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664-702 MeV:  0.009 mb·mg/cm2
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�"!$# �4HGD2/��W#W=��10�=�1�B<1/B-E,1=���8,��2=�f�2<1HGD�����/B,B��"<1/L-7�@=@,-�'=��L-&�����N�@-E<!�E/'�.-7�'<>=/5 /)�@/��4/���1,
�BH&�2/��.�'=���*�102/9�\/),V/)�@, H&���102/]3O�"(t-&2DK�102/ � 9 ���	(I-&2D", -E<>H+��2D5,!�2=�$A&Ddg�:T *q=��+�2<1/3RTS
AVUhG$-&2Di�4HGD2/B,-�j�.-7�1<1=/5 /��@/)�./)��',_2/L-E<>�'0"/ � 9 ���k(I-&2Dj0"/L-EDbG ,����+�V/�,��1=��� -&
-ED����",��l�4/���m�'HP�'0"/��6!$#n�4H6D"/��V;Y=^�.HGD2/)�1�'0I-4��#W=����I-7�����"<'-7�1/����B�2<1/�D2=��.���102/WH+(2,>/B<�,E/BD
=@,>H+�4/B<��KH+�����@-7�'=\H+2,�#W=��'0?<>/L-&�\=@,��1=���S:T �JAVU3,P-&���2/�,��B�2,-�W0I-c,V/P�u-E<��V/B<9�s-7�1<1=65�/)�@/��4/���1,
-7�P�\HT#�,!�2=� -&2D ,1=��&2=\�:�B-&��l�/�F,!�.-&���@/B<*�s-4�'<1=65&/)�@/��4/���1,5-4�$02=��V0+,��2=�bGo��H+�'�2-E<1/�D��1H
�'0"/p�6!$#p�4H6D"/��V;

�������0q rIs�t�u2vowWx:y � 
	� vYz

={���u-&�",1=�(1�@/J�4HGD2=\�:�B-7�'=\H+j�1HC�'02/4�"!$#|�4HGD2/��R=@,2�'HC�",1/4-��@=�2/L-E<	,P-E<1=@-7�'=\H+8H&���'0"/
=���1<1=�",1=��J�s-7�1<1=658/)�@/)�./)L�\#W=/�'0&=���B<>/L-E,>=���:,��2=��}c~4=�N�102/e� 9 � �C(I-&2DbGb#W0"/B<1/e�'0"/
�BH&�����@=����(K/)�0#A/B/�M�'02/W(2-&2D2,��J-7%E/B,��102/ ,'-&�4/��MHV<�� =�2�102/A�9�@/)(2,!�J0dS)3$HE<1DI-&P��H6/.�'��=@/)L�1,
-E,$=�U�102/.�"!$# �4HGD2/�������QT��T��BH&�����@=���>��~ �����'H_��~+G�#W02/�<1/����t=@,2�102/��1<'-&",1=��1=@H+

�xw&�
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*q=��+�2<1/$RTSJ��� Y 5d�K/B<>=��4/���J-&� -&2D �L-&�������@-7�'/�D+-&�)�1=�,G=��0�&;B��02/N<1/�,!���/�$H&�3�102/ND2=@<>/��.� ���$H&�
=�"D2=�,G=@D1�I-&�&�.-7�1<1=/5�/)�@/��4/���1, TM,1H+�\=@D2�\=�2/LU � -c,V/���� 9iQ 6 wd;o��02/ -7�)�'=/,G=��0�*�L-&�������@-7�'/�D\�2,1=���
�'0"/:�"!$# �.HGD2/�� TMDI-E,>02/BD �\=�2/LU<#W=��'0 -& =���'<1=�2,1=��$�s-4�'<1=65+/��\/��4/����?V� 9 � � @ �BA @
� 9 D�F�9 � 6 D+� � � D��	��
�/�(bGdA&D� �u-E<��V/B<��10I-&4=�$�'02/W���m�'HP�'0"/����>T���/&G��X/bU��	� � H&���@H+�J(
/.5d��=��J-4�'=@H&�/.5d�K/B<1=��./)��cGd#AH+���\DC2H&��<>/��2<>H6D1���B/<�102/\�4/L-E,��2<1/)�./)L�1,�;m��02/2�\=�2/B-E<9�4HGD2/��
���^TMD2H&�!�1/BDk�@=�2/bUP2HV<��s-&�\=���/BDf�1HN�'02/ �"!$# �4H6D"/��A�1�4-7�_?>� ����n9 � ��� �BA��x�b%���	����F.9
D 6 QV%"�$/�(># -E,��@/L-P,��W/��Q/��.�'=/,V/&;

�B���/�'=��QH+�@-E<1=/�0�"U.GW(��1�'�'02/_� -&�)�1HV<! "$# � � � ��%'& "$# � � � � � � %(&"$# � � � � � � %(& ")# � � � ��%(& =\,.<>/����@-&�B/�D (�� -�� -&�)�1HV<4H&�2�'0"/
�MHV<�� � �+*o}�~+;-,0>�'0"=@,��L-P,1/&G��102/$<1/�D����B/�D �.-7�'<>=/5s/��\/��4/���', -E<>/
? }c~ �l� 9 �c��� �BA.�h}0/ �l� 9 D+F 9 1 A7}2/ � �L? }0/ ��~��"��� ��@T}c~ �'~7FBT � �43 � �65 7 � * A � ���uU

� T � �8*o}c~xU�? ��~�@ �JA�@&�9/�F 6 T Rd;\�bU
*q=��+�2<1/�RTS-A8,>02H #W,$�'02/��.-7�1<1=/5t/)�@/��4/���1,CH+(1�J-P=�2/�D (L��-ED����2,-�'=���U�I-E<1-&�./.�'/�<1, �j-72D
* ,1H �10I-7�K�'02/��@-E<!�E/B,��K�.-7�'<>=/5 /��\/��4/���B��H+�����\=���_�'Hj}c~ 9 �c�_�J-7%E/B,B�102/�,1-&�./�,P-&���2/

� �+D
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Linear Model
SDMM <16+|E2|0+>=7.59×10-19 eb

*q=��+�2<1/*RTS A � #^-7�'<>=/54/��\/��4/���',�H&�b�102/��"!$#v-&"D��@=�2/L-P<��4HGD2/��\,�"HV<!�.-&�@= �B/�D.-4�3�102/5�c� �
�@/.,V/)��=�C�'02/M� 9 � �$(I-&"Db;
-E,$=�U�102/��6!$# �4H6D"/��q���O=� �102/ �	�>T���/&G��X/LU �	�]/.5d�Q/�<1=��./)L��;'��0"=@,P2HV<��s-&�\=��B-7�'=\H+8=\,
(I-E,>/BD_���KH+_�102/O-E,1,������1�'=\H+C�'0I-7���102/P�s-4�'<1=65�/)�@/)�./)L�1,��BH+�"/��)�1=���$�1He�102/N� � � �@/.,V/)�
-E<>/ �4HV,��.=����QHE<��J-7L�4=� <1/)�2<1HGD�����=��� �'02/��c� � � �b% � �G=\/��@D H+(2,>/B<�,E/BD =�"�'02/ �I<1,-�
/.5d�K/B<>=��4/���c;

��02/M�@=�"/L-E<��4HGD2/��b�"<1/BD"=��)�1,	�G=\/��@D",�2/L-E<�����-&^HE<1D2/�< H7�8�.-&�+2=/�l�2D"/\�@H # /�<��'0I-&>�'0"/
�"!$# �.HGD2/)�d�MHV<��102/W02=��V0"/B,���/)2/B<��&�B�J-P<!�V/.�cG�#W=��10e�102/��0# HM�4H6D2/)�@,�"HV<!�.-&�@= �B/�DN-7��,!�2=�
� � � T *q=��+�"<1/_RTS AVU.; =�,N=� �'02/>�2<>/),G=@H&�2,C���$#W=��10"�102/^�"!$# �.HGD2/�� G�=����<1/L-P,1/?=� �'0"/
�KH+�����@-7�'=\H+U#W=��'0 =�1�B<1/B-E,1=���^S:T �JAVU$,-�'<>/���&�10�=@,P�\/B,1,P�'02-&f�\=�2/B-E<�G ,1Hj��2<>/L-&�\=@,��1=��B-&���/�
�u-P<!�V/��s-4�'<1=65O/��\/��4/���', -4�8�'0"/������K/B<��\/),E/��@,Y# H&���@D <>/B,��������M<>H+� =����<1/B-E,1=���<�'0"/ =���1<1=�",1=��
�.-7�'<>=/5s/��@/)�./)����'H4<1/��"<1HGD����B/\�102/O-&�)�1=�,G=��0�&;

� �"�



��02/$�BH&�����@=�����1H��'02/ 0"=��V02/�,��\�\/),E/��@,�=@,2%L2H #�U�M<1H+�n�'0"/$�2<1/.,6=\H+�2,X/h5d�Q/�<1=��4/���2�1H
(K/^<>/��u-4�'=�,E/��/� =�2/Z�[/)�)�1=�,V/7GW-&2D"�'02/_�u-E<��V/B,-���s-7�1<1=65�/��\/��4/���',.-7�.,!�2=�2,^� R � �102<1H+�1�V0
� � � -E<1/O/�`L�I-7�Y�1HsHV<W/.5d��/B/BDU�102HV,1/5H&�8�102/C�6!$#��4H6D2/)�VGI,����+�V/�,��'=���'�10I-7�	�'02/5<1/)�u-7�1=�,V/
,��1<1/)��&�'0", H&�I�s-4�'<1=65O/��\/��4/���',8#W=/�'0C-*�BH+���.H&J}c~W-E<>/9�'HGH<,P-E<>=@/BDp=�K�102/��2<>/B,>/�����@=�"/L-E<
�4H6D2/)�V; ��-EDN�'02/�<1/$2H7�\(Q/�/�&,����J0 -��@-E<!�E/pD2<>H+�&=� �102/$�2<>/BD2=��)�'/�DU�6=\/��\DF=�N�J02-&��V=���
�M<1H&� �'0"/s�6!$# �4HGD2/��8�1HC�'02=\,\�@=�"/L-E<2�4HGD2/�� G =��\�4=��E0L�X0I-c,V/4,1/B/)�./�D -7���2<1H&�2<1=@-7�'/J�1H
<1/.�J-E=� �'02/>�2<>/B,>/�����.HGD2/��]-&2D -ED����2,-� � -&2D8* =� Y `a�2-7�'=\H+"Rd; �+G3(1�1�$�'02/C�"<1/B,>/���
�BH&�����@=���C,!�J0"/��4/5=\,����@/B-E<!�/��=�2/��Q/��.�'=�,E/&;

_�`�� � ��� f � � r � � k���� i �	� ��
 � � f� f d � o

, �$# -E,B�MH+�12D D1�2<1=���N�'02/C�.-&L�I-&�]-ED����2,-�l�4/���NH&�	�'02/C�.-7�'<>=/5t/��\/��4/���',$�10I-7�$�'0"/
�.- �>HV<1=/�0��T��OKRVw����G%+D�NUXH&�9�102/.=\,1H+�4/B<$-7�)�'=/,P-7�'=\H+U�BH+�4/B,OD2=\<1/��.�l�/� �M<1H&� �BH+12/��.�'=@H&2,
(K/)�0#A/B/���'02/.3O�"( -&2DU�'02/?�TR � -72D �c� � =@,1H&�./�<2(I-&2D �@/.,V/)�@,.T��������N*q=��&�2<1/�RTS0Q U.G -P,
�@H&��$-E,m�jS0�4=/56=���<(K/)�0#A/B/)'�'0"/�3O�"(�-&2D$�102/�=@,>H+�./�<�(I-&"D4=���B<>/L-E,>/B,W#W=��10N=����<1/L-P,1=�1�
,!�"=�+-&2DN�10I-7� <>/L-E,>H+I-&(1�@/J�1���Q/�<\�@=��.=/�', -E<1/p=����QHV,>/BDFH& �'02/NS�T �BAEU ,��1<1/)��&�'0",sT��������
� D� H&�8�'02/pS:T �JAVU ,-�'<1/)��&�10FH&���102/K�1<'-&2,>=��1=@H+2,�#W=��102=�_�'02/ 35�6(�U.;I��02=\,<�4/L-&2,	�'0I-4�
�'0"/p-&�.�'=/,6=/�0�C�L-7�����1�u-7�1/BDC�MHV<��'02/M�R-IT ��� G$���JU �q-N/.5d�K/B<1=��./)���-72Dj�102/.�c� � � �b% � �6=\/��\D
�L-7�����1�u-7�1/BDB�MHV<��102/ �	�>T���/&G��X/LU �	�[/.5d�K/B<1=��./)��3�B-&�(Q/W-ED ���2,��1/BD.-&���4HV,�� =�2D2/)�Q/)2D2/)L�!���&G
-&.H+(�,6=\H+�2,��BH+",��'<1-E=���3(Q/�=���P�'02-7�]-O,!�4H6H7�'0bGL�4H+2H&�1H+2=����1<1/)2D�=�e�'0"/*�.-&�+2=/�l�2D"/B,�H&�
�'0"/M�.-7�1<1=/5s/��\/��4/���',W=\,��s-E=���J-E=�2/BDb;

=;,>/��BH&2D �BH+",��'<1-E=���pH+��102/s���5=@,M�'0I-7�M�'0"/��.-7�'<>=/5 /��\/��4/���',5D2H "H&� =�L�1<1HGD�����/
� S D2/)�L-c���M/�/BD2=���C,��1<1/)��&�'0",��V<1/B-7�'/�<9�'0I-7��'02/2�1���Q/�<��@=��.=/�',�,1/.��(���2H+aS H+(2,>/B<-,E-4�'=@H&�H&�
�M/B/�D2=�1�K�'<1-&2,>=��'=\H+2,�=�e�'0"/ �	�>T'�X/7G ��/bU ����/.5d�K/B<>=��4/���c;W��02/	�M/B/�D2=���K�@=��.=/�', -E<>/2O��cD ���
<1/)�u-7�1=�,E/2�'H$�'02/O%���	� � � ����	���>�G=@/��\D -&2D^-E<1/ <>/��2<>/B,1/)��'/BDU�E<'-&�20"=��L-7�����4=�^*R=��+�2<>/PRTS ��;

��02/��BH+�����\/)�'/8,1/)�?H7�K�.-7�1<1=/5 /)�@/��4/���1,��M<1H+� �'02=\,s��� T��q-7(��@/U�d;\�c� Us-&�@H&��f#W=��10
�����K/B<5-&2D �@H #A/B<P�@=��.=/�',�-&2D D2=u-&�EH+I-&�R/B<1<>HV<1,5-E<>/4,>02H #� =�t*R=��+�2<>/�RTS0�1;���0"/B<1/e# -E,
2H&�X,!�1���B=\/���$,1/)2,1=/�'=/,6=/�0�>�'H:D2/.�'/B<��.=�2/K�102/C,1/.� H&�m�.-7�'<>=/5^/��\/��4/���',*#W=��'0 �BHV<><1/��@-7�'/�D

� ��A
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) Direct excitation

In-band feeding from above
Feeding from GSB

*q=��+�2<1/CRTS Q ��� H+�����@-7�'=\H+ �4H6D2/�,CH&�	�'02/+� � � =\,1H+�4/B<B(2-&2D"(I-E,1/�D H+ �102/:���NH&�*�s-4S
�'<>=/5F/��@/)�./)��',�;���02/e�M<'-&�.�'=\H+2, H&�3�'02/e�KH+�����@-7�'=\H+&H&�]/B-&�J0 �@/),E/���-7���'<1=�(��1�1/BD��'H?D2=@<>/��.�
� H+���\H+�B( /.5d�B=/�J-7�1=@H+ -&"D � S D2/)�L-c�k�M/B/�D2=��� -E<1/?,>02H #� �MHV< �	�>T���/&G��X/LU �	�X,!�L-4�!�'/�<1=���
H ,V/�<Xw+A ) �1RE% ).;m��02/O��I-&� ,>/)��H&�8�.-7�1<1=/5s/��\/��4/���',WD2/�,!��<1=�(K/BD =�C�102/\�'/.5a�	# /�<1/M�2,1/�D_�1H
�L-7�����1�u-7�1/<�'02/\�102<1/�/K��H+��'<1=�(��1�1=@H+2,);
/B<><1HV<>,�Gd(��1�W-B��HV02/B<>/���W,1/.��H&�o�.-7�'<>=/54/)�@/��4/���1,9#W=��10C�����K/B<��\=��4=��',)G ,1H+�4/<�\H # /�<��@=��.=/�',
-&2D?D2=@-&�VH+2-&� T�����BHE<1<1/)�u-7�1/BD�U]/�<1<1HE<1,�# -E,��MH+��2D>�'0I-4���./�/)�',��102/\�20��G,1=��B-&�o�BH+",��'<1-E=���1,
D2/�,!�B<>=�(K/BD8-&(QH ,E/&;���02/5<>/��@-7�'=\H+2,10"=��2,�(K/)�0#A/B/) �'0"/O/Z�[/)�)�1,�H&�q,1H+�4/\�I-E<-�'=������@-E<��.-7�'<>=/5
/��\/��4/���',��2,>/BD_�'HN,��1/B/B<��102/ ����-E<1/$D2/.�J-E=��@/BDC(K/��\H #P;
*q=��&�2<1/KRTS'�5,>02H #W,*�'0"/p-&�E<1/B/)�./)��<(K/)�0#A/B/) �'02/M�L-7�����1�u-7�1/BD^-&2D �4/L-P,!�2<>/BD8=\,1H+�4/B<

-&�.�'=�,G=/�0� �M<>H+� �'02/��q-IT��	� G �	�'U-�R-8/.5d�K/B<>=��4/���B#W=��10 ���.9 Q 6 wd;N��0"/�,!�\H+�Q/s-&2D �.-&�7S
2=/�l�2D2/5-E<>/5<>/��2<>H6D��1�B/BDHG �'0"/J�u-P<!�V/�,�� ���2�BH+��1<1=�(1�1�'=\H+j��H+�4=���e�M<1H+� �102/K�102=@<>D_�'-E<!�E/)�c;
T��W/��B-&���o�'02-7�<�102/ /�"/B<!�7�8<1-&��V/M#]-E, =���BHE<!�KHV<'-7�1/BD^=� � � (��8=�������2D2=����-&F-ED2D2=/�'=@H&I-&�

� �+Q
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Feeding Upper Limit

*q=��+�2<1/BRTS0� ��*q=�I-&� ,1/.�$H&�m�s-4�'<1=65^/��@/)�./)��',NT��s-&�&2=��!�2D2/B,�H+����"U��BH+�"/��)�1=���C�102/N3O�"(
�'He�'0"/.� � � =\,1H+�4/B<�(I-72Db;W#8-4�'<1=65?/��\/��4/���',pT���=@<����@/�,JU�-E<>/O,>02H #� #W=��10^D"=u-&�VH&I-&� /�<1<1HE<
/B,-�'=��s-7�1/B,�T�(1�u-&� %$(I-P<1,JU�-&2D'�����K/B<A-&2D'�@H # /�<3�\=��4=��1,WT�� -&2D��5U�#W02/�<1/*�102/)�e��H+���\D�(K/
D2/.�'/B<��.=�2/BDH;M��0"/CD2H&�!�1/BDU�\=�2/5<1/��"<1/B,>/���',\�102/B�����K/B<\�\=��4=��1, H&N�'02/B�.-7�1<1=/5^/)�@/��4/���1,
�L-7�����1�u-7�1/BDC�M<1H+� �./B-E,!�"<1/BD>�'0"/M�1���Q/�<��@=��4=��1, H+C�M/�/BD2=����;
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/��4/���p0I-E,5-^02=��V02/B<M�����K/B<M�@=��.=/�$-&2D��L-& =�2D2/)�Q/)2D2/)L�!��� <1/)�2<1HGD�����/'�102/'�4/L-P,!�2<>/BD
� � � � �b% � �G=@/)�@D2#W=��10 � ��� � ������ � �+; ��H #A/),E/B<�GE-��@H # /�<��@=��.=/�[H+�?VA&D ���� ��� ���JA.�x�b% ��	��� F
# -E,XH+(1�'-E=�"/BDN(��^=����<1/L-P,1=�1��-&��� H7���'02/s� � � GHA&D � -72D�A6� � �s-7�1<1=65?/��\/��4/���',<�1H'�102/B=\<
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HV<B�4HV<>/�H&�'0"/B<B(I-72D2,�G�,����J0 -P,B�'02/��\H # /�,��'A `L�I-E,>=��I-E<-�'=����@/s-&�@=��+2/�D (I-&2DH;�= �4HV<1/
,1/)2,1=/�'=/,V/ =�2D2=��L-7�1HV<CH&�<(I-&2D =���'/�<'-&�.�'=@H&2,N-&2D �.=65"=���&=@,4- �J0I-&��V/ =�k�'0"/ ,��@H+�K/?H&�
�'0"/��4H+�./)��5H7��=�2/�<��1=u-1G ,!�1�J0�-E,M�102/s=���B<>/L-E,>/s-4�p,��2=� Oe%dg� =� (QH&�10��102/:3O�"(�-72D
�'0"/ � S (I-&2DtT *q=��+�"<1/X%TS wVU3��0"=@,�,!�1�+�V/B,-�',��'0"/\�QHV,>,1=�(��@/XH&2,1/.�WH&���jS �.=656=����G =�:,��'<>=�% =�1�
-&�V<>/B/)�./)L�J#W=��'0��'02/���H+��)���2,>=@H+2,pD2<'-c#� �M<1H&�p�102/��.-7�'<>=/5 /)�@/��4/���1, D2/)�1/B<��.=�2/BD =�
(KH&�'0:/h51�K/B<>=��4/���',);�,0_��H+��'<1-E,���G�-B�B���J0?,!�\HT#A/B<)G��4HV<1/2�12=��MHV<��n=���B<>/L-E,>/2#]-P, ,>/B/)^=�
�'0"/M�4H+�4/���',�H7�q=�2/B<-�'=u- H7�]�102/$=@,1H&�./�<�(I-&2D2,);

� `�� � h k o o�� � �Bf �?g	� � � � i � � k dFi � mnipd l

,0\�102/ � $ 
 �	�>T � "�� �X/&G � "�� ��/bU � $ 
 ���6/h5d�Q/�<1=��4/����GT�MH&�2<�=���'/�<!�4/BD2=@-7�'/]�@/.,V/��\,�=�$-&P��"=@D2/)dS
�'= �I/BD_(I-&"DbG�
�=�4=� *q=��+�2<1/$%TSJ�+G�#A/B<>/5H+(",1/B<-,V/�DN�M/B/BD"=���4=���'H$�102/ 3O�"(<GI,����+�V/�,��1=���.-
,!�.-&���m� ,P-&���2/7;�= ��� �'0��@/),E/��W# -E,K�1/���J-7�1=�,E/������1�u-&��/BD�-4�K�102/��1H+� H7�9�'0"/�(I-&"DbG8(��d�
�'0"/C=���'<1-&(I-&2DU�1<'-&2,>=��1=@H+2,*# /�<1/$# /B-&%IGo�s-&% =���:=�� =��'�KHV,>,1=�(1�@/K�1H��MH+���\H # �'02/e�L-P,!�L-PD2/
�'HP�'0"/*(I-72Ds02/B-EDb;���0"/�,��I-&�B=���pH7�H�'0"/ H&(2,1/�<�,V/�DC�@/.,V/��\,�GG-E,m# /)����-E,m�'0"/�D2/)�L-c���I-7���'/B<�
T *R=��+�2<>/$%4SJ�bU =���'H$�'0"/p3O�"(<GI,>02H #E�'02-7���'02/$H+(",1/B<-,V/�DF=���'<1-&(I-&"D_�1<'-&2,>=��1=@H+2, H&��(I-72D
=^�B�2,-� 0I-c,E/ �$}C9EAa;���02/ � S <'-c�C=�L�1/�2,>=��0�N<1-7�'=\HV, H&�H�102/ =���'/�<!(I-&"D��1<'-&2,>=��1=@H+2,W� -c,VHE<
�'0"/J�@H #A/B< /�2/�<!�&� D2/)�L-c�>�M<1H+� /B-&�J0N�\/),V/)�VG:#W02=��@/P�'02/O=���'<1-&(I-&"Dj�'<1-&2,>=��'=\H+2, -E<>/M#A/L-&%
/�"H+���V0>�'0I-4���'02/�=@<�<1/)�u-7�1=�,E/ =���'/)2,1=/�'=@/�,��BH+�1�@D>2H&�	(K/M�4/L-P,!�2<>/BDb;

��02/$<1/)�u-7�1=�,V/*�6=\/��\D2,�G�"HV<!�.-&�@= �B/�D��'H$�'0"/$%���	��� � ����	��� �1<'-&2,>=��1=@H+��MHE<W- ,!�L-4�!�'/�<1=���
-&��&�@/�<1-&��V/�H7� w+A � 
������ �'� 
 RE%��J#A/B<>/>�./B-E,!�2<>/BD"�2,1=���N�'0"/ � S <'-c�f�1<1=����@/�,J�.-7�'<>=/5
T *R=��+�2<>/ %4S0� U.;��X=@/)�@D2,���H+���\D_"H&��(Q/\�4/L-P,!�2<>/BDC�MHV<��'0"/ =���'<1-&(I-&2DC�1<'-&2,>=��1=@H+2,9(Q/)�L-&�2,>/
�'0"/M("<'-&��J0"=���4<'-7�1=@HV,�"/B/BD"/BD �1H���HV<1<>/��.�*�MHV<��V-7�'=���$# /�<1/M2H&�	�./B-E,!�"<'-&(��\/&G:(��d�*�\H # /�<
�@=��.=/�',	# /�<1/e�MH+��2Db;N*I<>H+� �'0"/4D"/��L-c���I-4�!�'/�<!t-&2DU�'0"/��\/),E/���,!�I-7�B=�1��Go�QHV,>,1=�(��@/C,��2=�dS
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*q=��+�2<1/%4S'���
#8-E,-�'/B<

�@/),E/��^,!�J02/)�./j,>02H #W=���
-7���?H&�U

�'0"/i
�@/.,V/)�@,H+(",1/B<-,V/�De

=�
�'0"/

�$
 �	�>T�"�� �X/7G�"�� ��/bU�$
 ���W/.5d�Q/�<1=��./)L��;�
��/.#

�\/),V/)�@,p-&2D=@,>H+�4/B<p,-�J-7�1/B,C-P<1/�,>02H #�-P,
(KH+�@DC

�\=�2/�,�;
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*q=��+�2<1/X%4S-A �  �/.,V/�� /)2/B<��&�C,G,�;�,!�2=�b;�� H+���I-E<>=@,1H& H7� � $ 
 ���8�\/),V/)�@,5T <>=��V0��JU�#W=��10j%L2H #�
(I-&"D2,A=� ��
 7 �	�m� �b%7�RT��@/.� � U.;]��02/�D2-E,102/�D��\=�2/�=\,�-M`L�I-ED"<'-7�1=������m�'HP�'02/	�BH&�B(2=�"/BD��@/),E/��\,
H&�Y�'02/P%L2H #� *bS (I-&2D -&2D_(I-&"Dj=K;

�I-E<>=��0� -E,>,1=��+��4/���',	�MHV<	�102/J�\H # /�,��XH&(2,1/�<�,V/�DU�@/.,V/��q-E<1/4� D � GH� � -&2D&% � ;�� D"D �I-E<>=��0�
=@,]-E,1,����./�D_�MHE<�,!�2=�>�1G�(K/��L-7�2,1/OH+��/�sH+"/ ,1=��&I-7�l�"<1/ H&�o�'0"/M(2-&2D?=@,],>/B/)bGI�.HV<>/2�@=�%E/)���
�'0"/M2-7�l�2<1-&�b�I-P<1=��0��,��J-4�'/B,);

��02/:H+��/� <1/��@-7�'=/,V/ � S <'-c�t=���'/)2,1=/�'=@/�,K�10I-7�B��H+���\D (Q/'�./B-E,!�2<>/BD�=���'02/�D2-7�J- �V- ,E/
��� ��� ��� � � 9 D 6 A2T)�xU�-&2D -�S:T��BAVU.<1-7�'=\H H&�	� "�
 �� $ � � ����� %

� "�
 �� � "#$ � ����� % 9 D 6 D"� D2T wVUh; =�,1,!�1�.=��� �'0I-4�
� 9 D:HV<PA'�MHV<<(I-&2D�=JG �'02/$=*�u-&� -�<����@/J�BH+���1�@=�1���2<1/�D2=��.�',$S:T��BAVU�9;� 6 �:HV<PD1;[D+�+D1G
<1/�,!�K/��.�'=�,E/��/�+GI,1=��+2= �:�L-&��!�����u-E<��V/B<��'0I-7��'02/\�4/L-E,��2<1/�DC,E-7���2/�,�;W��02=\,�(2<1=���V,]=���'H$`L�2/B, S
�'=\H+��102/s,��2=��-E,1,>=��+��4/���1,�G�(��d� =��9�'02/��'/���'-7�'=/,V/��/�t-E,1,>=��+2/�D�,!�"=�2,5=� (I-72D = #A/B<>/
<1/�D�����/BDf(����&g� HV<MAag��G��102=@,2#AH+���\Dt=��'���/�>�'0I-7�P�102/ �e} � D>("<'-&��J0"/B,K#A/B<>/.,-�'<>H+��V/�<
�'02-& �102/��e} 
 D�(2<'-&1�J02/B,); ��02/j�1��@=�%E/��\=@02HGHGD H&�<�102/�$} � D D2/��B-c�6,.0I-c,G=���t-
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*q=��+�2<1/�%4S0Q � #^H+�4/���1,RH&�"=�2/�<��1=u-�H&�I,>/),V/�<'-&�a(I-&"D2,q=� ��
 7 ��� T��\/)� �JU�� �b%7�G-72D � $ 
 ��� T <>=��V0�� U
�MHV<�/),V/) T ,>H+�@=\D�U -72DFHGD2D�T 0"H+���\HT#�U�,!�"=�N�\/),V/)�@,);<� /���J-7�1=�,E/B�@/.,V/��\,X-E<>/ ,10"HT#�&=� �V<>/)�&;
��02/��@H #A/B,��M�M<1/)`L�2/���.� �QHV=���$=� /L-&�J0����2<-,V/��BHV<><1/B,��QH&2D2,K�1Hj}F9 � � AdG /.5d�B/)�1�K�MHE<
(I-&"Df=JGb#W0"=��J0f(K/��E=�2,\#W=��10�}&9e�TAd; 
1(]-&"D R � H&�\� �b%T��=@,$,102H #� -E,p->�V<>/)�+<1/)�V=@H&
�BH ,E/B<1=���.-&���b�KHV,>,1=�(1�@/\�p,E-7���2/�,�;

�V<>/L-7�1/B<s=���'/�",1=��0� ,!�1�+�V/B,-�',��10I-7���102/ �1/���J-7�1=�,E/F,!�2=� -E,>,1=��&��./)��',:-E<>/N�BHE<1<1/)�)��G�-72D
�'0"/XD2=@,1-&�V<>/B/��4/����(K/)�0#A/B/)_�102/ /.5d�K/��.�'/BD -&"DC�L-&�������@-7�'/�D:S:T �JAVUA<1-7�'=\HV, T �MHV<9���"<1/ Y A
�'<1-&2,>=��'=\H+2,'U3�'H+�V/.�'02/�<	#W=/�'0>�'02/$,-�'<1/)��&�10FH&�Y�'02/M�@H #A/B< /�2/�<!�&�>(2<1-&��J02/�,�=��'���\=@/�,9�'0I-4�
�'0"/B<1/$=\,��BH+2,>=@D2/�<'-&(1�@/5#t�$/�202-&��B/)�./)���=�>�102/ �$}N9iDCD2/��B-c�6,);

��02/\%L2H #�j�\/),E/��@,]-&2DC(I-&"D2,�=� � $ 
 ��� T���������� AdG��1GQ� DdG2wE%1G�RE%4�uU�#A/B<1/$/h5"02-&�2,��1=�,E/����
,1/B-E<!�J0"/BD �MHE<��'02/��BH&�'���\/)�1/&,1/)� H&�K�@H #A/B<C�\/),V/)�@,C�MHV<��102/�(I-&2DHG2�2,1=���k(QH7�'0 /�2/�<!�&�
-&2D �.H+�4/����H&��=�2/�<��1=u-NDI-7�J-s-&2D �1/B,��1=����-&���Y�QHE,1,1=�(��@/P,P-&���"/B,�H7��� -&2D&,!�"=�dS �I-E<1=/�0�+;
*I<1H+� �'02/	�@/.,V/��K/�"/B<!�E=@/B,A-&�\H+2/&G ,>/),V/�<'-&�K=@D"/���'= �:�L-7�1=@H+",�H7�H�'0"/<(I-&"D�-&���K/L-P<��1�u-&�2,>=�(��\/&;
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*q=��+�2<1/ %4S � � Y "/B<!�7� -P,s-U������.�'=@H& H&��,!�2=� } �MHV<4-&����(I-&2D2,4H+(2,>/B<-,V/BD -72D �MHV<e�'0"/
%L2H #� *bS (I-&2Db;�% �� =�2D2=��L-7�1/B,9�102/ =@,>H+�./�<�(I-&"Db;W�R/)��J-7�1=�,V/P�\/),V/)�@,W-E<>/ ,102H #� =�C�V<>/)�&;
��02/	�@H #A/B,��A,!�"=���QHV=���A=�N/L-&�J0'���2<-,V/<��HV<1<>/B,��QH+"D2,3�1HK} 9i� G /.5d�B/)�1�9�MHV<W�102/�% �� (I-72D
-7�$�c��R&�$%E/ JG:#W02=��J0>#]-P, H&(2,1/�<�,V/�D �MHV<�}�� �cD1;

� H+���I-E<>=���e�'02/K�@/.,V/�� /�"/B<!�E=@/B,	�'H��'02HV,>/J�MH+��"D (�� �	�V= �>HE=/S ��H&�VH_� �L%7� =�j�102/C� H&���@H+�J(
/.5d��=��J-4�'=@H&4H7� ��
 7 ����T *R=��+�2<>/W%4S-AEU.GV=/��-&���K/L-E<>,��10I-7�m(I-&"D'=^�BH&���@D�(Q/W/�=��'0"/B<��'0"/�-&2-&�@H+�
H&� 
1( -&2D_R � =� ��
 7 ��� G"HV<��'02/2��H+��'=�a�2-7�'=\H+�H&���102/2%L2H #� *�S (I-&2DU� � D+AaG[�cD+QdG1RE%1GQ� D&�7�
�MH+��"D$(L� ��=\/��\,1/�HG ��� ��
 �W��0"/�,1=��4=��@-E<1=/�0�XH&�:�102/��4H+�4/���', H7��=�2/�<��'=@-	� -c,VHE<1,8�102/ *bS0(I-&"D
=@D"/���'= �:�L-7�1=@H+ T *q=��&�2<1/ %TS Q Uh;
�6=�1�B/\�'02/P�4H+�4/���WH&�R=�2/�<��'=@-J�MHV<W-e�I-E<��1=��)���u-E<9�@/),E/���=\,�,V/B<-�?,1/)2,1=/�'=�,E/M�1H$�'02/P�@/.,V/)�

,!�2-&�B=����G�-& -&���)�2<'-4�'/?=���'/�<!�KH+�u-4�'=@H& H&�	�'02/C�4=@,>,1=���U�@/.,V/��\,����4H+�4/���',K# H+�1�@Dk�V=�,E/?-
�2<>/��B=\,1/$=�"D2=��B-7�'=\H+�H&�]�'02/$/.5d�K/��.�'/BD^=���'/�<!�4/BD2=@-7�'/ � S <'-c�:/)2/B<��V=@/�, =/�Y(I-&2D_= =@,W-$�BH+aS
�'=�L�I-7�'=\H+8H7�W�'02/ *bS (I-&2Db;�*q=��&�2<1/5%4S-R4,102H #W,$-��I-P<'-&(KH+�@=�� ���2�'H'�'02/B�4H+�4/���',�H&�W�'0"/
A � -&2D�� � �@/),E/��\,AH&� �'02/ *bS0(2-&2D.-&2De�'02/O�TA � �K� � � �@/.,V/��\,�H&�b(I-72D�=KG -E,�#A/�����-E,��@=�"/L-E<
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*q=��+�2<1/.%4S)w �N#^H+�4/���1, H&�W=�"/B<��1=u-?H&���'0"/sH+(2,>/B<-,V/BDk(I-72D2, =�+� $ 
 �	� G]�MHV<p/.,V/� TM,1H+�\=@D�U
-&2D^H6D"D�TM02H+���\H #�U ,!�2=� �@/.,V/)�@,�; (]-&2D",�-E<>/K�@-&(K/��@/�D>(L�j� 7 GK% �� =�2D2=��L-7�1=���B�102/5=\,1H+�4/B<
(I-&"Db;8� /���J-4�'=�,E/��@/.,V/)�@,R-E<1/A,102H #�C=�K�V<1/.�+;]��02/9�\HT#A/B,-���M<1/)`L�2/���.�J�KHV=�L�R=�5/L-&�J0J���2<-,V/
�BHE<1<1/�,!�KH+2D2,3�'HJ} 9i� � AaGG/h5d�B/��d���MHV<m�'02/�% �� (I-72D�-7���c�LR7�K%E/%BGL#W02=��J0�(Q/)�V=�2,m#W=��10
}N9 �TAdGI-&"Dj(I-72Dj=K;

/.5a�1<'-&�KH+�u-4�'=@H&2,��M<1H+� �102/ *�S -&"Dj= (I-&2D",�;���02/M�I-E<1-&(QH&�@=�� =���'/B<��QH&�u-7�1=@H+C� -c,E/p=���1/B<-S
�4/BD2=@-7�'/ � S <'-c��/)2/B<��V=@/�, H7�WA&�6�+G:Q&� w -72Dj��AVwJ%E/% �MHV<3�'02/P�4=@,1,>=���B�1<'-&",1=��1=@H+",�Gd#W0"=��@/
�'0"/��\=�2/B-E<X/h5d�1<'-&�KH+�@-7�'=\H+2,2� -c,E/�A7�+Q1; w?-72D��LA+A�%E/% �MHV<*�'02/C�I<>,��5-&2D��'02=\<1D��4=@,1,>=���
�'<1-&2,>=��'=\H+2,);t(3�1�$2/�=��'0"/B<C,1/.�NH&���'<1-&2,>=��'=\H+2,B�E=�,V/�,J�'0"/C�BHV<><1/��.�N,!��� /�2/�<!�&�f�MHV<J�'0"/
�4=@,1,>=���e�'<1-&2,>=��'=\H+2,)G[-&"DN2/B=/�'02/�<�,>/)�XH7� � S <'-c�G,*# -E,<�MH+�12DF=�_�'02/pDI-7�J-dG �2<>/B,����s-7(����
(K/��L-7�2,1/P�'02/O=���1/B<!(2-&2D D2/��B- �>("<'-&��J0"/B,X-P<1/$,��1<1H+��E/B<�; ��H4H&�102/B<��BHE=����=@D2/)L�'-&��,1/.�', H&�
� S <1- �G,�#A/B<1/P�MH+��"D_#W02=��J0j�V- ,E/\�'02/P�BHE<1<1/)�)� ,!�1� /�2/�<!�&�&;

��02/*�1/���J-4�'=�,E/*�1�u-&��/��4/���<�[A4��H7�H�'0"/<� � �@/.,V/)�KH7�H�'0"/�*bS0(2-&2D4=���2<1/.,6=\H+�2,m# HE<!%B# -E,
(I-E,>/BD H++-��B���/�'=������_���@-&�B/�DN�'<'-72,1=/�'=@H&bG #W02=��J0+,1H+�4/N-&�1�102HV<1, 02- ,E/N,!���+�E/B,��1/BD��M/B/�D2,
�'0"/J��

�
�\/),E/���� � DT�V;�, �W�'02/J� � �@/.,V/)�q/�"/B<!�7�j#A/B<>/B�BHV<><1/)�)�cG[-&2DN(2-&2DU=�=\,	�102/ *bS (I-&2DbG

�TRE%
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*q=��+�2<1/A%4S0� � � =@/)�@DJ,G,); ,!�2=�J�MHV<RD2/��B- �G,W�M<1H&� (2-&2D$=JG42HV<��s-7�@=���/BDM�'H<�102/�% ��	��� � � ��	���
�'<1-&2,>=��'=\H+ �MHV<:w+A�� 
 ��� � �'� 
 RP%���; �X=@/)�@D2,:-P<1/F,>02H #� �MHV< �$}j9 D T���=@<����@/�,JUs-72D
�$}N9 � A4T ,!`L�I-P<1/B,'U8�'<'-72,1=/�'=@H&2,8�'H\�102/ 35�6( -72D$�MHV< =���'<1-&(I-&"D �e}C9 � A<�1<'-&2,>=��1=@H+2,
T D"=u-&�4H+2D2,'U.;

�'0"/� �102/B�4H+�./)���H&� =�2/�<��'=@-4H7�W�'02/K(I-&2DN�J�2,���HV,!��=����@-7�'/P(��NO��5wLg� ��� #^/% (Q/.�0# /�/�
�'0"/*� � -72D^�cD � �@/),E/��\,�G =�CHV<>D2/B<W�1HO,1-7�'=\,�� �B�102/��BHE<1<1/)�)� � S <'-c�p,!��� /)2/B<��&� �6-&'����@=�%E/)���
0��a�QH&�102/B,>=@,)G ��H+2,>=@D2/�<1=�1�e�102/P�./B-E,!�"<1/BD_�4H+�./)��',�H&�q*q=��&�2<1/$%4S Rd;

��02/ �$}s9 D��'<1-&2,>=��'=\H+2, -E<>/M� -c,VHE<1/BD&=�j(2-&2D =KGQ=�j`L�I-7�@=��'-7�'=/,V/O-&�V<>/B/)�./)L�	#W=��10
�'0"/*�4/L-E,��2<1/�D��4=/56=�1� <'-7�1=@HV,�H&� �'02/ *bS0(I-&"DbG+�MHV<�/.5"-&�����@/W=���102/�D"/��L-c�4H&� �'02/ *bS0(I-&"D
A � ,��'-7�'/�-7� �TA+R&�\%P/ i�1HM�102/<A ��	���4,��J-4�'/&Ga(��4-&8�E�b%+Q\%E/%jD2/)�L-c�^T 3 �


 � ��� � 9 D 6 �TR2T)� D U1UY A�� � D+Q4� ;��6=���B/	�'02/�*�S (I-&2Ds=@,A-J�BH+���@/)�)�'=/,V/�,G=�(2<1-7�'=\H+bG =���,10"H+���@D�(Q/X� H+���@H&�B(s/h51��=��1/BD
=� � $ 
 �	�W�1H�,1=��.=��u-E<�,-�'<1/)��&�10+-E,X=�_�'02/ ��
 7 �	�A� H+���\H+�B(^/.5d�B=/�J-7�1=@H+_# HV<�% � �b%7� ;*X 0"=��@/
(I-&"DC=j-&���K/L-P<1,9�1HB(Q/	�'02/<�BH+��'=�L�I-7�'=\H+sH7���'02/ *bS (I-&2DbGa(��s=/�',3�QH+�1���u-7�1=@H+4,��1<1/)��&�'0HG
�@/.,V/)��/�"/B<!�E=@/B,�-&2D��4H+�4/���',.H&�$=�2/�<��1=u-1G9�102/N�B-E,!�B-ED2/U�L-7�2H&��(Q/ �MH&���@H #A/BD"�'H �'0"/

�TR&�
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*q=��+�2<1/.%4S R �N#^/B-E,!�2<>/BD �4H+�4/���',5H&��=�"/B<��1=u->�MHV<K�\/),E/��@,5=� �'02/ *�S (I-&2D�-&2D (I-72D =JG
�BH&�2/��.�'/�D (��F-�`L�I-ED2<1-7�'=��5���2�1H��'0"/p�I<!� �@/.,V/)�@,�GQ,!���&�V/B,-�'=�1�:=���'/�<!�KH+�u-7�1/BDj�.H+�4/���1,
H&�]�'02/K� � GK% � -&2Dt� D � ,��J-4�'/B, T 5 � ,JU.;  =�2/L-P<W�1�',*�1H��0#AH��\/),E/��@, /L-7�J08=�>�'0"/ *bS -&2Dj=
(I-&"D2,W,!���+�E/B,���/.5a�1<'-&�KH+�u-4�'/BD>�4H+�4/���',�H&�Y�'0"/K� � -72Dt�cD � �@/),E/��\,pT � � ,'U.;

(I-&"D�02/L-PDbGd(K/��B-&�2,>/X=���=@,m�KH+�����@-7�'/�D��2<>/BD2H&�.=�I-&��l�/�N-7�A02=��V04,!�"=���\/),E/��@,�#W02=��J0sD2/��B- �
H+�1�-S H&� S (I-&2DH;

, �1�102/m�2<1/�,1/���R=@D2/)��'=\���L-7�1=@H+2,�H7�d�102/�*�S (I-&2D",�=� � $ 
 5 ��
 7 �	�2-E<1/W��HV<1<>/��)��G4�102/�5<1/)�u-7�1=�,V/
�G=@/)�@D2,5H&���'0"/�,!�2,��Q/)�)�1/BD8*bS0(I-&"D2,p=�f(KH&�'0�/h5d�Q/�<1=��4/���1, ,102H&���@D�(Q/�,>=��4=��@-E< -&2D �\/B,>,
�'02-& <>/��u-4�'=�,E/_�G=\/��@D",4H7�2�'02/ � S0(I-&"D2,�; =��'�'02/ � D � �@/),E/��\,�G9�102/j�1H&�J-&��<>/��@-7�'=/,V/>�6=\/��\D
! � ������� � ��� 	
	���

��� � � 	
	�� =@,'D1; R"TVAVUh; ��0"/8<1/)�u-7�1=�,E/_�G=@/)�@D H&�2�'0"/ � D �
�
,��'-7�'/^=� �102/&� H&���@H+�J(

/.5d��=��J-4�'=@H&tH&����
 7 �	��=\, ! � �
� ��� 5 ��� ��� � 9 D 6 Q+QIT�Q U.GY�L-&�������@-7�'/�D��M<>H+� �'02/4DI-7�'-^H&�P� �b%4� -72D
�BHE<1<1/)�)�1/BD �MHE<e�102/>�V<1/B-7�'/�<'�KH+���1�u-7�1=@H+ H&�	�'0"/t� D �

�
�\/),E/��W<1/)�u-7�1=�,V/C�1H��102/835�"(*;W��02/

<1/)�u-7�1=�,E/2�6=\/��\D2,�D2=\�Q/B<�(�� -B� -&�.�'HV<�H&��Ad; � T �VU.;
, �J(2-&2D = =@,��'02/U�1���Q/�< *bS0(I-&"DbG��'02/) <>/L-E,>H+I-&(1�@/N��H+2,��1<'-E=���',:H+��102/&/�2/�<!�&�

�b%+D



,!�1� -72D -t,��.HGH&�10���� ,P-E<-�G=�����.H+�4/���4H&� =�2/B<-�'=@- ,����+�V/�,����10I-7���'02/ � �
�

�\/),E/��	���2< S
<1/)��l����-E,1,>=��+"/BD?-7� � R&Q"�\%E/% �[AT�b#W=���� (K/<�MH+��"D_�)�@HV,>/B<9�1H:�TR&D+DB%P/ J;���02/$/�2/�<!�&�s,!���
<1/)`L�2=@<>/��4/���N-&�\,1H&=������\=@/B,O-& =���B<>/L-E,>/:=�f�102/ *bS0(I-72D � ,B�.H&�./)L�pH&� =�2/�<��1=u-8-4�C,!�2=�
�
� �ag�b;

� `�� �
	Ff � � mni d l i � a��:a � �Cf��

��0"/B�'/���'-7�'=/,V/�R � �\/),V/)��� %+Q7� =� �'02/$�"<1/),G=\H+�2,!�/�N%L2H #� � � (I-&2D -7� �xw6�c��%P/  # -E,
�BH&	�I<!�4/BDHGq-&"D��'0"/'(I-72D�# -E,O/.5a�'/)2D2/BD �M<>H+� ,��2=�fR � �1H^,��2=� � � � #W=��10 �1/���J-4�'=�,E/
�xw � -&"D �L% � �@/.,V/��\,�; ��0"/_�4H+�4/���',CH7��=�2/B<-�'=@-�T *q=��+�2<1/s%4S wEU5H&�	�'02/:HGD2D -&2D�/),E/�
� � (I-&2D ,1=��&I-7�l�"<1/B,4,10"HT#e-��BH&2,��'-&���,1/)�I-E<1-7�'=\H+ -&"D D2H�2H&�.D2=�,E/B<��V/j�1� �'H ,!�2=�
�b%dg��;���0"/J� � (I-&2D2,�-E<1/M2H&�*%L2H #�U(Q/.�VH+"D �0# HsHV<	�102<1/�/J�\/),V/)�@, =�_�'02/M2/B=��V0L(QHE<1=�1�
0I-7��"=���� a�1���@/�=b�MHV<��BH&�'�I-P<1=@,>H+b;

� ` � �
	Ff 
 � � o k  f � mnipd l i � a���� � �Nf��

= �c� � �\/),V/)� # -E,W-ED2D"/BD��'HB�102/\� � =\,1H+�4/B<3(I-&2DHG2-&�\H+��K#W=/�'0?-K�1/���J-4�'=�,E/C�xw � �\/),E/��V;
��02/*�.H+�4/����H&��=�2/B<-�'=@-$,>02H #W,�-&'���dS0(K/�"D�-&(KH ,V/�,��2=�^�TAag�bGL#W02=��J0.=@,�2H&�A,1/�/��=�'�'0"/
H&�102/B<�=\,1H+�4/B<b(2-&2D2,);]��02=\,��s-c��=�2D2=��L-7�1/ -&$H+",1/)� H7���jS �.=65"=���9"/L-E<b�102/ 02=��E02/B,-�o�@/),E/��\,
�KH+�����@-7�'/�Dt=���102/'� � (2-&2DbGR-&(KHT,E/��102/��@/),E/��\,K�4HV,��$=��'�KHV<-�J-&��$=�U�102/ ���>T���/&G��X/bU��	�
 H+���\H+�B(?/.5d��=��J-4�'=@H&b;

� `�� �
	Ff � � mnipd l oei � aNa5_ � �Cf�� i d l a � _�� �Cf��

��0"/N% �� T =\,1H+�4/B<'U�-&2D+% �� T)�c�LR&��%P/  U\(2-&2D2,2#A/B<>/4H&(2,1/�<�,V/�Df���U�1H:,!�2=� �xw �oG�(��d�
2/.# �@/.,V/��\,\# /�<1/�2H&�\�MH+��"Db;e��02/'�4H+�4/���$H&�A=�2/�<��1=u-�D2HG/B,P2H&�O/h5"0"=�(2=/�O-&��&,!�2D"D2/�
=�1�B<1/B-E,1/\#W=/�'0?,!�2=�bG�#W02=��J0j�4=��V0��W-7���BH&�'�I-7L�:-N,��2D2D2/)8H+",1/)��H&�](I-&2D_�4=/56=���1;

�b%"�



� `�� �
	Ff � � � mnipd l i � ���4_ � �Nf��

��0"/>�87�9 ��� � =���'<1-&(I-&"D � S D2/��B-c�6,e#A/B<1/>2H7�$,6=\,1=�(��@/.=� �'0"/ D2-7�J-F,>/)�',)G9(��d�4-&
�����K/B<P�\=��4=���#]-P,5,>/)�O-7�5w&D��eH&���'02/?� � � (I-&2D �QH&�����u-4�'=@H& �MHV<2�'0"/:� � � �@/.,V/�� G�(I-E,>/BD
H+ - �QHE,1,1=�(��@/e(��d�B�����/B<-�J-E=� �Q/B-&%+=���'02/'� -7�1/BD�D2H&��(��@/�,5,��Q/)�)�1<'-1;_��02/�,>02HV<��M�'=��./
#W=�"D2H # �MHV< � S <'-c�_�BH+���@/��.�'=\H+?D2=@Dj2H&�2�K/B<��.=/� H+(2,1/�<�,P-7�1=@H+^H&���'0"/s�c� � T�� � � � 9 ����� ,'U
=@,>H+�4/B<]D2/)�L-c�G,�;

� `Z_ �
	Ff � 
 � mni d l i � � � ��� �Cf��

��0"/C�87+9 � � � �@/),E/��\,B���f�1H�A&D � #A/B<>/:,1/�/� =���'02/��"<1H+���1�M�'<1=����@/hS � DI-4�J-1;j��02/
=���1<'-&(I-72D � S D2/)�L-c� �6=\/��\D2,K#A/B<>/C�./B-E,!�2<>/BD �MHV<P�'0"/F� � � � ��� � �'<1-&2,1=/�'=\H+bG8(1�1�B�'0"/
�G=@/)�@DFH&�m�102/eA&D � � � � � �'<1-&2,1=/�'=\H+ # -E,2�'HGH��@H #Z�'H��./B-E,!�2<>/N-E, -�����1�)�'=\H+FH&��,��L-7�-S
�'/�<1=���8-7��+�@/7;C��02/��4H+�4/���OH&��=�2/B<-�'=u-:=���B<>/L-E,>/B,p,��@H #����U#W=/�'0t,!�2=�f��� �'H8,��2=� A&D � G
,10"HT#W=���J"H5,>=��+4H&�b(2-&2D��4=/56=���\�'0I-7���4=��V0��m�\/L-EDe�'HK�jS0�4=/56=�1�$-7�9�\/),E/��@,m�\HT# /�2H+�1�V0
�'He(K/$<1/��\/),P-&����'H$�'0"/M�"<1/B,>/����-&I-&�/�6,>=@,OT  0I-&�1�1/B<1,	�4-&2D RVU.;

� ` � c � 	Ff � � o k � k
	 fXo

��0"/8������	� � �@/),E/���H&� ��
 7 �	��-7�B��;[���+Q�^/  #]-E,K�MH+��2D T *q=��&�2<1/��4S��VU.Gq=��-&�E<1/B/)�./)��
#W=��10��102/'#AHV<!%+H&� �*�V= �>HV=/S ��H+�VH � ���7� ;_��0"/:3�� (I-&"D2,pH&� � $�$ 5 � $�� ����#A/B<1/s/.5a�'/)2D2/BD �1H
�'0"/2Q+� � A � -&2D�Q+� � A � �@/.,V/��\,�GG<1/�,!�K/��)�1=�,E/����&;m�R<1-&�B/2��H+��J-&�4=�2-&��',�T��R-&(��@/<Q1; �xU�H&� � $�� �	�
=�C�102/��+�� � $ 
 ���8�'-E<!�V/.���s-PD2/2�'02/53�����,G=��1=�(����\�1�_���e�����N��� � �����7���7;

� ` � ��f�4f �Lo i d l �Ng � i! � � i d&o � � � k d&o

�"���\���),����#�"�&�$ � S&%�� ������'%!��(��'������% � $ 
 �	�)���*��(��&��'$+�&�$_�,�+	�-%����,$.(������(��9#/��%�%���%*�
�0�4���&�#�+���'$.(�>�)�&(1���'�1�d;\���&�$2�1; Ad;  3�),����#�4�5%��6�+��/����(/,��)>����%�(-�&�$���#1��(����7��� ,��P(8�,��
�.5a�����$��,$9(������(���#/��%!%I;
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� (��+��%����4S&� ��,&���&���+� �'� �+(����,%�,��'$ (�>����� � S&%��c�.$-�7���1G ����� #1(�1�'�����K��%*�+���$2�����7���M(-�&�$��
�&�*����� �	�!(��*�&���+� �'� (�k�����C����%����)�e����(��"�&�$k����� � "�� �!������� $��� ���B���/��(������.�J#1��(���� # ���
�.5d�,(����,$7(�C�����P( �0�&� ����%���(����#�'�); �4�)#i���.,����#� ��%��6�*��� #�9����( �+��$C�#(���,��;
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� � ���#� � ��%5�  � }�� � �&�$
�xwVw7� � � � ��� � �
�TR7�LA R � � ��� � �
� � w+A � � ��� � � �
A6���&� � � � � � � �
A7��Q&� � D � � ��� � �
A+R&D"� �V� � � ��� � �
A&���+� �TA � � ��� � �
Q�A��&� � Q � � ��� � �
� Q w&� w �c� � � ��� � �
� Q+�+D�A �xw � � � � � �
�V�TRVw A � � ��� A �
�TA&��� Q � � � � A �
� Q��&� � � � � � A �
�xw&Q+Q w � � ��� A �
� �+�"� � � � ��� A �
� ���+�+D R � � ��� A �
� A&D��+Q � � � � � A �
� A&Q"� � � � � ��� A �
� AVw&Q�� � D � � ��� A �
� A+R&��� �V� � � ��� A �
� Q+D w+A �TA � � � � A �
� Q+Q+Q w � Q � � � � A �
� Q+��A7� �c� � � ��� A �
� Q+��A+R �xw � � � � A �

� �&(����
�1; ���  3�),��������&�3����� � $ 
 �	�9(-�&�$����.5a�����$��,$ (�U����� � $ 
 ��� � � "�� ��� G � "�� ��� � � $ 
 �	� �h5LS
� �'%�(����)��c;	�*1�'�'%-����(����(��,�"(�C�����M�#�),����3����'%!��(��'�4��%*�MO��K%5� B; � � �)#i���),���� ;

���&�



� � � �#� � ��%��  � } � � �&�$
� �LA7�+� � � � � ��� A �
�xw6��� � � � ��� � �
� �&�+D w � � � � � �
�TR&�6� � � � � � � �
� � wG� R � � ��� � �
� A6�xw7� � � � � � � �
� A&Q&��� � � � ��� � �
� A&�+DVw � D � � ��� � �
� A���A7� �V� � � ��� � �
� Q"� Q&� �TA � � ��� � �
� Q+Q�R5� � Q � � ��� � �
� Q�R7��A �c� � � � � � �
� Q+�+�&� �xw � ��� � � �
� �+�2�0� � � � � ��� � �
� w6�xwEw ��� � � ��� � �
� A7�+�"� �)� D � � =
� A&�&�+Q �)�TA � � =
� Q w+A7Q �)�c� � � =
� �2���&D �)� � � � =
� � �+Q&� �)��� � � =

� �&(��#� �d;\�+G1�'�+���(�L���'$b;
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�+Q � ��� � � ��� A � � D � �+Q
�xwVw7� � � � � � � � S0(-�7�$ � � � � � �TR&D
�TR7�LA � � � � � � � � � � � R � � � � ���+�
� � w+A � � � � � � � � � � � � � � R � A6� D
Q+D�R � ��� � � ��� � � � A � A6� Q
� Q+�&� � � � � �� � � ��� � �� � � � � � A6�TR
A6���&� � � � � � � � ��� � � � � � � � A&Q�A
� �+D�A � � � � �� � � � � � �� �cD�� � ��� A&Q��
�xw6�c� � � � � � � � S0(-�7�$ � � � Q � A7���
A7��Q&� � � � � � � � ��� � � �cD � � � � AVw&D
��� w&� � � � � �� � � ��� � �� �E� � � �cD � AVw��
�xw&Q+Q � S0(-�7�$ � � S0(-�7�$ w � � Q � A&� w
A+R&D"� � � � � � � � � � � � �E� � � �cD � A&��R
�TR&�"� � � � � � � � ��� � � � � � � � A+R+R
A6� Q�R � � � � �� � � � � � �� � A � � �E� � A+R+R
A&���+� � � � � � � � ��� � � � A � � �E� � A���R
A&D��+Q � S0(-�7�$ � � ��� � � � � � � � A&��A
Q�A��&� � � � � � � � ��� � � �cQ � � � A � A&�+�
A7��Q w � � � � �� � � ��� � �� �cQ � � � A � A&���
� �+�"� � S0(-�7�$ � � S0(-�7�$ � � � � � Q+D�R
Q+�+D�A � � � � � � � � � � � �bw � � ��� � Q+D�R
Q w&� w ��� � � � � ��� � � � ��� � � �cQ � Q"� D
� � w6� � � � � � � � ��� � � R � � w � Q"�V�
�+Q�A � ��� � � ��� � � � � � Q�A&�

�)�7(������1; A ���W��'%���(��,�1�&�]����� �+(��*�'%�,��'$ � S�%��c� ��; �*��,�'%-����(�L��(��,�1��%��KO��P%��%B;
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� �7��D � � � � �� � � � � � �� � D�� � � D�� Q+Q��
�xwG�c� � ��� � � � � S0(��&�$ � � � A � Q+Q&�
A+A7D�A � ��� � �� � � ��� � �� �V� � � �V� � Q&�+Q
���&�+D � S0(-�7�$ � � S0(��&�$ R � � w � Q w&R
A��&D+Q � � � � � � � � � � � � � �TR � � � � � Q w&R
A6�bw&� � � � � � � � � � � � � � � � � Q+�7�
� �7��D � ��� � � � � S0(��&�$ w � � Q � Q�R7Q
Q"�0�"� � � � � � � � � � � � � � ��� � � �TR � Q�R5�
A&D��+Q � S0(-�7�$ � � S0(��&�$ � � � � � Q+�+A
A&Q7� � � ��� � � � � ��� � � � � � R � Q+�+R
� �Vw+A � ��� � � � � ��� � � � � � � � Q+���
Q w&R&� � ��� � � � � � ��� � � � � � � � ��� � Q+���
�xwEw7� � ��� � � � � ��� � �� � � � � � ��D+R
Q+�&� w � � � � � � � � � � � � � A&D � � � � � �2� R
A&Q6� � � S0(-�7�$ � � S0(��&�$ � � � R � �LA7�
� DVw&� � ��� � � ��� � � � � � �LA7�
A6�0�&� � ��� � � � � ��� � � � � � R � �+��A
A&�&D w � ��� � � � � ��� � � � D � � � � � w7D
� �&D�A � ��� � �� � � ��� � �� � D � � � � � wEw
AVw7Q�� � S0(-�7�$ � � S0(��&�$ � D � � � � � wEw
A��+A&� � ��� � � � � ��� � � �V� � � � � �LR5�
A+R7��� � S0(-�7�$ � � S0(��&�$ �V� � � � � � �+A
A7�+Q&� � � � � � � � � � � � � D � � � � � �+A
���Vw&� � ��� � �� � � ��� � �� �V� � � � � ���Vw

� �&(��#� �d; AdG1�'�+���(�L���'$b;
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A&�&��Q = � = � �TA � � � �)� D � � w&D�A
�xw+R6� � ��� � � ��� � D � � � � w6�TA
Q+D w+A � S0(��&�$ � � S0(��&�$ �TA � � � D � w6�xw
A+R&D"� � ��� � � � � ��� � � �V� � � � � w6���
Q"� Q+� � � � � � � � � � � � �TA � � � D � w&Q"�
A6� Q�R � � � � �� � � � � � �� �TA � � � D�� w&Q+�
Q+Q+Q w � S0(��&�$ � � S0(��&�$ � Q � � �V� � w&Q��
Q+Q�R�� � � � � � � � � � � � � Q � � �V� � wVw+A
A&���+� � ��� � � � � ��� � � �TA � � � D � wVwVw
Q+��A7� � S0(��&�$ � � S0(��&�$ �c� � � �TA � w+R+A
A7��Q w � ��� � �� � � ��� � �� � Q � � �V� � w+R&Q
Q w+A&Q = � = � �c� � � � �)�TA � � w��+D
A6�xw6� � ��� � � ��� �TA � � � D � w��+D
Q�A��&� � � � � � � � � � � � � Q � � �V� � w���A
Q+��A+R � S0(��&�$ � � S0(��&�$ �xw � � � Q � w&��A
A+A&D�A � ��� � �� � � ��� � �� �V� � � � D � �+D+D
Q�R7�LA � ��� � � � � ��� � � �c� � � �TA � �+D+�
Q w&� w � ��� � � � � ��� � � �c� � � �TA � �+D�R
A+R7��� � ��� � �� � � ��� � �� �c� � � �TA � �"�TA
Q+�+�+� � ��� � � � � ��� � � �xw � � � Q � �"���
Q+�+D�A � ��� � � � � ��� � � �xw � � � Q � �"���
A7� �&� ��� � � �� � ��� � � �� �TA � � �V� � ��AVw
�LA7��� � S0(��&�$ � � S0(��&�$ � � � � �c� � ��AVw
A+R+R�� � ��� � � ��� �c� � � �TA � ��A&�

� �&(��#� �d; AdG1�'�+���(�L���'$b;
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Q+D�� w � � � � �� � � � � � �� �xw � � � Q�� � w6�
�2���+D = � = � � � � � � �)�c� � � � w+R
Q&��Q+� � ��� � � ��� � � � � �c� � � w&�
� �+Q+� = � = � ��� � � � �)� � � � � w&�
Q"� D"� � � � � �� � � � � � �� �c� � � � Q�� �+�+�
�+�2��� � � � � � � � � � � � � � � � �c� � ��R&�
�2�TA&Q � ��� � � ��� ��� � � � � � ���+�
� �&��D � ��� � � ��� A&D � � ��� � R6���
w6�xwVw � ��� � � � � ��� � � ��� � � � � � R&Q�R
�2���+D = � � ��� � � � � � � � � � R7�+�
Q w+A&Q = � � ��� � �c� � � � �c� � R7� w
A&�&��Q = � � ��� � �TA � � � �TA � R&��A
A7�+�2� = � � ��� � � D � � � � D � ��R&D
Q+D w+A � S0(��&�$ � � ��� �TA � � �TA � �+D&�
�xwVw7� ��� � � � � � ��� � � � � � ��A+A
AVw&Q�� � S0(��&�$ � � ��� � D � � � D � �+��R
Q"� Q+� � ��� � � � � ��� �TA � � �TA � ��� w
A&D��+Q � S0(��&�$ � � ��� � � � � � � D�A7�
A&�+D w � ��� � � � � ��� � D � � � D � � D+Q&�
� �+�"� � S0(��&�$ � � ��� � � � � � � D w&�
� Q��&� � S0(��&�$ � � ��� � � � � � � D�R��
�V�TRVw � S0(��&�$ � � ��� A � � A � � D��"�
A6�xw&� � � � � � � � ��� � � � � � � D+��R
�TR&�"� � ��� � � � � ��� � � � � � �V�xw&�

� �&(��#� �d; AdG1�'�+���(�L���'$b;
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�TA&��� � S0(��&�$ � � ��� Q � � A � �V�TR7�
�V�TRVw � S0(��&�$ � � ��� A � � D � �V�TRVw
�xw6�c� � ��� � � � � ��� � � � � � �TA&D�R
�xw&Q+Q � S0(��&�$ � � ��� w � � � � �TA+A+R
A+R&��� � S0(��&�$ � � ��� �V� � � � D � �TA+A+R
�xwVw7� � ��� � � � � ��� � � � � � �TA7�LR
A&Q"� � � S0(��&�$ � � ��� � � � � � �TAVw+R
� Q��&� � S0(��&�$ � � ��� � � � A � �TA&�"�
Q w+A&Q = � � ��� � �c� � � � �TA � � Q�R+A
A&�&��Q = � � ��� � �TA � � � � D � � Q�R+A
A7�+�2� = � � ��� � � D � � � � � � Q���A
� �+�"� � S0(��&�$ � � ��� � � � � � � Q�� w
�2���+D = � � ��� � � � � � � �c� � �c��D�A
�xw6�c� � ��� � � � � ��� � � � A � �c�LA6�
Q+��A7� � S0(��&�$ � � ��� �c� � � �TA � �c�LR&�
AVw&Q�� � S0(��&�$ � � ��� � D � � � � �c�LR&�
Q+D w+A � S0(��&�$ � � ��� �TA � � � D � �c� �"�

� �&(��#� �d; AdG1�'�+���(�L���'$b;
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