
���������
	�	����	���������������������������������� ��!"���$#��%��#������
& #'������� ����()�����������+*,���.-�����/0/0�1��-32

4�5 687:9<;>=?6�@$987A7A5CBED>FAGIHKJALM9<;>D�6"N�6PO"98BQBRGS7AGIHCJ
T$FUGWVSGWXUX:5�YZ6PVWV[9<;>=A\]JU987U=^L_9<7a`A51V�YZVW51;EbP`A51\

ced�f1gihkj8lnmQoZp8q>rsm>tPq>m�uvtPwxlnrylnjPlnmCz8{%tPrs|KmQonw}rylv~.f1�����1jPwn�1tPtkmCzk��� jkwn�1tPtkmCzap<�$ryln�>mEon�W� ta�
�>�<�]� �8� �K�<�����<� �K�<�<�C���P�:�e�8�1�8�C�����<�>�a�K�K�K���P�C� �<�K�C�����K�P�1 ��}���

¡ ux¢Cp£��� ¤?f1oR��lnf1o}~]zP{%tkrs|KmEonw}rsl�~.f1��¥Zr¦qQmCz?p<fChP§kr¦�©¨Zt]lnrsh?fC�srsw>zkªPoR�1tPq>m
��«8�:�¬�C C�C�CC�<���?���<�1®<�:���K�P�K� ����¯K�

°�±�²>³>´�µa¶1³C· ¨¸tkmE�¸¹<r¦tk�3f1��g�jPlR��lnrsfCt3�[f o
ºCm>tPmQlnrsq�h8onfCº1oR� gigirstkº�¤a� w}m��¬f1t
ln§Pm"wxl}onjkqQlnj8oR�1�»�8rswxlR�1tkqQm¬f1h?mQoR� lnf onw��Sf1o£l}onmQm>w�rsw.hPonm>w}mQt<lnm>�¼rst½ln§krsw�ha�1h?mEo�¾
¿ m�Àkonwxln�y~'�Pm>w}qEonr¦¤?m©�£tkmQ��º1m>tkmElnr¦qih8onfCº oR�1gigirstkº.hPonf]q>mQw}w�¤k�1w}m��¬fCt^ln§Pm>w}m
f1h?mQoR� lnf onw"Á[��m£q>�1�s�$rsl�wxl}onjkqQlnj8oR�1��gÂjPlR� lnrsf1tMº1m>tkmElnr¦q�hPonf1º1oR�1gigirstPº]ÃE¾ÅÄ�§Pm>t
��m£jkw}m�wxl}onjkqQlnj8oR�1���8rswxlR�1tkqQm�lnf¬q��1�sq>jP�W��lnm£ln§km�ÀklntPm>w}w©�8rswxlR�1tkqQm£q>f o}onm>�¦� lnrsfCt
q>f]mEÆiq>rsm>t]l��1tk�e��m©w}§kf��¸ln§a��l%ln§Pr¦w�qQf]mQÆiq>rsm>t]l
rsw��.onm>�1w}fCtk�1¤P�¦migim>�1w}jPonm
lnf
mQÇ8h8onm>w}w%h8onfC¤k�sm>gÈ�8rsÆ©q>jk�ylv~��[f o»wxl}onjkqElnjPoR�1�:g�j8lR� lnrsfCt3º1m>tkmElnr¦q�hPonf1º1oR� gigir¦tPº
�Sf1oiln§km.q>f1tkw}r¦�PmQonm>�Mw}mQl©f1�ZhPonfC¤P�sm>giw>zÅrÉ¾ m1¾Åjktkrsgif<�P�1��l}oR� hM�SjktkqElnr¦f1tkw>z�onf�~<� �
l}onm>mQwZ� ta�"Ê3¨ÌËÍh8onfC¤k�sm>g3¾

Î ÏkÐÌÑ?ÒAÓ�ÔÂÕ�Ö�ÑA×nÓÌÐ

ØkÙ `U=AGW5CB�6<ÚÜÛ Ù 7A5CBEB�=AGSB Ù 987UD�5iD�6P;E;Q5 V[9 Ù GW6P7MÝ¦Þ�ßPàEá
98B�9 Ù 6a68V�ÚI6P;�O£5C98BE`A;QGW7Ab£XA;Q68âAVS5 O=?G¦ÚÉã
Û:D�`AV Ùnä GS7eb8517A5 Ù GSD�9<VSb86P;EG Ù FAO"BÂÝ�å©æ�B>áZ9<7U="bP5 7A5 Ù G[D�XU;E6Pb8;>9<O3O3GW7AbeÝvå©TZáÌFU9Kç85�VW5C98= Ù 6
D�687 Ù ;E6]çP5 ;>BRG[9<V<;Q51BE`AV Ù B1èK5 ç8517 Ù FA68`AbPF�BE68O35»D�68`U7 Ù 5 ;Q5�éA9<O3XAVS51BÜFU9PBÜâ�5 517.ÚI6P`A7U=.ÚI68;$å©æ�B
ÝRêWë�ìxJÅê¦ë]íCìIá�J<Þ�ß8à
FU98B»â�5 517'XU;E6]çP5 7'987'`:BR5 ÚI`AVÅO3519PBR`A;Q5�687�9�V[9<;Qb85�7a`AO.â�5 ;�68Ú�å©æîÝ�BR515
ÚI68;Ì5 éA9<O3XAVS5.ê íKì:6P;ÂêWë8ë�ìIá�987U=¬å©T½ÚI`A7:D Ù GS687:BÂÝ�BR515.ê ï]ìvJ�ê¦ëCð]ìIá�ñkò}7"XU9<; Ù G[D�`UVS98;1J?YZVW51;EbP`A5.ó�ô
õ]öW÷ ÝRê ïKìIá$FU9KçP5�BEFA6]ø�7.Þ�ß8à Ù 6�â�5©9�;Q5198BE687:9<âAVS5
ø»9 ä 68ÚÜùk`U9<7 Ù GWÚ ä GW7Ub.XA;Q68âAVS5 Oú=AG¦ûeD�`UV Ùnä
ÚI68;
å©TüÚI68;
9£BR5 Ù 68Ú�ÚI`A7:D Ù GS687:B ñANÜ6"D 9<V[D�`UVS9 Ù 5»Þ�ß8à Ù FA5 ä =A5�ÛU7A5C=�9.bP5 7A6 Ùnä XUGSD�=?G[B Ù 9<7UD 5
ÚI68; Ù ;Q5 5CB.âU9PBR5C=ý6P7ý;E5CD�`A;>BEGW6P7Åñ�þ�6ÿX:9<; Ù G[D�`AV[9<;£;E51VS9 Ù GS687UBEFAGSXýâ�5 Ù ø%5 5 7 Ù FAG[B3=?G[B Ù 9<7UD 5
9<7U= Ù FU5 b85 7U5 Ù G[D�68X�5 ;>9 Ù 68; Ù FU5 ä `:BR5C= Ý�B Ù 9<7U=U9<;>=Íå©TîD ;E6kBEBE6]ç851;>á�ø%9PB�51çaGS=?517 Ù Ý�98B
GSB Ù FA5^D 9PBR5"GS7üå©æ�B�ø�G Ù F��Â9<O3O3GW7Ab¼=?G[B Ù 9<7UD 5¬9<7U= B Ù 987U=A98;Q= D ;E6kBEBE6]ç851;>á�ñÅN»FA5¬=?G[Bnã
Ù 9<7:D�5�O35 Ù ;EG[D�BEFA68`UVS=�GS7UB Ù 519P=�â:5£=?5�Û:7A51= ø�G Ù F ;Q5 bk9<;>= Ù 6 Ù FA5.98D Ù `U98V�7A51GWbPFaâ:6P;EFA6a6?=
XA;E6?=?`:D�51=�â ä^Ù FU5�b8517A5 Ù GSD.68X�5 ;>9 Ù 6P;QB1JABE6 Ù 6^98BQBR`A;Q5 Ù FU5�D�6P7UBE5 ;QçK9 Ù GS687�6<Ú Ù FA5.bP5 7A5 Ù G[D
O39 Ù 51;EG[9<VÅâ�5 Ù ø%5 517�7A5 GSb8Faâ�68;>B ñ?ò}7 Ù FUGSB�XU9<X�5 ;
ø%5iø»9<7 Ù�Ù 6"6]çP5 ;>D�68O35 Ù FAG[B
VSGSO£G Ù 9 Ù GS687ÅJ
51B Ù 9<âUVWG[BRFUGW7Ab�9iB Ù ;E6P7Abi;E51VS9 Ù GS687UBEFAGSX"â:5 Ù øZ515 7e=?G[B Ù 9<7:D�5�987U=3b8517A5 Ù GSD�6PX:51;Q9 Ù 6P;QB1ñ<N»Fa`UB J
øZ5»`UBE5
B Ù ;E`:D Ù `U;Q98Va=AGSB Ù 987UD�5iÝ�BE5 5�ê �AJ ë��KìIá Ù 6�D19<V[D�`AV[9 Ù 5�Þ�ßPà$9<7:=.ø%5»`UBR5 Ù FA5 Ù ;>9<7AÚI68;QO39<ã
Ù GS687UB»6P7¬ø�FAG[D>F^B Ù ;Q`UD Ù `A;>9<V�=?G[B Ù 9<7UD 5©GSB%âU9PBR5C= Ù 6£=?5 ÛU7A5 Ù ø%6�7A51ø bP5 7A5 Ù G[DÂ6PX:51;Q9 Ù 6P;QB1ñ

��� jk¤k�srsw}§km>�3r¦t
	���%mQtkmQlnrsq � onfCº oR�1gigirstkº���� ln§��ÅjPonfCh?m>�1t'd�fCt8�[mQonm>tPq>mCz
�ÅjPonf� ������� ¢��
��w}w}mEÇUzÅ{��©zÅ¨Zh8onrs� ����� ¢8z � onf]q>m>m��8r¦tPºCw>zÜha� ºCm>w�������� �����8z�dZ¾"!$~<�1t_mQl©�1�É¾#�Ü�8w>¾sz��:m>qQlnj8onm
¥%f lnm>w$r¦t"d�fCgihkj8lnmQoÌp<q>rsm>tkq>m1z?�:¥»d�p � �%$ � zAp<hPonrstkº1mQo'&ÜmQon�¦� ºP¾



N»FA5»7A5 øü;E5CBR`AV Ù GS7Ab�5 çP68VS` Ù GS687U98; ä XA;Q6?D�5CBEB�ø�GSVWV?â�5�D 9<VSVS51=��>ô����Uà ô���� õ<ö	� �?ô õ ô�
�����kó��ó ô�
�à
� ������� õ���� 
�	�eÝ Ø LMå©TZá�J Ù 6"=?G[B Ù GW7Ub8`AG[BRF�G Ù ÚI;E6POå©TÍâU98BE51='687 Ù FU5�B Ù 9<7U=A98;Q=��©6��C9�� B
D�;Q6PBQBR6]çP5 ;ÂÝ Ù FU9 Ù ø�GWVSVÅâ�5i;E5 ÚI5 ;Q;E5C= Ù 6"98B�B Ù 9<7:=A9<;>=^å©T%á�ñ

N»FAGSB»X:9<X�5 ;�=?515 XAV ä =AG���5 ;>B%ÚI;E6PO)ê ïKì�ÚI6P; Ù FA5©ÚI6PVWVS6]ø�GS7Ab3O398GW7^;Q5198BE687:B è?9"=?G ��51;E517 Ù
=?GSB Ù 987UD�5^O3519PBR`A;Q5¬G[B3`UBE51=�J�ÚI6P; Ù FA5'ÛU;QB Ù£Ù GSO£5�FA51;E5PJ Ù 6½D 9<V[D�`UVS9 Ù 53Þ�ß8à�!Ì9<7ü68;QGWbPGW7U98V
5 ç86PVW` Ù GS687U98; ä XA;Q6?D�51BQB%ø�G Ù F�7A5 ø b85 7U5 Ù G[D�68X�5 ;>9 Ù 68;>BÌG[B»`UBE51="! Ù FA5�D�6PFA5 ;Q5 7UD 5Ââ�5 Ù ø%5 517
Ù FA5CBR5_6PX:51;Q9 Ù 6P;QB39<7:= Ù FA5M=AGSB Ù 987UD�5 `UBE51= G[B"7A6 Ù 687UV ä FAGW7 Ù 9 Ù JZâA` Ù G Ù G[B"ÚI68;QO"9<VSV ä
XA;E6]çP5 7Åñ�#�GS7U9<VSV ä JU93V[9<;Qb85 ;�BE5 Ù 6<Ú Ù 5CB Ù ÚI`U7UD Ù GW6P7UB
G[B»`UBE51= Ù 6"ç]9<VSG[=A9 Ù 5�6P`A;�F ä X:6 Ù FA5CBRG[B J
GW7UD VW`:=?GW7Ub Ù øZ6iL_æ%$�XA;Q68âAVS5 O"B1J]GW73ø�FAG[D>F£Û Ù 7A5CBEB�G[B$98VSBE6i9�ÚI`U7UD Ù GW6P7"6<Ú Ù FA5
BE5 O"9<7 Ù GSD1B
6<Ú Ù FA5iXA;Q68bP;Q98O"BZ987U=¬7U6 Ù 687UV ä 68Ú Ù FA5 GS;
B ä 7 Ù 98D Ù GSD19<VÅB Ù ;Q`UD Ù `A;Q58ñ

N»FAGSB©X:9<X�5 ;iG[BiB Ù ;E`UD Ù `A;Q51=½9PB�ÚI6PVWVS6]ø
B1è�GW7 BE51D Ù GW6P7 �'ø%5"=?51BQD�;QGWâ�53687A53çP5 ;>BRGS687ÿ6<Ú
Ù FA5.B Ù ;Q`UD Ù `A;>9<V�=AGSB Ù 987UD�5PñUò}7_BE51D Ù GW6P7'&3øZ5�=?5�ÛU7U5 Ù øZ6"7U5 ø O.` Ù 9 Ù GW6P7UB
âU9PBR5C=^687 Ù FU5
B Ù ;E`UD Ù `A;>9<VÂ68X�5 ;>9 Ù 68;>Be9<7U=�øZ5M=A51BQD�;QGWâ�5 Ø LMå©T�ñ%ò}7 BE51D Ù GS687)(:JÜÞ�ß8à'G[B Ù 51B Ù 5C=�98B'9
O£5C98BE`A;Q5�6<Ú�XA;Q68âAVS5 O =?GWûeD�`AV Ùnä ÚI68; Ø LMå©T¸6P7 Ù ;>9<X ÚI`A7:D Ù GS687:B J�;E6 ä 9<V Ù ;E5151B�987U= Ù ø%6
L_æ*$ XA;Q68âUVW51O3B1ñ�#�GW7:9<VSV ä JAGW7 BE51D Ù GS687 ï.ø%5©6���5 ;�6P`A;
D�6P7UD�VS`UBEGW6P7UB ñ

+ ,�×�-PÑ	.�ÐÂÖ0/213/4.5-aÕ�Ò�/76>Ó$Ò)89/�Ð%/�ÑA×RÖ):ÿÒAÓ<;$Ò=.5>?-

ò}7^bP5 7A5 Ù G[Di9<VSb86P;EG Ù FAO"BiÝvå©æ�B>á»GW7:=?GWçaG[=?`U98VSB
98;E5©;Q5 XA;Q51BE5 7 Ù 51=^98B�B Ù ;QGW7AbkB»6<Ú�=?GSb8G Ù B
987U=
Ùnä XUGSD19<V:=AGSB Ù 987UD�5ÂO£5C98BE`A;Q51B$98;E5 �Â9<O3O3GW7Ub�=?G[B Ù 9<7UD 5�6P;Ì9<V Ù 51;E7U9 Ù GS687_Ý�BR515
ÚI68;ZGW7:B Ù 9<7UD 5
ê @<ìÉá�ñ=A�5 ÛU7AGS7Ab¬93=?G[B Ù 9<7UD 5iâ:5 Ù øZ515 7�b8517A6 Ùnä X�51B»GS7Må©T GSB
O.`UD>F�O368;Q5i=?G¦ûeD `AV Ù JUbPGWçP5 7
Ù FA5 Ù ;Q5 5£B Ù ;E`:D Ù `U;E5£6<Ú Ù FA53GW7:=?GWçaG[=?`U98VSB1ñ�ò}7üê �]ì$9¬çP5 ;>BRGS687 68Ú Ù FU53B Ù ;Q`UD Ù `A;>9<V�=?G[B Ù 9<7UD 5
ÚI68; Ù ;E5151BiFU9PBiâ�5 5 7 XA;E6PX:6kBR5C=�ñÅæ�D1D�6P;Q=?GS7Ab Ù 6 Ù FAG[B�O3519PBR`U;E5PJÅb8GSç8517 Ù FA5¬BE5 Ù BCB)987U=
D 68Ú�ÚI`A7UD Ù GS687UB"987U= Ù 5 ;QO3GW7U98VSB1J$9¼D�6?=?GS7AbMÚI`U7UD Ù GW6P7FE¬O.`UB Ù â:5 =?5 ÛU7A5C=üBE`UD>F Ù FU9 Ù
EÂè�G DIH B�JLK ò þ.ñ�MÂ7A5
D 987 Ù FAGS7�N£6<Ú�O"9<7 ä bP`AGS=A5 VSGW7A5CB�ÚI6P; Ù FA5ÂBRX�51D G¦Û:D19 Ù GW6P7£68ÚOE]J<ÚI6P;
5�éA9<O3XAVS5 Ù FA5QPED�6PO3XAVW5 é?G Ùnä�R 6<Ú Ù FU5iÚI`A7UD Ù GS687UB�68; Ù FA5 GS;�9<;QG Ùnä ñUN»FA5�=?GSB Ù 987UD�5iâ�5 Ù ø%5 517
Ù øZ6 Ù ;Q5 51BTS H 987U=US \ G[B%D 9<V[D�`UVS9 Ù 51=eGW7 Ù FA;Q5 5�B Ù 5 XUB1è�ÝnëCáVS H 987U=US \ 98;E5�6]ç85 ;QV[9<XAX�51="9 Ù
Ù FA5£;E6a6 Ù 7A6?=?539<7U= Ù FA5£XA;Q6aD 51BQB�G[B�9<XAXAVSGS51=_;Q51D `A;>BRGSç851V ä B Ù 9<; Ù GS7AbeÚI;Q68O Ù FA5�VS5�Ú Ù O36PB Ù
BR`Aâ Ù ;Q5 51B£Ý�BE5 5^ê &<ì�ÚI6P;�9'=?51BQD�;QGWX Ù GS687 6<Ú Ù FA5£6]ç85 ;QV[9<XAXAGS7Abe98VWbP68;QG Ù FAO 987U=^ÛUbP`A;E5'ë�ÚI6P;
9�çkG[BE`U9<V$GS7 Ù `AG Ù GS687 68Ú�G Ù á�ñZÝ �8áC#U68;�5C98D>F¼XU9<GS;�68Ú»7U6a=A51B�9 Ù O39 Ù D>FAGS7Ab X�6PBEG Ù GW6P7UB1J Ù FU5
=?G���5 ;Q5 7:D�5£6<Ú Ù FA5 GS;iD�6?=?5CB£Ý�5 çP5 7 Ù `U98VWV ä 5 VS5 ç]9 Ù 51= Ù 6�9<7ÿ5�é?X:6P7A5 7 Ù á�G[B©D�6PO£XU` Ù 5C=�ñ$Ý�&ká
N»FA5�=AG���5 ;Q5 7UD 51B»D�6PO3XA` Ù 5C=¬GS7 Ù FA5�XA;Q5 çaGW6P`UB»B Ù 5 X^9<;Q5�D 68O.âUGW7A5C=eGS7'9�øZ51GWbPF Ù 51='BR`UO^ñ

C

B X A

XXX X

B

A

B

X

A

XX

C

B X A

XXX X

B

A

A

XX

XX

ÁI�CÃ ÁÉ¤?Ã

W<XZY ·�[a· ÁI�CÃ 	<Ä���f
l}onm>m>w]\ c � ta�^\ ¡ ÁÉ¤?Ã 	<Ä�§PmÌl}onm>mQw]\ c �1ta�_\ ¡ f�|KmQon�¦�1hPh?m���� l�ln§Pm�onf]f1l�tPf<�PmC¾
` |CmQon�¦�1hkh?m>��tkf<�8m>wÌ� onm�rstkqQ�¦jk�Pm��.rstkw}r¦�Pm
�ÂonmQqQlR�1tPºC�smC¾



#A68;QO"9<VSV ä J Ù FA5"=?G[B Ù 9<7UD 5�68Ú Ù øZ6 Ù ;Q5 5CB%S H 9<7U=QS \ ø�G Ù F¼;E6a6 Ù B�� H 9<7U=�� \ G[B�=A5�ÛU7A5C=
98B%ÚI68VSVS6]ø
B è

�����	� Ý�S H�
 S \ á� � Ý�� H�
 � \ á���� ��� �
� H

�����	� Ý�E�� ����� � Ý�� H á 
 E�� �����
�
Ý�� \ áRá ÝnëKá

ø�FA5 ;Q58è � Ý�� H 
 � \ á��+Ý � E<Ý�� H á"!9E<Ý�� \ á	� á$#kJ5E	� ����� � Ý�%�á�G[B Ù FA5 �'&�( 68Ú Ù FU5*) X�6PBQBRGSâAVS5
D>FAGWV[=?;Q5 7ü6<Ú�9ÿb85 7U5 ;QGSD19<VÌ7U6a=A5+%¬J�GWÚ ��, )ÿJ�68; Ù FU5^51O3X Ùnä½Ù ;Q5 5'6 Ù FU5 ;Qø�GSBE58J�9<7U= E
5 ç]9<VS`U9 Ù 51='687 Ù FA5©;Q6a6 Ù 6<Ú�9<7¬51O3X ÙnäeÙ ;E515ÂG[B"-Añ:YZ6P7UB Ù 9<7 Ù �eG[B»`UBE51= Ù 63b8GSç85©=?G ��51;E517 Ù
øZ51GWbPF Ù B Ù 637A6?=?51B%â�5 VS687AbPGW7Ab Ù 6"=?G ��51;E517 Ù VS5 çP5 V[B%987U=/.�G[B�9�D 687UB Ù 987 Ù `UBE`U9<VSV ä D>FU6PBE5 7
GW7 BE`UD>F^9£ø»9 ä"Ù F:9 Ù .10^ò þ�ñ

ò}7ÿO36PB Ù 6<Ú Ù FAG[BiXU98X:51;1J�5�éAD 5 X ÙiÙ FA5"L_æ*$ ÚI`A7:D Ù GS687�JÅGW7:=?GWçaG[=?`U98VSB©ø�GSVWV�â�5eD�6?=?5C=
`UBRGS7Ab Ù FA5iBQ9<O35ÂB ä 7 Ù 9]é"98B%GS7ÿê ïKì�9<7U=ÿê¦ë @]ìxJPGvñ 5PñkD 687UBEG[=?5 ;QGW7Ub�9.BE5 Ù 6<Ú�ÚI`A7UD Ù GW6P7UB32�J54eJ6 JU5 Ù D<ñ:ø�G Ù F GW7UD ;E5C98BEGW7Ub398;EG Ùnä Ý�G�ñ 58ñ87�9 �:��; Ý�2�á<�Èë8J=7�9 �:��; Ý�4£á>� �?JU987U= BE6"687:á»987U=�9
BRGS7Ab8VS5 Ù 51;EO3GS7U9<V=?+ÝIGvñ 5Pñ@7@9 �:��; Ý�?ÿáA�B-ká�98B�ÚI68VSVW6]ø
B1è�BC�7GD2 
 4 
 6 
 EF
	G�G	G J 
 D � GD? J
9<7U= Ù FA5%E%ÚI`A7UD Ù GS687"ø�GSVWV�â�5�=?5�Û:7A51="9PB�ÚI68VSVW6]ø
B1èIHKJF0QG B H D J E8ÝLJ�á>�M7@9 �:��; Ý�J�áN�¼ë8ñ
ò}7_68`A;�5�é?X:51;EGSO35 7 Ù B�øZ5.ø�GWVSV�98VWø»9 ä B�BR5 Ù �*� H\ 9<7:=F.O� �Añ=P ä N85 51XAGS7Ab/-�QR�FQ ë8J
Ù FA5i=?G ��51;E517UD�5CB%7A5198; Ù FA5Â;Q6a6 Ù FU9Kç85ÂFAGSb8FA51;Zø%5 GSb8F Ù ñ?N»FAG[B%GSB»D 687aç8517AGW517 Ù ÚI68;
å©TÍ98B%G Ù
FU98B»â�5 517^7U6 Ù 5C= Ù FU9 Ù XA;E6Pb8;>9<O"B%D�687açP5 ;Qb85Âùk`AG[D NaV äeÙ 6e9�ÛAé?51=';E6a6 Ù X�68; Ù GS687½êWë�(<ìxñ

S T%ÑaÒ:Õ�Ö�ÑAÕ
Ò�.VU�1 Õ�Ñ�.�ÑA×nÓÌÐXWZYC/ÅÒ=.ÜÑ?Ó$Ò -

å�GWçP5 7 Ù FU5�BR5 Ù BVBÈ9<7U= D 987U= Ù FU5�D�6?=?GS7AbiÚI`A7:D Ù GS687 E�=A5�ÛU7A5C=3GW7eBE51D Ù GS687 �AJ<øZ5Â=?5�ÛU7U5
E �"[]\ ÝI;Q51BEX:5CD Ù GSç851V ä JVE �

�
^ á398B Ù FU5 O39<é?GWO�`AO0ÝI;Q51BEX�51D Ù GWçP5 V ä J Ù FA5 O3GW7UGWO�`AOeá£çK98VW`U5

98BQBR`AO35C=ÿâ ä E�6P7 Ù FA5¬=A68O"9<GS7 G B HQD JPñ�L 6P;E516]ç851;1J�b8GSç8517¼9 B ä O.â�68VA_ BE`UD>F Ù FU9 Ù_`02G B HID J¬987U= E<Ý�_�á1Q E �3[a\ 9<7U=½9_B ä O.â�68VA) BR`:D>F Ù FU9 Ù )b02G B HID J¬987U=
E<ÝL) á"c)E �

�
^ JUø%5.=?5 ÛU7A58è �	d E E8ÝL_�á»98B�9"7A6?=?5�BE`UD>F Ù FU9 Ù E<Ý ��d E E<Ý�_�áRá<�2E<ÝL_�áe� ë�987U=f 9�g � Ý�)�ái9PB�9�7A6?=?5eBE`UD>F Ù FU9 Ù E<Ý f 9�g � Ý�)�áEáh� E<Ý�)�á>! ë8ñ�N»FA517½øZ5eD19<7 =?5�Û:7A5 Ù FU5

ÚI68VSVW6]ø�GS7Ab368X�5 ;>9 Ù 68;>BÌ6P7^93bP5 7A51;EG[D Ù ;E515CS�è

ikjml�nNoqpsr�t	u5tDv�n8w ñ�æ�7A6?=?53VS98â:51VWVS51=ÿø�G Ù F½9^B ä O.â�68Vx_üBE`UD>F Ù FU9 Ù E8ÝL_�áyQ E �3[a\GSB�BR51VW5CD Ù 51=½GS7 S 987U=¼;E51XAV[98D�5C=¼â ä �	d E�E<ÝL_�á�ñÜæî7A51ø ;Q987U=?68O Ù 51;EO3GS7U9<V$7U6a=A5eGSB
98=A=A51= Ù 6 Ù FAG[BZ7A5 ø 7A6?=?5ÂGW7¬9�;Q987U=?68O,X:6kBRG Ù GS687ÿÝIGvñ 5Pñ Ù FA5�7A51ø Ù 5 ;QO3GW7:9<VUâ�51D 68O351B
Ù FA5 �:&�( BE687^6<Ú �	d E E8ÝL_�á�JUø�FA5 ;Q5 � GSB�D 68O3XA;QGSBE51='â�5 Ù ø%5 5 7F-39<7:=*7@9 �:��; Ý�_�áRá�ñ

ikz	{�l�v�w�|}psretDu5t	v�n=w ñ]æ 7A6?=?5�VS98â:51VWVS51=�ø�G Ù F"9©B ä O.â�68V5)úBE`UD>F Ù F:9 Ù E<ÝL) á3c E �
�
^ J9<7U=^BE`UD>F Ù FU9 Ù 9 Ù VS519PB Ù 687U5�68ÚÜFAG[B�BE687UB%G[B�9�VS519<ÚnJ?GSB�BE5 VS51D Ù 5C=¬GS7 S 9<7U=';Q5 XAV[98D 51=

â ä f 9�g � ÝL) á�ñÅæ,;>9<7U=?6PO VW5C9]ÚnJ�â:5 Ù øZ515 7 Ù FA53BR6P7UB�68Ú Ù FAG[B�7A6?=?58J�G[BÂ=A5 VS5 Ù 5C= ÚI;Q68O
S�ñ

N»FA5 ������~ 9<7U= � �	��
�5�^O.` Ù 9 Ù GW6P7UB
=?5 ÛU7A5C=^98â:6]çP5iBRFA6P`AV[='7U6 Ù â�5.D�6P7?ÚI`UBE51=^ø�G Ù F Ù FU5
øZ51VWVLNk7U6]ø�7¸O.` Ù 9 Ù GS687 68X�5 ;>9 Ù 6P;QB3ø�G Ù F Ù FA5¼BE98O£5M7U9<O35 Ù FU9 Ù FU9Kç85M98VW;Q519P= ä â�5 517
XA;E6PX:6kBR5C=¬GS7Må©T�ñ=#�GSb8`A;Q5 �£b8GSç851B�987�5�éA9<O3XAVS5i6<Ú Ù FA5�9<XAXAVSG[D 9 Ù GW6P7'68Ú Ù FA5.98â:6]çP5�7U5 ø
68X�5 ;>9 Ù 6P;QB1ñAå�GWçP5 7 Ù FA5CBR5�=A5�ÛU7AG Ù GS687:B JAø%5iD 987'XA;Q6]ç85 Ù FU5©ÚI68VSVW6]ø�GS7Ab£XA;E6PX:51; Ùnä è



C

B X A

XXA

XX

A

X

C

C X A

XXA

XX

A

X

X

C

B X

X

A

XXA

XX

C

X A

XX

A

A

XXÁI�CÃ ÁÉ¤?Ã ÁÉq�Ã ÁI�aÃ

W<XZY ·��U· Ä�§km%l}onmQm»rst�ÁÉ¤?ÃÜq>�1t3¤?m»f1¤PlR� r¦tPm��.�WonfCg ln§Pm%l}onm>m»rst^ÁI�CÃ�r¦t�fCtPm»wxlnm>h��$ryln§£ln§Pm»º1onf��
gÂjPlR��lnr¦f1t:¾:Ä�§km©l}onmQmir¦t¼ÁI�aÃ%q�� t�¤?mifC¤8lR�1rstkm��¬�SonfCgîln§Pm�l}onm>mirst½ÁÉq�Ã»rst^f1tkmiwxlnm>h^�$ryln§^ln§Pm
w}§8onrstk¹�g�j8lR� lnrsfCtU¾

� ��� � ó���ô���� ÷�� 
 ��ô õ �à>ó
	�� � ó�� õ ô ����<�����
 ��ôxó��à�� ÷
4Å5 Ù � B£D�6P7UBEGS=?51; Ù FA5^BE5 Ù B B�9<7:= D 987U= Ù FU5'D�6?=?GS7AbMÚI`A7UD Ù GW6P7 Ee=A5�ÛU7A5C=ýGS7 BE51D Ù GW6P7
�?ñ»4Å5 Ù S H 987U=9S \ â�5 Ù ø%6 Ù ;E5151B^D�6PO£X�6PBE51=�â ä B ä O.â�68V[Beâ�5 VS687AbPGW7Ab Ù 6 G B H D J
9<7U=½VS5 Ù � B£D�6P7UBRG[=?51; Ù FU5+�½9<7:=Z.MD 687UB Ù 987 Ù Bi6<Ú�=A5�ÛU7AG Ù GS687 ÝnëCá Ù 6_â�5¬â�6 Ù Fý51ùk`U98V Ù 6
ë8ñ�òxÚ �����	� Ý�S H�
 S \ áO� E J Ù FA5 7 S \ D19<7ýâ�5'6Pâ Ù 98GW7U51= ÚI;Q68O S H â ä 9¼BR5Cùk`A5 7UD 5¬68Ú�� \B Ù ;E`UD Ù `A;>9<V:68X�5 ;>9 Ù GW6P7UB JPø�FA5 ;Q5Â9.B Ù ;E`UD Ù `A;>9<V�68X�5 ;>9 Ù GW6P7eD 987eâ:5�9�bP;E6]øÍO.` Ù 9 Ù GW6P7e68;%9
BRFA;QGS7�NeO.` Ù 9 Ù GW6P7Åñ
N»FA5¬XA;Q6a6<Ú�6<Ú Ù FAG[B.XA;Q68X�5 ; Ùnä D 9<7 â�5'ÚI68`A7U=ýGW7 98XAX�5 7U=?GWéýæ Ý�7A6 Ù 5 Ù F:9 Ù J�bPGWçP5 7 Ù FU5
BR5 Ù B�B+9<7U= D 9<7:= Ù FU5�D 6?=?GW7Ub_ÚI`A7UD Ù GS687FE¬=?5 ÛU7A5C=ýGS7ÍBE51D Ù GS687��AJ�987U=ýF:9KçkGS7Ab¼BR5 Ù� � . � ë¬GS7ü=A5�ÛU7AG Ù GS687 ÝnëKá�J � ���	� Ý S H 
 S \ á.GSB£9<7ý51ç8517ý7U9 Ù `A;>9<V%7k`UO.â�5 ;�ÚI68;£5 ç851; ä
D�68`UXAVW5.6<Ú Ù ;Q5 5CB S H 987U= S \ ñ:N»FU5.XA;Q6a6<Ú�6<Ú Ù FUGSBÂXA;Q68X�5 ; Ùnä D 987 â:5£=?687U5�â ä ;Q51D `A;>BRGS687
687 Ù FA5�=?51X Ù F:B�6<Ú S H 987U= S \ 987U=^GSB»6PO£G ÙRÙ 51='ÚI68;�;Q519PBR6P7UB%6<Ú�BRXU9PD�5Ká�ñ�#A;Q68O XA;E6PX:51; Ùnä
ë"øZ5e=?5C=?`UD 5 Ù FU9 Ù J�9 Ù VW5C98B Ù ÚI68; Ù FA5"VS987Ab8`:9<b853`UBE51= Ù 6_D�6?=?5 Ù ;Q5 5CB©GW7 O36kB Ù 68Ú Ù FAGSB
XU9<X�5 ;eÝ�5�éAD�51X ÙiÙ FA5eLMæ*$ ÚI`A7UD Ù GS687:á�J Ù FA5"68X�5 ;>9 Ù 68;>B�68Ú%bP;E6]ø O�` Ù 9 Ù GS687½9<7U=½BEFA;QGW7�N
O.` Ù 9 Ù GS687^9<;Q5ÂD 68O3XAVS5 Ù 51V ä D 68FA51;E517 Ù ø�G Ù F Ù FA5�7A6 Ù GW6P7¬6<Ú�B Ù ;E`UD Ù `A;>9<V�=?G[B Ù 9<7UD 5�=A5�ÛU7A5C=
GW7 BE51D Ù GW6P7 �?èU987�98XAXAVSGSD19 Ù GW6P7'68Ú Ù FA51BE5�68X�5 ;>9 Ù 68;>B»9<VSVW6]ø `UB Ù 6"O36]çP5�6P7 Ù FA5i;Q51BE5198;QD>F
BRXU9PD�5ÂÚI;E6POú9 Ù ;E515 Ù 6�G Ù B%7A51GWbPFaâ:6P;QB%98D1D�68;>=?GS7Ab Ù 6 Ù FA5iB Ù ;E`:D Ù `U;Q98V�=?G[B Ù 9<7:D�58ñ?N»Fa`UB%ø%5
9<;Q5�GS7 Ù 5 ;Q51B Ù 5C=_GS7 =?5�ÛU7UGW7Ab 9'7A5 ø å©T XA;E6?D 51BQB�âU9PBR5C=M6P7 Ù FA51BE5368X�5 ;>9 Ù 6P;QB1ñ��ÿ5"D 98VWV
Ù FAG[B�XA;Q6?D�51BQB»B Ù ;E`:D Ù `U;Q98V�O.` Ù 9 Ù GS687�bP5 7A5 Ù G[DÂXU;E6Pb8;>9<O3O3GW7Ab^Ý Ø Lÿå©TZá�ñ

� ���"YC/ÅÒU×�> /ÜÐÌÑ�.VU�� /]-kÕ�U}Ñ�-

����� � v�t	w��@zDz �*v�z�tDu w"!#�%$ nmlIl&�('�u5tDv�n8w
æ
7�98XAXA;Q6P9PD>F�XU;E6PX:6kBR5C=�ÚI68;�å©æ�B%ê¦ëPë�ì?B Ù 9 Ù 5CB Ù FU9 Ù 9<7�GS7U=?G[D 9 Ù GS687�68ÚAXA;Q68âAVS5 O FU98;Q=?7U51BQB
GSB�b8GSç85 7�â ä'Ù FA5�;E51VS9 Ù GS687UBEFAGSX^â�5 Ù ø%5 517�Û Ù 7U51BQBÂ987U= =?G[B Ù 9<7UD 5i6<Ú Ù FU5�b8517A6 Ùnä X�51B»ÚI;Q68O
Nk7U6]ø�7'6PX Ù GSO"9AñUå�GSç85 7 93BQ9<O3XAVS5*) �7G,+ H 
 + \ 
	G G G 
 + ^ Ji6<Úx_MGS7U=?GSçaGS=A`U9<V�Û Ù 7A5CBEBE51B�987U=
9MD�6P;E;Q51BEX�687U=?GS7AbMBQ9<O3XAVS5 E � G � HI
 � \ 
�G G G 
 � ^ J^6<Ú Ù FU5*_ =AGSB Ù 987UD�5CB Ù 6 Ù FU5'7A5C9<;Q51B Ù
b8VS68âU98V�6PX Ù GSO.`UO^JPÞ�ß8à�G[B
=?5 ÛU7A5C=^9PB è

Þ�ß8à�� 6.- �
/ - / �

ø�FA5 ;Q58è
6.- � � ë_

^� �
� H

Ý�+
� ! +�á Ý � � ! � á



GSB Ù FA5£D�6]ç]9<;QGS987UD�5©68Ú )�987U= E 987U= / - J / � J +¼9<7U= � 9<;Q5 Ù FU5.B Ù 9<7U=U9<;>= =?5 çaG[9 Ù GS687:B
9<7U=3O351987UB�68Ú ) 987U= E ñkæÂB$BEFA6]ø�7"GW7_êWë8ë ìvJkå©æ¸XA;Q68âAVS5 O"B$D19<7"â�5�D�V[98BQBRGWÛU5C=�GS7 Ù FU;E515
D�V[98BQBR5CB JU=A5 X�5 7U=?GS7Abe6P7 Ù FA5�ç]98VW`A5.6<Ú Ù FA5ÂÞ�ß8àÂD�6a5�ûeD�GS5 7 Ù è pZv�z�'��@u � v�w�j Ý¦Þ�ßPà��M- G ëKï8á�JGW7eø�FUGSD>F"Û Ù 7A5CBEBÌGW7UD ;E5C98BE51B�ø�G Ù F'=?GSB Ù 987UD�5PJ � v�� !�r"'�t Ý�! - G ëKïhQ½Þ�ß8àhQ - G ëKï8á�GS7eø�FAG[D>F
Ù FA51;E5�GSBÂçaGW; Ù `U98VWV ä 7A6'D 68;Q;E51VS9 Ù GS687�â�5 Ù ø%5 5 7_Û Ù 7A5CBEB�9<7:=M=?G[B Ù 9<7UD 5.9<7:= z	t�l�u v�j8{Kt��:n=l	�oyu5l � Ý¦Þ�ß8à , ! - G ëKï8á�GS7�ø�FAG[D>FiÛ Ù 7A51BQB�GS7UD ;E5C98BE51BÅ9PB Ù FU5Ìb8VS68â:9<V86PX Ù GSO.`UO 98XAXA;Q6P9PD>FA51B1ñ
N»FA5�BR5CD�6P7U=�D�V[98BQB
D�6P;E;Q51BEX:6P7U=AB Ù 6"XU;E6PâAVW51O"B»ÚI68;
ø�FUGSD>F Ù FU5.=?GWû"D `AV Ùnä D 987O� Ù â:5i5CB Ù G¦ã
O39 Ù 5C=�J:â�51D19<`UBE5�Þ�ßPàÂ=A6k5CBR74� Ù âA;EGS7Ab^9<7 ä GS7?ÚI6P;EO"9 Ù GW6P7ÅñUò}7 Ù FAG[BÂD198BE58J:5�éA9<O3GS7U9 Ù GW6P7 6<Ú
Ù FA5.Û Ù 7A5CBEBRã}=?GSB Ù 987UD�5£BED19 ÙEÙ 5 ;QXAVS6 Ù O"9 ä b8GSç85�GS7?ÚI6P;EO"9 Ù GW6P7_687 XU;E6PâAVW51O =?G¦ûeD `AV Ùnä Ý�BR515
ê¦ëPë�ìIá�ñ

����
 � l�u� � r w�!�t	v�n=w z
N�;>9<XüÚI`A7UD Ù GS687UB ê ð]ì�98VWVS6]ø Ù 6 =?5 ÛU7A5 Ù FA5�Û Ù 7U51BQB36<Ú Ù FA5 GS7U=?GSçkG[=?`U98VSB"9PB"9_ÚI`U7UD Ù GW6P7
6<Ú Ù FA51GW;£=?G[B Ù 9<7UD 53ÚI;E6PO Ù FA5e68X Ù GSO.`AO�ñÜæúÚI`A7UD Ù GS687 + è �����	� 7@_OEag K + �:� _ g �I� GSB�987
`A7AGSO£6?=A98V Ù ;>9<X'ÚI`A7UD Ù GS687�GWÚ�G Ù GSB�=?5�ÛU7U51=^GW7 Ù FU5©ÚI68VSVW6]ø�GS7Ab3ø%9 ä è

+�Ý � á�
����� ����
ë"! �4 G¦Ú ��, 4
���PÝ � ! 4�á

ë"! 4 5 V[BR51ø�FA5 ;Q5

N»FA51BE5iÚI`A7UD Ù GS687UBÂFU9KçP5�9"7a`AO.â�5 ;Â6<ÚÌ=?G ��51;E517 Ù 68X Ù GWO"9e987U= � GSB Ù FA5£=?GSB Ù 987UD�5.6<Ú Ù FU5
D�`A;Q;E517 Ù GW7U=AGWçaG[=?`U9<V
ÚI;E6PO Ù FA5_`A7AG[ùk`A5 b8VS68â:9<V
6P7A58J$ø�FUGWVS5}4 987U= � 9<;Q5_D�6P7UB Ù 9<7 Ù B0Èê - 
 ë ìvñ 4 9<VSVS6]ø
B Ù 6¼BR5 Ù.Ù FU5¬ø�G[= Ù Fü6<Ú Ù FU5'9 ÙEÙ ;>98D Ù GSç85eâU9PBRGS7½ÚI68;£519PD>F 6<Ú Ù FA5 Ù ø%6
68X Ù GWO"9�9<7U=��úBE5 Ù B Ù FA5 GS;i;Q5 V[9 Ù GSç85�GWO3X�68; Ù 987UD�5Pñ P ä D 687UB Ù ;Q`UD Ù GS687ÅJ Ù FA5"=?G¦ûeD `AV Ùnä 6<Ú
Ù ;>9<X ÚI`A7:D Ù GS687:B�=?5CD�;Q519PBR5CB.98B Ù FU5¬ç]9<VS`A5¬68Ú�4 GS7UD ;E5C98BE51B1J�ø�FAGSVW5^G Ù GS7UD�;Q519PBR5CB.98B Ù FU5
çK98VW`U5i6<Ú � GW7UD ;E5C98BE51B1ñ

#ÜGSb8`U;E5CB &3987U=�("BEFA6]ø�ç]9<VS`A5CB»6<Ú Ù FA5iX�5 ;EÚI68;QO3987UD�5 f Ý�=?5 ÛU7A5C=^9PB Ù FA5i7a`AO�â:51;�6<Ú
5�é?51D ` Ù GS687UB�ÚI6P;�ø�FAG[D>F Ù FA5�b8VS68â:9<V?68X Ù GSO.`AO,FU98B�â�5 517�ÚI6P`A7U=£GS7£VS51BQB Ù FU9<7"ï�-�-ÂbP5 7A51;Q9<ã
Ù GS687UB$=AGWçaG[=?51=3â ä�Ù FA5 Ù 6 Ù 98VA7a`AO.â�5 ;$68Ú�5�é?51D ` Ù GS687UB1J<Gvñ 5PñAë	-�-�GW7368`U;$5�é?X�5 ;QGWO35 7 Ù BQá�987U=
6<ÚkÞ�ßPà�ÚI6P;�çK98;EGS68`:B Ù ;Q98X.ÚI`U7UD Ù GW6P7UB�68â Ù 9<GS7A51=�â ä D>FU987Ab8GS7Ab Ù FA5�ç]9<VS`A5CB�6<Ú Ù FA5
D�6P7UB Ù 9<7 Ù B4î9<7U=+�£ñ
N»øZ6 Ù ;E5151B"68Ú©=?G ��5 ;Q5 7 Ù BEFU9<X�51Be98;E5_D 687UBEG[=?5 ;Q51=Í98B"6PX Ù GSO.`UO GS7 Ù FA5ÿ=?G���5 ;Q5 7 Ù 5 éaã
X:51;EGSO35 7 Ù B_Ý�BR515 Ý�D1á£X:9<; Ù B36<Ú Ù FA5�Û:b8`A;Q51B>á�ñ�ò}7¸9<VSV
D 9PBR5CBiÞ�ß8àeGSB"D 687?ÛU;QO351= Ù 6½â�5_9
;E5C98BE687U98âAVW5.O£5C98BE`A;Q5 Ù 6�ùk`U9<7 Ù G¦Ú ä XA;Q68âUVW51O =AG¦ûeD�`UV Ùnä ñÅN»FA5£BQ9<O35£5�é?X�5 ;QGWO35 7 Ù B�FU9KçP5
â:515 7½;E51X:5C9 Ù 51=_`:BRGS7Ab Ù øZ6^6 Ù FA5 ;�=AG���5 ;Q5 7 Ù V ä BEFU9<X�51= Ù ;Q5 5CB©98B©b8VS68â:9<V�68X Ù GWO�`AO 987U=
Ù FA5»;Q51BE`AV Ù B�ÝI7A6 Ù BRFA6]ø�7�FA5 ;Q5 Ù 6iBE9KçP5%BEXU9PD�5CáÜ9<;Q5»ùP`:9<VSG Ù 9 Ù GSç851V ä 987U9<VS68bP68`UB Ù 6 Ù FU5�687A5CB
BRFA6]ø�7�GS7�ÛUb8`U;E5CB*&"9<7U= (:ñAò}7_9<VSVÅ5 éaX�5 ;QGSO£517 Ù BÌÞ�ßPà
F:98B�â�5 517_D 9<V[D�`UVS9 Ù 51=^çaG[9"9eBE98O£ã
XAVW5£6<ÚT(�- -�- -3;>9<7U=A68O3V ä D>FA6kBR517 GW7:=?GWçaG[=?`U98VSB1ñ�æ
VSV Ù FA5£5�é?X:51;EGSO35 7 Ù B�FU9KçP5�â�5 5 7¼=?687U5
ø�G Ù F¬b8517A5 ;>9 Ù GW6P7U9<V Ø LMå©T�J?9 Ù 6 Ù 98V:X�68XU`AVS9 Ù GS687¬BEGZ� 5�68Ú$ë	-�-iGW7:=?GWçaG[=?`U98VSB1J Ù 68`U;E7U98O35 7 Ù
BR51VW5CD Ù GS687^6<Ú�BEG �15£ëD-39<7U=�� 98B Ù FU5i7A6?=?5©ø�G Ù F O39<é?GWO�`AO 9<;QG Ùnä 9<VSVW6]ø%51=Åñ

����� � n��=u ' � l,�(�Nz
N»FA5Z7U5�é Ù ÚI`A7UD Ù GW6P7UB�øZ5 Ù 9�N85%GW7 Ù 6�9PD D�6P`A7 Ù 98;E5 Ù FA5%;Q6 ä 9<V Ù ;Q5 5CBÜXU;E6PX:6kBR5C=iâ ä T$`A7UD>F�ó�ô
õ]öW÷ ê¦ë @]ìxñCN»FA5»V[9<7AbP`U9<bP5$`UBE51=.GSB Ù FU5%BQ9<O35Z9PB�GW7£BR5CD Ù GS687 �?JK9<7U= Ù FA5ZÛ Ù 7A51BQB�6<Ú:9 Ù ;Q5 5©ÝI6P;



0

0.5

1

0

0.5

1
−1

−0.5

0

0.5

1

BR

F
itn

es
s 

D
is

ta
nc

e 
C

or
re

la
tio

n 
(f

dc
)

0

0.5

1

0

0.5

1
0

0.2

0.4

0.6

0.8

1

BR

P
er

fo
rm

an
ce

 (
p)

ÁI�KÃ ÁÉ¤aÃ

A

X

A

X

B

A

X

A

X

B

A

X

A

X

B

CE

TC

D

TC

D

TC

D

TC

D

TC

D w h ere :                         =TC

ÁÉq�Ã

W<XZY ·��U· ÁI�CÃ 	������Â|1�1�sjPm>wÂ�$ryln§Mwxl}onjkqQlnj8oR�1�$�PrswxlR� tkq>m.�[f1o©w}fCgim�l}oR�1h_�[jktPqQlnrsfCtPw�fC¤8lR�1rstkm>�M¤]~
qR§a� tkº1r¦tPº ln§km¬|C� �¦jPm>w£f �Âln§Pm'qQfCtkwxlR� t]lnw	� �1tk��
Â¾�ÁÉ¤aÃ 	 � mQo}�[f ong��1tPq>m^|1�1�sjkmQw£f1��pPÊ  �
�$ryln§_wxl}onjkqElnjPoR�1���PrswxlR�1tPq>m.�Sf1o©l}oR� hkw>¾�ÁÉq�Ã 	�p<lnjPqQlnjPonm�f1�$ln§Pm�l}onmQm�jPw}m��_�1w�f1hPlnrsg�jPgúr¦t�ln§Pm
mEÇPh?mEonr¦gimQt<lnwÜonm>h?f1o}lnm���r¦t^ÁI�KÃ��1tk�'ÁÉ¤?ÃE¾

0

0.5

1

0

0.5

1
−1

−0.5

0

0.5

1

BR

F
itn

es
s 

D
is

ta
nc

e 
C

or
re

la
tio

n 
(f

dc
)

0

0.5

1

0

0.5

1
0

0.2

0.4

0.6

0.8

1

BR

P
er

fo
rm

an
ce

 (
p)

ÁI�KÃ ÁÉ¤aÃ

X X

B

C

X X

ÁÉq�Ã

W<XZY ·��· ÁI�CÃ 	������Â|1�1�sjPm>wÂ�$ryln§Mwxl}onjkqQlnj8oR�1�$�PrswxlR� tkq>m.�[f1o©w}fCgim�l}oR�1h_�[jktPqQlnrsfCtPw�fC¤8lR�1rstkm>�M¤]~
qR§a� tkº1r¦tPº ln§km¬|C� �¦jPm>w£f �Âln§Pm'qQfCtkwxlR� t]lnw	� �1tk��
Â¾�ÁÉ¤aÃ 	 � mQo}�[f ong��1tPq>m^|1�1�sjkmQw£f1��pPÊ  �
�$ryln§_wxl}onjkqElnjPoR�1���PrswxlR�1tPq>m.�Sf1o©l}oR� hkw>¾�ÁÉq�Ã 	�p<lnjPqQlnjPonm�f1�$ln§Pm�l}onmQm�jPw}m��_�1w�f1hPlnrsg�jPgúr¦t�ln§Pm
mEÇPh?mEonr¦gimQt<lnwÜonm>h?f1o}lnm���r¦t^ÁI�KÃ��1tk�'ÁÉ¤?ÃE¾

9<7 ä BE`Aâ Ù ;E515Cá$GSB%=?5�Û:7A51=e9PB Ù FA5ÂBQD�6P;E5
68Ú�G Ù BÌ;Q6a6 Ù ñ��Ì9PD>F3ÚI`A7UD Ù GW6P7¬D 98VSD `AV[9 Ù 5CB$G Ù B%BED 68;Q5
â ä BR`AO3O3GS7Ab Ù FA53ø%5 GSb8F Ù 5C=ÿBQD�6P;E5CB�6<ÚZG Ù B.=?GW;Q51D Ù D>FAGWV[=?;Q5 7Åñ�òxÚ Ù FU5eD>FAGWV[=ÿGSB�9^X�5 ;EÚI51D Ù



Ù ;Q5 5^6<Ú Ù FA5 9<XAXU;E6PXA;EG[9 Ù 5¬VS5 çP5 V�ÝÉÚI6P;3GW7UB Ù 987UD�5PJ$9ÿD 68O3XAVS5 Ù 5^VS5 çP5 VWã 6 Ù ;Q5 5^â:517A519 Ù F 9
E 7A6?=?5Cá�J Ù FA5 7 Ù FA5.BQD�6P;E5.6<Ú Ù FU9 Ù BE`Aâ Ù ;E5158J Ù GWO35CBÂ9��O� öÉö � �� �	�»ø%5 GSb8F Ù JAGSB�98=U=?51= Ù 6
Ù FA5¬BQD�6P;E5368Ú Ù FA5e;Q6a6 Ù ñ�òxÚ Ù FA5¬D>FAGSV[=ÿF:98B.9 D 68;Q;E5CD Ù ;Q6k6 Ù âA` Ù G[Bi7A6 Ù 9�X�5 ;EÚI51D Ù.Ù ;Q5 58J
Ù FA517 Ù FA5©øZ51GWbPF Ù G[B�� õ ��ô�
 õ<ö � ��=�	��ñUòxÚ Ù FU5©D>FUGWV[="� B�;E6a6 Ù G[B»GW7:D�68;Q;Q51D Ù J Ù FA517 Ù FA5iø%5 GSb8F Ù
GSB ��ó� õ<ö ô �]ñ�æ�Ú Ù 5 ;.BQD�6P;EGS7Ab Ù FA53;Q6k6 Ù J�GWÚ Ù FA53ÚI`A7UD Ù GS687½GSB©G Ù BE5 VWÚ Ù FA53;Q6k6 Ù 6<Ú%9^X�5 ;EÚI51D Ù
Ù ;Q5 58J Ù FA5�ÛU7U98VÅBR`AO GSB»O�`AV Ù GWXUVWGS51=^â ä <� �%��ö ó ôxó � ��=�	�iÝ�BE5 5"êWë @<ì�ÚI6P;�9�O36P;E5©=?5 Ù 9<GSVW5C=
5�é?XAV[9<7U9 Ù GS687:á�ñ�@$9<VS`A51Bi`:BR5C=ÿFU5 ;Q5398;E5"9PB©GW7¸êWë @]ì$Gvñ 58ñ��O� öÉö � ��=�	�y� �AJ"� õ ��ô�
 õ]ö � �� �	�� ëPJ ��ó� õ<ö ô � � H� J� � �*��ö ó ôxó � ��=�	�3� �?ñ���5CBR`AV Ù BZ687 Ù FA5©B Ù `U= ä 68ÚUÞ�ß8à»9<;Q5�BEFA6]ø�7eGS7
Ù 9<âUVW5"ëPñ

!Ìf]f1l ����� ������hPonm>�PrsqQlnrsfCt ��Á�pPÊ  � Ã
� � � ¾ ¢%$ wxl}oR�1rsº1§<l}��¾ $
d � � ¾ � � wxl}oR�1rsº1§<l}��¾ $
	 � � ¾ ��� wxl}oR�1rsº1§<l}��¾ � ¾ 
��
� � ¾ � ��� �8rsÆ©q>jk�yl �
ª � ¾ ��� girsw}�sm��C�8rstkº �
 � ¾ 
1¢ girsw}�sm��C�8rstkº �

 µk±���� [a· !Ìm>w}jk�ylnw$f1� � �����[f1o$ln§Pm !Zf�~<� �:ÄUonm>m>wÌjkw}rstkº�pPÊ  � ¾

�ZßPà.D 68;Q;E5CD Ù V ä D�V[98BQBRGWÛU51B Ù FA5^=?G¦ûeD `AV Ùnä 6<Ú
VS5 çP5 VWã:4¬JÅVS5 ç851V¦ã 6 9<7U=½VS5 çP5 VWã E ÚI`U7UD Ù GW6P7UB ñ
4Å5 çP5 VWã � ÚI`A7UD Ù GS687�GSB PQ=?GWû"D `AV Ù�R�Ù 63â�5�XU;E5C=?GSD Ù 5C=¬â ä"Ù FA5�Þ�ß8à�Ý�G�ñ 58ñ?7U63D 68;Q;E51VS9 Ù GS687eâ�5�ã
Ù øZ515 7�Û Ù 7A5CBEB�987U=.=?G[B Ù 9<7:D�5»GSB�6PâUBR51;EçP51=Uá�ñ #�GS7U9<VSV ä J]VS5 ç851V¦ã
)�987U=�VS5 çP5 VWã�� ÚI`U7UD Ù GW6P7UB�9<;Q5
XA;E5C=?G[D Ù 5C= Ù 6�â�5 PRO3GSBEVS5198=AGW7Ab R ÝIGS7�98D D 68;>="ø�G Ù FÿêWë @<ìÉáZ9<7:= Ù FU5 ä ;Q519<VSV ä 98;E5PJ?BRGS7UD�5 Ù FU5
b8VS68âU98V�68X Ù GSO.`AO G[B�7A51ç851;�ÚI68`A7:=_â�5�ÚI68;Q5�bP5 7A51;Q9 Ù GS687_ï�-�-AñUò}7ÿD�687:D�VS`UBRGS687�JUG Ù 9<XUX:5C9<;>B
Ù FU9 Ù ;E6 ä 9<V Ù ;E5151B�XU;E6PâAVW51O BEXU987UB�9<VSV Ù FA5¬D VS9PBEBE51Bi68Ú
=?G¦ûeD `AV Ùnä 9PB�=?51BQD�;QGSâ:5C=½â äÿÙ FU5
Þ�ß8à ñ

��� � ������� l�n���'��Np
N»FA5 Ù 98B�N 6<Ú Ù FA5"L_æ%$�XU;E6PâAVW51O ÚI68;�å©T�JÅ=?5 ÛU7A51=ÿGS7üêWë	-]ì$987U= êWë &<ìvJ�G[B P Ù 6'ÛU7U= Ù FU5
XA;E6Pb8;>9<O ø�FAG[D>F½;E5 Ù `A;Q7UB Ù FA5eV[9<;Qb851B Ù çK98VW`U53ÚI68;.9�bPGWçP5 7 Ù 5 ;QO3GW7:9<V$9<7:=MÚI`U7UD Ù GW6P7ýBR5 Ù
ø�G Ù F¼9�=?51X Ù F¼VWGSO3G Ù � J�ø�FA51;E5 Ù FA5";Q6a6 Ù 7A6?=?53D�68`U7 Ù Bi98B©=?51X Ù F - R ñ��¼5eBE5 Ù � 51ùk`U98V
Ù 6"ð39<7U='øZ5©`UBE5 Ù FA5iBE5 Ù 68Ú�ÚI`A7UD Ù GS687UB B � G�� J©987U= Ù FA5iBR5 Ù 6<Ú Ù 5 ;QO3GW7:9<V[B D H �2GPë�J
68; D \ � Gkë 
 �	JPñ �¸FA517 `UBEGW7Ab D H J�ø%5eBRX�51D G¦Ú äMÙ FA5'D�6?=?GS7Ab^ÚI`A7UD Ù GW6P7 E398B1è4E<ÝnëKá � ë8J
E<Ý'�©á � �?J�ø�FA5 7ÿ`UBRGS7Ab D \ J�øZ5�X:6kBR5Pè E8ÝnëCá"�úë8J0E<Ý �Pá"� � 
 E<Ý:�©á3� &Añ�N»FA5£b8;Q6]ø 987U=
BRFA;QGS7�NMO�` Ù 9 Ù GS687UB1J Ù FUGSB Ù GSO£5PJ�98;E5"=?5 ÛU7A5C=½GW7ýBE`UD>F 9 ø»9 ä Ù FU9 Ù JÜø�FA5 7 `UBEGS7Ab D H JÜ9Ù 5 ;QO3GW7:9<V�B ä O.â�68V»ë£D 9<7Mâ:5 Ù ;>9<7UBRÚI68;QO351= GS7 Ù FA53BR`Aâ Ù ;Q5 5 S H �C�£Ýnë 
 ëCá
â ä 6P7A5�B Ù 51X
6<Ú�bP;E6]ø O.` Ù 9 Ù GW6P7¬9<7:= Ù FU5ÂçaG[D�5�ãxç851;QBQ9iD 987eâ�5�=?6P7A5�â ä3Ù FA5�BEFA;QGW7=N£O�` Ù 9 Ù GS687Åñ �¸FA517
`UBRGS7Ab D \ J Ù FA5ÂbP;E6]ø¸O�` Ù 9 Ù GS687^D 9<7 Ù ;>9<7UBRÚI68;QOî9¬ë�7A6?=?5�GW7 Ù 6£9 ��7U6a=A5�987U=¬9 ��7U6a=A5
GW7 Ù 6 Ù FA5�BE`Aâ Ù ;Q5 5CB S \ �`�£Ý � 
 ëCáZ68; S � �R�£Ýnë 
 �8á�Ý�ø�G Ù F_9�`U7AG¦ÚI6P;EOXA;Q68âU98âAGWVSG Ùnä á�ñ MÂ7
Ù FA5£6 Ù FA5 ;ÂFU9<7U=ÅJ Ù FA53BRFA;QGS7�N'O�` Ù 9 Ù GS687¼D 9<7 Ù ;Q987?ÚI68;QO S H 68;LS \ GS7 Ù 6'9¬VW5C9]Ú$V[9<â�5 VSVW5C=
â ä �?J�9<7:= 9 �37A6?=?5�GW7 Ù 6¬9_ë�7U6a=A58ñ�NÜ98âAVW5 �eBEFA6]ø
B Ù FU5ÂÞ�ß8à�987U= f ç]9<VS`A5CB
ÚI6P; Ù FU51BE5
Ù 51B Ù D 9PBR5CB ñ



Ê3¨ZËühPonf1¤k�sm>g ��� � ��� �$h8onm��PrsqQlnrsf1t ��Á�pkÊ  � Ã
���
�©� $ � � � ¾ � 
 wxl}oR� rsºC§]l}�v¾ $
���
�©� $1z � � � � ¾ ��� wxl}oR� rsºC§]l}�v¾ $

 µP± �����U· !Ìm>w}jP�slnwZf1� �����$�[f o»ln§kmÂÊ3¨ZË�h8onfC¤k�sm>gÈjkw}rstPº£pPÊ  � �$ryln§¬wxl}onjPqQlnjPoR� ���PrswxlR� tkq>mC¾
Ä�§Pm»Àkonwxl$q>f1�sjkgit£w}§Pf��$wÌln§Pm»w}mQlnw$f1���SjktkqElnr¦f1tkwÌ�1tk�.lnmQongirstk�1�sw$jkw}m��.r¦t�ln§km»mQÇ8h?mQonrsgim>t]lnw>¾

� �ÿÓZÐ�Ö URÕL-a×nÓÌÐL- .�Ð�Ô��
Õ
Ñ?Õ�Ò�/�� Ó$Ò
	

N»øZ637A51ø Ù ;E515iO.` Ù 9 Ù GS687:B
D�6P;E;Q51BEX:6P7U=?GS7Ab Ù 6 Ù FU5�B Ù ;E`UD Ù `A;>9<VÅ=AGSB Ù 987UD�5i6PX:51;Q9 Ù 68;>B»9<;Q5
=?5�ÛU7U51=�GS7 Ù FAG[BÜX:9<X�5 ;Cñ #�G Ù 7A5CBEB�=?G[B Ù 9<7:D�5ZD 68;Q;E51VS9 Ù GS687eÝWÞ�ß8àQáÜD19<V[D�`AV[9 Ù 51=.`UBRGS7Ab�9�çP5 ;>BRGS687
6<Ú Ù FA5£B Ù ;Q`UD Ù `A;>9<V�=?G[B Ù 9<7UD 5�G[B©BRFA6]ø�7 Ù 6^â:539¬;Q519PBR6P7U9<âUVW5�O35C98BE`A;E5 Ù 6�ùk`U9<7 Ù GWÚ ä�Ù FU5
=?G¦ûeD `AV Ùnä 68Ú Ù ;Q98X©ÚI`A7UD Ù GS687UB1J1;Q6 ä 98V Ù ;Q5 5CB�9<7:= Ù øZ6
L_æ%$ýÚI`A7:D Ù GS687:BÅÚI6P;�å©T `UBEGS7Ab Ù FU51BE5
O.` Ù 9 Ù GS687:B
98B»bP5 7A5 Ù G[D©68X�5 ;>9 Ù 6P;QB©Ý Ø LMå©TZá�ñ �$éaX�5 ;QGSO£517 Ù B»`UBEGW7Ub¬å©Tüâ:98BE51=^687 B Ù 9<7Aã
=A9<;>="D�;Q6PBQBR6]çP5 ;
Ý�9<7U="7U6.O.` Ù 9 Ù GW6P7:áÌFU9Kç85
98VSBE6�â�5 5 7'X:51;RÚI6P;EO35C="687e98VWV Ù FA5 Ù 5CB Ù D 9PBR5CB
D�687:BRG[=?5 ;Q51=�FU5 ;Q58ñ���51BE`AV Ù B3ÝI7A6 Ù BEFA6]ø�7�ÚI6P;Â;Q519PBR6P7UB
68ÚÌBRXU9PD�5Ká
D�6P7?ÛU;QOîÞ�ß8à©98BÂ9e;Q519<ã
BR6P7U9<âAVS5�O35C98BE`A;E5Â6<Ú�XU;E6PâAVW51Oî=?G¦ûeD `AV Ùnä 98VSBE6�ÚI6P;»å©Tüø�G Ù F�B Ù 9<7U=A98;Q="D ;E6kBEBE6]ç851;1ñPN»FAGSB
BR515 O"B Ù 6¬X�68GS7 Ù GS7 Ù FA53BQ9<O35.=?GS;E5CD Ù GW6P7M98B�GW7Íê �]ìvJ�ê (8ì�987U=ýêWëCï]ìvJ:ø�FA5 ;Q5 Ù FU5£B Ù 987U=A9<;>=
å©TÿD ;E6kBEBE6]ç851;�GSB�=?5 ÛU7A51=�98B�9 PEO"98D�;Q6<ãxO.` Ù 9 Ù GW6P7 R ñ ò}7�çaGS5 ø 6<Ú�BR6PO£5»D�6P`A7 Ù 51;E5 é?98O3XAVW5CB
Ù FU9 Ù F:9Kç85�â�5 517'O3517 Ù GW6P7A51='GS7 Ù FA5 Ù 5�é Ù J?G Ù ;Q5 O"9<GS7UB Ù 6£â:5iD>FA5CD N85C=eø�FA5 Ù FA51; Ù FA5©`UBE5
6<ÚÅÞ�ß8àÂ5�é Ù 5 7U=AB Ù 6'6 Ù FU5 ;�D VS9PBEBE51B�68Ú�ÚI`A7UD Ù GS687UB1J�BE`UD>F_9PB Ùnä XAGSD19<V�å©T¸â:517UD>FAO"9<;�N?B ñ:ò}7
Ù FA5�ÚI` Ù `A;Q5
ø%5�9<V[BE6iXAVS987 Ù 6�GS7aç85CB Ù GWbk9 Ù 5 Ù FA5�`:BR5
68ÚAÞ�ß8àÌGW7¬D198BE51B�68Ú�Û Ù 7A5CBEBÌVS987U=ABQD 98X:5CB
D�687 Ù 9<GS7AGW7Ub.O.`UV Ù GWXAVS5©68X Ù GWO"9£9<7U= Ù 6£VW6a6 N3ÚI68;�9�O3519PBR`U;E5ÂÚI68;�å©Tü=AG¦ûeD�`UV Ùnä"Ù FU9 Ù D 987
â:5
D19<V[D�`AV[9 Ù 51=�ø�G Ù FA68` Ù XU;EGS68; Na7A6]ø�VS51=?bP5Z68Ú Ù FA5�b8VS68âU98V?68X Ù GWO"9UJ Ù Fa`UB�51VWGSO3GW7U9 Ù GS7Ab Ù FU5
B Ù ;E6P7Ab85CB Ù VSGWO3G Ù 9 Ù GW6P7UB$68ÚAÞ�ß8à ñkL 6P;E516]ç851;1JKø%5�XAVS987 Ù 6�âA`UGWV[="9iD�6P`A7 Ù 5 ;Q5�éA98O£XUVW5»ÚI6P;�Þ�ß8à
GW7eå©T�ñ8æ�7A6 Ù FA5 ;�6PX:517£XU;E6PâAVW51OÈD�6P7UBEGSB Ù B�GS7 Ù 9�NaGS7AbiGS7 Ù 6i98D D 68`A7 Ù GS7 Ù FA5
=?G[B Ù 9<7UD 5
=?5�ÚÉã
GW7AG Ù GS687 Ù FU5ÂXAFU5 7A6PO£517A687'6<Ú�GW7 Ù ;Q687:BÂÝ�ø�FA5 ;Q5 â ä3Ù ø%6�=?G ��51;E517 Ù bP5 7A6 Ùnä X:5CBZD19<7¬VS519P= Ù 6
Ù FA5.BQ9<O35iXAFU5 7A6 Ùnä XUGSDiâ�5 F:9KçkGS68;�á�ñ #ÜGS7U98VWV ä J:øZ5iGS7 Ù 5 7:= Ù 6eVS6a6�NeÚI6P;�9"â�5 ÙEÙ 5 ;ÂO35198BE`A;Q5
Ù FU987eX:51;RÚI6P;EO"987UD�5 Ù 6.G[=?5 7 Ù G¦Ú ä3Ù FA5ÂBE`UD D 51BQBÌ;>9 Ù 5
6<Ú�ÚI`U7UD Ù GW6P7UB JkX�6PBQBRGSâAV ä GS7U=?51X:517U=?517 Ù
ÚI;E6PO Ù FA5iO"9<éaGSO.`UO 7a`AO.â�5 ;�68Ú�bP5 7A51;Q9 Ù GS687UB%D>FA6kBR517Åñ

� :MÒUÓ%ÓV6eÓ<6eÑ�%/2,�×�-PÑ	.�ÐÂÖ0/��AWZYC/ÅÒ�.�Ñ?Ó$Ò��ÿÓÌÐ%-a×�-8Ñ�/�ÐÂÖ�� :MÒUÓAYC/ÅÒ?Ñ��

�UmQl�� w�h8onf |CmihPonfCh?mEo}lv~ $eÁÉw}m>m�w}mQqQlnrsfCt_¢KÃ
¤]~'onm>qQjPonw}rsfCt f1t�ln§km.�Pm>h8ln§kw
f1� \ c �1tk� \ ¡ ¾��UmQl� c �1tk� � ¡ ¤?m�ln§Pm�onm>w}h?m>qElnr¦|Cm��Pm>h8ln§kw»f �5\ c �1tk��\ ¡ ¾:u�� � c�� � ¡�� � ÁÉrÉ¾ mC¾ � c�� � ¡�� � ÃEzUln§km>t
\ c �1tk��\ ¡ � onm�¤?f1ln§"q>f1gih?fCw}m��3f ���©w}rstPºC�sm�tPf<�Pm��^¾?u�t£ln§krsw%q>�1w}mCzaln§Pm>ryo»�8rswxlR�1tkqQmÂrsw%m��<jk�1�
lnf��>mQonf£�1ta�eln§kmÂt8jPg�¤?mQo%f1��wxl}onjPqQlnjPoR� �Åg�jPlR��lnrsfCtkwZlnf�l}oR�1tPwx�[f ong?\ c rst<lnf \ ¡ rsw�fC¤<|<rsfCjkw}�y~
m��<jk�1�Ulnfi�>mQonfP¾?p8f©ln§Pm�hPonfCh?mEo}lv~�§kfC�¦�8w>¾?�:mEl�� wÌtkf��üw}jkhPh?fCw}m�ln§km�h8onfCh?mQo}l�~�l}onjPm � � c � � ¡ � �Á[�$ryln§ �"! � Ã��1tk�Uz:wxlR� o}lnrstkº3�WonfCg ln§krsw�§]~Ph?f ln§km>w}rsw>z:�smQl�� w�h8onf�|Kmiryl�� � c�� � ¡#� � � $C¾��:mQl�� w
qQfCtkw}r¦�8mQo�lv��f.l}onm>mQw \ c �1tk� \ ¡ f1���Pm>h8ln§kw�� c �1tk� � ¡ �$ryln§ � c�� � ¡$� � � $1¾��UmQl 
 c ¤?mÂln§Pm
onf]f l
f1�]\ c �1tk� 
 ¡ ¤?mÂln§PmÂonf]f l
f1� \ ¡ ¾��UmQl»ln§Pm��8r&%AmEonm>tkq>m�¤?mQlv��m>m>teln§km�qQf<�Pm>w»f � 
 c �1tk�

 ¡ ¤?m�m��]ja�1��lnf('½ÁÉrÉ¾ mC¾*)?Á 
 c � 
 ¡ Ã � 'PÃ��1ta�Az��$ryln§kfCj8li�sfCwxlif �%º1m>tkmEoR�1�srylv~]z��smQl�� w©q>fCtPw}r¦�PmQo
+ Á 
 c Ã � + Á 
 ¡ ÃE¾?¥%f���z?lnfil}oR�1tPwx�[f ong 
 c r¦t]lnf 
 ¡ zk��m�§k��|Km�lnf�h?mQo}�Sf1ong,'3º1onf���g�j8lR� lnrsfCtPw
f1t 
 c z?�$§krsqR§'�sm��1�elnf#'3rstkqEonm>gim>t]lnw%f � 
 c � w��¦� ¤?m>��q>fCwxl�� ta�3lnf�ln§km�qQonm�� lnrsf1t^f1�-'3tkmE�.�
tPf<�Pm>w>¾K�:mQl�� w�q��1�s� \0/c ln§Pm�l}onm>m$ºCm>tPmQoR� lnm����WonfCg)\ c � �SlnmEoÜln§Pm>w}m1'Âf1h?mQoR� lnrsfCtPw>¾<Ä�§kmQt:zC��m$§a��|Km�	
)325476>Á \ c � \ ¡ Ã � � ' � )325476>Á \ /c � \ ¡ ÃEz�w}rstPq>m_\ c � w�onf]f l�§a�1w
¤?m>mQt^rstkqQonmQgim>t]lnm��8'"lnrsgim>w
�1tk�8'



tPmQ�"�,tPf<�Pm>w�§a��|Km�¤?m>mQtiqQonm�� lnm>�U¾8Ê£f onm>f�|KmQo�z]w}rstkqQmV\ /c �1tk�^\ ¡ §a��|Km�ln§km�wn� gim$onf]f l�zK��mÌq�� t
��onrylnm�	

)32 476QÁ \ c7� \ ¡ Ã � � ' � �� �
� c
)325476>Á +�� 2�� )

�
Á 
 c Ã � +�� 2�� )

�
Á 
 ¡ Ã}Ã Á � Ã

�$§PmQonm
	 rsw \ ¡ � wÂ� onryl�~]¾ ` t¬ln§kmif1ln§PmQoÂ§a�1tk�Uz:rylÂrsw�q>�sm�� on�y~^h?fCw}w}rs¤k�smilnf3l}oR�1tPwx�[f1ong \ c rst]lnf
\ ¡ �$rsln§ÿln§km£wn� gim3t<jkgÂ¤?mQo©f ��fCh?mQoR��lnrsfCtkw�ln§a��liq�� t½¤?m£jPw}m��Mlnf^l}oR� tkwx�Sf1ong \ /c rst]lnf \ ¡ zhP�sjkw1'�f1h?mQoR� lnrsf1tkw�ÁÉjkw}m���lnf©l}oR� tkwx�Sf1ong7\ c r¦t]lnf^\ /c ÃE¾?�:mEl�� wÌmQÇ8hPonmQw}w$ln§PrswÌh8onfCh?mQo}l�~��$ryln§£ln§Pm
tPf1lR��lnr¦f1t 	�� ��Á \ c � \ ¡ Ã � ' � � ��Á \ /c � \ ¡ Ã��1tk�Uz8w}rstkq>m \ /c � ta��\ ¡ §k��|Cm%ln§km»wn� gim»onf]f1l�	

� ��Á \ c � \ ¡ Ã � ' � �� �
� c
� ��Á +�� 2� )

�
Á 
 c Ã � +�� 2� )

�
Á 
 ¡ Ã}Ã ÁI¢KÃ

¥Zf���z +�� 2� )
�
Á 
 c Ã�� ta� +�� 2� )

�
Á 
 ¡ ÃÂ§a��|Km.onm>w}h?m>qQlnrs|Km£�Pm>h8ln§kw �

�
c �1tk� �

�
¡ �$§kmEonm �

�
c � �

�
¡ � �

� ta�Mw}fPzÜ¤<~_onm>qQjPonw}rs|Km3§]~8h?f1ln§Pm>w}rsw>z�ry�»��m"q��1�s��� � ln§km"�8r¦wxlR� tkq>m"¤?mElv��mQm>t +�� 2� )
�
Á 
 c Ã©�1tk�

+�� 2� )
�
Á 
 ¡ ÃEz�ryl�r¦w�h?f1w}w}r¦¤P�sm3lnf'l}oR�1t8�[f ong +�� 2� )

�
Á 
 c Ã�rst]lnf +�� 2� )

�
Á 
 ¡ ÃÂ�$ryln§����¡ wxl}onjkqQlnj8oR�1�

f1h?mQoR� lnrsf1tkw>¾ ¿ m�q��1t�mQÇ8hPonm>w}w$ryl$�$ryln§£ln§km%�SfC�s�sf��$r¦tPº�tkf1lR��lnrsfCt 	

)325476>Á +�� 2�� )
�
Á 
 c Ã � +�� 2�� )

�
Á 
 ¡ Ã}Ã � � � Á �]Ã

� ta� � ��Á +�� 2� )
�
Á 
 c Ã � +�� 2� )

�
Á 
 ¡ Ã}Ã �

� �
�

Á �CÃ
¨Ìw$�Âq>f1tkw}m��]jPm>tkq>m1zP¤]~ionm>hP�¦�1q>rstkº£Á �]Ã�rst^Á � ÃEz8��m�fC¤8lR�1rst 	 )325476>Á \ c � \ ¡ Ã � � ' ��� �� � c �

�
�1tk�

¤]~�onm>hk�¦�1qQr¦tPº'Á �1ÃÌrst_ÁI¢KÃÌ��mÂf1¤PlR� r¦t
	�� ��Á \ c � \ ¡ Ã � ' � � �� � c � �¡ � c¡ )3254�6QÁ \ c � \ ¡ ÃEz?rÉ¾ mC¾Aryl»rsw
h?f1w}w}rs¤k�sm�lnf�l}oR�1tkwx�Sf1ong \ c rst<lnfC\ ¡ �$rsln§'��t8jPg�¤?mQoZf1��wxl}onjkqQlnj8oR�1��f1h?mQoR� lnrsfCtPw�m��]ja� ��lnf.ln§Pm
�8rswxlR�1tkqQm�¤?mQlv��m>m>t�\ c � ta� \ ¡ �8rs|8r¦�8m���¤]~ � ¾kÄ�§krsw$hPonf�|Km>w�ln§Pm»hPonf1h?mQo}lv~]¾��
� !D| w�nNo�'�� � j8p �NwKt � ¿ mZ��fCjk�¦�.�¦rs¹KmZlnf�ln§k�1tk¹��Um>w}�srsm��:j8ln§kra�[f o$§krsw�§kmQ�¦h��$ryln§�ln§Pm%hPonf]f �
f ��hPonf1h?mQo}lv~�$1¾

� /46�/�Ò�/�Ð�Ö0/]-

$C¾
�Å¾]¨Ì�slnmQt8¤?mEonºP¾Uª�rylntkm>w}wÜ�PrswxlR� tkq>mÌq>f1o}onmQ�W��lnrsfCt��1ta� �y~Pw}rsw 	8� tir¦tPwxl}onjkqQlnrs|Km$q>f1jkt]lnmQonmQÇP� gihk�smC¾
u�t©Ä%¾ � �1qR¹?zCm>�Prylnf1o�z����������� "!$#%�� ���&%�('� *)*+��('-,�./+0� �1��&2��� �%�3+��546���(�� *) �87�, 9:+�&%); "!=<$>RzCha� ºCm>w
��
1?����P¾AÊ£f1onºK� t �
�1j8�[g�� tkt:z $ � � 
]¾

� ¾ � ¾�@P¾�¨ÌtkºCmQ�¦rstPmC¾'p8jP¤Pl}onm>miqQonf1w}w}f�|KmQo�	 � jPrs�W�8rstkºe¤k�sf]qR¹^m>tPºCrstkm�f1oÂg��1qEonfCg�j8lR� lnrsfCtBA uvt@8¾ !
¾ ��f1���8z �©¾ 	 m>¤Uz?Ê'¾ 	 f1onrsº1fPz 	 ¾ � ¾aªkfCº1m>�ÉzUÊ'¾ »��on�>fCtUz(CÂ¾Puv¤k�8z?� ta� !
¾k��¾ !ÌrsfC�sfPz
m>�Prylnf1onw>zD46������ *) �FEG&H+I9�&2'�<$<J);�K9ML-N:N=O�P�EF&2+ �%�I� �0);�=9�>�+ �G "!��6�(� �I+�� �Q76����R�'-,D./+����1��&I��� �%�Ez
hk�1º1m>w �S? $ 
<zUp]lR�1t8�[f1oR�.{%tPr¦|CmQonw}rylv~]zkd�¨�zP{�p8¨�z $ ��� 
<¾?Ê£f1onºC�1t �
�1j8�[g�� tkt:¾

¢8¾ ��¾ � j8on¹KmCz1pA¾�%jPwxlR� �Sw}fCt:z�Â¾���m>tk�k�1�s�Éz �1tk��¥�¾��»oR�1w}tPfCº1f1o�¾P¨%�8|C� tkq>m��»h?f1hkjP�W��lnrsfCt©�8rs|KmQo �
w}ryl�~�gim��1w}j8onm>w�rst£ºCmQtkmQlnrsq»h8onfCº1oR� gigirstkºP¾�uvtT@P¾�@P¾kÊ£mQonm>�sfPz � ¾8¨Z�k� girW�8rsw>z�C�¾ Â¾ � mQ~]mQo�z@8¾ ���Å¾�ªPmQont8U� ta�PmQ� � &%rs�s�W� q��1tk�1w>z��1tk�VC�¾ � � ¾:p8qR§]��mQ�Sm>�ÉzUm��Prylnf1onw>z�E8'�&2'-,",W��,XEG&H+:Y�,W��<Z�(+-, �1)"�=9
�%&2+�<\[Q'� *R=&2�6](E/EF�^[`_(#2#Rz�|Kf1�sjkgim � �K¢��Zf �(a�� �� *R=&I�b[Q+0 ���>b);�c./+0<3dBR= ���&F� ��)��� �%�Ez ha� ºCm>w
¢�� $%?<¢�� � ¾Up<hPonrstkº1mQo � &ÜmEon�W� ºPz�C%m>r¦�8m>�s¤?mQonºPz ������� ¾

�P¾ �©¾�d�§Pm>�s�W� hkrs�s�¦�8¾���|CfC�sjPlnrsfCtk� o}~ÿhPonf1º1oR�1gigirstPº¬�$ryln§¼l}onm>m£g�jPlR��lnrsfCtkw 	#�Å|KfC�s|<rstkº�qQfCg��
hPjPlnmQo�hPonf1º1oR�1giw��$ryln§kfCj8l�qQonf1w}w}f |CmQo�¾�u�tT@8¾ !
¾���f1���8z �©¾ 	 mQ¤:z8Ê'¾ 	 f onr¦º1fPz 	 ¾ � ¾kªPfCºCmQ�Iz
Ê'¾ »��on�>fCtUz�C�¾<uv¤a�<zP�1ta� !
¾8��¾%!Zrsf1�¦f8zkm>�Prylnf1onw>ze46���(�� *) �fEF&2+I9�&H'�<J<$);�=9TL-N:N=O-P(EF&2+ �%�I� �-])"�=9�>g+ �h "!��T��� �I+�� �576����R�'�,3./+�� ����&I��� �%�EzÅhk�1ºCmQw��K¢ $�?��C¢ �<z�p]lR�1t8�[f1oR� {Ztkrs|KmQonw}rylv~]z�d�¨�z
{»pP¨
z�$ � � 
<¾UÊ£f onºK� t �
�1jP�Sg��1tPt:¾



�<¾�Ê'¾Üd��smQonº1jkmCz � ¾Üd�fC�s�¦� oR�Az�Ê'¾�Ä�f1g��1w}w}rstkrÉzÜ�1tk�ÿ�Å¾"&�� tktPm>w}qE§PrÉ¾Mª�rslntPm>w}wi�8r¦wxlR� tkq>m£q>f1o �
onmQ�W��lnrsfCt � ta�ÿh8onfC¤P�¦mQg �PryÆiq>jP�sl�~_�[f1o.º1m>tkmQlnrsq"h8onfCº1oR� gigirstkºP¾¼uvt EG&H+ ���I� ��);�K9�>V+ �  "!��9K���(�� *) �M'�� �c���0+-, R= *) +0�('�& � �I+�<�dBR= '� *) +�� �I+�� �1��&2��� �%�T4��f.G.���� �
	Czkhk�1ºCmQw 
 � �0? 
1¢ � z:pP� t
ª8oR�1tkqQr¦w}qQfPzAd�¨
z ������� ¾AÊ£f onºK� t �
�1jP�Sg��1tPt:¾

�8¾ � ¾kd�fC�s�¦� oR�AzUÊ'¾ad��¦mEonºCjkm1zA�1tk�£ª�¾ � fCtPtkrst:¾ÜÊ£rsw}�sm��C�8rstkºi�[jPtkqQlnrsfCtPwÌ�Pm>w}rsºCtPm����WonfCgÈ�1�ylnmQo �
tk� lnrsfCtU¾Åuvt ./+��=9�&2��>%> +0���G�0+-, R= *) +0�('�& � ./+�<3dBR= '� *)*+���%.��f.�� 	���������zahk�1ºCmQw $ � ���S? $ � �1¢8¾
u �#� � � onm>w}w>z � rsw}q���lR�����>~]za¥f@8z ������� ¾


<¾ � ¾:d�f1�¦�¦��oR�Uz�¨
¾ »�1w}ha��o�z�Ê'¾�d��smQonº1jkmCz��1tk�^dZ¾ ��w}q>�1�>j8l�¾iª�rylntkm>w}w
�8rswxlR�1tkqQm©q>f1o}onmQ�W��lnrsfCt
� w$wxlR� lnrswxlnrsq��1�:gim��1w}j8onm»f1��º1m>tkmElnr¦q
� �sºCf1onryln§Pgiw%�8rsÆ©q>jk�ylv~]z]onmQ|8rsw}rylnm��A¾Üu�t��FR=&2+�d��2'�� ./+���]
����&I��� �%�J+0� 76&% *) � ��) '-,�#%�� ���,;, )W9K��� ������� . 76#�� N�����zkha�1º1m>w���� � ? �����Pz � onr¦º1§]lnfCt:z $ ��� �8¾(@CfC§Pt
¿ rsln�smQ~�� p8f1tkw>zk�UlR�A¾

�8¾ �©¾ 	 m>¤�� ta� 	 ¾���¾ %fC�¦�8¤?mQonºP¾U¨Ìta�1�y~8�>rstkº
�8m>q>m>h8lnrsfCtirst�l}oR�1h©�SjktPqQlnrsfCtkw>¾auvt 	 ¾ ¿ §kryln�smQ~]z
m>�Prylnf1o�z�� +�R=� �-'� *) +���>g+ � 46������ *) �
7�, 9:+�&%); "!=<J>�� 	Kz:ha� ºCm>w �C¢1? $ � �8¾�Ê£f onºK� t �
�1jP�Sg��1tPt:z
$ � �1¢8¾

�8¾
¨
¾���¹bU� o}l�� ta��pA¾�!�¾1¥ UmQgimQln§:¾PÊ3� r¦t]lR� r¦tPrstkº»ln§km��Prs|KmQonw}rylv~
f �?ºCmQtkmQlnrsq�hPonf1º1oR� giw>¾ku�tM@P¾C¨�¾
ªPfCwxlnmQo�z
��¾A�:j8l}lnfCtUz�@P¾:Ê£rs�s�¦mEo�z�dZ¾ !$~<� t:z?� ta�e¨�¾ Â¾ � ¾UÄ�mQl}lR� g��1tP�>rÉz?m��Prylnf onw>z648������ *) �EF&2+I9�&H'�<J<$);�=9"�DEF&2+ �%�I� ��);�K9�>Q+ �3 "!���#� "!��GR=&H+�d��2'�� ./+�� �1��&2��� �%���$�GR=&H+�4/E%	����
	Kz8|KfC�sjPgim
��� 
��©f1�/a [M. �Pzkhk�1ºCmQw $ � � ? $ 
�$Cz ��rstkwn� �¦m1zku�onm>�¦�1ta�Aza¢ � ��¨Zh8onr¦� ������� ¾Ap8h8onrstkºCmEo � &�mQon�¦�1º8¾

$ � ¾�dZ¾�»��ln§kmQonqQfC�sm$�1tk� � ¾ !ÌfCw}w>¾8¨ÌtÂ�1�P|KmEonw}m�rst]lnmQoR�1qQlnrsf1t�¤?mQl���m>m>t�qQonf1w}w}f |CmQo��1tk��onmQwxl}onr¦qElnm��
l}onmQm��PmQhPln§
rstÂº1m>tkmQlnrsq�h8onfCº oR�1gigirstkº8¾]uvt$@P¾�!�¾ ��fC���<z 	 ¾���¾�%fC�¦�8¤?mQonºPz 	 ¾ � ¾1ªkf1ºCm>�Éz1�1tk�
!
¾?�Å¾�!Ìr¦f1�sfPzAm��8rslnf onw>zG46������ *) �$EF&2+I9�&H'�<J<$);�=9 L�N:N'&:P�EF&2+ �%�I� ��);�K9�>h+ �Q "!��(� );&%>% F76����R�'-,./+0� �1��&2��� �%�Ezahk�1ºCmQw � �%$%? � ���8zUp]lR�1t8�[f1oR��{%tkrs|KmEonw}rsl�~]zPd�¨�z8{�p8¨�z � �1?<¢ $ @Cjk�y~�$ �����8¾?Ê£uxÄ
� onm>w}w>¾

$�$C¾
Ä%¾D@Cf1tkm>w>¾��F�0+-, R= *) +��B'�& � 7�, 9:+�&�)" "!=<J>��)� ); *����>I> a '�� �0> �I'�d���>g'0� �c���2'�& �%!<¾ � § 	 ln§kmQw}r¦w>z
{Ztkrs|KmQonw}ryl�~�f1�Å¥%mE� Ê£mEÇPrsq>f8za¨Ì�s¤kj �]jPmQo �]jkmCz�$ � ���]¾

$ � ¾ !
¾���m>�s�¦mEo � ta� ¿ ¾ � �1tP�>§a���v¾ �ÅÇ8hk�srsq>ryl g��1rst]lnm>ta� tkq>m f � ºCm>tPf1l�~PhPrsq)�8rs|KmQo �
w}ryl�~)f1t º1m>tkf1w}ha�1qQm>w>¾ {%tPhkjP¤k�srsw}§km��Az $ � ���P¾ §]l}lnh 	 *"* �sw $�$ ��������¾ rstP�Sf1ong���lnr¦¹?¾ jktPr �
�8f1o}lngÂjkta�A¾ �Pm+*�h?m>fChP�¦m,* ¤a� tk�>§k� �-* ºChU¾ §<lngi�É¾

$>¢8¾ ¿ ¾ � ¾k��� tkºC�PfCt3�1ta� !�¾ � f1�¦rÉ¾�¨Zt£�1ta� �y~Pw}rsw$f1��ln§Pm»g�� Ç.h8onfC¤k�sm>g rst�ºCm>tPmQlnrsq�hPonfCº oR�1g��
girstPºP¾"u�t�@P¾ !
¾ ��f1���8z �©¾ 	 m>¤UzÅÊ'¾ 	 f onrsºCfPz 	 ¾ � ¾�ªkfCº1m>�ÉzÜÊ'¾ »� on�>f1t:z C�¾�u�¤a�8z��1tk�
!
¾C��¾�!ÌrsfC�sfPzKm��Prylnf1onw>zD46������ *) �8EG&H+I9�&2'�<$<J);�K9hL-N:N=O-P�EG&H+ �%�%� ��)"�=9�>3+ �6 "!����(� �%+0� �Q76����R�'-,./+0� �1��&2��� �%� +�� 48������ *) � EG&H+I9�&2'�<$<J);�K91z�ha� ºCm>w ����� ? � ¢ � zÌpP� t ªPoR� tkq>rsw}q>f8z$d�¨�z'$ ��� 
]¾
Ê£f onºK� t �
�1jP�Sg��1tPt:¾

$ �P¾�¥�¾ ª�¾ÌÊ£q � §km>m'�1tk�½¥Â¾ @P¾GCZfChkh?mEo�¾ ¨Ìta� �s~8w}rsw£f ��º1m>tkmElnr¦q'�Prs|KmEonw}rsl�~¼ln§8onfCjkº1§ h?fChPjk�¦���
lnrsf1t'§Pr¦wxlnf o}~]¾�u�t ¿ ¾ � �1tk�Q§a� ��z�@8¾ 	 �1r¦�k�<z�¨
¾
�$¾ �År¦¤?mQt:z�Ê'¾XCÂ¾ »� on�>f1t:z &Â¾�CZfCta��|1� o�z
Ê'¾�@K�1¹<rsm>�¦�8z��1ta� !�¾ ��¾Åp8giryln§Uz:m>�Prylnf1onw>z EG&H+ ���I� ��);�K9�>T+ �M "!��V46���(�� *) �c'�� �.�F�0+-, R= *) +���]'0& � ./+0<3dBR= '� *) +0��./+�� �1��&2��� �%�EzP|KfC�sjkgim � z8ha� ºCm>w $�$�$ � ? $�$ ��� z ` on�¦�1tk�Pf8zkª��sf onrW�P�8zP{�p8¨�z
$>¢�� $ 
$@Cjk�y~ $ � ���8¾UÊ£f onºK� t �
�1j8�[g��1tPt:¾

$��<¾�{�¾ �xÊ'¾ ` � !ZmQr¦�s�y~]¾G76� 76�B'-, � >%)">Q+ �h46������ *) �fEG&H+I9�&2'�<$<J);�K91¾ � § 	 ln§kmQw}r¦w>z?d�� on�smQlnf1t¬{Ztkr �
|CmQonw}rylv~]z ` l}lR�>���8z ` t]lR� onrsfPzad��1tk�C�P�8z $ � ���<¾

$ �8¾ � ¾ � jPtkqR§:z 	 ¾/!?fCtPºC¹KmQo�zK�1tk� �$¾%%f]f<�8g��1tU¾UÄ�§km$onf�~]�1�Pl}onmQmZh8onfC¤k�sm>g3zK��¤?m>tkqR§kg���on¹
�Sf1o
w}rstPºC�sm»� ta�ig�jP�slnrshP�¦mÌh?fChPjk�¦� lnrsf1t�º1m>tkmQlnrsqZhPonfCº oR�1gigirstkº8¾Uuvt � ¾8¨ZtPºCm>�srstkm%�1ta� �©¾���rstPt �
m>� o�zKm>�Prylnf1onw>z=7 ���0'�� �%��>�);�546���(�� *) �8EF&2+I9�&2'0<J<J)"�=90	KzCha� ºCm>w � � �1?<¢ $��8zPd�� g�¤8onrW�8ºCmCz]Ê3¨�z
$ � ���8¾?Ä�§Pm�Ê£uxÄ � onm>w}w>¾

$ 
<¾ !
¾ @P¾21%jkrsqR¹?z &Â¾ @P¾"!Z�>~<��� oR� �vp8giryln§:z��1ta� Â¾ 	 ¾Üp<girsln§U¾'ª�rslntPm>w}wi�8r¦wxlR� tkq>m�q>f1o}onmQ�W��lnrsfCt
� ta�Âonr¦�8ºCm$�[jktPqQlnrsfCtPw>¾?uvt3� ) �� "! ./+����1��&I��� �%�Q+0�hE8'�&2'�,;,W��,=EF&2+:Y�,W��<$>G�(+-, �1);�K9 ��&2+0< [ '� *R=&I�
�"E/EG�=[4� N�����zkhk�1º1m>w 
�
1?3���8¾Ap8hPonrstPºCmQo � &�mQon�¦�1ºPz�C%mQrW�8m>�s¤?mQonºPz
$ ��� �<¾

$��8¾ &�¾Ap<�W��|Kf�|£�1ta�3¥�¾?uE¾a¥%rs¹KfC�¦� m>|?¾%ª�rylntPm>w}w%�¦�1tk�Pw}q�� h?m>w�� ta�3rsta�8jkqQlnrs|Km
ºCmQtkmQlnrsq�hPonfCº oR�1g��
girstPºP¾euvt EF&2+ �%�I� ��);�K9�>c+ �M#%�� ���&%�('� *)*+��('-,f./+0� �1��&2��� �%�c+���76&� *) � ��) '-,/[Q��R=&2'-, [Q�� -5 +�&760>'0� �c46������ *) � 7�, 9:+�&%); "!=<$>8�;#0. 7�[6[M4/7QN=O���zP{%tPrs|KmQonw}rylv~�f �"�Ü� wxlZ¨Ztkº1�srW�<zk¥Zf1o}�$rsqR§:z8{ �©z
$ � � 
<¾Ap<hPonrstkº1mQo � &ÜmEon�W� º�� Âz &%rsm>tPta�<¾


