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L�/<|<-DC?7D7G/j8�I48�%,1�8^_}a�L0LG_p-0_dC?1�358�7D�4+,%(70%,%qL0L0%,703]7DL0%�LG/2%�%,'y�4+,%(70%,%qL0L0%,703]7DL0%�/21gL�/^J
1�I�LV1�I4'e3]B0Cg/`BDu�%,C?1j8�%(B{-DC?%(7DLG/<;�$V%(B{-0/`L5|?-DC2%(L�/Fa�8�7D%(LDL�_2%(14351�8^_}a�L0L�_�-0_�35%�C2+,3t/2B
u�%,C?%(1�I�L}|±C�u2/^L
8�%(B{-DC^-0/�|p-DC?%qL�/�kz_21<35+,+(3V'N/`k4H4C?+(+,%,7D357
LG%?-0/`LG8`C?7070/y7DI4C?70%qLG3]+,+b/2/21";

T�/?/2�<I4B0I47
LGC?1m+,I<C?'e%(14351�u2C?%,H4/?/21KLG35k<Hz_yI<7035%(+,+,/�35B0%�'y35143hLG3]+,'y%,+,+,_<;�O�1470%('e'e_2%,7D3]L¢a�kgLG3]%,7�J
LGC?%('e%(141z/2+(+,%,7D3]L�70I4C?7D%(LDLG35+(I^-0_2B�-D357DL035+('N_`Ly��35BDI47DL0I4%(u`/`LN70%,%(k4351�|�3hL0L�_�8`_}a�L0LG_p-0_`LN%(LG7D3j8`35BDL0C?%qJ
u2/^L}|©8`35143]1¥70I4C270%(L0I48�70%(%,1ª+,I4C`L0L�/}u`/`LK²«U&T#Y#Z6"g9^µ£;©Z¨_2+(+b/2%(14351�'y35143hLG3]+,'e_d7G/?/`LDL�/?/dL0C?%,'y%b/



�2�

k�a�u�%,1N3570%('e3]B08�%,8�7D%±Lfa2��a�kgL035%,7D�?1K70%(7G_2+(+b_<|?'�I<L0LG/�+b/2/p-D35'y'N/`707G/VSf1gLG3]B0143hLDJ��z/2+(u235+(I47070/<|<8�I<L0351
 'e/7g5C?1�;«�]C?'�¦§7070/<|�8`_}a�L0LG_p-0_`L¢L0I4708�%(1NLGI41gL03]u`/`L¢L0C?%,7D%b/?/21�|}-DC2+,+,C2%,1F8^_�a�LDL�_p-D%(351lC?1Nu`/2%(8235/�14%qJ
'e3hL�_¨7G/2'e/214k43]148�%,7D%b_�'�I4%(LG/[8^_}a�L0L�_�-D%b_<;  I<LGC?'e/?/`LDLG%(14351&a�k�L035%(7DLGC2%,'y%,141z/`+,+,%(14351V7DI4C?7D%(L0L035+(I
��3]B0I47
LGI4I�70%,%(k4351�|�3]L0LG_m7DI4C?7D%(L0L035+(I^-0_2B{-D3]7DL035+,'e_�LGI41<14%,7
L�/?/lC?k^-D3]+,'e/2+,+(%,7D357DL0%�70/2'N/`14k4351<8�%(703hL
8`_}a�L0LG_p-0_`L5|^-DC?%,H<351lu`_2+,%(+,+b_�70I4C270%(L0I48�70%,/tL035k4H4_?_21�²«´¨S
Q

+
"2w`µM;

,?C2L0LG/�8^/2kgL�/�8^_}a�L0LG_p-0_2�4BDC2¯z%,+(%b/¢u?C2%,70%�u?3]B0BG/^L�/�L0C?%,7D%,%,1<7G/<|}L0I4+,3]3~14%(%,H43]1�70%(7G_2+qL�_?_\a�kgLG35%(70%,_�82C?k�J
LG35%qL�/<;�Z¡I<+,353F7D%,%,7�C?+,+,/eu?C?%('N/`707G/NL0%,+,/214143

|Pa ∩ Pb| > 0
|�-DC?7070/

Pa

-0/
Pb

C�u2/^L&8`_}a�L0LG_p-D%,3]1

a
-0/

b
/2B
u�%(C?%,'y%,3]1j8`C?kgLG35%(H4351¤'�I<C�H4C27DL�/`'N/`L�-DC?I48`C2L};"cj%(LG_N35143]'e'e_21ja�kgLG3]%,7D%b_�82C2k�L035%qL�/

�4B0C2¯4%,+,3]%,+(+b/�C?1�|�7D%(L�_&u`/2B0'y35'y'e%(1t70I4C270%(L0I48�70%,/�u?C?%(Hz/?/21yLGI4C`L0L�/2/<;�Z¨_2'N_`1eu�I4C?8�70%�70I4C270%(LDLG3 J
+,I^-0_2B�-D357
LG35+('e%(7070_�C?1 a�+(35351<7G_j'e_?_2B0_`L0Lfad/2+b/2B0/p-0/l70%(+,+,3`|�8�I4%(148^/�'yC?1gL�/�a�k�L035%(7DL�_m82C?k<H43]LDL�/
�4B0C2¯4%,+,3]%,+(+b/VLGI4+(353VC?+(+b/<|�-DC2L0LG/�14%,%qL�_�a�+,%(�z_?_`LG_?_21Nu235BDLG/2%,+qL�/2%(70%(%,1eL0C?%,7D%,%(147G/<;

$�/`k4H4351x�4BDC2¯z%(+,%,1 u?35B
L�/2%(+,I�LG/2�z/2kgLGI<I +,/2708`35'e/2+,+,/ �4BDC2¯z%(+,%,3]1Xu`_2+,%(14351 70/2'e/2148^/2+(LG/2%,7DI4I47
�£3]LG_2%,7
a�a�7]|?82C2B0B03]+b/?/^LG%,C�L�/2%47D%,'y%,+,/2B0%qLG353hL0L0%��?-DC2LG/2%,1�7DC?�4%qu2/2/#+b/27D82351gLG/2'e3]143]L035+('N_?_�8`_}a�L0LG_2351�;
$�/`8�7D%¡a�+,3]%,7D357DL0%�8^_}a�LG3]LDLfag_K'e3]143]L035+('N_?_y�4B0C`¯z%,+(%,351Ku?3]BDLG/2%,+(I4I41�C�u`/`L#A¡3}/2BD70C?14%(1�82C?BDB03]+b/?/^J
LG%,C28`/2/�u`/���8`/2/�u`/��`��703]8^_m8`C?70%(14%,+,/2I4703]823m�£8^/?/}u`/�9���²·�~6�$�"l%`µ£;�$&/?/}u?C^-D3]1�LGI<+,C?8�703]1z/K7G/?/^J
Hz/?/21ª+,I<8�I4/2BDu2C4|�-DC?8^/�%,+,'e/2%(70353e8�I4%,148^/�kga�u�%(1êu235B
L�/2%(+(L�/}u`/`LF8`C?kgLG353hLeu`/27
L�/?/}u`/`LtL0C?%,7D%b/?/21
708^/?/2+,/2+,+,/¢14C?+,+,/27DLG/&�£35%qu`_`L¡u`/27
L�/?/���a�kgLG3]351K��u`/27
L�/?/}u`/`LRL�_}a�70%(1�LGC2%,70%,/?/21��G;p$�C?BDB03]+b/?/`L0%,C?1Va�+,3]%qJ
14351KLGI4+(8�%,1gL�/�C?1m8�I<u`/`L0L0I41z/tL�/2I<+,I48`C?7070/e:<;

r(x, y) =

n
∑

i=1

(xi − x)(yi − y)

√

√

√

√

n
∑

i=1

(xi − x)2

n
∑

i=1

(yi − y)2

�D�^�

$�/2/�u`/27D7G/K�
x
-0/

y
LG/2B08`C?%(LDL�/}u`/`L¨8^/2kgL�/F�4B0C`¯z%,+(%(u?3]8gLGC?BD%b/<;<cj35BD8�%(141z_`L

x
-0/

y
L�/`B082C2%(L0LG/}u2/^L

x
¦«1�-0/

y
¦§1m/2+,8�%(C?%,H43]1�823]708�%b/`BDu?C?/<;

A�3}/`B070C214%,1l8^/?/}u`/21l3]L0I^-0/�C?1l7D32|43hL0L�_�7D%,+(+b_�u2C?%,H4/?/21�+,/2708`3}/�'�a2�?7\�4B0C`¯z%,+(%,351yu`_2+,%(14351�1<35Eg/^J
LG%,%qu�%,143]1�8`C?B0BD35+b/2/`LG%(CFL0C?%,7D%,1�8�I<%,1j8`C?70%(14%,+,/2I47D358�823]351¤/}u�I4+,+,/<;±T�3]Eg/`LG%(%(u�%,1<35148�%,1m82C2B0B03]+b/?/^LG%,C
u?C?%�LGC2%,'y%b/�7DI4C?70%qL0L035+,I<1���C?k^-0/214/<;º,?C?7[8^/2k4H43]1j8^_}a�LDL�_p-0_`1mu`_2+(%,+,+,_�C?1Ku?C?%('N/`8`/`7\1435Eg/^LG%,%qu�%qJ
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82C?BDB03]+b/?/`L0%,C?8`35BDB0C?%(1 8`C?B0BD35+b/2/`LG%(C?1�LGI4+(8�%,1gL�/

|x| = 1, 0
+,%,1<3}/?/2BD%,143]1lB0%(%,�4�4I�u�I<I47

|x| = [0, 8, 1, 0[
u?C?%('N/`8`/`7

|x| = [0, 6, 0, 8[
k�I4C?'e/`L0LG/�u`/

|x| = [0, 3, 0, 6[
82C?kgLG/2+b/2%(14351

|x| = [0, 0, 3[
'e3]B08�%(Lfa�8�703hLG�?1

Z�/2I<+,I48�82C&:�¦?$�C2B0B03]+b/?/^LG%,C28235B
LGC?%('e3]1�a�+(35%,1<351�LGI<+,8�%,1gL�/�²=Q�Z¨$
+
"?9^µM;?Q�I4C?7D%(LDLG35+(I^-0_2B�-D357DL035+('e%(7
J

7G_FC?1�-DC?%,7D7G/2%(1�L�/2�z/`I48�70%,7D7G/F�4%,3]14%b_�L0C2LG3]I<LGI<7082C2k�LG/2%,7D%b/F��C2%,8�8235/2'e%,/�BG/�-DC^-D351m70I4kgL035351�;

14351l8`C?B0BD35+b/2/`LG%(C4|gu?C?%(Hz/?/21NLG_2'e_21���35B0I<7DLG3]35+(+b/�3]141�I47DLG/?/<|<3hL0LG_�8`/`%,8�8�%�'y%,7DLG_�L0C?%,143]1�35%�C?+,3
�4%(LG_21ga�L5|"7G/2/`L0LG/?/l8�%(%,141<C?7DLG/?/�LGC?%(7DL�/lC?70/2�4I4C2+(L�/�;�A�35/2B07DC?14%(1�8`C?B0BD35+b/2/`LG%(C?8^/?/}u2/2/��4%,H43hL�_?_`1
a�kgL035%,7
LGC?%('e%(141z/2+(+,%(70351t7DI4C?7D%(L0L035+(I41N�4BDC2¯z%(+,%,3]1gu2_`+,%,7D351tu?3]BDLG/2%,+(I41NH43 J�³�/2�hLGC`J�+b/27D823]1<L�/2'y351<3]LG3]+qJ
'N_214_l²&»�U&>g�pµ£;

$�C?7D%,14%(+b/2I47D353]1¤�£8^/?/}u`/e9g��/�u�I4+(+b/�'y%(LG/`L�/?/`1�8^/2k4H43]1mu2358gLGC?BD%,1lu`_2+,%(7DLG_�8�I<+,'e/?/<|}-DC?7070/Fu2358?J
LGC?BD35%,14/ 3]70%(L03]LG_?_21�u235BDLG/2%,+qL�/}u`/`Ly8^_�a�LDL�_p-0_2�<B0C2¯z%(+,%qL};�)�3]8�L0C?B0%qLeu`/27
L�/?/}u`/`LeLGC?%(70%b/2/21�L�_}a�H435+¬J
+,%,7D357
LG%M|�'e%(8`_`+,%

cos(~x, ~y) = 1
-0/¤35%qu2_^Lyu`/27
L�/?/ +b/2%(70%(148^/?/21�LGC2%,70%,/?/21"|�-DC27

cos(~x, ~y) = 0
;

$�C?7D%,14%(+b/2I47D358�823]351�8^_}a�L0L�_`'e%(14351�70I4C?7D%(LDLG35+(I^-0_2B�-D357DL035+('N_27D7G_yC?1jLGC�H43]141z_28`�?%,7D357DL0%�+,_2kgLG�?%(70%,1
LG%,3]H4C?14k4/28�I^-0_2B{-D3]7DL035+,'y%,7
L�_<| -DC?%,7D7G/�H<C?8�I4'e3]1gL0LG3f-0/�u?3]B0B0/`L�/?/`1NLfa�a��<%,+,+(%,7D357DL0%zLGC?%(70%,%(147G/VH4C28�I�J
'e3]1�L035%(7DL�/t'�I<C�H4C27DLG3hL0L0I^-D351m7G/214/`³{B03]8�u235147D70%qu?358gL0C?B03]%,H43]1¤/�u�I4+(+b/<;

cos(~x, ~y) =
~x · ~y

|~x||~y|
=

∑

n

i=1(xiyi)
√

∑

n

i=1 x2
i

√

∑

n

i=1 y2
i

��9g�

A�3}/`B070C214%,1 82C?BDB035+,/?/`L0%,C?8^/?/}u`/��£8^/?/}u`/ �`�NC?1X'�I4I414143hL0LG/�u�%(707G/¥8`C?70%(14%,+,/2I47D35351��£8^/?/}u`/�9g�
'�I4C2L0C�C?1m70%qLG3]1"|�3hL0LG_N823]708�%b/2B
u?C2L

x
-0/

y
82C2BDu`/`L�/2/21�u`/28�%,C2+,+b/

z
|g-DC?148^/N/`BDu?C28�7D%©/21<143]LG/?/21

1435I<L0BG/?/`+,%±�4%,7
LG3]'N_?_`BG_<;�O�70%('e3]B08�%,8�70%�708^/?/`+b/2+(+b/t�]J
�&1435I�LGBG/2/2+,%��4%,7
LG3]'N_?_`BG_�C21�823]708�%b/2B
u?CF:<;
Z¨_2'N_`1�-0_`+,823]351

z
JMu2_`k435141ga�7�7DI4C?BD%(LG3hL�/?/`1�/`+,8�I4��35BG_`%,70%(%,1Nu2358gLGC2B035%(k4%,1�²«Q<T�>?>pµM;

A�BDC2¯z%(+,%,3]1êu235B
L�/2%(+,I�u2C?%,Hz/2/21�LG3]k4Hz_m-DC?8`C�B035/?/2+(%b/2%(8`/`%,703]7DL0%¢L�/2%[35B0_?/p-DC?1z/�;~´¨3}/?/`+,%b/`%,8^/2%,7D351



�}:

70I4C?7D%(LDLG35+(I41mC?14E?3]+,'e/21z/tu?C?%�C?+(+b/tk4%(LG/2I47]|�'y%,8^_2+(%��4BDC2¯z%(+,3�-0/�-0/y82C?kgLG3]%(LG/eC?1��z/2+i-DC21";zZ¨_27DLG_
-DC?kgLGI43]1yLG_2B08`3}_VL�/}u?C?%qLG3\7DI4C?70%qL0L035+,Ip-0_2B{-D3]7DLG3]+,'y%,3]1�LGI<L08�%,'�I48�7D357070/�C?1FC?+(+,I<L�823]k4%(LDL�_?_#u`/28�%,C`J
/p-0/27070/�LGC?%('e%qu�%b/&70I4C?7D%(LDLG35+(I^-0_2B�-D357DL035+('e%,_<|]-DC?%,7D7G/�7DI4C?70%qLGI47
LG3]1m+,/?/`L0I�35%�8�I<%(LG3]148^/?/21lk43]%,8�823 J
14%,7D%�²=Q�$�´[><�?|zU�´\UVA�><�]µ£;

WVkgLG3]%,7DL0C?%,'y%,1<1z/2+,+(%,7D351 7DI4C?7D%(L0L035+(I41ª70I4I4BD%,1ê3]L0I�C?1ê70%(%,1z_<|¡3]LDL�_ /2BDu�%,C2%,1414%(1�82C?kgL0353514/ u?C2%
C?+,+,/m'y%(LG_�L�/2k4/2147G/d7D%,70_2+(L0�^-0_<|�82C?7D8^/�L0%,3hLGC?8`C?14353]1ª35%�LG/2BDu�%qLG703N8`_`70%(L035+(+b_�8`C?kgLG3]%,H43]1ê7D%,70_2+qJ
LG�g_NL0I4C2L0LG/?/28�703]351¤70I<C?70%qLGI48�70%,/���L0C?%,7D%,1d8�I4%(1�3570%('e3]B08�%,8�7D%©70%(7G_2+qLG�?��C?k^-0/2%(703]707G/e70I4C?7D%(LDLG35+(I47
J
7G/���²v�~I4B0>g9�|z6[35BG>2>`µM;4$�C?kgLG3]3]L¨u?C2%(u`/`L¨C?+(+b/�3]70%,'y35BD8�%,8�70%�L0358�7DL0%,H4C28�I<'e3]1�LDLG3f-0/<|4u�%,H43]C?%(LG/�L�/2%
/2o47DL0BG/28gL0%,'y�4%b/�/`70%,C2%(L�/N�£8�I<LG3]1�u�%(L0703]%,7070_�²«U&´\U&A�><�hµ��G;

Z¡C?%(14351ª3hLGIêC?1 7D32|�3hL0L�_�a�kgLG35%(7DL0C?%,'y%,1414/2+,+(%,703]7070/�70I<C?70%qL0LG3]+,I47D7G/¤70I4C270%(LDLG3]+,I�u?C?%\��35BDI47DL0Iz/
'eC?1<%,'�I<L08^/2%,7D%,%,1K-0/¤u`/2%(823}/`7DLG%¨%(+,'e/2%,7
L�/}u�%,%,1 'e%(35+,%(�4%(L035%(70%,%(1"|�8�I<LG3]1�'N/`8�I<8�a�7
a�'�a�8�7D%,%,1¤-0/
+b/?/`L0I4I41 ²§6�35B0>?>`µ£;¢WVkgLG3]%,7DL0C?%,'y%,1<1z/2+,+(%,7D357070/ 70I<C?70%qL0LG3]+,I47D7G/ª8^_�a�LDL�_p-0_21 35%VL�/`BDu�%(L0703¤�ga�7
Lfag_
'N_?_`B0%(LDLG3]+,35'e_?_21m82C2k�L035%(H4351�70%,70_2+(L0���21d+,%(%(L0Lfa�u�%b_e8�BD%(L03535BD35%qL�_��£3]70%('e3]B08�%,8�70%�'e%qLG8^_NC?'y%,1z/`%qJ
70I4I4H<3]L�8�I�u2/2/�u`/`L�h�kga�u`_21Zi�3]+,C?8�I<u`/21��G|4u`/?/21m70I4C?7D%(LDLG35+(I���35BDI47DL0I4Id70/2'N/`14k4351<8�%(7DL0351j'�I4%qJ
H4351�8^_}a�L0LG_p-D%,3]1 'y%,35+(%,�4%qLG3]%,70%(%,1";±Z¨_27
L�_m'e%(35+,%(�4%,H<35��35B0I<7DL�/`%,70I<I4H4357
L�/l703]I4BG/2/�LGC?%(7G/?/`+(L�/l7D35+qJ
+b/2%(14351�C?1<E?35+('N/<|�3]LDL�_l8^_�a�LDL�_p-0_2+(+,3�C21�kz/`148^/2+b/2'y�4%RLGI4C2LDL�/?/���35BDI47DL035+(I4%(LG/lL035k4H�a�%(+,+(3�70I4C^J
70%(L0I48�70%(+,+,3y²§6�$&´[>?>^µ£;�A¡35BDI47DL035+,I<%,H43]1dLGI4C2LDL�/2'y%,1<351mC?1d70%qL�_FL�_2BD823}_`'e�z_2_N'e%qL�_F70I4I<B035'y�4%,/
L�/2+(C?I4H43]+,+,%(70%,/&LG/2%"'�I4%qL�/�BD%,708`3�-0_F�z_?_`L0�?8�703]351j+(%,%qL0Lfa�a?;

WVkgLG3]%,7DL0C?%,'y%,1<1z/2+,+(%,7D351K70I4C270%(LDLG3]+,I41�3hLGI^-0/lC?1�'�a2�?7V'e/2k4H4C?+(+,%(70I4I47[+,��a�L�_2_�35141z/`+(L�/N/2BDu`/?/^J
'N/`LDLGC?'y%b/K70I<C?70%qLGI48�70%,/d82C?kgL035%,7
L�/<|±-DC2LG8^/j3]%(u`_`Lt3]70%,'y35BD8�%,8�70%�70%,70_2+,+(�?+,+(%,7D357DL0%©'�I4%(7DL0I<L�/jL0C?%qJ
70%b/2/21"|�'�I<L0LG/�-DC2%,7DLG/�7G/2'e/214k<35148�%,7D3]L�8^_}a�LDL�_p-0_^L�C�u`/`L&�4%qL�_21<353]Ly²§6�3]BG>?>^µM;R,?C27�3]70%('e3]B08�%,8�70%
8`_}a�L0LG_p-0_N3]%RLfa�a��4%,+(+,%(70357
LG%��4%(Hz_e7D�5%qJM¯<Jf3]+,C?8�I<u�%(7DL�/�|�7D%,70_2+(L0�?��C2k^-0/2%,1<351K70I4C270%(LDLG3]+,I^-0_2B�-D357
LG35+('N_
BG/p-0/?/m8^/2%,8�8�%�7D�5%¬J�¯<J�35+,C28�I�u2/^L�7DI4C?70%qLGI47
LG3]1�I4+,8`C?�4I4C?+(35+(+,32;�W#kgLG35%(7DL0C?%,'y%,1414/2+,+(%,143]1d70I4C270%(LDLG3 J
+,I^-0_2B�-D357
LG35+('N_¤�4I4C2+,357
L�/?/`1���3]B0I47
LGI4I�7G/`'N/21<k435148�%(7DLG3]1�8`_}a�L0LG_p-D%,3]1�'e%(35+(%,�4%qLG35%(70%(%,1"|4-DC2LG3]1
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u2_`+,%,+(+b_&C?1KLfa�a��4%(+,+(%,703]7DL0%��4%(H435'y�4%�-0/t'yC?14%,'�I<LG8^/2%(7035'y�4%£;

cj%,8^_2+(%�LG%(3]LG_2'�a�70��C?k^-0/2%(703]1�70I4C?7D%(LDLG35+(I41�7G_?_`1414�2LlL0I4C2LG3hL0LG/2%,7D%,%,1 LG%,3]H4C?14+(C?I4k4%(141z/21x��Hz/`LG/
'e%(14%,14E���²«6�$&><�]µ±'y35143hLG3]+,'y%,+,+,_<|pC?+,%(70%43]B0C&LG%(3]L�_`'�a�70��C?k^-0/2%(70351y70I<C?70%qL0LG3]+,I41#-0/V'�I4%(H4351y70I4C^J
70%(LDLG3]+,I4'y35143hLG3]+,'y%,351¥u`_2+(%,+(+b_ u`_2k4_2%,143]1";\Z\%,3]H4C?143]B0%(7DL�_`'e%(70351�/}u�I4+,+,/�u?C?%(Hz/?/21�357D%,'y35B08�%(8gJ
70%\35+(%,1gL�/`BDu�%,8`35+,%(%,8�823]351�C?7
LGC?7DB03]8�%(7DL035B0%(7DLG_ 3]B0%,7
L�_?_�70_?_21gLG�^-0_¤70%(%(LG_<|�'y%(L08`_dC�u`/`LFLfa�a��4%,+(+,%,7D3]L
LGI4C2LDLG3]3]L}|`-DC2%(L�/t/`70%b/`8�8^/?/^L\C?7DLG/}u2/^L�70/2'e/2+,+,/�823]BDLG/?/<;



9`>
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A�35BD%,1gLG3]%,7D3]L[70I4C270%(LDLG3]+,I^-0_2B�-D357
LG35+('N_^L¢LGI4C`L0L�/}u`/`L¨7DI4C?70%qLGI48�7D%b/F��3]B0I47
LGI43]1ja�k�L0353]1�LG%(3]L0C2Lfa�a���J
�4%,%(1"|�8�I<L0351¤357D%,'y35BD8�%(8�70%¡L0%,3hLGC?8^/21gL�/e8`_}a�L0LG_p-D%,3]1¤/21gL�/2'y%,7
L�/N1�I4'y353]B0%(70%,7
L�/�/`BDu�%,C?%(7DLG/N82C?k�J
LG353]1z/�C?+(3]u�%,+(+,3lLGI4C`L0LG3]%,+(+,32;�Z¨_`'N_21�BG/`L08`/`%,70I<1¥k435%(8�82C?I47lC21¥703`|¢3]LDL�_ 'y%,8^_2+(%\1�I<'e3]35B0%(70%,/
/2BDu�%,C2%(L�/e35%�C?+(32|�3]%�70I4C270%(L0I48�70%,/K�ga�7DLfa�LG_mLG3]823]'N_?_`1";�´�/^LG8^/2%,7DI�C?14E?3]+,'e/?/21dC21 1<75;�kga�o4B0%¬J
H4%,7DI4C?70%qL0L035+,Ip-0_2B{-D3]7DLG3]+,'e_`L}|±-DC?%,7D7G/ a�k4H<%,7DL03]LG_?_21¥8^/2k4H<351�LG/2%�I<703}/`'e'e/21�7DI4C?7D%(L0L035+(I4'e3]143hJ
LG35+('N_`1êkga�u�%b_ �<I4C?+,%,/e-0/��ga�B0%(LG_?_21ê1z_2%(1 u`_2+(LDL�_2'e_?_21�8�I41<8�%(1�a�8�70%(LDL�_2%(703]1�'y35143hLG35+('N_`1
k435%(8�8`C?I48�70%,/�²·�~I<BG>g9�µM;¢Z�a�a��4%,+(+,%,7D357D7G_�kga�o4B0%(H4%,7DI4C?70%qL0L035+,Ip-0_2B{-D3]7DLG3]+,'e_27070_ a�k4H4%(7DL03]L�_2_21�a�k�J
LG35%(7DL0C?%,'y%,1414/2+,+(%,143]1y7DI4C?7D%(L0L035+(I�-DC2k4C?148�%,1l'�I4I4k�I41m'e3]143]L035+,'e_?_21�|p-DC2LDL�/�u`_2+(L03]LDL�_2%(70%,%(1NI4I�J
H4351m8^_�a�LDL�_p-0_21�-0/tI4I4H43]1j8`C?kgLG353]1jC?1<E?35+('N/`L5;

P�I�u�I<707G/d9�;«wm357D%(L035+(Lfa�¸�/`o�Jf7DI4C?70%qL0L035+,Ip-0_2B{-D3]7DLG3]+,'e_N70%(7G_2+qL�_?_l'�a2�?7�k�a�o4BD%,H4%qLGC?%('e%(141z/2+(+,%(70I4I�J
H4351"|<-DC?7D7G/K70%(7G_2+qLG�?��C?k^-0/2%(7DLG/�70I4C?7D%(LDLG35+(Iz/�L�_}a�H4351<143]LG_?_21 a�kgLG3]%,7DL0C?%,'y%,1<1z/2+,+(%,7D35+,+,/t70I4C?7D%(L035+qJ
+,I4+(+b/K²·�¢Q�" s µ£;�$�_}a�L0LG_p-0_21�/`1�LG/2'y%b/t�4%,7
LG35/2BDu�%,C2%(L�/Fkga?��H<a�14143hL�_?_21�|��z/2%qLG7D%¡/`E?351gL0L0%,3]1dC?��3]LDJ
L�/2'y%,7D35351�|g'�a?�?7�a�k�L035%(7DLGC2%,'y%,141z/`+,+,%(703]7DLG%�70%qLG351�|�3hL0LG_¨-DC?7�8`_}a�L0LG_p-0_�/`1�LG/?/�LG/2B0��353]8�70%�7DI4I4BD351
�4%,7
LG35'e_?_2B0_21�LG%(3]Lfa�+,+(3������¥Jf7D%(u�I4+(+,32|�70I4C270%(L035+(+b/?/21N8�a�7D35%,7
L�_y70%(u�Iz/t8^_}a�L0L�_�-0_21�'y%,3]+,%(�4%,H43 J
1z/?/2�4I<B0I47
LGC?1�-0_2703]14%,+(+,3`;

¸�/`o4%,1¤kga�o4B0%(H4%,C?'y%,14/2%,7DI4I48�70%(+,+b/e7G/?/}u�I<LG3hL�/?/`1 703]I4BG/2/�u`/`L�35H<I<Ll²v�\Q�" s µM¦"WVkgL035%,7
LGC?%('e%(141z/2+¬J
+,%,7D351d7DI4C?7D%(L0L035+(I41�/2147D%,C?7
L�/�8^_}a�L0L�_�-D%,+,+(3�7DI4C?7D%(LG3]+,+,/?/21j'�a?�?7#1<%,%(LG_e8`C?kgLG35%qL�/<|g-DC2LG8^/�'�I<%,H43]1
8`_}a�L0LG_p-D%,3]1N'y%,3]+,357
L�_&C�u2/^L¢kga�u�%,_<|�'�I<L0LG/\-DC?%qL�/&35%�70%(7G_2+(+,�?1y��3]B0I47
LG3]35+,+,/�C?+(%,7D%z70I4C?7D%(L035+(L0I";�Q�%qJ
7G_2+qLG�?��C?k^-0/2%(14351¤7DI4C?70%qL0L035+,I��4I4C?+(357
L�/?/21�'N/`k4H4C?+(+,%,7
L�/?/�7D35+(+b/2%(7DLG3]1�8`C?kgLG3]%,H43]1�70I4C270%(LDLG3]+,I41"|
-DC?%(LG/�8�I<8`/2/21 '�I4I 8^_}a�L0LG_p-0_ê3]%VC?+,+(I<Ll1z_`k41ga�L5;�Q�%,70_2+(L0�?��C2k^-0/2%,7D351¥7DI4C?7D%(L0L035+(I41X/`1470%(C?7DLG/
8`_}a�L0LG_p-0_2+(+,3Nu2C?%,Hz/2/21�LGI4C2LDL�/?/�7DI4C?70%qLGI48�7D%b/�'�a?�27y7D%,%(1z_jLG%(+b/21gLG3]357D7G/<|©3hL0LG_ �{a�kgL035%,7
LGC?%('e%(1�J
1z/2+,+(%,7D35+,+(3�7DI4C?7D%(L0L035+(I4+,+(3�u`_2+(LDL�_2'e_`LDLG�?'y%b_��¡70/2'N/`14k4351<8�%(70%,_F'�I4%(LG/�8`_}a�L0LG_p-D%b_�3]%�+,��a�H<a?;



9��
Î Ï ^¿d ÷hú5ù _ û��\÷5øR�¢û�ø�� ^ ø�÷hû�û��\ú�����ù¶���:�¨ø"û��\ú�� ù&û

O�H<35+,+(%,7D357070_�+,I<u�I47D7G/�8�I<u`/`L0I<L¨70I4C270%(LDLG3]+,I^-0_2B�-D357
LG35+('N_^L~C�u`/`L\��C?%,8�8`35I48�703hL0LG/F7DI4+i-D3hL0L0I^-0/[-0_2B
J
-D357DL035+('e%,_<|�-DC2L08^/êkga?��H<a�1gL�_}u`_`L�70I4C?7D%(LDLG35+(I4I41 /2%,1<Cg/27DLG/?/21 -0_2B�-D357DL035+('N_21�7D%,7G_`%,70%,_ LG%(3]LGCp-0/
8`_}a�L0LG_p-D%,7
L�_#-0/N82C?kgL035%,7
L�/<;�S�LG7D3�82C2k�L0353hL#u?C?%qu`/`L�7D%,1z_`147G_NC2+,+b/F��35BG_`%,70%(1t-0_`B{-D357
LG3]+,'e_21jI4+(82C`J
�4I4C?+(35+(LG/<|<8�I<L0351d3]70%('e3]B08�%,8�70%"�����¥J�70%qu�Ip-0/y7DI4C?70%qL0L035+,3hu`/21j¸±/2o�J(-0_2B�-D357DL035+('N_21¤²v�\Q�" s µ�L�/^J
�z/2I48�703]7070/<;±P�%,7G_`8�7D%�-0_2B�-D357DL035+('e%(707G_&u?C?%(Hz/?/21lkga2��H<a�1gL�_2_tLG/2I47
L�/^Jf/2%,143]%,7
LGC^-0/<|�8�I<LG3]1m$&BDIgn¢J
+,%,��k<%,1�H<35'yC?E?BG/^¯±/2��C?k^-0/2%(70357D7G/�-0_`B{-D357
LG3]+,'e_27070_�²«$VBDIº" s µ£;�Q�I<C?B0%qLGI48�703]1F/2%,8^/214/�-0_2B{-D3]7DL035+,'e_`L
35%(u`_`L�8�I4%(L035148^/?/`1 kga?��H<a�141z_�I4+(82C?�4I<C?+,%(7DL�/lLG%(3]L0Cg/m7DI4C?7D%(LGI<7DLG3]1�LGI4C`L�/2141<C?7070/<|z-DC27DL�/�7035I�J
BG/?/j7D32|¡3]L0LG_F-0_2B�-D357DL035+('e%(351 7D%,70_2+(LG_2'N_lLG%(3]L0Cju?C?%�C?+,+,/m14_282�?8�I4+('N/`+(L�/2/21�B0/p-DC?%qL0LGI<1�I�L0L�/t-0/
'eC?1<%,�4I4C2+,%,7DI4I4H43]+(LG/?/21�7DI4�4��3}/?/<|�35%(8^_&u`_2+qL0L�_`'N_`LDL�_#7D%,7G_`+,+b_&/p-0/`1�LG/27G/`%,7DLG/&L0%,3hLGCg/V82C2k�L035%(7DL�/�|
8�I�LG351m357D%,'y35BD8�%(8�70%�35+(C?8�I<u`/`LG35/`L0L035BD35%,H<351K8�I4+,I<u`/21Ku�%,%(82C?1KC?k^-D3]+,'y%,7
LGCg/<;

O�7D%,'y35BD8�%(8�70%�35+,C28�I�u2/^LG3}/^L0LG3]B0%(707G/�3570%qLG3hL0L�_}u`_21�3]+,C?8�I<u`/21�u2/`+,%,1gLG/?/21�u`/2%(8�I<L0LG/?/��z/`%(LG7D%�3]+,C?8�I�J
u2/`1¶hfk�a�u�a�a�7�i�|`'�a?�27¡'y%,7D7G_�-0/['y%,k4%(1&/2%,8^/?/`1�3]+,C?8�I<u`/?/¨357D%(LG3hL�_?_`1";p$&_�a�LDL�_p-0_21�8^/2141z/2+qL�/¢u?C2%
'�a?�?7�C?+,+,/#C?+,3]35+(+,%,7
L�/#LG%(3]LG_?_�3]+,C?8�I<u`/?/`1V-0/�3570%qLfa�70�z/2%(8�8`/2/21�+,%(%(LDLfa�u�%,_#7035+(+b/2%(70%,/�LG%,3hLGC^-0/�|}-DC2%(L�/
70I4C?7D%(LDLG35+(I^-0_2B�-D357DL035+('N_21lLG/2B{-DCg/�-0/e35%RC?+(3&L0I4+,+(I<L�/p-0/`L035+,+(353]8�7D%M;zO�+,C28�I�u2/`1y-0/e3]+,C?8�I<u`/`L03}/`LDLG3hJ
B0%,1du`/2+(%,1gL�/2/21ju?C2%©357D%,'y35B08�%(8�7D%�u`/2%,8�I<LDL�/?/�7D32|��z_2_2703]3582��-DC?I48�8`C?+,%(%,823]14143ha�kgL03]a�8�70%,+(+b_lC?%(823hJ
/?/21�/2%,8^/?/21K3]+,C?8�I<u`/`L03}/`LDLG35BD%,+(+,3�-0/F357D%(Lfa�8�703]1e-0_2+,8`35351m70%(35+qL�_t��C2%,75|4LG/2%�70C�u235+(L0I4I48`CNLG35/`L0L035B0%
'�a?�?7��ga2�?BG_`L0I4C?+(%,+,+,/�+(%,%,8�8�I<u�%,+(+,3`;^Z¡/2BD8`/`7DLG3]+,8^/?/2'y'y3~703]I4BG/2/�u`/?/V3]70%,'y35BD8�8�%(8^_�a�LDLG�2LG/2�z/2I47
L�/<¦

ÐRª�´=´ÒÑC§+®IÑ�¤=«Hª=ÓÔ¢+«Õ«�¢Ö«�§w×�ª=°�©4©¡Ñ�´Ò§+ �ØZ°�©4©Ùª�´=´Ê©7 �«Hª)Ú�ÛÜ´Ò§+ �Ø�°�©7®Ý¤�ØZ´µª¬«Hª�§7´=´Ê©ßÞ¬¨4£+°�¢ºà
¥w©P«�Ñ�®@¤�Ø�´µª¬«Hª` �ØZØZ´µØ�©Ý¤s§+ª=ÓQª=®�¤s©�Ñ�´Ò§+ �Ø�°�ª)Ñ�®âá4Ñ�®ºã¦ÑÕÑ�®ä¥w©I§7´=´Ê©ß«�©l´=´µª�¤)¤�ØA©l´=´ÒÑäålæl¯
°�Øº§7¤�ª�©7ª�´=´ÒÑ�Ú}ç/ª¬«�¢7 �«HªèÑ�´Ò§+ �Ø�°�©l¤pÑM©l¤�¤pÑ�ãHª=®¡×�ª�¤s¢7ª¬«Hªè§7´=´Ê©Ô¥�§+ �ª=®â©l´=´ÒÑ* �ª�´Ò§+Ó�Ñ�¤�ãHª=®�«�¢l¯
¤pÑÕÑ�´=´Ê¢�«Hª�¥w©7ª�¤=«�Ñ�°�ª¬«w¤)©C¤sÑM©l¤�¤pÑ�ã¦Ñ�ª¬«w¤)©+Ü®<¢7£+¤s²+ �«�Ñ�®*×�ª�¤s¢7ª¬«Hª}§7´=´Ê©* �´Ò§Uå�é�¯pê�ëì°�¢l´µª�´=´Ê¢è¥w©
¤pÑM©l¤�¤sÑ�ãwª=ª=®*×�ª�¤)¢7ª¬«Hª	×Z¢4¢+«w¤)¢e×�£l²+ã¦¢l¤�Ø�§7´µª�´=´Ê©�Ú

A�35BD%,1gLG3]%,7
LG351 70I<C?70%qL0LG3]+,I^-0_`B{-D357
LG3]+,'y%,351d/�u�I4+(+b/e)�%,+(+,3�L0C�H<35141z_`82�?%(70357
LG%�+(�pa�LG_2%,7D%�I47D35%(LG/�h�kgagJ
u�%,_�ie35+(C?8�I<u�%b/<|¡'�I<L0LG/d703]+(u�%(LDL�_?_28�7D35351�|©'e%qLG8^_j14%(%,7
L�_j�ga?�2B0%(u`_`L�+b_2k4%(703]I4H4I41�LG35/`L0L035BD35%,7D7G/<|
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kz_21m-DC?I�LGI4%(70%�kz/2823]'N/2/21�70I<C?70%qL0LG3]+,I^-0_`B{-D357
LG3]+,'e_21 +(%,7G_`8�7D%�L0%,3hLGCg/m'�a?�?7�'�I4%,7
L�/m+b_2kgLG3]%,7
L�_<;
YV+(3]LDL�/23]1"|g3]LDLG35%z)�%,+,+(3\351gLGI<I4H4357
L�/?/`1NLG%(35Hz_�'e%qL�_#35+(C?8�I<u`/`LG35/`L0L035BD35%(LG/�C21N+b_`k4%,7D35I4H4I<+,+b/�|2351�J
70%,'y'e_2%,7D358�70%¡kz_2143]1��4%qL�_?_�7D35+qu�%qL0LG_?_<|�'y%(LG_eLG35/`L0L035BD35%(LG/lC?1�L�/2B�-DC?+,+,/�/214143hLGI41 3]LG_2%,7
a�a�H<351
70%,70_2+,+,_l3570%('e3]B08�%,8�7D%~$V35+qL�/2%(703hL�7D%(u�I<L�JMLfa�a��<�4%,7D351��z/2+qu?3]+,I41�/}u�I4+(+b/<;�Z¨_2'e_21m-0_`+,823]351�8�I41�J
8�%(1 3]+,C?8�I<u`/`L03}/`LDLG35BD%,1�í�Sf1gLG35BD143]L
Jf7D%(u�I^-D351ª8^/2I<LDL�/m+,��a�Lfa�a¤L0C�H43]141z_28`�?%,7D357
LG%~3]+,C?8�I<u�%(351�3]70%qJ
Lfa�70/p-0/`L\a�'y7~LG%(3]LGC?/<;�O�+(C?8�I<u`/`LG35/`L0L035B03]%,H43]148^/?/21l7D%(u�I4%,+qL�/�35%"8�I4%qLG351<8`/2/21�u`_2+(LDL�_2'e_`L0LG_�+(��a�J
H<ay8`/`%,8�8235/�LG%(3]L0Cg/<|g3]L035148^_?_`1�703]+,+b/`%,7DLG/<|h-DC?1<8`/¢-DI4+,8^/2%(703]'e%(14351FC?1�3]�z_23]H4I4+,+(%,7
L�/#LG35/`L0L035B0%(+,+(32;
O�7D%,'y35BD8�%(8�70%�3]7DL0353]LDLG�?'�a�a�7
LG%,3hLGC^-0/F35%�+,��a�Lfa�1�a�L�6�3]+,7D%,14E?%(1�-DC?kgL�/}u�%,3]1l35+(C?8�I<u`/`LG35/`L0L035B03]%,H43]1
Sf1�L035BD143]L
Jf70%qu�I4%,+qL�/7î];~Z¨_2+(+b/2%(70351êLG%(35H4C?1¤-DI4+,8^/2%(7035'y%,1<351�C2+,%,7D%\LGC�H4351414_282�?%(703]7DLG%�-DC?148�%,1¥8`C?+qJ
'N/21<14351�C?7G/2�<I4C?+,3]1"|�8�I<LG3]1�70C?7D%b/?/`+,%qJ¡-0/mLG3]BDu23]a�7Du�%,B0/214C?'e/2%(7DLG3]1 L�/`%�/`%,k43]35703]351�+(%,%qL0Lfa�u�%,351
-0_2B{-D3]7DLG�p-D351"|z%(1�L0B03]70703]%,7D7G_<;

cjC?14%(+b_2kgLG3]%,7
LG351�70I4C?7D%(LDLG35+(I^-0_2B�-D357DL035+('e%(351t��'�I4+(L0%qJ�70C?I4BD�53¡B035�]C?'y'e3]14H435BD75|}'y3]LG/¢B03]�5C?'y'e3]1�J
H435BD7h�\LG/�u2C?%(LDLG3]351z/NC21dBG/`L08^/2%,7
L�/e3]H435+(+b_y8�I�u2/^L0LGIjC?14E?3]+,'e/FLG/2B{-DCg/`'N/2+(+b/�8^_}a�L0L�_�-0_2+,+(3�8^/2%(8gJ
8�%¨u`/2+,%(141z/21�L035823]'e%(703]1�8`/`141z/2+qL�/¤C?+,3]35+,+(%,7D3]LtLG%(35H4C`Lya�k4H<351�8^_}a�LDLG�?+(%,%qL0Lfa�'N_`1 /}u�I4+(+b/<|�-DC`J
8`/lk�I4C?'y%,C2%©703]8`_K70I<o�-D358gLG%(%(u�%,7D3]L�'y%,35+(%,�4%qLG3]3]L�3]L0LG_m8^_}a�L0LG_p-0_21¤u2/`+,%,1<1z/21�8^/2141z/`+(L�/lC?+(353]+,+,%¬J
703]Ly'�I<I<LyBG/p-DC?%qL0L0353]LFkga2��H<a�1gL�_`351 -0/da�k4H4%(7DL�_`351ªLG%,3hLGCg/�I47D35%(7DL�/�LG%(3]L0C?+b_2kgL035%,7
L�_���8gLG7y8�I�J
u2/�9��¢²=Q���k4><�g|�Q<$&´�>g9�µM;�cjC?1<%,+b_`k�L035%(70357D7G_�70I4C?7D%(LDLG35+(I^-0_2B�-D357DL035+('N_27D7G_&8^_�a�LDL�_p-0_21N35%�%(LG7D3[LG/2B
J
u�%qLG7D3�kz/`823}/NL0%,3hLGCg/FI4703]%,7
L�/N3]B0%�+b_2kgL035%,7
L�_#-0/N/27D3]L0LG/?/e8`C?kgLG3]%(L�/y�z/2BD35'y'�I4I47�-0_2B{-D3]7DLfa�8�70353]1"|
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