R½P¸HµrÏk»\·Ü¾(»�¶5Æ:ºUÁ¢µ¡·kÏHºU¹@½�¶5µOºH·¢¿5µÇ¶5»Ä¡µrÅk»�Ê
foo.bar(a, b, c);

åDÆ�»,¿Iµ¡¾(¼�ÄO»\¿É¶�¿ÉºHÄ¡ÃU¶£µrºH·ÐµO¿ ¶5ºy¾�½@¶£¹>Æ�¾(»�¶5Æ:ºUÁ�¿5µr¸H·�½�¶£Ã�³5»\¿ÀµO·�¶£Æ�»,¹Bº�Á�»	Óx½n¿É»RÊ	µr¶£Æ�¶£Æ�½�¶ºHÍx¶£Æ:»7¹\½nÄOÄO»\ÁÐ¾(»B¶£Æ�º�Á�ÚHÊ	Æ:µ¡¹£ÆÐµO¿À·�ºn¶À¼:³I»\¹\µO¿É»7Óx»\¹\½nÃ:¿I»	»@½n¹>Æ�¶ªÈU¼x» K ¹�Ä¡½n¿5¿ML-µO¿À½�Á:µ¡¿�¶£µ¡·:¹>¶·�½n¾�»\¿É¼x½F¹�»kÎUyÀ»\ÄOº@ÊñÊÀ»D¹�ºk·�¿Iµ¡Á�»�³ ½F¼:¼:³Iº<½n¹>Æ�»\¿3µO·(µ¡·:¹B³I»�½n¿IµO·:¸,ºk³5Á:»�³ÛºHÍ¦¹BºH¾�¼�Är»�Ò�µÇ¶ªÈ�½n·:Á¼:³5»\¹�µO¿5µrºH·�Î

� @A),G�G¶ûÞ/81�+2),+25M�D- 9i=�)�@s-�G./AG�³¨�àûÞ9�µ Ý N \UÚUøMQ2ßpÚ<¹BºH·:¿Iµ¡Á�»�³5¿-ºH·:ÄrÈy¶5Æ:ºH¿É»	¹�Ä¡½n¿5¿É»\¿3¶£Æ�½�¶¾�½�È�Ó/»,½P¿IÃ�Ó:¶ªÈU¼x»7ºHÍ/¶£Æ�»,¾(»B¶£Æ�º�Á�³5»\¹B»\µrÏk»\³\Ú�Æ�»�³I»
foo
Ú<Ê	µr¶5ÆÐ¾�½�¶5¹>Æ:µ¡·�¸y¿IµO¸H·�½�Ñ¶£Ã�³5»\¿�Î

ü ),�U/ABúÓg-���1�9i='),@s-�G./AG�³ ü Ó 9�µ�Ë Ý N \2ßpÚ�µ¡¾(¼�³Iº@Ïk»@¿~õÀà��æÓ<È,³5»\¾(º@Ï:µO·�¸D¶£Æ�ºH¿É»�¹�Ä¡½n¿5¿É»\¿Í�³IºH¾¶£Æ�»PÄ¡µO¿É¶7ºHÍ~¶£½F³I¸k»�¶5¿R¶£Æ�½�¶Ì½F³I»P·�ºn¶,µ¡·:¿�¶>½n·H¶5µf½�¶5»\ÁwµO·1¶£Æ�»P¼:³Iºk¸k³£½n¾ÜÎRûÛåU� µ¡¿½n· »BÒ�½n¾(¼�ÄO»1ºHÍÌ½ m:º�ÊäµO·:¿I»\·:¿5µÇ¶£µÇÏH»á½n·�½nÄÇÈ:¿Iµ¡¿�½n·:Áâ¾�½�ÈñÓx»w¹BºH·:¿Iµ¡Á�»�³I»@Áâ½n¿�½n·¹�ºk·�¿É»�³ÉÏk½�¶£µÇÏH»w½F¼:¼:³5º@Ò�µ¡¾�½�¶£µrºH· ºkÍRÊ	Æ:µ¡¹£Æ ºkÓ6oª»@¹>¶£¿(³I»�½F¹>Æâ½á¼¦½F³É¶£µ¡¹�Ã:Äf½F³�¾�»B¶£Æ�º�Áµ¡·kÏHº�¹\½�¶£µrºH·�Î
ý ),+</A)XNL@A1>Óg-���1�9i=�)�@s-�G./8G�³ ý Ó 9�µ�Ë Ý ú�Q2ß<µO¾�¼:³Iº@ÏH»\¿/¶£Æ�»-¼:³I»@¹�µO¿5µrºH·,ºHÍUûÛåU�´Ó<È7¶5³£½n¹5ÅHÑµ¡·�¸�½n¿I¿5µr¸H·:¾�»\·k¶£¿DÄ¡µrÅk»kÚ

x1 = new Object(), x2 = x1, . . . , xn−1 = xn, foo = xn

µVÎ »kÎ¡Ú/¹B³5»@½�¶£µrºH·ÖºHÍ ½�¶ªÈ�¼x»�¶5º¢µr¶£¿7Ã:¿I»(µO·î½n·w¾�»B¶£Æ�º�ÁwµO·HÏkº�¹\½�¶£µOºk·�Î,åDÆ:»\¿É»�½n¿I¿IµO¸H·UÑ¾�»\·k¶£¿�¾�½�È Óx»á¾�½nÁ:»wÁ:µr³5»\¹>¶£ÄÇÈâºn³¢µO·�Á:µr³I»@¹>¶£ÄÇÈ Ï�µf½´¾(»�¶5Æ:ºUÁ©¹\½nÄOÄ¡¿�Î ~,åU��ÄOµOÅn»û3å'� µO¿7½nÄO¿Iºam�º@Ê µO·�¿É»\·:¿5µÇ¶£µrÏk»�Ó�Ã�¶7Ã:·:Ä¡µrÅk»PûÛåU� µr¶7¾�½FÅn»@¿	½�¾(ºk³I»�ß�·:»�¸k³£½nµO·:»\Á½n·�½nÄrÈ�¿5µO¿3ºHÍ�¶£Æ�»	½n¹>¶£Ã�½nÄU¶ªÈU¼x»@¿ÛºHÍ¦ºkÓ6oª»@¹>¶£¿~¶£Æ¦½@¶ ³I»@½n¹£Æ�½,¾�»B¶£Æ�º�Á(µO·HÏkº�¹\½�¶£µOºk·�¿IµÇ¶5»kÎ



³X� � Ø�¹��M×�µ¯�,¸,��·
� �R_f�R¦ ;ê35+,4�1�G�=d%¿4:/�)RE:6?+.6
�~ºHµO·H¶5»�³-½n·¦½nÄÇÈ�¿5µO¿3Á�»�¶I»\³5¾�µ¡·�»\¿~¶£Æ�»D¿É»B¶3ºHÍ�¼xºH¿I¿5µrÓ¦Är»�ªÀ�M«À¼�¡¶ªA£�¶£Æ�½�¶ ½	¼xºHµO·H¶5»�³3ºk³Û³I»\Íf»\³I»\·:¹�»½a� ¾ ¼xºHµO·H¶�¶5º(Á�Ã�³5µ¡·�¸y¶£Æ�»Ì»BÒU»@¹�ÃU¶£µrºH·¢ºHÍÔ½y¼:³Iºk¸k³£½n¾ÜÎ�� ¶>½F³I¸k»B¶D¾�½�È�Óx»�½n·Ü½F³IÓ�µr¶5³£½F³ÉÈ¾(»\¾�ºk³ÉÈáÄrº�¹\½�¶£µOºH·áºH·á¶£Æ�»�¼:³Iºk¸k³£½n¾�Æ�»@½F¼�Îa�7¿7¶£Æ�»�·UÃ:¾�Ó/»�³ÌºHÍ-¶£½F³5¸n»�¶5¿�Á:Ã�³£µO·�¸1»BÒU»�Ñ¹�ÃU¶£µOºH·´¾�½�ÈîÓx»�µO·:ß�·:µr¶5»kÚÔÊÀ»�Ã:¿I»�¶£Æ�»Ð½FÓ�¿É¶5³£½n¹>¶£µrºH·î¶£Æ�½�¶y½1Ã�·:µOÝUÃ�»Ð·�º�Á�»kÚ

heap[i]
Ú~µO¿½n¿I¿IºU¹\µ¡½�¶5»\Á�Ê	µÇ¶£ÆÐ»BÏH»�³ÉÈÐ¿�¶>½�¶5»\¾(»\·H¶�¶£Æ�½�¶D¾�½\È�¹B³I»@½�¶5»Ì½P·�»�Ê�ºkÓ6oª»\¹>¶�ºH·�¶£Æ:»,Æ�»@½F¼�ÎÛ²´»¹\½nÄ¡Ä�¿IÃ:¹>Æ(½7¿É¶>½@¶5»@¾(»\·H¶-½7¾(»@¾(ºk³ÉÈy½nÄ¡Ärº�¹\½�¶£µrºH·(¿Iµr¶5»D½n·:Á(µÇ¶-µ¡¿3µOÁ�»@·k¶£µrß�»\ÁyÓ<È(½7Ã:·:µ¡Ý<Ã�»DÄf½�ÑÓx»\Ä

i
Î�� ¹BºH·:¿I»\Ý<Ã:»\·:¹B»,ºkÍ/¶£Æ:µ¡¿�½FÓ�¿É¶I³£½n¹B¶5µOºH·�µ¡¿ ¶5Æ¦½�¶

heap[i]
³I»\¼:³I»\¿I»\·k¶£¿ï��¢s¢/¶5Æ:»	ºkÓ6oª»@¹>¶¶£Æ�½�¶	¾�½�È¢Óx»�½nÄ¡Ärº�¹\½�¶5»\Á1½�¶	¿5µÇ¶5»

i
Î

�~ºHµO·H¶£¿�ÑV¶5ºÐ½n·¦½FÄrÈ�¿5µO¿R¶£½FÅk»\¿R¼�Äf½n¹B»�»\µr¶£Æ�»�³	Óx»\Í�ºk³I»�ºn³7¿5µO¾yÃ:ÄÇ¶>½n·�»\ºkÃ�¿IÄrÈ¢Ê	µÇ¶£ÆÜ¶£Æ�»P¹BºH·H¶I³IºHÄrÑm:º@Ê"½n·�½nÄrÈ�¿Iµ¡¿	ºk³7¹@½nÄOÄrÑt¸k³£½F¼�Æw¹BºH·�¿�¶5³5Ã:¹>¶£µOºH·�Î	åDÆ�»P³I»@¿IÃ:Är¶7ºHÍ-½�¼/ºkµ¡·k¶£¿R¶5ºÜ½F·¦½nÄÇÈ:¿IµO¿,µO¿,½Í�Ã�·:¹>¶£µrºH·
pointsTo(p)

¶£Æ�½�¶D³I»B¶£Ã�³5·�¿�¶£Æ:»Ì¿I»B¶DºHÍ�¶>½F³I¸k»B¶£¿�¶£Æ¦½@¶7½P¼xºHµO·H¶5»�³
p
¾�½�ÈÐ¼xºHµO·H¶¶5º�ÎL�7¿3Ê�»	·:»�»\Á�¶5º�¼x»\³5Ífºk³5¾�½�¹�ºH·:¿É»�³IÏn½�¶£µrÏk»,½n·�½nÄrÈ�¿5µO¿�ÚH¶£Æ�»@¿É»	¿I»B¶£¿ ¾�½�È(Óx»RÏk»\³ÉÈ�Ä¡½F³I¸k»HÎ

x,µrÏk»\·(¶£Æ�»R¼xºHµO·k¶£¿ÉÑV¶5º�½n·¦½FÄrÈ�¿5µO¿\Ú<¾�½n·kÈyºn¶£Æ�»\³ Ís½n¹>¶£¿ ½FÓxºHÃ�¶�½,¼:³Iºk¸k³£½n¾"¾�½�ÈyÓ/»	½F¼:¼:³Iº@ÒUÑµO¾�½�¶I»@Á�Î3ö�ºk³D»BÒ:½n¾�¼�Är»,¶5º�Á:»B¶5»�³5¾�µ¡·�»,Ê	Æ�»B¶£Æ�»\³À¶ªÊ�º(¼xºHµO·H¶5»�³5¿
p
Ú
q
¾�½�ÈÐÓx»�½nÄ¡µ¡½n¿É»@¿ÀÊÀ»·�»�»@ÁÐ¶5º�¹£Æ:»\¹5Å

pointsTo(p) ∩ pointsTo(q) 6= ∅ Î
Ø�·Ð¶£Æ�»ÌÍ�ºHÄOÄOº@Ê	µO·�¸�¿I»\¹>¶£µrºH·�¿�ÊÀ»Ì¼�³I»\¿É»@·k¶�¶ªÊ�º�Í�Ã:·�Á�½n¾(»\·H¶>½nÄ�½F¼�¼:³Iº<½n¹£Æ�»@¿�Í�ºk³À¶£Æ�»Ì¼xºHµO·H¶£¿¶5º�½F·¦½nÄÇÈ:¿IµO¿\Ú,�7·:Á�»\³5¿É»\·�� ¿	½nÄr¸kºk³5µr¶5Æ�¾ Ý N ú2ß~½n·:ÁÖô<¶5»�»\·:¿I¸<½n½F³5Á�� ¿R½nÄO¸kºk³5µÇ¶£Æ:¾�Ý ú N ßpÎ
9i=�BU1�+2G�1�=#þ G:9i@AC�>�+</ F<�'&
Ø�·�¶£Æ:µO¿�½F¼:¼�³Iº<½F¹>Æ�ÊÀ»Ì½n¿I¿Éº�¹�µf½�¶5»,½�¿I»B¶

[[p]]
³£½n·�¸HµO·:¸Pº@ÏH»�³ ¶£Æ:»	¼/ºk¿5¿IµOÓ�Är»7¼xºHµ¡·k¶5»�³�¶>½F³I¸k»B¶£¿Ê	µÇ¶£ÆP»�½F¹>ÆP¼xºHµO·H¶I»\³Ûºn³Û³I»\Íf»\³I»\·:¹B»

p
Ïk½F³5µf½FÓ�Är»�µ¡·�¶£Æ�»À¼:³Iºk¸k³£½n¾1Î'�7¿I¿5µr¸H·:¾�»\·k¶£¿Ô¶Iº,¼xºHµO·H¶5»�³¶ªÈU¼x»@¿Dµ¡·k¶5³Iº�Á:Ã:¹�»,¶£Æ�»�ÍfºHÄ¡Ärº@Ê	µ¡·�¸�¹�ºH·:¿�¶5³£½nµ¡·k¶£¿¶Ê

p = new . . . : heap[i] ⊆ [[p]]

p = &q : q ⊆ [[p]]

p = q : [[q]] ⊆ [[p]]

p = ∗q : r ∈ [[q]]⇒ [[r]] ⊆ [[p]]

∗p = q : r ∈ [[p]]⇒ [[p]] ⊆ [[r]]

åDÆ�»�¹�ºH·:¿�¶5³£½nµ¡·k¶£¿	½F³I»�µO·H¶5Ã�µÇ¶£µrÏk»kÚxÍfºk³R»BÒ�½n¾(¼�ÄO»kÚ¦Ífºk³D¶£Æ�»P½n¿I¿5µr¸H·�¾(»\·H¶	¿�¶>½�¶5»\¾(»@·k¶
p = q

Ú¶£Æ�»�¹BºH·:¿É¶5³£½nµO·H¶	¿É¶£½�¶5»\¿�¶£Æ�½�¶D¶£Æ:»�¿I»B¶RºHÍÔ¶£½F³I¸k»�¶5¿RÍfºk³
p
¹BºH·k¶>½nµ¡·:¿�¶£Æ�»�¿I»B¶RºHÍ*¶>½F³I¸k»B¶£¿RÍfºk³
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q
Ê	Æ�µO¹>ÆÜµ¡¿R½(¹�ºH·:¿É»�³IÏn½�¶£µrÏk»P½F¼:¼:³Iº@Ò:µO¾�½�¶5µOºH·¢ºHÍÛ½n·1½n¿I¿5µr¸H·:¾�»\·k¶@Î

Ü	ºn¶5»	¶£Æ�½�¶À¶£Æ�»Ì¹BºH·:¿É¶5³£½nµO·k¶£¿�Á�º�·�ºn¶À¶>½FÅn»�m:º@Ê ½n·:Á¢¹BºH·k¶5»BÒU¶D¿É»@·:¿Iµr¶£µÇÏ:µÇ¶ªÈ¢µO·H¶Iº�½n¹�¹BºHÃ:·H¶\ÎØ�·:Á:»�»\Á�Ú2m:º@Êñ½F·�ÁÌ¹�ºH·k¶5»BÒ<¶~¿É»\·�¿IµÇ¶£µrÏk»-¼xºHµ¡·k¶£¿�Ñt¶Iº	½n·¦½nÄÇÈ�¿5µO¿*Ä¡µrÅk» ¿IÆ¦½F¼x» ½n·�½nÄrÈ�¿Iµ¡¿�ÝZYFù2ßH»BÒ:µO¿É¶\Ú½n·:Áñ¸HµÇÏH»1¾(ºk³I»¢¼:³I»\¹�µ¡¿É»Ü³I»\¿5Ã:ÄÇ¶£¿(Ó�ÃU¶�½F³I»1¹BºH¾(¼�Ã�¶£½�¶£µOºH·�½nÄOÄrÈæ»BÒ�¼x»\·:¿5µÇÏH»Ö½n·:Á Íf»@½n¿IµOÓ�ÄO»ºH·:ÄrÈ Í�ºk³�¿5¾�½nÄOÄR¿IµrË\»\Á ¼:³Iºk¸k³£½n¾�¿\Î ôH¶>½�¶£µO¹wôUµ¡·�¸HÄr»��7¿I¿5µr¸H·:¾�»\·k¶ K ô:ô��æLyµO·H¶5»�³5¾(»@Á:µ¡½�¶5»³I»�¼�³I»\¿I»\·k¶>½�¶£µrºH·æ¾�½�ÈÙÓx»ÐÃ�¿É»\ÁÙ¶5ºwºkÓ�¶>½nµO·æ¾�ºk³I»�¼�³I»\¹�µ¡¿É»�³I»\¿5Ã:Är¶5¿PÍ�ºk³em�º@ÊDÑpµO·�¿É»\·�¿Iµr¶5µrÏk»½n·�½nÄrÈ�¿5µO¿eÝ QHø�ßpÎ
ö�ºk³P½Ü¿É¶I³5ºH·�¸HÄÇÈá¶ªÈU¼x»\Á´Äf½n·�¸HÃ�½F¸k»(Ê	µr¶£ÆÙ·:º1¼xºHµO·H¶5»�³5¿�Ó�ÃU¶�ºH·�ÄÇÈî³I»@Íf»�³I»\·�¹B»\¿Mÿ(ºH·:ÄÇÈá¶ªÊÀº¹BºH·�¿�¶5³£½nµO·H¶£¿�³I»\¾�½Fµ¡·�Ê

p = new . . . : heap[i] ⊆ [[p]]

p = q : [[q]] ⊆ [[p]]

õ�ºH·:¿É¶5³£½nµO·k¶£¿�ºHÍ/¶£Æ:»	¶£Æ:µO¿�Íf³IºH¾×¹\½n·�Óx»Ì¿ÉºHÄÇÏH»\Á¢µO·
O(n3)

¶£µ¡¾(»,Ã:¿Iµ¡·�¸�½�ÊÀºk³IÅ�ÄOµ¡¿�¶IÑtÓ¦½n¿I»\Á¹BºH·�¿�¶5³£½nµO·H¶�¿IºHÄÇÏ:µO·�¸(½nÄr¸kºk³5µr¶5Æ�¾ Ý WMQ�Ú�WM\.ßpÎ��	·�µO¾(¼¦Är»\¾�»\·k¶>½�¶£µrºH·�ºkÍ�½Ì¼xºHµO·H¶5¿ÉÑV¶5ºy½n·�½nÄrÈ�¿Iµ¡¿µ¡¿P¸k»\·:»�³£½nÄOÄrÈæÓ:³IºkÅn»@·óÁ�º�Ê	·óµO·H¶5ºw¶ªÊÀºá¼�Æ�½n¿É»@¿�ÎîöÛµ¡·:Á:µ¡·�¸Ù¹BºH·:¿�¶5³£½nµ¡·k¶£¿�ÚÛÊ	Æ:µ¡¹£Æñµ¡¿�m:º@Êµ¡·:¿É»@·:¿Iµr¶£µÇÏH»P½F·�ÁÜ¹BºH·H¶5»BÒ<¶7µO·:¿I»\·:¿5µÇ¶£µÇÏH»P½n·:Á1¿ÉºHÄÇÏ:µO·:¸��Ì¶£Æ�»\¾ÜÎ
$�F.1"1"='G�C�)6),+2B�þGz9r@8C�>�+</ F<�'&
ôH¶5»�»@·:¿É¸<½k½F³5Á�� ¿À½nÄr¸kºk³5µr¶5Æ�¾ ¼x»�³5Ífºk³5¾�¿�½�¹Bº<½F³5¿É»\³ ¸k³£½nµ¡·�»\ÁÐ½n·�½nÄrÈ�¿5µO¿�Ó�ÃU¶�¶5Æ:»7¹BºH·:¿É¶I³£½nµ¡·k¶£¿½F³I»Ù¿IºHÄÇÏk½FÓ�ÄO»Ùµ¡· ½nÄO¾�ºk¿É¶1Ä¡µO·�»�½F³¢¶£µ¡¾(»kÎ�åDÆ:µ¡¿Ü¾�½�Åk»\¿1µÇ¶w½ó¼xºk¼¦Ã:Ä¡½F³w½nÄÇ¶5»�³5·¦½@¶£µrÏk»´Ífºk³�7·:Á:»�³5¿É»\·�� ¿R½nÄr¸kºk³5µr¶5Æ�¾×¶5³£½nÁ:µ¡·�¸�ºkÍÔ¼�³I»\¹�µ¡¿IµrºH·1Ífºk³R¿5¹\½nÄ¡½FÓ¦µOÄOµr¶ªÈHÎ
Ø�·�ôH¶5»�»\·:¿I¸<½k½F³5Á�� ¿-½nÄr¸kºk³5µr¶£Æ:¾ »\ÝUÃ:µÇÏk½nÄr»@·:¹B»	¹BºH·:¿É¶I³>½Fµ¡·k¶£¿ ½�³5»�¸k»\·�»\³£½�¶I»@Á(µO·�¿�¶5»@½nÁ(ºHÍ¦¿5Ã�Ó�Ñ¿I»B¶�¹BºH·:¿�¶5³£½nµ¡·k¶£¿À½n·:Á�¶£Æ�»�³I»\Í�ºk³I»R¶£Æ�»7¹�ºk·�¿�¶5³£½nµO·H¶£¿À½F³I»7¿IºkÄrÏk½FÓ�Är»,µ¡·Ð½nÄ¡¾(ºH¿�¶�ÄOµ¡·�»@½F³�¶£µO¾(»HÎ
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Íf³£½n¿É¶5³5Ã:¹>¶£Ã�³I»¢Í�ºn³�µO¾(¼¦Är»\¾�»\·k¶>½�¶£µrºH· ½F·�Áó¹BºH¾(¼x½F³5µO¿Iºk·æºHÍ�Ïn½F³5µOºHÃ:¿y¼:³Iºk¸k³£½n¾�½n·�½nÄrÈ�¿I»\¿�ÚÓ�ÃU¶DÆ�½n¿�Óx»�»@·�»BÒ<¶5»\·�Á�»\Á�¶5º(µO·:¹\ÄOÃ:Á:»,ÍX½F¹\µOÄ¡µÇ¶£µO»\¿ÀÄ¡µrÅk»,Á:»\¹BºH¾(¼¦µOÄf½@¶£µOºH·¢½F·�Á�Ï�µ¡¿IÃ�½nÄ¡µrË�½@¶£µOºH·�ÎØp¶7¼:³Iº@Ï:µOÁ�»@¿7½�¹£Æ�ºHµ¡¹B»PºHÍÛÁ:µ�x»�³I»\·H¶,µO·H¶I»\³5¾(»\Á�µ¡½�¶5»�³I»�¼�³I»\¿É»@·k¶>½�¶£µrºH·:¿\Ú/½�Ó¦µOÄ¡µÇ¶ªÈÜ¶5º�³I»@½nÁÖµO·çH½�Ïk½�¿ÉºHÃ�³5¹�»Ìºk³R¹\Ä¡½n¿I¿Dß¦Är»\¿	½n·�Á1¹BºH¾(»\¿�Ê	µÇ¶£Æ1¿I»BÏk»\³£½nÄ�Ó�Ã:µ¡ÄÇ¶7µO·1¼:³Iºk¸k³£½n¾ ½n·�½nÄÇÈ:¿É»\¿7½F·�Á¶5³£½n·:¿IÍ�ºk³5¾�½�¶£µrºH·�¿�Î
Øp¶Pµ¡¿�¼xºH¿I¿5µrÓ�ÄO»(¶5ºwÃ:¿É»¢ô<ºUºn¶y½n¿P½Ü¿�¶>½n·:Áæ½nÄrºH·:»�¶IºUºHÄ3ºn³PµO·H¶5»�¸k³£½�¶5»\ÁîÊ	µÇ¶£Æî¶£Æ�»�è ¹�ÄOµO¼�¿I»Á�»BÏH»\ÄOºk¼�¾(»\·H¶y»\·kÏ:µr³IºH·:¾�»\·k¶2Ý ßpÎÜØp¶(½nÄO¿IºÖ¼:³Iº@Ï:µOÁ:»\¿y½n·´ºkÓ6oª»\¹>¶IÑtºk³5µO»\·H¶I»@ÁE���-Ø�½F·�Á´¾�½�ÈÓx»�Ã:¿I»\ÁÖ½n¿R½�ÄOµOÓ:³£½F³ÉÈHÎ �7¿�ºHÍ*¶£Æ:µ¡¿�ÊR³5µÇ¶£µ¡·�¸�Ú�¶£Æ�»�¹�Ã:³I³I»\·H¶,ô<ºUºn¶DÏH»�³5¿IµOºH·1µO¿7øUÎÇøUÎ Q�½F·�Á1µÇ¶µO¿	½�Ïk½nµOÄf½FÓ�Är»PÍfºk³RÁ�º@Ê	·�Ärº<½nÁ1½�¶�Ý N ø.ßtÎ
åDÆ:µ¡¿�¿É»\¹>¶£µOºH·ÐÁ�µO¿5¹�Ã:¿I¿I»\¿�¶5Æ:»,µ¡·k¶5»�³£·�½nÄ¦ÊÀºk³IÅUµ¡·�¸H¿ÀºHÍÔôUº<ºn¶R½n·:Á¢µ¡¿�ºk³I¸<½n·:µOË�»\ÁÜ½n¿�ÍfºHÄOÄOº@Ê	¿�Î²´»7¿�¶>½F³É¶ Ê	µÇ¶£Æ�¶£Æ�»7Á:µÕ�/»�³I»\·H¶ÀµO·H¶5»�³5¾(»\Á�µ¡½�¶5»	³I»�¼:³I»@¿É»\·H¶>½@¶£µOºH·:¿À½�Ïn½nµ¡Ä¡½FÓ�ÄO»7µ¡·¢ô<ºUºn¶\Î�Ü	»BÒ<¶ÊÀ»�¸HµrÏk»�¶£Æ�»�ÍsÃ:·:Á�½n¾�»\·k¶>½nÄÔ½FÓ�¿�¶5³£½n¹>¶£µOºH·:¿DÓx»\Æ:µ¡·:ÁÜ¶£Æ�»yô<ºUºn¶g���-ØD½n·:ÁÜ¶5Æ:»\·1µ¡·k¶5³Iº�Á:Ã:¹�»¶£Æ�»�µ¡·k¶5³£½�½n·�ÁÜµ¡·k¶5»�³I¼�³IºU¹�»\Á:Ã�³>½FÄ*½n·�½nÄrÈ�¿I»\¿DÍX½n¹�µOÄ¡µÇ¶£µO»\¿�Î

� �ì�:�$! ò�4�1�GH=2AoG�9(+./	1�Gå� GH&(=?GH6�G	4�1�/	12+�35476
åDÆ�»�¹\Ã�³I³I»\·H¶,ÏH»�³5¿5µrºH·áºHÍÀôUº<ºn¶�µ¡¿�½FÓ�ÄO»y¶5ºÜ³I»@½nÁÙ½n·:Áá¼:³Iº�¹B»\¿5¿�çH½�Ïk½¢¿ÉºHÃ�³5¹�»�½F·�ÁáÓHÈU¶I»�Ñ¹Bº�Á�»\¿\ÎÛØp¶R¼�³Iº@Ï�µ¡Á�»\¿�¶£Æ�»�ÍfºHÄOÄOº@Ê	µO·:¸�µ¡·k¶5»�³5¾�»\Á:µf½�¶5»Ì³I»�¼�³I»\¿É»\·H¶>½�¶5µOºH·:¿�Ê
S ),3¬Ë Ø�¿R½(¿É¶£½n¹£Å�Óx½n¿É»\Á1¹BºH¾(¼¦½n¹>¶R³I»�¼:³5»\¿É»\·H¶>½�¶5µOºH·¢ºHÍ��7È<¶5»\¹�ºUÁ:»kÎ
Ò /8&E�U@A1�Ë Ø�¿��½�Ïk½�� ¿R¿¶¦A½g±�¢ ¡BÚU¶ªÈU¼x»@Á�Ú�Q�Ñª½nÁ:Á:³I»\¿I¿R¿�¶>½n¹5Å<ÑpÄr»@¿I¿D³I»�¼:³I»\¿I»\·H¶£½�¶£µOºk·�Î
$��U/8&*�L@A1,Ë Ø�¿R½��3ô��RÑVÏk»\³5¿IµOºk·ÜºHÍ
7¦s½�±�¢¡BÎ
ór+</8&E�U@A1�Ë Ø�¿RÄ¡µrÅk»yç6¦s½�±/ÄO»kÚ�Ó�ÃU¶RÊ	µr¶£ÆÜ»BÒ�¼:³I»\¿5¿IµrºH·�¿	½F¸����D»\¸<½@¶5»@Á�Î-Ø�· x7³5µ¡¾(¼�ÄO»�¿�¶>½�¶5»BÑ¾(»@·k¶£¿�ÄOµOÅn»

a = (a + b) * c
½F³I»Ð½nÄ¡Ärº@ÊÀ»@ÁÙÓ�Ã�¶Pµ¡·æçkµ¡¾(¼¦Är»�¶£Æ�»�È´½F³I»�¿É¼¦ÄOµr¶µ¡·k¶5ºy¶ªÊÀº�¿É¶£½�¶5»\¾�»\·k¶£¿\ÚUºH·�»ÌÍ�ºn³�¶5Æ:»�½nÁ:Á�µÇ¶£µOºk·1½n·:ÁÐ¶£Æ�»Ì¿I»\¹BºH·:ÁÜÍfºk³À¶£Æ�»Ì¾yÃ:Är¶£µr¼�Ä¡µÇÑ¹\½�¶£µOºk·�Î

ti)7H6)�Ë � ¿�¶5³5Ã:¹>¶£Ã:³I»\Á¢³I»�¼�³I»\¿É»@·k¶>½�¶£µrºH·ÜÃ�¿É»\Á1Ífºk³��y»\¹BºH¾(¼¦µOÄ¡µO·�¸Ðç��M¥<�nÎ
ö�ºk³1½ñ¾(ºk³I»Ù¹BºH¾(¼�ÄO»B¶5»îÁ:»\¿I¹�³5µr¼�¶£µOºH· ºH· y�½nÍpÚÌçkµO¾�¼�ÄO»´½F·�Á x7³5µ¡¾(¼�ÄO»ÙµO·:¹\ÄOÃ:Á�µO·:¸ñ¶£Æ�»¾(ºn¶£µÇÏk½�¶£µrºH·�¿�Ó/»\Æ:µ¡·:ÁÜ»@½n¹>ÆÜºHÍ*¶£Æ�»\¿I»�³I»\Íf»�³D¶5ºÞÝ úkú2ß4��Ífºk³,ôUÆ�µO¾�¼�Är»�³I»\Íf»�³D¶5ºÞÝ ú<[MßpÎ�çkµ¡¾(¼�ÄO»µO¿~¶£Æ�»À¼�³5µO·:¹\µr¼¦½nÄ¦ô<ºUºF¶-µ¡·k¶5»�³5¾(»@Á:µ¡½�¶5»À³5»�¼:³I»\¿I»\·k¶>½�¶£µOºk·�½F·�Á�ÊÀ»�ÄOºUºkÅP½�¶-µÇ¶-µ¡·y¾�ºk³I»�Á�»B¶>½nµOÄµO·¢¶£Æ�»�ÍfºHÄOÄOº@Ê	µO·:¸�¿I»\¹>¶£µrºH·�Î



³�Ô � f��D��� ³ �
Ò /8&E�U@A1
çkµ¡¾(¼¦Är»RµO¿ ½aª ¾ ±,¡ ¤ ª8��«¬¡¨¡�� ¤7¤ «¬¡!£¨£Dµ¡·k¶5»�³5¾�»\Á:µf½@¶5»D³I»�¼�³I»\¿É»@·k¶>½�¶£µrºH·�½n·:Á�Á�ºU»\¿� D©�ª~µO·HÏkºHÄrÏk»¿É¶£½n¹£Åáµ¡·:¿�¶5³5Ã�¹>¶£µrºH·:¿P½F¿�µO¿Ì¶£Æ�»�¹\½n¿I»�Ífºk³PçH½\Ïn½¢Ó<È<¶5»\¹Bº�Á�»@¿�Îz�7¿Ìºk¼:¼xºH¿É»@Áá¶5ºÜÓ<È<¶5»\¹�ºUÁ:»\¿Ê	Æ:µ¡¹£ÆÙÆ�½�ÏH»�¾�ºk³I»P¶£Æ�½n·´øFùkùÜµO·:¿É¶5³5Ã:¹>¶£µOºk·�¿�ÚÔçkµ¡¾(¼�ÄO»�Æ�½n¿,ºH·:ÄrÈ N WÐ¿�¶>½�¶5»\¾(»@·k¶£¿�Ú/Ê	Æ:»�³I»»@½n¹>Æ ¿É¶>½�¶I»@¾(»\·H¶1½n¹>¶£¿¢»BÒ�¼�ÄOµ¡¹�µÇ¶£ÄrÈ ºk·�·�½n¾�»\ÁâÏk½F³5µf½FÓ�Är»@¿�Î�åDÆ�»á¶ªÈU¼x»@¿ÐºHÍ�»@½n¹£Æ�ÄOºU¹@½FÄÏk½F³5µ¡½FÓ¦Är»�½F³I»�½nÄO¿IºyÅU·:º@Ê	·�Î3÷ÔµO¿É¶5µ¡·�¸�ø<ÎÇø�¿5Æ�º@Ê	¿�¶£Æ�»�çkµ¡¾(¼�ÄO»,¹�ºUÁ:»,Í�ºn³À¶£Æ�»�çH½�Ïk½P¹�ºUÁ:»,µ¡·÷ÔµO¿�¶£µ¡·�¸ÐøUÎ N Î
class Foo {

protected Integer id;

public synchronized Object bar() {
int a=0,b=0,c=0;
int i;
Object obj;

obj = new Object();

i = (a + b) * c;

return obj;
}

} ÷*µ¡¿�¶£µO·:¸ÐøUÎ N Ê çH½�Ïk½(¿IºHÃ�³5¹B»�Í�ºk³	çkµ¡¾(¼�ÄO»�µ¡·Ü÷ÔµO¿É¶5µ¡·�¸ÐøUÎÇø
class Foo extends java.lang.Object
{

protected java.lang.Integer id;

public synchronized java.lang.Object bar()
{

Foo this;
int a, b, c, i, $i0;
java.lang.Object obj, $r0;

this := @this: Foo;
a = 0;
b = 0;
c = 0;
$r0 = new java.lang.Object;
specialinvoke $r0.<java.lang.Object: void <init>()>();
obj = $r0;
$i0 = a + b;
i = $i0 * c;
return obj;

}

public void <init>()
{

Foo this;

this := @this: Foo;
specialinvoke this.<java.lang.Object: void <init>()>();
return;

}
}
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÷*µ¡¿�¶£µ¡·�¸ÐøUÎÇø�Ê çkµ¡¾(¼¦Är»Ì³5»�¼:³I»\¿I»\·k¶>½�¶£µrºH·1Ífºk³R¹Bº�Á�»�µO·1÷*µ¡¿�¶£µO·:¸ÐøUÎ N
Ø�·´÷*µ¡¿�¶£µO·:¸îøUÎzøUÚ~·�ºn¶£µO¹B»�¶£Æ�½�¶�¶£Æ�»�Ïk½F³5µ¡½FÓ¦Är»\¿y½nÄOÄ Æ�½�ÏH»�»BÒ�¼�ÄOµ¡¹�µr¶�¶ªÈU¼/»\¿�Î¢åDÆ�»�Ïk½F³5µ¡½FÓ¦Är»\¿¼:³I»\ß�ÒU»\Á Ê	µÇ¶£Æ��Ù¹Bºk³I³I»\¿I¼xºH·:Á ¶Iºó¿�¶>½n¹5Å ³I»\Íf»�³5»\·:¹B»\¿\Î Ü	ºn¶£µO¹�»w½nÄ¡¿Éº´¶£Æ�½�¶�¶£Æ�»Ö»BÒ�¼:³I»\¿ÉÑ¿IµOºH·

(a+b)*c
Æ�½n¿¢Óx»\»\· Ó:³5ºnÅk»\· Á�º@Ê	·�µO·H¶5ºñ¶5Æ:³I»�»Ùµ¡·:¿�¶5³5Ã:¹B¶5µOºH·:¿\Î×åDÆ�»Ù¹B³I»@½�¶£µOºH·ºHÍ(½n·

Object
¹Bºk³I³I»\¿I¼xºH·:Á:¿Ü¶5º ¶ªÊÀº©¿É¶>½�¶I»@¾(»\·H¶5¿\Ú,¶5Æ:»´ß:³£¿�¶á¹B³I»@½�¶5»\¿á½n·

ObjectÏ�µf½�¶£Æ:»
new
ºk¼x»�³£½�¶5ºk³�½n·:Áw¶£Æ�»�¿É»\¹�ºk·�Áw»�ÒU¼�Ä¡µO¹\µÇ¶£ÄÇÈîµ¡·kÏHºkÅn»@¿7¶£Æ�»�¹BºH·:¿É¶I³£Ã:¹>¶5ºk³,ºH·w¶5Æ:»·�»BÊ	ÄrÈw¹B³I»@½�¶5»\ÁwºkÓ6oª»\¹>¶@Î,öÛµO·�½nÄ¡ÄÇÈHÚ�·�ºn¶£µO¹B»P¶£Æ�½�¶7¶£Æ�»y¹BºH·:¿É¶5³5Ã:¹>¶5ºk³,µO¿,µO·HÏkºkÅk»\ÁáÃ:¿5µO·:¸�¶£Æ�»

specialinvoke
µO·�¿�¶5³5Ã:¹>¶£µOºH·�½n·�ÁÌ¹BºH·H¶>½Fµ¡·:¿�¶£Æ�»3¶ªÈU¼x»-ºHÍH¶5Æ:»3³I»@¹B»\µrÏk»�³*ºHÍH¶£Æ�»-¾�»B¶£Æ�º�Á¹\½nÄ¡ÄXÎ

Øp¶�µ¡¿PÊÀºk³É¶£ÆkÊ	Æ�µOÄO»Ü¹BºH¾(¼¦½F³5µ¡·�¸w¶£Æ�»1çHµO¾(¼¦Är»¢³I»�¼�³I»\¿É»@·k¶>½�¶£µrºH·æÊ	µÇ¶£Ææ¶£Æ�»Ü¹Bºk³I³I»@¿É¼xºH·:Á�µO·�¸x7³5µ¡¾(¼�ÄO»Ü³I»�¼:³I»@¿É»\·H¶>½�¶5µOºH· µO· ÷ÔµO¿É¶5µ¡·�¸óøUÎZQ�Î�Ü	ºn¶5µ¡¹B»¢¶£Æ�½�¶Æx,³5µO¾�¼�Är»Ü³I»\¼:³I»\¿I»\·k¶>½�¶£µrºH· µ¡¿ÏH»�³ÉÈy¹�ÄOºH¿É»�¶5º7¶£Æ�»RçH½�Ïk½7¿IºkÃ:³5¹B»�¹�ºUÁ:»��n¶£Æ�»�»BÒU¼�³I»\¿I¿5µrºH·
(a+b)*c

Æ�½n¿3·�ºn¶3Óx»�»\·yÓ:³5ºnÅk»\·Ã�¼�Ú¦·�»\µr¶£Æ�»�³	Æ�½n¿�¶5Æ:»�¹�³I»@½�¶£µrºH·ÜºkÍÛ½n·ÜºkÓ6oª»\¹>¶7½n·�ÁÜµ¡·kÏHº�¹\½�¶5µOºH·ÜºHÍ~µÇ¶£¿R¹BºH·:¿É¶I³5Ã�¹>¶5ºk³	½n¿Dµ¡¿Á�ºH·�»�µO·Öçkµ¡¾(¼�ÄO»kÎ
class Foo extends java.lang.Object
{

public synchronized java.lang.Object bar()
{

Foo this;
int a, b, c, i;
java.lang.Object obj;

this := @this: Foo;
a = 0;
b = 0;
c = 0;
obj = new java.lang.Object();
i = (a + b) * c;
return obj;

}

public void <init>()
{

Foo this;

this := @this: Foo;
this.<java.lang.Object: void <init>()>();
return;

}
} ÷*µ¡¿�¶£µO·:¸ÐøUÎ Q�Ê x7³5µ¡¾(¼�ÄO»Ì³I»\¼:³I»\¿I»\·k¶>½�¶£µrºH·1Ífºk³R¹Bº�Á�»�µO·1÷*µ¡¿�¶£µ¡·�¸ÐøUÎ N
åDÆ�»�Á:µÕ�x»\³I»\·k¶,çkµ¡¾(¼�ÄO»�¿�¶>½�¶5»\¾�»\·k¶£¿R½F³I»Ì¸HµrÏk»\·ÜÓ/»\Ärº@ÊeÊ
��>�+21�G�F.)�F.1�&*1�=�F2GMË

NopStmt
½n·:Á

DefinitionStmt
Îr�

DefinitionStmt¾�½�È,Óx»3ºH·�»-ºHÍ
IdentityStmt

ºk³Ô½n·
AssignmentStmt

Î
IdentityStmt

¿
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��57>D=DF.+2>D@JI��U>"? G�F2)"F21"&E1"=DF.GMË åDÆ:»
IfStmt

Ú
GotoStmt

Ú
TableSwitchStmt½n·:Á

LookupSwitchStmt
½F³I»¢Ã:¿É»@ÁÙ¶5ºw³I»�¼�³I»\¿É»@·k¶(µ¡·k¶5³£½F¼:³Iº�¹B»\Á�Ã�³£½nÄ�¹BºH·k¶5³IºHÄm�º@Ê�Î�åDÆ�»

TableSwitchStmt
½n·:Á

LookupSwitchStmt
½F³I»ÙÃ�¿É»\Á ¶5º³I»\¼:³I»\¿I»\·k¶À¶£Æ�»,¹Bºk³I³I»@¿É¼xºH·:Á�µO·�¸�ç<~ÌÕ µO·:¿É¶5³5Ã:¹>¶£µrºH·�¿ Ê	Æ:µ¡¹£ÆÜ½�³5»	Ó/ºF¶£ÆÐÃ:¿I»\Á�¶5ºyµ¡¾yÑ¼¦Är»\¾�»\·k¶D¶£Æ�»

switch
¿É¶>½@¶5»@¾(»\·H¶\Î

åDÆ:»
InvokeStmt

Ú
ReturnStmt

½n·:Á
ReturnVoidStmt

½F³I»´Ã:¿I»\Á Ífºk³µ¡·k¶5»�³I¼�³Iº�¹B»\Á:Ã:³£½nÄ*¹BºH·k¶5³IºHÄ�m:º@Ê�ÎDåDÆ�»
InvokeStmt

Æ�½n¿	¿IÃ:Ó�¶ªÈU¼x»@¿	Ífºk³RÏ�µO³É¶5Ã¦½nÄXÚµ¡·k¶5»�³5ÍX½n¹B»kÚ�¿�¶>½�¶£µO¹�½n·:ÁÜ¹�ºH·:¿�¶5³5Ã:¹B¶5ºn³R¾(»�¶£Æ�º�ÁÜµO·HÏkº�¹\½�¶£µrºH·�¿�Î
Ó���+2>"?r$�F2&ÞF�Ë ò7¿É»@ÁÐ¶5º(¶5Æ:³Iº@Ê ½n·¢»BÒ:¹B»�¼�¶£µOºH·�Î
Ñ >D=U/ F.>D+�$DF<&XF7Ë åDÆ�»@¿É»�½F³I»

EnterMonitorStmt
½n·:Á

ExitMonitorStmt
Î

public java.lang.Object foo(int, java.lang.String) /* Local variables */
{

this := @this: Test; /* IdentityStmt */
a := @parameter0: int; /* IdentityStmt */

if b != null goto label0; /* IfStmt */

$r0 = new java.lang.RuntimeException;
specialinvoke $r0.<java.lang.RuntimeException: void <init>()> /* InvokeStmt

*/
throw $r0; /* ThrowStmt */

label0:
return $r1; /* ReturnStmt */

}÷*µ¡¿�¶£µO·:¸ÐøUÎ [,Ê çkµ¡¾(¼�ÄO»�µ¡·k¶5»�³5¾�»\Á:µf½�¶I»�³I»�¼:³5»\¿É»\·H¶>½�¶5µOºH·Ü¿IÆ:º@Ê	µO·:¸�Á:µ�x»�³I»\·H¶	¿�¶>½�¶5»\¾�»\·k¶£¿

� �ì�:�R� ÷7V(4797/�AoG�4�1?/�)¢Cf3f3#1����! «GH-£1?6
ü 1��U+21�G.1"=�F</8=�C�� @A),G�G�1�G
ô<ºUºn¶áÓ�Ã:µ¡ÄOÁ�¿áÁ�½�¶>½ ¿É¶5³5Ã:¹>¶£Ã�³5»\¿1¶5º©³I»�¼:³I»@¿É»\·H¶îÁ:µÕ�/»�³I»\·H¶áºnÓ6o�»\¹>¶£¿î½F·�Á ¼:³Iº�Ï�µOÁ:»\¿î½n·:ÁºkÓ6oª»@¹>¶IÑtºk³5µr»\·H¶5»\Áá���-ØR¶IºÖ½n¹�¹B»\¿5¿7¶£Æ�»\¿É»�Á¦½�¶£½¢¿�¶5³5Ã�¹>¶£Ã�³I»\¿\Î�Ø�·´ô<ºUºn¶,¶£Æ�»�¹�ºH¾(¼�ÄO»B¶5»(»\·UÑÏ:µr³IºH·:¾�»\·k¶¢µO¿�³I»�¼:³I»@¿É»\·H¶5»\Á ÓHÈ ¶£Æ�»

Scene
ºkÓ6o�»\¹>¶@Î � ¹�Äf½n¿I¿�µ¡· ³I»�¼�³I»\¿É»@·k¶5»\Á Ó<Èâ½
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Local
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SootClass
ºkÓ�o�»\¹>¶	½n·:ÁÜ¹BºH·k¶>½nµ¡·:¿

SootField
½n·:Á

SootMethod
ºkÓ6oª»\¹B¶£¿À³I»�¼�³I»BÑ¿É»@·k¶£µO·:¸Ð¶£Æ�»(ß:»\Ä¡Á:¿�½n·:Áî¾(»B¶£Æ�º�Á:¿,ºkÍ�½Ð¹�Äf½n¿I¿\Îe�"Óxº�ÁUÈwºHÍ ½

SootMethod
µ¡¿,³I»�¼:³I»�Ñ¿É»@·k¶5»\ÁæÓHÈñ½

Body
ºkÓ6oª»@¹>¶@ÎáåDÆ�»Ð»BÒ:½n¹>¶

Body
ºkÓ6o�»\¹>¶(Á�»\¼x»\·:Á�¿PºH·Ù¶£Æ�»¢µ¡·k¶5»�³5¾�»\Á:µrÑ½�¶5»P³I»�¼:³I»@¿É»\·H¶£½�¶£µOºH·wÃ:¿I»\Á�Ú/Í�ºk³	»�Ò:½n¾(¼¦Är»kÚ�Ífºk³ÌçkµO¾�¼�ÄO»�¶£Æ�»y¹BºH·�¹B³I»B¶5»

Body
ºkÓ6oª»\¹B¶,µ¡¿,½

JimpleBody
Î3åDÆ:»\¿É»�³I»\Äf½@¶£µOºH·:¿IÆ�µr¼�¿	½F³I»�¿5Æ�º@Ê	·Üµ¡·ÜöÛµO¸HÃ�³I»yøUÎzú�Î
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�×Óxº�ÁUÈ´¹�ºk·H¶>½nµO·:¿P¹>Æ�½nµO·�¿$#�ºHÍ ¶£Æ:³I»�»ÐÁ:µ¡¿�¶£µO·�¹>¶P¶ªÈU¼x»\¿\ÚÛ·�½n¾(»@ÄÇÈHÚ

Unit
¿\Ú
Local

¿P½n·:Á
Trap

¿�Î �
Local

³I»\¼:³I»\¿I»\·k¶£¿Ð½ÙÄrº�¹\½nÄ�Ïk½�³£µ¡½FÓ�ÄO»wÁ�»\¹\Ä¡½F³£½�¶£µrºH·âµO· ¶£Æ�»w¹Bº�Á�»kÎ ÷�º�¹\½nÄÏk½F³5µ¡½FÓ�ÄO»\¿D¾�½�È�Óx»ÌÁ�»�ß�·:»\ÁÐÓ<È�¶£Æ�»ÌÃ:¿I»�³À»�ÒU¼�Ä¡µO¹\µÇ¶£ÄÇÈ¢µ¡·�¶£Æ�»Ì¹Bº�Á�»,ºk³�¹�³I»@½�¶5»\Á¢µO¾�¼�ÄOµ¡¹�µr¶£ÄÇÈ¶5ºæ³5»�¼:³I»\¿I»\·k¶Ü¿É¶>½F¹£Å ¾�»\¾(ºk³ÉÈâÄOºU¹@½�¶5µOºH·:¿�Î��
Unit

µO¿¢½n·�½FÓ�¿�¶5³£½n¹>¶¢³I»�¼�³I»\¿É»@·k¶>½�¶£µrºH·Ífºk³	¶£Æ�»PÁ�µÕ�x»\³I»\·k¶Ì¿�¶>½�¶5»\¾(»\·H¶£¿	µO·1¶£Æ�»P¼:³5ºn¸k³£½n¾&%nÎRåDÆ�»@¿É»P³I»\Äf½@¶£µOºH·:¿IÆ�µr¼�¿,½F³I»y¿IÆ:º@Ê	·ÖµO·öÛµr¸HÃ:³I»PøUÎhYUÎ
åDÆ�»ÀÓxºUÁ�È�ºHÍ¦½

SootMethod
µ¡¿Û½nÄO¿Iº,Ã:¿I»\Á�¶5º,¹B³I»@½�¶5»�½�'�©M Dª8«¬©�¢ ¬)(�¢©F®*�_«¬�!±���ºkÓ6oª»\¹>¶@Ú½Ù¿IÃ�Ó:¶ªÈU¼x»1ºHÍ,½

UnitGraph
Ú Ê	Æ:µ¡¹£Æâ¹\½F¼�¶£Ã�³I»@¿y¶£Æ:»ÖµO·k¶5³£½F¼�³IºU¹�»\Á:Ã�³>½FÄR¹BºH·k¶5³IºHÄÍm�º@ÊÓx»B¶ªÊÀ»\»\·Ù¶£Æ�»�Á�µÕ�x»�³I»@·k¶(Ã:·:µr¶5¿\Îi��¹�ºH·k¶5³IºHÄÇÑÀm�º@Ê�¸k³£½F¼�Ææ¾�½�ÈÙÓx»�¹�³I»@½�¶5»\Á´µO¸H·�ºk³5µ¡·�¸Öºk³¹BºH·:¿5µOÁ�»\³5µO·:¸Ù¶£Æ:»1»��x»\¹>¶ÐºHÍ	»�Ò�¹B»\¼�¶£µrºH·:¿¢½n·:ÁâµO¿�ÅU·�º@Ê	·©½n¿

BriefUnitGraph
½n·:Á

ExceptionalUnitGraph
Ú:³I»\¿É¼x»@¹>¶£µÇÏH»\ÄÇÈ<Î

+ q �øò�ù ù û$��ó4ô ò�ý7r'ô ó��
O(1)

ù ò�ò,	.ü�
�ö�ý.þ�ô ý.õÀûøÿAó4ô ò�ýgóÀô u ûx-�. ò!ÿ0/�ô u 
<ù û�ó��.û\�øò�ý��øÿ§û¯óÀûDõ8ó4ö»óÀû"u û¬ý�óÀõ�ö¨ÿ§û�õÀü2ú.ó�t�
Mûøõ"ò��
Stmt

r��.ûøÿ§û¬ö¨õ��Õò!ÿ01�ö���óR�.û,t�ö¨ÿ§ûDõÀü.ú.óOt�
Mûøõò��
Inst
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öÛµO¸HÃ�³I»yø<ÎhY"Ê�ô<ºUºn¶ O Ó6oª»\¹B¶5¿RÍfºk³	½
SootMethod

yÀºUÁ�ÈHÎ-öÛµr¸HÃ�³I»Ì¶>½FÅn»@·ÜÍf³5ºk¾�Ý Q<[<ß
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ô<ºUºn¶ Á:»BÏk»@Ärºk¼x»�³£¿3³I»\¹�ºk¾�¾(»\·�ÁP¶£Æ�½�¶�½n¹�¹B»@¿I¿Û¶5º�Á¦½�¶£½Ì¿�¶5³5Ã�¹>¶£Ã�³I»\¿-¿IÆ�ºHÃ�ÄOÁ(Ó/»	½F¿ ½FÓ¦¿�¶5³£½n¹>¶½n¿	¼xºH¿I¿IµOÓ�ÄO»kÎ	åDÆ:µO¿,½nÄ¡Ärº@Ê	¿R¶£Æ�»y¿5½n¾(»(½F·¦½nÄÇÈ:¿IµO¿Ì½F·�ÁÜ¶5³£½n·�¿IÍfºk³5¾�½�¶5µOºH·Ö¹Bº�Á�»�¶5º�Óx»yÃ:¿I»\ÁÊ	µr¶5Æ´¶5Æ:»ÐÁ:µÕ�/»�³I»\·H¶(µO·k¶5»\³5¾(»\Á:µf½�¶5»�³5»�¼:³I»\¿I»\·k¶>½�¶£µOºk·�¿�ÎÖûD»\¹@½nÄOÄ3¶£Æ�½�¶
Unit

¿y½F³I»Üô<ºUºn¶.� ¿½FÓ�¿É¶5³£½n¹>¶�³I»�¼:³I»\¿I»\·H¶£½�¶£µOºk·�¿ Í�ºk³-¶£Æ�»7¿�¶>½�¶5»\¾(»\·H¶£¿-ºHÍ�½�¼:³Iºk¸k³£½n¾ÜÚU½n·:Á�Á�µÕ�x»�³I»@·k¶Àµ¡·k¶5»�³£¾(»BÑÁ:µf½�¶5»Ì³I»�¼:³I»@¿É»\·H¶>½@¶£µOºH·:¿DÆ�½�ÏH»,¶£Æ�»@µr³Dº@Ê	·Üµ¡¾(¼�ÄO»\¾�»\·k¶>½�¶£µrºH·:¿�ºHÍÛôH¶>½�¶5»\¾�»\·k¶£¿�Î-åÔº�½n¹�¹�»\¿I¿Á�½�¶>½ÌÃ�¿É»\Á�ÓHÈ�½�¿�¶>½�¶5»\¾(»\·H¶ÀôUº<ºn¶�¼:³Iº@Ï�µ¡Á�»\¿3¶£Æ:»R·�ºn¶£µOºk·�ºHÍ¦Ïk½nÄOÃ�»,½F·�Á�Á:»�ß�·:µr¶£µrºH·>�»©�á�¡!£>Î
�âÓxº@Òy¾�½�ÈPÓx»�ºHÍ:¶£Æ�ºHÃ�¸HÆH¶ ½n¿-½	¼xºHµ¡·k¶5»�³-Ífºk³ ½RÏk½nÄOÃ:»À¶£Æ�½�¶-µ¡¿Û»\µr¶£Æ�»�³-Ã:¿I»\Áyºk³3Á�»\ß�·�»\Á�½�¶½�¿�¶>½�¶5»\¾(»@·k¶@Î åDÆ�»

getUseBoxes()
Ú
getDefBoxes()

¼:³Iº@Ï:µOÁ:»P½�ÄOµ¡¿�¶	ºHÍÛ½nÄOÄ�¶£Æ�»Ïk½nÄOÃ:»\¿*Á:»�ß�·�»@ÁÌºk³ÔÃ:¿I»\Á�½�¶~½�¼¦½F³É¶£µ¡¹�Ã:Äf½F³*¿É¶>½@¶5»\¾�»\·k¶@ÎÔö�ºk³*»BÒ:½n¾�¼�Är»HÚ�Í�ºk³�¶£Æ�»À½n¿I¿IµO¸H·:¾(»@·k¶¿É¶£½�¶5»\¾�»\·k¶.Ê
x = a + b;

getUseBoxes() = [a, b, a+b]
½n·:Á

getDefBoxes() = [x]
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y
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y
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öÛµr¸HÃ:³I»ÀøUÎ l Ê~ô<ºUºn¶~è3ÒU¼:³I»@¿I¿IµOºH·Ì¶I³5»�»\¿ÔÍfºk³
x = y + z
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class SharedCounter implements Runnable {
private final int MAX_COUNT = 500;
private int counter;

void inc(int i) {
counter++;

}

void dec() {
counter--;

}

int get() {
return counter;

}

public void run() {
while (true)

if (get() > MAX_COUNT)
dec();

else
inc(1);

}
}

class Runner {

public static void main(String[] args) {
SharedCounter aSharedCounter = new SharedCounter();
Thread threadOne = new Thread(aSharedCounter);
Thread threadTwo = new Thread(aSharedCounter);

threadOne.start();
threadTwo.start();

}
}

öÛµr¸HÃ�³I»�Q�Î N Ê�� ¶5³5µrÏ�µ¡½nÄ6oÉ½�Ïk½�½F¼:¼¦ÄOµO¹@½�¶5µOºH·¢Ê	µÇ¶£Æ¢³£½n¹�»�¹BºH·:Á�µÇ¶£µrºH·�¿
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get()
½F·�Á

inc()
½F³I»y»�ÒU»\¹�Ã�¶5»\Áî¿Iµ¡¾PÃ�ÄÇ¶>½n·�»�ºHÃ�¿IÄÇÈÓ<È�¶£Æ�»ÌÁ�µÕ�x»\³I»\·k¶�¶£Æ�³I»�½nÁ:¿�Ú:µXÎ »kÎ¡ÚUÊÀ»ÌÆ�½�ÏH»�½y¿Iµ¡¾PÃ:Är¶>½n·�»�ºHÃ:¿À³5»@½nÁUÑVÊR³5µr¶5»,ºk·�¶£Æ:»7Ïn½F³5µf½FÓ�Är»

counter
ÎPö�ºk³,¶5Æ:»(³£½n¹B»�¹BºH·:Á�µÇ¶£µOºk·á¶5º¢º�¹�¹\Ã�³\Ú�¶5Æ:»�ÍfºHÄOÄOº@Ê	µO·:¸1·�»\¹�»\¿I¿£½�³IÈá¹BºH·:Á:µr¶£µrºH·:¿¾yÃ:¿�¶	Æ�ºHÄ¡Á�Ê

N ÎDåDÆ:»¿£¶�M½:¡�¾(»\¾�ºn³IÈÐÄOº�¹\½�¶5µOºH·1µO¿	½n¹�¹B»\¿5¿É»\ÁÜÓHÈ ¤ ¦ õ�¡�«»¡� �ª-¶£Æ�³I»@½nÁ:¿\Î
øUÎ��À¶	ÄO»@½n¿�¶RºH·�»�ºkÍ*¶£Æ�»�¾(»\¾�ºk³ÉÈ¢½n¹\¹B»\¿I¿I»\¿Dµ¡¿	½PÊR³5µÇ¶5»kÎ
Q�ÎDåDÆ:»,¶£Æ�³I»@½nÁ�¿DÁ�ºX D©�ªÀÆ�ºHÄ¡Á1½(¹BºH¾�¾(ºH·ÜÄrº�¹5Å/Î

çH½\Ïn½Ù³I»\¹�ºH¾�¾(»\·�Á:¿�¾�ºk·�µÇ¶5ºk³�¿É¶ªÈ�ÄO»w¿�È:·:¹£Æ:³IºH·:µrË�½�¶5µOºH·âÍ�ºn³Ð¹BºH·�¹�Ã�³I³I»@·k¶�¼�³Iºk¸k³£½n¾�¿(Ï:µ¡½¶£Æ�»
synchronized

Åk»BÈ<Ê�ºn³£Á�Î¢ò7¿5µO·�¸
synchronized

¾�½FÅn»\¿�ÄOºU¹£ÅUµ¡·�¸wÄO»BÒ:µO¹\½nÄ¡ÄÇÈ¿5¹Bºk¼x»\Á�Ú�µXÎ »kÎ¡Ú/¶£Æ�»�³I»(µ¡¿Ì½Ð¿�È:·k¶>½n¹>¶£µ¡¹P³I»\Äf½�¶£µrºH·wÓx»B¶ªÊ�»�»\·Ö¶£Æ:»(¿�¶>½�¶5»\¾(»@·k¶£¿7¸kÃ¦½F³5Á�»\ÁwÓ<Èá½
synchronized

Ó¦Ärº�¹5Å�½n·:Á�¶£Æ�»�ÄOº�¹5Å�Ã:¿I»\Á�Î~ò7¿É»�ºkÍ:·�ºH·�ÑpÄr»BÒ:µO¹@½FÄ¡ÄÇÈP¿5¹Bºk¼x»\Á�ÄOº�¹5ÅUµ¡·�¸	Ï�µf½¿I¼x»\¹�µf½FÄ¡µrË\»\ÁÖÄrº�¹5ÅÜ¹�ºH·:¿�¶5³5Ã:¹B¶5¿Dºk³	¿I»\¾�½F¼�Æ:ºk³I»\¿D³I»\ÝUÃ:µr³I»@¿DºH·:»Ì¶5º�¾�½FÅn»y½¿m:º@ÊDÑp¿É»@·:¿Iµr¶£µÇÏH»¿É¶£½�¶£µ¡¹�½n·�½nÄÇÈ:¿Iµ¡¿7¶5º1Á�»�¶I»\³5¾�µ¡·�»y¶£Æ�»�ÄOº�¹5ÅU¿�Æ�»@ÄOÁÙÍfºk³�½Ð¸HµÇÏH»\·Ù¾(»@¾(ºk³ÉÈî½n¹�¹B»\¿5¿�Î¿�7¿7¶£Æ�»³I»\¿5Ã:Är¶5¿�Íf³5ºH¾ä¶5º<ºHÄ¡¿ÌÄ¡µrÅk»ÞÝZW2[:ÚÔønú2ß µ¡·:Á:µ¡¹\½�¶5»kÚ�m:º@ÊDÑp¿I»\·:¿Iµr¶£µÇÏH»�µO·H¶5»�³I¼:³Iº�¹B»@Á:Ã�³£½nÄ-½n·�½nÄrÈ�¿I»\¿½F³I»�¾(ºk³I»�¹BºH¾(¼¦ÄOµ¡¹\½�¶5»\Á�Ú:»@¿É¼x»\¹\µ¡½nÄOÄrÈÐÊ	Æ:»\·1Á�»@½nÄOµ¡·�¸�Ê	µÇ¶£Æ1¾PÃ�ÄÇ¶£µO¼�Är»Ì¶£Æ�³I»@½nÁ�¿�Ú¦½n·:Á1Æ�½�ÏH»·�ºn¶ Ó/»�»\·�¿IÃ�¹�¹B»\¿5¿IÍ�Ã�Ä�µO·�ß�·:Á:µ¡·�¸P¾�½n·HÈy³£½n¹�»R¹BºH·�Á:µÇ¶£µOºH·:¿-»BÏH»\·�µ¡·�Äf½F³I¸k»R¼:³Iºk¸k³£½n¾�¿\Î~ò7¿É»ºHÍ¦·�ºH·UÑpÄO»BÒ�µ¡¹\½nÄ¡ÄÇÈ(¿I¹�ºk¼x»\Á(Ärº�¹5Å�µO·�¸�µ¡¿Û¾yÃ:¹>Æy¾�ºn³5»�¹BºH¾�¾�ºH·PÍ�ºk³3Äf½F·:¸HÃ�½F¸k»\¿3ÄOµOÅn»	õ7ÚHõqp�p¶£Æ�½n·æÍ�ºn³(ç<½�Ïk½UÎwåDÆ�»�³I»@Ífºk³I»kÚ~ÊÀ»�³I»\¿É¶5³5µO¹B¶�¶£Æ�»Ð¿5¹Bºk¼x»�ºHÍ�¶£Æ:µ¡¿�¶5ºUºHÄ3¶5ºwÆ¦½n·:Á:ÄO»ÐÄOºU¹£ÅUµ¡·�¸Ó¦½n¿I»\ÁñºH·ó¶£Æ�»
synchronized

Åk»BÈ<Ê�ºk³5Á�Îó²´»ÜÓ/»\ÄOµO»BÏH»¢¶£Æ�½�¶�¶£Æ:µO¿�µO¿�½w¼�³£½F¸H¾�½�¶£µO¹½F¼:¼�³Iº<½F¹>Æ1½n·:Á¢Ê	µOÄ¡Ä�¹Bº@ÏH»�³7½(Ä¡½F³I¸k»,Ïk½F³5µO»B¶ªÈ¢ºHÍ*¼�³Iºk¸k³£½n¾�¿�Î
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_f�"!#�`_ ¾¿/	1�/B÷ø)�3�îr3~3�=j1X[:G mÎ3f35)
öÛµr¸HÃ:³I»aQ�ÎÇø�¿IÆ�º@Ê	¿7¶5Æ:» m:º@Ê"ºkÍ Á�½�¶>½ÐµO·w¶£Æ�»P¶5ºUºHÄÔÓ¦½n¿I»\ÁwºH·w¶5Æ:»y¼:³IºkÓ¦Är»\¾�¿,µOÁ:»\·k¶£µOß:»\ÁµO·Ö¶£Æ�»P¼:³I»�Ï�µOºkÃ�¿7¿I»\¹>¶£µrºH·�Î7åDÆ:»PÓxº@Ò�»\¿7µO·Ö¶£Æ�»yÁ:µf½F¸k³£½n¾ ³I»\¼:³I»\¿I»\·k¶,¼:³Iº�¹B»\¿5¿É»\¿,½n·:ÁÖ¶£Æ�»»\Ä¡ÄOµO¼�¿É»@¿7Á�½�¶>½�Î�Ü	ºn¶£µO¹B»�¶£Æ�½�¶,¾(ºH¿�¶7ºkÍ~¶£Æ�»P¼:³Iº�¹B»\¿5¿É»\¿7µO·1¶£Æ�»�ß�¸kÃ:³I»y½F³I»yÁ�»�¼x»\·�Á�»\·H¶7ºH·¶£Æ�»�¹\½nÄOÄÛ¸k³£½F¼¦Æ��*¶5Æ�µO¿�µO¿,¶5ºÜÓx»�»BÒU¼/»\¹>¶5»\Á´½n¿7¶£Æ:»�½n·¦½FÄrÈ�¿5µO¿,¶£Æ�½�¶ÌÊÀ»�·�»�»@Áw¶5ºÜ¼/»�³5Ífºk³5¾½F³I»�µ¡·k¶5»�³I¼�³Iº�¹B»\Á:Ã:³£½nÄXÎ
Ü	ºn¶5µ¡¹B»,½nÄ¡¿Éº�¶£Æ�½�¶�¶£Æ�»	³£½n¹B»	ß�·�Á:µO·:¸P¼:³Iº�¹B»\¿5¿ Ã�¿É»\¿-¶£Æ:»	Á¦½�¶£½�Íf³IºH¾"¶£Æ�»7ÄOºU¹£ÅU¿ÉÑpÆ�»\Ä¡ÁÐ½n·�½nÄrÑÈ�¿5µO¿\Úk¶£Æ:»R¼xºHµ¡·k¶£¿�ÑV¶5ºy½n·�½nÄrÈ�¿Iµ¡¿�½n·�Á(¶£Æ�»7¾(»\¾�ºn³IÈ<Ñª½n¹�¹B»@¿I¿-ß�·:Á:»�³ ¶IºP¹>Æ�»\¹5Åy¶£Æ�»7·�»\¹�»\¿I¿£½�³IÈ¹BºH·:Á�µÇ¶£µrºH·�¿,Ífºk³�½�³>½F¹�»(¹BºH·:Á:µr¶£µrºH·:¿�½n·:Áw³I»�¼xºk³É¶,¶5Æ:»y³I»\¿IÃ�ÄÇ¶£¿Ì½n¹�¹Bºk³5Á�µO·�¸HÄrÈHÎ�åDÆ�»(ÄOºU¹£ÅU¿ÉÑÆ�»\Ä¡Áî³I»\¿IÃ�ÄÇ¶P½n·:ÁÙ¾(»\¾�ºk³ÉÈÖÑª½n¹�¹B»\¿5¿,³I»\¿5Ã:Är¶�¿5Æ�ºHÃ:Ä¡ÁáÓx»�¹BºH·:¿5µOÁ�»\³I»\Á´½F¿�¾�½F¼�¿,Åk»BÈH»\ÁîºH·½Ù¿�È�·H¶>½�Òñ»\ÄO»\¾(»@·k¶@ÚÀ»kÎ ¸:Î¡Ú�½Ù¿É¶>½@¶5»@¾(»\·H¶�ºn³Ð½áÏk½F³5µ¡½FÓ�ÄO»wÃ:¿É»\Á�Ú ¶5ºÙ¶£Æ�»1¼:³Iºk¼x»\³É¶ªÈó¶£Æ�»�È³I»�¼�³I»\¿É»@·k¶@Î
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öÛµO¸kÃ:³I»�Q�ÎÇø"Ê3ö~ÄOº@Ê ºHÍ*Á�½�¶>½(½n¾(ºH·�¸PÏk½F³5µrºHÃ�¿À»\·k¶£µr¶5µO»\¿DµO·�¶£Æ:»7¶5º<ºHÄVÎ3åDÆ�»�³5»,µ¡¿ÀºH·:»,»\·k¶£µr¶ªÈ¼x»�³	¿IÃ�Ó1¼:³IºkÓ�ÄO»\¾Á:»�ß�·�»@Á1µO·wô<»\¹B¶5µOºH·XQ�Î N ÎÇø
_f�"!#�O� %'=X-\[(+R1?GH-£1XV7=?G
õ�ºH·:¿5µOÁ�»\³5µO·:¸P¶£Æ�»,Á¦½�¶£½em�º@Ê µO·�¶£Æ�»7¶IºUºHÄ�½P·�½�¶£Ã�³£½nÄ/½F³5¹>Æ:µr¶I»@¹>¶£Ã�³I»7ÊÀºHÃ:Ä¡Á�Óx»�½P·<Ã�¾�Óx»�³ºHÍÌ¿É¶£½F¸k»\¿Ð¹BºH·:·:»\¹>¶5»\Á Ï:µ¡½´¼�µO¼x»\¿¢½n¿Ð¿5Æ�º@Ê	·©µO·©öÛµO¸HÃ�³I»áQ�ÎZQ�Î åDÆ�»w¼:³Iº�¹B»\¿5¿É»@¿�µ¡· ¶£Æ�»Á�½�¶>½�m:º@Ê�Á:µf½F¸n³>½F¾1ÚUöÛµr¸HÃ�³I»ïQUÎÇøUÚ�½F³I»7¹\½n·:Á�µOÁ�½�¶5»\¿ÀÍfºk³À¿�¶>½F¸k»\¿ ºHÍx¶£Æ�»	¼�µO¼x»\Ä¡µO·�»7Ó¦ÃU¶�¾�½�È³I»\ÝUÃ:µO³I»Ü¶IºÙÓx»1Ó:³IºkÅk»\· Á�º@Ê	· ÍsÃ�³É¶£Æ�»\³�µO·H¶5º´¿�¶>½F¸k»\¿(ºk³�¾(»�³I¸k»\Á µ¡·k¶5ºæ½Ù¿IµO·:¸HÄr»Ö¿�¶>½F¸k»kÚÁ�»\¼x»\·:Á�µO·�¸áºH·´¶£Æ�»¢Á�»\¿5µr¸H·ñ½n·�ÁóµO¾(¼¦Är»\¾�»\·k¶>½�¶£µrºH·æ³I»\ÝUÃ:µO³I»\¾(»\·H¶£¿�Îáö�ºk³y¿IºH¾(»Ð¿É¶>½F¸n»@¿�Ú»kÎ ¸�Î¡Ú�¹@½nÄOÄÛ¸k³£½F¼�ÆáÓ¦Ã:µOÄ¡Á:µ¡·�¸¢¶£Æ�»�¿�¶>½F¸k»yÊÀºHÃ:ÄOÁÙ·�»�»@Áw¶5º1¹BºH¾(¼¦Är»B¶5»kÚ*µXÎ »kÎ¡Ú�¶£Æ�»�¹@½nÄOÄÛ¸k³£½F¼�ÆÓx»Ü¹�ºk¾�¼�ÄO»B¶5»\ÄÇÈ ½�Ïn½nµ¡Ä¡½FÓ�ÄO»¢Ó/»\Ífºk³I»Ð¶£Æ�»Ü·�»�Ò<¶�¿�¶>½F¸k» K ¿ML�Á�»\¼x»\·:Á:»\·k¶�ºH·æ¶£Æ�»Ü¹\½nÄ¡Ä�¸k³£½F¼�Æ¾�½\ÈÜÓ/»P¿É¶>½F³É¶5»\Á�Î	ö�ºk³	ºn¶£Æ�»�³,¿�¶>½F¸k»\¿\Ú¦»HÎ ¸�Î¡Ú/¾(»\¾�ºn³IÈ<Ñª½n¹�¹B»@¿I¿Rß¦·:Á:µ¡·�¸�Ú/·�ºn¶�½nÄOÄÔ¾�»\¾(ºk³ÉÈ½n¹�¹B»@¿I¿I»\¿-Ó<È�Á:µ�x»�³I»\·H¶ ¶£Æ�³I»�½nÁ:¿ ·:»�»\Á�¶5º�Óx»,½�Ïn½nµ¡Ä¡½FÓ�ÄO»	Ó/»\Ífºk³I»R¶5Æ:»BÈ�¹\½n·�Óx»7¹£Æ�»\¹£Ån»@Á�Ífºk³³£½n¹B»�¹BºH·:Á:µr¶£µrºH·:¿\Î
åDÆ:µ¡¿ ½�³£¹£Æ:µr¶5»\¹>¶£Ã�³I»RÆ�½n¿3¿I»BÏk»\³£½nÄ:½nÁUÏk½n·H¶£½F¸k»\¿ ½n¿3µÇ¶ µ¡¿3»BÒ<¶5»\·�¿IµrÓ¦Är»��U¿�¶>½F¸k»\¿3¾�½�ÈyÓx»R½nÁ:Á:»\Áºk³~³5»\¾(º@ÏH»\Á(½n¿~¼x»�³~»�ÒU»\¹\ÃU¶£µrºH·�¶£µO¾�» ÏH»�³5¿5Ã:¿~¼:³I»\¹\µO¿5µrºH·Pºk³3¾(»\¾(ºk³ÉÈ�³I»\Ý<Ã�µr³I»\¾�»\·k¶Û¶5³£½nÁ�»BÑº��/¿\Î O ·:»P¾�½�ÈÖÆ�½�ÏH»P¾PÃ�ÄÇ¶£µO¼�Är»yµ¡¾(¼�ÄO»\¾(»\·H¶>½�¶5µOºH·:¿	Ífºk³Ì½�¿5µO·�¸HÄO»P¿É¶>½F¸k»kÚ:Ê	Æ�µO¹>ÆÖ¾�½�ÈÜÓx»Äf½�Èk»\³I»\Á1Ã:¿5µO·�¸(¶£Æ�»�Þ7»\¹Bºk³£½�¶5ºk³D¼¦½�¶I¶5»�³5·*Ý Qnù<ßtÎ
åDÆ:µ¡¿�½�³£¹£Æ:µr¶5»\¹>¶£Ã�³I»1½nÄO¿Iºáº��x»�³5¿(¿I¹Bºk¼x»ÜÍfºk³y¼¦½F³>½FÄ¡Är»@ÄOµOË@½�¶£µrºH·��ÀÁ�µÕ�x»�³5»\·k¶�¿�¶>½F¸k»\¿y¾�½�ÈæÓx»¼x»�³£Ífºk³5¾(»\Á µ¡·©¼¦½F³£½nÄOÄO»\Ä,Á�»�¼x»@·:Á:µ¡·�¸ñºH·â¶£Æ�»\µO³ÜµO·�¼¦ÃU¶ÜºHÃU¶5¼�ÃU¶Ü³I»\Äf½�¶5µOºH·â¶5ºæ¶£Æ�»áºn¶£Æ�»�³¿É¶£½F¸k»\¿\Îóö�ºk³(»BÒ�½F¾�¼�ÄO»kÚ ¿É¶>½F¸k»

A
¾�½�ÈóÓx»Ü¼x»�³5Í�ºk³5¾(»\Á µO·ñ¼¦½F³£½nÄ¡Är»\ÄÀÊ	µÇ¶£Æ ¿�¶>½F¸k»\¿

2
¶5º

n− 1
Î
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öÛµr¸HÃ�³5»eQ�ÎZQ�Ê��	³5¹>Æ:µr¶I»@¹>¶£Ã�³I»�Í�ºk³�¶£Æ�»,¶5ºUºHÄ
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void inc(int i) {
counter++;

}

öÛµO¸HÃ�³I»�QUÎ [,Ê-ÕÖ»B¶£Æ�º�ÁÜö�ºk³cyD½nÍ'yÀºUÁ�ÈÕÖ»�¶5Æ:ºUÁ1Ífºk³cyD½nÍ*Ó/ºUÁ�È¢µ¡·Ü÷ÔµO¿É¶5µ¡·�¸zQ�ÎhW
O ¶5Æ:»�³,½nÁ�Ïn½n·H¶>½�¸k»@¿RºHÍ~¶£Æ:µ¡¿7½F³5¹>Æ:µr¶I»@¹>¶£Ã�³I»(½F³I»P¿5¹\½nÄ¡½FÓ¦µOÄ¡µÇ¶ªÈá½n·:ÁÖ³I»\¿É¼/ºk·�¿É»�¶£µ¡¾(»kÎD²�Æ:µ¡Är»³I»\¿I¼xºH·:¿I»�¶£µ¡¾(»Ðµ¡¿P·�ºn¶�½n·æµO¾�¼xºk³É¶>½n·k¶y¹�³5µÇ¶5»�³5µf½ÖÍfºk³�¶£Æ�»�¶5ºUºHÄXÚ~¼�³I»BÏ�µOºHÃ:¿�ÊÀºk³IÅU¿P¿5Æ�º@Ê	¿Äf½F³I¸k»P¾(»\¾�ºn³IÈ¢³I»@Ý<Ã:µO³I»\¾�»\·k¶£¿,½F·�Á1¼xºHÄÇÈ:·�ºH¾�µf½nÄ�³5Ã�·:·:µ¡·�¸�¶£µO¾�»\¿7½<�x»\¹B¶£µO·�¸Ð¿5¹\½nÄ¡½FÓ�µ¡ÄOµr¶ªÈHÎö�ºk³�»BÒ:½n¾(¼¦Är»kÚ3½Ü¿5Ã�Â�¹�µO»\·k¶£ÄrÈ´½n¹�¹\Ã�³£½�¶5»�¼xºHµO·H¶5¿ÉÑV¶5ºw½n·¦½FÄrÈ�¿5µO¿�³I»\Ý<Ã�µr³I»@¿

O(n3)
³5Ã�·:·:µ¡·�¸¶£µO¾�»*Ý N ú2ßtÎ�� ¼¦µr¼x»\Ä¡µO·:»\Á ½F³5¹>Æ:µr¶I»@¹>¶£Ã�³I»1Æ�½n·:Á:ÄO»\¿�¿5¹\½nÄ¡½FÓ�µ¡ÄOµr¶ªÈóÓ<Èó¼:³Iº@Ï:µOÁ�µO·�¸æ½áÍ�³£½n¾(»BÑÊÀºk³IÅP¶5º�µO¾(¼¦Är»\¾�»\·k¶�ð�©F®��¨©M �ª8«¬©�¢ÇÚnÊ	Æ�»�³5»RÃ�¼�¿É¶5³I»@½n¾"¿�¶>½F¸k»\¿-¹\½n·�Ó�ÄOºU¹£Å(½ÌÁ:º@Ê	·:¿�¶5³I»�½F¾¿É¶£½F¸k»�Ê	Æ�»\·ñ½wÁ�º@Ê	·�¿�¶5³I»@½n¾�¿�¶>½F¸k»�¼:³5ºUÁ�Ã:¹B»\¿yÁ¦½�¶£½Ö»BÒ:¹B»�»\Á�µO·�¸î¹\Ã�³I³I»\·H¶(¾�»\¾(ºk³ÉÈ´³I»BÑÝUÃ:µr³I»@¾(»\·H¶£¿ K ¼:³Iº@Ï:µOÁ�»@Áó¶£Æ�»1ºHÃU¶5¼�ÃU¶�Íf³IºH¾�½îÁ�º@Ê	·�¿�¶5³I»@½n¾ã¿�¶>½F¸k»1¹\½n·ñÓx»Ö¹BºH·:¿IÃ�¾(»\ÁÓx»\Í�ºk³I»�µr¶	µO¿R¹BºH¾(¼¦Är»B¶5»@ÄÇÈ1½�Ïn½nµ¡Ä¡½FÓ¦Är»pL>Î

ÜzÂ¬â u å�æ'ç!ê�ì ë�ì�Åwv0Þyx�Ã�å:Þ åcì�îUë�îLç!È�ì
_f��� �$! Tn[:3f3�6?+,4:@B/�4Ûò�4�1?GH=2AoGH9*+�/	1?G � GH&(=?GH6�G	4�1�/	12+�354
O Ã�³-¶5º<ºHÄ:Ó�Ã�µOÄ¡Á:¿ ºk·�¶Iºk¼�ºHÍ�ô<ºUºn¶�Ã�¿Iµ¡·�¸�µr¶ ¶5º�¼¦½F³5¿I»	ç<½�Ïn½�¿IºHÃ�³5¹B»Rºk³ ÓHÈ<¶5»	¹�ºUÁ:»	µO·k¶5ºy½n·µ¡·k¶5»�³5¾�»\Á:µf½@¶5»7³I»�¼:³I»@¿É»\·H¶£½�¶£µOºH· K Ø�û(L>ÎUåDÆ�»�³I»Ì½F³I»,½�·UÃ:¾�Óx»\³�ºHÍ�Á�µÕ�x»\³I»\·k¶ÀØ�û	¿À½�Ïk½nµ¡Ä¡½FÓ�ÄO»kÚ·�½n¾�»\ÄÇÈEyD½nÍpÚ�x7³5µ¡¾(¼�ÄO»kÚ-ôUÆ�µO¾(¼¦Är»¢½n·:Áóçkµ¡¾(¼�ÄO»kÚ3½n·:ÁÙ¶£Æ�»�ß:³5¿É¶y¿�¶5»�¼óµO·Ù¶£Æ:»�Á:»\¿IµO¸H·´µ¡¿¹>Æ�ºUºk¿5µO·:¸(¶5Æ:»�½F¼:¼�³Iºk¼:³5µ¡½�¶5»�ºk·:»kÎ

S )63
åDÆ�»�ß:³5¿É¶�Ø�û"¹�ºH·:¿Iµ¡Á�»�³I»@Áîµ¡¿�y_�7öÀÚ*½¢¿�¶>½n¹5ÅwÓ¦½n¿I»\ÁÙ¹BºH¾(¼¦½n¹B¶Ì³I»�¼�³I»\¿É»@·k¶>½�¶£µrºH·îºkÍ ÓHÈU¶5»¹Bº�Á�»HÎLy_�7öáµO¿-µ¡¾�¾(»@Á:µ¡½�¶5»\ÄrÈP³I»¬oª»\¹>¶5»\Á�½n¿~Ê�»DÁ�º�·:ºn¶ÛÊD½n·H¶3¶5ºÌÁ:»@½nÄUÊ	µÇ¶£Æ�½,¿�¶>½n¹5ÅyµO·y¶£Æ�»Ø�û�Î�� ¿É¶>½n¹5Å1Ó¦½n¿I»\ÁÖØ�û µ¡¿7Æ�½F³5ÁÖ¶5ºÜ½n·�½nÄrÈUË�»�½n¿,µÇ¶Ì³I»\Ý<Ã�µr³I»\¿Ì½zm:º@Ê ¿I»\·:¿Iµr¶£µÇÏH»�½n·�½nÄrÈ�¿Iµ¡¿½n·:Á¢µO·H¶5»�³I¼:³I»B¶>½�¶£µOºk·ÐºHÍ/¶£Æ�»Ì¿�¶>½n¹5ÅxÎ-åDÆ:µO¿D½F³I¸HÃ:¾(»@·k¶£¿ÀµO¿�¾�½nÁ:»7¹�ºH·:¹B³I»B¶5»,ÓHÈ�»BÒ�½F¾�µO·�µO·�¸¶£Æ�»ey�½nÍÔÓxºUÁ�È¢µ¡·1÷*µO¿É¶£µO·�¸zQ�ÎhWyÍ�ºn³�¶£Æ:»�¾(»B¶£Æ:ºUÁ

inc()
µO·1÷*µ¡¿�¶£µO·:¸zQ�Î [�Î

Ü	ºn¶£µO¹B»Ì¶£Æ�½�¶D¶5º�Á�»B¶5»�³5¾�µO·�»Ì¶£Æ�»�³I»\Í�»�³I»\·�¹B»�Ã:¿I»\Á¢¶5º�½n¹�¹B»@¿I¿	½yß�»\ÄOÁ�Ú:ºH·�»�·:»�»\Á:¿D¶Iº�ÄrºUºkÅÓx»\Æ�µO·�ÁÖºH·�»yµO·�¿�¶5³5Ã:¹B¶5µOºH·w½n·�ÁwÍfºk³R¶£Æ�»P¸k»@·�»�³£½nÄÔ¹\½n¿I»P¿É¶>½�¶5µ¡¹\½nÄOÄrÈÖÁ�»�¶I»\³5¾�µ¡·�»�¶5Æ:»�¶Iºk¼wºHÍ¶£Æ�»�¿�¶>½n¹5ÅÜ½�¶R»@½n¹£ÆÜ¼:³Iºk¸k³£½n¾�¼xºHµO·H¶RºHÍÔµ¡·k¶5»�³I»\¿É¶@Î
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void inc(int)
{

word this, i;

this := @this;
i := @parameter0;
load.r this;
load.r this;
fieldget SharedCounter.counter;
push 1;
add.i;
fieldput SharedCounter.counter;
return;

}

öÛµO¸kÃ:³I»eQ�ÎhW"Ê�y�½nÍÔÓxº�ÁUÈ¢Í�ºk³R¾(»�¶5Æ:ºUÁ
inc()

µ¡·Ü÷ÔµO¿É¶£µO·�¸ÆQUÎ [
²´»�ÊÀºHÃ:ÄOÁÙ³£½�¶£Æ�»\³P½�ÏkºHµ¡Áî¶£Æ:µO¿�¹BºH¾�¼�Är»�Ò�µr¶ªÈáÓ<ÈÙÃ:¿5µO·�¸á½Ü¾(ºk³I»�¿5Ã:µr¶£½FÓ¦Är»�µO·H¶I»\³5¾(»\Á�µ¡½�¶5»³I»�¼�³I»\¿É»@·k¶>½�¶£µrºH·�Î

ór+</8&E�U@A1
åDÆ�»y¿I»\¹BºH·:ÁÖØ�û ¹BºH·:¿Iµ¡Á�»�³I»@ÁwµO¿�x7³5µ¡¾(¼�ÄO»kÚ¦Ê	Æ:µ¡¹£ÆáÃ:·:Ä¡µrÅk»¿y�½nÍ3µ¡¿7·�ºn¶Ì¿�¶>½n¹5Å1Ó¦½n¿É»@Áá½F·�ÁµO¿�Ïk»\³ÉÈ ¿Iµ¡¾�µ¡Ä¡½F³�¶5ºÙ¶£Æ�»á½n¹>¶£Ã�½nÄ	¿ÉºHÃ�³5¹�»w¹BºUÁ:»ÖºHÍ	¶£Æ�»Ö¼:³Iºk¸k³£½n¾ÜÎ�åDÆ:»w¾�½nµO·âÍf»�½�¶5Ã:³I»ºHÍex7³5µO¾�¼�ÄO»wµ¡¿�¶£Æ�½�¶Ð»BÒU¼�³I»\¿I¿5µrºH·:¿¢½F³I»w³I»�¼�³I»\¿É»@·k¶5»\Á©µO· ¶£Æ:»\µr³*�.¼.¼M«»¡À¼7��ª¯¡ ¤ Í�ºk³5¾ÜÚDµXÎ »kÎ¡Ú½n·æ»BÒ�¼:³I»\¿5¿IµOºH·æºHÍÀ¶£Æ�»¢Í�ºn³£¾

a := b + c + d
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Ð %'+z9r�'�U+2>�),5<�
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ICG1 = (mmain,M,E)
Ífºk³-¶£Æ�»,½F¼:¼�Ä¡µO¹\½�¶£µOºk·�¹�Äf½n¿I¿É»@¿ Ã:¿5µO·�¸(ôUº<ºn¶.� ¿ ¹\½nÄ¡Ä�¸n³>½�¼¦ÆÓ�Ã:µ¡ÄOÁ:»�³\Î

ICG1
µO¿RÁ�»�ß¦·�»\ÁÖ½n¿¶Ê

• M = {m | m : SootMethod} µ¡¿À¶£Æ�»�¿É»B¶RºHÍ~·�º�Á�»\¿DºHÍ�¶£Æ�»�¹\½nÄOÄ�¸k³£½F¼�Æ
• E = {(msrc,mtgt)} ⊆M ×M

µO¿�¶£Æ�»Ì»@Á�¸k»Ì³5»\Ä¡½�¶£µOºk·
• mmain

µ¡¿À¶£Æ�»�»\·k¶5³ÉÈ¢¼xºHµ¡·k¶	µ¡·k¶5º(¶£Æ�»�¹\½nÄOÄ�¸k³£½F¼�Æ

ò7¿Iµ¡·�¸
ICG1

ÊÀ»¢¹\½n¹\ÄOÃ:Äf½�¶5»�¶£Æ�»Ü¾(»B¶£Æ�º�Á:¿P³I»@½n¹>Æ�½FÓ�ÄO»¢Íf³IºH¾
mmain

½n·�Á´¶£Æ�»¢¹\Ä¡½n¿I¿I»\¿¶£Æ�½�¶	¾�½�È¢Óx»�¹B³I»�½�¶I»@ÁÜµ¡·Ð¶£Æ�»@¿É»�¾�»B¶£Æ�º�Á:¿R½n¿¶Ê

• ReachableMethods = {m | m ∈ TransitiveClosure(mmain)}

• CreateableClassess = {c | isInstantiatedIn(c,m)∧ ∈ ReachableMethods}

åDÆ�»
CreateableClassess

µO¿7¶5Æ:»\·áÃ:¿É»@Áî½n¿,½�ß�Är¶I»\³ÌÍfºk³	¶£Æ:»
ReachableMethods

¶5º¹\½n¹�Ä¡Ã:Äf½@¶5»������
ReachableMethods ⊆ ReachableMethods

½n¿¶Ê
�����

ReachableMethods = {m | m ∈ ReachableMethods∧declaringClass(m) ∈
CreateableClassess}
öÛµO·¦½nÄOÄÇÈ<ÚL���L�

ReachableMethods
¾�½�ÈÌÓ/»�Ã�¿É»\Á�¶5º	ºkÓ�¶>½nµO·

ICG2 ⊆ ICG1
Ú
ICG2 =

{mmain,M
′, E′} Ê	Æ�»�³I»�Ê±�ñ�ûøû���ó§óR
LK M,M~rsrsr� õÀö¨úMù û� u �,w¶ô ù ù� �øöiM¨ù ô õ§ó4ö¨ÿ`�.�2ô ÷�ûøõ5M¨õ§ò¶ò!óìvAù ô õ§ó�MMu_õ`wNEIO$Q,E�Sp ��ó�u_ù���J�ù ö¨õÀõ§ûøõ�ô ýgó��.û

java.*
ö!ý.þ

sun.*

<öM��	¨öMw!ûøõ�ö!ÿ§û#��ò¶ý.õÀô þ2ûøÿ§ûøþ�öM
p
<ùZô �¬ö»ó4ô ò�ý(�¬ù ö!õ§õ§ûøõ"
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• M ′ ⊆M,M ′ =
���L�

ReachableMethods

• E′ ⊆ E,E′ = {(msrc,mtgt) | mtgt ∈
�����

ReachableMethods}

• mmain
µ¡¿À¶£Æ�»�»\·k¶5³ÉÈ¢¼xºHµ¡·k¶	µ¡·k¶5º(¶£Æ�»�¹\½nÄOÄ�¸k³£½F¼¦Æ

{gH6)�@8%�)�F</A>D= >�3���)�@8@fói+2)6�L� S %U/8@ABU/8='C
O Ã�³Ö½F¼:¼�³Iº<½n¹£Æ�¸kµrÏH»\¿1Ã:¿Ö½ó³I»�½n¿ÉºH·�½FÓ�ÄrÈ ½F¹\¹�Ã�³£½�¶5»Ù¹@½nÄOÄ,¸k³£½F¼�Æ ÏH»�³ÉÈ�¹£Æ:»@½F¼�ÄrÈHÎåDÆ�»»BÒ�»\¹�Ã�¶5µOºH·î¶£µO¾(»�µO¿�ºHÍ ¶5Æ:»�ºk³5Á�»\³�ºHÍ N ùkù1¾�µOÄ¡ÄOµ¡¿É»\¹BºH·�Á:¿�Ú~Ífºk³y½FÄ¡Ä3»BÏk½nÄOÃ¦½@¶5»\ÁÙ¼�³Iºk¸k³£½n¾�¿�Ú½n·:Áá¾�½n·kÈÖ¿I¼�Ã�³5µOºHÃ:¿	»\Á:¸k»\¿,½F³I»P³I»@¾(º@ÏH»\ÁÖÓHÈwûÛåU���xÍfºk³	¶£Æ�»

run()
¾(»B¶£Æ:ºUÁÖ¼¦½F³É¶,ºHÍ¶£Æ�»

Runnable
µ¡·k¶5»�³£Ís½n¹B»(ûÛåU� ³I»\¾�º@Ïk»@¿,½F¼:¼:³Iº@Ò:µO¾�½@¶5»\ÄrÈ Qnù�¹�Äf½n¿I¿I»\¿7Í�³IºH¾ ¶5Æ:»(çH½�Ïk½¿É¶£½n·�Á�½F³5ÁyÄ¡µrÓ�³£½F³ÉÈP¶5Æ¦½�¶ ½nÄO¿Éº�µ¡¾(¼�ÄO»\¾(»@·k¶

Runnable
Ó�Ã�¶�½�³5»�·:ºn¶-µ¡·:¿�¶>½n·k¶£µf½�¶I»@ÁyÓHÈP¶5Æ:»çH½\Ïn½�½F¼�¼�ÄOµ¡¹\½�¶£µrºH·Ö½n¿À¶£Æ�»�È1½�³5»�¿É¼x»\¹\µrß�¹,¶5º(¶£Æ�»�¿É¶>½n·:Á�½F³5ÁÜÄ¡µrÓ:³>½F³ÉÈÜ¹�Ä¡½n¿5¿É»\¿\Î

�À¶�½�Æ�µr¸HÆáÄO»BÏH»\Ä~ºHÃ�³ÌÁ�»\¿5µr¸H·áÍ�ºk³,¹\½nÄ¡ÄÔ¸k³>½�¼¦ÆwÓ�Ã:µ¡ÄOÁ:µ¡·�¸1µO¿	¶£Æ:»(¿5½n¾(»�½n¿,µO·´ô<ºUºF¶@Ú/Óxºn¶£Æ½F¼:¼�³Iº<½F¹>Æ�»\¿yÃ:¿É»�¶ªÊÀºw¼¦½n¿5¿É»\¿\ÚÔ¶£Æ�»�ß:³5¿É¶P¼x½n¿I¿�¼:³Iº�Á:Ã�¹B»\¿y½Ö¹£Æ:»@½F¼æÓ�Ã�¶yµ¡¾(¼:³5»\¹�µO¿I»Ð¹\½nÄOÄ¸k³£½F¼�Æ´½F·�Áw¶£Æ�»�¿I»\¹BºH·:Áî¼¦½n¿I¿,³I»\ß�·�»\¿,¶£Æ�»(³I»@¿IÃ:Är¶�ºHÍ3¶£Æ�»(ß:³£¿�¶�ÓHÈÙ½F¼:¼:³Iº@Ò:µO¾�½@¶£µ¡·�¸¢¶£Æ�»¼xºHµ¡·k¶£¿�ÑV¶5º�µ¡·:Ífºk³5¾�½�¶£µrºH·ÜÍfºk³R³I»\Íf»�³5»\·:¹B»@¿�Î
åDÆ�»�µ¡¾(¼:³Iº�Ïk»\¾�»\·k¶	µO·¢»BÒ�»\¹�ÃU¶£µOºk·¢¶5µ¡¾(»�µO¿�Óx»@¹\½nÃ:¿É»ÌºHÍ�¶ªÊÀº(³I»�½F¿IºH·:¿�Î-åDÆ�»�Á�ºH¾�µ¡·�½�¶£µO·:¸ºH·�»�Ífºk³R¿I¾�½nÄOÄ�ç<½�Ïk½�½F¼:¼�Ä¡µO¹\½�¶£µrºH·�¿Dµ¡¿R½FÓ�¿É¶5³£½n¹>¶£µrºH·¢ºHÍ�¶£Æ�»�¹\½nÄOÄ�¸k³£½F¼¦ÆÐ¶5º�Á�µO¿I³I»�¸<½F³5ÁÐ¶£Æ�»¿É¶£½n·�Á�½F³5ÁæÄOµOÓ:³£½F³ÉÈ<ÎwåDÆ�»Ð¿I»\¹BºH·:Á�ÚÛµ¡¿�¶5Æ:»ÐÃ:¿I»�ºHÍDûÛåU��¶£Æ�½�¶(Ã:¿I»\¿y½n·

O(n)
ÚÔÊ	Æ:»�³I»

nµ¡¿,¶£Æ�»�·UÃ:¾PÓx»�³�ºkÍÀ¿�¶>½�¶5»\¾(»@·k¶£¿Ìµ¡·á¶£Æ�»Ð½F¼:¼�Ä¡µO¹\½�¶£µrºH·�Ú~½nÄr¸kºk³5µr¶£Æ:¾ ½n·:Áá¶5ºÜ¸k»B¶y½Ü¹Bº<½F³5¿É»¸k³£½nµ¡·�»\Á�ÚkÈH»B¶ ¿5Ã�Â�¹�µO»\·H¶5ÄrÈ�Ã:¿É»@Í�Ã:Ä¦½F¼:¼:³Iº@Ò:µO¾�½�¶5µOºH·(ºHÍ�¶£Æ�»D¼xºHµO·H¶£¿�ÑV¶5ºP½n·�½nÄÇÈ:¿Iµ¡¿Û¶5ºÌ³I»\¿IºHÄÇÏH»Ï:µr³É¶£Ã�½nÄ�¾(»�¶£Æ�º�ÁÜ¹\½nÄOÄ¡¿�Î

��),@§@fór+2),�U�úÓ +2)7H�1�+2G�)�@�$�F.+2)�F.1"C,-
åDÆ�»ÐÁ¦½�¶£½Xm:º@Ê×Á�µ¡½F¸k³£½n¾ öÛµr¸HÃ�³I»rQ�ÎÇøÜ¿5Æ�º@Ê	¿�¶£Æ�½�¶�¶£Æ�»Ð¹\½nÄ¡Ä-¸k³£½F¼�ÆæµO¿yÃ:¿É»@Á´ÓHÈÙ»�Ïk»�³IÈ¹BºH¾�¼xºH·�»\·H¶�µO·á¶£Æ�»(¶5ºUºHÄ-½n·:Áá¶£Æ�»�³I»@Ífºk³I»�½¢¸k»\·�»�³£µO¹�¹\½nÄ¡ÄÛ¸k³£½F¼�Æá¶5³£½�ÏH»�³5¿5½nÄ3¹�ºk¾�¼xºH·�»\·H¶¿5Æ�ºHÃ:ÄOÁ©Óx»áµ¡·k¶5³Iº�Á:Ã:¹�»\Á ¶5º ½�ÏHºkµ¡Á Á:Ã�¼�Ä¡µO¹@½�¶5µOºH·âºHÍ�¹Bº�Á�»áµ¡· ¶£Æ�»wºn¶£Æ�»\³Ð¹�ºH¾(¼xºH·�»\·H¶£¿�ÎåDÆ�»\³I»P½F³I»�¶5Æ:³I»�»�¼/ºk¿5¿IµOÓ�µ¡ÄOµr¶5µO»\¿	Í�ºk³7½(¸k»\·�»\³5µO¹�¹\½nÄ¡Ä�¸k³£½F¼�Æ¢¶5³£½�ÏH»�³5¿5½nÄ*¿É¶I³£½�¶5»�¸nÈ<Ú�·¦½F¾�»\ÄrÈHÚ¿5µO¾(¼¦Är»7µÇ¶5»�³>½@¶£µOºH· K ½nÄO³I»@½nÁUÈ�½�Ïk½nµ¡Ä¡½FÓ�ÄO»7µO·¢ôUº<ºn¶xL>Ú<Ó:³I»@½nÁ�¶5Æ�ß�³5¿�¶�½n·:Á�Á�»�¼:¶£ÆUÑtß:³5¿É¶ ¶5³£½�ÏH»�³ÉÑ¿£½FÄ¡¿�Î
ö�³IºH¾ ½Æm:º@ÊDÑªµO·:¿I»\·:¿5µÇ¶£µÇÏH»�½n·�Áî¹BºH·H¶I»�Ò<¶IÑpµ¡·:¿É»@·:¿Iµr¶£µÇÏH»�¼x»�³5¿I¼x»\¹>¶£µrÏk»�½nÄOÄÛ¶5Æ:»�½FÓxº@ÏH»�¾(»\·UÑ¶£µrºH·:»\Á(¿É¶5³£½�¶I»\¸Hµr»\¿-½F³I»�»@Ý<Ã:µrÏk½nÄr»\·H¶-Ó¦ÃU¶ Á�»�¼�¶£Æ�Ñtß:³5¿�¶3¶5³£½�ÏH»�³5¿£½FÄ:Æ�½n¿-½,Ã�¿É»\Í�Ã�Ä�¼:³Iºk¼x»�³É¶ªÈ�½�¶·�º�»BÒU¶5³£½�¹BºH¿�¶,µO·w¹BºH¾(¼�ÄO»BÒ:µÇ¶ªÈHÎc�	¿7Á�»�¼:¶5Æ�Ñtß:³5¿É¶R¶5³£½�ÏH»�³5¿£½nÄ*¾�µ¡¾�µ¡¹�¿D¶£Æ�»�»BÒ�»\¹�ÃU¶£µOºH·1ºHÍ3½¿I»\Ý<Ã�»@·k¶£µ¡½nÄ�¼:³Iºk¸k³£½n¾ÜÚ�ºH·:»�¾�½�ÈÜÃ:¿É»�µÇ¶,½n·:Á1¿�¶>½n¹5Å¢¹\½nÄOÄ¡µO·:¸�¹BºH·k¶5»BÒU¶5¿RÁ:Ã:³5µO·�¸�¶5³£½�ÏH»�³5¿5½nÄVÎ
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åDÆ:µ¡¿�¾�½\È(Ó/»7Ã:¿I»\Í�Ã:ÄxÍfºk³�½�¹BºH·k¶5»BÒU¶�¿É»\·:¿5µÇ¶£µrÏk»Ì½n·�½nÄÇÈ:¿Iµ¡¿ ºk³ÀÍfºk³�ºkÓ�¶>½nµO·:µ¡·�¸y¿É¶£½n¹£Åy¶5³£½n¹B»\¿\Ú»kÎ ¸�Î¡Ú�¼x½@¶£Æ�¿DÄr»�½FÁ�µO·�¸�¶5º�¾(»\¾�ºn³IÈÜ½n¹�¹B»\¿5¿É»\¿\Î
åDÆ�»Ð¹\½nÄ¡Ä-¸k³£½F¼�ÆÙ¶I³>½�Ïk»�³£¿5½nÄ ¿�¶5³£½�¶5»�¸nÈÙÆ�½n¿�¶ªÊÀºá¾�½nµO·´³I»\¿I¼xºH·:¿IµOÓ�µ¡ÄOµr¶5µO»\¿�ÎÖö~µO³5¿�¶@ÚÔ¶5º1¶5³£½�ÑÏH»�³5¿É»D¶£Æ:»	¹\½nÄOÄ�¸k³£½F¼�Æ�Á:»�¼�¶£Æ�ß:³£¿�¶À½n·�Á�Åk»�»�¼¢½7¶5³£½n¹£ÅyºHÍ¦¶£Æ�»	¹@½FÄ¡ÄOµ¡·�¸P¹BºH·H¶5»BÒ<¶£¿\Î-ô<»@¹BºH·:Á�Ú¶5ºw½nÄOÄOº@Ê�½Ü¹�Ä¡µr»@·k¶y¹Bº�Á�»�¶5ºw½n·�½nÄrÈUË�»�¶£Æ�»�¹\Ã�³I³I»\·H¶P¾�»B¶£Æ�º�ÁîÓx»\µ¡·�¸(¥.¦ £!¦8ª4¡ ¤ Îz��¸k»\·:»�³5µ¡¹¿�¶5³£½�¶5»�¸nÈ�¿I»�¼¦½F³£½�¶£µ¡·�¸P¶5³£½�ÏH»�³5¿5½nÄ/Íf³5ºk¾�¾(»B¶£Æ�º�Á�Ï�µO¿5µÇ¶£µ¡·�¸�µO¿D½n¹£Æ�µr»BÏH»\ÁÐÓ<ÈÐÃ:¿5µO·�¸y¶£Æ�»Ì÷*µO¿ÉÑ¶5»\·�»�³D¼¦½�¶I¶5»�³5·áÝ Qnù<ßtÚ�Ê	Æ�»�³I»�½y¹�Ä¡µr»\·H¶DºHÍ�¶£Æ�»�¹\½nÄ¡Ä/¸k³£½F¼�Æ�¶5³£½�ÏH»�³5¿£½nÄ/µ¡¿e�»�7¢s¢ ¡ ¤ �»�7�x(Ê	Æ:»\·½(¾(»�¶5Æ:ºUÁÜµ¡¿�Ï�µ¡¿IµÇ¶5»\Á�Ú¦½n·:Á1¾�½�ÈÜ½n·�½nÄrÈUË\»,¶£Æ�»�¾(»�¶5Æ:ºUÁ1½n¿D³I»\Ý<Ã�µr³I»@Á�Î
åDÆ�»y¼¦¿É»\Ã:Á:º¢¹�ºUÁ:»yÍ�ºk³7¶5Æ:»(¹\½nÄOÄ~¸k³£½F¼�ÆÖ¶5³£½�ÏH»�³5¿5½nÄ~¿É¶5³£½�¶I»\¸nÈÖµ¡¿7¸HµÇÏH»\·îµO·á�	ÄO¸kºk³5µÇ¶£Æ:¾�¿ N½n·:Áwø�Ê
9i@AC�>�+</ F<�'& I H'/AG./ F Ñ 17F2�'>�B'G K

mainMethod
L

seenMethods := seenMethods ∪mainMethod� Ã:¿5Æ
mainMethod

ºH·k¶5º
callerStackÜ	ºn¶£µOÍfÈÜÄOµ¡¿�¶5»\·�»\³5¿�Óx»@Ífºk³I»�¹@½FÄ¡ÄBU> ý /AG./ F Ñ 17F2�'>�BUG K

mainMethod
L

seenMethods := seenMethods \mainMethodÜ	ºn¶£µOÍfÈÜÄOµ¡¿�¶5»\·�»\³5¿R½nÍf¶I»\³R¹\½nÄOÄ�~ºk¼
callerStack

åDÆ�»Ð¼�¿É»\Ã�Á�ºá¹Bº�Á�»Ð³I»\Ý<Ã�µr³I»\¿yÍ�Ã:³É¶5Æ:»�³P»\Äf½�Ó/ºn³>½�¶5µOºH·�ÎwåDÆ�»¢½nÄO¸nºk³5µr¶£Æ:¾ µO¿yµO¾�¼�Är»@¾(»\·H¶5»\ÁÃ:¿5µO·�¸y¶5º�Í�Ã:·�¹>¶£µrºH·:¿ H�/AG./ F Ñ 1�F<��>�BUG ½yÁ�³5µrÏk»\³DÍ�Ã�·:¹>¶£µOºk·�Ú�½n·:Á BU> ý /AG./ F Ñ 17F2�'>�BUG ¶£Æ�»Í�Ã�·:¹>¶£µrºH·w¶£Æ�½�¶�µ¡¾(¼�ÄO»\¾(»@·k¶£¿	¶£Æ:»�½n¹>¶£Ã�½nÄÛÁ�»�¼:¶5Æáß:³£¿�¶,¶5³£½�ÏH»�³5¿5½nÄVÎeÜ	ºn¶5µ¡¹B»y¶£Æ�½�¶�µO·áÓxºn¶£Æ¾(»B¶£Æ:ºUÁ�¿�¶£Æ�»�¾(»�¶5Æ:ºUÁÐ¶5º(Óx»,Ï�µ¡¿Iµr¶5»\ÁÜµO¿�¼¦Ã:¿IÆ:»\Á¢ºH·k¶5ºy¶£Æ:»
callerStack

ÚUÊ	Æ:µ¡¹£Æ1¾�½nµO·�Ñ¶>½nµO·:¿�¶£Æ�»�¹\Ã�³I³I»\·H¶	¹\½nÄOÄ�¹�ºH·k¶5»BÒ<¶@Î
9i@AC�>�+</ F<�'& R BU> ý /AG./ F Ñ 17F2�'>�BUG K

currentMethod
LÜ	ºn¶£µOÍfÈÜÄOµ¡¿�¶5»\·�»\³5¿Dµ¡·1¾(»B¶£Æ�º�Á�Î34>D+z)�@8@ ÕÖ»B¶£Æ�º�Á:¿

callee
¹@½FÄ¡Är»@ÁÜÓHÈ

currentMethod/A3
callee ∈ seenMethodsÜ	ºF¶£µ¡Í¡ÈÜÄOµ¡¿�¶£·�»\³5¿Dµ¡·1ÕÖ»B¶£Æ�º�Á���µO·�Á:µO¹@½�¶I»�¾�»B¶£Æ�º�Á¢³I»\¹�Ã�³£¿IµÇÏH»\ÄrÈÜ¹\½nÄ¡Är»\Á

seenMethods := seenMethod ∪ callee� Ã:¿5Æ
callee

ºH·k¶5º
callerStackÜ	ºn¶£µOÍfÈ¢Ä¡µO¿É¶I»@·�»�³5¿DÓx»\Ífºk³I»�¹\½nÄ¡ÄBU> ý /AG./ F Ñ 17F2�'>�BUG K
callee

L
seenMethods := seenMethods \ calleeÜ	ºn¶£µOÍfÈ¢Ä¡µO¿É¶I»@·�»�³5¿	½nÍ¡¶5»�³R¹@½FÄ¡Ä�~ºk¼

callerStack

åDÆ�»D¾�»B¶£Æ�º�ÁyÄ¡µO¿É¶5»\·�»�³5¿ ½F³I»D¹\½nÄOÄO»\Á�½�¶3¶5Æ:³I»�»DÁ:µ¡¿�¶£µ¡·:¹>¶-¼xºHµO·H¶£¿3Ífºk³3»@½n¹£Æ�¾(»B¶£Æ�º�Á:¿\Î~åDÆ�»\¿I»½F³I»�Ê
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öÛµO¸kÃ:³I» Q�Îzú�ÊDô<ºH¾(»�»BÒ�½n¾(¼�ÄO»\¿RºHÍ3ÄrºUºk¼�¿	µ¡·Ü¶£Æ�»P¹@½nÄOÄ*¸k³£½F¼�ÆÖÁ:Ã:»�¶5º�³I»\¹�Ã�³£¿IµÇÏH»PÍsÃ:·:¹>¶£µOºH·¹\½nÄ¡ÄO¿�¶£Æ�½�¶7½F³I»�Á�»�¶5»\¹>¶5»\Á¢Ó<ÈÐ¶£Æ�»�¹@½FÄ¡Ä�¸k³£½F¼�ÆÐ¶5³£½�ÏH»�³5¿£½nÄ�½nÄO¸kºk³5µÇ¶£Æ:¾

• ��¡8Ì¶©M«»¡,¶£Æ�»�¾�»B¶£Æ�º�ÁÜµO¿R¹\½nÄ¡Är»\ÁÆ²pÜ	ºn¶5µ¡Í¡ÈÜÄ¡µO¿É¶I»@·�»�³5¿DÓx»\Ífºk³5»�¹\½nÄOÄVÎ
• �  1¶£Æ:»�¾(»�¶5Æ:ºUÁÜ¹@½nÄOÄD²pÜ	ºF¶£µ¡Í¡ÈÜÄOµ¡¿�¶5»\·:»�³5¿RµO·1¾(»B¶£Æ�º�Á�Î
• ��Ì�ª4¡�«y¾(»B¶£Æ�º�ÁÜ¹\½nÄ¡ÄD²�Ü	ºn¶£µOÍfÈÜÄOµ¡¿�¶5»\·�»\³5¿R½nÍ¡¶5»�³	¾(»B¶£Æ�º�ÁÜ¹\½nÄ¡ÄXÎ

Ü	ºn¶£µO¹B»�¶£Æ�½�¶�µ¡·îÓxºn¶£Æá¶£Æ�»�¾(»B¶£Æ�º�Á:¿\Ú H�/AG./ F21�B Ñ 17F2�'>�BUG ½n·:Á B'> ý /AG./ F21�B Ñ 1�F<��>�BUG¶£Æ�»�¾�»B¶£Æ�º�Á�¶£Æ¦½@¶ÛÊ	µOÄ¡Ä<Óx»ÀÏ�µ¡¿Iµr¶I»@Áyµ¡¿~¼�Ã:¿5Æ�»\Áyºk·H¶5º	¶£Æ�»
callerStack

�»¡8Ì¶©M«»¡�¶5Æ:»�Ò�Ü	ºn¶5µ¡Í¡ÈÓx»\Í�ºk³I»�¹\½nÄOÄhÛ�½n·�Áá¼xºk¼:¼x»\ÁÙÍf³IºH¾ä¶5Æ:»�¿�¶>½n¹5Å��øÌ�ª4¡�«�¶£Æ�»eÒ�Ü	ºn¶£µOÍfÈî½nÍ¡¶5»�³�¹\½nÄ¡ÄXÎ Û åDÆ:µO¿�µO¿�½Á�»@¿IµO¸k·´Á:»\¹�µ¡¿IµOºk·æ¿Éº1¶5Æ¦½�¶�¶£Æ�»�¾(»B¶£Æ:ºUÁî¶IºÖÓx»�Ï:µO¿Iµr¶5»\Á�Ú~¹\Ã�³I³I»\·H¶£ÄÇÈÙÓx»\µO·:¸ÜÏ:µO¿5µÇ¶5»\Á�Ú3½n·:ÁÏ:µO¿Iµr¶5»\Á1µO¿	½nÄÇÊR½�È�¿DºH·Ð¶5ºk¼ÜºHÍ*¶5Æ:»�¹\½nÄ¡Är»�³	¿�¶>½n¹5Å/Î
åDÆ�»

seenMethods
¿É»B¶-µO¿3Ã:¿É»@Á�¶5º7¶I³£½n¹£ÅP½n·:Á(½\ÏkºHµ¡Áyµ¡·�ß�·:µr¶5»�ÄOºUºk¼�µO·:¸ÌÁ:Ã�³5µ¡·�¸7¶5³£½�ÏH»�³5¿5½nÄÁ:Ã:»w¶5º ¹BÈ�¹�ÄO»\¿ÜµO·©¶£Æ�»Ù¹\½nÄOÄ7¸k³£½F¼¦Æ�Î åDÆ�»Ù¾(»B¶£Æ�º�Áâ¶5ºñÓx»áÏ�µ¡¿IµÇ¶5»\Á µO¿1½nÁ:Á�»\Á©¶5ºó¶£Æ�»

seenMethods
¿É»B¶1Óx»\Ífºk³I»Ùµr¶1µ¡¿ÐÏ�µ¡¿Iµr¶5»\Á ½n·:Á ³I»@¾(º@ÏH»\Á�Íf³IºH¾ µr¶w½FÍf¶5»�³Üµr¶ÖÆ�½n¿¢Óx»�»\·Ï:µO¿Iµr¶5»\Á�ÎÛûD»@¾(º@Ï:µO·�¸	¶£Æ:»À¾�»B¶£Æ�º�Á�¸HÃ�½F³£½n·k¶5»�»@¿*¶£Æ�½�¶~¶£Æ�»�¹BºH·k¶5»\·H¶£¿ÔºHÍ�¶£Æ�»

seenMethods½F³I»�¿É¼x»@¹�µrß¦¹ ¶Iº7¶£Æ�»�¹\½nÄOÄU¼¦½�¶£Æ�¶>½FÅk»\·PÓHÈ(½R¼¦½F³É¶£µ¡¹�Ã:Äf½F³Û¾�»B¶£Æ�º�Á�ºH·:ÄrÈHÎÛöÛµr¸HÃ�³I»�Q�Îzú�Ún¿5Æ�º@Ê	¿¿Iºk¾�»�¼xºH¿I¿5µrÓ�ÄO»�ÄOºUºn¼¦¿�¶£Æ�½�¶7¾�½�ÈÜºU¹�¹\Ã�³	µ¡·¢¶£Æ:»�¹\½nÄOÄ�¸k³>½�¼¦Æ��:¶£Æ�»\¿I»P½F³I»y½FÄ¡Ä*Á�»B¶5»\¹>¶5»@ÁÜÓ<ÈÃ:¿5µO·:¸(¶5Æ:»
seenMethods

¿I»B¶@Î

_f��� �`_ ce3À-2gf6�� G�).9<%ú4À/�)RE:6?+.6
åDÆ�»(ÄOºU¹£ÅU¿ÉÑpÆ�»\Ä¡Áî½n·�½nÄrÈ�¿5µO¿,¿5Æ�ºHÃ:Ä¡Áî½F·�¿�ÊÀ»�³7¶£Æ�»(ÝUÃ�»\¿�¶£µOºH·rÒª²�Æ�½�¶�Ärº�¹5Å�¿Ì½F³I»yÆ:»\ÄOÁîÍfºk³Ì½¼¦½F³É¶£µ¡¹�Ã:Äf½F³R¿�¶>½�¶5»\¾(»@·k¶R»BÒU»\¹\ÃU¶5»\ÁÜÓHÈ1½P¶£Æ�³I»�½FÁDÎ!ÛÜåDÆ:»�³I»\Í�ºn³5»�µÇ¶7µO¿	½(¾�½F¼�Ê
locksHeldAnalysis1 : (stmt× thread× context) m−→ lock

Ñ G�1�F
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ôUµ¡·:¹B»�ÊÀ»�¹BºH·:¿5µOÁ:»�³~ºH·:ÄrÈPÄO»BÒ�µ¡¹\½nÄOÄrÈ<Ñp¿5¹Bºk¼x»\Á(Ärº�¹5Å�µO·:¸	Ï:µ¡½R¶£Æ�»

synchronized
Ån»BÈUÊÀºk³5Á¶£Æ�»PÄrº�¹5Å�¿	Æ�»\Ä¡Áw½�¶7½�¼¦½F³É¶£µO¹�Ã�Ä¡½F³7¿�¶>½�¶5»\¾(»@·k¶,½�³5»�µ¡·:Á�»�¼x»@·:Á�»\·H¶7ºHÍ*¶£Æ�»�¶£Æ�³I»�½FÁw½n·:ÁÜ¶£Æ�»¹BºH·k¶5»�Ò<¶7½n·:Á¢ÊÀ»�¾�½�È¢¿5µO¾(¼¦ÄOµ¡Í¡ÈÐ¶£Æ�»�¾�½F¼¢¶5º,Ê

locksHeldAnalysis2 : stmt
m−→ lock

Ñ G�17F
åDÆ�»�Ís½n¹>¶�¶£Æ�½�¶

locksHeldAnalysis2
µO¿�Åk»BÈk»@ÁÙºk·

stmt
¿É»�»\¾�¿,¶5ºÖ¿IÃ�¸k¸k»\¿É¶Ì¶£Æ�½�¶y½nÄOÄ¶£Æ�³I»@½nÁ�¿	»BÒ�»\¹�Ã�¶5µ¡·�¸

stmt
Æ�ºHÄOÁw¶5Æ:»y¿£½n¾(»(Ärº�¹5Å�¿,µO·î½nÄ¡Ä~¹BºH·k¶5»�Ò<¶£¿�ÎÌè3ÏH»�³ÉÈ1¶£Æ:³I»@½nÁw»BÒU»BÑ¹�ÃU¶£µ¡·�¸

stmt
½n¹�ÝUÃ:µr³5»\¿�½ÌÄOº�¹5ÅPÏ�µf½,¶£Æ�»R¿£½n¾(»R¿ÉÈ�·H¶£½n¹B¶5µ¡¹D»\Är»@¾(»\·H¶@ÚH»kÎ ¸�ÎOÚU½,Ïn½F³5µf½FÓ�ÄO»kÚHß�»\ÄOÁºk³�¶£Æ�»

this
³I»@Íf»�³I»@·:¹B»kÎ-åÔº�Á�»B¶5»�³5¾�µO·:»Ì»BÒ:½n¹>¶£ÄrÈÐÊ	Æ:µO¹>Æ(©��d�.¡»��ªA£7¶£Æ�»�Ärº�¹5Å�¿DÆ¦½�Ïk»�Óx»�»\·½n¹�Ý<Ã�µr³I»@ÁÖÍ�ºk³\Ú¦ºH·�»P¾yÃ:¿É¶,½n¿ÉÅ¢¶£Æ�»�¼xºHµ¡·k¶£¿ÉÑV¶5ºÐ½n·�½nÄrÈ�¿5µO¿,½n·:Á1¶5Æ:»�³I»\Í�ºn³5»kÚ�¶£Æ�»Pµ¡¾(¼�ÄO»\¾(»@·UÑ¶>½�¶5µOºH·1Ífºk³

locks
¾PÃ�¿�¶	¹�ºH·k¶>½nµO·w½�¶	ÄO»@½n¿�¶R¶£Æ�»�µ¡·:Í�ºn³£¾�½�¶£µrºH·¢¶£Æ�½�¶7µO¿R³I»\ÝUÃ:µr³I»@ÁÖ½n¿Rµ¡·�¼�Ã�¶¶5º(¶5Æ:»Ì¼xºHµ¡·k¶£¿�Ñt¶Iº�½n·�½nÄrÈ�¿5µO¿\Î

÷�»�Ò�µO¹@½nÄOÄrÈ1¿5¹Bºk¼x»\ÁÖÄrº�¹5Å�µO·:¸�¾�½�ÈÜÓx»PÃ:¿É»@Á1µ¡·Ö¿É»BÏH»�³£½nÄÔÁ:µÕ�/»�³I»\·H¶RÊD½�È:¿�ÎÍ�À¶,½�¾�µ¡·:µO¾yÃ:¾¶£Æ�»,Ärº�¹5Å�¿�ÑpÆ:»\ÄOÁÜ½n·�½nÄÇÈ:¿Iµ¡¿À¿IÆ�ºHÃ:Ä¡ÁÐ¹BºH·:¿5µOÁ�»\³ ¶£Æ�»,¾�ºk¿É¶À¹�ºH¾�¾(ºH·�ºHÍ/¶£Æ�»\¿I»kÚ�·�½n¾(»\ÄrÈHÚ�¿�È:·UÑ¹£Æ:³IºH·:µrË\»\Á�¾(»B¶£Æ:ºUÁ�¿�Ú�Ó�Ärº�¹£ÅU¿~½n·:Á�¾(»B¶£Æ:ºUÁ�¿*µO·HÏkºkÅk»\ÁPÍf³IºH¾ ¿ÉÈ�·�¹£Æ�³IºH·�µrË�»\ÁP¾(»B¶£Æ�º�Á:¿~½F·�ÁÓ�ÄOºU¹£ÅU¿\ÎÖåÔºwÆ�½n·�Á:Är»�¶£Æ�»\¿I»Ð¿Iµr¶5Ã¦½�¶5µOºH·:¿�ÊÀ»�¶I³£½\Ïk»�³5¿I»�¶5Æ:»Ð¾(»�¶5Æ:ºUÁ�¿�µ¡·Ù¶£Æ�»Ð¹@½nÄOÄ ¸k³£½F¼�ÆÁ�»�¼:¶£Æáß:³5¿É¶�¾�½nµO·H¶£½nµ¡·:µ¡·�¸Ö½¢¿�¶>½n¹5ÅwºkÍ
lock
¿ÌÆ�»@ÄOÁ´½�¶Ì»�½n¹£Æî¿É¶£½�¶5»\¾�»\·k¶@ÎyåDÆ:µ¡¿,³5»\Ý<Ã�µr³I»\¿Ã:¿7¶5ºÜ¾�º�Á:µOÍfÈÖ¶£Æ�»�¾�½F¼:¼�µ¡·�¸

locksHeldAnalysis2
¶Iº1Ã:¿É»�½¢¿�¶>½n¹5Åwµ¡·:¿�¶5»�½FÁáºHÍ�½¢¿É»�¶½n¿¶Ê

locksHeldAnalysis3 : stmt
m−→ lock

Ñ G�F2)65<;
è ·k¶5³ÉÈ K »BÒ:µÇ¶xL,Íf³IºH¾ ¿�È:·:¹£Æ:³IºH·:µrË\»\ÁÙ¾�»B¶£Æ�º�Á:¿,ºk³�Ó�ÄOºU¹£ÅU¿�¹\½nÃ:¿É»@¿�½

lock
¶Iº1Óx»�¼�Ã:¿5Æ�»\ÁK ¼xºk¼:¼x»\Á£LRÍf³IºH¾�¶£Æ�»(¿�¶>½n¹5Å/Î	² µÇ¶£Æw»@½n¹>Æá¿�¶>½�¶5»\¾(»@·k¶7ÊÀ»�½n¿I¿IºU¹\µ¡½�¶5»(½�¿5·�½F¼�¿5Æ�ºn¶,ºHÍÛ¶£Æ�»¹�Ã�³5³I»\·k¶

lock
¿É¶£½n¹£ÅxÎ

Ñ 1"&E>�+.-�2iG�)6CD1 Ð ��F</8&E/8Ï7)"F</A>D=
åDÆ�»îÄOºU¹£ÅU¿�ÑªÆ�»\Ä¡Á�½n·¦½FÄrÈ�¿5µO¿ÐºHÃU¶£Ä¡µO·:»\Á�½FÓxº@ÏH»á³I»\ÝUÃ:µO³I»\¿

O(n)
¿�¶>½n¹5Å�¿�ÚDÊ	Æ�»�³I»

n
µO¿�¶£Æ:»·<Ã�¾�Óx»�³ÀºHÍ�¿É¶£½�¶5»\¾�»\·k¶£¿�µ¡·�¶£Æ:»,½F¼:¼¦ÄOµ¡¹\½�¶£µrºH·�Óx»\µ¡·�¸(½n·¦½FÄrÈUË\»\Á�Î õÀÄO»@½F³5ÄÇÈ

n
Ê	µOÄ¡Ä¦Óx»7Äf½F³I¸k»Ífºk³ ³I»@½nÄx½�¼�¼�ÄOµ¡¹\½�¶£µrºH·�¿3Ê	Æ:µ¡Är»R¶£Æ�»	¿IµOË�»RºHÍ¦¶£Æ:»	¿�¶>½n¹5Å(¿5Æ�ºHÃ:Ä¡Á(¶ªÈ�¼�µO¹@½FÄ¡ÄÇÈ�Óx»7Är»\¿5¿3¶£Æ�½n·(¶5»\·�ÎåDÆ�»�³5»\Ífºk³I»kÚkÊÀ»,½@¶I¶5»\¾�¼�¶-¶Iº�³I»\Á:Ã�¹B»

n
½n·:Á�µ¡Íx³I»\ÝUÃ:µr³5»\Á(¶£Æ�»	·<Ã�¾�Óx»�³ ºHÍ/¿�¶>½n¹5Å�¿ ¹B³I»@½�¶5»\Á�Î

åÔº�³I»\Á:Ã�¹B»Ì¶£Æ�»�¾(»\¾�ºn³IÈÐ³I»\ÝUÃ:µr³5»\¾(»\·H¶@Ú�ÊÀ»�ºkÓ�¿É»�³IÏk»Ì¶£Æ�½�¶	·�ºn¶7½nÄ¡Ä�¿�¶>½�¶5»\¾(»@·k¶£¿�³I»\ÝUÃ:µr³5»Ã:¿	¶5ºÐÅU·�º@Ê ¶£Æ�»yÄrº�¹£ÅU¿,Æ�»@ÄOÁî½�¶7¶5Æ:»P¼¦½F³É¶£µ¡¹�Ã:Äf½�³Ì¿�¶>½�¶5»\¾(»@·k¶@ÚxºH·:ÄrÈ1¶5Æ:ºH¿É»�¶£Æ�½�¶Ì¹BºH·H¶£½nµ¡·ß:»\Ä¡ÁÖ³5»\Íf»�³I»@·:¹B»\¿\Î��7Är¶5Æ:ºHÃ�¸HÆ1¶5³£½n¹5ÅUµ¡·�¸ÐºH·�ÄÇÈÖß:»\Ä¡ÁÖ³I»@Íf»�³I»@·:¹B»yµ¡¿7¿É¶£µOÄ¡Ä
O(n)

µ¡·w¾(»@¾(ºk³ÉÈ³I»\ÝUÃ:µr³5»\¾(»\·H¶£¿ � Úk¶5Æ:»	½n¹>¶£Ã�½nÄ�¾(»\¾�ºk³ÉÈy³I»\ÝUÃ:µr³I»@Á�µO¿-³I»\Á:Ã�¹B»\Á�ÓHÈ�½ÌÍX½F¹B¶Iºk³ ºkÍ
0.80
Ífºk³3¶£Æ:»»BÏk½nÄOÃ¦½@¶5»@Á1¼:³Iºk¸k³£½n¾�¿\Úx½n¿D¶£Æ�»P·<Ã�¾�Óx»\³	ºkÍ3¿�¶>½�¶5»\¾(»\·H¶£¿�Ê	µr¶5ÆÖß:»\Ä¡Á1³I»\Í�»�³I»\·:¹�»\¿	µ¡·Ü¶£Æ�»\¿I»¼:³Iºk¸k³£½n¾�¿R½�ÏH»�³£½F¸k»\¿	½�¶7øFùLVÐÎ

� ² ÷�ûøÿìtgõ8ó4ö»óÀû"u û¬ý�ó'ô ýgó��.û�
2ÿ§òxw!ÿÀö�uj�¬ö!ý(��ò�ý�ó4ö!ôZý�ö5�<û¬ù þ�ÿ§û$�Õû�ÿ§û¬ý��øû�
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void f() {
for (...) {

new Thread().start();
}

}

öÛµO¸HÃ�³I»�Q�ÎZY"Ê-ÕwÃ:Är¶£µr¼�ÄO»Ì¶£Æ�³I»�½FÁ�¿D¿�¶>½F³É¶5»\ÁÜµ¡·Ö½yÄOºUºk¼ÜÓHÈ1½(¿5µO·:¸kÄO»�¿�¶>½�¶5»\¾(»\·H¶
void f() {

new Thread().start();

}

void g() {
f();

}

void h() {
for (...) {

f();
}

}

öÛµO¸kÃ:³I»XQ�Î l ÊÐÕáÃ:ÄÇ¶£µO¼�Är»¢¶£Æ�³5»@½nÁ:¿P¶£Æ�½�¶�¾�½�ÈæÓx»1¿�¶>½F³É¶5»\ÁóÓHÈ ½á¿Iµ¡·�¸HÄr»1¿�¶>½�¶5»\¾�»\·k¶�µO· ½¾(»�¶£Æ�º�ÁÜ¹\½nÄOÄO»\Á1µO·Ö½(ÄOº<ºk¼

åÔº,³I»\Á�Ã:¹B»À¶£Æ�»D·<Ã�¾�Óx»�³3ºkÍ¦¿É¶>½n¹5ÅU¿3¹B³5»@½�¶I»@Á�ÊÀ»D¹BºHÃ:Ä¡Á(Ã:¿I»�¶£Æ�»DöÛÄrÈ<ÊÀ»\µO¸HÆk¶-ºk³��-³Iºn¶5ºn¶ªÈU¼x»¼¦½�¶I¶5»�³5·�Ý Qnù<ßtÚ<Ó�Ã�¶�½n¿3¶£Æ�»7¿IµOË�»	ºHÍ¦¶£Æ�»7¿É¶£½n¹£ÅU¿�µO¿�¿I¾�½nÄOÄVÚ<µr¶Àµ¡¿-ºH·:ÄrÈ�½�¾�½F³I¸Hµ¡·�½nÄ:³I»@Á:Ã:¹>¶£µOºH·µ¡· ¾(»\¾�ºk³ÉÈñ½�¶�½nÁ:Á:»\Á ¹BºH¿�¶�ºHÍ	µ¡¾(¼�ÄO»\¾(»@·k¶>½�¶£µrºH· ¹BºH¾(¼�ÄO»BÒ:µÇ¶ªÈ ½n·�Á ·�ºn¶�Á�ºH·�»1µ¡·ó¶£Æ�»¹�Ã:³I³I»\·H¶DÏk»�³5¿5µrºH·ÜºHÍ�¶£Æ�»Ì¶5º<ºHÄVÎ

_f��� �O� m¡[7=?Gs/�9(6b/�479ÍiÏG�Ao3�=�EY%j-0-0GH6�6�G�6
Ó���+21")6Búçc/8=�BL/8=�C
²´»á³I»\ÝUÃ:µr³I»w¶5ºóß�·:Áâ¶£Æ�»w¶£Æ�³I»@½nÁ�¿�¶£Æ�½�¶Ü¾�½�ÈâÓx»á¿É¶£½F³É¶5»\Á µO·â¶£Æ�»ÙçH½�Ïk½ó½F¼:¼�Ä¡µO¹@½@¶£µOºH·½n·:Áî¶£Æ�»�¾�»\¾(ºk³ÉÈÙ½n¹�¹�»\¿I¿I»\¿�Í�ºk³�»@½n¹£ÆÙºHÍ ¶£Æ�»\¿É»�¶£Æ�³I»@½nÁ:¿\Î�Ø�·î¸k»\·:»�³£½nÄÛ¶5Æ:»�·UÃ:¾�Ó/»�³�ºHÍ¶£Æ�³I»�½FÁ�¿Ì¹B³I»@½�¶5»\ÁÙ½n·�Áî¿�¶>½F³É¶5»\Áîµ¡¿,Óxºn¶£Æî¹BºH·k¶5»BÒU¶P½F·�Á m:º@Ê ¿I»\·:¿5µÇ¶£µÇÏH»kÚÔ½n¿Ì¹@½n·áÓx»�¿I»�»\·Íf³5ºk¾»BÒ:½n¾�¼�Är»@¿DµO·1÷*µ¡¿�¶£µ¡·�¸zQ�ÎhY(½n·:ÁXQ�Î l Î
Ø�·´÷*µO¿É¶£µO·�¸�Q�ÎhY�ÊÀ»�¿É»\»(¶£Æ�½�¶�¾yÃ:Är¶5µO¼�ÄO»(¶£Æ�³5»@½nÁ:¿�½F³I»�¿É¶>½�³I¶I»@ÁÙ½�¶�¶£Æ�»�¿£½n¾(»�¿�¶>½�¶5»\¾(»@·k¶½n·:ÁÜºH·�»�¾yÃ:¿�¶R¼x»\³5Ífºk³5¾ ½ m:º@Ê ¿I»\·:¿5µÇ¶£µrÏk»P½n·�½nÄrÈ�¿5µO¿�¶Iº�Á�»B¶5»\¹>¶D¶£Æ�»@¾ÜÎ
÷ÔµO¿�¶£µ¡·�¸iQ�Î l ¿IÆ�º@Ê	¿R¶£Æ�½�¶,¾yÃ:Är¶£µr¼�ÄO»�¶£Æ�³I»@½nÁ�¿e½:� ¾ Óx»y¿�¶>½F³É¶5»\Áá½�¶	¶£Æ�»y¿5½n¾(»y¿�¶>½�¶5»\¾(»@·k¶½n·:Á¢¶5º�Á�»B¶5»\¹>¶D¶£Æ:»\¾�ºH·�»�¾PÃ:¿É¶D¼/»�³5Ífºk³5¾ ½ m:º�Ê ½n·:ÁÜ¹�ºk·H¶5»BÒ<¶IÑp¿I»\·:¿5µÇ¶£µÇÏH»P½n·�½nÄrÈ�¿Iµ¡¿�Î
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öÛµO·�Á:µO·:¸y¶£Æ�³I»�½FÁ�¿�Ã:¿Iµ¡·�¸�½y¹BºH·k¶5»�Ò<¶R¿É»\·�¿Iµr¶5µrÏH»�½n·:ÁÆm�º@Ê ¿É»\·�¿IµÇ¶£µrÏk»�½n·�½nÄÇÈ:¿Iµ¡¿�µ¡¿�¹BºH¾�¼�Är»�Ò½n·:Á�ºH·:ÄrÈÌÓx»\·�»�ß¦¹�µ¡½nÄ<µOÍ<¶£Æ�» ¼xºHµ¡·k¶£¿�ÑV¶5º7½n·¦½FÄrÈ�¿5µO¿Ôµ¡¿~½FÄ¡¿Éº	Óxºn¶5Æ�¹BºH·k¶5»BÒU¶Û½n·:Á�m:º@Êñ¿É»\·�¿Iµr¶5µrÏH»½n¿ »BÏH»�³ÉÈ�¶5Æ:³I»@½nÁ�µ¡¿À½nÄO¿Iºy½n·�ºkÓ6oª»@¹>¶�µO·�¶£Æ�»Ì½F¼:¼�Ä¡µO¹\½�¶£µOºk·�Î3åDÆ�»�³5»\Ífºk³I»kÚHÊ�»7Ã:¿É»Ì½�¹BºH·H¶5»BÒ<¶½n·:Áám:º�Ê µ¡·:¿É»\·�¿Iµr¶5µrÏH»�½F¼:¼�³Iº<½n¹£Æá¶5ºÜß�·�Áá¶£Æ�³I»@½nÁ�¿Ìµ¡·á¶£Æ�»�¼:³Iºk¸k³£½n¾ ½F¿5¿IÃ�¾�µO·:¸¢¶£Æ�½�¶P½¿�¶>½�¶5»\¾(»@·k¶RºkÍ*¶£Æ�»�Í�ºHÄOÄOº@Ê	µO·�¸�¶ªÈ�¼x»�µ¡Á�»\·k¶£µOß:»\¿	½Æ£!¦A "¼�¢¡Ì¶5Æ:³I»@½nÁ�Ê
<thread-subtype-reference>.start();

åDÆ�»DµO¾�¼�ÄOµ¡¹\½�¶£µrºH·yºHÍ�¶£Æ�»R½FÓxº@ÏH»D½n¿I¿IÃ�¾(¼�¶£µOºH·yµO¿~¶£Æ�½�¶ÛÊÀ»D½F³I»�Ã�·�½FÓ�ÄO»�¶5ºÌÁ�»�¶5»\¹>¶Û¶£Æ�»�¹@½F¿I»Ê	Æ�»\·(¾yÃ:ÄÇ¶£µO¼�Är»À¶£Æ�³5»@½nÁ:¿-½F³I»�¿�¶>½F³É¶5»\ÁyÓHÈ(½7¿5µO·�¸HÄO»D¿�¶>½�¶5»\¾(»\·H¶@Ún»kÎ ¸:Î¡ÚF¶£Æ�»D¿�¶>½�¶5»\¾(»@·k¶-µO¿3µO·½�ÄrºUºk¼�ºk³ ¶£Æ�»7µ¡·kÏHºkÅn»\ÁÐµ¡·�¾�½n·kÈ�Á�µÕ�x»�³5»\·k¶�¹�ºk·H¶5»BÒ<¶£¿\ÎÛåÔºyÆ�½n·:Á�Är»	¶£Æ�»7¿Iµr¶£Ã�½�¶£µrºH·�Ê	Æ�»\³I»¾PÃ�ÄÇ¶£µO¼�Är»w¶5Æ:³I»@½nÁ:¿¢½F³I»á¿�¶>½F³É¶5»\Á ½�¶�¶£Æ�»á¿£½n¾(»á¿�¶>½�¶I»@¾(»\·H¶@ÚÀÊÀ»á¹BºHÃ:Ä¡Á©¾�½FÅn»î½n·âº@ÏH»�³½F¼:¼:³Iº�Ò�µO¾�½�¶£µrºH·î¶5Æ¦½�¶r��¢s¢�¿É¶>½@¶5»\¾�»\·k¶£¿ÌÊ	Æ�»�³I»Ð½Ð¶£Æ�³I»�½FÁ´µ¡¿�¿�¶>½F³É¶5»\ÁÙµ¡Á�»\·H¶£µOÍ¡È´¾yÃ:ÄÇ¶£µO¼�ÄO»¶£Æ�³I»@½nÁ�¿�Î7à	º@ÊÀ»BÏH»�³\Úx¶£Æ�»yÃ�¿É»\ÍsÃ:ÄO·:»\¿I¿7ºHÍ~¶£Æ�µO¿	º@ÏH»�³�½F¼:¼:³Iº@Ò:µO¾�½@¶£µOºH·wÍfºk³7³£½n¹�»yÁ�»B¶5»\¹B¶5µOºH·Á�»�¼/»\·:Á:¿PºH·´Ê	Æ�»B¶£Æ�»�³PÊÀ»¢¹\½n·óÁ:µO¿É¶£µO·�¸HÃ:µ¡¿IÆ ½F·�Áæµ¡Á�»\·H¶£µOÍfÈÙ¶£Æ�»ÐºkÓ�o�»\¹>¶£¿�¶£Æ�½�¶(¾�½�È´Óx»½n¹�¹B»\¿5¿É»@Á¢ÓHÈÐ¶£Æ�»�Á:µ�x»�³I»\·H¶D¶£Æ�³I»@½nÁ�¿�Î
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" A�ÿÀô uÍô ó4ô ÷¶ûïóOt�
�ûøõ:�¬ö!ýÆò�ý2ù tÆúMûñ�øÿ§û¬ö»óÀû�þiò�ýÆóR�.û�õ§ó4öM�5	Æö!ý.þ��øö�ýrý.ò¨ó�úMû�õR�<ö¨ÿ§û�þiúxtÆþ<ô �7ûøÿ8û¬ý�óó��.ÿ§ûøö!þ2õ$
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class Foo {

public Object run(Object formalParam) {
Integer retVal;
System.out.println("Thanks for " + formalParam);

if (true) {
/** 3: */ retVal = new Integer(0);

}
else {

retVal = formalParam;
}

return retVal;
}

public static void main(String args[]) {
/** 1: */Foo foo = new Foo();

/** 2: */Object actualParam = new Object();

Object value = foo.run(aParam);
}

}
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h.f
Ñp·�º�Á�»\¿7Ä¡½FË\µ¡ÄÇÈ<Ú�¶£Æ�»Pß:³5¿É¶	¶5µ¡¾(»y½n·Ö»\Är»@¾(»\·H¶7¸n»�¶£¿7½nÁ:Á�»\Á1¶5º�¶£Æ�»\µO³	¼xºHµ¡·k¶£¿�ÑV¶5ºÐ¿I»B¶£¿7½n¿µ¡·XÝ Q7Y.ßtÎ��

v
Ñp·:ºUÁ:»RÁ�ºU»\¿ ·�ºn¶�¹BºH·k¶>½nµ¡·�½nÄ¡Ä�¶£Æ�»Dß:»@ÄOÁ:¿-ºHÍ¦¶£Æ�»�¶ªÈ�¼x»Rµr¶ ³I»�¼:³5»\¿É»\·H¶£¿�Ú<µO·�¿�¶5»@½nÁ¶£Æ�»	ß�»\ÄOÁ�¿ ¼¦½F³É¶ÀºkÍ*½

v
Ñp·�º�Á�»Ì½F³I»7½nÄ¡Ä:¶£Æ�»R¶£Æ:ºk¿I»R¶£Æ�½�¶Àµr¶ÀÆ¦½F¿�Óx»�»\·Ð½n¿5¿IµO¸H·�»\Á�Íf³IºH¾1ÎÛåDÆ:µ¡¿³I»\Á�Ã:¹B»\¿7¶£Æ�»�½n¾(ºHÃ:·H¶,ºHÍ µÇ¶5»�³£½�¶£µOºk·�¿,µ¡·áÄ¡µO·:» N QÐºkÍ3¶£Æ�»y¼�³Iºk¼¦½F¸<½�¶Iºk³�½nÄr¸kºk³5µr¶£Æ:¾ÜÚ*½n¿Ì½nÄOÄß:»@ÄOÁ:¿DºHÍ~¹B³I»@½�¶5»\Á

v
Ñª·�º�Á�»\¿	½F³I»�·�ºn¶	¹BºH·:¿5µOÁ�»\³I»\Á�Ú:ºH·:ÄrÈÐ¶£Æ�ºH¿É»�µO·HÏkºHÄrÏk»\ÁÖµO·1Á�½�¶>½ m:º@Ê�Î
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_f��� �`½ ÷ø+,479*+,4:@Ë�d/#-0GoTU35479*+R1X+�3 4:6
ûD»@¹\½nÄOÄ�¶£Æ�½�¶-¶£Æ�»	·�»\¹�»\¿I¿£½F³ÉÈ(¹�ºH·:Á:µr¶5µOºH·:¿ Ífºk³�½,³>½F¹�»R¹BºH·�Á:µÇ¶£µOºH·�Ífºk³ µ¡·kÏHºHÄÇÏ:µO·�¸�¶ªÊ�º�¾(»\¾yÑºk³ÉÈ1½F¹\¹B»\¿I¿I»\¿R½F³I»7Ê

• åDÆ�»Ì¶ªÊÀº(¶£Æ�³I»@½nÁ�¿R½n¹�¹B»\¿5¿À¶£Æ�»�¿5½n¾(»�¾�»\¾(ºk³ÉÈ¢ÄOºU¹@½�¶5µOºH·�Î

• åDÆ�»Ì¶£Æ�³I»@½nÁ:¿RÆ�ºHÄOÁ1·�º�¹�ºk¾�¾(ºH·ÜÄrº�¹5Å�¿�Î

• �À¶	Är»@½n¿É¶RºH·�»ÌºHÍ*¶£Æ�»�¾�»\¾(ºk³ÉÈÜ½n¹�¹B»@¿I¿É»@¿DµO¿	½PÊR³5µr¶5»kÎ
²�µr¶£Æ�¶£Æ�»	¶£Æ�³5»@½nÁ¢½n·:Á�¶£Æ�³I»�½FÁ¢¾(»\¾�ºn³IÈ<Ñª½n¹�¹B»@¿I¿�ß�·:Á:µ¡·�¸�Ú:Ärº�¹5Å�¿�ÑpÆ�»@ÄOÁÜ½n·�½nÄÇÈ:¿Iµ¡¿�½n·�Á�¶£Æ�»¼xºHµO·H¶£¿�ÑV¶5º�½n·�½nÄÇÈ:¿Iµ¡¿�ÚFÊÀ»�Æ¦½�Ïk»À¶£Æ�»�µO·�Íf³£½n¿�¶5³5Ã�¹>¶£Ã�³I»D½�Ïk½nµOÄf½FÓ�Är»À¶5ºÌÁ�»B¶5»\¹>¶3³£½n¹B»�¹BºH·�Á:µÇ¶£µOºH·:¿¶�¶£Æ:µ¡¿Dµ¡¿DÁ:ºH·�»�Ã�¿IµO·:¸:�7Är¸kºk³5µr¶5Æ�¾é[�Î
9i@AC�>�+</ F<�'&wv û7½n¹B»Põ�ºH·:Á�µÇ¶£µrºH·1öÛµO·:Á�µO·�¸O,K J ÖX0 2 Ó

thread
Ñ G�1�F Ú

pointsToAnalysis
Ú
locksHeldAnalysis{`K

threadPairs = {(t1, t2) | (t1, t2) ∈ thread Ñ G�17F × thread Ñ G�1�F ∧ t1 6= t2}QIK 34>�+Æ),@8@
(t1, t2) ∈ threadPairsSPK

rw = {(r1, w2) | ∀field ∈ (t1.readMap.keys ∩ t2.writeMap.keys) ·
(r1, w2) ∈ (t1.readMap(field)× t2.writeMap(field))}C`K 34>�+z)�@8@

(r1, w2) ∈ rw�IK /A3
mayAlias(r1, w2) ∧ noCommonLockAt(r1, w2)�`K ³I»�¼xºk³É¶R³£½n¹B»�¹BºH·:Á:µr¶£µrºH·Ö½�¶

(r1, w2)� K
ww = {(w1, w2) | ∀field ∈ (t1.writeMap.keys ∩ t2.writeMap.keys) ·
(w1, w2) ∈ (t1.writeMap(field)× t2.writeMap(field))}� K 34>�+z)�@8@

(w1, w2) ∈ wwO$EIK /A3
mayAlias(w1, w2) ∧ noCommonLockAt(w1, w2)ONO,K ³I»�¼xºk³É¶R³£½n¹B»�¹BºH·:Á:µr¶£µrºH·Ö½�¶

(w1, w2)

�7Är¸kºk³5µr¶5Æ�¾ [Ðµ¡¿,½�¿�¶5³£½nµO¸HÆk¶IÑpÍfºk³ÉÊR½�³£ÁÖµ¡¾(¼�ÄO»\¾(»@·k¶>½�¶£µrºH·�Ú/¹>Æ�»\¹£ÅUµ¡·�¸�¶£Æ�»y·:»\¹B»\¿5¿5½F³ÉÈÖ¹�ºH·UÑÁ:µr¶£µrºH·:¿�Ífºk³À³£½n¹B»,¹BºH·:Á�µÇ¶£µOºk·�¿¶�
threadPairs

µ¡¿�½P¿É»�¶ÀºHÍÔ½FÄ¡Ä/Á:µO¿É¶£µO·:¹B¶À¶5Æ:³I»@½nÁ:¿ÀÍ�ºkÃ�·:Á�Ó<ÈºHÃ�³�¶£Æ�³I»@½nÁÙß�·�Á:µ¡·�¸w¹BºH¾(¼xºH·�»@·k¶@ÎÐö�ºk³�»@½n¹£ÆÙ¼x½FµO³�ºHÍ ¶£Æ�³I»@½nÁ�¿�Ú*ÊÀ»�ß�·�Áî¶£Æ�»�¿Iµ¡¾PÃ�ÄÇ¶>½�Ñ·�»�ºHÃ�¿$#�³I»@½nÁUÑVÊR³£µÇ¶5»Ð½n·:ÁîÊR³£µÇ¶5»BÑVÊR³5µr¶5»�¶5º1¶5Æ:»�¿£½F¾�»�¾�»\¾(ºk³ÉÈÙÄOºU¹@½�¶5µOºH·�ÚÛ½1¹\Ä¡½n¿I¿�ß:»\Ä¡Á�Ú½n·:ÁÙ¹>Æ�»\¹5Åîµ¡Í-¶£Æ�»�³5»\Íf»�³I»@·:¹B»\¿�µO·HÏkºHÄrÏk»\Á´¾�½�ÈáÓx»�½nÄOµf½n¿É»\¿\Î�Ø�Í�¿Éº�Ú~½n·:Áá¶£Æ�»(¶£Æ�³5»@½nÁ:¿�Á�º·�ºn¶�Æ:ºkÄ¡Á ½á¹BºH¾�¾�ºH·ñÄrº�¹5Å/Ú�½á³£½n¹B»Ü¹�ºH·:Á:µr¶5µOºH· µO¿(³I»�¼xºk³É¶5»@Á�ÎóåDÆ�»
mayAlias()

½n·:Á
noCommonLockAt()

Í�Ã:·�¹>¶£µrºH·:¿DÃ�¿É»7¶£Æ:»,¼xºHµ¡·k¶£¿ÉÑV¶5º�½n·¦½nÄÇÈ�¿5µO¿R½n·�Á¢ÄOºU¹£ÅU¿ÉÑpÆ�»\Ä¡Á1½n·�½nÄÇÈUÑ¿Iµ¡¿¶��¶£Æ�»@µr³Rµ¡¾(¼�ÄO»\¾(»@·k¶>½�¶£µrºH·Üµ¡¿R·�ºn¶R¿5Æ�º@Ê	·1Æ�»�³I»kÎ
+ q ù ù�u_û$u_ò!ÿìt�öM�$�øû�õÀõ§ûøõ�ú�tgþ<ô ��ûøÿ§û¬ý!ó�ó��.ÿ§ûøö!þ2õ�ö¨ÿ§û�ö¨õ§õ4üpu ûøþgóÀòÍúMû�õÀô u ü2ù ó4ö!ý.ûøò�ü.õ"
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class SharedCounter implements Runnable {
private final int MAX_COUNT = 500;
private int counter;

void inc(int i) {
this.counter++; // this.pointsTo_h = {H[1], H[2]}

}

void dec() {
this.counter--; // this.pointsTo_h = {H[1], H[2]}

}

int get() {
return this.counter; // this.pointsTo_h = {H[1], H[2]}

}

public void run() {
while (true)

if (get() > MAX_COUNT)
dec();

else
inc(1);

}
}

class Runner {
public static void main(String[] args) {

/* 1: */ SharedCounter scOne = new SharedCounter(); //H[1] allocation site
/* 2: */ SharedCounter scTwo = new SharedCounter(); //H[2] allocation site

/* 3: */ Thread threadOne = new Thread();
/* 4: */ Thread threadTwo = new Thread();

/* 5: */ threadOne.start();
/* 6: */ threadTwo.start();

}
}

öÛµr¸HÃ�³I»�Q�Î N ø"ÊÛØ�¾(¼�³I»\¹�µ¡¿IµOºk·ÜºHÍÔ¹�ºk·H¶5»BÒ<¶7µO·:¿I»\·:¿5µÇ¶£µrÏk»�¼xºHµ¡·k¶£¿�ÑV¶5º�½n·�½nÄrÈ�¿Iµ¡¿
_f��� ��Á ò�A &(=?GH-s+.6?+�354Y3�3�TU354�1�Gs¨ 1�l�ò�4:6�G	4:6?+�1X+RÚ�Gå%¿4:/�)RE:6?+.6
åDÆ�»P³£½n¹�»P¹BºH·�Á:µÇ¶£µOºH·Öß�·:Á:µ¡·�¸Ü½nÄr¸kºk³5µr¶5Æ�¾�Á�»\¼x»\·:Á�¿	ºH·Ü¶£Æ�»P¼xºHµ¡·k¶£¿ÉÑV¶5º¢½n·�½nÄÇÈ:¿Iµ¡¿7Ífºk³,Á�»BÑ¶5»�³5¾�µO·:µ¡·�¸áµOÍD½1¹�ºH¾�¾(ºH·ÙºkÓ6o�»\¹>¶yµ¡¿y½n¹�¹B»\¿5¿É»\Áó½n·:Áæµ¡ÍD½1¹BºH¾�¾(ºH·´Ärº�¹5Å´µO¿PÆ�»@ÄOÁ�ÎÖåDÆ�»¼:³5»\¹�µO¿5µrºH·ÜºHÍ�¶£Æ�»Ì¶5º<ºHÄVÚ�»@¿É¼x»\¹\µ¡½nÄ¡ÄÇÈÐ¶£Æ:»�Ís½nÄ¡¿É»Ì¼/ºk¿5µÇ¶£µrÏk»@¿�³5»�¼xºk³É¶5»\Á�Ú�Á�»�¼x»@·:ÁÜºH·Ð¶£Æ�»Ì¼�³I»BÑ¹�µ¡¿IµOºH·yºHÍ¦ºHÃ�³-¼xºHµO·H¶5¿ÉÑV¶5º�½n·�½nÄÇÈ:¿Iµ¡¿�ÎÛåDÆ:»�¼xºHµ¡·k¶£¿�Ñt¶Iº�½n·¦½nÄÇÈ�¿5µO¿ µO¿-¹BºH·k¶5»BÒU¶ µ¡·:¿É»\·�¿Iµr¶5µrÏH»	½n·:ÁÓ¦½n¿5µO¹�ºkÓ�o�»\¹>¶-ºk³5µO»\·k¶5»@Á(Íf»�½@¶£Ã:³I»\¿ ½F·�Áy¼:³5ºn¸k³£½n¾�¾�µ¡·�¸ÌµOÁ�µrºH¾�¿ÛÊ	µOÄ¡Ä:¹\½nÃ:¿I»À¶£Æ�»RµÇ¶-¼:³5ºUÁ�Ã:¹B»µ¡¾(¼:³I»@¹�µO¿I»Ì³I»\¿5Ã:Är¶5¿\Î
õ�ºH·:¿5µOÁ�»\³	¶£Æ�»P»BÒ�½n¾(¼�ÄO»yµ¡·w÷ÔµO¿É¶5µ¡·�¸iQ�Î N øyÊ	Æ:»�³I»�ÊÀ»(Æ�½�ÏH»�¶ªÊÀº¢µ¡·:¿�¶>½n·:¹�»\¿	ºHÍÛ¶5Æ:»y¹�Äf½F¿5¿
SharedCounter

³5Ã:·:·:µ¡·�¸�µ¡·ÜÁ:µO¿É¶£µO·:¹B¶�¶£Æ:³I»@½nÁ:¿R½n·:ÁÐ¶£Æ�»�³5»\Ífºk³I»�·�º�³£½n¹B»�¹BºH·:Á�µÇ¶£µrºH·�¿�Î
�×¹�ºk·H¶5»BÒ<¶IÑpµ¡·:¿I»\·:¿5µÇ¶£µÇÏH»�¼/ºkµ¡·k¶£¿ÉÑV¶5ºw½n·�½nÄÇÈ:¿Iµ¡¿�¾(»�³5¸n»@¿�½nÄ¡Ä-µO·�Ífºk³5¾�½�¶£µOºH·á¶£Æ�½�¶em:º�Ê	¿�µO·H¶Iº¶£Æ�»

this
³I»\Íf»�³5»\·:¹B»ÌÍ�ºn³Dµ¡·:¿�¶>½n·:¹B»Ì¾�»B¶£Æ�º�Á:¿�ºHÍ

SharedCounter
Î3åDÆ�»,³£½n¹B»Ì¹BºH·:Á�µÇÑ
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¶£µrºH·Öß�·:Á�µO·�¸Ü½nÄr¸kºk³5µr¶£Æ:¾Ê	µ¡ÄOÄ ¦s D�¨©M«!«»¡»��ª§¢ ¾ Á:»B¶5»�³5¾�µ¡·�»�¶£Æ¦½@¶	¶£Æ:»PÆ�»�½F¼ÖºkÓ6oª»@¹>¶£¿	¹B³5»@½�¶5»\Á½�¶	Ärº�¹\½�¶£µrºH· N ½F·�ÁÖøy¾�½�ÈÐÓx»P½n¹�¹B»\¿5¿É»\Á1¹BºH·:¹�Ã:³I³I»\·H¶5ÄrÈHÎ
ò7¿É»�ºHÍÀµO·:Æ:»�³5µr¶£½n·�¹B»�¾�½�È´½nÄ¡¿ÉºwÄr»@½nÁî¶5ºÖµ¡¾(¼:³I»@¹�µO¿5µrºH·æ½n¿Ì¶£Æ�»�ß:»\Ä¡Á:¿�ºkÍ ¶£Æ:»�Óx½n¿É»�¹�Ä¡½n¿5¿½F³I»Pµ¡·:Æ�»�³5µr¶5»\Á1Ó<ÈÖ½nÄ¡Ä�¶£Æ:»PÁ�»�³5µrÏk»@ÁÖ¹\Ä¡½n¿I¿I»\¿�Î	õ�ºH·k¶>½nµ¡·�»�³7¹�Äf½n¿I¿I»\¿�Ú¦»kÎ ¸�Î¡Ú

HashTable
ºk³

Vector
ÚH¹BºH¾�¾(ºH·�ÄÇÈ(Ã:¿É»\Á�µ¡·�çH½�Ïk½7Ê	µOÄ¡Ä�½nÄO¿Iº�Är»�½nÁy¶Iº�µO¾(¼�³I»\¹�µ¡¿É»D³I»\¿5Ã:ÄÇ¶£¿ ½n¿ ½nÄOÄ�ºkÓ6oª»@¹>¶£¿¹BºH·k¶>½nµ¡·�»\Á1µO·Ö½n·kÈÜ¹�ºk·H¶>½nµO·�»\³R¹�Äf½n¿I¿ÀÊ	µ¡ÄOÄ�Ó/»�¾�»�³I¸k»\ÁÜÁ:Ã�»Ì¶5º�¹BºH·H¶I»�Ò<¶	µ¡·:¿É»\·�¿Iµr¶5µrÏ�µr¶ªÈHÎ

è�½F³5ÄÇÈw»BÒU¼/»�³5µO¾�»\·k¶£¿7Ê	µÇ¶£ÆÖ¶£Æ:»P¶5º<ºHÄÛÁ�»\¾�ºk·�¿�¶5³£½�¶5»\ÁÖ¶£Æ�»(·:»�»\ÁáÍ�ºk³Ì¹BºH·k¶5»�Ò<¶IÑp¿É»@·:¿Iµr¶£µÇÏ:µÇ¶ªÈµO·P¶£Æ�»�¼xºHµO·H¶£¿�ÑV¶5º�½n·�½nÄÇÈ:¿Iµ¡¿�Î~Ø�·:Á�»\»\Á�ÚF¶£Æ�µO¿3µO¿3¹BºH·�ß�³5¾(»\ÁPÓ<È�¶£Æ�»À³5»\¿IÃ:Är¶£¿~ºHÍ'Ý WFù<ß¦½n·:ÁiÝ øFù<ß4�ÝZWFù2ß�¹\Ä¡½nµ¡¾�¶5Æ¦½�¶D¹BºH·k¶5»�Ò<¶IÑp¿É»@·:¿Iµr¶£µÇÏ:µÇ¶ªÈ¢µO¿�µ¡¾(¼x»\³£½�¶5µrÏH»ÌµO·�¶£Æ�»\µO³D¿�¶>½�¶£µO¹Ì½n·�½nÄÇÈ:¿Iµ¡¿�¶5ºUºHÄ�½F·�ÁÝzøFù2ßpÚUÊ	Æ�º(Ã:¿I»�½P¹BºH·k¶5»BÒU¶IÑpµO·�¿É»\·�¿IµÇ¶£µrÏk»Ì¼xºHµO·H¶£¿�ÑV¶5º�½n·�½nÄrÈ�¿5µO¿�Ú:Æ¦½�Ïk»�½yÄ¡½F³I¸k»ÌÍs½nÄO¿I»,¼xºH¿Iµr¶5µrÏH»³£½�¶5»kÚ W l Y1¼xºn¶I»@·k¶£µ¡½nÄÀÁ�½�¶>½Ö³£½n¹B»\¿(Ífºk³�½Ö¼�³Iºk¸k³£½n¾ Ê	µr¶£Æ�\�\nùáÆ�»�½�¼ ½n¹�¹B»@¿I¿É»@¿�Ú-·�ºH·�»¢ºHÍÊ	Æ:µ¡¹£ÆÖ½F³I»�½n¹>¶£Ã�½nÄ�Á�½�¶>½y³£½n¹B»\¿\Î

_f��� �7� ò�A &*)�G�AoG�4�12+,4À@ÛTU35451�G^¨f1¿CfG�476?+R1X+RÚ7+R1FE
åDÆ�»á¾�½nµ¡·âÁ�»@¿IµO¸k·â¸kº<½nÄDÊ	Æ:µOÄO»áµO¾�¼�Är»@¾(»\·H¶5µ¡·�¸ó¹�ºk·H¶5»BÒ<¶Ü¿É»\·�¿IµÇ¶£µrÏ�µr¶ªÈâµO¿�¶5ºæ³I»@Ã:¿É»Ö¶£Æ�»»BÒ:µO¿�¶£µ¡·�¸�¹�ºk·H¶5»BÒ<¶IÑpµ¡·:¿I»\·:¿Iµr¶£µÇÏH»Ì¼xºHµO·H¶5¿ÉÑV¶5º�½n·¦½nÄÇÈ�¿5µO¿DµO¾�¼�Är»@¾(»\·H¶£½�¶£µOºH·Ü½F¿�ÍX½F³R½n¿À¼xºH¿I¿5µrÓ�ÄO»½n·:Á¢¶5Æ:»�³I»\Í�ºn³5»,ÊÀ»�Ã�¿É»�¹\½nÄOÄ�¿Iµr¶5»\¿�¶Iº�Á:µ¡¿�¶£µ¡·�¸HÃ:µ¡¿IÆ¢¶£Æ�»�¹BºH·H¶5»BÒ<¶7Ífºk³R¾(»B¶£Æ�º�ÁÜ¹@½FÄ¡ÄO¿\Î�õ�½nÄOÄ¿Iµr¶5»\¿Ö½nÄOÄOº@Ê Ã�¿¢¶5º ¼:³Iº@Ï:µOÁ�»æ¹BºH·k¶5»BÒU¶Ö¿I»\·:¿5µÇ¶£µÇÏ:µÇ¶ªÈ Ê	µÇ¶£Æ ¾�µO·�ºk³1¾�ºUÁ�µrß�¹@½�¶5µOºH· ¶5ºñ¶£Æ�»¹BºH·:¿É¶5³£½nµO·k¶Rß¦·:Á�»\³	½n·:Á1·�º�¾(º�Á:µOß�¹\½�¶£µOºk·�¿À¶5º(¶£Æ�»�¼:³Iºk¼¦½F¸<½�¶5ºk³\ÎÛØp¶	µ¡¿RµO¾(¼¦Är»\¾�»\·k¶5»\ÁÜÓHÈÃ:¿5µO·�¸(¶ªÊ�º�¾�½F¼:¼�µ¡·�¸H¿¶Ê
(local × context) m−→ v

Ñp·�º�Á�»

(field× context) m−→ v.f
Ñp·:ºUÁ:»

åDÆ�»
context

µ¡¿P½1ÄOµ¡¿�¶PºHÍÀ¹\½nÄ¡ÄÇÑp¿5µÇ¶5»\¿PÄr»@½nÁ�µO·�¸1¶5ºá½Ü¾�»\¾(ºk³ÉÈ´½n¹�¹B»\¿5¿P½n·:Á
local
Ú
fieldµO¿�¶5Æ:»áÄrº�¹\½nÄRÏk½F³5µ¡½FÓ�ÄO»wºk³Ðß:»\Ä¡Á�ÚRµ¡·kÏHºHÄÇÏH»\Á µ¡· ¶£Æ�»á¾�»\¾(ºk³ÉÈ©½n¹�¹B»\¿5¿�Î åDÆ:µO¿¢¾�½F¼:¼¦µO·�¸µO¿yµO·�Á�»�¼x»@·:Á�»\·H¶yºHÍÀ¶5Æ:»Æ���gx ·�º�Á�»\¿�ÚÛ¼:³Iºk¼x½F¸H½�¶5ºk³y½n·�ÁÙ¶£Æ�»Ð¹�ºk·�¿�¶5³£½nµO·H¶yß�·:Á�»\³\ÎwåDÆ�»

context
µO¿�³I»@½nÁ:µ¡ÄÇÈ ½�Ïk½nµOÄf½FÓ�Är»îÁ:Ã�³5µ¡·�¸ñ¹BºH·:¿É¶I³£½nµ¡·k¶Ðß¦·:Á:µ¡·�¸ ½n¿�Ê�»wÃ�¿É»î½´Á�»�¼:¶£ÆUÑtß:³5¿É¶¶5³£½�ÏH»�³5¿5½nÄÛº@ÏH»�³Ì¶£Æ�»�¾(»B¶£Æ�º�Á:¿�¹\½nÄ¡Är»\Á�Îa��¾�»B¶£Æ�º�Áîµ¡·kÏHºU¹@½@¶£µOºH·´½�¶P½¢Á�µO¿É¶5µ¡·:¹>¶P¹\½nÄ¡Ä3¿Iµr¶5»¹\½nÃ:¿I»\¿,½�Íf³I»@¿IÆw¿I»B¶7ºHÍ

v
Ñª·�º�Á�»\¿	¶IºÐÓx»(¹B³I»@½�¶5»\Á�Ú/µ¡·Ö»��x»\¹>¶Ì¹�ÄOºH·:µO·:¸Ð¼¦½F³É¶£¿	ºHÍ~¶£Æ�»¿���gxyÎåDÆ:µ¡¿Ð¹\½n·âÓx»á¿I»�»\·©µ¡·©öÛµr¸HÃ�³5»\¿rQ�Î N Qó½F·�Á Q�Î N [�Î ö~µO¸HÃ�³I»áQ�Î N Q´¹BºH·H¶>½Fµ¡·:¿¢½æ¹BºH·H¶I»�Ò<¶IÑµO·�¿É»\·�¿IµÇ¶£µrÏk»ï���gx Í�ºk³ ¶£Æ�»7Á�½�¶>½�m:º@Ê�µ¡·Ð¾(»B¶£Æ�º�Á

g()
Ê	µÇ¶£Æ¢½�¿IµO·:¸HÄr»,¿IÃ�ÓÐ¸k³£½F¼�Æ�Í�ºk³�½nÄOÄ¹BºH·k¶5»�Ò<¶£¿�ºHÍ*¶£Æ�»�¾�»B¶£Æ�º�Á�Î

öÛµr¸HÃ:³I»zQ�Î N [Ö¿IÆ�º@Ê	¿,¶£Æ�½�¶�¶£Æ�»:���gx×³I»\¼:³I»\¿I»\·k¶£µ¡·�¸Ü¶5Æ:»�Á�½�¶>½Æm:º�Ê µ¡·Ù¾(»�¶5Æ:ºUÁ
g()
µ¡¿¹�ÄOºH·�»\Á1Ífºk³�¶£Æ�»�Á:µ�x»�³I»\·H¶	¹BºH·k¶5»�Ò<¶£¿Dµr¶	µO¿R¹\½nÄ¡Är»@ÁÜµ¡·�Î

²´»ÀºkÓ¦¿É»�³ÉÏH»�¶£Æ�½�¶Û¶£Æ�»�¹\½nÄ¡ÄÇÑp¿5µÇ¶5»R½F¼:¼:³Iº<½n¹£Æ(Ífºk³3¹BºH·H¶I»�Ò<¶-¿É»@·:¿Iµr¶£µÇÏ:µÇ¶ªÈyµO¿3µO·�Íf»�³5µOºk³~¶5º,ºnÓ6o�»\¹>¶
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öÛµO¸HÃ�³I»�Q�Î N Q�Ê����gx Ífºk³	½(¹BºH·k¶5»�Ò<¶IÑpµO·�¿É»\·�¿Iµr¶5µrÏk»y½n·�½nÄÇÈ:¿Iµ¡¿

öÛµr¸HÃ:³I»eQ�Î N [,Ê����gx Í�ºn³7½y¹�ºH·k¶5»BÒU¶ÉÑª¿É»\·:¿5µÇ¶£µrÏk»P½n·�½nÄrÈ�¿5µO¿RÃ:¿5µO·�¸�¹@½nÄOÄ�¿Iµr¶5»\¿
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øUÎ	õ�ºH¾�¾�ºH·¢ÄOºU¹£Å¢Æ�»\Ä¡Á�Î
Q�Î��~ºn¶5»\·k¶£µf½nÄ�³£½n¹B»�¹BºH·:Á�µÇ¶£µrºH·�Î
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------ Begin No Common Object Accessed -----
Field : counter
Declaring Class : SharedCounter
Type of Conflict: Write-Write

Field : counter
Declaring Class : SharedCounter
Type of Conflict: Write-Write

First Thread : SharedCounter.makeAndStartThreads(SharedCounter.java:61)
Objects Accesed:
HNode[2]: SharedCounter (at SharedCounter.makeSrcs(SharedCounter.java:45))
Locks Held :

Second Thread : SharedCounter.makeAndStartThreads(SharedCounter.java:62)
Objects Accesed:
HNode[27]: ThreadRun (at SharedCounter.makeThreadRuns(SharedCounter.java:50))
Locks Held :

Path to access : (Write, counter, SharedCounter.inc(SharedCounter.java:7))
at SharedCounter.inc(SharedCounter.java:7)
at SharedCounter.run(SharedCounter.java:22)
at ThreadRun.run(SharedCounter.java:78)
at SharedCounter.makeAndStartThreads(SharedCounter.java:61)

Path to access : (Write, counter, SharedCounter.inc(SharedCounter.java:7))
at SharedCounter.inc(SharedCounter.java:7)
at SharedCounter.run(SharedCounter.java:22)
at SharedCounter.makeAndStartThreads(SharedCounter.java:62)

--- End No Common Object Accessed ---

öÛµO¸kÃ:³I»eQ�Î N W"Ê ô:½n¾(¼�ÄO»ÌºHÃU¶5¼�Ã�¶	Íf³IºH¾×¶£Æ�»Ì¶IºUºHÄ
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�i�������c��� �

� � ¯ �  ¯ 
��,� �

O ·�»ÌºHÍ�¶£Æ�»Ìß:³5¿É¶À¶>½n¿IÅU¿ÀºHÍ�¶£Æ:µ¡¿À¼�³IºMo�»\¹>¶�ÊD½n¿À»�Ïn½nÄ¡Ã�½�¶£µrºH·¢ºHÍÔ¿ÉºH¾(»,»�Ò�µ¡¿�¶£µO·:¸�¿É¶£½�¶£µ¡¹7³£½n¹B»Á�»�¶I»@¹>¶£µrºH·�¶5ºUºHÄO¿\ÎL�7¿ ¶£Æ�»7³I»\Äf½@¶5»@Á�ÊÀºk³IÅxÚU¼:³I»@¿É»\·H¶5»\ÁÐµO·ÜôU»\¹>¶£µrºH·ÜøUÎhW�¿IÆ:º@Ê	¿�Ú�¿�¶>½�¶£µO¹	³£½n¹B»Á�»�¶I»@¹>¶£µrºH·ÙÆ¦½F¿ÌÓx»\»\·´½n·´½F³I»@½¢ºHÍ�½n¹B¶5µrÏH»�³I»\¿I»@½F³5¹£ÆÙÍfºk³P½Ü·<Ã:¾PÓx»�³�ºHÍ-ÈH»@½F³5¿�½n·:ÁÙ¿ÉºH¾�»¶5ºUºHÄO¿�Æ¦½�Ïk»Ì½nÄr³5»@½nÁUÈ�Óx»�»\·ÐÁ�»BÏH»\ÄOºk¼x»\Á�Î-åDÆ�»�³I»\Í�ºk³I»kÚ<Óx»@Ífºk³I»RÊÀ»,Á�»@¹�µOÁ:»\Á�¶IºPÓ�Ã�µOÄ¡Á¢½�·�»BÊ¶5ºUºHÄ�ÊÀ»ÜÊD½n·k¶5»\Áó¶5ºÙ»BÏk½nÄOÃ¦½�¶I»Ö¿Iºk¾�»1Íf³I»�»@ÄÇÈ ½�Ïk½nµOÄf½FÓ�Är»Ü¶5ºUºHÄO¿�Í�ºk³(¶ªÊÀº´¾�½nµ¡·ñ³I»@½n¿ÉºH·�¿�ÎöÛµO³5¿�¶@Ú�¶5ºÐ½n¿5¿É»\¿5¿�¶£Æ:»P¹\½F¼¦½FÓ�µ¡ÄOµr¶£µr»\¿	ºHÍ~»BÒ:µO¿É¶£µO·�¸�¶IºUºHÄ¡¿7½F·�ÁÖ¿É»\¹�ºH·:Á�Ú�¶5ºÐÁ�»\¹�µ¡Á�»yµOÍÛºH·�»�ºHÍ¶£Æ�»y¶5º<ºHÄ¡¿	ÊR½F¿Ì¿IÃ�µÇ¶>½FÓ�ÄO»�Ífºk³,»�Ò<¶5»\·:¿5µrºH·�ÎPåDÆ�³5»�»(Í�³I»�»\ÄrÈî½�Ïk½nµOÄf½�Ó¦Är»y¶5ºUºHÄO¿7ÊÀ»�³I»�¿É»@Är»\¹B¶I»@ÁÍfºk³Ì»BÏk½nÄOÃ¦½@¶£µOºH·��*»@½n¹£ÆáºH·:»�µO¿�½Ð¿É¶>½�¶5µ¡¹�½F·¦½nÄÇÈ:¿IµO¿,¶IºUºHÄ~Ó¦½n¿É»@ÁwºH·îÁ�µÕ�x»�³I»@·k¶P½F¼:¼:³Iº<½n¹>Æ�»\¿½n·:Á1¹�Ä¡½nµ¡¾�³£½n¹�»�Á�»B¶5»@¹>¶£µrºH·1¹\½F¼¦½FÓ�µ¡ÄOµr¶£µr»\¿\Î
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...

ClassWithRaces cwr = new ClassWithRaces; // Implements java.lang.Runnable

new Thread(cwr).start();
new Thread(cwr).start();

öÛµr¸HÃ:³I»¿[�Î N Ê�õ�º�Á�»�¿I·:µO¼:¼x»�¶�Ífºk³�Á�³£µÇÏH»�³,¶5ºÜ¿É¶>½F³É¶ÌÓx»\·:¹>Æ:¾�½F³IÅÖ¼:³Iºk¸k³£½n¾�Ífºk³�Á�»B¶5»\¹B¶5µ¡·�¸³£½n¹B»�¹BºH·:Á:µr¶£µrºH·:¿

...

ClassWithRaces cwrOne = new ClassWithRaces; // Implements java.lang.Runnable
ClassWithRaces cwrTwo = new ClassWithRaces; // ’’

new Thread(cwrOne).start();
new Thread(cwrTwo).start();

öÛµr¸HÃ:³I»¿[:ÎÇø"ÊÌõ�º�Á�»�¿I·�µr¼:¼/»B¶�Ífºk³�Á�³5µrÏk»�³,¶5ºÜ¿É¶>½F³É¶,Óx»@·:¹£Æ�¾�½F³IÅÖ¼:³Iºk¸k³£½n¾�¶5ºÜÁ�»�¶I»\³5¾�µ¡·�»µOÍ*¶5ºUºHÄ/³I»\¼xºk³É¶£¿DÍs½nÄO¿I»Ì¼/ºk¿5µÇ¶£µrÏk»\¿

ö�ºk³�è-¿5¹�oÉ½�Ïk½Hø7¶£Æ�»	Óx»\·:¹>Æ:¾�½F³IÅ(¼:³5ºn¸k³£½n¾�¿-Æ�½nÁ�¶5º�Óx»7½n·:·:ºn¶£½�¶5»\Á��"�	¼:¼x»\·:Á�µÇÒ:�PÎhYÌ¹BºH·UÑ¶>½nµO·:¿~¶£Æ�»R½F·�·�ºn¶>½�¶I»@Á�ÏH»�³5¿IµOºH·yºHÍ�¶£Æ�»�Óx»\·�¹£Æ:¾�½�³5Å�µ¡·¿�R¼�¼x»\·:Á�µÇÒ �PÎÇøUÎ O ¶£Æ�»\³Û¼:³Iºk¸k³£½n¾�¿½F³I»�½n·:·:ºn¶£½�¶5»\Á1¿IµO¾�µOÄf½F³5ÄÇÈ<Î
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------------------------------------------------------------------------
aaaTestFiles/SimpleRaceCondition.java:13: Warning: Possible race condition (Race)

counter--;
^

Associated declaration is "../aaaTestFiles/SimpleRaceCondition.java", line 5, col
4:

//@monitored_by this;
^

------------------------------------------------------------------------

öÛµO¸HÃ�³I»ï[�ÎZQ�Ê�ô�½n¾(¼�ÄO»ÌºHÃ�¶I¼¦ÃU¶	Ífºk³	½y³£½n¹B»�¹BºH·:Á:µr¶£µrºH·1Á�»B¶5»\¹B¶I»@Á¢Ó<ÈÜè ¿I¹�oÉ½\Ïn½Hø
½n·:·:ºF¶>½�¶£µOºk·�ÎÙØ�· Ís½n¹>¶@Ú ·�ºn¶�½nÁ:Á�µO·:¸´½F· ½n·�·�ºn¶>½�¶5µOºH·ñµO¿�¾PÃ:¹>Æñ¾(ºk³I»Ü¿É»�³£µrºHÃ:¿��ÀÍfºk³y¶£Æ�»¿£½F¾�»Ì¼:³Iºk¸k³£½n¾ÜÚ:·�ºn¶	Á:»\¹�Äf½�³£µO·�¸Ð½n·kÈ1½n·:·�ºn¶>½�¶£µrºH·¢¼�³IºUÁ�Ã:¹B»\¿R·�º(ÊR½�³£·:µO·:¸k¿	½�¶7½nÄOÄVÎ
Ø�·æ»��x»\¹>¶�è ¿I¹�oI½�Ïn½Hø1¸HµrÏk»\¿�½wÃ:¿É»\³(½n·æ»@·:Ífºk³5¹B»�½FÓ�Är»Ü¾(»@½n·:¿�¶5ºá¹@½F¼�¶£Ã�³I»¢Á�»@¿IµO¸k·ñµO·H¶I»@·k¶Ã:¿5µO·:¸´½n·:·�ºn¶>½�¶£µrºH·:¿�Ífºk³�½w¼:³Iºk¸k³£½n¾ã½n·:Áæ¶£Æ�»@·æ¶ªÈ�¼x»Ü¹>Æ�»\¹£Å´¶£Æ�»¢¼:³5ºn¸k³£½n¾ ¶5ºî»\·:¿5Ã�³I»¶£Æ�½�¶	µÇ¶7¹BºH·:Ífºk³5¾�¿À¶5ºy¶£Æ�»P½n·:·:ºF¶>½�¶£µrºH·�¿�Î

�rÂ�� ÂTÈïîUç�Ê�ëïîLç!È�ì�¢2ÈeÅ�u å Ê�å:Ã�È£xiç¶ìÆê È�ÄrÅkÈ;¤kì ã(ÈaÈeÃ
åDÆ�»y¼/º<ºk³,³I»\¿IÃ�ÄÇ¶£¿,Ífºk³,³£½n¹B»(Á�»B¶5»\¹B¶5µOºH·áÍf³IºH¾�çk÷*µ¡·k¶�½n·:ÁáöÛµO·�Á6yÀÃ:¸H¿Ì½n·:ÁáÄ¡µO¾�µÇ¶5»\ÁáÃ:¿I»BÑ½FÓ�µ¡ÄOµr¶ªÈ�ºHÍU¶£Æ�»�³5»\¿IÃ:Är¶£¿~Í�³IºH¾ è-¿5¹�oÉ½�Ïk½Hø�ÊÀ»�³5»À¿IÃ�Â�¹\µr»\·H¶3¾(ºn¶£µÇÏk½�¶£µrºH·�¶Iº,Á�»�Ïk»@Ärºk¼yºHÃ�³~º@Ê	·åÔºUºHÄXÎr�7Íf¶I»\³�»BÏk½nÄOÃ�½�¶£µOºH·ÙºHÍ�¶5Æ:»\¿É»�¶5ºUºHÄO¿�ÊÀ»�Á�»@¹�µOÁ:»\ÁÙ¶£Æ�½�¶�¶£Æ:»�·�»�Ê"¶5ºUºHÄ-Á:»BÏk»@Ärºk¼x»\Á¿5Æ�ºHÃ:ÄOÁÙ³I»�½FÁæ½n·:Áî¼�³IºU¹�»\¿I¿PçH½�Ïk½¢ÓHÈU¶I»�¹Bº�Á�»\¿P½n¿Ìºk¼:¼xºH¿I»\Áá¶5ºÖ¿ÉºHÃ�³£¹B»\¿�Îz�3½F³5¿Iµ¡·�¸1ÓHÈU¶5»¹Bº�Á�»�ÊÀ»DÆ�½�ÏH»	½n·y»BÒU¶I³£½,Äf½�Èk»\³3ºHÍ/½FÓ�¿�¶5³£½n¹>¶£µOºH·(½F¸<½nµ¡·:¿�¶�½n·kÈ(¹£Æ¦½n·�¸k»\¿~¶5º,¶£Æ�»RÄ¡½n·�¸HÃ�½F¸k»\¿\Ú»kÎ ¸�Î¡ÚH¼:³Iºk¸k³£½n¾�¿ÛÊ	µr¶£Æ�¸k»\·:»�³5µO¹\¿ K ¼¦½F³É¶�ºHÍ�çH½\Ïn½ N ÎhWÑL>ÚU½F³I»7½nÃU¶5ºH¾�½�¶£µO¹@½FÄ¡ÄÇÈ�¼:³Iº�¹B»@¿I¿5½FÓ¦Är»7½n¿¸k»\·:»�³5µO¹\¿3½F³I»�·�ºn¶ÛÏ�µ¡¿IµrÓ¦Är»R½�¶~¶£Æ�»ÀÓ<È<¶5»�¹Bº�Á�»DÄr»BÏH»\ÄVÎL�3½F³5¿Iµ¡·�¸,ÓHÈ<¶5»D¹BºUÁ:»�µO¿3½nÄ¡¿Éº,¸k»\·�»\³£½nÄOÄrÈ½n¹�¹B»\¼�¶5»\Á¢¶5º(Óx»�¿Iµ¡¾(¼�ÄO»�³�¶£Æ�½n·ÖçH½�Ïk½(¿ÉºHÃ:³5¹B»\¿\Î
O Ã�³ ½nµO¾ Í�ºn³Û¶£Æ:»D·�»BÊ ¶5ºUºHÄ�µO¿Û¶IºÌÓx»R½�¶ Är»@½n¿É¶ ½n¿Û¼�³I»\¹�µ¡¿É»R½n¿3è ¿5¹�oÉ½�Ïk½Hø7µO·�Á�»B¶5»\¹>¶£µ¡·�¸Ì³£½n¹B»¹BºH·�Á:µÇ¶£µOºH·:¿7½nÄrºH·�¸�Ê	µÇ¶£ÆÜ¶£Æ�»�¼xºH¿I¿5µrÓ�µ¡ÄOµr¶ªÈÜºHÍ~¸HµÇÏ:µO·:¸�¾�ºk³I»�Ã:¿I»\Í�Ã�Ä�ºHÃU¶5¼�ÃU¶@ÚxµXÎ »kÎ¡Ú¦¹BºHÃ�·k¶5»�³»BÒ�½n¾(¼�ÄO»\¿ÔÍfºk³*¶5Æ:» ¹@½nÃ:¿É» ºHÍ:½�³£½n¹B»�¹BºH·:Á�µÇ¶£µOºk·y½F¿�ÊÀ»\Ä¡Ä<¹\½nÃ:¿É»@¿*Í�ºn³*Ê	ÆHÈ�½R¾(»\¾�ºk³ÉÈ�½n¹�¹�»\¿I¿µ¡¿�¹�ºH·:¿Iµ¡Á�»�³I»@ÁÙ¿£½nÍf»�ºk³y½¢³£½n¹B»kÎ�²´»�ÊÀºHÃ:Ä¡ÁÙÄ¡µrÅk»Ð½�¶PÄO»@½n¿�¶�¶£Æ�»�¼:³I»\¹\µO¿IµOºH·ÙºkÍÀè ¿I¹øoÉ½�Ïk½Hø<ÚÓ�Ã�¶ÛÊ	µr¶£Æ�ºHÃU¶ Ã:¿Iµ¡·�¸�½n·:·�ºn¶>½�¶£µrºH·:¿~¶5ºÌ¿I¼x»\¹�µ¡Í¡ÈP¶£Æ�»DÁ�»\¿5µr¸H·(µ¡·k¶5»\·H¶@ÎÔ²´»�Óx»\Ä¡µr»BÏH»À¶£Æ¦½@¶-ºH·:ÄrÈ¶£Æ�»Ì¼x½F³É¶DºHÍ�¶£Æ�»Ì¼�³Iºk¸k³£½n¾�¶£Æ�½�¶	µO¿D¿I»�»\·¢Ó<È�¶£Æ:»�¹BºH¾(¼�µ¡Är»\³D¸HµÇÏH»\¿À¶£Æ:»,¶I³£Ã�»�µO·H¶I»@·k¶£µrºH·ÜºHÍ¶£Æ�»�¼:³Iºk¸k³£½n¾ÜÎ
åDÆ�»1½nÃU¶£Æ�ºk³5¿yºkÍRèÀô:õ�®nçH½�Ïk½ ÝzøM\.ßD¿5Ã�¸k¸k»\¿�¶y¶£Æ�½�¶y¶£Æ�»¢¹BºH¿É¶(ºHÍR½nÁ:Á:µ¡·�¸Ù½n·�·�ºn¶>½�¶5µOºH·:¿yµ¡¿o�Ã�¿�¶£µrß�»\Á©µ¡Í7¶£Æ�»wÓ¦Ã�¸H¿Ð¹\½nÃ�¸HÆk¶ÐÊÀºHÃ:Ä¡Áâ³I»\ÝUÃ:µr³I»w¶£Æ�»á¿5½n¾(»î½n¾(ºHÃ:·H¶ÐºHÍ7¶£µO¾(»Ö¶5ºóß�·:Á�Î²�Æ�µOÄO»�ÊÀ»Ð¹BºH·:¹�Ã:³�Ê	µr¶£Æî¶£Æ:µ¡¿y½F³I¸HÃ:¾(»@·k¶@ÚÔÅ�·�º@Ê	µ¡·�¸î½n·:Áæ¿�¶>½�¶£µO·�¸Ö»�Ò:½n¹>¶£ÄrÈî¶£Æ�»ÐÁ�»\¿5µr¸H·µ¡·k¶5»\·H¶Ôµ¡¿�Á�µrÂ�¹�Ã�ÄÇ¶~Ífºk³*¾�ºk¿É¶�¼�³Iºk¸k³£½n¾�¿¶�n½À¼x»�³£Íf»\¹>¶Ô»BÒ:½n¾(¼¦Är»-ºHÍkÊ	Æ�µO¹>Æ�µO¿*Á�º�¹�Ã:¾�»\·k¶>½�¶£µrºH·



�X¤ d¦ý7Ø?¸h¸�Ø��\é ���
µO·Ð¶£Æ�»ÌÍfºk³5¾×ºHÍ*¹BºH¾�¾(»\·H¶5¿�µ¡·�¶£Æ�»Ì¿IºHÃ�³5¹B»Ì¹Bº�Á�»HÎ��7·�ºn¶£Æ�»�³R½F³I¸HÃ:¾�»\·k¶	½F¸H½nµ¡·:¿�¶�¶£Æ�»ÌÃ:¿I»ºHÍ~½n·:·:ºn¶£½�¶£µOºH·:¿R½n¿Dµ¡·1è-¿5¹�oÉ½�Ïk½Høyµ¡¿À¶£Æ�½�¶D¶£Æ�»BÈá½ °"£�ª Óx»�¼:³I»@¿É»\·H¶RÍ�ºk³�¶£Æ�»,¶ªÈ�¼x»�¹>Æ�»\¹£Ån»�³¶5ºÙ³I»�¼xºk³É¶�¼xºn¶I»@·k¶£µ¡½nÄ�¼�³IºkÓ�Är»@¾�¿�Îñ²´»Ü¼:³5»\Íf»�³�¶Iºî¶>½FÅk»Ö½n·�ºn¶£Æ�»�³(Ï:µr»BÊäÍfºk³(¶£Æ:»1Ã:¿É»1ºHÍ½n·:·�ºn¶>½�¶£µrºH·:¿��,¶5Æ:»BÈ©¿5Æ�ºHÃ:Ä¡Á©Óx»îÃ�¿É»\Á©¶5ºñ¿IÃ:¼:¼:³I»@¿I¿¢Ís½nÄ¡¿É»î¼xºH¿IµÇ¶£µrÏk»@¿¢µ¡ÍÌ³I»@Ý<Ã:µO³I»\Á ½F·�ÁÓx»\Ä¡µr»BÏH»Ì¶£Æ:µ¡¿Dµ¡¿�¶5Æ:»�¿5½nÍ�»�³RÃ:¿I»�Í�ºn³D¶£Æ�»\¾ÜÎ

�rÂ$< �¿Ê�ëeÃ¶ÄÆëïîUç¶ìrê È�ÄÆÅ ã(ÈaÈàÃ
�:��¦ �$! mÎGH6«1X+,4:@Ë/�479¦¥>/�),+.97/�1X+�354
Ø�·Ð¶£Æ:µ¡¿R¿É»\¹>¶£µOºH·ÐÊÀ»�Á�»\¿I¹�³5µrÓx»Ì¶£Æ�»Ì¸k»\·:»�³£½nÄ*½�¼�¼:³Iº<½n¹£ÆÐ¶5º(¶5»\¿É¶5µ¡·�¸�ºHÃ�³�¶5ºUºHÄXÎ��7ÄOÄ�¹\Ä¡½n¿I¿I»\¿Ê	µÇ¶£Æ ¼�Ã�Ó¦ÄOµ¡¹Üµ¡·k¶5»�³5ÍX½n¹B»\¿(¶£Æ�½�¶�¼:³5ºUÁ�Ã:¹B»ÜºHÃU¶5¼�Ã�¶�ÊÀ»�³I»1Ã:·�µÇ¶�¶5»\¿É¶5»\Á Ã:¿5µO·�¸óçkò7·:µr¶ÞÝ N�N ß¶5»\¿�¶£¿\Î�ö:ºk³P½nÄ¡Ä~¶5»@¿�¶£¿,¶£Æ�½�¶�¼�³IºUÁ�Ã:¹B»�Á�½�¶>½¢¿É¶5³5Ã:¹>¶£Ã�³I»@¿�Ífºk³�ºHÃU¶5¼�Ã�¶5¿\Ú*»kÎ ¸�Î¡Ú~õ�½nÄ¡Ä x7³£½F¼�Æy�Ã:µOÄ¡Á�»�³ K ôU»\¹>¶£µOºk·�Q�ÎÇø<ÎÇøÑL>ÚÛºk³¿�~ºHµO·H¶5¿ÉÑV¶5ºá�	·¦½nÄÇÈ:¿IµO¿ K ô<»\¹B¶5µOºH·�Q�ÎÇøUÎZWÑL>Ú~ÊÀ»Ü¿É»\³5µ¡½nÄ¡µrË�»Ð¶£Æ�»ºHÃU¶5¼�ÃU¶Pµ¡·k¶5ºw½1¿�¶5³5µO·:¸�ÚÔ¾�½n·<Ã�½nÄ¡ÄÇÈáÏH»�³5µ¡Í¡ÈÙµr¶�¶£Æ�»�ß�³5¿�¶�¶£µO¾(»Ð½n·:Áá¶£Æ�»@·Ù¿É¶5ºn³5»�½n·ÙÕwÞ�W¹£Æ:»\¹5Å�¿IÃ:¾ ºkÍÌ¶£Æ�»áºHÃU¶5¼�Ã�¶Ü¿É¶5³5µO·:¸ñÍfºk³1½nÃ�¶IºH¾�½@¶5»@Á ¶5»\¿É¶5µ¡·�¸�Î"åDÆ:µ¡¿Ü½F¼�¼:³Iº<½n¹£ÆâÊÀºk³IÅ�¿½n¿yÄrºH·:¸î½n¿�¶£Æ�»ÐºHÃ�¶I¼¦ÃU¶�Íf³IºH¾ »@½n¹£ÆæºHÍÀ¶£Æ�»Ü¹BºH¾(¼xºH·�»@·k¶£¿yµO¿(Á�»B¶5»�³5¾�µO·:µ¡¿�¶£µ¡¹M�3¶5ºÙ½nÄOÄOº@ÊÍfºk³�¶5Æ�µO¿�ÊÀ»ÐÃ:¿I»

LinkedHashSet
½n·:Á

LinkedHashMap
Á�½�¶>½1¿�¶5³5Ã�¹>¶£Ã�³I»\¿PÍf³IºH¾¶£Æ�»�çH½�Ïk½Ð¿�¶>½n·:Á¦½F³5ÁwÄ¡µrÓ:³>½F³ÉÈHÎ��	·Ù½FÄr¶5»�³5·�½�¶£µrÏk»�½F¼:¼�³Iº<½n¹£Æ�Úx¶5º1½�ÏkºHµ¡ÁáÃ�¿IµO·:¸¢¿I¼x»\¹�µf½nÄOµOË�»\ÁÁ�½�¶>½á¿É¶5³5Ã:¹>¶£Ã�³5»\¿�Ífºk³�½nÃU¶5ºH¾�½�¶£µ¡¹�ÏH»�³5µOß�¹\½�¶£µOºk· µO¿(¶5ºÙ¿Iºk³É¶(¶£Æ�»1ºHÃU¶5¼�ÃU¶Ð½n·:Áñ¶5Æ:»\· Ã:¿I»¶£Æ�»¢¿Éºk³É¶5»\Áæ¿É¶5³5µO·:¸H¿�ºk³(½n·ó¹£Æ:»\¹5Å�¿IÃ:¾ º@ÏH»�³P¶£Æ�»\¾1Î1²´»�¶5³5µr»\ÁæÓxºn¶£Æñ½�¼�¼:³Iº<½n¹£Æ:»\¿(½F·�Á¹£Æ:ºk¿I»�¶£Æ�»PÍfºk³£¾(»�³��/½n·ÖÃ:·:¾�ºUÁ�µrß�»\ÁÖÁ:Ã:¾�¼ÖºHÍÔ¶£Æ�»�¼:³Iºk¸k³£½n¾ ºHÃU¶5¼�ÃU¶,µO¿	µ¡¾(¼xºk³É¶>½n·H¶7Ífºk³Á�»B¶5»�³£¾�µO·�µO·�¸�¶5Æ:»�¹\½nÃ:¿I»ÌºHÍ*¶I»@¿�¶	Ís½nµ¡ÄOÃ:³I»\¿�Î

ò7·:µr¶À¶5»\¿É¶£µO·�¸yÊD½n¿�ÏH»�³ÉÈ¢Æ�»@Är¼�ÍsÃ:Ä�µ¡·Ðß�·�Á:µO·:¸(Ó�Ã�¸H¿\Ú�»\¿É¼x»\¹\µ¡½nÄ¡ÄÇÈÐº@ÏH»�³À¶£µO¾�»�½n¿�¶£Æ�»Ì¿5µrË\»,ºHÍ¶£Æ�»Ì¼:³Iºk¸k³£½n¾×¸k³I»BÊ�ÎÛ²´»�½nÄ¡¿Éº�Ã:¿I»\ÁÐ¶£Æ�»�Ã:·:µr¶�¶5»\¿�¶£¿�»BÒ<¶5»\·�¿IµrÏk»\ÄrÈÐÊ	Æ:µOÄO»Ì»BÒU¼x»\³5µO¾�»\·k¶£µ¡·�¸Ê	µÇ¶£Æ ·�»�Ê�Í�Ã�·:¹>¶£µrºH·¦½nÄOµr¶ªÈ ½n·:Á ³I»\Ís½n¹>¶5ºk³5µ¡·�¸�Î ö�ºk³�»�Ò:½n¾(¼¦Är»kÚ ¶£Æ�»Þ�~ºHµO·H¶5¿ÉÑV¶5ºæ½n·�½nÄrÈ�¿Iµ¡¿�Ú½¢¹BºH¾(¼¦ÄOµ¡¹\½�¶I»@Áá¼¦½F³É¶ÌºHÍ-¶£Æ�»y¶5ºUºkÄVÚ�ÊD½n¿ÌµO¾�¼�Är»@¾(»\·H¶I»@ÁîµO·�¹B³I»\¾�»\·k¶>½nÄOÄrÈHÎP²�Æ�»\·´½nÁ:Á:µ¡·�¸»BÒU¶I»@·:¿IµOºH·:¿	ÄOµOÅn»P¿5Ã�¼:¼xºk³É¶7Í�ºk³7½F³I³£½�È:¿�Ú¦µO·H¶5»�³I¼:³Iº�¹B»\Á�Ã�³£½nÄ*¿IÃ�¼�¼xºk³É¶,½n·:ÁÜ»�Ïk»\·H¶£Ã�½nÄOÄrÈ1¹�ºH·UÑ¶5»BÒ<¶¢¿É»\·�¿IµÇ¶£µrÏ�µr¶ªÈâ½Ù¿IÃ:¹\¹B»\¿I¿5Í�Ã:ÄR³5Ã:· ºHÍR¶£Æ�»wÃ:·:µr¶�¶5»\¿�¶£¿�¸H½\Ïk»wÃ:¿�¹�ºH·�ß�Á�»@·:¹B»1¶£Æ�½�¶¢½n·»BÒU¶I»@·:¿IµOºH·wÊD½n¿Ìµ¡·:Á�»\»\Áro�Ã:¿É¶r¡"á7ª4¡� 6£!¦8©M 6£�½n·:ÁîÁ:µ¡Áî·:ºn¶�µ¡·k¶5³Iº�Á:Ã�¹B»(Ó¦Ã�¸H¿Ìµ¡·k¶5ºÜ»BÒ�µ¡¿�¶£µ¡·�¸Í�Ã�·:¹>¶£µrºH·¦½FÄ¡µÇ¶ªÈ<Î

�:��¦ �R� TU35A &7/#=2+.6�3 4Dî'+R1X[Y3#1X[:GH=dmÎ3f35).6
åÔº�¿�¶>½F³É¶DÊ	µr¶£Æ¢ÊÀ»�ÄOµ¡¿�¶R¶£Æ�»�¸k»\·�»�³£½nÄ�¼:³Iºk¼x»�³É¶£µO»\¿DºHÍÔºHÃ�³�¶5ºUºHÄ*½n¿RÍfºk³D¶5Æ:»Ìºn¶£Æ�»\³�¶5ºUºHÄO¿RµO·åÛ½FÓ�Är»�[�Î N Ê



� Ô Ð d¦ý�ØX¸h¸�Ø���éÕ�"× ��¸,µ�bU���\¸ ��Ó
S 1"='5M�'&E)6+2; Ð %'+©Ó >�>D@ü ),571 ç�)�@AG�1��Î N õ�ºH·�ß¦·�»\¾(»@·k¶ √ √��ÎÇø õ�ºk¼<È O ·\²æ³5µÇ¶5»\÷ÔµO¿�¶ Ü Ü��ÎZQ yÀºHÃ:·:Á�»@Á6y�Ã��x»�³ √ √��Î [ Ø�¾�¾PÃU¶>½FÓ�ÄO»\ö�³£½n¹>¶£µrºH· √ √��ÎhW ÷~½�Ë�ÈUØ�·:µr¶£µ¡½nÄ¡µrË@½�¶£µOºk· √ Ü��Îzú ôUµ¡¾(¼¦Är»\û7½n¹B» √ √

åÛ½FÓ�ÄO»�[:Î [,Ê3û	½n¹�»,¹BºH·�Á:µÇ¶£µOºH·:¿�Á�»B¶5»@¹>¶£µrºH·Ð³I»\¿5Ã:Är¶5¿�Í�ºn³�ºHÃ�³À¶5ºUºHÄXÎ3à	»�³I» ü )6571 ¿�¶>½n·:Á:¿�Ífºk³¶£Æ�»	Ïk»�³5¿5µrºH·�ºkÍ/¶5Æ:»	Óx»\·�¹£Æ:¾�½�³5Å(¼:³Iºk¸k³£½n¾ Ê	µr¶£ÆÐ½�¼xºH¿I¿5µrÓ�ÄO»	³£½n¹B»7¹�ºk·�Á:µÇ¶£µOºH·Ð½n·:Á ç�),@AG.1Ífºk³	ö¦½nÄ¡¿É»e�ÔºH¿5µÇ¶£µrÏk» Î

N ÎDåDÆ:»,¶5ºUºkÄ*½n·�½nÄÇÈ�Ë�»\¿DÓxºn¶£Æ1ç<½�Ïn½�¿ÉºHÃ�³5¹B»P½n·:Á¢Ó<È<¶5»�¹Bº�Á�»kÎ
øUÎDåDÆ:» ¶5ºUºkÄUÁ�ºU»\¿Û·�ºn¶Û³I»\¼xºk³É¶3¾�µO¿5¿Iµ¡·�¸ÌçH½�Ïk½	Ä¡µrÓ�³£½F³ÉÈP¹�Ä¡½n¿5¿É»\¿\Únµ¡·PÍX½n¹>¶3ÄOµOÓ:³£½F³ÉÈy¹�Ä¡½n¿5¿É»\¿½F³I»�·:ºn¶7½F·¦½nÄÇÈ�Ë�»\Á�Î ÕwµO¿5¿Iµ¡·�¸�½F¼:¼�Ä¡µO¹@½�¶5µOºH·1¹�Ä¡½n¿5¿É»\¿RÄr»@½nÁ¢¶5º�½n·¢»�³5³Iºk³\Î
Q�Î��7·�½nÄrÈUË�»@ÁîçH½�Ïk½�¿IºHÃ�³5¹B»@¿ K Ã�¼�¶5ºÜ½n·:Ááµ¡·:¹�Ä¡Ã:Á:µ¡·�¸ÐÏH»�³5¿5µrºH· N Î [�L£Ú�½n·:Ááµ¡·:Á�»�¼x»@·:Á�»\·H¶ºHÍÛçkÞ,ü Ïk»�³5¿5µrºH·1Ífºk³DÓ<È<¶5»�¹Bº�Á�»kÎ
[�ÎDåDÆ:»,¶5ºUºkÄ�µO¿D³I»\Äf½�¶£µÇÏH»\ÄrÈÜ¿IÄOº@Ê ¹BºH¾(¼x½�³5»\ÁÐ¶5º�çk÷*µ¡·k¶@Î
WUÎDåDÆ:»�³I»�½F³I»�·:º�Ã:·:¿5Ã�¼:¼xºk³É¶5»\Á1Ä¡½n·:¸kÃ¦½F¸n»�Íf»@½�¶£Ã�³5»\¿�Î

O Ã�³ ¶5º<ºHÄ¦µ¡¿�¾(ºk³I»	¼:³5»\¹�µO¿I»R¶£Æ�½n·�¶£Æ�»	ºn¶£Æ�»�³ ¶5ºUºHÄO¿�¹BºH·�¿IµOÁ:»�³I»\ÁÐ½n¿�¹@½F·�Óx»7¿É»�»\·ÐµO·Ðå~½FÓ¦Är»[�Î [�Î û	½n¹�»1¹BºH·:Á�µÇ¶£µrºH·�¿�½F³I»1Á:»B¶5»\¹>¶5»\Á ¹Bºk³I³I»\¹B¶5ÄrÈ µO·â½nÄOÄ�Ó�ÃU¶�¶ªÊÀºÙºkÍR¶£Æ�»ÜÓx»@·:¹£Æ:¾�½F³IÅ¼:³5ºn¸k³£½n¾�¿�Î~ö:ºk³~¶£Æ�»�÷~½FËBÈUØ�·:µr¶£µ¡½nÄ¡µrË@½�¶£µOºH·P¼:³5ºn¸k³£½n¾1Ú�¶£Æ�»�Ís½nÄ¡¿É»À¼xºH¿5µÇ¶£µrÏk»\¿Û³I»\¿IÃ�ÄÇ¶-Íf³IºH¾ ¶£Æ�»Äf½FËBÈ�µ¡·:µr¶5µf½nÄOµOË@½�¶£µrºH·ÐµOÁ:µOºH¾�Ã:¿I»\Á�µO·�¹�ºk·�¹�Ã�³I³5»\·k¶À¼:³Iºk¸k³£½n¾�¾�µO·�¸�ÎÛåDÆ:µ¡¿�µOÁ�µrºH¾�µ¡¿À½F¸<½nµO·:¿É¶ºHÃ�³R¶5º<ºHÄ§� ¿RÓ¦½n¿5µO¹P½n¿I¿5Ã:¾(¼:¶5µOºH·¢¶£Æ�½�¶,½nÄ¡Ä*¾(»@¾(ºk³ÉÈ1½n¹�¹�»\¿I¿I»\¿RÓHÈ1Á:µ�x»�³I»@·k¶	¶£Æ�³I»@½nÁ:¿	·�»�»@Á¶5ºÖÓx»�¼:³5ºF¶5»\¹B¶5»\ÁîÏ�µf½Ö½1Ärº�¹£ÅUµO·:¸�ÎÜö:ºk³(õ�ºk¼<È O ·\²æ³5µÇ¶5»\÷ÔµO¿É¶�Ê�»�Óx»\Ä¡µr»�Ïk»�¶£Æ�»�ÍX½nµOÄ¡Ã�³I»�¶5ºÁ�»�¶I»@¹>¶¢½n·kÈ ³£½n¹B»Ö¹�ºk·�Á:µÇ¶£µOºH·:¿�µO¿�Á�Ã�»1¶5ºæ½óô<ºUºn¶�Ó�Ã�¸6à@Î©Ø�Í	ÊÀ»wµr¸H·�ºk³I»1¶£Æ�»Ö¼:³IºkÓ¦Är»\¾½n·:Áá¹BºH·:¿5µOÁ�»\³,Æ�º@Ê ºHÃ�³	¶5ºUºHÄ�ÊÀºHÃ�ÄOÁwÓx»\Æ�½\Ïk»yºH·1¶£Æ�»y»BÒ:½n¾�¼�Är»HÚ¦Ê�»�ÊÀºHÃ:Ä¡Áw¸k»B¶�½�Ís½nÄ¡¿É»¼xºH¿5µÇ¶£µÇÏH»1ÊD½F³5·:µ¡·�¸ñ½F¿�¶£Æ�»�³I»wµO¿¢½î³I»@½nÁUÑVÊR³£µÇ¶5»1³5»\Íf»�³I»@·:¹B»1¶£Æ�½�¶�º�¹�¹�Ã�³5¿�µ¡·â¹BºH·:¹�Ã:³I³I»\·k¶Ê	µr¶5Æ:ºHÃU¶7Ärº�¹5Å�µO·:¸:ÎÍ�7¿Rµ¡·¢¶£Æ:»�÷Ô½FË�ÈUØ�·:µr¶£µ¡½nÄ¡µrË@½�¶£µrºH·1»BÒ�½n¾(¼�ÄO»kÚ:¶£Æ:µ¡¿Rµ¡¿7½F¸H½nµ¡·:¿É¶D¶£Æ�»�Ó¦½n¿5µO¹½n¿I¿5Ã:¾(¼:¶£µrºH·¢ºHÍ�¶£Æ:»,¶5ºUºkÄVÎ
åDÆ�»�ºHÃ�¶I¼¦ÃU¶P¼�³Iº�Á:Ã:¹B»\ÁæÓHÈ´ºkÃ:³�¶5ºUºHÄ µO¿y¾(ºk³I»�Ã�¿5½FÓ�ÄO»�¶£Æ�½n·Ù¶5Æ:ºH¿É»�¼:³Iº�Á:Ã:¹�»\Á´ÓHÈÙ¶£Æ�»ºn¶£Æ�»�³3¶5º<ºHÄ¡¿¶�U½,¿£½n¾(¼�ÄO»�ºHÍ/½7¼xºn¶5»\·H¶£µ¡½nÄ�³£½n¹B»R¹BºH·:Á�µÇ¶£µrºH·�µ¡¿-¿5Æ�º@Ê	·�µOÍxöÛµO¸HÃ�³I»�[�Î [�Î åDÆ:»�³I»µ¡¿	¿5Ã�Â�¹�µO»\·k¶,µ¡·:Ífºk³5¾�½�¶5µOºH·Ü¶5ºÐÁ�»B¶5»�³£¾�µO·:»�¶£Æ�»P¹\½nÃ�¿É»�ºHÍ3½�³>½F¹�»P¹BºH·:Á:µr¶£µrºH·�Ú/µOÍ3µr¶7»BÒ�µ¡¿�¶£¿�Ú
ð ñ�ò¶ò¨ó£�Õö�ô ù õ,óÀò��øÿ§û¬ö»óÀû�ó��.ûs�¬ö!ù ù�w!ÿÀöM
Q� ��ò�ÿ§ÿ8û$��ó4ù t�r��.û¬ý_ö!ý_ö!ý2ò�ýxt�u_ò�ü.õ\�øùZö¨õ§õDô õDü.õ§ûøþ óÀò�ô u 
<ù û"u_ûøý�óö!ý�ô ý�óÀû�ÿ`�öM�øû�ö¨õ'ô ý*u û�ó��.ò¶þ

iterator
ò��"ó��2ô õ�û,�2ö�u 
<ù ûx



�6³ d¦ý7Ø?¸h¸�Ø��\é ���

------ Begin Race Condition Detected ------
Field : keySet
Declaring Class : java.util.Hashtable
Type of Conflict: Read-Write

First Thread : aaaTestFiles.HashtableTest.main(HashtableTest.java:11)
Objects Accesed:
HNode[1]: java.util.Hashtable (at aaaTestFiles.HashtableTest.main(HashtableTest.

java:10))
Locks Held :

Second Thread : aaaTestFiles.HashtableTest.main(HashtableTest.java:12)
Objects Accesed:
HNode[1]: java.util.Hashtable (at aaaTestFiles.HashtableTest.main(HashtableTest.

java:10))
Locks Held :

Common Objects :
HNode[1]: java.util.Hashtable (at aaaTestFiles.HashtableTest.main(HashtableTest.

java:10))

Path to access : (Read , keySet, java.util.Hashtable.keySet(Hashtable.java:581))
at java.util.Hashtable.keySet(Hashtable.java:581)
at aaaTestFiles.HashTableTestRunner.run(HashtableTest.java:26)
at aaaTestFiles.HashtableTest.main(HashtableTest.java:11)

Path to access : (Write, keySet, java.util.Hashtable.keySet(Hashtable.java:582))
at java.util.Hashtable.keySet(Hashtable.java:582)
at aaaTestFiles.HashTableTestRunner.run(HashtableTest.java:26)
at aaaTestFiles.HashtableTest.main(HashtableTest.java:12)

--- End Race Condition Detected ---

öÛµO¸HÃ�³I»�[�Î [,Ê�ô�½n¾(¼¦Är»�ºHÃU¶5¼�ÃU¶	Í�ºn³	½y¼/ºF¶5»@·k¶£µ¡½nÄ�³£½n¹B»�¹BºH·:Á:µr¶£µrºH·
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DEBUG: Race Condition Statistics
DEBUG: Number of Access to Different Objects : 1698
DEBUG: Number of Locked Acccess : 1646
DEBUG: Unknown Points-To information for : 62
DEBUG: Number of Potential Race Conditions : 3
DEBUG: Total Number of Accesses : 3409
DEBUG:
DEBUG: Time measurements
DEBUG: Setup Soot : 12.6s (75.7%)
DEBUG: Incomplete Call Graph : 02.8s (17.0%)
DEBUG: RTA Reachable Methods : 00.0s (00.2%)
DEBUG: Points-To Analysis : 00.5s (02.7%)
DEBUG: Thread Finding : 00.4s (02.3%)
DEBUG: Race Condtions Finding : 00.2s (01.4%)
DEBUG: Total Time : 16.5s (100.0%)
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ß Â¶Á � È�ì�ÞìÆå:Þ�å�ì î
package raceConditions;

class MessageHandler {
private int stateA;
public static MessageHandler theInstance = new MessageHandler();

private MessageHandler() {
stateA = 0;

}

public synchronized void handleMessage(Object message) { // Message
stateA++; //update some shared state
doHandleMessage();

}

void doHandleMessage() {
// ...

method1();
method2();

}

void method1() {
int localState = stateA;

}

void method2() {
int localState = stateA;
stateA++;
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localState = stateA;
}

public static MessageHandler getInstance() {
return theInstance;

}
}

class SocketListener implements Runnable {

public void run() {

while (true) {
Object m = recieve(); //blocking call
MessageHandler.getInstance().handleMessage(m);

}
}

//Block ti message available
private Object recieve() {

return new Object();
}

}

class ListenerStarter {
public static void main() throws InterruptedException {

Thread[] clientListeners = new Thread[8]; // arbitrary number

for (int i = 0; i < 8; i++) {
clientListeners[i] = new Thread(new SocketListener());
clientListeners[i].start();

}

//Try to trigger race condtion;
MessageHandler.getInstance().doHandleMessage();

}
}

ß Â¬â � È�x¶�iÃkì�Ç ÅLç¨î'åb¬*ç¶æ�î
package raceConditions;
import java.util.NoSuchElementException;
import java.util.Iterator;

class CopyOnWriteList { // Incomplete
protected Object[] array = new Object[0];

protected /*synchronized*/ Object[] getArray() { return array; }

public synchronized void add(Object element) {
int len = array.length;
Object[] newArray = new Object[len+1];
System.arraycopy(array, 0, newArray, 0, len);
newArray[len] = element; array = newArray;

}

public Iterator iterator() { return new Iterator() {
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protected final Object[] snapshot = getArray();
protected int cursor = 0;

public boolean hasNext() {
return cursor < snapshot.length;

}

public Object next() {

try { return snapshot[cursor++]; }
catch

(IndexOutOfBoundsException ex)
{ throw new NoSuchElementException(); }

}

public void remove() {}

};
}

}

ß Â$Ü � È�Ärì�ÅråÀÅí� Ä��áå�Å
package raceConditions;

final class BoundedBuffer {
private final Object[] array; // the elements

private int putPtr = 0; // circular indices
private int takePtr = 0;

private int emptySlots; // slot counts
private int usedSlots = 0;

private int waitingPuts = 0; // counts of waiting threads
private int waitingTakes = 0;

private final Object putMonitor = new Object();
private final Object takeMonitor = new Object();

public BoundedBuffer(int capacity)
throws IllegalArgumentException {
if (capacity <= 0)

throw new IllegalArgumentException();

array = new Object[capacity];
emptySlots = capacity;

}

public void put(Object x) throws InterruptedException {
synchronized(putMonitor) {

while (emptySlots <= 0) {
++waitingPuts;
try { putMonitor.wait(); }
catch(InterruptedException ie) {

putMonitor.notify();
throw ie;

}
finally { --waitingPuts; }
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}
--emptySlots;
++usedSlots; // Race condtion; requires lock on takeMonitor
array[putPtr] = x;
putPtr = (putPtr + 1) % array.length;

}

synchronized(takeMonitor) { // directly notify
if (waitingTakes > 0)

takeMonitor.notify();
}

}

public Object take() throws InterruptedException {
Object old = null;
synchronized(takeMonitor) {

while (usedSlots <= 0) {
++waitingTakes;
try { takeMonitor.wait(); }
catch(InterruptedException ie) {

takeMonitor.notify();
throw ie;

}
finally { --waitingTakes; }

}

--usedSlots;
++emptySlots; // Race condtion; requires lock on putMonitor

old = array[takePtr];
array[takePtr] = null;
takePtr = (takePtr + 1) % array.length;

}

synchronized(putMonitor) {
if (waitingPuts > 0)

putMonitor.notify();
}
return old;

}
}

ß Â�� v0Þ Þ Ä:î'ë�� Ã!å:ÆzÅUëe��îUç�È�ì
package raceConditions;

class Fraction {
protected final long numerator;
protected final long denominator;

public Fraction(long num, long den) {
// normalize:
boolean sameSign = (num >= 0) == (den >= 0);
long n = (num >= 0)? num : -num;
long d = (den >= 0)? den : -den;
long g = gcd(n, d);
numerator = (sameSign)? n / g : -n / g;
denominator = d / g;

}
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//Static guarantees that the method doess not access any instance state
static long gcd(long a, long b) {

// ... compute greatest common divisor ...
return 1;

}

public Fraction plus(Fraction f) {
return new Fraction(numerator * f.denominator +

f.numerator * denominator,
denominator * f.denominator);

}

public boolean equals(Object other) { // override default
if (! (other instanceof Fraction) ) return false;
Fraction f = (Fraction)(other);
return numerator * f.denominator ==

denominator * f.numerator;
}

public int hashCode() { // override default
return (int) (numerator ^ denominator);

}
}

ß Â$< ¬*ë�í5�âv�ìrç¨îUç�ëeÃ�ç�í_ëïîUç�È�ì
package raceConditions;

class LazyInitialization {
private int cachedHashCode = 0;

private long longCachedHashCode = 0;
// Correct Double-Checked Locking for 32-bit primitives
public int hashCode_int1() {

int h = cachedHashCode;
if (h == 0)

synchronized(this) {
if (cachedHashCode != 0) return cachedHashCode;
h = computeHashCode();
cachedHashCode = h;

}
return h;

}

// Lazy initialization 32-bit primitives
// Thread-safe if computeHashCode is idempotent
public int hashCode_int2() {

int h = cachedHashCode;
if (h == 0) {

h = computeHashCode();
cachedHashCode = h;

}
return h;

}

/**Not thread-safe since because of long */
public long hashCode_long1() {

long h = longCachedHashCode;
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if (h == 0)
synchronized(this) {

if (longCachedHashCode != 0) return longCachedHashCode;
h = computeLongHashCode();
longCachedHashCode = h;

}
return h;

}

/**Not thread-safe since because of long */
public long hashCode_long2() {

long h = longCachedHashCode;
if (h == 0) {

h = computeLongHashCode();
longCachedHashCode = h;

}
return h;

}

private int computeHashCode() {
return 1;

}

private long computeLongHashCode() {
return 1L;

}
}

ß ÂR© �:ç�ÞÞx Ã�åq=èëe� å
% �R½f�$! C:+,A &*)�GH� /�-0G{î'+R1X[Y�d/#-0GoTU3 4:9*+R1X+.35476
package raceConditions;

public class SimpleRace implements Runnable {
protected int counter;

public void inc() {
counter++;

}

public void dec() {
counter--;

}

public int get() {
return counter;

}

public void run() {

while (true) {
if (get() > 500) {

dec();
}
else {

inc();
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}
}

}

public static void main(String args[]) {
SimpleRace sr = new SimpleRace();

/** Two threads share a common SimpleRace instance */
new Thread(sr).start();
new Thread(sr).start();

}
}

% �`½f��� C:+,A &*)�GH�d/#-0G îd+R1X[Í÷À/�).6�Gå;ê3�6?+�1X+RÚ�GH6

package raceConditions;

public class SimpleRace implements Runnable {
protected int counter;

public void inc() {
counter++;

}

public void dec() {
counter--;

}

public int get() {
return counter;

}

public void run() {

while (true) {
if (get() > 500) {

dec();
}
else {

inc();
}

}
}

public static void main(String args[]) {
SimpleRace srOne = new SimpleRace();
SimpleRace srTwo = new SimpleRace();

/**
* Two threads started using distinct SimpleRace instances.
*/

new Thread(srOne).start();
new Thread(srTwo).start();

}
}
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package raceConditions;
import java.util.NoSuchElementException;
import java.util.Iterator;

class CopyOnWrite { // Incomplete
//@monitored
protected Object[] array = new Object[0];

protected synchronized Object[] getArray() {
//...
return doGetArray();

}

//@requires \lockset[this];
private Object[] doGetArray() {

return array;
}

public synchronized void add(Object element) {
int len = array.length;
Object[] newArray = new Object[len+1];
System.arraycopy(array, 0, newArray, 0, len);
newArray[len] = element; array = newArray;

}

public Iterator iterator() {
return new ALIterator();

}

class ALIterator implements Iterator {

protected final Object[] snapshot = getArray();
protected int cursor = 0;

public boolean hasNext() {
return cursor < snapshot.length;

}

public Object next() {

try { return snapshot[cursor++]; }
catch

(IndexOutOfBoundsException ex)
{ throw new NoSuchElementException(); }

}

public void remove() {}

};
}
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% �7�f�"! §©¨À/�A &().G ;>=?3�@�=?/�A
åDÆ:µ¡¿R¿É»@¹>¶£µrºH·1¹BºH·H¶>½Fµ¡·:¿7½F·Ü»BÒ�½n¾(¼�ÄO»�¼:³Iºk¸k³£½n¾�ºHÍÛ½(ÓxºHÃ:·�Á�»\ÁÜÓ¦Ã��x»�³	¿5Æ�½F³I»\ÁÜÓx»B¶ªÊÀ»�»@·½(¼:³Iº�Á:Ã�¹B»�³7½n·:Áw½�¹BºH·:¿5Ã:¾(»\³\Î Øp¶7¹BºH·k¶>½nµ¡·:¿	½(¼xºn¶5»\·H¶5µf½nÄ�³£½n¹B»�¹BºH·�Á:µÇ¶£µOºH·�ÎÀåDÆ�»�³I»@½nÁ�»�³µ¡¿�µ¡·kÏ:µÇ¶5»\Áî¶5ºÜ¶I³IÈÙ½n·:Áîß¦·:Á´µÇ¶�Óx»\Í�ºk³I»�ÄrºUºkÅUµ¡·�¸w½�¶�¶£Æ�»�ºHÃU¶5¼�Ã�¶PÍf³IºH¾�ºHÃ�³Ì¶5ºUºkÄ-µO·î¶£Æ�»·�»�Ò<¶	¿I»\¹>¶£µOºk·�Î
final class BoundedBuffer {

private final Object[] array; // the elements

private int putPtr = 0; // circular indices

private int takePtr = 0;

private int emptySlots; // slot counts

private int usedSlots = 0;

private int waitingPuts = 0; // counts of waiting threads

private int waitingTakes = 0;

private final Object putMonitor = new Object(); // monitors

private final Object takeMonitor = new Object();

public BoundedBuffer(int capacity)
throws IllegalArgumentException {

if (capacity <= 0)
throw new IllegalArgumentException();

array = new Object[capacity];
emptySlots = capacity;

}

public void put(Object x) throws InterruptedException {
synchronized (putMonitor) {

while (emptySlots <= 0) {
++waitingPuts;
try {

putMonitor.wait();
} catch (InterruptedException ie) {

putMonitor.notify();
throw ie;

} finally {
--waitingPuts;

}
}

--emptySlots;

array[putPtr] = x;
putPtr = (putPtr + 1) % array.length;

synchronized (takeMonitor) { // directly notify
usedSlots++;
if (waitingTakes > 0)

takeMonitor.notify();
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}
}

}

public Object take() throws InterruptedException {
Object old = null;
synchronized (takeMonitor) {

while (usedSlots <= 0) {
++waitingTakes;
try {

takeMonitor.wait();
} catch (InterruptedException ie) {

takeMonitor.notify();
throw ie;

} finally {
--waitingTakes;

}
}
--usedSlots;
++emptySlots;

old = array[takePtr];
array[takePtr] = null;
takePtr = (takePtr + 1) % array.length;

}

synchronized (putMonitor) {

if (waitingPuts > 0)
putMonitor.notify();

}
return old;

}

public static void main(String args[]) {
final int BUFFER_SIZE = 32;

BoundedBuffer buffer = new BoundedBuffer(BUFFER_SIZE);
new Producer(buffer).start();
new Consumer(buffer).start();

}
}

class Consumer extends Thread {
protected BoundedBuffer buffer;

Consumer(BoundedBuffer bb) {
this.buffer = bb;

}

public void run() {
try {

while (true) {
Object o = buffer.take();
process(o);
// ...

}
} catch (InterruptedException ignore) {}

}

public void process(Object o) { }
}

class Producer extends Thread {
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protected BoundedBuffer buffer;

Producer(BoundedBuffer bb) {
this.buffer = bb;

}

public void run() {
try {

while (true) {
//...
Object msg = produce();
buffer.put(msg);

}
} catch (InterruptedException ignore) {}

}

public Object produce() {
return new Object();

}
}
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% �7�f��� �dGH6?V()R1?6�3M=?3 A mÎ3f3 )
------ Begin Common Lock Held Memory Access ------
Field : usedSlots
Declaring Class : aaaTestFiles.BoundedBuffer
Type of Conflict: Read-Write

First Thread : aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:92)
Objects Accesed:
HNode[1]: aaaTestFiles.BoundedBuffer (at aaaTestFiles.BoundedBuffer.main(

BoundedBuffer.java:91))
Locks Held :
HNode[37]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:20))
HNode[36]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:18))

Second Thread : aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:93)
Objects Accesed:
HNode[1]: aaaTestFiles.BoundedBuffer (at aaaTestFiles.BoundedBuffer.main(

BoundedBuffer.java:91))
Locks Held :
HNode[37]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:20))

Common Locks :
HNode[37]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:20))
Path to access : (Read , usedSlots, aaaTestFiles.BoundedBuffer.put(BoundedBuffer.

java:51))
at aaaTestFiles.BoundedBuffer.put(BoundedBuffer.java:51)
at aaaTestFiles.Producer.run(BoundedBuffer.java:130)
at aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:92)
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Path to access : (Write, usedSlots, aaaTestFiles.BoundedBuffer.take(BoundedBuffer
.java:72))

at aaaTestFiles.BoundedBuffer.take(BoundedBuffer.java:72)
at aaaTestFiles.Consumer.run(BoundedBuffer.java:108)
at aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:93)

--- End Common Lock Held Memory Access ---

------ Begin Common Lock Held Memory Access ------
Field : waitingTakes
Declaring Class : aaaTestFiles.BoundedBuffer
Type of Conflict: Read-Write

First Thread : aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:92)
Objects Accesed:
HNode[1]: aaaTestFiles.BoundedBuffer (at aaaTestFiles.BoundedBuffer.main(

BoundedBuffer.java:91))
Locks Held :
HNode[37]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:20))
HNode[36]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:18))

Second Thread : aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:93)
Objects Accesed:
HNode[1]: aaaTestFiles.BoundedBuffer (at aaaTestFiles.BoundedBuffer.main(

BoundedBuffer.java:91))
Locks Held :
HNode[37]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:20))

Common Locks :
HNode[37]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:20))
Path to access : (Read , waitingTakes, aaaTestFiles.BoundedBuffer.put(

BoundedBuffer.java:52))
at aaaTestFiles.BoundedBuffer.put(BoundedBuffer.java:52)
at aaaTestFiles.Producer.run(BoundedBuffer.java:130)
at aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:92)

Path to access : (Write, waitingTakes, aaaTestFiles.BoundedBuffer.take(
BoundedBuffer.java:62))

at aaaTestFiles.BoundedBuffer.take(BoundedBuffer.java:62)
at aaaTestFiles.Consumer.run(BoundedBuffer.java:108)
at aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:93)

--- End Common Lock Held Memory Access ---

------ Begin Common Lock Held Memory Access ------
Field : waitingTakes
Declaring Class : aaaTestFiles.BoundedBuffer
Type of Conflict: Read-Write

First Thread : aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:92)
Objects Accesed:
HNode[1]: aaaTestFiles.BoundedBuffer (at aaaTestFiles.BoundedBuffer.main(

BoundedBuffer.java:91))
Locks Held :
HNode[37]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:20))
HNode[36]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:18))

Second Thread : aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:93)
Objects Accesed:
HNode[1]: aaaTestFiles.BoundedBuffer (at aaaTestFiles.BoundedBuffer.main(

BoundedBuffer.java:91))
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Locks Held :
HNode[37]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:20))

Common Locks :
HNode[37]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:20))
Path to access : (Read , waitingTakes, aaaTestFiles.BoundedBuffer.put(

BoundedBuffer.java:52))
at aaaTestFiles.BoundedBuffer.put(BoundedBuffer.java:52)
at aaaTestFiles.Producer.run(BoundedBuffer.java:130)
at aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:92)

Path to access : (Write, waitingTakes, aaaTestFiles.BoundedBuffer.take(
BoundedBuffer.java:69))

at aaaTestFiles.BoundedBuffer.take(BoundedBuffer.java:69)
at aaaTestFiles.Consumer.run(BoundedBuffer.java:108)
at aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:93)

--- End Common Lock Held Memory Access ---

------ Begin Common Lock Held Memory Access ------
Field : waitingTakes
Declaring Class : aaaTestFiles.BoundedBuffer
Type of Conflict: Read-Write

First Thread : aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:92)
Objects Accesed:
HNode[1]: aaaTestFiles.BoundedBuffer (at aaaTestFiles.BoundedBuffer.main(

BoundedBuffer.java:91))
Locks Held :
HNode[37]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:20))
HNode[36]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:18))

Second Thread : aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:93)
Objects Accesed:
HNode[1]: aaaTestFiles.BoundedBuffer (at aaaTestFiles.BoundedBuffer.main(

BoundedBuffer.java:91))
Locks Held :
HNode[37]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:20))

Common Locks :
HNode[37]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:20))
Path to access : (Read , waitingTakes, aaaTestFiles.BoundedBuffer.put(

BoundedBuffer.java:52))
at aaaTestFiles.BoundedBuffer.put(BoundedBuffer.java:52)
at aaaTestFiles.Producer.run(BoundedBuffer.java:130)
at aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:92)

Path to access : (Write, waitingTakes, aaaTestFiles.BoundedBuffer.take(
BoundedBuffer.java:69))

at aaaTestFiles.BoundedBuffer.take(BoundedBuffer.java:69)
at aaaTestFiles.Consumer.run(BoundedBuffer.java:108)
at aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:93)

--- End Common Lock Held Memory Access ---

------ Begin Common Lock Held Memory Access ------
Field : usedSlots
Declaring Class : aaaTestFiles.BoundedBuffer
Type of Conflict: Write-Write

First Thread : aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:92)
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Objects Accesed:
HNode[1]: aaaTestFiles.BoundedBuffer (at aaaTestFiles.BoundedBuffer.main(

BoundedBuffer.java:91))
Locks Held :
HNode[37]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:20))
HNode[36]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:18))

Second Thread : aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:93)
Objects Accesed:
HNode[1]: aaaTestFiles.BoundedBuffer (at aaaTestFiles.BoundedBuffer.main(

BoundedBuffer.java:91))
Locks Held :
HNode[37]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:20))

Common Locks :
HNode[37]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:20))
Path to access : (Write, usedSlots, aaaTestFiles.BoundedBuffer.put(BoundedBuffer.

java:51))
at aaaTestFiles.BoundedBuffer.put(BoundedBuffer.java:51)
at aaaTestFiles.Producer.run(BoundedBuffer.java:130)
at aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:92)

Path to access : (Write, usedSlots, aaaTestFiles.BoundedBuffer.take(BoundedBuffer
.java:72))

at aaaTestFiles.BoundedBuffer.take(BoundedBuffer.java:72)
at aaaTestFiles.Consumer.run(BoundedBuffer.java:108)
at aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:93)

--- End Common Lock Held Memory Access ---

------ Begin Race Condition Detected ------
Field : emptySlots
Declaring Class : aaaTestFiles.BoundedBuffer
Type of Conflict: Read-Write

First Thread : aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:92)
Objects Accesed:
HNode[1]: aaaTestFiles.BoundedBuffer (at aaaTestFiles.BoundedBuffer.main(

BoundedBuffer.java:91))
Locks Held :
HNode[36]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:18))

Second Thread : aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:93)
Objects Accesed:
HNode[1]: aaaTestFiles.BoundedBuffer (at aaaTestFiles.BoundedBuffer.main(

BoundedBuffer.java:91))
Locks Held :
HNode[37]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:20))

Common Objects :
HNode[1]: aaaTestFiles.BoundedBuffer (at aaaTestFiles.BoundedBuffer.main(

BoundedBuffer.java:91))

Path to access : (Read , emptySlots, aaaTestFiles.BoundedBuffer.put(BoundedBuffer
.java:33))

at aaaTestFiles.BoundedBuffer.put(BoundedBuffer.java:33)
at aaaTestFiles.Producer.run(BoundedBuffer.java:130)
at aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:92)
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Path to access : (Write, emptySlots, aaaTestFiles.BoundedBuffer.take(
BoundedBuffer.java:73))

at aaaTestFiles.BoundedBuffer.take(BoundedBuffer.java:73)
at aaaTestFiles.Consumer.run(BoundedBuffer.java:108)
at aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:93)

--- End Race Condition Detected ---

------ Begin Race Condition Detected ------
Field : emptySlots
Declaring Class : aaaTestFiles.BoundedBuffer
Type of Conflict: Read-Write

First Thread : aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:92)
Objects Accesed:
HNode[1]: aaaTestFiles.BoundedBuffer (at aaaTestFiles.BoundedBuffer.main(

BoundedBuffer.java:91))
Locks Held :
HNode[36]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:18))

Second Thread : aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:93)
Objects Accesed:
HNode[1]: aaaTestFiles.BoundedBuffer (at aaaTestFiles.BoundedBuffer.main(

BoundedBuffer.java:91))
Locks Held :
HNode[37]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:20))

Common Objects :
HNode[1]: aaaTestFiles.BoundedBuffer (at aaaTestFiles.BoundedBuffer.main(

BoundedBuffer.java:91))

Path to access : (Read , emptySlots, aaaTestFiles.BoundedBuffer.put(BoundedBuffer
.java:45))

at aaaTestFiles.BoundedBuffer.put(BoundedBuffer.java:45)
at aaaTestFiles.Producer.run(BoundedBuffer.java:130)
at aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:92)

Path to access : (Write, emptySlots, aaaTestFiles.BoundedBuffer.take(
BoundedBuffer.java:73))

at aaaTestFiles.BoundedBuffer.take(BoundedBuffer.java:73)
at aaaTestFiles.Consumer.run(BoundedBuffer.java:108)
at aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:93)

--- End Race Condition Detected ---

------ Begin Race Condition Detected ------
Field : emptySlots
Declaring Class : aaaTestFiles.BoundedBuffer
Type of Conflict: Write-Write

First Thread : aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:92)
Objects Accesed:
HNode[1]: aaaTestFiles.BoundedBuffer (at aaaTestFiles.BoundedBuffer.main(

BoundedBuffer.java:91))
Locks Held :
HNode[36]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:18))

Second Thread : aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:93)
Objects Accesed:
HNode[1]: aaaTestFiles.BoundedBuffer (at aaaTestFiles.BoundedBuffer.main(

BoundedBuffer.java:91))
Locks Held :
HNode[37]: java.lang.Object (at aaaTestFiles.BoundedBuffer.<init>(BoundedBuffer.

java:20))
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Common Objects :
HNode[1]: aaaTestFiles.BoundedBuffer (at aaaTestFiles.BoundedBuffer.main(

BoundedBuffer.java:91))

Path to access : (Write, emptySlots, aaaTestFiles.BoundedBuffer.put(BoundedBuffer
.java:45))

at aaaTestFiles.BoundedBuffer.put(BoundedBuffer.java:45)
at aaaTestFiles.Producer.run(BoundedBuffer.java:130)
at aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:92)

Path to access : (Write, emptySlots, aaaTestFiles.BoundedBuffer.take(
BoundedBuffer.java:73))

at aaaTestFiles.BoundedBuffer.take(BoundedBuffer.java:73)
at aaaTestFiles.Consumer.run(BoundedBuffer.java:108)
at aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:93)

--- End Race Condition Detected ---

----------------------------------------------------------------------
Threads Found:
StartLocation : aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:92)
RunMethod : <aaaTestFiles.Producer: void run()>
StartLocation : aaaTestFiles.BoundedBuffer.main(BoundedBuffer.java:93)
RunMethod : <aaaTestFiles.Consumer: void run()>

Race Condition Statistics
Number of Access to Different Objects : 0
Number of Locked Acccess : 5
Unknown Points-To information for : 0
Number of Potential Race Conditions : 3
Total Number of Accesses : 8

Time measurements
Setup Soot : 14.4s (86.5%)
Incomplete Call Graph : 01.8s (10.5%)
RTA Reachable Methods : 00.0s (00.1%)
Points-To Analysis : 00.2s (01.4%)
Thread Finding : 00.1s (00.6%)
Race Condtions Finding : 00.0s (00.1%)
Total Time : 16.6s (100.0%)

Application Metrics
Number of Classess : 4
Number of Stmts : 192
Number of Reachable Stmts : 192
Coverage Percentage : 100.00
Number of Methods : 10
Number of Assignments : 101
Number of Field Reads : 36
Number of Field Writes : 23

----------------------------------------------------------------------
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