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ÉSIsA?R�KLOÏØVæ�KLÉ5R	EbONÉsAXKFODÈµAXONÊ3ONBDË�Ñ H	I¨E?Ó�Ø,IsA?ONBDCFH	È�Õ U A?R6UÚÑDBÏODR6UÚË�A�Ê0Ñ H0ÉJIsAXR	H	P°KLOÏPDH6ÒW H	ODPDH�OkÉSCFÊÚE?Ó�ÉSUDH�E,ÉJUDH�IJÈpÌ:Î9UDKFR6U¦KLÈ1Î9UVAXÉ(Ë0A?ÔbH�È´ØNA?ISÑVA?Ø,H�R	E,CLCFH	R�ÉJKFEbO¦ÈSRpA?C±A?ÑÏCLH,Õ9Þ±KFK±ß
è9UDH�Þ±IsAXÉJUDH�I�ÈJË0A?CFC±ßc<9�:�(!�(.���KFÈ9ÉSUDH#BDODKFÉ9EXÓ�A?CFCFENRpA?ÉSKFEbOuÌ,PDHpAXCLCFENRpAXÉJKFEbOuÌNKFPDH�OkÉSK«�VRpA?ÉSKFEbOuÌ
AXODP�R	EbUÏH	IJH	OÏR	HbÕ ¬#Ö Ø,IsA?ONBDCFH9ISH	ÈJKFPDH	È9H�OkÉSKFIJH	CFÊ1Î9KLÉSUDKFOµA/ÈJKFODØbCFH9ÑDBÏODR6U�A?OÏP�A?CFCFE?Î9ÈS� ODH6Ò
Ø,IsA?KFODH�P�R�EbUDH	ISH	ODR	H,Õ

ÖïØbIsAXONBDCFH�Ë�A�Ê5R	EbONÉsAXKFO�A?ONÊ(ONBDË�Ñ H	I)EXÓ�ISH6ÓªH	ISH	ODR	H	È�Ì WVE,KLONÉSKLOÏØ´ÉSE(E,ÉJUDH�I_Ø,IsA?ONBDCFH	È�Õ
Ö IJH6ÓªH�IJH	ODR�H�Ë�A�Ê�AXCFÈJE�Ñ H(ONBDCFC_Þ]IJH	WÏIJH	ÈSH	ONÉJH	P°UDH	IJH�A?È�ÐbA?CFBDH¨ö	H	ISEkß�Ìc�/;/�6; ODEbÉ�WVE,KLONÉSKLOÏØ
ÉSE�A?ONÊNÉJUÏKLOÏØVÕNè9UDH#Ë�ENPDH	C}PDENH	È�ODEbÉ9R	E,ODÈJÉSIsAXKLO4ÉJUDH#ISH	WDISH	ÈJH	ONÉ6A?ÉJKFE,O¦E?Ó�ISH6ÓªH	ISH	ODR	H�Èpæ�ÓªEbI
KFODÈSÉsA?OÏR	H3A³IsA�Î W EbKFONÉJH	I�KFÈ�ÈJBÏWDWVE,IJÉSH	PuÕ ��H	ISHpA�ÓdÉJH	I�Ì9Î_H0KFODPDKÜÛ}H	IJH�OkÉSCFÊÚBDÈSH�ÉJUDH4Î_E,IJPDÈ
ISH6ÓªH	ISH	ODR	H1EbI9W EbKFONÉJH	I�Õ

E%BDODR6UDH	È_AXIJH%ODEbÉSH	PA�ÌX®´Ì�H	ÉJR,ÕLæ�Ø,IsA?ONBDCFH	È�A?ISH_ODE,ÉJH	PB¯DÌ�°NÌpH�ÉJRbÕ?Ç UDH	O�¯9R	EbONÉ6A?KFODÈuÉSUDH
AXPDPDIJH�ÈJÈ)EXÓ_°kÌX¯�KFÈ�ÈsAXKLP5ÉJE�W EbKFONÉ�ÉJE�°kÕ�è�E�ÈSKLË�WDCFKÜÓªÊ9ÉJUDH%WDISH	ÈJH	ONÉ6A?ÉJKFE,OuÌbA?OÏP(Î9KFÉJUÏEbBDÉ�CLE,ÈJÈ
EXÓ�ØbH	ODH�IsA?CFKFÉ�ÊNÌ}ÉJUDKFÈ(AXIJÉSKLR�CLH�E,ODCFÊ3R�EbODÈSKLPÏH	IJÈ1WVE,KFOkÉSH	IJÈ1ÉJU A?É#R	ISEbÈSÈ(ÑDBÏODR6UÚÑ EbBDODP A?IJKFH	È�æ
ÉSUDH#Ë�H�RsU A?ODKFÈJË�È�ÓªE,I_KFONÉJI6A�Ò�ÑDBDODR6U0WVE,KFOkÉSH	IJÈ�AXIJH#ÈSKFË�KFC±A?IpÕ

L�ìM± ²´îP³iO�Q,Okôc�]OT�¦îS�ªO��
E%BDODR6UDH	È�AXODP³ØbIsAXONBDCFH	È(A?ISH�ISH	WDCFKFRpA?ÉSH	P¦KFO¦WDIJENR	H	ÈSÈJH	È�Õ)è9UDH�KFË0A?ØbH5E?Ó' Þ±IJH�ÈJWuÕz¯Xß/KLO
WDISENR	H	ÈJÈ´�FÌ ODEbÉSH	P©7��Þ]IJH	ÈSWuÕW¯(� ß	Ì}KFÈ¨RpA?CFCFH	P©��¦ È´ISH	WDCFKFRpA�E?Ó7!Þ±ISH	ÈJW�ÕW¯bß	Õ}Ö�O3KFONÐbA?CFKFPVAXÉJH	P
ISH	WDCFKFRpA1KFÈ9Ë�ENPDH	CFH	P�ÑkÊ�ÉSUDH#ONBDCFC}ÐbA?CFBDH,Õ

õ�O�HpA?R6U WÏIJENR	H	ÈSÈpÌ9A> �8�)*�6�:�6* �����(<9�/*��WDISE?ÐkKFPDH�È�ÉJUDH�ÈSUVA?ISH	P Ë�H	Ë�E,IJÊ3AXÑDÈJÉSIsA?R Ò
ÉSKLE,OuÌ,ÑkÊ�Ë0A?OVAXØbKFODØ�IJH	WDCFKFRpAXÈ9E?ÓuØbI6A?ONBDCFH	È�ÕNè9UDH�R	E,UDH	ISH	ODR	H1H	ODØ,KLOÏH�ÈJH�ODPDÈ�A?OÏP�IJH�R	H	KFÐbH	È
Ë�H	ÈJÈ6A?ØbH�È�A?R	R	E,IJPDKFODØ�ÉSE�ÈJE,Ë�H�R�EbUDH	ISH	ODR	H�A?CFØ,EbIJKFÉSUDË3Õ

Ö.WÏIJENR	H	ÈSÈ�Ë�A�Ê¦PDKFÈSÈJH	Ë�KLO A?ÉJH0ÉSUDH3ÐbAXCFBDH0E?Ó�¯ ÉSEÚE,ÉJUDH	I�WDIJENR	H�ÈJÈJH�ÈpÌ�ÑkÊ�ÈSH	ODPDKFODØ
µ £�¶ µ,·6¸|·6¹ �1Ë�H	ÈSÈsA?Ø,H	ÈpÕ U ÐbH�OkÉ$�'�:�]���_� µ £�¶ µ,·6¸|·6¹ �bÞ5¯Xß4� � WDBÏÉJÈ�ÉSUDH1R	BDIJISH	ONÉ¨ÐbA?CFBDH#EXÓº¯ � KLOÉSUDH�Ë�H	ÈSÈsAXØbHbæ}H�ÐbH	ONÉ´�'�(�]¡ � ¢��,£p� µ £M¶ µf·6¸�·6¹ �bÞ�¯bß�� ¤ AXÈJÈSKLØ,ODÈ�¯ ¤ Î9KLÉSU3ÉSUDH�ÐbAXCFBDH#ÓdIJEbË×ÉSUDH
Ë�H	ÈJÈ6A?ØbH,Õ_è9UÏH	IJH³KFÈ�ODE�A?ÈJÈSBDË�WÏÉJKFEbO�ÉJE°Î9UDKFR6U WDIJENR	H�ÈJÈpÌ�KÜÓ(A?ONÊkÌ:EbI�KLO Î9UVA?É�EbIJPÏH	I
µ £�¶ µ,·6¸|·6¹ �#Ë�H	ÈJÈ6A?ØbH�È�A?IJH¨PDH�CLKFÐ,H	IJH	P�Õ
»¨[F� � �N��{p��t�~Jq9²�oJ~Jo�{	l�lnt�²�o6r0��t1os�?�¯�k{��k��o � o6q�q�{p��o6q6fV�d�ko � t�y��b��oJ~Jq��d�ko6���6t��b��{	y�� � �kq��%zDo��{	¶?oS��y��b��t0{p�6�6t��b�b�¨zb���d�Noµ¬9aï{�ln��t	~�yn�d� � h)e��bynq¨ynq � ~Jt	zN{	z,ln�3q��d~J{�yn���b�d��t�~J²�{	~JrÏfu�Nqdy��k���o6���b�,yn���ko6q%qd�k����{�q_`,`?|Úa��N{	y��Nq�¼ ü�½X¾ f?z,�k�:�k{�q��kt���zDo6oS���st��kqdynr,oS~Josr��po6�6h
¿ [±�:ynq��6t��bmpoS�,ynoJ�b�¨��t��d�,y��b¶�t��){(��~J{��?�blno1{pq�{	�0t	zbú�o6�6�6f zb�k�%�Ntp��o5�d�k{��9�	~J{��?�blno6q¨{	~Jo/�kt��
�ko6�6o6q�q�{	~�y�ln���d�No9q�{ � o9{�q�ln{	�N�	�N{p��oS©±lno6m?oSl�t�zbú�os�6��q6fN²��byn�¯���6{	�1zDo9ln{�~J�poS~9t	~_q � {�l�lnoS~	h



ÖiÓªÉJH	I#A;ØbIsAXONBDCFH#IJH	WÏCLKFRpA;R6UVA?ODØ,H	È¨ÐbA?CFBDHbÌÏH	KFÉJUDH�I´ÑNÊ�A?ÈSÈJKFØbOÏË�H	ONÉ9EbI�ÑNÊ�Ñ H	KFODØ�ÉJUDH
É6A?ISØbH	É�E?Ó�A µ £�¶ µ,·6¸|·6¹ �bÌ KFÉ9KFÈ9ÈsAXKLP>À�Ái+:Â(�[���0%?Õ,Ö ISH	WDCFKFRpA1IJH�Ë�A?KFODÈ9ýA@:Ò�PDKFIJÉ�Ê�BDONÉJKFC}KFÉ9KLÈ
ÈSBDÑ � H	R�ÉJH	P³ÉJE�A$�:Ã · �1EbW H	IsAXÉJKFEbO³Þ±ÈSH	HµT�H	R	ÉJKFE,OTCDÕ�ø,ß	Õ

Q�AXONÊ�R	EbUDH�IJH	ODR�HµAXCLØ,EbISKLÉSUDË�È�PDH4�VODH#A�8(Äc!���:WDIJENR	H	ÈSÈ9ÓªE,I A5ØbI6A?ONBDCFHbÕD÷�Î9ODH	ISÈJUDKFW
PÏEkH�È�OÏEbÉ�AXWDW HpA?I�KFO#EbBÏIuË�ENPDH�Céæ�UDE?Î%H	ÐbH	I�Ì�KLO5ÈJBDR6U1R	EbUDH�IJH	ODR�H´A?CFØ,EbIJKFÉSUDË�È�Ì6ÉJUDH$Å:\�ODKFEbO

iBDCFH�Æ�Þ±WÏIJH	ÈSH	ONÉJH	P³KFOåT�H	R	ÉJKFE,OT1DÕFâ�ß)RpAXO�Ë�AXÔbH�BDÈJH#EXÓ)ÉJUDH#WÏIJEbW H	ISÉJKFH	È�EXÓ)E?Î9ODH	IJÈiÓªEbI�A
Ë�EbISH�H�K�R	KFH	ONÉ9KFË�WÏCLH�Ë�H	ONÉsAXÉJKFEbO�Õ

è9UDH�R�EbUDH	ISH	ODR	H�Ë�ENPDH	C�WDISH	ÈJH�OkÉSH	P AXÑVE?Ð,H(KFÈ¨BDODR�EbODÈSÉJIsAXKFODH	P¦H	ODE,BDØbU³ÉJE�AXWDWDCFÊ�ÉJE
AXONÊ#RpA?R6UDH�P�E,I)IJH�WDCFKLR�A?ÉJH�P�A?IJR6UDKFÉSH	R	ÉJBÏIJHbÕ GDE,I)R	EbOÏR	IJH	ÉSH	ODH	ÈSÈpÌÏÎ_H�ÈJUDE?Î�ÉJUÏH9Ë�A?WÏWDKFODØ�EXÓ
H�OkÉSIJÊ1R	EbOÏÈJKFÈJÉSH	ODR	Ê³à `�äJÌ?ÉSUDH9R	E,UDH	IJH�ODR	H#WDISEbÉSEkR�EbCDBDÈSH	P�KFO1ÉJUDH�R	BDISIJH	ONÉ%KLË�WDCFH	Ë�H�OkÉ6A?ÉSKLE,O
EXÓ�Í�A?IJR6UVAXONÉpÌDÉSE(ÉSUDH#Ë�EkPÏH	C � BDÈJÉ9PDH�ÈJR	ISKLÑ H	PuÕ

íïó!�º��ñdôiÇÈONô�ð�Q,¨É�XîVôc��ñÊ��ð6Okôc�]¨ ð�î ð6³iOÈ�?îP³iO�Q,Okôc�]O©�¦îS�SO�� U OkÉSIJÊ³R	EbOÏÈJKFÈJÉSH	ODR	ÊBÏÈJH	È��086Ë(�6���ÉSE�ÈJR6UDH�PDBDCFH�A?R	R�H	ÈJÈ�ÉSE�ÈSUVA?ISH	P¦PVAXÉsA�AXODP3ÉSE0H	ODÈJBÏIJH�KFÉSÈ#R	EbOÏÈJKFÈJÉSH	ODR	ÊNÕuÖ
WÏIJEbØ,IsAXË=WDISH	R	H	PÏH	È#H	Ð,H	IJÊ�BÏÈJH1E?Ó_A�ÈSUVA?ISH	P�ÐbA?ISK±A?ÑDCFH¨Î9KFÉJU3AXO · ÃXÌ*Íf�«£���WDISKLË�KFÉJKFÐbHbÌNA?OÏP
ÓdEbCFCFE?Î9È�KFÉ)Î9KFÉSU�ÉJUDH�R	EbISIJH	ÈSWVE,ODPDKFODØ�£M�,¡ � · �:�bÕ�ÎcÃXÌ*Íf�«£��#A?ÈSÔkÈ:ÓªE,I_A¨ÉJE,ÔbH	O�ÌkAXODP�KFÈ_WVAXIsAXË�Ò
H�ÉJH	ISKLö�H	P¦Î9KFÉJU�ÉSUDH(É�ÊNW H(EXÓ A?R�R	H	ÈJÈ�ÌuH�KLÉSUDH	I#ISHpA?P³EbI�Î9IJKFÉJH,æVÉSUDH�WDISEbÉJENR	E,C�Ë�A?KFONÉsAXKFODÈ A
ÈSKFODØbCFH�Î9ISKFÉJH	I�ÌDË�BDCFÉJKFWDCFH9ISHpA?PDH�IJÈ�ÈSH	Ë�AXONÉJKFR	ÈpÕ

Ö9É9A?ONÊ1WVE,KLONÉ)KFO�ÉSKLË�HbÌ�HpA?R6U�ØbIsAXONBDCFH9UVA?È9A¨ÈJKFODØ,CFHA8(Äc*�6��Î9UDKFR6U�KFÈ)PDH4�VODH	P�A?È:ÉJUDH
WÏIJENR	H	ÈSÈ´ÉSUVA?É9UÏEbCFPDÈ%ÉJUDH#Î9ISKFÉJH¨ÉJE,ÔbH	O0EbI9Î9A?È%ÉJUÏH#C±A?ÈJÉ9E,ODH¨ÉJE1UDEbCFP0KFÉpÕ

TNH�ODPDKFODØÚA4ÉJEbÔ,H	O AXCFÈJE³ÈJH	ODPÏÈ�ÉJUÏH�Ë�EbÈSÉ(R	BÏIJIJH�OkÉ�ÐbH	ISÈJKFEbO°E?Ó¨ÉJUDH0ØbI6A?ONBDCFHbÕ)÷�ODCFÊ
ÉSUDH�E?Î9ODH	I¨Ë0A�Ê�ÈJH�ODP¦ÉJUDH�Î9ISKFÉJH�ÉJE,ÔbH	O�ÕuTNH	ODPÏKLOÏØåA�Î9ISKLÉSH(ÉSEbÔ,H	O Þ]K±ß�KFONÐbA?CFKFPVAXÉJH	È�ÉJUDH
ÈSH	ODPDH�I�¦ È9IJH	WÏCLKFRpA�AXODP�A?ONÊ�ISHpA?PDH�I9ÉJEbÔ,H	ODÈ�AXODP�ISH	WDCFKFRpA?È�Ì}Þ±KFK±ß�ÈJH	OÏPDÈ�ÉSUDH�R	BÏIJIJH�OkÉ�ÐbA?CFBDHbÌ
AXODP3Þ]KFKLK±ß�ÉSIsAXODÈ�ÓªH�IJÈ9E?Î9ODH	ISÈJUDKFW0ÉJE5ÉJUDH¨IJH�R	H	KFÐbH	I�ÕDè9UDH¨E?Î9ODH�I_Ë0A�Ê#ÉJI6A?ODÈ¯ÓªEbISË KFÉJÈ%Î9IJKFÉJH
ÉSEbÔ,H	O(KFONÉJE#A�IJH�A?P�ÉJE,ÔbH	O�ÕpÖ�ONÊ(UDE,CFPDH	I�E?ÓuA�IJHpAXP(ÉSEbÔbH�O�Ë�A�Ê�ÈSH	ODP�AXODEbÉSUDH	I)ISHpA?P�ÉSEbÔbH�O
ÞdA?CFEbOÏØ(Î9KFÉJU�ÉJUDH5ØbIsAXONBDCFH�ÐbA?CFBDH�ß%ÉJE�A?ODE,ÉJUDH	I�WDIJENR	H�ÈJÈpÕ
õ�O¦ÉSUDKFÈ(WDISEbÉSEkR�EbC�ÌuA?RX�kBÏKLISH�Ë�H	ÈJÈ6A?ØbH�ÈpÌ�KLONÐbAXCLKFPVAXÉJKFEbO0Ë�H	ÈJÈ6A?ØbH�ÈpÌ�A?ODP¦ÉSUDH	KFI(ISH	WDCFKFH	È

AXIJH�A?CFCuË�ENPDH	CFH	P�ÑNÊ�A µ £�¶ µ,·6¸|·6¹ �bÕuQåEbIJH1WDISH	R	KFÈJH	CFÊNÌ}ÉJUÏH(ÈSH	ODPDKFODØ�E?Ó AXO AXR��NBDKFIJH1Ë�H	È¯Ò
È6A?Ø,H�A?OÏP¦ÉJUDH0R	E,IJIJH�ÈJW EbODPDKFODØ³IJH�WDCFÊkÌ�KFÈ#Ë�ENPDH	CFH	PÚAXÈµAåÈJKFODØbCFH�WDIJE,WVA?ØNA?ÉJH�Þ�ÓªIJE,Ë�ÉJUDH
E?Î9OÏH	I#ÉJE0ÉSUDH�A?R��NBDKFISKLOÏØ�WDISEkR�H	ÈJÈ6ß1KLO³Î9UDKFR6U3ÉSUDH�ØbI6A?ONBDCFH(¦ È¨PVA?É6A�KLÈ¨ÈSH	ONÉ(Î9KFÉJUÏKLO4ÉJUDH
Ë�H	ÈJÈ6A?Ø,HbÕbõ�ONÐbAXCLKFPVAXÉJKFEbO1E?Ó)A#ISH	WDCFKFRpA1KFÈ_HX�kBÏKLÐbAXCFH	ONÉ)ÉJE�A5WDIJE,WVA?ØNA?ÉSH�Ë�H�ÈJÈsAXØbH�KLO�Î9UDKFR6U
ÉSUDH0ØbI6A?ONBDCFH(¦ È(R�EbONÉJH	ONÉSÈ�KFÈ(ONBDCFC�æ�ÉJUNBDÈ�Ì�EbODR�H3A�Ø,IsAXOkBÏCLH�IJH	WÏCLKFRpA³Ñ H	R	E,Ë�H	È�KFONÐbA?CFKFP³KLÉ
R�EbONÉsAXKLOÏÈ´OÏE�WVE,KFOkÉSH	I�Þ±KFÉ#KFÈ¨H��NBDKFÐbA?CFH	ONÉ¨ÉJE�A�ÈJW EbONÉsAXODH	E,BDÈpÌ�CFEkR�A?C_AXÈJÈJKFØ,ODË�H	ONÉ�E?Ó9ÉJUDH
Î9UÏEbCFH�Ø,IsA?ONBDCFH(¦ È9PVAXÉsA5ÉJE�ÉSUDH#ÐbA?CFBDH�ö	H	ISEkß	Õ

L�ì=Ï í Ð�ðpóÏðpîPQ��¦îS�ªO��
GÏEbI5ÉJUDH�WDBÏIJW EbÈJH�E?Ó´ýA@¨Ì�ÉJUDH�EbODCFÊ�ISH	CFH	ÐbA?ONÉ(AXR	ÉJKFEbO¦EXÓ ÉSUDH�Ë�BÏÉsA?ÉSEbI�KLÈÑ3�89�/*�������,��+
���=<9*^$��!�ªÌ,Î9UDKFR6U�Ë�ENPDK«�VH	È)ÉSUDH�ISH6ÓªH	ISH	ODR	H5ØbIsAXWDUuÌ?W EbÈSÈJKFÑDCFÊ�RpAXBDÈJKFODØ#ÈSEbË�H_Ø,IsA?ONBDCFH	È%ÉJE
Ñ H	R	E,Ë�H1BDODISHpA?R6UVAXÑDCFHbÕ}Ö�O¦A?WÏWDCFKLR�A?ÉJKFE,O�Ë0A�Ê�AXIJÑDKFÉJI6A?ISKLCFÊ�A?ÈSÈJKFØbO³A�W EbKFONÉJH�I´Î9KFÉSU3A?ONÊ
CFH	ØNA?C}ISH6ÓªH	ISH	ODR	H1ÐbA?CFBDHbÕ

TNBÏWDWVE,ÈJH�¯1WVE,KLONÉSÈ9ÉJE ¹ A?ODP�°1WVE,KLONÉSÈ9ÉJE´ÒbÕNè9UDH5IJH	ÈSBDCFÉ�E?Ó)A?ÈSÈJKFØbODË�H	ONÉ��Ó¯�I2Ô>°�� �
KFÈ%ÉJUVAXÉÓ¯#ODE?Î AXCFÈJE1WVE,KLONÉSÈ_ÉSE�ÒbÌDAXODP0ÉJUDH¨WDISH	ÐNKFEbBDÈ9W EbKFONÉJH	I9ÉSE ¹ KLÈ9CFE,ÈJÉpÕ}Þ]è9UDH¨IJH	WÏCLKFRpA
ÉSUVA?É�AXWDW HpA?ISÈ�EbO�ÉSUDH�CFH6ÓªÉ¯ÒéUVAXODPÚÈSKFPDH�E?Ó#A?O A?ÈSÈJKFØbOÏË�H	ONÉ1ÉJUDH	ISHpA�ÓdÉJH	I0Ñ H	R	EbË�H	È�ýA@:Ò
PÏKLISÉ�ÊkÕ�ß%è9UDKFÈ�EbW H	IsAXÉJKFEbO�KFÈ#A?ÉSEbË�KLR¨A?É�WDIJENR	H	ÈSÈ��FÌ Î9UDKFR6U�EbODCFÊ0Ë�H�A?ODÈ9ÉSUVA?É�ÉJUDH1Ë�ENPDH	C
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(a) initial situation (b) after <x := y>

(c) after <y := 0>
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granule: replica, owner replica

(d) after propagate(y) from j to i

Õ ñ�Çuì,L}ì�Öi×�Ø*Ù�Ø*Ù«Ú�Û_Ü/Ý6Þ�ß�à�áPÞ�â	Û_ß/àTØ]ã�âåä*ÙpÞ�Ù0Ø,×´à�á*à�Ý,ä!Ù/Ü/Ø,æSçÓè�Ø*Ù0àéÙ/êWÞ�Ù�Ù/êPà�ë�Ù�ä*ì,ë�Þ�æ_í
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A0Ø,IsAXOkBÏCLH1UVAXÈ(A�ÈJKFODØbCFH�E?Î9ODH�I#WDIJENR	H�ÈJÈ0Þ±ÈJBÏRsU�A?È#H�OkÉSIJÊ³R	EbOÏÈJKFÈJÉSH	ODR	ÊNÌ}ÓdEbI#H	ÿDAXË�WDCFHpß�Õ
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Î9UDH�IJH#ISH6ÓªH	ISH	ODR	H	È5EbIJKFØ,KLO A?ÉJH,Õ

GÏEbI#R	E,ODR	ISH	ÉJH	OÏH	ÈJÈ�Ì_KFO³ÉJUDH�ODH	ÿNÉ1ÈJH	R	ÉSKFEbO¦Î%H�ÈJUÏE?Î UÏE?Î ÉJUÏH�\�OÏKLE,O�
9BDCFH1RpA?O¦Ñ H
H	O�ÓªEbISR	H	P�KFO�A¨ÈSÊNÈJÉJH�Ë ÈJBDWÏWVE,IJÉJKFODØ1A¨ÈJW H	R	K«�VR¨R	E,UDH	IJH�ODR	H¨WDIJE,ÉJENR	E,CéÌ,H	ONÉJISÊ(R�EbODÈSKLÈSÉJH	OÏR	ÊkÕ

? �uó!��ð�ñdôºÇ�ð6³iO©Ð�ô�ñdîVôöQ,Ði��O¦ðpî Okô�ð�Q,¨ö�?î ôc�	ñp��ð�ONôc�,¨ õ�O¦ÈSEbË�H�Ý´TÏQÙR	EbUDH�IJH	ODR�H
WDISEbÉSEkR�EbCFÈ�ÞFÓdEbI¨KFODÈJÉ6A?ODR	H,ÌuÈSH��NBDH	ONÉJK±A?C%R	E,ODÈJKFÈJÉSH	ODR	ÊÚAXODP³H	ONÉJIJÊ³R	E,ODÈJKFÈJÉSH	ODR	ÊDß1E,ODCFÊ�ÉSUDH
R	BÏIJIJH�OkÉ1E?Î9ODH	I¨EXÓ Ø,IsA?ONBDCFHB¯�KFÈ(A?CFCFE?Î_H�P�ÉSE3A?ÈSÈJKFØbO³ÉJE�¯DÕ}õ�O³ÉJUDKFÈ¨RpA?ÈSHbÌ�A�OÏEbONÒ�E?Î9ODH	I
ISH	WDCFKFRpA$¯(�DR�A?ODODE,É�RpAXBDÈJH�A1ØbI6A?ONBDCFH#BDOÏIJHpAXRsU A?ÑDCFH¨ÓªISEbË ¯]� ÉSE�ÑVH�R	EbË�H#IJHpAXR6UVA?ÑDCFH�Þ]ÑVH Ò
RpAXBDÈJH1ÉJE0PDE�ÈJE�Î_E,BDCFP�IJH��NBDKFISHµAXÈJÈJKFØ,ODKFODØ�ÉJE	¯]��ß�ÕVè9UÏH	OuÌ ÉJUDH1KFË�WDCFH	Ë�H	ONÉsAXÉJKFE?O�EXÓ�ÉSUDH
\�ODKFEbOå
9BDCFH�KLÈ9ÈSÉJI6A?KFØbUNÉ�ÓdEbIJÎ9A?ISP�AXÈ9H	ÿNWDC±A?KFODH	P0ODE?Î#Õ

@%EbOÏÈJKFPDH	I3G�KFØbBÏIJH�1Ïæ9KFÉ0KLCFCFBDÈSÉJIsAXÉJH	È4ÉJUDH¦WDISEbÉSEbÉ�ÊNWDKFRpA?C¨H	ÿDAXË�WDCFH³E?Ó�GuKFØ,BDIJH�C�ISH6Ò
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Õ ñ�Ç�ì�ÏuìXWiÜ�â�à�ß�ÜMæPàWë:êPØ�îiÜMæ
9�Ù/ê_àcàZYóà�Ý]ÙSØ,ã�ë"Ø]âTàiØ,ãWÙ[ê_àië�Þ6ã0à,Ù«ÚA×�ä]ß5à4ëºã�Ø,×cÙ/êPàiÛ_×�Ø*Ù�Ø*Ù«Ú�Û_Ü/Ý6Þ�ß
à4á_Þ6â´Û_ß/à´Ø]ã�8SÜ:9Wä,×"à[;*ç]\7æ ë:ÜpÙ0à � ñ'Ù/ê_à�ë�à�æ_í�Ü�æ-9�Ø,ã �«�6Ã,£M�]ò��,� ¹ � ��Ã�� ¶*�NÞ>^P¯�	�_iÒpß âåÞ�Ú>ì|à
í!à�ß�Þ�Ú�à�í�Þ�ÙÓâTØ,ë6Ù�ä,æWÙ[ÜMßªë"à�æPí�Ü�æ-9 Í(�f� ¶!�$`�°ba çSè�Ø*Ù0à�Ù/êPà´Ý6Þ|ä,ëXÞ�ßcí*à�ÛSà�æ_í!à�æ_Ý�à4c�Ü�æ_í�Ü5ÝfÞ|Ù0àXí
ìXÚÉÙ[ê_àåÙ[ê*Ü/Ý>d©ß�Ü�æ_à�ëMe ì|à]Ùpîºà�à4æ Ù[ê_à �«��Ã,£��,ò$�,� ¹ � �:Ã6� ¶*� Þ6æ_í �9��Ã,£��,ò��,� ¹ � �:Ã�� ¶!� â�à�ë:ëXÞf9�à4ë�ñ
ÝfÞ�×:×�Ü/à�í�ì�Ú©Ù/ê_à Í(�f� ¶!� âTà�ë�ë�Þ79�à,ç

ÈSÉJI6A?KFODH	P�ÉSE�A1ÈSÊkÈSÉJH	Ë Î9KFÉJU0ÉJUDH1H	ONÉJISÊ0R	EbODÈSKFÈJÉJH�ODR	Ê�R	E,UDH	ISH	ODR	H�WDISEbÉSEkR�EbC�ÕDè9UDH5E?Î9ODH	I
EXÓ�°ÚÞ]ÈJKFÉJH$¥Jß1Ë�AXKFOkÉ6A?KFODÈ#A> �8�3W%6+: "89��*�9ÓdEbI1HpA?R6U ÈSÉJBDÑ�R	E,IJIJH�ÈJW EbODPDKFODØ°ÉJEÚA³W EbKFONÉJH	I
E,IJKFØbKFOVAXÉJKFODØ�KFO�°kÕuÍ�H	É#BDÈ5R	EbODÈSKFPDH	I#ÉSUDH�ÈJÉSBDÑ³ÓªEbI#A�W EbKFONÉJH	I¨ÓdIJEbË °�ÉJE�Òbæ}ÉSUDH�ÈJÉSBDÑS¦ È
R�EbWNÊ,ÒéR	E,BDONÉ�KLÈ�H��NBVAXCDÉJE¨ÉSUDH9ONBDË�ÑVH�I�EXÓVIJH�WDCFKLR�A?È)EXÓ_°kÕ Y E?Î#Ì?ÈSBDWDW EbÈJH9ÉSUDH9Ë�BDÉ6A?ÉJE,I�AXÉ�¥W H	I¯ÓªEbISË�ÈÓ�'°�I2Ô þ�� ¤ Õ Y E,ÉJH9ÉJU A?ÉpÌXØbKFÐbH	O1ÉJUÏH9H	ONÉJIJÊ1R	E,ODÈJKFÈJÉSH	ODR	Ê1WDISEbÉJENR	E,C�Ì?WDIJH�ÐkKFE,BDÈ)ÉJEÉSUDKFÈ�A?ÈSÈJKFØbODË�H	ONÉ AXCFCuIJH�WDCFKLR�A?È9E?Óc°#U A�ÐbH#Ñ H	H	O�KFONÐbA?CFKFPVAXÉJH	P³Þ±KFO0WVA?ISÉJKFR	BDC±A?I�Ì�° � ß�ÕVÍ�A?ÉJH�IpÌ
E,O3ÈSKFÉJH´�FÌ}Î9UDH	O³ÉJUDH�R�EbCFCFH	R	ÉJE,I¨PDKFÈJR	E?Ð,H	IJÈ#ÉSUVA?É�°,�}PDENH	È5ODEbÉ¨W EbKFONÉ�ÉJE�Ò0Þ±Ñ H	RpAXBDÈJH�ÉJUDH
KFONÐbA?CFKFPVAXÉJKFEbO#U A?È9ONBDCFCFH	P�ÉSUDH¨Î9UDEbCFH�P A?ÉsA5E?Ói°f� ß	ÌNKFÉ%ÈJH	OÏPDÈ´A	Í(�,� ¶*�(Ë�H	ÈJÈ6A?Ø,H�ÉJE'¥	ÕNè9UÏKLÈ
PÏH	R	IJH�Ë�H	ONÉJÈ�ÉJUDH¨R	E,IJISH	ÈJW EbODPÏKLOÏØ�ÈJÉSBDÑS¦ È9R	E,WkÊ,Ò�R	EbBÏOkÉ�ÕNÖ9ÓªÉSH	I´AXCFCVÉSUDH#R	E,CLCFH	R�ÉJEbISÈ#Þ±Î9UDE,ÈJH
WÏIJENR	H	ÈSÈJH	È0RpAXRsUÏH3A³IJH	WÏCLKFRpA³EXÓ�°?ß1UVA�ÐbH�ÈJH	ONÉ�ÉJUDH	KFI�Í9�f� ¶*�³Ë�H	ÈSÈsAXØbH0ÉJE´¥	Ì:ÉJUDH0ÈJÉSBDÑS¦ È
R�EbWNÊ,ÒéR	E,BDONÉ�A?ÉW¥%KFÈ_ö	H�IJEVæÏÉJUDH�IJH6ÓªE,IJHbÌ}A$�9��Ã,£��,ò��,� ¹ � �:Ã�� ¶!�kÞ�gW°�	�_iÒpß�KFÈ9ÈJH�OkÉ%ÓdIJEbË ¥%ÉJE1ÉJUDH
E?Î9OÏH	I9E?ÓiÒµÞ]ÈJKFÉJHh%pß%KLO�EbISPDH	I�ÉSE�PDH	R	ISH	Ë�H�OkÉ9ÉSUDH#ISH6ÓªH	ISH	ODR	H1R	EbBÏOkÉ9EXÓc�:Ã�� ¶!�kÞ�gW°�	�_iÒpß	Õ

Ö�O�A?ÉJÉSH	ONÉJKFÐbH9ISHpA?PÏH	I_R�EbBDCFP�A?ISØbBDH9ÉSUVA?É:ÉJUDH	ISH�KFÈ_A¨ÈSKFË�WDCFH	I�ÈJEbCFBDÉSKFEbOuÌ?KFO1Î9UDKFR6U�ÉJUDH
\�ODKFEbO�
iBDCFH�KFÈ_OÏEbÉ%ODH	H	PDH�PuÌNÑVH�RpA?BDÈSH(A?È%ÈJENE,O�A?È9A5ØbIsAXONBDCFH�IJH�WDCFKLR�A¨KFÈ_KFONÐbA?CFKFPVA?ÉSH	P�Î%H
È6A�ÓªH�CLÊ³ÔNODE?Î!ÉJUVAXÉ#ÈJBÏRsU�A�ISH	WDCFKFRpA0PDENH	È1ODE,É#WVE,KFOkÉ5ÉJE¦A?ONÊ3E,ÉJUDH�I(Ø,IsA?ONBDCFHbÕ�Ç¦H�ODE?Î
PÏH	ÈJR	ISKFÑVH#ÉSUDKFÈ#ÞªAXWDWVA?ISH	ONÉsßiÈJEbCFBDÉSKFEbO�AXODP0ÈJUDE?ÎïÎ9UNÊ�KFÉ9KLÈ%Î9IJE,ODØVÕ

Ç UÏH	OÚÉSUDH�Ë�BDÉ6A?ÉSEbI#A?É7¥/WVH	I¯ÓªEbISË�È´�'°©I2Ô×þ�� ¤ A?CFC)ÉSUDH�E,ÉJUDH	I1IJH�WDCFKLR�A?È1E?Ó�°�AXIJH
KFONÐbA?CFKFPuÌÏÉJUNBDÈ1ÉJUDH	Ê³R	E,OkÉ6A?KFO¦ODE�W EbKFONÉJH�I#ÉJE3AXONÊ�ØbI6A?ONBDCFHbÌ}KFO¦WVAXIJÉJKFR	BÏC�AXIA° � PDENH	È1ODEbÉ
W EbKFONÉ1ÉJE�Ò�A?ONÊNË�E,IJHbÕ�GDE,I(ÉSUDKFÈ(ISHpA?ÈSEbOuÌ)AXÈ�ÈJENEbO�A?È��G°>I2Ô×þ�� ¤ KLÈ1W H	I�ÓªE,IJË�H	PuÌ�ÉJUDH
R�EbCFCFH	R	ÉJE,I�A?ÉS¥iR	EbBDCFP0ÈsA�ÓªH	CFÊ�ISHpA?R6U�ÉSUDH¨R	EbOÏR	CFBDÈJKFEbO4ÉJUVAXÉ9ÉJUDH	ISH#KFÈ�ODE�ISH	WDCFKFRpA1E?Ói°(ÉSUVA?É
ÈSÉJKFCFCDW EbKFONÉJÈ%ÉJEAÒbÕ,è9UDKFÈ%KLÈ:KLO1Ó�A?R	É%ÉJISBDHbÕ���E?Î%H	Ð,H	IpÌ,ODEbÉSH�ÉSUVA?É%ÉJUDKFÈ%PDENH	È%ODEbÉ)Ë�HpA?O�ÉSUVA?É
�9��Ã,£��,ò��]� ¹ � �:Ã�� ¶!�kÞMgó°�	�_iÒpß�RpAXO�Ñ H´È6A�ÓªH�CLÊ1ÈJH�OkÉ%ÓdIJEbË ¥:ÉJEi%bÕNè9UÏH�IJH�A?ÈJE,O�KFÈ%ÉJUVAXÉ_E,O�ÈJKFÉJH
�FÌ�ÑVH6ÓdEbIJH�°f��UVAXÈ#Ñ H	RpA?Ë�H�KFOkÐbAXCFKLP�ÌDÉJUÏH�Ë�BDÉ6A?ÉJE,I¨Ë�KFØbUNÉ�U A�ÐbH�W H	I�ÓªE,IJË�H	P��Ó¯�I2Ô °����



ÞdA?È�KFODPDKFRpAXÉJH	P°KLOÚG�KFØbBÏIJH�1,ß#ÉSUDH	ISH6ÓªEbISH�R	ISHpA?ÉSKLOÏØ A4ODH	Î WVE,KFOkÉSH	I1ÉJE�ÒbÕ�õ�OÚÉSUDKFÈ�RpA?ÈSHbÌ
W H	I�ÓdEbIJË�KFODØ��9��Ã,£��,ò��,� ¹ � �:Ã�� ¶!�kÞ�gW°�	�_iÒpß�R	EbBÏCLP³CFHpA?P¦ÉSE0ÉJUDH�PDH	CFH	ÉJKFE,O3EXÓ ÉSUDH�C±A?ÈJÉ5ÈJR	KFEbO
ÉSE�Ò�AXODP�C±A?ÉSH	I%ÉJE#KFÉJÈ%IJH�R	C±A?Ë�AXÉJKFEbO�Õpè9UÏKLÈ%ÈJKFÉSBVA?ÉSKLE,O�Î_E,BDCFP�ÑVH¨A?O�H	IJISEbI%ÑVH	R�A?BDÈSH#ÉJUDH�IJH
KFÈ9ÈJÉSKFCLCuA5IJH ÓªH	IJH�ODR	H1ÓªISEbË ¯(�NÉJE´Ò,Õ

Y E,ÉJH�ÉJUVAXÉ(ÉSUDKFÈ#ÈJR	H�OVA?ISKLE³ÈJUÏE?Î9È(ÉSUDH�\�ODKFEbO©
9BDCFH�KFÈ(H Û¼H	R�ÉJKFÐbH	CFÊ¦ODH�H	PDH	PuÕ�õ�OÚAXPNÒPDKFÉSKLE,OuÌDKFÉ�IsA?KFÈSH	È#A1ÈsA�ÓdH	É�Ê�WDISEbÑDCFH	Ë×Î9UDKFR6U�KFÈ�ÉSUDH¨ÓªE,CFCLE?Î9KFODØPINUDE?ÎïÉJE�Ø,BVA?I6A?ONÉJH�H(ÉSUVA?É
�«�6Ã,£M�]ò��,� ¹ � ��Ã�� ¶*�NÞ>^P¯�	�_iÒpß�IJHpAXRsUÏH	È_ÈSKFÉJHj%�Ñ H6ÓªE,IJH'�(�XÃ,£M�]ò��,� ¹ � ��Ã�� ¶*�NÞ�gW°�	�_iÒpß	Õ�õ�O�ÉJUÏH�ODH	ÿNÉ
ÈSH	R	ÉJKFE,O Î%H�WÏIJE?ÐNKFPDH�A4ÈJE,CLBÏÉJKFEbO¦ÉSE3ÉSUDKFÈ(WDISEbÑDCFH	Ë³ÌuA?OÏPÚWDISH	ÈJH	ONÉ�AåÓªH	Î Ë�EbISH�ÈsA�ÓdH	É�Ê
ISBDCFH	È�Î9UDKFR6U�AXIJH#ÐbAXCFKLP1ÓdEbI�A?ONÊ�R	E,UDH	ISH	ODR	H1WDIJE,ÉJENR	E,CéÕ

±�ìML ²�Q?îW�6�D�DkºÐ�ôc�6³��?îPÐ�ôuð�ñªôiÇ0óDôc� �¦î_Q,O��	ó-(:ONð�¨�Q,Ði�0O*�
Ö�È AXCLISHpA?PÏÊ�Ë�H	ONÉJKFE,ODH	PuÌ?ÉSUDH¨ÈJÉ6A?ODPVAXIJP0A?WDWDISEkAXRsU�ÉJE1IJH6ÓdH	IJH	OÏR	H#R	E,BDONÉJKFODØ#KFÈ%ÉJE1KLOÏÈJÉJISBNÒ
Ë�H	ONÉ�A?ÈSÈJKFØbOÏË�H	ONÉJÈ�KFO1EbIJPÏH	I)ÉJE¨KFË�Ë�H	PDK±A?ÉSH	CFÊ9KFODR	IJH�Ë�H	ONÉsçXPDH	R	ISH	Ë�H�OkÉ:ÉJUDH9R	E,IJISH	ÈJW EbODP�Ò
KFODØ¨R	E,BDONÉJÈpÕ,è9UDKFÈ)A?WDWÏIJEkAXR6U�IJH��NBDKFIJH�È_R	E,Ë�WDKFCFH	I�Ë�ENPDK«�VRpAXÉJKFEbOuÌ�A?ODP1KFÈ)H	ÿNW H	ODÈJKFÐ,H�Î9UDH	O
AXÈJÈJKFØ,ODË�H	ONÉSÈ/AXIJH5ÓªIJHX�kBÏH	ONÉ(A?ODP³R	E,BDONÉJKFODØ0KFÈ/A�ISH	Ë�E,ÉJH1EbW H	IsAXÉJKFEbOuÌ}AXÈ´KFÈ#ÉSUDH1RpA?ÈSH�KLO
Í�A?IJR6UVAXONÉpÕ

÷�BDI�ÈJE,CFBDÉJKFEbO°R	EbOÏÈJKFÈJÉSÈ�E?Ó´PÏH6ÓªH	ISIJKFODØ¦ÉJUÏH�R�EbBDONÉJKFODØ³ÉJEÚA4C±A?ÉSH	I(ÉSIsAXR	KFODØVÕ�õ�O°ÓéAXR	ÉpÌ
ÉSUDH(R�EbBDONÉJÈ5ODH	H	P³ODEbÉ¨Ñ HµAXP � BDÈSÉJH	P³KFË�Ë�H	PDK±A?ÉSH	CFÊbÕ|@%E,ODÈJKFPDH�I/AXÈJÈSKLØ,ODË�H�OkÉB�Ó¯�I2Ôö°�� � Ì
Î9UDH�IJHA°#W EbKFONÉJÈ9ÉSE´ÒbÕDÖ9É9ÉSUDH¨ÉJKFË�H�E?Ó)ÉJUÏH/AXÈJÈSKLØ,ODË�H�OkÉ�Ì�Ò¨KLÈ%IJH�A?R6UVA?ÑÏCLH5ÑkÊ�PDH��VOÏKLÉSKFEbOuÌ
AXODP�KFÈ%ØbBVAXIsA?ONÉSH	H	P0ÉJE1IJH	Ë0A?KFO�IJH�A?R6UVA?ÑÏCLH#AXÈ_CFEbOÏØµAXÈ7° � KFÈ_OÏEbÉ%Ë�ENPDK«�VH	P�AXODP�ISH	Ë�AXKLOÏÈ
ISHpA?R6UVAXÑDCFHbÕ�õ�É}KLÈ}OÏEbÉ}ODH	R�H	ÈJÈ6A?IJÊ5ÓªE,I)ÞªA%WDISEkR�H	ÈJÈ�Ë�AXOVA?Ø,KFODØkß9¯%ÉJE9KFODR	ISH	Ë�H	ONÉWÒ(¦ È�IJH6ÓªH�IJH	ODR�H
R	E,BDONÉpÌ A?È9CFEbODØ�A?È#Þ]ÈJE,Ë�H�WÏIJENR	H	ÈSÈ´Ë0A?OVAXØbKFODØNßS°5PDENH	È9ODEbÉ9PÏH	R	IJH�Ë�H	ONÉ�KFÉ�Õ

Í}H�É�BDÈ9ISH	ÉJBDISO3ÉSE�ÉJUDH¨WDISEbÉSEbÉ�ÊNWDKFRpA?C�H	ÿDA?Ë�WDCFH9E?Ó_G�KLØ,BDIJH�CDÕNÖ9É9ÉSUDH#ÉJKFË�H9E?Ó'�Ó¯ I2Ô
°����FÌ}Ø,IsA?ONBDCFH$Ò(KFÈ#ISHpA?R6UVAXÑDCFH�ÞFÓªISEbË ÑVE,ÉJU³IJH	WDCFKFRpAXÈ#E?Ó'°�ß5A?ODP³KFÈ´WÏIJEbÉSH	R	ÉSH	P�ÑkÊ4ÈJEbË�H
ÈSR	KFEbOuÌ}È6A�Êå�:Ã6� ¶*�kÞl! ¹ 	�õPÒpß	æ�WDIJH�ÈJBDË0A?ÑDCFÊNÌDÑDBDÉ¨ODE,É¨ODH	R	H	ÈSÈsAXIJKFCFÊkÌm!ÉÔ ® AXODP ¹ Ô °DÕ}Ö�È
CFEbOÏØ/AXÈ7Ò9¦ È:ÈJR	KFEbO�U A?È_A¨OÏEbONÒ�ö	H	ISE(R	E,BDONÉpÌ,KFÉ)KFÈ)ÈsA�ÓªH�ÉSE#PDH	C±A�Ê#ÉSUDH�KFODR	ISH	Ë�H�OkÉ�Þ±W EbÈJÈSKFÑDCFÊkÌ
ÉSUDH9R	IJH�A?ÉJKFE,OVß�E?ÓW�:Ã�� ¶!�kÞ>^ó¯
	�_iÒpß	ÕNÞ�
9H	RpAXCFCDÉJUVAXÉpÌ�KFO(E,BDI�ÈJÊNÈJÉSH	Ë3Ì�KFÉ�KFÈ�ÉSUDH%ÉJIsAXR	H9E?Ó}ÑDBDOÏRsU
°Î9UDKFRsU0BDW PVAXÉJH	È'�¦ È%ÈJH	É�E?Ó�ÈJÉJBÏÑDÈpÌÏÉJUVAXÉ9RpA?BDÈSH	È�ÉSUDH¨R	EbISIJH	ÈSWVE,ODPDKFODØ�ÈSR	KFEbODÈ9R	E,BDONÉ9ÉJE
Ñ H(A?P � BDÈJÉSH	PuÕ�ß

è9UDH	ISH9KFÈ�A�WDISEbÑDCFH	Ë Î9KFÉSU(ÉSUDKFÈ�AXWDWDISEkA?R6UuÌ�UDE?Î%H	Ð,H	IpÕ?õ�O1ÉJUÏH9WDIJE,ÉJEbÉ�ÊNWDKFRpAXCNH	ÿDA?Ë�WÏCLH,Ì
E,ODR	H�ÈJKFÉSBVA?ÉSKLE,O4`0�-a�UVA?È¨Ñ H	H	O¦IJH�A?R6UDH	PuÌ�KFÉ�KFÈ¨WVE,ÈJÈSKLÑÏCLH1ÉJU A?É��(��Ã]£M�,ò$�,� ¹ � ��Ã�� ¶*�NÞ�gW°�	_iÒ�ß
ISHpA?R6UDH	È³ÈJKFÉSH2%3Ñ H6ÓªEbISH��«��Ã,£��,ò$�,� ¹ � �:Ã6� ¶*�kÞ�^P¯�	_iÒpß�æ%ÉJUDH	O Ò¦R	E,BDCFP Ñ H¦KFODR	EbISIJH	R�ÉJCFÊ ISH6Ò
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, ó
(:OkðX¨>²´î ôc�uñdð�ñªî ô�..b*o.6ôc�,Q,O��©ONôuðqpBO�(Jî_Q,Osr�O*�,Q,O��©ONôuðq1	Ðº��O ì2t  ��(�+
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, ó-(:ONð�¨ ²´î ôc��ñªð�ñªî ô�.�..�*�²´îP�©�iQ,O�³ºONôc��ñªòPOv'üQ?ó_�?ñdôiÇw1	Ði�0O ìyx )*�6�3ó�:8]+
 ��X�����z����!Â,�A�$Í(�,� ¶*�T89�Ó�(��Ã,£��,ò$�,� ¹ � �:Ã6� ¶*��^$��������<9�f5Ó�,./.W�:�}3_.��/ ��,���9�S�ª^��9��� - �
À�Ái+: X.M���(!;

, ó-(:ONð�¨ ²¨îVôc��ñªð�ñdîVôz.D{s*B²���ONóDô}|�Q?îP��ó*Ç óDðpñdî ô~1	Ðº��O ì�x )!�� 3W�:86 "�X���Ñ�
���6*Â,� µ £M¶ µf·6¸|·6¹ �,Þ�¯bßD5ª¯ � ^��9��� - ��À�Ái+: �.����(*;
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 ��9�(���].F89�:Â9����;
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ÉSUDH¨EbISPDH	I�ÈSH	ONÉ(Þ]Ë�EbISH�E,O�ÉJUÏKLÈ9C±AXÉJH	I6ß	Õ��
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ò$�,� ¹ � ��Ã�� ¶*�_AXODP´�(��Ã]£M�,ò$�,� ¹ � ��Ã�� ¶*��Ë�H	ÈJÈ6A?Ø,H	ÈpÕ(
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iBDCFH	È_õ}ÉSUDIJE,BDØbUi��A?ISH_ÈSB�K�R	KFH	ONÉ�ÓªEbI}ÉSUDH_È6A�ÓªH%R	ENH	ÿNKFÈJÉSH	ODR	H9EXÓ�ISH	WDCFKFRpA?ÉSH	P1PVA?É6A�A?OÏP
A;UNÊkÑÏIJKFP�ØkAXIJÑVAXØbH#R�EbCFCFH	R	ÉJE,IpÕ è9UDH	Ê�AXIJH1KLOÏPDH	W H	ODPDH	ONÉ#EXÓ)ÉJUDH1R	EbUÏH	IJH	OÏR	H�AXODP�ÉJI6A?R	KFODØ
AXCFØbEbISKFÉJUDË�ÈpÌbAXODP0KLË�WVE,ÈJH9Ð,H	IJÊ;ÓªH	ÎïKLONÉSH	IsAXR	ÉJKFEbOÏÈ�Ñ H	É�Î_H�H	O�R	E,CLCFH	R�ÉJKFEbO0A?ODP0R	E,UDH	IJH�ODR	HbÕ

õ�O³ÉJUDH5ÓªE,CLCFE?Î9KFODØ1ÈJH	R�ÉJKFEbODÈ¨Î%H(H�ÿkWÏC�AXKFO�ÉJUDH�ÈJH�IJBÏCLH�È´KFO�Ë�EbISH#PDH	É6A?KFC�Ì¼AXODP�WDISE?ÐNKLPÏH
ÈSEbË�H�H	ÿDA?Ë�WDCFH	È%KLO�Î9UDKFR6U�ÉSUDH	KFI9ODH	H�P�KFÈ9R	CFHpA?I�AXODP0HpA?ÈSKLCFÊ�BDOÏPDH	IJÈSÉsAXODPVA?ÑÏCLH,Õ

²¨îP�©�ºQ,O�³iONôc�	ñdò_O�ð6Q?ó_�?ñdôiÇöQ,Ði�0O è9UÏKLÈ�ÈJH	R�ÉJKFEbOïWDIJE?ÐNKFPDH	È0A?O�H	ÿNWDC±A?O A?ÉJKFE,O EXÓ#ÉJUDH
@%E,Ë�WDISH	UDH	OÏÈJKFÐbH1è�IsA?R�KLOÏØT
9BÏCLH,ÕVÇ¦H1ÈJUÏE?Î ÉJUÏH�ODH	H	P³ÓªE,I¨ÉJUDKFÈ¨IJBDCFH1ÑNÊ�ØbKFÐNKFODØ�AXO3H	ÿ,Ò
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9BDCFH´AXODPå�'���,���P� �9��Ã,£��,ò��]� ¹ � �:Ã�� ¶!�kÞMgó°�	�_iÒpß4�º¤
KFÈ9H	ÿNH	R�BDÉJH	P�ÕVè9UNBDÈ�Ì*��Ã�� ¶*�NÞ�gW°�	_iÒ�ß)KFÈ9PDH	CFH	ÉSH	P�KFO"%bÕNè9UDH	OuÌÏKÜÓ ¹ £ · Ã���XÞ>_)ß%IJBÏODÈpÌÏØbIsAXONBDCFH
Ò¨KFÈ%BDODÈsA�ÓªH	CFÊ�ISH	R	C±A?KFË�H	PuÕ
� [F�1�±{p�6�6fNq�oJ�Nr?y��N�({ � o6q�q�{p��o%y �¨� o6rXyn{p��oSln� � o6{��kq � �k�:yn��y����d�ko9q�oS�krXy��k�1���koS�ko�h



è9UDH�@%E,Ë�WDISH	UDH	OÏÈJKFÐbH¨è�IsAXR	KFODØ�
9BDCFH¨WDISH	ÐbH	ONÉSÈ�ÉJUÏH(A?Ñ E?ÐbH¨ÈJR�H	OVA?ISKFE�A?È9KFÉ%ÓªE,IJR	H�È'¯(�
ÉSE�ÑVH(ýB@:ÒéR	CFHpAXODH	P�Ñ H6ÓªE,IJH�� ÈSH	ODPDÈ�ÉJUDH	Í(�f� ¶!��Ë�H	ÈSÈsA?Ø,H¨ÉJE�¥	ÕÏè9UDH	OuÌ}AXR	R	EbISPDKFODØ�ÉJE�ÉSUDH
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iBDCFHbÌ,�'�:�]���_�2�«�6Ã,£M�]ò��,� ¹ � ��Ã�� ¶*�NÞ>^P¯�	�_iÒpß����?KFÈ�WVH	I¯ÓªEbISË�H	P
Ñ H6ÓªE,IJH�ÉSUDH�Í(�f� ¶!�3Ë�H	ÈJÈ6A?ØbH�KFÈ�ÈJH	ONÉ�ÞªAXODPå¥�A?WDWÏCLKFH	È1ÉJUÏHå\�ODKFE,OÈ
9BÏCLH0A?ODP�H	ÿNH	R�BDÉJH	È
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iBDCFH<�´ß
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²��0ONóDôö�iQ?îP��ó*ÇVóÏðpñdîVô>Q,Ði��O è9UDKFÈ¨ÈJH�R	ÉJKFEbO¦WÏIJE?ÐNKFPDH	È#A?O³H	ÿNWDC±A?OVAXÉJKFEbO4E?Ó9ÉJUDH�ISEbCFH(EXÓ
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9BÏCLH,ÌuÑNÊ¦PDH	ÈSR	IJKFÑDKFODØ¦A?O°H	ÿDA?Ë�WDCFH(EXÓ´Î9UVAXÉ(ENR	R	BÏIJÈ�KÜÓ�ÉJUDKFÈ
ISBDCFH´KFÈ9ODE,É9H	ONÓªE,IJR	H�PuÕ

@%EbOÏÈJKFPDH	I¨GuKFØ,BDIJH	È'C�A?OÏP´`�A�ÓªÉSH	I�ÉSUDH¨Ë�BDÉsAXÉJEbI%UVAXÈ9H	ÿNH	R	BDÉSH	P>�Ó¯ I2Ô °���� A?ODP0Ñ H6Ò
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ÉSUVA?É�WDISEbÉSH	R	ÉJÈ�Ò�KFÈ$�:Ã�� ¶!�kÞ�gW°�	�_iÒpß	Õ)T�BDWDW EbÈJH0ÉSUVA?É�Ñ EbÉSUÚIJH�WDCFKLR�A?È�E?Ó�°3A?ISH�Ë�EkPÏK=� H	P
KFO³WDIJENR	H	ÈSÈJH	È��uAXODP�¥�ÈJBDR6UÚÉSUVA?É5ÉJUDH	Ê³ODE0CFEbODØ,H	I#W EbKFONÉ¨ÉJE�ÒbÕª��H	ODR�HbÌuÑNÊ³ÉJUDH�R�EbCFCFH	R6Ò
ÉSKLE,O AXCFØbEbISKFÉJUDË³Ì��:Ã�� ¶!�kÞ�gW°�	�_iÒpß�KFÈ´PÏH	CFH	ÉJH	P�Õuè9UNBDÈ�ÌWÒ(Ë0A�Ê�Ñ H�BDODÈ6A�ÓªH	CFÊ�ISH	R	C±A?KFË�H	P�ÑNÊ
¹ £ · Ã�� � Þ�_)ß¨Þ�¯6��ÈJÉSKFCLC}W EbKFONÉJÈ9ÉSE´Òpß	Õ

è9UDH�@%CLH�A?OÚ@�ISEbWVAXØkA?ÉSKFEbO©
9BDCFH�WDISH	ÐbH	ONÉSÈ�ÉJUDH�AXÑVE?Ð,H�ÈJR	H	O A?IJKFE¦A?È#KFÉ¨ÓdEbIJR�H	ÈA¯ � ÉJE
Ñ H(ýA@:Ò�R	CFHpA?OÏH	PuÕ è9UNBDÈpÌÏÑkÊ�
9BDCFH9õSõ	ÌS�'���,���P� �«�6Ã,£��,ò��,� ¹ � �:Ã�� ¶!�kÞ>^ó¯
	�_iÒpß�� � KFÈ9WVH	I¯ÓªEbISË�H	P
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