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A += 1;
Write Req
û

Write Respü

Home P2P1

A += 1;

Put Req

Put Resp
ý

Write Reqü

Write Resp
û

mark(A); mark(A);
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Home P2P1

mark(A);
Read Req
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Flush% Flush

mark(A);

Read Req

A += 1; A += 1;

Read Resp
$

Read Resp
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��bGn�e�[QW5¦�Y � n�ZCt\d^WDe�i�]�aK]�i�W7d%Ù�]�Ú�bXc�n t [Q]�n�[`T=Ó WK[Q[^]�[

p�bG_�Ù�]�e�_~TVå�T�[^[QbXWK[�å�Wz_�ÚsWDWKc�_�Ù�WKdQW�_�Ús]2dQ_^W t d�ç�_&Ù�W�e t i�T�_^W5T�c�i c�]�[%ÓvT�VXb2äKT�_`bG]�c t Ù�T�d^WDd
a?T�cª�(T�c�ivi�]��\]�æ�WK[^VXT t Yb6�c�_&Ù�bGd�aKT�d^W=ç�_�Ù�W # c�T�V,T�c�deÚsWD[sbXd�c�]�_�T�C�WKaz_`WDi_ç�å�e�_�_�Ù�W|]�e�_ t e�_
n�WDc�WK[^T�_`WDi�i�e�[QbXc�n2_&Ù�W7c�]�[�ÓfT�VXb$ä?T�_^bX]�c t Ù�T�dQW7bGdqe�c t [^WDi�bXaz_}T*å�VXW�Y3t\VRT�aDbXc�n�TVå�T�[^[QbXWD[få�W7�
_�Ú�WKWKc4_�Ù�Wye t i�T$_`WwT�c�ivc�]�[�ÓfT�VXb$ä?T�_^bX]�c t Ù�T�d^WDd�d^]�VFæ�WDiv_&Ù�W t [Q]�å�VXW�Ó�YPèfÙ�Wy[^T�aKW|bXc�µ\l=t
ÚsT�d|dQb2Ó�bXVXT�[5ç�T�c�i�T�VGd^]�bXc�æ�]�V$æ�WKi _&Ù�W5]�æ�WD[^VRT t ]*ãUaK]*Ó t e�_}T�_^bX]�c T�c�i�c�]�[�ÓfT�VXb$ä?T�_^bX]�c�Y

BwbGC�WK[QWKc�aDWKd�bGco[`T�aDW��¢i�WD_^WKaD_^bX]�c=n�[`T�c�e�VXT�[^bx_`bGWKdUT�c�iodQagÙ�W5Ó�WKd\e�dQWKi�_`]wÓvT�bGc9_}T�bGc=T�aDaKWDd^d
Ù�bGdQ_`]�[^bXWDd5T�C�WKaD_�_�Ù�W�T�aKaDe�[`T�aDgh]*ã�[`T�aKW�i�Wz_`WKaz_`bG]�c�Y2��bGn�e�[^W�¦�Y � « d%Ù�]�Ú�d7d t e�[QbX]�e�d�[^T�aKWDd
i�Wz_`WKaz_`WDiyå9gªWKT�agÙ�]*ã5_&Ù�Wh[^T�aKW7��i�Wz_`WKaz_`bG]�c t [^]�_`]�aK]�VGdKY¹èfÙ�Whi�T�_`TNÚ�T�d n�WDc�WK[^T�_`WDiuå�g
T�dQd^e.Ó�bXc�nh_�Ù�T�_ çLãl]�[2T�VGV@å�WDc�agÙ.ÓfT�[�â�d�ç~¸|T�aKW���a�g�_`W7��¶aK]�[Q[^WKaz_`Vxg�bXi�WDc9_`b # WKi¨_&Ù�W e�c�bÙ!�e�W
[^WUãlWK[QWKc�aDWKd~bXc�æ�]�V$æ�WKipbXcf[`T�aDWKdDYO�|c9g4T�i�i�bG_^bX]�c�T�V�[^W�ãlWD[^WDc�aKWDd@ÚsWD[^W�aK]�c�d^bGi�WK[QWKi-ãBT�VGd^W�YPèfÙ�W
n�[^T t Ù�d�d%Ù�]�ÚÔd t e�[^bG]�e�d5[`T�aDWKdmT�d5T t WK[QaKWKc9_`T�n�W�]*ã�_&Ù�W�_`]�_}T�VUc�e�ÓDå�WD[�]*ã�c�]�c �¢d t e�[QbX]�e�d
[`T�aKWKdDY��|dmW7m t WDaD_`WDi_ç�_�Ù�W�T t�t [Q]9T�agÙ�WDdm_�Ù�T�_me�d^W1å�bx_���Ù�bXdQ_^]�[Qg�d^agÙ�W�ÓfWDd7aKT�cNå,W2d^WDWKcj_^]
[^W t ]�[Q_@ÓfT�c9g1Óf]�[^W!ãBT�VXdQWy[`T�aKWKd�_&Ù�T�cf_&Ù�WAå�g�_^W���Ù�bXdQ_^]�[Qgfd^agÙ�W5Ó�WKd�i�]�ç�W�æ�WKcrT�_�_&Ù�W # c�WKdk_
n�[^T�c�e�VRT�[QbG_^bXWKdDY

z t e�[QbX]�e�d~[`T�aDWKdqT�[^WmToc�e�bGd`T�c�aDW*ç�å�e�_qT�[^W�c�]�_qT�d~d^WK[QbX]�e�d|T�d~[`T�aDWKd~_&Ù�T$_qT�[^W���&2úgúT� � Y
��bGn�e�[^W�¦�Y � ¶qd�Ù�]�Ú�d�_&Ù�W�ÓfbGd^d^WDi7[^T�aKWDdCãl]�[)WKT�agÙDå,WKc�agÙ.ÓfT�[%âEç�T�n9T�bGc=T�d^d^e�ÓfbGc�nq_�Ù�T�_U¸qT�aKW7�
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a�g�_`W7��¶ # c�i�dmT�VXVUT t�t T�[^WKc9_5[^T�aKWDdKYmÝ~Þ�W2[^WKdQe�VG_^dwd^Þ�]	ßÔT�chbXc�aK[^WKT�d^W�bGc{Ü�bXd^dQWKi"[`T�aKWKd5T�d
_`Þ�W�n�[`T�c�e�VXT�[^bx_�grbXc�aD[^W?T�d^WKdDà�T�d�W�m t WKaD_^WKi�Y=Ý~Þ�WK[QW�bGdwVXbx_^_^VXWmi�bGC�WK[QWKc�aDW�á�Wz_�ßsWDWKcj_^Þ�Wo_`Þ�W
á�bx_���Þ�bXdQ_^]�[QgfT�c�ipá�g�_^W���Þ�bXdQ_^]�[Qg4T t�t [Q]9T�a}Þ�WDdKY�Ý~Þ�bGd~bXdsc�]�_~d^e�[ t [QbXd^bGc�n�à�T�d�_`Þ�Wyá�bG__��Þ�bGdQ_`]�[Qg
d^a}Þ�WKÜ�WKdqd^Þ�]�e�VXi�à�bGcrn�WKc�WD[`T�V(à�a?T�_^a}Þ�T$_�VXW?T�dQ_|T�d~ÜfT�c9gp[`T�aDWKdqT�d~_`Þ�Wmá9g�_`W7��Þ�bGdQ_^]�[Qg�Y

â�>Uã8ãsùÅöT÷

Ý~Þ�W~[QWKd^e�VG_`d�ä�T�VGbXi�T$_`WKi7_`Þ�W t [Q]�_`]�aK]�V`��á�T�d^WDi�T t�t [Q]9T�a}Þ�_`]�[^T�aKW~i�WD_`WDaD_^bX]�c�YUÝ~Þ�W t [Q]�_`]�aK]�V
d^a}Þ�WKÜ�Wvål]�e�c�i¨T�aD_`e�T�V t [^]�n�[^T�Ü·WK[Q[^]�[Qd=bXcj_�ßs]h]�ås_`Þ�W # ä�W4á,WKc�a}Þ�ÜvT�[Qæ�dKà�i�WKd t bG_^Wv_`Þ�W
t [QWKd^WDc�aKWy]�å t T�bG[Qß�bGd^W�dQg�c�a}Þ�[Q]�c�bGç?T�_^bX]�c�Y\è|d�W7m t WDaD_`WDi�à�á9g�_`Wêé�Þ�bGdQ_`]�[Qg�d^a}Þ�WDÜfWDd�[^W t ]�[Q_`WDi
ålWDß�WK[vd t e�[QbX]�e�d4[`T�aDWKd�_`Þ�T�c®_^Þ�W�á�bG_Qé¢Þ�bXdk_`]�[kg¨d^a}Þ�WDÜfWDdKà|T�c�i®bGc�aK[QW?T�dQbXc�njn�[`T�c�e�VRT�[QbG_`bGWKd
a?T�e�d^WDi�[`T�aKWKd~_^]fá,W�ÜfbGd^dQWKi�Y

ë�ì¢£~ìBA í*¡ ��î7�M��¯ ��ïwð¼¡òñY¡�ó�ÿ�³���ó

��bGn�e�[^WDd�¦�Y � ¦mT�c�ip¦�Y ��ô d^Þ�]�ßª_`Þ�W|dQVX]�ß�é�i�]�ß�c�d�ål]�[\_`Þ�Wqõ�ä�Wyá,WKc�a}Þ�ÜvT�[Qæ�ds]�cfW?T�a}Þf]�å�_`Þ�W
aKe�dQ_`]�Ü t [^]�_`]�aK]�VGdKY¹z�VX]�ß�é�i�]	ß�c�d�[`T�c�n�Woål[^]�ÜöT�VXÜ�]�dk_�T4åBT�aD_^]�[w]�å�_^Þ�[^WDW�]�cj÷mT�e�d^dKà�_^]
d^VGbXn�Þ9_�ø���¨ �0�9�������zù�úlûfbGcjè t�t á�_oT�c�i´µ¦l=t�YUÝ~Þ�WvVXWKdQd^]�c�d=VXWKT�[^c�WKi�i�e�[^bGc�nr_^Þ�W t WK[kål]�[ké
ÜfT�c�aKW5_`e�c�bXc�nf]�å�_^Þ�W¹µ¦l~ü t [^]�_^]�aD]�VXd7ýwlsÞ�T t _`WD[@«9þ�T t�t VGg Þ�WD[^WoT�d|ß�WKVXV(Y~Ý~Þ�W t WK[kål]�[ké
ÜfT�c�aKW�i�bxC�WD[^WKc�aKWKdmá,WD_�ß�WKWKc�á,WKc�a}Þ�ÜvT�[^æ�doT�[QWvT�VXÜ�]�dQ_5WDc�_^bX[QWKVGg�_`bXWDi_^]�c�Wz_�ßs]�[^æ"aK]�c�é
_`WDc9_`bX]�cr]�cr_^Þ�WÜl~ü ék¦�Y
è¡aK]�c�ä�WKc�bGWKc9_�ßsT�gj_`]hT�d^d^WDd^d�aD]�c9_`WKc9_^bX]�c�bGd7_`]�ÜfWKT�d^e�[QWv_`Þ�WpT?ä�WK[^T�n�Wpc�e�Üoá,WK[7]�å

T�_Q_`WKÜ t _^d�[^WDÿ�e�bX[^WDir_^]�bXc��QWDaD_�ToÜ�WKdQd`T�n�W�bXc9_`]o_^Þ�W�c�WD_�ß�]�[Qæ,Y�Ý~Þ�W5i�T�_`To]�cp_`Þ�W�c�e�Ü=á�WD[
]�å�_^[^bXWDd t WK[�dQWKc�i2bGd�d^Þ�]�ß�c2bXco��bXn�e�[^Ws¦�Y � Y��s]�_^Þ�]�å�_`Þ�W~T t�t VGbXaKT�_`bG]�c�d)_`Þ�T�_�d^WDW~d t WKWKi�e t d
Þ�T?ä�W|W�m�_`[QWKÜ�WKVxg2Þ�bXn�Þ2VGWDä�WDVXd�]�å�aD]�c9_`WDc�_^bX]�c�ß�Þ�WKcf[^e�cf]�cf_^Þ�W�z�_}T�a}Þ�W t [Q]�_`]�aK]�VOà9á�e�_�d^WDW
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 ¨�¨�� ø����ú(øw�$ù ½ ú���IÀ�� ÁD�$ú����SJ ÁD�$ú����´P ÁD�$ú�������� ÁD��ú�������
è t�t á�_ ô ¦�Y � ¶ � Y ô ¦$¶�Y ¦ ô ¬�Y � ô «�YF¬
�\Ü�«�i � Y~« � Y~« � Y � � Y � � Y �
÷5T�e�d^d � Yµ¶ � Y~ê � Y � � Y ¦ � YF«
µ¦l=t � «�Y ô � Y � ô Y û ô Y ¦ ê�Y �
p�T�_`WD[ � Y~« n�Y~¬ � YFn � Yyn � YF«

ÝUT�á�VGWm¦�Y � Z�¬|Wz_�ßs]�[QæpaK]�c9_^WKc9_`bG]�c8ýS_`[QbXWKd t WK[�dQWKc�i:þ

VX]�ß�WK[�VXWzä�WDVXd~]�åUaK]�c9_^WKc9_`bG]�crß�Þ�WKc�[^T�aKWêé�i�Wz_`WDaD_`bG]�c t [^]�_^]�aD]�VXd�T�[^W5e�dQWKi�Y
��c®n�WDc�WK[^T�VOàsT�df[^T�aKWêé�i�Wz_`WDaD_`bG]�c�n�[`T�c�e�VXT�[^bx_`bXWDd�i�WKaD[^WKT�d^W�à t [^]�_^]�aD]�VXd�T�[QW�VGWKd^d�VXbGæ�WDVGg

_`]�T�aDaKWKdQd7WKT�a}Þ�[^T�aKWêé�i�Wz_`WDaD_`bG]�c�[QWKn�bG]�c"]�cjT á�VX]�a}æ,Y�Ý~Þ�bGdmbGÜ t VXbXWDd�T�cbXc�aD[^WKT�d^W2bXc"_`Þ�W
c�e�Üoá,WK[5]�å�åBT�e�Vx_`bXc�npT�aKaDWKdQd^WKdDà�d^bGc�aKWoålWzßsWD[7á�VX]�a}æ�d5aKT�cjá,W�e t n�[`T�i�WDi_^]�[QW?T�i�é�]�c�Vxg�]�[
ß�[^bx_}T�á�VXW�dk_}T�_^WKdDY©Ý~Þ�Whá�e�VXæ�]�åm_^Þ�W{W7m�_^[`T8åBT�e�Vx_`d4aKT�cªá,WhÞ�T�c�i�VGWKiªVG]�aKT�VXVxg�àsß�bx_`Þ�]�e�_
d^WDc�i�bGc�nj]�[�[^WKaDWKbxä�bGc�n"i�T�_`T�àsT�c�i0dQ]jW7m�WKaKe�_`Wrÿ�e�bXa}æ�VGg�Y¼è�_�WKT�a}Þ¼åBT�e�VG_Kà�_^Þ�W ÝUWDÜ t WKdk_
dQg�dk_`WKÜ t e�VXVGdyß�T�bG_`bGc�npÜ�WKd^d^T�n�WDdm]�e�_5]�å�_`Þ�W2c�Wz_�ßs]�[^æhT�c�iÿ�e�WDe�WKd5_`Þ�WKÜ ål]�[�i�WKVXbxä�WD[Qg�Y
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 ¨�¨�� ø����úBøw�$ù ¿��^�����êøSù:©��wøXûzú��9�êøw�}û 
 �I�}û}û8è]�}ûzúSû è]�$ú����
è t�t á�_ ¬�Y � ¦! ¬�Y ô ê! ¬�YFê�«" 
�\Ü�«�i � Y � ¬" ¬�Yyn û  � YF« û  
÷mT�e�d^d � Y§¦ ô  ¬�YÁ¶ ô  ê�YF¬n! 
µ¦l=t ¬�Y~«ê" ¬�Y ¦ �  ¬�YFê û  
p8T$_`WK[ ¬�Y ��ô  ¬�Y ��ô  ¬�Y û n! 

ÝUT�á�VXWm¦�YFê�Z�¸qT�aDWzé�i�WD_`WDaD_^bX]�c ]�ä�WD[^Þ�WKT�i�d

Ý~Þ�e�dKà�åBT�e�VG_^bXc�n7Üf]�[QWy]�åS_^WKcpaKT�c á�Wwá,WKc�WDõ�aDbRT�V�T�d�bG_�_}T�æ�WKd t [QWKd^dQe�[^W5]�C�]�å)_`Þ�Wwc�WD_�ß�]�[Qæ
á�e�C�WK[Qd�T�c�i�VG]	ß�WK[Qd�aK]�c�_^WKc9_`bG]�c�Y�Ý~Þ�bXd�Ü�WKa}Þ�T�c�bXdQÜ bGd�á�WDÞ�bXc�i=_`Þ�W~i�WKaK[QW?T�dQWKi�aK]�c9_^WKc9_`bG]�c
c�e�Üoá,WK[Qd�ål]�[~è t�t á�_wT�c�iHµ¦l=t�Y

�se�_7_`Þ�Wf[`T�aDWzé�i�WD_`WDaD_^bX]�c t [^]�_^]�aD]�VXd5_`[^T�c�dQålWD[=Ü�]�[^W�i�T�_`Tr_^Þ�T�céz�_`T�a}Þ�W4i�]�WDdKà�dQbXc�aDW
_`Þ�WDg4Ü=e�dQ_sbXc�aDVXe�i�WyT�aKaDWKdQdqÞ�bXdQ_^]�[^bGWKdDY�Ý~Þ�bXdsa?T�cpW7m�T�aKWK[Qá�T�_^W�aK]�c9_`WDc9_`bX]�cpbXc4dQ]�ÜfW|d^bx_`e�T$é
_`bG]�c�dDà�T�d�ß�bx_`Þp÷5T�e�dQdsT�c�i�p�T�_`WD[KYCz�bXc�aDWq_^Þ�WKdQW|_�ß�]oá�WDc�a}Þ�ÜfT�[^æ�d�Þ�T?ä�WyVG]�ßªaK]�c9_^WKc9_`bG]�c
bXc�bG_`bXT�VXVxg�à)bXc�aK[^WKT�d^bGc�n{_`Þ�Wpc�e�Üoá�WD[o]�å|T�aDaKWKdQd�åBT�e�VG_^doi�]�WKd�c�]�_�Þ�WKV t Y#��c�dQ_^W?T�i�à\_^Þ�WpbXc�é
aK[QW?T�dQWpbXc�c�Wz_�ßs]�[^æ�_^[`T���a4i�[QbGä�WKd�e t aK]�c�_^WKc9_`bG]�c¨T�c�i�n�bGä�WDd�d^bGçKW?T�á�VXW4dQVX]�ß�é�i�]	ß�c�d�]�c
_`Þ�Wm[^T�aKWêé�i�Wz_`WDaD_`bG]�c t [^]�_^]�aD]�VXdDY

��cªp8T�_^WK[Dà�_`Þ�WD[^W�bXd5T4VXT�[^n�Woi�bXdQaK]�c9_^bXc�e�bG_�g�á,WD_�ß�WKWKc_`Þ�W�dQVX]�ß�é�i�]	ß�c�dwål]�[wål]�e�[�T�c�i
WKbGn�Þ9_2á9g�_^WKdDY¼Ý~Þ�bXd�bXd�á,WKaKT�e�dQW�T�VGVsi�T$_}ThbXc´p�T�_`WD[�bXd�i�]�e�á�VXWêé t [QWKaDbXd^bG]�c�Y p�Þ�WKc0[`T�aDW
i�Wz_`WKaz_`bG]�c bXd t WK[Qål]�[^Ü�WKirT�_�_^Þ�W�ål]�e�[ké¢á9g�_^W5n�[`T�c�e�VXT�[^bx_�g�à�_`Þ�W t [Q]�_`]�aK]�VuT�d^dQe�Ü�WKd~_`Þ�T$_qT�VXV
T�aDaKWKdQd^WDd�ýlWDä�WKc�]�å�WDbXn�Þ9_Qé¢á9g�_^Wvÿ�e�T�c9_^bG_`bGWKd`þ5_`]�e�a}Þ�ål]�e�[7á9g�_^WKd2T�_=T�_^bXÜ�W�YHz�bXc�aKWf_^Þ�WK[QW
T�[QWfT�VGßsT�g�d5e�c�[QWDålWD[^WKc�aKWKijål]�e�[ké¢á9g�_^W2ÿ�e�T�c9_`bG_^bXWDdm]�cjWKT�a}Þjá�VX]�a}æ,à)á�VG]�a}æ�d5a?T�cjc�Wzä�WD[=á,W
e t n�[`T�i�WDiv_`]7[^WKT�i�é�]�c�VGg2]�[�ß�[^bx_}T�á�VGWqT�c�iv_^Þ�W t [Q]�_`]�aK]�V,Ü=e�dQ_�åBT�e�VG_�]�cvWDä�WD[Qgf[^WzålWK[^WDc�aKW�Y
¬|Wz_�ßs]�[Qæ0aD]�c9_`WDc�_^bX]�c�bXd�_`Þ�W�i�]�Ü�bXc�T�c�_2åBT�az_`]�[2bGc�i�Wz_`WK[QÜfbGc�bXc�nÞ�]	ß ß�WKVGVqT�cªT t é
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 ¨�¨Rä H¶���"0 18�êøSú�� HD���"0 1q�êøSú�� H¶���"0 18�êøSú�� HD���"0 1q�êøSú��
è t�t á�_ ¶ � � �?ô ¬�Y �  n�Y �  ¦1ê�Y û  � ¬¬�Y~¬" ¶�¬�n «ê
�\Ü�«�i « û ««�Y �  �� Y~¬" � ¬�¬�YF¬! � ¬¬�Y~¬" « û
÷5T�e�dQd ê û ¶ � ¬�Y �  ¬�Yyn! ¦ ô Y �  ûû Y �  ê« ¦ � ¶
µ¦l=t � «ê � � Y~¬" ��ô Y~«" � ¶�Y �  � ¬¬�Y~¬" ��ô ô
p�T�_`WD[ � «9¦ �?ô ¬�Y �  ¶�Yyn! û ê�Y �  � ¬¬�Y~¬" � ¶ � n�¶

ÝUT�á�VGWm¦�Y û ZOz�_}T$_`bXdk_`bGaKd~]�c [^WKT�i�T�c�i ß�[^bG_^WwåBT�e�Vx_`d

t VGbXa?T$_`bX]�c8ß�bXVXV�åBT�[^W ]�c¨_`Þ�Wri�T�_`T$é�[^T�aKW t [Q]�_`]�aK]�VXd�]�c¨_`Þ�W*l~ü é´¦�Y�Ý~Þ�W t WK[ké t [^]�aKWDd^dQ]�[
]�ä�WD[^Þ�WKT�i�d=bGc9_`[^]�i�e�aDWKiá9g"[`T�aDW�i�WD_`WDaD_^bX]�c�à�d^Þ�]	ß�cjbXc"ÝUT�á�VXWf¦�Y~ê�à�T�[QW2T�VXV�ÿ�e�bx_`W2d^ÜfT�VGVOY
Ý~Þ�WpT�i�i�bG_^bX]�c�T�V�aDg�aKVGWKdod t WDc�_2aDVXWKT�[^bGc�n{T�aDaKWDd^d�Þ�bGdQ_`]�[^bXWDd=T$_oá�T�[Q[^bGWK[^d=T�c�i t WK[kål]�[^Ü�bXc�n
_`WDdQ_^d7ål]�[�[^T�aKWDdoT�aDaK]�e�c9_mål]�[5VXWDd^d5_`Þ�T�c2�43 ]�ås_^Þ�W�_`]�_`T�V\W�m�WKaDe�_`bG]�cj_^bXÜ�Woål]�[�_`Þ�[QWKW�]�å
_`Þ�W=õ�ä�W2á,WKc�a}Þ�ÜvT�[Qæ�dKYmÝ~Þ�bXdwn�bGä�WDdw[^WKT�d^]�c"_^]pÞ�] t W=_`Þ�T�_w_`Þ�WoVRT�[Qn�WKdk_wdQVX]�ß�é�i�]�ß�c�dwß�bGVXV
i�WDaK[^WKT�d^Wm]�crdQg�dQ_^WKÜ�dqß�bx_`Þ n�[QW?T�_^WK[�á�T�c�i�ß�bXi�_^Þ�à�d^e�a}Þ{T�d�c�Wz_�ßs]�[Qæ�dy]�å�ßs]�[^æ�dQ_`T�_`bG]�c�dKY
Ý�T�á�VXWq¦�Y û [^W t ]�[Q_`d\i�T�_}Tw]�co_^Þ�W�ål[`T�aD_`bG]�c�]�å:_`Þ�W�T�aKaDWKd^dQWKd�ÜvT�i�W�á9g�W?T�a}ÞvT t�t VXbGa?T�_^bX]�c

_`Þ�T�_yåBT�e�VG_|T�c�ihbGc�ä�]�æ�W7_`Þ�W t [^]�_^]�aD]�VOY�Ý~Þ�W7_`]�_`T�VUc�e�Ü=á�WD[y]�å�T�aDaKWDd^d^WDdwßsWD[^WoÜ�W?T�d^e�[QWKi
ß�bG_^ÞrT�ä�WK[Qd^bX]�c�]�å�¸qT�aKWêé���g�_`Wêé�¶2_`Þ�T$_�bXc�dk_`[^e�ÜfWDc�_^WKi�T�VXV�T�aKaDWKdQd^WKdDYsÝ~Þ�bGd~ß�T�d�e�dQWKi�T�d�T
á�T�dQWKVGbXc�WyT�n9T�bGc�dQ_�ß�Þ�bXa}Þ4_^]oaK]�Ü t T�[^W|_^Þ�Wwc�e�Üoá,WK[s]�åuåBT�e�Vx_`bXc�n=T�aDaKWDd^d^WDd~ål]�[=z�_}T�a}Þ�W5T�c�i
¸qT�aKWêé���g�_`Wêé�¶�Y�Ý~Þ�W|õ�c�T�V�aK]�VGe�Ü�c�d�[^W t ]�[k_�_^Þ�W|[QWKVXT�_`bxä�W~bXc�aK[^WKT�d^WqbXc�Ü�]�c�bG_^]�[^WDi�T�aKaDWKd^dQWKd
ß�Þ�WDche�d^bGc�np¸qT�aKWêé���g�_`Wêé�¶�Y|Ý~Þ�Woi�T$_}TfbGc�i�bGa?T�_^WKd|_^Þ�T�_q_`Þ�W=] t _`bGÜfbGç?T�_^bX]�cp]�å�e t n�[^T�i�bXc�n
T2á�VX]�a}æ4_`]�[^WKT�i�é�]�c�VGgp]�[qß�[QbG_}T�á�VXW�]�c�aKWmW?T�a}Þ{[QWKn�bG]�crÞ�T�dqá�WDWKc{T�aKaKWDd^dQWKih]�c�Vxg d^VGbXn�Þ9_`Vxg
i�WDaK[^WKT�d^WDd|_^Þ�W5c�e�Üoá�WD[�]�åUåBT�e�VG_^bXc�n�T�aKaKWDd^dQWKd|ß�Þ�WKc�e�d^bXc�nf¸qT�aDWzé���g�_^Wzé¢¶�Y
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Ý~Þ�W t WD[Qål]�[QÜvT�c�aKW~[QWKd^e�VG_`d�ß�WK[^Wqd^e�[ t [QbXd^bGc�n5bXc2d^Wzä�WD[`T�V,[^WDd t WKaD_^dKY���bG[^dk_?à t [Q]�n�[`T�ÜÂû�¨��I��0��
5 ¨�û~ßsWD[^W~c�]�_�T�c9_`bGaKb t T�_`WDi�Y6�¢_\dQÞ�]�e�VGioá,W~dQ_`[QWKdQd^WKi�à�Þ�]	ß�WDä�WK[Dà�_^Þ�T�_�_^Þ�WDgmßsWD[^W~_`Þ�W�[^WDd^e�Vx_
]�åqdQg�dk_`WKÜ�é�i�W t WKc�i�WDc9_�åBT�aD_`]�[^d ýlbOYµW�YU_^Þ�W4dQÞ�T�VXVG]�ß c�WD_�ß�]�[^æ�]�c8_`Þ�W8l~ü ék¦�þêY"èyVXdQ]�à�_`Þ�W
t WK[Qål]�[^ÜfT�c�aKWq]�å�_`Þ�W|á�bG_ké�Þ�bGdQ_`]�[Qg2T�c�ivá9g�_`Wzé¢Þ�bXdk_`]�[kg�d^a}Þ�WDÜfWDdsß�T�dsc�WKT�[^Vxg2WKÿ�e�bGä�T�VGWKc9_?Y6�¢_
ßsT�d~W�m t WKaD_^WKi _`Þ�T$_�_`Þ�WwT�i�i�bx_`bX]�c�T�V,á�T�c�i�ß�bGi�_`Þp[QWKÿ�e�bG[^WKip_^]od^e t�t ]�[k_~_`Þ�Wyá�g�_^Wzé�Þ�bXdQ_^]�[Qg
T t�t [^]9T�a}Þrßs]�e�VXi�[^WKdQe�VG_|bXcrVRT�[^n�WD[qdQVX]�ß�é�i�]	ß�c�d|_`Þ�T�c�dQWKWKc�ß�bG_`Þ�á�bG_qÞ�bGdQ_^]�[^bGWKdKY���bXc�T�VXVGg�à
ß�Þ�bGVXW7_^Þ�Woc�e�Üoá,WK[|]�å�T�aDaKWKdQd�åBT�e�VG_^dqßsT�d�W7m t WKaz_`WDi"_^]4bXc�aK[^WKT�d^W7ß�Þ�WKc"e�dQbXc�nv_^Þ�Wo[^T�aKWêé
i�Wz_`WKaz_`bG]�c t [^]�_^]�aD]�VXdDà�_^Þ�W�ÜvT�n�c�bG_^e�i�Wo]�å�_^Þ�W�bXc�aK[^WKT�d^W�bGchd^]�Ü�WoaKT�d^WDd5ßsT�d5d^e�[ t [QbXd^bGc�n�Y
Ý~Þ�Wm[^WDVRT�_^bGä�WDVGgfÜfbGc�]�[�dQVX]�ß�é�i�]	ß�c�d|T�[^W5bXÜ t [^WDd^dQbGä�W�n�bGä�WDcr_^Þ�W5i�bXVXT�_`bG]�c�d�bXc Ý�T�á�VXWm¦�Y û Y

7p�98 : ���h�<;>=@?�AK���@?

Ý~Þ�bGdUa}Þ�T t _`WD[UÞ�T�dUi�WDd^aD[^bXá,WKim_`Þ�W�i�WDd^bXn�c�à�ä�WK[^bxõ�a?T$_`bX]�c�à$T�c�i=bGÜ t VXWKÜ�WKc9_`T�_`bG]�cw]�å�T�åBT�Ü�bXVxg
]�å,aKe�dQ_`]�Ü©a?T�a}Þ�Wzé¢aK]�Þ�WD[^WDc�aKW t [^]�_`]�aK]�VGdU_`Þ�T�_ t WK[Qål]�[^Üò]�c�é¢_^Þ�Wzé�B�g7i�WD_^WKaD_^bX]�c2]�å,T t�t T�[QWKc9_
i�T�_`Tf[^T�aKWDd|ål]�[ t [Q]�n�[`T�Üfd�ß�bG_^Þ�á�T�[Q[^bGWK[�dQg�c�a}Þ�[Q]�c�bGç?T�_^bX]�c�Y�����aKbGWKc9_wi�WD_`WDaD_^bX]�c{]�å�i�T�_`T
[`T�aKWKdqbXd t ]�d^dQbXá�VGW5]�cDCFE�ü·dkg�dk_`WDÜfd|á�WDa?T�e�dQW=T2Ü�WKa}Þ�T�c�bXd^Ü bGdqT�VX[QW?T�i�g4bXc t VRT�aKW�_`]�bXc�é
ä�]�æ�W|_^Þ�WqaK]�Þ�WD[^WDc�aKW t [^]�_^]�aD]�V�bXc�[^WDd t ]�c�dQW|_`]md^Þ�T�[^WDi�é�Ü�WKÜ�]�[Qg�T�aKaDWKd^dQWKdDY�Ý~Þ�W t [Q]�_`]�aK]�V
a?T�cá,W�W9G�_^WKc�i�WDij_^]rÜfT�bGc�_`T�bXc�T�aKaDWKdQd7Þ�bGdQ_^]�[^bGWKdKà�i�WD_^WKaD_maD]�c�aKe�[^[^WDc�aDg�à�T�c�ihß�T�_^a}Þål]�[
i�T�_`T�[`T�aDWKdKYIH\[^]�_`]�aK]�V é�á�T�dQWKip[^T�aKW�i�Wz_`WDaD_`bG]�c d^a}Þ�WDÜfWDdyT�[^W�aK]�Ü t VGWD_^WKVGg�bGc�i�W t WKc�i�WKc9_q]�å
t [Q]�n�[`T�ÜödQ]�e�[^aDW�aK]�i�W�à�T�c�i"[`T�aDWoi�Wz_`WKaz_`bG]�cha?T�c"á,W t WK[Qål]�[^Ü�WKih]�c t [Q]�n�[^T�Üfdqß�[^bx_^_`WDc
bXc2T�c�goVRT�c�n�e�T�n�W~T�c�i2]�c�VXbGá�[`T�[kg=[Q]�e�_^bXc�WDd�ål]�[�ß�Þ�bGa}Þ2_^Þ�W�d^]�e�[^aKW�ÜfT?g=c�]�_�á�W�T?ä�T�bXVXT�á�VGW�Y

J ä�WK[QÞ�W?T�i�d7ål]�[|_`Þ�WDd^W t [^]�_^]�aD]�VXd�[^T�c�n�Woål[Q]�Ü çDWK[Q]r_^]rVGWKdQd5_^Þ�T�cT4åBT�aD_^]�[�]�å�_`Þ�[QWKW�à



KML�N

_`Þ�]�e�n�Þ{_^Þ�WK[QW�bGdy[QW?T�dQ]�ch_`]pá,WKVXbGWDä�Wo_`Þ�T�_y_`Þ�bGd t WD[Qål]�[QÜvT�c�aKW=ß�bGVXV�bXÜ t [^]�ä�Wo]�chdQg�dk_`WKÜ�d
ß�bG_^Þ2n�[^WKT�_`WD[�á�T�c�i�ß�bGi�_`Þ�Y6��cfaD]�Ü t T�[^bGd^]�c�à!HUWK[Qæ�]�ä�b9Oa|T�c�iQP�WKVXWDÞ�WK[SRµ¦�TVU(à9_`Þ�W�]�c�VGgo]�_`Þ�WD[
dQg�dk_`WKÜ�é�VGWDä�WKV�[^T�aKWêé�i�Wz_`WDaD_`bG]�c{bGÜ t VGWKÜ�WKc9_}T$_`bX]�c�à�[^W t ]�[k_ydQVX]�ß�é�i�]	ß�c�dw[`T�c�n�bXc�n�ål[^]�Ü õ�ä�W
_`]FT L Y�Ý~Þ�W�]�c�é¢_`Þ�WzéWB�goÜ�WD_`Þ�]�i�]�åXCwbGc�c�bXc�nwT�c�iQE�a}Þ�]�c�á�WD[^nYR[Z�¦\U�Þ�T�d\dQVX]�ß�é�i�]	ß�c�d�[^T�c�n�é
bXc�nmål[Q]�Ü©_`Þ�[^WKWq_`]7d^b/G�à9_`Þ�]�e�n�Þ�_`Þ�WzgfÞ�T�c�i�VGWyT5VRT�[Qn�WK[�aDVRT�dQd�]�å�dQg�c�a}Þ�[Q]�c�bGç?T�_^bX]�c�Y^]q]�]�i�à
P�WKc�c�WKi�g�à�T�c�ifü�WKVGVX]�[´é�_s[^e�ÜfÜ�WDgQR`T!TVU�Þ�T?ä�W�VX]�ß�WK[�]�ä�WD[^Þ�WKT�i�d�_`Þ�T�co_`Þ�W t [Q]�_`]�aK]�Vxé�á�T�d^WDi
_`WDa}Þ�c�bGÿ�e�WKdKà�T�_qT t�t [^]aG�bXÜfT�_`WDVGgf¶ L  4à�á�e�_|[QWKÿ�e�bG[^W5aK]�Ü t bGVXWK[sbXc9ä�]�Vxä�WDÜfWDc�_KY



KML�b

c d egf hjilk m

c npo qsrut vjwxnyo v

CwbXdk_`[QbXá�e�_^WKi2E�Þ�T�[QWKi�é´ü�WKÜ�]�[kg ýz-|{}(�þ2aD]�Ü t e�_`WD[^dKà�ß�Þ�bXa}Þ t T�[Q_^bG_`bG]�c t Þ9g�d^bXaKT�VqÜfWDÜ2é
]�[kgrT�Üf]�c�n�T�aD]�VXVGWKaD_^bX]�cp]�å�ß�]�[^æ�dQ_`T�_`bG]�c�é¢VXbXæ�W5aK]�Ü t e�_^bXc�n2c�]�i�WKdDà,T�[^WmWKÜ�WK[Qn�bXc�n�T�d�_`Þ�W
ßsT�g"_^]�bGÜ t VGWKÜ�WKc9_ t T�[`T�VGVXWKV�aK]�Ü t e�_^WK[^dDà�T�dm_^Þ�WDg t [Q]�Ü�bXd^W2dQa?T�VXT�á�bXVGbG_�g�T�c�ijÞ�bXn�Þ t WK[´é
ål]�[QÜvT�c�aKW�Y~E�Þ�T�[^WKi�é�Ü�WKÜ�]�[Qg~CFE�ü ÜfT�a}Þ�bXc�WKd�e�dQW T{aK]�Þ�WD[^WDc�aKW t [^]�_`]�aK]�V�_`]hÜfT�c�T�n�W
_`Þ�Wr[QW t VGbXaKT�_`bG]�c8]�åqi�T�_`T"T�c�i�_`]"WKc�d^e�[QWr_^Þ�T�_�T t T�[^T�VXVGWKV t [^]�n�[`T�Ü d^WKWDdvThaD]�c�d^bGdQ_^WKc9_
ä�bXWzß ]�å�ÜfWDÜf]�[kg�Ywè t [^]�_^]�aD]�V�i�WD_^WK[^Ü�bXc�WKdKà�_`]pT4VXT�[^n�WmW9G�_^WKc9_?à�_^Þ�W t WD[Qål]�[QÜvT�c�aKW7]�å�T
d^Þ�T�[^WDi�é�Ü�WKÜ�]�[Qg t [Q]�n�[^T�Ü d^bXc�aKWwaD]�ÜfÜ=e�c�bXaKT�_`bG]�c�]�aDaKe�[Qds_`Þ�[Q]�e�n�ÞpVG]9T�i�d�T�c�ipdk_`]�[QWKds_^]
d^Þ�T�[^WDi�i�T$_}T�Y
è t�t VXbXaKT�_`bG]�c�dpÞ�T?ä�Wjä�WD[Qg i�b���WK[QWKc9_ t T�_Q_`WK[Qc�d�]�åoaK]�ÜfÜoe�c�bXaKT�_`bG]�c�T�c�i c�]�dQbXc�n�VGW�à

n�WDc�WK[^T�Vxé t e�[ t ]�dQW t [^]�_^]�aD]�V\d^e�bx_`dmT�VGV t [^]�n�[`T�Ü�dKY2Ý~Þ�bGd7Þ�T�d t [Q]�Ü t _`WDijbGc�_^WK[QWKdQ_mbGcjdkg�d´é
_`WDÜfd|_`Þ�T�_yWKc�T�á�VXW7e�d^WD[^dw_`]pdQWKVGWKaD_�TvaK]�Þ�WK[^WDc�aKW t [^]�_^]�aD]�V�T�c�i�à�Ü�]�[^W7[^WDaKWKc9_^VGg�à�bXc{dkg�d´é
_`WDÜfd5bGcß�Þ�bGa}Þj_^Þ�W t [^]�_^]�aD]�V\bXd5bGÜ t VGWKÜ�WKc9_`WDi"bXc"d^]�åS_�ßsT�[QWvbXc�dQ_`WKT�i]�å�á,WKbGc�npõ4G�WKi8bGc
Þ�T�[Qi�ßsT�[^W�YuCFE�üÂÜfT�a}Þ�bGc�WKd�ß�bx_`ÞodQ]�åS_�ßsT�[^Wêé�bXÜ t VGWKÜ�WKc9_`WDi=aK]�Þ�WK[QWKc�aDW t [^]�_^]�aD]�VXd t [^]�ä�bXi�W
] t�t ]�[k_`e�c�bx_`bGWKd�ål]�[�T�ä�T�[^bGWD_�g=]�å�Ü�]�[QW~aK]�Ü t VXW�G2T�c�ivT t�t VXbGa?T�_^bX]�c�é¢d t WKaDbGõ�a t [^]�_^]�aD]�VXd�T�c�i
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H�T�[^T�VXVGWKV t [^]�n�[^T�Ü�ÜfbGc�noÞ�T�d�VG]�c�n�åBT�aKWDi�To_^WKc�dQbX]�crá�Wz_�ßsWDWKc�_^Þ�W5n�]9T�VGd~]�åUÞ�bXn�Þ t WK[´é
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aK]�Þ�WK[QWKc�aDW t [Q]�_`]�aK]�VGd4_`Þ�T$_ t WD[Qål]�[QÜ ]�c�éO_`Þ�WêéWB�gªi�WD_`WDaD_^bX]�c ]�åoT�aD_`e�T�V�i�T�_`T¼[^T�aKWDd ål]�[
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_sÞ�T t _^WK[�¶=d^Þ�]	ß�WKi4_^Þ�T�_Çª�_~üöd^e t�t ]�[k_saD]�e�VGivbXÜ t [Q]	ä�W t WK[kål]�[^ÜfT�c�aDW�bXcvVXT�c�n�e�T�n�WKd
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W9G�_^WKc�i�WDi�_^]�Þ�T�c�i�VGW t T�bG[Qß�bXdQWwdQg�c�a}Þ�[^]�c�bGç?T�_^bX]�c�Y^��T�[^[QbXWD[�dQg�c�a}Þ�[Q]�c�bGç?T�_^bX]�c bXd~WKT�d^bGWK[s_^]
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