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àÈá ZNxknpf2wpf2â2nãmY^2w2npcdc�jkekZ;�b�J��aAZYcåä±�½lkæQnã� á nyâ á wp��mof2cd\kwpnãmY^SaAZ]��^2e4��^2\k\�Z]^`_{�?abf,xCZN\k_AZ]monã�bZYwp�+aAjkekZ��
abfßa á ZË\k_Af2xkwpZYcçf2gÈ�kZoabZ�mUaAnyekâÜ^2e4�èZYwpnycdnpe4^SaAnyekâ-npeJg±Z�mUabnpf2eC�YéËê�ZËxCZ]wynpZYë
Z�a á ^`a�a á ZË�½lè\k_AfSë�np�JZ��
^�mof2cd\�ZYwpwynpekâ�Zoìk^`cd\kwpZ[f2gQ^�cd^
�b�bnpë2ZYwp��íÂ\C^`_{^`wpwyZ]w4^2�k^2\Jabnpë2Z,npeJg±f2_AcË^Sabnpf2ekíÂ\k_AfJmoZ��b�bnye4â��½�J�½abZYc
q�f2e4Z
î á nãm á î Zèm]^`eH�½abjC�J�(g±f2_Ãa á Z�\kjk_A\�f
�bZèf2g��JZ]�bnpâ2eknpekâ=x�ZoababZ]_
^2_½aAn�ï�monã^`w��½�J�½abZYcË�]é àÈá Zè�½lðnp�mof
cd\CZ]wywpnye4âuxCZ�mY^`jC�½Z
nya�Zoì á npxknyaA�ËcË^`e��ñ\4_bf
\CZ]_½aAnyZ���a á ^`a î Z î f2jkwã�Øwynp�2ZßaAfunye4mYf2_A\Cf
_A^`abZßnye�aAf^`_babnyïCmYnp^2wP�½�J�½abZ]cd�]ò��®a�np���Jnpë2ZY_{�bZ2qQ�knp�½ab_Anyx4jJabZ���q�ZY_A_bf
_�abf
wyZ]_A^2e
a�qQ�J��e4^2cdnpm2q0�bZYwygÏí®c�f
eknyabf2_Anpekâñä±f
_
�bZYwygÏí®^ î ^`_AZ�æ,^`eC��^
�k^`\kaA^`x4wyZ
é àÈá Z��½Z�\4_bf
\CZ]_½aAnyZ���â2npë2Z�a á Z��½l moZ]_½a{^`npe��
ZY��m á ^`_{^2moabZY_Anã��aAnpm]�,a á ^`acdf
�½a$^`_babnyïCmonã^`wL�b�J��aAZYcË�NabfJ�k^���wã^2m{�Ñò0_Af2xkj4�½abe4Z]�A�Yqk^
�k^`\JaAnyë�nya���^`eC�Ã^2jJabf
ekf2c��2é

ó+ô2õYö�÷{øÂù�úo÷{÷ np�Q^[mYf2e4�bZ]z�jkZ]e4moZ�f2gJa á ZPgÅ^2mUaQa á ^`aQa á ZP�½l�np�Q�Jnyë
ZY_{�½Z
qS�Jnp�½ab_AnpxkjJabZ���q`�J��e4^2c�nãmE^2e4�
ZY_A_Af2_$aAf2wpZY_{^`e�a]é�û�üÏý úYþ{÷ ü øÊÿ npc�\4_bfSë
Z]�$_Af2x4j4��aAekZ]�A�+f2eÜx�f`a á ^Ã\Cf
\kjkwã^Sabnpf2eè^`e4� nye4�knyë�nã�Jj4^`w0wpZYë
ZYwÂq
g±f2_�ZYìk^`cd\kwpZ2q?�Jn � ZY_AZYe�a�\CZ]f2\kwpZË^`_AZ�ë�jkwpekZ]_A^2xkwyZ�abf-�Jn � ZY_AZYe�a�nyekg±Z]mUaAnyf
e4�]é àÈá Z��½l nã���Sü ÷UøÊþ ü õYöJø�ú �
npe=^-_Af2xkj4�½a�gÅ^
� á npf2e?ò��®a{��cË^`e�� mof2cd\�f2ekZ]e�aA��npe�abZ]_A^
mUa�wpfJmY^`wpwp� aAfÜ\k_AfSë�nã�JZËâ
wyf
x4^`wi\k_bf2abZ�mUabnpf2e?q
�bf�a á ZY_AZ�nã�,ekf
moZYe�aA_A^2w0mYf2e�ab_Af2w0^`eC� á Z]e4moZ�ekf
�½npekâ2wpZ�\Cf
nye�a�f`gEgÅ^2nywpjk_AZ2é àÈá Z��½l np��� ÿSù���� ü
	dnpe
a á ^Sa;nyeC�Jnyë�nã�Jj4^2wÑmYf2cd\�f2ekZ]e
a{�È^`_AZ+mof
e�abnpe�jC^`wpwy�Ëmo_AZ]^`abZ���qJ�JZ]�½ab_AfS�2Z���q�^2e4��mYny_{moj4wp^`abZ]��a á _Af2j4â á f
jJa
a á Z�x�fJ�J�2q î á npm á nyeCmo_AZ]^2�bZ]�$a á Z�aAZYcd\Cf
_A^2w�^`e4�è�½\4^`abnã^`w��Jnpë2Z]_A�bn�a��
f2gEa á Zd�½lÑéL�5npe4^`wpwp�2qÑa á Z��½lÜnp�_Af2xkj4�½a�abf-Z]_b_Af2_{��ä úoþUþAôSþËø�ô��yúYþ��SùCø æ,x�Z]mY^2j4�bZda á ZËZ � Z�mUa�f`g;^`e�� �bnpekâ2wpZd�½lè^
mUaAnyf
eènã���bcd^2wywÂq?�bf-^
g±Z î cdnp�½aA^2�2Z��Ènye
mowã^2�A�½nyïCm]^Sabnpf2e
^`eC��_AZ]�b\Cf
e4�bZ�^2_bZ,ekf2a[mY^Sa{^2�½ab_Af2\ á npm2é

àÈá ZË�½l nã� � � ��
�ø��2õ��yú npeèa á ^Sa�nya�mY^2e�wpZ]^2_be abf-_AZ]mYf2â2e4n��]Z�^2e4� _AZ]�b\�f2e4� abf
ekZ î npeJg±Z]moabnpf2e4�^`eC�u_bZYaA^2nye=^ècdZYcdf2_A��f`g$a á f
�bZ�npeJg±Z]moabnpf2e4��aAfÜgÅ^2mYnywpnyaA^SaAZ�g±jkabjk_AZÃ_AZ]�b\�f2e4�bZ]�]é àÈá nã�d^2�k^2\Jabnpë�n�a��
nã��cË^2�JZË\�f
�A�bnyxkwpZ�x��Üa á Z�� ÿSù���� ü
	�g±jke4mUaAnyf
eknpekâÜf`gÈa á Z��½lÑq î á npm á Z]e4^`x4wyZ���a á Z��½lèabf �Jnã�AmY^`_{�mof
cd\Cf
ekZYe�aA� î á npm á ^`_AZ,j4�½Z]wyZ��b�Èf
_$�k^`e4â2ZY_Af2jC�N^2e4��abfdnycd\k_AfSë2Z�f
eÃZYì�nã�½abnpekâËmof2cd\�f2ekZ]e�aA�]é

àÈá Zd�½lÜnp� �`öJø®ô`ù�ô��ËôSö�÷ nyeèa á ^Sa�a á Z]_bZdnã�,ekfÃf
jJaA�bnã�JZËmof2e�aA_bf
wQ_AZ]z�jknp_bZ���qL^`eC�-a á Z��½l nã�,^2e



npe
aAZYâ
_A^`abZ]��\4^2_½aEf2g�a á Z;x�f��k�2q�^`e4� á Z]e4moZ;a á Z[�A^`cdZÈcdZ]m á ^2eknp�bcË�0a á ^SaPcdf2e4n�aAf2_E^`eC�d\k_bf2abZ�mUa�a á Z
_AZ]�½aif`g?a á Z�x�f��k��^`wã�½f�c�f
eknyabf2_È^`eC��\k_Af`aAZ]mUaia á Z��½lÑéJ�4jk_½a á ZY_Acdf2_AZ2q
a á Z��Jnã�½ab_AnyxkjkabZ]�Lq��kZ]moZ]e�ab_{^`wyí
n �YZ]�Üe4^SaAjk_bZ�f`g0a á Z��½l-mYf2e�ab_AnpxkjJabZ��;aAf�nyaA�,^`jJaAf2ekf
c�f
j4�$eC^Sabj4_bZ
òÈs[f`a,f2ekwp�
np�[a á Z]_bZ�ekf�f
jJaA�bnp�kZ
mof
e�ab_Af2wÂq`xkjJaia á Z]_bZ$nã�Ee4f î ^���f`g�nycd\�f
�bnye4â�f2jJa{�½nã�JZ$mYf2e�ab_Af2wkf
_EZYë
ZYednpe4�½nã�JZ
q�mYZYe�ab_{^`wpn��]Z]�dmof
e�ab_Af2wÂé

àÈá Z��½Z�\4_bf
\CZ]_½aAnyZ��Èf`g0_bf
xkj4�½abekZ��b�]qk^2�k^2\JaA^2xknpwynya��2qJaAjk_AekfSë2Z]_Nf2g0mYf2cd\�f2ekZ]e
a{�YqC^`e4�
^`jkabf2e4f2c��
^`_AZ
mowpf
�bZYwp�u_bZ]wp^`abZ]�=abf�a á Z-�JZ]�bnyâ
e�\4_bnpe4monp\kwpZ]��f`g�mof
cd\kwyZYì=^2�k^2\Jabnpë2Z
�b���½abZ]cË�Ë^`_babnãmojkwã^SaAZ]�ñx��
�$f
wywã^`eC�=npeLqig±f2_dZoìk^`cd\kwpZ2q � ��� q � ���Âé �4jk_½a á ZY_Acdf2_AZ2q�a á Z-npc�c�jkekZ-�b���½abZ]cM^`\4\CZ�^`_{��aAf _bZ��4Z]moa
cË^`e��u^2�b\CZ�mUa{��f2g[^ÜwpZ]�A� î ZYwpw�í�^`_babnãmoj4wp^`abZ]�u�kZ]�bnyâ
e=^`Z���a á ZoaAnpm�nywpwyjC��aA_A^`abZ]�ñx��u�[f2wpwp^2e4�	� ��â
ZYekZYabnãm^`wpâ2f
_bnya á cd�]q[mYwp^
�b�bn�ïCZY_
�½�J�½abZYcË�]q+^2e4��
im á f4é hif
c�cdf
eðg±Z]^`abjk_AZ]�ßnpeða á f
�bZ��b�J��aAZYcË�ßnyeCmowpj4�JZ2ò
ï4ekZYíÂâ
_A^2nye4Z]��_AZY\4_bZ��½Z]e
a{^SaAnyf
e4�È^`e4�
^2moabnpf2e4�]qJZYcdZ]_bâ
ZYe4mYZ,f2g5mYf�f
_A�knye4^`abZ���x�Z á ^�ë�npf2_�qkmof
c�\�ZoaAn�aAnyf
e
^`cdf
ekâÜmof
c�\�f2e4ZYe�aA�]qQ_{^`eC�Jf2c ë�^2_bnã^SaAnyf
eLq5ZYë2f
wyjkabnpf2eLq0^`e4�umYwyf��½Z�mYf2jk\4wynpekâ î nya á ^-\�ZY_A\�ZoabjC^`wpwy�ekfSë
ZYwÑZYe�ë�ny_Af2e4c�Z]e�a]é

�;Z]\k_AZ]�bZYe�aA^`abnpf2e4�d^`eC�Ø^
mUaAnyf
e4�dnyeØa á Z-nycdc�jkekZÜ�b���½abZ]cM^`_AZßï4ekZYíÂâ
_A^2nyekZ��*äÊ� á f
_½aË\k_Af`aAZYnpe
g±_{^`â2cdZ]e
a{�Yq�m]^`wpwyZ��u\CZ]\Jabnã�JZ��YqE^2_bZËa á Zßx4^2�bnpm�jkeknya�f2g$_bZ]\k_bZ��½Z]e�aA^SaAnyf
eCæUé hif á Z]_bZ]e
a�mof�f2_{�Jnpe4^SaAZ]�
x�Z á ^�ë�npf2_?^2_bnã�½Z��Eä±f
_ ú��dúYþ
��úU÷ æ�g±_bf
c*a á ZEnpe
aAZY_{^2moabnpf2e4��f2gkwynyabZ]_A^2wywp�$aA_bnpwpwynpf2e4�?f`gkmoZ]wywã�?^2e4��cdf2wpZ]mYjkwpZ]�]é

P^
m á npe4�Jnpë�np�kj4^`w�^2mUaAnyf
e�f`g�a á ZEnpcdc�jke4ZP�½�J�½abZ]c äÏg±f
_bcdnpekâ$^$m á Z]cdnpm]^`wSx�f2e4��qS�bZ]mY_bZYabnpekâ;cdf2wpZ]moj4wyZ��
g±_Af2c ^�moZYwpwÂq4��nywpwpnyekâ�^��½npekâ2wpZ�moZ]wywÂq4ZYaAm2é æ�np�+^`wã�½f�ï4e4Zoí®â2_{^`npekZ]��éNv$ekf2a á Z]_$g±Z�^Sabj4_bZ�f2g5a á Z��[f2wpwp^2e4�
�JZ��½npâ2e ^`Z���a á ZoaAnpmÜnp�da á ZÜekf2abnpf2e f2g�mYf2cd\�Zoabnyabnpf2e(g±f
_��bjk_bë�npëS^`w[^2c�f
ekâ�a á Z x4^2�bnpmÜjkeknyaA��f2g�^2e
^2�4^`\JaAnyë
ZP�½�J�½abZ]cßé àÈá nã�?nã�Q�bZYZ]e�npe�a á Zinycdc�jkekZÈ�½�J�½abZYc î á Z]e�npe4�Jnpë�nã�Jj4^2w
npcdc�jke4ZimoZ]wywã�5mof2cd\�ZoaAZ
î nya á f2ekZÈ^`e4f`a á ZY_5abf�xknpe4��g±f2_AZYnpâ2e�^`e�abnpâ2Z]eLé?��cdc�j4ekZ;_bZ�moZ]\Jabf
_A�5^`_AZNmY_bZ�^SaAZ]��_A^2e4�Jf2cdwp��a á _Af2j4â áâ2Z]ekZoaAnpmÃ_AZ]mof
c�xknpe4^`abnpf2e4��^`e4��c�jkaA^SaAnyf
e4�]é=t-jJa{^Sabnpf2eC��aA^`�
ZÃ\4wp^
moZ î á ZYe�â2ZYe4ZÃg±_{^`â
cdZYe�aA��^`_AZ
� f2npekZ��ñnpe
aAf�^��bnyekâ
wyZßâ2Z]ekZèä � jke4moabnpf2e4^2w$�Jnyë
ZY_{�½nya��kæ�^2e4�=�Jj4_bnpekâ ^��Ëeknya��ucd^`abjk_{^SaAnyf
eHäÊ�½f
cd^`abnãm
á ��\CZ]_bc�jJaA^`abnpf2eCæoé�
Pë2f
wyjJaAnyf
e4^`_A�d\k_Af�mYZ]�A�½Z��N\kwp^��Ã^�mYZYe�ab_{^`wÑ_Af2wpZ�nyeßa á Z��[f2wpwp^2e4�ß^`Z]�½a á Zoabnãm`é àÈá Z
npc�c�jkekZ��b�J��aAZYc nywpwyjC��aA_A^`abZ]��a á Z�jC�½ZËf2gNZ]ë2f2wpjJaAnyf
e ^
��^`e Z]ekâ2npekZËf`gÈnpekekfSëS^SaAnyf
e�npeunyaA��^��de4n�a��
cË^SaAjk_A^`abnpf2e�f2g��ií®mYZYwpwp�Qnpe�_AZ]�b\Cf
e4�½ZEabf+g±f2_AZYnpâ2e�^2e
aAnyâ
ZYeLq î á nãm á z�jknyabZÈmowpf
�bZYwp�,_bZ��½Z]c�xkwpZ]�5^$â
ZYekZYabnãm^`wpâ2f
_bnya á c î nya á f2jJaÜmo_Af
�A�bfSë2ZY_�é°�Qnpe4^2wywp�2q+a á Z�ekf2abnpf2e f`g�^2eH^2�4^`\JaAnyë
Zè�b���½abZ]c x�ZYnpekâØmYwyf��½Z]wy�mof
jk\kwpZ]� î n�a á nyaA�,ZYe�ë�ny_Af2e4c�Z]e�a]qÑ_bZ��½\�f2eC�Jnye4â�abfß\�ZY_A\CZYabj4^2wywp�-ekfSë2Z]w5�½abnpc�j4wyn�npeè^Ã�J��e4^`cdnãm�^2e4��4ZYì�npxkwpZ î ^��2qknã�[^ËxC^2�bnpm�aAZYekZYa[f`gE�[f2wpwp^2e4�	� �$ë�nyZ î f`gE^2�k^2\Jabnpë2Z��b�J��aAZYcË�]é àÈá np�[ë�npZ î nã�$\�ZY_ á ^`\C�x�Zoa½aAZY_;npwywpj4�½ab_{^SaAZ]�Ãx��Ãmowã^2�A�½nyï4ZY_;�b�J��aAZYcË�;^`e4��
Pm á f�a á ^`e
x���mof2e�ë
ZYe�abnpf2e4^2wÑâ2ZYe4Zoabnãm,^`wpâ2f2_Anya á cË�]é

ê�Z��kZ]�Amo_Anyx�Z�^Ã�½�J�½abZYc m]^`wpwyZ��ñäÅv+� à �½l W æ î á nãm á nyeCmof2_A\�f2_{^SabZ��Èa á Z]�bZ�\k_Af2\�ZY_babnpZ]�]é à f�\4_bZYí�bZY_Aë2Z-â2Z]ekZY_{^`wpnya��2qÈv[� à �½lØnp�Ã�JZ]�Amo_AnpxCZ��(nye4�kZY\�ZYe4�JZ]e�abwp��f2g�^2e��=\4^2_½aAnpmYjkwp^2_�\k_Af2xkwpZYc �Jf2cË^2nyeLé
�$f î ZYë
ZY_�qEaAfñâ2_Af2jkeC�ña á Z]�bZÜmof
e4moZ]\JaA�]q î Z ÷ ü øÂö �Sø�ú v+� à �½lØnpeð^ ekZYa î f
_b�
Z]�ñZ]e�ë�np_Af2ekcdZYe�a�^
�^umof
cd\kjJabZ]_��bZ]moj4_bnya��=�b���½abZ]c m]^`wpwyZ����?�½l���l � éPê�Z
g±f2wpwpf î �N_Af�f
�J� � ���,^`e4�Øf`a á ZY_{� � ��~�qN���+npe
x�ZYwpnyZ]ë�npekâ-a á ^Sa�n�a�np��g±_bj4n�aAwyZ��b��abf �JZ��½npâ2eunpe�abZ]wywpnyâ
ZYe�a��b�J��aAZYcË��npe=mof
cd\kwyZYabZ�nã�bf2wã^Sabnpf2e g±_Af2c a á Z
ZYe�ë�np_bf
ekcdZYe�aA�,npe î á npm á a á Z]� ZYì�nã�½a]é àÈá Z á f
\CZËnã�,a á ^`a��½nyabjC^Sabnpekâ-^`e�npe
aAZYwpwynpâ2Z]e�a�^`_babnygÅ^2mUa î npwyw�bnycd\kwpn�g±�Ãn�a�qkx�Z]mY^2j4�bZ,nya$mY^2eÃj4�bZ�nyaA�ÈZYe�ë�np_bf
ekcdZYe�aiaAfË_bZ��Jj4mYZ,mYf2cd\kjJa{^Sabnpf2eC�Yqk^2e4��nya î npwywLx�Z�wpZ]�A�wpny�
ZYwp�ËabfËnpe4mowpj4�JZ�j4ekekZ]mYZ]�A�b^2_b�dg±Z�^SaAjk_bZ��Èf2_ÈcdZ]m á ^2eknã�½cË�]é

hif
c�\4jJabZ]_[�½Z�mojk_Anya���np�[^`eßnycd\�f2_baA^`e�a[^2e4�ße4^SaAjk_A^2wL^`\k\4wynãmY^`abnpf2e
�Jf2cË^`npeßg±f2_$^
�k^`\JaAnyë
Z��½�J�½í
abZ]cË�Yéuhif2cd\kjJaAZY_d�½�J�½abZYcË��^`_AZ��J��e4^2c�nãm`q î nya á mof2e�aAnye�j4^2wywp��m á ^`ekâ
nyekâ \4^SababZY_Ae4��f`g$x�Z á ^�ë�npf2_��\k_Af2â
_A^2cd��^2_bZ$^
�k�JZ��Ë^`e4�d_AZYcdfSë2Z���q`ekZ î j4�½Z]_A�i^`_AZ;nye�aA_bfJ�Jj4mYZ]��q�mof
eJï4â
jk_A^`abnpf2e4��m á ^`ekâ
Z2é àÈá Z]�bZ^`eC� f`a á ZY_�m á ^2ekâ2Z���^`wpwpf î npe
aA_bjC�JZY_{��aAf
ï4e4�uekfSë
ZYw�cdZ]^2e4��aAfÜâ
^2nye npcd\k_bf
\CZ]_�^2m]moZ��b��aAf mof
c�í\kjJaAZY_{�Yé à _{^2�kn�aAnyf
e4^`w?mYf2cd\kjJaAZY_[�bZ]mYjk_An�a���cdZ�m á ^`eknã�bcd�[^`_AZ�wp^2_bâ
ZYwp����a{^Sabnãm�^2e4�
�½f�m]^`ekekf2a$Z]^
�½npwy�
mof
\CZ î nya á �k��eC^`cdnpm�Z]e�ë�np_Af2ekcdZYe�a{�YéEê�Z�x�ZYwpnyZ]ë2Z�a á ^Sa+^2e-^2�k^2\Jabnpë2Z��b���½abZ]c nã�$ekZ]Z]�JZ��Ãabfdab_{^2m{�x�f`a á m á ^`e4â2Z]�inpe�a á Z,Z]e�ë�np_Af2ekcdZYe�aÈ^`e4�da á Z î ^���npe î á nãm á npe�ab_Aj4�JZ]_A�iZoìJ\kwpf2nyaÈ�b�J��aAZYcË�]é5v%mof
c�í\kjJaAZY_��bZ]mYjk_bnya��ñ�b���½abZ]cM� á f2jkwã��\k_bf2abZ�mUaË^ècË^
m á nye4ZÃf
_d�bZoaËf2g+cË^2m á npekZ���g±_Af2cMnye�ab_Aj4�JZ]_A�d^2e4�
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g±f2_AZYnpâ2e-mYf��kZ2q î á npm á nã�$�bnycdnpwp^2_$nye
g±j4e4mUaAnyf
e4^`wpn�a��Ãabf�a á Z�npcdc�jke4Z��½�J�½abZ]c \k_Af`aAZ]moabnpekâda á Z�xCfJ�J�g±_Af2cçnpe�ë�^
�½npf2eèx��-nyeknpcdnpm]^`w�cdnãmo_Af2x�Z]�]é �NZ]m]^`j4�bZ�f2gPa á Z]�bZË�½npcdnywã^`_An�aAnyZ��Yq î Z á ^�ë2Zd�JZ��½npâ2ekZ�� ^2e4�npc�\4wyZ]c�Z]e�abZ]� �?�½l���l�qC^`e
npe�ab_Aj4�½npf2e-�JZYabZ�mUabnpf2eÜ�b�J��aAZYc a á ^`a[cdf2eknyabf
_A�ÈekZYa î f
_b��ab_{^���m`é1�L�½l���l�JZ]c�f
e4�½ab_{^SabZ��Na á Z�jJaAnywpnya��Ãf2g5v[� à �½l î á Z]e
^2\k\kwpnyZ��ÃabfË^d�½\�Z]mYn�ïCm�\4_bf
xkwyZ]c �Jf
cd^2nye?é
��e�Z]^`_AwpnyZ]_�\4^2\CZ]_A� î Zß\k_AZ]�bZYe�abZ��uf2j4_�_AZ]�bjkwyaA��nye=a á Z
mof
e
aAZoì�adf`g+mYf2cd\kjJaAZY_d�½Z�mojk_An�a�� � �2�`q�kq0|JqN�]�JqN� � qi�����ÂqE�kZYZYcd\ á ^2�bn��]nyekâ c�f
_bZÃâ2Z]ekZY_{^`wPmYf2e4�bnã�JZY_{^SaAnyf
e4�Yé àÈá Z�â2f�^`wif`g;a á np��\4^`\�ZY_�np�

abf�_bZ�mUaAn�g±�Øa á ^Sa]q+cË^`��nye4âua á Z�xknpf2wpf2â
npm]^`w[mYf2ekekZ�mUaAnyf
e4��cdf
_bZ mYf2e4mY_bZYabZ ^2e4� Z]c�\ á ^2�bn��]nye4âña á Z
^2�4^`\JaAnyë
Z,�b�J��aAZYcË�Ng±_A^2cdZ î f2_A��npe î á npm á f2j4_Nnpcd\kwpZYcdZYe�aA^`abnpf2e
_AZ]�bnp�JZ��Yé5��eßa á Z�ekZYì�a;�bZ]moabnpf2e ä � æ
î Z�xk_bnpZP�C��npe
aA_bfJ�JjCmoZ�a á Z�nycdc�jkekZ��b�J��aAZYc
qC^2e4�ßnye
a á Z�g±f2wpwpf î nyekâË�bZ]moabnpf2eñäÅ��æ î Z��kZ]�Amo_Anyx�Z�a á Zf2_Aâ
^2ekn �]^SaAnyf
eÃf2gPv[� à �½lÑq�g±jk_ba á Z]_[ZYì�\4wp^2nyeknpekâ�npcdc�jke4f2wpf2â2nãmY^2wQmYf2e4mYZY\Ja{� î á Z]_bZ�e4Z]moZ��b�A^`_A�2é àÈá Z_AZ]�bjkw�a{��f2gNaAZ]�½abnpekâ-a á ZÃ�b�J��aAZYc f2jJa�npe=^
_AZ]^2wPZYe�ë�np_bf
ekcdZYe�a�^`_AZ��JZ]�Amo_AnpxCZ�� nye=�bZ]moabnpf2e � é àÈá Z
g±f2wpwpf î nyekâ��½Z�mUaAnyf
e*äÊ�
æ��Jnã�Amoj4�A�½Z���a á Zß_bZ]wp^`abnpf2eñf2g+v[� à �½l aAf�mYwp^
�b�bnyï4ZY_d�½�J�½abZ]cd� � � � �®qP^`eC�ua á Z�bZ]mUaAnyf
e ^SgÏaAZY_,a á ^SaËä��
æ[xk_AnyZ��4�-�JZ]�Amo_AnpxCZ��+f2a á Z]_,�kf2cË^`npe4�[abf î á npm á v[� à �½l-cdnpâ á a�xCZd^`\k\4wynpZ]��é�5nyeC^`wpwy�
qJa á Z�\C^`\�ZY_;nã�$mof
e4mowpj4�JZ�� î nya á â2Z]ekZY_{^`w�mYf2cdcdZYe�aA�$mYf2e4mYZY_Aeknpekâ�mYf2cd\kjJaAZY_$�bZ]mYjk_bnya���^2e4�^2�4^`\JaAnyë
Z��b�J��aAZYcË�]é
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àÈá Z��½lÜmYf2e4�bnp�½aA�+f`gN^�c�j4w�aAn�aAj4�JZdf`gimYZYwpwp�,^`eC�Ücdf2wpZ]mYjkwyZ�� î á npm á nye�abZ]_A^
mUa,nye�^�ëS^`_AnpZoa��
f`g î ^��J�abfu�JZYabZ�mUa�^`e4�=ZYwpnycdnpe4^SaAZ
nyeJg±Z�mUaAnyf
j4�Ë^`â
ZYe�aA�
ä±\C^Sa á f2â2Z]e4�{æUé àÈá Z]�bZÃnpe�abZY_{^2moabnpf2e4�d^2_bZßwyfJm]^`wpn��]Z]�
x�Z]mY^2j4�bZia á ZY���JZY\�ZYeC��j4\Cf
edm á ZYcdnpm]^`wJx�f2e4�knyekâ�� �bjk_bgÅ^2mYZ]�0f`g�nycdc�jkekZ$�b���½abZ]c mYZYwpwp��^2_bZ;mofSë
ZY_AZ]�
î nya á _bZ�moZY\kabf2_{�]qÑ�bf2cdZ�f`g î á npm á m á ZYcdnãmY^`wpwp�-xknyeC�ÜaAfÃ\4^`a á f
â2Z]e4�YqL^2e4� �bf2cdZ�f`g î á npm á xknyeC�ÜaAff`a á ZY_�npcdc�jkekZ��b�J��aAZYcçmYZYwpwp��f
_,cdf
wyZ�mojkwpZ]�+abf
Z]e4^`xkwpZ�a á ZËmYf2cd\kwpZoì �b���½abZ]cçf`gÈ�½npâ2eC^`wpwynpekâÃa á ^`a
cdZ]�Jnã^SaAZ]�Ea á Z+nycdc�j4ekZ[_AZ]�b\Cf
e4�bZ2é0t-f
�½aP�½ldmoZ]wywã�PmYny_{moj4wp^`abZ[^2_bf
jke4��a á Z$xCfJ�J�dë�nã^�a á Z+xkwpf�fJ�Ë^2e4�
wp��cd\ á �b�J��aAZYcË�YqLg±f2_Ac�npekâ-^
�J��e4^`cdnãmd�½�J�½abZYc f`gN�knp�½ab_Anyx4jJabZ����kZoabZ�mUaAnyf
e ^2e4�è_bZ��½\�f2e4�bZ2q î á ZY_AZa á ZY_AZ�np�[ekf�moZ]e
aA_A^2wyn �YZ��ÃmYf2e�ab_Af2wÂq4^2e4�ßwynya½aAwyZ
qCnygE^`e��2q á nyZ]_A^2_Am á nãmY^2wÑf2_Aâ
^`e4n���^Sabnpf2e?éEX[ZYabZ]moabnpf2eÜ^2e4�
ZYwpnpc�npe4^`abnpf2e f2gE\4^Sa á f2â
ZYe4�+nã�,^Ãmof
e4�½Z�z�jkZYe4mYZ�f2gEab_Anywpwpnyf
e4�[f2gimoZ]wywã�+nye�abZ]_A^
mUaAnyekâ�a á _Af2j4â á �bnycd\kwpZ2q
wpf�m]^`wpn��]Z]�Ã_bj4wyZ��YéPv�mYf2e4�bZ]z�jkZ]e4moZ�f2gQa á np�$np�Na á ^Sa$a á Z��½lÃnp�$ë2ZY_A��_Af2xkjC��aÈabfdgÅ^2nywpjk_AZ�f`g0nye4�knyë�nã�Jj4^`w
mof
cd\Cf
ekZYe�aA�;^2e4�
^SabaA^2m{�J�Nf2eÃa á Z��½l�nyaA�bZYwyg�é

àÈá Z[\k_bf
xkwpZYc8f`gL�JZoaAZ]moabnpekâ�\4^`a á f
â2ZYeC��np�Pf`gÏaAZYe��JZ��bmY_bnpxCZ��Ë^2�0a á ^SaNf`gL�Jnã��aAnye4â2jknã� á nyekâ�
A�½Z]w�g��
g±_Af2c�
½ekf
e4�bZYwyg�� ä î á npm á ^`_AZ�ZYwpZYcdZ]e
a{�,f`g�a á Z�x�fJ�J�2qL^2e4�-\4^`a á f
â2ZYeC�Yq�_bZ��½\�Z]moabnpë2Z]wy�kæUé��$f î ZYë
ZY_�qcË^`e���\C^Sa á f2â2Z]e4��^`_AZÈekf`a á ^`_Ac�g±j4wÊq�^`e4�d^`e�npc�c�jkekZ$_AZ]�b\�f2e4�bZNabf�ZYwpnpc�npe4^`abZÈa á ZYc8cd^����k^`cË^`â
Z
a á Z�x�fJ�J�2é ��eða á Z]�bZ�m]^2�bZ]�Ãn�a î f2jkwã�ðx�Z á Z]^`wya á nyZ]_ße4f`aßabfØ_bZ��½\�f2e4�Lq+�bf�nya î f
jkwp�ðxCZ cdf2_AZ^2m]mojk_{^SaAZÈabf��A^���a á ^`aEa á Z+\k_Af2xkwpZYc gÅ^2mYZ]�dx���a á Z[�½l�nã�Pa á ^`aPf`g?�Jnã�½abnpekâ2jknã� á nye4â�xCZYa î Z]ZYe�� �Sþ ���{ö �ekf
e4�½Z]w�gÑ^`e4��ZYë
ZY_A��a á npekâ�ZYwã�½Z � � |Jq � ���®éQê�Z$^2�Jf
\Ja0a á Z;ë�npZ î \�f2npe�a5a á ^Sa�
bekf2eC�½Z]w�g��+nã�E�½��ekf
e���cdf
j4�
î nya á ^2e��Ã\4^`a á f
â2Z]e
a á ^`a,nã� á ^`_Ac�g±j4w?aAf�a á Z�x�f��k�2q�^`e4��
b�bZYwyg���nã�+�b��ekf2e���cdf2j4� î n�a áÜá ^2_bcdwpZ]�A��bjkx4�½aA^`eCmoZ]�]qJnpe4mowpj4�Jnpekâ�^`wpw�ekf
_bcË^`wpwp�dg±jke4mUaAnyf
eknpekâ�moZ]wywã�;f`gQa á Z�x�fJ�J�2é

� e4mYZÃ\C^Sa á f2â2Z]e4� á ^�ë2Z�x�ZYZ]e��JZYabZ�mUabZ���qEa á Zß�½luc�jC��adZYwpnycdnpe4^SaAZßa á Z]c nyeØ�½f
c�ZßcË^`eke4ZY_�é
X+n � ZY_AZYe�a�\4^`a á f
â2ZYeC� á ^�ë2Z�abf-x�Z�Z]wynpcdnyeC^SabZ���nyeu�Jn � Z]_bZ]e�a î ^��J�YqL^2e4� î ZËmY^2wyw0a á Z�moZ]wywã��f`gNa á Z�½l
a á ^Sa�^
mYmof
cd\kwynã� á a á nã� ú��[ú 	 ø�ôSþ{÷ é àÈá ZdZYwpnpc�npe4^`abnpf2e \4_bf
xkwyZ]c gÅ^2monpekâÃa á Zdnpcdc�jkekZd�b���½abZ]c np�
a á ^Sa�f`gim á f�f��½npekâ�a á Z�_bnpâ á a�Z � Z]mUaAf2_{�$g±f
_,a á Z�\4^`_babnãmoj4wp^2_+��npe4�Üf2gP\4^Sa á f2â
ZYe-aAfÃx�ZdZYwpnycdnpe4^SaAZ]��é
ê�Z�� á ^2wywÑaAf2j4m á f2e4wy��x4_bnpZP�4��f2eÃa á Z�\k_Af2x4wyZ]c f`g5ZYwpnycdnpe4^SaAnyf
eLqJf2_;_AZ]�b\Cf
e4�bZ2q�nye-�bZ]moabnpf2e
�ké � ��a á Z
cË^`npeßg±f�mYj4�Èf`g5a á np�;\C^`\�ZY_;nã�Èf2eßa á Z��kZoabZ�mUaAnyf
eÃ\k_Af2x4wyZ]cßé
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��e�a á nã�i�bZ]moabnpf2e î Z+�JZ��bmY_bnpx�Z$a á Z,^2_Am á nyabZ�mUaAjk_bZ[f`gLf2j4_N^2_½aAn�ïCmYnp^2w4npcdc�jkekZ��b���½abZ]c äÅv[� à �½lkæoékv[�Èíà �½l�nã�Emowpf
�bZYwp��cdfJ�JZYwpZ]�df
e�a á Z$xknpf2wpf2â
npm]^`wJnpcdc�jkekZ+�½�J�½abZYc
q�^`e4�d�bf�nye�a á Z[mof
jk_A�bZ;f`g��JZ��bmY_bnpxknpekâ
v[� à �½lÑq î ZÈ� á ^2wyw��JZ��bmY_bnpxCZia á ZNZ�z�jknyëS^2wyZ]e
a5xknpf2wpf2â2nãmY^2w
cdZ�m á ^`eknã�bcd�?a á ^Sa�nyeC�½\knp_AZ]��a á ZNc�fJ�JZ]wÊé � g
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ekZ�moZ]�A�bn�a��
q�a á ZNnycdc�jkekf2wpf2â
npm]^`w��JZoa{^`npwp� î npwyw�x�ZN�b\4^`_{�bZi^`eC��g±_A^2â2cdZYe�a{^`_A�L��g±f
_0^+�JZoa{^`npwyZ���fSë
ZY_Aë�npZ îf`g0npc�c�jkekf
wyf
â2�da á ^Sa$nã�;��aAnywpw?^2m]moZ��b�bnyx4wyZ,abfdekf
eJí®nycdc�j4ekf2wpf2â
np�½aA�]qJmof2eC�½jkwya � � �����`é

����� �	��

����������������������� �!�#"

v$wpwE�Jnã�bmY_bnpcdnyeC^Sabnpf2e xCZYa î Z]ZYeè�bZYwygN^2e4�Üe4f2e4�bZYwygPnpeÜa á Z��½lÜnp�,x4^
�½Z��Üjk\�f2e�m á ZYcdnãmY^2w5x�f2eC�k�+a á ^`ag±f2_Acçx�Zoa î ZYZ]eè\k_Af`aAZYnpe�m á ^`npe4�Yé à fß\4_bZ��½Z]_bë
Z�â2Z]ekZY_{^`wpnya��2q î Z�cdfJ�JZ]w�\k_bf2abZ]nye m á ^`npe4��^2��x4nye4^2_b��½ab_Anyekâ��Ef2g�ïkìJZ]��wpZYe4â`a á�$ é àÈá Z[�½ldc�j4��a;�Jnã��aAnye4â2jknã� á �½Z]w�g�g±_Af2c°ekf
e4�½Z]w�gLxC^2�bZ]�Ëf
e�\k_Af`abZ]nyeC����v[�Èí
à �½l�^2�k�J_AZ]�A�bZ]�0^+�bnpc�npwã^`_�\k_Af2xkwpZYc
q î á nãm á î Z;�JZYï4ekZ;^2�5g±f
wywpf î �Yé àÈá Z;�½ZYa�f`g�^2wywk�½ab_Anpekâ
�5f`g�wyZ]ekâ`a á
$ g±f
_bcË�N^�jke4nyë
ZY_{�½Z
q&%�q î á nãm á nã�N\4^`_babnyabnpf2e4Z]�Ënpe�abf�a î f��Jnp� � f2npe�aÈ�bjkx4�bZoa{�Yq î á npm á î Z,mY^`wpw��½Z]w�g�q('Èq^`eC��e4f2e4�bZYwyg�q*)}ä±nÂé Z2é+%-,.'0/1)uq2'031)4,.52æoé5v+� à �½l�gÅ^2moZ��E^��Jnã�bmY_bnpcdnyeC^Sabnpf2e�f2_EmYwp^
�b�bnyïCmY^`abnpf2e
aA^
�½�Ñò76,nyë
ZYe�^2e�^`_Axkn�aA_A^2_b����aA_bnpekâ�g±_Af2c8%�q�mowã^2�A�½nyg±��nyaN^
�EZ]n�a á ZY_Nekf2_AcË^`w?äÊmof
_b_AZ]�b\Cf
e4�Jnpekâ�abf��½Z]w�gAæ
f2_$^2ekf2cË^2wyf
j4��äÅmof
_b_AZ]�b\�f2e4�Jnpekâ�abfdekf
e4�½Z]w�g{æ:9�é

v+� à �½l mY^2eÜcË^`�2Z�a î fÃ��nye4�4�[f2gi�Jnã�bmY_bnpcdnye4^`abnpf2eÜZ]_b_Af2_{�]òNv�gÅ^`wã�½Z�\Cf��½nyabnpë2Z�fJmYmoj4_A� î á ZYeè^�bZYwygP��aA_bnpekâ�nã�+mYwp^
�b�bnyï4Z]�-^
�[^`e4f2cË^`wpf2j4�]q4^2e4�Ü^dgÅ^2wp�bZ�ekZ]â
^`abnpë2Z�fJmYmYjk_A� î á ZYeè^Ëekf2eC�½Z]w�gP�½ab_Anye4â�np�mowã^2�A�bn�ï4Z��Ü^2�+ekf
_bcË^`wÂé àÈá Z��½lÜ^`wã�½fÃcd^2�2Z��+�bnycdnpwp^2_[Z]_b_Af2_{�Yò;v�gÅ^`wã�½Z�ekZ]â
^SaAnyë
Z�fJmYmYjk_A� î á Z]eÜa á Z�½lègÅ^`npwã��abfè�JZoaAZ]mUad^`e4�èï4â á a�f � \4^Sa á f2â
ZYe4�]q5^2e4�u^
gÅ^2wp�bZË\Cf��½nyabnpë2Z�ZY_A_bf
_�f�m]mojk_{� î á Z]e a á ZÃ�½l^SabaA^
m{���;a á Z�x�fJ�J� ä±��ekf î e-^2�$^2eÜ^`jJaAf2npcdc�jkekZ�_AZ]�b\�f2e4�bZ�æoéi��e
a á Z�x�f��k�2q�xCf2a á ��nyeC�k�$f2g5Z]_b_Af2_{�^`_AZ á ^`_Ac�g±j4wÊqJ�bf�a á Z+�½l á ^
�i^2\k\4^`_AZYe�aAwy�dZYë
f2wpë2Z��dabf�cdnyeknpcdn��]Z[a á f
�bZ,ZY_A_bf
_A�_�
�bnycdnpwp^2_bwp�2q�a á Z+â
f
^2w
f`g�v[� à �½lÃnã�NabfËcdnye4nycdn �YZ�x�f`a á ��npe4�k�Èf`g0ZY_A_Af2_{�Yé�l�ZYZ,ï4â
jk_AZ��
é

detection system

self

nonself

universe

false positives

false negatives

�5nyâ
jk_AZ[�2òQvua î f`í��JnycdZ]e4�½npf2eC^`w2_AZY\4_bZ��½Z]e
a{^SaAnyf
e�f`g4^$j4eknyë
ZY_{�½Zif`g4�½ab_Anye4â
�]éB
P^
m á ��aA_bnpekâ[m]^`e�x�ZYwpf2e4âabfßf2e4Z�f2gEa î fß�½ZYaA�]ò+�bZYwygPf2_�ekf
e4�bZYwyg�é���eÜa á np���Jnã^`â
_A^2c
qCZ�^2m á \�f2npe�a,npeÜa á Zd\kwã^`ekZ�_bZ]\k_AZ]�bZYe�aA�+^�½ab_Anyekâ��[nyg�a á Zè\Cf
nye�a�wpnpZ]� î nya á nye a á Z � á ^2�kZ]� ^`_AZ]^ nya�nã���bZYwyg�q$f`a á ZY_ î nã�½Z-nya�nã��ekf
e4�bZYwyg�é àÈá Znpc�c�jkekf
wyf
â2nãmY^`w��JZYabZ�mUabnpf2eu�b�J��aAZYc ^`a½abZ]cd\JaA��aAf-ZYe4mYfJ�JZ�a á ZËx�f2jkeC�k^`_A�Üx�Zoa î ZYZYe�a á Zda î f
�bZoaA�x���mowã^2�A�bn�g±��npekâ+�½ab_Anye4â
�0^2�5ZYnya á ZY_�ekf
_bcË^`w�äÊmof2_A_AZ]�b\Cf
e4�Jnpekâ$aAf��bZYwygAæ5f
_0^2ekf2cË^2wyf
j4�iäÊmof
_b_AZ]�b\Cf
e4�Jnpekâ
abfdekf
e4�bZYwygAæUé

ê á Z]eÜ_AZ]^`wyí î f
_bwã��\4_bf
xkwyZ]cË�[^`_AZ�cË^`\4\CZ��
abfËa á nã�+^2x4��aA_A^
mUaAnyf
eLqC�bZYwygE^`e4�-e4f2e4�bZYwyg�cd^��ßekf2ax�Z��knp� � f2npe�a]qJx�Z]mY^2j4�bZ��bf2cdZ���aA_bnpekâ��icË^���m á ^2_A^
mUaAZY_An��]Z[x�f`a á �bZYwyg5^`eC��ekf
e4�bZYwyg�é5��eÃa á np�;m]^2�bZ2q�a á Z
mY^`abZ]â2f2_An �]^SaAnyf
e�f`g��½ab_Anyekâ���^2�0Z]n�a á ZY_�f
ekZ;f2_5a á Z$f`a á ZY_Em]^SabZ]â2f
_b� î npwywkwpZ]^
��abf�jke4^�ë
f2nã�k^`xkwpZNZY_A_bf
_A�]éê�Z��kf�e4f`a$mof
e4�½nã�JZ]_ia á ^Sa$m]^2�bZ á Z]_bZ
é��$f î ZYë2Z]_]q�nya;nywpwyjC��aA_A^`abZ]�ia á Z�nycd\�f2_baA^2e4moZ,f`g0m á f�f
�bnyekâ�a á Z_Anyâ á a,m á ^`_{^2moabZY_Anã��aAnpm,g±f
_$a á Z�^`\4\kwynãmY^`abnpf2eÜ�Jf
cË^`npeLòi�®a,np�+Z]�A�bZYe�abnã^`w?abf�m á f�f��½Z�a á Z�Z�z�jknyëS^2wyZ]e
a+f`g
\k_Af`aAZYnpe4�Na á ^`a[mY^2eÃx�Z�j4�bZ]�Ãabfd_AZYwpnp^2xkwy�Ã�Jnp�Amo_Anpc�npe4^`abZ�xCZYa î Z]ZYe-�bZYwyg5^`eC�Ãe4f2e4�bZYwyg�é
;=<�FIHU9
H;0�* 6T&'FI-/]�H
3 A 3'2�8;# lP35H
3'EG3'H;3'2�&'3'8da_9 A 3[#C2P9;3'H
3�8:9;3'D=H
3�(+D�3'Hj8 A FI0�*CDn&'FI2�8
0�* 9+> ? t a VIt a@?A?=BO<C ?BA #C81D�3R%�2�# 9
#CFI2 &�(+2 b�3TMI3'2�3'H;(+*C#ED�3'D 9
Fi#C2�&'*C0�D�3 &'*)(+8;8;# %�&d(@9
#CFI2 #C2 -\0�* 9
#C]�*C3/&�(@9;3'MIFIH;#C3'8�aL2�F+91FI2�* 6 9 A 3e9ON	F

&�(@9;3'MIFIH
#C3�8jF+E 8;3'* E (+2�DT2�FI2�8;3'* E:<

&f F�gIgIg bP6 9 A 3$hi(+8;8;(+& A 0�8;3R9:9;8jWO2�8
9
# 9;0_9;3[F+E ? 3'& A 2�FI*CFIM+6 k�lPFI*C0�9
#CFI2�(+H
6nm^FI-/]�0�9;(@9
#CFI2io_p FdqRr sPt@uwvIx



����� �	���0��� � �����
s[^`abjk_{^`wCnycdc�jkekZ[�b�J��aAZYcË�PmYf2e4�bnp�½aPf2gÑcË^2e��d�Jn � Z]_bZ]e�aP��nye4�4�Ef`gLmYZYwpwp�i^`e4�dcdf2wpZ]mYjkwpZ]� î á npm áËá ^�ë
Zx�ZYZYe�np�JZ]e�abnyï4Z]��^2e4���½abj4�knyZ��ËZoìJ\�ZY_AnycdZYe�a{^`wpwy�
éQ��e�f
jk_i�b�J��aAZYc
q î Z î npwpw��bnycd\kwpnyg±��x��dnpe
aA_bfJ�JjCmonpekâf2e4Z�x4^
�½nãm�a���\�Zdf`gi�kZoabZ�mUaAf2_ î á nãm á nã�,c�fJ�JZ]wyZ�� f
eÜa á ZËmowã^2�A�+f2gPnpc�c�jkekZËmoZ]wywã��mY^2wywpZ]� �©ÿ�� 
 � ô��
	 ÿSø®úo÷	� é àÈá nã���JZYabZ�mUabf
_�mof
c�xknpekZ���\k_bf
\CZ]_½aAnyZ���f`g/�ií®mYZYwpwp�]q à í®mYZYwpwp�]qQ^2e4�u^`e�abnpx�f��knyZ��Yéßv[� à �½l�np�
�bnycdnpwp^2_�abf�a á Z$�½l�nyeda á ^Sain�aimYf2e4�bnã��a{�0f`gL^�c�jkwyabnyabjC�JZ$f`g�cdf2x4nywpZ$�JZoaAZ]moabf2_{�]q2monp_AmYjkwã^Sabnpekâ�^2_bf
jke4��^
�Jnã��aA_bnpxkjJaAZ]��ZYe�ë�np_bf
ekcdZYe�a]é5êèZ;cdfJ�JZ]wJa á Z$�knp�½ab_Anyx4jJabZ��dZYe�ë�ny_Af2ekcdZ]e
a î nya á ^�â2_{^`\ á�
 ,�ä
������æI�Z]^
m á ë2Z]_½aAZoì������8mof
e
a{^`npe4�N^�wpfJmY^`wÑ�bZoa;f`gQ�kZoabZ�mUaAf2_{�+äÊmY^`wpwpZ]�ß^ � úYø�ú 	 ø ü ôSùÜùÑô � ú æÈ^2e4���kZoabZ�mUaAf2_{�
cdnyâ
_A^`abZ�g±_Af2c f2e4Z�ë2Z]_½aAZoìÃabf�a á Z�e4Zoì�a+ë�nã^da á Z�Z]�Jâ
Z]�]é àÈá Z�â2_{^`\ á cdfJ�JZYw0^`wã�½f�\k_bfSë�nã�JZ]�[^�ekf2í
abnpf2eÃf`gLwpfJmY^`wpnya���ò0X+ZoabZ�mUaAf2_{�Nm]^`e�f
ekwp��npe�abZ]_A^
mUa î nya á f`a á ZY_È�JZoaAZ]moabf2_{�N^SaNa á Z��b^2cdZ[ë2Z]_½aAZoì�é àÈá np�ekf2abnpf2eßf`g0wyfJmY^2wynya���nã�Èj4�bZog±jkwÂq4^2� î Z�� á ^`wpw?�½Z]Z�nye-�bZ]mUaAnyf
eß�4é �ké

�?��cd\ á f�mY��abZ]� á ^�ë
Z á jke4�J_AZ]�4�if2g�a á f
j4�A^`e4�k�Nf2g?np�kZYe�abnãmY^2wC_AZ]mYZY\JaAf2_{�Pf
eËa á Z]ny_;�bjk_bgÅ^2moZ�äÅ^2e4�
á Z]e4moZ�^2_bZ�aAZY_AcdZ]� �ËôSù�ô 	 �yôSù ��� æUé àÈá Z]�bZ�_bZ�moZ]\Jabf
_A�;x4nye4�ßaAf�_AZYâ2npf2eC��ä±Z]\kn�aAf2\�Z]�{æÈf2e-\C^Sa á f2â2Z]e4�]é
�NnyeC�Jnye4âè�JZ]\CZ]e4�k��f2eñm á Z]c�nãmY^2wi�½ab_Aj4mUaAjk_AZÃ^`eC�um á ^`_Aâ2Z
q5�bfÜ_AZ]moZ]\Jabf
_A��^`_AZ�wynp�2Z]wy�èabfèxknpe4� abfè^
g±Z î �bnpc�npwã^`_[��npe4�k�+f`gEZ]\kn�aAf2\�Z]�]é àÈá Z�â2_AZ]^`abZY_[a á Z�wynp�2Z]wyn á f�fJ�-f`gE^�xCf
e4�-fJmYmYjk_b_Anpekâ4q4a á Z á npâ á Z]_a á Z ���=ù ü øÊÿ x�Zoa î ZYZYe�a á Z,_bZ�moZ]\Jabf
_N^2e4�ËZY\4n�aAf2\�Z2é���e�v+� à �½l�qJxCf2a á Z]\knyabf2\�Z]�N^`eC��_AZ]moZ]\Jabf
_A�i^`_AZcdfJ�JZYwpZ]��^2�0xknpe4^2_b���½ab_Anye4â
�0f`gCïkìJZ]��wyZ]ekâ`a á $ q2^`e4��m á Z]c�nãmY^2w�xknyeC�Jnye4â�xCZYa î Z]ZYe�a á Z]c�nã�0c�fJ�JZ]wyZ��^2��^2\k\k_Af�ìJnycË^SaAZN�½ab_Anpekâ�cË^SaAm á nyekâCé?��edZ � Z]moa]q�Z]^
m á �JZYabZ�mUabf
_�np�P^2�A�½fJmonã^SaAZ]� î n�a á ^�xknyeC^`_A����aA_bnpekâCq
î á nãm á _bZ]\k_bZ��½Z]e�aA�Nn�a{�È_bZ�moZ]\Jabf
_A�]é

� x�ë�nyf
j4��^`\k\k_Af�ìJnycË^`abZ�cË^Sa{m á npekâ _AjkwpZ]��nye4mYwyjC�JZß�+^`cdcdnye4â��Jnã�½aA^`eCmoZÃ^2e4�ñZ��Jnyad�Jnã�½aA^`eCmoZ2q
xkjJa î Z á ^�ë2Z�^
�Jf2\JaAZ]�ß^�c�f
_bZ�npcdc�jkekf
wyf
â2nãmY^2wywp�Ë\kwã^`j4�bnyx4wyZ�_AjkwyZ
qkmY^2wywpZ]��� � 	 ô`ù4ø ü �`ö4ô`ö�÷�õ ü øÊ÷ � � � �Âòà î f ��aA_bnpekâ���cË^SaAm á n�g;a á ZY� á ^�ë
Z��
mYf2e�abnpâ2j4f2j4��xkn�a{��npeñmof
cdc�f
e*äÅ�bZYZ�ï4â2jk_AZ � æUé àÈá Z�ë�^2wyj4Z��nã��^Ãa á _AZ]� á f
wp��^`e4���JZYabZY_Acdnye4Z]�,a á Zd�b\�Z]monyïCmYn�a��Üf2gPa á Z��JZoaAZ]moabf2_�q î á nãm á np��^2eènpe4�JnãmY^`abnpf2e�f`ga á Z��bn��]Z�f2gEa á Zd�bjkx4�bZoa+f2gi�½ab_Anyekâ��;a á ^Sa�^��bnye4â2wpZ��JZYabZ]moabf
_,m]^`e cË^`aAm á é��kf
_+ZYìJ^2cd\kwyZ
qÑn�g���, $ q
a á ZËcd^`aAm á npekâ
nã��mof2cd\kwpZoaAZYwp� �b\CZ�monyïCm`q?a á ^`a�np�]qLa á Z��JZoaAZ]moabf2_ î npwpw�cd^`aAm á f2e4wy� ^
�bnye4â2wpZd�½ab_Anpekâä±nyaA�bZYwygAæoq�x4jJa+nyg�� , �kqka á Z�cË^`aAm á npekâËnã�[mof
cd\kwyZYabZ]wy�ßâ2Z]ekZY_{^`wÂqJa á ^Sa[nã�Yq4a á Z��JZoaAZ]moabf2_ î nywpw?cË^Sa{m áZYë
ZY_A���½npekâ
wyZ��½ab_Anyekâdf2g5wpZYekâ2a á	$ é

0110100101

1110111101

0100110100

1110111101

Match No match

r = 4

�5nyâ
jk_AZ � ò+tÜ^Sa{m á nye4â�jke4�kZY_,a á Zdmof
e�abnpâ2jkf
j4�$xknyaA��cË^`aAm á _AjkwpZ2é���eÜa á np�,ZYìJ^2cd\kwyZ
q�a á ZË�JZYabZ]moabf
_
cË^Sa{m á Z]�Ng±f
_���,*�kqJxkjka$ekf`a;g±f
_��1, � é

v%mof
e4�bZ]z�jkZYeCmoZ[f2gQ^�\4^`_babnã^`w�cË^SaAm á nyekâ�_AjkwyZ î nya á ^�a á _bZ�� á f
wp�Lq��bj4m á ^2���]í�mof
e�abnpâ2jkf
j4�Nxkn�a{�Yqnã�Pa á ^Saia á Z]_bZ,nã�i^�ab_{^2�JZYíÂf � x�Zoa î ZYZ]e�a á Z+e�jkc�xCZ]_if2gQ�JZoaAZ]moabf2_{�ij4�½Z���qJ^`e4�Ëa á Z]ny_;�b\CZ�monyïCmonya�� � ^
�a á Z��½\�Z]mYn�ïCmYn�a���f`g?a á Z��JZoaAZ]moabf2_{�Ènpe4mo_AZ]^
�½Z��Yq��½f�a á Z�e�j4c�x�ZY_;f`g0�JZoaAZ]moabf2_{�È_AZ]z�jknp_bZ��ËabfË^
m á nyZ]ë2Z,^
moZ]_½a{^`npedwyZ]ë2ZYwCf`gL�JZYabZ]moabnpf2e�^2wp�bf�nyeCmo_AZ]^2�bZ]�]é àÈá Z$f2\JaAnycË^2w���np�Pf2ekZ î á npm á cdnpeknpc�n �YZ���a á Z$e�jkc�x�ZY_f`g��JZYabZ]moabf
_A�NekZ]Z]�JZ���qkxkjJa[�½abnpwpwLâ2npë2Z��Èâ2f�fJ�Ã�Jnã�Amo_Anycdnpe4^SaAnyf
eLé

v wp��cd\ á fJmo��abZ xCZ�mof2cdZ�� � 	 ø üÏý �Sø�ú � î á Z]e n�a{��_AZ]moZ]\Jabf
_A�dx4nye4� abfuZY\4n�aAf2\�Z]�]é%v+mUaAnyëS^SaAnyf
em á ^2ekâ2Z���a á Zß�½aA^`abZ�f2g$a á ZÃwp��c�\ á fJmo��abZß^`e4� aA_bnpâ2â
ZY_{��^è�½Z]_bnpZ]��f`g$_AZ]^
mUabnpf2eC��a á ^SaËmY^`e=wyZ�^2� aAf
 @?BA 3	*C# E 3'&R6�&'*C3^F+E7(BD�3R9;3'&R9;FIHL#C8 8 A F�Nj2\#C2\8
3'&'9
#CFI2
?�< o_a+%�MI0�H;3 s < W 9�-e(�6 A 3'*C]10�2�D�3�H
8
9;(+2�D�#C2�M�9
F�H
3'EG3'H E FIH:NU(+H;D�89
F19 A #C8B%�MI0�H;3I<

&f F�gIgIg bP6 9 A 3$hi(+8;8;(+& A 0�8;3R9:9;8jWO2�8
9
# 9;0_9;3[F+E ? 3'& A 2�FI*CFIM+6 k�lPFI*C0�9
#CFI2�(+H
6nm^FI-/]�0�9;(@9
#CFI2io_p FdqRr sPt@uwvIx



ZYwpnpc�npe4^`abnpf2eñf2g;a á Zß\4^Sa á f2â
ZYe4�ÃäÏa á np��nã���knp�Amoj4�A�bZ]�unpe=�bZ]mUaAnyf
e=�ké �
æoéèv wy��cd\ á fJmY�
aAZ î npwywNf2e4wy�x�Zd^
mUaAnyëS^SaAZ]� î á ZYeèa á Z�e�jkc�x�ZY_�f2gPnyaA�,_bZ�moZ]\Jabf
_A�+xknpe4�JnpekâßabfßZY\knyabf
\CZ���ZoìkmoZ]Z]�k�,^�a á _AZ]� á f2wã���`éh á Z]c�nãmY^2w0xCf
e4�k�,xCZYa î Z]ZYeè_bZ�moZY\kabf2_{�,^`e4� ZY\knyabf
\CZ��,^2_bZ�ekf`a�wpf2ekâ2íÂwã^2�½abnpekâ4qÑ�bf�aAfÃx�Z�^
mUaAnyëS^SaAZ]��q^�wy��cd\ á fJmY�
aAZ
c�j4�½a�xknpe4���bj ��monpZYe�a�_AZ]mYZY\JaAf2_{� î nya á npe ^ � á f
_½aË\�ZY_AnyfJ��f`g+abnpc�Z
é(êèZ-cdfJ�JZYwa á np� î nya á � 	 ø üÏý �Sø ü ôSù=ø � þbúU÷ � ô�� � ÷ ò�v8�kZoabZ�mUaAf2_,c�j4�½a�cd^`aAm á ^Sa�wyZ�^2�½a�����aA_bnpekâ
� î nya á npe ^�â
nyë
ZYeabnpcdZ�\�ZY_AnyfJ�ÃabfËx�Z�^2moabnpë�^`abZ���é àÈá nã�$nã�Ènycd\kwpZYcdZ]e
aAZ]�
x��Ã^2wywpf î npekâ�a á Z��JZYabZ�mUabf
_;abf�^
mYmYjkc�jkwã^SaAZcË^Sa{m á Z]�]qCx4jJa��kZ]mY^���npekâËa á Z�cË^`aAm á mYf2jke�a+fSë
ZY_[abnpc�Z
qÑnÊé Z2é+a á Z]_bZ�nã�+^������
	���
�\k_Af2xC^`xknpwynya��Ãa á ^`a
a á Z�cË^Sa{m á mof
jke�a î npwyw5xCZ�_bZ��Jj4mYZ]�-x��ßf2ekZ�^Sa,^2e���aAnycdZ]�½abZ]\Lé àÈá np�+cdf��kZYwã�$a á Z�\k_Af2xC^`xknpwynya��ßf`g^�xCf
e4�ßxCZYa î Z]ZYe-^d_AZ]moZ]\Jabf
_;^`e4�
^`eßZY\4n�aAf2\�Z��JZ]m]^���npekâCé � e4moZ�^d�JZoaAZ]moabf2_ á ^2�Èx�ZYZ]e
^
mUaAnyëS^SaAZ]��qnyaA�;cË^Sa{m á mYf2jke�a;nã�;_bZ��½ZYaÈabf �YZ]_bfCé

��� � ����� � ���������0�����	���0��� �0� ��� ��� ���0��"
�L��cd\ á fJmY�
aAZ]��^`_AZ�mY^2wywpZ]� ùÑú.� �`ø üÏý ú �JZoaAZ]moabf2_{��xCZ�mY^`jC�½ZËa á ZY�u^2_bZËaA_A^2nye4Z]� aAf xknpe4� aAf ekf
e4�½Z]w�g'�
nÂé Z
é î á ZYe�^Üwp��cd\ á f�mY��abZ�nã��^
mUaAnyëS^SaAZ]��q0a á Z��½lu_bZ��½\�f2e4�4��^2��n�g$e4f2e4�bZYwyg î Z]_bZ��kZoabZ�mUaAZ]��é àÈá np��bnycd\kwpZ�g±f
_bc"f`gEwpZ]^2_be4nyekâ�np�+��ekf î eÜ^2� ø®ô �yúYþ ü�� �`ø ü ô`ù q�x�Z]m]^`j4�bZ�a á Z�wp��c�\ á fJmo��abZ��+^2_bZ�aA_A^2nye4Z]�
aAfx�Z ø®ô �yúoþ��Sù4ø f`g��bZYwyg�é

�?��cd\ á f�mY��abZ]��^`_AZ�mo_AZ]^SaAZ]� î nya á _{^`e4�Jf
cdwy�Üâ
ZYekZ]_A^`abZ��è_AZ]mYZY\JaAf2_{�YqQ^`e4�u�bfÜmof
jkwp��xknpe4��aAfZYnya á ZY_��½Z]w�gif2_,ekf2e4�bZYwyg�é � ekZ�mowã^2�A�[f2gPwy��cd\ á fJmY�
aAZ]�]q à í®mYZYwpwp�]qÑnp�+aAf2wpZY_An��]Z]�-npe�^Ã�½npekâ
wyZ�wyfJm]^Sabnpf2e?q
a á Z�a á ��c�j4�]q î á npm á np��^2eÜf2_Aâ
^2e � j4�½a�x�Z á nye4� a á Z�xk_AZ]^
��aAxCf
ekZ2é���cdcË^SaAjk_AZ à í�moZ]wywã�+�kZYë2Z]wyf
\ npea á Z�a á ��c�j4�]qk^`e4�ßnygQa á ZY�ß^`_AZ�^2mUaAnyëS^`abZ]�ß�Jjk_AnpekâË�JZYë
ZYwpf2\kcdZYe�a�q�a á Z]�Ã�JnpZ�a á _Af2j4â á \k_bf
â2_{^`cdcdZ]�
moZ]wyw$�kZ]^Sa á ä ��
4ô�
�ø�ô�÷ ü ÷ æoé t-f
�½a��½Z]w�g[\4_bf2abZYnpe4�d^`_AZßZoìJ\k_AZ]�A�½Z��unye�a á ZÃa á ��c�j4�]qi�bf à í�moZ]wywã��a á ^`a
�bjk_bë�npë2ZÈaAf�cË^Sabj4_A^`abnpf2eË^`e4�dwpZ]^�ë
ZÈa á Z$a á ��c�j4� î nywpwCx�Z;aAf2wpZY_{^`e�aEf`gL^`wpwka á f
�bZ[�bZYwyg�\k_bf2abZ]nye4�]é àÈá np�\k_AfJmoZ]�A�Enã�ÈmY^2wywpZ]� ùÑú.� �`ø üÏý ú�÷Yú��yú 	 ø ü ôSù q�x�Z]m]^`j4�bZ+a á Z à í®mYZYwpwp�Pa á ^SaN^2_bZ+ekf`a;^2moabnpëS^SabZ���^`_AZ$a á Z,f2ekZ��
�bZYwpZ]mUaAZ]��abf��bjk_Aë�npë2Z
é

�?��cd\ á f�mY��abZ]�i^`_AZÈab_{^`npekZ]��aAf�\�ZY_bg±f2_Ac �SùÑô������©ÿ �JZYabZ]moabnpf2eLé àÈá Z[�½ldj4�bZ]�E^ øÂþ�� ü ù ü ù�� �bZoaif`g
�bZYwyg5ä±\4_bf2abZYnpe4�5\k_AZ]�bZYe�a0nye�a á ZNa á ��c�j4�Aæ?aAf,\4_bfJ�Jj4mYZN�kZoabZ�mUaAf2_{�?a á ^SaEm]^`e��knp�½abnpekâ2j4np� á x�Zoa î ZYZ]e��bZYwyg^`eC� ekf
e4�bZYwyg�é àÈá nã��mowpZ]^2_bwp� î npwyw�ekf2a î f
_b�
nygNe4f2e4�bZYwyginã�,g±_bZ�z�jkZYe�abwp�ÜZYì�\4_bZ��b�bZ]�-npe�a á Z�a á ��c�j4�Yqx�Z]mY^2j4�bZ
a á Z]e(a á Z-�½l î npwyw+^`wã�½fux�Z
abf
wyZ]_A^2e
aËaAf a á ^`a�ekf2eC�½Z]w�g�é àÈá ZÜjke4�kZY_Awy��npekâñ^2�A�½j4c�\kabnpf2enã�[a á ^Sa��bZYwygifJmYmYjk_{�$g±_AZ]z�jkZ]e
aAwy�ÜmYf2cd\4^2_bZ��
abf
ekf
e4�½Z]w�g�é àÈá np��^
�b�bjkcd\Jabnpf2eènp�+a á Zdx4^2�bnp�,f2gPcdf
�½a
^`e4f2cË^`wp���JZYabZ]moabnpf2ed�½�J�½abZ]cd�]q î á npm á �JZoïCekZ;ekf2_AcË^`wk^
�5a á Z;cdf
�½a�g±_AZ]z�jkZYe�aAwy��fJm]mojk_A_bnpekâ�\4^`a½abZ]_beC�f2_;x�Z á ^�ë�npf2_{�]é

v+� à �½l-j4�½Z��;a á Z ùÑú;� �Sø üÏý ú�÷oú��yú 	 ø ü ô`ù � � ��ôSþ ü ø � � q î á npm á nã�$xC^2�bZ]�
f2e-e4ZYâ
^`abnpë2Z��bZYwpZ]moabnpf2e-npea á Z+�½l äÅ�bZYZ+ï4â2jk_AZ+��æ � �]���Âé àÈá Z,\k_AnycË^`_A�Ë�Jn � Z]_bZ]e4moZ,np�ia á ^Sa î Z,�Jf�ekf`a;^2m]mojkc�jkwp^`abZ[a á Z��½Z]w�g5�½ZYanpe ^��bnyekâ
wyZ�wyfJmY^`abnpf2eLq�xkjJa,_A^`a á Z]_[j4�bZ�^Ëg±f2_Ac f2gP^2�b��eCm á _bf
ekf2jC�;^`e4�Ü�knp�½ab_Anyx4jJabZ��
abf
wyZ]_bn �]^`abnpf2e��Sé

P^
m á �JZoaAZ]moabf2_+np�+mo_AZ]^`abZ]� î nya á ^Ë_{^`e4�Jf
cdwy��í®â2ZYe4ZY_{^SabZ���x4n�a���aA_bnpekâ äÊ^`e4^2wyf
â2f2jC�Èabfß^Ë_bZ�moZ]\Jabf
_{æoq^`eC��_AZYcË^`npe4�5npc�cË^`abjk_AZPg±f
_E^$aAnycdZÈ\�ZY_AnyfJ����q`mY^2wywpZ]��a á ZNaAf2wpZY_An���^Sabnpf2e�\CZ]_bnpfJ��é0X[jk_Anpekâ[a á nã�0abnpcdZ
\�ZY_AnyfJ��q�a á Z,�JZYabZ�mUabf
_inã�NZoìJ\�f
�bZ]�daAf�a á Z+Z]e�ë�np_Af2ekcdZYe�a�äÅ�bZYwygQ^`e4��\Cf��b�bnpxkwy�dekf
e4�bZYwygQ��aA_bnpekâ��Aæoq�^2e4�
nyginya,cË^Sa{m á Z]��^2e��
xknya���aA_bnpekâÃn�a�nã�+Z]wynpcdnyeC^SabZ���é��®gNn�a��Jf�Z]�,ekf2a,cË^Sa{m á �Jj4_bnpekâÃa á Z�abf
wyZ]_bn �]^`abnpf2e
\�ZY_AnyfJ��q
n�aPx�Z]mYf2cdZ]�P^�cd^`abjk_AZ$�JZYabZ]moabf
_[äÅ^2e4^`wpf2â
f2j4�5aAf�^�e4^`npë2Ze�ií�moZYwpwÏæUé0tÜ^SaAjk_bZ$�kZoabZ�mUaAf2_{��ekZYZ��
abfdZYìJmYZYZ��Ëa á Z,cË^`aAm á a á _AZ]� á f2wã��npeÃf
_A�kZY_Nabf�xCZ�mof
c�Z�^
mUabnpëS^SaAZ]��qJ^`eC� î á Z]eß^
mUaAnyëS^SaAZ]��a á Z]��^`_AZekf2a+ZYwpnpc�npe4^`abZ]���2qÑxkjJa��bnyâ
e4^`wQa á ^`a,^2eè^`e4f2cË^`wp� á ^2�+xCZ]ZYeè�kZoabZ�mUaAZ]��é�hiwpZ]^`_Awp�2qCa á Zd^2�A�½j4c�\kabnpf2e
á Z]_bZ�nã�Na á ^`a$n�g�^dmonp_AmYjkwp^`abnpekâ�nycdcË^SaAjk_bZ��JZYabZ�mUabf
_;cË^SaAm á Z]�;�bf2cdZ��½Z]w�g0��aA_bnpekâ4qJnya î npwywÂq î n�a á
á nyâ á\k_Af2x4^2xknpwynya��2qEZ]e4mof
jke�abZ]_�a á ^Sa��bZYwyg,�½ab_Anyekâ �Jjk_Anpekâ nyaA��aAf2wpZY_An���^Sabnpf2e=\CZ]_bnpfJ��q î á Z]_bZ�^2��nycdcË^SaAjk_AZ�JZYabZ]moabf
_A��a á ^`aÃcË^Sa{m á ekf2eC�½Z]w�g��½ab_Anye4â
� î npwyw î nya á wpf î \k_Af2x4^2xknywpnya���Z]e4mof
jke�abZY_�a á f��½Z ekf2e4�bZYwyg�½ab_Anyekâ��;�Jjk_Anye4â�a á ZYnp_Èabf
wyZ]_bn �]^`abnpf2eß\CZ]_bnpfJ��é
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negative
detector

ACCEPT REGENERATE

Randomly generate
detector string

If detector matches self,
regenerate
otherwise accept

�5nyâ
jk_AZÃ�kò àÈá ZÃe4ZYâ
^`abnpë2Zß�½Z]wyZ�mUabnpf2eØ^`wpâ2f
_bnya á c
éñhN^`e4�knp�k^`abZßekZYâ�^SaAnyë
ZÃ�JZYabZ]moabf
_A�ßä±_AZY\k_AZ]�bZYe�aAZ]�
x��ß�4^`_A�Ãmonp_{mowpZ]�{æÈ^`_AZ�â2Z]ekZY_{^SaAZ]�ß_A^2e4�Jf
c�wp�2qC^`e4�
nyg�a á Z]�ÃcË^`aAm á ^`e��ß��aA_bnpekâËnpe-a á Z��½Z]w�gP�bZoa�äÅnÊé Z2é
nygN^`e��-f2gEa á Zd\�f2npe�aA��mofSë
ZY_AZ]�-x��
a á Zd�kZoabZ�mUaAf2_�^`_AZ�npe a á ZË�½Z]w�gÈ�½ZYa{æoqÑa á Z]� ^`_AZ�Z]wynpcdnye4^`abZ��è^2e4�
_AZYâ2Z]ekZY_{^SaAZ]��é àÈá nã�;\k_Af�mYZ]�A�;nã�$_AZY\�Z]^SaAZ]�ßjke�abnpw î Z á ^�ë
Z�^��½ZYa[f`g0ëS^`wpnp�
e4ZYâ
^`abnpë2Z��JZYabZ�mUabf
_A�;a á ^`a�Jfdekf2a$cd^`aAm á ^`e����bZYwyg0�½ab_Anpekâ
�]é

����� " �#" �����

àÈá Z��½l á ^2�,^`eè^
�k^`\kabnpë2Z�_bZ��½\�f2e4�bZ�a á ^Sa�ZYeC^`xkwpZ]�,nya,aAfÃwpZ]^2_be \k_bf2abZ]nye���aA_bj4moabjk_AZ]�+a á ^Sa�m á ^`_{^2moí
abZ]_bn �YZ�\4^`a á f
â2Z]e4�Nn�a;ZYeCmof2j4e
aAZY_{�YqJ^2e4��
b_bZ]cdZYc�x�ZY_ ��a á f
�bZ���aA_bjCmUabj4_bZ��N�bf�a á ^`aÈg±jJabjk_AZ�_bZ��½\�f2eC�½Z��
abf�a á Z��b^2cdZ,\C^Sa á f2â2Z]e4� î npwywLx�Z�ë2Z]_b�Ë_{^`\4np�ß^`e4�ÃZP��mYnyZ]e
a�é�êèZ�m]^`wpw�a á np�ÈcdZYcdf
_b��í®x4^2�bZ]�Ã�JZoaAZ]mUíabnpf2e?q�xCZ�mY^`jC�½Z�a á Z��½l 
b_bZ]cdZYc�x�ZY_{���Ëa á Z��½ab_Aj4mUaAjk_AZ]�+f`gP��ekf î eè\4^Sa á f2â
ZYe4�[abfÃgÅ^2mYnywpn�a{^SaAZ�g±jJaAjk_AZ_AZ]�b\Cf
e4�½Z��Yé�v8cdZYcdf
_b��í®x4^2�bZ]�-�JZYabZ�mUabnpf2e �b���½abZ]c np�+aA_A^2nyekZ��Üf
eè^ß�½jkxC�½ZYa�f2gPekf
e4�½Z]w�gPabf-�JZoaAZ]moa
\4^2_½aAnpmYjkwp^2_�ZYwpZYcdZ]e
a{��f2gNa á ^Sad�½j4x4�½ZYa]é-ê á Z]eua á Z��½l ZYeCmof2j4e
aAZY_{��\4^`a á f
â2ZYeC��f`g[^ßa���\�Z�nya á ^
�
ekf2a�Z]e4mof
jke�abZ]_bZ��Üx�Zog±f2_AZ2q?n�a�cdf2j4e
a{��^ 
Ñþ ü � �`þUÿ-þbúo÷ 
4ôSù4÷Yú q î á npm á cË^��
aA^2�2ZË�½Z]ë2Z]_A^2w î ZYZ]���+aAfZYwpnpc�npe4^`abZ�a á ZËnpeJg±Z�mUabnpf2eB�5�Jj4_bnpekâßa á ZË\4_bnpcË^`_A�-_bZ��½\�f2e4�bZ�a á ZË�½l np��wyZ�^`_Aeknye4â�aAfß_AZ]mYf2â
ekn��]Z�\4_bZYí
ë�nyf
j4�bwy�
jke4�bZYZ]e g±f
_bZ]nyâ
eÜ\4^`a½abZ]_beC�Yé�ê á Z]e a á Zd�½lÜ�bjkx4�bZ]z�jkZ]e
aAwy�-Z]e4mof
jke�abZ]_A�[a á ZË�A^`cdZ�a���\�Z�f`g
\4^`a á f
â2ZYeC�YqCn�a,c�f
jke�aA�,^ ÷Yú 	 ô`ù � �SþUÿßþbúU÷ 
4ôSù4÷oú î á nãm á nã�$j4�bj4^2wywp�ß�bf�Z��ËmYnyZ]e�a[a á ^Sa[a á ZY_AZ�^2_bZ�e4fmowpnpeknpm]^`w;npe4�JnãmY^`abnpf2e4�df2g�^�_AZoí®nyeJg±Z�mUaAnyf
eLé àÈá ZÜ�½Z�mof2eC�k^`_A� _bZ��½\�f2e4�bZ
nywpwpj4��aA_A^`abZ���a á Z
ZP��m]^2mo�=f`g
cdZYcdf2_A��íÂxC^2�bZ]���kZoabZ�mUaAnyf
eLé

t-Z]cdf2_A�
í®x4^
�½Z��-�JZoaAZ]mUaAnyf
e npeÜa á Z��½l á ^2�,^`e4f`a á ZY_,nycd\�f2_baA^`e�a,\k_bf
\CZ]_½a��Ñò;�®a�np� �S÷A÷Yô 	oü �`ø üÏý ú
� �2|��®é5tÜZYcdf2_A���JZYabZ]moabnpf2eË^`wpwpf î �?a á Z;�½l�abf��JZYabZ]moaEekZ î \4^Sa á f2â
ZYe4�5a á ^SaP^2_bZÈ�½ab_Aj4mUaAjk_A^2wywp��_AZYwã^SaAZ]�abfÃf2ekZ��$\k_AZYë�npf2j4�bwp��ZYeCmof2j4e
aAZY_AZ]��é àÈá np�,mof
e4moZ]\Ja[jkeC�JZY_AwynpZ]�+npc�c�jkekn �]^`abnpf2eLq î á ZY_AZ�npekfJmojkwã^SaAnyf
e
î nya á ^ á ^2_bcdwpZ]�A��g±f2_Ac f`g+\C^Sa á f2â2Z]eLq��}äÅ�bj4m á ^2�d^`eØ^SababZYe�j4^`abZ��=ë�np_bj4�{æ�nye4�kj4moZ��Ë^ \k_Anpcd^2_b�_AZ]�b\Cf
e4�½Z a á ^`aßâ
ZYekZ]_A^`abZ���^ñ\�f2\4jkwp^`abnpf2eHf`g�cdZYcdf2_A� moZ]wywã� î á npm á ^`_AZèmo_Af
�A�½íÂ_AZ]^
mUabnpë2Z î nya á ^á ^2_bc�g±jkwN��nye4�ñf`g$\4^`a á f
â2ZYe?q���é àÈá nã��\Cf
\kjkwã^Sabnpf2e=f`g$cdZYcdf2_A� moZYwpwã� î npwywNZYeC�½jk_AZËa á ^Sa�a á ZÃ�½lcdf2jke�a{�;^Ë�½Z�mof2eC�k^`_A�d_bZ��½\�f2e4�bZ,abfË^`e���npeJg±Z�mUabnpf2eC�;f`g���é

�P_bnpcË^`_A��_AZ]�b\�f2e4�bZ]�N^`_AZ,�bwpf î xCZ�mY^2j4�½Z+a á ZY_AZ+cË^��Ëx�Z,ë
ZY_A�dg±Z î wy��cd\ á fJmo��aAZ]�ia á ^`a;xknyeC��aAf^
ekZ î a���\CZ�f`gi\C^Sa á f2â2Z]eLqQ�bfßa á Z�nycdc�j4ekZË_bZ��½\�f2eC�½Z î npwywEe4f`a�x�ZËë2ZY_A�ÜZ��ËmYnyZ]e�a]é à f
nye4mY_bZ�^2�bZZP��mYnyZ]e4mo�
q�^
mUabnpëS^SaAZ]�Ëwp��c�\ á fJmo��abZ��Pmowpf2e4Z$a á ZYcË�½Z]wyë
Z]�]q
�bf�a á ^Saia á Z]_bZ$nã�N^`eËZoìJ\�f2ekZ]e�abnã^`wpwy��â2_Af î í
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npekâ-\Cf
\kjkwã^SaAnyf
e�f2gNwp��cd\ á fJmo��abZ�� î á nãm á mY^2e �kZoabZ�mUa�a á Z�\4^`a á f
â2ZYeC�Yé àÈá Z á nyâ á ZY_�a á Z�^��de4n�a��x�Zoa î ZYZYe�^�wp��cd\ á fJmo��abZ7� �E_bZ�moZY\kabf2_{��^`eC��a á Z$\C^Sa á f2â2Z]e�Z]\knyabf2\�Z]�]q
a á Z$cdf
_bZÈwpny�
ZYwp��nyaPnp�Ea á ^`aEa á Zwp��cd\ á f�mY��abZ î nywpw�x�Z�^
mUaAnyëS^SaAZ]��é��[ZYe4mYZ2q�a á Z,wp��cd\ á fJmo��abZ��ia á ^`a;^2_bZ,_AZY\kwpnpm]^SaAnyekâd^`_AZ$a á f
�bZ î n�a áa á Z á npâ á Z���a�^��Ëeknya�� g±f
_�a á Z�\4^`a á f
â2ZYeC��\k_AZ]�bZYe�a]é-X+jk_bnpekâ-a á nã��aAnycdZ�a á Z�\C^Sa á f2â2Z]e4��^2_bZ�^2wp�bf
_AZY\kwpnpm]^SaAnyekâCq?�bfÃa á ZY_AZdnp��^Ã_{^2mYZ�x�Zoa î ZYZ]e \4^Sa á f2â
ZYe _AZY\4wynãmY^`abnpf2e ^`e4�èwy��cd\ á fJmY�
aAZË_bZ]\kwpnpm]^Sabnpf2e?éàÈá Zß�½l npc�\4_bfSë
Z]��nyaA�dm á ^2e4moZ���npeña á nã��_{^2mYZ�a á _bf
jkâ á ^èmowã^2�A��f2g$wy��cd\ á fJmY�
aAZ]�dmY^2wywpZ]� �Pí�moZ]wywã�]q
î á nãm á ^`_AZ$�½j4x � Z]moaEabf á nyâ á c�jJaA^`abnpf2eË_{^SaAZ]�$äÅ��e4f î e�^2�E�bf2cË^SaAnpm á ��\�ZY_Ac�jJa{^Sabnpf2e�æ î á ZYe�mYwyf
eknpekâä î Z�mojk_A_AZYe�abwp���Jfdekf2aÈcdfJ�JZ]w�a á nã�;^2�b\�Z]mUaUæUéE�[��\�ZY_Ac�jkaA^SaAnyf
eßmYf2c�xknye4Z]� î n�a á mYwyf
e4^`w�ZYìJ\4^`e4�bnpf2enã�N^2eÃ^
�k^`\JaAnyë
Z+\4_bfJmoZ��b�i��ekf î eÃ^
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qxkjJa+jke4�JZ]_;a á Z�e4Z î _bZ]\k_AZ]�bZYe�aA^`abnpf2eLq��,ä � W æ;�kf�Z��;ekf2a$cd^`aAm á �,ä � � æoéi�[^�ë�npekâË^Ë�Jn � Z]_bZ]e
a$_AZY\4_bZYí�bZYe�aA^`abnpf2e
g±f2_,Z]^
m á �JZoaAZ]moabnpf2eÜekfJ�JZ�nã�$Z]z�jknpëS^`wpZYe�a[aAfÃm á ^2ekâ2npekâËa á Z 
A� á ^`\�Z �Ëf2g�a á Zd�JZoaAZ]moabf2_{�]q
î á npwyZ��
ZYZY\4nyekâ�a á Z 
A� á ^`\�Z ��f`g?a á Z��½Z]w�g0�½ZYa$mof2eC��a{^`e�a�äÊ�½Z]Z[ïCâ2jk_AZ ��æUéihif
e4�½Z�z�jkZYe�abwp�2q î á Z]_bZ,f2e4ZekfJ�JZ�gÅ^2nywã�Nabf��JZYabZ�mUa[^�ekf2eC�½Z]w�g0��aA_bnpekâ4qk^2ekf`a á ZY_;e4f��kZ�mof2j4wp�ß�½jCmYmoZ]Z]��é

local detector set 1 local detector set 2 local detector set 3

detection across all nodes

�5nyâ
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Z]��^2_bZËZ�z
j4nyëS^`wpZYe�a�aAf 
b� á ^`\�Z �
m á ^2ekâ2Z��,g±f2_��JZYabZ�mUabf
_A�]é àÈá Z
\k_Af2xkwpZYc°f2g á f2wpZ]�Èm]^`e�x�Z�^`cdZYwpnyf
_A^`abZ��dx��ËjC�½npekâd�Jn � ZY_AZYe�a;^�_AZY\k_AZ]�bZYe�a{^Sabnpf2edg±f
_ÈZ]^2m á �JZoaAZ]mUaAnyf
e
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é àÈá ZY_AZ ^2_bZÜ�Jn � ZY_AZYe�a á f
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e npe
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npe
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_;Zoìk^`cd\kwpZ2q4nye�ab_{^Sí�moZ]wywpjkwã^`_È\4^`a á f
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\ á ^`â
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ê�Z[g±fJmYj4�Nf2eÃ^�\4^`_babnãmoj4wp^2_Pg±f
_bc°f`gQZ � Z]mUaAf2_È�½Z]wyZ�mUaAnyf
eLq�nye4�½aA^2e�abnã^SabZ���x��Ë^�mYwp^
�b�if`gLwp��cd\ á f`í
mo��aAZ]�[m]^`wpwyZ�� �Pí�moZ]wywã�]éiê á Z]e �ií®mYZYwpwp�$^2_bZ�^
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moZ]wywã��a á ^Sa��bZ]mY_bZYabZ�^-�bf2wpjkxkwpZdg±f2_Ac f2gia á ZYnp_�_AZ]mYZY\JaAf2_{�Yq?m]^`wpwyZ�� �Sù4ø ü õ{ô �`ü úU÷ é-v$e�aAnyx�fJ�JnyZ�� á ^�ë
ZË^
��í®� á ^2\CZ��è�½ab_Aj4mUaAjk_AZ2q î nya á a á _bZ]Zd�kn � ZY_AZYe�a�_AZYâ2npf2eC�YqLmYf2_A_bZ��½\�f2e4�knyekâ�abf
a á Z�a î f-^`_AcË��^`e4�èa á ZaA^2nyw0f2gEa á Z��2é àÈá Z�^2_bcË�+f`gEa á Z��Ü^2_bZ�abZ]_bcdZ]�Üa á Zßý �Sþ ü �2õ��yú _bZ]â2npf2e4�]qÑ^`e4�Üa á Z�aA^2nyw0f`gPa á Z��-np�
a á Z 	 ôSù4÷Uø �`ù4ø _AZYâ
nyf
eLé àÈá Z+ëS^`_Anã^`xkwpZ$_AZYâ2npf2eC�P^`_AZ[_{^`eC�Jf2cdwp��â
ZYekZ]_A^`abZ]� äÅ^2�N�JZ��bmY_bnpxCZ���npe��bZ]mUaAnyf
e
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kúo÷ W½�2é àÈá Z�mYf2e4�½aA^2e�aN_AZYâ
nyf
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f2eÃa á Z�^`\k\kwpnãmY^SaAnyf
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e��Jf2cË^`npe4� î npwpw
_AZ]z�jknp_bZ�e4f;g±f2_AcË�Lf`gk^2jJabf
cd^`abZ���_bZ��½\�f2e4�bZ�æoq î ZPm]^`e�npe�^`x4�½ab_{^2moacdfJ�JZYwÈZ � Z]moabf
_��bZYwpZ]moabnpf2eLqE^
�b�bjkcdnye4âÜa á ^Sa��bZYë
ZY_{^`wN�Jn � ZY_AZYe�ad��nye4�4��f2g[_bZ��½\�f2eC�½Z�^2_bZÃ_bZ�z�jkny_AZ]�Lq
Z]^
m á ^2�A�½fJmYnp^`abZ]� î nya á ^=�Jn � ZY_AZYe�a���npe4� f2g�Z � Z]mUaAf2_-W �2é 
P^2m á �kZoabZ�mUaAf2_Ãm]^`e x�Zè^2jkâ2cdZYe�aAZ]�
î nya á a á Z�Z]z�jknpëS^`wpZYe�a�f2g;^-ïkìJZ]� _AZYâ2npf2e?q î á nãm á np��^-xknya��½ab_Anye4â
a á ^`a�ZYeCmofJ�JZ]��Z � Z]mUaAf2_�m á f2nãmoZ
éê á Z]e*�JZoaAZ]moabf2_{��^2_bZÜmYf2\knpZ]�*^SgÏabZ]_Ã^
mUabnpëS^SaAnyf
eLqÈa á Z]�(jke4�JZ]_bâ
fñ^u\k_Af�mYZ]�A���bnycdnpwp^2_�abf�np�bf`a���\�Z
� î n�a{m á nye4â4qEnpe î á npm á a á ZßïkìJZ��ñ_AZYâ2npf2e�xknyaË�½ab_Anpekâènã�d�½ZYa�^2mYmYf2_{�Jnpekâ-abf�a á Zßa���\�Z
f`g[_AZ]�b\�f2e4�bZ�JZ]ZYcdZ]�ß^`\k\4_bf
\k_bnã^SaAZ2é0t-npâ2_{^Sabnpekâ��JZoaAZ]mUaAf2_{� î nywpwÑa á Z]eÃe4f`aÈf2ekwp��mY^2_b_A�dnyeJg±f
_bcË^`abnpf2eÃmYf2e4mYZY_Aeknpekâa á Z�\C^Sa½aAZY_Ae4��f`gÈ^`ekf
cË^`wpnyZ��Yq�xkjka�^2wp�bf
�½\�Z]mYn�ïCm�npeJg±f2_AcË^SaAnyf
e�mYf2e4mYZY_Aeknye4â á f î a á f��½Zd^`ekf
cË^`wpnyZ��� á f2jkwã�ßxCZ�Z]wynpcdnyeC^SabZ���éEê�Z�ZoìJ\�Z]moa;a á ^`a;a á nã� î npwywQcd^2nye�a{^`npeß^Ë�bnycdnpwp^2_;wyZ]ë2Z]w�f`g0_bf
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� î Z á ^�ë
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é
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wyZ]_bn �]^`abnpf2e
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bs � s 
 �
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jkwp��Z]^2�bnpwy�dx�Z+npcd\kwyZ]cdZYe�abZ�� î nya á e4ZYâ
^`abnpë2Z,�JZoaAZ]mUaAnyf
efJmYmYjk_b_AnpekâËnyeÜ^��½npekâ2wpZ�wpfJmY^SaAnyf
eLéÈêèZ á ^�ë2Z�^�ë
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��eØa á nã���bZ]moabnpf2e î Z
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��e ^2�k�Jnyabnpf2e?q�Z]^2m á �JZoaAZ]mUaAf2_��2Z]ZY\4�+aA_A^
m{�ßf2g î á ZYa á Z]_�n�a�nã�,^ î ^`nyabnpekâßmof
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&f F�gIgIg bP6 9 A 3$hi(+8;8;(+& A 0�8;3R9:9;8jWO2�8
9
# 9;0_9;3[F+E ? 3'& A 2�FI*CFIM+6 k�lPFI*C0�9
#CFI2�(+H
6nm^FI-/]�0�9;(@9
#CFI2io_p FdqRr sPt@uwvIx



³�«{¬®¢Nµ2«A¢ 
Nª�¨+¸J«A¡ Ð2¡½ ]¦A¢�£©»�� Ð
¡½ ]¦b¢�£�»]�
¬®¢�¡�£��
À�¬ �
»��
¬�«{§¥¾ ª��
£��Sª
«N��»]��¬�«{§¥¾

��� ������� �`Æ 	�
�� �2Æ 
�
��
�5µ ������� �`Æ 
�
�	 �2Æ������
Ì���� ������
 �`Æ ����� �2Æ������
Ì���� ����
 �]Æ ����� �2Æ ��
��
Ì���
 ��
���� �`Æ������ �2Æ �����
µ���� 
�� �]Æ ����� �2Æ ��
�

µ���� ����	 �`Æ�����	 �2Æ���
��

à ^`xkwpZ � ò[�kZ�^Sabj4_bZ��[f2gEekf2e4�bZYwygi�bZoa{�Yé�� ö �Ëõ{úoþ�÷{øÂþ ü ù��`÷ nã�[a á Z�abf2aA^`w0e�jkc�xCZ]_+npeÜa á Z�aA_A^
moZ
q4g±_Af2c
ï4_{��aQekf2e4�bZYwyg4�½ab_Anyekâ$abf[wã^2�½a]q�npe4mowpj4�Jnpekâ,^`wpw
�bZYwyg4��aA_bnpekâ
�La á ^`aQfJmYmYjk_A_bZ����Jjk_Anyekâ$a á ^`a?abnpcdZ2é�� þ�� 	 ø ü ô`ù
ù�ô`ùk÷Yú�� � nã�Na á Z�g±_{^2moabnpf2e�f2gQa á Z,ab_{^2mYZ+a á ^Sa[mYf2e4�bnã��aAZ]��Z]e�abnp_bZ]wy��f2g5e4f2e4�bZYwyg5�½ab_Anye4â
�]q�^2e4� � þ�� 	 ø ü ô`ù
öJù ü"! ö4ú
ùÑôSùk÷Yú�� � nã��a á Z
g±_{^2moabnpf2e�f`g,a á Zßabf2aA^2wÈab_{^2moZ
_AZY\k_AZ]�bZYe�aAZ]�ñx��ñj4eknpz�jkZ-e4f2e4�bZYwyg,�½ab_Anye4â
�]q
î á nãm á nã��a á ZÃ�bn��]Z�f`g;a á Z�ekf
e4�bZYwygNaAZ]�½a��bZoa�g±f2_�a á Z�npe4mYnp�JZ]e�a]é v+� , ^2�k�J_AZ]�A��\4_bf
xknye4â4q0�il ,wã^`_Aâ2ZË�bm]^`wpZË\Cf
_½a��AmY^2ekeknpekâ4q��?� , wpnycdnyabZ]� \4_bf
xknye4âñäÅ�AmY^`e4eknye4â-f`g;^ßg±Z î \Cf
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xknye4â4é
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��a�ekf2eC�½Z]w�g+�4^SaA^2\4^Sa á é àÈá jC�YqEZ�^2m á npe4mYnp�JZ]e�a
_AZY\k_AfJ�Jj4moZ��Üa á ZËaAnycdnpekâ-f`gNa á Z�^`a½a{^2m{�ÑqQ^
� î Z]wywP^
��nyeCmowpj4�Jnpekâ ^`wpw�ekf
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l�npc�jkwã^SaAnyf
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�½\4^
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j4��\4^2_A^2cdZoabZ]_��bZoa½aAnye4â
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aA^2â2Zdf`g;�bnyc�jkwp^`abnpf2e nã�,a á ^`a�n�a�nã��Z�^2�b�-abf-_AZY\kwpnãmY^SaAZd_bZ��½jkwyaA�]é�ê�ZË_bZ]\Cf
_½a�Z]wp^2\4�½Z��èabnpc�Zdg±f
_�a á Z
ZoìJ\�ZY_AnycdZ]e
a{�Pnpe�� �Sÿ�÷ éE�kf
_N^2wyw��½npc�jkwã^SaAZ]���4^SaA^4q
f
ekZ+�4^���nã�i^
�b�bjkcdZ]��aAf�x�Z+Z�z�jknyëS^2wyZ]e
aiabf � �`�
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ZoaA�]qkx�Z]m]^`j4�bZ�a á nã�$nã�;a á Z�^�ë
ZY_{^`â2Z,e�jkc�x�ZY_+f`gEl��,s
\4^
m{�2Zoa{�Nf2x4�bZY_Aë2Z���npe
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�;mof
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�Jnã�bmY_bZYabZYíÊaAnycdZ2q�_{^`e4�Jf
c�íÂ\k_AfJmoZ��b�]q`�JZ]�Amo_AnpxCZ��dx���a á Z+�A^`cd\kwpZ[�Jnã��aA_bnpxkjJaAnyf
eËZoì�ab_{^2moabZ]��g±_Af2c�' � é0��e
f`a á ZY_ î f
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x4^`xknpwpn�aAnyZ���äÅ� � �
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ZYekZ]_A^`abZd�½Z]w�gEa á nã� î ^��-x�Z]m]^`j4�bZ�f
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ZoìJ\CZ]_bnpcdZYe�aA�Ng±f
_;cdf2_AZ+a á ^`e-�`�d�bnyc�jkwã^SabZ��Ã�4^����]é

tÜ^2e��è�Jn � Z]_bZ]e�a��½npc�jkwã^SaAnyf
e4� î ZY_AZd\CZ]_½g±f
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_�f2e4Z\4^2_½aAnpmYjkwp^2_i�bZoaNf`g?\4^2_A^2cdZoabZ]_EëS^`wpjkZ]�,äÅ�bZYZ+aA^2xkwpZ+�
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à ^`xkwpZ��kò àÈá ZË\4^`_{^`cdZYabZY_{�,g±f2_�a á Z��bnpc�jkwã^SaAnyf
eLéÃv[w�a á f2jkâ á a á ZÃ�½npc�jkwã^SaAnyf
e j4�½Z�� � �2�2�
��aAnycdZoí
�½abZY\C�+\�ZY_��bnyc�jkwp^`abZ�� �k^��
q�\C^`_{^`cdZoaAZY_[ëS^2wyjkZ���^`_AZ�_AZY\�f2_babZ]�Ünye abZY_AcË�[f2gi�k^��J�[g±f2_�mowã^`_An�a��
é àÈá Z
�JZ�mY^���\CZ]_bnpfJ�k��^2_bZËa á Z�ZYìJ\CZ�mUabZ��uaAnycdZ�aAfè�JZ�mY^��èx�� f
ekZ2é v[wyw;�`� �JZoaAZ]mUaAnyf
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jkwp�ñnycd\k_AfSë2ZËa á Zß_bf
xkj4�½abekZ��b��f`g[�bnyâ
e4^SaAjk_AZoí®x4^2�bZ]��JZYabZ]moabnpf2eØnye�a á Z
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^`jkabf2e4f2cdf2j4�+x��Ü_AZYcdfSë�nyekâ�a á Z á jkcË^`eèf2\�ZY_{^SaAf2_�é àÈá nã� î f2j4wp�è_bZ�z�jkny_AZ�npcd\kwpZYcdZYe�abnpekâ-^`e ^`jkíabf
cË^SabZ��(_bZ��½\�f2eC�½ZÜ�b�J��aAZYc î n�a á \Cf��b�bnpxkwyZè�½Z]wyZ�mUabnpf2e f2g�_bZ��½\�f2e4�bZ-cdZ]m á ^2eknã�½cË��^2e4^`wpf2â
f2j4��aAfZ � Z]moabf
_$�½Z]wyZ�mUabnpf2eßnpeÃa á Z��½lÑé àÈá Z�xC^2�bnp�Èf2g?a á Z�_bZ��½\�f2e4�bZ��½�J�½abZ]c mof
jkwp�Ãx�Z�a á Z�cdfJ�JnyïCmY^`abnpf2eßf`g
^2m]moZ��b�?abf,ekZoa î f2_A���½Z]_bë�nãmoZ��Yq`�bf$a á ^Sa á f���a{�5m]^`j4�bnpekâ+^2ekf2cË^`wpf2jC�?\4^
m{�2ZYaA� î f
jkwp��xCZ;�JZ]eknpZ]��^
mYmYZ]�A�abfda á Z�_AZYwpZYëS^`e�a[�bZY_Aë�nãmoZ��Yé àÈá Z�_bZ��½\�f2e4�bZ��½�J�½abZ]c mof
jkwã�Ãx�Z�ë�nyZ î Z��
^2� á ^�ë�npekâ �4ZoìJnpxkwyZ
qC�J��e4^2c�ínãmY^`wpwp�
^
�k^`\kabnpë2Z�ïC_bZ î ^2wywã�$f
eÜZYë
ZY_A�
mYf2cd\kjJaAZY_,f2e-a á Z �?v[s�éLv$jJaAf2cË^SaAZ]� _bZ��½\�f2e4�bZ�nã��^Ëab_Anãm{���nã�b�bjkZ2q á f î ZYë2Z]_]qÑx�Z]m]^`j4�bZ�^`e�nyeCmof2_A_AZ]mUa�_AZ]�b\Cf
e4�½ZËm]^`e�nye�abZ]_½g±Z]_bZ î nya á a á ZËwyZ]â
^`w0g±j4e4mUaAnyf
eknye4â-f`ga á Z��½�J�½abZYc ^`e4�ßmY^2j4�bZ��kZYeknã^`wLf2g5�bZY_Aë�npmYZ2é���e4mYf2_A_bZ�mUaÈ_bZ��½\�f2e4�bZ]�;^2_bZ�^`eC^`wpf2â2f
j4�iabfË^`jkabf2npcdc�jke4Z
_AZ]�b\Cf
e4�½Z��Yq�^`e4� î Z á f
\CZ�a á ^`a,^dg±f
_bc f`gEmYf
�½abnpc�jkwã^SaAnyf
eÜmY^`e-x�Z�npcd\kwpZYcdZYe�abZ��
a á ^Sa î npwpwQcdnpekn�ícdn��]ZNa á Z��½Z á ^2_bc�g±jkwJ_AZ]�b\Cf
e4�bZ]�]é à f��Jf,a á np�0_AZ]z�jknp_AZ]�5�½f
c�ZÈnpe4�JnãmY^`abf2_0f2gC�k^`cË^2â2ZNnye�a á ZÈekZYa î f
_b�ZYe�ë�np_bf
ekcdZYe�a_�Cf2ekZ�nã�JZ�^da á ^`a î Z�^`_AZ�npe�ë
Z]�½abnpâ
^`abnpekâËnp�[j4�bnyekâÃ^ á f
�½a½í®x4^
�½Z��Ãnpe�ab_Aj4�bnyf
eÜ�JZoaAZ]mUaAnyf
e�b���½abZ]c"abf
\k_AfSë�np�JZ��k^`cË^2â2Z�npe4�JnãmY^`abnpf2e4� � � �I�®é�ê�ZËmY^2eè^`wã�bf�cdf2eknyabf
_��½�J�½abZYc \�ZY_bg±f2_AcË^`e4mYZ�aAf
m á ^2_A^
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Zoì á npxknyaA�]é�t-f
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é


 �?�½l���l�nã� þbô
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e
aAnye�jkZ��0abf�g±jke4mUaAnyf
e�npeda á Z;gÅ^
moZ$f2gÑmYf2cd\k_Af2cdnã�½Z;f
_EcË^`wyg±jke4mUíaAnyf
e-f`gE�½f
cdZ�mof2cd\kjkabZY_{�]é àÈá nã�;nã�[�JZ��½np_{^`xkwpZ�xCZ�mY^2j4�½Z�nya[cË^`�
Z]�Èa á Z��b�J��aAZYc c�f
_bZ�_AZYwpnã^`xkwpZ
^2e4� cË^2�2Z]��nya á ^`_{�JZ]_�g±f2_�^`e ^2�kë2ZY_{�A^`_A��aAfÜ�½jkx�ë
ZY_ba]é �L�½l���lè^
m á npZYë2Z��+a á nã��xCZ�mY^2j4�½Zdnya�np�
�Jnã�½ab_AnyxkjkabZ]��^`e4�dekf�mof
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�JZoí®f � �QxCZYa î Z]ZYe�_AZ]�bf2jk_{moZ��Lj4�bZ]��^`e4��Z � Z]mUaAnyë
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Z]�]é àÈá nã�Qnã�5�JZ]�bny_{^`x4wyZixCZ�mY^`jC�½ZÈ�Jn � Z]_bZ]e
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cdf2_AZ��JZYabZ�mUabf
_A�]qka á Z�x�ZoababZY_+a á Z��JZYabZ]moabnpf2e-_{^SaAZ2q4x4jJa[a á Z�cdf2_AZ�mYf2cd\kjJa{^Sabnpf2eC^`wL_AZ]�bf2jk_{moZ��
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a á Z mof
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 �?�½l���l�\CZ]_½g±f
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�Jnã�½ab_Anyxkjkabnpekâ�npeJg±f2_AcË^SaAnyf
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e4^SaAjk_AZoí®x4^2�bZ]�
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 �?�½l���l�nã� � 	 	 öJþ��Sø�ú ò��®a�^2m á nyZ]ë2Z]�,wpf î gÅ^2wp�bZd\Cf��½nyabnpë2ZË_{^SaAZ]�Ëä±a î f
\�ZY_��k^��kæ î nya á mowpZ]^2_��JZoíaAZ]mUaAnyf
e f2gEnye�ab_Aj4�bnyë
Z�^
mUabnpë�n�a��uä®~Ëf
jJa+f2gÈ~dnpe4monã�JZ]e
a{��mowpZ]^`_Awp�ß�JZYabZ�mUabZ��4æUé àÈá np�,nã�+�JZ��½np_{^`xkwpZ
x�Z]m]^`j4�bZ î Z î ^`e�a�abf-cdnpeknpc�n �YZ á ^`_AcçaAf
a á Z��b�J��aAZYc
qQx�f`a á nye aAZY_Acd��f2g$�k^`cË^`â
ZË^`eu^Sabía{^2m{�2Z]_[mof
jkwã�-�Jf4qÑ^`e4�
npe-aAZY_Acd�[f`gE�k^2cd^2â2Z�^2e-nyeCmof2_A_AZ]mUa$_AZ]�b\�f2e4�bZ�ä±Z]n�a á ZY_�^`jJaAf2cË^SaAZ]�
f
_
g±_Af2c ^ á jkcË^`e
f
\CZ]_A^`abf2_Uæimof2j4wp�ß�Jf4é
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�ø��2õ��yú òE�®aNm]^`ednye4n�aAnp^2wywp��ab_{^`npeËn�a{�½Z]w�g î nya á f
jJa á jkcË^`e��bjk\�ZY_Aë�np�bnyf
eLq�^`e4�dnyaimY^2ewã^SaAZY_�^
�k^`\Ja�abf m á ^2ekâ2Z���nye=ekf2_AcË^`wEx�Z á ^�ë�npf2_ î nya á f
jJa á jkcË^2e�npek\kjka]é àÈá nã��nã���JZ��½np_{^`xkwpZaAfËZYe4�bjk_AZ�^2jJabf
ekf2c���f`g5a á Z��½�J�½abZ]cßq4xCZ�mY^`jC�½Z�ekZYa î f
_b�J�Èx�ZYnpekâËcdf2eknyabf
_bZ�� î npwyw5^`w î ^��J�Nx�Zm á ^2ekâ2npekâCéØ��e �?�½l���lÑqEabf2wpZY_An �]^SaAnyf
e�^2e4��ï4eknyabZÜ�JZYabZ]moabf
_Ëwynyg±ZoaAnycdZ]��^`wpwyf î a á ZÜ�b�J��aAZYc aAf^
�k^`\Ja�é

 àÈá ZÈwpf î _AZ]�bf2jk_{moZi_bZ�z
j4ny_AZYcdZYe�a{�Qf2gL�?�½l���l�cË^`�2ZÈnya � ü � � ø �Pú ü � � ø é àÈá np�0nã���JZ��½np_A^2xkwpZPx�Z]mY^2j4�bZs[��Xå�½�J�½abZYcË� î n�a á ZYìJ\CZ]e4�½npë2Z�_AZ]�bf2jk_{moZ�_AZ]z�jknp_AZYcdZYe�aA� î npwyw0\k_Af2x4^2xkwp�ße4f`a�â2Zoa�j4�bZ]��é àÈá Z_AZ]�bjkwyaA� î Z�^2m á npZYë
Z]� î nya á �?�½l���lè_AZ]z�jknp_bZ�� f
ekwp�ñ�]�
�ß�kZoabZ�mUaAf2_{��\CZ]_�ekfJ�JZ2q î á nãm á nã�d�]�
�
� �Sí®xkn�a;xknpe4^2_b���½ab_Anpekâ
�N\�ZY_[mYf2cd\kjJaAZY_�q î n�a á e4ZYâ2wpnpâ2npxkwyZ�_Ajkekeknpekâ�mYf
�½aA�]é

� ��� �!��" ��� �1�0� ��� �
l�Z]ë2ZY_{^`w�wpnpc�nyaA^`abnpf2e4�;^2_bZ�_AZYwã^SaAZ]�Ãabf�a á Z�gÅ^2moa;a á ^`a �L�½l���lÃmYjk_A_bZ]e
aAwy��c�f
eknyabf2_{� à hN� �k^`aA^`\C^Sa á �
f2eÃ^�xk_Af
^2�4mY^2�½aEekZYa î f
_b�Ñé5��e
aA_bjC�½npf2e4�PmY^`e�nye�ë2f
wyë
Z;ekZoa î f2_A��aA_A^���m[^SaN�Jn � ZY_AZYe�aN\k_bf2abfJmof
w4wã^��2Z]_A�]qg±f2_�ZYìk^`cd\kwpZ�r+X+� ��a á Z��½Z î f2jkwã�Üe4f`a�xCZ��kZoabZ�mUaAZ]��x�� �L�½l���lÑéB�?v+s[��^2_bZ�cdfSë�npekâ
^ î ^��ßg±_Af2cxk_Af
^
�kmY^
��a5ekZoa î f2_A�J�LaAf�� î nyaAm á Z�� 
�a á ZY_AekZYa]q2�bf[a á ^Sa�Z�^2m á mYf2cd\kjJaAZY_E�bZYZ��Qf
ekwp��a á ZÈ\4^
m{�2Zoa{�Qa á ^`a^`_AZ[�JZ���aAnye4Z]�dg±f
_Pnya]é5�L�½l���l î f2jkwã�Ëwpf
�bZ$cË^`e���f2gÑa á Z,^2�JëS^`e�a{^`â2Z���f`g?�knp�½ab_Anyx4jJabZ��Ëcdf2eknyabf
_bnpekâ�npe^[� î nyaAm á Z���ekZYa î f
_b�Ñé?�0f��b�bnyx4wyZ î ^��J�Lf2g4fSë2Z]_AmYf2cdnye4âÈa á nã�5wynpcdn�a{^Sabnpf2e�nyeCmowpj4�JZNj4�½npekâ+\k_bf
â2_{^`cdcdZ]�� î n�a{m á Z]�Pf2_i^
mUaAnyë
Z$ekZoa î f2_A�J� � �2���Cabf�x4_bf�^2�km]^2�½ail��,s*\4^2m{�
ZoaA�]éEh á ^`_{^2moabZY_An �Ynpekâ��½Z]w�gLnpeËabZ]_bcË�Pf`g�k^`aA^`\C^Sa á � î npwywQekf`a î f
_b��g±f2_+�bZY_Aë�npmYZ]� î á npm á ^2_bZ�ZYìJ\CZ�mUabZ��
abfÃmof2e4ekZ]moa$abfß^`e��Ã\�f
�A�bnyxkwpZ�f2a á Z]_mof
cd\kjJabZ]_�^`a�^`e��ÜaAnycdZ
q0�bj4m á ^
��ê ê ê f2_�� à ���bZY_Aë2Z]_A�]é
�$ZYeCmoZ�^2e���^SabaA^2m{� a á ^`a�ZoìJ\kwpf2nyaA�
ë�jkwpekZY_{^`xknpwpn�aAnyZ���nyeèa á Z��½ZË�bZY_Aë�npmYZ]� î nywpw�â2fßjke4�kZoabZ�mUaAZ]��éËt-f
ekn�aAf2_Anye4âß^
�Jn � Z]_bZ]e�a�m á ^`_{^2mUaAZY_Anp�½abnãmä±Z
é âCéyq4\4^2m{�
ZoaNg±_bZ�z
j4ZYe4mYnyZ��AæNmof
jkwã�ß^
�k�J_AZ]�A�ia á nã�;\k_Af2xkwpZYc
é

v+mUabnpëS^SaAnyf
eÜa á _bZ�� á f
wp�4�[^`_AZ�jC�½ZYg±jkw5g±f2_,_bZ��Jj4monpekâ�gÅ^`wã�½Z�\Cf��½nyabnpë2Z��Yq�xkjJa,a á Z]�Ü^`wã�½f�nye�ab_AfJ�Jj4mYZ
\4^`a á ��f2gÈ^`a½aA^
m{�J�Yé��®gN^
mUabnpëS^SaAnyf
e a á _bZ�� á f2wã�k��â2_AZ]^`abZY_+a á ^`e f2ekZË^2_bZ�j4�bZ]� abf-_AZ]�Jj4mYZ�gÅ^`wã�½Zd\�f
�½í
nyabnpë2Z]�]q�a á ZYeu^`e�^SabaA^2m{�
ZY_�mY^2e Z]ë�^
�JZË�JZoaAZ]moabnpf2e nyeèa î f î ^��J�Yé��Qnp_{��aAwy�
qLx��ÜcË^`��nye4â
^2ekf2cË^2wyf
j4�mof
ekekZ�mUabnpf2eC��fJm]mojk_�nyekg±_bZ�z
j4ZYe�abwp�uZYekf
jkâ á �½fèa á ^Sa�a á Z]� î nywpwÈekZYë
ZY_d^2m]mojkc�jkwp^`abZÃabfèa á Z
\�f2npe�a
î á Z]_bZ�a á ZY�-mYf2jkwã�ßab_Anyâ
â2Z]_[^��JZYabZ�mUabf
_]q�^`e4� �½Z�mof2eC�Jwy�
q4x��
ZYe4�bjk_Anye4âËa á ^`a,�Jj4_bnpekâ�^2e��ßâ2npë2Z]eÜ^SabíaA^
m{��a á Z;e�jkc�xCZ]_0f`g�mYf2eke4Z]mUaAnyf
e4�5cË^2�JZÈnã�5g±Z î ZY_5a á ^2e�a á ^SaE_AZ]z�jknp_AZ]��aAf�^
mUaAnyëS^SaAZ;^+�JZYabZ�mUabf
_]é0v[�a á Z$g±_AZ]z�jkZYeCmo�df`gLmof
ekekZ�mUabnpf2eC�Ej4�bZ]���kZ]mo_AZ]^
�½Z��Yq��½f�a á Z,�½��npwywÑ^`e4�d\C^SabnpZYeCmoZ[f2g�a á Z,^SabaA^2m{�
ZY_Ec�j4�½a
npe4mo_AZ]^
�½Z
é àÈá nã�ÈwpnycdnyaA^SaAnyf
eß�kf�Z��Èekf`a;^`\4\kwy��n�g0^`eßf2_Aâ
^`e4n���^Sabnpf2e á ^2�ia á Z�_AZ]�bf2j4_AmYZ]��aAfËmof2\�Z î n�a áa á Z á nyâ á ZY_ÈgÅ^2wp�bZ�\Cf��½nyabnpë2Z�_{^SaAZ]�Na á ^Sa[^`_AZ�^Ëmof2eC�½Z�z
j4ZYe4mYZ+f2g5cdnpeknycË^2w?^2moabnpë�^`abnpf2eÃa á _AZ]� á f
wp�k�]é

ê�Z á ^�ë2Z�^2�A�bjkcdZ]��a á ^`a;a á Z�\k_Af2x4wyZ]c �Jf2cË^2nye
mY^2eßx�Z��Jnpë�np�JZ���npe�abfda î fË�½ZYaA�Èf`g5ZYë
ZYe�aA�]ò�^�bZoaEf`g�wyZ]â2nyabnpcË^SabZ$^2e4�d^2m]moZY\kaA^`x4wyZ�äÅ^
mYmYf2_{�Jnye4â[aAf��½f
c�ZÈ\�f2wpnpmY�kæ5ZYë2Z]e�aA�]q2^`e4��^��bZoa�f`gÑnywpwpZYâ2nyabnpcË^SaAZ
ZYë
ZYe�aA�]éL��e�_AZ]^2wynya��2q]a á ZY_AZPmY^2e�xCZiZYë2Z]e�aA� î á npm á ^2_bZEwpZYâ
n�aAnycË^`abZP^`aQ�½f
cdZ�abnpcdZ]�5^`e4��npwywpZYâ
n�aAnycË^`abZP^`af`a á ZY_QabnpcdZ]�]é0lJj4m á ^2c�xknpâ2jkf
j4�LZ]ë2Z]e
a{�?ë�npf2wã^SaAZEa á ZN^
�b�bjkcd\Jabnpf2e�^`e4��mY^`e4ekf`a�^`w î ^��J��x�Z;mof
_b_AZ]moabwp�mowã^2�A�bn�ï4Z��-x�� �L�½l���lÑé�v$ekf2a á Z]_�jke4�JZ]_bwp��nyekâß^2�A�½j4c�\kabnpf2eÜnã�+a á ^`a,\�f2wpnpmY�ñä±jkeC�JZY_ î á nãm á a á Z��bZYwyg^`eC�Üekf
e4�½Z]w�gÈ�½ZYaA��^`_AZd�JZoï4e4Z]�4æ,mY^2eèx�Zdnycd\kwpnãmonyabwp�Ünyekg±ZY_A_bZ��Üx��Üf2xC�½Z]_bë�npekâ�a á ZdxCZ á ^�ë�nyf
_+f2gPa á Z
�b���½abZ]c
q�^2e4�Ë^2�A�½j4c�npekâ�a á ^SaNZYnya á Z]_i�bZYwygLf�m]mojk_{��cdf2_AZ;g±_AZ]z�jkZ]e
aAwy��a á ^`eËekf
e4�½Z]w�g�q�f2_Ea á ^`aPa á ZY_AZ$np�
�bf2cdZP\�ZY_AnyfJ��f2gkabnpcdZN�kjk_bnpekâ î á npm á a á ZÈ�bZYwyg4�½ZYa0m]^`e�x�ZNmYf2wpwyZ�mUaAZ]���bZY\4^2_A^`abZ]wy�+g±_bf
c�ekf2eC�½Z]w�g�é àÈá np�nã��ekf`a�f
ekwy�è^�wpnycdnyaA^`abnpf2e f`gia á nã��_AZ]�bZ]^`_{m á q�xkjka�^�wpnycdnyaA^`abnpf2e�g±f2_�^2ekf2cË^`wp�Ü�JZYabZ]moabnpf2eu�b���½abZ]cË�
npeÃâ
ZYekZ]_A^2wÏW �SòEl�f2cdZ�^2�A�bjkcd\Jabnpf2e4�ic�jC��a;x�Z,cË^
�JZ�^`x�f2jJaNa á Z�_AZYwã^SaAnyë
Z[g±_AZ]z�jkZ]e4mo�Ëf2g?fJmYmoj4_b_AZYe4mYZ
� � WO2�&'*C0�D�#C2�MQ9 A 35W:Y�<
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à ^`x4wyZ��kò à ZYe�a{^Sabnpë2Z�mYf2cd\4^`_Anã�½f
e�f`g�v[� à �½l î nya á mowã^2�A�½nyï4Z]_È�b�J��aAZYcË�]é

^`eC����f
_È�knp�½ab_Anyx4jJabnpf2e4�Èf2gQa á Z��bZYwyg0^2e4��e4f2e4�bZYwyg0�bZoa{�Yé

� Ù � �,7 ×ÃÕ�ÚÜÖ ×ÜÚ Þ ��7=.i. Õ O Õ � Ù . 
Ø. × � � .

v[� à �½l=_bZ��½Z]c�xkwpZ]��a á Z-^`_{m á n�aAZ]moabjk_AZ�f2g+^ mowã^2�A�½nyï4ZY_d�b���½abZ]c � � � �®é�v[� î Zßc�Z]e�abnpf2ekZ��ñZ]^2_bwpnpZY_�qnpc�c�jkekf
wyf
â2nã��a{��f`gÏaAZYe=�JZ��bmY_bnpx�ZËa á ZÃ\k_Af2xkwpZYc}�½f
wyë
Z]� x��èa á ZÃnycdc�j4ekZÃ�b�J��aAZYc}^2��a á ^Sa�f`g$�Jnã��í
mo_Anpc�npe4^`abnpekâ 
b�bZYwyg�� g±_Af2c á ^2_bc�g±jkw 
½f2a á Z]_�� äÅf2_�
bekf2eC�½Z]w�g���æË^`eC�(ZYwpnycdnpe4^SaAnyekâ�f`a á ZY_�é���e a á Z
wã^`ekâ
j4^`â
ZNf2gÑmYwp^
�b�bnyï4ZY_E�b�J��aAZYcË�Yq2a á Z[nycdc�j4ekZ$�½�J�½abZ]c�c�jC��aP\4_bfJmoZ��b�0ZYì�abZY_Ae4^2w4^`e4��npe�abZY_Ae4^2wJc�Z���í
�A^`â2Z��Yq�ïC_A�½aEmowã^2�A�½nyg±��nyekâ,a á ZYc8^2���bZYwyg�f
_5e4f2e4�bZYwyg�q
^2e4��npe�a á Z$m]^2�bZÈf`g��4^`ekâ
ZY_Af2j4�5cdZ]�A�b^2â2Z��?a{^`��npekâ
^`\4\k_bf
\k_Anp^`abZ�^2mUaAnyf
eLé

àÈá Z[\4^`_{^`wpwyZ]wkx�Zoa î ZYZYeËnpcdc�jke4f2wpf2â2��^`e4�ËmYwp^
�b�bn�ïCZY_E�b���½abZ]cË� î ^2��ekf2abZ��Ë^2��Z�^`_Awy��^2�;���2| �,npe
� �]���®éÈ��e
a á nã� î f2_A�Ñq4^�mowã^2�A�bn�ï4Z]_$�½�J�½abZ]c î ^2�;jC�½Z��ßabfËcdfJ�JZYw?a á Z�nycdc�j4ekZ��b���½abZ]c
q4x��Ã�J_{^ î npekâ^`eH^`e4^2wyf
â2�ØxCZYa î Z]ZYeðnpe4�Jnpë�np�JjC^`w�mowã^2�A�½nyï4Z]_�_AjkwyZ��Ã^2e4�ð^2e
aAnyx�fJ�J�(a���\CZ��Yé hiwã^2�A�½nyï4ZY_
�½ab_AZYekâ2a á_AZY\k_AZ]�bZYe�abZ��ua á ZÜmof
e4moZ]e
aA_A^`abnpf2e�f`g[a á ZÜ^`e�aAnyx�fJ�J�ua���\CZ
q;^`e4��nye�aAZY_{^2mUaAnyf
e4��xCZYa î Z]ZYe(mowã^2�A�½nyï4Z]__AjkwyZ���cdfJ�JZ]wyZ��	�
ZY_AekZ�� ��nã�Jnpf`a���\knãm�ekZYa î f
_b� á ��\Cf2a á Z��½nã� � � ���Âéuv$wya á f2jkâ á a á ZßmYf2cd\4^`_Anã�½f
e î ^
�npe
aAZY_AZ]�½abnpekâ4q4n�a á ^2�ß_bZ]wp^`abnpë2Z]wy��wpnya½abwpZ�npcd\4^2moa$f2e-mowã^2�A�bn�ï4Z]_$�½�J�½abZ]c _AZ]�bZ]^2_Am á qJ^2e4�ßa á Z�a î fdï4Z]wp�k�á ^�ë
Z[mof
e
aAnye�jkZ���abf��JZYë
ZYwpf2\Ëwã^`_Aâ2ZYwp��npe4�JZ]\CZ]e4�JZ]e
aAwy�
éEl�nyeCmoZ$a á ^SaiabnpcdZ2q�a á Z]f2_AZoaAnpm]^`w4npcdc�jke4f2wpf2â2�
á ^
��^2�JëS^`eCmoZ]� �bnyâ
eknyïCmY^2e
aAwy�
q?^`eC�èZ]cd\ á ^2�bnã� á ^2��� î n�a{m á Z]�èg±_Af2cçnã�Jnpf`a���\knãmdekZoa î f2_A�
a á ZYf2_A�-aAff`a á ZY_$^
�½\�Z]moaA�Èf2g5npcdc�jkekf
wyf
â2�
é

à ^`xkwpZÜ��� á f î � á f î a á ZÜmof2cd\�f2ekZ]e�aA�df`g�v[� à �½l(mof
_b_AZ]�b\�f2e4� aAf a á ZÜmYf2cd\�f2ekZ]e
a{�df`g�^wpZ]^`_AeknpekâÃmYwp^
�b�bnyï4ZY_,�½�J�½abZYc
q�^`wya á f2jkâ á î Z��J_{^ î a á Zd^`eC^`wpf2â2�
�bf2cdZ î á ^`a,�Jn � ZY_AZYe�abwp�ßg±_bf
c � �����Âé
àÈá Z,cË^`\k\knpekâ�xCZYa î Z]ZYeßmowã^2�A�½nyï4ZY_È�b���½abZ]cË�N^2e4��v+� à �½l�nã�Nekf`a��oí{�2q�^`wya á f
jkâ á a á Z�^2_Am á nyabZ�mUaAjk_A^2w�bnycdnpwp^2_bnyabnpZ]�i^`_AZ$��aA_bnp��nyekâCé"�NZ�mY^`jC�½Z[^2wycdf���aP^2wyw�f`gÑa á Z[npc�\4wyZ]c�Z]e�aA^SaAnyf
e��JZoa{^`npwp�+ä±Z
é âCéyq
a á Z,�JZoa{^`npwp�
f`gQcd^`aAm á npekâ�_bjkwpZ]�{æi^`_AZ[�Jn � Z]_bZ]e
a�q î á npwyZ+a á Z,fSë2Z]_A^2wywC^`_{m á n�aAZ]moabjk_AZ[nã�Nwp^2_bâ
ZYwp��\k_AZ]�bZY_Aë2Z���q
v+� à �½l\k_AfSë�np�JZ��;^`e-npe�abZY_AZ]�½abnpekâ�mYf2cd\4^`_Anã�½f
e î nya á aA_A^
�Jn�aAnyf
e4^`wQmowã^2�A�½nyï4ZY_$�b�J��aAZYcË�]éi��e
a á np�+�½Z�mUaAnyf
eLq î Z\�f2npe
a$f
jJa;xCf2a á a á Z��½npcdnywã^`_An�aAnyZ��;^`e4�
�Jn � ZY_AZYe4mYZ]�Èx�Zoa î ZYZYeßa á Z]�bZ,a î fË�b���½abZ]cË�Yé


i^2m á �JZoaAZ]mUaAf2_ ��mYf2_A_bZ��½\�f2eC�k�5abf,a á Z[mof
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ZYwã� î á npm á �bZY_Aë2ZÃ^ �bnycdnpwp^2_�_Af2wpZËabfèc�Z��b�A^`â
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â2_AZYâ
^`abZ
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wÊq�f2_��½f
cdZ�f2a á Z]_
�bnycdnpwp^2_�xCfJ�J�
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j4�ab_{^`eC�b^
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q��b�J��aAZYc°mY^`wpwã�EZoìJZ�mojJaAZ]�Ëx���\k_bfJmYZ]�A�½Z��Yq
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wp^`abnpf2e4� î npwyw�_AZ]z�jknp_AZ��Jn � ZY_AZYe�a�_bZ��½\�f2e4�bZ]�]qÑg±f2_�ZYì�í^`cd\kwpZ2q
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e4�bZYwyg�npe�abf=^ ëS^2_bnpZoa���f`g
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�b�J��aAZYc a á ^`a�m]^`eux�Z�j4�bZ]��aAfwpZ]^`_Ae
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