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w j;pm��a�b�j�v(�meIpIl7a�w kPeIa�n(o�w j;pm�;eIn�v(o�a�b9j�lhq9ePk
lhq(kPeIa�nK�(t^j�k$}
q(r pmq�j�lhq9ePk$lhq(kPeIa�n(g$a�kPe�a�w kPeIa�n(o"}
a�r lhr b9c(z
|�e�i(kPj�y�r n(e#n(eIlma�r w eInâu�eIa�ghd(kPeIu�ePb(lmg�ghd(i(iKj�kPlhr b9c
j�d(k�a�ghf

ghd9u�i9lhr j�b9g$r b�«;eIpIlhr j�b��(z �;z
á
q9e�u�eIa�ghd(kPeIu�ePb(lmg$ghq9j�}âlhq9a�l
t^j�k
j�d(k�vKePb9pmq9u�a�km�(gI�Ka�u�eIn;r a�b�j�t7Ì����Vj�t7a�w w0w j;pm��j�iKePkPa�lhr j�b9g$a�kPe
j�b"d(b(w j;pm�;eIn�j�v(�meIpIlmgI�Ka�b9n"lhq9a�l
b9eIgmlhr b9c�r g$y�ePkPo�ghq9a�w w j�}�z

� � ���9���h[��
];\����K����� \^�9�����;�;[
|�e$a�gmghd9u�e�lhq9a�l
lhq9ePkPe�r g
a�i(kPePfheI��r gmlhr b9c�q9eIa�y;o�fh}
ePr c�q(l$gmo;gmlmeIu
r b�i(w a�pIe$lmj$ghd(i(iKj�kPl
lhq9eTt2d(w w9kPa�b9c�e�j�t0x�a�y�a�gmo�b9pmq(kPj�b(r sIa�lhr j�b�gmePf
u�a�b(lhr pIgI�9r b9pPw d9n;r b9c���d9ePd(r b9c�j�t7d(b9gma�lhr ghå9eIn�w j;pm��kPeI��d9eIgmlmgI�Ka�b9n
lhq9e��7´�¦ ²P��¡�¥�²m¦ �^ ;��a�b9nâ¡�¥�²m¦ �^  � ° ° j�iKePkPa�lhr j�b9gIz~«�d9pmqâa�gmo;gmlmeIu}
r w wKkPePi(kPeIgmePb(l
a�u�j�b(r lmj�k�a�g
a�u�d(w lhr fh}
j�kPn"gmlhkmd9pIlhd(kPe$}
q(r pmq"r b(f
pPw d9n(eIg�ghi9a�pIe�t^j�k�a�lhq(kPeIa�n�iKj�r b(lmePk��0a�b9eIgmlmeIn�w j;pm��pIj�d(b(lI�0a�b9n
lhq9e$b9eIpIeIgmgma�kPo"��d9ePd9eIgIz
|�e$kPePt^ePk$lmj�ghd9pmq�u�d(w lhr fh}
j�kPn"w j;pm��j�v(�meIpIlmg�a�g ¿ º;·0æ ¾ ½Pç�¼Pz

� � �	!�];\^���
];\��"�K��#�#(�(\^[
��w u�j�gml�a�w w�u�j;n(ePkmbâq(r c�q(f^iKePkmt^j�kPu�a�b9pIe
u�r pPkPj�i(kPj;pIeIgmgmj�kPg#a�kPe
n(eIghr c�b9eIn
gmj�lhq9a�l�lhq9eIo�pIa�b�vKe�d9gmeIn�r b
u�d(w lhr f^i(kPj;pIeIgmgmj�k�gmo;ghf
lmeIu�gIz4á
q9ePkPePt^j�kPe���lhq9eIo#i(kPj�y�r n(e�d9gmePkmfhu�j;n(e�r b9gmlhkmd9pIlhr j�b9g"t^j�k
iKePkmt^j�kPu�r b9c"gmo�b9pmq(kPj�b(r sIa�lhr j�b#ì�ePr lhq9ePk�pIj�u�i9a�kPePfha�b9n;fhgm}
a�iNÅ2r b(f
lhkPj;n;d9pIeIn�r b�lhq9e��^Ï
�*�;� �"a�b9n�i(kPj�y�r n(eIn�j�b��2b(lmePw
Ì���Ð�Ì�Ê�a�b9n
q(r c�q9ePk�i(kPj;pIeIgmgmj�kPgPÆ
j�k
w j�a�n;fha�b9n;f^kPeIgmePkPy�e�a�b9n"gmlmj�kPePfhpIj�b9n;r lhr j�b9a�w
r b9gmlhkmd9pIlhr j�b9g"Å^a�g$j�b�lhq9e�Ã7j�}
ePkPÃ
Ä$�9��w i(q9a(�0a�b9n#«�i9a�kPp�Æ�}
q(r pmq
a�w w j�}
y�a�kmr j�d9g
a�lmj�u�r p�i(kmr u�r lhr y�eIg�lmj$vKe�gmo�b(lhq9eIghr sIeIn�t2kPj�uHghq9j�kPl
r b9gmlhkmd9pIlhr j�b�gmeI��d9ePb9pIeIgIz
|�eT}
r w w9a�gmghd9u�e
j�b(w o�lhq9eTeI��r gmlmePb9pIe�j�t9a�pIj�u�i9a�kPePfha�b9n;fhgm}
a�i

j�iKePkPa�lhr j�b4Å^ePr lhq9ePk�a�g�a�i(kmr u�r lhr y�e�r b9gmlhkmd9pIlhr j�b
j�k�a�g�a"gmo�b(lhq9ePf
ghr sIeIn�j�iKePkPa�lhr j�bKÆPz
��b�j�w n(ePkTgmo;gmlmeIu�g0}
r lhq9j�d9l0d9gmePkmf^w eIy�ePw(a�lmj�u�r p
i(kmr u�r lhr y�eIgI��gmj�u�e"j�lhq9ePk"u�eIpmq9a�b(r gmu*t^j�k�a�pmq(r eIy�r b9cNa�lmj�u�r pPr lho
}
r w wTvKe�kPeI��d(r kPeInKz���d(k$r u�i(w eIu�ePb(lma�lhr j�b�r g$v(r b9a�kPo�fhpIj�u�i9a�lhr v9w e
}
r lhq#vKj�lhq�Ã7j�}
ePkPÃ
Ä4u�a�pmq(r b9eIg�a�b9n#}
r lhq#j�w n(ePk�Ã
��|N{T�Ha�kmf
pmq(r lmeIpIlhd(kPe"u�a�pmq(r b9eIg�lhq9a�l�n(j"b9j�l$q9a�y�e�w j�a�n;fha�b9n;f^kPeIgmePkPy�e�z#�2b
lhq9e�w a�lmlmePk$pIa�gme��(}
e�d9gme�a�gmo;gmlmeIuVpIa�w w7lmj�a�pIj�u�i9a�kPePfha�b9n;fhgm}
a�i
j�iKePkPa�lhr j�b#lhq9a�l
r g�r u�i(w eIu�ePb(lmeIn�v(o�lhq9e$�;ePkmb9ePw^z
á
q9e$pIj�u�i9a�kPePfha�b9n;fhgm}
a�i�j�iKePkPa�lhr j�b�lma��;eIg�lhq(kPeIe$r b(i(d9lmgIÎ
a�b

a�n(n;kPeIgmgI�(a�b�j�w n�y�a�w d9e��(a�b9n�a$b9eI}�y�a�w d9e�z
�2t9lhq9e
pIj�b(lmePb(lmgTj�tKlhq9e

0           00

(c) Unlocked

A           00

(d) Locked once by thread A

A           10

(e) Locked twice by thread A

Thread ID           Count0

(b) Lock word structure for thin lock

Lock  

DATA

(a) Object layout showing lock word

¬0r c�d(kPe���ÎTá
q(r b�`0j;pm�(g

a�n(n;kPeIgmg�r g$eI��d9a�w7lmj�lhq9e�j�w n�y�a�w d9e��Klhq9e$b9eI}4y�a�w d9e�r g$gmlmj�kPeIn"a�l
lhq9e
a�n(n;kPeIgmgTa�b9n�lhq9e
j�iKePkPa�lhr j�b�kPeIlhd(kmb9gTlhkmd9e�$�r tKlhq9e�pIj�b(lmePb(lmg7j�t
lhq9e�a�n(n;kPeIgmg�a�kPe�b9j�l$eI��d9a�w
lmj�lhq9e�j�w n�y�a�w d9e��0gmlmj�kPa�c�e�kPeIu�a�r b9g
d(b9pmq9a�b9c�eInNa�b9n#lhq9e�j�iKePkPa�lhr j�bNkPeIlhd(kmb9g�t^a�w gme�z�á
q9e�pIj�u�i9a�kPePf
a�b9n;fhgm}
a�i�j�iKePkPa�lhr j�b�r g�a�lmj�u�r p�z

� � %	& �9�;� [m�(\T� �"#�� �����;�;[m];[m� �9�
�2b�lhq9e
x�a�y�a�kmd(b(fhlhr u�e
gmo;gmlmeIu4d(iKj�b�}
q(r pmq�}
e7v9a�gmeIn�j�d(k7r u�i(w ePf
u�ePb(lma�lhr j�bNÅh�^Ï
�#ª g$���^�4iKj�kPl$j�tTlhq9e���z ��z ��x��$��ÆP�9eIa�pmq�j�v(�meIpIl
pIj�b9ghr gmlmg�j�t
a"lhq(kPeIePfh}
j�kPn�q9eIa�n(ePk�t^j�w w j�}
eIn#v(o�n(a�lma(z"�2b#j�kPn(ePk
lmj�r u�i(w eIu�ePb(l$lhq(r b�w j;pm�(gI�K}
e�kPeIgmePkPy�e���Ð�v(r lmg
r b�lhq9e$q9eIa�n(ePk$j�t
eIa�pmq�j�v(�meIpIl
a�gTghq9j�}
b�r b"¬0r c�d(kPe���Å^a;ÆPz7|�e�}
ePkPe�a�v(w e$lmj�j�v9lma�r b
��Ð�t2kPeIe$v(r lmg�d9ghr b9c"y�a�kmr j�d9g$ePb9pIj;n;r b9c�lmeIpmq(b(r ��d9eIg$t^j�k$lhq9e�j�lhq9ePk
y�a�w d9eIg�lhq9a�lTa�kPe$lho�i(r pIa�w w o"gmlmj�kPeIn�r b"lhq9e�q9eIa�n(ePk�zT��w w j;pIa�lhr b9c�a�b
eI�;lhkPa�}
j�kPn#iKePk"j�v(�meIpIl�}
a�g�n(eIeIu�eIn�d(b9a�pIpIePi9lma�v(w e�vKj�lhqNvKePf
pIa�d9gme�j�tTlhq9e�a�n(n;r lhr j�b9a�w
ghi9a�pIe�j�y�ePkmq9eIa�n�a�b9n"vKeIpIa�d9gme�lhq9ePkPe�r g
a�w kPeIa�n(o�a�ghd(v9gmlma�b(lhr a�w0vKj;n(o�j�tKb9a�lhr y�e$pIj;n(e�}
r lhq�n(ePiKePb9n(ePb9pPr eIg
j�b�lhq9e�j�v(�meIpIl�ghr sIe�z
á
q9e"Ì�v(r lmg�lhq9a�l�ghq9a�kPe"lhq9e"}
j�kPn�}
r lhqNlhq9e�w j;pm��å9ePw nNa�kPe

ePr lhq9ePk�pIj�b9gmlma�b(l�j�k$ghd(v(�meIpIl$lmj�pmq9a�b9c�e�j�b(w o"}
q9ePb�a�b�j�v(�meIpIl�r g
u�j�y�eInK�9a�b9n�ghr b9pIe�lhq9e�c�a�kmv9a�c�e�pIj�w w eIpIlmj�k�r g
b9j�l
pIj�b9pPd(kmkPePb(l$}
e
pIa�b�lhkPeIa�l�lhq9j�gme�Ì�v(r lmg$a�g�pIj�b9gmlma�b(l$y�a�w d9eIgIz
á
q9e$gmlhkmd9pIlhd(kPe$j�t7lhq9e���Ð�f^v(r lTw j;pm��å9ePw n�q9a�g
vKeIePb"y�ePkPo�pIa�kPePf

t2d(w w o"ePb9c�r b9eIePkPeIn�lmj�a�w w j�}âlhq9e$u�j�gml�pIj�u�u�j�b�w j;pm�;r b9c�a�b9n"d(b(f
w j;pm�;r b9c�j�iKePkPa�lhr j�b9g�lmj$vKe
iKePkmt^j�kPu�eIn�}
r lhq�lhq9e�u�r b(r u�d9uVb;d9u�f
vKePk�j�t7u�a�pmq(r b9e$r b9gmlhkmd9pIlhr j�b9gIz�á
q9e�w j;pm��å9ePw n�kPePi(kPeIgmePb(lmg
ePr lhq9ePk
a�lhq(r bNw j;pm�Nj�k�a�kPePt^ePkPePb9pIe�lmj�a�t^a�l�w j;pm�KÎ�lhq9e�å(kPgml�v(r l�Å^lhq9e
'�¾ ¶9µ2· ¾ Á�¼m¸9º�(9¹$»�µ2· Æ7r g)��r tTlhq9e$w j;pm�"r g$lhq(r b�a�b9n#�$r t7r l
r g�t^a�lIz
á
q(r b�w j;pm�(g�a�kPe�d9gmeIn�t^j�k�j�v(�meIpIlmg�lhq9a�l�a�kPe�b9j�l�ghd(v(�meIpIl�lmj

pIj�b(lmePb(lhr j�b0�7n(j�b9j�l$q9a�y�e"�7´�¦ ²P�7¡�¥�²m¦ �^ ;�9j�k�¡�¥�²m¦ �^  � ° ° j�iKePkPa�lhr j�b9giKePkmt^j�kPu�eIn#d(iKj�b
lhq9eIu"�Ta�b9nNa�kPe�b9j�l�w j;pm�;eInNlmj�a�bNeI�;pIeIgmghr y�e
b9eIgmlhr b9c�n(ePi9lhq�Å2r b"j�d(kTr u�i(w eIu�ePb(lma�lhr j�b0�K}
e�n(ePå(b9e"�heI�;pIeIgmghr y�eI�
a�g
������ÆPzTá
q9e�y�a�gml
u�a��mj�kmr lho�j�t0a�w w0j�v(�meIpIlmgTu�eIeIl
lhq(r g
pPkmr lmePkmr j�b*$
lhq9j�gme$lhq9a�l�n(j�b9j�lTq9a�y�e�lhq9ePr k
w j;pm�(g
r u�i(w eIu�ePb(lmeIn�a�gTt^a�l7w j;pm�(gIz

�



(b) Locked once by thread B

M    1

B
1

(c) Unlocked

M    1

0
0

Monitor ID    1

(a) Lock word structure for inflated lock

¬0r c�d(kPe��;Î
�2b��9a�lmeIn�`0j;pm�(g

��b9pIe�a�b�j�v(�meIpIlIª g$w j;pm��r g$r b��9a�lmeInK�0r l$kPeIu�a�r b9g$r b��9a�lmeIn�t^j�k
lhq9e�w r t^eIlhr u�e�j�t�lhq9e�j�v(�meIpIlIz�á
q(r g�n;r gmpPr i(w r b9e�i(kPeIy�ePb(lmg�lhq(kPa�ghq(f
r b9c#vKeIlh}
eIePb
lhq9e�lhq(r b4a�b9n�t^a�l�gmlma�lmeIgIz4�^l�a�w gmj�pIj�b9ghr n(ePkPa�v(w o
ghr u�i(w r å9eIg�lhq9e$r u�i(w eIu�ePb(lma�lhr j�b0z
á
q9e�gmlhkmd9pIlhd(kPe�j�tKa�lhq(r b�w j;pm��r gTghq9j�}
b�r b�¬0r c�d(kPe���Å2vKÆPz7á
q9e

u�j�b(r lmj�k�ghq9a�iKe�v(r l�r g��(z�á
q9e�kPeIu�a�r b(r b9c�����v(r lmg�a�kPe�n;r y�r n(eIn
vKeIlh}
eIePb�a�lhq(kPeIa�n�r n(ePb(lhr å9ePk�Åm���
v(r lmgPÆTa�b9n�a�b9eIgmlmeIn�w j;pm��pIj�d(b(l
Å^Ì�v(r lmgPÆPz$�2tTlhq9e�lhq(kPeIa�n"r n(ePb(lhr å9ePk�r g)�(�9lhq9e�j�v(�meIpIl�r g�d(b(w j;pm�;eIn
Å^a�b9n"lhq9e$pIj�d(b(l
å9ePw n"u�d9gml
a�w gmj�vKe)�;ÆPzT�2t7lhq9e$lhq(kPeIa�n�r n(ePb(lhr å9ePk
r g�b9j�b(fhsIePkPj(�Tr l�r g�a�b�r b9n(eI�#r b(lmj�a�lma�v(w e"}
e�u�a�r b(lma�r b
}
q(r pmq
u�a�i9g$lhq(kPeIa�n�r b9n;r pIeIg�lmj�lhq(kPeIa�n"iKj�r b(lmePkPgIz
|�q9ePb�lhq9e$j�v(�meIpIlTr g
w j;pm�;eInK�9lhq9e$pIj�d(b(lTå9ePw n�kPePi(kPeIgmePb(lmg�lhq9e

b;d9u�vKePk�j�t7w j;pm�(g$u�r b;d9g$j�b9e�z
á
q9e�gmlhkmd9pIlhd(kPe$j�t0a�b�r b��9a�lmeIn�w j;pm��r g
ghq9j�}
b�r b"¬0r c�d(kPe��;Å^a;ÆPz

á
q9e�u�j�b(r lmj�k�ghq9a�iKe�v(r l$r g$j�b9e��Ka�b9n�lhq9e�kPeIu�a�r b(r b9c�����v(r lmg$j�t
lhq9e�w j;pm��å9ePw n#pIj�b(lma�r b�lhq9e�r b9n(eI��j�t
a�t^a�l$w j;pm�Kz�|�e�u�a�r b(lma�r b
lhq9e�lma�v(w e�}
q(r pmq�u�a�i9g�r b��9a�lmeIn�u�j�b(r lmj�k$r b9n;r pIeIg�lmj�t^a�l
w j;pm�(gIz
¬0r c�d(kPe��;Å2vKÆ�ghq9j�}�g�a�b#r b��9a�lmeIn#w j;pm��}
r lhq�lhq9e�t^a�l�w j;pm�#lmj

}
q(r pmqâlhq9e�w j;pm�
r b9n(eI���RkPePt^ePkPgIz�á
q9e�t^a�l�w j;pm�4pIj�b(lma�r b9g�a
lhq(kPeIa�n�r n(ePb(lhr å9ePk�t^j�k�lhq9e$w j;pm��j�}
b9ePk�Å2r b�lhq(r g$pIa�gme��(lhq(kPeIa�n�Ï�ÆP�
a#pIj�d(b(l�j�t�lhq9e"b;d9u�vKePk"j�t�w j;pm�(g�ÅP¶ ¾ ·�lhq9e"b;d9u�vKePk�j�t$w j;pm�(gu�r b;d9g�j�b9e��$a�g�r bâa#lhq(r b
w j;pm�9ÆP��lhq9e"b9eIpIeIgmgma�kPo
��d9ePd9eIgI��a�b9n
j�lhq9ePk$å9ePw n(gIz
á
q9e�w j;pm�;r b9c�a�w c�j�kmr lhq9u�r g�c�kPeIa�lhw o�ghr u�i(w r å9eIn�v(o�a�n(j�i9lhr b9c

a"n;r gmpPr i(w r b9e"r b#}
q(r pmq�lhq9e�w j;pm��å9ePw n#j�t�a�b#j�v(�meIpIlI�0}
q(r w e�r l�r g
j�}
b9eIn�v(o�a�i9a�kPlhr pPd(w a�k$lhq(kPeIa�nK��r g0b9eIy�ePk
u�j;n;r å9eIn�v(o�a�b(o�j�lhq9ePk
lhq(kPeIa�nKz#á
q(r g�q9a�g�u�a��mj�k�iKePkmt^j�kPu�a�b9pIe�r u�i(w r pIa�lhr j�bKgIÎ�j�b9pIe"a
lhq(kPeIa�n�q9a�g$w j;pm�;eIn#a�b#j�v(�meIpIlI�Ka�w w
ghd(v9gmeI��d9ePb(l�j�iKePkPa�lhr j�b9g"Å2r b(f
pPw d9n;r b9c�lhq9e
d(b(w j;pm�9Æ
pIa�b�vKe
iKePkmt^j�kPu�eIn�}
r lhq�w j�a�n(g
a�b9n�gmlmj�kPeIgI�
r b9gmlmeIa�n�j�t7}
r lhq�a�lmj�u�r p�i(kmr u�r lhr y�eIgIz

� � % � � �;�9_�
�� ������� [�
;�9�;[��7�9�;[ �;�;[m� �9�
|�e�}
r w w0b9j�}âeI��i(w a�r b�lhq9e�j�iKePkPa�lhr j�b#j�tTlhq9e�w j;pm�;r b9c"a�w c�j�kmr lhq9u
v(o�lma��;r b9c#a�b�j�v(�meIpIl�lhq(kPj�d9c�qNa�gmePkmr eIg�j�t
w j;pm�;r b9c#j�iKePkPa�lhr j�b9g
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