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f�U0S�w n0\]PKRVn0\]P5\]P!� w$d:w�U^STu�ZBU0P�qv\�q�RVdJP5ZJu�e�z!d:P�wIY!�]RT\N�!�]dIZBU0�5\]d(qrU,f�RTz!d~qVn,w$d�U0�X��d(Z[R�d`¼*\�qvR
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\NP�WX\=º dJSVdJPKR�P!UXWXd:qj¯0qTUyRVz5npR RTz5drZJ�]d(n,P É w$U^qvR�Y!�½® RTUz®3W!n,RTd�Ê7ZJU0�*u~ZJn0PIn,�Nern9u*q��<d�\NWXd:PKRT\&X5d:W&M
mEU^STd:Upb0dJSm¯*RTz5dI��a�m�qyP5dJd:W�RVU��<dJSTf�U0SVw ÂuÇ�·`ÓsÇ`Âu¶Î±sÒ�²Á²X¶I±`µy¿ÍÒ�À�f�STU^w RV\]w$d~RVU�RV\]w$dz¯<e�z!\�Z{z
�^n,RTz!d:SVqlY!P*Y5qTd:W�w$dJw$U^STu RVU$STd(ZB��n,\Nw qv��n0ZBd�f�U^SrRTz!d��~a�i M

Global Thread Space (GTS)

JESSICA’s Distributed Shared 
Memory Subsystem

Distributed Object Manager in 
JESSICA Daemon

Page-Based Distributed Shared Memory Suppo rt: M = Memory Subsystem,  
C = Communication Subsystem, S = Synchronization Subsystem

Global Object Space (GOS)

Garbage Collector

M C  S M C  S M C  S M C  S

OS (Linux) OS (Linux) OS (Linux) OS (Linux)

Node 1 Memory Node 2 Memory Node n-1 Memory

DSM Page

Threads

Unused objects to be reclaimed

Small objects allocated in one page

Node 0 Memory

Network

DSM 
Space

…Large objects 
span > 1 page
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gKh#i!i*OTjlk U0�XR{q�RTU�Y5qTdIn�Ñ Ç`Âu¶���ÓsÇ�´|¶sÌIqvU0f R�eln0STd~��iXm�qvuXqvRTdJw ¸]L:��¹�f�U0Sc�!STUpb*\�WX\NP!� RTz5d
P!d(ZBd:qVqVn,SVu;qTdJSVb*\NZJd:q~U0f�RTz!d2��a�mHM�k �5n0�0d`® �5n^qvd(WH��i!m�qTu*qvRTd:w \]w$�!�NdJw$dJPKR{q�n�qvz�n,SVd:W
w$dJw$U0SVu�qT�5n0ZJd�RVz!STU^Y!�0z�RTz5d�Y�qvd$U,f#RTz!d$b*\NSvRVY5n,��w$dJw$U^STuEw n,P�n,�0d:w$dJPKR�w$d(Z{z5n,P!\�qTw U,f
RTz5d�Y!P�WXdJSV�]u*\NP!�;U0�<dJS{npRT\NP!��qTuXq�RVdJw2MHO3R ZBU0P�qv\�q�R{q�U0f�RTz5STd:d�w n,\NP ZJU0w$�<U0P!d:P^R{q�� É LmÊ~RTz5d
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P!UXWXd(q � É _zÊ�RTz5d ±sÒgÅVÅ�³½À ¿Í±sÇ�µy¿ÍÒ�À ´s³ Ó|´ÄÃ�´Äµ�¶`ÅV¯7e�z!\NZ{z�RTS{n,P5qvf�dJS{q�ZBU^P^RVSTU^��\NPXf�U^STw npRV\]U^P�n0P5W
�5n0�0d$Y!� W!npRVd:q�f�SVU0w U^P!d$P!UXWXd$RTU�RTz5d U,RTz5dJSm¯7n,P5W;n,��qTU6f�dJRVZ{z!d(q��5n,�^d$ZJU0�!\Nd:q�\NPDqvd:STb*\NP!�
SVdJw$U,RVd �5n,�^d�SVdjÕKY!d(q�R{q � n,P�W É soÊcRVz!d ´ÄÃ�À°±sÏ^·IÒ�À ¿&bmÇgµ ¿ÍÒgÀ ´Ä³ Ó|´sÃ�´Äµb¶|Å�¯�e�z!\NZ{zD�!SVUpb*\NW!d:q�RTz5d
P!d(ZBd:qVqVn,SVu§qTu*P5Z{z!SVU0P!\N�:n,RT\NU0PF\NP^RVdJSTf�n0ZJd:q f�U^SEn,�!�!�N\�ZJnpRV\]U^P��!SVU0�^SVn0w�w$d:SVq:M �rz!SVU0Y!�^zFRTz5d
qTdJSVbK\�ZBd(ql�!STUpb*\�WXd:W6�*u�RTz5d�Y5P5WXdJSV�NuK\NP!� ��iXm ¯XRVz!d~��a�m U0f�n$g^hli!i*OTjlktW!n0dJw$U0P�\Nq�n0�!�Nd
RTU�qvY5�!�!�Nu�w$UKq�R�U,f�RTz5d~f�Y!P5ZBRT\NU0P5q�P!d:d:WXd(W2f�U0ScSTd(n,�N\]�:\]P5� RTz!d �~a�i M �rz!d�U^P!�Nu�d`¼XZJdJ�XRV\]U^P
\�q�RTz!d �Kn,SV�5n,�^dIZBU^�]�Nd:ZBRT\NU0P�f�Y!P5ZBRT\NU0P
¯�e�z!\NZ{z;w$U^qvR��5n,�^d|®3�5n0qTd:W���iXm WXU*d(q�P!U,R~qTY!�!�<U0STR
n,P�W z!d:P5ZBd�w�Y5qvR��<d�\]w$�!�NdJw$dJPKRVd:W \]P RTz!d2��a�m M ky�NqTU ¯ RVz!d2��a�m�\Nq�SVd:qT��U^P5qv\N�!�Nd�f�U^S
RTS{n,P�q�f�U^STw$\NP!��RTz!d���n,�0d b*\NdJe U,flRTz5d�Y!P5WXd:ST�Nu*\]P5����iXm�qvuXqvRTdJw RTUERVz!d�U^�X��d:ZBR~bK\NdJe n^q
qTdJdJP��*u�gKn9bpn��!SVU0�^SVn0w$w�d:SVq:M
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�rz!d��~a�i�\�q�\]P5\�RV\Nn0�]\N�Jd(W�n,R�RTz!d~gKh#i5i*OTjlkt\]P5\�RV\Nn0�]\N�:n,RT\NU0PEq�R{n,�^d�n^q�qvz5Upe�P�\NPEo�\N�0Y5STd L^M |�M
¡Fz!d:PDnEgKn9bpn�n0�!�!�N\NZ:npRV\]U^P;\�q�SVY!PDU0PDg^hli!i*OTjlk�¯/RTz!d�qTuXq�RVdJw e�\N�N�8ZJn0�]� RVz!d�Y!P5W!dJSV�]u*\NP!�
��iXm qTY!�!�<U0STR�RTU ZBSVd:npRVd�n �Nn0ST�^d��!\Nd:ZJd�U0f�qTz5n,SVd:W�w�d:w$U0SVu0M &yqTdJS{q�ZJn,P n0W9��Y�q�R2RTz5d
qT\]�:d U,flRTz!\�q~qTz5n,SVd:WDqT�5n0ZJd$n,R�RTz!d�ZJU0w$w n,P5W;�!SVU0w$�XR~e�z5dJPH\NPKb^U0¢*\NP!�6RVz!d6n0�!�!�N\NZ:npRT\NU0P7M
k��N�rRTz5dEU0�X��d(Z[RVq$WXd(ZB��n,SVd:W WXY!SV\]P!�;RVz!d2d|¼Xd:ZJYXRT\NU0P§U,f�RVz!d�gKn9b9n�n,�!�5�]\�ZJn,RT\NU0P
¯lqvz5n0STd(W U^S
U,RVz!dJSVe�\�qvdo¯<n0STd�n0�]�NUXZJn,RTd:W2\NPERVz!\Nqc�!\Nd:ZJd�U,f8qTz5n0STd(W2w�d:w$U0SVu0M�¡Fz!d:P�n0P�U0�X��d(Z[RyP5dJd:W5q�RVU
�<d�ZJSTd(npRTd(W É WXY5d6RVU;n�q�R{npRT\�Z6W!d:ZB��n,S{npRV\]U^PHU0SIRTz!d"����������f�Y!P5Z[RV\]U^P \NP gKn9b9nuÊÄ¯ RVz!d��NUXZJn0�
��a�m \]P gKh#i!i*OTjlk e�\N�N�5z5n0P5WX�NdrRTz!d�SVdjÕKY!d(q�R8n0P5W$ZBSVd:n,RTdrRTz5d�U0�X��d(Z[R��NUXZJn,�N�Nu�\NPIRVz!dc�~a�i M
�rz!d��NU0�0\�ZJn0� w�d:w$U0SVu6n0W!W!STd(qTq#RTU$e�z!\�Z{z�RTz!d�U^�X��d:ZBR�\Nqrw n,�5��d(W6e�\N�]�7��d��5n^qTqTd:W�RTU U0RTz!d:S
P!UXWXd(q`¯�qTU�RVz5npR�RTz!d:uH¢*P!Upe e�z!\�Z{z n0W!W!STd(qTq�RTU�STdJf�dJSIRTU�e�z5dJP RVz!dJu n^ZJZJd:qVq�RTz5d�U^�X��d:ZBR
��npRTd:S�U0P/M

(b)

DOM in JESSICA Daemon

Hard-
ware

Interconnection Network

GOS
A

B

C

Thread 
1

new A;

new C;

Thread 
2

new B;

Increasing 
Address

GOS

Time(a)

Hard-
ware

Hard-
ware
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\NP$RTz!dyqvRVn0SvRVY!� �!z5n^qvd^M É ��Ê8ac�X��d(Z[R{q8n,SVd�ZBSVd:n,RTd:W$WXY5ST\NP!�~d`¼*d(ZBYXRV\]U^P$U0P�n^X5S{q�R�®3ZJU0w$d|® X5S{q�R�®
qTdJSVb0d��5n0qT\Nq:M
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i*U^w�dyRT\Nw$dc��npRVdJSm¯^\]f�n,P5U,RTz5dJSlP!UXWXd�RVST\Nd:q#RTU�n0Z:ZBd:qVq�RVz!d�U0�X��d(Z[Rj¯XnIqvd:�0w$dJPKRVn,RT\NU0P f�n0Y!�]R
e�\N�]��U*Z:ZBY!Sm¯^n0P5W�RTz5d��]UXZ:n,����a�m e�\N�]�<Z{z!d:Z{¢�RTz!dyn^W!WXSVd:qVq�U,f RVz!d�U0�!��d:Z[R(M O3f<RVz!dyn^W!WXSVd:qVq�\Nq
bpn,�N\NW É \�M d0MX¯^e�\]RTz5\]P$RVz!d��NU0�0\�ZJn0�!n0W!W!STd(qTq�qT�5n^ZBdrU,f RTz5dc�~a�i5ÊÄ¯0\�R8e�\N�N�5SVdjÕKY!d:qvR8n�ZBU^�*u~U,f RTz5d
U0�!��d:Z[R�f�SVU0w RTz!d~��a�m U,f�RTz!d�P!UXWXd�z5U0��WX\]P5�IRVz!d�w$U^qvR�Y!� W!npRVd:W2ZBU^�Ku6U,f7RVz!d~U^�X��d:ZBR:M�O3f
RTz5d�n^ZJZJd:qVq#\�q�n�e�ST\]RTdo¯!ZBd:SvR{n,\NP6w$dJw$U0SVu�ZBU^P5qT\NqvRTd:P5ZBu �<U0�N\NZJ\]d(qrw�Y5qvR���d�U^�5qvd:STb^d:W É e�z!\�Z{z
bpn,SVu�e�\�RVz�WX\=º dJSVdJPKR�¢*\NP5W!q�U,f���iXm qvY5�!��U^SvR{q �,RTU���drWX\�qTZJY5qTqTd:W~�Nn,RTdJSÄÊÄ¯,qTUcRTz5n,R�RVz!dlqTuXq�RVdJw
\�q�n,�!�Nd�RTU$\�WXdJPKRT\]f�u�RVz!d�w$U^qvR�Y!�½® RTUz®3W!n,RTd�ZBU^�*u0M

k ÕKY!d(q�RV\]U^P n,SV\�qvd(q~e�z!\�Z{z \�q�e�z!dJRTz!d:S�n0�]�NUXZJn,RT\NP!��P!U^P½®3qTz5n0STd(W�U^�X��d:ZBRVqI\]P RTz!d2�~a�i
elU0Y!��W �<d�n;eln^q�RVd2U,fcSVd:qTU0Y5SVZJd:q:M§�rz!d�n0P5qTe#d:S�\�q$u0d(q$\]PFqTU0w$dEZJn^qvd(qJM OQP g^hli!i*OTjlk�¯
z!UpeldJb^dJSm¯:qT\]P5ZJd8gKn9b9n�n0�!�!�N\NZ:npRV\]U^PcRVz!SVd:n0W5q7n,SVd�n,�5�]d�RVU�w$\]�^SVn,RTd f�SVU0w U0P!d8P!UXWXd�RTUcn,P!U0RTz!d:S
WXY!SV\NP!��d|¼Xd(ZBYXRV\]U^P
¯5U^�X��d:ZBRVq��NUXZJn,�7RTU6n�RVz!SVd:n0W2w n9u�P!U,Ry�<dIn^ZJZJd:qVqvd(W6�*u�RTz!d�qTn0w�d�P5U*W!d
RTz5STU^Y!�0z!U^YXR RTz!d�RTz!SVd:n^W7Ô q d`¼Xd:ZBY!RT\NU0P/M�}���n0ZJ\]P5�yRVz!d:qTd�U0�!��d:Z[R{q U0YXR�U0f RTz!dy�~a�i�ZJn0P ZBSVd:npRVd
�!SVU0�!�NdJw q8e�z!dJP$RVz!d�RVz!STd(n0W$\�q�w$\N�0S{npRTd(W&M�OQP$f�n0Z[R#RTz!d:STdy\Nq8P!U~d:n^qvuIeln9u�f�U0Slg^hli!i*OTjlk RVU
¢*P!UpeHe�z!\�Z{z�U^�X��d:ZBRVq�n,SVd#qTz5n,SVd:W�U^S�P5U,R �0\Nb0dJP���Y5q�R RVz!dlgKn9bpn��*uKRTd(ZBUXWXdz¯pY5P!�]d(qTq n^W!WX\]RT\NU0P5n0�
\NPXf�U0SVw npRT\NU0P2ZJn0P��<d~qTY!�!�!�N\]d(W�bK\�n$ZBU^w��5\]�NdJS�n0P5n,�NuXqv\�qJM
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' o!SVU0wtRVz!d�WXd�X5P5\�RV\]U^P5q`¯p\]R�\Nq d(n0qTu�RTU�P!U,RV\NZJd#RVz5npR%\���jHZJn,PISTd(WXY5ZJdlqTU0w$dlY!P!P!d(ZBd:qVqVn,SVu

ZBU^w$w�Y!P!\�ZJn,RT\NU0P
¯<qv\NP5ZJd�qvU^w$d�U,f RTz!dI�!SVU*ZJd:qVqvU^SVqlw n9u�P!dJb^dJS�P!d:d:W�RVz!d�Y!� W!n,RTd:qcn,P*u*eln9u^M
�rz!\�ql\NqrqTz!Upe�P6\NP6RVz!d�d|¼!n,w$�!�Ndc\NP2o�\N�0Y5STdIL0M �!M OQP�o�\N�0Y!SVd�L^M � É nuÊÄ¯Xh8��j§\�qlY5qvd(W7¯!n,P�W RTz5d
Y!� W!npRVd:qlU,f�b9n0�]Y5d:q �z¯QÃyn0P5W b#�*u'�)(�n,SVdy�5STU^�5n,�KnpRTd(W�RTU���U0RTz��!STUXZJd:qVqvU^SVq �&*cn0P5W �,+�n,R
RTz5dIRV\]w$d e�z!d:P �&(�SVdJ�Nd:n^qvd(qcRTz!d$�NU*Z{¢ M�&�P5WXd:S \7��jA¯&U0P�RTz!d$U0RTz!d:S�z5n,P5W
¯&RTz!d$Y!� W!n,RTd:q
U0P5�]u�P!dJd(W;RTUE�<d6qvd:PKR�RTU �)* e�z!dJPH\]RIn0ZjÕKY!\]SVd:q�RVz!d��NUXZ{¢°¯�n0q~qTz!Upe�PD\NPDo�\N�0Y!SVdEL0M � É ��Ê[M
�rz!d�Y!� W!n,RTd:q�n0STd�P!d:b0d:S��!STU^�5n,�KnpRVd:W$RVU �-+z¯5n^qr�]U^P!� n0qr\]RyWXU*d:qrP!U0Ryn0ZjÕ^Y5\]SVd��]UXZ{¢/.�M

��d:�^n,S{WX�Nd:qVq8U0f�e�z!\�Z{z�f�U0SVw U,f�STd:�]d(n0qTd�ZJU0P5qT\NqvRTd:P5ZBu6\Nqr�<dJ\NP!�$Y5qTd:W7¯XRVz!d��!SVU0�0S{n,w qln,SVd
�0Y�n,S{n,PKRTd:d:W;RTU;�<dJz5n9b^d6qvdmÕKY!dJPKRT\�n,�N�NuDZJU0P5qT\�q�RVdJPKRT�NuD\�f�n,�N�8RVz!d�qTz5n0STd(WHw$dJw$U0SVuHn0ZJZJd:qVqvd(q
n,SVd��^Y5n,S{WXd(W��!SVU0�<dJSV�]u2�*u2RTz5d$qTu*P5Z{z!SVU0P!\N�:n,RT\NU0PEU^��d:SVn,RT\NU0P5q:M�OQP;n�elU0S{W7¯:\7��jt\�q3Õ^Y5\�RVd
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Rel(L2)

Acq(L2)

W(x)1
Acq(L1)

Rel(L1)
W(y)2

Acq(L2)

Rel(L2)
W(z)3

R(x)1
R(y)2
R(z)3

P0 P1 P2

x, y, z

x, y, z

Time

For eager release consistency, 
updates of x, y and z are propagated 
to P1 and P2 at the release.

(a)

(b)

Rel(L2)

Acq(L2)

W(x)1
Acq(L1)

Rel(L1)
W(y)2

Acq(L2)

Rel(L2)
W(z)3

R(x)1
R(y)2
R(z)3

P0 P1 P2 Time

x, y, z

For lazy release consistency, 
when P1 acquires the lock L2
from P0, P0 propagates the 
update of x, y and z to P1 only.
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 ��� � kyP d`¼Xn0w$�!�]d2\N�]�NY5qvRTS{npRV\]P!�;SVdJ�Nd:n0qTd�ZJU0P5qT\�q�RVdJP5ZJu É ��jPÊ[M É noÊ�&�P�WXdJS d(n,�0d:S
SVdJ�Nd:n0qTd�ZJU0P5qT\�q�RVdJP5ZJu É h8��jPÊ[M É ��Ê &�P5WXd:S2�Nn0�Ju STd:�]d(n0qTd�ZJU0P5qT\NqvRTd:P5ZBu É \7��jPÊ[M (yU,RTd�RTz5d
WX\=º<d:STd:P5ZBd�\NP2W!npR{nI�5STU^�5n,�KnpRT\NU0P�Y!P5WXd:SrRTz!d�R�elU$w$U*W!dJ��qJM

dB��ZJ\]d:P^R~n0P5W��5STUpb*\�WXd:q�n�STd:�Nn,RT\Nb0d:�]u�qT\]w$�!�Nd$�!SVU0�0S{n,w$w$\NP!�6\NPKRTdJSTf�n0ZJdz¯7n^q�\]P�RTz5d�ZJn0qTd�U,f
� ·�¶sÇzÌ # Çg·2e�´e¸�L9_�¹3M
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mEU^STd$SVd:ZBd:PKRT�Nuz¯7SVd:qTd:n0SVZ{z;z5n^q�RTY!SVP!d:W;RVU2RTz!d6�!Y!S{qvY!\]R~U,f�n2P!d:e w$dJw$U^STu�w�UXWXd:��e�z!\�Z{z
ZJn0P n^Z{z!\]d:b0d�z!\]�^z �<dJSTf�U0SVw n,P5ZJdz¯�e�z!\N�Nd�SVdBR{n,\NP!\]P5���^UKUXWH�5STU^�0S{n,w$w n,�!\N�]\]R�uD�]\N¢0d�STd:�]d(n0qTd
ZBU^P5qT\NqvRTd:P5ZBu^M �rz!\Nq�U^�X��d:ZBRT\Nb0d;z5n0q��<dJdJP n0Z{z!\NdJb^d:WF�*u ´`±sÒIÑ ¶ ±sÒ�À ´s¿{´Äµb¶|ÀQ±|Ã É iXZ9jPÊ ¸�L(��¹�¯
e�z!\�Z{z eln^q$�!STU^��UKqvd(W§�Ku STd(qvd(n,S{Z{z!dJS{q�npR6}�SV\NP5ZBdJRTU0P§\NP L:�0�^�!MFO3R f�d(npRTY5STd(q$RTz!d��!SVn0P5W
P!d:e ZJU0P5ZJdJ�XRIU,f ´|±sÒsÑ5¶|´Ä¯�e�z!\NZ{zHZ:n,PHSVd:WXY5ZJd$RTz!d�n,w$U0Y!PKR�U0f�W!npR{n2Y!�<W5npRTd(q�n0w�U^P!�2RTz5d
�!SVUXZBd:qVqTU0S{q`¯*n,P5WgX!R�P�npRTY5SVn0�]�Nu$RTz!d~qTu*P5Z{z!SVU0P!\N�:n,RT\NU0P��!STUpb*\�WXd:W��*u RTz5d��]UXZ{¢�w$d:Z{z�n,P!\�qvw2M

k qTZJU0�<d6\�q�n��N\]w$\]RTd:W b*\]d:e U,fyw$d:w�U^STuDSVdJ�Kn,S{WX\]P5��e�z!\�Z{z w$dJw$U0SVuDSTdJf�dJSVdJP5ZJd:q�n,SVd
�<dJSTf�U0SVw�d(W&M &�� W!npRVd:qyw$n^WXd~e�\]RTz!\NP�n qVZBU^��d�n0STd��^Y5n,S{n,PKRVdJd:W6RTU6��dIbK\�qT\]�!�Nd~U^P!�]u�e�\�RVz!\NP
RTz5d6qTn0w$d$qVZBU^��d^M6o!U^S~d|¼!n0w��5�]do¯7\NP o�\N�0Y5STd2L0MNL:� ¯�n0�]�8ZJST\]RT\�ZJn0��qvd(Z[RV\]U^P5q��0Y�n,S{WXd:W��*u�RTz5d
qVn,w$d��NUXZ{¢HZBU0w$�!SV\�qvd�n�qVZBU^��d^M �rz!d��]UXZ{¢Xq�\NP n��!SVU0�^SVn0w RVz*Y5q$WXdBRVdJSVw�\NP!d�RTz!dEqVZBU^��d(q
\Nw��5�]\�ZB\]RT�Nuz¯pw n,¢*\NP!��RVz!d#qVZBU^��dlZBU^P5ZBd:�XR�d(n0qTuyRVUyY!P5W!dJS{q�R{n,P5W&M�OQP�n0W5WX\�RV\]U^P
¯p�5n0STSV\]d:SVq7WXd�X5P5d
n��0�NU0�5n0��qVZBU^��d$ZBUpb^dJSV\]P!��RTz!d$dJPKRV\]SVdI�5STU^�0S{n,w2M��rzKY�q�n,R�n��5n0STSV\]d:Sj¯&n0�]��RTz5d�Y5�<W!n,RTd(qcU^P
RTz5d~qvz5n0STd(W6U^�X��d:ZBRVqrw n0W!d��*u�d:b0d:STu��5STUXZBd(qTqTU0Sle�\N�]�/�<d��!SVU0�5n0�^n,RTd:W�RTU�RTz5d�U,RTz5dJS{qJM

Rel(L2)

W(x)1

Acq(L1)

Rel(L1)
W(y)2

Acq(L2)

Rel(L2)
W(z)3

Acq(L2)

R(x)0

R(y)0

R(z)3

P0 P1 P2

z

Time

In scope consistency, P1 acquires the lock 
L2 from P0, and P0 propagates the update 
of z to P1 only. The reads of x and y are 
not guaranteed to be 1 and 2 respectively.
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�� � k�P2d|¼!n0w��5�]d�\N�]�NY5qvRTS{npRT\NP!� qVZBU0�<d�ZBU^P5qv\�qvRTdJP�ZBu É iXZ(jPÊBM
k qVZBU0�<d \�q�qVn,\�W�RVUE��d6U0�<dJP!d(WHnpR�n,PHn^Z`ÕKY!\NSTd U^��d:SVn,RT\NU0P É �NU*Z{¢;n0ZjÕ^Y5\]SVd U0S��Nd:n9b*\NP!�

n �5n0STSV\NdJSÄÊÄ¯�n0P5WE\�qcZJ�]UKqvd(WEnpR�n STd:�]d(n0qTd É �NUXZ{¢�SVdJ�Nd:n^qvd�U0Scn0�!�!SVU^n^Z{z!\]P5��n �5n,SVSV\]d:SsÊBM�¡F\�RVz
RTz5d:qTd~ZBU0P�ZBdJ�!RVqj¯5iXZ(j�\Nq�W!d�X5P!d(W2n0qlf�U0�N�NUpe�q��
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�rz!\�q w$d:n,P�q�RTz5n,R Y5�<W!n,RTd(q�w n0WXdrU0Y!RVqT\NWXdlRVz!d�qTn0w$drqVZBU^��dre�\N�]�XP5U,R��<d��!STU^�5n,�KnpRVd:W~n,R
RTz5d8RV\]w$dlU,f!RVz!dln^Z`ÕKY!\NSTd^M7�rz!\�q�\Nq�qvz5Upe�P~�*u�RTz!dl�!SVU0�0S{n,w d|¼!n,w$�!�Nd8\NPIo�\N�0Y!SVdyL^M]L(�5¯9e�z!\�Z{z
\�q&RTz5d8qTn0w$d�d|¼!n,w$�!�Nd8n0q&RTz5n,R7\]P~o�\N�0Y!SVd�L^M �5M7�rz!d8ZJU0PKRTd:P^R{q&U,f �8n,P5WÈÃ Y!� W!npRVd:W��*u �)(�e�\N�]�
P!U0Ry��dI�!SVU0�5n0�^npRVd:W�RTU �)*~n,R�RTz!dI�]UXZ{¢�n0Z`ÕKY!\NSVd0M��rz!\�qcn0�]�NUpe�qyiXZ9j��5STUXWXY5ZJ\]P5���]d(qTqcW!npR{n
ZBU^w$w�Y!P!\�ZJn,RT\NU0P�\]P�RTz!d�ZJ�]Y�q�RVdJS�RTz5n0PDY5qv\NP!�o\7��jA¯&z!d:P5ZBd$\Nw��5STUpb*\NP!�6RVz!d$��d:Svf�U^STw n0P5ZBd^M
iXZ9j qTz5n0STd(q�RTz5dyqTn0w$d��!SVU0�0S{n,w$w$\NP!��\]PKRVdJSTf�n0ZBd�e�\]RTzg\7��jcM0OQP6n~PKY!RVqTz!dJ�N� ¯K\]f7n��5n,STRT\�ZBY5�Nn0S
bpn,SV\Nn0�!�Nd~U0ScU0�X��d(Z[Rc\�q��^Y5n,S{WXd(W2�Ku�RVz!dIqVn,w$d��NUXZ{¢�d:b0d:STu�RT\Nw$d�\]Rc\�qcn^ZJZBd(qTqTd:W
¯ \���j n0P5W
iXZ9jF�<U,RVz��^Y5n,S{n,PKRVdJd�RVz5npR�RVz!d�w$dJw$U0SVu�\�q�ZBU^P5qT\NqvRTd:P^R(M
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OQP U^SVW!dJS�RTU n,�!\�WXd;�Ku�qTdjÕKY!d:PKRT\�n,��ZBU^P5qv\�qvRTdJP�ZBuFn0q�U0��qvd:STb^d:W �*u RTz!dHg a m q�R{n,P5W!n0SVW
¯
RTz5d�g^hli!i*OTjlk w$\NW5WX�]d:eln0STd$\�q�SVd:qT��U^P5qv\N�!�Nd�RTUEz!\�WXd$RTz5d STd:�Nng¼*d(W�w$d:w�U^STu�w�UXWXd:�Nq~Y5qvd(W
\NP RVz!d2Y!P5WXd:ST�Nu*\]P!�H��iXm qvY!�5��U^SvRm¯#qTU�RVz5npR$RVz!dEn,�!�!�N\�ZJnpRV\]U^P5q�U0P RTU0� n,SVd2n,�!�Nd�RTUDqvd:d
nHqTdjÕKY!dJPKRV\Nn0�]�Nu ZJU0P5qT\NqvRTd:PKR��~a�i M#kcq�WXd:qVZBSV\N��d(WFn,�<Upb0dz¯lY5qTdJS{q ZJn0P�qvd:d�nHqvdmÕ^Y5dJPKRT\�n,�N�]u
ZBU^P5qT\NqvRTd:P^Rlw$dJw$U0SVu qv�5n^ZBdcY!P5WXd:Sln�STd:�Nng¼*d(W w$dJw$U0SVu�w�UXWXd:� \�f7d:b0d:STu�U0�X��d(Z[Rr\Nq#�!SVU0�<dJSV�]u
�0Y�n,S{WXd:W§�*u§qTY!\]RVn0�!�]dE�NUXZ{¢XqJM �rz!d:STdJf�U0SVdz¯#f�U0S6d:b0d:STu �N\NP!d�U0f�ZJUXWXdEe�z!\�Z{z�n0ZJZJd:qVqvd(q$RTz5d
U0�!��d:Z[R{q�\NP RTz!dD�~a�iQ¯#n �]UXZ{¢ n^Z`ÕKY!\NSTdE\�q��<dJSTf�U0SVw$d:W �<dBf�U^STdERVz!d�U^�X��d:ZBR�n0Z:ZBd(qTq:M �rz5d
�NU*Z{¢E\�q�RTz5dJPDSTd:�]d(n0qTd:W�npf RTd:STern,S{W!q:M�OQPHiXZ(jA¯ RVz!d �NU*Z{¢EY�qvd(W�wIY5q�R��<d$RTz!d qVn,w$d$U0P!d�f�U^S
dJb^dJSVu n0ZJZJd:qVq8U0f/RTz5d�qVn,w$d�U0�X��d(Z[Rm¯*qvRVn0SvRV\]P5�~f�SVU0w RTz5d�w$U^w�d:PKR#RVz!d�U0�X��d(Z[Rr\NqrZBSVd:n,RTd(W&M�k
w n,�!�5\]P!�2f�Y5P5Z[RV\]U^P�f�SVU0w U0�X��d(Z[R~n0W5WXSTd(qTq�RVUE�]UXZ{¢�O�� \Nq�z5dJP5ZJd P!dJd(WXd:W&M +�dJSVd�n�w n,P*uu®
RTUz® U^P!d�w n,�!�5\]P!�6\NqyY5qvd(W7¯ qv\NP5ZBd~RTz!d:U0SVdBRT\�ZJn0�]�Nu2n,PEY!P!�N\Nw�\]RTd(WEP*Y!w��<dJScU,f�U0�!��d:Z[R{qyZ:n,PE�<d
ZBSVd:n,RTd(W�\NPHn�gKn9bpn2n,�!�!�N\�ZJnpRV\]U^P
¯7n0P5W�RTz!d:STdJf�U0SVd�\]R~\�q�\]w$�<U^qVqv\N�!�Nd�RTU�n0qVqT\]�^P�U^P!d$�]UXZ{¢ERVU
d:n^Z{z�U^�X��d:ZBR�f�U^S�STd(qvU^Y!SVZJdIZJU0P5qT\NW!dJS{npRT\NU0P7M��rz!d ZBY!SVSVdJPKR�b^dJS{qv\NU0P�U,flgKh#i5i*OTjlk qvY!�5��U^SvR{q
L:�K_p|��]UXZ{¢Xq:M

ayf�ZBU^Y!SVqTdz¯!RTz!d:STd~\�qyn6qv�N\]�^zKRy��d:Svf�U^STw n0P5ZBd��<dJP5n0��R�u�f�U0Scw�Y!�]RT\N�!�Nd�U^�X��d:ZBRVqrRVU6qvz�n,SVd~n
�NU*Z{¢ M o�\]S{q�Rm¯^e�z5dJP R�elU�RTz!SVd:n^W!q�RVSTuIRTUIn0ZJZJd:qVq R�elU~WX\�º dJSVdJPKRlU0�X��d(Z[RVqj¯0e�z5\NZ{z�n0STd�w n0�!��d(W
RTU�RTz5d$qVn,w$d��]UXZ{¢Q¯&U0P5dIU0f8RTz5dJw wIY5q�R�ern,\]R�Y!PKRV\]� RVz!d$U,RTz5dJS�d|¼X\]RVq�RTz5d$ZJST\]RT\�ZJn0��qTd:ZBRT\NU0P/M
i*d(ZBU0P�W7¯&qv\NP5ZBdIw�Y!�]RT\N�!�NdIU^�X��d:ZBRVq�qvz�n,SVd�RTz!d$qVn,w$d��NUXZ{¢°¯&n,R�qTuKP�Z{z!STU^P!\N�:npRV\]U^PE��U^\]PKR{q`¯<RTz5d
W!n,RVnE�!SVU0��n,�^n,RT\NU0P�e�\]�N�lZJU0PKRVn0\]P;RVz!d�Y!� W!npRVd:W ZJU0PKRTd:PKRVq�U0frwIY!�]RT\N�!�]d�U0�X��d(Z[R{q`¯�U,f�e�z!\�Z{z
qTU0w$d�w$n9u6P!U,R��<d�P!dJd(WXd:W2n,P�W�n0STdcRTz*Y5q�eln^q�RVd:W&M

k�P5U,RTz5dJS�\NqVqvY5d~SVn0\NqTd:W2�*u�RTz5\Nq�w$d:Z{z5n0P!\�qvw RTSVu*\]P5� RTU�z!\NW!d�RVz!d�Y!P�WXdJSV�]u*\NP!�6w$d:w�U^STu
w$UXWXdJ��q~\�q�RVz5npRIRTz!d�P*Y!wI��d:S�U0f���iXmA�NUXZ{¢;n^Z`ÕKY!\NSTd�n0P5WDSVdJ�Nd:n0qTd U0�<dJS{npRV\]U^P5q~Z:n,�N�]d(W��*u
RTz5d�g^hli!i*OTjlk w$\�W!WX�NdJern,SVdEw n9u �<d�d|¼!ZJd:qVqv\Nb0d^M k qT\]w$�!�Nd�n0�!�!�N\NZ:npRT\NU0PF�5STU^�0S{n,w ZJn0P
\NP5WX\NSTd(Z[RT�Nu�\NP*b0U^¢0dIRTz!d(qvd���iXm ZJn0�]��q�w$\]�N�]\NU0P�q�U,flRT\Nw$d:q:M'+�d:P5ZBdo¯�n ²t¿�Â�Ï^µ � � ¶|¿�Â�Ï^µ#�]UXZ{¢*\NP!�n,P�W6Y!P5�]UXZ{¢*\]P5��w$d(Z{z5n,P!\�qTw \Nq�b0dJSVu w�Y�Z{z2Z:n,�N�]d(W�f�U^Srf�U0S�n0P�dJ� ZJ\]d:PKRc�~a�i M
£F¤��v¤.E U�© ��I�¨#I�¦l¬ I �V¨s©�§g©�¬°©�! �
k���n,STR�f�STU^w w$dJw$U0SVu6ZBU^P5qT\NqvRTd:P5ZBu�w$UXWXd:�Nqj¯N±sÒjÏ ¶|·�¶`À°±s¶vÑ°·�Ògµ�Òm±sÒ�²�´e¸ _,��¹7Z:n,P2�0SVd:n,RT�Nu�n�º d:ZBR
RTz5d��<dJSTf�U0SVw$n0P5ZBd�U,f�RVz!d���iXmHM��rz!d:u n0STdo¯�z!UpeldJb0d:Sj¯rU0f RTdJP ��d:\]P5� Upb0d:ST�NU*U0¢^d:W7¯rqv\NP5ZJd
Y!P!�N\N¢0d�w�d:w$U0SVuEw�UXWXd:�Nqj¯/e�z!\�Z{z�ngº<d(Z[R�RTz5d��5STU^�0S{n,w$w$\]P!�6U,fl��iXm n,�!�5�]\�ZJn,RT\NU0P5qj¯&Y5qTdJS{q
w n9u�P!U0R�W!\]SVd:ZBRT�Nu�qTdJd�RTz!d~W!\�º dJSVdJP5ZJd�dJb^dJP�e�z!dJP�RTz!d~ZJU0z!d:STd:P5ZBd��!SVU,RVUXZBU0� \�q�Z{z5n0P!�0d(W&M
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O3RI\�q�W!\���ZBY5��R�RTU ��Y�WX�0d�e�z!dBRVz!dJS�n�ZBU^z!dJSVdJP�ZBd �!SVU,RVU*ZJU0�#\Nq���dJRvRTd:S�RVz5n,P RTz!d�U,RTz5dJS{q
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�!SVU,RVU*ZJU0��ZJn,PE�<dIn0�!�!�N\NZ:npRV\]U^P�WXdJ�<dJP5W!dJPKR:M��rz!dIqT��d(ZB\�n,�7f�d:npRVY!SVd:qcU,f�w$dJw$U0SVu�n0�]�NUXZJn,RT\NU0P
\NP2RTz!dI�~a�i�U0f�gKh#i5i*OTjlkt\]PKRVSTUXWXY5ZJd~qv�<d:ZJ\YX<Z�STdmÕKY!\]SVdJw$d:P^R{q`¯5e�z!\NZ{z2w n,¢^d�U0P!d��5STU0RTUXZBU^�
�<dBRvRVdJS�RTz5n0PHRTz!d6U,RTz5dJS(M2¦lYXRI\]PHU0RTz!d:SIqvRVn,P�W^®3n0�]U^P!d ��i!m n,�!�5�]\�ZJn,RT\NU0P5qj¯7RVz!d6qT\�RVY5npRV\]U^P
ZJn0P��<d~ZBU^w$�!�]dJRTd:�]u�WX\�º dJSVdJPKR(M

(�d`¼*Rj¯<e#d�ZJU0w$�5n0STd�RVz!STd:d�WX\=º<d:STd:PKR�R�u*��d(q�U,f�ZJU0z!d:STd:P5ZBd~�5STU0RTUXZBU^�Nq:Ml�rz5d�f�d:n,RTY!SVd:qyU,f
d:n^Z{z��5STU0RTUXZBU^� n0STd�qvRTY5W!\]d(W�n0P5W6RTz!d:\]S�\Nw$�5n0ZBR�U0P2g^hli!i*OTjlk e�\N�]�/�<d~WX\�qTZJY5qVqvd(W&M
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¸ _XL|¹/\�qrY5qTd:W�\NP�RVz!dZ<*A2D < A�D���iXm qTuXq�RVdJw a L0MNLÈ¸]LJ|z¹ M�OQP�RVz!\Nq
�!SVU,RVU*ZJU0�y¯&d:n^Z{z��5n0�0d�\]P;RVz!d qvz5n0STd(W�w$d:w�U^STuE\�q�n0qVqT\]�^P!d:W�n�P5U*W!d�¢*P!Upe�PDn0qcRVz!d Ï5ÒgÅÈ¶
U,f�RVz!d���n,�0d^My�rz!d�n^qTqT\N�0P!w$dJPKRy\�q�WXU0P!d�\]P�n6STU^Y!P5W^®3SVU0�!\NP�f�n0qTz!\]U^P/M�acP5ZJd�n0qVqT\]�^P!d:W7¯�RTz5d
z!U^w�d6\Nq�w$n^WXd�¢*P!Upe�PDRVU�n,�N�8U0RTz!d:SVq~n0P5WHqvRVn9uXq~Y!P�Z{z5n,P!�^d:W�RTz5STU^Y!�0z!U^YXR�RTz5d6�!SVU0�^SVn0w
d|¼Xd(ZBYXRV\]U^P/M

�rz!d�z!U^w�d�P!UXWXd�\�qrSTd(qv�<U0P�qv\N�!�Ndyf�U^S�q�RVU0SV\]P!�IRTz5d�w�UKq�RrY!�½® RTUz®3W5npRTd�ZJU0�*u U,f�RTz!d��5n0�0do¯
n,P�W$STd(qv�<U0P5W!\]P!��RVU~�5n0�0d�SVdjÕKY!d(q�R{q f�STU^w RVz!d�U0RTz!d:S8P!UXWXd(qJM klR8RVz!dyn,�5�!STU^�!SV\Nn,RTd�qTuKP�Z{z!STUz®
P!\N�:n,RT\NU0P~�<U0\NPKR É f�U0S g0O�kcg0O�k�¯:\]R�\�q7RTz!dl�]UXZ{¢�SVdJ�Nd:n0qTd�U^��d:SVn,RT\NU0P�Ê|¯:RVz!dlY!�<W5npRTd(q7w n^WXd#U^P�RTz5d
qT��d(ZB\&X5d:W��5n0�0d�n,SVdr�!SVU0�5n0�^npRVd:W~RTU�RTz5d�z!U0w$d�P!UXWXd�U0f�RVz!d��5n0�0d�\NPIRVz!d�f�U^STw U0fKÌ�¿ 
P´ É \ M d^M=¯
RTz5d6WX\=º<d:STd:P5ZBd �<dBR�eldJd:P�RVz!d U0��WDn,P5W�RVz!d�P!d:e �5n0�0d ZBU^PKRTdJPKR{qIÊBM6�rz!\�q~w$d:n0P5q�RTz5n,R~RTz5d
w n0qvRTd:S�ZBU0�*u�U0f�RVz!dr�5n,�^dl\�q �0Y�n,S{n,PKRTd:d:W�RVU���d�ZJ�]d(n,P É \ M d^M=¯KZBU0PKR{n,\NP!\]P5�yRVz!d�w$U^qvR�Y!�<W5npRTd(W
ZBU^PKRTdJPKR{qIÊlf�U^�]�NUpe�\NP!��qvu*P5Z{z5STU^P!\]�(npRV\]U^P/MriXU ¯<e�z!dJP�n ��n,�0d~f�n,Y!�]Ry��npRTd:SyUXZJZJY!S{q`¯5RTz!d~e�z5U0�Nd
�5n0�0d�e�\N�]�!�<d�U^�XRVn0\]P!d(W�f�STU^w RVz5npR��5n0SvRV\NZJY!��n,S��!SVUXZBd(qTqTU0S U0P5�]uo¯0e�\]RTz!U^YXR�RTz5d��5n,STRT\�ZB\N�5n,RT\NU0P
U,f U,RVz!dJS��5STUXZBd(qTqTU0S{q:M�k�P2\N�]�NY5qvRTS{npRV\]U^P�U0f�RVz!\NqyqvU^�]YXRV\]U^P�\�q�qTz!Upe�P�\NPEo�\]�^Y!STd$L^M]L^L0M

o!U^S�U^SVW!\]P5n0STu���iXm n0�!�!�N\NZ:npRT\NU0P�q`¯9RVz!d#z5U0w$d|®3�5n0qTd:W~�!STU0RTUXZBU^�0�<dJSTf�U0SVw q�qVnpRV\Nqvf�n0ZBRTU0SV\N�]uo¯
U0Y!RT�<dJSTf�U0SVw�\NP!��RTz!d$z!U^w$dJ�Nd:qVq��!STU0RTUXZBU^� É WX\�qTZJY5qVqvd(W���npRTd:SsÊc\NP;qTU0w$d$U,f#RTz!d n0�!�!�N\NZ:npRT\NU0P�q¸ _0_�¹3M �rz!dcz5U0w$d|®3�5n0qTd:W$�5STU0RTUXZBU^� ¯Kz!UpeldJb0d:Sj¯KWXU*d:q#P!U,Rrn0W!n0�XR#eldJ�N�<RTU�RTz!d�w$dJw$U0SVu�n^ZJZJd:qVq
�5n,RvRTd:STP�q~U,fygKh#i5i*OTjlk WXY!d6RTU�R�e#U�w n0\]PHSVd:n^qvU^P5qJM�o�\NSVqvRj¯ e�\]RTzHRVz!d�z!U0w$d|®3�5n^qvd(W��5STUz®
RTUXZJU0�y¯<n SVdJw$U0RTd~P!UXWXdI�!SVU0�5n0�^npRVd:qrRVz!d�Y5�<W!n,RTd(qyU0f8n �5n,�^d�RTU�RTz!dIz!U0w$d�P5U*W!dInpRcdJb0d:STu
qTuKP�Z{z!STU^P!\N�:npRV\]U^P2��U^\]PKR:MyiX\]P5ZJd~RVz!d�z!U^w$d~P!UXWXd�U0f�n �5n,�^d~\�qyn0qVqT\]�^P!d:W2n,SV�!\]RTS{n,SV\]�Nuz¯�e�\�RVz
P!U$¢*P!Upe��Nd:WX�^d�n0��U^YXR�e�z!\�Z{z�P!UXWXd�\�qr�0U^\]P5�IRVU n0ZJZJd:qVqlRTz!d��5n0�0do¯X\�f�RTz!d���n,�0d�\�q�n0qVqv\N�0P5d:W
RTU�n$P5U*W!d�RTz5n,RyP!dJb^dJS�n^ZJZBd(qTqTd:ql\]Rj¯5RTz!d~Y5�<W!n,RTd(q��!SVU0�5n0�^npRVd:W�RTU RVz!d�z!U0w$d�P!UXWXd�e�\N�N�7�<d
SVd:WXY!P�W!n,PKR:M OQP2n0W!W!\�RV\]U^P
¯Kf�U0Sr�5n,�^d:qrZBU^PKRVn,\NP!\NP!��U^�X��d:ZBRVq#RTz�npR�n,SVdy�NUXZJn,�<RVU�n�RTz!SVd:n^W7¯*RTz5d
z!U^w�d`® ��n0qTd:W �!SVU,RVUXZBU0�<RVdJP5W!q#RVU��5STUXWXY5ZJdcd`¼!ZBd:qVqT\]b^dyP!dJR�e#U^ST¢�RTS{np��Zce�z!dJP�RTz5d�n^ZJZJd:qVqv\NP!�
P!UXWXd�\NqlP!U0R#RVz!d�z!U0w$d�P!UXWXd0M��rz!d�qv\]RTY�npRT\NU0P�\Nq#elU0S{qvdce�z!dJP6RTz!d��!SVU,RTUXZJU0�<Y5qvd(q#n0P6d(n,�0d:S
n,�5�!STUKn0Z{z6RTU$�!SVU0�5n0�^npRVdyRVz!d�Y!� W!npRVd:qj¯5n0qr\�qlRTz5d~ZJn0qTd�f�U0S�g^O�kyg^O�k~M

i*d(ZBU0P�W7¯XY5qT\]P!��RVz!d�z!U0w$d`® �5n^qvd(W��!SVU,RVUXZBU0�y¯*RTz5d��]UXZ{¢6n^Z`ÕKY!\NSTd�n,P5W�SVdJ�Nd:n0qTd�U0�<dJS{npRT\NU0P�q
RTd:P5W RVUI�<d�P!U0P5®�RVST\Nb*\Nn0��M kyZjÕ^Y5\]SV\]P5�InI�]UXZ{¢$\]P�g0O�kcg0O�k \NPKb^U0�Nb0d(q�RTz5d�qTdJP5W!\]P!��U,f7RTz!d��5n,�^d
\NPKbpn0�]\�W!npRV\]U^P \]PXf�U^STw n,RT\NU0P
¯re�z!\N�]d�STd:�]d(n0qT\]P!� nD�NUXZ{¢ RVST\N�0�^dJS{q�RTz!d�qTdJP�WX\]P5� U,f�RTz5d��5n,�^d
Y!� W!npRVd:qcRTU6RTz!d�z!U^w�d�P!UXWXd^M�o5U0S���U0RTz�U0�<dJS{npRT\NU0P�q`¯ n6SVU0Y!RT\NP!d�e�\N�]� �<d�Z:n,�N�]d(WE\NP�e�z!\�Z{z
d:n^Z{z ��n,�0d�\NP RVz!d�qTz5n,SVd:W w�d:w$U0SVu qv��n0ZBd2e�\N�]�y��dEZ{z!d(Z{¢0d:W§n,P�W n0�]�rRVz!dEY!� W!npRVd:q e�\N�]�
�<d�qTn9b^d:W É n0��RVz!U0Y5�0z2RTz5d�qvd:P5WX\NP!��U0f�RVz!d:qTd~Y!� W!n,RTd:qy\NqyU0P!�Nu���d:Svf�U^STw$d:WEn,R�RTz5d~STd:�]d(n0qTdmÊBM
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qVn,w$d��5n,�^dz¯���M
�rz!d�d`¼Xd:ZBY!RT\NU0P$RT\Nw$d�f�U0S8RTz!\�q�SVU0Y!RT\NP!d�\Nq#WX\NSTd(Z[RT�Nu��!STU^��U^SvRV\]U^P5n,�*RVU�RTz5d�P*Y!w��<dJS#U,f/qvz�n,SVd:W
w$dJw$U0SVuH�5n0�0d:q�\NP!\]RT\�n,�N\]�:d:W7¯le�z!\�Z{z§Z:n,P§��dEb^dJSVuH�]U^P!�5M§�rz!d�qv\]RTY�npRT\NU0P \Nq��5n,STRT\�ZBY!��n,SV�Nu
Y!P!�5�]d(n0qVn,PKR�e�z!dJP2g0O�kcg0O�k \�qrY5qTd:W�RTU qTY!�!�<U0STRlRVz!d~�~a�i�\]P2g^hli!i*OTjlk�M!�rz!\Nqr\�qr�<d:ZJn0Y5qTd
n���n,SV�0drP*Y!w��<dJS�U0f/qvz5n0STd(W�w$d:w�U^STuI�5n,�^d:q�n0STd�\NP!\]RT\�n,�N\]�:d:W�RTU�f�U^STw RTz!d��~a�iIn,R�RTz5dyq�R{n,STR
U,f#RTz!d�n0�!�!�N\NZ:npRV\]U^P�d|¼Xd(ZBYXRV\]U^P/M �rz!d:qTd$�5n,�^d:q�e�\]�N���<d�Z{z!d:Z{¢^d:WEf�U^S�Y!� W!npRVd:q��*u�g^O�kyg^O�k
npR�d(n0Z{z2�NU*Z{¢6U0�<dJS{npRT\NU0P/¯!STd:�^n0SVWX�Nd:qVq#U,f�e�z!dBRVz!dJS�RTz!d:u6z5n9b^d��<dJd:P�n0qVqv\N�0P5d:W�n,P*u�U0�!��d:Z[R{qJM
mEU^STd:Upb0dJSm¯0w n0PKu �NUXZ{¢�n0ZjÕ^Y5\]SVdcn0P5W�SVdJ�Nd:n^qvdcU0�<dJS{npRT\NU0P�q8z5n9b^d�RVU��<d�ZJn0�]�Nd:W6\]P�g^hli!i*OTjlk�¯
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OQP5qvRTd(n0WEU0f8n0qVqv\N�0P!\NP!��nZX5¼Xd:WEP!UXWXd�RTU6qvRTU^STd~RTz!d�w n0qvRTdJS�ZBU^�Ku�U,f8n��5n,�^d�\NPERTz!d�qvz�n,SVd:W
w$dJw$U0SVuz¯�n,PDn,�]RTdJSVP5n,RT\Nb0d�\Nq�RVU2n0�]�NUpe P!UXWXd(q�RTUEqvRTU0SVdIRTz!d:\]S~Upe�P��5n,�^d$Y!�<W5npRTd(qJM$¡Fz!d:P
n P!UXWXdIP!dJd(W!q�RVU6n0Z:ZBd(qTqcn �5n,�^dz¯�\�RcRTSV\]d(q�RTU�ZBU0PKR{n0Z[RyRTz!dI�!STd:b*\]U^Y5q�e�SV\�RVdJS{q�U,f RVz!d��5n0�0d^M
h8n^Z{zEU,f�RVz!d:qTd�e�SV\�RVdJS{qyqTdJP5W5q�RVz!d�Y!� W!n,RTd:qcU0P�RTz!dI�5n,STRcU0f�RTz!dI�5n,�^d~\�R�z5n^q�e�SV\�RTRTdJP É \NP
RTz5d$f�U0SVw U,f�WX\=º qsÊcRTU2RVz!d STdmÕKY!d:qvRT\NP!�2P!UXWXd$f�U0S��^dJP!d:SVn,RT\NP!�2n�ZJ�]d(n,PDZBU^�Ku�U,flRTz!d �5n0�0d^M
�rz!\�q8�5STU0RTUXZBU^�!\Nq8¢*P!Upe�P�n0q�RTz!deÏ5Ò�Å}¶`²=¶Ä´s´KÑ°·�Ògµ�Òm±sÒ�²�¸ _,sg¹y¯^e�z!\�Z{z�\Nq8Y5qTd:W \NP���i!m qTu*qvRTd:w q
�N\]¢^d���SVd:n0W5m�n,SV¢XqJM
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�5n0�0d0MIOQP�SVd:n0�]\]R�uz¯/RTz!d qT\�RVY5npRV\]U^P�\�q�P!U,R~n^qc��n0W7¯7qT\NP5ZBd�RTz5d���n,�0d�SVdjÕKY!d:qvRTd:S�ZJn,PDZBU^PKRVn0ZBR
U0P5�]u RTz!d���npRVd:qvR6e�SV\�RVdJS{q$U,f�RTz!d��5n,�^d�RVU WXd:ST\Nb0d�RTz5d�ZB�Nd:n0P§��n,�0d�ZJU0�*u É o�\]�^Y!STdHL^M]L9_zÊBM
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X
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