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+$6+$! (ao($f&! / !%x8k.'7!a$/e<%2+&l$%!a0<#.k!0.&H)7h!J0.! ;&'&0$%2'<!$Ha$0i82'<! (7(+d6! /08<!
'2ba$H$f'&bk<,-!1*)21'<)$%j! '2!1*)#2H&!a$H$f'$(+.! -$H'$+&'<!b&H'$+#.%9,-!$fb&)+$%j!82(+$!
%7/e.+<6!'2a0h!6&+0.)7!@)-;"/-)<46+3)5),")-(9 !{2#&f$!1-#/)$%2'<6|h!J 0.!%7/e.+<!+$-+$!a$(+/a/!
b&! %9a$8&+! %&l6.! '*0$8'9j! 2b! a0.! 1$-l2H'&'<! 0.&H)7,-! %&)+$0$%! a$/e<%2+&l$%! b&! %!a0.&6&0&!
$-02'.8.+&l'9! 2)$! 23) 4 /5 j! )H&!/ !b&! a$8&+! $fb&)+$%! 2!) !b&! a$8&+! a$/e<%2+&l$%h! P7a#9%2bi,.!
a0$f#d6! (#2f&b!k)*#$%2+&l'$(+.!b&!6$e'd!0.&k.m!+&,-'.)26.!0&H/),.&!H.6&'1.$'2#.+7!a0.&(+$0/!
2#&f$! 0&H/)$%2'<6! %&l)$(+.! H*+$%&b! 6'$e.'7! {'*-$H'9! %9f&0! /08.+d-$! a$8+/! a$/e<%2+&l$%|h!
>&,-'.)7! 62+.,$%&b! 52)+$0.1*,.&j! )+$0d! 0&H/)/bi! a$8&+! H.6&'1.<! a0.! $Ha$0i82'.2,-! (i! %&l6.!
a$a/#*0'&! 2 !67! ., -! f#.ek.&! 2'2#71/b&6&! %!)2a.+$#&!AhAhAh!J0.! %7/e.+<! 1-#/)$%2'.2! (7(+d6!
1-#/)/b&! a$/e<%2+&l$%! H$! (&;6&'+$%j! %! )+$09,-! (2! '2,-*H12bi! a$/e<%2+&#.2! (! a$H$f'96.!
a0&5&0&',.26.h! P9-$H$/! 1-#/)$%2'.2! b&! b&-$! k)*#$%2+&l'$(m! 2! %9)$'j! a0&+$e&! '*0$8'&bk./!
82(m!%9a$8+/!b&!6$e'd!0&2#.1$%2m!$55?#.'&h!N&%9-$H$/!b&!'.ek.2!)%2#.+2!$Ha$0i82'<h!

}2#k<6! (ao($f$6! 2)$! -l2H2m! a$H$f'9,-! a$/e<%2+&l$%! '2 ! 1*)#2H&! .,-! H$+&02bk<,-!
a0&5&0&',.<j! b&! a0&'.&(m! +i+$! i#$-/! '2! -l2H2'.&! a$H$f'$(+.! 6&H1.! $fb&)+26.j! (!)+$096.!
.'+&02;$%2#.!b&H'$+#.%<!a$/e<%2+&#.2h!J0<(+/a!$Ha$0i82'.2!12#$e&'d-$! '2!a$H$f'$(+.!$fb&)+$ %!
(2!'2ba0%!$fb2%.#!%!2)2H&6.,)&b!(5d0&!%!(7(+d6&!z0$/aI&'(!$Ha$0i82,.&-$!'$%.'$%d!8#*')7!
{L/,)&0! &+! 2#h! Eggw|j! a0.8$6! %! )$6&08'&b! (5d0&! f$#! (a$a/#20.1$%2'9! 26&0.,)96! ;.;2'+$6!
G621$'! {I.'H&'! &+! 2#h! ABBv|h! "a$#$8'$(m! G621$'! a&0($'2#.1/b&! $f(2-! &#&)+0$'.,)d- $!
$f,-$H/j! &62.#$%! 2#&f$! r&f$%9,-! (+0*'$)! a0&! )2eHd-$! a$/e<%2+&l2h! N26.&(+$! +$-$! 2f7!
$Ha$0i82,.&! (7(+d67! G621$'/! /08$%2#.! a$H$f'9,-! a$/e<%2+&l$%! a0&! )$')0d+'&-$!
a$/e<%2+&l2j! G621$'! %7/e<%2! a$0$%'*%2'.2! -$H'$+&'9,-! 2!'2)ia&'9,-! $fb&)+$%!
b&H'$+#.%9,-! a$/e<%2+&l$%! )!.'96! $fb&)+$6! %!(7(+d6&h! >&'+$! a$(+/a! %&l6.! a$6*-2!
k)*#$%2+&l'$(+.!$Ha$0i82,.&-$!(7(+d6/j!)+$0i!2'2#71/b&6&!%!)2a.+$#&!ChEhvh!!

G)!(2!%0*+.6&!'2(axm!)/!%91%26!2!a0$f#d6$6!)$#2f$02+<%'&-$!a0<(+/a/j!6/(<6&!(a$6&'im!
2b!a0$f#d6!+1%h!$%,<j!2!+$!8.&0'&b!y! a$/e<%2+&lj! )+$09!b&! /'.)*+'7!0&(ah!%9(+0&H'9j! '&(i-#2(<!



!
!

EC!

(%$b.6.!a0&5&0&',.26.!($!e.2H'76.!.'96.j!2 !k&H&b!y!a$/e<%2+&lj!)+$0d6/!(7(+d6!)$'1.(+&'+'&!
'&H$)*e&! '*b(m! a$H$f'9,-! a$/e<%2+&l$%!{"/! 2'H! [-$(-;$5+220! ABBg~! "-.! &+! 2#h! ABEC2|h!
N/+'d! b&! f/H$%2m! 2b! 6&,-2'.167! $,-02'7! a0&H! 62'.a/#* ,.$/! -$H'$+&'<6! {2';#h! (-.##.';!
2++2,)|! y! a0.H*%2'<6! &'$06'd-$! 6'$e(+%2! a$1.+<%'7,-! -$H'$+&'<! )! %7f02'd6/! $fb&)+/j! 2!
1*0$%&q!a$k)$H1$%2'.&!)$')/0&',.&!5$06$/!'&;2+<%'7,-!-$H'$+&'<h !P!/08.+9,-!6&+:H2,-!(2!
%7()7+/b&! 2b! a0$f#d6! H#-d-$! ,-%$(+2! 2!a0&-'2'&b! a0&5&0&',.&! a$a/#*0'7,-! $fb&)+$%!
{_0&6$'&(.!&+!2#h!ABEA|h!!

[$#2f$02+<%'7!a0<(+/a! f$#!%7/e.+9!2b!%!H.(+0.f/$%2'9,-!2 !a202#&#'9,-! (7(+d6$,-! {",-&#+&0!&+!
2#h! ABEv~! O-2';! &+! 2#h! ABEE~! `2'! &+! 2#h! ABBC|j! )H&! b&! %9-$H$/! k)*#$%2+&l'$(m! (7(+d6$%j!
09,-#&bk.2! $H$1%2! (7(+d6$%j! )+$0d! a02,/bi! (! %&l)96.! H*+$%96.! 6'$e.'26.h! ^ &! +/! a0.&(+$0!
%7/e.m! %.2,&0$! 2#;$0.+6$%! (.6/#+*''&j! %7kk.2! (+2f.#.+2! (7(+d6$%h! [207H.! 2!Y20;20.+2(!
2'2#71$%2#.! a0<(+/a7!%7/e<%2bi,&! a202#&#'d! 6$H&#7! Ma&'YJ! 2!YJ=j! %7/e.+.&! ;025.,)9,-!
%9a$8+$%9,-! b&H'$+.&)! {zJV|! a0.! )$#2f$02+<%'7,-! (7(+d6$,-!{[207H.! 2'H! Y20;20.+.(! ABEC|h!
J0&! $H#.k'i! 20,-.+&)+i0/! zJV! +.&+$! (7(+d67! a0.'*k2bi! $f0$%()d! 109,-#&'.2! %9a$8+$%j! 2)! (i!
0&2#.1$%2'd! ,&1! 62+.,$%$! %&)+$0$%d! $a&0*,.&h! J0.! %7/e.+<! zJV! b&! a0&5&0$%2'*! +&,-'$#:;.2!
_VRG E !(a$#/! ( !a0<(+/a6.! %7/e<%2bi,.6.! 6$H&#7!y! '2b82(+&bk.&! "PR! 2! "zRh! J202#&#'d!
2!H.(+0.f/$%2'd! (7(+d67! a0.'*k2bi! .6a#&6&'+28'i! 1*m2ej! )&H7! b/! '/+'d! 0.&k.m! a0<(+/a! H$!
a26x+&j! (7',-0$'.1*,./! 2 !(ia&0&'.&! $ !1H0$b&h! 3#.ek<! a$-l2H! '2! H.(+0.f/$%2'd! $Ha$0i82,.&!
(7(+d67 !2!.,-!k)*#$%2+&l'$(m!a0.'*k26&!%!)2a.+$#&!vh!

"-.!&+!2#h!a$'i)2bi!(/620.1*,./!n2#k<,-!6$e'$(+<!2 !&p.(+/bi,.,-!a0*,j!)+$0d!$)0&6!a0.267,-!
-$H'$+&'<! %7/e<%2bi! 2b! .'5$06*,.&! 1$! ($,.*#'7,-! (.&+<j! +2;7j! ;&$#$)28'd! .'5$06*,.&j!
6/#+.6&H.*#'7! $f(2-j! 0&,&'1.&! 2#&f$! )$6&'+*0&! {"-.! &+! 2#h! ABEC2|h! "ao($f7! %7/e.+.2!
($,.*#'7,-! (.&+<! 12! i8&#$6! 1%9k&'.2! a0&('$(+.! $Ha$0i82'<! a0.! )$#2f$02+<%'$6! a0<(+/a&!
()i62#.! U2';! &+h! 2#j! )+$0<! /a$1$0q/bi! '2! a0$f#d67! (ax+d! ($ ! (i)0$6<6! a$/e<%2+&l$%! 2!
a0&5&0&',.$/! $55?#.'&!a0<(+/a/! +0d'$%2'.2!6$H&#/j! )&H7! (7(+d67! '&$f(2-/bi ! '2b2)+/*#'&bk.&!
.'5$06*,.&!$ !a$/e<%2+&l$,-!{U2';!&+!2#h!ABEv|h!M)0&6!a$a/#*0'7,-!2!$%&0&'9,-!a0<(+/a$%!)/!
)$#2f$02+<%'&6/!$Ha$0i82'./j!)+$0d!f#.ek.&!2'2#71/b&6&!%!'2bf#.ek<,-!a$H)2a.+$#*,-!&p.(+/bi!
2b!$Ha$0i82,.&!(7(+d67!%7/e<%2bi,&!'2a0h!;025$%d!2#&f$!;&'&+.,)d!2#;$0.+67j!-•f)$%d!/8&'.&!
'&/0:'$%9,-! (.&+<! 2#&f$! 52)+$0.1*,./! +&'1$0$%!{3$f2H.##2! &+! 2#h! ABEv~! "-.! &+! 2#h! ABEC2~!
R&(-a2'H&!2'H!_-.+02)2'+!ABEC~!R&6$%.,!&+!2#h!ABEv|h!

4242.! "8`$7(%FE!-B)1)J<'6!#)J+8(TXD'-!,I,61$0!
N2ba$a/#*0'&bk$/! 6&+:H$/! 1!)2+&;:0.&! )$#2f$02+<%'&-$! $Ha$0i82'.2! %7/e<%2bi,&-$! a26xm!
f$#.! H#-$H$f$! $Ha$0i82'.2! a$6$,$/! -l2H2'.2 ! '2bf#.ek<,-! (/(&H$%h! Y&H1.! %9-$H7! a2+0<!
b&H'$H/,-*! .6a#&6&'+*,.2! 2 !&5&)+<%'$(m!y! f&1! 1H•-2%9,-! 5*1! +0d'$%2'.2! 6$H&#$%h! J0*%&!
+&'+$! a0<(+/a! b&! 2'2#$;.,)7! '2ba$H$f'&bk<! f&e'd6/! e.%$+/j!)H&! (2! (a$#.&-26&! '2! 02H7!
2!$Ha$0i82'.&!'2k.,-!1'*67,-!2#&f$!a0.2+&l$%h !

J0.! 0&2#.1*,..! 6&+:H7! -l2H2'.2! '2bf#.ek<,-! (/(&H$%! b&! '/+'d! H&5.'$%2mj! 8.! %7/e.b&6&! a0<(+/a!
12#$e&'9! '2! a$H$f'$(+.! $fb&)+$%! 2#&f$! a$/e<%2+&l$%j! 2!8.! %7/e.b&6&! 0&;0&('i! 2#&f$!
)#2(.5.)28'i! 6&+:H/h! J0.! H.()0d+'7,-! -$H'$+&'.2,-! +7a/! a*8.! (2! 6.! 2 !'&a*8.! (2! 6.j! b&!
%-$H'&bk.&!a$/e.m!)#2(.5.)28'i!6&+:H/h!G)!a02,/b&6&!($!k.0k$/!k)*#$/!8<(&#'9,-!-$H'$+&'<!y!
'2a0h!$-$H'$+&'.&!$H!B!H$!EB!0&;0&('*!6&+:H2!6oe&!f7m!%-$H'&bk.2!{>.'+20&%!&+!2#h!ABEE|h!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!
E!-++ac€€rrrh'%.H.2h,$6€$fb&,+€,/H2•-$6&•'&rh-+6# !



!
!

E@!

J0.!)$#2f$02+<%'$6!$Ha$0i82'<!'2!1*)#2H&!a$H$f'$(+.!a$/e<%2+&l$%!a0&H.)/b&6&!-$H'$+&'.&!
$fb&)+/! . !a$/e<%2+&l$6!6 ! &78 h! P7/e<%26&! -$H'$+&'.2! $fb&)+/!. !a$/e<%2+&l6.j! )+$0<! (i!
'2ba$H$f'&bk<! a$/e<%2+&l$%.!9h! >9,-+$! a$/e<%2+&l$%! '219%26&! '2bf#.ek<6.! (/(&H6.h! J$+$6!
0$%'.,2!!

&78 : ; <= ! !
>7? ;3&?85?@AB375

>7??@AB375
!!!!

%7b2H0/b&! a0&H.)$%2'd! -$H'$+&'.&!&78 !%7/e.+<6! '$062#.1*,.&! -$H'$+&'<;3&?85 !(/(&H$%!
a$/e<%2+&l2!18!(! $%*-$%2'96.! a$H$f' $(m26.!>7? !6&H1.! a$/e<%2+&l$6!9!2! b&-$! (/(&H$6! %!
{>.'+20&%!&+!2#h!ABEE|h!

G#;$0.+6/(! -l2H2'.2! '2bf#.ek<,-! (/(&H$%! a$1$(+*%2! 1! v! 82(+<j! )+$096.! (i! '$062#.1*,.2!
-$H'$+&'<!a$/e<%2+&l$%j!%9a$8&+!$%*-$%2'9,-!a$H$f'$(+<!2!(&#&),.2!(/(&H$%h!

O$7F)8(9&'()!-$1#$%6#D!
>2)! 2)$! 6oe&! )2eH9! 8#$%&)! $-$H'$+.m! b&H'$+#.%d! $fb&)+7! 0o1'&j! 0$%'2)$! 6*! 2b! )2eH9!
a$/e<%2+&l! (%$b/! %#2(+'i! k)*#/! -$H'$+&'<h! N.&)+$0<! a$/e<%2+&#.2! 6oe/! a0.! axm! -%.&1H.8)$%&b!
-$H'$+.2,& b!k)*#&!/H&l$%2m!-$H'$+&'.&!@!{'2b#&ak<|!%k&+)96!$fb&)+$6j!)+$0d!.,-!12/b2#.j!12+.2l!
8$!.'<!a$/e<%2+&#.2!/H&#.2!0$%'2)d!-$H'$+&'.2!#&'!a*0!$fb&)+$6!12!.,-! ,&#i!H$f/!ao($f&'.2!
%!$Ha$0i82,$6! (7(+d6&h ! P1'.)2bi! +2)! 0$1H.&#7! %!-$H'$+&'.2,-j! 2 !'2! +$! 2f7! (6&! $H(+0*'.#.!
(/fb&)+<%'7! a0%$)! -$H'$+.2,&b! k)*#7! 6/(.2! f7m! a$/e<%2+&l()d! -$H'$+&'.2! '$062#.1$%2'dh!
P!a02p.!(i! '2ba$/e<%2'&bk.&!A!a$(+/a7c!&K.)5")(4"94 !{2';#h!O?(,$0&|!2 !L4"(*)<#"94+"#+-(*45!
{2';#h!6&2' ?,&'+&0.';|h! !

Y7k#.&')2!a0.!6&+:H&!84"(*)<#"9#+"#+-(*45!b&!b&H'$H/,-*! y! 1.(+.j!8.!b&!-$H'$+&'.&!a$1.+<%'&!
2#&f$! '&;2+<%'&!a0.!a$0$%'2'<! (!a0.&6&0'96! -$H'$+&'<6! )$')0d+'&-$!a$/e<%2+&l2h!P!$a.(&!
6&+:H!/%2e/b6&!$Ha$0i82'.2!12#$e&'d!'2!a$H$f'$(+.!a$/e<%2+&l$%h!J0.!,&'+0$%2'<!'2!(+0&H!
%.&6&! +02'(5$06$%2m! -$H'$+&'.&! a$/e<%2+&l2!&78 !'2! '$062#.1$%2'd! -$H'$+&'.&! ; &78 !
$H8<+2'<6!a0.&6&0'd-$!-$H'$+&'.2!%k&+)9,-!$fb&)+$%!&7 !$H!-$H'$+&'.2! &78h!

; &78 : ! &78 C &7 !!

)H&! 2)$! &D!5.;/0/bi! a0.&6&0'd! -$H'$+&'.2! $fb&)+/! . !%k&+)9,-! a$/e<%2+&l$%! %!(7(+d6&h!
P9-$H$/! ,&'+0$%2'.2! '2!(+0&H!b&j!e&!a0.26$!%.H<6&!a$/e<%2+&l$%/!a$#20.+/!%1m2-/! )!$fb&)+/!
0&(ah! 8.! b&! a$1.+<%'7! 2#&f$! '&;2+<%'7h! J0.! %7/e.+<! 6&+:H7!&K.)5")(4"9#+ $)0&6! $H(+0*'&'.2!
0o1'&-$! %'<62'.2! a0.&6&0'&b! -$H'$+7! -$H'$+&'.2! a$/e<%2+&l6.! a02,/b&6&! 2b! (!0$1H&#&'<6!
-$H'$+&'<!a$/e<%2+&l2! '2! -$H'$+.2,&b!k)*#&h!R$!0$%'.,&!+2)!%(+/a/b&! (6&0$H2b'*!$H,-9#)2!
-$H'$+&'<!a$/e<%2+&l2!9!$1'28$%2'*! E7 h!

; &78 : !
&78 C &7

E7
!!

R&(0$.(.&0(!2! [207a.(! /%*H12bi!%!{R&(0$(.&0(!2'H! [207a.(!ABEE|!2b! -02'.8'd!a0<a2H7j! )&H7!
6oe&! 62m! '$062#.1*,.2! -$H'$+&'<! '&;2+<%'&! 2#&f$! '&$82) *%2'd! i8.')7h! "i! +$! '2a0h!
(.+/*,.&j! )&H7! 6*6&! ) !H.(a$1<,..! a0&! a$/e<%2+&l2! 6*#$! -$H'$+&'<j! 2#&f$! %x8k.'2! 1!'.,-! b&!
a0<#.k!a$1.+<%'2h!!

! !



!
!

ED!

Y[;$=6%!0&-!,I,61$0 !
P9a$8&+!%*-!(/(&H$%j!0&(ah!.,-!%7a#1%/!a$()7+/b&!6$e'$(m!a0.02H.m!%*-/!%7f02'96!(/(&H$6!
a0.!a0&H.),..! -$H'$+&'.2!$fb&)+/h!P9a$8&+!$%*-$%2'9,-!a$H$f'$(+<!b&!)0.+.,)9!a0&!2#;$0.+6/(!
-l2H2'.2! '2bf#.ek<,-! (/(&H$%j!a0&+$e&!%a#9%2! '2!a0&('$(m!2!%9)$'!$Ha$0i82,.&-$! (7(+d6/h!
P!)2a.+$#&! )$#2f$02+<%'&-$! $Ha$0i82'.2! (6&! (.! /e! a0&H(+2%.#.! )$(<'/($%i! a$H$f'$(mh!
O2/e<%2'$/! 6&+:H$/! %9a$8+/! a$H$f'$(+.! b&! 2b!M4#*-)")<)/+ @)*4$#?"N+ @)4O9894"(h! J0.!
1$-l2H'&'<!2 !&#.6.'*,..!%a#7%/!;#$f*#'&-$!a0.&6&0'd-$!-$H'$+&'.2!2 !0$1#$e&'<!-$H'$+&'<!b&!

6$e'd! a$ H$f'$(m ! 6&H1.! a$/e<%2+&l$6!9!2!(/(&H$6 !F!a$6$,$/! M4#*-)")<.)+ @)4O9894"(/!
%7a$8<+2m!'2(#&H$%'&c!

$.) 9G F: !
3&78 C &7 53&?8 C &?58HIJK

3&78 C &7 58HIJK

L 3&?8 C &?5L
8HIJK

!

)H&!' 7? !a0&H(+2%/b&!1b&H'$+&'&!6'$e.'/!$fb&)+$%!-$H$+&'i!a$/e<%2+&l6.!9!2!Fh!R$!i%2-7!b&!
%-$H'd! f02m! (.#/!$%*-$%2'9,-!a$H$f'$(+<j! )H&!b&!82(+d!1'<e.m!%*-/!a$H$f'$(+<j!2)!%1'.)#2!
%9a$8+$6! 62#&b! %1$0)7! (a$#$8'9,-! -$H'$+&'<h! R0/-96! 2(a&)+$6j! )+$09! /6$eq/b&! 1%9k.m!
a0&('$(m! $Ha$0i82'<! a0.! %*-$%2'<! a$H$f'$(+<! b&! .,-!%20.*,.2! 0&(ah! 0$1#$e&'.&! -$H'$+&'<j!
)&H7!/a02%/b&6&!%20.*,./!$!50&)%&',./!%9()7+$%!%7f02'9,-!-$H'$+&'<!6&+:H$/!'MNh!

]686A'()!,I,61$0!

[li8$%$/!82(m$/!2#;$0.+6/!b&!2b!a$8&+!O!'2bf#.ek<,-!(/(&H $%!2!a$H6.&')7j!a$Hl2!)+$09,-!.,- !
2#;$0.+6/(!%7f&0.&h!J0$,&(!(&#&),.&!b&!$f%7)#&!0&2#.1$%2'9!%!H%$,-!5*12,-c!

Eh! Pk&$f&,'9!)0 $)!%9f&0/!0&(ah!a0&H!5.#+0$%2'.&!'2ba02%H&a$H$f'&bk<,-!(/(&H$%!
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V$1$0:! {2';#h!a$.'+r.(&|!
J0.! f$H$%$6! a0<(+/a&! 6oe&6&! -$%$0.m! $!0&H/)$%2'<! a0$f#d6/! 1$02n$%2'.2! $fb&)+$%! '2!
0&;0&(./!b&H'$+#.%9,-!$fb&)+$%j!)H&!$H-2H/b&6&!():0&!$fb&)+/h!R$!/8&'.2!%(+/a/bi!b&H'$+#.%d!
%&)+$07! %#2(+'$(+<! $fb&)+$%j! a0.8$6! %9(+/a$6! b&! 0&#&%2' ,.2j! /08&'* ! a0&! )2eH9! H$)/6&'+!
1%#*kmh!>&'+$!a0<(+/a!b&!%&l6.!a$H$f'9!)!%7/e.+./!(ax+'&b!%x1f7!)!0&#&%2',..h!3$H$%9!a0<(+/a!
'&1$-l2Hq/b&! 1*%.(#$(+.! 6&H1.! H$)/6&'+6.j! 2!+2)! b&! 5.'*#'2! a$1<,.2!'&%.H.+&l'*! a0&! 5/'),./!
(+02+7h!3$H$%9!a0<(+/a!b&!a$Hl2!a$/e.+9,-!2#;$0.+6$%!6$e'd!H&#.m! '2!2#;$0.+67!12#$e&'d! '2!
0&;0&(..j! )#2(.5.)*,..! 2#&f$! $0H.'*#'&b! 0&;0&(..h! O*(+/a,$6! )2+&;:0.&! %7/e<%2bi,.! $0H.'*#'7!
f$H$%9! a0<(+/a! a0.! )$#2f$02+<%'$6! 5.#+0$%2'<! b&! 0*6&,! M0HL&,j! %!)+$0$6! [$0&'! 2 !
".##!a0&H.)$%2#.! H.(+0.fi,./! -$H'$+&'<! $fb&)+$%! '.&! a0.26$/! ( !-$H'$+$/j! 2#&! b&b! a$1<,.$/!
%!1$02H&'$6!1$1'26&!-$H'$+&'< !{[$0&'!2'H!".##!ABEE|h!

5&7$0:! {2';#h!a2.0r.(&|!
J$)0$8.#&bk<! 2!a$a/#*0'&bk<! b&! a*0$%9! a0.',<aj! %!)+$0$6! 2#;$0.+67! '&a0&H.)/bi! (+/a&q!
0&#&%2',.&! b&H'$+#.%9,-! $fb&)+$%j! 2#&! /08/bi! 0&#2+<%'&! a$02H.&! 6&H1.! a*06.! $fb&)+$%!
(! $-l2H$6! '2! a0&H.)$%2'd! -$H'$+&'.&! a$/e<%2+&l2h! P!a*0$%$6! a0<(+/a&! 2#;$0.+67! H&5.'/bij!
)+$09! 1!H%$b.,&! $fb&)+$%! b&! a0&! a$/e<%2+&l2! 0&#&%2'+'&bk<j! 0&(ah! )+$09! $-$H'$+<! %7kk<6!
-$H'$+&'<6h! _.&l$6! a0.! a*0$%$6! a0<(+/a&! b&! 6.'.62#.1$%2m! 6'$e(+%$! '&(a0*%'&!
a0&H.)$%2'9,-! 0&(ah! )#2(.5.)$%2'9,-! H%$b<,! H$)/6&'+$%h! J$a/#*0'76.! (2! (+2#.! 2#;$0.+67!
%7/e<%2bi,&!'&/0:'$%d!(.&+&j!a&0,&a+0:'7j!a$Ha$0$%2'.&!{2';#h!f$$(+.';|!2#&f$!"PYj!2)96.!
(i! '2a0h! 402')j! GH23$$(+j! L2')"PY! {_-2a&##&! 2'H! _-2';! ABEE| h!P! )$#2f$02+<%'$6!
$Ha$0i82'<!f$#!a*0$%9!a0<(+/a!a0%9!021!%7/e.+9!%!{J&((.$+!&+!2#h!ABBC|h!J$/e.#.!5/'),./!(+02+7j!
)+$0*! f02#2! H$!i%2-$%9! a*0$%d! a0&5&0&',.&! 6&H1.! b&H'$+#.%96.! $Ha$0i82'96.! H%$b.,26.!
$fb&)+$%! 0&(ah! 6.'.6 2#.1$%2#.! )#&(2bi,.! ;02H.&'+h!>0d'$%2'.&! 6$H&#/! 0&2#.1$%2#.! $55#.'&! ($!
1#$e.+$(m$/!23/6FO5G!2!;&'&0$%2'.&!(26$+'9,-!$Ha$0i82'<!$' ?#.'&!(!2363O 4 ;55j!a0.8$6!/ C !
a$8&+! a$/e<%2+&l$%j!6 Ca$8&+! a*0$%! $fb&)+$%j!F C!%&l)$(m! 6'$e.'7! 6$e'9,-! -$H' $+&'<j!O C!
a$8&+! H.6&'1.<! $fb&)+$%j!; C !+$a! -! '2b#&ak<,-! $Ha$0i82'<j!8<6! H$(.2-#.! #.'&*0'/! 1#$e.+$(m! 2!
k)*#$%2+&l'$(m! 6&+:H7h!=,-! &%2#/*,.&! a0.'.&(#.! %!6&+0.)&! YLKj! %!a$0$%'2'<! (! %+&H7!
k+2'H20H'96.! 6&+:H26.! )$#2f$02+<%'&-$! $Ha$0i82'.2! {"PR| j! '&82)2'&! '&/(a$)$b.%d!
%9(#&H)7j! )+$0d! '2%0-$%2#.! %7#&ak.m! '$062#.1*,.$/! 2! 0&;/#20.1*,.$/h!G#;$0.+6/(! L2')"PY!
%7/e.#.! %!{"/'! &+! 2#h! ABEA|j! )H&! %7/e.#.! 6&+:H/! #&20'.';! +$! 02')! a0%9)0*+! %! -7f0.H'$6!
$Ha$0i82'<h! J$/e.#.! 6&+:H/! qN' C MN !'2! 0&a0&1&'+*,./! a$/e<%2+&l$%! 2! $fb&)+$%! %$!
%&)+$0$%&b! 5$06&! 2!6.'.62#.1$%2#.! 6&+0.)/! NR_zh ! `7f0.H'$/! )$6f.'*,.$/! H$)*12#.! '2!
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k+2'H20H'&b! H*+$%&b! 6'$e.'&! Y$%.&#&'(A!a0&)$'2m!b&H'$+#.%d! 6&+:H7! 2#&f$! .'d! #&20'.';! +$!
02')!2#;$0.+67!+2)6&0!$!F„h !

S$9#)F$0:! {2';#h!#.(+r.(&|!
N2ba$)0$8.#&bk$/!6&+:H$/!b&!1$1'26$%9!a0<(+/aj!)+$0d-$!%(+/a$6!b&!,&#*!6'$e.'2!$fb&)+$%!
2!2#;$0.+6/(! a0&H.)/b&! .,-!+1%h!a02%H.%d! $-$H'$+&'.&! {2'; #h! ;0$/'H! +0/+-|h! J$Hl2! a$/e.+&b!
5/'),.&! (+02+7! b&! 6$e'd! 0$1H&#.m! +&'+$! a0<(+/a! H$! H%$,-! )2+&;:0.<j! 2!+$! a$(+/a7!3*9#2)+
)3(92#$9&/6784+ 4<#$/#?"C+ 24(*9@%! 2!a$(+/a7j! )+$0d!"4)3(92#$9&/67+ O/"@89/+ -(*#(%+ "#+ &'@$#54+
3*9#24.)+ <&J#./+ -+4<#$/#?"N29+ 24(*9@#29h! J$a/ #*0'76.! 6&+:H26.! (i! '2a0h! L2')_$(.'&j!
2#&f$!I.(+'&+!{"-/)#2!&+!2#h!ABEA~!….2!&+!2#h!ABBF~!N.&)!ABEC|h!!

O09,-#&'<6! a0$,&(/! /8&'.2 ! 2#;$0.+6/! I.(+'&+! a$/e.+<6! +&,-'$#:; .&! Ga2,-&! "a20)! (2!
12$f&02#.!{"-/)#2!&+!2#h!ABEA|j! )+$0<!a$6$,$/!a202#&#.1*,.&!b&H'$+#.%9,-! .+&0*,.<! )#&(2bi,&-$!
;02H.&'+/! 1&5&)+<%'.#.! a0$,&(! /8&'.2! (2! I.(+'&+! 2#;$0.+6/h! R.(+0.fi,.$/! a0$,&( /! /8&'.2 !
2#;$0.+6/!I.(+N&+!0&2#.1$%2#!{N.&)!ABEC|h!N.&)!%7/e.#!a0$;026$%2,<!6$H&#!Y2aL&H/,&j!)+$09!
a0.'.&($#! $82)*%2'd! 1#&ak&'.&! a0.! $f0$%()9,-! H*+$%9,-! 6'$e.'*,-h! J0.! 62#9,-! H*+$%9,-!
6'$e.'*,-!(2!(26$+'*!0de.2!2 !H.(+0.fi,.2! %9a$8+$%!0&(ah!i#$-!/)*12#2 !2)$!(a$62l/bi,.!a0%$)!
,&#d-$! (7(+d6/h!Mf&!a0*,&!a0&/)21$%2#.!#.'&*0'/!1*%.(#$(m!$H!02(+/!6'$e.'7!H*+h!Yoe&6&!
a$%&H2mj! e&! a202#&#.1*,.2! 2#&f$! H.(+0.fi,.2! %9a$8+/! a0.! a0<(+/a&! #&20'.';! +$! 02')j! b&!
a&0(a&)+<%'$/! 6&+:H$/j! )+$0*! (a•q2! a0.26&! a$e.2H2%)7! k)*#$%2+&l'$(+.! $Ha$0i82,<,-!
(7(+d6$%h!

42?! gE+7(1#[!;7D,%I; !
P!a0&H,-*H12bi,.,-! )2a.+$#*,-! (6&! a0&H(+2%.#.! 6&+:H7! )$#2f$02+<%'&-$! $Ha$0i82'.2!
2!$Ha$0i82'.2! 12#$e&'$6! '2! $f(2-/h! M)0&6! +9,-+$! a0<(+/a$%j! ( !)+$096.! (i! (ax+d! .,-!
'&%9-$H7! 2!%9-$H7j! &p.(+/bi! 2b! n2#k.&! 6&+:H7! +%$0f7! $Ha$0i82'<!?! '2a0h! H&6$;025.,)dj!
)$6/'.+'d!2#&f$!1'2#$(+'dh! "a0*%'76! )0$)$6! (2! /)21/b&! )$6f.'*,. 2!%.2,&09,-! a0<(+/a$%j!
)H&! b&! 6$e'd! &#.6.'$%2m! '&H$(+2+)7! b&H'$+#.%9,-! 6&+:H! 2!%7+%$0.m! +2)! i(a&k'&bk./! 6&+:H/!
$Ha$0i82'.2 !{3&##!2'H![$0&'!ABBw|h!!

MHa$0i82,.&!(7(+d67!)$6f.'/bi,&!%.2,& 0$!a0<(+/a$%!)#2(.5.)/b&6&!2)$!. %,*95"C+)53)*7?#894+
-%-(C2%h! [$6f.'$%2'd! 6&+:H7! '&6/(.2! f7m! '/+'&! %.2,&09,-! H0/-$ %h! >.&+$! (7(+d67!b&!
6$e'd!)2+&;$0.1$%2m!H$!w!'2(#&H/bi,.,-!)2+&;:0..!{[2kk*)!ABEC~!3/0)&!ABBw|h!Mf2b2!2/+$0.!
a0<1%/)/bi! Ho(#&H'i! 2'2#91/! 2! a$1$0$%2'.&! )$')0d+'&b! H$6d'7j! 12! i8&#$6! %9f&0/!
'2b%-$H'&bk.&-$! H0/-/! -7f0.H'd-$! $Ha$0i82,.&-$! (7(+d6/j! 2)$! 2b! 5/'),.&! b&H'$+#.%9,-!
)$6a$'&'+$%! $Ha$0i82'.2! %! -7f0.H'$6! (7(+d6&h! N.ek.&! /%*H126&! 1$1' 26! )2+&;:0.<! ( !
$a.($6! 6&+:H7j! a0<)#2H6.! &p.(+/bi,.,-! (7(+d6$%! 2! %9(#&H)$%! 3/0)&-$! &%2#/*,.<! (7(+d6/!
$Ha$0i82bi,&-$!0&k+2/0*,.&!0&2#.1$%2'$6!'2!H*+$%&b!6'$e.'&!AFB!BBB!-$H'$+&'<h!

42?2.! Y&-$0)#:!
3/0)&! a$%2e/b&! %*-$%2'i! 6&+:H/! 12! '2bb&H'$H/,-k./! 2! '2b/'.%&01*#'&bk./h! I.'&*0'$/!
) $6f.'*,.$/! %.2,&09,-! -$H'$+&'<! {$%*-$%2'<6! +9,-+$! -$H'$+&'<|! $fb&)+$%! a$,-*H12bi,.,-!
1!0o1'7,-! $Ha$0i82,<,-! 6&+:H! %1'.)*! %*-$%2'*! 6&+:H2! $Ha $0i82'.2h! J0.! %9f&0&! (+2+.,)&b!
#.'&*0'&b! %*-$%2'&b! 0$%'.,&! (2! $f%7)#&! /%2e/b&! $!1b&H'$+&'<! 2#&f$! a0.&(&)/! $Ha$0i82'9,-!
$fb&)+$%h!J0.!3/0)&-$!&%2#/*,..!(2!/)*12#$!&6a.0.,)d!'2(+2%&'.&!%*-!b&H'$+#.%9,-!6&+:H!2)$!
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'&82)2'&! '&&5&)+<%'&! 2!.f2! %!E€v! a0<a2H$%! a0.'.&(#$! 1#&ak&'.&! $a0$+.! a$/e.+./! b&H'$+#.%9,-!
6&+:H! (26$(+2+'&h! V)*e)$%96! a0<)#2H$6! b&! (7(+d6! J?>2';$j! %7/e<%2bi,.! a0.&6&0!
$%*-$%2'9,-! 6&+:Hj! )+$09! $Ha$0i82#! '$%.'$%d! 8#*')7! %! H&''<)$,-! u$0,&(+&0! >&#&;026! 2!
z21&++&!M'#.'&!{_#27a$$#!&+!2#h!Eggg|h!P*-7!%!(7(+d6&!J?>2';$!(i!H7'26.,)7!/08$%2'd!'2!
f*1&! a$/e<%2+&l2j! (!6$e'$(m$/! .,-! H&5.'<,.&! 2 b! '2! i0$%'.! $fb&)+$%h! Y$H&#7! %7/e<%2'd! a0.!
)$6f.'*,.<! )$#2f$02+<%'&-$! a0<(+/a/! 2 !$Ha$0i82'<! '2! 1*)#2H&! $f(2-/! (i! /H0e.2%2'd!
(&a20*+'&j! 8$! /6$eq/b&! %7/e.+.&! ka&,.5.,)9,-! %7#&ak&'<! b&H'$+#.%9,-! 6&+:Hh! _#27a$$#! &+h! 2#!
a0&! '$%d-$! a$/e<%2+&l2! H&5.'/bi! 0$%'2)i! %*-/! b&H'$+#.%9,-! 6$H&#$%j! )+$0*! b&! '&()o0!
$a+.62#.1$%2'*!1'.e$%2'<6!,-7f7!a0&H.),.&!-$H'$+&'<h!

42?24! SF(6X)#: !
O6.&k2'9! a0<(+/a! a$1$(+*%2! 1$! 1$(+2%$%2'.2! 1$1'26/! $Ha$0i82'9,-! $fb&)+$%$j! )+$0d! (i!
%7;&'&0$%2'd!0o1'76.!$Ha$0i82,<6.!6&+:H26.!H$!b&H'd-$!/'.5 .)$%2'd-$!1$1'26/h!M+*1'&!
b&j!2)$!+.&+$!$Ha$0i82'.2!(a0*%'&!1$02n$%2mj!$f%7)#&!b&!a$/e<%2'*!6.&02!.(+$+7!a0<+$6'*!a0.!
b&H'$+#.%9,-! $Ha$0i82'.2,-h! J0$f#d6$6! a0.! 16.&k2'$6! a0<(+/a&! b&! '*0$8'$(m! (ax+'d-$!
$%&0&'.2! b&H'$+#.%9,-! a$/e.+9,-! 6&+:Hh! J0<)#2H$6! $Ha$0i82,.&-$! (7(+d6/! %7/e<%2bi,&-$!
16.&k2'9! a0<(+/a! b&! (7(+d6! '2! $Ha$0i82'.&! )0(+'9,-! 6.&'j! )+$09! %7-0 2#! (im2e! a0&! r&f$%9!
a$0+*#! '26&#.';h'&+!{z#2/f&0! &+! 2#h! ABEv|h! "7(+d6! %7+%*02! 6'$e.'/! $Ha$0i82'<! 1!+0$,-!
a0<(+/a$%j! 2!+$! $f(2-$%$! 12#$e&'d-$j! )$#2f$02+<%'&-$! a0<(+/a/! 2!1%7k'i! %1$0)/! 6.&'!
/(a$0.2H2! a$Hl2! %k&$f&,'&b! a$a/#20.+7h! S(a&k'd!(2! /)*12#$! a$/e.+.&! +$-+$! a0<(+/a/!
%!H$6d'&! $Ha$0i82'.2! 6/#+.6&H.*#'&-$! $f(2-/! ()/a.'*6! {[2kk*)! ABEC| j! )H&! 1%9k.#!
a0&('$(m! $Ha$0i82'<! '2! a$a0&H'9,-! a0.&8)2,-! %$8.! %7/e.+./! 6&+:H! (26$(+2+'&h! [2kk*)!
%7/e<%2! H%&! 6&+:H7! ;&'&0$%2'.2! $Ha$0i82'<j! 2!+$! )$#2f$02+<%'&! $Ha$0i82'.2! b&H'$+#.%,$6!
2!$f(2-$%d! $Ha$0i82'.2! b&H'$+#.%,$6! %! ()/a.'*,-j! )+$0d! (i! '&()o0! 2;0&;$%2'd! H$!
%9(#&H'9,-!-7f0.H'9,-!$Ha$0i82'<!a0&1&'+$%2'9,-!a$/e<%2+&l$6h!!

42?2?! 576;D#)'(6!
J0&a<'2,<!a0<(+/a!%7f&0*!#&'!b&H'/! 1!%.2,&09,-!$Ha$0i82,<,-! 6&+:H!%! (7(+d6&! '2!1*)#2H&!
(.+/*,.&h! J0&! 0o1'7,-! a$/e<%2+&l$%j! 6oe&! f7m! %7f02+*! $H#.k'*! 6&+:H2h! J0&Ha$)#2H$6! a0.!
a0&a<'2,$6! a0<(+/a&! b&! a0<+$6'$(m! (a$l2-#.%d-$! )0.+d0.2! '2! 1*)#2H&! )+$0&bj! (2! 0$1-$H'&! $!
%9f&0&! $Ha$0i82,&b! 6&+:H7h! Mf%7)#&! (2! %7/e<%2! 6.&02! .(+$+7! $Ha$0/8&'d-$! $fb&)+/h!
J0<)#2H$6!a0&a<'2,.&-$!$Ha$0i82,.&-$!(7(+d6/!b&!a0*,2!^2b%2'H!&+h!2#j!)+$0<!%7+%$0.#.!(7(+d6!
'2! $Ha$0i82'.&! $fb2%$%2'.2! (#/e.&f! %!a0$(+0&H<! "MG! {2';#h! (&0%.,&! $0.&'+&H! 20,-.+&,+/0&|!
{^2b%2'H!&+!2#h!ABEv|h!O26&0.2%2bi! (2! '2!%7/e.+.&! -.(+:0.&!a$/e<%2+&l2j! '26.&(+$!$a.($%2'.2!
&p.(+/bi,.,-!(#/e.&fh!J0&5&0$%2'$/!6&+:H$/!$Ha$0i82'.2!b&!)$#2f$02+<%'&!$Ha$0i82'.&j!)+$0d!
b&! %!a0<a2H&! '&(,-$a'$(+.! ;&'&0$%2'.2! $Ha$0i82'<! '2-02H&'d! )$'+&p+$%$! $f$-2+&'96!
$Ha$0i82'<6h! N2b%x8k$/! %9-$H$/! +2)d-$+$! -7f0.H'd-$! (7(+d6/! b&! &#.6.'*,.2! a0$f#d6/!
(+/H&'d-$! k+20+/j! 2!+$! 1!a$-l2H/! a$/e<%2+&l2j! 2#&! 2b! r&f$%&b! (#/ef7h! J0&a<'2,.&! a0<(+/a7!
6oe/! $)0&6! a0&('$(+.! 2! a$ )07+.2! $Ha$0i82'<! 1%9k.m! 2b! k)*#$%2+&l'$(m! $Ha$0i82,.&-$!
(7(+d6/! {z-212'520!2'H!J0†;&# ?3&''&++!ABEB|h!

42?2G! _$F+(#$0)#: !
J0.!)$6f.'$%2'$6!a0<(+/a&!(2!%7/e<%2bi!.'5$06*,.&!2 !%#2(+'$(+.!1<()2'd!1!b&H'd-$!1H0$b2j!'2!
H$a#'&'.&! 6&+:H7! 0&(ah! b&b! 2#;$0.+6/! ;&'&0$%2'.2! $Ha$0i82'<! 12#$e&'$6! '2! .'$6! 1H0$b.h!
>&'+$!H0/-!-7f0.H'd-$!$Ha$0i82'.2!$f(2-/b&!.f2!b&H&' !)$6a$'&'+!;&'&0/bi,.!$Ha$ 0i82'.2j!
'2$a2)!$Ha$0i82,<!(7(+d6!(.!#&'!a0&a$e.8.2!.'5$06*,.&!1 !n2#k.&-$!1H0$b2j!)+$0d!(*6!%7/e<%2!
a0.!;&'&0$%2'<!$Ha$0i82'<h!P-$H'd!b&!a$/e.m!-$!a0.!/e!&5&)+<%'7,-!$Ha$0i82,<,-!(7(+d6$,-j!
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)+$0d!,-,&6&!0$1k.0$%2mh!3/0)&!(a$1$0$%2#!a0.!%7/e.+<!)$6f.'$%2'd-$!a$(+/a/!#&'!6.'.6*#'&!
1#&ak&'.&h! `7H02! b&! a0<)#2H$6! )$6f.'$%2'd-$! a0<(+/a/j! %!)+$0$6! b&! )$#2f$02+<%'&!
$Ha$0i82'.&! $f$-2+&'d! $ !$f(2-$%d! %#2(+'$(+.! $fb&)+$%!{"a.&;&#! &+! 2#h! ABBg|h! [$')0d+'&!
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'/6&0.,)*! {a$8&+! a$/e<%2+&l$%! 2#&f$! $fb&)+$%! %!( 7(+d6&|j! ;&$;025.,)*! {%1H.2#&'$(m! 6&H1.!
b&H'$+#.%96.! (+0$b6.! %!(7(+d6&j! a0<a2H'&! .,-! H.(+0.fi,.2! 2 !2H6.'.(+02+<%'2! {a$8&+!
$0;2'.128'9,-! b&H'$+.&)! 2#&f$! 2H6.'.(+0*+$0$%! (a02%/bi,.,-! (7(+d6 |h! Z)*#$%2'.&!a0.'*k2!
16&'7j!)+$0d!$%a#7%q/bi!(7(+d67!2!+$!'2b6x!.,-! 12m2e&'.&j!%9)$'j!H$(+/a'$(mj!(a$l2-#.%$(mj!
2H6.'.(+02+<%/!2!,&'/h!!

?2?! Z)%)+&9E!)!1(,%7(+I$0)#:!<8$T(,A&!06BA:-$!$+J6FI!1&% !
R*+2! (i! %! $Ha$0i82,<,-! (7(+d6$,- ! %&l6.! ,&''96! 20+.)#$6 h! "a$#$8'$(+.! (.! .,-! ,-0*'.2!
2!1H0*-2bi! (2! .,-! %&0&b'&! a$()7+$%2mh! >.&+$! H*+2! (i!/)#2H2'd! %!H*+$%9,-! i#$e.()*,-! 0&(ah!
H2+2f*12,-j! )+$0d! (.! $H! .,-! a$8.2+)/! a0&k#.!%9021'96.! 16&'26.! (ax+96.! ( !'202(+2bi,.6.!
'*0$)6.!'2!.,-!%9)$''$(mh! !

G)! -$%$0<6&!$!k)*#$%2'<!H2+2f*1$%9,-! (7(+d6$%j! -$%$0<6&!%x8k.'$/!$!0$1H&l$%2'<!H*+!H$!
6&'k<,-!6'$e<'h! c4$4"94+{2';#h!a20+.+.$'.';|!H*+$%&b!6'$e.'7!b&!a0$,&(!0$1f<b2'.2!#$;.,)9,-!
H*+$%9,-! &#&6&'+$%! H$! %x8k.&-$! 6'$e(+%2! &'+<+! 12! i8&#$6! 1%9k&'.2! %9)$'/j! H$(+/a'$(+.!
2#&f$!b&H'$H/,-k&b!iH0ef7h!Ve!ka&,.5.,)&bk.&!6oe&6&!-$%$0.m!$!.)*9&)"('$")2+54$4"; !{2';#h!
(-20H.';| h!J0.!-$0.1$'+*#'$6!H&#&'<!H2+2f*17!H/a#.)/b&6&!H2+2f*1$%i!(,-d6/! '2!b&H'$+#.%d!
(+0$b&!2!'*(#&H'&!H*+2!0$1H&l/b&6&!'2!(+0$b&!%!1*%.(#$(+.!$H!)li82!H*+j!)+$09!b&!%-$H'd!1%$#.m!
+2)!2f7!f$#2!H.(+0.fi,.2!H*+!8$!6$e'$!'2b0$%'$6&0'&bk.2h!

P9-$H$/ ! 0&#28'9,-! H2+2f*1!b&! a$6&0'&! 5#&p.f.#'*! 6$e'$(m! 12H&5.'$%2'.2! H*+$%&b! (,-d67j!
)+$0*! b&! '&()o0! a0.! H$a7+$%2'<! (2! H$! H2+2f*17!$f6&H1&'* ! a0<#.k'$/! 5.p*,.$/! '2! H*+$%i!
'$062#.1*,./h! P9(#&H)$6! +2)d-$+$! 6$H&#$%2'.2! H*+! b&! %&l)d! 6'$e(+%$! +2f/#.&)j! )+$0d! (i!
(a*b2'd ! a0.! H$a7+$%2'<!2!1'.e/bi! %9)$'! (7(+d6/h! [#2(.,)d! 0&#28'd! H2+2f*17! (i! %-$H'&bk.&!
2!l2-k.&! k)*#$%2+&l'd! %&0+.)*#'&h!R$H0e.2%2'<6! G_=R! 2!Hf2'<6! '2b6x! '2! )$'1.(+&',./! b&!
%9)$'! 2! k)*#$%2+&l'$(m! 0&#28'9,-! H2+2f*1! $f6&H1&'* h! _&#)$%$! 6oe&6&! a$%&H2mj! e&!
.6a#&6&'+*,.2! H&#&'.2! H*+$%&b! 6'$e.'7! b&! a0.! 0&#28'9,-! H2+2f*1! $%&l2! '*0$8'&bk.2! 2)$! a0.!
(7(+d6$,-! %7/e<%2bi,.,-! N$"ˆIj! )+$0d! f$#.! '2%0-$%2'd! $H! 128.2+)/! ( !$-l2H$6! '2! .,-!
-$0.1$'+*#'/!k)*#$%2+&l'$(mh!

N$"ˆI! a0&H(+2%/b&! 2#+&0'2+<%/! )/! )#2(.,)96! 0&#28'96!H2+2f*126! %7/e<%2bi,.,-! k+2'H20H!
"ˆI! '2! H$a7+$%2'.&h ! P1'.)#.! %x8k.'$/! 2)$! a0.(ao($f&'d! 0.&k&'.2! 0$1#.8'9, -! 5.0.&6!
2!$0;2'.1*,.<j! )+$0d! (a•q2#.! .,-! ka&,.5.,)d!a$e.2H2%)7h!^&H'$+#.%d!N$"ˆI!H2+2f*17! (i!%&l6.!
ka&,.5.,)dj!'.&!(i!/'.%&01*#'&!2)$!0&#28'd!H2+2f*17! 2!%9021'&!(2!$H!(&f2!$H#.k/bih!"a*b2!.,-!
a02)+.,)7! .f2! 2f(&',.2! 0&#28'&b! (,-d67h! N$"ˆI! H2+2f*17! b&! 6$e'd! )2+&;$0.1$%2m! H$! C!
'2(#&H/bi,.,-!()/a<'c! !

¥! "+•a,$%$!$0.&'+$%2'd!H2+2f*17j!

¥! R$)/6&'+$%d!H2+2f2•7 j!
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¥! R2+2f*17!+7a/!)li8€-$H'$+2!{2';#h!)&7€%2#/&|j!

¥! z025$%d!H2+2f*17h!!

G)$! (.! /)*e&6&! % !)2a .+$#&!ChE! %!H$6d'&! $Ha$0i82,<,-! (7(+d6$%! b&! a0.&(+$0! a0&!
)$6f.'$%2'd!%7/e.+.&!b&H'$+#.%9,-!+7a$%!N$"ˆI!H2+2f*1h!

]%k;'$0$!$7(6#%$0)#:!1)%)+&9E!

"+•a,$%d! H2+2f*17! (i! '2ba$H$f'& bk.&! 0&#28'96! H2+2f*126h! R*+2! $0;2'.1/bi! H$! 0.2H)$%!
2!(+•a,$%j! 2#&! %7/e<%2bi! H&'$062#.1$%2'9! a0<(+/ah! >2f/l)7! f9%2bi! %!(+•a,$%9,-! H2+2f*12,-!
%&l6.! k.0$)d!2!82(+$!2b!0.&H)&j! a0&+$e&!b&H'$+#.%d!0.2H)7!6oe/! %!0*6,.!H2+2f*1$%&b!+2f/l)7!
$f(2-$%2m! 0$1#.8'd! (+•a,&h! J$a/#*0'76.! 0.&k&'.26.! (i! H.(+0.f/$%2'd! i#$e.()2 ! Ga2,-&!
`32(& E@2!_2((2'H02 EDj! )+$0d! (i! .'ka.0$%2'd! a0$b&)+$6! 3.;>2f#&Ew!(a$#$8'$(+.! z$$;#&h!
P!H2+2f*12,-!b&!/6$e'&'d!%7+%*02m!+1%h!(+•a,$%d!0$H.'7j!)+$0d!2;0&;/bi!()/a.'7!(+•a,$% h!

Z$AIF6#%$0:!1)%)+&9E !

R$!H$)/6&'+$%9,-!H2+2f*1!(i!/)#2H2'd!a0.26$!,&#d!$fb&)+7!%$!5$06&!H$)/6&'+$%j!82(+$!%$!
5$06*+&!^"MN!2#&f$!…YIh!R$)/6&'+$%d!H2+2f*17!'&62bi!a&%'&!(+2'$%&'i!(,-d6/!2 !a0&+$!
(i! %&l6.! 5#&p.f.#'96! 0.&k&'<6j! 8.! /e! '2! 5/##+&p+$%d! %7-l2H*%2'.&! 2#&f$! H*+$%i! 2'2#7+.)/h!
=6a#&6&'+/bi! LK">! 0$1-02'.2! 2!)$6/'.)/bi! a$6$,$/! `>>J! a0$+ $)$#/h! P1m2-7! 6&H1.!
H$)/6&'+6. ! b&! 6$e'd! 6$H&#$%2m! 6'$e.'$/! %'$0&'9,-! (/f ?H$)/6&'+$%! 2#&f$! %7/e.+<6!
%1m2-/! $+&,!y! H.&m2h! J$a/#*0'76.! 1*(+/a,26.! (i! '2a0h! Y$';$R3 EFj! K#2(+.,(&20,-Eg!2#&f$!
_$/,-R3 ABh!

Z)%)+&9E!%E;I!AB<=l-$1#$%) !

N2bb&H'$H/,-k<6 !{1!a$-l2H/!a$()7+$%2'&b!6'$e.'7!$a&0*,.<| !1*(+/a,$6!N$"ˆI!+&,-'$#:;.<!
(i! i#$e<()*! +7a/! )li8€-$H'$+2 h! ^&H'*! (2! %! a0.',<a&! $!%&l)i! -2(-$%2,./! +2f/l)/j! )+$0*!
$f(2-/b&!/'.)*+'&!)li8&!a0&!b&H'$+#.%d!1*1'267h!V)#2H2'd!H*+2 !(i! f.'*0'&-$! ,-202)+&0/!2!
6oe/! a0&H(+2%$%2m! 8<(&#'d! -$H'$+7j! 6'$e.'7! 2#&f$! a$#.2h! N2b1'*6&bk$/! H2+2f*1$/! +$-+$!
+7a/!b&! i#$e.()$!L&H.(AEj! )+$0d!$H!%&01.&!v!a$Ha$0/b&!2b!H.(+0.f/$%2'i! .6a#&6&'+*,./!L&H.(!
_#/(+&0h!M!a$a/#20.+&!09,-#7,-!i#$e<()!+7a/! )li8€-$H'$+2!%!H$6d'& !$Ha$0i82,<,-! (7(+d6$%!
(%&H8<! 2b! a$/e.+.&! 6$H/#*0'&b! H2+2f*17! P$#H&6$0+! (a$#$8'$(m$/! I.')&H='!{"/6f2#7! &+! 2#h!
ABEv|m!)+$0*!f$#2!.'ka.0$%2'*!H.(+0.f/$%2'96!i#$e.()$6 !(a$#$8'$(+.!G621$' !R7'26$R3 AA2!

n7)\$0:!1)%)+&9E !

z025$%d! H2+2f*17! (i! 12#$e&'d! '2! 67k#.&')&! &p.(+&',.&! %1m2-/! 6&H1.! b&H'$+#.%96.! &'+.+26.!
%!H2+2f*1&h! R*+2! (i! /,-$%*%2'd! 5$06$/! ;025/! ( !%0,-$#6.!y! $fb&)+6.! 2! -02'2 6.! y! %1m2-6.!
6&H1.!$fb&)+6.h!`02'7!6oe/!f7m!$0.&'+$%2'd!2!0$%'2)$!2)$!2b!%0,-$#7j!6oe/!62m!a0.02H&'d!
2+0.fi+7h!P9-$H$/! ;025$%9,-! H2+2f*1! b&! &5&)+<%'&! %7)$'*%2'.&! ;025$%9,-! 2#;$0.+6$%! 2#&f$!
+02%&01$%2'.&! ;025$%h! L$%'2)d! iH2b&! b&! 6$e'd! /)#2H2m! 2b! %!0&#28'9,-! H2+2f*12,-j! 2#&!
(26$+'d! H$a7+$%2'.&! b&! .6a#&6&'+28'&! 2b! %9)$'$%$! '*0$8'&bk.&h! J$a/#*0'76.! 1*(+/a,26.!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!
E@!-++ac€€-f2(&h2a2,-&h$0;€!
ED!-++ac€€,2((2'H02h2a2,-&h$0;€!
Ew!-++ac€€(+2+.,h;$$;#&/(&0,$'+&'+h,$6€6&H.2€0&(&20,-h;$$;#&h,$6€,(€€20,-.%&€f.;+2f#&?$(H.BDhaH5!
EF!-++a(c€€rrrh6$';$Hfh$0;€ !
Eg!-++a(c€€rrrh&#2(+.,h,$€!
AB!-++ac€€,$/,-Hfh2a2,-&h$0;€!
AE!-++ac€€0&H.(h.$€!
AA!-++ac€€H$,(h2r(h2621$'h,$6€2621$'H7'26$Hf€#2+&(+€H&%&#$a&0;/.H&€='+0$H/,+.$'h-+6#!
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)2+&;:0.&! ;025$%9,-! H2+2f*1! (i! N&$CbAv !2#&f$! 0$f/(+'*! H.(+0.f/$%2'*! ;025$%*! H2+2f*12!
>.+2'ACh!K5&)+<%'$(m!;025$%9,-!2#;$0.+6$%!%!H2+2f*1&!N&$Cb!'2!%x8k<,-!H*+$%9,-!6'$e.'*,-!
()i62#.! %! {R&6$%.,! &+! 2#h! ABEv|j! )H&! (2! %-$H' &! /)*12#! 2#;$0.+6/(! 1b&H'$,$%2'.2! 520.&fj!
(! )+$096!H$(.2-#.!/(a$)$b.%i!a0&('$(m!2!k)*#$%2+&l'$(m!$Ha$0i82,.&-$!(7(+d6/h!

?2G! Z(,%7(+I$0)#:!,<+$7$0:!,E,%:FE !)! ,;7)'$0)#(6!1&% !
Y'$-d! 1$! (a$6&'/+9,-! H.(+0.f/$%2'9,-! N$"ˆI! H2+2f*1! %7 /e<%2bi! '2! /)#2H2'.&! H*+!
H.(+0.f/$%2'd!(if$0$%d!(7(+d67j!)+$0d!/)#2H2bi!'&k+0/)+/02#.1$%2'd!H*+2h!P!a02p.!(2!a$H20.#$!
a0&(2H.m! +0$6!+&,-'$#:;.*6 ! 2!+$! z4"! $H! (a$#$8'$(+.! z$$;#&j! "v! $H! (a$#$8'$(+.! G621$'!
2!`R4" ! {`2H$$a!R.(+0.f/+&H!4.#&! "7(+&6|!$H!$0;2'.1*,.&!Ga2,-&! {Z&#&';!&+!2#h!ABEE|h!Y7!
(2! f#.ek.&! a$10.&6&! '2! H.(+0.f/$%2'9! (if$0$%9! (7(+d6! `R4"h! `R4"! f$#! '2%0-'/+9! '2!
/)#2H2'.&! %&l)9,-! H*+$%9,-! 6'$e<'! 2 !(a0<(+/a'&'.&! H*+! a$/e<%2+&l$6! 2#&f$! 2a#.)*,.*6!
(! %&l)$/! a0.&a/(+'$(m$/h! R.12b'$%2'9! f$#! a0&! '2(2H&'.&! %!f&e'&! H$(+/a'9,-! a$8<+28$,- !
2#&f$!(&0%&0$,-!2!b&!a0.(ao($f&'9!'2!%7($)i!i0$%&q!,-9f!/1#$%!%!(.&+. h!P!`R4"!(i!6&+2H*+2!
/)#2H2'd!(&a20*+'&!$H!(26$+'9,-!H*+!'2!H&H.)$%2'$6!(&0%&0.!?!N26&'$H&j!)+$0d!a$a.(/bi!
H*+2! /()#2H'&'d! '2! .'9,-! (&0%&0$%! '219%2'9,-! R2+2'$H&(h! "&0%&0.! (i! a#'&! a0&a$b&'d!
2!)$6/'.)/bi!'2!1*)#2H&!>_J!a0$+$)$#/h!`R4"!%7/e<%2! -.&020,-.,)i!k+0/)+i0/!/)#2H2'.2!H*+!
2! %'i+$0'i ! 0&a#.)*,./! H*+! '2! 12f&1a&8&'.&! (a$l2-#.%$(+.! 2!1%9k&'.&! a0.&a/(+'$(+.! (7(+d6/h!
"a$#$8'$(m!U2-$ $A@!%7/e<%2!%&l)d!H*+$%d!)#2(+0&!$f(2-/bi,&!2e!CBBBB!(+0$b$%!a$()7+/bi,.,-!
CBJ3!$' ?#.'&!a0.&(+$0/!'2!/)#2H2'.&!H*+h!

a);761I'6!)! g)1$$; !
Ga2,-& ! `2H$$a AD a0&H(+2%/b&! ($5+%d0$%9! 0*6&, ! '2a<(2'9! % !b217)/! ^2%2j! /6$eq/bi,.!
k)*#$%2+&l'd! H.(+0.f/$%2'd! (a02,$%2'.&! %&l)9,-! H*+$%7,-! 6'$e<'! %7/e.+<6! %.2,&09,- !
%9a$8+$%9,-!b&H'$+.&)!$0;2'.1$%2'9,-!H$!)#2(+0$%h!J#2+5$062!`2H$$a!b&!%&l6.!a$a/#*0'2!2!b&!
6$e'd! '2! '&b! a0&% *H1)$%2m! k.0$)d! a$0+5:#.$!Ga2,-&! a0$b&)+$%! 2)$! '2a0h! Y2-$/+Aw!{'*(+0$b!
.6a#&6&'+/bi,.! +&,-'.)7! (+0$b$%d-$! /8&'.2|j! `.%& AF !{H*+$%9! ()#2H|j! J.;Ag !{a202#&#.1*,.2!
%9a$8+$%9,-! i#$-|!2#&f$! "a20)j! '2! )+$09! (2!a$10.&6&!H&+2.#'&bk.&h!N2ba$a/#*0'&bk$/! (2!2#&!
(+2#2! .'+&;0*,.2! (! b&H'96! 1!b&-$! /e! H'&( ! %'i+$0'9,-! )$6a$'&'+$%! y! 0*6,$6! Y2aL&H/,& !
(a02,i%2bi,.6!H*+2!1 !`R4"h !

Y2aL &H/,&!b&!a0$;026$%2,<!6$H&#j! )+$09! f$#!a0%$+'&!%7%.'/+9!%!(a$#$8'$(+.!z$$;#&! {R&2'!
2'H!z-&62r2+!ABBF| ! '2!(a02,$%2'.&!a202#&#.1$%2+&l'9,-!a0$f#d6$%!'2H!%&l)96.!H*+$%96.!
6'$e.'26.h! V6$eq/b& ! (a02,$%*%2m! k+0/)+i0$%2'd! 2b! '&k+0/)+i0$%2'd! H*+2h! J0$;026$%2,<!
6$H&#!b&!.'ka.0$%2'9!5/'),.$'*#'76!b217)$6!I.(aj!H$!)+ $0d-$!%(+/a/b&!2!%7(+/a/b&!6'$e .'2!
)li8$%! 2 !-$H'o+! 2 !a$1$(+*%2! 2!1!H%$,-! $a&0*,.<h! 4/'),.2! 2#3+ %7)$'*%2! 5.#+0$%2'.&!
2!/(a$02Hi%2'.&! H*+j! a0.8$6! 5/'),.2! *45/84+6*! 12! i#$-/! (a$b.m! 8.2(+)$%d! %9(#&H)7h! >.&+$!
a0$,&(7!(i!b&H'$H/,-$!a202#&#.1$%2+&l'd!2!l2-)$!H.(+0.f /$%2+&l'd!6&H1.!%.2,&0$!(+0$b$%h!

3#.ek<!.#/(+0$%2'9!a$-l2H!'2!a0.&f&-!(a02,$%2'. 2!%!6$H&#.!Y2aL&H/,&!a$'i)26&!'2! Mf0h!@j!
)+$09!a$1$(+*%2!1!'2(#&H/bi,.,-!$a&0*,.< !{R&2'!2'H!z-&62r2+!ABBF| c!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!
Av!-++ac€€'&$Cbh,$6€!
AC!-++ac€€+-.')2/0&#./(h;.+-/fh.$€+.+2'€!
A@!-++ac€€rrrh2$(2f$$)h$0;€&'€-H5(h-+6#!
AD!-++a(c€€-2H$$ah2a2,-&h$0;€!
Aw!-++ac€€62-$/+h2a2,-&h$0;€!
AF!-++ac€€-.%&h2a2,-&h$0;€!
Ag!-++ac€€a.;h2a2,-&h$0;€!
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Eh! ['.e'.,2! Y2aL&H/,&! 0$1H&#<! H*+2! '2! %(+/a&! H$! • !82(+<h! >$+$! 0$1H&#$%2'.&! b&!
a2026&+0.1$%2+&l'd! a$/e<%2+&l$6!2!62'2e/b&! -$!a$/e<%2+&l$%2!2a#.)*,.2h!N*(#&H'&!
(7(+d6!Y2aL&H/,& !%7+%$0<!%-$H'9!a$8&+!.'k+2',.<!'2!b&H'$+#.%9,-!(+0$b$,-h!

Ah! ^&H'2! 1!.'k+2',.<! (2! (+2'&! 0.2H.2,$/! {2';#h! 62(+&0|! y! '2H02H&'$/! 0.2H.2,$/!
b&H'$+)$/j! )+$0*! f/H&! a02,/bi,.6! .'k+2',.*6 ! 12H&l$%2m!i#$-7! (a02,i%2bi,&!
a$H6'$e.'7!H*+j!8.!/e!%$!5$06&!62a!2#&f$!0&H/,&!$a&0*,.<h!

vh! J02,/bi,2! .'k+2',.2j! )+$0&b!b&!a0.02H&'*!62a!$a&0*,.2!(a20(/b&!%(+/a'i!a$H6'$e.'/!
H*+h!Y'$e.'/!)li8$%!2 !-$H'o+!(a02,/b&!2 !6&H1.%9(#&H$)!'28<+2!H$!a26x+&h!

Ch! >2)+$!'28<+2'&!6&H1.%9(#&H)7!(i!a&0.$H.,)7!12a.($%2'd!'2!H.()j!H&#&'d!H$!" !82(+<!'2!
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2!$Ha$0/8<!+.&!'2ba$a/#*0'&bk.&j!a0<a2H'&!+.&j!)+$0d!H$(2-/bi!'2b%7kk./!i0$%&q!)$0&#*,.&h!!

!$R)*9(2/-+B+UN3)?4(+3)5),")-(9+245&9+3*)5/@()2+#+2"):9")/+3)5),"N8.+3*)5/@()< A+
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   B << i 2 
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!
!

CD!

>,*A+k+>53)*7?#"9#+3*9+"'@/34+<%R4"4*)<#"C+<+-%-(C24+!2#&)"+

G2.2G! f(#A61W#!
I.')&H=' vC!b&!;#$f*#'2! ($,.*#'2! (.&m! ($! 126&02'< 6! (2! '2! a0$5&('9! e.%$+j! )20.d0/!2!a0*,/h!
J$/e<%2+&l()*! 1*)#2Hq2! $f(2-/b&! v@B! 6.#.:'$%! a$/e<%2+&l$%j! 1!)+$09,-! 2e! CB„! '2%k+&%/b&!
($,.*#'/! (.&m! H&''&h! I.')&H='! %7/e<%2! $Ha$0i82'.2! %!0o1'7,-! 5$06*,-j! '.&)+$0d! 1$f021&'d!
'2! Mf0h!EB! y! a0.H2'.&! '$%9,-! a0.2+&l$%! 2#&f$! a&0($'2#.1$%2'd! /a$1$0'&'.&! '2! 12/b<62%d!
a02,$%'d! a$'/)7j! ()/a.'7! 2 !(a$#$8'$(+.! '2! ($,.*#'&b! (.&+.h! P!a$(#&H'9,-! 0$)$,-! (7(+d6!
I.')&H='!8.2(+$8'&!a0&,-*H12!+02'(5$06*,.$/!1 !$55?#.'&!H*%)$%d-$!a0&Ha$8<+2%2'.2!a$6$,$/!
'*(+0$b2!`2H$$a!'2!20,-.+&)+i0/!(,-$a'i!;&'&0$%2'.2!$Ha$0i82'<!% !0&*#'$6!82(&h!!

>,*A+BG+M).=#5+"#+*^&"4+O)*2%+)53)*7?#";+"#+-)89'$"46+-94(9+h9"@45Z"+

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!
vC!-++a(c€€rrrh#.')&H.'h,$6€ !



!
!

Cw!

"a$#$8'$(m! I.')&H='! a/f#.)$%2#2! %&l6.! H&+2.#'9! $a.(!(%$b&b! H.(+0.f/$%2'&b! 20,-.+&)+i07! '2!
1f&0!2!2'2#91/!H*+j!%.H.+&l'9! '2+Mf0h!EE!{"/6f2#7!&+!2#h!ABEv|h!N2H!+2)+$!1<()2'96.!H*+26.!
a02,/bi! $Ha$0i82,.&! (7(+d67! 2#&f$! 0o1'&! 2'2#7+.,)d! +&,-'.)7! (+0$b$%d-$! /8&'.2h! J0&!
%9()/6'<)$%! %7+%$0.#.! a0$(+0&H.&j! %!)+$0$6! H$)*e/! (&f&(+28'&! a02,$%2m! (!H*+26.j! f&1!
'/+'$(+.! &p.(+&',.&! %9%$b*0()&-$! +<6/! 2#&f$! 2)&b)$l%&)! a$6$,.h! P7/e<%2bi! 0o1'&! 6$H&0'd!
+&,-'$#:;.&j! '2a0h! J.;j! `.%&j! Y2aL&H/,&j! Y2-$/+j! a0.8$6! '.& )+$0d! 1!'.,-! f$#.! %7%.'/+d!
a0.26$!(a$#$8'$(m$/!I.')&H='!{[25)2 v@|h!Pk&+)7!82(+.!(7(+d6/!(i!-$0.1$'+*#'&!k)*#$%2+&l'dj!
6/#+.i0$%q$%d! 2!$H$#'d! %$8.! 1#7-2'./! 2!,-7f*6! a0.! ( a02,$%2'<h! R*+2! 1<()2'd! .'+&02),.$/!
a$/e<%2+&l$%!($!($,.*#'$/! (.&m$/!a/+/bi!H$!$55?#.'&!(7(+d6$%!12! i8&#$6!%7+%$0&'.2!0o1'7,-!
H*+$%9,-! 0&a0&1&'+*,.<j! (!)+$096.! b&! 6$e'd! '&()o0! a02,$%2m! %!0&*#'$6! 82(&h! I.')&H='!
a$/e<%2!a0&!`2H$$a!(if$0$%i!k+0/)+i0/!`R4"h !

!

>,*A+BB+!*8.9(4@(7*#+#+()@+5'(+<+-)89'$"46+-94(9+h9"@45Z"+D]/2,#$%+4(+#$A+FGBVH+

J0.6*0'76!a0&'*k28$6!H*+!b&!a0*%&! [25)2j! )+$0*!b&! '2%0-'/+*!%7/e.+<6!%1$0/! )$6/'.)*,.&!
a$6$,$/! (a0*%! y! M/,$9-.K]/,-8*9,4 h!VH2#$(+.!a$/e<%2+&l$%!(i!1-#/)$%2'd! '2!1*)#2H&!+7a/!
2!a$6$,$/!(a0*%!(i!a/f#.)$%2'd!H$!(7(+d6/h!R0/-96!1H0$b$6!H*+!(i! ):a.&!H2+2f*1j!)+$0d!
(i! /,-$%*%2'd!5$06$/!H&''9,-!%&01.<h!J0.,-*H12bi,&!H*+2!(i!%2#.H$%2'd!2!b&!+2)!H$H0e2'*!
H*+$%*! .'+&;0.+2j! ,&#9! a0$,&(! b&! 6$'.+$0$%2'9h! V)#2H2'd! (i! H$! -.&020,-.,)9,-! k+0/)+i0!
(if$0$%d-$!(7(+d6/!`R4"h![&n!(i! /e!H*+2!a0<(+/a'&!% !K>I! '*(+0$b$,-j! (i!0&a#.)$%2'd!H$!
H%$,-! .'k+2',.<! (7(+d6/! `2H$$a! y! a0$H/)8'&b! 2!%9%$b$%&bj! )H&! H*+26.! a02,/bi! 2'2#7+.,.!
2!%9()/6'<,.h! P)#2H2'.&! H*+! H$! (7(+d6/! `2H$$a! b&! 0&2#.1$%2'd! a$6$,$/! '282($%2'9,-!
i#$-!H&5.'$%2'9,-!%! '*(+0$b.!G1)2f2'j! )+$0d!a$()7+/b&!6$'.+$0$%2'.&!2!1f&0!#$;$%h!R*+2!(i!
1$! (7(+d6/! `2H$$a! /)#2H2'd! H$! H.(+0.f/$%2'd-$! $' ?#.'&! i#$e.()2! U)$542)*( vD!+7a/! )li8 ?
-$H'$+2! 2! 6/#+.H.6&'1.$'*#'7,-! MIGJ vw!)$,.&)j! a$/e.+<6! +&,-'$ #:;.&! G%2+202vFh! N*(#&H'&!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!
v@!-++ac€€)25)2h2a2,-&h$0;€!
vD!-++ac€€rrrha0$b&,+?%$#H&6$0+h,$6€%$#H&6$0+€!
vw!M'#.'&!G'2#7+.,2#!J0$,&((.'; !



!
!

CF!

/6$eq/bi! 1b&H'$H/k&'i! a0*,/! (! n2#k<6.! (7(+d626.! 2)$! J.;h! R*+2! (i! a$+$6! 5.'*#'&!
'2-0*%2'd!'2(axm!H$!$'#.'&!(7(+d6$%h! !

f(#A61W#!V7$o,6F);, !
30$r(&62a(!b&!a#2+5$062!$Ha$0i82,.&-$!(7(+d6/!%7%.'/+*!(a$#$8'$(m$/!I.'&)H='j!12#$e&'*!
'2!)$#2f$02+<%'$6!a0<(+/a&!%7/e<%2bi,&-$!a$H$f'$(m!$fb&)+$%h!^&H'*!(2!$!-7f0.H'9!(7(+d6j!
)+$09!)$6f.'/b&!$55?#.'&!2!$' ?#.'&!(a02,$%2'.&h!N2!1*)#2H&!a0&H,-*H12bi,&-$!(a0*%2'.2!(2!2!
'2%.;*,.&! a$/e<%2+&l2! %7+%*02! #2+&'+'&! ;0257! (a$#$8'9,-! %9()7+$%! &'+<+h! ^&-$! /'.)*+'$(m!
(a$8<%2!%!b&H'$H/,-&b!.6a#&6&'+*,.<!2!a0.H*%2'<!n2#k<,-!+7a$%!$Ha$0i82'<h!30$r(&62a(!b&!
a$/e.+9! a0.! EA! 0$1#.8'9,-! +7a$,-! $Ha$0i82'<! '2! ($,.*#'&b! (.&+.! {a$H$f'<! a$/e<%2+&#.2j!
a0.(#i,-2bi,&! %7-l2H*%2'.2j! '*%0-7! '2! 2)+/2#.1*,./! a$/e<%2+&l()9,-! a0$5.#$%j!2#&f$!
$Ha$0i82'.2! %$! 5$06&! a0$5.#$%! (a$#$8'$(+<j! )+$0d! a$/e<%2+&l2! 12/b<62bih! O!a$-l2H/!
20,-.+&)+i07!(2! b&H'*! $!-$0.1$'+*#'7! (7(+d6! ( !%.2,&096.! 1H.&l2'96.! )$6a$'&'+26.j! )H&!
f.1'.(! #$;.)2! {)$')0h! $Ha$0i82'.2|! b&! (+2%2'*! 2)$! %&0+.)*#'2! ka&,.5.,)$(m! b&H'$+#.%9,-! +7a$%!
$Ha$0i82'<h!J$Ha$0/b&!,&'+02#.1$%2'd!6$'.+$0$%2'.&!2!b&H'$H/,-i!k)*#$%2+&l'$(mh!P7/e.+<6!
(7(+d6/! 30$r(&62a! b&! 6$e'd! a0.H2m! '$%d! +7a7! $Ha$0i82'<! H$! a0$H/)8'd-$! a0$(+0&H.2!
%!a0.&f&-/!E ?A!H'<h!!

N2!(+02'&!)#.&'+2!%7+%*02!50$'+?&'H$%9!0*6&,!/H2#$(+.!2)+.%<+!a0.!)2eH$6!1$f021&'<!r&f$%&b!
(+0*')7h!>.&+$!2)+.%.+7!(i!%$a0&H!H&5.'$%2'96!a0iH$6!H*+!'2-0*%2'd!H$!(7(+d6/!12!i8&#$6!
)$'k+0/),.&! 62+<,! (a$#$8'd-$! %9()7+/! &'+<+h! ^&H'$+#.%d! 62a7! {2';#h! f0$r(&62a(|! (i!
.')0&6&'+*#'&! %7a$8<+2'd! $55?#.'&! a$6$,$/! (7(+d6/! d#5))3 ! y! $HH&#&'&! a0&! )2eHi! &'+.+/!
{EvB! 0$1#.8'9,-! i#$-! ;&'&0/bi,.,-! +&02f2b+7! H*+! +9eH&''&|h! R*+2! n2#&b! H*%)$%$! (6&0/bi! H$!
H.(+0.f/$%2'd-$! $' ?#.'&! i#$e.()2! U)$542$0+! +7a/! )li8?-$H'$+2j! $H).2l! (i! H$+21$%2'd!
a$6$,$/!$'#.'&!GJ=h!M'#.'&!Ga.!b&!2;'$(+.,)d!$H !+7a/!$Ha$0i82'9,-!$fb&)+$%j!a0.8$6!gg„!
a$e.2H2%.&)!b&!$f(#ie&'9,-!H$!EB6(h!

R&+2.#'&bk<! a$-l2H! 2!)$')0d+'&! .6a#&6&'+*,.&! {G6.'! &+! 2#h! ABEA~! `/2';! &+! 2#h! ABEv|!
2!%7-$H'$,$%2'.&! $Ha$0i82'<! {L$H0.;/&1! &+! 2#h! ABEA|! (i! a/f#.)$%2'd ! 2! %$l'&! H$(+/a'dh!
Ma+.62#.1*,.$/!)%2#.+7!$Ha$0i82'<!a0.!1$-l2H'&'<!%.2,&09,-!)0.+d0.<!(2!12$f&02#.!L$H0.;/&1!&+!
2#!{L$H0.;/&1! &+! 2#h! ABEA|h! =,-! 6$H&#! $a+.62#.1*,.&! a0&1&'+/bi! 2)$! l2-)$! a0.H2+&l'9!H$!
&p.(+/bi,.,-! a0iH$%! (a02,$%2'.2! H*+j! 6$H&#! '&a$+0&f/b&! e.2H'/! +0d'$%2,./! 6'$e.'/! 2 !b&!
'&1*%.(#9! $H! H$6d'7j! 2#&f$! %#2(+'$(+<! $Ha$0i82'9,-! $fb&)+$%h! P!a0*,.! /%*H12bi! )$')0d+'7!
a0<)#2H! .6a#&6&'+*,.&! %!(7(+d6&! >2#&'+Y2+,-j! )+$0d-$! i#$-$/! b&! -l2H2'.&! %-$H'9,-!
)2'H.H*+$%!'2!a02,$%'d!a$1<,.&h!

G2.2K! U(0$!
>.P$ vg !a0&H(+2%/b&! (#/ef/j! )+$0&b! i#$-$/! b&! '2-0*%2'.&! +&#&%<1'7,-! a0$;026$%! 2!.,-!
) 2+&;$0.1*,.2!a0&!l2-k.&!%7-l2H*%2'.&!{G#.!2'H!%2'!"+26!ABBC|h!MHa$0i82,<!(7(+d6!%7/e<%2!
)#.&'+?(&0%&0! 20,-.+&)+i0/j! a0.! )+$0&b! a02,/b&! (!>.%$!)#.&'+()76. ! f$p26.! %!H$6*,'$(+.2,-h!
MHa$0i82'.2! (i ! %!(7(+d6&! ;&'&0$%2'd! a0&! H$6*,'$(+.j! >.%$! '&0$1#.k/b&! b&H'$+#.%9,-!
a$/e<%2+&l$%!2!'&$Ha$0i82!+&#&%<1'&!%7(.&#2'.&!a0&!()/a.'7h!=,-!(7(+d6!'&a&01.(+/b&!e.2H'&!
a$/e<%2+&l()d!H*+2! '2!(&0%&0$,-j!8<6!12f&1a&8/b&!%7($)i!$,-02'/!(i)0$6.2h!>.P$!-$H'$+<!
(d0.&!+&#&%<1'7,-!a0$;026$%!2)$!b&H&'!$fb&)+h!J0&5&0&',.&!a$/e<%2+&l$%!0&(ah!H$6*,'$(+.!(2!
/)21/bi!2)$!(+2f.#'d!2e!H$!i0$%'&!6&(.2,$%h !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!
vF!-++ac€€&';.'&&0.';h#.')&H.'h,$6€$#2a€2%2+202?$#2a?r&f ?(,2#&?2'2#7+.,(?a0$H/,+(!
vg!-++ac€€rrrh+.%$h,$6€!



!
!

Cg!

N2! -$H'$+&'.&! +&#&%<1'7,-! a0$;026$%! a$/e<%2+&l6.! >.%$! a$/e<%2! .6a#.,.+'i! {'2-02+.&!
+&#&%<1'&-$!a0$;026/j!)+$09!a$/e<%2+&l!&k+&!'&%.H&#|!2b!&pa#.,.+'i!(ax+'i!% x1f/!{v!i0$%'&!a0&!
a$1.+<%'&!-$H'$+&'.&j!v!a0&!'&;2+<%'&|h!z&'&0$%2'.&!$Ha$0i82'<!b&!0&2#.1$%2'd!)$6f.'*,.$/!
H%$,-! 2#;$0.+6$%!y! [#%4-49#")<-@N+ #$R)*9(2/-! '2! 1*)#2H&! $f(2-/j! )+$09! ;&'&0/b&!
$Ha$0i82'.2! a0.6*0'&! a0.! a0$f#d6&! (+/H&'d-$! k+20+/j! 2!)$#2f$02+<%'&!5.#+0$%2'.&! 5$06$/!
6$H&#$%2'.2!%#2(+'$(+<!b&H'$+#.%9,-!+&#&%<1'7,-!'2-0*%$)h!

"&)%&',.2!+%$0f7!$Ha$0i82'<!%! (7(+d6&!>.P$!b&!a0&1&'+$%2'*!a$(+/a'$(m$/! '2(#&H$%'9,-!
)0$)$%c!

Eh! O<()2%2'.&!a$/e<%2+&l()&b!(ax+'&b!%x1f7h!

Ah! J0&'$(! a0$5.#/! a$/e<%2+&l2! 1! >.P$! f$p/! '2! (&0%&0! {a0&'*k2! (2! ,&#9! a$/e<%2+&l()9!
a0$5.#j!%96&'2!H*+!'.&!b&!.')0&6&'+*#'2|h!

vh! G'$'76.1*,.2!a$/e<%2+&l()d-$!a0$5.#/ h!

Ch! P9a$8&+! '2! (+02'&! (&0%&02!y! %9a$8&+! )$0&#*,..! 6&H1.! H%$b.,26.! +&#&%<1'7,-!
a0$;026$%j!)+$0d!(a2H2bi!H$!(&),.&!1*/b6/!a$/e<%2+&l2h!

@h! P9a$8&+! '2! (+02'&! )#.&'+2!y! )$#2f$02+<%'&! $Ha$0i82'.&! '&-$H'$+&'9,-! +&#&%<1'7,-!
a0$;026$%j!f&1!12m2e$%2'.2!(&0%&02h!

Dh! P7+%$0&'.&!1$1'26/!$Ha$0i82'<!y! $f$-2+&'.&! )0$)/!8hD!$ !$Ha$0i82'.&!12#$e&'d! '2!
$f(2-/ !

wh! G/+$62+.,)d!'2-02+.&!$Ha$0i82'9,-!a0$;026$%!>.P$!f$p$ 6h!

MHa$0i82'. 2!(i!;&'&0$%2'd!a&0.$H.,)7 j!#$)*#'&!/6.&(+'&'96.!>.P$!f$p26.!'2!a$12H<!a0*,&!
($! (7(+d6$6h! P(+/a$6! a0&! 2#;$0.+6/(! /%&H&'9! 2)$! a(&/H$! ):H! %! G#;$0.+6/(! A!
[$#2f$02+<%'&!$Ha$0i82'.&!%!(7(+d6&!>.P$j!b&!6'$e.'2!+&#&%<1'7,-!a0$;026$%j!/!) +$09,-!(2!
$82)*%2!a0&H.),.2!-$H'$+&'.2!y!!"#$"%&' j!2!6'$e.'2!)$0&#*,.<!H%$b<,!$fb&)+$%!y!!("' h!!

!$R)*9(2/-+F+1)$#,)*#(;<"4+)53)*7?#"94+<+-%-(C24+E9U)+

Kolaborat’vne(Programy, P‡ry):  

 Pre ka ! d"  nehodnotenie program P v Programoch   

  nech P‡ry(P) sœ podmno ! inou P‡rov predikovan " ch pre P  

  uva ! uj elementy <P1, P, r(P1,P)> in P‡ry(P)  

  zora % P‡ry(P) s oh &adom na hodnotenie r  

  vypo #’taj v‡hovan "  line‡rny priemer '  

Predikcie := Predikcie <P, ' >  

V" stup: predikcie zoradenŽ na z‡klade '  



!
!

@B!

J$/e.+9!2#;$0.+6/(!$Ha$0i82'.2!b&!%-$H'&!k)*#$%2+&l'9j!#&f$!)2eHd!120.2H&'.&!>.P$!;&'&0/b&!
$Ha$0i82'.&! '2!a$12H<!#&'!a0&!H$6*,'$(m!%!)+$0&b!b&!/6.&(+'&'dh!G0,-.+&)+i02!(7(+d6/! '2!
(+02'&! (&0%&0$%! b&! a$(+2%&'*! '2! -$0.1$'+*#'&! k)*#$%2+&l'$6! H.(+0.f/$%2'$6! 6$ H&#7j! )+$09!
.6! /6$eq/b&! %9a$8&+! %&l)d-$! 6'$e(+%2! a*0$%! +&#&%<1'7,-! a0$;026$%! 2! .,-! )$0&#*,.<h!
"&0%&07!(i!0$1H&#&'d!H$!+0$,-! i0$%'<h!S#$-$/!a0%&b!i0$%'&!b&!2),&a+$%2'.&!#$;$%!2!(a0*%!1!
>.P$! 120.2H&'<h! J0.,-*H12bi,.6! #$;$6! b&! a0.02n$%2'9! 5.)8'9! .H&'+.5.)*+$0! a$/e<%2+&l2j!
/,-$%*%2'9! #&'! a$82(! H$f7! ;&'&0$%2'.2! 2)+/*#'7,-! )$0&#*,.<h! P9a$8&+! )$0&#*,.<! b&! 6$e'd!
0$1H&#.m! 6&H1.! %.2,&0$! (+0$b$%! H0/-&b! i0$%'&j! )+$09,-! %9(#&H)7! (i! (a*b2'd! '2! 1*)#2H&!
5.)8'd-$!.H&'+.5.)*+$02!a$/e<%2+&l2h!!

"&0%&07!H0/-&b! i0$%'&!62bi!a0.02H&'d!0$1(2-7! .H&'+.5.)*+$0$%!+&#&%<1'7,-!a0$;026$%j!2! .,-!
i#$-$/! b&! (a$8<+2'.&! a$8+/! /'.)*+'7,-! -$H'$+&'<! a0&! +&#&%<1'&! a0$;0267! (a2H2bi,&! H$!
0$1(2-/!b&H'$+#.%9,-!(&0%&0$%h!N2!+0&+&bj!2!1*0$%&q!5.'*#'&b!i0$%'.!(i!(&0%&07!0$1H&#&'d!'2H!
a0.&(+$0$6!a*0$%!+&#&%<1'7,-!a0$;026$%h!J0%$+'96!09,-#76!5.#+028'96!6&,-2'.16$6!/08<j!8.!
(2! f/H&! ;&'&0$%2m! )$0&#*,.2! 6&H1.! H%$62! +&#&%<1'76.! a0$;02626.h! G)! *'$j! '2(#&H/b&!
H02-k.&!a$8<+2'.&!)$0&#*,.&!a$6$,$/!62+<,!-$H'$+&'<!0$16&0$%!wpwh!P9(#&H)$6!b&!%9a$8&+!
%$! 5$06&! #.'&*0'&b! )$0&#*,.&j! )+$0i! 1%$#.#.! +%$0,$%.2! (7(+d6/! >.P$j! a0&+$e&! )! -$H'$+&'.26!
a0$;026$%! a$/e<%2+&l6.! (2! (+2%.2! 2)$! )/! H.()0d+'76! 0*H$%96! a0&6&''96j! '26.&(+$!
'$6.'*#'7,-!a0&6&''96h !

Z)*#$%2+&l'$(m!(7(+d6/!>.P$!b&!H$(.2-'/+*!H%$6.!,&(+26.h!J0%$/!1!'.,-!b&!(ao($fj!)& H7!(2!
'&;&'&0/bi!)$0&#*,.&!H&''&!a0&!,&#i!6'$e.'/!+&#&%<1'7,-!a0$;026$%j!2#&!(i!0$1H&l$%2'd!'2!
a$H6'$e.'7!%&l)$(+.!E€Nj!)+$0d!(i!2)+/2#.1$%2'd!)2eH9,-!N!H'<j!)&H7!$f&+i%2bi!2)+/*#'$(m!
)$0&#*,.<j!12!,&'/!1'<e&'.2!'*)#2H$%h!R0/-96!(ao($f$6!b&!12%&H&' .&!a2026&+02!6.'h!a$8+/!
a*0$%!-$H'$+&'<!a0.!5.#+0$%2'<!6'$e.'7j!$1'28$%2'$6! ‰6.'•a*0 Š!'2!1*)#2H&!a$8+/!-$H'$+&'<!
a*0$%! +&#&%<1'7,-! a0$;026$%j! 8<6! 0&H/)/bi! $fb&6! 6$e'9,-! )$0&#*,.<! 1!EB•EE! '2! vB! BBB!
a*0$%h! Y2'.a/#*,.$/! ( !+96+$! a2026&+0$6!‰&)*+,(" -. /#0*#12*3 ! 1%#*H2! 20,-.+&)+i02!
(7(+d6/! >.P$! /a02%$%2m! )%2#.+/! $Ha$0i82'<! (!$-l2H$6! '2! H$(+/a'd! %9a$8+$%d! 1H0$b&h!
R0/-96!a2026&+0$6!'2!0&H/),./!6'$e.'7!)$0&#*,.<!b& !&)*+/#0*#12*3 j!)+$09!/08/b&!(a$H'i!
-02'.,/!6.'.6*#'&-$!a$8+/!-$H'$+&'<!/'.)*+'76.!a$/e<%2+&l6.h!J$6$,$/!+9,-+$!a2026&+0$%!
b&! 6$e'd! )$'5.;/0$%2m! (7(+d6! >.P$! a0&! 1%$#&'.&! %-$H'&b! -#2H.'7! )%2#.+7! $Ha$0i82'<! a0.!
'*02(+&!a$8+/!a$/e<%2+&l$%h!

G2.2N! p)-$$!
P!(a$#$8'$(+.! U2-$$ CB!%7/e<%2bi! +&,-'.)7! (+0$b$%d-$! /8&'.2! 2!5$067! $Ha$0i82'<! '2! %&l)$6!
6'$e(+%&! a0%)$%! .,-! r&f$%9,-! a$0+*#$%!2#&f$! 2b! .,-! (7(+d6&! U2-$$! L&,$66&'H( CE!{%.n!
Mf0h!EA|! %7/e.+&l'$6! 2b! %!&p+&0'9,-! (7(+d6$,-h! P! {G;20r2#! &+! 2#h! ABEB|! %7+%$0.#.! 6&+:H/!
Q>[QT !{2';#h!Q#-(+>"$9"4+[9$9"4#*+Q#8()*+T)54$|j!)+$0&b!,.&l$6!b&!09,-#&!/8&'.&!(2!%#2(+'$(+<!
$Ha$0i82'9,-! $fb&)+$%! a$6$,$/! $' ?#.'&! 0&;0&(.&h! ^&b! %7/e.+.&! b&! %-$H'd! a0.! $Ha$0i82'<!
r&f$%9,-! (+0*'$)! 0&)#*6! 2#&f$! '$%.'$%9,-! 8#*')$%j! )& H7! b&! '/+'d! a$1&02m! (2! 2b! '2!
6$H&#$%2'.&!82(/!a0.!;&'&0$%2'<!$Ha$0i82'<h!P!'&b!b&!$'?#.'&!%9a$8&+!a0&!b&H'$+#.%d!$fb&)+7!
'&1*%.(#9! $H! $(+2+'9,-! 2!a0&+$! b&! 6&+:H2! 09,-#2j! l2-)$! a202#&#.1$%2+&l'*! 2!k)*#$%2+&l'*h!
`#2%'9! a0.',<aj! )+$09! 6&+:H2! %7/e<%2! b&! a$/e.+.&! %&l)d-$! 6'$e(+%2! -.(+$0.,)9,-! H*+! '2!
.'.,.2#.1*,./!$' ?#.'&!6$H&#$%!'2!1*)#2H&!$55?#.'&!1<()2'9,-!%#2(+'$(+<h!>96!1<()2%2bi!#.'&*0'&!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!
CB!-++a(c€€rrrh72-$$h,$6€!
CE!- ++ac€€72-$$h+/6f#0h,$6€a$(+€gDgww@DEgCg€2?'&r ?a/f#.(-&0 ?($#/+.$'?72-$$ ?0&,$66&'H( !



!
!

@E!

a0$b&),.&j! )+$0d! &5&)+<%'&! 0&H/)/bi! H.6&'1.$'2#.+/! a0.&(+$0/j! 1!)+$0d-$! (i! $Ha$0i82'.2!
;&'&0$%2'dh!

J0.! $55?#.'&! 5.+$%2'<! 6$H&#/! %7/e<%2bi! 2#;$0.+6/(! 12#$e&'9! '2! 2#;$0.+6&! $82)*%2'.2 ?
62p.62#.1$%2'.2! {2';#h! KY! y! &pa&,+2+.$'?62p.6.12+.$'|j! )$6f.'*,.26.! z2/(($%()d-$!
6$H&#/j! z.ff($%96! %1$0)$%2'<6! 2 !a02%H&a$H$f'$(+'d-$! 6$H&#/! Y$'+&! _20#$h! J0*%&! a0.!
%7+%*02'<! z.f(($%9,-! %1$0.&)! b&! ,&#9! a0$,&(! a202#&#.1$%2+&l'9! 2!'&1*%.(#9! $H! $(+2+'9,-!
a$/e<%2+&l()9,-!6$H&#$%h!`#2%'96!a0<'$($6!a0*,&!b&!09,-#2!$'#.'&!0&;0&(.2! '2H!1<()2'96.!
H*+26.! 1!$55?#.'&! +0d'$%2'.2! 6$H&#$%h! P9(+/a$6! $'#.'&! (a02,$%2'.2! (i! 0&;0&('d! %*-7!
W C F€; -! 6s$9/9 G • C F€; -! 6&%‚%&%/u.ƒ!G „ C F€; -! &%0&%$/…u;!F€; j!a$/e<%2+&l()d!%#2(+'$(+.!

98 j! 2!a0&H,-*H12bi,2! %20.2',.2h! M'#.'&! 0&a0&1&'+*,.2! $fb&)+/! b&! H2'*! 2)$! $8b†! : ! t 8bW 4

98†•t b 4 !9 8†„‡ b†j! )H&!t 8bW!a0&H(+2%/b&! a$(/'j!98†•t b!b&! H.6&'1.$'*#'&! 10&H/)$%2'9! %&)+$0!

a0&5&0&',.<! a$/e<%2+&l2! 2!‡b†!b&! %&)+$0! 0&;0&('9,-! %*-h! [&ne&! $'#.'&! 6$H&#! a0&! )2eH9!

1!$fb&)+$%!h !b&! '&1*%.(#9! $H! .'9,-! $fb&)+$%! 2!H.6&'1.$'2#.+2! ‡b !b&! '<1)2j! +2)! a0$,&(!

2)+/2#.1*,.&! 6$H&#/! a0&5&0&',.<! a$/e<%2+&l2! b&! %&l6.! &5&)+<%'7j! k)*#$%2+&l'9!
2!a202#&#.1$%2+&l'9h!

J0.! $%&0&'.2,-! '2! U2-$$! 2! Y$%.&I&'(! H2+2(&+$,-! b&! '2b%9021'&bk.&! 1#&ak&'.&! %!$f#2(+.!
(a0*%'&-$! /(a$02Hi%2'.2! $Ha$0i82'<! {A ?v! '*($f'd|h! J0.! (#&H$%2'<! LM_! {2';#h ! L&,&.%&0!
Ma&02+.';! _-202,+&0.(+.,|! )0.%.&)! %7)21/b&! '2b#&ak.&! %9(#&H)7! a0.! a$0$%'2'<! (! )#2(.,)96!
)$#2f$02+<%'76!a0<(+/a$6!2#&f$!a0<(+/a$6!%7/e<%2bi,.6!$'?#.'&!JI"=! {R2(!&+!2#h!ABBw|!a0*%&!
.,-!6$H&#!4M34Yh!

!

>,*A+BF+>53)*7?#"9#+R4"4*)<#"C+-%-(C2)2 +l#.))+b48)224"5- +

G24! "A)16F('A:!$1;$7<=)'(6!,E,%:FE !
O!2)2H&6.,)&b! (5d07! (6&! 2'2#71$%2#.! +0.! &p.(+/bi,&! (7(+d67j! %7/e<%2bi,&! $H#.k'd! a0<(+/a7!
)! +%$0f&!$Ha$0i82'<j!)+$0d!(i!a0&1&'+$%2'd!2)$!k)*#$%2+&l'dc!U$H2j!`7L&,!2!",&'& h!

G242.! p$1)!
J0%96! 1*(+/a,$6! &p.(+/bi,&-$! (7(+d6/! 1 !2)2H&6.,)&b! $f#2(+.! b&! (7(+d6! U$H2j! )+$09! b&-$!
2/+$0.!a0&1&'+/bi!2)$!$Ha$0i82,<!(7(+d6!%7/e.+&l'9!'2b6x!%$!%&l)9,-!r&f$%9,-!2a#.)*,. *,-j!
%7e2H/bi,.,-!a0&('d!$Ha$0i82'.2!% !0&*#'$6!82(&!{"-2-2f.!&+!2#h!ABBE|h!U$H2!f$#!%7+%$0&'9!
12! i8&#$6!$Ha$0i82'.2! -/H$f'9,-!_R! '$(.8$%h!=,-! ,.&l$6!a0.!+%$0f&!(7 (+d6/! f$#2!%7($)*!
k)*#$%2+&l'$(m!a0&!6$-/+'d!r&f$%d!(7(+d67j!8$!a0&!'.,-!1'26&'2# $!'/+'$(m!%7/e.+.2!$55?#.'&!



!
!

@A!

a0&Ha$8<+2'.2! a$/e<%2+&l()9,-! a0&5&0&',.<! %$! 5$06&! 6$H&#$%h! =,-! a$(+/a! $Ha$0i82'.2!
a$1$(+*%2!1!)$#2f$02+<%'&-$!$Ha$0i82'.2j!)+$0d!H&#.2!'2!A!5*17c!

Eh! [#2(.5.)*,.2! a$/e<%2+&l$%!y! 1<()2'.&! a0&5&0&',.<! 2!)#2(.5.)*,.2! a$/e<%2+&l$%! 5$06$/!
1-#/)$%2'.2 h!

Ah! M-$H'$+&'.&!$fb&)+$%!2!;&'&0$%2'.&!$Ha$0i82'<!y!.,-!%9(#&H'd!1$02H&'.&h!

z&'&0$%2'.&! $Ha$0i82'<j! %.H.+&l'd! '2! Mf0h! Evj! b&! 0&2#.1$%2'd! $55?#.'&! a0&Ha$8<+2'<6!
a$H$f'$(+.! _R! '$(.8$%! ) !6'$e.'&! %#2(+'$(+<! {'2a0h! -/H$f'9! e*'&0|j! )+$0*! b&! / 08&'*! 5/117!
a$b626.h! P! 82(+.! $55?#.'&! a0$,&($%2'.2! (7(+d6! U$H2! .H&'+.5.)/b&! ()/a.'7! a$/e<%2+&l$%!
a$6$,$/! 1-#/)$%2'.2! 1! +0d'$%2,&b! 6'$e.'7h! [2eHd6/! 1-#/)/! a0.02H<! a0&5&0&',.& ! {2';#h!
52%$0.+&!a0$a&0+7!%2#/&(|!2!a$/e.b&!.,-!'2!%7+%$0&'.&!$Ha$0i82'<!a0&!1-#/)7h!P!$' ?#.'&!5*1&!{%!
0&*#'$6! 82(&|! b&! a$/e<%2+&l! a0.02H&'9! H$! 1-#/)$%! '2! 1*)#2H&! b&-$! (a0*%2'.2! 2!(ao($f /!
'2%.;*,.&h! l)5#+ '*(#&H'&! a$/e.b&! )#2(.5.)28'd! 52)+$07! '2! %7;&'&0$%2'.&! 1$02H&'d-$!
1$1'26/! $Ha$0i82'<! 1<()2'd-$! %*-$%2'$/! 2;0&;*,.$/! $Ha$0i82'<! a0&! b&H'$+#.%d! 1-#/)7!
a$/e<%2+&l$%j! H$! )+$09,-! f$#! a$/e<%2+&l! a0.02H&'9h! J$a.($%2'9! 2#;$0.+6/(! 0&H/)/b&! 82($%i!
)$6a#&p.+/! +%$0f7! 2;0&;*,.<! 1!ao%$H'&! H&5.'$%2'&b! 2)$!23ˆ ' ˆ+ˆ ‰ˆ5!'2! 23ˆ ' ˆ5j! )H&! ' !
a0&H(+2%/b&! ,&#)$%i! 6'$e.'/! $fb&)+$%! {)$')0h! _R! '$(.8$%|! 2! ‰!6'$e.'/! %#2(+'$(+<!
a0.02H&'9,-!)2eHd6/!$fb&)+/h !

!

!
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R0/-*! 2#+&0'2+<%2!b&!82($%$!%-$H'&bk.2!%!a0$(+0&H.2,-j! )H&!b&!%7e2H$%2'*! $Ha$%&n!
%!a*0! H&(.2+)2,-! 6.#.(&)i'H j! '2)$l)$! % !a0$,&(&! $Ha$0i82'.2! %7'&,-*%26& !
$-$H'$+&'.&! '$%.'$ %9, -! 8#*')$%! 2 !a$/e.b&6&! /e! /#$e&'d ! a0&Ha$8<+2'd! -$H'$+&'.2!
a0&!b&H'$+#.%d!1-#/)7! {1<()2+&l'd!1!i#$e.()2!H$!E6(| h!N2$a2)j!%!a0$(+0&H.2,-j! )H&!b&!
$82)*%2'*!$Ha$%&n!(7(+d6/!0*H$%$!%!(+$%)*,-!6.#.(&)i'H!b&!%-$H'&bk.&!a$/e.m!a0%i!
(a$6<'2'i! %20.2'+/! {2)! ,-,&6&! $Ha$0 i82m! '2! 1*)#2H&! +0&'H$%$(+.! '$%.'$%9,-!
8#*')$%|h! "! a$/e.+<6! %-$H'd-$! ,2,-$%2,.&-$! 6&,-2'.16/! b&! 6$e'd ! 2#&! 2b! +2)9+$!
%9a$8&+!/09,-#.m!a0.!$a2)$%2'9,-!a$e.2H2%)* ,-!'2!$Ha$0i82'.&h !N2!a$12H<!(2!+$+.e+$!
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%7-'&6&! a02%.H&#'d6/! a0&a$8<+2%2'./! 0&;0&(.&! a0&! %k&+)7! '$%.'$%d! 8#*')7j! )+$0d!
%!(7(+d6&!5.;/0/bi!2 !(i!$1'28&'d!'2!$Ha$0i8 2'.&!a0.!2)+/2#.1*,.<!a0&H.)+$0$%h!

J0.! 1-#/)$%2'<! '2! 1*)#2H&! )$'+&p+/! (6&! %7/e.#.! &p.(+/bi,/! .6a#&6&'+*,./! k)*#$%2+&l'd-$ !
2#;$0.+6/! )?6&2'( !%!'*(+0$b.!Ga2,-&!"a20) h!O-#/)$%2'.&! .6a0&(.<!2!a$e.2H2%.&)! '2!1*)#2H&!
)$'+&p+/!a0.&f&-2!$' ?#.'&j!%!0&*#'$6!82(& j! '2)$l)$!+&'+$! )0$)! '.&!b&!6$e'd!a0&Ha$8<+2%2mh!
J2026&+0&! a0.! /8&'<! 6$H&#/! (6&! /08.#.! &pa&0.6&'+*#'&j! 2b! (!$-l2H$6! '2! H$f/! %9a$8+/h !
}2#k<6! Ho%$H$6j! a0&! )+$09! (6&! (2! 0$1-$H#.! /f&02m! ,&(+$/! )$'+&p/* #'&-$! 1-#/)$%2'.2!
2!'*(#&H'd-$! a0&H.)$%2'.2! 0&#&%2'+'9,-! $fb&)+$%j! b&! 02H.)*#'2! 0&H/),.2! H.6&'1.$'2#.+7!
%(+/a'9,-!H*+h!N26.&(+$!6.#.:'$%!a$/e<%2+&l$%!5.;/0/b&!%!a0$,&(&!$Ha$0i82'.2!{2!%!a0$,&(&!
(+0$b$%d-$! /8&'.2|! )$'k+2'+'d! O!y! a$8&+! /1#$%h! N.&! b&! +2)! '/+'d! /8.m! %&l)d! 6'$e(+%$!
a0&H.)+$0$%j!2#&!%!'2k&b!6&+:H&!%7/e<%26&!$axm!62p.6*#'&!O!0$1#.8'9,-!6$H&#$%!(+0$b$%d-$!
/8&'.2j!$H!8$-$!$82)*%26&!09,-#&bk.&!a$8<+2'.&j!8$!%&H.&!)!a02%.H&#'&bk.&6/!2)+/2#.1$%2'./!
6$H&#$%h!J0*%&!+.&+$!2(a&)+7!6&+:H7!$%&0/b&6&!%!)2a.+$#&!Fh!

J0.!%9f&0&!)$'+&p+/*#'7,-!2+0.fi+$%j!'2!1* )#2H&!)+$09,-!a0&f.&-2! .'H&+.5.)$%2'.&!1-#/)/ j! (6&!
%7f02#.!6'$e.'/!( !$-l2H$6!'2b6x!'2 !H$(+2+$8'i!50&)%&',./!%9()7+/!2+0.fi+$%!a0.!b&H'$+#.%9,-!
.6a0&(.*,-! 2 !a$e.2H2%)*,-! '2! $Ha$0i82'.&h! ^&H'*! (2! $ !'2(#&H$%'d! 2+0.fi+7c!)5.#5)<#"C+
3).$#<94r+)5.#5)<#"N+<4@r+).#5)<#"N+3*;642+5)2'8")-(9r+3)?#-94r+54_+<+(N:5"9r+.)59"#+5_#r+
(%3+&#*9#54"9#r+6#&%@+3)/:;<#(4=)<.)+-%-(C2/ r+3*4O4*4"894+8))@94-+K+-$45)<#"94r+R4)R*#O98@'+
3)$).#+ #+9"(4*"4()<N+ 3)-@%()<#(4=A+"a$#$8'$/ ! ,-202)+&0.(+.)$/! 2+0.fi+$%! b&! 2b! .,-! a$6&0'*!
(+*#$(mj! %!167(#&! 0&#2+<%'&! )$'˜+2'+'d-$! a$8+/! -$H'o+! a0&! b&H'$+#.%d! 2+0.fi+7h! P7/e<%26&!
&'):H$%2'.&! Œb&H&'! 1‰! {2';#h! $'&?-$+! &',$H.';| ! %$! %#2(+'&b! .6a#&6&'+*,..! (! 02(+i,.6!
.'H&p$6!a$1<,.&!a*0$%!2+0.fi+c-$H'$+2!{G#;$0.+6/(!v|h!

aktu‡lny_kontextu‡lny_index = 0  

kontext_cache = {}  

enk—dovan" _kontext = []  

pre ka ! d"  atribœt a, hodnotu h  z kontextu‡lnych atribœtov  

  ak cache[a:h]  

    enk—dovan " _kontext[cache[a:h]] = 1  

  inak  

    Mutex.uzamkni  

      kontext_cache[a:h] = aktu‡lny_kontextu‡lny_index  

      enk—dovan " _kontext[aktu‡lny_kontextu‡lny_index] = 1  

      aktu‡lny_kontextu‡lny_index++  

    Mutex.odomni  

!$R)*9(2/-+V+M*)84-+4"@W5)<#"9#+#(*9,7()<+5)+<4@()*#++
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G)$!2+0.fi+7!5.;/0/bi ,& !%!a0&H.)+$0$,-!'$%.'$%9,-!8#*')$,-!(6&!1%$#.#.!+.&+$!2+0.fi+7c!5)2C"#+
")<9")<C.)+?$'"@/r !<%5#<#(4=r+),-#.+?$#"@/+O)*2)/+(O+<4@()*)<A+J0.!)#2(.)*+$0$,-!'&6/(<6&!
0.&k.m! &'):H$%2'.&! 2+0<f/+$%j! '2)$l)$! &p.(+/bi,&! .6a#&6&'+*,.&! a$()7+/bi! 6$e'$(+.!
12H&5.'$%2'.2! )2+&;$0.,)9,-! 2+0.fi +$%h! J0.! +0d'$%2'<! 6$H&#$%! 0&;0&(.&! a$6$,$/!
0$1-$H$%2,<,-! (+0$6$%!(6&!H&5.'$%2#.!2)$!a$1.+<%'&!a0<)#2H7!a0&!1-#/)!+.&!8#*')7j!)+$0d! (2!
'2,-*H12#.!6&H1.!@B„!'2b8<+2'&bk<,-!%!H2'$6!1-#/)/h!
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Q! *0676#(6!F6 %P1E!;67,$#)8(9$0)#:-$!$1;$7<=)#( )!

P!0*6,.!$%&0&'.2!0.&k&'.2!0&2#.1$%2'&b!6&+:H7!(6&!(.!(+2'$%.#.!+.&+$!,.&#&c!

¥! Kpa&0.6&'+*#'&!'*b(m!%-$H'i!)$6f.'*,./!2+0.fi+$%!a0& !2#;$0.+67!(+0$b$%d-$!/8&'.2j!2b!
%!a$6&0&!'2!.,-!'*0$8'$(m!'2!%9a$8+$%9!82(j !

¥! K%2#/*,.26.!1.(+.m!%a#7%!a$a/#20.+7!2!b&b!&5&)+!a0.!(&;6&'+*,..!.6a0&(.<j!
¥! P7-$H'$+&'.&! a0&('$(+.!b&H'$+#.%9,-!$Ha$0i82'9,-!)$6a$'&'+$%!6&+:H7j!
¥! P7-$H'&'.&!a0&('$(+.!-7f0.H'&b!6&+:H7h!

J0.!$%&0$%2'<!2!&pa&0.6&'+$,-!(6&!a02,$%2#.!(!0o1'76.!H*+$%96.!1H0$b6.j! $' ?#.'&!2b!$55?#.'&!
,-202)+&0/j!%n2)2!8$6/!(6&!62#.!6$e'$(m!$%&0. m!82(m!6&+:H7!2b!%!()/+$8'$6!a0$(+0&H<h!

Q2.! 5$;I8)7(%)! )! )A%I&8#$,C!#$0(#$0['-!=8&#A$0 !
J0%$/!-7a$+d1$/j!)+$0i!(6&! $%&0$%2#.!%!H$6d'&!'$%.'$%9,-!8#*')$% !b&!'2(#&H$%'d!+%0H&'.&c!

M*95#";2+ #-34@(/+ 3)3/$#*9(%+ #+#@(/'$")-(9+ ?$'"@)<+#@)+ -4@/"5'*"4.)+ &5*)6#+ 5'(+

5)@':424+&<NS9J+3*4-")-J+R4"4*)<#"N8.+)53)*7?#";A+

J$/e<%2+&#.2! r&f$%9,-!a$0+*#$%! (i!82(+$!#*)2'<!2b! (26$+'96.!+%$0,26.!0$1-02'<! '2!+$j!2f7!
.,-!12/b2#.! '2b'$%k.&!2#&f$!2)+/*#'&bk.&! '2ba$a/#*0'&bk.&!8#*')7h!G)!f7!(6&! $Ha$0i82#.!8.(+$!
.f2! '2ba$a/#*0'&bk.&!8#*')7j!(26$+'d!6&+0.)7!2 !a0&H.),.&!f7!f$#.!0&#2+<%'&!%7($)dj!2#&!/e!f7!
(2!'&b&H'2#$!a&0($'2#.1$%2'd!$Ha$0i82'.&h!P!'2k&b!6&+:H&!5.;/0/b&!a$a/#20.+2!2)$!a$6$,'9!
2(a&)+h!!

Q2.2.! *0676#(6!0;8E0I!;$;I8)7(%E!#)!1&%)'-!16##DA)!]a^!
P!a0%$+'$6! $%&0&'<! (6&! a02,$%2#.! (!$55?#.'&! H*+26.! H&''<)2! "YKj! )+$0d! $f(2-$%2#.! EE!
6.#.:'$%! .6a0&(.<j! $H! FBB?+.(<,! a$e<%2+&l$%! a$82(! M)+:f02! ABBgh! J$1$0$%2#.! (6&! %a#7%!
a$a/#20.+7! '2! a0&('$(m! $Ha$0i82'<! a0.! %7/e.+<! b&H'$H/,-d-$! 2#;$0.+6/!)$#2f$02+<%'&-$!
5.#+0$%2'.2!12#$e&'d-$!'2!a$H$f'$(+.!6&H1.!$fb&)+26. j!/08&'d!,&1!%1*b$6'9!(a$#$8'9!%9()7+!
.6a0&(.<! /! a$e<%2+&l$%h!O2/b<62%96! 1.(+&'<6j! )+$0d! (6&! a$1$0$%2#.! a0.! %7/e.+<! w! H&''&b!
+0d'$%2,&b! 2! v! H&''&b! +&(+$%2,&b! 6'$e.'7! b&! 52)+j! e&! w@„! .6a0&(.<! %!+&(+$%2,&b! 6'$e.'&!
'&%.&6&!a0&Ha$%&H2mj!a0&+$e&!'2%k+<%&'d!8#*')7!(2!%!+0d'$%2,&b!6'$e.'&!'&%7()7+$%2#.j!8$!
a$H+0-*%2! H7'26.,)$(m! H$6d'7! '$%.'$%9,-! 8#*')$%! 2 !a$0+*#$%h! J0<'$( ! a$a/#20.+7! 2!
2)+/*#'$(+.! 8#*')$%! {>2fh! w|! (2! a$-7f$%2#! a0.! '2b#&ak$6! '2(+2%&'<! 2#;$0.+6/! )?'' ! a0.!
)$#2f$02'+<%'$6! 5.#+0$%2'<! '2! -02'.,.! EBB„ ! {1#&ak&'.&! a0&('$(+.! $Ha$0i82'<! $!g@„|j!
%!6&+0.)*,-! a šEB! 2! NR_zšEBh! J0.! &pa&0.6&'+$,-! (6&! %7()ik2#.! +0.! $H #<k'd! (ao($f7!
6&+:H7!2;0&;*,.&!'$062#.1$%2'9,-!%9(#&H)$%!$Ha$0i82'.2c!!

¥! P9f&0!62p.6*#'&b!.(+$+7!$Ha$0i82'.2j !

¥! "/6*,.2!.(+o+!$Ha$0i82'<!1 !)?''!2 !2(a&)+/!a$a/#20.+7j!

¥! "i8.'!.(+o+!$Ha$0i82'<h!

! !
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J 0.! $%&0&'.2,-! (6&! H$(.2-#.! '2b%7kk./! a0&('$(m! a0*%&! ($! (i8.'$6! .(+o+j! 2b! )&n! %9(#&H)7!
(! a$/e.+<6!(/6*,.&!a0.'*k2#.!g@„!a0&('$(+.!(i8.'$%d-$!a0<(+/a/h !

E#,A+i+U3$%<+3)3/$#*9(%+#+#@(/'$")-(9+3*9+@)$#,)*#(;<")2+O9$(*)<#";+

M)?4(+"#6,$;:v;8.+
-/-45)< +

[4&+3)3/$#*9(%+#+#@(/'$") -(9+?$'"@)<+ ]+3)3/$#*9()/+#+#@(/'$")-J)/+?$'"@)<+

3wBG+ PcLgwBG + 3wBG+ PcLgwBG +
F+ BhBBFD! BhBCEB! BhBEwg! e!.>Qt ! BhBFBv!! e!3Nt !
V+ BhBBgv! BhBCEE! BhBEgB!! e!.>Gt ! BhBwgA!! e!3?t !
e+ BhBEEC! BhBCg@! BhBAAA!! e!3Kt !!! BhBgBD!! e!Q?t !
i+ BhBEBC! BhBC@v! BhBAAF!! e!.3t ! BhBgEv!! e!.>4t !
BG+ BhBEBF! BhBCCD! BhBACv!! e!.4Kt ! BhBg@A! e!..?t !
Be+ BhBEBw! BhBCEC! BhBAAg!! e!..Gt ! BhBFDB!! e!.>Qt !
FG++ BhBEBg! BhBCEF! BhBAAg!! e!..>t ! BhBFCB!! e!.>.t !
VG+ BhBEBv! BhBCEA! BhBAA@!! e!..Qt ! BhBFBg!! e!3Nt !

Q2.24! Y;8E0!;$;I8)7(%E!#)!F(67I!;76A8(AI!#)!;8)%\$7F6!*R5!
R0/-96! &pa&0.6&'+$6! (#&H/bi,.6! %a#7%! a$a/#20.+7! 2!2)+/*#'$(+. ! 8#*')$%j! f$#! $' ?#.'&!
&pa&0.6&'+! 0&2#.1$%2'9! '2! a#2+5$06&! MLJj! %!)+$0$6! (6&! (#&H$%2#.! 6.&0/! a0&)#.)$%!
$Ha$0i82'9,-! 8#*')$%h ! J$a/#20.+/! /08/b&6&! '.&! #&'! ;#$f*#'/j! 2#&! 2b! (&;6&'+ $%2'i! a$Hl2!
2+0.fi+$%! '$%.'$%9,-! 8#*')$%h! N2b12/b<62%&bk<6! 2+0.fi+$6j! a$Hl2! )+$0d-$! /08/b&6&!
'2ba$a/#*0'&bk.&!8#*')7!b&!1-#/)! /08&'9! '2!1*)#2H&! )$'+&p+/!b&H'$+#.%9,-! .6a0&(.<h!J$82(! D!
H'<! (6&! %7;&'&0$%2#.! CA! EEA! $Ha$0i82'<! a$6$,$/! F! $H#.k'9,-! (+02+d;.<! 0&(ah! 2#;$0.+6$%!
$Ha$0i82'.2 j! )+$0d! f$#.! %7f&02'd! '*-$H'&! (! a0.&6&0'$/! 6.&0$/! a0&)#.)$%! BjDg„! 2!
62p.6*# '$/! 6.&0$/ ! a0&)#.)$%! BjgD„h!J0&! '*(! '2b12/b< 62%&bk<6! %9(#&H)$6! b&! _>L! a0.!
a$8<+2'<! a$a/#20.+7! a$n#2! '2%0-$%2'd-$! )$'+&p+/*#'&-$! 1-#/)$%2'.2j! )&H7! .H&'+.5.)$%2'9!
1-#/)! '2! 12)#*H&! a0<+$6'd-$! )$'+&p+/! '2-0*H12! 0$#/! 2+0.fi+/! .6a0&(.&! 0&(ah! '$%.'$%d-$!
8#*')/h! _>L ! BjFCg„! %! +$6+$! a0<a2H&! a0&)$'*%2! ;#$f*#'/! a$a/#20.+/j! 8$! b&! (.;'*#$6!
167(#/a#'d -$! 1-#/)$%2'.2! a$e.2H2%.&)! '2! $Ha$0i82'.&! 2 !.6a0&(.<! a0.! a&0($'2#.1$%2'$6!
$Ha$0i82'<h!

E#,A+j+T94*#+3*4@$9@)<+3*9+)53)*7?#"9#8.+"#+&'@$#54+3)3/$#*9(%+"#+3$#(O)*24+>bM+

!$R)*9(2/- +
M)?4(+3):9#5#<94@+"#+

)53)*7?#"94 +
M)?4(+3*4@$9@)<+ LEb +

z#$f*#'2!2)+/*#'$(m ! !"#$ ! $%! &'#$&$() !
z#$f*#'2!a$a/#20.+2! "*($ ! #! ! &'!"$$&) !
z#$f*#'2!a$a/#20.+2!2!2)+/*#'$(m! *#$$! "%! &'!!#(#) !
J$a/#20.+2!a$n#2!)2'*#/! ##+%! (" ! &'"(*!&) !
J$a$/#20.+2!a$n#2!)2+&;:0.&! "!#, ! (, ! &'#,$+") !
J$a/#20.+2!a$n#2!H$6d'7! ""## ! "$ ! &',"%"") !
5$;I8)7(%)!;$1B)!9-8IAI ! !"#$ ! $$! %&#$#''( )

!J$a/#20.+2!a$Hl2!%7H2%2+&l2! +&$#! *! ! &',+$,!) !

!

! !
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Q24! S-8IA$0)#(6!#)!9&A8)16!A$#%6H%I!
J0.!1-#/)$%2'<!)$'+&p+/!(6&!&pa&0.6&'+*#'&!/08$%2#.!a2026&+&0!@!%!2#;$0.+6&!@K24#"-r+ )+$09!
/08/b&! a$8&+!%9(#&H'9,-! ,&'+0$.H$%j! 0&(ah! 1-#/)$%h! G)$! 6&+0.)/! $a+.62#.1*,.&! (6& ! 1%$#.#.!
u"""K! { 2';#h! u.+-.'! "&+! "/6! $5! "‚/20&H! K00$0|j! )+$ 0*! %7b2H0/b&!%1H.2#&'$(m! %&)+$0$%!
$fb&)+$%!%!1-#/)/!$H!,&'+0$.H/!1-#/)/h!J0.!+&b+$!6&+0.)&!b&!$82)*%2'dj!e&!(!a$8+$6!,&'+0$.H$%!
f/H&! )#&(2mh! N2k<6! ,.&l$6! f$#$! '*b(m! -02'.,/j! $H! )+$0&b! f/H&! +&'+$! a$)#&(! a$62#k<!
2!1!82($%d-$! -l2H.()2! f/H&!%9a$8&+!&k+&!0&#2+<%'&!09,-#7h!O*0$%&q! (6&! (2! ('2e.#.! '2(+2%.m!
@!+2)j! 2f7! a$8&+! a0<)#2H$%! %!b&H'$+#.%9,-! 1#/)$,-! f$#! H$(+2+$8'&! %&l)9!2!$f(2-$%2#! /08.+9!
a$8&+!a0<)#2H$%h!>*+$!a$e.2H2%)2!1*%.(<!$H!%(+/a'&b!6'$e.'7j!a0.!'26.!0&2#.1$%2'$6!$%&0&'<!
(6&! a$/e.#.! H*+2!a0&)#.)$%! 1!MLJ! 12! a0%d! +0.! H'.j! %7/e.+<6! @! )0<e$%&b! %2#.H*,.&h! u"""K!
a$8<+26&!2)$!(/6/!%1H.2#&'$(+<!%&)+$0$%!6!$H!,&'+0$.H/!u!j!a0&!)2eH9!$fb&)+!%!O!1-#/)$,-h !

SŽŽŽ– : ! 6 C u L
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8p=
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!
>,*A+Bk+1K24#"-+. =#5#"94+@+3)5=#+x]]]X+24(*9@% +

Q2?! _$8)+$7)%D0#6!\(8%7$0)#(6!
J0.! )$#2f$02+<%'$6! 5.#+0$%2'<! a$6$,$/! 2#;$0.+6/! GI"! (i! H%$6.! '2b%a#7%'&bk<6.!%(+/a'96.!
a2026&+026.!*#"@+ 0+a$8&+! #2+&'+'9,-! 52)+$0$%j! )+$0d! f/H&! 2#;$0.+6/(! $H-2l$%2m! 2! a$8&+!
.+&0*,.<j!a0<a2H'&!-02'.,2j!)&H7!6*!2#;$0.+6/(!GI"!/)$'8 .m!/8&'.&!(%$b-$!6$H&#/h!J0.!6&+0.)&!
a0&('$(+.!{a0.6*0'&!a šEB |j !(6&!2)$!'2b#&ak./!%(+/a'i!)$6f.'*,./!'2!H*+2,-!a#2+5$067!MLJ !
/08.#.!a2026&+0&!*#"@c!@r+3)?4(+9(4*'89;c+ABh!O2/b<62%96!b&!2b!a0/H)9!a*H!a0&'$(+.!a0.!'*02(+&!
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jednu impresiu za  ka! d% de$ a celkovo aspo$ 10 impresi’ (pou! ’vatelia identifikovan’ 
pomocou cookie v prehliada#i). J0&('$(m!$Ha$0i82'<! (6&! (#&H$%2#.!2b!1%#*km!a0&!b&H'$+#.%d!
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%! a$(#&H'$6!$fH$f<! +&k<! %&l)&b! a$a/#20.+&h! J$/e<%2+&l$6! a0.'*k2! %7kk<! )$65$0+! a0.! a0*,.! (!
.'5$0628'96. ! (7(+d626.j ! a0&! )$6&08'i ! (5d0/! a0&H(+2%/b&! (ao($f! '2! 1%9k&'.&! $f02+/h! P!
(i82 ( '$(+.!$fb&6!a$/e<%2+&l$%!.'5$0628'9,-!(7(+d6$%!a0/H)$!'202(+*j!(!8<6!02(+i!2b!'*0$) 7!
'2! %9a$8+$%i! &5&)+<%'$(m!$Ha$0i82, <,- ! (7(+d6 $%h! J$e.2H2%)7! '2! (a02,$%2'.&! H*+! 2!
.'5$06*,.<!%!0&*#'$6!82(&!2#&f$!2)+/2#.+/!6$H&#$%!a$/e<%2+&l$%!'i+.2!+%$0,$%!$Ha$0i82,<,-!
(7(+d6$%! 1269kl2m! (2! 2b! '2H! 2(a&)+$6! k)*#$%2+&l'$(+.! a&0($'2#.1$%2'd-$! $Ha$0i82'.2h!
J$a/#*0'2!b&!'2b6x!H.(+0.fi ,.2!%9a$8+$%j!.,-!a202#&#.1*,.2!2#&f$!2#+&0'2+<%'&!(ao($f7!%7/e.+.2!
-20H%d0/!y!%9a$8&+!a$6$,$/!zJVh!

P!a0*,.! (6&! /%.&H#.! 2'2#91/! a&0($'2#.1$%2'd-$! $Ha$0i82'.2! 2! (i%.(.2,.,- ! )%2#.+2+<%'7,-!
%#2(+'$(+<j! 6$H&#$%2'.2! a$/e<%2+&l()9,-! a0&5&0&',.<j! k)*#$%2+&l'$(+.! 2! 20,-.+&)+i 0!
$Ha$0i82,<,-! (7(+d6$%h! P! +&b+$!2'2#91&! (2! a$+%0H.#! Ho021! '2! k)*#$%2+&l'$(m! $Ha$0i82,<,-!
(7(+d6$%j! )+$0i! (2! ('2e< ! H$(.2-'/m! )$6&08'* ! 2b! 2)2H&6.,)*! (5d02j! '2)$l)$! $fb&6! H*+! 2b!
a$/e<%2+&l$%! a0/H)$! 02(+.&h! G'2#91$/! '2b'$%k<,-! a0<(+/a$%! %! $Ha$0i82'<! 12#$e&'$6! '2!
$f(2-/j!)$#2f$02+<%'$6!5.#+0$%2'<!2!-7f0.H'$6!$Ha$0i82'<!(6&!1<()2#.!Ho#&e.+d!%&H$6$(+.!2!
a0&-l2Hj!)+$0d!(6&!a0&+2%.#.!H$!'*%0-/!6&+:H7!$Ha$0i82'.2h!

N2%0-/b&6&! k)*#$%2+&l'i! 2!5#&p.f.#'i! 6&+:H/! -7f0.H'd-$! a&0($'2#.1$%2'd-$! $Ha$0i82'.2!
1$-l2Hq/bi,/! $f(2- ! a$#$e.&)j! )$'+&p+! 2!(a0*%2'.&! a$/e<%2+&l$%h!P! '2%0-$%2'&b! 6&+:H&! b&!
a0.&(+$0! a0&! 0$1#.8'd! 6$e'$(+.! (+02+d;.<! $Ha$0i82'.2! 2! 2;0&;*,.&! 5.'*#'7,-! $Ha$0i82'<j! 8<6!
12f&1a&8/b&6&! 2b! 5#&p.f.#.+/! (7(+d6/!y! (,-$a'$(m! (7(+d6/! a0.(ao($f.m! (2! 2)+/*#'&6/!
12m2e&'./h!".#'i! %*-/! a0.! $Ha$0i82'.2,-! 6*! a$a/#20.+2! 2! 2)+/*#' $(m! '$%.'$%9,-! 8#*')$%h!
"a0*%2'.&! a$/e<%2+&l$%! b&! %(+/a'$/! 6'$e.'$/! a0&! a$a/#*0'&! )$#2f$02+<%'&! $Ha$0i82'.&j!
)+$0d! 2b! %! '2k&b! 6&+:H&! H$(2-/b&! '2b#&ak./! a0&('$(m! $Ha$0i82'<j! )+$0i! (6&! &k+&! 1%9k.#.!
a0.H2'<6!2(a&)+/!a$a/#20.+7h!

P7($)9! Ho021! )#2H.&6&! '2! 2)+/*#'$(m! a$/e<%2+&l()9,-!a0&5&0&',.<j! a0&+$!a02,/b&6&! 2b! ($!
(26$+'9 6! )$'+&p+$6 j! )+$09! H'&(! '.&! b&! a0$f#d6! 1<()2m! %n2)2! (+*#&! 02(+i,&b! a$a/#20.+&!
0o1'7,-! +&,-'$#$;.,)9,-! 120.2H&'<h!P!(i82('$(+. !a$/e<%2+&#.2!82(+$!a$/e<%2bi!6.'.6*#'&!H%2!
H0/-7! 120.2H&'<! {6$f.#j! $($f' 9! a$8<+28! 2#&f$! +2f#&+|! a0&! a0&-#.2H2'.&! r&f/h! J$/e<%2+&#.2!
62bi!0o1'& ! .'5$0628'd!a$+0&f7j!2b!%!1*%.(#$(+.!$H!$fH$f.2!0$)2j!Hq2!%!+9eH'.!2#&f$! -$H.'7!
Hq2h!G)$!n2#k.&!)$'+&p+/*#'&!.'5$06*,.&!02H<6&!.'5$06*,.&!$!a$#$-&!a$/e<%2+&l2j!a$/e<%2'9!
$a&028'9!(7(+d6j! b217)!2#&f$!H$f/!0&2),.&!a0.!'2%.;*,. .!%$!r&f$%$6!a0$(+0&H<h!P!f/Hi,'$(+.!
6oe&6&! $82)*%2m!0$1k.0$%2'.&! 6'$e.'7! )$'+&p+/*#'7,-! .'5$06* ,..! $ !iH2b&! 2)96.! (i ! '2a0h!
2)+/*#'&! .'5$06*,.& !$!1H02%$+'$6! (+2%&!a$/e<%2+&l2j! a$/e<%2+&l$%!+&aj!+&a#$+/!2#&f$!6.&0/!
i'2%7h!J0*%&! )$'+&p+/*#'&! .'5$06*,.&! (i! %! '2k&b! 6&+:H&! )li8$%96! 1H0$b$6!.'5$06*,.<! a0&!
a0$,&(!1-#/)$%2'.2 h!N2!1*)#2H&! )$'+&p+/!a0.(+/a/b&6&! )!a$e.2H2%)*6! '2!$Ha$0i82'.& !a0&!
a$/e<%2+&l$%! 2)$! a$e.2H2%)*6! a0&! $Ha$0i82'.&! a0&! 1-#/)h! P! )$6a$'&'+&! )$'+&p+/*#'&-$!
$Ha$0i82'.2!+2)!2f(+02-/b&6&!$H!(+*#7,-!a0&5&0&',.<!a$/e<%2+&l2h!N2$a2)j!126&0.2%26&!(2!
'2! H7'26.,)d! %#2(+'$(+.! 5$06$/! )$'+&p+/j! a$Hl2! )+$09,-! .H&'+.5.)/b&6&! %-$H'9! 1-#/)!
a$e.2H2%.&)! '2! $Ha$0i82'.&h!̂ &! +&H2! 6$e'd! a$%&H2mj! e&! a0.! )$'+&p+/*#'$6! $Ha$0i82'<!
6$H&#/b&6&!)0*+)$H$fd!.6a#.,.+'d!!a0&5&0&',.&!a$/e<%2+&l$%h!!
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P9(+/a'i! .'5$06*,./! a$! 1-#/)$%2'<! %7/e<%26&! 2)$! b&H' $H/,-9! 5.#+&0! a0&! 2;0&;$%2'.&!
a$a/#*0'7,-! 8#*')$%! %! 0*6,.! 1-#/)$%h! [$6a#&p'&bk ./ ! 6 &+:H/j! )+$0*! b&! 12#$e&'*! '2!
.H&'+.5.)$%2'<!1-#/)$%!a$e.2H2%.&)! '2!$Ha$0i82'.&!(6&!0&2#.1$%2#.!2)$!a0&H.),./! 0&#&%2',.&!
$f(2-/!a$#$e .&)!a$6$,$/!0$1-$H$%2,<,-!(+0$6$%h!J$6$,$/!'&b!%.&!'*k!$Ha$0i82,<!(7(+d6!
$-$H'$+.m! 0&#&%2',./! a$#$e.&)! 1! $f(2-$%9,-! .'5$06*,. <! a0&! b&H'$+#.%d! 1-#/)7h! >2)d+$!
$Ha$0i82'.&! '&+0a<! a0$f#d6$6! (+/H&'d-$! k+20+/! '2! (+02'&! a$/e<%2+&l2j! 2'.! a$#$e)7h!
N&%9-$H$/! b&! '/+'d! 50&)%&'+$%2'd! 2)+/2#.1$%2'.&! 6$H&#$%! 2! a0&a$8<+2%2'.&! a0&5&0&',.<!
1-#/)/j! 2f7! (6&! 12,-$%2#.! 2)+/*#'$(m! 2! H7'26.)/! a0&5&0&', .<j! 2b! %1-l2H$6!'2! H.2'.& ! %$!
(%&+&h!>$+$!'&;2+<%/6!b&!2#&!a0<+$6'd!2b!a0.!12/e<%2'$6!)$#2f$02+<%'$6!5.#+0$%2'<!2!2)$!(2!
/)*12#$! a0.! &pa&0.6&'+$,-j! .6a#&6&'+$%2'd! a0&H.)+$07! 2! 6$H&#7! H$f0&! k)*l/bij! 8.e&! a0.!
%7/e.+<! H.(+0.f/$%2'd-$! a$8<+2'.2! b&! 12,-$%2'.&! H7'26.)7! /e! #&'! $+*1)$/! (7(+d6$%9,-! 2!
5.'2'8'9,-!1H0$b$%h!

Y&+:H/! (6&! 0&2#.1$%2#.!%!H$6d'&!'$%.'$%9,-!8#*')$% h!J02,/b&6& !(!a0iH$6!H*+!1!%.2,&09,-!
'$%.'$%9,-! a$0+*#$%! %! 0&*#'$6! 82(&j! a0&%*H1)$%2'9,-! '2! a#2+5$06&! MLJj! 2#&! 2b! (! $55?#.'&!
H*+$%96.! 6'$e.'26. h! J0.! $%&0&'<! '2%0-'/+&b! 6&+:H7! (6&!/()/+$8'.#.! &pa&0.6&'+7! 2!
.')0&6&'+*#'&! $%&0&'.2!a0&!b&H'$+#.%d!)$6a$'&'+7!$Ha$0i82,.&-$!(7(+d6/h!Kpa&0.6&'+*#'&!
(6&! /08.#.! a2026&+0&! %(+/a/bi,&! H$ ! a0$,&(/! 1-#/)$%2'.2! '2! 1*)#2H&! )$'+&p+/! {a$8&+!
1-#/)$%|j! )$#2f$02+<%'&-$! 5.#+0$%2'.2! {a$8&+! #2+&'+'9,-! 52)+$0$%! 2!.+&0*,.<|! 2! 2#;$0.+6$%!
0$1-$H$%2,<-! (+0$6$%! {a$8&+! (+0$6$%j! -•f)2|h!P! $%&0&'.2,-! (2! /)*12# ! (.#'9j! a$1.+<%'7! %a#%!
a$a/#20.+7! '$%.'$%9,-! 8#*')$%! 2b! a0.! 1ie.+)$%2'<! %! a0$,&(&! -7f0.H'd-$! $Ha$0i82'.2h!
[$'+&p+/*#'&! 1-#/)$%2'.&! a0.'.&(#$! a$1.+<%'&! %9(#&H)7! %$! 5$06&!6.&0'&-$! 1%9k&'.2! 6.&07!
a0&)#.)/j! a0.! (&;6&'+*,.<! a$8<+2'.2! a$a/#20.+7! a$Hl2! .H&'+.5.)$%2'9,-! 1-#/)$%! %! a$0$%'2'<! (!
;#$f*#'76!a$8<+2'<6!a$a/#20.+7! '$%.'$%9,-!8#*')$%h!J0<'$(! )$'+&p+/*#'&-$!$Ha$0i82'.2! (2!
a0&b2%.#!2b!a0.!1%9k&'<!6'$e(+%2!a$/e<%2+&l$%j!)+$096!%&H&#!'*k!$Ha$0i82,<!(7(+d6!(a0*%'&!
$Ha$0/8.m! 2(a$q! b&H'/! a$#$e)/h! G)$! (26$(+2+'9! )$6a$'&'+! a0&! $Ha$0i82'.&! a0.'.&(#$!
)$'+&p+/*#'&! $Ha$0i82'.&! $f(2-/! 0*H$%$! (#2fk./! a0&('$(m! 2)$! 12 /e<%2'd! )$#2f$02+<%'&!
5.#+0$%2'.&h!N2%0-$%2'*!-7f0.H'*! 6&+:H2!$Ha$0i82'.2 !b&!2a#.)$%2+&l'*!2b!%!.'9,-!H$6d'2,-j !
)H&! %.&6&! 1<()2m! $f(2-$%d! %#2(+'$(+.! $Ha$0i82'9,-! a$#$e.&)! {'2a0h! 6/#+.6dH.2! y! 5.#67j!
-/Hf2 |j! 6$H&#$%2m! a$a/#20.+/! 2! ! 2)+/*#'$(m! {%7/e.+<6! $H#.k'9,-! .'+&0%2#$%! 2! a2026&+0$%|j!
'2)$l )$!H$6d'2!'$%.'$%9,-!8#*')$%!b&!a$6&0'&!H7'26.,)*h !
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!

!

!

!

!

!

!

!
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S$9#)F!;$IT(%6J!8(%67)%<7E!

G_=GLj! ".#%2'2j! R&ff.&! O`GNzj! ".6&$'! "=YM44! •! ^$-'! RK3KN`GYj! A BBwh! L&,$66&'H&0!
"7(+&6! 32(&H! $'! _$'(/6&0! J0$H/,+! L&%.&r(h! = 'c! M*)84459"R-+ )O+ (.4+ FGGf+ ZXXX{xZL{!LT+
Z"(4*"#(9)"#$+L)"O4*4"84+)"+x4,+Z"(4$$9R4"84+DxZ+FGGf+T#9"+L)"O4*4"84+M*)84459"R-HDxZ|GfHh!!

GRMYGP=_=V"j! z&H.6.'2(j! L26&(-! "GN[GLGNGLGUGNGNj! "-2-2'2! "KN! •! G#&p2'H &0!
>VO`=I=Nj! ABB@h! =',$0a$02+.';! ,$'+&p+/2#! .'5$062+.$'! .'! 0&,$66&'H&0! (7(+&6(! /(.';! 2!
6/#+.H.6&'(.$'2#!2aa0$2,-h! !LT+E*#"-A+Z"OA+]%-(A!%$#h!Avj!'$h!Ej!aah!EBvyEC@h!!

GRMYGP=_=V"j! z&H.6.'2(! •! G#&p2'H&0! >VO`=I=Nj! ABB@h! >$r20H! +-&! '&p+! ;&'&02+.$'! $5!
0&,$66&'H&0! (7(+&6(c! G! (/0%&7! $5! +-&! (+2+&?$5?+-&?20+! 2'H! a$((.f#&! &p+&'(.$'(h! ZXXX+
E*#"-#8(9)"-+)"+1")a$45R4+#"5+c#(#+X"R9"44*9"Rh!%$#h!Ewj!'$h!Dj!aah!wvCywCgh!!

GRMYGP=_=V"j! z&H.6.'2(j! G#&p2'H&0! >VO`=I=N! •! L$';! O`KNzj! A BEEh! LKˆVK">c! G! ‚/&07!
#2';/2;&!5$0! ,/(+$6.1.';! 0&,$66&'H2+.$'(h! Z"O)*2#(9)"+ ]%-(42-+b4-4#*8. h!%$#h!AAj! '$h!Ej! aah!
ggyEEwh!!

GzGLuGIj! R&&a2)j! 3&& ?_-/';! _`KN! •! J02H-&&a! KIGNzMj! ABEBh! 42(+! $'#.'&! #&20'.'; !
+-0$/;-!$55#.'&!.'.+.2#.12+.$'!5$0!+.6&?(&'(.+.%&!0&,$66&'H2+.$'h!>"$9"4h!%$#h!Agj!aah!wBvywEAh!!

GI=j! [262#! •! u.b'2'H! PGN! ">GYj! ABBCh! >.P$c! Y2).';! "-$r! L& ,$66&'H2+.$'(! V(.';! 2!
R.(+0.f/+&H! _$##2f$02+.%&! 4.#+&0.';! G0,-.+&,+/0&h!M*)84459"R-+ )O+ (.4+ FGG\+ !LT+ ]Zg1cc+
9"(4*"#(9)"#$+8)"O4*4"84+)"+1")a$45R4+59-8)<4*%+#"5+5#(#+29"9"R+K+1cc+|G\ h!ah!vgCh!!

GYG>L=G=Nj! …2%.&0j! ABEvh! 3.;! •! J&0($'2#c! H2+2! 2'H! 6$H&#(! f&-.'H! N &+5#.p! 0&,$66&'H2+.$'(h!
M*)84459"R-+)O+(.4+F"5+Z"(4*"#(9)"#$+x)*@-.)3+)"+[9R+c#(# h!aah!EyDh!!

GYG>L=G=Nj!…2%.&0j!^hYh!JV^MIj!…h!GYG>L=G=Nj!^hYh!JV^MIj!N2%2!>=N>GLKPj!Nh!>=N>GLKPj!
N/0.2! MI=PKL! •! Nh! MI=PKLj! ABBg2h! L2+&! .+! G;2.'c! =',0&2(.';! L&,$66&'H2+.$'! G,,/ 02,7! f7!
V(&0!0&?L2+.';h! M*)84459"R-+)O+(.4+FGGk+!LT+8)"O4*4"84+)"+b48)224"54*+-%-(42-h!aah!Ewvy
EFBh!!

GYG>L=G=Nj!…2%.&0j!^$(&a!Yh!JV^MI!•!N/0.2!MI=PKLj!ABBgfh!=!#.)&!.+hhh!.!#.)&!.+!'$+c!K%2#/2+.';!
/(&0! 02+.';(! '$.(&! .'! 0&,$66&'H&0! (7(+&6(h! h48(/*4+ P)(4-+ 9"+L)23/(4*+ ]894"84+ D9"8$/59"R+
-/,-4*94-+h48(/*4+P)(4-+9"+!*(9O989#$+Z"(4$$9R4"84+#"5+h48(/*4+P)(4-+9"+[9)9"O)*2#(98-Hh!%$#h!@@v@!
IN_"j!aah!ACwyA@Fh!!

GY=Nj!Y$-2662H!"-25)2+j!32$(-.!UGNj!"0.a2H!"L=LGYj!G'6$#!3`G"=N !•!_-0.(+.2'!JM""Kj!
ABEAh!"$,.2#!0&5&002#c!#&%&02;.';! '&+r$0)! ,$''&,+.$'(!+$!H&#.%&0!0&,$66&'H2+.$'(h! M*)84459"R-+
)O+(.4+-9Y(.+!LT+8)"O4*4"84+)"+b48)224"54*+-%-(42- h!aah!AwvyAwDh!!

GLR=""MNMj!I.#.2'2j!_0.(+.'2!zKNGj!J.&+0$!>MLG""Mj!42f.$!3KII= 4KY=NKj!G';&#$!R=4=NM!•!
320f202! NKzLMj! ABBCh! V(&0! Y$H&#.';!2'H! L&,$66&'H2+.$'! >&,-'.‚/&(! 5$0! J&0($'2#.1&H!
K#&,+0$'.,!J0$;026!z/.H&(h! M4*-)"#$9&45+c9R9(#$+E4$4<9-9)"h!'$h!ABBAj!aah!vyADh!!

G""GRj! Y20)j! R2%.H! ^! _GLY=_`GKIj! ^/H7! [GU! •! 3$f! [VYYKL4KIRj! ABBwh! J&0($'.(GRc!
R.(+0.f/+&Hj! G,+.%&j! ",0/+2f#&! Y$H&#! 4026&r$0)! 5$0! _$'+&p+?Gr20&! "&0%.,&(h!M4*<#-9<4+
L)23/(9"R h!%$#h!CCFBj!aah!@@ywAh!!

3G`YGN=j! 32-62'j! 3&'b26.'! YM"KIKUj! G'H0&2! PG>>GN=j! L2%.! [VYGL! •! "&0; &.!
PG""=IP=>"[==j!ABEAh!",2#2f#&![?Y&2'(!ƒƒh! M*)84459"R-+)O+(.4+Uhc[+X"5)a24"(h!%$#h!@j!'$h!wj!
aah!DAAyDvvh!!

3GIG3GNMP=žj! Y20)$j! Eggwh! !"+ #5#3(9<4+ x4,+ 3#R4+ *48)224"5#(9)"+ -4*<984h! Eggwh! ="3N!
BFgwgEFwwBh!!

3GIG[L="`NGNj!"/-0.H!•!"/6.+!_`MJLGj!ABEAh!_$##2f$02+.%&!02'). ';h! M*)84459"R-+)O+(.4+O9O(.+
!LT+9"(4*"#(9)"#$+8)"O4*4"84+)"+x4,+-4#*8.+#"5+5#(#+29"9"R+K+x]cT+|BF h!ah!ECvh!!

3G>=">Gj!zKGJG!•!R.&;$!4/0+2H$!"=IPGj!ABBgh!`$r!) ?'&20&(+! '&.;-f$0!a2026&+&0(!255&,+!.+(!
a&05$062',&h!!*R4"(9"4+]%23)-9/2+)"+!*(9O989#$+Z"(4$$9R4"84h!'$h!G(2.j!aah!EyEAh!!
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3KIIj! L$f&0+! Yh! •! U&-/H2! [MLKNj! ABBwh! I&(($'(! 50$6! +-&! N& +5#.p! a0.1&! ,-2##&';&h!!LT+
] Zg1cc+XY3$)*#(9)"-+P4a-$4((4*h!%$#h!gj!'$h!Aj!ah!w@h!!

3KL[MP"[Uj! "-#$6$j! ABB@h! Vf.‚/.+$/(! V(&0! Y$H&#.';! .'! L&,$66 &'H&0! "7(+&6(h! ='c!m-4*+
T)54$9"R+FGGeh!3h6hc!"a0.';&0!3&0#.'!`&.H&#f&0;j!ah!CgDyCgFh!="3N!gwFv@CBAwFF@Dh!!

3KL[MP"[Uj! "-#$6$j! >(%.! [V4I=[! •! 402' ,&(,$! L=__=j! ABBFh! Y&H.2+.$'! $5! /(&0! 6$H&#(! 5$0!
&'-2',&H! a&0($'2#.12+.$'! .'! 0&,$66&'H&0! (7(+&6(h! m-4*+ T)54$$9"R+ #"5+ m-4*K!5#3(45+
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&H/,2+.$'2#!(7(+&6(h!E.4+#5#3(9<4+a4,h!aah!vy@vh!!
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.'H.,2+$0(h!M*)84459"R-+)O+(.4+f(.+9"(4*"#(9)"#$+8)"O4*4"84+)"+Z"(4$$9R4"(+/-4*+9"(4*O#84-+K+ZmZ+|GBh!
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_IGUJMMIj! Y20)j! >.6! Y=LGNRGj! G'/b2! zM[`GIKj! J2%&#! YVLN=[MPj ! R6.+07! NK>K"! •!
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R.(+0.f/+&H!20,-.+&,+/0&!5$0!)?'&20&(+!'&.;-f$0(!0&,$66&'H&0!(7(+&6(h !x)*$5+x954+x4, h!aah!Ey
AEh!!

4M…j!2h!•!Kh2h!3LKuKLj!Egggh!`20%&(+j!7.&#Hj!2'H!(,2#2f#&!+$#&02'+!(7(+&6(h!M*)84459"R-+)O+(.4+
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zMNO\IKOj! z/(+2 %$j! 3&2+0.1! I¢JKO! •! ^$(&a! I#/.(! RK! IG! LM"Gj! ABB@h! G! 6/#+.?2;&'+! (620+!
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L&,$66&'H&0!"7(+&6(h! !LT+E*#"-#8(9)"-+)"+Z"(4*#8(9<4+Z"(4$$9R4"(+]%-(42-h!%$#h!Cj! '$h!Aj!aah!
EyADh!!
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b48]%-+|BBh!aah!EEwyEACh!!
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&pa0&((.';! 2'H! ,$6f.'.';! 5#&p.f#&! 0&,$ 66&'H2+.$'(h! M*)84459"R-+ )O+ (.4+ Ve(.+ ]ZgT>c+
9"(4*"#(9)"#$+8)"O4*4"84+)"+T#"#R424"(+)O+5#(#h!aah!wC@yw@Fh!!

IGYJLMJMVIM"j!G0.(+$6&'.(!"hj!J202()&%.!"h!IGYJLMJMVIMV!•!z&$0;&! 2h!>"=`L=N>O="j!
ABEAh! G! _2(,2H&?̀7f0.H! Y/(.,! L&,$66&'H&0! "7(+&6! 5$0! 6$f.#&! (&0%.,&(! f 2(&H! $'! 6/(.,2#!
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aah!ACEyA@Fh!!
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I=j!I.-$';j!u&.!_`V!•!^$-'!IGNz4MLRj!ABEBh!G!_$'+&p+/2# ?32'H.+!Gaa0$2,-!+$!J&0($'2#.1&H!
N&r(!G0+.,#&!L&,$66&'H2+.$'h!aah!DDEyDwBh!!

I=Nj! ^$%.2'j! [21/'20.! "Vz=UGYGj! Y.' ?U&'! [GN! •! >2+ ?"&';! _`VGj! ABEvh! GHH0&((.';! _$#H ?
"+20+! .'! Gaa! L&,$66&'H2+.$'Ÿc! I2+&'+! V(&0! Y$H&#(! _$'( +0/,+&H! 50$6! >r.++&0! 4$##$r&0(!
_2+&;$0.&(!2'H!"/fb&,+!R&(,0.a+$0(h!]9R9*h!aah!AFvyAgAh!!

I=NRKNj! z0&;j! 30&'+! "Y=>`! •! ^&0&67!UML[j!ABBvh!G621$'h,$6!L&,$66&'H2+.$'(! =+&6?+$?
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I=Vj! ^.2-/.j! J&+&0!RMIGN! •!K0!JKRKL"KNj!ABEBh!J&0($'2#.1&H! '&r(!0&,$66&'H2+. $'! f2(&H!
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I=Vj!N2+-2'j!ABEEh!u.(H$6!$5!+-&!3&++&0!4&rŸc!_$#H!"+20+!L&,$66&'H2+.$'!%.2!L&a0&(&'+2+.%&!
f2(&H! L2+.';! K#.,.+2+.$'h!M*)84459"R-+ )O+ (.4+ e(.+ !LT+ 8)"O4*4"84+ )"+ b48)224"54*+-%-(42-+ K+
b48]%-+|BBh!aah!vwyCCh!!

NKVYGNj! _#.55$0Hj! EggCh! ",2#&! .'! R.(+0.f/+&H! "7(+&6(h!b4#59"R-+ 9"+ c9-(*9,/(45+ L)23/(9"R+
]%-(42-A !aah!EyAFh!!
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LKNRIKj! "+&55&'j! _-0.(+$a-! 4LKVRKN>`GIKLj! O&'$! zGN>NKL! •! I20(! "_`Y =R>?>`=KYKj!
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b48]%-+|BFh!ah!EEh!!
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8)"6/"8(9)"+a9(.+mT!M+FGBVh!aah!AEyvBh!!
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AFh!!
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'$h!"&a+&6f&0j!aah!CEFyCvAh!!
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DL]mbHh!%$#h!Cwj!'$h!Ej!aah!EyC@h!!
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@")a$45R4+2#"#R424"(+ K+LZ1T+|BFh!ah!AAvgh!!

"UYKMN=R="j! J2'2;.$+.(j! G#&p2'H0$(! NGNMJMVIM"! •! U2''.(! YGNMIMJMV IM"j! ABBwh!
4&2+/0&?r&.;-+&H!/(&0!6$H&#!5$0!0&,$66&'H&0!(7(+&6(h!m-4*+T)54$9"R+FGGih!aah!gwyEBDh!!

"OMY"OMLj! Y20+.'j! _.0$! _G>>V>Mj! `20.+-! GIGN=j! [.&0$'! Ms`GL Gj! G' H0&2! 3GIRG""GLL=j!
P.++$0.$! IMLK>M! •! P.+$! RhJh! "KLPKR=Mj! ABBwh! 4$#)($'$6.&(j! +-&! (&62'+.,! r&fj! 2'H! 6$%.&!
0&,$66&'H2+.$'h!aah!EyECh!!

>=N>GLKPj! N2%2j! ^/H.+-! YG">`M44j! 402',&(,$! L=__=j! I.$0! LM [G_`j! 302,-2! "`GJ=LG! •!
J2/#!3![GN>MLj!ABEEh!b48)224"54*+]%-(42-+d#"5 ,))@ h!3$(+$'j!YGc!"a0.';&0!V"h!="3N!gwF ?
B?vFw?F@FEg?wh!!

PG""=IKPGj!^/#.+2j!ABBEh!R.(+0.f/+&H!V(&0!Y$H&##.';!5$0!V'.%&0(2#!='5$062+.$'!G,,&((h!m"9<4*-#$+
!884--+9"+dLZu+E)a#*5-+!"+9"O)*2#(9)"+])894(%+O)*+!$$h!%$#h!vj!ah!EAAh!!

uGNzj!ˆ.2'!u2';!ˆ.2'j!….2'-/!U/2 '!….2'-/!UVGN!•!Y.'!"/'!Y.'!"VNj!ABEBh!_$##2f$02+.%&!
5.#+&0.';!0&,$66&'H2+.$'!2#;$0.+-6!f2(&H!$'!-7f0.H!/(&0 !6$H&#h!Q/&&%+]%-(42-+#"5+1")a$45R4+
c9-8)<4*%+DQ]1cHr+FGBG+]4<4"(.+Z"(4*"#(9)"#$+L)"O4*4"84+)"h!%$#h!Cj!'$h!4()Hj!aah!EgF@yEggBh!!
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Z"(4*"#(9)"#$+x)*@-.)3+)"+L)"(4Y(+c9-8)<4*%+#"5+c#(#+T9"9"R+K+L)"(4Y(cc+|BF h!N&r!U$0)j!N&r!
U$0)j!V"Gc!G_Y!J0&((j!ah!Eh!!

O`GNzj! U26.';j! `2.$/! I=V! •! "-.7$';! I=j! ABEEh! G! R.(+0 .f/+&H! _$##2f$02+.%&! 4.#+&0.';!
L&,$66&'H2+.$'! Y&, -2'.(6! 5$0! Y$f.#&! _$66&0,&! 32(&H! $'! _#$/H! _$6a/+.';h! %$#h! EDj! '$h!
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O`GNzj! U.! •! ^$'2+-2'! [MLKNj! ABBwh! K55.,.&'+! 327&(.2' ! `.&020,-.,2#! V(&0! Y$H&#.';! 5$0!
L&,$66&'H2+.$'!"7(+&6h! M*)84459"R-+)O+(.4+VG(.+!""/#$+Z"(4*"#(9)"#$+!LT+]ZgZb+L) "O4*4"84+
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EDhBCh! MHa$0i82,<! (7(+d6! b&! 6$e'd! '2.'k+2#$%2m! 2!a0&%*H1)$%2m! 2b! '2! .'9,-! a#2+5$06*,-!
{u.'H$r(j! M"! …|! 2#&f$! H.(+0.fi,.2,-! {_&'+$(j! R&f.2'|j! a0. 8$6! a$(+/a'$(m! )0$)$%! f/H&!
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)$6a$'&'+$%j!2 !+$!'2b6x!1!f&1a&8'$(+'9,-!2#&!2b!%9)$'$(+'9,-!Ho%$H$%h!
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J0&H!(26$+'$/!.'k+2#*,.$/!a$e2H/b&6&!$H!)$'5.;/0*,.& !(7(+d6/!'2(#&H/bi,&!a$e.2H2%)7c!

¥! G)$! $a&028'9! (7(+d6! b&! '2.'k+2#$%2'*! H.(+0.fi,.2! Vf/ '+/! %$! %&01..! EDhp! %!
a0&H'2(+2%&'&b!)$'5.;/0*,..j!
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a02,$%'d-$!a0$(+0&H.2j!
¥! P!a0.&8.')/! $PROJECT_PATH4 (2! '2,-*H12! $f(2-! a0.&8.')2! 6# •6$H&#(! 1!

&#&)+0$'.,)d-$!6dH.2!
¥! P!a0.&8.')/! $PROJECT_PATH/scarec 4 (2! '2,-*H12bi! 0$1f2#&'d! 1H0 $b$%d! (if$07!

1!a0.#$e&'d-$!6dH.2h!

V24!"A%I)8(9&'()!);% h̀6%!+)8D=A$0!)!(#X%)8&'()!;7676A0(9D%!

$! sudo apt - get update  

$! sudo apt - get install build - essential  

$! sudo apt - get install tcl8.5  

$! sudo apt - get install git  

V2?!W#X%)8&'()!v)0)!Q!c*;6#vZ_!)86+$!*7)'86!vZ_d !

$! sudo apt - get install default - jdk  

V2G!W#X%)8&'()!]')8)!4! !

N2ba0%!(+.2-'&6&!.'k+2#28'd!(if$07!2!0$1f2#<6&!.,-!H$!a0&H%$#&'d-$!2H0&(*02h!

$! cd $PROJECT_PATH 

$! wget http://www.scala -l ang.org/files/archive/scala - 2.10.4.tgz  

$! sudo mkdir /usr/local/src/scala  
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$! sudo tar xvf scala - 2.10.4.tgz - C /usr/local/src/scala/  

N*(#&H'&! '2)$'5.;/0/b&6&! ",2#/! %! a0$(+0&H<! Vf/'+/h! M+%$0<6&! +&p+$%9! (if$0! hf2(-0,! 2!
a0.H*6&!'2(+2%&'.2!H%$,-!a0&6&''9-!a0$(+0&H.2h!

$! vi .bashrc  

$! export SCALA_HOME=/usr/local/src/scala/scala - 2.10.4  

$! export PATH=$SCALA_HOME/bin:$PATH  

G)+.%/b&6&!'$%d!'2(+2%&'.2!a0$(+0&H.2h!

$! . .bashrc  

V2K!W#X%)8&'()!R61(,!!

$! sudo apt - get install redis - server  

L&H.(!vhp!b&!'2.'k+2#$%2'9!2!(a/(+&'9 !2)$!(#/ef2!2 !2/+$62+.,)7!(2!(aikm2!a$!12a'/+< ?!

V2N!W#X%)8&'()!)!,;I,%6#(6!^8),%(',6)7'-! !

$! wget ÐqO Ð https://packages.elastic.co/GPG - KEY- elasticsearch | sudo 
apt - key add Ð 

$! echo " deb http://packages.elastic.co/ elasticsearch/2.x/debian stable 
main " | sudo tee Ða /etc/apt/sources.list.d/ elasticsearch - 2.x.list  

$! sudo apt - get update && sudo apt - get install Elasticsearch  

$! sudo update - rc.d elasticsearch defaults 95 10  

$! sudo service elasticsearch start  

K#2(+.,(&20,-! Ahp! b&! '2.'k+2#$%2'9! 2! (a/(+&'9 ! 2)$ ! (#/ef2! 2 !2/+$62+.,)7! (2! (aikm2! a$!
12a'/+<h!

V2M!W#X%)8&'()!)!A$#\(`I7&'()!5E%-$#!?!

$! sudo apt - get install python3 - pip  

$! sudo pip3 install virtualenv  

$! mkdir $HOME/.virtualenvs  

$! virtualenv $HOME/.virtualenvs/pywork3  

V2Q!W#X%)8&'()!";)'-6!];)7A !

$! cd $PROJECT_PATH 

$! wget http://www.apache.org/dyn/closer.lua/spark/spark - 1.6.1/spark -
1.6.1 - bin - hadoop2.6.tgz  
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$! sudo mkdir $PROJECT_PATH/spark  

$! sudo tar xvf spark - 1.6.1 - bin - hadoop2.6.tgz - C $PROJECT_PATH/spark  

V23!_$#\(`I7&'()!;7$,%761() !

N2(#&H/bi,&!0.2H)7!a0.H*6&!H$!(if$0/! .bashrc !2!(if$0!/#$e<6&h!

N2(+2%<6&!/6.&(+'&'.&!6$H&#$%!(+0$b$%d-$!/8&'.2h!

$! export KMEANS_MODEL_PATH="$PROJECT_PATH/kmeans_clustering_model"  

$! export RF_MODEL_PATH_ROOT="$PROJECT_PATH/rf_models/"  

$! export ALS_MODEL_PATH="$PROJECT_PATH/als_model"  

[$'5.;/0/b&6&!a0&6&''d!a0&!J7"a20)h !

$! export LC_ALL="en_US.UTF - 8"  

$! export LC_CTYPE="en_US.UTF - 8"  

$! export PYTHONPATH="$PROJECT_PATH/spark/python"  

$! export PYTHONPATH="$PROJECT_PATH/python/lib/py4j - 0.9 - src.zip: 
$PYTHONPATH" 

$! export PYSPARK_PATH="$ROJECT_PATH/spark/python"  

$! export SPARK_HOME="$ROJECT_PATH/spark"  

$! export PYSPARK_PYTHON="$HOME/.virtualenvs/pywork3/bin/python"  

z#$f*#'&!2)+.%$%2'.&!%.0+/*#'&-$!a0$(+0&H.2!J7+-$'!vh!

$! source $HOME/virtualenvs/pywork3/bin/activate  

N$%i!)$'5.;/0*,./!a0$(+0&H.2!2)+.%/b&6&h!

$! . .bashrc  

V2.>!W#X%)8&'()!5E%-$#?!9&0(,8$,%D!

$! cd $PROJECT_PATH/scarec  

$! pip install - r requirements.txt  

V2.. !];I,%6#(6!*1;7<=)'(6-$!,E,%:FI!]')R6' !

$! cd $PROJECT_PATH/scarec  

$! python3 scripts/create_es_indices.py  

$! honcho start  
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Abstract. Requirements and priorities for modern recommender systems grow and change 
hand in hand with the continuous growth of Internet users. In this paper we focus on aspects 
such as scalability, flexibility and speed of recommender systems, which nowadays play an 
important role. We propose novel hybrid recommender system, which utilizes user behaviour 
and context, itemsÕ content and items' popularity and recency. We evaluate our approach in 
the domain of news articles, processing streaming data and computing recommendations 
online, in real-time. Conducted evaluations showed the benefits of using article trendiness as 
a strong component in the process of computing recommendations. 

10! Introduction and related work  
Information overload is nowadays a serious issue on Web. Users donÕt have the time, neither the resources or 
skills to manually search and filter for items which they seek. Personalized recommendations are great way to 
reduce and eliminate this problem. Furthermore, it helps users to discover new items, which they wouldnÕt be 
able to find by the means of standard navigation. Other than that, personalized recommendations help with 
increasing the commercial revenue as well. Therefore, it is a fairly popular topic not only in the academic world, 
but also between the tech giants like LinkedIn [1], Netflix [2] or Amazon [3], where recommendations play a 
key role in the user experience. 
Another prevailing problem, which appears with the enormous traffic and number of users the popular sites have 
to serve, is the aspect of scalability. Recently, methods like distributed systems, GPU matrix computations or 
client-server computation distribution [4] have enabled for real-time processing of streaming data on a large 
scale. 
Majority of established approaches for personalized recommendations fall into the categories of collaborative 
filtering and content based recommendations. Each of these approaches comes with itÕs downsides (e.g., cold 
start problem of a new item or new user, long tail problem), which hybrid recommender systems usually help to 
eliminate [5]. For long, data processing and computations at large scale have been limited by existing technology 
or software. With the introduction of map-reduce computation model, now also available through in-memory 
computation, or the massive growth of NoSQL databases, recommender systems are nowadays able to achieve 
the required scalability and efficiency needed for the Web scale. 
Nowadays, collaborative filtering approaches, for example using a scalable k-NN algorithm [6] or matrix 
factorization [7, 8], present the state of the art method for recommender systems. Most successful and widely 
used are matrix factorization processing user-item association matrix [9].  
In [9] Shi et al. present a comprehensive survey of the state-of-the-art collaborative filtering and latest challenges 
in the domain of recommender systems. They identified the incorporation of social recommendations and 
additional user interaction data (e.g., context), cross domain and group collaborative filtering as the arising key 
challenges to the future of collaborative filtering. 

11! Scalable and flexible recommendation approach 
In this paper, we propose a scalable hybrid recommender system, with focus on a fast response time, scalability 
and flexibility in regard to the system workload and available resources. Abstractly, it can be separated into two 
subparts, first consisting of a real-time online computation of recommendations, the second of computing offline 
user models. Our hybrid approach can be classified as a meta-level, mixed or weighted, depending on the form 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!
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of final recommendation aggregation. In the following sections, we describe respective recommender modules 
for hybrid recommender system in the domain of news articles, as outlined on the Figure 1. 

!

Figure 1. Proposed scalable hybrid recommender approach. 

11.1!Content based recommendation 
Research in natural language processing (NLP) and its approaches to content similarity estimation using LDA 
(Latent Dirichlet allocation) [10] or LSA (Latent semantic analysis) [11] have recently become fairly popular 
and successful. If combined with SVD (Singular value decomposition), these algorithms provide a scalable way 
to cluster items and infer topics based on their content. In our work we opted for a simpler and faster approach, 
utilizing direct content similarity estimation between item pairs. 

On top of static item content comparison, we incorporate sentiment and relevance of extracted keywords 
or entities into the recommendation process. This information can be extracted from the content of items, e.g., in 
the domain of news articles we use article title and text as source of keyword extraction. This way, we can 
identify userÕs probable attitude towards certain topics (election parties, war etc.), entities (e.g., Steve Jobs, 
England) or extracted keywords. Given this information, we can narrow the recommendations to the users with 
items containing similar sentiment or attitude in general towards certain entities or topics, in which the user has 
previously shown interest. 

11.2!Collaborative filter ing 
Since Netflix prize [8], matrix factorization has become a state-of-the-art method for computing 
recommendations with collaborative filtering. We chose alternating least squares (ALS) algorithm, which can 
compute latent factors describing users and items from user-item association matrix. ALS algorithm provides us 
with an option to specify a weight to a user-item interaction, if it turns out that it is desirable to differentiate 
between user clicking on a certain recommendation or a user naturally visiting an item. More specifically we are 
using ALS-WR approach, as described in [12]. ALS-WR uses a normalization parameter {z•š›z , which tackles 
scalability and sparsity issues in matrix factorization. One of the nice properties of ALS-WR is that the accuracy 
of the method monotonically improves with the number of algorithm iterations. 
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ALS model is computed periodically in the background with latest subset of user-item interactions 
narrowed by their occurrence time. Computation of a model is distributable and we can easily set number of 
iterations based on the current system workload. The periods between model re-computation can be also adjusted 
according to the workload, which also adds to the flexibility property of our proposed approach. 

11.3!Popularity and recency of items 
Popularity and recency are two aspects of items, that we combined together to form a so-called trendiness 
recommender. We model popular and recently created or updated items in certain time intervals. In addition to 
global counters, we monitor the popularity and recency of articles in the subsets of items, as per their 
categorization by content. For popularity, we use integer counters of item visits occurrences in the respective 
time interval. For recency aspect, we propose a more sophisticated approach. Our goal is to be able to assign the 
same value of recency to an article published 10 minutes ago, as to an article published 1 hour ago (example 
thresholds). We are able to achieve it, by using Equation 1@C, which creates a gauss like figure of recency in 
respect to the times of item creation and their last update. œr•zž and ‘•z{r  parameters enables the fine grained 
time decay property of recency recommender module. 
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Our reasoning behind this approach is strongly tied with the current trends of navigation on the Web. On 
majority of sites you can find lists of most popular items, new and current items, that narrows the information 
and navigation space for users. This especially applies to the domain of newspaper articles, where users are 
visiting news portals in order to find new and current information. These items could stand a higher chance of 
actually being visited by user, because on average, majority of users tend to be interested in some of the most 
popular and recent topics. We proved this assumption correct in our evaluations. 

11.4!Contextual recommendations and clustering 
Nowadays, context is getting ubiquitous and as seen in other works [13], it is a great source of information, 
which we can use for clustering user recommendation requests. In our method, we use contextual data like geo-
location, gender, estimated age or salary, ISP and similar properties. By using streaming k-means algorithm, 
specifically the kmeans++ implementation [14], we are able to perform clustering in real-time, while 
maintaining up-to-date representation of the clusters. Each recommendation request is assigned to a cluster, 
based on the properties of the request context. Inside of each of these cluster, we hold machine learning models 
used for classification and ranking items of items. Classification outcome and rank of items depend on the 
relevance and confidence of respective items being clicked or visited by user. 

For classifying and ranking items we use two scalable and parallelizable approaches: decision trees 
(Random forest) and learning to rank (Listnet). Learning to rank and Listnet algorithm specifically, have already 
been proved [15, 16] to be a suitable choice for large scale machine learning model construction. In our approach 
we are using them as estimators of userÕs probability of actually clicking on a recommendation. Input to machine 
learning models is a narrowed subset of trending articles and outcome is a set of top-n recommendations with 
respective confidence weights, based on the learned model for a specific cluster, to which a recommendation 
request was assigned depending on contextual data. These models are updated and reconstructed periodically in 
the background with the latest data. 

11.5!Aggregation of recommendations 
Our proposed approach provides us with variety of possible combinations and aggregation of recommender 
modules within our hybrid system. The aggregation process is exactly the place, where the flexibility and 
adaptive properties of our approach can show off. Under ideal conditions and state of a recommender system 
(low workload), our approach uses all of the described recommender modules. Trendiness module acts as a 
meta-level recommender, which generates input subsets for other recommender modules (e.g., contextual). 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!
@C!-++a(c€€rrrh&#2(+.,h,$€;/.H&€&'€&#2(+.,(&20,-€;/.H&€,/00&'+€H&,27?5/',+.$'(h-+6# !



! EEF!

Collaborative filtering and content based recommendations, which work with constructed user models provides 
recommendations based upon the userÕs behaviour and user models. Recommendations from the respective 
recommender are then grouped and their confidence is summed up, along with the weight of each of 
recommender modules. 

Our approach eliminates cold start issue of a new user in the system. Even for an unknown or new user, we 
still have on-line contextual data and information about the currently visited item. Altogether with popularity and 
recency information, we can identify and recommend relevant articles to the user. Incoming request is assigned 
to a cluster by the on-line information and a machine learning model (learning to rank, random forest) ranks 
subset of trending articles according to the predicted cluster and user. As a response to the recommendation 
request, we present top-n recommendations to the user. 

12! Evaluation 
As explained in the previous section, one of the key points of our proposed approach is the focus on popularity 
and recentness of articles. In order to prove this hypothesis, we evaluated the effect of adding popularity and 
recency aspects to a simple k-nn recommender. In the k-nn algorithm, nearest neighbors were chosen by the co-
occurrence factor based on item to item similarity [3]. Similarities were computed using log likelihood ratio of 
impression occurrences. Evaluations were performed on an offline dataset, consisting of ~12 millions 
impressions gathered from slovak online newspaper publisher SME.SK during a week in October 2009.  

As shown in the Table 1, we were able to improve precision@10 and NDCG@10 metrics by over 
100%, when we added popularity and recency aspects into the recommendations process. With items 
impressions, we have only binary scale (seen/not seen) which is unable to fully utilize NDCG properties. This 
effect can be seen also by the similar improvement rate of both of the used metrics.  

Table 1. Evaluation of article trendiness increase in precision and NDCG metrics 

No. of nn 
Without popularity and recency With popularity and recency (exp. boosting) 

precision @10 NDCG@10 precision @10 NDCG@10 
2 0.0086 0.0410 0.0179  + 108% 0.0803  + 96% 
3 0.0093 0.0411 0.0190  + 104% 0.0792  + 93% 
5 0.0114 0.0495 0.0222  + 95%   0.0906  + 83% 
7 0.0104 0.0453 0.0228  + 19% 0.0913  + 102% 
10 0.0108 0.0446 0.0243  + 125% 0.0952 + 113% 
15 0.0107 0.0414 0.0229  + 114% 0.0860  + 108% 
20 0.0109 0.0418 0.0229  + 110% 0.0840  + 101% 
30 0.0103 0.0412 0.0225  + 118% 0.0809  + 96% 

13! Conclusions and future work  
In this paper, we have proposed hybrid recommender system with focus on the scalable and extensible 
architecture, flexibility of the system and ability to adapt to the system workload. Generated recommendations 
are computed with the use of up-to-date information, whether it is users behaviour and context or item content. 
As a unique feature of our approach, we highlight recommendation requests clustering based on the userÕs 
context, which reduces information space and enables for frequent and continuous updating of underlying 
machine learning models used for generating recommendations. 

So far, we have performed only a basic and partial evaluation of our proposed hybrid recommender 
approach. We yet have to evaluate usage of clustering of incoming requests, scalability and flexibility of our 
approach. We plan to perform online evaluations with streaming data, where we will focus on CTR metric. 
Furthermore, we will perform rigorous and repeatable evaluations concerning scalability and accuracy of our 
proposed recommender system with prepared datasets created from acquired streaming data. 

In terms of extending our proposed method, there are several opportunities for improvement and 
experimenting. Inclusion of information gathered from social data could serve as a great addition to the user 
model. For example, if we had performed latent topic analysis (LDA/LSA), we could map these identified topics 
to not only topics identified inside the items content, but also to the userÕs interests, as expressed on their social 
network profiles. 
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