
Lawrence Berkeley National Laboratory
LBL Publications

Title
An iterative Riemann solver for systems of hyperbolic conservation law s, with application to 
hyperelastic solid mechanics

Permalink
https://escholarship.org/uc/item/9fh3z3dn

Journal
Journal of Computational Physics, 193(1)

Author
Miller, Gregory H.

Publication Date
2003-08-06

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/9fh3z3dn
https://escholarship.org
http://www.cdlib.org/


��� �����	��
������� ����	� 
���� ���������	������� �"!$#%���	� #&�'�
( !$)*�	�,+-���../ 01����#��	�2�3
��2���� 45
76�#98:6����;

�<)�)��.�/9
3������ �2� ( !$)*�	���	��
=#>��./ �����..? @ �	/A;:
���./B#"C

DFEHG-EJILKNMNMPORQ

SUTWVYX.Z\[^]^V`_`a�bdc�egf.hiV cjb.[^TkV`f�lnmoZqp�f.[\_`r3Z\Tk_�bdcts�pupvhiVwZyx�zR{|V}ZjTR{^Z\l
~ zW��V}Zjh�x.]AsAX.ZjTW�kZ�l�m7f.X�V�]�lAe�sL����� ~ ���

��f.�g[yZ\TR{�Z��tZ\[^��Zjh�Zjao�Bf�_`V`b�TRf.h���f��yb�[df�_wb�[^a�l%s�p�pRhiVwZyx�����r3Z\[�V`{^f.hvsAh���b.[�V`_Y��r7]���[db.��pkl
~ eUau{|h�b�_`[�b.T��,b|fux�l>�tZ\[^��Z\h�Z\a�lJe�sL�j�� j¡£¢��

¤H¥|¦\¥|§�¨�¥|©�ªA¥|¦\¥|«B¬v¥j7®|¯£°R±.²�²u±£³vy¥j¨£§µ´�¥|©'¶u·W¸W¥�®\¹º°R±.²�²u»£³R¼�¦j¦\¥j½W¾�¥|©�¿A·ºÀu·W´�¾HÁ£°R±.²�²u»

Â�ÃUÄjÅ�Æ�ÇWÈ�Å
Éd¸3¾yÊk§�´n½k¼.½�¥j%Ë%¥A½Wy¥|´�¥|¸Ì¾%¼BÀ�¥|¸º¥j�¼�Í�§�¾�¥j^¼.¾y§�¨�¥J«	¥j¾yÊWÎ£©�Ï�Î��¾yÊº¥t´�ÎuÍ�·º¾y§�Îu¸�Î�ÏÐ¾yÊº¥t¤H§�¥|«3¼�¸W¸
½W�Î�¬kÍ�¥|«ÑÏ�Î�ÒÊÌÓÌ½�¥jy¬�ÎuÍ�§�¦Ò´yÓ£´�¾�¥|«3´�Î�Ï7Ô>ªtÕ>´|Ö�×,ÊW¥�«	¥j¾yÊWÎ£©-§�´�¬k¼�´�¥|©*Îu¸5¾yÊº¥"«B·WÍ�¾y§�½kÍ�¥
´yÊWÎÌÎ�¾y§�¸WÀ9«	¥j¾yÊºÎ�©�ÏYÎ�>ÏYy¥j¥,¬�Îu·W¸W©k¼.yÓB¨.¼�Í�·º¥H½WyÎ�¬kÍ�¥|«3´jÖ�Ø�¥J©º¥|«�Îu¸W´�¾��¼.¾�¥J¾yÊº¥J«	¥j¾yÊWÎ£©3¬ÌÓ
´�ÎuÍ�¨£§�¸WÀ�Îu¸º¥\ÙP©k§�«	¥|¸W´y§�Îu¸W¼�Í�¤J§�¥|«�¼�¸W¸�½WyÎ�¬RÍ�¥|«�´JÏ�Î��ÊÌÓÌ½�¥jy¥|Íµ¼�´�¾y§�¦7´�ÎuÍ�§�©�«	¥|¦�Êk¼�¸W§�¦j´jÖÐÕn¨�¥|¸
ÏYÎ�n¦\Îu¸W©W§�¾y§�Îu¸W´��¥j½Wy¥|´�¥|¸Ì¾y¼.¾y§�¨�¥2Î�ÏkyÎu·W¾y§�¸º¥2Í�¼.¬�Î��¼.¾�Î�yÓ9¦\Îu¸W©k§�¾y§�Îu¸W´U¼�¸W©o«�§�Í�§�¾y¼.yÓÚ¬k¼�Í�Í�§µ´�¾y§�¦j´j°
©º^¼�«�¼.¾y§�¦2©W§�Û�¥jy¥|¸W¦\¥|´�¼.y¥,´�¥j¥|¸o¬�¥j¾qË%¥j¥|¸	¾yÊW¥�¥\Üº¼�¦\¾>¼�¸W©	¼.½k½WyÎ|Üº§�«�¼.¾�¥�¤J§�¥|«�¼�¸W¸o´�ÎuÍ�·W¾y§�Îu¸ÐÖ
×,ÊW¥�À��¥|¼.¾�¥|´�¾%©W§µ´y¦\y¥j½k¼�¸W¦\ÓB¼.�§�´�¥|´�ÏYyÎu«Ý«�§µ´y¼�Í�Í�Î�¦j¼.¾y§�Îu¸7Î�ÏR¥|¸W¥jyÀ�ÓB¬�¥j¾qË%¥j¥|¸�¦\Îu«�½Wy¥|´y´y§�Îu¸W¼�Í
¼�¸W©�¾yÊº¥j�«�¼�ÍW«�Î£©º¥|´n¬ÌÓ7¾yÊº¥H¼.½W½kyÎ|Üº§�«�¼.¾�¥,´�ÎuÍ�¨�¥j|°uy¥|´y·kÍ�¾y§�¸ºÀt§�¸�¸ºÎu¸W½kÊ�Ó�´y§�¦j¼�Í£¥|¸Ì¾�yÎ�½£Óo¼�¸k©
¾�¥|«	½�¥j�¼.¾y·Wy¥�¥|´y¾y§�«�¼.¾�¥|´jÖ%Þ£¥j¨�¥j^¼�Í%½R¼.¾yÊºÎuÍ�Î�Àu§�¦j¼�Í2¦\Îu¸W©W§�¾y§�Îu¸W´7¼.�§�´�¥=§�¸ß¦\Îu«�«	Îu¸:½W�¼�¦\¾y§µ¦\¥�°
¼�¸W©	«�Î£©W§�àk¦j¼.¾y§�Îu¸W´�¾�ÎÚ¾yÊº¥�«	¥j¾yÊºÎ�©o¾�Î�ÊW¼�¸W©WÍ�¥>¾yÊº¥|´�¥,¼.�¥2©k§�´y¦j·W´y´y¥|©ÐÖ�×HÊº¥|´�¥�§�¸W¦jÍ�·k©º¥>½�Îu§�¸Ì¾y´
ËHÊW¥jy¥3À�¥|¸£·W§�¸º¥=¸ºÎu¸WÍµ§�¸º¥|¼.�§�¾qÓ�§�´9Í�Îu´y¾j°U©º¥jÀ�¥|¸W¥j�¼�¦j§�¥|´j°g¼�¸W©á¥|§�À�¥|¸Ì¨�¥|¦\¾�Î�3©º¥jàk¦j§�¥|¸k¦j§�¥|´9¾yÊk¼.¾
Î�¦j¦j·ºH·º½�Îu¸Ò«	¥|Í�¾y§�¸ºÀºÖ

â	Zja��>b.[�x�]\ã�´yÎuÍ�§�©=«	¥|¦�Êk¼�¸W§�¦j´j°k´�ÊºÎ£¦�ä�Ë2¼|¨�¥|´|°ÐåAÎ�©W·W¸WÎ�¨=«	¥j¾yÊºÎ�©Ð°º¥|Í�¼�´�¾y§�¦j§�¾PÓ�°
ÊÌÓÌ½�¥jy¥|Íµ¼�´�¾y§�¦j§�¾qÓ�°W¤H§�¥|«�¼�¸k¸Ò´�ÎuÍ�¨�¥j|Ö

æ Ø�Î��äç¼.¾9¾yÊº¥3è�¼|Ë,�¥|¸W¦\¥�é�¥jyä�¥|Í�¥jÓçêA¼.¾y§�Îu¸W¼�Í%è�¼.¬�Î��¼.¾�Î�yÓ"Ë2¼�´B´y½vÎu¸k´�Î�y¥|©�¬£Ó"¾yÊº¥3ëÚÞ
ªA¥j½k¼.y¾y«�¥|¸�¾nÎ�ÏÐÕ%¸º¥jyÀ�ÓÒì`ªÚíÚÕ�î�ï�¼.¾yÊº¥|«�¼.¾y§�¦j¼�Í}°ÌÉN¸WÏ�Î��«3¼.¾y§�Îu¸Ð°�¼�¸W©3ð�Îu«	½R·º¾y§�¸ºÀ9Þ�¦j§�¥|¸k¦\¥|´
ªt§�¨�§�´y§�Îu¸�¦\Îu¸�¾�^¼�¦\¾,ªAÕnÙP¿Hð2²u»�ÙNñ.ÁuÞ�ò�²�²�²u¯�ó£°Ð¼�¸W©�¼7ª�ítÕ�è�ªt¤Hªô¼�Ë�¼.^©ÐÖkíA¾yÊº¥j2Ë%Î��ä�Ë�¼�´
´y·W½W½�Î�y¾�¥|©Ò¬£Ó=¼�´y·º¬Ð¦\Îu¸Ì¾��¼�¦\¾HÏYyÎu«õ¾yÊW¥7ð2¼�Í�§�ÏYÎ��¸W§µ¼BÉd¸W´�¾y§�¾y·º¾�¥�Î�Ïn×�¥|¦�ÊW¸ºÎuÍ�Î�À�Ó�ð�¥|¸�¾�¥jAÏYÎ�
¾yÊº¥=Þ�§�«7·WÍ�¼.¾y§�Îu¸"Î�Ï,ªAÓ�¸W¼�«�§�¦�¤H¥|´�½�Îu¸W´�¥�§�¸áï�¼.¾�¥j�§µ¼�Í�´j°�ËHÊk§�¦�Êç§µ¸�¾y·º�¸ç§µ´�´y·º½W½�Î�y¾�¥|©ç¬ÌÓ
¾yÊº¥Ú¿A¦j¼�©º¥|«�§�¦�Þ£¾�^¼.¾�¥jÀu§�¦Ú¿JÍµÍ�§�¼�¸W¦\¥|´�ÔnyÎ�À�^¼�«LÎ�Ï�¾yÊº¥Ú¿A¦j¦\¥|Í�¥j�¼.¾�¥|©�Þ�¾��¼.¾�¥jÀu§�¦�ð�Îu«	½k·W¾y§�¸ºÀ
Éd¸W§�¾y§�¼.¾y§�¨�¥	ì`¿ÚÞWð�Éyö�¿ÚÞ�¿JÔ2î2·W¸W©W¥j,ªÚíÚÕ÷¦\Îu¸Ì¾��¼�¦\¾Jé�»�¹W®\¹�¯�±£Ö
ø�r�f.V�hUfuxux.[yZ�]^]\ã%ù�ú�ù�û�ü�ýÌýÌþuúºÿ����������Rü
	��Nþ���'ìwå7Ö��9ÖRï�§�Í�Í�¥j�î^Ö

�������������������! �"#�$�%�&��'(�&)+*�)������-,/.0)21435)2"6�5�7�$,��8�9)2�-,/.:��;�<!�=�?>�� *������A@�BDC�E
F�F/G



� �������	��
�����������

������������� �!�"���"#$�!�"%&�'�(#*)�+�,-�'�/.0#�1/)325462"��78�*9/�*���/.:78�*)<;/+��"=>#?�'�@#*)<+��'%6=>�"251A�B�/�'2�#DCFEBGIH
���/%J2�)<9/7/+��'�/.�#*)�+'�'%:=:��251A���/��2"#LKM���!1>NA9/��%J%8O-�A��=>�'2�#P���8%Q,B��2"9/98=R;�)<9/�/%/����O>2")��3S
%/���*�')<�8#TCVUXWBGYH3�'�6�!18�Z2")<� �!�\[-�])B^`_a9/+��"�*�'���@bZ)3%/98�/)�,J=>���!18)3%/#�c/d?1/��#*��7/�*)fe���2��*#g98#*�
���h��7/7/��)X[8��=Q�f�!�jiM�'�"=:���/�k#�)<+�,��"�6KM1/��251l��#6;A��#*��%l)��l%/��2")<=>7�)<#*���/.m�!1/�Qe�9/=>7
��2"��)<#*#n�>%8�'#*2�)<� �!���-98���oO(�'�&�:#����])�^a���'.<1 �g�"��.<�"� ,<��2��*)<�*#])�^p���&��q��"2��*��,���=:�B�!���r[(+��'�3S
�X�����'s��'�/.g�!1/�t#$O-#��!��=u)�^v7A�B���!�'��+-%/��q��"���"� �!�'��+3��wx9A�B�!��)<�/#�c�d?1/��#a��7/7/��)X[8��=Q�f�!�')����*�*�X�f�!#
#*1/)-254x#M���/%6�*���*�y^���2��*�')<�/#L�"wx9A�B+'+�O�H8�B�/%6�'#z4-�8)	KM�J�*)D;��{�"� �!��)<7 OQ,-�')�+|�B�*�'�/.T�'�Q#*)<=>�
2"���*2"98=:#$�5���/2��"#�c}o�~)<��%/�"�T�!)@;��y�*�*�"�T%/�|�B.<�/)<#��0�*1/�0;���1A�X,-�')<�T)�^z�!1/��#��B7/7/�*)X[3�'=:�B�*�
ig���"=:���/�6#�)<+�,��"�?^�)<�?#*)�+'�'%6=>�"251/���/�'2�#"HA�B�/%&98+��!��=Q�f�!�"+rO��!)0%/�y,<�"+�)<7@=:)<���T��2"2�9/�!�f�!�
��7/7/��)X[8��=Q�f�!�n#�251/�"=>�"#�H/���P�'#z%/�"#��'�!�B;/+'�g�!)D1A�X,��Z�*��^����*���/2"�{�*)0�������\[/�B2��!�0iM�'��=Q�B�/�
#*)<+r,<���L^�)<�a�*1/�'#p#�O-#$�!�"=@cx}o�J��%8%/���*�')<���!)����*#p9/#*�g�'�0,B��+'��%A�B�!���/.Z��787/�*)X[3�'=:�B�!�M#�)<+�,��"�*#�H
�y[8��2y�tiM�'��=Q���8�>#�)<+�,��"��#z=:�XO�;��g9/#��"%Q���>��%A��78�*��,��]#$�!�!�f�!�".��'�"#p���0KM18�'251:�*1/�g�y[37����3S
#*�r,<�T#*)<+r,<���g��#?9/#*��%0e�9/%8�'2"��)<9/#�+�O<c

�m�B�/.&�y�D�B+YcLC�U��BGp�*��7�)�����1A�X,-�'�/.&2")<�/#$�!��9/2��*�"%����~�y[8��2y�D��+|��#$�!�'2\So7/+'��#��*�'2�iM�'��=Q�B�/�
#*)<+r,<���T^�)��Z9/#*�>�'��^���)<� ���*�!��254x���/.@��7/7/+��'2X�f�!�')��/#{;/98�T�8)&%/��#*2��*�'73�!�')��~)B^z�*1/�'#Z#�)<+�,��"�
�'#���,B����+|��;8+'��c����-98=D;����D)�^?Kz)<�*4B�"��#�1A�X,<�(���A�B+�O-s"��%m�!1/�J78�*)<7��"�$�!�'��#�)�^giM�'��=Q�B�/�
7/�*)�;/+'��=�#�)<+'98�*�')<�8#{�'����+|��#$�!��2"���oO�c�d����/.@���8%�d?�'�/.~C�U��BG�2X��+�2"9/+'�B�!��Kt�X,<�>2"98��,<��#Z^�)<�
���6�"+'��#��*�'2"��+'+rO0�'#*)B�!�*)�7/�'2]=Q�B�*�"���|��+v9/�/%8�"�?9/�/�'�f[3�|��+�%/�y^�)<�*=:�B�!��)<��c8b��B�!����sX���nCVU�G�)<98�$S
+'���/�"#:���k��+�.<)<�����!18=�^�)<�>#*)<+r,3���/.��*1/����+|��#$�!�'2&iM�'�"=:���/��7/��)<;/+'��= 9/�/%/���6��#*#�9/=>73S
�!��)<�/#{)�^L��+|��#$�!�'2��'#�)��!��)<7 O����/%�98�/�|�f[3�'��+�%/�y^�)<�*=:�B�*�')<��cvd�!���8.<�"�/#$�!���'�~���/%~����=D;��"�
CVU��fG�7/�*��#*�"� �t���A��+rO-�*�'2"��+A#*)<+�98�!��)<�/#a�!)�iM�'�"=:���/�>7/��)<;/+'��=:#p���/2"+�9/%/�'�8.���+|��#$�!��2"���oO����/%
7�����^���2��g7/+|�B#��!��2"�r�oO<c

bT)-%/9/�8)	,�C��fG�7/��)<7�)<#*��%����@�y[8��2��n���*�"�!�f�!��,���ig���"=:���/�(#*)<+r,<���g^�)<�M. �B#]%8O-�A�B=:��2"#g��#
7A���$�t)�^��*1/�n%8��,<��+')<78=:���x�t)�^��!18�n=>���!18)3%>�!1A�B�P;��"���*#z1/�'#z�A��=>��c3�39/;8#*�"wx9/��� �gKz)<��4
�'�m.<��#D%8O-�A��=>�'2�#D1A��#����"2�)<.<�/��s"�"%m�*1A�B�0�B���y[8��2��>iM�'��=Q�B�/�m#*)�+�,<���D�'#��/)��D�8�"2"��#$S
#!���$O&�*)6��251/����,��D1/�'.�1�)<��%/�"�Z�B2"2"98�!��2yO������JbZ)3%89/�/)�,�=>���*1/)-%�HA�!1/���*��^�)��*�D#��'=>7/+'���
��7/7/��)X[8��=Q�f�!��ig���"=:���/�@#*)<+r,<�"�]#��*�!�B�*�".<���"#{�B�*��.��"�/���!��+�+�O(�"=>7/+�)	O��"%�c�d)<�*)�CVUX�BG�%/�\S
#*2��*�';��"#g���!�B�/.<�T)�^��y[8��2��n���/%@��787/�*)X[3�'=:�B�!�TiM�'��=Q�B�/�6#*)<+r,<���*#?^�)<�?. ��#M%8O-�A�B=:��2"#"c

}o��#*��2��!��)<���>Kz�>78�*�"#��"� ���J.<���/�"�*��+a��+�.<)<�*�r�!1/=�^�)��n1 O-7����*;�)<+'��2�#�O-#$�!�"=>#T)�^L�m2")��3S
#*����,B�B�!��)<�>+|�XKM#p2")<� �5�B�'�/���/.Z��.<���x9/�'�/��+�O��8)<�/+'���/�X�B�`Kt�X,<��#P+���^��p)�^��!1/�M2")��x�!��2��"H-���/%
���*�'.�1x�z)�^��*1/�{2")��x�!��2��"c3���Z��#�#*9/=>�{�'�8���!�'��+'+rO�#$�!���'2��P.<�"�x9/���/�{�/)��/+'���/�X�������oO0�B�/%6�/)
%/�".��"�/���!��2yOm��7/�����T^��*)�= �!1/�>��¡k�B�¢Kt�X,<��#D^�)<�*=>�'�8.J�!1/�>2")<� �!��2���%/�'#�2")<� �!���x9/���oO�c
�n#�#*9/=>�'�/.(�B+'#*)J�*1A�B�Z�*1/��9/�/%/���*+rO3���/.6�"wx9A�f�!�')���)�^P#$�5�B�*���'#{2�)<� ,<�\[£H���8%j�*1A�B�{�*1/�
e�9/=>7�;��y�oKP���"�¤+���^��0�B�/%��*�'.�1x�D#��5�f�!�"#0��#�#*=:��+'+L�"�/)�9/.<1�Hp¥��f[�¦�#��'=>7/+'��2"���T^�9/�82��!��)<�
�!1/��)<�*��=§����.<9/=>�"� ��CF¨8H/d?1/��)<�*��=�E8c�U�G�1/)<+�%/#t^�)<�P�*1/�T�y[3�'#$�!���/2"�����/%(9/�8�'wx9/�"�8�"#*#g)�^
#*)<+�98�!��)<�/#L�!)D�!18�Tig���"=:���/�J7/��)<;/+��"=@c3}o�6�!18�{2")<� �*�y[-�g)�^��!1/�{=>���*1/)-%67/�*��#*�"� �*�"%@�'�
#*��2��!��)<���3H8�!18�"#*��2")��/%/���*�')<�8#?=Q��4B�T)<9/�M���*�"�!�f�!�')��J#*251/��=:���02")<� �!�*��2��*��,���=:��7/78�'�/./©
���/%D�*1/�'#��'=>7/+'���"#;�)��*1D�y[3��#��!���/2"�g���8%�9/�/�'wx9/���/�"#�#a)�^v�!1/�P#*)<+�98�!��)<�������!1/�?�8�"�'.�1-;�)<�ªS
1/)-)3%:)�^��!1/�g«8[3�"%(7�)<�'� �Xc �¬1/���J�!1/�nig���"=:���/�:7/�*)<;8+'�"=��#LKz�"+�+rSo7�)<#��"%�H-7�)�#*#*��#*#��'�/.

�



�D#*���/.<+'�{¥�	[-S +'��4��n#�)<+'93�!�')��J2")<=>7/���'#*��%6)�^�#*�'=>7/+��]KP��,��"#�H��B�/%JKM1/�"�(�!18�T��+'.<)��*���*1/=
%/�"#�2"���';��"%m1/���*�:2")<� ,<���*.<��#"H�����2")<� ,��"�*.��"#��*)@�*1/�Q2�)<�*���"2����"� �*�*)<7 O�#*)<+�98�!��)<��c��&)��*�
.<�"�8�"�!�B+'+�O�H �y[3�'#$�!���/2"�n���/%Q98�/�'wx9/���/�"#�#t)�^�#�)<+'93�!�')��/#a�!)T�!1/�]ig���"=:���/�>7/�*)�;/+'��=u�'#z���
�'=>7�)����5�B�x�t)<7����(7/�*)<;8+'�"=��y[32"��78�]^�)��?#*7��"2"�'��+�#�O-#$�!�"=>#"c

}o��#��"2��*�')<���>Kz�D���/��+�O-s"�Z�*1/����w-9/�B�!��)<�/#g)�^`=>)��!��)<�6^�)<�M�"+'��#��*�'2"�r�oO6�'�@2")��/#*����,B�B�!��)<�
^�)<�*= �B�/%�7/��)�,3��%/�Q%8���5�B�'+'#T���"+'�y,B��� ���*)&�!18�:��=:7/+��"=>�"� �5�f�!�')���)�^t�!18�Q#*2518�"=>�Q)<98�$S
+'���/�"%�����#*��2��!��)<���3c�}o��#��"2��*�')<�j�JKz�07/�*��#*�"� ���y[8��=>7/+���2X��+�2"9/+'�B�!��)<�/#"cv}o�j#*��2��*�')<���
KP��%8�'#*2�9/#*#Z��=:7�)<�$�5��� �g2X��#��"#Z����#*)<+��'%&=:��251A���/��2"#{����KM1/�'251��*1/����#�#*9/=>78�*�')<�/#n�"=�S
7/+')�O��"%0�'�D#��"2y�!�')��Q�g;/�*�"��4�%/)�KM��c�d?1/�"#��]�B�*�?; OD�/)Z=>�X�B�/#`�y[31A�B9/#��*��,<�M%/��#*2�9/#*#��')<�/#�H
��#?��,��"�@�'�6. �B#?%8O-�A��=>�'2"#M�D+'���*.��{�x9/=D;��"�?)�^7A�B�*1/)<+�)<.<�'2"��+�2")<�/%8���!��)<�/#t=:�XOQ)-2"2�9/�
C��fGYc`�3�"2y�!�')����3c�UQ%/�'#�2"9/#�#*�"#0+'��254�)B^].��"�x9/�'�8�J�/)<�/+��'�/�"���*�r�oOj�!1A�B��)32�2"9/��#0�B��#�7���2"�|�B+
7�)��'� �!#z)�^�1/�'.�1J#�O-=>=:�y�!��O>���J2")<�3«A.<9/�*�B�!��)<�J#*7/��2"�Bcv�3�"2y�!��)<�(�3c ��%/�"��+'#LKM���!1Q%/�".<���3S
�"�*��2�O>�!1A�f�P)-2"2�9/�*#z)<�Q�!18�n�*�y^��"���"�/2��{�'#��"� �!��)<7���#P)�^���+|��#$�!��2X��+�+�OD��#*)��*�*)<78�'2M=Q�f�!�"���|��+�#"c
�3�"2y�!��)<�j�3c �J%/�X�B+'#]KM�r�!1��*1/�D%/��.<�"�8�"�!�B2�O��B�/%��"��.<�"� ,<��2��*)<�Z%/��«/2"�'���/2�O&�!1A�f�{)-2"2"98�*#
KM1/�"�j#�1/�X���Z#$�!���"�/.��*1j�'#{+�)<#��{��#Z9/7�)<��=:��+��*�'�/./c��P)<�82"+'98#*�')��/#Z�����D#*9/=>=:���*��s"�"%��'�
#*��2��!��)<�&¨8c

� �6���
	��A���>�y��-���8��������6������/�����£������x�

�]���*�jKP�~2")<�8#*�'%8�"�@��.��"�/���!��+Z1 O-7����*;�)<+'��2�#�O-#��*�"= )�^�2")<�8#*�"�$,B�B�!��)<�l+'�XKM#@���¬)<�/�
%/�'=>�"�8#*�')���H

���! #"%$&�('&)+*hW-, $ªU�'
KM���*1.�/,0"214365�c/�����B#*#*98=:�Z�!1/�B�?�!1/�T=:�B�!���r[87�H

7�*:9<;="%$&�('>, $Y�B�?'

KM���*1@���'.<��� ,��B+'9/�Z%/��2")<=>7�)<#*�r�!�')��

7@*:A(BDCE, CF*@AHGJIK, $Y�f;L'

1A��#�B� %/�'#$�!���/2����B�/%T.<�"�x9/���/�"+rO{�/)<�8+'�'�8�X�������'.<��� ,��B+'9/��#"H"KM�r�!1{�!18�L���"=:���'�8�'�/.t��¡Z�B�
�"��.<�"� ,B��+'98�"#a;��"�'�8.Z+'�'�8�X����+�O�%/�".��"�/���!�B�*�]�B�/%0�"wx9A��+Ic?�]���*�MB��'#��!1/�M%/�'��.<)<�A�B+3=:�B�!���r[
)�^��"�'.��"� ,B��+'9/��#"Hv��#�#*9/=>�"%@)<��%/�"���"%ON

P IDQ PJR QTSUSVSJQ P!W Q P!WYX I * SVSVS * P 5 G W Q P 5 X I&G W QTSUSVS!Q P 5 GJIDQ P 5 , $��?'

���/%%Al��#`�!1/�M=:�B�!���r[DKM18)<#*�[Z]\U^]2�)<+'98=:�`_�a?��#p�*1/�
Z]\U^]���'.<1 �p���'.<���x,��"2y�!)<�L)�^O7�c d?1/�
2")<�8%/���*�')<�/#?)B^�.<���x9/�'�/�T�/)��/+'���/�X�������oOQ���/%(+'���/�X�B�t%/�".��"�/���!��2yO��B�*�

$�_�aMb�9<;O' P a`c*lWd, Z`* Ue, SUSVS ,*�.,!�< hUM¡m�., SVSVS ,!� $��<�?'

���/%
$�_�aMbf9<;O' P a
*lWd, Z<*l�g hUe, SUSVS ,*�6¡m� $���;L'

�



�*��#*7��"2��*��,��"+�O�c

�¬���*1(�*1/�"#����B#*#*98=:78�*�')<�8#"H8�*1/�T#*)<+�98�!��)<�J�!)0�!1/��iM�'��=Q���8�67/�*)<;8+'�"=

� $ � ,!W?'6*�� ��� ��� W
�	� ��
 W $I�e'

KM�'+�+£2")��/#*��#��M)�^��B�2 ��D2")<�/#$�5��� �M#$�5�B�*�"#M;�)�9/�/%/��%&; O6#�1/)3254x#�HA)<�?�!������^���2y�!��)<�Q^����/#�H
)�^�!1/���B���/)<�/+��'�/�"���PKP��,��"#n���/%@;xO6�02�)<� �5��2y�g%/�'#�2")<� �!���x9/���oO~C��fG N
��� *4�� ������I&G��������

� I ������R G��������
� R ������ SVSUS � W ����������� \ � � \ �

W X I ������ SUSVS � R W ������R W G��������
� R W X I *4�	� $�¨?'

KM���*1�H/#*2518�"=:�B�!��2X��+�+�O<H

��a * ��a GJI  ���� _�a $&�(' ��! Z�¡]�*���*�y^���2��*�')<�£©/)<�
C "%$&��a�'`¡ "%$&��a GJI 'ªG#"%$�a Z�¡]#�1/)-254�H $&�e'

KM1/�"���'$�aZ��#t,<�"+�)32����oOQ)�^��*1/�HZ�¡]#�1/)-254�c

d?1/�T#*)<+�98�!��)<��(e��a*)xHLZ<*lWd, SUSVS ,\�B�g ¬U<H8�'#?#*98;-e��"2y�]�*):��2�)<�/#*��#��*�"�/2yO(�*�"wx9/���*��=:���x�"©
�!1/�T#�)BSo2"��+'+��"%6�"� �*�*)<7 O(2")��/%/���*�')<�£c,+A)<� ZxS �!������^���2y�!�')��/#"H

P ae$ �Ya GJI ' Q P a $&��a�' $��?'

���/%(^�)<� ZxS #*1/)-254x#"H

P a $&��a GJI ' 
 $fa 
 P ae$&��af' $IE��?'
P a GJI $&��a GJI ' Q $fa Q P a X I $&��af' S $IEB;L'

�n%/%8���!��)<�A��+�+�O�HB�!18�"�*�n�'#z��2")��/%/���*�')<�>)�^�2�)<�/#��'#��*�"� �t)��*%/���*�'�8.�)<;8�!���'�8�"%:^���)<= 2")��/#*��%3S
�"�*�B�!��)<�()�^M$�¨?'yH8;/98�g�/)��M2�)<� �5�����/�"%(KM���*1/�'� $�E?'yH/^�)<�M�B%fe*��2"��� �]#�1/)-254-# N

$fa Q $fa X IKS $$UXW?'

- 9/����7/7/��) ��251��*)()<;8�5�B�'�/���/.(#*)<+�98�!��)<� $I¨?'{��#Z;A��#*��%m9/7�)<�j�!1/�0=D9/+r�!��7/+'�D#�1/)-)��!���/.
=:�y�!1/)-% ^�)<�:;�)<98�/%A���$O¤,B��+'98��7/��)<;/+'��=:#�cPd?1/�jiM�'��=Q�B�/� 7/��)<;/+'��= �'#J��#*#*��� �!�|�B+'+�O
��#*�y��)�^]�B� ;�)<9/�/%A�B��O~,��B+'9/�:7/�*)<;8+'�"=># N��!)�;��J%/�y�!���*=>�'�/��%����*�:�!1/�J251/���/.<��#��'�
#��!�B�!�6,B���*�'��;/+��"#���2��*)<#�#0�X��251�Kt�X,���cpd?1/�(;�)�9/�/%A�����'��#�$��!18���f� ���x�*�"���')<�D2�)<�/#$�5��� �
#��!�B�!��#"HL)<�:��wx9/��,B��+��"� �!+rOm�!1/�@�"�8% 7�)��'� �!#>)�^{�"��251¤KP�X,<��)<�>2")��x�!��2��0'>�B�*�@#*9/;-e���2��
�!)��!18�~2�)<�/%/�r�!��)<�¤�!1/�B�6�!1/�j#$�5�B�*�j,B�����|��;8+'�"#J���*��2�)<� �!�'�x9/)�9/#6^�9/�/2��*�')<�8#6)�^�KP�X,<�
��=>7/+'�r�!9/%/�z^��*)<= �!1/�g+'�y^��p���/%0�!1/�g�*��.<1 �Xc<d?18�"#*�]�����M^����"�M;�)<9/�/%A�B��O�7/��)<;/+��"=>#a#*�'�82"�
�!1/����=>7/+����!98%/�{)�^�!1/�ZKP�X,<�"#/. aZ=�9/#��]��+�#*)�;���%8���!���*=>�'�/��%�c

} ���'#{Kz�"+'+�4-�8)	KM� C0�	G`�!1A�f��)��/��=Q�XO�2518)3)<#��>�(7/���!��=>���*�"���'sX�f�!�')��21(#*9/251~�!1A�f�Z^�)<�
;�)B�!1@�8Z�¡]#�1/)3254(�B�/%��<Z�¡g�!�B�*��^��B2��!��)<�()<�/�T1A��#

� $IW?' * �� $$U<U��e'

�



��%1 � $ 1]'
����� ���  *2_�ae$&��K' $$U<U";L'

� R�%1 R � $ 1]'
����� ���  * _�aMbf9<;�_ a?$&�('�� ; � ;�� S $$U<UX2�'

���zKM�'#*1D�*){�y[37/+�)<�����!1/��#�#��"2")��/%3So)��*%/���a2")<� �!���x9/���oO��'�%� �!)n251/)3)�#*�M�]KP�X,<�M#��*�*�"�8.��!1
7A���*��=:�y�!���*�'s"�B�!��)<� .Lc - �/�T251/)<�'2��T2")<�/#��'#$�!�"� �gKM���*1�$ªU<U�'($����/%&��+'#�)�$Y�<�-H ���e'P;���+')�K
'
�'# . ae$&� $�1?' ' *
	 ae$&� $IWe' 'Yb�$&� $ 1]'�¡�� $IW?' '�, $$U��e'
KM1/�"����	Ua?$&� $�W?' '£��#��!1/�DZ]\U^z+���^������'.<���x,��"2y�!)<�)�^-�!1/�p=:�B�!���r[[7:*�9<;="8$ �('yH���,B��+�9A�B�*�"%
�B�?�!18��2��"� �!���*���/.:7�)<���x�(� $�W?'t)�^��*1/�ZKt�X,���c

d�)0;��Z.<�"�8�"�!�B+'+�OQ��7/78+'�'2"��;/+���H=$$U	�e'L�*�"wx9/���*��#M�*1A�B� .D$�1?'z;��Z=>)<�/)B�!)<�/��2�c +A)<�t.<���/�"�*��+
�"wx9A�B�*�')<�8#:)�^]#��!�B�!�(�!18�'#02X���8�/)��:;��(.<9A�B�!��� �!���"%�^�)<�0#��!��)<�/.�#*1/)-254x#"Hz���/%��!1/��#>��#
2")<�8#*�"wx9/��� �!+�O ��+��'=>���5�f�!�')��m)�^{�*1/��=>���*1/)3% 7/�*��#*���x�*�"%¬1/���*�"����cLd?1/�'#:7/�*)<;8+'�"= ��#
%/�'#�2"9/#�#*��%&^�9/�$�!1/���g���(#*�"2y�!��)<���-c�U<c

¥�����9/#�%8�"�/)��*�:; O�������a �!18��� \U^J�r�!���!�B�*��,<�>��787/�*)X[3�'=:�B�!��)<���!).��a�H���/%�; O .������a
�!1/��� \ ^g���*�"�*�B�!�r,<�t��#��!��=Q�f�!�t)�^v�*1/�?#��*�*�"�8.��!10)�^v�!18� ZxS KP�X,<��c�+A)<�`��+'+3���!���!�B�*�')<��#��*�"7/#
� Kz��1A�X,<��� ����� * ���(���/%�� �����R W X I * �	��c
�n#�#*)-2"�|�f�!�"%0KM���*1D�!1/��� \U^ �"#��*�'=:�B�!��# (�� ����� , . ����� ){�����]�B� $��! ZUf'�#*2"��+|���a=>�X�B#*9/���"#
)�^t���*��)<�"c��]2"�*)�#*#��"��251�.��"�x9/�'�8�"+�Oj�8)<�/+'���/�X�B�{Kt�X,<�>KP�>1A�X,<�Q�(,��"2y�!)<���"�*��)<��� a 1
3 5 N

� �a $��6a GJI ,��6a , . a�'E* ��a� !�"�����a GJI , . a$#T¡%�"�����a $$U��<�e'
� �a $��6a ,��6a X I , . a�'E* ��a  �"�����a X I , . a # ¡%�"�����a , $$U��B;L'

���/%&��#*#�)32��|�B�*�"%6KM���*16�!1/�T2")��x�!��2��]%/��#*2")��x�*�'�x9/�r�!�'��#t�'#M�B�&���*�*)��t,<�"2y�!)<���"&/1 3 R W H
�"&K$�� W ,'� WYX I '6*)( $�� W X I '�¡*( $�� W 'K, $$U"�]'

KM1/�"���+( N�365-,. 3 R&W �'#M�!18��7/��)fe��"2y�!��)<��)�^/� )<� �!):�*1/�T,<�"2y�!)<�]#*7A�B2"��)����!18)<.<)<�A�B+
�!)Q�*1A�B�n#*7A���8�/�"%�; O��*1/��2�)<� �5��2y�Z%/��#*2")��x�*�'�x9/�r�!�'��#"c10p�"2y�!)<��(��'#]�Q#����Z)�^p���/%/��7����3S
%/�"� ���/)<�/+��'�/�"���n,B�����|��;/+��"#{KM1/��251��B�*�>ig���"=:���/�j�'� ,B�����|��� �!#Z)B^z�*1/� $���¡k�f��''2x^�)<+�%
%/�".��"�/���!�B�*�?2")<� �5�B2��p%/��#*2")��x�*�'�x9/�r�!�'��#"cfd?1A�B�a��#"H	�!1/��e�98=:7D2�)<�/%/�r�!��)<�/#`�f�`�!1/�P2")<� �5�B2��
���*�T#*�B�!��#�«A��%&�r^��B�/%&)��/+�OQ��^��!1/��#*�T,B���*�'��;/+'��#?������2�)<� �!���-98)<9/#g�B�?�!18��2�)<� �5��2y�Xc

- 9/�6���*�"�!�f�!��,���#*2518�"=>��#��"�"4x#(�!)�s��"�*)3� a����/%4�"&>9/#*���/.��m=:)-%/��«/�"%)5]�yK?�!)<�£¦ #
=:�y�!1/)-%:�*)D7��"���*9/�*;:�!1/�]�"#��*�'=:�B�!��%Q#$�5�B�*�"#6�6a{���8%QKt�X,��Z#��!���"�/.B�!1/# .�afc3d)��!18�{+'�y^��
)�^�!1/�T2")��x�!��2��"H/KP��1A�X,<�

W%*7� �
I ¡98;:<� I  >= � �

I
= . I : . I $$U	���e'

W%*7� �R ¡98;:<� R  >= � �R
= . R : . R  >= � �R

= � I
:<� I $$U	�f;L'

�



ccc
W%*7� �W ¡98;:�� W  = � �W

= . W : . W  = � �W
= � W GJI

:�� W GJI , $$U	�B2�'

�B�?�!18��2�)<� �5��2y�MKP��1A�X,<�

W%* �"&= 9<; ( $ � WYX I ' :<� W X I ¡F9<; ( $ � W ' :<� W , $$U	�f%L'

���/%(�!)��!18�����'.<1 �M)�^�!18��2�)<� �5��2y�MKP��1A�X,<�

W%* � �W X I ¡98;:<� WYX I  = �
�W X I

= . W X I : . WYX I  = �
�W X I

= � W X!R
:<� W X!R $$U	�B��'

ccc
W%* � �R W GJI ¡ 8;:<� R W GJI  = �

�R W GJI
= . R W GJI : . R W GJI  = � �R W GJI

= � R W
:<� R W $ªU	�f^ '

W%* � �R W ¡98;:<� R W  = �
�R W

= . R W : . R W $$U��B.�'

��#Z%/�y«A�/�'�8.6�"wx9A�B�*�')<�/#{^�)��]�!18��7������!98�*;A�B�*�')<�8#�:<�����/% : . �!1/�B�{Kz)<9/+'%�s��"��)(�*1/�
�"���*)<�t,��"2��*)<�*# � ��^��!1/�yO6KP���*�T+'���/�X�B�"c

}o��;/+�)3254<SY^���2��*)<�*��%@^�)<��=&H/�*1/�'#M#�7A���*#���+��'�/�"���?#�O-#��*�"=�)�^M$Y�B�6�% �B��'?�"wx9A�f�!�')��/#M�'�
$Y�B�6�< �B��'P,B���*�'��;/+'��#t�'#

���������������
�

8 ¡����	�
���¡ ��� ���� 
 8 ¡ ��� ����¡ ��� �����  8 ¡ ��� �����9<; ( $����>' ¡[9<; ( $���� ' W
8 ¡������������ ¡����������8 ¡ ��� ������� ¡ ��� �����8 ¡ ��� �����

����������������
 
!

�����������
�

:<� I:<� R
:<�"�
:<���
:<�"#
:<�"$
: .

������������
 
*

�����������
�

� �
I� �R� ���"&

� ��� �#� �$

������������
 

$$UX¨?'

$���+'+'98#��!�*�B�!��%�^�)<�L�*1/�n7/�����*�'2"98+|���p2X�B#*�n� * �?'\c&%LOQ��#*��w-98�"�/2��Z)�^�#*��=:78+'�M=Q�B�/�'7/98+|�fS
�!��)<�/#"Hx�!18�'#L#�O-#��*�"=�=:�XO>;��g�!�*�'���/.<98+|�����'s"��%�c�+����*#��"Hx=D9/+��*�'7/+rO $ªU	�B2f'p; O�¡
9<; ( $ � W '
���/%>=D9/+r�!�'78+�O8$$U	�f�f'`; O<9%; ( $ � WYX I 'yH<�*1/�"�:��%/%0�!1/��#*�g�"wx9A�B�*�')<�8#p�*) $ªU	�B%L'��*)T�"+'��=0S
�'�A�f�!��:<� W ���/%�:<� WYX I c��t���*�$O-�'�/.�)<�:#��'=>�'+'���*+rO<HB��;/+�)3254<SY�!�*�'���/.<98+|����^�)��*=u���"#*98+��!#�c

¨



+A)<�t�!1/�T2"��#*�T� *l�0)��/�T)<;8�5�B�'�/#
���������������
�

�
¡ ��� �
��� 8
¡ ��� ���� ¡ ��� �� � 
 8
¡���� ����� ¡���� �����  8
¡ ��� ����� 8
¡ ��� ����� ¡ ��� ������� 8
¡����	����� ¡����	������� 8

� ��������������
 

�����������
�

: .
:<� I:<� R
:<���
:<��$
:<��#
:<���

� ����������
 
*

�����������
�

�
� �
I� �R� ��� �$� �#� ��

� ����������
 

$$U �e'

�'�jKM1/�'251�)<�/+rO�)<�/�>%/�|�B.<)<�A��+�;/+')-254��"+��"=>�"� �XH � H��'#T�/)<� �*�*��,-�'��+Yc�d?1-98#"H����/#��*�X��%~)�^
#*)<+r,-�'�/.:�:#��'�/.<+�� $I�B�6�% k�B��' ! $Y�B�6�% k�B��'?#�O-#��*�"= $$U�¨e'yHv)<�/���/�"��%�)<�/+rO(#*)<+r,<�
��#*�'�8.<+'�<$I�B��' ! $Y�B��'P#$O-#��!��= N

� ��
�
: . Iccc
: . R W

� �
 * � , $$UX�?'

KM���*1

��� a * ������
�����
9%; ( � $ � W '�� W	
 � a X I ��� ����� �� 
�� ��� ����� � ��^ Z � ��©

¡[9<; ( � $�� W X I '�� a GJI	
 � W X I ��� ����� ��� 
 � ��� ����� � ��^ Z��k�  ¬U<©
$$U�E<�e'

� � *R¡
W�
a � I

9<; ( � $ � W ' �� W�
 � a X I = �
�


= � 
 GJI
� � �a $$U�EB;L'

 
R W�

a � WYX I
9<; ( � $ � WYX I ' �� a GJI�
 � WYX I = �

�

= � 
 X I

� � �a  :$ �"& ' � S
d?1/�"�£H��y,B��+'9A�f�!�Z#*��wx9/�"� �!�'��+'+rO

:<� I * � �
I  = � �

I
= . I : . I $Y��W<�e'

:<� R * � �R  >= � �R
= . R : . R  >= � �R

= � I
:�� I $Y��WB;L'

ccc
:<� W * � �W  = � �W

= . W : . W  = � �W
= � W GJI

:<� W GJI , $Y��W�2�'

���/%

:<� R W *>� �R W  >= � �R W
= . R W : . R W $Y��WB%L'

�



:<� R W GJI *>� �R W GJI  >= �
�R W GJI

= . R W GJI : . R W GJI  >= �
�R W GJI

= � R W
:<� R W $Y��W���'

ccc
:<� W X I *>� �WYX I  >= � �W X I

= . W X I : . W X I  = � �W X I
= � W X!R

:<� W X!R $I��WB^ '

^�)<�t�!18���f� ��¡g%/�'=>�"�/#��')<�/��+�#��!�B�!�Z,��"2��*)<�g7������!98�*;A�B�*�')<�8# :��6a�c
�¬���*1Z�"�*��)<��,<��2��*)<�*# � ���/%���+�+�%/���*�r,��f�!��,��"#�2�)<=:7898�!��%T�B��#��!�B�!��# � ����� KM���*1T#��!���"�/.B�!1/#. ����� H3KP�T�!1/���&)�;8�5�����6�!1/�%$!�  6U�'z�r�!���!�B�*�

� ��� X I �a *
� �����a  �� :<� a $Y�3U��e'
. ��� X I �a * . �����a  �� : . a $Y�3U";L'

^�)<�<Z *�Ue, SUSVS ,5�B��H�KM���*1�W Q � � U@��+'���/�J#��X����251¤7A���*��=>���!�����'���!18�@=>)-%/��«A��%
5]�yK?�!)<�@=:�y�!1/)-%�c-���Z9/#������@��7/7/��)�[3��=Q�B�*�{+'���/�n#��X����251&KM1/��251(#*�"��4x#g�*1/�Z#*=:��+'+��"#$�
�/)<�/�8�". �B�*��,��n�'� �*�".<�����#*9/2516�!1/�B�z�*1/�n#�9/= )�^�#*wx9A�B�*�"#P�"�*��)<�z^�)��z�r�!�"�*�B�!�r,<�M�"#$�!��=Q�B�*�
$!�  hU�'zKM�r�!1�� * � G � �'#?+��"#*#?�*1A�B�?�!18��#�9/=§)�^�#*wx9A�����"#g�"���*)<�?^�)<�?��#��!��=Q�f�!�`$ �T'yc

- �/�JKt�XO��!)j�'�/�r�!�'��+'��s"��)<9/�����!���!�B�*��,��J#*251/��=:�(��#�KM���*1m�!1/�J���"#�9/+��0)�^]��+��'�/�"����%/�\S
2")<=>7�)<#*�r�!�')���c���(;���.<�'��; O�2�)<�/#��*�*9/2y�!���/.~�����"#��*�'=:�B�!�J�*)#$I¨?'�; O����"#*)�+�,-�'�/.��*1/�
e�9/=>7�� ���`* �	��¡��	���������'.<1 ���"��.<�"� ,��"2��*)<�*#
	_6)�^M�(2")<=>7�)<#*�r�!��=:�B�!���r[�)B^t�*��.<1 �
�"��.<�"� ,<��2��*)<�*# 	A �B^��*�"��CFEBG

.��  �a *����� a 	A GJI $ �	�J¡��	�-' $Y�<���e'
�"�  �a *
�"�  �a GJI � .6�  �a 	_�a $Y�<�f;L'

^�)<� Z<* Ue,\��, SUSVS ,!��©A���/%

.��  �a *��� � 5 X a G R W
	AHGJI $&�	�J¡����!' $Y���<�e'

� �  �a * � �  �a X I�� . �  �a 	_ 5 X a G R W $Y���B;L'

^�)<�%Z * �  uUe,*�  �d, SVSUS ,\�B��cad?1/�@#*��.<� ��=D;/��.<9/���oO��'�:$Y�<� '0�B�/%T$I���?'D�*�yNA�"2y�!#
9/�/2��"���!���'� �oO&�'���*1/��#��'.<��)�^6_+b 9<; P Hv�!1/�D251/���/.<�D���&KP�X,<�0#*7��"��%/#Z��+�)<�/.J�:#*�'=>7/+��
Kt�X,���H?���8% �!1/����� �!�"��7/�*�y�5�B�*�')<� )�^ .�a 
 W���#:;����'�/.m��#*1/)-254¤)��J���*���*�y^���2��*�')<��c
d?1/�'#0���/���*�|��+L2")<�8%/���*�')<���'#>��^�)<��=Q��+�+�O�#*��2")<�/%-So)<��%/�"�:��2"2�9/�!�f�!�@��7/7/��)X[8��=Q�f�!�')��m�!)
�!1/�T2�)<� ,<�"��.<�"%�#*)<+�98�!��)<��c

��+'��#*#���2�2"9/�*�B�!�a���/���*�|��+	2")��/%/���*�')<�Z2�)<=>�"#£^���)<=l�!��4x�'�/.����  �a * �	�]^�)<��Z<* Ue,\��, SUSVS ,!��©
� �  �a * �	��^�)<� Z<*l�g hUe,!�g ¤��, SUSVS ,\�B��©v���/% . �  �a * WD^�)<�M�B+'+�KP�X,<��#"c 5]9/=>�"���'2X�B+
�y[37��"�*��=:��� �!#�1/��,��t#*18)	KM���*1A�B��!1/��#«A��#��$So)<��%/�"����2"2�9/�!�B�*�t�'�8���!�'��+<2�)<�/%/�r�!�')�����#�#�)<=:�\S
�!��=:��#a;��y�*�!���L�*1A���0�!1/�g#*��2")<�8%3So)<��%/�"�z��7/78�*) ��251£H-#��'�/2��?�!1/�g#*��2")<�/%-So)<��%/�"�z��7/7/��) ��251
=Q�XO@#*��+'��2��T7�)<�'� �!#��"�  �a ����7/1A�B#*��#*7/��2"���*1A�B�T�B�*�D�/)B�{7/1 O-#*��2X��+�+�O(,B��+'��%�H����/%�=:��O
7/�*�y,<���x���!1/�Q��+'.<)��*���*1/=�^���)<= 2")��x,��"��.<�'�/.8c�¬1/�����!18�J��+�.<)<�*�r�!1/=�2")<� ,��"�*.��"#�KM�r�!1
;�)B�!1(#*�y�!#g)�^����/���*�|��+v,B��+'98�"#"HA;�)��*1@#�)<+'93�!�')��/#?�������x9/=>�"���'2"��+'+rOQ��w-98��,B��+'��� �Xc

�



����� Z����
	���
���

- 9/�6�!�*�"�B�!=>�"� �()�^�#*18)3254x#(^�)<+'+�)	KM#(�B�l�B7/7/�*)<��251l���"2�)<=:=>�"�8%/�"%h; O¬��c �P)<+��"+�+|�8H
;A��#��"% )�� �*1/��«A�/�r�!��%/�rq£���*�"�82"���"wx9A�B�*�')<�/# $I�B�BSª�%�e'ycn¥���� . a�7/���!��=>���*�"���'s"�m�*1/�
#��*�*�"�8.��!1@)�^��8Z�¡g#*18)325462��"� �!���*�"%��B�M#��!�B�!� ���H

. a *4	 aMb�$&�¬¡���K'K, $Y�f�]'

KM1/�"���"	 a��'#?�!18� Z]\U^D+���^��]�"�'.��"� ,<��2��!)��n)�^ 7  *T7 $&��>'\H��B�/%�%/�y«A�/���*1/��,��"2y�!)<���D�!)
;�� .�a��(* �¬¡#�� $Y���e'
KM���*1@�8)<�*=:��+'��sX�B�*�')<�

	 aMb��(* U S $Y�B¨?'
d?1/�"�£H

"%$&��Y .�a�� '�¡F"%$&��K'.�a * $�� $Y� �e'
�'#M�D«A�/�r�!�T%/�rq£���*�"�82"�T�*��7/�*��#*�"� �!�B�!��)<�&)B^��*1/�T#*1/)-254 �]9/.�)<�/�')B�M�*�"+'�B�!��)<�/#�c

d�)>#*)�+�,<�%$I�%�e'zKz���\[37A���/%����'�6�*1/�T�*�'.�1x�t�"�'.��"� ,B��+'9/��#M)�^Y7 �H
�+* 5� ��� � _ � , � a * U S $Y�B�?'

d?1/�"� $I�%�e'a=Q�XO0;��],-�'�yKP��%(��#L���"wx9A�f�!�')��/#P���Q��98�/4x�/)�KM�/# N-�!1/�]#*1/)-254>,��"+�)32����oO $<H
���/%(�!1/�T�t¡:UT�/)<� �!����,-�|��+��y[37A���8#*�')��&7A�B�!��=>���*�"�*# � ���� afc+A)<�?�X��251@�"#$�!��=Q�B�*�<$ � , $�'P)�^�!1/�T#�)<+'98�*�')<�J�*1/�"������#M�D,<�"2y�!)<�g�"���*)<�?=>�X�B#*9/���

� * "%$&��� .�a�� '�¡F"%$&��K'.�a ¡ $��?, $Y�BE?'

KM���*1@%8�"�*�r,B�B�!�r,<�"#
��� * ¡�� $I��W?'

���/%
���! * $�7k¡ $�8d'd_ � S $I�3U�'

� 5g��K?�!)��D���*�"�!�f�!�')���=:�XOT�!1/���D;��L2")��/#��*�*9/2y�!�"%0; O�#*)<+r,-�'�/.M^�)<���!1/�z251A���/.<�z�'� $ � , $�'�!1A�f�?KP)<98+'%@s"�"��) � ��^����tKz�"����+��'�/�"��� N

:
������
�

ccc
� ���� accc$

� �����
 
* ¡#"<GJI � $I� ���e'

" *�C>bfbfb $�7k¡ $�8d' _ ���� a bfbfb ¡$�G S $I� �f;L'

E



}o�@�*1/�T+'��=:�r�P)�^��'�3«A�/���*�"#��'=:��+�#�1/)-254-#�H��*1/�T=Q�f�!�*�V[6�B7/7/�*)<��251/�"#

+��'=� ���  "#*�C bfbfb $�7/p¡ P a 8d' _ � bfbfb�¡
_�a�G $I���?'
*�C bfbfb $ P � ¡ P a ' _ � bfbfb�¡ _�a�G

KM1/�'251:�'#`^�9/+�+A�!���84D#*���/2"�M�!1/�?,��"2��*)<�*#/_ ���� a , _�at^�)<��= ��2�)<=>7/+'�y�!�M#*�y�XH-���/%0�!1/�M���'.<���3S
,B��+'9/��# P ���*�Z�B#*#*98=:��%6%/�'#$�!�'�82��Xc-d?1/��#?���A��+rO-#*�'#P��+'#�)D1/)<+�%/#P^�)<�z+'���/�X����+�O�%8�".<���/�"�*�B�!�
2")<� �!��2��*#])�^�=D9/+r�!��7/+'��2"���oO0)��/��c

+A)<�n«A�/�r�!�D#$�!���"�/.��*1j#*1/)-254x#��67/��)3)B^a�!1A�B�$"���#{�'� ,��"���*�';/+��D�'#n+|��254x�'�8./c£} ^p�!18��#��5�f�!�
�R�'#T�/�X�B��� �]9/.<)��/�')���+�)32�9/#"H��*1/�"� $�7 ¡ $ 8d'{KM��+'+a;��:��� ,<�"�$�!��;/+'��^�)<�T�!1/�>.<���/�"�*��+
$��/)��/s"���*)T#*1/)-254�#$�!���"�/.��*1L'�2X�B#*�?#*���/2"� $M��#`�/)��p�B���"�'.��"� ,B��+'9/�P)�^L7 $ �+'\c<d?1/�?=:�B�!���r[
��7/7��X�����'�/.0��� $I� �e'P=:�XOJ�!18�"�*�y^�)<�*�T;��ZKM�*�����!���

"g*g$�7k¡ $ 8d'�� A�� �D¡ $�7k¡ $ 8-' GJI ����, $I�B�]'

KM1/�"��� A � ��#g�*1/�D� ! $��?¡JU�']=:�B�*�*�r[6)�^p�*��.<1 �n���'.<���x,��"2y�!)<��#Z)�^ 7/[* 7 $&��>'\H�KM�r�!1
,<��2��!)��D_�aM)<=>�����!�"%£c d?1/�])�,��"�!�B+'+v=Q�f�!�*�V[���#L�*1/�"����^�)<���]���x,��"�$�!�';8+'�M��^ $�7~¡2$ 8d' GJI �n1A��#
��2")<=>7�)��/�"� �g�'�6�!18���x9/+�+'#�7A��2"�Z)B^ A � HA)��?��^

	 �a $�7k¡ $�8d' GJI �+* � � � � 	 �a $�7k¡ $�8d' GJI _ � c*lW-, � a * U S $I�<�e'

�3�'�82"� $�7�¡2$ 8d'L�'#L�/)<�8#*�'�8.<9/+|�B�z�B�/%Q��#z9/�8�*�"+'�B�!��%:�*) 7/t��^�����+'9/���?)�^ $I�<�e'�KP)<98+'%Q;��
��2"2��'%/��� �5��+Ic

�3)/H<.���,<���Q� Z�¡g#*18)3254�#$�!�*���/.��*1 .�a?)<�/�M=:��O��"=>7/+')�O��Z=:)-%/��«/�"% 5]�yK?�!)<�>���*�"�!�f�!�')��
;A��#��"%()<� $�� �e'p�*)�2")<=>7/98�*�H� $&��f, .�a�'\c8d?1/��#t�'#L�!1/�n#*1/)-254:,��"�*#��')<�()�^��*1/�n^�9/�82��!��)<�
�"=>7/+')�O��"%@�'� $$U��e'z^�)<�t�!1/�T2�)<=:7898�5�B�*�')<�6)B^����*�*)��t,<�"2y�!)<��# � �	��� c
d?1/��5g��K?�*)<�m���*�"�*�B�!��)<��^�)<�Z�!1/�:=D9/+��*�'7/+��D#*18)3)��*�'�/.@=>���!18)3%~2X��+�+'#Z^�)<��%/�"����,B�B�*��,<��#
)�^`� $ �� , . a 'QKM���!1¬���"#*7��"2y���*)��*1/�j2"���x�*�"���'�/.�,<�"2y�!)<�.��XHM���/%¬KM���*1l���"#�7���2��@�!)
#��*�*�"�8.��!1 .�a�c�
{��q��"���"� �!�'�B�!��)<�0)�^��!1/�pe�9/=:7:2")<�8%/���*�')<�8"8$ �+'£¡ "%$&��K'6* $]$ ��¡���>'
KM���*1��*�"#�7���2��T�!)J�*1/��#*18)3254�KP�X,<��,<��+')-2"�r�oO $<H����8%�KM���!1����"#�7���2��T�!)J�*1/��2"���x�*�"���'�/.
,<��2��!)�� ��XHA.<�r,<��#

� $&��f, $�' ; �[* $�7 $ �('a¡ $ 8d'0GJI>$�7/L¡ $ 8d' $I�<¨<�e'
� $&��f, $�' � * $�7 $ �('a¡ $ 8d'0GJI>$&�¬¡#��>'K, $I�<¨B;L'

���/%@251A���/.��'�/.0�'�8%/�"7��"�/%8�"� �],B�����|��;8+'�"#P)<�/�T)<;8�!���'�/#

� $&��f, . ' � * � $ �� , $ ' �.D$&��f, $�' � $I�����e'
� $&��f, .Y' ; �[* � $ �� , $ ' ;��a¡�� $&��f, $�' � .D$&��f, $�' ; �.D$&���, $�' � S $I���f;L'

U�W



5]�\[3�"Hv%/��q��"���"� �!�'�B�!��)<�J)�^ $Y�B�?'P.<��,��"#

. $ �	 , $�' � *7	 �a � $&��f, $�' � $I�<�<�e'. $ �	 , $�' ; � *7	 �a $&� $ �	f, $ ' ; � ¡98d'� :$ 	 �a ' ; � $&�k¡���>'K, $I�<�B;L'

���/%@�'�(2")�=D;/�'�/�B�!��)<��H

� $&��f, . ' � * $�7 $&�('`¡ $ 8-' GJI $&� ¡���>'
	 �a $�7 $ �+'`¡ $ 8d' GJI $ �¬¡#��>' $I�<E<�e'

� $&��f, .Y' ; �[* $�7 $ �('a¡ $ 8d'0GJI>$�7/p¡ $ 8d'�¡#� $&���, . ' � ! $I�<EB;L'
 	 �a CV$�7 $&�('`¡ $ 8-' GJI $�7 p¡ 7 $&�(' 'ªGd :$ 	 �a ' ;���$&�¬¡���K'�#

%/���*�"��=:���/���!18��%/�"����,B�B�*��,<��#J�/��2"�"#�#!���$O �!)�2�)<�/#$�!�*982�� = � a " = .u���/% = � a " = � ^�)<�
#*1/)-254x#]���6�!1/�T=D9/+r�!��7/+'�]#*1/)-)��!���/.0=:�y�!1/)-%�c

} ^��!18�n�*��7A���*��=:�y�!���*�'s"�B�!��)<� . $ 1]'E$$U	� 'p��#z�/)B�P=>)<�/)��*)<�/��2�H��*1/�"�Q�oKz)D)<�L=>)<�*�M,B��+'9/��#
)�^aKP��,���7A���*��=:�y�!����18H�#*��O 1 � ���/%21 � � HvKM�'+�+�.<��,����!18��#!�B=:��,��B+'9/��)�^a7A���*��=>���!��� . N. $ 1 � '(* . $�1 � � '\c�d?1/��#Z�'=>7/+'���"#]�*1A�B�Z�*1/��«A�/���*��%/��q��"���"�/2��0�"wx9A�B�*�')<�#$Y� �e'gKM�'+�+��*1/�"�
1A�X,<�t=�9/+��*�'7/+��`#*)<+�98�!��)<�/#�9/#��'�/.g�!1/��#,B��+�9/�z)B^ .zc	}o���*1/�'#2X�B#*��H	�!18�P#*)�+'98�*�')<�T)<;8�!���'�8�"%
; O&�*1/�D��+�.<)<�����!18=�%/��#*2"���';�����;�)�,<��KM��+'+�;���#*���/#*�r�!�r,<���*)Q�!18��#��!�����*�'�/.>,B��+'9/��)�^`�*1/�
���*�"�!�f�!�')��6#*�"wx9/���/2"�Bc

��� � Z������������	���
����� �

+A)<�?�!������^���2y�!��)<�/#PKz��1/��,����*1/�T)<�*%8�'�A���$OQ%8��q��"�*��� �!�|�B+��"wx9A�B�*�')<�(;A�B#*�"%@)<��$$U<Uf't���/%
$$U	� '>N

�-���. * �-��%1 �%1��. * _ a?$&�('
	 �a _�a?$ �(' $�� W<�e'

� $IW?'E* �� S $�� WB;L'

�3�'�82"�Z#*18)3254(���8%@�*���*�y^���2��*�')<�6;8�!���/2518�"#M�/�"��%�;��Z)<�/+rO � I ^�)��P�!1/�T=D98+��!��7/+'�g#*18)3)��$S
�'�/.6=>���*1/)-%��!)6;���#*�"2�)<�/%3S )<�*%8�"�"H��r�{��#Z#*9��>2"���"� �Z�!)(�y,��B+'9A�B�*� �%1�" ��.�)<�/+�O��B�{�*1/�
2"���x�*�"���'�/.Z7�)<�'� � �	�H	KM1/���*� �%1�" ��..* U<cBd?1x9/#�H�Kz�?1A�X,<�t�!18�t�'�/�r�!�'��+<,B��+'9/�z7/�*)�;/+'��=

�!���. * _�a?$ �+' $��/U��e'
� $IWe' * �	 $��/U";L'

KM1/�'251(Kz��#�)<+�,��T�*)<.<�y�!1/���MKM�r�!16�!18�����/���*�|��+v,B��+'98�Z7/�*)<;8+'�"=
���� . * $�9%;�_�a?$ � $�. ' ' '�� $&.Y' $��x���e'

� $IW?'E*>8 $��x�f;L'

U<U



%/�"����,��"%�; Oj%/�rq£���*���x�*�|�B�*�')<��KM�r�!1~�*��#*7��"2����!).���)�^E� � $&��f, .Y'(*��Y$&���, � $&��f, .Y' '\c
���a�y,B��+'9A�f�!���*1/�"#��L���/���*�|��+�,B��+�9/�a7/�*)�;/+'��=:#£KM�r�!1T�t� \U^ S )<�*%/����iM9/�/.<�\S��Z98�*�!�t=:�y�!1/)-%�c
d?1/�"�£H

� $&���, . ' � *2_ ae$ � $�. ' ' $�� �<�e'
� $&���, .Y' ; � * � $�. ' $�� �B;L'

%/���*�"��=:���/� = �`a " = .��B�/% = � a " = � ^�)��?�!������^���2y�!�')��/#"c

� �����Y�����e�8�	���������	��
�� x�������y�	�I� ����


d?1/�>U 
 $�%/���*�"2y�!��)<���!'P��w-9/�B�!��)<�/#M)�^�1xO-7��"���"+|�B#��!��2"�r�oOJ=:��OJ;��ZKM�*�r�*�*�"��C�EfG

=
=��

������
�

���
���
�  I�  R
�  �

� �����
 
 =
= ���

������
�

������� ¡  � ���
��� ��� ¡  � � � �

�!�!" I ��!�!" R �
�!�!" � �

� �����
 
*

������
�

W
W

$ � ! $$# ! � � ' ' �  I$ � ! $$# ! � � ' ' �  R
$ � ! $$# ! � � ' ' �  �

� �����
 
, $����]'

KM1/�"��� � �'#n�*1/��,<��+')-2"�r�oO<H � �*1/�D=:��#*#]%/�"�/#����oO�H � �!18���!)��!��+�"�/���*.�O�H � �!1/�D��� ,<�"��#*�
%/��^�)��*=:�B�!��)<�J�!���/#*)<��Hv���/% � �!1/�H�t��9/251 O@#��*�*��#*#"c

d?1/�"#�����wx9A�B�!��)<�/#M�����Z;A��#��"%�)��(�*1/�Z4x�'�/��=Q�f�!�'2�#t)�^���#*)<+��'%JKM1/)<#��T=:)��*�')<�Q�'#?251A���ªS
��2��*�"���'s"��%J; OJ���!�'=>�yS %/�"7��"�8%/�"� �t=:��7/78�'�/.&%6^���)<==Q�B�*�"���|��+ $�¥�B.<�!���8.<�|���J'a2�)3)��*%/�VS
�A�B�*�"#('!:�!)0#�7A�B�!�'��+6$�_p98+'�"���|���J'P2")-)<�*%/���A�B�*�"#)'� N

'� * '%�$�'!J, � ' S $�� �e'

d?1/��.<�!��%8�'�"� �M)�^�!18�'#?=:��7/7/���/.��'#t�*1/�T%/��^�)<��=Q�f�!�')��6.<�!��%8�'�"� � "0H

"T**#,+�%© " �.- * � � �� ! - , $��<¨?'

���/%��*1/����� ,<�"��#*��)�^6"%/��«A�8�"# � © � * " GJI c�"���/% � �B�*��#�9/;-e���2��{�*):�!18���"wx9A�B+'���oO
)�^�=:�V[8��%(7A�����*�|��+�%/�"����,B�B�*��,<��#"©A��w-98��,B��+'��� �!+�O�H

# ! � � * W S $����e'
d?1/�@�y[-�!�*�~�!���*=># � ! $/# ! � � 'D�'�:$��<�]'D�B�*�(�!1/���*��^�)��*�(s"���*)�)����*1/�&2�)<�/#$�!�!�B�'� �
=Q�B�/��^�)<+�%�c"d?18�"�'��7/���"#��"�/2��t.<9A���*��� �!���"#��!1A�B��!18�z#$O3#$�!��= ��#�1xO-7��"��;�)<+��'2aKM1/���0# ! � �
%/��q��"��#?^��*)<=�W8HA��#M���M=�9/#��M���@�x9/=>�"���'2"��+�2")�=:7/93�5�B�*�')<�~CF�8H��/H EfGYc

d?1/�TKP�"��4Q^�)<��=�)�^�2")<�/#$�!�*���'� �H$����e'P�'#
� � �1 � 5 *lW-, 2`b��4*hW $��<�?'

U	�



�!1A�f����#"H��!18�Te�9/=>7�����%/���*��2��!��)<�~� )�^z�5���8.<�"� �!�'��+p2")<=>7�)<�/�"� �*# � �1:)�^P�*�"�/#�)<� � ��#
s"���*)/c	�n�/��+�O-#*��#�)B^�$����]'�;��"+�)�Km#*18)	KM#��!1A�B���*1/�'#2")<�8%/���*�')<�T�'##!�f�!�'#$«A�"%���98�*)<=Q�f�!�'2"��+'+rO
�'��#*=>)3)��*1�)<�8�ySo%8�'=>�"�/#��')<�A�B+<NA)�KTcBd?1/���*�y^�)<�*�BHB^�)<��!1/)<#��tiM�'��=Q���8��7/��)<;/+��"=>#KM1/���*�
$���� 'a��#p#!�B�*�'#�«/�"%J; O��!18�]���/���*�|��+32")<�/%8���!��)<��H �r�z��#p#!�B�*�'#�«/�"%Q�x9/=>�"���'2"��+'+rO����/%Q���A��+rOx�!�rS
2X��+�+�O0^�)<�P��+'+v�!��=:�Bc!�P)<�8#*�"wx9/��� �!+�O�HA)<9/�?�B�A��+�O-#��'#P)B^��!1/�Z)<�8�ySo%8�'=>�"�/#��')<�A�B+�iM�'��=Q�B�/�
7/�*)�;/+'��= KM�'+�+/�'.��/)<�*�z�!1/�M�*��.<1 �p1A���/%>#*��%/�M�/)<�/2�)<�/#��"��,B�B�*��,��M�*�"��=:#]C � ! $/# ! � � 'ªG � c
�§#*+��'.<1 �!+rO�;8�*) ��%8�"�02"+'��#*#�)�^]7/��)<;/+'��=:#�=Q�XOm;��(2")<�8#*�'%8�"�*��% ����KM1/�'251:$���� '�%/)-�"#
�/)���1/)<+�%�#$�!���'2��*+�O��'�j�!1/�0�'�8���!�'��+�2�)<�/%/�r�!��)<��c��a1 O-#*�'2"��+'+rO<H�#�9/251m�(7/�*)�;/+'��= =Q�XO�;��
2")<�8#��!��9/2��*�"%6; O>�!�X�B�*�'�8.��*1/�n=:�B�!���*�'��+A�'� �!)��oKP)�7A�����*#"H-#*9/;xe��"2��*�'�/.��!1/�]7A�����*#z�*)��'�-S
%/�"7��"�8%/�"� ��1/)<=>)<.<���/�")<98#Z)<�/�yS %/�'=>�"�8#*�')��A��+%/��^�)<��=Q�f�!�')��/#"Hv�!1/���j�*�ªe�)��'�/���/.Q�!18�"=@c
�t�T�!1/�>�*��#*9/+r�!�'�8.@2�)<� �5��2y�XH��!18�>98�/%/�"��+�O-�'�8.�¥���.<�*���/.<�'����2")-)<��%/�'�A�f�!���'#T%/��#*2�)<� �!�'�-S
9/)<9/#T�B�/% # ! � � �'#{�/)B�Z%/��«/�/�"%�c�d?18�DKP�"��4&^�)<��=�)B^L�*1/�D2�)<�/#��*�!����� �{�!1/���j.<��,��"#
� � �1 � 5 *�2")<�/#$�5��� �>�B���!1/�62�)<� �5��2y�Xc +A)<��#*9/251�7/�*)�;/+'��=:#��!1/�62�)<�/#��*�!����� �DKM�'+�+L;��
)<;���O<��%�)<�@�"�r�!1/���?#*��%/�T)�^��*1/�T2")<� �5�B2��XHv�B�/%@�*1/�ZKP�"��4J^�)<��=�KM�'+�+£1/)<+�%@�B�M�!1/�T2")��3S
�5��2y��^�)�����+�+`�!��=:�Bc��n. ������H��'.��/)<�*���/.6�!1/�>�/)<�82")<�/#��"�$,��f�!��,��J�*��.<1 ��1A���/%�#*�'%8�:�!���*=>#
.<��,��"#?�!18��78�*)<7��"�M7/1 O-#*��2X��+����"#*98+��Xc

d?1/��=Q��#�#?%/�"�8#*���oO � �'#M���"+|�f�!�"%6�*)0�*1/�Z�!���/#*)<� � H

� * � �%8��� � $��<E?'

KM1/�"��� � g�'#t�*1/�T%/�"�8#*���oO(���6�!1/�T9/�/%8��^�)<��=:��%�$�" * � * 8d'P�*��^����*���/2"�T^��!��=>��c

����%/�"����,<�D�*1/�D#$�!�*��#*# � ��#Z�>�!1/���*=>)3%8O-�A�B=:��2�%/���*��,B�B�*��,���)�^p�!18�D�'� �!���*�A�B+��"�8�"�*.BO
� * � ¡ IR � R H

� �.- * ¡ � = �
= �  -

����� � �  � S $Y�BW?'

}o�Q)<98�z�B�A��+�O-#��'#p)�^6$��<�]'�Kz�]KM��+'+/=:��4��g�*�y^��"���"�/2��]�!)T�!18� ��¡g%/�'���"2��*�"%Q��2")<98#��!��2gKP�X,<�
7/�*)�7A��. �B�*�')<�J�*�"�/#�)<���@C �xGIH

�@C �xG�* ¡ = �  �
= �  �

����� � � S $Y�-U�'

%P)��*1 � ���/%��@C �-G�������#�O-=>=:�y�!�*��2�ctd?18����2�)<9/#$�!�'2�KP�X,<��78�*)<7A�B. �B�!��)<� �!���/#*)��@��#
7�)�#*���*��,��n%/�y«A�/���*�{^�)<�z�*1/�"��=:)-%8O-�A��=>�'2"��+'+rO�#��!��;/+��{#*9/;8#��5�B�/2"��#�CFEBGIH/���8%@=:�XO>;��Z%/�\S
2")<=>7�)<#*��%@�*)0O-���"+'%6�*1/��¥�B.<�!���8.<�|���:Kt�X,<��#*7��"��%/#
B + & *h%/�'��.L$ P + &�� I , P + &�� R , P + &�� �0'>N

�@C �-G�* �
	 + & B R+ & 	 GJI+ & S $Y���e'

���]��#�#*9/=>�]KM�r�!1/)<93�z+�)<#*#p)�^�.<�"�/���!��+����oOD�*1A�B�p�!18�]���'.<���x,B��+�9/�"#z�����])<��%/�"���"%�H P + &�� I �
P + &�� R � P + &�� �"HA���/%(�!1A�f� 	 + &z��#?9/�/�r�5���$O<H 	 GJI+ & * 	 �+ & c
d?1/��+'�'�8�X�����'s"��%6=Q�f�!�*�V[ 7�*@9%;�"8$ �+'t%/���*�r,<�"%(^��*)�= $����]'P�'#

$Y�B�?'

U��



7 $&�('/*

���������
�

�  � �  ��� 8 W $$¡ ������������ 
 ¡ ���!���  � I "H' SUSVS
$ �  � � ¡ ��	� �



' ��� $$¡�� 	 ����������� 
 ¡ ��� ���  � I "  � � �  �  � I "H' SUSVS

" I � � 
 W $ ��� 8�¡ " I � �!�  � I " ' SUSVS
" R � �
 W $ª¡ " R ���!�  � I "H' SUSVS
" � � �
 W $ª¡ " � ���!�  � I "H' SUSVS

$$¡ ������������  ¡ ���!���  � R " ' $$¡ ����������� � ¡ �������  � � "H'
$ª¡ � 	 ����� �����  ¡ ��� ���  � R "  � � �  �  � R "H' $$¡ � 	 ����� ����� � ¡ ��� ���  � � "  � � �  �  � � "H'

$ª¡ " I ���!�  � R "H' $ª¡ " I ���!�  � � " '$ ��� 8�¡ " R � �!�  � R " ' $ª¡ " R ���!�  � � " '
$ª¡ " � ���!�  � R "H' $ ��� 8�¡ " � � � �  � � "H'

� ������
 
,

KM���*1@���'.<��� ,��B+'9/��# B *h%/�|��.J$ ��� 8�¡��OB + &0, ��� , ��� 8L, ��� 8L, ��� 8� `B + & '\cJ�]���*�BH

�4*
��
�
W W U
W U W
U W W

���
 $Y�f�]'

�'#���7��"��=D98�!�B�!��)<�m�'� �*�*)-%/9/2"��%m�!)j��#�#*��#��0�'���"#��!��;/+��'#*18�'�/.��*1/�62X�B�/)<�/��2X��+L)<�*%8�"�*���/.
$I�?'\c

}o�@�*1/�T#*7��"2��|��+�2"��#*� �`* U�H8�!1/�T���'.<1 �M�"��.<�"� ,��"2��*)<�*#
A �B�*� N

$Y���e'

AT*

��������
�

$ ���  � I 	 + &¡ �
	 + & B + & '�� W ��� �  � R ¡  � I � R � SVSVS
$ ���  � I 	 + &�¡  � I � 	 + &�¡ ��� � 	 + & B + & '�� U ��� �  � R ¡  � I � R � SVSVS$ � 	 + & '�� W ¡ � � R SVSVSW W � SVSVSW W W SVSVS
SVSUS ��� �  � � ¡  � I � � � $ ���  � I 	 + &= �
	 + & B + &&'
SVSUS ��� �  � � ¡  � I � � � $ ���  � I 	 + &�¡  � I � 	 + &O ��� � 	 + &&B + & '
SVSUS ¡ � � � $ � 	 + & '
SVSUS W W
SVSUS � W

� �������
 
,

���/%(�!1/�T+���^��?���'.<���x,��"2y�!)<��#(C *�A GJI ����� N

$Y�B¨?'

C *

�������
�

¡ IR


��B GJI+ & 	 GJI+ & W IR �LC 	 GJI+ &  B GJI+ & 	 GJI+ & �  � I G " SUSVS¡ � � U C � $ � R ¡ � '  � I   � I � G " SUSVSW W W SUSVSW W W SUSVS IR


B GJI+ & 	 GJI+ & W IR C 	 GJI+ & ¡HB GJI+ & 	 GJI+ & �  � I G " SUSVS

UX�



SVSVS IR �LC 	 GJI+ & � R  `B GJI+ & 	 GJI+ & �  � R G " IR �LC 	 GJI+ & � �  B GJI+ & 	 GJI+ & �  � � G "
SVSVS C � $ � R ¡ � '  � R   � I � � R G " C � $ � R ¡ � '  � �   � I � � �!G "
SVSVS " W
SVSVS W "
SVSVS IR C 	 GJI+ & � R ¡ B GJI+ & 	 GJI+ & �  � R G " IR C 	 GJI+ & � �<¡HB GJI+ & 	 GJI+ & �  � � G "

� �����
 S

}o� $I�<�e't���8% $I��¨?'z�!18��#$O-=D;�)�+'# � R �B�/% � �g%/���/)��!�
� R * � = �  I

= �  I
����� � � � GJI � = �  I= �  R

����� � � � * ¡ U
� 	

+ &&B G R+ & 	 GJI+ & � = �  I
= �  R

����� � � � $Y�%���e'
� �(* � = �  I

= �  I
����� � � � GJI � = �  I= �  �

����� � � � * ¡ U
� 	

+ &&B G R+ & 	 GJI+ & � = �  I
= �  �

����� � � � S $Y�%�f;L'
}o� U�S %/�'���"2y�!�"%¬NA)�KTHg���@�'#@��7/7/���*���x�@�!1/�B�(�!1/��w-9/��� �!���*�'��# �  R ���/% �  �&=Q�XOk;��
%/�*)�7/7���%�^��*)<= 2")��/#*��%/�"�*�B�!��)<���'�&�!1/���B�A��+�O-#��'#n)B^a�!1/�D�8)<�/+'���/�X�B�]KP��,��"#�c�¥���4��yKM�'#*�BH
��� Ok7A��#�#*�r,<�"+rO¬��%8,��"2y�!�"% #*2X�B+|���J=:�XOk;���%/�*)<787���%�H?�'�/2�+'9/%8�'�/.m�*�"�*=>#6%/��#*2"���';/���/.
�!1/�@7/+'��#��*�'2(%/��^�)��*=:�B�!��)<���!�"�8#*)<�Q���/% Kz)<��4�1/���*%/���/�'�8.�7A�B�!��=>���*�"��C�EBGIca���@=:��O
�!1/���*�y^�)<�*�M�*��#��*�*�'2y�p)<9/��#*�"+r,<��#L�*)T�*1/�M�*��%/9/2"��%:#$O-#��!��=�'�D,B���*�'��;/+��"# ��� H ��� H<���/% �  I H^�)<�tKM1/��251

7+*
���
�

�  � I  � I 8 W $$¡ ����� 
���� 
 ¡ ����� I  � I " '
$ �  � I ¡ � 	 
 �



' � I $$¡ � 	 ����� 
����� 
 ¡ ��� � I  � I "  � � �  I  � I "H'

�



W $ � I 8�¡ �!�  � I " '

����
 , $Y���<�e'

A *
��
�

� $ �  � I 	 + &	¡ 	 + &&B + & '�� W � $ �  � I 	 + &  	 + &&B + & '
� $  � I C � 8¡ �



G 	 + &	¡ � � 	 + &&B + & '�� U � $  � I C � 8�¡ �



G 	 + &  � � 	 + &&B + & '

$ � 	 + & '�� W $ � 	 + & '
���
 ,
$Y���B;L'

C/*
��
�
¡ IR



��B GJI+ & 	 GJI+ & W IR �pC 	 GJI+ &  B GJI+ & 	 GJI+ & �  � I G "¡ � � U C � $ � R ¡ � '  � I   � I � G " IR


B GJI+ & 	 GJI+ & W IR C 	 GJI+ & ¡HB GJI+ & 	 GJI+ & �  � I G "

���
 , $Y����2�'

���/%

B *{%/�|��.M$ � I 8�¡ ��B + &0, � I , � I 8( B + & ' S $Y���B%L'

+A)<�t�!1/��#?#�O-#��*�"=@HA�!1/����HA� * �0���8%@� * �-c
�n+r�!1/)<98.<1 $Y���e'z���8% $Y���B;L'z��787��"���z�*)D;��n%/���*�"�*=>�'�8�'#��*�'2]���A��+rOx�!�'2"��+A^�)<�*=�9/+|���BH �!1/�yO
���*�L�/)��"c�d?1/�'#�'#;��"2X�B9/#*�L�!1/�z��2")�9/#��*�'2p�"��.<�"� ,<��2��*)<�*# 	 + &5H	251/)<#*�����!)g;��z9/�8���5�B��O<Hf�����
%/���*�"��=:���/�"%�; O�$I�<�e'�)<�8+�O��!){KM���*1/�'�D�{#*�'.���c�d)T4��"��7>�*1/�?#*���/#*�M)�^v�*1/�?�"��.<�"� ,<��2��*)<�*#
2")<�8#*�'#$�!���x�>�B2"�*)�#*#>�����'� �*�".<�*��+P2�9/��,���Hp���/%m�*)�=Q�B�'� �5������2�)<�/#*��#��*�"�/2yOmKM���*1�¥�	[£¦�#
�"� �!��)<7 O>2")<�/%8���!��)<��H��*1/�g#*�'.��>)B^�2")�+'9/=>�/#p)�^ 	 + &�=D98#��z;��?«8[3�"%:�!)�#*)<=>�M#��5�B�/%A����%�c
���>��%8)<78���6#��!���/%A����%�H�KM1/��251��Bq��"2y�!#��'� �!���*7/�����!�B�!��)<��)�^L�!1/��KP��,��:#$�!���"�/.��*1/# . aBH
; O��B�A��+�O-#��'#�)�^t�!18�:2�)<�/%/�r�!�')���)�^t.<�"�x9/���/�:�8)<�/+'���/�X�B�*���oO�c�}o���!18�:7/���"#��"� ��2X�B#*�:�*1/�

U	�



�!��#��M^�)<�?.<���-98�'�/�T�/)<�8+'�'�8�X�������oO:.<��,��"#

� � *2_ � b�9<; � I *lW $Y��E<�e'� � G � * $�_ � G � b�9%;=' $ � I ¡ P + &�� � ' $Y��EB;L'
*R¡ P + &�� � 	 + &�� I � ¡ = P + &�� �

= � � I
����� � � �.- 	 + &�� - �� � X � * $�_ � X � b�9%;=' $ � I  P + &�� � ' $Y��E�2�'

*  P + &�� � 	 + &�� I �  = P + &�� �
= � � I

����� � � �.- 	 + &�� - �
^�)<� � * Ue,\�d,!�8cf���t251/)-)<#���H ����;/���*�!�����'+rO<H��!){«8[��!18�?#*�'.���)�^v2")<+�9/=>�/#`)�^ 	 + &�*)Z=Q��4B�� � , � * Ue,5�d,5�-, �/��. �B�*��,<�Bc-�¬�r�!1>�!1/��#z251/)��'2"�BH � �a $ªU��<�?'`2"��+'+�#p^�)��z�*���*�y^���2��*�')<�>KM1/�"�. Q W8H����/%��Q#*1/)-254&KM18�"� . 
 W3c�d?1/��#*�"�8#*��)�^p���x�*�".<�*�B�!��)<����#]%8��q��"�*��� �{^�)<��� �a
$$U��B;L'n;���2X��98#*��^�)<�n�*1/�"#��>�*�"�*=>#n�*1/��Kt�X,<�>�'#n2"�"� �*�"�*��%�)<���*1/���*��.<1 �T#��5�f�!��c£d?1-98#"H
�!1/�g+'��=:�r�!#�)�^£��� �!�".��!�B�*�')<�>�����g�yq£��2��*��,<��+�O�����,��"�*#��"%(�B�p�*1/�M#!��=>�?�!�'=>�t�!1/�B�p�!1/�M#*��.<�
)�^ � �'#M�*�y,<���*#*��%�c£�3)/HA��.<���'��H . Q W02X��+�+'#P^�)<�M���*���*�y^���2��*�')<�@���/% . 
 W>��#*1/)-254vc

�P)<�/#��'%/���!�B�*�')<�D)B^ $I�<�e'�#*1/)�KM#`�!1/�B�`�!18�t+'���/�X����+�OT%/��.<�"�8�"�!�f�!�?�"��.<�"� ,��"2��*)<�*#6_�az)<;���O

$�_ aMb�9%;=' �  I * W $I¨<W<�e'
$�_�aMb�9<;O' � * W $I¨<WB;L'

KM1/�"�����!1/��%/���*�r,��f�!��,���)�^ �  I �'#{�!��4������f�T2")<�/#$�5��� ���"� �*�*)<7 O<c�} �Z^�)�+'+')�KM#g�!1/���*��^�)��*�
�!1A�f�?�!1/�T¨fS %/�'=>�"�8#*�')��A��+v7/�*)	e��"2��*�')<� ( =:��7/#t^���)<= $ ��� , � , �  I 'z)<� �!) $ � , �  I '+$�#��"�$$U	�f%L' 'KN

(�$ ��© �  R , �  �0'6*�� �
�  I�� , $I¨3U�'

���/%(�!1/���*�y^�)<�*�%$�#��"�8$$U�Ee' '>N

9<; (2* $I¨<�e'��
�

 I


8 # W  ¡ �  � I " � #�-¡ ����� 
��� ��� � � 	
 � � I



��� � 
��� ��� � � � � � � 
���� 
 ��� �  M$ � R ¡ � ' ��� � 
��� ��� �  � I " �

� �
 S

d?1/�L%/�"����,B�B�!�r,<��#Y9<; 	 aL���8% 9<;�_�aL��787��"�����'�T�!1/�L#*1/)-254T���/%��!������^���2y�!��)<�ZKt�X,<�z2"9/�$,<�
%/�"����,B�B�*��,<��#($��<E�;L'p���/% $��x�B�?'ycxd?1/��#*�n�*�"�*=>#L�*�"wx9/���*�g%/���*�"��=:���A�B�!��)<�>)�^�9<; 	 + &p���/%
)�^Y9%;�B + &0Nv��«/�*#��$So)<��%/�"�M7��"�$�!9/��;A�B�!��)<�67/��)<;/+'��=&c


{�"�/)B�!�{�!18�{�"��.<�"� ,B��+'98�"#?)�^ �@C�U"G�; OQ�*1/�Z%/�'��.<)<�A�B+�=:�B�!���r[	� $
� * � B R+ & 'yH8d?1/�"��H
� 	 + &M* 	 + &�� $I¨<�<�e'

�<; 	 + &O ��$ 	 + & ' ; * $ 	 + & ' ;��  	 + &��H; $I¨<�B;L'
	 GJI+ & �<; 	 + &O � 	 GJI+ & $ 	 + & ' ; * 	 GJI+ & $ 	 + & ' ;��  ��H; S $I¨<��2�'

U�¨



d?1/��%/�|��.�)<�A��+��"� �!���'�"#M)�^ $I¨���2f'P.<�r,<�

$
� a a ' ;�*g$ 	 + & �a ' � �<; $ 	 + & �af' $I¨�� �e'

���/%(KM���*1 � a afH�Z%* Ue,\�d,!�0%8�'#��*�'�/2y�XH-�!1/�T)�qvSo%/�'��.<)<�/��+£���x�*�*���"#M.<��,��

$ 	 + & �af' ; * �
� �� a

$ 	 + &  � ' � �<;Y$ 	 + & �af'� a at¡ � ��� $ 	 + &  � ' S $I¨���;L'

�����$�!�'��+8%/���*�r,��f�!��,��"#`KM�r�!1��*��#*7��"2y�L�*)Z2")<�8#*�"�$,<��%:,B���*�'��;/+��"#E$ ��� , ��� , � '��B�*�?)<;8�!���'�8�"%
^��*)<=R7A���$�!�|�B+�%/�"����,B�B�*��,<��#tKM���*1@���"#�7���2��g�!)>7/�*��=:�r�!��,��],B�����|��;/+��"# $ � , � , � 'aKM���*1ON

=
= ��� �

����� 
�� � �
* U

�
=
= � �

����� � � � ¡
� �
�

=
= �
����� � � �

$I¨ ���e'

=
= ���

����� � � 
 �
* U

�
=
= �

����� � � �
$I¨ �f;L'

=
= � �.-

����� 
�� � 
 �
* =
= � �.-

����� � � �  :$ � � � � ¡ � ' " - � =
= �
����� � � �

¡ � � " - � =
= � �

����� � � � S $I¨ �B2�'

� �[	O�J�	����!

� ��� �
	�� ������ � ��
 �� ��������
 ����� � �#��
 ��
 �

d�)��'+'+�9/#��*�!�B�*�t�!1/�]=:�y�!1/)-%:KM�r�!1:#!��=>7/+'�M2"��+'2�9/+|�B�*�')<�8#pKz�n98#*�Z��1xO-7��"���"+|�B#��!��2]��wx9A�fS
�!��)<�m)�^M#$�5�B�*�J=:)-%/��+t�B^��*�"�6C�U�WBGIc����6��#�#*9/=>�6��#��"7A���*�B�!��)<�m)�^?�*1/�J�!)B�5��+L�'� �!���*�A�B+
�"�/���*.�O@�B#t^�)<+'+�)	KM# N

� $ � � ,��6' * ��� $ 8 �0'� � � $ 8 �f,�� '= � � $ 8 I , 8 R , 8 �0'>, $I¨�¨?'

KM1/�"��� ��� %/��#*2"���';��"#Z�!18���'#*��� �!�*)�7/�'2BH£1 O-%/�*)<#$�5�B�*�'2�2�)<=:78�*�"#�#*��)<�A��+��"�/���*.�O�© � �L�'#n�*1/�
�!1/���*=:��+��"�8�"�*.BO@��#*#�)32��|�B�*�"%(KM���!1@251A���8.<�'�/.>�"� �*�*)<7 O&�B�g2")<�8#��5�B�x�g,<)�+'9/=>��©v���8% � �
�'#t�*1/�Z�"�/���*.�O@�B#*#*)-2"�'�B�!��%6KM���!16��#*)-251/)<���'2Z#*18�X�����'�/./c8}o��$�¨<¨?'�8 I H 8 R H/���/%-8 �]���*�{�*1/��'#�)��!��)<7/�'2n�'� ,B���*�'��� �!#?)�^�!1/�T��+|��#$�!�'2�bZ�*���"�6�!���/#*)�� � � N� � *g" � " $I¨����e'

8 I $ � � 'E* �*�f$ � � ' $I¨��f;L'
8 R $ � � 'E* U

� � $��!� � � ' R ¡m�*� $ � � ' R � $I¨��B2�'
8�� $ � � 'E* %8����$ � � '6* � � 

� � R S $I¨��f%L'

U �



d?1/��1 O-%/��)<#��!�B�!��2��"�8�"�*.BO���#].<�r,<����; O&�*1/��9/�/��,��"��#!��+��"wx9A�B�*�')<�&)�^a#��!�B�!�JCVU��3H�U �3H�UX¨BGYH
%/���*�"��=:���/�"%:;xO��*1/�ns��"��)�7/���"#*#�9/�*�]�'#��"� �!��)<7/�'2g;/9/+�4�=:)-%/9/+�9/#��  � ���/%:;xO0�*1/�]��#*���3S
�!��)<7/�'2�7/�*��#*#*98�*�~%/�"����,B�B�!�r,<��)�^T�*1/���'#��"� �!��)<7/�'2�;89/+'4 =:)-%/9/+�9/#6�B�6s��"��) 7/���"#�#*9/����H� � � N

��� $ 8 �>' * ¡ ���  �
�  $�� � � ¡kU�' R $$U/ F_�� '  G��	� , $I¨��?'

KM���*1
_�� * � $
� � � ¡kU�'

�
�� � � 

� � I � � ¡kU�� S $I¨�E?'


{�"�/#����oO � �'#?9/�8%/�"��#��!)-)-%@�*)>%8�"7��"�/%&)<�-8 �M�!1/��)<9/.<1�$I¨��f%L'yc
� � $ 8 �f,��6'P��#t�!1/�Z�!18�"�*=:��+�7/�����"H/=:)-%/��+'�"%()<�@�%�&�'�\S$bZ���9/�/���'#��"�J^�)<��=

� � $ 8 �f,��6' * �����  � �y[37�� �~¡ � ��� � ¡kU � �y[37�� � p¡ � $ 8 �0'� � , $ �BW?'
KM1/�"��� ��� ��#0�~2�)<�/#��!��� �>1/�X�B�>2"��7A��2����oO<H � :���/% � Q�B�*�6�!1/�(���x�*�*)<7 O����8%��*�"=�S
7����!�B�*9/�*�T���(�*1/�Z�*�y^��"���"�/2���2")��8«A.<9/�*�B�!��)<� $I�f�Ms"�"��):78�*�"#�#*9/�����B�/%&%8�"�/#����oO � >'\Hv���/%
KM1/�"��� � $ 8 �K'{�'#{�*1/���!1/���*=>)3%3O3�/��=:��20bZ���9/�/���'#*���j7A���!�B=:�y�!�"�Z.���,<����; O��*1/�0=:)-%/��+
�"wx9A�B�*�')<�

� * �  � � � ��� , $ �-U�'
KM���*1 � ]���/% � c*(W02")<�/#$�5��� �*#"c

d?1/���"�/���*.�O6251/���/.<��%/9/�Z�!)0#�1/�X�����'�/.0=>)��!��)<�(�B�M2�)<�/#��!��� �],�)<+'98=:�Z��#?.<��,��"�@;xO

� � $ 8 I , 8 R , 8 �K'6* � $ � '� �
�"! 8 I 8 GJI � ��  :$$UM¡ ! ' 8 R 8 G R � �� ¡�� � S $ ���e'

d?1/��7/���!��=>���*�"� ! HpW � ! � U<Hp�'#>���¤��%fe�9/#$�5��;/+��(7A���!�B=:�y�!�"�>251/)<#��"�¤�*)�2�)<� �!��)<+
�!1/��#�O-=>=:�y�!��O@)�^��!1/��#*1/�"���n7�)��!��� �!�|�B+��XKP�XO@^���)<=§�!1/��1 O3%8�*)<#$�5�B� $�#*���(C�U<U"G 'ycvd?1/�
^�9/�/2y�!�')�� � $ � '{��#{�!1/�>#*1/�"���T=:)-%/9/+�9/#"H���+'#�)@2�)<�/#$�!�*982��!��%��*)@^�)<+�+')�K �!1/�09/�8��,<���*#*��+
�"wx9A�B�*�')<�()�^�#��!�B�!�{^�)��*=:��+'��#*=@H3�B�/%(%/���*�"�*=>�'�8�"%(; OJ�!1/�Ts��"�*)07/���"#�#*9/����#�1/�X���M=>)3%-S
9/+'98# � ����8%��!1/��7/���"#�#*9/���>%8�"�*�r,B�B�!�r,<�D)�^a�*1/��#*18�X���Z=>)3%89/+'9/# � �  H���+'#�)J��,B��+�9A�B�*�"%
�B�Ms"���*)>7/�*��#*#�9/�*� N

� $ � '6* �  �� $ªUg¡�_�#�'�� �
�  � I

� �
¡ �

� _�# � �  ��  � �  ¡ U � GJI � �
�  �

R � � �  G��%$�,
$ �B�?'

KM1/�"���
_&#4* �

� � �  �� '� �  ¡kU � �� � � � � I � � ¡kU � S $ �f�]'

U��



5])��*���!1/�B�6)<� �*1/��1 O-%/�*)<#$�5�B�()B^��B�k�"+|�B#��!��2X��+�+�O���#*)��*�*)<78�'2�#�)<+'��% 8 I *u� 8 I � �� ���/%
8 R *(� 8 R � �� Hv���/%(#*) � � * W8c

d�):%/���*�"��=:���/�Z�!�"=>7��"�!�f�!9/��� � ��#]��^�9/�/2��*�')<�&)�^ � ���/% � Kz��«/�*#��]�*�"���*�*���/.<�8$I¨�¨?'
�!)0#*)�+�,<�Z^�)<� � �ªH

� ��* � ¡ ��� $ 8 �>'�¡ � � $ 8 I , 8 R , 8��K'>, $ ���e'
���/%(�!1/���&%8��q��"�*��� �!�|�f�!�{�!)0)<;3�5������ * = �

= �
������� *

� �� �  � ��\[37 � � p¡ �� � S $ �B¨?'

�����*��=>���!���*#6^�)<�6�!18�'#6=>)3%/��+YHt2518)<#*���l�!) ��7/78�*)X[3�'=:�B�!���*1/�~�"+|�B#��!��2X��+�+�O��'#�)��!��)<7/��2
�*��#*7�)<�/#*��)�^�2")<787����"Hv������.���,<���&���6d��B;/+'�0U<c
×U¼.¬kÍ�¥�®
Õ2í�Þ�½k¼.�¼�«	¥j¾�¥j^´,ÏYÎ�,¥|Í�¼�´�¾y§�¦j¼�ÍµÍ�Ó�§µ´�Î�¾�yÎ�½k§�¦t¼.½W½kyÎ|Üº§�«�¼.¾y§�Îu¸=¾�Î�¦\Î�½W½�¥j

½k¼.^¼�«	¥j¾�¥j ¨.¼�Í�·º¥ ·k¸W§�¾y´
�  ó£Ö ¯�» � ÀÌö�¦j¦��
�  � ®|»�ó � åÚÔU¼	�
� � � ¹ºÖ ¯�Á � �

  ¹�Á£Ö ¯ � åÚÔU¼	�

 �  ²�Ö��uñ � �
 ² � �
�  ».²�² � ���
� � »�� ¯��ç®j² G � � äº¶Ìö�À������

�  ®.Ö ¯�Á � �

� ® � �

� � � � �  ��
����� � � 
�	 ��� � ��� ��� � � �
���� ���

�]���*��Kz�~�'+'+�9/#��*�!�B�*���!1/�~9/#���)�^�)<9/�@=:�y�!1/)-%l���h�*1/�~2")<=>7/98�!�B�!��)<�¬)�^0��#*�'=>7/+��
ig���"=:���/��78�*)<;/+��"= #*)<+�98�!��)<��c�¥���^��T�B�/%��*��.<1 �Z#��!�B�!��#H�������/%��	�m�����D2")��/#��*�*9/2y�!�"%
^��*)<= �*1/�n7A�B�!��=>���*�"�*#P�'�Qd���;/+��Z�3c-d?1/�{2�)<=>7�)<�8�"� �!#z)�^ � KP���*�Z251/)�#*�"�(�B�*;/�r�!�!�B�*�'+rO<H
;/98�]#*):��#?�!):�X,<)<��%&#�)<=:�T)�^��!1/��7A�B�*1/)<+�)<.<�'2"��+£2�)<�/%/�r�!��)<�/#?%/��#*2"���';��"%&�'�(#*��2��!��)<���-c
d?1/�"#����'�/�r�!�'��+£2�)<�/%/�r�!�')��/#]���"7/���"#��"� ���:=>)3%8�"�!�f�!��#��!���"�/.B�!1�+')��/.<���*9/%/���A��+�2�)<=:78�*�"#ªS
#*��)<��H<KM���*1J�T#*=:��+'+82")<=>7�)��/�"� �z)�^�#�1/�X����c3d?18�]#$�!�*���/.��*1J�'#p�'�0�!18�]�*���/.<�]�B�*�!���'�/��;/+'�
; O�#*�'�8.<+'�\So#��!��.<�67/��)<7��"+'+'��� ��S %/�*�r,<�"��.<98�/#"HL;/98�>�*��7/�*��#*���x�*#J+'��#*#0�!1A�B�lU�W! ¢)�^n�*1/�
,<��+')-2"���oOQ�!���8.<�T)�^�78+|���/�y�5���$OJ��=:7A�B2��!#�c

U�E



_`,<�"��KM���!1~�!1/��#*�>�*��+|�B�*��,<��+�O�=�9/�/%A���8�:2�)<�/%/�r�!�')��/#"H�#��'.<�/�r«A2X�B�x��%/��#*2��*�"7/���/2"���"#�;��\S
�oKP���"���*1/�T�y[8��2y�]#�)<+'93�!�')��(���/%(�!1/����7/78�*)X[3�'=:�B�!�Z#�)<+'98�*�')<�(�B�*�T)<;/#��"��,��"%�^�)��?#*)<=>�
,B���*�'��;/+'��#"c�d?18�:�B7/7/�*)X[3�'=:�B�*��#*)<+�98�!��)<��H£#�1/)�KM����� +��'.<9/���6U0;xOj%/��#*1/��%�+��'�/��#T���/%
)<7��"�D#$O3=�;�)<+�#"H	Kt�B#�)<;8�!���'�8�"%�; O��!1/�z7/�*)-2"��%/9/���t%/�"#�2"���';��"%D���6CFEBG898#*�'�8.{�n7/���'=>���*��,<�
,B���*�'��;/+'�?���"7/���"#��"� �5�B�*�')<�Q)�^O7g$��Ic �Bc�H � H � H � Hx���/% �  I Hx�'�>7/+|��2��])B^£�!18�n2")��/#*����,B�B�!��)<�
^�)<�*= ,B���*�'��;/+��"# ��� H ��� Ha���/% �  I '\c�d?1/�(�y[8��2y�0�*��#*9/+r�!#0�����6%/�'#�7/+|�XO<��%�KM���!1�#�)<+'��%
+'���/�"#����/%�«A+�+'��%m#�O-=D;�)<+'#�c �P���*2�+'�"#��*��7/�*��#*�"� �0�!18�J�"�/%�7�)<���x�*#�)�^?�*1/�6¨��8)<�/+'���/�X�B�
Kt�X,���#$O3#$�!��=:#�H£���8%@#�wx9A���*��#n���"7/���"#*��� �]�*1/�T2")<� �5�B2��g%/�'#�2")<� �*�'�x9/���oO�c
×U¼.¬kÍ�¥9±
Éd¸W§�¾y§�¼�Í�¦\Îu¸W©k§�¾y§�Îu¸W´2ÏYÎ�H¦j¼�Í�¦j·WÍµ¼.¾y§�Îu¸'´yÊºÎ�ËH¸'§�¸Òò�§�Àu·Wy¥�®

½R¼.�¼�«	¥j¾�¥j ¨.¼�Í�·º¥ ·k¸W§�¾y´
Í�¥jÏ�¾,´�¾y¼.¾�¥��
� � Ùq»£Ö�® � äº¶Ìö�À �

� � �� ® ² ²
²!� ²º® ® ��® ²
²!� ²u± ² ® � ±

��
� �

� � �� ±
²
²!��®

��
� ä�«�ö�´ �

^§�ÀuÊ�¾,´y¾y¼.¾�¥��
� � Ùq»£Ö�® � äº¶Ìö�À �

� � �� ® ² ²	 ²!� ²u± ® ��® ²²!� ²º® ² ® � ±

��
� �

� � �� ²	 ²!� ²u»	 ²!� ²º®
��

� ä�«�ö�´ �

d?1/�{�\[/�B2��?#�)<+'98�*�')<�>2")��/#*��#��!#z)�^�:UySo#*18)3254vH/���	So�*���*�y^���2��*�')<�£Hx�D�fSo#�1/)-254�H3���BS #*1/)-254vH
�0�	So�*���*�y^���2��*�')<�£H8���8%&��¨	So#*18)3254vcA_p��251(Kt�X,���#$O-#��!��=§)<;���O-#t�!1/�T¥��f[J�"� �!��)<7 O62")��3S
%/���*�')<�8#"c<d?1/�M�\[8��#��*�"�/2��])�^£�!������^���2y�!��)<�/#a�'#a�8)��p�'=>=:��%/�|�f�!�"+rO�)<; ,3��)<9/#p�'���*1/�?«A.<9/���"#
;���2X��98#*�T�!1/�ZKM�'%3�!1@)�^��*1/�TKt�X,<�T^����/#M��#g#�=Q�B+'+Yc-d?1/���	So�*���*�y^���2��*�')<�6��#?#*7/���X��%@^��*)<=
)<�/+rO ¡�U S ¨<¨<W<¨��*)k¡�U S ¨<¨�W<W�4x=�
f#"H?���8% �!1/�j��So�!�B�*��^��B2��!��)<�¤^���)<= )<�/+�O¤� S ¨<¨<W<W~�!)
� S ¨<¨<W<��4x=�
f#"c
�u%/�*��=Q�f�!�'2�^����'+�9/�*��)�^p�!1/�D��7/7/��)�[3��=Q�B�*�D#*)�+�,<���{�'#n#*�"���������!1/���!�"=>7��"�!�f�!9/���0���/%
�"� �!��)<7 O�«A�"+�%/#"cpd?1/�@��787/�*)X[3�'=:�B�!�6#�)<+�,��"�>7/�*��%/�'2y�!#0�/��. �B�!�r,<�6�!��=:7��"�*�B�!98�*�"#�HL���/%
7/9/���a�'=:��.<�'�/����Og�"� �*�*)<7 O<$��!1/�as��"�*)M���X��+<7/��������#�7/+')B�*�!��%Z�'�{�*1/�`«A.<9/���f'\cXd?1/�p�'� �!���*�A�B+
�"�/���*.�O>2"��+'2�9/+|�B�*�')<�0��#L�8)��P98�/�*�"��#*)<�/��;/+'�BH3;898�z�*1/�g7A�����*���*�')<�/���/.Z)�^���� �!�"���A��+v�"�8�"�*.BO
;��y�oKP���"�¬2")�=:7/���"#�#*�')�� $ ��� ���/% � � '>�B�/% �*1/�"��=Q��+H$ � � 'D�!�"��=:#>�'#>�'�82")<���*�"2y�XcLd?1/�
�*��#*9/+r�]��#M���/)<�/7/1 O-#*��2X��+��787/�*)X[3�'=:�B�!�n#*)<+�98�!��)<��c

+��'.�9/�*�{��#*1/)�KM#t�*1/�{�*��#*9/+r�?)�^�D2"��+'2�9/+|�B�*�')<�>9/#��'�/.��*1/�{���/���*�|��+A2�)<�/%/�r�!�')��/#P)�^�d���;/+��
�8cfd?1/�'#��*�"#$�`7/��)<;/+'��= ��#�#��'=>�'+'�����!)n�*1/�P«A��#��"H�;/98��1A��#`���/���*�|��+ #$�5�B�*�"#`2�)<�/#��'#��*�"� �`KM�r�!1

��W



ρ

-6 -4 -2 0 2 4 6 8

E

-6 -4 -2 0 2 4 6 8
g11

-6 -4 -2 0 2 4 6 8

g21

-6 -4 -2 0 2 4 6 8
g31

-6 -4 -2 0 2 4 6 8

σ11

-6 -4 -2 0 2 4 6 8

ò�§�ÀºÖ�®.Ö�×�¥|´�¾�½W�Î�¬kÍ�¥|«ô´�ÊºÎ�ËH§µ¸ºÀJ¼.½W½kyÎ|Üº§�«�¼.¾�¥2¤H§�¥|«3¼�¸W¸B´yÎuÍ�·º¾y§�Îu¸�ìYÉ�ðá§�¸7×�¼.¬RÍ�¥2±uî�¼.ÏY¾�¥j ��¯ �
ì`©W¼�´�Ê7Íµ§�¸º¥�°�Î�½�¥|¸o´�Ó�«9¬�ÎuÍ�´�î^°�¼�¸W©�� ¥\Üº¼�¦\¾��uy¥|´y·kÍ�¾�ì`´�ÎuÍµ§�©oÍ�§�¸º¥�°�àkÍ�Í�¥|©B´�Ó£«B¬�ÎuÍ�´^î^Ö.×,Êº¥2¼.¬k´y¦j§�´�´y¼
§�´>Ë�¼�¨�¥J¨�¥|Í�Î£¦j§�¾qÓ�§�¸�ä�«�ö�´jÖ£ªA¥|¸W´y§�¾qÓ � ìY�¼�¸WÀ�¥B®�®.Öiñ.óuñ.Á7¾�Î�®|»£Ö���¯�±�¹	ÀÌö�¦j¦�î^°º§�¸Ì¾�¥j�¸W¼�ÍW¥|¸º¥jyÀ�Ó� ì�Ùq»£Ö�®	¾�Î=Ù�®.Ö ¯�± �Òä�¶£ö�ÀÌî^°�§�¸�¨�¥j^´�¥	©º¥jÏ�Î�^«�¼.¾y§�Îu¸�¾�¥|¸W´�Î� � I&I ìd®o¾�Îç®.Ö�® ��»uî^° � R I ì�ÙP²�Ö ²u±�¹�¾�Î²�Ö ²º® �uî^°�¼�¸W© � � I ì`²�Ö ²º®�¾�Î�²�Ö ².¹W®�î^°v¼�¸W©Ò¸WÎ��«�¼�Í�´�¾��¥|´y´�� I&I ì�Ù�® � �£Ö ¯3¾�Î	ÙqÁ�±£Ö ²�²ÒåtÔ�¼�î^Ö

�3U



σ21

-6 -4 -2 0 2 4 6 8

σ31

-6 -4 -2 0 2 4 6 8
S

-6 -4 -2 0 2 4 6 8

T

-6 -4 -2 0 2 4 6 8

vx

-6 -4 -2 0 2 4 6 8

vy

-6 -4 -2 0 2 4 6 8ò�§�ÀºÖ�®�� ¦\Îu¸Ì¾y§�¸£·º¥|©ÐÖ
�-�!���"#�# � R I $|S5U<c W<E����!)JU�c ���<�Db����?'P���8% � � I $�Sª�3c �%�B���!)�SoW8c �<��WDbT���e'yH8��� �!�*)�7xO � $IW
�!)�U<c ��W<� ! U�W G # 4�� 
f. � 'yH��!��=:7��"�*�B�!98�*� � $�S �����6�!)&¨8U	���H'\H�,<�"+�)32����oO � ) $�W(�*)��
4x=�
B# '?���/% ��� $�SªW3c W<�<���!):W8c W<�3UZ4x=�
B# 'yc

�<�



vz

-6 -4 -2 0 2 4 6 8ò�§�ÀºÖ�®�� ¦\Îu¸Ì¾y§�¸£·º¥|©ÐÖ0p�"+�)32����oO ��� $�SªW3c W8UZ�*):W3c�UT4x=�
f#0'yc
9/�/�'�f[3�|��+v%/�y^�)<�*=:�B�!��)<��c }o�Q�*1/�'#z2X��#���H-�!1/�{�	Sp���8%(�	S�Kt�X,<��#M���*�]+'���/�X����+�O�%8�".<���/�"�*�B�!�
��2"��)<#*#]�!1/��KP�X,<�0#�O-#$�!�"=@c�d?1/��#*)<+�98�!��)<��2�)<�/#*��#��*#Z)�^L��U�S #*1/)-254vH��J+'���/�X�B�*+�OJ%/�".<���3S
�"�*�B�!�:�	S #*1/)-254F$I�62�)<� �5��2y��%8�'#*2�)<� �!���-98���oO-'yH��(�fS �!������^���2y�!��)<��H��6�BS #*1/)-254vH��6+'�'�8�X����+�O
%/�".��"�/���!�B�*�D�	S #*1/)-254 $����/)��*1/�"�M2")��x�!��2��g%/��#*2�)<� �!�'�x9/�r�oO-'yHA���8%��0¨fS #*1/)-254vc

d?1/�0#��!�B�!�0#*7/��2"�>�"�/2�)<9/� �!���*��%��'���*1/�'#Z�\[/�B=:7/+��D,-�')<+'�B�!��#Z#*��,��"�*��+p)�^z�*1/�>��#*#�9/=>73S
�!��)<�/#t=:��%/�{���J#*��2��*�')<�@�3c3}o�(7A�����*�'2�9/+|����H-�*1/�T�D���8%&�3H/���/%J�*1/�Z�0���/%@��KP�X,<��#n�����
%/�".��"�/���!�B�*�n�B�p7�)<���x�*#p��2"��)<#*#a�*1/�?Kt�X,<�g#�O-#$�!�"=@c-�3)<+�98�!��)<��)�^��!1/��#a7/�*)�;/+'��= �*��wx9/�'���"#
=:)-%/�r«A2X�B�*�')<�8#z�!)0�!18���B+'.<)<�����*1/=)�^�#��"2y�!�')����D%/��#*2"���';��"%&�'�6#*��2��*�')<���3c �3c

×U¼.¬kÍ�¥9»
Éd¸W§�¾y§�¼�Í�¦\Îu¸W©k§�¾y§�Îu¸W´2ÏYÎ�H¦j¼�Í�¦j·WÍµ¼.¾y§�Îu¸'´yÊºÎ�ËH¸'§�¸Òò�§�Àu·Wy¥9±

½k¼.�¼�«	¥j¾�¥j ¨�¼�Í�·W¥ ·W¸k§�¾y´
Í�¥jÏ�¾,´y¾y¼.¾�¥��
� � Ùq»£Ö ¯ � äº¶Ìö�À �

� � �� ® ² ²
²!� ²º® ® ²
² ² ®

��
� �

� � �� ±
²
²!��®

��
� ä�«�ö�´ �

�§�ÀuÊÌ¾,´�¾y¼.¾�¥��
� � Ùq»£Ö ¯ � äº¶Ìö�À �

� � �� ® ² ²
² ® ²
²!��® ² ®

��
� �

� � �� ²	 ²!� ²u»	 ²!� ²º®
��

� ä�«�ö�´ �

���



ρ

-4 -2 0 2 4 6

E

-4 -2 0 2 4 6
g11

-4 -2 0 2 4 6

g21

-4 -2 0 2 4 6
g31

-4 -2 0 2 4 6

σ11

-4 -2 0 2 4 6

ò�§�ÀºÖ�±£Ö�ëJ¸W§µ¼�Ü�§�¼�Í�§µ´�Î�¾�yÎ�½k§�¦g¦j¼�´y¥nËH§�¾yÊ�©W¥jÀ�¥|¸º¥j�¼�¦\Ó�ìYÉ�ðç§�¸Ú×U¼.¬kÍ�¥>»uî^Ö�¿J½W½W�Î|Üº§�«�¼.¾�¥n´�ÎuÍ�·W¾y§�Îu¸
¼.ÏY¾�¥j ��¯ ��ì`©W¼�´yÊ	Íµ§�¸º¥�°�Î�½v¥|¸	´yÓ£«B¬�ÎuÍ�´^î^°�¼�¸W©�� ¥\Ü�¼�¦\¾��Ìy¥|´y·WÍ�¾2ì`´�ÎuÍµ§�©oÍ�§�¸º¥�°�àkÍ�Í�¥|©o´�Ó�«B¬vÎuÍµ´^î^Ö�×HÊº¥
¼.¬k´�¦j§�´y´y¼�§�´JË�¼�¨�¥7¨�¥|Í�Î£¦j§�¾qÓ�§�¸�ä�«�ö�´jÖ�ªJ¥|¸k´y§�¾PÓ � ìY�¼�¸ºÀ�¥�ó£Ö ¯�».²=¾�Î�®j²�Ö ó�®j²'ÀÌö�¦j¦�î^°�§�¸�¾�¥j^¸W¼�Í¥|¸º¥j�À�Ó � ì�Ùq»£Ö ¯.²º®Ú¾�Î7Ùq»£Ö »uñ�¹�äº¶Ìö�ÀÌî^°º§�¸Ì¨�¥j�´�¥Ú©º¥jÏYÎ��«�¼.¾y§�Îu¸�¾�¥|¸W´�Î� � I&I ìd®A¾�Î'®.Ö ±�®�®�î^° � R I ì`²¾�Î3²�Ö ²uÁ.²uóuî^°Ð¼�¸W© � � I ì`²	¾�Î�²�Ö�®|±uñ�î^°v¼�¸W©�¸ºÎ��«�¼�ÍÐ´�¾��¥|´y´�� I&I ì�ÙqÁ.²�Ö ±.²�¾�Î	ÙP²�Öiñ.»=åtÔ�¼�î^Ö

�B�



σ21

-4 -2 0 2 4 6

σ31

-4 -2 0 2 4 6
S

-4 -2 0 2 4 6

T

-4 -2 0 2 4 6

vx

-4 -2 0 2 4 6

vy

-4 -2 0 2 4 6ò�§�ÀºÖR± � ¦\Îu¸Ì¾y§�¸£·º¥|©ÐÖ
�-�!���"#�# � R I $�So�8c �<W¬�*) W bT���?'j���/% � � I $�S �-c W<�k�!) W bT���?'\H���� �!�*)�7xO � $IW¬�!)
�3c ��W<E ! U�W G � 4�� 
B. � 'yHf�!�"=>7��"�!�f�!9/��� � $|S �<��En�*) ����� � 'yHB,<�"+�)32����oO � ) $�Wn�!)��{4x=�
B# '
���/% ��� $�SªW3c�U<U����!)>W8c W ��W�4x=�
B# 'yc

�<�



vz

-4 -2 0 2 4 6ò�§�ÀºÖR± � ¦\Îu¸Ì¾y§�¸£·º¥|©ÐÖ0p�"+�)32����oO ��� $�SªW3c W<�D�*):W3c�UT4x=�
f#0'yc
� �£������(�3��������������e�J�������
���	����� 

}o�m�!1/��#�#��"2y�!�')��mKP�J2�)<�/#��'%/���D#*)<=>�Q7/�B�!1/)�+')<.<��2X��+a2�)<�/%/�r�!��)<�/#T�!1A�B��)32�2"9/���'��#�)<+'��%
=:��251A���/��2"#�c�d?1/��#]�*�*�X�f�!=>�"� �{��#n�/)��]�y[31A�B9/#��*��,<�BH�;/98�n2")�,<���*#Z#���,<���!��+�#*7��"2��|��+2X��#��"#
�!1A�f�M)32�2"9/�?2�)<=:=>)<�/+rO0KM���!16�*1/�Z#*��=:7/+��n��+|��#$�!�'2"��+'+rO>�'#*)B�!�*)�7/�'2]=:)-%/�"+�7/�*��#*���x�*�"%&�'�
#*��2��!��)<�@�/c

	���� 
 ��
� � ������� ��� � � � ���  � � � ��� � 
 	 ��
 � ��� � 
�� � � 	��� 	 � 	 � � ��
 � 	

�¬1/�"� � ��#a%/�|�B.<)<�A��+3;/98�L�/)��p78�*)<7�)<���*�')<�/��+3�*)�8vH � � ��#p��+'#�)�%8�|��.<)��A��+/�B�/%0�/)��p7/��)BS
7�)����!��)<�A��+A�*)�8vH3KM���*1Q�!18�{�*��#*9/+r�t�!1A�f� 	 + &aKM��+'+v;��n7/�*)<7�)<�$�!�')��A��+A�!)0��7��"��=D98�!�B�!��)<�
)�^�8vc�d?18���!1/���"����2")<98#��!��2�KP�X,<�"#������D��+��'.<�8�"%(KM���!1&�!1/��7/�*���/2"��7A��+�%/�'���"2y�!�')��/#"c�d?1/�
^���#�� $ P + &�� �X© P I * � I ¡ P + &�� �K'MKP�X,<�D��#{�>+')<�/.����!98%/�'�A�B+�=:)-%/�BH 	 + &  �[*  I H����/%��*1/�
#*+�)	K Kt�X,��"#t�B�*�M)<���*1/)<.<)��A��+/�!�*���/#$,<�"��#*�]=:)-%/�"#�c �t�p�!1/��#*�g#*7��"2"�'��+A7�)<�'� �!#�H?_ I b 9<; P I�'#0�/)<�8s"�"��)/HL���/%��!1/�@)<�*%8�"�*���/.~=:�y�!1/)-%T$I��E?'D=:��O�;��(9/#*��%¤KM���*1/)<98�:��=�;/�'.<98���oO<c
�])�Kz��,<���"H£�*1/���*�!���8#�,<���*#���Kt�X,���#*7��"�"%8#Z���*��+')-2X�B+�\[-�!�*��=Q�3H�18�"�/2�� _ R b 9<; PJR * W3H
���*2�c

¥�����9/#�#�9/7/7�)<#*�:�!1/��#�2��'��2"9/=>#��!���/2"�BH�KM���!1 PLR �@+�)32"��+a=>�'�/��=D9/=@c�d?1/����H�KM1/���*1/�"�. R ��#�7�)<#����!�r,<�:)<���8�". �B�*��,���H`�@«A�/���*�:7��"�$�!9/��;A�B�*�')<� �-� * . R _ R KM�'+'+p���/2"���X��#�� PJR N
�6�!������^���2y�!�')��~��#Z�*��w-98�'�*��%~KM1/�B�!�y,<�"�T�!18�>#��'.<�j)�^ . R c �P)<� ,<���*#*��+�O�H��r^ PJR �'#T�6+')-2X��+
=Q�	[8��=D9/=@H-�*1/�"����#*1/)-2546�'#?���"wx9/�'���"%(KM1A�B�*��,<���g�*1/�T#*��.<�()�^ . R c
d?1/�"����^�)<����HX�*)g)�;8�5�����T�?#*)<+�98�!��)<�Z)<;���O-�'�/.g¥��f[�¦�#��� �!�*)�7xO{2")<�/%8���!��)<�Z�����'#��'�8#*9��>2"���"� �
�!)�#��"+'��2��M�!18�{Kt�X,<�Z�oO-7���; O:�!1/�Z#��'.<�()�^�.�anKM1/�"��_�a/b�9<; P a *lW0�B�t�*1/�Z2"���x�*�"���'�/.
7�)��'� �Xc

�n+�#*)/H�(#*�'=>7/+��0KP�X,<�>�!�!��e��"2��*)<��O~7A�B#*#*���/.&�*1/)<9/.�1�#*98251��&7�)<�'� ��)�^?.��"�x9/�'�8�:�/)��3S

��¨



+'���/�X�������oO�=D9/#$�:�*�"�*=>�'�/�B�!�(�B���*1/�'#07�)<�'� �0��� )<��%/�"���*)�)<;���O��!1/�@2")<�8#��!�*���'� �0�!1/�B�
Kt�X,��J#*7��"��%/#�,B����O~=>)<�/)��*)<�/��2X��+�+�O���2"��)<#*#��!1/�>Kt�X,<�Bc �P)<=>7/98�!�B�!��)<�A��+�+�O�H��!18�'#TKM�'+'+
)32�2"9/�z��^��*1/�Z��2�)<9/#$�!�'2]�"��.<�"� ,<��2��*)<�t#*��.<�J2�)<� ,<�"� �*�')<� $ $Y��E?'L���/%J#�9/;/#��"wx9/�"� �g%/��#*2"98#$S
#*��)<�L'P�'#P�"�8^�)<��2"��%�cL�])�Kz��,<���"H�%/)<���/.D�!1/��#?=Q�B4��"#t�*1/�T#*��.<�6)�^ = � " = .�2X��+�2"9/+'�B�!��%6)<�
�!1/�]�!������^���2y�!��)<�Q���/%/���*�"��=:���A�B�!�BHx���/%Q�*1/�'#L�'�>�!9/���Q=:�XO:2"��9/#��n�!1/�])�,<�"�*��+'+v=D98+��!��7/+'�
#*1/)-)��*�'�/.{=>���*1/)-%��!)n^��B�'+x�!){2�)<� ,<�"��.<��c d?18�"�*�y^�)<�*�BH��!){��#*#�9/�*�?2�)<� ,<�"��.<�"�82"��H �*1/�t#*��.<�
)�^t,��"2��*)<�*# 	 + &{=�9/#���;��:2")<�8#��5�B�x�D��+')��/.6�!1/�:�!������^���2y�!�')��~��� �!�".��!��+IH���,<���m�!1/)�9/.<1
�!1/��#�=:�XO�,-�')<+'�B�!�DKP�X,<�J=>)<�/)��*)<�/��2"���oO�2")<�/#$�!�*���'� �!#�)<���&.<�r,<�"�����*�"�!�f�!�')���c��t���*1/�
#��!�����M)�^��D�*���*�y^���2��*�')<�JKP�X,<��2"9/�$,<�T�'� �!��.<�!�f�!�')���H-�*1/�Z#*��.<�()�^ 	 + &L�'#t%8���!���*=>�'�/��%(��#
%/�"#�2"���';��"%J; O $Y��E?'\c3�39/;/#��"wx9/�"� �M�y,��B+'9A�B�*�')<�8#z)�^ 	 + &`251/)-)<#��n�!1/�]#*��.<�:�*)�=:�f[3�'=>�'s"�
�!1/�?���/�/����7/��)3%/982��p)�^v�!18�?��7/7/��)<7/���|�B�*�P2")�+'9/=>�/#`)�^ 	 + &�KM�r�!1D�*1/�t2")�+'9/=>�D)<;8�!���'�8�"%
�'�6�!18��78�*��,-��)<9/#*+rOJ�y,��B+'9A�B�*�')<�6)��@�*1/�ZKt�X,<��2"98��,<�Bc

	�� � � � ����� ������ 	���� W Q P + & I * P + & R Q P + & �

d?1/���B�A��+�O-#��'#>��;�)	,����B#*#*98=:��#Q.<���-98�'�/�@�/)<�/+��'�/�"���*�r�oO����8%¤%/��#��!���/2��>���'.<���x,��"2y�!)<��#"c%P)��*1 )�^Z�!18�"#*����#*#�9/=:73�!�')��/#Q;/���X��4�%/)�KM�k�'�¤��,<����O 2")<=>=>)<�¤2��'�*2�9/=>#��5�B�/2"�&�'�
�"+'��#��*�'2X�B+'+�O0��#*)��*�*)<78�'2{=:�B�!���*�'��+'#�c-}o�(2�)<=:=>)<�67/�*��2��*�'2���H8)��/�T2")<�/#$�!��9/2��*#M�*1/�Z1 O-7����$S
�"+'��#��*�'2��"�8�"�*.BO�^�9/�/2��*�')<��^�)<�T�B����+|��#$�!�'2"��+'+rO@�'#*)B�!)<7/��2�=Q�f�!�"���|��+���#��6#*1/�"����7��"�$�!9/�ªS
;A�B�*�')<�>�!)D��1 O3%8�*)<#$�5�B�*�'2n����^����*�"�82"�Z2")��8«A.<9/�*�B�!��)<��c<�¬1/���6��,B��+�9A�B�!��%J�B�t��7�)<�'� �z)<�
�!1/�P1xO-%/��)<#��!�B�XHB�!1/�t#�1/�X�B�`=:)-%/��#a���*�z%/�".��"�/���!�B�*�?;xO�,-�'���*9/�P)B^�#$O-=:=>���*��O<c +A9/���*1/�"��H
#*���/2"�Q�*1/�J#�1/�X�����"�/���*.�O��'#���=:���/�'=�9/= )<���*1/�J1 O-%/�*)�#��5�f�D�!1/�Q#*1/�"���D=>)3%/��#D�����
+'���/�X����+�O�%8�".<���/�"�*�B�!�:)<���!18�Q1 O-%/�*)<#$�5�B�"H��B+��!18)<9/.<1~�!1/�yO��B�*�Q.��"�x9/�'�8�"+�Oj�8)<�/+'���/�X�B�
�"+�#*��KM18�"�*�Bc

dtKP)T7/��)<;/+��"=>#a���*��#*�z�'�D�!18�'#`2"��#*�Bc�+��'��#��"HB.<�r,<��� P�� * P + & I * P + & R HB�*1/�?�"��.<�"� ,<��2��*)<�*#
	 + &  I ���/% 	 + &  R )�^v�!1/�t��2")<98#��!��2P�!���/#*)��a���*�P�/)��a9/�8�'wx9/�"+rO�%8���!���*=>�'�/��%ON<�B�xO�+'���/�X�B�
2")<=�;/�'�A�f�!�')���)�^p�!18�"#*�����'.<��� ,<�"2y�!)<��#T�'#{�r�!#*��+�^L�������'.<��� ,<�"2y�!)<�ZKM�r�!1��"��.<�"� ,B��+�9/� P�� c
5]�����!18�"�M�!1/��#*1/)-254&�8)<�g�*1/���*���*�y^���2��*�')<����+'.�)<�*�r�!1/=>#?������9/�/��wx9/�"+rO(%/��«A�8�"%��'�@�!1/��#
2X��#���c��-�"2")��/%�H£�*1/��7������*9/�*;A�f�!�')������A��+rO-#*�'# $I¨��<;J'g�'#n�/)��T��787/�*)<78�*�|�f�!��c %P)��*1�7/�*)�;3S
+'��=:#�=Q�XO~;��J��%/%8�*�"#�#*��%��r^t�!18�Q%/��.<�"�/���!��2yOm+�)32"��+ N��Ic �Bc�H���^t9/7�)��m7������*9/�*;A�f�!�')���)�^
�!1/�T2��"� �!���*�'�8.Q#��!�B�!����+�)<�/.0�"�r�!1/���M�>#�1/)-254 �]9/.<)��/�')��M+�)32�9/#M)<�M�0�!������^���2y�!�')��(KP�X,<�
2"9/�$,<�T�!1/�T%/��.<�"�8�"�!�B2�O(�'#M+���^��!��%�c

���j«A��#��&�y[8��=>�'�/���!18��7/��)<;/+��"= )�^�%/�".<���/�"�*��2�Ol��+�)<�/�#$��8�".<+��"2��*�'�/.��!18��+'��254 )�^
.<�"�x9/���/�~�/)<�/+��'�/�"���*�r�oO!'0^��*)<= ��^�)<��=Q��+]7�)��'� �@)�^�,-����K �*)¤���/��+�O-s"���*1/�j#*)<+�98�!��)<�
7/�*)�7������!���"#�c<�n2��*)<#�#z�nKP�X,<�[Z��!1A�B�p��#`%/��.<�"�/���!�B�*��H<�*1/�?%/�".��"�/���!��2yO0=Q�XO�;��?;/��)<4�����c
}o�J�!1/�Z7/�����*�'2"98+|���L2X��#��Z)�^���6��+|��#$�!�'2"��+'+rO0�'#�)��!��)<7/�'2g1 O-7����*�"+'��#��*�'2{#�)<+'��%J2")��/#��*�*9/2y�!�"%
^��*)<= ���&�'#��"� �!��)<7/�'2��*�y^��"�*���/2"��2"9/�$,<��H��!1/��#]KM�'+�+���+�KP�XO-#{1A��7/7��"�£cO�P)<�8#*�'%8�"�!�f�!�')���)�^

�%�



$I¨<�e't���/%�$I¨��]'P#�1/)�KM#g�*1A�B�M�r^�� � %/��.<�"�/���!�B�*��KP�X,<��#n�����T1xO-;/���'%/��s"��%

��
�
	 �+ &  � 
ccc
	 �+ &  ��� �

� �
 *

��
�
	 + &  � 
ccc
	 + &  ��� �

� �
 � $ � �e'

�'�(#*98251��DKt�XO6�*1A�B�
���
�
$ 	 �+ &  � 
 ' � �<; $ 	 �+ &  � 
 ' bfbfb $ 	 �+ &  � 
 ' � �<;Y$ 	 �+ &  � � � 'ccc c c c ccc
$ 	 �+ &  � � � ' � �<; $ 	 �+ &  � 
 ' bfbfb $ 	 �+ &  � � � ' � �<;Y$ 	 �+ &  � � � '

� ��
 $ �B�?'

�'#D%8�|��.<)��A��+YH��*1/�"���*�"�*=># $ 	 �+ &  �  ' � �<; $ 	 �+ &  ��� '\H � c*��jKM��+'+L;��J��%/�"� �*�'2X�B+'+�Ojs��"��)/H
���/%(�!1/�T#��'�/.<98+|�������!���"#L�!1A�B�?Kz)<9/+�%&)B�!1/����KM�'#��T)32�2"9/�M�'� $�¨��<;L'PKM��+'+£%8�'#!�B7/7��"���"c

}o���!18�P7/���"#*��� �p2"�'��2"9/=>#��!���/2���Hf+'����9/#�7������!98�*; � �8)��`; O�%/��q��"���"� �!�'�B�!��)<��H�;/98��; O��*1/�
��2��*�')<�@)�^��!1/� _�aT%/�".��"�/���!�B�*��KP��,���H : � * _ aMb 9<; �6c��P)�=D;/�'�8�'�/. $ � �e'PKM���!1�$ �B�?'
KP�])<;8�!���'�:���>�"�'.��"� ,B��+'9/�g7/��)<;/+'��=&HBKM���!1:�"��.<�"� ,<��2��*)<�*# � ;����'�/.T�!1/�g1 O-;/�*��%/�'s"�B�!��)<�
=Q�f�!�*�V[�H��B�/%��"��.<�"� ,B��+�9/�"#�: � 2")<���*�"#�7�)��/%/�'�8.Q�!)Q�*1/�D251A�B�/.<�D�����"��.<�"� ,B��+'98��9/7�)<�
7������*9/�*;A�f�!�')��: $�2�^ªH�$I¨��]' '>N

���
�
$ 	 + &  � 
 ' � : � 	 + &  � 
 bfbfb $ 	 + &  � 
 ' � : � 	 + &  ��� �ccc c c c ccc
$ 	 + &  ��� � ' � : � 	 + &  � 
 bfbfb $ 	 + &  ��� � ' � : � 	 + &  ��� �

����
 
	 * $ �BE?'

	 %/�'��.L$ : � � 
 � 
 ,�bfbfb>, : � ��� � ��� � ' S
d?1/�P=:�B�*�*�r[- 	 �+ & : � 	 + &�#n�'##�O-=>=:�y�!���'2�H�KM���!1��*�"��+ �"��.<�"� ,B��+'98�"#"Hf���8% � ��#98�/���!����O�H
� GJI * � � cA}o�(�!18��� � * �D2"��#*� � =:�XOJ;������"7/���"#��"� �!��%���#g���*)��!�B�!��)<�

� * � 2")�# 	 #*��� 	#*��� 	 ¡�2")<# 	 � S $I��W?'

d�)�;��J#�7���2"��«/2�H`+����D98#�#*9/7/7�)<#��J�!1A�B��KP�(�����J�'� �*�"�*��#��*�"%��'��2�)<=:7898�!���/.�#$�5�B�*� � R
^��*)<=�#��5�f�!��� I �'�(�!1/�T%/��.<�"�/���!�B�*��2"��#*�Bc�d?18�����"+'�y,B��� �n���'.<���x,��"2y�!)<� _ R %8�"7��"�/%/#])<�
	 + &�� R HxKM1/�'251Q�'#p�/)��zO<���P9/�/��w-98�"+�O>%/�y«A�/��%�c8�]2"2")��*%/���/.��*) $Y�B��;L'yH-��2��*)<#�#zKP�X,<�T��Kz�
1A�X,<��7������*9/�*;A�f�!�')��/#

: �  I * �  I 	 �+ &�� R $I�8U��e'
: � *R¡ �� I � 	 �+ &�� R $I�8U";L'

: � ��� * = � ���
= �  I �

 I 	 �+ &�� R ¡ = � ���
= �

 � I � 	 �+ &�� R $I�8UX2�'

: P + &M* : � ¡ �  � I 	 �+ &�� R
� � P + & S $I�8U"%L'

���



shock

rarefaction

∆α2

∆λλ3
λ2

λ2

λ3

ò�§�ÀºÖ�»£Ö�Øç¼|¨�¥ÒÍ�¼.¬�¥|Í�§µ¸ºÀÒ¦\Îu¸�¨�¥|¸Ì¾y§�Îu¸W´o·º½�Îu¸çÍ�§�Ï�¾y§�¸WÀ�� R�� � � ©º¥jÀ�¥|¸º¥j�¼�¦\Óá§�¸ç´�¾y¼.¾�¥�� I ËJ§�¾yÊ½�¥jy¾y·º�¬k¼.¾y§�Îu¸��	� R °R¦�ÊºÎu´�¥|¸�¾�Î�¥|¸ºÏYÎ��¦\¥9¦j¼�¸ºÎu¸k§�¦j¼�ÍÐÎ��©º¥j^§�¸ºÀºÖ
d?1/� :`_ R 7������*9/�*;A�f�!�')��TKM��+'+<;8�*�X�B4T�*1/�L#�O-=:=>���*��OT�B�/%�+���^����*1/�z%8�".<���/�"�*��2�O�;��"2X�B9/#*�
�!1/�T#$O3=>=>���!���'2Z����^��"���"�/2���2�)<�8«A.�9/�!�B�*�')<�(��#?%/��«A�8�"%&^�)��?s"�"��):#�1/�X�B�"c

%zO�,-�'�$�!9/�0)�^($I�<We'yH�Kz�:=:�XO�2")<�8#*�'%8�"�8$ ��E?']KM�r�!1�$I�8U"2f'Z��#��@#�����)�^t#��'=D98+��5�B�/�")<98#
�"wx9A�B�*�')<�8#���� 	 cfdtKz)n#�)<+'93�!�')��/#�=Q�XOZ;��z)�;8�5�����/�"%��'��.<���/�"�*��+YH	)<�/�L)�^3KM1/�'251�#!�B�*�'#�«/�"#
�!1/��Kt�X,<��)��*%/���*�'�8.Q%/���/)��!��%��'�2+��'.<98�*���8c - �/��#*)<+�98�!��)<�&2�)<=>�"#]^���)<=�2")<�8#*�'%8�"�*���/.
�!1/�Z#�)<+'��%6+'���/� P $&.Y'z�'� +���.<9/���Z�0��# P + &�� R ©3�*1/�T)��!18�"�t^��*)�=R2�)<�/#*��%/�"���'�/.D�*1/�T%A��#�1/�"%
+'���/��c

d?1/�'#g#*�y�*�*+'�"#g�!1/��wx9/�"#$�!�')���)�^`98�/�'wx9/���/�"#�# N��>#*�"+r^|So2�)<�/#*��#��*�"� �n78�*�"#�2"���'78�*�')<�&�'#g.<��,��"�
��;�)	,���^�)<�g+'�r^��!���/.D�!1/��%/��.<�"�/���!��2yO��B�/%��'%8�"� �!�r^�O3���/.��!1/���*��+'��,B��� �g,<��2��!)�� 	 + &  R ^�)<�
�!1/�M2�)<=:7898�5�B�*�')<��)B^£�!18�n��S KP��,���c�
]�8�*�"#�)<+�,��"%Q���*�t�*1/�M%/�"����,B�B�!�r,<��#/9<; 	UaM���/%%9%;�_�a
��7/7��X�����'�/.T���4$��<E�;L'a���8% $��x���?'����"#*7��"2y�!�r,<�"+rO<cxd?1/�
9<;�_�aM%/�"����,B�B�*��,<��#L���*�M��,B��+�9A�B�*�"%
��+')��/.6�!1/�:�!������^���2y�!�')������x�*�".<�*��+a2"98��,<�BHKM18�"�*�Q%/�".<���/�"�*��2�OjKM��+'+p��+��*�X�B%8O�;��:+���^��!��%
; O��!1/�g7������*9/�*;A�f�!�')��%_ R b 9<;�b'H-���/%>#*)��!1/��#*�n%8�"�*�r,B�B�!�r,<�"#p7�)<#*�g�/)�#*7��"2��|��+v7/��)<;/+'��=&c
d?1/�~%/�"����,B�B�!�r,<��# 9<; 	Ua��B7/7��"���*���/.��'�k�!18�~#�1/)-254h78�*)<;/+��"= �B�*�j2"���x�*�"���"% �B�6�*1/�
%/�".��"�/���!�B�*��7�)<�'� �(��XHA1/)�Kz��,��"�"H����/%(�!18�"�*�Z�*1/�Z^�)<�*=:��+��B�A��+�O-#��'#?;/���X��4x#g%/)�KM��c

+A)<�a��� OD7��"�$�!9/��;A�B�*�')<�0�Eb 9<; �6H��{%/��q��"���"� �p1 O-;/�*��%/�'s"�B�!��)<� � $$� " � � � '���#`�*��w-98�'�*��%��!)
2X���82"�"+�#*���/.<9/+'���*�r�!�'��#p�'� $�¨��<;L'\c/�3���/2"�g�!1/�n1xO-;/���'%/��sX�B�*�')<�:%/�"7��"�8%/#?)<�Q�*1/�{%/���*�"2y�!��)<�
)�^n�*1/�(7������*9/�*;A�f�!�')���Hp���/%��/)��>���*#0#��!���"�/.B�!1�H 	 + &��'#0�/)��>2�)<� �!�'�x9/)�9/#Q�f� ��Q���/%
�!1/���*�y^�)<�*�Z�!18��%8�"�*�r,B�B�!�r,<� 9<; 	 + &z%/)-�"#M�/)��M�\[8��#��"c
�])�Kz��,<���"Hv��^��*1/�Z%/��.<�"�/���!��2yO(�'#t+�)32"��+YHx���J�!1/�Z7/���"#��"� �g2X��#��TKM18�"�(��,B��+�9A�B�!��%@�B��� I H�!1/���69/�/+��"#*# . R * W�Kz�Z�y[37���2��?�*1/�{%/��.<�"�/���!��2yOJ�!)�;��{+���^��*�"%Q���"� R c8d?1/����H/�'�8#��!�"��%
)�^

� �R * � R $ � I , . R '�¡%� R $I� ���e'
W8*7� �R ¡98;:<� R  >= � �R

= . R : . R  = � �R
= � I

:�� I $I� �f;L'

��E



KP�:=Q�XO���� �!�".��!�B�*�:�B2"�*)�#*#T�!1/�0Kt�X,��J#��!�����*�'�/.6^��*)�= �!1/�>�/)<�8%/�".<���/�"�*�B�!�:7�)��'� ��� R
KM���*1

� � �R *
� I $�� R ,X¡/. R '�¡%� I $I�<�<�e'

W%*R¡ � = � � �R
= � R �

GJI � � �R ¡ :<� R ¡ � = � � �R
= � R �

GJI = � � �R
= . R : . R $I�<�B;L'

 � = � � �R
= � R �

GJI :<� I>S
d?1A�B�(��#"HpKP�j=:��O 9/#����!1/��^�)<��=Q�B+]=:��251/���/�"�$O¤%/�y,<��+')<7��"%¬�'�k#��"2y�!�')��h�3HzKM�r�!1¬�
�*��%/��«A�8���!��)<�J)�^��*1/�n�!���*=>#t�*��+|�B�*�"%J�*) � �R 2�)<�*���"#�7�)<�8%/�'�/.D�*)0�D�*�y,<�"��#*��%&2��"� �!���*�'�8./c

} ^ . R * WT�!1/���J�!1/�]%/�"����,B�B�!�r,<��# = � " = � �B�/% = � " = .m�B�*�]�*�*�r,3�'��+YH<���/%6��.<���'�>�!1/���*�
�'#?�/)�78�*)<;/+��"=@c8} ^�� . R �x�'#?#�=Q�B+'+YHx#�9/251&�*1A�B�?�!18�Z=D9/+��*�'7/+��]#�1/)-)��!���/.����*�"�!�f�!�')��/#t=:��O
)<#*2��'+�+|�B�*�n;����oKz�"�"�&#*1/)-2546���8%&�*���*�y^���2��*�')<�6#�)<+'98�*�')<�8#"H3�*1/�"�6�*1/�T�*��,��"��#*�"%&2"���x�*�"���'�/.
$I� � '�#*1/)<98+'%�;��(9/#��"% 2")<�/#��'#$�!�"� �*+�Om^���)<=��r�!�"�*�B�!��)<�m�!)j�r�!�"�*�B�!��)<���*)~78�*�"#��"�$,<�&�*1/�
�'� �!���*7/�����!�B�!��)<�()�^ .�a%$�KM1/��251&��#?%/��q��"���"� �g^�)<�t^�)<��KP����%3Sz���/%@�*�y,<�"��#*�\So2"��� �!�"���'�/.�#{)<�
�!1/�T#�1/)32546;8�!���/251J'yc

d?1/�]���A��+rO3#��'#`)B^��Z2")<=�;/�'�/��%07�)<��� �p)�^£%8�".<���/�"�*��2�O>���8%:+'��254�)�^£.<�"�x9/���/�M�/)<�/+��'�/�"���$S
���oO{^�)�+'+')�KM#��*1/�z78�*)-2"�"%89/�*�L%/�"#�2"���';��"%D�B;�)�,<�Bc �g)�KP�y,<�"��HB�����*1/�'#�2"��#*�p�!1/�L%/��.<�"�/���!��2yO
�'#]�/)��Z+���^��!��%�; O��>«A�*#$�T)<�*%/���{7��"���*9/�*;/�B�!��)<�F$�_ b 9<;O'yH�;/98�Z=�9/#��Z;��D+���^��!��%�; O&�*1/�
#*��2")<�/%¤)<�*%/���:7��"�$�!9/��;A�B�*�')<�:$�_<b-9<;O' R cad?1/�&KP�X,<��)��*%/���*�'�8.������*1/�'#>2X��#��&��#:�8)��
.<��,��"�(��#P�'�/%/��2X�B�*�"%J��� +���.<9/�*�n�8H8;898�?=:��O>;��Z��#t���/%/��2X�B�*�"%J��� +��'.�9/�*�]�/c8�]#t�'�Q�*1/�
#*��=:7/+��"�a.<���x9/�'�/��+�O0�/)��/+'���/�X���a2"��#*�BH3;/��254 Kt����%J2"��� �!�"���'�/.�)�^��*1/�]#�)<+'93�!�')��4$�� �e'`=:��O
;��T9/#��"%@�!)02")<=>7/98�*�{�!1/�T%/��#*���*�"%&#*)<+�98�!��)<��c

a)  rarefactions

∆α2

∆λλ3
λ2

b)  shocks

∆α2

∆λ

λ3

λ2

ò�§�ÀºÖ�¹ºÖ�Øç¼|¨�¥ÒÍ�¼.¬�¥|Í�§µ¸ºÀÒ¦\Îu¸�¨�¥|¸Ì¾y§�Îu¸W´o·º½�Îu¸çÍ�§�Ï�¾y§�¸WÀ�� R�� � � ©º¥jÀ�¥|¸º¥j�¼�¦\Óá§�¸ç´�¾y¼.¾�¥�� I ËJ§�¾yÊ´�¥|¦\Îu¸k©�ÙwÎ��©º¥j,½�¥jy¾y·Wy¬k¼.¾y§�Îu¸ � � R °k¦�ÊºÎu´y¥|¸'¾�Î�¥|¸ºÏYÎ��¦\¥9¦j¼�¸WÎu¸W§�¦j¼�ÍÐÎ��©W¥j�§�¸ºÀºÖ

} ^£%8�".<���/�"�*��2�O0)-2"2�9/�*#L��+�)<�/.T�Z�!������^���2y�!��)<�DKt�X,��n2"98��,<�BHx;/98�p�/)��p�8�"2"��#*#*���*��+�O0�B�a�*1/�
�"�/%�7�)<��� �!#"HA�*1/�"������,��"�*#���2"���x�*�"���'�/.QKM��+'+��/)B�n���"#*)�+�,<���!1/���"��.<�"� ,<��2��*)<�{��=�;/�'.<98���oO<c
d?1/�'#2"���*2�9/=:#$�5���82"�P)-2"2�9/�*���"%��'���*1/�L2X��+�2"9/+'�B�!��)<�T#*1/)�KM�D��� +���.<9/���P�-cf�t���X��251�7�)<��� �
��+')��/.g�*1/�P�*���*�y^���2��*�')<��Kt�X,��?2"9/�$,<��HB��^A%8�".<���/�"�*��2�O��'#%/���*�"2y�!�"%��*1/�"���B����7/7/��)<7/���|�B�*�
1 O3;8�*�'%8�'sX�f�!�')��6=D9/#��g;��T2X��+�2"9/+'�B�!��%�c

�<W



	���� � � ����� ������ 	�� � � W * P + & I * P + & R Q P + & �
d?1/�'#P2"�'��2"9/=>#��!���/2��{2")<���*��#*7�)<�/%/#t�*)���#*)fSo2X�B+'+'��%���#�)�^��?��2�)<9/#$�!�'2n=:)-%/�"�-N3���*1/�"��=:)fS
%8O-�A��=>�'2z+')<#�#`)�^v#*18�X���a#$�!�*���/.��*1��"�/2�)<9/� �!���*�"%>9/7�)<��=>�"+��*�'�/.8cX�¬1/�"� P + & I * P + & R *
W8H!_ �g���8% _ #M;���2")<=>�Z+'���/�X����+�O>%/��.<�"�/���!�B�*�T���/%(�"wx9A�B+YHA���8%@#�)�%/)`_ R ���/% _ $�N3�!1/���*�
�'#M��%/)<98;/+'�T�"��.<�"� ,��"2��*)<�M%/��«/2"�'���/2�O�c

+��'��#��tKz�����A��+rO3s��{�!1/�T2�)<�/%/�r�!�')��J�!1A�B�?�*1/�'#?%8�".<���/�"�*��2�O(�\[8��#��*#g���(�'�/�r�!�|�B+�#$�5�B�*�"#(���
���/%.�	��HA���8%&7��"��#*�'#$�!#M�'�@��+�+£���x�*�"��=:��%/�|�B�*�Z#��!�B�!��#"cAd?1/���&Kz��1A�X,��

� *
��
�
� I&I W W
W � I&I W
W W � I&I

� �
 $I��� �e'

� *
��
�
��� R W W
W W W
W W W

� �
 $I����;L'

���/% 	 + & * � $Y�B�]'\H!B + &Y*l%/�|�B.L$IW-,gW-, � 'yc

�¬���*1/)<98�?+�)<#*#?)B^�.<���/�"�*��+'�r�oO:Kz��=Q�XO6�f�M��� O67�)<�'� �?7��"�$^�)<�*=����ª,3�����*9A��+����"=:��7/��)�^
�!1/�T9/�8%/�"��+�O-�'�/.>¥���.<�*���/.<�'���6�*�y^��"���"�/2���2�)3)<��%/�'�/�B�!� '!Ac/d?1A�f�]��#"HA#����

	� N * � $I�<�e'

���/%(�!1/���

� N *
��
�
� I&I W W
W U W
W W U

� �
 " N *

��
�
U " � I&I W W
W U W
W W U

� �
 $I��¨?'

KM���*1��'�8���!�'��+'+rO � I&I * U<c	d?1/�"������7/+'��2"�L)�^ � $ � ,��6'�Kz�t2")<�8#��!��9/2����!1/�z�'� �!���*�A��+-�"�8�"�*.BO
^�9/�/2y�!�')��0^���)<= � $ � 	� ,�� '\c<d?1/��#a=:�V[8��%0#�O-=D;�)<+'��2?���/%0�x9/=>�"�*��2?�*��7/�*��#*�"� �!�B�!��)<� $��<¨?'\H
�!)<.����!18�"�zKM�r�!1 $I���]'\Hx�y[37�)�#*�n�*1/�{%/��2")<9/78+'�'�8.�)�^�,B�����|��;8+'�"# ��� R H ��� ��H � I R H3���/% � I �P�'��!1/�n=Q�B�*�*�V[<7 $Y�B�<�?'yc-d?1x9/#"H8�'�Q�*1/�{2X�B#*�{)�^�=>�"+r�!���/.�Kz�{1A�X,<� ��* $ ��� I , ��� , � I&I '\H� 143 � HA���/%

72*
��
�

� � I W 

� 
 
 $ � R ¡ � RI '

� ¡ � 
 


 � I $ ��� I $ �

R ¡ � '� � I � I&I ' I� 
 
� 
 




W W

���
 , $I�����e'

Ag*
��
�

� $ � I ¡ � ' W � $ � I  � '
$ ��� ¡ � I&I ¡ ����� I ' U $ ��� ¡ � I&I  ����� I '� I&I W � I&I

� �
 , $I���f;L'

C *
���
�
¡ IR



& W IR

� 
 
  U/ � 
& #
¡ � I U C � $ � RI ¡ � '� � I&I G " � I&I IR



& W IR

� 
 
  UM¡ � 
& #
� ��
 , $I���B2�'

B@* %/�|�B.L$ � I ¡ � , � I , � I  � '>, $I���f%L'
�8U



���/%

( * � � I
� I&I � S $I���B��'

d?1/�"#��T�"wx9A�B�*�')<�/#?%8�"#*2��*��;��{�*1/�T_a9/+'���?�"wx9A�B�*�')<�/#?���62")<�8#*�"�$,B�B�!��)<�J^�)<�*=@H3KM�r�!1�� *
¡ � I&I ���/% ��� R �!18�z;/98+'4n=>)-%/9/+'98# � � * = ��" = +'� � � � H"KM�r�!1 � �!18�L;89/+'4{#�)<9/�/%�#*7��"��%�c
d?1/�'#�#$O-#��!��= )�^]%/�'=>�"�/#��')<���:* �8H�� *¢U<H`2�)<� �5�����/#D�oKP)~.<���-98�'�/��+�Om�8)<�/+'���/�X�B�
Kt�X,��"#{�B�/%���#��'�/.<+��{+'���/�X�B�*+�O:%/��.<�"�/���!�B�*��2�)<� �5��2y�g%/�'#�2")<� �!���x9/���oO�c

d?1/�T=:)��*�{���x�*�"���"#��*�'�/.07/��)<;/+��"=R���*��#*�"#tKM18�"� ���6�B�/% � ���B�*�Z�/)��M���/���*�|��+�+�O�%/�".<���3S
�"�*�B�!�BH�;/98�Z�!1/�B��=:��+��!���/.J)-2"2�9/�*#Z^�)<�Z�\[/�B=:7/+��0��2"��)<#*#Z�*1/�(U0KP�X,<�BH#�)@�*1A�B�T#$�5�B�*�"#
� I H�� R H����/% �	��������=:)<+r�!����c�}o�j�!1/��#Z2X��#���H��!1/���*�*�X�f�!=>�"� �T)�^L�!1/�@U�Kt�X,<�:���/%~)�^
Kt�X,��"#��8H �3H ¨6^�)<+'+�)	KM#]�!1/�07/���"#*2��*��78�!��)<��)B^P#��"2��*�')<���3c�d?1/�Q�6���/%��(KP�X,<��#D�����>+��'�3S
�X����+�O�%8�".<���/�"�*�B�!�BH3�B�/%:+����p9/#L#*987/7�)�#*�g�'�/�r�!�|�B+'+�OZ�*1A�B�a�*1/��O02�)<9/+'%>;��M�*�*�"�B�!��%:���0�*1/�
=Q�B�/�/�"�?)B^`�0#*��=:7/+��nKP��,���cvd?1/��%/�".��"�/���!�B�*��,��"2��*)<�*#n�����/%&�0���*�

_ � *
��
�

���  � I 	 + & �  �
�  � ¡ � 
 




#  � I 	 + & �  �

� 	 + & �  �
� �
 *

�����������
�

W
W
W
W
� I �� R �
� � �

� ����������
 
, � * �d,5� $I���?'

#*���/2"� 	 + & �@* 8j�����!18�'#�2"��#*�Bc`d?1/��#*�J,<��2��*)<�*#0�����Q2�)<�/#��!��� �XH`#��'�/2��Q��� U�So%8�'�*��2��*�"%
NA)�K $ �<* U�'P�!18�T,B�����|��;8+'�"# �  R ���/% �  �]���*�Z�!���X�B�*�"%&��#M7A���*��=:�y�!���*#"H82")<�/#$�5��� �])<�
�X��251&#*��%/�Z)�^�!1/�T2")��x�!��2��"cvd?1-98#"H

� � $&��f, . � 'E* �	� . � _ � $I�<E<�e'
9%; � � � $&��f, . � 'E*78 $I�<EB;L'
=
= . � � � $&��f, . � 'E*g_ � $I�<E�2�'

=D9/#$�p��7/7/+rO���2"��)<#*#`�*1/�"#��?%/�".<���/�"�*�B�!�tKP�X,<��#L�r^/�!18��O�Kz�"���t�!){;��P�*�*�X�f�!�"%0�B#`.<�"�x9/���/�
Kt�X,��"#"c!�])�KP�y,<���M��2")<�8#*�"wx9/���/2"�T)�^6$I�<E?'p���/%.$I¨ �e'a�'#p�!1/�B�t2�)<+'9/=>�/#P�����/%Q��)�^��*1/�
=Q�f�!�*�V[ � $ªU�E<�?'L;���2")<=>�

���������
�

W
W
W��� 
 
����� 
 ��� � �  R * W
W
W

����������
 
,

���������
�

W
W
W��� 
 
���� 
 ��� � �  � *hW
W
W

����������
 
, $IE�W?'

���/%~#*) � =D9/#���;��>#��'�/.�9/+|����c�d?1/�>1 O37�)��*1/�"#��'#��*1A�B�TKz�:=:�XO�#*)<+r,<�0�!1/��#T7/�*)<;8+'�"=
��#��(¨fS KP�X,<�>#�O-#��*�"= �'#{^��B+'#*�Bc�}o�/#$�!�X�B%�H�KP�0=D9/#$���*�"2�)<.<�/��s"���!1/�B���67/1A��#��:251A�B�/.<�

� �



1A��#L)32�2"9/���*��%J��2��*)<#�#L�*1/��UMKP��,���H8���/%>#*)��8)	K¤�!1/�g7/�*)	e��"2��*�')<� ( ��2��*�'�/.���2��*)<#�#L�*1/�
2")<� �!��2��*# $��'�/2�+'9/%/���/.�KP�X,<�"#{�>�B�/%@�?'P�'#

( Ne3�� ,. 3 � , ( $ �(' *
����
�

� I
� I&I
� R I
� � I

�����
 $IE3U�'

%/�"#�2"���';/���/.�NA9/�'%-So#*)�+'�'%62�)<9/7/+��'�/.@C�U�WBGIc

� �������?����X������

� .<�"�8�"�!�B+����!���!�B�*��,��Z#*)<+�98�!��)<�Q�!)��*1/��ig���"=:���/�67/��)<;/+'��=R^�)<�?#$O-#��!��=:#M)�^�2")��/#*����,B�fS
�!��)<�0+|�XKM#p�'#p7/�*��#*���x�*�"%�c 
]�8%/�"�L2")<�8%/���*�')<�/#`KM18�"�*�]¥��f[�¦ #nCF¨BGv�y[3�'#$�!���/2"�n���/%>9/�/�'wx9/�\S
�/�"#�#Z����.<9/=>�"� �{1/)�+'%/#�H�)�9/�n�r�!�"�*�B�!�r,<��=:�y�!1/)-%�2�)<� ,<���*.<��#{�!):�*1/�'#]9/�/��w-98��#*)�+'98�*�')<��c
d?1/�j#��*�*9/2y�!9/���~)B^��*1/�j=:�y�!1/)-%k�'#6wx9/�r�!��#*��=:78+'����+r�!1/)�9/.<1 �!18���!1/���*=>)3%8O-�A�B=:��2
%/�"����,B�B�*��,<��#M�*�"wx9/���*��%&=:�XOJ;���2�)<=>7/+'��2X�B�*�"%�c

�n�j���/��+�O-#*��#n)�^a�*1/���"wx9A�f�!�')��/#{)�^p1 O-7����*��+|��#$�!�'2�#*)<+��'%�=>�"251/���/�'2�#{�*�y,<�"��+'#{�*1A�B�n�*1/�
4��yO��B#*#*98=:78�*�')<�8#�)B^t.<���-98�'�/�>�/)<�/+��'�/�"���*�r�oO��B�/%�%/��#��*�'�/2y�T�"�'.��"� ,B��+'9/��#��B�*�0�/)�����+VS
Kt�XO-#D,B��+'��%�c�}o��^���2y�XH��!1/��#*�J7/�B�!1/)�+')<.<��2X��+�2")<�/%8���!��)<�/#�)32�2"9/��9/�/%/����,<����O�2")<=>=>)<�
2")<�8%/���*�')<�/#�^�)<��"wx9A�B�*�')<�8#�)�^A#$�5�B�*�zKM�r�!1�18�'.<1�#�O-=:=>���*��O�c*+A)<���!18�"#*�P2")<�/%8���!��)<�/#�Hf���"+VS
�B�!�r,<��+�O@#��*�!����.<1 �*^�)<�$Kt����%�=>)3%/�r«A2X�f�!�')��/#g���*���*�"2�)<=>=:���/%/�"%&�!)J)<;3�5�����&�!18�D2")<���*��2��
�"� �!��)<7 O(#*)<+�98�!��)<��c


]#��'�/.g���T�"+'��#��*�'2"��+'+rOxS �'#�)��!��)<7/�'2�1 O-7����*��+|��#$�!�'2a=>)-%/�"+ �B7/7/�*)X[3�'=:�B�*�'�/.t2�)<7/7��"��H	�M2�)<=�S
7A�����'#*)��&)�^��y[8��2y�{���8%���787/�*)X[3�'=:�B�!��iM�'��=Q���8�@#�)<+'93�!�')��/#?�*�y,<�X�B+'#g#*)<=>�T#*�'.��/��«A2"��� �
%/�'#�2"���"7A���82"�'��#"cB}o�D�!1/�t�\[8��=:78+'�"#�)�^��n7/���"%/)�=:���A�B�!��+�OT�/)��*=:��+x�'=>7A��2��"H�KM���!1D�n#*=:��+'+
2")<=>7�)<�/�"� �P)�^�#*18�X����H3�!18�{��7/78�*)X[3�'=:�B�!�g#*)<+r,<���t)<;8�!���'�/#L�*�"��#*)��A��;/+��n�*��#*9/+r�!#L^�)<�L�*1/�
1 O3%8�*)-%8O-�A��=>�'2T,��B�*�|�B;/+'��#?%/�"�/#����oO � Hv�/)<��=Q��+�,<�"+�)32����oO � ) H����/%@�/)<��=Q��+�#$�!���"#*# � I&I c+A)<�z�*1/�{�'� �*�"�*�/��+����/�"��.�O � �*1/�Z��7/78�*)X[3�'=:�B�!�]#*)<+r,<�"�P�'#P���Q���*�*)��t; OJ��787/�*)X[3�'=:�B�!��+�O
�<W� JcA_a� �!��)<7 O ���B�/%6�!1/�Z%/���*�r,<�"%6�*�"=>7����!�B�*9/�*�T�����Z�/)<�/781xO-#��'2X�B+��'�J�*1/�T��7/7/��)X[8�VS
=Q�f�!�Z#*)�+'98�*�')<��c

d?1/�"#��z���"#�9/+��*#�#*9/.<.��"#����*1A�B���*1/�p��7/7/��)X[8��=Q�f�!�`#�)<+�,��"���"=>7/+�)	O��"%T�'�>CFE8HrU�WBG�=Q�XO{;��a�'�-S
��%/��w-9/�B�!�g^�)<�p2"�"�$�5�����Q2�)<=:7898�5�B�*�')<�8#"c<}o�J7/�����*�'2"98+|����H<7/�*)�;/+'��=:#aKM���*1>�*�"=>7����!�B�*9/�*�\S
%/�"7��"�8%/�"� ���*�B�!��#&)�^�251/�"=>�'2"��+T�*�"��2��*�')<��H?)��@�*�"=>7����!�B�*9/�*�\SJ�B�/% �*�B�!�\So%/��7����/%/�"� �
7/+|�B#��!��2"�r�oO<Hv=Q�XO@�'� �*�"�!�B2��{7�)-)<�*+rO6KM���!1&�!1/���B7/7/�*)X[3�'=:�B�*��#�)<+�,��"�"c 
{�"#�7/���*���!18�D#*9/�ªS
7/�*��#*���/.<+�OJ%/�'#�2"�*��7A��� �Z���"#*98+��!#];��y�oKP���"���!18�D�y[8��2y�Z���/%���7/7/��)�[3��=Q�B�*��iM�'��=Q�B�/��#�)BS
+'98�*�')<�8#"H<�x9/=>�"���'2X�B+�=>���*1/)-%/#p;A��#*��%J)<�0�!1/�]��7/78�*)X[3�'=:�B�!�M#*)�+�,<���z7��"�$^�)<�*=uKz�"+�+����/%
%/)�2")��x,��"��.<�J�!)��*1/�J2")��*�*��2���#$�5�B�*�Q,B��+'98�"#����8%mKt�X,<�6#�7����"%/#&CFE8HrU�WBGIc�d?1/��#D)-2"2"98�*#
;���2X��98#*�Z�!1/�T�B7/7/�*)X[3�'=:�B�*�{=:�y�!1/)-%6�'#�� $ :8� : 7+'���� $ :8� R 't�B�/%(#*)02")<�8#*�'#$�!���x�"H
���/%�#$�5��;8+'�����8%�2")<�8#*�'#$�!���x�{2")<�/#��"�$,��f�!�')��3S ^�)<��=�=:�y�!1/)-%/#n2�)<� ,<���*.<�D�*)QKP�"��4�#�)<+'9-S
�!��)<�/#?)�^�!1/�T2�)<�/#*����,B�B�*�')<�@+|�XKM#�C��fGYc

�<�



�6��������8��-
 �L���-����

b �[� �!1/���/4x#t�a1/��+O�P)<+��"+�+|�{^�)<�L=Q��� O0���/#*��.<1 �*^�9/+v%/��#*2"98#*#*��)<�/#�cJ�P)<=>7/98�!�B�!��)<�/#aKP���*�
7�����^�)<��=:��% )<�¤�*1/� 5]�B�!��)<�A��+g_a�/���*.�O¤ig��#*�"���*251l�32��'�"� �*��«A2 �P)<=:7898�!���/. �P���x�*�"��¦ #
} %M� �8� #�9/7��"�*2�)<=>7/98�!���6�!�-�X��;�)<�*.��Q�B�g�!18��¥��XKM�*���/2"� %z�"�*4B�"+���O5n�B�*�')<�/��+�¥���;�)fS
�!�B�*)<��O�c

� �� x��3��e!

��®����7Ökåt¼.�¼�§	�|¼.�Ö�Þ£ÎuÍ�·W¾y§�Îu¸3Î�Ï�¼B¤J§�¥|«�¼�¸W¸�½WyÎ�¬kÍ�¥|« ÏYÎ�2¥|Í�¼�´�¾y§�¦j§�¾qÓ�Ö�
º�vø�h�f.]�_`V}{jV`_`a�°W±�Á ��¹�»�
Á�»£°U®|¯�¯�®.Ö

��± � Þ�Ö ��Ö�åtÎ£©W·k¸ºÎ�¨vÖ ò�§�¸W§�¾�¥-©W§�Ûv¥jy¥|¸k¦\¥5«�¥j¾yÊºÎ£©LÏYÎ� ¸£·W«	¥j�§�¦j¼�Í�¦\Îu«	½k·W¾y¼.¾y§�Îu¸W´:Î�Ï
©k§�´y¦\Îu¸Ì¾y§�¸Ì·WÎu·W´3´�ÎuÍµ·º¾y§�Îu¸W´�Î�ÏÚ¾yÊº¥�¥��Ì·W¼.¾y§�Îu¸W´�Î�Ï��k·W§�©÷©ºÓ£¸k¼�«�§�¦j´jÖ��$f�_w�Úz��|�µ°%½k¼.À�¥|´
±uñ£®��£».²uÁ£°g®|¯ ��¯£Ö�ð�Î��¸º¥|Í�ÍÐ¿J¥jyÎu¸W¼�·W¾y§�¦j¼�Í�è�¼.¬�Î��¼.¾�Î��Ó�¾�^¼�¸W´yÍ�¼.¾y§�Îu¸�Ö

��» � Þ�Ö �	ÖßåAÎ�©W·W¸ºÎ�¨RÖ Þ£Ó�«�«	¥j¾�^§�¦ Ï�Î��« Î�Ï-«�¼.Àu¸W¥j¾�ÎuÊ�Ó�©ºyÎ�©ºÓ�¸W¼�«�§�¦j´ ¥��£·W¼.¾y§�Îu¸k´jÖ
e��ÌVµ]�h�ZjTWTWa�Z��$Zj_wb�x.a��$Z\���£f.TkVµ��V�z�pRh�b.]���TRb�V,zW[yZyx.a�l��Bb.X�b�]�V}�jV�[^]���°�» � ±�Á�£»�¹º°%®|¯uñ.±£Öo§�¸
¤J·W´y´y§µ¼�¸ÐÖ

� ¹ � Þ�Ö �	ÖvåAÎ�©W·W¸WÎ�¨Ò¼�¸W©'ÕHÖWÉ^ÖR¤,Îu«	¥|¸W´yäÌÓ�Ö2×,Êº¥j�«�Î£©ºÓ�¸W¼�«�§µ¦j´j°£¦\Îu¸k´�¥jy¨.¼.¾y§�Îu¸�Í�¼�ËH´j°k¼�¸k©
´yÓ£«�«�¥j¾��§�¦JÏ�Î��«3´%Î�Ï�©W§�Û�¥jy¥|¸�¾y§µ¼�Ík¥��£·W¼.¾y§�Îu¸W´2§�¸=«	¥|¦^ÊW¼�¸W§�¦j´�Î�ÏU¦\Îu¸�¾y§�¸£·ºÎu·W´2«	¥|©k§�¼�Ö�Éd¸
egb�rHpv��_w���nh ��V`xÚm9a.TRf.roV}{\]%�,Z\X�V}Zj� ~ ���u�.°u½k¼.À�¥|´H®|¯�£»�®.ÖÌ¶�ÎuÊW¸7Ø5§�Í�¥jÓ7¼�¸W©�Þ£Îu¸W´j°.êH¥jË
�nÎ��äR°U®|¯�¯ �£Ö

��� � ÔUÖ>è�¼�Ü:¼�¸k©�éJÖ>Ø�¥|¸W©ºyÎ.Û�Ö*Þ£Ó�´�¾�¥|«�´oÎ�Ït¦\Îu¸W´�¥jy¨.¼.¾y§�Îu¸ Í�¼�ËH´jÖÝegb.ror����2��[yZ�s2pupRh��
�$f�_Y�£�µ°�®|» � ±�®�ñ��£±�»uñÌ°n®|¯�Á.²�Ö

��Á � ÔUÖ�ªBÖ%è�¼�Ü�Ö �JÓÌ½�¥jy¬�ÎuÍ�§µ¦�´�Ó�´�¾�¥|«�´3Î�ÏÚ¦\Îu¸W´�¥jy¨.¼.¾y§�Îu¸-Í�¼|ËH´�ÉyÉ^Ö egb.ror	���2��[yZ�s2pupRh��
�$f�_Y�£�µ°�®j² ����»uñ�����Á�Á£°n®|¯ �uñÌÖ

� ñ�� ÔUÖ�ªBÖ2è�¼�Ü�Ö��Úa^pºZj[j��b.h V`{"zka�]\_PZ\r7]�bdc:egb.Tº]jZj[^X.f�_`V}b.T*��f.��]"f.TRx:_Y��Z��$f�_Y��Z\r�f�_`V}{�f�h
� �ºZyb.[�a'bdcÚzº�£b|{j�! �f.X�Z�]�Ö�Þ£Éd¿Aï$°WÔ>ÊW§µÍ�¼�©º¥|Í�½kÊk§�¼�°R®|¯uñ.»£Ö

��ó � ¤9ÖJï�¥|¸W§�ä�Î.ÛÝ¼�¸W©FéAÖA¶WÖ,Ô>Í�ÎuÊW|Öõ×,Êº¥$¤J§�¥|«�¼�¸W¸5½kyÎ�¬kÍ�¥|«�ÏYÎ�"�k·k§�©#�WÎ�Ë1Î�Ï7�¥|¼�Í
«3¼.¾�¥j�§�¼�Í�´jÖ%�HZ\X��$�çb|xu�$����a�]\�µ°RÁ�®uìd®�î �iñ ��R®|».²�°>®|¯�ó�¯£Ö

��¯ � åoÖD�9Ö£ï�§�ÍµÍ�¥jg¼�¸W©�ÔUÖ£ð�ÎuÍ�¥|ÍµÍ�¼�Ök¿-ÊW§�ÀuÊ�ÙwÎ��©W¥jnÕ>·WÍ�¥j^§�¼�¸�åAÎ£©k·W¸ºÎ�¨	«	¥j¾yÊWÎ£©oÏYÎ�n¥|Í�¼�´�¾y§µ¦�Ù
½RÍ�¼�´�¾y§�¦%�WÎ�Ëô§�¸Ò´�ÎuÍµ§�©W´jÖ&
º��egb.rJp��$�2��a�]\�µ°�®|Áuñ ��®|»�®��R®�ñ.Á£°�±.²�²º®.Ö

��®j²	��åoÖ
�BÖ�ï�§�Í�Í�¥j%¼�¸W©�ÔUÖºð�ÎuÍ�¥|Í�Í�¼�ÖÐ¿F¦\Îu¸W´�¥j�¨�¼.¾y§�¨�¥t¾yÊº�¥j¥\ÙP©W§�«	¥|¸W´�§�Îu¸W¼�ÍWÕ%·WÍ�¥j�§�¼�¸3«	¥j¾yÊºÎ�©
ÏYÎ�J¦\Îu·W½kÍ�¥|©'�k·W§µ©�ÙP´�ÎuÍ�§�©�´yÊºÎ�¦yä=¦j¼.½W¾y·º^§�¸ºÀºÖ(
º��egb.rJp��)���Ìa�]j��°�®|ó�» � ±�Á�£ó�±£°�±.²�²u±£Ö

��®�®��vï$ÖRï�ÎÌÎu¸W¥jÓ�Ön¿ô¾yÊº¥jÎ��Ó�Î�Ï�Í�¼.yÀ�¥Ú¥|Í�¼�´y¾y§�¦Ú©º¥jÏYÎ��«�¼.¾y§�Îu¸ÐÖ&
º�Ðs�pupvh��)�2��a�]\�µ°�®�® ����ó�±����¯�±£°
®|¯�¹u²�Ö

��®|± �v¶WÖ �9ÖÐ¤,Îu´y¥�°Ð¶WÖÐòº¥jy�¼�¸Ì¾�¥�°�¼�¸W©�¶ºÖ�¤�Ö�Þ�«�§�¾yÊÐÖAëA¸W§�¨�¥j^´y¼�ÍU¬k§�¸W©W§µ¸ºÀ	¥|¸º¥jyÀ�Ó�¦j·ºy¨�¥|´tÏYÎ�
«�¥j¾y¼�Í�´H¼�¸W©'¬k§�«	¥j¾y¼�Í�Íµ§�¦J§µ¸�¾�¥jyÏ`¼�¦\¥|´jÖ*�2��a�]\���HZ\X�����Zj_}_w�µ°W¹Ìñ � Áuñ ��£Áuñ.ó£°n®|¯�ó�®.Ö

���



��®|» ����Ön×�¼�¸ºÀá¼�¸W©�×ÚÖ%ðAÖn×ÚÖn×H§�¸ºÀºÖßØç¼|¨�¥�¦j·Wy¨�¥|´�ÏYÎ�	¾yÊº¥�¤J§�¥|«�¼�¸W¸ß½WyÎ�¬RÍ�¥|« Î�ÏJ½RÍ�¼�¸
Ë2¼|¨�¥|´A§�¸'§µ´�Î�¾�yÎ�½k§�¦A¥|Í�¼�´y¾y§�¦Ú´�ÎuÍ�§�©k´jÖ��^Tk_w� 
º��ø2TÌ�uTÌ���UzR{|V`�µ°k± � ��®|»�¹�»�R®|»�ó�®.°>®|¯�óuñÌÖ

��®\¹ �RÕHÖ7ò�Öo×�Î��ÎºÖ �HV}Zjr�f.TWTL]\b�hiX�Z\[^]-f.TRx TW��r3Z\[�V}{�f.h�r�Z|_Y�£b|x�]�c\b�[����£V}x x.a.TRf.roV}{\]^Ö
Þ�½W�§�¸ºÀ�¥j�°�êJ¥jË �nÎ�yäv°R´y¥|¦\Îu¸W©Ò¥|©W§�¾y§�Îu¸Ð°Ð®|¯�¯�¯£Ö

��® � �v¶WÖv¿BÖR×��¼�¸ºÀ�¥|¸k´�¾�¥|§�¸�¼�¸W©�¤9ÖRéAÖ�Ô�¥|«B¬�¥j|ÖH×,ÊW¥B¤H§�¥|«�¼�¸W¸'½kyÎ�¬kÍ�¥|« Ï�Î�tÍ�Îu¸ºÀu§�¾y·k©W§�¸W¼�Í
«�Î�¾y§�Îu¸3§�¸3¼�¸	¥|Í�¼�´�¾y§�¦�Ùw½RÍ�¼�´�¾y§�¦�¬R¼.|Ö�z���s � 
º��zR{jV}�ÐzR_wf�_w�>egb.rJpR�º_w�µ°R®|± ��®|ó.² �£±.²�ñÌ°�®|¯�¯�®.Ö

��®|Á �RÔUÖ��t§�¸º¥j¾j°£¶WÖ£òW¥jy�¼�¸Ì¾�¥�°k¶ºÖ�BÖ�¤,Îu´�¥�°º¼�¸W©=¶ºÖ�¤�ÖWÞ�«�§�¾yÊ�Ö�ð2Îu«	½Wy¥|´y´�§�¬k§�Í�§�¾PÓ7Î�Ï�´�ÎuÍ�§�©k´jÖ 
��
�,Z�b^pk��a�]j�U�,Z\]\���H°R¯�± � ¯�»�®|¯�£¯�»�± �£°n®|¯�óuñÌÖ

��®�ñ��RÔUÖ��t§�¸º¥j¾j°�¶WÖ�òº¥jy^¼�¸�¾�¥�°�¶ºÖu¤�ÖÌÞº«�§�¾yÊÐ°�¼�¸W©3¶WÖ��9ÖÌ¤,Îu´�¥�Ö�¿*·k¸W§�¨�¥j�´y¼�Í�¥��£·W¼.¾y§�Îu¸�Î�Ïv´�¾y¼.¾�¥
ÏYÎ�J´yÎuÍ�§�©W´jÖ*
º� ����a�]\�HeU°�®|¯ � è�¹�Áuñ��Ìè�¹Ìñ.»£°�®|¯�ó�Á£Ö

��®|ó �Rò�Ö,Øç¼�¸WÀº°A¶ºÖJåÚÍ�§�«�«Ò°�¶ºÖJåtyÎ�¨�¥�°AéJÖA¶ºÖ,Ô>Í�ÎuÊº|°�¼�¸W©Fª7ÖJÞ�ÊW¼.�½�Ö ¿ ¦\Îu¸W´y¥jy¨�¼.¾y§�¨�¥
Õ%·WÍ�¥j�§µ¼�¸3¸£·W«	¥j�§�¦j¼�Ív´y¦^Êº¥|«	¥tÏ�Î��¥|Í�¼�´�¾�Î.Ùw½RÍ�¼�´�¾y§�¦j§�¾qÓ�¼�¸W©�¼.½W½kÍµ§�¦j¼.¾y§�Îu¸�¾�Îo½kÍµ¼.¾�¥A§�«�½k¼�¦\¾
½kyÎ�¬kÍ�¥|«�´|Ö*
º�	�^rJp�fu{�_�egb.rJpR�º_w��zR{jV}��ø�TÌ��[}���µ° � � ±�ó ��£».²uó£°n®|¯�¯�»£Ö

� �




