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

���"*),+-�
� 
�"*$&�.+-"%$!
���	0/0��1�1��
$'23�4"52�	��

6�798:7<;>=@?@A%79B@7<C9?D;>7:EF7HG9I&J<=LKMJ<?D8<N�7<B@OPKRQ&B@?S=@?S8TJUA*7<VW7YX>?
Z([]\�^`_badce_f\�^hgei�jD^lke[<m�ken�ceadke_bcea>o�p'q:rsqerutwv�x�\hy�cei�cep(zH{�|9}`|9n�kep�~ln�keadke}hj��e�e�eru�e�e�e�ep&�:k>�Tkei

���(������� �`��� �

���`�D�#� �h���d� � �u� �#� �h�����e�e���u� �`� � � �u���%�e ]�u� ¡e ]�]� � �s�]�h�#���h¢u¢u��  � �u� �`�£� � ���u�h¢u�����`¢��u�e��¤��e¥e¥ � ¢u���¦���e�� <� �(�]���h��� �
�u� § � �u���¨�e�d� �e§ � � � ¢u� � �u� �`� �  �©R�h���u��ª � ¢u ]�F�¦���u�e���&«'¬��£¡e  �®­��]�e§ � �d� �£¡e  �¨¯H�e�u° � �  ]  ��¢ �D± ª�² �H� �`�����e�e���u�]�h� � �
� �u� � ¢u�u�]�e§ �#� �h�(���e�e���u� �h�@³ � �����h�e�u�]�e��¢�� �£¡e¢u�®�h��� �H� �`�����e�e���u� �`�e� � �]�u�£�h´ � �e� � §h�h� �  ®���h¢u¢u��  � �u� �h�*� � ���s�`¢u�-«eµ��e�
©R�h���s�¦ª � ¢u  �F�u�]�%�e  � �u� �`�e� � ¢u�(� � ¢u¢u� ���%�`�e�'�`� � �u¶�� � ¢u�(  � �s�u�]��� � � �u�£�d� °��¦·d¸�¹º·l¸
���h¢
»P¼w½ � �e�£�e��¾����e� � ¢u���u�
�e��� §`�¿¥<�h¢(�u¢ � �e�d����¢ À¿Á
¼!ÂH¸TÃ ¸`Ä<«
µ��e�£§`¢u�h�e�e� � �d� � �f�����e��¢u§h­�� �*��� �  ]� � �u���¨��¢u�h� � �Å��¾��s¢ � ¡9�`  � �f� �`��«¦Æ��:¢ �#� �h�
���e�e���u� �h�e�&�d�e� � �u� � ��¡ � �]¢#���h¢u¢u��  � �u� �`�
���e�e���u�]�h�e� � ¢u�(���e� � �e�����F���h¢ � �e��§ � �u� �`�#� �  ]�e���`��ÀWÁu«

Ç ��­ � �h¢u�e�hÈÉ¤Ê�e¥e¥ � ¢u�Ë�¦���e�� f³�� � ¢u� � �u� �`� �  �©R�h���u�Lª � ¢u ]�P�¦���u�e���&³ ± ª�² � ¯H�e�u° � �  ]  ��¢ �#� �h�W���e�e���u� �`�&³FÆH´ �
�e� � §h�`� �  ����h¢u¢u��  � �u� �h�F� � ���u�h¢u�

Ì®Í�Ì®Î�Ï-Ð¿Ñ&Ò#Ó#ÔeÏ-ÕbÑ�Î

I&Ö>×>J<B&C<ØDÙËÚ¿J<×>×>N¿ØD79Ö>N¿O�N¿ØDN¿Ú¿Ö>×>J<B.;>Ù�;>Ö>N¿VW;W=&7eÛ<NWÜHN¿N¿B�?SB�Û<N�;>Ý
Ö>?DC<79Ö>N¿OßÞbJ<×¦Vw79B�ÙwÙ<N�79×>;¨?DBàJ<×>O@N¿×¨Ö�JwQ&B&O@N¿×>;>Ö>7<B&O�Ö�=@NRVWN¿Úh=&Ý
7<B@?S;®VáJ<ÞR;®Q&âHN¿×>Ú¿J<B@O&Q&Ú�Ö�?DÛ�?SÖ�ÙãJ9ÞäÖ>=&N�=&?DC9=@Ýu6�åàÚ¿Q@â&×>7<Ö>N�;>Q&Ý
âHN¿×>Ú�J<B&O&Q@Ú¿Ö>J9×>;:æ�I&Ö>×>J<B&CUÚ�J9×>×>N�ØS7<Ö>?DJ9B@;%ÜHN¿ÖçE¦N¿N¿BLÖ>=&N�?DÖ�?DB&N�×>79B�Ö
N�ØSN�Ú¿Ö>×>J9B@;ß7<×>N�ÜHN¿ØD?DN¿Û<N¿O�Ö�J.ÜHN�Ú¿×>Q@Ú¿?S7<Ø�?SBèÚ¿Q@â&×>7<Ö>N�=&?DC<=&Ýu6 å
VW7<Ö>N¿×>?D7<ØS;:æHé�VWJ9B@C�Ö>=&N�ÞfQ&B@O&7<VWN¿B�Ö>7<Ø'VWJ�O&N�ØS;
ÞbJ<×%Ú¿J<×>×>N¿ØD7<Ö>N¿O
N�ØSN�Ú¿Ö>×>J9B@;eG@Ö>=&NWÖçEFJ<ÝuO@?DVWN¿B&;>?DJ<B&7<Ø#ê�Q&Ü&Ü@7<×>OËVWJ�O@N¿Ø�=&7<;�Ü�N�N¿B
N�ë�Ö>N¿B@;>?DÛ<N¿ØDÙ�;®Ö�Q@O&?DN¿Oº;>?DB&Ú¿N£Ö>=&N%â@×>J<â�J<;>7<Ø�Ü�Ù�é�B@O&N¿×>;>J<B�æ ìU65=&N
Ö�EFJ<ÝuO@?SVWN�B&;>?DJ<B&7<Ø£ê�Q&Ü&Ü@79×>OíVWJ�O@N¿Ø¨Ú�79BíÜHN�×>N¿C<79×>O@N¿Oí7<;ß7
;®?SVWâ@ØS?Dî&N�OïJ<B@N¿ÝuÜ&7<B@O.VWJ�O&N�Ø%J<ÞFÖ�=@×>N¿N¿ÝdÜ&7<B&Oñð�Q&Ýhò�B&N�ÖçEFJ<×>8
?DBßÖ�=@NRJeë�?SO@NM;®Q&âHN¿×>Ú¿J<B@O&Q&Ú�Ö�J<×>;eæ
é�BU?DVWâHJ<×>Ö�7<B�Ö�ó�Q&N¿;®Ö�?DJ<Bw?D;�E5=@N¿Ö>=&N¿×%Ö>=&N¨;®Q&âHN¿×>Ú¿J<B@O&Q&Ú¿Ö>?DB&C

;®Ö�7<Ö>NR?D;¦âHJ<;>;>?DÜ&ØDNRJ<×5B@J9Ö¦ÞfJ<×5Ö>=&NRÖçE¦J<ÝuO&?DVWN¿B@;>?DJ<B&7<Ø@ê�Q&Ü@Ü&7<×>O
VWJ�O&N¿Øçæ�65=&?D;MâHJ<;>;®?SÜ@?SØD?DÖçÙL=&7<;MÜHN¿N�B.Ú¿J<B�Ö>×>JeÛ<N�×>;>?D79Ø
;®?SB@Ú¿NWÖ�=@N
O@?S;®Ú¿JeÛTN¿×>ÙUJ<Þ�=&?DC<=&Ýu6 å Jeë�?DO&N£;>Q&âHN¿×>Ú�J9B@O&Q@Ú¿Ö>J9×>;:æ ô®õ>ö÷65=&?D;%âHJ9;®Ý
;®?SÜ@?SØD?DÖçÙw?D;M;®Q&â&âHJ<×>Ö>N¿O÷Ü�ÙËB�Q@VWN¿×>?DÚ¿7<Ø�Ú¿7<ØSÚ�Q&ØD79Ö>?DJ<B&;¨Q&;®?SB@CøÖ>=&N
Û:7<×>?D7<Ö�?DJ<B&7<Ø%ù�J<B�Ö>Nãð�7<×>ØSJ.VWN¿Ö>=&J�O4úbû�ùüð5ýlþ®õ®ÿ.79B@Oè×>N¿Ú¿N�B�Ö
ó�Q&7<B�Ö>Q&V ùËJ<B�Ö>NPð�7<×>ØSJwVWN¿Ö>=&J�O!ú � ùüð5ý>æ �äé ùËJ<B�Ö>NPð�7<×>ØSJ
VWN�Ö�=@J�OãN�VWâ&ØDJeÙ�?SB@CïÚ¿J<B&;>Ö>×>7<?DB&N¿Oíâ&7<Ö>=í7<â&â&×>J:ë�?DVW7<Ö�?DJ<Bü?SB@Ý
O@?SÚ�7<Ö�N�;eG�=&J:EFN�Û<N¿×eGÊÖ>=&7<ÖºÖ>=&Nß;®Q&âHN¿×>Ú¿J<B@O&Q&Ú�Ö�?DB&C Ú¿J<×>×>N�ØS7<Ö>?SJ<B@;
7<×>NÉB&J<ÖºN¿B@=&7<B&Ú�N¿Oã?DB Ö>=@N�C<×>J9Q@B&Oü;>Ö>7<Ö�N�æ � 65=@?S;øO@?S;®79C<×>N�N¿Ý
VWN�B�ÖM;>=&J<Q@ØSO÷ÜHNøÚ¿ØD7<×>?Sî@N¿OÊæÅI&?DB&Ú�NøÖ�=@NøÖçÙ�â&?DÚ¿7<Ø�N¿B&N¿×>C<Ù.;>Ú�79ØDN
ÞfJ<× ;®Q&âHN¿×>Ú¿J<B&O@Q&Ú¿Ö>?DÛ�?DÖçÙä?D;ÊÛTN¿×>Ù�;®VW7<ØSØeÚ¿J<VWâ@79×>N�OäÖ>J�Ö�=@N%Ü&7<B&O@Ý
E5?DO&Ö>=ßJ9×��ºGT7WO@?S;®Ú¿×>N¿Ö>NW;>Ö>×>Q&Ú¿Ö>Q@×>NºJ<Þ(N¿B&N�×>C9ÙLØDN¿Û<N¿ØD;¨?D;¦;>N�B&;>?DÝ
Ö>?DÛ<NRÞbJ<×¨Ö�=@NWC9×>J<Q@B&OL;>Ö>7<Ö�NWâ&×>J<âHN¿×>Ö>?DN¿;R?SBLî@B&?DÖ�NU;>Ù�;>Ö>N¿VW;eæ��çB
Þf7<Ú¿Ö¦?DÖF=@7<;¨Ü�N�N¿BL;>=&J:E5BLÞbJ<×¦Ö>=&NRÖ�EFJ<ÝuÚh=&7<?DBàê�Q&Ü@Ü&7<×>OLVWJ�O@N¿Ø
Ö>=&7<ÖßÖ>=&N�;®Q&âHN¿×>Ú¿J<B&O@Q&Ú¿Ö>?DB&CãÚ¿J<×>×>N¿ØD7<Ö�?DJ<BíÞbQ&B@Ú¿Ö>?SJ<B@;L7<×>N�N¿B&Ý
=@7<B&Ú¿N¿OøC9×>N�7<Ö�ØDÙU?DÞ�Ö>=&N�ØDN¿ÛTN¿Ø';>Ö>×>Q&Ú�Ö�Q@×>N¿;�B@N¿7<×%Ö�=@N	�HN¿×>VW?'ØDN¿Û<N�Ø
ÜHN¿Ú�J<VWNßO&N�B&;>NïÜ�ÙïVWJ�O&?DÞfÙ�?DB&CPÖ>=&NÉÛ:7<ØDQ&NøJ<Þ�Ö�=@Nß?DB�Ö�N�×>Úh=&7<?SB
Ö>×>7<B&;®ÞbN¿×eæSì�
>õ:ì��ÉI@?SB@Ú¿NÅÖ>=&NU;>Ö>7<B&O&7<×>O � Q&7<B�Ö�Q@V ù�J9B�Ö>NPð�7<×>ØDJ
VWN�Ö�=@J�Oü;>Q�
HN�×>;ßÞb×>J<V 7ï;®?SC<Büâ&×>J<Ü&ØDN¿VËG
Ö�=@NLØDN¿ÛTN¿Ø£;>â&7<Ú�?SB@C9;
;®=&J<Q&ØDOLÜHNÅ8<N¿â@Ö�ØD7<×>C<NR?SBLJ<×>O&N�×�Ö�Jà7:Û<J<?SOß7WB@N¿C<7<Ö�?DÛ<NR;>?DC<BË?DB� ùüð5æDìsö�� ìsþ565=�Q&;£?SÖ%VW7eÙºÜ�N�×>N¿7<;>J<B&7<Ü@ØSN�Ö�=@7<Ö¦Ö�=@N�;>Q@â�N�×>Ú¿J<B&Ý
O@Q&Ú¿Ö>?DB&C�Ú¿J<×>×>N¿ØD7<Ö>?SJ<B&;
7<×>N£B&J<ÖÊN¿B&=@79B@Ú¿N¿Ow?DB � Q&7<B�Ö>Q&V ùËJ<B�Ö>N
ð�7<×>ØDJW;®?SVUQ&ØD7<Ö�?DJ<B&;¨E5=&?DÚh=Ë=@7eÛ<NUÜ�N�N¿B÷O&J<B&NÅ;®JPÞb7<×eæ��çÖM?D;�×>N�Ý
ó�Q&?D×>N¿O�Ö�JwÚ¿J<B&;®?SO@N¿×MÖ>=&NUÚ¿7<;>NWE5=&N¿×>NW7à;>?DC<BLâ&×>J<Ü&ØDN¿V J�Ú�Ú¿Q&×>;

?DBLJ<×>O&N¿×RÖ>Jø?DB�Û<N�;>Ö>?SC<7<Ö>NÅ7WâHJ<;>;>?DÜ&?DØD?DÖçÙàJ<Þ�;>Q@â�N�×>Ú¿J<B&O&Q@Ú¿Ö>?SÛ�?DÖçÙ
ÜHN¿Ú�7<Q&;>NÉ?DB.Ö>=&NøÛ:7<×>?S7<Ö>?DJ9B@7<ØÊù�J9B�Ö>N.ðÊ7<×>ØDJPVWN¿Ö>=@J�O Ö>=&Nø;®Q&Ý
âHN¿×>Ú�J<B&O&Q@Ú¿Ö>?SB@CWâ&=@7<;>N�E¦7<;¦;>Q@C<C9N�;>Ö>N¿OLÖ>JUN¿ë�?S;®Ö¦?SBwÖ>=&NR×>N�C9?DJ<B
E5=@N¿×>NÅÖ>=&NU;>?DC9Bßâ&×>J<Ü@ØSN¿V ÜHN¿Ú¿J<VWN¿;�;>N¿×>?DJ<Q&;:æ ��� ÿ
òFQ@×�VWJ�O&N�ØH?D;¨Ö>=&N���� ê�Q@Ü&Ü&7<×>OLVWJ�O@N¿Ø#O&N¿î@B&N¿O�Ü�Ù

�������
� �"!$#&%

ú('*)�"% ' !+%-,/.10 ' 0 ý �2�43
��� !(5�#�#&%

ú('*)!+% ' 5&%-,/.60 ' 0 ý ,
�

�87 �:9 7 �:;*< ú4=<ý

E5=@N¿×>N>' )�"% ú(' �"% ý*?D;¨Ö�=@NÅÚ¿×>N�79Ö>?DJ<Büúf7<B&B&?D=&?DØD79Ö>?DJ<BÊý J9âHN¿×>7<Ö>J<×�J<Þ
7<B�N¿ØDN¿Ú¿Ö>×>J<B.E5?SÖ>=�;>â&?DB@?Ë7<Ö�Ö>=&NBAçÖ>=.;>?DÖ>N�æ � ?D;�Ö>=&NøÖ>×>7<B&;>ÞfN¿×
N�B&N¿×>C<ÙºÜ�N�ÖçEFN�N¿BwÖ>=&N£B&N�79×>N�;>Ö>ÝuB&N�?SC<=�ÜHJ<×�úfBÊæ BÊæDý5;>?DÖ�N�;eæ�CDA&E�FHO&N¿Ý
B@J<Ö�N�;5;®Q&VWVW7<Ö>?SJ<BwJ:Û<N¿×¦7<ØDØ@Ö>=@N�BÊæ BÊæÊÜHJ<B&O&;:æHG�N�7<ØD;>JäN¿ë�79VWÝ
?DB&N¨Ö>=@N�N*
HN�Ú¿Ö¦J<Þ � 3 ÜHN¿ÖçE¦N¿N¿BLB@N¿ë�Ö>ÝuB@N¿7<×>N¿;>Ö¨B&N¿?DC<=�ÜHJ9×�úfBÊæ BÊæ BÊæDý
;®?SÖ>N¿;:æIC+CDEKJ�F4FºO@N¿B&J<Ö>N¿;ß;®Q&VWVW7<Ö>?SJ<B.J:Û<N¿×øÖ�=@NÉBÊæ BÊæ BÊæ�â&7<?S×>;:æ�çBßÖ>=&?D;%â&7<âHN¿×¨EFN�?SB�Û<N�;>Ö>?SC<7<Ö>N¨Ö>=&N�×>N�C<?SJ<BßE5?SÖ>=w;>VW7<ØDØ@N�B&N¿×>C<Ù
;®â&7<Ú¿?DB&C<;�B@N¿7<×�Ö�=@N��HN¿×>VW?(ØSN¿ÛTN¿ØçG�E5=&N¿×>NUÖ>=&NÅ;>?DC<BËâ@×>J9Ü@ØSN�V ?D;
B@N¿Ú¿N�;>;>7<×>?DØSÙ.;>N�×>?SJ<Q@;ÅÞbJ<×ÅÖ�=@Nø;>Ö>7<B&O&7<×>O � ùüð5æL�çB � ù!ð�Ö>=&N
ÞfJ<ØSØDJeE5?DB&CMEF7:Û<NRÞbQ&B@Ú¿Ö>?SJ<Bß?S;¨Ú�J9B@;>?DO&N¿×>N�O

MONQP�RSHT2U � N�VXWZY*[RN\V�W]Y*^`_ba*acalNXVXWZY*[�N\VXWZY*^L_ M 
 < úd�Hý
E5=@N¿×>N M 
 ?D;¦Ö>=&NRB&J<B@Ýu?DB�Ö>N�×>79Ú�Ö�?DB&CUE¦7eÛTN�ÞbQ@B&Ú¿Ö>?DJ<BÊæfe�7<B&Ohg
?DB&O@?SÚ�7<Ö�N¨Ö>=&N�8�?SB@N¿Ö>?SÚ¨7<B&Oø?SB�Ö>N¿×>7<Ú¿Ö>?DJ<Bwâ&7<×>Ö>;¦J<Þ#Ö>=&N¨ê�7<VW?DØSÖ>J<Ý
B@?S7<B�G<×>N�;>âHN¿Ú¿Ö>?DÛ<N¿ØDÙji

e �����
�k�"!$#&%

ú(' )�"% ' !+%B,8.60 ' 0 ý �l� 3
�m�k!+5d#�#&%

ú$' )!+% ' 5m%2,n.60 ' 0 ý <
údoHý

g �
�87 �&9 7 �&;*0 údpHý

qBr �8s�tvu ?D;¨7<;>;>Q@VWN¿OËÖ>JwÜ�NR;®VW79ØDØçæH�çBLÖ�=@NÅâ&×>N�;>N¿B�ÖMâ@79âHN¿×
E¦NR?DB�ÛTN¿;>Ö>?DC97<Ö>NR7UC<N¿B&N�×>79ØD?"w¿N¿O�EF7:Û<N�ÞfQ&B&Ú�Ö�?DJ<BLC<?SÛTN¿Bà7<;

M NQP�R � N�Vyx{zH[�N\Vy|6zH_>aca*alN�Vyx�}�[�N~Vy|j}d_ M 
 < úd�Hý
=



E5=@N¿×>Nb� � 7<B&O@� � 7<×>Nø×>N¿C<7<×>O&N¿O.7<;RÛ:7<×>?S7<Ö>?SJ<B@79Ø(â&7<×>7<VWN¿Ö>N¿×>;
Ö>JäJ<â&Ö>?SVW?"w¿N¨Ö>=&NRN�B&N¿×>C<Ù�æ£ò¦Ü�Û�?DJ<Q&;>ØDÙ M NQP�R =@7<;¦ØDJeE¦N¿×%N¿B&N�×>C<Ù
Ö>=&7<BºÖ>=&7<Ö�J<Þ M NQP�RS`T�U ?SÞ u ?D;%î&ë�N¿OÊæ�I&?DB&Ú¿N M NkPZRSHT2U 7<â&â@×>J97<Úh=&N�;
Ö>=&NWÚ¿J<×>×>N�Ú¿ÖäC<×>J<Q&B@Oï;®Ö>79Ö>NøE¦7eÛ<NUÞbQ&B@Ú¿Ö>?SJ<B�G M NQP�R ?S;R7<ØD;>JàN¿ë�Ý
âHN¿Ú�Ö�N�OïÖ>Jw79â@â&×>J<7<Úh=LÖ�=@NÅÚ¿J<×>×>N¿Ú�ÖMC<×>J9Q@B&OL;>Ö>7<Ö>NÅ7<; u���� æ
65=@Nºâ@Q&×>âHJ<;>NWJ9Þ*Ö>=&?D;Mâ@7<â�N�×M?D;�Ö>JP;>=@JeE�Ö>=&Nø×>N¿;®Q&ØDÖ�;RÞfJ9×�Ö>=&N
;®Q&âHN¿×>Ú¿J<B@O&Q&Ú�Ö�?DB&C�C<×>J<Q&B@OM;>Ö>7<Ö�NFÜ�Ù�7£Û:7<×>?S7<Ö>?DJ<B&7<Ø¿VWN¿Ö>=@J�OäQ&;®Ý
?DB&C5Ö>=&N%J�
HÝuO@?S7<C<J<B&7<ØeEF7:Û<N%ÞfQ&B&Ú�Ö�?DJ<BäÚ�J9×>×>N�ØS7<Ö>?DJ9BÅÞb7<Ú¿Ö>J<×>;eæuì���� ìsÿ�çÖRE£?DØDØ�ÜHNø;>=@JeE5B÷Ö�=@7<ÖMÖ�=@Nø;>?DC<BËâ&×>J<Ü@ØSN�V3ÜHN¿Ú¿J<VWN¿;ÅØDN¿;®;ÅÛ�?DÝ
J<ØDN¿B�ÖºÞbJ<× M NQPZR ?DÞ u ?S;W;>VW7<ØDØlæ�6£=@NÉC<×>J9Q@B&Oè;>Ö>7<Ö>NLN�B&N¿×>C<Ù
7<B@OËÚ¿J<×>×>N¿ØD7<Ö>?SJ<BËÞfQ&B@Ú¿Ö>?SJ<B&;R7<×>NWÚ¿7<ØSÚ�Q&ØD79Ö>N¿O÷Ü�ÙLJ<Q&×�VWN¿Ö>=&J�OÊæ
65=@N�â&7<âHN¿×ß?D;ßJ<×>C<7<B&?"w¿N¿O�79;PÞbJ<ØDØSJ:E5;eæ��çBèÖ�=@N÷;®N¿Ú¿J<B&Oí;>N�Ú¿Ý
Ö>?DJ<B.Ö>=&N�E¦7eÛ<NPÞbQ@B&Ú¿Ö>?DJ9B@;º7<×>NÉâ&×>N�;>N¿B�Ö>N¿O�æè65=&NÉVWN¿Ö>=&J�OèJ9Þ
Ú�79ØDÚ¿Q@ØS7<Ö>?DJ<B&;R?S;R7<ØS;®JÉÜ@×>?SNc�&ÙïO@?S;®Ú¿Q&;®;>N¿O�æ��çB�Ö�=@Nø;>Q&Ü@;>N¿ó�Q&N¿B�Ö
;®N¿Ú¿Ö>?DJ9B÷E¦Nº;®=&J:E�J<Q&×�×>N¿;®Q&ØDÖ�;UÞbJ<×�Ö>=&N��äðÊI@Ý��¦Q@Ö+w�E5?SØDØDN¿×�7<B&O
J�
HÝdO&?D79C<J<B&7<ØL�äð�I&Ýv�¦Q&Ö4w¿E5?DØSØDN¿×RÞbQ@B&Ú¿Ö>?DJ9B@;eæÅ65=&NWØS7<;>ÖR;>N¿Ú¿Ö>?DJ<B
?D;£79;®;>?DC9B@N¿OLÖ>JW7w;>Q&VWVW7<×>Ù'æ

Ì`Ì®Í���Ñ�Ð*�àÓ��D�TÏ-ÕbÑ�Î�Ñ{�f�hÓ��L�9Ð¿ÔeÑ�Î#Ò#Ó#ÔeÏ-ÕD�@Õ Ï4�l�sÑ�ÐRÑ{�X�`Ò#Õ��~��Ñ�Î��~�
Ô:Ñ�Ð`Ð*������Ï-ÕbÑ�Î8�m�TÔ:Ï-Ñ�Ð*�
� Íf 8���{�¡�uÓ#Î#ÔeÏ-ÕbÑ�Î��

65=&N@�£Q&Ö4w¿E5?DØSØDN¿×>Ýuâ@×>JYX>N¿Ú¿Ö>N¿OI�äð�I&ÝuÖ�Ù�âHN�E¦7eÛ<NïÞbQ&B@Ú¿Ö>?SJ<Bè?D;
O@N¿î&B@N¿OL7<;

MZ¢ ��£j¤ M�¥ U ¢ < úD¦Hý
MZ¥ U ¢ �

§
ú�¨ § ,>© § 'c)§ 9 '*)V § ; ý+ª «6F 0 ú+¬<ý

65=@N�C<7<âwÞbQ@B&Ú¿Ö>?DJ<Bà?D;¦7<;>;®Q&VWN¿OßÖ>JUÜ�N®­YÝuÖçÙ�âHN�â&7<?D×>?DB&C1i q § �q�¯ úfÚ¿J<;�°�± � Ú¿J<;c°�²'ý>æñð�J�N*³WÚ�?SN�B�Ö>;2¨ § 7<B@O © § G*E5=@?SÚh=è7<×>N
Û:7<×>?D7<Ö�?DJ<B&7<Ø£â&7<×>7<VWN¿Ö>N¿×>;eG¨;>=@J9Q@ØSOíÜHN�O&N¿Ö>N¿×>VW?DB&N�O0Ö>J!VW?DB&?DÝ
VW?"w¿NøÖ>=@NßN¿B@N¿×>C<Ù�æ>G.NøQ&;>NPÖ>=&N¡�äð�I ÞfJ<×>V3ÞfJ9×´¨ § 79B@O © §
O@N¿î&B@N¿OLÜ�Ù

© § t ¨ § � q § t ú�µ § , ú�µ ô§ , q ô § ý ì&¶>ô ý < úd·Hý
E5=@N¿×>Nfµ § ��� �HúfÚ¿J<;�°�± , Ú�J<;�°�²'ý �Z¸ æÊ65=&NFÚh=&N¿VW?DÚ¿7<Ø9âHJ<Ö>N¿B�Ö>?S7<Ø¸ ?D;
7<OeX�Q@;>Ö>N¿Ow;®J�Ö�=@7<Ö�Ö>=&N¨N¿ë�âHN¿Ú¿Ö>7<Ö�?DJ<BwÛ:7<ØSQ@N%J<Þ'Ö>=&N¨N�ØSN�Ú¿Ö>×>J9B
B�Q@VÅÜHN¿×¨?D;¨N¿ó�Q@7<Ø�Ö>J>¹	º9æ £`¤ ?D;¨Ö>=&NÅE¦N¿ØDØDÝu8�B@JeE5B»�¦Q&Ö4w¿E5?DØSØDN¿×
J<âHN¿×>7<Ö>J<×5C<?DÛ<N¿BßÜ�Ù

£ ¤ �
�
ú4= � ú4= �h¼ ý

7 �&9 7 �&; ý < úd½Hý
ÞfJ<×57àÛ:7<×>?S7<Ö>?DJ9B@7<ØHâ@7<×>79VWN�Ö�N�× ¼ ?SBLÖ>=&NW×>7<B&C<NWJ9Þ¾«b¿ ¼ ¿À=9æ
é�BË7<â@â&×>J<7<Úh=ïE5?DÖ>=ïî@ë�N�OïN�ØSN�Ú¿Ö>×>J9B�B�Q&VÅÜHN¿×R?D;�N¿VWâ@ØSJ:Ù<N¿O÷?DB
J<Q@× â@×>N¿Û�?DJ<Q&;
â&7<âHN¿×>;eæ ��� ÿ¡�çBäJ<×>O&N¿×
Ö>J£ÞbJ<×>VUQ&ØD7<Ö�N
7<Bä7<â@â&×>J<7<Úh=
Ö>J.Ú¿J<B&;>?DO&N�×LÖ>=&N�J�
HÝdO&?D79C<J<B&7<Ø£Ú¿J<×>×>N¿ØD7<Ö>?SJ<BãJ<âHN¿×>7<Ö>J<×>;eG¨?SÖø?S;
VWJ<×>NWÚ¿J<B�Û<N¿B@?SN�B�ÖMÖ>JPQ&;>NàÖ�=@N®�äð�I.ÞbQ@B&Ú¿Ö>?DJ<BËO&?D×>N¿Ú�Ö�ØDÙïE5?DÖ>=&Ý
J<Q@Ö5î&ë�?DB&CWÖ>=&NUN¿ØDN¿Ú¿Ö>×>J<BïB�Q@VÅÜHN¿×eæ£6£=@NÅÖçE¦JW7<â@â&×>J<7<Ú-=@N¿;R7<×>N
N�ó�Q@?SÛ:7<ØDN¿B�Öw?DBãÖ>=&N�Ö>=&N¿×>VWJ�O&Ù�B@7<VW?SÚïØS?DVW?DÖwE5?DÖ�=�J<â&Ö>?SVW?"w¿N�O
Û:7<×>?D7<Ö�?DJ<B&7<Ø�â&7<×>7<VWN¿Ö>N¿×>;eæH�HJ<×%Ö�=@?S;£N¿B&OßÖ>=&N�ÞbJ<ØSØDJ:E5?SB@C¨;®?SVWâ@ØSN
Ö>×>7<B&;®ÞbJ<×>VW7<Ö�?DJ<Bw?D;¨?SB�Ö>×>J�O@Q&Ú¿N�OËÞbJ<×¦Ö>=&NUO&JeE5Bß;>â@?SB¾iDì��

­ § � ' ) V § ; < ­ )§ � ' V § ; 0 ú4=v«Hý
65=@N�Q&â@Ýu;>â@?SB�N¿ØDN¿Ú¿Ö>×>J<B&;�7<×>N�Q@B&7<ØSÖ>N¿×>N�OÊG¨ÞbJ<×ßE5=&?DÚh=ãE¦N�Q&;>N
Ö>=&NWB@J9Ö>7<Ö>?SJ<B&;�' § � ' § 9 7<B&OÁ' )§ � ' )§ 9 æä65=@NºÛ:7<Ú¿Q@Q&VÂª «6F

;®=&J<Q&ØDOL×>N¿7<OÃª «yF � § ­ )§ ªDÄ«�F�?DÞ�E¦NÅE5×>?DÖ�NRÖ>=&NRÛ:7<Ú¿Q@Q&V ÞbJ<×¦Ú
7<B@OLOPâ@7<×>Ö�?DÚ¿ØDN¿;¨7<;�ª Ä«�F4i�' § ª Ä«XF � ­ § ª Ä«yF � «HæÊ6£=@N¿B

M ¥ U ¢ �
§
ú�¨ § ,b© § ' )§ ­ § ý+ª «6F <

�
§
ú�¨ § ­ )§ ,l© § ' )§ ý+ª Ä«6F 0 ú4=�=<ý

65=@N��¦Q&Ö4w¿E5?DØSØDN¿×¨â&×>JeX�N�Ú¿Ö>?SJ<BLJ<âHN¿×>7<Ö>J9×¨?D;¨Ö�×>7<B&;®ÞbJ<×>VWN¿OLÖ>J
£j¤@�

�
ú4= � ú4= �/¼ ý$' )� ' � ú4= � ­ )� ­ � ý>ý < ú4=v�Hý

7<B@OLÖ�=@NMê�7<VW?DØSÖ>J<B&?D7<Bw=&7<;¨Ö>=&NRÞbJ<×>V

�������
�k�"!$#

ú(' )� ' ! � ­ )� ­ !6,�.60 ' 0 ý �´�43
��� !(5�#�#

ú(' )! ' 5 � ­ )! ­ 5\,
.60 ' 0 ý , �

�
' )� ' � ú4= � ­ )� ­ � ý 0 ú4=vo�ý

�çBøÖ�N�×>VW;¦J<Þ#B&N�EèJ9âHN¿×>7<Ö>J<×>;¦Ö>=&N�7eÛ<N�×>7<C9N¨N�ØSN�Ú¿Ö>×>J<BàB�Q&VUÜHN¿×¦?D;
E5×>?DÖ>Ö>N¿BL7<;

¹	º � ¹ , Å C(' )Å ' Å � ­ )Å ­ Å F 0 ú4=vp�ý
65=&N!ÞbJ<ØDØSJ:E5?SB@C�E¦7eÛ<N�ÞbQ@B&Ú¿Ö>?DJ9B@;L7<×>N�Ú�J9B@;>?DO&N¿×>N�O�?DBíÖ�=@?S;

â@7<â�N�×�iSì��
MON ì R¢ �ÇÆ V6x�[ Æ Vy|~_ M�¥ U ¢ < ú+=v�Hý
MON ô R¢ �ÇÆ V6x�È"[ Æ Vy|XÈk_ Æ Vyx�[ Æ Vy|~_ M�¥ U ¢ < ú+=v¦Hý
M N � R¢ �ÇÆ V6x È È [ Æ Vy| È È _ Æ Vyx È [ Æ Vy| È _ Æ Vyx�[ Æ Vy|~_ MZ¥ U ¢ 0

ú4=�¬<ý
ò¦Q&×ÅVWJ<Ö>?SÛ:7<Ö>?SJ<BËÖ>JË?DB�Ö>×>J�O@Q&Ú¿NPÖ>=&Nø;>Q@â�N�×>Ú¿J<B&O@Q&Ú¿Ö>?DB&C�J<×>O@N¿×
â@7<×>79VWN�Ö�N�×ß?S;WÖ>J�î&B@OèVWJ<×>NLJ<â@Ö�?DVW?"w¿N¿OèE¦7eÛ<NPÞbQ@B&Ú¿Ö>?DJ9B@;ø?SB
û�ùüð5æ

É�Í�ÊÇ�:ÏvË#Ñ&Ò�Ñ{�fÊèÑ�Î@Ï���ÌO�TÐ*�bÑËÔ��~� ÔeÓ��D�TÏhÕ Ñ�Î��
65=&N�ù�J9B�Ö>N!ð�7<×>ØDJ VWN¿Ö>=&J�OíQ&;®?SB@C!Ö>=&N�79Q@ë�?DØD?S7<×>Ù î@N¿ØDO&;eG

E5=@?SÚh=�=&7<;MÜHN¿N�B.O&N�Û<N¿ØDJ9âHN�Oï?DBËÖ>=&Nøâ@×>JYX>N¿Ú¿Ö>J<×Mù�J<B�Ö>NËð�7<×>ØSJ
Ú�J9Vwâ&Q&Ö>7<Ö>?SJ<B&;:GH?S;RN¿VWâ@ØSJ:Ù<N¿O�?SB�Ö�=@?S;Uâ&7<â�N�×eæ ôÍ
�� ô:ì»�HJ<ØDØSJ:E5?SB@C
Ö>=&N�O&?D;>Ú�×>N¿Ö>NÅê�Q&Ü&Ü@79×>O@ÝuI&Ö>×>7<Ö>J<B&JeÛ�?DÚ-=øÖ�×>7<B&;®ÞbJ<×>VW7<Ö>?SJ<BÊG ô®ô¨Ö>=&N�£Q&Ö4w¿E5?DØSØDN¿×¦J<âHN¿×>7<Ö>J<×�?S;£E5×>?SÖ>Ö>N¿B�79;¨ÞfJ<ØSØDJeE5;

£ ¤ �
�
ú4= � ú4= �/¼ ý$' )� ' � ú4= � ­ )� ­ � ý>ý

�
�
N¿ë�â�ú � �¾' )� ' � , �¾' )� ' � ­ )� ­ � ý

� ú4= t ��ý&Î
Ï ¯vÐQÑLÒ ì4Ó

N¿ë�âHÔ
�
úD�yÕ{Ö � � � t �Hý>ú$' )� ' � � ­ )� ­ � ýd× <

ú+=v·Hý
E5=@N¿×>N ¼b� N Vy| 7<B&O�Ú¿J<;>=Êúd�yÕ&ý � N Vy| ¶�ô ÞbJ<×¨Ú¿J<VWâ&ØDN¿ëà×>N�â&×>N¿Ý
;®N¿B�Ö>79Ö>?DJ<BËE5=&N�×>NØÕW?D;�7WÚ�J9VWâ@ØDN¿ëPB�Q@VÅÜHN¿×eæ¦65=@NÅ×>N¿7<Ø�×>N¿â&×>N�Ý
;®N¿B�Ö>79Ö>?DJ<Bï?D;�7<ØD;>JàâHJ<;>;>?DÜ&ØDN�æ2Ö � ?S;RÖ>=&NW7<Q&ë�?SØD?D7<×>Ùàî&N¿ØDO÷E5=&?DÚh=

�



Ö>7<8<N¿;¨Ö>=&NRÛ:7<ØDQ&NRJ<ÞZÙ�=�7<B&O»¹�?D;¦Ö>=&NÅB�Q@VÅÜHN¿×¨J<Þ�;>?DÖ>N¿;eæ�65=@N
B@J<×>VÚC M ¢ ª M ¢ F�?D;¨Ú¿7<ØSÚ�Q&ØD79Ö>N¿OL7<;

C M ¢ ª M ¢ F � Ú¿J<B&;®Ö 0 Ï:Û Ð Ó Ï ¯vÐ ÓÜ C M 
 ª N�ë�â�ú . ú�¨*ý�ýfN¿ë�âÊú . ú(Ö9ý>ý(ª M 
 F < ú+=v½Hý
E5=@N¿×>N M 
 ?D;øÖ�=@NÉB&J<B&Ýu?DB�Ö>N¿×>7<Ú¿Ö>?SB@C�E¦7eÛ<NPÞbQ@B&Ú¿Ö>?DJ9Bè7<B@O Ö>=&N
âHJ<Ö>N¿B�Ö>?S7<Ø . ú(Ö9ý�?D;¨C<?SÛ<N�BàÜ�Ù

. ú(Ö:ý �
�
úd�yÕ~Ö � � � t �Hý>ú

7 � �ÁÝ � ý < úD��«Hý
E5=@N¿×>N

7 � � ' )� ' � 7<B&O Ý � � ­ )� ­ � æÊ65=@N¿BwÖ>=&N�B&J<×>V4?S;%E5×>?DÖ>Ö�N�B
7<;£7W;>Q@V J<Þ(O&N¿Ö>N¿×®VW?SB@79B�Ö>;eG

C M�¢ ª M�¢ F � Ú¿J<B&;®Ö 0 Ï:Û Ð Ó Ï ¯vÐ Ó
Ü O&N¿Öeú(Þ ) N¿ë�â�ú(gwú"¨ < �
ý�ýfN¿ë�âÊú(gºú(Ö < ��ý>ý(Þ�ý 0úd�6=<ý

ÞR?S;�7ß��¹ Ü ¹ VW7<Ö>×>?SëME5?SÖ>=Åî&×>;>Ö�7<B&Oº;®N¿Ú¿J<B&OØ¹�Ú¿J<VWâHJ<B&N¿B�Ö>;
Ú�J9×®×>N¿;>âHJ<B&O&?DB&CwÖ>JWÚR7<B&OLOLN¿ØDN¿Ú¿Ö>×>J<BËâ@79×®Ö�;:G�×>N¿;>âHN¿Ú�Ö�?DÛ<N�ØSÙLi

ú$Þ 
 ý �"! � N�ë�âÊú�A�à � a § ! ý © §já ú�A � = < a*aca < ¹ãâ&E � = < aca*a < ¹÷ý <
úd���Hý

ú$Þ 
 ý �kä Îßå ! � N¿ë�âÊú�AÍà � a § ! ý�¨ § á ú"A � = < a*aca < ¹ãâ&E �
= < a*aca < ¹÷ý 0 úD��oHý

�çB�79Ú�Ö�Q@7<Ø%Ú¿7<ØDÚ¿Q&ØD7<Ö>?SJ<B&;RÖ>=&NP×>N¿7<Ø%×>N�â&×>N¿;®N¿B�Ö>79Ö>?DJ<B&;ø7<×>NßVWJ<×>N
Ú�J9B�ÛTN¿B&?DN¿B�ÖLÖ>J N¿Û:7<ØSQ@7<Ö�N�Ö>=&N�O&N¿Ö>N¿×>VW?DB&7<B�ÖßE5=&N�×>N�Ö�=@N÷N�ØSN�Ý
VWN�B�Ö�;%J<ÞHÞ 
 79×>N�C9?DÛ<N¿BºÜ�ÙäÚ¿J<;<ú:à � a § ! ý © § á 7<B&Oº;>?DBÊú:à � a § ! ý © § á
ÞfJ<×	A � = < aca*a < ¹÷G@7<B&O÷Ú¿J<;eú:à � a § ! ý�¨ § á 79B@O÷;>?SB�ú:à � a § ! ý�¨ § á
ÞfJ<×OA � ¹ , = < aca*a < �y¹÷æ/gwú(Ö < �
ý5?S;Å7ËO&?D7<C<J9B@7<ØH�y¹ Ü �y¹
VW7<Ö>×>?DëWÚ�J<×>×>N¿;>âHJ<B&O&?DB&CàÖ>J . ú(Ö:ý4i

gUú(Ö < �
ý � O&?D79CHúd�yÕ~Ö ì � � t � < a*a*a < �yÕ{Ö Î �� t � < � �yÕ~Ö Î ä ì , � t � < aca*a < � �yÕ{Ö ô Î , � t �Hý 0 úd��pHý

O@?S7<CHú(Õ ì < aca*a]ýä?SB@O&?DÚ¿7<Ö>N¿;ß7.O&?D79C<J<B&7<Ø£VW7<Ö>×>?Së E5?DÖ>=ãN¿ØDN¿VWN�B�Ö�;Õ ì < aca*a æH��J<ØDØDJeE5?DB&C�Ö>=&NR;>Ö>7<B&O@79×®OàùËJ<B�Ö>Nàð�7<×>ØSJäVWN¿Ö>=&J�OLN�VWÝ
â@ØSJ:Ù<N¿OM?DB � Q@7<B�Ö>Q@V ùËJ<B�Ö�N�ð�7<×>ØDJ£;>?DVUQ&ØD7<Ö�?DJ<B&;eGhEFNFÚ¿7<BMN¿Û:79ØDÝ
Q@7<Ö�NøÖ>=&NWN¿ë�âHN¿Ú¿Ö>7<Ö>?SJ<BüÛe7<ØDQ&NUÞbJ<× Mf¢ æ��çB�J9×>O@N¿×ÅÖ>JPÚ¿J<B&;®?SO@N¿×
Ö>=&NPJ�
HÝuO&?D7<C<J<B&7<ØÊÚ�J9×®×>N¿ØS7<Ö>?DJ<B.Þb7<Ú¿Ö>J<×>;eG�EFNPN¿Û:79ØDQ&7<Ö>NøÖ>=&NøO@N¿Ý
Ö>N¿×>VW?DB&7<B�Ö>;¨C<?SÛTN¿Bà7<;

C M NQP�R ª M NkPZR F � Ú¿J<B&;®Ö 0 Ï:Û }Ð Ó�æçæçæ Ï:Û zÐ Ó Ï ¯ }Ð Ó�æ æçæ Ï ¯ zÐ Ó
Ü O&N¿Öeú(Þ ) N¿ë�â�ú(gwú"¨ ì < � ì ý�ýfN¿ë�â
ú � � ì e÷ý�a*acasN�ë�â
ú � � ì e÷ýbN�ë�â
ú(gwú(Ö ì < � ì ý>ý$Þ 
 ý < úd����ý

E5=@N¿×>N�� � 7<B&Oè� � 7<×>NüÛ:7<×>?S7<Ö>?DJ9B@7<ØRâ&7<×>7<VWN¿Ö>N¿×>;eæée ?D;�7�y¹ Ü �y¹ VW7<Ö>×>?DëUÚ¿J<×>×>N¿;®âHJ9B@O&?DB&CWÖ>JäÖ>=&NR8�?DB&N�Ö�?DÚ�â&7<×>Ö¦J9Þ Ö�=@N
ê�7<VW?DØSÖ>J<B&?D7<BÊGYE5=&?DÚh=ß?S;¨C<?DÛ<N¿BLÜ�Ù

e �"! �ê��� úf?DÞUú�A < E@ýF7<×>NMB@N¿7<×>N¿;>ÖRB&N¿?DC<=�Ü�J<×¦â@7<?S×>; ú�A �= < a*aca < ¹ãâ&E � = < a*aca < ¹÷ý�ý < úd��¦�ý
e �"! � « úfJ<Ö>=&N¿×>E5?D;>N�ú�A � = < aca*a < ¹ãâ:E � = < aca*a < ¹÷ý>ý <

úd�1¬<ý
e �kä Î-å !$ä Î �� úf?DÞ ú�A < E@ý 7<×>NRB&N�79×®N¿;>Ö�B&N¿?DC<=�ÜHJ9×¨â&7<?D×>; ú�A �= < a*aca < ¹ãâ&E � = < a*aca < ¹÷ý�ý < úd��·�ý
e �kä Î-å !$ä Î � « úfJ<Ö�=@N¿×>E5?D;>N ú�A � = < aca*a < ¹ãâ&E �= < a*aca < ¹÷ý�ý 0 úD��½Hý

G.NLJ<â@Ö�?DVW?"w¿N�Ö>=&N�C<×>J<Q&B&O�;>Ö>7<Ö�N�N¿B@N¿×>C<ÙìëfíËE5?DÖ>=ã×>N¿;®â�N�Ú¿Ö
Ö>J ¼ G q G ¸ G�� � 7<B&Oê� � æì�çÖß?D;ßJ<ÞRC<×>N¿7<ÖL=@N¿ØDâ0Ö>J N¿VWâ@ØSJ:Ù
Ö>=&NïÚ¿J<×>×>N¿ØD7<Ö�N�O0VWN�7<;>Q&×>N¿VwN¿B�Ö�;ÉVWN¿Ö>=@J�Oã?DBèÖ�=@N�â&×>J�Ú¿N¿;®;�J9Þ
;®N¿7<×>Úh=&?DB&CäJ9â@Ö>?SVUQ&V�â&7<×>7<VWN¿Ö>N¿×%Û:79ØDQ&N�;%VW?SB@?SVw? w¿?DB&C�ë í æ ôÍ��� ô®ö

�çBàJ<B&N�ùËJ<B�Ö>NWð�7<×>ØDJR;®Ö�N�âà7<ØDØ@Ö>=&N�ê�Q@Ü&Ü@79×>O@ÝuI&Ö>×>7<Ö>J9B@JeÛ�?SÚh=
Û:7<×>?D7<Ü&ØDN¿;M7<×>NPQ&âHO&7<Ö>N¿OüJ9B@Ú¿NÉÞbJ<ØDØDJeE5?DB&CWÖ>=&NPùËN�Ö�×>J<âHJ<ØS?D;W79ØDÝ
C<J<×>?DÖ�=@VËæ1G�NRâHN¿×>ÞbJ<×>V ;>N¿Û<N�×>79Ø¾� Ü =v« ö�î =v« þ ùËJ<B�Ö>NàðÊ7<×>ØDJ
;®Ö�N�â&;¨Ö>JRN�Ûe7<ØDQ&7<Ö>N�Ö>=&N�N¿ë�â�N�Ú¿Ö>7<Ö�?DJ<BàÛ:7<ØDQ&N¿;£ÞbJ<×%J<â&Ö>?SVUQ&V�â&7<Ý
×>7<VWN�Ö�N�×>;eæ

ÌhÌ`Ì®Í�ï����hÓ��bÏ��ÅÑ{�fÊèÑ�Î@Ïv��ÌO�TÐ*�bÑLÔ��\�bÔeÓ��D�TÏ-ÕbÑ�Î��
� Ífï����hÓ�� Ï��B�sÑ�ÐÅÏ�Ë��®ðwÓ#Ï�ñ�òMÕ��D���9Ð:�*É	ÌOó»òß���X���uÓ#Î#ÔeÏ-ÕbÑ�Î��
65=&NÁ�¦Q@Ö+w�E£?DØDØDN¿×>Ým�äð�I!E¦7eÛTNßÞfQ&B&Ú�Ö�?DJ<B ?D;ø?DB�ÛTN¿;>Ö>?DC97<Ö>N¿Oü?DB

Ö>=&?D;ß;®N¿Ú¿Ö>?DJ<BÊæí65=&Nh��� ê�Q&Ü&Ü@7<×>OãVWJ�O@N¿Ø¨=&7<;PÜ�N�N¿BíN¿ë�79VWÝ
?DB&N�OwÜ�ÙäVW7<B�Ùä79Q@Ö�=@J<×>;%Q&;>?DB&CäÖ>=&NB�¦Q@Ö+w�E5?SØDØDN¿×>Ým�äð�IwÞbQ@B&Ú¿Ö>?DJ<B
E5=@N¿×>N¨Ö>=&N£N¿ØDN¿Ú¿Ö>×>J<BºB�Q&VUÜ�N�×�?D;�î@ë�N�OÊæ þ>õ®ÿ å ô>þb�çB@;>Ö>N¿7<OºEFN£;>=&J:E
Ö>=&NWùËJ<B�Ö>NPð�7<×>ØDJW×>N¿;®Q&ØDÖ>;ÅQ&;>?DB&Cà7<BË7<ØDC<J9×>?DÖ>=&V E5?DÖ>=&J<Q&Ö�î&ë�Ý
?DB&CàÖ>=&NWN¿ØDN¿Ú�Ö�×>J<B÷B�Q&VUÜHN¿×M;>?DB@Ú¿NºÖ>=@?S;R7<ØSC<J<×>?DÖ�=@V Ú¿7<B÷ÜHNº7<â&Ý
â@ØS?DN¿O�Ö�J J�
HÝuO@?S7<C<J<B&7<Ø£EF7:Û<N�ÞfQ&B&Ú�Ö�?DJ<B&;PVWJ9×>NïN¿7<;>?DØSÙ'æí65EFJ
7<â@â&×>J<7<Ú-=@N¿;W;>=&J<Q&ØDO÷C<?SÛ<NWÖ>=&NP;>7<VWNø×>N¿;®Q&ØDÖ�;W?SB÷Ö>=&NøÖ>=&N�×>VWJ<Ý
O@Ù�B@79Vw?SÚ�ØS?DVW?DÖYæ£ò¦BL7Wî@B&?DÖ�NUØS7<Ö>Ö>?SÚ¿NR?DÖ5?D;¨âHJ<;>;>?DÜ&ØDÙwN¿ë�âHN¿Ú�Ö�N�O
Ö>=&7<Ö¦Ö�EFJU7<ØDC9J<×>?DÖ>=&VW;
C<?SÛ<N�O&?"
HN¿×>N�B�Ö5×>N¿;®Q&ØDÖ�;¨J<Bß7Uâ�J<;>;®?SÜ@?SØD?DÖçÙ
J<Þ(â&=@79;®NRÖ�×>7<B&;®?SÖ>?DJ<BàO@Q&NRÖ>JUî&B&?DÖ>NR;>?"w¿NRN*
HN¿Ú�Ö�;:æ*65=�Q@;57<Bß7<â&Ý
â@×>J<79Úh=wQ@;>?DB&C�7<Bº7<ØSÖ>N¿×>B@7<Ö�?DÛ<N£7<ØSC<J<×>?DÖ�=@V EFJ<×>8�;�7<;%7MÚ-=@N¿Úh8UJ<Þ
Û:7<ØD?SO@?SÖ�Ù�J<Þ�Ö�=@NB�¦Q&Ö4w¿E5?DØDØSN�×>Ým�Rð�IºE¦7eÛ<N£ÞbQ@B&Ú¿Ö>?DJ9BºÞfJ9×
Ö>=&N¨ÖçE¦J<Ý
O@?SVWN�B&;>?DJ<B&7<Ø'ê�Q&Ü@Ü&7<×>OwVWJ�O&N�ØlæFòFQ@×*â@Q&×>âHJ<;>N�J9Þ Ö�=@?S;%;®N¿Ú¿Ö>?DJ<B
?D;%Ö>J�;>=@JeEèÖ>=&7<Ö*ÜHJ<Ö>=w7<ØSC<J<×>?DÖ�=@VW;Êâ&×>J�O&Q&Ú�N�VWJ<;>Ö>ØDÙäÖ�=@N¨;>7<VWN
×>N�;>Q&ØDÖ>;�ÞbJ<×¨Ö>=&N��¦Q&Ö4w¿E5?DØDØSN�×>Ým�Rð�ILE¦7eÛTN�ÞbQ@B&Ú¿Ö>?DJ<BÊæ
65=&N�ù�J<B�Ö>N ð�7<×>ØDJï;>?DVÅQ&ØD7<Ö>?SJ<B@;º7<×>NÉÚ¿7<×>×>?DN¿OèJ<Q&ÖwJ<BèÖ>=&N

;®ó�Q@79×>NàØS7<Ö>Ö>?SÚ¿NWE5?DÖ>=ï;®? w�N/=v« Ü =v«HæM65=&NWâ&7<×>7<VWN¿Ö>N¿×>;ÅJ<ÞFÖ>=&N
ê�7<VW?DØSÖ>J<B&?D7<Bä7<×>N�Úh=@J9;®N¿BL7<; � 3 ��� « 0 «�½ä79B@O/� � ·R?DBwQ&B@?DÖ�;
J<Þ � æH65=@N%7eÛ<N�×>7<C9NFB�Q&VUÜ�N�×ÊJ9Þ<N¿ØDN¿Ú�Ö�×>J<B@;�?D;ÊC<?DÛ<N¿BMÜ�Ù�¹ º � ·�«Hæ
65=@NºN�B&N¿×>C<ÙïC<7<?DBLO&Q&NàÖ�Jàâ&7<?D×MÚ�J9B@O&N¿B@;>7<Ö>?SJ<B&;R?D;MVw79ë�?DVÅQ@V
7<×>J<Q&B@OËÖ>=&NWÛ:79ØDQ&NRJ<Þ � 3 �ô� « 0 =<æ ÿÃG�NÅ7<OeX>Q&;®Ö�Ö>=&NWÚh=&N�VW?SÚ�79Ø
âHJ<Ö>N¿B�Ö>?S7<Ø¨?DBüÖ�=@N�E¦7eÛ<NÉÞbQ@B&Ú¿Ö>?DJ<Bè;>J Ö�=@7<ÖwÖ>=&N�N�ë�âHN¿Ú�Ö�7<Ö>?DJ9B

o



-78.50

-77.50

-76.50

-75.50

39.80 40.00 40.20 40.40

∆= 0 . 0 2

g=0.30
g=0.34
g=0.28
g=0.32

E

Ne

∆õvö

/ 2

(a)

-77.80

-77.40

-77.00

-76.60

39.90 40.00 40.10 40.20

∆= 0 . 0 5

g=0.32
g=0.30
g=0.28
g=0.34

N

E

∆= 0

e/ 2

(b )

-77.60

-77.40

-77.20

-77.00

39.90 40.00 40.10

∆= 0 . 0 7

∆= 0
g=0.32
g=0.30
g=0.28

N

E

e / 2

(c)

÷Lø�ùûú¾üKú/ýHþ\ÿ��������	��

�����������\ÿ��������4ù����� �!#"%$%$Qÿ������\þ'&��("%�Kþ������
)+*�,.- ,0/�1�2�3�4�, ú ,05�1�673(482 þ�9 , ú ,0:�1 & 3 ú

-0 .7755

-0.7745

-0.7735

-0.7725

-0.7715

0.00 0.02 0.04 0.06

g=0.32
g=0.30
g=0.28
g=0.34

E
/N

∆

÷jø�ù-ú / ú�ýHþ\ÿ������;�<� ) ���������\ÿ=�������4ù����� �!�">$%$Qÿ������~þ�&���">�Kþ�ú

-85 .0

-75 .0

-65 .0

-55 .0

0.00 0.50 1.00

E

sign

E vs Sign

ABC
D

E:  ∆τ=β/m (m=3)

÷Lø�ùûú@?KúBA��\ÿ�ÿ�C<D{ÿ�&�� 2 ��"%�KþE� 2 $%�\ÿF�G����"%�KþIH�J�KL�����M�(ÿ��Kÿ�� 2 $�� 2 $>�~ÿ��
���8D 2 � 2ON ÿ��:ÿ�����P 2 þ�9RQfúSA#�\ÿ�D 2 � 2ON ÿ��$ÿ���� 2 �$ÿ��(�~ÿT�U��$>$%�V!#"kþ��XúSW�X
Y *Z,.->/�/ ü 4 P *[,.- üG\O] 4 Y Á *Z,.->/�^ ? 4 P Á *_,.- ü�?�` 4 Y Á Á *_,S-a/ ` ,04
P Á Á *�,.- ,0^ ]0b0��X Y *�,.- ü 4 P *c,.->/�4 Y Á *c,.- ü 5�4 P Á *�,.->/�4 Y Á Á *�,.->/�4
P Á Á *�,.- ü�b.�#X Y *d,.- , ` 4 P *c,.-a/�4 Y Á *d,S- , ` 4 P Á *c,.->/�4 Y Á Á *�,S- , ` 4
P Á Á *e,.- ü�bFfgX Y *h,.- , ` 4 P *e,.->/�5�4 Y Á *h,S- , ` 4 P Á *h,S-a/�5�4
Y Á Á *i,.- , ` 4 P Á Á *i,.-a/�5 b\ýgX Y *i,.- ,0^ \ 5�4 P *�,.- ?�?�? 4 Y Á *i,.- ,0^ \ 5�4
P Á *Z,.- ?�?�? 4 Y Á Á *j,.- ,0^ \ 5�4 P Á Á *Z,S- ?�?�? 1�)gkl*nm�oOpq1Um_* ü 4
pr* ? 3�3 úsA#�~ÿT� 2 $%�\ÿM�����Zýt"%�]ÿ�� 2 $%� 2 �$ÿ�9;�U��� Nu2 þ®ÿ�C<��� 2 Dv��$ 2 ��"%�Kþ�ú

Û:7<ØDQ&N£J<Þ#Ö�=@N�N�ØSN�Ú¿Ö>×>J9BßB�Q&VUÜHN¿×%N¿ó�Q&7<ØS;	¹ º æHG�N£=&7:Û<N¨7<â&â@ØS?DN¿O
Ö>=&NUâHN¿×>?SJ�O&?DÚR79B@OL7<B�Ö>?DâHN¿×>?DJ�O&?DÚRÜ�J<Q@B&O&7<×>ÙàÚ�J9B@O&?DÖ>?SJ<B&;¨7<ØDJ<B&C
Ö>=&NWÙL7<B&OLëPO@?S×>N�Ú¿Ö>?SJ<B@;eGH×>N¿;®â�N�Ú¿Ö>?SÛ<N�ØSÙ'GHÖ>Jø7:Û<J<?DOà7à;>?DÖ>Q&7<Ö>?SJ<B
E5=@N¿×>NWÖ�=@NºC<7<âËÞfQ&B@Ú¿Ö>?SJ<B q § Û:7<B&?D;>=&N�;�J<BËÖ>=&NWB&J�O@N�æ5I@?SB@Ú¿N
E¦NR=&7:Û<NR7WÚ¿J<B@;>Ö>×>79?DB�Ö�Ö�Jwî&ëàÖ>=@NM7:Û<N¿×>7<C<NÅN¿ØDN¿Ú�Ö�×>J<B�B�Q&VUÜ�N�×eG
Ö>=&N�×>N�?D;%J<B&N¨Û:7<×>?D79Ö>?DJ<B&7<Ø9â&7<×>7<VWN¿Ö>N¿×£?SBºâ&×>7<Ú¿Ö>?DÚ¿N�ÞbJ<×�Ö>=&N�â&×>J<Ý
X>N¿Ú¿Ö>N¿O8�äðÊIüE¦7eÛ<NøÞfQ&B&Ú�Ö�?DJ<BÊæ��çÖº=&7<;ÅÜHN¿N¿Bü;>=&J:E5B Ö>=&7<ÖÅÖ>=&N­YÝuE¦7eÛTNL;®Ö>79Ö>N�?D;ßÖ>=&NïVWJ<;>ÖßÞb7eÛTJ9×>7<Ü@ØSNÉJ<B&NïÚ¿J<VWâ&7<×>N¿O�E£?DÖ>=
;®ÝuEF7:Û<NW7<B&O÷N¿ë�Ö>N�B&O&N¿Oü;>ÝdEF7:Û<Nº;®Ö�7<Ö>N¿;:æ ÿ�65=�Q@;ÅEFNø;®=&JeE Ö>=&N
×>N�;>Q&ØDÖ>;�ÞbJ<×¨Ö>=&N�­YÝuE¦7eÛ<N�;>Ö>79Ö>N~i q § � q úbÚ�J<;c°�± � Ú¿J<;c°�²'ý>æG�NÅ;®=&JeEíÖ>=&NWN¿B&N�×>C9ÙL7<;�7WÞfQ&B@Ú¿Ö>?SJ<BËJ<Þ�Ö>=&NU7eÛ<N�×>79C<NUN¿ØSN�Ú¿Ý
Ö>×>J<BËB�Q@VÅÜHN¿×�ÞfJ<×5î@ë�N¿O ¼ 79B@O q ?DBb��?DC<;eæ"=<úb7Hý>G#úfÜÊý*7<B&O�úfÚ�ý>æ
65=@N¨7eÛ<N�×>79C<N£N¿ØDN¿Ú¿Ö>×>J<BßB�Q&VUÜ�N�×*O@N¿Ú¿×>N�79;®N¿;¨E5?SÖ>=º7<Bº?SB�Ö>×>J�O&Q@Ú¿Ý

p



-83 .6

-83 .4

-83 .2

-83 .0

39.92 39.96 40.00 40.04 40.08

∆=0.09
∆=0.07
∆=0.05
∆=0.0

E

Ne / 2

÷Lø�ùûú<]XúwA��\ÿßÿ�þ~ÿ������R��ÿ���������
 � �����yx{z}|(~� úwA��\ÿ{� 2 $%�\ÿ��M��� )�2 �$ÿ
�����V!fþ="Qþ=�(�~ÿM�������$ÿ�ú

-84 .8

-84 .4

-84 .0

-83 .6

39.92 40.00 40.08

3 r d
2nd
3rd(∆=0)
2nd(∆=0)

E

Ne / 2

÷Lø�ùûú 5 ú®ýHþ\ÿ��������Kÿ���������
F���U���Bx z>��~� 2 þ�9ix z>�O~� ú )�*_,.- ,05 �����
x z%��~� 2 þ'9 )+*�,.- ,0: �U���wx z>��~� ú

Ö>?DJ<BLJ9Þ q ?DÞ*Ö�=@NÅÚh=&N¿VW?DÚ¿7<Ø�âHJ9Ö>N¿B�Ö>?D7<Ø�?D;�î&ë�N¿OÊæ	�çBl��?SCHæ �UÖ>=&N
N�B&N¿×>C<ÙL?S;�;>=&J:E5BË7<;�7àÞbQ@B&Ú¿Ö>?DJ<BLJ9Þ q ÞfJ<×�E5=&?DÚh=LÖ�=@NºN�ë�âHN¿Ú¿Ý
Ö>7<Ö>?SJ<BßÛ:79ØDQ&NRJ<Þ�Ö>=&NÅN�ØSN�Ú¿Ö>×>J<BËB�Q&VUÜHN¿×�?D;5N�ó�Q@79Ø(Ö�Jl¹	º � ·�«Hæ
65=@Nºî@C<Q&×>NøÚ¿ØDN¿7<×>ØDÙË?SB@O&?DÚ¿7<Ö>N¿;RÖ�=@79ÖÅÖ>=&NWN¿B&N�×>C<Ùï=&7<;Å7PVW?DB&?DÝ
VUQ&V 7<Ö�7øî@B&?DÖ�NWÛ:7<ØSQ@NÅJ<Þ q æ¨65=&NWÜHN¿=&7:Û�?DJ<×�79;�7àÞbQ&B@Ú¿Ö>?SJ<B
J<Þ q ?S;WÛ<N¿×>Ùü;>?SVW?DØD7<×MÖ>J�Ö>=&7<ÖºJ<Ü&Ö>7<?SB@N¿OüÜ�Ù�Ö>=&NÉ7<ØDC<J9×>?DÖ>=&V
E5?DÖ>=ºî&ë�N�OàN�ØSN�Ú¿Ö>×>J9BßB�Q&VUÜHN¿×eæj�çÖ¦?D;%Ö>=�Q&;%;>Q@â&âHJ<×>Ö�N�OàÖ>=&7<Ö%Ö>=&N
C<×>J<Q&B@Oà;®Ö�7<Ö>N�?D;£;>Q&âHN¿×>Ú�J9B@O&Q&Ú�Ö�?DB&Cà?DÞ#Ú¿7<ØDÚ¿Q@ØS7<Ö>?SJ<B@;¦7<×>N�Ü@7<;>N¿O
J<BLÖ>=&N2�Rð�I@Ý��¦Q@Ö+w�E5?SØDØDN¿×�ÞbQ@B&Ú¿Ö>?DJ9B�æ¦65=&N>­YÝuEF7:Û<N´�äðÊI�;>Ö>7<Ö�N
?D;�;>Ö>7<Ü&ØDN£ÞbJ<× 7�B@N¿C<79Ö>?DÛ<N%Û:7<ØDQ&N
J<Þ � 3 7<×>J<Q&B@OäÖ>=&N£Ûe7<ØDQ&N
J<Þ � « 0 =
ÞfJ<×�Ö>=&N�=�« Ü =�«M;>ó�Q@7<×>N¨ØS7<Ö>Ö>?SÚ�N�æÊ65=&?D;%Û:79ØDQ&N£?D;%=&?DC<=&ØDÙäO&N¿âHN¿B@Ý
O@N¿B�Ö5J<BLÖ>=&NÅ;®Ù�;®Ö�N�V ;>?"w¿N�æ���N¿Ú¿N�B�Ö�Ú�79ØDÚ¿Q@ØS7<Ö>?DJ9B@;¨ÞbJ<×¦ØD7<×>C9N�¹
Q@âàÖ>JB��� Ü ���äÞbJ<×¦Ö>=&N �Rð�I@Ý��¦Q&Ö4w¿E5?DØDØSN�×¦ÞbQ@B&Ú¿Ö>?DJ9BHô4��?SB@O&?DÚ¿7<Ö>N
Ö>=&7<ÖøÖ�=@N÷;®Q&âHN¿×>Ú¿J<B@O&Q&Ú�Ö�?DB&C!Ú�J<B&O&N�B&;>7<Ö>?SJ<B�N¿B&N�×>C9Ùã×>N�VW79?DB&;
î@B&?DÖ>N�?DBàÖ>=&NUÖ�=@N¿×>VWJ�O@Ù�B&7<VW?DÚ�ØD?DVW?DÖ*ÞbJ<×£×>N¿;>Ö>×>?DÚ¿Ö�Ûe7<ØDQ&N¿;¨J<Þ � 3
7<B@OàN¿ØDN¿Ú�Ö�×>J<B�O&N¿B@;>?SÖ�Ù�æ

-0.845

-0.84

-0.835

-0.83

-0.825

0 0.02 0.04 0.06 0.08

E
/N

∆
÷Lø�ùûú ^ ú1ýHþ\ÿ������ 2 � 2 ���\þ�&���"%�Kþ;��� ) �����Tx z�|(~� 2 þ�9�x z%��~� ����� N ���\ÿ
����Djú

-0.88

-0.84

-0.80

-0.76

0 0.4 0.8 1.2

E
/N

1/ (m+1)

÷Lø�ùûú : úyýHþ\ÿ��������Kÿ�������� ü o�1UpI� ü 3 úSA#�~ÿ���D�DXÿ�� 2 þ'9
$>�V!¾ÿ��7&�������ÿ��
&������(ÿ���Dv��þ�9d�������\ÿûþ��G� NR2 $ 2 þ'9��G��! 2 �Kÿg��� 2 �$ÿ 4 �$ÿ���DXÿ�&���"%�Kÿ�$%��ú

É�Í����X�`Ò#ÕD�\��Ñ'Î1�~�fðWÓ#Ï�ñ�òMÕ��D���9Ð�òß���X���uÓ#Î#ÔeÏ-ÕbÑ�Î��
� JeEèEFN£Ö>Q&×>BwÖ>Jä;>=&J:E ùËJ<B�Ö>NUð�7<×>ØSJ�×>N¿;®Q&ØDÖ�;£ÞbJ<×
Ö�=@N-�Rð�I@Ý�£Q&Ö4w¿E5?DØSØDN¿×¦ÞfQ&B@Ú¿Ö>?SJ<BßE5?SÖ>=LJ�
HÝuO&?D7<C<J<B&7<Ø'Ú¿J<×>×>N¿ØD7<Ö�?DJ<BLÞb7<Ú¿Ö>J<×>;eæ

65=@NÅE¦7eÛ<NRÞbQ@B&Ú¿Ö>?DJ<B&;�E5=@?SÚh=LE¦NÅÚ¿J<B&;®?SO@N¿×�=&N�×>Nº7<×>NÅC<?DÛ<N¿BLÜ�Ù
N�ó�;:æSú4=v�Hý � ú4=�pHý>æ®�çB.Ö>=&NøØD?DVW?SÖ q � «PÖ>=&N�Ùï7<×>Nø×>N¿O@Q&Ú¿N�OèÖ�J
J�
HÝdO&?D79C<J<B&7<Ø��¦Q&Ö4w¿E5?DØSØDN¿×£ÞbQ&B@Ú¿Ö>?SJ<B@;¨C9?DÛ<N¿BL7<;

M N ì R¤ � N\Vyx�[ £j¤ MT� < úDo�«Hý
MON ô R¤ � N\Vyx È [ £L¤ N\Vyx�[ £L¤ MT� < úDo1=<ý
M N � R¤ � N\Vyx È È [ £j¤ N\V6x È [ £L¤ N\Vyx�[ £L¤ MT� < úDo��Hý

�



0.0

0.5

1.0

1.5

2.0

0.0 0.4 0.8 1.2

C
o

rr
e

la
ti

o
n

 
fu

n
ct

io
n

s

1/ (m+1)

-0.04

0.00

0.04

0.08

0.0 0.4 0.8 1.2

C
o

rr
e

la
ti

o
n

 
fu

n
ct

io
n

s

1/ (m+1)

(b )

÷Lø�ùûú@`Kú�� 2 ">�B&������$ÿ�$ 2 ��"%�Kþ����\þ�&���">��þ����Kÿ��������®ü o�1�p�� ü 3 �U���{���\ÿ
�������\þ�9���� 2 �$ÿ�úlømþ 1(2�3 �U��� N ���\ÿ��(�GD �	�;��� 1U��3�4 �R��� 1U�c*�,03
2 þ'9c����� 1���* ü 3T2 �$ÿ�������!]þ�ú ømþ 1�6s3 �U��� N �(�~ÿ{����Dc�F��� 1U��*�/�3�4
�=��� 1U�y* ? 3�4 �R��� 1U��* ] 3(4 �R��� 1U�y*+5�3(4 �R��� 1U�y*+5�3(4 �R��� 1U�y* ? 3
2 þ'9i� ��� 1U��*r/�3 ú���� N{6 ��$%�F�Kþ����\ÿ;�Kÿ�����"%& 2 $ 2 C<">��"Qþ�9'">& 2 �$ÿ;���\ÿ
� 2 $%�\ÿ��g�����F� *i, !#�\ÿ��$ÿ������ N �(�~ÿ��(�GD � � ��� 1U��3�4 � ��� 1U��*i,03
2 þ'9=����� 1U�y* ü 3�2 �$ÿM������!]þ�ú
E5=@N¿×>N M#� ?S;WÖ>=&NØ��N�×>VW?%;>N�7�J�Ú�Ú¿Q&â@?SN�OèÜ�Ù÷Ö>=&NÉÚ¿J<B&O@Q&Ú¿Ö>?DJ9B
N�ØSN�Ú¿Ö>×>J9B@;¨Q&âLÖ>JUÖ>=&N´�HN¿×>VW?#N¿B&N�×>C<Ù�æH�çÞ�EFN�Ú¿7<BLÚ¿7<ØDÚ¿Q&ØD7<Ö�N�Ö>=&N
N�B&N¿×>C<?DN¿;�ÞfJ<× M N ì R¢ G M N ô R¢ G1aca*a�G M NQP�R¢ G a*aca]G�E¦NMÚ�79BLN�;>Ö>?SVW7<Ö>NRÖ>=&N
Ú�J9×®×>N¿Ú¿ÖºC<×>J<Q&B&O÷;>Ö>7<Ö>NøN¿B&N�×>C<Ù�Þf×>J<V 79B�N¿ë�Ö>×>7<âHJ<ØS7<Ö>?SJ<B�E5?SÖ>=
×>N�;>âHN¿Ú¿ÖÅÖ>Jh= tvu æ£65=&?D;�?D;�7<ØS;®JøÖ>×>Q@NºÞfJ9×�Ö>=@NÅEF7:Û<NÅÞfQ&B&Ú�Ö�?DJ<B&;
M´N ì R¤ G M�N ô R¤ Gjaca*a]æ��çÖ5E5?DØDØ@ÜHNÅ;®=&JeE5BLÖ>=&7<Ö5E¦NRJ<Ü&Ö>7<?SBßÖ>=&NÅ;®79VWN
C<×>J<Q&B@OL;>Ö>7<Ö�NUN¿B&N¿×>C<ÙLÞbJ<×¨ÜHJ9Ö>=ËÖ>=@NÅ;>N¿ó�Q&N�B&Ú¿NWJ<Þ�EF7:Û<NRÞbQ@B&Ú¿Ý
Ö>?DJ<B&;eæ

ÌMÍL 2���{�TÏhÕ��X�>�hÕ���Î��´�uÑ�ÐÅÏ�Ë��ºÑ{�X�`Ò#ÕD�\��Ñ�Î��~�%ÔeÑ�Ð¿Ð*���D�TÏhÕ Ñ�Î�m�TÔeÏhÑ�Ð �
�¦N�ÞbJ<×>N�C<J<?DB&C�?DB�Ö>J�Ö>=&N�O@N¿;>Ú�×>?Sâ@Ö�?DJ<BwJ<Þ#J<Q&×%×>N¿;®Q&ØDÖ�;:GTEFN¨O@?S;®Ý

Ú�Q&;>;Å7LB&N¿C<7<Ö>?SÛ<NW;>?DC<BËâ@×>J9Ü@ØSN�V3E5=&?DÚh=÷?S;RÚ¿×>Q@Ú¿?D7<Ø
ÞbJ<× � Q&7<B&Ý
Ö>Q&V�ùËJ<B�Ö�NËð�7<×>ØSJà;®?SVUQ&ØD7<Ö�?DJ<B&;¨?DBËVW7<B�ÙàÞfN¿×>VW?DJ9B�;>Ù�;>Ö>N¿VW;eæ

-0.03

-0.02

-0.01

0.00

0.01

0.02

0.03

0.04

1 2 3 4 5

D
y y

(U=0)

D
y y

(P
G
ψ

BCS
)

D
y y

(ψ(3)

BCS
)

D
y y

(extrap.)

D
y x

(U=0)

D
y x

(P
G
ψ

BCS
)

D
y x

(ψ( 3 )

BCS
)

D
y x

(extrap.)

D
y y

(P
G
ψ

F
)

D
y x

(P
G
ψ

F
)

P
a

ir
 

co
rr

e
la

ti
o

n
 

fu
n

ct
io

n
s

Distance

÷Lø�ùûú.\Kú�� 2 "%��&������$ÿ�$ 2 ��"%�Kþ;���\þ'&��("%�Kþ��T����� 2 þ�9=����� 2 � 2 ���\þ�&���">��þ
�������\ÿF9'">��� 2 þ�&�ÿ�ú;A��\ÿ�ÿ�C<��� 2 Dv��$ 2 �$ÿ�9�� 2 $>�~ÿ�� 2 �$ÿ 2 $%���������V!]þ 6 �
&�"%��&�$kÿ��*ú

0.5

1.0

1.5

2.0

0.0 0.4 0.8 1.2

P
a

ir
 

co
rr

e
la

ti
o

n
 

fu
n

ct
io

n
s

1/ (m+1)

÷Lø�ùûú»ü , ú � 2 "%�n&��G���$ÿ�$ 2 ��"%�Kþ¡���\þ�&���"%�Kþ�� � � ��� 1U��3 �Kÿ��������ü o�1�p+� ü 3 úX÷v���@&�"%��&�$Qÿ�� 2 þ�"Qþ'">��" 2 $<��� 2 �:ÿw">�L���\ÿT����! 2 �KÿB�#�#�g��� 2 �$ÿ 4
2 þ'9
�����@����" 2 þ���$kÿ�� 2 þ�"kþ�"%�(" 2 $'��� 2 �$ÿw">�L&O�'���$ÿ�þ 2 �L���\ÿ]þ'��� NR2 $0��� 2 �$ÿ�ú
A��\ÿM9'" 2ON �Kþ�9�"kþ�9�"%& 2 �$ÿ������\ÿM� 2 $%�\ÿM������� *c, ú
�çÖ¨?S;¨E¦N¿ØDØ#8�B@JeE5BLÖ>=&7<Ö57w;>?DC9BLâ@×>J9Ü@ØDN¿V J�Ú¿Ú¿Q@×>;�?DB � Q&7<B�Ö>Q&V
ù�J<B�Ö>Nàð�7<×>ØDJU;>?DVÅQ@ØS7<Ö>?SJ<B@;¦ÞfJ9×£Ö�=@NÅEF7:Û<N�ÞbQ&B@Ú¿Ö>?SJ<B

M SHT2U � N�VXWZY*[RN\V�W]Y*^`_ba*acalNXVXWZY*[�N\VXWZY*^L_ M 
 < úDo�oHý
E5=@N¿×>N qBr �ãs�tvu æH�HJ9×�J<Q&×�â&7<×>7<VWN¿Ö>N¿×>;�ú � 3 ��� « 0 «�½HG�� � ·
7<B@O¡¹ º � ·�«Hý&7�;®?SVUQ&ØD7<Ö�?DJ<BME5?DÖ�= M SHT2U ;>Q�
#N¿×>;%Þb×>J<V 7�;®?SC<B
â@×>J<Ü&ØDN¿V N¿ÛTN¿BLÞbJ<×¦;®VW79ØDØ u æH�çB>��?DCHæ oäÖ>=&NR;>?DC<BhC+Ö�F�?D;¨;>=&J:E5B
ÞfJ<× u � o1i@7�Ú¿J<VWâ&7<×>?D;>J<Bä?D;ÊVW7<O&N%ÜHN¿Ö�EFN�N¿B M SHT2U 7<B@O MON � R¤
E5=@N¿×>N M S`T�U ?D;�×>N¿C<7<×>O&N�Oï7<;R7à;>âHN¿Ú¿?D7<Ø�Ú¿7<;>NWE5?SÖ>=Ëâ@7<×>79VWN�Ý
Ö>N¿×>;O� � � 3 � � 3 3 � qBr 7<B&O/� � � 3 � � 3 3 � qBr �èÞbJ<× MON � R¤ æ�çB�Ö�=@?S;¨î@C<Q&×>NWÖ�=@NÅ;>?DC<BLÛ<N¿×>;>Q@;RN¿B&N¿×>C<ÙË?D;¨;>=&J:E5BËÞfJ9×¨;>N�Û<N¿×>7<Ø
Û:7<ØDQ&N¿;%J<Þ�â&7<×>7<VWN¿Ö>N¿×>;:æH�çÖ*?D;%×>N¿VW7<×>8:7<Ü&ØDN¦Ö>=&7<Ö%Ö�=@N�;®?SC<BºÖ>798TN¿;
7.î&B@?SÖ>NÉO&N¿î@B&?DÖ>N�Û:79ØDQ&NÉ?DÞ�Ö�=@N�Û:7<×>?S7<Ö>?DJ9B@79ØFâ&7<×>7<VWN¿Ö>N¿×>;P79×>N
Ú�ØSJ<;>NWÖ>JWJ<â&Ö>?DVÅQ@V â@7<×>79VWN�Ö>N¿×>;MÞfJ<× u � o�æ¨65=&NÅJ<â@Ö�?DVW?"w¿N¿O

¦



â@7<×>79VWN�Ö�N�×>;Åâ&×>J�O@Q&Ú¿NPB&JË;>?DC<Bïâ@×>J<Ü&ØDN¿V ?SB÷J<Q&×ÅÚ¿7<;>N�æß65=�Q&;
?DÞ(EFNUÚ¿J<B&;>?DO&N�× M NQP�R úfE5=&?DÚh=Ë?D;¨7øC<N¿B@N¿×>7<ØD? w�79Ö>?DJ<BPJ<Þ M SHT2U ý
Ö>=&Nà;>?DC9B�â&×>J<Ü&ØDN¿V3?D;Å×>N¿O@Q&Ú¿N�O 7<B&O�Ö�=@NßN¿ë�âHN¿Ú¿Ö>7<Ö>?SJ<B.Û:7<ØDQ&N¿;
7<×>NRN¿Û:7<ØDQ&7<Ö>N¿OàO@N¿î&B@?SÖ>N¿ØDÙà?DBL;>?DVÅQ@ØS7<Ö>?DJ<B&;eæ

¢UÍfï����hÓ�� Ï��B�sÑ�ÐÅÏ�Ë��ºÑX�{�¿Ò#Õ��~��Ñ�Î��\�Zòß���{���sÓ#Î#ÔeÏhÕ Ñ�Î��
�çB>��?SCHæ päEFNR;>=@JeEíÖ�=@NRN¿B&N¿×>C<ÙLÛ<N¿×>;®Q&;B¹ º ÞbJ<× M N ì R¢ G<E5=@N¿×>N

Ö>=&N>­YÝuÖ�Ù�âHNÅ;>Ù�VWVWN¿Ö>×>ÙË?D;M7<;®;>Q&VWN�OÊæøò¦Ü�Û�?DJ<Q&;>ØDÙLÖ�=@NØ­YÝuE¦7eÛTN
;®Ö�7<Ö>N�=&7<;ÉØSJ:EFN¿×ßN�B&N¿×>C<ÙíÖ�=@79BíÖ>=&7<ÖLJ<ÞäÖ�=@N÷B@J9×>Vw79Ø�;>Ö>7<Ö>N�æ
I@?SVW?DØD7<×>ØSÙ�Ö>=@N�N¿B@N¿×>C<Ùw79;%7MÞbQ&B@Ú¿Ö>?DJ9BwJ<ÞH¹ º ?S;
;>=@JeE5BwÞfJ<× M N ô R¢
7<B@O M N � R¢ ?SB¡��?DC�æ �Hæ 65=@N¿BËÖ>=&NUN¿B&N�×>C9Ùß79;�7UÞbQ&B@Ú¿Ö>?SJ<BLJ<Þ q ?D;
?DBã��?DC�æ ¦Hæ��çB.6�7<Ü&ØDN��MÖ>=&NßÛ:7<×>?D7<Ö�?DJ<B&7<Ø�â&7<×>7<VWN¿Ö>N¿×>;ºQ@;>N¿Oè?DB
Ö>=&N�;>?DVUQ&ØD79Ö>?DJ<Bä7<×>N�â@×>N¿;>N�B�Ö>N¿O�æ]G.N¨;>=&J:EèÖ�=@NRN¿B&N¿×>C<ÙwÛ<N�×>;>Q&;= t ú u , =<ý�?DB8��?SCHæ"¬WE£=@N¿×>NÉO&7<;>=@N¿Oè7<B&Oè;>J<ØD?DO.Ú¿Q&×>ÛTN¿;ßÚ¿J<×>Ý
×>N�;>âHJ<B&O÷Ö�JàÖ>=&NøN�B&N¿×>C<?DN¿;RÞbJ<× M NQP�R¢ 79B@O M´NQPZR¤ GH×>N¿;>âHN¿Ú�Ö>?SÛ<N�ØSÙ'æ�£J<Ö>=PÚ�Q&×>Û<N�;Mâ@×>N¿O&?DÚ¿ÖMÖ>=&NU;>7<VWNÅÛ:7<ØSQ@N¿;¨?DBL79B�N¿ë�Ö�×>7<âHJ<ØS7<Ö>?DJ9B
Ö>JàÖ>=&NøØD?SVW?DÖ ué� � æM65=&NWÚ¿J<×>×>N¿ØD7<Ö>?SJ<B÷ÞbQ@B&Ú¿Ö>?DJ9B@;MJ<Þ��äð�I
â@7<?S×ºJ<âHN¿×>7<Ö>J<×>;ßE¦N¿×>N�Ú¿7<ØDÚ¿Q@ØS7<Ö>N¿OèÞbJ<× M NQP�R¢ ú u � = < �ï7<B&OoHý5?SBüJ<×>O&N¿×WÖ�JïÚh=@N¿Úh8 Ö>=&NP;>Q&âHN¿×>Ú�J9B@O&Q&Ú�Ö�?DB&C B@79Ö>Q&×®NßJ<Þ£Ö>=&N
C<×>J<Q&B@Oà;®Ö�7<Ö>N�æ�£
7<?S×¨Ú¿J<×>×>N¿ØD7<Ö>?SJ<BßÞbQ&B@Ú¿Ö>?SJ<B@;¨79×>NUO&N¿î@B&N¿O�79;

¤ |'¥ ú�JTý � C q )| ú�A , JTý q ¥ ú�A¿ý+F < údo�p�ý

E5=@N¿×>N q | ú"A�ý�G6� �§¦ <�¨ GTO@N¿B&J<Ö>NÅÖ>=&NR7<B&B@?S=@?SØD7<Ö�?DJ<BºJ9âHN�×>79Ö>J<×>;
J<Þ(;>?DB&C<ØDN¿Ö5N�ØSN�Ú¿Ö>×>J9B�â&7<?D×>;5J<BßB&N¿7<×>N�;>ÖMB&N�?SC<=�ÜHJ<×¦;>?DÖ>N¿;�7<;�i

q | ú�A¿ý � ' �&; ' � ä�©| 9 � ' �&9 ' � ä�©| ; < úDo��Hý
E5=@N¿×>Ntª�øO&N¿B@J9Ö>N¿;F7�Q&B&?DÖ�Û<N�Ú¿Ö>J<×*?DBØ�
ú ��¦ <�¨ ý�O@?S×>N�Ú¿Ö>?SJ<B�æ 65=&N
×>N�;>Q&ØDÖ>;ßÞbJ<×WJ9â@Ö�?DVUQ&V â&7<×>7<VWN¿Ö>N¿×>;P79×>NÉ;®=&JeE5Bü?SBÇ��?DC<;eæ ·Húb7Hý
7<B@Oô·HúfÜÊýP7<;�70ÞbQ&B@Ú¿Ö>?DJ9B J<Þb= t ú u , =<ý>æ �çÖ.?D;�â�J<;>;®?SÜ@ØSN
Ö>J�N¿ë�Ö>×>7<âHJ<ØS7<Ö>N�â&7<?D×�Ú¿J<×>×>N¿ØD79Ö>?DJ<B ÞbQ@B&Ú¿Ö>?DJ<B&;üÖ>J Ö>=@N�ØS?DVW?DÖ= t ú u , =9ý � «RÜ�ÙU;®Ö�×®79?DC<=�Ö*ØD?DB&N¿;:æ(65=@N¨N¿ë�Ö�×>7<âHJ<ØS7<Ö>N¿OßÛ:79ØDQ&N�;
ÛTN¿×>;>Q@;wÖ>=@NßO&?D;>Ö>7<B&Ú¿NØJß7<×>Nß;®=&JeE5Bü?DBÃ��?SCHæ ½PE5?DÖ>= 7:Ûe7<?DØS7<Ü@ØSN
O@7<Ö�7UÞfJ<× � � «U79B@O��äð�ILEF7:Û<N�ÞfQ&B&Ú�Ö�?DJ<B&;:æ(65=@NRâ&7<?S×£Ú¿J<×>×>N¿Ý
ØD7<Ö>?SJ<BßÞbQ&B@Ú¿Ö>?SJ<B@;¨79×>NRN�B&=&7<B&Ú�N¿OËØD7<×>C<N¿ØDÙWÚ�J9VWâ@7<×>N¿OLE5?DÖ�=LÖ>=&N
B@J<B&Ýu?DB�Ö�N�×>7<Ú¿Ö>?SB@CUJ9B@N¿;£;>=&J:E5?SB@CU7UÚ¿ØDN¿7<×¦Ú¿J<B�Ö>×>7<;>Ö5Ö>JUÖ>=&NRB&J<×>Ý
VW7<Ø�;>Ö>7<Ö>NB�¦Q&Ö4w¿E5?DØSØDN¿×ÊÞfQ&B@Ú¿Ö>?SJ<BÊæ¬«(N¿Ö%Q&;
Ú¿J<VWâ&7<×>N¨Ö>=&N£N¿ë�âHN¿Ú¿Ý
Ö>7<Ö>?SJ<BÅÛe7<ØDQ&N¿;�J<Þ 5 ¤ ²v²&ú�JTý�ÞfJ9× MONQP�R¢ 7<B&O M´NQPZR¤ ?SB���?DC�æ"=v«Hæ��çÞ
E¦NÅÚh=&J�J9;®NÅÖ>=&NÅB@J<×>VW79Ø(;>Ö>7<Ö�NU79;�7<BP?DB&?DÖ>?D79Ø#Ö>×>?D7<ØHE¦7eÛTNMÞfQ&B@Ú¿Ý
Ö>?DJ<BÊG%Ö�=@N�;>Q@â�N�×>Ú¿J<B&O&Q@Ú¿Ö>?DB&C!Ú¿J<×>×>N�ØS7<Ö>?SJ<BèÞfQ&B&Ú�Ö�?DJ<B&;ø7<×>N�N¿B@Ý
=@7<B&Ú¿N¿O�J<B&ØDÙ�;®ØS?DC<=�Ö>ØSÙ.ÞbJ<×ø;>VW7<ØDØ u ú u � = < aca*a < ��ý>æü65=&N
ØD7<×>C<N¿Ý u Ú¿7<ØDÚ¿Q&ØD7<Ö>?SJ<B&;%7<×>N�×>N¿ó�Q&?D×>N¿OLÖ>JUÚ¿J<B&î&×>V Ö�=@N�âHJ<;>;>?DÜ&?DØDÝ
?DÖçÙ.J<Þ�;>Q&âHN¿×>Ú�J9B@O&Q&Ú�Ö�?DÛ�?SÖ�Ù�æè65=@NÉÚ¿J<B�Û<N¿×>C<N¿B@Ú¿N�J<Þ�Ö>=&NÉEF7:Û<N
ÞfQ&B@Ú¿Ö>?SJ<Bß?S;£B&J<Ö¦;>JUÞf79;®Ö¦79;¨Ú�J9VWâ@7<×>N¿OßE£?DÖ>=àÖ>=@NMÚ�J9B�ÛTN¿×>C<N¿B&Ú�N
J<Þ(N¿B&N�×>C<Ù�æ

Ì�­ÅÍfó#Ó��Ø�>�TÐ*�
G�Nü=@7eÛ<N ?DB�Û<N¿;®Ö�?DC<7<Ö�N�O Ö�=@N C9×>J<Q@B&O ;>Ö>7<Ö>Nèâ@×>J<â�N�×>ÖçÙ J9Þ

Ö>=&NFÖçE¦J9ÝdO&?DVWN¿B&;®?SJ<B&7<Ø<ê�Q@Ü&Ü&7<×>OºVWJ�O@N¿ØTQ@;>?DB&C�Ö>=&N��¦Q&Ö4w¿E5?DØDØSN�×
7<B@OËJ�
HÝuO&?D7<C<J<B&7<Ø�EF7:Û<NWÞbQ@B&Ú¿Ö>?DJ9B@;eæM65=@Nº;®Ö�×>J<B@CPÚ¿J<×>×>N¿ØD7<Ö�?DJ<B
7<VWJ<B&C�N¿ØDN¿Ú�Ö�×>J<B@;¦7<×>N¨â&×>J<âHN¿×>ØDÙUÖ>×>N¿7<Ö>N¿OßÜ�ÙäÖ�=@N¨ùËJ<B�Ö>NUð�7<×>ØSJ
VWN�Ö�=@J�OÊæH�çBßâ&7<×>Ö>?SÚ�Q&ØD79×eGTÖ>=&NRâHJ<;>;>?DÜ@?SØD?DÖçÙUJ<Þ(;>Q&âHN¿×>Ú�J9B@O&Q@Ú¿Ö>?SÛ�Ý
?DÖçÙ÷EF7<;øN¿ë�7<VW?SB@N¿Oü?SBüÚ¿J<B&B@N¿Ú¿Ö>?DJ9BèÖ>JïÖ>=&NÉJeë�?DO&NP;>Q&âHN¿×>Ú�J9B@Ý
O@Q&Ú¿Ö>J<×>;eæÊ65=&NRù�J9B�Ö>Nàð�7<×>ØSJä;>?DVUQ&ØD7<Ö�?DJ<B&;%=@7eÛ<N�Ü�N�N¿BLÚ¿7<×>×>?DN¿O
J<Q@ÖºJ9BüÖ>=&Nß;®ó�Q@79×>NÉØD7<Ö>Ö�?DÚ¿NÉE5?DÖ>= ;>?"w¿NÁ=v« Ü =v«ÉÞfJ<×Ø� � ·�G� 3 �è� « 0 «�½à7<B&O ¹Oº � ·�«HæºùËJ<B�Ö�Nïð�7<×>ØDJPÚ¿7<ØDÚ¿Q@ØS7<Ö>?SJ<B@;M7<×>N
B@J<Ö¦79BßN¿7<;>ÙàÖ>7<;>8àÞfJ<×¦Ö>=&?D;¨;>N¿Ö¨J9Þ(â&7<×>7<VWN¿Ö>N¿×>;�;>?DB&Ú¿NRÖ>=&NR;>?DC<B
â@×>J<Ü&ØDN¿V ?DB&N¿Û�?SÖ>7<Ü&ØDÙ�J�Ú�Ú¿Q&×>;%ÜHN¿Ú�7<Q&;>N¨J<Þ&Ö�=@N¦;®VW79ØDØ9ØDN¿ÛTN¿Ø';>â@79Ú�Ý
?DB&C<;£7<×>J9Q@B&OLÖ>=&N´�HN¿×>VW?�N�B&N¿×>C<Ù'æG�NW=&7eÛTNÅN¿ë�7<VW?SB@N¿O÷Ö�=@Nb­YÝuEF7:Û<NÅ;®Ö�7<Ö>N¿;ÅE5?DÖ>=ËVUQ&ØDÖ�?Dâ&ØD?DÚ¿7<Ý
Ö>?DÛ<N�Ú¿J<×>×>N¿ØD7<Ö>?SJ<B Þf79Ú�Ö�J<×>;:æ ��?S×>;®Ö÷EFN =&7:Û<NüN�ë�7<VW?DB&N¿OñÖ�=@N
C<×>J<Q&B@Oè;>Ö>7<Ö�NïQ&;>?DB&C.Ö�=@N@�¦Q@Ö+w�E5?SØDØDN¿×w7<B@;>7<Ö+w�æè65=&NïN¿B&N¿×®C9Ù
=@7<;Ê7�VW?DB&?DVÅQ@V ÞbJ<×Êî@B&?DÖ�N£Û:7<ØSQ@N%J<Þ q ?DVWâ&ØDÙ�?SB@C£7�âHJ9;®;>?DÜ&?DØS?DÖçÙ
J<Þ(;>Q&âHN�×>Ú¿J<B&O&Q@Ú¿Ö>?SÛ�?DÖçÙ�æÊI@N¿Ú¿J<B&O�G�Ö>=&NRî&×>;®Ö�J<×>O&N�×5J�
HÝdO&?D79C<J<B&7<Ø
E¦7eÛTN¨ÞbQ&B@Ú¿Ö>?SJ<Bw?D;£N¿ë�7<VW?DB&N�OwÞbJ<×¦E5=@?SÚh=wE¦N�=@7eÛ<N�O&N¿Ö>N¿×>VW?DB&N�O
Ö>=&N�J<â&Ö>?DVÅQ@VáÛ:7<ØDQ&N¿;PJ9Þäâ&7<×>7<VWN¿Ö>N¿×>;eæ 65=&N�C<×>J<Q&B&O�;>Ö>7<Ö�N
?D;É7<C97<?DBã;®Q&âHN¿×>Ú¿J<B&O@Q&Ú¿Ö>?DB&C0ÞfJ9×ÉÖ>=&N�?DVWâ&×>JeÛTN¿OíEF7:Û<N÷ÞfQ&B@Ú¿Ý
Ö>?DJ<B&;eæR65=&NW;>N¿Ú¿J<B@O.7<B&O÷Ö�=@?S×>O÷J<×>O&N�×M?DVWâ&×>JeÛTN¿O÷EF7:Û<NÅÞfQ&B&Ú�Ý
Ö>?DJ<B&;R79×®Nø79ØD;>JË?DB�Û<N¿;>Ö>?DC<79Ö>N¿O÷Ö>JËN¿;>Ö>?DVW79Ö>NøÖ>=&NPC<×>J9Q@B&O÷;>Ö>7<Ö�N
N�B&N¿×>C<Ù'æ(65=@N�VW?DB&?DVUQ&V J<Þ#Ö>=&NRC<×>J<Q&B&Oß;>Ö>7<Ö�N�?D;¦ØDJ�Ú¿7<Ö>N¿Oß79Ö%7
î@B&?DÖ>N¦Û:7<ØSQ@N%J<Þ q GYE5=@?SÚh=º;>Ö>×>J<B&C<ØDÙ�;®Q&C<C<N¿;>Ö>;¦Ö>=@79Ö�Ö>=@N¦C<×>J<Q&B@O
;®Ö�7<Ö>Nø?D;Å;>Q&âHN�×>Ú¿J<B&O&Q@Ú¿Ö>?SB@CHæË65=@Nø;>Q&âHN¿×>Ú�J9B@O&Q&Ú�Ö�?DB&C.Ú¿J<×>×>N¿ØD7<Ý
Ö>?DJ<BèÞbQ&B@Ú¿Ö>?SJ<B@;ß7<×>N�7<ØS;®J�N¿Û:7<ØDQ&7<Ö>N¿OèÞbJ<×ßÖ>=&N�C<×>J<Q&B@Oã;>Ö>7<Ö>N�æ

G.N¨=&7eÛTN¨N¿ë�Ö�×>7<âHJ<ØS7<Ö>N¿OßÖ�=@N�N�ë�âHN¿Ú¿Ö>7<Ö>?SJ<BLÛ:7<ØSQ@N¿;%Ö>JäÖ�=@N�ØD?SVW?DÖ
J<Þ u ��� æ¦65=@NÅN¿ë�Ö>×>79âHJ<ØD7<Ö�N�OËÛ:79ØDQ&N�;�J<Ü�Û�?DJ<Q&;®ØSÙw?DB&O&?DÚ¿7<Ö>N¿;
Ö>=&7<ÖLÖ>=@N÷;®Q&âHN¿×>Ú¿J<B&O@Q&Ú¿Ö>?DB&C0Ú¿J<×>×>N�ØS7<Ö>?SJ<B�ÞbQ&B@Ú¿Ö>?SJ<B@;L7<×>N�N¿B&Ý
=@7<B&Ú¿N¿O�Ú¿J<VWâ&7<×>N¿OLÖ>JWÖ>=@NMB@J<B&Ýu?DB�Ö>N¿×>7<Ú¿Ö>?SB@CWÚ¿7<;>N�æ

G�N�=@7eÛ<N¨?DB�Û<N�;>Ö>?SC<7<Ö>N¿Ow7UC<N¿B@N¿×>7<ØS?"w¿N�OàÛ<N�×>;>?DJ9BßJ<Þ#Ö>=&N�EF7eÛTN
ÞfQ&B@Ú¿Ö>?SJ<BMN¿VWâ@ØSJ:Ù<N¿OÅ?SBMÖ>=&NF;>Ö>79B@O&7<×>O � Q&7<B�Ö>Q&V0ùËJ<B�Ö>N�ð�7<×>ØDJ
VWN�Ö�=@J�OÊæñé�;L?D;ß;®=&JeE5B�?SB�Ö�=@N�Ö>N¿ë�ÖLÖ�=@N÷;®?SC<B�â&×>J<Ü&ØDN¿V ?D;
;®J<ÞbÖ>N¿B&N�OËÞbJ<×¨;>VW7<ØDØ u ?SÞ�E¦NR;>=&?DÞbÖ¨Ö>=&NÅÛ:7<ØSQ@N¿;¨J<Þ�â@7<×>79VWN�Ö�N�×>;
?DBLN¿ë�âHJ9B@N¿B�Ö>?S7<ØD;eæÊé�O@?S×>N�Ú¿Ö>?SJ<BL7<ØDJ9B@CUE5=&?DÚh=LÖ�=@NRâ&7<×>7<VWN¿Ö>N¿×>;
7<×>N�;>=&?DÞbÖ>N¿OßÞb×®J9V4Ö>=&N � ù!ð�Ûe7<ØDQ&N�; s�tvu Ú�J9?DB&Ú�?SO@N¿;¨E5?DÖ�=wÖ>=&N
O@?S×>N�Ú¿Ö>?SJ<BÅÖ�J�î&B@Oä7�VW?DB&?DVÅQ@VüJ<Þ&Ö�=@N%C<×>J<Q&B&OÅ;>Ö>7<Ö�N£N¿B@N¿×>C<Ù�æL�çÞ
E¦N�Ú�7<BàÚ¿J<B�Ö>?DB�Q@NRÖ�=@N�N�Ûe7<ØDQ&7<Ö>?SJ<B@;%ÞbJ<×¦ØD7<×>C9N�× u GTÖ>=&NRC<×>J<Q&B@O
;®Ö�7<Ö>NÅ?D;¦Ö>×>7<Ú¿Ö>7<Ü&ØDNÅVWJ<×>NRÚ¿J<×>×>N¿Ú�Ö�ØDÙ�æ
òFQ@×Ë×>N�;>Q&ØDÖ>;�?DB&O&?DÚ¿7<Ö>N�7 âHJ9;®;>?DÜ&?DØS?DÖçÙèJ<ÞR;®Q&âHN¿×>Ú¿J<B&O@Q&Ú¿Ö>?DÛ�Ý

?DÖçÙ.O@Q&NÉÖ>Jï79BüN¿ØDN¿Ú¿Ö>×>J<B&?DÚ�J<×>?DC<?SB.ÞfJ<×ºÖ>=&NÉê�Q&Ü&Ü@79×>OèVWJ�O&N¿Øçæ
65=@N¨ê�Q@Ü&Ü@79×>OºVWJ�O@N¿Ø'=&7<;
ÜHN¿N¿Bß?SB�ÛTN¿;>Ö>?DC97<Ö>N¿Oº?DB�Ö�N�B&;>?DÛ<N¿ØDÙMQ&;>Ý
?DB&CïÖ>=@N@�¦Q&Ö4w¿E5?DØDØSN�×w7<B&;®79Ö4w�æÇG�NßÜHN¿ØD?DN¿Û<Nï?SÖº?DVWâHJ9×>Ö>7<B�ÖwÖ>J
N�ë�7<VW?DB&NWÖ>=&NWC9×>J<Q@B&O÷;>Ö>7<Ö�Nøâ@×>J<â�N�×>ÖçÙïN�VWâ&ØDJeÙ�?SB@CW?DVWâ&×>J:Û<N¿O
E¦7eÛTNÅÞbQ@B&Ú¿Ö>?DJ9B@;eæ¨é Ú¿J<VWâ&7<×>?D;>J<BËE5?DÖ>=ËJ<Ö�=@N¿×MVWN�Ö�=@J�O&;R;>Q@Úh=
7<;�î&ë�N�O&ÝuB@J�O&NWJ<×�Ú¿J<B&;>Ö>×>7<?DB&N¿O÷â&7<Ö>=Ëù�J9B�Ö>NPð�7<×>ØDJWVWN�Ö�=@J�O&;
;®=&J<Q&ØDOËÜHNÅVW7<O&NUÞbJ<×�ØD79×>C<N�×�;>Ù�;®Ö>N¿VW;R79;�EFN¿ØDØ�7<;�ÞbJ<×�;>VW7<ØDØSN�×
J<B@N¿;YìfÿU?SBßÖ>=&NÅ×>N¿C<?DJ<BàE5=@N¿×>NÅÖ>=&NU;>?DC9Bßâ&×>J<Ü&ØDN¿V 7<×>?D;>N¿;eæ

G�NøÖ>=&7<B&8ã��×eæßKøæ�KMQ&×®J98�?
7<B&O®£%×>J<Þ�æßêWæ é�J<8�?
ÞbJ<×ÅO&?D;>Ý
Ú�Q&;>;®?SJ<B&;:æ¨ð�J<VWâ&Q@Ö�7<Ö>?SJ<B@;¦7<×>NRâHN¿×>ÞbJ<×>VWN¿OLÜ�Ù�ð�×>7eÙ�ð¾½�«w7<B&O
IS�-·�«�«�«R?DBw65;>Q@8�Q&Ü@7Wé�O&Û:7<B&Ú�N¿O÷ð�J<VWâ&Q@Ö>N¿×Åð�N�B�Ö�N�×eúb6�éUð£ð5ý
?DBßÖ�=@NÅé�C<N¿B&Ú¿ÙßJ9Þ¾�çB@O&Q&;®Ö>×>?S7<Ø#I&Ú�?SN¿B@Ú¿NW7<B&Oà6�N�Ú-=@B&J<ØDJ9C<Ù'æ

¬



A7W��8¯1ýbø�ú<° 2 ��" 2 ��">�Kþ 2 $0D 2 � 2±N ÿ��$ÿ����g���(ÿ�9;"kþ;���\ÿM��" N ��$ 2 �("%�Kþ;�U���	ü ,�² ü ,04 � * ` 2 þ�9=³ Á *®´L,.- , \Kú
E¦7eÛTN�ÞbQ@B&Ú¿Ö>?DJ<B ¼ q � ¼ 3 � 3 ¼ 3 3 � 3 3£ ¤ M�µS¶8· «Hæ o�� «Hæ «�� � � � � �

M N ì R¥ U ¢ «Hæ «1¬vp «�æ «1¬ «Hæ «�½�� � � � �
MON ô R¥ U ¢ «Hæ"=vo «Hæ «�� «Hæ =�¬ «�æ ��p «Hæ «�¦�� � �
M N � R¥ U ¢ «Hæ ��� «Hæ «6¬ «Hæ ��« «�æ ��¦ «Hæ"=vp «Hæ ��· «�æ «�¦�o��

| ��ú ¸ ú<W�þ'9\ÿ������Kþ 4 ��&�"kÿ�þ�&�ÿ�¹vºv» 1 ü�\�` :�3 üKü�\ ^ ú
��¼ ú ý�úG½T">����&O� 4 �.�	�<�*ú7¾�ÿ��6ú<¯6ÿ����*ú'»0¿ 1 ü�\�` 5�3 ü�?�ü : ú
� �\ú>¾Zú<¸���"%�:ÿ 4 f ú ¼ ú.��& 2 $ 2 D�"kþ�� 4 ¾Zú ¯fú8����� 2 � 4 ý ú ÀOú	¯Á��� 4 ¼ ú ý úXù��'�
6 ÿ��$þ 2 ��">� 4S2 þ�9i¾]ú A	ú0��& 2 $kÿ���� 2 � 4 �.�<�	�cú8¾�ÿ��6ú8�§¿vÂ 1 üG\�`�\ 3T5O,0^ ú

Ã f�ú ¼ ú0�V& 2 $ 2 D�"kþ�� 4 "kþ�ÄFj�ÅhgwzT\hx*�<\`adke_b|<ad\�Æ�|h�<\had^�cei�Ç:|e^h_bj%È`jD_boFr�_fge\
m�ce{TÉ
[ kex�ce{#Æ�o�x*�<ce{�jD|9x�r�qGÊe�GÊ�Ë(adc`^�\�\�Çej i�Å`{ 4 ÿ�9�">�$ÿ�9 6 �=Ì�ú%�\ú
�6ÿ�9\ÿ�$%$ 4 f ú<�s��ÍXÿ�� 4 f�ú ý�úÎf`ÿ�$%�� �ÿ�� 4 f ú<�."kþ\ÿ�� 2 þ�9 ¼ ú%¾ZúG��&±����"kÿ�Í{ÿ��
1 WT9�9�"%���Kþ'�Ï¸Øÿ���$kÿ����.� 6 $&ú<�s� N D�ú 4 ¾�ÿ�9'!��	�<9c�Á"%�Ð� 4 ü�\G\ ,03 D�ú%?KüO]Xú

Ñ Aßúcù�" 2ON�2 ��&O�'" 2 þ�9=�]ú�¯8�<��"%$>$%"kÿ�� 4 �.�	�<�*ú	¾�ÿ��6úG��¿vº 1 ü�\�\Kü 3 ü / \±]0?Kú
Ò Aßú�Ó 2±Ô�2 þ'">����" 4 Ì�ú�À 2ON�2�Õ " 2 þ'9EA	ú�À 2 þ 2 ��"%� 2 ! 2�4 ¼ ú@�0�<�<�*ú@���	&�ú
¼ D~þ�ú.ÖvÖ 1 ü�\�\ :�3�/ \O]Xú

× Ì�ú�À 2ON�2�Õ " 4 Aßú�À 2 þ 2 ��"%� 2 ! 2�4 Aßú�Ó 2OÔ'2 þ�">����" 2 þ�9��\ú�Ìy��" Ô ÿ 4 �.�<�	���
"%& 2 ��ºvÂv¿ 1 ü�\�\�` 3�/�/�5 ú

Ø Ì�úGÌy�'��� Ô " 2 þ�9;½OúGWT� Ô " 4 �.�	�<�*ú8¾jÿ��6úS��»vÖ 1 ü�\�\ :�3 üO] / ` : ú
Ù �\ú8Ú	� 2 þ�� 4 ¼ ú8� 2 ��$>���Kþ 2 þ'9 ¼ ú ý ú6ù�� 6 ÿ��$þ 2 ��"%� 4 �.�<�	�cús¾jÿ��yú8��»v»
1 ü�\�\ :�3�: ] ^ ]Xú

|ÐÛ Ì�úSÀ 2ON�2�Õ " 2 þ�9�ÀOú@����" N ��" 4 �.�	�<��"%& 2 ��¹v¹v¹ 1 ü�\�\O] 3 ?O]0\�b�Ì�ú
À 2ON�2�Õ " 4 À´ú'����" N ��" 2 þ'9;A	úVÀ 2 þ 2 ��"%� 2 ! 2�4 �0�<�<��"%& 2 �t¹vºv»G��¹v¿vÂ
1 ü�\�\O] 3�/�/�/ üKú

|�| AßúGÀ 2 þ 2 ��">� 2 ! 2�4 ÀOú'���'" N ��" 2 þ�9;Ì�úVÀ 2ON�2�Õ " 4 �.�<�	�cú8¾�ÿ��6ú0��»v¹
1 ü�\�\ 5�3 ?�` ^O, ú

|(� Ì�úGÌy�'��� Ô " 4 A	úVÌy" N �'� 2B2 þ�9;½OúGWT� Ô " 4 �.�<�	�cúS¾jÿ��6ú%��¹v¹ 1 ü�\�\ ^�3ü 5�^ ]XüKú
|Ü� �\ú�ÌM��" Ô ÿ 4 Ì�úLÀ 2ON�2�Õ " 2 þ�9ÝA	ú�À 2 þ 2 �G">� 2 ! 2�4 �.�<�<��"%& 2 ��º0ÂvÞ
1 ü�\�\�` 3 ? , üKú

| Ã Ì�ús�8"kþ�9\ÿ��ûÿ�9�ú 4sß ceiT_f\�àHkea>[]c ß \`_bgec�Çe{Fj idÆ�_fke_bjD{�_fjD^�ke[vË(geo�{�jD^h{
1 ��D���"kþ��Kÿ�� 4 �1ÿ���$>"kþ 4 üG\�` ^�3 ú

| Ñ ½Oú0fHÿ
¾ 2 ÿ�9�� 4 �.�	�<�*ús¾jÿ�Djú0áv¹vâ 1 ü�\�` 5�3(/ ?�?Kú
| Ò A	úVÀ 2 þ 2 ��">� 2 ! 2�4 A	úVÓ 2OÔ'2 þ�"%����" 4 �\ú�ÌM��" Ô ÿ 2 þ�9=Ì�úGÀ 2ON�2�Õ " 4 zHge\
ã(\�ÈhjD\�ä�c±åMÄ%jUÅhg�Ë(ad\h{�{�|9ad\�Æ�^hjD\`iT^�\�kei'ÇPzT\�^hgei�ce[ c�Åhoyâ 1 ü�\�\G` 3ü 5 ]Xú

| × A	úVÀ 2 þ 2 ��">� 2 ! 2�4 �\úGÌy��" Ô ÿ 2 þ�9=Ì�úGÀ 2ON�2�Õ " 4 ¼ ú0�.�	�<�*ú.���<&�ú ¼ D\þ�ú
Övâ 1 ü�\�\�` 3 ?�` ^�: ú

| Ø ½Oú À@� Ô �V� 2ON�2t2 þ'9+½Oú%����" 6s2�4 ¼ úy�0�<�<�*ú{���<&�ú ¼ D~þ�úT»vâ 1 ü�\�`�` 3
/ ]0` / ú

| Ù A	ú7À 2 þ 2 ��">� 2 ! 2G4 �\ú¬ÌM��" Ô ÿ 2 þ'9®Ì�ú¬À 2ON�2�Õ " 4 �.�<�<��"%& 2 �L¹v»0æG�
¹vÖvá 1 ü�\�\�\ 3g: ] / ú

�(Û ¾Zúy�8$ 2 þ Ô ÿ�þ 6 ÿ�&�$Qÿ�� 4 f ú ¼ úy��& 2 $ 2 D�"Qþ'� 2 þ�9ç¾]ú ¯fú����'� 2 � 4 �.�<�	�cú
¾jÿ��yú8f_¹v¿ 1 ü�\G`Kü 3�/�/�: `Kú

�±|�è úyø N�2 9 2d2 þ�9�ÀOú0½ 2 ������� 2 " 4 ¼ ú��0�<�<�*ú����	&�ú ¼ D\þ�ú�»vÞ 1 ü�\�`�\ 3
? :�5�/ ú

��� ¼ ú�ý�ú<½T"%����&±� 4 �.�<�<�*ú8¾jÿ��yú8�L¹vÞ 1 üG\�`�? 3 ] ,05 \Kú
��� �]ú ¼ ú	é N ��"%� 2 � 4 Ì�úkùûú'¸§"%$>���Kþ 4s2 þ'9 ¼ ú ¸ ú'¸§"%$ Ô "kþ�� 4 �0�<�<�*ús¾jÿ��6ú
¯1ÿ��(�*ú.ÖvÂ 1 ü�\�`�` 3 ü : ü�\Kú

� Ã Ì�ú�ÌM� 6s2 � 2 ���'" 2 þ�9;Ì�úKøÜ����&±��" 4 �.�<�	�cúS¾jÿ��6ú8�§¿vâ 1 ü�\�\G? 3 ü :�:�5 ú
� Ñ �]úXù������ 4 W�þ\þ�ú8�.�	�<�*ú.ávÞvæ 1 ü�\�`�\ 3�5 ?Kú
� Ò Ì�úÁÀ 2ON�2�Õ " 4 Aßú¬À 2 þ 2 ��"%� 2 ! 2E2 þ'9Z�~ú7ÌM��" Ô ÿ 4 "Qþ�ÉLÇGÈ`keiT^�\h{�jDi
Æ�|-�<\`ad^�cei'Çe|<^h_Dj�È`jD_Do�ê%~ 1 ÿ�9jú�ÓOú�Ìy������"> �� Ô�2 ÿ�� 2 $&ú 4 ��D'��"Qþ��Kÿ����
° 2 ��$ 2 � 4 As� Ô ��� 4 ü�\�\�\ 3 b��0�<�<��"%& 2 �L¹0Þv¿ 1�/O,�,�,03 ]Xü 5R1 Ë(adc`^�\�\�Çer
jDi'Åh{Fc±å%mHz�ÊGÊ 4 ÷7"kþ�$ 2 þ�9 4 ½�ÿ�$%��"kþ Ô " 4 ü�\G\�\ 3 ú

·


