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NPO�N ÜVÞ°à
dfehgji á2klk Onm�oqpsr Ü
z ¬�ÕFì Ç Ý ivu m þ Ø¶�
z ×|{~}>×|{^Ó~� ivu m þ Øj�
z ì {qÕÄÓ�{ ivu m þ ØÍ�
zc� i�u m þ Øj�

åVÞv� Ç à
NW� Þ Æ ¬°ÕFì Ç Ý � ��� Ä Æ2�v� ×Q×|{��KÔIà�Üs� rsO
å r t yP��NRpRp Þ N
o�Of�PO z N=�[rsy à

å r Üs�rå O Þv� Ç k w tlxtà
ÜSåVÞ�� Ç à
NW� ÞKÞ Æ ¬°ÕFì Ç Ý � ��� Ä Æ �v� ×Q×|{��<Ô àW�P�
Þ Æ ��� ×Q×){v�KÔ � Æ ×|{~}>×){qÓ~� � ���� UÑ?àSà�Üs� rsO
å r t yP��NRpRp Þ N
o Ü N=�[rsy à

å r Üs�rå O Þv� Ç k w tlxtà
Ý�Þv� Ç ovw tRxtà
NW� ÞKÞ Æ ¬°ÕFì Ç Ý � ��� Ä Æ �v� ×Q×|{��<Ô àW�P�
Þ Æ ì {qÕ>Ó�{ � ��� Ä Æ2��� ×�×|{��<ÔQàKà�Ül� rsO
Ýrå N Ü rZ��NRplp Þ N à

� Ç k w tRx¨þ Ø w tRx
� Ç k z ¤ þ Ø z �v� ×Q×|{��<Ô
zc� i NWm þ Ø z ��� ×Q×|{��KÔ
ÜKÝ�Þ�� Ç ovw tRxtà
NW� ÞKÞ Æ ¬°ÕFì Ç Ý � ��� Ä Æ �v� ×Q×|{��<Ô àW�P�
Þ z ì {qÕ>Óv{ i NWm Äýz ��� ×Q×|{��KÔQàSà�Ül� rWO
Ýrå N Ü rZ��NRplp Þ N à

� Ç k w tRx¨þ Ø w tRx
� Ç k z ¤ þ Ø z �v� ×Q×|{��<Ô
zc� i NWm þ Ø z ��� ×Q×|{��KÔ
� k¥�l¦ y t<Ü r Þv� Ç o zc� o Ùf¯hà

å r t yP��NRpRp Þ N
oaNRp z N5�[rly à
ª � Ç o zc�l« o z Ó�¬°×P­ þ Ø
� k�å r t y tW£fx rl®n� ¦rßVÞ N
o|NRp z N=�[rly�o Ù ¯ à

z ×|{~}>×|{^Ó~� i NPm þ Ø z Ó�¬°×
NPOnw tRxR�W£ u p Þ zc�R« o �Ìà
zc� i NWm þ ØÍ� Ç k z ¤
z ¬�ÕFì Ç Ý i NPm þ Ø¸í
Ýrå N Ü rZ��NRplp Þ N à
z ì {qÕÄÓ�{ i NWm þ Ø � kÒÝrå N ÜctW£fx rl®n� ¦rßVÞ N
o Ùc¯tà
z ¬�ÕFì Ç Ý i NPm þ Ø¸í
�R¦ y t<Ü r Þ N�o zc�R« i á2kRk Onm à
NPOnw tRxR�W£ u p Þ zc�R« o Ñ?à
z ¬�ÕFì Ç Ý i NPm þ Ø z ��� ×Q×){v�KÔjî4Ñ
NPOnw tRxR�W£ u p Þ zc�R« i á2kRk Onm�o7NPORw z N=�[r à
dfehgji á2klk Onm�oqNW� Þ Æ<· « � e ��  Æ<· � e �ÒànÜs� rsO
z ¬�ÕFì Ç Ý ivu m þ Ø z ��� ×Q×){v�KÔjî NPOnw z N=�[r
zc� i�u m þ Ø zc� « ivu m

¹ r Ü ®R� ¦rßVÞv� « º à
NW� ÞvÂ «sº Ã Æ ¤ Ä Â Ç Ã Æ ¤ à�Üs� rsO
å r Ül�Så O ª � Ç o zc� ­

>!?�@ÅA
B�C�DE>�@ÆD�I�Ç!È�I�ÇÉD L
NPO�N Ü#Þ°à
dfehgji á2kRk Onm�oqpsr Ü
zc� ivu m þ Ø¶�
z ×|{~}>×|{^Ó~� ivu m þ ØÍ�
�PË�k w tRxÆþ Øj�
å r t yRr å � r Ü ivu m þ Ø rZ� ¦rÜKß
Ýrå N Ü r å � r Ü ivu m þ Ø rZ� ¦rÜKß
d(ï�g i á2kRk ��m
x r t pWr z N=�[r ivu m izð m þ Ø¶x r t psr z N5�[r Ë ¯

å r t y tW£fx rR®R� ¦rßVÞ N�o6NRp z N=�[rly�o Ù ¯ à
å r t yRr å � r Ü i NWm k�t yRy Þ�Ùf¯7à
NW� ÞSÞ��v� Æ ��ÎÏ�ZÐòñ ÒQó Æ ��� ×Q×){v�KÔ � Æ ×|{~}>×){qÓ~� � ���� UÑ?à
�P��ÞvÂ Ç Ã Æ ¤ Ä Æ<· � ���ÒàKànÜl� rsO
d ª Ù Ñ ¤ �l{^× o z ì {�Õ>Ó�{ ­ NZO Ýrå N Ü r å � r Ü i NWm à
ª � Ç o zc� � ­ þ Ø ÙnÑ ¤ �s{^×�k ¹ r Ü ®R� ¦rßVÞv� Ç à
z ×|{~}>×|{^Ó~� i NWm þ Ø z ��� ×Q×){v�KÔ
dfehg �Bô Ã Ã Ú � o
zn� ivu m þ Ø � tW�VÞ zc� � ivu m�o zc� ivu m à

NW� Þ Æ ì {�Õ>Ó�{ Ä Æ ��� ×�×|{��<Ô àPÜl� rsO
Ýrå N Ü r å � r Ü i NWm k�å rZ�#�swnr Þ�Ù Ñ ¤ �l{^× à

å r Ül�Så O ª � Ç o zc� o z ×|{~}>×|{^Ó~� i NWm ­
Ýrå N ÜntW£fx rR®R� ¦rßVÞ N�o Ùf¯rà
å r t yRr å � r Ü i NWm k�t yRy Þ�Ù ¯ à
z ì {qÕ>Óv{ þ Ø x r t psr z N=�[r i NPm izð m î z �v� ×Q×|{��<Ô
Ýrå N Ü r å � r Ü i NWm k�t yRy Þ�Ùf¯ o z ì {�Õ>Ó�{ à
å r Ül�Så O z ì {qÕ>Óv{
�R¦ y t	Ü r Þv� � º o zc� � i á2kRk ORm�o Ùf¯hà
� Ç þ ØÍ� � º
z ×|{~}>×|{^Ó~� i NWm þ Ø z ��� ×Q×){v�KÔ
dfehg �Bô Ã Ã Ú � o
zc� ivu m þ Ø � ts�VÞ zn� � ivu m�o zc� i�u m à

d Ù ×){�Õ/Ý={q× g å r t ynr å � r Ü i NPm
Ù ×|{qÕ/Ý5{^× k¥�R¦ y t<Ü r Þ N
o zc� à
å r t yRr å � r Ü i NWm k�å rZ�#�swnr Þ�Ù ×|{qÕ/Ý5{^× à
z ì {qÕ>Óv{ þ Ø z ��� ×�×|{��<Ô î4Ñ
Ýrå N Ü r å � r Ü i NWm k pWr ÜVÞ�Ù ×|{qÕ=Ý={^× o z ì {qÕÄÓ�{ à
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tw(y)1
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y is valid

r(y)0

tw(x)2

= 6

tw(x)3

r(y)1

read is local new consistency action

3

2

1

Time
0 1 2 3 4 5 6 7 8 9 10 11 12

� BOQ147:�8 °;Û ­ øÆÝ�æ+åhß<;1ßVäFæ+àµâ]å�Ü�ßVètÝ�å�Û�â]å�ßVéFæ+ê®æ#ç�ý³ßVètÝ�Ü�Ýxå�æ³ètý¡ê^û�Ú(Ûtæ�çnß]å�å�æ�ç*��Ü�ètæ+Ý�à�æ+änà�æ³Ý�æ³è^åSå�Ûnæsý³ßDènÝ�Ü�Ýxå�æ³ètý+ê*��æ³Ý�Ý�â]îDæ³Ý
æv� ýµÛ�âVènîDæ�ç�âVý¡à�ßDÝ�Ý�å�Ûtæ�ä à�ß^ý³æ³Ý�Ý�æ³Ý³û!Ú(Ûnæ¼ÝQ=^ã�â%à�æ¼énàµâ]ý¡áræ¡å�Ý>�~�����
à�æ+änà�æ³Ý�æ³è^å;å�Ûnæ�çnã àµâ]å�Ü�ßDè�ß<;(å�Ûnæ¼ßDäFæ¡àµâ]å�Ü�ßDè¯û½ø�ènæ+å�Þ�ßVà�á
�qâ]å�æ³èný+ê9ß<;sû ã!å�Ü���æ¼ãnètÜBå�Ý�âVètç@âAÑÎß	;hó
ãtènÜBå�Ý�Ü�Ý�âVÝ�Ý�ã	��æ�ç¯û!øhÝ;Ý�æ³æ³è�
Lå�Ûtæ�ý+ßDètÝ�Ü�Ýxå�æ³èný+ê`��æ³Ý�Ý�âVîVæ�;�ßVà�å�Ûnæ¼å�Ü ��æ³ç ñÂÞSà�ÜBå�æ
ÜKÝ Â Þ��WàráV�½â]à�á²Ý(å�Ûtæ�ý³ßVätÜ�æ³Ý
â]å¸ã : âVètçµã�Ú�å�ß�éFæ;Ü�è��Dâ@��Üiçnâ]å�æ�ç�â%å
â2;�ãnå�ã à�æ;å�Ü ��æVûSøu��Ý�ß ç½ç ß^æ³Ý5ènßVåhý³ßVè²åµâ]ý+åhå�Ûtæsà�æ�âVçnæ+à�Ý
;�ß]àså�Ûtæ;å�Ü���æ�ç²ñ�ÞSà�ÜBå�æ�ÜKÝhÚ�Þv�ÌàZõ-â]Ý
å�Ûtæ�änà�æv� Ü�ßVãtÝ
å�Ü���æ�ç²ñÂÞSà�Ü�å�ækÜKÝrÚ�Þv�Wà�ö½ÜqÝ�;£à�ß<�Îå�Ûtæ�Ý�â<��æ�ä à�ß^ý³æ³Ý�Ý>�¥ã�Ú��
â]è�ç-å�Ûtæ�ý�â]ãtÝ�â<�
ÛtÜ�Ýxå�ß]à�ê-ÛtâVÝ�ètß]å�ý¡ÛtâVètîVæ�ç-Ü�è-éFæ¡å�Þ(æ+æ³è-å�Ûtæ+Ý�æså�Þ(ß�ßDäFæ+àµâ%å�ÜqßVètÝ³û

6�F78�6�BC0&8�JCBCD78�,�,T6�F7:@8�,�F7/1JCEZBC,PÍ(45D�BO6�,;Rd+-JC,9/3]^/�:\6�F78�8�A�,98�/�]�8�cU25JCA�D�AM6�BO/1DZ/�]�6�F78�2�:@/�69/[.�/1JªI5Kp8�A�,�,@4�038
AnF5BOQ1F78;:�=H/14�D�E�/1D�6�F78qD78;6�Kp/�:@��JCAM698�D�.�Y�69/n=H8 Û R Ãn6�BC038q45D�BO6�,�A�D�E�6�F78q.�/103254�6�AM6�BO/1D�6�BN038&]^/�:`A
.�/1D�,�BN,9698�D�.�Yi038�,@,�AMQ�8�AM6dA-D�/[E78p69/�=H8pD78;Q1JCBCQ1BO=5JO8�R��PF�BC,u8�cUA�032xJO8TE�8�03/1D�,969:@AM698�,d,�/1038>/�]�6�F78>2�:�/�69/U.�/1J
BC0325:�/W?�8�038�Df6�,�]^/�:i6�BN038�EU_®K�:@BC6983/�2!8;:<AM6�BO/1D�,;Rw��F78&2�:@/[.�8�,�,�8�,�ë9"qA�D�E�ë�%3F�A�?�8ZJO8�A�,98�Ed+gA�D5Eíè�A�D�E
F78�D�.�8�.;A�DZ0&AM��8�03/UE�BO¼x.;AM6�BO/1D�,e69/(6�F78�0oI[K*F�BCJO8-ëeì\.;A�Dw/1D�JOY&:�8�A�Ew6�F78�,96�AM698�/�]u6�F78*/�=7��8�.�6�,;RpÚ-4�:@BCD7Q
6�F78h8�c[8�.;476�BC/1D�/�]\6�F�8h6�BC0&8�EU_®K�:@BO698®&('V"�)>è�-!/�Iaë9"h.�/1D�6�A�.�6�, Ê I�KPF�BN.@F�BND�6�47:@D�.�/1D�6�A�.�6�,&6�F78q:�8�A�E�8;:@,
yrë ì í�ë % |*A�,9�UBCD7Qw6�F78�0±69/GBCD�?MA�JCBCE5AM698i6�F78�BO:�.�/�25BO8�,�AM]^698;:i» � Íq6�BC038(4�D�BC6�,;Ix:<AM6�F78;:�6�F78�D{:�8��f4�8�,96�BCD7Q
]^/�:ZBN0&038�E�BCAM698gBCD�?MA�JCBCE5AM6�BO/1D#R³S[/�/�2H8;:@AM6�BO/1D�,w/1D è�AM6wëVìZ=!8;]^/�:�8g6�F�BC,h8�c[25BC:@AM6�BO/1Dµ2H8;:@BC/[E´.;A�D´=H8
8�cU8�.;47698�EZKPBO6�Fq6�F78-JC/[.;A�J!.�/�2fY�R � /�:>8�cUA�032xJO8�I[A�,>,98;8�DZBCDq6�F78-¼�Q147:�8�IUë ì BCDf?
A�JCBNE�AM698�,VBO6�,TJO/U.;A�Jx.�/�2[Yq/�]
èhAM]^698;:�6�BC0&8�ºkA�D5EGF78�D�.�8�6�F78�/�2H8;:@AM6�BO/1D13xì*)>è�-W6&/[.;.;4�:�:@BCD7Qk=H8;]j/�:@8�BC6T8�cU8�.;47698�,PKPBO6�Fw6�F78�JO/U.;A�J#.�/�2fY
:�8;6�47:<D�BCD7Q Û IsKPF�BCJC8 3xì!)>è�-!/38�c[8�.;476�BND7QGAM]j698;:�6�F�8(BND�?MA�JCBCE�AM6�BC/1Dn:�8�,@4�JO6�,�BCD�.�/1D�,�BC,�698�D�.�YgAG038�,@,�AMQ�8369/
Ê RdSUBC0&BCJNAM:@JOY�I#KPF78�D�ë9%q.�/1D�6�A�.�6�, Ê ]j/�:k6�F78q6�BN038�EU_®K�:@BC698�&('V%�),+.-|÷5I Ê E7/[8�,iD7/�6k.�/10&0k4�D�BC.;AM698hKPBO6�F
6�F78*:�8�A�E78;:@,p=H8�.;A�4�,98P6�F5BC,d6�BC038�E7_®K�:@BO698PBN,e]^:�/10Ü6�F78�,�A�038-.;JCBO8�Df6*yrë�%	|dA�,p6�F78P25:�8;?[BC/14�,d/1D78(yq&('V%N),+.-�êf|
A�D�EoA�JN,9/36�F78;:�8iBN,\D7/&.@F�A�D�Q�8i69/&6�F78`.;A�4�,�A�JsF�BN,969/�:�Yq=H8;6�Kp8;8�Dn6�F78�6¥KT/&K�:<BO698�,;R

� BOQ147:@8 °�° ,�F7/	KP,sA�,�D5AM25,�F7/�6H/�]U/�2H8;:@AM6�BO/1D�,H8�cU8�.;476�BCD7QP/1D�/�=U�98�.�6�+*AM6�¼�?�8V.;JCBO8�Df6�,#ëVì�í�ë9"Mí�ë�%�í�ë7ø�í�ë7ù
A�D�E Ê Ru��F783JO8�A�,9836�BC0&83]j/�:�6�F�83K�:@BO698;:@,�BC,�A�,@,�4�038�E�69/G=H8 ° ÅZ4�D5BO6�,�KPF�BCJC8`6�F7836�BN038�JCBCD78�,@,-BN,�,98;6�AM6
¸ 6�BC038Z4�D�BO6�,;Rg��F�BC,i8�cUA�032xJO8wE�8�03/1D�,969:@AM698�,k6�F78ZBC0325:�/W?�8�038�Df6�,k]j/�:(6�BC0&8�EU_®:�8�A�E�/�2!8;:<AM6�BO/1D�,;R{��F78
2�:�/U.�8�,�,98�,>ë7ø�A�D�EZë7ù-F�A�?�8�JC8�A�,98�E1+qA�D�EZF78�D�.�8�.;A�DZ0&AM��8�03/UE�BO¼x.;AM6�BO/1D�,p69/(BC6;I[K*F�BCJO8-ëeì;í�ë�"-A�D5Ewë�%
.;A�DG/1D�JCYq:�8�A�EG6�F�8�,96�AM698i/�]G+xReë;ø���,PJO8�A�,98�8�cU25BO:�8�,\AM6�AM:�/145D�E ° Ì&6�BC038�45D�BO6�,>A�,�,�F7/	KPDoBCDw6�F78�¼5Q147:�8�I
KPF�BNJO8që]ù&Q�8;6�,3A{D78;K«JC8�A�,98h/1D +�KPF�8�Dí'»ù�),+.-!/wBC,`8�cU8�.;47698�E#R�Ú�47:@BCD7Qn6�F78h8�cU8�.;476�BO/1D�/�]P&*3#"�),+.-#/1I
ë " .�/1D�6�A�.�6�,-6�F78`,98;:�?�8;:-]j/�:-A3:�8�.�8�Df6*.�/�2[Y�R Ê .@F78�.@�[,-6�F78i:�8;]j:@8�,�FG6�BC038�,�6�A�032n/�]dBO6�,*JO/[.;A�J�.�/�2fYG/�]?+xR
SUBCD5.�8*BO6>E7/[8�,TD�/�6p8�c7.�8;8�EZ6�F78�.;47:�:�8�Df6T6�BC038-=fYq0&/�:�8*6�F5A�Dh6�F�8*6�BC0&8�JCBCD78�,�,V6�F7:�8�,�F�/1JCE#IfBC6p:�8;6�4�:@D�,p6�F�BC,
.�/�2[Yq69/3ëeìT:@AM6�F78;:>6�F�A�Dw2H/1JCJCBCD�Q�6�F78*KP:@BO698;:@,p]j/�:\AkD78;KT8;:T?�8;:<,�BO/1Dw/�]2+xRe��F�BN,e8�}H8�.�6�BO?�8�JOYq:@8�E�4�.�8�,T6�F78
D[4�0i=H8;:>/�]u.�/1D5,�BC,9698�D�.�Yw038�,�,�AMQ�8�,�8�cU.<F�A�D7Q�8�EG=H8;6¥KT8;8�DG6�F78�.;JCBC8�D�6�,>A�D�EZ6�F78�,98;:@?�8;:\]j/�:�Ak6�BC038�E7_®:�8�A�E
/�2H8;:@AM6�BO/1D#R�Ú�47:<BCD7Qn6�F�8w6�BN038�EU_®:�8�A�E�&!35ì*)	+�-�÷�I Ê 2H/1JCJN,�6�F78ZK�:@BC698;:(ë7øMIe8;?�8�Dm6�F7/14�Q1F�BC6�,kJC8�A�,98GF�A�,
A�JO:�8�A�E�Y�8�c[25BC:�8�E#R Ê F�A�,`69/�E7/n6�F�BN,i=H8�.;A�4�,98wBO6(F�A�,i69/{?�8;:@BO]^Y�BO]�ë ø F�A�,k6�F78Z03/1,96k:�8�.�8�Df6k.�/�2[Y�/�]
+g=!8;]^/�:�8qBC6�.;A�D�:�8�03/	?�8hBO6�]^:�/10 6�F�8�'!3��7&��(3�,
�(&xRq��D�.�8hBO6�?�8;:@BO¼�8�,�6�F�AM6;I�ë7ø&BC,�:@8�03/W?�8�E�]j:@/10 6�F78
'#3!�7&��(3�,��(&`A�D�E Ê KPBCJNJ7D7/�6V.�/1Df6�A�.�6>BC6eE�47:@BCD�Q�,@47=5,98��[478�Df6e:�8�A�E&]rA�4�JO6�,�R Ê .;A�D�D7/�6p,�8�D�E&BO6�,pJO/[.;A�J5.�/�2fY
/�]�+�69/{ë�"h]j/�:(6�F78w6�BC038�EU_®:@8�A�Eä&!3!"�)	+�-|ú�=H8�.;A�4�,98w6�F78Z.�/�2fY�BN,`03/�:@8h6�F�A�Dm» 6�BC038w4�D�BO6�,i/1JCE�A�D�E
F78�D�.�8�0&AWYwD�/�6T=H8�,�4�BO6�AM=xJO8*]^/�:\6�F78�6�BC038�E7_®:�8�A�E#Rel>476\,�BCD�.�8 Ê F�A�,>2�:<4�D78�EwBO6�,�'!3��W&��(3�,
� &38�AM:<JCBO8;:�IUBO6
/1D�JOYwF�A�,�69/h.�/10&0`45D�BC.;AM698�KPBC6�FGë7ù�]^/�:PA3:�8�.�8�Df6P.�/�2[YZ/�]?+5R

° º



= 3 = 3

= 3

= 3

= 3 = 3
P :

P :

P :

S :

w(x)1

P :

tr(x)1

P :
1

2

3

4

5

tr(x)3

tr(x)1

w(x)4

tr(x)4

w(x)2

w(x)3

Time1410 11 12 13 15 16 17 18 19 20 21 22 23

P  ’s lease expires
4

new lease for P
5

S’s copy is invalid here Remove P   from writerSet
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