
HAL Id: inria-00072301
https://inria.hal.science/inria-00072301

Submitted on 23 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Design of a Hybrid Controller for Autonomous Vehicles
Driving on Automated Highways

Alain Girault

To cite this version:
Alain Girault. Design of a Hybrid Controller for Autonomous Vehicles Driving on Automated High-
ways. RR-4286, INRIA. 2001. �inria-00072301�

https://inria.hal.science/inria-00072301
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
42

86
--

F
R

+
E

N
G

ap por t  
de  r ech er ch e 

THÈME 4

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Design of a Hybrid Controller for Autonomous
Vehicles Driving on Automated Highways

Alain Girault

N° 4286





Unité de recherche INRIA Rhône-Alpes
655, avenue de l’Europe, 38330 Montbonnot-St-Martin (France)

Téléphone : +33 4 76 61 52 00 — Télécopie +33 4 76 61 52 52

���������
	����������������������	 ���!��"�"��#�$%�&�$')(*�+�
	,�
-.�
(,�0/1��2,��34"����5�6�!�879��	,�:��	
')(*�+� -.�;�+���<�=����2?>��@�9�

A,BDCFEHGJIKEHLMCFN!BPO

Q#RTS�U�V&W XZY\[]U
^T_a`%bc[edgf,V�bhdjikbc[eU�[alm`nbm[]djf
o V&lqpklqbmSrU?Vsl�t�dgU?iu_eV�v\Vsl

wyxcdnz{V�bh|~}�w

�h`niTiFdjxmb o V&xcVrt�RTVrxct�RTV�f��+W��n�g��X X��u��iu`j�jVsl

�*�!�r���%�T�n�g� }�f�bcRT[al
iu`ji�Vrx �~V,` oTo xcVrlcl�bcRTV�iuxmdg�T_eVrU�dn�hbcRTV,R\p\�Txc[ o t�djf�bcxmdg_�dn�@`j^kbmdgfTdjU�dg^ul��gV�RT[at�_]Vrl o xc[e�\[]fT�
djf�`n^TbmdjU9`nbmV o RT[]�jR\�~`Mpklr �¡¢V�Ru[]t�_eVsl�`nxcV?`j^kbmdgfTdjU�dg^ul�£¤lmd�bmRTVrp o d¥fTdnb�t�djU�U
^Tfu[]tr`%bmV?��[ebmR�Vr`gt�R¦dnbcRTV�x;fTdgx&��[§bcR
bmRuV*[efT�¨xc`gl{bcxm^ut�bm^TxcVj ,Q��~d©iTxcdj�T_]V�U9l;Ru`M�gV�bmd©�FV o Vr`j_§b���[ebmR�ª «¬�gV�RT[at�_]V o xc[e�\[]fT�©[ef`©lm[efu�j_]V�®D_]`jfTV�RT[e�gR\�~`MpKU ^ulqb
fTVr�jV�x9t�dj_]_e[ o V���[§bcR¯[ebcl�_]Vr` o [efu�°�gV�RT[at�_]Vj±#`nf o `°�jV�Ru[]t�_eV�V�f�bmVrxm[]fT�°bmRTV¥RT[]�jR\�#`Mp`%b9` o Vrlm[e�gfu`%bcV o Vrf�bmxcp¥z{^Tfut8bc[edgf
U
^�l{b@�FV
`j�T_eV�bmd*U�V�xc�jV;�¨xcdjU²bmRTV U�V�xc�j[]fT��_]`jfTV&bmd*bmRTV�U9`j[ef©_a`nfTVg£�`j�g`n[]f���[§bcRTdj^kb;`nf\p,t�dj_]_e[alm[edgf³ ~Q+d*lmdj_]�jV;bmRuVrlmV
iTxcdj�T_]V�U9l#�~V;iTxmdgi�d�lqV�bmd�Vs´g^u[ei�Vr`gt�R,�gV�RT[at�_]V;��[§bcR¥`?R\p\�Txc[ o t�djf�bcxmdg_e_]V�xs£kt�djf�lq[al{bc[efu� dj�!lmV��gV�x�`n_�t�djf�bc[ef\^Tdg^ul#t�djf�bcxmdg_
_a`M�hl!V�U
�FV ouo V o []fulm[ o V�`¶µufT[ebmV@lqbc`nbmVh`n^TbmdjU9`nbmdjf� +Q#RTV@`j^kbmdgU9`%bmdgf?lmiFVrt�[eµuVsl¢��RTV�f*`;�g[e�gV�f?�jVrRT[]t�_eV�U ^ulqb�V�f�bmVrx¢bmRuV
RT[]�jR\�#`Mpj£nU�V�xc�jV�[]f�bmd&bcRTVhU9`n[]f9_a`nfTVg£gp\[]V�_ o bmd�djbmRTVrxy�jVrRT[]t�_eVsl�£gV�vk[eby�¨xmdgU�bcRTVhRT[]�jR\�#`Mpj£�`nf o lmd�djf³ !Q#RTV@t�djf�bm[]f\^Tdj^�l
t�dgf�bmxcdj_k_a`M�hlylqiFVrt�[§�¨p?��Ru`nb4`jtrt�V�_]V�x�`%bc[edgf
bcRTVh�gV�RT[at�_]V�U
^ulqb�Ru`M�gV�[ef9dgx o V�x!bmd `M�jdj[ o t�dj_]_][]lm[edgful¢��[ebmR9fTVs`nxc�\p
�jVrRT[at�_]Vrlr 
|~p tr`nxcV��¨^T_]_ep o Vrlm[]�jfT[]fT�;bmRuVrlmVht�djf�bcxmdg_T_]`M�hl¢`jf o bmRuV@t�dgf o [ebm[]djful¢�g^u`nx o []fT�¶bmRTV�`n^kbcdjU9`%bcdjf bmx�`nfulm[§bc[edgfulr£j�~Vh`nxcV#`j�T_]V
bmd o V�U�dgful{bcxc`nbmV9bcRTxcV�V�[]U�i�dgxqb�`nf�b xcVrlm^T_ebclr ¸·�^Tx µux�l{b?xmVslq^T_eb lqbc`nbmVrl
bmRuV�[]fT[§bc[]`j_�t�djf o [§bc[edgful��g^u`nx�`nf�bcV�V�[]fT�¥bcRu`%b�`
�¨dj_]_]d%��[efT���gV�RT[at�_]V&fTV��gV�x@t�dj_]_e[ o Vsl���[§bcR©[§b�l�_]Vr` o [efT�9�gV�RT[at�_]Vj �·�^Tx@lmVrt�djf o xcVrlm^T_§bhV�v\bmV�f o l#bmRuV&µux�l{bhdgfTV&bmd*`�_a`nfuV&dn�
`n^TbmdjfudjU�dj^ul��jVrRT[]t�_eVsl� �·�^Tx4bmRu[ex o xcVrlm^T_eb~lqbc`%bcVrl�bmRu`nb~[e�+`j_e_FbmRuV��gV�RT[at�_]Vrl~`nxcVhVr´�^T[]iTiFV o ��[§bcR�dg^Tx4R\p\�Txc[ o t�djf�bcxmdg_e_]V�xs£
bmRuV�f9fTd&t�dg_e_][alq[]djf�t�`jf?Vr�jVrx¢d\trt�^Txy`jf o `n_]_T�jVrRT[at�_]Vrl!V�[ebmRuV�xyU�V�xc�jV�lm^ut�t�Vrlcl{�¨^u_e_]p
dgxy`nxcV4�¨dgxct�V o bmd o xcdji�dg^kby��RTV�f?bcRTV�p
xcVr`jt�R,bmRuV�V�f o dj��bcRTV�[]xhU�V�xc�j[]fT��_a`nfTVg 4¹�[ef�`n_]_ep,�4V�lmRTd%�ºbmRTV�dg^kbct�djU�V;dn�y`�RT[]�jR\�#`Mp9U?[at�xcdglm[]U
^T_a`%bc[edgf�t�djf o ^�t8bmV o
��[ebmR�bmRTV
YT»h}{¹!QJR\p\�Txc[ o lm[eU ^T_]`nbmdgx o V��jVr_edgi�V o `%bh¼¶½J|~V�xc¾jV�_]V�p9�\p9bcRTV&w¤«¢Q�»��jxcdj^ui³ 
¿©À�Á�ÂmÃ
Ä �%Å+�g� «@^kbmdgfTdjU�dj^�l#�jV�Ru[]t�_eVg£T`n^kbcdjU9`%bcV o RT[e�gR\�~`Mpg£�[]f�bmVr_e_][e�gV�f�bht�xc^T[alqV&t�dgf�bmxcdj_Æ£�R\p\�Txc[ o t�dgf�bmxcdj_]_eVrxr 

Ç³ÈMÉËÊ¤Ì¤Í8ÎHÏhÊPÐDÑ�Î¨ÐÆÒ{Ó;Ì�ÈMÒ{Ô�ÐHÈMÒyÑ�ÕsÐHÈMÍ8Î�Ì³Ñ�Ê�Ñ~ÖnÍ8ÊHÐHÓMÍr×yÎPÒ{ÊÆÒqÑ�ÎH×ÆÈMÒ{Î¢ÑcÐ+Ø!Ù�Ú�Ò{ÎPÏ8ÒqÛËÒ�Ü;Ñ�ÔMÓ&Ù¤Ñ�ÛËÉ ÝeÍ8ÎHÔMÉÞÑ4ßjàuÇ�á�â



����	�34���,�+���
	<���{(�	<3~��	 �����
"���(��)2?���,�!�������°��(,�²7���2���3~(,"����5��(��+��	��
-.���
�!��(�"���	 �5�+(��$�,���¬��(��+�&�!��(��+��� ��(��+�
-.�&�+�
	�(,���

�� ����� � ��� dj^ul4fTdg^ul�[]f�b��rxmVslmlmdjful o `nf�l4t�V�b�`nxmbm[at�_]V@`n^,iTxmdg�T_]S�U�V o ^�t�djf�bcx��g_eVhR\p\�Txc[ o V o V�����Ru[]t�^T_eVsl4`j^kbmdgfTdjU�Vsl
xcdj^T_a`nf�b~lm^Tx o Vsl~`j^kbmdgxmdg^kbmVsl4`j^kbmdgU9`%bm[al���Vrlr ��³Vsl4����RT[at�^u_eVsl4lmdjf�b�`n^kbcdjfTdgU?Vsl�£kt�� Vsl{bm®��n® o []xcV�´�^�� [e_al~fTV¶t�djU�U
^ufT[]´�^TVrf�b
fT[¤_]Vrl#^Tf�lh`M�jVst@_]Vrl�`j^kbmxcVrl~fT[³`M�gVrt�_�� [efT�¨xc`gl{bcxm^ut�bm^TxcVj � �V�^kv�iTxcdj�T_]S�U�Vrl o dg[e�gV�f�b�!�bmxcV;x��slqdg_e^�l�ª¢^uf,����RT[at�^T_]V;xmdg^T_a`nf�b
lm^Tx+^ufTV4�gdj[]V4lm[eU�iT_]V o � `j^kbmdgxmdg^kbmV4fTV o dj[eb�zq`jU�`j[]l+V�f�bcxmVrx+Vrf t�dg_e_][alq[]djf
`M�gVrtylmdjf
����Ru[]t�^T_eV~_]Vr` o V�x~± o V~iT_e^�l�^Tf ���rRT[]t�^T_]V
`nxcxc[e�%`nf�bhlm^Tx�_�� `n^Tbmdjxcdj^TbmV"��^TfTV o Vsl�V�f�bcx��rVrl o dg[§b#!�bmxcV�t�`ni�`n�T_]V o V
l$� []ful���xcV�x o V�iu^T[]l�lm`?�gdj[]V o � `gt�t
�r_%�rxc`nbm[]djf��jVrxcl~_a`
�jdg[eV;iTxc[]fut�[]iu`n_]Vj£u_&��Vrfut�dgxmV&lc`nfulh´�^�� []_³p�`j[§b o V�t�dj_]_][]lm[edgf³ �«hµuf o V�x'�rlmdj^ o xmV;t�Vsl o V�^Tv,iTxcdj�T_]S�U�Vsl�£Tfudj^ul�iuxmdgi�d�lqdgful
o � �r´�^T[]i�Vrx
t�Ru`g´g^uV?����RT[at�^u_eV o � ^Tft�dgf�bmx'�j_]V�^Tx;R\p\�Txm[ o Vg£+t�dgfulqbm[ebm^(� o V9iu_e^ulm[]V�^Tx�l;_edg[]l o V*t�dgU?U9`jf o V9t�dgfgbc[ef\^TVsl;V�fk®
�¨dj^u[eVsl o `jful�^Tf¦`j^kbmdgU9`%bmV o � ��bc`%b�l�µufu[H )�*� `n^TbmdjU9`nbmV&[]f o [a´g^uV+�9´�^TV�_+U�djU�V�f�b@^Tf©����RT[at�^u_eV o djfTf(� o dj[eb@V�f�bcxmVrx@lq^ux
_,� `j^kbmdgxmdg^kbmVg£gl$� []ful���xcV�x o `jful¢_a`&�jdg[eV�iuxm[]fut�[]iu`j_eVg£g´�^T[ebqbmVrx4_,� `n^kbcdjxcdj^kbcVj ] e ��³Vrl�_edg[]l o V@t�djU�U9`nf o Vht�djf�bm[]f\^TVrl�[ef o []´�^TVrf�b
´�^TV�_]_]V*`jt�t-��_&��x�`%bc[edgfK_eV9����RT[at�^u_eV o dg[§b�`M�gdj[]x¶iFdj^ux"���\[§bcV�x&_]Vrl�t�dj_]_e[alm[edgful;`M�jVrt�lmVrl;����RT[at�^T_]Vrl;�gdj[alq[]fulr /.yflqi0�rt�[§µ�`jf�b
lmdj[]�jfTVr^ulqVrU�V�f�b~t�Vrl#_]dj[al o V¶t�djU�U9`nf o V&t�djf�bm[]f\^TVrl~`n[]fulm[³´g^uV�_]Vrl�t�djf o [ebm[]djf�l4��`nx o `nf�b~_eVsl�bcxc`jfulm[§bc[edgf o V;_,� `j^kbmdgU�`nbmVg£
fTdg^ul o ��U�djf�bmxcdjf�l#bmxcdj[al@x'�rlm^T_ebc`nbclh[]U�i�dgxqb�`nf�bclr  � dnbmxcV
iuxmVrU?[]V�x�x��slq^u_§b�`%b1��bc`j�T_e[eb�_]Vrl¶t�dgf o [ebm[]djful�[]fT[§bc[]`j_eVsl@lmdj^ul�_]Vrlq®
´�^TV�_]_]Vrl�^Tf¥����RT[at�^T_]V&lq^u[e�gV�^Tx�f�� V�f�bcxmV#zq`jU�`j[]l#Vrf©t�dj_]_][]lm[edgf�`M�gVrt;lmdjf�����Ru[]t�^T_eV&_]Vr` o V�xs  � djbmxcV&lqVst�djf o x'�rlm^T_ebc`%b#��bmVrf o
_]V
iTxcV�U�[]V�x1�*^TfTV�µ�_eV o V
����RT[at�^T_]Vrl�`n^kbcdjfTdgU�Vrlr  � djbmxcV&bmxcdj[alq[]S�U�V�x'�rlm^T_ebc`nb2��b�`n�T_][§b;´�^TV lm[³bcdj^ul�_eVsl@����RT[at�^u_eVsl@lmdjf�b
�r´�^T[]i0�rl o V
fTdjbmxcV
t�dgf�bmx'�j_]V�^TxhR\p\�Txc[ o Vj£�`j_edgxcl@`n^ut�^TfTV t�dj_]_e[alm[edgf©fTV�iFV�^kb&lqV
iTxmd o ^u[excV
lm^Tx�_,� `n^kbcdjxcdj^kbcVj£uV�b¶´�^TV&bcdj^ul
_]Vrl~���rRT[]t�^T_]Vrl~dj^��T[]V�f�x'��^�lmlm[]lclmV�f�b3��l$� []ful���xcV�x#`M�jVrt�lq^�t�t�Ssl�£\dg^��T[]V�f¥lqdgf�b~dg�T_e[]���sl o V¶´�^T[ebqbcV�x�_a`
�gdj[]V o � `gt�t
�r_%�rxc`nbm[]djf
´�^u`nf o []_]l;Vrf¸`nbqbcV�[]�jfTVrfgb;_a`�µ�f³ +.�fkµuf³£�fTdj^�l�iux��slqVrfgbcdjful¶_]Vrl;x'�rlm^T_ebc`%b�l o V�_]`,U�[]t�xmd�lq[]U
^T_a`%bc[edgf o � ^TfTV9`j^kbmdgxmdg^kbmVg£
iTxcdj�gxc`jU?U/�rV�`M�jVst¶_eV&lm[eU ^T_]`nbmVr^Tx�R\p��uxm[ o V�Yk»h}{¹!Q o ���gV�_]djiTi0�;iu`nx�_,� �r´�^T[]i�V&w¤«¢Q�» o V;_,� ¼@fT[]�jV�x�lm[§b'� o V�|4Vrxm¾gV�_]V�pg 
4 Ä �r� Â ��5 � ��� ¡2��Ru[]t�^T_eV�`j^kbmdgfTdjU�Vg£kxmdg^kbmV&`n^TbmdjU9`nbm[al6�rVj£kt�xc^T[alqV&t�dgf�bmxcdj_�[ef�bcV�_]_e[]�jVrfgbs£ut�dgf�bmx'�j_]V�^Tx~R\p��uxm[ o Vj 



� � 	 ���!�9�,(�3y������	

����� ���
	��	�	������������
����������	���� �!�#"%$'&(��)*���!��+
w¢`jlclqVrfT�jVrxylm`n�¨V�b{p
`jf o bmx�`-,*t�t�djfT�gVrlqbm[]djf�`nxcV~�gxmd%��[]fT�;iTxcdj�T_]V�U9l![]f*lqVr�jVrxc`j_k^Txm��`nf9t�dgxmxc[ o djx�l� �Q+�~d;`jiTiTxcdg`gt�RTVrl!t�`jf
�FV?^�lqV o bmd¥`n_]_]V��\[]`nbmV bmRTVslqV?iTxcdj�T_]V�U9lrª@t�dgfulqbmxc^ut8bc[edgf¦dn�4U?dgxmV _]`jfTVrl¶dgf°t�dgfT�jVsl{bcV o Ru[e�gR��#`Mpkl@dgx�^�lqV?dn��VrU�V�xc�j[]fT�
bmVst�RTfTdg_edg�j[]Vrl��¨djx#U�djxcV�`n^TbmdjU9`nbmV o bmx�`-,*t¶t�djf�bcxmdg_H !Q#RTV�µuxclqbh`niTiuxmd�`jt�R³£�t�djf�l{bcxm^ut�bm[]fT�?U?dgxmV�_]`jfTVrl~dgx~Ru[e�gR��#`Mpkl�£g[]l
x�`niT[ o _]p?�FVrt�djU�[]fT� ^ufgbcV�fu`j�T_]V@�FVrt�`j^ulmV�dj�³_]`gt�¾?dj��xc[e�gRgb~dn���#`Mpkl�£\t�dgU�iT_eV�vk[§b{p�dn�+RT[e�gR\�~`Mp o Vrlm[]�jf�`jf o _a`Mpjdg^kbr£\t�d�l{b�l
`nf o V�f\�\[excdjfTU�Vrfgb�`n_³t�djfulm[ o V�x�`%bm[]djf�l� #»hVrfut�V
lmV��gV�x�`n_¤U�V�bcxmdgi�dg_e[ebc`jf�bmx�`nfulmi�dgxqb�`%bc[edgf¥`j�jVrfut�[]Vrl�`jxmV;bc^Txmfu[efT�*bmd%�#`nx o l
RT[]�jRTVrx�_eVr�jVr_]l#dj��`n^TbmdjU9`nbm[]djf,bmVrt�RufTdj_]dj�g[eVsl�bcd9` oTo xcVrlcl4bmRTVslqV&iuxmdg�T_eVrU9l� 

 �[/.�V�xcV�f�b `j^kbmdgU�`nbm[]djf�lqbmx�`%bcV��j[]Vrl�Ru`M�jV*�FV�VrfiTxcdjiFdglmV o []f10 �j�32D ¦Q�p\iT[at�`j_e_]pKbcRTV�p`jxmV�t�_]`glmlm[eµuV o `jtrt�dgx o []fT�¥bcd
bmRuV�[]x o [alqbmxc[e�T^Tbm[]djf¦dj�y[ef�bcV�_]_e[]�jVrfut�V�`%bmbmxc[e�T^TbmVrlr ;»hV�xcVj£!4q[ef�bcV�_]_e[]�jVrfut�V65&xcV��¨Vrxcl@bmd�bmRTV bmVst�RTfT[a´�^TVrl¶^ulmV o bcd��gd%�jV�xcf¥bmRuV
7 d%�)dn�;bcxc`8,9tj �«~b,dgfTVKVrf o dn�;bcRTV°lmi�Vst8bcxm^TU¥£@`j_e_¶`n^kbcdjU9`%bc[edgf [ef�bcV�_]_e[]�jVrfut�VK[al�t�djfut�V�f�bmx�`%bcV o ��[ebmRT[]f []f o []�\[ o ®
^u`j_��gV�RT[at�_]Vrl{X _eVs` o []fT�*bcd�bmRTV:9-;�<>=-?@=-AB=-;DC�lmt�V�fu`jxm[]du &}�f°bmRTV9`j^kbmdgfTdjU�dj^�l�tr`jlmVj£¤�jVrRT[at�_]Vrl¶[ef�t�djxciFdjx�`%bmV
V�fTRu`jfut�V o
lmV�fulm[efu�u£�t�djU�iT^kb�`%bc[edgfK`nf o `gt8bc^u`%bc[edgf¥bmVrt�RufTdj_]dj�g[eVsl~bmd�[]U�iTxcd%�jV&�jVrRT[at�_]V
t�dgfgbcxmdg_¤�¨^Tfut�bm[]djful¶lm^ut�RK`jl@_]`jfTV�¾jVrV�iT[]fT��£
RTVs` o �#`MpK¾jVrV�iT[]fT�©`nf o �gV�_]dkt�[eb{p©bmx�`jt�¾\[]fT�u *Q#RT[al�lmpkl{bcV�U�[al&¾\fTd%��f`jl&«@}m½�½�£+`gt�xcdjf\p\U)�¨djxE4m«h^kbcdjfTdgU�dj^ul;}�f�bmVr_§®
_][e�gV�f�b*½4xc^T[alqVK½4djf�bcxmdg_F58 �«~b�bmRTV¥fTV�v�b9_]V��gV�_Æ£y[ef o [e�\[ o ^u`j_��jV�Ru[]t�_eVsl?t�d\djiFV�x�`%bmV,�\p�t�djU�U ^TfT[at�`%bc[efu�¸lmV�_]Vrt�bmV o l{b�`%bcV
[]fk�¨djxcU9`%bm[]djf�bmd?Vr`gt�R*dnbcRTV�xqX�_]Vr` o []fT��bcd bcRTVBG�=H=�IKJMLN9-<PORQ3J
lmt�V�fu`jxm[]du �}�f,bmRTV;t�d\djiFV�x�`%bc[e�gV�tr`jlmVj£\�jVrRT[]t�_eVsl#t�`nf,t�d\djx o [e®
fu`nbmV;bmRuV�[]x@`jt�bm[]��[ebm[]VrlhV��jVrf¥��RTV�f�bmRuV�p¥`nxcV¶fudnbh��[ebmRT[]f©Vr`gt�R,djbmRTVrx$� lhlmV�fulmdjx#x�`nfT�gVrlr �Q#RTV�t�dgU�U
^TfT[at�`nbm[]djf�U9`Mp��FV
o []xmVst8bc_ep©�¨xcdjU��jV�Ru[]t�_eV bmd¥�jVrRT[at�_]V?dgx;[§b&U9`MpK�FV?U�V o []`nbmV o �\p©bcRTV�bmx�`nfulmiFdjxmbc`%bc[edgfK[]fk�¨xc`gl{bcxm^�t8bm^uxmVg ?¹�[]fu`n_]_epg£³�jVrRT[e®
t�_]VrlhU�`Mp��¨djxcU²bc[e�gR�bm_]p�t�d�dgx o [efu`nbmV o iT_a`%bcd\djful��\p¥t�dgU?U ^TfT[at�`nbm[]fT�9U�djxcV o V�b�`n[]_eV o lqbc`nbmV�[]fk�¨dgxmU9`%bc[edgf©`%b�`��gxmVs`%bmVrx
�¨xcVr´�^TV�f�t�pgX�_]Vr` o []fT�
bcd�bmRTVSI@TU9-<>=H=-?KOR?DV�lmt�V�fu`jxm[]du 
}�f,bmRT[al�iu`ji�Vrx~�~V&`nxcV¶�¨d\t�^ulm[efT��dgf�bcRTV&`n^kbcdjfTdgU?dg^ul#t�`glqVg �¡¢VrRT[at�_]Vrl�`nxcV;Vr´�^T[]iTiFV o ��[§bcR¥`�t�djf�bmxcdj_]_eVrx~`jf o ��[§bcR

lmV�fulmdjx�l�bmRu`nb��j[]�jV�[]fk�¨dgxmU9`%bc[edgf*`n�Fdj^kb¢bcRTV@fuVr`nxc�\p��jVrRT[at�_]Vrly�FdnbcR9[ef�bcRTVhU9`n[]f9_a`nfTV@`jf o []f�bmRTVhfuV�[]�jR\��dg^Txc[efT�&_a`nfuVrlrª
�g`ji³£nxcV�_a`%bc[e�gV~lmi�VrV o £] � r m|#`jlmV o djf bmRuV o `%b�`¶iTxmd%�\[ o V o �\p�bmRuVrlmVhlqVrfulqdgxclr£MbmRuVht�djf�bcxmdg_e_]V�x�dn��Vr`gt�R �gV�RT[at�_]V#U
^ulqb o Vrt�[ o V
��RTV�bmRTVrx�bcd �Tx�`n¾gVj£�`jt�t�V�_]V�x�`%bcVj£�U?Vrxm�gVh[]fgbcd
bcRTV�bmx�`-,*tn£�djx~p\[eVr_ o £\��RT[]_]V�`M�jdg[ o [efT� `jt�t�[ o V�f�bclr �«@_e_ o Vst�[alq[]djf�l�U ^ul{b#�FV
bc`j¾jVrfWTU=HG�98TRTFX% ;}�fKiu`jxqbc[]t�^T_]`jxr£�bmRuV�xcV
[al@fTd,t�d\djx o []fu`%bc[edgf©_]`MpgV�xh_][e¾gV
[]fKbcRTV t�d�dgi�Vrxc`nbm[]�jV
lct�Vrfu`nxc[]du hQ#RTV?iT^Txci�d�lqV
dn�
bmRu[]lh`jxqbc[]t�_eV;[al~bmd o Vslq[]�jf¥`�t�dgfgbcxmdg_e_]V�x~bcRu`%bh`jt�Ru[eVr�jVrl4bcRT[]lh�jdg`j_H 

���ZY [\^]E�K_��`&(�*)����!�*+
Q+�4d9`jlmiFVrt8b�l#U
^ulqbh�FV o Vr`j_§b���[ebmR¥�\p9bmRTV&�gV�RT[at�_]V&t�dgfgbcxmdg_e_]V�xsª

a Q#RTV�t�dgfgbc[ef\^Tdg^ul�t�dgf�bmxcdj_�dn��bmRTV
�jV�Ru[]t�_eVg£T��RT[at�R o [e�\[ o Vrl�[]f�bmd�_]djfT�g[§bc^ o []fu`n_�`jf o _]`nbmVrxc`j_³t�djf�bcxmdg_H yQ#RTV;�¨dgxmU�Vrx
t�djf�lq[al{b�l~dn�¢t�djf�bcxmdg_F_a`M�hl~�¨djxh`gt�t�V�_]V�x�`%bm[]fT��`nf o �Tx�`n¾\[]fT� ��RuV�f��¨dj_]_ed%��[]fT�9`?�jVrRT[]t�_eVg£k��RTV�f¥p\[]V�_ o [efu� bcd9fTV�[]�jRT®
��dg^Txm[]fT�*�gV�RT[at�_]Vrlr£�`jf o lmd*djf� @Q#RTV
_a`%bmbmVrx�t�dgfulm[]lqbcl@dn��t�dgf�bmxcdj_³_a`M�hl��¨dgxhbm^uxmfT[]fT��£�U�V�xc�j[]fT��£�`nf o lqd�djf³ @Q#RuV
z{dj��dn��bmRTV�t�djf�bm[]f\^Tdj^ul#t�djf�bmxcdj_�[al#bmd o Vst�[ o Vcb!=8d bmd*`gt�t�V�_]V�x�`%bmVg£\�Txc`j¾jVg£gbc^Txcf³£TU�V�xc�jVg£e r � 

a Q#RTV o [almt�xmV�bmVht�djf�bmxcdj_Tdj��bmRTVh�gV�RT[at�_]Vj£g��RTdglmV¢z{dg�9[]lybmd o Vst�[ o Ved�bKJ6?�bmd
lqbc`jxqb4`gt�t�V�_]V�x�`%bm[]fT��£n�Tx�`n¾\[efu�u£nU�V�xc�j[]fT��£
p�[]V�_ o []fT�u£] � r m¼�lq^u`j_e_]p?[§b~[]l~lqiFVrt�[§µ�V o `gl4`�µufT[ebmV�lqbc`nbmV¶`n^kbcdjU9`%bcdjf³£��T^kb~U�`jf\p?djbmRTVrx�Vs´g^u[e�%`n_]V�f�b~fTdnb�`%bm[]djf�l�t�`jf
`n_alqd?��V&^�lqV o  

|~Vrtr`n^ulmV&dn�!bmRu[]l@[ef�bmxc[]fulq[at o ^�`n_][§b{p���V�b{�4VrV�f¥bcRTV t�djf�bm[]f\^Tdj^ulhiu`nxmb�`nf o bmRTV o []lct�xcV�bcV�iu`nxmbr£Flq^�t�RKt�djf�bcxmdg_e_]V�x�l�`nxcV
t�`j_e_]V o bDXgfMLhOji% �}Db�lqRudj^T_ o �FV�i�d�lmlm[e�u_eV bmd o Vslq[]�jf¸`�iT^uxmVr_epKt�djf�bm[]f\^Tdj^ul;t�djf�bmxcdj_]_eVrxr£�U�Vr`jfT[]fT��bcRu`%b¶bmRuV o [/.�V�xcV�f�bm[a`n_
Vr´�^u`nbm[]djful+t�dgfgbcxmdg_e_][]fT�#bmRTV4U�d%�jV�U�Vrfgb�l¤dn�\bcRTV��gV�RT[at�_]Vy�~dj^T_ o bc`j¾jVytr`nxcVydn�k�FdnbmR
RTd%�`nf o ��RuV�f;bmd��Tx�`n¾jVg£s`gt�t�V�_]V�x�`%bmVg£
bm^uxmf³£�U�V�xc�jVj£] � r q�T^Tbh�4V;bcRT[efu¾�bcRu`%b o Vslq[]�jfu[efT�*`�R\p\�Txc[ o t�djf�bmxcdj_]_eVrx#[]l@Vr`jlm[]V�x#bmR�`nf o Vrlm[]�jfT[]fT�*`�iT^TxcV�_]p,t�djf�bm[]f\^Tdj^�l
djfuVj 
}�f�bcRT[al i�`niFV�x?�4V¥`nxcV�iTxcVrlmV�f�bc[efT�¸`nf¯R�p\�Txc[ o t�dgfgbcxmdg_e_]V�x
�¨djx9`n^TbmdjfudjU�dj^ul
�jVrRT[]t�_eVsl?^Tf o Vrx?«@}m½�½� y«@l�`©µux�lqb

`niuiTxmd�`jt�R³£¤�~V9djfu_ep©�¨dkt�^ul&djf¸bcRTVkTU=-?DV8OR<P;Ki-OR?@9-T�t�dgf�bmxcdj_Æ clyV�br£��4V9lmRTd%� bcRu`%b dj^Tx�`jiTiTxcdg`jt�R¦[]l 7 V�vk[e�u_eV*`jf o bmRu`nb
dj^ux#t�djf�bmxcdj_]_]V�x#t�`nf,��V;Vs`jlm[e_]p*` o `jikbmV o bcd?[]fut�_e^ o V;`j_]lmd bmRTV;_a`%bmVrxc`j_Ft�djf�bmxcdj_Æ !¹+[]fu`j_e_]pj£Tlm[ef�t�V;�4V;`nxcV��¨d\t�^ulm[efT�?djf,bmRuV
`n^TbmdjfudjU�dj^ul
lmt�V�fu`jxm[]du£+�4V�` o djiTb `Klmiu`jt�[efT�©iFdj_][at�p���[§bcRGm=-?!Ch<>9-?n<E<PORAoJBbKJ�9pi-d�98X°�¨dgx
dg^Tx
_]djfT�g[§bc^ o []fu`n_4t�djf�bcxmdg_
_a`M�&£k[H  Vj ]£kbmRuV;bm[]U?V&�FV�b{�~V�Vrf�b{�~d9lq^�t�t�Vslmlm[]�jV¶�jV�Ru[]t�_eVsl#U
^ulqbh��V�t�djfulqbc`jf�br 
·�^Tx��jVrRT[]t�_eV#U�d o V�_\[al¢`@�gV�xcp&lq[]U�iT_eV#dgfTVj£n[Æ  Vj ]£j`jtrt�V�_]V�x�`%bc[edgf�t�dgfgbcxmdg_k`nf o b{�4dj® o []U�V�fulm[]djf�¾\[]fTV�U9`%bc[]tj ¢·�fuV4dj��dj^ux

dj�Tz{Vrt8bc[e�gVrl¢[al�bmd
lm[eU ^T_a`%bmV�`&��RTdj_]VhRT[]�jR\�#`Mpj£n��[ebmR,`&f\^TU
�FV�x4dn�¤�jVrRT[]t�_eVsl�`j��d%�gV&�rqgqpq;`%b�bcRTV@lc`nU�V�bc[eU�Vj ¢Q#RTVrxmV��¨djxcV
` bmd\d9t�dgU?iu_eV�v,U�d o V�_¤�~dj^T_ o iTxmVr�jVrfgb�^ul~�¨xcdjU5xm^ufTfT[]fT�9lq^ut�R¥lm[eU ^T_]`nbm[]djfulr 

s�s$Ô8t�u6vhwhx



����� ��	�+ �#��	���� �����
�¸djxc¾*xmVr_]`nbmV o bcd9dj^Tx�iTxcdj�u_eVrU5t�`jf,�FV o []�\[ o V o [ef�bcd�bmRTxcV�V;iu`jxqb�l�ª!bcRTV&_edgfT�j[ebm^ o [ef�`n_�t�djf�bmxcdj_�dn�¢`n^TbmdjU9`nbmV o �gV�RT[at�_]V
`nf o bcRTV@`glqp\U�ikbmdjbm[at#l{b�`n�T[]_e[eb{p `jfu`n_]pklq[alr±%bmRTV@U?Vrxm�g[efu�;lqbmx�`%bcV��g[eVsl��¨djxy`nf9`j^kbmdgU�`nbmV o �gV�RT[at�_]V#��[e_]_][efT�;bcd�t�Ru`nfu�jV#_]`jfTVj±
`nf o bcRTV&R\p��uxm[ o t�djf�bmxcdj_¤dj��`j^kbmdgU�`nbmV o �gV�RT[at�_]Vrlr 

�
	��	�� ����� Ä ���
� ���+Å ��� �(5�� Ä � ��� Ä 5
�¸djxc¾¦djf`glqp\U�ikbmdjbm[at9l{b�`n�T[]_][§b{p¸`nfu`j_epklm[]l;dj� o p�f�`nU�[]t9lmpkl{bcV�U9l&��[ebmR�lc`%bc^Txc`nbm[]djf�t�dgful{bcxc`j[ef�l;[efut�_e^ o V9bmRuV*�4dgxm¾¦dn�
lyVj£��©[at�RTV�_Æ£�`jf o »hdg^ 0 ���H2�`jf o dn���@lqbmx �jU$`nf o |~xc^k�P`nfu[�0 W-2Æ �»@d%�4Vr�jV�x#bcRTVrlmV��~djxc¾kl o Vr`j_���[ebmR©_][efTVs`nx@`jf o lmVrt�dgf o
djx o Vrx o p�f�`nU�[]t&lmpkl{bcV�U9lr£Tlqd bmRTVr[ex@xmVslq^T_ebcl�`jxmV;fTdjb#bmx�`nfulmi�d�lm`j�T_]V@bcd9dj^Tx#iTxcdj�T_]V�U¥ 
·@bmRuV�x&�~djxc¾Kdjf�«h}m½�½���[ebmR`©t�dgful{b�`nf�b;bm[]U�V9RTVr` o �~`Mp¦Ru`jl;�FV�VrfxmVri�dgxqbcV o ��p°}�dg`jfTfTdj^�£�«hRTU�V o ®"!¤`n[ o £+`jf o

�¸^TRK[]f 0e�$#r2Æ£�`nf o ��p  �`M�\[]V�b�`jf o w¢`nxcV�f�bh[]fW0e�Hq32D ~}�f¥bcRTVrlmV�iu`ji�VrxclhbmRTV
¾�[]fTVrU�`nbm[at&U�d o V�_+[]l@U?dgxmV�t�djU�iT_]V�v�bmRu`jf
dj^uxclr£�[efut�_e^ o [efu�*�¨djx;[]fulqbc`nf�t�V ` o p\fu`nU�[at
U�d o Vr_�dj�ybmRuV VrfT�j[]fTVj &Q#RTV�`n^TbmRTdgxcl@i�Vrxq�¨dgxmU)V�v\bcV�fulm[e�gV lm[eU ^T_a`%bm[]djf�lhbcd
bm^ufTV&^Ti�bmRTV&i�`nx�`nU�V�bcV�x�l4dj��bcRTV�[]x@t�dgf�bmxcdj_�_]`M�hlr ¢»hd%�~V��gV�xs£gfTd*lqbc`j�T[]_e[eb{p*xcVrlm^T_§b�l�`nxcV��g[e�gV�f³ 
}�fW0]�r�32D£�}�dg`jfTfTdj^K`jf o ½4RT[]V�f¸`n_alqd,l{bc^ o p�bmRTV�t�dgfulqbc`nf�b�bm[]U?V RTVr` o �#`Mp,iFdj_][]t�pj ;Q#RTV `j^kbmRudjx�lhiTxcdjiFdglmV
`*_]djfu�j[e®

bm^ o [ef�`n_yt�dgf�bmxcdj_�_]`M�1�¨dgx;`jf°«@}m½�½�lmp\lqbmVrU¥£¤��RTV�xcV
bcRTV o Vrlm[]xmV o []fgbcV�xm®Æ�gV�RT[at�_]V o []lqbc`jfut�V?[]l¶dj�ybmRTV?�¨dgxmU&%('*),+.-�%(/j£
��RTVrxmV0%1'�`jf o %(/�`nxcV?t�djfulqbc`jf�bclr£�`jf o ),+4[al¶bmRuV �¨dg_e_]d%��[]fT���gV�RT[at�_]V?lmiFV�V o   Q#RTVrf¦bcRTV�p¦t�djU�iu`jxmV
bmRTVr[ex�`j^kbmdgU�`nbm[at
t�dgf�bmxcdj_]_eVrx@��[ebmR°lmV��gV�x�`n_+R�^uU�`jf¦t�dgf�bmxcdj_�U?d o Vr_]l¶`nf o lmRTd%�1bmRu`nb¶[eb&lq^TiuiTxmVslmlmVrlhbmdjbc`n_]_]p¥bmRTV�`jtrt�djx o []djf©VM.FVst8bo0 �pq32Æ£
_]Vr` o l@bcd�lmU�d\dnbmRuV�x¶bmx�`-,*t 7 d%�hl�£³`jf o _a`nxc�jVrxhbcxc`8,9t 7 d%� x�`%bcVrlr£ o ^TV?bmd,bmRuV�lmRTdgxqbcV�x¶[ef�bmVrxq®D�jVrRT[at�_]V lc`%�¨V�b{pKlmiu`gt�[]fT�
`nf o bcRTV&V�_][eU�[]fu`%bc[edgf¥dn�+R\^TU9`jf o V�_a`Mp\l#`jf o _]`jxm�gV�xcVr`gt8bm[]djf�bm[]U�Vj 
}�f 0]�r�-2Æ£n}�d�`nfTfudj^
`jf o32 ^��¨^TxmbmRTVrx¢l{bc^ o p;bmRuV#t�djfulqbc`jf�b�bm[]U�V#RTVr` o �~`Mp¶iFdj_][]t�pj !Q#RTV~`gt�t�V�_]V�x�`%bm[]djf
dn�TbcRTV��¨dg_e_]d%��[]fT�

�jVrRT[at�_]V?[al�`gt�RT[eVr�jV o �\p°t�djf�bmxcdj_]_][efT���FdnbmR¸bcRTV9bmRuxmdjbqbm_]V*`nf o bcRTV9�Tx�`n¾gVj *Q#RTV9VrfT�j[]fTVj£�bmRTV�bcxc`jfulmU?[alclq[]djf³£+`nf o bmRuV
o xc[e�gV�®Æbmx�`n[]f¯`jxmV©`n_almd¸[]fut�_e^ o V o [ef bcRTV©U�d o V�_Æ JQ#RTV¥µux�l{b*lqbm^ o [eV o lqpklqbmV�U t�djf�lq[al{b�l�dn�&`¸_eVs` o []fT��jVrRT[at�_]V¥`jf o `
�¨dj_]_]d%��[efT���gV�RT[at�_]Vj  Q#RTV©iuxmdgi�d�lqV o t�dgf�bmxcdj_]_eVrx?�g^u`nx�`nf�bcV�Vrl bcRTVKl{b�`n�T[]_][§b{p�dj�;`�iu_]`nbmd\djf dn�;�jVrRT[]t�_eVsl� 54;`j[eful9bmRu`nb
V�f�lq^TxcVrl?bcRTVK`jlmp\U�ikbmdjbm[at�lqbc`j�T[]_e[eb{p `nxcV¥iTxcdjiFdglmV o   lyV�bs£~bmRT[al9[al��M`j_e[ o djfT_]p�[]f bmRTV©fTdgfk®�lm`nbm^Tx�`%bcV o tr`jlmVj 6� RTVrf
bmRuV�`gt�t�V�_]V�x�`%bm[]djf°[]l;�Fdj^uf o V o £¤bmRTV*`j^kbmRudjx�l o d¥fTdjb�lm`Mp©��RTV�bmRTVrx&djx;fTdjb¶bcRTV*lmp\lqbmVrU6[]l&lqbm[]_]_�l{b�`n�T_]Vj �Q#RTV9lmVrt�dgf o
lqbm^ o []V o lmp\lqbmVrU�t�dgfulm[]lqbcl�dn��`¶iT_]`nbmd\djf dn�F�jV�Ru[]t�_eVsl�£nVs`jt�R?l{bc[e_]_TlqVriu`nx�`%bcV o ��p `�t�djfulqbc`jfgb!bc[eU�V#RTVr` o �#`Mpj +«�t�djf�bmxcdj_]_eVrx
[al&iTxcdjiFdglmV o bmRu`nb
�j^�`nx�`nf�bmVrVrl�bmRTV�iT_]`nbmd\djflqbc`j�T[e_][eb{p87¨[Æ  Vj ]£�fudK`jt�t�djx o []djf¸V6.�Vrt8b:98£�iTxcd%��[ o V o bcRu`%b?`n_]_¢bmRTV��jV�Ru[]t�_eVsl
djiFV�x�`%bcV&`nxcdj^Tf o lqdgU�V;t�djfulqbc`jf�b�lmiFV�V o ��[ebmR¥djfu_ep�lmU9`n_]_¤�%`nxc[]`nbm[]djfulr 
}�f 0 �g�32Æ£�Y\�~`jxmd\dgi³£³»hV o xm[at�¾�£+½4RT[]V�f³£�`nf o }�dg`nfufTdj^ o Vrlm[e�gf¦b{�~d�_edgfT�j[ebm^ o [efu`j_yt�dgfgbcxmdg_!_]`M�hlr£�bmRTV?µux�lqb;dgfTV���[§bcR

`Kt�djfulqbc`jfgb?lqiu`gt�[]fT�Kdg�kz{Vrt�bm[]�jVj£¢`jf o bmRTV�lqVst�dgf o djfuV*��[§bcR `Kt�djfulqbc`jfgb
bm[]U?V�RTVs` o �#`Mp¦dg�kz{Vrt�bm[]�jVj KQ#RuV�[]x �gV�RT[at�_]V
U�d o V�_![al���`jlmV o dgf 0 ;32y`nf o []l¶U�djxcV t�djU�iT_]V�v¥bmRu`jf¦dg^Txclr &Q#RTV�p©t�djfulm[ o V�x;`�iT_a`%bcd\djfKdj���jVrRT[]t�_eVsl o xm[]�\[efT��`n_]djfT�,`
lm[efT�g_eV?l{bcxc`j[e�gR�b�_a`nfTVg£F[Æ  Vj ]£¤��[§bcR¦fTd�_]`jfTV t�R�`nfT�g[efT�� &Q#RTV?t�djfulqbc`jf�b¶lmiu`jt�[efT�,t�djf�bcxmdg_+_a`M��[ef\�gdj_]�jVrl�t�dgU?U ^TfT[at�`nbm[]djf
�FV�b{�~V�V�f�bmRTV,�jV�Ru[]t�_eVsl�7P`gt�t�Vr_eVrxc`nbm[]djf�dn��bcRTV�_]Vr` o []fT�K�jVrRT[at�_]V*[]l �Txcdg` o t�`gl{bcV o bmd¦`j_e_4dnbcRTV�x �jV�Ru[]t�_eVsl 9
`nf o Vrfulq^uxmVsl
lqbmxc[efT�,l{b�`n�T[]_e[eb{pj ;Q#RTV?`n^kbcRTdjx¶t�djU�iu`jxmV�bmRTV _]`jfTV tr`niu`gt�[eb{p,�gV�RT[at�_]Vrl:<M_a`nfTV$<MRTdg^Txh`nf o lqRud%�&£F`glhV�vkiFVrt�bmV o £�bcRu`%b¶bmRuV
t�dgfulqbc`nf�bhlmiu`jt�[efT�?_a`M�J[alh`n_]�~`Mpkl4��V�bqbcV�x�bcRu`nf�bmRuV�t�djf�l{b�`nf�b#bm[]U?V&RuVr` o �~`Mp9dgfTVj 
¹�[ef�`n_]_epg£4bcRTV�xcV©[al�`n_almd�`�_]dnb,dn�&�4dgxm¾ djf bmRTV°t�djf�l{b�`nf�b�lqi�`jt�[]fT��iFdj_][]t�pj �Y\V�V©�¨dgx*[]ful{b�`nfut�V 0 �jWT£~�j�32@�¨dgx9bmRuV

U�dglqb�xcVrt�Vrf�b,`nxmbm[at�_]Vrlr 1Yk^ut�R �~djxc¾�bc`j¾jVsl9iT_a`jt�V¦[ef «@^kbmdgU�`nbmV o »h[]�jR\�~`Mp�Y\pkl{bcV�U9l=7H«@»¶Y�9*��RuV�xcV¥bmRTV°�jV�Ru[]t�_eVsl
bmx�`M�jVr_�[]f�iT_a`%bcd�dgfulr °Q#RT[al
[]fut�xmVs`jlmVrl
`¦_edjb
bcRTV 7 d%� tr`niu`gt�[eb{p°dj�hRT[]�jR\�~`Mpklr£+�u^kb?dgfbmRuV�dnbcRTV�x?Ru`jf o [eb xcVr´�^T[]xmVsl
t�d�l{bc_ep¦[efk�¨x�`jlqbmxc^ut�bm^TxcVrlr£¤�¨djx&[]fulqbc`jfut�V�x�`nU�iulr£�U�V�bmbmV�xc[]fT�u£�t�djU�U
^ufT[]tr`%bc[edgful� ] ] 9}�f¸i�`nxmbm[at�^T_a`nxs£³lq^�t�R�lmpkl{bcV�U9l;^ulmV9`
t�d\dgx o []fu`nbm[]djf*_a`MpjVrx�bcd?t�d�dgx o [efu`nbmV@bmRTV&`jt�bm[]djful~dj�+`n_]_�bmRTV¶�jVrRT[at�_]Vrlrª�U�Vrxm�g[efT��£\V�vk[§bc[efu�u£klqiu_e[ebqbc[efT�9` iT_a`%bmd\dgf³£sz{dj[]fT[efu�
`?iT_a`%bmd\dgf³ e ] 

�
	��	?> ��� 4 À � �
���@�BA �r�%�k� À �
� À �
}�fk0Ë�8q32D£DC&`jfu`nxc[]lr£EC�dglmU9`%bmdgi�dg^T_]dglr£n`nf o }�dg`jfTfTdg^ iTxcdjiFdglmVh`;U�V�xc�j[]fT�&l{bcxc`nbmVr�jp�[]f\�jdj_]�\[efu�u£%�¨dgx¢bmRTV@U?Vrxm�g[efu�&�jV�Ru[]t�_eVg£
µux�l{b��uxc`j¾�[]fT�¥djx�`gt�t�V�_]V�x�`%bm[]fT�,bmd©U9`n¾gV�[§b�l&RTVr` o �#`MpK�g`ji°_a`nxc�jV?V�fTdg^T�jR�±+bcRTV�f��Tx�`n¾\[]fT�¥djx�`gt�t�Vr_eVrxc`nbm[]fT��[ef�djx o Vrx
bmd�U9`n¾gV;[§b�l#_edgfT�j[ebm^ o [efu`j_¤�jVr_edkt�[eb{p*Vs´g^�`n_Fbmd�bcRTV;�jV�_]dkt�[eb{p*dn�+bmRTV o Vrlqbm[]fu`%bc[edgf,_a`nfTVg ¢Q#RTV&[eU�iFdjxmbc`jfgb�`jlclm^TU�ikbm[]djf�[]l
bmR�`%br£k��[ebmR�bmRTV;V�vkt�V�ikbc[edgf�dj�³bmRTV¶U�V�xc�j[]fT�
�gV�RT[at�_]Vj£�bcRTV��gV�_]dkt�[ebm[]Vrl~dn�+`j_e_FbcRTV�djbmRTVrx#�jV�Ru[]t�_eVsl�[]f*bcRTV;djxc[e�g[efu`nbm[]fT�
`jf o
o Vsl{bc[efu`nbm[]djf�_]`jfTVrl#U ^ulqbh��V Gm=-?KCh< 98?K<Æ !Q#Ru[]l�[al#fTdjb�bmRTV�tr`jlmV�[]f¥dj^Txhlqbm^ o pj£ulmd��4V&t�`jfTfTdjb#xcV�^�lqV¶bmRuV�[]x�xmVslq^T_ebclr 
}�fo0e�F;32D£HGg^T_a`T£FC@d�lqU9`%bcdjiFdj^T_]dglr£�`jf o }�dg`nfufTdj^&` ouo xmVslmlFbcRTV¢iTxcdj�T_]V�Uºdn�Tt�dg_e_][alq[]djf;`M�jdg[ o `jfut�V o ^Txc[]fT��_]`jfTV�®�t�Ru`jfT�j[]fT�

U9`nfTVr^T�jVrxclr )�³[]¾jV 0Ë�8q-2Æ£FbmRuV�p¥`jlclq^TU�V&bcRu`%bs£���[§bcR©bmRTV V�vTt�Vrikbm[]djf©dj�!bmRTV U?Vrxm�g[efu�*�jVrRT[]t�_eVg£TbcRTV
�gV�_]d\t�[§bc[eVslhdj�¢`j_e_+bmRuV
dnbcRTV�x��gV�RT[at�_]Vrl#[]f�bmRTV&dgxm[]�j[]fu`nbm[]fT� `jf o¥o Vrlqbm[]fu`%bc[edgf,_a`nfuVrl#U
^�l{bh�FV�t�dgful{b�`nf�br 

IKJ#s.I à



}�f 0Ë�n�32D£F�@`nf³£ �³Vr[e�gRgbs£F`jf o ½4Ru`jfT�*iTxcVrlmV�f�b�`jfK«@»�YKlqpklqbmV�U¥£�t�dgfulq[alqbm[]fT�*dn�y`*lm[]fT�j_]V�U9`n[]f©_]`jfTVj£�`nf o `nfKVrfgbcxmp
_a`nfTV¶U9` o V¶dn�!`nf�Vrf�bmV�xc[]fT�
x�`nU�i*�¨dg_e_]d%�~V o �\p*` U?Vrxm�g[efu� iFdjxmbm[]djf³ !Q#RTVr[ex#U�V�xc�j[]fT�?_edg�j[ath[]f��gdj_]�jVslyb�`nxc�jV�bc[efu� ` �g`ni�£
` o z{^ul{bc[efu��bcd;[§bs£j`nf o U�V�xc�j[]fT�u  4;`niul¢`jxmV#t�xcVr`nbmV o djf bmRuV~U9`j[ef?_]`jfTV~�¨dj_]_ed%��[]fT�¶djx o V�x�l+[]lclq^uV o ��p�bmRTV#[]fk�¨xc`gl{bcxm^�t8bm^uxmVg 
}D�³fTd �g`ni9[al~`M�M`j[e_a`n�u_eVg£jbcRTV@�gV�RT[at�_]V@lqbmdji�l�dgf9bmRTV�V�f�bmxcp?xc`jU?i�£�`jf o bmRuV�f�iuxmdkt�VrV o l���RTV�f,`��g`ji9[]l�µufu`j_e_]p�`M�M`j[e_a`n�u_eVg 
}�f�0Ë�j�H2D£��³^�`nf o »hV o xm[at�¾°` oTo xcVrlcl;bmRTV�iTxmdg�T_]V�U=dn��_edgfT�j[ebm^ o [ef�`n_4t�djf�bmxcdj_!�¨dgx `j^kbmdgU�`nbmV o �gV�RT[at�_]V*U�V�xc�j[]fT�©[]f

`nf¸`n^kbcdjU9`%bcV o RT[e�gR\�~`Mp©lmp\lqbmVrU¥ 
Q#RTV�p©�gV�fTVrxc`nbmV?`�xcV��¨VrxmVrfut�V
bmx�`%z{Vrt�bmdgxmp��¨djx¶bcRTV�U?Vrxm�g[efu���jVrRT[at�_]V �u`glqV o dgfKbmRuV
iFdglm[§bc[edgf�`jf o lqiFV�V o dn�~bmRTV9�gV�RT[at�_]Vrl;[]f�bmRTV9U9`j[ef�_a`nfTVg£+lmd¥bmRu`nb&bmRTV9U�V�xc�j[]fT�¥�jVrRT[at�_]V9��[e_]_¢�¨djxcU�`¥iT_a`%bcd\djf���[§bcR
bmRuV�U¥ hQ#RT[al�bmx�`%z{Vst8bcdjxcp*[]l@�u`jlmV o dgf©[efk�¨dgxmU9`nbm[]djf¥iTxcd%��[ o V o �\p,bmRTV t�d\djx o []fu`%bc[edgf�_a`MpjVrxr£T`jf o �¨^TxmbmRTVrx@xcVr´�^T[]xmVsl#bmRuV
`n[]U�V o bmRTV&iu_]`nbmd\djf�[ef�bcRTV&U9`n[]f�_a`nfuV�bcd9lqiT_][ebh[ef¥djx o Vrx4bcd*t�xcVr`nbmV;`9lq^T[ebc`j�T_]V¶��`ni,�¨djx#bcRTV&U�V�xc�j[]fT� �gV�RT[at�_]Vj 

�
	��	�� ��� �¥Á �+� � Å � Ä � ��� Ä 5
Q#RTV9«@»¶Y¦lmpkl{bcV�U6iTxcVrlmV�f�bcV o �\p¦�@`nf³£���V�[]�jR�br£³`jf o ½4R�`nfT��[ef 0Ë�n�32yRu`gl;`�R\p\�Txc[ o _edg�j[atn 
Q#RTV o [alct�xcV�bmV?_]dj�j[at iu`nxmb
o Vs`n_al@��[ebmR¦bmRTV�t�dgU?U ^TfT[at�`nbm[]djful���V�b{�4VrV�f©bcRTV?[efk�¨x�`jlqbmxc^ut�bm^TxcV `jf o bmRuV�`j^kbmdgU9`%bmV o �jVrRT[at�_]Vrlr ¶¹udjx¶[efulqbc`jfut�Vg£��g`ni�l
`nxcV�t�xcVr`nbmV o djf�bmRTV U9`n[]f©_]`jfTV&�¨dj_]_]d%��[efT�9dgx o V�x�l#[]lclq^uV o �\p�bcRTV
[]fk�¨x�`jlqbmxc^ut8bc^TxcVj #Q#RTV t�djf�bm[]f\^Tdj^ulh_edg�j[at;iu`nxmb o Vs`n_al
��[ebmR¦iu_]`nbmd\djf©�¨dg_e_]d%��[]fT�u£FiT_a`%bmd\dgf¥�¨djxcU?[]fT��£FU�Vrxm�g[efT��  � d��j_]dj��`n_+t�djxcxmVst8bcfTVrlclhiTxcdjiFV�xmb{p�[]l�iTxcd%�jV o dgf©bmRu[]l¶R\p\�Txm[ o
t�dgf�bmxcdj_]_eVrxr 
}�f�0Ë�D#r2D£¢�h`%zq`jU�`jfT[Æ£+Q�`nf³£���`M�&£�`nf o !�Ru`nfT� o Vrlct�xc[e�FV�`¥_]djfT�g[§bc^ o []fu`n_~`nf o `¥_a`%bcV�x�`n_�t�djf�bmxcdj_�lmpkl{bcV�U9l;�¨dgx `n^T®

bmdgU9`%bmV o �jVrRT[at�_]Vrlr �Q#RuVrlmV*b{�~d°t�dgf�bmxcdj_4lmpkl{bcV�U9l?`nxcV*bmRuV�f []f�bmVr�jx�`%bmV o []f�bmRuV��¨dgxmU�dn�¶`nf�R\p\�Txc[ o lmpkl{bcV�U¥ª*Vs`jt�R
�jVrRT[at�_]V Ru`gl�lmV��gV�x�`n_!lq^ui�Vrxm�\[alqdgxcl@U?d o Vr_e_]V o `jl�µufT[ebmV9lqbc`nbmV?U�`gt�RT[]fTVrlr£ o V�iFV�f o [efT��djf°��RT[at�R¦U9`nfTVr^T�jVrx�[eb&[ef�bcV�f o l
bmd*t�djU�iT_]V�bcVj ~}�f¥bmRTV o []lct�xcV�bcV�l{b�`%bmVsl�£TbmRTV o Vrlm[excV o `jtrt�Vr_eVrxc`nbm[]djf�dn�!bmRTV&�gV�RT[at�_]V�[al o V�bmV�xcU�[efuV o �\p*bcRTV
`niuiTxmdgiTxc[]`nbmV
o [U.FVrxmVrf�bm[a`n_¤Vr´�^u`nbm[]djfulr ¢«h��`n[]f³£kfTd9�j_]dj��`n_¤t�dgxmxcVrt�bmfTVslml~iTxcdjiFV�xmb{p9[]l#iuxmd%�gV o dgf�bmRT[al�R\p\�Txm[ o t�djf�bcxmdg_e_]V�xs 
}�f�0]��W-2�`nf o 0e�H�H2Æ£�4¶d o �Fdj_]Vj£*��p��gV�xcdglr£�Yk`gl{bcxmpg£¢»hdjxcd%��[eb��*`nf o ¡y`nx�`n[]pg` o Vslmt�xm[]�FV*[ef o V�b�`n[]_]l�bmRTV�µu�jV�®Æ_a`MpjVrx�`nxm®

t�RT[ebmVst8bm^uxmV o Vr�jVr_edgi�V o `nb����	��
K�¨djx@«�»�Y� u}�f©iu`nxmbm[at�^T_a`nxs£�bmRTV t�d\djx o []fu`%bc[edgf�_a`MpjV�xht�djU�U
^ufT[]tr`%bcVrl�`nf o t�d\djx o [ef�`%bmVsl
��[ebmR�i�VrV�x��jVrRT[at�_]Vrl#`nf o lqVr_eVst8b#djfTV;U9`nfuV�^T�gV�x4bmd���V;V�v\Vst�^kbcV o ±\bcRTV;xmVr�j^T_a`%bc[edgf*_a`MpjV�x~V�vkVst�^kbcVrl~U9`nfTVr^T�jVrxcl~lq^�t�R�`gl
z{dj[]f³£FlqiT_][ebr£F_]`jfTV�t�Ru`nfu�jVj£�`nf o lmd9djf³ #Q#RTV&µ�xclqbhdjfTV
[]l@U?d o Vr_e_]V o `glh`?µufT[ebmV l{b�`%bmV
U�`gt�RT[]fTV&��RT[]_eV&bcRTV
lmVrt�djf o djfuV
[al#U?d o Vr_e_]V o `gl~�¨V�V o �u`jt�¾*_a`M�hl#�u`glqV o dgf,_][efuVr`nx�U�d o Vr_]lr ¢»hV�f�t�V;bmRuV�[]x@t�dgU?iFdglm[ebm[]djf�[]l�`?R\p\�Txm[ o U?d o Vr_H 

���� � ��� 	 ���W�
�!+�_�) 	
Q#RTV9iu`ji�Vrx&[]l�djxc�g`nfu[]lmV o `jl¶�¨dj_]_]d%�hl� 9}�f�Y\Vst8bm[]djf����~V�iTxmVslqVrf�b;�uxm[]V 7 p°R\p��uxm[ o `j^kbmdgU9`%bc`¥`jf o �4V�[]fgbcxmd o ^�t�V�bmRuV
_a`nfT�g^u`n�gV���
����	� o V��gV�_]djiFV o `nb¶¼;½1|~V�xc¾jV�_]V�p�`nf o ½~`n_][§�¨dgxmfu[]`�������
+ &Q#RTV�f³£�[]f°Y\Vst8bm[]djf¸�T£F�4V iTxcVrlmV�f�b¶` o []lct�xcV�bcV
t�dgf�bmxcdj_]_eVrxhbmR�`%b�[]U�iT_]V�U�V�f�bcl;`�U?Vrxm�g[efu��`nf o p\[eVr_ o []fT�,iTxmdjbmdkt�dg_³�¨dgx¶`j^kbmdgfTdjU�dj^�lh�jVrRT[at�_]Vrl o xm[]�\[efu�*djf¸`n^kbcdjU9`%bcV o
RT[]�jR\�#`Mp\lr ³}�f�Y\Vst8bc[edgf?W&�~V o Vrlm[]�jf9`nf o lqbm^ o p�b{�~d&_edgfT�j[ebm^ o [efu`j_ut�dgf�bmxcdj_\_]`M�hlrª³bcRTVh�gdg`n_\dj�FbcRTV#µux�l{bydgfTV�[al!bmd&U9`n¾gV
bmRuV��jVrRT[]t�_eV;xcVr`gt�R�` o Vslq[]xcV o lqiFV�V o []f¥bmRuV�`n�ulmV�fut�V&dn�!dnbcRTV�x��gV�RT[at�_]Vrl�[]f��¨xmdgf�bhdn�![§bs£u��RT[]_eV;bcRTV&�jd�`n_¤dj�+bcRTV
lmVrt�dgf o
djfuV�[]l@bmd,U9`n¾jV;bcRTV?�jV�Ru[]t�_eV&�¨dg_e_]d%��`9_]Vr` o [efT���jV�Ru[]t�_eV���[ebmRudj^kb&t�dg_e_][ o [efT����[§bcRK[§bs  �¸V `j_]lmd*iTxcd%�jV;bcRTV `glqp\U�ikbmdjbm[at
lqbc`n�u[e_][§b{p&dj�ubcRTV�lqVst�djf o t�djf�bmxcdj_�_]`M�& �Q#RTV�f?[]f�Y\Vst8bc[edgf �@�4V#iT^Tb�bcdj�gV�bmRuV�x�bmRTV#xcVrlm^T_ebcl�dn�¤Y\Vrt�bm[]djful¢�¶`nf o W�bmd o Vrlm[]�jf
bmRuV¶t�djU�iT_]V�bmV;t�dgf�bmxcdj_]_eVrx�R\p\�Txm[ o `j^kbmdgU�`nbmdgf³  �°V¶iTxcd%�jV�bcRu`%b#[§��`n_]_�bcRTV¶�jV�Ru[]t�_eVsl�dgf,`�Ru[e�gR��#`Mp�`nxcV@Vr´�^T[]iTiFV o ��[§bcR
bmRu[]l4R\p��uxm[ o t�dgf�bmxcdj_]_eVrxr£�t�dj_]_][]lm[edgful�tr`nf*fuV��jVrx�Ru`jiTiFV�f³ ¢¹�[ef�`n_]_epg£�[]f,Y\Vst8bc[edgf,�T£��~V@iTxcVrlmV�f�b�U�[at�xcdn®�lq[]U
^T_a`%bc[edgf9xmVslq^u_§b�l
bmR�`%bh�~V�xcV�dg�kbc`j[efTV o ��[§bcR�dg^Tx�R\p\�Txm[ o t�djf�bcxmdg_e_]V�x4�¨djxh`?RT[]�jR\�#`Mp*t�`jlmV&l{bc^ o pg 

� � ���,�!��� ')(*�+� -.�;�+�

»hp\�Txc[ o lmpkl{bcV�U9l;`nxcV?lmpkl{bcV�U9l¶��RTV�xcV?bmRTV9t�dgf�bm[]f�^udj^ul;`nf o°o [alct�xcV�bmV o p\fu`jU?[at�l;t�d�V�vk[]lqbr �Q#RTV�xcV?Ru`jl¶�FV�V�f`,_edjb&dn�
xcVrlmVr`nx�t�R¸[ef¸bmRu[]l�µuV�_ oo ^Txc[efu�©bmRTV�iu`jlqb&bmVrfpjVr`jxclr �YkV�V��¨djx
[efulqbc`jfut�V*bmRTV*xcVrt�V�f�b
lmi�Vst�[a`n_y[almlm^TV:0 �32~djx&bcRTV� � ½#Y
4m»hp\�Txc[ o Y\pklqbmVrU�l�½4djU�iT^kb�`%bc[edgf�`nf o ½4dgfgbcxmdg_F5*t�dgfk�¨V�xcV�f�t�V*lmV�xc[eVsl� ¥}�f�bmRu[]l?lqVst8bc[edgf�4V*iuxmVslqVrfgb��uxm[]V 7 p�`©U�d o V�_
t�dgU�U?dgfT_]p©^ulqV o bcd¥lmiFVrt�[e�¨pKR\p\�Txc[ o lqpklqbmV�U9lr£¤fu`nU�Vr_ep(b�Xgf6LhOji�9-;�<>=-AB9-<>9% ?Q#RTV�f¸�4V?iTxcVrlmV�f�b¶bmRTV���
����	�_a`nfu�j^u`j�jV
�¨djx o Vrlct�xc[e�T[]fT�9`nf o lm[eU ^T_a`%bm[]fT� o p\fu`jU?[at¶fTV�b{�~djxc¾kl~dn�!R�p\�Txc[ o `j^kbmdgU�`nbc`u 

Y^��� ��	�� ) _ ��_���)
Q#RTVrxmVhV�vk[]lqb~lmV��gV�x�`n_kU�d o V�_aly�¨dgx o Vslmt�xm[]�T[]fT��R\p\�Txc[ o lmpkl{bcV�U9l�£�djfuVhdn��bmRuV@U�dglqb~t�djf\�jVrfT[eVrf�by��Vr[efT�BbDXgfMLhOji 9-;�<>=-AB9-<>9% 
«)R\p\�Txm[ o `n^kbcdjU9`%bcdjf [al9`°µufT[ebmVKlqbc`nbmV©`n^kbcdjU9`%bcdjf ��[§bcR `¸lmV�b9dj�¶t�dgf�bm[]f�^udj^ul��%`nxc[a`n�T_]Vrlr ¯Q#RTVKlmpkl{bcV�U lmiFV�f o l

s�s$Ô8t�u6vhwhx



bm[]U�V9[ef°bmRuV�lqbc`nbmVsl�£¤bcRTV�xcV��¨dgxmV�`n_]_]d%��[efT�,bmRuV�t�djf�bm[]f\^Tdj^�l��%`jxm[a`n�T_]Vrl�bcd�Vr�jdg_e�gVj£¤`nf o iFV�xm�¨djxcU�l o []lct�xcV�bcV
bcxc`jfulq[ebm[]djf�l
�FV�b{�~V�V�f°l{b�`%bmVsl� ;Q#RTV�t�dgfgbc[ef\^Tdg^ul o p�f�`nU�[]trl�`glmlmdkt�[a`%bcV o ��[ebmR¦Vs`jt�R o []lct�xcV�bcV
l{b�`%bcV [alhb{p\iT[at�`j_e_]p©lqiFVrt�[§µ�V o `gl�`,lqV�b
dn� o [U.FVrxmVrf�bm[a`n_¢Vr´�^u`nbm[]djfulr *«~b�Vr`gt�R o []lct�xcV�bcV�bmx�`nfulm[§bc[edgf³£¤bcRTV�xcV*`nxcV��j^u`jx o l;`jf o `jlclq[]�jfTU�Vrfgb�l¶djf¸bmRTV*t�djf�bm[]f\^Tdj^�l
�%`nxc[]`j�T_]Vrlr  4¶^u`jx o l�`nxcV�b{p\iT[at�`j_e_]p9[]fTVr´�^u`j_e[ebm[]Vrl�dgf�bcRTV�t�dgf�bm[]f�^udj^ul~�%`nxc[]`j�T_]Vrlr �« bcxc`jfulq[ebm[]djf¥t�`jf,�FV;µuxcV o djfT_]p*[e��[ebcl
�j^�`nx o [al&lm`nbm[al{µ�V o  �� RuV�f¸bmRT[al&Ru`jiTiFV�fulr£³bcRTV�t�dgf�bm[]f�^udj^ul¶�%`nxc[]`j�T_]Vrl&`nxcV�^Ti o `%bcV o `jtrt�djx o []fT�,bmd¥bmRuV�bmx�`nfulm[§bc[edgf�� l
`jlclm[e�gfTU�V�f�bclr ~« ouo [§bc[edgfu`n_]_]pj£�`9R\p��uxm[ o `n^kbcdjU9`%bcdjf©t�`jf©Ru`M�jV&[]f\�%`nxc[]`jfgb�lh`jlclmd\t�[]`nbmV o ��[ebmRK[ebcl o [almt�xmV�bmV�lqbc`nbmVrlr£Tb{p\ik®
[at�`n_]_]p�lmi�Vst�[eµuV o `glh[]fTVr´�^u`j_e[ebm[]Vrl@djf¥bcRTV t�djf�bm[]f\^Tdj^ulh�M`jxm[a`n�u_eVsl� �¹�[ef�`n_]_epg£ubcRTV
R\p\�Txc[ o lqbc`nbmV�dj�¢`*R�p\�Txc[ o `n^kbcdjU9`%bcdjf
t�dgfulm[]lqbcl#�FdnbcR�dj�+[ebcl o []lct�xcV�bcV;lqbc`nbmV&`nf o bcRTV�t�^uxmxcV�f�b#�M`j_e^uVrl�dj�+[ebclht�djf�bm[]f\^Tdj^ul~�%`nxc[a`n�T_]Vrlr 
¹�[e�g^TxcV&�@[al�`�t�_]`glmlm[]tr`n_TV�vT`nU�iT_]Vhdn��`&R\p\�Txc[ o `j^kbmdgU9`%bmdgf o Vrlct�xc[]�T[efu��`&bmRuV�xcU?d�l{b�`%bs +}Db~Ru`jlyb{�4d o [alct�xcV�bmV¶l{b�`%bcVrlr£

��� `jf o ����� £!`jf o dgfTV,t�djf�bm[]f\^Tdj^ul
�%`nxc[]`j�T_eVg£���£y��RT[at�R�[al�bcRTV,bmV�U�iFV�x�`%bc^TxmV�dn��bmRuV,�#`%bcV�xs K}�f�bcRTV ��� l{b�`%bcV*bmRuV
RTVs`%bmVrx;[]l��¨^Tfut�bm[]djfT[]fT�©lmd�bcRTV?bmV�U�iFV�x�`%bc^TxmV?[]fut�xcVr`glqVsl�£���RT[]_eV�[]fKbcRTV ����� lqbc`nbmV bmRTV?bmVrU�i�Vrxc`nbm^TxcV o Vrt�xcVr`glqVsl� �Q#RuV
bmx�`nf�lq[ebm[]djful¶�FV�b{�~V�VrfKbmRuV ��� `jf o ����� l{b�`%bmVsl;`nxcV o [alct�xcV�bmVg£ o V�iFV�f o [efu����RuV�bmRuV�x¶bmRTV?bcV�U�i�Vrxc`nbm^TxcV?RT[§b�l¶bmRTV�_]d%�4Vrx
bmRuxmVslqRTdg_ o
	 dgx4bcRTV&^TiTiFV�xhbmRTxcVrlmRTdj_ o��  !¹�[]fu`n_]_]pj£�
��`jf o  ' `nxcV�b{�~d9t�dgful{b�`nf�bclr 
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¹�[]�j^TxcV��jªy«hf¥V�vk`jU�iT_eV;dj�+R\p\�Txm[ o `n^kbcdjU9`%bcdjf³ 

Q#RTVrxmV¶V�vk[al{bhlmV��jVrxc`j_¤lqVrU�`jf�bm[at�l~xmVr�g`jx o []fT�
bmRTV&�#`Mp�bmx�`nfulm[ebm[]djful#`nxcV¶µuxcV o  ¢|~Vrtr`n^ulmV@bcRTV;bmx�`nf�lq[ebm[]djf,�j^u`jx o l#`jf o
bmRuV;lqbc`nbmV¶[ef\�%`nxc[a`nf�bcl~`nxcV@[]fTVr´�^u`j_e[ebm[]Vrlr£\bmRuV�[]fulqbc`nf�b���RTVrf,`
bmx�`nfulm[§bc[edgf,tr`nf��FV¶µuxcV o x�`nfu�jVrl���[§bcRT[]f�`jf,[]f�bmV�xc�%`n_Æ !Ykd
[eb�t�`jf©��V
lmiFVrt�[eµuV o bmRu`nbhbmx�`nfulm[ebm[]djfulh`jxmVB;�LPVpJM?K<Æ£T[]f©��RT[]t�RKtr`jlmV�`?bmx�`nfulm[ebm[]djf¥U
^ulqb@�FV&µuxcV o `glhlqd\dgf¥`gl�[ebclh�g^u`nx o
`n_]_]d%�hl#[§b�bcdu±Tdgx�[§b�tr`nf���V�lmiFVrt�[eµuV o bmRu`nb�bmx�`nfulm[§bc[edgful�`nxcVoTU9-<>J�£T[ef©��Ru[]t�R©t�`glqV&` bmx�`nf�lq[ebm[]djf�U
^ulqbh�FV o V�_a`MpjV o ^ufgbc[e_
bmRuV9_]`gl{b�U�djU�Vrfgb���RuV�f¸bmRTV*lmdj^uxct�V?lqbc`nbmV9[]f��%`jxm[a`nf�b�l{bc[e_]_yRTdg_ o l�±�djx&[eb
t�`jf¸�FV*lmi�Vst�[eµuV o bmR�`%b&bmx�`nf�lq[ebm[]djful&tr`nf��FV
µuxcV o `%b@`jf�p*bm[]U?V&��[ebmRu[ef�bmRuV�[]x�_eVr�g`n_¤[]f�bmVrxm�%`n_Æ 
¹�[ef�`n_]_epg£nd%�jVrx!bmRTV�pgVr`nx�lr£%xmVslqVs`nx�t�RTV�x�l�R�`M�jV o V�µ�fTV o `nf o lqbm^ o [eV o lqVr�jV�x�`n_\�%`nxc[a`nf�bcl!dj�FR\p\�Txc[ o `n^kbcdjU9`%b�`T£ o V�iFV�f o ®

[]fT�¥djf°bmRTV?b{p\i�V�dj��bmRuV*t�djf�bc[ef\^Tdg^ul o p\fu`nU�[at�lr ?¹udjx;[ef�l{b�`nfut�V?[]f <ZORABJ 98;�< =8Ao98< 9n£³bmRuV*t�djf�bc[ef\^Tdg^ul o p\fu`nU�[at�l;`nxcV
dn�¢bcRTV��¨dgxmU('�*),+j @}�fWTFOR? Jm98L bDXgfMLhOji:98;�< =8Ao98< 9n£�bcRTV t�djf�bm[]f\^Tdj^�l o p\fu`nU�[at�l�`nxcV�dn�¢bcRTV��¨dgxmU('�*).-¥��RTVrxmV/-©[]l�`
t�dgfulqbc`nf�bs ¶«@f o []f LNJmGM< 98? Vg;�TU9-L bDXgfMLhOji 98;�< =8Ao98< 9n£�bcRTV�t�djf�bc[ef\^Tdg^ul o p�f�`nU�[]trl�`jxmV
dn�ybcRTV
�¨dgxmU0'�2143 57698�:!��RTV�xcV/5
`nf o 8¶`nxcV�b{�4d9t�dgfulqbc`nf�b�l� 
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Q#RTV���
����	�¸R�p\�Txc[ o lqpklqbmV�U9l�lq[]U
^T_a`%bc[edgf©_]`jfT�j^�`n�jV 0e�g�n£��u�h2�R�`jl���VrV�f o Vr�jVr_edgi�V o `%b¶¼;½ |~V�xc¾jV�_]V�p�`nf o ½~`j_e[e�¨djxcfT[a`
w¢`nxmbmfTVrxcl~�¨dgx@« o �%`nf�t�V o Q+xc`jfulm[§bh`nf o »h[]�jR\�~`Mpkl 7 ������
 9#iu`jxqbcfTV�x�lr ¢}Db@[]lh��djbmRK`9lm[eU ^T_]`nbm[]djf�_]`jfT�j^�`n�jV&`jf o `�xm^TfT®
bm[]U�V�lqpklqbmV�U¥ �}Dby`n_]_ed%�hl+bmRuV#lmiFVrt�[eµ�tr`%bm[]djf dn��i-X-? 98AcOjG�fTV�b{�~djxc¾kl�dj��R\p\�Txm[ o `j^kbmdgU9`%bc`u +¹udjx�bmRT[al!xcVr`jlmdjf�£%[§b¢[al![ o Vs`n_]_ep
lm^T[§bcV o bmd9`j^kbmdgU�`nbmV o RT[]�jR\�#`Mp*lq[]U
^u_]`nbm[]djfulr 
« ��
����	��iTxcdj�jx�`nU)t�dgfulm[]lqbcl¶dn�~`�lmV�b&dn� <PX�IKJhC8£¤Vr`gt�R o Vslmt�xm[]�T[]fT�,`,�jVrfTV�xc[]t
R\p��uxm[ o `j^kbmdgU�`nbmdgf³ &«�b{p\iFV R�`jl¶`

lmV�b�dn��U�VrU
�FV�x��%`nxc[]`j�T_]Vrlr£�`?lqV�b�dn� o [alct�xcV�bmV&lqbc`nbmVrlr£k` lmV�b�dj� o [U.FVrxmVrfgbc[]`j_³`nf o `n_]�jVr�Txc`j[]t@Vr´�^u`nbm[]djful~`jlclqdkt�[]`nbmV o ��[§bcR
Vr`gt�R o []lct�xcV�bcV;lqbc`nbmVg£T`nf o `�lqV�b�dn�!V�vki�dgxqbcV o V��gV�f�bcl~bcRu`%b@`jxmV�bmxc[e�g�jVrxmV o �\p o [almt�xmV�bmV¶bmx�`nf�lq[ebm[]djfulr 
}�fulqbc`jfut�Vsl�dj��bmRuVrlmV@b{p\iFVrl�`nxcV�tr`n_]_eV o Gm=-A IK=-? JM?K<ZCjª�bmRuV�p�tr`nf��FV&t�xcVr`nbmV o `nf o,o Vrlqbmxcd%pjV o*o p\fu`nU�[at�`j_e_]pj£k`nf o t�`jf

V��gV�f¦lmp\fut�RTxcdjfT[almV&bmRTVr[ex�bmx�`nf�lq[ebm[]djful o p\fu`jU?[at�`j_e_]p���[§bcR¦dnbcRTV�x;t�dgU�i�dgfTV�f�bclr �½4djU�i�dgfTV�f�b�l�tr`nfK�FV?t�xmVs`%bcV o `%b¶bmRuV
lqbc`nxmb�dn��bmRTV;iTxcdj�gxc`jU¥£�dgx�_]`nbmVrx���p�dnbmRuV�x�V�vk[al{bc[efu��t�djU�iFdjfTVrfgb�l� 
¹Tdgx4[]fulqbc`jfut�V;`
�gV�RT[at�_]V;lqdg^Txct�V�tr`nf*�FV&lqiFVrt�[§µuV o bcd�t�xmVs`%bcV�t�`jxcl4��[ebmR¥`�^TfT[e�¨djxcU¬djx#x�`nf o djU o [al{bcxm[]�T^kbc[edgf³£k��[§bcR

`nf,[efu[§bc[]`j_�lmiFV�V o [ef¥` �j[]�jV�f�[ef�bmVrxm�%`j_H£k`nf o lmd
djf� !Q#RuV�f,bmRTV o p\fu`nU�[at�lmp\fut�RTxcdjfT[alc`%bm[]djf9U�Vst�Ru`nfT[almU [al~^ulmV��¨^T_¤��RTVrf
lmV��jVrxc`j_��jV�Ru[]t�_eVsl#Ru`M�jV�bmd�[]fgbcV�x�`jt�br 
|~V�_]d%� [al#bmRTV ��
 ��� �°lqdg^Tx�t�V&t�d o V;dn��bmRuV;bmRTVrxmU�dglqbc`nb#lmRTd%��f�[ef©¹�[]�j^TxcV��jª
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Q#RTV�¾gV�p\�4dgx oWV�X�Y[Z []f o [at�`nbmVsly`¶b{p\i�V o Vrt�_a`nx�`%bc[edgf³ª³RTVrxmV��~V o Vst�_a`nxcV#bmRTV�b{p\iFV V�\UZ�]	^ �[_ VU`�V  ¤«�� bmVrxybcRTVh¾jVrp\�4dgx o
_ VU`�VUZ `jxmV¶bmRuV�U�V�U
�FV�x@�M`jxm[a`n�u_eV o Vst�_a`nx�`%bm[]djf�l�ªba ��� V*c ��d��	d*_ U�Vr`nf�l#bmRu`nb�bmRTV
�M`jxm[a`n�u_eVfe*Vr�jdj_]�jVsl#��[§bcR�bm[]U?Vg£�`jf o
bmR\^ul#[eb@t�`jf�`jiTiFVr`nx�[]f�bmRTV;_]V�� bm®ÆRu`jf o iu`nxmb�dn�+bmRTV 7 d%�ºVr´�^u`nbm[]djfulr ¢«�� bmVrx�bmRuV&¾jV�p\�~djx ohg/c _ a ]UZ�VUZ `jxmV¶bmRuV o []lct�xcV�bcV
lqbc`%bcV o Vst�_a`nx�`%bm[]djf�l� �Q�dKVs`jt�R o [almt�xmV�bmV�lqbc`nbmV*[al�`glmlmdkt�[a`%bmV o `KlqV�b
dn� 7 d%� Vr´�^u`nbm[]djful���V�b{�4VrV�f�Tx�`jt�Vrlr �«h� bmV�x bmRuV
¾jVrp\�4dgx o<V�]1` �*_ c�V/c ���*_ `jxmV�bcRTV o [alct�xcV�bmV�bcxc`jfulm[§bc[edgf o Vrt�_a`nx�`%bc[edgfulr ,Q+d©Vr`jt�R o [alct�xcV�bmV�bcxc`jfulm[§bc[edgf¸[al
`glmlmdkt�[a`%bcV o `
�j^�`nx o `%� bcV�x&bcRTV9¾jVrp\�4dgx oOi�\[Z � £�`nf o iFdglclq[]�T_]p¦`¥lqV�b�dn�#V�vki�dgxqbcV o V��gV�f�bcl;�FV�b{�~V�Vrf°�Tx�`jt�Vrlr 9Q#RTVrlmV9`nxcV bcxm[]�j�gV�xcV o
��RTVrf9bmRTV;t�dgxmxcVrlmiFdjf o []fT�;bcxc`jfulq[ebm[]djf9[al�µuxmV o `nf o `nxcVh^ulmV o bcd lmp\fut�RTxcdjfT[alqVhlmV��gV�x�`n_Ft�djU�iFdjfTVrf�bclr �¹�[]fu`n_]_ep9`n� bmV�x4bmRuV
¾jVrp\�4dgx okj[l ��m `1l `nxcV&bcRTV
�g_edg�u`n_³�%`jxm[a`n�T_]V o Vst�_a`nx�`%bm[]djf�l�ª4RTV�xcV&bmRuV�xcV�[]l@djfT_]p,bmRTV?t�xcVr`%bc[edgf¥dn�!bmRTV?t�dgU?iFdjfuV�f�b V dn�
b{p\i�V V�\[Z�]	^ �[_ VU`�V  

��
����	�©R�`jlh`j_]lmd?`?fTdjbm[]djf�dn�¢t�_a`jlcl#RT[]V�x�`nx�t�R�p�ª�` Cm;KfM<PX�I!J&tr`nf¥[]fTRTV�xc[eb#U�VrU
�FV�xh�%`nxc[a`n�T_]Vrl4�¨xcdjU [ebcl�i�`nxcV�f�b#b{p�iFVj 
¹Tdgx�[ef�l{b�`nfut�Vj£kdjfuV;tr`nf©lmi�Vst�[e�¨p�`��jVrfTV�xc[]ton Z�\*c a l�Z b{p�iFVj£u��[§bcR¥lm^T�kb{p\iFVrlpa `�] `nf o m�d*_  

��
����	�¥t�dgU�Vrl4��[§bcR�`�xc^Tf�bm[]U�V@V�f\�\[]xmdgfTU�V�f�brª�[§b#[]U?iu_eVrU?Vrf�bcl�bmRTV;t�dgfgbc[ef\^Tdg^ul¢bc[eU�V¶[ef�bcV��jx�`%bc[edgf³£j��[ebmR�`
��^ufT�jV�®
C;^kbmbc`��%`nxc[]`j�T_]V¥lqbmVri�[ef�bmVr�jx�`%bcdjxs£4`jl��~V�_]_@`gl�bmRTV o p�f�`nU�[]t©lmp\fut�RTxcdjfT[alc`%bm[]djf `nf o bcxc`jfulq[ebm[]djf¯µuxc[efu�U?Vst�Ru`nfu[]lmU¥ 
|~Vrtr`n^ulmV dj�ybmRu[]l;�%`nxc[a`n�T_]V?lqbmVri°[]f�bmVr�jx�`%bmdgxr£�bmRuV�t�djf�bm[]f\^Tdj^�l��%`jxm[a`n�T_]Vrl¶`nxcV�`jt8bc^u`n_]_]p o []lct�xcV�bc[]lmV o  
Q#RT[al;[]l¶��R\p©bmRuV
�j^�`nx o l~[ef�bmRuV V�\[Z�]	^ �U_ VU`�V iTxcdj�gxc`jU `nxcV�[]fTVs´g^�`n_][§bc[eVsl�[ef�l{bcVr` o dn��Vr´�^u`j_e[ebm[]Vrlr 
¹�[ef�`n_]_epg£ ��
 ��� ��Ru`gl��FV�Vrf*V�v\bcV�fulm[e�gV�_]p ^�lqV o �¨djx4i�Vrxq�¨dgxmU�[]fT���%`nxc[edg^uly¾\[]f o l4dn��lm[eU ^T_a`%bm[]djf�l�£�[ef�t�_]^ o []fT� `j[ex�bmx�`-,*t

t�dgf�bmxcdj_Æ£�`j^kbmdgU�`nbmV o ^Tf o V�xc�~`nbmV�x4�jVrRT[]t�_eVsl 7P«�¼h¡ 98£kRTVr_e[at�dgikbmVrx~t�djf�bmxcdj_Æ£\`nf o dn�+t�dj^Tx�lqV¶`n^kbcdjU9`%bcV o Ru[e�gR��#`Mp o Vrlm[]�jf
`nf o lm[eU ^T_a`%bm[]djf�0]�F�\£��-2Æ 
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}�fKbcRT[al¶lmVrt�bm[]djfK�~V lmRTd%��RTd%���~V o Vrlm[e�gf¦` o []lct�xcV�bcV t�dgf�bmxcdj_]_eVrxh�¨djx;`n^TbmdjfudjU�dj^ul@�jVrRT[]t�_eVsl o xm[]�\[efT�,djf¸`n^kbcdjU9`%bcV o
RT[]�jR\�#`Mp\lr  Q#RuV?Ru[e�gR��#`Mpkl@�~V9t�dgfulq[ o Vrx¶R�`M�jV?djfT_]p©djfTV�U9`n[]f¸_]`jfTVj£³�u^kb���[§bcRlqVr�jV�x�`n_�V�f�bcxmpK`jf o V�vk[§b�_a`nfTVsl�  �¸V
t�`j_e_[yh;�? GM<ZOj=8?!C;bmRTV
RT[e�gR\�~`Mp*iFdjxmbm[]djf�l���RTV�xcV;bmRuV�xcV&[]l��FdnbcR¥bmRTV
U�`j[ef¥_a`nfTV `nf o `nf¥Vrfgbcxmp,djxhV�vk[§bh_a`nfTVg 4Q#RTVrxmV��¨djxcV
bmRuV&�jdg`j_]l~dj��lm^ut�R©`?t�djf�bmxcdj_]_]V�x#`nxcVjª

a � Ru`%bcV��jVrx~bmRTV&_a`nfTV¶bcRTV&�jVrRT[]t�_eV¶[al o xc[e�\[]fT� []f³£T[e��bmRTVrxmV;[al�` �gV�RT[at�_]V;[ef��¨xcdjf�b�dn��[§bs£kbmRTVrf�bmRTV�t�djf�bmxcdj_]_eVrx4U ^ulqb
U�`j¾jV?lq^TxcV�bcRu`%b;bcRTV �gV�RT[at�_]V o d\Vrl�fTdnb�t�dg_e_][ o V
��[ebmR¸[§bs 
Q#RTV�t�dgfgbcxmdg_e_]V�x�U
^ulqb&`n_alqd,V�fulm^TxcV
bcRu`%b¶bmRTV��gV�RT[at�_]V
o d\Vrl�fTdnb¢V�vkt�V�V o bmRuV#lmiFV�V o _][eU�[ebr£j`jf o [e��iFdglclm[e�T_]V4bmRu`nb�bcRTV#�jVrRT[]t�_eV~xcVr`jt�RuVrl�bmRTV o Vslq[]xmV o lmi�VrV o t�dgxmxcVrlmi�dgf o []fT�
bmd�[§b�l�_a`nfTVg 

a � RTV�f9bcRTV¶�jV�Ru[]t�_eV�[]l o xc[e�\[]fT��[]f*bmRuV@U9`n[]f*_a`nfTV¶`%b~`jf*V�f�bcxmp¶z{^Tfut�bm[]djf³£�bcRTV¶t�djf�bmxcdj_]_]V�xyU ^ul{b o Vrt�[ o V@��RTVrf*bmRuV
�jV�Ru[]t�_eV;U
^�l{b�p\[eVr_ o bcd?�gV�RT[at�_]Vrl o xm[]�\[efT��[]f�bmRTV&Vrfgbcxmp�_]`jfTVj 

a � RTV�f�bmRuV��jVrRT[]t�_eV;[al o xc[]��[]fT��[]f,bcRTV�U9`n[]f¥_]`jfTV�`%b@`jf¥V�vk[§b¢z{^ufut8bc[edgf³£TbcRTV
t�dgf�bmxcdj_]_eVrx~U ^ulqb o Vrt�[ o V&��RuV�f¥bmRuV
�jV�Ru[]t�_eV U
^ulqb¶V�vk[§b;bmRuV RT[]�jR\�#`Mpj  .¢vk[ebm[]fT�,U�Vs`nful�bmR�`%b;bmRTV?�jVrRT[at�_]V U�d%�jVsl��¨xcdjU)bcRTV�U�`j[ef°_]`jfTV�bcd�bcRTV�V�vk[eb
_]`jfTVj 
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a � RTV�f�bmRuV&�jV�Ru[]t�_eV&[al o xc[e�\[]fT�9[ef�bcRTV&V�f�bmxcp*_a`nfTVg£kbmRuV�t�djf�bcxmdg_e_]V�x#U
^�l{b o Vst�[ o V&��RTVrf,bcRTV��gV�RT[at�_]V;U
^ulqbh��Vr�j[]f
bmd9U�V�xc�jV;[]fgbcd�bmRTV&U9`j[ef¥_a`nfTV;bcxc`8,9tj  �©Vrxm�g[efT��U�Vr`jful~bmR�`%bhbcRTV&�jVrRT[]t�_eV&U�d%�gVrl4�¨xmdgU bcRTV&V�f�bmxcp�_a`nfuV;bmd�bmRuV
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