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BDCFEHG%I�JLKHM�N�KPO	C%QSRTI�UWV)XZY[X\K;G]UTI�Y[I�EHU^N^_%I�UTY`U[I1NI�G@RTJ\a�NK;G)VPI�GFI�b]EPGFb]C%UTKSbSQFN�I�bE]bSKSN�Q%O	I�G@R�N�KPGFN�I�UTG%X\GFc	R[_%I*U[I�JZEHR[XZVPI�JZadG%I�e�fFI�JZb�KPMhg[BiNjR[XZVPIlkmXnYoXZKPGFprq s;tAuwvBxJ\R[_FKPQ%c;_yRT_%I�UTIzXZY	G%K{C%UTI�N�XZY[I�bSIf<G%X|RTX\K;G}KPM�e~_<E�R]EPNR[XZVPIdV@XnY[X\K;G}XnY���O	K;YoRUTI�Y[I�EHU^N^_%I�UTY�e�K;Q%JnbdEPcPUTI�IiR[_FEHRiEPNR[XZVPI�V)XZY[XZKPGdXZYxN�KPGFN�I�UTG%I�b�e~X\R[_�NK;G@R[UTKPJZJ\XZG%cN�EPO	I�U^E	CFEHU^EHO	IRTI�U^Y���YoQ<N^_�EPYxC�K;Y[X\R[XZKPG#�<M�KSN�EHJ�J\I�G%cHRT_#��EHC�I�U[R[Q%UTIhe~Xnb)R[_?�LEPGFbY[K�K;G#��XZG}eWEAaSY�R[_<E�R]YoI�U[V;I]RTK�O�EH�;I�V)XnYoXZKPGyC%U[KSN�I�YTYoXZG%crO	K;U[IdU[K;�%QFYoR	EPGFbO	KPUTImNJZK;Y[I�JZahRTX\I1b	R[KhR[_%I�EPNjRTX\V)X\R[XZI�Y�R[_FEHR�E�UTKP��KHR[XnNxY[aSY�RTI�O�O	EAa���ImI�GFc;EHc;I�bXZG#v � G	R[_%XnY�N^_<EHCSRTI�U�KPM�RT_%Im��K)KP�*e�Ixe~XZJZJ<NK;GFNI�U[G�K;Q%U^YoI�J\V;I�Y�e~X\R[_	R�e�KlEPY[C<I1NjR^YKHMWRT_%I�E;NjR[XZVPI�V)XnYoXZKPG�C<EHU^EPbSXZcPOzvz��XZU^Y�R1��e�I]e~XZJ\J�O	KHR[XZV�E�RTI�R[_%I�bSI�Y[X\U^EH�FX\JZX|R�aKHM�bSXZU[I1NjRTI�b��<KPUxE�R[R[I�G;RTX\V;IP�SRTUTEH��I�NR[KPUTa�N�KPG@R[UTKPJ�KPM�N�EHO	I�U^E�C<K@YoX\R[XZKPG#vW�)I�N�KPGFb#�e�I�e~XZJZJ�bSI�YTNUTX\��I	bSIR^EHXZJZY�KPM�_%K�e�Y[QFN^_{NK;G;RTU[K;J5N�EHG��<I	XZO	C%J\I�O	I�G@R[I1brXZG�EHGEPNR[QFEPJ�UTKP��KHRTXZN�YoaSYoR[I�Ozv � G'CFEHU[R[XnNQFJZEPU���e�I�bSI�RTEHXZJ�R[_%I�X\O	C%JZI�O	I�G@R^E�R[XZKPGyKHME�V)XnYoQ<EHJ�Y[I�UTVPK�N�KPG@R[UTKPJ�YoaSYoR[I�O�e~_%XnN^_'XZO	C%J\I�O	I�G@RTY	E�R[R[I�G;RTX\V;I�NK;G@R[UTKPJ`KPMmE�%XZG%KSNQ%JnEHUlV@XnY[X\K;G�Y[aSY�RTI�O�RT_%UTKPQ%c;_{Y[C�I�NX\f<N�E�R[XZKPG�KHM~c@EHXZGFY�X\G{CFEPUTEPJ\JZI�J�M�I�I�b)��FE;N^��JZK)KPCFY�v��W_FI�Y[I�UTVPK~R�a)C�I�KPM<NK;G;RTU[K;JHRT_FE�R�e�I�C%UTKPC�K;Y[I`XnY?�FE;YoI1b�KPGlO�KSbSI�JZYKHM�O�EHO	O�EHJZXZEPG�KSN�Q%J\K;O	KHR[K;U~NKPG@RTU[K;JLY[aSY�RTI�O�Y�q\���S�<�PsS�FsF�juwv
�<��� � ¡'¢w£;¤�¥S¦P¤�§©¨?ª�§¬«z¦H¦;¤�ª5¦;¢=5¤y®'¢w¯P¢w°�ª
± QFO	EPGFY�EHGFb�KHR[_FI�U�EPbSV�EHG<NI�brEHG%XZO�EHJnYmC%UTKSNI1Y[YmV@XnY[QFEHJ�b%E�R^E�XZGrEdbSa)GFEHO	XnNM.EPY[_%XZKPG#�5e~_%I�U[I]XZGFYoR[I1EPb{KHMxEPC%C%JZa@XZG%c�XZO�EHcPI�EHGFEPJ\aSY[XZY�K;C<I�UTEHR[XZKPGFY�RTKrE�Y[X\G%�cPJZI²g[Y[GFEHCFY[_%KPRTp�KPMxR[_%IdI�G)V)XZU[K;G%O	I�G@R���RT_%I�a�K;C<I�UTEHR[IdX\G²EHGyCFQ%U[C�K;Y[XZVPI�EPGFbXZG;RTI�c;UTEHR[XZVPI]O�EHGFG%I�U�KPGyErR[I�O	C<K;UTEPJ�EPGFb'Y[CFE�RTXZEPJ\JZa�bSXZY[CFEPUTEHR[I�Y[I�³@Q%I�GFNI�KHMXZO	EPcPI1Y�v´ G%IlN�EPG�V)X\I�eDRT_%I*b%a@G<EHO	XZNhGFE�RTQ%U[IlKHM�EHG%XZO�E�RTIhV)XZY[X\K;G�X\GzR�e�K]eWEAaSY�µ�KPGKPGFIm_FEPGFb��@C%U[KSN�I�YTYoXZG%chKPM#X\O�EHc;ImY[I�³@Q%I�G<NI�Y�XnY�E�GFI�N�N�I�YTYoX\R�a��<I1N�EHQ<YoI�EHG%XZO�EHJnYO	K�VPImEP�<K;QSRWX\G�E*N^_FEHGFcPXZG%chI�G)V)XZU[K;G%O	I�G@R�EHG<b�R[_FImV)XZY[XZKPG�Y[aSY�RTI�O©OlQFYoR~bSI�EPJe~X\R[_�RT_%I�Y[ImN^_FEPG%cPI1Y�¶;KPG	R[_FImKHRT_%I�U`_FEHGFb]KPG%IxN�EHG]EHUTcPQFIWR[_FEHR�Y[I�GFY[KPU�O	KPR[XZKPGEPNR[QFEPJ\JZa�_%I�JZCFYhXZG�I·)RTUTE;NjR[XZG%c�XZGSM�K;U[O�E�RTX\K;G�M�U[K;O�V)XnYoQFEPJ�Y[I�GFY[I]b%EHRTE%v�¸�KPR[_KHM�RT_%I�Y[IlV)XZI�e~C�KPXZG@RTYi_FEAVPIh��I�I�GrC%Q%RmM�KPU[R[_�EPYiO�KPR[XZV�E�R[XZKPG�M�KPU�EPNjRTX\V;IhV)XZY[XZKPGUTI�Y[I�EHU^N^_#v��W_%I	V)X\I�e¹RTEP�PI�GrXZGrRT_%XZY�CFEPC<I�U�XZY�RT_%I*JnE�R[R[I�U	º�R[_%XnY�XnY�G%KHR�R[K�YTEAaR[_<E�R�R[_FIWM�KPUTO�I�U�V)X\I�e~C<K;X\G@R�XnY�e~X|RT_%KPQSR�O�I�U[X\R^»v � G�E;N�NI�CSR[XZG%c�R[_FXZY�V)XZI�e~C�KPXZG@Re�I�G%I�I�b'R[K�EHGFY[e�I�UhRT_%IzX\O	C�KPU[RTEPG;R�³@Q%I�YoR[XZKPG?µ�¼7_FEHR�b%K@I1Y*R[_%IzEH�%XZJZX|R�a{RTKO	K�VPIxXZO�EHc;ImYoI�GFY[KPU^Y�cPXZVPImQFY`XZG]RTI�UTO�Y`KPM?YoK;J\V)XZG%chV)XZY[XZKPG	RTE;Yo�SY^½z�W_%I�UTIm_<EAVPI��I�I�G�C%UTK)b%QFNI1b]EhG)Q%O*�<I�U�KPM#U[I�C%JZX\I1Y�RTKlRT_%XZYW³@Q%I1Y�RTX\K;G#�@Y[KPO	IiKP�)V)X\K;QFY��)Y[KPO	I
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Y[Q%�SR[JZIP�<EHGFbdYoK;O	I�e~_FXZN^_�EHUTI�YoQFO�O�EPU[X���I1b]��I�JZK�e�v´ N�N�E;YoXZKPG<EHJZJ\azE]V)XZI�e~C�KPXZG;R�KHM�E�YTNI�G%Ile~XZJ\J���I�YoQFN^_�R[_FEHR�RT_%I�UTI*EPU[I�EPN�NX\�bSI�G;R^EHJ�EHJZX\c;G%O	I�G@RTYlKHM~KP�S��I1NjR^YhKPUlX\JZJ\QFO�XZGFEPG;R^Yle~_FXZN^_�O�EH�;I�X\G@RTI�UTC%U[I�RTEHR[XZKPGKHMiR[_%IzXZO�EHcPIzbSX��]NQ%J\R�v2B cPUTK;YTYlO	KHRTX\K;GyKPMmR[_FIzN�EHO	I�U^ErN�EHGyR[_%I�G²UTI�Y[Q%J\RXZGdE�V)X\I�e~C<K;X\G@R~e~_%I�U[I�R[_FI�Y[I�E;N�N�XZbSI�G@RTEHJ#EPJ\XZcPGFO�I�G@RTYWEHUTIiGFK�JZKPGFcPI�UWC%UTI�Y[I�G@R1v�W_)QFY�N�EHO	I�UTE�O	KPR[XZKPGyN�EHGy��I�Q<YoI1b�R[K�X\G<NUTI�EPY[I�RT_%I�UTKP�FQFY�RTG%I�YTY*KHMxV)XZY[XZKPGEHJZcPK;U[X\R[_FO	YW�)a]XZO	C%UTK�V@XZG%c�R[_FIl³@QFEHJZX|R�a�KHM�b%E�R^E	�<I�X\G%c�K;C<I�UTEHR[I1b�K;G#v`BxG�I�·)�EHO	C%JZI�KHM�R[_FXZY�XnY�XZG{V@XZI�e~XZG%c�Ed_%XZcP_%JZa�Y[C�I�NQFJZEPUhYoQ%U[M.EPN�IPv � MWR[_FI]N�EHO	I�UTE�XZYEHJZXZcPG%I1bye~X\R[_2RT_%I�YoC�I�N�Q%JnEHU]EHGFcPJZIdUTI�JnE�RTX\V;IdR[K{R[_FI�J\XZcP_@R�Y[KPQ%U^NI;�`RT_%I�G²R[_FIXZG;RTI�GFY[X\R�a�KHM�R[_%I�JZX\c;_@R�XZGFN�XZbSI�G@RhKPG�R[_%I]N�EHO	I�U^E�O�EAa���I�VPI�U[a�_%XZcP_?v � M�R[_FIN�EPO	I�U^Ez_FEPY*C<K)K;U*bSa)GFEPO�XnN]U^EHGFcPIP��EHG<b��<I1NK;O�I1YlYTE�RTQ%UTEHR[I1b��5R[_%I�G}bSI�RTEHXZJnYY[QFN^_�E;Y�YoQ%U[M.EPN�I�EPJ\��I�b%KzN^_<EHG%c;I�Y	º.Y[Q%U[M.EPNI�O�EHUT�)X\G%c@YT»me~XZJ\J���I	e�E;Yo_FI�b�K;QSR�v� MmRT_%I�N�EPO�I�UTErXZY�O	K�VPI1byE�J\X\RoRTJ\I�EAeWEAa�M�U[K;O R[_%I�Y[C<I1NQ%JnEHU�bSXZU[I1NjRTX\K;G#��R[_FIN�EPO	I�U^Ele~XZJ\J?G%K�J\K;G%cPI�UW�<IlYTE�RTQ%U^E�R[I1b�EPGFb�R[_%IhY[Q%U[M.EPNI�bSI�RTEPX\JnY~e~XZJ\J#��I�O	KPUTIUTI�EPb%X\JZalbSXnY�RTX\GFcPQ%XnYo_FI�b�v��)XZO	X\JnEHU�I�·%EHO	C%JZI�Y�N�EPG	�<I~M�K;Q%GFb	XZG	KP�SR^EHXZG%X\GFchbSI�CSRT_O�EHCFY?M�UTKPO V)X\I�e~C<K;X\G@RTY�e~_%I�U[I�V;I�UTaiU^EHCFXZbhN^_<EHG%c;I�Y#XZGlbSI�CSR[_�EHUTI�C%UTI�Y[I�G@R�º.X=v IPvR[_FK;Y[I�N�EHQFY[I�b��)a�_%XZcP_FJ\a�Y[JZEPG;RTI�b�YoQ%U[M.EPN�I�YiUTEHR[_%I�UmRT_FEHGrR[UTQ%I	bSI�CSRT_�bSXnYTNKPG%�R[XZG)Q%X\R[XZI�Y�N�EPQFYoI1b��)a�KPG%I*KP�S��I1NjR�KSN�NJZQFbSXZG%cdEHG%KPR[_%I�U^»v � GrR[_%XnY�N�E;YoI�E�Y[O�EHJZJO	KHRTX\K;G�KHM�R[_FI�N�EHO	I�U^E	X\G�R[_%I*C%U[K;C<I�UibSXZUTI�NjRTX\K;G�e~X\JZJ5U[I1YoQ%J\RiXZGrE�V)XZI�e~C�KPXZG@Re~_%I�U[I�R[_FIhN^_FEHG%c;I�X\G�bSI�CSR[_zXnYxYoO�EPJ\JZI�U1v��W_)QFY~bSXZU[I1NjR[I1bdO�KPR[XZKPGdKHM�N�EPO�I�UTE;YXnYWQFYoI�M�Q%J#XZGzKP�SR^EHXZG%X\GFc��������� "!$#mV)XZI�exYWKPM5K;�S��I�NRTY�q\�&%�u vBxJZKPXZO�K;G%K;Y'��(*),+Lq|�u�Y[_%K�e�I1bhRT_FE�R�N�EHO	I�UTE�O	KHRTX\K;G	N�EHG	��IxQFY[I�b*R[K�O�EH�;IxEV)XZY[XZKPG�C%U[K;�%JZI�O¹RT_FE�R`XnY�XZJ\J\�wC�K;Y[I�b�XZG�R[_%IxY[X\GFcPJZI�XZO�EHc;IWN�EPY[IWX\G@R[KhE�e�I�JZJ%C�K;Y[I�bKPGFIPv��W_%XZY�XZY�C�K;YTY[X\�%JZIxbSQ%IxR[K�R[_FImEAV�EHXZJZEP�%X\JZX\R�ahKHMLI·)R[U^E�NK;GFY�RTUTEPX\G@R^Y5M�U[K;O R[_FIEPbFbSX|RTX\K;GFEHJ�XZO	EPcPI1YlK;�SRTEPX\G%I1b�XZG'R[_FIdE;NjR[XZVPI�V)XZY[X\K;G'C%UTKSNI�YTY�v��W_%I1YoIzEPb%b%I�bNK;GFYoR[U^EHXZG;R^Y�O�EAa*��ImI�G%KPQFcP_	R[K�NK;G@V;I�U[R`EHG�Q%G<bSI�U^bSIRTI�UTO	X\G%I1b�C%UTKP�%JZI�O�XZG;RTKEHGlK�VPI�U^bSI�R[I�UTO	X\GFI�b�KPG%I;��EHGFb�_%I�GFNI�EHJZJ\K�e�E~UTKP�FQFY�R5YoK;J\QSRTX\K;G�R[Km�<I�KP�SR^EHXZG%I�b#v
- ·%EPO�CFJ\I1YmKPM�R[_%I�EPC%C%JZXZN�E�R[XZKPGrKHM�RT_%XZY�R�a)C�I*KPM�EPNR[XZVPI�V)XZY[X\K;G�XZGFNJZQFbSI�Y[_FEHC�IM�UTKPO Y[_FEPb%X\G%c<v�BxJZKPXZO�K;G%K;Y~EPGFbd¸�E;YoQ�q �1u5Yo_%K�e _%K�eDE;b%bSX\R[XZKPGFEPJ�X\GSM�K;U[O�EHR[XZKPGN�EPG�N�KPO	IlM�UTKPO RT_%I	KPCSRTXZN�EHJ�.FK�e¹XZGFbSQFN�I�b�X\GrR[_%I	XZO	EPcPI*�@azRT_%I�O�KPR[XZKPG�KHMR[_FI�N�EHO	I�U^ExUTI�JnE�RTX\V;I�R[KiR[_%I�KP�%��I�NjR�Y[Q%UoM.E;NI;v � O�EHc;I�Y�KHMFC�KPXZG@RTY�KPGhRT_%IWYoQ%U[M.EPN�IO	K�VPI	XZG'bSX\UTI�NR[XZKPGFY�R[_FEHR*EHUTI	M�Q%GFNR[XZKPGFYlKHM�R[_%I�Y[Q%U[M.EPN�I�G%KPUTO�EHJwv0/�G%K�e~XZG%c_%K�eyR[_%I~XZO�EHcPI1Y�KHMLC<K;X\G@R^Y�O	K�VPI�º R[_FIxKPCSRTXZN�EHJ�.FK�em»�PEHG<blRT_%I~JZX\c;_;RTX\GFcF�;EPJ\K;G%ce~X\R[_{R[_FI�KP�FY[I�UTVPI1brXZG@R[I�G<YoX\R�aP��R[_%I�KP�S��I1NjRlY[_FEHC�I�º.Y[Q%U[M.EPNI	G%K;U[O�EPJ�VPI1NjR[K;UTY^»N�EPG���I�Q%G%Xn³@Q%I�JZa�b%IR[I�U[O	XZG%I�b#v
1 KHRTX\K;G�KPM?R[_FIhN�EHO	I�UTE�N�EPG�XZGFbSQFN�I�KP�S��I1NjRxbSI�C<I�GFbSI�G@RxK;CSR[XnN�EPJ2.FK�exY�R[_FEHRN�EPGr��I	QFYoI1b�RTKdb%IR[I�U[O	XZG%I	KP�S��I1NjR�Yo_<EHC�I�Y�EHGFb�I�YoR[XZO�E�RTI�bSI�CSR[_<Y�R[KdC<K;X\G@RTYXZG�RT_%I�Y[N�I�G%I�º RT_%I�3"(4 "56#�(457 ��98: <;,=>#:;,�6(? <;@+A+��:B�=�;,(?!$;,�]C%UTKSNI1Y[Y^»jv 1 QFN^_de�KPUT�
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_FE;Y��<I�I�G bSK;G%I�KPG7YoR[UTQFNjRTQ%UTIzM�U[K;O O	KHRTX\K;G2EPJ\c;KPUTX|RT_%O�Y���I�V;I�G2��IM�KPUTIzR[_FINQFU[UTI�G@R�XZG;RTI�UTI�YoR�X\G]E;NjR[XZVPI~V)XnYoXZKPG?v�¼7_FEHR�R[_%IiEPNjRTX\V;IxEHC%CFU[K@EPN^_l�FU[XZG%c;Y�R[K�R[_FIYoR[UTQFNjRTQ%U[IlM�U[K;O O�KPR[XZKPG�C%U[K;�%JZI�O XZYmR[_FI�N�KPG@R[UTKPJ�K�VPI�UmR[_%I�O	KHRTX\K;G#��R[_%I�U[I��@a��KHR[_'Y[XZO�CFJ\X\M�a)X\G%c�R[_%I�C%U[K;�%JZI�O q �AuWEHGFb�EPJ\JZK�e~XZG%c�YoC�I�N�X|f<N�E�RTX\K;G�KHM~KPCSRTX\O�EPJO	KHRTX\K;GFY�v�BxG�I·%EPO�CFJ\I�KPM�QFY[XZG%c�bSXZU[I1NjR[I1b�O�KPR[XZKPG�R[K�EPXZb�XZG'EzV)XZY[QFEHJ�CFU[KP�NI1Y[Y[XZG%c�RTE;Yo�{eWEPY�bSIR^EHXZJ\I1b��)a��%I�UTUTX\I�U�q\�&%�u v � G'_%I�U�e�KPUT��Y[_%IzbSIRTI�UTO�XZG%I1YR[_FI]O	KHR[XZKPG�GFI�I�b%I�b�R[KrO	EP�PI	RT_%I�EPNR[XZVPI]Y[_FEHC�I�bSI�R[I�U[O	XZGFE�RTX\K;G�C%U[KSN�I�YTY�KHMBxJZKPXZO	KPG%K@Y~EHGFbd¸WEPY[Q�O	K@Y�R~UTKP�%QFYoRWR[K�G%K;XZY[I�X\GdRT_%Ihb%E�R^E%vZv�)O�EHJZJ=��NK;G;RTU[K;J\JZI�b�O	KHRTX\K;GFY�KHMWRT_%I]N�EPO�I�UTEzN�EHG�EHXnb{X\G�Y[KPJZV)X\G%czRT_%I]V;I�UTabSX��]NQ%J\R�C%U[K;�%JZI�O KHMiM�I�EHR[Q%UTIdN�KPUTU[I1YoC�KPG<bSI�GFN�I�XZG}�FX\G%KSN�Q%JZEPU�YoR[I�U[I�K�V)XnYoXZKPG?v
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´ G%I�N�EPG{CFEHU[R[X\R[XZKPG{RT_%I�NK;G@R[UTKPJ�KPM�RT_%I]CFEPG#�5R[XZJ|R1��EHGFb{V;I�UTcPI�G<NI�E�·SI�YhKHMR[_FIx_%I�E;blO	I1N^_FEHG%XnY[O�XZG;RTK�R[_%UTI�Ixb%I�YTNUTX\CSRTX\V;IWU[I�cPXZO�I1Y�v��W_%I1YoI~EHUTIP�63�) #:#:) B � 3��
��57 :3"57!A( ��EPGFb��,�� 4� ����#:� l�5EH�;I�G�RTKPc;IR[_FI�U1�<RT_%I�Y[I*R[_%UTI�I�O	K)b%I�Y�KHM�K;C<I�UTEHR[XZKPGEHJZJZK�e¬NK;G@R[UTKPJ�K�VPI�U�Y[_%X\M RlXZG{EHRoRTI�G@R[XZKPG#�5EHGFb�O�EHXZG@R[I�GFEHGFN�I	KHM~E�RoRTI�G@R[XZKPG?v]BYTEPN�N�EPbSI�XnY5E�U^EHC%XnbhO	KPR[XZKPG�KHM%RT_%I~CFEHG�EHGFblR[XZJ\R`E�·SI�Y�e~_%XnN^_�N�EHQFY[I�Y�E�NK;Q%C%JZI�bO	KHRTX\K;G�KHM�R[_FIlKPC%R[XnN�EHJ�E�·SI1Y~KHM�RT_%IhR�e�K�N�EPO	I�U^EPY��FUTI�Y[Q%J|RTX\GFc]X\G�E�N^_FEPG%cPI�XZGR[_FI*bSXZU[I1NjRTX\K;G�KHM�c@E@��IlKHM�R[_FI�N�EHO	I�U^EPY�v � GrE�YTEPN�N�E;bSIP���<KPR[_rN�EHO	I�U^EPYxO�K�V;IXZGzR[_%I�Y[EPO�Ihb%X\UTI�NR[XZKPG#vW�W_%XnYxO	KHRTX\K;G�XZYmG%KHRmI�G%KPQFcP_dR[K�EPJ\JZK�e�X\GFb%I�C�I�GFbSI�G@RNK;G@R[UTKPJ#KPM�R[_%I*c;E@��IhbSXZU[I1NjR[XZKPGrKHM�I�E;N^_�N�EHO	I�UTEFvx�?K]K;�SRTEPX\GzRT_%XnYmK;G%IlQFY[I�YiEVPI�U[c;I�GFN�IlO	K�VPI�O	I�G@R�v�B©VPI�UTcPI�GFNI*O	K�VPI�O	I�G;R�XnY�EdN�KPQ%CFJ\I1b�O	KHRTX\K;G�KPM`R[_FIR�e�K	N�EHO	I�U^EPY�e~_%I�U[I�X\G�R[_%I�RT_%I�R�e�K�N�EHO	I�U^EPY�UTKHRTEHR[I�X\GzK;C%C<K@YoX\R[I�bSXZUTI�NjRTX\K;GFY�v�5EH�PI�G'RTKPcPI�R[_%I�U��`R[_%I�YTEPN�N�EPb%XZNdEHGFb}VPI�U[c;I�GFN�IdY[aSY�RTI�O�Y	EHJZJ\K�e R[_%Izf%·%EHR[XZKPGC�KPXZG;R~KPM#R[_%I��%XZG%KSNQFJZEPUWN�EHO	I�U^E�YoaSYoR[I�O©RTK	�<I�EHUT�%X\R[U^EHUTX\JZa	NKPG@RTU[K;J\JZI�b�v ´ GFN�IR[_FImY[E;N�N�EPbSXnNWEHGFb�VPI�U[c;I�GFN�I~YoaSYoR[I�O�Y�_<EAVPI�f%·%E�RTI�b*R[_%IiN�EHO	I�UTE;Y�KPG�E�M�I�EHR[Q%UTIXZG�R[_%I�Y[N�I�G%I;�FRT_%IlCFQ%UTY[Q%X\R�Y[aSY�RTI�O XZYmR[_%I�G�QFY[I�bdRTK]R[U^EPN^��R[_%I*M�I�EHR[Q%UTIPvx�W_FIC%Q%U^Y[Q%X|R�Y[aSY�RTI�O EPbA��QFYoRTY�R[_%I�V;I�JZK)N�X|R�ayKHM�R[_%I�CFEPG7EHGFb}R[XZJ\R�E�·SI�Y�Y[K�EPY�RTKO	X\GFX\O	X���I]RT_%I�UTIRTX\G<EHJ`V;I�JZKSNX\R�a²º�R[_%I�VPI�JZKSNX\R�a�E;YhO	I�E;YoQFU[I1b{X\G�RT_%I�N�EHO	I�U^EXZO	EPcPI1YT»	KPM�R[_%Irf%·%E�R[I1b2M�I�EHR[Q%UTIPv �W_FXZY�e~X\JZJm�;I�I�C2R[_%IrM�I�E�RTQ%UTI�f%·%E�RTI�b7E;YJZKPG%crE;YhX\R�bSK)I1YlG%KPRlO	K�VPI]XZGybSI�CSR[_?v � MxX\R*O	K�VPI1YhXZGybSI�C%R[_�RT_%I�V;I�UTcPI�G<NIY[a)YoR[I�O e~X\JZJ~EPbA��Q<Y�R	R[_FI�V;I�UTcPI�G<NI�EPG%cPJZI�º�R[_%IzUTI�JnE�RTX\V;I�EHGFcPJZI���IR�e�I�I�G'R[_FIR�e�K	N�EHO	I�U^EPY^»�R[K�O�EHXZG@RTEHXZG�f%·%E�R[XZKPG?v�W_%Ii_)Q%O�EPG�KSNQ%JZKPO	KPR[KPUWY[a)YoR[I�O XZYWV;I�UTa�NKPO	C%JZI·]EPGFb�X\RWXZYWG%KPR�a;IR�M�Q%JZJ\aQ%GFb%I�U^Y�RTK@KSb�v � R�N�KPG@RTEPX\G<Y�O�EHG)arXZG@R[I�U^EPNR[XZG%czM�Q%GFNR[XZKPGFEPJ`O	KSbSQ%JZI�Y��5Y[QFN^_'E;Yq �HsAuLR[_FI��FU[K;G@RTEHJ ��KPU[R[I�·�º M�KPUWO�EH�)XZG%c�C%JZEPGFYWEHGFb�X\G@RTI�G@R[XZKPGFY^»j�@RT_%I ´ N�NXZC%X\RTEPJ
��KPU[R[I�·�º M�K;U�V)XZY[QFEPJSU[I�.FI·SI�Y�EPGFb	YoO	K)KHRT_	C%Q%U^YoQ%X\R�R[U^EPN^�)XZG%c�O	K�VPI�O	I�G;R^YT»��R[_FI
��KPG@RTX\G%I �~IRTXZN�Q%JZEPU��FKPUTO	EHR[XZKPG]º�M�KPU?��KHRT_lYTEPN�N�EPbSXnN�EPGFb�C%Q%U^YoQFX|R5O�K�V;I�O	I�G@R^YT»�R[_FI ��I�U[I��<I�J\JZQ%O º M�K;U�N�K)KPU^bSX\G<E�R[I�R[U^EHGFYoM�KPUTO�E�R[XZKPG<YT»��RT_%IW�SQ%C<I�U[XZKPU ��KPJZJZXZN�Q%J\Q<Yº M�K;UWU[I�JZEHR[XZG%clV)XnYoQFEPJLX\G%CFQSRWR[K	KSNQ%JZKPO	KHRTKPU�NKPO	O�EHG<b%YT»�%EHGFb]R[_%I�k�I1Y�RTX\�%QFJZEPU�)aSYoR[I�O º�M�KPU	EHJZJ\K�e~XZG%czR[_FI�I�aPI�YhR[KrN�KPO	C�I�GFYTE�RTI]M�KPU*�<KSbSa�O	KPR[XZKPGFY^»jvr�W_FINK;G@R[UTKPJFY[aSY�RTI�O�R[_FEHR�e�Ix_FEAV;ImbSI�YTNUTXZ�<I1b	X\G�RT_%XnY�N^_FEPCSR[I�U�R^EH�PI1Y�K;G	R[_%ImM�Q%GFNj�R[XZKPG<EHJZX|R�a*KHM�O�EHG)alKPM�RT_%I�Y[IxO	KSbSQ%JZI�Y��;EPGFb	e�Ixb%KhG%KHR�NJnEHXZO�KPQFU`YoaSYoR[I�O�E;Y�EO	KSbSI�J�M�K;U~EHG)a]CFEPUoRTXZN�Q%JZEPUWCFEHU[R~KHM?RT_%I�_)Q%O�EHGzKSNQ%JZKPO	KPR[KPUWNK;G@R[UTKPJ#Y[a)YoR[I�Ozv¼�Ih_FEAVPI;�%_%K�e�I�V;I�U1�%QFY[I�bzYoK;O	IhO	K)b%I�JnYxKHM�RT_%Ih_)Q%O�EHG�KSNQFJ\Q%O	KPR[KPUiYoaSYoR[I�OXZGzb%I�VPI�J\K;C%XZG%c*K;Q%UxY[a)YoR[I�Ozv� G�_)Q%O�EPGFY��HR[_%I~C%_)aSY[X\K;J\K;cPXnN�EHJ)I�V@XnbSI�GFNIWXZGFbSXnN�E�RTI�Y5RT_FE�R`YTEPN�N�EPb%I�Y�EHUTI~NKPG%�R[UTKPJZJZI�b�e~X|RT_{EzYTEHO	C%JZI�b�b%E�R^EzYoaSYoR[I�Oz��e~_%X\JZI�C%Q%U^Y[Q%X|R�O	KHRTX\K;GFY�EHUTI�NK;G;RTX\G%�Q%K;QFYoJZa�NK;G@R[UTKPJZJ\I1b'q sF�H�#sPs�uwv��W_%I	JZEHR[I�G<NaP��K;U�U[I1EPNjRTX\K;G�R[XZO	I	KHM`RT_%I	_)Q%O�EHGYTEPN�N�EPbSXnN�YoaSYoR[I�O _FEPY���I�I�G�bSI�R[I�U[O	XZG%I�b�R[K	��IhEH��KPQSRm�H�;�hO	XZJ\JZXZY[I�N�KPGFbFY�q sF�juw�
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EHJ\R[_FKPQ%c;_�X\Rl_FE;Yh��I�I�G�KP�FY[I�UTVPI1b�RT_FE�R*EPG@R[XnNXZCFE�RTKPUTar��I�_FEAV)XZKPQ%UhN�EHG�UTI�bSQFN�IR[_FXZY�JnE�RTI�GFN�ahRTX\O	Ihq\�P�ju v5�W_FXZY�JnE�RTI�GFN�alXnY5R[_%IWRTX\O	IxX\R�RTEP�PI1Y5M�U[K;O¹R[_%I~O	K;O�I�G@RKHMLN^_FEHGFcPI`XZG�U[I�R[XZGFEHJ)C�K;Y[X|RTX\K;G*KPM�EHG�E�R[R[I�G<bSI�blM�I�EHR[Q%UTI`RTK�R[_%IWO	KPO	I�G@R�R[_<E�R�EO	KHRTKPUxNK;O	O	EPGFb�XZYWc;X\V;I�G�R[K	cPI�G%I�U^E�RTIiRT_%IhYTEPN�N�EPbSI;v �`U[I1YoQFO	EP�%JZa	R[_%I��%QFJ\�KHMiR[_%XnY�R[XZO	IzXZY�R^EH�PI�GyQ%C²XZG²CFU[KSNI1Y[Y[XZG%c�RT_%IzU[I�R[XZGFEHJWXZO	EPcPIdR[K{bSI�R[I�UTO	X\GFIR[_FImC�K;Y[X|RTX\K;G]KHMLR[_FImM�I1E�R[QFU[I;v �iQ%UTX\G%clR[_%XnY�C<I�U[XZKSb	R[_%IiKSNQ%JZKPO	KHRTKPU`Y[aSY�RTI�O�XZYXZGFYoI�GFY[X|RTX\V;I�R[K	M�Q%U[R[_%I�UmN^_FEPG%cPI1YWX\GdR[_FIhU[I�R[XZGFEHJ?C<K@YoX\R[XZKPGzKHM5R[_FI�M�I�E�RTQ%UTIP�<EPGFbR[_FIhY[E;N�N�E;bSIiR[_FEHRWXnY~c;I�G%I�UTEHR[I�b�XZY�RT_FE�RmEPC%C%UTKPC%UTXnE�R[IiR[K�RT_%I�U[I�R[XZGFEHJ�C�K;Y[X\R[XZKPGKHM`R[_%I�M�I�EHR[Q%UTI�EPYiX|R�eWEPY��H�;�]O	XZJ\JZXZY[I�N�KPGFbFYiCFU[XZKPUiR[KdR[_FI�c;I�G%I�UTEHR[XZKPG�KPM�R[_FIYTEPN�N�EPbSI;v � M�R[_%IlM�I�E�RTQ%UTIhO	K�VPI�YmbSQ%UTX\G%c]R[_%XnYmUTIM�U^EPNR[K;U[a]C�I�UTXZK)b�R[_%I�Y[E;N�N�E;bSIe~XZJ\J�U[I1YoQ%J\RxXZG�E	C<K@YoX\R[XZKPGzI�UTUTKPU1v`�%UTKPO R[_%XnYxK;�FYoI�U[V�EHR[XZKPGzN�EHO	I�RT_%IlYTEHO	C%JZI�bb%EHRTE�O	K)b%I�JxKPMiRT_%I�KSNQ%JZKPO	KHRTKPU]N�KPG@R[UTKPJ~Y[a)YoR[I�Oz��K;U[XZcPXZGFEPJ\JZa�C%UTKPC�K;Y[I�b}�@a
��KPQFG%c�EHGFb��@R^EHUT�rq �@sAu v
��KPQ%G%c�EPGFb��)RTEHUT��RTU[I1E�R[I1b�RT_%I	C%Q%U^YoQFX|RlY[aSY�RTI�O E;Y�E�YTEHO	C%JZI�b�b%E�R^EzYoaSYo�R[I�O EPYhe�I�JZJwv �xC�KPG�M�Q%U[R[_FI�U�CFYoaSN^_%K;C%_)aSYoXnN�EPJ�I·%EHO	XZGFE�RTX\K;G º�IPv cFv�YoI�Irq s@�1u�»R[_FXZY*EPYTYoQ%O	CSRTX\K;G�R[Q%UTG%I�b{K;QSR�R[Kr�<I]XZGFN�KPUTU[I1NjR��5EHGFb�RT_%I]C%Q%U^Y[Q%X|R�YoaSYoR[I�O�XZYG%K�e�R[_%K;Q%cP_@R�R[KzQFY[I�EdN�KPG@R[XZG)Q%KPQ<YmRTX\O	I]b%EHRTEzY[a)YoR[I�Oz�#KPU�E�R�JZI�E;Y�RhEzY[EPO��C%JZI�b�b%EHRTE�Y[aSY�RTI�O X\G�e~_FXZN^_�RT_%I�YTEHO	C%JZX\GFc�UTEHR[I�XnYhO*QFN^_�_%XZcP_%I�UhR[_<EHG{R[_FIYTEHO	C%JZX\G%c�UTEHR[I�M�KPU*R[_%IzY[E;N�N�EPbSXnN�Y[aSY�RTI�O q s@�1u v � R�_FE;Yl��I�I�GyK;�FYoI�U[V;I�b7q\���AuR[_<E�R�C%Q%U^YoQFX|R�O	K�VPI�O�I�G@RTY�EHUTI�G%KPR	EPJ\eWEAaSY*Y[O	K)KHR[_?���%QSR]e~XZJ\JWXZGFNJZQFbSI�YTEPN�N�E;bSXnNiN�KPO	C<K;G%I�G@R^YWX|M�R[_%I�V)XZY[QFEPJ<M�I1E�RTQ%U[I���I�XZG%c�C%Q%U^YoQ%I1b�_<EPYWElJnEHUTcPI�UTIR[XZGFEPJVPI�J\KSN�X|R�a;v��`U[I1YoQ%O�EP�%J\arR[_%I1YoI�Y[E;N�N�E;bSI�Y�EPU[I�GFI�N�N�I�YTY[EPU[arX|M~RT_%I]C%Q%U^Y[Q%X|R�YoaSYo�R[I�O�N�EHGzG%KHRx�;I�I�C�Q%Cze~X\R[_zRT_%I�O	K�V@XZG%c	KP�%��I�NjR1v � GdR[_%XnYxN�E;YoI�E�N�Q%OlQ%JnE�RTX\V;IC�K;Y[X|RTX\K;G�I�UTU[K;U��%Q%XZJZbFY`Q%C?�@EPGFb	e~_%I�G]R[_%XnY`I�U[UTKPU�UTI�E;N^_%I�Y`EhNI�UoR^EHXZG	R[_%UTI�Y[_%KPJnbE	Y[E;N�N�EPbSI�XZYxcPI�GFI�U^E�R[I1b]XZGzKPU^bSI�U�R[K�UTI�b%QFNI�R[_FI�C<K@YoX\R[XZKPGdI�UTU[K;U�v�W_%I�NKPG@RTU[K;J�YTN^_%I�O	IiR[_FEHR~e�I�QFY[ImRTK�N�KPG@R[UTKPJ�R[_FI�C<EHG#�@R[XZJ\R��FEPGFb]V;I�UTcPI�G<NIbSI�cPUTI�I�YWKPM�M�U[I�I�bSK;O KHM�KPQFUx_%I�E;bzYoaSYoR[I�O�XZYx�FEPY[I�bdKPGzRT_%I�O	KSbSI�J�KHM�_)Q%O�EHGKSNQ%JZKPO	KPR[KPU�NKPG@RTU[K;J;bSI1Y[N�U[XZ�<I1b��)a �~KP�%XZGFY[KPG�XZG�q s%�ju v5�W_FXZY�O	K)b%I�J@C<K@Y�RTQ%JZEHR[I1YY[I�CFEPUTEHR[I~YoQF�FYoaSYoR[I�O	Y�M�KPU`CFQ%UTY[Q%X\R`EHGFb�YTEPN�N�E;bSXZN�O	KHRTX\K;G#v��W_%I�Y[ImY[Q%�FY[a)YoR[I�O�YEHUTI�bSI�CFXZNR[I�bdXZGdfFcPQ%UTI��P�Pv szº.E;b%EHCSRTI�b�M�U[K;O q s%�u�»jv�W_%I�UTI�EHUTIlR�e�KzX\G@R[I�U[I1Y�RTX\GFc�M�I1E�RTQ%U[I1Y�KHM �~KP�%XZGFY[KPG � Y�O	K)b%I�Jwv]�W_%I�fFUTYoR�XZYR[_<E�R�R[_%IWYTEHO	C%JZI�blbFE�RTEiGFEHR[Q%UTI�KPM%R[_FIWYTEPN�N�E;bSXZN�YoaSYoR[I�Odv��W_%IWbSI�Y[XZU[I1bhUTIR[XZGFEPJC�K;Y[X|RTX\K;G#����� XnYdY[EPO�CFJ\I1b º�e~X\R[_�E'C%Q%JnY[I�YTEHO	C%JZI�Uj»j�mEPGFb7_%I�JZb7�)a7E�f<UTYoRKPU^bSI�U`_%K;JZb�º.EHG�X\G@RTI�cPU^E�RTKPUj»jv��W_%ImK;QSR[CFQSR~KHM#RT_%XZYWYTEHO	C%JZI ��_%KPJnb	XZY�RT_%I�G�QFYoI1bEPYmE�YoI�R[C�KPXZG;R~RTK	R[_%IlC%JZEPG@Rlº�XZGzR[_%XnYmN�EPY[I�R[_%I�JZKSN�EHJ?O�KPR[K;UmNK;G;RTU[K;J\JZI�Uj»jv��W_FIEPNR[QFEHR[K;U#e~X\JZJHRT_%I�G�RTU[aiR[KmO�K�V;I�R[_%I�N�EHO	I�UTE�RTK~R[_%I�bSI�Y[X\UTI�b�C�K;Y[X\R[XZKPG#v �mQ%UTXZG%cR[_FI]C<I�U[XZKSb{�<I�R�e�I�I�G'YTEHO	C%JZX\GFc�C%Q%JnYoI1Y��5R[_FI]KPQSRTC%QSRlKPMWR[_%IdY[EPO�CFJ\I �A_%K;JZb�XZY��I�XZG%c�_FI�JnbyNK;GFYoRTEHG@R1��EHGFby_%I�GFN�I�RT_%IzbSI�Y[X\UTI�b'I�aPIdC�K;Y[X|RTX\K;G'XZY���I�XZG%c�_%I�Jnb
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Robinson’s Oculomotor Control System Model

-- Saccadic Motions
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Robinson’s Oculomotor Control System Model

-- Pursuit Motions
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NK;GFYoRTEHG@R1��I�VPI�G�RT_%KPQ%c;_�RT_%I	X\O�EHc;I*KPM�R[_FI*M�I1E�RTQ%U[I*R[Kz��I�E�RoRTI�GFb%I�brR[KdO	EAa��IiO	K�V)X\GFcFv�BDYTEHO	C%JZI ��_%KPJnb]bSK)I�Y�G%KPR�EHCFC<I1EHU�R[K��<I�C%UTI�Y[I�G@R`XZG]R[_FIiC%QFUTY[Q%X\RY[a)YoR[I�Ozv�W_%I�YoI1NKPG<b�M�I�EHR[Q%UTI�KHM��xKP�%XZGFY[KPG � Y�O�KSbSI�J�R[Kd�<I�GFKHR[I1b�XnY�R[_FEHR�R[_%I�U[I�XZYXZG;RTI�UTGFEHJWC�K;Y[X|RTX\V;I]M�I�I�bS�FE;N^��X\G}R[_FIdN�KPG@R[UTKPJ�J\K)K;C#vy�W_%XnY�C<K@YoX\R[XZVPI�M�I�I1bS�FEPN^�XnYmG%I1N�N�I�YTEHUTa�XZG�R[_FI�N�EPY[IhKHM�RT_%I*CFQ%UTY[Q%X\R�Y[aSY�RTI�O º fFc;Q%UTI��P�;v sP�<»�RTK�C%UTI�V;I�G@RK;YTNXZJZJZEHR[XZKPGFY�bSQFI	R[K�bSI�JZEAaSY�XZG�RT_%I]G%I�c;EHR[XZVPI�M�I�I1bS�FEPN^�rJ\K)KPC?v��W_%I�G%I�c;E�RTX\V;IM�I�I1bS�FE;N^��XZYWC%UTK�V)XZb%I�b��)a�RT_%I�V@XnY[X\K;G�Y[a)YoR[I�O e~_%XnN^_#�SX\G�R[_FI�N�EPY[IiKPM?RT_%I�C%Q%U[�Y[Q%X|R`Y[aSY�RTI�Oz�PbSI�R[I1NjRTY�R[_%I~V;I�JZK)N�X|R�alKHM�E�M�I1E�RTQ%U[I;�PNK;O	C%QSR[I1Y5R[_%I~UTIRTX\G<EHJSVPI�J\KSN�X\R�a�I�UTUTKPUhº�e~_FXZN^_�XnY~I�³@QFEPJ�R[K]R[_%IhUTIRTX\G<EHJ#V;I�JZK)N�X|R�adYoXZGFN�I�R[_%Ilb%I�Y[X\UTI�bdUTIR[XZGFEPJVPI�J\KSN�X|R�a�XZY ��I�UTK	M�KPUxR[U^EPN^�)X\GFc�C%Q%UTC<K@YoI1YT»�FEHGFb�N�EHQFY[I�Y~R[_%I*I�aPI�RTK]O	K�VPI�XZG�EO�EHG%GFI�U�R[KzUTI�bSQ<NI*R[_%XnY�I�UTUTKPU1v ± K�e�I�V;I�U1�<RT_%I�Y[I]NK;O	C%QSRTEHR[XZKPGFY�N�EHG�G%KHR���IbSK;G%IhXZGFY�R^EHG@RTEPG%I�K;QFY[J\a;�<Y[K	R[_%I�U[I*XZYiE]bSI�JnEAa���IR�e�I�I�G�R[_FI�R[XZO	I*E�Rie~_%XZN^_�EHGV)XZY[QFEPJ�KP�FY[I�UTV�E�R[XZKPG�XZYxO	E;bSI�EHGFb�RT_%I�R[XZO	IhE�Rxe~_%XnN^_�RT_%IhNK;G@R[UTKPJ#NK;O	O	EPGFb�FE;YoI1b�KPG�RT_%XnY�K;�FY[I�UTVAEHR[XZKPG�XnYWEAVAEPX\JnEH�FJ\I;v5��KlI�J\XZO	X\GFEHR[IiR[_%I�K;YTNXZJZJZEHR[XZKPGFY�R[_FEHRN�EPG�KSN�NQFU�e~X\R[_�RT_%XnY�M�I�I�bS�FE;N^�L�@EhN�KPO	C�I�GFYTE�RTKPUTalXZG;RTI�UTGFEHJ�C�K;Y[X|RTX\V;I~M�I�I1bS�FEPN^�XnYhXZGFYoI�UoRTI�b�XZG;RTK�R[_FI]J\K)K;C#v��W_%XZYlXZYlbSKPG%I��@a{EPbFbSX\GFc�E�bSI�JnEAaPI1bDg[I 	LI�UTI�GFN�INK;C)a)plKHM#RT_%I�NQ%UTU[I�G@R�I�a;IiV;I�JZKSNX\R�a*RTKlRT_%I�NKPO	C%Q%R[I�b�UTIR[XZGFEPJ<V;I�JZK)N�X|R�a	I�U[UTKPU1v�W_%I	bSI�JnEAazXZY�Y[QFN^_�RT_FE�R�R[_FI�I�	�I�U[I�GFNI�NK;C@azRT_FE�R�XnY�E;b%bSI1b�R[K�R[_FI*V;I�JZK)N�X|R�aI�UTUTKPU?XnY5R[_<E�R�O�I1EPY[Q%UTI�blEHR�RT_%I~Y[EPO	I`RTX\O	I�R[_FEHR�RT_%IWV)XZY[QFEHJ)K;�FYoI�U[V�EHR[XZKPG�º�R[_FEHRR[_FI�U[I�R[XZGFEHJ�V;I�JZKSNjR�a�I�UTUTKPU�XZYh�FEPY[I�b�KPG<»�XnY�O�EPb%IPv]�W_%I]Y[Q%O KPM�RT_%I�UTIR[XZGFEPJVPI�J\KSN�X|R�a�I�U[UTKPU	EHGFbyR[_FI�bSI�JnEAaPI1b'I 	LI�UTI�G<NIzNKPC)a'c;X\V;I�Y	E�G%I�e bSI�Y[X\UTI�b}I�a;IVPI�J\KSN�X|R�a]e~_FXZN^_�XnY~XZG%C%QSRxRTK	R[_%IlC%JZEPG@Rlº�I�a;I�OlQFYTNJZI�YxKPU~O	KHRTKPUxbSUTX\V;I�Uj»jv`�W_FII 	LI�NRxKHM�R[_%XnYWC<K@YoX\R[XZVPI�M�I�I�bS�FE;N^�]CFEHR[_dXZY�RTK�I1Y[Y[I�G@RTXZEPJ\JZa]I�JZXZO�XZGFEHR[I�R[_%I�GFI�c;EH�R[XZVPI*V)XZY[QFEHJ?M�I�I1bS�FEPN^�Lv��W_%I*YTEPN�N�EPb%XZNhY[aSY�RTI�O XnYmO	KSbSI�JZI�b�X\GrR[_%I�Y[EPO�Ile�EAa;�I·%N�I�CSR�R[_FEHR�C�K;Y[X|RTX\K;G�NK;G;RTU[K;JFXnY`��I�XZG%c�bSKPG%IiX\G<Y�RTI�EPb	KPM#VPI�J\KSNX\R�a	NKPG@RTU[K;J=v � GR[_FIxY[E;N�N�E;bSXnN�Y[aSY�RTI�Oz�P_FK�e�I�VPI�U1�AR[_FI~X\G@R[I�U[G<EHJ%C�K;Y[X|RTX\V;I�M�I�I�b%�FEPN^�*XZY�G%KPR�U[I1EHJZJ\aG%I�I�bSI1bzR[K�I�GFY[Q%UTI*YoRTEH�FX\JZX|R�a;��EPYmYoRTEP�%XZJ\X\R�azXZYic;EPX\G%I1bzR[_FU[K;Q%cP_zRT_%I*Q<YoI*KHM�R[_FIYTEHO	C%JZI �A_FKPJnb�v��xK;G;RT_%I�JZI�YTY��LR[_%I	EAV�EHXZJZEP�%J\I*I�V)XnbSI�GFN�I*XZGFbSXnN�EHR[I1YmRT_FE�R�RT_%I	_@Q%�O�EHGzY[E;N�N�EPbSXnN�YoaSYoR[I�O�bSK)I�YWQFY[I�X\G@R[I�U[G<EHJ�C�K;Y[X|RTX\V;IiM�I�I�bS�<EPN^��RTK]NKPO	C�I�GFYTE�RTIM�KPUxb%I�JnEAa)Y�v
�xKHRTI�R[_FEHR~R[_%I�XZG@R[I�U[GFEPJ#C�K;Y[X|RTX\V;IiM�I�I�bS�<EPN^��YTN^_%I�O	I�XZO	C%J\XZI�Y~R[_FEHR~R[_%IhYTEPN�N�E;bSXnN]YoaSYoR[I�O bSXZUTI�NjR^Y�RT_%I]I�a;I�R[KrO�K�V;I	R[KrEPG'EH�FY[KPJZQSRTI�C<K@YoX\R[XZKPG#��XZG'_%I1EPbNK)K;UTbSXZGFEHR[I�Y��AUTEHR[_%I�U5R[_FEPGlRTKiO	K�VPI��)ahEiN�I�U[RTEPX\G�bSXZY[C%JnEPN�I�O	I�G@R�X\G�E�cPXZVPI�G*bSX|�UTI�NjRTX\K;G#v��W_%IiXnYTYoQ%ImKHM#e~_%I�R[_%I�U�YTEPN�N�EPb%XZNxN�KPG@R[UTKPJ<KHM#I�aPImO	K�V;I�O	I�G@RTY`XZY�_%I1EPbNK)K;UTbSXZGFEHR[I`�<EPY[I�bhK;U�UTIRTX\GFKHR[K;C%XnN`NK)K;UTbSXZGFEHR[I`�<EPY[I�bh_<EPY5�<I�I�G*J\K;G%c�EiYoQF�S��I�NRKHMWbSXnY[N�QFY[Y[XZKPG�EPO	KPG%c�G%I�Q%UTKPCF_@aSY[X\K;J\K;cPXnY�R^Y�vh�W_FI	N�Q%UTU[I�G;R�I�V)XnbSI�G<NIP�#E;N�N�KPU^b)�XZG%cdR[K �~KP�FX\GFY[KPG²q sF�ju�EPGFbrKPR[_%I�UTY��#Y[Q%cPc;I�YoRTYiR[_FEHR�_%I�E;br�FE;YoI1b�N�K)KPU^bSX\G<E�R[I1Y
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�mI�RTEHXZJnY`K;G�EhO	KSbSI�J<M�KPU�R[_FIiV;I�UTcPI�G<NIxY[a)YoR[I�O EHUTIiY[�PIR^N^_)aP�P�FQSR �xKP�%XZGFY[KPGq s%�juLX\G<bSXZN�E�RTI�Y`R[_FEHR`R[_FIiV;I�UTcPI�G<NIxY[a)YoR[I�O©XZY�NK;G;RTX\G)Q%K;QFYmº.G%K*YTEHO	C%JZI ��_%KPJnb�XZYQFY[I�bF»WEPGFb�QFYoI1YWX\G@RTI�UTGFEHJLC�K;Y[X|RTX\V;IiM�I�I�bS�<EPN^�rº=EHJ\R[_%K;Q%cP_�R[_%XnY~XnYW�)a]G%K	O	I�EHG<YNI�UoR^EHXZG<»jv��W_%XnY�XnY�YoXZO	X\JnEHU`R[KhRT_%ImCFQ%UTY[Q%X\R�Y[a)YoR[I�O Y[EAV;IWR[_FEHR�C�K;Y[X|RTX\K;G�NK;G;RTU[K;JXnY��<I�X\G%c�bSK;G%I	X\G<Y�RTI�EPb�KHM�VPI�J\KSNX\R�a�NK;G@R[UTKPJ�EHGFb�R[_FEHR�R[_%I	V;I�UTcPI�G<NI	YoaSYoR[I�OUTI�Y[C<K;GFb%YWO	KPUTI�YoJZK�e~J\a	RT_FEHGdRT_%I�C%Q%U^YoQFX|RxY[a)YoR[I�Ozv¸�E;YoI1b�KPG �~KP�FX\GFY[KPG{O	KSbSI�J�EPYhb%I�YTNUTX\��I�b{EH��K�VPI	e�I�_FEAVPI�XZO	C%JZI�O	I�G@R[I1bR[_FI�N�KPG@R[UTKPJ5Y[N^_%I�O	IhR[_<E�RiXnY�bSI�CFXZNR[I�b�Y[N^_FI�O�E�RTXZN�EHJZJ\adX\G�fFcPQ%UTI��;�Pv ��M�KPUiR[_FI± EPU[V�EPUTb�_FI�EPb#v��W_FIiCFEPG#�@R[XZJ|R1�%EHGFb�VPI�U[c;I�GFN�IxO	KHR[K;UTY�EHUTIib%U[XZVPI�G]�)a]EhC%Q%JnY[I
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e~Xnb)R[_7O	KSbSQ%JnE�RTI�b 1 ´ �S� - ��EPO�CFJ\X\fFI�U1v �W_%I�X\GFC%QSR�RTK{R[_%XnY�EPO	C%J\X\fFI�U]XZYbSI�U[XZVPI1b�M�UTKPO R[_FI�KPQSRTC%QSR�KHMWE �ia)GFEHO�E�RTX\K;GrO	KHRTKPU�NK;G@R[UTKPJZJ\I�Ui��K;EPUTb}q|�1sAuwv�W_%I �ia)GFEHO�EHR[XZKPG���K;EHU^bdXZYmX\G<bSXZN�E�RTI�bzXZGzfFcPQ%UTI��P�;v ���)a�R[_%Il�<KA·dRTEP�@XZG%c�XZGR[_FI�Y[_FE�M R�I�GFN�K)b%I�U�C<K@YoX\R[XZKPG�M�UTKPO�R[_FI�O	KHRTKPU�EHGFb{e~_%XnN^_'K;QSR[C%Q%RTY	E�bSUTX\V;IY[X\c;GFEHJ�RTKzR[_%I�O�KPR[K;UlEHO	C%JZX|f<I�U1v��W_%I �ia)GFEHO�E�RTX\K;G{�<K@EHU^brR^EH�;I�YhY[IRhC�KPXZG@RXZG%C%QSR^Y`K�V;I�U�E�k 1 - �%QFY�NK;G%G%I�NR[XZKPG	RTKlEh�	� �DNK;O�CFQSR[I�U�v��W_%I1YoIxY[IRTC<K;X\G@RTYN�EPG]I�X\R[_FI�U`��I�C<K@YoX\R[XZKPG]Y[IRTC<K;X\G@RTY�º�XZG]RT_%IiN�EPY[IxKHM#V;I�UTcPI�GFNI~K;U�EhYTEPN�N�EPb%I1»�K;UVPI�J\KSN�X|R�a]Y[IRTC<K;X\G@RTY�º.X\GdRT_%I�N�EPY[I�KHM�CFQ%UTY[Q%X\R^»v��W_%I �ma)GFEPO	EHR[XZKPGzN�EPG�K;QSR[C%Q%RR[K	RT_%Ihk 1 - �%QFYhº=EHGFb�RT_%I�G�K;G�RTK	R[_%I��	� �¹N�KPO	C%QSRTI�Uj»~EHGdI 	LI�UTI�GFN�IhNK;C@a
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KHM<R[_%I~N�Q%U[UTI�G@R5O�KPR[K;U5C�K;Y[X\R[XZKPG#v��W_%XnY�I�	�I�U[I�GFNI~N�KPC)a�XZY�bSI�JZEAa;I�b���XZG*R[_%Ix�	� �NK;O	C%QSR[I�U��L�)a�E�R[XZO�I�I�³@QFEPJ?RTK�RT_%I*R[XZO�I�R^EH�PI�G�R[KdC�I�U[M�KPUTO V)XnYoQ<EHJ5M�I�EHR[Q%UTIJZK)N�EHJZX��1E�RTX\K;G#�`EHG<b}E;b%bSI�byR[K�RT_%I�NQ%UTUTI�G@R�C�K;Y[X\R[XZKPG²I�UTU[K;UTY���bSIRTI�UTO	X\G%I1b²�@aR[_FImV)XZY[QFEPJ%M�I�EHR[Q%UTImJZKSN�EPJ\X���EHR[XZKPG	C%UTK)N�I�YTY�v��W_%I �ma)GFEPO	EHR[XZKPG���K;EPUTb�bSK)I1Y�G%KPR_FEAV;I]EdRTEPN^_FKPO	IRTI�U1�5Y[KzR[_FEHR*EHG{V;I�JZK)N�X|R�a�I 	LI�UTI�GFN�I�NK;C)arXnYhG%KPR*EAV�EHXZJZEP�%J\I;v�W_)QFY�e�I~cPI�G%I�U^E�RTI~KPG%I~�)a*b%X 	LI�UTI�G@R[XnE�RTX\GFc�R[_%IxC�K;Y[X\R[XZKPG	I 	LI�UTI�GFN�ImNK;C)aPv��W_FIYTEHO	C%JZX\G%c�U^E�RTI�KHMWR[_FI �ma)GFEPO�E�R[XZKPG{��K;EPUTb�XnY�VPI�U[a�_%X\c;_7º�O	KPUTI	R[_FEPG7���;�P�YTEHO	C%JZI�Y�C�I�UlY[I�N�KPGFbF»�?_%K�e�I�V;I�U1�?Y[K�RT_FE�R�RT_%XnYhI�YoR[XZO�E�RTI�KHM�V;I�JZKSNX\R�a�Y[_%KPQ%Jnb��IhEPN�N�Q%U^E�R[I;v�W_%IhM�I1E�R[QFU[I�bSIRTI�NjRTX\K;G�EPGFb�JZK)N�EHJZX��1E�RTX\K;G�XZYiC<I�UoM�K;U[O	I1b�X\G�E�Y[C<I1NXnEHJ5C%Q%U[�C�K;Y[IdXZO�EHc;I�C%UTKSNI1Y[Y[X\GFc�Y[aSY�RTI�Oz�`O�EHG)QSM.E;NjRTQ%U[I1by�)a ��E�R^EPNQF�<I'q\�1�1u v2�W_%XZYY[a)YoR[I�O¬N�EHG]bSK�XZO�EHcPI~CFU[KSNI1Y[Y[XZG%c�KPC�I�U^E�R[XZKPG<Y�YoQ<N^_	E;Y ��· ��N�KPG)VPK;J\QSRTX\K;G#�H_%XnYo�R[K;cPU^EHO	O	X\GFcF�`EPGFbyJZKPc;XZN�EHJ�G%I�XZcP_)��KPUT_%K)KSb'KPC�I�U^E�RTX\K;GFY�KPG2E �%�1��· �%�1�zCFX|·SI�JXZO	EPcPImEHR`V)XZb%I�KhU^E�RTI�Ymº=sP��M�U^EHO	I1Y�C<I�U�Y[I�N�KPGFb<»jv��W_@Q<Y�RT_%ImJnE�RTI�GFN�a*C�I�U�KPC�I�U[�E�RTX\K;G�XZY�sPshO�XZJZJ\XnYoI1NK;GFb%Y�v 1 K@Y�R�M�I�EHR[Q%UTImbSI�R[I�NR[XZKPG]K;C<I�UTEHR[XZKPGFY`U[I1³@Q%X\UTI~O	KPUTIR[_<E�R�KPG%I�M�U^EHO	I`RTX\O	IW_%K�e�I�V;I�U1v � G*K;Q%U�X\GFX|RTXZEPJ@I�·SC<I�U[XZO	I�G@RTY�e�I�XZO	C%JZI�O	I�G@R[I1bE�M�I1E�R[QFU[Imb%IR[I1NjRTKPU�RT_FE�RWNKPQFJZb�bSI�R[I1NjR`�%JnEPN^���%JZKP�FY`KPU�e~_FX|RTIx�%JZKP�FY��;XZG]EH��KPQ%Rs�M�U^EHO	I�R[XZO	I�Y�v��W_%I�U[I�M�KPUTI�R[_%IhJnE�RTI�GFN�a�KPM�K;Q%U~M�I1E�R[QFU[IhbSI�R[I1NjR[K;UxeWEPY~EH��KPQ%R���;�]O	XZJ\JZXZY[I�N�KPGFbFY�vh�W_%I ��E�RTE;NQ%��I�YoaSYoR[I�Od��EHM R[I�U�X\RhbSIRTI�NjRTI�brR[_%I�C%UTI�Y[I�GFN�IKHM�E�M�I1E�R[QFU[I;�Fe�KPQ%JnbzKPQSRTC%QSRxRT_%IhC�K;Y[X|RTX\K;G�EHGFbzV;I�JZKSNX\R�a�KHM5R[_FIhM�I�EHR[Q%UTI�K�VPI�UR[_FIxk 1 - �FQFY�RTK�R[_%Im� � � e�KPUT�SY�R^E�RTX\K;G#v?�W_%Ii� � �7e�KPUT�SY�R^E�R[XZKPG*R[_FI�G]NK;O��C%QSRTI�YhR[_%I�³@QFEPG@R[X\R[XZI�Y������ ������)� ������  ������@�	�
��� �����)� ������  �����@��EPGFb
� � ����� � �S�%e~_%I�UTI�� � �lXnY�R[_FI�·�NK;O	C<K;G%I�G@RxKHM5R[_FI�U[I�R[XZGFEHJ#bSXnY[CFEHUTX|R�a�X\GdR[_FIUTX\c;_;R�N�EHO	I�U^E%�������iXZY�R[_%I~a�NKPO	C�KPG%I�G@R�KHM�R[_%I~UTIRTX\GFEPJFbSXnYoC<EHUTX|R�ahXZG�R[_%I~UTXZcP_@RN�EPO	I�U^E%��� � �hXnYWRT_%I�·dNK;O	C<K;G%I�G@R~KHM�R[_%I�UTIRTX\GFEPJ#bSXnYoCFEPU[X\R�a�XZG�RT_%I�JZIM RmN�EPO��I�U^E%��� � ��XnYxRT_%I�a�NKPO	C�KPG%I�G@RiKHM`R[_%I�U[I�R[XZGFEHJ�bSXnYoC<EHUTX|R�azXZG�R[_%I�JZIM RhN�EPO�I�UTEF�EHG<b ���X\GFb%XZN�E�R[I1YhE�UTIRTX\GFEPJ�VPI�J\KSN�X|R�a;vd�W_%I�bSX 	LI�UTI�G<NI]XZG{R[_%I�J\I�M R*EHGFb{UTXZcP_@R·'NK;O�C�KPGFI�G@RTY*KHMxRT_%I�UTIRTX\G<EHJ�C<K@YoX\R[XZKPG}XZY�EPb%b%I�b{RTK�R[_FIdbSI�JZEAa;I�b�C�K;Y[X\R[XZKPGI 	LI�UTI�G<NImN�KPC)alKPM�R[_%IxV;I�UTcPI�GFNI~O	KHRTKPU1v5�W_)QFY�R[_%XnY�bSX 	LI�UTI�G<NIxe~XZJ\J<�<I�bSUTX\V;I�GR[K
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V�EHJZQ%IlUTI�CFU[I1YoI�G;RTX\GFc�R[_%I�g[N�KPGFY[C%XnNQ%K;QFY[G%I�YTY[p�XnY�EPYTYoXZcPG%I1b�vi�W_FIlUTI�Y[Q%J|R^YxM�UTKPOI�E;N^_�C%UTX\O	X\R[XZVPI	bSIRTI�NjRTKPU�EHUTI*NK;Ol�%XZG%I1b�X\G@RTK�E]c;J\K;�FEHJ5Y[EPJ\XZI�G<NadO	EPC�e~_%XnN^_NK;Ol�%XZG%I1Y�RT_%IiV�EPJ\Q%IiM�UTKPO©I�E;N^_�M�I�EHR[Q%UTImO�EHCdEHGFb�EPYTYoXZcPGFY�Ehc;J\K;�FEHJ<O	I�EPY[Q%UTIKHMmN�KPGFY[C%XnNQ%X\R�aPv��W_%I�¼ �5B�G%IR�e�KPUT��fFG<b%YhRT_%IdO	EH·SX\O*Q%O VAEPJ\QFI�KHM]gTNK;GS�Y[C%XZN�Q%X\R�a)p�EHG<b�JZKSN�E�RTI�Y�R[_<E�R~O�E�·SX\O*Q%Ozv�B�RoRTI�G@R[XZKPGzN�EPG���I�EPJ\JZKSN�EHR[I�b]R[K�R[_FIC�K;Y[X|RTX\K;G�e~_%XnN^_zc;EAV;ImRT_%I�_%XZcP_%I1Y�R~V�EHJZQ%I�M�KPUWM�QFUoRT_%I�U~C%UTKSNI1Y[Y[X\GFcFv� R�N�EPG���I`Y[I�I�GiRT_FE�R?R[_%I�¼ �5B'YTN^_%I�O	I�QFY[I�Y#R[_%I�Y[EPO�I�O	KSbSI�JnY#KPM)EHRoRTI�G@R[XZKPG#v�W_%I�V�EPJ\Q%I1Y�E;Y[Y[X\c;G%I�b}XZG7R[_%IrcPJZKP�FEPJmY[EPJ\XZI�G<NayO�EPC7KHM /�KSN^_2EPGFb �xJZJZO	EPGNK;U[UTI�Y[C�KPGFb%Y#R[KmR[_%IWY[EPJ\XZI�G<Na�O	EPClKPMSR[_%XnY5O�KSbSI�J;e~_FI�GlQ<YoXZG%ciEPGlEHCFC%U[K;C%UTXZEHR[IY[IR�KHM`c@EHXZGFY�v��W_%I�¼ �5B�YTN^_%I�O�I�XnYiEPG !A=���+���= ���6(�),(?!$;,�ze~_%XnN^_�b%I�EHJnY�e~X|RT_R[_FI�CFU[K;�%J\I�O KHM#f<GFbSXZG%c�R[_%I�O�E�·SXZOlQ%O KPM?R[_FI�YTEHJZXZI�GFN�a�O�EPCdEPGFb]JZKSN�EHJZX���XZG%cX\R�vi�W_FIlG%KPR[XZKPG�KHM�e~XZG%G%I�Uo�wRTEP�PI�� EPJ\J#XnY�EHC%C%UTKPCFU[XnE�RTIhYoXZGFNIlKPG%JZazKPG%IhJZKSN�EHR[XZKPGN�EPG7�<I�E�R[R[I�G<bSI�b²RTKyE�R�K;G%I�RTX\O	IPv /�K)N^_7EPGFb �xJZJ\O�EPG EPNR[QFEPJ\JZa}Y[Q%cPc;I�YoRR[_FI�XZbSI1EzKHM~Ed_%X\c;_%I�UhN�KPc;G%X|RTX\V;I	C%U[KSN�I�YTY�EPbA��QFYoR[XZG%czRT_%I�g[N�KPGFY[C%XnNQ%K;QFYoGFI�YTY[pKHM`E]M�I�EHR[Q%UTIhRTK�Y[I�JZI�NjRTX\V;I�JZazX\G%_FX\�%X\R�KPU�E�RoRTI�GFb�KPGrE�YoC�I�N�X|f<NlM�I�EHR[Q%UTIP��e~_%XnN^_NK;U[UTI�Y[C�KPGFb%Y�RTK	N^_<EHG%c;X\G%c ��º��o»�X\GdR[_FXZY~O	KSbSI�J=v¼�I�XZO	C%J\I�O	I�G@RxKPQ%U~O	KSb%EPJ#E�RoRTI�G@R[XZKPGzYTN^_%I�O	I�e~X\R[_dR�e�K�G%I1Y�RTI�b�M�I�I1bS�FEPN^�JZK@K;CFY�v}�W_%Idc;EPX\GFY�KPMmR[_FIdXZG%G%I�U�M�I�I�b%�FEPN^�'JZK)KPC}e~_%XZN^_}XZY�N�KPGFN�I�UTG%I�bye~X|RT_Y[IR[C�KPXZG@RdN�KPG@R[UTKPJxKPM�R[_%I�_%I�E;b2C<K@YoX\R[XZKPG%XZG%c'O	KPR[KPU^Y]UTI�O�EPX\GFY�NKPG<Y�R^EHG@R��xE;YR[_FI�J\K@EPb�KPG�R[_%I�_%I1EPb�O	KHR[K;UTY�UTI�O�EHXZG�U[K;Q%cP_%JZa�NK;GFYoRTEHG@R1v ´ GFI�GFI�I�b�K;G%J\abSI�R[I�UTO	X\GFI�R[_FI�C<K@YoX\R[XZKPGhM�I�I�b%�FEPN^��c;EPX\GFY ��KPGFN�IP��YoQ<N^_�R[_FEHR?R[_FI�YoR[I�C�UTI�Y[C�KPGFY[IKHMiR[_%IzO	KHRTKPU�R[K�RT_%I�X\GFG%I�U�JZI�V;I�J~YoI�R[C�KPXZG@RTY	XnY�NUTX|RTXZN�EHJZJ\a'b%EPO	C<I1b�v7�W_%I�Y[Ic;EPX\G<Y�EHUTIzY[IR]XZG2R[_FI �ma)GFEPO	EHR[XZKPG7NK;G@R[UTKPJZJ\I�U���K;EPUTb#��e~_%XnN^_2_FEHG<bSJ\I1Y	R[_FIXZG%G%I�U�J\I�VPI�JiNK;G@R[UTKPJxJZK)KPC#v �W_%I�YoI�GFYoK;U[a}X\GFC%QSR�RTK�R[_FIrXZG%G%I�U�J\I�VPI�JmXnY�R[_FIO	KHRTKPUlY[_FE�M R*C<K@YoX\R[XZKPG#�5O	I�E;YoQ%UTI�b�e~X\R[_�RT_%I�Y[_FE�M R*I�GFN�K)b%I�U^Y�vz�W_%I]V;I�JZK)N�X|R�aKHMWRT_%I]O	KHRTKPUlY[_FE�M R^YlEPU[I�G%KPRlO	I�E;YoQ%UTI�b{bSXZUTI�NjRTJ\a��%QSR	EHUTI]NKPO	C%Q%R[I�b�M�UTKPOR[_FI�C�K;Y[X|RTX\K;G'O	I�E;YoQ%UTI�O	I�G;R^Y�RT_%U[K;Q%cP_}bSX 	LI�UTI�G@RTXZEHR[XZKPGyE;YlbSI1Y[N�U[XZ�<I1b�XZG'R[_FIC%UTI�V)XZKPQFYhY[I�NR[XZKPG#v��W_FI]X\GFG%I�U�NKPG@RTU[K;J�J\K)K;C�XZY*Yoe~X\RTN^_%I1b{�<I�R�e�I�I�G'C�K;Y[X\R[XZKPGNK;G@R[UTKPJ?EPGFbzVPI�J\KSNX\R�a�N�KPG@R[UTKPJ?�@a�R[_FIlKPQ%R[I�U�NK;G;RTU[K;J#JZI�VPI�J=v~�W_%XnYxXnY�bSKPG%I;�FXZGI 	LI�NR��@a*YoI�GFbSXZG%c�E*º � � � ��� »#R[UTXZC%J\I�º�M�KPJZJ\K�e~XZG%c�¸�U[KSN^�PI�RoRWq tHuw�He�IWU[I�M�I�U5R[K�RT_%XZYR[UTXZC%J\IxE;Y�E = ; B �i�;e~_%I�UTI � XnY�E�RTX\O	I~XZG;RTI�UTV�EHJw����XnY�E�YoI�R[C�KPXZG@R�KPU�R[U^E���I1NjRTKPUTabSQ%UTXZG%crRT_%XnYlRTX\O	IdX\G@RTI�UTVAEPJ=��EHGFb��'EHUTI]RT_%I�M�I�I�b%�FEPN^��c@EHXZGFYhRTK���IdQFYoI1b'XZGR[_FXZY*X\G@RTI�UTVAEPJn»�X\G'e~_FXZN^_{RT_%I � � Y�bSI�N�XZbSI�e~_%XZN^_yO�I1EPY[Q%UTI�O	I�G@R�º.C<K@YoX\R[XZKPG�K;UVPI�J\KSN�X|R�a%»�e~XZJ\JW��I�QFY[I�b�R[K�N�KPG@R[UTKPJ�R[_%IdO	KHR[K;U�v��W_%I�Y[IRTC<K;X\G@RTY��'RT_FE�R	EHUTIXZG%C%QSR*R[KzR[_FI�XZG%G%I�UlJ\I�VPI�J�NK;G;RTU[K;J�J\K)K;C'EHJnYoK�NK;O	I�M�U[K;O�RT_%I]KPQ%R[I�U�NK;G;RTU[K;JJZK@K;C�XZGdR[_%I1YoI]º � � � ��� »�RTU[XZC%JZI�Y�v�W_%I�� � Y�X\G{RT_%I�º � � � ��� »iO	KHRTX\K;G{N�KPG@R[UTKPJ�Y[aSY�RTI�O bSIfFGFX|RTX\K;GFYhNK;GFNI�U[GFI�be~X\R[_�RT_%IlK;QSR[I�U���V)XZY[QFEHJw�<M�I�I�b%�FEPN^�dJ\K)K;C�e~X\JZJ5N^_<EHG%c;IlbSQ%IlR[K�N^_<EHG%c;I�Y~XZG�R[_FI
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M�KSNQFYiKHM�EHRoR[I�G@R[XZKPG#vm�W_FIhM�I�I1bS�FE;N^�dY[I�JZI�NR[XZKPG�C%UTKSNI1Y[YxEHRmRT_%XZYiJZI�VPI�J?XnYmO*QFN^_O	KPUTIlNK;O	C%J\XnN�EHR[I1bdR[_FEPGzR[_%I*X\G%GFI�UmJZI�V;I�J?M�I�I�b%�FEPN^�zYoI�J\I1NjRTX\K;G�X\G�e~_%XnN^_�K;G%J\abSXZU[I1NjRxC�K;Y[X|RTX\K;G�K;U~VPI�J\KSNX\R�a�M�I�I�bS�FE;N^�]eWEPYW��I�XZG%c]YoI�J\I1NjRTI�b�M�KPU1v � GdR[_%I�K;QSR[I�UJZI�VPI�J=�<KPG%I*Y�RTX\JZJ5Y[I�JZI�NRTYWM�K;UmC�K;Y[X|RTX\K;G�KPUiVPI�JZKSNX\R�a]M�I�I�bS�FE;N^���FQSR���X\G�E;b%bSX\R[XZKPG#�KPGFI�OlQ<Y�R	YoI�J\I1NjR�R[_%I�M�I�E�RTQ%UTI;º.Y^»�RTK���I�Q<YoI1b�R[K�bSIRTI�NR*RT_%I�YTNI�G%I�I�J\I�O�I�G@Re~_%K@YoI�C�K;Y[X|RTX\K;G2KPU�VPI�J\KSN�X|R�a}XZY	M�I1b2�FEPN^�Lv �W_FXZY]M�I�E�RTQ%UTI�YoI�J\I1NjR[XZKPG2XnY�C�I�U[�M�KPUTO	I�bl�@ahE;bA��QFYoR[XZG%ciR[_%IWe�I�XZcP_@R5e�IWEHC%C%JZa�R[K�EicPXZVPI�GhM�I�E�RTQ%UTI�XZGlRT_%I~NK;G;RTU[K;JM�I�I1bS�FE;N^�]J\K)K;C#v�W_%I]KPQ%R[I�U*NKPG@RTU[K;J�J\I�VPI�J�NK;GFY[Q%O	I�Y�=�;�B �"3�e~_%XnN^_'EHJZJZK)N�E�RTI]E�RoRTI�G@R[XZKPG�RTKY[C<I1NX\f<N*M�I�E�RTQ%UTI�Y�EHG<brC%UTKSbSQFN�I�Y�bSX
	�I�U[I�G;RhO	KSbSI1Y�M�KPU�R[_%I�XZG%G%I�U�J\K)K;C#v��W_FIKPQ%R[C%QSR�O	KSbSI�Y�N�KPGFY[XZYoR�KHM`C�K;Y[X|RTX\K;G�EPGFbrV;I�JZKSNX\R�azY[IRTC<K;X\G@R^Y�EPGFb�E]RTX\O	I�X\GS�R[I�U[V�EPJ�XZGre~_%XnN^_�RTK�EHCFC%J\adRT_%I�Y[I�Y[IRTC<K;X\G@R^Y�v��W_%I�O�KSbSI1YiN�KPGFY[Q%O	I�b��@adRT_%XZYKPQ%R[I�UWJZI�V;I�JLEHUTIiEHc@EHXZG]KHM�R[_%IiM�KPUTO�º � � � ��� »�e~_%I�UTI �dXnY`RT_%I�bSI�Y[XZU[I1b]C�K;YoR[XZKPGº.EPJ\eWEAaSYm�]M�KPUiM�K�VPI�EHR[XZKPG��dR[KzNI�G@RTI�UiRTEHUTcPI�RmKPG�V)XZY[QFEHJ�fFI�JZbF»� �zXnY�E�VPI1NjR[K;Ue~_%XnN^_�UTI�CFU[I1YoI�G;R^Y`e~_FXZN^_�M�I�EHR[Q%UTI�Y�R[K	bSI�R[I�NRhº R[_FIhEHO	C%JZX|fFI�UWc;EHXZGFY^»`EPGFb � XZYR[_FI�R[XZO�I�C�I�UTXZK)bdXZG�e~_FXZN^_dR[_FI�O�KSbSI�XnY�R[K���IhEHCFC%J\XZI�b#v� G�R[_%I�JnEHG%c;QFEHc;I~cPXZVPI�G�I1EHUTJ\XZI�U1� ��º��o»�XnY�RT_%ImM�I�I�bS�<EPN^��VPI�NR[K;U�v � G�R[_FXZY�N�E;YoI;�
��º �	� � � �o»*XnY�E�CFEPX\U	KHM�X\O�EPcPI�Ydº�JZIM R�EPGFb'UTXZcP_@R�g[I�a;I�YTp;»jv �xIM�I�UTUTX\G%c�R[K�R[_FIO	KSbSI�JLcPXZVPI�G�I�EPU[JZX\I�U����yº��o»�	¹º ���Pº��o» � ���;º��o» �	�
�
� � ���#º��o»o»`XZY�EhV;I�NR[KPU�NK;G;R^EHXZG%XZG%cR[_FIdg[e�I�X\c;_@RTYTp�R[K��<I�EHCFC%J\XZI�b]R[K*R[_%I�UTI�Y[Q%J\RTY`M�U[K;O©R[_%I�C%UTX\O	X\R[XZVPI�KPC�I�U^E�RTX\K;GFYº M�I1E�RTQ%U[I�O	EPCFY^»jvd¼7X|RT_{R[_%I1YoI]c@EHXZGFY��#R[_FI�Y[EPJ\XZI�G<NarO�EPC'N�EHG{��I�NK;O	C%QSR[I1bEHG<b�RT_%I�O�E�·SXZOlQ%O M�KPQ%GFb#v��W_%I�JZKSN�E�RTX\K;GzKHM5R[_%IhO�EH·)XZOlQFO OlQFYoRxRT_%I�GzQ%GS�bSI�U[c;K�E�NK)KPU^bSXZGFE�RTI	R[U^EHGFYoM�KPUTO�XZG'KPU^bSI�U�RTK�KP�%RTEHXZG�R[_%IdYoI�R[C�KPXZG@RTY�XZG'_%I1EPbNK)K;UTbSXZGFEHR[I�Y�v��W_FXZY�RTUTEPGFYoM�KPUTO	EHR[XZKPG�e~X\JZJ<b%I�C�I�GFb	K;G*RT_%ImN�EHO	I�U^E�CFEHU^EHO	IRTI�U^YEHG<b'RT_%I�CFEHU[R[XnNQFJZEPU	N�KPGSf<cPQ%U^E�RTX\K;GyKHMiR[_%I7g[_%I�E;b%p�EHGFb²_%I�GFNI�N�EPG}��I�EH�%�Y[KPUT�<I1b]XZG�RT_%I ��º�� »�R[I�UTO XZG�I1³@QFE�RTX\K;G�º��A»jv��W_%I�XnbSI�E*R[_<E�RxEHJ\R[I�UTEHR[XZKPG]KPM?R[_FIc;EPX\G<Y�KPM<V)XnYoQFEPJ@M�I�I�b%�FEPN^�hC<E�R[_<Y�U[I1YoQ%J\R�X\G	Y[_%X|M R^Y�X\G�EHRoR[I�G@R[XZKPG#�Fº.KPU�V)XZN�IWVPI�U^YTE;»_FE;YhYoK;O	I	Y[Q%C%C�KPU[R�M�UTKPO CF_@aSY[X\K;J\K;cPXnN�EPJ�YoR[Q<bSX\I1Y]q �H�%�5� �S�?s;�S� �<�H� �)�1u`e~_%XnN^_XZGFbSXnN�E�RTI�R[_FEHR~R[_%I�UTI�Y[C�KPGFY[I�YWKPM�G%I�Q%U[K;GFYWXZG@V;KPJZVPI1b�XZGzV@XnY[QFEHJ�C�I�U^NI�CSR[XZKPGzEHUTIO	KSbSQ%JnE�R[I1bd�@a�N^_FEHG%c;I�Y�XZG�RT_%I�M�KSNQFYxKHM5EHRoRTI�G@R[XZKPG#v��XZcPQFU[I��P�;v txY[_%K�exY�R[_FI�JZK�e�I1Y�R�R�e�K�YoRTEHc;I�Y�KHM%RT_%I�O�KSb%EPJSNKPG@RTU[K;J=v5ByO	KSbSIP�º � � � ��� »�Fe~_%XnN^_�eWEPY~c;I�G%I�UTEHR[I�b�EHRiE�_%XZcP_FI�UmJZI�V;I�Jw�<XnY�g�M�I�bFp�X\G@RTK�R[_%I*X\G@RTI�U[�O	I�bSXnE�RTI�J\I�VPI�J�º=bSI�GFKHR[I1b 1 �P»v ´ V;I�U~E*R[XZO	I�C<I�U[XZKSb��%�� �� � R[_FI�e�I�XZcP_@R^YEPYTY[K)N�XZEHR[I1b�e~X\R[_zRT_%IhM�I1E�RTQ%U[I�O�EPCFYxe~XZJ\J��<I��yº��o» 	�º ���Pº��o» � ���;º��o» �	�
��� � ���#º��o»[»jvB�RxI�E;N^_zX\GFYoRTEPG@RxKHM5R[XZO�I;� �j�FE	JZKSN�EHR[XZKPG{º ��� �%»We~X\JZJ#��IhKPQ%R[C%QSRmE;YWR[_FI�goO	K;YoRYTEHJZX\I�G;R�M�I1E�R[QFU[I1pzKHM`RT_%I]XZO�EHcPI;v]�W_%I�Y[I�C�K;Y[X|RTX\K;GFY�EHUTI	KPQSRTC%QSR�R[KzRT_%I]XZG%G%I�UJZK@K;C}º=bSI�G%KPR[I1b 1 �A»me~_FI�UTIlRT_%I�a�c;I�G%I�UTEHR[IlC�K;Y[X\R[XZKPGFEPJ5I�U[UTKPU^YxQ<YoI1b�R[KzbSUTX\V;IR[_FI�_%I�E;b�O	KHRTKPU^Y�v



��� �������	�
������������	�����

head
motors

C1

C2 M
1G

position, y

x
u  = (p , v )

i i i

M
1

(u ,T )...(u ,T )
1 i i1

images y(t)

(U,K,T)

M
2

The Two Control Loops

Inner Loop

Outer Loop

�����	��
���������
� �,�&! ' ) C$)�' �(�#!��#!���82�(�/)�*+!#�,�@� )�3,��C �()27 !#0�)2C ��
��#!#���5D

�<����� � � � � ¨?£ �� G�RT_%XZY�N^_FEPCSR[I�Uxe�I*_FEAVPI�CFU[K�V)XnbSI�bzE]�FU[XZIM�I·SC%JnEHG<E�R[XZKPG�KPM�R[_%I�bSI�Y[X\U^EH�FX\JZX|R�aKHMhE;NjR[XZVPI�V)XnYoXZKPG?v�¼�Irc@EAVPI�E{G)Q%Ol��I�U�KHM�R�a)C%XnN�EHJ�EHC%CFJ\XnN�EHR[XZKPGFY�KPMhEPNjRTX\V;IV)XZY[XZKPG#v�¼�IWbSI�YTNUTXZ�<I1blEmN�KPG@R[UTKPJ)Y[a)YoR[I�O�M�KPU�Ex�%XZG%KSNQFJZEPU5N�EHO	I�U^ExO	I�N^_<EHG%XnYoOe~_%XnN^_�EPJ\JZK�exY�Y[_%X\M RTYWXZG�M�KSN�QFY�KHM5EHRoRTI�G@R[XZKPG�R[K��<I�O�EPbSI�XZGdE*GFE�RTQ%U^EHJw�)b%I�V)XZN�IXZGFbSI�C�I�G<bSI�G@R�O�EHG%G%I�U�vy�S_%X|M R^Y�X\G}M�KSNQFY�KHM�E�RoRTI�G@R[XZKPG}XZY	E;N�NK;O	C%J\XnY[_%I�b�V)XnEEHJ\R[I�U[XZG%c�KHM~M�I�I1bS�FE;N^��c@EHXZGFY�EHC%C%JZXZI�b�RTK�RT_%I�V)XnYoQ<EHJ�M�I�I�b%�FEPN^��CFEHR[_FY*XZG'R[_FIC�K;Y[X|RTX\K;GzEPGFbzVPI�J\KSN�X|R�a�N�KPG@R[UTKPJ�JZK)KPCFYxKHM�R[_%I��FX\G%KSN�Q%JZEPUmN�EPO	I�U^E�Y[aSY�RTI�OzvW¸�aEHJ\R[I�U[XZG%c�R[_FI�Y[I�c;EHXZGFY�e�I�N�EHG²C�I�U[M�KPUTO E�M�I�EHR[Q%UTI�YoI�J\I1NjR[XZKPG²KPC�I�U^E�RTX\K;G#���@ae~_%XnN^_'RT_%I 3 )@+�!$����#����iXZG'R[_FIzY[I�G<YoIdKHM /�KSN^_yEPGFb �xJZJ\O�EHG�q � ��u �`KHM�Erc;X\V;I�GM�I�EHR[Q%UTI�XZYxI�G%_FEPGFNI1b��Se~_%XZJ\I�RT_%IhYTEHJZX\I�GFNa]KPM�KPR[_%I�UWM�I�E�RTQ%UTI�Y~EHUTI�U[I1bSQFN�I�b�v�W_%IdN�KPG@R[UTKPJWY[a)YoR[I�O R[_<E�R	e�Id_FEAVPIdbSI�YTNUTXZ�<I1byXZG'RT_%XZY�Y[aSY�RTI�O XnY	E�R�e�KJZI�VPI�J?K;G%IPvx�W_%IlfFU^Y�R1�<K;UxX\GFG%I�U1�<JZI�V;I�J�C<I�UoM�K;U[O�Y~RT_%I*b%X\UTI�NRiNK;G;RTU[K;J#K�VPI�U~R[_FIC�K;Y[X|RTX\K;GzEPGFbdVPI�J\KSNX\R�a]KPM�RT_%I�O	KHR[K;UTY~EHRoR^EPN^_%I1b]RTK	R[_%IhN�EHO	I�U^EPY�v��W_%XnY~J\I�VPI�JXnY��<EPY[I�b]K;G�O	KSbSI�JnY�KHM#RT_%I�_)Q%O�EHG�KSN�Q%J\K;O	KHR[K;U�N�KPG@R[UTKPJ�YoaSYoR[I�Odv��W_FIiK;QSR[I�UJZI�VPI�J�NKPG@RTU[K;JZY`R[_%IiM�KSNQFYWKPM�E�R[R[I�G;RTX\K;G#�SXZG]R[_<E�R~X|R~bSI�R[I�UTO	X\GFI�YWe~_FEHR�M�I1E�R[QFU[I1YEHUTI�cPK;X\G%c*R[K	��I�QFY[I�bdX\G�bSI�R[I�U[O	XZG%X\GFc�e~_FI�UTIiRTK�J\K)K;�]G%I·)R1v
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�W_%I�O	I�N^_FEPG%XZN�EHJLNK;O�C�KPGFI�G@RTY�KHM#RT_%I ± EHUTV�EHU^b ± I1EPb]Y[aSY�RTI�O e�I�UTIibSI1YoXZcPGFI�bEHG<byNK;GFYoR[UTQFNjRTI�b'�)a��<v ��EHcPI;��¼¹v ?EP�<K@Y[Y[X\I�U���EPGFb 1 v ��KP_%G#��e~X|RT_}XZG%C%Q%RM�UTKPO ��v�¸�U[KSN^�;IRoR1���Fv ��JnEHUT��EHGFb - v �xEH�Lv 1 v ��K;_%GyUTI�V;I�U^YoI]I�G%cPXZG%I�I�UTI�bR[_FI ��EHGFKPG�I�J\I1NjR[UTKPGFXZN�M�KSN�QFYiN�KPG@R[UTKPJnYhº=bSIR^EHXZJZY�N�EPG��<IlM�KPQ%G<b�XZGyq|���1u�»jvi�W_FII�JZI�NR[UTKPG%XnN�Y#M�KPU?R[_%I�O	KPR[KPU5bSUTX\V;I�U^Y#EHGFb�E;Y[Y[KSNXnE�RTI�b�Y[a)YoR[I�O�Y#eWEPY�C%Q%R?R[K;cPI�R[_%I�U�)a��<v ��EPcPIPvW�)KHM R�eWEHUTI�M�KPUxR[_%I*O�KPR[XZKPG�NK;G@R[UTKPJ?Y[aSY�RTI�O�Y~eWEPY~e~UTX|R[R[I�G��@a �hv�%I�U[UTXZI�U1��EHG<b ��v �mI�e~O�EHG?vD�)KHM R�eWEHUTI�M�KPU�RT_%I�V)XZY[QFEHJ~CFU[KSNI1Y[Y[XZG%c�O	KSbSQ%JZI�YeWEPY�e~UTX|R[R[I�G��)a �hv;�FI�UTU[XZI�U�e~X\R[_]Y[KPO	IxE;Y[Y[XZYoRTEPGFNI�M�UTKPO 1 v ?I�IxEHG<b - v �xEP�Lv� bSI1EPYhEPGFb�I�G@R[_)QFY[XZE;YoO NK;GFNI�U[G%XZG%cdR[_FI�bSI�V;I�JZKPC%O	I�G;RhKPM�RT_%I]_%I1EPb{EHG<b�X\RTYO	KHRTX\K;G�NK;G@R[UTKPJ5e�I�U[I�YoQ%CFC%J\XZI�b�XZGrcPUTI�EHR�EP�%Q%GFb%EPGFNI��)a ��v#¸�U[KSN^�PI�RoR1v��W_FIEHQ%R[_%K;UTY�e�KPQ%JnbrJZXZ�PI�R[KdR[_<EHG%���Fv ��EHQ%c;O�EHG�M�K;U��%UTX\G%c;X\GFc�RTKzKPQ%UhEHRoR[I�G@R[XZKPGY[KPO	I�KHM5R[_%I�CFY[aSN^_%KPCF_@aSY[X\K;J\K;cPXnN�EPJFe�KPUT�]NKPG<NI�UTG%XZG%c	E�RoRTI�G@R[XZKPG?v�W_%XZYiUTI�Y[I�EHU^N^_ze�E;YmY[Q%C%C�KPU[R[I1bzX\G�CFEHU[Rm�)adR[_%I ´ ��N�IlKPM �mEAV�EHJ �~I�Y[I�EPUTN^_Q%GFb%I�U�c;UTEPG;R �i�P�F� �H� � �P� /����H� �F�jRT_%I �i�%� �mG%X\V;I�U^YoX\R�alKPM 1 EHUTa@JnEHG<b � ± EHUTVAEPUTb
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