
�����������	��

����������
��

��������������� �"!$#&%(')�+*�,-'.�0/1�2,034'537698�����:;*�37%<#&��=�#>�?#>/�/�@.�BA �C��#D'E3F�C�2G�37@9%H3
/�@.376I����=��-'.�C��� 3�@J!$�K@L,0#>@.�K3M37,03B6�'E@9����#D�2� 3N'.�C%E� 6I#&,C6N*�,C#D'5�C����%9O

P�QSR>T>UJV�W�QYX2Z(TN[]\^Z(QS\`_Sa bEc&deW�\^Tgf2h>ijRDk2lEcKm RDn�op\^QSW�R>q>_Sa r(cKW�T>qgopR>\^s`stW�R>uvZpf�wBsyxzW�T>q>{

|�}�~&����|����
�����p�D�.�7�����E�e���������p���9�������e�N�������5���>���]�.�p���<�>�5�7���y�E��� ���.�¢¡^�5���e�N�£� �.�y�N�e¤¥�.�)�5¡�¦v�H§I¨����y�-©ª�
��«����E�e¤¥�.���F¤��¬���¥���]� �e�.�£�E­.�N���e¤��e�<® ¯N�°�.� �±�y¤��N���E�g�5��­5�����°�	�D�.¤y�9�M�5¡�²I¤¥��¨�³��e��¤��M�¥���5���M� �
�e�N�J� �.���N�e¤¥�.�F�5¡����E�°­5�v�N����� ���]�.���7�¥�]§+��¤��N���E���e��� � ���£��¨´�N���°�<�e�N�v���NµI�N�(¨´���p�E�e�v�5�°� ����¤y�E� ���
¨´¤��e�¶�e���)����­5�����5¡��e�N�L�p���°������·7�N�����.�¸�e�N�L�e�N�e¡t�5�]�4�5¡¹�e�N�L¤��y������¤��7�E� �����5�Iº ���]��®¼»$�¸�e��¤��
�7�E�>����³I¨����5���N�e���e���e�N��¤¥� ���Y�E�e¤¥²5��� �.���N�e¤¥�.���5¡2�e�N��� ����¤��N���E�1� �I� � �����
²I¤������e���]�.���7¤¥�e¤¥�.�N����½��e�I�¥�¾²
� �.��²5���°��®�¿��N�����Y¤����E�e�)¡`�I������¤y���.�À�e���£�N���e¤¥­.�À�5¡��5�À��Á£��¤¥���z���7�E�Y�5���¥����¤¥Â��E�B�¥�j���e���]�.����¤��e¤¥�.�N����®
»$�¸�e���E�<�e��� �>���]��³�¨��À�]�.���°¤��N���<�5�Ã�E�����e�¾§I¤y���E� �À¤��z²5���°� �L�p���e�N�I���7�5� ���¸�.�¸�e�N�À¯N�°�5�D���7¤����$Ä
�N�5�Y�Å��¤���¤��£¤¥Â��E�e¤¥�.�&®L���N�����e���]�.�7��¤¥�e¤¥�.�N���p¤��j�]�.���e� �°���]� ���F¡^�e�.�Å�4� �7�E�°� �<�E���7�e��§N¤����E�e¤¥�.�M�5¡
�e�N�)�N����� �J�]�z��Á£��¤����9�����E� �°¤Æ§>³1�5���+�e�N�J�7�E� � ���°���£�>�5�e�+¡^�5�£�e�N�J���e���]�.����¤��e¤¥�.�N�����5���"¡`�5���e�N�
�]����Á£��¤¥���z�J���E� �Y¤Æ§Ç�E�e�g�]�.�p�B�N� ���¬ÈLÉBÊSËtÌEÊSË¹���°¤��N­�­5���.�p��� �°¤y��¤��N¡^�5�°���E�e¤��.�¸¡`�e�.�Í�e�N�g�����e�&®
Î �£�����e�]�°¤¥�>�p�N�¾¨��°���°�À���7�e���]�.����¤¥�e¤��.�N�������5�À�>�p���E�e�N�°�5�����v¤��p�7�����p���9� ���4¤��L���B�E�°�5���¥���Ï�]�I�N�
�e���E��¤��p�7�����p���9�e���e���£���7�¥�e¤¥�>�.�¥�j� ���°���7¤�«z����¡`�5�¹�e�N�����E� �Y¤Æ§zÄ0²5���]� �5�����e�I�����]�����5�y�������E�e¤¥�.�&® Î �
¤��z²5��� �e¤¥­.�E� �¶�e�N�+�����p���°¤����5�p�°���5���E�7¤���¤��C�Ç�5¡��.�N�L���°���]�.����¤¥�e¤¥�.�����L�.�Ð�e���5��¤��e�e¤��F¤��������e� �°¤��5��� ��� �
���°�5�7�¥�������5���)�e�N�¾¨?�e���E��¤¥���]§I�7¤¥�7¤¥�e��� �.�p�j��¤���¤��e�E�e¤¥�.�����.�)²5���e�J���E�e­5�j���e�5�7���������5¡��°¤¥Â��������.� �
� ���.�N����¤�����¤��.�����NµI�N�¾¨�����®��2��¤������e�¾²5�j¤¥�e���e�5�7���e�e�N���e���.�)�e�N�.�e�����E�°­5�¹���e�5�B�¥������¨������e�5�>�.� �
�5�g���¹�>���������g¤¥� ���Y�E�e¤¥²5���°�°�N���p���e���E�j�]�.�¹�B¤��N���¹����� � ���+Ñ�¦vÒ�Ó�Ô�� �.�¥²5���°��¨´¤¥�e�g��¤ÆÕ>���e���z�¹¡t�5� �
�����¥�e¤¥�>�.�¥�1�]�.�p�B�N�e�E�e¤¥�.����® Î ���e�N�(¨¶�e�N�°�.�N­.���]§I� �����e¤¥²5���z�7�p���°¤����5�N�]§I�>���°¤��p���z�e�¢�e���E���e��¤����N��¨
�e�Y�N���p��¤����]§I� �e���p���¥���e�5�B��� �´�E���HÕD�5�°�7�E�7�¥�¹�p�����5�e���5���JÖ
×�Ø?�]�.� �e��¡`�5���e�N�¹� �.�����e¤¥�.�<�5¡¢²5���e�
���E�°­5�¹�5���<�°�7�5���¥���N­.¤���­p���e�5�7�¥���£��®
ÙJÚ9Û&ÜjÝ7ÞHß2à.á ���¥���]� �°�.���E­.�N���e¤�� �°���E� � ���°¤��N­ ���°�5�7�¥������³ ¯N�e�5�>����¤��7�ãâz�N�5�°� ��¤���¤y��¤¥Â��E�e¤¥�.�

���e���]�.�7��¤¥�e¤¥�.�N���¾³����E�e­5�ä�N���7� �Ç�]�.�p�7�¥�]§å��¤y�N���E�+� �I� � ������³)� �>���]� �°�5���¥�(¨æ�°�5�Nµç�N�&���E� �
���e���]�.�7��¤¥�e¤¥�.�N���¾®

|�è¼~¢é°è�ê�~;ë à¾ì2í&î�Ú�ï5ð£ï9ñ^ò�à�à(óyôÏï.òNðHó`ÝDõ�à.ápö5÷ ¯Ïø ÷ ³ ö5÷ ¯ ÷ øI®

ù0úDûýü`þ�ÿ�������ÿ������)ÿ$ü
	���
��Yú�	���
����¾þ�������
����(ú���� b �� � "!#	%$&�'�'��()�

�ú�*+���,��þ����^ü�ÿ�- ÿ�.ýûªÿ�/]û0�1/32�ÿ�(]þ�()2&4¢þ�$]ü�56�����^þ
7�8�9;:=<�>@?�A�B�C�D�E)FG:HB3FG:IE3DJ:=>�K .0(L��.0�'��MN�^þ���2O��$�/��������¾þ����^ü,!P��Q�.ýüR�'����þ����R.ýüS.0(UT�û0�VM���W ü'
7ú�* _ ��� b � _$l ! �]ü,! W�X)!Y��Q��P���,��þ�����ÿ$ûýü^þ
ÿ,-$ÿ�.ýûªÿ�/]û0���'Q&�^þ�$�W�QZ��Q��\[�
�*O]�]�] :=<�>@?�A�B�C�D�E)FG:HB3FG:IE3DJ:=>�K"^�B"A�9"_�B�8"`�^�B)A�9&_�B�8"`G:=a)8�?bF !
c�	���
��Sú�	��ed le_ ú�-)�\fg!e	Iþ��'.ýþ û0.ýü,d bSO � r  h�5þ�$Sûýþ�$]ü'�g	������Nijdb�b�^ÿ�(�M���!
k MCÿ��'����(3��.6l�M��,��5Æÿ�M0ü,! 5=�
m .H! ü@! ��$"nGl��`ûH! ÿ�M�! $�oe!G��Q&.ýü�pIþ��'oPp�ÿ$ü7ü'$�����þ����'���Z/)2q�'Q&�\�r�%�&
�	sf��^ÿ�(3��f�
���
 le{$l l]O !
t W�.0�tÿ�$��bl�M,����5Æÿ�M0ü@! 5u�@!
v W ü�2Yû - ÿ�(��blDü^þ���Q�.ªÿ&! .0(&�'.ªÿ&! 5u�@!r	���
�wyx�	��3zIx|{�
�x¥úgdb�Yþ���Q�.ªÿ2ú�()�'.0��þ û0.ýü@d&�b�tÿ�(�M���!

Ö��.���7�N�e�E�e¤¥�.���5��ÔN��¤¥�����]�¹�5���<Ó��N­.¤��N�����Y¤��N­s}����7�E�e�e�p���z�
~ �e���5��Ö����z� �e�
Ò��N�e�N���e¡^�5�°� ~ ���7�¥��� �.���2�E�>�5�°�E� �5�e�
¿�§I�.�J¿O������ø;���
� �¾²5�����>��������³��Eø5ø��



���������	�
���

� 
 �2'5@.�¢=�*�6�'.�C��� �

� � @.376I�2��=��0'.�0�����C� �����2*���=�#>@�� 
 �2'E37�K@.#&,��p:Ï* #D'.�0�2��% �
� h�� �KQYU���ZHT>\`R����$T>UIQSu uJ\`T>\^uv\! HWz[]\`UIT�X>QSZ(nHUITDq>\`[S\^UIT>Z(Q	h£h£h�h£h�h£h£h�h£h�h�h£h�h "
� h � d uJX>s`ZHuvZHTN[�W9[]\^U�T4U$#�[&%>Z�X>QSZ(nHUITDq>\`[S\^UIT>Z(Q�\^TL[&%>Z'�)(*( nHUITN[]Z,+7[ h£h�h�h£h�h -
� h." /�R>uvZHQY\^nEWzs0�SnHW�stW$�D\^s^\y[ wvU$#�[&%>Z�X>QSZ(nHUITDq>\`[S\^UIT>Z(Qåh£h£h£h�h£h�h£h£h�h£h�h�h£h�h 1

2 
 ��/�@.�BG �C��� '58�3 /�@.376I����=��0'5�C��� 37@ @.�K��*�%('5��37%E% *�%E��� � 3B���137=�=�37=
�-'53�@.#D'.�0����% �32
"Bh�� /�R>uvZHQY\^nEWzsÏQSZ4�SR>sy[5� h£h�h�h£h�h£h�h£h£h�h£h�h£h£h£h£h£h�h£h�h£h£h�h£h�h�h£h�h6�87

9 ������6N,�*�%E�0�2��% �3:

\



� � ����� ������� �
	4� �

� %>ZgW�T&W�syw3�Y\!��U #
��WExIZ�X>QSUIX>W��NWz[S\^UITÃX�%DZHT>UIuvZHT>W"\����NW�\`T>\^T��+WzTä\`T>nHQYZEW$�Y\^T���\`TN[]ZHQYZ �°[J\`T
QSZ(nHZHTN[�wIZHW�Q&��\^TÐ[5%DZ �Y\^u�R>s^Wz[]\`UIT±U #�uJW�TNw?n %&W�s`s^Z(T��I\^T��Ã\^T>q>R �Y[]QY\tW�s�X>QSU7nHZ4�&�SZ4�Hc�Q]WzT��I\^T��
#0QSUIu [5%>Z�XDQSZHqD\^n([S\^UITÐU #£[&%>Z��¹W�q&W�QÀV�QYU��&�gfBZ(n([S\^UIT�����V�f��4U$#�W�Q&�D\`[]QSW�QS\`s`w � %&W�X�ZHq "Ii
U����YZ(n([5��s`\���ZjW�\^QYnHQ]W #-[EcB[&%>Z �Y[SR>qDwLU #�Z(s^Z(n([]QYUIuJW��IT>Z¾[]\^n�nHUIuvX&Wz[S\!�>\`s^\`[ w�U$#�ZHs^Z(n([SQS\^nHW�s;qDZ(x7\^n(Z �
��\`[&%À[&%>ZH\`Q�ZHTNx7\^QYUIT>uvZHTN[Ec>[&%>Z�q>Z �Y\��IT�U$#�W�TN[]ZHTDT&W�Z�W�T>q�W$���YUIQ&�>\`T���u)W9[]ZHQY\tW�s��HcDW�T>qÀu)WzT�w
U�[5%DZHQ&�(h���s^s�[&%>Z �YZ �Y\^u�R>s^Wz[]\`UIT��pWzQSZ<xIZ(QYw"q>ZHuJW�T>qD\^T��À\^T�[SZHQSu���U$#�n(UIuvX>RD[]Z(Q�QSZ �YUIR>QYnHZ �(c
W�T>q�QSZ ��R>\`QSZ)#CW$�°[�WzT>q�Z"!Jn(\^Z(T�[�T�R>uvZHQS\`nEW�s�uJZ¾[5%>U7q��¢[]U¹nHUIuvX>RD[SZ�WzT�W�XDX>QSU +B\^uJWz[]Z)�YUIs^RB[]\^U�T
U$# (MW +���ZHs`s$# ��Z ��R&W9[]\^U�T��Hh&% �S\`T��M[&%>Z)Z'�7RD\`xzW�s^Z(T>nHZJX>QS\`T>nH\`X>s^Zzc)(MW8+(��ZHs`s$# ��Z'�7R>Wz[]\`UIT���nHW�T
�2Z¹QSZ(nEW$�°[�\`Tv[&%>Z #0UIQYu U$#0#0U�R>Q�\^TN[]Z'�IQ]W�sKZ'�7R>Wz[]\`UIT���[5%&Wz[�QSZ(stWz[SZ�[5%>Z¹ZHs`ZHn([SQS\`n�W�TDq)uJW��IT>Z¾[]\^n
) ZHs`q���[]U<[5%DZ£Z'��R>\`xzW�s`ZHTN[¹ZHs^Z(n([SQS\^n�WzT>qÀu)W���T>Z([S\^npnHRDQSQSZ(TN[5�¹UITL[5%>Z �SRDQ #CW�n(Z�U$#�[5%DZ£U$���YZHn¾[Eh

��uJU�T����Y[�\^TN[]Z'�IQ]W�s #0UIQSu�R>stWz[S\^UIT �Hc�[5%>ZpZ(s^ZHn¾[]QY\^n � ) ZHs`qL\^TN[]Z'�IQ]Wzs;Z ��R&W9[]\^U�T*�,+ ��d-+.��\!��[&%>Z
uJU$�Y[/�IZ(T>ZHQSW�s #0U�Q�ZHs`ZHn([SQSUIuJW��ITDZ([]\`n �YnEWz[Y[]Z(QS\^T��<X>QSU��Ds^ZHu���W ��\`[�nHW�T
%&W�TDq>s^Z #CWz\^QSsyw0�IZHTDZHQ]Wzs
�IZHU�uJZ¾[]QS\`Z �(c&W�T>qÀ[5%�R���\!�1��\`q>ZHsyw4R��YZHqg\^TÀ\^T>qDR��Y[SQS\tWzs �S\`u�R>s^Wz[]\`UIT��Hh2� %>Z3+���d-+±X>QSU5x7\^qDZ �¹W
) Q&�°[ �4�7\`T>q�\`T�[SZ �IQSW�s�Z ��R&Wz[S\^UIT3� %>\^n %�\��2��ZHs`s(��T>U5��T�[]U �2Z�\^s`s � n(UIT>q>\y[]\`UIT>ZHq�WzT>q��I\yxIZ ��QS\��SZ�[SU
s^\`T>ZEW�Q �Yw �Y[SZHu��´[&%&Wz[�W�QSZ�n %&Wzs^s^Z(T��I\`T��j[]U �SU�s`xIZ �Nw�\`[SZHQSWz[]\yxIZ�uvZ([5%DUBq��(h6� %>Z¹q>\��SnHQYZ([S\! EW9[]\^U�T
\!��X�ZHQ�#0UIQSuvZHqÀUITÀ[5%>Z �YR>Q #CW�n(Z�U$#�[&%>Z�U����YZ(n([�W�T>q��I\`x�Z ��QS\��SZp[]UvW<s^\`T>ZEWzQ �Yw �Y[SZHu

798�:<;5= � �Ih��5�

� %>ZHQYZ�[5%DZ�uJWz[]QY\ + 7 \!��W?>A@�>�c�q>ZHT��YZ�c2nHUIuvX>s^Z,+2c �°wBuvuvZ([]QY\^nzc�TDUIT3�-B¹ZHQYuJ\y[]\tWzT�uJWz[SQS\ +2h
ij\^QYZHn([ �SU�s^RD[S\^UITåuvZ([5%DUBq�� %&WExIZ �2Z(ZHT #0UIQ+wIZHW�Q&�¶[5%>Z	uJZ¾[5%>U7q U #Ln %>UI\`nHZ #0U�Q �YUIs`x7\^T��
�Yw �Y[SZHu��C� �Ih��5� ��ZHnHW�R��YZJ[5%DZ(w¶W�QSZ�QYZHs^\^W$�>s`Z�W�T>q"X>QSZ(q>\^n¾[�W$�>s`Z �2U�[&%�\`T"[SZHQSu���U$#�WznHnHRDQ]W�n¾w
W�T>qçn(UIuvX>RD[]\`T��±n(U��Y[&�HhDB�U5��Z¾xIZ(QHc #0UIQÀ[5%DZ �SU�s^RD[S\^UIT¼U$#�stWzQE�IZ,� �SnHW�s^Z+X>QYU��>s`ZHu��Hc�q>\^QYZHn¾[
uJZ¾[5%>U7q��)W�QSZg\^T #0ZHW$�S\��>s^Z�Z(x�ZHT�UIT?s^W�QE�IZÀX&WzQ]W�s`s^ZHs�X>s^Wz[&#0U�QSu�����ZHnHW�R��YZF[5%>Z¾w±QYZ ��R>\^QYZg[&%>Z
R>T&Wzk2UIQYq&W$�>s`Z �°[]UIQSW��IZ�U$#F>2_ �S\`T��Is`Z´U�Q�q>U�R��>s^Z´X>QYZHnH\��S\`UIT�n(UIuvX>s^Z,+�ZHTN[]QY\^Z4��U$#B[5%>Z�nHU7Z'!vnH\`ZHTN[
u)W9[]QS\ + W�T>qHG��I>;b"�KJ&UIWz[]\`T�� � X�UI\`T�[gUIX�ZHQSWz[]\`UIT��M[SUÐnHUIuvX>RD[SZ¸[5%>Z #CW�n¾[]UIQY\! EW9[]\^U�TÏhL� %>Z
R��SZ U$#�X>QYZHnHU�T>q>\`[S\^UITDZHqNMpQ°wBs`U5x��YUIs`x�ZHQ �±nEWzT �2Z W�T Wzs`[]Z(QST&W9[]\`x�Z¼[SU q>\`QSZHn¾[ �YUIs^RB[]\^U�T
uJZ¾[5%>U7q��(c<X>QSU5x7\^q>Z(q���Z %&WExIZ #CW$�Y["uJWz[]QY\ + � #0QYZHZ¸uJWz[]QY\ + �$x�ZHn¾[]UIQ�X>QYUBqDR>n([&�¶WzT>q QYU��>R��°[
X>QSZ(nHUITDq>\`[S\^UIT>Z(Q&�(hO��Z �YZEW�QYn %±Z¾k;UIQ°[5� %&WExIZ�QSZ(nHZ(T�[Ss`wÇn(UIT>nHZ(TN[]Q]W9[]ZHq	UIT #CW$�Y[�uvZ([&%>UBq � #0U�Q
X2Z(Q #0UIQYuJ\`T��åu)W9[]QS\ + �$xIZ(n([SUIQÃX>QSU7q>R>n¾[5�P��\`[5%QGC��>ps^U��R��>S�E�¸nHUIuvX>RD[]Wz[]\`UIT&W�s)nHUIuvX>s^Z,+B\`[ wIc
\^T>n(s^R>qD\^T�� �Y[SQ]Wz[SZ �I\`Z � #0U�Q X&W�QSW�s^s`ZHs�q>\��Y[SQS\!�DRD[]Z(q uJZ(uJU�QYw \^uvX>s`ZHuvZHTN[�Wz[S\^UIT �Hh � %>Z4�SZ
uJZ¾[5%>U7q��(c
�IZHT>Z(Q]W�s`s`w"QSZ #0ZHQYQSZHq¸[SU�W$�?T�U$V"WYX�W[Z\T�U$ZEX�]_^�V"`ITFa bdc¾c2��Z(QSZL\^TN[SQSU7q>R>nHZ(qÃUIQS\e�I\^T>W�s^syw
\^T¸[&%>ZÀnHUITN[]Z,+7[JU #¹[&%>Z
�Y[SR>qDwÃU #�X&WzQY[]\`nHs`Z �S\`u�R>s^Wz[]\`UIT���WzT>qÇnEW�T ��ZLZ(k2ZHn([S\`x�ZHs`w�R��SZ(q	\`T
�2U�R>T>q&W�Q°wLZHs`ZHuvZHTN[�W�X>X>s`\^nHWz[]\`UIT��Hh

d T<[&%>\!�
X>W�X2Z(QHcf��Z #0UBn(R��
UIT<[5%DZ�q>Z �Y\��IT�U$#2WjX&W�QSW�s^s`ZHs`\! EW �>s^Z�X>QYZHnHU�T>q>\`[S\^UITDZHQ�[SU �2Z�R��YZHq
\^TLn(UITd�YR>T>n¾[]\`UITC��\`[5%�W<X&W�QSW�s^s`ZHs�q>\!�°[]QY\!�>RD[SZHq
#CW$�°[�u�R>s`[S\^X�UIs^Z�[]Z(n %>T>\e�7RDZ�[&%&Wz[�\`uJX>s`ZHuvZHTN[5�
[5%>Z�uJWz[]QY\ + �$x�ZHn¾[]UIQpnHW�s^n(R>stWz[S\^UIT;hhg�Z�n(UIT��S\`q>ZHQ£W�T¶W�X>XDQSU +B\^uJWz[]Z<\`T�x�ZHQ �SZvX>QSZ(nHUIT>qD\`[]\`UIT>Z(Q
�&W$�YZHqäUIT �KQYU���ZHT>\`R����$T>UIQSuæuv\^T>\`uJ\� EWz[S\^UIT���\y[5%äWFX&Wz[Y[]ZHQYTÇX>QSZ4�SnHQY\!��ZHqä\^TÇW�qBx�WzT>nHZzh�d T
fBZHn¾[]\`UIT � c5��Z�q>Z4�SnHQY\!��Z1[5%>Z�\^uvX>s`ZHuvZHTN[�Wz[S\^UIT�U$#�[5%>Z�X>QYZHn(UIT>q>\y[]\^U�T>ZHQi��\y[5%>\`T£W�T�UIRD[ �$U$# � n(UIQSZ
X&W�QSW�s^s`ZHs
n(UBq>Z�[5%>Wz[�\`uJXDs^ZHuvZHTN[&�j[5%>Z ��W �Y[ (gR>sy[]\^X�UIs`Z�(gZ([&%>UBqj� �)( (k� #0U�Q�[&%>Zvu)Wz[SQS\ + �
xIZ(n([]U�Q�X>QYUBq>RDn([Eh_g¶Z�\`T�x�Z �°[]\��IWz[]Zp[5%DZ�T�R>uvZHQY\^nEWzs �SnEWzstW$�>\`s^\y[ w)U$#�[5%DZ�X>QYZHn(UIT>q>\y[]\^U�T>ZHQ�UITgW

�



�SZ¾[jU$#�\^T>q>R �Y[]QY\tW�s¢XDQSU��>s`ZHu���U #
\^TDnHQSZHW$�S\`T����S\! (Z�W�TDq �&%DU � [&%&Wz[�\`[ ��ZHnHU�uJZ4��s`Z �&�¹Z(k2ZHn¾[]\yxIZ
� %>ZHT�[5%>Z�X>QYU��>s`ZHu �Y\! HZ ��ZHn(UIuvZ ��xIZHQ°wÀstW�QY�IZ�h6��UvU5xIZHQYnHUIuvZ�[5%>\��1��ZHW���T>Z � �HcR��Z£X>QSU�X2U��YZ
\^T fBZHn¾[]\`UIT "äW�T¼ZHu ��ZHq>qDZHqç\y[]ZHQSWz[]\yxIZ��Sn %DZHuvZ �&W$�YZHq¬UIT¬[&%>Z¸o'(&�9+´f¼uvZ([5%DUBq�[5%&W9[
W�\^u���Wz[£\^uvX>QYU.x7\`T��L[5%>Z�QSU$�>R��Y[ST>Z � ��U$#´[5%>ZvX>QYZHnHU�T>q>\`[S\^UITDZHQ�UIT"stW�QY�IZ�W�X>X>s`\^nHWz[]\`UIT��Hh g¶Z
\^s`s^R��°[]Q]W9[]Z�[&%>ZpT�R>uvZHQS\`nEW�s2Z'!vnH\`ZHT>n¾wÀW�T>qL[&%>ZpnHU��°[�Z(k2ZHn¾[]\`x�ZHT>Z4�&��U$# [5%>ZpX>QYUIX�U��SZ(q �Yn %>ZHuvZ
UIT��Yw �Y[SZHu���U$#´R>XF[]UÀUIT>Z�uJ\`s^s^\`UIT�R>T���T>U5��T��£W�QS\��S\`T�� #0QSU�u n %&Wzs^s^Z(T��I\`T��4X>QYU��>s^Z(u � #0QSUIu
[5%>Z�Z(s^ZHn¾[]QYUIu)W �IT>Z([S\!�Yu nHU�uJu�RDT>\`[ w�h

� � �)� � ������	4�
	4� ��	 ��� ���?� �����h��� � �����	�?�
����
��C��� ��	 ��� �

�&UIQvstWzQE�IZguJZ4�&%>Z4����\`[&%Ðu)W�TNw �SRDQ #CW�n(Z�q>Z([]W�\^s��Hc�[&%>ZFq>Z(T��S\y[ w?U$#p[&%>ZFq>\��SnHQYZ([S\! EW9[]\^U�T
uJZ4�&%?\��JTDUIT3� RDT>\�#0UIQYugc�W�T>qä[5%>Zgu)Wz[SQS\ + �IZHTDZHQ]W9[]ZHq �NwÇ[5%DZ (gZ¾[5%>U7q?U$#'(�UIuJZ(TN[5�)nHW�T
�2Z(nHUIuvZ�\^s`s �$nHUIT>qD\`[]\`UIT>Z(qÏh � %>Z�n(UITNxIZ(QE�IZ(T>nHZ"U$#3MpQYw7s^U5x	uJZ¾[5%>U7q��4q>Z(X2Z(T>q��L[]UÇWÃs^W�QE�IZ
Z +7[]Z(TN[JU�TÇ[&%>ZLZH\e�IZHTNxzW�s`R>Z4q>\��Y[]QY\!�>RB[]\^U�T¸U$#�[5%>ZLn(UBZ"!vnH\^Z(TN[JuJWz[SQS\ +2h+d T ��\���R>QSZ � h��Ic���Z
X>s^Uz[�[5%>Z�ZH\e�IZHTNxzW�s`R>Z�q>\!�°[]QS\��>RD[S\^UIT4\`TL[5%>Z£nHUIuvX>s`Z +LXDstW�T>ZpU #�[5%DZ£uJWz[SQS\ +4W$� �SU7nH\tW9[]ZHq���\`[&%
W �SWz[]Z(s^s^\y[]Z �IZ(UIuvZ([]Q°wIh1� %D\!�¹q>\!�°[]QS\��>RD[S\^UITL\���QYZHX>QYZ �SZ(TN[�Wz[S\`xIZ�U$#�[&%>Z3��ZHT>Z(Q]W�s¢[]QYZHT>q��2\y[�nHW�T
�2Z �YZHZ(Tg[5%>Wz[�[5%DZ£Z(\��IZ(TNx�Wzs^R>Z4��U$# [5%>Z �Yw �°[]ZHu WzQSZ�x�ZHQYw �YnEWz[Y[]Z(QSZHq;c&u)W�TNw)U$#�[&%>ZHu�%&WExIZ�W
stW�QY�IZpT>Z'�NWz[]\yxIZ�QSZHW�s X&W�Q°[¹W�T>qMTDUJn(s^R��°[]ZHQY\^T��vW�XDX2ZHW�Q&�(h�fBRDn %FW�q>\!�°[]QS\��>RD[S\^UITL\��¹TDU�[�Wz[�W�s^s
#CWExIUIR>QSW$�>s`Z�#0UIQ [5%DZ�QSW�X>\^q£nHU�T�x�ZHQY�IZHT>n(Z�U$#RMpQYw7s`U.xjuJZ¾[5%>U7q��Hh��jT>Z ��UNW�s�U$#>XDQSZHn(UIT>q>\y[]\`UIT>\^T��
\!��[]U�\^uvX>QSU5xIZ¹[5%>\���qD\!�Y[SQS\��>RD[]\`UIT �Nw��IQYUIR>X>\`T���[5%>Z�ZH\���ZHTNxzW�s^R>Z4��\`TN[]U�W #0Z'� �Yu)W�s`sKnHs^R �Y[]Z(Q&�(h

−45 −40 −35 −30 −25 −20 −15 −10 −5 0 5
−0.5

0

0.5

1

1.5

2

2.5

3

3.5

Real axis

Im
ag

in
ar

y 
ax

is

��\���R>QSZ � h ����+1\e�IZHTNxzW�s^RDZJq>\��Y[SQS\!�DRD[]\`UIT+\^T+[5%>ZvnHUIuvX>s`Z +"X>s^W�T>Z�U$#�[&%>ZJn(UBZ"!vnH\^Z(TN[�uJWz[]QY\ +
#0UIQ�W �SnEW9[S[]Z(QS\`T���X>QSU��Ds^ZHu #0QSUIu W �SWz[]Z(s^s`\`[]Z�[5%&Wz[�\���QSZ(X>QSZ4�SZHTN[]Wz[]\yxIZ£U$#�[&%>Z �IZHT>Z(Q]W�sÏ[SQSZ(T>qÏh

� %DZ�q>Z �Y\��IT�U$#£QSU$�>R��Y[ÀXDQSZHn(UIT>q>\y[]\`UIT>ZHQ � #0UIQ���UIR>TDq&W�QYw?\^TN[]Z'�IQ]W�s�Z ��R&Wz[S\^UIT �4nEW�T ��Z

�



n %&W�s`s^ZHT��I\^T��Dh f7\^uvX>s^Z"X>QSZ(nHUITDq>\`[S\^UIT>Z(Q&�gs^\��zZ"[&%>Z¸q>\^W��IUIT>W�spU$#0��c¹q>\^W��IUIT&Wzs'�Ds^U7n\� �(c�U�Q
W �&W�T>q nEW�T ��Z�Z(k2ZHn([S\`x�Z¼U�T>s`w � %>ZHT [5%>Z�n(UBZ"!Jn(\^Z(T�[ÇuJWz[SQS\ + %&W$� �YUIuJZÐqDZ �IQYZHZ�U$#
q>\tW �IUIT&W�s£q>UIuv\^T>W�T>nHZ¸W�QS\��S\^T�� #0QSU�u [&%>ZÃ\^TN[]Z'�IQ]Wzs #0UIQYu�R>stW9[]\^U�TH��fBUIT��>c�m¢R WzT>q V %>Z'�
���������¾h�P�s^U7n\�Mq>\^W��IUIT&Wzs�X>QYZHnHU�T>q>\`[S\^UITDZHQ&�jW�QSZ �IZ(T>ZHQSW�s^sywMuvUIQYZ<QSU��>R �Y[p[5%>W�T�[5%>Z(\^QpX�UI\^TN[ �
��\!�YZjnHUIRDT�[SZHQYX&W�QY[&�Hc��DRD[�uJWEwJQYZ ��R>\`QSZ�uJWz[SQS\ +vX�ZHQYu�RD[]Wz[]\`UIT��´UIQ�QYZHT�R>u ��ZHQY\^T���U$#¢[5%>Z �IQS\`q
X2U�\^TN[5�p[]U�nHs`R��Y[SZHQ�[5%>ZvstWzQE�IZ<Z(T�[SQS\`Z �£nHs^U$�SZ<[]UÀ[5%>Zvq>\^W��IUIT&Wzsãh<d T>n(UIuJXDs^Z([SZ #CW�n([SUIQS\� EWz[S\^UIT��
%&WExIZ ��ZHZHT��YR>nHn(Z �&��#0R>s^sywFR��YZHq"UIT�T>UIT �Yw7uJuvZ([SQS\`n�q>Z(T��SZ �Yw �°[]ZHu�� �Nw"fBZ(QY[]Z(s1W�T>q���U�stW���\!�
� ������� �gWzT>q %Nw3�DQS\^qå\`T�[SZ �IQSW�s #0UIQSu�RDstWz[S\^UIT�� �Nw m¢ZHZzc�m¢R W�T>q
	 %&WzT�� � ����� " ��c �>RB[+UIT
[5%>Z + ��d-+å[5%>ZL[]QY\tW�T��IR>stWzQ'#CW�n¾[]UIQ ��nHUIuvX>RD[SZHq �Nw¸[5%>Z�#CWzn([]U�QS\! HWz[]\`UITÃW�QYZLU$#-[]Z(TÃxIZHQ°wÇ\^s`s �
nHUITDq>\`[S\^UIT>Z(qgqDR>Zp[]U�[5%>Z£\^T>qDZ ) T>\y[]Z(T>Z � ��U$# 7 h � %>\!��uJW���Z4�¹[&%>Z£[SQS\^W�T��IR>s^W�Q �YUIs`x�Z � %>\���%Ds`w
R>T��°[�W$�>s`Z�W�T>qF[&%>Z<X>QSZ(nHUITDq>\`[S\^UIT>Z(QjR��YZHs^Z4�&�(h�d T¶V�W�QSX�ZHTN[]\`ZHQY\ãc¢ijRDk�c op\^QSW�R>q�W�TDq (gW��IUIs`R
uJU�T��NW�(MW�q>Z�� ����� � ��c���Z�R��SZ(qFW �SuJW�s^s;q>\tW���UIT&W�s0� %>\�#-[¹WzX>X>s^\`ZHqL[]U 7 �2Z #0UIQSZ£nHU�uJX>RB[]\^T��
[5%>Z #CW�n([SUIQS\� EWz[S\^UIT���\`[&%g[5%DZ�\^TN[]Z(TN[]\^U�TMU$#�uvU5xB\`T��J[&%>Z�Z(\��IZ(T�xzW�s`R>Z ��W�s^U�T��J[&%>Z�\`u)W���\^T&W�Q°w
W +B\!�(h � %>\!��uJ\e��%N[jWEx�UI\^q�W4X�U�� �S\!�Ds^Z£ZH\���ZHTNxzW�s^R>Z�nHs`R��Y[SZHQjn(s^U��YZ�[]U  HZHQYUÀW�T>qFnHW�T %>Z(s^XM[&%>Z
nHUIuvX>RD[]Wz[]\`UIT)U #�uvUIQYZ �Y[]W$�>s`Z #CW�n¾[]UIQ ��\^T��YUIuvZ�nEW �SZ �(h.B�U5��Z¾xIZ(QHc&[5%>\�� � %>\�#-[�\!��T>Uz[�ZEW �Yw)[SU
[]R>TDZ�WzT>q�[&%>ZHQYZ�\!��T>U0��WEwL[SUvXDQSZHqD\^n([¹\y[5��Z(k2ZHn¾[Eh

��X>X>QYU�+B\`u)Wz[SZ \^TNxIZ(Q&�YZ uvZ([5%DUBq�� W�QYZ �IZHT>Z(Q]W�s`s`w s^Z � � XDQSUIT>Z []U \^T �Y[�W �>\^s`\`[]\`Z �¬UIT
\^T>qDZ ) T>\y[]Z �Yw �°[]ZHu��Hc�W�T>q �SZ¾xIZHQSW�s�X>QSZ(nHUITDq>\`[S\^UIT>Z(Q&��U$#´[5%>\��p[ wBX�Z�%&WExIZ��2Z(ZHT�XDQSUIX�U��SZ(q¶\`T
ZHs`ZHn([SQSUIuJW��ITDZ([]\��Su � �YZHZ*#0UIQJ\^T��°[�W�TDnHZk��s^s
�Z(UITÏc�P�Z(T� H\�W�T>q¼op\^QSW�R>qÏc �������Bc¹V�W�QYX2Z(T�[S\^Z(QS\ãc
����� � c1V�W�QYX2Z(T�[S\^Z(QS\ãc�ijRDk	W�T>qÃo�\`Q]W�R>q;c ������� c�V %>ZHTÏc ����� �Ic�m¢ZHZ�c
m R¸W�T>q�	 %>W�T��>c ����� � c
fDW�uJW�TN[Ec (�\^n %>\`ZHs!� �SZ(TÇW�T>qäfDWEw7s^UIQ(c �����$-Dc��´WExzW$�S\��Hc ����� � �¾h � ��\`T��M[]Ug[5%>Z4QSW�X>\`q¸q>ZHnHWEw
U$#�[&%>Z+q>\!�YnHQYZ([]Z¶opQSZ(ZHTS# � #0RDT>n([S\^UITÏc¹[5%>Z"s^U7nEW9[]\^U�T?U$#£[5%>Z"stW�QY�IZFZ(T�[SQS\`Z ��\^TÐ[5%>Z+\`T�x�ZHQ �SZ
u)W9[]QS\ +LZ,+ %D\!�>\y[ �YUIuvZ �°[]QSRDn([]RDQSZ�h�d TMW�q>q>\y[]\`UITÏc&UIT>sywÀWvx�ZHQ°w �Yu)Wzs^sÏT�R>u ��ZHQ¹U$#1\y[5��ZHTN[SQS\^Z4�
%&WExIZFQYZHs^Wz[]\yxIZHsywÇstW�QY�IZ�u)W���T>\`[SR>q>Z�h � %>\��)uvZEW�T �J[5%>Wz[LW+xIZHQ°w �YX&W�Q&�YZFuJWz[]QY\ +Ç\��)s^\e��Z(s`w
[]UÃQYZ([�Wz\^T±[&%>Z�uJU$�Y[4QYZHs`Z(xzW�TN[LnHU�T�[SQS\��>RD[]\`UIT��)[SU¸[5%>ZMZ +DW�n([À\`TNxIZHQ �SZzh � %>\��LQSZ(u)W�QY�9W$�>s^Z
X>QSU�X2Z(QY[ w�nEWzT ��Z�Z¾k;Z(n([]\yxIZ(s`w�Z +BX>s`UI\`[SZHqv\^T<[5%DZ�q>Z4�S\e�IT)U$#;QSU��DR��Y[�W�X>XDQSU +B\^uJWz[]Z�\^TNx�ZHQ&�YZ ��W$�
X>QSZ(nHUITDq>\`[S\^UIT>Z(Q&� #0UIQ�Z(s^ZHn¾[]QYUIu)W �IT>Z([S\!�Yu W�XDX>s^\`nEWz[S\^UIT��(h


���� ����������� ��!#"����#�$�&% %'��� ��%'�)(+*�,��)�-�/.#���10+�-�#23�4,5���-�#�1�

d T¼[5%>\�� �YZHn¾[]\^U�TÏc ��Z¶q>Z �YnHQY\!��Z¸W�T W�X>X>QYU�+B\`u)Wz[SZ+\^TNxIZ(Q&�SZ�X>QSZ(nHUIT>qD\`[]\`UIT>Z(Q �>W$�SZ(q UIT
�&QSU���ZHT>\`R����$T>UIQYu uv\^TD\^uv\! EW9[]\^U�TÏh � %>Z UIQS\e�I\^T>W�sÀ\^q>ZHWDc�q>R>Zç[SU P�ZHT �SUIT ���6���$" �äW�T>q
�&QSZHqDZHQS\`n\� �SUIT �������$7f�¾c�\!��[SU¶n(UIuvX>RD[]Z4[&%>Z �SX&WzQ&�SZgW�X>XDQSU +B\^uJWz[]ZL\`T�x�ZHQ �SZgW$�<[5%>ZÀuJWz[]QY\ +
7 � %>\`n %Muv\^T>\`uJ\� HZ4��8:9�;<7 7 8:=j�0UIQ>8:9?; 7 7@8:= #0UIQ�QY\���%N[�X>QYZHnHU�T>q>\`[S\^UITD\^T�� � �YR����YZ(n([
[]U�nHZHQ°[�W�\`T �YX&W�Q �S\`[ w�n(UIT��°[]Q]Wz\^TN[5�(h
� %>Z	�&QSU$�2Z(T>\^R���T>U�QSu \!��R��YR&W�s`s`w<n %>U$�SZHT
�Y\^T>n(Z�\y[�W�s^s`U � �
[5%>Z�q>Z(nHUIRDX>s^\`T��pU$#�[5%>Z�uv\^T>\`uJ\� EWz[S\^UIT�X>QYU��>s^Z(u �1\`TN[]U >À\^T>qDZHX�ZHT>q>Z(TN[�s`\^T>ZHW�Q
s`ZEW$�°[ � �Y��R&W�QSZ4�
X>QSU$�>s^Z(u �(c;UIT>Z #0UIQ�ZHW�n %�nHUIs`R>uvTMU$#�7 ci� %DZHT�X>QYZHnHU�T>q>\`[S\^UITD\^T���#0QSUIuÅ[5%DZ�QS\e��%N[0�CU�Q�QSU5�
U$#�7 c�� %>ZHTLXDQSZHn(UIT>q>\y[]\`UIT>\^T�� #0QYUIu [5%DZ�s^Z #-[ ��h�� %>Z�\`T>q>Z(X2Z(T>q>ZHTDnHZjU$#;[5%>Z4�SZjs`ZEW$�°[ � �Y��R&W�QSZ4�
X>QSU$�>s^Z(u � #0UIs`s^U5� ��\`uJuvZHq>\^Wz[]Z(s`w #0QSU�u [5%DZ£\`q>ZHTN[S\`[ w �

8:9�; 7 7A8 _= : BC
DFE O

8
G D ; 7IHKJ D 8 __ � � h��5�

"



� %>ZHQYZ G D \���[5%>Z � [&%LnEW�T>U�T>\^nHW�s;R>TD\`[�x�ZHn¾[]UIQ(c HKJ D \!��[5%>Zpn(UIs^R>uvT)x�ZHn([SUIQ�QSZ(X>QSZ4�SZ(T�[S\^T��<[&%>Z� [5%�n(UIs^RDuJT"U$# 7 W�T>q >Ç[5%DZJq>\`uJZ(T��S\`UIT"U$#�[&%>Z �Y��R&W�QSZJu)W9[]QS\`nHZ4�Hh4d T"[5%>ZvnEW$�YZ)U$#�s^Z #-[
X>QSZ(nHUITDq>\`[S\^UIT>\`T��>c3�2Z(nEW�R��YZ 7 \�� �Yw7uJuvZ([SQS\`n�cD[&%>Z£W�T&W�s`Uf�IUIR���QSZHs^Wz[]\`UIT

8:9 ;<7 7 8 _= : 8:9 ; 7 7��$8 _= : BC
D E O

8
G D ; 7�H D J 8 __ � � h � �

%>UIs`q��Hc � %>ZHQYZ H D J \!�1[&%>Z�n(UIs^RDuJT�xIZ(n([]U�Q�QSZ(X>QSZ4�SZ(T�[S\^T���[5%>Z � [5%)QYU5��U$#17 h´V�s`ZEW�QYs`w�c�[&%>ZHQYZ
\!��nHUIT��Y\^q>Z(Q]W$�Ds^Z �YnHUIX�Z #0UIQ
X>W�Q]W�s`s^Z(s^\!�Yuç\^T£[5%>\��1W�X>XDQSUNW�n %;h�� %>Z�uJW�\^T�\!� �SR>Z�\���[5%DZ �SZ(s^ZHn¾[]\`UIT
U$#�[5%>Z �SX>W�Q&�Y\`[ wÀX&Wz[Y[]Z(QSTÀU$# 7 c&[5%&Wz[�\���[5%>Z �YZ([�U$#�\`T>q>\`nHZ �

� :�� ��� = � �
	 � � = >
� _�������� H�� D : ��� � � � h."f�
� %>Zp\^qDZEW�\!��[]U ��Z(ZHX 7 QSZHW$�SUIT>W$�>s`w �SX&WzQ&�SZ � %D\^s^Z¹[]Q°wB\`T���[]U<nHW�XD[SR>QSZj[&%>Z��Ys^W�QE�IZ���ZHTN[SQS\^Z4�
U$#£[5%>Z+\^TNx�ZHQ&�YZ�c � %D\^n %¬W�QSZ�Z,+DX�ZHn¾[]Z(q¬[]UÇn(UITN[]QS\��>RD[SZ+[&%>Z�uvU��Y[L[SUÇ[&%>Z���R&W�s^\y[ w±U #�[&%>Z
X>QSZ(nHUITDq>\`[S\^UIT>Z(QHh �1��U?q>\`k2ZHQYZHTN[�WzX>X>QSUIW�n %>Z �MnEW�T �2Z #0UIs^s`U ��ZHq #0UIQÀ[5%>\��gXDR>QSX�U��SZ �¼W�T
W�q&W�XB[]\`x�Zj[]Z(n %>T>\���R>Z�[5%>Wz[�qDw7T&W�uv\^nHW�s^syw�[]QS\`Z ��[SU<\^q>Z(T�[S\�#-wJ[5%>Z ��Z �°[ �°[]QYR>n([SR>QSZ #0UIQ 7 cKW�T>q
W �Y[�W9[]\^n4[SZHn %>TD\���R>Z�c � %>ZHQYZÀ[&%>ZÀX&Wz[Y[]ZHQYT	U # 7 \!�<X>QYZ �YnHQS\��2Z(q X�� W"U$adW U��&W$�YZHqäUIT �YUIuvZ
%>ZHRDQS\!�°[]\`n �Hh2��q&WzXD[]\yxIZ´uJZ¾[5%>U7q�� R��SR>W�s^syw �Y[]W�QY[ ��\`[&%�W �S\`uJX>s`Z1\^T>\y[]\^W�s��IRDZ �&�(cIs^\e��Z´W�q>\tW���UIT&W�s
u)W9[]QS\ +2c�W�T>qJ[&%>ZHT)\^uvX>QSU5xIZ�[&%>Z�X>Wz[S[SZHQST)R>TN[]\^sKW£nHQY\`[]Z(QS\`UIT�U$#;[&%>Z #0UIQYu 8 7�HKJ D ; G D 8 _��! � #0UIQ�ZEW�n % � �´\�� �SWz[]\�� ) Z(q #0U�Q�Wh�I\yxIZ(T  #" � U�Q�R>TN[]\`sÏW�uJW +B\^u�R>u T�R>u ��ZHQ�U$#�T>U�T� HZ(QSU���\`T
HKJ D \���QSZHW�n %>Z(qÏh�d #�[&%>ZjT>U�QSu \!��s^W�QE��ZHQ�[5%&W�T  W�TDq4[5%>ZjT�R>u �2Z(Q�U$# T>UIT  HZHQYU���R��YZHqÀ\!��s^Z � �[5%&WzT4W ) +BZHq4uJW +B\^u�RDugcI[&%>Z�X>Wz[S[SZHQSTJ\!��ZHTDstW�QY�IZHqJW�nHn(UIQSqD\^T���[]U �SUIuvZ %>ZHR>QY\!�°[]\^n4��WzT>qJ[&%>Z
� [5%4n(UIs^R>uvTvU$#Ï[5%DZjW�X>XDQSU +B\^uJWz[]Z�\^TNx�ZHQ&�YZj\!�´QSZ(nHUIuvX>RD[SZHqÏh
� %DZ�X>QYUBn(Z �&��\!�´QSZHX�ZEW9[]ZHq)R>TN[]\^s
[5%>Z�QYZ ��R>\^QYZHq�W�n(nHR>QSW�n(wÀUIQ �°[]UIQSW��IZps`\^uv\`[´\!��uvZ([3� �SZHZ�V %>U5�çW�T>qgfDWIW�q;c0������1BcKo�QYU�[]ZjW�T>q
B�R>n\��s`Z�c ���������¾h

��q&W�XD[S\`x�Z �°[]Q]W9[]Z ��\^Z �£nEWzT �SUIsyxIZ #CW�\^QYs`w&�IZHT>Z(Q]W�s�W�T>q %&W�QYq�X>QYU��>s^Z(u � �>RB[�[]Z(T>q�[SU ��Z
xIZ(QYw"Z +BX�ZHT��Y\`xIZzhC� %>Z)R �SZvU$#�Z¾k;Z(n([]\yxIZ �Y[�W9[]\^n�X&W9[S[]Z(QST �SZHs`ZHn¾[]\^U�T �°[]Q]W9[]Z ��\^Z ��nHW�T �IQYZEWz[Ss`w
QSZ(q>R>nHZ�[&%>Z�W�uvUIR>TN[1U$#R��UIQE��\`T�[]Z(QSu��1U$#;V%$_% �$[S\^uvZ�cNWzT>q<nEW�T �YR����Y[]W�TN[]\^W�s^syw�\`uJX>QYU5xIZ�[&%>Z
U5xIZHQSW�s^s �SZ¾[]R>XLX>QYUBn(Z � �Hh
g %>ZHT4[&%>Zjn(UBZ"!Jn(\^Z(T�[�u)Wz[SQS\ + %&W$��W �SX�ZHnH\^W�s �Y[]QYR>n([SR>QSZpU�Q �YX2Z(nH\tWzs
X>QSU�X2Z(QY[]\`Z �(c�Z¾k;U�QY[5� %&WEx�Z ��ZHZ(T�uJW�q>Z�[]U ) TDq¸WLX&Wz[Y[]ZHQYT"[&%&Wz[£nEWzT¶QYZ([�Wz\^T�[5%>Z�Z(T�[SQS\`Z ��U$#
7'& O %&WEx7\^T��MstW�QY�IZ)uvUBqDR>s^R�� �Cq>Z4P�UBU�Q ����1 � c�ijZ(u?�zU �������7c�ijZ(u?�zU>c�(gU�� ��W�T>qäfBuv\`[&%
����1)(Dc ��W�T��*�6��1��f��h�d # 7 \���QYU �åqD\tW��IU�T&W�s^sywLq>UIuv\^T>W�TN[Ec&[5%>Z(TF[5%>Z�ZHTN[]QY\^Z ��\^Tg[&%>Z�\`T�x�ZHQ �SZ
q>ZHnHWEwÀnHUIs`R>uJT ��\��SZ�W�T>qÀx7\^n(Z�x�ZHQ �]Wk�I��WzT�� ����1��f��h �jT ��UIR>TDq&W�QYw4\^TN[]Z'�IQ]W�s;Z ��R&Wz[S\^UIT���[&%>Z
q>\!�YnHQYZ([]Z4o�QYZHZ(TS# �'#0R>T>n¾[]\^U�T�q>Z(nEWEw ��Q]W�XD\^q>syw #CW�Q #0QSUIu [&%>Z)q>\^W��IUIT>W�sãc�W�T>q"[5%>ZJ\^TNxIZ(Q&�YZ4U$#
7 uJWEw %>W5x�ZÀWgxIZ(QYw �S\`uJ\`stW�Q �°[]QSRDn([]RDQSZ)[SUM[5%&W9[�U$# 7 h&� %>Z4qD\!�Sn(QSZ¾[]ZÀopQSZ(ZHTS# � #0R>T>n¾[]\`UIT
nEW�T �2Z�nHUIT �S\^qDZHQSZ(qÐW$�JW¶QYU � UIQ)W �)W"nHUIs`R>uJTäU$#�[5%>ZgZ +DW�n([)\^TNxIZ(Q&�YZMq>Z(X>\^n¾[]ZHq±UIT	[&%>Z
X�%Nw �S\^nHW�s¢nHU�uJX>RB[�Wz[S\^UIT&Wzs �IQY\^qÏh�d T�[&%>\!��nHW$�SZ£W��IU7U7qLX&Wz[S[SZHQYT #0U�Q�[5%>ZpX>QYZHn(UIT>q>\y[]\^U�T>ZHQ�nHW�T
�2Z¹nHU�uJX>RB[]ZHqv\^TJW�qDxzW�TDnHZ�R��S\`T�� �IQ]W�X %J\`T #0UIQSuJWz[S\^UIT #0QYUIu *7 c7W �SX&WzQ&�SZ�W�X>XDQSU +B\^uJWz[]\`UIT<U$#
[5%>Z�nHU7Z'!vnH\`ZHTN[1uJWz[]QY\ +£nHU�T��Y[SQSR>n¾[]ZHq �Nw�q>QSUIXDX>\^T��jW�s^sN[5%DZ�ZHTN[]QY\^Z4�
s^U5��ZHQ�[&%&W�T�W�XDQSZ �YnHQY\!��ZHq
�Is^U$�&W�sD[&%>QSZ4�&%>UIs`qk�I��s`s
�ZHU�TvZ¾[�W�sãh��6�����Bc7V�W�QYX2Z(TN[]\^Z(QS\&Z¾[�Wzsãh ������� c MpUIs^Uz[]\^s`\^T&W'����1�1f�¾h2g %DZHT
#CW$�Y[�uvZ([5%DUBq��£W�QYZ�R��SZ(q #0UIQp[5%>ZvuJWz[]QY\ + �$x�ZHn([SUIQpX>QYUBq>RDn([5�(c
W�s`s�[5%DZJZ(T�[SQS\`Z �£U$# 7 W�QYZJT>Uz[
WEx�Wz\^stW �>s^ZÀW�TDq±[5%>ZgX&Wz[Y[]ZHQYT?nEWzT �2Z #0UIQYuJZ(q �Nw±Z,+BX>s^UI\y[]\`T���[5%>ZgT>ZEW�Q � ) Z(s^q?X>W�QY[JU$#j[&%>Z
u)W9[]QS\ +)[&%&Wz[¹\!��Z,+BX>s^\`nH\`[Ss`wvnHU�uJX>RB[]ZHqgW�T>qgWExzW�\^s^W$�>s^Z�\^TL[5%DZ ��(*( �Cm¢ZHZ�Z([�W�s�h ������� �¾h

(



f7\^T>n(ZA��Z ��UIQY�¬\`T W�T \`T�[SZ �IQSW�s�Z ��R&Wz[S\^UIT n(UITN[]Z,+B[Hc�QYZHs^Z¾xzW�TN[�\^T #0U�QSuJWz[]\`UIT #0UIQg[&%>Z
nHUIT �Y[]QYR>n([S\^UIT U$#<[5%>Z¶X&Wz[Y[]ZHQYT U$# 7 nHW�T ��Z�Z +7[SQ]W�n¾[]ZHq #0QYUIu [5%>Z¶uJZ4�&%Ïh g %>ZHTç[&%>Z
U����YZ(n([3�IZHUIuvZ([SQS\`Z �£W�QSZ �YuJU7U�[5%;c�U�T>s`wF[&%>ZvT>ZH\e��% �2UIRDQS\^T���Z(q��IZ4� �0\^T+[5%>Z�uvZ �&%"[]UIX�UIs`Uf��w
�SZ(T��SZ �<\`T�[5%DZ4uJZ4�&%ÇnEWzT %&WExIZÀW*�Y[SQSUIT���\^TN[]Z(Q]W�n¾[]\^U�TA��\`[&%ÃZEW�n %ÇU�[&%>ZHQ(c�� %>\^s`Z #CW�Q �eW ��W5w
nHUITDT>ZHn¾[]\^U�T��1W�QYZ �IZ(T>ZHQSW�s^syw�u�R>n %h��ZEW��zZHQHh
� %�R���WzT�Z(k2ZHn¾[]\`x�Z�X&Wz[Y[]ZHQYT #0UIQ�[5%>Z � [&%<nHUIs`R>uvT
U$#�[&%>Z4W�XDX>QSU +B\^uJWz[]Z�\`T�x�ZHQ �SZ4nHW�T ��ZJn(UIuJXDRD[]Z(q �Nw �YZHs`ZHn([S\^T��g\^T"[5%>ZvuJZ4�&%¸Z(q��IZ � W�T>q
\`[&���9[&%"s`Z(x�ZHs
T>ZHW�QSZ4�Y[�� T>Z(\���% ��UIR>Q&�(h � %>QSZ(Z�s^Z(x�ZHs�� ��ZHT>Z(Q]W�s`s`wgX>QSU5x7\^q>Z�WC�IU7U7q�X&Wz[S[SZHQYT�#0U�Q
nHUIT �Y[]QYR>n([S\^T��"W�TÇZ¾k;Z(n([]\yxIZ
�YX&W�Q&�YZ�W�X>X>QYU�+B\`u)Wz[SZ4\^TNx�ZHQ&�YZ�h % �S\`T��+uJUIQYZ4s^Z¾xIZ(s!�<\^TDnHQSZHW$�SZ4�
[5%>Z�nHUIuvX>RD[]Wz[]\`UIT&W�s�nHU$�Y[ �>RB[�q>U7Z �FT>Uz[�\^uvX>QSU5x�Z¶[5%DZ ��R&W�s^\y[ w¼U$#<[5%>Z�X>QSZ(nHUIT>qD\`[]\`UIT>Z(Q
�SR�� �Y[�WzT�[S\tW�s`s`w&�ãV�WzQSX�ZHTN[]\`ZHQS\2Z([¹W�s�h ������� ��h6g %>Z(TÀ[&%>ZpU����YZ(n([/��ZHUIuvZ([SQS\^Z4��W�QYZjT>U�[ �SuvUBU�[&%
UIQ�%&WEx�Z¹qD\!�Sn(UIT>T>Z(n([SZHqvX&W�QY[&�Hc�#CW�Q �eW ��W5w�ZHq��IZ ��\^T�[5%>Z�uvZ � %vnHW�T %&WExIZ¹W	�°[]QSU�T���\^TN[]Z(Q]W�n¾[]\^U�T
W�T>q ��Z �°[]QYUIT��Isyw�nHUIR>XDs^ZHq�\^T�[&%>Z�\`TNxIZHQ �SZ�uJWz[SQS\ +2h d T�[&%>\!��nEW$�YZ�c�W¹uJUIQYZ�QYU��>R��°[
X&W9[S[]Z(QST #0U�Q
[5%>Z�X>QSZ(nHUITDq>\`[S\^UIT>Z(Q�nEW�T �2Z¹nHUIuvX>RD[SZHq4R �S\^T��3�IZ(UIuvZ([]QY\^nHW�s&\^T #0U�QSuJWz[]\`UITÏc�[&%&Wz[´\!���SZ(s^ZHn¾[]\`T��
#0UIQ�ZHW�n %ÃZHq��IZLW�s`s�[&%>U��YZ4ZHq���Z �h��\y[5%>\`T¸W �YR�!vnH\^Z(TN[]s`w¶stWzQE�IZ �IZHU�uJZ¾[]QS\`nJTDZH\��$% ��UIR>Q %>U7UBqÏh
d TgV�W�QSX�ZHTN[]\`ZHQY\;Z([¹Wzsãhi� ������� �_��ZpnHUIuvX&W�QYZHqLX&W9[S[]Z(QST
�YZHs^Z(n([S\^UIT
�°[]Q]W9[]Z ��\^Z � �&W$�SZ(q ��U�[&%LUIT
W�s���Z �>QSW�\^nJW�T>q¸uvZ � %Ã\^T #0U�QSuJWz[]\`UIT+UITÃWMs^W�QE�IZ��SZ¾[<U$#�X>QYU��>s`ZHu��Hc1W�TDq #0UIR>T>q¸[&%&Wz[�[5%>U��YZ
Z +BX>s`UI\`[S\^T�� ��ZHUIuvZ([SQS\^n�\^T #0U�QSuJWz[]\`UIT�WzQSZ�[5%DZ�uJU��°[1Z(k2ZHn¾[]\yxIZ�\^T<nHW�XD[SR>QS\`T��j[5%>Z�s^W�QE��Z�ZHTN[SQS\^Z4�
U$#�[5%>Z�\^TNx�ZHQ&�YZ�h

d T U�QSq>Z(Q�[]U X>QYZ �YZHQYx�Z �SX&W�Q �S\y[ wIc&GC��� �¶TDUIT� HZ(QSU s`UBnHWz[]\`UIT��¶W�QSZ?n(UIuvX>RD[]Z(q \^T [&%>Z
X&Wz[Y[]ZHQYTÃU$#�[5%>Z)nHUIs`R>uJT HKJ D U$#�7 h�� %>\���u)W ��Z ��ZEW�n %�� � s`ZEW$�°[ � �Y��R&W�QSZ4� �SUIs`RD[]\`UIT #0U�Q
ZEW�n %Ãn(UIs^RDuJT¸U # 7 #0QSUIu � � h�� �pnHU$�Y[�GC��>S�¾c�W�T>q¶[5%>Z4U5x�ZHQ]Wzs^s´nHUIT��°[]QYR>n([S\^UITÃU$# 7 n(U��Y[&�
W�X>X>QYU +D\`u)W9[]ZHsyw&GC��>;_"��W�QY\`[5%DuJZ¾[]\^n�UIX�ZHQSWz[]\`UIT��(h/� %>\!�¹nHU��°[jnHW�T*��Z �S\e�IT>\ ) nEW�TN[Ss`wLQYZHq>R>n(ZHq
\�#�[5%>ZvX>QSZ(nHUITDq>\`[S\^UIT>Z(Q�\!��nHUIuvX>RD[SZHq¶R��S\`T��FW$�£\^TDX>RD[�W �YX&W�Q&�YZ)WzX>X>QSU +B\^uJWz[S\^UIT *7 U$#�[&%>Z
q>ZHT �SZ<nHU7Z'!vn(\^ZHTN[�u)Wz[SQS\ + 7 h	�jTk�IZHTDZHQ]Wzs�X>QYU��>s`ZHu��HcK[5%>\��jW�X>XDQSUNW�n %MnEW�TFnHW�R��YZ<W �YZ(xIZ(QSZ
q>Z([SZHQY\^UIQSWz[]\`UITMU$#�[&%>Z���R&W�s`\`[ w�U$#1[5%DZ<X>QSZ(nHUIT>qD\`[]\`UIT>Z(QHhjd T"W�TF\`TN[]Z ��Q]W�s�Z ��R&Wz[S\^UITFn(UITN[]Z,+B[Hc
\`[J\!�Js^\��zZHsywÃ[]U ��ZFuvUIQSZ�Z(k2ZHn¾[]\`x�Z �2Z(nEW�R �SZM[&%>Z*��UIR>T>q&WzQYw	ZHs^Z(uJZ(TN[4uvZ([5%DUBqO�IZHT>Z(Q]W�s`s`w
\^TN[]QYUBqDR>nHZ4��Wjx�ZHQYw�s^U7nEW�s`\! HZ(q �Y[SQSUIT��£n(UIR>X>s`\^T���WzuJUIT��j[5%>Z�Z(q��IZ �´\^T�[&%>Z�R>T>q>Z(QSsywB\`T��puvZ �&%;h
d$[juvZEW�T ��[5%&W9[pWvx�ZHQ°w*�SX>W�Q&�YZ�u)W9[]QS\ +�nEW�T �°[]\`s^s¢QSZ¾[�W�\`TM[5%DZ�uvU��Y[�QSZHs`Z(xzW�TN[jn(UITN[]QY\!�>RD[S\^UIT �
#0QSUIuÅ[&%>Z �Y\^T��IRDstW�Q�\^TN[SZ �IQSW�s!��[5%&W9[ �I\yxIZ�QS\!�YZ�[SU)q>Z(T��SZ<uJWz[]QY\^n(Z �Hh�d #1[&%>Z �YX&W�Q&�Y\`[ w�X&Wz[Y[]Z(QST
� U$#37 \!� �7TDU ��T±\^T	W�qDxzW�T>n(Z�c�[5%DZgT>U�T� HZ(QSU �°[]QSRDn([]RDQSZ #0U�Q�[&%>Z � [&%±nHU�s^R>uvT	U #37 \��
W�RD[SUIu)W9[]\^nHW�s^syw�q>Z([SZHQYuJ\`T>ZHqgW�T>qÀq>Z ) T>ZHqMW$�

� : � ��� � � = >
� ������� ��� = � ��� � � h
� %>Z�s`ZEW$�°[ � �E��R&W�QYZ � �YUIs^RB[]\^U�TJ\`T�x�UIs`x�Z ��UIT>s`w<[&%>Z¹nHUIs`R>uJT ��U$# *7 \`T>q>Z +BZ(q��Nw�� ����Zj\`T>q>\^nHWz[]Z
[5%>\�� �SR�� �SZ([��Nw *7 � � = � ��h g %>ZHT *7 \!� �SX&W�Q �SZzc�uJW�TNw¸QSU5� �<\`T *7 � � = � ��W�QSZLR��YR&W�s`s`w¸T�R>s`sãc
T>U�[�W9k;Z(n([]\`T���[5%DZ �SUIs`RD[]\`UIT4U$#¢[&%>Zps^ZHW$�Y[�� �E��R&WzQSZ ��XDQSU��>s`ZHu�� � � h�� ��h�� %�R���\�#19v\!��[&%>Z �SZ¾[�U$#
\^T>qD\^nHZ4��n(UIQSQYZ �YX2UITDq>\^T��v[]U�[5%>Z�T>UIT� (ZHQYU)QSU5� ��\^T *7 � � = � �¾c2W�T>qM\ #2��Z�qDZ ) T>Z
	7 : *7 � 9 = � �¾c
	H D : H D ��� �¾cKW�T>q 	G D : G D ��� �¾c>[&%>Z£W�n([SR&W�s �°QSZHqDR>nHZ(q �)s`ZEW$�°[ � �Y��R&W�QSZ4��X>QSU��Ds^ZHu���W�QYZ

H �$>$8 	G D ; 	7 	H D 8 _ = � : � = � � � = > � � � h ( �
% �YR&W�s^syw?X>QYU��>s`ZHu�� � � h ( � %&WExIZ¶u�R>n % �SuJW�s^s`ZHQ��Y\! HZ+[5%>W�T¬XDQSU��>s`ZHu��*� � h � �LW�T>q¼nEWzT ��Z
Z'!vnH\`ZHTN[]syw �SUIsyxIZHq �Nw	W�q>Z(T��SZ
� � #CW�n¾[]UIQY\! EW9[]\^U�TÏhÐd Tj��s`s
�Z(UIT	Z¾[LW�s�h
���������f��[5%>Z*�SW�uvZ

7



T>UIT� (ZHQYU �YX&W�Q&�Y\`[ wÐX>Wz[S[SZHQST¼\!� �SZHs`ZHn¾[]ZHq �2Uz[5% #0UIQ *7 W�T>q 7 ��\^T?[&%&Wz[�nEW$�YZ�cjZ4�SX�ZHn(\tW�s`s`w
� %>ZHT4[&%>Z�X>Wz[S[SZHQSTJ\!��xIZ(QYw �SX&W�Q �SZzcB[5%DZ�nHU�uJX>RB[]ZHq)X>QSZ(nHUIT>qD\`[]\`UIT>Z(Q´uJWEw �2Z�X2U7UIQ�UIT��YUIuvZ
�IZHU�uJZ¾[]QS\`Z �(h fBZ(s^Z(n([]\`T��ÇuJU�QSZ+ZHTN[]QY\^Z4�g\`T *7 [&%&W�T¼\^T 7 nEWzT¬X>QYU5xB\`q>Z¶WäuvUIQSZ�QYU��>R��°[
X>QSZ(nHUITDq>\`[S\^UIT>Z(QHc2W�T>qF[&%>Z�W�qDq>\`[S\^UIT&Wzs¢nHU��°[p\^T�[]ZHQYu ��U$#�V%$_% []\`uJZ�\���T>Z'�Is^\e�I\!�>s`Z �2Z(nEW�R �SZ
U$#1[5%DZ�nHUIuvX>s`Z +B\`[ wÀU$#1[&%>Z � � #CW�n([SUIQS\� EWz[S\^UIT �ãV�W�QYX2Z(TN[]\^Z(QS\�Z([�Wzsãh ������� �¾h¹d T>nHQYZEW$�Y\^T��4[&%>Z
T�R>u ��ZHQ�U$#�QSU5� � � � cD[5%&W9[�\!��[&%>ZjT�R>u ��ZHQ�U #�Z(TN[]QS\`Z ��U$# *7 c>Wzk2ZHn¾[5��[5%DZ£V%$.% [S\^uvZ #CW�Q�s^Z � �
[5%&WzTä\`T>nHQYZEW$�Y\^T��F[&%>ZLq>Z(T��S\y[ wÃU$#¹[5%>ZLX>QYZHn(UIT>q>\y[]\^U�T>ZHQ(c
[5%&Wz[�\���[5%DZ�T�R>u �2Z(Q<U$#¹nHUIs`R>uJT �
��� \^TM[&%>Z<s^ZHW$�Y[�� �Y�7R>W�QSZ4�£XDQSU��>s`ZHu��Hh � %>\��p\!�	��ZHnHW�R��SZ�ZHW�n %+s^ZEW �Y[ � �E��R&W�QYZ � �SU�s^RD[S\^UITFn(U��Y[&�
G�� � � � _ � ��h


��$
 � %A.��)� %@����,5*�,5���-� �	� ,�
#� .#���10+�-�#23�4,5�)���#�1� � � ,�
#� �
� �
0+�-��,5��� ,

� %>Z ��W �Y[ (gR>sy[]\`X2UIs`Z (gZ¾[5%>U7qÏc�\^TN[]QYUBqDR>nHZ(q �NwJopQSZHZ(T��NW�QYq)WzT>q���Uf� %>s`\^T ���6��1��f��cNX>QSU5x7\^q>Z4�
W�T<W�se�IUIQY\`[5%Du #0UIQ�nHUIuvX>RD[S\^T���W�X>X>QYU�+B\`u)Wz[SZ�uJWz[SQS\ + �ãxIZHn¾[]UIQ�X>QYUBq>RDn([5� #0UIQ�Z(s^Z(n([]QYUIuJW��IT>Z¾[]\^n
�SnHWz[S[SZHQS\`T��LX>QYU��>s^Z(u �(h3� %DZ<uJZ¾[5%>U7q�\!� #CW �Y[p\`TF[5%>Z �YZHT��YZ�[&%&Wz[j[&%>Z<nHU�uJX>RB[�Wz[S\^UITFU #�U�T>Z
u)W9[]QS\ + �$xIZ(n([SUIQ�X>QYUBq>RDn([<n(U��Y[&��G��I>ps^Uf�_> ��W�QS\y[5%>uvZ([S\^nvUIX2Z(Q]Wz[S\^UIT ��\^T �Y[]ZHW�qÃU$#�[5%DZLR��SR&Wzs
G��I>;_"��UIX�ZHQSWz[]\`UIT��(h1d$[�QYZ ��R>\`QSZ � �°[]UIQSW��IZpUIT>syw4U$#�[5%DZ£TDZEW�Q � ) Z(s^qÀX&W�Q°[�U #�[&%>Z�u)Wz[SQS\ +;c7[5%&W9[
\!�´U$#6GC��>ps`Uf�
> ��\^T��°[]ZEWzq)U$#6GC��>2_ �1ZHTN[]QY\^Z �(h
� %>Z �YZjX>QYUIX2Z(QY[S\^Z ��uJZHW�T�[5%&Wz[�R��Y\^T���\`[]Z(Q]Wz[S\`x�Z
�SUIsyxIZ(Q&� #0UIQ�[5%>Z �YUIs^RD[S\^UITLU #�s^W�QE�IZ�X>QSU��Ds^ZHu�� ��ZHnHU�uJZ4� #0ZHW$�S\��>s^Zzh

� %DZ �&W �S\^n�\`q>ZEWÀU$#�[&%>ZvW�s���UIQS\y[5%>u \!�p[]U�nHUIuvX>RD[SZ�\^TN[]Z(Q]W�n¾[]\^U�T��£W�uJU�T����Y[�qDZ �IQYZHZ ��U$#
#0QSZ(ZHq>UIu \`TÐ[5%>Z+uvZ �&%¬Wz[Àq>\yk;Z(QSZ(T�[�s`Z(xIZ(s!�ÀU$#�W�nHn(R>Q]Wzn(w�q>Z(X2Z(T>q>\^T��	UITÐ[&%>ZH\`Q�X %�w �Y\^nEWzs
q>\!�°[�W�TDnHZ�h)fB\`T��Is^Z�WzT>q¶u�R>s`[S\^s^Z¾xIZ(s�xzW�QS\^W�TN[5��U$#´[5%>Z �)(*( Z +B\��Y[Eh � %>Z "Ii U����YZHn¾[�\�� ) Q&�°[
ZHTN[]\`QSZ(s`wÃZ(T>nHs`U��SZ(q	\`T	W+stWzQE�IZ4n(R���Z�[&%&Wz[�\!� �YR��2qD\`x7\^q>Z(qÇ\^TN[]U+ZH\e��%N[vnHR���Z �(h +�W�n %	nHR���Z
\!�ÀQSZ(nHR>Q �S\yxIZHsywÐq>\yxB\`q>ZHq¼R>TN[]\`s�[5%DZ �Y\! (Z"\�� �SuJW�s^s�nHUIuvX&W�QYZHq ��\`[5%Ð[&%>Z*��WExIZ(s^ZHT���[5%Ïh d T
[5%>Z %>\`ZHQ]WzQSn %>\`nEW�s�u�RDs`[]\`s^Z¾xIZHs�W�s��IU�QS\`[&%>u�c
[5%>Z �2U + �4��\��SZÀX&W�Q°[]\y[]\^U�T>\^T���U #�[5%DZgU�� �Y[�WznHs^ZÀ\��
nEW�QYQS\`ZHqFUIRB[�R>TN[S\^s [5%>Z �S\! (Z�U$#1[&%>Z �Yu)Wzs^s^Z4�Y[ ��U�+M\!�9�IZ(T>ZHQSW�s^syw %&W�s�#�U$#´W ��WExIZ(s^ZHT���[5%ÏcÏW�T>q
W"[SQSZHZ,� �°[]QSRDn([]RDQSZHq±q&Wz[�W"\!��R��YZHqÐWz[)W�s`s�s^Z(x�ZHs��Hh?d T?X>W�QY[S\^nHRDstW�Q(c�UITDs`wÃT>U�T3� Z(uJXD[ wÇn(R���Z �
W�QSZ�\^TDq>Z +BZHq?W�T>qäQSZHn(UIQSqDZHq?\`Tä[&%>ZMq&W9[�W��Y[]QYR>n([SR>QSZzh � %>ZMQYZ �YR>s`[S\^T��+[]QYZHZ�\!��nEW�s`s^Z(qä[&%>Z
a5Z"`�� `�W[V\V � �SZ(Z ��\��IRDQSZ � h � ��W�T>qÃ\`[&��s^ZHWExIZ ��WzQSZ4QYZ4#0ZHQYQSZ(qÇ[SU+W$�C]�VEX����"a��(V\c¾h�� %>ZÀUBn¾[ �$[SQSZ(Z
X>QSU5x7\^qDZ �£W�%>\^Z(Q]W�QYn %>\^nHW�s
QYZHX>QYZ �SZ(TN[�Wz[S\^UIT+U$#´[5%>Z<n(UIuvX>RD[�W9[]\^U�T&W�s�q>UIuJW�\^TFX>W�QY[S\`[]\`UIT>Z(q ��w
�2U +BZ � �)ZHW�n %ÇnHR���Z�%&W$��R>X¸[]UFZ(\���%N[�n %>\^s`q>QSZ(TÇW�T>q¸UITDZ4X&W�QYZHTN[<\^T¶[5%>Z4U7n([��$[SQSZHZzc1Z +BnHZ(XD[
#0UIQ�[5%DZ�s^W�QE��Z �Y[�n(R���Z�� %D\^n %äZHT>n(s^U��YZ �<[5%>ZC� %>U�s^ZLq>UIuJW�\`TÏh �	�Nx7\^UIR��Ys`w�c´[&%>ZÀs^ZEW # ��U +BZ �
%&WExIZLT>U�n %D\^s^qDQSZHT;h (�R>s`[S\^X�UIs^Z�nHU7Z'!vn(\^ZHTN[&��W�QSZ4n(UIuvX>RD[]Z(q #0UIQ<W�s`s�n(R���Z � �Y[]W�QY[S\^T�� #0QSUIu
[5%>Z�s`U ��Z �°[¹s^Z(x�ZHsÏU #�[&%>Z�UBn¾[ �$[SQSZ(Z�cD[&%&Wz[�\!� #0QYUIu [5%>Z�s^ZHW # �2U +BZ �(c�W�T>qL[5%>Z(TgQYZHn(R>Q&�Y\`xIZ(s`w�#0U�Q
ZEW�n %äX&W�QYZHTN[vnHR���Z �Nw �SR>uvuv\^T��M[SUf�IZ¾[5%>Z(Q<u�R>s`[S\^X�UIs^ZvnHU7Z'!vn(\^ZHTN[&�JU$#¹\y[5�<n %>\`s^q>QYZHTÏh �KU�Q
ZEW�n %ÃU$���SZ(QYxzWz[]\`UIT�n(R���Z�c1W�T¶\^TN[]Z(Q]W�n¾[]\`UIT¶s`\!�°[�\���qDZ ) T>Z(q � %>\^n %�nHUIT��Y\!�°[5��U #�[5%>U$�SZ)n(R���Z �
[5%&W9[�W�QYZ)T>Uz[�T>Z(\���% ��UIR>Q ��U$#�[&%>ZvnHR���Z4\`[&�SZ(s�# �DRD[3� %DU��SZ4X>W�QSZ(T�[�\!��WgT>Z(\���% ��UIR>Q£U$#�[&%>Z
nHR���Z�# �jX&WzQSZHTN[ � �SZ(Z ��\���R>QSZ � h "�#0UIQ�W � i QYZHX>QYZ �YZHTN[�Wz[S\^UITF�¾h � %DZ�\^TN[]Z(Q]W�n¾[]\`UIT��¹U$#1q>Z'�IQSZ(Z �
U$#�#0QYZHZHqDUIuQ��\`[5%D\^T�T>ZH\e��% �2UIRDQS\^T�� ��U +DZ4�jW�QYZ�n(UIuJXDRD[]Z(qMZ +DW�n¾[]sywIcR� %>\^s`Z�[&%>Z�\`TN[]ZHQSW�n([S\^UIT �
�2Z¾[ ��Z(ZHT	nHR���Z ��[5%&W9[vW�QSZL\`T¸[5%>ZL\`T�[SZHQSW�n([S\^UITÃs`\!�Y[<W�QSZLn(UIuJXDRD[]Z(qäR �S\^T��+[&%>Z �)(*(¶h6��s^s
[5%>Z�U�[&%>ZHQp\`TN[]ZHQSW�n([S\^UIT ��W�QSZ<n(UIuJXDRD[]Z(q %>\`ZHQSW�QSn %>\`nEW�s`s`w�UIT"WLnHUNWzQ&�SZ(Q�s^Z(x�ZHs)�NwF[SQ]WExIZ(Q&�S\`T��

-



[5%>Z+U7n([��$[]QYZHZzh P�U�[5%�[5%>Z+n(UIuJXDRD[�Wz[S\^UIT>W�s�n(U��Y[MW�T>q�[5%>Z+uvZHuvUIQYw±QSZ'�7RD\^QSZ(uJZ(TN[gU #�[&%>Z
W�s���UIQS\y[5%>u W�QSZ¹U$#¢UIQYq>ZHQ/GC��>ps^U��.>S�¾h)�&R>Q°[5%>Z(Q�\`T #0UIQYu)Wz[S\^UIT<U�TJ[5%DZjW�se�IUIQS\y[5%>uv\^n �Y[SZHX���W�T>q
QSZ(nHZHTN[�[5%DZHUIQYZ([]\`nEW�s2\^TNxIZ4�Y[S\��NWz[S\^UIT ��U$# [5%>Z ��(*( nEW�T ��Z #0UIR>T>qÀ\`TÀipW�QYx�Z � ������� X5�¾cBipW�QYx�Z
� ������� �\�¾c�WzT>q	f7w7s`xzW�T>q � ����� � ��h¸opQ]Wzu)WDc�M�RDu)W�Q�W�T>qäfDW�uvZ %<� ����� 7f��c´o�QYZHZ(T��NW�QYqÇW�T>q
o�QYUIX>X � ����� � �¾c2W�T>q 	 %&W�U4W�T>q���U�%DT��&�YUITO�������3� �¹Wzs!�SUJq>\!�YnHR�� �pX&W�QSW�s^s`ZHs \^uvX>s^Z(uJZ(TN[�Wz[S\^UIT
\!� �SR>Z4�Hh

��\���R>QSZ � h � ��� %>ZpU7n([ �ã[]QYZHZ�\`T)[5%DZ �)(*( W�se�IUIQS\y[5%>u�h � %>ZpuJW +B\^u�R>u T�R>u �2Z(Q�U$# n %>\^s`q>QSZ(T
\!��Z(\���%N[Eh
� %DZ�W�n¾[]R&Wzs¢T7RDu �2Z(Q�nHUIQYQSZ �YX2U�T>q���[]U�[5%>Z �YR����SZ¾[�[&%&Wz[�\`T�[SZHQ �SZHn¾[�[&%>Z�U����YZ(n([Eh

� %DZ �2U + �4��\��SZ�q>Z(nHUIuvX2U$�S\`[S\^UIT�U$#2[&%>Z�q>UIuJW�\`T�QSZ'�7RD\^QSZ(q ��w�[5%>Z �)( (ÅT>Wz[]R>QSW�s^syw�s`ZEW�q �
[]UJW�T X'� W"U$adW U�X&Wz[Y[]ZHQYT �YZHs^Z(n([S\^UIT �Y[SQ]Wz[SZ ��w
#0U�Q 7 W�T>q *7 R��S\`T�� �IZHUIuvZ([SQS\`np\^T #0UIQYu)W9[]\^U�TÏc
[5%&W9[L\!�JUIT?[5%>Z �SX&Wz[S\tW�s¹q>\��Y[]QY\!�>RB[]\^U�T±U$#�\y[5�)qDZ �IQYZHZ �LU # #0QSZHZ(q>UIu�h g�ZK��\^s^s�W�q>U�XD[)[&%>Z
#0UIs^s`U5��\^T���nHQY\`[SZHQS\`UIT � [5%>Z	T>UIT� (ZHQSU �Y[]QYR>n([SR>QSZ±U$#4[5%DZ?nHUIs`R>uvT U$#)[5%>Z	X>QSZ(nHUIT>qD\`[]\`UIT>Z(Q
W$�&�YUBn(\tWz[SZHqP��\`[5%±WA�I\yxIZ(T?ZHq���ZM\!�vq>Z ) T>ZHq ��w	QSZ¾[�W�\`T>\^T��¶Wzs^s�[5%DZMZHq��IZ ����\y[5%>\`T	\y[5��s^ZHW #
�2U +�W�T>qF[5%DU��SZ<\`TFUIT>Z�s`Z(x�ZHs
U$#´T>Z(\���% ��UIR>QY\^T�����U +BZ �Hc WzT>qF[5%>Z �°[]QYR>n([SR>QSZ #0UIQ�[5%>Z �YX&W�Q �SZ
W�X>X>QYU +D\`u)W9[]\^U�T±U$#p[&%>Z�q>ZHT �SZ�nHU7Z'!vn(\^ZHTN[ÀuJWz[]QY\ +ä\��)q>Z ) T>ZHq �Nw±QYZ([]W�\^T>\`T���[&%>ZFZHTN[SQS\^Z4�
W$�&�YUBn(\tWz[SZHq ��\`[&%<ZHq���Z ��\^T>n(s^R>qDZHq<\^T�[&%>Z/�I\yxIZHT�s`ZEW # ��U�+<W$����ZHs^s>W$�
[5%>U$�SZ ��ZHs^U�T��I\^T���[]Uj[&%>Z
[ ��U�s`Z(xIZ(s!�
U #2TDZH\��$% ��UIR>Q �Hh�� %DZ�W�X>X>QYU�+B\`u)Wz[SZ�\`T�x�ZHQ �SZ %&W$�1W	�YX&W�Q �SZ �>s^U7n\�'�Y[]QYR>n([SR>QSZ �BZHW�n %
�>s^U7n\�£\!��qDZHT��YZ�WzT>q<\!��W$�&�YUBn(\tWz[SZHq���\`[&%<UIT>Z�s`ZEW # ��U +2h
d T>q>Z(ZHq<[5%>Z�s^ZEW �Y[ � �E��R&W�QYZ �1X>QYU��>s`ZHu��
nHUIQYQSZ4�SX�UIT>q>\`T��)[]U)ZHq��IZ4� ��\`[&%>\^T�[5%>Z �]W�uvZ ��U�+MW�QYZ�\`q>ZHTN[]\`nEW�s ��ZHnEWzR��SZ�[&%>Z(wMW�QSZ�q>Z ) T>ZHq
R��S\`T��L[5%>Z �SW�uJZ<TDUIT� HZ(QSU �Y[SQSR>n¾[]R>QYZJWzT>q�[5%>Z �]WzuJZ �YZ([£U$#�ZHTN[]QY\^Z ��U$# 7 h�d$[�uJZHW�T��p[5%&W9[
��ZpU�T>s`w %&WExIZj[SU�nHUIuvX>RD[SZjUIT>Z���� #CW�n([SUIQS\� EWz[S\^UITvX�ZHQ�s`ZEW # ��U +;h�d TLUIRDQ�\^uvX>s^Z(uJZ(TN[�Wz[S\^UIT
��Z£R��YZ£[ ��UJqD\`k2ZHQSZ(TN[�U7n([��$[SQSZHZ4�HcKW�TDq�[&%7R ��[ ��U)qD\`k2ZHQSZ(TN[�X>W�QY[S\`[]\`UIT>\`T����Hc�[]UvW$� �SZ(u �>s^Zp[&%>Z
W�X>X>QYU +D\`u)W9[]Zj\`T�x�ZHQ �SZ£W�T>q�#0UIQ�[5%>Z�W�XDX>QSU +B\^uJWz[]Z�u�R>s`[S\^X�UIs^Z�n(UBZ"!Jn(\^Z(T�[�uJWz[SQS\ +2h�� %DZ �S\! (Z
U$#K[5%>Z �SuJW�s^s`Z �Y[ �2U +BZ �1\`T�[5%>Z�X&W�QY[S\`[S\^UIT>\`T��jW �&�SU7nH\^Wz[]Z(q���\`[&%�[5%>Z�XDQSZHn(UIT>q>\y[]\`UIT>ZHQ�\!�1WjR �SZHQ �
q>Z ) T>ZHq"X&W�QSW�uJZ¾[]Z(Q�[5%>Wz[pnEWzT �2Z�[SR>T>ZHq�[SU4nHUITN[SQSUIs�[&%>Z�T�R>u ��ZHQpU #�T>UIT� (ZHQSU$�pnHUIuvX>RD[SZHq
X2Z(Q�n(UIs^RDuJTÏc¢[&%&Wz[�\!�p[5%>Zvq>Z(T��S\y[ w¶U #�[5%DZJX>QYZHn(UIT>q>\y[]\^U�T>ZHQ(h���n(nHUIQYq>\^T��g[]U�UIR>Q£nHQY\`[SZHQS\`UITÏc

�



��\���R>QSZ � h " � d TN[]Z(Q]W�n¾[]\`UIT��"\^Tç[5%DZ	u�RDs`[]\`s^Z¾xIZHs �)(*(¶h � %DZ	\`T�[SZHQSW�n([S\^UIT��*#0U�QF[5%>Z �IQSW5w
�2U +BZ �4W�QSZgnHUIuvX>RD[SZHq?q>\`QSZ(n([]sywIh g�ZMq>ZHT>Uz[]Z �Nw	q&W$� %>ZHqÐs`\^T>Z4�v[&%>ZF\^TN[SZHQ]Wzn([]\`UIT±s`\!�°[�#0U�Q
[5%>ZgU����YZHQYxzWz[S\^UIT ��U�+2c�[&%&Wz[JnHUIT �S\!�°[5�vU$#j[&%>U��SZ�nHR �2Z4�J[5%>Wz[4WzQSZ�T>U�[JT>ZH\e��% �2UIRDQ&�vU$#�[&%>Z
nHR���Z<\`[&�SZ(s�# �>RD[ � %>U��SZ�X&WzQSZHTN[p\��pW4T>Z(\���% ��UIR>QjU$#1[&%>Z<nHR �2Z # �pX&WzQSZHTN[Hh3� %>Z<\`TN[]ZHQSW�n([S\^UIT �
U$#¢[5%DZjnHR���Z ��\`T)[5%DZjs^\��Y[�WzQSZ�n(UIuvX>RD[]Z(qLR��S\`T���[&%>Z �)(*(¶h(��s`s�[&%>ZjU�[&%>ZHQ�\^TN[]Z(Q]W�n¾[]\^U�T���W�QYZ
nHUIuvX>RD[SZHq %>\^Z(Q]W�QYn %>\^nHW�s^syw)U�TgW<n(UNW�Q&�YZHQ�s^Z¾xIZ(sãc&q>Z(T>U�[]Z(q �Nw �YUIs^\`qLs^\^TDZ �Hh

[5%>ZJstW�QY�IZHQp[&%>Z �Y\! (Z)U$#�[5%>ZJs^ZEW # ��U�+BZ4�Hc�[&%>Z)s^W�QE�IZ(Qp[5%>Z?�IZHUIuvZ([SQS\`nvTDZH\��$% ��UIR>Q %>U7UBq+[5%&W9[
q>Z([SZHQYuJ\`T>Z ��[5%>Z �YX&W�Q&�Y\`[ w �°[]QSRDn([]RDQSZ�U #�[&%>Z�n(UIs^RDuJT���U$#�[5%DZ�X>QYZHn(UIT>q>\y[]\^U�T>ZHQ(h $�W�Q]W�s`s^Z(s^\!�Yu
nEW�T �2ZvZ +BX>s`UI\`[SZHq ��w"W �&�S\e�IT>\`T��gqD\!�I�YU�\^TN['�SR����YZ([&��U$#�s`ZEW # �2U +BZ �£[]U�q>\`k2ZHQYZHTN[�X>QSU7nHZ4�&�SU�Q&�
W�T>q	X2Z(Q #0UIQYuJ\`T��F[5%>Z�s^ZHW$�Y[�� �Y�7R>W�QSZ4� �YUIs^RD[S\^UIT �v\`T>q>Z(X2Z(T>q>ZHTN[Ss`wÇUIT	ZEW�n %	X>QSU7nHZ4�&�SU�QHh g¶Z
QSZ #0ZHQ�[]UJf7w7s`xzW�TDq � ����� � � #0UIQ�Wvn(UIuvX>s^Z¾[]Zpq>Z4�SnHQY\^XD[S\^UITÀU$#�[5%DZ£X>W�Q]W�s`s^Z(s;nHU7q>Zp[5%>Wz[/��Z£R��YZ�h


��ã� � ! %@�1�&��0+* � " 0+* �)* � ����� ,�� �	� , 
#�
.#���10+�-�#23�4,5���-�#�1�

d T [&%>\!� �SZHn¾[]\`UITÏck��Z �°[]R>qBw [5%DZ T7RDuJZ(QS\^nHW�s �SnEWzstW$�>\`s^\y[ w U$#+[5%>Z �&QYU��2Z(T>\^R ��� TDUIQSu
uJ\`T>\^uv\! HWz[]\`UITÇX>QSZ(nHUITDq>\`[S\^UIT>Z(QHh � %>Z�UIXB[]\^uJW�s ��Z %&WEx7\^UIRDQ���U�R>s^q ��ZM[]U �IZ¾[�#0QSZ'��R>ZHT>n¾w
\^T>qDZHX�ZHT>q>Z(TN[jT�R>uvZHQS\`nEW�s ��Z %&WEx7\^U�R>QHc&[5%>Wz[
��UIR>s`qgQYZ �YR>s`[�\^T�nHUITNx�ZHQE��ZHT>n(Z<\^T>q>Z(X2Z(T>q>Z(T�[�U$#
[5%>Z�X>QYU��>s`ZHu �Y\! HZzh�g�Z � %>U5� QSZ4�SR>sy[5��UITL[5%>Z #0UIs`s^U5��\^T����IZHU�uJZ¾[]QS\`Z � �

� W�V�Z([]W #1� �SZ(Z ��\���R>QSZ � h (R�CW �E��cDW�[ w7X>\`nEW�s2[]Z �°[�nEW$�YZp\^TLZ(s^ZHn¾[]QYUIu)W �IT>Z([S\^n �S\^u�R>stWz[S\^UIT �Hc

� W�T3��\^Q �>R���W�\^QYnHQSW #-[ � �SZ(Z ��\e�IR>QYZ � h (R� �R�E��c�W¹QSZHW�s�s^\�#0Z1uvU7q>ZHs�X>QYU��>s^Z(uç\^T�W�T�\`T>q>R��°[]QY\tW�s
nHU�T�[SZ +7[Ec

� W�V�U$�>Q]W?� �YZHZ	��\��IR>QYZ � h (F�Cn5�Y�¾c7W�n(UIuvX>s^Z,+0�IZHU�uJZ¾[]QYw<[&%&Wz[�QSZ(X>QSZ4�SZHTN[&��W�TJW�\^Q�\^TN[]W���Zzc

1



� W�T ��s`uJUITDq�� �SZ(Z ��\e�IR>QSZ � h (R�0qR�E�;[&%&Wz[�\!��W�s!�YU¹W�[ w7X>\`nEW�sN[]Z4�Y[�nEW$�YZ�\`T�Z(s^Z(n([]QYUIuJW��IT>Z¾[]\^n
�S\`u�R>s^Wz[]\`UIT��Hh

X
Y

Z

� ÿ���	��N�tÿ�5

X
Y

Z

� /��Iú�.0��M,�^ÿ�5u�

X

Y

Z

� M���	Iþ�/��^ÿ

X
Y

Z

� ���IúDû04¢þ�(&�

��\e�IR>QSZ � h ( ��(�Z �&%MW$�&�YUBn(\tWz[SZHqC��\`[&%L[]Z �°[�Z,+DW�uJXDs^Z �

d TMW�s^sÏ[&%>Z�T�R>uvZHQY\^nHW�s Z +BX2Z(QS\`uJZ(T�[&�HcK[5%>Z �SR>Q�#CW�nHZ�U$#
[&%>Z�U$���YZHn¾[p\!�¹W�s ��WEw ��q>\��Sn(QSZ([S\! (ZHq
R��S\`T��F[]Z(TÃX2U�\^TN[5��X2Z(Qh��WEx�ZHs^Z(T���[&% ��s^W�QE�IZ(Q�q>\��Sn(QSZ([S\! HWz[]\`UIT���WzQSZ)U$�D[�W�\`T>ZHq �Nw¶\^T>n(QSZHW$�S\`T��
[5%>Z'#0QSZ'�7RDZHT>n¾wMU$#�[5%>Z�\^s^s`R>uv\^T&Wz[S\^T�� ��WEx�Z�h¹d TFW�s`s [&%>Z£Z +BX2Z(QS\`uJZ(T�[&�Hc ��Z�nHUIT��Y\^q>Z(Q�WvQS\e��%N[
X>QSZ(nHUITDq>\`[S\^UIT>Z(qço'(&�9+´f¼uvZ([5%DUBq �ãfDW�W�qçW�TDqçfBn %�R>sy[5 ����1�- �LW�TDq¼[&%>Z"[&%>QSZ4�&%>U�s^q #0U�Q
[5%>Z �°[]UIX>XD\^T��ÀnHQY\`[SZHQS\`UITF\�� �SZ([�[SU � � & b�UIT�[5%>Z<T>U�QSuh��\��SZ �&W�n\� ��W�QSq¶ZHQYQSUIQ���� �	���

��� 
����
cS� %>ZHQYZ
�

q>ZHTDU�[]Z4�´[&%>Z�QSZ �Y\^q>R>W�sKW�T>q ; [5%DZ¹QY\���%N[�� %&W�TDq��Y\^q>Z�U #;[5%DZ¹s`\^T>ZHW�Q��°w3�°[]Z(ugh
� %>\��1[]UIs`ZHQ]WzT>nHZ�\��

�



W�nHn(R>Q]W9[]Z #0UIQ1ZHT��I\^T>Z(ZHQY\^T���X>R>QYX2U$�SZ �(cDW �1\`[�ZHT>W$�>s^Z4�1[5%>Z�n(UIQSQYZHn([´n(UIT��Y[SQSR>n¾[]\`UITJU #2[&%>Z�Q]W�q&WzQ
nHQYU��&� �SZ(n([S\^UIT"U$#�[5%>Z�U�� �YZHn([Hh � %>Z�\^T>\y[]\^W�s2��R>Z � �£\��j[5%>Z  (ZHQYU�x�ZHn([SUIQHh ��s^s�[&%>Z<QSRDT�� %&WExIZ
�2Z(ZHT¶X2Z(Q #0UIQYuJZ(q¶\`T �Y\^T���s^Z<X>QYZHnH\��S\`UIT¶U�T¶Z(\���%N[�X>QYUBn(Z �&�YUIQ&��U$#�WMV�UIuvX&W��&��s^X %&W �YZHQ°xIZHQ(h
� %>ZJV�UIuvX&W��&��s^X�%>W �YZHQ°xIZHQ�\���WÀn(s^R��°[]Z(QpU$#�f�wBuvuvZ([]QY\^n (�R>s`[S\ � $1QYUBn(Z �&�YUIQ&�(h�+�W�n %"T>U7q>Z
nHUIT �S\!�°[5��U$# #0UIRDQ�i +´V ��s^X�%>W�X>QSU7nHZ4�&�YUIQ&�3�,+ � -Bc �Ih "�o'��s^UIX���X2ZHW��(�´[5%>Wz[ �&%>W�QSZ'73� � (MP
U$#´uJZ(uJU�QYwIh��jTF[5%&W9[�nHUIuvX>RD[SZHQHc2[5%>Z�[SZHuvX2UIQSW�QYwgq>\��E� �YX&W�n(Z�[&%&Wz[pnHW�T��2Z<R �SZHq �NwM[&%>Z
UIRD[�� U$# �$nHUIQYZ
�SUIsyxIZHQ�\��JWzQSUIR>TDq ��1��¶o�P�h���uJU�T��"W�s^s�[&%>ZÀX2U$�&�S\��>s^ZÀQY\���%N[ � %&W�T>q �Y\^q>Z4� #0U�Q
ZEW�n %*�IZ(UIuJZ¾[]Q°wIci��Z %&WExIZ �SZ(s^ZHn¾[]Z(q"[&%>U��SZ�[&%&Wz[£W�QYZ�[5%>Z<uvU��°[pq>\e!vn(R>s`[j[SU
�SUIsyxIZ<\`T�UIQSq>Z(Q
[]U ��Z([S[SZHQ�\^s`s^R��°[]QSWz[]Z�[&%>Z�QSU��DR��Y[ST>Z � ��W�TDq�[&%>Z�Z'!vnH\`ZHT>n¾wÀU$#�U�R>Q�X>QSZ(nHUIT>qD\`[]\`UIT>Z(QHh

���������
	�

��� ��������
������������  !
#"$�%�&����� ')( ��*�	,+.-0/ ')( ��*�	,+2143657/

8 ����9  !

"$� 8 ����9  !
#"$�
:6; 36< ; 5>=
1 : ? " ; < ; 1�@A36<�" 1B< ?C; 1�@ ?6? "
1�D ?�E7E < 5>=
161 ; " ; 1 : 1�@ ? <�" 171437< 1�@F<6<G"
3 ;6? 1B< ; 5>= 5 ; 1�D6" E 1�5 H6@ 14D E D ? @ ?7; "
<GD�1�H7565 5>= 56D 3G56" :6?6? 14IJ1 : " 1 E 1 E 1 ? @ : "
1457< ;7; D ; 5>= 5>1 D E " K E <G5 K�HG@,L
M�N�O K)3G57565 PQ14I

R 
#9TSU9T���V�
	�

��� ��������
������������  !
#"$�%�&����� ')( ��*�	,+.-0/ ')( ��*�	,+2143657/

8 ����9  !

"$� 8 ����9  !
#"$�
H ?WE 5 ? 5>=X3 : 161�" E�?7; 3�@YHG" 14H7< ; DG@J1�D6"
3W14D65 :G? 5>=
1�D D>1�" H E D E @Z1�HG" K)3G57565 E @F< ; "
<GH�1�H7565 5>= 56H 1�@�D75G" 1 ?C; 1 1 ; @ ? 3�"�L#[�\�O K)3G57565 1�IY< E "
171 ; 5�143 ? 5>= 573 D6@Y3 ? " ( = ]^= *�=#L#[�\�O _`= R = K)3G57565 P ? I

��a6b>9T�
	�

��� ��������
������������  !
#"$�%�&����� ')( ��*�	,+.-0/ ')( ��*�	,+2143657/

8 ����9  !

"$� 8 ����9  !
#"$�
; 5 ; HC< 5>=X3 ? 3�" D ; H 3 ; " <W1 ; 3GDG"
1 E H ?C; 5 5>= 56H E " DC<GD 1�@J161�@ ? 5 ; 1�@Y3G"

R�c "$a6��I
	�

��� ��������
������������  !
#"$�%�&����� ')( ��*�	,+.-0/ ')( ��*�	,+2143657/

8 ����9  !

"$� 8 ����9  !
#"$�
145 ?�E H6D 5>=
1�H ; " 36D ? 3G56" 36<GD 1 E "
? 1�H>1 E 3 5>= 57< 3W1�" ? 1�D 3G@ ?6? " < E 1 3�@F3 ; "
H ? D>14D E 5>= 573 ? H6" ? < ? D6@YDC<�"�L#M�N�O < : H <�@F<6<G"

��W �>s^Z � h ����/¹R>u ��ZHQ´U$#ÏuJWz[SQS\ + �ãxIZHn¾[]UIQ�X>QYUBqDR>n([&��W�TDq)ZHs^W�X��YZHq�[]\^uvZ�QSZ'�7RD\^QSZ(qJ[SU�n(UITNxIZHQY�IZ
UITL[5%>Z #0UIR>Q�X>QYU��>s^Z(u ��UIT 1�X>QSU7nHZ4�&�YUIQ&��U$# [5%DZ�V�UIuvX&W��)uJW�n %>\`T>Z�cBZ +BnHZ(XD[�[5%>U$�SZpuJW�QE�zZHq
��\`[&% �
d � c�[&%&Wz[ ��ZHQSZ�QSRDT	UITfeÃX>QSU7nHZ4�&�SU�Q&�HhO��U�s^ZHQSW�T>n(Z #0U�Q�[5%>ZÀ\`[SZHQSWz[]\yxIZ
�SU�s^RD[S\^UIT ��W$�
� � & b h_��nHQSU�T�w7u�� ��/�h ��hhg TDU�[¹WEx�Wz\^stW �>s^Zzh)(¶h m1h +�h�g uJZ(uJU�QYwJs^\^uv\`[&��Z,+Dn(ZHZ(q>ZHq

d TA��W �>s^Z � h �Ic2��Z � %>U5� [&%>Z)T�R>uvZHQY\^nHW�s �2Z4%&WExB\`UIR>Q£U$#�[&%>Z)X>QYZHn(UIT>q>\y[]\^U�T>ZHQ�U����YZHQ°xIZHq
UITÇ[5%>Z #0UIR>Q �IZ(UIuvZ([]QY\^Z4��� %>ZHT±[&%>Z �S\� HZÀU$#�[&%>ZÀX>QSU$�>s^Z(u �<\��v\`T>nHQYZEW$�YZHqÏhäd T	[&%>\!��[]W$�>s`Z

� �



�Yq �guJZHW�T���q>W5w�c � % � %>UIR>Q�W�T>q �Yu �guJ\`T�RD[]Zzh�g¶Z��SZHZJ[5%&Wz[£[5%DZ)T�R>uvZHQS\`nEW�s���Z %&WEx7\^UIRDQ
U$#�[&%>Z)X>QYZHn(UIT>q>\y[]\^U�T>ZHQ�q>U7Z ��T>U�[ �SnEWzs^Z0��Z(s^s_��\`[5%"[5%>Z��S\� HZJU$#�[5%DZJX>QYU��>s`ZHu��Hc�Z4�SX�ZHn(\tW�s`s`w
o (K�
+´fS� � ��� �4UIT¼[5%>Z¶V�Z([]W #ec�W�T>q¼[5%>Z(QSZ"\!�ÀT>U	nHUITNxIZ(QE�IZ(T>nHZ�UIT¼[&%>Z"stW�QY�IZ �°[MWz\^QSn(Q]W #-[
X>QSU$�>s^Z(u �(h �&UIQvo (K�
+´fS��� ��[5%>ZÀ\^TDnHQSZHW$�SZÀ\`T¸[5%>ZÀ\`[SZHQSWz[]\`UIT¸nHU�R>TN[J\��<s^Z4�&� �S\e�IT>\ ) nEW�TN[Ec
Z(x�ZHTM[&%>UIR���%ÀUITÀ[5%DZ�V�Z¾[�W #
W�T>qÀ[5%>Z£W�\`QSn(Q]W #-[�n(UITNxIZ(QE�IZ(T>nHZ�nEW�T>TDU�[ �2Z�U��D[]W�\^TDZHq �2Z(nEW�R �SZ
��ZMZH\`[&%>ZHQvZ +Bn(ZHZHq?[&%>ZMuvZHuvUIQ°wÃs^\`uJ\y[5�<U$#�UIR>Q)n(UIuvX>RD[]Z(QJU�Qv[&%>Zg[S\^uvZ�s`\^uv\`[�W�s^s`UBnHWz[]Z(q
[]UÇW �Y\^T���s^ZMQYR>TÏh �&QSU�u W�[S\^uv\^T��"X�UI\^TN[JU$#�xB\`Z'��c/��Z �SZHZF[&%&Wz[J[5%>Z*�YUIs^RB[]\^U�T±[]\`uJZ�U$#
#0R>s^s�o'(&�
+´f¶\�� �°[]QSU�T��Is`w¶Wzk2ZHn¾[]Z(q �Nw"[5%>Z)UIQY[&%>Uf�IUIT>W�s^\��]Wz[S\^UIT+\^TNx�UIs`x�ZHqÃ\^T"[5%>Z���QSTDUIs^q>\
X>QSU7nHZ(q>R>QYZ�h �jT [5%>Z	V�Z([]W #JX>QSU��Ds^ZHu q>\!�YnHQYZ([]\� HZ(q ��\y[5% 7$" �6� ��� X�UI\^TN[5�(c�[5%DZÃT7RDu �2Z(Q
U$#p\y[]ZHQSWz[]\`UIT���U$#£o'(&�9+´fS��� ��� ��\��v[ ��\`nHZMW$�)s^W�QE�IZ���\`[&%±QYZ �SX�ZHn¾[)[SU #0R>s^s¹o'(&�9+´f2c �DRD[
o (K�
+´fS� � ��� �j\!�£W$��UIRD[�[ ��\`nHZvW$�£n %>ZEW�X;h�$1QSU5x7\^q>Z(qA��Z?�IZ¾[£nHUITNxIZ(QE�IZ(T>nHZzc
[5%>ZvR��YZJU$#�W
stW�QY�IZ�QSZ4�Y[]W�QY[´U$#-[SZHT�QSZ(q>R>nHZ4�´[&%>Z �SUIs`RD[]\`UIT�[]\`uJZ�Z¾xIZ(TJ[5%DUIR���%�\`[ �Y\��ITD\ ) nHW�TN[]s`w�q>Z¾[]ZHQY\^UIQSWz[]Z4�
[5%>Z�nHUITNxIZ(QE�IZ(T>nHZzh �jT)[&%>ZpV�Z¾[�W # ��ZHUIuvZ([SQYwIc7[5%>Z �SUIs`RD[]\`UITJ[S\^uvZ #0UIQ�[&%>Zpo'(&�9+�fvuJZ¾[5%>U7q
\^T>n(QSZHW$�SZ4���SR>X�ZHQYs^\`T>ZEW�QYs`w #0U�Q �Yu)W�s`s�W�T>q?uvZHqD\^R>u X>QYU��>s`ZHu��Hc �DRD[4T>ZHW�QSsyw ��R&W�q>QSWz[]\`nEW�s`s`w
#0UIQ�s^W�QE��Z�X>QYU��>s`ZHu��Hh
�jT)[&%>Zjs^W�QE�IZ4�Y[´[]Z4�Y[�nHW$�SZzcDq>\��SnHQYZ([S\! HZ(q ��\`[&%)UIT>Z�uJ\`s^s^\`UIT�R>T��7TDU ��T �Hc
R>T>QYZ �Y[]W�QY[SZHq)o (K�
+´f�q>U7Z �1T>Uz[1nHUITNx�ZHQE��Z�W #-[SZHQ �$7 � \`[SZHQSWz[]\`UIT���QYZ ��R>\`QS\^T��puJUIQYZ�[&%&W�T�T>\^TDZ
%>UIR>Q ��U$# n(UIuJXDRD[�Wz[S\^UITvUIT
" � X>QSU7nHZ4�&�YUIQ&�(h.� %DZ ��\`Q&�>R���W�\^QYnHQ]W #-[�\���x�ZHQYw)q>\e!vn(R>s`[´[]U �YUIs`x�Z
�2Z(nEW�R �SZ�[&%>Z�uvZ � % %&W$��u)WzT�w �YR>Q #CWznHZ�q>Z¾[�W�\`s!�¹W�T>q�[5%>Z�q>\!�YnHQYZ([]\� EWz[S\^UIT�uJWz[]QY\^nHZ4� �2Z(nHUIuvZ
\^s`s � n(UIT>q>\y[]\`UIT>ZHq;h �pT �SuJW�s`s W�T>qMuvZHqD\^R>u XDQSU��>s`ZHu��Hc>[&%>Z�T�R>u �2Z(Q�U$#1o (K�
+´f�\y[]Z(Q]Wz[S\^UIT��
\^T>n(QSZHW$�SZ4� ��\y[5%�[5%DZ<X>QSU��Ds^ZHu �S\� HZ�c WzT>q�[5%>Z �YUIs^RD[S\^UITF[S\^uvZ�\`T>nHQYZEW$�YZ � �SR>X�ZHQYs^\`T>ZEW�QYs`w�h �jT
[5%>ZvstWzQE�IZ4�Y[�[]Z4�Y[£nEW$�YZ�c�q>\!�YnHQSZ¾[]\� HZHq*��\`[&%¶UITDZvuv\^s`s^\`UITMR>T��7TDU ��T �Hc #0R>s`s�o'(&�
+´f+Z +BnHZ(ZHq��
[5%>Z�uvZHuvUIQYw�s^\`uJ\y[�UIT�-)(�X>QYUBn(Z � �SUIQ �Hh1d T�[5%>\��´nHW$�SZzcN[5%>Z�R��YZ�U$#2stWzQE�IZ�QYZ �°[�W�Q°[5�
��� ��� \`T<[5%>\��
[�W$�Ds^Z5�
q>U7Z ��T>U�[�ZHT&W �>s^Z¹nHUITNx�ZHQE��ZHT>n(Z ��\`[&%>\^T ������� \`[SZHQSWz[]\`UIT���Z +BnHZ(XD[�U�T4W �Yu)Wzs^s&uvZ �&%JU$#
�S\� HZ �)( � � (>h

�¹W�q>\`R�� ijZ(T��S\y[ w � u)W9[ �$x�ZHn
\^Tgo'(&�9+�fi��� ��� �

V�UIT �Y[]QYR>n([S\^UIT
[]\`uJZ

fBUIs`RD[]\`UIT
[S\^uvZ

��x�ZHQ]Wzs^s
[S\^uvZ

� h � 1 � h � "�� ( " � � ��1 " 7$- � "��$1 �
� h � � � h � - � "�1$" � �)( " ��� 1 "�" ���
� h � � � h � � � ( � - ( ")( � � 7 ( "�"�1$1
� h � ( � h � ��� "�1 � -)( � � 1�� " " 73� "
� h ��1 � h ��� ( " 7 � � 1�-�" " � �$� (���1�7
� h � ( � h " 7$1 � 1 � (��)( � � 7$1$" ��7$"3�

��W �>s^Z � h � � /�RDu �2Z(Q	U #�u)W9[]QS\ + �$xIZ(n([SUIQÇX>QSU7q>R>n¾[5�?WzT>q ZHs^W�X��YZHq [S\^uvZÐ[]U �DR>\^s`q [&%>Z
X>QSZ(nHUITDq>\`[S\^UIT>Z(Q�WzT>q�[]U �SUIsyxIZ)[&%>Z)XDQSU��>s`ZHu R��Y\^T���o (&�9+´fS��� ��� �pUIT¸W�V�U$�>Q]WMXDQSU��>s`ZHu
U$# �Y\! HZ � ���)(�- � cNxzW�QYw7\^T���[5%DZ�X&W�QSW�uvZ([]Z(Q&�´nHUITN[SQSUIs`s^\^T���[&%>Z�qDZHT��Y\`[ wJU$#Ï[5%DZ�X>QYZHnHU�T>q>\`[S\^UITDZHQHh
� %>Z£QSR>T��/��ZHQYZ�X�ZHQ�#0UIQSuvZHqÀUIT 1<X>QSU7nHZ4�&�SU�Q&�¹U$#�[&%>Z�V�UIuvX&W��)uJW�n %>\`T>Z�h

g¶Z �YZHZÃ\`T ��W$�>s^Z � h ��[5%&W9[FUIR>Q �Y[SQ]Wz[SZ ��w #0UIQFWzqd�YR��Y[S\^T��ä[5%>Z�s^ZEW # �2U + q>\^uvZHT �S\^U�T
#0UIQ�\`T>nHQYZEW$�Y\^T�� #0QSZ ��R>Z(T>nH\`Z ��nEWzR��SZ4��[5%>Z4qDZHT��Y\`[ w¸U #�[5%>Z��YX&W�Q �SZÀW�X>XDQSU +B\^uJWz[]ZJ\^TNxIZ(Q&�SZ4[SU
q>ZHn(QSZHW$�SZ #0UIQ�\^T>n(QSZEW �S\^T��¶X>QYU��>s`ZHu �Y\! HZzh � %>Z�T�R>u ��ZHQvU$#jRDT���T>U5��T��)X�ZHQ��2U +ÇQYZHuJW�\^T �

���



nHUIT �Y[�WzT�[Hc �>RD[�[&%>ZpT�R>u ��ZHQ�U$# ��U +DZ4��\^T>n(QSZEW �SZ ��s`ZEW�q>\`T���[SU�W�q>ZHn(QSZEW �SZ�\^TLq>Z(T��S\y[ wLW�TDqÀ[SU
X2U7UIQYZHQ�X>QSZ(nHUITDq>\`[S\^UIT>Z(Q&�(h�d T&��W$�>s`Z � h � c���Z�\`T�x�Z �°[]\��IWz[]Z�[5%>Z£\^T(J&R>ZHTDnHZ£U$#
[5%DZ�q>Z(T��S\y[ w�UIT
[5%>Z0��R&W�s`\`[ wgU$#�[5%>Z�X>QYZHn(UIT>q>\y[]\^U�T>ZHQjU�T+[&%>ZvV�U��>QSWLR��S\`T��go (&�9+´f&��\`[5%"W4s^W�QE�IZ�QSZ �°[�W�Q°[
��� ��� �¾h�g�ZÀWzq>UIXD[�[&%>Z
�]WzuJZLn(QS\`[SZHQY\^UIT¸qDZ �Sn(QS\��2Z(qä\`TäfBZHn¾[]\`UIT � []U�q>Z ) T>ZL[5%>Z
�YX&W�Q �S\`[ w
X&Wz[Y[]ZHQYT��Hc �>RB[ ��Z�\^TDnHQSZHW$�SZ�[&%>Z �S\� HZ<U$#�[5%DZ<s^ZEW # ��U +BZ ��\^TF[&%>Z<UBn¾[ �ã[]QSZ(Z�W$�&�YUBn(\tWz[SZHq���\`[&%
[5%>Z)X>QSZ(nHUIT>qD\`[]\`UIT>Z(QHh�� %>Z���Z �°[<[]QSW�q>Z �$U�k �2Z¾[ ��Z(ZHTÇnHU��°[vW�T>q¸X�ZHQ�#0UIQSuJW�T>n(Z4\!��U��D[]W�\^T>Z(q
#0UIQ�WMQ]W�qD\^R��£U$#¹W�QYUIR>T>q � h�� � ��WEx�ZHs^Z(T���[&%��Hc
[&%>Z4q>Z #CW�R>s`[£xzW�s^RDZ �YZ([�\`T�[5%DZ)nHU7q>Zzhgd #�[&%>Z
X>QSZ(nHUITDq>\`[S\^UIT>Z(Q�\���R��YZHq<[]U �SUIsyxIZ �°w �Y[]Z(u ����\y[5%�[&%>Z �SW�uvZ�nHU7Z'!vn(\^ZHTN[1uJWz[SQS\ +�WzT>q�u�R>sy[]\`X>s^Z
QS\e��%N[ � %>W�T>q �S\`q>Z �(c¢\`[puv\��$%�[ �2Z���UIQ°[5%"nHUIuvX>RD[S\^T��4uvUIQYZ�T>UIT� (ZHQYU���\�#
��Z�%>W5x�Z �SR�!vnH\`ZHTN[
q>\!�Y� �YX&W�nHZzc �2Z(nEW�R �SZÃ[5%>ZÃn(UIT��°[]QSRDn([]\`UITånHU��°[+nEW�T ��Z ��R>\^n\��s`wçW�uvUIQY[S\! HZ(qÏh B�U5��Z¾xIZ(QHc
�S\e�IT>\ ) nEW�TN[]syw�Z(T>stW�QY�I\^T���[&%>Z�q>ZHT �S\`[ w�U #;[5%DZ�X>QYZHn(UIT>q>\y[]\^U�T>ZHQ1\��´TDU�[ #0ZEW$�Y\!�>s`Z�UITJ[&%>Z�stW�QY�IZ �°[
X>QSU$�>s^Z(u � ��ZHnHW�R��YZ ��Z ��U�R>s^qÀZ +Bn(ZHZHqÀ[5%DZpuJZ(uJUIQ°w4WzT>qÀq>\!�Y�)nEWzX&W�nH\y[ w4U$#�UIRDQ�nHUIuvX>RD[SZHQ(h

��\^T&W�s`s`w�c5\^T ��W$�Ds^Z � h."Bc ��Z �&%>U5�Ã[&%>Z�X&WzQ]W�s`s^ZHs$�SnEWzstW$�>\`s^\y[ wjU$#>[&%>Z�\`uJXDs^ZHuvZHTN[]Wz[]\`UITpU$#>[&%>Z
�)(*(ÅnHU7q>Zh�ãf7w7s`xzW�TDq ����� � ��h2g¶Z �YUIs`x�Z�XDQSU��>s`ZHu��1U$#2\^T>n(QSZEW �S\^T��'�Y\! (Z¹U�T)WpstWzQE�IZ(Q1T7RDu �2Z(Q
U$#�XDQSU7nHZ � �SUIQ �Hc��zZHZ(X>\^T���[5%>ZvT�R>u ��ZHQ£U$#�RDT���T>U5��T���X�ZHQ�X>QSU7nHZ4�&�YUIQ�n(UIT��Y[]W�TN[Eh4d$[£nHW�T ��Z
�SZ(ZHT¶[&%&Wz[�[5%DZvn(UIT��°[]QSRDn([]\`UIT"U$#�[&%>Z�X>QSZ(nHUITDq>\`[S\^UIT>Z(Q �SnHW�s^Z4�£X�ZHQ�#0ZHn¾[]s`w�h0� %>\!��\!��W ��ZHT>Z ) [
#0QSUIu �zZHZ(X>\^T��£[5%>Z �S\� HZ¹U$#;[&%>Z�s`ZEW # � �2U +�n(UIT��°[�W�TN[Eh1d$[&��R��YZ�QYZ ��R>\^QYZ ���SUIuvZ¹nHUIuvu�R>T>\`nEWz[S\^UIT
�>RD[�\`[ �Y[]\`s^s �SnHW�s^Z4��QYZEW$�YUIT&W$�>syw���Z(s^sãh�� %>Z �SnEWzstW$�>\`s^\y[ wFU$#�[&%>Z)uJWz[]QY\ + �$x�ZHn¾[]UIQ£X>QSU7q>R>n¾[�\��
W�s!�YU��]W9[]\!��#CW�n([SUIQYwgW$��[5%>Z�\`T>nHQYZEW$�YZ<U$#1[5%DZ�ZHs^W�X��SZ(qF[]\`uJZ£\!�jTDU�[jUITDs`w�q>R>Z�[SU)[5%>Z�W�uJU�R>TN[
U$#�q&Wz[�W�Z +Bn %&WzT��IZ � �>RD[�W�s��SU<[]U<[&%>Z������i��>S��Z(k2ZHn([¹U$#�\`[&��nHUIuvX>RD[]Wz[]\`UIT&W�s2nHUIuvX>s^Z,+B\`[ wIh

× �e�5�7�����
�e¤¥Â�� � �����°����� Ö��.�7� � �°���]�e¤¥�.���e¤y�p�

� � �����
Ó����E�7�e���<�e¤��p�
���°���]�.��� � � �����

Ó����E�B� �����e¤��p�
�£�E�$Ä0²5��� � � �����

������	Eø�� � ÷ ��� øI®6��	 �E®�
�

� ö �
��
G� ��� �;��� øI®��.ø �E®�	 ÷
������	 ÷ � � ö ��	�
 øI®��;� ��®|� ÷
�������Eø5ø �Eø ÷ �Eø øI®�� ÷ ��®6���
���;��
G��� ��� ÷ ��� øI®���
 ��®|��ø
��	�������� ��� ÷ �
� øI®���
 ��®6�Eø
� ÷ � ö ��� ��� ÷ ø�	 øI®��;� ��®6�Eø
ö 
��.ø���� �;� ÷ ø�� øI® ÷ � ��®�
Hø
	Eø5ø�	���� ö � ÷ �
� øI® ö ø ��®6�Eø

��W �>s^Z � h." � ��Z �Y[&��UIT [5%>Z X>W�Q]W�s`s^Z(s �YnEW�s^W$�>\`s^\`[ w U #"[&%>Zçn(UBq>Z ��\y[5%ÅQYZ �SX�ZHn¾[Ð[]U [&%>Z
nHUIT �Y[]QYR>n([S\^UITJW�T>qvW�XDX>s^\`nEWz[S\^UIT�U #2[&%>Z�X>QSZ(nHUITDq>\`[S\^UIT>Z(Q�W�T>q<[]Up[&%>Z�u)Wz[SQS\ + �ãxIZ(n([]U�Q
X>QSU7q>R>n¾[
UIX�ZHQ]W9[]\^U�TLUITgXDQSU��>s`ZHu���U$#�\^T>n(QSZEW �S\^T����Y\! (Z�h
� %>Z�[]Z4�Y[¹Z +DW�uvX>s^Zp\���[5%>Z ��\^Q&�DR��¹W�\^QYnHQ]W #-[Eh

� �



� ��� � �)��� 	 ��� ���*� � �)� � ������	4�
	4� �*� �D�)�	��� � �)�*� � �N� ��	 ���
� � � � ���*� � 	4��� � �'�
	 ��� �

� %>ZÀT�R>uJZ(QS\`nEW�s�QSZ �YR>s`[&� �&%DU ��Tä\^T¸[&%>ZLX>QYZ(x7\^UIR � �SZHn¾[]\`UITÃ\^T>qD\^nEW9[]ZJ[&%&Wz[<[&%>Z �&QSU���ZHT>\`R����
T>UIQYu uJ\`T>\^uv\! HWz[]\`UIT�X>QSZ(nHUITDq>\`[S\^UIT>Z(Q�[]Z(T>q���[]U ��ZHnHU�uJZps`Z �&��Z¾k;Z(n([]\yxIZ � %>Z(Tg[5%DZ£XDQSU��>s`ZHu
�S\� HZ�\^T>n(QSZHW$�SZ4�Hc�Z �YX2Z(nH\tWzs^s`w�UIT�q>\ !Jn(R>s`[
X>QSU��Ds^ZHu��Hh�P�w<\y[5�
T&W9[]R>QYZ�[&%>Z �SX>W�Q&�YZ�WzX>X>QSU +B\^uJWz[SZ
\^TNxIZ(Q&�YZ�\!��\`T�%>ZHQYZHTN[]sywÀs^U7nEW�s �2Z(nEW�R��YZ�ZHW�n %Mq>Z'�IQSZ(Z�U$# #0QSZ(ZHq>UIuÅ\���nHUIR>XDs^ZHq�[]UvUIT>sywÀW�x�ZHQ°w
#0Z'� T>ZH\e��% �2U�R>Q&�(h�P�Z(nEW�R �SZ4[5%DZLZ +DW�n([�\`TNxIZHQ �SZÀ\!��q>ZHT��YZ4[5%>ZLn(UIuvX&W�n([ �SR>X>X�UIQ°[<R��SZ(qä[SU
q>Z ) T>Z�[5%>Z<XDQSZHn(UIT>q>\y[]\`UIT>ZHQ�u)WEwgT>U�[jW�s^s`U � WzTFZ +Bn %&W�T��IZ�U$#_�Is^U$�&W�s�\^T #0UIQYu)W9[]\^U�TMW�TDq�UIT
stW�QY�IZ�X>QSU��Ds^ZHu��<[5%>ZgstW�n\�ÇU$#pWA�Is`U��&W�s�W�XDX>QSU +B\^uJWz[]\`UITÇu)WEw %&WExIZFW �SZ¾xIZ(QSZF\`uJX&Wzn([JUIT
[5%>Z£nHU�T�x�ZHQY�IZHT>n(Z�h¹d TMUIRDQ�\`uJX>s`ZHuvZHTN[�W9[]\^U�TÏcB[&%>Z�U5x�ZHQ]Wzs^s T�R>u ��ZHQ¹U$#
n(UIuJXDRD[]Z(qMT>UIT  HZHQYU��
q>ZHn(QSZHW$�SZ4�	#0UIQ�\`T>nHQYZEW$�Y\^T���xzW�s^RDZ �¹U$#
[5%DZ #0QSZ'��R>ZHT>n¾wIh g %>ZHTF[&%>Z£X>QSZ(nHUIT>qD\`[]\`UIT>Z(Q ��ZHn(UIuJZ4�
xIZ(QYw �YX&W�Q �SZ�c¹\^T3#0UIQSuJWz[]\`UITÇQSZ(stWz[SZHq±[SU�[5%>Z #CW�Q�� ) ZHs`q±\!�JnHUIuvX>s`Z([]Z(s`wÇs`U��Y[Hhçd T±[5%D\!�)nHW$�SZzc
�SUIuvZ �YR>\`[]W$�>s`Z�uvZHn %&WzT>\!�Yu %>W$��[SU �2Z�\^TN[]QYUBqDR>nHZ(q)[]U�QSZHn(U5xIZHQ/��s^U��&Wzs&\^T #0UIQYu)W9[]\^U�T #0U�Q´[&%>Z
T�R>uJZ(QS\`nEW�s0��Z %>W5x7\`UIR>Q�U$#�[5%>Z�q>\��SnHQYZ([SZ�opQSZ(ZHTS# � #0R>T>n([S\^UIT;h

ê ì�ð¾Ú�Þ£à�ÝDñ�
BÚ�Þ
��� ¯2Ñ�¦JÒ´Ó
ÔD³>Ñ�¦JÒ´Ó
Ô��

}���µ��s�E³6��³K®¥®¥®
� ¦<Ä��?���°�����7�]��� ¯Ï¦)¦ ¨´¤¥�e�<��¤�­.�<�5�����N�°�5�]�

� × �e���]�.�7��¤¥�e¤¥�.��¤y�N­���� õ2õ2ÚzÞ�à�ÝBñ�
DÚzÞ � Ñ�¦JÒ´Ó
ÔD³7��¯g��¦vÒ¹³K®¥®¥®��
}��£¤�� �E³6��³K®¥®¥®

� ¦�Ä��±�7�e���7���]���¢¯Ï¦)¦ ¨´¤¥�e�����¾¨ä�5�����N�Y�5�]�
� × �°���]�.����¤¥�e¤¥�.�7¤��N­���� = � � 


Ó���� }��
Ó�����}��

��\���R>QSZ "Dh ���åd T>T>Z(Q��$UIRD[]Z(Q �YUIs^RB[]\^U�T �Yn %>ZHuvZ �¶\^T [5%DZ ��(*( n(UITN[]Z +7[Hh f(�zZ([]n % U$#)[&%>Z
W�s���UIQS\y[5%>u�h

d T [&%>\!� �SZ(n([]\`UITÏc���ZÐq>Z4�SnHQY\!��ZÐW�T Z(u �2Z(q>q>Z(q \y[]Z(Q]Wz[S\`xIZ �Sn %DZHuvZ�cLnHU�u �>\^TDZHqH��\`[&%
u�R>sy[]\^X�UIs`Z�[]ZHn %DT>\���R>Z4�Hc1[5%&W9[�\���q>Z4�S\���T>ZHq�[SUFuvZHZ([�[5%>Z?�IUNW�s���U #�QSU��DR��Y[ST>Z � �Hc �SnHW�stW$�D\^s^\y[ w
W�T>q�X&W�QSW�s^s`ZHs^\��Su U$#�[5%>Z�\`[SZHQSWz[]\yxIZ �SU�s`xIZ(QHh.� %>Z'�&W$�S\`n�\^q>ZHW�\���[]U�nEW�QYQYwÀUIRB[¹W #0Z"� �Y[SZHX��¹U$#
W�T�\`T>T>Z(Q3MpQ°wBs`U5x�uJZ¾[5%>U7q�#0UIQ£[&%>ZvX>QSZ(nHUIT>qD\`[]\`UIT>\`T��LUIX�ZHQ]W9[]\^U�TÏh?� %DZ)U5xIZ(Q]W�s`s�Wzs��IUIQY\`[&%>u
QSZ4�SR>sy[5�)\`T	[&%>ZM\`T>T>ZHQ � UIRB[]ZHQ �Yn %>ZHuvZFq>Z(X>\^n¾[]ZHq±\^T ��\��IR>QYZ "Dh���h � %DZMUIRD[SZHQ �SUIsyxIZHQvu�R��°[
�2Z�W$�Ds^Z4[]U���UIQE� ��\y[5%ÃxzW�QS\^W$�>s^Z)X>QSZ(nHUIT>qD\`[]\`UIT>Z(Q&�Hh ��uJUIT����Y[�xzW�QS\`UIR��<X�U��&�Y\!�>\`s^\y[]\^Z4�Hc6��Z
uJZ(TN[]\^U�T ��o'(&�
+´f?�ãfDWIWzq �����$" �¢W�T>q<o'(&�9+´f"! �0X&W��IZ � �$-¹U$#&ijUIT��NW�QSQSWDczijRDk�c�fBUIQYZHT��YZHT
W�T>q¸xzW�TÃq>Z(Q���UIQ �Y[Ec �6����1MWzT>qÃX&W��IZ � �4U$#�xzW�TÃq>Z(Q���UIQ �Y[Ec ����� " � ��[&%>\!��stWz[Y[]Z(Q�QSZ(q>R>n(Z �
[]U	o'(&�
+´f�� �-xzW�T¬qDZHQ ��UIQ&�°[�W�T>q ��R>\�� �����)( �?� %>ZHT¼[5%>Z+\^TDT>ZHQ
�YUIs`x�ZHQÀ\!��o'(&�9+�f�h

��"



� %>Z¸Z"!Jn(\^Z(T>n(w U$#<[5%>Z�X>QSUIX�U��YZHqåW�se�IUIQS\y[5%>u QSZHs`\^Z4�gUIT¬[ ��UÐuJW�\^T #CW�n([SUIQ&� �Ð[5%>Z¸\`T>T>Z(Q
�SUIsyxIZ(Q'%>W$�p[]U �2Z�X>QYZHnHU�T>q>\`[S\^UITDZHq��SUÀ[5%&W9[p[5%>ZvQSZ4�S\^qDR&W�s
\`T+[&%>Zv\^T>T>Z(Qp\`[SZHQ]W9[]\^U�T��jnEWzT ��Z
�S\e�IT>\ ) nEW�TN[]syw�QYZHq>RDnHZHqJ\^T�W	#0Z'� �Y[SZHX��(cDWzT>q<[5%>Z�uJWz[]QY\ + �$x�ZHn¾[]UIQ1X>QYUBqDR>n([&����\`[5%D\^T�[5%DZ¹\`T>T>Z(Q
W�T>qM[&%>Z£UIRD[]Z(Q �YUIs`x�ZHQ&��nEW�T �2Z�nEW�QYQS\`ZHq�UIRD[ ��\y[5%gWJq>\yk;Z(QSZ(T�[jW�nHn(R>Q]Wzn(wIh � %>Z�uJU�[S\`xzWz[S\^UIT
[5%&W9[ÀT&Wz[]RDQ]W�s`s`wäs^ZHW�q��4R��4[SUÇnHUIT��Y\^q>Z(QL\^T>TDZHQ��$UIRD[SZHQ��Yn %>ZHuvZ �À\!�J[]UÃ[]Q°w	[SU �>W�stW�TDnHZM[&%>Z
s^U7nEW�s`\`[ w+U$#�[&%>ZLX>QSZ(nHUITDq>\`[S\^UIT>Z(Q3��\y[5%¸[5%DZLR��SZLU$#�[&%>ZLu�R>sy[]\^X�UIs`ZvuJWz[SQS\ +2h�+ +BX2Z(QS\`uJZ(T�[&�
nHUITDq>R>n([SZHq ��w�o�QSW�u)WBc MpR>u)WzQ1W�T>q)fDW�uvZ %K���6����� � ��\y[5%�\^TDT>ZHQ � UIRD[SZHQ)�Yn %>ZHuvZ �´nHUIu �>\^T>Z(q
��\`[&%4u�R>sy[]\^X�UIs`Z�[]ZHn %DT>\���R>Z4��UIT)[5%DZjX2Uz[]ZHTN[S\tW�sKZ ��R&W9[]\^U�T���Z(QSZpT>Uz[�ZHTN[S\^QSZ(s`w��SRDnHnHZ4�&��#0R>sãh�d T
[5%&W9[pnEW$�YZ�cÏTDULX>QSZ(nHUIT>qD\`[]\`UIT>Z(Q
��W$�pR��SZ(q�\^TM[&%>Z�\`T>T>ZHQ �SUIsyxIZHQ(h � %>Z<q>Z4�S\^QSW$�>s`Z #0ZEW9[]R>QYZ�U$#
R��S\`T���q>\yk;Z(QSZHTN[vW�n(nHR>QSW�nH\`Z � #0UIQ£[5%>ZLuJWz[SQS\ + �ãxIZHn¾[]UIQ�X>QSU7q>R>n¾[5�<\!��ZHT&W �>s^Z(q �Nw¶[5%>ZLR��YZLU$#
[5%>Z �)(*("h�d T¶UIR>Q �Sn %DZHuvZ�c
W %>\��$%>s`wFW�nHn(R>Q]Wz[SZ ��(*( \��£R �SZHq*��\`[&%>\^T+[5%>ZvUIRD[SZHQ �SU�s`xIZ(Q
W$�<\`[h�IU5xIZ(QST��<[5%DZ ) T&W�s�WznHnHRDQ]W�n¾w¸U$#�[5%DZLnHUIuvX>RD[SZHq �SUIs`RD[]\`UITÏh�� s`Z �&��WznHnHRDQ]Wz[SZ �)(*(
\!��R��YZHq ��\y[5%>\`TÇ[&%>Z�\^T>T>Z(Q �SUIsyxIZHQJW$�v\`[�\��JW"X>QSZ(nHUITDq>\`[S\^UIT>Z(Q #0UIQ<[5%>Z�UIRD[SZHQ��Sn %>Z(uJZ ��\`T
[5%>\���QSZ �YX2Z(n([¹[5%>Z£\^TDT>ZHQ�\y[]ZHQSWz[]\`UIT���UITDs`wLW9[S[]Z(uJXB[¹[SU0�I\`x�Z�W�QSU�R���%gW�X>X>QYU�+B\`u)Wz[S\^UITLU #�[&%>Z
�SUIs`RD[]\`UIT�W�T>qgnHUIT��YZ ��R>Z(T�[Ss`wgq>U)TDU�[�QYZ ��R>\`QSZ�W�TMWznHnHRDQ]Wz[SZ�uJWz[]QY\ + �$x�ZHn([SUIQ�nEWzs^nHRDstWz[S\^UITÏh´d T
#CW�n([Hc6��Z
�SUIsyxIZ4WgT>ZEW�Q �Nw �Yw �°[]ZHu #0UIQ�[&%>Z4X>QYZHn(UIT>q>\y[]\^U�T>\^T���UIX�ZHQSWz[]\`UITÏc�[&%&Wz[�ZHT&W$�Ds^Z ��R��
[]U �]WExIZgnHUIT��Y\^q>Z(Q]W$�Ds^ZÀnHUIuvX>RD[]Wz[]\`UIT&W�s�Z(k2UIQY[Jq>R>QY\^T��+[5%>Z�\`[SZHQSWz[]\yxIZÀX>QSU7nHZ4�&�)W$�v[&%>Z�s^Z � �
W�nHn(R>Q]W9[]ZpuJWz[]QY\ + �$x�ZHn([SUIQ�nHW�s^n(R>stW9[]\^U�TJQYZ ��R>\^QYZ ��W$��UIRD[ %&W�s�#ÏU$# [5%>Zjn(UIuvX>RD[]\`T���[S\^uvZ�U$#¢[&%>Z
W�nHn(R>Q]W9[]Z<UIT>Zzh�d T���W$�>s`Z "Dh �IcS��Z � %>U5� [&%>Z<WExIZ(Q]W��IZ�Z(stW�X��YZHq�[]\`uJZ�\^T*�YZHn(UIT>q���U����YZHQ°xIZHq
UIT 1�X>QYUBn(Z �&�YUIQ&� #0U�Q�W�uJWz[]QY\ + �$x�ZHn([SUIQ�XDQSU7q>R>n([�R��S\`T���[5%DZ �)(*( ��\`[&%4q>\yk;Z(QSZHTN[�WznHnHRDQ]W�n¾w
s^Z¾xIZHs��Hh

opZHUIuvZ([SQYw \^T>T>Z(Q �)(*( U�RD[]Z(Q ��(*(
��\`Q&�>R �I� ( � � ( "Dh 7 (>h 1
��\`Q&�>R � � ��" � 1)( -Dh � ���Ih 1
��\`Q&�>R � 7�� ��� ��� � �Bh ( " � h �
��\`Q&�>R �'�$��- � � � ( ")(>h.7 -�-Dh.7
V�Z([]W #)1$- � 7$- �Ih � "Dh �
V�Z([]W # � ")( ����7 "Dh � 7Bh �
V�Z([]W # � -)(��87�� 7Bh.- ���Ih (
V�Z([]W # 7 "�� � ��� ���Ih.7 ���Dh "
V�Z([]W # � � 7$-�-�"$- ��� h - "�1Dh �
��s`uJU�T>q � � ( ����" �Ih.1 "Dh �
��s`uJU�T>q�(���� ��� � -Dh � ���Ih �
��s`uJU�T>qK�)( " � "�� � (>h " � 7Bh.7
V�U��>QSW - � -�� 7 �Ih�� � h �
V�U��>QSW �����)( - � "Dh � 7Bh -

��W �>s^Z "Dh�� �9�¹xIZ(Q]W��IZ<Z(stW�X �SZHqF[S\^uvZ�U$���SZ(QYxIZ(q¶U�T 1)X>QYUBn(Z �&�YUIQ&�p\`T*�SZ(nHUITDq��	#0UIQjWJu)Wz[SQS\ + �
xIZ(n([]U�Q�X>QYUBqDR>n([¹R��Y\^T��<[5%DZ ��(*( ��\y[5%Àq>\yk;Z(QSZHTN[¹s^Z¾xIZ(s!��U$#�W�nHn(R>Q]W�n¾wIh

� (



� ��� � ! %@�1�&��0+* � ���1"5!�� ,5"
d T�[5%D\!�'�SZHn¾[]\`UITÏc2��Z)n(UIT>q>RDn([�Z,+BX2Z(QS\^uvZHTN[&��R��Y\^T���[5%>Z ��o (&�9+´f¶uvZ([5%DUBq¶W$��[&%>ZvUIRD[]Z(Q
�SUIsyxIZ(QK��\`[&%çW�T¬\^T>TDZHQMo (&�9+´f¼\y[]ZHQSWz[]\`UIT¼X>QSZ(nHUIT>qD\`[]\`UIT>Z(q<��\`[&%¬[&%>Z �&QYU��2Z(T>\^R ��� TDUIQSu
uJ\`T>\^uv\! HWz[]\`UIT"uJZ¾[5%>U7q	qDZ �Sn(QS\��2Z(q±\^T	fBZ(n([S\^UIT � hÇd$[v\!��X2U$�&�S\��>s^Z4[SU"xzW�Q°w¸[5%DZgWznHnHRDQ]W�n¾w
U$#�[&%>Z�\^T>T>Z(Q �SUIsyxIZgW$�v[&%>Z �SUIs`RD[]\`UITÇnHUITNxIZ(QE�IZ4�Hh B¹U ��Z(x�ZHQ(c¹\`Tä[&%>\!��X&WzX2Z(QHc ��ZMXDQSZ �YZHTN[
X>QSZ(nHUITDq>\`[S\^UIT>\`T��vQSZ �YR>s`[&� #0UIQ�W)n(UIT��Y[]W�TN[jT�R>u ��ZHQ�U$#�\^TDT>ZHQ�o (K�
+´fg\y[]ZHQSWz[]\`UIT��(h �KU�Q¹[&%>Z
\^T>TDZHQ �Sn %>Z(uJZ_��Z�q>U�TDU�[�QSZ �°[�W�Q°[
WzT>q�UITDs`wpX�ZHQ�#0UIQSuåW�X>QSZ4�Sn(QS\!��ZHq�T�R>u ��ZHQ�U$# #0R>s`s7o (K�
+´f
\`[SZHQ]W9[]\^U�T���UIQ�Z'�7RD\`xzW�s^Z(TN[]s`wFUIT>Z �°[]Z(XÃU$#�QSZ4�Y[]W�QY[SZHqÇo'(&�9+�f���\`[5%"[5%>Z �]W�uvZ)XDQSZ �YnHQY\!��ZHq
QSZ4�Y[�WzQY[Eh��&UIQ�[&%>Z�o (&�9+´f�WzT>q ��o'(&�9+�fLuvZ([5%DUBq��(c���Z�n(UIT��S\`q>ZHQ�[&%>Z�\^uvX>s^Z(uJZ(T�[]Wz[]\`UIT��
q>Z �YnHQY\!��ZHq �Nw �&Q]WEw �&� �Z�c�o�\`Q]W�RDqÏcpopQ]Wz[Y[]UIT¬W�T>q m W�T��IUIR � ����� " �4W�TDq �&Q]WEw �&� �Z�c�o�\`Q]W�RDq
W�T>q¶opQ]Wz[Y[]UIT � ������1f�¾c;QYZ �YX2Z(n([]\yxIZ(s`wIh3� %>Z<nHU�T�x�ZHQY�IZHT>n(Z %D\!�Y[SUIQYwgU$#�o'(&�
+´fMq>Z(X>\^n¾[]Z(q"\`T
��\���R>QSZ "Bh � #0UIQ�qD\`k2ZHQSZ(TN[�x�Wzs^R>Z4��U$#�[&%>ZpQSZ4�Y[]W�QY[ �I\yxIZ4�¹R � �SUIuvZpnHs`R>Z �¹W$��[SU�[&%>ZpT�R>uvZHQS\`nEW�s
�2Z4%&WEx7\^UIR>Q¹U$#�[5%>Z�X>QYUIX2U$�SZHq �Sn %>Z(uJZzh/� %>Z£QSZ �Y\^q>R>W�s U$#�o'(&�9+�f4[]Z(T>q��¹[]Uvq>ZHn(QSZEW �SZ�x�ZHQ°w
Q]W�XD\^q>syw�\^T�[5%DZ ) Q �Y[�#0Z'�Ð\y[]Z(Q]Wz[S\^UIT��1\`T>q>Z(X2Z(T>q>ZHTN[Ss`wvU$#;[&%>Z¹QSZ �°[�W�Q°[5�(c7[&%>ZHTJq>ZHn(QSZEW �SZ ��u�R>n %
uJU�QSZ �Ys^U5��s`w�cNW�T>q ) T>W�s^syw�[SZHT>q��
[SU �Y[]W��IT&Wz[SZ�[]U�W�xzW�s`R>Z�[&%&Wz[1q>Z(X2Z(T>q���UIT�[&%>Z�QSZ4�Y[�WzQY[ �N[&%>Z
stW�QY�IZHQ1[&%>Z�QYZ �°[�W�Q°[EcB[&%>Z¹s^U5��Z(Q´[&%>Z �Y[�W �IT&Wz[S\^UIT�xzW�s^R>Zzh
d$[ �SR��f��Z �Y[&��[&%&Wz[�W'#0Z'� �Y[]Z(X���\`Tv[&%>Z
\^T>TDZHQ �SUIsyxIZ(Q�n(UIR>s^q���Z�x�ZHQ°wJZ¾k;Z(n([S\`xIZ #0UIQ�U��D[]W�\^TD\^T���W �S\e�IT>\ ) nEW�TN[´QSZ(q>R>n([S\^UITvU$#2[5%>Z�\^TD\`[]\^W�s
QSZ4�S\^qDR&W�sãh � q>\yk;Z(QSZ(T�[�nHU�T�x�ZHQY�IZHT>n(Z ��Z %&WEx7\^UIRDQ9��W$��U$���SZ(QYxIZ(qk� %>ZHTMR��S\`T��)U�[&%>ZHQ
MpQYw7s^U5x
uJZ¾[5%>U7q���W$��W�TM\`T>T>ZHQ �YUIs`x�ZHQHc #0UIQ�Z +DW�uvX>s`Z£[&%>Z3� � � (&� �SU�s`xIZ(Q ��V�W�QSX�ZHTN[]\`ZHQY\ ����� � ��h�d T
[5%>\��)nHW$�SZzc�[5%>ZFQYZ �Y\^q>R&Wzs�W9[)[5%DZ ��Z �I\`T>T>\^T��¶U$#p[&%>ZMn(UITNxIZ(QE�IZ(T>nHZ�\��)T>ZHW�QSsywÇnHUIT��°[�W�TN[LU�Q
q>ZHn(QSZHW$�SZ4��xIZ(QYw �Ys^U5��s`w�h
� %>Z�R �SZ�U$#2� � � (&� W ��WzT�\`T>T>Z(Q �YUIs`x�ZHQ�\!��\`T>Z(k2ZHn¾[]\yxIZ�h

0 100 200 300 400 500 600 700 800 900 1000

10
−3

10
−2

10
−1

10
0

Number of iterations

Lo
g 10

 (
no

rm
w

is
e 

ba
ck

w
ar

d 
er

ro
r)

restart =   10
restart =   60
restart = 500

��\���R>QSZ
"Bh � �4V�UITNxIZ(QE�IZ(T>nHZ %>\!�°[]UIQ°w¸U$#�o'(&�9+�f #0U�Q�q>\`k2ZHQYZHTN[<xzW�s^RDZ �<U$#¹QSZ4�Y[]W�QY[&�<UITäW�T
��\`Q&�>R��¹W�\`QSn(Q]W #-[�qD\!�Sn(QSZ¾[]\! (ZHq���\`[&% � ( � � (<X�UI\^TN[&�Hh

d T���W$�>s`Z "Dh � c ��Z<q>Z4�SnHQY\!��Z�[5%>Z�QSZ �YR>s`[&�jU$#´Z +BX�ZHQY\^uvZHTN[5�pUITFW�T���\`Q&�>R��jW�\^QYnHQ]W #-[ ��\`[&%
� ��" � 1)(�X�UI\^TN[&��R��Y\^T���q>\`k2ZHQYZHTN[
n(UIu �>\`T&Wz[S\^UIT�� U$#KQYZ �°[�W�Q°[5� #0U�Q�[&%>Z�\`T>T>ZHQ�W�T>q�U�RD[]Z(Q �SU�s`xIZ(Q&�(h

�87



d #�[&%>ZpT�R>u ��ZHQ�U$#�\`T>T>ZHQ �Y[]Z(X���\!��[SUBU �SuJW�s^s�c7[&%>ZpX>QSZ(nHUITDq>\`[S\^UIT>\`T���UIX�ZHQSWz[]\`UIT4\���X2U7UIQ�W�T>q
[5%>Z)nHUITNxIZ(QE�IZ(T>nHZ �Ss`U5� ��q>U5��TÏc
� %>\^s`ZJ[SUBUFs^W�QE��Z)QSZ4�Y[]W�QY[&�<U$#�o (K�
+´f¶[]Z(T>q¸[]U�\`T>nHQYZEW$�YZ
[5%>Z�U.x�ZHQSW�s^s�nHUIuvX>RD[]Wz[]\`UIT&W�s¢n(U��Y[	�>RD[jqDU4T>U�[�nEW�R��YZ #0R>Q°[5%>Z(QjQSZ(q>R>n([S\^UITMU$#
[5%DZ�T>UIQYuh��\!�YZ
�&W�n\� ��W�QSqåZHQYQSUIQMWz[M[&%>Z ��Z ��\^T>T>\`T��±U #<nHUITNx�ZHQE��ZHT>n(Z�hL� %>Z¸n %>U�\^nHZ�U$#�[5%DZ¸QSZ4�Y[�WzQY[ #0U�Q
[5%>Z)UIRD[]Z(Q �SU�s`xIZ(Q�q>Z(X2Z(T>q��<[]U�WFs^W�QE��ZJZ,+B[SZHTN[�UIT¸[&%>ZLWExzW�\^s^W$�>s^ZvuvZHuvUIQYw+U$#�[&%>Z)[�WzQE�IZ¾[
u)Wzn %>\^T>ZMW�T>q±[&%>ZFq>\ !vnHR>sy[ w	U #p[5%>ZFXDQSU��>s`ZHu Wz[ %&W�T>qÏc¹W�T±\!�&�YR>ZM[&%&Wz[4\��4W�s��SU¶QSZHs^Wz[]Z(q
[]U4[&%>Z<\^s`s^R>uv\^T&W9[]\^T��<q>\^QYZHn([S\^UITMU$#�[5%>Z�\`T>nH\`q>ZHTN[ ��WExIZ<[5%>Wz[pq>Z ) T>Z �p[&%>Z<QS\e��%N[ � %>W�T>q*�Y\^q>Zzh
��uvUIT����°[�[&%>Z�x�WzQS\^U�R���X�U�� �S\!�D\^s^\y[]\`Z �Hc���Z �SZ(s^ZHn¾[ ��o'(&�
+´fS� " � ��W�T>qFo (K�
+´fS� - � ��UITg[&%>Z
��\`Q&�>R���W�\`QSnHQSW #-[�W�T>q�[5%>Z�V�Z([]W #1X>QYU��>s^Z(ugcKWzT>q*��o'(&�
+´fS� �87f��W�T>qFo (&�9+´fS� " � ��UITg[&%>Z
V�U��>QSWJW�TDq�[&%>Z ��s^uvUIT>q;h�� %>Z �YZ�n(UIu �>\`T&Wz[S\^UIT���W�QSZ£W �IU7UBq4[SQ]W�q>Z,� U�k�h

QSZ �°[�W�Q°[
��o'(&�
+´f

QSZ4�Y[]W�QY[
o (&�9+´f

� []U�[]W�sÏ\^TDT>ZHQ
u)Wz[��$x�ZHn

� []Uz[�W�sÏU�RD[]Z(Q
u)Wz[��$x�ZHn []\`uJZ4�

" � ( � ����- � 73� ($% 7 1�u
" � 7 � ��� ��� ( � ($% 7 "�u
" � - � ��� ��� ")( ($% 7$7zu
" � � � ��� " � " � 7 % � "�u
" � 1 � ��� ( � � � 7 % 7 � u

��W �>s^Z "Dh � ��o�s`U��&W�sBZHstWzX��SZ(qv[S\^uvZ�W�T>q<[]U�[]W�s&T�R>u ��ZHQ�U$#2u)W9[]QS\ + �$xIZ(n([SUIQ1X>QSU7q>R>n¾[5��QSZ'��R>\^QYZHq
[]U?n(UITNxIZ(QE�IZ¸U�T W�T ��\^Q �>R��FWz\^QSn(Q]W #-[���\y[5% � � " � 1)(äX2U�\^TN[5��x�WzQYw7\^T��ä[5%>Z¶\^T>TDZHQ�QSZ �°[�W�Q°[
X&W�QSW�uJZ¾[]Z(QHh�� %>ZpQYR>T�� %>W5x�Z �2Z(ZHTLX�ZHQ�#0UIQSuvZHq4U�T
1�X>QYUBn(Z �&�YUIQ&��U #¢[5%>Z�V�U�uJX&W �vuJW�n %>\`T>Z�h

d T ��W$�>s`Z
"Dh "���Z �&%>U5� [5%>ZLQYZ �SRDs`[5�<U #�Z,+BX2Z(QS\^uvZHTN[&�vU�TÇ[&%>Z
�]WzuJZC�IZ(UIuvZ([]QY\^Z4��[5%&W9[
��Z�nHUIT��Y\^q>Z(QSZ(q�\^T�f7ZHn([S\^UIT � h g�Z �&%>U5�å[5%>Z�T7RDu �2Z(Q�U$#
\^T>T>Z(QjW�TDqMUIRD[SZHQ�u)Wz[SQS\ + �ãxIZ(n([]U�Q
X>QSU7q>R>n¾[5�gW�T>q¼[5%>Z"ZHs^W�X��SZ(q¼[S\^uvZ�T>ZHZ(q>ZHq¬[]U	W�n %>\^Z¾xIZ¶nHUITNxIZ(QE�IZ(T>nHZ�R��S\`T��±WÃ[]U�s^ZHQSW�T>n(Z
U$# � � & bÀUIT�ZH\e��%N[ÀX>QSU7nHZ4�&�SU�Q&�ÀU$#£[5%>Z¶V�UIuvX&W��	u)W�n %D\^T>Zzh �&UIQ4nHU�uJX&WzQS\!�YUITÐX>R>QYX2U$�SZ �(c
��Z �&%>U5� W �NW�\^T \`T [&%>\!�Ã[�W �>s^ZÐ[5%DZ¼QYZ �YR>s`[&�	U��B[�W�\`T>ZHq ��\`[&% [&%>Z¬QYZ �°[�W�Q°[]ZHq o (K�
+´f
uJZ¾[5%>U7qÏh � %>Z±nHUIuvX&W�QY\!�SU�T �2Z¾[ ��Z(ZHT [5%>Z	[ ��U �YUIs`x�ZHQ&�ÃuJW�q>Z	\^T [&%>Z±[]W$�>s^Z4�¸\!� #CW�\^Q
�2Z(nEW�R �SZ¶o (K�
+´f %&W$�LZ,+>Wzn([]syw?[5%DZ �]W�uvZ*�Y[SUIQ]W �IZ�QSZ'�7RD\^QSZ(uJZ(TN[5�ÀW$�4[&%>Z+nHUIu �D\^T&Wz[S\^UIT
��o (&�9+´f��Io'(&�9+�f�h1d T #CW�n¾[Ec #0UIQ�[5%>Z �]WzuJZLQYZ �Y[]W�QY[vxzW�s^RDZ�c1[5%>Z �Y[SUIQ]W �IZÀQSZ ��R>\`QSZ(uJZ(T�[&�
#0UIQ)[&%>Z���o (&�9+´f?W�s���UIQS\y[5%>u W�QYZM[ ��\^n(ZF[5%&W9[�#0UIQ)[&%>Z*�Y[]W�T>q&WzQSq¬o (K�
+´fÐW�s���UIQS\y[5%>u�c
�2Z(nEW�R �SZp\`[�W�s!�YU �Y[SUIQSZ4��[5%>Z�X>QSZ(nHUIT>qD\`[]\`UIT>Z(q)xIZ(n([]U�Q&��U$# [5%DZ MpQYw7s^U5x��&W$�Y\!�Hh1d$[�nEW�T
��Z	�SZ(ZHT
[5%&W9[�[5%DZ�nHUIu �>\^T&W9[]\^U�T ��o'(&�
+´f���o (&�9+´f�QSZ(u)W�QY�9W$�>s`w�Z(T�%&W�TDnHZ �
[&%>Z�QYU��>R��°[]T>Z4�&�1U$#&[&%>Z
X>QSZ(nHUITDq>\`[S\^UIT>Z(Q�Z4�SX�ZHn(\tW�s`s`w�UIT�stW�QY�IZ�X>QSU��Ds^ZHu��Hh�� %>ZJ\^T>n(QSZHW$�SZJ\^T¶[&%>ZvT7RDu �2Z(Q�U$#�UIRD[]Z(Q
\`[SZHQ]W9[]\^U�T���\�� #CW�\^QYs`w"uJU7q>Z4�Y[<Z,+Dn(ZHXD[vUITÃ[&%>ZLstW�QY�IZ �°[�W�\`QSnHQSW #-[�[SZ �°[JnHW$�SZ4�Hh /¹Z(x�ZHQY[&%>ZHs`Z � �Hc
[5%>Z �Sn %>Z(uJZ4\��£[&%>Z)U�T>s`w"UIT>Zv[5%&W9[�ZHT>W$�>s^Z4��R��£[]Uk��Z([�[&%>Z �YUIs^RB[]\^U�T¶U$#�[&%>\!�£n %&W�s`s^Z(T��I\^T��
X>QSU$�>s^Z(u �S\`T>nHZ�n(stW$� �S\^nHW�sIQYZ �Y[]W�QY[SZHq�o (K�
+´fjq>U7Z � T>U�[ n(UITNxIZHQY�IZ�W�T>q #0R>s^sNo (&�9+´fjZ +BnHZ(ZHq��
[5%>Z�uvZHuvUIQYwgU$#�UIR>Qpn(UIuJXDRD[]Z(QHh�fB\`uJ\`stW�QYs`w�c2UIT�[&%>ZJV�Z([�W #�q>\��Sn(QSZ([S\! (ZHq���\`[5%�U�T>Z�uJ\`s^s^\`UIT
X2U�\^TN[5�(c;[5%>Z<Z(u ��ZHq>q>Z(q��Sn %>Z(uJZ�ZHT>W$�>s^Z4�jR��j[SUC�IZ([pn(UITNxIZ(QE�IZ(T>nHZv\^T ��� UIRD[]Z(Qp\`[SZHQ]W9[]\^U�T��Hc
� %>ZHQYZEW$��o'(&�9+�fi��� ��� ��q>U7Z �pT>U�[�n(UITNxIZ(QE�IZ�\^T ������� \y[]ZHQSWz[]\`UIT��(h � %DZ �]WEx7\^T��À\^TF[S\^uvZ�\��
W�s!�YU4T>U�[S\^n(ZEW$�>s`Z�h9� %>Z �NW�\`TMQSW�T��IZ4� #0QSUIuÅ[ ��U4[]U #0U�R>Q�q>Z(X2Z(T>q>\`T��4UITM[&%>Z��IZ(UIuvZ([]Q°wgW�T>q

��-



[]Z(T>q���[]U �2Z(nHUIuvZÀstW�QY�IZHQ�� %>Z(T	[&%>ZÀX>QSU��Ds^ZHu �S\! (Zg\`T>nHQYZEW$�YZ �(h �jTÇ[5%>ZMV�U��>QSW¶W�TDqä[&%>Z
��s`uJUITDqÀ[SZ �°[�nHW$�SZzcK[&%>Z�ZHu ��ZHqDq>ZHq �SUIsyxIZHQ¹T>U�[¹UITDs`w4QYZHq>RDnHZ �¹[5%>Z'�SU�s^RD[S\^UIT4[S\^uvZ �>RD[�W�s!�YU
[5%>ZLuvZHuvUIQ°w�R��YZHqäW$� ��o'(&�
+´fS� �87f� �Io (K�
+´fS� " � �£\�� #CW$�°[]ZHQ�[&%&W�T	o'(&�
+´fS� � ��� �?� �YZHZ
��W �>s^Z � h � ��h

�������G�
	�
#��� �������2
#��� �&�����  !
#"$� �&� ��� ')( ��*�	,+2143657/ � ')( ��* 	,+ D757/ � ')( ��* 	,+ ; 57/8 ����9  !
#"$� 8 ����9  !
#"$�
:6; 36< ; 5>=
1 : ? " 1B< ?7; 1�@ ? D6" 1 E K H ; 5 <7<�"
1�D ?�E6E < 5>=
161 ; " 171436< 1�@F<6<G" 14<CK :G? 5 1�@J1�H6"
3 ;6? 14< ; 5>= 5 ; 1�DG" 14D E D ? @ ?7; " 1 E K H ; 5 3�@F363G"
<GD�1�H6575 5>= 56D 3G5G" 1 E 1 E 1 ? @ : " 14HCK 145 : 5 ; @
1�5C< ;6; D ; 5>= 5>1 D E " K)3G57565 PQ14I 3737K 1B3 ; 5 1 ? @

R 
#9TSU9T���V�
	�
#��� �������2
#��� �&�����  !
#"$� �&� ��� ')( ��*�	,+2143657/ � ')( ��* 	,+ D757/ � ')( ��* 	,+ ; 57/8 ����9  !
#"$� 8 ����9  !
#"$�
H ?WE 5 ? 5>=X3 : 161�" 14H7< ; DG@J1�D6" 3 E K 1B< ; 5 3�@J1 ? "
3W14D65 :6? 5>=
1�D D>1�" K)3G57565 E @F< ; " D ? K 14H73G5 <�@
<GH�1�H6575 5>= 56H 1�@FD75G" K)3G57565 1�IY< E " < E K�D7D6565 14I H6@ ? <�"
161 ; 5>1B3 ? 5>= 573 DG@A3 ? " K)3G57565 P ? I <>1BK)36H ? 5 1 ; @ ? 1�" L
[2\TO

��a6b>9T�
	�
#��� �������2
#��� �&�����  !
#"$� �&� ��� ')( ��*�	,+ ; 5C/ � ')( ��* 	,+�1B<6/ � ')( ��* 	,+ D757/8 ����9  !
#"$� 8 ����9  !
#"$�
; 5 ; HC< 5>=X3 ? 3�" E 5 : 3GHG" 3 ? K ;7; 5 1 : "
1 E H ?C; 5 5>= 56H E " ? D6D ?7: " 365CK)< ? 5 ? 3�"

R�c "$a6� I
	�
#��� �������2
#��� �&�����  !
#"$� �&� ��� ')( ��*�	,+ ; 5C/ � ')( ��* 	,+�1B<6/ � ')( ��* 	,+ D757/8 ����9  !
#"$� 8 ����9  !
#"$�
1�5 ?�E H6D 5>=
1�H ; " D7573 1�HG" 171BK�D7565 1 ? "
? 14H>1 E 3 5>= 57< 3W1�" K)3G57565 PQ1�56@ 365CK)< ? 5 1�@F3 ? "
H ? D>14D E 5>= 573 ? HG" 1 ; D6D ; @YD ; " L���[�O 3737K ; 565 DG@YD73G"

��W �>s^Z "Dh " ��/¹R>u ��ZHQ´U$#ÏuJWz[SQS\ + �ãxIZHn¾[]UIQ�X>QYUBqDR>n([&��W�TDq)ZHs^W�X��YZHq�[]\^uvZ�QSZ'�7RD\^QSZ(qJ[SU�n(UITNxIZHQY�IZ
UIT*1�X>QYUBn(Z �&�YUIQ&�¹U$#�[5%>Z�V�UIuvX&W��4uJW�n %>\`T>Z�h � %>Z£[SZ �°[5�
��ZHQYZ�QYR>TMU�T 1�X>QSU7nHZ4�&�YUIQ&��U$#�[&%>Z
V�UIuvX&W��4uJW�n %>\`T>Z�c>Z,+BnHZHXB[�[&%>U��SZ�uJW�QE�zZHq���\`[&% �
d � c>[5%&W9[/��Z(QSZ£QSR>T�UIT eÀXDQSU7nHZ � �SUIQ �Hh

f7\^uv\^stWzQSs`w�[SUh� %&Wz[ %&W$� ��ZHZ(TLU����YZHQYx�ZHqC��\`[&%Lo'(&�9+�f�cDR��Y\^T���W #0R>s^s ��o'(&�
+´fJ\`TJ[&%>Z
UIRD[SZHQjs`UBUIXgZHT&W �>s^Z4��R���[SULQSZ(q>R>nHZ�[5%>Z�T�R>u �2Z(QjU$#�UIRD[SZHQ�\`[]Z(Q]Wz[S\^UIT � �>RB[pU$#-[]Z(TFQSZ4�SR>sy[5�j\`T
W�s`UIT��IZ(Q �SUIs`RD[]\`UIT�[]\`uJZzhvd TA��W �>s^Z�"Dh (C��Z �&%>U5� QYZ �SRDs`[5��U��B[�W�\`T>ZHq���\`[&% #0R>s`s)��o (K�
+´f
W�T>q4n(UIuvX&W�QSZ�[5%D\!� ��\y[5%v[5%>Z #0R>s^s2o'(&�
+´fJuvZ([&%>U7qÏh
d$[�nEW�TLWzs!�SU �2Z �SZ(ZHT4[5%>Wz[�[&%>Z �SWExB\`T��
\^T�[S\^uvZ)q>RDZ)[]UF[&%>Z4R��YZ4U$#�[5%>Z)\^T>T>Z(Q��$UIRD[]Z(Q �Yn %>ZHuvZ ��\`[&%ÃQSZ �YX2Z(n([<[SU+o (K�
+´f�\!��W�s!�YU
�Y[SQSUIT���s`w"QSZ(stWz[SZHq�[SUF[5%>ZJQSZHqDR>n([S\^UITÃ\`T�[5%>Z)T7RDu �2Z(Q�U$#�qDU�[<X>QYUBq>RDn([�nHW�s^n(R>stW9[]\^U�T�� �Y\^T>n(Z
[5%>Z(QSZ+W�QYZ #CW�Q�#0Z'��ZHQ
�&W �S\!�JxIZHn¾[]UIQ �4[]U ��ZFUIQ°[5%>U��IUIT&W�s`\! (ZHqÏh<� %>\!� �IW�\^T	\!�4X&WzQY[]\`nHR>s^W�QSsyw
x7\!�S\��>s^Z<U�T+[&%>Z0��\`Q&�>R��p[SZ �Y[£Z,+>WzuJX>s`Z���\`[&% � ��" � 1)(LRDT���T>U5��T��Hh?� %>Z<[]\^uvZ �SX�ZHTN[£\^T�[&%>Z

� �



�)(*( \!��s^UIT���ZHQ #0UIQ�[5%>Z ��o'(&�
+´f���o (&�9+´f �SUIsyxIZ(QHc7W$��UIRD[ "	%>U�R>Q&��W�TDq (���uJ\`T7RB[]Z �/�C\ãh Z�h
"�" @
��� � 1�� ��� ��� @�- � � �SZ(Z ��W$�>s`Z "Bh (�W�T>q "Dh��5�¾c7W�T>qJ\`[�\!�´W$��UIRD[ " %>UIR>Q ��W�TDq ���¹uJ\`T�RD[]Z4�
#0UIQpo'(&�9+´f2h �jTM[5%>Wz[pZ +DW�uvX>s`Z�c2[&%>Z�Z(u �2Z(q>q>Z(q �Yn %>ZHuvZ<\!��W$��UIRD[ � %DUIR>Q&� #CW$�Y[SZHQ�[&%&W�T
QSZ'�IR>stWzQ�o (K�
+´f2hId T<[&%>\!�
s^Wz[S[SZHQ�nEW$�YZ�c ��Z %&WEx�Z�[SUpUIQY[&%>Uf�IU�T&W�s^\� HZ´R>X<[]U ���$" �&W$�S\��
xIZ(n([]U�Q&�
� %>\^s`Z�\`T4[5%>Zj\`T>T>Z(Q�� U�RD[]Z(Q �Sn %>Z(uJZ ��Zpq>U<T>Uz[ %&WExIZj[SU<UIQY[&%>Uf�IUIT>W�s^\� HZ�W �&W$�S\���stWzQE�IZ(Q´[&%&W�T
- � hC� %>\���\���W�TDU�[5%>Z(Q�\`s^s`R��Y[SQ]Wz[S\^UITF[&%&Wz[£[5%>ZvUIQY[&%>Uf�IU�T&W�s^\��]Wz[S\^UIT�XDQSU7nHZHqDR>QSZJ\!�£Z +7[]QYZHuvZHs`w
[]\`uJZjn(UIT��YR>uJ\`T��>h

��\`QSn(Q]W #-[
fB\! (Z

o (&�9+´fS� � � ��o'(&�9+´fS� � c - � �
d$[]Z(Q ��\^uvZ d$[SZHQ ��\`uJZ

�)( � � ( � ( - � % ��u � "�� ��" ��� � % " � u
� ��" � 1)( ���$" � %�����u " � � � � ( � - % ���Hu
7�� ��� ��� � ( - � ��-$%�( � u � {$l � ( "�� � 7 ��� � � %��
����- � � � ( (¶h m1h +�h � {$l � " �Eq ( "�� � 7 ��� � ( % � 1�u ���

V�U$�>Q]W

fB\! (Z
o (&�9+´fS� � � ��o'(&�9+´fS� � c - � �

d$[]Z(Q ��\^uvZ d$[SZHQ ��\`uJZ
- � -�� 7 "�-�� � -zu � ��� - ��� � �zu
� ���)( - � " 7$" � %����Eu ��1�� 73� � "�1�u

��W �>s^Z "Dh ( ��/¹R>u ��ZHQ´U$#ÏuJWz[SQS\ + �ãxIZHn¾[]UIQ�X>QYUBqDR>n([&��W�TDq)ZHs^W�X��YZHq�[]\^uvZ�QSZ'�7RD\^QSZ(qJ[SU�n(UITNxIZHQY�IZ
UIT*1�X>QYUBn(Z �&�YUIQ&�¹U$#�[5%>Z�V�UIuvX&W��4uJW�n %>\`T>Z�h � %>Z£[SZ �°[5�
��ZHQYZ�QYR>TMU�T 1�X>QSU7nHZ4�&�YUIQ&��U$#�[&%>Z
V�UIuvX&W��4uJW�n %>\`T>Z�c>Z,+BnHZHXB[�[&%>U��SZ�uJW�QE�zZHq���\`[&% �
d � c>[5%&W9[/��Z(QSZ£QSR>T�UIT eÀXDQSU7nHZ � �SUIQ �Hh

��\^T&W�s`s`w�c \^T ��\��IR>QYZ "Dh " ��Z �&%DU � [&%>Z [ w7X>\^nHW�s¼nHUITNxIZ(QE�IZ(T>nHZ %>\��Y[SUIQYw U$# [&%>Z
��o (&�9+´f��Io'(&�9+�fgW�T>q�o'(&�9+´f �SUIsyxIZ(Q&��U�T�WJs^W�QE�IZ�V�Z¾[�W #�X>QYU��>s`ZHuÅq>\��SnHQYZ([S\! HZ(q&��\`[&%
� -)(���7$-�X�UI\^TN[5�(h2g¶Z�q>ZHXD\^n([�[5%>Z�n(UITNxIZHQY�IZHTDnHZ¹nHR>Q°xIZ¹W$��W #0R>T>n¾[]\`UIT<U$#K[5%>Z�Z(stW�X �SZHq�[S\^uvZ�h�d$[
nEW�T'��Z �YZHZHT£[5%&W9[�[&%>Z�ZHu ��ZHqDq>ZHq �SUIsyxIZHQ n(s^ZEWzQSs`w�UIRD[SX2Z(Q #0UIQYu �¢[5%DZ��Y\^T���s^Z´o'(&�
+´f �Sn %>Z(uJZzh
� %>Z���o (&�9+´f��Io'(&�9+�f*�YUIs`x�ZHQpnHU�T�[S\^T�R>Z4��[SU �SR>n(nHZHZ(q�\`T�QSZHqDR>nH\`T��L[5%>Z<QYZ �S\`q>R&W�s�T>UIQSu
� %>\^s`Z�o'(&�9+´f£nHU�T�x�ZHQY�IZ �)�Ys^U5��s`w�h
fB\`uJ\`stW�Q �2Z4%&WExB\`UIR>Q�\!��W�s!�YU�QYZHX�UIQY[SZHq #0U�Q �Y\^uvX>s^Z(Q uJU7q>ZHs
Z +DW�uvX>s^Z4� ��wÀfB\^uvUIT>n(\^T>\;W�T>qMf3 (w7s^q � ����� " ��h

� � ����� � � ��	 ��� �

d TJ[5%>\���X&WzX2Z(Q ��Z	%&WExIZpq>Z4�Sn(QS\!��ZHq4W�T4Z(k2ZHn¾[]\yxIZpW�TDq4\^T�%DZHQSZ(TN[]s`wvX&WzQ]W�s`s^ZHsKWzX>X>QSU +B\^uJWz[SZ
\^TNxIZ(Q&�YZ?X>QSZ(nHUITDq>\`[S\^UIT>Z(Q �>W$�SZ(q UIT W �KQYU���ZHT>\`R����$T>UIQSu uJ\`T>\^uv\! HWz[]\`UITçX>QYZHnHU�T>q>\`[S\^UITDZHQHc
[5%&W9[<nEW�TÃZHW$�S\`s`w ��Z4\^uvX>s^Z(uJZ(TN[]ZHq�\^TÃW*��(*( nHU7q>Z�h�g¶Z�%&WExIZ
�°[]R>qD\^ZHqÃ[&%>Z4T�R>uvZHQS\`nEW�s
�SnHW�stW$�D\^s^\y[ w4U$#
UIR>Q¹uJZ¾[5%>U7q #0UIQ�[5%DZ �SU�s^RD[S\^UIT�U$#
x�ZHQYwgstWzQE�IZ£W�T>qgq>ZHT �SZ�s`\^T>ZHW�Q �Yw �Y[SZHu��jU$#

��1



0 50 100 150 200 250 300
10

−3

10
−2

10
−1

10
0

Elapsed time (in min)

Lo
g 10

 (
no

rm
w

is
e 

ba
ck

w
ar

d 
er

ro
r)

GMRES(120)
FGMRES(30,60)

��\���R>QSZ
"Bh." ��V�U�T�x�ZHQY�IZHT>n(Z %D\!�Y[SUIQYw¸W$�vW*#0R>T>n([S\^UITÃU #�Z(stW�X��YZHqÇ[]\`uJZJU$#po'(&�9+´f¸x�ZHQ �SR��
��o (&�9+´fÀU�TÀ[&%>Z�V�Z([]W #
X>QYU��>s`ZHu q>\��Sn(QSZ([S\! (ZHq���\`[5% � - (��87$-�X�UI\^TN[&�Hh

Z ��R&Wz[S\^UIT �JWzQS\!�Y\^T��*#0QYUIu QYZEW�s�s^\�#0Z4W�X>X>s`\^nEW9[]\^U�T���\^TÃZ(s^Z(n([]QYUIuJW��IT>Z¾[]\!�YughA� %>Z�s^U7nEW�s`\`[ w"U$#
[5%>ZJX>QSZ(nHUITDq>\`[S\^UIT>Z(Q�UIT�s^W�QE�IZ<XDQSU��>s`ZHu���nEW�T ��Z��S\���T>\ ) nHW�TN[]sywF\^uvX>QYU.x�ZHq ��w"Z(u �2Z(q>q>\`T��
\`[C��\y[5%>\`TÐ\^T>T>Z(Q��$UIRD[]Z(Q
�SUIsyxIZ(Q&�Hh g¶Z�%&WExIZ+q>Z �YnHQY\!��ZHqçWzT¼Z(u ��ZHq>q>Z(q \y[]ZHQSWz[]\yxIZ*�Yn %>ZHuvZ
�&W$�YZHq¸UIT+[5%DZ4o'(&�9+�f+uJZ¾[5%>U7qÏc�\^uvX>s^Z(uJZ(TN[]ZHq+\`T�WÀu�R>sy[]\^X�UIs`Z�nHUITN[SZ +7[h��\y[5%"q>\`k2ZHQYZHTN[
s^Z¾xIZHs���U$#´WznHnHRDQ]W�n¾w #0UIQ�[5%DZ�u)W9[]QS\ + �$xIZ(n([SUIQ�XDQSU7q>R>n([&��\`Tg[5%DZ�\^T>TDZHQ�W�T>qFUIRB[]ZHQ�s^U7UIX��Hh/g¶Z
%&WExIZ �&%>U5��TÇ[5%&W9[<[5%>ZLn(UIu �>\`T&Wz[]\`UIT ��o'(&�
+´f���o (&�9+´fÇnHW�TÇZ(k2ZHn¾[]\`x�ZHsywÃZHT�%>W�T>nHZL[&%>Z
QSU��DR��Y[ST>Z � ��U #p[5%>ZFXDQSZHn(UIT>q>\y[]\`UIT>ZHQ)W�T>qÐQYZHq>R>n(Z �S\e�IT>\ ) nEW�TN[]sywÇ[5%>ZFn(UIuvX>RD[�W9[]\^U�T&W�s�nHU��°[
W�T>q+[5%>Z��Y[SUIQ]W �IZ�QSZ ��R>\`QSZ(uJZ(T�[&� #0UIQp[5%>Z �SU�s^RD[S\^UIT+U$#�stW�QY�IZ<X>QYU��>s^Z(u �(h �pTDZvn(UIR>s`q�W�XDX>s`w
[5%>\���\^qDZEWMQYZHnHRDQ&�S\yxIZ(s`wÃWzT>q¸ZHu �2Z(q �YZ(x�ZHQ]Wzs ��o (&�9+´f �Sn %>Z(uJZ4����\`[&%Ãq>ZHn(QSZEW �S\^T����)(*(
W�nHn(R>Q]Wzn(w"q>U5��T"[SU�[&%>Zvs^U5��Z4�Y[�W�n(nHR>QSW�n(w"\^T�[&%>ZJ\`T>T>Z(QSuvU��Y[�o'(&�9+�f�h B�U5��Z¾xIZ(QHc
\`T¶UIRDQ
��U�QE�Kci��Z<UIT>s`wÀn(UIT��Y\^q>Z(QpWJ[ ��U � s`Z(xIZ(s �Yn %>ZHuvZ�h'(gU$�Y[pU$#1[&%>Z�Z,+DX�ZHQY\^uvZHTN[5� �&%>U5��T�\^Tg[5%>\��
X&W�X�ZHQ�QYZ ��R>\^QYZ£W %7R��IZ£W�uJU�R>TN[�U$#�nHUIuvX>RD[]Wz[]\`UITÀW�T>q �Y[SUIQ]W �IZ�c&WzT>qL[5%>Z¾wLU$#-[]Z(TÀQSZEWzn %�[&%>Z
s^\`uJ\y[5��U$#�UIR>Q
[�WzQE�IZ¾[�u)W�n %D\^T>Z�\`T�[]Z(QSu��1U$#�uJZ(uJUIQ°w�WzT>q�q>\!�Y� �Y[SUIQ]W���Z�h6��U �I\`x�Z�W�T�\^q>ZHWjU$#
%>U5�çs^W�QE�IZ¹[5%>Z4�SZ �S\`u�R>s^Wz[]\`UIT���W�QSZzcD[5%>Z �YUIs^RB[]\^U�TLU$# �Yw �Y[SZHu�� ��\y[5%LUITDZpuJ\`s^s^\`UIT�R>T���T>U5��T��
R��S\`T��pW¹q>\^QYZHn([�uJZ¾[5%>U7q3��UIR>s`q�QSZ'��R>\^QYZ 1
� �Nw�[]Z4�1U$# �Y[SUIQ]W �IZ�WzT>q "��¹w�ZEW�Q �
U$#&n(UIuvX>RD[�W9[]\^U�T
UIT"UIT>ZvX>QSU7nHZ4�&�SU�Q�U$#´[5%DZv[]W�QE�IZ¾[£nHUIuvX>RD[SZHQ?��W$� �SR>uv\^T��À[&%>ZvnHUIuvX>RD[]Wz[]\`UIT�QSR>T ��Wz[£X�ZEW��
X2Z(Q #0UIQYu)WzT>nHZ �¾h´fBR>n %
�Y\^u�RDstWz[S\^UIT��´W�QYZ�T>U5��W�q&WEw � #0ZEW$�Y\!�>s`Z¹[&%&W�T�� ��[SU�[5%>Z�R��SZjU # \`[]Z(Q]Wz[S\`x�Z
uJZ¾[5%>U7q��¹W�T>q�nEWzT ��Z�\^TN[]Z'�IQ]W9[]ZHq�\^TL[&%>Z�q>Z �Y\��IT�X>QSU7nHZ4�&�YZ � � %>ZHQYZ£[&%>Z �2U�[Y[]s`ZHT>Z(n\�LuJU5xIZ4�
#0QSUIu [&%>Z �Y\^u�RDstWz[S\^UIT�[]U�[5%>ZJX>QSZ)W�T>q¸X�U��°[ � XDQSU7nHZ � �S\`T��MU$#�[&%>Z)QYZ �YR>s`[&��W$�£[5%>Zv[]U7UIs!�£W�QYZ
T>U�[�wIZ¾[�W5xzW�\`stW$�Ds^Z�[SU�ZEW$�Y\^s`w)u)WzT>\^X>RDstWz[SZjuJZ4�&%>Z4�/��\`[5%�uv\^s^s`\^UIT �´U #�q>Z'�IQSZ(Z �¹U$# #0QSZHZ(q>UIu�h

���



� ���
�*��� � � ��� � � �	�
���

g�Z ��UIR>s`qLs^\e��Z�[SU�[5%&W�T��LopR>\^s`stW�R>uvZ ��s`s
�ZHU�TÏc #0QYUIu +_��i�f �°V�V1��c #0UIQ�X>QSU5x7\^qD\^T��<R�� �YUIuvZ
[]Z4�Y[¹Z +DW�uvX>s^Z4��nHUIT��Y\^q>Z(QSZ(qg\`TÀ[&%>\!��X>W�X2Z(QHh

� ����� �)� ��� � �

��s`s
�ZHU�TÏc�o<h`c�P�Z(T� H\�c (¶h"W�T>q op\^QSW�R>qÏc?m�hO� �������f��c	�¥f7X&W�Q&�YZ W�XDX>QSU +B\^uJWz[]Z \`T�x�ZHQ �SZ
X>QSZ(nHUIT>qD\`[]\`UIT>\`T�� #0UIQ qDZHT��YZ s`\^T>ZHW�Q �°w3�°[]Z(u � W�QY\!�S\`T�� \`T nHUIuvX>RD[]Wz[]\`UIT&W�s
ZHs^Z(n([SQSUIuJW��IT>Z¾[]\`n � #yc�

�(^�V"W U$ZEX�]�� ]���adW U ` T�^hc ��� ���5�¾c ��� ��7Bh

P�ZHT �SUITÏc (¶h_gåh ������� " �¾c�d$[SZHQSWz[]\yxIZ �YUIs^RB[]\^U�T	U$#jstW�QY�IZ �YnEW�s`ZMs`\^T>ZHW�Q �Yw �Y[SZHu��Hhyc (gW$�Y[SZHQ # �
[5%>Z4�S\!�(cKm W���Z4%>ZEW�q&%�T>\yxIZ(Q&�S\y[ wIcF� %�R>T>qDZHQjP�W5w�c�V�W�T&W�q>WDh

V�W�QSX�ZHTN[S\^ZHQY\ãc¢P�h
� ����� � ��c¢fBX&WzQ&�SZ<XDQSZHn(UIT>q>\y[]\`UIT>ZHQ � #0UIQjqDZHT��YZ<nHUIuvX>s^Z,+Fs`\^T>ZHW�Q �°w �Y[]Z(u �p\`T
ZHs^Z(n([SQSUIuJW��IT>Z¾[]\`npW�X>X>s`\^nHWz[]\`UIT��Hc $)%Ïh i�h&qD\!�&�YZHQ°[�Wz[S\^UITÏcBd / $
�ph.� B �)$ � � � � � ( 1Dh

V�W�QSX�ZHTN[S\^ZHQY\ãc�P�h`c�ijRDk�c�d�hzf2hzW�T>q�op\^QSW�R>qÏczm1h�� ������� �¾c��¥fBX>W�Q&�YZ�X&Wz[Y[]ZHQYT �YZHs^Z(n([S\^UIT �Y[]QSWz[]Z'�I\^Z4�
#0UIQ�QYU��>R��°[ ��QSU$�2Z(T>\^R�� � T>U�QSu uJ\`T>\^uv\! HWz[]\`UIT�X>QYZHn(UIT>q>\y[]\^U�T>ZHQ ��\^TJZHs^Z(n([SQSUIuJW��IT>Z¾[]\��Su #`c

���^�V"W U$ZEX�]��6U��iVEX�W�� ]���V � WYX��
U ` T�� � � ] U$ZEX�`,U$a���c� S� �8� 1 �¾c -�-��!�3-$1 7Bh

V�W�QSX�ZHTN[S\^ZHQY\ãc P�hyc ijRBk�c d�h f2hyc op\^QSW�R>qÏc m1h WzT>q (gW��IUIs`R uJUIT��NW (MW�q>Zzc ("h
� ������� �¾c fBX&WzQ&�SZ �°wBuvuvZ([]QY\^n XDQSZHn(UIT>q>\y[]\`UIT>ZHQ � #0UIQ q>Z(T��SZ s^\`T>ZEW�Q �Yw �Y[SZHu��Í\`T
ZHs^Z(n([SQSUIuJW��IT>Z¾[]\��Su�c ��Z(n %>T>\^nHW�s.�¹Z(X2U�QY[ � �jm � � � � ����� � � � ��-Dc ��RD[5%DZHQ #0U�QSq*��X>X>s`Z([SUIT
m�W �2UIQSWz[]U�QYwIc�� +3#0U�QSq�� %>\^QYZ�c +1T��Is^W�T>qÏh���U�W�XDX2ZHW�Q�\`T�
���^�V"W U$ZEX�]��2U��iVEX�W"� ]���V � WYX��
U ` T
�%� � ] U$ZEX�`�U$a���c¾h

V %>ZHT;c M<h � ����� � �¾c#� ��T¼W�T&Wzs`w �S\��LU$#'�SX&W�Q �SZ"W�X>XDQSU +B\^uJWz[]ZF\`TNxIZHQ �SZ+X>QYZHnHU�T>q>\`[S\^UITDZHQ&��#0U�Q
�2UIRDT>q&W�Q°w \^TN[SZ �IQSW�sMZ'�7R>Wz[]\`UIT�� #yc%$'&(�
) *,+-)�X�`�W U �.�
� X�]0/5c"U�c X1� b2�%� � ] U$ZEX�`�U$a���c
� � � ( �¾c0� � 7$13� � � �$1Dh

V %>U5��c +�h�W�TDqÐfDWIWzqÏc�4<h
� ������1 ��c5� ��X>XDQSU +B\^uJWz[]ZÀ\^TNx�ZHQ&�YZFX>QYZHnHU�T>q>\`[S\^UITDZHQ&�<x7\tW �SX&WzQ&�SZ,�
�SX&W�Q �SZ£\`[SZHQ]W9[]\^U�T�� #yc�$'&6��)7*,+8$SZ"U$V��F`,U 91Z;: ad^ ����`�U���� ��< � " ��c���� 7=� � � � "Bh

ipW�QYx�Z�ci+�h6� ������� X5��c>� � %>Z'#CW$�Y[�u�R>s`[S\^X�UIs^Z�uJZ¾[5%>U7q �0\ � �/+1QSQSU�QjW�T&Wzs`w �S\���W�TDqFW$�°wBuvXD[SU�[]\`n
nHUIuvX>s^Z,+B\`[ w #`c�$'&(�
)?*,+@

�(^�V"W U$ZEX�]��
� X�]0/5c"U�c 2 : ��� ��c���13� � � 1Dh

ipW�QYx�Z�c3+�h�� ������� �\��cA� � %DZ #CW$�Y[Mu�R>sy[]\^X�UIs`Z�uJZ¾[5%>U7q � /�RDuJZ(QS\^nHW�s�\^uvX>s^Z(uJZ(TN[�Wz[S\^UITS#ycB*,+
: ad^ ��+>C_T�/ cD+ ���FE � � �¾c ����7!� � ( � h

q>Z�P�U7UIQHc;V�h_� ����1 � ��c@� ij\^n %DU�[]UIuv\^Z4� #0U�Q	�&W�T>q�uJWz[SQS\^n(Z �'#`c@$'&(�
) *G+H
���^�V"W U$ZEX�]I�
� X�]0/5c"U�c
�  2c 1�� (�� � � �7h

ijZHu ��U>cgf2hC���������f�¾cJ� d TNxIZHQ �SZ4�±U$# �&W�T>q uJWz[]QY\^nHZ4�ÃW�T>q s^U7nEWzs)nHU�T�x�ZHQY�IZHT>n(Z U$# �SXDs^\^TDZ
X>QSUd�YZ(n([S\^UIT��'#`cI$'&6��)7*,+@
���^�V"W U$ZEX�]��
� X�]0/ c"U�c � 9 c - ��-3� - ���Dh

���



ijZHu ��U>c�f2hyc (gU�� �HchgåhpWzT>q fBuv\`[5%;c $�h0�����$1)( �¾c � ijZHnEWEw Q]Wz[SZ �*#0UIQF\`TNxIZHQ �SZ4�"U # �>W�T>q
u)Wz[SQS\`nHZ �(he#yc�)�X�`ITFV"^ X�`�U$Z\c a � : ad^ ����`4X�`�U$a�� 9 2 c (��3��� (����Bh

ijUIT��NWzQSQ]WBc��Dh �Dh`c�ijRDk�cjd�h�f2hyc�fBUIQSZ(T��SZ(TÏc£i�h¹V�h�WzT>q¼xzW�T¬q>ZHQK��UIQ �Y[Ec B£h/��h3��������1 �¾c

���^�V"W U$ZEX�]��6U��iVEX�W � ]���V � WYX � adW�� U �dT � C V"W � adW ^ X1�iZ\V : ad^ ����` V"W\c¾cFfBd � ( $1QYZ �&�(c
$ %D\^stWzq>ZHs`X�%>\tWBh

�&Q]WEw �&� �Zzc ��hyc;o�\`Q]W�R>q;c2m1h�W�T>q�o�QSWz[S[SUITÏc2f2h6�������$1 �¾cR� �YZ([�U$# ��s`Z +B\!�>s`Z �eo (&�9+´fÀQYUIRD[S\^T>Z4�
#0UIQ1QSZHW�sKW�T>q�nHU�uJX>s`Z +<W�QS\y[5%>uvZ([S\^n �(cf��ZHn %DT>\^nHW�sR�¹Z(X2U�QY[_� � �)$ � ����1 � ��� c7V1+_� ���¹V�f2c
��UIRDs^UIR��YZ�c �&Q]WzT>nHZzh

�&Q]WEw �&� �Zzc���hyc�o�\`Q]W�R>q;czm1hycNopQ]Wz[Y[]UIT;c�f�h.W�T>q�m W�T��IUIRÏc �Dh�� ����� " �¾cd� �SZ¾[�U$#&o (K�
+´f£QYUIRD[S\^T>Z4�
#0UIQ�QSZEWzs�W�T>qänHUIuvX>s^Z,+äW�QY\`[5%DuJZ¾[]\^n4�<UIT %>\���%ÇX�ZHQ�#0UIQSuJW�T>n(Z�n(UIuvX>RD[]Z(Q&�(c ��ZHn %DT>\^nHW�s
�¹Z(X2UIQ°[ � � � $ � � � " �$"Dc&V1+.� �(�¹V�f�c ��UIR>s`UIR��YZ�c �&Q]W�TDnHZ�h

�&QSZHqDZHQS\`n\� �SUITÏc $�h ��h����6����7f��c �KW$�Y[?W�X>X>QYU�+B\`u)Wz[SZ \`T�x�ZHQ �S\^U�T U #+stW�QY�IZ �YX&W�Q&�YZ s^\`T>ZEW�Q
�Yw �Y[SZHu��Hhyc (gWz[5%ÏhR��ZHX�UIQ°[I�BcKm W���Z4%>ZEW�q&%�T>\yxIZ(Q&�S\y[ wIcF� %�R>T>qDZHQ�P�WEwIc�V�W�T&Wzq&WDh

o�QSW�uJWDc0��hyc�MpR>uJW�QHc>��h�WzT>q fDW�uvZ %;c?��h�� ����� 7��¾c $�W�QSW�s^s`ZHs�uJWz[]QY\ + �$x�ZHn([SUIQ+X>QSU7q>R>n¾[
R��S\`T��ÀW�X>X>QYU +D\`u)W9[]Z %>\`ZHQSW�QSn %>\`nEW�s�uJZ¾[5%>U7q��(c�U��gf2h M�W�QS\`TÏc;Z(qÏhycH� $1QSU7nHZ(ZHq>\`T����pU$#�[&%>Z
����� 7 �¹V ( �9d-+.+_+äfBR>X�ZHQYnHUIuvX>RD[S\^T��£V�U�T #0ZHQYZHT>n(Z�cBijZHnHZ(u ��ZHQ�"3�31Dc ����� 7Bc7fBW�Tvij\^Z ��U
V�UITNxIZHTN[S\^UIT±V�ZHTN[]Z(QHc�fDW�TÇij\`Z �IU>c1V ��c
%�f(�h#yc��¹V ( $�QYZ � ��W�T>qÇd-+_+.+ V�UIuvX>RD[]Z(Q
fBUBn(\^Z¾[ w�$1QSZ � �Hc /�Z"� 4´UIQY��c�/ 4<cR%�f(��h

o�QSW�uJWDc/��hyc MpR>uJW�Q(c ��h�W�TDq¼fDW�uvZ %Ïc9��h ��������� �¾c#� $�W�QSW�s^s`ZHs %>\^Z(Q]W�QYn %>\^nHW�s �YUIs`x�ZHQ �ÀW�T>q
X>QSZ(nHUIT>qD\`[]\`UIT>Z(Q&�)#0UIQ �2U�R>T>q&W�Q°w<ZHs`ZHuvZHTN[´uJZ¾[5%>U7q��'#`c $'&(�
) *,+�$SZ"U$V��F`�U 91Z�: ad^ ���(`�U����
�FE � � �¾c "$"��!�3" 7 1Dh

o�QYZHZ(T��NW�QYqÏc�m1h�W�T>qåopQSUIXDXÏc gåh�������� � �¾c � � X&WzQ]W�s`s^ZHspx�ZHQ&�Y\^UIT U #<[5%>Z #CW �Y[Fu�R>s`[S\^X�UIs^Z
uJZ¾[5%>U7qS#yc : ad^ ���(` +@)�X�`IT,+ � � � ] + � E c -�"3� �3�Ih

o�QYZHZ(T��NW�QYqÏc�m1h�W�T>qA��Uf� %>s^\`TÏc+��h �����$1��f�¾c � � #CW �Y[�W�s���UIQS\y[5%>u #0UIQ�X&W�Q°[]\^n(s^Z �S\`u�R>s^Wz[]\`UIT�� #yc
*Ra���W � X�]6a � : ad^ ����`4X�`�U$a�� X�]�C_T�/ c"U$Z\c� 2 c�" � 7!�3" ( 1Dh

o�QYU�[]Zzc (¶h �DhÃW�T>q B�RDn\�7s`Z�c �ph ���������f�¾c � $�W�Q]W�s`s^Z(s	X>QYZHn(UIT>q>\y[]\^U�T>\^T�� ��\`[5% �YX&W�Q �SZ
W�X>X>QYU�+B\`u)Wz[SZp\^TNxIZ(Q&�YZ � #yc $'&(�
)?*,+8$SZ"U$V��F`�U 91Z;: ad^ ����`,U���� � : � " �¾c�1�"�13�31�7$"Dh

MpUIs^U�[S\^s`\^T&WDc�m�h 4<h ���6��1�1 ��c�� + +DXDs^\^n(\`[LXDQSZHn(UIT>q>\y[]\`UIT>\^T��¸U$# �Yw �Y[SZHu��gU$#£s`\^T>ZHW�QLW�se�IZ �>QSW�\^n
Z ��R&Wz[S\^UIT�� ��\y[5% q>ZHT �SZ u)Wz[SQS\`nHZ �(he#yc%*,+ $Sa���+ )�X�` T,+ 9 2 c � 7$-$-3� � 7�� "Dh +1T���s^\!� %
[]Q]WzT��Ss^Wz[]\`UIT U$#¬W X&W�X�ZHQ ) Q&�Y[ XDR��>s^\��&%>Z(q \^T 	ÏW�X>\��Ss`\ /�W�R>n %>TNw�� % fBZ(uJ\`T&W�QSU5x
m Z(T>\^T��IQ]W�q �E��U��IU ��[]q>Z(s^ZHTD\`wNW (gWz[]Z(u)Wz[S\^n %>Z4�E�zUf�IU�\^u�h���h ��h�f7[SZ ��s^U5xzW �	/�fDf>f�� ��7 (
������1$- � � � �5� ��� h

m¢ZHZ�c �DhycDm¢RÏcDV�h �eV�h7W�T>q 	 %>W�T��>c �Dh � ����� � �¾c7f7X&W�Q&�YZ�\`T�x�ZHQ �SZ�XDQSZHn(UIT>q>\y[]\`UIT>\^T��£U #Ïu�R>sy[]\`s^Z(x�ZHs
#CW$�Y[�u�R>s`[S\^X�UIs^Z¸W�s��IU�QS\`[&%>u #0UIQ %Nw �>QS\`q \^TN[]Z'�IQ]WzsvZ'��R&Wz[]\`UIT��¶\^T ZHs^Z(n([SQSUIuJW��IT>Z¾[]\`n �Hc
��Z(n %>T>\^nHW�s���ZHX�UIQY[ "�-$" � � � c4ijZHX>W�QY[SuJZ(T�[ÇU #FV�U�uJX>RB[]ZHQäf7nH\^Z(T>nHZzc %�T>\yxIZHQ �S\y[ w U$#
M�Z(TN[]R>n\�NwIc M
4<h

� �



m¢ZHZ�c �DhycÀm R;cMV�h �°V�h�WzT>q 	 %>W�T��>c �Dh�� ����� "f�¾cJ� d T>nHUIuvX>s`Z([]Z�m % X>QYZHnHU�T>q>\`[S\^UITD\^T�� #0U�Q
stW�QY�IZ	�SnHW�s^Z�q>Z(T��SZ£nHU�uJX>s`Z +4s^\^TDZEW�Q �Yw �Y[SZHu�� #0QYUIu Z(s^ZHn¾[]QYUIu)W �IT>Z([S\^n ��WExIZ �SnEW9[S[]Z(QS\`T��
X>QSU��Ds^ZHu�� #yc�*,+ : ad^ ��+>C_T�/5cD+ � :�� c �87$13� ����7Bh

fDWIW�q;c�4<h_� ������" ��c � �HJ&Z +B\!�Ds^Z<\^TDT>ZHQ � UIRD[SZHQjXDQSZHn(UIT>q>\y[]\`UIT>ZHq"o'(&�9+´f+Wzs��IUIQY\`[&%>uK#yc>$'&(�
)
*G+8$SZ"U$V��F`�U 91Z3X1� b;$R`$X�`�U�c"`,U$ZEX�]": ad^ ����`,U���� � 9 c ( - ��� (�-��Dh

fDWIW�q;c 4�hjW�T>q fBn %�R>s`[& �c ("h B�hh���6��1�- ��c �Æo'(&�
+´f �
� �IZ(T>ZHQSW�s^\� HZ(qçuJ\`T>\^uJW�sjQYZ �Y\^q>R&Wzs
W�s��IU�QS\`[&%>u #0UIQ �SU�s`x7\^T���TDUIT��Yw7uvuJZ¾[]QY\^n4s`\^T>ZHW�Q �Yw �°[]ZHu��Hh #yc5$'&(�
) *,+ $SZ"U$V��F`�U 91Z X1� b
$R`4X�`�U�c"`,U$ZEX�]": ad^ ����`�U����A 2c 1 7 -3�31�-��Bh

fDW�uJW�TN[Ec���h`c (g\^n %>\`ZHs��&�SZ(TÏc +�h�W�T>q fDWEw7s^U�QHc#$�h ��������- �¾c3��X>XDQSU +B\^uJWz[]Z¸\`TNxIZHQ �SZ �&W$�YZHq
X>QSZ(nHUIT>qD\`[]\`UIT>Z(Q&� #0UIQ � q�qDZHT��YZ£uJWz[SQS\ +)X>QYU��>s^Z(u �(c���ZHn %>TD\^nEWzs �¹Z(X2UIQ°[�V�V1+�( � ��� �)��-Dc
%�T>\yxIZHQ �S\y[ wLU$#
d s`s^\`T>UI\!�(h

fBZHQ°[]Z(sãc?M�h£W�TDq ��UIstW �7\��Hc �Dh�m1h�� ������� �¾c � d TDnHUIuvX>s^Z¾[]Z	m % X>QYZHnHU�T>q>\`[S\^UITDZHQ #0UIQ �)(*(
\^uvX>s^Z(uJZ(T�[]Wz[]\`UITS#ycF)&U$Z"W[a��.X ��V3X1� b�� � `�U$ZEX�]�� V\Z\T��iad]�a(�1/A� V"`�`-V"W[c �F���  ��.c � - 7!� � -��Bh

fB\^uvUIT>n(\^T>\�c ��h<W�T>q f3 ¾wBs`qÏcÀi�h<P�hC� ����� " �¾c �.��s`Z +B\!�>s`Z±\`T>T>ZHQ � UIRB[]ZHQ MpQ°wBs`U5x �SR ���SX&WznHZ
uJZ¾[5%>U7q�� #ycI$'&(�
)7*G+@)�X�`�W"U � �
� X�]0/5c"U�c3X1� bA� � � ] U$ZEX�`�U$a���c 9�E � - ��c ��� ���!� ��� "��Bh

fBUIT��Dc �Dhyc
m¢RÏc�V�h �eV�h�W�T>qÃV %DZ'��c2gåh�V�h ���6�����f��c"� (gR>sy[]\`s^Z(x�ZHs)#CW$�°[�u�R>s`[S\^X�UIs^Z<Wzs��IUIQY\`[&%>u
#0UIQ<ZHs`ZHn([SQSUIuJW��ITDZ([]\`n��SnHWz[S[SZHQY\^T����NwÃstWzQE�IZLn(UIuJXDs^Z +�U����YZ(n([&� #yc &
	�	�	���WYX1��c X�Z"`�U$a���c
a�� �
�F`-V�� � Xdc3X1� b C W[a ��X!� X�`�U$a�� 9
� ��� � �¾c0� ( 1�13� � (���"Dh

f7w7s`xzW�T>q;c�o<h.� ����� � ��c � �Z4�SUIs`RD[]\`UIT�d$[ �Z(Q]Wz[S\`xIZ�q>Z �&UIQSu�R>stWz[S\^UITgd TN[ �Z ��Q]W�s`ZvX�UIR>Q B¹ZHs`u %>U�s`[5 
"Ii �F��X>X>s`\^nEW9[]\^U�T���q>Z�stW�( �Z¾[5%>U7q>Z (gR>s`[S\^X 	U�s^Z��W�q>Z ��$1QSU$�>s��Z(uJZ4�¹qDZ�opQ]W�TDq>Z ��W�\`s^s`Z�c
$ %>i [5%DZ �S\��HcR+1nHU�s^Z /�W9[]\^U�T&W�s^Z�q>Z � $1UITN[5��Z([�V %&W�R �&� �Z(Z �(h

��WzT��>c gåh � $�h ���6��1��f��cÃfBn % ��W�QY[& �SX>s`\`[S[S\^T�� W�TDq []Z(uJX>s^Wz[]Z UIX�ZHQSWz[]UIQ �Hc $)%&i [&%>Z �Y\!�(c
V�UIuJXDRD[]Z(Q�f7nH\^Z(T>nHZ£ijZ(XD[Ehyc�f7[�WzT #0UIQSq %¹T>\`x�ZHQ&�Y\`[ w�c;f�[�W�T #0U�QSqÏcKV ��h

xzW�T±q>Z(Q ��U�Q&�Y[Hc/B�h_��h � ����� " ��c & `-V"WYX�`�U ��V�� W / ]�a�� )*V"`ITFa bdc � adW �SX�W ��V �6U��iVEX�W c�/5c"`-V"^hc¾c
V�W�u �>QY\^q��IZ %¹T>\`x�ZHQ �S\`[ w�$�QYZ � �Hh

xzW�TFq>Z(Q���UIQ&�°[EciB�h ��hÏWzT>q ��R>\e��cÏV�h
� �����)( ��c �¥o'(&�9+�f(� � � #CW�uv\^sywLU$#�T>Z4�Y[]Z(q"o (K�
+´f
uJZ¾[5%>U7q�� #yc�

�(^�V"W U$ZEX�]��2U��iVEX�W5� ]���V � WYX��
U `IT�� � � ] U$ZEX�`�U$a���c � c "�-��3�3"�1�-Bh

�´WEx�W �S\!�(c
f�h ��h.������� � �¾c � $1QSZHn(UIT>q>\y[]\`UIT>\^T�� #0U�Q �2UIRDT>q&W�Q°w+\^TN[]Z'�IQ]W�s1Z'��R&Wz[]\`UIT��'#`c"$'&(�
) *,+
)�X�`�W U � �
� X�]0/ c"U�chX1� bA� � � ] U$ZEX�`�U$a���c � 2 c�� � 7=� � � 7Bh

	 %&W�U>c ��h<W�T>q ��U�%>T �&�SU�TÏcFf�h<m1h�������� � �¾cJ� � %>Z�X&W�QSW�s^s`ZHsvu�R>sy[]\^X�UIs`Z	uvZ([&%>UBq UIT [&%>Z
nHUIT>TDZHn([S\^UIT+uJW�n %>\`T>Z�#yc $'&(�
) *,+"$SZ"U$V��F`�U 91Z X1� b $R`4X�`�U�c"`�U$ZEX�] : ad^ ���(`�U���� � � c�� ( ��� �
� ( "��Bh

���


	ABSTRACT
	Contents
	1 Introduction
	2 Preconditioning Boundary Integral Equations
	2.1 Frobenius-norm minimization preconditioner
	2.2 Implementation of the preconditioner in the FMM context
	2.3 Nimerical scalability of the preconditioner
	3 Improving the preconditioner robustness using embedded iterations
	3.1 Numerical results
	4 Conclusions
	Acknowledgements
	References

