
HAL Id: inria-00075090
https://hal.inria.fr/inria-00075090

Submitted on 24 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.

Heart rate variability in sleeping neonates
Jean Clairambault, L. Curzi-Dascalova, François Kauffmann, Claire Médigue,

C. Leffler, Gilles Celeux, Dominique Guegan

To cite this version:
Jean Clairambault, L. Curzi-Dascalova, François Kauffmann, Claire Médigue, C. Leffler, et al.. Heart
rate variability in sleeping neonates. [Research Report] RR-1472, INRIA. 1991. �inria-00075090�

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by INRIA a CCSD electronic archive server

https://core.ac.uk/display/50449744?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://hal.inria.fr/inria-00075090
https://hal.archives-ouvertes.fr


���������	�
������������������������������������ � !"���"#$���&%'�(�����&�

)+*-,/.102.10�354'67498;:<49=>:?3?:?*>@0A.1,�8-B1*;C>DE0�F�498�.1:<47GH,>0�I/0�J/.>49J1*�3K0�L-MHDEDE0�:K3�.10�J>MH,>670N4O,1PQJR@0�L

S�T>U�VXW�YZU�[]\^U�_a`bU�cdY]e9f g [hY][QUiW�cd\�j1[hk�l�U/m�n1U>Y]o>p/U�q
rs\9U>V�tnHo/[QmEuvU>c
w&_xU�VdVsy W�YZU�[h\�T{z}|T>~
[h��csT f

W��s\N[Qm�eNo��s�dT1\�g T7��T1\N� �E[]Y]YhT>m�W�T�Y]T1cs�df l�o/_�[]Vs[Z��cdTv�Ec�|T1��U�Vb�

���Q� �s�h�����s�9���9�H���H���N�H�Q���/�7�-���7���
  �Q� ¡7¢��¤£�¥ ¦N��§�¨N©�¨9�>ª�«�N¬O®�-��¯��&�9�Q��®�7�;°Z±³²���;¯5´���Q�N��¥
¯K��µ³���Q���>�7�-���7���
¶ �Q� �s�h�����s�9���9�H���H���N�H�Q���/���H·E¸b��¬7��¹
��ºd£»���Q¼7��µ����]®��½��/¾¤�9®¿1¹s��ºd¥¤�����>�>�H�-���H���
ÀNª ���Q¿N���Q·O°Z£2�]ÁÂ¸+®¿1¹d��º�ª¤����¯®�Q¼E¡O�;<¹+���7·»Á����-¼�¹®��¥¤��µ�Ã7�]®·7Ä����/£»��½Q½�¹Å�Æ¾ ¡9�
Ç ¸¤��¬7��¹���ºd£»���Q¼7��µ����]®��½��/¾¤�9®¿1¹bÈ����]®½]°Z�¤���Q·>�>�7�-���7���



����������	�
��

������������������������������ ��!"� #$��%&��'(�)�*��!+���,��-�.,����/0���)��1�2����3���4�0!657�98 ���;:<��� �0�*���3=?>,�*�����,@(���3�
A���������B���8 �C�D27E;>F@GA�HJIK����������5�� �*5J�L!NM9ON%��;��8 ��%�27�98 ���;:)�C!�P7!+��IQB�����!��3=R�9P��*5�#������TS�UJ�3�RO6UJIV����W��3=
-���!6-��*:)��� ��!6��8X�9P)�?E�Y�'QH�Z

1�:)�;-[���3��8?��!6�\8 2����L�N��#7��%&�$�C!��3���9B��;���$�C!��*����/���8]E;@F@QH7���^P�!6��8 =_IK�0��:����L#��������;5`B�2a1�%�������b9c�C�d�
ec���)��� ���������!��L#������?=X�C!���%����3�f#����*g��6��!6-[2�B���!65���hG%��^P�%�E;>FeiH9=X�,��5,E;j$e�H9=X��!65�8^��IkE;l+eiH9=+:&����/9��5��L!�P
���?:�8 �C���&5��m��� P0!6��8 �?In%\�D-�%_IV�����R��/����3�9P)�;57��/0���d�*:���-[%�����#,o\U�M�%&�*�����;B��;������Z

'qpV���L!6-��^:���8VYK���?:���!+��!��K'(!6��8 2����L�R�����C!�P,>(ec=Xj�ef=G��!65,l�e`IK�0�r�)���*5��3�d5����9-[���DB��]�D%��G:���:)�)b
8 �0�D�;��!��)!65����]���D��5�2�Z

s]�C�9-����L�R�L!6�0!��n��!6��8 2������3=X�)���L!�P?>(ec=Xj�ef=n�0!65?l+ef=QIF�����V:����L#��������;5$B�����IV����!7�9P��QP0������:)�3=VIn�C�D%
B������*������������8 �D���C!t'(-����C/0�_168^�3�*:N��%��0!N�L!auQ�)� ���?168^�3�*:)Ztv[!N��%&�R�9�0�d�wIK��29=]5��L�9-[���L�R�L!6��!��?��!6��8 2������
B�����IV����!N�98^�3�*:N���;���3���?IV�����R:����L#��������;5J�L!a�*��-�%N�9P��]P������0:�=]��%&��In�C!�P��$g�����8 �L��2x��#�5��C�9-����C�,�C!6����� ��!
In%\�D-�%�P�����Ik���LP0�&8 ���98 2$In�C�D%���P���Z

>m29:�����%&�����L�G�3�������rE;eX�C��%&����y �neXb;�3�����L=X1�����5���!��9y �F��b;�3�����^HG��%&��IF�*5R�D%)���K�\8L8�>F@GAz/���������B98^���R��!65?@F@
�L!6-[���;�0���;5d��� P�!�� {Q-3�0!�� 8 2RIn�C�D%��9P)�;=F���3:��*-��D�\8L8 2w>Fek�0�cS&|�b;S\}�IV����W��wY�'F=X��!659=K�*�R�R8^���������,�*~��3��!��L=cl�e
���QS���bCO6U�IF�3��W9�$Y+'mZrf%&�����m��������8 �D�]���0P�P������F�d���3�3�*:��C!6-����*��������#]/���P���8��3��!+�R�0�QS&|�b;S�}$IF�3��W9�3=(��!65
�R�,��-�%$�������]���CP���8 ���,�C!6-����*��������#]��2��m:\����%&������-R�*��!+�X#�������S�Ud�3�GO6UdIV����W���Z

f%��L�]�d���D%���5���#R�C!�/0�����D�^P������;��!N�������d��/0��8 �)�D�;��!6����2$�3:��*-����3�\8Q��!6��8 2����C�3=G5����;�$��!6��8 2����L����!N���w�\8L8
��B�������/������;��!$��!��C�D�3=f��%��)�F�;��W��L!�PR�C!��*�R�\-3-����)!��QIn�C�D%\�L!�b;����BL���;-[�c/���������!6-��;=G��!$�D%��?��!+�(%��0!659=QB��)�Q��8 ���
-98 �������D-���8\���;�����L�����D-[�3=�:)���L#������d�*5���!?P�8^��B3�\8)In�C�D%\�L!�b;����BL���;-[�+���*��!��3=��C!d����5����(�*�(�������)���X�L!65)�;:���!65���!6-��
��#���B�������/������ ��!��3=,��!���%&�����D%�����%���!650Z,v��Q�������R�w��:�:)����:&���D���3�Q#�����5����9-[���DB��C!�P$��!65$-����m:\�����L!�P78^��!�P
5��)�3����� ��!J�D�C�d�m��� P0!6��8 ��Z

����2�IF���350��hm>R�;�����Q@F�0�*�_A���������B���8 �C��2[�m1�:��*-����3��8�'(!6��8 2����L�3�Xs,�0� ��'(!6��8 2����L�3�V168 ���;:\�F.,��IKB�����!�v�!�b
#9��!��L�cpV�����w�����)����Z

�z�� ���c����
.R���)�,��/0��!��z�������5�����R8 ����������������� ��!N5��$1�2���������d�G.R����/�����~�'(�)�*��!+���d�����F5��R8 ��5�� ���������!6-[�D�����;��!

��!����;��5)���,5��J�����,������8 =Q:\����8 �RB[�D���C�,5��R8 �xA������D��B[�D8 �L�����50��@G2���%����_Yn���350�D��g[���RE�A�@RY6H9=(5���!��?�)!+�
:���:&�&8 ����� ��!N-���!������L���r����R5��]M9O7!+���)/0�*���)b;!m������9���C!��3=r��!������]S�U����cO6U_�����w���C!+����56y3���P��R-���!6-��*:)��� ��!�!+�[8
E;'RY6H9=Q��!����LP0�L�����i����?:���!65���!��r8^���)�?�����R�����D8 Z

l��7�k�����%&�[5��J56y ��!6�\8 2����t�3:��*-����3��8^�$�)���D8 �L�c�����:����)��8Dy��������5���50�a��� P0!6��8n@(@�E��*���m:&�����-�����89��N��!������
5�����~�B������3������!����,-����35�����g��6���,-���!��c��[-��)�D� #��3=Q5)��!�!m��F:)���)�m-[%���g[���RB������3������!��^H������n8 �$��3��!��L#������������ ��!
5��?ec�������;������zYK���)����+�������;=R-���8 -[�&8���9�t5���!����������C��B3��!65)����5)�F#[�i���g[����!6-���h�%��0���3��E;>(e�H9=G����2���!�!+�
E;j$e�H9=r���rB���������E;l�e�H�Z?YQ�����3�G:)���[-c���50�����(#�������!��C�G�D�����L�?���^P�!6����~���!a���?:�8 �C���&5��*=R5���!��m��!x��-���8 -���89��
8 �d�d��2\��!�!+�G:����G:r������;��5����w5��Ro\U�M�B������3������!�����Z

�i!+��'(!6�\8 2����7��!�YQ���m:)���9��!��3����pV���L!6-[� :��\8 ����������8 �C�9��!��w8^���$�������C�$/���������B98^����>Fec=]j�ef=����ml�e
:������d���Q�*�����F56y ��B����35�5��]5Q��[-����L���R8 �R:���:)��8 ����� ��!�����D��5�����9��Z

s����,��!6��8 2�������5��L�9-[���L�R�L!6��!��3���3=V�)� 8 �L�9�0!��r-����?�x���������/������D��B�8 ���m>(ec=Qj$ec=?���nl�ec=(����!��r��!����)�L�3�
:)�3������g��r��9���3=]56y �\B�����5���!������]P�������:�����56y3���P��;=]��/0�*-�5)�R�����D8C8 �������R�c�������8 � �0�D����!71+���R�d���D8�'nP0�L�����g[�iy ��!
1+���R�d���D8(Yn��8 �d�*=F:)�)�L����!������w���;��5�����5��7�����R�d���D8 =G����!����3��!��G��!+�dg�����8 �L�&���5��d5��L�9-[���L�R�L!6�����;��!ag��)�
-����)�� �F�c��;P0�&8 �������������!��?��/��;-�8�y3���P���Z

s����?�3�������,56y %�29:�����%Q�������E��3�����neq5��GeX�C��%&���3=(�3�����Q�F5��]1����&5���!��^H�����!�������!��Gg��6��8�y �C!��*����/���8C8 �]@F@
�d��2\��!����c�3���)�3���r8^���(/���������B98^���?5��dA6@RYN����P�����!��3��!��F��/��;-]8Dy���9P��*=Q���)���3�����c8 �?>Fe���RS&|�b;S\},�����w���C!+���
56y 'RY�=,����=R5��0!����)!+�������C!65����d�d���������;=�8 ��l�e����S)��bLO6UJ���������L!+����56y 'RYfZ�YK�����c������&8 �;����������!��,��!
#9��/����)�r56y ��!+�r�L�?:������;��!��3�(����P�����!��;����� ��!75����3��!����Q/��9P��\8?��]S&|�b;S�}R���������C!+���r5�y 'RY+=Q���n56y �)!+�G-[�����L��b
�9��!6-��?B��;�0�&-�����:�:�8 ���?�c��*P���8 ��������d5��$�3��!����]��2��?:��0�D%\�Dg��6�R5��mS�Uq��?O6Ud���������L!+���,56y 'RYcZ

YQ�����3�V������D%���5��]56y�������&5��r�����D8 �L���(5����G�*�*-�%\!��Dg��6���?56y ��!6��8 2����G�3:)�;-[�D����8 �z���/���8 �����L/��,���n56y ��!6��8 2����m5����
5���!�!?������F���)�F5��Q:)�����L�3���+#���!V����������r56y ��B�������/������ ��!�=Q5���#����-���!q��r:&����!65����?��!$-����?:)�3�G8 �?/������D�0!6-��m�L!����3��b
�L!65��C/9��5����[8L8^�;=Q5�y �)!+�Q:������L=X�����C�r���)�����+5����?-98 �������Dg[�����F�3�������F56y %�29:�����%Q������G���)�r8^���(�d��2���!�!+���FP�8^��B���8 ���
:����R�L!650�L/9��5���=,5)�Q#9�0�-���!���$�������)������8�y �C!65Q��;:)��!65��0!6-��$5)������B[������/��0�D�;��!��3=?5�y ���)�����?:\������Z��F8C8 �w������B98^�
B��;��!��9:\:)����:)������9�<���8 ��5����9-���� :&�D�;��!x�������8 ��-����?:��������L����!N5��m��� P0!6���0~_�3���m:)������8 ��5��?8^��!�P0���R5��)�c��9��Z

jN������b3-�89�����haA������D�\B��D8 �L����J5���@G2���%��d�xYn���350�D��g[���*�,'(!6��8 2����_1�:��*-����3�\8 �*��'(!6��8 2����_5����ws���!�!?��9���3�
1+���R�d���D8 �n.R����/��;�0��b;!?��*�FpV�i������������c���Z



���������	����


������������������������ �

 "!$#���%&����#�')(*#����,+-%.��/0���0(  
1�24351,>=76�0NF *-L98*8*8	8*8:8*8	8*8*8	8*8*8*8	8*8:8;8:8*8*8	8*8*8	8*8*8:8;8:8*8	8 1
1�2<1"=�0NF�MH8�.1:?J�>HL8	8*8:8*8	8*8*8	8*8*8*8	8*8:8;8:8*8*8	8*8*8	8*8*8:8;8:8*8	8 1
1�2<? )�@BA L-:4>7J/4O3�I>8-M>F�0�L-L-:?J�>C8*8	8*8*8*8	8*8:8;8:8*8*8	8*8*8	8*8*8:8;8:8*8	8 ?
1�2 D 51*�4O*-:?L-*;:5F�493�I�8-M>F�0�L;L-:?J�>E8*8*8	8*8*8*8	8*8:8;8:8*8*8	8*8*8	8*8*8:8;8:8*8	8 F

G"H�%�(��0'��I( J
?�243Ks8-:?J/F�:?I/4O3L@ MHDEI�M7J>0�J1*�M�J/493?B1L-:?LN8	8*8:8;8:8*8*8	8*8*8	8*8*8:8;8:8*8	8 F
?�2<1"OA:?L�F�8-:?DE:?J/4OJ1*&49J/4O3?B�L;0�LP8*8	8*8*8*8	8*8:8;8:8*8*8	8*8*8	8*8*8:8;8:8*8	8 Q
?�2<?"R�B1I/MH*-C>0�L-:?LA*;0�L-*;LS8*8	8*8*8	8*8*8*8	8*8:8;8:8*8*8	8*8*8	8*8*8:8;8:8*8	8T373

U VW�)(�����(�(X���Y� ��J
DY243KsC1B�L;:?M73?M7>H:5F�493�:KD�I>3?:<F�49*;:KMHJ>LZ8*8*8*8	8*8:8;8:8*8*8	8*8*8	8*8*8:8;8:8*8	8T3�F
DY2<1[MA=�M7,>*�MH,>8�DE0�*;C>M>.1M73?M\>7B]8	8*8*8*8	8*8:8;8:8*8*8	8*8*8	8*8*8:8;8:8*8	8T3�^
DY2<?"_>,>*;,>8-0'I>8-MHL-I�0NF�*-L]8*8	8*8*8	8*8*8*8	8*8:8;8:8*8*8	8*8*8	8*8*8:8;8:8*8	8T3�`

J a:�b����'���(X���Y� ��c

1



� � �����������	�B��
�� �

��C>0&674O8-:<49*;:?M7J>L
M�/C>0�498-*s8�49*-0 C/4�6H0&3?M7J >A=�0�0�J»,>L;0N. 4OLb4AD�0N49J�L�*-M�:?J�6H0�L-*;:4>�49*;0&*;C>0
MA,>*;M7J>MHDE:<F�� 0�8-6HM7,>L�51B1L-*-0�D�� M�� 5����<17^�� 2��Q*�:KL�J>M��� 0�3?3�0�L-*�4O=>3?:?L-C>0N. *;C/49*�L-C>MH8-* P
*-0�8;D��hMH8»C>:4>7C��h8-0NGH,>0�J/F�B � R _!�2674O8-:<49*;:KMHJ>L�8;0#"/0NF�*�MHJ>3?B{I/4O8�4OL-B1DEI/4O*-C>0�*-:<FEF�MHJ1*-8-MH3
M�bC>0N4O8-*�8�49*;0$�%��C>0�8-0N4OL�3?MHJ�>9PQ*-0�8;D&�]M78�3KM�'�h8;0NGH,>0�J/F�B �)(�_*� 67498;:54O*-:?M7J�L�8-0#"/0�F�*�=/MH*-C
L-B1DEI�49*-C�0�*-:<FA4OJ/.�I/498�49L;B�D�I/49*;C>0�*;:5F�F�M7J1*;8-M73��<1+� 3�1 �Y1\F �Y1\`�� 2
R _ 67498;:54O*-:?M7J�L+4O8-0�8-0�354O*-0N.�*-M2*-C>0�8;0�L-I>:?8�49*-MH8-BEF�B>F�3?0��hI�0�8;:KM>.%,B3�*-M�?�L;0NF�M7J�.1L-��:KJ

J>0.��=�M78;J":?J �Q49J1*-L#�.�>49J�."F�498-8;BE*;C>0�I/498;*�M��R 0N498;*:=�49*-0�/&4O8-:<49=�:K3?:?*QB0�)R =%/��1��C>:<F;C":?L
8-0#�]0�8-8;0N.�*-M 4OL =�0�L;I>:?8�4O*-M78;BW51:?J1,>L�MA8;8-C1B1*-C>D�:<42�)= 5&M��3�43�` �b3�Q �&17F4� 25/&4O8-:?M7,>LsMH8-:4>7:?J>L
C/4�670�=/0�0�J{49*;*-8;:K=�,>*-0N. *-M0(�_ 674O8-:<49*;:?M7J>L��<1 �Y` ��3�1 �Y1\`��6�1*;C>0�I�0�8-:?M>.�M�!��C>:<F-C�8�49J�>H0�L
�h8-MHD�D2*-MW?$7'L-0�F�M7J/.ÆL�:?J�:KJ8�Z49J1*-L��<1$9��B2

�QJ :?J �Q49J1*-L��]8-M7D 3�� 0�0.: *-M-^�D�M7J1*-C>L;��R _ 674O8-:<49*;:?M7J>L�C/4�6H0»=/0�0�JÂ8;0�I�M78-*;0N.i*-M
=/0�C>:4>HC>0�8�:?J(G7,�:K0�*�L-3?0�0�I<�>=*5�� *-C/4OJ�:KJ(4HF�*-:?670�L;3K0�0�I<� M*5����43�? ��3�D�@?1*;C>0�F�M7J1*-8�498;B":?L
*-8;,>02�]M782(�_�674O8-:<49*;:?M7J>L�� 3XD;� 2*M�F�F�MH8�.1:?J�>v*-M RA4O8-I�0�8�0�* 493)2A��L-3?0�0�I L;*�4O*-0�L�:?J(:?J �Q49J1*-L
D"4�B�=/0».1:?L�F�8;:?DE:?J/49*;0N.�=1B R =%/ 67498;:54O=>3?0�LAMHJ{*;C>0�L;0�>78-MH,>J/.1L;�)��:?*;C{4�C>:4>7C{.10X>78-0�0
M�b47F�F�,�8�47F BB�43XD;� 2

�QJC�h,�3K3ÅPQ*-0�8;D J>0.��=�M78;J>L"4OJ/.i:?JaM73<.10�8E:?J �Z4OJ�*;L-�1D&4O35.8E�0�8E0�*E493)2F�<?;�@� R�498-I�0�8�0�*
493)2A�43�?��3�D;�@��RA4O*-C>MH8-J<�43�F ��3�^��@��5>F;C>0NF;C1*-D"4OJ�0�*A493)23�<1$9���C/4�6H0�L-*-,�.1:?0N. = 5&M��>M78BR =G/
:?J".1:IH�0�8-0�J1*J�h8-0NGH,>0�J/F�B�=/49J�.1L-��:KJ M:5�49J�.E:?J	=:5 2

�QJiI>8-0�D"49*;,>8-0EF M7DEI�498-0�. *-MK�h,>3?3ÅPQ*-0�8;D J�0.��=/MH8-J>L;��LM L498-:?D�474�0�*»493)2M� 3N�3�]M78O=*5
M7J>3?B �QP�4O*-M7J�4�0�*�493)21� 3;9���:?J"=�M7*;C M:5�49J/.	=*5%�>4O3KL;M»C/4�670�L-*;,/.1:?0N.�*;M7*�4O3�R =G/ 2
R M�&0�670�8;�7*;M�MH,>8�:1J>M��3?0N.&>H0$�HJ>M�L-*-,�.1B»L-M��Z4O8bC/49L 49J/4O3KB E�0�.%�747F�F�M78�.1:?J�>�*-M�R =%/��

D"4O*-,>8�49*-:?MHJ"MR�A*-C>0�M�� 5%�
M7J *;C>0»M7J�0»C/49J/.G�d4OJ/. M��L-3?0�0�IiL-*�49*-0�M78 >�49J�:SE�49*-:?MHJ)��M7J
*-C>0�MH*-C>0�8�C/49J�.%�1:?JEC>0N4O3?*-C1BEI>8;0�D"4O*-,>8;0�49J/.T�h,>3?3ÅPZ*;0�8-D�J�0.��=/MH8-J(:?J �Q49J1*-L�2

U ,>8A4O:?D�:?JE*-C�0�I>8-0�L-0�J1*AL;*-,/.ÆBV��49L *-ME4OJ/493?B E�0$,
W *-C�0 4�>70�PQ8-0�3<4O*-0N. DEM>.1:IX�F�4O*-:?M7J�L MR� 67498;:54O=>3?0�LEGH,/49J1*;:Y�]B�:?J�> R =%/ :KJ .1:IH�0�8;0�J1*
�h8;0NGH,>0�J/F�Bi=/49J�.1L��Q49J/. *-C1,>L2I/498�49L;B�D�I/49*;C>0�*;:5F»4OJ/. L-B1D�I/49*;C>0�*-:<F2*;M7J>0�L#�.�¤:KJ
0N4HF-CvL-3?0�0�I�L-*�49*;072

W *-C�0 .1:IH�0�8-0�J1*-:<4O*-:?M7J(=�0�*>� 0�0�J(L;3?0�0�I L-*�4O*-0�L;��49L�DE0�49L-,�8-0N.�=1B�*-C>0�L;0 L�49D�0:R =G/67498;:<49=>3?0�L�2
_�M78'*-C>:?L»I>,>8;I/MHL-0$�1� 0E0�3<4O=/MH8�49*;0N.�4�DE0�*-C>M>. MR��49J/4O3?B�L;:?L MR�AC>0N498;*»8�4O*-0�=/49L;0N.

M7J»L;I/0NF *-8�4O3�49J/4O3?B�L;:?LbM��*;M7*�4O3>*-8�47F�:?J�>2.1,>8�4O*-:?M7J»=1BW51C�M78-* PZ��:?D�0 _�M7,>8;:?0�8��s8�4OJ>L>�hMH8-D��
.>49*�4{4OJ/493?B1L-:?L	�)Ks8-:?J/F�:?I/4O3 @ M7D�I/MHJ>0�J1* M�J/493?B1L-:?L;� O�:?L�F 8-:?DE:?J/4OJ�*;MAJ/4O3KB1L;0�L[�2MR�³*;C>0
8-0�L;,>3?*-:?J�>(L;:4>7J/4O3KL�:?J-?\�h8-0�G7,�0�J/F�B =/4OJ/.1L;�d4�6H0�8�4�>70N. =1B 0�I/M>F;C>L2M� F�3�1�C>0N4O8-*-=�0N4O*-L-�
49J/.�C1B�I�M7*;C>0�L;:KL�*-0�L;*-L�M7J�*-C>0�.1:IH�0�8-0�J/F�0�L�=�0�*>�&0�0�J 4�>70 >78-MH,>I>L�49J/.�L-3?0�0�I(L;*�4O*-0�L�2

3



� � � ������
 ��� 
 � �V� � � ��� �\� 


�
	�� ��������������
1�D'J>0�M7J�49*-0�L-�>493?3/F 3K:?J>:<F�4O3?3KB249J/.2J>0�,>8-MH3KM\>7:<F�4O3K3?B�C>0N4O3?*-C1B��� �&0�8;0AL;*-,/.1:?0N.�=/0�*>�&0�0�J

*-C>0	1OJ/.�49J/. 373�*;C(.>4�B»M�b0��>*-8�49,>*;0�8-:?J>0'3K:I�h0�=1BEI�M73?B&>78�4OI>C>:<F�L;3?0�0�I�8-0NF M78�.Æ:KJ >7L�2
��C�0�B(C/4H. =/0�0�JÂ.1:?61:<.10N. 47F�F�MH8�.1:?J�>�*;M{F�M7J�F�0�I>*;:KMHJ/493 4�>70	�)@ M ��49*'*-C>0»*;:KD�0�M�

*-C>0�8;0NF�M78�.1:?J�>»:?J ? .1:IH�0�8-0�J�*�4�>H0:>H8-MH,>I>L-,
W Q �h,>3?3ÅPQ*-0�8;D ��� *-0�8-D! ��,L? 92�#" @ M�"BDb3��
W Q2:?J1*-0�8;DE0N.1:<4O*-02�$� :KJ1*;D! �.,�?\`2�#" @ M%" ?\Q��

W Q2I>8;0�D"4O*-,>8;0O�$� I>8-0�D& �.,�? 3��#" @ M%" ?7^��
O�4O*�4'M7J"4�>70*>78;M7,>I�LA498-0;>7:?670�J�:?J��b49=>3?0���2

�b49=>3?0��
')(+*�,.-0/21436587:9�;
*43<(=9>7�?A@B7C9D*FED?8E0G�HI,J7K3:?.-!G�-0/>*45MLN7AG�/PO

M >70 A*M � ��Q�.�� ( M � ��Q�.�� @ M � ��Q�.�� DSR � >Q�
�],>3?3®PQ*-0�8-D �]J0T*Q$� DQ7�	3�.�U*17. ?H.�U�3N. D 7�BD�.VU:^H. ?�DQ7 7+U*?$9 7

:?J1*-0�8-DE0�.1:<49*-0��]J0T*Q$� ?7`� ?H.�U*?7. D1.�U�3N. ?7QR��U D�. 1$9$7 7+U*?71 7
I>8-0�D"49*;,>8-0 �hJ0T*Q � ?\?� FH.�U*1� ^H.�U*?7. ?�D �BD�.�U�3.� ^H. 1�373;7+U�3�D 7

W<XZY\[]X_^$`:aCb4adcfe�g+b�hib4j4^4kmlnY][]ln^$j4b�h�Ymj4^4kSo�Yp[]o�e�g+q$^Ar+adcfe�g+b�hiY�j4^�[sX_Yutml�YSkiviwx[
v�czyKad{�w�^Acfj8{Ja$kP|}[&|�^�^�~J`$kn��[��PbN��`$k+j�[�j�yAb���`$���i�P���n^�yK`�czg�a6{+^�a:b8�Phf^�yA^ArPyA^�`C^AgPa���^�b8gM� f
`:aCb�g+�Pb�yA���P^���cfb4a6cfe8g�� �

�
	A� ���m�i�S���B�������
= 0NF�M78�.1:?J�>7L!� 0�8-0 I�0�8>�hMH8-D�0N.�.1,>8;:?J�>�4 L-3?0�0�I2=/0�*>�&0�0�J»*>�&MJ�h0�0N.1:?J�>HL�2�MA3?31J>0�MHJ/49*;0�L

�&0�8-023KB1:?J�>�L-,>I>:?J>0 ��0�:?*-C>0�8�:?J{*;C>0�:?8�=/0N.ÆL-�s49*�49D»=>:?0�J1*�*;0�DEI�0�8�4O*-,>8;0	� 1\F+�'*-M 17^>��@3�
�hM78 �h,>3?3ÅPQ*-0�8;D�J>0.��=�M78;J>L-��M78 :?J�:KJ�F�,>=/4O*-M78��)?$7 � *;MW?7^ � @3� �hMH8&I�8-0�D�49*-,�8-0�L�2
O�4O*�4 �&0�8;0 F�MH3K3?0NF *-0N.�:?J 1 .1:IH�0�8-0�J�*��R4�B1L;,
W Ks49I�0�8�*-8�47F�:?J�>HL�M�b)b)�A ��D�F;C/4OJ>J>0�3?L#�.�Y=�49I>:<.»)sBH0���M9670�D�0�J1*-L3�)=A)S� L[�.��49J/.
=�MÆ.ÆB"D�M9670�D�0�J1*-L3�Q.10�*;0NF�*-0�.(=1BEI�:K0�E�M10�3?0NF�*-8;:<F�*;8�49J�L�.1,/F 0�8-L#�.��)�@BA �>49J/.�42=>:ÅP
J/4O8-B"F 3KM>FN: 2!�QJ(47.>.1:?*;:KMHJ)�H=/0�C�4�6�:?MH,>83�R4OLAF�M7J1*;:KJ1,>MH,>L-3?B»MH=>L-0�8;670N.v49J/.�J>MH*-0N. 2

W MAJ�493?M7>�*�4OI/0�8;0NF�MH8�.1:?J�>HLbM��*-C>0�)�@BA 49J/.'=>:?J/498;B F�3?M>FN:�F;C/4OJ>J>0�3?L-� ��C>:<F;C0�&0�8-0
3<49*;0�8A.1:4>7:?*-:AE�0�."4O* 1\Q71�R3E72

5Æ3K0�0�I»L-*�49*-0�L � 0�8-0�F�M>.10N.�6�:?L;,/493?3?B�M7J»*-C�0�I/49I�0�8 *-8�4HF�:?J�>7L;�7,�L-:?J�>	=A)S��4OJ/.»)b)�A
I/49*;*-0�8;J>L-��F;C/498�47F�*;0�8-:?L;*-:<FK�hM78�*-C>0 >7:?6H0�J F�MHJ/F�0�I>*;:?M7J/4O3³4�>70M� 9 �:3;7��@�A:?JE?i.1:IH�0�8;0�J1*
�$� gBr+b�yKadcfqA�Phfb8yN��Yir+j4b8y�`Cq�e�yA^_|0b�`�b4a�hf^$b4`:a��)b4a f�� ��b�g+��b8hf|0b���` f�� b�a ��� �

1



L-*�49*-0�L-,*M�F *-:?670W513?0�0�IM� M:5&T =A)S� 5+�.�%�QJ1*-0�8-DE0�.1:<49*-0�513?0�0�IC� � 5+�.��4OJ/. =�,>:?0�*�513?0�0�I
�Z=*5&T�JY=�)S� 5��X2�@ M78;8-0�L;I/MHJ/.10�J�F�0�=/0�*>� 0�0�J I�49I�0�8�*-8�47F�:?J�>HL 49J�.(*�49I�0»8-0NF�MH8�.1:?J�>HL
�R4OLs0�J>L-,�8-0N.�=1B *;C>0�=>:?J/4O8-B»F�3?MÆFN: 20=�0NF�MH8�.1:?J�>HL�� 0�8-0�I/0�86�hM78;DE0N.2,�J�*;:?3/4;�R4R:70�J�:KJ >AM�
*-C>0�L-,>=76 0NF�*�2 MA3?3�8-0NF�MH8�.1:?J�>HLAF�M7J1*�49:?J>0N.»4O*&3?0N4OL-* M7J>0�F�M7D�I>3?0�*-0�L;3K0�0�I(F�B>F�3?0$�1B1:K0�35.Æ:KJ >
49* 3?0N49L;*�M7J>0	F�3�12=/0�49*�0�I�M>F-CvM�LM*5�49J/.�M7J�0�MR� =*5 2

�
	�� ����� �n�$�S���
	������)�i�m���n�$���
)�@BA .1:4>7:?*�4O3�*�49I�0�8;0NF�M78�.1:?J�>7L�� 0�8-02*-C�0�J{I�8-M>F�0�L;L-0N. =1B�,>L-:?J�>�42L-:4>7J�493d4OJ/493?B1L-:?L

I>8-M>F�0�.1,>8-0'M78-:4>H:KJ�493?3?B :?J1*-8;MÆ.Æ,/F�0N.�=1BEMHJ>0�M�d,�L2� _ 2�P�49,8H�D�49J>J ���<1$7��@,
=*= 5�.Æ0�*-0NF *-:?M7J�=1B�,>L;:KJ >A4B51:4>7J/4O39*-M � M7:?L-0�=�49*-:?M :?J/F�8-0�49L-0�4934>HM78-:?*;C>D �;I>8-M>.1,�F�:?J�>

*-C>0�� L43 (P-0,.H � ��C>:<F;CE49L;L-M>F�:<49*;0�L�*-M20N4HF-C�C>0N4O8-*-=�0N4O*�J�,�D»=/0�8¤*-C>0�*-:?D�0&:?JED�L5�h8-MHD
*-C>0 I>8;0NF�0N.1:?J�>�=C�R4�6H0&*;M�*-C>0AF�,�8-8-0�J�* M7J�0$?7F�,>*;*-:?J�>�MH,>*sM��*-C>0�L;0NGH,>0�J1*-:<4O3Y= =iL-:4>HJ/493
:?J{0�I�M>F;C>L MR� F 3�1�C>0N4O8-*;=/0N4O*-L;�!��C>:<F-C<� 0�8;0»*-C>0»MH=>L-0�8;6749*;:KMHJ ,>J>:?*-L�MHJ<��C>:<F-C-R =G/
�R4OLAGH,/49J1*-:IX/0�.E49J�.EL;,>=>L;0NGH,>0�J1*-3?B(I>8;M>F�0�L-L;0N.v=�B�L-*�49*-:?L;*-:<F�493s49J/4O3?B�L;:?L�2 U J>3?B»0�I�MÆF;C>L
F�M7J�L-:?L-*;:KJ >EM�b0�:?*;C>0�8�I>,�8-0�M:5�MH8AI>,>8;0T=*5K�&0�8-0»49J/4O3KB E�0�. 2 M�J 4O8-*;:Y�Q47F�*�F�M78;8-0NF�*;:?M7J
I>8-M\>78�49D�0�J�49=>3?0N.�,>LA*;M 8;0�I>3<47F�0'0N47F;C�J>M7J�.10�*-0�F�*-:?M7J�MH81�Z493?L-0�493<498;D�=1B»*-C>0�674O3K,�0AM�
*-C>0'=/49L;0�3?:KJ�072�)+670�8;B(0�I�MÆF;C F�M7J1*�49:?J>:?J�>»DEMH8-0�*-C�49J 3-7�� �ZF M78-8;0NF�*;0N.���4O8-*-:I�Z4HF�*-L���49L
8-0 6 0NF�*-0�. 2��QJ(*-C�:KL��R4�B � � 0�L-0�3?0NF *-0N.-?\?7Q20�I�M>F-C�L-��1\17F»:?J M:5v49J/.-3\3�?2:?J =*5�MR� F 3�1
=/0�49*-L�0�47F;C�2

)+670�8;B"8�4;�Z= = L;0�8-:?0�L��hJ�M7*A8;0�L�4ODEI>3?0N.+�1�R4OLAI>8;MÆF 0�L-L;0N. =1B 5ÆC>M78;*QP>��:KD�0	_>MH,>8-:?0�8
�s8�49J�L>�hMH8-D ��4�J>M7J1PQL-*�49*;:KMHJ/498;B�L-I�0NF�*;8�4O3�4OJ/493?B1L-:?LsI>8-M>F�0�.1,>8-0���C>:<F;C ,>L;0�L&F�MHDEI>3?0�� .10 P
DEM>.1,>3<4O*-:?M7J�� 1�D���?$7��@��4OJ/.vI>8-M961:<.10�L�4�.1B1J/49D�:<F�0�67493?,/4O*-:?M7JvM�&L;I/0NF *-8�4O3R4ODEI>3?:?*-,�.10
:?JW>7:?6H0�J0�h8;0NGH,>0�J/F B"=�49J/.1L�2

��C�0�0�L-*-:?D�49*-:?MHJ»M�dL;I/0�F�*-8�493b49D�I>3?:K*;,/.10�������MR�d*-C�0 = = L-:4>7J�493�:KJ�*;C>0��h8-0NGH,>0�J/F�B
=/49J�. ���������������#Q � ��:KLB>H:?670�J�=�B�*-C>0��hMH8-D»,>3<4+,

� � ��"!%� T$#####
%&'
( �*)+) �-,+�/.10�"!324,��6587:9%�62 1:;=<�� � ,��>#####��C>0�8;0	�-. 0 ��:?L�4»3?M� PZI�49L-L�X/3?*;0�8���:K*;C �57 �?���&I/49L;L-=/4OJ/.%��*;C>0»*-0�8-DEL�MR� ��C>:<F;C 4O8-0

8�4OI>:<.13?Ba.10NF�4�B1:?J�>a*;M<E�0�8;M �h*;C>:?LE0�J�L-,>8;0�L{4 8-0�354O*-:?670�L;*-8�4O:4>7C1*-J>0�L-L�M��*-C�0(0#H�0NF�*-:?6H0
0�67493?,/4O*-:?M7J0��:?J/.ÆM����25� � = =��]J �b:?L�:?JED�:?3K3?:?L-0�F�M7J/.ÆL-�HL-M»:?L����@�;�hJ �X2

�QJ2M7,�8+F�49L-0 � �h8-0NGH,>0�J/F�B��R4OLbDE0N4OL-,>8;0N.'=�B':K*;Lb:?J1670�8;L-0$,
I/0�8-:?M>.2:KJ2C>0N4O8-*;=/0N4O*-L;�1J>M7*
F�M7J�L-*�4OJ1*&:?J»L-0�F�M7J/.ÆL-�1L-:?J/F 0�L�49D�I>3?:KJ >���49LbI�0�8>�]M78-D�0N.»49* 0N4HF-C�=/0�49*-?1=�,>*&F�MHJ�6H0�8-L;:?M7J
:?J�� 0NGH,>:?67493?0�J1*�L-0NF�MHJ/.1L� �:?L�I/MHL-L;:K=�3K00��:?*;C>:?J{MHJ>0 0�I/M>F;C =1B{D»,>3?*;:KI�3KB1:ÅJ�>»J1,>D»=/0�8AM�
=/0�49*-L¤=�B'DE0N4OJ = =i:?J L;0NF�MHJ/.1L��hM78;�70�G7,�:K674O3?0�J1*-3?BQ��:?J�� 0NGH,>:?67493?0�J1*sC>0�8;*@E+ A�H=1B .1:?61:5.Æ:KJ >
�h8-0�G7,�0�J/F�B�DE0�49L-,�8-0N.�:KJ(F�B>F�3?0�L�I/0�8A=�0N49*�=1BED�0N49JW= =x:?J�L-0�F�M7J/.ÆLO� D;� ��2

�QJ�*-C>0'I>8-0�L;0�J1*AL;*-,/.1B ��� 0��hM>F�,>L;0N.�M7,�8A49*-*;0�J1*-:?M7J�MHJE*-C�8-0�0�*QB1I�0�LAMR� R =%/�,�R�:4>7C
_>8;0NGH,>0�J/F B �)R _!��67498-:<4O*-:?M7J>L � ��:?*-C I�0�8-:?M>.(:?J C>0N4O8-*-=�0N4O*-L-,�?�*-M Q���8�4OJ�>7:?J�>\�h8;M7D]3
*-M D(0NGH,>:?674O3K0�J�*�L;0NF�M7J�.1L[���&49J�.(*>� M(L-,�=1PZ*QB1I�0�L2M��3KM� �h8-0�G7,�0�J/F�B 674O8-:<49*;:KMHJ>L-,�� :5.

?



_>8;0NGH,>0�J/F B �K� _*�¤67498;:<49*-:?MHJ>L3� 3;7�*;M 1\F��18�49J�>H:KJ >��h8-MHD D *;M 3�1�0NGH,>:?674O3K0�J�*¤L-0NF�MHJ/.1L#�.�
49J/.C�]670�8;B��2(�M��_�8-0NGH,>0�J�F�BM�Z(�_*�'67498;:<49*-:?MHJ>L�� ?$7 *-M 3;7$7��
8�4OJ�>7:?J�>\�h8;M7D 3�1�*;M F$7
0NGH,>:?67493?0�J1* L-0NF�MHJ/.1L#��2�M�J�:K3?3?,>L;*-8�4O*-:?M7J�M�s*-C>0�L;0�L-:4>HJ/493?L�:?L&I�8-0�L;0�J1*-0N.vM7J _
:4>Y2 372

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 RR 

 HF 

 MF 

 LF 

 AS  IS  QS 

_
: >H,>8-0�3\2+� L43 (P-0,PHS,.-0/���9D?.5�7����_3�� *	��?.G�543:*�5
��5N,P-DL<@�?P5�� 36- 7:9�*#7C9n5�*N*�@�5N*�4G�*�-���O
1�,P-0/JL������������ ,.-0/������ @45N?�� 7�?8E 7�? 1�?�7C7�?��! "�#36- , L�*�543:*8L�?A@�#%$'&)(*��?P-�L=*�4G>7A3,+P*
9D*�,P587�1�*�,�7CLM?�@M,�@�GnHdH-�A7�*45�� -0*�;
1�?P5�-.��/PG�543d-�( ,+1�?.G+7�/%0�� 3d-�G>7�*8L��,.-0/ L�9�?P;S36-D( , 7KO�E1�
3���,PH_7A5N,.-�L43 7A3:?P- @45N?�� '2��7A3,+P*���HI*�*AE3�C'2�� 7�?54)G�3:*�76�0HI*�*�E7�'48�� "9#O:�AL��N,.HI*8L ,P5�*)@45�?��
;=< $ 7�?�0 < $��%L
@=?.5 � ,P-�/#@45N?��>$ 7�?
/.$=$��%L
@=?.5�7C9D* ?�7C9D*�5�L43 (P-0,.HzL�?�@�?�7A3���* 7C9D*
��9�,P-�(+*8LM3d-����7�BA 36-C48�� ,.-0/ 36-��D�E�BF 36-*4G�� =?

��C>0�L;00�h8;0NGH,>0�J/F�Bi=/49J�.1L�4O8-0�F�M7D�I/498�49=>3?0»*-Mv*-C>0�M7J>0�L2,>L;0N.i=�B-RA4O8-I�0�8-�B5>F;C>0�F-C1* P
D"4OJ»0�*A493)2A�43�D ��17Q���1 9;� 2

R 0�DE0N4OL-,>8;0N. :?Ji0N47F;C�0�I�MÆF;CxMR� F 3�1�=�0N49*;LE*;C>0�DE0N4OJa49DEI�3K:?*;,/.10»M��*-C>0�8�4;�
= = 49J/.�MR�d*-C�0 ?20��>*-8�47F�*;0N.<�)R _1�0� _ ��(�_!��*-:?D�0�L-:4>7J/4O3?L�2�M�LA42D"4O*-*-0�8�M�)�Q47F�*;�>M7J
M7,>8�.>49*�4���*;C>0�L;0»DE0N4OJ{49D�I>3?:K*;,/.10�L;�>MH=>*�4O:KJ�0N.(=1B 5ÆC>M78;*QP>��:KD�0	_>MH,>8-:?0�8��s8�4OJ>L>�hMH8-D��
498;0�C�: >HC>3?BEF�M78;8-0�3<4O*-0N.v*-MW_�49L;* _>MH,>8-:?0�83�s8�4OJ>L>�]M78-D � _0_5���A49D�I>3?:?*-,/.10�L&:?J�*-C>0�L�49DE0
�h8-0�G7,�0�J/F�B =/4OJ/.1L0�]8NT�2 9$9+� 2 97`�4OJ/. 2 9�3$��8-0�L;I/0NF *-:?670�3?B��.� 49J/. MHJ>0»D"4�B�*;C>:?J�:{MR�R*;C>0
R =G/X67498-:<4O=>3?0�L R _1��� _a4OJ/.	(�_a4OL�I>3<49:?J _0_5�X49DEI�3K:?*;,/.10�L�2

D



�
	�� 
�*�m�D�$�>�D�$�=�
	 �B���)�i���������B�
�Q*1��49L&F�MHJ/.1,/F *-0N.�M7J�*-C>0�L-*�49*-:?L;*-:<F�493�L;M�h*>��498;0 5 � @3( M �<F��@��.10�670�3?M7I�0N.�49* �@� =3�)M��

:?JE*-C�8-0�02��4�B1L-,
W MZKs8;:KJ�F�:?I/4930@ M7DEI�M7J�0�J1* M�J/493?B1L-:?L-�1,�L-:?J�>�R =%/ 67498;:54O=>3?0�LBR _1�0� _1�>4OJ/.	(�_1�
��49L�I�0�8>�hMH8-D�0N.�M7J"4O3?3�?7?7Q'0�I�M>F-C�L�2

W O�:?L�F�8;:KD�:?J/49J1* M�J/493?B1L-0�L0�Z(�:KJ�0N498	O�:?L�F�8;:KD�:?J/49J1*BMAJ�493?B1L-:?L��<F ��^;�@��= 0�>7,�354O8-:AE�0N.
O�:?L�F�8;:KD�:?J/49J1*	M�J/493?B1L-:?L �4373N� �2=�0�*>�&0�0�J *;C>0(*>� M 0��>*-8;0�DE0{4�>70 >78;M7,>I�L-,	�],>3?3®P
*-0�8-D � ? 9�P)DY32�	2�@ M���49J/.vI>8;0�PZ*;0�8-D �)?�3�P ?7^ �	2�@ M �.��,>L-:?J�>�*-C�0»L�49D�0 R =G/
67498;:<49=>3?0�L;�%�&0�8-0»I�0�8>�hMH8-D�0N.(MHJ F 3�1�=�0N49*�0�I/M>F;C>L�:?J 0N47F;C L-3?0�0�I L-*�4O*-072 51:?DE:ÅP
3<498;3KB �N.Æ:KL�F�8-:?D�:KJ�49J1*�49J/4O3?B�L;0�L�=�0�*>� 0�0�J»L;3K0�0�I L;*�4O*-0�L�� 0�8;0&I�0�8>�]M78-D�0N.�MHJ�0�I�MÆF;C>L
.1:?61:<.10N.v:KJv*-C>8;0�0E4�>H0 >H8-M7,�I>L�2 ��C>0�L-0E4OJ/493?B1L-0�L�B1:?0�3<.10N. I/0�8�F�0�J1*�4�>70�L2M�1�&0�3?3ÅP
F�3<49L;L-:IX/0N. 0�I/M>F;C>L;��4OJ/.2�(49C�493<49J>MH=>:?L&.1:?L-*�49J/F 0�L��Z4'DE0N4OL-,>8;0�MR�b*-C>0 GH,/4O3?:K*QB2M�
.1:?L�F 8-:?DE:?J/4O*-:?M7J �X2

W R�B1I�M7*;C>0�L-:?L�*;0�L-*;L��)_�PZ*;0�L-*;L�:?J 4OJ/493?B1L-:?LAMR�&67498;:<49J/F�0 ��I/49:?8;0N.{4OJ/.v,>J>I/4O:K8;0N. 1�P
*�4O:?3K0�. *QPQ*-0�L;*-L �hM78�*;C>0EF�MHDEI/4O8-:?L-MHJ{MR�RD�0N49J>L#��=/0�*>� 0�0�Jx4�>70�>78;M7,>I�L�M78�L;3?0�0�I
L-*�49*;0�L0�&0�8-0EI�0�86�hM78;DE0N. MHJ *-C>0�67498-:<4O=>3?0�L	= =2��R _1� � _ �s49J�.<(�_1�d4�6H0�8�4�>70N.
��:?*-C>:?J MHJ>0»:?J/.1:?61:5.Æ,/493b49J�.��9MH8�M7J>0�L-3?0�0�IiL-*�49*-0 �sB�:?0�3<.1:?J�> _�P�MH8�*QPQL�F M78-0�L��hM78
0N4HF-Cv*-0�L;*-�/4O3?3KM��:?J�>',>L�*-ME4OL-L-0�L-LA*;C>0�:?J "/,�0�J/F�0�MR�+4�>70�M78�L;3K0�0�I(L-*�49*;0�MHJ�0N47F;C
67498;:<49=>3?0A,�J/.10�8�L-*-,�.1B.2

� � �*
�� � ��


�)	�� � �����B�i�/��� 	 �!��� �%�S���m�S�
	 ���
	����n�$�
�Q* ��49L�I�0�86�hM78;DE0N.%�1,�L-:?J�>»493?3�? R =%/X674O8-:<49=>3?0�L;�7MHJ(493?3 ?\?7Q'0�I�MÆF;C>L�M��F�3�1'C>0N4O8-* P

=/0�49*-L;����:?*-C�M7,>*�49J1BEL;3?0�0�I�L-*�49*-0'M78A4�>H0*>78-MH,>I(.1:?L-*;:KJ�F�*-:?M7J�2
_
:4>Y2�1�L-C>M��L *-C�0AI>8;M�6�0NF�*;:?M7J»M7J1*;M�*-C>0�I>8-:?J/F :KI�493 �Z4HF�*-MH8&I�354OJ>0�M��493?3Y?\?7Q�0�I/M>F;C>L�2

F



 _
: >H,>8-0B1�2�� 5N?��=*��7A3:?P-�?�@�,PH6H�*AE�?��89+L�?P-D7�?M7:9�*_E�5436-���3zE�,PH4@=, ��7�?P5mE0H ,P-0*2� 7 T 7�8<^$9���� Q
7�8 97?��	� Q�7 8 Q\1�
�� ��O� 7 8<`�3���� 2T7�8 7\`��	� 207�8<F�3�
��  �9+@4G�H6H0/>?�7CL � W  �5N*�E05N*8L=*4-D7n@4G�H6H �
7�*�5��s-0*�?.-0,�7�*�*�ED?:��9>L��L�7�,.5�L����" M3d-�7�*�5�� *�/P3:,J7�*B?P-0*8L�Z,P-�/ *��BE�7AO�/+?�7CL ���: )E05�*�� ,�7AG�5N*
?P-0*8L�?

U J *-C>:?L�XY>H,>8-0$��:K*�:?L³F 3K0�498�*-C/4O*��h,>3?3ÅPZ*;0�8-D�J>0�M7J/4O*-0	� ? 9�P)DY3��	2�@ M ��0�I�MÆF;C>L'MÆF�P
F�,>I1B�*-C>028-:4>HC�*�I/498;*�M�&*;C>0 I�8-:?J/F�:?I/4O3%�Z4HF�*-MH8�I�354OJ>0$��49J�.�I>8-0 PZ*;0�8-D}J>0�MHJ/49*;0��)?�3 P ?\^
�	2 @ M�� 0�I/M>F;C>L�*-C�0�3?0#�h*�I/4O8-*�M�b:?*�2 �QJ1*-0�8;DE0N.1:<4O*-0�J>0�MHJ/49*;00� ?\`�P ?7Q �	2 @ M�� 0�I�MÆF;C>L
498;0 C>MHDEM\>70�J>0�M7,>L;3KB�.1:?L-I>3<4�BH0N.{4O3?M7J�>�*-C>0%�1P 4J�Æ:?L�2 U J>0»F�49J *;C>0�8-0 �hM78;0»L-0�0»*;C>0�X/8-L;*
�Z47F *-M78;��7�T'7�8<^$9����2QV7 8 97?��	� Q	7�8<Q71�
��F�)^7`:�XM��*-MH*�4O3/674O8-:<49J/F 0&MR��*;C>0AL;*�49*;:?L-*-:<F�4O3
F�3?M7,/.+�.�18-0�I>8-0�L;0�J1*-:?J�>�*-M7*�4930R =%/��>49LA4 � D"4O*-,>8;:?*QB��Z47F *-M78� 42
_
:4>Y2�?�L-C>M��L�*;C>0»L�4ODE0�I�8-M�6�0�F�*-:?M7J MHJ1*-M�*-C>0»I�8-:?J/F�:?I/4O3!�Z47F *-M78�I>3<4OJ>0$��=>,�*�0�D»P

I>C/4OL-:AE�0�L�L;3K0�0�I(L-*�49*;0 .1:?L-*;:KJ�F�*-:?M7J�2

^



 _
: >H,>8-0�?�2 �m9D*%L=,�� * ,�L �S3 (�?
#��F1�G>7�@=?P5%L4HI*�*�E!L�7�,�7�* /P3 L���543,� 36-0,J7K3:?.-.9S' �87K3�+J*	�0HI*�*�E
*AE�?:��9>L%,.5N*#3d-0/P3���,J7�*�/214O�*'�BE�7AO���� L� 4)G�3:*878��HI*�*AE�*AE�?:��9>L%1�O)@4G�H6H���� L�?

M*5(0�I/M>F;C>L 4O8-0»I>8;0N.1M7D�:?J/49J1*-3?B �hM7,>J�.(,>J�.10�8�*;C>0 �1P 4J�Æ:?L;��49J/.�=*5(0�I/M>F;C>L2M9670�8
:?*�25��C>0�L-0�F�M7J/.V�Z47F�*;M78;��� T 7�8<`�3���� 2 7�8 77`��	� 2 7�8<F�3�
�� � 1\^�� MR�+*;M7*�493�67498;:<49J/F�0
M�s*-C>0�L-*�49*;:KL;*-:<F�4O3dF�3?M7,�.��.�18;0�I>8-0�L-0�J1*-:?J�>�D�49:?J>3?B 49J�MHI>I/MHL-:?*-:?MHJ R _ � (�_1�1*-C1,>L�DE:4>7C1*
=/0�L;0�0�J(49LA4 � L-3?0�0�I�L-*�49*;0��Z47F *-M78� A?7=>,�*�*-C>0�L�4ODE0�L-*-8;M7J�>»MHI>I�M7L-:?*;:KMHJWR _ �$(�_��hMH8&*;C>0
L-0NF M7J/.\�Q47F�*;M78-�+��:?*-C"42J�0�>73?:4>7:?=>3?0�F M�0	�"F�:?0�J1*3�hMH8�� _1����49L1�hMH,>J/.0��C�0�J(I�0�8>�hMH8-D�:KJ >
*-C>0�L�4ODE0�49J/4O3KB1L;0�L&:?J»0N4HF;CEL-3?0�0�I"L;*�4O*-0$�1L;M�*-C/4O*-�1*;M�M7,>8 DE0�49J>:?J�> �N*;C>:?L��Q47F�*;M78b:?L J>M7*
.1:?8-0NF *-3?BE8;0�3<49*-0�.E*;M»L-3?0�0�IvL-*�4O*-072
M L-B1J1*-C>0�*;:<F�61:?0.��M�d493?3Y1�D�L-,�=76�0NF�*;L��Z4�670�8�4�>H0�L M��0�I�M>F-C�L ��:?*-C�:KJ»MHJ>0B>7:?6H0�J»L-,>=ÆP

6�0NF�*#�&4OJ/.EF 0�J1*-8-0�LAM��>H8�4�61:?*QB MR�d4�>H0�49J�.»L-3?0�0�I"L;*�4O*-0 >H8-MH,>I>L�:?L&.1:?L-I�354�BH0N.»MHJW_
: >b2�D �
��C>0�8;0»*-C>0 �1P-4��>:?L�D�4�BE=�0»L-0�0�JÂ49L24 � D�49*-,�8-:?*QB"4J�Æ:?L� S��L-:?J/F�0»I>8;0�D"4O*-,>8;0 J�0.��=/MH8-J>L
498;0"F�3?0N4O8-3?B{I�8-0N.1MHDE:?J/4OJ�*�MHJa*-C�0E3?0#�h*�I�498-*2M�A*;C>:?L�4J�>:KL;�d4OJ/.��],>3?3®PQ*-0�8-D J�0.��=/MH8-J>L
M7J�*-C>0�8-:4>HC�*�I�498-*�MR�d:?*-� ��C�0�8-0N4OLA:?J1*-0�8;DE0N.Æ:54O*-0�J>0�M7J�49*-0�L�498;0�.1:?L-I>3<4�B70�.»:?J"428�49*-C�0�8
,>J>:I�hMH8-D �R4�BE4O3?M7J�>2*-C>:?L�L�49DE0�4��>:?L�2

`



 

 
 

T E R M

I N T M

P R E M
A S

Q S

_
: >H,>8-0 DY2 � 5�? �=*�87K3C?P-�?A@),PHdH%#:& L4G�1 �=*�87:L�,P-�/ ��*4-�7A5N*8L�?�@�(J5�,�+�3 7KO#?A@�*�,=�89 ,J(.*6�����  � �
� @��D� � �  � �  ,P-0/ L4HI*�*�E L�7�,J7�* �C'2�)�648�� (P5N?.G�E�?.-�7�? 7C9D*FE05�36-���3zED,.HP@=,=�87�?P5)E�HI,P-�*
� 7 T 7 8 ^ 9���� Q	7�8 97?��	� Q	7 8 Q\1�
�� � ��T 7�8<`�3���� 2�7 8 7\`��	� 2�7 8 F 3�
��  "9+@�GnHdH-�A7�*45��
-0*�?P-0,J7�*8L ,P5�*#36-0/.3���,�7�*N/ 1�O)@4G�H6H�/>?�7CL	� W  ��S36-�7�*45'� *�/P3C,�7�*�?P-0*8L 14O%L�7�,.5�L	���" "�
,.-0/#E�5N* �
� ,J7KG�5�*�L�14O�*'��EV7KO�/>?�7CL ���" =? �m9�*��:�N,��P3 L � ,PO�1�*#L=*�*�-!,�L ,�� � ,J7KG�543 7AO ,��P3 L�� ?

�)	A� � �����i��� � ����� ����� ���
	 �������
_�:?8;L-*-��*;MÂ.1:?L�F�8-:?DE:?J/4O*-0	�],>3?3®PQ*-0�8-D �h8;M7D I>8;0�PZ*;0�8-D 0�I�M>F;C>L �]:?J�*;0�8-D�0N.1:<49*;0(M7J�0�L

�&0�8-0»*-0�DEI�M78�4O8-:?3?B(.1:?L�F�4O8�.10N.+�.�0>73?MH=/493?3?BQ��49J/.v:?J{0�47F;C L-3?0�0�I L;*�4O*-0»L-0�I/498�49*-0�3KB �!(�:?J1P
0N498WO�:?L�F 8-:?DE:?J/4OJ�*;MAJ/4O3KB1L;:KL �<F � ^��³49J�. = 0�>7,�354O8-:AE�0N. O�:?L�F�8;:?DE:?J/49J1*	M�J/493?B1L-:?L �4373N�@�
=/MH*-C�M�b*;C>0�D�4;�h*;0�8�F�8;M7L;LQPQ67493?:<.>49*;:KMHJ �<17?��@� � 0�8-0'I/0�86�hM78;DE0N.�MHJ(*-C>0�L;0�*�M��1�D.`2J>MHJ1P
:?J�*;0�8-D�0N.1:<49*;0A0�I�M>F;C>L�2

Q



�b49=>3?0��N�
� 3 L���543,� 36-0,J7K3:?.-.��1�*87K;
*�*�-�@4G�H6H �A7�*�5�� ,.-0/%E05N* �A7�*45�� *�ED?:��9>L�� /P3 L���543,� 36-0,.-�7F,.-0,PH O�L=*�L�
G>L83d-�( �6����������,.-0/�������E�*456@�?P5�� *�/ ?P- #:&�� *AE�?:��9>L%?�@ < / # 9�*N,.5�7�1N*�,J7:L�?
5Æ3K0�0�I(L-*�49*;0 (-O M � O = O$M
M�3?3�0�I/M>F;C>L Q\F�� ? 2 DY3 Q7F��
�)1�D&` T 3�?�3�*�2SQ�373�^2I�2 �

MY2 >Y2��H4�2 >Y2 *�2 I�2
*�2 373;7 1�3
I�2 1$7 97^

M�F�*-:?6H0 513?0�0�I Q\`�� ? 2<F7^ Q7`��
� 3�`\? T 9\^�*�2SQ*`7`2I�2 �

MY2 >Y2��H4�2 >Y2 *�2 I�2
*�2 Q7F 3\3
I�2 3�1 ^\F

=�,>:?0�**513?0�0�I `\`�� ? 2 D.^ Q$7��
�)`�D�T*?7F2*�2SQ*?$9'I�2 �

Mb2 >��74 2 >b2 *�2 I�2
*�2 1�D 3\3
I�2 ^ ?\?

WIl��mY\[ l>czg+^�b�y	�mcf`:q�y:cz�)czg+b8gJa_Yig+b8hf�=`dcf`�kieP� j.� [ e8y:cfj�czg�j8yKe��Pr�k�bP� jP� [ b�
�^�q�aCb4adcfe�g j�yAe��Pr�kia$�
[�f�Phzh��6aC^AyC��g+^�|��ne8y:g W y�� � ��f |_�Zo�Y_�_^Ar�e=qC{+`$k4r��_[ rPyK^��<aC^AyC��g+^�|���e�yCg W y f � y�� |_� o�Y �_^�rne�qC{+`�k
� � [ � b�{+b�hfb�g+e8�Pcf`���cf`CaCb�g+q�^�k�����Y [���^�j8�Phfb�y:c��$^��	�mcf`CqAyCcz�)czg+b�gJa�Yig+b8hf�=`dcf`�k�� � � czg+��cfq�b4aC^mrn^�y��
q�^�gJaCb4j4^$`�e���|0^�hzh��6qAhfb4`C`6c��+^$�
^�rne�qC{+`��4j8hfe��+b�hzhf�4��e�y�|�cfad{Pczg e�g+^mj�cf�4^�g `dhf^�^Ar�`CaCb4a:^�� �

M�L�D"4�B»=�0 L;0�0�J M7JK�+4O=>3?02�@�.��*;C>0�L-0E4OJ/493?B1L-0�L�B1:?0�3<.�8�49*-C�0�8�L�49*;:?L>�hB1:?J�>EI�0�8�F�0�J1*QP
4�>H0�L�M�3�&0�3?3ÅP-F�3<49L-L;:IX/0N.v0�I/M>F;C>L;�s0�L-I�0NF�:<493?3?B :KJ M:5 2��(49C�493<49J>MH=>:?L�.1:?L;*�49J�F�0»=/0�*>�&0�0�J
*-C>0�F�0�J1*-8;0�LAMR�L>H8�4�61:?*QB MR��>78-MH,>I>L;� ��C>:<F-C�0�67493?,/4O*-0�L *-C�0³GH,/4O3?:K*QB2M���]3?:KJ�0N498#�&.1:?L�F�8-:?D»P
:?J/49*;:KMHJ �<F ��^;�@��:?L�C�: >HC>0�8�:?J 0N47F;C L;3K0�0�I L-*�49*-0�*-C/4OJ >H3?M7=/4O3K3?B&2	M I>8;0�61:KMH,>L 4O*-*-0�DEI>*
*-M�.1:?L�F�8;:KD�:?J/49*;0³4O3?3L?7?\Q»0�I�M>F;C>L�:?J ?E4�>70�>78;M7,>I>L��$� *;0�8-D& A�i� :?J�*;D! 149J/.�� I>8-0�D! � C/47.
>7:?670�J{6H0�8-B I�M1M7828-0�L;,>3?*-L\�h3?0�L-L»*;C/49J F 7�� M��� 0�3?3ÅP F 354OL-L;:YX�0N. 0�I�MÆF;C>L#�.� 49L2DE:4>7C1*A=�0
L-,>L;I/0�F�*-0N. �h8;M7D _
:4>Y2�DY2
5Æ0NF�M7J�.13?BQ��:KJvM78�.Æ0�8�*-M".Æ:KL�F�8-:?D�:KJ�49*-0�L;3K0�0�I{L;*�4O*-0�L�:?J(*-C�0O��C>MH3?0�I/MHI>,>3<49*;:?M7J(49J/.

:?J *;C>0�.1:IH�0�8-0�J�*�4�>H0B>78;M7,>I>L;�7L;:?DE:?3<498d.Æ:KL�F�8-:?D�:KJ�49J1*d4OJ/493?B1L-0�L �&0�8;0AI�0�8>�]M78-D�0N.2M7J»*;C>0
L-0�*�MR�&493?3 ?\?7Q'0�I�MÆF;C>L�2

9



�b49=>3?0��N�@�
�8+P?PHfG>7A3:?P-s?A@�1�*�7A;
*�*�-.�AL�7�,J7�*&/P3 L���543,� 36-0,J7K3:?.- �s/P3 L���543,� 36-0,P-D7 ,.-0,PH O�L�*8L� G>L436-�(*�6���
�����
,.-0/�������E�*456@�?P5�� *�/ ?P-!,.H6H ; ; ( *�E�?��89+L ?�@ < /=# 9�*N,.5�7�1N*�,J7:L�?
M >70	>H8-MH,>I (-O$M � O =$O M
M�3?3�0�I/M>F;C>L `7`:� 3\2 9 7 `$9:�
�)?7?\Q T:1\17F;M:52Q�373�?O=*5��

MY2 >b2 �H4�2 >Y2 M:5 =*5
M:5 1$7$9 3�^
=*5 ^�3 F71

�],>3?3®PQ*-0�8-D Q71:� ? 2 ?\1 Q7Q:�
� 3�? 3�T 9\^	M*52Q:?\F0=*5��

MY2 >Y2��74 2 >Y2 M*5 =*5
M:5 9�D 1
=:5 1 3 3XD

:?J1*-0�8-DE0�.1:<49*-0 `7^:� 1 2 `\? `$9:�
�>9�3�T*F71�M*52Q:? 9O=*5��

MY2 >Y2��74 2 >Y2 M*5 =*5
M:5 D&? 9
=:5 3�? 1\^

I�8-0�D�49*-,�8-0 `�3 � 2<Q�D `71:�
� 373�^ T:`\`	M*52Q:? 90=*5��

MY2 > �H4�2 >Y2 M*5 =*5
M:5 ` 3 ^
=:5 1\Q 3\3

WIl��mY�[ l>czg+^�b�y �mcf`CqAyCcz�)czg+b�gPa�Yig+b8hf�=`dcf`�k�e.� jP� [ e�y:cfj8czg j�yAe��Pr�k�bP� j.�M[ b 
n^�q$a:b�a6cfe�g�j�yAe��Pr�k�Y �
[&Y�q$a6cf�4^ � hf^�^�r�k�� � [����Pcf^$a � hf^�^�r�k � ��[ � b�{+b�hfb8g+e��Pcf`��mcf`:aCb�g+q�^�k ����Y [���^$j��Phfb�yCc���^��	�mcf` �
qAyCcz�)czg+b�gPa0Y�g+b�hf�=`dcf`$k � � � czg+��cfq$b4a:^�rn^�yKq$^AgPa:b4j�^�`�e��0|�^Ahzh��6qAhfb4`C`dc��+^���^�rne�qC{+`���j�hfe��+b�hzhf��e�yS|�cfad{PczgMe8g+^
j�cf�4^�g�b4j4^�j8yKe��Pr�� �

M�LAD�4�BE=�0 L;0�0�J M7JK�+4O=>3?02�@�N�.��*-C>0�L;0E49J/4O3?B�L;0�LAB1:?0�3<.�L�49*-:?L6�hB1:KJ >EI�0�8�F�0�J�*�4�>H0�L�M�
�&0�3K3ÅP-F�3<49L;L-:IX/0N. 0�I�M>F;C>L :?J *;C>0 � *-0�8-D! >78-MH,>I)�
=>,>*2D»,/F;C{I�M1M78;0�8 MHJ>0�L2:?J *-C>0�M7*-C�0�8
>78;M7,>I>L�2�M:5 :?L�D»,/F;C{=�0�*-*;0�828-0NF�M\>7J>:AE�0�. *-C/4OJ =:5 =1B(,�L-:?J�>�*-C>0�L-0ED�0�*-C�MÆ.ÆL�2���C>0
0�67MH3?,>*-:?M7J'M���(49C/4O3<49J>MH=>:?L+.Æ:KL;*�4OJ/F�0�=�0�*>�&0�0�JW>H8-M7,�I>LbL-C�M��L&4�F�MHJ>L-*�49J1*bI>8;M7>78;0�L-L;:?M7J
�h8-MHD�*-C�0 � I>8;0�D! \>78;M7,>I�*;M»*-C>0 � *-0�8;D! &>H8-M7,�I�2

��C�0�49J�493?B1L-:?LbM�s*-C>0�F�M78;8-0�3<4O*-:?M7J�F�M10 �"F�:?0�J1*�8&MR��*-C>0	O�:?L�F�8;:?DE:?J/49J1*�(�:?J>0�498 _�M78;D
� ��C>:<F;C(I>8;M961:5.Æ0�L�*-C>0».10NF�:?L;:KMHJ(8-,�3K0 �hMH8A3?:?J>0N498�.1:?L�F�8;:?DE:?J/49*;:?M7JE=�0�*>� 0�0�Ja4�>70	>H8-M7,�I>L
49J/.�L-3?0�0�IvL-*�4O*-0�L#�3��:?*-C R =%/X67498;:<49=>3?0�L :?L�I>8-0�L;0�J1*-0N.vM7J\�b49=>3?0��>/�2

3-7



�b49=>3?0��>/
�
?P545�*4H ,�7A3:?P-2?A@ � 3 L��45�3,� 3d-0,P-�7G� 3d-0*�,P56��?.5�� � � ���  �;S3 7C9�� �� +P,P543:,>14H *�L��
�b49=>3?0��>/&4 1�*87K;�*N*�-!,J(.*M(J5�?PG�E�L
8�� O�(�_1�4242 � R _ � _ (�_

M�3?3�0�I/M>F;C>L 2 `\F 2<Q$9 2 Q\1
M�F�*-:?6H0 513?0�0�I 2 Q\` 2 9�D 2 Q 9
=�,>:?0�**513?0�0�I 2 9 7 2<`$9 2 ^\`

�b49=>3?0��>/�= 1N*87A;
*�*4-2L4H *N*�E L�7�,�7�*�L
8�� O�(�_1�4242 � R _ � _ (�_
M�3?3�0�I/M>F;C>L P�2<^7^ 243�^ 2<F\`
�],>3?3®PQ*-0�8-D P�2<Q$7 243XD 2<^\Q
:?J1*-0�8-DE0�.1:<49*-0 P�2<Q7^ P 2 77F 2<1\^
I�8-0�D�49*-,�8-0 P�2<?7? 2<1�D 2<`\^

�b4O=>3?02�>/&4�L-C>M��L�*;C/49*�493?3�R =G/�67498;:<49=>3?0�L�498-0»8;0�3?0�6749J1*�49J�.{F�MHJ1*-8-:?=>,�*-0»:?J{*;C>0
L�4ODE0��R4�B�*-M�4�>70*>H8-M7,�I{.1:?L�F�8;:?DE:?J/49*;:?M7J�2 �+4O=>3?0��>/A={F�MHJ X/8;DELA*;C/49*�49J�M7I�I/MHL-:?*-:?M7J
=/0�*>�&0�0�J R _x4OJ/. (�_�:?L�49J(:?DEI�M78;*�4OJ�*J�h0N4O*-,>8;0 :?J L-3?0�0�I L;*�49*;0�.Æ:KL�F�8-:?D�:KJ�49*-:?MHJ�2 M�L
42D"4O*-*-0�8AM�!�Z4HF�*-� � 0 493?L;M»I/0�86�hM78;DE0N. *-C>02L�4ODE0�49J/4O3?B�L;0�L3�]M78AL;3?0�0�I L-*�4O*-0 .Æ:KL�F�8-:?D�:®P
J/49*;:?M7J���:?*;CEM7J�3KBWR _a4OJ/.�(�_M�Z4OL3�R4OL�L-,�>\>70�L;*-0N. =�BW_
:4>Y201»49J�.»:?*-L�3?0�>H0�J/.%�+��C>:<F-C
L-C>M��L�*;C/49*�*;C>0 F�MHJ1*-8-:?=>,�*-:?M7J�M�
� _ *-M»*;C>0 19J�.0�Q47F�*;M78�:?L�J>0�>H3K:4>H:K=�3K0;��2!��C>0�8-0�L-,>3?*-L
I>8-M96H0N.'L-3?:4>7C1*-3?B�=/0�*-*-0�8-����C�:5F;C2L-,�>\>70�L;*-L *-C/4O*S� _1�$��C>:<F;C2:KLs:?DEI�M78;*�4OJ�*
:?J�4�>70B>78;M7,>I
.1:?L�F�8;:?DE:?J/49*;:?M7J)��=>8;:KJ >7L J>M�F M7J1*-8;:K=�,>*-:?M7J�*-M2L-3?0�0�I�L;*�49*;0�.1:?L�F�8;:KD�:?J/49*;:KMHJ)��0��/F�0�I>*�L-*�4�P
*-:?L-*;:<F�493�J>MH:?L-072

�)	�� � �����Z���B������� �����>���
��C>0�R =G/ 67498-:<4O=>3?0�L�4OJ/. = = �>D�0N49L;,>8-0N.v:?J F�3�12=/0�49*�0�I�MÆF;C>L;�)� 0�8;0»*-C>0�J 4�670�8QP

4�>H0N.%�>B1:?0�3<.1:?J�>��hMH8A0N4HF;C{674O8-:<49=>3?0*D.Q���:?*;C>:?J1PZL;,>=76�0NF *QP-49J/.HPQL-3?0�0�I1PZL;*�4O*-0»DE0�49J>L;�>M78*1�D
��:?*-C>:?J1PQL-,>=76 0NF�*bD�0N49J>L 4;�h*;0�8&F�MHJ/.1:?*-:?M7J�:KJ >�=1B2L-3?0�0�I�L;*�49*;02�)1�D�:?J�M:5E4OJ/.�1�D':KJ�=*5��X2

��C�0b*-8;0�J/.1Lb=�0�*>� 0�0�J»4�>H0 >H8-M7,�I>L-���hMH8�DE0�49J	= =i49J/.�0�47F;C R =G/�67498-:<4O=>3?0$�N4O8-0�.1:?LQP
I>3<4�B70N.�MHJ _
:4>Y2�F 2�M��hM>F�,>LsM7J2*-C�0&0�6HM73?,>*;:KMHJ�M� R _(49J/. (�_�:?Ld4O3?L-MAL;C>M��J2M7J _
:4>Y2�^ 2

373



 0

10

20

30

40 ms

 PREM INTM TERM  

HF 

HF in AS:
HF in QS:

350

400

450

500

550

600  ms

 PREM INTM TERM  

RR 

RR in AS:
RR in QS:

 0

10

20

30

40 ms

 PREM INTM TERM  

LF 

LF in  AS:
LF in QS:

 0

10

20

30

40 ms

 PREM INTM TERM  

MF 

MF in AS:
MF in QS:

_
: >H,>8-0 F 2 �8+J?.HfG>7A3:?P-u?�@ ;S3 7C9n3d-.��36-0/.3,+=3C/PG�,PH �N,P-0/"�AL8H *�*AE1�ALN7�,�7�*�� *�,P-�L�)@=?P5 � � �6���
�����
,.-0/ �D����36- '2�},.-0/�4G��?��!*�,P-DL%,.5N*#3d-0/P3���,J7�*�/�1�O���� L_@=?P5)'2��,P-0/ 14O���� L_@=?P5
4G��? � -�7�*45�54G�E�7�*N/ Hf36-�*�LBLN7�,P-�/�@�?P5)'2�)�),P-0/���?P-�7A36-�G�?.G+L ?.-0*�L�@=?P5 4G��?

0

10

20

30

40  ms

 PREM INTM TERM  

  

  MEAN LF  IN  AS

  MEAN LF  IN  QS

  MEAN HF  IN  AS

  MEAN HF  IN  QS

_
: >H,>8-0	^ 2 �m9�*#L=,�� * �0@=?:�4G>L=*�/�?P- ��� ,P-0/��D� � *�,P-�L�?

3�1



R B1I/MH*-C>0�L;:?LA*-0�L-*-L�F�MHJ>L-:?L;*-0N.v:?J 4\�)1 �Z47F *-M78#�BM�� U /�M *;0�L-*;��*QPQ*-0�L;*-L��hMH8�*-C>0 F M7D»P
I/498;:?L-M7J'M�>DE0N4OJ>Ld4OJ/.	_�PQ*-0�L;*-L!�hMH8�*;C>0RF M7DEI�498-:?L;M7J�M�/674O8-:<49J�F�0�L�=�0�*>� 0�0�JE4�>70�>H8-M7,�I>L
49J/.�L-3?0�0�IvL-*�4O*-0�L�2
_
:?8-L;*-� *-C�0b8-0�L;,>3?*-L
M�/4�*>� M9P>�R4�BA4OJ/493?B1L-:?L�MR��67498;:<49J/F�0¤I/0�86�hM78;DE0N.�MHJ�*;C>0 D.Q1��:?*-C>:?J1P

L-,>=76 0NF�*QP-49J�.HPZL;3?0�0�I1PQL-*�49*-02DE0�49J>L�498;0�I�8-0�L;0�J1*-0N.vM7J	�b49=>3?0�/ 2

�b49=>3?0�/
#���;
,.O ,.-0,PH O�L43 L ?A@ +P,P543C,P-���* � ; ,�(+*�L�8# L4HI*�*AE L�7�,J7�*8LB ?.- � ,.-0/ �  �
J T D.Q � �

���
�Z4�>70*>78;M7,>I � � �

���
�hL-3?0�0�I(L-*�49*-0;� � �

���
�h:?J1*-0�8�47F *-:?M7J �

R _ 9 2 971 ����� 373\2<17^ ��� 3\2 77Q � 5
� _ 3�1�2<?7` ������� 2<^7` � 5 2 7�D � 5
(�_ 3\37243�? ����� 3�? 2 77Q ����� 2<Q\` � 5
= = 3;7�2<F7^ ����� ^�2 9\` ��� 2<?\? � 5
W��	��
+r��_� �Nf k������
�r�� � ���Nf k�����	��
�r��_� �4�4�Nf k4� � 
4g+e�g#`6cfj8gPc��+q�b�gPaK�

�Q*�D"4�B�=/02L-0�0�J M7J(*;C>:?L�*�49=>3?0�*;C/49*�D�0N49J�C>0N4O8-*�8�4O*-0\� = =��A4OJ/. 493?3LR =%/ 67498;:®P
49=>3?0�L;, R _ �_� _ 49J/.<(�_ 4O8-0�8-0�3?0�674OJ�* �hM78 4�>70E.1:?L�F�8-:?DE:?J/4O*-:?M7J�2 U J *;C>0"F�MHJ1*-8�4O8-B �
M7J>3?B R _1�Q(�_ �H49J/.%�H*-M24�3?0�L-L;0�8�0��>*-0�J1*;��= =iI>8-M961:<.10�L;: >HJ>:IX�F�4OJ�*¤=/0�*>� 0�0�JÆPZL;3K0�0�I1PQL-*�4O*-0
.1:IH�0�8-0�J/F 0�L�23��M»:?J1*-0�8�47F *-:?M7J�=/0�*>� 0�0�J 4�>H0�4OJ/.�L-3?0�0�I(L;*�4O*-0�C/4OL�=/0�0�J	�hMH,>J/. 2

�QJ'DEM78;0b.10�*�4O:?3KL;�� 0bL-*;,/.1:?0N.'L-0�I/4O8�4O*-0�3?B �9M7J�*;C>0 I/MHI>,>3<49*;:KMHJ�M����:?*-C�:KJÆPZ:?J/.1:?61:<.1,/4O3
4�670�8�4�>H0�L-�>F�4O3<F�,>3<49*;0N.�0�:?*-C>0�8 >73?M7=�493?3?BQ�9MH83��:?*-C>:?JEMHJ>0*>7:?670�JEL-3?0�0�I(L-*�49*-0 ,

W )s6HM73?,>*-:?MHJEM��R =G/F��:K*;C(4�>70 ,
MA3?30R =%/X674O8-:<49=�3K0�LA49J/. = = :?J/F 8-0N4OL-0N.	��:?*;C 4�>70$��=>,>*�J>M7*A4O3K3%��:?*;C"*;C>0�L�49DE0
3?0�670�3KL�M�&L;:4>7J>:IX�F�4OJ/F�0$��J>MH8���:?*-C�*;C>0 L�49D�0�8;0�>7,�354O8-:?*QB&2 ��C�0�0�67MH3?,>*-:?M7J�MR�&*-C>:?L
:?J/F�8;0N49L;0 MR� = =2��R _ ��� _1��49J/.	(�_C��:?*-C(4�>70�:?J"*;C>0 1�DEJ>0�MHJ/49*;0�L-�+X/8;L-*���:K*;C1P
M7,�*�F�MHJ>L-:<.10�8�49*;:?M7J M�AL;3?0�0�I�L-*�49*-0K�h*;M7I ���b49J/. *;C>0�J�:?J-M:5C�hD�:<.>.13?0-�.�s49J�. :KJ
=*5��h=�M7*;*-MHDV�.��L-*;,/.1:?0N.�=1B(4 3�P>�R4�B�49J/4O3?B�L;:?L�M�b67498;:54OJ/F�0�MHJ(4�>70;>78-MH,>I>L � 3�L;*
F�MH3K,�DEJ ����49J/. =1B 5Æ*-,/.10�J�*� L * PZ*;0�L-*;L2�hMH8�*-C�0EF�M7D�I/498;:KL;M7J M��DE0N4OJ>L�=/0�*>�&0�0�J
F�MH,>I>3?0�LAMR�+4�>70*>78;M7,>I>L��]M7*;C>0�8:?2F�MH3K,�DEJ>L#�.�1:?L&I�8-0�L;0�J1*-0N.vM7J	�b49=>3?0�/���2

3�?



�b49=>3?0�/��
�8+P?PH G+7A3:?.- ?�@��  � ,.-0/ � ;�3 7:9 ,�(+*��!�Z3<LN9�*45 � L���,P-0/	��7AG�/+*�-�7 � L�7 ?��i5N?�� 7�?8E
7�?�1�?�7C7�?�� ���)HI?+1�,.H6HfO
�C'#H6H  "�_36-�'2��7A3,+P*6�0H *N*�E �C'2�� ���,.-0/ 3d-*4)Gn3C*�7 ��HI*�*AE*�'48�� �?
MA3?3 � �

� � �Z493?3�1�DQ� * � Q9*�2 �7Q9I�2 � * � Q9*�2 �7Q9:)2 � * �)Q9:)2 �7Q9I�2 �
R _ `�2 9\^ ��� ?�2 Db3 ��� 2<17` � 5 DY2<^$9 �����

� _ ^�2<1\Q ��� DY2 7\1 ��� 372<` 3 � 5 372<^7^ � 5
(�_ Q�243;9 ��� DY2 D&` ����� 1�2<?\1 � 372<F$7 � 5
= = F�2 7 3 � ?�2 7�D ��� 2<?7F � 5 1�2<F�D �

M:5 � �
� � �Z4O3?3 1�DQ� * � Q9*�2 �7Q9I�2 � * � QO*�2 �7QO:)2 � * �)Q9:)2 �7Q9I�2 �

R _ 373\2 97` ����� Db2 97Q ��� 2 9�D � 5 ?�2<F 3 ���

� _ Q�2 9 3 ��� Db2<Q7^ ����� 3\2<?7F � 5 1�2<F 3 �

(�_ Q�2<F 9 ��� Db2<?�D ����� 1 2 771 �hI0T�2 77^ � 1�2 7\? �hI0T�2 77^ �
= = F�2 D&Q � ? 243�? ��� 2<? 3 � 5 1�2<F 9 �

=*5 � �
� � �Q493?3�1�D � * �)Q9*�2 �\Q9I�2 � * �)Q9*�2 �\Q9:)2 � * � QO: 2 �\Q9I�2 �

R _ DY2<Q�D � 1�2<`�D � 2<^$7 � 5 1 2 Q\F �

� _ DY2<` 3 � ?�2 DY3 ��� 372<1\^ � 5 3\2 ^\F � 5
(�_ ?�243�Q �hI0T�2 77^ � 1�2<Q71 � 2<`$9 � 5 3\2 ^\? � 5
= = F�2 D&1 � ?�2<?�3 ��� 2 97` � 5 1 2 3;9 �

W a���[�f�Phzh��6aC^AyC��g+^�|���e�y:g+`_W y�� � �Nf |_� o�Y ��kPc6��[ czgJaC^AyC��^���cfb�a:^�g+^$|��ne�yCg+`_W y�� � y �S|_� o�Y_�Ak
r��0[ rPyA^A��b4ad�PyA^�g+^$|��ne�yCg+`iW y f � y�� |_��o�Y_�Ak ��
>r��_� �N� k�����
�r��_� �Nf k�� � ��
>r�� � ���Nf k4� � 
�g+e�g
`dcfj�gPc��+q�b�gPaA�

MA3?3�67498;:54O=>3?0�LsL-C>M� L-:4>7J>:IX�F�49J1*b=�0�*>�&0�0�J1P-4�>70 P >H8-M7,�I".1:IH�0�8-0�J�F�0�L�4O* _
:?L-C>0�8� L _�P
*-0�L-*-��4OJ/.»*;C>0�L-0».1:IH�0�8-0�J�F�0�L�498;0�D�M7L;*&0�D�I>C/4OL-:AE�0N.�:?JWM*5 2
�sM�.1:?L-*-:?J�>H,>:?L-C��],>8-*;C>0�8b=�0�*>� 0�0�J0�]8-0NGH,>0�J�F�B =�49J/.1L;�7:?J»F�M7J1*;: >H,>M7,�L+4�>70 >78;M7,>I>L;,
_�M78	R _1��*-C>02L-*;8-MHJ�>70�L;* F;C/49J >70�L0�]M7J *-C>02:?J/F�8;0N49L;00��:K*;C @ M ��M>F�F�,�8�=/0�*>�&0�0�J
*-C�0�� I>8;0�D! �49J/.&� :?J1*-D& &>78-MH,>I>L;? �hM78#� _�*;C>:?LA8-0�D"49:?J>L�*;8-,>0 ��=>,�*AM7J�3KB�:?J M*5%?
49L28-0X>�498�.1L�(�_1�s.1:IH�0�8-0�J/F 0�L"4O8-0EJ�0N498;3KB L-:4>HJ>:IX�F�49J1*�=�0�*>� 0�0�J�*-C�0!� *;0�8-D& �49J/.
� :?J�*;D! \>78;M7,>I>L;�>49J/.�=�0�*>� 0�0�J *-C>0 � :?J�*;D! 74OJ/. � I>8-0�D& &>78;M7,>I>L;�10NGH,/493?3?BE:?J�0N47F;C
F�4OL-0$��=>,>*�MHJ>3?B»:?JWM:5 2

W )s6HM73?,>*-:?MHJEM�sL-3?0�0�IvL-*�4O*-0 .Æ:KL;*-:?J/F�*;:?M7JE=1B R =%/X674O8-:<49=�3K0�L ��:?*-C(4�>70$,
��M>.1:IX�F�4O*-:?M7J�L»M��L�F�MH8-0�L�MH=>*�4O:KJ�0N.�49*»I/4O:K8;0N.�* PZ*;0�L-* �hM78»*;C>0{F�MHDEI/4O8-:?L-MHJaM�
DE0�49J>L�=�0�*>� 0�0�JiL-3?0�0�IiL-*�4O*-0�L»MHJa493?3 1�D"L;,>=76�0NF *-L � 3�L;* F�M73?,>D�J �.�
49J/.���:?*-C�:KJ
0N4HF-C 4�>70 >78;M7,>I��hMH*-C>0�8:?2F�M73?,>D�J>L[� 498;0�L-C>M��J�M7J	�b49=>3?0�/��@��2

3�D



�b49=>3?0�/��@�
�8+P?PH G+7A3:?.-�?A@ 1�*�7A;
*�*�-.�AL�7�,J7�* /P3 L�7A36-��87K3:?.-)?��!*�,P-�L�?A@�/.3 ��*�5N*�-���*�L�1�*�7A;
*�*4- '2� �
7A3,+J*	�0H *N*�E �C'2�� ,P-�/ 4)G�3:*878��HI*�*AE �'4G�� �iE�,P365�*N/ 7��A7�*8LN7�@=?P5#7C9D* ��?��BED,.543 L=?P-�?A@
� *N,.-�L ?�@ +P,PH G�*�L 3d- '	� DE:?J1,>L +P,PH G�*�L�36-*4G��?
* 493?3 �)1�D �\1�D � � *-0�8-D! � Q �7Q$� � :?J1*-D& �)Q �7Q � � I>8;0�D! �)Q �7Q �
R _ P ?�2 D.^ ��� P 1�2 D7D � P 1�2 9\^ � P�2<Q$7 � 5
� _ 37243�1 � 5 2 9�D � 5 2<` 9 � 5 2<?$9 � 5
(�_ ^�2 D&1 ������� ^ 2 3�F ����� 1 2<Q�D � ? 2 ^\? ���

= = P F�2<^$9 ������� P)DY243-9 ��� P ?�2 7 7 � P 1�2<`7Q �

W ��
�r��_� �N� k��	��
�r��_� �Nf k������
�r�� � ���Nf k��� ����
>r��_� �4�4�Nf k4� � 
�g+e�g `dcfj�gPc��+q�b8gJaA�

�Q*2:KL»F�MHJ X/8-D�0N. M7Ji*-C>:?L2*�4O=>3?0E*-C�49* � _ :?L J>MH* 8;0�3?0�6749J1* �hM782L-3?0�0�IÂL;*�4O*-0
.1:?L�F 8-:?DE:?J/4O*-:?M7J)����C/49*;0�670�8b*-C>0�4�>H0720R _1�749J�.�DEMHL-*�MR��493?3�(�_1��L-C�M�aL-:4>HJ>:IX�F�49J1*
=�0�*>�&0�0�J1PQL-*�4O*-0A.1:IH�0�8-0�J/F�0�L�49D�M7J�>!�],>3?3®PQ*-0�8-D J>0.��=�M78-J�L �$� *-0�8;D! ��2%�QJ'*-C>0)� :?J1*-D& 
>78;M7,>I5� R _i:KL�L-*;:K3?3
L-:4>7J>:IX�F�49J1*-��49J�.�L-M�:KL�(�_ 2��QJv*-C>0 � I>8-0�D& �>H8-M7,�I)�>MHJ>3?B (�_
L-C�M��LAL-:4>HJ>:IX�F�49J1* =/0�*>�&0�0�J1PZL;*�4O*-0».1:IH�0�8;0�J/F�0�L�2

� � 
�
!��� 
0
!
�� �

�)	�� � �������$� 	��S�����=�
	 � � ��	$���=�m�����S�B�
O�49*�4'M7=�*�49:?J>0�.»=1BE*;C>0�49J/4O3KB1L;:KL I>8;0�L-0�J1*;0N.(C�0�8-0 .Æ0�DEMHJ>L-*;8�49*;0�*>�&M2D"4O:KJ»I�M7:?J1*-L;�

�h8-MHD�*-C�0�I�C�B1L;:KMH3?M7>7:<F�4O3/I�M7:?J1* M�d61:?0.�2,
_
:?8-L;*-� R =G/ I/498�49DE0�*-0�8;L�498;0 C�: >HC>3?B".1:?L�F�8-:?DE:?J/4OJ1*��hMH8�4�>70$��=�0�*>�&0�0�J I>8-0�D"49*;,>8-0

49J/.J�h,�3K3ÅPQ*-0�8;D J�0.��=/MH8-J>L�20MA3?37R =G/a674O8-:<49=>3?0�L�4O8-0bMHJ�*-C�0b:?J/F�8-0�49L-0 �h8;M7D *-C>0 I>8-0 PZ*;0�8-D
>78;M7,>IC� ? 3�P ?7^\�	2W@ M �³*-M(*;C>0��h,>3?3ÅPZ*;0�8-D >78;M7,>IC� ? 9�P)DY3��	2 @ M��.��=�,>* R _ 0�J/.Æ,>8-0�L
4�8�49*;C>0�8�L-*;0�0�I(:?J/F 8-0N4OL-0��h8;M7D�*;C>0�I>8-0 PZ*;0�8-D *-M»*;C>0�:KJ1*;0�8-D�0N.1:<49*;0 >78;M7,>I5�18-0�D�49:?J>:?J�>
8-0�3<4O*-:?670�3?B2L-*�49=>3?0�4;�h*;0�8@��498�.1L-�+��C>0�8;0N49L�(�_->78;M��L&D»,�F-C�DEMH8-0�8-0X>7,>3<498;3?B��h8-MHD ?�3�*-M
DY33� 0�0.:1L @ M�2$��C>:?L :?Lb:?J0�Z4�6HM7,>8sM�b49J»:?DEI�M78;*�4OJ�*s:?J/F�8;0N49L;0�M�d674�>�4O3>*-MHJ>0�4O* ?\`�49J/.
?7Q �&0�0.:1L-����:?*;C"42D»,/F;C»L-3?M� 0�8B>78;M��*-C�4;�h*;0�8@��498�.1L-��49J/.�M�&4�D»,�F-C»D�M78;0�F�MHJ>L-*�49J1*
:?J/F�8-0�49L-0'M�dL;B1DEI/4O*-C>0�*;:<F�*-MHJ>0��h8;M7D ? 3A*;M�DY3��&0�0.:1L�2

�QJ�*;C>0{L;0NF�MHJ/.xI�354HF�0$�AF M7J/F�0�8-J>:?J�>iL-3?0�0�I L-*�49*-0�L-���&0	�]M7,>J/.i*;C/49*�47F�F�MH8�.1:?J�>i*-M
R =G/�I/498�49D�0�*-0�8;L-�sL;3K0�0�IaL;*�49*;0�L»D"4�B�=�0".1:?L�F�8-:?DE:?J/4O*-0N.v=�0�*-*;0�8E49J/. =�0�*;*-0�8E4OL @ M
:?J/F�8-0�49L-0�L-�H*-M�8-0N4HF;C L�49*-:?L6�hB1:KJ >A3?0�670�3KLsMR��.1:?L�F�8;:?DE:?J/49*;:?M7J2�]M9670�8�Q 7��	��>73?M7=�493?3?B8��MHJ>3?B�:KJ
*-C>0J�h,>3?3ÅPZ*;0�8-D >H8-M7,�I�20M:5�:KL D»,/F;C»=�0�*-*;0�8A8;0NF�M7>HJ>:AE�0N.�*-C�49JV=*5%?1*;C>0��Z47F *&*;C/49*3=*5E:?L
8�4O*-C>0�8�I/M1MH8-3?B�8-0NF�M\>7J>:AE�0�.(=1B (�:?J>0N4O8:O�:?L�F�8;:?DE:?J/49J1*�M�J/493?B1L-:?L�C/49L�J>MEI>C1B1L-:?MH3KM\>7:<F�4O3
:?J�*;0�8-I�8-0�*�49*-:?MHJ)�>=>,�*�:KL�D�0�8-0�3KBE4»F M7J>L;0NGH,>0�J/F�0»MR�d*;C>0 F;C>M7:<F�0'D"47.Æ03�hMH8�*-C>0�.10NF :KL;:?M7J
8-,>3?0	�]L-0�0�=/0�3?M� L-*�49*;:KL;*-:<F�4O3&F�M7J�L-:<.10�8�49*-:?MHJ>L MHJa.1:?L�F�8;:?DE:?J/49J1*�49J/4O3KB1L;0�L[�X2VD¤0�*>� 0�0�J1P
4�>H0 .1:IH�0�8-0�J/F 0�L�4O*AC1B1I/MH*-C>0�L-:?L�*-0�L;*-L 4O8-02C>:4>7C>0�8�:?J M*5(*;C/49J(:?J<=*5 2 ��C>:?LAL-, >7>70�L-*-L
49J�0N498;3K:?0�8�.1:IH�0�8-0�J1*;:54O*-:?M7J�M�0M:5%�>4OLRF�MHDEI/4O8-0N.�*-M0=*5%� ��C>:<F;CE:?L&:?J�4�>78;0�0�D�0�J1* ��:?*-C

3�F



I>8-0�6�:?MH,>L�X/J/.Æ:KJ >7L��<Q�� 2 Db,�* L;:KJ�F�0EL;: >HJ>:IX�F�4OJ�*2.1:IH�0�8;0�J/F�0�L»=/0�*>� 0�0�J�L;3K0�0�IaL;*�49*;0�L2:KJ
I>8-0�D"49*;,>8-0�LA498-0��hMH,>J/.�M7J>3?B»:?JV(�_ � �]C>:4>7C>0�8�:KJ M:5�*-C�49J�:?JV=*5��.��*-C>:?L�493?L-M2L-, >7>70�L-*-L
0N498;3?:K0�8�D�49*;,>8�4O*-:?M7J(MR�RL;B1DEI/4O*-C>0�*;:<F�C>0�498-*'8�49*;0"F�MHJ1*-8-MH3&.1,>8;:?J�> M:5%�0R _ �h3?M� 0�8�:KJ
M:5�*-C�49JE:?J =*5�� =�0NF�M7D�:?J�>�.Æ:KL�F�8-:?D�:KJ�49J1*b3<49*;0�8-� �h8;M7D ?\`��&0�0.:1LAM7J�2

��C�:KL�L-0NF M7J/.vI/MH:?J�*�:?L�F�M7C>0�8-0�J1*2��:?*-Cv*-C>0 X/8-L;*�M7J>0$��.10�670�3?M7I�0N. 49=�M9670$��49J/.v493?L-M
��:?*-C(I>8;0�61:?M7,>L�X/J/.Æ:KJ >7L�=1B D 493<. E�0�8�0�*�493)20�<?��@� ��C>ME,>L;0N. *-C�0 MHI>I/MHL-:?*-:?MHJ(=/0�*>�&0�0�J
(�_ 49J/. =�0�L;I>:?8�4O*-M78;B 5Æ:KJ1,>L MA8;8-C1B1*-C>D�:<42� ��C>:<F;CE:?L�:1J>M��JE*;M�=�0³F�498-8;:?0N.»=1B�R _!��49L
4»I/4O8�4ODE0�*;0�8��hM78�L-0�I/498�49*-:?MHJ{:?J *>�&M >78-MH,>I>L�MR�&C>0N4O3?*-C1B(J>0�MHJ/49*;0�L-�s49J�.(L;I/0NF ,>3<49*-0�.
M7J{4�3<49*;0�8�I/MHL-*;J/49*�493b.10�6H0�3?M7I>D�0�J1*�MR�&*-C�0 I/4O8�4OL-B1DEI/4O*-C>0�*-:<F�L;B1L-*-0�D 49L�F�MHDEI/4O8-0N.
*-M(*;C>0EL;B1DEI/4O*-C>0�*;:<F»L-B1L;*-0�D 2 _�8-M7D}*;C>:?L I�M7:?J1*�M�A61:?0.�2�!� 0"F�4OJÂ4O3KL;M(L-, >7>70�L-*E49J
:?J�*;0�8-I�8-0�*�49*-:?MHJ0�hMH8&*;C>0	19J/.T�Z47F�*;M78�MR��M7,>8 Ks8;:?J/F�:?I/493�@ MHDEI�M7J>0�J�* MAJ/4O3KB1L;:KL;�78;M7,�>HC>3?B
L-I�0N4:1:?J�> � R _ �8(�_� S�OC>:4>7C>0�8¤:KJ �h,>3?3ÅPQ*-0�8;D J>0.��=�M78;J>L *-C/4OJ :?J»I>8;0�D"4O*-,>8;0�L-�149J/.2C�: >HC>0�8
:?JV=*5�*-C/4OJ":?J M:5%,�:K* D"4�B2=�0 F�3?M7L;0�3?BE8-0�354O*-0N.�*;M»674�>�4O3/*;M7J>0\2

U ,>8�.>49*�42L-C>MH,>3<.�=�0 F�M7D�I/498;0N.\��:?*-C >H8-0N4O*AI>8;0NF�49,�*-:?M7J>L���:?*-C(I>8;0�61:?M7,>L�L-*-,�.1:?0�L
M7J2I>8-0�D"49*;,>8-0�L-�1L-:?J/F 0�M7,>8 L-,>=76 0NF�*-L�498;0AC>0�493?*-C1B2I>8-0�D�49*;,>8-0A4OJ/. �h,>3?3ÅPZ*;0�8-D J>0�MHJ/49*;0�L
8-0NF M78�.Æ0N.�:KJ2*-C�03X/8;L-*�.>4�B1L&MR��3?:I�h0$� ��C>0�8;0N49L :?J»I>8-0�61:?M7,�L&L;*-,/.1:?0�L;�1:?J �Z49J1*;L��&0�8-0A:?J1670�LQP
*-:4>�4O*-0N.'49*b.1:IH�0�8-0�J1*bI�M7L;*-J/4O*�493>4�>70�L3�<?;�@�=*5�MHJ>3?B�=�0�:?J�>�*�4R:70�J2:?J1*-M�4HF�F�MH,>J1*��43�I?4�@�9M78
*-MH*�493�R =%/ M7J>3?B»L-*;,/.1:?0N.<�43;9�� 2 51M7D�0AMR�+MH,>8�I�0�8-L;M7J/4O3d,�J>I>,>=>3?:?L-C�0N.(.>4O*�42I�M7:?J1*�M7,>*
*-C>0�:?J "/,>0�J�F�0AMR��I/MHL-*-J�49*�4O3�4�>70�M7JWR =G/ I�498�4ODE0�*;0�8-L�2d)+L-I�0NF�:<493?3?BQ�1F�MHDEI/4O8-:?L-MHJO��:?*-C
:?J�*;0�8-0�L-*-:?J�>E.�49*�42MR��R�498-I�0�8�0�*A4O3 23�43�?��6�>4OJ/. 5>F;C>0NF;C1*-D�49J�0�*A493)23�<1$9��s:?J":?J �Q49J1*-L =/0 P
*>�&0�0�J 31�&0�0�: 49J/.�^�D�M7J1*-C>L
M��4�>70�D�4�BA=�0�:KJ�47.10NGH,/4O*-0 =/0�F�49,>L;0AMR��*;C>03�&0�3K3ÅP>:1J>M��J
8�4OI>:<.�DEM>.1:IX�F�4O*-:?M7J�L�M��49,>*;M7J>MHDE:<FsF�M7J1*-8;M73/.Æ,>8-:?J�>�*-C�01X/8-L;*��&0�0.:1LbM�/I�M7L;*-J/4O*�4O3/4�>H072

�)	A� 	��%�S�)� �S��� � �����B�)��� 	$�S� �
U ,>8bD�0�*-C>M>.1LsMR��D�0N49L;,>8-0�D�0�J1*d4OJ/.2L-*�49*-:?L;*-:<F�493�49J/4O3KB1L;:KLs8;0NGH,>:?8-0AL;M7D�0&F�M7D�DE0�J1*;,
A³:K6H0�J»*-C�0A3?0�J�>H*-CEMR�d*;C>0A8;0NF�M78�.1:?J�>7L��)1�C�M7,>8;L&MH8&D�M78-0 �7,>I�*-M 1\F$7 7$7�C>0�498-*;=/0�49*-L

:?JEL-MHDE0�F�49L;0�L[����F�3�1�=�0N49*;L�� 49=�M7,�* D»D�:KJ1,>*;0�L�� 4OI>I�0N498;0N.�*-M»,�LA49LA4�>7M1M>.�.1,>8�4�P
*-:?M7J �hM78A4OJ�M7=>L;0�8-674O*-:?M7J�,>J>:?*�*-M»*�4R:70���:?*-C>:?J1PQL-,�=76�0NF�*�67498-:<4OJ/F�0�:?J�*;ME47F�F M7,>J1*�21��C>:?L
67498;:54OJ/F�0�:?Lb0�8�49L;0N.0��C>0�J�� 0B>7:?670�D�0N49J>L!��:?*-C�:KJ»MHJ>0�L-,�=76�0NF�*�:?JE4*>H:K6H0�J2L-3?0�0�I�L-*�4O*-072
@ M7J1670�8-L-0�3KB � ��:?*-C>:?J1PQL-,�=76�0NF�*�DE0N4OJ>LRF 0�8-*�49:?J>3?B"4O8-0�8�49*-C�0�8AF�M�4O8-L;0 0�674O3?,/49*;:KMHJ>L M�d*;C>0
47F�*;:?6�:?*QB�:?J{4 >7:?670�J	�h8-0�G7,�0�J/F�B =/49J�.	�hMH8�M7J>028-0NF M78�.Æ:KJ > �
=>,>*�F�M78;8-0�L;I/MHJ/. *-M�8;0N493?3?B
:?J/.10�I�0�J/.10�J�*�M7=>L;0�8-674O*-:?M7J�L-�1��C>:<F;CÂ:?L»J>MH* *;C>0{F�4OL-0 ��:?*;C F 3�1v=/0�49*»0�I�M>F-C�L�2 ��C>0
L-*�49*-:?L;*-:<F�493�I�8-M>F�0N.1,�8-0 F;C>MHL-0�J(C�0�8-0$�+�&MH8@:1:?J�>�MHJ F 3�1�=�0N4O*�0�I/M>F;C>LJ�hM78�.>49*�4 4OJ/493?B1L-:?L
�h*;C�,�L�*�4:1:?J�>�:?J�*;M"4HF�F�M7,�J�* ��:K*;C>:?J1PQL-,>=76�0�F�*�67498;:<49J/F�0;�.��4OJ/.(MHJ{:?J/.Æ:K61:<.1,/4O3?L3�hMH8�C1BHP
I/MH*-C>0�L-:?L&*;0�L-*;L2�]*-C1,>L�49L-L;,>DE:?J�>':KJ�.10�I�0�J/.10�J�F�0�M�sM7=>L;0�8-674O*-:?M7J�L[�.�10�J/49=>3?0�L ,>L�*;M *�4:70
*-C>0'=/0�L;*��h8-MHD 0N4HF;C(I/MH:?J�*�MR�b6�:?0.�	2FR 0³4�6HM7:<.10N.�I>8�47F�*;:<F�:?J�>".>4O*�4»4OJ/493?B1L-:?L�M7J��h*-M1M
�h0.���s:?J/.Æ:K61:<.1,/4O3?L-�9MH8&C1B1I/MH*-C>0�L-:?L&*;0�L-*;L�M7J»J>MHJ1PQ:KJ�.10�I�0�J/.10�J1*�MH=>L-0�8;6749*;:KMHJ>L��h0�I�M>F-C�L[��2
U J>0&D�4�B�4O3KL;M�*-C>:?J�:�M�%��:?*-C>:?J1PQL-,�=76�0NF�* P 4OJ/.HPQL-3?0�0�I1PQL-*�49*;0�DE0N4OJ>Ld4OLdI�8-:?D"4O8-B�L-,>=76 0NF�*-L
���®47F *-:?670 �HGH,>:?0�*s=/49=>:?0�L� �.�74OJ/.�MR��*;C>0AL;0�*bMR��0�I�M>F;C>L&:?J»4 >7:?670�J2L-,�=76�0NF�*�49J/.2:?J»4 >7:?670�J
L-3?0�0�IvL-*�4O*-0»49L�42� =>3?M��:?J�>9PQ,>I� HM�&L;,/F;C{4»L;,>=76�0NF *�2��QJ(*;C>:?L���4�BQ��.1:?L�F�8;:KD�:?J/49J1*�49J/4O3®P

3�^



B1L-0�L ,#E�?�L�7�*�543:?.543 D�4�B =�0�L;0�0�J{4OLA428-M7=�,>L-*;J>0�L-L�*;8-:<493 �hMH8�*-C>0�8;0�L-,>3?*;LAM�bC1B1I/MH*-C>0�L-:?L
*-0�L;*-L�2
M�J>M7*;C>0�8 GH,>0�L-*-:?MHJÂ49=�M7,�*�I�498�4ODE0�*;8-:<F'*-0�L;*-L»:?L�*-C�0»J>M78;D"493?:?*QB(49L;L-,>D�I>*-:?M7J�2O�sM

L-0�*;*-3?0�*;C>:?L�I/MH:KJ1*;��� 0�L;:?DEI>3?B»F�M7J X�8-DE0�.E*;C>0�674O3K:<.1:?*QB»MR�dM7,�8A8-0�L-,>3?*-L�=1BEI�0�8>�hMH8-D�:KJ >
J>M7JÆP³I�498�4ODE0�*;8-:<F2*-0�L-*-L�M7Ji*-C>0�L�4ODE0�.>49*�4�,��(4OJ>J1PARxC>:?*-J�0�Ba49J/.�Rx:?3<F�M��>M7J *-0�L-*-L
�hM78',>J>I/4O:K8;0N.�49J/. I/49:?8;0N. * PZ*;0�L-*;L-��P�8-,�L@:7493ÅPARa493?3?:?L�*;0�L-*��]M78�_�PQ*-0�L-*�2C��C>0�3?0�670�3KL2M�
L-:4>7J�:YX�F�49J/F 0O� 0�8-02L-*;8-:<F�*;3KB *-C�0 L�49DE0\2���C>:?L�.1M10�L�J�M7*�L-C>M�X*;C/49*�MH,>8�67498-:<4O=>3?0�L�4O8-0
J>M78;D"4O3Z��=>,>*»I>3<49:?J>3?B(*;C/49*2*QPQ*-0�L-*E49J�. _�PZ*;0�L-*E4O8-0�670�8-B 8-MH=>,>L;*»*-M .10�61:<49J/F�0�L��h8-MHD
J>M78;D"4O3K:?*QB72�R 0³F;C>MHL-0�*;M»I>8-0�L-0�J1*�*-C>0�L-028-0�L;,>3?*-LA:?J�*QPQ*-0�L-*�4OJ/. _�PZ*;0�L-*�L�F�MH8-0�L�M7J�3KB�*-M
L-0�*�*;C>0�D :?J 4 � 0�3?3®P>:1J>M��J0�]M78-D 2
K+8-:?J/F�:?I/4O3�@ M7DEI�M7J�0�J1* M�J/493?B1L-:?L :KLA4'I>,>8;0�3?B".10�L�F�8;:KI�*-:?670�D�0�*-C�MÆ.G� ��C>:<F-C�D�4:70�L

J>M�4OL-L;,>DEI>*;:?M7J�MHJ *;C>0�L-*�49*-:?L;*-:<F�493�I>8-MHI/0�8;*-:?0�LbMR��*;C>0�67498;:<49=>3?0�L
,>J/.10�8¤L-*-,�.1B.20_
:4>7,>8;0�L
1�49J/.�?�L-C�M�Â:?J1*-0�8-0�L;*-:?J�> GH,/4O3K:?*�49*-:?6H0&I>8;M7I�0�8-*;:?0�L&MR��*;C>0AL;*�4O*-:?L-*;:5F�493/F�3?MH,/.2M��*-C>0 ?\?7Q
0�I�MÆF;C>L L-*;,/.1:?0N.2C>0�8-0$� ��C>:<F;C ,FED?JLN7�*�543:?P5�3 F�M7J8X/8-D�GH,/49J1*;:K*�49*;:K6H0&8;0�L-,�3K*;L&MH=>*�4O:?J>0N.2=1B
.1:?L�F�8;:?DE:?J/49J1*�4OJ/493?B1L-0�Lb4OJ/.�C1B1I�M7*-C�0�L-:?Lb*;0�L-*;:KJ >Y20Kd4O8-*;:5F ,>3<498-3?B ��*-C>0 1OJ/.��Q47F�*;M781��� R _ �
(�_� ��:KL�3?M�X:?J{I�8-0�D�49*-,�8-0�L;�d4OJ/. >H8-M��L 4OL�*-C>0 3�L-*��Z4HF�*-MH8��h*-MH*�4O3 R =G/ ��:?J/F�8-0�49L-0�L-?
*-C>:?L D"4�B2=/0'L-0�0�JvM7J�*-C>0�*;8-:<49J�>H,>3<498 L-C/4OI/0'M�d*;C>:?L#�®F�3?M7,/.i 42
O�:?L�F 8-:?DE:?J/4OJ�*�4OJ/493?B1L-0�Ld*;C>0�MH8-0�*;:5F�493?3?B 49L;L-,>D�0&J>MH8-D�493?:?*QBQ��=>,�*+4O8-0�8;M7=>,>L;*b0�J>MH,�>7C

*-M�*-MH3?0�8�4O*-0E61:?M73<4O*-:?M7J>L�M�A*;C>:?L�J>M78;D"4O3K:?*QB(49L;L-,>D�I>*-:?MHJ<�hL;0�0\�hM78�08��4ODEI>3?0��<1 3�L1\1�� ���
49J/. = 0�>7,>3<4O8-:AE�0N. O�:?L�F�8;:KD�:?J/49J1*�M�J/493?B1L-:?L2�4373N�@����C�:5F;C�D"4�B»=�0�L;0�0�J)��I/4O8-*-:<4O3K3?B ��4OL�4
>70�J�0�8�4O3K:AEN4O*-:?M7J M� (�:?J>0N498�OA:?L�F�8-:?DE:?J/4OJ1* MAJ�493?B1L-:?L-�
:?J/F�8-0�49L-0�L»L-*-:?3?3b*;C>:?L�8-MH=>,>L-*;J>0�L;L�2
O�0�*�4O:K3?0N.i8;0�L-,>3?*;L(M��.Æ:KL�F�8-:?D�:KJ�49*-:?MHJ �Z4OJ/493?B1L-:?L»MR� L-:AE�0�L�MR� M78;: >H:?J 4OJ/.x44H�0NF *�49*;:?M7J
>78;M7,>I>L#��� 0�8;0�4�6749:?3<49=�3K0 M7J�3KB �hMH8 (�:?J>0N4O8 O�:?L�F 8-:?DE:?J/4OJ�*�MAJ/4O3?B�L;:?L&49* *-C>0�*-:?DE0 M�s*-C>:?L
L-*;,/.1B �1L-M0� 0�I�8-0�L;0�J1*-0N.v=/MH*-C�*QB1I/0�LAM�b.1:?L�F�8;:?DE:?J/49*;:?M7J�2

R 0¤L-*�4O*-0N.�49=�M9670b*;C/49*¤*-C>0�=�0�*-*;0�8b:<.10�J1*;:YX�F�49*;:KMHJ MR� M*5%�949L&F M7DEI�498-0�.�*-M2=*5%�9C/4OL
J>M�I>C1B1L-:?MH3KM\>7:<F�4O3�:?J1*-0�8-I>8;0�*�4O*-:?M7J�20M�LR4³D"49*;*-0�8¤M�%�Z4HF�*-�H*-C>0�.10NF�:?L;:KMHJE8;,>3?0�LR4OL-L;,>DE0A4
F;C>M7:<F�0!�]M78�*;C>0 ,�E0543C?P543 I>8;M7=/4O=>:?3K:?*QB�M�>0N47F;C�>78;M7,>I),�:KJ'M7,>8sF�49L;0$�$� 0bD�0�8-0�3?B�F;C>M7L;0&*;C>0
� J/49*;,>8�4O3K OI>8-MH=/49=>:?3?:?*-:?0�L;�9I>8-MHI/MH8-*;:KMHJ/493�*-M;>78-MH,>IEL;:AE�072�51:?J/F�0 M:5�:KL¤*>��:5F 0�49L �h8;0NGH,>0�J1*
49L�=:5G�>*-C�:KL�M96H0�8�F;C/4O8 >70�L:M*5 2�� � :K*3��49L�670�8;B(:?DEI�M78;*�49J1* *-M�8-0NF�M\>7J>:AE�00=*5%��49J/. J>M7*
L-M»D»,/F;C M:5%�8�hM78�:?J>L;*�49J�F�0$��:?*3�&MH,>3<.»=�0�I/MHL-L;:K=�3K0'*-M»M9670�8�F;C/498 >70�*;C>0�I>8;M7=/4O=>:?3?:K*QB2M�
*-C>0�=:5 >78;M7,>Iv=�B(4 � F M7L-*� �F�M10 �"F�:?0�J1*-�%��:?*;C{4�>H3KMH=/493
I/0�8�F�0�J1*�4�>70»MR� � 0�3?3®P-F�3<49L;L-:IX/0N.
0�I�MÆF;C>L�49I>I�8-M��>:?D"49*;0�3?B F�MHJ>L-*�49J1*-��=>,>*�=�0�*-*;0�8�8-0NF�M\>7J>:AE�:?J�>»MR� =*5 2

�)	�� � �)������� �B���S� ���m���D�
R�0N4O8-**=A49*;02/&4O8-:<49=>:?3?:?*QBQ�H49L�DE0�49L-,�8-0N.�=1B�*-C>03� L43 (J-�,PH 49J�.E:?*;L�L-I�0NF�*-8�493&F M7D»P

I/MHJ>0�J1*-L � R _1��� _ �
49J/.<(�_�*-:?DE0'L-:4>7J/4O3?L[�.�
:?L�=�BvJ>M� 4	� 0�3?3ÅP .ÆMÆF ,>DE0�J1*;0N.�DE0�49J>L
*-M�:KJ16H0�L-*;: >149*;0�*-C>0�MA,�*-M7J�M7DE:<F���0�8-67MH,>L	51B1L-*;0�D 4OJ/.�:?*-L�D"49*;,>8�4O*-:?M7J�23��C>:?LAL;*-,/.1B
49:?DE0�.»*-M�49L;L-0�L;L�:?*�=�B�L;I/0NF *-8�4O3&49J�493?B1L-:?L-��.>49*�4E49J�493?B1L-:?LA49J/. C�B1I�M7*;C>0�L-:?L�*-0�L-*-L�:?J{4
8�4O*-C>0�8 F�3<49L-L;:<F�493 �R4�B ���C>:<F;C��R4OLb:?J�*;0�J/.10�.»*-M�L;0�*-*;3K0�4�=/4HF@:&>H8-M7,�J/. �hM785�h,�8-*-C�0�8 � M78N:
M7J�*-C>0�L�49D�0AL-,�=76�0NF�*�2
Ks4O8-*-:<F�,�354O8-3?B ��MHJ>0�D"4�B(J>MH*-:<F�0�*-C�49*»*-C�0"L;*�4O*-:?L-*;:5F�493�I>8;MÆF 0N.1,>8;0�L�� 0�I/0�86�hM78;DE0N.

:?Ja*-C�:KL»L;*-,/.ÆBa,>L;0N.�M7J�3KB *;C>0�DE0N4OJ 67493?,>0�L	� ��:?*-C>:?JaMHJ>0�0�I�MÆF;C ��M��*-C>0�67498;:<49=>3?0�L
,>J/.10�8�L-*-,�.1BQ� ��C�:5F;C�D"4�B2=/0�F�MHJ>L-:<.10�8;0N.�49L�8�49*-C�0�8�I/M1MH8-�1L-:?J/F 0 � 0�C/4�670 �h=1B 5ÆC>M78;*QP

3�`



��:?DE0W_�M7,>8;:K0�8��s8�4OJ>L>�hMH8-D	��4a.1B1J/4ODE:<F20�674O3K,�49*-:?MHJaM��*;C>0(I�M�&0�8�:?JÂ0�47F;C F;C>M7L;0�J
�h8-0�G7,�0�J/F�B»=/4OJ/. 2 U ,>8 DEMH*-:?6749*;:KMHJ�:?J»,>L-:?J�>�51C>M78;*QP>��:?DE0 _�M7,>8;:K0�8��s8�49J�L>�hMH8-D :?L&*;C/49*
�&0s:?J1*-0�J�.�*-M�,>L;0&*;C>0b*;:KD�0�L;: >HJ/493?L!�)R _1�=� _1�(�_!��I>8;M961:5.Æ0N.�=1BA*;C>:?L�L-I�0NF�*;8�4O3Æ4OJ/493?B1L-:?L
I>8-M>F�0�.1,>8-0'*-MEF�4O35F ,>3<49*-0�.1:?L;*�49J�F�0�DE0�49L-,�8-0�L�=�0�*>� 0�0�J *-C>0�D �Z4OJ/.�J>M7*�MHJ>3?B»=/0�*>�&0�0�J
*-C>0�:K8�D�0N49J�L&M96H0�8�0�I�MÆF;C>L�M��F�3�1'I�M7:?J1*-L[�X2�_/4HF�*-MH8A49J/4O3?B�L;:?L&=1B".Æ:KL;*�4OJ/F�0�*�4O=>3?0�LAD�4�B
*-C>0�J"=�0 4OI>3?:K0�.»*-M»MH=>*�4O:?J"4'DEM>.10�3ÅPQ:KJ�.10�I�0�J/.10�J1*A.10�L�F�8;:KI�*-:?M7J�M�b*;C>0�I/MHI>,>3<49*;:KMHJ�2

�QJ24�3?0�L-Lb.10�L�F�8;:KI�*-:?670�8;0�>7:?L-*;0�8-�HDEM>.10�3K:AEN4O*-:?M7J�L/MR�/*-C>0�� L43 (P-0,PH 49J/.':?*-L
0��>*-8�4HF�*-0�.
L-I�0NF�*;8�493�F M7DEI�M7J�0�J1*-L-�1=1B»4 � C>:<.>.Æ0�J��(498N:7M96»F;C/49:?J� H,>J/.10�8-3?B1:KJ >�4�3?:?J>0N4O8&D�M>.10�3>�9M7J
*-C>0'M7J>0�C�49J/.%��49J/. =�B�J>M7JÆPZ3?:?J>0N4O8�DEM>.10�3?L-��L-,/F;C{4OLA=>:?3?:?J>0N4O8�DEM>.10�3?L-��M78A.10�*-0�8;DE:?J1P
:?L-*-:<F�DEM>.10�3KL���:?*-CiL-0�J>L;:?*-:?670{.Æ0�I/0�J/.10�J/F 0 ,>I/MHJ�:KJ�:K*;:<493�F�M7J/.Æ:K*;:?M7J>L	�$� F;C/4OM7*;:5F�*;:KD�0
L-0�8;:?0�L= �.��M7J�*-C�0�M7*;C>0�8AC�49J/.%��C/4�670�=�0�0�J(,�J/.10�8;*�4:H0�J�21��C>0�L;0�DE0�*-C>M>.1LA4O8-0�L-*;:K3?3
,>J1P
.10�8A4OL-L-0�L-L-D�0�J1*�2

� ��� �V� � � 
!
�� �

��C�0EI>8;0�L-0�J1*�L-*-,�.1BaL;,�>7>H0�L-*;L»*-C/4O*�4 F�M7D»=�:KJ�49*-:?MHJ(M��I>,>8-0�3KBa.Æ0�L�F�8;:?I>*-:?670(.>4O*�4
49J/4O3?B�L;:?LAM7Ja4�L;0�* MR� 4O3?3®PQL-,�=76�0NF�*�L-C�M78-*2M7=�L-0�8;6749*-:?MHJ{0�I�M>F;C>L-�!��C>:<F;C *�4R:70�L':KJ1*;M 4HF;P
F�M7,�J�*���:?*-C�:KJÆPZL;,>=76�0NF�*�674O8-:<49J/F 0$��49J�.(MR�RF�3<49L;L-:<F�493¤*-0�L;* 49J/4O3?B�L;:?LAM7J *-C�0»I/MHI>,>3<49*;:KMHJ
M�AL;,>=76�0NF�*;L-��3?0N4�61:?J�>�M7,�*O��:?*-C�:KJÆPZL;,>=76�0NF�*»674O8-:<49J�F�0$�b=�,>* I�0�86�hM78;DE:?J�>�DE0N4OL-,>8;0�L»M7J
:?J/.10�I�0�J/.10�J�*�L�4ODEI>3?0�L��]*-C>0�L;,>=76�0NF *-L[����:?LA49I>I�8-M7I�8-:<49*;0��]M78A.10�L�F�8-:?=>:?J�> R =G/XM7J(3?M7J >
8-0NF M78�.Æ:KJ >7LA47F�F�,>8�4O*-0�3?B&20MAL1�hMH8 R =%/X674O8-:<49=>3?0�L F-C�M7L-0�J	�hM78�.10�L�F�8-:?I>*;:?M7J)�bR _ 49J�.V(�_
498;0 *;C>0»DEMHL-*�,>L-0 �h,>3&4OJ/. 498;0 L;, �"F�:?0�J1*�*-M .10�L�F 8-:?=/0�D"4O*-,>8�49*-:?MHJ"MR�R*;C>0�M � 5 49J/.
L-3?0�0�I�L;*�49*;0 .1:IH�0�8-0�J1*;:54O*-:?M7J5�>49*�3?0N49L;*�:?JEJ>MH8-D"4O3/J�0�M7J/4O*-0�L�2

U *;C>0�8sDE0�*;C>M>.1L�:?J1*-0�J/.10N. �hM78s.10�L�F�8-:?=>:?J�>�49J�.�F�M7D�I/498;:?J�>�� L83<(J-0,.HzL M��.1:IH�0�8;0�J1*
L-,>=76 0NF�*-L;�b,>L;:?J�>{.1:?L-*�49J/F 0"D�0N49L;,>8-0�L�=/0�*>�&0�0�JÂL;:4>7J/4O3KL;�d4O8-0�0��>I/0NF *-0N.i*-M >7:?6H0»DEM78;0
:?J �hM78;D"4O*-:?M7JE4O=/MH,>*A*;C>0 M�,>*-MHJ>M7D�:<F � 0�8-6HM7,>L	51B1L;*-0�D��/MHJ(*-C�0 =/4HFN:.>H8-MH,>J/.�L;0�*-*;3K0�.
C>0�8;072

3�Q



� 
�� � 
������ ��� �V
��

� f	��
Y 
b�yCcz��b4bP��_�z�����:bP�����z��Y�gJadczhfb��
�z��� 
b�hzcz� 
b�~�c6� � �mW f � �4�=� 
 � gPa:^�yKb4q$a6cfe8g e��_{+^$b�yKaZyKb4aC^#b�g+�yK^$`6rPczyAb4adcfe�g�czg�g+^�|���e�yCg)�+b��Pcf^�`$����^���cfb�a6y�� �m^�`$�z� q�� � � �N� � � ��� �
� q	� Yi~P`:^�hzyKe���� � �z�=X_e�yA�Pe�g������z�����n^�h6���i� Y��z� � {+b�gPg+e�g������ om�z�=vib�yAj4^�y�Y�� om�z�.o�e8{+^Ag�� ��� ���+W f � � f � 


��e�|0^�y�`6r�^�q$a6yC�P�}b8g+b�hf�=`dcf`�e���{+^�b�yAa�yKb�a:^��P�+q�ad�+b4a6cfe8g�
+b����+b�gPa6cfaCb4adcf�4^VrPyKe���^�e�����^�b4aiaCeS��^�b4a
q�b�yA��cfe���b4`:q��=hfb8yDq$e�gPa6yAe�h6� � qAcf^�g+q�^�� q�f y � q�q�� � q�q�q �

� y � vib�hf� ��^�yN�	�
�z���_��~=^�`$���i� ���z� ��e8g+^�`$� � � Y��z�Nv�yAe4j4b�g�� � �z�8o�b8y:yCcfj4b�g����_� YS�z�=Xmcf�P�P^�g+`��
� �V�=W f � � � � 

! ^$b�yKaVyAb4a:^i��b�yCcfb��Pczhzcfa6�_b�g+b8hf�=`dcf`>czg	�f�Phzh��6a:^�y:� czg �Ib�gPa:` 
+`drn^$q�adyKb�h�czg+��cfq�^$` �Ie�yi`:ad�+�P�Se��>g+^�e�g+b�a:b�hq�b�yA��cfe�yA^�`drPczy:b4aCe$yK�Sq$e�gPa6yAe�h6����^���cfb4ady�����^�`$�z� q � � f �4��� f � � �

� ��� vib4`C^Ahzhzc6�nX��z��o�^AyCyC�+a:adc6� � �z�DoVcf��b�yA��c6� � �z��l+cz��^AyAb4adc6�����z��l�e��
�+b8yK��c6�"�i�z� � b�hzhzcfb�gPc6�+Y��z�#��b4j4b�gPc6�
� �+W f � � � � 
 � r�^�q�adyAb�h=b�g+�)q�yKe4`C` �<`drn^$q�adyKb8h8b8g+b�hf�=`dcf`�e��>{+^�b�yAaVyKb4aC^ib�g+�)b�yAaC^AyCcfb�h=�Phfe�e��SrPyA^�`C`6�PyA^��b�y:cfb8�Pczhzcfa6�_`6cfj�g+b8hf`��=o�e��)rP�+aC^AyA`�b�g+��v�cfe���^$��cfq�b�h ��^�`C^�b8yKqC{�� f � � ��q�� � � y � �

� �	� o�^Ahf^��%$+�SX��S� �mcf�Pb��4�'&��z�
XZeN��b4^�yKa$� X��z�Sl�^$qC{+^���b�hzhzcf^Ay��(
�z� �mb�hfb����ne�g+��yAb�c gJ��� ! �
W f � � � � 
l � b�g+b�hf��`:^ ��cf`:q�y:cz�)czg+b8gJa6^�� � g � 
 oVhfb4`:`dc��+q�b�a6cfe�g&b��+a:e8��b4a6c)���+^��P^$` �Pe�gPg+*^$^�`$�_rPr�� q y � � q � � ��m�Pg+e=������b8y:cf`$�
� � � o�^Ahf^��%$+�+X���W f ��� � � 
��-,^�j�hf^$`�`Ca:b4adcf`Ca6c)���+^�`i�P^��.*^�q�cf`6cfe�g�� � g�
�Y�g+b�hf�=`C^S��cf`CqAyCcz�)czg+b�g=aC^�`d�PyS�Nb8y:c��

b��Phf^�`�q�e8gJadczg=�+^$`��$rPr�� f�� � y�� ��&���cfa:e�y�
�X��Jo�^�hf^A�%$>� � ��� � YS� ��e�q/���+^Ag+q$e��PyAaA�0��yAb�g+q$^4�
� � � oV{+^�`C`�X�� �i�z�"��b���� ��� � � �
�z�+o�b�hfb8yK^$`6�����i� ����W f ��� � � 
 � g"�P�+^�g+q�^ie���q$b�yK��cfb�qig+^A�PyAb�hPczgPrP�+aC`0e8gy:{P��a6{P�)cfqi��b�yCcfb4adcfe�g+`�e���{+^�b8yKaVrn^�y:cfe���czg ad{+^_q�b4a$�4Yi��� ��� �V{P�=`dcfe�h6�z� q�q �.� � � � � � � � �
� � � oV�Py ��c�� � b�`:q$b�hfe��Nb.�Kl��z����^AczyAb�g+eP�/�V�z� � e�yA^Ah��1�_b�{Pg����i�PW f � �4�=� 
 �_^��4^�hfe�rP��^AgPa+e �n`dhf^�^Ar)`Ca:b4aC^�`Dczgg+e�yC��b�h=rPyA^A��b�a6�PyA^ib�g+�	� �Phzh��6a:^�y:�&g+^�|���e�y:g+`$���_^��4^�hfe�rP��^Ag�a:b�h��0`C�=qC{+e8�Pcfe�hfe4j4��� q�f � � y f � ����� �
� � � oV�Py ��c�� � b�`:q$b�hfe��Nb.��l��z�nW f ��� � � 
 � hf^�^�r�b�g+�)yA^�`drPczyAb4a:e8yK�Sq$e�gPa6yAe�h+�P^���^Ahfe�rP��^CgPa����PyCczg+jSa6{+^��PyA`:a��e�gPa6{+`�e���hzc��I^���&�yAj4^A�Pg��4^	$4r�� � ^����z� � y � f y � � f���q �

� f8��� �myK^$��� �+` �6v�yCcf`:b4q���om�PW f ����� � 
2��gPa:e�j4^Ag+^$`6cf`�e��+ad{+^��PyKb8czgS�Pcfe=^�hf^�q$a6yCcfq�b�h�b4q�adcf��cfa6�_b�g+�
`dhf^�^�r
e�yAj4b��gPc���b4adcfe�g)czgBg+^�e�g+b4aC^�`�b�g+�Fczg �Ib�gPa:`$� � g�
 ! �P��b�g#j�yKe�|iad{��=b)q$e��)rPyK^�{+^Ag+` cf��^ia6yA^�b4adcf`C^4��rPr�� f�� � �f � q ��&���cfaCe�yK` 
3�i�"�Pb�hz~=g+^�yN���J� � ����b�gPg+^Ay����Vhf^Ag��P�4��yA^�`C`$�4��^�| �5(0e8y:~��
� f�f	� ��y:cf^$����b�g������ ! ��W f � � � � 
 �m^�j��Phfb�yCc���^$�
��cf`CqAyCcz�)czg+b�gPa�b�g+b�hf��`6cf`$����� Yi��� � aCb4a$� Y�`C`��z��� � � f � � � f � � �
� f�q	� Xmcf�P�P^Ag+`$� ��� ���z�3��cfadg+^���� ��� � ��W f � � � � 
��m^�e�g+b�a:b�hV{+^�b�yAaiyAb4aC^
��b�yCcfb��Pczhzcfa6�)b�g+�Mcfa:`_yA^Ahfb�a6cfe�g#a:eyK^$`6rPczyAb4adcfe�g��0���"��{+^$e�yN��v�cfe�h6�z� f�f y � � � � � � � � �
� f y � ! b�yCrn^�yN���S� � �z��w�b8hfa:^�yN����� �S�z��l�^$b�~=^4��v_�z� ! e 
+��b�gPg�� ! � ���z� � cf^$qC~n��X�� om�z� � a:^�y:��b8g�� � � v_�z�

! e�rPr�^Ag��PyKe8�J|�^AyA`��#�_�z� ! e��Pj���b�g��.�J��W f � � �=� 
 � ^$�4^Ahfe8rP��^AgPa e �
`6czg��+`�b�y:yC{P�=ad{P�)cfb#���Py:czg+j`6hf^$^ArPczg+j_b�g+�B|0b�~�czg+j�`:aCb4aC^�`Vczg�g+e�yC��b�hPczg �Ib8gJaC`�� � hf^�^�r�� f � y�y � � �.�
� f ��� ! b�yCrn^�yN� �S� � �z� � qC{+^$qC{Jad��b�g������ l0�z�#�mhz�+j4^��%��� YS��W f � � � � 
 � b4qC{Pczg+^Sq�hfb4`:`dc��+q�b�a6cfe�g�e �0czg � b�gJa`6hf^$^Ar `Ca:b�a:^ �+`6czg+j q$b�yA��cfe�yK^$`6rPczyAb�a:e8y:� ��^�b4`d�PyK^$`��'&Vhf^�q�adyAe=^�g+q�^ArP{Pb�hfe�j�y�� oVhzczg�� �m^A�Py:e8rP{=�=`dcfe$h6�z�

� � � y � � � y � � �
� f��	� ! b4ad{+e�yCg�� � � ��� � ��W f � � � � 
 ��^$`6rPczyAb4aCe�yK��`dczg=�+`mb�y:yC{P�=ad{P�)cfb_czg�g+^$|��ne�yCg�czg � b�gJaC`$�6���%�V{P�=`dcfe�h6�WIl�e�g+�Pe8gn�A� y � � � f � f�q �

3-9



� f � � ! b4ad{+e�yCg�� � � ��� � �=W f � � � � 
 ��^$`6rPczyAb4aCe�yA����e=���Phfb4adcfe�g_e��P{+^�b�yAaPyAb4aC^�czg�g+^�|���e�yCgSczg �Ib�gPaC`�� &�b�y:hf�
! �P��� �_^��>�z� q�� � � f � ��� �

� f � � ! czyA`:qC{������ YS�z�4v�cf`d{+e�r���v_��W f � � f � 
 ��^�`drPczyAb4a:e8yK�i`dczg=�+`�b�yCyC{J��a6{P�)cfbDczg
{��P��b�g+` 
={+e�|%�PyK^$b4ad{Pczg+jr+b4aCa:^�y:g���e=���Phfb�a:^$`�{+^�b�yAaVyKb4aC^4��Yi��� ��� �V{P�=`dcfe�h6�z� q��Nf � ! � q�� � ! � q � �
� f � � �_b4a:e8g+bP� �V� X��z�#�$cz{��#�i�iW f � � � � 
 ��^�`drPczyAb4a:e8yK�B`6czg��+`Sb�yCy:{P��a6{P�)cfb 
mg+e�g�czgP�Nb�`6cf�4^���^�b�`6�PyA^Se��r+b�yAb4`:���)r+b4a {+^$a cfqiq�e8gJadyKe8h6� ��� Y�rPrPh6� ��{P��`6cfe�h6�z� y�� � � �Nf �6� �N� �
� f � � �_b4a:e8g+bP�%��� X��z�%��yKb�`����+YS�z�3&0j8�n^AyAa$� ����W f � � � � 
 � b4ad�PyAb4a6cfe8g e��iq�b�yA��cfb4qSq$e�gPa6yAe�h+czg �f�Phzh��6a:^�y:�b�g+��rPyA^�aC^AyC��czg �Ib�gPa:`����PyCczg+j `dhf^�^�r���&�b�yChf� ! �P��� � ^$�+�z� � � f��N� � f�� � �
� q8��� �_b�� 
+��b�gPg�� �i�z�4oVhfb�czyAb����+b��PhfaA�/���z� � *^$��cfj��+^4��om��W f ��� f � 
"�ig)`:��`:a	,^A��^V� � b�g+b�hf��`:^V�P^�`�`6cfj8g+b��%$�Pcfe�� *^���cfq$b��"$+��v��Phzhf^�adczgM�P^)l>cfb�cf`Ce�g��P^�hfb �m^�qC{+^�yKqC{+^S^�g � g � e�y:��b�a6c)���+^_^�a_^Ag Yi�+aCe���b4adc)�4�+^

W � ��� � Y ��� f y f � y ��� �Nf �
� q�f	� �my �$b�g+e�|i`6~�c6�Aw � ���4W f � � � � 
���{+^�r�^Ay �Ie�yC��b�g+qA^>e�����cf`d{+^Ay � `Phzczg+^$b�y+��cf`:q�y:cz�)czg+b8g=a�� �Pg+q�adcfe�gi�Pg+�P^Ayg+e�g �6e�r+adcz��b�hPq�e8g+��cfa6cfe�g+`$�/��^�qC{Pg+e8��^�ady:cfq$`�� f � � f � f � q��4� �
� q�q	� l�b4qC{+^Ag��Py:�+qC{������ YS��W f � � � � 
��mcf`:q�y:cz�)czg+b�gPa�b�g+b8hf�=`dcf`��=oV{+b8r+a:^�y � � ! b��fg+^�y+��yA^�`C`�� � b4q � czhzhfb�g

���P�Phzcf`d{Pczg+jSo�eP�
� q y � � q�l�b4qC{Phfb�g��nX�� ���iW f � � � � 
SY�`C`:^$`:`dczg+j#a6{+^�r�^Ay �Ie�yC��b�gPq�^Se ��b�g b8hzhfe=q$b4a6cfe8g yC�Phf^4��o�e��)rP�+aC^AyA`b�g+� � b4ad{+^A��b4adcfq�`�|�cfad{�YirPrPhzcfq$b4a6cfe8g+`�� f�q Y�� q � f � q � q �
� q ��� ��b�|�b���� � � ! �z� ���+b4adcf^AyCc6�/�_� �i�PW f � ���=� 
 � {+e�yAa � ��cz��^��Pe��Py:cf^�y �>yAb�g+` � e�yC��� � g�
+Ym�P�Nb8g+q�^��_aCe�rPcfq�`czg�`6cfj�g+b8hnrPyAe�q�^�`C`dczg+jP��rPr�� q � � � y�y � ��&���cfa:e�yA` 
.��� � �Pl>cz���+Y��%�S� ��rPr�^AgP{+^Acz�����VyA^AgPa6cfq$^ � ! b�hzh6�

&�g+j8hf^�|�e=e���oVhzc�
n`$�=�m^�| ��^AyA`C^��4�
� q��	� ��e���^�yKb�g ���=v_�z� � b4q�b��Phfb�������� ��� v_�z�no�b��+��czhzh6� � � YS�z�#�m�+a �4� � �z�+Y��Pb���� �
�z��X_e�yA�Pe�g�� �
�z�3�mczh���ne�yCg��/��� � �z�4vib�yAj4^Ay���YS� om�z� � {+b8gPg+e�g�� �
� om�z�4o�e�{+^�g�� ��� ���z�Nvi^�g+`:e8g�� ! ��W f � � � � 
+Y�`C`C^�`d��^AgPa+e��b��+aCe�g+e��)cfq�� �Pg+q�adcfe�g_czg){=�P��b�g+`>�P�_{+^�b8yKa�yAb4aC^i`6r�^�q$a6yAb�h=b�g+b8hf�=`dcf`��$Yi��� ��� �V{J��`dcfe�h6�z� q�� �.� ! f���f �

! f�� y �
� q � � ��e4`C^Ag��Phz�+^�ad{��6YS�z� � cz��^�e8g+^4� ��� YS�4W f ��y � � 
"��{+^VczgJaC^AyCyK^�hfb4adcfe�g+`�e��=��b4j�b�h4b�g+�_b4q�q$^Ahf^AyAb4aCe�y=^�
n^�q$a:`e�g ad{+^_q�b�yA��cfb4q�yAb4aC^4�=Y���� ��� �V{J��`6cfe8h6�z� f�f8� � �Nq � ��� �
� q � � � b��4^AyA`��4v_� � q$YS�+W f � � y � 
�Yig+b8hf�=`dcf`0e ��{+^�b�yAaVyKb4aC^���b�yCcfb��Pczhzcfa6���0&VyAj4e�g+e��)cfq$`�� f � � � � � � � �
� q � � � qC{+^�qC{Pa6��b8gn� �S� l��z���mhz�+j4^4����� YS�z� ! b8y:r�^Ay�� �S� � ��W f � �4�=� 
%��cz��^ �6�Pe���b�czg_`:��`Ca:^�� � e�y0b4`C`C^�`C`6czg+j

��b�y:cfb�a6cfe�g�czg�{+^$b�yAa�yAb4aC^4� � ^$��� v�cfe�h6� &�g+j.� o�e��)r=�+a��z� q � � y�� � � y ��y �
� q � � � qC{+^�qC{Pa6��b8gn���S� l��z� ! b�yCrn^Ay����S� � �z�"�mhz�+j4^4����� Y��nW f � � � � 
��_^��4^�hfe�rP��^AgPa�e���{+^�b�yAaVyKb4aC^���b�yCcfb��a6cfe8g�eN��^Ay�ad{+^��PyA`Ca � ��e�gPad{+`�e���hzc�� ^iczg#g+e�yC��b�h=czg � b�gPa:`$����^���cfb�a6y�����^$`��z� q � � y � y � y � � �
� y ��� � {+b�| � �8�4{ � {Pczg�W f � � � � 
�Y�`C`:^$`:`d��^AgPa0e �0b��+aCe�g+e��)cfq�yA^�j��Phfb4adcfe�g)e���{+^$b�yKaVyAb4a:^_��b�yCcfb��Pczhzcfa6�_�P�a6{+^m��^$a6{+e��
e �Dq$e��)rPhf^/$��P^A��e����Phfb4a6cfe8gn� � && & �>yAb�g+`�� v�cfe8��^���� &Vg+jP� � y�� � q � � � q � y �

1$7


