
HAL Id: inria-00615109
https://inria.hal.science/inria-00615109

Submitted on 17 Aug 2011

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.

Shape and Topology Constraints on Parametric Active
Contours

Hervé Delingette, Johan Montagnat

To cite this version:
Hervé Delingette, Johan Montagnat. Shape and Topology Constraints on Parametric Active Contours.
Computer Vision and Image Understanding, 2001, 83 (2), pp.140–171. �10.1006/cviu.2001.0920�.
�inria-00615109�

https://inria.hal.science/inria-00615109
https://hal.archives-ouvertes.fr


���������	��
���
�������������������
���� �!�#"�
$�%�&��
('���� ��)*�+� ��"-,/.0,1�%"324�

����
$� ��56���

7�8+9�:<;>=@?!AB:DCECF:HGI? JLK 8NMPOB?�CQGIAB?!GRC
S�T�UVSXW�YNZI[B[I\^]_OB` CF:�J!:<aVbc` de=@OB;>:<aeYNf68hg#8+iBj

[IkBiB[�Zml!nog�7�SXWpW6T�q�S�g$nobcS-lsr4:eJ!:utvYxw�UyW�T6r{z
z�|}GR=>;�~$7�:e]-�B:R8�9�:<;>=@?!AB:DCECF:���=>?!]_=�G%8���]

q#:<;�~��ojBjm\�iBj^k��^�B�^kI\
w+G�tv~��ojBjm\}iIj�kB���Rk�kIi

n�d<CEOB�v:<]�Z%Y+ZI[B[%�

�



����������	�
��


�������������������������� ��!"�$#���%'&)(�*+���,��-/.�����(��0��(�1"�32"���4��&)-/5$��6��7�4��6�58�����9�:��-/(��;!����3�4�����)��!<����58���4=
6������,�>(:*?��@A(B��(�58CD����-/�<6E��C"C<��(����9!<����FHGA!"�I#����J�K�:��&8(�%'&L���J�K�:C"C"��(�����!�����C"�����4�����9�H���,��-/.��>��(�����(�1"��� -/�
�:�M�,N<CL%O-P�9-/�3QR(��SC��:����58�����4-'�UTI5$���"�<���+�,(��������4CD(���&L-/�<67��(V��!<��WYX�Z�[�X�\�Z�]^X�\_*P(���5�1L%'�:��-/(��`F3GA!<�3�4����(���&
�:C"C<��(�����!8����C<�����4�����9�H���,��-/.��>��(�����(�1<���a-/�$�:�3-'58CL%O-P�9-/�H5$���<�"��� ��(��������4CD(��"&L-/�"6S��(S��!"�+b cLd/e,[,]RX�\E*f����58�,=
@g(���hDFHij*'�����j��(�58C"���4-/�"6���!<���4�+�J@g(8��C<C"��(�����!"�����<@A�E&<�������4-/2D�E�4��.������U%k�"�,@l��(�CD(�%/(�6:-'���:% �:��&�C<!��"�J-'���U%
�,(����J�����U-/�0�9�m��C"CL%O-'��&n��(VC��:����58�����4-'�����,��-/.��3�,(�����(�1<���>-/�M(���&<���m��(���(�5�2<-/�<�o��!<�3��&L.��:���9��6����m(�* ��!"���4�
��@A(V��(��0��(�1"�>����C"�����4���0�9�U��-/(�����FSGA!<-'�mC��:CD���mC<��(�CD(��4���+�3*f���:58��@A(���h_*f(��m!����"&L%O-/�"6$C��:����58�����4-'�o���,��-/.��
�,(�����(�1<���o�4!"��CD�$�:��&M��(�CD(�%/(�6:�p-/�q�_58(�����-/�0��1L-O��-'.��85$���"�<����FVr_(����$C<�����,-'�4��%O������!<�3*f(�%O%/(�@K-/�"6n��!"�����
�U%/6�(��4-O��!<5$�j�:���+-/�0����(0&L1�����&`s

t FSuwv0���Uxf
y	Dz�{w|�}?	"~av��E�YzY���U����s+�$�"�,@�-/�0���������:%�*P(���������NLC"�������J-/(��M�:%O%/(�@j�+��(V����6�1<%'�:�4-'���82D(���!
.����4���,N;�4C����9-'�<6q�:��&�.����4����N��458(�(:��!"�<������F�GA!<���458(�(���!<�"��������(��"�J�����:-/���8-P�3���<*f(�������&�@K-/��!<(�1L�
C"��(0&L1��,-/�<68�������4!"�4-/�"h���6���F

� Fo�o�YzD���Y�?�7�8vL���D�R�?��x'�Yzw�E�YzY���U����sK��!"�S��(��9�U%��01"5B2D���K(�*H��(��0��(�1"�j.����4��-'�����K-'�>CD���4-/(0&0-P���:%O%O�n1"C<=
&"�U����&�-/�7(���&<���K��(8�,(����J�����U-/�_��!"�S&0-P�J�9�:�����S2D�,�J@A�����_.����4��-'������FgGA!L-'�>�:C"C"��(�����!7-'�K58(����+���8�,-/�����
��!��:�7CD���4*P(���53-/�"63�����V6�%/(�2"�:%k����C������:58�������4-/���U��-'(��?F

� FS�A�D~��D�P�"�����o�YzD�����D��s���!<�m��(��"�<���,����&$��(�58CD(��"���0�9� (�*��E��(�����(�1<�K�����m��1L��(�5$�:��-'���U%O%/�8�������:����&V(��
58����6���&p2����4��&p(��q��!"�$&<�,�����,��-/(��q(:*I��&<6��8-'���������4���,��-/(�����Fn�m1"�E�:%/6�(��4-O��!"5������p!����"&L%/�$(�CD���<��&
���"&_�,%/(��4��&_��(�����(�1"����F

�



���������
	���
����������

���������! !"$#�%'&)(+*',.-0/2143657-0(83:9+;=<�(>38%$(8?6@)(BA�C698@$98/21�%714@)�D9B36,E1�F8(B;0FG-03.H2(IFB14@)%7-J/�1K ML

�ONQP RMSUT'VWRYX$ZW#[-J3>%71Y@!369B;\AW(8@!<�1BL

�ON T^]_SUT'VWR4X7Z #[1�`.%71Y@!369B;aAW(>@$<�1BL

��bdcM#[%$e.1f3G?6/
ga1Y@h(+Ai<�(83>%7(>?6@jFB14@7%$-0<�1Y5j9+%k%$-0/21K ML

��l�cmn(8@jl m #oCa(85$-p%$-p(>3q(BAiF81Y@$%71�`q3G?6/�g:14@krn9B%)%$-0/21
 ML

��sI M#[%7-J/�1K5$%714C=L

�ut�#[,698/2C6-03.H2AU98<�%7(>@�L

��v m #[&w1Y-pH>e8%j(BAi-J3>%71Y@!369B;\AW(8@!<�1f9+%jFB14@7%$1�`�3G?6/�g:14@jrML

�ux m #[&)1�-0H8e>%j(+A�1�`.%$1Y@!369+;yAW(8@!<�1f9B%kFB1Y@$%71�`q3G?6/
ga1Y@krML

�uzB#[%$983.HB143>%)F81Y<�%7(8@j9B%hC:(8-03>%)�[�U�i�$ !"$L

�uz m #[%!9B3.H81Y3>%jFB14<�%7(>@k9+%jFB14@7%$1�`�3G?6/�g:14@jrML

�O{o#o3.(>@$/|9B;yF81Y<�%7(8@j9B%hC:(8-03>%j�[�U�i�$ !"!L

�O{ m #o3.(8@!/|9+;=FB14<�%$(8@j9+%kF81Y@$%71�`q3G?6/�g:14@jrML

�u} m #oe69+;pAi,.-J5$%$9B3:<�1Kga1�%'&)1�1Y3�%$e61f%'&w(~3.1Y-pH>e>ga(8@!5)(+A[l m L

�O�\#[<�?6@$FI9+%$?:@71f9+%hCa(B-J3>%)�������! !"$L

�O� m #[;p(.<�9B;�<�?6@$FI9+%!?6@71f9B%kFB1Y@$%71�`q3G?6/
ga1Y@krML

�O�G�m #o@$1�AW14@71436<�1�<�?:@7FI9+%!?6@$1�9B%jFB1Y@$%71�`�3G?6/
ga1Y@jrML

�O� m #o9B36HB;01�9B%kFB1Y@$%71�`q3G?6/
ga1Y@krML

�O� m #�AW(G(B%k(BAil m (83�%$e.1K5$1�H>/21Y3>%K� l mW��� �!l mJ���M� L

�O� �mB#[%!e.1K@71�AW1Y@$1Y36<�1�AW(G(8%hC:(>57-0%7-0(83�(+A[l m (>3E%$e.1K5$1�H>/�143>%f� l mW��� �$l mJ��� � L

��l��m #[%$e.1K@$1�AW14@71436<�1�Ca(85$-p%$-p(>3E9B%jFB1Y@$%71�`�3G?6/
ga1Y@jrML

��� m #[%$e.1K/21Y%$@$-0<�C698@$98/�1Y%714@)9B%kFB14@7%$1�`�3G?6/�g:14@jr!L

�



���$�m #[%$e.1K@$1�AW14@71436<�1f/21�%!@7-J<fC698@$98/�1Y%714@)9B%jFB1Y@$%71�`�3G?6/
ga1Y@jrML

���h�U} m �M� m �$� m "$#[%!e.1f1�;01�FI9+%$-p(>3q(BAiF81Y@$%71�`q3>?:/
ga1Y@krn98g:(IF81�5$1�H>/21Y3>%K� l mW��� �!l mJ���_� L

�ONQR��!V��oX$ZW#[%$e.1K36(8@!/29B;�<�(>/2Ca(8361Y3>%j(+A�%$e.1f-J3>%71Y@!369B;\AW(8@!<�1KNQP RMSUT'VWR4X7ZWL

�ON S�X$R��!T'RMS #[%!e.1f%$983.HB1438%$-09B;�<�(>/2Ca(8361Y3>%k(+Ai%$e.1f-J3>%71Y@!369B;\AW(8@!<�1KN P RMSUT'VWR4X7Z L

���a�����! !"$#[/21�%$@$-J<�AU?636<�%$-p(>3 9+%kC:(8-03>%j�[�U�i�$ !"!L

��	 mJ���m #o/21Y983�98g65$(B;J?.%71f<�?:@7FI9+%!?6@$1�9B%j%$e.1f14,.HB1�;0-03�
>-J3.H�l m 9B36, l m0��� L

�
��	 m -05j%!e.1K@71Y;09B%7-0FB1�FI9B@$-09B%7-0(83�(+Ai98g65$(B;J?.%71f<�?:@7FI9+%!?6@$1�9B%k%$e.1f14,.HB1�;0-03�
8-J3.H~l m 9B36,El m0��� L

�
��� m�� 9836,��������:#[%$e.1K/2-J3.-J/
?6/ 9B36,E/|9I`.-0/�?6/ 14,.HB1�;01Y3.H8%$e=L

�����2�U��"n9B36,����)�U��"$#[%!e.1f%'&)(2<�(85$-03.1f9836, 57-J3.1! a@$1Y5!3.1�;\AU?:36<�%$-p(>365�L

��"h#[%$e61K<�(83>%$(8?6@);01Y3.H8%$e=L

��#[#i%!e.1K3G?6/
ga1Y@h(+Ai<�(83>%7(>?6@jFB14@7%$-0<�1Y5YL

��$:#[%!e.1K@71YH8?.;J9B@j5&%G?69B@$1 H>@7-J,E57-�'�18L

�u}�9B3:,)(I#[%!e.1K@$(I& 9B3:,�<�(B;J?6/|3�-J36,.-J<�145�L

��*��,+��.-y"$#[%!e.1f;01�FB1Y; *'5$1�%)AU?636<�%7-0(83=L

�
/\�,+��.-y"$#[%!e.1KC6@$(8C69BH89+%$-p(>3q5!C:1Y1Y,E%714@$/EL

�uxo�,+��.-y"$#o<�(>1�0�<�-01Y3>%h,.1YCa1Y3:,.1Y3>%k(83�%$e61f-0/|9+H81�H8@!9B,.-01Y3>%k3.(8@!/EL

��(I#[<�(83:57%!9B3>%k<�(83>%!@7(8;p;0-036H�%!e.1Kg69+;0;0(>(>3�AW(>@$<�1BL

1



� ��� ���[���	��
)�[��� �

��
�� ����������������� ����!

" /|9+H81D571YH8/21Y3>%$9B%7-0(83 g6985714,O(>3 9B<�%7-0FB1D<�(>3>%7(8?:@$5�e:9B5�98<_e.-p1YFB14, <�(8365$-J,.1Y@!9Bg.;01d5$?:<�<�145$5q-03 %!e.1 C69857%�AW1�&
# 149B@!5~� $D< " 3.1Y@!3.1 # 9B3:,&%�1Y@ '�(>C:(>?.;p(>5�L �(')')* �,+.- 1�AW(>@$/|98g.;p1�/2(.,.1Y;05K98@71|(BAW%71Y3 ?65$1Y, AW(>@Kg6@$-0,.H8-036HE%!e.1�H>9BC
ga1�%'&)1�1Y3D;p(I&j*^;p1YFB1Y;�<�(>/|C6?.%714@hFG-J57-0(83��UAW1Y9B%$?6@$1
1�`G%!@$98<�%$-p(>3\"w9B3:,De.-0H8eG*^;p1YFB1Y;�HB1Y(8/21�%!@7-J<K@$1YC6@$1Y5$1Y3>%!9+%7-0(83 + " 3
%$e61�-J@25$1Y/2-J369+;jC698C:14@E� /K9B5!5)1�%h9+; + L �0'21)1 � L�/K9B5!5&3046587:9u<_e.(G(85$1q%7(�?65$1E9 C69B@!9B/21�%!@7-J<�<�(83>%7(>?6@�@$1YC:@71457143G*
%$9B%7-0(83 &k-p%!e 9E5$1Y/2-p* -J/|C.;0-0<�-p%f-J3>%71�H>@$9B%7-0(83 5$<_e.14/21
AW(>@f,.-05!<�@$1�%$- 'Y-036HE%!e.1~;J9Q& (+Aj/�(8%7-0(83 +.; 1YFB14@$9B;�98?.%$e6(8@!5
e69QF81�C6@$(8Ca(85$1Y,~,.-=<y14@7143>%)@$1YC6@$1Y5$1Y3>%!9+%7-0(83:5�� $D1Y3.1Y%k1�%h9+; + L �0')'8� � -036<�;0?:,.-036H
%$e61�?65$1�(BA�>a3.-0%71�1�;01Y/21Y3>%)/�(.,G*
1�;J5n� ?w(8e.143E1�%k9+; + L �0')'"� � LQ5!?6ga,6-pFG-J57-0(83�<�?:@7F81Y5n� @ ?.H|1Y%h9+; + L �(')')' � 9B36,�98369+; # %7-J<�9+;8/�(.,.1Y;05w� $d1Y%$9+`.985j9B36,�%�1Y@ '�(8Ca(8?6;p(>5�L �0'2' � �,+
" /|C.;0-0<�-p%j9B<�%7-0FB1�<�(83>%7(>?6@o@$1YC6@$1Y5$1Y3>%$9B%7-0(832&j9B5o-J3>%$@$(.,6?6<�14,�g # $ 9+;0;098,.-�304�587:9�� $D9+;0;J9B,.-=1Y%h9+; + L �(')'2A � AW(B;0;0(I&j*
-J3.Hd%$e.1~&)(8@&
d(BA�B�5!e.1Y@f9836, ; 1�%!e.-J9B3 � ; 1�%$e6-0983=L �0'2')* �,+ %ke.-J5K9BC:C6@7(>9B<_e�e69B5fga1�143�,.1�F81�;0(8Ca1Y,�g # 5$1�FB14@$9B;
(B%!e.1Y@�@$1Y5$1Y9B@!<_e.14@$5k-J36<�;0?6,6-03.H	?)9B5$1�;0;01Y5C3D4�5)7:9 � ?)98571Y;p;01Y5)1�%h9B; + L �(')'FE � &he.(Ee69QFB1�-03>%!@7(.,6?6<�1Y,d%!e.1|<�(83:<�1YC6%
(+AHG7H81�(.,.1457-J< 5!369 
+1Y5JI +
%ke.1�(8C6Ca(85$-p%$-p(>3Dga1�%'&)1�1Y3 C69B@!9B/21Y%$@$-0<K9836,D-J/|C.;0-0<�-p%�<�(>38%$(8?6@ @714C6@$1Y5$1Y3>%$9B%7-0(83d<�(>@$@$1Y5!Ca(836,65�%7(E%$e.12(8C.*

Ca(85$-p%$-p(>3�g:1Y%'&w1Y1Y3LKi9+H>@$983.HB-J9B329B36,�Mw?.;01Y@$-09832AU@$98/21�&)(8@&
>5 + " 3�K�9+H>@$983.HB-J9B3�AU@!9B/21�&)(8@&
G5�LB%$e.1�,.1�AW(>@$/|9B%7-0(83
(+Aj9 g:(., # -05K,61Y5!<�@$-0ga1Y, &k-p%!e 9EC:9B@!9B/21�%$1Y@$- '49+%7-0(83 <�(8@!@$1Y5!C:(>36,.-J3.H�%$( %$e.1�ga(., # @$1Y5$%fC:(>57-0%7-0(83 + " 3NMw?6;p1�*
@$-0983
AU@!9B/21Y&w(>@ 
G5YLI%$e.-J5o,.1�AW(8@!/29B%7-0(832-J5o,.1Y5!<�@$-Jg:14,�&k-0%$e~9fC:9B@!9B/21�%$1Y@$- '49+%7-0(83�<�(>@$@$1Y5!C:(>36,.-J3.H�%7(f%$e61�<�?6@!@$1Y3>%
ga(G, # Ca(85$-p%$-p(>3 + K�9BH8@!9B3.H8-0983~AU@!9B/21Y5 9B@$1�?:5$?69B;p; # &w1Y;p;p*^5!?.-0%714,EAW(8@h5$(B;0-0,d/214<_e69B3.-J<f<�(>/|C6?.%$9B%7-0(8365h&he.1Y@$1Y985
Mw?6;p14@7-J9B3�AU@$98/�145k9B@$1�&w1Y;p;p*^5!?.-0%714,�AW(>@POa?.-J,E/214<_e69B3.-J<�<�(>/2C:?.%$9B%7-0(8365 +
" 3�%!e.1�AW(8;p;0(I&k-036H:Li&w1E5$?6/|/|9B@$-�'�1�%!e.1�@$1Y5!C:14<�%$-pF81q9B,.FI9838%!9+H81Y5K9836,u,.-J5$98,.FI9B3>%$9BHB145f(+Ah%!e.1Y5$1q%'&)( 9BC.*

C6@$(898<_e.1Y5 + %ke.1 <�(8/|C698@7-J57(>3�(BA�%!e.1D1�0~<�-p1436< # 9B3:,O%!e.1D-J/|C.;p14/21Y3>%$9B%7-0(83 (+A�%$e61Y5$1D%'&w( AU@!9B/21Y&w(>@ 
G52-05

Q 9B@!9B/21Y%$@$-0< " /|C.;p-J<�-0%
?w(83>%$(8?6@!5 ?w(>38%$(8?6@!5

M 0�<�-01Y3:< # RSRSR R
Mw98571�(+A " /|C.;p14/21Y3>%$9B%7-0(83 RSRSR R)R
%�(>C:(8;p(8H # ?)e6983.HB1 T�( Uo1Y5
B�C:143	?w(83>%7(>?6@$5 Uo1Y5 T�(
" 3>%71Y@!9B<�%7-0FG-p% # V (G(., Q (G(8@

%�98g.;p1 � # Q @7(>C:14@7%$-p145j(+A�C69B@!9B/21�%!@7-J<�9B36,E-J/2C6;p-J<�-0%h9B<�%7-0FB1f<�(>38%$(8?6@j@$1YC6@$1Y5$1Y3>%!9+%7-0(83:5 +

A



,.- 0�<�?.;0%
ga1Y<�98?65$12(BA)%!e.1�;J9B@$HB12FI9B@$-p1Y% # (+Ak9+;0HB(>@7-0%$e6/|5�1�`G-J5$%7-J3.H -03�%$e61�;p-0%714@$9B%$?6@$1 + @ (I&w1YFB14@�L=-J3�HB1Y361Y@!9+; L
-J/2C6;p-J<�-0%K@714C6@$1Y5$1Y3>%$9B%7-0(8365�9B@$1~@71YH89B@!,.14,D9B5fga1�-J3.H ;p145$5�1�0�<�-01Y3>%�%$e6983�C:9B@!9B/21�%!@7-J<
(>3.1Y5 + %ke.-05�-J5fga1Y<�98?65$1
%$e61h?6Ca,:9+%71k(BAy983�-J/|C.;0-0<�-p%o<�(83>%7(>?6@�@71 %>?6-0@$1Y5�%!e.1h?6Cy,69+%$1k(+Ay9B%[;p149B5$%[9�3:9B@!@7(I&ug69836,|9B@$(8?63:,
149B<_e
<�(83>%7(>?6@ +
 a?:@7%!e.1Y@!/2(8@$1BLy(83dC698@$98/�1Y%$@$-0<
<�(83>%$(8?6@!5kFB14@7%$1�`d5$98/|C.;p-J3.HE/29 # 3.(8% ga1�<�(>365$%$9B3>% (8@�?:3.- AW(>@$/ &he.14@7149B5k(>3
-J/2C6;p-J<�-0%q<�(>3>%7(8?:@$52%$e61D@71457(8;0?.%$-p(>3�-J5~<�(>365$%$@!9+-J3.1Y, g # %$e.1D@$1Y5$(B;J?.%$-p(>3�(BA�9 @$1�H8?6;098@�H>@7-J, + ; Ca1�14,G*'?6C 9+;p*
HB(>@7-0%$e:/25�(BAn;p1YFB1Y; *'571Y%�/21Y%$e.(.,65�&)1Y@$12C6@$(8Ca(85$1Y,D1�-0%$e.14@fg # <�(8365$%$@!9+-J3.-J3.Hq%!e.1~<�(>38%$(8?6@ 1�F8(B;J?.%7-0(83 %$e6@$(8?6H8e
%$e61  a9B5$% * $D98@$<_e.-J3.H|/21�%$e6(G,u� ; 1Y%$e.-J9B3=L �(')'2* � (8@kg # ?:57-J3.H~9B3 9B5 # 36<_e6@$(83.(>?65)?6Ca,:9+%71
(+A�%!e.1
3698@$@$(I&j*'g69B36,
� Q 9B@!9+HB-0(85w9B36, - 1Y@$-0<_e61BL �0'2')1 �,+
" A6%$e61n-J/2C6;p14/�143>%$9+%$-p(>3f(+A:g:9B5$-0<oC:9B@!9B/21�%!@7-J<[<�(>38%$(8?6@!5=-J5�?:5$?69B;p; # 57%!@$9B-pH>e8%7AW(8@$&)98@$,�L�%$e61n-J/2C6;p14/�143>%$9+%$-p(>3

(+A);p1YFB1Y; *'571Y% 9B;pH8(8@$-p%!e6/|5�@$1�%G?.-J@$1Y5�9q;0-p%$%7;01~/�(>@71|<�98@71|,6?.1|%$(�%!e.1~e69B36,6;p-J3.HE(+Aw%!e.1~369B@!@$(I& g69B36, 9B36, %$e61
,.-J5$<Y@71Y%7-�'Y9B%7-0(83�(+A�%!e.1Ke # C:14@$ga(B;0-0<�%$1Y@!/ -J3�%!e.1K,.-=<y14@7143>%7-J9+;=1�%G?69B%7-0(83 +
%ke.1j/|9+-J3�98,.FI9B3>%$9BHB1n(BAa%!e.1j-0/|C.;0-0<�-p%o@$1YC:@714571438%!9+%$-p(>3f-05i(>g8FG-0(8?65$; # -p%!5[9Bg.-0;p-0% # %7(f<_e6983.HB1)9B?.%$(8/|9+%$-0<Y9+;0; #

%$e61�<�(83>%7(>?6@)%7(>C:(8;p(8H # ,6?6@$-036H2%!e.1f,.1�AW(>@$/|9B%7-0(83 + %ke.-J5kC6@$(8Ca1Y@$% # /29 
+145n-0%k&w1Y;p;p*'5$?.-0%714,~AW(>@)@$1Y<�(8365$%$@!?6<�%7-J3.H
<�(>3>%7(8?:@$5�(+A <�(8/|C.;01�`uH81�(8/21Y%$@ # AW(>@2-0365$%$9836<�1E%$@$1�1�* ;0- 
+1�5$%$@!?6<�%$?6@$1Y5 + � ;J5$(:Lng # /21Y@$HB-J3.H ,6-:<\1Y@$1Y3>%|-03>%$1Y@7*
5$1Y<�%$-036H <�(83>%7(>?6@!5�L=-0%f-05fCa(85!5$-0g.;01~%7( -J3.-0%7-J9+;0- 'Y1|9d,61�AW(8@!/|9Bg.;01|<�(83>%$(8?6@�&k-0%$e 9 571Y%f(+AwH>@7(I&k-J3.H 571Y1Y,65 +  :(>@
C698@$98/�1Y%$@$-0<w<�(>38%$(8?6@!5YLI-p%�-J5�-03�HB143.1Y@!9+;G3.(B%[Ca(85!57-Jg.;01w%$(f9B<_e.-01�F81w9B3 # 98?.%7(>/29B%7-J<n%$(8Ca(B;0(BH8-0<Y9+;G<_e69B3.H81Y5 + @ (I&j*
1�F81Y@YL85$1�F81Y@!9+;:9B;pH8(8@$-p%!e6/|5[e69QFB1�ga1�143~C6@$(8Ca(85$1Y,|%7(
(IFB1Y@!<�(>/21)%!e.-J5o;0-0/2-0%$9+%$-p(>3 � K�1�-0%$361Y@k9B3:, ?w-J3�%G?.-J3=L �(')' � L
$D< " 3.1Y@!3.1 # 9B36, %�14@.'Y(8Ca(8?.;0(85YL �0'2'2A L(K�9B<_e:9B?6,E9B36, $d(>38%!9B3>FB14@7%YL �0')'2' � + %ke.14571n98C6C6@$(898<_e.1Y5=98@71n,6-05!<�?65!5$1Y,
;J9+%714@j-03E%!e.-05�C69BCa1Y@ +
; (>/�1Y%7-J/21Y5YL)-0%�-J5�3.14<�1Y5!5!9B@ # %7(�e:9B36,.;01d(8Ca1Y3 98<�%$-pF81D<�(83>%$(8?6@!52AW(8@�C:@7(>C:14@|-0/|9+H81D571YH8/21Y3>%!9+%7-0(83 985

5!e.(I&h32&k-p%!e~%$e.1�&w(>@ 

(+A��)14@7H81Y@ 304 587:9�� �)14@7H81Y@j9B3:,&$d(>e6@YL �0')'�� � + B�Ca1Y3~<�(83>%7(>?6@$5n9B@$1)1YFB143~/�(>@71k&k-J,.1Y; #
?65$1Y, &he.143 <�(83:57-J,.1Y@$-J3.H~%$e.1�/�(>@71�H81Y3.14@$9B;�C6@7(>g.;01Y/ (+A[@71YH8?.;J9B@$- '49+%$-p(>3q9B3:,d@714<�(83:57%!@$?6<�%7-0(83qAU@7(>/ 9~<�;p(>?6,
(+AkCa(B-J38%!5 + �j14<�9B?:571|%$e61~-0/|C.;0-0<�-p%�@714C6@71457143>%$9+%$-p(>3 ,.145$<Y@7-Jga1Y5f9 <�(>38%$(8?6@f985�%$e.1 'Y1Y@$(+*'<�@$(85!57-J3.H�(+A)9d5!<�9B;098@
>:1Y;0,E?65!?69+;0; # ,61 >a3.14,E(83q9|@$1�H>?.;098@nH>@7-J,=LG(836; # (>C:143�<�(83>%7(>?6@$5)e69QFG-J3.H�%!e.1�-J@j1�`.%!@714/�-0%7-01Y5j(>3�%!e.1fg:(>@$,.14@)(+A
%$e61h@71YH8?.;J9B@�H8@$-0,�<�983�ga1h<�(>3657-J,.14@714,K&k-0%$e�%$e.-J5o@$1YC6@$1Y5$1Y3>%$9B%7-0(83 + %ke.1Y@$1�AW(>@718LI-032C6@!9B<�%$-0<�1BL+(>3.; # 9 C:9B@!9B/21�%!@7-J<
@$1YC6@$1Y5$1Y3>%$9B%7-0(83�<�9B3EC6@$(8Ca1Y@$; # ,.1Y5!<�@$-0ga1�%$e.1K,61�AW(8@!/|9+%$-p(>3q(BAi9B3E9B<�%7-0FB1�(8Ca1Y3 <�(83>%7(>?6@ +

 �-03:9+;0; # LI&w1k9B,:,6@7145$5�%$e61)-J5!5$?.1)(+A\?65$1Y@i-03>%$1Y@!9B<�%$-pFG-0% # &he.-0<_e�L+&w1jga1�;0-p1YFB1BL85$e.(>?.;J,
ga1j<�(8365$-J,.1Y@$1Y,�9B5�g:1Y-036H
(+Aie.-pH>e�-J/|C:(>@7%!9B36<�1 + " 36,.1Y1Y,=L6ga1Y<Y9B?65$1 (BA�%$e61�-J@k57143657-0%7-0FG-p% # %$(�%!e.1�-03.-0%7-J9+;�Ca(85$-0%7-0(83=LG-J3�/2(85$%j9BC6C.;0-J<�9+%$-p(>365YL
9B<�%7-0FB1D<�(83>%7(>?6@$5q@71 %>?6-0@$1D57(>/21D;p1YFB1Y;�(+AK?65$1Y@�-03>%714@$98<�%$-p(>3 -03 (>@$,.14@~%7(�;p(.<�9B;p; # (8@~H8;p(>g69+;0; # /2(G,6- A # %$e61
<�(>3>%7(8?:@)5!e698C:1 + " 3E/214,.-0<Y9+;�98C6C.;0-0<Y9+%7-0(83:5�L.%!e.-05kAW1Y9+%!?6@$1�-J5h@$1�H>9B@!,.1Y,�985j1Y5!57143>%7-J9+; +

*



��
�� � ����� �������	� � ��� �

%ke.-J5wC:9BCa1Y@w-036<�;0?:,.1Y5w%$e6@$1�1�,.-J57%$-036<�%)<�(83>%$@$-Jg6?.%7-0(83:5n<�(>@$@$1Y5!Ca(836,.-J3.Hf%$(
%$e61 %!e6@71Y1 ,.-=<\1Y@$1Y3>%w/2(.,.1�;0-J3.H
;01�F81�;J5
(+A[C698@$98/�1Y%$@$-0<�9B<�%7-0FB1f<�(>3>%7(8?:@$5Y#

� +�

��������� z ����� z ��� { +�� 12C6@7(>C:(>571f%'&)(q9B;pH8(8@$-p%!e6/|5jAW(8@ <�(83>%!@7(8;p;0-036H~%$e.1
@$1�;J9+%$-pF81
5!C69B<�-03.H�ga1�%'&)1�143d%$e61
FB1Y@$%7-J<�145�9B3:,f%$e.1)%7(8%$9B;>3G?6/�g:14@�(+A6F81Y@$%7-J<�145 + B�3�(83.1)e69B36,�LI%$e.1wFB1Y@$%71�`�5!C698<�-J3.Hh-J5�<�(83>%$@$(B;0;p14,�%$e6@$(8?6H8e
%$e.1�%$983.HB1438%$-09B;=<�(8/|Ca(83.143>%w(BA�%$e.1�-J3>%71Y@!369B;aAW(>@$<�1�98C6C.;0-p14,q9B%w149B<_e�F81Y@$%71�` + B�3�%!e.1�(B%!e.1Y@je69836,=L.%$e61
%7(B%!9+;k3G?6/
ga1Y@|(BA�<�(83>%7(>?6@
F81Y@$%7-J<�145�-J5~Ca1Y@$-p(.,.-J<�9B;p; # ?6Cy,69+%$1Y, -03O(8@!,.14@
%$( <�(8365$%$@!9+-J3u%!e.1d,.-J57%!9B36<�1
g:1Y%'&w1Y1Y3�F81Y@$%7-J<�145 + %ke.-J5k9BC6C:@7(>9B<_e~g6985714,q(>3q9|C:14@7-0(.,.-J< ?6Cy,69B%71�-05k/2(>@71�1 0�<�-01Y3>%j%$e:9B3EC:14@ AW(>@$/2-J3.H
9B3 # HB;0(8g69B;�@714C69B@!9B/21Y%71Y@$-�'Y9+%$-p(>3 +

� +���� � l � +!� 1 -03>%$@$(.,6?6<�1h(83.1�-03>%$@$-J3657-J<k-J3>%71Y@!369B;6AW(8@!<�1�1�`6C6@$1Y5!57-0(8365o%$e69B%n,.(G1Y5)3.(B%w,.1YCa1Y36,�(83~<�(>3>%7(8?:@
C69B@!9B/21�%$1Y@$- '49+%$-p(>3 + %ke.-J5kAW(>@$<�1K@71YH8?.;J9B@$-�'�1Y5j%!e.1�<�(83>%7(>?6@k<�?:@7FI9+%!?6@$1
C6@$(8>:;01f&k-p%!e.(8?6%�C6@$(G,:?6<�-J3.Hq983 #
<�(83>%$(8?6@j5!e6@7-J3�
Q9+H81 +

� +#"�� l �%$��'&'( + � 3.1�& 9B;pH8(8@$-p%!e6/ 9B?.%$(8/|9+%$-0<Y9+;0; # <Y@7149+%7145n(>@w/214@7H81Y5),.-:<\1Y@$1Y3>%k<�(>363.14<�%714,q<�(8/|C:(>3.1Y3>%!5
(+Aw9E<�(>38%$(8?6@ g69B5$1Y, (83 %$e.1~,.1Y%71Y<�%7-0(83 (+An14,.HB12-03>%$1Y@!5714<�%7-0(83:5 + B�?6@�9+;0HB(>@7-0%$e:/ <Y9B3 e69B36,6;p12(8Ca1Y3.14,
9B36,E<�;0(85$1Y,E<�(>38%$(8?6@!5 +

 a?:@7%!e.1Y@!/2(8@$1BLi&w1qC:@7(>C:(>571�9 AU@!9B/21Y&w(>@ 
 &he.1Y@$1�%$e61�9+;0HB(>@7-0%$e:/25fAW(8@
<�(83>%$@$(B;0;0-03.Hd%!e.1�,6-05!<�@$1�%$- '49+%7-0(83�L
5!e69BCa1BL=9B3:,d%7(>C:(8;p(8H # (+An9B<�%7-0FB1
<�(83>%7(>?6@!5�9B@$1
<�(8/|C.;01�%71Y; # -J36,.14C:1436,.1Y3>%�(+An149B<_e (8%$e.14@ + %ke.-05 -J5�-J3 5!e69B@!C
<�(>3>%$@!9B5$%h&k-p%!e /2(>57%�C6@71YFG-p(>?65 98C6C6@$(898<_e.1Y5k&he61Y@$1�9+%�;01Y9B5$%�%'&)(q(BAn%$e61Y5$1�<�(>/|C:(>3.1Y3>%$5 &)1Y@$1�@$1�;J9+%714, +  :(>@
-J3657%!9B36<�1BL+-J3�%$e.1j;01�FB1Y; *'5$1�%�AU@$98/�1Y&w(>@ 
~� ; 1�%!e.-J9B3=L �(')'2* � L+%$(8Ca(B;0(BH # <_e69B3.H81Y5i9B@$1)3:9+%$?:@$9B;p; # -03 Oa?.1Y3:<�1Y,2g # %$e61
@$1�H8?6;098@wH>@7-J,q5$-�'�1�&he.-J<_e�9B;05$(~,.1�%$1Y@!/�-J3.145j%$e.1f<�(>3>%7(8?:@k@71457(8;0?.%$-p(>3 + � ;J57(aL.-03 92% # C.-0<Y9+;=-J/|C.;p14/21Y3>%$9B%7-0(83�(+A
9B<�%7-0FB1�<�(83>%$(8?6@!5 � /K9B5!5j1�%k9+; + L �0'21)1 � LG5$-J36<�1�%$983.HB1438%$-09B;y9836,�3.(>@$/|9B;y<�(8/|C:(>3.1Y3>%!5n(BA�%$e.1�-J38%$1Y@!369+;aAW(8@!<�1�9B@$1
3.(8%K<�(83:57-J,.1Y@$1Y, -J36,.1YCa1Y3:,.1Y3>%7; # L�5!e69BCa1~9B36,�FB14@7%$1�` 5!C698<�-J3.Hd9B@$123.(8%K<�(>38%!@7(8;p;01Y,�5$1YC698@$9B%71�; # &he.-J<_e�(+AW%7143
;01Y9B,:5j%7(~?636,.1457-J@!9Bg.;01f<�(8?:C.;p14,E1 <\1Y<�%!5 +

� 1 ga1�;0-p1YFB1�%$e69B%)e69QFG-J3.H
9B;pH8(8@$-p%!e6/2-0<�-036,61YCa1Y36,.1436<�1�-J5n-J/|C:(>@7%!9B3>%oAW(>@n%'&)(�@$1Y9857(>365 +  �-0@!5$%�L>1Y9B<_eq/�(.,G*
1�;0-J3.Hu<�(>/2Ca(8361Y3>%�/|9 # ga1D(8C.%$-0/2-�'�14, 5$1YC:9B@!9+%71Y; # 9B36, %$e61Y@$1�AW(8@$1d%$e6-05~;01Y98,65~%$(u<�(8/|C6?6%$9+%$-p(>369+;0; # /2(8@$1
1 0�<�-p1438%f9B;pH8(8@$-p%!e6/|5 + ; 14<�(>36,=L�9�;098@7H81
FI9B@$-01�% # (+A)9B<�%$-pF812<�(83>%7(>?6@�g:14e69QFG-p(>@$5�/|9 # g:1|(8g6%$9+-J3.14, g # <�(>/�*
g.-J3.-J3.H�,.-=<y14@71438%k9B;pH8(8@$-p%!e6/|5)AW(8@j1Y98<_eq/2(.,.1�;0-J3.H�<�(>/2Ca(8361Y3>% +
%ke.-J5�C:9BCa1Y@�-J5�(8@$H89B36- 'Y1Y,�9B5�AW(B;0;p(I&h5 + " 3K9 3.1�`.%i5714<�%7-0(83�LI&w1n98,6,6@$1Y5!5�%!e.1n-J5$5!?.1w(+A:<�(>3>%7(8?:@�,.-J5$<Y@71Y%7-�'Y9B%7-0(83

g # -03>%!@7(.,6?6<�-036H %'&)( 9B;pH8(8@$-p%!e6/|5�#=%!e.1)AW(8@!/�14@�9B;pH8(8@$-p%!e6/�/2(G,6-:>:145�%$e.1j@$1�;J9+%7-0FB1wFB14@7%$1�`K5$C:9B<�-J3.H AW(8@�-03:57%!9B36<�1
9B5k9�AU?63:<�%7-0(83�(+A[<�?:@7FI9+%!?6@$1 &he.14@7149B5)%$e61f;09B%7%714@k9+;0HB(>@7-0%$e6/ , # 3:9B/2-0<Y9+;0; # <�(83>%!@7(8;05w%$e.1K<�(83>%7(>?6@j@71457(8;0?6%7-0(83

E



,6?6@$-J3.H�-0%$5k,61�AW(8@!/|9+%$-p(>3 + " 3E5$1Y<�%$-p(>3 � L.&w1�C6@$1Y5$1Y3>%)361�& @$1�H>?.;098@7-�'�-J3.H
AW(8@!<�1Y5w%$e:9+%k9B@$1 -J36,.14C:1436,.1438%j(BA�%$e61
<�(>3>%7(8?:@hC69B@!9B/21Y%71Y@$-�'Y9+%$-p(>3 9B36, %!e69+%�<�@$1Y9+%$1
9�5!/2(>(8%$ed<Y?6@7FI9B%$?6@$1
C6@$(8>:;01
9B;p(>3.H~%$e.12<�(>38%$(8?6@ + " 3d5$1Y<�%$-p(>3
1 LG&)1 C6@$(8Ca(85$1 9�3.1�& 9BC6C6@$(898<_e2AW(8@)C:14@ AW(>@$/2-J3.H�98?.%7(>/|9+%7-J<h%$(8Ca(B;0(BH # <_e6983.HB145wg:9B5$1Y,~(>3~%$e.1�,.1Y%71Y<�%7-0(83q(+A
1Y,6HB1
-J3>%714@$5$1Y<�%7-0(8365 + %ke6-05�9+;0HB(>@7-0%$e:/ -J5 -036,61YCa1Y36,.143>%�(BAo%$e.1~<�(83>%7(>?6@�@$1Y5$(B;J?.%7-0(83 9B36,D<Y9B3 g:1|9BC6C6;p-01Y,d(>3
(8Ca1Y361Y,E(8@k<�;p(>5714,�<�(83>%7(>?6@$5 + " 3d5714<�%$-p(>3 A &)1f5$e.(I& ,.-=<y14@71438%h@$1Y5!?.;0%$5hg:9B5$1Y,�(83 /21Y,.-J<�9B;=-0/|9+H81Y5 +  �-0369B;p; # L
-J3�5$1Y<�%7-0(83 * L�&w1~C6@$(IFG-0,.1~9�%G?69+;0-0%$9+%$-pF81~9B36, %G?69B3>%7-0%$9B%7-0FB1~<�(>/|C69B@$-05$(83 g:1Y%'&w1Y1Y3�(8?:@fC69B@!9B/21�%!@7-J<29B<�%$-pF81
<�(>3>%7(8?:@$5j9B3:,�%!e.1f;01�FB1Y;�571Y%k/�1Y%$e.(., +

� � ����
S���j�[����������� � �
		� 
)����
���
 � � �i� ���[�

� 
�� ��� ����� � � � ��� � ����� ��� ��� ��� �������!� � ���
" 3�%!e.1q@$1Y/|9+-J3.-J3.H C698@7%K(BAk%$e.-J5�C:9BCa1Y@YL�&)1q<�(>365$-0,.14@K%!e.1q,.1�AW(8@!/29B%7-0(83 (IF81Y@f%$-0/21�(BA�9d%'&w(B*^,6-0/21Y3:57-0(8369B;
C698@$98/�1Y%$@$-0<�<�(83>%$(8?6@n�[�U�i�$ !"�� " ��� &he.1Y@$1 � ,.1457-0H8369B%7145n%!e.1�<�(83>%7(>?6@nC:9B@!9B/21�%$1Y@ �U&he.-J<_e�-J3�H81Y3.14@$9B;a,.-=<y14@$5
AU@$(8/ %!e.1d<�(83>%$(8?6@|9B@!<�;p143.HB%!e\"K9B36,  
,.1457-0H83:9+%71452%$e.1 %7-J/21 + %ke.1dC698@$98/�1Y%714@
� ga1�;0(83.H>52%7( %$e.1d@!9B3.H81
� � � � � &k-p%!e ��� � �! !"! �[� � �$ !"k-pA)%!e.1�<�(>3>%7(8?:@�-05f<�;p(>5714, + � 1|AW(>@$/�?.;09B%71|%$e61�<�(83>%$(8?6@f,.1�AW(8@!/|9+%7-0(83 &k-p%!e 9
T�1Y&k%7(>3.-0983q;J9Q& (BA�/2(8%7-0(83=# " � �"

 �  $#kt
"
�"
 �% NQP RMSUT'VWRYX$Z % NQT^]_SUT'VWR4X7Z � � "

&he.14@71~NQP RMSUT'VWR4X7Z�9B36,�NQT^]_SUT'VWR4X7Zi<�(>@$@$1Y5!C:(>36,D@$1Y5!C:14<�%$-pF81�; # %$( %$e.12-03>%$1Y@!369+;[9B3:,D1�`.%$1Y@!369+;iAW(8@!<�145 + � <�(>3>%7(8?:@
/|9 # -J36<�;J?6,.1K5$1�F81Y@!9+;=<�(>363.1Y<�%714,�<�(8/|C:(>3.1Y3>%!5�L.149B<_eE<�(8/|Ca(83.143>%jga1�-J3.H�9|<�;0(85$1Y,�(8@j(>C:143.1Y, <�(83>%7(>?6@ +
%�1Y/|C:(>@$9B;[9B36, 5$C69B%7-J9+;o,.-J5!<�@$1�%7-�'Y9B%7-0(8365�(BAo�[�U�i�$ !"h9B@$12g:9B5$1Y,D(>3	>y3.-p%$1~,.-:<\1Y@$1Y3:<�1Y5 + %ke>?:5�L�%!e.1~571Y%�(+A

bdc�FB14@7%$-0<�1Y5'&4l�cm�( L�r) �!*+*+* bdc,# � @$1YC6@$1Y5$1Y3>%!5K%$e61�<�(>3>%7(8?:@f�[�U�i�$ !" 9B%
%$-0/21  + %ke.1E,.-05!<�@$1�%$- '49+%$-p(>3 (+A
1�%G?69B%7-0(83 � � "n?657-J3.H~<�143>%71Y@$1Y,E9B3:,�@$-pH>e>%j,6-:<\1Y@$1Y36<�1Y5jAW(>@j%$e.1K98<�<�1�;01Y@!9+%7-0(83q9B36, 5!C:1Y1Y,E%714@$/|5j;01Y9B,:5j%7(:#

l c ���m  l c m % � � # � t�"$� l c m #�l c �=�m " % � � "
� sI M�^N P RMSUT'VWR4X7Z " m % � sI M�^N T^]_SUT'VWR4X7Z " m

&he.14@71�sI �-J5o%!e.1�%7-J/�1�57%$1YC + � 1 5$-0/|C.;0-pA # 1 %G?69+%$-p(>3 � � "�g # e.-J,.-J3.H
%!e.1�%$-0/21�57%$1YC�sI �-J365$-0,.1 %'&w(K<�(G1 0�<�-01Y3>%$5
v m 9B36,qx m &)1�-0H8e>%7-J3.H
%!e.1�-03>%$1Y@!369+;=9B3:,q1�`G%$1Y@!369+;yAW(>@$<�1Y5 + " 3:,.1�14,=L6g # @714/�(IFG-J3.H
%!e.1�%7-J/21K57%$1YCqC:9B@!9B/21�%$1Y@YL
%$e61�5$%$98g.-0;p-0% # (+Ai%$e.-J5j1�`6C.;0-0<�-p%j5!<_e.1Y/21�,.1YCa1Y36,:5j(83�%$e.1f<_e.(8-0<�1�(+Ai%$e.1�%'&)(2,6-05$%7-J36<�%kC698@$98/21�%714@$5)v m 9836,�x m +
%ke.14@71�AW(8@$1BLG%$e.1K98<�%!?69+;�,.-J5!<�@$1�%71f;J9Q& (BA�/2(B%$-p(>3q-J5Y#

l c ���m  l c m % � � # � t�"!��l c m # l c ���m " % � � "
v m � NQP RMSUT'VWR4X7ZU" m % x m � NIT^]_SUT'VWRYX$Z " m *

1



" 3 (8@!,.14@k%7(q5$-J/2C6;p-pA # %$e.123.(B%!9+%7-0(83�L:-J3d%$e.12@714/|9+-J36,.1Y@h(+A[%$e.-J5�C69BCa1Y@YL:&)1K&k-0;p;i&h@7-0%71�l m -0365$%7149B, (BAnl�cm
AW(8@j%!e.1fFB14@7%$1�`�Ca(85$-0%7-0(83E9+%k%7-J/21K +

� 
�� � � � � ��� � � � ����� ��� � � ��� � � � ���
� 1E3.(I& ,61Y5!<�@$-0ga1�%!e.1 g69B5$-0<qHB1Y(8/21�%!@ # (+A 9 ,.-J5$<Y@71Y%71 <�(83>%$(8?6@ + � %21Y98<_e�FB14@7%$1�`�l m Lo&)1�,.1D>a3.1 9 ;0(.<�9B;
%$983.HB143>%fFB1Y<�%7(>@ z m L�9 3.(8@!/|9+;[F81Y<�%$(8@K{ m Li9d/21�%$@$-J<~C69B@!9B/21�%$1Y@�� m Li9B36, 9d<Y?6@7FI9B%$?6@$1�� m + � 1�C6@7(>C:(>571|%$(
,.1D>a3.1f%$e61f%$9B36HB1Y3>%jFB14<�%$(8@j9+%hl m L:985j%$e.1K,6-0@$1Y<�%7-0(83�(+A�%$e.1f;0-0361�� (B-J3.-036H2-0%$5h%'&w(~3.1Y-pH>e>ga(8@!5Y#

z m  l mJ��� # l mU�=�
� } m

&he.14@71�} m -05j%!e.1Ke69+;pA[,.-05$%$9836<�1fga1�%'&)1�143�%!e.1f%'&)(|361�-0H8eGg:(>@$5)(BA�l m #

} m  �� l m0��� #�l mU�=� �� *

%ke.1K3.(>@$/|9B;�FB14<�%7(>@h{ m -05 ,.1 >a361Y,d9B5h%$e.1KF81Y<�%7(8@k,6-0@$1Y<�%7; # (8@$%$e6(BHB(>369+;\%$(�z m #){ m  z	�m &k-0%$e � +�� -a"
�  
��#�-\� +�" + %ke.1h<Y?6@$FQ9B%$?6@$1h� m -05o3:9+%$?:@$9B;p; # ,.1D>a3.1Y,~985�%$e.1 <�?6@$FI9+%$?:@71j(+A\%$e61�<�-J@$<�;p1k<�-0@!<�?6/|5!<�@$-0ga1Y,|9B%[%$@$-0983.HB;01
��l mU�=� �$l m �!l mJ��� " + " Ah&w1�&h@7-0%71 9B52� m Lo%!e.1�(>@7-01Y3>%$1Y,�9B36HB;01�ga1�%'&)1�1Y3�571YH8/21Y3>%$5 � l mU�=� �$l mW� 9B36, � l m �!l mJ���_� L
%$e61Y3E%$e.1K<Y?6@$FQ9B%$?6@$1�-05jH8-pF81Y3Eg # #

� m  5$-J3=� � m "
} m * � 1 "

i+1
Pi-1

φ
i

i
F

2 ri

P
i

i
P

P

t i

ni

P
i+1

Pi-1

ik
1

i
C

 �-pH>?6@$1 � # GA!"�g6���(�58�,���4�S(�*��>&0-P���,�������A��(�����(�1"��s�&<�,#��<-O��-/(��E(:*"��!"�a�9���<6�������.����,��(��k�������<(���5$�U%�.����,��(��az
�4����1"��.��:��1<���
� �4���:�"6:%'�����4���:��&$*f(�(������4F

'



 �-03:9+;0; # Lk%$e.1 /21Y%$@$-0<DC:9B@!9B/21�%$1Y@�� m /21Y985$?:@7145~%$e.1�@71Y;09B%7-0FB1D5!C69B<�-036H�(+AKl m &k-p%!e @$1Y5!C:14<�%�%$(u-p%!5�%'&)(
3.1Y-pH>e>ga(8@$-J3.H�FB14@7%$-0<�1Y5�l mU�=� 9836,Dl m0��� + " A)� m -05�%!e.12C:@7( � 1Y<�%$-p(>3d(+A)l m (83 %$e.12;p-J3.1d� l mU�=� �$l m0��� � Ly%!e.1Y3 %$e61
/21�%!@7-J<fC69B@!9B/21Y%71Y@)-J5�#

� m  � � m # l mJ��� �� } m  � # � � mJ��� # l mU�=� �� } m *
" 3q983.(B%!e.1Y@w&)(8@!,65�LG� m 9836, � #D� m 9B@$1�%!e.1�g69B@ # <�1Y3>%!@7-J<h<�(G(>@$,.-J369B%71Y5w(+A�� m &k-0%$eE@7145$Ca1Y<�%n%$(2l mW��� 9B36,�l mJ��� #

� m  � m l mU�=� % � � # � m "^l mJ��� *

B %$e61Y@�,.1 >y3.-p%$-p(>365�AW(>@�%$e.1j%$983.HB143>%�9836,23.(8@!/|9+;.FB14<�%$(8@!5�<�(8?.;J,|e69QFB1jg:1Y1Y32<_e.(85$1Y3 +  a(8@i-03:57%!9B36<�1BL V ?63:3
304P5)7:9�� V ?63:3E9836, T�-p`.(83=L �(')'FE � 9B36, K�(>g6@$1�HB% 304P5)7:9f� K�(8g6@$1�H8%)9836, � -01Y@$HB1YFB1Y@YL �0')'FA � e69QF81�<_e6(85$1Y3E9B5j%$e61
%$983.HB143>%k(+A�%!e.1
<�-0@!<�?6/|5!<�@$-0ga1Y,E<�-J@!<�;01K9+%hl m�+ @ (I&w1YFB14@�LG(8?:@j%$9B36HB1Y3>%h9836,�36(8@!/29B;=FB14<�%7(>@k,.1 >y3.-p%$-p(>365he69QF81
%$e61K9B,.FI9B3>%!9+HB1�(+A[C6@$(IFG-0,.-J3.H|9|57-J/|C.;p1f;0(.<�9B;�5$e698C:1f,.145$<Y@7-JC.%$-p(>3=#

l m  � m l mU�=� % � � #�� m " l m0��� % ���U} m �!� m �$� m "^{ m � � A "

&he.14@71 �h��} m �!� m �$� m "o-J5k%$e61�AW(B;0;p(I&k-J3.H�AU?636<�%$-p(>3=#

�h��} m �!� m �!� m "  } m
%$983j� m

� � %���� � % 1 � m � � #�� m "B%$983 � ���
&k-0%$e �  � -pA
	 ��	
����� � 9B36, �  �# � -pA
	 ��	
����� � + M %>?:9+%7-0(83 � A "w5$-J/2C6; # ,.14<�(8/|Ca(85$1Y5�FB1Y@$%71�`ECa(85$-p%$-p(>3
l m -03>%$( 9 %$983.HB1438%$-09B;o9B36,�36(8@!/29B;o<�(>/2Ca(8361Y3>% + %ke.1�-J/2Ca(8@$%$9836<�1~(BA)%!e.-J5K1�%G?69B%7-0(83�&k-0;p;)g:1q@$1�F81Y9B;p14, -J3
; 14<�%7-0(83�� � + � " +

� 
�� ��� ����� � � � ����� �!� ����� � ����� � ���
 :(>@w92<�(>3>%7-J3>?6(8?65)9B<�%7-0FB1�<�(83>%$(8?6@o�������! !"$LG%$e61�<�(83>%7(>?6@)C69B@!9B/21�%$1Y@$- '49+%$-p(>3|-05j<_e698@$98<�%714@7-�'�14,~g # %$e.1�/21�%$@$-J<
AU?636<�%7-0(83=#

�y�U�i�$ !"  �
"
�"
� � *

" A �y�U�i�$ !"  � %$e.143~%$e.1�C69B@!9B/21Y%71Y@o(+A\�[�U�i�$ !"�<�(B-J36<�-J,.1Y5n&k-p%!e~%$e61 <�(>3>%7(8?:@o9B@!<j;p143.HB%!e +  :(>@n9K,.-J5!<�@$1�%71 <�(83.*
%7(>?6@YL>%!e.1�C69B@!9B/21�%$1Y@$- '49+%$-p(>32<�(8@!@7145$Ca(83:,65o%$(�%!e.1�@$1�;J9+%$-pF81�5!C69B<�-03.H2g:1Y%'&w1Y1Y3qFB1Y@$%7-J<�145n9836,�-J5w<_e:9B@!9B<�%$1Y@$- 'Y1Y,
g # � m  � l m #�l mU�=� � + " A)9B;p;i%$e.1~5!C69B<�-036H85 �8cm 98@71�1�%G?69+;�AW(8@�r� �!*+*+* b # � L\%!e.1Y3 %$e.1|<�?:@$@$1Y3>%�,.-05!<�@$1�%$1
C698@$98/�1Y%714@7-�'Y9B%7-0(83�-J5kC6@$(8Ca(8@$%7-0(8369B;\%7(|%$e.1K98@$<�;01Y3.H8%$e +

 :(>@�9�<�(83>%7-J3G?.(8?65�@$1YC6@$1Y5$1Y3>%!9+%7-0(83�L\C:9B@!9B/21�%$1Y@$- '49+%7-0(83 -J5f<�;01Y98@7; # -03:,.1YCa1Y36,61Y3>%f(+A)%$e.1~<�(>3>%7(8?:@ 5!e69BCa1 +
 :(>@K9d,.-J5$<Y@71Y%71�<�(83>%7(>?6@K@$1YC6@$1Y5$1Y3>%714, g # >a3.-0%71q,6-:<\1Y@$1Y36<�1Y5YLi5!e698C:1�9836,�C69B@!9B/21Y%71Y@$-�'Y9+%$-p(>3 98@71�3.(8%
<�(>/�*
C.;01�%$1�; # -J36,.1YCa1Y3:,.1Y3>%�985j-p;0;0?:57%!@$9B%71Y,E-J3&>:H8?6@$1|� � " + %ke.1�1D<y14<�%h(BA�C698@$98/21�%714@7-�'Y9B%7-0(83�<_e:9B3.H81Y5j-J5k1Y5!C:14<�-J9+;0; #

� �



 �-pH>?6@$1 � # Gg@A($&L-'�������,�����,-/���,%/���I@K-O��!n&L-��Y���������jC��:����58�������4-/���U��-/(�����sH��!<-'�K-/%O%/1��J�����U�����j��!"�:�m�8��(�����(�1"�IC��:����58�������4-O=
���U��-'(��_58(0&L-O#"���A-/�9�I�4!"��CD��F

-J/2Ca(8@$%$983>%�9B%oC69B@$%$5i(BA\e.-0H8e2<�?:@7FI9+%!?6@$1 + %ke.1Y@$1�AW(>@718L+C69B@!9B/21�%$1Y@$- '49+%$-p(>3f-05n9B3�-0/|Ca(8@$%$9B3>%�-J5$5!?.1)AW(8@[e69836,.;0-036H
,.-J5$<Y@71Y%71fC698@$98/�1Y%$@$-0<�<�(>3>%7(8?:@$5 +
" 3�%$e.-J5h5$1Y<�%$-p(>3q&)1KC6@$(8Ca(85$1�9|5$-0/|C.;01K9+;0HB(>@7-0%$e:/ %7(~1Y3.AW(8@!<�1�%'&w(|% # Ca1Y5j(+A[C698@$98/�1Y%714@7-�'Y9B%7-0(83=#

����{ �����'��� l � ����� � z � ����� � z ��� {
	w%!e.1k5$C698<�-J3.H�g:1Y%'&w1Y1Y3|<�(>365714<�?.%$-pF81wF81Y@$%7-J<�145�-J5[?63.-pAW(8@!/ + %ke6-05[C6@$(8C.*
1Y@$% # /|9 # g:1�(+A�-03>%714@71457%nAW(8@nAU?6@$%$e.14@)C:@7(.<�145$5$-J3.H
5!?6<_e�9B5)Ca1Y@7AW(8@!/�-J3.H � - @714<�(83:57%!@$?6<�%7-0(83|AU@$(8/ 9�571Y%
(+AiC6;098369B@k<�(83>%7(>?6@$5f� �j(B-J5$5$(8363:9+%j9B36, V 1�-0HB14@�L �(')'B� �,+

� � � ��� � z
� ������� � ����� l � ����� � z � ����� � z ��� {
	�F81Y@$%7-J<�145�9B@$1�<�(836<�1Y3>%$@!9+%$1Y,D9B% C698@7%!5�(BAwe.-0H8e <�?6@$FI9+%$?:@71 +
%ke.-05kC:9B@!9B/21�%$1Y@$- '49+%7-0(83�%71Y3:,65j%7(|(8C6%7-J/�-�'�1�%!e.1K5$e:9BCa1�,61Y5!<�@$-0C.%$-p(>3~AW(>@k9�H8-pF81Y3�3>?:/
ga1Y@j(+AiFB14@7%$-0<�1Y5 +

%�( /2(.,.- A # 9 <�(83>%7(>?6@�C:9B@!9B/21�%$1Y@$- '49+%7-0(83�LY(>3.; # %!e.1)%$9B36HB1Y3>%$-09B;G<�(8/|Ca(83.1438%i(+Aa%$e.1)-03>%$1Y@!369+;>AW(8@!<�1)5$e6(8?.;J,
ga1�<�(>3657-J,.14@714, + " 36,61�1Y,�L2/f-J/2-09�1�%w9+;�� /f-0/2-J921�%h9+; + L �0')'"� � e69QF81kC6@7(IF81Y3�%$e69B%[(83.; # %!e.1�3.(>@$/|9B;6<�(8/|Ca(83.143>%
(+A\%$e61k-03>%714@$3:9+;GAW(8@!<�1k98C6C.;0-p14,�(>3�9�<�(83>%7-J3G?.(8?65[<�(83>%7(>?6@i�[�U�i�$ !"�e6985[9B32-03 Oa?.1Y3:<�1k(83�%$e61h@7145$?.;0%7-J3.Hf<�(>3>%7(8?:@
5!e69BCa1 + %ke.-J5f-J5�&he # (83.; # %$e61�,.1�AW(>@$/|9+%$-p(>3 <�(8/|Ca(83.1438%f9B;p(>3.H�%!e.1~H8@!9B,6-p1438%�,.-J@714<�%$-p(>3 -J5f<�(>3657-J,.14@714, -J3
%$e61f;p1YFB1�;p*'571Y%j/21Y%$e.(., +
%ke.14@71�AW(8@$1BL�-pAkz�9836,�{ 98@71~%!e.1�%$983.HB143>%K9B36,�3.(>@$/|9B;oFB14<�%7(>@$5
9+%K9DCa(B-J3>%f�[�U�i�$ !"$Li%$e61Y3�%!e.1q<�(>3>%7(8?:@

1�F8(B;J?.%7-0(83E/|9 # ga1f&h@7-0%7%$1Y3E9B5Y# "
�"
  N P RMSUT'VWRYX$Z  ��y�����! !"�z % � �U�i�$ !"'{ *

" 3�� /f-J/2-0921�%h9B; + L �0'2'<� � L�/f-J/2-09 3D4 587:9 5!e.(I& %$e:9+%2(83.; # %$e61 36(8@!/29B;)<�(8/|Ca(83.1438%2(+A�%$e.1 -J3>%71Y@!369B;wAW(>@$<�1
� �����! !"�/�(.,.-=>:145o%$e61�<�(>38%$(8?6@n5$e698C:1�&he.1Y@$1Y985�%$e.1�/21Y%$@$-0<jAU?:36<�%$-p(>3 �a�����! !"  � ����
� � 1YFB(B;J?.%$-p(>3�-J5o,.14C:1436,.1438%
(83��y�U�i�$ !"n9836, � �U�i�$ !"$# "

�"
  

"
�y�U�i�$ !""
� % � �U�i�$ !"'� � * � * "

�D�



B�3 %$e61�<�(>3>%$@!9B@ # L6&k-0%$eDC:9B@!9B/21�%!@7-J<f<�(>38%$(8?6@!5YL6-p% -05 -J/2Ca(8@$%$983>%h%7(q,61 >a3.129~%$983.HB143>%7-J9+;�<�(8/|Ca(83.1438%�(+A
%$e61K-03>%$1Y@!369+;=AW(>@$<�1 �y�U�i�$ !"�z
%$e69B%�<�(>3657%!@$9B-03:5j%$e.12369+%!?6@71f(BA[%$e.1
C:9B@!9B/21�%$1Y@$- '49+%7-0(83 + � 1�C6@7(>C:(>571f%$(�9BC6C6; #
%$e6-05)C6@$-036<�-0C6;p1h(>3~,.-J5$<Y@71Y%71�C698@$98/21�%$@$-J<k<�(83>%$(8?6@!5o9B5n&w1Y;p;yg # ,.14<�(>/2Ca(85$-J3.HK%$e61�-J38%$1Y@!369+;:AW(8@!<�1�N P RMSUT'VURYX$Z -03>%$(
-0%$5h3.(>@$/|9B;\9836,E%$983.HB1438%$-09B;�<�(>/2Ca(8361Y3>%$5Y#

� NQP RMSUT'VURYX$ZW" m  �^N4S�X$R��!T'RMS!" m % � NQR��$V��oX$Z�" m �
� N S X7R��$T'RMS " m � { m  � �
� N R��!V��oX7Z " m � z m  ��*

; 1YFB1Y@!9+;w@71457149B@!<_e.1Y@!5q� V ?6363 9B36,&T�-p`.(83=L �0')' E L K�(8g6@$1�H8%k9B36, � -01Y@$HB1YFB1Y@YL �0'2'2A � e69QFB1qC:@71YF>-0(8?:57; # C:@7(B*
Ca(85$1Y, %7(�,61Y<�(>/|C:(>571d%!e.1D-J38%$1Y@!369+; 9B36, 1�`.%$1Y@!369+;kAW(>@$<�1Y5~9B;p(>3.H�%$e.1 3.(8@!/|9+;h9B3:, %$9B36HB1Y3>%$-09B;h,.-0@$1Y<�%7-0(83 +
@�(I&)1�F81Y@YLB%$(
(8?:@ 
G3.(I&k;01Y,.H81BLG3.(83.1 (+A�%!e.1Y/ e69QF81�<�(>3657-J,.14@714,�57-J/
?6;p%!9B3.1Y(8?65$; # ?6Cy,69+%$-036H
%$e61 F81Y@$%71�`~5!C69B<�*
-J3.H�&k-p%!e
%!e.1j%$9B36HB1Y3>%$-09B;G<�(8/|Ca(83.1438%�9B3:,
%!e.1k<�(83>%$(8?6@�5!e69BCa1w&k-0%$e�%$e61h3.(8@!/|9+;G<�(8/|Ca(83.143>% +  a?6@$%$e.14@$/2(>@718L
&)1)C6@$(8Ca(85$1w9�5$-0/|C.;01k9B36,�<�(8e61Y@$1Y3>%�AW(>@$/�?.;J9+%7-0(83K(+Aa%!e.1Y5$1wAW(8@!<�1Y5�g6985714,K(>3K%$e61)%'&)(�H81�(>/�1Y%$@$-0<)C698@$98/�1Y%714@$5Y#
� m 9B36, � m +
$d(>@71EC6@714<�-J571Y; # Ln5$-036<�1 %$e.1 %$983.HB143>%2,.-J@$1Y<�%$-p(>3uz m 9+%|9 F81Y@$%71�`u-J5|%$e61E;0-J3.1E,6-0@$1Y<�%7-0(83 � (B-J3.-036H -0%$5|%'&)(

3.1Y-pH>e>ga(8@!5YL>&)1K?65$1f925$-J/2C6;p1f1�`.C:@7145$5$-p(>3~AW(>@j%$e.1f%!9B3.H81Y3>%7-J9+;�<�(8/|C:(>3.1Y3>%Y#

� N4S X7R��$T'RMSM" m  � � � m!#�� m "!��l m0��� # l mU�=� "
 � } m � � � m!# � m "�z m

&he.14@71f�!�m -05j%!e.1K@$1�AW1Y@$1Y3:<�1�/�1Y%$@$-0<�C698@$98/21�%714@)&he.(85$1 FI9B;0?.1f,.14C:1436,65k(>3q%!e.1�% # C:1f(BAiC698@$98/�1Y%714@7-�'Y9B%7-0(83~%$(
1Y3.AW(8@!<�1 +

� 
�� � ��� � ����� � ��� � ���	��
 �������
�
� 36- AW(>@$/ FB1Y@$%71�`�5!C69B<�-03.H~<�(8@!@7145$Ca(836,:5w%$(~%$e.1�3.(8@!/|9+;�C698@$98/�1Y%714@7-�'Y9B%7-0(83�(BA�9|<�(83>%7(>?6@j&he.1Y@$1K9+;0;�<�(>3>%7(8?:@
1Y,6HB1Y5fe:9QFB1|%$e.1�5$98/�1~;01Y36HB%$e +�; ?6<_e C698@$98/21�%714@7-�'Y9B%7-0(83 -05f&)1�;0;p*^5!?.-0%71Y,�&he.143 3.(D5$Ca1Y<�-:>y<~-03.AW(8@!/29B%7-0(83 -05
9QFI9+-0;098g.;01 + %�(|(>g.%$9B-03�1�F81Y3.; # 5!C69B<�1Y,�FB1Y@$%7-J<�145�L.&)1f57-J/|C.; # <_e.(G(85$1B#

� � m  �
� *

%ke.1k%!9B3.H81Y3>%7-J9+;.AW(>@$<�1ke69B5[%!e.1Y3~9f5$-J/2C6;p1kH81�(8/21Y%$@$-0<)-J38%$1Y@!C6@$1�%$9B%7-0(83=#�1Y98<_e�F81Y@$%71�`
-05n/�(IF81Y,�-03|%!e.1h%!9B3.H81Y3>%
,.-J@714<�%$-p(>3q%$(I&)98@$,65)%!e.1K/2-0,6,6;p1f(BAi-0%$5j%'&)(~3.1�-0H8eGga(8@!5�#

� N S X7R��$T'RMS " m  � � l mU�=� % l m0���� #�l m � � z m � z m * � E "

���



� e.143u%$e61�<�(>3>%7(8?:@
@$1Y9B<_e61Y5f-0%$5�1�%G?.-0;p-Jg6@$-0?:/�L[- + 1 + L[&he.1Y3 �^N S�X$R��!T'RMS " m  ���L[%!e.1Y3�l m -05�1�%G?.-J,.-J57%!9B3>%fAU@$(8/
l mW��� 9B36, l m0��� + M %G?69B%7-0(83 � E "n<Y9B3Eg:1K5$1�143�985j%$e.1K,6-05!<�@$1�%$- '49+%7-0(83�(+A�%$e61�AW(8@!<�1B#

�^N4S�X$R��!T'RMS!" m  � " � �"
� � � z � z  

"
�"
� z *

�j1Y<Y9B?65$1k%$e.1 5714<�(83:,2,61Y@$-pFI9+%$-pF81kFB14<�%7(>@ ��� ��
� � -05n%$e.1�>a@$5$%oFI9B@$-J9+%7-0(83�(+A=%!e.1h&)1Y9 
�57%!@7-J3.H�� � � ����
� � � $8�q-J3>%71Y@!369B;
1Y361Y@$H # LG1 %>?:9+%7-0(83D� E "[-J5j57(>/�1Y&he69+%j@$1�;J9+%714,~%7(2%$e61�<�;0985$5$-J<�9+;PG$5!369 
+1Y5JIK98C6C6@$(89B<_e~C:@7(>C:(>5714,qg # /K9B5!5 304�5)7:9
� /K9B5!5w1Y%h9+; + L �0')121 � +

� ;J5$(:L=?65$-03.HE1�%G?69B%7-0(83�� * "!L=&w1|<�983D9B369B; # 'Y1
%$e61�1YFB(B;J?.%$-p(>3d(+AwC:9B@!9B/21�%$1Y@$- '49+%7-0(83d<Y9B?65$1Y, g # %!e.-J5 %!9B3G*
HB143>%7-J9+;[AW(>@$<�1 + � # 571Y%7%$-03.H �a�����! !"  ���

�
� L�&w1~(>g.%$9B-03 %!e.1~AW(8;p;0(I&k-036HD,.-:<\1Y@$1Y3>%$-09B;o1�%G?69B%7-0(83�(+Ak%$e61q/21�%$@$-J<
C698@$98/�1Y%714@ �y�U�i�$ !"!# "

�"
  

" � �"
� � % � �����! !"^� � *

� e.143D%$e6123.(>@$/|9B;i<�(8/|C:(>3.1Y3>% � �U�i�$ !")(+An%!e.1
AW(>@$<�1K-J5�5!/|9+;0;�143.(8?6H8e=L\%$e6-05�1�%G?69B%7-0(83D<�(8@!@7145$Ca(83:,65k%7(E%$e61
,.-=<\?:57-0(83 (+Aw%!e.1|/�1Y%$@$-0<2C698@$98/�1Y%714@ 9B;p(>3.Hq%!e.1~<�(83>%$(8?6@ + %ke.125$%7149B, # 5$%$9B%712-05�@$1Y98<_e.1Y,d&he61Y3 %$e.1|/21�%$@$-J<
C698@$98/�1Y%714@ �|-J5)?:3.- AW(>@$/E# ����
�  � &he.-J<_e�-J/|C.;p-01Y5j%!e69+%)%$e61�C:9B@!9B/21�%$1Y@w�E-J5jC6@$(8Ca(8@$%7-0(8369B;:%7(2%$e61�98@$<�;p143.HB%!e
� +

� 
	� �N� � � �!� ������
 � �F�
� ��� � � ���	��
 � ��� �
�
%ke.1n?:3.- AW(>@$/ FB14@7%$1�`�5!C698<�-J3.Hh,.1Y5!<�@$-Jg:145=&k-p%!e�%$e.1)5$98/21o5$C69B%7-J9+;B@$1Y5$(B;J?.%$-p(>3 9B;p;><�(83>%$(8?6@=C698@7%!5=-J36,.1YCa1Y3:,.1Y3>%7; #
(+Aw%$e.1Y-0@�<�?6@$FI9+%!?6@71 + %�(�(8g.%!9+-J3 9B3D(8C.%$-0/|9+;[,.145$<Y@7-JC.%$-p(>3d(+Aw5!e698C:18Ly-0%�-05�3.14<�1Y5!5!9B@ # %!e69+%�%$e.12FB14@7%$-0<�1Y5�9B@$1
<�(>36<�143>%$@!9+%714,�9+%jC698@7%!5n(BA�e.-0H8eq<Y?6@$FQ9B%$?6@$1 9836,�%!e69+%j%!e.1 Oy9+%jC69B@$%$5j9B@$1�(>3.; # ,61Y5!<�@$-0ga1Y,q&k-p%!e�AW1Y& FB14@7%$-0<�1Y5 +
%�(K(8g.%!9+-J3~5$?:<_e�9KC698@$98/�1Y%714@7-�'Y9B%7-0(83=L+&)1�C6@$1Y5$1Y3>%n9
/�1Y%$e.(.,~&he61Y@$1h1Y,.H81h;01Y3.H8%$e~-J5o-J3>FB1Y@!5$1�; # C6@$(8Ca(8@$%7-0(8369B;
%7(~<Y?6@7FI9B%$?6@$1 + " A�� m -J5w%!e.1�1Y,.H81�� (B-J3.-036H2l m 9B36,�l mJ��� L.%$e.143q&)1f<�(>/2C:?.%71�-0%$5)1Y,.H81f<�?6@$FI9+%$?:@71!	 mJ���m 9B5)%$e61
/21Y983�98g657(8;0?6%71f<�?6@$FI9+%!?6@71�(BAi-0%$5j%'&)(|FB1Y@$%7-J<�145�#

	 mJ���m  	 � m 	 % 	 � m0��� 	
� *

%ke.143 9B%�149B<_e FB14@7%$1�` l m L�&)1~<�983 <�(8/|C6?.%$12%!e.1~;0(G<Y9+;[@$1�;J9+%7-0FB12FI9B@$-09B%7-0(83 (+Aj9Bg65$(B;J?.%71|<�?:@7FI9+%!?6@$1 � 	 m �
� # � � � � 9B5Y#

��	 m  	 m0���m # 	 mmU�=�
	 m0���m % 	

mmU�=�
*

%�(2143GAW(8@!<�1f9|<�?:@7FI9+%!?6@$1�*'g69B5$1Y,qFB1Y@$%71�`�5!C69B<�-03.HaLG&w1K<�(8/|C6?.%$1�%!e.1K@$1�AW1Y@$1Y3:<�1f/21�%$@$-J<fC69B@!9B/21�%$1Y@j�!�mf9B5Y#

� � m  �
� # ��* 1�� � 	 m * � 1 "

�Y�



� e.143qF81Y@$%71�`�l m -J5j5$?:@$@$(8?63:,.1Y,�g # %'&)(
14,.HB145)e:9QF>-J3.H�%$e.1�5$98/21�<Y?6@7FI9B%$?6@$1�%!e.1Y3���	 m  � 9B36,q%$e.14@71�AW(8@$1
�!�mK-J5�5$1�%h%$( �

� &he.-0<_e -J/|C.;0-p145h%$e:9+% l m ga1Y<�(8/21Y5�1�%G?.-J,.-J57%!9B3>%kAU@$(8/ -p%!5h%'&)(�3.1�-0H8eGga(8@$-03.H~F81Y@$%7-J<�145 + B�3 %$e61
<�(>3>%$@!9B@ # Ly&he.1Y3 %$e.1~9Bg:57(8;0?.%$1�<Y?6@7FI9B%$?6@$1�(BAwl m0��� -J5�H8@$1Y9+%$1Y@�%$e6983D%$e61|98g65$(B;J?.%712<�?6@$FI9+%$?:@712(+Awl mU�=� %$e.143
� 	 m ga1Y<�(>/21Y5k<�;0(85$1�%7( � 9B3:,q%!e.1Y@$1�AW(>@71f� �m�-05�<�;0(85$1�%$( � + � &he6-0<_e�-0/|C.;0-01Y5k%!e69+%hl m /2(IFB1Y5j%$(I&)98@$,:5wl m0��� +

� 
�� � � � � � � � ��� ����� � � � ��
 � ��� �
� � ����� � ��� � ��� �
" 3~%!e.-05)5$1Y<�%$-p(>3=LB&)1 ,61Y/2(8365$%$@!9+%$1k%$e.1 -03 Oa?.1Y3:<�1�(BA�%$e.14571�%'&w(K%!9B3.H81Y3>%7-J9+;a-03>%$1Y@!369+;a1Y3.14@7H8-p145[(83~%!e.1�C698@$98/�*
1�%$1Y@$- '49+%$-p(>3�(BA\9
<�(83>%$(8?6@ + %�(f-p;0;J?657%!@$9B%71k%!e.1�9Bg6-p;0-p% # %7(K,61Y<�(>?6C.;01hC69B@!9B/21Y%71Y@$-�'Y9+%$-p(>3�9836,~5!e69BCa1hC6@$(8Ca1Y@$%7-01Y5YL
&)1)C6@$(8Ca(85$1)%7(�9BC6C.; # 983K-J38%$1Y@!369+;>AW(>@$<�1w%!e69+%[/2(.,.-:>a1Y5�%$e61)F81Y@$%71�`
5$C698<�-J3.H�(>3�9�<�(>3>%7(8?:@�&k-0%$e.(>?.%[<_e69B36HB-J3.H
-0%$5�5$e698C:1 +  :(>@h%!e.-05�C6?6@!Ca(85$1BLy&w1
<Y9B3636(B%�<_e.(G(>571�N R��!V��oX7Z  � g:14<�98?6571
-p% &w(>?.;0,d@$1Y5!?.;0%�-J3D5!e6@7-J3�
>-J3.H�%$e61
<�(>3>%7(8?:@K%7(I&j9B@!,65�9 Ca(B-J38%|g # 9BC6C.; # -036H 9 /2149B3u<Y?6@7FI9B%$?6@$1�O:(I& + " 365$%7149B,�&)1�,.1D>a3.1 9������
	 5)4����J3���
����

�D3��
	 584���	 3K@$1�H8?6;098@7-�'�-J3.H�AW(>@$<�1�%!e69+%K/2(IF81Y5�l m -J3 %$e.1�3.(>@$/|9B;�,6-0@$1Y<�%7-0(83 -03 (8@!,.1Y@�%$( 
+1�14CD%!e.1�5$98/212;0(.<�9B;
<�?:@7FI9+%!?6@$1B#

N R��!V��oX$Z  �� ���U} m �M� m �$� � m " # �h�U} m �M� m �!� m "7"'{ m * � ' "
M %G?69B%7-0(83 � ' "qe69B5d9 5$-0/|C.;01�HB1Y(8/21�%!@7-J<�-03>%$1Y@!C6@71Y%$9B%7-0(83 - A|&w1u36(B%71�%!e69+%d%!e.1u%$(B%$9B;f-03>%$1Y@!369+;fAW(>@$<�1

N P RMSUT'VWR4X7Z  N S�X7R��$T'RMS % N R��!V��oX$Z -05�57-J/|C.; # 1 %>?:9+;h%$(�l �m # l m &he61Y@$1Dl �m -05q%$e.1 C:(8-03>%qe69QFG-J3.H�%$e61 5!9B/21
<�?:@7FI9+%!?6@$1�9B5
l m g:?.%K&k-0%$eu9D/21Y%$@$-0<�C:9B@!9B/21�%$1Y@K�!�m +  y@7(>/ >aH8?6@$1d� � "$L�&w1�<�9B3�5$1�1~%!e69+%|N S�X$R��!T'RMS <�(8@!@71�*
5!C:(>36,65|%7( %!e.1d,.-05!C.;J9B<�1Y/21Y3>%~g:1Y%'&w1Y1Y3 �)�m 9B3:, � m &he.14@7149B5~NQR��!V��oX$Zk<�(8@!@$1Y5!C:(>36,652%7( %$e61 ,6-:<\1Y@$1Y36<�1 (+A
1�;01�FI9B%7-0(83Eg:1Y%'&w1Y1Y3 l��m 9B36,El m +

i
*

iF
i
*F

P

P

i+1

i

i-1P

P

 �-pH>?6@$1 � # GA!<�+-/�0���������:%`*f(������o�����4(0�,-'�U����&_@K-/��!���!"�S��1<��.��U��1"����=���(����4����.��:��-/.�����(�@ -'�jC<��(�CD(��4��-/(����:%`��(8~����� ~ � F

V -0FB1Y3d983 (8Ca1Y3 (>@�<�;0(85$1Y,d<�(83>%7(>?6@k&)1K-0%71Y@!9+%$-pF81�; # 98C6C.; # ,.-=<\1Y@$1Y3>%7-J9+;i1�%G?69B%7-0(83�� � "w&k-0%$ed%!e.1
-J3>%71Y@!369B;

� 1



AW(8@!<�121�`6C6@$1Y5!5$-p(>3D,.1Y5!<�@$-Jg:14, 98g:(IF81 + %�( 1Y365!?6@$125$%$98g.-p;0-0% # L�-0%�-05�5!? 0�<�-01Y3>%�%7(d<_e.(G(85$12v m  �� +  i-0H8?:@71E� 1 "
5!e.(I&h5f9B3�1�`698/2C6;p1|(+Aj%$e61�FB14@7%$1�` 5!C69B<�-036H <�(8365$%$@!9+-J3>% 143GAW(8@!<�14,�(83 9 <�;0(85$1Y, <�(>38%$(8?6@�<�(8365$-05$%7-J3.H (+A �(A �
FB14@7%$-0<�1Y5 + %ke.1~-J3.-0%7-J9+;wFB1Y@$%71�`�5!C69B<�-036HE-J5
?:3.1�F81Y3 9B5K5!e.(I&h3 g # %!e.1q,.-J9+H>@$98/�(83�%$e61q@7-0H8e>%K<�(B;J?6/|3 %$e69B%
,.-J5$C6;09 # 5o%!e.1 ,6-05$%$@$-0g:?.%7-0(83~(BA�1Y,.H81�<�?:@7FI9+%!?6@$1�9B5w9fAU?636<�%7-0(83~(BA�1Y,.H81h;01Y3.H8%$e + � e.143q9BC:C.; # -J3.HK%!e.1 ?636- AW(>@$/
FB14@7%$1�`�5$C:9B<�-J3.Hd%!9B3.H81Y3>%7-J9+;nAW(8@!<�1D� �$�m  ��* A "!L[9IAW%714@ � � � � -0%714@$9B%7-0(8365YL[9+;0;w<�(83>%7(>?6@f1Y,6HB1q;01Y36HB%$e:5
ga1Y<�(>/21
1�%G?69B;�&k-0%$e.-J3 ;p145$5j%!e69B3 A Ca1Y@!<�143>%k&k-p%!e.(8?.%kH>@7149+%$; # <_e:9B3.H8-03.H|%!e.1
<�(>3>%7(8?:@k5$e698C:18L:9B5�571Y1Y3E-03E%!e.1
5$1Y<�(>36,
@$(I& (BAP>aH8?6@$1d� 1 " +�; -J/�-0;J9B@$; # Li&k-0%$e %!e.1�5!9B/21�3G?6/�g:14@K(+Ak-0%714@$9B%7-0(8365YL�%!e.1q<�(83>%7(>?6@f1�F8(B;J?.%7-0(83 ?65$-J3.HD%$e61
<�?:@7FI9+%!?6@$1�*'g69B5$1Y,EFB14@7%$1�`D5!C69B<�-03.H�AW(8@!<�1K%$1Y36,65�%$(�<�(>36<�143>%$@!9+%71
FB1Y@$%7-J<�145�9B% C698@7%!5�(BAne.-pH>eD<�?:@7FI9+%!?6@$1 + %ke61
<�(>@$@$1Y5!Ca(836,.-J3.H�,6-09BH8@!9B/ <�;01Y9B@$; # 5!e.(I&h5�%$e69B%�%!e.1)1Y,.H81w;01Y3.H8%$e
-05�-03>F81Y@!571Y; # C6@$(8Ca(8@$%7-0(8369B;B%$(�1Y,6HB1j<�?6@$FI9+%$?:@71 +
%ke.14@71j-J5[3.(fg.- � 14<�%$-pF81h@71Y;09B%7-0(8365!e.-JC
ga1�%'&)1�1Y3�1Y,6HB1j;p143.HB%!e�9836,21Y,.H81)<Y?6@$FQ9B%$?6@$1kg:14<�98?6571j%!e.1j;p(.<�9B;.FI9B@$-09B%7-0(83
(+A=;01Y3.H8%$e � l m #ql m0��� � � � l m #ql mU�=� � -J5n36(B%o(>3.; # @71Y;09B%714,|%7(K%!e.1�/21�%!@7-J<hC698@$98/�1Y%714@[� m g6?.%w9B;05$(f%7(f%!e.1�;0(.<�9B;
9B36HB;01f� m + " 3 g:(8%$e <�9857145�LG%$e61K<�(8/|C6?6%$9+%$-p(>3q%$-0/21K(>3�9 Q 1438%$-0?:/ " " 1 ��� $De�'f&)985 �D��� 5$1Y<�(>36,65 +

� 
�� � ����� ��� ��� � �F��� �	� ����� � ����� � ���
" 3 9B,:,.-p%$-p(>3 %7(�<�(8365$%$@!9+-J3.-J3.H�%$e61 @71Y;09B%7-0FB1D5!C69B<�-036Hug:1Y%'&w1Y1Y3 FB14@7%$-0<�1Y5YLj-p%�-J5�-J/|C:(>@7%!9B3>%�%$(�<�(>38%!@7(8;h%$e61
%7(8%$9B;�3G?6/�g:14@�(+AwF81Y@$%7-J<�145 + " 36,61�1Y,�L�%$e.1|<�(>/|C6?.%$9B%7-0(8369B;[<�(8/|C.;01�`.-0% # (+Aw,6-05!<�@$1�%$12C698@$98/21�%$@$-J<
<�(>3>%7(8?:@$5 -05
% # C.-J<�9+;0; # ;p-J3.149B@j-J3�%!e.1K3G?6/
ga1Y@h(+A�F81Y@$%7-J<�145 + � # @$1Y/2(IFG-036H2?63:3.1Y<�1Y5!5$98@ # F81Y@$%7-J<�1Y5YL69|57-0H836-:>a<Y9B3>%k5$Ca1�14,G*'?6C
/|9 # ga1�9B<_e.-01�F81Y, + ?w(83>F81Y@!571Y; # L=%$e.1�5!e69BCa1~<�(>/2C6;p1�`G-0% # (BAj9 ,.-J5$<Y@71Y%71~<�(>3>%7(8?:@�-05f,.-J@$1Y<�%$; # ;p-J3�
B1Y, %7(d%$e61
%7(8%$9B;�3>?:/
ga1Y@k(BA�FB14@7%$-0<�1Y5k9836,q%!e.1�-J@h@$1�;J9+%$-pF81�5!C69B<�-036H +
" 3 (8@!,.1Y@|%$(u9B,6, (>@~@714/2(IFB1 FB14@7%$-0<�1Y5YLw&)1D,.(u3.(8%q?65$1D9B3 # H8;p(>g69+;h<�(83>%7(>?6@~@714C69B@!9B/21Y%71Y@$-�'Y9+%$-p(>3�985

Ca1Y@7AW(8@!/�14,f-J3K%$e61w;01�F81�;p*^5$1�%�/21Y%$e.(.,�� ; 1Y%$e.-J9B3=L �0')'2* � g:14<�9B?:571w(+A:-0%$5ie.-0H8e
<�(8/|C6?.%!9+%$-p(>369+;G<�(>57% + " 365$%7149B,=LQ&)1
C6@$(8Ca(85$1o%7(�9B,:,f(8@i@714/2(IFB1o;0(.<�9+;0; # 9�FB14@7%$1�`�- A:%!e.1)1Y,.H81n;01Y3.H8%$e
,6(>145�36(B%�g:1Y;p(>3.H�%$( 9hH8-pF81Y3K,6-05$%$9836<�1)@$983.HB18L
5$-0/2-0;098@7; # %7( " FG-0365L304 587=9d� " FG-J365k9B36, Q (>@$@$-p;0; L �(')'2A � 9836,	K�(8g6@$1�H8% 304 587=9d� K�(8g6@$1�H8%j9836, � -01Y@$HB1�F81Y@YL �0')'FA � +
%ke.-J5n98C6C6@$(89B<_e�-J5n5$-0/|C.;01Y@[%$(K-J/2C6;p14/�143>%w9B3:,|-p% >a%$5n36-0<�1�; # &k-0%$e~%!e.1hF81Y@$%71�`|5$C:9B<�-J3.HK9B;pH8(8@$-p%!e6/ C6@$1Y5$1Y3>%$1Y,
C6@$1�FG-0(8?65$; # + " 36,61�1Y,�L6AW(8@h-0365$%$9836<�1
&he.1Y3 %!e.1
?63.-pAW(8@!/ F81Y@$%71�`E5!C69B<�-03.H~-J5h<_e.(>57143=L6%!e.1
<�(>/
g.-J369B%7-0(83E(+A[%$e61
%'&)( <�(8365$%$@!9+-J3>%$5�<�(>3>FB1Y@$HB145�%$(I&)98@$,:5�9 <�(83>%7(>?6@�&he.1Y@$1~9+;0;[1Y,.H81Y5fe69QF812%!e.1�5!9B/21|;p143.HB%!e ga1�;0(83.H8-036HE%$(d9
HB-0FB143D@!9B3.H81 +�� e61Y3 <Y?6@$FQ9B%$?6@$1�*'g6985714,�F81Y@$%71�`d5!C698<�-J3.H�-J5�98C6C.;0-p14,=L\&w12/
?65$% ?:571|9q@!9+%!e.1Y@�;098@7H81
@$983.HB1
(+A
1Y,6HB1�;p143.HB%!e65k%$(|C:@71YFB1Y3>%j%$e61K<�@$1Y9+%$-p(>3�(BAiF81Y@$%71�`q98<�<Y?6/
?.;J9+%$-p(>365 +
B�?6@�@71457(8;0?.%$-p(>3�<�(>3657%!@$9B-03>%K9B;pH8(8@$-p%!e6/ C:@7(.<�1Y1Y,65�9B5
AW(B;0;p(I&h5 + V -0FB1Y3u%'&w(D%!e6@$1Y5!e.(B;J,65 � �[P R 9836,�� �oX ]

<�(>@$@$1Y5!Ca(836,.-J3.H�%7(
%$e.1�/�-J3.-J/
?6/ 9836,~/|9I`.-0/�?6/ 1Y,.H81k;p143.HB%!e=L8&)1�5!<�983~9+;0;61�`.-J57%$-03.H�<�(83>%$(8?6@[14,.HB145 + " A�%$e61
<�?:@$@$1Y3>%�14,.HB1
;p143.HB%!eD-J5�H>@7149+%714@h%!e69B3 � �oX7] 9B36, � � � �[P R %$e61Y3 9qFB14@7%$1�` -05�9B,6,61Y, + B %$e61Y@$&k-05$1K-pAw<�?6@!@$1Y3>%
1Y,6HB1�;01Y3.H8%$e -J5K;01Y5!5K%!e69B3�� �[P R 9B36, -pAh%$e61q5$?:/ (BAk%$e.1q<Y?6@!@71438%�9B36,�C6@$1�FG-0(8?65K1Y,.H81�;p143.HB%!e -05
;p145$5
%$e6983

�(A



 �-pH>?6@$1 1 # Q����:���������$T>GA!"�o-'�L-O��-P�U% ��(�����(�1"�m@K-O��!n��!"�o��&<6��3��1<��.��U��1"����=^%/���"6:��!n&L-'��6�����5��/Q^��vL
��Yz�{ �����VTI��(�����(�1"�
�:*'�����B��C"CL%O�L-/�<6���!"�81<�<-O*f(���5 .����4����NM�4C"���,-/�"6_�9�:�"6�������-P�U%H*P(�������F_iI%/%H��&L6����E!���.��3�<�����4%O�y��!"�8���:58�3%/���"6:��!��/QR�U}�xf�U{
�����$TB��(�����(�1"�8�U*P�����$�:C"C<%O�0-/�"6n��!"�7��1"��.��:��1<����= 2����4��&�.����4����N��4C"���,-/�"6y�9���<6�������-'�:%I*f(�������F GA!"�_��&<6��7��1"��.��:��1<���V-'�
-/�0.������4��%O�VC"��(�CD(��4��-/(��"�:%���(���&<6��+%'���"6���!���Q	� �Y�����U}����
�VTH���L%P�:��6���&_.�-/��@l(�*���!"�SC"����.0-/(�1��K��(��0��(�1"��F

�0*



� �oX ] L=%!e.1Y3 %$e.1~<�?:@$@$1Y3>%�F81Y@$%71�` -J5�@714/2(IFB1Y, + " 3 HB143.1Y@!9+; L\%$e.-J5�C6@7(.<�1Y,6?6@$12-05�<�9B;p;01Y,D1�FB14@ # A ,.1�AW(>@$/|9B%7-0(83
-0%71Y@!9+%$-p(>365 +

� ������� ��� ��� �d��� �o�+��������� �

� 
�� ����������������� ����!

" 3K%!e.1kC6@$1�FG-p(>?65i5714<�%7-0(83�LI&w1je69QFB1),.1 >y3.1Y,�%'&w(�,.-=<y14@71438%�%!9B3.H81Y3>%7-J9+;8AW(8@!<�1)1�`6C6@$1Y5!57-0(83:5�-J3
(>@$,.14@�<�(83>%$@$(B;>%$e61
FB14@7%$1�`q5!C69B<�-036H�(>3�98<�%7-0FB1f<�(83>%7(>?6@$5 + %ke.1Y5$1�AW(8@!<�1Y5je69QF81 ;0-0%7%7;01f-J3 Oa?.1436<�1f(>3�%$e61K<�(83>%$(8?6@j5!e69BCa1�1�FB(8;0?6%7-0(83
ga1Y<�98?65$1�%$e.1 # 9B@$1~(83.; # @71Y;09B%71Y,�%$( %$e61�<�(>3>%7(8?:@KC69B@!9B/21Y%71Y@$-�'Y9+%$-p(>3 + " 3 %$e.-J525714<�%7-0(83�Li&)1q,.149+;)&k-p%!e�%$e61
-J38%$1Y@!369+;hAW(8@!<�1D3.(>@$/|9+; <�(8/|Ca(83.143>%~&he.-0<_e ,61�%714@$/2-J3.1Y5�%$e.1�<�(83>%$(8?6@~5!e69BCa1 @$1�H>?.;098@7-�'Y9B%7-0(83 + %ke61 /2(85$%
&k-J,.1�; # ?65$1Y,�-J38%$1Y@!369+;\AW(>@$<�1Y5j(>3�98<�%7-0FB1f<�(83>%7(>?6@$5j98@718#

�
	 � � {�� � �
� � z � ��� 	 � z ��� {q?65$1Y,f-J3�%$e.1w;p1YFB1Y; *'571Y%�/21�%$e6(G,�� $D9B;p;J9B,6-=1�%h9+; + L �0'2'2A � &he61Y@$1wN P RMSUT'VWR4X7Z  
�6{ <�(>@$@$1Y5!C:(>36,.-J3.H2%7(|%$e.1K/2-J3.-J/�-�'Y9B%7-0(83E(+A�%$e61�<�(83>%7(>?6@j;01Y3.H8%$e � � � ����
� � $8�iL

��
 � ��� � z ��� { & �%����� l $�� ����� { � � � � z � � { & &he.1Y@$1�N P RMSUT'VWRYX$Z  ��� �
�
� � <�(8@!@7145$Ca(83:,.-036H�%$(d%$e.1�/2-J3.- *

/�-�'Y9B%7-0(83�(+Ai%$e.1f1Y;09857%$-0<�143.1Y@$H # � � � ����
� � � $8��L
� " ��� {�� � � � � � � z ��� { & &he61Y@$1dNIP RMS�T'VWRYX$Z  # ��� ��
� � <�(8@!@7145$Ca(836,6-03.H�%7(�%!e.1 /2-J3.-0/2-�'Y9B%7-0(83 (+Af%$e61
g:1436,.-J3.H~1Y3.14@7H # � � � ��� ��
� � � � $8��L

�
� � $�$�� � { � �'��� � &he.1Y@$1|N P RMS�T'VWRYX$Z  ��y{ <�(8@!@$1Y5!C:(>36,.-J3.H�%7(E%$e612/2-J3.-0/2-�'Y9B%7-0(83D(BAn%$e61298@7149�1Y3:<�;0(85$1Y,
g # %$e.1K<�(83>%7(>?6@�L

� � l ��� { & � �'��� � &he.14@71KN P RMSUT'VWR4X7Z  ����B��� � # �"!� "$� l � # l m " +
 �-0@!5$%�L.&)1�3.(8%71�%$e:9+%$# 5&% 7:5 ��� 5��('*) 
 
)4"+ ���-,�9B3:,�.�3 5 �
/ ���
	 584���� 30. 
)4���
���e69QFB1�9B3q-0,61Y3>%7-J<�9B;�@71YH8?.;J9B@7*

-�'�-J3.H|1 <\1Y<�%h5$-J36<�1f%!e.1�-J@k3.(8@!/|9+;�<�(8/|C:(>3.1Y3>%!5k9B@$1�1 %G?69+; #" � �"
� �  

"
�"
� z % � � �6{ *

" 3
AU9B<�%YL1# 52% 7:5 ��� 5 �3'4) 
 
845+ ���1,k<�983�ga1h571Y1Y3|9B5[9�<�(8/
g6-0369B%7-0(83�(+A=9�?63.-pAW(8@!/ FB14@7%$1�`
5!C69B<�-036H�<�(8365$%$@!9+-J3>%
(83E%!e.1K%$983.HB143>%h,.-0@$1Y<�%7-0(83E&k-0%$e %$e61
/21Y9B3d<Y?6@$FQ9B%$?6@$1f/2(B%7-0(83 -J3E%$e.1�3.(8@!/|9+;�,.-J@$1Y<�%$-p(>3 +  �-0H8?6@$1~� A "w<�(>/�*
C698@7145j%$e.1f1 %>?6-p;0-0g:@7-J?6/ Ca(85$-p%$-p(>3E(+A[9B3�(8Ca1Y3 9B<�%7-0FB1f<�(>38%$(8?6@ >6`.14,E9B%j-p%!5k%'&w(|1�`G%!@714/2-p%$-p145h9B36,E5!?6g6/2-p%$%714,
%7(6.�3 5 � �����
	 584���� 3�) 
)4���
���9B36,7# 5&% 7:5 ��� 5��('*) 
 
)4"+ ���-, +
# 52% 7=5 ��� 5 � '4) 
 
845+ ���1,�9836,8.�3 5 �9/ ���
	 584���� 3:. 
84���
 �de69QFB1
%$e.1|,6@!9Q&hg69B<�
q(+An5$-pH>3.-:>y<�9B3>%$; # 5!e6@7-J3�
>-J3.H

%$e61w<�(>3>%7(8?:@ + %ke6-05i5$e:@7-J3�
>-036H�1 <\1Y<�%�-J3>%$@$(G,:?6<�145�9�g6-0985�-J3K%$e61w<�(>3>%7(8?:@�,.1�AW(8@!/29B%7-0(83f5$-03:<�1n-J/|9+H81n57%!@$?:<�%$?:@7145

� E



 �-pH>?6@$1 A # Qf��(�CDT?
J�<-O��-'�:%���(�����(�1"�k#"NL��&B�:�a-O�9�k�J@A(S����&B.����4��-'�����KQR2D(�����(�5�%'�,*P��T�����1<-O%O-/2"�4-/1"5wCD(��J-O��-/(��$�:*'�����H��C"CL%O�L-/�<6
��!"���ye�X�\���c0[	�:X�
fc0[�e��
��
f]���\"s?.����4��-'����������� 1"�<��.����L%O�m�4C"������&��<QR2D(�����(�5l�4-/6�!���T�����1<-O%O-/2"�4-/1"5 CD(��J-/��-/(����U*P��������C"CL%O�L-/�<6
��!"�BWYX	�DdOX���]RX�\
��������
���]f\0Z�sH.����4��-'�����j�:���S��.����L%O�7�4C"������&��

;0(G<Y9+%$1Y, -J365$-0,.1 %$e.1�<�(>38%$(8?6@�9B@$1 /2(8@$1D;0-�
B1�; # %$(Oga1 5$1�H>/�143>%71Y, %$e6983 57%!@$?:<�%$?:@7145�;0(G<Y9+%$1Y, (>?.%$5$-0,61 %$e61
<�(>3>%7(8?:@ +  a?6@$%$e.14@$/2(>@718L:%$e61
9B/2(8?:38%k(BAo5$e6@$-J3�
>-03.H~(BAW%7143dC6@71YFB1438%!5h9B<�%7-0FB1K<�(83>%7(>?6@$5)AU@$(8/ 1Y3>%$1Y@$-03.H~-J365$-0,61
>a3.1K5$%$@!?6<�%$?6@$1Y5 +
%�(hC6@71YFB1438%\%!e.1n5!e6@7-J3�
>-J3.Hj1 <\1Y<�%YLI571YFB1Y@!9+;+98C6C6@$(898<_e.1Y5\e69QF81�ga1�143fC6@$(8Ca(85$1Y, + ?w(>e.1Y3L304�587:9h� ?w(8e61Y3=L �(')' � �

C6@$(8Ca(85$1h%7(2/2(IFB1h149B<_e|FB14@7%$1�`~9
<�(8365$%$9838%w,.-05$%$9836<�1�9+;0(83.H
%$e.1�3.(8@!/|9+;a,6-0@$1Y<�%7-0(83~%$(�<�(>/|C:14365$9B%71�AW(8@o(IF81Y@7*
5!/�(G(8%$e.-J3.H + %ke6-05�g:9+;0;p(G(83 143.1Y@$H # ;01Y98,65|%7(u@$1Y98<�%$-p(>3G*^,6-:<=?65$-p(>3�,.-=<y14@7143>%7-J9+;h1 %>?:9+%7-0(83:5|-03 %!e.1d;p1YFB1Y; *'571Y%
/21�%!e.(., +�; -0/2-0;098@7; # L %i9B?6g.-J3 � %�98?6g.-J3=L �0'2'2A � C6@7(>C:(>57145�%7( 98C6C.; # 9 ;0-J3.1Y98@H>:;0%71Y@
%7( <Y?6@$FB1Y5f9836,�5!?6@ AU98<�145
-J3 (8@!,.1Y@�%7( @714,6?6<�1|%!e.1q5!e6@7-J3�
>-J3.Hd1 <\1Y<�%f(+A V 9B?65!5$-0983 5!/2(>(8%$e.-J3.H + @�(I&)1�F81Y@YL�%$e.14571~%'&)(D/21�%!e.(.,65f(836; #
@$1Y/2(IFB1�%$e61
5$e:@7-J3�
>-036H21D<y14<�%kAW(>@h9|HB-0FB143 <�?6@$FI9+%$?:@71K5!<�9B;p1 +  :(>@k-03:57%!9B36<�1BL:&he61Y3d5!/�(G(8%$e.-J3.H~9�<�-J@!<�;01BL6%!e.-05
<�-J@!<�;01
&)(8?.;J,D5$%$9 # -03>FI9B@$-J9B3>%h(836; # AW(>@�(>3.1
H8-pF81Y3D<�-0@!<�;01�@!9B,.-J?65 &he.-J<_ed-05�@$1�;J9+%$1Y,d%$(�9q5$1�%�(+A >a;p%$1Y@$-03.H C69+*
@!9B/21�%$1Y@!5 + %ke.1Y@$1�AW(>@718LB-J3�%!e.1Y5$1 /21�%!e.(.,65YL>%!e.1�<_e.(B-J<�1 (+A�%$e61Y5$1 C698@$98/�1Y%714@$5w9B@$1h-0/|Ca(8@$%$9838%)g6?.%j,.- 0~<Y?.;0%w%$(
1Y5$%7-J/|9+%$1KC6@7-0(8@)%$(2%!e.1K5$1�H8/21438%!9+%$-p(>3�C6@$(.<�145$5 +

� @$1�H>?.;098@7-�'�-J3.HEAW(8@!<�1~&k-0%$e�e6-pH>e.1Y@K,61�H8@$1�145f(+Ah5!/2(>(8%$e6361Y5!5f%$e6983 %$e.13# 5&% 7:5 ��� 5�� '*) 
 
)4"+ ���-,�5!?6<_e�985
%$e61�� + ����� 
���'*) 
 
)4"+ ���-,E<�98?657145K5$-pH>3.-:>y<�9B3>%$; # ;p145$5�5$e:@7-J3�
>-036H 57-J36<�1�-p%2-J5
g6985714, (83 AW(>?6@7%!e�,.1Y@$-0FQ9B%7-0FB145
9+;0(836Hq%$e61|<�(83>%7(>?6@ + @�(I&)1�FB14@�L\%!e.1~3.(8@!/|9+;�<�(8/|Ca(83.143>% (BAw%$e6-05�AW(>@$<�1 #f� ��� ��
� � � {["'{ -05�,.14C:1436,.1Y3>%f(>3D%$e61
369B%$?6@$1k(+A=%$e61hC69B@!9B/21�%$1Y@$- '49+%$-p(>3
&he.-J<_e2-05w9f5714@7-0(8?:5�;p-J/2-p%!9+%7-0(83 + � ;05$(:L>/2-03.-J/2- 'Y-036HK%$e.1 <�?6@$FI9+%$?:@71j-J38%$1�H>@$9B;
� � � � � �B" $ �K-05k3.(8%h9BC6C:@7(>C6@7-J9+%$1�ga1Y<Y9B?65$1�-p%h9B;05$(|<�@$1Y9+%$1Y5k9|5!e6@7-J3�
>-J3.H|1 <\1Y<�%
� - 1�;0-03.H81�%$%71BL �0')' 1 � +

�01



� 
�� �N� � � �!� ����� � ��� � � � ��� � � ��� ����� ��� �!� �����
� 1KC6@7(>C:(>571�%7(�?:571�%$e61�AW(B;0;p(I&k-J3.H|1�`6C6@$1Y5!57-0(83�9B5j%!e.1fHB(IF81Y@!3.-036H�@$1�H8?6;098@7-�'�-J3.HKAW(>@$<�1B#

N P RMSUT'VWRYX$Z  � �
� � !

�����
� � � � $ ��#u� � { � � � "

%ke.-J5oAW(>@$<�1�%$1Y36,65)%$(25!/2(>(8%$e~%!e.1�<�(83>%$(8?6@)<�?6@$FI9+%!?6@71�C6@$(8>:;01 g # @714C.;J9B<�-J3.H�%$e.1�<�?6@!@$1Y3>%w<Y?6@7FI9B%$?6@$1��\� �B"
&k-0%$e�%!e.1�9QFB1Y@!9+H81k<�?6@$FI9+%$?:@71 �� ��� � ���� ��� � $ ��-J3�%$e61�3.1Y-pH>eGg:(>@$e.(G(.,|(+A�lw� �B" + " 3�%$e6-05w1�%G?69B%7-0(83=L�� ! @$1YC:@714571438%!5
e69B; Ai%$e.1K3.1Y-pH>eGg:(>@$e.(G(.,�;01Y36HB%$e 98@7(>?636,qlw� �B"o&he.-J<_e�-05k?65$1Y,E%$(|<�(8/|C6?.%$1�%$e.1K9QF81Y@!9+HB1 <�?6@$FI9+%$?:@71 + " 3�AU98<�%�L
� ! <�(8@!@$1Y5!C:(>36,65o%$(2925!<�9+;01 AU9B<�%$(8@wAW(8@w%$e61�@$1�H>?.;J9B@$- '49+%7-0(83|(BA�%!e.1�<Y?6@$FQ9B%$?6@$1�C6@7()>:;01�9836,�-0%j-05)-J/2Ca(8@$%$983>%w%$(
3.(8%71�%$e69B% � ! � �+"n/|9 # 36(B%kg:1f%!e.1K5!9B/21f9+;0(83.H|%$e61K<�(83>%$(8?6@ +
%ke.12<�(83>%$(8?6@!5jAW(8@�&he.-J<_e N P RMSUT'VWR4X7Z  � FB14@7-=>:1Y5��\� �B", �

� � � � � �� � � � $ �2e69QFB1
9�;p-J3.1Y98@ <Y?6@$FQ9B%$?6@$1
C6@$(8>a;p1 +
%keG?65YL:9+;0;�<�;p(>5714,�<�(83>%7(>?6@$5k<�(83>FB14@7H81 %$(I&)98@$,:5k<�-J@$<�;p145�L6-J36,.14C:1436,.1438%$; # (+A�%$e61�-J@�@!9B,.-0- +  :(8@h(8Ca1Y3d<�(>3>%7(8?:@$5YL
<�;0(B%!e.(B-J,d<�?:@7F81Y5he69QFG-J3.Hq9~;0-J3.1Y98@�<�?:@7FI9+%!?6@$1KC6@7()>:;01��  � � % � 9B@$1f%$e.1�(8C.%$-0/|9B;�<�?:@7F81Y5h985$5$(.<�-J9+%714, &k-p%!e
%$e6-05jAW(>@$<�1 +
M %G?69B%7-0(83 � � � "[-05k@$1�;J9+%$1Y,�%$(~%'&w(|,.-=<y14@7143>%j@$1�H>?.;J9B@$- 'Y-03.H�AW(8@!<�145)%$e69B%je:9QFB1�g:1Y1Y3 C6@$1�FG-p(>?65$; # C6@$(8Ca(85$1Y, +

 �-0@!5$%�L8AW(8@n<�;p(>5714,|<�(83>%$(8?6@!5�L8&he.1Y3)� ! -05n1�%G?69+;a%7(K%!e.1 <�(83>%7(>?6@[;01Y3.H8%$e "�L8%!e.1Y3�%$e.1�C6@7(>C:(>5714,2-03>%714@$3:9+;6AW(>@$<�1
<�(>@$@$1Y5!Ca(836,65)%$(2%!e.1 	 
87 � )L3 % � 3�� 3��
	 ���-,�)C3 5�� �����
	 5)4���� 3�� 

	[#

N P RMS�T'VWRYX$Z  ���
� # ����{ � �D� "

&he.14@71 
��-J5j%$e61�/2149B3q<�(83>%7(>?6@j<�?6@$FI9+%!?6@71 + ?w(>3>%7(8?:@$5)1�F8(B;0FG-03.H29B<Y<�(8@!,.-J3.H
%$(|%$e.-J5PO:(I& e69QF81 ga1�143E5$%$?:,.-p14,
g #�V 9BHB1�� V 9BHB18L �0')12* � 9B3:,&@�?.-J5 
B1Y3�� @�?.-J5 
B1Y3=L �(')1 E � + " 3 C698@7%$-0<Y?.;J9B@YL.-p%�e:9B5j%$e61K-03>%$1Y@$1Y5$%7-J3.H~C6@7(>C:14@7% # (+A
C6@$1Y5$1Y@$FG-03.H2%$e61K9B@$1Y9�1Y36<�;p(>5714,�g # %!e.1K<�(>38%$(8?6@ +

� e.143~%$e.1�5!<�9+;01�C698@$98/21�%714@ � ! <�(83>FB14@7H81Y5�%$(I&)98@$, 'Y1Y@$(:L � ���� ��� � $ ��#d��<�(83>FB14@7H81Y5�%7(I&j9B@!,65�� ���� � � + %ke.14@71�*
AW(8@$1BL.%!e.1f-J38%$1Y@!369+;\AW(>@$<�1�(+A�1 %G?69+%$-p(>3 � � � "o-J5k9+;J5$(|@$1�;J9+%$1Y,�%7(|%$e61K5$?6@7AU9B<�1f,.-:<=?65$-p(>3&O:(I&f#

NQP RMSUT'VURYX$Z� $ � �
$ � � {

%ke.1
C:@7(>C:14@7%$-p145h(+Ao<�(83>%7(>?6@$5kAW(B;0;p(I&k-J3.H~%$e6-05 O:(I& e69QFB1K9B;05$(�ga1�1Y3D;098@7H81�; # 5$%$?6,.-01Y,dg # 571YFB14@$9B;�@71457149B@!<_e.1Y@!5
-J36<�;J?6,.-J3.HLMw5!<_e.14@�� Mw5!<_e.14@w1Y%h9+; + L �(')'21 � +

� 1wC6@$(8Ca(85$1o%7( HB143.1Y@!9+;0- 'Y1o%$e61Y5$1n%'&)(�@71YH8?.;J9B@$-�'�-J3.HjAW(8@!<�1w1�`6C6@$1Y5!57-0(8365�g # -J36<�;J?6,.-J3.H�9�5!C69+%$-09B;>C698@$98/21�%714@
� ! -J3 1�%G?69B%7-0(83 � � � " + %ke.-05�9B,:,.-p%$-p(>369+;�C69B@!9B/21�%$1Y@h3:9+%$?:@$9B;p; # <�(8@!@7145$Ca(83:,65j%7(�%$e.1
36(B%7-0(83D(+Ao,.1�AW(>@$/|9B%7-0(83
5!<�9+;01 + %ke.1K<_e.(B-J<�1�AW(>@ � ! ,.1YCa1Y36,:5k(83E%$e61K/29+`.-0/�?6/ ;01�F81�;�(BA�,.1Y%$9B-p;�5$-�'�1K@$1�%G?.-J@714,q(>3�%!e.1K@$1Y<�(>365$%$@!?6<�%$1Y,
<�?:@7F81�g6?.%�9B;05$(D(>3 %$e.1q36(B-J571�;01�F81�;w(+Ak1�`.%714@$3:9+;w,:9+%$98571Y%$5 + B�3 %$e.1�(B%$e61Y@Ke69836,=L[C698@$98/�1Y%714@$5Kv m 9836, x m
9B@$1K@$1�;J9+%714,E%7(�%!e.1
@$1�;J9+%7-0FB1K<�(83 >y,.1Y36<�1KHB-0FB143E%7(~%$e61Y5$1
,69+%!9B5$1�%!5 + B�Ao<�(8?:@$5$1f%$e.14571
%'&w(|AU98<�%7(>@$5�9B@$1f(+AW%7143

�0'



<�(>@$@$1�;J9+%$1Y,u5$-J36<�1 9 ;0(I& <�(83 >a,61Y36<�1�FI9+;J?.1E-052(BAW%71Y3OHB-0FB143u%$(�3.(8-05 # ,69B%$9 + @ (I&w1YFB14@�L[%!e.1dC69B@!9B/21�%$1Y@ � !
1Y3:9Bg.;01Y5�?65 %7(qC6@$(8Ca1Y@$; # 5!<�9B;p1�%$e.1�-03>%714@$3:9+;�AW(8@!<�1
,.1�AW(8@!/|9+%7-0(83 +  :(>@�-J365$%$9B3:<�1BLy-pAw9L>a@!5$%�<�(>38%$(8?6@ e69B5 %$e61
5!9B/21
5!e69BCa1K%$e:9B3D9�5$1Y<�(836,d<�(83>%7(>?6@hg6?6%�&k-0%$eDe69B; A[%!e.1�3G?6/�g:14@h(+AoF81Y@$%7-J<�145�La%$e.143d%$e.1 # &)(8?6;0,de69QF81K%$e61
5!9B/21K1�F8(B;J?.%7-0(83 -pAo%$e61 # e69QFB1K%!e.1�5!9B/21
5!<�9B;p1KC:9B@!9B/21�%$1Y@ � ! + %ke.-05 &)(8?.;J,d3.(B%�e69QFB1Kga1�143d%$e61�<�98571f-pAo&)1
e698,�?:571�983 -J3>%714@$369B;�AW(8@!<�1~;0-�
B1qN P RMSUT'VWR4X7Z  � ���� � � {nLiga1Y<Y9B?65$1|-p%!5
,.-J5$<Y@71Y%71|FI9+;J?.1�5$%$@$(83.H8; # ,61YCa1Y36,65
(83�%$e61
<�(>3>%7(8?:@n,.-J5$<Y@71Y%7-�'Y9B%7-0(83 +  �-0369B;p; # LG9
/|9 � (8@n98,.FI9B3>%$9BHB1k(BA�1�%G?69+%$-p(>3d� � � "i(IFB1Y@o%$e.1�5$?6@7AU9B<�1�,.-=<\?:57-0(83�O:(I& (+A
1�%G?69B%7-0(83 � � + � "�-J5j%$e:9+%j-p%h,6(>145k3.(B%j-J3>FB(B;0FB1�9B3 # AW(>?6@7%!eG*',.1Y@$-pFI9B%7-0FB1Y5)(BA�%$e61KC:(>57-0%7-0(83 + " %k(>3.; # @71 %>?6-0@$1Y5)%$e61
1Y5$%7-J/|9+%$1f(+A�%!e.1K<�(>3>%7(8?:@)<Y?6@$FQ9B%$?6@$1�AW(8@j&he.-J<_eE1�%G?69B%7-0(83 � 1 "nC:@7(IFG-J,.1Y5j9|57%!9Bg.;01f<�(>/2C:?.%$9B%7-0(8369B;�5$<_e.14/21 +

 :(>@[%$e61 ,.-J5$<Y@71Y%7-J5$9B%7-0(832(+A=1 %>?:9+%7-0(83E� � � "!L8&)1�,.(K36(B%n?65$1�5$%$@!9+-0H8e>% AW(>@7&j9B@!, >a3.-0%71�,.-=<\1Y@$1Y36<�1Y5YL>5$-03:<�1h%!e.-05
&)(8?.;J,�;01Y9B,u%7( <�(8/|C.;01�`u9836,�Ca(B%$1Y3>%7-J9+;0; # ?63:57%!9Bg.;01E5!<_e.14/�145 + " 365$%7149B,=L[&)1EC:@7(>C:(>571q9 HB1Y(8/21�%!@ # *'g69B5$1Y,
-J/2C6;p14/�143>%$9+%$-p(>3E%$e69B%k-05k5$-0/2-0;098@j%7(|1�%G?69B%7-0(83 � ' "$#

NQR��!V��oX$Z  � �h��} m �!� � m �!� � m " # �h��} m �!� m �$� m "$"^{ m � ��� "

&he.14@71�� �m -05[%!e.1�983.HB;01h9+%n9fCa(B-J3>%nl �mkAW(8@o&he.-0<_e � ���� � �  � + %ke.1�HB1�(>/21�%$@$-J<w-J3>%714@$C6@$1�%!9+%$-p(>3�(BAy1 %G?69+%$-p(>3�� ��� "
-J5E9B;05$(�5$%$@!9+-0H8e>% AW(>@7&j9B@!,=Lk5$-036<�1 %!e.1�-03>%714@$3:9+; AW(8@!<�1�N P RMS�T'VWRYX$Z  �N S�X$R��!T'RMS % N R��!V��oX$Z <�(8@!@7145$Ca(836,:5�%7( %$e61
,.-J5$C6;098<�1Y/21438%kl��m # l m + %ke.1f9B36HB;01f�a�m -J5h5$-0/|C.; # <�(8/|C6?.%$1Y,qAU@7(>/ 1 %>?:9+%7-0(83 � 1 "$#

P i+1i-1P

P i
*

i

P

*F

i

iF

 �-pH>?6@$1 * # GA!"�B-/���������"�:%a*f(������$�����4(0�,-'�U����&p@K-O��!M��!"����1"��.��:��1<���3��(�����-'�01L-/���y��(��"�J�����:-/���S@I!<-'��!M-'�+C"��(�CD(��4��-/(��"�:% ��(
~ �� � ~ �4F

� � m  98@$<Y57-J3\� � �m � } m "

&he.14@71K�G�m -J5j%$e61K9QFB1Y@!9+H81 <Y?6@7FI9B%$?6@$1f9B@$(8?636,�l��m + " A � �G�m � } m � � � %$e.143E&w1f<�(>365$-0,.14@j%$e69B%��a�m  � +

� �



" Ah&)1q(836; # %$9 
+1q-J3>%7(�9B<�<�(8?63>%K%!e.1q%'&)( <�;p(>571457%23.1�-0H8eGga(8@!5�Li%$e.143u%!e.1�9QF81Y@!9+HB1�<Y?6@$FQ9B%$?6@$1��G�m <�983uga1
&h@$-p%$%71Y3 985�#

� �m) � l m l mW��� � � mJ��� % � l m l m0��� � � mU�=�
� l m l m0��� � % � l m l mW��� �

 a?:@7%!e.1Y@!/2(8@$1BLB&)1h<�983|<�(8/|C6?6%71h%!e.1�;0(.<�9+;a9QFB1Y@!9+H81)<Y?6@$FQ9B%$?6@$1k(IFB14@[9�H8@$1Y9B%71Y@[361�-0H8eGg:(>@$e6(>(.,2&he.-J<_e~@7145$?6;p%!5
-J3 -J36<�@$1Y985714, 5!/2(>(8%$e6361Y5!5�9836, AU9B5$%71Y@�<�(83>FB14@7H81Y36<�1 + " A � m � � -J5�%$e612%$(8Ca(B;0(BH8-0<Y9+; ���J5)7:3fC698@$98/21�%714@�L=9836,
� m � m0� � -J5k%$e.1K,6-05$%$9836<�1fga1�%'&)1�1Y3El m 9B36,El m0� � %$e61Y3E&w1K<�(8/|C6?.%$1K� m 985�#

� �m  �������� � � m � mW� � � mJ� � % � m � mJ� � � mW� �
� � ���� � � m � mU� � % � m � mJ� �

&k-0%$e
� m � m0� �  

�
�
� � � �

l m0� � �=� l mJ� � �
%ke.-J5�5$<_e.14/212H81Y3.14@$9B;p-�'�145�%!e.1 ��� 4��
��� �
��� % 
87
	 � 
 ) � 587�� 4 5��
� 7 ��
(3�����C:@7(>C:(>5714,d-03 � - 1Y;p-J3.HB1Y%7%$1BL �(')' 1 � %$e69B%

@$1�%G?.-J@714,�9 ?63.-pAW(8@!/ <�(>3>%7(8?:@2C:9B@!9B/21�%$1Y@$- '49+%7-0(83 + �j1Y<Y9B?65$1�(BA %!e.-05~@$1�H>?.;J9B@$- 'Y-03.H AW(8@!<�1 -J5|HB1�(>/21�%$@$-J<�9+;0; #
-J38%!@7-J365$-0<BL6&)1K<�9B3 <�(8/
g6-03.1�-0%h&k-0%$ed9~<�?:@7FI9+%!?6@$1�*'g69B5$1Y,qFB1Y@$%71�`�5!C69B<�-03.H|%!9B3.H81Y3>%7-J9+;=AW(>@$<�1BL.%!e>?:5h;01Y9B,6-03.H|%$(
(8C6%7-J/�-�'�14,~<�(>/2C:?.%$9B%7-0(8365 +  �-J369+;0; # LB%!e.1�5$%$98g.-p;0-0% # 98369+; # 57-J5�(+A=%$e61h1�`6C.;0-0<�-p%n-03>%71YH8@!9+%$-p(>3�5!<_e.1Y/21k-J5o;0-03�
+1Y,2%$(
%$e61
<_e.(B-J<�1�(BA�v m +�� 1Ke:9QFB1�AW(8?63:, 1�`6C:14@7-J/21Y3>%$9B;p; # L.&k-0%$e6(8?.% # 1�%he69QFG-J3.H~92AW(8@!/|9+;�C6@$(G(+A L6%!e69+%h&)1�(8g.%!9+-J3
9
5$%$98g.;01�-0%71Y@!9+%$-pF81 5!<_e.1Y/21h-pA�&)1 <_e.(G(>571�v m�� ��* A +!� 1�ga1�;0-p1YFB1�%!e69+%)%$e6-05)57-J/|C.;01�9836,�@$1Y/|9B@&
Q9Bg.;01�@$1Y5!?.;p%w-05
@$1�;J9+%714,q%$(|%$e.1fH81�(8/21Y%$@$-0<�369B%$?6@$1�(+A�%$e.1f-J3>%71Y@!369B;aAW(>@$<�1KN P RMSUT'VWRYX$Z  l��m # l m +
Q 9B@!9B/21Y%$@$-0<d<�(83>%7(>?6@$5�9B@$1 &)1�;0; *'5!?.-p%$1Y, AW(>@q-J/|C.;01Y/21Y3>%7-J3.H %$e.-J5 <�?6@$FI9+%!?6@71�,.-=<\?65$-0FB1DAW(>@$<�1 + " 36,.1Y1Y,=L

Q -J<�-J3Gg:(>363.(D� Q -J<�-J3>ga(836(:L �0'2'FE � @714C:(>@7%$1Y,E9B3 9BC6C:@7(Q`.-J/29B%7-0FB1�-0/|C.;01Y/21438%!9+%$-p(>3 (+A�%$e.-J5kAW(>@$<�1�(>3E;p1YFB1�;p*'571Y%$5 +
" 365$%7149B,|(+A=1457%$-0/|9+%$-036HK%$e.1�9QFB14@$9BHB1j<�?6@$FI9+%$?:@71h9B;p(>3.Hf%$e.1�<�(>38%$(8?6@YLBe.1�@71457(>@7%$1Y,�%7(K1457%$-0/|9B%7-J3.HK%$e61 9QFB14@$9BHB1
<�?:@7FI9+%!?6@$1d-03 9 %'&)(+*',.-0/2143657-0(83:9+;h3.1Y-pH>e>ga(8@!e.(G(.,�(BAf1Y9B<_e C.-p`.1�; + %�(�(8g.%!9+-J3 9�g:1Y%7%714@�1457%$-0/|9+%$1d(+Af%$e61
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;0-03.1B" + - ?.1f%7(|,.-=<y14@7143>%h@71YH8?.;J9B@$- 'Y-036H
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,.-J5$<Y@71Y%71|<�(>38%$(8?6@ <�(>38F81Y@$HB145h-J3 ��* 1 � 5714<�(>36,65 (8C6Ca(85$1Y, %7( ��* � � 5$1Y<�(836,:5hAW(>@ %!e.12;p1YFB1�;p*'571Y%�L\%$e69B%�-05�9 E * 1FA
9B<Y<�1Y;p14@$9B%7-0(832AU9B<�%7(>@w-J3~AU9QF8(8@n(+A�%!e.1f,.-05!<�@$1�%$1 <�(83>%7(>?6@ + %ke.14571�%7-J/21�/2149B5!?6@7145n,.(|3.(8%w-J36<�;J?6,.1f983 # ,.-J5!C.;09 #
C6@$(.<�1Y,:?6@7145K5$-036<�1q-0%
&)(8?.;J, H8@$1Y9B%7; # Ca1Y3:9+;0- 'Y1�%$e.1�;p1YFB1Y; *'571Y%
/21�%!e.(., + %ke.1E,.-=<y14@71436<�1�(BA�<�(>/2C:?.%$9B%7-0(8369B;
%7-J/21~-05
,6?.1|%7(d%!e.1�5$/|9B;p;[F81Y@$%71�` 3G?6/�g:14@K?65$1Y, AW(8@�%!e.1�,.-J5$<Y@71Y%71~<�(>38%$(8?6@|��FI9B@ # -J3.H g:1Y%'&w1Y1Y3 �)* 9836, 1 1
FB14@7%$-0<�1Y5�"�<�(8/|C698@714,u%7( %!e.1D/
?6<_eOH8@$1Y9B%714@�3G?6/�g:14@|(+A�5$-0%71Y5 �UAU@7(>/ � E �)' ?6C�%$( �FE�� � "f?6Cy,69+%$1Y,O-03 %$e61
;01�FB1Y; *'5$1�%k369B@!@$(I& g69B36, +
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�)'



 �-pH>?6@$1 � 1 # - -05!<�@$1�%$1�<�(83>%7(>?6@���?:C6C:14@h@$(I&�"�9836,E;p1YFB1�;p*'571Y% � g:(8%7%7(>/ @$(I&�"[,.1�AW(>@$/|9+%$-p(>365 +

,.- 0�<�?.;0%k%7(2(8C.%$-0/2-�'�1 + B�3.; # (8g65$1Y@$FG-03.H�%$e.1�;01�F81�;p*^5$1�%jg:14e69QFG-p(>@wAW(8@j,.-=<y14@71438%j%$-0/21f57%$1YC65k9B;p;0(I&)1Y,q?:5w%$(~571Y%
9B3�(8C6%7-J/29B;6FI9+;J?.1 + � ;J5$(:LIAW1Y& C698@$98/21�%714@$5�3.1Y1Y,.14,2%7(fg:1h5$1�%�AW(>@�%$e.1h,6-05!<�@$1�%$1j<�(83>%7(>?6@�%7(>C:(8;p(8H # 9B;pH8(8@$-p%!e6/ +
@�(I&)1�F81Y@YLB%!e.1 H>@7-J,~5$- 'Y1 9B3:,�%$e61�%7(>C:(8;p(8H # 9+;0HB(>@7-0%$e:/ AU@$1�%G?.1436< # 9B@$1�/�?6<_e�/2(8@$1�-J3>%$?.-0%7-0FB1�C69B@!9B/21Y%71Y@!5[%$(
5$1�%h5$-036<�1�%$e.1 # 9B@$1�<�;01Y9B@$; # @71Y;09B%714,q%$(|C6- `.1�;�57-�'�1f9B3:,�%!e.1K3G?6/
ga1Y@j(BAi-0%714@$9B%7-0(8365 +
%ke.1EH8@!9B,.-01Y3>%�%$e6@$1Y5!e.(B;J,
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1�`6Ca1Y@$-0/21438%�&)1)e:9QFB1w5$1�% �j%$(�9�FI9+;J?.1)(+A � 1 � + %ke.-J5�FI9+;J?.1j-05�e.-0H8e�1Y3.(>?.H8e
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5$;p-0H8e>%7; # e.-0H8e.14@
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d��;p1�AW%�"n(>@j9�%$(G(�57%!@7(>3.H�� @7-0H8e>%�" �fC69B@!9B/21Y%71Y@)FI9+;J?.1 +
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ga1Y@�(BAy-0%714@$9B%7-0(8365[?:38%$-p;
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-J5|@7145$98/|C.;p14,u9B3:,u%$e61
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9B;0/2(85$%f57%!9Bg.-0;0- 'Y1Y5 +
%ke.1~-J365$%$9Bg6-p;0-p%$-p145
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