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fÆ  !" #$%$& '(()*++$,- . /Z \[OQT _\Q VSO \Q Op¤WM_MT \²²LOSS Z¢ \QZT`OL \[OQT Æ �[OQTS±ZL� MQ \ _ZQQO_TMZQXZLMOQTO² ±\aÆ ^`O _ZQQO_TMZQS \LO SOT V¤ SZWOWa ca ZQO \[OQT i T`O_ZQQO_TMZQ cLZ�OL Æ ^`MS _ZQQO_TMZQ cLZ�OL ± MWW \WSZ ¤W\_O \²\¤TZLS ±`OLO QO_OSS\LaÆ
d Æ 0 $+%$" #$,*( 12!!3,$%4&$2, . / Z \[OQT _\Q _Z]]VQM_\TO ± MT` ZT`OL \[OQTS ca ZT`OL] O\QS T`\Q MTS ¤ ZLTS Æ � T`OL± MSO e 5`M²²OQ � _Z]]VQM_\TMZQ �O Æ[ Æe ZROL SZ _�OTS� _\QQZT c O] Z²M¥O² \Q² T`O \²\¤TZL `\S QZT \WW T`O \__OSS MT QOO²S Æ



k Æ � 2 ��4)*( � *! 2)� . � WW ] OSS\[OS ¤\SSO² ZROL \ _ZQQO_TMZQ S`ZVW² c O _Z¤MO² Æ Ç OSXS\[OS _\QQZT c O S`\LO² ca \[OQTS �OROQ M¢ T`Oa \LO ZQ T`O S\] O `ZST� e c O_\VSO T`MS ±ZVW²LOSVWT MQ \ ] \SSMRO \] ZVQT Z¢ _ZQ_VLLOQ_a ¤LZcWO] S Æ
l Æ ��" #$%$&  ,&*)� 4%*+ 0 *+%)$" &$2,+ i oZL `V] \QS e \ SO] \QTM_ MQTOL¢\_O ²OS_LM¤TMZQ±ZVW² c O SZ] O ¢ZL] Z¢ ²Z _V] OQT\TMZQ ±LMTTOQ MQ Q\TVL\W W\Q[V\[O Æ oZL _Z]¤VTOLS±O QOO² \ ] ZLO ¢ZL] \W e Op¤WM_MT e ²OS_LM¤TMZQ Z¢ T`O SO] \QTM_S Z¢ \Q MQTOL¢\_O Æ � SM]¤WOSaQT\_TM_ ²OS_LM¤TMZQ MS QZ WZQ[OL SVMT\cWO Æ

� �	 �®¯�� ¯¨� §¨©�ª�
®�


� S \ LVQQMQ[ Op\]¤WO T`LZV[`ZVT T`MS ¤\¤ OL ±O _`ZZSO \ Ta¤M_\W ¤LZcWO] Z¢ Z¤ OQ ²MSTLMcVTO²SaSTO] S i `Z± \[OQTS SaQ_`LZQMSO ± MT` O\_` ZT`OL Æ °Q _WZSO² ²MSTLMcVTO² SaSTO] S T`MS MS WOSSZ¢ \ ¤LZcWO] Æ � SOLROL ¤LZRM²OS \ _ZQ_VLLOQ_a MQTOL¢\_O �Ta¤M_\WWa \ TL\QS\_TMZQ MQTOL¢\_O�ÃbO\ggÅ T`\T _\Q c O VSO² ca _WMOQTS Æ ^`O _WMOQTS `\RO TZ \²`OLO TZ T`MS S¤ O_M¥_\TMZQ ZL T`Oa±ZQ �T ¢VQ_TMZQ Æ ÊMQ_O T`O SOLROL _ZQ_VLLOQ_a �Y° ²ZOSQ �T _`\Q[O T`\T ]V_` T`MS MS \ ±ZL�\cWOSOTV¤ Æ°Q ¤ OOLXTZX¤ OOL _Z]¤VTMQ[ e OROLa \[OQT `\S TZ Z�OL \ _ZQ_VLLOQ_a MQTOL¢\_O e \Q² `\S TZVSO T`O _ZQ_VLLOQ_a MQTOL¢\_OS ¤LZRM²O² ca ZT`OL \[OQTS Æ ^Z ±`M_` OpTOQT \Q \[OQT ¤LZRM²OS\ _ZQ_VLLOQ_a MQTOL¢\_O MS Z¢TOQ \ ¤LZcWO] Æ oZL Op\]¤WO e MT _\Q ¤LZRM²O \ ¢VWWX£ O²[O² Z¤TM] \WTL\QS\_TMZQ MQTOL¢\_O ZL MT _\Q ¤LZRM²O \ SM]¤WO WZ _��VQWZ_� MQTOL¢\_O Æ � `OQ T±Z SV_` MQTOL¢\_OSZ¢ \ ²M�OLOQT � MQ² MQTOL\_T e ±O _\Q LVQ MQTZ ¤LZcWO] S Z¢ MQ_Z]¤\TMcWO MQTOL¢\_OS Æ°Q ZVL Op\]¤WO ±O VSO \ SM]¤WO WZ _��VQWZ _� MQTOL¢\_O Z¢ T`O SOLROL ±`M_` \ _WMOQT _\QTa¤M_\WWa VSO TZ WZ _� \ LOSZVL_O \Q² T`OQ VSO MT Æ ^`MS �Y° MS ²OS_LM¤ O² ¢ZL T`O SOLROL \S¢ZWWZ± S Æ Y WO\SO QZTO T`\T \ SM] MW\L ²OS_LM¤TMZQ _\Q c O [MROQ ¢ZL T`O _WMOQTS Æ
�� 
�� ��� ��
� �������
� �

�������� ��
� ����� �������
� �
�������� ��
� ������ �������
� �

�� ��
� ����� �� ��
� ������ ��� ���� ��
� � ���!�� � ��
�
�� ��"���� 
�� �� �� # ��
� ����� � �� � � ������
� �� ��
��$ %
�� ��
� ������ � �� � � ������
� 
���$� &� �� ��
��$ '

�� 
�� ��� �� ��
� �������
� �
�������� �� ��
� �$��� �������
��

�� ���� ����
� � � ������
� ' (��$ ����
� �$��� ��
� � �� $��� '
�� 
�� ��� �
� �������
� �
�������� �
��$��� �������
� �

�� ���� $� ��� � �
���� �� � � ����� '

^`O SO] \QTM_S Z¢ T`MS MQTOL¢\_O _\Q c O M]¤WO] OQTO² MQ ²M� OLOQT ±\aS Æ �O ± MWW VSO T±Z � MQ²SZ¢ WZ _� MQ[ SO] \QTM_S ÃbO\ggÅ i
)*+,� -,.  �� /01*��  \WWZ± \ _WMOQT TZ WZ _� \ LOSZVL_O ]VWTM¤ WO TM] OS Æ 2ROLa TM] O T`OLOSZVL_O MS WZ _�O² T`O WZ _� _ZVQTOL MS MQ_LO\SO² Æ °¢ T`O LOSZVL_O MS VQWZ_�O² T`O WZ _�_ZVQTOL MS ²O_LO\SO² Æ ^`O LOSZVL_O MS ¥Q\WWa VQWZ_�O² ±`OQ T`O _ZVQTOL LO\_`OS 3OLZ Æ^`OSO SO] \QTM_S \WWZ± VS TZ VSO LZVTMQOS ±`M_` \VTZQZ] ZVSWa WZ _� LOSZVL_OS Æ



lock

unlock

unlock_done

lock

Client State Server State

unlockedlockcount = 0

lockcount = 1

lockcount = 2

lock_true

lock_true

act

lockcount = 1

locked

locked

Unlocked

� ����# � " �� w�|y��~�y �u��w�| ��y� |�y �xwy�| ~�y�| y��y�|� ~ �u{�|w�� �yz ~��u�y ��uz |�y �y��y�~�y�| ~�� |�y �y��y� ~�y�| u�x� u�y�� ~ vw�~�� �yz ~��u�y �
� -,/��  �� /01*��  ¤LZRM²O \ WZ _� MQ[ SO] \QTM_S T`\T ²ZOSQ �T Z�OL \ _ZVQTOL Æ °T SM]¤WaLO] O]cOLS ±`Z `\S WZ _�O² \ LOSZVL_O \Q² ²ZOSQ �T \WWZ± \ SO_ZQ² WZ_� Æ � `OQ VQWZ_�O² eT`O LOSZVL_O c O_Z] OS \R\MW\cWO \[\MQ Æ
Ä M�OLOQ_OS MQ `Z± T`O �Y° _ZQSM²OLS ·´Â� \Q² ¹¾·´Â� _\Q [MRO LMSO TZ MQTOL¢\_O _ZQ£ M_TS Æ °Q¥[VLO f T`O _WMOQT \[OQT Op¤ O_TS \ _ZVQTMQ[ SO] \¤`ZLO ¢LZ] T`O SOLROL \[OQT e cVT T`O SOLROL\[OQT Z�OLS \ cMQ\La SO] \¤`ZLO Æ ^`O _WMOQT _\Q WZ _� \ LOSZVL_O T± M_O \Q² Op¤ O_TS T`\T T`OLOSZVL_O _\Q c O VQWZ _�O² T± M_O Æ °Q ¤L\_TM_O T`O SOLROL N VST `\S ] \L�O² T`O LOSZVL_O \S ·´Â� ¸� �°¢ T`O _WMOQT QZ± VQWZ _� S T`O LOSZVL_O e T`O LOSZVL_O ± MWW c O VQWZ_�O² Æ �_TMQ[ V¤ ZQ T`O SOLROLQZ± MS M]¤ZSSMc WO e ±`MWO T`O _WMOQT Op¤ O_TS MT TZ c O ¤ ZSSMc WO Æ^`O \c ZRO MQTOL¢\_O _ZQ£ M_T \LMSOS c O_\VSO T`O �Y° ²ZOS QZT S¤ O_M¢a OQZV[` SO] \QTM_MQ¢ZL] \TMZQ Æ � OQ_O e ±O ¤LZ¤ ZSO TZ VSO \ ] ZLO ²OT\MWO² \Q² [OQOL\WWa \¤¤WM_\cWO ¢ZL] \WMS] eQ\] OWa YOTLM QOTS e TZ Z�OL \Q Op¤WM_MT ²OS_LM¤TMZQ Z¢ T`O MQTOL¢\_O SO] \QTM_S Æ YOTLM QOTS Ã� OMggÅZ� OL \ ] Z²OW MQ ±`M_` ±O _\Q `\RO ]VWTM¤ WO \[OQTS T`\T O\_` [Z ¢LZ] ST\TO TZ ST\TO ca ] O\QSZ¢ ST\TO TL\QSMTMZQS Æ °Q T`O _ZQTOpT Z¢ ZVL WZ _� MQ[ Op\]¤WO e T`MS \WWZ± S VS TZ ±LMTO \ SVMT\cWOMQTOL¢\_O \²\¤TZL ca LOWaMQ[ ZQ i

fÆ ±`M_` ST\TO T`O _WMOQT \[OQT ¸�� ¸ÂºÁ T`O SOLROL TZ c O MQ
d Æ MQ ±`M_` ST\TO T`O SOLROL \[OQT MS Æ

UZT` � MQ²S Z¢ MQ¢ZL] \TMZQ \LO OSSOQTM\W i °¢ ±O ²ZQ �T �QZ± T`\T T`O _WMOQT T`MQ�S T`\T MT STMWW `\S\ WZ _� e \Q² ±O ²ZQ �T �QZ± T`\T T`O ST\TO Z¢ T`O SOLROL MS VQWZ _�O² �SOO ¥[VLO f� e QZ WO\LQO²\W[ZLMT`] _\Q ] \�O \ _ZLLO_T ²O_MSMZQ Æ
� S \Q Op\]¤WO YOTLM QOT T`\T Z� OLS T`O QOO²O² \²²MTMZQ\W SO] \QTM_S e T`O WO¢T ¤\LT Z¢ o M[VLOd S¤ O_M¥OS \ cMQ\La SO] \¤`ZLO WZ _� MQ[ STL\TO[aÆ ^`O _VLLOQT ST\TO MS ¹¾·´Â�¸� Æ oLZ] T`MS ST\TOT`O \[OQT À¸�¹¶À¶¾½ T`MS MQTOL¢\_O e _\Q _`ZZSO ZQWa ZQO \_TMZQ i ·´Â� Æ °T T`OQ [Z OS TZ T`O ·´Â� ¶¾½ST\TO VQTMW ·´Â�� ºÀ¹¸ ZL ·´Â��¿ ¼·Á¸ _Z] OS c\_� Æ /ZTO T`\T ±O _\Q \WSZ VSO T`MS YOTLM QOT TZ] Z²OW T`O c O`\RMZVL Z¢ \Q \[OQT T`\T � À´�¶�¸Á T`MS MQTOL¢\_O Æ °T MS ¤ OL¢O_TWa ¤ ZSSMc WO TZ Z� OL \QMQTOL¢\_O T`\T \²`OLOS TZ T`MS S¤ O_M¥_\TMZQ e MQ ±`M_` _\SO e T`O MQ_Z] MQ[ ·´Â� MS MQ MTM\TO² ¢LZ]T`O _WMOQT e \Q² ·´Â�� ºÀ¹¸ ZL ·´Â��¿ ¼·Á¸ MS SOQT c\_� TZ T`O _WMOQT ±`OQ ] \� MQ[ T`O TL\QSMTMZQ Æ



(!) unlocked

(*) lock()

(*) lock_true()

(**) lock_false()

locked

locking

(**) unLock()

(**) unlock_done()

unLocking

(**) act()

(*) act_done()
acting

(!) ?lockcount

(*) lockcount > 0
unlock()

(**) unlock_done()
lockcount
unlocking

(*) lockcount > 0
act()

(**) act_done(Result: void)

acting

lockcount:=
lockcount-1

(*) lockcount
lock()

(**) lockcount
lock_false()

lockcount
locking

lockcount:=
lockcount + 1

(**) lock_true()
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