
                          Coombes, S., & Doole, S. H. (1996). Neuronal populations with reciprocal
inhibition and rebound currents: effects of synaptic and threshold noise.
10.1103/PhysRevE.54.4054

Link to published version (if available):
10.1103/PhysRevE.54.4054

Link to publication record in Explore Bristol Research
PDF-document

University of Bristol - Explore Bristol Research
General rights

This document is made available in accordance with publisher policies. Please cite only the published
version using the reference above. Full terms of use are available:
http://www.bristol.ac.uk/pure/about/ebr-terms.html

Take down policy

Explore Bristol Research is a digital archive and the intention is that deposited content should not be
removed. However, if you believe that this version of the work breaches copyright law please contact
open-access@bristol.ac.uk and include the following information in your message:

• Your contact details
• Bibliographic details for the item, including a URL
• An outline of the nature of the complaint

On receipt of your message the Open Access Team will immediately investigate your claim, make an
initial judgement of the validity of the claim and, where appropriate, withdraw the item in question
from public view.

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

provided by Explore Bristol Research

https://core.ac.uk/display/29026192?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.1103/PhysRevE.54.4054
http://research-information.bristol.ac.uk/en/publications/neuronal-populations-with-reciprocal-inhibition-and-rebound-currents-effects-of-synaptic-and-threshold-noise(3e8066f3-9224-436f-9833-aedc325007b6).html
http://research-information.bristol.ac.uk/en/publications/neuronal-populations-with-reciprocal-inhibition-and-rebound-currents-effects-of-synaptic-and-threshold-noise(3e8066f3-9224-436f-9833-aedc325007b6).html


���������
	���������������������	��������������� !���"���# $�%��&	"���&'"�(���&�
	)��	�*+���,'��
��	"*+ !��������	��-�/.
�!01�2 /�-�3��45�76�	��%�����8 9��	�*:���������;���
8*<	��
�8�7�

=$>/?�@;@7ACB/DFEHGJI�KL=$>NM1>�O"@;@QPRD
S"TVUQWFX&Y[Z1T8\7Y�]_^�`�\baFcd\�T�T8X&cd\Ja�efWFYRghT8ZiWFY[ckjml�n�o�X8cdl�Yp]rq
sN\7cdtFT8X&l&cRY[uFn

sN\7cdtFT8X8l�cdY[uLv�Wrq wxn$o�X&cdl�Yp]rq n!o�y;z|{7}N~�n�s��
�p�������F�J�/���r�r�r�

�%�h� �x�;�F���Q�(�����F��� �m�V� �F���J���x� � ��� �m� �( h���1� � �¡�7¢�£h���h�x�(�¤� �  7�&�F��� �m�¥� �F���J�i���i� � � ��¦ �F� �i� � ���h� � �  h§Q�
�F��¨m� �h� � � � � �F�(¨����¡�¡� � �F�(�©£ ��� � ¦ ���F 7�C����� �  Q���r�h�F��ª-�Fªh 7�«� � ���r�h��¬®¯¨��¡�F�(�|�F��� �m�¥� �F���J�1£;�F� � §��r�©�L§Q�¡� �
¨m� �m���#� ��� �#¦°� ���(���F���F��� � �F�b�|��� ��� ¢F�&� � �x��� �m�¥� �F���J� � �F��� � ¨ � � � ���|£ ��� � �8±Q��� �;§ � § � �����h¨��� h§ �H���h�#�8²�� ¨ � �
�F�
� �Qª � ��ª-�r�¡�x������� � �¡�F� � �F¨ � � ¦ � ��� §���� � �x�&§�¨� 7�(� � � � �%³ ´-¬°µ��b�F��£ � �,�x�;§"´�¬x¶"¬¸·��b�r� � �b·��Q�h�F����¨��$�x�;§�´ � �F£7���¡� � ���F�
´J�Q� ��� ����¹;¹;�QºF�Q���_���r�r�r�V»k¬%´J h¨ ��X�T�¼�]F½J\-¾�jm½JX&X�T8\7Y[l �¸� � ����ª-�F� � �x� � �R�F��¨ � � � �&�F�;ªh� �(��� ����¢ � � � �&� � ���r�C�¡�1� �   �
���r�h�F�$¨m����¨m h� � � � � ��� � � ¨���ª7���b¨��F�!��� � �¡£7� � �¡�F�N¬�¿V� ��� ����ªh�Fª � ��� �%� �¡�7¨��F��ª-�x�&� ��� ���J§ � ���
�F����� � ���¡�7�(��¨"�_�Q�;�xª � ��¨
�F�h§ ��� � � � � �r�¡§5�7�r��� � ��� � � ���h� �F£-� ¦°� � �  Q�&�F�$�_�Q� ��� ��¬ �%�h� �1�F¨m���F�(¨��rª7��¨i£ ��� � ¦ ���r Q�H�F� � ��� � �( h���1� � ���7¢
� �8�¥� �x���J� � � ��� � � £-�r 7�;§À¨� Q�(� � � � �i�F�h§Á�&�F�h§7�r� ��� � � � � �r�¡§Q�������F�h�F���Q� � §L��� ���7�����h� �����J§J�7�h�F����¨�������� � ¬
� � �x�fÂ � �«§ ��Ã  h� � ���r�7�#�x� � § � ��� ¦°� §��R�F� ���h� � ¦°� �&�x¢ � � �m�¥� �F���Ä�x¨ � � ¦ � � �Å�¡�5� � �F���r¢ � � � �F h�H� �m�¥� �F��� � � ���
��� � �¡£7� � �F�(�f�_�7�h�Fª � �¡¨�¨m�r�h� � ¨ � ���r�7��¬|Æ � �����J§7��¨��x�;§5¨ � �F� � ��¨1�(�r��  � �¡�F�h�"�x� � � � � � � � � �m± ��� � � � �r¢ �m���h� � � � ���
� �Q� ��� � �m� ��¨ � �&�x�h�(� � ���r�7�H£ �m�¥����� �Åª � �����J§7��¨"�F��£h� � ��¬ �%� ��� � �Q� ��� � � �(�������H�F£h� � � ¦°� §�£ �m�¥����� �Åª;�¸� � �¡¨m h�¡�x�#ª � ��� �
�J§7��¨��F��£7� � £Q�&�F�7¨ �7� ���b�x� ��� ���;�F�,���x� � ¢r���r£h�F����� � � ��� � � �(ª � ¨ ��� � ¦ �x���¡� � �¡�F�h�,��� �m±J��� ���h�F�Q�¡�7ªh  � �F� ��� � � � � �r�¡§
�h�F��� � ¬2���F� � � ¦°� ���F� � £-�F h�h§�¨� Q�(� � � � �!�x� � � � � � � � �
�( hª7ª7� � �(�!¨ � �x� � ��¨%� �8�¥� �x���H� � �(ª-�r�7� ��� � �8±Q��� ���;�F�b���7ªh  � �
���f�d� ¦ �r 7���x����� � �x�&§ � ��ª � �����J§Q�¡¨i� � �(ª-�r�h� � ��� ��� ��¨ � ��� �  7���f§ � Â;� ���%� ���2�F�&§ � � � §f¨�� �h� � � � � �1�x¨m���r�(¨m�rªh��¨
�r�(¨m�¡���¡� � �x�(�Á� � � ��� ���R�F� ���7� �_�Q� ��� ��¬ �%�h� � � �(ª-�r�h� � ¨ � �x�&�x¨ ��� ����� � ��¨i�F�%�1�(���7¢r� � � �  7���r�Å��� ���h� ª7� � � � �h¨ � �F�
�_�Q�;�xª � ��¨"�" h� � ��ªh����¨�� � � ¦°� �7�r��� � ���H�x���(�|¨��F�h�(�¡§ � � � §f�x�;§�¨��F��ª;�¸� � § � �1� � ��Ç � ���C�h�F�¡� � ������� � ¬�¿¥� ��� �����¡� �(��� �
¨��x� � � ���h� §Q�Q�;�x���¡¨m�H����� � §7 h¨ � § � ����ªh� � ¨ �8� �¡� � ����� � �¸�"§7���(¨��r� � ���J h�F h��¨�����¨�� � �1�Fª�� ��� �¡��� �����h� �d�F��� � ���¡�
�m± ª7� � �(� � §���� ��� �������x���"�&�F�h§7�F�È� ��� �&� ��� §|�R h�7¨ � ���r���_�Q� ��� ��¬

É°Ê ¬����°Ë � ���°�b¬ Ìx�Q¬ Í!�

Î



���������	��
�����	����
��

��� D�GQI�GJP��-E��dE�@����mD ���"!#�8@$�xGQP«P����¸@7I�I�D �&%8DrKÅI�D '(�8@7I�E � GQE)�mD&*
�¸D �"+7DFK A,'#� � G-%�%8DxI.%/�«@7I0�RI GQI G�%�%8DFA�!$%%8@1'�I�K-D �mE�%mGQI�K2% � D
A�D � � GQI(�dE&AÄE�3 � D��mDxB4�1� � �.% � A65QDxI�D���G-%��R@QI2�dE7!(�m@;K('#�¸DrK¤B4�
G¤I�D�'(�m@QI�GQP8�xDxI.%���GJP)!�G-%�%8D �8I957DxI�D �mG�%8@:�<;¥?)=)>�?��RI9% � DÁGQB$*
E8DxI#�xDf@@��DxI�K�@@5QDFI�@@'NE,!�G:�¸DFA�G@A4�«I(5B�¸DFP«PdE1C Î&D.E-F >9G(IH!NG���%��I�J*
'�PdG��LK�M)�m@-3#INC O$K P F � GQE<!(�m@@!/@7E8DFKQ% � D � GJP"�R*S�xDxI.%8D �À@7E/�&�RP«PdG-*
%8@:�ÀA�@-K-DFP7%8@®G@���x@@'�I.%<�k@@�T% � DU� � �:% � A���� A�@�%m@@�ÀG@�J%/�"+4�"%V�
�k@@�ÁEV%mD�!(!#�«I(5�A�@-+QDxA�DFI:%�EÅ@7B�E&D ��+7DFKW�RI9E�!(�«INGJP�xG-%�Ex> � 3�@
!/@h@7PREi@@�8�RI.%8D��mI�D '(�8@7I�E KX% � D � GQPY�R*Z�¸DFI:%mD���E�K,G@�8D�DxI4+4�dE8G@5QDFK[%8@
�¸@7I.%��m@QP8\�D&]-@@��GJINK D&]4%mDxI�E8@@��A,'NE��xP«DrE^�x@QA�A,'�I#���FG-%��RI(5B+4�RG
�mD �&��!(�m@$�xGJPRP����«I � �«B#�Y%m@@�/��E��;I�G�!�E8DFEF> � @�57DxI�D �mG�%8D#@7E/�&�RPRPRG�%��R@QI�E
�_�m@QA`%V3�@iE�'#� � !N@;@QPdEa�mD b.'(���8DrE2G7K�K$�"%��R@QI�GQP.! � �-E��«@7P«@:5@�I�xGQP@�pG:�J*
%8@:�mEfE�'c� � GQEd�pG-%���5@'�D@K�G7K�G�!$%�G-%/�«@7I @@�e!/@7E�%<�RI � �RB(�"%8@:���W�mD&*
B/@@'�I�K,>f=%@7E�%<�RI � �RB(�"%8@:���g�mDxB/@@'�I�KN;h=iGVj	?<�dEÁG�I�@7I�P"�RI�DrG��
! � DFI�@QA�DFI�@QI©DFI#�¸@:'�I.%8D��mDFKB�RI G1+bG��/�«D�%V� @��#I�D ��+7Dd�¸DFP«PdEx>TGS%
�dE�GQI�G:�J%���+QD<!(�m@4�xDFEmE,�RIH3 � ��� � % � DÁD&](���Y%�GJB(�RP"�"%V�©@���G I�D '$*
�m@QId�dE�DxI � GQI#�¸DrK�%mDxA�!N@:�mG@���RP��^�k@7P«PR@-3k�RI(5|G^!ND ���R@-KÅ@@� � �.!/D���*
!/@QPdG��/�REmG-%/�«@7I,>�M)�R@QPR@@5@�I�xGQP�?)=8>iE�3k�"% �0� GJP"�R*S�xDxI.%8D ��G@�/� � �"%8DL�J*
%�'#�8DrEl% � G-% � Gm+QD#B/DxDxIÅE � @-3#I�%m@CK-D�!/DxINKÄ@QI�% � D	!(�mDFE8DxIc�¸D#@��
E�'#� �dn �8DFBN@:'�I�K��&'(�/�mDxI.%mE o �RI#�xP"'�K�D8% � D � DFG@��%mBNDrG-%l�¸@7I:%/�8@7P.���"��*
�&'#�Y%�«I[% � D�A�DFK$�I�&�RI�GJP%PRDxDL� � C p F Kq% � D|E�3k�«A�A��RI(5T���"���&'#�Y%��k@@�
% � D�A�@7P«P�'�E/�Ä?�P��R@QI�D2C Î r-F Ks�mDFE�!(�"��G-%m@@�/�2�¸@QI.%/�8@7Pt�RIB% � D�!/@QI�K
E8I�G��RP)C ÎQÎ�F GQI�K25hGQE�%��/����� � �.% � AÄE��«IB�&�/'�EV%�G@�xDFGJINE�C ÎmumF > � �4!$*
�I�xGJPRP��@K�E�'#� � ?)=8>v���"���&'#�Y%�E5G��mD¤B('#�«P"%<�_�m@QAw�mDxPdG-%/�"+7DxP��9�kD�3
I�D '(�8@7I�EF>yx A^'#� � PdG��/5QD �ÅI�D&%V3�@@�/AXK��k@@'�INKg�RIQ% � D B(��G��RIzK
% � G-%5QDxI�D���G-%8DrE{� � �:% � A����|G@�&%���+.�"%V�1�RE	% � D|I4'#�xP«DrG��	�mD&%/����'�PdG��
% � GJPdGJA,'NE{;}|�j � ?¸> ��� �REl�dE
G7% � �RIÄI�D�'(�m@QINGJP�E � DxD�%8�¸@7A�!/@7E8DFK
@��~�x@@'(!�P«DrK[�RI � �RB(�Y%m@@�/�ÀI�D�'(�m@QINEx>�G(I��¸@7A�A�@7I[3k�"% � % � D����"��*
�&'#�Y%�Et'�I�K-D��mP��.�RI(57� � �.% � A�5QDxI�D���G-%��R@QI,�«I^% � DHE��«A�!�PRD��«I4+QD ��%mD&*
B(��G-%mDFE%A�DxI.%��R@QI�DFKÄGJB/@-+QD:K@|	j � I�D�'#�8@7I�Ei�xGQI��8DFBN@:'�I�K^�_�8@7A
� �4!ND ��!/@QPdG��/�REmG-%/�«@7I[%m@1�#�8D7> ��� Dd|	j � �RE�% � @:'(5 � %�%8@¤E8D��/+QD
GQE#G�!NG@�¸DFAÄG�AQD �)�k@@��E��hIc� � �8@7I�@@'NE�E�!(�RI�K-PRD�@7E/�&�RP«PdG-%/�«@7I�E#E8DxDxI
K$'(�/�RI(5ÄK$�8@-3�E��RI�DFEmE�K-E8P«DFD�!Á@@��GQI�GJDrEV% � DFE��RGTC Î �-F >

=i�mD�+4�«@:'�EHA�@-K-DxPdE#@���E��«A�!�PRD|?)=8>iE��k@:� � DrG���%8B/DFG-%LK�E�3k�«A�*
A��«I#5#K��8DrE�!#�"��G-%/�«@7IzK~5hGQE�%��/���T� � �.% � AÄEÅGJI�K®GQPRE8@B% � D2� � �:% � *
A�����G:�J%���+4�Y%V�2�RI�% � GQPRGQA�@@*S�x@@��%��I�xGQP�E��-EV%mDxAÄE � Gm+QD��¸@7ACB(�RI�DFK
% � Df57DxI�D ���I���mD �&��!(�m@$�xGJPRP����RI � �RB(�"%8@@�/� G���� � �"%8D �&%�'(�mD�3k�"% �
M�@-K$5:A4�«I$*(M{'(];PRD���D b.'�G�%��R@QI�Ez'$%��RP"�dE��«I(5 � �.!/D��/!/@QPdG��/�REmG-%/�«@7I�G:�J*
%���+bG-%mDFK[�RI43�G@�mK1�R@QI#������'(�/�8DFI:%�E,C Î�� K Îm�mF > � @ÁGm+Q@:�RKT% � D|K$�"��*
�&'�PY%/�«DrEi@���GQI�GJP��-E��RI(5ÁE�'#� � �¸@7A�!�P«D�] E��-E�%8DFA�E K�GfA,'#� � E��«A�*
!�PRD���I�D�'(�m@QI�GQPs!N@:!('�PdG-%/�«@7IÁK$�;I�GQA����FEk�«Ic�¸@@�/!/@@��G-%��RI(5^% � D�D��R*
�kD �&%mE|@��	=~GVj�3k�Y% � �«IH% � De%��RA�D&*(E�'�A�AÄG-%/�«I#5 B(�RI�G��/� I�D�'(�m@QI
A�@-K-DxP1C ÎLE-F � GQE BNDFDxI�!#�8@:!N@hE&DrK�C Î O F > ��� �dE A�@-K-DxP��dE G
K$�dE����8D�%8D�*h%/�«A�DfG@!(!(�m@m]$�«AÄG-%/�«@7I©@��k% � DfB#�«@7P«@:5@�I�xGJPRP��0�mDFGJP��dEV%/���
PRDFG�A4�.*S�«I.%8D 5@��G-%m@@�1DLb:'NG-%��R@QINE�% � G-%ÅK-DrE������RBND1�¸DFP«PHA�DxA|B(��GJI�D
!/@�%8DFI.%��dGJP
K$�;I�GQA����FEx>�M�@�% � �#�/�RI(5ÀD�+QDFI.%mE�GJINK[% � D�%��/�"5:5QD ��*
�RI(5Å@���% � D��«I���D �J%/�«@7I¤@��a�mDxB/@@'�I�K2��'(�/�8DFI:%�E�G-%k% � D,�xDxPRP�B/@;K(�
G��mD1E��"57I�GJPRP«DrK5B4�<% � D����8@hE8E��RI(5�@��a% � �mDFE � @7PRK�EF>�M�DxI#�xD@K#% � D �8D
�dE"Ge% � �mDFE � @7PRKT�k@:�	�#�/�RI(5fGQI�K Gd% � �mDFE � @QPdK1�k@:���mDxB/@@'�INK$�«I#5�>
G(IT% � �dE{!NG�!/D��LK(3�D�D�]�GJA��«I�D�% � DCG7E��;A�!$%8@@%��I��EV%�G-%mDFE)�k@@�{% � �dE
!/@@!('�PdG-%/�«@7I K$�;I�GJA��I�xEfGJI�KQ�x@QI#�xDxI.%���G-%mDL@QIW% � D2�k@QPRP«@-3k�RI(5
�dE8E�'�DFE �

� M�@-3 K-@1=iGVj���'(�/�8DFI:%�E"G��/DL�J%7% � D�K$�;I�GQA��I�xGQP�G-%�%/�mG:�J*
%8@@��Ea�RI�PdG��/5QD)!/@@!('�PdG-%/�«@7I�E�@@�q57P«@7B�GJPRP"���mD ���"!#�8@$�xGQP«P����RI$*
� �«B#�Y%m@@�/�ÅI�D�'#�mGQP!I�D&%V3�@@�/A-E/�

� M�@-3 K-@;DFEt% � �dE�E��;E�%8DFA��mDFE�!N@7I�K�%m@�!/D���%�'(�mB�G�%��R@QI�3k�Y% �
GJIÀD&]4%mD��mI�GJPX�RI(!('$%J�

� M�@-3f�8@7B('�E�%��dE�% � DÀE��-EV%mDxA�%m@B% � DLE�%8@$� � GQE�%��I�ÁI�@@�dE8D
% � G�%{�RE{!(�8DrE&DFI.%��RILGJPRP!I�D�'#�8@7I�GJP!E��;E�%8DFAÄE/�

G(IU% � D��#��EV%��RI�E�%mGJIc�¸D�3�Dd!(�mDFE8DxI.%�% � DfK$�;I�GJA��I�xE�k@:��% � D
E�%mGQI�K�G@�mKT%/�«A�D&*(E�'�A�A�G�%��RI(55B#�«I�G@���ÀI�D�%V3�@:��AT3k�"% � �mDxB/@@'�INK
��'(�/�8DFI:%�Ex>�|�@:�RE8D�G-%l% � D"G�]-@QI � �«PRPR@4��A��dE�A�@-K-DxPRP«DrK�+4�RG�G��GJI$*
K�@QAÈA�@-K$'�PdG-%��R@QI�@��#% � D)% � �8DrE � @7PRK�E��k@:���#���RI(5�GJI�K^�8DFBN@:'�I�K4*
�RI(5N>i�LDFGQI<�NDxPdKfDLb.'�G-%/�«@7I�E)�k@@��% � D1Gm+QD �mG@5QD�A�DFACB(��GJI�D�!/@�*
%mDxI.%��dGJP/GJI�KÅA�DrGJIÄI�D�%V3�@:��A�G@�&%���+.�"%V��G��mD�K-D��/�"+7DFK�B4��Gm+QD���G�5@*
�RI(5<% � D�K$�;I�GQA��I�xGQPa!N@:!('�PdG-%��R@QI D b.'�G�%��R@QI�E73k�"% � �mDFE�!/D �J%7%8@
% � D[��GJI�K�@QA�% � �mDFE � @QPdK�E5GQI�K�%mG@A4�«I(5U% � D[% � D��mA�@-K$�;I�GJA��I�
P��RA��"%F> ��� DB�mGQI(5QD @��^!/@7EmE��«B�PRDB�8DrE�!/@QI�E8DFE<�dE<�RI4+QDrEV%/�"5hG-%8DrK
I4'�A�D ���I�xGQP«P��Q>{x)%�%8DxI.%/�«@7I[�RE��¸@7I#�¸DFI:%/�mG�%8DrK1'(!N@7I¤B(�"�_'(���xG-%/�«@7I
!NG���GJA�D&%mD���Ea�8D !(�8DrE&DFI.%��RI(5% � D"P«D +QDFPRE
@��X% � �mDFE � @7PRK�I�@:�RE8D�GJINK
57P«@7B�GJP!D�]4%8D��mI�GQPs�«I(!#'$%F> ��� D�!(�mDFE8DxIc�¸Di@��a�8DFBN@:'�I�K1�&'#���mDxI.%mE
�dE�E&DFDxI�%m@"E�'(!(!(�mDFEmE�� � GQ@�%/����B/D � Gm+.�R@@'#�F>zG(I^!�G���%��I�&'�PRG@� K % � DrE&D
��'(�/�8DFI:%�E8�FGJIfP«DrGQKe%8@�P«@-3 @:�mK�D��)!ND ���R@-K$����@:�8B(�"%mE~�k@@�)% � D�Gm+:*
D �mG@5QDÁG@�J%/�"+4�"%V�©@��{% � DÀI�D&%V3�@@�/A$>9G(I.%8D �8DrEV%/�«I(57P"�:Kl% � DÀG:�J%/�"+7D
!/@@!#'�PRG�%��R@QI�I.'�ACB/D����dE,% � @@'#5 � %�%8@U�¸@QI.%/�8@7P~% � D ?)=8>��_�mD&*
b.'�DFI#�&��@@�#% � D � GJP"�R*S�xDxI.%8D ��E�3k�RA�A��RI(5��&���/��'(�"%��RI,% � D)%mG7K$!N@7P«D
� DxI�@:!('�E�C Î P F >�M�DxI#�xD@Ks�RI.%��/�«I�E��I�1I�D '(�8@7A�@;K('�PRG�%��R@QI¤@@��E�'#� �
��'(�/�8DFI:%�E�«IU�mD ���"!(�m@$�xGQP«P��2�«I � �«B#�Y%m@@�/���&�����&'(�"%mEiAÄGm� E8D��/+QD^%8@
GQPY%mD��8% � D7�_�mD b.'�DFI#�&�Ä@@��� � �.% � A��I��!�G-%�%8D��mIT5QDxI�D���G-%��R@QI�>��#'(��*
% � D��mA�@@�mD@K.% � D�!(�8DrE&DFI#�¸D�@��l=iGVj��&'#���mDxI.%mEHGQP«PR@-3�E � �-E�%8D �8D�%��I�
%/�mGQI�E��Y%/�«@7I�E#B/D&%V3�DxDxI2!/D��/�R@;K(����@:�8B#�Y%�Ex> ��� D��mD&�k@:�8D:K�I�D '(�8@7I�GJP
!/@@!#'�PRG�%��R@QId�mDFE�!/@QI�E8DFEi%8@�D&]4%8D �8I�GQPc�RI(!('(%)3k�RP«P!K-D !NDFI�Kd'#!N@7I
3 � D&% � D��t% � �dE2E�%��RA,'�PRG�%��R@QI��dE��RI#���8DrGQE��«I(5#@:�2K-DL�&�mDFG7E��RI(5�>�=4�«A�*
�RPdG�� � �-E�%8D��mDFE��dEi�dE
@7B�E&D ��+7DFK�3k�"% � +°G@���dG-%/�«@7IÄ@��s% � D	% � �mDFE � @QPdK
I�@@�dE&D7>

x�I�@�% � D���B(�R@QPR@@5:���FGJPRP"�¤E��"57I(�"�c�xGQI:%1E8@@'(���¸D�@���I�@@�dE8D��RIB% � D
E��RI(5QPRDLI�D�'#�8@7I G��/�RE8DFE��_�m@QA�% � D�b:'NGJI.%mGQP{�8DFP«DrGQE8DL@���� � DFA^*
�I�xGQP)%���GJI�E8A��Y%�%8D���E��«I.%m@ E��;I�G�!�E8DFEF>3=4'#� � I�D '(�8@@%���GJI�E8A��Y%�%8D �
�mDxPRDFG7E&D)!(�m@-+4�RK-DrE�GiA�D � � GQI(�RE8A��k@:�~�¸@7I.+7D���%��RI(57!(�8D�*_E��;I�G�!(%��I�
G�]-@QI�GQPHE���5QI�GQPRE^�«I.%m@U� � GJI(57DFE��«I�% � DLA�DFACB(��GJI�D<!/@�%mDxI.%��dGJP
@@�^!/@7E�%�*(E��;I�G@!$%��I� I�D�'(�m@QINEx> ��� �dEÀA,'�P"%���!�P����FG-%���+QD�I�@:�RE8DB�RE
A�@-K-DFP«PRDFKCB.��RI�K-D !NDFI�K-DxI.%mP"��'#!/K�G�%��RI(5iE��;I�G@!$%��I�8�x@QI�I�D �J%/�«@7I
E�%��mDxI#5�% � E�G�%�D�+7D��/��%��RA�DiE�%8D�!ÁG@� �¸@@��K$�RI(5�%m@|E8@QA�D	!(�m@QBNGJB(�RPY*
�"%V�LK$�dEV%/���RB('$%/�«@7IzK!GQE�@:����5@�RI�GQP«P��e!(�m@@!/@7E8DFKÀB4�2M)�8DrE8E8PR@���C Î p F >
=$�«I#�xD�% � D�I�G�%�'(�mD|@@��E��hING�!$%/����I�D '(�8@@%���GJI�E8A��Y%�%8D ���mDxPRDFG7E&D^�RE
b.'�GQI.%mGJP�K�DrG@� � ��GJI�K-@7Af�x@QI�I�DL�J%/�«@7IÀE�%��mDxI#5�% � @7I�P�� � G7E�G��(*
I#�Y%mD|I4'�A|BND �"@@�~!N@hE8E��RB�P«D^+bGJP�'�DFEF>�G(IB�¸@7I-�V'�I#�&%��R@QI03k�"% � % � D
�pG:�J%�% � G�%a% � DHI4'�ACB/D��%@@��@@'$%/!('$%�E�%mG-%mDFE�@��/G�B(�RI�G@����I�D�%V3�@:��A
�dEz�"%mE8DxP"�$��I(�"%8D:KL% � D�EV%m@4� � GQE�%��I��K$�;I�GJA��I�xE,@@�4%��RA�D�*_E�'�A�AÄG-%/�«I(5
I�D&%V3�@@�/A;E73k�"% � =iGVj���'(���mDxI.%�E�GJI�K�E��hING�!$%/����I�@:�RE8DÄAÄGm�¤BND
�k@:�8A^'�PdG-%8DrK5G7E�G^��GJI�K-@7A��Y%mD���G-%mDFK��_'�I#�J%/�«@7IÁE��-EV%mDxA�C u�r�F @7I
% � DÄE�!NG@�¸D�@���A�DFACB(��GJI�D^!/@�%mDxI.%��dGJPdEx>^� D��RP«P�'�E�%���G-%mD�E�'#� � G
E�%8@$� � G7EV%/���"K$�;I�GJA��I�xE�B4�e�¸@7I#�¸DFI.%���G-%��RI(5|@QIfG�E��«I(57P«D�I�D '(�8@7I
�k@:��3 � �I� � % � D
P��«A��"%��RI(5�B/D � Gm+4�R@@'(�t�RE2K-DFE/�&�/�RBNDrK�B4��GQI��«I4+bG��/�Y*
GQI.%�!(�m@QB�GQB(�«P��"%V�"A�DFG7E�'#�8D�@7I% � D�E�!NG@�¸D
@���A�DxA|B(�mGQI�Di!/@�%mDxI$*
%/�RGQPREF> ��� D	�RI4+°G@���dGJI.%
A�DrGQE�'(�8Dk�dE�E&DFDxI�%8@ � Gm+QD�G��_�mG:�J%�GJP"*¥P��"A7D
E�%��/'#�&%�'(�mDQ> � @ � ��5 � P���5 � %a% � D��mDFE�!N@7I�E&Dk� � G@�mG:�J%mD��/�RE�%��I��@@�#% � �RE
E�%8@$� � G7EV%/���#E��RI(5QPRD�I�D '(�8@7IzK.3�D�AÄG@AQD�G��x@QA�!�G@���dE&@7I�3k�Y% � % � D
EmGJA�DCE��-EV%mDxA��RI2% � D|P"�RA��Y%i@��i�FD��m@ÅI�@:�RE8DQ>{G(I[% � �dE��FGQE8D@Kc% � D
E��RI(5QPRD
I�D '(�m@QI|K(�hINGJA����FEa�xGJICBND��mDFK$'#�xDFK�%8@iG{!(�RD �xD�3k�dE&D�P"�RI$*
DrG��#AÄG�!13k�"% � %V3�@ÅK$�dE��x@QI.%��RI4'(�Y%/�«DrE�GJINKe% � D��mDFE�!N@7I�E&D�� � G���*
G:�J%mD��/�RE�%��I�xEd�k@QPRP«@-3 G E&DFPY�R*(E��«A��RPRG@��;kI�@QI$*_A�@QI�@@%8@QI#���L?ÅK-D +.�RP�o E

u



E�%mG������xGQE8DQ> M{�-EV%mD��mDFE��RE,!ND �mE��dEV%�E��k@@�^% � DÁE��«I#5QPRDÅI�D�'#�8@7I3GJI�K
% � D8!(�RD �xD�3k�dE&D�P"�RI�DrG��2E�%��/'#�&%�'(�mD
@@�(% � D�AÄG�!^�FGJI1B/D�D&]$!�PR@@�"%8DFK
%8@ÄGQP«PR@-3�G�b.'(�"%8D�D&]$!�P��I�&�"%�GJI�GQP"�-E��RE�@���% � �RE��kDrG-%/'(�8D7>

�J�������^�������J���
=4�«I#5QPRD�I�D '(�m@QI DLb:'NG-%��R@QINE0% � G-%U�mD�!(�m@-K$'#�¸D GJPRP�% � D BND�*

� Gm+4�R@@'(�i@��#GÀB(�R@QPR@@5:���FGJP%I�D�'#�8@7IB�FGJI BNDd'NE&DrK G7E7% � DÄBNGQE����
DxPRDxA�DFI:%�Ez�k@:��G�E�%�'�K$��@@��I�D�'#�8@7I�GJP.!N@:!('�PdG-%/�«@7ICK$�;I�GJA��I�xEF>�G(I
!�G@��%/����'�PRG@� KsM)�mDFEmE&PR@��	� � Gm�;PR@@��C ÎLE-F � Gm+QD�K-D�+7DxPR@@!/DFK¤GÁK$�.*
I�GQA��I�xGQP�A�@-K-DxP2@��
GÄB#�«I�G@���fI�D�'#�mGQP�I�D�%V3�@:��Ae% � G�%��RI#�¸@:��!/@�*
��G-%8DrEt�xD���%mG@�«I��RA�!N@:��%�GJI.%%I�D�'(�m@@! � �-E��«@7P«@:5@�I�xGQPm�kDFG-%/'(�mDFEF> ��� �dE
�dE�G@� � �«D +QDFKiB4��¸@7I�EV%/��'c�J%��RI(5�G�K$�RE/�&�mD&%mDl%��RA�D�G@!(!(�m@m]4�RAÄG-%/�«@7I
@��!GiPRDFG�A4�^�«I.%8D 5@��G-%m@@�%A�@;K�DxP#3k�"% � �xDxPRP�A�DxA|B(�mGQI�D�!N@@%8DFI:%/�RGQP
K-DL�xGm�Q>%M�@-3�D�+7D��LKJ@QI�Dk�kDFG�%�'(�mD�@���GCE��RI(5QPRD�I�D '(�m@QI�% � G-%i% � D����
A�@-K-DxP�K-@;DFEfI�@@%ÁK-DrE������RBNDB�dEd% � G-%À@���!/@7E�%T�RI � �RB(�"%8@:���W�mD&*
B/@@'�I�K,>��Q�"% � % � �dEi�RIÅA��«INKsK:3�D�K-D���I�Dk% � Dk�k@7P«PR@-3k�«I#5�A�@-K-DFP
@���
+PRDFG@A4�,�RI:%mD�5:�mG�%8@@��Ea3k�"% � !/@7E�%8�RI � �RB(�"%8@@�/���8DFBN@:'�I�K2C Î O F >� D�%����;���?�B/D{% � D�A�DFACB(��GJI�D�!N@@%8DFI:%/�RGQPN@@�X% � D�������I�D�'#�8@7I5G-%
%��RA�D��a3k�Y% � �mDFE�!NDL�J%i%m@1E&@7A�D	�8DrEV%/�«I(5�!/@�%mDxI.%��dGJP¥> ��� DxI���/;���?
EmG-%��dE���DFE)% � D1K$�"�/D �8DFI:%/�RGQP!D b.'�G�%��R@QI

K� � ;���?
K�� ���  � ;���? �"! #$%'&)(+*-, � % ;���? ! *-, � ;���?+. ; Î ?

3 � D �8D  � �RE1% � D/��% � �xDxPRP1A�DxACB#�mGQI�DB%��RA�D��¸@QINEV%�GJI.% GJI�K*-, � % ;���?JK��10�32 K�RELG A�DFG7E�'(�mD�@��^% � D E��;I�G�!$%/���U�x@QI�K$'c�J*
%mGQI#�¸D^� � GJI(57D1G-%{% � D 2 ���ÅE��;I�G�!�E8D�@���I�D�'(�m@QI4��>65l](�&�"%mG�%8@@�/�E��hING�!�E8DFE � Gm+7D7!/@7E��"%���+QD , � % 3 � �RP«D�RI � �RB(�"%8@@�/�5@7I�DFE#G@�8D�I�D 5�*
G-%/�"+7DQ> ��� De%8D �8A *-, ��;���?��dE�%�G�AQDFIU%8@ BND<!N@hE��"%���+QDd�RI3E��"57I,>
GS%1K-DFE/�&�/�RBNDrE"GQI D&](���Y%�G-%8@:���T�kDFDFK-B�G:��A[�&'(�/�mDxI.%��mD�!(�mDFE8DxI.%/�«I(5
% � D�D��/DL�J%�@��c!N@hEV%l�RI � �RB(�Y%m@@�/���8DFBN@:'�I�K|GJI�K|K-@;DFE%I�@@%��RI4+Q@QP�+QD
E��hING�!$%/���7!(�m@$�¸DFEmE��«I(5N>

x K$�RE/�&�mD&%mD�%��RA�D�G�!(!(�m@m]$�«AÄG�%��R@QI�@��q% � D#I�D '(�m@QI�GQP�K$�;I�GJA�*
�I�xE,AÄGm�"BND�@QB$%�G��RI�DFKiB4�{�c�mE�%z�k@@�mAÄGJPRP"�7�RI:%mD�5:�mG�%��RI(5�; Î ?~;_3k�"% � � ; r ? � r ?~%8@Ä@7B$%mG@�«I

���;���? �87/9: K;�=<kD?>)@ 9 > 9 <BA�CED=F�G #$H &)( *-, � H ;��=IR? ! *-, ��;��=IR?KJ ; u ?

x E��RA�!�PRD"A�@-K-DxP!@@�2I�D '(�m@QI�GQPc�RI(!('$%�% � G-%�GJPRPR@-3�E
D +°GQP"'NG-%��R@QI
@��7; u ?	�dE	%m@ÁG7E8E�'�A�D�% � G-%iI�D '(�8@7IL�k�mD �¸D �"+7DFE�GJI[�RA�!('�PdE&D�@��
E��"�FD�M � % DFG@� � %��RA�D% � G�%�I�D�'#�8@7I 2 �c�8DrEx> ��� '�E

*-, � % ;�� ! �ONL? � M � % $PRQ (�S ;�� �	T P% ?+. ; � ?

3 � D �8D T P% �dE,% � Dd%/�«A�DÀG-%�3 � ��� � % � D 2 ���¤I�D '(�8@7IU�#�mDFE,�k@@�
% � DVU+���[%/�«A�D¤E��«I#�xD4� � r KHGJINK S ;�Wq?�K-DFI�@�%mDFE�% � DÀO����mG:�J*
K-DFPY%�G��_'�Ic�J%��R@QI�> ��� D"E��;I�G�!$%/����K-DFPRGm��%��RA�DX�ON7�dE8�«I#�xP"'NK-DFKe%8@
G@� �¸@:'�I.%,�k@@�^% � Dd%��RA�DfB/D&%V3�DxDFI9% � DÁG@���/��+°GQP
@@��G E��"57I�GJPHG-%
G¤E��;I�G�!�E8DÅGJINKB% � Dd�mDFE�'�P"%��RI(50� � GQI(5QD��RI �mDFE�%��RI(52!N@@%8DFI:%/�RGQP
@���% � DÁI�D '(�8@7I,>HG(I G�E��RA��«PdG��^�pGQE � �R@QIzK83�DT3k���"%8D<% � DT!/@7E�%
�RI � �RB(�Y%m@@�/�d�mDxB/@@'�I�K1��'(���mDxI.%��«IT% � D�k@@�mA

*-, � ;�� ! ��Y@? � M � $P�Q ( S ;�� �	Z P� ?+. ; � ?

3 � D��mD Z P� �mD�!(�mDFE8DxI.%�E�% � D1%��RA�DÀG�%�3 � ��� � % � D[����� I�D '(�8@7I
�mDxB/@@'�I�K�E,�k@@��% � D[U+���¤@$���FGQE��«@7I GJI�K\� Y �dE�% � DÀK-DxPdGm�B%��RA�D
�k@:�~!/@7E�%~�RI � �RB(�Y%m@@�/�^�mDxB/@@'�I�K�%8@,%mG�A7D#D&�$D �&%F> ��� D�UX% � �#�/�«I#5
GQI�K<�8DFBN@:'�I�K$�RI(5�%��RA�DFE�G@�8D�K-D���I�DFKÁB4�T P% � �RI$�^]^�`_a % ;���?`bdc %ae �`b T P > (% f ; � ?Z P% � �RI$�^]^�`_a % ;���?`gdh %ae �`b Z P > (% f ; E ?
�mDFE�!/D �J%/�"+7DxP��Q> ��� D b.'�GJI.%/�Y%/�«DrEic % GJINKjh % A�DFGQE�'(�mDW% � D
% � �mDFE � @QPdK�E��k@@�a�c���RI(5�GJI�K^�mDxB/@@'�I�K(�«I(5��mDFE�!/D �J%/�"+7DxP��Q>tG(I�57DxI$*
D �mGQPhK#% � D T P% GQI�K Z P% P��«D|@QI¤GÄPdG-%�%��I�¸D^5QDxI�D���G-%8DrKÀB4�k�ON:Kl��Y4K
GQI�Ke% � D�#��E�%k%��RA�DrE)% � G�%k�#�/�«I(5ÄGQI�KT�8DFBN@:'�I�K$�RI(5�@$���&'#�F>

��@:�CE��«A�!�P������Y%V�:Ka3�D5E8D&%���Y � �ON5GQI�KU!(�m@$�¸DxDrK�B4� B(�mDFG@A.*
�RI(52% � De�RI.%8D 5@��GJP~�RI ; u ?�RI.%8@�C r .'�ON F GJINKQC �ONm.O� F > ��� DfA�@@�mD
57DxI�D �mGQP��xG7E&D�@@��K$�RE�%��RI#�&%�K-DFPRGm�-Ek�dE	�x@QI�E��RK�D��mDFKT�«I9C u-Î�F > ��� D
�RI.%8D 5@��GJP,@-+7D��,C r .'� N F �RE{%��mDFG�%8DFK GQE�GÅBN@:'�I�K�G@���<%8D �8A 3 � �I� �
�dE#K-D�%8D��mA��«I�DFKfB.��% � D�EV%�G-%mD�@@��% � DiI�D&%V3�@@�/AÄ@-+QD �~% � D�«I.%8D ��*
+bGQP�C � � N . r-F >2� DT� � @;@7E8D��«I(�"%��dGJP)�¸@7I�K$�"%��R@QI�E|E�'#� � % � G-%^% � D
�c�mE�%��c���RI(5fGQI�K[�mDxB/@@'�I�K$�RI(5e%/�«A�DrE�G@�8D|A,'�P"%���!�PRDFEi@@�n� N >,G(I
% � �dE��FGQE8DCGJPRP2E�'�B�E8D b.'�DFI:%	�#���RI(5ÁGJI�K1�mDxB/@@'�INK$�«I#5�%��RA�DFE�G��mD
A^'�P"%���!�P«DrE#@��o�ON7>i��@@��GQI4���_'�I#�&%��R@QILp�K$3�DiAÄGm�d3k�/�Y%mD$P�Q ( pa; T P% ? �rq$s & : pa;�tk�ONL?=u % ;�t2? ;�O�?

$P�Q ( pa; Z P% ? �rq$s & : pa;�tk� N ?Ov % ;�t1? ;}P:?

3 � D��mDwu % ;�t2?ÁGJI�Kxv % ;�t2?ÁG��mD[% � D[ynz|{~}���GJINK�z'��������}l�?{~}��
�_'�I#�J%/�«@7I�E�K-D���I�DFKÁB4�u % ;�t2? ��� Î T P% � t[� Nr @�% � D��/3k�RE8D .Ev % ;�t2? ��� Î Z P% � t[� Nr @@% � D ��3k�dE8D"� ;}p:?

M�DxI#�xD�3�D�K-DrK$'#�xD% � G�% � ;�t1? � s$� &)(��
� > (� G $ H M � H u H ;�t �w� ? ! M � v � ;�t �w� ?=J

; Î r ?
�k@:�X� � tk� N >G(IW; Î r ?JKX3�D � Gm+7DCE8D&%�� N %8@T'�I(�"%V�1�k@@��¸PdG��/�Y%V�
GQI�KW�RI:%/�8@-K$'c�¸DFK � � � D > ( CED F >�x)%fI�@7I$*S�«I.%8D 5QD �ÅA,'�P"%���!�PRDFE
@@��% � D2�_'�INK�GJA�DxI.%�GJPk%/�«A�D K-DFPRGm�i�ON1% � D¤I�D�'#�8@7I K-@;DrEÄI�@�%
�mD �xD���+QD�GJI4�1�«I(!#'$% K,GQI�K2% � D�I�D�'(�m@QINGJP%K$�;I�GJA��I�xE�G��mD,5@��+QDFI
E��RA�!�P"�ÅB4� � ;���? � D >)@ 9 > s A�CED F= � ;�t2?|.Ot����`� ;�t ! Î ? � ; ÎQÎ ?
� D�3k�/�Y%mD�; Î r ?�G7E)% � D�c�mE�%�*_@@��K-D����"%8D �mG�%���+QDiD b.'�G�%��R@QI��/;�t2? ��� �/;� ;�t � Î ?�? �� �  � ;�t � Î ? ! $ H M � H u H ;�t � Î ? ! M � v � ;�t � Î ?+. ; ÎLu ?

3 � D��mD	 �REÀG�+QDL�J%8@:�<3k�"% � �¸@7A�!N@7I�DxI.%mEV % GQI�KQ% � DB�#��*
�RI(5 GJINK �mDxB/@@'�I�K$�RI(5W�_'�I#�&%��R@QI�E1%�G�A7D�% � DU�k@@�mA�uR��;�t2? ���;���/;�t2? � c��h?&K+v|�/;�t2? � ��;�h�� � ��/;�t2?�?¸>�M�D �8D�� K�DxI�@@%8DFE
% � D|E�%8D !2�_'�I#�&%��R@QIzK���;�Wq? � Î �Y��W	b r GJI�K2�dE r @�% � D��/3k�RE8DQ>
��� D8�c�mE�%a%8D��mA @7I�% � Dk����5 � % � GJI�K|E��dK-DH@��/D b.'�G-%/�«@7I<; ÎLu ?t�mD�!$*
�mDFE8DxI.%�E�E��RA�!�PRD,+Q@7PY%�G�57D1K-D �FGm�ÁG�%{% � D��¸DFP«P�A�DxACB#�mGQI�DQ> ��� D
E8D �x@QI�K7%mD��mA �dEt�«I.%8D ��!#�8D�%8DFK�G7E,E��hING�!$%/���l�RI(!('(%%GQI�K7% � D~% � ����K
�mD�!#�8DrE&DFI:%�E8% � D�D��/DL�J%�@���G��8DFBN@:'�I�KT�&'(�/�mDxI.%F>

�



�J�J�&�o���`�,���i������� ���	��
�� �
��� D AÄG@���8@hE��x@@!(�I� BND � Gm+4�«@:'(�L@���%��RA�D&*(E�'�A�AÄG�%��RI(5 I�D&%�*

3�@@�/A;E�3k�"% � =iGVjN��'(�/�8DFI:%�E	�RI�% � D�% � D��mA�@-K$�;I�GQA����|P"�RA��Y%��dE
�mDxPRD�+bGJI.%%8@1% � DÅK$�dE���'�E8E��R@QI @��#E��-E�%8DxAÄE1E�'#� � GQE7% � D5E�3k�«A�*
A��«I#5����"���&'(�"%�@@�z% � D � DxI�@:!('�E8%mG7K$!N@7P«D7>lx9PdG��/5QD�!N@:!('�PdG-%��R@QI
@��!I�D '(�m@QI�El3k�"% � �«I � �«B(�"%8@:�����¸@:'(!�P��«I(5hEi�mDxP��«DrE�@QI��mDxB/@@'�I�K�%8@
E�'(!(!/@@��%ÄE8DxP"�R*(E�'�E�%mG@�«I�DFK�� � �.% � A��I�ÁBND � Gm+4�«@:'(�F> ��� DLG@�&%���+QD
I4'�ACB/D��#@@�2I�D '(�m@QI�E��RIe% � �dEk!N@:!('�PdG-%/�«@7I � G7EHBNDFDxIÁP"�RI(A7DFK<%8@
% � D[�¸@QI.%/�8@7P#@���E�3k�RA�A��RI(5U�_�mD b.'�DFI#�&��C Î P F >gx<A�DrGJI���DFPRK
% � Dx@@�/��GJPRP«@-3�E�@7I�Dk%m@��k@QPRPR@-3�% � D"Gm+7D���G�57DHG:�J%/�"+4�"%V�|@@�!G,!N@:!$*
'�PdG-%/�«@7I G7E�G�3�DxPRP�K-D&��I�DFK�A�G:�&�m@7E/�¸@:!(���fK$�;I�GJA��I�xGQP�b.'�GQI$*
%��"%V�Q> � @ÀK�D��/�"+7D|A�DFGQI0�NDxPdK DLb:'NG-%��R@QINE	�k@:�1G � @QA�@@57DxI�DF@@'�E
�RI � �RB(�Y%m@@�/�iI�D&%V3�@@�/A�3�D~!#�8@$�¸DFDFK��RICG"E��RA��«PdG��t�pGQE � �R@QI�%m@^C u@umF >

��� D�D��/DL�J%�@@�!I�@@�dE&D"G-%~% � D"G�]-@QI � �RP«PR@$��A^�dEi�RI.%��m@-K$'#�¸DrKÄB4�
�mD&*S�«I.%8D ��!#�8D�%��RI(5T% � D�% � �mDFE � @QPdK�E�k@:���#�/�«I(5¤GQI�KB�8DFBN@:'�I�K$�RI(5
GQE���GJI�K�@QAv+bG��/�RGQB�P«DrEx> ��� �RE��dE�G@� � �RD�+7DFK B4� 57DxI�D �mG�%��RI(5 G
��GJI�K-@7A D&]4%8D �8I�GQP~�NDxPdK�
 � �_�8@7A E&@7A�DÀK$�dEV%/���RB('$%/�«@7I�� � ;
 � ?¸>
��� �dE{�NDxPdK2�xGJI BND��¸@QINE��dK-D��mDFKÀG7E�G���GJI�K�@QA:A�@-K$'�PRG�%��R@QIL@��
% � D|K-D�%8D��mA��«I#�RE�%��I��% � �8DrE � @QPdK�EXc � GQI�KLh � >{G(I2% � �dE��FGQE8D@K(% � D
!(�m@QB�GQB(�RP"�"%V�À@��i% � D������fI�D�'#�8@7I2�#�/�«I(5T3 � DFI[% � D|A�DxA|B(��GJI�D
!/@�%8DFI.%��dGJPz�dEHD b.'�GQPX%8@� � �RE
���� ;� � ? � 7 q> q K�
 � � � ;�
 � ?'��;� � � c � ! 
 � ?+. ; ÎL� ?

GJINK�% � D[!#�8@7B�GJB(�RP��Y%V��@����8DFBN@:'�I�KsK ���� ;� � ?JKk�dEe�x@QI�E�%��/'#�&%8DFK
�RI�GQI©GJI�GQP«@:5Q@@'NE	�pG7E � �«@7I,><x��x@QA�A�@QI � � @@�I�¸D��k@:��% � DfK$�RE�*
%��/�RB('$%��R@QI @��l% � �8DrE � @QPdK�E	�dE"@QI�D,% � G�%7�mD�!(�m@-K$'#�xDFEk% � D � �"%�%8PRD
A�@-K-DxP~C u���F

�R��;
a�S? � �� 
 � pa;�
a��?+. ; Î � ?

3 � D �8DXpa;�:? � ; Î ! D�]4! ��� �:? > ( �dE�G1E���5QA�@@�dK��_'�I#�&%��R@QId3k�"% �
G n %8DxA�!/D���G-%/'(�8D:o�!�G@�mGQA�D�%8D � � > (���� KQA�DFG7E�'#���RI(5�% � D�I�@@�dE&D
PRD�+QDFPV> ��� DT!(�m@QB�GQB(�«P��"%��RDFE,�k@@�^�#���RI(5 GQI�K9�mDxB/@@'�I�K$�RI(5[% � DxI
%mG@AQD7% � D1E��RA�!�P«D�k@:�8A

� �� ;� � ? � pa;� � � c � ?|. � �� ;� � ? � pa;�h � �  � ? � ; Îm� ?

� D"I�@-3g�x@QI�E��dK-D���G � @7A�@:5QDFI�Dx@:'�E�I�D�%V3�@:��A��RId% � D	% � D��mA�@�*
K$�;I�GQA��I�ÀP��«A��"%�
�� � 3k�Y% � �RI � �RB(�"%8@:�����¸@@'#!�P"�RI(5hEÄE�'#� �
% � G-% M � % � � M �"! 
 K�M � � M � K c � � c�Klh � � h¤GQI�K � � � ��k@@��GQP«P ��> ��� D�K$�;I�GQA����FE	�k@:��E�'#� � GfE��-EV%mDxA G@���dE��«I(5e�_�8@7A
D b.'�G�%��R@QIU; Îmu ?�G��mD��/;�t ! Î ? � �$#� ;� ;�t1?�?

� �  � ;�t1? � M �
 #$%'&)( ��;� % ;�t2? � c ! 
 % ;�t1?�?

! M � ��;�h �  � ;�t1? ! 
 � ;�t2?�? !�% . ; ÎLE ?

3 � D �8D�3�D � Gm+QD GQK�K$�"%��R@QINGJPRP"�W�RI#�¸P�'�K-DrK9G957P«@7B�GJP"D&]4%8D �8INGJP
�RI(!('$% % >� @CK�D��/�"+7D#A�DrGJI���DFPRK�DLb.'�G-%/�«@7I�El�k@:�
G � @7A�@:5QDFI�Dx@:'�E%I�D&%�*
3�@@�/AqK:�¸@QINE��dK-D���G7�(]-DFK�+QDL�J%m@@�  GQI�K�K-D&�NI�D{% � D�GQEmE8@4���RG�%8DrK
��GJI�K-@7A�+bG��/�RGQB�PRDFE6 <� ���$#� ;� ?JK(3k�"% � A�DFGQIÁGQI�KT+°G@���dGJIc�¸D

 I� �'&��$#� ;� ?)(+* . ; Î O@?
; *  <� ?-, �/. ; �$#� ;� ? �  <� ?-,10 * � ; Î P.?

M�D��mD & � �^� ( * K-DxI�@�%8DrE%Gm+QD���G�5:�«I#5k3k�Y% � �mDFE�!NDL�J%a%8@�% � D)��GJINK-@QA
% � �mDFE � @QPdK�EF>32"E��RI(5�% � D1K$�RE�%��/�RB('$%��R@QI ; Î�� ?&K$3�D�@7B$%mG@�«I

 I� � � �� � M �
 #$%'&)( pa;� % � cq? ! M � pa;�h � ��S? !�% ; Î p.?

GQI�K

; *  <� ? , � M ,�
 , #$%'&)(34 pa;� % � cq? � p , ;� % � cq?65! M ,� 4 pa;�h �  � ? � p , ;�h �  � ? 5 � ; u�r ?5�G@� � %mD��mA��RI,% � DHA�DrGJI�GJI�K,+bG��/�RGQI#�¸D)�REt��I#�Y%mDQ>aG(I,% � D)% � D ��*
A�@-K$�;I�GQA��I�ÅP��RA��"% Ki\#'#�J%/'�G-%/�«@7I�E�K-D�!/DxI�KH'(!/@QI9% � DfE����xD5@@�
% � D,�mDxB/@@'�I�K2�&'(�/�mDxI.%"E��«I#�xD<; *  <� ?�� M � ! u >	��@@��E&AÄGJPRP��mD&*
B/@@'�I�K2�&'(�/�mDxI.%mE K$% � D�!(�m@QB�GQB(�«P��"%V�d% � G-%� <� �  I� �RI¤G�5@��+QDFI
%/���dGJPHG�!#!(�8@hG@� � DrE�'�I#�Y%V�7>H|�@-3 E8D&%  %8@ BNDL ;�t1?¸> ��� DFI <� ;�t2? �  � ;�t ! Î ?�GQI�K23�DC@7B$%mG@�«IzKq�k@:��PdG��/5QD-
 Kq% � D�K(�:*
INGJA����FGJP!A�DFGQIe�NDxPdKfDLb.'�G-%/�«@7I�E��

 � ;�t ! Î ? � �  � ;�t2? � M �
 #$%'&)( pa;� % ;�t2? � cc?! M � pa;�h � ��/;�t2?�? !7% ; u-Î ?

=$�«A��RPRG@�8P��@K�% � D A�DFGQI G@�&%���+.�"%V� @@�1% � D I�D&%V3�@@�/A e98 s �
 > (;: % u % ;�t1?HEmG-%/�RE���DFE

8 s � 
	> ( #$%'&)( pa;� % ;�t1? � cq? ; u@u ?

x"E	;� � ;�t ! Î ? �  % ;�t ! Î ?�? ! ;� � ;�t2? �  % ;�t2?�?`� � ! M � ! u K% � D5PR@QI#5[%8D �8A AÄG@���8@hE��x@@!(�I��BND � Gm+4�«@:'(�C@@�k% � DÁI�D�%V3�@:��A��RE
D��/DL�J%/�"+7DxP��d5Q@-+7D��mI�DFK5B.�d% � D1E��«I#5QPRD�A�DrGJI<��DxPdKÁD b.'�G-%/�«@7I

< s�= ( � �;> ; < s ?� � < s � M � pa; < s � cc? ! M � pa;�h � < s ? !7% ; u�� ?

3k�"% �?< s � 
 > (@: %  % ;�t2?JK(!(�m@-+4�RK�DFK � ! M � ! u g Î > ��� D
A�DrGJIÁ@@'$%/!('$%�G@�&%���+4�Y%V�d�dE#I�@-3 5@��+QDFIfB4�

8 s � pa; < s � cc? ; u-� ?

��� D5K$�;I�GJA��I�xGQP
D b.'�G�%��R@QI�E<; u@� ?�GQI�Kg; u�� ?�G@�8D5D&]�G@�&%��k@@��G
E��RI(5QPRDHI�D�'(�m@QI�3k�"% � =iGVj��RI^% � D{!(�mDFE8DxIc�¸DH@��c% � �mDFE � @QPdK�I�@@�dE8D
@@�#% � D � �"%�%8PRD)%V�4!ND7>tG(I^�pG@�&% KJDLb:'NG-%��R@QIT; u@� ?2AÄGm��BND��mD�57G@�mK�DFK
G7E�G�E��-E�%8DFA�G�%��I��D&]4%8DFI�E��R@QI�@@�c% � D{!/@7E�%�'�PdG-%mDFK�E��RI(57P«D�*¥I�D '(�m@QI
A�@-K-DFP,@��ax{� � G���G(K � G�AbGJB/D1GJINK � @-�Q@-K�GTC u���F %m@��«I#�xP"'NK-D% � D
D��/DL�J%�E#@��%G^�mDxB/@@'�I�K1�&'(�/�8DFI.%F>

� @ E�%�'�K(�9% � DÀK(�hINGJA����FE�@���% � DÀAÄG�! � > ; < ?JK83�DÀA^'�EV%
�c�mE�%�K�D&%8D �8A��RI�DÀGJI4�U�«I4+bG��/�RGQI.%^�RI:%mD��/+bGJPdEx> ��� DrE&DT�«I.%mD��/+°GQPRE
G@�8DiK-D�%8D��mA��«I�DFKÁB4��% � D������"%��I�xGQPs!N@:�«I.%�Ek3 � �I� � E8@QP�+QD

�



K �;> ; < s ?
K < s � r � ; u:� ?

G(IU% � DfGJBNE&DFI#�¸DÅ@@��GJI4�0�mDxB/@@'�INK �&'(�/�8DFI.%mE K�% � D5AÄG�!NEe; u@� ?
GJINKN; u�� ?z!N@hE8E8DFEmE��xD���%mG��RICE��;A�A�D�%��/�«DrEz3 � �I� � 5:�"+7D
EV%/��'c�J%�'#�8D
%8@B% � D1�8DrE�!/@QI�E8DLK$�dG�5@��GJAÄEF> � @�E � @-3�% � �dE�K)3�D1�RI.%��m@;K('#�¸DW s � < s � c GJI�K T � %�� ct; Î � � ? � r GQI�K23k�/�Y%mD,% � D
AÄG�!U; u@� ?)�RI<% � D�!�G@�mGQA�D�%8D ���dE&DrK��k@:�8AW s�= ( ����� ;�W s ? � � W s � M � pa;�W s ? !iT � ; u@E ?
� D�k@@�mA�% � D��mDxPdG-%/�«@7I�E

��� ; � W s ? ��� ��� ;�W s ? ! u Td� M � . ; u O�?
��� ;�W s ? � � > � ;�W s ? ! u T . ; u P:?

�_�m@QA�3 � �I� � 3�D��FGJIÁDFE�%mGJB�P"�dE �
� � < ;�W s ? � � � > � < ; � W s ? ; u p:?

�k@@��G�E � �Y�R%mDFKÄB(�"�_'(���xG�%��R@QI�!�G@�mGQA�D�%8D � T < ��Tw� M � ! u > ��� '�E
% � DÅB(�"�_'(�/�FG-%/�«@7I�K(�RG@5@��GJA+@�� �@> ; < s ?7�RE|E��;A�A�D&%��/�I��GQBN@:'$%
% � DB!/@@�RI.% %�� M � ! u ! ct; Î � � ?�;R�k@:�[M � � r ?�>:=4�«Ic�¸D8 s�= ( � p�� ��� ;�W s ?&K4% � D7�#�/�RI(5|AÄG@! 8 � � 8 s�= ( @QB/D��-E% � D~�mDxPdG-%��R@QI 8 � < � Î � 8 > � < GJI�K��dE�GQPRE8@�E��;A�A�D�%��/����GQBN@:'$%
%�� M �"! u ! c�; Î � � ?¸>���@@��I�@7I$*S�xD��m@�M � K:% � Dk�_'�PRP/K$�;I�GQA����FGJP
D b.'�G�%��R@QI�E)%�G�A7D�% � D�k@@�mAW s�= ( �	�
��� ;�W s ? � ��� ;�W s ? ! M � pa; S � W s ? ; �:r ?
3 � D �8D S � h � c�>�"I�D��xGJIÀGJPdE8@�DrEV%�GJB�P��dE � % � D��mDxPdG-%/�«@7I

� � < � ;�W s ? ��� � > � < @�> � A ; � W s ? . ; ��Î ?

3 � D �8D T < ��T	! ;�M � � M � ? ! u >�M�DxI#�xD@K4% � D7�RI.%��m@-K$'#�J%/�«@7IÅ@��
�mDxB/@@'�I�K1��'(���mDxI.%�E�3k�«PRP,PRDFGQK<%m@ÅG�K�DFE�%��/'#�J%/�«@7IÁ@@�%E��;A�A�D�%��/�
�RI®GQI4� B(�"�_'(�/�FG-%/�«@7I®K(�RG@5@��GJAÄE�3k�Y% � �#];DrK I�@QI$*S�xD �8@ S GJI�K% � �RE�P«@hE8E#@@�%E��;A�A�D�%��/�<�dE��#��E�%�@QB�E8D��/+QDrK<�xP«@hE&D%m@�% � D,!N@:�«I.%
@���E��hA�A�D&%/���d�k@@�6M � � r >

� @�E&DFD � @-3Q% � D�RI4+°G@���dGJI.%)�«I.%8D ��+bGQPX�FGJIÁG-�$D �J%�K$�;I�GQA����FGJP
B/D � Gm+4�R@@'(�LK:�"%8�dE8�«I�E�%��/'#�&%���+QD{%m@,�c�mE�%)�x@QI�E��RK�D��i% � D��FGQE8D	3k�"% �
�xD �8@^�8DFBN@:'�I�K!>a� D�«I.%��m@-K$'#�xD�� � M � � ! u � � Î E&@,% � G�%)% � D
�_'�I#�&%��R@QI � � � GQEk�&�/�"%��I�xGJPs!/@@�RI.%mE#G�%�W > GJI�KkW = 3 � D �8D

� W�� � PR@@5X;������ � , � Î ? ; �.u ?
��� D �8D��dECGQPRE8@LG1'�I(�Ib:'�D��(]-DFKU!/@@�RI.% W : Kt3 � �I� � P��«DrE��«IU% � D
�RI:%mD��/+bGJP�C W > .OW = F > ��@:�e�(]-DrK � K � GJI�K�M � K{+bG��/�.�RI(5 % � D
B(�"�_'(���xG-%/�«@7I9!�G@�mGQA�D�%8D � T E��RA�!�P"�©E � �Y�R%�E^% � D<5@��G�! � @@� ���
'(!®@@�ÅK�@-3#I,>g��@:� ��� Î ;pP«@-3f%8DFA�!ND �mG�%�'(�mDL?&K~% � D��mDLD&]4*
�dEV%�EÅGJI��«I.%mD��/+°GQP�� � C M > .OM = F K83k�"% � r � M > � M = �M � K�E�'#� � % � G�%e�k@:�fGJPRP T�� �f% � D2�(]-DFKQ!/@@�RI.%<�dEd'�INEV%�G-*
B�PRDQ>kx�PRPz%/�mG���D �&%8@@�/�RDFE�% � DxI[�x@QI4+QD ��57D�%m@�% � D��¸PR@7E8DFKT�RI:%mD��/+bGJP
� � C � � ;�W > ?|. � � ;�W = ? F > ��� D �8D��dECGQPRE8@1% � Dd!N@hE8E��RB(�«P��"%V� @��
� � GQ@�%��I�HK$�;I�GJA��I�xE�E��«Ic�¸D#G7!N@hE��"%���+QD � �dG�!#'�I�@-+�D&]$!/@QI�DFI.%~�xGJI
@$����'(�F>kGS� T !� �7Kc% � D��(]-DFK[!N@:�«I.%	�dE"E�%mGQB�PRDCGJI�KLGQP«Pt%���G-��DL�J*
%8@:���RDFE��¸@7I4+QD��/5QDd%8@ W : >H|�@@%8D<% � D1�RI.+bG@���dGJI.%^�RI.%8D ��+bGJP � �dE
�¸@7I.%mG��RI�DrK�3k�"% � �«I�C T � M � . T F ;_% � D0�«I4+bG��/�RGQI.%��RI.%8D ��+bGJP	�«I
% � DÁP��RA��"% � � ��?�>W��@:�ÄI�@QI(*��FD��m@ M � Ki% � D2�«I4+bG��/�RGQI.%^�RI$*
%8D ��+bGQP#�k@:�
I�@7I:%/����+4�RGQPNK$�;I�GQA����FEi3k�RP«P$GJPdE&@CBNDiK-D&%mD��mA��«I�DrKÄB4�

% � D<�����"%��I�xGQP8!/@@�RI.%mE|@�� � ��� GJI�KU% � DfE�%mGQB(�RP"�"%V��@��{% � Dd�(]-DrK
!/@@�RI.%�;pE8DxD{�#5@'(�mD Î ?¸>�=4�«A�!�PRD�GQI�GJP��.%��I�#D&]$!(�mDFEmE��R@QINE%P"��AQD,; �:u ?
�k@:�a% � D{�����"%��I�xGQP(!/@@�RI:%�E�G��mDk�&'�A|BND �mE8@QA�D#E��RI#�xD�% � D �|G��mDHI�@-3
% � D��8@;@@%mE�@��$G7b.'�G@��%/���8�RI�p�>%M�@-3�D�+7D��LKL�"%i�dE�G"E��«A�!�PRDHAÄG-%�%mD��
%m@5B/@@'�INK1% � D��RI.+bG@���dGJI.%	�RI.%8D��/+bGJP2B.� C T � M � . T ! M � F Kq�k@@�D�]�GJA�!�PRDQ>�|�@-3 G7E T �dE�K-DL�&�mDFGQE8DFKzKX% � DÄE�%mGJB�P«D��(]-DFK�!/@@�RI:%W : �xGQIÁK-DrEV%�GJB(�RP��RE8D1GJI�K<�mDFE�%mGJB#�«P��RE8D7%V3k���xD�«IT%�'#�8I,>

aI-w

F(X)

X

I+w

w=0
b

β
b

� ¿! "¬!�r¬� ��&�xª � �x� ���h� �1�xª#"
$-¬ �%�7� §h�F� �7� § � � ¨ � �F�h¢F h�¡�x�
� � ¢r���r�Á§ � �7� ��� � ���h� � � � � ����¨ � ���r�À�x�%" $ � � ���h� �¡� ¦ �x���¡�F� � �¡� ��� � ¦ �F�
§ �m��� ������� � §H£b� ���h� ¨m��� � ��¨��F�Jª-�r��� � ��� � � ���'&)( �FÌJ�+* ( �J�-, ( �/. Ìb�
01( �/. �b��243 ( �+. ���x�;§�265 ( �/. ÌJ¬ �%�h� §Q� �(��� §Å����� � � � � � � ���h�
¢F�&�Fª � �d�x�7265 ( �Q¬

� DCI�@-3ÈD�]-GQA��«I�D|E&@7A�D�E��RA,'�PRG�%��R@QI2�mDFE�'�PY%�E{%m@e�RP«P�'�E�%���G-%mD
% � DiD&�$D �&%mEH@����«I.%/�8@-K$'#���«I#5��mDxB/@@'�I�Ke��'(���mDxI.%�E8�RI.%8@�% � D�I�D�'$*
�m@QINGJP.!N@:!('�PdG-%��R@QI�K$�;I�GQA��I�xEF>�G(I�GJPRP;@��c% � DrE&D:K�3�D � Gm+7D~%�G�AQDFIc � r K�GJI�K A�@@�mDx@-+7D���DxI�E�'(�mDFK�% � G�% � ! M � ! u g Î �RI @:��*
K�D��8% � G�%8% � DiA�DrGJI��NDxPdK�% � Dx@@�/���RE)+bGJP��dK!>lx�EHGCB/DxIc� � AÄG��/AqK
3�D^�#�mE�%iD&]�GJA��RI�D,% � D��xG7E&D M � � r �«I��#5@'#�8DrE u GJINK � >,G(I
% � D7�#��EV%H@��t% � DrE&D:K4% � D�Gm+QD �mG@5QDrK�+Q@QP"%mG@5QD��8DrE�!/D �&%mE8% � D�E��;A^*
A�D�%��/� K-DrE������RBNDrK©GJB/@-+QD2;_�mD&\ND �J%,�#�mE�%��RI < � r GJINKB% � DFI% � Î ! u ?¸>t�Q�"% � @:'$%��8DFBN@:'�I�KsK.% � D��mD	�dE
@7I�P"��I�@7I.%��/�"+4�dGJP�@:'$%�*
!#'$%��k@@�#D&](���Y%�G-%��R@QIB; % � r ?¸>l� DiI�@@%8D7% � D�D�]$�RE�%8DFI#�¸Di@��t�k@@'(�
BNGJI�K�E�@��z� � GJ@hE�K7GJI�K�% � D	�¸@7P«PdG�!NE&D�%m@%��/�"+4�dGJP(�#];DrK�!N@:�«I.%�K(�:*
INGJA����FE�@:'$%mE��dK-D,% � D��8D 5@�RA�D�E � @-3#I,> ��� D|D�]4�dE�%8DxIc�¸DC@@�i% � �RE
� � GJ@7E � GQE�B/DxDFI9�¸@QI(�#�8A�DrK I4'�A�D ���I�xGQP«P��¤B4�B�FGJPI�&'�PdG-%/�«@7I @@�
% � D � �dG�!#'�I�@-+ÄD&]$!/@QI�DFI.%�G@���x@@��K$�RI(5,%m@

8 ;�Wq? � P"�RAP/9 q
ÎU P > ($s & : PR@@5�:::: K�W s�= (K�W s ::::

; �@� ?

"I#�xD�M � �dE�I�@7I$*S�xD��m@#K � �;E�%8D �8DrE��dEl�dE�@7B�E&D ��+bGQB�P«D:��B/@�% �2n PR@�*
�FGJPRP"�XohBND�%V3�DFDxI<!�G���%��I�&'�PdG��8!ND ���R@-K$�I��@:�8B(�"%�B#�mGQI#� � DFE K;GQE83�DFP«P
G7ECA�@:�8D n 57P«@7B�GJPRP"�Xot3k�Y% � �mDFE�!NDL�J%^%8@B+°G@���dG-%/�«@7I�E1@@�{% � DfD�].*
%mD��mI�GJP��«I(!#'$%�@-+QD ���8DFPRG�%���+QDxP��d3k�dK-D�!�G@�mGQA�D&%8D �k3k�«INK-@-3�Ex>~G(I
G7K�K$�"%��R@QIzKbE�'(!(!(�mDFEmE��«@7I�@@�(� � GJ@@%��I��K$�;I�GJA��I�xEz�RI�pGm+Q@:'(�,@@�;PR@-3
@:�mK�D���!ND ���R@-K$���8�mDFE�!N@7I�E&DrEa�xGJI|@$���&'#�F>tG(I,�#5:'(�mDFE � GQI�K � K�3�D

�



-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

0 0.2 0.4 0.6 0.8 1

X

I� ¿  "¬��b¬C ¦°� �&�x¢ �|¦ �r� � �F¢ � £7���R 7��¨�� � ���r��§Q�¡�F¢F�&�x��¬ 243 ( � . �Q�
265 ( � . Ìb� � ( � . ÌJ� , ( �/. Ê � &�( �FÌ . �Q¬

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

M

I� ¿  "¬!ºJ¬L� � �F� �x¨ � � ¦ � � ��£7���d 7��¨�� � ���r� §Q�¡�F¢F�&�x��¬ 243 ( � . �Q�
2 5 ( � . Ìb� � ( � . ÌJ� , ( �/. Ê � &�( �FÌ . �Q¬

E8DxD)% � D#A^'�P"%���!�P"�I�&�"%V�C@@�/E8@QP�'$%��R@QINE�% � G�%a5:�"+7DFE��/�RE8D)%8@7% � Dk!/@7E�*
E��«B(�RP��Y%V�i@���;kPR@4�FGJPR? � �-EV%mD��mDFE��REF> � G-%8D �2@7I�3 � DFI,3�D
PR@h@:A�G-%�% � D
�xG7E&D�@@�%G5E��RI(5QPRD�I�D '(�8@7I1�«IT% � DCGJB�E8DxIc�¸D�@��a% � �8DrE � @QPdKfI�@@�dE&D
;R�c5@'(�mD Î � ?&K:3�D�3k�RPRP/B/D�GJB�PRD�%8@��RK-DFI.%��"�_��% � DiA,'�PY%/�"!�P��I�&�"%V���«I
% � D��xDxI.%��mD
@@�(�#5:'(�8D � GQE�% � Dk�¸@;D�]4�dE�%8DxIc�¸D
@@� n I�@@�dE��qoL+QD �mE��R@QI�E
@��z!/D��/�R@;K � GJINK�!ND ���R@-K u @:�8B#�Y%�E
@@��G,�¸D ��%�G��RId!(�RD �xD�3k�dE&D�P��RI$*
DFG@�HA�G@!,>a� D � Gm+QD{%mD��mA�DFKe% � �dE n PR@$�xGQPho � �-EV%mD��mDFE��RE�E��«I#�xD3�D
G��mDÅGJB�P«D�%m@[�8DL�¸@:5QI(�dE&D�% � D5@:�8B(�"%mE��«I4+Q@7P"+7DFK @-+QD �% � DÁE&AÄGJPRP
!�G@�mGQA�D�%8D ��3k�RI�K-@-3�> ��� �dEa!�G���%��I�&'�PdG��%D�]-GQA�!�P«DH@@� � �-EV%mD��mDFE��RE
�dE�D&]4%��RI(5:'(�RE � DrK�3 � DxI�% � D�E�!#�8DrGQK$�RI(57�pGJIÄ@@�q!/D��/�«@-K$�I��!/@@�RI:%�E
� �"%mE�% � D�@@�/��5@�RIfG-%{+bGQP"'�DrEH@�� � BNDFP«@-3 GJB/@@'$% u O r >

G(I0�#5:'(�mDFE E GJI�K O4Kz3�D � Gm+QD�K-DL�&�mDFGQE8DFK � %m@ u@� Kz%8@ÀD&]4*
!/@7E8D n 57P«@7B�GJP�o � �-E�%8D��mDFE��dEi3k�"% � �RI#�&�mDFG7E��RI(5��bK-DL�&�mDFGQE��RI(5"D�]4%8D���*
I�GQPq�RI(!('(%F> ��� D�B(�mDFG�A4'(!f@��z% � DiE��;A�A�D&%��/�Ä@���% � D7�8DrE�!/@QINE&D
�dE�GQPRE8@^�xP«DrG��r>t�Q�"% � % � D��RI.%��m@;K('#�J%/�«@7I5@���=iGVj�K4�"%)�dE)!N@hE8E��«B�P«D
%8@ @QB$%�G��RI©I�@QI.%/����+4�RGQP~�mDFE�!N@7I�E&DrE��RI % � De!(�mDFE8DxI#�xDÅ@���D�]4%8D���*
I�GQP	�RI � �RB(�Y%/�«@7I�; % � r ?¸> ��� D E��RA�!�PRD[!ND ���R@-K$�I�¤EV%/��'c�J%�'#�8D
@QBNE&D ��+7DFKB�k@@�ÄE�'#� � �RI(!('$%��dE^%V�.!#���FGJP�@��{% � DLK$�;I�GJA��I�xE�K$'�D
%8@�=iGVj�>8GS�,3�D¤D&]�GJA��RI�D[% � D A�DrGJI9G:�J%���+4�Y%V�:Kk�mG�% � D �d% � GJI
% � DiGm+7D���G�57D{+Q@7PY%�G�5QD:K.% � DFIe% � D�E���5QA�@@�dK�GQPc�k@:�8A)@@� 8 A�G@!�E
% � DFE8D|I�D 57G�%���+QD,+bGQP"'�DrK¤@:�8B(�"%mE�%m@B;pD&�$D �J%/�"+7DxP��(?{�FD��m@�> ��� DrE&D
PR@-3)@@��K-D��^!ND ���R@-K$���5@@�mB(�"%mECK('�De%m@ M � 0� r G@�8DÁGJPdE&@[% � @hE&D

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.27 0.28 0.29 0.3 0.31 0.32 0.33 0.34 0.35

X

I� ¿! "¬��7¬����b¨��F� � �Q� ��� � � �(���	�  ¦°� �&�F¢ ��¦ �r� � �F¢ � ���h¨8� � �F�(���h¢Q¬243 ( �+. �Q� 265 ( �/. � É � � ( � . �J� , ( �/. É � &)( ºr�F�Q¬

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.27 0.28 0.29 0.3 0.31 0.32 0.33 0.34 0.35

X

I� ¿! "¬
ÌJ¬
���b¨��F� � �Q� ��� � � �(���	�  ¦r� �&�F¢ � ¦ �r� � �F¢ � § � ¨m� � �F�(���h¢Q¬2 3 ( �+. �Q� 2 5 ( �/. � É � � ( � . �J� , ( �/. É � &)( ºr�F�Q¬

3 � ��� � B(�mDFG@A�'(!�% � D�E��;A�A�D&%��/�I�#EV%/��'#�&%�'(�mD��k@@� % � r >tGS�!@QI�D
PR@;@@A-E�G�%{% � D^5@��G�! � E#@�� � , GQI�K ��� Kq�"%�BNDL�¸@7A�DrE	�xP«DrG��	3 � �
% � D�!/D��/�«@-K u GJINK1!ND ���R@-K � G@�8D1E8@��m@QB('�E�%8P��5E�%mGQB�P«D�%8@�+bG��/�Y*
G�%��R@QI�E��RI % > ��� D n b.'�G@��%/���@o$I�G-%/'(�8D�@��~% � D�5@��G�! � E�@@�~% � @7E8D
� �"5 � D����"%8D���G-%mDFEHA�DFGQI�E)% � G-%�% � D�#];DrKe!/@@�RI.%mE#G@�8D�BN@@% � E�%mG-*
B�P«DÅGQI�K P��RD�3k�Y% � �«IB% � D��«I4+bG��/�dGJI.%7�RI.%8D ��+bGJP¥>d�L@:�8DF@-+QD��LKq% � D
E � GQP«PR@-3 E&PR@@!/D�G�%~% � D	�#];DrKd!/@@�RI.%mE8�8DLb:'#�"�mDFE�PRG@��57D{!/D���%�'(�mB�G-*
%/�«@7I�Ek%m@d% � D1AÄG�!2�k@:�"K-DrEV%�GJB(�RP��REmG-%/�«@7I,>kG(I[�¸@7A�!NG��/�RE8@QIzK#% � D
n b.'�GQK(�mG�%��I��os�k@:�8A�3k�Y% � M � � r � GQE�'�I�EV%�GJB�PRD��(]-DFKU!/@@�RI.%mE
3k�"% � �«I1% � D��RI.+bG@���dGJI.%k�«I.%mD��/+°GQPV>����«INGJPRP"�:K�I�@@%8D% � G-%"K-D !NDFI�K4*
�RI(5Å@7I[3 � D�% � D � % �RE��«Ic�&�mDFGQE��RI(5Ä@@��K-D ���8DrGQE��«I(5cK�D �Y% � D�� Î @@�
u B�GQI�K�EH@@�a� � GQ@7EHG��mD�E�'#!(!(�mDFEmE&DrKsK4�8DrE�!/D �&%���+QDxP��Q>

� D � Gm+7D#DFE�%mGJB�P"�dE � DFK�% � G-%)=~GVjQ�&'(�/�mDxI.%mEi�FGJIÄPRDFG7K�%8@1PR@-3
@:�mK�D���!ND ���R@-K$�I�i@@�mB(�Y%�E#GJI�K � DFI#�¸D% � D1E�'#!(!(�mDFEmE��R@QIf@��l� � GJ@hE
�k@:�1GT�mGQI(5QD�@��HD&]4%8D �8INGJPl�RI(!('$%r>f?�@QA�!�G��/�RI(5T�#5@'(�mDFE E GJINK
P#Kt3�De�FGJI E8DxD � @-3¯PR@-3¯@:�mK�D��1@:�8B(�"%mE��«I < PRDFG7KB%8@0�x@@�/�8D�*
E�!/@QI�K$�RI(5fP«@-3 @@��K-D ��@@�mB(�"%mE��«I0% � D|A�DFGJI G@�&%���+.�"%V� 8 > ��� D
D�]$�RE�%8DFI#�¸D�@@�-E�'#� � @:�8B(�"%mEs�k@@� 8 �RA�!�P"�RDFEz% � G�%z% � D�E��-E�%8DxA GQE2G
3 � @QPRDi�RE��«I1G�A�G:�&�m@7E/�¸@:!(���FGJPRP"��@@��K-D��mDFKiE�%mG-%mD
E��«I#�xD 8 s� r K
Î > ��� G-%^�RE Ka�«I % � Dd�mD�5:�«A�Dd3 � D �8D<=iGVj��&'#���mDxI.%mECE�'(!#!(�8DrE8E
� � GJ@7E Kl% � DLI�D&%V3�@@�/AH�FGJI BNDLB(�dE�%mGJB�P«D ;k@:�ÄD�+7DxI�%��/�RE�%mGQB�P«Dm?JK
3k�"% � % � DÅA�DFGQI©@@'$%/!('$%|G:�J%/�"+4�"%V� @hE����«PRPRG�%��RI(5#K�E8Gm�:K�B/D&%V3�DxDFI

E



-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

-0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

X

I� ¿  "¬Q�Q¬  ����r£h�F� � �Q� ��� � � �(���
�¡�Å� ¦°� �&�F¢ ��¦ �F� � �x¢ � � 0 ���7¨m� � �F�(���7¢7¬243 ( �+. �J� 265 ( � . Ìb� � ( � . ÌJ� , ( �/. Ê � &�( �FÌJ¬

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

-0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

X

I� ¿  "¬ Ê ¬� ��¡�F£;�x� � �Q� ��� � � �(�����¡��� ¦°� �&�F¢ �#¦ �r� � �x¢ � � 0 § � ¨m� � �F�(���7¢7¬2 3 ( �+. �J� 2 5 ( � . Ìb� � ( � . ÌJ� , ( �/. Ê � &�( �FÌJ¬

% � D�@:�mK�D��mDFKÅE�%mG�%8D73k�Y% � I�DrG��mP"�ÅGQP«P$I�D '(�m@QI�E���� GJINK�% � D�@:!$*
!/@7E��Y%mDÅ@@��K-D��mDFK�E�%mG�%8DFEC@��#I�DrG��mP"� GJPRP
I�D '(�8@7I�E��?}2%8@:5QD&% � D��r>
G(I[�¸@7I.%���GQE�% K$3 � DFI1% � DCK(�hINGJA����FEk�dE	� � GQ@�%��I��K�BN@@% � @@��K-D �8DrK
GJINK�K$�dE8@@��K-D��mDFK3A�G:�&�m@7E/�¸@:!(���ÁE�%mG-%mDFE��x@hD�]$�RE�%ÅGJI�KH% � D �8D2�dE
I�@U�¸@ � D��mDxI.%|@hE����«PRPdG-%8@:��� B/D � Gm+4�R@@'(�r> � D2�xP«@hE&De% � �dE�E&DL�J*
%��R@QI©B4� P«@;@@A4�RI(5¤G-%|B(�Y�_'#�/�FG-%��R@QI K(�RG@5@��GJAÄE�«IU%mDxA�!/D���G-%�'#�8D� > ��� D�+bG��/�RG�%��R@QI¤@@� � �dE7�«I.%8D �8DrEV%/�«I#55B/D �xG@'�E8D|AÄGJI4�LI�D '$*
�m@QI�GQPi?)=8>iEÁGJP"%8D �e% � D����T� � �.% � A��I� B/D � Gm+.�R@@'#�e+4�RGH�«I.%/���RI$*
E����@K�GQE5@@!(!/@7E8DFK�%m@3D&]4%/���RI�E����@K#I�D�'(�m@QA�@-K$'�PdG-%/�«@7I,>�G(I @:'(�
A�@-K-DxP�Kq% � D�5QPR@QB�GQP�D�].%mD��mI�GJP��RI(!('$% % �dEiG5E8@@'(���¸DC@���D&]4%/���RI$*E������RI(!('$%LKt3 � �RPdEV%1A�@-K$'�PdG-%/�«@7I @@�~% � D�% � �mDFE � @QPdK�E7�k@:��#���RI(5
GJINK[�mDxB/@@'�I�K(�«I(5T�dE�«I.%��/�RI�E��I�J>,G(I[�#5:'(�8DrEpfGQI�K ÎLr Ks3�D�E8DxD
% � G-% � �-E�%8D��mDFE��dEk�8DFAÄG��RI�E{!/@7EmE��RB�PRDQ>kGS%7�RE	!�G���%��I�&'�PdG��mP��fE�%��/�"A.*
�RI(5ÄE��RI#�¸D��RI<% � D1K$���mD �J%/�«@7If@@���RI#���8DrGQE��«I(5 � K-@7I�P"�5P«@-3�@@��K-D��
!/D��/�«@-K$�I�,�mDFE�!/@QI�E8DFE�G��mD,!/@7EmE��RB�PRD@Ks3 � D �8DrGQE�Ge3k�dK-D�B�GJINK¤@��
� � GQ@7E)�RE{!N@hE8E��«B�P«D7�k@@��% � D�@@!#!N@hE��"%8D+bG��/�RG�%��R@QI,>

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

M

I� ¿! "¬ É ¬"· � ���r�7� � �&� � ���r� ��� � � Æ,¿��9¨� 7�(� � � � �#¨��F�À� � �F§ � ���F� �
§ � � � §|�1�F¨m���F�(¨��rª7�¡¨�� � � ��� ��� 0 �¡�7¨m� � �x�(�¡�7¢b�8¬6243 ( � . �J� 265 ( �/. Ìb�
� ( �/. ÌJ� , ( �/. Ê � &)( �rÌJ¬

0

0.2

0.4

0.6

0.8

1

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

M

T� ¿! "¬-�Q¬  ��¡�F£;�x� � �Q� ��� � � �(�¡�"��� � � �F�L�x¨ � � ¦ � � � � �N� ��ª � �&� �  Q� �
�¡�7¨m� � �x�(�¡�7¢7¬ 2 3 ( �+. �Q� 265 ( �/. �Q� � ( � . Ìb� , ( �/. Ê ÌJ� 0�( �/. �J¬

���d�z� �)�������	�J
� �7
����k�)�k� �	�N�|� � �t�/�	� �^�
�^�|�X�7
�����������
� �B���/����� � �d�
�

GS%��RE��RI�E�%��/'#�J%/�"+7D{%8@��x@QI�E��RK�D��8% � D��xG7E&D"@��2G�E��«I(57P«D�I�D '(�8@7I
3k�"% � �8DFBN@:'�I�K<�&'(�/�8DFI.%mEi�RId% � D�GJB�E8DxIc�¸D�@@�,I�@@�dE8DQ> ��� �dE�AÄGm�
B/DÅG@� � �«D +QDFK B4�2%mG@A.�RI(5T% � DÄP"�RA��Y% � � � 3k�Y% � 
 � Î �RI
DLb.'�G-%/�«@7Id; u-Î ?�>�x�P"%8D��mI�G�%���+QDxP��@KL�k@:�2G�E��«I#5QPRD�I�D�'#�8@7IzK-�¸@QINE��dK-D��
DLb.'�G-%/�«@7Ie; Îmu ?2GJI�K|K-D&��I�D W s � � d;�t1? � c,>a|�@-3H�«I.%��m@-K$'#�xD
% � D��#+QDB!�G���GJA�D�%8D���E M � ��� M (E( � r K M � � M ( � r KS � c � h�K T�� %-� ct; Î � � ?JK r � � � Î > ��� D|K$�;I�GQA��I�xE
@@��G�E��RI(57P«D�=iGVj9I�D�'#�8@7Ie�dE)% � DFIT57@-+QD �8I�DrKÄB4��% � DiAÄG�!U;pE8DxD
�c5@'(�mD ÎQÎ ?

W s�= ( � � ;�W s ? � ��  � W s !/T�� M � . W s b r� W s !/T . � S b W s � r� W s !/T ! M � .4W s � � S ; ��� ?

��� �RE1�dELG�!�G���%��I�&'�PdG��2�FGQE8D @@�,% � D©A�G@!�ELE�%�'�K$�RDFK �RI�C Î O F K
3 � D��mD�; �@� ?d�RET�¸@7I�E��dK-D �8DrK GQEÁG P��Y�R%À@��CG�K-D�5:�8DFD¤@QI�DB�&����*
�xP«D#AÄG@!zK7GQI�K � DxI#�xDk3�D�!(�m@-+4�RK�D�@7I�P��|G�E�'�A�A�G@���C@��X�8DrE�'�P"%mE

O



0

0.2

0.4

0.6

0.8

1

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

M

T� ¿  "¬����J¬� ����r£h�F� � �Q� ��� � � �(�������Å� � �F���F¨ � � ¦ � � � � �/� ��ª � �&� �  7� �
§ � ¨m� � �F�(���7¢7¬ 243 ( �+. �Q� 265 ( �/. �7� � ( �/. Ìb� , ( �/. Ê Ìb� 0�( �/. �J¬

�RIg% � �REÀE8D �J%/�«@7I,> � D�E�'#!(!N@hE&DwM � � T � r GJINK � DxIc�¸D� � T � M � � r ;VE��RI#�xDC@�% � D��/3k�dE&D,%��/�"+4�dGJPz�#];DrK2!/@@�RI:%�K$�.*
I�GQA��I�xEd�8DrE�'�P"%�?¸> M�@@'�I�K-DFK K(�hINGJA����FEÅG��mD2�¸@7I$��I�DrKH%m@3GJI
�RI.+bG@���dGJI.%�«I.%8D ��+bGQP � >d��@@�1K�D&��I(�"%8DFI�DFEmE K�3�D�E/�xGQP«D�M � � Î >
�L@:�8DF@-+QD��LK,GQE7% � DÅAÄG�!U�dE�!(�RD �xD�3k�dE&D�P��«I�DrG��LKz% � D � �dG�!('�I�@-+
D&]$!/@QI�DFI.%2; �@� ?^�FGJI BND1�mDFG7K$�«P�� D +°GQP"'NG-%8DrK %m@©BND2�¸@7I�E�%mGJI.%
GJINK5DLb:'NGJPs%m@�PR@@5 � � r K�GJI�KT� � GQ@7E)�RE�I�@�%k!/@7EmE��RB�PRDQ>

M�D��k@@�mD83�Dk�xGQI�K$�dE/�&'�EmE�% � D�K(�hINGJA����FE�K-DFE/�&�/�RBNDrKCB4�1DLb:'NG-*
%��R@QI1; �@� ?&K-3�D�A,'�E�%a�#��EV%aA;I�@-393 � DFI|GJI�G�!#!(�8@:!(�/�RG�%8Di�RI4+°G@���"*
GJI.%7�«I.%8D ��+bGQP2D�]4�dE�%mE K$GQI�K23 � G�%iG@�8D|E�'(�"%mGQB�PRD,��GJI(57DFEk�k@:�	% � D
+bG��/�RG�%��R@QI�@��X% � D�B(�"�_'(���xG-%/�«@7I�!�G���GJA�D�%8D�� T > ��� D�AÄG�! � G7E
G
E�%mGJB�P«D��#];DrK1!N@:�«I.%"G�%��W � ; Î �\T ? ! ; � � Î ?#GJI�KÀI�@QI.%��/�"+4�dGJP
K$�;I�GQA��I�xE%@7I�P��C@$����'(�l3 � �RP«D�% � �REi!N@:�«I.%i�mDxAÄG��RI�E%@@'(%mE��RK-D�% � D
�RI.+bG@���dGJI.%a�«I.%8D ��+bGQP � G7E T +bG@���RDFEF>t�L@:�8DF@-+QD � Km3 � DFI�� � � S;R% � G-%^�RE K T � Î � S ?&K�% � DxI � �mDFK('#�¸DrE%8@LGÀB(�RP"�RI�DrG��1AÄG�!
@QI1% � D,�RI4+bG��/�RGQI:%{�RI.%8D ��+bGJP¥>�� D^�«I.%/�8@-K$'#�xD��)GJINK��+GQEk% � D
� D �"5 � %�EÄ@�� � @QI D��"% � D��fE��dK-DL@��% � D K$�dE��x@QI.%��RI4'(�"%V��G-% � S;pE8DxDd�#5@'(�mD Î7Î ?�>1GS%��RE|EV%/�mG@�"5 � %��k@@�/3�G@�mK0%8@ E � @-3y% � G-% � �dE
D��"% � D��C ��. T F @@�7C ��.�� F >l|�@�%8D	% � G�%8�"�	� �
��; � S � Î ?a% � DxI
% � DÅK$�RE/�¸@7I.%��RI.'#�Y%V� G-% � S �dE�I�@@%��«Ic�¸P�'�K-DFKB�RIB% � Dd�RI4+bG��/�RGQI:%
�RI:%mD��/+bGJP"GQI�K � DFI#�¸D0% � D AÄG�!g�dE5B#�«P��«I�DFG��e�k@@�ÀGJPRP	�mDxPRD�+bGJI.%
+bG��/�RG�%��R@QI©@@� T > M)�«@7P«@:5@�I�xGQP«P��@K�% � �RE�A�DFGQI�E�% � G-%�=iGVj K-@;DFE
I�@@%HG��/DL�J%)% � D�I�D�'#�8@7I5GJI�KfE&@,% � �dE��xG7E&D��RE�@���P��"%�%8PRD�«I.%mD��mDFE�%F>
� D1K$�RE�%��RI(5:'(�RE � %V3�@��xG7E&DrEx>
���������� GS� T � � GQI�K�� ���2K�% � DxI � �dE9C ��. T F �C T � Î . T F GJI�KdM � � � S � Î > M�DxI#�xD@K�I�@QI.%��/�"+4�dGJP

K$�;I�GJA��I�xE�@$����'(���k@:� T �¯A��«I�; Î . Î ! � ?¸> "IB% � D5PRD&�R%
@��,G1B(�"�_'(���xG�%��R@QIÅK$�dG�5:�mGQAN�RI T K.% � D"K$�;I�GQA��I�xE�@QI�% � D
�«I4+bG��/�RGQI.%)�RI.%8D��/+bGJP$B/D � Gm+7DFE#G@� �¸@:�mK$�RI(5,%8@�% � D�_'�P«Ps%/���"*
P"�RI�DFG@��A�G@!,>�"I#�¸D T �«Ic�&�mDFGQE8DFE�B/D��7@QI�K Î � S K~% � D
K$�;I�GJA��I�xEH@QI<% � D��«I4+bG��/�RGQI.%)�RI.%8D��/+bGJPs�dE#B(�RP"�RI�DrG��r>

������������� =4'(!(!/@7E8D�� � T GQI�K�� ���2K E&@y% � G-%
A��RI�; Î .OM � ? � � S >2��@@�|E8AÄGJPRP T K � �dEeC ��.�� F B('$%�GQET �RI#�&�mDFG7E&DrE�K�% � D��mD5G��mDd%V3�@[!/@7EmE��RB(�RP"�"%��RDFEF>0GS��� � �Y%�E�WH3 � DFI T � T� K�E8Gm�:K�GQI�K T� � Î � S Ka% � DxI % � D
K$�;I�GJA��I�xE1�¸@7P«PdG�!�E8DU3 � DxI T"� T� GJI�K % � D �8D©G@�8D
I�@�I�@QI.%��/��+.�dGJP#B#�«P��«I�DFG��ÅK(�hINGJA����FEx>gx�PY%mD��mI�G-%/�"+7DxP��@K)�Y�T! � Î � S Kc% � DxI G-% T � Î � S KX% � DCAÄG@! B/D �¸@7A�DFE

A

A-w

D

a

- δ x

xm+1

m

E

� ¿! "¬!�r�r¬  ��&�Fª � �x� ���h� ª7� � ¨ �m� ��� � �¡��� � �x�C�1�Fª�"C¬ ·#�F� �7� §
� � ¨ � �F�7¢r� � ���;§7��¨�� ��� ��� � ¢r���F�Ä�F�!¨��F� ¦°� ��¢ � �h¨ � ¬

B(�RP"�RI�DFG@��GQI�K�% � D{�«I4+bG��/�dGJI.%~�RI:%mD��/+bGJP��V'�A�!NE�K$�dE/�¸@QI.%/�«I$*
'�@@'NE&P���%8@[C ��. T F >

��� D)!(�RD �¸D 3k�RE8DHP"�RI�DrG��%I�G-%/'(�mD�@@�(% � DHAÄG�!�GJPdE8@"GJPRPR@-3�E2E��«A�*
!�P«D�!ND ���R@-K$����@@�mB(�"%mEl%m@CB/D�D�]4!�P"�I�&�"%8P��ÄK-DFE/�&�/�«B/DFK,>axy;$#tK&%4K � ?S*@:�8B#�Y%%@QI1C ��. T F �dE�G7!ND ���R@-K$�I��@:�8B#�Y%�@��q!ND ���R@-K!# ! % !�� 3 � �I� �
+4�dE��"%mE	% � D�% � �8DFD,!�G@��%�E�@��l% � D�K-@QAÄG��RI9C ��. � S ?JKlC � S . r ?#GJINKC r . T ?&K�#tK&%iGJINK � %��RA�DrEi�mDFE�!NDL�J%/�"+7DxP��@K;GJI�K��dE
E�%mGQB�P«D	�Y�z�"%�D�].*
�dE�%mEF>���@@��D�]�GJA�!�PRD@K#�"%	�dE�E�%���G���5 � %��k@:��3HG���K�%m@e�xGQP���'�PdG-%8D% � G-%
% � D�PRD&�R%mA�@7E�%)!/@@�RI.%mE�@��z!(�/�«AÄG@���|@@�mB(�Y%�E
@@�s% � D	�k@@�mA6; r . Î .'U�?
GQI�KB; Î . r .'U�?�G@�8D5:�"+7DxI5B4�

W�@ ( A � ; : Ps &)( � s ? Td� ' : P > (s &)( � s!(Î � � P1= ( .
W @ , A � ; : Ps &)( � s ? Td� ' : P > (s &)( � s ( ! � P M �Î � � P"= ( . ; �:� ?

�mDFE�!/D �J%/�"+7DxP��Q>H� GJI4�3K-D�%mG��RPRDFK �kDrG-%/'(�8DrE�@��{% � DLB(�"�_'(���xG-%/�«@7I
K(�RG@5@��GJAÄE��FGJI BND�'�I�K-D���E�%8@;@-K0�RI0%mD��mAÄEi@���!ND ���R@-K$����@:�8B(�"%mE
P���AQD7% � DrE&D:K�GJINK5A�@@�mD�«A�!/@@��%mGQI:%mP"�e3 � DxIT% � D��<�xDFG7E&D�%8@ÄD�].*
�dE�% �U�k@@�ÁD&]�GQA�!�P«D:K	3 � DFI9G9!/@@�RI.%Á@7IQ% � D @@�mB(�"%T�x@@�RI#�&�dK-DFE
3k�"% � @7I�D�@��~% � D�%V3�@ÁK$�dE/�¸@QI.%/�«I4'(�"%��RDFE�G7E3�D�+bG��/� T >Å=4'c� ��RI.%8D �mG:�J%��R@QINE^3k�"% � % � D¤K$�RE/�¸@7I.%��RI.'#�Y%/�«DrEÄK-D&%mD��mA��RI�DÀB(�"�_'(���xG-*
%/�«@7I K(�hINGJA����FEx>QG(I®GQK�K$�Y%/�«@7IzKHG-�R%8D �d�¸@7P«P��RK(�«I(5U3k�"% � G©K$�dEV*
�x@QI.%��RI4'(�"%V�H; r @@� � S ?&K2GT!(�/�«AÄG@���2!/D��/�«@-K$�I��@@�mB(�"%%V�.!#���FGJPRP"�
'�I�K-D��/5Q@;DrE
G n ��G@�8D �^%/�8DFD@o *h%V�4!/D�B(�"�_'(���xG-%/�«@7I0C u@�mF 3 � �I� � % � '�E
57DxI�D �mG�%8DrE^!/D��/�R@;K*)�E&@7P"'$%/�«@7I�E K~3 � D �8D�)H�RE�P��«A��"%8DrK�AÄG�% � *
DFAÄG-%��I�xGQP«P��ÀB4�1% � D��8DrE&@7P"'(%��R@QI¤@@�i% � D�B(�"�_'(���xG-%/�«@7I K$�dG�5:�mGQA1K
GQI�K|B(�«@7P«@:5@�I�xGQP«P���B4�1A��«I(�RA,'�AN�kDrGQE��«B�PRDk�&'(�/�mDxI.%mEk;_�k@@��D&]�GQA^*
!�P«D:K;E8DxD	�#5@'#�8D ÎLu ?¸> ��� �REHE8@@��%
@��z�kDrG-%/'(�8D7�xGQI5GJPdE&@CBND��k@@'�INK
�RI5DrG��mP"�RD���I�D�'#�8@7IÅAÄG�!5A�@-K-DFPRE7C u@E-F > ��� D�I�@-+7DxP"%V��3k�Y% � %V3�@
K(�RE/�¸@7I:%/�«I4'(�"%��RDFE��dE^% � G�%�% � DLK$�dE��x@QI.%��RI4'(�Y%V� G�% � S �xGQI�GJPdE8@
%/����5@57D���E�'#� � BND � Gm+4�«@:'(��G7E T +bG��/�RDFE KhGQI�K�% � D	%V3�@|K(�RE/�¸@7I:%/�Y*
I4'(�"%��RDFE�x@QA�!ND�%8D�3k�"% � DrG@� � @�% � D��7%8@1�&�mDFG�%8DCI�D�3��kDrG-%/'(�8DrE�K
�k@:�k�«INEV%�GJI#�xD@K � �-EV%mD��mDFE��REF>

P



-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

x

A� ¿  "¬;���J¬������d Q��¨�� � ���r�|§7�¡�x¢F�&�F�9�d�x� ���h� ªh� � ¨ �m� ��� � ����� � �¸���1�Fª�¬243 ( �+. �J� 265 ( � . Ìb� � ( � . ÌJ� , ( �/. É ¬

G(I��#5@'#�8D ÎLu K.3�D"E � @-3 GJIÅD�]-GQA�!�P«D"@���?�G7E&D{G�G
K$�;I�GQA��I�xEF>
�Q�"% � S � r � � K�% � DÅP«D��R% � GQI�K �mD�5:�«@7IB�dE�K-@QA��RI�G-%mDFK�B4�0%/���"*
P��«I�DrG���K$�;I�GQA����FE���I�@�%mD � @-39% � D	b.'�G7E���!ND ���R@-K$�I�8�mD�5:�«A�DHPR@7E8DFE
% � D E��;A�A�D&%/��� @@��% � D¤B(�RP��«I�DrG��ÄAÄG�!�> |�@@%8D1%m@h@U% � G-%�% � D
�RI.+bG@���dGJI.%^�RI.%8D ��+bGJP)�dETC T .�� F � C T�� Î . T8! r � Î&F '�I.%��RP8% � D
%���GJINE��"%��R@QIÀG-% T8� Î � S � r � � %m@[C T1� Î . T F >iG(IT�#5:'(�8D ÎL� K
3�D"E � @-3�% � DiGm+QD �mG@5QD)�#�/�«I(5T;_'(!#!ND ��?�GJI�Kd�8DFBN@:'�I�K$�RI(5���G-%mDFE
;kPR@-3�D��J?i�k@:��% � �dEk!�G@�mGQA�D&%8D �#E&D�% K�K-D���I�DFKT�RI15QDxI�D���GJP$B4�

� � � P"�RA
� 9 q

Î8
�$s &)( ��;�d;�t2? � cc? ; �:E ?

� � � P"�RA
� 9 q

Î8
�$s &)( ��;�h � e;�t2?�? ; � O�?

�mDFE�!NDL�J%���+QDFP"�7> ��� De%V3�@0��G-%mDFE,�x@@�RI#�&�dK-DT'�I.%��RP T � r � u BND�*�k@@�mDk% � D{�mDxB/@@'�I�K���G-%mD�I�DL�¸DFEmEmG��/�«P��|K-DL�&�mDFG7E&DrE�%8@��FD��m@1GQEl% � D
AÄG�!¤B/D �x@QA�DFE�B(�RP��«I�DrG��73 � DxI T � r � � > ��� D�D&�$D �&%�@@�8=iGVj
�dE��xP«DrG��L��V'�A�!�EÄGJINK©PRG:��A�@���A�@QI�@�%8@7I(�I�&�"%V�B�RI9% � DLK-D�+4�RPho E
E�%mG������xGQE8DQ> ��� Da�V'�A�!�E�G��mDHG7E8E8@$�&�dG-%mDFK^3k�Y% � G!ND ���R@-K$���H@:�8B#�Y%
� �"%�%/�«I(5�% � D�K$�RE/�¸@7I.%��RI.'#�Y%V�ÄG-% � S G7E T �dE)+°G@���RDFK,> � �4!(�I�xGJPRP��@K
% � D�E8GQA�D{!ND ���R@-K�@@�mB(�"%�@��X% � D	%��/�«P��RI�DFG@��AÄG�!d�xGQI�I�@@%
BND"E�'�E�*
%mG@�«I�DFK B.�[% � DÄB(�RP��«I�DrG���AÄG�!�>�x�I�KB�Y�)% � D�!/D��/�R@;KB� � GQI(5QDrE�K
% � DxI©E&@13k�RP«Pi% � D��#�/�RI(51�mG�%8DQ> ��� �RE)�V'�A�! �RIU!ND ���R@-K G�% � S�xGQIÁGQPRE8@�5@��+QD7���dE8D�%m@ � �;E�%8D �8DrE��dEF>

��� D�!(�RD �¸D 3k�RE8DiP"�RI�DrG��#I�G�%�'(�mDi@���% � D�AÄG�!LGJPRPR@-3�E�D�]$!�P"�I�&�"%
GJINGJP��;E��dE�@��~% � D � �;E�%8D �8DrE��dE�GQI�K[�"%��xGJI�I�@�%�@4� �&'(�73 � DFI S �M � � r > ��� D�!ND ���R@-KT%V3�@[; Î . r . Î ?S*_@@�mB(�"%��RI1�#5:'(�8D Î � ;¥?�G7E&D
G�? � �"%mE � S 3 � DxI

T8��T , � � S ; Î � � , ? ! Î � � M �� ! Î . ; � P:?

GJINKd% � D�!ND ���R@-K<% � �mDxD�; r . u . Î ?�@:�8B(�"%k3 � DxI

T8�1T��X� � S ; Î � � � ? ! Î� , ! � ! Î � ; � p:?

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

A
ve

ra
ge

 F
ir

in
g/

R
eb

ou
nd

in
g 

R
at

e

A� ¿! "¬;��ºJ¬� ¦°� �&�x¢ � Â7���¡�7¢#�F�h§"� � £-�F h�;§Q���h¢��&� ��� �,�d�F� ���h� ªh� � ¨ �m�
� �¡� � ����� � �¸�
�1�FªN¬ 243 ( � . �Q� 265 ( �/. ÌJ� � ( �/. ÌJ� , ( �/. É ¬

��@@��% � D�!/D��/�«@-K � @@�mB(�Y%7%8@fBND^�kDFG7E��RB�PRD@KX3�D,�mD b.'(���8D � � r K
; T � � S ?|E8@[% � G-%�%V3�@ E�'#� �¸DrE8E��"+7Dd�"%8D���G-%mDFE^�«I�; � S . r ?CG��mD!/@7EmE��«B�PRDQ>�|�@-3 3 � DFI S � M � � r Km3�D�GQP"3HGm�-E � Gm+7D T , � T��GQI�K|I�@ � �;E�%8D �8DrE��dE��REi!N@hE8E��«B�P«D:�z% � Dk'�E�'NGJP n ��G@�8D ��%��mDxD:obB(�Y�_'#��*
�FG-%/�«@7I[3k�«PRP%@$���&'#�F>�M�@-3�D�+7D��LKN@7I#�¸D�=iGVj��RE7�RI#�¸P�'�K-DrKsKX% � D �8D
�dE
G,3k�«INK-@-3®@�� � +bGQP"'�DrEi3 � D �8D � �-E�%8D �8DrE��dE~�FGJIÄ@$����'(� KhI�@7A^*
�RI�GQP«P��LBN@:'�I�K-DrK B4�2+bGJP�'�DrE"E�'#� � % � G-% T , � T � >CM�@-3�D�+7D��LKE�'#� � 3k�«INK-@-3�E�G��mD��_'(��% � D��,�8DrEV%/���I�J%mDFK B.�[% � DÅPR@$�&� Tj� � S;VGQE�A�DxI.%��R@QI�DFK5GQBN@-+7DL?
GJI�K T8� � ! ; � , ! � ! Î ?�;R% � D7+bGQP"'�D
3 � DxI<% � D�A��dK�K-PRD7!/@@�RI.%�@��t% � D�!/D��/�«@-K � @@�mB(�Y% � �"%mE�% � Di@@�/�Y*
5:�«Iq?�>WG(I G7K�K$�"%��R@QIzK8�k@@� T �RI#�&�mDFG7E��RI(5cKl% � D2!/D��/�R@;K � @@�mB(�"%
�FGJI BND�D&]4%��RI(5:'(�RE � DrK[3 � DFI[% � D T +bGJP�'�D�G-%3 � ��� � % � D^!/D&*
�/�R@;K u @:�8B#�Y% � �Y%�E � S @-+QD ��%�G�AQDrEt% � G�%~�k@@�i% � D7�¸@QPRP��RE��«@7I�@��X% � D
A��dK$!/@@�RI:%�@��l% � D,!/D��/�«@-K � @@�mB(�Y%�3k�Y% � % � D�K$�dE��x@QI.%��RI4'(�Y%V�ÀG-%
�FD��m@�>Tj#D�!/DFG�%��RI(5 E�'#� � GJI©GJINGJP��;E��dE�k@@�1@@% � D ��!�G@�"��E�@��k!/D&*
�/�R@;K(����@:�8B#�Y%�E{�dE{%/�«A�D&*Z�¸@7I�E�'�A��«I(5fGJI�K23�DCK-@fI�@�%�!('(��E�'�D^�Y%
�_'#��% � D�� � D �8D7> ��� '�E3�D � Gm+QD�DFE�%mGJB�P"�dE � DFK2% � G-%1PR@$�xGQP«P��1% � D
�mDFE�!/@QI�E8DÄ@��k% � D<=~GVj)I�D�'#�8@7IU%8@[�"%mE^5QPR@QB�GQP~�RI(!('$%��xGQI K-D&*
!/DxINKÀ@QI13 � D&% � D��{% � �dE�G@�&%���+4�Y%V�<�REk�RI#���8DrGQE��«I(5�@:��E�'�BNE��dK$�RI(5�>
��� �RE � �;E�%8D �8DrE��dE��FGJI�I�@�%2@$� �&'(�t�«I,% � D�GJB�E8DxI#�xD
@@�#=iGVj�>mx�E�3�D
EmGm3��RIB% � Dd!#�8DL�¸DFK(�«I(5ÀE8D �J%/�«@7IzK��RIB% � D�!#�8DrE&DFI#�¸D�@��)% � �8DrE � *
@7PRK5I�@@�dE8D@K.% � �dE n P«@$�xGQPho � �-EV%mD��mDFE��RE8!ND �mE��dEV%�E�GQI�KsK$�RIfG7K�K$�"%��R@QIzK
A�@:�8DiD&]4%mDxI�E��"+7D � �-E�%8D��mDFE��dE��RE�!/@7EmE��RB�PRDQ>

�d������^��� � � ����� �
�k�	�J���d
�|� �
=;@ �pG@�d3�D � Gm+QDL@7I�P����x@QI�E��RK�D��mDFK�% � D D&�$D �J%Á@��% � �8DrE � *

@7PRKÀI�@@�dE&D1G:�J%��RI(55G�%k% � D�G-]-@QI � �RPRP«@$��A$>kx�I�@@% � D �	�RA�!/@@��%mGQI.%
E8@@'#�/�xDL@���I�@@�dE8D¤G��/�RE8DFE��_�m@QA ��GJI�K-@7A�\#'c�J%�'NG-%��R@QINEd�RIQ% � D
I4'�A|BND ��@@��!�G:��AQD&%�E
@@�t� � DFA��I�xGQPNI�D�'(�m@�%/�mGQI�E&A��"%�%mD��~�mDxPRDFG7E&DrK
�RI.%8@�% � DHE��hING�!$%/���)�¸PRD&�R%l'(!/@QI�G��/����+bGJP7@��/GQICG@�&%��R@QI^!N@@%8DxI.%/�RGQPV>
� @��«PRP�'�EV%/�mG�%8D � @-3 %8@ÄA�@-K-DxP�E�'#� � G�EV%m@4� � GQE�%��I��!#�8@$�¸DrE8E K$3�D
�x@QI�E��dK-D��%G�E��«I#5QPRD�I�D '(�m@QI��RI,3 � �I� � % � DHE��;I�G@!$%��I�8�x@QI�I�D �J%/�«@7I
�dE�%��mDFG�%8DrKCGQE�G���GJI�K-@7A�+bG��/�RGQB�P«D7> ��� D#E�%8@$� � G7EV%/���HK$�;I�GQA��I�xE

p



-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.25 0.27 0.29 0.31 0.33 0.35

x

A� ¿  "¬;� �7¬��� h� � ��ªh� � �(�r��  � ���r�7�$�Q� � �«§ � �Q� ��� � � �(���/��� ���h� ªh� � ¨ �m� ��� �
����� � �¸�#�1�Fª �4243 ( � . �J� 265 ( � . � É � � ( �/. �Q� , ( � . É ¬��2�F��  � �F�
� � �F���(��ªh��� �(��� §�¬

�k@@��G�E��«I#5QPRD�I�D�'(�m@QIÁBNDL�¸@7A�DrE��e;�t ! Î ? � � d;�t2? � M � ;�t2?'��C d;�t2? � c�;�t1? F! M � ��C ht;�t2? � d;�t1? F !7% � ; �.r ?

��� D�E8DxP"�R*��RI � �RB(�"%8@@�/�5E��;I�G�!$%/���73�D���5 � %6M � �dE#K-D �x@QA�!/@7E8DFKÁGQEM � ;�t2? � M ��� ;�t2?JK�3 � D �8D � ;�t2?��dE�% � D0�mGQI�K-@QA I.'�ACB/D��
@��i+7DFE����xP«DrE{�mDxPRDFG7E&DrKLG-%	%/�«A�D t > ��� D^3�D �"5 � %�M � A�DFGQE�'(�mDFE% � D5D&�d���«DFI#�&�U3k�"% � 3 � ��� � I�D�'(�m@�%/�mGQI�E&A��"%�%mD���E1B(�RI�KU%m@0�mD&*
�¸D !$%8@:�mEF>a��@@��G�5@��+QDFIÄA�DxACB#�mGQI�D�EV%�G-%mD@K:�#���RI(5��dE�@QI#�xD�G�5hG��RI
E��"57I�GJPRP«DrK5B4��% � D% � �8DrE � @7PRKfD�+7DxI.%uX;�t2? � ��C �;�t1? � ct;�t2? F � u � ; �NÎ ?

x�B(�«@7P«@:5@�I�xGQP«P����8DrGJP��RE�%��I��K-DrE�������!$%/�«@7I5@���EV%m@4� � GQE�%��I�&�"%V��G�%8% � D
E��hING�!$%/���[�xP«D��R%ÀE � @:'�PRKQ�FG�!$%/'(�mD¤BN@@% � % � D EV%/�«A^'�PRG�%8DrK GJI�K
E�!N@7I:%�GJI�DF@@'�E�!(�m@$�¸DFEmE�@@�~+QDrE��I�¸PRDCDFA��REmE��R@QI�>7M�@�% � !(�m@$�¸DrE8E8DFE
G��mDa%V�4!(�I�xGJPRP���A�@-K-DxPRP«DrK3k�Y% � % � Di'�E8D�@���GHB(�RI�@QA��dGJPhK$�RE�%��/�RB('$*
%��R@QIC@���E����xD��{KL3 � D��mD��0�REz% � D�A�G�]$�«A^'�A I.'�ACB/D���@@�(+QDrE��I�¸PRDFE
�mDxPRDFGQE8DFK0;R%V�4!(�I�xGJPRP����
	 Î � Î r ?�>l��@:��E��RA�!�P"�I�&�"%V�@K43�D���5QI�@:�8D
% � D¤E�!/@QI.%mGQI�Dx@:'�E��8DFP«DrGQE8Df@@�"I�D '(�m@�%���GJINE&A��"%�%8D ���«I�% � D¤GQB$*
E8DxI#�xD1@���GJI2�RI#�x@QA��«I#55E���5QINGJP�GQI�K2�¸@7I�E��dK-D �k% � D|@QI�D�*�+7DFE����xP«D
P��«A��"%�� � Î > ��� D^��GJINK-@QA�+bG��/�RGQB�PRD � ;�t2?	�dE�D b.'�GQP�%m@ Î �Y�
G�+QDrE��I�¸PRD�RE��mDxPRDFG7E&DrKfG�%k% � D1K(�RE/�&�mD&%mD%��RA�D�t >iGS��uX;�t2? � r K
% � DxI � ;�t1? � r Ks3 � D��mDFGQE	�Y��uX;�t2? � Î Kq% � DFI � ;�t2?	�RE75QDFI$*
D���G-%mDFK 3k�"% � !(�m@QB�GQB(�«P��"%V� 8 >UG(I9% � �RE��FGQE8Dd% � DT�x@QI�K$�"%��R@QINGJP
!(�m@QB�GQB(�RP"�"%V��% � G-% � ;�t1? � � �dE���; � _�u$? � u 8 > ��� D{��GJI�K-@7A
% � �8DrE � @7PRK�E�ct;�t2?�GJI�K h�;�t1?�G��mD,57DxI�D �mG�%8DrK¤GQE�B/D&�k@@�mD�E�'#� �
% � G-%~% � D7!(�8@7B�GJB#�«P��Y%/�«DrEl�k@:�i�#�/�«I#5|GJINK��8DFBN@:'�I�K$�RI(5CAÄG@�«I.%mG@�«I
% � D��k@@�mAÄE{5@��+QDFI1�«I9; ÎL� ?¸>�=4�«Ic�¸D�% � D,�mDxB/@@'�INK2�&'(�/�8DFI.%�K-@;DFE
I�@@%��«I4+7@QP�+QD�E��hING�!$%/���l!#�8@$�¸DrE8E��RI(5#K�M � K-@;DrE�I�@@%2K-D !NDFI�K�'(!/@QIt > ��� DHK$�;I�GJA��I�xE8; �:r ?z�x@QA�!(�/�RE8DFEz�k@@'(��AÄG�!�E � : . � ( . � , . � �3k�"% � GQEmE&@$���RG�%8DFKe!(�m@QB�GQB(�«P��"%��RDFE� : .� ( .� , .� � K$3 � D �8D� : ;�,? � �  � M � !7% .� : ;�,? � � � ;�,? 8 ; Î � � � ;�,?�?y; �.u ?

-2

-1

0

1

2

3

4

5

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

V

I� ¿! "¬���ÌJ¬Ä·��7�h�F����¨��1�F� ���7� �&�F�;§Q�r� ¿ � ´���¬�� � ��� ��� � � � �7�
�r�¡§f�7�r��� � � &���� �H�F�h§f� � �b¨ � �F� � ��¨1�_�Q�;�xª � ��¨i�h�F��� � ��� ( �/. ÌF�8¬
243 ( �+. �Q� 265 ( �/. ÌJ� * ( � . �Q��� ( � � . Ìb� , ( �/. É ¬

� ( ;�^? � �  � M � !�%�! M � .� ( ;�,? � � � ;�,? 8 � � ;�,? ; �.� ?� , ;�^? � �  ! %X! M � .� , ;�,? � � � ;��?&; Î � 8 � � ;�,?�?6; �:� ?� � ;�^? � �  ! % .� � ;�,? � ; Î � � � ;��?�?�; Î � 8 ��� ;�^?�? ; �4� ?
G(I[% � D|P"�RA��Y%i@��i�FD��m@5E��;I�G@!$%��I�e; 8 � Î ?�GJINK2�xD �8@�% � �mDFE � @QPdK
I�@@�dE&D�; � � ��?JK(% � D�!(�m@QB�GQB(�RP"�"%��RDFE��k@:���#�/�«I(5ÅGQI�KT�8DFBN@:'�I�K4*
�RI(5�G�!(!(�m@m]$�«AÄG�%8Da% � D�E�%8D�!,�_'�I#�&%��R@QI�E ��;� � cc?�GJI�K ��;�h � cc?�mDFE�!/D �J%/�"+7DxP��Q>{G(I[% � �dE����"���&'�A�E�%mGQI#�¸D�% � D^GV�%=�� �8D !(�8@-K$'c�¸DFE
% � DÀK$�;I�GJA��I�xE�@��{% � D1!(�RD �¸D 3k�RE8DÁP"�RI�DFG@��A�G@! ; ÎQÎ ?CD&]�G:�J%8P��@K
E��RI#�¸D��k@:��G�5@��+QDFILEV%�G-%8D �K�@7I�D1@@��% � D�! 13k�RPRP2B/D1D b.'�GQPs%8@
@7I�DQ> ��� DÄAÄG�! � ( �REiI�D +QD �7!/@7EmE��«B�PRDÄE��RI#�xD" ( � r �k@@��GQP«P�;_�mDxB/@@'�I�K(�«I(5¤GQI�KB�#�/�«I#5 G��mDÄA,'$%/'�GJPRP�� D�]$�xP"'NE���+QD��RIU% � D
�FD��m@CI�@:�RE8D�P"�RA��Y%J?�> ��� DiAÄG�!�E � , K � � GJI�K � : �x@@�RI#�&�dK-D73k�Y% �
% � D5PRD&�R%LK�A��RK�K-P«DÀGJINK ����5 � % � GJI�KU!/@@��%��R@QINE1@��	% � De%��/�«P��«I�DFG��
!#�«DL�¸D�3k�dE8D�P��RI�DFG@�#A�G@!B; ��� ?JK(�mDFE�!NDL�J%/�"+7DxP��Q>

��� DÁE&D�%�].; �  �.�! q?�_$# � ] r � � � � faf K�D&%8D �8A��RI�DFE�G2��GJI$*
K�@QA��"%8D �mG�%8DFK,�_'�I#�&%��R@QI�E��-E�%8DFA ;_GV��=(?&K%��KQ@7I�% � D#A�DFACB(��GJI�D
!/@�%mDxI.%��dGJP�E�!�G:�¸D:K�DxINK-@-3�DrKB3k�Y% � K�EmGm�@K�% � Dk5i'#�xP"�dK-DFGQI�A�D�%�*
�/�I��C u@r-F > ��� G-%8�dE K����¸@7I�E��RE�%mE
@���G��I#�Y%mD	�RI�K-D&]-DrKÅE&D�%
@����x@QI$*
%/�«I4'�@:'�E�AÄG@!(!(�RI(57E#@7I¤E&@7A�D1A�D&%��/�I�1E�!NG@�¸D�%8@@57D&% � D��{3k�"% � G
�x@@�/�8DrE�!/@QINK$�«I#5fE8D&%�@���!(�m@QB�GQB(�«P��"%��RDFE��k@@�1E8DxPRD �&%��RI(5À@QI�DÄE�'#� �
AÄG@!<!/D��{�"%8D �mG�%��R@QI,>l|"GJA�DxP��@Kd;�t2? ���  @ s > ( A C d;�t � Î ? F . ; �:E ?
3 � D��mD �  @ s > ( A �"�  �3k�"% � !(�m@QBNGJB(�RP"�"%V�&! tC e;�t � Î ? F >
M�DxI#�xD�G7!�G���%��I�&'�PdG���%/�mG���D �J%m@@�/��@��c% � D�K$�;I�GQA����FEa�RE�E�!/D �&�"��DrK
B4� GT!�G@��%/����'�PdG���E&DLb.'�DxI#�xD�@��HD�+QDFI.%mE ]�#);�t2? e t � r . Î � �^� _#);�t2? � ] r � �^� � fmf %8@@57D&% � D��d3k�"% � GQIQ�«I#�Y%/�RGQP	!/@@�RI:%4d; r ?�>
��� D�x@QI.%���G@�&%��R@QIT�mG�%��R@ 8' @@� �  �RE�K�D&��I�DrKÁB.�

8  � E�'(!
(�)& ( < _ �  ;�,? �	�  ;� < ?�__? �  < _ ; � O@?

GQI�K EmG-%/�RE���DrE 8 � Î �k@:��GJPRP*# E��RI#�¸D � � Î > ��� D��mD&�k@:�8D,% � D

ÎLr



0 1

V
is

iti
ng

 F
re

qu
en

cy

V� ¿  "¬/���Q¬ �%�7� �¡� ¦ �x���¡�F� � � � �F�( Q� � �F� ���h� �&�x�;§7�F��¿ � ´ ���,���
� � � � ���R�F��� ( �F� , ( � . �F���F�h§��h��� � £-�r 7�;§|¨m 7�(� � � � ��¬

GV��=1�dE � �4!ND �8B/@QP��I�CGJINK1% � D��¸@7I.%���G@�J%/�«@7IÀA�G@!(!(�RI(5d% � Dx@:�8DFA
�4�«DFPRK�E)% � D�'�I#��b.'�D�(]-DrK<!/@@�RI.%X  @�� �  E�'#� � % � G-%

P��RAs 9 q ; �  q? s ;�^? �   ; � P:?

�k@@�LGQP«P-Å> ��� DB�(]-DFK !/@@�RI:%�EÀ@��"�+K-D�%8D��mA��«I�D�GQI �RI.%8D���*
+bGJP � � C"; % � M � ? ! ; Î � � ?|.L; %�! M � ? ! ; Î � � ? F E�'#� � % � G-%� : . � ( . � , . � � � ���� ��>{x"E�GQILD&]�GJA�!�PRD1@��a% � D,GV��= ��Kq3�D
!(�mDFE8DxI.%#G,%V�4!(�I�xGQP!E&D�%H@@��@@�mB(�"%mE��RIe�c5@'(�mD Îm� K43k�"% � I�@QI$*S�xD �8@
�mDxB/@@'�I�K��&'#���mDxI.%mE%GQI�K,!#'(�8D#E��;I�G�!$%/����I�@:�RE8D�;_�xD �8@�% � �8DrE � @7PRK
I�@:�RE8DL?¸>~���"5:'(�8D Îm� E � @-3�E)% � G-%�K$�"�$D��mDxI.%{!�G���%mE�@���% � D��RI.%8D���*
+bGJP � G��mDe+4�dE��"%8DrK 3k�Y% � K$�"�$D��/�«I(50�_�8DLb.'�DxI#���Q> ��� �dE|E�'(5@57DFE�%mE
% � G-%�G7E8E8@$�&�dG-%mDFK<3k�Y% � % � D^�mGQI�K-@7A GV��=XK ��K(% � D��mD��RE�GL�a� }��

0 1

V
is

iti
ng

 F
re

qu
en

cy

V� ¿  "¬/� Ê ¬ �%�7� �¡� ¦ �x���¡�F� � � � �F�( Q� � �F� ���h� �&�x�;§7�F��¿ � ´ ���,���
� � � � ���R�F��� ( �F� , ( � . �J� É �F�h§|�7��� � £-�r 7�;§C¨� 7�(� � � � ��¬

0 1

V
is

iti
ng

 F
re

qu
en

cy

V� ¿! "¬N� É ¬ �%�h� ��� ¦ �¸���«�x� � � � �F�( 7� � �F� ���h� �&�x�;§Q�r�)¿ � ´ ���$���
���h� ªQ� � � � �h¨ � �F�$� � £-�F h�h§|¨� Q�(� � � � ��¬ � ( �F� , ( �/. �F�Q� 265 ( � . �°Ì

� {�����@7Ie% � D�G-%�%/�mG:�J%m@@�H@�� �"> ��� �RE#K-DFI�E��Y%V�ÅAÄGm�ÅB/D7�k@@�mAÄGJPRP"�
K(�RE/�&'�EmE8DFK<3k�Y% � % � D � DFP"!À@���A�DFGQE�'(�mD7% � DF@@�/�0C u@r-F >

��@:�1D&]�GQA�!�P«D:K��RIU% � De�FGQE8D�@���EV%�G-%mD&*S�«I�K�D�!/DxI�K-DFI.%�%���GJI�E��Y*
%/�«@7I�!(�m@QB�GQB(�«P��"%��RDFE K7G�_�mD b.'�DFI#�&� � �dEV%m@@5@��GJA @�� � @-3®@��R%mDxIÅGQI
@:�8B#�Y%�+4�dE��"%mE1G1!NG���%��I�&'�PdG��1E�'�B(�RI.%8D��/+bGJP�@@���N�mD�+QDrGJPdE7% � D��RI$*
+bG@���dGJI.%#A�DFGQE�'(�mD@K
	��~K�@@��GJI1GV��= �"> ��� D|E�'(!#!N@:��%�@@�	�� �RE
�FGJPRP«DrK2% � D�G�%�%/�mG:�J%8@:� K T � K!@��~% � D�GV��=$>sM�@�% � % � DÄG�%�%���G@�&%8@:�T � GQI�K�% � D<�«I4+bG��/�RGQI.%1A�DrGQE�'(�mD�	 � %V�4!(���FGJPRP"� � Gm+QDÅG[���I� �
�_��G@�&%mGQP,EV%/��'#�&%�'(�mDQ> � @��RP«P�'�E�%���G-%8D7% � DFE8D��RK�DFGQE�'NE��RI(5ÄI4'�A�D��/�Y*
�FGJP�E��«A^'�PdG-%��R@QINE�K�3�Dk�mDFE/�xGJPRD8% � D#AÄG�!�@7I:%m@7% � Dk'�I#�Y%~�RI.%8D ��+bGJP
C r . Î&F KQB4�ÄE&D�%�%/�«I(5�M � � % GQI�K %�� Î � � � M � >�G(I�% � D � �"5 �
%mDxA�!/D���G-%�'#�8D|P"�RA��Y%�; � � r ?JK � � ;�,?�� ��� ;�,?�� Î ! u GJINK% � D�GV��= �W�mDFK$'#�xDFE)%m@ �W5@��+QDFIfB4�� : ;�,? � � n.  : ;�,? � 8 ! � . ; � p.?� ( ;�,? � �  ! M � .  ( ;�^? � 8 ! � . ; ��r ?� , ;�,? � �  ! Î � � .  , ;�,? � Î ! u � 8 ! � . ; �-Î ?� � ;�,? � �  ! Î � � � M � . 

�
;�^? � Î ! u � 8 ! � � ; �@u ?

G(Id% � �dE)�«I�E�%mGQI#�¸D:K.% � D7GV��= � � G7E�E�%mG�%8D&*S�RI�K-D�!/DxINK-DxI.%)%���GJI�E��Y*
%/�«@7Ie!(�m@QBNGJB(�RP"�"%��RDFE K:�k@@��3 � �I� � �Y%k�dE~A;I�@-3#Ie% � G�%8% � D��mD�D&]$�RE�%mE
G�'�I(�Ib.'�D2�RI.+bG@���dGJI.%�A�DrGQE�'(�mDBC u�r�F >�� D¤G@!(!(�m@m]4�RAÄG-%mDd% � �RE
A�DrGQE�'(�8DfI4'�A�D��/���FGJPRP"�©B4�9�xGQP���'�PdG-%��RI(5 � @-3 @@�R%8DxI GJI @@�mB(�"%]��;�t2? f +4�dE��"%mEÀG�!�G���%��I�&'�PdG��ÀE�'�B(�RI:%mD��/+bGJP�@��TC r . Î&F >��(�m@QA
�c5@'(�mDFE Î E GQI�K Î O4K$�"%	�xGQIfB/D1E&DFDxI<% � G�%�GQE � � Î % � D�A�DFG-*
E�'(�mDÄBNDL�¸@7A�DrE�!(�m@@5:�8DrE8E���+QDxP��¤E8A�@;@@% � D � Kt�«I % � D5GQB�E&DFI#�¸DÄ@@�
�mDxB/@@'�I�K!> M�@-3�D�+7D��LK�G7E��«PRP"'NEV%/�mG�%8DFK B4� �#5:'(�mD Î P(K8% � D2�RI$*
�xP"'NE��R@QI @��iG��mDxB/@@'�I�K���'(�/�8DFI:%d�FGJI3PRDFG7K9%m@ G B(�8@hGQK-DFI(�RI(5
@@�{% � De�_�mD b.'�DFI#�&� � �dE�%8@@5:�mGQA1K��4�RDxPdK$�RI(5 G A�@@�mDfD +QDxI�E8GQA^*
!�P"�RI(5i@��c% � Dk'�I#�Y%i�RI.%8D��/+bGJP¥>8;¥=4�«A��RPRG@��BND � Gm+4�«@:'(�a�8DrE�'�PY%�Ea3k�Y% �
% � DT�«I#�xP"'NE��R@QI @@�{% � �8DrE � @7PRK3GJI�K E��;I�G�!(%��I�5I�@:�RE8D@Kl3k�"% � % � D
� �RE�%8@:5@��GJAÄE�E � @-3k�RI(5fE8@QA�D�B(�RG7EiGJI�K P«@hE��RI(5d% � DÄE��;A�A�D&%/���
G@�8@:'�I�K� � Î ! u ?¸>�G(I�% � D{!(�mDFE8DxI#�xD�@@�$G���I#�Y%mDk%8DFA�!/D���G-%/'(�mD
;pI�@QI#�xD��m@ � ?l% � D�GV�%="� � GQE
E�%mG�%8D�*_K-D !NDFI�K-DFI:%8!(�8@7B�GJB#�«P��Y%/�«DrEx>
��� D�P��«A��"%��RI(5�BND � Gm+4�«@:'(��@@�(% � DHE��;E�%8DFA��RE�E�%��RP«P$� � G@�mG:�J%8D ���dE8DFK

Î7Î



0

0.2

0.4

0.6

0.8

1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

A
ve

ra
ge

 F
ir

in
g/

R
eb

ou
nd

in
g 

R
at

e

I� ¿  "¬!���J¬ � � �(ª-�F�h� � ¨ � �x�&�x¨ ��� ����� � ��¨Ä�d�F�|�5� �  Q���r� � � ��� ª7 7� �
�_�Q�;�xª � ��¨Å�h�r��� � � ( �/. Ìb� & � � ¬���ªhª � �C����� � ��� ���7� Âh�����h¢
�&� ��� �!��� ��� �"�¡��� � ��� ���h� � � £-�r h�h§7���h¢C�&� ��� �[� ���7� ��ª;�¸�&�F� �m��� �����x�
����Â;¢F 7� � ��Ìr�

B4�¤GT'�I(�Ib:'�D��RI4+bG��/�RGQI:%�A�DFGQE�'(�mD@K,GQPRE8@fD�] � �«B#�Y%/�«I(5LGe�_�mG:�J%�GJP
E�%��/'#�J%/'(�8D"E��RA��«PdG��~%8@�% � G-%HE&DFDxIÅGQBN@-+7D,C Î p F >4"I�D�D&]4%���G�I�@7I$*
D��/5Q@-K$�I���kDrG-%�'#�8D�@��s% � D�GQI�GJP��-E��dE K:�RI<�x@QI.%���GQE�%i%8@�GJIÁGJI�GQP"�-E��RE
3k�"% � E�%mG�%8D�*��RI�K-D !NDFI�K-DxI.%)!(�8@7B�GJB#�«P��Y%/�«DrE�K.�dEi% � D�DFA�D ��57DxI#�xD�@��
GJBNE&@:�8B(�RI(5�EV%�G-%mDFEF>

� D � Gm+QD#E&DFDxI��«IÅE8D �&%��R@QI�G��W% � G-%~�RI�% � D�GQB�E&DFI#�¸D#@@�/I�@@�dE&D
@@'#�fA�@-K-DxPiI�D '(�m@QI � G7EfGH!ND ���R@-K$�I�0�mDFE�!N@7I�E8D[%8@�D&]4%8D �8INGJP
E�%��RA,'�P��V>i�¤@@�mDx@-+QD � K@% � DiGm+QD �mG@5QDk�c���RI(5��mG�%8D	�dE��RI�K-D�!/DxINK-DxI.%
@��k�RI(�"%��dGJP8�x@QI�K(�Y%/�«@7I�E1GJINK0�k@:�8AÄE1G K-D�+4�RPho E1E�%mG������xGQE8DÄEV%/��'c�J*
%�'#�8D1G7E�G��_'�I#�J%/�«@7IÁ@@��% � D�D&]4%8D �8INGJPs�RI(!('$%r>i�Q�Y% � % � D��RI.%��m@�*
K$'#�&%��R@QIL@@�%E��;I�G�!$%/���iI�@@�dE&Dd; 8 � Î . � � ��?JK#% � D|K$�;I�GJA��I�xE
�dEiI�@fPR@QI#5QD��7!/D��/�«@-K$�I�J>�M�@-3�D�+QD � K!G7E�E8DxDFI0�RI0�c5@'(�mD Î pd% � D
E�%8D�!(*¥P��"A7D�I�G-%/'(�mD�@��a% � DCI�D�'(�m@QI�o Ek�mDFE�!/@QI�E8D�� � G���G@�&%8D ���dEV%/���FE�K
K-D���I�DFK�B4�|D b.'�G-%/�«@7I�E{; �@E ?�GJI�K1; � O�?&K�%8DFI�K�%8@CBND{!#�8DrE&D ��+7DFKsK
D�+7DxI��k@:� � ��5 � +bGJP�'�DFE
@��2E��;I�G�!$%/����I�@@�dE&D7>�M�@-3�D�+QD � K@% � D7�xG7E&D
@��s!('#�8D�% � �8DrE � @QPdK�I�@@�dE&D�; 8 � Î . ��� ; Î ?�?�K$�"�/D �mE�E&@7A�D�3 � G�%F>
��� D��mDFE�!N@7I�E&D�� � G@�mG:�J%8D ���dE�%��I�,�dE7% � DFI E8A�@;@�% � GQE�E � @-3#I��«I
�#5:'(�8D u@r >

�^���z�^�|�X�����+�c��
��

G(I % � �REW!NG�!/D��LK23�D � Gm+QD �«I.%/�8@-K$'#�xDFK�GJI<GJI�GQP"�.%��I�xGQP«P��
%���G@�&%mGQB�P«D�GJI�K,�¸@QA�!('(%mG-%/�«@7I�GJPRP���E��«A�!�PRD�A�@-K-DFP7@@�#!('�PdE8D8�¸@:'$*
!�PRDFKÀI�D '(�m@QI�E K(3k�"% �2� �4!ND ��!/@QPdG��/�REmG-%/�«@7IÁG:�J%/�"+bG-%mDFK1�&'#���mDxI.%mE K
D&]$�dEV%/�«I#5��RI E8@QA�D1�RI:%mD����¸@7I�I�D �&%8DrK9!/@@!('�PdG-%/�«@7I,> ��� DÁBNGQE����
E��«I(57P«D�I�D�'#�8@7ICD b.'�G�%��R@QI��_�m@QA�3 � ��� � % � D)!N@:!('�PdG-%/�«@7I,�dE2B#'(�«P"%
�dE,B�G7E&DrK'(!N@7I�% � Di%��RA�D&*(E�'�A�AÄG�%��RI(5�E��«I(57P«D
I�D�'(�m@QI�A�@-K-DFPQ@��
M)�8DrE8E8PR@��|GQI�K � Gm�hPR@@�iC Î E�F >tG(I��¸@7A�A�@7I�3k�Y% � AÄGJI4��K(�RE/�&�mD&%mD&*
%��RA�D�B#�«I�G@����I�D '(�8@7I�A�@;K�DxPdE�Km�#�/�RI(5	�dE,A�@-K-DxPRPRDFKCG7E�G{% � �mDFE � *
@QPdK D�+7DxI.%F> � D � Gm+7DÀD&]4%8DFI�K-DFK�% � �dEe�xG@���I�xG�%�'(�mDÁ@���GU�8DrGJP
I�D '(�8@7I B4�¤A�@-K-DFP«P��«I#5<% � D��«I���D �J%/�«@7I�@���GT�mDxB/@@'�INK���'(���mDxI.%
GQE�GJI�@�% � D��{% � �mDFE � @QPdKLD�+7DxI.%F>�=4'#� � GÅA�@-K-DxP��dE��mDxPRD�+bGQI:%�%8@

0

0.2

0.4

0.6

0.8

1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

A
ve

ra
ge

 F
ir

in
g/

R
eb

ou
nd

in
g 

R
at

e

I� ¿! "¬N�F�Q¬
� � �(ª-�r�7� � ¨ � �x�&�x¨ ��� ����� � ��¨Å�R�F���f� �  7���F� � � ��� ªh Q� �
��� � � � � �r�¡§f�7�r��� � & ( �+. �Q� � ( �r¬C¿¥�7¨m� � �x�(�¡�7¢������ � ��� ���h� Â7���¡�7¢
�&� ��� �J§ � ¨m� � �x�(���h¢��¡��� � ��� ���h� � � £-�r 7�;§Q�¡�7¢H�&� ��� �[� ���7� �2ª;�x�&�x� �m��� ���
�F������Â;¢F 7� � ��Ìr�

% � D�EV%/'�K$�L@���I�D�'(��GJPa�&�����&'(�"%mE"@@�1?)=8>iE	% � G�%iG@�8D^A;I�@-3#I2%8@
�mDxP��2'(!/@QIB!N@hEV%�RI � �RB(�Y%m@@�/�[�mDxB/@@'�I�K[�k@@�7% � D�57DxI�D �mG�%��R@QI¤@@�
� � �.% � A��I�"B/D � Gm+.�R@@'#�F>

G(I��pG@�&% K.�«I�% � D�GJB�E8DxIc�¸D#@��$I�@:�RE8D@K@% � D{!/@@!#'�PRG�%��R@QIÄK$�;I�GQA^*
�I�xEHAÄGm�ÅB/D�k@@�mA,'�PRG�%8DFK<�RI<%mD��mAÄEH@���G�E8D&%�@@���¸@:'(!�PRDFK1�&�����¸PRD
AÄG@!�Ex> 5l]$!�PR@@�/�«I#5T�x@ � D �8DFI:%i@7E/�&�RPRPRG�%8@@�/�ÀBND � Gm+4�«@:'(�7�«I©E�'#� �
G�E��;E�%8DFA��RE�@@��E�!NDL�&�dGJPX�«I.%mD��mDFE�%)3 � DFIf@7I�D7�8DL�xGJPRPdEi% � G-%�E�'#� �
E��-EV%mDxAÄEi@��HAÄG�!�E � Gm+QD�!(�mD�+4�R@@'�E8P"� BNDFDxI '�E8DFK�%8@¤E��RA,'�PdG-%mD
% � D�D +Q@QP�'$%/�«@7I�@@�X%8DxA�!/@@��GJPq�¸@@�/�mDxPdG-%��R@QINE�GJI�K�K-DL�¸@@�/�mDxPdG-%��R@QINE
�RI15@�m@@'(!NE�@@��E�!(��A.�RI(5ÄI�D '(�m@QI�EC u O F >
	���x@@'(��E8D@K�@QI�D©AÄGm�Q�mDFE8@@��%<%m@ A�@:�8D©K-D�%mG@�«PRDFK EV%/'�K$�RDFE

3k�"% � K�E8Gm�:K % � D�'�E8D�@@�)�x@@'(!�PRDFK M�@-K$5:A.�RI$*(M{'$]-PRD��¤DLb.'�G-%/�«@7I�E�K
�mDFGQP"�dE�%��I��!N@hEV%�*_E��;I�G�!$%/�����mDFE�!/@QI�E8DFE1GQI�K©K-D�%mG��RPRDFK�D b.'�G�%��R@QI�E
K�DFE/�&�/�«B(�RI(5^% � DA4�RI�D&%/���FE�@@� � �4!ND ��!/@QPdG��/�dE8G�%��R@QI5G:�J%���+bG-%mDFKd�RI$*
3HG���K^�«@7I(���	�&'(�/�8DFI.%mEF> ��� D�P��RA��"%mG�%��R@QI�E
@��!E�'c� � GJIÄG�!(!#�8@hG@� �
�RI#�xP"'�K�D<% � D<�k@@�mA��dK�GQB�P«DÁI4'�ACB/D��Ä@@�{�_�mDxDT!�G���GJA�D&%mD���E�% � G-%
I�DxDFKd%8@�BND7'�E8DFKe�«IÁG,!/@@!('�PRG�%��R@QIfE�%�'NK$�@K.%8@:5QD�% � D �83k�"% � % � D
PR@7EmEi@��#GJINGJP��:%/���FGJPl%/�mG:�J%�GJB(�RP"�"%V�Q><x��8DrK$'#�&%��R@QI�%8@ GLE��«A�!�PRD��
E8D&%"@��i�¸@:'(!�PRDFKÁD b.'�G�%��R@QI�E K#!(�mDFE8D��/+4�«I#5�DrE8E8DxI.%/�RGQPs�kDFG�%�'(�mDFE#@@�
% � De�mDFGQP
B(�R@QPR@@5:���FGJP�I�D�'(�m@QIzKa�dE,�xP«DrG��mP"��K-DFE����mGQB�P«D7> ��� De�RI$*
%/�8@-K$'c�J%��R@QI�@��"G��mDxB/@@'�I�K��&'(�/�mDxI.%^%m@0% � DÁD&]4%8DFI�K-DFKH%��RA�D&*
E�'�A�AÄG-%/�«@7IfI�D '(�m@QIÀA�@;K�DxP � G7E�!(�m@-+.�dK-DrKfE�'#� � G��8DrK$'#�J%/�«@7I
�_�m@QA�3 � ��� � GfA�DrGJI���DxPdK�% � DF@@�/�1�k@@��PdG��/5QD�!N@:!('�PdG-%/�«@7I�E7�RE
DrGQE��«P����x@QI�E�%��/'#�&%8DFK,> ��� D�D��/DL�J%mE�@��;I�@@�dE8D�G-%z% � D
G-]-@7I � �«PRP«@$��A
G@�8D8�«Ic�¸@@�/!/@@��G-%8DrK�3k�"% � % � D��RI:%/�8@-K$'c�J%��R@QI|@��NG�E8D&%�@��#��GJINK-@QA
% � �mDFE � @QPdK�E#GJINKfG@!(!(�m@@!(�/�RG�%8DiGm+QD �mG@5@�RI(5�>
=;D +QD���GJPq!(�mDFK$�I�J%/�«@7I�E8�_�8@7A G|A�DrGJI<��DxPdKe% � DF@@�/�Ä@���G^!/@@!$*

'�PRG�%��R@QIÁ@��a5QPR@QB�GQP«P��d�RI � �RB(�Y%m@@�/�5I�D '(�m@QI�E�3k�"% � �mDxB/@@'�I�K1��'(��*
�mDxI.%�ECGJINKB% � �mDFE � @QPdK©I�@:�RE8D � Gm+7DÅG��/�RE8DxI�>0M)�Y�_'(���xG�%��R@QI K$�dG-*
5:�mGQAÄEa�k@@�8% � D�Gm+QD �mG@5QDk�¸DFP«P/A�DxACB#�mGQI�D	!/@�%mDxI.%��dGJP/GJI�KÄI4'�A�*
B/D���@@�HG:�J%/�"+7D�A�DFACB/D���Ei@��~% � D�!/@@!('�PdG-%/�«@7I�BN@@% �U� ��5 � P��"5 � %
% � DQ!/@7EmE��RB(�RP"�"%V� @@� � �-EV%mD��mD&%/����%���GJINE��"%��R@QI�E BND�%V3�DFDxI @@�mB(�"%
B#�mGQI#� � DFEF> ��� D��mD&�k@@�mD@Km% � D#G-%�%���G@�J%m@@��E�@��#% � D�!N@:!('�PdG-%/�«@7I�K(�:*

Îmu



I�GQA��I�xE��xGJI�K-D !NDFI�K'(!/@QI�3 � D�% � D �s% � D�B(�"�_'(�/�FG-%/�«@7I7!NG���GJA�D&*
%8D �mEt�mD�!(�mDFE8DxI.%��RI(5�D�]4%8D��mI�GQP:�RI(!('$%�GJINK% � D�PRD�+QDFP7@@�(% � �8DrE � @7PRK
I�@:�RE8D#G��mD)�RI#���8DrGQE��«I(5i@:��K-D ���8DrGQE��«I(5N>�x�K�K$�Y%/�«@7I�GJPRP��@K.3k�Y% � % � D
�RI:%/�8@-K$'c�J%��R@QIC@��(�mDxB/@@'�I�K^�&'(�/�mDxI.%mE K�% � DHGQE��hA�!$%m@�%/����K$�;I�GJA�*
�I�xGJP2EV%�G-%8DC@��a% � D|E��-E�%8DxA�@��R%mDxI¤E�3k�Y%�� � DFE{�_�8@7A @$����'(!4�.�RI(5ÅG
� � GQ@�%��I��G-%�%/�mG:�J%m@@�7%8@¤GÁPR@-3 @@��K-D��!/D��/�«@-K$�I��@@�mB(�"%F>�G(I��pG@�J%LK
I�@@%"@QI�P"�LK-@<�8DFBN@:'�I�K[��'(���mDxI.%�E"E�'(!(!(�mDFEmE	� � GJ@�%/���1I�D�'(�m@QINGJP
�mDFE�!N@7I�E&D2�RIW% � D GJB/@-+QD¤E��-EV%mDxA1KHB('$%5AÄG@���8@hE��x@@!(�I�xGQP«P�� @:��*
K-D �8DrK©EV%�G-%8DrECG@�8Dd!#�8D��kD��/�8DrK!> ��� D5E��;E�%8DFAv�RE|E&DFDxIU%8@ D&]$�dEV%
3k�"% � GJPRA�@hEV%HGJPRP$I�D�'(�m@QINE~�c���RI(5C@:�kb:'#�«DrE��xDxI.% K.% � '�EHK-D���I(�RI(5
�¸@ � D��mDxI.%#@7E/�&�RPRPRG�%8@@�/�ÄEV%�G-%mDFEF>

��� D�A�@:�8D�B(�R@QPR@@5@�I�xGQP«P��7�«A�!/@@��%mGJI.%�E&@:'(���¸D
@@��I�@:�RE8D�G@���dE��«I(5
�_�m@QA % � D<�mGQI�K-@7A�\#'c�J%�'NG-%��R@QINE,�RI9% � D5I4'�A|BND �|@@�	b:'NGJI.%mG
@��7� � DxA��I�xGJP8%���GJINE&A��"%�%8D ���8DFP«DrGQE8DFK �RI.%8@�% � DÀE��;I�G@!$%��I�T�¸PRD&�R%
� G7E�GJPdE&@ÁBNDFDxIU�¸@7I�E��dK-D �8DrK!>���@@��@:'(��E��RI(5QPRD�I�D�'#�8@7I A�@-K-DxP�K
3�D � Gm+QDB�k@:�8A^'�PRG�%8DrK�% � D3E�%8@$� � G7EV%/���©K(�hINGJA����FE[�RI`%8D �8AÄE
@���G2��GJINK-@QA�GV�%= @7IU% � DÁE�!NG@�¸DÄ@@�#A�DFACB(��GJI�Dd!N@@%8DFI:%/�RGQPREF>
��� D�P"�RA��Y%/�«I#5|B/D � Gm+4�R@@'(��@��s% � D�I�D�'(�m@QI � GQE�B/DxDxIÁK$�dE���'�E8E8DFK
3k�"% � % � DÄG@�RK @���I.'�A�D ���I�xGQP�E��RA,'�PRG�%��R@QI�EF>^G(IB!�G@��%/����'�PRG@�3�D
� Gm+7D�AÄGQK-D�¸@7A�!�G��/�RE8@QINEi3k�"% � % � DiE8GQA�D�E��-EV%mDxA��RId% � DiGQB$*
E8DxI#�xD5@���GJI4��I�@@�dE&D7>�G(I9% � �dE��xGQE8D@Ka% � DÀE��RI(5QPRD5I�D�'(�m@QI � GQE
�&�����¸PRDfAÄG�!®K$�;I�GQA��I�xE�3k�"% � !/D��/�«@-K$�I�Á@@�mB(�"%mE�GJI�K GJI®Gm+QD ��*
G�57D��#���RI(52��G-%mD�% � G�%��RE,�«I�K�D�!/DxI�K-DFI.%C@����«I#�Y%/�RGQP8�¸@7I�K$�"%��R@QI�EF>
�L@:�8DF@-+QD��LKQG7E
G�_'�Ic�J%��R@QIf@��!D&]4%mD��mI�GJPq�«I#!('$% K.% � �RE~�#�/�«I#5��mG�%8D
�k@@�mAÄE
G1K�D�+4�«P�o E�E�%mG@�"���xG7E&D7>�G(I�% � D	!(�mDFE8DxI#�xD�@��,I�@@�dE&D:K�% � D	�mD&*
E�!N@7I�E&D�� � G@�mG:�J%mD��/�RE�%��I�1I�@ÀPR@QI(57D���GQEmE�'�A�DFE7% � �RE�E8DxP"�R*_E��RA��RPdG��
!�G�%�%8D �8I�>e�Q�"% � !('(�mD�% � �8DrE � @QPdK I�@:�RE8D@Kt% � Dd�8DrE�!/@QINE&D�� � G@��*
G@�&%8D ���dEV%/���FE{�xGQIÀBND,�x@QA�!�PRD&%mDxP��ÁE8A�@h@@% � DrKsK(3 � D �8DrGQE�% � D��#��*
�RI(5 �-�8DFBN@:'�I�K$�RI(5,��G-%mDFE~�k@@��!('(�mDiE��;I�G@!$%��I��I�@:�RE8D�¸@QI.%/�«I4'�D�%8@
�mD&\�DL�J%{b.'(�Y%mD1EV%/�8@7I(5QP���% � @7E8D��«IT% � D�I�@@�dE&D�_�mDxD��xG7E&D7>

³��8»�Æ$¬r�¬+ �m�(� ���h¢Q�b����� T8½JX(Wrq���]x\hY[X(]Fq-]_^2~%gJuxYRgJZ�c[j�ef]FtFT8Z�T8\hY[l
cR\��hT8X8YVT�¼mX_WFYVT8l � � §7� ��� §1£b�C�¬J¶�¬7µ�� �h� �N�;´�¬ �
�r�(�(��¢r�7�r�[�-�x�;§
´-¬  ����¡����� � �����©��� � �b�	� �m��
 �F���-����� ÉrÉ �8�-µ � �xªN¬ �7¬

³ ��»��¬ ��� ¬��L�x�h¢¤�F�h§ � ¬ �
�¡�7Ç � �[�� �  Q�&�F�#µ��F��ªh  � � � ���r���/� É �
�_���r�r�r�8¬

³ º¸» � ¬��i¬h´Q�J���h� � ���  "¬  "¬ �  7�(����¢r�¡�x�h�7�;�F�h§|Í�¬-���¸�&§ � ��� �����F�¡�F¢ �
��¨��x�$µ2�Q£ � ��� �m� ��¨�������;º Ê Ì��_���r�Fº°�8¬

³ �x» � ¬��i¬¸´Q�J���h� � ������¬��#�rª � ���[�F�F�h§#Í�¬x���¸�&§ � ��� � �F 7���h�F�b�F�hµ��F� �
ª7  � � � �¡�F�;�x��� �  7���F�(¨�� � �h¨ � ¹h�;�F���_���r� �b�8¬

³ Ì�»��¬��#�Fª � ���%�x�;§  "¬ � � ���x�(�(�r�N��Æ!���b¨r¬���� � ¬/�¨��F§�¬!´Q¨��[¬���¹;�
���°Ì É ���_���F� �°�8¬

³ �¸» � ¬ �N� � �x���Q���"¬��#�Fª � ���k�bÍ�¬°���x�&§ � ���J�F�h§i´-¬ �,¬r¶��b�rª � ����� �   �
�&�x�$µ��F��ªh  � � � ���r�����;�F���_���F� �b�8¬

³ Ê » � ¬� "¬ ����� � ��� � �F 7���;�x���F��Æ � �Q�(���r���r¢x��� ���r�h§7�r�;� �"!��i� É
�_���Q� �b�8¬

³ É » ��¬ ��¬/µ%�x�«�x£7� � � � �!��� }NghT$#�Wx\-¾°¼�]�]¸wÅ]_^�o�X(Wxcd\©}NghT(]FX&u5WF\-¾
� T8½JX(Wrq � T8Y&%2]FX(wxl � � §7� ��� §�£b�3�f¬��¬�
��£7��£9�p��¿ � Æ!� � �(���
µ%�x��£Q���«§Q¢ � �����F�°ÌF�8�;ªhª�¬ � � �(' � � Ê ¬

³ �¸»�Í�¬x�¬x���£;�x�!�F�h§ ��¬ ��¬Fµ%�x�«�x£7� � � � � � �r Q���;�x�Q�x��� �  7���F�(¨�� � �h¨ �
) �;ºF� �bÌ��_��� ÉrÊ �8¬

³����¸» 
 ¬$¿&¬,
��� � � ¦ �(�b� T8Y�Wrq+* � � � � �;§7�"���,� �  Q���r�(¨�� � �7¨ � ¹-�����r� Ê
�_���r�Fº°�8¬

³��r�8»��¬h¿&¬-´b� � §��;�¬  "¬-�f¬ �� 7�¡���b¨ � ���x�;§.�i¬ �N 7�°� � �¡�F�-��´J¨�� � �h¨ �

/�0	1 ��� É ���_���F�r�r�8¬
³����¸» ��¬C�f¬�¶��x�(����� � �L�x� � ��¨&�-�5Í�¬C���¸�&§ � ���5�¬i¿&¬C´ � � ¦°� ��� � �r�N�

�x�;§3�f¬
���r 7���¡�7��� S#ux\-WxZ�ckj�Wrq�o�ck]rq�]�aFckj�Wrq � T8Y&%2]FX(wxl329}NghT
y7Yp]FZ�WFYp]�a°Wxl&Y[X&ckj � T8X&tx]F½Jl�yhuxl�YVT8Z �p��¿ � Æ,� � �(���;µ%�x��£Q���«§Q¢ � �
���r�°�F�8¬

³���ºx»��f¬F´ ��� ���¡�r§ � �¸·�¬¸�¬���¨¸µ��F������¨&�-�r�x�;§ � ¬F´ ��4 �7� � �(�J�[�r´Q¨�� � �7¨ �
/ � / �-� Ê ���_���F�rºr�8¬

³�� �F»�·�¬  ��F���r��£��"�"¬ �5� ¬��À�F�h¢Q�N�F�;§ � ¬ �����hÇ � �[� � �r 7���h�F�!�x�6� �   �
���Fª � �Q�(�¡�F���r¢F� ) / ���r���r���_���F� �°�8¬

³���Ì¸»�·�¬  ��r���F��£Ä�x�;§ � ¬ �
���hÇ � �[�hÆ � �Q�(��¨���· ) / �-�FÌF���_���F� �°�8¬
³����x»
Æ$¬hµ�¬ �2� � �(�(��� ² �F�h§ � ¬  "¬ � ���Q���F����� �  7�&�x�7� �m�¥� �F���J���/� ÊxÉ �

�_���r�Q���8¬
³�� Ê »�´-¬�µ��b�r�"£ � ���F�;§�´�¬7¶"¬;·��b�r� � �-·��Q�h�F����¨����F�h§Ä´ � �x£h����� � �|�F�

´b�7� ��� ���H¹;¹;�����_���F�r�°�8¬
³�� É »
Í�¬8�À�F���"�x�;§ �¬ �
�r£ � � � ���HÍ, 7���Fª � �F� � �F 7���;�x�#�F�$� �  Q��� �

�(¨�� � �7¨ � ) �h� Ê �1�_���r�rÌr�8¬
³����x»
Æ$¬;µ�¬ �2� � �(�(��� ² �-Æ � �Q��¬ � �m¦ ¬79� 0 � Ê Ì �r�Ä�_���r�r�r�8¬
³ �x�x»��f¬��%�¸���h�(� � �b�;: X_W°jmYpWrq lÀ`�tFT8X&u<%$ghT8X(T �f�m� �¤� §�¬1�k
¨��r§ � ����¨

Æ!� � �(��� ��i�N��� ÉFÉ �8¬
³ �b�m»�´-¬-µ��b�F��£ � ���;´�¬Q¶"¬Q·H�b�F� � �;�x�;§�µ�¬-µ%�x��ªh£ � ���[�=� �  7�&�x�"� �m�(�

� �F�����À�F���¡§>���N��ÌrÌ��_���F�r�r�8¬
³ �F�¸»
Æ$¬;µ�¬ �2� � �(�(��� ² �-Æ � �Q��¬ � �m¦ ¬79���/� �°�r�rÌ��_���r�J�¸�8¬
³ �xºx»
Æ$¬�µ�¬ ��� � �(�(��� ² �x�;§ � ¬  "¬ � ���7���x����Æ � �Q��¬ � ��¦ ¬;?�N¹;�!�r���F�

�_���r�r�r�8¬
³ � �F»@�i¬%�� � �¸�&�Q� � ¬ � �F�F�F£ � ���F�h§©�f¬ � �¸�b�r§h�J�
Æ � �Q��¬ � �m�(� ¬%

¹��=�/�-ºFºrº��_���F�r�r�8¬
³ �FÌ¸» � ¬ �
���h¢r�¡�x�;§��A�"¬$¿¥�(���Q���F�h§ �f¬2´J¨ �7� ���[�%Æ � �7��¬ � ��¦ ¬,B�/¹h�

�°�r�FºÄ�_���r�r�r�8¬
³ �x�x»
Æ$¬�µ�¬��2� � �(�(��� ² �F�h§ � ¬H´ � �x���-��Æ � �7��¬ � �m�(� ¬
+¹ 0=1 ��� É°Ê

�_���r�r�r�8¬
³ � Ê »��f¬ �%�F  � ���F�;§��®¬;���x� � � � �h�(� � �N��� �m�¥� �F��� / �hº �bÌ��_���r�J�¸�8¬

ÎL�


