
� ������� �
	����� ��������� ���
��������� ���! #"%$'&)(�*$'&+ -,.��(/�0,.� 1�$'&2(3 -4 56��(�&

7 &)"��8$9�25;:=<?>
@�&)�=�A&)(CB D)EFEHG

I�JLKNMPOPQSRUTWVXMZY\[ ]LJ_^NJ`K'MbaWVXTdc eFJPK#f?RUQgTWh ]LJji-Qlk6mSVXn!Ypo
qrJjisQgOPtuk6vwkXc K2J`OPQ+isQgxyxuQ�zpVXMZY\{ iNJ}|~JjisQgRWvXQgR�o

� JjistuxyQgMP�wf h�� |~Jjisxy�Pmr�PQSR Y\[ � JjisVXxy�UVXM Y\� ^NJjis�Pmr� [UY
��Jji-�PvXvXh�[ ]LJ`is�LTUQgMLty�d�S[ � JC^s�PVX�P�CQSf?h�� ]LJC^sVXMPRdk�OZY\h

��JC^sRUty�PtuQSRU[�� �FJ`e�k6OPVX�LMZY\{ �sJje�k6xuMLVX��t�����QSRUQSTUTU[UY
��Jje�QgmSV���TU��tu� KNMPOLR?�QHOPQ2�HV6�L Z¡Qlk6[�¢ eFJje�QgnF���d�P[�o

�-Jje�QgTUTUk6vXQST���K'RUOPQSxuxytuQgRW[�� £FJj|�zpRWQgn¤QgMP��VXh�[
�sJL 6VXM¥�`QStuxut��d�STUmr�Ph�h eFJ`�.tuMLxuQSf`Ypo ]LJ¦K)Jj�`VXRWn§k�vXvXtuV�o¨�
� J©]LJj�jRWQgQSOPn§k�MLodª � iNJ}I«J`�`�baWtu�bkl�sk�o ��JC�Hk6RW�PtuMPty¢

¬JC��tu�LTW�dty¢ ��JC�HV6vXQgR¨�¨®'Q�¯/h�h ��JC��V�V?OPn°k6MPh �sJC��Rdklf?�
^NJC�HRWtuQg�Lh�h ]LJ©]LJC�HRW�POP�gtyMPTU��tyh �)J_]LJC���`k6RWtuMPVXh
�sJ`±'k6RW�Un§k6MLM [UY ^NJj±Nk6vXMLQgR h�� I«JC��Jj±#QgQgv6QgR {
��Jj±#V6zpn°k6MPMP[UY �«Jj±'V6RW�dV6M�� � n¤ty�U�P� ¬Jj±'�L�ZQSRUh�h

²�JLq�MP�g�PQSmr�Ptu�PY\� ]LJC]6V?mr�?�Ln°h�h ±+JC]6VXTW�UxuQStuMZYpo ³+J`IHk6OLQgxu{
£«J`IHk6n2f�TW�P�6V� ?h�[ eFJ`IHk6´Pxµk�MZY\¢ ¬¶JjI+k�TU´CQgR�Ypo
±+JPOPQ2IHQSRURWQS� Y\{ ]LJjI�QgRWTW�dQSM h�h ]LJjI�xyQgtuM h�o

I«J � JjI�MPVX´L·`QS[UY �FJjI�VX´CQgtu��tyMZY\� £¸�¹JjI�VX�SxuV� `Y\�
eFJ`I�RWf?MZY\{ �)J`I��Pmr�PxuQSR�Ypo �ºJjIH�L�gQgh�¢ � Jj²¶k�mr�PQgMPn°k6tyQgRUh�h
� Jj²»k6TWTUQSRURUQS[�� ^NJj²»k6�LvX�w�dVXMZYpo ^NJj²3QSMPOL �k6tuh�h ]LJj²3tpY¼c
��Jj²3tyMPOPMPQSR h�h ]LJ`²3tuMP� Y\h ��Jj²3VXMPv6V [�h £«J � Jj²3� Y¼c
I«J©i'Jj²»�L�?{Uª � £«J©½FJC�Ak?Y¼c �FJ}¬JC�Ak�RW�dQSn)fwk�MPV� jY\�
^NJC�Ak��PvXQgRW� ±2JC�¾QSMPvX�PQ��U�dty¢ ³+Jj�8mlI�QgV���MP�
��J`�¾QgMw�dtyVXMZY\{ ]LJ}¬JC�8QSfXQSRU[�� ²�JC�¾ty��k�QgxyfXk6MZY\�
±2JC�8tuM`k6�bk��dk h¨c eFJ`®Nk�´PxuQST [¨c ±2Jj®'�LMPVX�bkl�¿k Y�Y
²�Jj���CQgRUk6�PQgR h�h ��JC���ZVXxyQgMPTW�wf Y\{ � Jj¬k6RU��Q Ypo
� J � Jj¬¶QS�dmSV� �h��Uª h�� �FJ}²�J©�«J`¬QSRUQgT%Y\� ��Jj¬V6�U�gQgxyh�h

]LJj¬�tuxumr�LQgR�Y\[ ³+J`¬�xy�PMP�6Q��U��Ypo ��J`³#k�¯ZQgx��d[�[ ¬¶Jj³'k�´PtuOPtyT�Ypo
eFJ`³�QSf?M`k h iNJj³#V?Q [�h �ºJj³#VXxytuMPQSm h�h £FJ � k6�bk6n¤V6�dV [��

À



�«J � k6R��dVXRWQgxyxut ¢ � J � mr���VXMPQgR�� [UY � J � mr�w�-QS�d� h�h �ºJ � Qgx� �t ¢
��J � �`k�QS ?ty�U�bY\h ³+J � �PQgxyxµk6RWOP¢Uª Y�Y ³+J � �PRUV?mr��hUY

³HJ � tuO��sQSxux Y\� ]LJ � tyn°T Ypo �)J � tyMPQS  Y\� ®+J � �rk�M��UVXM Y\�
qrJ � �dk6MPmg�L[ ³HJ � �UQSz\k6MPTW��t\Ypo �sJ � �LQg�bk6MPQSh�{

±2J � �LvXtyfXk6n§k h¨c � J � �P���PV6�UtuM Y\� � J � �Ln°t�fXVXTW�Pt h¨c
³HJ �  XV6�ZV?O`k6[�� ³HJ � k�xµk6vwk�h ®2J � k6nF�PRUk6[�{

��J � k6MPtyn°V6�UVX[�{ ]LJ � �PRUVXMLh |~JP XVXM � V?QgRWMPQbY\�
eFJL��tyvXM`k6�LOZY\{ ^NJP� k�vXMPQgRWh £«J}�sJL� k6MPv�Y¼c �.JL� k6MPv�Y¼c
��JP��tuMw�UQgR h�h ±+JP� V6MPv Y |~JL£-k6���PTU�LQS  [ ^NJ©�«JL£-k6MPv Y¼c

�«JL£-k�TU�PO`k�h¨c
]Xk�M?�Pk6RWf������	��
�
�

������������������� �lÀ"! À$#&%�'�()%�À+*�%,!
-���./! À"0�1&243¼À6587:9�;<�>=?�A@��B���
CB���>DFE�G�H)H��>IJ%F5 À+9�!B%,KML)%,N�9�24%F5O9�2O7
P ��L)%Q*�2O1R!B#S1UTV�WDQX���=��WYZI/%,5¼À"9�!B%�KML[%,NZ\�I/]B#SK"1R%�2/�A#¨À"1&!�#S1_^
`���L)%Q*�2O1R!B#S1UTV�WDQX���=��WYZI/%,5¼À"9�!B%�KML[%,NZ\�a	b�7�3¼À$#&34^
cB��./! À"0�1&243¼À6587:9�;<TVG�=�G�E�H)�d%,!Be�f8I/ghIjilkm9�K"9�n�!B%�'Afl54%,K"7
o �jpq1R!W5O2r9sTVDQ�BtR�?=����uDFG eA1vah1R3rwW] À$3O%�3qgh3¼À"#R%�3
xB��./! À"0�1&243¼À6587:9�;zyV��=��?{|G�DFH)�?�}'Bkm1&2r~�1RK+1R7
�B�jyV��=?��{lG�DQH����df�!B3�5¼À+5O]�5O1�9,;�()1R#4b�!�9�K+9�n�7
�R�B�m./! À"0�1&243¼À"e�%�eA1��	3�5r%�eA]B%,K}eA1�yV�����h��H���t
������yV�A�_�)G�=��?��.j! À"0�1R2r3¼À+587�9,;��3À+9�eA1v�W%,!B1&2r9
�_-��m./! À"0�1&243¼À6587:9�;zyV�)�?����E�G
�RCB��yVG�=�����@h����.j! À"0�1R2r3¼À+587
� P �m�)�WDQ�<�)IJ%F5¼À"9�!�%,KM�/#R#S1RK+1R2r%,5O9�2�L)%,N�9�24%F5O9�2O7
�_`���pq9�K+K"1&n�1�eA1U�[DQ�BH)���
�RcB�m�&=�=��?H)G���t�f�!B3�5¼À+5O]�5O1�9,;�()1R#4b�!�9�K+9�n�7
� o �m�&���J��km1�À �pÀ+!�n
�RxB�m���BH)t_��t��W54%F5r1v.j! À"0�1R2r3¼À6587
�R�B�m���)DF�Q�)�A�_G���f�!B3�5¼À+5O]A5r1

À}À



-,�B���qG�����t_���BH)���W54%F5O1v./! À"0�1&243¼À6587
-A����� �����r��=?��H[X��4�SH�t&�_�u�R�)��;��]�2
	 1R2O!���b�7�3¼À"~ \�j1WÀ"e�1&K"N�1R2On�^
-�-���� �����r��=?��H[X��4�SH�t&�_�u�R�)��;��]�2ja	b�7�3¼À"~�\���]B! À"#4b�^
-,CB�m./! À"0�1&243¼À6587:9�;�� ���Q����E���H
- P �m./! À"0�1&243¼À6587:9�;�� ��H�H��Wt_G��R�d%F5Jpq2O9�9�~�3�5O9�!
-�`������?��E��A�R�d.j!bÀ+0�1&243\À+587
-,cB����G�DQ�R������tR�R�WDFH�.j!bÀ+0�1&243\À+587
- o �m./! À"0�1&243¼À6587:9�;<���u�R�RtR@��)DFE��
-,xB�����uX}X}Y�G .j! À"0�1R2r3¼À+587
-,�B���[����=���Y
C��B���[�����M� ()2 À+1_385r1
C�������5r%F5r1v.j! À"0�1R2r3¼À+587:9,;hIj1&*�� 9�2r~�'��M�RG�H�Y TVDFGMG�X
C�-��m./! À"0�1&243¼À6587:9�;��q��H�H)��t_tR���
C�CB���m���Q�)H�������= .j!bÀ+0�1&243\À+587���]�!bÀ"#4b
C P �m./! À"0�1&243¼À6587:9�;��q���M��tV%F5j�j]�385 À+!
C�`����mG��)G�XM��.j!bÀ+0�1&243\À+587
C�cB���mG�X}Y�G f�!�385 À65r]A5O1�9�;h()1R#4b�!B9�K"9�n�7
C o ���mG�X}Y�G�� 1S5O2r9���9�K©À+5r%,! .j!bÀ+0�1&243\À+587
C�xB�qf8IJghI �qDF����t&�_�
C��B�"!d�uDFE���H���� ()1R#4b
P �B�m./! À"0�1&243¼À6587:9�;$# ��t_�)�?H)E��RG�H

(�b À$3jeA9A#S]&% 1R!�5»À$3�%Q0F%%À"K"%�N�K"1�%,5
bW5�5'�)(+*,*Q*�*�*�� b�1-�[� %�!�K?� n�9F0�*.%sÀ"!�9W3�*F2O1_%�# 5r9�2_�RC/*_*�b À+5O1�� bW50% K
9�2�N�7>*�2 À+5¼À"!�n�(
� %�]�2O7�1�9�9Ae�%�%,!
/�qa C�c�-
�j2rn�9�!�!�1�f�K+K©À"!�9�À$3jc�� P C��

À©À©À



�����������
	���������������
�

��������� �"!#�%$'&�(�)*�,+-(.)/&0!��21
��!3�
(�b�1R2O1�bB%�3�N�1&1&!:3O]&��1&2rN ��2r9�n�2r1R3r3LÀ+!�]B!BeA1&243�5r%,!�e�À+!Bn 5Ob�1j!B1&]A5r2¼À"!�9v3O1R# 5r9�2 9�;�1RK+1�% 1&!Ai
5r%�2O7 �B%�2�5 À"#&K+1 ��b�7�3¼À$#&3-À+!<5Ob�1 �B%�3�5�;u1R*�7�1_%,243&� fl5sÀ$3V!�9F* *3À"e�1&K"7�2O1_#S9�n�! À54&1Re 5rbB%F5
5ObB1 ��9W3O3¼À"N À+K©À+587�176lÀ$3�5r3�;u9�2/%�2 À"#4b��B2O9�n�24% %�9�; % 1_%�3O]�2¼À"!�n�pma 0lÀ"9�K$%F5¼À"9�!�%�!Be %�%F5�5r1&2
1�8�1R#S5r3�À"! ;u]A5O]�2r1:%�#R#S1RK+1R2r%,5O9�2:9�1�6���1&2 À % 1&!W543&')*�b À"#4b bB%�3 K+1_e�5r9�À+!W5r1&!B3O1 1�8�9�2O5r3�5O9
#S9�!B3¼À"eA1R2�!�1&* ��2r9�n�2r%�%�3�%,5	!�1R]A5O2 À+!B9v3�]&��1&2rN�1R% %�3R'�9;8�i�%<6�À$3 eA1S5r1R#S5O9�243R',!�1&]�5O2 À+!�9v;�%�# i
5O9�2¼À"1R3�%�!BedN�1&5r% N�1R% %�3R� j9F*m1&0�1&2_'�5rb�1 ��9W3O3¼À"N À+K©À+587>9,;�% 1R%�3O]�2 À+!Bn:pmaz0lÀ"9�K$%F5¼À"9�!d#&%�!
N�1v;u]�K>=BK"K+1_e 9�!BK+7�À+; 5Ob�1 0F%,K"]�1�9�;�5Ob�1V!�1&]�5O2 À+!�9 %¿À?6�À"!�n��B%�2r%�% 1S5O1R2�@;ACB¸À$3J3O]B#4b�5rbB%F5
3¼À+!ED�\?-F@FACBR^vn�2r1R%,5O1&2 5rbB%,!<9�2v1_w�]�%,K 5r9 9�!Z5rb�1:9�2reA1R2v9,;/�B� �B��� (�b�1>%�]A5Ob�9�2r3�9,;�5ObbÀ"3
*�b À+5O1 �B%���1R2�%�2O1�%,!�f�!�5r1&2r!B%F5 À+9�!B%,KHG 9�2r~lÀ+!�n 1�2O9�]&�>9�; ��b�7A3\À$#¨À$3�5r3m*�b�9 N�1RK}À"1&0�1J5rbB%F5
%�5 À % 1RK+7�!�1R* 1�6���1&2 À % 1R!�5�%F5�%:!�]B#&K+1_%,2�2O1_%�#S5O9�2�3�1R!B3¼À65 À+0�1�5r9:5ObB1 !B1&]A5r2¼À"!�9�%¿À>6�À+!�n
�B%�2r%�% 1&5O1R2I@;ACB¶À"!>5rb À$3�2r%�!�n�1JbB%�3�%Vn�2r1R%F5m9��&��9�2O5O]B! À6587 ;u9�2�%,!>176�#¨À+5¼À"!�n e À"3r#S9F0�1&2r7�'�%
!�9�!AiJ4R1&2r9>0F%,K"]�1 5O9K@ ALB �V(�bbÀ"3 *m9�]�K$e N�1�%d#S9�% ��1&K"K}À"!�n !�176W5v3�5O1�� 9�;	5ObbÀ"3 ��2r9�n�2r%�% �
G 1 %�2O1�3�5O]�eA7lÀ+!�n ��9�3r3\À"N�K"1�!�1R* 2O1_%�# 5r9�2J1�6���1R2¼À % 1&!W5r3�%F5�%:0F%�2¼À"1S587d9,;q3¼À+5O1R3�%,2r9�]B!Be
5ObB1�*m9�2rK$e}'A%,!Be�*q1�bB%Q0�1�#&9�K"K"%�N�9�2r%,5O1Re�5O9 ��2r1-�B%�2O1/5Ob À$3�eA9A#S]&% 1R!�5�5r9 %�eA0�9A#R%F5O1J5ObbÀ"3
À$eA1R% %,!�e�eA1_3O#&2¼À"N�1v3�9,% 1 9�;[5ObB1�À"3r3�]B1R3m5Ob�%F5/%,2r1 À+!�0�9�K"0�1ReM�
��������� �"!#�%$'&�(�!#MKNO��!3�E)CPQ!SRI&
f�! 5Ob�1���2O1_3�1R!W5OK"7 %�#R#S1��A5O1_e ��%,24%�e�À"n�% 5r9�eA1_3O#&2¼À"N�1 5rb�1:!�1R]A5O2 À"!�9 3�1_# 5r9�2_'M5ObB1&2r1:%,2r1
5ObB2O1R1 %¿À>6�À+!�n %�!�n�K"1R3R��TJ!�1¿À$3 % 1R%�3O]�2r1Re N�7�3�9�K"%�2�!�1&]�5O2 À+!�9W3�%,!Be 5rb�1 	�% %�L[�JI�U
1�6���1&2 À % 1R!�5_'J9�!�1ZN�7�%F5'% 9W3 �Bb�1&2 À"# !�1R]A5O2 À+!B9�3�%,!�e 5rb�1ZK+9�!�n,ilNB%�3O1&K©À"!�1 %�#&#S1RK+1R2r%,5O9�2
��2r9,�81_# 5r3R� km9,5rb %�!�n�K"1R3�%�2O1 K$%,2rn�1�'A]�!�K©À+~�1 %sÀ>6�À+!Bn:%,!�n�K+1_3�% % 9�!�n�wW]B%�2O~A3R� (�b�1 5Ob À"24e
%,!Bn�K"1�'E@;ACB�'�bB%�3j!�9�5J7�1&5/N�1&1&! % 1R%�3O]�2r1Re�5O9�N�1V!�9�!E4&1&2r9�N�]A5 bB%�3jN�1&1&! #S9�!�385r2r%�À+!�1_e
5O9 N�1v3 %�%�K+KwÀ"!�#S9�% �B%�2¼À$3O9�!>N�7�5rb�1Vp�VT�T�W 2r1R%�#S5O9�2m!B1&]A5r2¼À"!�9 1�6���1&2 À % 1&!W5_�
(�b�1>N�%�3¼À"# ;u1_%F5r]�2O1�9,;/%�!B1&* 2r1R%�#S5O9�2v1�6���1&2 À % 1&!W5sÀ"3v5O9 3O1R%�2r#4b ;u9�2V1R!�1&2rn�7 eA1Si

��1&!BeA1R!W5YX9FZ e�À$3r% �&��1R%�2r%�!B#S1�]B3¼À"!�n�58*m9<\u9�2 % 9�2r1_^�e�1S5O1_# 5r9�243&'�5O9 3�1R1[X9FZ'\]X9FZ e�À$38i
% ����1_%,24%,!B#&1��/(�b�1 eA1S5r1R#S5O9�243j!B1&1Re�5O9>N�1 K+9A#&%,5O1_e�]�!BeA1R2On�2O9�]�!BeNÀ"!�9�24eA1R2j5O9�2O1_eA]B#&1
NB%�#4~Wn�2O9�]�!Be�3);u2r9�% #S9W3 %¿À$#�2r%Q7A3�%,!�e #&9�30%¿À"#�24%Q7¸À"!BeA]B#&1Re�30�B%,K"K$%F5¼À"9�! ��2r9AeA]B#S5r3R��(�b�1
eA1&5O1R#S5O9�2r3	!�1&1_e 5O9�N�1Je�1R3¼À+n�!�1Re¿À$eA1&!W5 À"#R%,K"K+7sÀ+!>9�24eA1&2�5r9�2r1ReA]�#S1/3O7A385r1-%�%F5 À"#�1R2O2r9�243�5O9
�_^ 9�2qK+1_3O3R�	pq9�!W5O2r9�K�9,;�5ObB1J2r1&K$%F5 À+0�1jeA1S5r1R# 5r9�2m1�`:#¨À"1&!�#S7�'a=�eA]�#¨À$%,K�0�9�K"]&% 1�'�%,!�e�n�9�9Ae
1&!B1&2rn�7:#&%�K}À"N�24%F5 À+9�!d%�2O1�!�1&1_eA1ReM�
� % 1_%�3O]�2O1�% 1&!W5�9,;j9�2 3�5O2 À"!�n�1R!�5VK}À %¿À65 9�!b@;ACB>*m9�]BK"e�N�1 #S2r]B#¨À$%,Km%�3 ��%,2O5V9,;/%

K"9�!�nd5O1R20% ��2r9�n�2r%�% 5O9�% 1R%�3�]�2r1�pma �B%,24% % 1&5O1&243�%F5�%�#&#&1&K"1&24%F5O9�2r3R'M1R0�1&! 5ObB9�]�n�bZ%
2r1R%�#S5O9�2cX9FZ.\dX9;Z�e�À$3O%��&��1_%,24%,!B#&1�1�6���1&2 À % 1&!W5 eA9�1R3j!B9,5 % 1_%�3O]�2O1V%,!�7�pma 0gÀ"9�K$%F5 À+!Bn
�B%�2r%�% 1&5O1R2R� � 3O]0`:#¨À"1&!W5�0F%,K"]�1:9�;O@FACB % 1_%�3O]�2O1_e)À+!<% 2O1_%�# 5r9�2�176/��1&2 À % 1R!W5V*m9�]�K$e
3�5O2r9�!�n�K+7 % 9�5¼À"0Q%,5O1 5rb�1�À+!�0�1R3�50% 1&!W5j2r1RwW] À"2O1_e:;u9�2/% !�1&* 2r9�]�!Be�9,;�%�#R#S1RK+1R2r%,5O9�2�9d176Wi
��1&2 À % 1&!W543&�h� 2r1R%�#S5O9�2�1�6���1R2¼À % 1&!W5fe 3�]�!�% %�NbÀ+n�]�9�]B3 % 1_%�3O]�2O1�% 1&!W5 9,;H@;ALB�*m9�]BK"e %,K$3O9
3�5O2r9�!�n�K+7�3O]&�&��9�2O5V%�#&#S1RK+1R2r%,5O9�2 % 1_%�3O]�2O1�% 1&!W5r3 N�7 b�1&K � À"!�n 5O9 2r1R3O9�K"0�1�eA1Rn�1R!�1&24%�#�À+1_3
%,!�e�% %�NbÀ+n�] À65 À+1_3&��(�b�1J#S9�%VN À"!B%F5 À+9�!�9,;)% 1R%�3�]�2r1-% 1R!�543�;u2r9�%�2O1_%�#S5O9�243 %�!Be !�1&]�5O2 À+!�9
2r1R3O]�K6543 ;u2r9�% %�#&#&1&K"1&24%F5r9�243J*3À"K"Kq%,K"K"9F*U1_%,2rK+7 �B2O9�N�1_3�;u9�2 pma 0gÀ"9�K$%F5 À+9�!Z*3À65rb�9�]A5V5Ob�1
!�1_#S1R3r3¼À6587:9�;)K"9�!�n 2r]�!�! À"!�n�%F5/%�#&#&1&K"1&24%F5O9�2r3q*3À+5Ob�%,!W5¼À+il!�1&]A5r2¼À"!�9 N�1_% %�3R�

À+0



� RI&�)�� )L�.1 & !���� ! R�� )/&�)���)L&
	
(�b�1�N�1R3�5d#&]�2O2r1&!W5�K©À %¿À+5�9�! @;ACB #S9,% 1_3 ;u2r9�% 5Ob�1 p� T�T�W�1�6���1R2¼À % 1&!W5>%,!�e=À"3:%
;u]�!B#S5¼À"9�! 9,;��� D ����� 'M*�b À$#4b�bB%�3JN�1&1R! % 1_%�3O]�2O1_e ]B3¼À"!�nd%,50% 9�30��b�1R2¼À$#v!B1&]A5r2¼À"!�9�3�N�7
��]&��1&2Oi 	�% %¿À+9�~F%,!BeA1q%,!Be�9,5ObB1&243&��(�b�1	K$%F5r1R3�5�2r1-��9�2O5O1_e�0F%,K"]�1q9�;��� D ����� ;u2r9�% ��]���1R2�i
	�% %¿À"9�~F%,!�eA1�À"3V��� -����� D ����� � C�� ��� �R��� B 1! D *3À+5Ob %:N�1R3�5�=�5�2O1���9�2�5r1Re�%F5
-A� ����(�b�1Jp�VT�T�W>K©À %¿À+5r3h;u9�2"�� D ����� 9,;M-A� c %,!Be�-A� �#� �_� � B 1$ D %,2r1j3\À"!�D�\|-<@ ACB ^%�
���"� P %,!�e��B� -���� 1�K+9�NB%,KH=B5r3�]B3¼À+!Bn 5Ob�1�3O9�K$%,2�e�%F54% K}À %¿À65�5rb�1�0F%,K"]�1 ;u9�2j30%�%,K"K&�' D �����
5O9 K"1R3r3�5ObB%�!����"�_-A�)f�!V9�2re�1&2�5O9�À % ��2O9F0�1q9�!�5rb�1Jp�VT�T�W:1�6���1&2 À % 1R!�5_'�%�!�1&*z2r1R%�#S5O9�2
1�6���1&2 À % 1R!�5 !�1R1Re�3 % 9�2r1 3854%F5¼À$3�5¼À$#&3 %,!Be�N�1&5�5r1&2v#S9�!W5O2r9�Kh9,;q3O7A385r1-%�%F5 À"#V1&2r2r9�243&�v(�b�1
2r1&K$%F5¼À"0�1 3O1&!B3¼À65 À+0lÀ+587�%,5jK+9F*(�' D ����� #R%,! N�1�À % ��2r9F0�1_e>N�7>K"9A#&%,5¼À"!�n 5Ob�1 ;�%�2/eA1S5r1R#S5O9�2
;u]�2O5Ob�1R2>5rbB%,! ��~/% �Uf�!B#&2O1_%�3O1Re 3�5r%,5¼À$385 À"#R3�#R%,! N�1 %�#4b À"1&0�1_e N�7z2r]�!�!bÀ+!�n K+9�!�n�1R2R'
]B3¼À+!Bnv%�K"%�2On�1&2 eA1&5O1_# 5O9�2R'W%,!Be��8]�e�À"#�À+9�]B3	#4bB9�À$#S1�9,;}%�!�]B#&K+1_%,2 2r1R%�# 5O9�2R�)(�b�1/eA9,%sÀ"!B%�!�5
3O7�3�5O1�%�%F5¼À$#j1R2O2r9�243`À"!>%,!�%,NB3O9�K"]A5O1 % 1R%�3O]�2r1-% 1&!W5	9�;}5Ob�1�2r1R%�#S5O9�2 !�1&]�5O2 À+!�9')B]06}'A3�]�#4b
%�3>#S2r9�3r38i�3�1_# 5 À+9�!B3&'*)B]06z]�!B#S1R2�54%%À"!W5¼À"1R3R'�%�!Be 5Ob�1 %,NB3O9�K"]A5O1 54%,2rn�1&5:0�9�K"]&% 1�'�*3À"K+KJN�1
K$%,2rn�1&K"7Z1&K©À %¿À"!B%F5r1Re§À"! % 2r1&K$%F5 À+0�1 % 1R%�3�]B2O1�% 1R!W5 *3À+5Obz58*m9 9�2 %�]�K+5¼À ��K"1 eA1S5r1R# 5r9�243&�
1�9�9Ae ]B!BeA1&243�5r%,!�e�À+!Bn�9,;�5Ob�1>2O1RK"%,5¼À"0�1�eA1S5r1R#S5O9�2V2O1_3 ��9�!�3�1�%,!�e 5Ob�1:N�%�#4~�n�2r9�]�!�e�3.À"3
2r1RwW] À"2O1_e�;u9�2>% ��2r1R#¨À$3O1�2O1RK"%,5¼À"0�1 % 1R%�3O]�2r1-% 1&!W5:9�;J5rb�1 2r1R%�#S5O9�2�!�1&]A5r2¼À"!�9+)B]�6z%,!�e
30��1_# 5O2r]&% �h� 6���1R2¼À % 1&!W5r3�%,2r1	N�1�À"!�n�#S9�!B3¼À"eA1R2O1_e�*�b À$#4b¸À"!B#S2r1R%�3�1	5Ob�1mK"]&%¿À+!�9W3\À+587 ;u2r9�%
5ObB1Vp�VT�T�W�0F%,K"]�1�9,;��_-�5 1VG 7 \u5O9�!�i 1.À"n�%Q*�%F5O5�il7�1R%�2r34^h5r9 P ����5 1VG 7d9�2�% 9�2r1��
(�b À$3�*3À+K"K�%,K"K+9F* % %sÀ>6�À+!Bn�%,!Bn�K"1V3O1&!B3¼À65 À+0lÀ+587�9,;	3¼À+! D�\|-<@ ALB ^-, ��� ������gB9�2�1�6�% % ��K"1�'
P ��� 5 1VG 7d*q9�]�K"e N�1�9�NA5r%�À+!B1Re *3À+5Ob�% �_� \ P ��^m5r9�! ;�%,2�eA1S5r1R#S5O9�2_'�%�!Be�%�� P \�C�� `�^
1VG 2O1_%�#S5O9�2#À+! CZ7�1R%,243R� TJ!�1 eA1R3¼À+n�! #S9�!�3\À$eA1&24%F5 À+9�! 9,; 5Ob�1�!�1&* 1�6���1&2 À % 1R!�5'À"3
5ObB1 ��9�3r3\À"N À"K}À+587 ;u9�2 ]&�Bn�24%�eA1_3j5r9d%�#4b À+1R0�1v1R0�1R!�n�2r1R%,5O1R2/K"]&%¿À+!�9W3\À+587 %,!�e�3O1&!B3¼À65 À+0lÀ+587��
(�b�1v%�N À+K©À+587:5O9 �BbB%�3O1�]&��n�2r%�eA1R3q5O9:%�#4b À"1&0�1�% K"]&%¿À+!B9�3¼À6587�9,;�x������V5 1VG 7'À"3jN�1WÀ+!�n
#S9�!B3¼À"eA1R2O1_e}�
. 10/"�%�21 (�14353L!SR76%!S�
� !�1R*U2r1R%�# 5O9�2 1�6���1R2¼À % 1&!W5�*3À+K"K N�]bÀ+K$eZ9�! 5Ob�1�176���1R2¼À"1&!B#&1�9,;�3�1R0�1&24%,K ��2r1&0lÀ"9�]B3 2r1Si
%�#S5O9�2/1�6���1&2 À % 1R!�543&'�3O]B#4b�%�3 p�VT�T�W�'�a�%,K"98 �1&24eA1 %,!Be 	�%�%�L[�/I.U \�eA1_3O#&2¼À"N�1_e�À"!
��1_# 5¼À"9�! P 9,;	5rb À$3 *�b À65r1 �B% ��1&2 ^ � (�b�1R3O1 1�6���1&2 À % 1&!W543Jb�%�e e�À?8�1&2r1&!W5�n�9W%,K$3&'�% 9�3�5OK"7
N�1�À"!�n eA1R3¼À"n�!�1_e ;u9�2v3\À"n�!B%�K"3�e�]�1 5O9 K$%,2rn�1 %¿À?6�À"!�nB��f % ��9�2O5r%,!W5�1�6���1&2 À+1R!B#S1 9�!Z#R%,K©À6i
N�24%F5 À+9�!M'�#&9�!W5O2r9�K)9,;	3O7A385r1-%�%F5 À"#�1R2O2r9�243j%�!Be 5ObB1V2r1ReA]�# 5¼À"9�!�9�; NB%�#4~�n�2O9�]�!Be bB%�3/%,K$3O9
N�1&1&! 9�NA5r%�À+!�1_e>N�7�5rb�1���]&��1&2Oi 	�% %¿À+9�~F%,!BeA1�'B�AIVT %,!Be km9�2r1�6�À"!�9 #S9�K"K$%,N�9�24%F5¼À"9�!�3&�
� !B1�6�5�iln�1R!�1&24%F5 À+9�!�2O1_%�# 5r9�2J1�6���1R2¼À % 1&!W5 *3À+K"K)N�1 eA1R3¼À+n�!�1Re 5O9 % %�~�1 % ��2r1R#�À"3¼À+9�!

% 1R%�3�]�2r1-% 1R!�5V9,;�5ObB1>2r1R%�#S5O9�2v1&K"1R#S5O2r9�!<%�!�5 À6il!�1R]A5O2 À+!B9�3�]B2O0lÀ"0Q%�K ��2r9�N�%,N À"K}À+587Z%F5 e À6; i
;u1&2r1&!W5je�À$3854%,!B#&1R3q;u2r9�% 5rb�1�2O1_%�#S5O9�2�%,!�e�3O1R%�2r#4b>;u9�2j3O]�N�e�9�%¿À+!�%,!W5�9�3r#¨À"K+K$%F5 À+9�!>1�8�1R#S5r3
%�3r3O9�#�À"%,5O1_e>*3À+5Ob 5rb�1 %�%�3r3j30��K}À+5�5 À+!Bn:9,;h5ObB1 % A %,!Be % B %�%�3O3�1WÀ+n�1&!B3�5r%,5O1_3&�m� % 1R%Fi
3O]�2O1�% 1&!W5J%F5J5Ob�1:9>\8�_^ ^/K+1R0�1RK[*3À"K+K�2O1_wW] À+2r1�#R%,2r1S;u]�Kh#S9�!�5r2O9�K[9�; ��9W3O3¼À+NBK+1 3�7A3�5O1-%�%,5¼À$#
1&2r2r9�243&� ��9W385v9�;q5rb�1�5r1R#4b�! À$#&%�K 2r1RwW] À"2O1�% 1R!W5r3 9,;m5ObbÀ"3�1�6���1R2¼À % 1&!W5�%,2r1 *q1RK+Kq]�!BeA1R2�i
3�5O9�9Ae NB]A5v5ObB1>eA1S54%%À"K"3v9,;m5Ob�1>e�1S5O1_# 5r9�2veA1_3\À"n�!�3�5¼À"K+Kq!�1&1_e�5r9�N�1>9��A5 À %¿À54&1ReM�d��9,% 1
9,;	5Ob�1 9���1&! w�]B1R3�5¼À"9�!B3J]�!BeA1R2�#S9�!�3\À$eA1&24%F5 À+9�! %,2r1v5rb�1�;u9�K+K"9F*3À"!�n�(jK©À$w�]bÀ"e 3O#�À+!W5¼À"K"K"%,5O9�2
K"9�%�e�1Re *3À+5ObV�B�+�<^ 9�;�n�%�eA9�K©À+!bÀ+]&% bB%�3MN�1&1R!�]B3O1Re�À"!�5rb�1 �B%�385_'FN�]A5)5Ob�1R2O1m%,2r1	#S9�!B#S1R2O!B3
2r1&n�%�2re À+!�n'À6543v3�5r%,NbÀ+K©À6587+À+!Z3�9�K+]�5¼À"9�!Z%,!Be ��9W3O3¼À"N�K+1�%,5�5O1R!�]B%F5 À+9�! K"1&!�n�5Ob�eA1Rn�24%�e�%,5¼À"9�!
*�b À$#4b>!�1R1Re:5O9 N�1J;u]�K"K+7:]B!BeA1&243�5O9�9Ae}�hfl; % 9F0F%,N�K"1JeA1&5O1_# 5O9�2r3m%,2r1 #4b�9�3O1&!M'�5ObB1&2r1 %V]B385
N�1 #&9�!0=�e�1&!B#&1 5Ob�%F5 % 9F0lÀ"!�n�5rb�1 e�1S5O1_# 5r9�2�e�9W1_3d!�9,5NÀ+!W5O2r9AeA]B#&1 %�eBe�À65 À+9�!B%,KJ5¼À % 1Si
eA1���1R!BeA1&!W5v178�1_# 5r3R��(�bB1�]B3�1�9�;�%�3O1R#&9�!Be eA1&5O1R#S5O9�2v*3À+K"K	#&1&2O5r%%À"!�K"7 b�1RK � 5O9 #&9�!W5O2r9�K

0



%�%,!�7�3�7A3�5O1�% %,5¼À$# 1R2O2r9�243&'_N�]A5�%,K$3O9/*3À"K+K/��2r1R3O1&!W5�%J#4bB%,K"K"1&!�n�1CÀ"! %�%%À"!�54%%À"! À"!�nJ%J~�!�9F*�!
2r1&K$%F5¼À"0�1�#R%,K©À+N�24%F5 À+9�!�9F0�1&2�5 À % 1����j!B9,5ObB1&2/#4bB%�K+K"1&!Bn�1 À"3/2O1_eA]B#S5¼À"9�! 9,;�#S9W3 %¿À$# 2r%Q7>%�38i
3O9�#�À"%,5O1_e�NB%�#4~�n�2O9�]�!Be�3 3�]�#4b %�3V!�1R]A5O2r9�!B3 %�!Be��RL�Àj30�B%,K"K"%,5¼À"9�!<%�!Be�5rb�1�À"2�%�#R#S]�24%F5r1
1R3�5¼À %�%F5 À+9�!M��(�b�1J2r1Re�]B# 5 À+9�!>9,;�n�%�% %�%�2r%Q7 NB%�#4~Wn�2O9�]�!Be¿À$3�%,K$3�9-À % ��9�2O5r%,!W5�N�1_#&%�]B3�1
À+5 *3À"K+Kj%F8�1_# 5 5Ob�1�%�N À+K©À+587Z5O9 2O1_eA]B#S1�5ObB1>5rb�2O1_3�bB9�K$e�5O9 N�1&K"9F* � � 1$ ���(�b�1_3�1 %,!�e
9,5rb�1&2je�1R3¼À+n�!'À$3O3O]�1_3�%,2r1�e�À$3r#S]B3r3�1_eNÀ+!���1R#S5¼À"9�!B3J`Qi�x�9�;)5rb À"3j*�b À65r1 �B% ��1&2_�
MKNO��!3�E)CPQ!SRI&01 3:����� �"��!&� &��
(�b�1�f�!W5O1R2O!�%F5¼À"9�!�%,KOG 9�2r~gÀ"!�n$1�2r9�]&� bB%�3 b�1&K$ez58*q9Z*m9�2r~A3�b�9,�B3 \�� ��2¼À"K/C��Fi � %Q7 ��'
-,����C %F5	5Ob�1�.j! À"0�1R2r3¼À6587V9,;M�jK$%,N�% %�%�%,!Be T�#S5O9�N�1R2q�Fi4����'�-,����C %F5m([1_#4b�! À$#&%,K�.j! À"0�1R2�i
3¼À6587�9�;���]�!bÀ"#4b�^�%�!Be�*q1 %,2r1 �BK"%�!�! À"!�n�%�5rb À"2re�9�!�1�\ � %,24#4bd-��Fi8-�-A'A-,��� P %F5jI»À©À+nW%F54%
.j!bÀ+0�1&243\À+587�� ^ UJ]�2 À+!�n�5ObB1 �B%�385�7�1_%,2_'B5rb�1Vf�!W5r1&2r!B%F5 À+9�!B%,K G 9�2O~lÀ"!�n 1�2r9�]&��bB%�3À"e�1&!Ai
5¼À>=B1_e %�K$%,2rn�1v!�]&%VN�1R2/9,; 2r1R%�# 5r9�243j%�3 ��9W3O3¼À+NBK+1�3¼À+5O1R3/;u9�2�%:!�1R* 1�6���1R2¼À % 1&!W5R� � %,!�7
9,;)5Ob�1_3�1v3¼À+5O1R3�%�2O1 e�À$3O#&]B3r3�1_e#À"! ��1R#S5¼À"9�!���'�%�!Be�%V;u1R* %�2O1 eA1R3r#S2 À"N�1_e'À"! % 9�2O1�eA1&5r%�À+K
À"!d3O1&0�1&!�� �&��1&!Be�À$#S1_3&� (�bB1R3O1.À"!B#&K+]Be�1J5rb�1v�j!Bn�24%�2r1R%�# 5O9�2ZÀ"! kq24%F4WÀ+K��W5Ob�1 ��9�3r3\À"N À"K}À+587
9,;h% !�1&* 1�6���1&2 À % 1&!W5/%,5/p� T�T�W�'�#&%�K+K"1ReKUJ9�]�N�K"1Si�p�VT�T�W<\u9�2Jp��@ ACB @ ALB W}^���UJ%Q7W%
k�%Q7 !�1R%�2 /9�!�n 	 9�!Bn'À"!�pqbbÀ+!B%B'SUÀ"%�N�K+9 pm%,!�7�9�!HÀ"!�pm%�K}À+;u9�2r! À$%��[%�2r1R%�#S5O9�2À"! f�K"K©À6i
!�9SÀ"3��F5ObB1m2r1R%�# 5r9�2h#S9�% ��K"1�6�%,5 	�%�3Ob À+*�%F4_%,~lÀ�À"! ��%��B%,!M',%�!Be�5rb�1�	 2r%�3�!B9F7�%,243O~/2r1R%�#S5O9�2
]�!Be�1&2rn�2r9�]�!Be�%F5VW�bB1&K"174&bB!�9�n�9�243�~¿À"! �j]B3O3¼À$%��
fl5/À$3m!�9,5m5ObB1J2r9�K"1/9�;M5Ob À$3�eA9A#S]&% 1R!�5m5O9 ��2r9F0lÀ"eA1�%�#&9�3�5q1R3�5¼À %�%F5r1J9�2m3r#4b�1Re�]�K+1J;u9�2

%,!�7�9,;h5Ob�1�1�6���1R2¼À % 1&!W5r3/*�b À$#4b�*3À+K"K[N�1 ��2r9���9�3O1Re}��km]A5¶À+5À$3/%��&��2r9���2 À"%,5O1�5O9:5O2r7:5O9
3O1S5m5Ob�1 3O#R%,K"1/9�;M5Ob�1�1&!�eA1R%Q0�9�2CÀ"!>9�2re�1&2 5r9 #&9�% �B%�2O1/5O9�9�5Ob�1R2�~gÀ"!Be�3q9,;�À+! À+5¼À$%F5 À+0�1R3/À"!
!�1R]A5O2 À+!B9 ��b�7A3¼À"#R3&���U58*m9,i�eA1S5r1R#S5O9�2 3O7�3�5O1�% %�3 eA1_3O#&2¼À"N�1ReHÀ"! 5Ob À$3�eA9A#S]&% 1R!�5v3O1&1�% 3
5O9 #S9W385�À"!�5rb�1 2r%�!�n�1��,`�� 5r9	�A�_` ����(�bB1 #�À+0lÀ"K #S9�!B385r2O]�# 5¼À"9�! #S9W38543/5r9 ��K"%�#S1V5Ob�1_3�1
eA1&5O1R#S5O9�2r3�]�!BeA1R2On�2O9�]�!Be *3À+K"KmN�1�0�1&2r7Z3\À+5O1deA1-��1&!Be�1&!W5 %�!Be�2r1RwW] À"2O1:% eA1S54%%À"K+1_eZ1&!Ai
n�À"!�1R1&2 À+!�n�#S9�3�5J1_385 À %�%,5O1 %�3�eA1R3r#S2 À+N�1Re+À+!Z��1R#S5¼À"9�!��������	3�5¼À %�%F5r1R3�%,2r1�À+!�5Ob�1 24%,!�n�1
9,;�3�1R0�1&24%,Kq5O1R!B3 9,; %sÀ"K"K}À"9�!B3 9�;JeA9�K"K$%,243&'	e�1-��1&!Be�À"!�n 9�!z3\À+5O1�#S9�!Be�À+5¼À"9�!z%,!Be�5O]�!�!B1&K
K"1&!�n�5ObM�q��À+!B#&1v2r1R%�#S5O9�2r3m*3À+5Ob�%,! ]�!Be�1&2rn�2r9�]�!Bed3¼À65r1v%,K"2O1_%�eA7:176�À"3�5R'B3O]B#4b�%�3m5rb�9�3O1v%F5
p�VT�T�W�%,!Be 	 24%�3O!�9F7W%,243�~�'Q5ObB1&2r1À$3�%�3�5O2r9�!�n-À+!B#&1&!W5¼À"0�1/5O9 #S9�!B3\À$eA1R2	5rb�9�3O1J3¼À65r1R3q;u9�2
5ObB1v1R%�2OK©À+1_385�176/��1&2 À % 1R!W5R'�5rb�9�]Bn�bd5Ob�1R2O1 % %Q7>N�1 �BbW7A3¼À"#R3�5O24%�e�1Sil9F8}3�*�b À$#4b %V]B3�5/N�1
#S9�!B3¼À"eA1R2O1_e}���A9�% 1j9,;�5rb�1j1&!�0lÀ$3\À"9�!�1_e 2O1_%�# 5r9�2�176/��1&2 À % 1R!W5r3 %¿À"n�bW5q3�5r%,2O5�5r%�~lÀ+!�nVe�%F54%
À"!�-���� o i8-,����x��MgLÀ"2r3�5j2O1_3�]BK6543�#S9�]BK"e�N�1v%�#4b À"1&0�1_e�%�3�1R%�2OK"7:%�3j-������B�
Ij9�!�1J9�;M5ObB1R3O1J178�9�2�543	bB%�3	7�1S5�2O1_3�]BK65r1Re�À"!�% ��2r9���9�3r%,K�5O9V%�;u]�!Be À+!�n %,n�1&!B#&7�'WN�]A5

3¼À65r1 30��1R#¨À>=�# ��2r9���9�3r%,K$3�%,!Bed��
�U ��2r9���9�3r%,K$3	*3À"K"KMN�1�3O]�N&%¿À+5�5O1_e�eA]�2 À+!Bn -���� P ��(�bbÀ"3
*�b À+5O1 ��% ��1&2wÀ$3[%�3�5O1-� À"! 5ObB%,5)e�À"2O1_# 5 À+9�!M� 1.À"0�1&!�5rb�1jÀ % ��9�2O5r%�!B#S1�9�;�5rb�1 % 1R%�3�]B2O1�% 1R!W5
9,;%@;ACB�%�!Be 5ObB1�1&!W5rbW]�3\À$%�30%s9�;�5Ob�1 ��2r9���9�!�1R!W5r3R'B*m1V%,2r1vb�9,��1&;u]�K)5ObB%,5J58*m9:9�2 % 9�2r1
9,;)5Ob�1_3�1�176���1R2¼À % 1&!W5r3�*3À"K+K % 9F0�1/;u9�2O*�%,24e:9�!�%�;�%Q0�9�24%,N�K"1j5 À % 1v3r#&%�K+1��

0gÀ



����� � � � ���

� �SH��&DFGM�����,�R�?G�H �

� ����YMtR�?��t
	��)�	G�DQ�R��H)���R�?�Wt ��H�� � G��R�����A�R�?G�H �
-A�"� ��9W%�e � % �d;u9�2jgB]A5O]B2O1vI/1&]A5r2¼À"!�9 T�3O#�À+K"K$%F5¼À"9�! ��1_%�3O]�2O1�% 1&!W5r3 ��� ��� `
-A� - G b�1R2O1veA9 2r1R%�# 5O9�2�9�3r#¨À"K+K$%F5 À+9�!>1�6���1&2 À % 1R!�543 =�5»À"!��� ����� ��� ��� ��� c
-A� C ��1_%�# 5r9�2�176/��1&2 À % 1R!W5�%�3�% #SK"1R%,!dK$%,N�9�24%F5O9�2O7 ;u9�2�5Ob�1�@ ACB i % 1R%�3O]�2r1-% 1&!W5 �Q-
-A� P pq9�% �B%�2¼À$3O9�!:5r9:3�]���1R2ON�1R%�% 3 ����� ��� ��� ��������� ����� ��� ��� ��� �_C
-A� ` (�b�1R9�2r1S5¼À$#&%�K)��9,5 À+0F%,5¼À"9�!�;u9�2�!�9�!AiJ4R1&2r9@ ACB ��������� ����� ��� ��� ��� �_c

� 	 ���R�?����= TV�BtR��=��?H)�����?t&�_��H�����t�� �	������H�G�tR���rY �[����=?��H�E�����H)�U�R���z�S� �
���B�,�:G�{ �}YMtR�R�������R����t ���
C��"� ()9,5r%�KMg�K+]06d0A3&� k�%�3O1&K©À"!�1 ��� ����� ��� ��� ��������� ����� ��� ��� ��� �_�
C�� - �/��1R#S5O24%,K)��b�% ��1�f�!�;u9�2'% %,5¼À"9�! ����� ��� ��� ��������� ����� ��� ��� ��� -��
C�� C pq9�%VN À"! À+!Bn��AbB% ��1v%,!Bed�j%,5O1�f�!A;u9�20%�%F5 À+9�! ��������� ����� ��� ��� ��� -�-
C�� P �W54%F5¼À$3�5¼À$#&%,K)�j!B%�K+7A3¼À"3�%�!Be�L[]&%¿À+!B9�3¼À6587���#&%,K©À"!�n ����� ����� ��� ��� ��� - P
C�� ` ��7A3�5O1-%�%,5¼À$#&3R'Bk�%�#4~�n�2r9�]�!�e}'W%�!Be>5Ob�1vah9W3\À+5¼À"9�!�9,;�5Ob�1vI/1R%,2�UJ1S5r1R#S5O9�2 - o

� � DF���M�?G���t �>�������RG�D>� �}�	�WDQ�?����H��Rt ���
P �"� p�VT�T�W ��� ��� ����� ������� ����� ��� ��� ��������� ����� ��� ��� ��� CB�
P � - a�%,K"9  �1&24eA1 ��� ����� ������� ����� ��� ��� ��������� ����� ��� ��� ��� C P
P � C 	�% %�L)�/I�U ��� ����� ������� ����� ��� ��� ��������� ����� ��� ��� ��� P �

�����W�_�W���RG�D��d��tR�?E�H ���
`A�"� UJ1S5O1_# 5r9�2/(�%,2rn�1&5�%�!Be�km]08�1&2 ����� ��� ��� ��������� ����� ��� ��� ��� P x
`A� - ��1_#4bB%,! À$#&%�K[�W5O2r]B#S5O]�2r1 ������� ����� ��� ��� ��������� ����� ��� ��� ��� `��
`A� C ��]�9�! 0�1S5r9>� ��� ����� ������� ����� ��� ��� ��������� ����� ��� ��� ��� `��
`A� P L�À$wW] À$e J%,!Be�K}À"!�n:��7A385r1-% ��� ����� ��� ��� ��������� ����� ��� ��� ��� `��
`A� `]UJ1S5O1_# 5r9�2J��b�% ��1 ����� ������� ����� ��� ��� ��������� ����� ��� ��� ��� `��
`A� c ��9F0F%,NBK+1�UJ1S5O1_# 5r9�243 � ������� ����� ��� ��� ��������� ����� ��� ��� ��� `�-
`A� o ��]�K+5¼À ��K"1 UJ1S5O1_# 5r9�243 � ������� ����� ��� ��� ��������� ����� ��� ��� ��� `�`

� yV��=���@)DF�A�_��G�H ��
c��"� f�!W5O2r9AeA]B# 5 À+9�! ��� ����� ������� ����� ��� ��� ��������� ����� ��� ��� ��� ` o
c�� - pm%,K©À"N�2r%,5¼À"9�!���7A385r1-% UJ1R3¼À"n�!�pq9�!B3¼À$eA1&24%F5 À+9�!B3 ������� ����� ��� ��� ��� ` o
c�� C pq9�!�#SK"]Be�À"!�n���1-%�%,2r~A3z������� ����� ��� ��� ��������� ����� ��� ��� ��� `��

�����W�_�W���RG�D�	����WDQ@��)DF�)��H ��H�� T ���_XMEBDFG��)H��)t ���
o �"� (q7���1R3�9�;hk�%�#4~Wn�2O9�]�!Be�3������ ����� ��� ��� ��������� ����� ��� ��� ��� cW-

o �"���"� �J#&#¨À$eA1R!�54%,K)pq9SÀ+!B#�À"e�1&!B#&1R3 � ��� ��� ��������� ����� ��� ��� ��� c�C
o �"��� - pq9�2O2r1&K$%F5r1Re>k�%�#4~Wn�2O9�]�!Be�3z� ��� ��� ��������� ����� ��� ��� ��� c�c

o � - ��]&% %�%,2r7:9�;%TJ0�1&2rN�]�24eA1&!d��1RwW] À"2O1�% 1&!W5r3J� ��������� ����� ��� ��� ��� c��

0lÀ©À



� �}YMtR�R�������R����t � �
x��"� TJ0�1R2O0lÀ"1&* � ��� ����� ������� ����� ��� ��� ��������� ����� ��� ��� ��� o �
x�� - ah9,5r1&!W5¼À$%,KM3O9�]B2r#&1R3m9,;h3�7A3�5O1-%�%,5¼À$#J1R2O2r9�2s��� ��������� ����� ��� ��� ��� o -

x�� -A�"� ah9�5O1&!W5 À"%�K�3O9�]B2r#&1R3m9,;�� ��b�7A3¼À"#R%,K���1R2O2r9�243&� ��� ����� ��� ��� ��� o -
x�� -A� - ah9�5O1&!W5 À"%�K�1R2O2r9�243q;u2O9,% 5O2 À"n�n�1R2¼À"!�n %,!Bede�%,5r% 2O1_#S9�2re�À"!�nz��� ��� o `
x�� -A� C ah9�5O1&!W5 À"%�K�1R2O2r9�243q;u2O9,%�1&0�1&!W5�i�3O1&K"1R# 5 À+9�!�#&]A5r3R������� ��� ��� ��� o `
x�� -A� P ah9�5O1&!W5 À"%�K�1R2O2r9�243q;u2O9,%�NB%�#4~Wn�2O9�]�!Be:3O]�NA5r2r%�# 5 À+9�!M�[� ��� ��� ��� o�o

x�� C ��]&% %�%,2r7�i ��9,5r1&!W5¼À$%,KM3O7A385r1-%�%F5 À"#�1R2O2r9�243 � ��������� ����� ��� ��� ��� o�o
x�� P ��]�K+5¼À ��K"1Sil2O1_%�#S5O9�2�3r#S1R!B%,2 À+9W3 � ����� ��� ��� ��������� ����� ��� ��� ��� o �

x�� P �"� ��1_%�#S5O9�2.À"!BeA]B#&1Re 3�7A3�5O1-%�%,5¼À$#&3Ji
%�]�K+5¼À ��K"1 2O1_%�# 5r9�243&'�9�!B1 e�1Si
5r1R# 5r9�2 � ����� ������� ����� ��� ��� ��������� ����� ��� ��� ��� o �

x�� P � - (�b�1v#R%�3O1J*3À+5Ob 9�!�1veA1S5r1R#S5O9�2�� %�]�K+5¼À ��K"1�2O1_%�#S5O9�243 ��� ��� ��� o �
x�� P � C (�b�1v#R%�3O1J*3À+5Ob %V]�K65 À �BK+1v2r1R%�# 5r9�243q%�!Be eA1S5r1R# 5r9�243��6�_��������� ��� o �
x�� P � P 	�%�3�b À"*�%F4R%�~lÀ�#R%�3O1 3�5O]�eA7 � ��� ��� ��������� ����� ��� ��� ��� x��
x�� P � ` �	!�1&2rn�7:30��1_# 5r2O]&% %,!B%�K+7A3¼À"3��+�R�W-	��� ��������� ����� ��� ��� ��� x�C

� �/G�tRt_�u@h=����[�u�_��t � �
���"� ()9���ah1&2O;u9�2'%¿À+!�n ��1R%�# 5r9�243IG 9�2rK$eA*3À"e�1���� ��������� ����� ��� ��� ��� x o
��� - ��1_%�# 5r9�243��lÀ65r1R3j./!BeA1R2�pq9�!B3¼À$eA1&24%F5 À+9�!>� ��� ��������� ����� ��� ��� ��� x�x

��� -A�"� �/!�n�24%�'�km24%F4�À"Kd������� ����� ��� ��� ��������� ����� ��� ��� ��� x�x
��� -A� - km24%%À$eA*q9�9Ae}'Akm7�2O9�!d%�!Be�L)%��A%,K"K+1�'Af�K+K©À"!�9�À$3 � ����� ��� ��� ��� x�x
��� -A� C pqb�9�9a4�'�g�24%,!�#S1 ����� ����� ��� ��� ��������� ����� ��� ��� ��� x�x
��� -A� P pq2r]B%�3R'Ag�24%,!B#&1 ������� ����� ��� ��� ��������� ����� ��� ��� ��� x�x
��� -A� ` U�%Q7�% k�%Q7�'�pqb À"!B%���� ����� ��� ��� ��������� ����� ��� ��� ��� x�x
��� -A� c UÀ"%�N�K"9:pm%�!�7�9�!['�pm%�K}À+;u9�2r! À$% ��� ��� ��������� ����� ��� ��� ��� �B�
��� -A� o 	�%�3�b À"*�%F4R%�~lÀ6i 	�%,2 À+*�%�'���%��B%,! � ��� ��������� ����� ��� ��� ��� �B�
��� -A� x 	 24%�3O!�9F7�%�2r3O~�'���]B3r3¼À"% ����� ��� ��� ��������� ����� ��� ��� ��� �B�
��� -A� � 	 ]�9�i��Ab�1&!�n�'A()%�À+*�%,! ����� ��� ��� ��������� ����� ��� ��� ��� �B�
��� -A�"�R� L?À % 1&2 À$#4~>%,!Bedah1R%�#4b�km9,5O5O9,%d'�ah1R!�!B3O7�K+0F%,!bÀ"% ����� ��� ��� ��� �B�
��� -A�"��� ah1R!�K+7�'�g�24%,!B#&1 ������� ����� ��� ��� ��������� ����� ��� ��� ��� �B�
��� -A�"�_- G 9�K+; pq2r1&1R~�'&	�%,!B3r%�3 ����� ��� ��� ��������� ����� ��� ��� ��� �W-

��
 	 �_�)�WD:�h��YMtR�?��t ��
�R�B�+���W5r1&2 À+K"1vIj1R]A5O2 À+!B9�3 ��� ������� ����� ��� ��� ��������� ����� ��� ��� ��� ��C

�R�B�+���+� (�b�1�178�1_# 5j9�;�3�5O1&2 À"K+1 !�1R]A5O2 À+!B9�3¹À"!K@ ACB 2O1_%�#S5O9�2�176/��1&2 À % 1R!W5r3 � ��C
�R�B�+��� -��%6A%�% ��K+1 9�;)K$%Q7�9�]�5 � ����� ��� ��� ��������� ����� ��� ��� ��� �W`
�R�B�+��� C ��1R!B3¼À65 À+0lÀ+587 ��� ������� ����� ��� ��� ��������� ����� ��� ��� ��� ��c

�R�B� - ��9�K"%�2jIj1&]�5O2 À+!�9W3�%,!Be�@ A D ��� ����� ��� ��� ��������� ����� ��� ��� ��� ��c
�R�B� -��+� (�b�1 �B2O1_3�1R!�5j%�!Be>!B1R%,2Oi|;u]A5O]�2r1�;u9�2O@ A D ������� ����� ��� ��� ��� ��c�R�B� -�� -���9�K+1 9�;h% !�1R* �%6/��1&2 À % 1R!W5m;u9�2O@;A D ��������� ����� ��� ��� ��� ��x�R�B� C ��1_%�# 5r9�2ja	bW7A3¼À"#R3 ����� ������� ����� ��� ��� ��������� ����� ��� ��� ��� ���

�R�B� P ��]&��1&2r!�9F0F%,1�I/1&]A5r2¼À"!�9�3 ����� ����� ��� ��� ��������� ����� ��� ��� ��� ���

0lÀ}À©À



��� �q��H�H)��=��?H)E ��
 

�����+�Zf�!W5O2r9AeA]B# 5 À+9�! ��� ����� ������� ����� ��� ��� ��������� ����� ��� ��� ���:�R���
����� -zgB%�# 5r9�243�f % ��%�# 5 À+!Bn �j9�#4~�([]�!B!�1&K[km1RbB%Q0lÀ+9�2 ������� ����� ��� ��� ���:�R���

����� -��+� ()]�!�!�1RK)�lÀ54&1�'���bB%���1�%,!�ed�/K}À"n�!�% 1R!W5�pq9�!B3¼À"e�1&24%F5¼À"9�!�3 ��� ���:�R���
����� -�� -�()]�!�!�1RK}À"!�n ��1&5Ob�9Ae�3�%�!Be ��1R%�!B3�� ��������� ����� ��� ��� ���:�R�B�
����� -�� C ��9A#4~��A]&�&��9�2O5/%,!Bed([2r1R%,50% 1&!W5 ��� ��������� ����� ��� ��� ���:�R�W-

����� C .j!�eA1&2rn�2r9�]�!�e�UJ1R3¼À+n�!d�j1RwW] À"2O1�% 1R!W5r3 � ��� ��������� ����� ��� ��� ���:�R�W-
����� P (�b�1va	bB%�3O1R3m9,;�% ([]B!�!�1&K)a 2r9,�81R#S5�� ��� ��� ��������� ����� ��� ��� ���:�R��C

����� P �+� �lÀ+5O1�f�!�0�1R3�5¼À"n�%F5 À+9�!�%�!Be��j9�#4~ � %�3r3/pq9�!Be À65 À+9�!B3 � ��� ��� ���:�R��C
����� P � -��%6A#R%Q0F%F5¼À"9�! ��1S5rb�9Ae�3�%,!�e � 1R%,!�3�%,!Be �W5O2r]B#S5O]�24%,KSUJ1R3¼À"n�! ���:�R�W`
����� P � C ()]�!�!�1RK�pq9�!W5r2r%�# 5¼À"!�n %,!Be pq9�!B385r2O]�# 5¼À"9�! ��� ����� ��� ��� ���:�R�W`

����� ` ��bB%,; 5 j9�K+1�� ��� ����� ������� ����� ��� ��� ��������� ����� ��� ��� ���:�R� o
����� c ��]&% %�%,2r7 � ��� ����� ������� ����� ��� ��� ��������� ����� ��� ��� ���:�R� o

� � �M�B{|�W�4Y ��
�
�_-��+���A%,;u1S587�a	K"%�!�! À"!�nZ����� ������� ����� ��� ��� ��������� ����� ��� ��� ���:�R���
�_-�� - pZÀ"0gÀ"K�pq9�!B385r2O]�# 5¼À"9�! � ������� ����� ��� ��� ��������� ����� ��� ��� ���:�R���
�_-�� C �A%,;u1:U/1&5O1R#S5O9�2Jpq9�!B3�5O2r]B# 5 À+9�!d%�!Be�T ��1R2r%,5¼À"9�!B3 ����� ����� ��� ��� ���:���_�
�_-�� P � ]B%�K}À+587>�/3r3O]�2r%�!B#S1 � ������� ����� ��� ��� ��������� ����� ��� ��� ���:�����

� � 	��)�&DF�����Q� ��H�� ���)�����A�_��G�H ��� �
�RCB�+�$1�9�%�K"3�9�;[5rb�1TJ]A5O2r1R%�#4b 
U�	eA]�#&%F5 À+9�!d�%8�9�2�5 ������� ����� ��� ��� ���:���Q-
�RCB� - TJ]A5r2O1_%�#4b %,!�e��	eA]B#R%F5 À+9�!�T �&��9�2�5r]�! À+5¼À"1R3�%F5j5rb�1 @ ACB �j1R%�#S5O9�2/Ij1R]Ai

5O2 À"!�9�� 6���1R2¼À % 1&!W5 ��� ������� ����� ��� ��� ��������� ����� ��� ��� ���:���Q-
�RCB� C �W5r2r%,5O1&nSÀ+1_3m;u9�2.TJ]A5r2O1_%�#4b 
 �	e�]B#&%,5¼À"9�! ��� ��������� ����� ��� ��� ���:���_C
�RCB� P T�`:#S1 9,; TJ]A5r2O1_%�#4b�%�!Be �	eA]�#&%F5 À+9�!���� ��� ��������� ����� ��� ��� ���:��� P
�RCB� ` f8eA1_%�3m;u9�2OG 1&N�ilk�%�3O1Re�TJ]A5r2O1_%�#4b��%8�9�2�543 � ��������� ����� ��� ��� ���:���Q`
�RCB� czf8eA1_%�3m;u9�2OG 9�2r~lÀ+!Bn *3À+5Ob�	�i4�_-¸À+!�385 À65r]A5¼À"9�!B3:��������� ����� ��� ��� ���:���_c
�RCB� o f8eA1_%�3m;u9�2.TJ]�5O2r1R%�#4b�5O9>pq9,% %V]�! À+587dpq9�K"K"1&n�1_3m������� ����� ��� ��� ���:���_c

� �:���	��H)��� ��� ���)� ��H)E�DF� DQ�������RG�D��?HzTVDF�����?= ��� �
�v�"� (�b�1v��1_%�#S5O9�2j�lÀ+5O1s��� ������� ����� ��� ��� ��������� ����� ��� ��� ���:��� o
�v� - pq9�% %V]�! À$#&%F5 À+9�!�*3À+5Obd5rb�1vah9F*q1R2�pq9,% �B%,! À"1R3 ����� ����� ��� ��� ���:��� o
�v� C (�b�1v�%6/��1&2 À % 1R!W5r%,K3UJ1R3¼À"n�! � ����� ��� ��� ��������� ����� ��� ��� ���:���_x
�v� P � 6���1&2 À % 1R!�54%,KM��1_%�#4b ������� ����� ��� ��� ��������� ����� ��� ��� ���:���_�
�v� ` km2r%;4�À"K}À$%,!�pq9�% %�]B! À6587d%,!Be ��]&����9�2�5 � ��� ��������� ����� ��� ��� ���:���_�

T �v��� ��G��)@�=?��y���GMG�� � DQG��_���,� � � �
k��+� (�b�1:UJ9�]�NBK+1&i8p� T�T�W�#S9�!B#S1��A5 ��� ��� ��� ��������� ����� ��� ��� ���:�_-��
k�� - UJ1S5O1_# 5r9�2/eA1_3\À"n�!U����� ������� ����� ��� ��� ��������� ����� ��� ��� ���:�_-�-
k�� C k�%�#4~�n�2r9�]B!Be�3 � ����� ������� ����� ��� ��� ��������� ����� ��� ��� ���:�_-�C
k�� P pq9�!�#SK"]B3\À"9�! %,!�e>9�]A5OK"9�9�~ ��� ����� ��� ��� ��������� ����� ��� ��� ���:�_- P

y�����Y���T ��Y � � �

� �v��� ���?�A@h=�G<yV��H�Y�G�H �JG/���WD���=��BH�� � � �

À?6



� �>H �S=?=��?H)G���t �>�������RG�D>� �}�q��DF�?����H�� � ��

� �v��� ��� �[��� �)DFG��R����� � � �

� �v��� � DF��tRH�G�Y���DQtRX �>�������RG�D>��H�� ��� � ��� � �����
1 �+� 	 24%�3O!�9F7�%�2r3O~ 3¼À+5O1�eA1S54%%À"K"3 ��� ����� ��� ��� ��������� ����� ��� ��� ���:� P�P

�



� � � �
� ��� �2� �
	 � �

(�b�1:e�À$3r#S9F0�1R2O7�9�;�!�1&]A5r2¼À"!�9�9W3O#�À+K"K"%,5¼À"9�!B3 À$3v%�e�À"2r1R# 5�À"!Be�À$#&%,5¼À"9�!Z9,;���b�7A3¼À"#R3 N�1R7�9�!�e
5ObB1��W5r%�!Be�%�2re ��9AeA1RKq%,!�e2À+5 �B2O9F0lÀ$eA1R3�% ]�!bÀ"wW]�1:!B1&* *3À+!�eA9F* 5r9 1�6���K"9�2r1 ��b�7A3\À$#&3
%F5qb À+n�b %�%�3r3 3O#R%,K"1»À"!B#SK"]Be�À"!�nv]�!bÀ?=�#R%F5 À+9�!M'�)�%Q0�9�2 e�7W!�% %¿À"#R3&'W%,!Be 176�5O24%�e�À % 1R!B3\À"9�!�3&�
(�b�1�3 %�%�K+K"!�1R3r3)9,;B!�1R]A5O2 À"!�9 %�%�3r3O1R3�%,!Bev5Ob�1mK"%�2On�1	K"1-�A5r9�!')�%Q0�9�2M0lÀ+9�K"%,5¼À"9�!�%�3O3O9A#¨À$%F5O1_e
*3À+5Ob�!�1R]A5O2 À"!�9 %¿À?6�À"!�n�%�2O1:N�9,5rb�;u]�!BeB% % 1&!W5r%�K ��2r9���1&2O5¼À"1R3v5ObB%,5VnSÀ+0�1~À+!B3¼À"n�bW5r3¸À+!W5O9
% 9Ae�À?=�#&%F5 À+9�!B3�9,;�#S]�2r2O1R!W5�5rb�1&9�2¼À"1R3R�
T/5rb�1&2 ��9�3r3\À"N À"K}À+5¼À"1R3�5rbB%F5 %�%Q7�2r1&0�1R%,KW5rb�1-%�3O1&K"0�1R3
À"! 5Ob�1 !�1&]�5O2 À+!�9 3�1_# 5O9�2�À"!B#SK"]BeA1 1�6�5O24% �O3�5O1R2¼À"K"1 �Z!�1R]A5O2 À+!B9�3R'Jpma 0lÀ+9�K"%,5¼À"9�!�À"! 5Ob�1
!�1R]A5O2 À+!B9 %¿À?6�À"!�n %�%F5r2¼À>6}'�%�!Be�pma	( 0lÀ+9�K"%,5¼À"9�! %�3O3O9A#¨À$%F5O1_ed*3À65rb�5Ob�1V!�1&]�5O2 À+!�9�% %�3O3
b À"1&24%,24#4b�7��q�lÀ"!B#&1v!�1&]�5O2 À+!�9>9�3r#¨À"K+K$%F5 À+9�!B3�bB%Q0�1�!B9F* N�1&1R! 1R3�5r%�N�K}À$3Ob�1Re}'B5Ob�1�!�1�6�5J3�5O1��
À$3 5O9$%�%��z9�]A5�5ObB1 �B%,24% % 1&5O1&243�%�3r3O9�#�À"%,5O1_e<*3À+5Ob !�1R]A5O2 À"!�9$%�%�3r3�1_3�%,!Be %¿À>6lÀ"!�nW3&�
(�b�1�176/��1&2 À % 1R!W5r%,K ��2O9�n�24% % 5r9>%�#R#S9�% ��K©À$3�b�5Ob À$3jn�9�%�K}*3À+K"KM2r1RwW] À"2O1v% *3À$eA1�24%,!�n�1�9�;
1�6���1&2 À % 1R!�543�]B3¼À+!Bn�!�1&]A5r2¼À"!�9W3 ;u2O9,% 3O9�K$%,2_'[%F5'% 9�30��b�1&2 À$#,'[2r1R%�# 5r9�2_'[%,!BeZ%�#&#S1RK+1R2r%,5O9�2
3O9�]�24#S1_3&�KU/]�1>5O9�5rb�1:2r1&K$%F5 À+9�!B3�N�1S58*m1&1&!Z5rb�1R3O1:0F%,2 À"9�]B3 % 1_%�3O]�2O1�% 1&!W5r3R'?À+5�*3À"K+KmN�1
À % ��9�2O5r%�!W5[;u9�2)5ObB1q*m9�2rK"eAi|*3À$eA1	#&9�% %�]�!bÀ6587 5r9J3O1S5h]&�V%J385r2O]B#S5O]�2r1Re ��2O9�n�24% % 5O9J*q9�2O~
5ObB2O9�]�n�b�5Ob�1�176���1R2¼À % 1&!W5r%�K % 1_%�3O]�2r1-% 1&!W5r3/À"!�% #&9�b�1R2O1R!W5�%�!Be�K+9�n�À$#&%,K %�%�!�!�1&2_�
(�b�1v176lÀ$3�5¼À"!�n:1�6���1&2 À % 1R!�54%,KM2r1R3O]�K+5r3�=�5/24%F5ObB1&2j! À$#S1RK+7NÀ"!�5r9>% � À$# 5r]�2r1v*3À65rb 5Ob�2r1&1

%�%�3r3\À"0�1d!�1R]A5O2 À+!B9�3R'	*�b À$#4bz#&9�2r2O1_3 ��9�!�e�3v5r9 5Ob�1 3¼À % ��K"1R3�5:3O#&1&!B%�2¼À"9 ;u9�2 5ObB2O1R1dn�1&!Ai
1&24%F5 À+9�!B3>\u;u9�2 2O1_#S1R!�5 n�K"9�NB%�Kq%�!B%,K"7A3�1_3�3O1&1�'����	�
�"'q��1&;u1&2r1&!B#&1R3 �6�,' -	�u^ ��I/1&]A5r2¼À"!�9�9W38i
#¨À"K"K"%,5¼À"9�!B3v5Ob�1R!�À+!�0�9�K"0�1 58*q9�% %�3O3�i�3OwW]B%�2O1_e e�À>8�1&2r1&!B#&1R3>\ �� DD A %�!Be �� DB D '�*�bB1&2r1�� D����  \J9 � ^ D��  \J9 � ^ D ^ '�5rb�2O1R1 %¿À>6�À+!�n %,!Bn�K"1R3 \ @;A D ' @ D B�'M%,!�e @;ALB_^ '[%�!Be�%�pma�i0lÀ+9�K"%,5¼À"!�n ��bB%�3�1�\��,^S�>(�b�1 ��2r1R3O1&!W5v3�5r%F5r]B3�9�;q5rb�1R3O1 �B%,24% % 1&5O1&243.À"3�3�]&% %�%,2 À54&1Re2À"!
gLÀ+n�]�2r1 ��� �m50% 9W3 ��bB1&2 À"#�!�1&]�5O2 À+!�9�e�%,5r% � C �/%,!Be<5ObB1�=�2r3�5 2r1R3O]�K+5r3 ;u2r9�% 5rb�1�	v- 	
K"9�!�n�i|NB%�3�1RK}À"!�1�%�#R#S1RK+1R2r%,5O9�2h176/��1&2 À % 1R!W5�� P ��eA1&5O1&2'%¿À+!B1�� �� DB D � � \?-��

A�� D��� � � ^0�>�R� �
B 1$ D

\u1R2O2r9�243 %F5 C��M^�%,!�e @ D B�� P ` � � CA'�- �|'v*�bB1&2r1R%�3 % 9W385�3O9�K$%,2 eB%F5r% � `A'Jc �l'�#S9,%Vi
N À"!�1Re *3À+5Ob 5Ob�1Z2r1R3O]�K6543d;u2O9,% 5Ob�1 	�%�% L)�/I.U 2O1_%�# 5r9�2d1�6���1&2 À % 1&!W5 � o �|' K"1R%�e 5O9
�� DD A � \�c�� � � D

� !
� A�� " ^ � �_���

" 1! D %�!Be�3¼À"!ED @ A D � ��� C � � � � ���� � ��# %F5/C�� �+� �l�
(�b�1�!�1R]A5O2 À+!B9Z3O1R#S5O9�2 %�%Q7�#&9�!W5r%�À+! % 9�2r1�5rbB%,! 5ObB2O1R1d!B1&]A5r2¼À"!�9�3 N�7�À"!B#&K+]Be À+!�n

%¿À?6�À"!�nV5O9 385r1&2 À+K"1J!B1&]A5r2¼À"!�9�3 \u;u9�2�1�6�%�% �BK+1J5O9 %�#R#S9�]B!�5m;u9�2m5rb�1�L��AI�U � x �[%�!�9�%�%�K+7�^ '
N�]A5PÀ"!�5rb�1R3O1m#R%�3O1R3M5Ob�1 %¿À?6�À"!�n % %,5O2 À?6 % 9�3�5hK}À"~�1RK+7�;�%�#S5O9�2r3[5O9 %/n�9�9�e�% �&��2r9_6�À %�%,5¼À"9�!
À"!�5r9 %�\�C#� CW^�3O]�N&%�%F5r2¼À>6 *3À+5ObZ5rb�1 �B%,24% % 1&5O1&243 n�À"0�1R!�%,N�9F0�1���(�b�1�À"!W0�1R3�5¼À"n�%,5¼À"9�!
9,;�9W3O#�À+K"K"%,5¼À"9�!B3#À+!�0�9�K"0gÀ"!�n�3�5O1R2¼À"K+1�!�1&]A5r2¼À"!�9W3:*3À"K+K eA1-%�%�!Be % 1R%�3�]�2r1-% 1R!�543:3O]B#4b�%�3
��À"! À$kq9�9WI/� %�3�*m1&K"KM%�3¹À % ��2O9F0�1Re�e�À"3r% ����1_%,24%,!B#&1 % 1R%�3�]B2O1�% 1R!W5r3�%F5�b À"n�b �� D �
(�b�1 #S]�2r2O1R!W5	1�6���1&2 À % 1&!W54%,K�3\À+5O]B%,5¼À"9�!>#R%,!�5rb�]B3	N�1 3�]&% %�%,2 À54&1Re N�7 58*m9 % 9�2r1j9�2

K"1R3r3�e�1R#S9�]&��K"1Re�9�3r#¨À"K+K$%F5 À+9�!B3/n�9F0�1R2O!�1_e N�7 5Ob�1 �O%,50% 9�30��b�1R2¼À$# ��%,!Be �O3O9�K$%,2 *Q2r1R%�# 5O9�2 �
wW]B%�e�2r%,5¼À$# %�%�3r3V30��K©À65O5¼À"!�n�38�� D �����$� �' D ACB %�!Be �� D %'&'()� �� DD A '	2O1_3 ��1R#S5¼À"0�1&K"7�'%,!�e�5ObB1 #&9�2r2O1_3 ��9�!Be À+!�n�%sÀ>6�À+!Bnd%�!�n�K"1R3�@ A D � @ %'&*( %,!BeY@ D B � @ ����� '}*�b À"#4b�5O]�2r!�1_e
9�]�5 5r9ZN�1 3O]�2'��2¼À$3¼À+!�n�K+7ZK$%,2rn�1��z(�b À$3 K"1R%�eB3¿À+! 5Ob�1 ;u]�5O]�2r1d5O9Z58*m9 1_w�]�%,K"K+7�À % ��9�2�i
5r%�!W5j1�6���1R2¼À % 1&!W5r%�KMe�À"2O1_# 5¼À"9�!�3-( (�b�1 =�2r3�5�5r%�3O~#À$3�5r9sÀ % ��2r9F0�1�5Ob�1�~�!�9F*�K"1Re�n�1 9,;�5Ob�1
%,N�9F0�1�\�K+1_%�e�À"!�n�^ 9�3r#¨À"K+K$%F5 À+9�! �B%,24% % 1&5O1&243:%�!Bez5O9 % %�~�1 �B2O1_#¨À$3\À"9�! % 1R%�3�]�2r1-% 1R!�543&�
pq9�!�#S1-��5O]B%�K+K"7 %,5qK"1R%�385m1RwW]B%,K"K"7-À % ��9�2�54%,!W5ZÀ$3 5rb�1J;�%�# 5q5ObB%,5	5rb�2O1R1 )�%Q0�9�243`À % �BK+7�%,K$3O9
5ObB2O1R1 )�%Q0�9�2�9�3r#¨À"K+K$%F5 À+9�!B3�%,!Be�5rbW]�3j9�!B1 ;u]�2�5rb�1&2 %sÀ>6�À+!Bn>%,!�n�K+1�'�@;ALB�%�3�*m1&K"K)%�3�%dpma
0lÀ+9�K"%,5¼À"!�n���bB%�3�1�� A ��(�b�1dpma ��b�%�3O1+�NÀ"3V% 0�1&2r7+À"!W5O1R2O1_385 À+!�n�')NB]A5 3O9 ;�%,2 % #S9,%Vi

,*-/.�0213024657038)579�.;:<5�=65>=�1*?@0A:2B	=C.;DEB	FHGCI JK5�I	DA.>0MLN.POQ?C:2024C1':ERTSVU@B	.;I570AB	=�W�G�465�DA1'DYX�ZC?�0[0A4C1'D21]\C.

�



★

★

0 0.25 0.5 0.75 1

{sin
2θ12, sin

2θ23}

10
-5

10
-4

10
-3

{∆
m

2 21
, ∆

m
2 31

} 
[e

V
2 ]

atmospheric + K2K

solar+Kamland

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

sin
2
2θ

13

0

1

2

3

4

∆m
2  [

10
−3

eV
2 ]

solar + reactor 90% CL
solar + reactor 3σ
CHOOZ 90% CL
CHOOZ 3σ
SK best fit + 3σ interval

gLÀ+n�]�2r1���(��W54%F5O]�3	9�;[!�1&]�5O2 À+!�9V9�3r#¨À"K+K$%F5 À+9�! �B%,24% % 1&5O1&243�;u2r9�% %V#S9�%VN À"!�1Re:%�!B%,K"7A3\À$3 9�;
#S]B2O2r1&!W5�n�K"9�NB%�K�e�%F54% �6� �|�hLM1&; 5 �B%�!�1&K (�%�K+K"9F*m1ReV2O1Rn�À"9�!B3h9�;�3O9�K$%,2j\ �' DD A�� 3¼À"!ED @ A D ^h%,!�e%F5'% 9�30��b�1&2 À$#:\ �� DB A � 3¼À+! D @ D B_^
�B%�2r%�% 1S5O1R2r3J%F5 ���"^>'}��`"^>'����"^s%,!�e C � pmL	���»À+n�b�5�B%�!�1&K ()]��&��1R2qN�9�]B!Be:9�!>3\À"!ED[-F@;ALBj;u2O9,%U5rb�1 p� T�T�W�1�6���1&2 À % 1&!W5�%F5m���"^s\�eB%�3Ob�1ReB^
%,!�e C � \?3�9�K}À$eB^ pmL�;u9�2 �U�T�g %�3�%�;u]B!B# 5 À+9�!�9,;"�� DB A ��(�b�1�K©À+n�bW5 \�eB%,2r~A^/3�b�%�eA1_e
2r1&n�À"9�!2À"3v1�6�#SK"]BeA1_e�;u2r9�% p�VT�T�W � 3O9�K$%,2 � 	�% %�L[�JI�U�e�%,5r%�%,5����"^ \�C �M^vpmL
;u9�2 �U�T�gm�}(�b�1VbB9�2 À>4R9�!W5r%�K[K©À+!�1_3.À+!Be À"#R%F5O1V5ObB1 #&]�2O2r1&!W5�N�1_385V=�5�0F%,K"]�1V%�!Be�5rb�1 C��
%,K"K"9F*q1_e:2r1&n�À"9�!�3	;u9�27�� DB A �

��K"1S5r1&K"7 ]�!B~W!B9F*�!M' ��%,24% % 1S5r1&2_�d(�b�1:;�%�# 5�5Ob�1>L � ��3O9�K"]A5¼À"9�!�b�%�3�N�1&1R!<#S9�!0=B2'% 1_e
% 1R%�!B3�5rbB%F5 �'À$3�À"!$��2 À"!B#¨À ��K"1�%�#R#S1_3O3¼À+NBK+1~À"!�;u]A5r]�2O1�1�6���1&2 À % 1&!W543�À+;�@ ACB À$3v!B9,5v5r9W9
30% %�K+K|�hf�!�%�%,!�7 % 9AeA1&K$3m9,;M!�1R]A5O2 À+!B9 %�%�3r3O1R3�5rb�1�3�1R1Si�3O%Q* % 1R#4b�%,! À$3 % K"1R%�e�3 5r9 #&9�!Ai
!�1_# 5¼À"9�!�3 9,;	5rb�1�K"1-�A5r9�! À$#:pma��BbB%�3O1 ��5O9 5rb�1>pma ��bB%�3O1R3 À"! 5Ob�1�b�1_%Q0�7 � %F�89�2r%�!B%
3O1R# 5r9�2�%�!Be 5Ob�]B3v5O9 K"1-�A5r9�n�1&!�1_3\À$3&'�9�!B1�9,;�5Ob�1�N�1_385V~W!B9F*�! % 1_#4bB%,! À$30% 5r9�1�6���K$%%À"!
5ObB1 NB%,2r7�9�! %�3O7�% % 1S5r2O7 9,; 5ObB1 ]�! À"0�1R2r3O1�\�3O1&1 1�� n�� � � �u^ � I/1&]A5r2¼À"!�9$%�%�3O3O1R3 %�%Q7
5ObB1&2r1S;u9�2r1 1�6���K$%%À"! % 3O1R#S9�!Be2À+!Be À"#R%F5¼À"9�! ;u9�2 �BbW7A3¼À"#R3 N�1R7�9�!Be 5rb�1>�W54%,!Be�%�2re ��9AeA1RK?'
3¼À+!B#&1�5Ob�1�9�NB3O1&2r0�1ReVNB%�2O7�9�! %�3O7�% % 1S5r2O7V#&%,!B!�9,5 N�1jn�1R!�1&24%F5r1Re�;u2O9,% pmaZ0lÀ"9�K$%F5¼À"9�!sÀ"!
5ObB1���5r%,!�e�%,24e���9AeA1RK}*3À65rb %�%�3O3OK+1_3O3q!�1R]A5O2 À+!B9�3R�hgB]A5O]B2O1 !�1R]A5O2 À+!B9 176���1R2¼À % 1&!W5r3�%%À %
5ObB1&2r1S;u9�2r1¶À"!Be�À"2r1R# 5rK+7:%,5�%�!�9,5rb�1&2�~�1&7�wW]�1R3�5¼À"9�!'À+! ��b�7A3\À$#&3R'�!�% % 1&K"7�*�bB%F5�#&%�]B3O1R3q5Ob�1
NB%�2O7�9�!�%�3�7/% % 1S5r2O7~À"!d5Ob�1v./! À+0�1&243�1��
(�b�1 %¿À?6�À"!�n�%,!�n�K+1V@ ALB '�5Ob�1 �B%�2r%�% 1&5O1R2m2r1&K"1&0F%�!�5m;u9�2m5rb�2O1R17)�%Q0�9�2m1�8�1R#S5r3¹À"!�!B1&]Ai

5O2 À"!�9�9W3O#�À+K"K"%,5¼À"9�!B3R'gÀ"3m~�!�9F*�!:5r9VN�1 3 %�%,K"K�;u2O9,%�5Ob�1�p�VT�T�W �6�_�A'������[%�!Be:%,K$3O9v;u2r9�%
5ObB1/a�%,K"9  �1&24eA1j176/��1&2 À % 1R!W5��6�Q-	�l�h(�bB1J#S]B2O2r1&!W5 N�9�]�!Be�;u2O9,%Un�K+9�NB%,KBeB%F5r% À$3m3�]&% %�%Fi
2 À>4R1Re�À"!V5Ob�1�2 À+n�b�5hbB%�!Be �B%�!�1&KA9�;�gLÀ+n�]�2r1J���)fl5�eA1-��1&!�e�3 3O9�% 1&*�bB%,5)9�!�5rb�1m5O2r]�1q0F%�K+]�1
9,;�5ObB1�%F5'% 9W3 �Bb�1&2 À"# %�%�3O3�3rwW]B%,2r1Re e�À>8�1R2O1R!B#S1�'�3¼À+!�#S1 5ObB1vN�9�]�!Bed;u2r9�% 5Ob�1 p� T�T�W
1�6���1&2 À % 1R!�5�n�1S5r3 24%F5rb�1&2�*m1R%�~ ;u9�2'�� DB A�� - ���R� � B 1$ D � /9F*q1R0�1&2_'wÀ"! 5rbB%F5v2r1Si
n�À"9�!�%�!�%�e�e�À+5¼À"9�!�%,K	#&9�!B3�5O24%%À"!W5v9�![@;ALB�;u2O9,% n�K+9�NB%,K	3O9�K$%,2�!B1&]A5r2¼À"!�9�e�%,5r% N�1R#&9�% 1R3
À % ��9�2O5r%�!W5 �+� �l�v�m5�5rb�1 #S]�2r2O1R!W5JN�1R3�5V=B5�0F%,K"]�1 9,;��� DB A � - ���R��� B 1! D *m1�bB%Q0�1
=C.�0 1'= 021':[B	= 0A.]=C1'?�0A:2B	=C.>.;D��*B	I	I5702B	.;=CD��

-



5ObB1�N�9�]�!Be�3�%,5/���"^ \�C �M^jpmL ;u9�2���U T�g
3¼À"!ED[-<@ ACB�� � �+�_c�\?��� -�`�^ � 3\À"!ED @ ACB�� � � �W`,Cd\���� ��c�c�^ � @ ALB�� �R� � x � \8� P � � � ^ � \8�_^
1�1&!�] À"!�1 5ObB2O1R1�)�%Q0�9�2�9�3r#¨À"K"K"%,5¼À"9�!�178�1_# 543 9�#R#S]�2�9�!�K"7�;u9�2�%�=B! À+5O1�0F%,K"]�1 9,; @;ALB %,!�e
1R3�5r%�N�K©À"3Ob À"!�n�% =B! À+5O1�0F%,K"]�1 9�;"@;ACB`À$3�5Ob�1R2O1&;u9�2r1�9�!�1�9�;�5rb�1 !�176�5 %¿À+K"1R3�5O9�!�1R3wÀ"! !�1&]�5O2 À+!�9
��b�7A3\À$#&3R�vLM1��A5O9�! À$# pma�0gÀ"9�K$%F5 À+9�!HÀ$3�%�K"3O9 %�5ObB2O1R1')�%Q0�9�2J1�8�1R# 5_'MN�]A5�À+5 #R%,! 9�!�K"7�N�1
5O1_385r1Re¿À+;3@ ALB À"3%=B! À+5O1���(�b�1R2O1¶À"3 5Ob�]B3	%v0�1&2r7V3�5O2r9�!Bn % 9�5¼À"0F%F5¼À"9�! 5r9v1R3�5r%�N�K©À"3Ob:% =B! À+5O1
0F%,K"]�1 9,;I@ ACB À+! 9�24eA1R2/5r9 %�À % À+! 5Ob�1 K"9�!�nd2r]�! %,5 % % 1R%�3�]B2O1�% 1R!W5�9�;qK"1-�A5r9�! À$#:pma
0lÀ+9�K"%,5¼À"9�! \�3O1&1�1�� nB� �+�RCA'[� P �u^ �
g�]A5r]�2r1 % 1_%�3O]�2O1�% 1&!W5r3J9,;X9 Z e�À$3r% �&��1R%�2r%�!B#S1V]B3\À"!�n %:58*m9 eA1S5r1R# 5r9�2 2r1R%�#S5O9�2J176Wi

��1&2 À % 1&!W5�%�!Be K+9�!�n,ilNB%�3O1&K©À"!�1c9�� \ 9 Z %,!Be X9��,\ X9 Z 1�6���1&2 À % 1&!W543 *3À+K"K	N�1:#S2r]B#¨À$%,K
À"! eA1&5O1&2'%¿À+!bÀ+!�n2@;ACB,'}5rb�1�3\À"n�! 9,;��� DB D '[%,!Be 5Ob�1>pma���bB%�3�1 ����fl; @FACB���� � �B��'�5Ob�1eA1_3\À"n�!�9�;M1�6���1R2¼À % 1&!W5r3 5O9 % 1_%�3O]�2r1�5Ob�1�3\À"n�!�9�;��� DB D %�!Be 5ObB1 pma ��b�%�3O1�� N�1_#S9,% 13�5O24%%À"n�bW5�;u9�2O*�%,24e�1�6�5r1&!B3¼À+9�!B3 9,; #S]�2r2O1R!W5 176/��1&2 À % 1R!W5r3R�<g�9�2V5rb À$3 2O1_%�3O9�!M'�5rb�1&2r1NÀ"3
n�1R!�1&24%,K�%,n�2r1&1�% 1&!W5�5ObB%,5m%�@;ACB
% 1R%�3�]B2O1�% 1R!W5q3�bB9�]�K$e N�1/5Ob�1 ��2 À % 1jn�9�%,KB9,;}5ObB1/!�176W5
2r9�]�!Be 9,;�1�6���1&2 À % 1R!�543&� TJ! 5ObB1 5Ob�1R9�2r1S5¼À$#&%�K 3\À$eA1 5ObB1R3O1�1�6���1R2¼À % 1&!W5r3�#&9�]�K$e 5O1_385�À+;
5ObB1�30%�%,K"KA0F%,K"]�1�9,; @;ACB�#S9�]�K"eVN�1�%�!�]&% 1&2 À$#&%,K�#&9�À"!B#¨À$eA1R!B#S1m9�2`À+;�1�� n���3O9�% 1�3�7/% % 1S5r2O7
%,2rn�]�% 1R!W5/À$3�2r1RwW] À"2O1_e�5O9�176���K"%�À+! %V5¼À"!�7>0F%,K"]�1��
g�]A5r]�2r1�% 1R%�3�]�2r1-% 1R!�543�9,;:@;ACB�%�2O1���9�3r3\À"N�K"1 ]B3¼À+!Bn�2O1_%�#S5O9�2>!�1&]A5r2¼À"!�9W3>%,!�e %�# i

#S1RK+1R2r%,5O9�2:!�1&]�5O2 À+!�9<N�1_% %�3&�U�/3�*3À+K"KJN�1 3Ob�9F*�!�À"! 3�]BNB3�1_wW]�1&!W5d3O1R#S5¼À"9�!B3R'�2r1R%�#S5O9�2
% 1R%�3�]�2r1-% 1R!�543�bB%Q0�1q5rb�1 �B2O9,��1R2�587V9,;MeA1S5r1&2'%¿À+! À"!�n:@ ACB *3À+5Ob�9�]A5 5ObB1J% %VN À"n�] À+5¼À"1R3 %�38i
3O9�#�À"%,5O1_e�*3À65rb�%�%F5O5O1R2q178�1_# 5r3�%�!Be�pma�0lÀ"9�K$%F5 À+9�!M�)f�!d%�e�e À65 À+9�!M'W5Ob�1�!�1&1_eA1Re�eA1S5r1R#S5O9�2
;u9�2 %�!-À"! À+5¼À$%,K�2r1R%�# 5r9�2 % 1R%�3O]�2r1-% 1&!W5PÀ"3	3 %�%,K"KM\ � `,�/5O9�!B34^h%,!Be�5Ob�1j#&9�!B3�5O2r]B#S5¼À"9�! 9,;�%
!�1R]A5O2 À+!B9VN�1R%�% À"3m!�9�5�!�1R#&1R3r3O%�2O7���gB9�2m5Ob À$3m2O1_%�3O9�!M'A% ��2r1R#¨À$3¼À+9�!:2O1_%�#S5O9�2m1�6���1&2 À % 1R!�5
#S9�]�K$e:K"1R%�e:5Ob�1 *�%Q7~À+!d1R3�5r%�N�K©À"3Ob À"!�n�5rb�1�;u]A5O]B2O1 9�3r#¨À"K"K"%,5¼À"9�! ��2r9�n�2r%�% NW7:3O1S5O5¼À"!�n 5Ob�1
3r#&%,K"1v9�;�5rb�1 @FACB %¿À>6�À+!�n�%,!�n�K+1��/(�b�1 �B2O1R0gÀ"9�]�3�% 9�3�5�%�#R#S]�24%F5r1 % 1R%�3O]�2r1-% 1&!W543j*m1&2r1
N�7 5Ob�1vp�VT�T�Wd%�!Be:a�%,K"9  �1R2reA1J1�6���1&2 À % 1&!W543	*�b�1R2O1�%�3¼À+!Bn�K"1JeA1&5O1R#S5O9�2q*�%�3 ��K"%�#S1_e
%,N�9�]�5 � ~/% ;u2O9,% 5Ob�1 2O1_%�#S5O9�2_��g�]A5r]�2r1V2r1R%�# 5O9�2J176���1R2¼À % 1&!W5r3�]B3¼À+!Bn:58*m9deA1&5O1_# 5O9�2r3
\�� `,��5O9�!B34^q%,5m!B1R%,2v\��R����iq-,��� %:^m%,!�e:;�%�2 \���iq-v~/%:^mK+9A#R%F5¼À"9�!�3q*3À"K"K}bB%Q0�1 3\À"n�!bÀ?=�i
#&%�!W5OK"7¸À % �B2O9F0�1Re 3�1R!B3\À+5¼À"0lÀ6587�;u9�2%@;ACBjeA9F*�!V5O9�5rb�1/�B� �B�mK"1&0�1&K|� G�À+5Ob @;ACBjeA1&5O1&2'%¿À+!B1Re}'
% 1R%�3�]�2r1-% 1R!�543�9,; 9 � \ 9FZV%,!�e X9 � \ X9FZv9�3r#¨À"K+K$%F5 À+9�!B3�]B3\À"!�n�%�#R#S1RK+1R2r%,5O9�2J!�1&]�5O2 À+!�9
N�1R% %�3LÀ % �bÀ+!�nSÀ+!BnJ9�!vK"%�2On�1qeA1&5O1_# 5O9�2r3�%F5hK"9�!�n�NB%�3O1&K©À"!�1R3)*3À+K"KlÀ % ��2r9F0�1	5Ob�1m~�!�9F*�K"1ReAn�1
9,; @;ALB�%,!�eV%�K"3O9�%�K+K"9F*<%�#&#S1_3O3)5r9 %�%,5�5O1R2�9�2	pma 0lÀ+9�K"%,5¼À"9�!�178�1_# 543&�hg�9�2h5Ob�1 =B1RK"eV5O9 176Wi
��K"9�À+5�5Ob�1 �BbW7A3¼À"#R3�9�����9�2�5r]�! À+5¼À"1R3�%Q0F%%À"K"%�N�K"1J;u9�2�!�1&]�5O2 À+!�9�9W3O#�À+K"K$%F5¼À"9�! % 1R%�3�]�2r1-% 1R!�543&'
À+5À$3J#&K+1_%,2j5rbB%F5 %:3O] À65r1�9�; 1�6���1R2¼À % 1&!W5r3À"!B#SK"]Be�À"!�n>N�9,5rb 2r1R%�#S5O9�2/%,!Be K+9�!�n,ilNB%�3O1&K©À"!�1
%�#R#S1RK+1R2r%,5O9�2�% 1R%�3�]�2r1-% 1R!�543m*3À+K"KMN�1�!�1R#&1R3r3O%�2O7��
f�!:%�e�e À65 À+9�! 5O9 5ObB1jn�1R!�1&24%,K���b�7A3¼À"#R3 %,2rn�]&% 1R!�543&',5Ob�1R2O1/%�2O1m58*m9 ;�%�#S5O9�243h5rbB%F5	K"1&!�e

]�2rn�1R!B#S7 5O9�5Ob À$3¿À"! À65 À"%,5¼À"0�1��bTJ]B2 3�5O]�e�À+1_3sÀ+!Be À"#R%F5O1�5Ob�%F5�% 2r1R%�#S5O9�2�1�6���1&2 À % 1R!�5 5O9
% 1R%�3�]�2r1j3¼À+!ED)-<@;ALB�5O9�5rb�1/K"1&0�1&K�9�;}�B� �B�j#S9�]�K"e N�1Je�9�!�1/%,5q3¼À+n�! À?=�#&%,!W5rK+7VK+1_3O3q#S9�3�5	%,!�e
9�!v% % 9�2O1 24% �bÀ"eJ5¼À % 1q3r#&%�K+1�5rbB%,!v%�!v%�#R#S1&K"1&24%F5r9�2}K"9�!�n�i|N�%�3O1&K©À+!�1h!�1R]A5O2 À"!�9j1�6���1&2 À % 1R!�5
*3À+5Ob�#S9,% ��%,24%,N�K"1�3O1&!�3\À+5¼À"0lÀ6587��h(�bbÀ"3j#&9�!B#&K+]�3\À"9�!'À"33À"!�)B]B1&!B#&1RedN�7>3�1R0�1R2r%�K�2r1R#&1&!W5jeA1Si
0�1RK+9,�&% 1&!W5r3R'�À"!B#&K+]Be À+!�n�5Ob�1 »À"n�b>�	!�1&2rn�7 a b�7A3\À$#&3	��9�%�e�%�% � ;u9�2q5ObB1j;u]A5r]�2O1�'WgB1&N�2r]Ai
%,2r7V-�����- �+�Rc �l',5rb�1���2 À+9�2¼À+5¼À54R%,5¼À"9�!B3 %�%�e�1/À"! �0¶À+n�b �	!�1&2rn�7va	b�7�3¼À$#&3�gB%�#¨À"K}À+5¼À"1R3 9�! 5Ob�1
U�T�� T�`:#&1�9�;���#¨À"1&!B#&1v(�*q1R!�587Wi � 1R%�2m��9W%�e�%�%�� �sÀ"3r3�]B1Re�NW7>5Ob�1v.�� �}�EU/1��B%,2O50% 1R!�5
9,;�� !�1R2On�7�À+! � %,24#4bM'[-�����C �6� o �	%,!�e�5ObB1 �OgB%�#¨À"K}À+5¼À"1R3J;u9�2J5rb�1�g�]A5r]�2r1 9�;��A#�À+1R!B#S1,(�%

C



(�*m1&!W587Wi|7�1R%,2 TJ]A5rK+9�9�~ ��À"3r3�]B1Re N�7�5rb�1 T�`:#&1j9,;[�A#�À+1R!B#S1J9,;�5Ob�1VU T���À+!:I/9F0�1-%VN�1R2R'
-,����C �6�_x �l� f�! �B%�2�5 À"#&]�K$%,2_' 5ObB1�K"%,5�5O1R2:eA9A#S]&% 1R!�5:1R!�0gÀ$3¼À+9�!B3 5ObB%,5>% b À+n�bAiµÀ+!W5O1R!B3¼À6587
!�1R]A5O2 À+!B9�N�1R% % À$3 % 9�2O1>5ObB%�! �_` 7�1R%�2r3�À+!<5Ob�1�;u]A5O]B2O1�� gB9�2 #S9�% �B%�2¼À$3O9�!�*3À+5Ob<%�!
9F8�i�%<6�À"3qK"9�!�n NB%�3O1&K©À"!�1J176���1R2¼À % 1&!W5R'A*m1J]�3�1 #S9W385�%,!Be:5¼À % 1�1_385 À %�%,5O1R3�N�%�3O1Re:9�!�#&]�2�i
2r1&!W5m*m9�2r~ ;u9�2m5ObB1 gB1&2'%¿À+K$%,N ��2O9,��9W3O%�K�aq��-���'�5Ob�1�Ij] ��f T�8�il��6�À"3��%6/��1&2 À % 1R!W5R�
G 1
1-% ��b�%�3¼À>4R1�5ObB%,5 %�!B1&* 2O1_%�#S5O9�2�1�6���1R2¼À % 1&!W5 e�9W1_3v!�9�5�2r1ReA]B#&1�5ObB1�% 9,5 À+0F%F5 À+9�!�;u9�2
5ObB1 K$%F5O5O1R2�176���1R2¼À % 1&!W5���À65v9�NA5r%�À+!B3.À"!A;u9�2'%�%F5 À+9�! #S9,% ��K+1�% 1&!W5r%�2O7 5r9>5rbB%F5�9�N�5r%%À"!�1_e
N�7d5Ob�1 2O1_%�#S5O9�2.@;ALBV1�6���1&2 À % 1&!W5_'�3O]B#4b�%�3j5rb�1 % %�3O3Jb À"1&24%,24#4b�7>N�1S58*m1&1&!  \J9<BR^J%,!�e
Z\ 9;A&^ ��f�!B3�5O1_%�e}'h*m1:*q9�]�K$e 1R!�0gÀ$3¼À+9�!Z5ObB%,5R'�3\À"!B#&1�5Ob�1>2O1_%�# 5r9�2v176���1R2¼À % 1&!W5V#&%�!�N�1
��1&2O;u9�2'% 1_e % 9�2r1JwW] À$#4~�K+7�'SÀ+5r3I=B!Be À+!�nW3q#&9�!B#&1&2r! À"!�n @;ACB/*3À"K+K���2r9F0lÀ"e�1j0�1R2O7sÀ % ��9�2O5r%�!�5
n�]bÀ"e�%�!B#S1�;u9�2�5Ob�1�K"9�!�n NB%�3�1RK}À"!�1 ��2r9�n�2r%�%d�
f�!�5rb À$3.G bbÀ65r1 a�%���1R2R'�*m1V9�]A5OK©À"!�1�5rb�1�#&%��B%,N À"K©À65 À+1_3J9�;	!�176W5 n�1R!�1&24%F5 À+9�! 2r1R%�#S5O9�2

1�6���1&2 À % 1R!�543�%,!Be 3O]&% % %�2¼À54&1 5rb�1:eA1R3¼À"n�!Z#S9�!�3\À$eA1&24%F5 À+9�!B3/5ObB%,5vn�2r9�]&�B3 %�2O1�#S9�!B3¼À"e�i
1&2 À"!�n#À"! e�1&0�1RK+9,� À"!�n>5rb À$3 ��2O9�n�24% % ��(�b�1 f�!W5O1&2r!B%,5¼À"9�!B%�K G 9�2r~lÀ+!�n�1�2r9�]&� 9�!Y@;ACBsÀ"3
3ObB%,2 À+!BnHÀ"e�1R%�3V9�!<b�9F* 5O9 N�1_385�eA1_3\À"n�!<%�!�1&* 2O1_%�# 5r9�2v176���1R2¼À % 1&!W5R'	%�!Be�9�!�1>n�9�%,K
9,;h5rb À"3�G b À+5O1�a�%���1R2»À"3�5O9>eA9A#&]&% 1&!W5j5ObB1 ��2r1R3O1&!W5J3�5r%F5r]B3�9�;h9�]�2j]�!�eA1&243854%,!Be À+!�n�9�;
5ObB1R3O1.À$3r3�]�1_3&�
f�!d5Ob�1 !�176W5/3O1R#S5¼À"9�!M'A*m1�e�À$3O#&]B3O3¹À"! % 9�2O1�eA1&5r%�À+K�5rb�1 ��b�7A3\À$#&3m9�����9�2�5r]�! À+5¼À"1R3�%,!�e

5ObB1�% 9�5¼À"0F%F5¼À"9�! ;u9�2:% !�1R*s2r1R%�# 5r9�2 1�6���1&2 À % 1&!W5_� (�b�1d;u9�K"K+9F*3À"!�n���1R#S5¼À"9�! C�eA1R%�K"3
*3À+5Ob�5rb�1V9,�A5¼À %�%,K�NB%�3O1&K©À"!�1�'�K"]&%¿À+!�9W3\À+587�3O#R%,K©À+!Bn>%,!Be�5Ob�1sÀ % �B%�# 5�9,;	3O7�3�5O1�%�%F5¼À$#v1R2�i
2r9�243&�ha 2r1&0lÀ"9�]B3m2r1R%�#S5O9�2m176���1R2¼À % 1&!W5r3j%�2O1�eA1_3O#&2¼À"N�1Re'À+! ��1_# 5¼À"9�! P '�%,!BeNÀ"!��A1R# 5 À+9�! `
*m1 ��2r1R3O1&!W5�3�9,% 1>5rb�9�]�n�bW5r3 %,N�9�]A5 5rb�1 n�1&!B1&24%,KmK"%Q7�9�]A5 9,;j5rb�1�eA1S5r1R#S5O9�2_'q% %�]BK65 À6i
K$%Q7�1&2r1Re�0�9�K+]&% 1�9�;�3r#¨À"!W5¼À"K+K$%F5r9�2veA1_3\À"n�!�1_e 5O9 eA17=B!�1 5ObB1 =�eA]B#�À"%�K 0�9�K+]�% 1�*m1&K"K|')%,!�e
%,K$3O9 #R%,2r1S;u]�K"K"7 #S9�!W5O2r9�K�9,5rb�1&2 ��9�5O1&!W5 À"%�K	3�7A3�5O1�% %,5¼À$# 1&2r2O9�2r3R��f�!<��1_# 5¼À"9�!�cB'[5rb�1>#&%�K6i
À"N�2r%,5¼À"9�!z2O1_wW] À+2r1-% 1R!�543V;u9�2 5ObB1 eA1S5r1R# 5r9�2:%�2O1d2O1R0lÀ+1R*q1_e}� ��1R#S5¼À"9�! o #&9�!B3¼À$eA1&243 5Ob�1
À$3O3O]�1R3 9�;�N�%�#4~�n�2r9�]�!�e�3V%�!Bezb�9F*�5rb�1&7z%<8�1R#S5�5Ob�1�2r1RwW] À"2O1_e<9F0�1&2rN�]�24eA1&![� UJ1-�A5rbB3
5Ob�%F5���2r9F0gÀ$eA1 %,!�9F0�1&2rN�]�24eA1R!>9,; P ��� %�*m1J5O9 ���_��� %V*q1�%�2O1 eA1R3¼À"2r%�N�K+1���(�bB1�n�9�%�K�9�;
#&%�2O1&;u]�K"K+7 %¿À"! À %sÀ54�À"!�n�3O7A385r1-%�%F5 À"# 1R2O2r9�243.À"3�w�]�%,K©À654%F5¼À"0�1RK+7 e�À>8�1R2O1R!�5�5rbB%,!�b�%�3�N�1&1R!
2r1RwW] À"2O1_e�9,;�!�1&]A5r2¼À"!�9 1�6���1&2 À % 1&!W543m%,5�2O1_%�# 5r9�243jÀ"!>5rb�1 �B%�3�5R�
G 1�%,2r1J#S9�!0=�eA1R!W5m5rbB%F5
5ObB1�58*q9 e�1S5O1_# 5r9�2�#&9�!B#&1-�A5�*3À"K"K ��2r9F0lÀ"eA1�K"9F*m1&2v3O7�3�5O1�%�%F5¼À$# 1&2r2r9�243�5ObB%�!�bB%Q0�1�N�1&1R!
��2r1&0lÀ"9�]B3OK+7�%�#4b À+1R0�1_e}'�N�]A5 5Ob�1 ]�K+5¼À %�%F5r1 K©À %sÀ+5�9�! %�#4b À"1&0F%,NBK+1 3�7A3�5O1-%�%,5¼À$#�1R2O2r9�2�bB%�3
7�1&5j5O9�N�1-À"e�1&!W5¼À>=B1ReM�J� e À"3r#S]B3r3¼À+9�!�9,; %:0F%,2 À"1S587d9,; 3�7A3�5O1�% %,5¼À$#v1R2O2r9�243¹À"3 ��2r1R3O1&!W5O1_e
À"!>��1R#S5¼À"9�!�x��	pqbB%�2r%�# 5O1R2¼À$3�5¼À$#&3�9,;M% K$%,2rn�1�!�]&%�N�1&2	9,;M3\À+5O1_3 %,2r1�2r1&0lÀ+1R*q1_esÀ+!>��1_# 5 À+9�! �
%,!�e 3�9,% 1 % 9�2r1VeA1&5r%�À+K"1Re�1�6���1R2¼À % 1&!W5r%�K�3¼À+5O1 �BK"%�!B3j;u9�2�3O1&0�1&! 9�; 5ObB1 ��9�3r3\À"N�K"1�K"9A#&%Fi
5¼À"9�!�3J%�2O1�À"!B#&K+]Be�1ReHÀ"!�5rb�1 � �&��1&!Be�À$#S1_3j5r9:5rb À"3 eA9A#&]&% 1&!W5R� Ij176W5�*q1 e�À$3O#&]B3O3J9,5rb�1&2
��b�7A3\À$#&3[5Ob�%F5�#&%,!VN�1�eA9�!�1ZÀ"! �A1R# 5 À+9�!>�_��� UJ1-��1&!�e�À+!BnJ9�!v5ObB1�3¼À+5O1�'Q5rb�1�#S9�3�5r3�9�;B%/!�1R*
2r1R%�#S5O9�2m176���1R2¼À % 1&!W5j*3À+K"K)��9,5r1&!W5¼À$%,K"K+7�N�1VeA9�%¿À"!B%F5r1RedN�7:5ObB1v#¨À"0gÀ"K[#&9�!B3�5O2r]B# 5 À+9�!�9�;h%
3ObB%F; 5�9�2�5r]�!�!�1RK?�h(�b�9�3O1�#¨À"0lÀ+K�1&!Bn�À"!�1&1R2¼À"!�n.À"3r3�]B1R3h%,2r1q2r1&0lÀ"1&*m1Re¸À+!���1R#S5¼À"9�!d�������A%,;u1S587
À$3O3O]�1R3m%,2r1Je À"3r#S]B3r3O1Re�À"!���1R#S5¼À"9�!��Q-A����1R#S5¼À"9�! �RC-À"3I=B!B%�K+K"7:eA1R0�9,5r1Re 5r9V9�]A5O2r1R%�#4b>%,!�e
1Re�]B#&%,5¼À"9�!B%�KwÀ"3r3�]B1R3R�h(�bB1 %��&��1&!Be�À$#S1_3j#S9�!W5r%%À"!�;u]�2�5rb�1&2je�1S5r%�À+K$3�9�; ��9,5O1R!W5¼À$%,K[3¼À65r1R3R�

P



� ��� �
�
	�� ������� � � �
� � 	 �
	7� � � � �
	 � � 	 ���V�
	 � �

���� � �%1 � . 1
� $ �%�����O&����E!�� !S��& � )CR���� � � )�3�3C1 &0)C� R . !S1
� ����!��
PQ!SRI&��

(�b�1R2O1.À"3m!�9F* %�*m9�2rK"eAi|*3À$eA1/176���1R2¼À % 1&!W5r%�K �B2O9�n�24% % ]�!BeA1R2O*�%Q7 5O9 % 1R%�3O]�2r1/5rb�1 �B%Fi
24% % 1S5r1&243�%�3O3O9A#¨À$%F5r1ReV*3À65rb !B1&]A5r2¼À"!�9�9�3r#¨À"K"K"%,5¼À"9�!B3R�)(�b�1j#&]�2r2O1R!�5�176/��1&2 À % 1R!W5r3`À"!B#SK"]BeA1
	v- 	 5rbB%F5 % 1R%�3�]�2r1R3 9 � e�À$3r% �&��1R%�2r%�!B#S1J9F0�1&2m% -�`,��~/% NB%�3�1RK}À"!�1J;u2O9,% 	�� 	 5O9���	 �
�j!B9,5ObB1&2�176���1R2¼À % 1&!W5¸À$3 ��À"! À$km9W9WI/� 5rbB%F5sÀ"3V3�1_%,24#4b À+!Bn ;u9�2 9 � \d9FZ�%��&��1_%,24%,!B#&1
3¼À+n�!B%,KLÀ+! 5ObB1 L��AI�U �� D 2r1&nSÀ+9�!�;u2r9�% ��� - 5r9Z��1$ D �V.
��#S9�%¿À"!�ndK+9�!�n�1R2�ilNB%�3O1&K©À"!�1
\�� o ����~/%:^J1�6���1R2¼À % 1&!W5r3�%,2r1 Ij]���f0* ��f8IVT ��%F5�g�1R20%¿À"K"%�N %,!�e pmI 1�� %F5�pm�	�jI
5Ob�%F5 *3À"K+K�385r]BeA7 9 � 9W3O#�À+K"K"%,5¼À"9�!B3PÀ"! 5Ob�1J%F50% 9W3 ��bB1&2 À"# �� D 2O1Rn�À"9�!M� 1�2O9�]&�B3PÀ"!:%,K"KA5Ob�1
*m9�2rK"e�il*3À$eA1h2O1Rn�À"9�!B3M%�2O1 %�K"3O9���]�243O] À+!Bnj3\À+5O1_3[%,!�eJ176���1R2¼À % 1&!W5r3M;u9�2[%��B2O1_#¨À$3\À"9�! 2r1R%�#S5O9�2
1�6���1&2 À % 1R!�5�]B3¼À+!�n�eA1S5r1R# 5r9�243/*3À+5Ob =�eA]B#�À"%�K)0�9�K"]&% 1R3J9,;q` 5r9d`,��5O9�![� ��1R0�1R2r%�KM!�1R%�2�i
5O1R20% !�1R* K"9�!�n�i|NB%�3�1RK}À"!�1v176���1R2¼À % 1&!W5r3 %,2r1 �BK"%�!�!�1Re *�b À"#4b *3À+K"Kh]B3O1V9;8�i�%<6�À$3jN�1R% %�3
À"!B#SK"]Be�À"!�n 5ObB1/% �&�B2O9F0�1Re���i�a}�/�jp \���2O1R0lÀ+9�]B3�K"7V#R%,K"K+1_eV��/g�^�5r9���]&��1&2Oi 	�\?-�-A� `J~�5r9�!�^
1�6���1&2 À % 1R!�5 %,!Be�5Ob�1 eA1R0�1&K"9��bÀ+!�n Ij]���fV9F8�il%F6�À"3�1�6���1R2¼À % 1&!W5�\?`,��~W5O9�! eA1S5r1R# 5r9�2 ^ �
g�9�K+K"9F*3À"!�n:5rb�1R3O1V176���1R2¼À % 1&!W5r3R'�5Ob�1 !�176�5 3�5r%�n�1 %sÀ"n�bW5 N�1 !�1R]A5O2 À+!B9 3O]&��1&2rN�1_% % 176Wi
��1&2 À % 1&!W543h*3À65rbV1R0�1&!VK+9�!�n�1R2hNB%�3O1&K©À+!B1R3)5ObB%,5 #S9�]BK"e ��9W3O3¼À"N�K+7�N�1j#S9,%�N À"!�1_ev*3À+5Ob K"%�2On�1
��2r9,5r9�!ZeA1R#R%Q7 eA1&5O1R#S5O9�2r3R�>g�9�]�2�3O]B#4b ��2r9,�81_# 5r3 ]B!BeA1&2V#S9�!�3\À$eA1&24%F5 À+9�! %�2O1,(>\ À ^�k�I/L
*3À+5Ob>%�!:�
1�� ]&��n�2r%�eA1�'�\ À©À$^	g�1&2'%¿À+K$%,N�*3À+5Ob�% ��2r9,5O9�!:eA2 À+0�1&2 ]&�Bn�24%�eA1�'�\ À©À©À$^	�,i�a}�/�jp
\ �BbB%�3O1�f�f�^S'�%,!�e \�À+0�^�%>pm�q�jI ��]&��1&24#S9�!BeA]B#S5¼À"!�n:a 2r9,5r9�! LMf8IJ�/p 176���1R2¼À % 1&!W5R�mg�]Ai
5O]B2O1�!�1R]A5O2 À"!�9 ;�%�#S5O9�2 À"1R3R'�]B3¼À+!�n:% %V]�9�!�3�5O9�2r%�n�1 2¼À"!�n�'�*3À+K"K �B2O9F0lÀ$eA1�5Ob�1v]BK65 À %�%F5r1�À"!
3O1&!B3¼À65 À+0lÀ+587>%,!�e���2r1R#�À"3¼À"9�!NÀ+! 9�3r#¨À"K"K"%,5¼À"9�!�% 1_%�3O]�2O1�% 1&!W5r3R�
fl5~À"3 #SK"1R%�2�5rbB%F5:eA1R0�1&K"9���% 1R!W5r3-À+!<5Ob�1�=B1&K$e�*3À"K"Kje�À"#S5r%,5O1db�9F* 5Ob�1 #S9,% %�]�! À+587

3Ob�9�]�K$e ��2r9�#&1&1_e�5rb�2r9�]�n�b 5rb�1R3O1:3�5O]Be�À"1R3R� �/3v3�5r%,5O1Re �B2O1R0gÀ"9�]�3�K"7�'[5Ob�1>3¼À54&1�9,; @;ALB�À"3
5ObB1 30%�%,K"K �B%,24% % 1&5O1&2J5Ob�%F5v3�1&5r3�5rb�1�3O#R%,K"1�;u9�2J;u]B2�5rb�1&2v3�5O]Be À+1_3 À+!Z%�5Ob�2r1&1 !�1&]�5O2 À+!�9
3r#S1&!�%,2 À+9�� fl5#À$3>%�K"3O9�#SK"1R%�2�5Ob�%F5:5rb�1 =B!�%,K/2r1R3O9�K"]A5 À+9�!z9�; 5Ob�1 L)�AI.U %,!B9�%�%,K"7<N�7
��À"! À$kq9�9WI/� #S9�]�K$e 3¼À"n�! À>=�#&%�!W5OK"7�%<8�1R#S5v5Ob�1�e�À+2r1R#S5¼À"9�! ;u9�2�!�1&* À"!W0�1R3�5¼À"n�%,5¼À"9�!B3R�:([9
N�2 À+!Bn 5ObbÀ"3-À+!�;u9�2'% %,5¼À"9�!�5r9�n�1S5ObB1&2sÀ+!z%�#S9�b�1&2r1&!W5�*�%Q7�'�*m1��B2O1_3�1R!�5 %�2r9�%�e�%�% �Z;u9�2
!�1R]A5O2 À+!B9:9�3r#¨À"K+K$%F5 À+9�!B3�*�b À$#4b�5O2 À"1R3�5r9 ��9SÀ+!W5�9�]A5j5rb�1�2r1&K$%F5 À+9�!B3�N�1S58*m1&1R! 5Ob�1v0F%�2¼À"9�]B3
% 1R%�3�]�2r1-% 1R!�543-(

� ��5r%,n�1��&( (�b�1�pq]�2r2O1R!W5�a	2O9�n�24% %

� (�b�1R2O1	%�2O1`À % ��2r9F0�1Re % 1_%�3O]�2O1�% 1&!W5r3}9�; �� D A D \|`Qi4�R�"^ ^�N�7 3�9�K"%�2M!�1&]�5O2 À+!�9%,!�e:5rb�1 	�% %�L[�JI�U 176���1R2¼À % 1&!W5r3R�
� Ij] ��f '}pmI 1���'}%,!Be�	v- 	U1�6���1R2¼À % 1&!W5r3�#4b�1_#4~:5ObB1 %,50% 9�30��b�1R2¼À$# 9�3r#¨À"K+K$%Fi5¼À"9�! ��bB1&!�9,% 1R!�9�K"9�n�7:%,!Be % 1R%�3�]�2r1 �� DD B 5r9 � �R� ^>�
� ��À"! À$kq9�9WI/� %�%,~�1R3M%je�1�=B! À+5¼À"0�1q#4b�1R#4~J9,;A5ObB1	L)�AI.U<178�1_# 5)%�!Be % 1R%�3�]�2r1R35ObB1v%�3r3�9A#¨À$%F5r1Re#�' D À+;)5rb�1�1�8�1R#S5»À"3j#&9�!0=�20% 1ReM�

� ��5r%,n�1 ��( ��1_%�3O]�2O1�% 1&!W5m9�2�5¼À"n�bW5/#S9�!B3�5O24%%À"!�5 e 3m9�!>5rb�1�@;ALB�%�!�n�K"1 D
��� 4�1 �'.;F]Z�B	=6570AB	.;=P.�O 5�I	I�024C1'DA1/1���G�1':AB	FH1'= 0ADTFP5'J]W;B U 1 0A4�1 �6:2D20TB	=�\CB �*570AB	.;=CDN.�O
FP5702021':N5�=C\KRTS

U@B	.;I570AB	.;=K1"! 1 � 0AD��

`



� (�b�1 I/]���f0*.� f8IVT � 9�!Ai�%<6�À$3 1�6���1R2¼À % 1&!W5 ��2r9�N�1R3�3¼À+! D[-<@;ACB , ��� ��c %F5��� ^�pmL �
� (�*m9,i�eA1S5r1R# 5r9�2_'qK"9�!Bn,ilNB%�3O1&K©À+!B1d2r1R%�# 5r9�2�1�6���1&2 À % 1R!�543 ��2r9�N�1 3\À"!ED[-F@;ALB ,��� ��� %F5/���"^�pmL	�
� (�b�1 Ij]���f:%�!Be ��ila}�J��p 9;8�i�%<6�À$3�1�6���1&2 À % 1&!W543:*3À+5Ob -��Fi8`,� ~W5O9�! eA1Si5O1_# 5r9�243-À"!�0�1_385 À+nW%F5O1�9 � \ 9;Z�5r2r%�!B3\À+5¼À"9�!�3�;u9�2�9�3r#¨À"K+K$%F5 À+9�!���2r9�N�%,N À"K}À+5¼À"1R3
n�2r1R%,5O1R2q5rbB%,! �_^>�

� ��5r%,n�1:-�( ��1_%�3O]�2O1�% 1&!W5r3 9�;q5rb�1:3\À"n�! 9,; �� DD B %,!�e�pma 0lÀ"9�K$%F5¼À"9�! ]B3¼À+!Bn 3O]Ai��1&2rN�1R% %�3j%�!Be�0�1&2r7�K$%,2rn�1�eA1S5r1R#S5O9�243 \?`����V5O9 �R�����V~W5O9�!�^
\?(�b À$33À"3�;u1R%�3¼À"N�K+1 À+;h3¼À"!ED[-<@ ACB ,z� � �B��%�!Be'À6;E�¸À$3�K$%,2rn�1�1&!�9�]�n�b[� ^
� ��1_%�3O]�2O1�% 1&!W5r3J9,; 9 � \�9FZv%,5�3O1&0�1R2r%�K)N�%�3O1&K©À+!�1_3/!B1&1Re 5O9dN�1 #S9,%�N À"!�1_e
*3À+5Ob 1�À+5Ob�1R2 ��2O1_#¨À$3\À"9�!d2r1R%�#S5O9�2"% 1R%�3�]B2O1�% 1R!W5r3m9,; 9FZO\ 9FZ/9�2�*3À65rb X9 � \
X9FZ

� f�!B#&2O1_%�3O1Re:!B1&]A5r2¼À"!�9 N�1_% %s2r%,5O1R3�%�2O1�!�1R1ReA1_e}'�1R30��1R#¨À$%,K"K"7�;u9�2�5rb�1KX9 � 2r]�!Ai! À"!�nB'A*�bbÀ"#4b %�%,~�1�bbÀ+n�b'À"!W5O1&!�3\À+587���2r9,5r9�! 3�9�]�24#S1R3m!�1_#S1_3O3r%,2r7��
� ��5r%,n�1�C&( ��1_%�3O]�2O1�% 1&!W5r3m*3À+5Ob�% Ij1&]�5O2 À+!�9:g�%�#S5O9�2r7

� Ij1R* ;�%�#¨À"K©À65 À+1_3
��2r9�N�1�% %¿À?6 9,;�� ���9 ��� Z \�� ���9 Z � � 5r2r%�!B3\À+5¼À"9�!�3�*3À65rb�3O1&!B3¼À6i
5¼À"0lÀ65 À+1_3�N�1&K"9F* 5ObB1v��� ������K"1&0�1RK

� (�b�1R7:%,K$3�9 %�%��>9�]�5jpma<0gÀ"9�K$%F5 À+9�!:*3À+5Ob��B2O1_#¨À$3\À"9�!�;u9�2m3¼À"!ED[-<@;ACB ,z� � �������
� )B9F* #4b�%,2O5�*3À+5Obd5rb�1R3O1�À"e�1R%�3¹À$3�3Ob�9F*�!'À"!�gLÀ+n�]�2O1v-��

�� � +-(�!3��!(��� ��!31 � &0�%� � � � )�3�3C1 &0)C� R ! NO��!3� )CPQ!SRI&��	��& )*R�


�j!�7�9W3O#�À+K"K"%,5¼À"9�! 178�1_# 5 À+!�X9FZv3O]�2r0lÀ+0F%,KLÀ$3Jn�9F0�1R2O!�1_e}'�%�3O3O]&%¿À"!�n>5rb�2r1&1 )�%Q0�9�2 %¿À?6�À"!�nB'
N�7�5ObB1�1RwW]B%F5 À+9�!
� \�X9FZO\ X9FZS^ �� � � 3\À"!�D)-F@FACB}3¼À+!ED�\ �� D ������P�� ^ � #S9�3��3@;ALB[3\À"!ED[-F@FA D 3¼À+! D�\

�� D A D P�� ^ �
\?-�^

(�b À$3�1RwW]B%,5¼À"9�!NÀ"3��BK+9�5�5O1_e#À"!�gLÀ+n�]�2O1�C %�3�%V;u]�!�# 5¼À"9�! 9�;hL��F� *3À65rb�5rb�1v#S]B2O2r1&!W5�N�1_385
0F%,K"]�1R3	;u9�2q5ObB1 �� D 3m%,!Be�%¿À?6�À"!�nV%�!�n�K"1R3�\�3¼À+! D�\?-F@;ALBQ^jÀ$3m3�1&5q5r9�5rb�1 %�%F6lÀ %�]�%�0F%�K+]�1
%,K"K"9F*q1_e N�7�#S]B2O2r1&!W5�K©À %¿À+5r34^ �bTJ!�1�#R%,!�#&K+1_%,2rK+7Z3�1R1:5rb�1:58*m9�9W3O#�À+K"K"%,5¼À"9�!B3vn�9F0�1R2O!B1Re
N�7:5rb�1�58*m9 �' D 3R��� 6���1R2¼À % 1&!W5r%�K+K"7�'�% �8]Be�À$#¨À"9�]B3/#4b�9�À$#S1�9�;�L��F� 3Ob�9�]�K$e N�1�%,N�K"1 5O9
e�À$385 À+!Bn�] À$3�bZ9�!�1 1�8�1R# 5�;u2O9,% 5Ob�1�9�5Ob�1R2R��(�b�1 	�% %�L[�JI�U�176���1R2¼À % 1&!W5�À"3 5rb�1c=B24385
2r1R%�#S5O9�2 1�6���1&2 À % 1&!W5q5O9V3O1&1J9�3r#¨À"K+K$%F5 À+9�!�1�8�1R#S5r3R'WN�7 % 1R%�3�]�2 À"!�n�% P �"^Ue�À$3O%��&��1_%,24%,!B#&1
9,;�X9;ZQ� 1.À"0�1R!�5Ob�%F5/5rb�1 %Q0�1&24%,n�1�NB%�3O1&K©À"!�1�;u9�2 	�% %�L)�/I�U À$3��_x���~/% '�5Ob�1 eA1&5O1R#S5O1_e
eA17=�#¨À+5»À"3 �B2O1_3�]&%�%�N�K+7�%�3r3�9A#¨À$%F5r1Re>*3À65rb�5rb�1 5ObbÀ+24eZ\ �� D A D ^q5O1&2'% À"!��	wW]B%F5 À+9�! \|-�^S�(�b�1 #S]�2r2O1R!W5/N�1_385 K©À %¿À+5�9�! @ ALB #S9�% 1_3j;u2r9�% %:K$%�#4~d9,;q9�NB3O1&2r0�1_e�9W3O#�À+K"K$%F5¼À"9�!�3/%F5
p�VT�T�W>%,!�e a�%�K+9  �1R2reA1v\?3\À"!ED�-<@ ALB � ��� -,�J;u9�2��' D ����� � -�� �7���R� � B 1$ D ^S��(�b�1_3�1
1�6���1&2 À % 1R!�543�*q1R2O1�%,5�% N�%�3O1&K©À+!�1�e�À$3�5r%,!�#S1 9,;�%,N�9�]A5���~/%s%�!Be>5Ob�]B3�% 9�2r1�3�1R!B3¼À65 À+0�1
5O9 5rb�1�3�1_#S9�!�e \ �' D ����� ^�5O1R20% 9�; �qwW]B%F5 À+9�! \?-�^ � (�b�9W3�1d1�6���1&2 À % 1&!W543�#S9�]BK"e !�9,5

c



bB%Q0�1>bB%�e<n�2O1_%F5OK"7«À % �B2O9F0�1Re�3O1&!B3¼À+5¼À"0gÀ+587�5r9 @;ACBdN�1_#&%,]�3�1 9,;J]�!B#S1R2�54%%À"!W5¼À"1R3 2r1&K$%F5O1_e
5O9 ~�!�9F*�K"1ReAn�1J9�;[5rb�1 )B]06d9,;)!B1&]A5r2¼À"!�9�3m;u2r9�%�5Ob�1�2r1R%�# 5O9�2r3R�h(�b�1&7:*m1&2r1 eA1R3¼À+n�!�1Re>5O9
5O1_385�*�b�1&5Ob�1R2�5Ob�1�%F5'% 9�30��b�1&2 À$# !�1R]A5O2 À+!B9 %�!�9�%�%�K+7 %¿À+n�bW5�bB%Q0�1qN�1&1R! e�]�1	5r9:9�� \ 9 Z
9�3r#¨À"K"K"%,5¼À"9�!B3R'A%,!Be�b�1&!�#S1�*m1&2r1 3O1R%�2r#4bbÀ+!�nV;u9�2�K$%,2rn�1�9�3r#¨À"K"K"%,5¼À"9�!>178�1_# 543&�
�lÀ"!B#S1 5rb�1�1�8�1R#S5¼À"0�1�e�À$3O%��&��1_%,24%,!B#&1J*3À"K"KMN�1�0�1&2r7:3 %�%�K+K \?3�1R1vg�À"n�]B2O1�C�^S'�%,!�7:!�1R*

1�6���1&2 À % 1R!�5�*�b À$#4b+À$3�e�1R3¼À+n�!�1Re 5r9�K"9�9�~d;u9�2�!�9�!AiJ4R1&2r9:0F%,K"]�1R3J9,;I@ ACB *q9�]�K"e !�1&1_e�5O9
% 9F0�1�N�1&7�9�!BeZ5rb�1��B2O1R0gÀ"9�]�3v3�7A3�5O1�% %,5¼À$#:K©À %¿À+5r%,5¼À"9�!B3R��(�b À$3�#&9�]�K$e�N�1�%�#4bbÀ+1R0�1Re N�7
]A5 À+K©À>4WÀ+!Bn 5Ob�1 ;u9�K+K"9F*3À+!Bn ��2r9���1&2O5¼À"1R3�(

� 58*m9 9�2�% 9�2r1�eA1S5r1R#S5O9�243q5O9�2r1ReA]�#S1 ]�!B#&1&2O5r%%À"!W5¼À"1R3m5r9V5rb�1�2r1R%�#S5O9�2")�]06
� À$eA1R!�5 À"#R%,K�eA1&5O1R#S5O9�2r3/5O9d2O1_eA]B#&1V3O7�3�5O1�%�%F5¼À$#v1R2O2r9�243j2r1&K$%F5r1Re 5r9de�1S5O1_# 5r9�2 %�#&#&1-�Ai
54%,!B#&1

� #R%,2r1S;u]�K"K"7>#S9�!�5r2O9�K+K"1Re�1&!B1&2rn�7:#&%�K}À"N�24%F5 À+9�!
� K"9F*�N�%�#4~�n�2r9�]�!�e�3�%,!Be *F9�2�2r1R%�#S5O9�2�il9F8�e�%F54%

Ij9�5O1 5rbB%F5 pma 0lÀ"9�K$%F5¼À"9�!ZeA9�1R3v!�9,5�%F8�1_# 5�%�e�À$3O%��&��1R%,24%,!�#S1 1�6���1R2¼À % 1&!W5R'h%,!�e�5rbB%F5
5ObB1J3Ob�9�2O5 NB%�3O1&K©À"!�1/e�À$3854%,!B#&1R3CÀ+!�0�9�K+0�1ResÀ"!>%�2r1R%�#S5O9�2 % 1R%�3O]�2r1-% 1&!W5	9�;}9�3r#¨À"K+K$%F5 À+9�!B3 %F5
5ObB1v%F50% 9W3 ��bB1&2 À"# �� D %�K+K"9F*�]B3m5r9:3O%,;u1&K"7�À"n�!�9�2O1 %�%F5�5r1&2�178�1_# 5r3R�
� !�1�6�5jn�1&!�1R2r%,5¼À"9�!d2O1_%�# 5r9�2�9�3r#¨À"K"K"%,5¼À"9�!>176���1R2¼À % 1&!W5j*q9�]�K$e�]�3�1�%F5jK"1R%�385�58*m9�eA1Si

5O1_# 5r9�243 ��K$%�#&1Re %,5�0F%�2¼À"9�]B3�e�À$3854%,!B#&1R3/;u2O9,% %:b À"n�b ��9F*m1&2�2r1R%�#S5O9�2V\�gLÀ"n�]�2r1 P ^ �v(�b�1
2r1R%�#S5O9�2 ��2r9F0lÀ"eA1_3)%Jb À"n�b-À+!W5O1R!B3¼À6587�'%À"3O9,5r2O9,� À$#	3O9�]�24#S1q9,;B!�1R]A5O2 À"!�9�3�*3À+5Ob %j*m1&K"K6il~�!�9F*�!
30��1_# 5O2r]&% %�3�3�bB9F*�!+À"!ZgLÀ"n�]�2r1�`A� (�b�1�!�1&]�5O2 À+!�9�#&2O9W3O3�3�1_# 5 À+9�!�;u9�2 5Ob À$3 ��2r9�#&1R3r3.À"3
*m1&K"K[~�!�9F*�!�%�3je�1R3r#S2 À+N�1Re�À"! ��1S;u1R2O1R!B#S1 �6�_� �|���/!�5 À+!B1&]A5r2¼À"!�9�3J%,2r1veA1S5r1R#S5O1Re�5Ob�2r9�]�n�b
5ObB1�À+!�0�1R2r3O1Si�� e�1R#&%Q7 �B2O9A#S1_3O3m;u9�K+K"9F*m1Re:N�7�!�1&]A5r2O9�!d#R% �A5r]�2r1��

X9FZ ����\�� � ��� �

(�b�1 eA1S5r1R# 5r9�2 *m9�]�K$e�% 9�3�5JK©À+~�1&K"7 N�1 #S9,% ��9�3O1Re 9,;q%>0Q%,5�9�;q3r#¨À"!�5 À+K"K$%F5O9�2/9SÀ+Kh0lÀ+1R*q1_e
;u2r9�% À+5r3 3�]B2�;�%�#S1�N�7 %�! %,2r24%Q7�9�; ��b�9�5O9�%V]�K+5¼À ��K}À"1&243R�vf�!�9�2reA1R2/5r9�2r1Re�]B#S1V5Ob�1 NB%�#4~�i
n�2r9�]B!Be�;u2r9�% #&9�30%¿À"#Si|24%Q7�3 �B%�K+K$%F5 À+9�!M'�5ObB1:eA1S5r1R# 5r9�243 *3À+K"K�!�1R1Re�5O9�N�1 ]B!BeA1&2rn�2r9�]B!Be
*3À+5Ob %,5VK"1R%�385 C���� %�*m1:9,;J3Ob À"1&K$e�À"!�nB� �seA1&5O1_# 5O1_e�1R0�1&!W5 *q9�]�K"e<#S9�2r2r1R30��9�!Be 5O9 %
#S9SÀ+!�#¨À$eA1&!B#&1:3\À"n�!�%,K 9�;�%�!�1&K"1R# 5r2O9�!�%,!BeZ#&%��A5O]B2O1�!�1R]A5O2r9�![�d(�b�1~À"!B#�À"eA1R!W5�!�1&]�5O2 À+!�9
1&!B1&2rn�7¿À"3�e À+2r1R#S5OK"7�2O1RK"%,5O1Re:5O9V5Ob�1 % 1R%�3�]B2O1_e:1&!B1&2rn�7 9,;)5Ob�1 9�]�5On�9SÀ+!Bn�1&K"1R#S5O2r9�!M��(�b�1
3O1R%,24#4bZ;u9�2V9�3r#¨À"K+K$%F5 À+9�!B3v*m9�]BK"eZ5rb�1&!°À+!�0�9�K"0�1>#&9�% �B%,2 À"!�n�5ObB1>!�1R]A5O2 À+!B9�24%F5O1'À+!<5Ob�1
58*m9 e�1S5O1_# 5r9�243m%�!BedK+9�9�~gÀ"!�nV;u9�2j% !�9�!Ai4� �	� D eA1���1R!BeA1&!�#S1��
�/3 3�5r%,5O1_e %�N�9F0�1�'F@;ACB¹À"3	% ~�1&7 �B%,24% % 1S5r1&2PÀ"!:eA1&0�1&K"9�� À"!�n�5Ob�1�;u]�5O]�2r1�!�1&]�5O2 À+!�9�9W38i

#¨À"K"K"%,5¼À"9�! ��2r9�n�2r%�% �M��1R%�# 5O9�2)176���1R2¼À % 1&!W5r3)9F8�1&2�%/3�5O24%%À"n�bW5�;u9�2O*�%,24e %,!Bev#&9�3�5)178�1_# 5¼À"0�1
% 1S5rb�9Ae>5r9 % 1_%�3O]�2r1�9�2�#S9�!�385r2r%�À+!�5Ob�1 0F%,K"]�1�9�;[5ObbÀ"3���%,24% % 1S5r1&2_��(�b�1v3O1&!�3\À+5¼À"0lÀ6587:9�;
%�58*q9 eA1S5r1R# 5r9�2�1�6���1&2 À % 1R!�53À$3�#S9�% �B%�2r%�N�K"1j5O9V5Ob�%F5�9,;M5rb�1 ��2r9���9�3O1Re�À"! À+5¼À$%,K�9F8�i�%<6�À"3
K"9�!�n�i|NB%�3�1RK}À"!�1 1�6���1&2 À % 1R!�5_���lÀ"!B#S1>% 2O1_%�# 5r9�2�176/��1&2 À % 1R!W5�*q9�]�K$eZN�1 %V]B#4b�30% %�K+K"1&2
%,!�e<]B3O1 %,!z1�6�À"3�5¼À"!�nZ2r1R%�#S5O9�2V!�1R]A5O2 À"!�9 3O9�]B2r#&1�*3À+5Ob % *q1RK+K�]�!�eA1&24385r9�9�e<!�1&]�5O2 À+!�9
24%F5O1�'[5rb�1:176/��1&2 À % 1R!W5V3�bB9�]�K$e N�1d%,N�K"1 5O9 N�1�e�9�!�1 ;�%�À+2rK+7ZwW] À$#4~WK"7 %�!Be�%F5v2r1Re�]B#S1_e
#S9W38543&� fl5~À"3 K©À+~�1&K"7�5ObB%,5:%,!<1_%,2rK+7 % 1_%�3O]�2O1�% 1&!W5 9�;.@ ACB *3À"K"K�N�1 !�1_#S1R3r3r%,2r7 N�1S;u9�2O1
5ObB1 #&9�% %�]�!bÀ6587�À"!�0�1R3�5r3�%�K"%�2On�1V% % 9�]�!W5J9,;q2O1_3�9�]�2r#&1R3j;u9�2�%:;u]BK+Kh9F8�i�%<6�À"3 % 1R%�3�]�2r1Si
% 1&!W5R�hg�9�2[5rb�1mK+9�!�n�1R2M5O1R20% ',%J2O1_%�#S5O9�2)1�6���1&2 À % 1&!W5�*q9�]�K"evN�1�#S9,% ��K+1�% 1&!W5r%�2O7J5O9J5Ob�1

o



9F8�i�%<6�À"3 176���1R2¼À % 1&!W5r3¸À+!�3O1-�B%�2r%,5¼À"!�nd5Ob�1�% 1_%�3O]�2r1-% 1&!W5v9,;O@;ACB ;u2O9,% 9�5Ob�1R2 ��b�7A3\À$#&3
�B%�2r%�% 1&5O1R2r3)%�3r3�9A#¨À$%F5r1Re�*3À+5Ob %�%F5O5O1&2h178�1_# 5r3h%�!Be pma 0lÀ+9�K"%,5¼À"9�!M����;u9�K+K"9F*�i|]���2r1R%�#S5O9�2
1�6���1&2 À % 1R!�5J*3À65rb %�]B#4b�K"%�2On�1&2/eA1&5O1_# 5O9�2r3/%F5J0F%�2¼À"9�]B3jNB%�3O1&K©À+!B1R3j*3À"K"K�#&9�!W5¼À"!�]�1�5O9�N�1
%,!NÀ % ��9�2O5r%�!W5�#&9�% ��9�!�1R!�5j9�;[5rb�1�!�1&]�5O2 À+!�9�9W3O#�À+K"K$%F5¼À"9�! ��2r9�n�24% % �

x



d LSND(Dm2
12)~ 5-10%

(Dm2
23)~10%d

Dm2 dCP
Mmaj

yes/no

Precision Limit Unknown

Limit/Discovery

d

Unknown

Limit/Discovery

– Map out CP violation with precision for sin22q13> 0.01

– Probe nm®ne transitions down to sin22q13> 0.001

Limit/Precision

Is sin22q13> 0.01 ?

Current Stage

Next Generation

Superbeams

Neutrino Factory

à Accelerator:

sin22q13> 0.06 @ 90%CL (NuMI/MINOS)

sin22q13> 0.01 @ 3s level (NuMI/JHF)

à 0ubb:

Maj mass , sign of Dm2
23 (Double-Beta Expts)

à Reactor Neutrino:

Two-detector reactor expt sin22q13> 0.01

à Solar Neutrino:

d(q12)=5%

d(sin 2
2

q ) ~11%12
sin 2

2
q <0.1613

sin 2
2

q >0.8523

no/yes

Re-evaluate Everything

MiniBoone
confirms LSND?

sign of mD
2

23

- Limit/Discovery of with Super Beamsd

- Sign of mD
2
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JHF-SK

Σnorm =1.7%
Σcal =1.1%

Σnorm =0.8%
Σcal =0.5%

Σnorm =0%
Σcal =0%

Chooz Reactor-I Reactor-II

Σnorm =¥
Σcal =¥

Lfar =3 km
Dm31

2 =2.0×10-3 eV2
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Target mass,        5                   5 & 30                  4x30
ton

0             50                    300           1700
Distance from the reactor, m

1700 m:  4 detectors, total target mass ~120 t  
300  m:   1 det. 30 t target  + 1 small det. of 5 t targets
50  m:   1 small detector 5 t target mass

Reactor 3.2 GW

m.w.e.      25         ~150                >400
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Site Investigation of Alignment(s)

Rock Mass Characerization

Excavation Methods & Means

Structural Design

Design & Safety Criteria

Criteria
   Met

  Review
Criteria
Not Met

Experience 
Estimation
   Bypass

Contract Documents Including Risk Allocation

 Stability   Observe  Instability

Construction and Monitoring 
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Contract Type

 Hybird
Design &
   Build

  Genaral
Contractor

Owner Contractor

Selection of Methods & Means

Tunnel Design

Requirements

Construction

Responsible Party
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