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�;ÂTH Ä,Z;EYÝ QSÁP¼TEGQXEG\M?BE�VYß7FUADC;¼aEGQ ÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ J í
�;Â í Ä,Z;EYâ5AD\;¼aRT\;EW½WF*é�b»\.½WQSR�=>ß�FUA»=�EW^B^ Ö A»VfEG¼�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ J �
�;Â � º¢AD\»?BFUAD¼Òß�½ F_½ QSEG?UEGFBR¾^B½W?BRTAe\ÐÂ�ÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ J��
�;Â�� Ä,Z;EYé5R�^`?UO;FBC¿½ \.=�Ehé�E�^B=�FURTÁ;?URTAD\�Â�ÂIÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ J-�
�;Â�� Ä,Z;EYÝ�VfE�½ ¼TR¾^`EWV�º¢AD\»?BFBAe¼T¼aEGF�Â�ÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ JÌL
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�;Â<�fÂTH d.RTQ�RT?BRa\;ihÿ>=G½WO.^B½W¼ ã EGZ.½G]fRaADO;F�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ J ,
�;Â . ß�EGF�cgADFBQª½ \.=�Erþ8EWËMO;RaFBEGQSEK\f?_^�ÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H9/-�

�;Â . ÂTH Ä,Z;EY<5Á;?BRaQ�½ ¼�â�Ae\;¼TRa\;EW½WF5é�bf\¿½ QSR¾=�ê¢=�Ae\;ADQSR¾=�Ü`<Çâ>éÇê�Þ
ß�FBAeC;¼TEGQ ÂIÂhÂjÂhÂIÂ�ÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H9/ .

�;ÂúL NMAD¼a]fRa\;i�½D^*½Xâ�AD\;¼aRT\;E�½ F5ß�FBAeiDF�½WQ�Ü âjd�ß,Þ¹ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H9/ÌL
�;Â¦LMÂTH NMO.=K=�EW^B^�RT]ME ; O.½DVfF_½ ?UR�=Iß�FBADieF�½WQSQSRT\PiSÜ`N ; ß,Þ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H9/DJ

�;Â , NMÁ.EW=�R¾½ ¼TR¾^B½W?BRTAe\�?BA�d.RT\;EW½WF Ö A»VfEG¼¾^�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ HDH9/
�;Â , ÂTH ß�EGF�cgADFUQ�½ \.=@E>þ*EWËMO;RTFUEGQSEG\»?�^IÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ HDH í
�;Â , Â í d.RTQ�RT?BRa\;ihÿ>=G½WO.^B½W¼ ã EGZ.½G]fRaADO;F�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ HDH í
�;Â , Â � ÿ�\�ê�ÆP½ QSÁP¼TE>AWc*d.RTQSRa?BEWVXÿ>=G½WO.^B½W¼ ã EGZ.½G]»RTADOPFSÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ HDH9�

�;ÂçJ Ý QSÁ;¼TEKQSE�\»?�½W?BRaAD\áÂIÂhÂjÂhÂIÂ�ÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H íDí
�;ÂTHB/¹þ8EK]fRaEGÀáÂIÂ�ÂIÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H í �
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�fÂaHDÂTH º¢AD\¿=�¼TO.^�RTAe\.^�ÂjÂhÂIÂ�ÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H � H
�fÂ í º�½D^�E�NM?UO.Vfb í F¢ÿ�\�Ý \.VfO¿^`?BFUR�½W¼yê7Æ»AD?UZ;EGFUQSR�=5ß�¼TO;iXÙ�¼aAWÀ þ*EW½D=@?BADFÇê�Æ;½WQSÁ;¼aE�Â H �Dí

�fÂ í ÂTH º¢AD\¿=�¼TO.^�RTAe\.^�ÂjÂhÂIÂ�ÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H �-,
�fÂ � º�½D^�E�NM?UO.Vfb � F¢ÿ�\�Ý \.VfO¿^`?BFUR�½W¼yþ8EW½e=�?BAeF>NMbP^`?BEKQ ÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H �-,

�fÂ � ÂTH º¢AD\¿=�¼TO.^�RTAe\.^�ÂjÂhÂIÂ�ÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H�� �
�fÂ�� º�½D^�E�NM?UO.VfbH��F¢ÿ�\�ê�]e½ Á.ADF_½ ?UADF�NMbP^`?UEGQ Â�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H��-�

�fÂ0�;ÂTH º¢AD\¿=�¼TO.^�RTAe\.^�ÂjÂhÂIÂ�ÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H9�fH
�fÂ�� º¢AD\.=@¼TO.^�RTAD\¿^øÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H9� í
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ÿ�Â í Ä9FUO;\.=G½W?BRaAD\'AWc¢?BZPE�Ý \fÕ¿\;RT?UE>Q�½ FBR¾½ C;¼aE>Q¢EW=�?UADF*ÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H . �
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ã ÂTH�Ä,Z;EVU¢AeO;¼�½�Á.½WF�½WQSEG?BFUR�^U½ ?BRaAD\ ÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H .-,
ã Â í â�O;¼a¼�º¢Z.½WRT\.^áÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H L�/
ã Â � þ8E�=�AD\.V»RT?BRaAD\;Ra\;i ÂIÂhÂjÂhÂIÂ�ÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H L9�
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º5ÂTH�Ä,Z;E�AeÁ;?BRaQSR�^U½ ?URTAD\�Á.½ F_½ QSEG?UEGF�^5Â�ÂIÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H LDL
º5Â í Ä,Z;EjcgE�½D^`RaC;RT¼aRT?�bX^`OPC;Á;FBAeC;¼TEKQ�=�AD\¿^`?BF_½ Ra\f?_^ ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H L ,
º5Â � Ä,Z;E�AeÁ.EGF�½W?BRT\Pi�Á.ADRa\f?_^*=�AD\¿^`?BF_½ Ra\f?_^�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H L ,
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é�ÂTH%Ä,Z;E�d.Ra\;EW½WFBR�^�EWV�þ8E�VfO.=�EWV�þ8EW½e=�?BAeF Ö A»VfEG¼*ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H , /
é�Â í Ä,Z;EYâ5AD\;¼aRT\;EW½WF*ê�]e½ Á.ADF_½ ?UADF Ö A»VfEG¼�Â�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H ,-.
é�Â � ß�½ ?UZ®º¢Ae\.^`?UF�½ Ra\f?_^8Ae\LG í ½W\.V'ß í ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H ,-,
é�Â�� Ä,Z;E�d.Ra\;EW½WFBR�^�EWV�ê�]D½WÁ.ADF�½W?BAeF Ö A»VfEG¼�Â�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H , J
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HDÂTH Ä,Z;EY=@AD\»?BFBAe¼yVfEW^�RTiD\�a�cgO;\;\;EG¼cb Â�ÂIÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H ,
í ÂTH ã ¼TA»=�Å�VfR¾½ iDF_½ QáAWc¢¼TRa\;EW½WF,Á;FUA»=�EW^B^*QSA»VfEK¼ ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ í L
í Â í ã ¼TA»=�Å�VfR¾½ iDF_½ QáAWc�Ý Ö º¹^�?BFUO.=�?BOPFBE�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ �-�
� ÂTH ã ¼TA»=�Å�VfR¾½ iDF_½ QáAWc¢¼TAWÀ�EGF,¼aRT\;EW½WF,cgF�½e=�?BRaAD\.½W¼ ?BF�½W\.^ cgAeFBQ�½W?BRaAD\ÐÜ`d�Ù�Ä�Þ�ÂIÂhÂjÂhÂ . /
� Â í ã ¼TA»=�Å�VfR¾½ iDF_½ Q�cgAeF�?UZ;EhVfR�^�?BO;FUC.½ \¿=�E>Õ.¼T?UEGF*½WO;iDQSEK\f?UEWVS^`bP^`?UEGQ ÂIÂ�ÂIÂhÂjÂhÂ .-,
� Â � NMA cg?�À�½ FBEIcgADF*?UZ;EIRT\»?BEGFUÁwAe¼�½W?BRTAe\�=�AD\.V»RT?BRaAD\.^,?UEW=�Z;\;R�ËMO;E ÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ ,-.
� Â�� NMA cg?�À�½ FBEIcgADF*?UZ;E ; Ó�Á.½WF�½ Q�EG?BFUR�^B½W?BRaAD\�?BEW=�Z;\;R¾ËÌOPE�ÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ , L
�;ÂTH ÿ�\�EGÆP½ QSÁ;¼aE>V»R�^`?UO;FBC¿½ \.=�Eh?BZ.½W?5½ ¼a¼TAWÀ5^*½D=G½WO.^B½W¼�=@AD\»?BFBAe¼�ÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ JDJ
�;Â í Ä,Z;EY^�?BEGÁ�FUEW^`Á.AD\¿^`EW^*A c�V»R�^`?UO;FBC¿½ \.=�E�^edf?*½W\.VLdeg ÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ HDH .
�;Â � Ä,Z;E�À�ADF_^`?*ADÁ.EG\»Ó ¼aAMADÁÐ^`?UEGÁ
V»R�^`?UO;FBC¿½ \.=�ECdeh�i�ÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ HDH L
�;Â�� Ä,Z;E�À�ADF_^`?*ADÁ.EG\»Ó ¼aAMADÁ
FBE�^`Á.AD\.^�EÔÂIÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ HDH L
�;Â�� Ä,Z;EY½e=G½ O¿^B½ ¼Ò=�Ae\f?UFBAD¼y^U=�ZPEWVfO;¼aE�cgADFkjHl H í ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ HDH ,
�;Â . Ä,Z;EYV»R�^`?UO;FBC¿½ \.=�Eh^�EG¼TEW=@?BEWV�?UAY¼TRaQSRT?�½D=K½ O.^U½ ¼yCwEKZ.½G]fRaADO;F�mdeh�i Â�ÂIÂ�ÂIÂhÂjÂhÂ HDHGJ
�;ÂúL Ä,Z;EY=@AD\»?BFBAe¼y^B=�Z;EWVfOP¼TE>À*Ra?BZ�¼TRaQSRT?UEWVY½D=G½WO.^B½W¼TRa?`bXcgADFkjHl H í ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H í /
�;Â , é�R�^�?BO;FUC.½ \¿=�Endkoqp(r�Ï;C.AD?UZsd ? ½ \.Vtd g VfEK¼�½GbMEWV�C»b3j3u L ÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H í /
�;ÂçJ Ä,Z;EYV»R�^`?UO;FBC¿½ \.=�Eh^�EG¼TEW=@?BEWV�?UAY¼TRaQSRT?�½D=K½ O.^U½ ¼yCwEKZ.½G]fRaADO;F�md oqp(r Â�ÂIÂ�ÂIÂhÂjÂhÂ H í H
�;ÂTHB/¹é�R�^�?BO;FUC.½ \¿=�End oqp(r À*Ra?BZ�\;A�VfEG¼�½Gb ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H íDí
�;ÂTHeHÈNMA cg?�À�½ FBEIcgADF*?UZ;EI\;AD\;¼aRT\;E�½ F5=�Ae\f?UFBAD¼a¼�½WC;RT¼aRT?�bX½ \.½W¼TbP^`R¾^ ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H í-�
�fÂTH Ä,Z;EVG í J�Á;FUADC;¼aEGQáRT\�^�?�½ \¿V;½ F_VªcgADFUQ ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H í J
�fÂ í º¢AD\»]MEGFBieEG\.=�EIAWc¢é5ÿ QSEG?BZPA»V;^¬cgADFeG í J¥cgAeF*ýGEGFUAYADF�V»EGF�ZPAD¼�V�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H � /
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�fÂ � º¢AD\»]MEGFBieEG\.=�EIAWc¢é5ÿ QSEG?BZPA»V;^¬cgADFeG í J¥cgAeF5Ä9O¿^`?BRa\ Â�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H � H
�fÂ�� Ä,Z;E�EKÆfAe?BZ;EGFUQSR�=,ÁP¼TO;iYæ.AWÀÍFUEW½D=@?BADFhÜ ß¢Ù�þ>Þ�ÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H �-�
�fÂ�� º¢AD\»]MEGFBieEG\.=�EIAWc¢é5ÿ ½ ¼TieADFURT?BZPQ�cgADFÇß¢Ù�þÎcgADF*Á.EGF_^`R¾^`?BEK\f?5VfR¾^`?UO;FBC.½W\.=�EW^%ÂjÂhÂ H � L
�fÂ . º¢AD\»]MEGFBieEG\.=�EIAWc¢é5ÿ ½ ¼TieADFURT?BZPQ�cgADFÇß¢Ù�þÎcgADF5^�?BEGÁÚVfR�^�?BO;FUC.½ \¿=�EW^ÔÂ�ÂIÂhÂjÂhÂ H �-,
�fÂúL Ä,Z;E�Ra\.VfO.^�?BFUR�½ ¼�FBEW½e=�?BAeF>^�b;^�?BEGQ ÂIÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H � J
�fÂ , Ä,Z;EY=@FBRT?UR�=G½W¼�VfR�^�?BO;FUC.½ \.=@ErcgAeF�?UZ;EIRT\.V»O.^`?UFBR�½W¼ FBEW½e=�?BAeF ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H�� í
�fÂçJ Ý \;RT?UR�½ ¼�FBEW^�Á.AD\.^�E�A cwvfx�y�z@H�cgADF*?BZPEjAeÁ;?BRaQ�½ ¼è=�AD\»?BFUAD¼y^U=�Z;E�VfO;¼TEØÂ�ÂIÂ�ÂIÂhÂjÂhÂ H�� �
�fÂTHB/¹Ä,Z;E�EK]D½WÁ.ADF�½W?BAeFI^`bP^`?UEGQ ÂIÂ�ÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂIÂ�ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H��%�
�fÂTHeHÈ<5C»ÉBEW=�?BRa]ME�]P^�Â¢Á.EGF`cgAeFBQ�½W\.=�E>C.AeO;\.V;^,cgADF5?BZ;EI¼aRT\;EW½WF,QSA»V»EG¼�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H��MJ
�fÂTH í Ä,Z;E�àÐADF_^`?Çé�R�^�?BO;FUC.½ \¿=�E>cgADF*?BZPEjEK]D½WÁ.ADF�½W?BAeFI^`bP^`?UEGQ ÂIÂIÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H��MJ
�fÂTH � Ä,Z;E�FUEW^`Á.Ae\.^`EW^*A c{G í ½ \.V�ß í ?BAX?BZ;EIÀ,AeF�^�?>VfR¾^`?UO;FBC.½W\.=�EùÂ�ÂIÂ�ÂIÂ�ÂIÂhÂjÂhÂ H9�-/
�fÂTHM� <5C»ÉBEW=�?BRa]ME�]P^�Â¢Á.EGF`cgAeFBQ�½W\.=�E>C.AeO;\.V;^,cgADF5?BZ;EI\;Ae\;¼TRa\;EW½WF*QSA»VfEG¼ ÂIÂ�ÂIÂhÂjÂhÂ H9�fH
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º¢Z.½WÁ;?BEKFe��?UZ;R�^,FUE�cgEGF�^,?UAY?BZ;EI\;AeQSRT\¿½ ¼Ñ]e½W¼TO;E
d � ?BZ;EIAeÁwEKF�½ ?URT\;i�ÁwAeRT\»?*A cÒ?BZ;EhVfR¾^`?UO;FBC.½W\.=�EÍdÍRT\
º¢Z.½WÁ;?BEGFk�
d ë ?BZ;EhVfR¾^`?UO;FBC.½W\.=�EÍdjÜ�z�Þ�cgAeFez�
éz�Þ¦�
d à ?BZ;EhVfR¾^`?UO;FBC.½W\.=�EÍdjÜ�z�Þ�cgAeFez�lÝz�Þ¦�
d Ø p � � �qp FBE�cgEKFBEG\.=@E>Á.ADRT\»?5=�EG\»?BF_½ ¼ ?UASd r ½W\.VHd ò
d ò ?BZ;EIO;ÁPÁwEKF�Q�½WiD\;Ra?BO.V»E>C.ADO;\.V�AD\ d
d r ?BZ;EI¼aA À�EGF*Q�½WiD\;Ra?BO.VfEÇCwAeO;\.V�AD\sd
d r � � ^`?UEW½DVfbMÓ ^`?�½W?BEhA c±d ½WC.ADO;?>À*ZPR�=�ZS¼TRa\;EW½ F*Q�A»VfEG¼ÑR¾^,¼TRa\;EW½ FUR�^�EWV
d ¦ É Äö ?BZ;Ek­»?BZ
^�?BEGÁ�VfR¾^`?UO;FBC.½W\.=�EhRT\S?UZ;Eh^`EG? Äö
d Þ¦ ½2Á¿½ FB?UR�=�OP¼�½ F5V»R�^`?UO;FBC¿½ \.=�EIRa\ Äö
d ¦� ?BZ;E ¬ ?BZÚ=�ADQ�ÁwAe\;EG\»?,AWc�VfR�^�?BO;FUC.½ \¿=�ECd ¦ Ï ¬ u H �B´µ´µ´<·�»
d ¦ Ü¨jwÞ ?BZ;EhVfR¾^B=�FUEG?BEÇEG¼TEGQ�EG\f?_^�A cåd ¦
md Þ¦ � ?BZ;E�VfR¾^`?UO;FBC.½W\.=�E�cgAeFY¼TRaQSRT?URT\;i�½e=G½ O¿^B½ ¼5C.EGZ.½G]»RTADOPF�À*RT?UZ�FBEW^�ÁwE�=�?�?UA
?BZ;E ¬ ?BZ

=�ADQ�ÁwAe\;EG\»?kd Þ¦� A c¬½�Á.½ FU?BR�=@O;¼�½WF5VfR�^�?BO;FUC.½ \.=@EVd Þ¦
md Þ¦ �ò ?BZ;EC�;?BZÚ=�ADQ�ÁwAe\;EG\»?,AWcãmd Þ¦ �
md � =G½ \¿VfR�V;½W?BE¥VfR�^�?BO;FUC.½ \.=@ErcgAeF�md Þ¦ �
Äd ?BZ;EIEGÆ»Á.EW=�?UEWV�VfR�^�?BO;FUC.½ \.=@E
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ú QSEW½e^`O;FUEWV�ADOP?BÁ;O;?_^�Ï�½2]ME�=�?BAeF,A c7¼TEG\;ie?BZ ·��
ú � EG¼TEKQSEG\»?¬AWc�?UZ;EIEGÆ»?BEG\.V»EWVS^`EK?�AWc�¼aE�cg?,\»O;¼T¼y=�Z.½WRT\.^,AWc�ähÏ;RTEÃÏ ú � u Ü ú � ? ´µ´¶´µ´ ú �� � Þ
ú � p(Ç FBE�cgEKFBEG\.=@E>Á.ADRT\»?*A c ú =�ADFUFBEW^�Á.AD\.VfRa\;iX?BA d Ø p � � �qp ½ \.Vty �
Æ FBEGieO;¼�½W?BEWV'AeO;?BÁPO;?�^@Ï ½�]MEW=�?UADF*AWc,¼aEG\;ie?BZ · � Ï.RT\Ðº¢Z.½ ÁP?BEGF � ?BZ;R¾^8FUE�cgEGF�^*?BA�?BZ;E

VfEG]»R�½W?BRTAe\�cgFBAeQ�^`?UEW½DV»bÌÓ ^`?_½ ?BEÃÏÌRa\Sº¢Z.½ ÁP?BEGFß�I?UZ;R�^�FUE�cgEGF_^�?BA>?UZ;E*\;AeQSRT\.½W¼f]e½W¼TO;E
Ì Æ Ì � RT\fÕ¿\;RT?�bX\;ADFUQøAWc Æ Ï;R�Â EMÂaÏ�Ì Æ Ì � u ^�O;Á ¥ Q�½WÆ � � Æ � Ü�jwÞ �
Æ ò ?BZ;EIO;ÁPÁwEKF�Q�½WiD\;Ra?BO.V»E>C.ADO;\.V�AD\ Æ
Æ r ?BZ;EI¼aA À�EGF*Q�½WiD\;Ra?BO.VfEÇCwAeO;\.V�AD\ Æ
Æ �qp�Ç FBE�cgEKFBEG\.=@E>Á.ADRT\»?*A c Æ =�AeFBFUEW^`Á.AD\¿VfRT\;iX?BA d Ø p � � �qp ½W\.VLy �
Æ ×(×� � ?BZ;Eh^�?BEW½eVfbÌÓ ^`?_½ ?UE�]e½ ¼aO;EIA c Æ �yVfO;EI?UA3d �������-.4 �"!`)$#%!'&86"(
é�ÿ é�EG¼¾½�bª½ O;ieQSEG\»?�½ ?URTAe\
é�ÿÇê é�R Ó�EGFUEG\»?BR�½W¼ ½W¼TiDEKC;F�½WR�=>EWËMO.½ ?URTAD\¿^
Ù�Ý�þ Ù�RT\PRT?BEÇRTQSÁ;OP¼�^`E5FBE�^`Á.AD\.^�E
ÝBN»ê Ý \f?UEGiDF_½ ¼y^BËMO.½WFBEIEGFBFUADF
d�Ù�Ä d.RT\;E�½ F*cgF�½D=@?BRTAe\.½ ¼ ?UF�½W\.^ cgAeFBQ�½W?BRTAe\
d Ö Ý d.RT\;E�½ F5Q�½ ?UFBRTÆYRa\;EWËMO.½ ¼aRT?�b
d�ß d.RT\;E�½ F5Á;FBAeiDF�½WQ
dMÄ*Ý d.RT\;E�½ F5?BRTQ�E�Ra\f]e½ FUR�½W\f?
Ö Ý Ö < Ö O;¼T?URTÁ;¼aE�Ó�RT\;Á;OP?,QXO;¼T?URTÁ;¼aE�Ó AeO;?BÁPO;?
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Ä,Z;EY½WRTQ�A c�?BZPR�^*À,ADFUÅ�Z.½D^�C.EGEK\'?BA�VfEG]MEK¼TADÁ�QSE�½ \.^,cgADFÇËÌO¿½ \»?BRúcgb»RT\PiY?BZ;R¾^ aUEG\.V'Á.ADRa\f? bfÏ
?BZ;EhC.EW^`?Ç½D=�Z;RTEK]D½WC;¼TEh=�Ae\f?UFBAe¼ Ï;O;\.½WQ�CPRTiDOPADO.^�¼TbMÂ*NMO.=�Z
ËMO.½ \»?BRa?�½W?BRT]MEÇQSEW½D^�O;FBE�^,A c�½e=�Z;RaEG]e½ C;¼aE
Á.EGF`cgAeFBQ�½W\.=�EI½WFBE>\;EKEWVfEWV�?UAX^B=�FUEGEG\SAeO;?*Á;FUA»=�EW^B^*V»EW^`RaiD\.^*½W\.V�=�AD\»?BFUAD¼ ^�?BFUO.=�?BOPFBEW^¬cgAeF*À*Z;R�=�Z
Á.EGF`cgAeFBQ�½W\.=�E>FUEWËÌOPRTFBEKQSEG\»?�^�=G½W\;\;Ae?�C.E�Q�EG?GÂ

º¢AD\»?BFBAe¼T¼¾½ C;Ra¼TRT?�b�½ \¿½ ¼TbP^`R¾^>?BEW=�Z;\;R¾ËÌO;E�^�^�Z;ADO;¼¾V'iDRa]MEYO;\.½ QXC;RaiDO;AeO.^�QSEW½e^`O;FUEW^�AWc,?UZ;EYC.EW^`?
½D=�Z;RTEK]D½WC;¼TEX=@AD\»?BFBAe¼�Á.EGF`cgAeFBQ�½W\.=�EYÁ;FURTAeFj?UA�?BZ;E�VfEW^�RTiD\ÐA c8½'^�ÁwE�=�RúÕ�=Y=@AD\»?BFBAe¼T¼aEGFGÂYÝ£c�^`Á.EW=@RúÕ�=
=�ZPADR�=@EW^,A c¢?UZ;Eh=�AD\»?BFUAD¼a¼TEGF5VfE�^`RTie\ Ï.VfR¾^`?BOPFBC.½W\.=�E�]e½W¼TO;EW^*½W\.V
^`EK?BÁ.ADRa\f?5=�Z.½ \PiDEW^5½ FUE�Q�½eVfE>cgADF
½I^`RTQXO;¼¾½ ?BRaAD\Y?UZ;EG\Y?BZPE�FUEW^`O;¼a?BRa\;iIQSEW½D^�O;FBE�A cèÁwEKF`cgADFUQ�½ \¿=�E*À*RT¼a¼;C.E�C;R¾½D^�EWV2C»bY?BZPEW^`E5=�Z;ADR¾=�EW^@Â
Ý \�?UZ;R�^¢=G½e^`E5RT?�R¾^¬V»Rúåª=�O;¼T?Ò?BAhVfR�^U=�EGFU\�À*Z;EK?BZ;EGF¢?UZ;E*FBEW^�O;¼T?¢R¾^¬V»O;E�?UA>cgO;\.V;½WQSEG\»?�½ ¼PÁ;FBAeÁwEKFB?BRaEW^
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^`RaQ�O;¼¾½ ?URTAD\èÂ
Ý \YieEG\;EGF_½ ¼P½�F�½W\;iDE*AWc ?UEW=�ZP\;R�ËMO;EW^ÑR¾^�½G]e½ Ra¼�½ CP¼TE,À*Ra?BZY?UZ;E,O.^�E�cgO;¼»AD\;E�^ÒcgAeFBQSRa\;i5½�Z;RaEGF�½WF�=�Zfb

A cÇRT\.=@FBEW½e^`RT\PiD¼Tb�VfEGQª½ \.VfRa\;iÐÜ£RaEMÏ�C.EG?B?UEGF�QSA»V»EG¼�^@Ï�QSAeFBE�=�AeQSÁ;O;?_½ ?URTAD\¿½ ¼T¼ab
EGÆ»ÁwEK\.^`Ra]MEDÞ�ÏyC;O;?
RT\.=@FBEW½e^`RT\PiD¼Tb�VfR¾^B=�FURTQSRa\.½ ?URT\;i�?BE�^`?�^@Â¨Ä,Z;R¾^�Z;RTEKF�½ F_=�Z»bÐR�^�FBEKÁ;FBEW^�EG\»?BEWV
Á;R�=@?BADFUR�½W¼T¼TbÐRT\ÛÙ�RTieO;FBE
HDÂaHDÂ

No. of designs to be considered

designs
between
discrimination

expense of test
computational
Increasing

and

optimizationlinear
techniques

nonlinear steady state

nonlinear dynamic

nonlinear optimization
techniques

linear steady state

linear dynamic

Ù�RTieO;FBEXHDÂaH-F¢Ä,Z;E¥=�AD\»?BFUAD¼èVfEW^`RaiD\Ýa`cgO;\;\PEG¼�b

Ý ?�R�^�?UZ;E¨=@AD\.=�EKÁ;?SA c¥=�Ae\f?UFBAe¼T¼�½WC;RT¼aRT?�b�½e^5a_½D=�Z;RTEK]D½WC;¼TEÐ=@AD\»?BFBAe¼>Á.EGF`cgAeFBQ�½W\.=�E�bW?BZ.½W?S?BZPR�^
?BZ;E�^`R�^YR�^XRT\»?BEGFUEW^`?UEWV¨RT\ ÂG)�AWÀ,EK]MEGFY?BZ;E�?BEGFUQ =�AD\»?BFUAD¼T¼¾½ C;Ra¼TRa?`bÐZ.½e^ªC.EGEK\ÈiDRa]MEG\¹½
F�½W\;iDEÐA c
VfE�Õ.\PRT?BRaAD\.^@Ï»^`O.=�ZX½D^@Ï;^`?_½ ?UE>=�Ae\f?UFBAe¼T¼�½WC;RT¼aRT?�bh½ \.V�cgO;\.=@?BRTAe\.½ ¼�=�Ae\f?UFBAe¼T¼�½WC;RT¼aRT?�bMÏG?UZ;EGFBE@cgADFBE5½IC;FBRaE�c
VfR�^U=�O.^U^`RTAe\'AWc�?UZ;EW^`EIAe?BZ;EGF5=@AD\.=�EKÁ;?�^,AWc�=�AD\»?BFUAD¼a¼�½ CPRT¼TRa?�bYÀ*RT¼T¼�C.EjÁPFBEW^�EG\f?UEWVSRT\�^`E�=�?BRaAD\ÐHDÂaHDÂ

Ä9EW=�Z;\;R¾ËÌOPEW^8cgADFr½D^B^�EW^B^�RT\;iÚ=�AD\»?BFUAD¼a¼�½ CPRT¼TRa?�b
Ü ½e=�Z;RaEG]e½ C;¼aEYÁ.EGF`cgAeFBQ�½W\.=�EDÞ�½ ¼aFBEW½eVfb
EGÆ»R�^`?5cgADF
C.AD?BZ�¼TRa\;EW½ F�½W\.VS\;AD\;¼aRT\;E�½ F*QSA»VfEK¼�^�A cÒ?BZ;EÇÁ;¼�½W\f?KÂ¢Ä,Z;EI\;EGEWV2cgAeF*C.AD?BZ�¼aRT\;EW½WF*½W\.VS\;AD\;¼aRT\;E�½ F
½ \.½W¼TbP^`R¾^�R�^5VfR�^U=�O.^U^`EWV�RT\
^�EW=�?URTAD\�HDÂ í Â>ê�Æ»R�^�?BRT\Pi�¼aRT\;EW½WF>½W\.V'\;Ae\;¼TRa\;EW½ FÇ=�Ae\f?UFBAD¼a¼�½WC;RT¼aRT?�b�?UEW=�ZfÓ
\;R�ËMO;EW^I½WFBE�VfR�^U=�O.^B^�EWV
RT\¨º¢Z.½WÁ;?BEGF í Â�NMEW=�?URTAD\ÊHDÂ � Á;FBEW^�EG\»?�^I½SC;FBRaE�c5VfR¾^B=�O¿^B^`RaAD\ÐA c�ADÁ;?URTQ�½W¼
=�AD\»?BFUAD¼�À*Z;R�=�ZSÀ,EÇÁ;FBAeÁwAÃ^`Eh½D^*½�O¿^`E�cgO;¼�C.½D^�R�^¬cgAeF*\;EGÀ =�Ae\f?UFBAD¼a¼�½WC;RT¼aRT?�bY½W\.½ ¼ab;^�R�^,QSEG?UZ;A»V;^�cgADF
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HJI<H K LNMPORQTS �-UWV OYX UWZTZ M\[]Q Z Q^O _a`
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?BZ;E . /
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C.E
=�AD\»?BFUAD¼a¼�½ CP¼TE�½ \.VIADC.^�EGFB]e½WC;¼TE¢?BZPR�^ =�Ae\.=�EGÁ;? Z¿½D^�¼aRTQSRa?BEWV,Á;F_½D=�?UR�=G½W¼»^`RaiD\;R¦Õ�=G½ \¿=�EMÂyÙ;ADF EGÆP½ QSÁP¼TEMÏ
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EGRT?UZ;EGFKÏ;?BZ;Eh\;ADQSRa\.½ ¼ ÁPFBA»=�EW^U^�R�^*O;\.½WC;¼TEh?BASQ�EGEG?,?UZ;E�Á.EGF�cgADFUQ�½ \.=@E�FBE�ËÌO;RaFBEGQ�EG\M?�^¢À*RT?BZÚ½ \»b
=�AD\»?BFUAD¼a¼TEGFKÏfADF*?UZ;Ehâjd�ßÈZ.½e^�c�½WRT¼TE�V�?BA�Õ.\¿V'½�iD¼aADC.½W¼�AeÁ;?BRaQ�OPQ
Â Ä,Z;R¾^8ieRT]MEW^�½�^�?BFBAe\;iXFBEW^�O;¼T?KÏ
RT\.V»R�=G½W?BRT\Pij?UZ.½ ?*?UZ;E5Á;FBA»=�E�^B^,RT?_^`EG¼¦cè^`Z;AeO;¼�V�C.EI=�Z.½W\;iDEWV�ÏfC.E�cgADFUE>iDAeRT\;iY?UA�?UZ;E�EKÆfÁ.EG\.^�E>A cÒV»E�Ó
^`RaiD\;Ra\;iY½h=�AD\»?BFUAD¼T¼aEGF¢?BZ.½W?*=G½W\S\;EG]MEKF�Q�½ ÅME*?UZ;EI^�b;^�?BEGQ�½e=�Z;RaEG]ME*?BZPE>^�ÁwE�=�RúÕ.E�V2Á.EGF�cgADFBQª½ \.=�EÃÂ
Ä,Z;EW^�E�?BE�=�Z;\PR�ËMO;EW^*½ FUE�O.^�E�cgO;¼y½e^>^B=�FUEGEG\;Ra\;iXVfEG]»R�=@EW^,iDRa]fRa\;i�]MEKFBb�VfRaFBEW=@?5½ \.V�RT\»?BO;Ra?BRT]MEÇQSEW½�Ó
^`O;FUEW^*A c�½e=�Z;RaEG]e½ C;¼aEIÁwEKF`cgADFUQ�½ \¿=�EMÂ�ß7FUEW=�R¾^`EG¼ab�À*Z;EKFBEI?BZ;EKb�^`Z;AeO;¼�V'¼aRTE>Ra\'?UZ;Eh=�AD\»?BFUAD¼ÒVfEW^`RaiD\
a`cgO;\P\;EG¼�bIVfEKÁwEK\.V;^�AD\S?UZ;EGRaF¢=�ADQ�Á;O;?�½W?BRaAD\.½W¼.=�AM^�?GÂ,NMRa\.=�E�?BZ;EGbYÁPFBAW]fR¾VfE*C.AD?UZSZ;RTieZ;¼Tb¥VfR�^U=�FBRaQ�Ó
RT\.½W?BAeFBb�FBEW^�O;¼T?_^*½ \.V�½ FUE�C.AD?UZ
=�AeQSÁ;O;?_½ ?BRaAD\.½W¼T¼ab�EGÆ»Á.EG\.^�RT]MEMÏ»RT\�?BZ.½W?�?UZ;EGbSFUEWËMO;RTFUE�V»bf\.½WQSR�=
QSA»VfEG¼¾^,½W\.VSADÁ;?URTQSR¾^B½ ?URTAe\S?BEW=�Z;\;R¾ËÌOPEW^�ÏD?UZ;EGb�^�Z;ADOP¼�VSC.EjÁP¼�½D=@EWV�?BAWÀ�½ F�VP^,?BZ;EIC.AD?U?BADQùA cÒ?BZ;E
cgO;\;\;EK¼;À*Z;EGFUE*QSAM^�?¢VfEW^�RTiD\¿^7Z¿½�]ME*C.EGEK\YEG¼TRaQSRT\.½W?BEWV�Â Ä,Z;E*\;Ae\;¼TRa\;EW½ F7=�AD\»?BFUAD¼T¼¾½ C;Ra¼TRa?`bh½W\.½ ¼ab;^�R�^
R�^,Á;¼¾½D=�E�VªC.EG\PEW½ ?UZ'?BZPEj¼aRT\;E�½ FGÏP^`Ra\.=�EI\;AD\P¼TRT\PEW½ F*AeÁ;?BRaQSR�^U½ ?BRaAD\�?BE�=�Z;\PR�ËMO;EW^,½W\.Vë?UZ;EhVfEG]MEG¼aADÁfÓ
QSEG\»?,AWc,\PAD\;¼aRT\;EW½WF�Q�A»VfEG¼�^*½WFBEhQ�O.=�ZSQSAeFBEI=@ADQSÁ;OP?�½ ?URTAe\.½ ¼a¼TbSEGÆ»Á.EG\.^�RT]MEI?BZ.½W\'?UZ;EGRTF5¼TRa\;EW½WF
=�ADOP\f?UEGFBÁ.½WFB?_^�Â

HJIw� 	 OYX��a��O��NX x UJ�û� L x S$QTS
Ä,Z;R�^�?BZ;E�^`R�^�=G½W\ÍC.E¨FUEW½DV ½ ?�?�À,A�¼TEG]MEK¼�^�Âáº¢Z.½WÁ;?BEKF�^®HeÏ í Ï��È½W\.V . Á;FBAW]»R�VfEÐ½¨cgO;\.=�?URTAD\¿½ ¼
VfEW^U=�FBRaÁ;?BRaAD\
A c�?UZ;EYQSAD?URT]e½ ?URTAe\
½ \¿VäFUEW^`O;¼a?�^*A c�?BZ;EYÀ�ADFBÅ�Â�º¢Z.½WÁ;?BEGF_^ � ½W\.VL��=�ADQ�Á;¼TEGQXEG\»?
?BZ;R¾^SÀ*RT?BZØVfEG?_½ Ra¼TEWVÈÁ;FUEW^`EK\f?_½ ?BRaAD\.^SAWcX?BZ;EÐ¼TRa\;EW½ Fª½ \.VÍ\PAD\;¼aRT\;EW½WF�=�AD\»?BFUAD¼T¼¾½ C;Ra¼TRa?`bÊ½W\.½ ¼ab;^�R�^
?BEW=�Z;\;R¾ËÌOPEW^,VfEK]MEG¼TAeÁwE�V�RT\�?BZPR�^,?BZPEW^`R¾^�Â

º¢Z.½ Á;?UEGF í ÁPFBEW^�EG\f?_^�½X=�FURT?BR¾=G½ ¼ FUEG]»RTEGÀ A c�?BZPE�¼TRa?BEGF_½ ?UO;FBEIAD\Ð=@AD\»?BFBAe¼T¼¾½ C;Ra¼TRT?�bX?BEW=�Z;\;R¾ËÌOPEW^�Â
º¢AD\»?BFUAD¼T¼¾½ C;Ra¼TRa?`b�QSE�½D^`OPFBEW^2cgAeF�¼TRT\PEW½ FSQ�A»VfEG¼�^�½ \.V¹\;AD\P¼TRT\PEW½ F�QSA»VfEK¼�^S½WFBE�VfR�^U=�O.^B^�EWV¹½ \¿V
=�FBRa?BR¾=�R�^�Q�^�A ch?BZPEGRTF�^�Z;ADFU?�=�AeQSRT\PiM^�Á;FUEW^`EK\f?UEWVÑÂ Ä,Z;R¾^ë=�Z.½WÁ;?BEGF�Á;FBAW]»R�VfEW^�½®QSAD?URT]e½ ?URTAe\ÈcgADF
VfEG]MEG¼aADÁ;Ra\;iSO;\¿½ QXC;RTieO;ADO.^>QSE�½D^`OPFBEW^�AWc5=�Ae\f?UFBAe¼T¼�½WC;RT¼aRT?�bMÏ;cgADFI¼TRa\;EW½WFI½ \.VÐ\;AD\;¼aRT\;E�½ F>QSA»V»EG¼�^@Ï

í �



O.^`Ra\;i5ADÁ;?URTQ�½W¼»=�AD\»?BFUAD¼ ÂyÄ,Z;E�½ RaQ�^ÑA c.?UZ;E¢À,AeFBÅIÁ;O;F_^`O;EWVIRT\h?BZ;R¾^Ñ?BZ;EW^�R�^y½ FUE*VfR¾^B=�O.^U^`EWV>cgO;FB?UZ;EGFKÂ
º¢Z.½ Á;?UEGF � VfEW^B=@FBRTC.EW^.?BZ;E¢Á;FUADÁ.AM^�EWVj¼aRT\;E�½ F =@AD\»?BFBAe¼T¼¾½ C;Ra¼TRT?�b*QSEK?BZ;A»VfAe¼TAeiDbMÂyÄ,Z;E�Á¿½ F�½WQSEG?UFBRúÓ

^B½W?BRTAe\¨A c5?UZ;E�=�Ae\f?UFBAe¼T¼TEKFGÏ À*Z;R�=�ZÐ½ ¼a¼TAWÀ5^j?UZ;EXADÁ;?URTQSR¾^B½ ?URTAe\®Á;FUADC;¼aEGQ�?BA�C.E�cgO;FB\PR�^`ZPEWVäÀ*Ra?BZ
?BZ;E�^�EG?YA cr½ ¼a¼*^`?_½ C;Ra¼TR¾^`RT\Pi¨dMÄ*Ýh=�AD\»?BFUAD¼T¼aEGF�^@Ï¢½ \.V¨?UZ;EScgEW½D^�RTC;Ra¼TRT?�bÐ=�Ae\.^`?UF�½WRT\»?�^�Ï¢À*Z;R¾=�Z�½W¼T¼aA À
?BZ;EYÁPFBADCP¼TEGQ�?UAëC.E�cgAeFBQXO;¼�½W?BEWV�½D^�½S¼aRT\;EW½WF�ÁPFBADieF�½WQ Ü�d�ß�Þ_Ïy½ FBEYÁPFBEW^�EG\f?UEWVÑÂYÄ,ZPE�Á.AM^U^`RaC;¼TE
=�ADQXC;Ra\.½ ?URTAD\¿^8AWc*V»R�^`?UO;FBC¿½ \.=�EXV»EW^B=�FURTÁ;?URTAe\.^�½WFBEYEGÆ»Á;¼¾½ RT\PEWV'½W\.Vä?UZ;E�F_½ \;ieE�AWc�ÁwEKF`cgADFUQ�½ \¿=�E
FBEWËMO;RaFBEGQSEK\f?_^jV»R�^B=@O.^B^�EWVÑÂ Ù�RT\¿½ ¼T¼ab�^`AeQSE'ÁPFBADÁ.EGFU?BRaEW^2AWcI?BZPE®d�ß$cgADFBQXO;¼¾½ ?BRaAD\Ê½ \¿V¹½®C;FBRaE�c
AW]MEGFB]»RTEGÀ¹AWc�?UZ;EIRTQSÁP¼TEGQXEG\»?�½ ?URTAe\X½ FBEhÁ;FBE�^`EG\»?BEWV�Â

Ä,Z;ES\;Ae\;¼TRa\;EW½ F¥=�AD\»?BFUAD¼a¼�½ CPRT¼TRa?�bë?UEW=�Z;\;R�ËMO;EYÀ*Z;R¾=�ZÐZ.½e^jC.EGEG\�V»EG]MEG¼TAeÁ.EWVäR¾^>Á;FBEW^�EG\»?BEWV
RT\
º¢Z.½ ÁP?BEGFk�;Â¢Ä,Z;EI\.½W?BO;FUE�AWc�?UZ;EIR�VfEW½W¼TR¾^`EWVS=@AD\»?BFBAe¼T¼aEGFGÏMRT?_^,Á.½ F_½ QSEK?BFBR¾^B½W?BRTAe\�½ \¿V'½Y?BEW=�Z;\;R¾ËÌO;E
cgADFY¼aRTQSRa?BRT\PiS?BZ;Eª½D=G½WO.^B½W¼*\.½ ?UO;FBE�A c5?UZ;R�^Y=@AD\»?BFBAe¼T¼aEGFh½ FBE�EGÆ»Á;¼¾½ RT\PEWVÑÂ�Ä,Z;E�=�AD\.^�?BF_½ RT\»?�^IRTQ�Ó
Á.AM^`Ra\;iYcgEW½D^�RTC;Ra¼TRT?�b�cgAeF*EW½D=�Z�^`Á.EW=�R¦Õ.EWVS^�?BEGÁ�VfR¾^`?BOPFBC.½W\.=�Eh½ FUE�V»EW^B=�FURTC.EWV�½ \¿Vª?UZ;Eh½ Á;ÁP¼TR�=K½ ?BRaAD\
A cÇ½�^`RTQ�RT¼�½WF�F_½ \;ieESA c5Á.EGF�cgADFUQ�½ \.=@EYFBEWËMO;RTFUEGQSEG\»?�^5½D^I?BZ;AÃ^`EYcgADFh?BZ;EX¼TRa\;EW½ Fh=�Ae\f?UFBAe¼T¼�½WC;RT¼aRT?�b
?BEW=�Z;\;R¾ËÌOPE>½WFBEhVfR�^U=�O.^U^`EWVÑÂ,NÃADQSEIV»EG?�½WRT¼�^¢A cÒ?BZ;E>cgAeFBQXO;¼�½W?BRTAe\S½W\.V�^`Ae¼TO;?URTAD\�AWc�?UZ;EI\;AD\;¼aRT\;E�½ F
Á;FBAeiDF_½ Qù½ FBE5iDRa]MEG\ ÂÒÿ¹^`Á.EW=�R¾½ ¼TR¾^B½W?BRTAe\�AWc ?UZ;R�^�\;Ae\;¼TRa\;EW½ F¢?UEW=�ZP\;R�ËMO;E,?UAI¼TRT\PEW½ F¢QSA»VfEK¼�^�ÏeÀ*Z;R�=�Z
R�^X^`Ae¼T]MEWVÊ½D^X½ \ d�ß�Ï¢R�^XVfEW^U=�FBRaC.EWVÑÂ¹Ù�Ra\.½ ¼a¼Tb�½ÐC;FBRaE�c>AW]MEGFU]fRaEGÀ�A cI?UZ;E'RaQSÁ;¼TEKQ�EG\»?U½ ?URTAD\�R�^
Á;FBE�^`EG\»?BEWV�Â

º¢Z.½ Á;?UEGF �
=�AD\»?�½WRT\.^Y½'Á;OPC;¼TR¾^`Z;EWVÐ¼TRT\PEW½ FhEGÆ;½WQSÁ;¼aE�À*Ra?BZ¨À*Z;R¾=�Z�?UZ;ES¼TRa\;EW½WFY^`AWcg?�À*½ FUE�R�^
]e½ ¼TR¾V;½ ?UEWVÑÏy½�=�ADOPÁ;¼TEYAWc5RT\.VfO¿^`?BFUR�½W¼¢=G½D^�ES^�?BO.V»RTEW^>½W\.V¨½SÀ,EK¼T¼yÁ;O;C;¼aR�^`ZPEWVä\PAD\;¼aRT\;EW½WF>Á;FUADC;¼aEGQ
AD\ÊÀ*Z;R�=�Z¨?BZPEë?UEW=�Z;\;R�ËMO;EW^hVfEG]MEG¼aADÁ.EWV¨RT\�?BZ;R¾^2?UZ;EW^`R¾^Y½ FUE'V»EGQSAD\¿^`?BF_½ ?UEWVÑÂ×NÃADQSE�Á;F_½D=�?UR�=G½W¼
^`Z;AeFB?_=�ADQSRa\;iM^*½WFBEhVfR¾^B=�O.^U^`EWV�Â

Ù�RT\.½W¼T¼ab
?BZ;E�=�Ae\.=�¼TO¿^`RTAe\ Ï,º¢Z.½WÁ;?BEGF . Ï�^`O;Q�Q�½ FUR�^`E�^�Z;AWÀ c�½WFY?BZ;E�?BEW=�Z;\;R¾ËÌO;E�^jV»EG]MEG¼TAeÁ.EWV
RT\Ð?BZ;R¾^�?BZPEW^`R¾^rieA�?BAWÀ*½WF�V;^h½ \.^�À,EGFURT\;i�?BZPEX½ RTQª^�A c�?BZ;EYÀ�ADFBÅ�Ïy^`EG?IAeO;?IRT\¨º¢Z.½WÁ;?BEGF í ÂXÄ,Z;E
=�AD\»?BFURTC;OP?BRTAe\.^�A cè?BZ;R¾^7?UZ;EW^�R�^�½WFBEÇ^`?�½W?BEWVX½ \¿VS^`AeQSE,cgO;FB?UZ;EGF�À�ADFUÅY?BZ.½W?¬Q�RTiDZ»?yCwE5O;\.V»EGFB?_½ ÅMEG\
RT\�?BZPR�^*½ FUEW½YR�^*^`OPiDiDE�^`?BE�VÑÂ
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Ä,Z;R�^X=�Z.½ Á;?UEGF�VfEW^B=@FBRTC.EW^X½®F_½ \;ieE'A chEGÆ»R�^�?BRa\;i
¼TRa\;EW½ F�½ \¿VÈ\;AD\;¼aRT\;E�½ F�=�AD\»?BFUAD¼T¼¾½ C;Ra¼TRa?`b
?UEW=�ZfÓ
\;R�ËMO;EW^@Â�Ä,Z;E�½ RaQÔR�^�?UA®ieRT]ME�½'FUEGÁ;FBE�^`EG\»?�½W?BRTAe\�A cI?UZ;E�½�]e½WRT¼�½WC;¼TE�?BEW=�Z;\;R¾ËÌO;E�^jF�½W?BZ;EKFY?BZ.½W\
½ \¹EGÆ»Z.½WO.^`?URT]ME'FUEG]»RTEGÀ�½W\.VÈ?BZPE
RT\»?BEGFUEW^`?XR�^YÁ;FBRaQ�½ FURT¼ab¨RT\ =�AD\»?BFUAD¼T¼¾½ C;Ra¼TRa?`bÐcgADF�cgO;¼a¼ Ö Ý Ö <
=�AD\»?BFUAD¼a¼TEGF_^�F�½W?BZ;EGFI?UZ.½ \�V»EW=�EG\»?BF_½ ¼TR¾^`EWV�=�AD\»?BFUAD¼a¼TEGF_^�ÂXÙ;O;FB?UZ;EGFhVfR�^U=�O.^U^`RTAe\®AWc5=�Ae\f?UFBAe¼T¼�½WC;RT¼aRT?�b
½ \.½W¼TbP^`R¾^�=G½W\�CwE>cgAeO;\.VëRa\�½2C.AMADÅ�C»b'NMÅMAeiDEW^�?�½DV�½ \.V�ß�AM^�?B¼aEG?BZ»À*½WRT?BE¥ÜBHGJeJ . Þ�Â

Ý \PRT?BR¾½ ¼a¼Tb®cgAeO;F�cgO;\.VP½ QSEG\»?�½W¼*¼TRaQSRT?_½ ?BRaAD\.^�?UZ.½ ?�Á;FBEG]MEK\f?YÁ.EGF�cgEW=�?�=�AD\»?BFUAD¼I½WFBE
V»EW^B=�FURTC.EWV
RT\ ^�EW=�?BRaAD\ í ÂaHDÂ�Ä,Z;E�VfR¾^B=�O.^U^`RaAD\ A cY]e½WFBRTAeO.^S¼TRa\;EW½ Fª=�AD\»?BFUAD¼T¼¾½ C;Ra¼TRa?`b�RT\.VfR¾=G½ ?UADF_^ªR¾^�C;FUADÅMEG\
VfAWÀ*\
½e=G=�ADF_VfRT\PiY?BAY?BZPEW^`EI¼TRaQSRT?_½ ?URTAD\¿^7Ae\'Á.EGF�cgEW=�?*=@AD\»?BFBAe¼�F¢þ")>ß×ýKEGFBAÃ^�Ïf?URTQSEÇVfEG¼¾½Gb;^@ÏfRT\PÁ;O;?
=�AD\¿^`?BF_½ Ra\f?_^¬½W\.VYQSA»VfEG¼;OP\.=�EGFU?�½ Ra\f?�bMÂ ã AD?BZ�þ")>ßäýKEGFBAÃ^¬½W\.VY?BRTQ�E,V»EG¼�½GbP^�½ FUE�\;Ae\fÓ�QSRT\;RaQ�OPQ
Á;Z.½e^`EÊÜ â Ö ß,Þ¥=�Z.½WF�½e=�?BEGFUR�^�?BR�=K^�Â Ä,Z;E
\;Ae\;¼TRa\;EW½WF�=�AD\»?BFUAD¼a¼�½ CPRT¼TRa?�b®QSE�½D^`OPFBEW^S½WFBE
Á;FUEW^`EK\f?UEWV
½D^>½W\.½ ¼abf?UR�=G½W¼ ?BEW=�Z;\;R¾ËÌOPEW^*½ \.V�?BZ;EK\'ADÁP?BRTQ�R�^B½W?BRaAD\�C.½D^�EWV'?BE�=�Z;\PR�ËMO;EW^�Â*d.RT\PEW½ F5ADÁ;?URTQSR¾^B½W?BRTAe\
C.½D^�EWV�=�AD\»?BFUAD¼a¼�½ CPRT¼TRa?�b'?BE�=�Z;\PR�ËMO;EW^I½ FUESRT\.=@¼TO.VfE�V®À*RT?UZ;RT\¨?UZ;E�cgAeO;FY=G½W?BEGieADFURTEW^�AWc5?BZ;E�¼TRa\;EW½WF
=�AD\»?BFUAD¼a¼�½ CPRT¼TRa?�bÈ^�EW=�?URTAD\ À*RT?UZ ½ÊVfR�^U=�O.^U^`RTAe\ÍAWcXiDEG\PEGF�½W¼j¼aRT\;E�½ FSAeÁ;?BRaQ�½ ¼I=@AD\»?BFBAe¼IÁ;FBAeC;¼TEGQª^
iDRa]MEG\SRT\�?BZ;E>\PEGÆf?�=�Z¿½ Á;?UEGFGÂÒÄ,Z;EI^`ZPADFB?Ç=�AeQSRT\;iÃ^�A cÒ?BZ;E>¼aRT\;E�½ F�½ \.VS\;Ae\;¼TRa\;EW½WF,QSEW½e^`O;FUEW^,½WFBE
VfR�^U=�O.^U^`EWV�½ ?*?UZ;EIEG\.VSA cÒEW½e=�ZSFUEW^`Á.EW=@?BRT]MEr^`EW=�?URTAe\ Â�Ù�Ra\.½ ¼a¼TbX?BZ;EIQSAe?BRa]D½W?BRaAD\YcgADF5?BZ;E>À�ADFUÅSRT\
?BZ;R¾^,?BZ;E�^`R�^,R¾^,Á;FBE�^`EG\»?BEWV�Â
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vbI<H �a� Vaz M�� xPV OYM ZÊ� QT� Q^OYMPO�Q UWV S UWV �-UWV O$X UWZTZ M\[]Q Z Q^O _
ÿ8?IÁ;FUEW^`EK\f?h=�Ae\f?UFBAD¼a¼�½WC;RT¼aRT?�b�½ \.½W¼TbP^`R�^>cgA»=�O.^�EW^jAe\¨RT\;ÁPO;?`Ó�ADO;?UÁ;O;?X=�Ae\f?UFBAe¼T¼�½WC;RT¼aRT?�bMÂXÄ,Z;EXQ�½ Ra\
ADC»ÉBEW=@?BRT]ME�^�A c9½j=@AD\»?BFBAe¼�^`bP^`?BEKQ�½ FBE5?BAh?BF_½D=�Å�?BZPE>^�EG?BÁ.ADRa\f?�½W\.V�?BAIFUE�ÉBEW=�?¢V»R�^`?UO;FBC¿½ \.=�E�^�Â¢Ä,Z;E
R�VfE�½ ¼y=�Ae\f?UFBAD¼a¼TEGF�½D=G=@ADQSÁ;¼aR�^�Z;EW^�?BZ;R¾^,Cfb�RT\»]MEGFB?URT\;ih?BZ;EIÁ;FUA»=�EW^B^@Â

Ý \ iDEK\;EGF�½W¼>cgADF�¼TRa\;EW½ Fª=�AD\»?BFUAD¼T¼¾½ C;Ra¼TRa?`bÊ½W\.½ ¼ab;^�R�^S?BZ;E
ÁPFBA»=�EW^U^ëR¾^ªQ�A»VfEG¼T¼aEWVÈ½e^�½×¼TRa\;EW½WF
?BF_½ \.^ cgEGF8cgOP\.=�?BRaAD\�A cÒ?BZPErcgAeFBQ

ú Ü õ ÞEu ÖhÜ õ Þqy Ü õ Þ��ÝÖ o Ü õ Þ'u;Ü õ Þ ´ Ü í ÂaH Þ

À*Z;EGFUE ú ½ FBE¢?UZ;E¢QSEW½D^�O;FBE�V�ADO;?UÁ;O;?_^�Ï%yh½ FBE¢?UZ;E¢Q�½ \;RaÁ;O;¼¾½ ?BE�V�RT\;ÁPO;?�^@Ï	u>½WFBE¢?BZPE,V»R�^`?UO;FBC¿½ \.=�E�^�Ï
ÖÊ½ FUE�?BZ;E¢Á;¼¾½ \»? QSA»VfEG¼�Ï�Ö o ½WFBE¢?BZ;E7VfR�^�?BO;FUC.½ \.=@E¬Q�A»VfEG¼ Ï��,À*RT¼a¼MVfEW^U=�FBRaC.E�?BZ;E¢FUE�cgEGFBEK\.=�EyRT\;Á;OP?�^
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À*Z;EGFUE'­'Q�½Gb�CwEY¼¾½ FUiDEGF>?UZ.½ \ d o ÂIÙ;ADF Ö Ý Ö <�^`bP^`?UEGQ�^,?BZPEYRT\;Á;OP?>Q�½ ie\;RT?UO.VfEh\;EGEWVfE�VëcgADF
Á.EGF`cgEW=@?>FBE�ÉBE�=�?BRaAD\'AWc�?BZ;EYÀ�ADF�^�?IVfR¾^`?BOPFBC.½W\.=�E�Ü�Ì^uPÌ � Ð HWÞ5R�^�ieRT]MEG\�Cfb�Ü£àÐAD¼ ÓØ|�~Ç�D��8¦Ï�HKJDJ í Þ
½D^@Ï

ÌMyßÌ � u Ì9Ö'² ? Ö o Ì � Ü í ÂaHGJÌÞ
À*Z;R�=�Z�R¾^9?UZ;E*¼�½WFBieEW^`?�FUAWÀ�^`O;Q�A c�?BZPE*½ C¿^`AD¼aO;?BE*]e½W¼TO;EW^yA c�?BZ;E�EG¼TEKQSEG\»?�^wAWcOÖ ² ? Ö o Â�Ä,ZPEGFBE�cgAeFBE
½äcgFBE�ËÌO;EK\.=�bÊVfEGÁ.EG\.V»EG\f?XÁ;¼aAD?SAWcY?BZPE'EG¼aEGQSEG\»?�^IA c3Ö ² ? Ö o À*RT¼T¼5Á;FUA ]»R�V»E'RT\¿^`RTieZf?XRT\»?BA�?BZ;E
Á.AM^B^�RTC;Ra¼TRa?`b�AWc�]»RTAe¼�½W?BRT\Pi¨RT\;ÁPO;?S=@AD\.^�?BF�½WRT\»?�^S½W\.V¹À*Z;R�=�Z¹VfR¾^`?UO;FBC.½W\.=�EW^�½ FBE
Q�AM^`?X¼TRaÅMEG¼TbÐ?BA
=G½ O¿^`EY^�O.=�Z'Á;FUADC;¼aEGQ�^�Â�Ä,Z;EX½WCwAW]MEhiDRT]ME�^*=�AD\.^�?BF_½ RT\»?�^*RT\»]MAD¼a]fRa\;i3Ö�½ \¿VEÖ o À*Z;R¾=�Z�QXO.^`?*C.E
^B½W?BR�^ Õ.EWVäcgAeF�Á.EGF�cgEW=�?h=�AD\»?BFUAD¼¢À*RT?UZ®Ra\;Á;O;?¥=�AD\¿^`?BF_½ Ra\f?_^�Ï�^�RTQSRa¼�½WF>=�Ae\.^`?UF�½WRT\»?�^rcgAeFY½e=G=�EGÁ;?_½ C;¼aE
=�AD\»?BFUAD¼5=G½W\�CwEªVfEW^B=@FBRTC.EWV¹Ü�NMÅMADieEW^`?_½DV�½ \.V�ß�AÃ^`?U¼TEG?UZfÀ�½ RT?UEMÏ*HGJeJ . Þ�C;OP?X½ FBE�\;Ae?XVfR�^U=�O.^U^`EWV
Z;EGFUEMÂ

ÿ�\;AD?UZ;EGFSRa\.VfR¾=G½ ?UADF�A ch?BZPE®E�Ó�EW=@?�AWcYRT\PÁ;O;?�=�Ae\.^`?UF�½WRT\»?�^SAD\Ø=�AD\»?BFUAD¼a¼�½ CPRT¼TRa?�bMÏ¬C¿½D^`E�VÎAe\
½D^U^`EW^U^`RT\Pi¨?BZ;E�Q�½ ie\;RT?UO.VfE�A cr?BZ;EÚ=�AD\»?BFUAD¼*RT\PÁ;O;?XFBEWËMO;RTFUEWV¨?BAÐFBE�ÉBE�=�?XVfR�^�?BO;FUC.½ \¿=�EW^�Ï�R�^Y?BZ;E
VfR�^�?BO;FUC.½ \¿=�E5=�AD\¿VfRT?URTAD\X\»O;Q�C.EGF À*ZPR�=�ZYÀ*½D^�Ra\f?UFBA»VfO.=@EWV�CfbYNMÅMAeiDEW^�?�½eV�½W\.V Ö AeF�½WFBRyÜBHKJ , LKCÑÞ�Â

î o ÜqÖIÞWu Ì9Ö ² ? Ù o ÌMgÌ Ù o Ì g � Ü¯ÖIÞ Ü í Â í /ÌÞ

À*Z;EGFUE Ù o R¾^2O.^�EWVÈRT\¿^`?BE�½DVÈA cSÖ o ?BA¨Ra\.VfR¾=G½ ?UE'?BZ¿½ ?SAe\;¼Tb�AD\PEÐVfR�^�?BO;FUC.½ \.=@E
R�^X=�AD\.^�R�VfEKFBEWV
½ ?¥½ª?URTQSEÃÂYÄ,Z;E�VfR¾^`?UO;FBC.½W\.=�E�=�AD\¿VfRT?URTAD\ÐiDRa]MEW^�?UZ;E�F_½ ?URTA'AWc*?UZ;E�Qª½ iD\PRT?BO¿VfEYA c�y®FUEWËMO;RTFUEWV
?BA¨Á.EGF�cgEW=�?U¼Tb�FBE�ÉBE�=�?X½¨VfR¾^`?BOPFBC.½W\.=�E
RT\Ê?BZ;EÐV»RTFBE�=�?BRaAD\ÈAWc Ù o ?UA¨?BZ.½W?SFBE�ËÌO;RaFBEWV�?BA¨FUE�ÉBEW=�?X½
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VfR�^�?BO;FUC.½ \¿=�E�AWc�?UZ;EY^U½ QSE>Qª½ iD\PRT?BO¿VfEMÏfCPO;?�Ra\�?BZ;EtaBC.EW^`? b�V»RTFBE�=�?BRaAD\ Â�Ä,Z;EHaBC.EW^�?�bSVfRaFBEW=@?BRTAe\
R�^I?BZ;E�VfRTFUEW=�?URTAD\Ð?BZ¿½ ?�FUEWËMO;RTFUEW^>?BZ;EX¼TEW½e^`?¥=�AD\»?BFUAD¼�½D=�?URTAe\ Â'Ý£c î o ÜqÖjÞÇR�^>¼�½WFBieESRT?h^`OPiDiDE�^`?�^Y½
¼�½WFBiDEÇRT\.=�FUEW½D^�E>RT\�?BZ;E>Ra\;Á;O;?�Q�½ ie\;RT?UO.VfE5À*Z;R�=�ZXQSRTieZf?�½ iÃ½ Ra\ëFUEWËMO;RTFUE�?UZ;E>]»RTAD¼¾½ ?URTAD\�A cyRT\PÁ;O;?
=�AD\¿^`?BF_½ Ra\f?_^r?UA�Q�½ Ra\f?_½ RT\ÚVfR�^�?BO;FUC.½ \¿=�E�FUE�ÉBEW=�?URTAe\ Â î o Ü¯ÖIÞ5R�^Ç^B=G½W¼TEXVfEGÁ.EG\¿VfEG\»?I½ \.VÐRT?>R¾^�\;AD?
ADC»]fRaADO.^*À*Z.½W?*R�^,QSEW½W\f?�Cfb�?BAMAX¼�½ FUiDEMÂ

<�?UZ;EGF�^�O.=�Z¹=�Ae\f?UFBAD¼a¼�½WC;RT¼aRT?�b®?UEW=�Z;\;R�ËMO;EW^@Ï¬R�Â EMÂaÏ¬?UZ;E
FBEK¼�½ ?URT]ME�V»R�^`?UO;FBC¿½ \.=�E
iÃ½ Ra\ Ü þ5éPÁIÞ�Ï
?BZ;EÇ=�¼aAM^`E�VÌÓ ¼aAMADÁ�VfR¾^`?BOPFBC.½W\.=�E5iM½ Ra\
Ü`º*d�éBÁjÞ_ÏfEG?_=DÏDcgADF�½D^B^�EW^B^�RT\;ih?BZ;Er½D=�Z;RTEG]e½WC;¼TE5VfR¾^`?UO;FBC.½W\.=�E
FBE�ÉBE�=�?BRaAD\¹Á.EGF`cgAeFBQ�½W\.=�E
À*Ra?BZ RT\;Á;OP?�=�AD\¿^`?BF_½ Ra\f?_^'½ FUE¨V»R�^B=@O.^B^�EWVÎRa\ NMÅMADieEW^`?_½DV ½W\.V¹à®Ae¼ Ó
ÜBHKJDJ . Þ�Â

¦ 0 ¦ 0ðï ªñ&*òÇ4óéJôû6è² 49-Ö#P)�!B6�#D:
Ö A»VfEG¼�O;\.=�EGFU?�½WRT\»?`b�Á;FBEK]MEG\f?_^>?BZ;E�½D=G=@O;F�½W?BESRa\f]MEGF_^`RaAD\ÐA c5?BZPESÁ;¼�½W\f?KÂ�Ý ?�FBE�ËÌO;RaFBEW^>?UZ;ES=@AD\fÓ
?BFUAD¼T¼aEGF,C.E¥VfEG?BOP\;EWV�½ \.V�Á.EGF`cgAeFBQ�½W\.=�E>C.Eh^B½e=�FBR¦Õ�=�EWVÑÂ

Ö EW½D^�O;FBEW^*A c�?UZ;E�E�Ó�EW=@?*A c�QSA»VfEG¼ OP\.=�EGFU?�½ Ra\f?�bXAD\Ð=�Ae\f?UFBAe¼T¼�½WC;RT¼aRT?�b�Ü Vfb»\.½ Q�R�=�FUEW^`Ra¼TRTEK\.=�EDÞ
½ FUEXVfR�^U=�O.^B^�EWV
½ ?I¼aEG\;iD?UZ
RT\Ú½ªÁ¿½ Á.EGF>C»b®NMÅMAeiDEW^�?�½eV®½W\.V Ö ADF_½ FBR�ÜBHGJ , L�½ÌÞ�ÂXÄ,Z;EX^�?BFUO.=�?BOPFBEWV
^`Ra\;iDO;¼¾½ F5]e½ ¼TOPEPõÒÜ â Þ�À*½e^*=�AD\¿^`R�V»EGFBEWVS?UZ;EICwE�^`?5QSEW½D^�O;FBE F

FBAeC;O.^�?>^�?�½ CPRT¼TRa?�b�RÔÓaõ�Ü â Þ Ð H�ëtdIÏ
À*Z;EGFUE Ö R�^,?BZPEjRa\f?UEGF�=@AD\;\;E�=�?BRaAD\SQ�½W?BFURTÆ�VfEW^B=@FBRTCPRT\;iY?UZ;EI\;ADQSRa\.½ ¼ ?UF�½W\.^ cgEGF,cgOP\.=�?BRaAD\.^,cgFBAeQ
?BZ;EYAeO;?BÁPO;?>A c�?UZ;E�Á.EGFU?BO;FUC.½ ?URTAD\¿^r?UAS?BZPEGRTF5RT\;ÁPO;?�^,cgADF>?UZ;E âGö Ó�^�?BFUO.=�?BOPFBE�O¿^`EWVëcgAeF>FBAeC;O.^`?
^`?_½ C;Ra¼TRT?�bh½ \¿½ ¼TbP^`R¾^�Â�)�AWÀ�EG]MEGFÒ½ ?�?UZ;E�?URTQSE¢Ra?�À*½e^¬=@AD\.=�¼aO.VfEWV�?UZ.½ ?�^�RT\.=�E*Ra?�FBE�ËÌO;RaFBEWVh½I=�AD\»?BFUAD¼
^`bP^`?UEGQ�?UAYZ.½G]MEI½ ¼aFBEW½eVfbSC.EGEG\ªVfEW^`RaiD\;E�VªRa?,À�½D^,O;\.^�O;RT?_½ C;¼aE>cgADFna�^U=�FBEKEG\;RT\Pi�Á;O;FUÁ.AM^`E�^�½W?*?BZ;E
VfEW^�RTiD\Û^`?�½WiDE�b»ÂD)5A À�EG]MEGF"õwÓ ^`b»\f?UZ;EW^�R�^jR¾^>\;AD?¥VfEGÁ.EG\.VfEK\f?IAD\�?BZ;E�^`EG¼aEW=�?URTAD\
AWcÇ½'=�Ae\f?UFBAe¼T¼TEKF
VfEW^�RTiD\�^`Ra\.=�E�RT?¢^�EW½ F_=�Z;E�^ÒcgAeF�?BZPE�AeÁ;?BRaQ�½ ¼P=�AD\»?BFUAD¼a¼TEGFy?BZ.½W?¢QSRT\;RaQ�R¾^`EW^Ñ?UZ;R�^|õwÓ =�AD\.V»RT?BRaAD\ Â¢Ä,ZPR�^õwÓ�ADÁ;?URTQ�½W¼y=�AD\»?BFUAD¼ Á;FUADC;¼aEGQ�=G½W\;\;Ae?�C.EYV»RTFBE�=�?B¼abS^�AD¼T]ME�VÑÏfZ;AWÀ�EG]MEGF*½YÁ.ADÁ;OP¼�½ FÇ?BEW=�Z;\;R¾ËÌO;E5cgADF
?�½e=�Å»¼TRa\;i,?UZ;R�^ÑÁ;FUADC;¼aEGQ R�^ åSá Ó Ra?BEGF_½ ?BRaAD\IÀ*Z;R¾=�ZIR�^�VfEW^U=�FBRaCwE�V�RT\YNMÅMAeiDEW^�?�½DVh½ \.VIß�AÃ^`?U¼TEG?UZfÀ�½ RT?UE
ÜBHKJDJ . Þ�Â

Ù¿AeF*RT\.V»EGÁ.EG\.VfEG\»?,OP\.=�EGFU?�½ Ra\f?�bXRT\S?UZ;EIEG¼TEKQSEG\»?�^�AWc�?UZ;EIÁ;¼�½W\f?_^,?BF�½W\.^ cgEKF,cgO;\.=�?URTAD\�Q�½W?BFURTÆ
?BZ;E5RT\»?BEKF�=�Ae\;\;EW=�?URTAe\YQ�½ ?UFBRTÆ Ö =G½W\SC.E�FUEGÀ*FBRa?B?UEG\S½e^�°��YÜ'�©� mÖP�hÞ ² ? È uï° mÖ ² ? mû È ÏÌÀ*ZPEGFBE
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mÖ¹½W\.V mû�½WFBE*O.^�EWVj?UAIVfEG\;Ae?BE*?UZ;E,\;AeQSRT\¿½ ¼MÁ;¼¾½ \»?�½W\.V�=@ADQSÁ;¼aEGQXEG\f?_½ FUb5^`EG\.^�RT?URT]»RT?�b�cgO;\.=@?BRTAe\.^
FBEW^�Á.EW=�?BRa]MEG¼Tb�Ü£\;Ae?BE�?BZ¿½ ?Yb�u÷)5F�Þ�Ï¢½W\.VÈd¹½W\.V�ê ½ FBE�À�EGRTieZf?URT\;i�cgO;\.=�?URTAD\¿^�Â
Ý \�?BZ;R¾^�=G½e^`E
O;Á;Á.EGFhCwAeO;\.V;^>cgADF mûÔ=K½ \ÐCwEªVfEG]»R�^`E�VëcgADF�OP\.=�ADFUFBEG¼¾½ ?UEWV'EG¼TEKQSEG\»?*O;\.=�EGFU?�½WRT\»?`b�Ü`NMÅMAeiDEW^�?�½eV
½ \.V Ö ADF_½ FBR�Ï HGJ , LW½MÞ

Öéü mÖÑu È ö ° � ö uGu « ¡-Ù Ü ö � � Þ � � Ü ö � � Þ±l H ´
À*RT?UZë?UZ;EI\;ADQ�RT\.½W¼ÑFBE�^`Á.AD\.^�EYVfE�=�ADO;ÁP¼TEWVSÀ*RT?UZ�R�VfEG\»?BR¾=G½ ¼.FUEW^`Á.AD\¿^`EW^>^�O.=�Zë?UZ.½ ? mû]u m�³�PÏfR�Â EMÂaÏ

FBADCPO.^`?Ç^`?_½ C;Ra¼TRT?�bXR ÓNÌ m�åÌ�l HõÒÜ¯° mÖ ² ? È Þ ë d ´ Ü í Â í H Þ

NMRT\¿=�Enûø���YRTQ�Á;¼TRaEW^�ÁwEKF`cgEW=�?5=@AD\»?BFBAe¼ ?BZ;R¾^8ÁPFBAW]fR¾VfEW^*½Y¼TRaQSRT?¢AD\�?BZ;E¥½D=�Z;RTEK]D½WC;¼TEr=�AD\»?BFUAD¼ cgADF
O;\.=�AeFBFUEG¼�½W?BEWV'EG¼aEGQSEG\»?,OP\.=�EGFU?�½ Ra\f?�b�C.½e^`EWV
AD\;¼ab'Ae\®Á;¼¾½ \»?>RT\»cgADFBQª½ ?BRaAD\Ð½W\.Vä?UZ;EYÀ,EKRTiDZ»?�^'°
½ \.V È Â

Ý \XàÐAD¼ ÓÊ|�~7�D��ÜBHKJDJ í Þ¢?BZ;EÇ=�Ae\.VfRT?URTAe\�\»O;QXCwEKF î Ü¯ÖIÞ7½ \.V�?UZ;E5FBEG¼¾½ ?BRa]ME,iÃ½ RT\ª½ FBF_½Gb'Ü�þ*Á>ÿIÞ
½ FUEYÁ;FBEW^�EG\»?BEWV
½e^rO¿^`E�cgO;¼ÒQSEW½D^�O;FBE�^8À*Ra?BZ
FBE�^`Á.EW=�?>?UA�EG¼TEGQ�EG\f?�O;\.=�EKFB?�½WRT\»?�bMÏwCPO;?>AD\P¼Tb'R¦c�?BZ;E
FBEG¼¾½ ?URT]ME5EGFBFUADF�^,AWc¢?BZPE>?BF_½ \.^ cgEGF*Q�½ ?UFBRaÆ�EG¼aEGQSEG\M?_^¢½ FBEIRa\.VfEGÁ.EG\.V»EG\f?KÂ¬NMÅMAeiDEW^�?�½eVë½W\.V Ö AeF�½WFBR
ÜBHKJ , L�½ÌÞÒiDA>cgO;FB?UZ;EGF�?UAI^`ZPA ÀÊ?BZ.½W?�?BZPE*O.^`E�cgOP¼T\;EW^U^�A c�?UZ;E5þ*ÁÇÿ¹½ \.V�?UZ;E5=�AD\¿VfRT?URTAD\Y\»O;QXC.EGF RT\
½D^U^`EW^U^`RT\PiS?BZ;EhRTQSÁ¿½D=�?�A c�O;\.=�EKFB?�½WRT\»?BRaEW^¬R¾^8¼aRTQSRa?BEWVY\;AD?ÇAD\;¼abS?BASEK¼TEGQSEK\f?¢O;\.=@EGFB?_½ RT\»?BRaEW^¬?UZ.½ ?
½ FUEjRa\.VfEGÁ.EG\¿VfEG\»?GÏfCPO;?>½W¼�^�A�?UAY?BZ;AÃ^`E�À*Ra?BZ�^`RaQSRT¼¾½ F¢FBEK¼�½ ?URT]ME5Q�½ ie\;RT?UO.VfEIC.ADO;\¿V;^�Â

Ä,Z;Ehþ*Á>ÿ R¾^*^B=G½W¼TE>Ra\.VfEGÁ.EG\.V»EG\f?5½W\.VSO.^`E@cgO;¼y½D^5½�QSEW½e^`O;FUE>A cÒ?BZ;EIE�Ó�EW=@?*A cÒO;\.=�EGFU?�½WRT\»?`b
AD\�=�AD\»?BFUAD¼a¼�½ CPRT¼TRa?�bMÏ;C.EW=G½ O¿^`EYRT?_^�EG\»?BFURTEW^@ÏwR�Â EMÂaÏ ?BZPEjFUEG¼�½W?BRa]MEjiÃ½ Ra\.^Vª
� � ÏÑÁ;FUAW]fR¾VfEX½ \
Ra\.VfR�=K½ ?BRaAD\
A c¢ZPA ÀØ^`EK\.^`Ra?BRT]MEÇ?BZ;EIÁ;¼¾½ \»?*R�^,?BAXO;\.=@EGFB?_½ RT\»?�bYRT\�½ \�EG¼TEKQSEG\»?GÂ

ª � � u Ù � � Ü õ Þ^ù¾Ö ² ? Ü õ ÞFú � � Ü í Â íDí Þ

Ý£c;?UZ;E�EG¼aEGQSEG\»? Ù � � Ü ¬ drÞ.À�EGFBE�?UA�]e½WFBb>C»bVühH ê ª � � Ü ¬ d>Þ�ÏWR Â EMÂTÏ�mÙ � � Ü ¬ d>Þ©u Ù � � Ü ¬ drÞ_ÜBH%üYH ê ª � � Ü ¬ drÞUÞ�Ï
?BZ;EK\ ÖhÜ ¬ d>Þ.À,AeO;¼�V>C.EW=�AeQSEÒ^`RT\PiDO;¼¾½ FGÏW?BZPEGFBE�cgAeFBE�¼¾½ FUiDE�þ*ÁÇÿ8Ó EK¼TEGQSEK\f?_^fRTQSÁP¼Tb,?UZ.½ ?y?BZPE�ÖhÜ ¬ drÞ
Q�½GbICwE�=�ADQSE�^�RT\;ieO;¼�½WF7cgAeF¢^`Qª½ ¼T¼»FBEK¼�½ ?URT]ME¢Á.EGFB?UO;FBC¿½ ?BRaAD\.^�Ra\X=�EGFB?_½ Ra\�EG¼aEGQSEG\»?�^.A c ?UZ;E*?BF_½ \.^ cgEGF
cgO;\.=�?URTAe\ëQª½ ?BFURTÆ�Â

Ä,Z;EY=�Ae\.VfRa?BRTAe\�\fO;QXC.EGF¢R�^*VfE�^B=�FURTC.EWVSCfbªß�EGFBÅ»RT\¿^,½ \¿VëàÐAD\;i�ÜBHKJ , �MÞ5½D^@Ï

j�Ü¯ÖIÞ©uýÌ9ÖSÌ ´ Ì9Ö'² ? Ì � Ü í Â í-� Þ
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À*Z;EGFUELÌ9ÖSÌIR�^5½ \»bëQª½ ?BFURTÆS\PADFBQÚÂejÑÜ¯ÖIÞ*ieRT]MEW^*½W\
O;Á;Á.EGF>C.AeO;\.V'AD\
?UZ;E�F_½ ?URTASC.EG?�À,EKEG\�?BZ;E
FBEG¼¾½ ?URT]ME>EGFUFBAeF*RT\�O�½ \.V�?BZ;EIFBEK¼�½ ?URT]ME5EGFBFUADF5RT\DÁhÂ

Ì Å yßÌ
ÌMyßÌ Ð jÑÜ¯ÖIÞ ´

Ì Å ÖSÌ
Ì9ÖSÌ Ü í Â í �fÞ

Ä9A
FUEGQSAW]ME�?UZ;ESE�Ó�EW=@?jAWcÇ^B=G½W¼TRa\;i;Ï�cgFUADQ�?BZPE�=�ADQ�Á.½ FUR�^`Ae\®AWc>Å'cgAeFXVfR Ó�EGFUEG\»?�V»EW^`RaiD\.^@Ï�?BZPEGb
^`O;ieiDEW^�?�AeÁ;?BRaQ�½ ¼a¼TbX^U=G½ ¼aRT\;iXÅ

j À � � Ü¯ÖIÞ©u QSRa\û|ü
¢ û{ý jÑÜ å h Ö å7þ Þ � Ü í Â í �ÌÞ

Ï À*Z;EKFBE å h ½ \¿V å7þ ½ FUE�VfR�½WiDAe\.½ ¼hQ�½ ?UFBR�=@EW^2À*Ra?BZ FUEW½ ¼�Ï�Á.AM^�RT?URT]MEÐEG\f?UFBRaEW^�Â�Ä,Z;R¾^'^B=K½ ¼TRa\;i
Á;FBAeC;¼TEKQáZ.½D^*C.EGEG\�^`Ae¼T]MEWVSC»b ã ½ OPEGFIÜBHKJ .-� Þ,cgADF5C.AD?UZ'?BZPEjRa\.VfO.=@EWV
H�Ó�\;ADFUQ�ÜMaBQ�½WÆS=@AD¼TOPQS\
^`O;Q bÌÞ�½ \¿Vë?BZPEjRa\.VfO.=@EWVXÎ¨Ó�\;ADFUQ�ÜMaBQ�½WÆS=@AD¼TOPQS\�^`OPQHbÌÞ_Â

Ù¿AeF�?BZPE,RT\¿VfO.=�EWV í Ó \;AeFBQ�?UZ;E*=�Ae\.VfRa?BRTAe\�\»O;QXCwEKFÑC.EW=�AeQSEW^Ñ?BZPE*F�½ ?URTA5C.EG?�À,EGEG\h?BZ;E�¼�½WFBiDE�^`?
^`Ra\;iDO;¼¾½ F5]e½ ¼TOPE � Ü¯ÖIÞ�½ \.V�?BZ;Eh^`Qª½ ¼T¼aEW^`?�^�RT\;ieO;¼�½WF�]e½ ¼aO;E � ÜqÖjÞ_Ï

î ÜqÖjÞ©u � Ü¯ÖIÞ� Ü¯ÖIÞ ´ Ü í Â í-. Þ

Ù;ADF*?BZPR�^5=G½D^�Ej?UZ;EIQSRT\PRTQXR�^`E�VY=�AD\.V»RT?BRaAD\�\»O;Q�C.EGF î Ü¯ÖIÞ Å R�^,ieRT]MEG\�C»b
î Å Ü¯ÖIÞWu QSRa\ûóü�¢ û ý î Ü å h Ö å7þ Þ Ü í Â í LDÞ

½ \.V¨?UZ;ESQSRa\;RTQSRa^�EWV
½ C.^�AD¼aO;?BE�=@AD\.VfRa?BRaAD\¨\»O;QXCwEKFjR¾^�VfE�^B=�FURTC.EWV®Ra\ÈNMÅMADieEW^`?_½DV�½ \¿V Ö AeF�½WFBR
ÜBHKJ , L�½ÌÞ5½e^�F î Åë Ü¯ÖIÞWu QSRa\û ü ¢ û ý � Ü � å h Ö å þ � Þ� Ü å h Ö å7þ Þ Ü í Â í-, Þ
ÿ ¼�½ FUiDEh=�Ae\.VfRT?URTAe\ë\»O;QXC.EGF,RaQSÁ;¼TRaEW^�½W\'RT¼a¼úÓ =�AD\¿VfRT?URTAD\PEWV�Á;¼¾½ \»?GÂ

Ä,Z;E�QSRa\;RTQXR�^�EWVY½ C¿^`AD¼aO;?BE¥=�AD\¿VfRT?URTAD\�\fOPQ�C.EGF�=G½W\'C.E�O.^�EWVS?BAXiDRa]ME�½W\'O;ÁPÁwEKF�C.ADOP\.VëAe\
?BZ;E¥VfR�½WiDAe\.½ ¼yEG¼TEKQSEG\»?�^¬AWc mû Ü¯uÇVfR�½Wi;Ü m� �gÞBÞ_ÏÑ½e^B^`OPQSRT\;iY?UZ;E�\PADQSRa\.½ ¼ FUEW^`Á.AD\¿^`E�R¾^�V»EW=�ADOPÁ;¼TEWV�Ï
Ü`NMÅMAeiDEW^�?�½eV'½ \¿V Ö ADF_½ FUR Ï HGJ , L�½ÌÞ�Â

Ù � � u mÙ � � ÜBH��o��� �sö � � Þ � Ì ö � � Ì>l H � � À ë¯ì u¹Q�½WÆ%� � �M� � Â
þ8AeC;O.^�?>^�?�½ CPRT¼TRa?�b�R¦c

Ì m� �YÌ�l H� À ë¯ì î Åë Ü mÖhÞ ëtdnë «�´ Ü í Â í JÌÞ
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Ý ?�=G½ \ C.EÐ^`Z;AWÀ*\ ?UZ.½ ?ÐÜ í Â í JÌÞXR�^�=�AD\.^�EGFB]e½W?BRT]ME
À*ZPEG\¹?BZ;E
FUEG¼�½W?BRa]ME'O;\.=@EGFB?_½ RT\»?BRaEW^YAD\ ?BZ;E
EG¼TEKQSEG\»?�^c��� � ½ FUEXVfR Ó�EGFUEG\»?GÂYNMÅMADieEW^`?_½DVÐ½ \.V Ö ADF_½ FBR7^`?�½W?BEY?UZ.½ ?I?BZPR�^�C.ADOP\.V®R�^5?BRTieZf?UEW^`?5cgADF
½ í Æ í Á;¼¾½ \»?jÀ*Ra?BZÐEWËMO.½ ¼���� � Ü m� u m���ÿë « Þ�Â¥Ä,Z;EGb
?BZPEG\®ieA'Ae\®?UA
^B½Gb
?UZ.½ ?I?BZPESþ*ÁÇÿ�iDRT]ME�^
½ \ÊO;Á;Á.EGFYC.ADO;\¿V×AD\Ê?BZ;E�½WC.^`Ae¼TO;?UEëQ�RT\;RaQ�R¾^`EWV
=�Ae\.VfRa?BRTAe\�\fO;QXC.EGFh½ \.V�Ï,RT\®c�½e=�?GÏ¢?BZ¿½ ?YcgADF
FBEW½W¼�Q�½W?BFBR¾=�EW^5½ \.V
Z;RaiDZ�=�AD\.V»RT?BRaAD\Ð\fOPQ�C.EGF_^8?UZ;EY]e½ ¼TOPE�AWcVÌ9¹�Ö>}SÌ9?I½ ÁPÁ;FBAÃ½D=�Z;EW^ î Åë Â�Ä,ZPR�^
^`O;ieiDEW^�?�^�?UZ.½ ?KÏ�cgADFYiDO¿½ F�½W\f?UEGEWV®FUADC;O¿^`?X^`?_½ C;Ra¼TRa?`bÃÏ9Ra¼T¼¦Ó�=�Ae\.VfRa?BRTAe\;EWV
Á;¼�½W\f?_^jÀ*Ra?BZÐ¼�½ FUiDE�þ*ÁÇÿ
^`Z;AeO;¼�V¨C.E�½G]MADR�V»EWV¨^`Ra\.=�ESEK]MEG\¨À*Z;EG\�?UZ;ESFBEK¼�½ ?URT]MEXQSA»VfEG¼�O;\.=�EKFB?�½WRT\»?�b?� À ëqì R�^Y^�Q�½ ¼a¼¢?BZ;E
Á.EGF`cgAeFBQ�½W\.=�E>Ra\ë?UEGFBQª^¬A c � m� � À�ADO;¼¾VëC.EI]MEGFBbX¼TRaQSRT?UEWVÑÂ

NMÅMADieEW^`?_½DVX½ \.V Ö ADF_½ FBRèÜBHGJ , L�½ÌÞ¢=@AD\.=�¼aO.VfE*?UZ.½ ?�?UZ;E*QSRa\;RTQSRa^�EWV>½ \¿V�½WC.^`Ae¼TO;?UE�QSRa\;RTQXR�^�EWV
=�AD\¿VfRT?URTAD\�\fO;QXC.EGF�^Ò½ FBE5AD\P¼TbXFBEG¼aR�½ CP¼TE*RT\¿VfR�=G½W?BAeF�^�A cy?UZ;E>^�EG\.^�RT?BRa]fRa?�b�?BAhEG¼TEKQSEG\»? O;\.=�EGFU?�½WRT\»?`b
RúcP?BZ;E�O;\.=�EKFB?�½WRT\»?�b�R¾^9Ra\.VfEGÁ.EG\.V»EG\f?y½W\.Vj\PADFBQXÓ C.ADOP\.VfEWVÑÏeÀ*RT?BZh^�RTQSRa¼�½ F�FBEG¼¾½ ?URT]ME�EGFUFBAeF�C.ADOP\.V;^�Â

NMÅMADieEW^`?_½DV�½ \.Vm)>½G]fFUE'ÜUHGJDJ . ÞhVfF_½GÀ�=�AD\.=@¼TO.^�RTAD\¿^jAD\�À*Z.½ ?Y?UZ;E�Ra\;Á;O;?hQSRT\PRTQXR�^`E�Vë=@AD\fÓ
VfRT?URTAe\×\»O;QXC.EGFGÏÒ=�AD\.V»RT?BRaAD\�\»O;Q�C.EGFh½W\.VÈþ*ÁÇÿ�RaQSÁ;¼TbÐ½WC.ADO;?XFBAeC;O.^`?XÁ.EGF`cgAeFBQ�½W\.=�ESRa\�?BZ;E
Á;FBE�^`EG\.=@E>A c¢Ra\;Á;O;?*OP\.=�EGFU?�½ Ra\f?�bMÂÒÝ \;Á;O;?*O;\¿=�EGFB?_½ Ra\f?�bXR�^*VfEW^U=�FBRaC.EWV�C»b

ÖÑu mÖhÜ��k� È�þ Þ Ü í Â � /ÌÞ
À*Z;EGFUE
Rúc Ècþ u u « ¡-Ù ��� ? � � g �9´¶´µ´¶´�� À,E
Z.½G]ME
V»R�½ ieAD\.½W¼IRT\;Á;OP?SO;\.=�EKFB?�½WRT\»?�bMÏ,À*Z;Ra¼TE
Rúcj½ ¼T¼Ç?BZ;E
EG¼TEKQSEG\»?�^¬AWc Ècþ ½ FUE�\;Ae\;ýGEGFUAS?BZPEG\
À,EhZ.½G]MEjcgO;¼a¼�C;¼aA»=�Å�Ra\;Á;O;?5O;\.=�EKFB?�½WRT\»?�bMÂ>NMÅMADieEW^`?_½DV
½ \¿V)>½G]fFUE'ÜUHGJeJ . ÞhQ�½WÅMEY?BZ;ESÁ.AeRT\»?�?BZ¿½ ?LaXV»R�½ ieAD\.½W¼*RT\;ÁPO;?�O;\¿=�EGFB?_½ Ra\f?�b'R¾^S�D��6Ò�M����Á;FUEW^`EG\»?IRT\
FBEW½W¼y^`bP^`?UEGQ�^�b»Â�Ý \�?BZ;R¾^*=G½D^�E�?UZ;EIQSRT\;RaQ�R¾^`EWVY=@AD\.VfRa?BRaAD\�\fOPQ�C.EGF¢R�^*iDRa]MEG\SC»b

î Åþ Ü¯ÖIÞWu QSRa\û{ý î Ü¯Ö å þ Þ Ü í Â � H Þ
Ä,Z;EGb�^�O;QSQ�½WFBR¾^`E>?UZ.½ ?5RúcÒ?BZ;Eh=�Ae\.VfRa?BRTAe\�\fO;QXC.EGF î ÜqÖjÞ�R�^5^`Qª½ ¼T¼�RT?5^�O;iDieEW^`?_^�FBAeC;O.^`?5Á.EGF`cgAeF`Ó
Q�½ \¿=�E�?UA�C.AD?UZ�VfR�½WiDAD\¿½ ¼y½ \¿V�cgOP¼T¼.RT\;ÁPO;?,O;\¿=�EGFB?_½ Ra\f?�bMÂÒÿÍ^�Q�½ ¼a¼wQ�RT\;RaQ�R¾^`EWVh=�AD\.V»RT?BRaAD\S\»O;Q�Ó
C.EGF î Åþ ÜqÖjÞ�AD\;¼abëRa\.VfR¾=G½ ?UEW^8FUADC;O¿^`?>Á.EGF�cgADFBQª½ \.=�EI?UA�VfR�½WiDAe\.½ ¼�Ra\;Á;O;?5O;\.=@EGFB?_½ RT\»?�bMÂ*Ù�Ra\.½ ¼a¼Tb�½
Á;¼�½W\f?*À*ZPR�=�ZëieRT]MEW^¢¼�½WFBiDEhþ*ÁÇÿ EG¼TEKQSEG\»?�^�À*Ra¼T¼ C.E>cgO;\.V;½WQSEG\»?�½ ¼a¼TbXVfR¦å�=@O;¼T?�?BA�=�AD\»?BFUAD¼ Â

¦ 0 ¦ 0�� 1Ð-�!F#Ö!'² !'(w+ &	��
J!B654�)�-�1�&*6�#f-�&�é'é`)���!'é'!F#M: � 65)�é :"(Ö!'(
��4|²Ñ3>6"!��*«54|(
ÿ�¼T¼¢?UZ;E�Á.½ Á.EGF_^YVfR�^U=�O.^B^�EWV�^`A'c�½WFYFBEG¼ab®Z;E�½�]»RT¼ab
AD\�¼TRa\;EW½WF�QSA»VfEK¼�^�ÂÚÿ�¼T?UZ;ADO;ieZ�?BZ;R¾^�Á;FBAeC.½�Ó
C;¼Tb
À*Ra¼T¼�\PAD?�Qª½ ?B?UEGF�cgAeFY^`bP^`?UEGQ�^�AeÁ.EGF�½W?BRT\Pi'À*RT?UZ;RT\ÐAD\PESADÁ.EGF_½ ?BRa\;i'FUEGiDRaAD\ ÏyRúc�?BZ;E�^`bP^`?UEGQ
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QSAW]MEW^ÑcgFBADQ�AD\PE�FUEGiDRaAD\S?UA�½W\;AD?UZ;EGF�?BZ;EG\�?BZ;E5¼TRa\;EW½ FUR�^�EWV�QSA»VfEG¼PQ�½Gb�\;Ah¼TAD\PiDEGF¢C.EI^`OPRT?�½WC;¼TEÃÂ
ÿ�¼�^�A�Q�½ \»b�A c*?UZ;EX?BEW=�Z;\;R¾ËÌO;E�^�Ï ^�O.=�ZÐ½e^j?UZ;EYQSRT\PRTQYO;Qá?URTQSE¥VfEG¼¾½�b�?BEW=�Z;\;R¾ËÌOPEW^�Ï.?BZ;EXRT\PÁ;O;?
Q�½ ie\;RT?UO.VfEnÌMyßÌ � FBE�ËÌO;RaFBEWVjcgAeF¢ÁwEKF`cgEW=�?7VfR�^�?BO;FUC.½ \.=@E�FUE�ÉBEW=�?URTAD\èÏ ?UZ;E>=@AD\.VfRa?BRaAD\Y\»O;Q�C.EGF{jÑÜqÖjÞ
½ \.VS?UZ;EIþ*ÁÇÿ�Ï;½e^B^�O;QSEI^UËÌO.½WFBE>ÁP¼�½ \»?�^*ÁhÜ�^�Þ�Ï»Z;AWÀ,EG]MEKF,RT?�R�^¢\;AD?*FUEW½ ¼aR�^`?UR�=*?BAYC.EG¼aRTEG]ME*?UZ.½ ?5½W¼T¼
=�AD\»?BFUAD¼y^�b;^�?BEGQ�^¢Z.½G]MEI?BZ;Eh^B½WQSE>\»O;QXCwEKF¬AWc¢RT\PÁ;O;?�^*½e^8AeO;?BÁPO;?�^@Â

Ä,Z;E>½W\.½ ¼ab;^�R�^�Á;FUEW^`EG\»?BE�V�Cfbh?BZ;EW^�E*Á.½ Á.EGF_^¬?_½ ÅMEW^�ÁP¼�½D=@E*RT\X?BZ;E,cgFUEWËÌOPEG\.=�b¥VfADQ�½WRT\ ÏWC;O;?�½W¼T¼
?BZ;EhÁ.EGF`cgAeFBQ�½W\.=�EIFBEWËMO;RaFBEGQSEK\f?_^¬½W\.V'?BZPEY^`EK?�AWc*V»R�^`?UO;FBC¿½ \.=�E�^�½WFBE�?�b»Á;R�=K½ ¼T¼abSV»E�Õ.\;EWV�RT\�?BZ;E
?BRaQSE>V»ADQ�½WRT\�½ \.V�Ï;AD\'?UZ;EIÀ*Z;AD¼aEMÏ.½ FUEIRTQSÁ.AM^U^`RaC;¼TE>?UAYFBEGÁPFBEW^�EG\f?*ÁPFBEW=�R¾^`EG¼abYRT\�?BZPErcgFUEWËMO;EG\.=�b
VfADQª½ RT\èÂÍÄ,ZPEGFBE�cgAeFBE�?BZ;EÚ½ \.½W¼TbP^`R�^XA ch=�Ae\f?UFBAe¼T¼�½WC;RT¼aRT?�bÐRT\¹?BZPEëcgFBE�ËÌO;EK\.=�b�VfAeQ�½ Ra\�Á;FBEW^�EG\»?�^
^`AeQSE>Á;FUADC;¼aEGQ�^�Â

Ä,Z;EGFBEÐR�^�½W¼�^`AÊ?BZ;EÐÁ;FUADC;¼aEGQ AWcXFBEG¼¾½ ?BRa\;i�?BZ;E�^`EÐ?BZ;EGAeFBRaEW^�?BAÊ?BZ;EÐÁ;Z»b;^�R�=G½W¼I^`bP^`?UEGQ
Ï5^`A
?BZ.½W?>=@AD\.=�¼aO.^`RaAD\.^,Q�RTiDZ»?,C.EhVfF_½�À*\Ú½ C.ADOP?>^�O;RT?_½ C;¼aE�V»EW^`RaiD\�=�Z¿½ \;ieEW^8?UAYAW]MEGF�=�AeQSE5Á;FBAeC;¼TEGQª^
FBEG]ME�½ ¼TE�V®Cfb�?BZ;EÚ½ \.½W¼TbP^`R�^@ÂÈÄ,ZPR�^YZ.½D^�C.EGEK\×CPFBAM½e=�ZPEWV×Ra\Èþ*O.^U^`EG¼a¼5½ \.VÊß�EGFBÅ»RT\¿^SÜBHGJ , LeÞYRT\
À*Z;R�=�Z¨Ra?jR¾^jC;¼¾½ QSE�VäAe\×?UZ;ESO.^�ESA c5?UZ;ESRa\;Á;O;?�Ó AeO;?BÁ;OP?YQSA»VfEG¼�½ \¿VÛ?UZ;E�cgFUEWËÌOPEG\.=�bÐVfAeQ�½ Ra\
FBEGÁPFBEW^�EG\f?_½ ?URTAD\èÂ

Ä,Z;EX½ Á;ÁP¼TR�=K½ C;Ra¼TRT?�bXA c¢Q�EW½D^�O;FBEW^,AWc�?BZ;EhE�Ó�EW=�?5A c¢O;\¿=�EGFB?_½ Ra\f?�bSRa\'?BZPE�QSA»VfEK¼ AD\Ð=�Ae\f?UFBAD¼¦Ó
¼�½WC;RT¼aRT?�b
½WFBES¼aRTQSRa?BEWV�?BA
^�Á.EW=�RúÕw=2O;\¿=�EGFB?_½ Ra\f?�b
V»EW^B=�FURTÁ;?URTAe\.^I½ \.V¨?BZPEGFBE�cgAeFBEX?BZ;EKRTFIO.^`E@cgO;¼T\;E�^B^
R�^*FBEW^�?BFUR�=�?UEWVÑÂ�Ù¿AeF�EKÆ;½WQSÁ;¼TEÃÏf?BZPEjO¿^`E�cgO;¼a\;EW^U^8AWc¢C.AD?BZ
?UZ;EYþ*ÁÇÿ ½ \¿V
=�AD\.V»RT?BRaAD\�\fO;QXC.EGF*½WFBE
¼TRaQSRT?UEWV�?BAXO;\.=�AeFBFUEG¼�½W?BEWVSEG¼aEGQSEG\»?�O;\.=@EGFB?_½ RT\»?BRaEW^¬À*Ra?BZ�^`RaQSRT¼¾½ F¢FBEK¼�½ ?URT]ME>Qª½ iD\PRT?BO¿VfE>C.ADO;\¿V;^�Â

ÿ�\;AD?UZ;EGF Á;FUADC;¼aEGQ ½e^B^`A»=@R�½ ?UEWVjÀ*Ra?BZh?BZ;E�=�Ae\.^`?UF�½ Ra\f?_^ÑR�^Ñ?UZ;E�VfE�Õ.\;Ra?BRaAD\IA c.?UZ;E�VfR�^�?BO;FUC.½ \¿=�EW^
EGÆ»ÁwEKFBRTEK\.=�EWV�Cfb�?BZ;EX^�b;^�?BEGQ
Â�<5\Ð?BZ;EYÀ*ZPAD¼TEY?UZ;E�^`bP^`?BEKQ
R�^Ç^B=G½W¼TEWVÑÏè^`A�?BZ.½W?7uëR�^5CwAeO;\.VfE�V
À*RT?UZ'½Y\;AeFBQ�¼TEW^U^,?BZ.½W\'AeF�EWËMO.½W¼ ?BAXAD\;EMÂ�Ù;ADFÇ½ªNÌÝ_NP< ^`bP^`?UEGQ
NMÅMAeiDEW^�?�½eV®ÜBHKJDJ��fÞ5VfE�^B=�FURTC.EW^
?BZ;EªVfR�^�?BO;FUC.½ \.=@EW^I½D^Y^`Ra\fO¿^`ADR¾V;½ ¼¢À*Ra?BZ¨Q�½WiD\;Ra?BO.V»E � u � Ð HDÂ�Ù;ADF Ö Ý Ö <�^�b;^�?BEGQª^�?BZ;Equ'R�^
^`RaQSÁ;¼TbªVfEW^B=@FBRTC.EWV'Ra\'àÐAD¼ÔÓ |�~Ç�D�*Ü£àÐAD¼ Ó |�~>�D�á8¦Ï�HGJeJ í Þr½D^�a_^`EG]MEKF�½ ¼cbSVfR¾^`?BOPFBC.½W\.=�EW^>½W¼T¼�À*Ra?BZ
Ì^uPÌ � Ð HeÂ�Ä,Z;E¢iDEK\;EGF�½W¼fÁPFBADCP¼TEGQ R�^ ?BZ.½W?�?UZ;E¢E�Ó�EW=�? AWc�u�R¾^ÑAD\;¼ab>QSEW½e^`O;FUEWVI½D^ RT?_^ÑÀ,ADF_^`?y\;ADFUQ
E�Ó�EW=�?I½W\.V
½ ¼a?BZ;AeO;iDZÐcgFBEWËMO;EG\.=@bSÀ,EGRaiDZ»?BRa\;i�=G½W\
CwEX½WÁ;Á;¼aRTEWV'?UAWÌ^uPÌ �ðÐ Hh?BZ;EXVfR¾^`?UO;FBC.½W\.=�E
VfEW^U=�FBRaÁ;?BRaAD\�=G½ \P\;AD?5C.EjFUEW^`?UFBR¾=�?BEWV�½ FBCPRT?BF_½ FURT¼TbÃÂ

Ù¿OPFB?BZPEGF>?BA�?UZ;EW^`EXÁ;FUADC;¼aEGQ�^*R�^�?UZ;ES½WQ�CPRTiDOPRT?�bSRT\
Ra\f?UEGFBÁPFBEG?URT\;iX?BZ;EXFBE�^`O;¼a?�^�AWc5½ ¼a¼�?BZPEW^`E
=�AD\»?BFUAD¼a¼�½ CPRT¼TRa?�b
½ \¿½ ¼TbP^`R¾^�?BEW=�Z;\;R¾ËÌOPEW^�Â'à¹Z¿½ ?YR�^h½'FBEW½e^`Ae\.½ C;¼aE�?BRTQ�ESVfEK¼�½GbÐ½ \.V¨?URTQSE�VfEG¼¾½�b
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VfR�½WiDAe\.½ ¼'Ö oø �áà¹Z.½W?�R¾^�?BAMAÐ¼�½ FUiDE�½Ð=�AD\.V»RT?BRaAD\�\»O;Q�C.EGFM��à¹Z.½ ?YR¾^�?BAMAÐ¼�½ FUiDEÚ½ \Êþ*ÁÇÿ8Ó
EG¼TEKQSEG\»?���EG?_=DÂ5[>^`Ra\;iS?BZPEW^`Eh?BAMAD¼¾^�A c�=�Ae\f?UFBAe¼T¼�½WC;RT¼aRT?�b�½ \.½W¼TbP^`R�^5À,ADOP¼�VëFUEWËMO;RTFUEjC.Ae?BZÐ?BZ;EhO.^`E
A c.ZPEGO;FBR¾^`?UR�=G^Ñ?UA>^�RTQSÁ;¼aRúcgb*?UZ;E,?_½D^`Åh½W\.V�EGÆ»ÁwEKFBRTEK\.=�EMÂ Ö AeF�½WFBR.ÜBHKJDJ í Þ�ÏM\;Ae?BEW^ ?BZ¿½ ?>aUÀ,E¢A cg?UEG\YVfA
\;AD?ÇËMO;RT?UE>O;\.VfEKF�^`?_½ \.VSbMEG?�À*Z;EG\�½ \¿VëZ;AWÀ ?BZ;EW^�EIRT\.VfR¾=G½ ?UADF_^*^`Z;AeO;¼�VSC.EIO.^`EWV*bfÏ;C;O;?*EK]MEG\�^`A
aB?UZ;EGb�½ FBEr½ Á;Á;¼aRTEWVYÀ*R�V»EG¼TbX½W\.V�RT\¿VfR�^U=�FBRaQSRT\.½W?BEG¼abI½ \¿Vª¼aEW½DVY?BAhEGFBFUAD\;EKADO.^*=�Ae\.=�¼aO.^`RaAD\.^�½ C.ADO;?
=�AD\»?BFUAD¼a¼�½ CPRT¼TRa?�b�b»Â�Ä,ZPES½WQ�C;RaiDO;Ra?�bëRa\f]MAe¼T]MEWV�RT\Ð?BZ;EXRT\»?BEKFBÁ;FUEG?�½W?BRTAe\
A c5?UZ;EW^`EXQSEW½e^`O;FUEW^�R¾^j½
Q�½GÉBAeF�Á;FUADC;¼aEGQácgADFÇ=�AD\»?BFUAD¼a¼�½ CPRT¼TRa?�b�½ \.½W¼TbP^`R¾^�Âj<5\;EhFBEW½e^`Ae\äcgAeF�?UZ;EX½ QXC;RTieO;RT?�bXR�^*?BZ.½W?>EW½e=�Z
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WYX[Z]\?^<_`_a^)bdc`e[fhgiXkj1l[mnZ�opl[o5Z/q�Z�e�miq�jrm5Z)giX[e[ctsvuwZ�xdbdX[cygiX
l[o5^)z�cy{|Z/q}jN~�Z/j<q�uwo5Z]^1\AmnX[Z]�kZ)q�m
j<giX[c`Z�z<j)�[_`ZSg�^<e�m5o5^�_�l�Z�o�\?^<on~pj1e�g�Z]^1\�j�_`cae[Z)j)o�~�^�{|Z�_�\?^<o!j�_ac`e[Z)j)o�m5ca~�Z cae|z�j)o5cyj)e|mS����Wd�5�
g�^<e�m5on^<_a_`Z�o�x��|��q�^�_`z�c`e[f�jd_`cae[Z)j1o�^<l[mnc`~pj)_<onZ)j1_acyq5j)�[_`ZIg�^<e�m5on^<_�l[on^<�[_aZ�~]��WYX[cyqC~�Z)j�q�u[onZ�l[on^)z|ct{|Z)q
j�l�Z/q5q�ca~�cyq�m5ctgI�k^�u[ek{�^<eAm5X[Z�j�g�m5ukj)_k��Z/q�mPj�g7X[caZ�z�j1�[_aZdlkZ�o�\?^�o5~pj)ekg�Zdq�c`ekg�ZYc`mI{|^�Z)qQe[^<mPcaekg�_`u�{|Z
j1_a_Ym5XwZ}lk^�q5q�ca�[_`ZponZ)j1_acyq5j)�[_`Z�g�^�e|mno5^<_a_`Z�o�q��S�[^<o�Z��wj1~�l[_`ZAjS�P��bdcam5Xr^<uwm5l[u[m�_ac`~�cam5cae[f�cyq�e[^<m
c`ekg�_`uk{|Z/{�c`ehm5X[ctq�{�Z)q5g�onc`l[mnc`^�eC����^)b	Z�z�Z�oAq�caekg�Z!m5X[Z�q�Z�m�^)\�j1_`_���Wd��g�^�e|mno5^�_`_`Z�oiq�cyqAj,z�Z�o5�
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~�Z�mP\?^<odm5XwcyqYl[on^�g�Z)q5q�{|Z)q�c`f�eC�
WYX[cyqªg�^<e�m5on^<_`_tj1�[ca_`cam��!m5Z)giX[e[ctsvuwZ�ukq�Z)q _ac`e[Z/j1o�l[o5^�f<o�j1~�~�cae[f�mnZ)g7Xwe[cys�u[Z)q�m5^�j<{[{�o5Z)qnq m5X[Z
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�|��jpq�Z�m�^1\	¢ke[cam5Z�_`cae[Z)j)o�g�^<e�q�m5o�j1cae|m�q�^�eNm5XwZA{|cyqng�o5Z�mnZ�c`~�lwu[_yq�Z�onZ)q�lk^�ekq�Z�^)\�M ��m5XwZAg�_`^�q�Z){
_`^�^�l�~pj1l�\?o5^�~ m5X[Z�{|ctq�m5uwo5�kj)ekg�Z)qP»
m5^ mnX[Z�o5Z�f�u[_yj)m5Z){�^<u[mnl[u[m�q);|�i��WYX[Z�onZ�\?^<onZ�mnX[cyqQl[on^<�[_aZ�~
g�^<uw_y{��kZ o5Z/q�mij)m5Z){pj�q

~�cae�|® ¯i° ± �RM�³i´[µ�� ¶v·«¸�· éêë êì º)�RM�³i´ µ ³i»��	¼
½�¾!»�¿,À
M���²]�YbdX[Z�o5ZJ�,?���Wd�Yq�mij)�[c`_acyq�cae[fAg�^�e|mno5^<_a_`Z�o

Wè^�q�^<_az�ZYmnX[cyqVj<qQj)e���� �k^�m5XAm5X[Z	^<��¥5Z)g�mnc`z�Z�x ± x<j)ek{ m5X[Z	lkZ�o�\?^�o5~pj)ekg�Zdg�^<ekq�m5oij)c`e�miq�x�º1x�q�Xw^<u[_t{�kZ�f�c`z�Z�e!j�qÊ_ac`e[Z)j)oÍ\?u[e�g�m5ca^<ekqY^�e M©j)ek{ ´ µ �
ê Ã



WYX[Z]g�^�ekq�mnoij)c`e�miqAj1ek{Ó^���¥5Z)g�m5caz�Zpq�Xw^<u[_t{��kZ}\?^�o5~Au[_yj)m5Z){,mn^rg�j)l[m5u[onZpm5X[Z!l�Z�o�\?^<on~pj1e�g�Z
o5Z)s�u[cao5Z�~�Z�e|m�q�\?^�opjSq�lkZ)g�cæ¢�g}l[on^<�[_aZ�~ j1ek{Ólw_yj1e�m��©WP�|l[ctg�j1_dlwo5^�g�Z)qnq�g�^�ekq�mnoij1cae|m�q�q�ukgiX
j<q
~pj1f�e[c`mnuk{|ZP�k^<u[e�{[qQ^<e lwo5^�g�Z)qnq�z�j1oncyj1�w_`Z)q�x<c`Z�x�j�g�Z�o5m�j1cae m5Z�~�lkZ�oij)m5u[onZQ~�u�q�mC�kZY¤�Z�lwm��kZ�m�bYZ�Z�e
j1e�uwl[lkZ�o	j1ek{�_`^)bYZ�oÍ�k^�u[ek{¨xwg�j1eA�kZ�g�j)l[m5uwo5Z){�c`e�j�q�m5o�j1caf<X�m�\?^<onbdj)oi{�~pj)e[e[Z�o��VWYX[cyqPgiXkj1l[mnZ�o
bdc`_a_d{|ctq5g�ukqnq�\?^�o5~Au[_yj)m5ca^<eN^)\�m5X[Z]���Tmn^Nqnj1m5ctqÕ\?�hj oij)e[f<Z!^1\�^���¥5Z)g�mnc`z�Z)qªj1ek{rl�Z�o�\?^<on~pj1e�g�Z
g�^<e�q�m5o�j1cae|m�q��
ç,Z�j<q5q�u[~�Z�m5X�j1m�m5X[Zª~�^�{|Z�_�ukq�Z){pXkj<q���Z�Z�e _ac`e[Z)j)o5ctq�Z){�j)�k^<u[mªjAq�m5Z/j<{|��â�q�mij)m5Z f�c`z�Z�ep���

; ( � � xµ= ( � � xQ» ( � � xV´ ( � � j1ek{,mnXkj1mªj)_`_Pg�^�ekq�mnoij)c`e�m�_ac`~�camiqYXkj�z�ZA�kZ�Z�e]Z���l[o5Z/q5q�Z/{ onZ�_yj)m5c`z�Zªm5^pm5Xwcyqq�mnZ)j<{|��âÕq�mij)m5Z��Ðÿ�qY~�Z�e�m5ca^<e[Z){�c`e�q�Z)g�m5c`^�e!Á|� ��j1_a_V{|cyq�m5u[on�kj1e�g�Z)qdj1onZ�g�^�ekq�ct{|Z�onZ){�o5Z�_tj1m5caz�Z�m5^Aj
o5Z�\?Z�o5Z�ekg�ZQlk^<c`e�m�»Gp@> � � ?�>�j)ek{�q5g�j1_`Z/{�q�^�m5X�j1m�{|cyq�m5u[on�kj1ekg�Zd{|Z�z�cyj)m5ca^<ekqCj)��^�u[mQmnX[cyqClk^<c`e�mVbdc`_`_��kZ
q���~�~�Z�mno5ctgYbdc`m5X!j�~pj1��c`~Au[~ {|Z�z�cyj1mnc`^�e}^)\�Ã<�	ÿ�_tq�^�m5XwZ�g�^�o5o5Z/q�lk^<ek{�c`e[fA^<u[mnl[u[m�{|Z�z�cyj)m5c`^�ekq
bdc`_a_��kZ�q��|~�~�Z�m5oncyg	j1�k^<u[m�j z�j)_`u[Z�^)\�;[x[g�^�o5onZ)q�lk^<e�{|c`e[f�mn^A»Gp@> � � ?�>Yj)ek{�m5X[Z�^<lkZ�oij)m5cae[f�lk^<c`e�m
´ µ x|bdX[ctg7XpcyqYf�c`z�Z�e��|�

; ?�>4� ?�~ 343 ® A (G]I �Â»Gp@> � � ?�>bSr» ( � � �u@|~ 343 ® A (G ¯ �£´ µ Sr´ ( � � �u@ ; ( � � �ÂÁ|�ã§ ê �
bdX[Z�onZ�~ 343 ® A ( {|Z�e[^�m5Z)qCm5XwZÍ^�lkZ�e|âÂ_`^�^<l�q�mnZ)j<{��vâÕq�m�j1m5Z	f�j)c`ekqQj)ek{�~ 343 ® p ( bY^<uw_y{ {�Z�e[^<mnZYmnX[Z	g�_`^�q�Z){
_`^�^�lAq�m5Z/j<{|��â�q�mij)m5Zdf�j)c`ekq��)��c`~�c`_yj)o5_a�dm5X[Z	z<j)_`u[Zd^)\�=�g�^<ono5Z)q�lk^<ek{|cae[f�m5^�»Gp@> � � ?�>Qj)ek{�´ µ cyqCf<caz�Z�e
�|�

= ?�>4� ?�~ 343 ® A (LRI �Â» p@> � � ?�> SN» ( � � �u@|~ 343 ® A (L ¯ �£´[µESr´ ( � � �u@ = ( � � �ÂÁ|�ã§<ßv�
bdX[Z�onZ�mnX[Zªg�^<e�m5on^<_a_`Z�o	cyqYf<caz�Z�ep�|��´D?©´[µb@h²S�£¶<�i�C=,S�= ?,>4� ���
WYX[Zp~�^�q�m��kj<q�cyg�lkZ�o�\?^�o5~pj)ekg�ZAo5Z)s�u[c`onZ�~�Z�e�m�ctq m5^]Z�ekq�u[o5ZpmnXkj1mAe[^<ewZ}^)\�mnX[Zpz�j1o5ctj1�[_aZ)q

z|ca^<_tj1m5Zªm5X[Z�c`o���^�u[ek{[q���WYX[cyq�g�j)e]��ZªZ�e|\?^�oig�Z){p�|�pcaekg�_`u�{|c`e[fAm5XwZ�g�^�ekq�mnoij1cae[Z){ z�j1oncyj)�[_`Zªc`e2;
j1ek{pZ�e|\?^�oig�cae[f

; (� ¼�;Ê�V¼�; q� ¾è» ¿,À àO? Ã<³$FJG �ÂÁ|�ã§<Þv�
��Z�ekg�Z�x<m5^�Z�e�\?^<oig�Z�cae[l[u[mPg�^<ekq�m5oij)c`e�miq�x[q�ca~�l[_a��c`ekg�_`uk{|ZdmnX[Z�c`e[l[uwmiqQ^1\¡c`e�m5Z�onZ)q�m�\?on^<~û´�cae|mn^�;[�
�[^<odZ��wj1~�lw_`Z�x�m5^Ac`e�g�_`uk{�Z�m5X[Z 9 m5X!g�^<e�m5on^<_Ccae[l[u[m�´ & xkj1_am5Z�odmnX[Z�^<onc`f<caekj1_Vq��[q�m5Z�~ {|Z)q5g�o5c`lwm5c`^�e

; ? 9�Ì�Ìn»A@P9�ÌC�i´
= ? 9 �5Ì »A@P9 ��� ´

ê §



m5^Am5X[Z�\?^�_`_`^)bdcae[f
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= ? 9 �5Ì »B@B9 ��� ´
bdX[Z�onZ�� & ? 9 m5X]g�^<_`uw~�e�^1\KQ ��Ñ�ËÌ��Ñ �WYX[Z ~pj)�|ca~�u[~ {�Z�z|ctj1mnc`^<epcae
;Ê�V{|uwZ�mn^�mnX[Zª{|cyq�m5u[on�kj1e�g�Z)qYcyqYf�c`z�Z�e��|�h{��£x{ � ? �ÊÍ���� Ì { � � �ÂÁ|�ãÁ<½v�
bdX[Z�onZ�{Ì� � xkm5X[Z�Z�é�Z)g�m�{|uwZ�m5^�mnX[Z�í�m5XS{�cyq�mnu[o5��j1ekg�Z�» � xkcyq�g�j1_yg�u[_yj)m5Z){�c`e]mnX[Z���� j<g�g�^�oi{|cae[f
m5^]mnX[Z!q�Z�mª^1\�_`c`ewZ)j1o�g�^<ekq�m5o�j1c`e�miq�j)l[l[on^<l[oncyj1mnZ mn^]m5X[Zp{�Z)q5g�onc`l[mnc`^�eN^1\ª» � xQcÂ�¹Z��ax�bdX[Z�mnX[Z�oªc`m
cyqªq�m5Z/j<{|��â�q�mij)m5ZS�£q�Z�Z�Á�� �w�`Ã1��xPj q�m5Z�l
�Âq�Z�ZÅÁ|� �w� §���^<oªlkZ�oiq�cyq�mnZ�e�m��£q�Z�Z�Á|� �w� Á��i�]ÿ�q�~�Z�e�m5ca^<e[Z){
l[o5Z�z|ca^<ukq�_`��m5XwcyqÍ~Åj1��c`~Au[~ {|Z�z�cyj1mnc`^�e�ctqYj1lwl[_`caZ){�q���~�~�Z�m5o5cag�j)_`_æ�ªj1�k^<uwmdm5X[Z�onZ�\?Z�onZ�ekg�Z�lk^<c`e�m
;�?�>4��c`eS�£Á�� § ê �	m5X[Z�onZ�\?^<onZ��£Á�� §�Þv�Ðg�j1e!��Z�onZ�bdo5cam5m5Z�epj<q

; (� @5{��V¼�; ?�>t�� ¼«; q� S5{���àO? Ã<³$FJG �ÂÁ|�ãÁ|Ã1�
WYX[Z�onZ�\?^<onZ�mnX[Zªg�^<e�q�m5o�j1cae|m�qdº1��²p³i´ µ ³i»��Y¼©½ b	^<u[_t{Å�kZªf<c`z�Z�e��|�

; (� @5{��JS�; ?�>4�� ¼ ½
; ?,>4�� S�;�q� @5{�� ¼ ½�� ê�ê� ¾4à

­�j)m5X[Z�oPmnXkj1eAc`~�lk^�q�c`ewf�mnX[Z�lkZ�o�\?^<on~pj1ekg�ZYo5Z/svu[cao5Z�~�Z�e|m�q¨{|cao5Z)g�m5_`��b	Zd~pj���bdctq�X�mn^ {�Z�m5Z�o�â
~�c`ewZÍmnX[ZÍ\?o�j<g�mnc`^�e�^1\kmnX[Z�{|cyq�m5u[on�kj1e�g�Zd{|Z�z|ctj1m5ca^<ekqC\?^<oVbdX[cygiX mnX[ZdlkZ�o�\?^�o5~pj)ekg�ZPcyqVj<giX[c`Z�z<j)�[_`Z��
WYX[cyq	g�j1e�^<e[_a����Z�Z��|lwo5Z)qnq�Z){Aj<qdj�_`c`ewZ)j1oPl[on^<f<o�j1~ûc�\�; ?�>t� ctqÍc`e�{|Z�lkZ�ek{|Z�e|mP^1\P²%j)ek{�´[µ�x�c£�«Z��`x
\?^<o�j�¢k��Z){�^<lkZ�oij)m5cae[f�lk^�c`e�m�´[µ��P�£epm5Xwcyq�g�j<q�Z�b	Zªg�j1e!q5g�j1_`Z�mnX[Zª{|Z�z�cyj1mnc`^�ekq ; � �|��mnX[Z�~�c`ewc�â
~�uw~ {|cyq�mij)ekg�Z mn^pj�g�^�ekq�mnoij)c`e�m �?~�c`e��]; q� S�; ?�>4�� ³$; ?,>4�� SP; (� �5�Êq�^�mnXkj1m�j�{|Z�z�cyj1mnc`^�e _`Z/q5qdm5Xkj)e
Ã g�^<o5onZ)q�lk^�ek{[qdm5^�g�^<ekq�m5o�j1c`e�mY\?Z)j�q�c`�wc`_`cam����Cç,Zªg�j)e}mnX[Z�e!~pj1¤�Z�m5X[Z�^���¥5Z)g�m5caz�Z�^)\Pm5XwZ����V�

{�A)?
~�cae­ ~Åj1�� � Ì ® � É
{Ì� � ± ��²]�E? ~pj)�� � Ì ® � É

{���� �ÂÁ|�ãÁ<§v�
�Â\�mnX[Z�{|cyq�m5u[on�kj1e�g�Z)qPj1onZ�q5g�j)_`Z){�{|^)bdeAo5Z�_tj1mnc`z�ZPm5^ª»Gp@> � � ?�>�����jd\Âj<g�mn^<o Ì�-� m5X[Z�e�mnX[ZdlkZ�o�\?^�o�â~pj1e�g�Zdg�^�ekq�mnoij)c`e�miq�bdca_`_���Zduwe|z�c`^�_yj1mnZ){¨�VWYX[Z�onZ�\?^<onZ Ì�-� f<caz�Z)qCm5X[ZY\?o�j<g�mnc`^<e�^)\�m5X[Z�{|ctq�mnu[o5�kj)ekg�Z

ê Á



q�Z�m�bdX[cygiX]g�j)e �kZ�m5^�_`Z�o�j1mnZ){¨��WYXwZ�ukq�Z�^)\YmnX[Z
��{|cyq�m5u[on�kj1e�g�Z \?oij�g�m5ca^<eJ��j�q�j�g�^�e|mno5^�_`_yj)�[c`_ac`m��
~�Z)j�q�u[onZ�cyqd{|ctq5g�u�q5q�Z/{Å~�^<o5Z�f<Z�e[Z�oij1_a_`��cae�çÈj1_yq�X]j)ek{ ��Z�o5¤�c`ekq��5Ã�Þ�Þ Ç �i�
�Â\�b	Z�Xkj�z�Z�j o5Z)j�q�^<e�j1�[_aZ}��j<q�ctq�\?^�o�l�Z�ekj1_acyq�cae[f mnX[Z�~pj)�|ca~�uw~ {�Z�z|ctj1mnc`^<eÈ^<eNZ)j�g7XÈ^<�|â

¥5Z)g�mnc`z�ZW;Ê�£x¨mnX[Z�e cam�g�^�u[_y{p��ZAj)l[l[on^<l[oncyj1mnZ�mn^�~�cae[c`~�caq�Z�j�bYZ�c`f<X�m5Z/{ q�uw~ ^1\	mnX[ZA{|Z�z�cyj)m5c`^�ekq{Ì�Âx�o�j1m5XwZ�o�mnXkj1e]mnX[Z ~Åj1��c`~�u[~û{|Z�z|ctj1m5ca^<eC�ÐWYX[Z b	Z�c`f�X|mnZ){p{|Z�z�cyj1mnc`^�ekq�g�^<u[_t{}�kZ ~�cae[c`~Acyq�Z){
q�u[��¥5Z/g�m�mn^,\?Z)j�q�c`�wc`_`cam��rg�^<e�q�m5o�j1cae|m�q���WYXwcyq�m���l�Z!^1\ª^<��¥5Z/g�m5caz�Z}ctq�X[caf<X[_a�åä�Z��|ca�[_`Z�� �£m�q�¤�Z��
_`ca~�c`m�j1m5ca^<eAcyqYmnX[Zª{|c�ÖÅg�u[_am���^)\	{|Z�¢�e[c`e[fAj)l[l[on^<l[oncyj1mnZ b	Z�c`f�X|m�qÍ\?^<odm5XwZ {�Z�z|ctj1mnc`^<e�q��
�Õe q�Z/g�m5ca^<ekq�Á�� Æ �`ÃSj1ek{ Á|� Æ � §Nm�bY^rq�lkZ)g�c�¢�g l[o5^��[_`Z�~Åq�xdm5Xkj)m!g�j1e©�kZNq�^<_`z�Z/{Óukq�cae[frm5X[Z

\?^<on~�u[_tj1mnc`^<ep^)\��£Á��`Ã1��x¨j)o5Z�{|cyqng�ukq5q�Z){¨�dWYXwZ�¢ko�q�m�cyqdm5X[Z�Ë)Ìd^�l[m5ca~pj1_Vg�^�e|mno5^�_Cl[o5^��[_`Z�~�x[bdX[cygiX
cyqQj)e�Z��|ctq�m5cae[f�m5Z)giX[e[ctsvu[ZQ¢ko�q�mQcae|mno5^�{|u�g�Z){ c`e�k�cy{|��j�q5j1f�j1od�nÃ�Þ�ß Ç �Ij1ek{ ^�e�bdXwcygiX ~Aukg7X�b	^<o5¤�x
�|�Åj z<j)o5caZ�m���^)\QlkZ�^�l[_`Z�x[X�j<qY�kZ�Z�e!g�j)o5o5caZ){�^�u[m��	WYX[Zªq�Z)g�^<ek{�cyqYmnX[Z�Î���Ï�ÑÓl[o5^��[_`Z�~]x�bdX[cygiX
Xkj<qY�kZ�Z�e {�Z�z�Z�_`^�lkZ){�j�qÊl�j1o5md^)\Vm5X[Z�b	^<o5¤�\?^<odmnX[cyqPm5X[Z/q�cyqdj)ek{�bdX[cygiXpg�j)ep��Z�ukq�Z){�mn^Aj<q5q�Z)q5q
m5X[Z�Z)g�^<e[^�~�cygdlkZ�o�\?^�o5~pj)ekg�Z�^1\Ij�_ac`e[Z/j1od{��|ekj)~�cyg�q��wq�m5Z�~]�

Y[Z-�[ZU^ m5� d����
_
dua k�g a¡c ` h�z d�_2a g p r d c
��\Aj1_a_�m5X[ZÈ{|cyq�m5u[on�kj1e�g�Z)qpj1onZ,lkZ�o�q�cyq�m5Z�e�m�x�mnX[Z�e�{ µ x�{|Z)q5g�o5c`�kZ){
c`e �£Á�� Á�§v�ix�ctq�m5X[Z]Ë)Ìpe[^<on~
^1\�m5X[Zp~pj)l[l[cae[f}\?on^<~ » m5^�;Sj1e�{åmnX[Zpl[o5^��[_`Z�~Ä�kZ�c`e[fSq�^<_az�Z){,cyq�j)eNË)Ì�^<l[mnc`~pj)_	g�^<e�m5on^<_
l[o5^��[_`Z�~]�SWYX[Z�Ë)Ì ^�l[m5ca~pj1_	g�^�e|mno5^<_dlwo5^<�w_`Z�~ c`e�z�^<_az�Z)q�m5X[Zp~�cae[c`~�caqnj1m5ca^<eS^1\�m5X[Z�Ë)Ìªe[^<on~
^1\�j)e�^���¥5Z)g�mnc`z�Z�\?uwekg�m5ca^<eN^)z�Z�o�mnX[Zpq�Z�m�^)\�j1_a_dq�m�j1�[ca_`ctq�c`ewf ��Wd��g�^<e�m5on^<_a_`Z�o�q��pWYX[ctq�l[on^<�[_aZ�~
Xkj<q��kZ�Z�eSbYZ�_a_Qo5Z)q�Z)j1o�g7XwZ){]j1ek{Sm5X[ZAbY^�o5¤S{|ctq5g�ukqnq�Z){]c`e]mnX[Z�\?^<_`_a^)bdc`e[fpcyq��kj�q�Z){S~�^�q�m5_`�p^�e
bY^�o5¤Al[o5Z)q�Z�e�m5Z){�c`eAlkj1lkZ�o�qÍ����k�cy{|��j�q5j1f�j1o��5Ã�Þ�ß Ç �	j1ek{�Ï�j1X[_aZ�Xpj1e�{���Z)j)oiq�^�e]�5Ã�Þ<ß Ç àVÃ�Þ<ß ê �Cà
Ã�Þ�ß ê j���j1e�{ j���^�^�¤p�|�pÏ�j1X[_aZ�X!j1ek{!Ï�cyj)á�â�ØY^��[c`_a_`^p�nÃ�Þ<Þ Æ ���
WYX[Z�Ë Ì ^<lwm5c`~Åj1_�g�^<e�m5on^<_kl[on^<�[_aZ�~ q�Z�_`Z/g�miqPj q�mij)�[c`_acyq�cae[f���Wd�Pg�^�e|mno5^�_`_`Z�o�x�m5^ª~�c`e[ca~�caq�Z	m5X[Z

~pj1��c`~Au[~ {|Z�z�cyj1mnc`^�e}caepm5X[Z�o5Z�f<u[_tj1m5Z/{Å^�u[m5lwu[miq[;[x[^)z�Z�odj)_`_Cm5ca~�Z�x�{|u[Z�mn^�u[e[c`m���~Åj1f<ewc`m5u�{|Z
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bdc`_a_Y�kZp_`Z)qnq m5Xkj)eÓm5XwZ}e�u[~A�kZ�o�^1\�z<j)o5ctj1�[_aZ)q�xPc`erbdX[ctg7Xrg�j<q�ZpmnX[Zpc`e�m5Z�onl�^�_yj)m5c`^�ehg�^<ek{�c`m5ca^<e
bdc`_a_Ílwo5^�{|ukg�Z j]q�~pj1_a_`Z�o���� l[o5^��[_`Z�~�� ��^)b	Z�z�Z�o�m5X[Z!×�âÕj1l[l[on^)�|ca~pj1mnc`^<eÈl[o5^��[_`Z�~�xè^�erm5X[Z
bdX[^<_aZ�xPbdc`_`_	�kZ}~�^<o5ZÅq�lkj)oiq�Z�xYbdX[cygiXNl[on^�{|ukg�Z/q�j)e ���TbdX[ctg7XNctq�\Âj<q�m5Z�oAm5^Sq�^<_`z�Z��Nÿ�_tq�^]c�\
m5X[ZAÏ�ÿ j1_af<^�o5c`mnX[~$~Aukq�m��kZ�ukq�Z){ m5^pl[on^�{|ukg�ZAm5XwZ�^<e[Z�âÂ�[_a^�g7¤]l[on^<�[_aZ�~]xkm5X[Z�e]m5X[ZAe|uw~��kZ�o
^1\Ðg�^�ekq�mnoij1cae|m�q�l[o5^�{|u�g�Z){ ��� m5XwZ á�Z�on^�c`e�m5Z�o5lk^<_tj1m5ca^<eSg�^�ek{|cam5c`^�ekq�bdca_`_Vf<o5^)b j<q�mnX[Z�e|uw~��kZ�o
^1\ª{�Z�_yj��wq�j1u[f�~�Z�e�m5c`ewf]m5X[Zpl[on^<�[_aZ�~ j1o5Zpcaekg�o5Z/j<q�Z/{�c`ermnX[Z]j)_`f<^�o5cam5X[~]�rWYXwZ�o5Z�\?^�o5Z!bdX[cygiX
~�Z�mnX[^�{�cyqYl[onZ�\?Z�oij)�[_`Z�xvcaepm5Z�on~pqÍ^)\d���
g�^<~�l[_`Z���c`m���x<cyqYXwc`f<Xw_`��l[on^<�[_aZ�~ q�lkZ)g�cæ¢�g<�
WYX[Z ×�âÕj1lwl[o5^)��c`~pj)m5c`^�e]cyq���� \Âj1o�m5X[Z�q�ca~�l[_aZ�o�j)ek{,~�^�o5ZAq�m5oij)c`f�X|m�\?^<onbdj)oi{,^)\�m5X[ZAm�bY^

m5Z)giX[e[ctsvuwZ)q�m5^ªc`~�lw_`Z�~AZ�e�m���WYX[Z�o5Z�j1o5Z�Z��wj1~�lw_`Z)q�^)\Vz�j1o5ca^<ukqPl[o5^��[_`Z�~pqQq�^�_`z�Z){�����Z)j<giX�mnZ)giX|â
e[cys�u[Zªc`e mnX[Z _ac`mnZ�oij)m5u[onZ�x�Z��¹f[�axC�£ÿQ¥5��j1o ÙiÚ�Û<ÜaÝ xQÃ�Þ�Þ Æ àuVP^<uwe[f ÙiÚ�Û<Ü`Ý x�Ã�Þ<Þ Ç àb��bÐj1o5mná�xVÃ�Þ<Þ��|��\?^<o
m5X[Zp×�âÕj1lwl[o5^)��c`~pj)m5c`^�eSj1ek{r�£Ï�j1X[_aZ�Xrj1e�{,Ï�ctj1á�âÕØY^<�wc`_`_a^[xPÃ�Þ�Þ Æ ��\?^<oªm5X[Z�á�Z�o5^pc`e�m5Z�o5lk^<_tj1m5ca^<e
~�Z�mnX[^�{¨��çSZ�q�^<_`z�Z/{�m5X[Z�z�Z�o5�Aq�c`~�l[_aZ����U�[Î©l[o5^��[_`Z�~ l[onZ)q�Z�e|mnZ){�cae�Z��wj1~�lw_`Z�Ã�^1\	�ÂÿQ¥5�kj)o ÙiÚ
Û<Ü`Ý xVÃ�Þ<Þ Æ �du�q�c`ewf��k^<m5X!m5Z)giX[e[ctsvuwZ)q�� ��Z�z�Z�o�j1_Ccam5Z�o�j1m5ca^<ekqY^)\Pm5XwZ�×�âÕj1lwl[o5^)��c`~pj)m5c`^�epm5Z)giX[e[ctsvu[Z
bYZ�onZ�o5Z)s�u[cao5Z){ mn^ giX[Z)gi¤pc�\Ðj�f<^�^�{rgiX[^<ctg�Z ^)\�õ
Xkj�{,�kZ�Z�eS~pj<{�Z�� WYXwZ�cae|mnZ�o5lk^<_tj1mnc`^<eSg�^<e|â
q�mnoij1cae|mªm5Z)giX[e[ctsvuwZ�q�^�_`z�Z){]c`~�~�Z){|ctj1m5Z�_��!j)ek{,Z��wj<g�mn_`��q�c`e�g�Z�mnX[ZAl[o5^��[_`Z�~$ctq�^�e[Z�âÂ�[_`^�gi¤¨�p�£e
^<mnX[Z�oYZ��[j)~�l[_`Z/q�x)c`ekg�_auk{|cae[f�m5X[Z�g�j<q�Z�q�mnuk{|�Ac`e Æ �ã§�bYZ�Xkj�z�Z�q�ukg�g�Z)q5q£\?u[_`_a� ukq�Z){�c`e�m5Z�o5lk^<_tj1m5ca^<e
g�^<e�q�m5o�j1cae|m�qÊbdX[ca_`Z�mnX[Z�×�âÕj1l[lwo5^)�|ca~pj1mnc`^�e ���ÓXkj<qde[^�m�q�^<_`z�Z/{�q�ukg�g�Z)q5q£\?u[_`_a���
�ÕmAq�X[^<uw_y{N�kZ}ew^<m5Z/{¨xQm5Xkj)m��k^<m5X j1l[lwo5^�j�g7XwZ)q Xkj�z�Zpj z�j1oncyj1e�m�c`eÈbdX[cygiX,¢ke[cam5Zpq�m5Z�lronZ�â

q�lk^<e�q�Z)qYonZ�l[_yj�g�Z�m5X[Z�¢�e[c`mnZ�c`~�lwu[_yq�ZYo5Z/q�lk^<ekq�ZA�£q�Z�Z�q�Z)g�m5c`^�e�Á�� ê �i�	��^�odq�m5Z�lpj)ek{�q�m5Z)j�{|�vâÕq�m�j1mnZ
{|cyq�m5u[on�kj1e�g�Z)qYm5Xwcyqdbdc`_`_�f<caz�Z�j�q�lkj1o�q�Z�o����
j)ek{}~Åj/�AXkj�z�Z��kZ�mnm5Z�o�q�^<_`uwm5c`^�e]giXkj1o�j<g�mnZ�o5ctq�mncyg�q��
�Õm�cyq�g�_aZ)j1od\?o5^�~ mnX[ZAj1�k^)z�ZA{|cyqng�ukqnq�c`^�e]m5Xkj)m�m5XwZ�o5Z�ctq�j)e,Z�_aZ�~�Z�e�mY^)\Ðj1l[l[on^)�|ca~pj1mnc`^<e!c`e

m5X[Z]����\?^<o5~Au[_tj1m5ca^<eC�]çSZp��Z�_`c`Z�z�Z�mnXkj1m�l[on^)z|ct{|Z){Ng�^�e|z�Z�o5f<Z�ekg�ZA^1\�Z)q�m5ca~pj1mnZ)q�cyq ^<�wmij1cae[Z){
\?^<oAz�j1o5��c`ewf�õ�^<o
{ m5Xwcyq�j1lwl[o5^)��c`~pj)m5c`^�eNcyq ^)\�_ac`mnm5_`ZÅg�^<ekq�Z)s�u[Z�ekg�Z��NWYX[Z!j1lwl[o5^)��c`~pj)m5c`^�e
^1\ªj]e[^�e[_`cae[Z)j1oAl[on^�g�Z)q5q����rj,_`cae[Z)j)o ~�^�{|Z�_dcyq ^1\�l[o5ca~pj1on�Nc`~�lk^�o5mij)ekg�Z�x�\?^�_`_a^1b	Z){N�|�Èm5X[Z
j1l[lwo5^)�|ca~pj1mnc`^�e�^1\VmnX[Zªg�^<e�m5cae|u[^�ukqÍmnc`~�Zd_ac`e[Z/j1oY~�^�{|Z�_k�|��j�{|ctq5g�onZ�m5Z�mnc`~�Zd~�^�{|Z�_£�Rk	j1o5ctj1�[_aZ
m5o�j1ekq£\?^<o5~Åj1m5ca^<ekqdq�X[^<uw_y{��kZ�ukq�Z/{ÅbdXwZ�o5Z�j)l[l[on^<l[oncyj1mnZ�m5^�c`~�l[o5^)z�Zdm5XwZ�svu�j1_`cam���^)\Vm5X[Z�_`cae[Z)j)o
~�^�{|Z�_Ðj1ek{rqnj1~�l[_ac`e[f�q�X[^�u[_y{N�kZ�\Âj<q�m5Z�o�mnXkj1er�k^<mnXÓ^<lkZ�e�â£_a^�^<lÓmnoij)ekq�caZ�e|m�q c`eNonZ)q�lk^�ekq�Zpm5^
{|cyq�m5u[on�kj1e�g�Z)q�j)ek{ m5X[Z�\Âj<q�m5Z)q�m�Z���l�Z/g�m5Z){!g�_`^�q�Z){p_`^�^�l]o5Z)q�l�^�ekq�Z�mnc`~�ZA�y\?^<o�Z��wj1~�l[_`Z)qP^1\	m5Xwcyq
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q�Z�Z�¦PXkj)l[m5Z�o Æ �i�)��^�~�Z�c`mnZ�oij)m5ca^<ep~�c`f�X|m	�kZ�ewZ)g�Z)qnq5j1on��m5^�j<giX[caZ�z�Z�mnX[cyq��
ëpì0È É�ÊpöQñ�ð2-Qï�ú�ð2- ö�ú öE(]ï�-ÌË ú�óÇÍ +
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WYbY^N~Åj1c`ehZ���m5Z�ekq�c`^�ekq�mn^Nm5XwZ]j1e�j1_`�wq�ctq�l[onZ)q�Z�e�m5Z/{�c`ehm5X[ctq�giXkj)l[m5Z�o�Xkj�z�Z}�kZ�Z�e
~pj<{|Zp���
^<mnX[Z�oiq��ÓÎ�e[Zpcyq m5XwZ q�lkZ)g�cyj)_`ctq5j1mnc`^�e�^)\�mnX[Z]Î���Ï�ÑTl[o5^��[_`Z�~Äm5^Sq�m5Z)j�{|�rq�m�j1mnZ]q��wq�mnZ�~pq�\?^<o
c`~�lwo5^)z�Z){ Z�ÖÅg�c`Z�ekg���x�m5XwcyqÍf�j�z�Z�oncyq�Z�m5^�mnX[Z�^<l[mnc`~pj)_�_ac`e[Z/j1odq�m5Z)j�{|�pq�mij1mnZ�Z)g�^<ew^<~�ctg���Î��u�vÑÐ�
l[o5^��[_`Z�~]x[j)ek{}mnX[Z�^<m5XwZ�o�ctqÊmnX[Z�ukq�Zª^1\�m5X[ZAÎ���Ï�Ñ�\?oij)~�Z�bY^�o5¤�bdcam5XpZ���m5o�j�g�^<ekq�m5o�j1c`e�miq�j1e�{
^<��¥5Z)g�m5c`z�Z�m5^Af<caz�Z�j1e!Z)g�^�e[^<~�ctgÊZ�z<j)_`ukj)m5ca^<e ^)\Ps�ukj)_`c`m����
WYX[ZÊ¢�oiq�m�m5Z)giX[e[ctsvu[Z	bdj�qÍq�Z�mQu[l������V�|Î�bYZ�eAj)ek{�cyqQj)l[l[_`caZ){ m5^�mnX[Z�g�j<q�Z�q�mnuk{|��c`eªçNj)_yq�X

ÙiÚ	Û<Ü �5Ã�Þ<Þ ê �i�	WYX[ctqÍc`e�z�^<_az�Z)qVq�^<_az|cae[f mnX[Z�q5j1~�Z�m���l�Z�^1\Vlwo5^<�w_`Z�~ûj�qI\?^<o	m5X[ZªÎ���Ï�Ñå~�Z�m5X[^�{�x
�[u[m�bdc`mnX}mnX[Zªq��wq�mnZ�~ {�Z)q5g�onc`�kZ){pj<q

M�3t3)?��Î343bSB�f3t37×e3t3þ�¸343�³�×¸343��«{FÏ
bdX[Z�onZDM 3t3 xE� 3t3 xq� 3t3 xP× 3t3 j)ek{A� 3t3 j1o5ZÅj1_`_	q�m5Z)j�{|�Nq�mij)m5ZAf�j1caekq�j1e�{A{ Ï cyq jp_yj)o5f<Z�¢ke[cam5Z
e|uw~��kZ�o���WYX[cyq�cyq�q�^<_az�Z){ Z�ÖÅg�c`Z�e|mn_`�pj�q�j)e�����ukq�c`e[f!j�q�c`~�lw_`c�¢�Z){ q�m5Z)j�{|�vâÕq�m�j1mnZ�z�Z�o�q�ca^<e]^1\
m5X[ZªüÊâÂlkj)oij1~�Z�m5oncyq5j)m5ca^<e�mnZ)g7Xwe[cys�u[Z���WYX[Z�m5Z/g7X[ewcys�u[Z�onZ�z�Z)j)_yqÍbdXwZ�m5X[Z�o�xv\?^�oYmnX[Z�bY^<o�q�m�q�m5Z)j�{|�
q�m�j1m5Zª{|ctq�mnu[o5�kj)ekg�Z�x�m5X[Z�q��wq�m5Z�~ g�j)e�\?u[_æ¢k_`_km5XwZ�lkZ�o�\?^�o5~pj)ekg�Z�onZ)svuwc`o5Z�~�Z�e�miq�j1m�q�mnZ)j<{���q�mij1mnZ��
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m5X[Z�o5Z�\?^�o5Z�cyqdj ukq�Z�\?u[_Vq�m5Z)j�{|�!q�mij)m5Zªq5g�o5Z�Z�ewc`e[f�mnZ)q�m��
WYX[Z�q�Z)g�^�ek{�m5Z/g7X[ewcys�u[ZYbÐj<qY{�Z�z�Z�_`^�lkZ){ �|��j1epÑE­�ÿ0�~�]Ô0�ªq�m5uk{�Z�e|mdÎª���[oij1ew¤p�5Ã�Þ�Þ ê �Q\?^<o

X[cyq�Ï�c`l[_a^<~pjdWYXwZ)q�ctqQj1ek{Aj1mnm5Z�~�l[miq¨mn^ j�q5q�Z)q5q�mnX[Z�j<giX[caZ�z�j1�[_aZÍZ/g�^<e[^�~�cygPg�^�q�mQbdcam5X�onZ)q�lkZ)g�mVm5^
svu�j1_`cam����QWYX[Z�mnZ)g7Xwe[cys�u[Z�cyqÍ��j<q�Z/{Å^�e mnX[Z�\?oij)~�Z�b	^<o5¤�^)\QmnX[Z�Î���Ï�ÑÓl[o5^��[_`Z�~ j)ek{�cyqY�[onc`Z�äk�
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WYX[cyq�mnZ)giX[e[cys�u[Z!j1mnm5Z�~�l[miq�m5^rj�q5q�Z)q5q�m5XwZ]j<giX[caZ�z�j1�[_aZ Z)g�^�e[^<~�cyg�g�^�q�m�bdcam5X
onZ)q�lkZ)g�mAm5^

svu�j1_`cam����QWYX[Zªs�ukj1_ac`m���g�^�q�mY\?u[ekg�mnc`^<e¡x ± '� x[cyqYo5Z�l[o5Z)q�Z�e�m5Z){�����j�{|ctq5g�^�e|mnc`e�u[^<u�qÍ\?u[ekg�mnc`^<ep^�e jz�j1o5ctj1�[_aZ�x��Cx|bdX[ctg7XpctqYm5X[Zª{|Z�z�cyj)m5ca^<e�cae}mnX[Z�l[o5^�{�ukg�md\?o5^<~ q�lkZ)g�cæ¢�g�j1mnc`^�eC�
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bdX[Z�onZG{ 3 cyqCm5XwZYz�j1_au[Zdj)��^)z�Z	bdX[cygiXªj�{|Z�z�cyj)m5c`^�e�c`e mnX[ZYlwo5^�{|ukg�mQ~�Z)j)ekq¨c`mVcyqC^1ékâÕq�lkZ)g�cæ¢�g�j1mnc`^�e
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Azero

Azero

Azero

zero=b

νo

Store optimal results , φνo o

for  DA delay=Ni

νo = optimal objective)(

iend ≤ i

MATLAB

FORTRAN

MATLAB

MATLAB

FORTRAN

MATLAB

Initialise: load problem description

find Youla parametrisation
=H-UQVΦ *1

Find:

Setup:

*5

Truncate

bzeroRecondition ,

*6

*4φ

A,bl,bu,xl,xu

xo ,

i=i+1

x

Add J and c

LP: bl ≤ A x ≤ bu
≤≤xl xu

?

Yes

No

STOP

Call LP solver

CPLEX

( equations 3.14-3.17 )

*1 : ref appendix B.1

: ref appendix

: ref appendix

: ref section

*2

*3

*4

A.1

B.2

3.3.1

: ref appendix

: ref appendix

*5

*6

B.3

A.2

nullchain elements *3
*2

U iN ,VN for  DA delay=N
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νo

νo = optimal objective)(

iend ≤ i

[ I   Aq ]

for FIR Q of length L i

for FIR Q of length L i

Store optimal results νo, ,  qφo o

Recondition [ I   Aq ] , h

MATLAB

FORTRAN

MATLAB

MATLAB

FORTRAN

MATLAB

Initialise: load problem description

find Youla parametrisation
=H-UQVΦ *1

Setup:

A,bl,bu,xl,xu

xo ,

i=i+1

x

Add J and c

LP: bl ≤ A x ≤ bu
≤≤xl xu

?

Yes

No

STOP
*3

Find impulse responses, H,U,V

]φ
q[ =h *2

*1 : ref appendix B.1

: ref section*2 3.3.2

( equations 3.20-3.22 )

: ref appendix B.3*3

Call LP solver

CPLEX
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Evaluate both the functions 
and their gradients

h(x)
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p

Evaluate   ,
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p=p+1

h(x)
u0

Evaluate , f(x)

xof( ) xooptimal, ,

STOP

0≤g(x)h(x)=0 , −

xl ≤ x ≤ xu

min f(x) s.t.

Initialise: give w, p=1,....np
dist

Evaluate new guess for 
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u , p=1,...,n dist
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x

p=1
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and/or their gradients

and/or their gradients

evaluations to SRQPD to solve

Pass function and/or gradient
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update of function
and/or gradient
evaluations for
new x

SRQPD requests

guess u, p=1,....n dist

Calculate x, xl, xu

and ul,uh

given by u, p=1,...n dist
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fB = Byproduct flow
T = Temperature

F = Feed flowrate
= Concentration of component i

fB
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3 � 4 � 3 i!k�o�p#o~s Å �V@Ûp}wÍwHi!n\k�{.{ty!� Å � 8 � ¤ >/Ê*k�q�rCn\y}o�¥z��¥zÿ�J�rDk�q�r�ÃUu!n�svk �,h k�w�i!o!n©w�p#lÝqtk���y}qt{Q�3 k�ov{tq.k��ïyzq���qty|wZk�r.r Å � rC{tk��­r.Ï�o!®zn�o!kÍk�q.n\o!®j�I\×�G��kÍq.n�p�l 3 y}l�l\k�®}k��_¥�ázÌ}á|�
Å � 3 i!kÍo!k�q.� p#o�s Å � 9 p#l©rCiÝ�"Ú���>8yz�!{.n\�@n�rtp#{.n\y}o p#o�s��!q.y|w<k�r.r­wZyzov{tq.y}l\l�p��!n�l\n�{D�?p#o�p�l�� rCn�r<�Û\8o
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Å k��!{tk��Ö��k�qU¥Íá}á}æ|�

¥Íáv¥
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¦¨§I©
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�^¥�á}á°ã°�¥Íá}ª
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¬-´|«C©�®��*��q.kÍov{tn�wZkW> D p�l�l���\×o~w��_¥Íá}á}�|�\��-Ï+�jÃUq.y r.rC��p#oR�ITè�|�û� D p#l�kÍ�­p#oR� p#o�s­�,�-Ï+� Å § p#o!k�� �¥ U�!{.n\�@nuæ�p�{.n\y}o�rC{tq�p�{.k�®zn�k�r��ïy}qA)�kQo|n��!l\kwHi!kÍ�@n�w�p�l!�!qty|wZk�r.rDk�rZ��£%©
¶?³Vª
´�º�«CÂ�­
¬j¿ó£¥¤=º�¶	µ;ÀP­�®É¦¾¬�Æ
µ;¬»ºPº�«�µ;¬�Æ��ûã £ «|¦�ÿ�«°�}áQ¯°« æ}ª-�*¥Íá}Ì}�|��Q�¾@�� D n�q�r.w�i!y}qtoÝ�ô\8o|¯°k�q.{tn��!n\l�n�{D��y#�*@xu!l�{tn�¯zp#qtn�p#� l�k Þ y}o!l\n�o!k�p�q 3 y}o|{.q.yzl Å �!rD{.k���rZ�ô¢C¦%¦%¦Íj«¼­
¬ÎÂS­
ÀW´|µ;©
¬ÎÂ�©
¬F¡�ª
´�©
¶	­�´|µ;À
£%©
¬-´|«C©�®��I< 3 >×ª#« £ æ�¦�ÿ�Ìz�}�U¯�Ì}æz�j� ¤ k�wZkÍ�Ö��k�qU¥�á°ã�á|�°��*�Q� D yzl�{�p#o~sñ@��.@xyzq�p#qtn8� ¤ k�rCn\®}o4y��:��k�rDn�l\n�k�o|{m��q.y|w<k�r.rDn�o!®ç��l©p#o|{�rO>|Êm�*hji!kXÏ¥õ_k�wZ{@y#�
¤ k�p}s|{.n��Gk�y}o ¤ �vo~p#�@n©w���k�rCn�l\n�k�o~wZk°�=£¥¤=º�¶	µ;ÀP­�®�¦¾¬�Æ
µ;¬=ºPº�«Wµ;¬�Æ Ö ÀQµ[º�¬IÀWºP�°«°Î £ ã}¦�ÿ�¥�ªzª}áQ¯�¥�ªz�vã
�¥�á}Ìz�v��Q��°����°p#q.¯|n�rûp#o~s 3 � 3 �°�
p#o|{.k�l\n�svk�r<� ¤ < Å   4 Êö>Ð< ¤ nÇõ_kÍq.k�o|{.n©p#lÓ>O<�l\®}k��!q�p#n©wAÏ%:�u�p�{.n\y}o Å yzl�¯°k�qÍ�h k�w�i!o!n©w�p#l q.k���y}qt{Q� 3 k�o|{.qtk��ïyzq+��q.y|wZk�r.r Å �!rD{.k��­r(Ï³o ®}n�o k�k�q.n\o!®j��\8�@��k�qtn�p#l 3 y}l\l�k�®zk
��¥�ázá}ªv��j� 4 � 4 k § n©rZ��²¥³=´|µ;¶	­�®%£%©
¬-´|«C©�®��%�}yzi!o 9 n\l�k��Gp#o�s Å y}o~rW�û¥�á}Ìzæv�

3 � 9 � 4 n!p�o�s Ä �~Tè�z�!k�o!® �!�!u!o�wZ{tn�yzo�p#l ��kÍ�!q.y|svu~wZn��!n\l�n\{C�Uy#��ÃUk�o!kÍq�p#lI@xu!l\{.n�¯zp�q.n�p��!l�kË<�o~p#l��|{.n©w
Þ y}o!l\n�o!k�p#q Å �!rD{.k��­r<�]¢Ô¬-´�ºÔ«W¬j­�´|µ;©
¬j­�®�§j©
ª�«�¬j­�®R©�ÈM£%©
¬�´�«¼©�®��!«°� £ ¥#¦�ÿ�ªz�}�U¯�ª}æzÌ-�*¥�ázÌ�ã°�Êm�=@Ûp#o y}u�rDn�y}u {.i�p + n©r�p�o�sn@�� Þ n + yzl�p#yzuÝ�%<�o�p�l�� rCn©rjy#�Jsvk�wZk�o|{.q�p�l�n©rCk�s�wZy}o|{.qty}lûrD{.q.u~wZ{.u!qtk�rj�ïy}qo!y}o!l\n�o!k�p#qUrC� rC{tk��­r<�]¡Þ¢�£¥¤
¦¨§I©
ª-«�¬j­�®����z� £ «|¦�ÿ �#«°áQ¯|�z�}Ì-��<�� q.n�l
¥�ázÌ}áv�ÃÚ�j@xn÷��p�q.k�r�� 3 � ¤ � D yzl�l©p#o�sÉ� �Q�I@Ûw ¤ p�o!n�k�l|� 3 �!�,� ¤ yzl�l�p�qQ� p#o�s Å �IÏ��=Ã%p#l�l\u!oÝ�(<�o�p#l\�!rDn�r*p#o~sk�¯zp#l�u~p#{.n\y}o�y#�U{ti!kÖqtk�l�p�{.n\¯°kÏ®°p�n�o�r��ïy}qÚo!y}o!l\n�o!k�p#qÚrC� rC{tk��­rZ�Ñ£%©
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¬j¿E£¥¤=º�¶	µ;ÀP­�®
¦/¬�Æ
µ;¬»ºPº�«�µ;¬�Æ��^á £ ¥#¦�ÿ æv¥P¯!ã�Î���¥�ázÌ}�|�@��É�!�w@xy}i!n©svk�k�oR�V�!� ¤ �Ý��k�q + n\o�rW��p�o�sÑÏ�� Þ �^��y°rD{.n + y}��y}u!l\y°r<�* U�!{tn��­p�lûsvk�rCn\®}oÛy��+s|�vo�p��@n�wrC� rC{.kÍ�­r u!o~svk�q+u!o�w<k�q.{�p#n�o|{D�°�A¡?¢U£¥¤
¦�§I©
ª�«W¬j­�®~�v«°ª £ Ì°¦�ÿ�ªzª}�|¥Ô¯|ªzªvã�ªj�R<Uu!®}u�rD{Ï¥Íá}ázæv�@��=@xy}q�p#q.nûp�o�snÏ+�Éù^pQm�q.n\y}uÝ�.àÌ©
äQª�Â�´Aå¾«C©�ÀWºCÂPÂK£%©
¬-´|«C©�®��*��qtk�ov{tn�wZk�> D p�l�l|�-\8o�w��_¥�ázÌ}á|�

@���@xy}q�p�q.n|�AÏ+�]ù^pQm�q.n\y}uR�*p�o�s$°��û�Q� D yzl�{Í� ¤ k�rCn\®}o�y��,�+k�rDn�l�n\k�o|{���q.y|w<k�r.rDn�o!®���l�p�ov{�rZ� Þ k §3 i�p#q�p}wZ{tk�q.n�æ�p#{tn�y}o y#�G{.i!k±Ï¥õ^k�wZ{Ûy#��� D � ù�k�q.y rZ� £¥¤=ºÔ¶	µ;ÀP­�®7¦¾¬�Æ�µ;¬»ºPº�«�µ;¬�Æ Ö ÀQµ[º�¬IÀWºP�«°ª £ ¥�Î°¦�ÿ�ª�«°ªz�U¯|ª�«°ªvã�� ¥Íá}Ì°ã°� ¥Íá}�
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