
�����������	�	
���������������������	����������������	���������
������
�����
���� 
�����
!#"%$'&)(�*+*�,-$'&)./!#"%0�1'(�2 3426587�9�*�3%&-265�:�;<1=,-*)5?>4@4@4A�BDC'CE�GFIH�JK9�*�,�1�34*�,ILM(=NIO8$=PRQTS'U<V%WYX[Z�\ Q<] ^`_)ab,)*+NIO["%$b7	c�d%dec<f?d%g+fbh%g�ijc=58d4cTk

lnmpo qsrut v wyx�z|{}x�~�� ��~�� ���b�
��z}x�� ~�rp�E� �y�
�E�E��o��E��mpz�z������p~��Mo�� wym����bz|{�o��po����E�
��x�o�o �E�p��o�x�x�o��y��o

���  ¢¡�£�¤�¥�¦%§©¨/ªK«�¬�%£�®�£E%£E¯�°6¨D±D²´³b²8³¶µ�·�¸�§©®�£�¨�¹»º�¥�¼½° ¾©¿?µ	£�¤�¥
À £E¦Y£��6¥|Á| '°  D¦D±
Â½Ã©Ä+Å-ÆDÇ�ÈÊÉ-Å-Æ?ÄÌË�Ç?ÈÊÍ=Ä-Î-É<ÈÊÏ¢ÐÑ Ï�Ò�ÐÓ Ç�Å-ÆbÄ-Ç�Ô�Õ�Ä)ÆDÎ)É<Ï Ó ÆDÖ¢×�ÐÓ ÎKØ`Ä+Å-ÆDÇ©Ä-Î)ÏÙÄ+Å-ÆDÇ�ÈÛÚ Ó ÇEÜ�Ø`Ä+Å-ÆDÇ©Ä-ÎIÝ=Î6Þ Ñ Ç�ÈÊÉ Ñ Ï È6ÝYÇ¢ß?àjá¢â%Ô
ã Ý�Ö Ï[äjå Ñ Ç�Ç�É<Ï Îeæ	ç/èêé�ëDìbí)î?ë�ï Ñ Î+Å-ÆDÈÊÇDÞ�ð%æ�Ò�ÐÓ Ç�Å-Æ?Ä-Ç?Ô�ï�Ä-Î-å Ñ Ç�ñ
ò�Ø ÓYó Î<Ä+Å-ÆDÏ6é ô Ñ Î-Ö É-é%Ë#Ç�ÈÊÍ=Ä-Î)É<ÈÊÏ¢ÐÑ Ï�õêÄ-È6ÜDÄjÖ´ð)Ä-Î Þ=Ô	à<Ç?É)Ï ÈÛÏ Ó ÏE×�ÐÓ ÎRà<Ç4×eÝYÎ-å Ñ Ï ÈÛÚ%Ô�à<åuö÷Ä Ó Ä-ÇbÆ?Ä-ÈÊå�Ä-Î�ø�ÄjÖ´Ü½ç4î?ë�Ô
èêéTù�úDáYû'â/õêÄ-È6ÜDÄjÖ´ð)Ä-Î6Þ=Ô»ï»Ä-Î)å Ñ Ç?ñ

ü#ý�þÿþ������
���
	�������
������	�������������� �
��!#"��%$&��'(�(��)
!#"��(��*+��-,.!/�����01���324��5"60#"6�
�7��)��
8
���8
01��9!#�
�()�0/*+��8�01��	
�����*��
"60�2:0<;
*�0/� 8=�(�=!#�
�>2<*�?
"624)@2A��"6B�� �6"6�
�3��8C��5"�!/��5"��(�D"60<*>�E�32<�@)
!�*+!#"����
*��6�F�D��?�!/��+24���F�
"6�3!/� ��0#"�'(�G!/*+0#B-HJIK��"�0L��*+�-��M8
� 0#��5"�;-� 0N!#�
����'(�(�6)�!#"��(�9�+	O!/�
� � ? þ�P ��������*�2Q	R*�2:"6���1ST��"��E�
�����'�"68
� 0<�
��'(� �U*����+��5"�!#�@2:"��.*�0<SO� �6�U*�0<!����5����"���*��V0/���6)
!#"�����0G	R�+�!#�
�>2<*�?
"624)@2W�6"�B�����"6�
�3��8�X
;�*�0/� 8Y"��
	R���� �����Z��	���)
���[�@�3��������� �
��!#"6�\!/���� 0�H � �F����5"�!#�@2<"6�]���
!#"^2:"�_�*+!#"�����0%*+��8Y*`�
��S
!/�����;@)�"��68�"6�
�7*������+E"F!#�@2a��"�� �68[E)
�Z!#"62<�C"^24�����'(��2<� �3!#0b��	�*c	R*+��!/��Cdfe%���32<��*����8[!/�
	R*+0/!#gLh � 2:�i*��
8j��*��*��6��� �L	�*�0/!/gLh � 2:�i5��!#)�E�
"6�
�c� k�)�*��6���c�+����87!�5��� 0l*�!l!/�
�=0/*(24�9!#"^24�3H
mn*+5"��()
01��*��*��6��� �RoN8�"60/!/5"�;�)
!/� 8poq*+��8\��5"68�Xr;�*+0/� 8]"^24�@����2<� ��!�*+!#"�����0s��	 � ? þ�P ���� '
"�8
��!#���
��������*(2`!#�
�L��*+�
*+;@"6��"�!t��!��<*+�uk�)
"���L!#�
�L��*+�����*(2<��)���!U��	v5� k�)�"��� 8w���32<�@)�!/*+!#"F�(�
*��p5� 0/�()�E�E��0
	R�+x!/�
�4"6�
	�� �� �����q�+	y��)
���M��"F�(�bk�)�*��6"�!z�{!/�� � 0�H

|�}�~G�O���(�����]�-�������E���/�����������r���/�/�/���i��� ���K�+���������/�������������+���5�z�5�������@�E�+�L����� �r����¡+� ���#�������T�+� �����+�

¢/£@¤#¥R¥&¦�§&¨�¤#©uª�¦z©�«z¦T¬R¤u@®(¦�« ¯u©u°±§R« ¯u¦x²p©�° ³�¦z¥R§&° ¬z´µ ¬O¶M´· ©u« ¯�¦z© ²@¸ ¦�¯u¥&§�¬ · ¯u¹vº ´· ¥O»¼¦�« ¯u©�¦z¥�¬&¦�« ¯�©u°±½ · ©�ª:»-¦�« ¯u©u¦�¥&¤#¥R¾ µ ©u°±§ µ�¿¬&°±¤#©�À�Á ±zÂ�² Ã ¤#¹ ¬&Ä�Å µ ©u©u§�¬&¥zÆ�Ç�È ¿ÊÉ#Ë�Ì�Í�ÉnÎÏµ ¥&«&¯u°±©u¾�Ð+Æ�¶M´· ©u« ¯u¦�© ² Î ¦z¥RÅ µ ©5Ñ
¢tÒ ¿ Å µ °±¹65§R¬ µ Å µ ¬ µ ½uÓv«�§tÆ ¬ · ÅVÆ ¦�ª ·
£�¤#©5¬R¥ µ «r¬ À�¾#¥ µ ©�¬¼§&¨�¤#©u§&¤#¥z5®¼¯�°±§
Ô@¤#¥&½�°±§�§&¨�¤#©u§R¤#¥&¦�ª · ©uªu¦�¥�¬R¯u¦v¨�¥&¤/Õ�¦�«�¬�ÁÊÈ{Ö¼×�Ø/Ù�× Ú(Û ² Ô¼° ¬&¯�°±©U¬R¯u¦¼º�¥ µ Ån¦�Ô�¤#¥&½Ü¤/º+¬R¯u¦Ý £�¤#Ån¨ ¦r¬R¦�©u«�¦vÞ¼¦�¬^Ô�¤#¥&½ßº�¤#¥�®(¦�« ¯u©u°±« µ ¹ ²Eà «�°±¦�©5¬R° á�«pâp°±¾#¯�ã�¦�¥�º�¤#¥RÅ µ ©u«�¦¼£@¤#Ån¨ · ¬&°±©�¾Ï°±© Ã µ ³ µ ¥&° µ/ä 5åÏ¤#Ån¨�¦r¬R¦z©�Äz©�¦�¬RÄrÔ@¦�¥&½º ´· ¥�®(¦�« ¯u©�°±§&« ¯ ¿�æ °±§R§&¦�©u§&«&¯ µ ºF¬R¹±°±« ¯u¦�§Uâ¼¤E« ¯ ¿ · ©uªqâß´¤#« ¯u§�¬&¹±¦�°±§R¬ · ©u¾#§R¥&¦�« ¯u©�¦z©4°±© Ã µ Ñ�¦z¥R©:ç�åÏèÏÞ æ ÁÊâv»pé Æ
åvèÏÞ æ ÁÊâv»>°±§
º · ©uªu¦�ªGÐ�Ñ:Ån¦ µ ©u§O¤/º Ý âp°±¾#¯ ¿ ®(¦�« ¯ ¿ èpê ¦z©�§&° ³�¦ Ã µ Ñ�¦�¥&© ä Æ-ëv¹±¹vÅ µ ÕR¤#¥U¨ µ ¥ µ ¹±¹±¦z¹p¬&¦�§R¬R§ì¯ µ ³�¦xÐ ¦�¦�©G« µ ¥&¥R°±¦�ª:¤ · ¬K¤#©:¬R¯u¦
â Ò °±ªu¦�¹±Ð ¦�¥R¾ ¸ Á^© ·�í £@¹ · §R¬R¦z¥ à ÑE§R¬R¦�ÅDç�â Ò ¸ Á�£ à érÆ

Ø`Ä+Å-Ä-ÈÛÍ=Ä<Ü�ç'áTî Ñ Ç Ó?Ñ Î)ñ�ûbâ¢â¢â
ï ��������������� �ðfñ5ò�ò�óTô ���+��õb�����t�Nöø÷����+�/ù+ú��z�3û Ø�Ä-Í4ÈÊÉjÄ+Ü á=úiü�Ä ó ÏÙÄ-å/ð)Ä-Î÷ûbâ¢âYû



� ��¢�����Y�����#��������
	����������������	'��������¢��
�� 
��

����������� �"!$#�%&�'�(�"�
)+*-,/.0�.(*2143
.5�,7681/9�.(,/.:9;5
64<�.=.(*-5
*-526>1@?
*�AB6/9�AC*;DE520=0�F;G�F�HB5I1@AC?2*�?�JKD
.(*�.�1@AL0&AC*�JM?
,@GN5�1/AL?
*OJM?
,4G 5�*P3
Q ACRS.=,@.=*T1U?
,@D25�*;AL6/G 6=VTWX9�AL6XAL*YJM?2,/G 5I1@AC?2*$0(5�*Z<�.4F;6/. Q 1/?:AC*YJM.(,U.=[2?
HLFY1/AL?
*;5
,/3N,@.=HB5I1@AC?2*;6\9;AC];6_^�0(5�HLHC. Q 5
`;aPbIcCd@e2f=g�f=hji�k_hml/f7f ?2, `�aYbIcCd/eTf=g;bTn 5�GN?
*;D4540=?
HLHC.0o1/AL?
*:?�JS6\]�.(0=AC.6�?
,p.([
.=*N0�HL?26/.=HL3',@.=HB5I1@. Q 6\F�<q6\]�.(0=AC.6=V
WX9�.(,/.&5�,@.'5N[r5
,/AL.�1>3E?�J�1@.(079�*�ABsTF�.(6t1/9;5�185�,@.uF;6/. Q 1@?Z0�?2G:];FY1/.u1@9�.(6/.�,@.=HB5I1@AC?2*;6/9�AC]q6=v�AL*;0=HCF Q AC*�D"1/9�.
F;6/.N?�J�G 5�wPALG�F;GxHCALy
.(HCAL9�?P? Q V�z{,/.0�.=*T1u,@.(6/F�H|14<P3�}4?
,@<�.=, f�h8~�cC� 1/9;5�1_1@ACGN.6_1/9�.N.=[2?
HLFY1/AL?
*O?�J�1/9�.
��)+�t�7�'[PAC,@F;6�� �r� Q .=GN?2*;6>1@,@5�1/.6X1/9;5�1�G 5IwYALG�F�G�HCALy
.(HCAL9�?P? Q 1/.079�*�ABs2F;.(6�0(5�*�<�.�.=R�.0o1/AL[
.�AC*�6/?
HL[PAC*�D
<�AL?
HL?
D2AL0(5�HS]�,@?
<�HL.=G 6(V
��5IwYALG�F�G�HCALy
.(HCAL9�?P? Q 5
]�]�,@?252079�.(6�6>175�,/1��UA|1@9�5{0=?
HLHC.0o1@AC?2*�?
JO175Iw�5�5�* Q 5�^M<�AL*;5
,/3 n 1/,@.=.

,@.=]�,@.(6/.=*T1@AC*�DO]q?T6/6/AL<�HC.$,/.(HL5�1/AL?
*;6/9�AL];6(V���5
079�175Iw�5�AB6:,/.(]�,@.(6/.=*T1/. Q <T3�5O*PF;0�HL.=?
1/A Q .E?
,N5�GNAC*;?-520�A Q
6/.(sTF�.(*;0�. Q .=*;?�1/. Q <P3Z079;5
,@520o1@.=,76=VTWX9�._6/.(sTF�.(*;0�.6�JM,/?2G�1/9�.4AL* Q AL[TA Q F;5
HS1@5�wY5&5�,@._5
HCALD
*;. Q 5
* Q 1@9�.=*
?2*�5�0=?
HLF�GN*Y��<T3T�+0�?2HCF�GN*�<;526\AB6uF�* Q .=,�0=.=,/1@5�AL*�.=[2?
HLFY1/AL?
*;5
,/3O5
6@6\F�GN]Y1@AC?2*;6_1/9;."HCALy
.(HCAL9�?P? Q ?�JX.(52079
0=?
HLF�GN*uAL6�0�?
GN]�F�1/. Q VWX9�.�?I[
.=,75�HLHIHLACy2.=HLAC9�?P? Q AB6�5XJMF�*q0o1/AL?
*�?�J�5�HLH�1@9�.�0�?2HCF;G:*uHLALy
.=HLAL9�?P? Q 6=VW�3P]�AB0=5
HCHL3
v
G 5IwYALG�F�G�HCALy
.(HCAL9�?P? Q ]�,@?
D2,@5
GN6�D
.(*�.=,75I1@._5&[I5�,@AC.=1>3 ?�J�1/,@.=.(6K1@? Q .�1@.=,@G:AL*�._1/9;._GN?T6>1UHLACy2.=HL3N1/,@.=.u5
6
�K.=HLH�5
6_?�1@9�.=,uD2?P? Q 1/,@.=.6_1/9;5�1u5
,/.:*�?
1u6\1@5�1/AB6>1@AL0(5�HLHC3�6/ALD
*�AC�q0=5
*T1/HL3 Q ACR�.(,/.(*214JM,@?
G�1@9�.NGN?26\14HLALy
.=HL3
1@,/.(.
V��K.0=5�Fq6\. ?
J�0�?
GN]�F�1@5I1@AC?2*;5�H�,/.s2F;AC,@.=GN.=*T176u?�JtHLACy2.=HLAC9;?T? Q 5
*;5�HL3Y6\AB6'5�* Q 1/9�."HB5�,@D
. *PF�G&<q.(,�?
J
]�?26@6\AL<�HL.�1/,@.=.6=v�,@.=HB5I1@AC[2.=HL3�JM.=��1/,@.=.6"5�,@.�.=[2.=,"0�?2*;6/A Q .(,/. Q <T3�G 5IwYACG&F�G HLALy
.=HLAL9�?P? Q 5
]�]�,@?25
079;.(6(v
.6\]�.(0=AL5
HCHL3 JM?
,UHB5�,@D
._*PF�G�<�.=,76X?�J�1@5�w�5�V
¡ ?
GN.$.(5�,@HLAC.(,��K?
,@y�AL*�1/9;AL6:5�,@.(5�?
JtD
.(*�?
GN.Z5
*;5�HL3Y6\AB6uJM?Y0�Fq6\. Q ?
*��q* Q AL*�D `;f=lM¢�f@k=hK`�aYbIcCd@e2f=g;i�f�£ V

}u5
*�*;5�*�5�* Q�¤ 5�,@*�?I�¥9;5r[2.E5-]�?
HL3P*�?
GNAB5�HX1/ALGN.�5�HLD
?2,/AC1/9�G¦JM?2,N�;* Q AL*�D�]�.=,/JM.(0�1"]�9P3THL?
D2.=*�AL.(6�� §r�
F�* Q .=,:0�.=,/1@5
AC*�,@.(526\?2*;5�<;HC.N,@.(6\1/,@AL0�1/AL?
*;6(V��t?I�K.=[2.=,v�HCALy
.ZGN5
*P3O]�,@?
<;HC.(GN6�5
6@6\?Y0�AB5I1@. Q �UAC1/9�D2.=*�?2G:.
5
*;5�HL3Y6\AB6=v�1/9�.�D2.=*�.(,@5
Ht[
.(,@6/AL?
*�?�J41/9�.O]q.(,\JM.0o1Z];9T3PHL?
D2.=*P3�]�,@?
<�HL.=G¨AB6Z©�ª���0=?
GN]�HL.�1@.��|�=�jVKª�.=,/JM.(0o1
]�9P3PHL?
D
.(*�AL.(6p,@.(sTF�AL,/.t1/9;5�1�JM?
,�.(52079"079;5�,75
0�1/.=,�AC*".5
079"0=?
HLF�GN*«v
1@9�.t175Iw�5'0=?
*T1@5
AC*�AL*�D41@9;5I1X079;5�,75
0�1/.=,
AL*�1@9;5I140�?
HLF�GN*�JM?2,/G�5$6\F�<�1/,@.=.�?
Jp1/9�.:]�9P3PHC?2D
.(*T32V ¤ 9�ALHL.&G 5IwYALG�F�G�HLACy2.=HLAC9;?T? Q GN.=1/9�? Q 6 Q ?$*�?�1
6\1/,@AC[2.�1@?&GN.(.�1X1/9�AB6X,@.(sTF�AL,/.(G:.(*T14^m5�* Q ,/.(D
F�HB5�,@HC3N]�,@? Q F;0=.89�ALD
9;HC3"HLALy
.=HL3
vP32.�1N¬\ALG:]�.=,/JM.(0�1@&1/,@.=.6 n vPA|1
AB6_�UA Q .(HC3�<�.=HLAL.=[
. Q 1@9;5I1u0�?2GN]�FY1/AL*�DE]�9P3PHC?2D
.=*;AC.6t1@9;5I1uGN.=.=145
*T3�6/?
,/18?
J�.�RS.(0�1/AL[
. 0�,@AC1/.=,@AB5"AB6_©8ªp�
9;5
, Q VqWX9PF;6(v�1/9;.�AL*21@,/? Q Fq0o1/AL?
*�?
J�9�.=F;,/AB6>1@AL0(6UJM?2,�,@. Q F;0=AC*;D 1/9�.:6\.5�,7079�6\];520�.'AL*�1@.=,@GN6�?�Jp]�?�1/.(*T1/AB5�H
1@,/.(.t1/?2]q?2HC?2D
AL.(6�.=[I5�HLF;5I1@. Q <q.0�?
GN.6�AL*�.=[PAC1@5
<�HC.2VT��.=F�,@AB6>1@AL0(6�JM?2,�];9T3PHL?
D2.=*�.=1/AB0X1/,@.=.40=5
HL0=F�HL5�1/AL?
*;6�6>1@ACHLH
,@.=G 5�AL*"0�?2GN]�FY1@5�1/AL?
*;5
HCHL3:.�wY]q.(*;6/AC[2.
v
G 5
AC*�HL3 Q F�.�1/?'1@9�.�9;ACD29Z0�?T6>1�?
J�1/9�.�1/,@.=.tHLALy
.=HLAL9�?P? Q JMF�*;0o1@AC?2*«v
�U9�AB079EAL6UAL*P[
?2y
. Q ,/.(]q.5I1@. Q HL3 JM?
,U.5
079$1/,@.=._1/?2]q?2HC?2D
3Z5
*;5�HL3P®=. Q V
WX9PF;6=vI?2*�HL3�,@.=HB5I1/AL[
.(HC3'6/G 5�HLHP1/,@.=.6p?�J�9�ACD29 s2Fq5�HLA|1>3Z^\�¯
°&� � �o��v �2� §N� � ��1@5�wY5 n vI9;5r[2.X<q.(.=* 0=5
HL0=F�HL5�1/. Q

6/?�J�5
,(vp5
H|1@9�?
F�D29±HB5�,@D
. Q 5I175O6/.�176:0=?
*T1@5
AC*;AC*�D-]�?�1/.(*T1/AB5�HX]�9P3PHC?2D
.=*;.�1/AB0$AC*YJM?2,/G 5�1/AL?
*�5
,/.�5r[I5�ALHL5
<�HL.
^�.
V D;V�5�];]�,/?rwYALG 5I1/.(HC3"²2°
°2°
°�6/.(sTF�.(*;0�.6XAC*E1@9�.'z�³t�´�|�2�o��6@6\FE,7³t©�z Q 5�1@5
<;5
6/. n V
WX9�.=,@.�JM?2,/.2vI1/.079�*�AB0=5
H�6/?
HLFY1/AL?
*q6pJM?
,�?
<Y175�AL*�AL*�Du1/9;.�,@.(sTF�AL,/. Q 5�GN?
F�*T1�?
J«0�?
GN]�F�1@5I1@AC?2*;5�Hq,/.6\?2F�,70�.(6

526��K.=HLH�526�5
HCD2?
,@A|1@9�GNAL0t6/?
HLFY1@AC?2*;6�JM?2,�ALGN]�,@?I[TAL*�D'9;.=F�,@AL6\1/AB0=6K5�* Q 5
0(0�.=HL.=,75I1@AC*;D41/9�._.=[I5�HLF;5�1/AL?
*"?
J�1/9�.
HLACy2.=HLAC9;?T? Q JMF�*;0�1/AL?
*�5�,@.4,/.s2F;AC,@. Q V
)+*N1/9�AB6�5
,\1@AL0=HC.U�K.U]�,@.(6/.=*T1p1/9�.85�HLD
?
,@AC1/9�GNAB0K5
* Q 1/.079�*�AB0=5�H;.=[
?2HCF�1/AL?
*N?�J�1/9�.8µ"¶«·¹¸�^mµ"¶�.(HC.(,@5�1/. Q

·¹5�wYACG&F�Gº¸�ALy
.(HCAL9�?P? Q n ]�,@?
D2,@5
G�J�5�GNACHL3�^m6\.(."»�ACD2F�,/.�� n �UA|1@9�.=GN]�9;526\AB64?
*�5�HLD
?2,/AC1/9;G:AB0:,/.6\F;H|176=V
WX9�.�µ"¶«·¼¸�];,/?2D
,75�G J�5�GNACHL3½9;526¼<�.=.(* Q .=,@AC[2. Q JM,@?
G ¾�¿�À(Á !E� µZÂ�Ã´�|� � �Ä5�* Q½Å ¿YÆI¿�Ã�ÃmÇTÃ
¾�¿�À(Á !E� µZÂ�ÃK� � �o��� �
� ��,/.6\]�.(0�1/AL[
.(HC32V
)+* ¡ .(0o1@AC?2* � �K. Q .(6@0�,@AC<�.U5�HLD
?2,/AC1/9�GNAB0�?2]Y1/ALGNAC®5I1@AC?2*;6�?�Jq1/9�.X1@?
]�?
HL?
D
34.([r5
HCFq5I1/AL?
*&JMF�*;0�1/AL?
*N<;526\. Q

?2* ¡ F�<Y1/,@.=.$��sTF;5�HLAC1>3��p.(0�1/?2,@6"^ ¡ ���_6 n �|�Èr�8�C�rÉ(�X5�* Q 1@9�. Q .6\ALD
*�?�Jt5�*�.(��];5�,/1/AB5�HLHC3�,@5
* Q ?
GNAL®=. Q
5
HCD2?
,@A|1@9�GÊ�C�(�I�_�U9�AB079ËJMF�,/1/9;.=,�5
0=0=.=HL.=,75I1@.(6N1@9�.�1@,/.(.�<�F�ALH Q AC*;D±]�,@?Y0�.(6@6(V�)+* ¡ .0o1@AC?2*Ä²��K.�<�,@AC.=Ì;3

�SÍoÎ=Ï(ÐjÑÓÒoÔ�ÕZÖ× >4@4@4AUØoÍoÔrÙ8�$ÑÓÚÓÛ+Ï_Ü��(ÍoÙrÝ/	�TÕmÞT� !#"4$'&-(=*+*Ù,)$'&-.�!#"40�1'(�2 3426587	9�*�3%&-265�:�;<1=,-*)5?>4@4@4A�B'C'C��GFIH�J9�*�,Ù1=34*�,IL (�NTO[$=PêQTSDU)V4W=X[Z�\ Q<] ^



���	
��������������p���	��	������ �=� ²

PAxML

GAxML DAxML

MPI−RAxML RAxML@home

RAxML

Oct 2001

Time

Section 2.3

fastDNAml

AxML2.5

AxML

Section2.1

Section2.2

Section 3.1

Section 3.2May 2003

RAxML@homeRAxML2.0

2004

Section 5 (future work)


��������������������� �"!�����#%$&�(')!(���*����+�!�,-�/.�0214365"����7�8$�9:+;$�9<���='?>?@��7!(!��A@B��� #��*CD��#-@���EA$7!���!��*E8,-#�� E*$��F�*��������!�����#�G
CH!(�8$7���,I!D����#-�JCK��#-@���EA$7!���$7��������=!�,�9<� E��*��������!�����#

?2FY1/HLAC*;.'6\?2G:.�L_,@A Q ��5�* QNMPO ³t�Xzt�j<;526\. Q � � °r��1/.(079;*�AL0(5�H�6/?
HLFY1@AC?2*;6KJM?
,�µZ¶«·¹¸tVq»�AL*;5
HCHL3
v��K.u<�,@AC.=Ì;3
6/F�GNG 5�,@AC®(.81@9�.uGN?26\1UACGN]�?
,/1@5�*T1U,@.(6/F�H|176U5�* Q GN.=*T1@AC?2*E526\]�.(0�1@6U?
J�0�F;,/,@.=*T1t5�* Q JMFY1@F�,/.u�K?
,@ySV

������� � ÇPÃm¿YÁ(Ç%QSRUTqÆ�V

»;?
,�,/. Q F;0=AC*�D81/9;.K6/AC®(.X?�J�1@9�.U6\.5�,7079�6\]q5
0�.�9�.=F;,/AB6>1@AL0(6=vI6/F;079N5
6�.
V D;V1/9�.U6\1/.(]T�UAB6/.K5 Q�Q AC1/AL?
*&5
HCD2?
,@A|1@9�G
^�AC*T1/,@? Q F;0=. Q AC*�� ¯�jv;G:? Q AC�;. Q AL*��|� � � n vY1/9;.45 Q [I5�*;0=. Q 6>1@.=]P�UAB6\.u5 Q;Q A|1@AC?2*E5
HCD2?
,@A|1@9�Gx� � É(�«?2,ts2Fq5�,/1/.�1
]�F;®=®=HLAL*�D�� � ²I��v�5�,@._,@.(sTF�AL,@. Q JM?
,X1/9;.41/,@.=.4<�F�ALH Q AC*�D ];,/?Y0�.6/6(V

W F;5�,/1/.=1�]�F�®(®=HLAC*�Du3PAL.=H Q 6p1@,/.(.(6p?
JS0=?
GN];5
,@5
<�HC.UsTF;5
HCAC1>3�<�F�1�AL6�6\HL?I�K.=,�1/9;5
*"6>1@.=]P�UAB6\.t5 Q�Q AC1/AL?
* 5�* Q
1@9TFq6U*�?�1U�K.=HLH�6/F�A|1@. Q JM?
,U,@.(0=?
*;6\1/,@F;0�1/AL?
*Z?
J�<;ACD:1/,@.=.6=V O *�.4?�J�1/9�.uG 5�AL*�6\9�?2,\1/J�5�HLHL6X?
J�1@9�.'6\1/.=]P�UAB6\.

�SÍoÎ=Ï(ÐjÑÓÒoÔ�ÕZÖ× >4@4@4AUØoÍoÔrÙ8�$ÑÓÚÓÛ+Ï_Ü��(ÍoÙrÝ/	�TÕmÞT� !#"4$'&-(=*+*Ù,)$'&-.�!#"40�1'(�2 3426587	9�*�3%&-265�:�;<1=,-*)5?>4@4@4A�B'C'C��GFIH�J9�*�,Ù1=34*�,IL (�NTO[$=PêQTSDU)V4W=X[Z�\ Q<] ^



� ��¢�����Y�����#��������
	����������������	'��������¢��
�� 
��

5 Q�Q AC1/AL?
*�5�HLD
?2,/AC1/9;G¨526 ACGN]�HL.=GN.(*21@. Q AC*�¾�¿�À(Á !E� µZÂ�Ãu5
* Q AL*�AC1/AB5�H�[2.=,76\AL?
*q6 ?�J�µZ¶«·¹¸¥AB6 1@9;5I1
1@9�.:�;*;5�H�1@,/.(.N6\1/,@?
*;D
HL3 Q .=]�.=* Q 64?2*�1@9�.NAC*�];FY1'?
, Q .=,_?�JX6\.sTF�.=*;0=.(6(V�WX9PF;6(v�AC14AB6_,/.0�?2G:GN.(* Q . Q 1/?
,@F�*�1@9�.:]�,/?2D
,75�G�6\.([
.(,@5
H«1/ALGN.(6_�UAC1/9 Q A|RS.=,@.=*T14,@5
* Q ?2G:AL®=. Q 6/.(sTF�.=*q0�.�AL*�]�F�14?2, Q .=,_]q.(,/G&FY1@5�1/AL?
*;6
^��>F�G�<�HLAL*�D n 5�1"9�ACD29�,@.(5
,/,75�*;D
.=GN.(*21:HC.([
.(HL6:JM?2, ?
<Y175�AL*�AC*;D-,@.=HLAB5�<�HL.$,@.(6/F�HC1@6(V�W�,@.=.�,@.(5
,/,75�*�D2.=GN.=*T176
5
,/.�5
]�]�HLAC. Q 1@?"JMF�,/1/9�.(,8ALGN]�,@?I[
.'1@9�.�HLALy
.=HLAL9�?P? Q ?�J�1@,/.(.(68<T3�GN?I[PAC*;DZ5�HLH�6/F�<Y1@,/.(.(68<P3�5Z]�,@. Q .=�;*�. Q
Q AB6\1@5�*q0�.�^�,/.5�,@,@5
*�D
.(GN.=*T1 HC.([
.=H n �UAC1/9;AC*Ä1/9�.�1/,@.=.
VXWX9�AB6Z];,@520o1/AB0�.�9;5
6Z<q.(.=* 5
]�]�HLAC. Q 1/?�1/9�.��¯
°
175Iw�5 Q 5I175�6/.�1�^�?
,@ACD2AC*;5
HCHL3ÄFq6\. Q <T3 ¤ V_»�AB6/079;.=,�AL* <�AL?
HL?
D
AB0=5
H',@.(6/.(5�,7079 5�<�?
FY1O��AL0=,/?T6\]�?
,@A Q AL5 n
JM?2,�0=?
* Q F;0o1@AC*�D ]�.=,/JM?
,@G 5�*;0=.-5
* Q 6@0=5
HL5
<�ACHLAC1>3 1/.(6\1@6�];,/.6\.(*21@. Q AC* � � �o��Vt�t?I�K.=[2.=,v�1@9�AL6�];,@520o1/AB0�.
<�.(0=?
GN.(6N]�,@?
9;AC<�AC1/AL[
.EJM?2, HL5
,/D2.Z1@,/.(.(6�^�� � °2°O6/.(sTF�.(*;0�.6 n .=[2.=*�JM?
, ];5
,@5
HCHL.=HXALGN]�HC.(GN.=*T1@5�1/AL?
*;6N?
J
1@9�.�5�<�?I[
.u];,/?2D
,75�G 6X?
*�6/F�]q.(,@0=?
GN]�FY1@.=,76t6/AC*;0=.u1/9;?
,@?
F�D29E,@.(5
,/,75�*;D
.=GN.(*2176X5�* Q 5
*�5
F�D
GN.(*2175I1@AC?2*
AL*�1@9�.&*PF�G&<q.(,4?�Jp1@5�w�5Z5�* Q �>F�G&<�HC.6_HC.5 Q 6�1/?�5�*�AL*;0=,/.5
6/.�AL*�,@F�*�1@ACGN.:<T3�?2, Q .(,@68?�J�G 5
D
*�AC1/F Q .
V
ªp5
,@5
HCHL.=HUALGN]�HC.(GN.=*T1@5�1/AL?
*;6$5�,@.�5r[I5�ALHL5
<�HC.�JM?2, 1/9;.�JM?
HLHL?I�UAC*�D�6/.(sTF�.(*T1/AB5�H�];,/?2D
,75�G 6�� !E� µZÂ±Ã � ²r��v
¾�¿�À(Á !E� µZÂ�ÃK� � �o��v�Á=ÆIÇPÇ Å���	
	 Ã�ÇO� � �I�jV
z�645�HC1/.(,/*q5I1/AL[
.�1/?E1/9;.:5
<q?I[2.&5�];]�,/?T5
079�.6�6/.(sTF�.(*21@AL5
Hp5�* Q ];5�,75�HLHC.(H�ALGN]�HL.=GN.=*T1@5�1/AL?
*;6_?
J�D
.(*�.�1@AL0

5
HCD2?
,@A|1@9�G 6EJM?
,�G 5IwYALG�F�GÊHLACy2.=HLAC9�?P? Q ��<;5
6/. Q ]�9P3PHC?2D
.(*�.�1@AL0-1@,/.(.�AC*YJM.(,/.(*;0�.±9;5r[
.�<�.=.=* ];,/?2]q?T6\. Q
.2V DqVYAC*�� � ���C�¯��V
�t?I�K.=[2.=,v(*�?'0=?
GN];5
,@5�1/AL[
.�5
*;5�HL3Y6\AB6�<q.=1>��.(.=*�¬>1@,@5 Q AC1/AL?
*;5
HL85�* Q ¬\D2.=*�.=1/AB0=_];5�,75�HLHL.=HP]�,@?
D
,75�G 6�JM?
,

G 5IwYALG�F�G�HLACy2.=HLAC9;?T? Q ]�9P3PHL?
D
.(*�.�1@AL0tAC*YJM.(,/.(*;0�.89;5
6�<q.(.=*E0=5�,@,@AC. Q ?2FY1K6/?uJ�5
,(vP6\Fq079N1/9;5�1�AC1KAB6 Q A��"0�F;H|1
1@?N526/6/.(6@6�1/9�.'0(5�];5
<�ALHCAC1/AL.(6X?
J�D2.=*�.=1/AB0_5
]�]�,@?252079�.(6(V

«� µ$¸�� � �$����� · �%���� ¸ #E�'�(�"���

WX9�AB6�6/.(0�1/AL?
* Q .(6@0�,@AC<�.(6�1@9�.�5
HCD2?
,@A|1@9�GNAL0�.=*�9q5�*;0=.=GN.=*T1@6�?�J�µZ¶«·¹¸tv2�U9�AB079:9q5r[
.K<q.(.=* ALG:];HC.(G:.(*T1/. Q
AL* ¾�¿�À(Á !E� µZÂ�Ã¹5
* Q Å ¿YÆI¿�Ã�ÃmÇPÃx¾�¿�À=Á !$� µ$Â�Ã ,@.(6/]q.0o1@AC[2.=HL3
V�)�1 Q .6/0=,/AL<q.6¥1@9�.º.=wY9;5�F;6\1/AL[
.
5
HCD2?
,@A|1@9�GNAL0�?2]Y1/ALGNAC®5I1@AC?2*;6Z?
Ju1/9�.-HLACy2.=HLAC9�?P? Q JMF�*q0o1/AL?
* ?�J�¾�¿�À(Á !E� µZÂ�Ã�5�* Q 5±*�?I[
.(H�];5
,\1@AL5
HCHL3
,75�* Q ?
GNAC®(. Q 1/,@.=.4<�F�ALH Q AC*;D"5�HLD
?
,@AC1/9�G ALGN]�HC.(GN.=*T1/. Q AL*�5:]�,/?2D
,75�G¥0(5�HLHC. Q � µ"¶«·¹¸�V

«������� ��� Á=ÆIÇPÇ��"T�Ã � Â���Ç�� � ¿�Ã��MÁ ��ÇPÀ"!>µ"¶«·¼¸�#

)+*�D
.=*;.=,75�H�1@9�.�0�?26\1&?
Jt1/9;.$HLACy2.=HLAC9;?T? Q JMF;*;0o1@AC?2*�5�* Q 1/9;.$<�,75�*q079�HC.(*�D�1@9�?
]�1/ALG:AL®(5�1/AL?
*±JMF�*;0o1@AC?2*«v
�U9�AB079�5
0(0�?2F�*T1@64JM?2,u1/9�.ZD
,@.(5I1@.(6\1']q?2,\1@AC?2*�?�JU.�wY.0�FY1@AC?2*O1@ACGN.-^��2¯%$�AL*�1/9�.E6\.sTF�.=*T1/AB5�H�[
.=,76/AC?2*O?
J
¾�¿�À(Á !E� µZÂ�Ã n v�0(5�*E<q.u,@. Q Fq0�. Q AL*$1>�K?N�K5r3Y6&�

' i l7£7hjc b vr<P34,/. Q F;0�AL*�D�1/9�.X6\AL®=.�?�JY1@9�.K6/.(5
,@079u6/];5
0=.�F;6/AL*�D86/?
GN.�5 Q�Q AC1/AL?
*;5
H29;.=F�,@AL6\1/AB0=6(v=AjV .
Vr,/. Q F;0=AC*�D
1@9�.�*PF�G�<�.=,�?�J:1/?
]�?
HL?
D2AC.6�.=[I5�HLF;5�1/. Q 5
* Q 1/9PF;6�,@. Q F;0�AL*�D 1/9;.�*TF;G�<�.=,�?
JNHLALy
.=HLAL9�?P? Q JMF�*q0o1/AL?
*
AL*P[
?Y0=5�1/AL?
*;6(VYWX9�AL6�5�]�]�,@?252079"GNACD29T1(v�9�?I�K.=[2.=,v2?I[2.=,@HC?P?2y:9;ACD29�sTF;5
HCAC1>3 1@,/.(.(6(V

( f7k7dIg*)Pc b v�<P3�,@. Q F;0=AC*;D�1@9�.�*TF;G�<�.=, ?�J�6\.s2F;.=*;0=.´]�?26/A|1@AC?2*;6 1@5
y
.(*ºAL*21@?�520=0=?
F�*T1 Q F�,@AC*�D
0=?
GN]�FY175I1/AL?
*O5�* Q 1/9PF;6_,/. Q F;0=AC*�DZ1/9�.:*PF�G�<�.=,4?
J�0�?
GN]�F�1@5I1@AC?2*;645I1_.(5
079�AC*�*;.=,4*�? Q . Q F�,@AC*�D$.(52079
1@,/.(.
+ 6X.=[I5�HLF;5I1@AC?2*«V
¤ .E0�?2*;6\A Q .(,'1/9;.E6/.(0=?
* Q ]�?26@6\AL<�ALHCAC1>3O1/9�,@?
F�D29±5 Q .=1@5
ACHL. Q 5
*;5�HL3Y6\AB6'?
J�0�?2HCF�GN*�.sTF;5�HLA|1@AC.6=V�WX��?

0=?
HLF�GN*;6:AC* 5�*�5�HLACD2*�GN.=*T1N5
,/.$.(sTF;5
HX5
* Q <�.=HL?
*;D�1@?�1@9�.�6/5
G:. k7dIc�,.-:g�k�cL~r£7£ ACJ>vp?
*�5O6/.(sTF�.(*;0�.
<P3�6\.s2F;.=*;0=. <;5
6/AL6(v�1@9�.Z<;526\. AB6u1@9�.Z6@5�GN.
V�z 9�?2G:?2D
.(*�.=?2F;6u0�?2HCF�GN*�0=?
*;6/AL6\1@6'?�JX1/9�.E6/5
GN. <;5
6/.
v
�U9�.(,/.5
6X5:9�.�1@.=,@?
D2.=*�.(?
F;6X0�?2HCF;G:*�0=?
*;6/AL6\1@6X?
J Q ACRS.=,@.=*T1t<;5
6/.(6(V

�SÍoÎ=Ï(ÐjÑÓÒoÔ�ÕZÖ× >4@4@4AUØoÍoÔrÙ8�$ÑÓÚÓÛ+Ï_Ü��(ÍoÙrÝ/	�TÕmÞT� !#"4$'&-(=*+*Ù,)$'&-.�!#"40�1'(�2 3426587	9�*�3%&-265�:�;<1=,-*)5?>4@4@4A�B'C'C��GFIH�J9�*�,Ù1=34*�,IL (�NTO[$=PêQTSDU)V4W=X[Z�\ Q<] ^



���	
��������������p���	��	������ �=� ¯

��?
,@.uJM?2,/G 5�HLHL3
v;HL.�1������������	�
����<�.'1@9�.&6/.�18?�J�5�HLALD
*�. Q AC*�];FY1_6/.(sTF�.(*;0�.6=V�«.�1�� <�.'1@9�.�*PF�G&<q.(,�?
J
6/.(sTF�.(*;0�.:]q?T6\AC1/AL?
*q68?
J�1@9�. 5�HLACD2*�GN.=*T1(V ¤ .N6@5r3E1/9;5�141>��?�0�?2HCF�GN*;6_?
J�1/9;.:AL*�]�F�1 Q 5I1@5E6/.�1��t5�* Q��
5
,/.u.s2Fq5�H«ACJ������������¼�������	����� � �!�#"$�%���'&
vq�U9�.=,@.(���'&�AL6U1/9�. � �j1/9�]�?26/A|1@AC?2*�?�Jp6\.sTF�.=*;0=.)�SV O *;.�0=5
*
*�?I� 0=5
HL0=F�HL5�1/._1/9;.u*TF;G�<�.=,U?�J�.(sTF�AL[I5�HL.=*T1t0�?2HCF�GN*;6KJM?2,U.(52079E0=?
HLF�GN*�0=HL526/6K?
J�1@9�.uAC*;]�FY1 Q 5�1@5 6/.�1(V
zUJ 1@.=,'0=5
HL0=F�HB5I1/AL*�D�0�?2HCF�GN*�0�HB5
6@6\.6=v�?
*;.N0(5�*-0�?
GN]�,@.(6@6�1/9�. AL*�]�FY1 Q 5�1@5E6\.=1u<T3�y
.=.(]�AL*�DE5E6/AC*�D2HC.

,@.=]�,@.(6/.=*T175I1/AL[
.u0=?
HLF�GN*�JM?
,8.(5
079�0=?
HLF�GN*�0�HB5
6@6=v;,/.(G:?I[PAL*�DN1/9;.�.(sTF�AL[I5�HL.=*T180=?
HLF�GN*;6t?
J�1@9�.&6/]�.(0�AC�q0
0=HL526/6U5
* Q 526/6/ALD
*�AL*�DN5:0=?
F�*T1t?
J�1/9;.u*TF;G�<�.=,U?�Jp0�?2HCF;G:*q6K1/9�.'6/.=HL.(0�1/. Q 0=?
HLF�GN*$,@.=]�,@.(6/.=*T176=V
¡ AL*;0�.:5 *�.(0=.(6@6/5
,/3$]�,@.=,@.(sTF�AB6\AC1/.4JM?2,_5 ];9T3PHL?
D2.=*�.=1/AB0_1/,@.=.&0(5�HB0�F�HB5I1@AC?2*�AL6_5 9�ALD
9Y�+sTF;5�HLAC1>3$G&F�H|1@AC];HC.

5
HCALD
*�GN.(*21X?�J�1/9�.4AL*�]�FY1t6/.(sTF�.=*q0�.(6(vT?
*�._GNACD2921X.�wY]�.(0�1UsTF�AC1/.u5�HL5
,/D2.�*PF�G�<�.=,X?
J�0�?2HCF;G:*$.(sTF;5
HCAC1/AL.(6
?2*�5"D2HC?2<;5�H�HC.([
.(HmV�)+*�J�520o1(vq1/9;AL6_yPAC* Q ?�J�D2HC?2<;5�H Q 5�1@5Z0=?
GN]�,@.(6@6\AL?
*�AB6_5�HL,/.5 Q 3E]q.(,\JM?2,/GN. Q <P3�G:?T6>1
]�,@?
D2,@5
G 6=V+*�*YJM?
,/1/F;*;5I1@.=HL3
vP5
6�1/9�._*PF�G�<�.=,K?�J�5
HCALD
*�. Q 6/.(sTF�.=*q0�.(6�D
,@?I�t6=v
1/9�._]�,@?
<;5
<�ALHCAC1>3&?
J��;* Q AL*�D
1>�K?"D
HL?
<q5�HLHC3E.(sTF;5
H�0=?
HLF�GN*;6 Q .(0�,@.(526\.6=V��t?I�K.=[2.=,v�A|14AB6�,@.(526\?2*;5�<�HL.u1@?Z.�wY]�.(0�18GN?
,@.�.s2Fq5�HLA|1@AC.6�?2*
1@9�.'6\F;<Y1/,@.=.4?
,UHL?Y0=5
H�HC.([
.=HjV
WX9�.8JMF�* Q 5
G:.(*T1@5�H�A Q .(5�?�J«1@9�AL6�];5
]q.(,�AB6�1/?�.=wP1/.=* Q 1/9;AL6X0�?2GN]�,/.6/6/AL?
*NGN.(079;5
*�AL6/G{1/?&1/9�.46/F�<Y1/,@.=.

HL.=[2.=Hjvt6\AL*;0�.�5 HB5�,@D
.-*PF�G�<�.=,�?�J 0�?
HLF�GN* .(sTF;5�HLAC1/AL.(6�GNALD
9T1�<q.�.=wY]q.0o1/. Q ?
* 1/9�.�6/F�<Y1@,/.(.�HC.([
.(HmV,8.=]�.=* Q AC*�Du?2*�1@9�.U6\AL®=.X?
Jq1@9�.U6\F�<�1/,@.=.
vrJM.(��.(,�6\.sTF�.=*;0=.(6�9;5r[2.�1@?_<�.t0�?2GN];5�,@. Q JM?
,�0�?2HCF;G:*:.(sTF;5
HCAC1>3
5
* Q 1@9PF;6=v�1/9�.u]�,@?
<q5�<�ALHCAC1>3"?
J��;* Q AC*�D .sTF;5�H«0=?
HLF�GN*;6XAL6t9�ACD29�.=,V
©t?2*�._1/9�.4HL.(6@6=vP�K._,@.(6\1/,75�AL*"1@9�.u5�*;5
HC3Y6/AL6�?�J�6\F;<Y1/,@.=.u0�?2HCF;G:*E.(sTF;5
HCAC1>3N1/?N9�?2GN?
D
.(*�.=?2F;6K0�?
HLF�GN*;6

JM?2,X1/9�.4JM?2HCHL?I�UAC*;D:,@.(526\?2* �
WX9�.t0=5
HL0=F�HB5I1/AL?
*:?�J�9�.�1@.=,@?
D2.=*�.(?
F;6�.(sTF;5
HCAC1>3'[2.(0o1@?
,76�5I1�5�*:AL*�*�.=,�*�? Q ..-NAL6�0=?
GN]�HL.�w&5
* Q ,/.sTF�AC,@.(6

1@9�.�6/.(5�,7079'JM?2,0/ � Q ACR�.(,/.(*T1�0�?
HLF�GN*N.(sTF;5
HCAC1>3&0=HL526/6/.(6(vI�U9�.=,@.1�&AL6p1/9�.U*PF�G&<q.(,�?�JS1/AL];6t^m6\.sTF�.=*;0=.(6 n AC*
1@9�.t6\F;<Y1/,@.=.X?�J2- 5�* Q /KAB6�1/9�.U*PF�G&<q.(,p?�J Q AL6\1/AL*;0�1�[r5
HCF;.(6�1@9�.t079;5�,75
0�1/.(,@6�?�J�1/9�.t6/.(sTF�.(*;0�.U5
HCALD
*�GN.(*21
5
,/.8GN5
]�]�. Q 1/?�^M.
V D;VY¾�¿�À(Á !E� µZÂ�Ã�F;6/.(6_�¯ Q ACR�.(,/.(*21X[I5�HLF�.(6 n V�WX9;AL6K?I[
.(,/9;.(5 Q �K?
F;H Q *�?�1U5�GN?
,/1/AL®=.
�K.=HLH�?I[
.(,�1@9�.'5 Q;Q A|1@AC?2*;5�H«0=?
HLF�GN*�.(sTF;5�HLAC1/AL.(6X�K._�K?
F;H Q ?
<Y175�AL*«v�.6\]�.(0=AL5
HCHL3"�U9�.(*�/ � �3��4mV
¤ .�*�?I� Q .6/0=,/AL<�.�5
*¹. �"0�AL.=*T1�5�* Q .(526\3 �K5r3 JM?2,O,@.(0=F�,@6/AL[
.=HL3 0=5�HB0�F;HL5�1/AL*�D 6/F�<Y1@,/.(.�0�?2HCF;G:*

.s2Fq5�HLA|1@AC.6XF;6\AL*�D ¡ F�<�1/,@.=.'��sTF;5
HCAC1>3"�p.0o1/?2,@64^ ¡ ���_6 n V«.=15�U<q.X1@9�.X[TAL,/1/F;5
HY,/?P?�1�]�HB5
0=. Q AC* 5�*&F�*�,@?P?�1/. Q 1@,/.(.KJM?
,�1/9�.t0(5�HB0�F�HB5I1@AC?2*�?
JqAC1@6pHLACy2.=HLAC9;?T? Q [r5
HCF;.
V�.�1$-$<�.�1@9�._,/?P?�1K?�J�5:6/F�<Y1/,@.=.8�UA|1@9E079;ACH Q ,@.=*�6'5
* Q87 vY,@.=HB5I1@AC[2.U1/?9�2V2�.�1;:!< -�^=:!< 6Pv2:!< 7 n <�.81/9�.
.s2Fq5�HLA|1>3:[
.0o1/?2,�?�J>-O^=6Pv 7 v2,@.(6/]q.0o1@AC[2.=HL3 n v
�UAC1/9Z6/AL®=.1�?4mv2�U9�.(,/.1��4qAL6�1/9�.8HC.(*�D�1@9"?�J�1@9�.80=?
GN]�,@.(6@6\. Q
D2HC?2<;5�H�6/.(sTF�.=*q0�.(6(V�WX9�.u[I5�HLF�.u?
J�1/9;.u.(sTF;5�HLAC1>3"[
.0o1/?2,KJM?
,t*�? Q .@-�5�1X]�?26/AC1/AL?
*?�7vY�U9�.=,@.A�$�¹�+�������	�'��4
0(5�*E<q.'0(5�HB0�F�HB5I1@. Q <T3Z1/9�.4JM?2HCHL?I�UAL*�D�JMF;*;0o1@AC?2* �

:!< -�^B� n �DC :!< 6Y^=� n �FE :!< 6Y^=� n �G:!< 7 ^=� nH � :�IJ�!: ^\� n

)�J�-NAB6p5�HL.(5�J>vI��.U6/.�15:!< -�^B� n �K�L�?M!-�^J�!:�6�NO:��P/�: -�^=� n\n vI�U9;.=,@.
v��?M�-�^ n AB6p5�JMF;*;0o1@AC?2*&1@9;5I1pG 5�]q6�1/9�.
079;5
,@520o1@.=,�,@.=]�,@.(6/.=*T175I1/AL?
* ?
J�1/9�._5�HLACD2*�. Q AC*�];FY1X6/.(sTF�.(*;0�.A�!:!6�NO:!�P/#: -E5I1KHC.5IJ>-"1@?�[I5�HLF�.6�°Q�=�+���	�����'/IV
WX9PF;6(vY1/9;.u[r5
HCF;.(6X?�Jp5�*�AL*�*�.(, ¡ ���R:!< -�v;5�1X]�?26/AC1/AL?
*?�7v�,@5
*�D
.8JM,@?
G H ���/°Q�����	���'/IvPAjV .2V H �4A|Jp0�?2HCF;G:*�_AL6�9�.�1@.=,@?
D2.=*�.(?
F;6u5
* Q JM,/?2G °Q�����	���'/:AL*�1/9;.Z0=526\."?
Jt5�*�9�?2G:?2D
.(*�.=?2F;6u0�?2HCF�GN*«V�»�?2, ¡ ���¥[I5�HLF�.(6
°Q�����	���'/ 5�]�?
AL*T1/.=,:5�,@,@5r3 7 :�E -�^=/ n AB6'G 5
AC*T1@5
AC*;. Q v��U9�AL079�AB6'AL*�AC1/AB5�HLAC®(. Q �UAC1/9TSVUAW0W ]�?
AL*21@.=,76=v�JM?
,
6\1/?2,/AL*�D�1@9�.E,/.=JM.=,@.=*;0=.(6�1/?O1/9�.E�;,76>1N?Y0=0=F�,/,@.=*q0�.Z?
Jt1/9;.$,@.(6/]q.0o1@AC[2.E0=?
HLF�GN*±.(sTF;5
HCAC1>3�0�HB5
6@6:AC*±1/9�.
HLACy2.=HLAC9;?T? Q [
.0o1/?2,X?�J�1/9�.'0=F�,/,@.=*T1U*�? Q .@-�V
WX9PF;6=v�ACJp1/9�.&[r5
HCF;.�?�Jp1@9�.�.sTF;5�HLA|1>3E[
.0o1@?
,X:!< -�^ � n � H �&5�* QY7 :�E -�^J:!< -�^ � n\n(Z�[SVUAW0W�JM?2,_5
*

AL* Q .=w � ?�JK1/9�."HLALy
.=HLAL9�?P? Q [
.0o1@?
,\IB< -�^ � n ?�J$-�v�1@9�."[I5�HLF�.NJM?2,u1/9�."6/]�.(0�AC�q0 9;?
GN?
D2.=*�.(?
F;640�?2HCF;G:*
�SÍoÎ=Ï(ÐjÑÓÒoÔ�ÕZÖ× >4@4@4AUØoÍoÔrÙ8�$ÑÓÚÓÛ+Ï_Ü��(ÍoÙrÝ/	�TÕmÞT� !#"4$'&-(=*+*Ù,)$'&-.�!#"40�1'(�2 3426587	9�*�3%&-265�:�;<1=,-*)5?>4@4@4A�B'C'C��GFIH�J9�*�,Ù1=34*�,IL (�NTO[$=PêQTSDU)V4W=X[Z�\ Q<] ^



È ��¢�����Y�����#��������
	����������������	'��������¢��
�� 
��

.s2Fq5�HLA|1>3�0=HL526/6 :!< -�^ � n 9;5
6 5
HC,@.(5 Q 3�<q.(.=* 0=5
HL0=F�HL5�1/. Q JM?2,N5
*�AL* Q .=wT� � � 5
* Q 5OHB5�,@D
.E<�HC?Y07y�?
J
Ì;?T5I1@AC*�DE]�?
AL*21'?2]q.(,@5�1/AL?
*;6_0=5
*O<�. ,@.=]�HB5
0=. Q <P3�5E6/ACGN]�HL. [I5�HLF�. 5
6@6\ALD
*�GN.(*21�IB< -�^ � n �K� IB< -�^B� n V�)�J:!< -�^ � n � H �t5�* Q 7 :�E -�^J:!< -�^ � n\n � S UAW Wtv��K.�5
6@6/ACD2* 7 :�E -�^J:!< -�^ � n\n 1/?u1@9�.85 Q�Q ,@.(6@6p?�JPIB< -�^ � n v
AjV .2V 7 :�E -�^=:!< -�^ � n/n � �GM�� 7 ^JIB< -�^ � n/n V
WX9�.O5 Q�Q AC1/AL?
*;5
H8GN.(G:?2,/3 ,@.(sTF�AL,/. Q JM?
,E.(sTF;5
HCAC1>3 [
.(0�1/?2,@6 AB6��N^B���\� 4 n VUWX9�.O5 Q�Q AC1/AL?
*;5
H�1@ACGN.

,@.(sTF�AL,/. Q JM?2,t0=5
HL0=F�HL5�1/AL*�D&1/9�.u.s2Fq5�HLA|1>3"[2.(0�1/?
,76KAL6��N^B�?4 n 5�1U.=[
.(,/3Z*�? Q .
V
WX9�.tAL*�AC1/AB5�Hq5
]�]�,@?252079&AL* Q F;0=.(6�54,/. Q F;0o1@AC?2* AC*N1@9�.t*PF�G&<q.(,�?�JSÌ;?T5I1@AC*�Du]�?
AL*T1�?
]�.=,75I1@AC?2*;6�<�.�1>�K.=.=*

� ²%$�5
* Q � È%${AL*E1/9�.'6/]�.(0�AC�q0_JMF�*q0o1/AL?
*�V
)�1ZAB6 ACGN]�?
,/1@5
*21 1@?�*�?
1/.�1/9q5I1"1@9�.�AL*�A|1@AL5
H�?2]Y1/ALGNAC®5I1/AL?
* AB6 ?
*;HC3�5�]�]�HLAB0=5�<;HC.�1@?�1/9�.�HCALy
.(HCAL9�?P? Q

.([r5
HCFq5I1/AL?
*�JMF�*;0o1@AC?2*«vp5�* Q g�dIh 1/?�1@9�.E<�,@5
*;079�HL.=*�D
1/9±?2]Y1/ALGNAC®5I1@AC?2*�JMF�*;0�1/AL?
*«VpWX9�AB6�HLALG:AC1@5�1/AL?
*�AB6Q F;.N1/?E1/9�.NJ�520o141/9q5I1u1/9;. ¡ ��� 0=5
HL0=F�HB5I1/. Q JM?2,41/9�.
	 i loh ,;~Ic ,@?P?�1u]�HB5
0=. Q AC*T1/?E1@9�.N1/?2]q?2HC?2D
3�F�* Q .=,
.([r5
HCFq5I1/AL?
*�v�5�1:.(A|1@9�.=,:.=* Q ?�JU1@9�.$<;,@5
*;079�<�.=AL*�DO?2]Y1/ALGNAC®(. Q v�AB6�[2.=,@3�6\];5
,@6/.
v�AmV .
V�9;526'JM.(�¥.=*T1@,/AL.(6
� H �
V;WX9;.=,@.�JM?
,@.
vP1@9�.'5 Q;Q A|1@AC?2*;5�H�?I[2.=,@9�.(5 Q AL* Q F;0=. Q <P3 ¡ ���¹0=5
HL0=F�HB5I1/AL?
* Q ?P.(6t*�?�1�5
G:?2,\1@AC®(.4��.(HCH�UAC1/9 1@9�.�,@.=HB5I1@AC[2.=HL3:6/G 5�HLH;,@. Q Fq0o1/AL?
* AL* 1@9�.�*PF�G&<q.(,�?
J�Ìq?25I1@AC*;D']q?2AC*T1K?
]�.=,75I1/AL?
*q6t^ � $ ��É
$ n VP©t?
1/.
9�?I�K.=[2.=,vY1/9q5I1t1@9�. ¡ ���86�?�J�1/9;. l/f7~�c *;? Q .(6_5I1�.(A|1@9�.=,_.=* Q ?�J�1/9�.:6\]�.(0=A|��0'<�,75�*;079 Q ?"*�?�1_*�.=. Q 1/?
<�.'6\]q5�,76\.2v21@9�AB6 Q .=]�.=* Q 6U?
*$1/9;.u*TF;G�<�.=,t?
J�1/AL];6UAL*E1/9�.u,@.(6/]�.(0o1@AC[2.u6\F�<�1/,@.=.(6(V
¤ .E*�?I� 6/9�?I� 9�?I�{1/?O. �"0�AL.=*T1/HL3�.�wY]�HL?
AC1�1@9�.ZAL*YJM?2,/G 5I1@AC?2*�]�,@?I[PA Q . Q <P3�5
* ¡ ����AL*±?
, Q .(,u1/?

52079�AC.([
.�5
*�5 Q;Q A|1@AC?2*;5�H�,@. Q F;0�1/AL?
*�AL*�1@9�.&*PF�G&<q.(,8?
JpÌ;?25�1/AL*�D"]�?
AL*T1_?2]q.(,@5�1/AL?
*;6�<T3�.=wT1@.=* Q AC*�DZ1/9�AB6
GN.(079q5�*�AB6\G¥1/?N1/9;.u<�,@5
*;079ZHL.=*;D�1/9�?2]Y1/ALGNAC®5I1/AL?
*$JMF�*;0�1/AL?
*«V
)+*Z?2, Q .(,�1@?�G 5�y2.�<�.�1\1@.=,XF;6/.�?
J�1/9�._AC*�JM?
,@GN5�1/AL?
*"];,/?I[PA Q . Q <P3"5�* ¡ ��� 5I1U5�*"AL*�*�.(,�*�? Q . -Z�UAC1/9

079�ALH Q ,/.(* 7 5�* Q 6PvTA|1XAL6X6/F.�"0�AL.=*T1�1@?:5
*;5�HL3P®=.�5�1X5�9�ALD
9"HL.=[2.=H�9�?I��5�6/AC*;D
HL.�.=*T1@,/3 ��?�J«1@9�._HCALy
.(HCAL9�?P? Q
[2.(0o1@?
,U5I15-�v>IB< -�^=� n AB6t0=5
HL0=F�HB5I1/. Q �IB< -�^=� n � E�^���^=I=< 6Y^=� n ���^K- �'6 n\n ����^=I=< 7 ^B� n ��q^ - � 7 n/n\n ^ � n
�U9�.(,/.�q^ - ��6 n ^��^K- � 7 n\n AB6t1@9�.:HC.(*�D�1@9�?�J�1/9�.:<�,75�*;079�JM,@?
GD-O1/? 6�^K-O1/? 7 ,/.6\]�.(0�1/AL[
.=HL3 n VS»�F�*q0o1/AL?
*
��^ n AL645$0�?
GN]�F�1@5I1@AC?2*;5�HLHL3E.=wY]q.(*;6\AL[
.&JMF�*;0�1/AL?
*�1/9;5�140(5�HB0�F�HB5I1@.(6�1/9�.:HCALy
.(HCAL9�?P? Q ?
Jp1/9�.NHL.�J 1u5�* Q 1/9�.
,@ACD29T1t<�,@5
*;079�?�J�-�,@.(6/]q.0o1@AC[2.=HL3
v Q .(]q.(* Q AL*�D"?2*�1/9�.'<;,@5
*;079�HC.(*�D�1@9;6�5
* Q 1/9�.�[r5
HCF;.(6t?
J5IB< 6Y^=� n 5�* QI=< 7 ^B� n v��U9;.=,@.(5
6XE�^ n ]�.=,/JM?
,@G 686/?
GN.�6/ALG:];HC.:5�,@A|1@9�GN.�1/AB0'?2]q.(,@5�1/AL?
*;6tJM?
,_0�?
G&<�AL*�AC*;D"1/9;.�,@.(6/F�H|176t?
J
��^=I=< 6Y^B� n ���^K- ��6 n\n 5�* Q �S^JIB< 7 ^=� n ���^K- � 7 n\n AL*T1/?$1/9�.:[I5�HLF�.:?�J I=< -�^=� n V�©t?
1/.&1/9;5�1��^K- �'6 n 5�* Q q^ - � 7 n
Q ?N*�?
1�079;5�*;D
._�UA|1@9��7V
)�J'��.O9;5r[
. :�< 6Y^B� n � H ��5
* Q :!< 6Y^=� n � :!< 6Y^ � n ��� � � vK��.�9q5r[
. I=< 6Y^=� n � I=< 6Y^ � n 5�* Q

1@9�.=,@.�JM?2,/.��S^JIB< 6Y^B� n ��q^ - �'6 n/n ����^=I=< 6Y^ � n ���^K- �'6 n/n ^M1/9�.�6@5�GN.E.(sTF;5�HLAC1>3�9�?
H Q 6:JM?
,N*�? Q . 7 n V�WX9TFq6=v
JM?2,O5�*P3 *�? Q .36 ��.±0(5�*¼5r[2?
A Q 1/9�.�,/.0=5
HL0=F�HL5�1/AL?
* ?�J���^=I=< 6Y^=� n ���^K- �'6 n\n JM?
,�5�HLH � � �7v8�U9�.(,/.:!< 6Y^ � n � :!< 6Y^B� n � H �
V ¤ .K]�,/.0=5
HL0=F�HL5�1/.�1/9�?T6\.�[r5
HCF;.(6�5�* Q 6\1/?2,/.�1/9�.(G AC*&5�,@,@5r3Y6 - 7 :�/#M2IJ/ 6Y^=/ n 5�* Q- 7 :�/#M2IJ/ 7 ^J/ n ,/.6\]�.(0�1/AL[
.(HC32v2�U9�.(,/.�/tAB6�1/9�._*PF�G�<�.=,X?�J Q AL6\1/AL*;0o1t079;5
,@520o1@.=,/�j[I5�HLF�.UG 5�];]�AC*;D26�JM?
F�* Q AC*
1@9�.'6\.sTF�.=*;0=.u5�HLACD2*�GN.=*T1(V

O F�,'�q*;5�H�?
]Y1@ACGNAL®(5I1@AC?2*�0�?2*;6\AB6\1@6uAL*�1/9;.".=HLACGNAL*;5I1@AC?2*�?�JU[I5�HLF�.Z526/6/ALD
*�GN.=*T176u?�JX1>3P]q.�IB< 6Y^B� n �K�I=< 6Y^ � n vYJM?
, :!< 6Y^=� n �L:!< 6Y^ � n � H ��� � � � �U9�.=,@.X��AL6K1@9�._�;,@6\1U.=*T1/,@3NJM?
,U5N6/]q.0�AC�q0_9�?
GN?
D2.=*�.(?
F;6
.s2Fq5�HLA|1>3�0=HL526/6�:!< 6Y^=� n � °Q�����	���'/�AC*%:!< 6PV ¤ .�*�.=. Q *�?
1�526/6/ALD
*�1@9�?26/.-[r5
HCF;.(6 Q F�.-1/?�1/9;.OJ�520o1
1@9;5I1YIB< 6Y^ � n �UALHLH_*;.=[
.(,Z<�.-520=0=.(6@6\. Q V�)+*q6>1@.(5 Q vK6/AC*q0�. :!< 6Y^ � n � :!< 6Y^B� n � H ��5
* Q 1@9�.�[I5�HLF�.?
J�� 6Y^ � n ��� 6Y^B� n 9;5264<q.(.=*�]�,@.(0(5�HB0�F�HB5I1@. Q 5�* Q 6\1/?
,@. Q AL*�- 7 :!/�M�IJ/ 6Y^=:!< -�^=� n/n v«�K."5
0(0�.6/6�I=< 6Y^B� n
1@9�,/?2F�D
9EAC1@6U,@.�JM.(,/.(*;0�._AC* 7 :�E 6Y^=:!< 6Y^B� n\n V,�F;,/AL*�D 1@9�.�G 5�AL*�JM?2,\��HC?P?2]EAL*�1@9�.&0(5�HB0�F�HB5I1@AC?2*�?�J5IB< -��K.�9;5r[2.41/?$0=?
*;6/A Q .=,�ÈZ0=5
6/.(6(v Q .=]�.=* Q AL*�D
?2*�1/9�.'[I5
HCF�.6t?
J.:!< 6N5�* Q :!< 7 VS»�?2,�6/ACGN]�HLAL0=A|1>3��K.u�UACHLH��U,/AC1/. - 6Y^B� n AL*;6\1/.(5 Q ?�J�- 7 :�/#M2I=/ 6Y^=� n 5�* Q
�SÍoÎ=Ï(ÐjÑÓÒoÔ�ÕZÖ× >4@4@4AUØoÍoÔrÙ8�$ÑÓÚÓÛ+Ï_Ü��(ÍoÙrÝ/	�TÕmÞT� !#"4$'&-(=*+*Ù,)$'&-.�!#"40�1'(�2 3426587	9�*�3%&-265�:�;<1=,-*)5?>4@4@4A�B'C'C��GFIH�J9�*�,Ù1=34*�,IL (�NTO[$=PêQTSDU)V4W=X[Z�\ Q<] ^



���	
��������������p���	��	������ �=� É

� 6Y^B� n AC*q6>1@.(5 Q ?
J ��^=IB< 6Y^B� n ���^K- ��6 n\n V

IB< -�^=� n �K�

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

E�^K- 6Y^J:!< 6Y^=� n/n �J- 7 ^=:!< 7 ^B� n\n/n
��¾\:!< 6Y^B� n � :!< 7 ^=� n � H ��� 7 :�E -�^=:!< 7 ^B� n\n �GS UAW W
�!� ��-
��¾\:!< 6Y^B� n � :!< 7 ^=� n � H ��� 7 :�E -�^=:!< 7 ^B� n\n�Z�GS UAW W
E�^K- 6Y^J:!< 6Y^=� n/n �J- 7 ^=:!< 7 ^B� n\n/n
��¾\:!< 6Y^B� nXZ� :!< 7 ^=� n �':!< 6Y^B� n �':!< 7 ^=� n � H �
E�^K- 6Y^J:!< 6Y^=� n/n � � 7 ^B� n/n
��¾\:!< 6Y^B� n � H ���':!< 7 ^B� n � H �
E�^�� 6Y^B� n �J- 7 ^=:!< 7 ^=� n\n\n
��¾\:!< 7 ^=� n � H ���':!< 6Y^=� n � H �
E�^�� 6Y^B� n � � 7 ^B� n\n
��¾\:!< 6Y^B� n � H ���':!< 7 ^B� n � H �

^m² n

»;?
,t5:GN?
,@.81@9�?
,@?
F;D
9 Q .(6@0�,@AC]Y1@AC?2*$?
J ¡ ���86U6/.=. �C�(Èr��V

«� «� µ�Q Q��MÁ&� T ��¿�Ã �����
	 � ¿;À(Ç%Q4T Å Á&�mÂ�� 	 ¿YÁ&� T � !>µZ¶«·¹¸ «��� #
¡ AL*;0=. 1/9�.$AC*;A|1@AL5
H�ALGN]�HC.(GN.=*T1@5�1/AL?
*�?�J ¡ ���86�]�,/?I[2. Q 1/?���?2,/yO];5�,/1/AB0�F�HB5�,@HL3��K.=HLH�?
*�ª M ];,/?Y0�.6/6/?
,
5
,@079�AC1/.0o1@F�,/.6=vo�K.�AL*P[
.(6\1/ALD25�1/. Q 5 Q�Q AC1/AL?
*;5
H
5�HLD
?2,/AC1/9�GNAB0�?
]Y1@ACGNAL®(5�1/AL?
*;6�.6\]�.(0=AL5
HCHL3 Q .(6/ACD2*�. Q JM?
,«1/9�.6\.
5
,@079�AC1/.0o1@F�,/.6=V�z�*�5 Q;Q A|1@AC?2*;5�H�5
0=0=.=HL.=,75I1@AC?2*E0(5�*�<q.&5
079�AL.=[2. Q <P3$5 GN?
,@.41/9;?
,@?
F�D29$.=wP];HC?2A|175I1/AL?
*�?
J
¡ ���xAL*YJM?
,@G 5I1/AL?
* AL* JMF�*;0�1/AL?
*�������������������Pv��U9�AL079Ë?2]Y1/ALGNAC®(.(6"1/9�.�HL.=*;D�1/9Ë?
J'5 £m`;f7k�i �Kk <�,75�*q079 5�* Q 520=0=?
F�*T1@6 JM?
,Z5
]�]�,@?rwPALG 5I1@.=HL3�?
*�.�1@9�AC, Q ?�J_1/?
1@5
Ht.�wY.(0=FY1/AL?
*�1@ACGN.
VK»�F�*q0o1/AL?
*���������������!���
0=?
*;6/AL6\1@6:?
Jt1>��?-G 5�AL*±];5
,\176���)+*�AC1/AB5�HLHL3
v�5�JM?
,/�jHL?P?
]�?I[2.=,N5�HLHX5
HCALD
*;G:.(*T1:]�?26/A|1@AC?2*;6:AL6:.=wP.0�FY1@. Q JM?
,
0=?
GN]�FY1@AC*�D:1@9�.uHCALy
.(HCAL9�?P? Q [
.(0�1/?2,K?
J�1@9�.u[PAC,/1/F;5
H�,/?P?
1 �']�HB5
0�. Q AL*T1/?N<�,75�*;079  0�?
*;*�.(0�1/AL*�DN*�? Q .(6$-
5
* Q 6PVSWX9�.=,@.(5�J 1/.=,vS5 Q ?���HL?T?2]�AL68.�wY.0�FY1@. Q �U9;AL079�AC1/.(,@5�1/AL[
.(HC3�5�HC1/.(,@6t1/9�.:<�,75�*;079�HL.=*�D
1/9�520=0=?
, Q AC*;D
1@?"5:0=?
*P[
.(,/D2.=*;0=._0=,/AC1/.(,/AL?
*�VP»;?
,�0(5�HB0�F�HB5I1@AC*;D&1@9�.u*�.(� HLACy2.=HLAC9;?T? Q [I5�HLF�.u?�J�1/9�.41@,/.(._JM?
,U1@9�.'5�HC1/.(,/. Q
<�,75�*q079�HC.(*�D�1@9��UA|1@9�AL*�1/9q5I1 Q ?���HC?P?
]�v�5
*�AC*�*;.=,8JM?
,/�jHL?P?
]�?I[
.(,U1/9;.&HLACy2.=HLAC9;?T? Q [2.(0�1/?
,�?�Jp1/9;.&[PAL,\1@F;5�H
,@?P?�11�4�U9�AB079�F;6\.6K1/9�. Q 5I1@5N0=?
GN]�FY1@. Q <P3 1/9�.uAL*�AC1/AB5�H�JM?2,\��HL?T?2]ZAB6U.�wY.0�FY1@. Q V
z Q .�175�ALHC. Q 5�*;5
HC3Y6/AL6K?�J"��������������!���_,/.([
.(5
HL6�1>�K?N]q?2AC*T1@6KJM?2,XJMF�,/1/9�.(,t?
]Y1@ACGNAL®(5�1/AL?
* �
' i l7£7hjc b v�1/9�. Q ?���HC?P?2]OJM?2,'?
]�1/ALG:AL®=AL*�D�<;,@5
*;079�HC.(*�D�1@9;6'AB6',75�,@.=HL3�.�wY.0�FY1@. Q GN?
,@.N1/9;5
*�?
*;0=.�^�6/.=.

W�5�<�HL.:) n V�»�F�,/1/9;.=,@G:?2,/.2v;1@9�.:AC*�*;.=,_JM?
,/�jHL?P?
]�520=0=.(6@6\.6U1/9;. Q 5I1@5$0�?2G:];FY1/. Q <P3�1/9�.:AL*�A|1@AL5
H�JM?
,/�jHL?P?
]«V
WX9�.(,/.=JM?
,@.
vq��.'AL*T1/.(D
,75I1/. Q 1/9�.:0�?2G:];FY1@5�1/AL?
*;6�]q.(,\JM?2,/GN. Q <T3$1/9;. ��l7£oh .=wP.0�FY1@AC?2*�?�J�1@9�.&AL*�*�.(,tJM?2,\�
HL?P?
]�AL*21@?�1@9�.ZAL*�AC1/AB5�H�JM?
,/�jHL?P?
]�5�* Q 5�]�]�.=* Q . Q 1@9�.$0=?
* Q AC1/AL?
*q5�H�6\1@5�1/.(G:.(*T1&�U9�AB079�1/.(,/GNAL*;5I1@.(6'1/9�.
AC1/.(,@5�1/AL[
.u?
]�1/ALG:AL®(5�1/AL?
*�]�,@?Y0�.6/6X1@? 1/9;.�AL*�A|1@AL5
H«JM?2,\��HC?P?2]«v;6/F;079�5
6t1/?Z5r[2?
A Q 1@9�.&0=?
GN]�FY175I1/AL?
*�?
J�1/9�.��l7£7h AL*�*�.=,XJM?2,\��HL?T?2]$0=?
GN]�HL.�1/.(HC32V

( f7k7dIg*)Pc b v;�U9;.=*�GN?
,@.81@9;5�*�?2*�.uA|1@.=,75I1@AC?2*$AB6U,@.(sTF�AL,/. Q JM?
,�?
]Y1@ACGNAL®=AL*�DN1/9�.u<;,@5
*;079$HL.=*;D�1/9�AL*E1/9�.
Q ?
�jHL?P?
]"�K.80(5�*",@. Q F;0�.81/9�._HL.=*�D
1/9Z?
J�1/9�.4AL*�*�.(,�JM?2,\��HC?P?2]"<P3:Fq6\AL*�D ¡ ���86(VYWX9�._HC.(*�D�1@9Z?�J�1@9�.4AC*;*�.=,
JM?2,\��HC?P?2]?EY�G� 4 0=5�*�<�.',@. Q F;0=. Q <P3���� H /_1/9�.u*PF�G&<q.(,�?�J�*�?2*Y�j*;.=D25�1/AL[
.4.=*T1@,/AL.(6@���-?�J�1/9;. ¡ ���
�SÍoÎ=Ï(ÐjÑÓÒoÔ�ÕZÖ× >4@4@4AUØoÍoÔrÙ8�$ÑÓÚÓÛ+Ï_Ü��(ÍoÙrÝ/	�TÕmÞT� !#"4$'&-(=*+*Ù,)$'&-.�!#"40�1'(�2 3426587	9�*�3%&-265�:�;<1=,-*)5?>4@4@4A�B'C'C��GFIH�J9�*�,Ù1=34*�,IL (�NTO[$=PêQTSDU)V4W=X[Z�\ Q<] ^



§ ��¢�����Y�����#��������
	����������������	'��������¢��
�� 
��

��$��-����� ��9�$����*#-���
	��� $�#-$��='"C(� C

� C(��� ���*#-EJ�*C � 9�$����J#-���
	��� � ��#"���IEA$7!�����#�C�� �=!�, $A���J�8$����#"��9�� �J� ��+F�=!��J�8$&!�� ��#-C
��# ���IEA$&!�� ��#-C � �=!��J�8$7!�����#�C�� � �=+F�=!��J�8$7!�����#-C�� �

��� ������� ����� �I� ���
��� �� �� � ���"� � ����!
��� � ���"�I� �" ���! � ���"�
!�� ������ "! ������� � � � �
 �� ��� ����� !������ � � ���

5�1K1@9�.u[PAC,/1/Fq5�H�,@?T?
1;�uG:AL*PF;6X1@9�.4*TF;G�<�.=, /_?�J Q AL6\1/AL*;0�1�0�?
HLF�GN*E.(sTF;5�HLAC1>3Z0�HB5
6@6\.6=vY6/AC*q0�.4��.4*�.(. Q 1/?
0(5�HB0�F�HB5I1@.&?2*�HC3�?
*�.N,@.=]�,@.(6/.=*T1@5�1/AL[
.&.=*T1/,@3�JM?
,4.5
079�0�?
HLF�GN*-.(sTF;5�HLAC1>3�0�HB5
6@6=V«©�?�1/.:1@9;5I141/9;. ��.(ACD2921
?
J�1@9�.'0�?2HCF�GN*�.(sTF;5
HCAC1>3Z0=HL526/6X,@.=]�,@.(6/.=*T175I1/AL[
._AB6X1/9�.'520=0=F�G�F�HB5I1@. Q ��.(ACD29T1X?
J�5
HCH�0�?
HLF�GN*�.(sTF;5
HCAC1/AL.(6
?
J�1/9;.�6\]�.(0=A|�q0�0=HL526/6N5I1��2V�WX9PF;6(v�1/9�.�,@. Q Fq0�. Q HL.=*�D
1/9 EO4X?�J81/9�.�AL*�*�.(,NJM?
,/�jHL?P?
]±AB6N?
<�1@5�AL*�. Q <P3EO4 �K� ��4 H ���$# /IV
¤ .u?2<Y1@5
AC*$1/9;. ¡ ���R:!< �4?�J�1/9�.u[PAL,\1@F;5�H�,@?P?�11�4<P3Z5
]�]�HL3TAL*�D �

:!< �T^B� n � � C :!< -�^B� n � E :!< -�^B� n � :!< 6Y^B� nH � :!I �!: ^ � n
¡ AL*;0�. 1@9�."<�,75�*q079-HL.=*;D�1/9�?2]Y1/ALGNAC®5I1@AC?2*�]�,/?Y0=.(6@6u,/.sTF�AC,@.(6�5�6\F.�"0=AC.(*21@HC3-HB5�,@D
."5r[
.(,@5
D
.:*PF�G�<�.=,

?
J4AC1/.(,@5�1/AL?
*;6"1/?±0=?
*P[
.(,/D2.�A|J'AC1 Q ?P.6"*�?
1E0�?2*P[
.=,@D
.�5�J 1/.=,Z1/9�. ��l7£oh A|1@.=,75I1@AC?2*¹^�6/.=.�W�5�<�HL.�) n ?
F�,
?2]Y1/ALGNAC®5I1/AL?
*"6@0=5
HC.6p�K.=HLH Q .6\];A|1@.U1/9�.�J�5
0�1�1/9;5�1�1@9�. ¡ ���Ä5I1�1/9�.�[TAL,/1/F;5
H;,@?T?
1 ��AL6�,/.(HL5�1/AL[
.(HC3:6\];5
,@6/.
v
AjV .2V>��� H /8AL6t,/.(HL5�1/AL[
.=HL3"6/GN5
HCH«0=?
GN];5
,/. Q 1@? �?4jV
«�&%�� µ ��Ç-RxÁ(ÆIÇTÇ � � ��Ã Q�� �('�¿�Ã�'2TqÆ ��Á�)�Â ! � µ"¶«·¹¸ #

¡ .([
.(,@5
Hp.�wY]q.(,/ALGN.=*T1@5
H�5�];]�,/?T5
079�.64��. .([I5�HLF;5I1@. Q 5�* Q�Q .6/0=,/AL<�. Q AL*��|��r��JM?2,uJMF�,/1/9�.(,�5
0(0�.=HL.=,75I1@AC*;D
1@9�.±1@?
]�?
HL?
D23 .([r5
HCFq5I1/AL?
* JMF;*;0o1@AC?2*¼?�JEµ"¶«·¹¸ Q A Q *�?�1�HL.(5 Q 1/?�JMF;,\1@9�.=,�6\ALD
*;A|�q0(5�*T1O,@F�* 1@ACGN.
ALGN]�,/?I[2.=GN.=*T176=V�WX9;AL6ZAL6 Q F�.�1@?�1/9�.�J�5
0o1Z1/9;5�1Z1/9;.�5
0(0�.=HL.=,75I1@AC?2*�]�?�1@.=*T1/AB5�H8?�J41/9;. ¡ ���xGN.�1/9;? Q
9;526�<�.=.(*�.=wP9q5�F;6\1/. Q V�WX9PF;6(v���.�JM?P0=F;68?
*O079q5�*�D2AC*�D"1/9�.:6\.5�,7079�6\];520�.:6>1@,@5�1/.=D23
vqAmV .
VS,@.=]�HB5
0=AC*�D"1/9�.
6\1/.(]T�UAB6/._5 Q�Q AC1/AL?
*�5�HLD
?
,@AC1/9�G��U9�AB079EµZ¶«·¹¸�AC*;9�.=,@A|1@. Q JM,/?2G�¾�¿�À(Á !E� µZÂ�Ã\v2<P3 J�526>1@.=,X<�FY1U.(sTF;5
HCHL3
D2?T? Q ^MAL*E1/.(,/G 6U?
Jp5�1\175�AL*�. Q �;*;5
H«HLACy2.=HLAC9�?P? Q [I5�HLF�.(6 n 9�.=F;,/AB6>1@AL0(6=V O F�,U*�.=� 6/.(5
,@079E6\];520�.u9�.(F�,@AL6\1/AB0=6
F;6/. 5Ä,75�* Q ?
GNAC®(. Q 5
]�]�,@?252079 1/? 9;5�* Q HC.�1/9�. ALGN];5
0�1-?
J$6\.sTF�.=*;0=.�AL*�]�F�1�?2, Q .=,-]q.(,/G&FY1@5�1/AL?
*;6
^��>F�G�<�HLAL*�D�6/.=. ¡ .(0�1/AL?
*´�
VL� n 5
* Q .=wP];HC?2A|1E1/9�.-,@.=HB5I1/AL?
*q6\9�AL]�<�.�1>�K.=.(*�];5�,76/ACGN?
*P3 5�* Q GN5�wYACG&F�G
HLACy2.=HLAC9;?T? Q G:.=1/9�? Q 6�*I6@0�?2,/.6$� ���+� � Èr��V�»�F�,/1/9;.=,@G:?2,/.2v���.�G 5�y2.$F;6/.E?�J_0=?
*;6/.=*q6\F;6&1@,/.(.$GN.�1@9�? Q 6��ÓÉ(�
�U9�AB079�?
J 1/.=*±ACGN]�,@?I[
. 1@9�.ZHLALy
.=HLAL9�?P? Q 6'?�JtAL*T1/.(,/GN. Q AL5�1/."1@,/.(.(6$^�6/.=.$6\1/.(] � n 5�* Q ]�,/?I[PA Q ."[I5�HLF;5
<�HC.
AL*YJM?
,@G 5I1@AC?2*ËJM?
,ZJMF�,\1@9�.=,E1@,/.(.�,@.��;*�.(GN.=*T1@6(v��U9;AL079Ä5
,/.O6\F�< �>.(0o1�?�JuJMF�1/F�,@.O�K?
,@ySV M F�,@,@.=*T1/HL3
v�?
F�,
5
HCD2?
,@A|1@9�G¥0�?2*;6\AB6\1@6X?�J�1/9;,/.(._G 5
AC*�0�?2GN]�FY1@5�1/AL?
*;5
H«6>1@.=];6&�
�2Vtz�HL5
,/D2.N*TF;G�<�.=,'?
JKAL*�AC1/AB5�H�1@,/.(.(6,+8JM?
,&5�6\]�.(0=A|�;. Q *PF�G�<�.=, -�: 7 � ?�JX,@5
* Q ?
GNAL®=. Q 6/.(sTF�.(*;0�.
AC*;]�FY1�?
, Q .(,�]�.=,@G�F�1@5I1@AC?2*;6 AB6ËAC*�JM.=,@,/. Q �UAC1/9�1/9;. ];5�,76\ALGN?
*P3 ]�,@?
D2,@5
G Q ��¿ Å ¿YÆIÀ JM,@?
G

�SÍoÎ=Ï(ÐjÑÓÒoÔ�ÕZÖ× >4@4@4AUØoÍoÔrÙ8�$ÑÓÚÓÛ+Ï_Ü��(ÍoÙrÝ/	�TÕmÞT� !#"4$'&-(=*+*Ù,)$'&-.�!#"40�1'(�2 3426587	9�*�3%&-265�:�;<1=,-*)5?>4@4@4A�B'C'C��GFIH�J9�*�,Ù1=34*�,IL (�NTO[$=PêQTSDU)V4W=X[Z�\ Q<] ^



���	
��������������p���	��	������ �=� �

ª�����«)>ª �C���I��v;�U9;AL079�AB6t<;526\. Q ?2*�5 6\ALGNACHB5�,t6\1/.(]T�UAB6/.'5 Q�Q AC1/AL?
*�5
HCD2?
,@A|1@9�G�526t¾�¿�À=Á !$� µ$Â�Ã>V
WX9�.:HCALy
.(HCAL9�?P? Q [I5�HLF�.(64?
J�5�HLH��;*;5
H�];5�,76\ALGN?
*P3E1/,@.=.6_5
,/.N0=5
HL0=F�HB5I1/. Q 5
* Q 1@9�.:1/?
]�?
HL?
D2AC.685
,/.
6>1@?
,@. Q AC*�5�*E?
, Q .(,/. Q 1@,/.(._HLAB6>1���+FI\vY?�J�HC.(*�D�1@9 +oV

� Vtz G 5 �>?
,@AC1>3�,@F�HC.t0=?
*;6/.=*q6\F;6�1@,/.(.tAB6p<�F�ALH|1�JM?
,�5
HCH;?
, Q .=,@. Q JM,@520o1@AC?2*;6p?�J���+FI>v2AmV .
V�JM?
,p1@9�. � �@²>���	���	� +
<q.6>1�1/,@.=.6�?�JS1@9�.�HLAL6\1(VPWX9�.8HCALy
.(HCAL9�?P? Q ?�J«.(52079"0�?2*;6\.(*;6/F;6�1/,@.=.8AL6�.=[I5�HLF;5�1/. Q 5�* Q AL*;6/.=,/1/. Q AC*T1/?
��+FI>V

²;Vt�pwP1/.(*;6/AC[2.pHC?Y0=5
HT5
* Q D
HL?
<q5�H
,@.(5
,/,75�*;D
.=GN.(*2176�5�,@.�5�];]�HCAL. Q 1/?t1@9�.�<�.(6\1�1@,/.(.�?
J���+FI>v=Fq6\AL*�D f��P~
k=hmc|b
1/9�.u6@5�GN.'5�HLD
?2,/AC1/9;G¥5
6U¾�¿�À(Á !E� µZÂ�Ã\V

O F�,u.=wY]q.(,/ALGN.=*T1@6'6/9�?I�K. Q vS1@9;5I1�5�D2?P? Q 6/.�1/1/AL*�D�JM?
,;-�: 7 � AL641>�UAB0�.N1@9�. *PF�G�<�.=,�?�JU6\.s2F;.=*;0=.(6A�pv
AjV .2V�-�: 7 � � � �pV2©t?
1/.2v
1@9;5I1 +	� - : 7 �OvY6/AC*q0�.�Q���¿ Å ¿YÆIÀ_GNACD29T1�3PAC.(H Q 5�6/.�1�?
J«.(sTF;5
HCHL3&]q5�,76\ALGN?
*�AL?
F;6
1@,/.(.(6pJM?2,�?2*�.�6/AC*;D
HL.tAC*;]�FY1X?
, Q .=,�]q.(,/G&FY1@5�1/AL?
*«VTztGN?
*�D:5uD
.(*�.=,75�Hq,/. Q F;0�1/AL?
* ?�J�0=?
GN]�FY175I1@AC?2* 1/ALGN.
v
1@9�.�5�HLD
?2,/AC1/9;G�3PAC.(H Q 6�5�*�AL*�AC1/AB5�H«�q*;5�H�1/,@.=.�0=?
*T1@5
AC*�AL*�D"5
HCH�175Iw�5 G&F;079�.(5�,@HLAC.(, Q F�,@AC*;DN1/9�.'AL*YJM.(,/.(*;0�.
]�,@?Y0�.6/6�1/9q5�*�¾�¿�À=Á !$� µ$Â�Ã>V

%���� �u% �����(% µZ¸ ��� ¸ #E�'�(�"���

WX9�AB6N6\.0o1@AC?2* Q .6/0=,/AL<q.6:[r5
,/AL?
Fq6'1@.(079�*�AB0=5
HX.=*�9;5
*;0�.(GN.=*T1@6:?�J�1/9�.�<;526\AB0�
�µ"¶«·¹¸�5
* Q � µ"¶«·¹¸
0=? Q .(6U�U9�AB079�9;5r[2._<�.=.(*�ACGN]�HL.=GN.(*21@. Q 1@? ]�,@?I[TA Q .41@9�.'GN.(5
*;6XJM?
,�?
<Y175�AL*�AC*;DN1/9�.',@.(sTF�AL,@. Q 5�GN?
F;*21
?
J�0�?
GN]�F�1@5I1@AC?2*;5�H8,/.6\?2F�,70�.(6 JM?
,"1@9�.�AL*YJM.(,/.(*;0�.O?�J'HB5�,@D
.�]�9P3PHC?2D
.(*�.�1@AL0�1@,/.(.(6(V ¤ .O5
HL6/?�JM?Y0�Fq6Z?2*
1@.(079�*�AB0=5
Ht6\?2HCF�1/AL?
*;6:�U9�AB079 Q ?�*�?�1 ,@.(sTF�AL,/.E.�wY]�.=*;6/AC[2.�6\F�]�.=,70�?2GN]�FY1/.(,@6N5
* Q 5
,/.�5�<;HC.E1/?�.=wP];HC?2A|1
F�*PF;6/. Q ,@.(6/?
F�,70�.6�AL*���?2,/yY6\1@5�1/AL?
*$0=HCFq6>1@.=,76=V

%������ � Ç%��)�� ���
¿�ÃUÀ�T�Ã � Á&� T ��À&¾HTqÆZµ"¶«·¹¸
� ��
��
���U~Il@~Ic cCf=c��������

�µ"¶«·¹¸{AB6'1@9�.$]q5�,75�HLHC.(HK��ª�)��j<q5
6/. Q ALG:];HC.(G:.(*T1@5I1@AC?2*±?
J�µ"¶«·¹¸{�U9�AB079�9;526�<�.=.(* Q .6\ALD
*�. Q <P3
AL*T1/.=D2,@5�1/AL*�D-1/9�. ¡ ���t��<;526\. Q 1@,/.(.�.=[I5�HLF;5I1@AC?2*�JMF�*;0o1@AC?2* ?�Juµ"¶«·¹¸ AL*T1/? Å ¿YÆI¿�Ã�ÃmÇPÃ"¾�¿�À=Á !$� µ$Â�Ã>V
WX9�.4,@.(6\1U?�J�1@9�.'0�? Q .49;526K,/.(GN5
AC*;. Q F�*;079;5
*�D
. Q vY6\F;079$1/9q5I1�6@0=5�HB5�<;ACHLA|1>3"5
* Q 6\]�.=. Q F�]�5�,@._A Q .(*21@AL0(5�H
1@? Å ¿YÆI¿�ÃmÃ�ÇPÃX¾j¿;À=Á !$� µ$Â�Ã>V

� ��
���T���'iB£ohjloi�� ,Yh+f )��������
! AL6\1/,@AL<�FY1/. Q µZ¶«·¹¸�AL6�5 MPO ³t�XzU��<;5
6/. Q ACGN]�HL.=GN.(*2175I1@AC?2*Ä?�J�
�µZ¶«·¹¸tVU)�1�F;6/.(6?�� M ^�¸�?25 Q
·¹5
*;5�D2. Q % O ³t�Xz �C�(°r� n vE�U9�AB079x]�,@?I[TA Q .6�5�FY1@?
G 5I1@AL0¹AC*�AC1/AB5�H-?
< �>.(0o1 ]�HL520�.(G:.(*T1(vZGNALD
,75I1@AC?2*
5
* Q ,@.=]�HLAB0=5I1@AC?2*¼AL* Q AB6\1/,@AC<�F�1/. Q 9�.=1/.=,@?
D2.=*�.(?
F;6O.=*P[PAL,/?2*�GN.=*T1@6(V8)+* ! µ"¶«·¼¸ 5 �K?
,@y
.=,-?
< �>.(0o1
0=?
,@,/.6\]�?
* Q 6U1/?�5�*-��ª�)���?2,/y2.=,�];,/?Y0�.6/6�AC*�
�µZ¶«·¹¸ 5�* Q 0=5
*�<�.&.5
6/ACHL3�G:ALD
,75I1@. Q ?
,_,/.(]�HCAB0=5�1/. Q
6/AC*q0�.:A|1u?
*;HC3�];,/?I[PA Q .(6�1/9�.:1@?
]�?
HL?
D
3�.([r5
HCFq5I1/AL?
*�JMF�*;0�1/AL?
*�5
646/.=,@[TAB0�.:5�* Q-Q ?P.(6_*�?
1u9�?
H Q 5E6>175I1@.
V
WX9�. Q AB6>1@,/AL<�FY1@. Q ]�,/?2D
,75�GNGNAC*;DU];5�,75 Q ALD
G 0=5
*�<�.K5
]�]�HLAC. Q 1/?_]�9P3PHC?2D
.(*�.�1@AL0�1/,@.=.�AL*YJM.(,/.(*;0�.2v6/AC*q0�.�1/9�.
]�,@?
D2,@5
G�];526/6/.(6�GN?26\18?�J�AC1@6�1/ALGN.&.([I5�HLF;5I1@AC*�D"1/?
]�?
HL?
D2AC.6�5
* Q�Q ?P.(68*�?
1_0�?2GNG�F�*�AB0=5�1/.uJM,@.(sTF�.(*T1/HL3
V
¡ .(."� � °r��JM?
,t5NGN?2,/. Q .�175�ALHC. Q�Q .(6@0�,@AC]�1/AL?
*E?�J ! µ"¶«·¹¸�V

�SÍoÎ=Ï(ÐjÑÓÒoÔ�ÕZÖ× >4@4@4AUØoÍoÔrÙ8�$ÑÓÚÓÛ+Ï_Ü��(ÍoÙrÝ/	�TÕmÞT� !#"4$'&-(=*+*Ù,)$'&-.�!#"40�1'(�2 3426587	9�*�3%&-265�:�;<1=,-*)5?>4@4@4A�B'C'C��GFIH�J9�*�,Ù1=34*�,IL (�NTO[$=PêQTSDU)V4W=X[Z�\ Q<] ^



�° ��¢���
�=��������������
	¢�p�r�E�����¶����	D��������¢��
�� 
��

� ��
� � ���Xloi ) �������*�*�HCALy
.K1@,@5 Q A|1@AC?2*;5�HY6/F�]�.=,70�?
GN]�F�1/.=,p5
]�]�HLAL0(5I1/AL?
*q6=vI6/F;079&526�*TF;G:.(,/AB0=5
HY6\ALG�F�HB5I1@AC?2*;6(v 
�µ"¶«·¹¸�0(5�*:<q.
sTF�AB07yPHC3�AL*21@.=,@,/F;]Y1/. Q v�079;.(07yP]q?2AC*T1@. Q 5
* Q ,@.(6\1@5�,/1/. Q vq6/AL*;0�.:A|17686\1@5�1/.:0�?
*q6\AB6>176�?2*�HL3E?
Jp1/9�.N0�F;,/,@.=*T1/HL3
<�.(6\1�1@,/.(.±5�* Q AC*YJM?2,/G 5�1/AL?
*¹5�<�?
F�1�1/9�.�0�F�,@,@.=*T1�]�9;526\.±?�JN1/9�.�0�?2G:];FY1@5�1/AL?
*«V4WX9PF;6=v8D
AL[
.(* 1/9�.
HB5�,@D
."5
G:?2F�*T1�?�J�6\1/ALHLH�F�*�,@.(6/?
HL[
. Q ]�,/?2<�HL.=G 6'AL* L_,@A Q 0=?
GN]�FY1@AC*�D-6\Fq079�5
6'.2V DqV«1@9�.$0=?��+6/079�. Q F�HLAC*;D
]�,@?
<;HC.(GEvp�K. Q .(0=A Q . Q 1/?�ALG:];HC.(G:.(*T1Z5OGNALD
,75I1@AC*�D L_,@A Q 5�];]�HCAB0=5�1/AL?
*«V��X526\. Q ?2*±1@9�.�AC*T1@.=D
,75I1@AC?2*
?
J'1/9�. M z M W;* ¡ � � ¯�uGNACD2,@5�1/AL?
*Ë1@?T?2HCyPAC1(v �Eµ"¶«·¹¸�AB6�5�<�HL.�1@?�GNALD
,75I1/.�1/9�,@?
F;D
9Ë1@9�.6L_,@A Q 1/?
6/F�]�.=,70�?
GN]�F�1/.=,76��UAC1/9:JM,/.(.t0=5
];5
0=A|1@AC.6=V�z GN?
*;A|1@?
,@AC*�D_1@?T?2HPJM?
, Q .=1/.(,/GNAL*�AC*;D41/9�.U<�.(6\1�GNACD2,@5�1/AL?
*:6\AC1/.
AB6K9�?I��.([
.(,�*�?
1X5r[I5�ALHB5�<�HL.�32.�1(vP<�F�1K1@9�AB6�175
6/y AL6X6/A|1@F;5I1@. Q ?
*"1@9�. M z M W;* ¡ �+6\A Q ._?�J«1@9�.u5�]�];HCAB0=5�1/AL?
*«V
%�� «� � Ç%��)�� ���
¿�ÃUÀ�T�Ã � Á&� T ��À&¾HTqÆ � µZ¶«·¹¸
� ���T��
� �����������������
��ª�)���³�zUw��  AB6�586>1@,@5
ACD29T1\�jJM?
,@�K5
, Q ��ª�)�ALGN]�HC.(GN.=*T1@5�1/AL?
*'?
JY1/9�.�,@5
* Q ?
GNAL®=. Q 5�HLD
?
,@AC1/9�G Q .(6@0�,@AL<q. Q
AL* ¡ .(0�1/AL?
* � V ²�V
)�1"F;6/.(6 5-G 5
6\1/.=,/����?2,/y2.=,&5
,@079;A|1@.(0o1@F�,@.
vp�U9�.(,/.E1/9;.�GN526>1@.=, Q AB6\1/,@AC<�F�1/.(6:1@9�.��K?
,@y�?�J4]�9;5
6/.(6��

1@9�,/?2F�D
9�²�5�* Q G 5�AL*T1@5
AC*;6'1/9�.$<q.6>1&1/,@.=."HLAB6>1V�WX9�.$G 5
6\1/.=,:0�?2*21@,/?2HL6u1/9�.$*TF;G�<�.=,�?
JU,@5
* Q ?
GNAL®=. Q
AL*�]�FY1U?2, Q .(,�]�.=,@G�F�1@5I1@AC?2*;6(vT0=?
HLHC.0o1@6K,@.(6/]q.0o1@AC[2.�,@.(6/F�H|176=vY5
* Q 526/6/ACD2*;6�JM,@520o1/AL?
*q6�?
J«1/9�.4<�.(6\1�1@,/.(.8HLAB6>1
1@?t1/9;.��K?
,@y
.=,76�JM?
,�0�?2*;6\.(*;6/F;6�1@,/.(.�AC*�JM.=,@.=*;0=.
Vr»�AL*;5
HCHL3�1@9�.�G 526>1@.=,�];,/?Y0�.6/6�D
.(*�.=,75I1@.(6«5
* QuQ AB6>1@,/AL<�FY1@.(6
,@.(5
,/,75�*�D2. Q 1@,/.(.:1/?
]�?
HL?
D2AC.681/?�1/9;. ��?2,/y2.=,76=V�)+*-0=?
*T1/,75
6\141/? Å ¿YÆI¿�Ã�ÃmÇTÃ4¾�¿�À(Á !E� µZÂ�Ã�9�?I�K.=[2.=,4��.
.(*�9;5�*q0�. Q 1@9�."G 5
6\1/.(,u�UA|1@9�1/9�.Z0(5�];5
<�ALHCAC1>3�1/?�6/.=* Q 5�*�5�,@<�AC1/,75�,@3�*TF;G�<�.=,'?
J�1@,/.(.N1/?
]�?
HL?
D2AC.6_JM?
,
.([r5
HCFq5I1/AL?
*$1/? 5:�K?
,@y
.=,KAL*;6>1@.(5 Q ?
J�?2*�HC3Z?
*�.2V�WX9�AL6XGN? Q AC�q0=5�1/AL?
*E]�,@?I[
. Q 1/?N<�.u];5�,/1/AB0�F�HB5�,@HL3 F;6\.=JMF�H
JM?2,�1/9�. Q .(6/ACD2*&?
Jq1@9�. Q AB6>1@,/AL<�FY1@. Q [
.(,@6/AL?
* � µ"¶«·¼¸	� ) T�Â�Ç Q .6/0=,/AL<�. Q AC*N1@9�.t6/F�<;6/.(sTF�.=*T1�6/.(0�1/AL?
*«V

� ���T���T�
������������a;d - f
z�];5�,/1�JM,@?
G 1@9�.XACGN]�,@?I[
.(G:.(*T1@6«AL*:,/.s2F;AC,@. Q ,@F�*�1/ALG:.KAL* Q F;0=. Q <T3 � µ"¶«·¹¸O1/9;.K5
HCD2?
,@A|1@9�G 9;5
6�5�HB6\?
<�.=.(* Q .6\ALD
*�. Q 1/?���1�1/9�. Q AL6\1/,@AL<�FY1/. Q ]�,@?
D2,@5
GNG:AL*�DU];5
,@5 Q ALD
G�V(WX9PF;6(v1/,75�*;6\JM?
,@G 5I1/AL?
*4?
J�1/9�.K· 
 � 	
� µ"¶«·¹¸ 0�? Q .:�K526�]q5�,/1/AB0�F�HB5�,@HC3�.5
6/3 �S��ª�)�0=5
HCHB646\ALGN]�HC3�9q5 Q 1@?$<�.:,/.(]�HL520�. Q <P3�1/9�.:,@.(6/]q.0o1/AL[
.
������ ��<;526\. Q ,/?2FY1/AL*�.6:JM,/?2G 1/9�.�HLAL<�,@5
,/3��K.�9;5r[2. Q .([
.(HC?2]q. Q V�WX9�. ������ 0=?
GNG�F;*�AL0(5I1@AC?2*�HLAC<;,@5
,/3
.(*;5�<�HL.(6 Q AL6\1/,@AC<;FY1/. Q �K?
,@y
.(,@681@?E]q5
6@6_1/9�.(AC,'GN.6/6@5�D2.(681/9�,@?
F;D
9-]�,/?rwYAL.(6_AL* �z�©86=V�WX9;AL6uHLAL<�,@5
,/3�AB6
5
HL6/?EJM,/.(.=HL3�5r[I5�ALHL5
<�HC. 5264?
]�.=*�6\?2F�,@0=.N]�,/?2D
,75�Gx5
* Q 0(5�*�<�. F;6\. Q 5
64D
.(*�.=,75�H�]�F;,/]�?26/.NHCAL<�,75�,@3�JM?
,
<�F;ACH Q AL*�D Q AB6>1@,/AL<�FY1@. Q ]�9P3PHC?2D
.=*;.�1/AB081/,@.=.4]�,@?
D2,@5
GN6(V
)+*-0=?
*T1/,75
6\1_1/?�· 
 � 	7� µ"¶«·¼¸tv�1@9�.NGN526>1@.=,u]�,@?Y0�.6/6_?�J � µZ¶«·¹¸	� ) TqÂ�Ç�HL?P?
];64?I[2.=,45E��?2,/y

sTF�.(F�.4�U9�AL079�AB6UG 5�*�AL]�F�HB5I1@. Q <P3Z5 Q . Q AL0(5I1/. Q AL*T1/.(,\J�520�._1/9�,@.(5 Q V
� µZ¶«·¹¸	� ) TqÂ�Ç�5
HC,@.(5 Q 3�AC*;0=?
,@]q?2,@5�1/.6�,@. Q F�* Q 5�*;0=3¥5�* Q HC?2D��j�;HL.ÄGN.(079;5
*�AB6\G 6±1/?{9;5�* Q HC.

G 5
6\1/.(,t5�* Q *r?
,X�K?
,@y
.(,�J�5
ACHLF�,@.(6
)+*Ë»�ALD
F;,/. � �K.�?
FY1@HCAL*�.�5�6/ACGN]�HLAC�;. Q ]�,@?
D2,@5
G Ì;?I��?
J4· 
 � 	@� µ"¶«·¹¸x^m6>1@,@5
ACD29T1NHLAL*�.(6 n 5�* Q

� µ"¶«·¹¸�� ) T�Â�Ç�^ Q ?
1\1@. Q HCAL*�.6 n V

�SÍoÎ=Ï(ÐjÑÓÒoÔ�ÕZÖ× >4@4@4AUØoÍoÔrÙ8�$ÑÓÚÓÛ+Ï_Ü��(ÍoÙrÝ/	�TÕmÞT� !#"4$'&-(=*+*Ù,)$'&-.�!#"40�1'(�2 3426587	9�*�3%&-265�:�;<1=,-*)5?>4@4@4A�B'C'C��GFIH�J9�*�,Ù1=34*�,IL (�NTO[$=PêQTSDU)V4W=X[Z�\ Q<] ^



����
 �������������p���	��	�=���� �=� �
�

Distribute
work

Rearrange best
tree(s)

Finish

Generate random
permutation

Build trees with 
parsimony

Evaluate trees with 
maximum likelihood

Compoute consensus
tree

Evaluate consensus
tree

Evaluate topology

Terminate Worker

Distribute tree list
fractions

All fractions 
calculated ?

Rearrangements
finished ?

computed ?
of trees & permutations

Minimum number

Work queue
empty ?

Master Worker

N

N

N

Y

Y

Y

Y

Program in parallel
mode?

N

Y

Tree & likelihood

Tree topologies &
       likelihoods

Consensus 
tree & likelihood

Random  work  request

Consensus  work

Tree  topology

N


�����"��� � ���D�"!���� #��/�7+ $�C(��9<5-�����%�A@B5%$&�8$������*� $�#-@�@"��CH!(��� ����!��A@B5"������8$79��%��� �7+
���
	���

����� � ��# ¸ � �

������� � ÇTÀ(ÁBQ�¿�Á(¿�� Å Ã�¿YÁ¾ TqÆIÂ�À
»;?
,"1@.(6\1/AL*�D�?2F�,Z]�,@?
D2,@5
G½�K.�.�wP1/,75
0�1/. Q 5
HCALD
*;G:.(*T1@6Z0=?
GN]�,@AL6/AL*�DË�¯
°�v � °
°�v � ¯�°;v�¯�°2°�5�* Q �°
°2°
175Iw�5 ^>�¯
° z�³��8vLVLVCVLvC�°
°2° z�³t� n JM,@?
G 1/9�.�z8³t�º�C�
���_6/GN5
HCHt6/F�<�F;*�A|1$,/AL<q?T6\?2G 5�HU,@AC<�?
*PF;0=HC.(AL0�520�A Q
^m6/6/FZ,7³t©�z n Q 5I1@5
<;5
6/.
VPWX9�?T6\._5�HLACD2*�GN.=*T1@6K0�?2*2175�AL*"?
,@D25
*�AB6\G 6pJM,@?
G�1@9�.81/9�,@.=._yPAC*�D Q ?
G 6K��F;0(5�,@325;v

�SÍoÎ=Ï(ÐjÑÓÒoÔ�ÕZÖ× >4@4@4AUØoÍoÔrÙ8�$ÑÓÚÓÛ+Ï_Ü��(ÍoÙrÝ/	�TÕmÞT� !#"4$'&-(=*+*Ù,)$'&-.�!#"40�1'(�2 3426587	9�*�3%&-265�:�;<1=,-*)5?>4@4@4A�B'C'C��GFIH�J9�*�,Ù1=34*�,IL (�NTO[$=PêQTSDU)V4W=X[Z�\ Q<] ^



� � ��¢���
�=��������������
	¢�p�r�E�����¶����	D��������¢��
�� 
��

��$�������� � � �2��!8$7� �K9<���-#I! �7+ ����� ,-������CK$�#-@ �%#-$�����# ��� ���*����,-�I� @�C + �7� � � 	 �� $�#-@ ���
	���

�P$7!8$ ����� ,���C ��#  , � � ����� ,���C ��#��, � !(���*�*C $7E*E
� �
	��� � � 	���

�� �� 	 � ������ � ��� 
�!�!���!��"� ��� ���  ��!"� ��� 
�!�!���!  I� ���  ���� �� I� !�!
�� �� ����� �����"� !�� 
 ��� �����"� ��� �  �����"����! 
 ��� ����� � ���  ���� �I� ���
����� ����� ���"!��  �� 
�����! �"!��"� ��� �  ����� �  �� 
8����!���!�� � ���  ���� �I� ���
�� �� ����� ����!�� ����� 
���� ��!����"� ��� �  !�� ��� !�� 
8���"��! �� I�  ��  ���� !"� ��!
 ���� ����� �����I��� ��� 
 �� ��� ����"� ��� � � ���"��� � ������� 
 �� ����"�"�I�  ��  ���� � � ���
������� ����� �������"� �� 
�!���������� � ��� � � �������"�  �� 
 !��"�� ��"���  �� ������� � � ���

�X5
0�1/.(,/AB5�5
* Q z�,@079;5
.(5;V()+*N5 Q�Q A|1@AC?2*«vI��.KF;6/. Q 1/9�.4�¯
°�6/.(sTF�.(*;0�. Q 5I17586/.�1t^\�¯�° ¡ M n JM,@?
G�� � �o�Y�U9�AL079
0(5�*E<q. Q ?I�U*;HC?T5 Q . Q 5I1��C�(²I�jV
ztHLH2,@.(0=.=*T1�]q5�,75�HLHC.(HI1/.6>176��UAC1/9 � µ"¶«·¼¸�9;5r[2.�<q.(.=*�0=?
* Q F;0o1@. Q ?2*41/9�.X��� «) M ¡ � ÈI��¯Y� � ];,/?Y0�.6/6/?
,�AC*PFYw M HLF;6\1/.(,tF;6/AC*�D È
�:F;]Z1@? � °
°&]�,@?Y0�.(6@6/?
,76�JM?2,X1/9�.uHB5�,@D
.6>1t5�HLALD
*�GN.=*T176=V
»�?2,U1/.6>1@AC*�D"1/9�.'];,/?
1/?�1>3P]�.u?�J � µZ¶«·¹¸	� ) TqÂ�Ç$5�* Q ! µZ¶«·¹¸��K.uF;6/. Q [I5�,@AC?2F;6X�K?
,@yP6\1@5�1/AL?
*;6

5�1K1@9�.\«.(9�,76>1@F�9�H�J�F�,8³U.(079�*;.=,/1/.(079;*�ACy F;* Q ³U.(079�*;.=,@?
,@D25�*;AL6@5I1@AC?2*«V
��� «� µZÃ ' TqÆ �MÁ�)�Â���� ÆIÇPÀ � ÃMÁÀ
WX9�.&,/F;*�1/ALGN.:520=0�.(HC.(,@5�1/AL?
*;6t?I[
.=, ! Å ¿YÆI¿�Ã�ÃmÇPÃ #N¾�¿�À(Á !E� µZÂ�Ã�5
079�AL.=[2. Q <P3�! 
 #oµZ¶«·¹¸ ?
*�[I5
,/AL?
F;6
ª M ]�,@?Y0�.(6@6/?
,N5�,7079�A|1@.(0�1/F�,@.(6:5�* Q 0�HLF;6\1/.(,@6�^mz�� ,xzK1@9�HL?
* �
V �-L_9�®2v�z�� ,�zK1@9�HC?2* �
V È�L_9�®2v�)+*T1@.=H
ª�.(*21@ACF;Gº)+��v�)+*21@.=H���.=?2* � V � L_9�® n .=w�0�.=. Q . Q ¯
°%$ ^�G 5Iw�V���È ��$ n JM?
, ~Ic c 5�HLACD2*�GN.=*T1@64GN.(*21@AC?2*�. Q
5
<q?I[2._5
* Q 3TAL.=H Q . Q f��P~
k=hmc b A Q .(*T1/AB0=5�H�,@.(6/F�HC1@6u�C�(Èr�K�|�IÉ(�jV
WX9�.U,@F�*:1/ALG:.t520=0=.=HL.=,75I1/AL?
*q6�,@.(0=?
, Q . Q JM?
,�· 
 � 	@� µ"¶«·¹¸�?I[2.=, 
�µZ¶«·¹¸�5
,/.XHLAL6\1/. Q AL* W�5
<�HL.U)\)oV

¤ .�HCAB6\1:1@9�.�1/?
1@5
Ht5�GN?
F�*T1N?�J M ª0*�9�?
F;,@6:JM?2,:.5
079�,/F;*«v�1/9�.��q*;5�HUHLACy2.=HLAC9;?T? Q [I5�HLF�.�^MHL*3�9 n 5
6
�K.=HLH�5
6u1/9�. ,@.(5
,/,75�*�D2.=GN.=*T1 ^�³ n 6\.=1\1/AL*�D�5
* Q 1/9�."*PF�G&<q.(,'?�J �>F�G&<�HL.(6"^�� n V�WX9�. *PF�G&<q.(,'?�J M ª0*
9�?2F�,76�,@.(sTF�AL,/. Q JM?
,:1@9�.O�r¯�° ¡ M¥Q 5I175�6/.�1NAL6:];5
,\1@AL0=F�HB5�,@HC3-HL5
,/D2.$6/AC*q0�.E��.E6\F�GNGN. Q F�]±1/9�. M ª0*
9�?2F�,76&?
J�1@9�.��(° �>F�G�<;HC. Q ,@F�*;6N�K.�0�?2* Q F;0�1/. Q 5
6N6/]q.0�AC�;. Q 5�1��C�(²I�jV�»;?
, � µZ¶«·¹¸{��.�5
HL6/?OHLAB6>1
1@9�.�*PF�G&<q.(,8?
J�,@5
* Q ?
GNAL®=. Q 6\.sTF�.=*;0=.'AL*�]�FY14?
, Q .=,�1/,@.=.6�^���1@,/.(.(6 n 0(5�HB0�F�HB5I1@. Q�Q F�,@AL*�DZ]�9q5
6/.Z�'?
J
1@9�."5�HLD
?2,/AC1/9�G�VS)�1'AB6uACGN]�?
,/1@5
*2141@?E*;?�1/.N1@9;5I1u1@9�. ,@.(6/F�H|176_JM?
,41@9�.��¯�°;vCVLVLVCvÓ¯�°2°Z6/.(sTF�.=*q0�. Q 5�1@5�6\.=1@6
9;5r[2.u<q.(.=*-5I1\175�AL*�. Q �UAC1/9O5�*�?2H Q .(,�[2.=,76\AL?
*�?�J � µ"¶«·¹¸Ä�U9�AB079�F;6\.686\1@5
* Q 5
, Q 6\1/.=]P�UAB6\.&5 Q�Q AC1/AL?
*
�UAC1/9�?2FY1�,@.(5
,/,75�*�D2.=GN.=*T176�AL*;6\1/.(5 Q ?�JX];5�,76\ALGN?
*P3�1@?�0=5�HB0�F;HL5�1/. AL*�A|1@AL5
Hp1/,@.=.6=V�WX9�."GN?26\1'ACGN]�?
,/1@5
*21
,@.(6/F�HC1(v�<�?�1@9EAL*E1/.(,/G 6X?�J�,@F�*E1/ALG:.uALGN]�,@?I[
.=GN.(*21t5
* Q �q*;5�H�1@,/.(.uHCALy
.(HCAL9�?P? Q 9q5
6X<�.=.=*�,@.(0=?
, Q . Q JM?
,
1@9�.&�°
°2° z�³t� 5�HLALD
*�GN.=*T1K�U9�AL079Z9;5
6�<q.(.=*$AC*YJM.(,/,@. Q �UA|1@9 1/9�.45�HLD
?2,/AC1/9;G Q .6/0=,/AL<�. Q AL* ¡ .0o1@AC?2* � V ²�V
WX9�.�G 5
AC*"079;5
HCHL.=*;D
.XJM?
,�JMF�,/1/9�.(,�?2]Y1/ALGNAC®5I1/AL?
* ?
J � µ"¶«·¼¸±0�?2*;6/AL6\1@6�AC*N1@9�.�ALGN]�,/?I[2.=GN.=*T1�?
JS1/9�.

,@.(5
,/,75�*�D2.=GN.=*T1�];,/?Y0�.6/6_6/AC*;0=.&AC1u,/.sTF�AC,@.(6_5�];]�,/?rwYALG 5I1/.(HC3�§2°%$�1/?��
°�$�?�J�1/9�.&1/?
1@5�H�0=?
GN]�FY175I1@AC?2*
1@ACGN.
V

�SÍoÎ=Ï(ÐjÑÓÒoÔ�ÕZÖ× >4@4@4AUØoÍoÔrÙ8�$ÑÓÚÓÛ+Ï_Ü��(ÍoÙrÝ/	�TÕmÞT� !#"4$'&-(=*+*Ù,)$'&-.�!#"40�1'(�2 3426587	9�*�3%&-265�:�;<1=,-*)5?>4@4@4A�B'C'C��GFIH�J9�*�,Ù1=34*�,IL (�NTO[$=PêQTSDU)V4W=X[Z�\ Q<] ^



����
 �������������p���	��	�=���� �=� �(²

without replication

with replication 2nd replication

1st replication

3rd replication

number of evaluated  trees

av
er

ag
 e

va
lu

at
io

n 
tim

e 
pe

r 
to

po
lo

gy
 c

la
ss

 [
m

s]
 

403020
0

50

100

150

200

250

300

0 500 1000 1500 2000 2500 3000 3500 4000
0

50

100

150

200

250

300

0 500 1000 1500 2000 2500 3000 3500 4000


�����"�����"� � 9<5%$7EJ! �7+ � C(� ��C(���I�-�*#I! $7��!���9�$&!���E � ��� ���J�K�����H�*EJ!K���*5�� ��EA$&!�����#-C

���&%���� TqÂ�ÇEÁÇ%��)�� ���
¿�ÃKÆIÇPÀ � ÃMÁÀ
¤ .uHCALGNA|1U1@9�. Q .6/0=,/AL]Y1/AL?
*E?�J�1/.079�*�AB0=5
H�,/.6\F�HC1@6K1@?N1>��?:.�w�5
G:];HC.6=V
WX9�.�];,/?
1/?�1>3P]�.p?�J � µ"¶«·¹¸�� ) T�Â�ÇtAB6�AL*;6\1@5
HCHL. Q 5
* Q <�.=AL*�Dt1@.(6\1/. Q ?
* ����]�,/?Y0=.(6@6\?2,@6p^ ¡ O �z8³U) ¡ �

É�wE[r5
,/AL?
Fq6;*tHC1/,75 ¡ ª�z8³ M ��)\)X5�* Q *tHC1/,75 ¡ ª�z8³ M ��)\)/)oVQ«)>©X* � �SÉ�w$[I5
,/AL?
F;6Uª�.(*T1/ALF�G�)/)ov;)\)/)ov;)+� n 5I1
1@9�. �.=9�,76\1/F�9�H2J F�,p³U.079�*�.=,/1/.079�*�ALy4F�* Q ³t.(079�*�.(,/?2,/DT5�*�AB6@5I1/AL?
*�V ¤ .X0�?2* Q F;0�1/. Q 6\?2G:.��;,76>1p6\Fq0=0�.6/6\JMF�H
1@.(6\1�,@F�*;6(v=]�.=,/JM?
,@G:AL*�Dt9;?I��.([
.=,«5tHC.6/6«1/9�?2,/?2F�D
9u6/.(5�,7079_1/9;5
*uJM?
,�1/9�.�<�ALDU1/.6>1�,/F�*q6«HLAL6\1/. Q AC*&W�5
<�HC.�)\)oV
»;?
,K1/9�.N�r¯�° z8³t��5�HLALD
*�GN.=*T1X��.4?2<Y1@5
AC*�. Q 5&�;*;5
HS1/,@.=._�UA|1@9E5
*$HL*EHCALy
.(HCAL9�?P? Q ?
J«�>É2ÉP��
²�V É ���UA|1@9�AC*
5
]�]�,@?rwPALG 5I1@.=HL3$� � 9�?2F�,@6(VPWX9�AL6KAB6X5']�,@?
GNAB6\AL*�D�,@.(6/F�HC1(vY6/AC*;0=.�AC1UAC* Q AL0(5I1/.6�1@9;5I1X1@9�.8*;.=� Q AB6\1/,@AC<�F�1/. Q
5
HCD2?
,@A|1@9�G�.(*;5�<�HL.(6t1/9�.&AC*�JM.=,@.=*;0=.'?�JpGN. Q ALF�G:�+6\AL®=. Q ]�9P3PHC?2D
.=*;.�1/AB0_1/,@.=.6t?2*�5"0�?2G:]q5�,75I1/AL[
.(HC3E6\G 5
HCH
*PF�G&<q.(,U?�J���?2,/yY6\1@5I1@AC?2*;6��UA|1@9�AC*�,@.(526\?2*;5�<;HC.�1/ALG:.2V
)+*�»�ACD2F�,@.�² �K. Q .(]�AL0�1�1@9�.&5r[2.=,75�D
.4.([r5
HCFq5I1/AL?
*�1@ACGN.&]q.(,�1@?
]�?
HL?
D
3�0�HB5
6@6/.(6u�2vCVLVCVLv �2°NJM?2,t1>�K? 1/.6>1

,@F�*;6_�UAC1/9 ! µZ¶«·¹¸ AC*O1/9;.&9�.=1/.(,/?2D
.=*;.=?
Fq6t.=*P[PAL,/?2*�GN.=*T18?
J�?
F�,_HB5�<�?
,75I1/?2,/32Vqz´1/?2]q?2HC?2D
3�0�HB5
6@6�AB6
1@9�.'6\.=1U?�Jp5�HLHS1/?
]�?
HL?
D2AC.6K?�J�.(sTF;5�H�6/AC®(.
v��U9;AL079�5�,@.4.=[I5�HLF;5I1@. QEQ F�,@AC*;DN5N6/AC*;D
HL.46\1/.(]�?�J�1@9�.'6\1/.=]P�UAB6\.
5 Q�Q AC1/AL?
* 5
HCD2?
,@A|1@9�G�V ¤ .�0�?2* Q F;0�1/. Q ?
*�.O1/.6>1�,@F�* �UAC1/9 5�FY1@?
G 5I1@AL0-6/.=,@[r5
*T1$?
< �>.(0o1�,@.=]�HLAL0(5I1@AC?2*
.(*;5�<�HL. Q 5�* Q 5
*�?�1@9�.=,X?2*�.u�UA|1@9�,/.(]�HCAB0=5�1/AL?
* Q AL6@5�<;HC. Q V
»�ACD2F�,/.U²u6/9�?I�t6�9�?I�±1/9�.�5r[2.=,75�D2.�.=[I5
HCF;5�1/AL?
*&1/ALGN.t]q.(,p1/?2]q?2HC?2D
3�0=HL526/6�AB6p]�,@?
D2,/.6/6/AL[
.=HL34ACGN]�,@?I[
. Q

<P3'²_6\F�<q6\.s2F;.=*T1�5
FY1/?2G 5I1/AB0���?2,/y2.=,�?2<.�>.(0�1p,/.(]�HCAB0=5�1/AL?
*;6K^MG 5
,/y2. Q <P3'5
,/,@?I�t6 n ]q.(,\JM?2,/GN. Q <P3'¸�· % V

�SÍoÎ=Ï(ÐjÑÓÒoÔ�ÕZÖ× >4@4@4AUØoÍoÔrÙ8�$ÑÓÚÓÛ+Ï_Ü��(ÍoÙrÝ/	�TÕmÞT� !#"4$'&-(=*+*Ù,)$'&-.�!#"40�1'(�2 3426587	9�*�3%&-265�:�;<1=,-*)5?>4@4@4A�B'C'C��GFIH�J9�*�,Ù1=34*�,IL (�NTO[$=PêQTSDU)V4W=X[Z�\ Q<] ^



�&� ��¢���
�=��������������
	¢�p�r�E�����¶����	D��������¢��
�� 
��

�«� µ���¿ ��Ãm¿ � �mÃ ��Á������ � ÆrÆIÇ��SÁ � ¾ � Á � ÆIÇ R T;Æ�V

WX9�. GN?T6>1º,@.(0=.=*T1�[
.(,@6/AC?2*;6�?�J µ"¶«·¼¸ 5�* Q 
�µ"¶«·¹¸ 5�,@.¦5r[I5
ACHB5�<�HL. JM?
, Q ?I�U*�HC?T5 Q 5I1� � ���	��
��������� ��� ���
 ���	��� � �  � � ����������� � �����  � ��  �;V�WX9�.�]�,@?�1@?�1>3P]�.�?�J � µ"¶«·¼¸	� ) T�Â�Ç AB6
Q .([
.(HC?2]q. Q 5
* Q 5r[r5
ACHB5�<;HC.45I1 � � �!�"��� � ������#�����$���"���  � � ����%���� � ������& '�;V

M F�,@,/.(*21@HC32vU��.�5
,/.-��?2,/yPAL*�D±?2* 1/9�. Q AL,/.0o1�ALG:];HC.(G:.(*T1@5I1@AC?2* ?�J:5�];5
,@6/ALG:?2*P3�6/0=?
,@.�JMF�*q0o1/AL?
*
AL* � µ"¶«·¼¸ 5�* Q ?
*�1/9�.�AL*T1/.(D
,75I1/AL?
* 5�* Q 526/6/.(6@6\GN.(*21N?�Ju5-];5�,76/ACGN?
*P3T��<;5
6/. Q ];,/.(.=[I5�HLF;5I1@AC?2*±?
J
1@?
]�?
HL?
D
AL.(6�JM?2,X1/9�.u,@.(5
,/,75�*�D2.=GN.=*T1K]�9;5
6/.
V
»�FY1@F�,@.O�K?
,@y��UALHLH_0=?I[
.=,$ACGN]�,@?I[
.(GN.=*T1@6Z?�Ju1/9;.O,@.(5
,/,75�*�D2.=GN.=*T1 ]�9;526\.O<;5
6/. Q ?
*�AL*YJM?
,@G 5I1@AC?2*

]�,@?I[PA Q . Q <P3�1@9�.$0=?
*;6/.=*;6/F;6u];9;5
6/."?�J � µ"¶«·¹¸�V�WX9�AB6�];9;5
6/. 3PAC.(H Q 6�AC*�JM?
,@GN5�1/AL?
*�5
<q?2FY1�¬/6\1/,@?
*;D
6/F�<Y1@,/.(.(6@�v�AjV .2V=1@,/.(.(6��U9;AL079'5
]�]q.5�,�AC*'5
HCH
1/,@.=.(6�?�JY]�9;526\.���5�* Q 1@9PF;6«,@.(sTF�AL,/.p?2*�HL38HL?Y0=5�H2?
]Y1@ACGNAL®(5�1/AL?
*«V
»�AC*;5
HCHL3
v��K.��UALHCH�G 5�y2.�5�*�.=R�?2,\181/?$]q?2,\1 � µ"¶«·¼¸	� ) T�Â�ÇZ1/? ¤ AC* Q ?I�t685
* Q .=*;9;5�*;0=.�AC1_�UAC1/9

6/?
GN.�J�5�*;0=346@0�,@.=.(*&6@5r[
.(,�AL*�?
, Q .(,�1@?_5
F�D
GN.=*T1�1/9�.X5I1/1/,75
0�1/AL[
.=*;.(6@6�?
J;];5�,/1/AB0�AL];5�1/AL?
*uJM?2,�0=?
*T1/,@AL<�FY1/?2,@6
?2FY1@6/A Q .81@9�.'5
0(5 Q .(GNAL046/]�9�.=,@.
V

(�)+*,)+(�)+-/.!)10

Fo�32SÍ(ÞÚ547Û\ÙÞrÛ>ÐX���q	%�IÛ>ÚÓÚÓÍ76�Ý»�/��	P�+47ÚÓÚÓÛ+Õ�ÕK���p	
�847ÐjÛ>Ô�4"9u�p	T�847ÐmÙrÍ76��p�E�«ÔrÛUÔ:47ÐjÞrÙrÛ>ÝmÝ�Í";�Î�Û>Ð<;CÛ Ö Õ�ÎrÔ�ÏÚÓÍoÒoÛ>Ù�Ï�	
;LÛ=47ÝmÑ?>rÚÓÛXÐjÛ>ÒoÑÓÝ�ÕjÛ>Ð@47ÝjÝmÑÓÒoÙ:9UÛ>Ù=ÕA47ÙrÞ&Í7ÕmÔrÛ>Ð�ÎrÐjÍ�>ÚÓÛ=9UÝ�ÍoÙ�ÕmÔrÑÓÙ Ö ÍoÚÓÍoÐjÛ>Þ&ÒoÐB47ÎrÔrÝ\�+C�D�,I"4*)5�!#"40�1?5�E?&-OÛ5E>4@4@4@�B�FÛ>"G�GIHI�F=J%J)H'F=K�K�>�32SÐL4"MrÛ>Ð �uØr	S��ÍoÚÓÞrÛ>Ð÷���p	���ÐmÑÓÛ>ÝX�E�	 NO6�Ñ ÖLP Ú���ØI	q�PÛQ6�ÑÓÝê����	���ÑÓÚÓÚÓÑÓÝê���:�S��Û>ÙrÛ+ÕmÑ Ö 47ÚÓÒoÍoÐjÑ ÕmÔ:9UÝ�47ÙrÞZÎ�47ÐL47ÚÓÚÓÛ>ÚÎrÐjÍ Ö Û>ÝjÝjÑÓÙÒ�ÑÓÙ!9�4�R(Ñ?9!M:9�SBÚÓÑ P Û\ÚÓÑÓÔÍ(Í=Þ�ÎrÔ�Ï(ÚÓÍoÒoÛ\Ù�ÏXÑÓÙT;LÛ>ÐjÛ>Ù Ö Ûo�IU�"WV ,I&-(TV 34*3X	O["�V "TP%.»34$'L`:�ie"�V (=2ÊOÛ"4$ >4@4@4>�B:F�F=YWHI�DF-J=F-J)HF-Je>�J�A���SÛ\ÐmÍoÙÌ��	©��ÍoÎ�4"Z>Í�Ør	�N�47Î�4@ÕB4/
���	©�,47ÐB4"Z>Í��uØI	E�YÐjÛ>ÚÓÚÓÛ>ÝR������47ÐB47ÚÓÚÓÛ\Ú�Ñ?9UÎrÚÓÛ�9UÛ\Ù:4@ÕjÑÓÍoÙ�Í";�����+9UÚ;ÎrÐmÍoÒoÐL4"9 ÍoÙ
9UÛ>ÝjÝL47ÒoÛQS Î:47ÝjÝjÑÓÙÒ[47Ð Ö ÔÑ ÕjÛ Ö ÕBMÐjÛ>Ý/�b9�34*Ù3�V\V ,=V�!�"40�1b(=2ÊO8$=P½F=Y�Y�K�B�FÛ>"GIH+�bJe@�FIH�J=F=J�

Gr�	��Û=2SÐmÏR�2�O	Y]>
Û>ÚÓÛ������Y�«ÔrÛ�ÐmÛ\Ú54@ÕmÑÓÍoÙrÝmÔrÑÓÎ[>�Û>Õ^6SÛ\Û>Ù�Î�47ÐjÝmÑ?9UÍoÙ=Ï_47ÙrÞ�9�4�R(Ñ?9!M:9OÚÓÑ P Û>ÚÓÑÓÔrÍ(Í=Þ[47Ù�47Ú Ï(ÝjÛ>Ý)�(ÕmÐjÛ>Û�Ý Ö ÍoÐjÛ>Ý
47ÙrÞ Ö ÍoÙa`IÞÛ\Ù Ö Û�Û>ÝmÕmÑ?9�4@ÕjÛ>Ý\��U½"�VG5�X	OÛ"�V 5E:�ij"�VG5EF=Y�Y�b�B�F�F)>WH+� >�Y�FIH=>�Y%J(�

b���IÛ>ÚÓÝjÛ>ÙrÝmÕmÛ>ÑÓÙ Ør�E
�c�ÍoÚ?MÕjÑÓÍoÙ:47ÐmÏ�ÕjÐmÛ\Û>Ý@;LÐmÍ�9������ÝjÛ�dIMrÛ>Ù Ö Û>Ý-�©e9�4�RÑ?9_M:9ËÚÓÑ P Û>ÚÓÑÓÔrÍ(Í=Þ847ÎrÎrÐjÍW4 Ö ÔT�'f¢5�U½"�VG5�:�ij"WV 5F=Y�K�F4B�FÙF-J�HI�'A�J�K-H=A%J"J�
J����
qÑÓÞrÛ>Ú?>
Û>ÐmÒX�E� ÙIMaR/�SÚ?MrÝ�ÕjÛ>Ð��=Ï(ÝmÕmÛ�9 ÔrÍ�9UÛ>Î�47ÒoÛo�rÔrÛ>ÚÓÑ Ö Ý/� MÙrÑ S ÔrÞT� ÞÛ[g F=bK�h47Ð Ö Ô�>4@4@4A�iJ(��ØoÛ\Ð<9UÑÓÑÓÙ_����	?��ÚÓÝjÛ>Ù'��Ør	?�4Û\ÙÒoÛ\ÐmÝjÛ>Ù'����	'
�47ÝmÕmÛ747Úq�
�b�h47jmÍoÐmÑ Õ ÏTS Ð<MrÚÓÛ Ö ÍoÙrÝjÛ>ÙrÝ<MrÝ�Í";qÎrÔ�ÏÚÓÍoÒoÛ>ÙrÛ+ÕmÑ Ö ÕjÐmÛ>Û\Ý�Í�>ÕL47ÑÓÙÛ\Þ
>=Ïk9�4�R(Ñ?9!M:9�SBÚÓÑ P Û\ÚÓÑÓÔÍ(Í=Þ[47Ù�47Ú Ï(ÝjÑÓÝ\��U½"�VG5�X	OÛ"�V 5E:�ij"�VG5EF=Y�Y%J=B�FÙF�GIHI�EF)>�Y%J)H'F)A4@4>�

K���A47ÙrÙ�47ÙE�
	;�l47ÐmÙrÍ76����#m;n47ÝmÕ�47ÚÓÒoÍoÐmÑ ÕjÔa9o;CÍoÐKÕmÔrÛ Ö Í�9UÎ:MÕB4@ÕmÑÓÍoÙp47ÙÞ$Û>ÙIM:9UÛ>ÐL4@ÕmÑÓÍoÙZÍ";�Î
Û>Ðq;LÛ Ö ÕUÎrÔ�ÏÚÓÍoÒoÛ>ÙrÑÓÛ>Ý\�
E:r<s+Utf¢5�!#"%0�1'(�265EF=Y�Y%J=B�u�v�FwJWHI��F-J�GWY-H'F-J"J4A�

Y����ÍoÐB>�Û>Ð+2ZÛ+Õ+47ÚB���«Ñ?9UÑÓÙrÒ�ÕmÔrÛ��Ù Ö Û>Ý�ÕjÍoÐ�Í";�ÕjÔrÛ��	�wx+SIF���47ÙÞrÛ�9UÑ Ö �=ÕmÐL47ÑÓÙrÝ\��E?&-O[,-$'&T,�>4@4@4@�B�FÛ>�K�KWHI��F-J"K�Y-H'F-J"Y�J�F)@�«�PÑÓÙrÞrÛ>Ð<9UÛ\ÑÓÛ>Ðê�:�q�PÍW47Þ��h47Ù�47ÒoÛ�9UÛ>Ù=Õ�;CÍoÐê��ÑÓÝmÕmÐjÑ?>aMÕjÛ>Þ¶�+>aj�Û Ö ÕqS���ÐmÑÓÛ\Ù�ÕmÛ\Þ�
�ÙWc(ÑÓÐjÍoÙ:9UÛ>Ù�ÕjÝ\��9�*Ù")&I,I,TL%O8$=P%N�"<y c%$'L
r+$D2Ê,-*+$'342ÊO["%$'3�V�Eb.40�1�"4NIO8(�0�"4${z�O[NT2Ê*+Ow|<(�2 ,TL~}3|��),T&-2ÊN�3%$'L�s�1%1OV O[&I342ÊO["%$DN��wz[}	s{� d%dL�»>4@4@4@�B�b�Y-HTJ�K�F4Fo�«��MrÞa6�ÑÓÒK��Û+Õ+47ÚB�¢��32���4�ÝjÍ";|Õ^6,47ÐjÛpÛ>ÙWcÑÓÐmÍoÙ:9UÛ>Ù=Õ,;CÍoÐ«ÝjÛ�dTMÛ\Ù Ö Û�Þ�4@ÕB4���`(�&7V 5�s�&)OÛL4N+��,-N<5'>4@4@4A�BF)>����ÚÓÝjÛ>Ùt��Ør	%�h4@ÕmÝBMrÞ:4p��	��]47ÒoÝmÕmÐjÍ�9��p	%�]c�Û>ÐB>�Û>Û P �p�";n47ÝmÕT����]9UÚÊ�j"ÕjÍ=ÍoÚ:;CÍoÐ Ö ÍoÙrÝ�ÕjÐ<M Ö ÕjÑÓÍoÙUÍ";
ÎrÔ�Ï(ÚÓÍoÒoÛ\ÙÛ>ÕmÑ Ö ÕmÐjÛ>Û>ÝÍ";������ÝjÛ�dIMrÛ>Ù Ö Û>Ý+MrÝmÑÓÙrÒ�9�4�R(Ñ?9!M:9�ÚÓÑ P Û>ÚÓÑÓÔrÍ=Í(Þ2��!#"40�1'(�265�s�1%1OVG5�X	O["4N+&-OÛ5EF=Y�Y"G¢B�F�F)@WH+�OG¢FIHIGWK�F)A�«Î�47ÐL47ÚÓÚÓÛ>Ú�;w47Ý�ÕI���	+9UÚ
ÞrÍoÙrÚ547Í=Þ4ÝjÑ ÕmÛo�a6,6,6�� ÑÓÙrÞrÑ547Ù�4� Û>Þ:MO��ÐL4 Ö �@ÔrÎ Ö �7;w47Ý�ÕI���	+9UÚ�g F)>D�IÛ�>rÐBM�47Ð�ÏM>4@4@4A�i �F�Gr���S�����E� �ZÔrÍ�9UÛ>Î�47ÒoÛo�IÛQc�ÍoÚ?MÕmÑÓÍoÙT� ÒoÛ>ÙrÛ+ÕjÑ Ö Ý/� 6'47ÝjÔrÑÓÙrÒ7ÕmÍoÙT� Û>Þ:MO�@ÎÔ=Ï(ÚÓÑÓÎT� Ô�ÕB9UÚ,g F�GR�ÎrÐjÑÓÚ?>4@4@4A�i �F=b��� P Í�MrÐmÑ P ÔrÑÓÙÛ`��¢�qÔ=Ï(ÚÓÍoÒoÛ>ÙrÛ+ÕjÑ Ö �YÐjÛ>Û`�«Û Ö ÍoÙrÝmÕmÐBM Ö ÕmÑÓÍoÙ���ÝmÑÓÙrÒU�(Û>Ú ;\S �Þ:47ÎÕjÑ c�Ûp��Û\ÙÛ>ÕmÑ Ö �ÚÓÒoÍoÐjÑ ÕmÔ:94�Y� Ù/9�*�"-&I,T,IL4O[$=P4N"<y+r�:�:�:�rI$D2 ,)*+$'3%2ÛOÛ"4$'3�V�Eb.40�1="4NIO[(=0 "4$hX	O["��nr+$7y+"4*+0R342ÊO[&-N»34$'L[X	O["40R,IL4O[&I3�VE:�$=P%O8$',I,-*+O8$=P{�nX rBX�:!� d%dL�7��>4@4@4@�F=J���=ÕB4"9�4@ÕL4 P ÑÓÝ����	���MÞa6�ÑÓÒ��p	��4Û>ÑÓÛ>Ð8��	���ÍoÚ ;R�uØr���[�-� ���� �O47ÝmÕ ��ÐmÍoÒoÐL4"9�;CÍoÐ4�=Û=dIMrÛ>Ù�ÕjÑ547Ú47ÙrÞ���47ÐL47ÚÓÚÓÛ>Ú��Ô�ÏÚÓÍoÒoÛ>ÙrÛ+ÕmÑ Ö �YÐjÛ>Û/�'47Ú Ö MrÚ54@ÕmÑÓÍoÙrÝk2'47ÝjÛ>Þ$ÍoÙ"ÕmÔrÛ/�h4�R(Ñ?9!M:9 �PÑ P Û>ÚÓÑÓÔrÍ=Í=Þ¶�4Û+ÕmÔrÍ(Þ2��� Ù¶9�*�"-&T,I,IL4O[$=P4N�"<yM2�D�, h4NI2
rÙ:�:�:}!#"40�1'(�2Ê,-*AE?"-&)OÛ,)2Ê.!X	OÛ"4O8$7y<"4*+0K3%2ÛOÛ&)Nê!�"4$7y+,-*�,-$'&T,k�<!�E�X c�d%dec��7�#>4@4@4>�BF-J(���=ÕB4"9�4@ÕL4 P ÑÓÝ���;	/��MrÞT6�ÑÓÒ��p	e�4Û>ÑÓÛ>Ð���	\��ÍoÚ ;b�uØI�j��Í=c�Û�9!>�Û>Ð�>4@4@4>�j Ö>Ö Û>ÚÓÛ\ÐB4@ÕjÑÓÙÒ���47ÐL47ÚÓÚÓÛ>Ú��h4�R(Ñ?9!Ma9��PÑ P Û>ÚÓÑÓÔrÍ(Í=ÞaS
>�47ÝjÛ>Þ÷��Ô�Ï(ÚÓÍoÒoÛ\ÙÛ>ÕmÑ Ö �YÐmÛ\Û��SÍ�9UÎ:MÕB4@ÕjÑÓÍoÙÝ'MrÝjÑÓÙrÒ��TMa>ÕjÐmÛ>Û�
�dIM�47ÚÓÑ Õ Ï_x�Û Ö ÕjÍoÐmÝ/�=� Ù 9�*�")&I,I,IL4O8$=P%N�"<y,Eb(j1=,-*�&I"40�1'(=2ÊO[$=P!#"%$7y+,-*�,)$'&I,k�wE#!©c=d%d4c��7�©>4@4@4>�BF=K���=ÕB4"9�4@ÕL4 P ÑÓÝR���	;��MrÞa6�ÑÓÒ/�p	��4Û>ÑÓÛ\ÐK���©�Þ�47ÎÕmÑÓÙrÒ��2�[�%���-ÕjÍ'ÕmÔrÛ_��Ñ ÕL4 Ö ÔrÑ����]K4@4@4@�S ��F4�TMrÎ�Û>Ð Ö Í�9UÎ:M(ÕjÛ>Ð/�#� Ù9�*�")&I,I,IL4O8$=P%N�"By�hY5�f="%O8$D2��+���3X 34$'L[��}�����r<�+����"4*B�4NqD¢"+1:��>4@4@4>�B

�SÍoÎ=Ï(ÐjÑÓÒoÔ�ÕZÖ× >4@4@4AUØoÍoÔrÙ8�$ÑÓÚÓÛ+Ï_Ü��(ÍoÙrÝ/	�TÕmÞT� !#"4$'&-(=*+*Ù,)$'&-.�!#"40�1'(�2 3426587	9�*�3%&-265�:�;<1=,-*)5?>4@4@4A�B'C'C��GFIH�J9�*�,Ù1=34*�,IL (�NTO[$=PêQTSDU)V4W=X[Z�\ Q<] ^



����
 �������������p���	��	�=���� �=� �¯

F=Y���=ÕB4"9�4@ÕL4 P ÑÓÝK��;	���MÞa6�ÑÓÒ��p�©�Þ�47ÎÕmÑÓÙrÒ/3R¢�4�	�j�b]R��4�EÕmÍ/������ÐmÍ Ö Û>ÝjÝmÍoÐ��Ð Ö ÔÑ ÕjÛ Ö ÕBMÐjÛ>Ý/�©� Ù�9�*Ù")&I,I,TL%O8$=P%NM"<y
rÙ9�z�9 Ebc=d%d����'�]re!3}�U/X ��"4*B�4NqD¢"+1:��>4@4@4A�B>4@���=ÕB4"9�4@ÕL4 P ÑÓÝ����	���Õ�Õ/�:	«��MrÞT6�ÑÓÒÌ�p		�4Û>ÑÓÛ>Ð_�����P���-� �� ÎrÐjÍoÒoÐB4"9�;CÍoÐ_ÎrÔ�ÏÚÓÍoÒoÛ>ÙrÛ+ÕmÑ Ö ÕmÐjÛ>Û�ÑÓÙa;LÛ>ÐmÛ\Ù Ö �	� Ù9�*�")&I,I,IL4O8$=P%N�"By�9	3D!3C�c�d%d����#>4@4@4A�BIÑÓÙ8ÎrÐjÛ>ÝmÝ/�>�Fo���=ÕmÛ�6'47ÐmÕ����	t�+47Ð�Õ¶��	�2SÛ>ÐjÐmÏ|���K	 ��ÚÓÝjÛ>ÙË��Ør	X��Û>ÐjÙÛ\Ð�Õ¶
�	P��ÑÓÝ Ö ÔÛ\Ð"���÷��47ÐB47ÚÓÚÓÛ>Ú_Ñ?9UÎrÚÓÛ�9UÛ>Ù=ÕB4@ÕmÑÓÍoÙm47ÙrÞÎ�Û\Ðq;LÍoÐ<9�47Ù Ö Û�Í";�;n47ÝmÕT����]9UÚ:S�4�ÎrÐmÍoÒoÐL4"9 ;LÍoÐ'9�4�R(Ñ?9!Ma9�ÚÓÑ P Û>ÚÓÑÓÔrÍ(Í=Þ�ÎrÔ=Ï(ÚÓÍoÒoÛ>ÙrÛ+ÕjÑ Ö ÑÓÙT;LÛ>ÐjÛ>Ù Ö Ûo�¢� Ù 9�*�")&I,I,IL4O8$=P%N»"<y"<y1Eb(j1=,-*�&I"40�1b(=2ÊO8$=P !#"4$7y+,-*�,-$'&I,��wE#!©c�d%d4hQ�7�#>4@4@�F4B>4>���=ÕmÛ�6'47ÐmÕ ���	©�	47Ù�����	�2 M Ö ÔrÔrÍoÐmÙ��:	��+47Ð�Õê��	�2SÛ>ÐjÐ�Ï ��	�N
Ô�47ÙrÒ���	Y��Û>ÐjÙrÛ>Ð�Õê
�	q�a4 P Ô�47Ð P 47Ðê�:	?��ÑÓÝjÔÛ\Ð��O	� Ö �{MrÚÓÚÓÛ>Ù����	
�c�ÍoÚ?MÕmÑÓÍoÙ�47ÐmÏ >rÑÓÍoÚÓÍoÒ7Ï 47ÙrÞ Ö Í�9UÎ:MÕB4@ÕmÑÓÍoÙ�47ÚKÒoÐmÑÓÞrÝ/��� Ù r<X'U !�s+E#!3}�� h%g%g%g�!#"%0�1'(�2 342ÊO["4$'3WV
X	OÛ"�V "IP4. ��"4*B�4N<D�"+1?7	E?"<y+2���34*�,hC'"-"�V N�y+"4*÷!�"40�1b(=2 342ÊO["%$'3�V�X	O["WV "IP4.���F=Y�Y�Y�B>4A���=ÕmÐjÑ?9[9UÛ>ÐX�K	q�+47Û>ÝmÛ\ÚÓÛ>Ðê3c2���+M�47ÐmÕmÛ+Õ÷��M:Z�Z>ÚÓÑÓÙrÒ¢����h4�R(Ñ?9!M:9�S �TÑ P Û\ÚÓÑÓÔÍ(Í=Þ��4Û+ÕjÔÍ(Þ ;LÍoÐR��Û Ö ÍoÙrÝmÕmÐBM Ö ÕmÑÓÙrÒ �YÐmÛ>Û�YÍoÎ�ÍoÚÓÍoÒoÑÓÛ\Ý\��U½"�VG5�X	OÛ"�V 5E:�ij"�VG5EF=Y�Y�J�B�FÙF)AWHI�OY�J"GjHTY�J�Y�>"Gr��� Ö Ô:9UÑÓÞ(ÕS�	EÛ+Õ 47ÚB�%�	��
�
�S ���+N�N
��
��4�h4�R(Ñ?9!Ma9-ÚÓÑ P Û>ÚÓÑÓÔrÍ=Í(ÞXÎÔ=Ï(ÚÓÍoÒoÛ>ÙrÛ+ÕjÑ Ö 47Ù�47Ú ÏÝmÑÓÝ�MÝjÑÓÙrÒAdIM�47ÐmÕmÛ+ÕjÝ 47ÙrÞUÎ�47ÐL47ÚÓÚÓÛ>ÚÖ Í�9UÎ:MÕmÑÓÙrÒr��X	O["%O8$7y+"%*+0K342ÊOÛ&)N�>4@4@4>�B�F�F=KWH+��b4@4>-HTb4@"Gr�>�b���«ÔrÛ��,4 Ö Õ<MrÝ���Í=ÞrÛo�IÔ�ÕmÕmÎ�� ���76,6,6�� Ö 4 Ö Õ<MrÝ Ö Í=ÞrÛo� ÍoÐjÒ�g A��ÎrÐjÑÓÚ�>4@4@4A�i>�J����M	�UÛ+Ï ��	T�=ÕjÛ>Û>Ú��:�
�PÑÓÙ P Ý1>�Û+Õ^6�Û>Û>Ùl9�4�R(Ñ?9!M:9�ÚÓÑ P Û\ÚÓÑÓÔÍ(Í=Þ~47ÙrÞ�9�4�RÑ?9_M:9�Î�47ÐmÝjÑ?9UÍoÙ�Ï{MrÙÞrÛ>Ð@4�ÝmÑ?9UÎrÚÓÛ@9UÍ(ÞrÛ>ÚÍ";;ÝjÑ ÕmÛpÝBM:>rÝ�ÕjÑ Õ<MÕmÑÓÍoÙT��X	(TV�V�U�3%2\D�X	O["�V�F=Y�Y%J=B�FÛAWH+� b�K�FIHTJ4@%J(�>%J(����ÍoÚ ;��uØ Û+Õ 47ÚB� �YÐT
�R��4���½ 9�4�R(Ñ?9!M:9 ÚÓÑ P Û>ÚÓÑÓÔrÍ=Í=Þ¼ÎÐjÍoÒoÐL4"9 ;CÍoÐ�ÛQR(ÕmÛ>ÙrÝjÑ c�Û ÕmÐjÛ>ÛQS ÝmÎ�4 Ö ÛËÛ�R(ÎrÚÓÍoÐB4@ÕjÑÓÍoÙT�
X	OÛ"4O8$7y<"4*+0K3%2ÛOÛ&)N�>4@4@4@�B�FÙF=JWHI� A�K4A-H=A�Y"Gr�

�SÍoÎ=Ï(ÐjÑÓÒoÔ�ÕZÖ× >4@4@4AUØoÍoÔrÙ8�$ÑÓÚÓÛ+Ï_Ü��(ÍoÙrÝ/	�TÕmÞT� !#"4$'&-(=*+*Ù,)$'&-.�!#"40�1'(�2 3426587	9�*�3%&-265�:�;<1=,-*)5?>4@4@4A�B'C'C��GFIH�J9�*�,Ù1=34*�,IL (�NTO[$=PêQTSDU)V4W=X[Z�\ Q<] ^


