
� �����������	��
 � ������ ��
 ��� � ����
 � � �����������
� ��
 � � ��� � ��
 � !"���
 �# �! � � �$�

%'&)(+*-,/.1032546(87:9<;>= ?@9<;BA:&-CEDF*�G:2@%'&)(H;>.
I (8JE(K,/9ELM71NO.PJQ&);B&<R:&)(TS6,/;BUWVB(89)XY7P9EZ'J<VB(89\[]4 I (8JE(K,/9ELM71NO.PJQ&);B&<R:&)(TS6,/;BUWVB(89)XY7P9EZ'J<VB(89\[]4

?�^`_baF[dcde5fdghXi^kjml/n ?�^`_baF[dcde5fdghXi^kjml/n
jFobpFqbrs%'&<R:&<&<=b,/9Q& jFobpFqbrs%'&<R:&<&<=b,/9Q&
46(89EUt,/.bZ 46(89EUt,/.bZ

g�7PD/.P(/u\vwvxqby{zQj'|m|HzM|}j~zOqP|8qbn/q g�7PD/.P(/u\vwvxqby{zQj'|m|HzM|}j~zOqP|Knmnmo
?5,{��uhvwvxqby{zQj'|m|HzM|}j~zOq�jFobpFq ?5,{��uhvwvxqby{zQj'|m|HzM|}j~zOq�jFobpFq

%'&<(H*-,/.�2�46(87P9E;>=��6S6,/;BUWVB(89MXY7:9EZ'J<VB(8982�XYDmU ?@9<;BA:&-CEDF*�2�%'&<(8;B.5�6S6,/;>U�V>(H9MXY7P9QZ�JEV>(H982�XYDmU
�����+�}�~�@�/�

���{���Y�m�<�b�)���{�<�M�M�<���E�<�6�O�Q�E�M '¡h¢¤£}�Q¥�£K ¦�K ¦�K§b¡¨£K �£K©w£K§/�ª�E�K�T¡>�/�}¡\�B�6�{�M«¬�¡¨£ ��K®+�¬¯{�~¡-�x¡>�{�O£K§~¯K�����¨¯~§/«¬�K�d¡°�±�±²³�ª�Q�M�B F¯ª«¬£K F¯~�>¡°§��K�> ��K«>«�´3�} ��ª«��~¡-�)�O�K«B«�´w¯}§m���{����)´�~�+¡°§��}¡¨£K�E�x�Q£} '¡°�±£}«B«µ�����M´ª���Q£}©h�:§m¡-�M�)¶· ���)®+��£K§/�E«�´8¸Y¡>�{�B��K§b¡¨£K �£}©6£}§F�3�K�<�B®H�B F¯��E�E�m�{�M�B«��>¡°´�¢¤�8�¹�:§/���)«�´��Q�8�M�Q�º£K ¦¡>�m�®K�<�F�°�»«¬�M¼¾½M£K«>«�£K¢¿�> F¯T���<�> ��M�À��«µ��§/�E�> F¯W®+�B�E��£K �¶����m�`�m�}¡>�1£O½¡>�m�«µ���~�F�)�ª®K�<�F�°�»«¬�¢¤�8��¡°�O�~�M¥}���{¶i�'£Á�QÂ~¡-�M ��Ã¡>�{�B�s�Q�E�m�F�)�>«¾�°¡°´Á¡¨£�¯/�) :�M�±�}«��}�E�>®+�> F¯Ã�E�°¡°§b�~¡°�°£K ��Q¸d��K´K ��K©x�°�w�m�~¡>�W�:«��K ' ��B /¯1�E£K©\�m£K :�M '¡Ä�����B �¡°�±£»�}§b�<���~¶�ÅP�)®}�)�O�K«h�K�<�B®H�B /¯º�<�>¡°§m¼�}¡°�°£} b�ª�K����°�F�) '¡°� Æ�����¡>�m�}¡h P���E�)�Q�<�>¡¨�}¡-���O�)�¨�m£K ��M�<��¡¨£W©6£}�O��¡>�m�K ¦¡>�m�«¬�Q�~�{�M�®K�<�F�°�»«¬�+¶���m�º�)«¬�8�<¡°���º���K :�ª½E�O�K©T�)¢¤£K�E¥Ç£OÈY�)�E�s¡>�m�W :���<�<�E�)�K�<´½»���~¡°§/���<�t¡¨£1�E£K®K�M���K´K¼ ��K©x�°�T�K�E�>®+�> F¯ª�<�>¡°§��}¡°��£K b�M¶]Å'�B©x§m«¬�}¡°�°£} Ã�O�)�E§m«�¡>�]�Q�m£K¢É¡>�m�h�m£}¢	�)�w£±½Ä¡>�F���d�<��¼���±£+�~�)�/¶6ÊË�Q�K«�¼Ì¢¤£K�<«¬�����<�<§m«�¡>�w£{�M¡¨�}�B :�Q�s¢¿�°¡>�t�K Ç�K§b¡¨£K �£K©w£K§/�T�Q�}�6�+¯}���Q�w¢¿�>¡>�¡>�m�]�E�>©x§/«¬�}¡°��£K º���<�E§m«�¡>�)¶
Í Î8Ï �}�~Ð¿Ñ	Ò¤�/�~Ó¨Ð Ï
XYDmVBV>;BJ<;>D/.¦,KÔmDm;BA@,/.PLH(�7P,/JwÕ�(H(8.�&<7P(sJ<RPÕ�CE(8LH&D/*Y(+�'&)(H.PJ<;�Ôm(t9E(8JE(K,/9ELM7�Õ�D/&)7Ö;>.¦&<7P(�×P(8V>AÖD/*

9EDmÕ�D/&);BL8J	,/.PAª;B.b&)(8VBV>;B=m(8.b&ØÔm(H7P;>LHV>(8JH2�[Ù&)9<(HUW(H.PAPDmR:J�Õ�(8.P(+×P&�;>J	,/JEJ<(8JEJ<(HAs*¨D/9�9<(HAPRPLH;>.P=ÄL8DmVBV>;>JE;>Dm.:J
Ú ;�&)7�,/R:&)D/Ut,F&<(8A�JEZ'JE&<(8U�J�;>.�9<(8=/RPV°,/9w&)9<,FÛ�L/2Á^�7P(�AP(+&)(HLH&);BDm.ÜL8,/Ý@,/ÕP;BV>;�&);>(HJ6D/*¹Ô';>JE;>Dm.'zOÕ@,/JE(8A;B.b&)(8VBV>;B=m(8.b&YÔ/(87P;BL8VB(8J],/9<(wUW,F&)R:9<(6(8.:DmRP=m7Ã&)DsÝ�(89E*¨D/9<U�JERPLM7Ç,�&M,FJ<ÞÖß¨J<(8(T(/2À=P2¤àÀp~á°â+2
[ãÝ�DmÝPRPV>,/9�,FÝPÝP9<Dm,/LM7�*¨Dm93,/R:&<DmUW,F&)(HAÜÔm(87:;>L8VB(º=mRP;BA@,/.PLH(�;>Jª&<DÇ*¨DmV>VBD Ú ,ÇV>(K,FAP(89ªÔ/(87P;BL8VB(/2^�7:;>Jh;>.b&)RP;�&);�Ôm(`Õ�(H7@,KÔ';>Dm9hL8DmU�(8JË&)D;B&<J\VB;>U�;B&M,{&);>D/.PJ Ú 7:(8.ºD/&<7P(89Ë&)9<,FÛ�LÄÝ@,F9E&);BL8;BÝ@,/.b&)Jh;>.b&)(H9E*¨(H9<(

Ú ;�&)7Ç&<7P(3V>(8,/AP(89ÄÔm(87:;>L8VB(/äÀJ6Ý@,F&<7�2�SdZ'.@,/U�;>LÝ@,F&<7¦UWD'AP;B×PLK,F&<;>Dm.�Õ�(HL8DmU�(8J6.P(HL8(HJ<J),F9EZm23^�7:(8J<(A�Z�.P,/UW;BL6AP9<;�Ô';>.P=3JE;B&)RP,F&);BDm.PJ¹U�D/&);�ÔF,F&)(HA�&)7P( Ú Dm9<ÞºD/*¤&)7:;>J�Ý@,/Ý�(89H2f]D Ú ;>Jx&<7P;>JxÝP,/Ý�(H9wDm9<=b,F.P;>åH(8A5æç%�(8L+&);>D/.�l�=m;�Ôm(HJw,/.ÖD~Ô/(89QÔ�;B( Ú DF*Y9E(8V°,{&)(8A Ú Dm9EÞ¦Õ�D/&<7Ö;>.&<7P(d×@(HV>AºD/*¤;B.�&<(8VBV>;>=/(8.b&\Ô/(87P;BL8VB(8J`,/.PAº9EDmÕ�D/&);BL8J82�NO.1%'(8LH&<;>Dm.Ã_ª&<7P(x(HV°,/JQ&);>LdÕ@,/.PA�*¨9<,/UW( Ú D/9<Þ�;>J;B.b&)9<D'APRPLH(8A�2�%�(8L+&);BDm.ªq]AP(8JEL89E;>Õ�(8J�&<7P(\.:(8L8(HJ<J<,/9EZ�,/A@,/Ý:&),F&);BDm.PJ¿&)D]&)7P(h(8V>,/JE&<;>LËÕ@,/.:Aª*¨9),/U�( Ú Dm9EÞ;B.ÃDm9<AP(H9�&)Ds&)RP.P(w&)7:(ª,KÔmD/;>A@,/.:L8(wÕ�(H7@,KÔ';>Dm9�&)D Ú ,/9<A:JÄ&)7P,F&]D/*�7�RPUW,/.ÁÕ�(H;>.P=/J82h^�7P(;BUWÝP,/LH&`D/*&<7P(�(8V>,/JE&<;>L¹ÕP,/.PA3*¨9),/U�( Ú Dm9EÞªDm.3&)7:(]Ý:V°,/.P.:;>.P=6,F.PAsAP(8LH;>J<;BDm.sJE&),/=m(�;>J�AP(8JEL89<;BÕ�(HAW;B.�%�(8L+&);BDm.Wp�2I (8JERPVB&<JÁ,/9<(³AP(H&),/;>VB(8Ai;>.è%�(HLH&);BDm.çr:2�XYD/.PL8VBRPJ<;BDm.PJ�,/.PAi*¨R:&)RP9E( Ú Dm9EÞéL8DmU�ÝP9<;BJ<(¦&)7:(³×@.P,/V%'(8LH&<;>Dm.ê2
ë ì�í'î ��� í ÑðïñÐ5�~ò
ë�ó-Í ô Ð5� í�Ï �~Ó-� î\õ Ó í'î Ñö��÷¤÷¤�{Ð5�@�{ø í �
^�7P(�U�DmJE&TÝP9EDmUW;B.P(8.b&w;BAP(K,�*¨Dm9wL8D/V>V>;BJ<;BDm.¦,KÔmDm;BA@,/.PLH(�,/9<(W,/9E&<;B×@LH;°,/V	Ý�DF&)(8.b&<;°,/V�×P(8V>A:J�ß¨(/2À=P2

à¬|}_'e@|m|Há°â+2�^�7:(]D/ÕPJE&),/L8VB(8Jh,/9<(�U�D'AP(8VB(8As,/JËÝ�D/&)(H.�&<;°,/VBJ�,/.PA3&<7P(`=m9),/A:;>(8.b&�DF*�&<7P(`J<RPÝ�(89E;>U�Ý�DmJE(8A



Ý�D/&<(8.b&);>,/V¿×@(8VBA1Z';>(8VBAPJÄ&<7P(�AP;B9<(HLH&);BDm.1LHDmU�Ut,/.:A�*¨Dm9]&)7P(�U�DmÕP;BV>(w9<D/Õ�D/&82xg¤D/&)(H.�&<;°,/VØ×@(HV>APJ6,F9<(
,F.�(HV>(8=m,/.b& Ú ,KZÃ&)D�UWD'AP(8V¿D/ÕPJE&),/L8VB(8J],/.PA�LK,/.�Õ�(T,/.@,FVBZ'å8(HA1=mVBDmÕ@,/VBVBZm2�[k*¨Dm9EUt,FVêÔm(H9<;B×PLK,F&<;>Dm.DF*	&<7P(wDmÕPJE&),/L8VB(w,KÔmDm;BA@,/.PLH(TÕ�(87P,}Ô';BDm9`;>J¹*¨(K,FJ<;>Õ:V>(/2
46(8.P(H9),/VB;>åH(8A�Ý�D/&<(8.b&);>,/VP×@(HV>APJhAP(8Ý�(8.:A�.PD/&hDm.PV�ZsDm.�AP;>JQ&M,/.PLH(]&<DªDmÕ:JE&M,FL8V>(HJY,F.PAtL8,/.W&<7P(89E(+z

*¨D/9<(xAP(+&)(H9<U�;>.P(6;B9<9<(HV>(+Ô/,F.�&¹DmÕPJE&),/L8VB(8J�Ý�Dm;>.b&<;>.P=3, Ú ,KZ�*¨9<DmU &)7P(6(H=mDFz±Ý@,F&)7ê2�^�7P;>J�U�(H&<7PD�A Ú ,/J×P9<JE&Ä,/Ý:ÝPV>;B(8A�&)D3Ô/(8V>D'L8;�&OZbzOAP(HÝ�(H.PAP(8.b&ÄÝ�DF&)(8.b&<;°,/VBJ�;>.�àµ|K_{áÌ2
[éÝ�DmÝPRPV>,/9�,/Ý:ÝP9<Db,FLM7�&<Dw,}Ô/Dm;>AsVBD�L8,/V:U�;>.P;BUt,�eF;Ì2¾(F2/&)9<,/ÝPÝP;B.P=6J<;�&)R@,F&<;>Dm.:J8em;B.�Ý�D/&<(8.b&);>,/V�×@(HV>A

,FÝPÝPV>;BLK,F&<;>Dm.:JY;>J¹&<7P(wRPJ<(TD/*	7@,/9EUWDm.:;>LxÝ�D/&)(H.b&);°,FV>Jwß¨J<(8(T(/2À=P2¤à yFáÌe¤àÀn~á�â»2
ë�óBë ��÷¤÷¤�{Ð5�@�{ø í � � �KÓ Ï���ô ø��¿�KÓÌ�m� î�� Ð¿Ñ í�î �

�d&)7:(89wÝP7bZ'J<;>L8,/VËUWD'AP(HV>J6Õ�(8J<;BAP(8JwÝ�D/&)(H.b&);°,FV�×@(8VBAPJT,/9<(�,/VBJ<DÃÝ�D/ÝPRPV°,F9d*¨Dm9wL8DmVBV>;BJ<;>D/.Ç,KÔmDm;BA�z
,F.PL8(F2
[Ä.ð,FVB&)(H9<.@,{&);BÔ/(�,/Ý:ÝP9<Db,FLM7É&<DÇ&)7P(tÝ�D/&<(8.b&);>,/V\×P(8V>A�U�(H&<7PD'APJ�;>JªÝP9<(HJ<(8.b&<(8A ;B.iàÀl{á e Ú 7P(H9<(,F.@,/V>D/=m;>(HJ�DF*x&)7P;BJWÝ:9<DmÕPVB(8U &<D�7bZ'AP9<DÜU�(8LM7P,/.P;>LHJtÝP9EDmÕPVB(8U�Jt,/9E(1JE7PD Ú .�2è?	V>RP;BAðA:Z'.@,FUW;BL8J(
	�R@,F&);BDm.PJw,/9E(sRPJ<(HA�23^�7P(��@RP;>A¦JQ&M,/9Q&)JT,F&6&<7P(sJE&M,F9E&);B.P=ºÝ�Dm;>.b&6&)D Ú ,/9<A:Jw&<7P(s=mDb,/V	Ý�D/;>.b&T,/.PAD/ÕPJE&),/L8VB(8J�DmÕ:JE&)9ERPLH&t&)7P(�PD Ú 2 ?@9EDmU &)7P(Ç9E(8JERPVB&<;>.P=��@D Ú ×P(8V>Aö&<7P(ÇÝPV>,/.P.P(HAöÝ@,F&<7éLK,/.éÕ�(LHDmU�ÝPR:&)(HA�2
NO.Çàµ|}n~á e�,/.W,/ÝPÝP9EDb,/LM7�&)DTÕ�(H7@,KÔ�;BDm9),FV@L8Dm.b&)9EDmV5D/*�9EDmÕ�D/&)JË;>JËAP(HJ<LH9<;>Õ�(8A�&)7@,{&YRPJE(8Jh&)7P(`U�D�AP(HV

DF*dA:Z'.@,FUW;BLK,/V¹JQZ'JE&)(HUWJH2ð^�7:(ÁÝP,F&)7É*¨Dm93.@,KÔ';>=b,{&);>D/.É,/.PAÉDmÕPJQ&M,/LHV>(Á,KÔmDm;BA@,/.PLH(Á;BJ3=m(8.:(89),{&)(8A
JEDmVBÔ';B.P=xA:Z'.@,/U�;>L8,/V'AP;���(89E(8.b&);>,/V�(
	�R@,F&);BDm.PJH2�^�7P(`,/Ý:ÝP9<Db,FLM7�;BJ�9<,F&)7P(H9�&);BUW(»zOLHDm.PJ<R:UW;B.P=ÄA:RP(¹&)D
&<7P(w.P(8LH(8JEJ),/9QZ�9E(8V>,{�:,F&);BDm.PJ82Ë?@Dm9¹&<7P;>J`,FÝPÝP9<Dm,/LM7�e5V>D Ú zOVB(HÔ/(8V�JE(8.PJEDm9EZÁ;>.�*¨Dm9<UW,F&);BDm.�,FJ]D/ÝPÝ�D/J<(8A&<DsJEZ'U�Õ�DmV>;BLxDmÕPJQ&M,/LHV>(w;>.:*¨D/9<UW,F&);BDm.t;BJ�RPJ<(HA�2

�xRP;B.PV°,/.1,/.PAÖ067@,F&<;>Õ�ÝP9<(HJ<(8.b&T,/.:D/&)7P(H96,/ÝPÝ:9<Db,/LM7Ç&<D�DmÕPJQ&M,/LHV>(3,KÔ/Dm;>A@,F.PL8(ª&<7@,F&dRPJ<(HJx&)7P(
U�D'AP(8V�D/*�,F.3(8V°,FJE&);BL�Õ@,/.PA3*¨Dm9�,w9EDmÕ�D/&]ß-JE(8(`(/2À=P25à¬|~p{á@,/.PA�àµ|KrFá�â»2�^�7P(`(HV°,/JQ&);>LYÕ@,/.PAs*¨9),/U�( Ú Dm9EÞ;BJ\R:J<(8A�*¨D/9\DmR:9¹,/ÝPÝ:V>;>L8,F&);BDm.�2¤[d.�;B.P;B&<;°,/V:Ý@,F&)7W7@,/Jh&)D�Õ�(dJERPÝPÝPVB;>(8Aê2�^�7P;>J\Ý@,F&<7�;>JhUWD'AP(HV>(8At,/J
,F.�(8V>,/JE&<;>LhÕ@,/.PA�&<7@,F&�;BJ�JERPÕ'CE(8L+&)(HA�&<Dd*¨Dm9<LH(8JHem(+��(89Q&)(HA�ÕbZªDmÕPJE&),/L8VB(8J Ú 7P;>LM7s,/9E(¹9<(HÝP9<(HJ<(H.�&<(8AW,/JÝ�D/&<(8.b&);>,/V@×@(8VBAPJ82�^�7P;BJY,FÝPÝP9<Dm,/LM7�7@,/J¹,/V>JEDÕ�(8(H.º(+�'&)(H.PAP(8A�&<D�.PDm.'zO7PDmVBDm.PDmU�;>L�U�DmÕP;BV>(�9EDmÕ�DF&)J
à¬|~l}á 2tcY9<D'LMÞÇ(+�'&<(8.PAPJ&)7@,F&T;BAP(K,�&)DÃ&)7:(�UW,/.bZbzOAP;BUW(H.PJ<;BDm.@,/V�L8Dm.:×P=mRP9),{&);>D/.³JEÝ@,/LH(WD/*YUWD/ÕP;>VB(
UW,/.P;BÝPRPV>,F&)Dm9EJ6à¬|8áÌ2

�d&)7:(89�,/Ý:ÝP9<Db,FLM7P(8J�D/*�&<(8.º;B.PL8VBRPAP(d9ERPV>(»zOÕ@,FJ<(8AºJQZ'JE&)(HUWJ`Dm9\JEZ'JE&<(8U�J`(+��(8LHR:&);B.P=3Õ�(H7@,KÔ';>Dm9<,/V
ÝP,F&<&<(89<.:J82Ë^�7P(8JE(JQZ'JE&)(HUWJÄ,/9E(T.:D/&`L8D}Ôm(H9<(HAÇ7P(89E(wAPRP(w&)DsJ<Ý@,FL8(wV>;BUW;�&M,F&<;>Dm.PJH2
ë�ó�� ��÷¤÷¤�{Ð5�@�{ø í ���±Ð5� ÎHÏ � í'î-î Ó �5í�Ï ��� í ø	Ó-� î-í �
[çÝ�D/&<(8.b&);>,/VP×@(HV>A�,FÝPÝPV>;BLK,F&<;>Dm.s;B.t.PDm.'z�,/R:&<Dm.PDmU�DmRPJËAP9E;BÔ';>.:=ª,/Ý:ÝPV>;BLK,F&<;>Dm.PJ�;BJ\A:(8J<LH9<;BÕ�(HAº;>.

àÀj{áÌ2��x.t*¨Dm9EL8(+z±L8Dm.b&<9<DmV5Õ@,/JE;>JHe:,/VBJ<DTÔm(87:;>L8VB(dA:Z'.@,FUW;BL8JhLK,/.�Õ�(`&M,/ÞF(8.º;>.b&<Dª,/LHL8DmR:.�&�,/.PAtLHDmU�ÕP;µz
.P,F&);BDm.PJ�D/*	AP;���(89E(8.b&]AP9<;�Ôm(»z�,/JEJ<;>JQ&`JEZ'JE&<(8U�Jd,F9<(6*¨(K,/JE;>ÕPVB(/2Ë%';>U�RPV>,F&);BDm.�9E(8J<R:VB&)J],/9E(6ÝP9<(HJ<(H.�&<(8A�2
[ðL8DmU�ÝPV>(+&)(HVBZw,/R�&)Dm.PD/UWDmR:J	L8,/9 Ú ;�&)7DmÕPJE&),/L8VB(¹,KÔmD/;>A@,/.:L8(YL8,/Ý@,/Õ:;>V>;�&OZ6;>J¤ÝP9E(8J<(H.b&)(8A3;B.ºà¬|~j{áÌ2^�7:(,FÝPÝPV>;BLK,F&<;>Dm.tD/*¤Ý�D/&<(8.b&);>,/Vê×@(HV>APJ¹&<DsAP(H&<(89<U�;>.:(x&)7P(w9<;BJ<Þ�Z�;B(8VBAP(8AÃDmJEL8;>VBV°,F&<Dm9EZ�Õ�(87@,KÔ';>D/9�;>.

D}Ô/(89E&),/Þ�;>.P=�J<;B&<R@,F&<;>Dm.PJH2è[ÄJº,�L8D/.PJ<(
	'R:(8.PLH(/exÕ�(87@,KÔ';>D/9),/V]Ý@,F&E&)(89E.PJ Ú (89E(Ç;>U�ÝPV>(HUW(H.b&)(8AÙ*¨Dm9D/ÕPJE&),/L8VB(w,}Ô/Dm;>AP,/.PL8(wUW,/.P(HR:Ôm(H9<J82��¿Dm.P=m;�&)RPA:;>.@,/Vê,/.PAÁV°,F&<(89<,/VêUW,/.P(HR:Ôm(H9<JÄ,/9<(wÝP9E(8J<(H.b&)(8Aê2
[iÔm(H9EZ�;>.b&)(H9<(HJE&);B.P=,/ÝPÝP9EDb,/LM7tÕ�D/&<7W*¨Dm9Ë9<D/Õ�D/&<;>LHJË,/.PAt;B.b&)(8VBV>;B=m(8.b&�Ô/(87P;BL8V>(HJ¹,/Ý:ÝPV>;BLK,F&<;>Dm.PJ�;>J

Ý:9<(8JE(8.b&)(HA�;>.1à _Fá 2�NO.tL8D/.�&<9),/JQ&\&<DT&<7P(]D/&)7P(H9h,/ÝPÝP9EDb,/LM7P(HJYÝP9E(8J<(H.b&)(8Aº7:(89<(Fe�D/ÕPJE&),/L8VB(Ä,KÔ/Dm;>A@,F.PL8(
;BJ6Ý�(H9E*¨Dm9EUW(HA¦;>.ÖL8D/.:×@=mRP9<,F&);BDm.³,/.PAÖ;>.¦Ô/(8V>D'L8;�&OZÇJEÝ@,/L8(F2WXYDm.PJE&),/.b&wÔm(8VBD�LH;B&OZ1;>Jw,/JEJ<RPU�(8AÖ*¨Dm9
,FV>VêD/ÕPJE&),/L8VB(8J82
� �6î �@�H�~Ó-����� Ï Ñ	�
��ó-Í ÎHÏ �}�~Ð¿Ñ¤Ò¤�/�~Ó-Ð Ï �}Ð �6î �@�H�}ÓÌ����� Ï Ñ¤�
^�7P(dDm9<;B=m;>.@,FV@(8V°,FJE&);BLÄÕP,/.PAÃ,/ÝPÝ:9<Db,/LM7W*¨Dm9YLHDmV>VB;>J<;BDm.�,KÔmDm;BA@,/.PLH( Ú ,FJ¹ÝP9<D/Ý�DmJE(8A�ÕbZ��xRP;>.PV>,/.,F.PAª067@,{&);>ÕWà¬|~p~áÌ2�%';>U�;>V°,F9�ÝP7bZ'J<;BLK,/V�ÝP9EDmÝ�(89E&<;>(HJØ,/9<(ËRPJE(8A*¨D/9¤JE.@,/ÞF(8J¤;>.XYDmU�ÝPR:&)(H9��x;>JE;>Dm.Wà¬|}oFáÌ2

[Ä.�;>.:;B&);>,/V e{*¨(K,/JE;>ÕPVB(ÄÝP,F&)7WU�RPJE&YÕ�(ÄAP(8VB;BÔ/(89<(HAtÕbZt,Ý@,F&<7�ÝPV>,/.P.P(H982�^�7P;BJ\ÝP,F&)7�;BJ\A�Z�.P,/UW;BLK,/VBVBZ
U�D'AP;B×@(HAÃÕ�Zº&<9<(8,F&);B.P=�&<7P(TÝ@,F&)7�,/JÄ,/.Á(8V°,FJE&);BLwÕ@,/.PAÃ&)7@,{&d;BJÄ,FÕPV>(6&)D�LM7@,/.:=m(;�&)J`J<7P,/Ý�(F2¹^�7P(



Obstacle

Internal Force

External Force
Constraint Force
Total Force

fint

tot

f

f

 f int

ext

constr
 f

constrf

ftot

extf

Elastic band model

���������
	������	����
	���	����
���
��������������	� !���
�
�!"$#�����%&���'�(��	��)��	��*���������)�
�!"� �	��,+-���
.&�
���)�!�/���*�0�1#2	��3+4	�	��65

&<D/&M,FV¤(H.P(89E=/ZÇDF*�&)7P(ª(8V°,FJE&);BLÕP,/.PA¦;>J]U�;>.P;BUW;Bå8(8AºZ';>(HV>AP;B.P=tJEUWD'D/&<71Ý@,F&<7PJ82x?5D/9<L8(HJ6,/L+&);>.:=tDm.
&<7P(`(8V>,/JE&<;>L¹Õ@,F.PAt,F9<(�L8D/UWÝPR�&)(8A�ÕbZ�&M,FÞ';B.P=6&)7P(`=m9<,/AP;B(8.b&ËD/*�&)7P(`Ý�D/&)(H.�&<;°,/V�(8.P(H9<=/Z�,{&ËAP;>JEL89<(+&)(
ÝP,F&)7�Ý�Dm;B.b&)J82Y^�7P(ª9E(8Ý�(8V>VB;>.P=�*¨D/9<L8(HJdDm.Á&)7P(T(8V>,/JE&<;>LwÕ@,/.:AÇ,/9E(ÝP9ED�A:RPL8(HAÇÕbZ�D/ÕPJE&),/L8VB(8J];>.Ã&)7P(
Ô';BL8;>.:;B&OZD/*�&<7P(`Ý@,F&<7�2�NO.s&)D/&),/V e/&<7P9<(H(�&OZ�Ý�(8JhD/*�*¨Dm9<LH(8J\,/9<(`,FLH&);B.P=wDm.3&)7P(`(HV°,/JQ&);>L�ÕP,/.PA�2�^�7:(8J<(
*¨D/9<L8(HJ3,/.PA�&)7P(�9E(8ÝP9E(8JE(8.b&M,F&<;>Dm.�DF*`,/.Ü(HV°,/JQ&);>LWÕ@,/.PA�;>JªJE7PD Ú .�;>.�?	;>=mRP9E(�|/2Çc¹,/JE;>L8,/V>V�ZmeØ&)7P((HV°,/JQ&);BL]ÕP,/.PA�;BJ\U�D�A:(8V>(HAt,FJ¹,JE(89E;>(8J\D/*¿Ý@,F9E&);BL8VB(8J Ú ;B&<7�,JE(89E;>(8J\D/*¿JEÝP9<;B.P=mJY;B.WÕ�(H& Ú (8(H.Ã;>.s&)7P(A:;>J<LH9<(+&)(wLK,/JE(/2
��óBë õ Ð5�{� í �W�º�/�~Ó Ï � Ð Ï �~ø í�xî �@�+�~ÓÌ� ��� Ï Ñ
?@Dm93&)7:( Ó Ï � í � Ï � î �±Ð5�{� í87�9;:=< U�D�A:(8V>;B.P=Ç&)7:(1J<Ý:9<;>.:=³*¨Dm9EL8(Fe¹RPJ<;B.P=Üf]D�D/Þ/(/äÀJtV>, Ú�Ú D/RPV>AÕ�(�;B.�&<RP;B&<;BÔ/(/2x^¤DÃ,/LM7P;B(HÔm(&)7P(3J<,/UW(ª,KÔmDm;BA@,/.PLH(3Õ�(H7@,KÔ�;BDm9d;B.PAP(HÝ�(H.PAP(8.b&wD/*�&<7P(3(8V>,/JE&<;>LTÕ@,/.PA

VB(8.P=F&)7�e@,3.PD/9<UW,/V>;Bå8(8Aº;B.b&)(89E.@,/Vê*¨D/9<L8(w;BJ�RPJ<(HA�2
^�7P( í/> � í � Ï � î �±Ð5�{� í ;>JhAPRP(]&)DDmÕPJE&),/L8VB(8Jh&)7@,F&Y,/9E(ÄU�D�A:(8V>(HA�,/JhÝ�D/&)(H.�&<;°,/VBJ\;B.�&<7P(dJEL8(H.P(/2

[Ä.bZºÝ�DF&)(8.b&<;°,/V�JE7@,/Ý�(6&)7@,F&]9E(8Ý�(8V>J¹&<7P(w(8V>,/JE&<;>L6Õ@,/.:AÁ*¨9EDmU$DmÕ:JE&M,FL8V>(HJ`;>J�L8D/.PL8(H;BÔF,/ÕPVB(/2,?�(TA:(+z
LH;>AP(HAW&<DRPJE(x,TÝ�DmJE;B&<;>Dm.sAP(HÝ�(H.PAP(8.b&�Ý�D/&<(8.b&);>,/V@J<RP=/=m(8JQ&)(8AtÕ�Z �xRP;B.PV°,/.�à¬|Kq/á�J<R:Ý�(H9<;>U�Ý�DmJ<(HAtÕbZ
,�Ô/(8V>D'L8;�&OZbzOAP(HÝ�(H.PAP(8.b&ÄÝ�DF&)(8.b&<;°,/V�ÝP9<DmÝ�DmJE(8AÁÕ�ZÁ069EDm=m7�àµ|K_{áÌ2h^�7:(T=/9),/AP;B(8.b&`D/*¤&)7P;BJ�Ý�DF&)(8.b&<;°,/VÌe
@7�A3B�< ePZ';B(8V>A:J¹&)7P(w(+�'&<(89<.P,/V�*¨Dm9<LH(/2hSx(H&),/;>VBJ¹Dm.º&)7:(T(»�'&)(89E.@,/V¿*¨Dm9EL8(6*¨DmV>VBD Ú ;B.Á%�(8L+&);BDm.�q:2¾qP2^�7P(Y(8V°,FJE&);BLYÕ@,F.PA3LK,/.ªÝ�D/&<(8.b&);>,/V>V�Zw9<(HAPRPL8(Y;B&)J	;>.b&)(H9<.@,FV:(8.:(89<=FZªÕbZUWD}Ô';>.P=dÝ@,/9E&<;>LHV>(8J	,/VBDm.P=
&<7P(w(8V>,/JE&<;>L6Õ@,/.:A�2Ë^�7P;>J`;>J`,F.ÁR:.PAP(8JE;>9E(8A1Ý:9<DmÝ�(89Q&OZÃJ<;>.:L8(6&)7P(wÕ@,F.PA�U�;>=/7�&Y&)7P;B.ÁD/R:&Ä,F&`J<DmU�(
ÝP,/9E&<J82Ã^	D1L8Dm.PJQ&)9<,/;>.³&)7P(WUWD/&<;>Dm.³,/VBDm.P=Ã&)7P(W(8V>,/JE&<;>L�Õ@,/.PA�e�, �mÐ Ï �H�}�~�@Ó Ï � �±Ð5�{� í @7DCFEG:�HI<�J ;>J
;B.b&)9<D'APRPLH(8A Ú ;B&<7�,3AP;B9<(HLH&);BDm.�&M,F.P=m(8.b&<;°,/Vê&<D�&<7P(w(8V>,/JE&<;>LxÕ@,F.PA�2
��ó�� K ø í�6î �P�H�~Ó-����� Ï Ñé� î � Ð5�FÓ��~ø�L
^�7P(\(8V>,/JE&<;>L�Õ@,/.:Aª;>J¤J<;BU�RPV>,F&)(HA Ú ;�&)7T9<(HAPRPL8(HA3A:Z'.@,/U�;>LHJ¤JE;>.PLH(\D/.PVBZx&<7P(Y(
	�RP;>VB;>ÕP9E;>RPU�JE&),F&)(;BJ�D/*5;B.b&)(89E(8JQ&�*¨Dm9�DmÕ:JE&M,FL8V>(Y,KÔmDm;BA@,/.PLH(/2�?@Dm9	(HÔm(H9EZ&);>U�(YJQ&)(HÝ�em&)7P(¹,/V>=mD/9<;B&<7PUk;>J	9<(HÝ�(8,F&)(HA�2�^�7P(

ÝP,F&)7�;BJY9E(8ÝP9E(8J<(H.b&)(8A Ú ;B&<7ºÝ@,/9Q&);>LHV>(HJ @M 9 ,/.PA�&<7P(8JE(6Ý@,/9E&<;>LHV>(8J\,/9E(xJ<RPÕ�CE(8LH&<(8Aº&)D�&<7P(d&<D/&M,/V5*¨Dm9EL8(
@7�<!EG<ON @7�9P:=< v @7DA3B�< v @7�CFEG:�HF<�J=Q ß�|~â

?i;�&)7ÁDmRP9`ÝPJ<(HRPAPDFz±JE&),F&);BLTJE;>U�R:V°,F&<;>Dm.�e'&)7P(TÝ@,/9Q&);BL8V>(HJ`,/9<(wU�D}Ôm(8A1,/V>D/.P=3&)7P(w&)D/&),/V�*¨Dm9EL8(6&)D
&<7P(w.P( Ú Ý�D/J<;B&<;>Dm.

@M 9SR :�AITUN @M 9SR EWVYX v8ZU[ @7�<!EG<)Q ßÌlmâ
f];>=m7:(89]Dm9<AP(H9d&)(H9<U�JdÕ�(HZ/Dm.PA¦Ý@,/9Q&);BL8V>(,/LHL8(8VB(89<,F&);BDm.Ç,/9E(ª.P(H=mV>(HLH&<(8A¦7P(H9<(/2d^�7P;>JÄÝP9<D'L8(HAPRP9<(ª;>J
,FÝPÝPV>;B(8AÇ;�&)(H9),F&<;BÔm(HVBZÁRP.b&);BV	&<7P(�&)D/&),/V	*¨D/9<L8(3DF*Y,FV>V¤L8Dm.:×P=mRP9),{&);>D/.¦Ý�Dm;B.b&)Jx;BJxJ<R:Û�LH;>(8.b&<VBZÇJEUt,FV>V e
;Ì2¾(F2PRP.b&);BVê&)7:(w*¨D/9<L8(w(
	'R:;>V>;BÕP9<;BRPU ;>J�9<(8,/LM7P(HA�2
NO.¦&)7:(�Dm9<;B=m;>.P,/VØ(8V°,FJE&);BL�Õ@,/.:AÖ,/ÝPÝP9EDb,/LM7�e�&<7P(3UWD}Ô';>.:=�ÝP9<D'L8(HAPRP9E(3;>JxJERPÝPÝPVB(8U�(8.b&)(HA Ú ;�&)7,�Ý:9<D'L8(8A:RP9<(6D/*	,/A:AP;>.P=�,/.PAº9<(HUWD}Ô';>.:=3Ý@,/9E&<;>LHV>(8J\;>.ºDm9EAP(89\&)D3UW,/;>.b&M,F;>.�,�LHDmV>VB;>JE;>Dm.�z *¨9<(H(]ÝP,F&)7

,{&d,FV>V�&);BUW(HJß-J<(H(3%�(HLH&<;>Dm.Áq�â+2�%�DFzOL8,/V>VB(8AÃÕPRPÕ:ÕPV>(HJdU�D�AP(HV�&)7P(,KÔF,/;>V>,/ÕPV>(Ä*¨9<(8(TJ<ÝP,/L8(ª,/9<DmR:.PAÇ,
LHDm.:×@=/RP9),F&<;>Dm.ê2



� �ºÑ¤�:÷¤�}���~Ó-Ð Ï � �±Ð5� � í ø¤Ó-� î-íÁõ Ð îÌî Ð��WÓ Ï��
�Øó-Í K ø í ���@�KÓ-� Î Ñ í �
^�7P(t(8V°,FJE&);BLWÕP,/.PA�,/Ý:ÝP9<Db,FLM7Ü;>J,/A@,/Ý�&)(8A�&)D�&<7P(tÔ/(87P;BL8V>(»z±*¨DmVBV>D Ú ;>.:=ºJ<L8(H.@,/9E;>DÇ7P(H9<(F21^�7P(ÝP,F&)7ÜDF*�&)7P(�VB(K,/A:(89ªÔ/(87P;BL8V>(WL8Dm.:JE&);�&)R:&<(8Jª&<7P(�;B.P;B&<;°,/V�Ý@,{&)7�2��xÕPJQ&M,/LHV>(8Jª;>.�&<7P(�(H.�Ô';B9<Dm.PU�(8.b&

(»��(89E&T*¨Dm9EL8(8JTDm.Ö&)7P(�Õ@,/.:A�,/.:A�U�D}Ôm(�;B&w;>.b&<D1,�×@.@,FVhLHDm.:×@=/RP9),F&<;>Dm.ê2�^�7:;>JT;>Jx&)7:(WÝ@,{&)7Ö&)7P(
(H=mDFz Ôm(87:;>L8VB(x&)9<,/LMÞ�JÄJERPÕPJ<(
	�RP(8.b&)V�Zm2
Sx9E;BÔ';>.P=tJ<;B&<R@,F&<;>Dm.PJÄ&)7@,F&x.P(8LH(8J<JE;B&),F&)(3&)7:;>JxA:Z'.@,FUW;BL3UWD'AP;B×PLK,F&<;>Dm.�D/*Ë&)7P(3VB(K,/AP(H9xÔm(H7P;>LHV>(

ÝP,F&)7Á,/9E(
� Ý@,/J<JE;>.P=�,3LHZ'LHV>;>JQ&]Dm9�Ý�(HAP(8JQ&)9E;°,/.�,/V>D/.P=�&)7P(w9EDb,/A Ú 7P;>VB(x*¨DmV>VBD Ú ;>.P=3,3VB(K,/AP(H9¹Ôm(H7P;>LHV>(/e@D/9
� AP9<;�Ô�;B.P=�&)D'DsL8VBDmJ<(x&<D�ÝP,/9<Þ�;>.:=�L8,/9<J`APR:(T&<Ds&<7P(wJ<UW,/V>VB(89¹JE;>åH(6D/*	&<7P(wV>(8,/AP(89�Ô/(87P;BL8V>(FePDm9
� AP9<;�Ô�;B.P=º,/9EDmRP.PAÖ,�L8,/9xDm9dÝ�(HAP(8JQ&)9<;>,/.Ç&)7P,F&6L8D/UW(HJx&)DÃ,�JE&<DmÝ¦J<VB;>=m7b&<VBZÁ;>.PJE;>AP(T&)7P(39EDb,/A;>.b&)(H9<J<(HLH&<;>Dm.�2

� ,/.bZçU�Dm9E(³JEL8(H.@,/9<;BDmJÁLK,/. Õ�(³;>AP(H.�&<;B×@(HA�2�NO.k,FAPAP;B&<;>Dm.êeÄ*¨RP9Q&)7P(H9�(»��&<(8.PJE;>Dm.:J1D/*�&<7P(�,/R�z
&<Dm.PDmU�DmRPJØAP9E;BÔ';>.:=]L8,/Ý@,/Õ:;>V>;�&OZxD/*:J<RPLM7�,`Ô/(87P;BL8V>(hAP(+×@.P;B&<(8V�Zw.P(8(HA&)7:;>J¤A:Z'.@,/U�;>LËÝ@,F&<7ÝPV>,/.P.P;B.P=
LHDmU�Ý�Dm.:(8.b&K2
^�7P(s*¨DmVBV>D Ú ;>.P=ºJERPÕPJE(8LH&<;>Dm.:JªL8D}Ô/(89&<7P(sJ<(H.PJ<Dm9A@,F&),�,/L
	�RP;>JE;B&);BDm.�eØ,/VB=mDm9E;B&)7:UW;BLªU�D�AP;�×@LK,~z&<;>Dm.:Jh&<D&)7:(Ä(HV°,/JQ&);>L]Õ@,/.:A�,/ÝPÝ:9<Db,/LM7êe�&)7:(dLM7PDmJE(8.�Ý�D/&<(8.b&);>,/V5J<7@,/Ý�(8JHeP,/.:At&)7P(d,/LH&<R@,/V5;>.b&<(8=m9<,{z

&<;>Dm.ºDF*	&<7P(T,/ÝPÝP9EDb,/LM7Á;>.º&)7P(w(»�:;BJE&<;>.P=sJEZ'JQ&)(8UÁ2
�ØóBë �º���êÒ	Ó¨�{Ó Ï � �}ø í���í'Ï �8Ð5�
	º�:�}�

�xRP9w9),F.P=m(sJ<(H.PJ<Dm9He�,ÃLK,/VB;>ÕP9<,F&)(HAÖJE&)(H9<(HD1LK,FUW(H9),ÃJEZ'JE&<(8UÁe�AP(HV>;BÔ/(89EJ_/S U�(K,/JERP9<(HUW(H.�&TD/*
JE;>=m.:;B×@L8,/.b&YÝ�Dm;>.b&<JY9<(HJ<RPV�&);B.P=ª;B.�,�_mSçÝ�Dm;B.b&YLHV>DmRPAê2�^�7P(xJE;>=m.P;�×@LK,F.�&YÝ�D/;>.b&)JhD/*¿&)7:(dV>(+*�&¹;BUt,/=/(
,F9<(dUW,F&<LM7P(8A�;B.W&<7P(d9E;>=m7b&\;>UW,/=m(]Õ�Z�JQ&M,/.PAP,/9<AºLHDm9<9E(8J<Ý�Dm.PA:(8.PLH(w,/.@,/V�Z�JE;>J\,/V>D/.P=T&<7P(x(HÝP;>Ý�DmV°,F9
VB;>.P(sJE;>U�;>V°,F9d&)D�à qFá 2ÁfÄD Ú (HÔ/(898e�&<7P(W,/V>=mD/9<;B&<7PU�J6AP(8JEL89<;BÕ�(HAÜ;>.Ö&)7:(t9<(HUt,F;>.PAP(H9wD/*¹&)7:;>JTÝ@,/Ý�(89,F9<(w,/ÝPÝ:V>;>L8,/ÕPVB(d&)D�,/.bZºJE(8.PJEDm9ÄA:(8V>;�Ôm(H9<;>.:=�9<,/.P=m(6AP,F&M,:2
^�7P(\9<(+*¨(89<(H.PL8(h*¨9),/U�(ËRPJ<(HA�7P(H9<(h;>JØAP(8Ý:;>LH&<(8A�;B.ª?	;>=mRP9E(Ë_:2¤^�7P(��bz�,{��;BJ¿ÝP9<D/&<9<RPA:(8J�R:Ý Ú ,/9EAPJ82^¤D�(+�'&)9<,/LH&]DmÕ'CE(HLH&<J]*¨9EDmU�_mS U�(K,/JERP9<(HUW(H.�&<J8e Ú (LHV>RPJQ&)(89`LHV>DmJE(_/S Ý�Dm;>.b&<J¹&)Dm=m(+&)7P(H98e@(»�:LH(8Ý:&&<7P(`_mSéÝ�Dm;>.b&)J�D/.�D/9�Õ�(HV>D Ú &)7P(`=m9EDmRP.PA�2�?�(],/JEJ<RPU�(`, �5,F&Ë9EDb,/A�*¨Dm9�&<7@,F&�ÝP9ED�LH(8APR:9<(/2�^�7:(8J<(LHV>RPJQ&)(H9<J`Õ�(HL8DmU�(wDmÕ'CE(HLH&)J`Dm.:L8(w&)7P(+ZºÕ�(HL8DmU�(wL8Dm.�×@9<U�(8AÁD}Ôm(89`JE(HÔm(H9),/V¿*¨9<,/UW(HJ82
�x.P(wDmÕ'CE(HLH&ÄL8Dm9E9<(HJ<Ý�Dm.PAPJ]&)DsDm.P(TL8VBRPJE&<(89<(HAÇ_mS Ý�Dm;>.b&`L8VBDmRPAÁÝP9<D~CE(8LH&<(8AÁ&)D3&)7P(�Pz��~zOÝPV>,/.P(

9E(8ÝP9E(8JE(8.b&)(HA�Õ�Z³;�&)JwL8Dm.bÔ/(+��7'R:V>V�*¨Dm9TL8DmVBV>;BJ<;>D/.¦,KÔmDm;BA@,/.PLH(tÝPRP9EÝ�D/J<(8JH2Ãc¹,/JE;>LK,FV>VBZ/e�&)7P(WL8Dm.bÔ/(+�
7�RPVBV�AP(HJ<L89E;>Õ�(8J`&)7P(wLHDm.b&)DmRP9`D/*¤&)7:(TD/ÕPJE&),/L8VB(/2
^�7P(s9E(8V°,{&);BÔ/(ªÔm(HV>D'L8;�&);>(HJdD/*h&)7:(3DmÕ'CE(8L+&)J Ú 2À982 &K2ê&<7P(3(8=mD{z±Ôm(H7P;>LHV>(3,F9<(3L8D/UWÝPR�&)(8AÖÕ@,FJ<(8A³Dm.&<7P(`L8(H.�&<(89hD/*ê&<7P(`DmÕPJQ&M,/LHV>(8JhÕ�DmRP.PAP;B.P=wÕ�DK��(8JhRPJE;>.P=,/.s(+�'&)(H.PAP(HAº0w,/V>UW,/.�×@V�&)(89H2��x.P(`D/*�&)7P(

(»�'&)9),FLH&)(HA�DmÕ�CE(8LH&<J;BJ6&)7P(sV>(8,/AP(H9wÔ/(87P;BL8VB(�JERPÝPÝPV�Z';>.P=Ã&)7P(�;>.:;B&);>,/V¤Ý@,F&)7ê2W^�7P(�D/&<7P(89wAP(+&)(8L+&)(HA
D/Õ'CE(8L+&)J]L8Dm.PJQ&);�&)R:&<(6DmÕPJE&),/L8VB(8J�&)7P,F&]7@,KÔm(w&)DsÕ�(T,KÔmD/;>AP(HA�2
�Øó�� � Ð¿Ñ¤Ó����m�:�}Ó-Ð Ï �3�KÐ��~ø í�� �{Ó � Ó Ï � î��xî �@�+�~ÓÌ����� Ï Ñé��÷¤÷	�~Ð5�@�{ø
^�7P(]Ôm(H7P;>LHV>(+z *¨DmV>VBD Ú ;>.P=6,FÝPÝPV>;BLK,F&<;>Dm.3DF*�&)7P(](8V>,/JE&<;>L�Õ@,F.PAtAP; �ê(H9<JË*¨9<DmU &)7P(]Dm9<;B=m;>.P,/VP;>A:(K,w;>.&<7P(6*¨DmV>VBD Ú ;>.P= Ú ,KZ'J8u
� ^�7P(`;>.P;�&);°,FV'ÝP,F&)7sLK,F.P.PD/&hÕ�(�=mR@,/9<,/.b&)(8(HA�&<DwÕ�(�LHDmV>VB;>J<;BDm.*¨9E(8(F2h%�;>.PLH(¹&)7P(`;B.P;B&<;°,/V�Ý@,F&<7s;>JL89<(8,F&)(HA�ÕbZw&)7P(\Ý@,F&)7ªD/*P&)7:(\VB(K,/AP(H9¤Ô/(87P;BL8VB(/emLM7@,F.P=m(8J�;>.w&)7P(\J<L8(H.P(¹U�;>=m7b&¤7@,KÔm(YD�LHL8RP9E9<(8A
J<;>.:L8(w&)7P(TV>(8,/AP(89�Ô/(87P;BL8V>(TÝ@,/JEJ<(HA�2�N±&d;BJ`Ý�DmJEJ<;BÕPV>(6&)7P,F&Ä,/.PD/&<7P(89`&)9<,FÛ�LÝ@,F9E&);BL8;BÝ@,/.b&`7@,/J
,/ÝPÝP9EDb,/LM7P(HA1&)7@,{&xÝ@,F&<71;B.�&)7:(ªU�(K,/.b&);BUW(F2`NO.¦,/APAP;�&);BDm.�eP&)7:(ªV>(8,/AP(H9ÄÔm(H7P;>LHV>(TUW;B=m7b&dÕ�(
J<UW,/V>VB(89�;>. Ú ;>A�&)7W&<7@,/.�&)7P(d,/R:&)D/.PDmU�DmRPJ�Ôm(H7P;>LHV>(Ä,/.PA�U�;>=m7b&Ë7@,KÔ/(xLM7PDmJE(8.º,TÝ@,F&)7�Ôm(H9EZL8V>D/J<(x&)D�,/.ÁDmÕPJQ&M,/LHV>(F2



� ^�7P(3;>.P;�&);>,/V¿Ý�D/J<;B&<;>Dm.1D/*Ë&)7P(3LHDm.:×@=mR:9),F&<;>Dm.ÇÝP,/9E&<;>L8VB(8Jx;BJÄ&<7P(3V>(8,/AP(89ÄÔm(87:;>L8VB(3Ý@,F&<7�2(?�(
Ú ,/.b&`&)7:(,FR:&)Dm.:DmUWD/RPJ¹Ôm(H7P;>LHV>(6&)D3*¨DmVBV>D Ú (+�:,/LH&<VBZ�&<7P;>J�ÝP,F&)7Á;>.º&)7:(,FÕPJ<(H.PL8(TD/*	DmÕPJE&),{zL8V>(HJ82�fÄ(8.:L8(�&)7P(Y;>.b&)(H9<.@,/V'*¨Dm9<LH(8J�D/*5&<7P(�;>.P;�&);>,/VbL8Dm.�×@=mRP9<,F&);BDm.�9<(HL8(H;BÔm(],/.3D �êJE(H&�Z';>(HV>AP;B.P=
å8(89EDW;B.Á&<7P(,/ÕPJ<(H.PL8(D/*�D/ÕPJE&),/L8VB(8J82\^�7P;>J]Õ�(87@,KÔ';>Dm9 Ú ,/JdLM7:DmJ<(H.1&)D�Ut,F;>.b&M,/;B.�&)7P(T;>.b&<R�z;B&);�Ôm(ªÔ/(87P;BL8VB(+z±*¨D/V>V>D Ú ;B.P=�LK,FÝ@,/ÕP;BV>;B&OZ/2NO.Ö&)7:(�D/9<;>=/;>.@,/V	,/ÝPÝ:9<Db,/LM7êeØ&<7P(s(8V>,/JE&<;>L�Õ@,F.PA Ú ,/J,/J<JERPUW(HA¦&)Dº7@,KÔm(såH(89<DÃVB(8.P=/&<7Ö,/.PA Ú DmRPV>A³,/V Ú ,KZ'J6L8D/V>V°,FÝPJ<(ª&<DÃ,�JE&<9),/;B=m7b&6V>;B.P(ª;B.Ç&)7P(,/ÕPJ<(H.PL8(TD/*	DmÕPJQ&M,/LHV>(8JH2

� ^�7P(ªVB(K,/AP(H9]Ô/(87P;BL8VB(Ý@,{&)71;BJÄ.:D/&d=/R@,/9),F.�&<(8(HA1&)D�Õ�(L8DmVBV>;BJ<;>D/.�*¨9<(8(F2ÄXYDm.PJ<(
	�RP(8.b&)V�Zme�&)7P(( 	�RP;>VB;>ÕP9E;>RPU$JE&M,{&)(�D/*�&<7P(ª(HV°,/JQ&);BLªÕ@,/.:AÇUW;B=m7b&d.:D/&6Õ�(ªL8D/V>V>;BJ<;BDm.�z±*¨9E(8(6(H;B&)7:(8982 ?�(�.:(8(8A
,/.º,/APA:;B&);BDm.@,/V5,FV>=mDm9E;B&<7PU ,F*�&<(89Y&<7P(d(
	'R:;>V>;BÕP9<;BRPU Ý�DmJ<;�&);>D/.W7@,FJ¹Õ�(H(8.�*¨DmR:.PA�&)D3,FJ<J<R:9<(6,
L8DmVBV>;>JE;>Dm.'z±*¨9<(H(dÝ@,{&)7�2\^�7P;>J];>J`APDm.:(ÕbZÃ=m(HDmUW(+&)9E;>LK,FV>VBZWLM7P(HLMÞ';B.P=W*¨D/9]D}Ô/(89<V>,/ÝPJÄ,/V>D/.P=3&)7P(
×@.@,/V�LHDm.:×@=/RP9),F&<;>Dm.ÃD/*¤&)7:(T(HV°,/JQ&);BL6Õ@,/.PA�2

� [ð9E(8=mRPV>,/9ØLK,/9	;>J	,/.ª;B.b&)9<;B.PJ<;BLK,/VBVBZÄ.PDm.�z±7PDmVBDm.PDmU�;>L�Ô/(87P;BL8V>(F2�^�7P(\Dm9<;B=m;>.P,/Vb,/VB=mDm9<;�&)7PU àµ|}p{á,/ÝPÝPVB;>(8J6D/.PVBZ�&)DÁ7PDmV>D/.PDmU�;>Lª9EDmÕ�D/&)JH2W^�7P;BJwV>;>U�;B&),F&);BDm.17P,/Jw.PD/&TÕ�(H(8.�(+��ÝPV>;BL8;�&)VBZÁ&M,FÞ/(8.
;>.b&)D,/L8LHDmRP.b&K2Ëf](8.PLH(d&)7:(dÝ@,F&<7PJYLH9<(8,F&)(HA�ÕbZ�&<7P(d(HV°,/JQ&);BL]ÕP,/.PAPJ\L8DmRPVBAtÕ�(d;B.:*¨(K,/JE;>ÕPVB(¹*¨Dm9
.PDm.�z±7PDmV>D/.PDmU�;>L�L8,/9<JH21%';>.PLH(tRP.PLH(89Q&M,/;B.�&<;>(HJ;B.³&<7P(�_mS UW(8,/J<RP9E(8U�(8.b&D/*�DmÕ'CE(HLH&<J3,/.PA
RP.PL8(H9E&),/;>.b&);B(8Jx;B.1&)7:(ªÔm(H7P;>LHV>(�LHDm.b&)9<D/V�9<(
	�RP;>9E(8Jw,/APA:;B&);BDm.@,/VØJEV°,/LMÞ1,/9<DmR:.PA1&)7:(3ÝPV°,/.:.P(8A
Ý@,F&)7êe�&)7P;BJª;BJ.PDF&�L8D/.PJ<;BAP(89E(8AÙ,�JE(89<;BDmRPJ�Ý:9<DmÕPVB(8UÁ2�NO.É,FAPAP;B&<;>Dm.êe¤&<7P(�.PDm.'zO7PDmVBDm.PDmU�;>L
L8Dm.PJQ&)9<,/;>.b&6,FV>J<Dt,/ÝPÝPVB;>(HJ]&<Dt&)7P(V>(8,/AP(89]Ôm(H7P;>LHV>(�,F.PA¦;>J]9<( �@(8L+&)(8AÖ;B.�&)7:(�V>(8,/AP(89]Ôm(H7P;>LHV>(
Ý@,F&)7ê2 ?�Dm9EÞ�Dm.�(HV°,/JQ&);BLtÕ@,/.:APJ�*¨Dm9�.PD/.�zO7PD/V>Dm.PD/UW;BLsÔ/(87P;BL8VB(8J37@,/JªÕ�(H(8.ÉÝP9<(HJ<(H.�&<(8Að;>.
àµ|~l}á 2

� NO.é9<(8=/RPV°,/9W&)9),{ÛWL¦JE;B&<R@,F&);BDm.PJHe]V>,/.P(ÇUW,/9EÞ';B.P=mJt,/9<(Ö,/VBJ<DÜR:J<(8Ai*¨Dm9tÔ/(87P;BL8VB(¦=mRP;>AP,/.PL8(F2^�7P(tV>,/.P(tUW,/9EÞ';B.P=mJT,/9E(tAP(+&)(8L+&)(HAÉ,/.PA�,/9E(�,/VBJ<D�UWD'AP(8VB(8A�,/JÔ';>9Q&)R@,FVhD/ÕPJE&),/L8VB(8J Ú ;�&)79<(8Ý�(8VBV>;B.P=3*¨Dm9<LH(8J]Ý�Dm;B.b&);>.:=t, Ú ,}ZÃ*¨9EDmU�&)7P(V°,/.:(TÕ�DmRP.:A@,/9<;B(8J`&)D Ú ,/9<APJ]&)7P(V°,/.:(TLH(8.b&)(H982[kJ<;>U�;>V>,/9YÝ�D/&<(8.b&);>,/VêJE7@,/Ý�(T&<Ds&<7P(wDm.P(w;>.�àÀj~áØ;BJ�RPJ<(HA�2
� ^�7P(º(+�'&)(H9<.@,FVY*¨Dm9<LH(ºD/*`&)7P(º(HV°,/JQ&);BLtÕ@,/.:AÙUªRPJE&3Õ�(ºJ<7P,/Ý�(HA�&)D¦L8D/UWÝPV�Z Ú ;�&)7�.@,{&)RP9<,/VAP9<;�Ô�;B.P=tÕ�(87P,}Ô';BDm982wSx9E;BÔm(H9<JxÞF(8(HÝ³U�Dm9E(ªAP;BJE&M,F.PL8(�*¨9EDmU DmÕPJE&),/L8VB(8J6,{&67P;>=/7ÇJ<Ý�(8(HAÖ&<7@,/.
,F&dVBD Ú J<Ý�(8(HAÙß-(/2À=P2�Ý@,/9EÞ';B.P=tJE;B&<R@,F&);BDm.PJ)â+2�^�7P(H9<(H*¨D/9<(/eê,WÔm(HV>D'L8;�&OZ�z±AP(8Ý�(8.:AP(8.b&xÝ�D/&<(8.b&);>,/VJ<7@,/Ý�(wU�RPJQ&ÄÕ�(6RPJE(8A�2h^�7P;>J`;BJ�AP(H&),/;>VB(8Aº;>.º&<7P(6*¨DmV>VBD Ú ;B.P=�JE(8LH&<;>Dm.ê2

�Øó � K ø í1ô Ð@� í'Ï �~Ó¨� î � øØ�P÷ í
^�7P(ÁDm9E;>=m;B.@,/V\,/ÝPÝP9EDb,/LM7É*¨Dm93(8V>,/JE&<;>L�Õ@,F.PAPJs;>J3AP(HJ<;B=m.P(8AÉ*¨Dm93U�DmÕP;BV>(�9EDmÕ�DF&)J�&)7P,F&s9),/9E(8V�Z

(»��L8(8(HAöl ����� 2³%�DÖ,ÇÝ�D/J<;B&<;>Dm.'zOAP(HÝ�(H.PAP(8.b&ªÝ�D/&<(8.b&);>,/Vh;>J�JER:Û�L8;>(H.b&K2 ?�(tUWD'AP;B×P(8A�&<7P;>Jª,/Ý�zÝ:9<Db,/LM7W;>.�, Ú ,KZs&)7@,{&h&<7P(](
��(8LH&<;BÔ/(d9<(8,/LM7tDF* �xRP;>.:V°,/.�äÀJ�Ý�D/&)(H.�&<;°,/V@;B.PL89E(K,/JE(8J Ú ;B&<7t;>.:L89<(8,/J<;B.P=Ô/(8VBD�LH;B&OZm2
NO.�,/APAP;�&);>D/.�e Ú (WJ<RPÝ�(89E;>U�Ý�DmJE(t,ÃÔm(HV>D'L8;B&OZbz±AP(8Ý�(8.PA:(8.b&�Ý�D/&)(H.b&);°,FV eØ;>.b&)9ED�A:RPL8(HA�ÕbZ�0w9EDm=m7à¬|}_~á 2 %�;B.PL8( Ú (�,/VB9<(8,/A:ZöÞ�.PD Ú ,F.�;B.P;B&<;°,/V]Ý@,F&<7�exDm.:VBZöD/ÕPJE&),/L8VB(8JÃL8VBDmJ<(Ç&<DÙ&<7@,F&ÃÝ@,F&<7è,F9<(LHDm.PJE;>AP(H9<(8Aê2x[ *-,/A:;>.P=�*¨RP.PLH&<;>Dm.�*¨Dm9Ä(+Ôm(H9EZÇD/ÕPJE&),/L8VB(ª;>JÄU�RPV�&);>Ý:V>;>(HA Ú ;B&)7�&)7P(Dm9<;B=m;>.@,FVØ0w9EDm=m7Ý�D/&<(8.b&);>,/Vh&<D¦9<(HAPRPL8(�&<7P(�( �ê(HLH&sD/*]DmÕPJQ&M,/LHV>(HJ�(+��L8(H(8AP;B.P=³,ÇL8(H9E&M,F;>.ÜV>,F&)(H9),/VhAP;>JQ&M,/.:L8(�&)D�&)7P(

Ý:V°,/.P.:(8AÃÝ@,F&<7�2
� D/&)(�&<7@,F&�&<7P(ºUW;B.P;>UªRPU V°,F&<(89<,/VYAP;BJE&),/.PL8(ºDF*ÄD/ÕPJE&),/L8VB(8J�&)DÇ&<7P(ºÝPV>,/.P.P(HAÙÝP,F&)7�;BJ�Dm.PV�Z

,KÔF,/;BV°,/ÕPVB(Ä*¨Dm9�D/ÕPJE&),/L8VB(,KÔ/Dm;>A@,F.PL8(,/V>=/Dm9<;�&)7PU�J\&<7@,F&`ÝPV>,/.º&)7P( Ú 7PDmVB(6Ý@,F&)7ê2\[ÄV>=mDm9E;B&<7PUWJ\Dm.PV�ZZ';B(8V>A:;>.P=�LHRP9<9E(8.b&7P(K,/A:;>.P=Ã,/.:A�,/LHL8(HV>(89<,F&);BDm.PJxA:DÁ.:D/&wAP(8VB;BÔ/(89x&)7:(�;B.:*¨Dm9EUt,F&<;>Dm.Á&)DÃL8D/UWÝPR�&)(
&<7@,F& 	�R@,/.b&<;B&OZm2
^�7P(6&<D/&M,/Vê(+�'&)(H9<.@,/V�*¨D/9<L8(6Ý�(89�ÝP,/9E&<;>L8VB(x;>J\&)7P(wJ<R:Ý�(H9<Ý�DmJ<;�&);>D/.ºD/*Ø&)7P(T069<Dm=/7Ã,/.PA �xRP;>.PV>,/.

*¨D/9<L8(F2,?i7P(8.�,/.ÁDmÕPJQ&M,/LHV>(6D}Ôm(H9<V°,FÝPJ Ú ;B&)7Ã,3Ý@,F9E&);BL8VB(xD/*¤&)7P(w(8V>,/JE&<;>LxÕP,/.PA�e5,3UW,{��;>U�RPU *¨Dm9EL8(;BJ�(+��(H9E&)(HAW&<D Ú ,/9EAPJh,wA:;>9<(HLH&<;>Dm.�e Ú 7P(89E(]D/ÕPJE&),/L8VB(�L8V>(8,/9),F.PL8(�;BJ�DmÕ:&M,F;>.P(HA3Dm.3&)7P(�JE7PDm9E&<(8JQ& Ú ,KZm2



�Øó�� � Ð Ï �}�~Ð î �WÓ��~øÙ�}ø í �xî �@�+�~ÓÌ����� Ï Ñ
^�7P(�9<(HJ<RPV�&wD/*h&)7P(s(8V>,/JE&<;>L�ÕP,/.PAÖ*¨Dm9x&)7P(sLHDm.b&)9<D/VË,/V>=mD/9<;B&<7PU ;>Jw,ºU�D�AP;�×@(8A¦ÝP,F&)7Ö&)7@,{&w;>J

&<9),/LMÞF(8A�J<RPÕPJE( 	�RP(H.�&<VBZ/2Y^�7P(TL8Dm.b&<9<DmVBV>(89YJ<(8VB(8L+&)J],�Ý�Dm;B.�&`DF*	&<7P(wÝ@,F&)7Á,F&Ä,3L8(H9E&),/;>.ÃV>D'DmÞ{,/7P(8,/A
A:;>JE&),/.PLH(/2�^�7:(YAP(HJ<;>9E(8A�JQ&)(H(89<;B.P=x,F.P=mV>(Ë;BJ	LHDmUWÝ:R:&)(HA&)DÄ7P(K,FAª&)D Ú ,/9<APJ¤&)7@,{&�Ý�Dm;>.b&Yà rFá 2	NO.PJE&<(K,/ADF*	&<7P(wV>(K,FAP(89¹Ô/(87P;BL8V>(wÝ@,{&)7�eP&<7P(w(8V°,FJE&);BLxÕ@,/.:A�Ý@,{&)7Á;>J�RPJE(8AÃ*¨Dm9`L8Dm.b&)9EDmV 2
%�;B.PL8(�&<7P(s(8V>,/JE&<;>L�Õ@,F.PA³,/V>=mD/9<;B&<7PU DmÝ�(89),{&)(8J6JQ&M,F&<;>L8,/V>V�Z�D/.Ö&<7P(3L8R:9<9<(H.b&JEL8(H.P(WJE.@,/ÝPJE7PD/&

,F.PA¦;>Jx9E(+z±9<RP.³,F&6(+Ôm(H9EZÇ&<;>U�(ªJE&<(8Ý�e¿.:DºL8Dm.P.:(8LH&<;>Dm.ÖÕ�(H& Ú (8(H.³&<7P(3(8V>,/JE&<;>L�Õ@,F.PA¦9<(HJ<RPV�&)Jx*¨9<D/UD/.P(�*¨9),/U�(¹&)D,/.PD/&<7P(89Ë(»�:;BJE&<J82�[iV>D Ú zOÝP,/J<J�×@V�&)(89Ë;BJË,/ÝPÝPVB;>(8A3&<DT&<7P(`V°,F&<(89),FVPÝ�D/J<;B&<;>Dm.3A:(8V>;�Ôm(H9<(8AÕbZ�&<7P(w(8V>,/JE&<;>L6Õ@,/.:A�Ý@,{&)7�2
� ôªî � Ï¤Ï Ó Ï � � Ï Ñ 	 í �bÓ-�KÓ¨Ð Ï �±Ð5� �xî �@�+�~ÓÌ����� Ï Ñ¤�
NO.Á&)7P(wJE&),/.PA@,F9<A�Ô/(87P;BL8VB(+z±*¨D/V>V>D Ú ;B.P=3,/ÝPÝ:9<Db,/LM7êe�,sÝPV>,/.P.P;B.P=s,/.PAÁAP(8LH;>JE;>Dm.ÁUWD'APRPVB(6J<(HV>(8L+&)J&<7P(1VB(K,/A:(89WÔ/(87P;BL8VB(¦,/.PAöJE(8.PA:J�&)7P(ÇVB(K,/A:(89WÔ/(87P;BL8VB(1Ý�DmJ<;�&);>D/.ð&)D�&)7P(�L8Dm.b&)9EDmV>VB(89H2è[�VB(K,/A:(89

Ô/(87P;BL8VB(Ä;BJh;B.P;B&<;°,/VBVBZwJE(8V>(HLH&<(8A�ÕbZsÝP9ED{CE(8L+&);>.:=&)7:(ÄÝPV>,/.P.P(HAWLHDm9<9E;>APD/9Ë*¨D/9 Ú ,/9<A�RPJ<;B.P=&<7P(]L8RP9E9<(8.b&JQ&)(H(89<;B.P=�,F.P=mV>(,/.PA�&)7P(w×@9<JQ&dÔ/(87P;BL8V>(T&)DW;>.b&)(H9<J<(HLH& Ú ;�&)7Á&)7P;BJÄLHDm9<9E;>APDm9`;BJ]&<7P(ªVB(K,/AP(H9]Ô/(87P;BL8VB(/2^�7:(TA:9<;BÔ/(89`7@,/J�&<D�LHDm.:×@9EU�&)7P;BJ�V>(8,/AP(89¹Ô/(87P;BL8VB(TJE(8VB(8LH&<;>Dm.ÃUW,/.�R@,/VBVBZm2
^�7P(\(8V>,/JE&<;>LhÕ@,/.PAT*¨9),/U�( Ú Dm9<Þ6L8,/.�Õ�(\;B.b&)(8=/9),F&<(8Aª(8,/J<;BVBZwRPJE;>.P=d,ÄÝ@,{&)7�z±Õ@,/J<(HA3,/ÝPÝ:9<Db,/LM7T*¨Dm9Ô/(87P;BL8VB(d*¨DmV>VBD Ú ;>.P=�àÀrFáÌ2 �x.PVBZ�&)7:(xV>(8,/AP(89\Ôm(87:;>L8VB(6Ý@,F&<7º7@,/J¹&)DªÕ�(6(»�:LM7P,/.P=m(HA Ú ;�&)7�&)7:(6(8V°,FJE&);BLÕP,/.PAÇÝ@,{&)7�2x^�7:(3V>Dm.P=/;B&)R:AP;>.@,FV�L8Dm.b&<9<DmV	;>Jd;BUWÝ:V>(8U�(8.b&<(8A1;B.ÇJ<R:LM7Ö, Ú ,KZÁ&)7@,F& Ú (�*¨D/V>V>D Ú &)7P(VB(K,/A:(89Ô/(87P;BL8VB(º,F&s,ÇJ<,F*¨(�AP;BJE&M,F.PL8(F2³^�7:(º(8V°,FJE&);BLWÕP,/.PAÙ,/V>=/Dm9<;�&)7PUD/.PVBZ�, ��(8LH&<Jª&)7:(ºV°,F&<(89),FV

LHDm.b&)9EDmV 2
^�7P(ÖLHDm9<9E;>APDm9�&<DÉÕ�(¦JE(K,/9ELM7P(8Aè*¨D/9t&)7P(ÖVB(K,/AP(H9�Ôm(H7P;>LHV>(ÖÕ�(HL8DmU�(8Jº&<7P(¦L8Dm9E9<;BAPDm9Ã,/9EDmRP.PA

&<7P(Á(8V°,FJE&);BLÃÕ@,/.PAðÝ@,F&)7ê2éfÄ(H.PL8(Fe Ú 7P(8.öJEUt,FV>V¹;B.�&<(89EJ<(8L+&);BDm.PJ Ú ;�&)7ð,/. D/ÕPJE&),/L8VB(ÁD'L8LHRP98e\&)7P((HV°,/JQ&);BL�Õ@,F.PAi,/V>=/Dm9<;�&)7PU Õ�(8.PA:Jt&)7P(1Ý@,F&)7é;B.öJ<R:LM7ç, Ú ,KZ &<7@,F&t.PD�;>.b&)(H9<JE(8LH&<;>Dm. Ú ;B&)7ð&)7P(D/ÕPJE&),/L8VB(WD'L8LHRP9<JH21[dJ�,�J),{*¨(H&OZ�UW(8,/J<RP9E(W&<7P(tÕ�(8.b&3D/*Y&)7P(W(8V°,FJE&);BLWÕP,/.PAÜÝ@,{&)7Ü;BJU�Dm.P;�&)Dm9E(8A
,F.PA Ú 7:(8.�A:(HÔ';°,F&<;>Dm.:J6Õ�(+ZmDm.PA�,ÃL8(89Q&M,/;B.¦&)7P9E(8J<7:DmV>A³D�LHL8RP9He¤&<7P(sL8Dm.b&<9<DmV�;BJ69<(H&<RP9<.:(8A�&<Dº&)7P(A:9<;BÔ/(89H21[dV�&)7PD/RP=m7�&<7P(�(HV°,/JQ&);>L�Õ@,/.:AÜ;>JJE&);BV>V�*¨(K,FJ<;>Õ:V>(�;>.�JERPLM7Ù,�L8,/J<(Fe�&)7P(�Õ�(87P,}Ô';BDm9ªD/*Y&)7P(
(H=mDFz Ôm(87:;>L8VB( Ú DmRPVBA�,/VB9<(K,FA:ZÖÕ�(�*-,/9w*¨9<DmU &)7P,F&ªDF*�&OZ�Ý:;>LK,FVhÔ/(87P;BL8V>(»z±*¨DmVBV>D Ú ;>.:=ÁJQZ'JE&)(HU�2�[Ä*�&<(89JERPLM7Ç,3JE;B&)RP,F&);BDm.ºD�LHL8RP9E9<(HA�e�,s.:( Ú VB(K,/A:(89�Ôm(H7P;>LHV>(6U�RPJQ&]Õ�(wJ<(HV>(HLH&)(HA�2
� ì�í �KÒ î �~�
��ó-Í ìtí � î ïñÐ5� î Ñ ì�í �KÒ î �}� � �8Ó Ï � �ÁÓ-�KÓ¨Ð Ï

?�(¦;>.b&)(H=m9),{&)(8AéD/RP9�(8V>,/JE&<;>L�Õ@,/.PAö*¨9<,/UW( Ú D/9<ÞÙ;>.ö&)7:(ÇÕ@,/JE;>L1Ô/(87P;BL8V>(»z±*¨DmVBV>D Ú ;>.:=�JEZ'JQ&)(8UÁ2XYD/UWÝPR�&);>.:=s&<7P(ªU�D'AP;B×@(HAÃÝ@,F&)7�9<RP.:JÄ;B.�9E(K,/Vµz±&);BUW( Ú ;�&)7PD/R:&]U�RPLM71D/Ý:&);BUW;BåK,F&<;>Dm.�2*?i;�&)7ÁDmRP9LHRP9<9E(8.b&	Ý@,/9),FUW(+&)(89E;>å8,F&);BDm.�e8&<7P(Ë(8V°,FJE&);BL�Õ@,/.PAw×@.PA:J	;�&)J¿( 	�RP;BV>;BÕP9<;BRPUçJQ&M,F&<( Ú ;B&)7:;>.l/o�;B&<(89),{&);>D/.PJ*¨D/9�UWDmJQ&`J<;�&)R@,F&<;>Dm.:J82

���������
	�� �� �)�	� " �
" 	���	 +-���
.��(%/�)	�%/��	������&�
./	 �)����.����
�!%/	$�����
./	 �����
	�	���5



?�;B=mRP9E(3lWJE7PD Ú Jw,t&OZ�Ý:;>LK,FV¤&<9),FÛ�L�JEL8(8.:( Ú ;B&)7¦LHDmRP.b&)(H9d&)9<,FÛ�L�Dm.Ç&<7P(�V>(+*�&6,/.:A¦,�Ý@,/9EÞ/(8AD/ÕPJE&),/L8VB(ºßÌ,�A:9<(8A:=m(89)âÄDm.Ç&)7:(�9<;B=m7b&K2x^�7P(3VB(K,/A:;>.P=�Ôm(87:;>L8VB(�AP9ED~Ô/(�Ôm(H9EZÇLHV>DmJE(ª&)DW&)7P(�A:9<(8A:=m(89
ß¨J<(H(;B.P;B&<;°,/V�Ý@,F&<71;>.Á?�;B=mRP9E(w_bâ�,/.PAÁ;>J`J<UW,/V>VB(89Y&<7@,/.�DmRP9`9<(HJ<(K,F9<LM7�Ô/(87P;BL8VB(/2¹f](8.PLH(T*¨D/V>V>D Ú ;B.P=&<7P(w;>.P;�&);>,/VêÝ@,{&)7ÁÕP9<;B.P=mJ�RPJ]A@,/.P=/(89<D/RPJ<V�ZÃL8V>D/J<(6&)D3&)7:(AP9E(8AP=/(8982\^�7P(T(8V°,FJE&);BL6Õ@,/.PA�,/ÝPÝ:9<Db,/LM7
Z';B(8V>A:JÄ&)7:(ªÝ@,F&<7ÇUW,/9<ÞF(8A Ú ;B&<7Ç,/JQ&)(H9<;>JEÞ�J6;>.Ç?	;>=mRP9E(ª_ Ú 7P;>LM7Ö,KÔmD/;>APJ]&)7P(�A:9<(8A:=m(89d,/.PA¦Þ/(H(8ÝPJ,ºJ<,F*¨(H&OZÖAP;BJE&),/.PL8(3*¨9EDmU &<7P(sLK,/9wDm.¦&)7:(WVB(H*�&w,F&w&<7P(sJ),/U�(�&);BUW(F2 �Ø,/.P(sUt,F9<Þ�;>.P=/J Ú (H9<(�.PD/&R:J<(8AÁ7P(H9<(/2

0

5

10

15

20

-8-6-4-2024

z 
[m

]

x [m]

initial configuration
last configuration

bounding box
convex hull

leader vehicle

� �!���/�
	�� ��,���)%�� �!	�+ �S�����
./	,%/�
	�%/��	�� �
" 	��/	�5 ��.�	4 �	���%/	�����	�.��0"� �	 �0�  �� "�����	�%(�����
./	,	���%��
	�� ����������
��� �
./	 �����
.�����%��0�*������ ! �	��*�
.����&�
./	 	���������	�.��0"� �	�5

��óBë � Ð î-î Ó-�KÓ¨Ð Ï ����Ð�ÓÌÑØ� Ï � í �±Ð5� � �{Ó��~ÓÌ�m� î � � ÏØí Ò�� í �{�
XYDmVBV>;BJ<;>D/.�[]ÔmDm;BA@,/.PLH( � ,/.P(HR:Ôm(H9<JW,/9<(�AP,/.P=m(H9<DmRPJ&)D¦L8D/.PAPRPL+&s;>.Ü&)7:(�9<(8,/V�z Ú Dm9EV>A�2¦N±&�;>J.:D/&xJ<,F*¨(&<D�;>.b&)(H9E*¨(H9<( Ú ;�&)71,tLK,/9Hä¾JdÝ@,F&)7 Ú 7P(8.¦;�&dU�D}Ôm(8JH2w%�D Ú (�AP(HL8;BAP(8A1&<D�Ý�(89E*¨D/9<U J<DmU�(DF*\&<7P(8JE(WUW,/.P(HR:Ôm(H9<Jª;B.¦&)7P(s9<(HJ<(8,/9<LM7�Ô/(87P;BL8VB(�A:9<;BÔ';B.P=Ã,/R:&<Dm.PDmU�DmRPJEVBZÇÕ:R:&TRPJ<;B.P=�JE;>U�R:V°,F&<(8A

D/ÕPJE&),/L8VB(8J82 ^�7P;>J Ú ,KZ/eY&)7P(Á(+��Ý�(89E;>U�(8.b&)J�LK,/.ðÕ�(Á9<(HÝP9<D'APRPLH(8Aö(»�:,/LH&<VBZm2ö?�;>=mR:9<(ºq�JE7PD Ú J�,JEL8(H.P(/e Ú 7:(89<(w,TJ<UW,/V>V5VB(K,/AP(H9\Ô/(87P;BL8V>(ÄAP9<;�Ôm(HJ¹;>.º,TJE&<9),/;B=m7b& Ú ,}Z�Ôm(H9EZtL8V>D/J<(Ä&<D3,/.�D/ÕPJE&),/L8VB(dDm.&<7P(sV>(+*�&K2ª^�7:(W(H=mDFz±Ô/(87P;BL8VB(s,}Ô/Dm;>A:Jx&)7P;BJ6DmÕPJE&),/L8VB(sÕ�ZÇÝ�(H9E*¨Dm9EUW;B.P=º,ºJ Ú (89QÔm(tUW,/.P(HR:Ôm(H982s^�7P(9E;>=m7b&Y=m9),/Ý:7º;>.º?�;B=mRP9E(dq3J<7:D Ú J¹&<7P(6J<(
	�RP(8.PLH(DF*¿&)7P(6J Ú (H9EÔm(wUW,/.P(HR:Ôm(H9�;>.t&<7P9<(H(6J<.@,/Ý:J<7PD/&<J82^�7:(ºAP(8JE;>9<(HAÉÝ@,F&)7Ù,/JªDmR:&)Ý:R:&3*¨9<DmU &)7:(º(8V°,FJE&);BL�Õ@,/.:AÉ,/V>=mD/9<;B&<7PU ;>J�A:(8ÝP;BLH&)(HAÉ;>.�,¦A@,/JE7P(8A
VB;>.P(F2 � DF&)(t&<7@,F&�&<7P(�(8=/DFz±Ô/(87P;BL8V>(tAPD�(HJ�.PD/&ª*¨DmV>VBD Ú (+�:,/LH&<VBZ�&)7P(�(HV°,/JQ&);BLtÕ@,/.:A�Ý@,F&)7�A:RP(�&)D.:Dm.�zO7:DmV>Dm.:DmUW;BLdLHDm.PJE&<9),/;B.b&)J`,/.PAÁAPRP(6&<D�&<7P(wJ<;>U�ÝPVB(xL8Dm.b&<9<DmVBV>(89YAP(8JE;>=m.�2
NO.s,/VBV�9<(K,FV>;>JQ&);BLhJEL8(H.@,/9<;BDmJ�&<7P(¹(8V>,/JE&<;>LhÕ@,/.PAs,FV>=mDm9E;B&<7PUè*¨DmRP.:A3,/.3( 	�RP;BV>;BÕP9<;BRPU JE&),F&)( Ú ;B&)7:;>.lFo];�&)(89<,F&);BDm.PJH2¤^�7:(Y,KÔm(H9),/=/(YL8D/UWÝPR�&M,F&<;>Dm.6&);BUW(�*¨D/9Ø&<7P(\,/V>=mD/9<;B&<7PU Ú ;B&)7T;>.b&<(89E*¨(H9<;B.P=`DmÕPJE&),/L8VB(8J;BJT,/Õ�D/R:&�|}o ��� Dm.�,Áqbo/o � fÄåWNO.�&<(8Vhg	(H.b&);>R:U NEN6ghXd2 ��Ô/(8.Ü;B.�;B.:*¨(K,/JE;>ÕPVB(3J<;�&)R@,F&<;>Dm.:J Ú ;�&)7JE(HÔ/(89),FV¤D/ÕPJE&),/L8VB(8J8eP&<7P(wUt,~�:;BU�RPU L8DmU�ÝPR:&),F&);BDm.�&);BUW(6JQ&M,KZ'JÄÕ�(8VBD Ú p/o ��� 2

! � Ð Ï � î Ò	�KÓ¨Ð Ï �3� Ï Ñ õ ÒØ�}Ò¤� í ï Ð5�~ò
NO.É&)7P;BJsÝ@,/Ý�(89�,³A�Z�.P,/UW;BLºL8DmVBV>;BJ<;>D/.�,KÔmDm;BA@,/.PLH(�LHDmUWÝ�Dm.P(H.b&�*¨D/9�&)7P(ÁJE&),/.PA@,/9EAÙÔ/(87P;BL8VB(+z

*¨D/V>V>D Ú ;B.P=T,/ÝPÝP9EDb,/LM7t7P,/JYÕ�(8(H.º;>.b&)9ED�APR:L8(8Aê2�^�7P(x(HV°,/JQ&);>L`Õ@,F.PAt*¨9),FUW( Ú Dm9EÞs;>JhRPJ<(HAt&)DUWD'AP;B*�Z&<7P(w;>.P;�&);>,/V�ÝP,F&)7ÃD/*¤&)7P(wVB(K,/AP(H9�Ôm(87:;>L8VB(/2
� D'AP(HV>;>.:=67'R:Ut,/.sAP9E;BÔ';>.:=xÕ�(H7@,KÔ';>Dm9�9E( 	�RP;>9E(8Jh,6V>D/&�D/*�L8Dm.b&)(»�'&YÞ�.PD Ú V>(HAP=m(�&)7P,F&�7@,/J�&<DTÕ�(9E(8ÝP9E(8JE(8.b&)(HA�,FJ¹,9ERPV>(ÄÕ@,/JE(d;>.WJ<DmU�( Ú ,KZm2hfÄD Ú (HÔ/(898e Ú (xLHDm.PJEL8;>D/RPJ<V�ZWJEÞ�;>ÝPÝ�(8At&<7@,F&YJE&)(HÝÃ,/.PA&<9<;B(8A1&<DºUWD'AP(8V	7�RPUt,F.¦AP9<;�Ô�;B.P=�Õ�(87@,KÔ';>D/9 Ú ;B&<7¦,�ÝP7bZ'J<;>L8,/V�U�D�A:(8V�;B.ÇDm9EAP(89x&<D�Þ/(H(8ÝÖ&)7P;B.P=mJ;B.b&)RP;�&);BÔ/(6,/.PAÃ&)D�,/.P,/VBZ'å8(w=mVBDmÕ@,/V�ÝP9<D/Ý�(H9E&);B(8J�D/*	&)7P(wÝPV>,/.P.P(HAÃÝ@,F&)7ê2
^�7P(ª9<(8JERPVB&<JxJ<7:D Ú e�&)7@,{&d*¨Dm9ÄJE&M,F.PA@,/9EA1Ôm(H7P;>LHV>(+z *¨DmV>VBD Ú ;>.P=sJ<;�&)R@,{&);>D/.PJ8e�.PD�U�D�A:;B×@L8,F&);BDm.Ã;>J.:(8L8(HJ<J<,/9EZ/2\NO.�A�Z�.P,/UW;BLdJE;B&)RP,F&);BDm.PJ8e�&)7:(d;>.b&<RP;B&<;BÔm(ÄDmÕPJQ&M,/LHV>(x,KÔ/Dm;>A@,F.PL8(x9E(8JEÝ�Dm.:J<(x;BJ¹,/LM7P;B(HÔ/(8A�2

XYD/UWÝPR�&M,F&<;>Dm.t&<;>U�(dU�(K,/JERP9<(HUW(H.b&)J�J<7:D Ú &)7@,{&�9<(8,/V�z &);>U�(`Ý�(H9E*¨Dm9EUt,F.PL8(6;BJ¹,/LM7P;B(HÔ/(8A Ú ;B&)7:DmR:&UªRPLM7�D/Ý:&);BUW;BåK,F&<;>Dm.W(
��Dm9E&82



0

10

20

30

40

50

60

70

80

90

-3-2-10123

z 
[m

]

x [m]

desired path
ego-vehicle pathobstacle

ego-vehicle at t(i)

t(0)
t(10)
t(20)

time

0

10

20

30

40

50

60

-2-1012

z 
[m

]

x [m]
0

10

20

30

40

50

60

-2-1012
x [m]

0

10

20

30

40

50

60

-2-1012
x [m]

� �!���/�
	��/��,��� % � ��	�+ �S����� �)���
�����
����� +-./	��)	 � � 	�%/	������ �!��� �) !����.��
 �� 	�����	��)� �
./	&%/�)� � �!�/� " ���
�)�!%����
+-.��!" .��/	�" 	��
�
�!�
����	�� � ��+ 	�����	�������	�� ��	���5 ��./	 	���������	�.��!"� �	 ����%��
.�	  �	���%/	�� ��	�.��!"� �	 %/�)� ��	 ���������	�
����%&�
./	
�1���
	 ��# ���/� � ��� ��� ���
��5���./	 � ����.D�*��� ����.��
./� +-���
�������
./���
�,�����
./	 �)" 	��/	�5

NO.Ù&)7P(Ã*¨R:&)R:9<(/e Ú ( Ú ;>VBV¹;>.bÔm(HJE&<;>=b,F&<(º&)7P(ÁRPJ<(�D/*6,ÖAP;BJ<L89E(H&<;>å8(HA AP(HÝ:&)7ðUt,FÝÙ;B.ðLHDm.b&)9<,/JE&&<D�&)7P(3D/ÕPJE&),/L8VB(8Jw,/J6Õ@,FJ<;>Jx*¨D/9d&)7P(3Ý�D/&<(8.b&);>,/V 2w^�7P;BJ Ú DmR:V>A¦Z';>(8VBAÖ,�UWD/9<(�9E(K,/L+&);BÔ/(39<(HJ<Ý�Dm.PJ<(LHV>DmJE(89\9<(8V>,F&)(HAt&)DT&)7P(dJ<(8.:J<Dm9¹AP,F&M,:2�^�7P(6.�RPU�Õ�(89YDF*ØAP;>JQ&M,/.PLH(dLHDmUWÝ:R:&M,F&<;>Dm.:J Ú DmRPVBA�;>.PLH9<(8,/J<(JE;>=m.:;B×@L8,/.b&)VBZ�ÕPR:&d,F&Ä&<7P(ªJ<,/U�(T&<;>U�(x&)7P(AP;>JQ&M,/.PLH(LHDmU�ÝPR:&M,{&);>D/.�AP(H=m(8.:(89),{&)(8JÄ&)D�,sAP;BJE&M,F.PL8(
LHDmU�ÝPR:&M,{&);>D/.ºÕ�(+& Ú (H(8.1Ý�Dm;B.�&],F.PA�VB;>.P(dJ<(8=/UW(H.�&82
ìtí � í � í'Ï � í �
� �� ���������������������! 
"$#&%('��*),+.-�/10�24365�798;:.2<3<:=5;>@? A=5
BDC�:=EGF@:�H�:.2<BJIK3L2LMN8OA=5
PRQG-�7.ES-�-1B�:�CUT�E�-&-�V.:.WX3L5;Q*P=5�A=WJ3L/G)D5
Y13LES:=5
Z

WJ-15
24B&�\[�]^>DES:_/�-�-�V=365�7.B�:&CU2LM`-UaS),)\)�b\:=51C�-1ES-15�/&-c:=5dF@:eH&:=243</_B*A=5�Vgfh0`2�:=WJA.2<3<:=5jiek=�
lm"on=p_q*��r�s`�	�_t=t=u`�
� v$ wm�Kxhpy�yz`{�l�p_�_�\x��|�!p�{`}gpyzm~(py]��;f�FD-�A./_243LY$-�FD:eH&:=2!�*A=Y13(7.A.2<3<:=5���P=B�2�-_WX��A=B�-�V�:=5�A^T,? 0`3LV;Q*P=5�A=WJ3L/1BJ8;-12�A��mM`:.E��;[�]

>@ES:1/�-&-�V=3L5�7=BJ:�C*26Mm-�bK:.51C�-1ES-_5�/�-c:=5N>�A=ESA.?6? -_?�>DES:eH_? -1W���:=? Y13L5�7!C�ES:=W��*A=240`ES-_����lm��%(]mn=py���\py�&~�"onm���_t=t`�=�
� �$ �|�\�K%(�=��%(]m%4���|���� m%(~(~(py�1��8O:=243L:=5�>@? A=5
5
3L5�7�365�Q*P=5�A=WJ3L/9)D5
Y$36ES:=5
Wc-15
2<B��|B&3L5�7���-_? :_/13624P���HyB�2�A./1? -1B���a�5
2��h��:=0`E�5�A=?!:�C

F@:eH&:=243</_B!FD-1B�-�A=E�/�M���w=zm~ {;�_t=t=u`�
� �o �*���
��"o]m�=p=��[����!z`#��_'m"o�� ��*T	A=B�2@��2�-1ES-�:j��H<�y-�/12,QG-_2�-�/_243<:=5JC�:.E*��2�:���A=5�V� D:�¡
ESA�¢£/1��[�]O>@E�:_/�-�-&V.365�7.Bc:&C*2LM`-Ja�5
2�-_?L? 3(7.-15
2

��-yM�3L/1? -_BUi�¤c��P=W��`:=B�360`W���l
"on=pyqh�=�=t1r��o�=�m�¥�_t=t=s`�
� ¦$ �*�_�
��"o]m�=p=�op�#	"o~4�efh0`2�:=5�:=Wc:=0`BKQ*E�3LY13L5�7J D:_-1B|QG:=I\5
2�:=IK5
��a�)\),)ja�5
2�-_?L? 3(7.-15
2
��P=B�2�-_WJB\A.5�VU2LM`-_3LE¥fD�.��? 3L/�A=243<:=5
B��`�_�`§4s.¨�© �.ª1r

�.u`���_t=t=u`�
� s$ ���
�J�m«hp_ `�&%(nm�m�@�`wm���e#�py%(]��\f¬¡
ESAS�_-&/12�:=E�P=Z4��A=B�-�VJfD�.��E�:_A./yMGCy:=E*2LM`-U�A=2�-_E�A=?�bK:=5
24ES:=?¥:�C9��-yM�3L/1? -hT	:=?L? :.IK365�7g��P=B�2�-_WJB��¥[�]

>@ES:1/�-&-�V=3L5�7=BJ:�C*26Mm-!a�5
24-1?6? 3 7e-15
2*��-yM�3L/1? -1BUi.kc��P=Wh��:.B&3L0�WJ�
�\�=~(zm}gpJ�=�
l
"on=pyq*�_¦=s1r��_s`�=�¥�_t=t=u`�
� ®1 wm�¥¯!�¥«hpy�&°mpyq1�	±���w
�	²��=q�q&p�#S#&py�1�9f³�|5
3 ´,-�V9fD�.��ES:1A./yM�2�:NQ*E�36Yo-1E*f*B�B�36B�2�A=5�/�-g��P=B�2�-_WJBG��A=B�-&Vj:=5�fhE�243 ´,/_3<A=?	>�:=2�-_5
243<A=?

T,3L-1? V.B&�,[�]^>DES:1/&-�-�V=3L5�7=BJ:�C�f!�
8N)µa�5
2���8O-�/�M
��)D5�7e�DbK:=5�7.ES-1B&B�A=5�VJ),+��`:=B�36243L:.5`¶,�*A=B�M�Y$36?L? -y¶U¡	�!���_t=t=t`�
� u$ ²U�=·G�.«h�&z`l�py]��.p�#,"o~4��¡�:=I,A=ESVcAh>�A=2LM^b\:=Z<>DES:_/�-1B&B�:=EKCy:=E,fh0`2�:=WJA.24-�V;��-�M�3</_? -�bK:=5
24ES:=? ��[�]R>@ES:1/�-&-�V=3L5�7=Bh:�CD26Mm-�a�5
2�-_?L? 3(7.-15
2

��-yM�3L/1? -_BUi.¸R��P=W��`:=B�360`W���l
"on=pyqG�_so�$r��_s=t`�¥�_t=t=¦`�
� t$ wm�o«hzm~(°m]mpy�_�o�J�$��#���%(]��.²*�1�@"ozmpy�_�
f¹¡�M`ES-�-_Z4	A=P.-_E�-&VUº!3<-_E�A=ES/yM�3L/�A=?�>�A=2LM9bK:=5
24ES:.?`��P=B&2�-1W�Cy:=E,8O:eHy3L? -DFD:eH&:=24B�»�fh? 7.:.E�362LM�WJB

A=5�Vc),+y��-1E�36Wc-_5
24B���FD:eH&:=24BGA=5�VJf!0�2�:=5�:=Wc:=0`BU��P=B�2�-_WJB����y�m�	�_t=t=¦`�
� �_ª$½¼����U"oq�q1��·���¾�% #&�e%(]���x���¿¥py�&�y�=l��=zm~(�=q1�J��5�A$À.-_By»*f�/_243LY$-db\:=5
2�:=0�E�8O:_Ve-_? B���a�5
2��,��:=0`E�5�A=?�:�C9bK:=Wh��0`2�-_EO�|36B�3L:=5
��l
"on=pyq

�=v`��r��=�`�=�¥�_t=u=u`�
� �=��Á���\�! 
"$#�%('���FD-�A=? Z_¡¥36Wc-���H_B�24Ae/_? -�fhYo:=3LV.A.5�/&-JC�:=E�8OA=5
3 ��0`? A=2�:=E�BNA.5�V;8O:eH_36? -NFD:eH&:=24B���[�]�>DES:1/&-�-�V=3L5�7=Bd:�C�2LM`-�aS),),)

bK:=51C�-1ES-15�/�-J:.5^F@:�H�:.2<3</_B�A=5�VJfh0`2�:=WcA=243L:=5�k.¸=�	�_t=u=¦`�
� �_v$½¼����! m"$#&%('���p�#!"o~4�UQUP=5�A.W�3</G>DA=2LM^8O:_V=3 ´,/�A=243L:=5�C�:.E�bKA=E�Z�K3(À.-*�*:=5`M`:.? :=5�:.W�3</g8O:eH_36? -GF@:eH&:=24B���[�]O>DES:1/&-�-�V=3L5�7=Bg:�CG2LM`-

aS),)\)�bK:.51C�-1ES-_5�/�-c:=5^FD:eH&:=243L/1B*A=5�Vgfh0`24:.WJA=243<:=5ji�Âo�`�,�=~(zm}gp��m�
l
"on=pyq�v=t=v=ª1r�v=t=v=¦`�K�_t=t=s`�
� �_�$½�h��ÃG���!�&�=n= ��RT	-�-�VeH&A./yÀ���H_B�24Ae/_? -�fhYo:=3LVeA=5�/�-jb\:=5
24ES:=? �J[�]£ÄeÅ=B�2�fh?6? -_E�2�:=5Æb\:=51C�-1ES-15�/&-9:=5ÆbK:=WJWJ0�5
3</&A.2<3<:=5`¶RbK:=5
24ES:=? ¶

A=5�VOb\:=W���0�24365�7.�
l
"on=pyq��=v=¦1r��=�o�m�¥�_t=u=�`�
� �y�oÁ����Çhzm%(]m~�"o]��,F@-�A=? Z_¡¥3LWJ-�8O:_V.3 ´,/�A=243L:=5�:�CRbK:=?6? 36B�3<:=5
Z<T�ES-�-*>�A=2LM�B��\�, mxÈ¿D mpyq&%(q_���e#&"o]`ÉL�=�&°d��]m% Ê.py�&q�% #�{e���_t=to�m�
� �_¦$Á����Çhz`%(]m~�"o]��D���\�! 
"$#�%('���)@? A=B�243L/N��A.5�V=By»�bK:=5
5�-�/_243L5�7;>DA.26M�>D? A=5
5
365�7�A=5�V�bK:=5
24ES:=? �£[�]�>DES:_/�-�-�V=365�7.Bd:�C92LM`-�aS),),)

bK:=51C�-1ES-15�/�-J:.5^F@:�H�:.2<3</_B�A=5�VJfh0`2�:=WcA=243L:=5�i.Ë=�
l
"on=pyq�u=ª=v1r�u=ª.®��¥�_t=t=�`�
� �_s$Á���|Çhzm%(]m~�"o]��\���¥�! 
"$#�%('��£¡�:.I\A=ESV.BJF@-�A=? Z_¡¥3LWJ-R),+.-�/10�243L:.5�:=5�8O:=243L:=5�¡�A=B�ÀoB���[�]�)\+y����F@:eH&:=243</_BgÄo¶!�e��E�3L5�7.-1E�Z$��-_E�? A17.�

lm"on=p_qhvo�m��r�v=¦o�m�¥�_t=t=�`�
� �1®1½xG�m²Dpy%(�� 
"o�&°�#1�\Ì�:=5
24365
0`3L-1E�? 3</�M`-N��-1E&M`A=? 2�-_5
B�B�2�-_0m-_E�0`5�7g-1365�-1B!A=0�2�:=5�:.WJ-159T	A$M�E�Í1-10=7.B!365dV=P=5�A=WJ36B�/yM`-1E9�¥W*7.-oH_0�5�7.���, 
x

¿D mpyq�%(q1�
��]m% Ê.py�&q�% #1Î"$#��U"o%(q&py��q&~�"oz`#�py�&]����_t=t=s`�
� �_u$Ï·G���e#�py%(]m 
"on=p=��«������� �Î�=]mpy�1�@��-1? C�ZybKA.? 34HyESA.2<3<:=5d��A.B�-�V9365Na�5
Y$A.E�3LA=5
2��|3L-1I�FD-�/�:&7.5
36243L:=5�»hQUP=5�A.W�3</UfD�.��E�:_A./yM;24:g�UA.Y13(7.A=Z

2<3<:=5
��FD:eH&:=243L/1BGA=5�Vcfh0�2�:=5�:.WJ:=0`BU��P=B�2�-1W�B��
v=ª`©(�_�=�1r��_¦=s`�¥�_t=t.®��


