
�����������	��

�����	������������������� ����

�"! �#���%$&� ���'�����
()��
+*,���-�.�/����*

021436587:9�;�<>=:3#14?:9A@�BDCAEFC�3 G�<H3F?:IJ=K@#LM14=:?ONP<>QSRUT814=:TMV'14=XW�YZ1�R6@
[�\^]6_a`#b8cAdfe�chgi_Hja`k]6l�m4n6op]6qan#]�r:stq>opu�]FlFvwop`wx�cAdD\^cAlF`kg'jHqay:r:\�cAlF`kg'j>q8y:rZz�]6lFg {�q>x

| \^{�n#{�_:cM}�~�r�z�c�`w�a]6q4�Hj>lF�HrZm4��]#y>]6q

�+���#���#�>�4��� � �a]���ja]#vk`wopcAq�`w�a{�`��f]�o�q>uh]#vk`wop��{h`k]io�q+`w�Hopv�_a{A_:]Fltopv#r>���a]#`w�8]Fltop`
opv�_:c�vkvwo��>�p]id�c�l^z�]6qa]#`wopn���lFch�AlF{�g�gio�q8�+`kci]��4`wlF{�n#`�n#]6lF`k{�o�q�lF]#�Aj>�p{Alkop`wop]�v�dJlFc�g
lF{���`wopg ]Mvk]6lkop]�v,y>{�`k{�cAd��4jag {Aq�vw_:]�]#n��ZbD�O]M]#�4{hgio�qa]����a]#`w�a]6lM{��h]6q8]�`wopn
_>lFc��AlF{hg gio�qa�M{A�p��c�lkop`w�8g�n#{Aq+�Hqay,_>lFc���lF{�g v^`w�8{h`�{AlF]'{��H�p]�`kciy4opvkn6lkopgio�qa{�`k]
n#]6lF`k{�o�q+vw_:cA��]6q+u�c���]6�pvD{AqayMn#cAqavkcAqa{Aq>`kv#b>��]�_>lF]#vk]6q>`D]#u�opy>]6qan#]'`w�8{h` `w�>opv�n#{�q
o�qayH]#]�y¡�:]+{�nk�Hop]#uh]#yP��op`w��{Ovwj>lk_Hlkopvwo�qa�A�pxPvwopg�_H�p]�{�_H_>lFc�{hn��¢`w�a{�`�yHc4]�v£qac�`
qa]#]#yi_>lF]6_>lFc4n#]#vkvwo�qa�Hb � �a]�yH{h`k{i��]D�8{�u�]^n#cA���p]�n#`k]#y-c�qM`w�a]tvkx4vk`k]�g-¤ vK�:]6�a{�u�opcAl
vw�acA�P`w�a{�`�]#uh]6q�vw_�]#{A��]6lk¥�o�q8y>]6_:]6q�yH]6q>`�y4opvkn6lkopgio�qa{�`wopcAq¦opv�_�c�vkvwo��>�p],��op`w�
z���b

§ ¨H©�ª:«:¬'­i®�¯�ª:°F¬t©

±�7:²�14=-9F³�C�C�´#Y�IJ9�µ>C�36¶�3FC�96IJ9FE�1·=8E'EF<M²�14´#Y:IJ=:C�Q¸C�143F=XI¸=XT+14³:³X3F<a1·´#Y:C�9h¹8º'YXC�7:=:?XC�3FQJ¶8IJ=:T
=Z14E67:3FCt<4R:EFY:CtEFIJ²�C#»k?:C�³�C�=:?XC�=8ED9FIJTH=Z14QH¼'I¸E6Y I¸E69Kµ>1436I½1·¾:QJC RUCh14E67:3FCA9fIJ= ²¦1·=8¶'?:IJ²�C�=:96IJ<>=:9
14E�E6Y:C�9#14²OC¦E6IJ²�C>¿�E6<>T>CAEFY:C�3�¼'IJEFYÀEFY:C�IJ=aE63FIJ´h1·EFC�1·³:³Z143#14E67:9�E6YZ14EOYZ149OC�µ><HQ¸µHC�?ÁIJ=
Y87:²¦1·=�9F³�C�C�´#YÂ³:3F<8?:7:´AEFIJ<>=�1·=:?�3FC�´�<HT>=:IJE6I¸<H=2²¦1·5>C IJE�<H=:CM<4R�EFY:C-²�<H9FE�´#YZ1·QJQ¸CA=:T>IJ=:T
Ã 1·=:?214E�EFY:C,9�14²OC�E6I¸²OC'²�<H9FE�3FC�¼'1436?:IJ=:T Ã E#14965a9iIJ=�²¦1·´#Y:IJ=:C�³Z1·EFE6C�3F=�3FCA´�<>TH=:IJEFIJ<>=D¹
º'Y:C�9FE63FC�=:THEFYÂ<4R�Ä C�=:C�E6IJ´¦B�36<>T>3#14²O²�IJ=:T�Å Æ <HWhÇ>È�É^IJ9MIJEF9+1·¾:IJQ¸IJEk¶�EF<�14¾:96EF3�1·´�E�14=

7:=:?:CA3FQJ¶8I¸=XT+³:36IJ=:´�IJ³:QJC'RU36<>²Ê1£ËZ=:IJE6C�96C�E'<4R ËZEF=XC�9F9i´h1496C�9h¹�º'Y:IJ9�³:3FIJ=:´�IJ³:QJCi´h14=�¾�C�´A<>=8»
9FIJ?:C�36C�?�E6Y:C�CA9F9FCA=:´�C <4RDE6Y:C'3FC�TH7:Q�1436I¸E6IJC�9^E6YZ14Et?:C�EFCA3F²�IJ=:C'E6Y:C�1·³:³�Ch143#14=:´�Ci<4RK´�<>=X´�3FC�E6C
ËZEF=XC�9F9-´h1496C�9h¹�Ä C�=XC�EFIJ´�³:36<>T>3#14²O²�IJ=:T-EF3FIJC�9,EF<2C�Ì8E63�14´AEMEFY:CA9FC�36C�T>7XQ½1·3FIJEFIJC�9£RU3F<H²&EFYXC
ËZEF=XC�9F9-´h1496C�9�IJ=PEFY:C
RU<>36²&<·R�14=¢14QJTH<>3FIJE6Y:²Í<>3�1�´�<H²�³:7:E6C�3M³:36<>TH3�14²�¹�º'Y:C�³Z1436EFIJ´#»
7:Q�143 IJ²�³:QJC�²OC�=8E�1·EFIJ<4=�<4R'T>C�=:CAEFIJ´�³:36<>TH3�14²O²�IS=:T�EFYZ1·EM¼�C�7:9FCOC�=Z14¾XQ¸CA9M7:9ME6<2C�µ><HQJµ>C
´�<>²O³:7:E6C�3^³X3F<>TH3�1·²�9'14E'EFYXC�µHC�3F¶OQJ<4¼^C�96E'QJC�µ>C�Qk¿8E6Y:CM²¦1·´#Y:IJ=:C'´�<8?:CMQJC�µHC�Qk¹
Î�CA9F³:IJEFC E6Y:C�IJ3'³Z<HEFC�=8E6I½1·QD´�<H²�³:QJC�Ì8IJEk¶MIJE'IJ9^<H¾8µaIJ<H7:9^E6YZ14E'36C�T>7XQ½1·3FIJEFIJC�9'367:QJC Ya7X²¦14=

9F³�C�C�´#Y�³:36<a?X7:´�EFIJ<H=D¿�<HEFY:C�36¼'IJ9FC'<>3#14QH´�<>²O²�7:=:IJ´h14E6IJ<>='¼�<>7:QJ? =:C�µHC�3�¾ZC�³Z<H9F96I¸¾XQ¸CH¹hº'YXC�9FC
3FC�TH7:Q�1436I¸E6IJC�9h¿�Y:<4¼�C�µ>CA3h¿H²�7:9FE�14QJ3FCh1·?:¶M36C�9FIJ?:C'IJ=-EFY:C�Ï63�1�¼'Ð EFIJ²�C�96I¸TH=Z14Qk¿�Ik¹ C>¹4EFYXC^96I¸TH=Z14Q
µ><HI¸?�<4R�1·=8¶�³:36C�³:36<a´AC�9F96I¸=XTZ¿�¾�C�´h1·7:9FC21·=a¶�²�CAEFY:<8?�<4R'RUCh1·EF7:36C#»kC�Ì8EF3�1·´�EFIJ<H=Ñ´�14=P<>=XQ¸¶
C�Ì8EF3#14´�E'¼'YZ1·E'IJ9�14QJ3FCh1·?:¶�E6Y:C�36C>¹
º'Y:C�Ò87:C�96EFIJ<>= ¿DE6Y:C�=D¿�E6YZ14EM¼�C�IJ=8µ>CA9FEFIJT814EFCOIJ=PEFY:IJ9M³Z1·³ZCA3�I¸9,¼'Y:C�EFYXC�3�IJEMIJEM³Z<H9k»

9FIJ¾:QJC-RU<H3�1¡T>C�=XC�EFIJ´�³:3F<HT>3#14²�²OIp=:TO9F¶89FE6C�²ÓEF<�C�Ì8EF3�1·´�E�EFYXC¦7X=:?:C�36Q¸¶8IJ=:T236C�T>7XQ½1·3FIJEFIJC�9
<4R^96³ZCAC�´#Y¢?Z1·E�1
RU3F<H²ÍEFY:C�3#1�¼ÔE6I¸²OC 9FIJT>=Z1·Qk¿Z¼'IJE6Y:<>7:EM1·=a¶ORU7X3FEFYXC�3M³:36C�³:3F<8´�CA9F9FIJ=:T�<>3
EF3#14=:9�RU<>36²¦14E6IJ<>=D¹



� ���������8°
	�¯�� ª:°F¬�©
������� ­Í¬�©����i¬�«8ª�����°������"°F©i­�¬����

���! "$#�%�&('*),+

- EM14=¢14¾X9FEF3#14´�E-QJC�µ>CAQ ¿�EFY:C�E#149F5�<4R'EFYXC�T>CA=:C�EFIJ´O³:3F<HT>3�1·²�²OIp=:T�96¶a96EFC�²�IJ9ME6<2C�µ><HQJµ>C
³:3F<HT>3#14²�9'¾�149FCA?�<H=�E6Y:C+E6IJ²�C 9FIJT>=�14Q�EFYZ1·E�1·3FC�14¾:QJC-EF<�?XI¸96EFIJ=:TH7:IJ9FY2´�CA3FE�1·IJ=�96<>7:=:?X9h¹
. IJ=:´�C'E6Y:C�E#149F5-IJ9�´�<>²O³:QJI¸´�14EFCA?+¾8¶-EFY:C�R 1·´�E�E6YZ14E^1·E�3FC�149F<H=Z14¾XQ¸Ci9�1·²�³:QJIJ=:T'3�1·EFC�9�EFYXC�3FC
IJ9�1-Y87:THC£1·²�<H7:=8E�<4R�?Z14E#1:¿8IJE'IJ9'=:C�´�C�969�1·3F¶�EF<�IJ²�³�<>96C�´�CA3FE�1·IJ=¦36C�9FE63FIJ´�E6I¸<H=:9h¹

/:<H3�´�Q�14969FISËZ´h1·EFIJ<>=�¼�C�96YZ14QJQ�7:9FCM1 96Y:<>36E^¼'IJ=:?:<4¼ÂRU<H3^E6Y:C�E6IJ²�C�9FIJT>=Z1·Qk¹4º'Y:C 9FIJW�Ci<4R
EFY:IJ9i¼'I¸=X?:<4¼ ¼'IJQJQK¾�C�È10-²�9h¹ - EiEFY:<H9FC-¼'IJ=:?:<4¼�9FIJW�C�9 EFYXC32 EF3�1·=:9FIJC�=8E54�96³ZCAC�´#Y�96I¸TH=Z14Q
´h14=,¾ZC�36C�Ta1·3F?:CA?�1·9f14³X³:3F<4Ì8IJ²¦1·EFC�QJ¶�9FE�1·EFIJ<>=�143F¶8¹�º'Y87:9 ´�Q�14969FISËZ´h1·EFIJ<>=M<·R:²�<>36C�´�<>²O³:QJC�Ì
EF3#14=:96I¸CA=aE'96IJT>=Z1·Q¸9tRU36<>² QJ<>=XT>C�3'E6I¸²OC�³�C�3FIJ<8?:9'¼'IJQJQK=:<>E�¾�CM9FE67:?:IJC�?�Y:C�36C>¹

. <>²OC^<·R E6Y:C�´#YZ1·Q¸QJC�=XT>C�9�¼'IJEFY�<>7X3^14³:³X3F<a1·´#Y�¼'I¸QJQ:¾�C'9F7X²�²¦1·3FIJW�C�?-IJ=�EFY:C'96C�´�E6I¸<H=:9
EF<,RU<>QJQJ<4¼M¹

���6� 7�8:91%;',<>=?#�%A@B),=?)�7C%�=

NÁY:C�=�7:96IJ=:T�EFY:C E6I¸²OC�96I¸TH=Z14QD1·9�1-¾Z1496IJ9�RU<>3�´�Q�14969FISËZ´h1·EFIJ<>=D¿XEFY:C 96¶a96EFC�²Í¼'IJQJQKYZ1�µHC�E6<
´�<>³�C ¼'IJEFY�µ>C�36¶�Q½1·3FTHC�?Z1·E�1-9FCAEF9h¹�º'Y:C 9#14²�³XQ¸CA9'7:9FC�?¡Y:C�3FC,YZ1�µ>C ¾�C�C�=236C�´�<>36?:C�?�¼'IJEFY
1 9�1·²�³:QJIJ=:Ti3�14E6C�<·REDM58±�WH¿>¼'Y:IJ´#Y�²OCh14=X9�EFYZ1·E�RU<H3^Ch1·´#Y¦ÈF0£²�9�¼'IJ=:?:<4¼ <4RDE6Y:C�96I¸TH=Z14Q
¼^C YZ1�µHCHG?IF0,9�14²O³:QJC�?�µ>1·QJ7:C�9h¹

JkEM¼^<H7:QJ?2¾�C�µ>CA3F¶�YZ1436?D¿KISR�=X<>E <>7:E63FIJT>Y8EMIJ²O³Z<H9F9FIJ¾:QJC>¿XEF<2CAµ><>QJµHC�1�ÄMB »k³:36<>T>3#14²
¼'IJEFY�GKI10�IJ=:?:C�³�C�=:?XC�=8E�IJ=:³X7:E�µ>1·3FI�14¾:QJC�9�¹:º'Y:CA3FC-¼^<H7:QJ?2¾ZC£R 143iEF<8<�²�14=8¶�?:C�TH3FC�C�9,<4R
RU3FCAC�?:<>²�¿D¼'YXI¸´#YÂ´�<>7:QJ?ÂCh1496I¸QJ¶�QJCh14?ÂEF<P<4µ>CA3k»wËZEFE6I¸=XTZ¹ V^C�96IJ?:C�9h¿tEFY:C�³:36<>TH3�14²O9M¼�<>7:QJ?
YZ1�µ>C¡EF< ¾ZCA´�<>²OC2µ>C�36¶Á´�<H²�³:QJC�Ì�LNM Ch14?XI¸=XT¢9F7X´�YÔ1 Q�143FTHC�IJ=:³X7:E¦1·=:?ÁË�Q¸E6C�3FIJ=:T <H7:E
?:IJ9FE6I¸=X´�EFIJµ>CtRUCh1·EF7:36C�9�RU<H3D´�Q�1·9F9FISËZ´�14EFIJ<H=+36C�Ò87:IJ3FC�9'1'µHC�3F¶-Q�143FTHC^14²O<>7:=8E <4RZIJ=:96EF3F7X´�EFIJ<>=X9h¹

Jk=M²¦1·=a¶�1·7:EF<H²¦1·EFIJ´D96³ZC�CA´�Y�36C�´�<HT>=:IJEFIJ<H=M9F¶89FE6C�²�9 <4RZE6<8?Z1�¶ EFY:IJ9D³X3F<>¾XQ¸CA² I¸9 9F<HQ¸µHC�?
¾8¶Ñ´�14QJ´�7:Q�14E6IJ=:TÑ1 RUCh14E67:3FC » µHC�´�EF<H3h¹ - ³:³XQ¸¶8IJ=:T¢1O/X<>7:36I¸CA3¦E63�1·=:9kRU<H3F²�¿^1�Ë�Q¸E6C�3�¾Z14=X5 ¿
<>3�<HEFY:C�3
RUCh1·EF7:36C2C�Ì8EF3#14´�E6I¸<H=Á²�C�149F7X3FC�9O?:<8C�9�=:<HE�<>=:QJ¶ÂC�²�³:Y�149FIJW�C�E6Y:C2IJ²�³�<>36E�14=8E
RUCh1·EF7:36C�9h¿4IJE�14QJ96<�?:3#149FE6IJ´h14QJQJ¶ 3FC�?:7X´�C�9�EFY:C'14²O<>7:=8EK<4RK?Z1·E�1'E6< ¾ZCtRUC�?-IJ=aE6< EFY:C�QJCh1436=:IJ=:T
9F¶89FE6C�²�¹

Jk=¦E6Y:IJ9�96EF7:?:¶8¿:YX<4¼^C�µHC�3h¿�¼�CM¼'IJQJQK=:<>E 14QJQJ<4¼ 1·=8¶¦<·R�EFY:C�96C+²OCh14967:3FCA9h¿Z1·9�¼�CM¼'14=8E
EF<-9FY:<4¼ E6YZ14E'THC�=:C�E6IJ´M³:3F<HT>3#14²�²OIp=:T IJ9�14¾XQ¸C E6<-ËZ=:?�?:IJ9F´�36IJ²�IJ=Z14E6IJ=:T RUCh1·EF7:36C�9�IJ=�EFYXC
EFIJ²�Ct9FIJT>=Z1·QQPSRUT6V,W1X�T:14=8¶+³X3FC�³:36<8´�C�9F96IJ=:T�14³:³XQ¸IJC�?-EF<,I¸E�¹4NPC�²�7:9FE ËZ=:?�1£¼�1�¶8¿�EFY:<H7:T>YD¿
EF<-3FC�?X7:´�C-EFY:C IJ=:³:7:E'E6<�EFY:CMÄMBf» ³:36<>TH3�14² ¼'I¸E6Y:<>7XE'3FC�?:7X´�IJ=:T�<>3'´#YZ1·=:T>IJ=:T-EFY:C,?Z14E#1:¹

���6Y 7QZ�),[�[�8\[E]^=K#�%_"$8\`�%�7�8\]a[�),+

º'Y:C296<>QJ7:EFIJ<H=ÁEF<ÂEFY:CP³:36<>¾:QJC�²/<·R+EFYXC�³:36C�µ8IJ<>7:9�9FCA´�EFIJ<>=�¼�C�C�²�¾�143F5HC�? <>=ÁIJ9�EFYXC
RU<>QJQJ<4¼'IJ=:TZ¹*JwR I¸E�IJ9-=:<>E�³�<>969FIJ¾:QJC�EF<�T>IJµ>C�E6Y:C�³:3F<HT>3�1·² 14QJQ�?Z14E#1P14E-<>=:´AC>¿�¼�C�9FYZ1·Q¸Q
RUC�C�?¡EFY:C�² 9FE6C�³�¾8¶296EFC�³bLZº'YXC+E6I¸²OC 9FIJT>=Z1·Q�I¸9i9F´h1·=:=:C�?�Rw3F<>² 9FE#1436E�E6<�C�=X?D¹Kº'Y:C�ÄMB
³:3F<HT>3#14² IJ9^C�Ì8³�C�´�E6C�?2EF<,3F7:=�EFYX3F<>7XT>Y¦1·=�IJEFC�3#14EFIJ<H=�¼'Y:C�36C I¸=OC�µ>CA3F¶�IJEFC�3#14E6I¸<H=�96EFC�³�IJE
T>C�E69^<H=:QJ¶3W1c,d�9�1·²�³:QJC�?�µ>1·Q¸7XC'³:QJ7:9^E6Y:C�´A7:3F36C�=8E'³Z<H9FIJEFIJ<>=�<·RDEFY:C 9#14²�³XQ¸CA?+µ>1·Q¸7XC>¹>º'YXC
³:3F<HT>3#14² EFY:CA=�³:36<a?X7:´�C�9�1·=�WFX�TfeCX�TSg?d5hKT\WFi�¼'Y:IJ´#Y�´A<>=:96I¸96EF9'<·RD?:Ikj C�36C�=8E^´A<>²�³�<>=XC�=8EF9h¹
- ?:?XI¸E6IJ<>=Z1·Q¸QJ¶8¿>IJ=2CAµ>C�36¶2IJEFC�3#14EFIJ<H=29FE6C�³�E6Y:C-³:3F<HT>3�1·²ÍT>C�E69 EFY:C-<>7:E6³:7:E µ>CA´�EF<H3�<·R^EFYXC



0

50

100

150

200

250

300

0.2 0.202 0.204 0.206 0.208 0.21 0.212 0.214 0.216 0.218 0.22

A
m

pl
itu

de

Zeit [s]

Zeitsignal

...

...

output vector

output vector of the
preceding iteration

...

time signal window

sampled value

position index

genetic program

output value

���������H� \^{�`k{��ac��Â���a]6q�n6�p{hvkvwo�d�x�o�q8��{�`wopg ]'vwop�Aqa{A�D��o�qayHc��

³:3FCA´�C�?:IJ=:T�IJEFC�3#14E6I¸<H=D¹a/X<>3'E6Y:C,ËZ3F96E�IJEFC�3#14E6I¸<H=D¿�¼^C,I¸=XI¸E6I�14QJIJW�C�E6Y:IJ9�µ>CA´�EF<H3�E6<30-IJ=2Ch1·´#Y
´�<>²O³Z<H=:C�=8Eh¹�/ IJT>7:36C G IJQJQJ7:9FE63�1·EFC�9'<H7:3�14³:³X3F<a1·´#YD¹
º'Y:CORUC�C�?:¾�14´#5�RU3F<H² EFYXC¦<H7:EF³X7:E+IJ9�IJ²�³�<>36E�1·=aE�¹�JkE-²¦145HC�9ME6Y:C�¾ZC�Y�1�µaIJ<H3+<·R�EFYXC

³:3F<HT>3#14² IJ=�IJEFC�3#14E6I¸<H=
	�?:C�³�C�=:?:CA=aEi=:<>E'<H=:QJ¶+<H=�EFY:C ´�7:363FC�=8EiI¸=X³:7:E�¾:7:E�14QJ96<+<H=�EFYXC
¾ZCAYZ1�µ8I¸<H3 I¸=PE6Y:C�³X3FC�µ8IJ<>7:9,9FEFCA³D¿�	�� G>¿K¼'YXI¸´#Y¢1·Ta14IJ=�?:C�³�C�=:?:9�<H=�¼'Y�14EMYZ1·³:³�C�=:C�?
IJ=�EFYXCM9FE6C�³�¾�C#RU<H3FC+1·=:?�9F<�<H=D¹:NÁIJE6Y¦E6Y:IJ9'²�C�E6Y:<8?D¿8EFYXCM<>7:E6³:7:Ei³:3F<8?:7:´AC�?2IJ=�9FEFCA³
	
?:C�³�C�=:?:9i<>=������a9#14²�³XQ¸CA?�µ>14QJ7:CA9^36Ch14?27X³¦E6<+E6YZ14E'²O<>²OC�=8Eh¹
º'Ya7X9h¿�EFY:C,<>7:E6³:7:E <4R�EFYXC+Q�1496E�IJEFCA3�14E6IJ<>=�IJ9�IJ=��Z7:CA=:´�C�?�¾8¶ 1·QJQD9�1·²�³:QJC�?�µ>1·Q¸7XC�9�IJ=

EFY:C'96´h14=X=:C�?�EFIJ²OC�9FIJT>=�14Q:¼'IJ=:?:<4¼M¹�º'Y:IJ9�<>7XEF³:7:Et´h14=-¾ZC'7X9FC�?
RU<>3�´�Q�14969FISËZ´h1·EFIJ<>=-<4RKEFYXC
9FIJT>=�14Qk¹a/X<>3iEFY:IJ9 ´�Q�14969FISËZ´h1·EFIJ<>=�¼^C-7:96C�<>=:QJ¶�<>=:C-´�<H²�³�<>=:C�=8Ei<4R'EFY:C-<>7:E6³:7:E µ>CA´�EF<H3h¿
QJCh1�µ8I¸=XT�IJE 7:³PEF<�EFYXC�9F¶89FE6C�² EF<�7:96C�E6Y:C�<>E6Y:C�3F9,RU<H3�IJE69FC�QSR'<>=�I¸E69M¼'1�¶2EF<�9F<HQJµ>C�EFYXC
³:3F<H¾:QJC�²�¹

M'C�QJ¶8IJ=:T+<H=29F7X´�Y�14=�1·³:³:3F<814´#Y2?:3#14²�14EFIJ´h1·QJQ¸¶-3FCA?:7:´�C�?�EFYXCM=87:²�¾ZCA3'<4R^IJ=:³:7XEF9�E6<
EFY:Ci³:3F<HT>3#14² RU3F<H²�1,EFY:36C�C#»k?:IJT>IJE�=87:²�¾�C�3�E6<+1M<H=:C#»k?:IJT>IJE�=87:²�¾ZCA3h¿H¼'I¸E6Y:<>7XE^14³:³XQ¸¶8IJ=:T
14=8¶�³:36C�³:3F<8´�CA9F9FIJ=:T�E6<+E6Y:CM?Z1·E�1:¹

����� �$),+ Z���+:),=?8\[E]^=K#�%�� 8\=?[E%����
Jk=MEFYXC�³:3FCA9FC�=8E�96EF7:?:¶8¿�¼^Ct<>=:QJ¶ C�Ì:14²OI¸=XCD´�Q�14969FISËZ´h1·EFIJ<>=,I¸=8E6<�Ek¼�<'´�Q�149F96C�9h¹���Ì8³ZC�36IJ²�C�=8EF9
7:9FIJ=:T�²O<>36C�EFY�14=�Ek¼^<�´AQ½1·9F96C�9 YZ1�µ>C ¾�C�C�=2µHC�3F¶�?:IJ9F´A<>7:3#14T>IJ=:T-9F<
R 143�1·=:?�¼'IJQ¸QK=X<>E'¾�C
´�<>=X9FIJ?:C�36C�?2Y:C�36C>¹

Jk=¦<H3F?:CA3�EF<O?:IJ9FE6I¸=XT>7:IJ9FY�Ek¼�<�´�Q�14969FC�9! 14=:?�"Á¼�CM?:CAEFC�36²�IJ=:CM1-E�1·3FT>CAE�µ>14QJ7:CiRU<H3
Ch14´#Y�´�Q�14969h¿$#&%Á14=X?�#('�¹8±�CA3FCM¼�C 7:9FCME6Y:C µ>14QJ7:C�9 G?0:¿ 0F010M14=X?A0X¹8º'Y:IJ9^²OCh14=X9^E6YZ14E'ISR



EFY:Ci<>7:E6³:7:E�µ>14QJ7:C'<·RDEFY:Ci³:3F<HT>3�1·² 1�RUE6C�3^E6Y:C Q�149FEtI¸E6C�3�1·EFIJ<>=�IJ9�¾:IJT>THC�3�EFY�14=��X¿ 0F0F0X¿4EFYXC
9F´h1·=:=:C�?¡9�14²O³:QJC'¼'IJQ¸QK¾�C ´�Q�14969FISËZC�?�1·9^´AQ½1·9F9! ¦¿8<>E6Y:C�3F¼'IJ96C+149'´�Q�1·9F9 "Á9#14²�³XQ¸CH¹

/DIJE6=:C�9F9i<4R�1-³X3F<>TH3�1·²ÊIJ9�´�14QJ´�7:Q�14E6C�?27:96IJ=:T�EFY:CBdKi i�WFi�¿8Ik¹ C>¹XEFY:C+1·¾:9F<HQJ7:EFCMµ>1·QJ7:C <4R
?:Ikj CA3FC�=:´AC+¾�C�Ek¼�C�C�=PEFYXCME�1·3FT>CAE�µ>1·QJ7:CM14=:?2E6Y:C+1·´�EF7Z1·Q�<>7:E6³:7:E�<·R^EFYXCM³:3F<HT>3#14²�¹8º'YXC
9F7:² <4Rf14QJQ�C�3F36<>369'RU<H3^E6Y:C�³:36C�9FCA=aE6C�?�EF3�1·IJ=:IJ=:TMIJ=:9FE#14=:´AC�9h¿XEFY:C 9F<-´h1·Q¸QJC�?��ST\c,d���� h ��� d�� ¿
IJ9�E6Y:C-ËZE6=:C�9F9-<4R'EFYXC�I¸=X?:IJµaIJ?:7�14Qk¹�º'Ya7X9h¿KE6Y:C-ËZEF=XC�9F9-µ>14QJ7:C-IJ9MEFY:C�QJ<4¼�C�3 EFY:C�¾�C�E6EFC�3�¿
EFY:C ¾�C�9FEi³Z<H9F96I¸¾XQ¸CiËZE6=:C�969�µ>14QJ7:C IJ9 0:¹

���
	 �5`
����'���8\[�]�&(%�[�%���) +:8\9F),=?8U'*[�� 8\=K# 7�=K'QZ?#�)&� =?8 ZB7�),`
��+\8:[�]
NÁY:C�=O´#Y:<8<>9FIJ=:T-Ë�EF=:C�969�´h1·9FC�9�¿�I¸E�IJ9'IJ²�³�<>3FE#14=8E�E6YZ14E'E6Y:C�¶�36C�³:36C�9FC�=8E EFYXC�³X3F<>¾XQ¸CA²ÊIJ=
EFY:C,¾ZC�96EM³�<>9F96IJ¾:QJCM¼�1�¶8¹:º'YXCMT><814QDIJ9iEF<�CAµ><>QJµHCM³:3F<HT>3#14²�9'E6YZ14E ´h1·=��1dKc,d?i ��� R��?d�¹,JkE IJ9
=:<>E-µ>CA3F¶P7:96C#RU7:Q'E6<�YZ1�µHC�³:36<>TH3�14²O9MEFY�14E-¼^<H3F5PT><8<8?P<>=Â58=:<4¼'=¢?Z1·E�1X¿DE6Y:COËZEF=:CA9F9
´h1496C�9h¿X¾:7:E�R 1·IJQK<>=�7X=:58=:<4¼'=�?Z14E#1;2�<4µ>CA3kËZE6EFIJ=:T�4A¹

Jk=P<>3F?XC�3+E6<�1�µ><HIJ?�<4µHC�3kËZE6EFIJ=:T�¿DY:<4¼ ´h1·=P¼^C�´#Y:<8<H9FC�EFY:CPÏ63FIJT>Y8E6Ð�ËZEF=XC�9F9-´h1496C�9��
NPCM¼'IJQJQfY�1�µ>C-EF<�´#Y:<8<>9FC�1O9#14²�³XQ¸C <·R^ËZE6=:C�969M´h1496C�9-EFYZ1·E�IJ9M14?XC�Ò87Z14E6C�EF<�EFY:C-³:36<>¾8»
QJC�²�¹Hº'Y:IJ9'²�Ch1·=:9�I¸=O³:3�1·´�EFIJ´�C-EFY�14E'¼�C�¼'IJQJQ�=:C�C�?�²¦1·=a¶,ËZE6=:C�9F9i´h1496C�9h¹��i9FIJ=:T�1-Q�1436T>C
14²O<>7:=8E�<4R:ËZE6=:C�969�´h1496C�9�RU<H3DC�µ>1·QJ7Z14E6I¸=XT'EFY:C�ËZE6=:C�969�YZ149�¿�<>=ME6Y:C^<HEFY:CA3fY�14=:?D¿41i9FCA3FIJ<>7:9
?:IJ9�1·?:µ>14=8E�1·T>CFL1JkE'¼'IJQJQZ36C�Ò87:IJ3FC+1-µHC�3F¶OQ¸<H=:T-EFIJ²�C'E6<�EF3�1·IJ=¦E6Y:C 9F¶89FE6C�²�¹
º'Y:C�3FC�IJ9�1P²OC�EFY:<8?D¿�YX<4¼^C�µHC�3h¿�E6<P²¦14IJ=8E�1·IJ=PT><8<8?ÁT>C�=XC�3�1·Q¸IJWh1·EFIJ<>=Á1·¾:IJQ¸IJE6I¸CA9�¾a¶

7:9FIJ=:T�1
Q�143FTHCM=87:²�¾�C�3�<·RfË�EF=:C�969M´h1·9FC�9 ¼'Y:IJQJCM=:<HE�3FCAÒa7XI¸36IJ=:T�E6YZ14Ei²�7:´#Y¦´A<>²�³X7:EFIJ=:T
³Z<4¼�C�3�¿�� T\WKh5V���� T\RUh�� � � e � RUc �4@�Å GiV�Ç �4´>¿ GiV�Ç !�É LQ/X3F<>²�1�Q�1436T>C�9FCAE+<·R'ËZEF=:CA9F9-´h1496C�9�1
9F²�14QJQ:9�1·²�³:QJC'IJ9�´�YX<>9FCA=¦3#14=:?X<>²�QJ¶-¾ZC RU<>36C£1£ËZE6=:C�9F9iC�µ>14QJ7Z1·EFIJ<>=�E#145HC�9^³XQ½1·´�C>¹,/ IJEF=:CA9F9
C�µ>14QJ7Z1·EFIJ<>=¡I¸9,³ZC�3�RU<>36²�C�?�<>=XQ¸¶¡<>=�EFY:CO9F²¦1·QJQD9�1·²�³:QJC>¿K1·=:?PY:C�=:´AC�IJ9MQJC�9F9,C�Ì8³ZC�=X9FIJµ>C
EFYZ1·=�C�µ>1·QJ7Z14E6I¸<H=�<H=¦E6Y:C C�=8EFIJ3FC£ËZEF=:CA9F9�´�149FC,9FC�E�¹
º'Ya7X9h¿8=:<-³:3F<HT>3#14² RU3F<H² EFYXC�³�<>³:7:Q�1·EFIJ<>=�´h1·=�3FCh1·Q¸QJ¶�ÏF58=:<4¼'Ð-EFY:Ci?Z14E#1MIJE�¼'IJQ¸Q�¾�C

´�<>=�RU3F<H=aE6C�?-¼'I¸E6YD¹4º'Y:CA3FC�1436C'=:<>Et²¦14=8¶ ËZEF=:CA9F9�´h1496C�9^¼'YXC�=MË�EF=:C�969^IJ9�´�14QJ´�7:Q�14E6C�?D¿>1·=:?
²�C�²O<>36I¸WAI¸=XT'?:<8C�9^=X<>E�Y:C�QJ³D¿H¾ZC�´�147:96C+14E�E6Y:C�=XC�Ì8E^C�µ>1·QJ7Z14E6I¸<H=�1 ´�<H²�³:QJC�E6C�QJ¶M?:Ikj CA3FC�=8E
9FC�EiIJ9�³:36C�9FC�=8E6C�?D¹Kº'Y87:9�¿Z³X3F<>TH3�1·²�9'²�7:96E'?:C�µ>CAQ¸<H³21�9FE63�1·EFC�TH¶�Rw<>3�YX<4¼ E6<�´�<H³ZC-¼'IJEFY
²¦1·=a¶#"FR $ d?i d?c,T�³Z<H9F96I¸¾XQ¸C IJ=:³:7XEF9h¹8º'YXC�¶�1436C�Rw<>3F´AC�?�EF<-3FCh1·Q¸QJ¶ � d �Fi cMIJ=:9FE6Ch14?�<·R�%#7:9FE'E6<
²�C�²O<>36I¸WAC>¹'&KC�143F=XI¸=XT�I¸=OEFY:IJ9'´�<H=8EFC�Ì8E�²OCh14=X9^E6<+³�C�3kRw<>3F²Í14=�� (�� T\i �Fh?T\RUWFc e�i W?h5d�����¹

) R�´�<>7:369FC>¿ 14E�1·=8¶¦²O<>²OC�=8E^1�36C�Q�14EFIJµHC�QJ¶¦TH<8<a?¡³:3F<HT>3�1·²Ê²�1�¶�¾�CMIJ=ÁÏF¾�14?2QJ7:´#58Ð
14=:?,¾ZC�´A<>²�³�C�E6I¸=XT�14Ta1·IJ=:9FE�1'³:36<>T>3#14²�EFYZ1·E�²�IJT>Y8E�¼^<H3F5�¼�<>369FC�<>=M²O<>96EK<>EFYXC�3 ËZEF=:CA9F9
´h1496C�9h¹�V�7:E�96C�C�=�<4µ>C�3i²¦1·=a¶�E6<>7:36=Z14²OC�=8EF9'IJ=�EFY:C,C�µ><HQ¸7XEFIJ<>=Z1·3F¶O³:3F<8´�C�969h¿K<H=:QJ¶�E6Y:<>96C
³:3F<HT>3#14²�9�¼'IJQJQK9F7:36µaIJµHC�E6YZ14EiYZ1�µ>C ?:CAµ>C�QJ<>³�C�?�1-96EF3#14EFCAT>¶�EF<�´�<H³ZC-¼'IJEFY�²�<H3FC ËZEF=:CA9F9
´h1496C�9�E6YZ14=�<HEFY:C�3'³X3F<>TH3�1·²�9h¹

- RU7:3FE6Y:C�3 14?:µ>1·=aE#14THC�<4R�EFY:IJ9'²OC�EFY:<8?OI¸9'E6YZ14E'E6Y:C EF<HE�14QD1·²�<H7:=8E�<4R�ËZE6=:C�9F9i´h1496C�9
´h14=�¾�C�IJ=:´A3FCh1·9FC�?�143F¾XI¸E63�1·3FIJQJ¶a¿4¼'IJE6Y:<>7:Et9FQJ<4¼'IJ=:T ?:<4¼'=+E6Y:C�96¶89FEFCA² ¾ZCA´h147:96C EFY:Ci=a7X²�»
¾ZCA3�<4R ËZEF=XC�9F9 ´h1·9FC�9 7:96C�?�RU<H3'Ch14´#YOËZEF=XC�9F9 C�µ>1·Q¸7�14EFIJ<H=�3FCA²¦14IJ=:9�EFYXCM9�1·²�C>¹�JkE'´h1·=2¾�C
C�Ì8³ZCA´�EFC�? ¿�EFY�14E�1¡Q½1·3FTHC�3+96C�E�<4RiËZEF=XC�9F9O´h1496C�9�¼'IJQ¸Q�3FCA9F7:QJE�IJ=¢¾�C�EFE6C�3�THC�=:C�3#14QJIJWh14E6IJ<>=
¾ZCA´h147:96C�EFY:C-T>CA=:C�3�1·EFC�?PÄMB ³X3F<>TH3�1·²�9�¼'IJQJQDY�1�µ>CME6<�¾�C�1·¾:QJCMEF<O´�<>³�C�¼'IJEFY�1·=2C�µ>CA=
Q�143FTHC�3�9FC�Ei<4Rf?�14E�1X¹

M'C�³�<>36EF9�IJ=PEFY:C�QJIJEFC�3#14E67:3FC�Å Ä M�Ç�*�É'<>=ÂEFY:COR 1·IJQ¸7X3FC�<4R EFY:IJ9-9FE6<a´#YZ1·9FE6I¸´�96C�QJC�´�EFIJ<H=
²�C�E6Y:<8?�RU<H3^E63�1·I¸=XI¸=XT+?:<�=X<>E�´�<>=8Rw<>3F² EF<�<H7:3'C�Ì8³�C�3FIJC�=:´AC�9h¹
[ }�vwopg�o��p{Al�g ]�`w�8c4yMn#{����p]#y,+�-�.0/�1�2
3�4'5�6�7�8 3�7�9�7;:�8=<>1�.HrF���>opnk� j8vk]�v {^vw��op�A�>`w�pxMy·o@?�]6lF]6q>`���{�x
cAdDvk]F�p]#n#`wo�qa�-`w�a]��8`wqa]#vkv�n�{�vk]#v#r>�8{hv���]#]6q�y>]#vkn6lko��:]#y�o�qBA zDCFEHG�IUb



� ����� ���	��

�8`wqa]#vkvw¥Un#{�vk]'qacHb o�qH_>j8`w¥Uvk{hgi_H�p] y>]#vwo�lF]#y�cAja`w_>j8`

� vk{hgi_H�p]�cAdK{�qBA {�I 
 �������

 vk{hgi_H�p]�cAdK{�qBA {�I 
 �������bbb bbb bbb

������� 
 vk{hgi_H�p]�cAdK{�qBA {�I 
 �������

����� vk{hgi_H�p]�cAdD{�q A o@I �
������� 
 vk{hgi_H�p]�cAdD{�q A o@I �bbb bbb bbb
��� 
 vk{hgi_H�p]�cAdD{�q A o@I �

� �a����� �>�H� ]�gi_H�p{h`k]�cAd:{��a`wq8]�vkv n#{hvk]�`k{A�>�p]�javk]#y `kc']�u�cA�puh]�{�_HlFch�AlF{�gÁ`w�a{�`Dn#{Aq£y·opvk`wo�qa�Aj>opvw�
�:]�`w��]#]FqBA {�IK{AqayBA o@IUb8}Ávwopgi_>�p] g ]#{hvwjHlF]�`kc£�a]6��_¦`w�8]�vkx4vk`k]#gÔvwj8n�n#]#]#y�o�q�`w�a]�n6�p{�vkvwo��an#{�`wopc�q
`k{hvw�,opv�`kci_>lFc�u�opyH]�{A_>_HlFc���opg {h`k]6�pxO`w�a]'vk{�g�]'{�g c�jHq>`^cAdK�a`wq8]#vkv�n#{hvk]#vtd½cAl^]#{�nk��nF�p{�vkv#b

����� �,����+! �8:[�] 7�=K'QZ?#�)&� =K8 ZB7�),`
��+:8\[�];=K'�7 �S%�% Z?# 7�' �E[�"�@(8 �?Z���8\`�8U[�),=K8!'a[

º'Y:C�´�Q�14969FISËZC�369MEFY�14EM¼�C�¼�1·=8E�E6<�C�µ><HQ¸µHC+¼'IJQJQ�¼^<H3F5�<>=P1O9FY:<H3FEME6I¸²OC+¼'IJ=:?X<4¼M¹Zº'YXC
9F³�C�C�´#Y 9F<H7:=:?:9�E6YZ14E�EFYXC�96¶a96EFC�² ¼'IJQ¸Qi=:C�C�? E6<¢´�Q�1·9F9FISRU¶Á1·3FC�µ><4¼�C�QJ9h¿tRU3FIJ´h1·EFIJµ>CA9�<>3
=Z149#14QJ9h¹8º'YXC�9FC+1·3FC 9F<H7:=:?:9'¼'YXI¸´#Y�´h1·=¦¾�C+1·3FEFIJ´�7XQ½1·EFC�?
RU<>3�1,QJ<>=:THC�3'EFIJ²OC'EFYZ1·= È10M²O9
14=:?OY:C�=:´AC+´h1·=�¾ZC 3FCATa1436?:C�?�1·9�14³:³X3F<4Ì8IJ²¦14E6C�QJ¶M9FE#14E6I¸<H=Z1436¶a¹

JwRZ¼^Ct3FC�´�<H3F?�1 9F³�Ch145HC�3�³:3F<8?:7:´AI¸=XT£1·=�Å�1�ÉHRU<>3 YZ14QSRZ1'96C�´�<>=X?�1·=:?+9#14²O³:QJCfE6Y:C�96I¸TH=Z14Q
¼'IJEFY�1£RU3FC�Ò87:CA=:´�¶�<4RED,58±�W>¿8¼�C T>C�ED*�010F0,9�14²O³:QJC�?�µ>14QJ7:CA9h¹Hº'Y:C�3FC RU<>36CM¼^Ci²�IJT>Y8E�³:7:E
EFY:C�È10�²�9 ¼'IJ=:?:<4¼ <>=PE6Y:C�E6I¸²OC+96IJT>=Z1·Q^14E *�0F010�?XI jKC�36C�=8E+³�<>96I¸E6IJ<>=:9�¹DV�C�´h1·7:9FC�EFYXC
9FIJT>=�14Q�14QJ¼'1�¶a9 ´#YZ1·=:T>C�9�14E QJCh1·9FEM96Q¸IJTHYaE6QJ¶2<4µ>C�3,EFIJ²�C>¿�¼�C�Y:C�=:´AC�Ta1·IJ=�*�0F0F0
?:Ikj CA3FC�=8E
ËZEF=XC�9F9M´�149FCA9M<>7:E <·R�<H=:C+Y�14QSR^9FCA´�<>=:?P<·R^3FCA´�<>36?:IJ=:TZ¹Kº'YXC�Q½1·3FTHC�1·²�<>7X=aE'<·R^³�<>9F96IJ¾:QJC
ËZEF=XC�9F9 ´h1·9FC�9 IJ9'IJ?:Ch14Q�RU<>3'96EF<8´#YZ1496EFIJ´-9�14²O³:QJIJ=:TaL8;'14QJ´�7:Q�1·EFIJ=:T�14QJQ�ËZEF=XC�9F9 ´h1·9FC�9 ¼�<>7:QJ?
¾ZC-Rk143ME6<a<¡C�Ì8³ZC�=X9FIJµ>C>¿�¾X7:E+E6Y:C�IJ3MQ�1436T>C�=87:²�¾�C�3M¼'IJQJQ�¾�C�µ>C�36¶PY:C�QJ³8RU7:QtRU<H3£1�µH<>IJ?:IJ=:T
<4µ>C�3�ËZEFE6IJ=:TZ¹�V�C#RU<H3FC�ËZE6=:C�969¦<·R+14= IJ=:?:IJµ8I¸?X7Z14Q�³:3F<HT>3#14²Ó¼'I¸E6Y 3FC�96³ZC�´AE2EF<¢1�´�CA3FE�1·IJ=
9�1·²�³:QJC�<4R'Ë�EF=:C�969�´h1·9FC�9OIJ9+C�µ>1·QJ7Z14E6C�?D¿�1¡¼'I¸=X?:<4¼ IJ9+Q�1�¶HC�?¢7:³�<>=ÂEFY:C�9#14²�³XQ¸C�1·E�1
3�1·=:?:<>² ³Z<H9FIJEFIJ<>= ¹

Jk=�<>3F?XC�3�EF<,C�=:9F7X3FC�E6YZ14Et³:3F<HT>3�1·²�9�?:<M=X<>E�<4µ>C�3�»�1·?Z14³XE�EF<+1i´�CA3FE�1·IJ=¦14´AE�<4RK9F³�Ch145H»
IJ=:TZ¿�Ë�EF=:C�969'9FY:<H7:QJ?�¾�C�´h1·QJ´�7:Q�14E6C�?�7:96IJ=:T+9#14²O³:QJC�9�<4RD?XI jKC�36C�=8E�14´�E69^<·RD9F³�Ch1458IJ=:TZ¹�JkE�IJ9
14?:µ8IJ9�1·¾:QJC^E6<MC�96E�14¾XQ¸IJ96Y�1'Ë�EF=:C�969'´h1496C�E#14¾:QJCtRU<>3�36C�T>IJ96EFC�36I¸=XTM¼'Y:IJ´#Y�9�14²O³:QJC�9�1436C'¾ZC�IJ=:T
7:9FCA? 1·=:?¢¼'YXI¸´#YÂ´�Q�149F9-EFYXC�¶¢¾�C�QJ<>=:T�EF<�¿�Ik¹ CH¹D¼'YZ1·E+E6Y:C�?:C�96I¸36C�? <>7:E6³:7:E-9FY:<H7:QJ?¢¾�C>¹
º�14¾:QJC(G,9FY:<4¼'9+1�ËZEF=XC�9F9-´h1496C�E�1·¾:QJC+7:96C�?PEF<OC�µ><HQJµ>C�14=�ÏhÅ�1�ÉJ»�Å ISÉJ»k´�Q�1�9F9FISËZCA3FÐ�³:36<>T>3#14²
EFYZ1·E ´h14=P?:IJ96EFIJ=:T>7XI¸96Y�¾�C�Ek¼�C�C�= Å�1�É^14=X?ÁÅ ISÉF¹�/ I¸E6=:C�969M´h1496C�E#14¾:QJC�9 Rw<>3 C�µ><HQJµaIJ=:T�<HEFY:C�3
´�Q�14969FISËZC�369�´�14=�¾ZC-´�<>=X9FEF367:´�E6C�?PIJ=29FIJ²�IJQ�143�¼'1�¶a9�¹*JkE�IJ9�IJ²�³�<>36E�1·=aE'E6<�=:<HEFC>¿�E6YZ14E EFYXC
9F<H7:=:?:9ME6<�¾ZC�´�Q�1·9F9FISËZCA?P?:<�=:<>E ´�<H=aE#14IJ=�9FIJT>=:ISËZ´�14=8E EFIJ²�C#»k9FE63F7:´AEF7:36C�?�RUCh1·EF7:36C�9h¹�/:<H3
IJ=:9FE#14=:´�CH¿:Rw<>3�´AQ½1·9F96IpRw¶aIJ=:T-9F<H7:=:?:9 QJIJ5>C ?:IJ³:Y8EFYX<>=:TH9�<>3i³:Q�147:96IJµ>C�9�¿:EFYXC+²OC�EFY:<8?�¼�<>7:QJ?
YZ1�µ>CiEF<�¾�C ²�<8?:ISËZC�?D¹



JwR£IJ=:96EFCh1·? <4RM<>=:C » 96³ZCh1·5>C�3O9�1·²�³:QJC�9-EFY:<H9FC2<·RM²¦14=8¶�9F³�Ch145HC�3¦1·3FC27X9FC�? Rw<>3�EFYXC
EF3#14IJ=:IJ=:TZ¿�IJE�IJ9¦1·QJ9F<P³�<>9F96IJ¾:QJC2EF<P36Ch14´#YÁ96³ZCh1·5>C�3�» IJ=:?XC�³ZCA=:?:C�=8E�³:Y:<>=XC23FC�´A<>T>=XI¸E6IJ<>=ZL4¹
. 14²O³:QJC�9 3FC�´A<>3F?XC�?PRU36<>²�²¦1·=8¶¦?XI jKC�36C�=8E+96³ZCh1·5>C�369�C�=Z1·¾:QJC�EFYXC�9F¶89FE6C�² EF<P14¾X9FEF3#14´�E
RU3F<H² 9F³�Ch1·5aIJ=:T�Y�14¾:IJEF9�<4R^1,9FIJ=:THQ¸C <H3�1 RUCA¼ 96³ZCh1·5>C�369h¹

� ��� ®�©����>���	� � �

Jk=MEFYXI¸9�96C�´�EFIJ<H=+¼�C^96YZ14QJQ8?:C�²O<>=:96EF3#14EFC�EFYXC^?:¶8=Z1·²�IJ´�9 <4RZ<H7:3D96¶a96EFC�² ¼'IJEFY-14=-C�Ì:14²�³XQ¸C
3F7:= ¹8º'Y:CM³:Y:CA=:<>²OC�=Z1,?:<8´�7:²�CA=aE6C�?�Y:C�36CMYZ1�µ>C ¾�C�C�=2<H¾:9FCA3Fµ>CA?2IJ=¦²�14=8¶-<>EFYXC�3'3F7:=X9h¿
9F<�E6Y:CM?:<8´�7:²OC�=8E�1·EFIJ<>=O9FY:<H7:QJ?¦¾�CM´�<H=:9FIJ?:CA3FC�?�3FC�³X3FC�96C�=8E�14E6IJµ>C>¹Kº'YXCM¾ZCAYZ1�µ8I¸<H3'<4R�EFYXC
9F¶89FE6C�²&14³X³:QJI¸CA?2EF<O<>EFYXC�3�³:YX<>=:C-?:IJ9F´�36IJ²�IJ=Z14E6IJ<>=�³:36<>¾:QJC�²O9'I¸9iÒ87Z14QJIJE�1·EFIJµ>C�QJ¶�96I¸²OIJQ½1·3h¿
EFY:<H7:T>YO?:Ikj CA3FC�=8E�36C�´�<HT>=:IJEFIJ<H=¦3#14E6C�9�14=:?OËZE6=:C�969�µ>14QJ7:CA9'¼'I¸QJQ�<8´�´�7:3iI¸=�Ch1·´#Y¦´�149FCH¹

Y��! "$#�%�&�

�K7� � =?%�` ) [ "�8\= ��
>) ��),`�%�=K%0� �

NPC�7:9FCA?ÁEFY:C��$X�T:W � �1T:RUh�� c�"1X�h?T\RUWFc W���� �1h V RUc,d��SWH"1dB(���� d?c,dKT\RUh�� i W��Fi �'���HRUc �
2 - JF02ÄMBS4�96¶89FEFCA²��iRU<>3tEFY:IJ9�³:3F<H¾:QJC�²�¹ - JF02ÄMB�IJ9'1 QJI¸=XCh143^Ä,BP9F¶896EFC�² E6YZ14E�?:IJ3FCA´�EFQJ¶
²¦1·=:IJ³:7:Q�14E6C�9^IJ=:96EF367:´�EFIJ<H=:9 I¸=¡EFY:C-²¦1·´�YXI¸=XC�´A<a?XC>¹�NPCM´h14QJQ�IJE�1 ÏFQJIJ=:Ch1436Ð�9F¶89FE6C�²&¾�C#»
´h147X9FC'EFYXC'3FC�³:36C�9FCA=aE#14E6I¸<H=�<·R E6Y:C'C�µ><HQJµ>C�?-³:3F<HT>3#14²�9 IJ9fIJ=:96EF367:´�EFIJ<H=8»�1�RUEFCA3k»kI¸=X9FEF367:´�E6I¸<H=D¿
14=:?�E6Y:C�36C#RU<>36CMQJIJ=:Ch143�149�<>³:³�<>96C�?�EF<ME6Y:C Y:IJC�3�1·3F´#Y:IJ´h14Qk¿HEF36C�C#»k¾Z1496C�?29FE63F7:´AEF7:36CMIJ=�²�<H9FE
´�<>²O²�<H=¢ÄMB 9F¶896EFC�²O9h¹ ��º'YXC�<>36C�EFIJ´h1·Q¸QJ¶8¿^1·=a¶ÁÄMB 9F¶89FE6C�² ´�<>7:QJ?Á¾�C�7:9FC�?ÀRU<H3�EFYXI¸9
³:3F<H¾:QJC�²�¿:1·=:?�EFY:C�36C�1436C�1·Q¸36Ch14?X¶¦²�14=8¶�Å V�G�Æ /�ÇFD�É�¹�º'Y:C-³:36<>¾:QJC�²&1·?:?:3FCA9F9FCA?¢Y:C�36C>¿
Y:<4¼�C�µ>C�3�¿KIJ9MÒ87:IJEFC�´�<H²�³:QJC�Ì21·=:?P3FC�Ò87:IJ36C�9�1 Q¸<HE <4R'´�<>²O³:7:EFIJ=:TO³Z<4¼�C�3�¹Dº'Y:C�1·?:µ>14=�»
E�1·T>C�<4R - JF02ÄMB�´�<H²�³Z1·3FC�?PE6<2<>E6Y:C�3�ÄMB�96¶89FEFCA²�9MIJ9-I¸E69M9F³�C�C�? 2w14E-Q¸C�149FE-1OR 14´AEF<>3
<4R�EFC�=2´A<>²�³�143FCA?¦E6<�<>E6Y:C�3�CAÌaIJ96EFIJ=:T�ÄMBÂ9F¶896EFC�²O9 4'14=X?¦IJE'IJ9'EFYXC�3FC#Rw<>3FC-¾�C�EFE6C�3 9F7:IJEFCA?
RU<>3,EFY:CO´�Y�14QJQJC�=:T>C�<·R�EFY:IJ9ME#14965 ¹bJk=¢14?X?:IJEFIJ<>=D¿�EFY:CO3FC�³:36C�9FCA=aE#14E6I¸<H= <4R�IJ=:?:IJµ8IJ?:7Z14QJ9 IJ9
µ>C�36¶ C! �´�IJC�=8E�IJ= - JF02Ä,B�¿�T>IJµ8IJ=:T�7:9�E6Y:C2<>³X³Z<H3FEF7X=:IJEk¶¢EF<Â3F7:=ÀQ½1·3FTHC¦³�<>³X7:Q�14EFIJ<H=:9
2 G?0:¿ 0F010'IJ=:?:IJµ8IJ?:7Z14QJ954D<H=�1 9FIJ=:THQJC'³:3F<8´�C�969F<H3'9F¶89FE6C�² 2 . B - M'; 4�¿·¼'Y:IJ´�Y�E67:3F=XC�?�<H7:E^E6<
¾ZC =:CA´�C�9F9#1436¶2EF<�96<>QJµ>CiEFY:IJ9'³:36<>¾:QJC�²�Å G�<>3#Ç'!AÉF¹
º'Y:CM³Z1·3�14²OC�EFCA3�9FCAEFEFIJ=:TH9M143FC-9FYX<4¼'=2IJ=2º�14¾:QJCMÈ:¹�º'Y:CM´#Y:<HIJ´�C�9 9FY:<4¼'=¡YZ1�µ>CMTHC�=8»

C�3�1·EFC�?�TH<a<8?O3FC�967:QJEF9h¿K1·Q¸E6Y:<>7XT>Y�1-³Z1·3�14²OC�EFCA3^<H³:EFIJ²�IJWh1·EFIJ<>=-¼'149'=:<HE^?:<H=:C>¹ ) 7:3iT><a1·Q
¼�1·9^=X<>E'EF<�967:´�´�CAC�?�¼'IJE6Y¦³�143�1·²�C�E6C�3�Ek¼^Ch1·58I¸=XTZ¿8¾:7:E'IJ=O³:3FIJ=:´�IJ³:QJC>¹

Y��6� "$#�% � 8\=K[�%���� � ) � %�" )#"�+\%

Jk=M<>7X3fCAÌ�1·²�³:QJC�367:=-¼^C�¼�1·=8EDEF< C�µH<>QJµ>C�1�³X3F<>TH3�1·² EFYZ1·Ef´�14=-?:IJ9FEFIJ=:TH7:IJ9FYM¾�C�Ek¼�C�C�=�Å 1�É
14=:?OÅ ISÉF¹#º'Y:C�Ë�EF=:C�969�´h1·9FC�E�14¾XQ¸Ct´�<>=:96IJ9FEF9�<·RZEk¼^<i9�1·²�³:QJC�9K<·RZCh14´#YMµH<4¼^CAQ ¿A9F³�<>5HC�=+¾8¶ EFYXC
9�1·²�C�96³ZCh1·5>C�3$2�96C�C�º�1·¾:QJC%$14�¹ . <Z¿4E6Y:C'9F¶896EFC�² IJ9�9FCAE^E6<�?XC�µ>C�QJ<H³�1 9F³�Ch145HC�3k»k?:C�³�C�=:?XC�=8E
´�Q�14969FISËZC�3�¹
|'�K�8c�q8]#v^{AlF]'vwj>�Hj>q>op`kv'cAdK_>�8c�q8]#g�]#v#b
&�d�c�lFg ]6lk�px,�4qac���q�{�v^e�z��fm#A '^cAl;E G>r '^~�E)(#� I
* � �8] ��o�qa]#{AlMlF]6_>lF]#vk]6q>`k{h`wopcAq vk]#]#g v�`kc-�8{�uh],g�]6lkop`kv cAd�op`kv�c���qZr�qac�`�cAq>�pxOlF]#�h{AlFy4o�q8��`w�a]
vw_:]#]�y·j>_�y·ja]�`kc y·o�lF]�n#`w�px�]#�4]#n6ja`wo�qa�,g�{�nk�Ho�qa] n#c4y>]�o�q8vk`wlkjan#`wopc�q8v#b�A '�c�l;E)+�I



�K{AlF{�g�]#`k]6l m·]�`k`wo�q8�
_:cA_>jH�p{h`wopcAq2vwo���]�� 
 � �����
vk]6�p]#n#`wopc�q�� `kcAj>lkqa{�g ]6q>`

`kc�jHlkqa{�g�]6q>`�vwo��#]�� G�� � � ���
g {���opg'j8g q4jag �:]Fl'cAdD`kc�jHlkqa{�g�]6q>`kv	� ( ����� �����
g'j8`k{h`wopcAq>¥ d¸lF]#��j8]Fq8n#x
��`k]FlFgio�q8{��pv � � � ���
g'j8`k{h`wopcAq>¥ d¸lF]#��j8]Fq8n#x
�Jo�qavk`wlkjan#`wopcAqav � � 
)( �

n6lFchvkvkcAuh]6lk¥�dJlF]#��ja]6qan#x�� 
 �����
g {���opg'j8g _>lFc��AlF{hg vwo���]�� � (��io�qavk`wlkjan#`wopcAqav
g {���opg'jag)o�q>op`wop{A�fvwo��#]�� 
 � o�qavk`wlkj8n#`wopc�q8v

g {���opg'jag)o�q>op`wop{A�fu�{A��ja]ic�dD`k]6lFgio�qa{A�Kq4jag �:]FlFv	� 
 ���
q4jag �:]Fl'cAdKo�q>_>j8`w¥�lF]#��opvk`k]6lFv	� 


q4j8g'�:]6l^cAdDc�j8`w_>ja`	��g ]#g c�lFx � ¥ lF]��Aopvk`k]6lFv	� 

q4jag ��]6l'c�dK}�\��Kv	� �
o�qavk`wlkj8n�`wopcAq¦vk]#`	� {�y>y·op`wopc�q

vwjH�a`wlF{�n�`wopcAq
g j>�p`wo�_H��opn�{�`wo¸cAq
�p]6d½`tvw�>o�d�`
lkop���>`�vw�>o�d�`

�>op`w��opvk]'�pc���opn#{A���DC
�>op`w��opvk] �pch�Aopn#{���} '�\
�>op`w��opvk]i�pc���opn#{A�����DC

`k]6lFgio�qa{�`wopc�qH¥Un6lkop`k]6lkopc�q�� ]��4n#]#]#y4o�q8�+`w�8]'g�{���opg'j8g
q4j8g'�:]6l^cAdD`kc�jHlkqa{�g�]6q>`kv

� �8�������X�:� �8]��'c��#{ `k{A�>�p]#{�j�c�dK_8{�lF{�g ]#`k]Fl�vk]�`k`wo�q8�hvtd�c�l�}�� ��z��

m4{�gi_>�p] � {AlF�h]#`"! {���j8]
vk{hgi_>�p] 
'c�dD{Aq�A {�I 
 �������
vk{hgi_>�p] � c�dD{Aq�A {�I 
 �������
vk{�gi_>�p] 
'cAdD{�qBA o@I �
vk{�gi_>�p] � cAdD{�qBA o@I �

� �a������#X� ��op`wq8]�vkvtn�{�vk]'`k{A�>�p]'d�cAl�y>]#uh]6�pcA_>o�q8�+{i_>lFc��AlF{hg `w�8{h`�n#{�q�y4opvk`wo�q8��jHopvk�O��]#`w��]�]6q A {�I
{�q8y A o@IUb8}�����lF]#n#c�lFy·o�qa��v��8{�uh] �:]�]6q�`k{A��]6q-dJlFchg `w�8]'vk{hg ]'vw_:]#{��4]6l�b

Y��6Y � 8\=K[�%�� � @(%0�*%�+:'���`�%�[b=

Jk= /DIJTH7:3FC�È�E6Y:C�ËZE6=:C�969¦?XC�µ>C�QJ<H³:²�C�=8E�IJ9�9FYX<4¼'=¢Rw<>3�CAµ><>QJµ8IJ=:TP14= Å�1�ÉJ» Å ISÉJ» ´AQ½1·9F96IpË�C�3h¹
Îi7:C EF<�E6Y:C ËZE6=:C�969�µ>1·QJ7:C ¾ZC�IJ=:TO´h14QJ´�7XQ½1·EFC�?�149'EFYXC+967:²Ê<·R�C�3F36<>3F9 2 9FC�C-9FC�´AEFIJ<>=PÈ:¹ *�4A¿
EFY:C ²O<>9FEtI¸=8E6C�3FC�96EFIJ=:T-ËZE6=:C�969�µ>1·QJ7:C'IJ9�ÈF0:¿ 010F0:¹·NPC�´�14QJQKIJE^E6Y:C hKi R!T:RUh ���Cg����6X�d�¹Z;'1·7:9FCA?
¾8¶¢EFYXC29FE63F7:´�E67:3FCP<·RMEFY:C�Ë�EF=:C�969�´h1496C�9h¿�EFYXI¸9Oµ>14QJ7:C�´h1·=Ñ¾�C�3FCh1·´�YXC�?Á¾8¶ ³:3F<HT>3�1·²�9
EFYZ1·E'YZ1�µ>CM1,´�<>=X9FE�1·=8E�<>7XEF³:7:E'<·R �:¿ 0F010:¿H=:<�²¦1·EFEFCA3^¼'YZ1·E'EFY:C IJ=:³:7XE'²�IJT>Y8E�¾�C>¹�º'Y:IJ9
EF36I¸µ8I�14Q�Ï69F<>QJ7:E6IJ<>=:ÐiQ¸C�14?:9�E6<M1 3FC�´A<>T>=XI¸E6IJ<>=8»k3�1·EFC�<4R �F0%$)IJ=�1iEk¼�<4»k´�Q�149F9t?:IJ9F´�36I¸²OIJ=Z14E6I¸<H=
³:3F<H¾:QJC�²�¹



- 9�9F<8<>= 149�E6Y:C�²OCh14=ÂËZE6=:C�9692R 1·QJQ¸9�¾�C�QJ<4¼&E6Y:C�´�3FIJEFIJ´h1·Q µ>14QJ7:C2E6Y:C¢14¾:IJQJIJEk¶PRU<H3
?:IJ9F´�36IJ²�IJ=Z14E6IJ=:T�E6Y:C�Ek¼^<Â´�Q�149F96C�92IJ9�IJ=:?:IJ´h14E6C�?D¹ /X<>3¦1Â³:36<>TH3�14²/E6<PR 1·QJQ�¾�C�QJ<4¼&EFYXC
´�3FIJE6I¸´�14Q�µ>14QJ7:CMIJ9 R 143iRU36<>²ÍEF36IJµaI�1·Q ¹Xº'Y:C-´�3FIJEFIJ´h1·Q�µ>14QJ7:CMIJ9M1�QJ<8´h14Q�<H³:EFIJ²�7:²�¿>¾�C�´h1·7:9FC
<>E6Y:C�3'³:36<>T>3#14²O9^E6YZ14E'³:36<8?:7:´�C+1-=X<>=8»k´�<>=X9FE�1·=8E'<>7:E6³:7:E�²OIJT>Y8E�Ch1·9FIJQJ¶�¾ZCM¼'36<>=:T�1·=:?
T><iC�Ì8EFIJ=:´�E�¹ /X<>3 EFY:IJ9�3FC�149F<H=+IJE I¸9�IJ²�³�<>36E�1·=aEKE6<�96C�E�EFYXC^³�<>³:7XQ½1·EFIJ<>= 96I¸WAC'Q½1·3FTHC�C�=:<H7:T>YD¿
9F<-EFYZ1·E�9F<H²�Ci<4RDEFYXC�³:36<>T>3#14²O9�¼'IJEFY�=X<>=8»k´�<>=X9FE�1·=8E^<H7:EF³:7XE�1·3FC�96EFIJQJQ 1·¾:QJC�E6<+967:3Fµ8IJµ>C>¹
º'Y:C�96CM³:3F<HT>3#14²�9t²�IJT>Y8E�C�µHC�=8EF7Z1·QJQ¸¶�¾X3FC�C�?¡Q½1·EFC�3'<H=¦1·=:?�C�9F´h1·³ZC,EFY:C QJ<8´h14QK<H³:EFIJ²�7:²�¹
º'Y:C�3FC RU<>36C>¿>E6Y:C'³:36<>T>36C�9F96IJ<>=�<4RKEFYXC'²�Ch1·= ËZEF=XC�9F9�?:7:36I¸=XT�E6Y:C�ËZ369FE>GH¿ 010F0X¿ 010F0tEF<H7:3k»

=Z14²OC�=8EF9'IJ=�/DIJTH7:3FC�È�IJ9 ³Z1436EFIJ´�7:Q�1·3FQJ¶�IJ=8EFC�36C�9FE6IJ=:TZ¹ ) =:C�´�14=�9FC�C�IJE'Rk14QJQJI¸=XT+µHC�3F¶¡R 1496E
EF<�E6Y:C+´A3FIJEFIJ´h1·Qfµ>1·QJ7:C>¿:¾X7:E�=:<HE'R 1·QJQ¸IJ=:T-¾�C�QJ<4¼M¹a/X<>3�1·¾Z<H7:E *�0F0X¿ 010F0,EF<H7:3F=Z1·²�C�=8E69�EFYXC
²�Ch1·=�ËZEF=XC�9F9�9FE#14TH=Z14E6C�9¦1·E+E6Y:C2´�36I¸E6IJ´h14Qiµ>14QJ7:C>¹ - RUEFC�36¼�1·3F?:9OIJE+967:?:?:C�=XQ¸¶ IJ=:´�36Ch1496C�9
14T814IJ=D¿83FC�14´#Y:C�9 IJEF9i²¦14Ì8IJ²�7:² 14E I10F0X¿ 010F0,EF<H7:3F=Z1·²�C�=8E69�14=:?2E6Y:C�=�?:C�96´�C�=:?:9�¿KRk14QJQJI¸=XT
¾ZCAQ¸<4¼ÂEFY:Ci´�3FIJE6I¸´�14Q�µ>14QJ7:C'14E^1·¾Z<H7:END'�10:¿ 0F010'E6<>7:36=Z14²OC�=8EF9h¹1/DIJE6=:C�9F9�5>CAC�³:9�?:C�´�36Ch1496I¸=XTZ¿
7:=8EFIJQKIJE^36Ch14´#Y:CA9£1,µ>14QJ7:Ci<4R^14¾�<>7XE �X¿ 010F0X¹
±�<4¼¢´�14=�EFYXI¸9t³:3F<HT>3FCA9F9FIJ<H=�¾ZC'C�Ì8³:Q�1·I¸=XC�? � - E ËZ3F96Eh¿HEFY:CiQ¸<8´h1·Q:<>³XEFIJ²�7:²�I¸9�Ò87:IJ´#58Q¸¶

RU<>7X=:?D¹�º'Y:C�= ¿ RU<>3�1·¾Z<H7:E,*�010:¿ 0F010�EF<H7:3F=Z1·²�C�=8E69h¿�=:<HEFY:IJ=:T�9FC�CA²�9�EF<PY�14³:³�C�= ISR�¼�C
<>¾:96C�3FµHC�²OCh14=ÂËZE6=:C�9692<>=:QJ¶8¹�V�7:E�ISR+¼^C¡<>¾:96C�3FµHC�ËZEF=:CA9F92<·R+EFY:C�¾�C�9FE�³:36<>T>3#14²�¿�IJE
¾ZCA´�<>²OC�9�14³:³Z1·3FC�=8E�E6YZ14E�96<>²�CAEFY:IJ=:TiI¸9�TH<>IJ=:T�<H=+IJ=:?XC�C�?D¹HV^CA9FE�ËZE6=:C�969^IJ9�´�<>=X9FIJ?:C�3#14¾:QJ¶
QJ<4¼^C�3'E6YZ14=�²�C�14=OËZEF=XC�9F9+1·=:?2Y:C�1�µa¶ �Z7X´�EF7Z1·EFIJ<>=X9£1·3FC-<>¾:96C�3Fµ>1·¾:QJC>¹�M'C�´�14QJQDE6YZ14E EFYXC
9F¶89FE6C�².¼�<>36589�¼'IJEFYÁ96EF<8´#YZ1496EFIJ´�9�14²O³:QJIJ=:TZ¹�º'Y:C�9�1·²�C�IJ=:?:IJµ8IJ?:7Z14Qi²¦1�¶PYZ1�µHC2µ>CA3F¶
?:Ikj CA3FC�=8E'Ë�EF=:C�969k»kµ>14QJ7:C�9�¿�?:C�³�C�=:?:IJ=:TO<>=�¼'Y:IJ´#Y�ËZEF=XC�9F9 ´h1·9FCMIJ9'´#Y:<>96C�=D¹(��96³ZC�´AI½1·QJQ¸¶�IJ=
EFY:C ËZ3F96E'³:YZ1·9FC <4R�EFY:C C�µH<>QJ7:EFIJ<H=Z1436¶+³:36<8´�C�9F9iEFY:IJ9�´h14=OQJCh14?OEF<-Y:Ch1�µ8¶ �Z7:´�E67Z14E6IJ<>=:9'IJ=
ËZEF=XC�9F9 ¼'Y:C�=�<>¾X9FC�36µaIJ=:T21
9F³�C�´�I�14Q�IJ=:?:IJµ8IJ?:7Z14Qk¹8Gi<>EFC�14QJ96<Z¿:E6YZ14E E6Y:C+¾�C�96E�IJ=:?XI¸µ8IJ?:7Z1·Q
IJ9f=X<>E^1·Q¸¼'1�¶89�EFY:Ci9�14²OC>¿496<MEFY:C R 14´AE�EFYZ1·E�IJE�´�<H=:9FIJ9FE6C�=8EFQJ¶-3FC�²�14IJ=:9�¾ZCAQ¸<4¼ E6Y:C�´�36IJEFIJ´h14Q
µ>14QJ7:C 2JRw3F<>² EFYXCM<>7:E69FC�E54i?:<8C�9�=:<HE�²OCh14=OEFYZ1·E�<>=XCMIJ=:?:IJµ8I¸?X7Z14Q�YZ149 14QJ3FC�14?:¶
RU<>7:=X?�1
9F<HQ¸7XEFIJ<>=D¹
V^7:E ¼'Y8¶�IJ9�IJE�E6YZ14E EFYXC+²OCh14=OËZE6=:C�9F9,I¸=X´�3FCh1·9FC�9-14Ta1·IJ=¦96YZ1436³:QJ¶�� Jk9�E6Y:C�36C+96<>²�C »

EFY:IJ=:TP¼'36<>=:TÂ¼'IJEFY EFY:C�³:36<a´AC�9F9�¿'IJ9�EFYXC2³Z<H³:7:Q�14E6IJ<>= T>C�E6EFIJ=:TP¼�<>369FCH��Gi<Z¿ %#7:96E�EFYXC
<>³:³�<>96IJEFC>¹ - 3#14IJ9FCOIJ=¢1�µ>C�3#14T>C
ËZEF=XC�9F9�IJ=:?:IJ´h1·EFC�9-EFY�14EME6Y:C�9F¶89FE6C�² IJ9�1·¾Z<H7:EME6<�?:IJ9�»
´�<4µ>CA3M<>3M14QJ36Ch14?:¶¡YZ149M?XI¸96´�<4µ>CA3FC�? 1�96<>QJ7:E6I¸<H=D¹�º'Y:IJ9 9F<>QJ7:E6IJ<>=D¿KYX<4¼^C�µHC�3h¿�I¸9,=:<>E µ>CA3F¶
3F<H¾:7:9FE�¹�JkE�´h14=-¾�C'?:C�9FE63F<4¶HC�?�¾8¶M´�3F<H9F96<4µ>C�3�<H3�²�7:E�1·EFIJ<>= C�µHC�=8EF9h¿814=X?�1·Q¸96<�?:7XC'EF< ¾Z14?�»
QJ7:´#5�3FC�967:QJEFIJ=:T,RU3F<H² 9FE6<a´#YZ1·9FE6I¸´,9�14²O³:QJIJ=:TZ¹ - E'EFYXI¸9'³�<>IJ=8Eh¿81,Q¸<8<H5�14E�EFY:C ¾�C�9FE ËZEF=:CA9F9
3FC�µHCh14QJ9�EFYZ1·E'IJE^IJ9�=:<>E'´#YZ1·=:T>IJ=:TME6YZ14E'²�7X´�Y�1·=8¶a²O<>36C'?:7:3FIJ=:T-EFYXI¸9�³�C�3FIJ<8?D¿:THIJµaIJ=:T-14=
14?:?XI¸E6IJ<>=Z1·QKY:IJ=aE'E6YZ14E 1�96<>QJ7:EFIJ<H=¦Y�149�¾�C�C�=�Rw<>7:=:?21·Q¸36Ch14?X¶a¹ - 9�CAµ><>QJ7:E6IJ<>=�´�<>=8E6I¸=87:CA9h¿
EFY:C�IJ=:?XI¸µ8IJ?:7Z1·QJ9�E6YZ14E,YZ1�µ>C-RU<H7:=:?PE6Y:C�?:IJ96´�3FIJ²�IJ=Z1·EFIJ=:T
RUCh14E67:3FCA9�143FC�¾X7:9F¶P¾:36C�C�?:IJ=:T
14=:?O¾ZCA´�<>²OI¸=XT+²O<>3FCi3F<H¾:7:9FE�¹:º'Y:CA¶�¼'IJQJQ:ËZ=�14QJQJ¶�E�145HC <4µ>C�3'E6Y:C ¼'Y:<>QJC T>C�=XC�EFIJ´M³�<8<>Qk¹

Y���� @B%0�a%�+\' ��`�%�[Q= ',< 
 ��'a]���),`��S%�[�]*=K#
Jk=�/ IJT>7:36C�È
¼^C-?:C�³:IJ´�E,EFY:C-QJC�=:T>E6Y�?XC�µ>C�QJ<H³:²�C�=8E'<·R^³:3F<HT>3#14²�9i<4µ>C�3 E6Y:C+9#14²OCMEFIJ²�C
³ZCA3FIJ<8?�149iEFYZ1·E�<4R /DIJTH7:3FC+ÈX¹ ) =:C-´h14=¡9FC�C-IJ²�²�CA?:I�14EFCAQ¸¶-EFY�14E�QJC�=XT>EFY¡I¸=X´�3FCh1·9FC�9,?:3�1�»
²¦1·EFIJ´h14QJQJ¶�1·E^14¾�<>7XE>G'²�IJQJQJIJ<>= EF<H7:3F=Z1·²�C�=8E69h¹Hº'Y:C'QJI¸²OIJEKRU<H3�³:3F<HT>3#14² QJC�=:T>E6Y�IJ9�9FC�E'E6<
È'�1I:¹4º'Y:IJ9�QJI¸²OIJEDIJ9^36Ch14´#Y:CA?¦¾8¶-¾Z<HEFYOEFY:CM1�µ>CA3�14THC'³:3F<HT>3#14² QJC�=:T>E6Y¦1·=:?�E6Y:C�QJC�=:THEFYO<4R
EFY:C ¾�C�9FEiIJ=:?:IJµ8I¸?X7Z14QK1�RUE6C�3�14¾�<>7XE�ÈM²OI¸QJQJIJ<>=-EF<H7:3F=Z1·²�C�=8E69h¹
º'Y:C I¸=8E6C�3FC�96EFIJ=:T�³�<>IJ=8E�1·¾Z<H7:E'EFYXI¸9�?:¶8=Z1·²�IJ´�9�I¸9�EFY�14E'EFYXC�?X3�14²�14E6I¸´'TH3F<4¼�<4R�³:3F<·»

T>3#14² Q¸CA=:T>E6Y2YZ14³X³ZC�=X9£1·E'EFY:C-EFIJ²OC�¼'YXC�=�ËZE6=:C�9F9 ?:CA´�3FCh1·9FC�9�¹Dº'YXI¸9i²�Ch1·=:9'EFY�14E�QJ<H=:T



0

50

100

150

200

250

300

0 500000 1e+06 1.5e+06 2e+06 2.5e+06 3e+06 3.5e+06 4e+06 4.5e+06 5e+06

Le
ng

th

Tournaments

Best of Generation Length
Average Length

0

10000

20000

30000

40000

50000

60000

0 500000 1e+06 1.5e+06 2e+06 2.5e+06 3e+06 3.5e+06 4e+06 4.5e+06 5e+06

F
itn

es
s

Tournaments

Best of Generation Fitness
Average Fitness

������� �X��� �a]-y>]#u�]F�pcA_ag ]6q>`-c�d^`w�8]M_HlFch�AlF{�g �p]Fq8�h`w�8v ��{A��cAuh] � n#c�g�_8{�lF]#y2��op`w� `w�8] �a`wq8]�vkv
y>]#u�]F�pcA_ag ]6q>`��J�:]6�pc�� � ���8]Fq�]#uhcA�pu�o�qa��{#A {�Ip¥;A o@Ip¥Un6�p{�vkvwo��a]6l�b � �a]���¥w{h��opv'�Aopuh]#v'`w�8]�{�g c�jHq>`'c�d
`kc�jHlkqa{�g ]Fq>`kv _:]6lkd�c�lFg ]#y:b%�tqa]�`kcAj>lkqa{�g ]6q>`Dopv ]#��j>opu�{A�p]6q>`^`kc�d�cAj>lD�8`wqa]#vkv�]#u�{���j8{h`wopcAqav#r ( �����
`kc�jHlkqa{�g ]Fq>`kv�{AlF]']���jHopu�{A�p]Fq>`'`kc cAqa]i�h]6qa]6lF{�`wopc�q�b

³:3F<HT>3#14²�9iYZ1�µ>C�14=¢1·?:µ>14=8E�1·T>C-´�<>²O³Z1436C�?�EF<296Y:<>36E+<H=:C�9h¹�NPC-²�IJTHYaEi¼�1·=8EMEF<2´A<>=8»
´�QJ7:?:C-EFYZ1·E Q¸<H=:T>CA3�³X3F<>TH3�1·²�9�1·3FC�²O<>3FC,3FC�96I¸96E�1·=aE-14Ta1·IJ=:9FE ?:C�96EF367:´�EFIJµHC�²�7:E�1·EFIJ<>=�<>3
´�3F<H9F96<4µ>C�3 149'¼�C�Y�1�µ>C�³�<>IJ=8EFCA?¦<H7:E'C�QJ9FCA¼'Y:C�3FC�Å G�V'Ç'�H18¿ V�G�Æ /�ÇFD�ÉfIJ=�²O<>36C�?:C�E#14IJQJ9h¹

Y��
	 
 %0�?< ' ��`�),[SZ %(' <>=K#�%�� �*'a+ �*% " �5[�"b8 ��8 " �Q) +

- 9�1P²�C�149F7X3FC2<·R£E6Y:C�³ZC�3�RU<>36²¦1·=:´�C2<·R£E6Y:C�C�µ><HQ¸µHC�? IJ=:?:IJµ8I¸?X7Z14Q'¼�C�´�14QJ´�7:Q�14E6C2EFYXC
´�Q�14969FISËZ´h1·EFIJ<>=O3�14E6CFL:V�C#RU<H3FCME6Y:C 3F7:= ¿:EFCA=¦9#14²O³:QJC�9^<·RfCh1·´#Y¦µH<4¼^CAQKYZ14?�¾�C�C�=236C�´�<>36?:C�?
¾8¶PEFY:C29#14²OC�9F³�Ch1·5>C�3�¹�º'¼�<P9�14²O³:QJC�9-YZ1�µ>CO¾ZC�CA=Á7:9FCA? RU<>3�CAµ><>QJµ8IJ=:T2E6Y:C2´�Q�14969FISËZC�3
14QJ3FC�14?:¶8¹:º'Y:C-C�IJT>Y8E 9�1·²�³:QJC�9'QJC#RwE£1·3FC-7:=:58=:<4¼'=2E6<�EFY:C-9F¶89FE6C�²�¹�º'Y:CA9FC�9�1·²�³:QJC�9 1436C
=:<4¼Ô7X9FC�? EF<¡´h14QJ´�7:Q�1·EFC�EFYXC�´�Q�14969FISËZ´h1·EFIJ<>=P3#14E6C�<4R�E6Y:C�¾�C�96Ek»k<4R�»k3F7:=Â³:3F<HT>3#14²�¹(��1·´#Y
9�1·²�³:QJC�IJ9f14¾�<>7XE 0X¹@��9fQJ<H=:T�¼'Y:IJ´#Y-²�Ch1·=:9KEFYZ1·E�¼^C�´h14=-Q�1�¶�1·¾Z<H7:E�*�0F010'E6I¸²OC�¼'I¸=X?:<4¼'9



<4R�È10O²�9 7:³�<>=�EFY:IJ9M9#14²�³XQ¸CH¹ . <Z¿KYZ1�µ8IJ=:T;D�9#14²O³:QJC�9 ³ZC�3,µ><4¼�C�Qk¿K¼^C-<>¾XE�14IJ=�I�*_0F010
g ��� R "��FT\RUWFc^h ��� d���¹
NPC�´h14QJ´�7XQ½1·EFC�EFY:C�3FCA´�<>TH=:IJEFIJ<>=-3�1·EFC�¾a¶,?:C�EFCA3F²�IJ=:IJ=:TiEFY:C�³�C�3F´�CA=aE#14THC�<4R�µ>14QJIJ?Z14E6I¸<H=

´h1496C�9M<H=�¼'Y:IJ´#YPEFYXC�´�Q�149F96ISËZC�3M²�14?:CME6Y:C�´�<H3F3FCA´�E+?XC�´�IJ9FIJ<>= ¹Kº'Y:C�¾�C�9FE-IJ=:?:IJµ8I¸?X7Z14Q <4R
EFY:C¡3F7:=Á?X<a´A7:²�C�=8E6C�? I¸=ÀEFY:IJ9�9FCA´�EFIJ<>=�YZ1·? 1 3FC�´A<>T>=XI¸E6IJ<>= 3�1·EFC2<·R,Ç1D:¹ D $�¹�NÁY:CA=
EFC�96EFC�?�<>=�7:=X5a=X<4¼'=¦9#14²O³:QJC�9'9F³�<>5HC�=2¾8¶�?:IkjKC�3FCA=aEi9F³�Ch145HC�3F9�¿KEFYXCM³:3F<HT>3#14² 9FEFIJQJQDY�14?
1�3FCA´�<>TH=:IJEFIJ<>=Â3�14E6C�<·R£Ç $X¹@! $�¹ º'Y:IJ9-I¸9-Ò87:IJEFCO9F7:36³:3FIJ9FIJ=:T�¿�T>IJµ>CA=PEFY:COR 1·´�E+E6YZ14E-EFYXC
³:3F<HT>3#14²&Y�14?¢¾�C�C�=ÂC�µ><HQJµ>C�?P¾Z1·9FC�?Â<>=P?Z1·E�1¡E�1·5>C�=�RU36<>²�<>=XC�9F³�Ch145HC�3�<>=:QJ¶8¹Kº'Y87:9h¿
EFY:CA3FCMIJ9�9FEF36<>=:TOC�µ8IJ?:C�=:´�C£RU<>3'1-µ>C�36¶�TH<a<8?�T>CA=:C�3�1·QJI¸W�14EFIJ<H=¦14¾XI¸QJIJEk¶-<4Rf<H7:3'9F¶896EFC�²�¹

Y���� � %�#�)0��8\' � ',<$=K#�%�� �*'*+ �*% "�
 ��'*] ��) `

V^CA´h147:96C2EFYXC2³ZCA3kRU<H3F²¦1·=:´�C�<4R EFY:C¡C�µ><HQ¸µHC�?¢³X3F<>TH3�1·² IJ9-3FC�Q�14E6IJµ>C�QJ¶¢TH<8<a? ¿�I¸E-¼�<>7:QJ?
¾ZC¡I¸=8E6C�3FC�96EFIJ=:TÂEF<¢58=:<4¼ ¼'YZ1·E�IJE¦1·´�EF7Z1·QJQ¸¶Â?:<8C�9h¹�NÁYXC�=ÁQJ<8<>58IJ=:T 1·E�E6Y:C2³:36<>T>3#14²
´�<8?:C>¿�EFYX<>7:THYD¿�<>=:C�Ò87:IJ´�58QJ¶ ?:IJ9F´�<4µHC�3F9�E6YZ14EOI¸E�IJ9�=X<>E�C�149F¶ÀEF< 7:=:?:CA3F9FE#14=:? ¹ ��µ>CA=
1�RUE6C�3�IJ=8EF3F<H=:9h¿tIk¹ CH¹�´�<8?:C296C�T>²OC�=8EF9OEFYZ1·E�?:<¢=:<HE�1?jKC�´�EOEFY:C�<>7:E6³:7:E�¿^1436C23FCA²�<4µ>CA?D¿
EFY:C 36C�²¦1·I¸=XI¸=XTM´�<8?:CM96EFIJQJQZ´�<H=:9FIJ96EF9�<·R^14¾�<>7:E IF0-IJ=:96EF3F7X´�EFIJ<>=X9h¹:NÀY:C�=�EFY:C ³:36<>TH3�14² IJ9
´�<>=8µHC�3FE6C�?�IJ=8EF<�´AQ¸<H9FC�?¡C�Ì8³:3FC�969FIJ<>=X9MEFY:C,3FC�967:QJE�IJ9 14QJ9F<�=:<HE�µHC�3F¶�IJ=8EF7:IJEFIJµHC>¹ - RUEFC�3 14QJQk¿
ÄMBP?XC�µ>C�QJ<H³:9'³:3F<HT>3#14²�9�¾8¶�C�µH<>QJ7:E6I¸<H=D¿H=:<>E'¾8¶�IJ=8EF7XI¸E6IJ<>=D¹

0

2000

4000

6000

8000

10000

0 20 40 60 80 100 120 140 160

O
ut

pu
t V

al
ue

Iterations

0

2000

4000

6000

8000

10000

0 20 40 60 80 100 120 140 160

O
ut

pu
t V

al
ue

Iterations

������� #X�:� �8]^yHx�qa{�g�opn#v�c�dK`w�a]�cAja`w_>j8`�u�{A��ja]ic�dK{�q#A {�Ip¥;A o@Ip¥Un6�p{�vkvwo��a]6l���cAlk�4o�qa� cAq�{ivk{hgi_>�p]ic�d
{�q A {�I��J�p]6d�`�vwopy>] � lF]#vw_Zb8{�qBA o@I��Jlkop���>`�vwopy>] � b

NPC^E6Y:C�3FC RU<>36C£1·³:³:36<a14´#Y�E6Y:IJ9�³:3F<H¾:QJC�² C�²�³XI¸36IJ´h14QJQJ¶�¾8¶-9FEF7X?:¶8I¸=XTM³:3F<HT>3#14²Ô¾�C�YZ1�µH»
IJ<>3h¹*/ I¸TH7:3FC�$O9FY:<4¼'9 E6Y:C�?:¶8=Z14²OIJ´�9'<4R^E6Y:C�<>7XEF³:7:E�» µ>1·QJ7:CM¼'Y:C�=�EFYXC�´�Q�149F96ISËZC�3 9F´h1·=:9
14=�Å 1�É�1·=:?214=PÅ ISÉ�¿·3FC�96³ZC�´AEFIJµ>C�QJ¶8¹(��14´#Y�?:<>E�3FCA³:3FC�96C�=8EF9ME6Y:C <>7:E6³:7:E�» µ>1·Q¸7XC�1�RwEFC�3'<H=:C <4R
EFY:C_G?IF0O=:C�´AC�9F9#143F¶Â´h14QJQJ9M?:7X3FIJ=:T296´h14=:=XI¸=XT�1�ÈF0�²O9�E6IJ²�CM¼'IJ=:?:<4¼M¹b/:<H3+14=ÁÅ�1�ÉF¿�EFYXC
E�1·3FT>CAEk»kµ>14QJ7:C�IJ9 G?0H010F0B2�´h1·9FC��$4�¿8Rw<>3'14=PÅ IpÉDIJE�IJ9>0(2 ´h1496C�� 4�¹

Jk=M¾Z<HEFY,ËZT>7X3FC�9�<>=XC^´h1·=+96C�C'1�²O<>=:<HEF<H=:C�I¸=X´�3FCh1·9FC�<4RZE6Y:C�<>7:E6³:7:E�µ>14QJ7:C>¹A±�<4¼�C�µ>CA3h¿
EFY:CA3FC IJ9�1M967:?:?:C�=�96EFC�³�IJ=�´h1·9FC��ÀRU36<>²ÊÈ10F0F0£7:³�EF< DF0F010:¹ - RUE6C�3'EFYXI¸9'96EFC�³�E6Y:C µ>14QJ7:C
IJ9^IJ=:´�36Ch1496IJ=:T�9FE6C�C�³�C�3MEFY�14=�¾�C#RU<H3FC>¹*Jk=O´h1496C�� =:<-9F7:´#Y296EFC�³¡´h14=�¾�C�<H¾:9FCA3Fµ>CA?D¹
º'Y:IJ9fE63�1·=:9FIJEFIJ<H=�<a´A´�7:3F36C�?�IJ=�1·Q¸Q8C�µH<>QJµ>CA?�´�Q�149F96ISËZC�3F9�¼�C'YZ1�µ>C'IJ=8µ>C�96EFIJTa1·EFC�? ¹ . <>²OC#»

EFIJ²�CA9^E6Y:C�3FC-¼'149�CAµ>C�=2²O<>36C�E6YZ14=¡<>=:C 9FE6C�³D¹Kº'YXCMEFIJ²�Ci<4R�EFYXCMEF3#14=:96I¸E6IJ<>=2IJ9'=:<HE�EFYXC



9�1·²�C RU<H3M14QJQ�I¸=X³:7:E ?Z14E#1:¹�º'Y:C�E63�14=X9FIJEFIJ<>=¡²¦1�¶�¾ZC�?XC�Q�1�¶>C�?D¿�?:CA³ZC�=X?:IJ=:T2<>=�EFYXC�³Z<·»
9FIJEFIJ<H=P<4R�E6Y:C�E6IJ²�C#»k¼'IJ=:?:<4¼M¹DB�36<>¾Z1·¾:QJ¶PEFY:IJ9�1�µ><HI¸?X9+12?XC�³ZCA=:?:C�=:´AC�<H=Ñ1¡³:YZ1496C#»kQ½1·T
´h147X9FC�?2¾8¶�E6Y:CM³�<>9FIJE6I¸<H=�<·RfEFYXCMEFIJ²�C » ¼'IJ=:?:<4¼M¹

. <>²OC'Y:IJ=aE69^YX<4¼ÑE6Y:C ³:3F<HT>3#14² ²OI¸THY8Ef¼�<>365+´�14=�¾ZCi<>¾:E#14IJ=:C�?
RU3F<H² � R!c,d �Fi "1R��1RUT ���
� � T\d?i���¹�º'Y:C�96C�ËZQJEFC�369�¼^<H3F5 IJ= 1P96I¸²OIJQ½1·3MRk149FYXI¸<H= 149�E6Y:C�CAµ><>QJµHC�?Á´�Q�14969FISËZC�369h¹'º'YXC
9FC�´AEFIJ<>= $:¹ D,¼'IJQ¸Q�?:IJ9F´A7:9F9iEFY:IJ9'EF<H³:IJ´ I¸=�²O<>3FCi?:C�E#14IJQk¹

Y���� � [��([�"b8 �KZ '��a%0��% " � ��]
NÁY:C�=�QJ<8<>58IJ=:T�14E EFYXC�´�QJ<>9FCA?PC�Ì8³:3FC�969FIJ<>=X9+¼'Y:IJ´#Y�C�µ><HQ¸µHC�?D¿�¼�C+²�14?:C+1OµHC�3F¶P1496EF<>=�»
IJ9FY:IJ=:T ?:IJ9F´A<4µ>C�36¶CL ) =:QJ¶+<H=:C�<·R E6Y:C�²OC�²�<H3F¶H»k3FC�THI¸96EFC�369 2�<>36IJT>IJ=Z14QJQJ¶ IF4A¿>IJ=8EFC�=X?:C�?�E6<M¾�C
7:9FCA?�RU<>3 RUC�C�?X¾Z14´#52<·R�E6Y:C-<>7:E6³:7:EH2 9FC�C-9FCA´�EFIJ<>=PÈ:¹ $14�¿8¼'149�CA²�³:QJ<4¶>CA?¦¾8¶�EFYXCM9F¶89FE6C�²��
º'Y:C'<>=XQ¸¶-²�CA²�<>36¶ 3FC�THI¸96EFC�3�7:96C�?�¼�1·9�EFY:Ci<>=:CiEFYZ1·E�9FIJ²�7:QJE#14=:C�<H7:9FQJ¶M96C�3FµHC�?¦1·9^96IJ=:T>QJC
<>7:E6³:7:Ei3FC�THI¸96EFC�3�¹Kº'YZ1·E�3FCAT>IJ9FE6C�3M¼'149�7X9FC�?�9F7:¾X9FC�Ò87:C�=8E6Q¸¶¡RU<H3�´h1·Q¸´A7:Q�14EFIJ=:T�E6Y:C,ËZEF=:CA9F9
<4R�EFY:C IJ=:?:IJµ8IJ?:7Z14Q�³:36<>T>3#14²�¿a1�RUEFC�3�1·QJQSGKIF0,9�1·²�³:QJC�9�YZ1·?¦³�149F96C�?�EFY:36<>7:THY�I¸E�¹

��=8RU<H3FE67:=Z14E6C�QJ¶a¿8E6Y:CM36Ch1496<>=�RU<H3'EFY:IJ9'³Z1·3F96I¸²O<>=:IJ<H7:9^¾�C�YZ1�µ8IJ<>3'<·Rf³:36<>TH3�14²O9^¼'149 1
¾:7:TMIJ=O<>7:3�9F¶89FE6C�²�� - QJQ�²�C�²O<>36¶�36C�T>IJ96EFC�369H2�CAÌa´AC�³:E'EFYXC�<H=:C�1·QJ9F<M96C�3Fµ8IJ=:T�149�<>7:E6³:7:E 4
¼^CA3FC�CA3�1496C�?�<>3'14E�QJCh1496E^´#YZ1·=:T>C�?OIJ=�9F<H²�C'¼'1�¶+¾�C�Ek¼�C�C�=�´h1·Q¸QJ9^1·=:?�¼�C�36C�E6Y:C�36C#RU<>36C <4R
=:<-7:9FCMIJ=
RUC�C�?:¾�14´#5K¹
º'Y:IJ9�¾:7:TO9FC�CA²�9�1·²¦1·W�IJ=:T>QJ¶�9FCAµ>C�36C>¹�Jk=:96EFCh1·?�<·R^EFY:C-9FCAµ>C�=�³Z<HEFC�=8E6I½1·QJQ¸¶OIJ=:?:C�³�C�=8»

?:C�=8E RUC�C�?X¾Z14´#5-9FIJT>=Z1·QJ9DEFY�14E�¼^C'IJ=8EFCA=:?:C�?-EF< ³:36<4µaIJ?:C�<>36IJT>IJ=Z14QJQJ¶8¿#EFY:C�9F¶89FE6C�² YZ14?-<>=XQ¸¶
<>=:CH¹ - QJEFYX<>7:THY2EFY:C�36C�9F7XQ¸E69M³:36C�9FC�=8E6C�? Y:C�3FC�Y�1�µ>C-¾ZC�CA=¢³:36<a?X7:´�C�?P¾8¶2E6Y:IJ9�7X=:IJ=aE6C�=8»
EFIJ<>=�14QJQJ¶�¼�Ch145 9F¶896EFC�²�¿hE6Y:C�¶�1436C^³:36C�EFEk¶-T><8<8?D¹�º'Y:C�9F¶89FE6C�²ÔY�14?-Q¸C�143F=XC�?+E6< ´�<>³�C'¼'IJEFY
EFY:IJ9�¼^C�1458=:C�969�14=:?O?:IJ?�=:<>E�7:9FC E6Y:CM14?:?:IJE6I¸<H=Z14QX3FC�THI¸96EFC�369'IJ=�RUC�CA?:¾Z14´#5K¿HRU<H3^E6Y:C�IJ3^Q�1·´�5
<4R�9FE�1·¾:IJQJI¸Ek¶8¹�Jk=:96EFCh1·?D¿:E6Y:C�¶�¼^CA3FC-³:7:E�E6<�7:9FC-149�1·?:?:IJEFIJ<H=Z14Q�´h14QJ´�7XQ½1·EFIJ<>=�36C�T>IJ9FE6C�3F9iRU<H3
9FE6<>3�1·T>C <4R�³:3F<4µ8IJ9FIJ<H=Z14Q�3FC�967:QJEF9 PSRUT6V,RUc-EFYXC�³X3F<>TH3�1·²�¹
º'Y:IJ9^¼'Y:<HQJC'C�³:IJ9F<8?:C ´h1·=�¾�C�96C�C�=2149'14=X<>EFYXC�3^CAÌ�1·²�³:QJC�RU<H3�EFYXC�36<>¾:7X9FEF=XC�9F9i<4RDEFYXC

ÄMB ³�143�1·?:IJT>²�¿K¼'Y:IJ´#YÑY�149�¾�C�C�=Á<H¾:9FC�36µ>C�? ¾8¶¢<HEFY:CA3�3FC�96Ch1436´�YXC�3F92¾�C#RU<H3FC>¹tÆ I¸=X=:Ch143
=:<>E6C�9'<>=�E6Y:IJ9'EF<>³XI¸´ IJ=�Å Æ IJ=ZÇ�*�É L

��� dKP
W �^X'�;V��Fg?d�d
	 e d?i RUd?c,h5d�PSRUT6V T\i X�� ��i�W'(?X'� T h5W'� eCX�T:d?i ��� �1WFi RUT V � �_W1i
� � � T\d � ��� ��d?c,d?T:R!h � i W��Fi �'���HR!c'�(R � � X�h5V �#� � � T\dH��
 �Fc�"_T6V,i�WFX��?V�T6V,d�� � �Hd
e W1PSd?iHT6V��1T ��� �6WFP�� RUT T:W#� d �Fi�h V WFX�T d?gKd?i � � W?W5e V W��6d(RUc � �ST:c d����HT\d�� T RUT h �Fc
��� � W � W'� dKT\R � d�� � �Fc$�H�1d�T\W�d?g?W�� g?d;h5WFi i�d h?T � W�� X�T:R!WFc0�;T:W eCi�W'( � d � � "1d��\eCR!T:d
�'� �H�?RUc'��� ��� d?gKd?i d�(?X �������

Y���� � 8:[�%�)�� @(8\]*8:=?),+�� 8:+\=?%�� � ),[�" � �a'*+ �a% " �$+\)&� � 8�� %0� �
� '�� @B' � 8\[E%�)��>@B8\]a8\=?),+&� 8\+:=?%0� ��� '������ ÎiI¸THIJE�14Q·ËZQJEFC�369�¼^<H3F5 ¾8¶�CAÌaE63�1·´�EFIJ=:T ´�C�3�»
E�1·I¸=,RU36C�Ò87:C�=:´�IJC�9 RU3F<H²ÔE6Y:C�E6I¸²OC'9FIJT>=�14Q L - QJIJ=:Ch1·3�?:IJT>IJE�1·Q8ËZQJEFCA3^´�<H²�³:7XEFC�9^1£9FC�Ò87:C�=X´�C
<4RD<H7:EF³:7XEk»k³Z<HI¸=8E69�����RU36<>² 1 96C�Ò87:C�=:´�C,<4RDIJ=:³:7:E�» ³�<>IJ=8EF9 �"!:¿>7:96IJ=:T+E6Y:C'Rw<>3F²�7XQ½1 2JRU36<>²
Å�BS/ º # DFDAÉ:4 L

� �%$ &'!)(+*-, ! � �/.-!1032'4 ( @65 4
� �/. 4 2 GK4



º'Y:C�� 0 G
´�<8C! �´�IJC�=8EF9 , ! 14=:?ÂEFY:C��Ó´�<8C! �´�IJC�=8EF9
5 4
1436C�ËZÌ8C�?ÂIJ=¢14?:µ>1·=:´�C¦1·=:?

¼'IJQ¸Q�?:CAEFC�36²�IJ=:C�EFYXC�ËZQJEFCA3M3FC�96³Z<H=:9FCH¹�º'Y:C�ËZQJE6C�3M³:36<a?X7:´�C�9�1O=:C�¼ <>7:E6³:7:EM7:96IJ=:T2EFYXC
´�7:363FC�=8E�IJ=:³:7:ED1·=:? EFY:C��ÓC�143FQJIJC�3KIJ=:³:7XEk»kµ>14QJ7:C�9K¾�C#RU<H3FC>¿414=X?£1·QJ9F<'7:96I¸=XT'EFY:C�� <>7:E6³:7:EF9
³:3F<8?:7X´�C�?ÁCh1·3FQJIJC�3h¹ JwR�� IJ9(0PEFYXC�ËZQJEFC�3OIJ9�´h14QJQJC�? =:<>=�» 36C�´�7:369FIJµ>C�<>3 �Sc RUT:d�R=� e�X � � d
i d��\e W1c0� d 2:/bJ M>4 »UË�Q¸E6C�3�1·=:?�EFY:C,RU<H3F²�CA3^<H7:EF³:7XE�?:<8C�9i=:<>E 1?jKC�´�E�E6Y:C-´�7:3F36C�=8E <>7:E6³:7:Eh¹
JwR��	�$ 0-E6Y:CiËZQJEFC�3iIJ9^´h1·QJQ¸CA?¦36C�´�7:369FIJµ>C,<>3 RUc�� c,RUT\dHR � eCX�� � d i d��\e W1c0� d 2UJ�J M>4 »UËZQJE6C�3h¹�

NÁYZ14EtI¸9�EFYXC�7X9FC�<·RfE6Y:C�9FCiËZQJE6C�3F9�� º'Y:C�¶�1·3FC 7:9FCA?¦E6<MC�Ì8EF3#14´�E'´AC�3FE#14IJ=ORU3FC�Ò87:CA=:´�IJC�9

IJ=£1�96IJT>=Z1·Qa14=X?MEF<'?Z1·²�³�C�= <>E6Y:C�3F9�¹�º'Y:IJ9D¾�C�YZ1�µ8IJ<>3KIJ9DC�Ì8³:36C�9F96C�?�¾8¶ EFY:C � � T\dKiSi�d��\e,WFc0� d
� X�c,h?T:RUW1c:¹,/X<>3'QJIJ=:Ch143�?:IJT>IJE#14QXËZQJEFC�369�IJE'3FCh1·?:9MÅ�BS/ º # D1D�É L

��2�
*4 $ � &!�(+* , !��
. L���� !��������

G � � 24 ( @ 5 4
� . L���� 4 ������� 2UÈF4

NÁIJEFY�E6Y:IJ9�RU<>36²�7:Q�1'<H=:C�´h1·=�´h1·QJ´�7:Q�14E6C�EFYXC'ËZQJEFCA3^36C�9F³�<>=:96CMISRDEFY:C , 14=:? 5
´A<aC  �´�IJC�=8EF9

1436C^THI¸µHC�=D¹?Jk=�<>36?:C�3�EF<,"1d�� R��1cM1 ËZQJEFC�3�¿4Y:<4¼�C�µ>C�3�¿4<>=XC'²�7:9FE T><�E6Y:C'<>E6Y:C�3�¼'1�¶�L�º'Y:C ,! 914=:?
5  
9�143FC�EF<i¾ZC'?XC�EFC�36²�IJ=:C�?£RU<>3�1�?XC�9FIJ3FCA?MËZQJE6C�3k»k3FC�96³Z<H=:9FCH¹,/:<H3KRU7:36EFY:CA3fIJ=8Rw<>3F²�14E6I¸<H=

<>=
ËZQJEFC�3'?:CA9FIJT>=D¿XEFY:C,3FCh1·?:C�3�IJ9�3FC#RwC�3F36C�?�E6<2Å ±�B�Ç G4¿ 0 Æ£Ç $�ÉF¹

�,��% "$#�% � �*'a+ �*% " 
 ��'*] ��),` � @(8\]*8:=?),+�� 8:+\=?%�� � � NÁY:C�= QJ<8<>58IJ=:T'14EKEFYXC^14QJT><H3FIJEFYX²
RU<>3�?:IJT>IJE#14Q8ËZQJE6C�3F9�¿:EFYXC�¶¦1·³:³ZC�143'9FIJ²OI¸Q�1·3fE6<+<H7:3�ÄMB »F14³X³:3F<814´#Y�RU<H3^´AQ½1·9F96IpRw¶aIJ=:T-9F³�C�C�´#Y
?Z14E#1:¹�Jk=�1·=HJ�J M�»wËZQJEFC�3tEFY:C�36C�IJ9^1 � d d�" ( �1h�" <4RKEFY:Ci<>7:E6³:7:E�¹>º'Y:C#� Rw<>3F²OC�3FQJ¶ ³:36<a?X7:´�C�?
<>7:E6³:7:E69�143FCO¾ZCAI¸=XTP7:9FC�? E6<�³:36<8?:7:´�C2E6Y:C�´�7:363FC�=8E�<H7:EF³X7:Eh¹�º'Y:C�?Z1·E�1�» �Z<4¼ I¸9-µ>CA3F¶
9FIJ²�IJQ�143KE6<MEFYXC�<>=XC'9FY:<4¼'=�IJ= /DIJTH7:3FC GH¹>º'Y:CA3FC>¿HEF<8<Z¿H9FCAµ>C�3#14Q�<>7:E6³:7:Ek»kµ>14QJ7:CA9^1436C'¾ZC�IJ=:T
RUC�?�¾Z1·´�5K¿:1·Q¸E6Y:<>7XT>Y�E6Y:C <>7:E6³:7:E�» µ>1·Q¸7XC�9�1436C£1·QJQ�RU3F<H² EFY:C,9�14²OC�IJEFCA3�14E6IJ<>=D¹
º'Y:C�Ä,B�9F¶89FE6C�²�¿AY:<4¼�C�µ>C�3�¿4´�C�36E�1·I¸=XQ¸¶ ?:<8C�9�=:<HEDC�µH<>QJµ>C�1'QJIJ=:Ch143 3FC�96³Z<H=:9FCH¹FJk=:96EFCh1·?D¿

IJEf7X9FC�9�¾:IJEk»f1·=:?+96Y:ISRUEk»k<>³�C�3#14EFIJ<H=:9�³:QJ7:9�²�7:QJEFIJ³:QJIJ´h1·EFIJ<4= <>³�C�3�1·EFIJ<>=:9�14QJQ8<4RK¼'Y:IJ´�Y�36C�9F7XQ¸E
IJ=¦=X<>=8»kQJI¸=XCh143i¾ZC�Y�1�µaIJ<H3h¹*Jk3F36C�9F³�C�´�E6I¸µHC�<4R^E6Y:C-=Z14E67:3FC-<4R^E6Y:C,ËZQJEFC�3�¿:Rw<>3F²�7XQ½1B2 G?4'967:T4»
T>C�96EF9 EFY�14EMÄMB »kC�µ><HQJµ>C�?�³:36<>T>3#14²O9�²�IJTHYaE�¾�C�1·¾:QJCMEF<�C�Ì8EF3#14´�EiRUC�14EF7X3FC�9 Rw3F<>²&1
EFIJ²�C
9FIJT>=�14QDIJ=�Ò87:IJEFC+1O9FIJ²OI¸Q�1·3^¼'1�¶a¹ - QJEFYX<>7:THY�QJIJ=:Ch1·3�?:IJT>IJE#14QKË�Q¸E6C�3F9,³:3F<4µ8IJ?:C+1OY:IJ=8Eh¿�EFYXC
3FC�967:QJEFIJ=:T ³:36<>T>3#14²O9f1436C^²�7X´�Y,²�<>36C^´A<>²�³XQ¸IJ´h1·EFC�?,EFYZ1·=�1i9FIJ²O³:QJCfQJIJ=:Ch1·3�?:IJT>IJE�1·Q4ËZQJEFCA3h¹

$ � � � � «:° � � ©�ª,��� � �b�8®>�kª,�

�Q�! "$#�%&% �E) +:8\=  _' < =?#�%3" % � =?8:[�] � @B),=?)
/:<H3MEFYXC�C�Ì8³�C�3FIJ²�CA=aE69+?X<a´A7:²�C�=8E6C�?¢Y:CA3FC�96<>7:=X?8» 9#14²O³:QJC�9M<4R�96C�µ>CA3�14Q'96³ZC�145>CA3F9�Y�1�µ>C
¾ZCAC�=Á3FCA´�<>36?:C�?D¹'º'YXC23FC�´A<>3F?XI¸=XT¢¼'149�?X<>=:C2¼'IJE6YÑE6Y:C296E�14=X?Z1436?Á9F<H7:=:?8»k?:C�µ8IJ´�C�<4R+1
. B - M';�96E�1·EFIJ<>= GK0:¹ . 1·²�³:QJC�9�1436C¦IJ= D�58±�W�'�»kQ½1�¼ RU<>36²¦14E�¹Kº'Y:C�¶ YZ1�µHC�¾�C�C�=Á´A<>=8»
µ>C�36EFC�?OEF<+1£Q¸IJ=:C�143ND ¾XI¸E�RU<>36²¦14E�¹���Ì8´�C�³:EtRU<>3tEFY:IJ9�´�<>=8µ>CA3F9FIJ<H=�EFY:Ci?Z14E#1 YZ14?�=X<>E�¾�C�C�=
´#YZ14=:THC�?�IJ=214=8¶�¼'1�¶a¹Hº'Y:C 3FCA´�<>36?:IJ=:T>9�1·3FC =:<>E�Rw3FC�CiRU36<>² =:<HIJ9FC>¹ - Q¸E6Y:<>7XT>Y�E6Y:C�36C+1436C
=:<-¾Z14´#58T>36<>7:=:?�µH<>IJ´�C�9'<H=¦E6Y:C 3FC�´A<>3F?XI¸=XT>9h¿�E6Y:CiR 14=OI¸9�1·7:?:IJ¾:QJC�E6<�EFY:C,Ya7X²¦14=�C�143h¹
( �½q>�>qHop`k]�opgi_>jH�pvk]OlF]�vw_:cAqavk]�g ]#{�q8v#rf`w�8{h`M{O�H�p`k]Fl�cAd�`w�>opv,�4o�qayPg {�x��8{�uh]O{�q�lF]#vw_:c�q8vk]
`w�a{�`-]��4`k]6q8y>v-o�qayH]6�>q>op`k]6�px ��y4j8]�`kc2`w�8]-d�]�]#y·�a{�nk�¢cAd�`w�a]�cAja`w_Hja` � b��½q¢n#c�q>`wlF{�vk`#r��>qHop`k]
opgi_>jH�pvk]-lF]�vw_:cAqavk]-�H�p`k]FlFvi�8{�uh]-{�yH]6�>q>op`k]�]6q8y2`kc�`w�a]6o�l lF]#vw_�cAqavk]-o�d'`w�a]6lF] opviq8c�o�q>_Hja`w¥
vwop�Aqa{A�D{�q>x4g cAlF]hb



Jk=�9F7X²�²¦1·3F¶8¿�EFY:C Ò87Z14QJIJEk¶�<4RDE6Y:C 3FC�´A<>3F?XI¸=XT>9�IJ9�=:<>E'µHC�3F¶�YXI¸THYD¹8NÁIJEFY�1M9#14²O³:QJI¸=XT
3�1·EFC-<4R�DO58±�W-<>=:QJ¶�9FIJTH=Z14Q�RU3FC�Ò87:CA=:´�IJC�9-¾ZC�QJ<4¼ *�58±�W-´h14=�¾�C+³:Q�1�¶HC�?�¾�14´#5�3FC�QJI�14¾:QJ¶8¹
/:<H3D´�CA3FE�1·IJ=�9F³�C�C�´#Y�9F<>7X=:?:9�E6Y:IJ9fIJ9�?:C#Ë�=:IJEFC�QJ¶-=:<>E�C�=:<H7:T>Y ¹ ) =:C'´h14=X=:<>E�¿�RU<>3�IJ=:96E�14=X´�C>¿
?:IJ9FE6I¸=XT>7:IJ9FYÂ¾ZCAEk¼^C�CA=�Å 9kÉ�1·=:? Å RFÉ�¼'YXC�= E�14QJ58IJ=:T�<>= EFY:C¡³:Y:<>=XC>¿^1�E63�14=X9F²�IJ969FIJ<>=Â<4R
´�<>²O³Z143#14¾:QJC'Ò87Z1·Q¸IJEk¶8¹

�Q�6� 7 �S%�)/�*%���� @B%�� %�[�"b%�[�=�� ' � %�+�@B8 �KZ���8:`�8\[Q),=?8U'*[
/:<H3�µ><4¼�C�Q:?XI¸96´�3FIJ²OI¸=�14EFIJ<H=M¼^Ci7:9FCA?�EFYXC�µ><4¼�C�QJ9�Å�1�ÉF¿:Å C#ÉF¿�Å IpÉF¿8Å <4É 1·=:?�Å 78ÉF¹F/X<>3tCh14´#Y�³�14IJ3
<4R�µ><4¼�C�QJ9^¼�C C�µ><HQ¸µHC�?�´�Q�14969FISËZC�369h¿K14QJQ�I¸=21·Q¸QKE6C�=�?:Ikj CA3FC�=8E�Ek¶8³�C�9�<·Rf´�Q�1·9F9FISËZCA3F9h¹*Jk=�EFYXC
9F³�Ch145HC�3k»k?:C�³�C�=:?XC�=8E�´h1496C¦14QJQ�3FCA´�<>36?:IJ=:T>9-7:9FCA?¢EF<�E63�14IJ=PE6Y:C�9F¶89FE6C�² 14=:?PE6<2EFCA9FEMIJEF9
³ZCA3kRU<H3F²¦1·=:´�Ci¼^C�36CM9F³�<>5HC�=2¾8¶�EFYXCM9�1·²�C�³�C�369F<>= ¹

/:<H3�?:C�EFCA3F²�IJ=:IJ=:T�EFYXC¦36C�´�<HT>=:IJEFIJ<H=Ñ3#14E6C2¼^C¡7:9FC�?ÀEFY:C�C�IJT>Y8E�7:=X5a=X<4¼'=Ñ9#14²O³:QJC�9
<4RMCh1·´�YÀ<4RMEFY:C�Ek¼�<Pµ><4¼�C�QJ9�EFYXC2´�Q�14969FISËZC�3�IJ9�14¾:QJC2E6<¢?:IJ96EFIJ=:T>7XI¸96YD¹ �t14´#YÁ´�Q�14969FISËZC�3
9F´h1·=:9+1OEFIJ²OCM¼'IJ=:?:<4¼Ô<·R È10O²�9h¹�º'Y:IJ9 ¼'IJ=:?:<4¼ I¸9 96Y:ISRUEFC�?P<4µHC�3ME6Y:C�C�=8EFIJ3FC�9#14²O³:QJC>¹
Jk=�Ch14´#Y�IJEFC�3#14EFIJ<H=¦E6Y:C ¼'IJ=:?:<4¼Á96E�1436EF9$0:¹6GhÈ,²�9�Q�14EFCA3h¿:¼'YXI¸´#Y�´�<H3F3FCA9F³�<>=:?:9iEF<�C�Ì:1·´�EFQJ¶
<>=:C 9#14²�³XQ¸CA?�µ>14QJ7:C 14E�1-9#14²�³XQ¸IJ=:T,3�14E6C <4RNDM58±iW>¹�º'Y:C =a7X²�¾ZC�3�<4R�Y:IJE69h¿:Ik¹ C>¹8´�<H3F36C�´�E
´�Q�14969FISËZ´h1·EFIJ<>=�1·=:9F¼�C�3F9�¿8IJ9^´�<H7:=8EFC�?�14=:?�1,³�C�3F´�CA=aE#14THC�IJ9�´�<>²O³:7:E6C�?D¹4º'¼�<M9�1·²�³:QJC�9t<4R
?:Ikj CA3FC�=8E�´AQ½1·9F96C�9iRU<>36²Ê1-³Z14IJ3�¹:º'Y:CMYXI¸E�» 3#14E6C�<·R^1-³Z14IJ3'IJ9�´h1·QJ´�7:Q�14E6C�?2149�E6Y:CM²OCh14=O<4R
EFY:C Y:IJE�» 3#14EFCA9^<·RfCh1·´�Y�9#14²�³XQ¸C'IJ=OEFY:C ³Z1·I¸3�¹8º'Y:C QJ<>=:THC�3^9#14²O³:QJC'I¸9�´�7:E'< j2I¸=O<>36?:C�3�E6<
YZ1�µ>C 14=�C�Ò87Z1·QK=a7X²�¾ZC�3'<·Rf´#YZ1·=:´�C�9iEF<�´�Q�14969FISRU¶�´�<H3F36C�´�EFQJ¶8¹

/:<H3'Ch14´#Y�´�Q�149F96ISËZC�3 ¼^C,T>C�E C�IJT>Y8E'³Z1·IJ3F9h¹�º'Y:C,´�Q�149F96ISËZ´h14E6IJ<>=23#14EFC-IJ9�´�<H²�³:7XEFC�?2149
EFY:C,²�Ch1·=�<4R�E6Y:C+YXI¸E�» 3#14E6C�9�<·Rt1·QJQKC�IJT>Y8E�³Z1·IJ3F9h¹Xº�14¾:QJC *�9FY:<4¼'9iEFY:C,3FC�´�<HT>=:IJE6I¸<H=�3�14E6C�9
RU<>3-14QJQ�³�<>9F96IJ¾:QJC�µ><4¼�C�Q�´A<>²�¾:IJ=Z1·EFIJ<>=:9�¹�/:<H3MCh14´#YÂµ><4¼�C�Q^´A<>²�¾:IJ=Z1·EFIJ<>=�Ë�µ>C�ÄMB)3F7:=:9
YZ1�µ>C�¾�C�C�= ?:<H=:C>¹ º�14¾:QJC,*296Y:<4¼'9+E6Y:C�¾�C�96E�µ>14QJ7:C�EFY�14EM´�<H7:QJ?¢¾�C�36Ch14´#Y:C�? IJ=PEFYXC�9FC
3F7:=X9h¹

A {�I A ] I A o@I A c�I A j'I
A {�I � E�
>b 
 E E>b 
 +�(4b � ( � b �
A ];I � � �)(4b � +�G>b � +�E>b 

A o@I � � � � E>b G +��>b 

A c�I � � � � +�(4b G
A j'I � � � � �

� �a���������Z� �a]'lF]#n#c���qHop`wopc�q2lF{�`k]#v�d�cAl�u�c���]6� n6�p{�vkvwo��an#{�`wopc�q�o�q�`w�a]ivw_�]#{A��]6lk¥UyH]6_�]6q8y>]6q>` n�{�vk]
�Jo�q � �

&K<8<>58IJ=:T�14E'EFYXC�9FC-µ>14QJ7:C�9iIJE'¾ZC�´A<>²�CA9�14³:³Z1·3FC�=8E�¿ZE6YZ14E'E6Y:C�36C�1·3FCM<H¾aµ8IJ<>7X9FQJ¶�9F<H²�C
´�<>²�¾XI¸=�14EFIJ<H=:9KEFYZ1·E�²¦1·5>C�IJE�C�149FIJC�3tEF<M´�Q�1·9F9FISRU¶,EFYZ1·=�<>EFYXC�3F9�¹>º'Y:CA9FC�´A<>²�¾:IJ=Z1·EFIJ<>=:9�1436C
Å�1�ÉD14=:?PÅ C#Éf14=X? 1·QJ9F<�Å 1�Éf14=:?�Å IpÉF¿H¼'Y:C�36CM3FC�´A<>T>=XI¸E6IJ<>=�3�1·EFC�9i<4Rf²O<>36C�EFY�14=2ÇF0�$ ´A<>7:QJ?
¾ZC'<H¾:E�1·IJ=:C�?_2JRw<>3 Å 1�É 14=X?2Å ISÉZ¼�C'C�µHC�=�<H¾:E�1·I¸=XC�?�<4µ>C�3�Ç>Ç�$�¿4¼'YXI¸´#YO´h14=�¾�C�´�<H=:9FIJ?:CA3FC�?
³ZCA3kRUC�´AE 4�¹�/X<>3�1·Q¸Q�<>E6Y:C�3i´�<>²�¾:IJ=Z1·EFIJ<>=X9�¼^C YZ1�µHC 3FC�´�<HT>=:IJE6I¸<H=�3�14E6C�9�<·Rf<4µHC�3 !10�$�¹ - =
C�Ì8´�C�³:E6IJ<>=�IJ9'EFY:C ´�<H²�¾:IJ=Z14E6I¸<H=2Å�1�ÉD14=:?PÅ 78ÉF¿8¼'Y:C�36CM=:<-9F<>QJ7:E6IJ<>=�´A<>7:QJ?�¾ZC£RU<>7:=X?D¹



NPC+E6Y:IJ=:52EFYXC�9FCO3FC�967:QJEF9-²¦1�¶�CAµ>C�=P¾�C�IJ²�³:36<4µ>C�?2¾8¶2?X<>IJ=:T�²�<H3FCM367:=:9-<>3 <>³:E6IS»
²�IJW�IJ=:TMÄMBÂ3F7X=¦³�143�1·²�C�E6C�3F9�¹

�Q�6Y 7 �S%�)/�*%������5[�"b%�� %�[�"b%�[�= �$'�� %�+ @B8 �?Z���8\`�8:[�),= 8:'*[
- 9-9�1·I¸?PC�143FQJIJC�3�¿�I¸=P<H3F?:CA3�EF<2C�µH<>QJµ>C�1�´�Q�14969FISËZ´h1·EF<H3�EFYZ1·EM´h14=Â?:IJ9F´�36IJ²�IJ=Z14E6C�µ><4¼�C�QJ9
IJ3F3FCA9F³�C�´�EFIJµHC¦<·R�E6Y:C�96³ZC�145>CA3h¿�IJEMIJ9M=:C�´AC�9F9#143F¶ÂEF<2Y�1�µ>C�EF3#14IJ=:IJ=:T2?�14E�1 9F³�<>5>CA=P¾a¶P149
²¦1·=a¶O³ZCA<>³:QJC�149,³Z<H9F9FIJ¾:QJC>¹b/:<H3�E6Y:IJ9MEFCA9FE-9FC�36I¸CA9+¼�C+Y�14?PEF3#14IJ=:IJ=:T�14=:?PE6C�9FE6I¸=XT2?Z14E#1
9F³�<>5HC�=�¾8¶296IJÌ�³�C�3F96<>=:9�¹E/X<>3 36C�QJI½1·¾:QJC+96³ZC�145>CA3k»kI¸=X?:C�³�C�=:?:C�=X´�C�EFY:IJ9MIJ9h¿�<·R�´�<H7:3F96C�=:<HE
C�=:<H7:T>Y�?:IJµ>C�369FIJEk¶8¹K±�<4¼�C�µ>CA3h¿K<H7:3+14IJ²Í¼'149ME6<29FYX<4¼ÔEFY�14EM96³ZCh1·5>C�3-IJ=:?:C�³�C�=:?XC�=:´�C�IJ9
³Z<H9F96I¸¾XQ¸C 14E'14QJQk¹4NÁIJEFYO9FIJÌ�?:IkjKC�3FC�=8E'96³ZCh1·5>C�369h¿XEFY:C 9F¶896EFC�² ¼'IJQ¸QK14QJ36Ch14?:¶�Y�1�µ>C�E6<+´A<>³�C
¼'IJEFY¦1-QJ<HE^<·RfIJ=8»k´�Q�149F9�» µ>1·3FI�14=X´�C>¹
º'Y:CM3FCA´�<>TH=:IJEFIJ<>=�3�1·EFC�9i¼^CA3FCM?:CAEFC�36²�IJ=:C�?2IJ=�EFYXCM9�1·²�C�¼'1�¶¦1·9�¾�C#RU<H3FC>¹Xº'Y:CM<>=XQ¸¶

?:Ikj CA3FC�=:´AC¦¼'149-EFY�14E�EF3#14IJ=:IJ=:T�1·=:?¢E6C�9FE6IJ=:T�9#14²O³:QJC�9MYZ1�µHC�¾�C�C�=Á36C�´�<>36?:C�?ÂRU36<>² 96I¸Ì
"FR $ d?i d?c,T�9F³�Ch1·5>C�369h¹
º�1·¾:QJC �-96Y:<4¼'9�E6Y:C ¾ZC�96E 3FC�´�<HT>=:IJE6I¸<H=�3�14E6C�9�E6YZ14E'´A<>7:QJ?�¾ZC,<>¾:E#14IJ=:C�?D¹�JkE'IJ9'96<>²�C »

¼'YZ14E�967:3F³:36IJ9FIJ=:T-EFYZ1·E�EFY:C'´A<>²�¾:IJ=Z1·EFIJ<>=:9 ¼'IJEFY�¾�C�9FE�3FC�967:QJEF9'1436C�=:<HE^14QJ¼'1�¶a9�E6Y:C'9�1·²�C
149�IJ=¦E6Y:C 9F³�Ch145HC�3k»k?:C�³�C�=:?XC�=8E�´�149FCH¹fÅ�1�É�1·=:?PÅ <·ÉF¿a1·9^¼�C�QJQD149MÅ�1�Éf1·=:?�Å 78ÉD´A<>7:QJ?�¾�CM?:IJ9�»
´�3FIJ²OI¸=�14EFCA?�µ>CA3F¶�¼^CAQ¸QKIJ=�EFYXI¸9i´h1496C�1·QJEFY:<H7:T>YOEFY:IJ9�¼'149'=X<>E'³�<>9F96IJ¾:QJCMIJ=¦E6Y:CM96³ZCh1·5>C�3�»
?:C�³�C�=:?:CA=aE'´�149FCH¹ ) =�E6Y:C�<HEFY:CA3^YZ1·=:?�3FCA9F7:QJEF9tRU<H3�Å�1�É 1·=:?2Å C#É�1·9�¼�C�QJQ 1·9�Å C#É�1·=:?2Å ISÉ 1436C
¼^<H3F96C>¹

A {�I A ] I A o@I A c�I A j'I
A {�I � + � b � E � b � � �>b � E��>b G
A ];I � � + �>b E � 
hb 
 � E>b +
A o@I � � � � 
hb 
 �)(4b �
A c�I � � � � � � b �
A j'I � � � � �

� �a����� � �D� �a] lF]#n#ch�Aq>op`wopcAqPlF{�`k]�v d�c�l uhc���]6��y4opvkn6lkopgio�qa{�`wo¸cAqPo�q�`w�a]-vw_:]#{��4]6lk¥�o�qayH]F_:]6qayH]6qa`
n#{hvk] �Jo�q � �

. ³ZC�145>CA3k»kI¸=X?:C�³�C�=:?:C�=8E-µ><4¼�C�Q�?:IJ96´�3FIJ²�IJ=Z1·EFIJ<>=�IJ9 ²�<H3FCM?:I  �´�7XQ¸E�¿�¾ZC�´�147:96C�EFYXC�I¸=�»
´�Q�14969�µ>1·3FI�14=X´�CMIJ9�²�7:´#Y2YXI¸THY:C�3�¹Zº'YXC�3FC#Rw<>3FCH¿K³:3F<H¾Z14¾XQ¸¶�²O<>3FC,3F7:=:9 ¼�<>7:QJ?2Y�1�µ>CM¾�C�C�=
=:C�´�CA9F9�1·3F¶-EF< 3FC�14´#Y+E6Y:C�9�14²OC�QJC�µ>CAQa<·RZ3FCA´�<>TH=:IJEFIJ<>=M3#14E6C�9h¹H±�<4¼�C�µ>CA3h¿�IJEDIJ9�´�QJCh143�14QJ36Ch14?:¶
RU3F<H²ÍEFY:CA9FC�QJIJ²�IJEFC�?�36C�9F7:QJE69MEFYZ1·E ?:IJ9FEFIJ=:´AEFIJµ>C,RUCh1·EF7:36C�9M´�<H7:QJ?�¾�CMRw<>7:=:?�¾8¶�ÄMB E6YZ14E
¼^CA3FC C�Ì8³:QJ<>IJEFCA?�Rw<>3'?:IJ9F´A3FIJ²�IJ=Z1·EFIJ<>=D¹

�Q��� @B8 �?Z���8\`�8\[E) = 8:[b] � '*8 Z�% "�),[�" �B[ �a'*8 Z % "�� ��8 Z�),=?8 �*%��

Jk=ÁEFYXCPEFY:IJ3F?ÀE�14965Á¼�C�C�Ì:1·²�IJ=:C�?D¿t?:IJ9F´�36IJ²�IJ=Z14E6IJ<>=¢¾�C�Ek¼�C�C�= µH<>IJ´�C�? 14=:?À7:=8µ><>IJ´�CA?
RU3FIJ´h1·EFIJµ>CA9�EFYXC�3FC�1·3FC-=:<4¼ ²�<H3FCME6YZ14=�<>=:C-³:Y:<H=:C�9 IJ=2Ch1·´�Y�´�Q�14969h¹�Jk=�EFYXI¸9iEFC�96EM9FCA3FIJC�9
EFY:CA3FC�1·3FC�EFY:36C�C2Ch1·´#Y���E6Y:C�µ><>IJ´�CA?¢Rw3FIJ´h14E6IJµ>C�9�Å W#ÉF¿'Å �aÉ�14=:? Å µHÉ�¿�14=X?¢EFYXC�IJ3�7:=8µ><>IJ´�CA?



³ZCA=:?Z14=8E69�Å 9�É�¿ Å �8É�1·=:?¢Å RFÉF¹:º'YX3FC�C�³:YX<>=:C�9 IJ=�Ch14´#Y�´�Q�14969�²OCh14=21
9FEFIJQJQDQ�1·3FT>CA3�IJ=8»k´�Q�14969
µ>1436I½1·=:´�CiEFYZ1·=¦¾�C#RU<H3FC>¹
º'Y:CM3FCA´�<>TH=:IJEFIJ<>=�3�1·EFC�9i´h14=¡¾ZCM36Ch14? RU3F<H²Êº�14¾XQ¸C$I:¹ ) =XCM´h14=¡9FC�C-EFYZ1·E'EFY:C,µ>14QJ7:C

RU<>3�1·QJQK´�<>²�¾:IJ=Z1·EFIJ<>=X9^¼'IJEFYPÅ �HÉ�I¸9�1·E�1·¾Z<H7:E>IF0 $�¿X¼'Y:IJQ¸C E6Y:CM3�1·EFC�9M1·3FCM²�7:´#YOY:IJT>Y:C�3
IJ= 1·Q¸Qt<>EFYXC�3M´�<H²�¾:IJ=Z14E6I¸<H=:9h¹Xº'Y:C�36Ch1496<>=P´�<H7:QJ?P¾ZC�E6YZ14EOÅ �aÉ^?:Ikj CA3F9-EF<8<�²�7:´#Y2RU36<>²
Å W#Éf14=:?ÂÅ µHÉF¹,M'CA´h14QJQKEFY�14E�E6Y:CM36C�´�<>36?:IJ=:T>9iYZ1�µ>C ¾�C�C�=�9�1·²�³:QJC�?O¼'I¸E6Y_D-5a±iW>¿K1-Ò87Z14QJIJEk¶
EFYZ1·E ²¦145HC�9�IJE ?:I  �´�7:QJE C�µHC�=�RU<>3 Y87:²�14=:9iEF<�?:IJ9FE6I¸=XT>7:IJ9FY�¾�C�Ek¼^CAC�=P´�C�36E�14IJ=P96<>7:=:?X9h¹
. IJT>=Z1·QJ9�EFYZ1·E'´�<>=8E#14IJ=�Y:IJT>Y�Rw3FC�Ò87:C�=X´�IJC�9�QJ<8<>96C�IJ=8Rw<>3F²�14E6I¸<H=�1·=:?ORU3FIJ´h1·EFIJµ>CA9^YZ1�µHC Y:IJT>Y
RU3FCAÒa7XC�=:´�¶ORU<H3F²¦1·=8EF9h¹

A � I A � I A u I
A v I E � b G (�E>b � � 
hb �
A � I E � b � (�E>b ( � 
hb �
A d
I E � b ( � � b � � 
hb 


� �a�������X�:� �a] lF]�n#c���qHop`wopc�qOlF{h`k]#v�n6�p{hvkvwo��8n�{�`wopcAq cAdDu�c�opn#]#y�{�q8y-j>q>u�c�opn#]#y�dJlkopn#{�`wopuh]#v �Jo�q � � b
�tq>�pxMcAqa]in6�p{hvkvwo��8]Fl'j8vk]#y:b

Jk=�E6Y:C�<>E6Y:C�3M´h1·9FC�9,EFY:C�ÄMBÀ9F¶896EFC�²�YZ1·9 RU<>7X=:? 1O¼'1�¶�EF<�9FC�³�143�1·EFCOEFY:C�´�Q�1·9F9FCA9h¹
M'C�´A<>T>=XI¸E6IJ<>=�3�1·EFC�9i<4RNDF0,EF<�Ç10�$ ´�<>7:QJ?�¾�CM<>¾:E#14IJ=:C�? ¹

�Q�
	 @B8 �?Z���8\`�8\[E) = 8:[b]��() � ),+ ) [ "�����),+>7�' ��[ " �

&KIJ5>C-IJ=�E6Y:C�?XI¸96´�3FIJ²OI¸=�14EFIJ<H=¦E#14965�<·R�µ><>IJ´�CA?�µHC�3F967:9�7:=8µ><HI¸´AC�?�96<>7:=X?:9+E6Y:IJ9M³:36<>¾:QJC�²
YZ149�9FCAµ>C�3#14Q�9F<H7:=:?:9'IJ=�<>=:C ´�Q�1·9F9h¹�Jk=�<H7:3'EFC�96E�96C�3FIJC�9i¼^C C�µH<>QJµ>C�?�³:36<>TH3�14²O9�EFY�14E'´h1·=
?:IJ9F´�36IJ²�IJ=Z14E6C+E6Y:C�=�149�1·Q^96<>7:=X?:9¦Å =8É�14=X?ÁÅ ²
É�RU36<>²&E6Y:C�µ><4¼�C�QJ9�Å�1�É�1·=:?ÁÅ C#ÉF¹Dº'YXI¸9-IJ9
14=:<HEFY:CA3'C�Ì:14²�³XQ¸C <·R�Q�1·3FT>C IJ=8»k´�Q�14969'µ>143FI�1·=:´�C>¿X9FIJ=:´�C-IJ=¦E6Y:CM96C�´�EFIJ<H=:9 *�¹ È�1·=:? *Z¹ $-EFYXC
µ><4¼�C�QJ9�Å�1�É�1·=:?PÅ C ÉD¼^C�36C "FR � h?i R � RUc��1T:d�"H¿8¼'Y:IJQ¸CiY:C�36CMEFY:CA¶�YZ1�µHC�E6<-R 14QJQ�IJ=aE6<+E6Y:C 9�1·²�C
´�Q�14969h¹
º�1·¾:QJC�!�96Y:<4¼'9�<H7:3�3FC�967:QJEF9�¹ - Ta1·I¸= ¿DE6Y:C29F¶896EFC�²/¼'149�1·¾:QJC¦E6<�ËZ=:? ?:IJ9FE6IJ=:´�EFIJµHC

RUCh1·EF7:36C�9�E6YZ14E�´h14=¡¾ZCM14³X³:QJI¸CA?�EF<�1·QJQK?:Ikj C�36C�=8E�³:YX<>=:C�9'IJ=�EFYXC�Ek¼�<�´�Q�14969FC�9�¹

A {�I A ] I
A q I � E>b 
 + �Hb �
A g I E)+4b � ���Hb G

� �a�������X�f� �a] lF]#n#ch�Aq>op`wopcAq�lF{h`k]#vid�c�l�n6�p{�vkvwo��an#{h`wopc�q¢cAd^cAlF{���u�]6lFvwjav'q8{hvk{A�^vkcAj>q8y>v��Jo�q � � b
�tq>�pxMcAqa]in6�p{hvkvwo��8]Fl'j8vk]#y:b



� ��¬t©�¯��F® �8°F¬�© �

&K<8<>58IJ=:T�14E <>7:3,C�Ì8³ZC�36IJ²�C�=8E�1·Q�3FC�967:QJEF9h¿ EFYXC�²�<H9FEiI¸²O³Z<H3FE#14=8E�´�<H=:´�QJ7:96I¸<H=�IJ9 EFY�14EMIJ=
C�µ>CA3F¶�´h1496C�I¸E ¼'149M³�<>969FIJ¾:QJC-RU<H3�E6Y:C�ÄMBÀ9F¶89FE6C�² E6<¦CAµ><>QJµHC+³:36<>TH3�14²O9�1·¾:QJC�EF<OËZQJEFC�3
<>7:Ei´�C�36E�14IJ=�?:IJ9F´�36IJ²�IJ=Z14E6IJ=:T-RUCh1·EF7:36C�9iRU3F<H²ÍEFY:C�E6I¸²OC 9FIJT>=Z1·Qk¹&��µHC�=�ISR^IJ=296<>²OCM´h1496C�9
EFY:C¡3FC�´�<HT>=:IJE6I¸<H= 3�14E6C�9�¼^CA3FC�=:<>EO<>³:E6I¸²�14Qk¿KE6Y:C�3FC�¼'149¦1·QJ¼�1�¶89�1�EFCA=:?:C�=:´A¶ E6<4¼�1·3F?
?:IJ9F´�36IJ²�IJ=Z14E6IJ<>=D¹
º'Ya7X9h¿�EFY:C,Òa7XC�9FE6I¸<H=�E6YZ14Ei¼^C,9FE�1·3FE6C�?�¼'IJE6Y��,Jk9 IJE'³Z<H9F96I¸¾XQ¸C,RU<H3'T>C�=:CAEFIJ´+³X3F<>TH3�1·²�»

²�IJ=:T�E6<2C�Ì8EF3#14´�E�14=�7:=:?:CA3FQJ¶8I¸=XT2Q�1�¼ RU36<>²&E6Y:C�3�1�¼ E6I¸²OCM9FIJTH=Z14Q�IJ=P<H3F?:C�3,EF<2²�145>C
1�´�Q�14969FISËZ´h1·EFIJ<>=���´h1·=¢¾�C�³�<>9FIJE6I¸µHC�QJ¶�14=X9F¼�C�3FC�? ¹�Jk=:?:C�C�? ¿�EFY:CO9F¶89FE6C�² YZ1·9+C�Ì8E63�14´AEFC�?
3FC�TH7:Q�1436I¸E6IJC�9h¿X3FC�TH7:Q�143FIJE6I¸CA9£1·E�QJCh1·9FEh¿�E6YZ14Ei7:=:?:C�36QJI¸C�1�Q�1·3FT>C,³Z1436E�<4R�EFY:C,ËZEF=XC�9F9M´�149FCA9h¿
14=:?OEFYZ1·E�1436C�YXC�QJ³8RU7:Q�RU<>3�?:IJ9F´�36IJ²�IJ=Z14E6IJ=:TMEFYXC�Ek¼�<�´�Q�14969FC�9�¹

Jk=PEFY:CO9F³�C�C�´#Y 3FC�´�<HT>=:IJE6I¸<H=PQJI¸E6C�3�1·EF7:36C>¿�IJEMIJ9M<4RwEFC�=Â9FE�1·EFC�?ÂEFYZ1·EMEFYXC�EFIJ²OC+96I¸TH=Z14Q
¼^<H7:QJ?+=X<>E�¾�C�967:IJE�14¾XQ¸C�Rw<>3�´�Q�14969FISËZ´h1·EFIJ<>=D¹1JkE�¼�<>7:QJ?-=:<>Et´�<>=8E�1·IJ=�EFY:Ci=:C�C�?:CA?�RUCh1·EF7:36C�9
IJ= 1·=2Ch1·9FIJQJ¶¦14´A´�C�9F96IJ¾:QJC+¼'1�¶a¹8NÀY:C�=2QJ<8<>58IJ=:T�14E'E6Y:C-EFIJ²�Ci9FIJT>=Z1·QD<H=:CM´h1·=2IJ=:?:C�C�?�¾�C
14²�14W�C�? ¿4Y:<4¼ 9FIJ²�IJQ�143 9FIJT>=�14QJ9�<4R�?:Ikj CA3FC�=8E�³:Y:<>=XC�9'´h14=OQJ<a<H5MIJ=�96<>²�C'´�149FCA9h¿:14=X?�Y:<4¼
?:Ikj CA3FC�=8E�9FIJT>=Z1·QJ9�<4RDE6Y:C�9#14²�C'³XY:<>=:Ci´h14=OQJ<a<H5+IJ=�1·=:<>E6Y:C�3�EFIJ²�C�¼'IJ=:?:<4¼M¹HV^7:E�EFYXI¸9�IJ9
´�QJCh1436QJ¶�=:<�QJI¸²OIJE�14E6IJ<4=+E6<�EFY:C+Ä,BP9F¶896EFC�²�¹
NÁYZ14E-IJ9+³�143FE6IJ´�7:Q�1436Q¸¶PIJ=8EFCA3FC�96EFIJ=:T�I¸=ÂEFY:C2ÄMB 96¶a96EFC�²ÓIJ9+E6Y:C�¼�1�¶8¿ I¸=Â¼'Y:IJ´#Y¢IJE

´�Q�14969FISËZC�9�¹^0�<H9FE�²�CAEFY:<8?:9�7:96C�?ÁIJ= 9F³�C�C�´#Y�3FC�´�<HT>=:IJE6I¸<H= 2�<>3�²O<>36C�T>CA=:C�3�1·Q ³Z14E6EFC�36=
3FC�´A<>T>=XI¸E6IJ<>=a4-³�C�3kRw<>3F²/96<>²OC¦58IJ=:? <4RM´�<H²�³Z1·3FIJ9F<H=¢<·R,1 RUCh1·EF7:36C#» µHC�´�E6<>3�¼'IJEFY 9F<H²�C
3FC#RwC�3FC�=X´�C#»kµ>C�´�E6<>3�¹ZGi<>E6Y:IJ=:TMQJIJ5>C'EFY�14E�I¸9tYZ14³:³�C�=:IJ=:T-Y:C�36C>¹8º'Y:CiC�µ><HQ¸µHC�?�³X3F<>TH3�1·²�9�1436C
2U1�RUEFC�3�36C�²�<4µ8IJ=:T�E6Y:C�I¸=8E63F<>=X9 4�²�7:´#YME6<8<�96Y:<>36E�EF< ²OC�²�<H3FIJW�C�3FC#RwC�3FC�=X´�C µ>C�´�E6<>369h¹Hº'Y:C�¶
V��1gKd T:W 7X9FCME6Y:C 3FC�TH7:Q�143FIJE6I¸CA9'3FC�96I¸?XI¸=XT�I¸=OEFY:C,?Z14E#1ME6<�?:IJ9F´�36I¸²OIJ=Z14E6C�´�Q�14969FC�9�¹

- =:<HEFY:C�3tI¸=8E6C�3FC�96EFIJ=:T+1·9F³�C�´�E�<4RDE6Y:IJ9�1·³:³:36<a14´#Y�IJ9h¿·EFYZ1·E�EFY:C'CAµ><>QJµHC�?+´AQ½1·9F96IpË�C�3F9'1436C
µ>C�36¶�R 1·9FE�¿HRU<>3'µ>1·3FIJ<>7:9�3FC�149F<H=:9KL

� G�<�1·?:?:IJEFIJ<>=�14Q�³:3FC�³X3F<8´�C�969FIJ=:T�IJ9^=:CAC�?:C�?��
� º'Y:C ³:3F<HT>3#14²�9'1436CM14QJ3FCh1·?:¶�36C�³:36C�9FC�=8E6C�?PIJ=�²¦1·´#Y:IJ=:C�´�<8?:C �
� Jk=8EF3F<H=:9�� 2 ´�<8?:C2EFY�14E-?:<8C�9�=:<>E-C5jKC�´�EOEFY:C�<>7XEF³:7:E54-´h14=Â¾ZC�36C�²�<4µHC�?�RU3F<H² EFYXC
ËZ=Z1·QK³:3F<HT>3�1·²�¿H3FC�967:QJEFIJ=:T�IJ=21M96³ZCAC�?:7:³�<4R�14³:³:36<4Ì8I¸²�14E6C�QJ¶+1,R 14´AEF<>3'<·R �X¹

JkE'I¸9'´AC�3FE#14IJ=:QJ¶�E6<a<�C�143FQJ¶OEF<�9�1�¶OY:<4¼ÀR 143'E6Y:IJ9�14³:³:36<a1·´�Y�²OI¸THY8E�QJCh14?D¿8¾X7:E�¼�C 9FC�C
14EiQ¸C�149FE 96<>²�C-³�<>EFCA=aE6I�14Q RU<>3M1·³:³:QJIJ´h14E6I¸<H=:9'EF<�¾�C�?:C�µHC�QJ<>³�C�? 1·QJ<>=:TOEFY:C�96C�QJIJ=:C�9�¹Zº'YXC
C�µ><HQJ7:EFIJ<>=�<·R^²¦1·´�YXI¸=XCM´�<8?:C-3FC�967:QJEF9MIJ=2µHC�3F¶23#14³:IJ?:QJ¶�C�Ì8C�´�7XEFIJ=:T�´�<8?:C�EFY�14E�´�14=¡»�¾a¶
µ8I¸36EF7:CO<4R�¾�C�IJ=:T�EFY:C�=Z1·EFIJµ>COQ½1·=:T>7�14T>C�<·R�EFY:C2;'B�� »M³ZCA3kRU<H3F²Ó¼^C�QJQ�C�µ>CA=Ñ<H=¢¼�Ch145
³:Q�14E�RU<>36²�9h¹

� �½q£n��a{A_a`k]6l +�cAd A ~ ' ��� E ��IHd¸jHlF`w�a]6lDo�qHd�c�lFg {�`wopc�q�c�q-`w�a]�]#g ]6lF�h]6qan#]�cAd:o�q>`wlFcAqav o�q�z���n#{�q
�:]�d�c�jHqay:b



� ��� � � � � � @_&�� � �;"
. 7:³:³�<>36E^YZ1·9�¾�C�C�=�³:3F<4µ8IJ?:C�?�¾8¶-EFY:C Î$/DÄ 2UÎiC�7:E69F´#Y:C /:<H3F96´�Y87:=XT>9FTHC�²�CAI¸=X9F´#YZ1�RwE 4�¿

7:=:?:CA3'T>3�1·=8E'V�1;G?0�*aÈ��'��» GH¹

�O���K�D«,� ©�¯��b�
A ~ ' ��� E ��I��Oc���d���{�q8��~�{�q��6�a{Ad rK�K]#`k]6l
'�c�lFy·o�qZr C�cA�:]FlF` �']6���p]6l�rK{�q8y �HlF{Aq>��\�b��HlF{�q8n#c�q8]hb

� 7�.07�8 <
:
	�� 1�
�� -�2 2 <>.�
���� .��;.08�� 1�/�4':�8 <
1�.>b�y4_Hj>q>�>`�����cAlF�h{Aq��'{Aj>d�g {Aq>qZr���]6o�¥
y>]6���:]6lF����m4{Aq �>lF{Aqan6opvkn#cHr�
�E E �Hb

A zDC�E G�I e �>lkopv-z�{h`w�8]FlFn#cA�p]�{Aqay��K]#`k]Fl C�c�vkv#b¢m4c�g ]+`wlF{Ao�q>o�q8��vwjH�avk]#`Mvk]6�p]#n�`wopcAqPd�c�lMvwjH¥
_:]FlFu�opvk]#y �p]�{Alkq>o�q8�2o�qP��]Fq8]#`wopn�_>lFc��AlF{hg gio�qa�Hb �½q��KjauA{��'\^{Au�opy>cAl�r��^{Aqavw¥U�K{Aj>�
m4n��>�f]6d�]6��r>{Aqay C�]6o�qH�a{AlFy ���{�qHqa]6l�r>]#y4op`kcAlFv#r�	 -�� - 9
9�7�9�	 � 1�5 9�7�2 3 1 9"!�<>.�
$#%� 1�2'& -)(
8 4�� 7*�+�+�krHuhcA��jag ]������ c�d�,�7 :�8 4�� 7*& 1�8 7�6D<>.�- 1�2/. 4'8 70�F3�:�<
7�.0:;7#rA_a{��h]#v 
 
 �21 
 � 
�r
3 ]6lkjavk{A�p]�g-r�EA¥ 
�G ��n#`kcA�:]Fl 
�EHE G>b:m�_Hlko�qa��]6lk¥ !D]6lk�p{��>r�~f]6lk��o�q�rZz�]FlFg {Aq>x�b

A ��� E 
;I C�opnk�8{�lFy }ib���{�y>y>{�yP{Aqay � �ac�g�{�v-�¢b��K{�lFvkcAqav#b54 <6
�<
8 - 9F6�<6
�.0- 9�.7� 1�: 7�6;6�<
.�
98
:<; 7;1���=?>�-@.�.�9�<
: -�8 <
1�.'6+>'-�.0/ ; -�� /�A -�� 708?BK�p]#n#`wlkopn�{A�:]6qa�Ao�qa]#]6lko�qa�Hr>n#chg g'jHq>opn#{�`wopc�q8v#r
{�q8y�vwop��q8{��K_HlFc4n#]�vkvwo�q8�+vk]6lkop]#v#b:�C� �HlF]#]#g�{AqZr '�]��D�DcAlk�:r 'E��r 
�E E 
�b

A ��o�q0EHG�I � b�B�b ��o�q>q8]�{Al�r^]#y·op`kc�l�bF�D/�!�-�.0:;7�6 <
. � 7�.�7�8 <
:G	�� 1�
�� -�2 2 <
.�
�b � � � ��lF]�vkv#r
e�{�g'�>lkopyH�h]�r ��}ir 
�E EHGHb

A �'c���E � I 3 c��Hq C b �'c��#{>b � 7�.�7�8 <
:�	 � 1�
9� -�2 2 <
.�
�HJI .#8 ; 7E	�� 1�
�� -�2 2 <
.�
 1+#K- 1�2 . 4'8=70� 6
50=�L 7 -�. 6 1+#E& -�8 4�� - 903�7�9�7;:�8=<>1�.Hb�� � � �KlF]#vkv#r:e�{hg �>lkopyH�h]�r ��}ir 
�E E � b

A � � E�
�I m4{AqNMwop` � b �-op`wlF{�{�q8y 3 {hg ]#v���b �'{Aopvk]6l�r ]#y·op`kc�lFv#bPO -�.0/�5;1�10Q #�1�� /�<6
�<
8 - 9�6�<6
�.0- 9
.7� 1�:;7�6 6�<
.�
�8:} �¡o��p]�x�¥ �Jq>`k]6lFvkn6op]6qan#] _>jH�>��opn#{�`wopc�qKbZ�¡o��p]#x�r '�]���� c�lk�:r 
�EHE�
>b

A '�~�E (A{�I �K]#`k]Fl '^cAlFy4o�q2{Aqay���cA��d��h{Aqa�O~�{�q��F�8{�dkb�e�chgi_H�p]���op`wx�n#chgi_>lF]#vkvwopcAq�{Aqay�]#uhcA��j>¥
`wopc�q�b �½qSR bTB vw�a]6�pg {�q�r ]#y·op`kc�l�r � 7�.07�8 <
:U�D9 
�1��;<
8 ; 2 6%V�	�� 1�:;7 7;/�<
.�
 6 1+# 8 ; 7 3 <6W�8 ;
�;.08 70�;.0-�8 <
1�.0- 97- 1�.%#�70� 7�.0:;7YXZ�0- � ��[�\%]�r�_a{���]�v 
 
 � 1 
 
 +4r:��op`k`kvw�>j>lF�A�Zr��:}ir 
 (#¥ 
�E
3 j>�px 
�E E)(4b���c�lF��{Aq �'{�jHd½g {Aq>q�rZm4{Aq��HlF{Aqan6opvkn#c>rZe�}ib

A '�~�E ( �'I/�K]#`k]Fl '�cAlFy4o�q2{�q8y��Oc���d���{�q8��~f{Aq �6�8{�dkbYB uhcA�pu�o�qa� � jHlko�qa�A¥Un#chgi_>�p]#`k] _HlFch�AlF{�g�v
d�c�l�{PlF]#��opvk`k]6l2g {hn��>o�q8]P��op`w�Ávk]F��dJ¥Ug c4y·o�d½x�o�q8� n#c4yH]hb �Jq'R b^B vw�a]6�pg {�q�r�]#y·o�¥
`kc�l�r � 7�.�7�8 <
:U�D9 
�1�� <
8 ; 2 6%V�	 � 1�: 7;7 /�<>.�
 6D1+# 8 ; 7 3�<6W�8 ; �;.�8=70�;.0-�8 <
1�.'- 9$- 1�.%#�70� 7�.�: 7
XZ�0- � ��[�\%]�r�_a{��h]#v"
 
 � 1 
 � (·r:�Kop`k`kvw�>jHlF����rZ�:}ir 
 (#¥ 
�E 3 j>�px 
�EHE)(4b ��cAlF��{�q �'{Aj>dJ¥
g {�qHqZrZm4{Aq �>lF{Aqan6opvkn#cHrZe�}�b

A '�~�E (An I"�K]#`k]Fl '^cAlFy4o�qP{Aqay2�Oc���d���{�q8��~�{�q��6�a{Ad b2z�]6qa]#`wopn,_>lFc���lF{�g g�o�q8��n�cAq>`wlFcA����o�qa�2{
gio�q>op{�`wj>lF]'lFcA�:ch`#b��JqGB�b !�b>m�op]���]6�Z{Aqay 3 b�C'b �'c���{Hr>]#y4op`kcAlFv#r�_ 1��ZQ�<
.�
*& 1�8 7�6�#�1��
8 ; 7Y�E�U�`�D3a= 2 .01 6�<
4'2 1�. � 7�.�7�8 <
:*	�� 1�
�� -�2 2 <
.�
�r8_a{��h]#v � 
 1 �)+4r�� � � r e�{hgi¥
�>lkopyH�h]�r ��}ir 
 � 1 
 � '^cAuh]#g'�:]6l 
�EHE)(·ba}�}^}���r%��]6q>�pcM�K{Alk�:r�e�}�b

A '�~�E + I �K]#`k]Fl '�c�lFy·o�q�{Aqay,��cA��d½��{Aqa� ~�{�q��F�8{�dkbK}tq£cAq>¥ ��o�qa]�g ]#`w�ac4y,`kc�]#uhcA�pu�]��:]6�a{�u�opcAl
{�q8y2`kc�n#cAq>`wlFc���{�g�o�qHop{h`wjHlF]�lFcA�:ch`io�q2lF]#{A�^`wopg ]+��op`w���h]6qa]#`wopn-_HlFch�AlF{hg gio�qa�Hb
�D/�-@. 8 <b!�7�c�7 ; -�!�<>1���r � � ��
 � + 1 
�G � r 
�E E +·b

A '�c�l;E G�I �K]#`k]Fl '�cAlFy4o�qZbi}Án#chgi_>o���o�q8���h]6qa]#`wopni_>lFc��AlF{hg gio�qa�Ovkx4vk`k]�g `w�a{�`'y4o�lF]#n#`w�px�g {A¥
q>o�_Hj>�p{�`k]�vt`w�a]�g {�nk�>o�q8]^n#c4yH]hb �½q �']6qHqa]#`w�dB�b���o�q>q8]�{Al�r 3 l�bSr�]�y·op`kc�l�r<� /�!�-�.�: 7�6 <>.
� 7�.07�8 <
:*	 � 1@
�� -�2 2 <
.�
�r:nk�8{�_8`k]6l 
�GHr:_8{h��]#v�
 
�
 1 
�
 
�b�� � � �KlF]#vkv#rKe�{hg �>lkopyH�h]�r
��}�bSr 
�EHE G>b

A '�c�l;E)+ I �K]#`k]Fl '�cAlFy4o�qZb�e�!�1 9�4'8 <
1�.0-���=
	�� 1�
�� -�2D�;.0/�4':�8 <
1�.D1+# c�<
.�-��@= L,-�: ; <
.�7E- 1�/�7D-�.0/
<
8
6/�/.�.�9�<
:;-�8 <
1�.�6Fb:�K�8\ `w�a]#vwopv#r:s�qHopuh]6lFvwop`wx�c�dD\�cAlF`kg'j>q8y:r �gfAj>q8vk`k]Fl�r 
�EHE)+4b

A � � � ! � ��I��¡o�����op{hgh��b��KlF]#vkv#rD~ lkop{�q��Kb����p{�qHqa]6lFx�rfm4{Aj>��}ib � ]6jH��cA�pvw�>x�rD{�q8y2�¡o�����op{hg � b
!D]#`k`k]6lk��o�qa�Hbi& 4'2 7?�;<
:;- 9�+ 7 :�< .�7�6,<
.'-'H :<; 7J�*� 8 1+#,3�:�<
7�.08 < j�:P- 1�2/. 4'8 <
.�
�b
e�{�g'�>lkopyH�h] stq>opu�]6lFvwop`Ux-�KlF]#vkv#r:e�{hg �>lkopyH�h]�r�
�E � �>b


