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6DCFEHGJIDKLINM�IDOQPHRTS	U/IDRWV�XUYINK[Z\U^]_MH`NU�Rba"cHd[KLZ\UeP-U
f GgIWh<ijhlkmUeGgINOn`NKLE-U�onoqp�r-snUe`NPHKLVutvOYIYwUeEHKLZWO
x K[O^P�RysnUYEHRWKL`NOHr x s�znzY{�|np~}���zep�r�tv`NUe�WKLd

R�}FV�UeK[d5�3E-UYZ�����K[El��K[V�c-U�h��H`
��INIDc1���n�~�����bh�KLV�c-U�h��H`D�e]3R�GN��MHKLGDUePHOe`NRWGD�Ya�E�PH`NRW��UeZ����HKLE
B�i�RWc-UY`gIDV�RWE�I�Oe��S	UYIN�HRWV�UYINK[ZWG�rl�"EHK��nR�`NGNK�IF��Oe�*��IDUe�

� UYdLI��AUe YRykvK�IF�nrl��I�Ue�¡rl¢Y{Hono~z�r�� � a
R�}FV�UeK[d5�*GNOed[E-U���V�UYID�1h�M�IDUe�¡h�RWPHM

9¤£�¥�¦j§l¨/87©eªm`DUYEHPHOnVuV�RWP�K«U�r�UeZWOnM�GgIDKLZ��mU\�nR�GWrl�mU/IDRW`��vU\�nRWG�h

&¬03©�­q¨~+-,e­�ª<®%U\�eR�cH`NOncHUe¯�UYINK[OnE�K[E¬PHKLGNOn`gPHRW`gRWP:°±`DUeEHP�OnV¬²_V�RWPHK[UTK[G<ID�HR�MHEHPHR�`NdL��KLEH¯yID��RWV�Reh
S�UeE���IF��c³RWG�Oe���vU\�nR´cH`gOnc-Ue¯�U/IDK[OeE�cH`gOn�HdLRWV�GµZ\UYE!V�OeGgI¬Z�OnE��nR�EHK[R�E�INdL���?R(UeE-Ued�����RWP!KLE�ID��K[G
�±`NUeV�R��¶On`N lh´a�Z�OnMHGJIDK[Z��mU\�nR�G�KLE ID��R¬R\Ue`JID�¡·�GjZ�`NMHGJI�UeEHP¸GN�HUed[dLO~�¹�vUYINRW`º°±On`jGNM�`g�@UeZ�R¬¯n`DU\��KLIF��²
�vU\�nR�GbUe`NR»IF�vO�R�¼HUYV�cHdLRWG�h"½��HRyK[E�IDR�`DUeZ¾IDK[OeE	Oe�_GgOnMHEHP(�vU\�nR�G���KLID��ID�HRT�HR�INRW`NOe¯nRWEHR�KLINK[RWG"K[E¤ID�HR
RWUe`gIN�¡·�GyZW`gMHGgIjK[G»K[V�c?On`JI�UeE�I»K[E:GNR�K[GgV�OndLOn¯e�eh�½��HR¬K[E�INRW`DUYZ�IDKLOnE OY��GNMH`J�@UeZWR�¯n`DU\��KLIF�¿�vU\�nRWGj��K�ID�
`gOnMH¯n��GNMH��V�R�`N¯nR�P%On�HGJID`NM�Z�IDKLOnEHG»�-UeGT�?R�RWE¸UeEHUedL���WR�P R�¼�INRWEHGgKL�eRWdL���³RWZ\UYMHGNR�Oe��KLINGTKLV�c³On`JI�UeEHZ�R
KLEµO�ZWRWUeEHOn¯n`NUecH���nh_CÀImK[G¶Ued[GgOjK[V�c?Oe`gI�UYE�I<KLE�ID��R�PHR��eRWdLOncHV�RWE�I�Oe�AEHR¾��IDRWZ���EHK[��MHR�Gm�±On`mUeEHUedL���WKLEH¯
GgZ\UYIgIDR�`NK[E�¯�c�`NOn�HdLRWV�G�K[E�Á-MHKLPºV�R�Z��-UeEHKLZWGWh
½��HR�ID��RWOn`J�^IDOb�?R�OnM�IDd[KLEHRWPQKLEQIN�HK[GÂc-UYc?R�`<�HUeP�K�IDG�Ã-`gGgI¶UecHc�d[K[ZWUYIDKLOnE^K[EQGgRWK[GgV�KLZ�R¾¼�cHdLOn`DUYINK[OnE1h

½���R»RWUe`gIN��KLG�GgIN`NOnEH¯edL�¬��R�IDR�`NOn¯eRWEHR�OnMHGWr³UedLGNO^OnE¤GNV�UedLd1GNZWUed[R�GWrlUeE�P¤K�I�K[G�KLV�c³On`JI�UeE�ImINO�P�RWGNZ�`NKL�?R
����RWE(UYEHPº�HOq�ÄÃ-EHRbGNZWUed[R���R�IDR�`NOn¯eRWEHR�KLIDKLRWG�K[E�INRW`DUYZ�I���KLIN��UjIN`DU\�nR�d[K[E�¯�GgRWKLGNV�K[Z�cHM�d[GNRYh
®�R�Ue`gRmK[E�IDR�`NR�GgIDR�PQK[EjcHM�d[GNRvGN�-Uec³RWPj�vU\�nR�GÂIN�-UYI*K[E�IDR�`DUeZ¾I���KLIN�yID�HRv`DUecHKLPHdL�b�YUe`J��KLEH¯��±RWUYIDMH`gRWG

°±KÅh�Reh7V�KLZW`gOnGgIN`NM�INMH`NR\²1Oe��IN�HRÂV�R�PHK[M�V�hA½��HRÂVjMHd�IDKLcHd[R3GNZ\U/INIDR�`NKLEH¯�UYGNGNO�ZWK[UYIDR�P���KLID�bID��R<P�K[GNOe`NPHR�`NRWP
V�K[Z�`NOnGJID`gM�IDMH`gRer�dLR\UePHG_INObIN�HR�UecHc-UY`NRWE�I<PHK�Æ1MHGgK[OnEQOe�³ID��R�c�`NOnc-UY¯�UYIDKLEH¯bcHMHdLGNReh*½��-UYI<K[G�rnID�HR�cHMHdLGNR
P�KLÆ?MHGNR�G"UY�?OnM�I�KLIDG�V�Oq��K[EH¯QZWR�E�IDRW`�PHMHR�INOQIN�HRbVjMHd�IDK[c�d[R�GgZ\UYIgIDR�`NK[E�¯�Oe�7ID��Rb�vU\�nR»RWEHR�`N¯e�eh
®�RµcH`gRWGgRWE�IQU�GgMHV�VµUe`J�´Oe�mIN�HR¬UYGg��V�c�IDOeINK[Z^ID�HR�On`g�¿IN�-UYITPHRWGgZW`NKL�?R�GTIN�HRµKLE�INRW`NUeZ�INK[OnE:Oe��U

c�`NOnc-UY¯�UYIDKLEH¯	c�MHd[GgRµ��KLIN�%ID�HR¬V�RWP�K[MHV¤·�GTV�KLZW`gOnGgIN`NMHZ¾IDMH`gReh´a�dLGNO	�¶R�PHR�GNZW`gK[�³R¬ID�HRµZWOnEHE�RWZ�INK[OnE
�³R�IF�¶RWR�E�UeZWOeMHGgINK[Z¤UeEHP�GN�-UedLd[Oq�Ç�mUYINRW`�cHMHd[GgRºGN�-Uec�K[EH¯�On`�UecHc-Ue`gRWE�I�PHKLÆ?MHGNKLOnE¡h#® R¤ZWOeEHGNKLPHRW`
V�RWP�K«Uy�-U\��K[E�¯^¯nRWEHR�`DUed1GNV�O�OeIN���-UeZ� �¯n`gOnMHEHPº�YUe`NK[UYIDKLOnEHGWr���KLIN�ºUjd[O�Z\UedLdL�Qd[UeV�KLE-UYINRWPµP�K[GNOe`NPHR�`NRWP
V�K[Z�`NOnGJID`gMHZ�INMH`NRYh_½��HRWOn`gR�INK[Z\UYd1`NR�GNMHd�IDG�UY`NR��YUedLK[P-UYINRWP�ID�H`gOnMH¯n��E�MHV�RW`gK[Z\UYd?R�¼�c³RW`gK[V�RWE�IDG�hÂa�ZWOeMHGJ}
INK[Zµ�vU\�nRºR¾¼�c³RW`gK[V�RWE�IDGQUe`gR¬c³RW`g�±Oe`NV�RWP¸K[E%U¿ÈbOnM�cHK[dLd«UeMHP�V�R�PHK[M�V�h´CFE¸ID��R¬ZWOnE�INR¾¼�I�Oe���mUYINRW`
�vU\�nR�G�IN�HR�E�MHV�R�`NKLZ\Ued?V�O�PHRWd?ZWOnE�GNK[GJIDG�Oe�3U^GNR�V�KÊÉ�K[V�cHd[KLZWK�I\rnGgRWV�KËÉ��AUe¯n`NUeEH¯nK[UeEµP�K[GNZ�`NR¾IDK[�WUYIDKLOnE¬Oe�
IN�HR�����PH`gOnGgIDUYIDKLZ���U\��K[R�`�É � IDOn YRWGvR���M-UYIDKLOnEµKLE�IN�H`NR�R�PHKLV�R�EHGNKLOnEHGWh3® R�GN�HOq��ID�HUYI¶IN�HR�E�MHV�RW`gK[ZWUed
R�¼�c?R�`NK[V�RWE�ING�ZWUec�INMH`NR��nR�`g���¶RWdLdÌPHKLÆ?RW`gRWE�I�IF��c³RWG�Oe�3�?R��-U\��K[On`�cH`gRWPHKLZ�INRWP	���¬IN�HR�ID�HR�On`g�eh
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ß MH`TOn��àgR�Z�IDK��nR¬KLGTINO(PHK[GgZWMHGgGj�mU\�eR�cH`NOncHUe¯�UYINK[OnE:K[E%P�K[GNOe`NPHR�`NRWP¸Oe`y`DUYEHPHOnVáV�RWPHK[U�h�½��HUYI^K[G�r
�¶R�ZWOeEHGNKLPHRW`�U»�mU\�nRbcHM�d[GNR�ID�-U/I�cH`NOec-Ue¯�UYINRWGvIN�H`NOeMH¯n��UjV�RWPHKLMHV¹���HOnGgR�c-Ue`DUYV�R¾IDRW`gG¶�YUe`J�µ`NUeE�}
P�OnV�d��nh3½��HR�VµUYK[E�`NRWGgMHdLI¶�vR�c�`NRWGgRWE�I�K[E�ID�HKLGvc-UYc?R�`mK[GÂID�-U/ImID�HR"`DUeE�PHOnVÇV�R�PHK[MHVâÁHMHZ�INM-UYIDKLOnEHG
ZWUeMHGgRmID�HRmc�`NOnc-UY¯�UYIDKLEH¯�c�MHd[GgRvIDO���`NO�UeP�RWEQUeG�K�I3IN`DU\�nR�d[G�h_i�MHRvINO�VjMHd�IDK[c�d[RÂGNZWUYININRW`NR�PQRWEHR�`N¯e�ernID�HR
c�MHd[GgRyUec�c?RWUe`NG�IDO�PHKLÆ?MHGNRTUe�³OnM�I"U�V�Oq��K[EH¯QZWR�E�IDRW`�h�½��HRjUeV�OnMHE�I�Oe�_��`NO�UeP�RWEHKLEH¯Hr-On`"UecHc-UY`NRWE�I
P�KLÆ?MHGNKLOnE¡rÌOe�<ID�HR^�vU\�nRµc�MHd[GgR�KLG�cH`NOec?On`JIDKLOnE-Ued7IDO�ID�HRQGg��MHUe`NR�`NO�OeIbOe�<ID�HR^IN`DU\�nR�d[K[E�¯¤P�K[GgIDUeEHZ�Reh
S¤On`NR�O~�eRW`�r�ID��Rjã¾ä�ä�ãeåDæ¾ç-è_éeê ë�ì�í¾êÅî/ç»PHRWc³RWEHP�GvOnEHd��^OnE�ID�HR�ID`NUq�eRWdLK[EH¯»PHK[GJI�UeE�ZWR"UeEHPQID�HR�í¾èÀãeè@ê[í¾è@êÅï�í
OY�<IN�HRQ`DUeE�PHOnVðV�RWP�K[MHVñÁ-MHZ¾IDM-UYINK[OnE�GWhy½���MHG�r7IN�HR^�H`gO�UePHR�EHK[EH¯ºZWUeE¿�?R^PHR�GNZ�`NK[�³RWP¿KLE�U¬P�R�IDR�`J}
V�K[E�K[GgINK[Z»�mU\�:K[EHP�RWc³RWEHPHR�E�IDdL�(Oe�vIN�HRQc-Ue`gINK[Z�MHd«Ue`�V�R�PHK[MHVð`NR\UYd[K[�WUYIDKLOnE¡hyò"Oq�vR¾�nR�`Wr_UeG��¶R�Gg�HOq�
�³RWdLOq�br³IN�HR¬óeæ¾ô[îqï¾êõè@ö»OY�_ID�HR»�mU\�nR^c�MHd[GgRyZWOeE�IDUeK[E�G�UµGgVµUedLd_ågãeç³é�î/÷âZWOnV�c³OnEHRWE�IWh�CFE	IN�HRyGgRW��MHRWd
�¶Rb`NR¾�±RW`�IDOjIN�HR�ID`DUYEHGg�±On`gVµU/IDK[OeE¬Oe�7ID�HR�cHM�d[GNRbPHM�R�IDO^ID�HRbV�K[Z�`NOnGgZ\UedLR�V�RWPHKLMHVøÁ-M�Z�IDMHUYIDKLOnEHG�UeG
ä³ì�ôùíqæ�í�ú�ã¾ä³êõç�ûeh
CFEºID�HR�R¾Æ1R�Z�INKL�nR»V�RWPHKLMHVüUYcHcH`NO\¼�K[V�UYINK[OnEµIN�HRb`DUeE�PHOnVüV�RWP�K[MHVÇÁ-MHZ�INM-UYINK[OnEHG�UY`NR�`NR�cHd«UYZWRWP

���¬UjPHR�INRW`NV�K[E�K[GgINK[ZQæ±ë�æ�ï¾è5êõóeæ�÷µæNéeêõì�÷^h�½���K[G�UecHc�`NO\¼�K[V�UYIDKLOnEµKLGmOnEHd����YUedLK[P��±Oe`m`NR�d«UYINKL�nR�dL��GN��On`gI
c�`NOnc-UY¯�UYIDKLOnE�PHK[GJI�UeEHZ�RWG�r�OeE�ID�HR�On`NP�RW`µOY�bU��±R��ñc�MHd[GgR	d[R�EH¯eIN�HGWhý®%U\�nR	cH`NOncHUe¯�UYINK[OnE�K[E�ID�HR
R¾Æ1R�Z�INKL�nR^V�RWP�K[MHVñK[G�EHOnE�}ÀPHKLÆ?MHGNK��nRyUeEHP´PHO�RWG�EHOYI�Z\UYc�IDMH`gRjID�HRy�H`NO�UYPHRWEHKLEH¯�Oe�_IN�HRjcHMHdLGNRjIN�-UYI
�³RWZ�OnV�RWG�K[V�c?Oe`gI�UYE�Iv�±On`�ô[î/ç�ûbc�`NOnc-UY¯�UYIDKLOnE¬PHKLGgIDUeEHZWR�GWh
½��HR�IN�HRWOe`g�µ�±Oe`vcHMHdLGNR�Gg�-UecHKLEH¯j�vUeG�PHRW`gKL�eRWP�K[E�ID�HR�Z�OnE�IDR¾¼�I�Oe�7UYZWOnMHGJIDKLZ��mU\�eR»c�`NOnc-UY¯�UYIDKLOnE

KLE�IN�HR�R\Ue`JID�¡·�G¶Z�`NMHGJI\h_®�R"V�OeIDK��YUYIDRmIN�HR"`NUeEHPHOeVâV�R�PHK[M�V¹V�O�PHRWd-KLE�INRW`gV�GÂOe�¡IN�HK[G<Uec�cHd[KLZ\UYINK[OnE¡r
��M�I"Ued[GgO�c³OnKLE�I�OeM�I�IDOQOeIN�HRW`�UecHc�d[K[ZWUYIDKLOnEHGv����RW`NRbID��RbIN�HRWOe`g��cHd[U\��G�UQ`NOndLReh�®�RbGN�-UedLd¡ZWOeEHGNKLPHRW`
UQV�O�PHR�d¡V�RWPHKLMHVøIN�-UYI��vR»PHR¾Ã-EHRTUeG�U¤ô[îqïNãeôõôÊö�ô�ãeö�æ¾åDæNé�ågãeç³é�î/÷þ÷µæNéeêõì�÷^hÂ½��HRbd[O�Z\UedLdL��d«U\�nR�`NRWP
`NUeEHPHOeVÿV�RWPHKLMHV �HUeG_¯nRWE�RW`DUYdÅreIN�H`NR�R�PHK[V�RWEHGgK[OnEHUedÅrYPHR�INRW`NV�K[E�K[GgINK[Z<�-UeZ� �¯n`gOnMHEHPQ�YUe`NK[UYIDKLOnEHG3��K�ID�
U�`NUeEHPHOnV�dL�"d[O�Z\UYd[dL��d[UeV�K[E-UYINRWP�V�K[Z�`NOnGJID`gMHZ�INMH`NRYh3½��HRÂV�O�P�RWdeKLGÌV�OYIDKL�YUYINRWP�����GgRWPHKLV�R�E�I�Ue`J��`NO�Z� 
GJID`gMHZ�INMH`NR�G����HR�`NRbGNR�PHK[V�RWE�IDUe`g�µZ���ZWdLRWG�cH`NO�PHMHZ�RbU^INK[d�IDRWP�GJI�UeZ� µOe�7d«U\�nR�`NGWh ß E�IDOncºOe�7ID��K[G�d[O�Z\UYd
�YUe`gK«UYINK[OnE¿ID��RW`NRºUY`NR¬Z�O�Ue`NGgR¬GNZWUed[R��±R\UYINMH`NR�GjID�-UYIjZWOnV�R��±`gOnV V�UeZ�`NOnGgZWOncHKLZµ¯nR�Ond[Oe¯nK[ZWUedÂR��nR�E�IDGWh� On`�GNMHZ���U¬V�R�PHK[M�V �¶R^�-U\�nR�UeE-Ued����WRWP��Êo���rAz�o���IN�HR^GNcH`gR\UeP�K[EH¯ºOe�¶UeE:UeZ�OnMHGgINK[Zjc�MHd[GgR^PHMHR^IDO
IN�HRjV�K[Z�`NOnGgZ\UedLR»�YUe`gK«UYINK[OnEHG�KLE	ID�HRyV�R�PHK[MHVñc-UY`DUeV�R�INRW`NG�UeEHP´KLE � RWZ¾IDKLOnE	���¶R^GNMHV�V�Ue`NKL�WRbID�HR
`gRWGgMHdLINGWh
½��HR�V�OeINKL�YUYIDKLOnE^�±On`mV�O�P�RWd[KLEH¯»K[EµINRW`NV�GvOY�7Uj`DUeEHP�OnVøV�RWP�K[MHV K[G<ID�-U/I�UjPHR¾I�UeKLd[RWP�PHRWGgZW`gK[c�}

INK[OnE¸OY�"IN�HRºR�Æ?RWZ�INGQOe�"IN�HRº`NOnM�¯n�#V�KLZW`NOeGNZ\UYd[R¬V�RWPHKLMHV ÁHMHZ�INM-UYIDKLOnEHGQUe`gR�Oe�õIDR�E�E�OeIQc?OeGNGNKL�Hd[RYh
S¤On`NR�O~�eRW`�r?ID��RTPHR¾I�UeKLd[G�Oe��IN�HK[G�Á-M�Z�IDMHUYIDKLOnEHG�UY`NRbIF��c�K[Z\UYd[dL�µEHOeI" �EHOq��E¡h�ò"Oq�vR¾�nR�`Wr¡K��*�¶RyV�O�PHR�d
KLE�INRW`gV�GÂOe�¡U»`NUeEHPHOnVÿV�R�PHK[MHV ��KLID�� �EHOq��E¡r�c³RW`g�-UecHG<GNdLOq��dL�j�YUe`J��KLEH¯Hr�GgIDUYIDKLGgINK[ZWG_IN�HR�UeZWZ�MHVjM�}
d[UYIDR�P¿R�Æ?RWZ�ITOe�<ID�HRQPHKLGNOn`gPHRW`gRWP:On`b`DUeE�PHOnVðZ�OnV�c?OnE�RWE�I»Oe�vIN�HRQV�R�PHK[MHV¤r¡ZWUeE�KLE¿VµUeE��´ZWUeGNR�GWr
�³R^Z��-Ue`NUeZ�INRW`gK[�WR�P¡h^®�KLIN�¿IN�HK[GbUYcHcH`NOnUeZ��¡rÌMHEHZ�RW`JI�UeKLE�INK[R�GTUY�?OnM�I»UºGgc?R�ZWK�Ã-ZQV�R�PHK[MHV Ue`gRQIN`DUeE�GJ}
d[UYIDR�P�KLE�IDO�MHEHZWR�`gIDUeK[E�IDKLRWG"Ue�³OnM�I�UQIN`DUeEHGgV�K�ININRWP¤cHMHd[GgRTGg�-Uec³RyKLE	UQGg��GgINRWV�UYIDKLZ»�vU\�nh"S�On`gRWOq�nR�`Wr
IF��cHKLZ\Ued*cHMHd[GgR^GN�-UYcHK[EH¯�ZWUeE¿�?R^R�¼�UeV�KLEHRWP¿UYEHP¿Z��-Ue`DUYZ�IDR�`NKL�WRWP1h � On`�ID��R^cH`NOn��d[RWVðUYI��-UYEHP´ID�HR
��`NO�UeP�RWEHKLEH¯yOe�ÌIN�HR�c�MHd[GgR�ID`NUq�eRWdLK[EH¯»ID�H`gOnMH¯n�µIN�HR�RWUe`gIN�¡·�G¶ZW`gMHGgI�ZWUeEºUeZ¾IDM-UedLdL�^�³R�PHR�GNZ�`NK[�³RWPµK[E�U
P�R�IDR�`NV�K[EHKLGgINK[Z��mU\�nr�IDOjdLR\UePHKLEH¯yOe`NPHR�`WrHUYGNGNM�V�KLEH¯yID�HUYImID��R�GgIDUYIDKLGgINK[ZWGvOe�ÌID�HR�`DUeEHP�OnV¹�eUY`NK«U/IDK[OeEHG
KLE�ID�HRbR\UY`gID�1·�G�c-Ue`NUeV�R�IDR�`NG�Ue`gR� �E�O~��E1h
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CÀ�7ID��R�V�R�PHK[MHVÇK[G�c�MH`NR�dL�¬OeEHR¾}ÀPHK[V�RWEHGgK[OnEHUedÅr�On`�d[Uq�eRW`gRWP¡rHIN�HR�cHMHdLGNR�GN�HUecHK[E�¯�c�`NOn�HdLRWVÇ�-UeG��³RWRWE
GJIDMHP�K[RWPQR�¼�INRWEHGgKL�eRWdL�eh_CFE^ID�HKLG�Z\UeGgR�ID�HR��³RW�-U\��K[Oe`_Oe�lID�HRm�±`gOnE�IÂOe�lID�HR�cHM�d[GNRYr�Oq�nRW`ÂdLOnEH¯�PHKLGgI�UYEHZWR�GWr
ZWUeE��³R�UeE-Ued�����RWP�MHGNKLEH¯ UYGg��V�c�IDOeINK[Zº`NR�GNMHd�IDG��±Oe`�GJIDO�Z��-UeGJIDK[Z¤On`gPHK[E-UY`g�¸PHK�Æ1R�`NR�E�INK«Ued�R���M-UYIDKLOnEHG�Êono��5h�½��HR�GJIDMHP��¬Oe�¡IN�HR�R¾Æ1R�Z�I�Oe�ÌÃ-E�R�GNZWUed[R"d«U\�nR�`NK[E�¯jOnE�Uyc�`NOnc-UY¯�UYIDKLEH¯yc�MHd[GgR��mUYGmK[EHK�IDK[UYIDR�P����
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 Impulse responses based on data and analysis
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c�MH`NR�dL�(d[U\�nRW`gRWP:�HOn`gK[�WOeE�IDUed�cHd[UeEHR�}À�vUq�eRQZ\UeGgRQIN�HR^cHMHdLGNRQ�H`gO�UePHR�EHK[EH¯ºUYEHP¿`DUeEHP�OnVðID`NU\�nRWd�INK[V�R
Z�On`N`gRWZ¾IDK[OeE�UY`NRbGgINK[d[d?¯nKL�eRWE¤���:°!�n²¶��K�ID�ºID�HRbc-U/ID�%¯ GNc³RWZ�K«UedLK[��K[EH¯yINO�°7 °8~°5p^8;:�²N²�h
a"G»KLE(ID�HRQd[Uq�eRW`gRWP:Z\UeGgR�KLd[dLMHGgIN`DUYINRWP(KLE � K[¯nM�`NRWG^oQUYEHP%z�IN�HR�UecHcH`gO\¼�KLVµU/IDK[OeE#°@{�²�V�O�PHKLÃHRWG

IN�HR�MHGgM-UedÌ�HKL¯n�¬�±`NR���M�RWEHZ¾�ºUecHcH`gO\¼�KLVµU/IDK[OeEµ�±On`vIN�HR�R�Æ?RWZ¾IDKL�eRbV�R�PHK[MHVÇK[E¬IF�¶O�K[V�c?On`JI�UeE�I¶�mU\��GWh� KL`NGJI\r�IN�HR»Ue`N`gKL�YUed?INK[V�R�Oe�7ID�HR�IN`DUeEHGgV�K�ININRWPºcHMHdLGNRbK[G�`NUeEHPHOnVuUeEHPº¯nKL�eRWE¤���
¿ Y F ��C�¢ Y ]

x RWZWUed[dÌIN�-UYI���K[G�IN�HRTIN`DU\�nR�d7INK[V�Rb�±Oe`�IN�HRT¯eRWOnV�R�IN`NK[ZWUedÌOnc�INK[Z�G�Uec�cH`NO\¼�K[V�UYIDKLOnEºOe��IN�HRTR¾Æ1R�Z�INKL�nR
V�RWP�K[MHV¤h�t¶��ID�HR�Z�RWE�ID`NUedÌd[KLV�K�IÂID�HR�On`NR�VüKLIvZ\UeEº�³R�GN�HOq��EºID�-U/I9¢ Y K[GmUj`DUeEHP�OnVø�YUe`gK«Ue�HdLR"IN�-UYIKLGbUecHcH`gO\¼�KLVµU/IDRWd��	E�On`NV�Ued[d��	P�K[GgIN`NKL�HM�IDR�P´��KLID�´�YUe`gK«UeEHZ�Rq®�hQ½���MHGWrAID�HRQPHKLGNZ�`NRWcHUeEHZ��¿�³R�IF�¶RWR�E
IN�HR»Ue`N`gKL�YUed³IDK[V�R�K[E�IN�HRbd[O�Z\UedLdL��d«U\�nR�`NR�P�V�RWPHKLMHVuUYEHP¤IN�HRbR�Æ?RWZ¾IDKL�eRTV�RWP�K[MHVüUe`N`gKL�YUed?INK[V�R�K[G�U
V�R\UYE�}F��RW`NO�À¬°cKn²v`NUeEHPHOeV ��M-UYE�INKLIF�¤UeE�P	K[G��HR�EHZWRTOnE�IN�HRyGgZ\UedLRTOe�*ID�HR»cH`NOe�HK[EH¯�cHMHdLGNRYh�½���K[G�K[G
Z�d[RWUe`Nd��¬On�HGgRW`J�nRWP�K[E � KL¯nMH`NRyonh
� R�ZWOnE�P¡rHID�HRbGgZ\UYIgIDRW`gK[EH¯�UeGgGNO�ZWK[UYIDR�P¬��KLID��IN�HR�Á-MHZ¾IDM-UYINK[OnE�G�ZWUeMHGgRWG�U^GNV�R\Ue`gK[EH¯^Oe�AIN�HR�ID`DU\��}

R�d[KLEH¯�cHMHdLGNRYh*½��HR�UeGJ��V�c�INOeIDKLZvZ��-Ue`NUeZ�INRW`gK[�\U/IDK[OeEjOe�lID�HKLG�cH�HR�EHOnV�RWEHOeE�KLG*ID��`NOnMH¯e�QU�ZWOnE��nOed[M�INK[OnE
��K�ID��ID��RmÈbUeMHGgGNK«UYE»c�MHd[GgR�¨ h7½��HR¶Z�OnE��nOndLM�IDKLOnEbK[GÌOnEbID��R<GgZ\UedLRÂOe��IN�HRÂcH`NOn��K[EH¯�cHMHdLGNRYreUeE�PT�HR�EHZWR
KLE�IDRW`NUeZ�ING�GgID`gOnEH¯nd��¬��KLIN��K�IDG�GN�HUec?RYhv½��HRb��K[P�ID�¤Oe�3IN�HRyÈ»UeM�GNGNK[UeE¤cHMHd[GgRbK[G�PHR�ÃHEHRWP�K[EºIDRW`gV�G�Oe�
V�OnV�RWE�IDGvOe�*V�RWP�K[MHVÇc-Ue`NUeV�R¾IDR�`NG�UedLOnEH¯jID��R�c-UYID�%¯�î/ç-ôÊöYr-UYEHPºPHO�R�G�EHOeI�PHR�c?R�EHP¤OnE�ID�HR�c-UY`J}
INK[Z�MHd«Ue`Â`gR\UedLK[�\U/IDK[OeE¡h3½���R�cHMHd[GgR�Gg�-UecHKLEH¯Hr�ID�HOnM�¯n�¬OnEHd��Q��KLGNKL�Hd[R"UY�õIDR�`mUydLOnEH¯»ID`DU\�eRWd[KLEH¯yP�K[GgIDUeEHZ�Rer
KLG�U¬ô[îqïNãeô�cH�HR�EHOnV�RWEHOeE¡hÂ½��HR�`DUeE�PHOnVÇV�O�PHMHd[UYIDKLOnEµOe�ÌIN�HR�V�RWPHKLMHVøcHUe`DUeV�R�INRW`gGWr�OeEºIN�HR�Ã-E�RWGgI
GgZ\UedLRbOe�*IN�HRbV�O�PHRWd5rHZ\UYMHGNR�G�RWE�RW`N¯Y��IDO��?RbGNZWUYININRW`gRWP(Oq�nR�`�INOµUÁ|�d[O�Z\UedLdL��MHc�}ÀcH`NOncHUe¯�UYINK[EH¯H·��mU\�nR
V�O�PHRer��HM�I_ID�HKLG_RWEHR�`N¯e�^KLG_��MHK[Z� �dL�yGNZWUYININRW`NR�P��HUeZ� QUe¯�UeKLEjPHMHR�INObIN�HRmÁ-MHZ¾IDM-U/IDK[OeEHGWh_ò�RWEHZ�Rer�OnEHd��
U»GNV�Ued[dlUYV�OnM�E�I¶Oe�ÌR�EHRW`g¯e��K[G<Z\Ue`g`NKLRWPµ���QID��R�MHc�}ÀcH`NOec-Ue¯�UYINK[EH¯b�vUq�eR�V�O�PHR��HM�ImKLI<KLG¶KLV�c³On`gIDUeE�I
�³RWZWUeMHGgRQIN�HRjZ�OnE�IDK[E�MHOeMHG�`DUeE�PHOnVðZ��HUeEHEHR�d[K[E�¯¬Oe�<RWEHR�`N¯e�	¯n`DUYPHM-UedLdL�¤PHRWd[U\��G�IN�HR^cHMHdLGNRj`gRWd[UYIDK��nR
INO�IN�HRbÃ-`NGJI�Ue`g`NK��eUYdÌUeEHP�Z\UeMHGgRWG"KLIDG�Gg�-Uec³R»INO�PHK�Æ1M�GNRTUeEHP(UYcHcH`NOnUeZ��(U�È»UYMHGNGgK«UeE¡h¶CÀ�*IN�HRW`gRyK[G�U
dLOeIbOe�¶GgIN`NMHZ¾IDMH`gR�KLE:IN�HR^Á-MHZ�INM-UYINK[OnEHG�rÌID�-UYI»KLGWrAGgIN`NOnEH¯¤ZWOe`N`NR�d«UYINK[OnE�GWr¡ID��RWER²<��K[d[d3�?R�`NR�d«UYINKL�eRWdL�
d[Ue`N¯eReh�kvOn�HR�`NRWE�ZWR¬UYEHP�GJID`gOnEH¯º�eUY`NK«UY�HK[dLKLIF�¤K[E´ID��R�`NUeEHPHOnVðV�R�PHK[MHV V�O�PHMHd[UYIDKLOnE´V�R\UeEHG�IN�-UYI
IN�HRy`NUeEHPHOeVþGNZ\U/INIDR�`NKLEH¯µKLG�UeGgGNO�ZWK[UYIDR�P���KLIN�(U�GgID`gOnEH¯nR�`"GgV�RWUe`NKLEH¯�Oe��ID��RycHMHdLGNRYh ß ��GNRW`J�nRjIN�-UYI
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]_MHdLGNRbK[E�R¾Æ1R�Z�INKL�nR»V�RWPHKLMHV
]_MHd[GgR»KLEºd[O�Z\UedLdL��d«U\�nR�`NR�P�V�RWPHKLMHV

� K[¯nMH`gR^���"½��HRjÃ-¯nMH`gRQK[d[dLMHGgIN`DUYINRWG�cHMHdLGNR^GN�HUecHK[E�¯¤KLE¿U¬d[O�Z\UedLdL�ºd[Uq�eRW`gRWP¿V�R�PHK[M�V�h�®�R^cHd[OeI�ID�HR
c�MHd[GgR�Gg�-Uec³RWGTUeGTK�IbR��eOndL�eRWGjUYd[OnEH¯�IF�¶O	PHK�Æ1R�`NR�E�IT¯nR�OnV�R¾ID`gK[Z\UYd�Onc�INK[ZWGb`NUq�¿cHUYID�HG�h¬½��HR�PHOeIgIDRWP
dLK[EHR�GyZ�On`N`gRWGNc³OnEHP%INO	ID��R¬cHMHdLGNR¬Gg�-Uec³RWG^K[E�ID�HR¬R¾Æ1R�Z�INKL�nRµV�R�PHK[MHV¤h	½���R�cHMHd[GgRµGg�-Uec³RWG^K[E�ID�HR
dLO�ZWUed[d��yd[U\�nRW`gRWP¬V�RWP�K[MHV Ue`gR"¯eKL�nR�Eµ���QID�HR"GNOndLK[P�d[KLEHRWG�h*½��HR"�Hd[MH`g`NKLEH¯TOe`¶GgV�RWUe`NKLEH¯TOY�¡ID�HR�cHMHdLGNR
Gg�-Uec³RWG¶K[G<PHMHR�IDOyV�K[Z�`NOnGgZ\UedLR�GNZWUYININRW`NKLEH¯jUYEHPµKLGvU�é�æ¾è�æ¾å�÷^êõç-ê[í¾è@êÅïÂR�Æ?RWZ¾I\h_½��HR�ID`NUq�eRWdlIDKLV�R�Oe�1ID�HR
c�MHd[GgR»KLG�ZWOn`g`NR�Z�IDR�P	���ºU^V�R\UeEº�WR�`NO¤ågãeç³é�î/÷$�YUe`gK«Ue�HdLReh

IN�HR¬|ùR¾Æ1R�Z�INKL�nRY·-ZWOn`g`NR�d«UYINK[OnE¬dLRWEH¯YID�ºK[Gk²OI�ZWOnG\°7µe²¾hÂCÀ�3IN�HR�cHMHdLGNRbcH`gOnc-Ue¯�U/IDRWGm��K�ID�¤U^GN�-UYd[d[Oq��UeEH¯ed[R
`gRWd[UYIDK��nR�IDO^IN�HRbd«U\�nR�`NK[E�¯�K�I�|�GNRWR�GW·?U^V�R�PHK[MHVÇ��KLIN�¤GJID`gOnEH¯nR�`�Z�On�HR�`NRWE�ZWReh� KL¯nMH`gR¬�	KLd[d[M�GgID`NUYIDR�G»IN�HRºUe�³Oq�nR¬`gRWGNM�dLIDG�h´½��HR�c-UYIN�HG¬¯ÄÃ�Ue`gR¬¯nR�OnV�R¾ID`gK[Z�Onc�IDKLZWGj`NU\� c-U/ID�HG
UYGNGNO�ZWK[UYIDR�P���K�ID��U´c?OeK[E�IQGNOnM�`NZWR�UYI�°O �8l:�SN²^UeEHP · Ã�ID�HR¤Ue`gZ¾}Àd[RWE�¯eID�#c-Ue`NUeV�R�IDR�`NG�UedLOnEH¯(ID��RWGNR
`NU\��G�h � Oe`�UjGNR¾I�Oe�AID`DU\�eRWd¡IDKLV�R�Gv�¶R�cHd[OeIvID�HR�IN`DU\�nR�d[K[E�¯^cHMHd[GgR�K[E¬IN�HR�PHR¾IDRW`gV�KLEHK[GJIDKLZ�On`mR¾Æ1R�Z�INKL�nR
V�RWP�K[MHVu����IN�HRTP�OeININRWP¤d[K[E�RWGWh¶½3O�d[RWUePHKLEH¯QOn`NPHR�`�ID�HR»R��eOnd[M�INK[OnE¤Oe�7ID�HR»GN�HUec?R�G�UedLOnEH¯^ID��R»`NU\��G
KLGvPHR�GNZ�`NK[�³RWP�����ID�HR"Ã-`NGJImOn`gPHRW`vIN`DUeE�GNc³On`gIvRW��M-UYINK[OnEHG¶Oe�ÌID��R�¯nR�OnV�R¾ID`gK[Z�Oec�IDKLZWGmUYcHcH`NO\¼�K[V�UYINK[OnE¡h
½���R�GgOnd[KLP:dLK[EHR�G�K[dLd[MHGJID`DU/IDRyIN�HRQZWOn`g`NRWGgc?OeEHPHK[E�¯�cHM�d[GNR�GN�HUec?R�GTKLE´ID�HR�d[O�Z\UedLdL�¤d«U\�eRW`NR�P V�RWPHKLMHV¤h
½���R���UY`NR(�HdLMH`N`gRWP�GgOnV�R¾���-UYI�P�MHR	IDO¸GgZ\UYIgIDR�`NK[E�¯¸UeGNGgO�Z�K«UYINRWP!��K�ID��IN�HR´V�KLZW`gOnGNZWUed[R¤V�R�PHK[M�V
ÁHMHZ�INM-UYIDKLOnEHG�h<S�On`NR�Oq�nRW`�r�ID��R"ID`NU\�nRWd³IDKLV�R"Ued[OeEH¯»IN�HR�`NUq��KLGvZWOe`N`NR�Z�INRWP����¬U»V�RWUeE¬��RW`NOy`DUeEHP�OnV
�YUe`gK«Ue��d[Reh7½��HR�PHK�Æ1M�GNK[OeEjPHRWc³RWE�PHGÂOnEHdL�TOnEjIN�HR�GgIDUYIDKLGgIDKLZWG�OY�³IN�HRmV�RWPHKLMHV�Á-MHZ�INM-UYINK[OnEHG�rn���HRW`gR\UeG
IN�HRyIN`DU\�nR�d*IDKLV�RTZWOn`g`NRWZ¾IDKLOnE´PHRWc³RWE�PHG�OnE(ID��R^PHR�IDUeK[dLRWP(GJID`NM�Z�IDM�`NR^Oe�ÂID��RjV�R�PHK[M�VñÁHMHZ�INM-UYIDKLOnEHG
UYd[OnEH¯jIN�HRb¯nRWOeV�R¾ID`NKLZ�Onc�INK[Z�G�`NU\��c-UYIN�¡h
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®�R�ZWOnEHGgK[PHR�`b¯n`DU\��KLIF�¿PH`gKL�eRWE GgMH`g�@UYZWRQ�mU\�nR�GWr�c�`NOnc-UY¯�UYIDKLEH¯ºK[E:GN�-UYd[d[Oq� Z��-UeEHE�RWd[G�r*KLE Uº`NR�¯nK[V�R
����RW`NR�ID�HRQÁ-MHKLP�KLGbZWOnEHGgK[PHR�`NR�P IDO¤�?R�K[E���K[GgZWKLP¡rAK[EHZ�OnV�c�`NRWGgGNKL�Hd[R�UeEHP:ID�HRQÁ-Oq�¹KLG»KL`N`gOeI�UYINK[OnEHUedÅh
½m�¶O��vUYINRW`��mU\�eRµV�O�PHR�d[G�KLE¿PHK[GgOn`NPHR�`NR�P V�RWPHK[U¬�-U\�nR��?R�RWE GJIDMHP�K[RWP1h�½���R�Ã-`gGgI»K[G�IN�HRQd[K[E�R\Ue`�r
OeEHR�É�P�K[V�RWEHGgK[OnE-UYdÅr�c³OeIDR�E�INK«Ued-IN�HRWOn`J���Êo\{�r?o����Åh�½���R�GNR�ZWOnEHP�KLGmU»EHOnEHdLK[EHRWUe`Wr�ID��`NRWR�É�PHKLV�R�EHGNKLOnE-Ued5r
Gg�-UedLd[Oq���vUYINRW`�V�O�PHR�d&�Ëo���rÌoq|��5h� On`mIN�HRbc?OeINRWE�IDK[Ued1IN�HRWOn`J�ºV�O�PHR�d&��zY���¡ID��R»�±OndLd[Oq��K[E�¯jZ��-Ue`NUeZ�INRW`NKLGgINK[Z�GNZWUed[R�G�Ue`NRbK[E�IN`NO�PHMHZWR�P¡�
IN�HRÂIF��c�K[Z\UYd�PHR�c�ID�¬Ì n rYIF��cHK[ZWUed��mU\�eRWd[R�EH¯eIN�qÍAr/IF��c�K[Z\UYd�UYV�cHdLKLINMHPHR&ª�Oe�HIN�HRÂ�±`NRWR¶GNMH`J�@UeZWR¶RWdLR��YUYIDKLOnEÎ °Hb�8J=g²¾r��HOn`NKL�WOnE�IDUed-d[R�EH¯eID��GNZWUed[R�²ÐÏ�Oe�1ID�HR��?OYINIDOeV¹K[`N`gRW¯nM�d«Ue`gKLIDKLRWGÂUeE�P¬�	ID��R"IDOYI�Ued-dLRWEH¯eIN�µOe�1ID�HR`gOnMH¯n�Q`gRW¯nKLOnE¡h3®���RWEµM�GNK[E�¯»P�K[V�RWEHGgK[OnEHdLRWGgG��eUY`NK«UY�Hd[R�G�ID�HR��±OndLd[Oq��K[EH¯�PHK[V�RWEHGgK[OnE�d[RWGgG�c-Ue`NUeV�R�IDR�`NG
UYcHc?RWUe`W�±Ñ¸FÒª0I­Ì�Ó¬���HK[Z���ZWOeE�IN`NOndLGµID��R´GgID`gRWEH¯YID��Oe�bID�HR	EHOnEHdLK[EHRWUe`NK�IF�nr9ÔÈF Ì dn I­Í d ���HK[Z��Z�OnE�ID`gOnd[G7PHK[Ggc?R�`NGgK[OnEyUeEHPjÕ�F©²ÐÏNI­Íy���HKLZ��yZ�OnE�ID`NOed[G7�HOq�#`DUecHKLPHdL��ID�HR¶�?OeIgIDOnV KL`N`gRW¯nMHd[Ue`NK�IDKLRWG1�YUe`J�nh
½���R�UeZWZ�RWdLRW`DU/IDK[OeE PHMHR�IDO(¯n`NU\��K�IF�:K[GyP�RWEHOeINRWP¸���±Ö:UYEHP ID��R¬`NR¾�±RW`NR�EHZWR�Gg�-UedLd[Oq�â�vUYIDR�`jGNc³RWR�P
KLGy� n F °cÖ�Ì n ² X7× d h x R�¯nK[V�RWG»Oe��KLE�INRW`gRWGgIQZWUeE¸�³RµK[P�RWE�IDK�Ã-RWP¸����R¾¼�cH`NR�GNGgK[EH¯´ID��R¬PHK[V�RWE�GNK[OeEHd[R�GNGcHUe`DUeV�R�INRW`gG�K[E�IDR�`NV�G�OY��U^GNV�UedLd1c-Ue`NUeV�R�IDR�`9Kyt!ph��ze�L�5h
½��HR	cH`NOn��d[RWV GJIDMHPHKLRWP�KLE���UeZ����HKLE
Øá]*UecHUeEHK[Z�Ond«UYOnM��Êo��L�"K[G�d[K[E�R\Ue`	°7ÑÙF p�²¾h�CFE!On`gPHRW`

INO^�±On`NVjM�d«UYINR�ID�HRb`gR�Á-R�Z�IDKLOnE�}ÅID`DUYEHGNV�K[GgGNK[OeE¤c�`NOn�HdLRWVüUQGJ��GgIDR�VñOe�*GJIDO�Z��-UeGJIDK[ZbPHK�Æ1R�`NR�E�INK«Ued1RW��M-U/}
INK[OnE�GyK[G»PHR�`NKL�eRWP¸�±On`bID�HR¬UeV�c�d[KLINMHPHR�GTOe��IN�HRµc�`NOnc-UY¯�UYIDKLEH¯(UYEHP%R��YUeE�RWGNZ�RWE�I�V�O�PHR�GWr�On��I�UeKLEHRWP
�±`gOnV ID��RµRWKL¯nRWE��±MHEHZ�INK[OnE:PHR�ZWOnV�c?OeGNKLINK[OnE¿Oe�vID�HR�IDK[V�R¾}À�-Ue`gV�OnE�K[Zy�eRWd[O�ZWK�IF�¿c?OYIDRWE�INK«Ued5h¬½��HRµGgOY}
dLM�IDKLOnE´IDO¤ID�HR�GNR¬R���MHUYIDKLOnEHG»K[G»Z��-Ue`DUYZ�IDR�`NKL�WRWP%UeGg��V�c�IDOeINK[ZWUed[d��´UeGyU�PHK�Æ1MHGgK[OnE:cH`gO�Z�RWGNG»ID�H`gOnMH¯n�
IN�HR�UecHcHdLK[Z\U/IDK[OeE:OY��U�dLK[V�KLI�IN�HRWOe`NRWV �±On`»GgINO�Z��HUeGgINK[Z�PHKLÆ?RW`gRWE�IDK[Ued_RW��M-UYINK[OnE�GWhº½��HK[GTUedLd[Oq��G�ID�HR
Z��HUe`DUeZ¾IDR�`NK[�WUYIDKLOnEQOe�1IN�HR�R¾¼�c³RWZ�INRWPµ�YUedLMHR�Oe�?ID�HR�ID`NUeEHGgV�KLGNGNKLOnEQOn`_`NR¾Á-RWZ¾IDKLOnEµZ�O�RÚ��Z�K[R�E�IWh_i�R�IDUeK[dLG
OY�3IN�HRbGgIDO�Z��-UeGJIDKLZbIN�HRWOe`g��ZWUeE��³R��±OnMHEHPºKLE¤a"GNZ���R�I"UedÅh9�Ëo��7UYEHPº`NR��±R�`NR�EHZWR�G"ID��RW`NR�K[E¡h
CFE#ID�HKLGjc-Uec³RW`^�¶R��±O�Z�MHG^OnE¸ID�HRºGg�-Ued[dLOq�Ç�vUYINRW`QRW��M-UYINK[OnE�G^PHMHR�IDO¿KLING^UeE-UYd[On¯e�:��KLIN�¸ID�HR

UYZWOnMHGJIDKLZ:V�O�PHRWd5r�U#GN�HOq��EÄ�³RWdLO~�bhø½��HR GJI�Ue`JIDKLEH¯#c?OnKLE�I	UY`NR´ID�HR���U\��K[R�`�É � IDOn YRWG	R���M-UYIDKLOnEHG
P�RWGNZ�`NKL�HK[EH¯�ZWOnEHGJI�UeE�I_P�RWEHGgKLIF�nrY�±`NRWRvGNMH`J�@UeZWRvÁHO~��G*Oe�³UeEjKLEHZWOnV�cH`gRWGNGgK[�HdLR<ÁHMHK[P¡h7½��HR�Z�OnEHGNR�`g�YUYINK[OnE
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°±KÅh�RehÂEHOn`gVµUYd[K[��RWP�����ID��R»Z�OnEHGJI�UeE�I"PHRWEHGgKLIF��²�UeEHPºID�HRb�HOn`gK[��OnE�I�UedAUeE�P¤�eRW`gINK[ZWUed¡��K[GNZ�OnGNK�IF��ZWO�R��^}
Z�K[R�E�ING�����â:UeE�P+r?r-`gRWGgc?R�Z�IDK��nR�dL�nh

oqp
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Î A�CÊèé³`êV0ë ¼ ¶ :Lì Ý CÊèé³`êV0ë Þ ¶ :Lì ß F�p<] °�oqp�²
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����RW`NRbID��Rb�eRW`JIDK[ZWUedAU\�nR�`DUe¯nR�G�UY`NR�PHR¾Ã-EHRWP	UeG

ñ °Hb�8læÜ8>=g²wF oó ³ êV0ë ¼ ¶ :<8 ®µ°cb�8læÜ8>=g²wF oó ³ êV0ë Þ ¶ :
UYEHPQó¸°Hb�8læÜ8>=g²�F Î °cb�8læç8J=g²lCjÌA°cb�8læH²�hA�ÌK[EHRWUe`NKL�WK[E�¯�Ue�³OnM�I¡IN�HRÂMHEHPHKLGgIDM�`N�³RWP»GgI�U/IDRer/UeE�PTGJ��KLIDZ���K[EH¯OYÆ(ID�HR»R�Æ?RWZ¾I�Oe�*��K[GgZWOnGgKLIF�erH�vR»On��IDUeK[E¬IN�HRbd[K[E�R\Ue`�Gg�-Ued[dLOq���vUYIDR�`�V�O�PHRWd?���HK[Z���Z\UeE¤�?R���`gKLININRWE
KLE�ID�HR��±On`gV õö A�C�°HÖ<Ìl²>D Î F�p °�o\{�²

Î A�C�D\[ õö F�p<8 °�o��n²
����RW`NR�IN�HR¬�nR�Z�IDOe`�P�K[GNZ��HUe`N¯nR��±MHE�Z�IDKLOnE¡rÂc³RW`^MHEHK�Ij��K[P�ID�¡rÂK[G^¯eKL�nR�E#���
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oU Y °cb�8;:�² ?�A<C�D\[ õ¼½F�p °�o��n²
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Ggd[Oq��dL�	�eUY`g��K[EH¯º��KLIN��`gRWGgc?R�Z�IyINO¤IN�HR�cHMHd[GgR�GgZ\UedLReh�½��HK[G»K[G�ID��R�PHR¾IDR�`NV�K[EHKLGgIDKLZ^Z\UeGgR�c�`NRWGgRWE�IDR�P
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IN�HRb�HOn`gK[�WOeE�IDUed¡PHK�Æ1M�GNK[OeE�PHK[GgZW`NR¾IDKL�\UYINK[OnE�KLG� YRWc�I�R�¼�c�d[K[Z�KLIWh
½��HR�GNc-UYINK«Ued³¯n`gK[PµZ�OnEHGgK[GgINGmOe�Ì`gRWZ¾I�UeEH¯eMHd«Ue`¶ZWR�d[d[G�r�Z�RWE�IDR�`NR�P�U/Ib°Hb�Ã!8læ%$�8;:%&\²¾r�Oe�Ad[R�EH¯eIN��'ybAr('¬æ

UYEHP(�HR�K[¯n��I)'`:+*Ã,$-& h"½��HK[G"�HRWKL¯n��I�K[G"K[E�IDR�`NcH`gR�INRWP¿UeG�ID�HRyIN�HK[Z� �EHR�GNG�Oe�*ID�HR`-�}ÀID�	d«U\�nR�`�Oe�_IN�HRj�ni
¯e`NK[P1h_tvRWZWUeMHGgRTOe�7ID��R»c�`NRWGgRWEHZ�RyOe�AIN�HR�IDOnc³On¯n`NUecH���ºUeEHP��±`gRWRbGNMH`J�@UeZWRYrHID�HKLGmID�HKLZ� �EHRWGgG�Z\UYEº�YUe`J�
KLE�Ggc-UeZ�R�UeEHP�IDKLV�RT°@KLEHPHKLZ\UYINRWP����^IN�HR�GgMHc³RW`NGgZW`gK[c�IBûÌ²�h_½��HR�Z�OnE��nRWZ¾IDKLOnEµIDR�`NV�G<Ue`NR�ID`gR\UYINRWP¬KLEµU
�AUe¯e`DUeEH¯eK«UeEj�±On`gV�rnIN�H`NOeMH¯n��IN�HR�PHK[GgZW`gR�IDKL�\UYINK[OnEQOe�?ID�HR�V�UYIDR�`NK[UedHPHR�`NKL�YUYINKL�eRy°�.½I/.3=g²0*Ã,$1& h�a�Ã�¼�R�P
GJI�Ue¯e¯nRW`gRWPµ¯e`NK[P�K[GÂPHR¾Ã-EHR�P¬OnEQID�HR��HOn`gK[�WOeE�IDUed-cHd[UeEHRWG�r�UYI¶IN�HR�K[E�IDR�`g�@UeZ�R��³R�IF�¶RWR�E¬�nR�`gIDKLZ\Uedld[Uq�eRW`gGWh
½���RyE�MHV�RW`NKLZ\UedÌIN`DUeEHGgc?Oe`gI"K[G�c?R�`g�±On`gV�R�P	K[E�UeE f M�d[RW`gK«UeE�É��AUe¯n`DUYEH¯nK«UYE¤V�UeEHE�RW`Wrl`gRWdL��KLEH¯�IN�HRW`gR¾}
�±Oe`NR<OnE»IN�HR<K[E�IDR�`Nc³Ond«UYINK[OnE�OY�HID�HR<`NR�GNc³RWZ¾IDKL�eRv¯n`gK[P»c?OeK[E�IJÉ��YUedLMHRWGAU/I3IN�HR¶�HUeZ� ��mUe`gP�É�Z��-UY`DUeZ¾IDRW`gK[GJIDK[Z
c³OnKLE�INGÂOe�¡PHR�c-Ue`JIDMH`gReh ß EHdL�jOnEHR�d«U\�nR�`Â�vUeG¶MHGNR�PµK[EQID��R"R�¼�c³RW`gK[V�RWE�IDG<cH`gRWGNR�E�IDRWPµ�?R�d[Oq�bh_i�R�IDUeK[dLG
UY`NRb¯nKL�eRWEºK[E�kmUeGgMHd[dLK°Øâkv��RWEH¯+��|��7UeEHPºID�HRb`NR¾�±RW`gRWEHZ�RWG���KLID��K[E¡h
2 ØJ× �ä"Eÿ ���lÛNýÌÝ&�q�43�$'���lÛNÿÙ�7ÞvÚ5�
®�Ryc³RW`J�±On`NV�RWP¤R¾¼�c³RW`gK[V�RWE�IDG�IDOµOe�HGNR�`g�nRycHMHd[GgRycH`gOnc-Ue¯nUYIDKLOnE�Oq�eRW`�P�KLÆ?RW`NR�E�I�IF��c?R�G�Oe�*IDOnc³On¯n`NU/}
c��HK[R�GWhb½3OµEHOn`NV�UedLK[�WRbID��Ry�mU\�eR�Z�RWdLRW`NK�IF���¶R^Z��-UeE�¯nRjID�HRjUeZWZ�RWd[R�`DUYINK[OnE	PHMHRyINO�¯n`DU\��KLIF��GNO¬IN�-UYI
IN�HRµ`gR��±R�`NRWE�ZWRµGg�-UedLd[Oq�â�vUYIDR�`TGgc?R�RWP¸K[G»Ued��mU\��GyR���M-UedÂIDO	OeEHRe�º°cÖ<Ì n ²jF o�On`òÖúFðo�I­Ì n h�½��HRKLV�c�d[K[Z�KLIvGNZ��HR�V�RjZ�OnEHGJI�UeE�I�KLG�I�Ue YRWE	INOµ�³R'µ¬F p<] �	°5kv`DUeE� nÉ��"K[Z�Ond[GgOnEl²�hm½��HK[G��YUed[MHRbV�K[EHKLV�KL�WR�G
IN�HR�E�M�V�R�`NK[ZWUedlPHK[GgGNKLc-UYIDKLOnE¡h � R��eRW`NUed³�YUedLK[P-U/IDK[OeE^R¾¼�c?R�`NKLV�R�E�ING¶�¶RW`gR�c³RW`g�±Oe`NV�RWP�K[E���UeZ����HKLE	�Ëo����
UYEHP^��UYZ�����K[E¬Ø�kmUeGgMHd[dLKç�Ëoq|L�Åh3½��HRvR�¼�c³RW`gK[V�RWE�IDG3`NR¾�nR\UYd[RWPjIN�-UYI7���HRWEjIN�HRvcHUe`DUeV�R�INRW` ÑúF�p<]�pnp�o
IN�HR��mU\�nR�G�cH`NOec-Ue¯�UYINR�K[EQID�HR"d[K[E�R\Ue`_`gRW¯nKLV�RYr�����RW`NRWUeG¶�±Oe`5Ñ	F�p^]Lo�ID�HR"`NR�¯nK[V�R�K[G<EHOnEHdLK[EHRWUe`ÂUeEHP
IN�HR��mU\�eRWG���`NR\UY ¬K[E�IDOQ�³On`NR�GWh
®�R�GJ��E�IN�HR�INK[�WR�U»IDOec?On¯e`DUecH���^��K�ID�µKLEH¯n`gRWPHKLRWE�IDG<¯nR\UY`NRWP�IDOq�mUY`NPHG¶On�HGNR�`g��K[E�¯y�±R\UYINMH`NR�GvOe�1ID�HR

IN�HRWOe`g�nh�½���RyV�UeZW`gOnGNZ�OncHK[Z��YUe`gK«UYINK[OnEHG�UY`NR»GNMHZ��	IN�-UYI�ID�HRb�vUq�eRy��K[dLdÌ�-U\�nRTZWOnE�ID`NUeGgINK[EH¯�GN�HUed[dLO~�
�vUYINRW`�Ggc?R�RWPHG�O~�eRW`"PHKLÆ?RW`gRWE�I�`gRW¯nKLOnEHGWh�½���Ry`NR¾�±RW`gRWEHZ�RjGNc³RWR�P´K[G�GgIDKLd[dÌR���MHUed7INOµOnE�Reh�½3OµUeZ��HKLR��nR
IN�HK[G3¯nO�Ued��¶R�ZW`NRWUYIDRmU"IDOnc³On¯n`NUecH���TcH`NOeÃHd[RvGgMHZ��^ID�-U/I�ID�HRvVµUeZ�`NOnGgZWOnc�K[ZvP�RWc�IN�j�eUY`NK«U/IDK[OeETKLG*¯nK��nRWE
���

Ì X °Hb�8læ�²wFxÌ X °�6L8lµn²&FxÌ n n PRª8796 g Z�OnG~°5�1µn²Ú8
��K�ID��ID��R»Z�OnEHGJID`DUYK[E�I Ì5: Ã *<; Ì X °cb�8læH² ; Ì5: ïNÝã]
CFE¿Ã-¯nM�`NR^{��vRQ�-U\�eRµU¬IDOec?On¯e`DUecH�������HRW`gR��¶RQMHGNR�PaÌ5: Ã * Fuoqpnp�r�Ì5: ïNÝ�F Ì n Fño\pnpnp�rÌPHR�c�ID�U/I�ID�HRQOn`gK[¯nKLEúÌ n n F �epnpºUeEHP¿GNZWUed[R^�@UeZ¾IDOn`òª=7jFÙ�epnp�hQ��OeIDR^IN�-UYIbID�HR^INOnc?Oe¯n`DUec����(�-UeG�ID�H`gRWR
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� KL¯nMH`gR�{H� � d[Oq��d��µ�YUe`g��KLEH¯^IDOnc³On¯n`NUecH���µ��K�ID��UQdLO�ZWUed[d���d«U\�nR�`NRWP¤V�K[ZW`gOnGgIN`NMHZ¾IDMH`gReh
Á-UYI\rlV�RWGDUqÉ�d[KL eRer-Gg�-UedLd[Oq�Äc-UY`gIDG�hma�dLGNO�KLI��-UeG�ID�H`gRWR»¯nOn`g¯nRWGy°@E-UY`N`NOq� cHUeGNGNUe¯nRWGD²�KLE��³R�IF�¶RWR�E(ID�HR
V�RWGNUeGWh
½��HR^KLEHKLINK«UedÌ�vU\�nRQcH`NOYÃ-d[RjKLG�UeE¿UY�-UeEHPHOeEHRWP:U/¼�K[GJ��V�V�R�IN`NK[ZjÈ»UYMHGNGgK«UeE´V�OnMHEHP´OY�_�mUYINRW`�hTCÀI

KLG�Ue�-UYEHPHOnEHR�P U/I�ID�HRQZ�RWE�IDR�`b����RW`NR^�¶RQGNRWR�U�GNV�UedLd3Gg��MHUe`NRYhQ�"OeINRjID�-UYI��¶RQ�-U\�nR�U�GNR���M�RWEHZ�R
OY��Z�RWE�IDR�`NRWP�GN��M-Ue`gRWG�rmR\UeZ���K[E�PHK[ZWUYIDKLEH¯´U´V�KLZW`gOnGNZ�OncHK[Zµ`NK[P�¯nR:°@d[Uq�eRW`D²T��KLID��U´`DUYEHPHOnV ��RWK[¯e��IWh
½���R��HR�K[¯n��IDGvUe`NR�MHEHK��±On`NV�dL�jPHK[GJID`NKL�HM�INRWPµKLE+� P"�np<8��npL�Åh�½���K[GvKLGÂOnMH`vP�K[GNOe`NPHR�`NRWPµV�KLZW`NOeGgID`gMHZ�INMH`NRYh
ò�RWEHZ�R»�¶Rb�-U\�nRTU�dLO�ZWUed[d���d«U\�nR�`NRWPºIDOec?On¯e`DUecH���eh
®�RbcH`NR�GNRWE�I�ID��R»`gRWGgMHdLINGm�±On`vID��`NRWRbPHK�Æ1R�`NR�E�I�R�¼�c?R�`NK[V�RWE�INGWh � K[`gGgIm�¶RbZWOnE�GNK[P�RW`�UjÁlUYI�INOnc?Oe¯Y}

`NUecH���nh_a"GmR¾¼�c³RWZ¾IDRWP1rHID�HR��mU\�nR�c�`NOnc-UY¯�UYIDR�GmK[E�ID�HR�`DUePHK[UedlPHK[`gRWZ¾IDK[OeE¬UeG¶GN�HOq��EºK[E � K[¯nM�`NRE��°@a�²�h
®�R�MHGgR�ID�HR�GDUeV�R�¯n`gK[PµIN�-UYIvK[GmEHR�ZWR�GNGDUY`g�¬�±On`<ID�HR"IDOnc³On¯n`NUecH������K�ID�µIN�HR�V�K[Z�`NOnGJID`NM�Z�IDM�`NRe�voqpnpnp
����oqpnpepº¯e`NK[P:c³OnK[E�IDG�r7��K�ID�>'yb�F?'¬æúFüp<]�p�o�UeEHP@'y=EFüp<]�pnp�z­��h�® R�MHGgRµOnEHR�d«U\�eRW`»K[E¿ID�HR
�eRW`JIDK[ZWUedvP�K[`NR�Z�INK[OnE¡h � KLEHZWR��vR¤Ue`gRµID�HRµGN�-UedLd[Oq� �mU/IDRW`^`gRW¯nKLV�R�ID�HR�`NR�KLGyEHO¿EHR�RWP¸�±On`^U	Ã-E�EHRW`
�eRW`JIDK[ZWUed�PHKLGNZW`gR�INK[�\U/IDK[OeE¡h%CFE¸ID�HRºcH`gRWGgRWEHZ�R	Oe��ID�HR�INOnc?Oe¯n`DUec����ervU´`gMHE���K�ID��zepnpep´INK[V�R¬GgINRWcHG
IDUe eR�G�UYcHcH`NO\¼�K[V�UYINRWdL��oq�^�HOnM�`NG�OnE�U � ÈbC ß Z�I�UYEHReh
CFE:ID�HRQGNR�ZWOnE�P%R¾¼�c³RW`NKLV�R�E�I»�¶RµZ�OnEHGgK[PHR�`»OeEHdL�(IN�HR�VµUeZ�`NOnGgZWOnc�K[Zj�YUe`NK[UYIDKLOnEHG�OY�vID��R�INOnc?Oe¯Y}

`NUecH���nh�®�RjUe`gRTKLE�ID��Ry`DU\�ºID��RWOn`J��`gRW¯nKLV�RYh�½��HRj`gRWGNM�dLI"K[G�cH`NR�GNRWE�INRWP¿K[E � K[¯nM�`NRj�H°5tm²¾h-® RTZ\UeE
Z�d[RWUe`Nd��´GNR�Rµ�HOq�¹ID��RµUeE�MHd[Ue`b�mU\�nRµ�?R�EHPHGjUYZWZWOe`NPHKLEH¯¤INO�IN�HR�P�RWc�IN� �YUe`NK[UYIDKLOnEHGWhµ�"OeINR�IN�-UYITK[E
IN�HRQPHRWR�c?R�`b`NRW¯eK[OnEHG�IN�HR^�mU\�nR�V�O~�eRWG��@UeGJIDRW`»UeE�P��³RWZ�OnV�R�G���K[PHR�`���KLID�:UºGNV�Ued[dLRW`�UeV�c�d[KLINMHPHRYh
ß E(IN�HRjOeIN�HRW`��HUeEHP¡r¡Oq�eRW`�GN�HUed[dLO~��`gRW¯nKLOnEHG�ID�HRy�vU\�nRQV�O~�eRWG�Ggd[Oq�vR�`�UeEHP´c³R\UY �G�rÌPHMHRyINO¬V�UeGNG
Z�OnEHGgRW`g�YUYINK[OnE1h*® R"�-U\�nR�Z���OnGNR�E�UeE�UeV�cHdLKLIDM�PHRq�YP�RWc�IN��`NUYIDKLO»GgOyID�HUYI¶IN�HR"�vU\�nR�P�O�R�G¶EHOYIm�H`gR\Ue lh
x RWZWUed[d¡IN�-UYI�ID�HKLG�d[K[E�R\Ue`FÉ�R¾¼�c³RW`NKLV�R�E�I�K[G�c?R�`g�±OnV�RWP¤��KLIN�	UQEHOnEHdLK[EHRWUe`�ZWO�PHRehv½��HRydLK[EHRWUe`�`NR�¯nK[V�R
KLG�On��IDUeK[EHR�Pº���¤UYE�UYcHcH`NOecH`NK[UYIDR�Z��HOeK[ZWRbOe�3GNZWUed[KLEH¯^c-Ue`NUeV�R�IDR�`NG�h� KLE-UedLdL���¶RvZ�OnEHGgK[PHR�`7IN�HR¶�±MHdLdÅr~d[O�Z\UYd[dL�"d«U\�eRW`NR�PyIDOec?On¯e`DUecH���eh3½��HR<�mU\�eRmcH`NOYÃ-d[R<K[G7`NOnM�¯n�HdL��ID�HR
GNUeV�R"UYG<KLE � K[¯nM�`NR��H°@t�²¾he®�R�PHObEHOeI<cH`NR�GNR�E�IvKLI_��RW`NR�PHMHR�IDObGgc-UeZWR�ZWOeEHGgIN`DUeKLE�IWh�CÀI<K[G_KLV�c³On`gIDUeE�I
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� K[¯nMH`gR`���BAN&DC~ª ß M�ID¯nOnKLEH¯µ�vU\�nR�O~�eRW`»UµÁlUYIb�³OeIgIDOnV¤hEA9FEC~ª ß M�ID¯nOnKLEH¯µ�vU\�nR�O~�eRW`�ID��R^GNd[Oq��d��
�YUe`J��K[EH¯^IDOec?On¯e`DUecH���´°@KÅh�Reh���K�ID�HOeM�I�ID�HRbV�K[Z�`NOnGJID`NM�Z�IDM�`NRq²�h

INO�RWV�cH�-UeGgK[��RjID�-UYI�ID�HRj�vUYIDR�`��?O�P��	MHGNR�P�KLG�EHOeI�d[Ue`N¯eRyRWE�OnMH¯n�´�±On`�UYcHc-Ue`gRWE�I»PHKLÆ?MHGNKLOnE	INO��?R
�±M�d[dL�	PHR��eRWdLOnc?R�P¡hµCFE:ID�HR�EHRWUe`��±M�IDMH`gR��¶RQ��K[d[d*c?R�`g�±On`gV R¾¼�c³RW`NKLV�R�E�IDGb��KLID��Uºd«Ue`g¯nRW`�¯n`gK[P:UeEHP
dLOnEH¯nR�`�cH`gOnc-Ue¯nUYIDKLOnE(PHKLGgI�UYEHZWR�GWhTtvM�I�IN�HRW`gR^K[G�GgOnV�RyK[EHPHKLZ\UYINK[OnE¤Oe�ÂID��Rj�mU\�nRQKLE�INRW`NUeZ�INK[OnE	��K�ID�
IN�HRyV�K[Z�`NOnGJID`gMHZ�INMH`NRYh�CFE � KL¯nMH`NRT|-°±a�²v�vRycH`NR�GNRWE�IbU�ZWOnE�INOnMH`�cHd[OeI�Z�OnEHGgIN`DUeGJIDKLEH¯�IN�HRTIF�¶O¬Z\UYGNRWG
UY�?Oq�nRY��INOnc?Oe¯n`DUec����:��KLIN�#U(V�KLZW`gOnGgIN`NMHZ¾IDMH`gR¿°@P-UYGN�HR�P�dLK[EHR\²TUeE�P%��KLID��OnM�I¤°±GNOndLK[P dLK[EHR\²¾h¿��OeIDR
IN�-UYIjIN�HR�� Ue`gRµ�nR�`g�¸GgK[V�K[d«UY`�O~�eRW`jIN�HR�PHRWR�c?R�`^c-Ue`JIj�HM�IjPHKLÆ?RW`jOq�eRW`jID��R¬GN�-UYd[d[Oq� `gRW¯nKLOnEHGWh´CFE
IN�HR¬Gg�-Ued[dLOq�¹`NR�¯nK[OnE�GTID��Rµc³R\Ue YRWP¸�mU\�eR�K[G»PHRWd[Uq�eRWP¸���:ID�HR¬V�K[Z�`NOnGJID`gMHZ�INMH`NRYh	½��HR¬P�RWd«U\�:K[GTK[E
IN�HRbGDUeV�R�PHKL`NRWZ¾IDKLOnE¤UeG�ID�HRb`DU\��GWh<½��HRbGNR�c-Ue`NUYIDKLOnEº�?R¾IF�vR�RWE	IN�HRbZWOnE�IDOeMH`�d[K[E�RWG�K[G��HUeGNKLZ\UedLdL��ID�HR
GNUeV�Rer�KLEHPHK[ZWUYIDKLEH¯ºID�-UYIycHMHdLGNR¬�H`gO�UePHR�EHK[E�¯(K[G»EHOeIj�eR�IjIDUe �K[EH¯�cHd«UYZWReh � Oe`TID��K[GbIDO(�-UYcHc?R�E%�vR
E�RWRWP	d[OnEH¯eRW`�cH`NOncHUe¯�UYINK[OnEºPHKLGgI�UYEHZWR�GWr¡UYG��¶Rj �EHOq� �±`NOnVuIN�HRTIN�HRWOe`g�nh�CFE � K[¯nMH`gR»|-°5t�²m�¶Ry�-U\�nR
IN�HR^�mU\�eRµcH`gOeÃ-d[R�GbUed[OeEH¯¬ID�HR�PHK[Ue¯nOnE-UYd*OnMH`�¯e`NK[P1h^a�G»U¤V�UYIgIDRW`�OY�¶�@UeZ¾I\rÌID��RW`NRQKLGbUº�eRW`g�¿V�K[dLP
KLEHPHKLZ\UYINK[OnE�Oe�¶UecHc-Ue`gRWE�I»UYIgIDRWE�M-U/IDK[OeE¡hba�G�V�RWE�IDKLOnEHRWP¿UY�?Oq�nRYrÌ�vRQUe`gR^K[E��nR�GgINK[¯�UYINK[EH¯�ID�HKLG�K[GgGNMHR
KLEºV�On`gR�PHR�IDUeK[d5h

G H ÕJI�Ï(ÒòÇí,�*�Ó+�q*�� *�Ï¬Ðw�
®�RjUY`NRy¯e`DUYINR��±MHdAIDO¬ÈbR�On`N¯nRy]*UecHUeEHK[Z�Ond«UYOnM%° � I�UYE��±On`NP(�"EHK��nRW`gGNK�IF�nr¡� � a�²��±On`�RWGgIDUe�HdLK[GN��K[EH¯�ID�HR
Z�OnE�I�UeZ¾I*�³R�IF�¶RWR�EjMHG3UeEHP»�±On`ÌcH`NOq��K[P�K[EH¯�GNMHc�c?On`JI3����K[d[R��¶R¶UYININRWEHPHR�P¡r�UeE�PTKLEHKLINK«UYINRWP�OnMH`AZ�Ond[d[Ue�?O/}
`NUYIDKLOnEQUYI_IN�HRbo��­�n¢»S	UYIN�HRWV�UYINK[Z\UYd-È�RWOncH����GNKLZWG � MHV�V�R�` � Z��HO�OndÅr���RWd[P�UYI � I�UeE��±Oe`NP��"EHK��nRW`gGNK�IF�nh
aTh-��UeZ����HKLE¤�¶OnMHdLPºd[K[ YR�IDO^IN�-UeEH LK�K[EHZ�RWEH��O�kmUeGNMHdLd[K�°5�"E�KL�nR�`NGgKLI+MU^PHK1½3`gRWE�IDOHr-CÀIDUedL��²<�±Oe`mID�HR

Z�Onc��:Oe���HKLGT�eiü����P�`NOnGJI�UYINK[Z���U\��K[RW`FÉ � INOn eR�GjZWO�PHR	°@½ x CJS	�nib²bUeEHP¸È�`NR�¯ON�`NKLRW¯nGgVµUYEHE!°@�"R¾�
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0.005

0.005

0.005 0.0
05

0.005

0.005

200 400 600 800
−0.015

−0.01

−0.005

0

0.005

0.01

0.015

0.02

 (B)

 PROFILE ALONG DIAGONAL OF THE GRID

� K[¯nMH`gR¤|��PAN&DC~ª�kvOnE�IDOnMH`�cHd[OYIDGQ�±On`�IN�HR��vU\�nR(R�d[R¾�eU/IDK[OeE¡h!½��HR(PHUeGN�HR�P!d[KLEHRº`NR�cH`NR�GNRWE�ING¬ID�HR
R�¼�c?R�`NK[V�RWE�I^��K�ID�%ID��R�d[O�Z\UedLdL�:d«U\�nR�`NR�P#INOnc³On¯n`DUYcH���nh ½���R¤GgOnd[KLP%d[KLEHR¬`gRWcH`gRWGNR�E�IDGQID�HR¬�YUe`gK«Ue�HdLR
INOnc³On¯n`DUYcH���´��KLID��OnM�IbID�HR�V�K[ZW`gOnGgIN`NMHZ¾IDMH`gRehQA1FEC~ª*® UYIDR�`TR�d[R��YUYINK[OnE¿cH`gOeÃ-dLR�c�d[OeIgIDRWP Ued[OeEH¯�ID�HR
¯e`NK[P1·�G�PHK[Ue¯nOnEHUed_° Î Ã Ãõ²¾h
seR�`NGgR���CFEHGJIDK�IDM�INR�Oe�A½3R�Z��HEHOndLOn¯e�erl� � a�²<�±On`m�HKLGm�HOnGgcHKLIDUed[K�IF��UeEHP�GNM�cHc?Oe`gI�PHMH`gK[EH¯jU^��KLGNKLI¶���HK[Z��
c�d«U\�nR�P	UeE¤K[V�c³On`gIDUeE�Im`NOed[R�K[Eº¯nR¾ININK[EH¯jIN�HK[G�cH`gO/àgRWZ¾I"GJI�Ue`JIDR�P¡h
aThH��UYZ�����K[E¡·�Gv�¶On`N Q�mUYGmGNMHc�c?On`JIDR�P�K[EµcHUe`gIv���³�<km�"]Â��MHEHPHR�`�È�`DUeE�I��epnpn�n|n¢n�1�n|/}F¢5��km��]_�

M�EHPHRW`�Èb`NUeE�I*km��]_���e� � � ��oqpnp�z����1�.�~}À{(�/UeEHPy� f k��nk f S�a_½#MHEHPHR�`_È�`DUeE�I3ibS � z�h�{�o����1�n¢~}�pnp�hN^h �SR dLE-U�·�Gm�vOe`N µ�vUeG�GNMHcHc³On`JIDRWP¤K[Eºc-UY`gI�����ID�HR x RWGgR\Ue`gZ��´kvOnMHE�ZWK[dÌOY����On`g�vU\�nh
H T *�Õ�Òq� � Òq��Ö�Ð_Ö�Ò�Ï Ò`�¾ÇÈ��Ëq* U	*E,WÓ
CFE»On`gPHRW`¡INO�P�RW`NK��nR_ID��R<`gRWGgMHdLI¶°±{�²?�vRÂPHR�ZWOnV�c³OnGNR_ID��R_cHMHd[GgR<UecHcH`gOq¼�KLVµUYINRWd���KLE�INO�U�GNMHc³RW`gc?OnGgKLINK[OnE
OY�*MHc¤UeE�P¤P�O~��E¤¯nOnKLEH¯j�vUq�eRWG�rl����K[Z��¤K[G�UeEHUed[On¯eOnMHGvINOQ���HUYI�K[G�PHOeEHR�K[E�ID��R^ô�ãeö�æ¾åDæNé�Z\UeGgRb��K�ID�
c�d«UeEHR��vU\�nR�Gy�

?7° Â 8;:<8>=g² F ³�³
³ �,Vj° Â 8;:^81W�8YXÂ²_f Ã[Z/\+]5^`_+a á
a X�b × Y °�o���²
Cdc�° Â 8;:<81W�8eX<²_f Ã`Z=\=fg^[_ha áea X�b × Y �Ðf Ã[ZLA × Y ¶ X ¶ =¡]
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CFE�IN�HR�d«U\�eRW`NR�PºZ\UeGgRbIN�HR�cH�HUeGNR�G"UY`NR�i�jhFkX+[26ml ¿ °O:�²¶���HRW`gR ¿ °7:n²BFon án � @.n I U X °O:�² ¶ :^K[G¶ID�HR
IN`DU\�nR�dÌIDK[V�R�UeE�PpV©FqVj°rX_8;:<8-Wv²¾rscåFqc�°tXk8l:<81Wv²¶ID��R»P�O~��E�UeEHP¤MHcº¯nOnKLEH¯j�vUq�eRjUeV�cHdLKLIDM�PHRWG�h
½���K[GjUYV�OnM�E�INGTINO´U � OnMH`gK[R�`T`gRWcH`gRWGNR�E�I�UYINK[OnE¸`gRWd«U/IDKL�eR�INO(�HOn`gK[��OnE�I�UedÂGNcHUeZWRµ�YUe`gK«Ue��d[RWG�h�CFE�ID�HR
ô[îqïNãeôõôÊöyô�ãeö�æ¾åDæNé"ZWUeGNR��¶R�ZWUeEHEHOYIvI�UY eR�IN�HR��HOe`NK[��OnE�I�Ued � OnMH`gK[R�`ÂIN`DUeE�Gg�±On`gV�G�h_�"Oq��ID��R�cH�-UeGgRWGui j
GgOndL�eR�ID�HRbRWKLZWOnEHUed¡RW��M-U/IDK[OeE

°!DEi j ² d F @.nU X ° Â 8;:�² mx� V dX ° Â 8l:�² °5zep�²

UYGNGNO�ZWK[UYIDR�P^��KLID�QID��R�PHR�INRW`NV�K[E�K[GgINK[ZmR¾Æ1R�Z�INKL�nR�V�RWPHKLMHVÿc-UY`DUeV�R�INRW`NG�h�CFEQID�HR�cHM�`NRWd��^d«U\�eRW`NR�P�ZWUeGNR
IN�HRWGgR»Ue`NR�c�d«UeEHR"�mU\�nRbcH�HUeGNR�GWh<½��HRbUecHcH`gOncH`gK«UYINR�ZWOnM�cHd[KLEH¯j�³R�IF�¶RWRWEºID��RbUeV�c�d[KLINMHPHR�GJV�UeEHPmc
OY�¡ID�HR"d[O�Z\UedLdL�yMHc�UeEHP�PHOq��E�¯nOnKLEH¯»�vU\�nR�ÃHRWd[P�GvK[G<PHKLZ�I�U/IDRWP�����IN�HR�V�K[Z�`NOnGgZ\UedLR�GgID`gMHZ�INMH`NRYhÂ½��HK[G
dLR\UeP�GmIDOQID�HRb¯nR�EHRW`NUed[KL�WRWP�IN`DUeEHGgc?Oe`gI�RW��M-U/IDK[OeEHG

z­DLi�vÁ[LD<V�CxwDi�vyV
P�zD°{W5ILKe²J� V dX r}|~V�C��cÙf Ã[Z/�5� × Y�� Fk�)v °5z�o~²

z­DLi V [LDEc¾C�wDi V c�P�z�°{W5I�Kn²N� V dX r�|hc�C �Våf Ã`Z=��� × Y�� Fq� V ]
ò�RW`gR�� j Ue`NR�d[Oq�¶RW`<On`NPHR�`<INRW`gV�G�r5�BÃ¡Ue`NR�cH�-UYGNR��±MHEHZ�INK[OnE�GvUeE�P��V'8P�cÿUY`NR�ID�HR��mU\�eR�UeV�cHd[K�IDMHPHR�GVj8�c�UYI3U"PHK�Æ1R�`NRWE�I�X´Ue`N¯nM�V�R�E�IWh7®�R<�-U\�nRvIN��M�G*`NR�PHMHZ�RWPyIN�HRvOn`gK[¯nKLE-UedYcH`NOn��d[RWVÄINO"IN�HRvUYE-UedL��GgK[G
OY��ID�HR�GNRyIN`DUeE�GNc³On`gI"RW��M-UYINK[OnE�GWrl���HK[Z��´UY`NRyZ�OnV�cHd[KLZ\UYINRWP¤GgIDO�Z��-UeGJIDKLZTR���MHUYIDKLOnEHGWh�½��HR¾�	Z�OnE�I�UeKLE¡r
��O~�¶R��eRW`�r3ID��R^GNK[V�cHdLKLÃ-ZWUYIDKLOnEHG�ID�-UYIbZ�OnV�Rj�±`NOnV ID�HR^¯nR�OnV�R�ID`gK[ZWUed�UeZ�OnMHGJIDK[Z�GbUecHcH`gO\¼�KLVµU/IDK[OeE(K[E
IN�HRQd[O�Z\UedLdL�¤d«U\�eRW`NR�P�V�RWP�K[MHVðUeEHP´ID�HKLG�RWE-UY�Hd[R�G»M�GbINO�c�MHGN�¿ID�H`gOnMH¯n�¿ID��RQUeE-Ued���GgK[G�IN�-UYI»d[RWUePHG
INOµID��RjUecHc�`NO\¼�K[V�UYIDKLOnE%°±{�²¾h�®��HRWE´IN�HRy`NUeEHPHOnVñÁ-MHZ¾IDM-U/IDK[OeE�r%mâp�r³IN�HRyIN`DUeEHGgc?Oe`gI�R���M-UYIDKLOnEHG
P�RWZWOeMHcHd[R�K[E�INO»IN�HR�MHGgM-UedlOnEHR�GvOe�1¯nRWOeV�R¾ID`NKLZ\UedlUYZWOnMHGJIDKLZWGÂ�±On`_ID�HR"d[O�Z\Ued��vU\�nR�UYV�cHdLKLINMHPHRWG�V�UeEHPc�h�CFE%IN�HR�d«U\�nR�`NR�P�ZWUeGNRYrJ� j m p´UeEHP¸R���M-UYIDKLOnEý°Åz�o~²TGNKLV�c�d[KL�õ�´INO(ID�HRµGgIDO�Z��-UeGJIDKLZ�On`NPHKLE-Ue`J�
P�KLÆ?RW`NR�E�IDK«UYd¡RW��M-UYINK[OnE�G»°Åz�hùz­�n²vKLE±�Êo��5h
� *��­*�Ñw*�Ï´Õk*E�
�Êo��yS�hea"GN�¡re®�h/N�On�Hd[R�`WreÈQhek�hn]3Uec-UeE�K[ZWOed«UeOnM1rnS�hY]3OeGgIDR�d-UeEHPjt�h/®���KLIDRYrS�1å�æ9�Wì-æ¾ç1ï¾öTï�î/ç-èFæ¾ç-è
î��båNãeç³é�î/÷^ôÊöjíqïNãeè@è�æ¾åDæNé�í¾ê�ûeç³ãeôùí¾r � CFa�S x R¾��KLR��br(K$�n��rÜ��o��/}F|�z­��r1°Jo��1��o~²¾h��zL�TtvMH`N`gK[PH¯eR x hLr�òTh�}Å®�hHkv�HUeEH¯QUeEHP¤S:hSKjh�i�R�ò�O�Onc1r��¡ú-æ<ä-íqæ¾ìHé�îh�[ä³å�êõ÷�ãeå�ö5�mæ¾ô�é�éeìlæ�è�î�ã
ä-î/êõç-è<íqî/ì�å�ï�æTêõç:ã��Âç1æ¾ôÊöµô�ãeö�æ¾åDæNé¬÷µæNéeêõì�÷^r³È�RWOnc�����GgK[Z\UYd*seOeMH`NE-UYd7CFE�INRW`NEHUYIDKLOnE-Ued5r(KüoqpY{Hr
{�¢­�/}u�epn|�r¡°Jo��­��o~²¾h� ���TtvMH`N`gK[PH¯eR x hLrÌò»hl}Å®�hÌkv�-UYEH¯ºUeEHP¿S:hyKjh³PHR^ò�O�Onc1r)�¤ãeóeæ�ä³åDî�ä�ãqû�ãeè5êÅî/ç	z_êõèõú´è@ì�ç-ç1æ¾ôÊêõç�û
êõç:ãQú�ê�û/ú�ôÊö¬éeê[íqï�î/ç-è@êõç-ì-î/ì�íb÷µæNéeêõì�÷^r�® U\�nRyS�OeIDKLOnE¡r5K o\��r-�np.�q}���z­��rÌ°Jo2�­��o~²�h
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� {1�TtvMH`N`gK[PH¯eR x heUeE�PQ]3hY�AR¾��K[Z� �K-UeE�PQÈQhek�hn]3Uec-UeE�K[ZWOed«UeOnM1r��¶ì�ôùíqæví¾èÅã8�WêõôÊê��qãeè5êÅî/ç�êõç¬ã�í¾è5åDî/ç�ûeôÊö
ú-æ¾è�æ¾åDîNû�æ¾ç1æ�î/ì�íbô�ãeö�æ¾åDæNéµ÷µæNéeêõì�÷^r�® Uq�eRTS�OeIDKLOnE¡r5Kÿzep�r¡o��­�~}Do��.��r¡°Jo��1�e{�²¾h�ô�L�TtvMH`N`gK[PH¯eR x hLrHÈQh�k�h�]3Uec-UeE�K[ZWOed«UeOnMµUeEHPºt�h�®��HK�IDRer��mç1æbéeêõ÷µæ¾ç�í¾êÅî/ç³ãeôez<ãeóeæ<ä³åDî�ä�ãqû�ãeè5êÅî/ç
êõç:ãQú�ê�û/ú�ôÊö¬éeê[íqï�î/ç-è@êõç-ì-î/ì�íb÷µæNéeêõì�÷^r�® U\�nRyS�OeIDKLOnE¡r5K o\p�r¡o��/}À{n{HrA°�o��n¢n¢n²¾h� |��ykmUeGNMHdLd[K5r�Kjh�r»UeEHP�kv�HR�EH¯Hr x h�½�h�r<�¡æ¾÷^ê{�Fêõ÷�ä³ôÊêÅï¾êõè9�Âç-êõèFæ éeê ë�æ¾åDæ¾ç1ï�æ:÷µæ¾è±ú-îWé/í��\î/å:èõú�å�æ�æ��
éeêõ÷µæ¾ç�í¾êÅî/ç³ãeô*í�ú�ãeôõô[îLz�z<ãeèFæ¾å���îLz_r�CFE�I\h�s�h*��MHV¤h�S�R¾ID�¡h � d[M�K[PHG�r3�nOedÅh<o���r*c�c¡h�|�z��~É�|e{�¢�r
°Jo��­�nzn²¾h�ô�L�ykvd[OnMHR¾IQs�h � h3UeEHP#s�h3]3h � OnMH��MHRer��nä³å�æNã�éeêõç�û:î��¬ã�ä³ì�ôùíqæµè@åNãeóeæ¾ôõôÊêõç�û	êõç�ågãeç³é�î/÷ ÷µæNéeê@ã8 [r
a�EHE-UYd[G�Oe�3a�cHcHdLK[R�Pº]Â`gOn�-Ue��K[d[K�IF�nrgK {�r¡oqpn¢n�~}�oqp­�­��rÌ°�o��­�e{�²�h� ¢�� x h7i�UeGg�HRWE¡r7®�h7òTh3S�MHEH lr�N^h7S�hA® UYIDGgOnE%UeE�P � h¢¡¡UeZ��HUe`NK[UeGNR�E¡r��¡î/ì�ç³é	è5ågãeç�í¾÷^ê[í�í¾êÅî/ç
è±ú�åDî/ìeû/ú	ã��vì-ï¾è5ì�ãeè@êõç�û	îqï�æNãeç-r f PHKLINOn` � h � d[UYININRer-kmUYVj�H`NKLPH¯nRb��EHKL�eRW`NGgKLIF�º]_`gRWGNG�r3o2�.�1��h�}����NbKLV S UeE�P>£^h � h7ò��vUeEH¯�r�¤�ç�ãeç³ãeôÊö~í¾ê[í�î��qz<ãeóeæ�ä³åDî�ä�ãqû�ãeè@êÅî/ç¸êõç�ï�îWãeåDíqæ¾ôÊö¤ô�ãe÷^êõç³ãeè�æNé
ï�î/÷�ä-îqí¾êõè�æmä³ô�ãeèFæ�í¾rls�h�a�Z�OnMHGgIWh � O�ZYh-a�V¤hLrSK oqpnp�r¡o2�n¢�o�}Do��­��onr¡°Jo��1�n|�²¾h�ËoqpL��NbKLV¥NQh�£^h�r?®�h¦¡1OnM¿UeEHP(®�h � UeZ��HGgRer��¤ãeóeæ"ä³åDî�ä�ãqû�ãeè@êÅî/ç�êõç ã%z<ãeóqö����¾æ¾åY�NæFä-î��nö�ï�î/÷��
ä-îqí¾êõè�æ¤÷�ãeèFæ¾å�ê@ãeô�§¨�¡ú-æ�î/å�ö ãeç³é�æJ��ä-æ¾å¾êõ÷µæ¾ç-è@r�s�hÂa"ZWOnMHG�h � O�ZehÂa"V�h�rJK oqpn��r�zez1�n|/}�ze�np�onr
°Jo��­�e¢�²¾h�Ëono���NbOe�Hd[R�`�®�h3UYEHP%È^hÌ]3Uec-UeEHKLZWOnd[UeOnM¡r©¤�í¾öY÷�ä³èFî/è@êÅï�è±ú-æ�î/å�ö´î��Q÷^êù�nêõç�û�í¾èFîqï�ú�ã/í¾è5êÅï�î/ågéeêõç³ãeå�ö
éeê ë�æ¾å�æ¾ç-è@ê@ãeô3æ9�Wì�ãeè5êÅî/ç�í	 [r-kvOnV�V¤h-]_MH`gR»a"cHcHd5hlS	UYIN�¡hLr(Kÿz­��r-|�o\{Y}F|n|n¢�r¡°Jo��­�Y{�²¾h�Ëo~z��»�AR¾��K[Z� �K�]7hLr«ª7î/ç�û%è@êõ÷µæ´æ¾óeî/ôÊì�è@êÅî/çÄî���z<ãeóeæ���åDî/ç-è±í¤êõç�ågãeç³é�î/÷ ÷µæNéeê@ãer � CFa�S s�h<a�cHcHd5h
S	UYID�1hLr(K\�Y{Hr��np.�~} �n�e{Hr¡°Jo��­�Y{�²¾h�Ëoq�L�»�AR¾��K[Z� �K�]3h�r x h~tvMH`g`NKLPH¯nRÂUeEHPyS�h¬KjhqP�R¶ò�O�Oec¡r=­�æ¾ö�î/ç³é«®³ë�æ�ï¾è@êõóeæ°¯�æNéeêõì�÷ �¡ú-æ�î/å¾ö/§°�¶ì�ôùíqæ�lèÀã8�WêõôÊê��qãeè@êÅî/çO�\î/å±¯(ì�ôÊè5êõ÷µîWé�æ��¤ãeóeæm�våDî�ä�ãqû�ãeè@êÅî/ç�êõç³²�ê�û/úk´¶î/ç-è@ågã/í¾è�ª¡ãeö�æ¾å�æNé>¯:æNéeê@ã8 [r
� CFa�S seOnMH`NEHUed¡OnE¤a�cHc�d[K[R�P�S	UYID�1hLr(Kå�e|�rlz­�e|/}�z­�e|�r¡°Jo��1�n|�²¾h�Ëo\{��»��UeZ����HKLEýaThLrm�¡ú-æ�ô[îqïNãeôÊê��qãeè5êÅî/ç�ô[æ¾ç�ûeèõú�î���ågãeç³é�î/÷^ôÊö�íqïNãeè@è�æ¾åDæNéaz<ãeè�æ¾åhz<ãeóeæ�í¾r�s�h � d[M�K[P
S�RWZ��¡h�r�K z1�n|�r-�­�e�/}��­�nz�rÌ°�o��­�.�e²¾h�Ëo����»��UeZ����HKLE�aThLr��¡ú-æ�æ±ë�æ�ï¾è5êõóeæ��¾æ�ú�ãeóqêÅî/ì�å�î���ôÊêõç1æNãeå�ãeç³é»ç1î/ç-ôÊêõç1æNãeå_z<ãeóeæ�í�êõç¬êõå�åDæÅûeì�ô�ãeå�ï�ú�ãeçs�
ç1æ¾ôùí¾rHGNMH��V�K�INIDR�P��±On`�cHMH�HdLK[ZWUYIDKLOnE¡rÌ°�o��­�­�n²¾h�Ëoq|L�»��UeZ����HKLE:aThÌUeEHPOKyhAkmUeGgMHd[dLKÅrl®%UYINRW`��vU\�nR�GW�bd[KLEHR\Ue`"c?OYIDRWE�INK«UedAID�HR�On`g�	`NR�GNMHd�IDG��YUed[KLP-UYINRWP
��KLID�	U�����PH`gOnGgIDUYIDKLZj��U\��K[R�`J} � IDOn YRWG"V�O�PHRWd5rHCFE¡��S�UYID�HR�VµU/IDK[ZWUedAUeEHP	�"MHV�RW`gK[ZWUedÌa�Ggc?R�Z�IDG
Oe�3�vU\�nRy]Â`gOnc-Ue¯nUYIDKLOnE¡r f PHK�IDOn`�s�h-aTh-i�R � UeE�IDOHr � CFa�S�r7°Jo2�­�n¢�²�h�Ëo����»��UeZ����HKLE¬ayh�UeEHP¬ÈQh�]3Uec-UeEHKLZWOnd[UeOnM¡r��¤ãeè�æ¾å�z<ãeóeæ�í"êõç�í�ú�ãeôõô[îLz�ï�ú�ãeç-ç1æ¾ôùíbî���ågã¾ä³ê@é�ôÊöjó/ãeå�ö+�
êõç�û�é�æFä³è±ú�rls�h � d[MHKLPºS�RWZ��1hLr�K zY{HonrH��ono�}F�n��z�r¡°Jo��­�nzn²¾h�Ëoq¢L� ß ·�i�On�HR�`gIF� x h � h\UeEHPT�Th\aThqa�EHGJIDR��ergµ�æ���æ�ï¾è5êÅî/ç�í�î/ç�ãe÷�ä³ôÊêõè@ìHé�æ�í¾rYÈ�RWOnc�����GgK[Z\UYd�]Â`gOnGNc³RWZ¾Ig}
K[EH¯HrSKøo2��rH{��np~}F{ã�e¢�r¡°�o��.��o~²�h�Ëo��L�»]*Uec-UYEHK[Z�Ond«UeOeM#ÈQh�UeEHPPN^h �SR dLE-U�rJµmãeö´èõú-æ�î/å¾öB�\î/å�ã:ô[îqïNãeôõôÊö´ô�ãeö�æ¾å�æNé¿ågãeç³é�î/÷ ÷µæNéeêõì�÷^r
GNMH�HV�KLIgIDR�PºINO�® U\�nR�G"KLE x UeEHP�OnVþS�R�PHK«U�r7°Jo��­�e¢�²¾h
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