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#>9H!)2=('/45!)9H=(HH/H! 5>/!'794! ;/?(9;/'/45H!26! 7!*8*! =2'3(594Q!'9))1/:7;/! 5>75! H759H69/H! 5>/!

2BZ/=590/H! 26! *+,<-&,+! 3;2Z/=5J! "57;594Q! :95>! 7! =2'37;9H24! B/5://4! -73,/)(=/! 74)! I$$#!

37;7)9Q'HC!5>9H!)2=('/45!'7[/H!74!940/452;N!26!5>/!=>7;7=5/;9H59=H!26!%\SI$$#C!5>/!*8*!=2'3(594Q!

'9))1/:7;/! 94959711N!79'/)!BN!5>/!3;2Z/=5J!&H!%\SI$$#!)2/H!425!;/H324)!52!2(;!4//)HC!:/!/H57B19H>!

5>/! ;/?(9;/'/45H! 62;! 7! 4/:! *8*! 5221! 5>75! 9H! B/94Q! )/0/123/)! 52! ;/317=/! %\SI$$#J! #>/! '794!

7;=>95/=5(;71! /1/'/45H! 26! 5>/! 4/:! 5221! ]=711/)! %12()I$#^! 7;/! 3;/H/45/)C! 7H! :/11! 7H! 5>/! )/5791H!

=24=/;494Q! 95H! 69;H5! 3;2525N3/J! I94711NC! :/! )9H=(HH! 5>/! 3;/19'947;N! ;/H(15H! 2B5794/)! :95>! 5>9H!

3;2525N3/C!74)!H/5!H2'/!)/0/123'/45!)9;/=5924H!5>75!H>711!Q(9)/!5>/!6(5(;/!;/H/7;=>!94!5>/!=2'94Q!

'245>HJ!

!

!

! !



"#$%!&'"()!*+,!-&,+! ./0/123'/45!26!7!*8*!-9))1/:7;/!62;!-73<,/)(=/!

!

-"."/0%(*'%()*+% %5%

!"#$%&'(&)'*+%*+,&

&BH5;7=5!JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ!G!

F! $45;2)(=5924!JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ!E!

FJF! *;2Z/=5!74)!_*8!`271H!JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ!E!

FJ8! \BZ/=590/H!26!5>9H!;/32;5!JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ!E!

8! ./69494Q!7!*8*!%2'3(594Q!-9))1/:7;/!62;!*+,<-&,+!JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ!U!

8JF! %2'3(594Q!'2)/1Ha!I$$#!0/;H(H!-73<,/)(=/!JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ!U!

8JFJF! I$$#!JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ!U!

8JFJ8! -73<,/)(=/!JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ!V!

8JFJG! $'31/'/4594Q!-73<,/)(=/!20/;!I$$#!JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ!FA!

G! &471NH9H!26!%\SI$$#!74)!95H!.;7:B7=[H!JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ!FG!

GJF! %>74Q/12Q!26!%\SI$$#!JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ!FG!

GJ8! X9'9575924H!26!%\SI$$#!:>/4!)/7194Q!:95>!-73<,/)(=/!3;2B1/'H!JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ!FG!

b! ./0/123'/45!26!%12()I$#C!7!H(==/HH2;!62;!%\SI$$#!JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ!FE!

bJF! ./H9Q4!=>29=/H!26!%12()I$#!JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ!FE!

bJ8! $'31/'/4594Q!%12()I$#!M!&;=>95/=5(;/!JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ!FU!

bJG! $'31/'/4594Q!%12()I$#!M!I9;H5!3;2525N3/!JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ!FD!

bJb! *;2525N3/!/071(75924!JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ!8F!

bJE! c2:!52!$'3;20/!.757!#;74H6/;!JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ!8G!

E! %24=1(H924H!JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ!8E!

U! ,/6/;/4=/H!JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ!8U!
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- .*+/'012+3'*&

-4- 5/'6%2+&"*0&758&9'"$,&

!

#>/!*+,<-&,+!3;2Z/=5!dFbe!79'H!75!5>/!7)73575924!26!-73,/)(=/!62;!3/;07H90/!Q;9)HJ!#>/!'794!Q271!

9H!52!3;232H/!H=717B1/!5/=>49?(/H!52!H(332;5!/R9H5/45!-73,/)(=/<B7H/)C!)757<945/4H90/!73319=75924H!

94!5>/!=245/R5!26!122H/1N!=2(31/)!4/5:2;[H!H(=>!7H!3/;07H90/!74)!)/H[523!Q;9)HJ!

$4!2;)/;!52!;/7=>!5>9H!Q271C!*+,<-&,+!3;2Z/=5!3;232H/H!7!5:2<621)!733;27=>!dFbea!

]9^! 52! 7)735! 7! :/11<[42:4! -73,/)(=/! 9'31/'/4575924C! c7)223C! 94=1()94Q! 24! 95! =245/R5<!

7:7;/!/1/'/45H!5>75!'7N!7112:!95H!/669=9/45!)/312N'/45!20/;!7!3/;07H90/!2;!)/H[523!Q;9)f!

]99^! 52! 9'31/'/45! 7!c7)223<=2'3759B1/!&*$! 20/;! 7! *8*!)9H5;9B(5/)! =2'3(594Q! /409;24'/45!

2;9Q94711N!'/745!62;!3/;07H90/!Q;9)HJ!

#>9H! )2(B1/! 733;27=>! 945/4)H! 52! B;94Q! (H! B/55/;! 94H9Q>5H! 24! 5>/! )/312N'/45! 26! -73,/)(=/! 20/;!

3/;07H90/! Q;9)HJ! #>/! 69;H5! 24/! 945/4)H! >74)194Q! 3;2B1/'H! ;/175/)! 52! =245/R5<7:7;/4/HH! 74)! 57H[!

H=>/)(194QC! :>91/! 5>/! H/=24)! 24/! :911! )/71! :95>! )757! H52;7Q/! 74)! =2)/<=2'3759B9195N! 9HH(/HJ! #>/!

7'B95924!B/>94)!5>9H!)2(B1/!733;27=>!9H!52!3;209)/!7!:9)/;!09H924!24!5>/!3;2B1/'C!1/7)94Q!52!'2;/!

/669=9/45!H21(5924HC!BN!=24Z29451N!/071(7594Q!5>/H/!733;27=>/HJ!

#>/!_2;[!*7=[7Q/!8!]_*8^!62=(H/H!24!5>/!H5()N!26!*8*!H21(5924H!62;!5>/!-73,/)(=/!37;7)9Q'J!$5!9H!

94! =>7;Q/!26! 5>/!)/0/123'/45! 26! 6(11N! )9H5;9B(5/)! H21(5924H! 62;!-73,/)(=/!(4)/;! 5>/! 62;'!26! *8*!

)9H5;9B(5/)!=2'3(594Q!317562;'HC!74)!95H!945/Q;75924!:95>94!*+,<-&,+!3;232H71HJ!#>9H!:2;[!37=[7Q/!

940/H59Q75/H!>2:!52!B;94Q!-73,/)(=/!52!3/;07H90/!HNH5/'H! 94!7!'2;/! 61/R9B1/!:7N!5>75! 5>/!=(;;/45!

c7)223! 6;7'/:2;[! 7112:HJ! $4)//)C! 95H! 69471! 2BZ/=590/! 9H! 52! B;94Q! c7)223! 73319=75924H! 52! 3/;07H90/!

HNH5/'HC!5>;2(Q>!5>/!7)73575924!26!5>/!c7)223!&*$!20/;!7!*8*!=2'3(594Q!'9))1/:7;/J!!

-48 :#6%2+3;%,&'(&+<3,&/%='/+&

$4! 5>9H! )/190/;7B1/C! :/! H57;5! 3;/H/4594Q! 5>/!:2;[H! 26!_*8! 5>;2(Q>! 5>/! 7471NH9H! 26! 74! /R9H594Q! *8*!

'9))1/:7;/C!=711/)!%\SI$$#C!74)!>2:!52!7)735! 95! 52!5>/!3;2Z/=5!2BZ/=590/HJ!#>9H!)2=('/45!3;/H/45H!

5>/!9495971!:2;[H!:/!=24)(=5/)!74)!945;2)(=/H!H2'/!3;/19'947;N!;/H(15H!:/!2B5794/)J!!

#>/;/62;/C! "/=5924! 8! )9H=(HH/H! 5>/! =2'3(57592471! '2)/1H! (H/)! 24! 7! 3/;07H90/! =2'3(594Q!

/409;24'/45!74)!5>/9;!19'9575924HJ!"/=5924!G!7471NH/H!74!/R9H594Q!'9))1/:7;/!]%\SI$$#^!74)!)9H=(HH/H!

>2:! 95! =2(1)!B/!(H/)!:95>94! 5>/!*+,<-&,+!3;2Z/=5J!&H! 5>9H!'9))1/:7;/!3;20/)! 52!B/! 94H(669=9/451N!

H57B1/!62;!2(;!4//)HC!:/!945;2)(=/!94!"/=5924!b!7!4/:!=2'3(594Q!/409;24'/45C!79'/)!75! 9'3;2094Q!

%\SI$$#! :>91/! ;/H324)94Q! 52! *+,<-&,+! ;/?(9;/'/45HJ! #>/! Q/4/;71! 7;=>95/=5(;/! 26! 5>9H! 4/:!

'9))1/:7;/!9H!3;/H/45/)C!74)!7!69;H5!3;2525N3/!9H!/071(75/)!24!7!B/4=>'7;[!7Q794H5!c7)223C!;79H94Q!

H/0/;71!94H9Q>5H!5>75!:911!>/13!5>/!)/0/123'/45!26!5>9H!'9))1/:7;/J!!

! !
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8 >%(3*3*?&"&585&)'@=1+3*?&A300$%B"/%&('/&5CDEAFDC&

84- )'@=1+3*?&@'0%$,G&H..!&;%/,1,&A"=ED%012%&

84-4- H..!&

#>/! 425924! 26! I$$#! 73319=75924H! :7H! )/694/)! 94! d@eC! 74)! 5>/N! 7;/! =2'32H/)! BN! 7! I9495/! 4('B/;! 26!

$4)/3/4)/45!74)!$;;/Q(17;!#7H[H!]I$$#^J!_/!7HH('/!5>75!/7=>!57H[!H759H69/H!5>/!62112:94Q!6/75(;/Ha!!

• &! 57H[! =74425!'7[/!74N!>N325>/H9H!24! 5>/!/R/=(5924!26! 74N!25>/;!24/J!c/4=/C! 5>/;/! 9H!42!

=2''(49=75924!B/5://4!57H[HJ!!

• +R/=(5924! 59'/! 26! /7=>! 57H[! 9H! (43;/)9=57B1/J! $4! 25>/;! :2;)HC! :/! =74425! >70/! 7! Q22)!

/H59'75924!26!5>/!/R/=(5924!59'/!B/62;/!7!57H[!/4)HJ!!

• &!H7'/!71Q2;95>'!9H!73319/)!52!=2'3(5/!711!57H[HJ!c/4=/C!5:2!57H[H!7;/!)9H594Q(9H>/)!BN!5>/!

H/5!26!)757!5>/N!>70/!52!3;2=/HHJ!

#>9H!=2'3(594Q!'2)/1!7112:H!5>/!;/3;/H/4575924!26!'2H5!37;711/1!3;2B1/'H!5>75!)2!425!;/?(9;/!H5;24Q!

)/3/4)/4=N!7'24Q!57H[HJ!*1/7H/!425/!5>75!5>9H!=2'3(594Q!'2)/1!=74!B/!/R5/4)/)!52!H(332;5!'2;/!

=2'31/R!71Q2;95>'H!5>;2(Q>!5>/!(H/!26!17;Q/!74)!694/<Q;794!HN4=>;249Y75924a!

_95>! 7! 17;Q/<Q;794! HN4=>;249Y75924C! 5:2! 2;! '2;/! g;2(4)Hg! 26! I$$#! =74! B/! /R/=(5/)! 94! H/?(/4=/C!

HN4=>;249Y/)!75!5>/!/4)!26!/7=>!;(4J!#>9H!'2)/1!;2(Q>1N!=2;;/H324)H!52!5>/!:/11<[42:4!T"*!]T(1[<

"N4=>;242(H! *7;711/1^! 3;2Q;7''94Q! '2)/1! dFFeC! :>9=>! '7Z2;! =>7;7=5/;9H59=! 9H! 5>/! H(==/HH924! 26!

7";)27-);7J! &! H(3/;H5/3! 9H! )/694/)! 7H! 7! H/?(/4=/! 26! 12=71! 23/;75924HC! 62112:/)! BN! 7! Q12B71!

HN4=>;249Y75924! B7;;9/;J! \4! T"*C! 42! 7HH('35924! 9H! '7)/! 7B2(5! 5>/! 2;)/;! 26! 5>/! 57H[H! /R/=(5924!

4/95>/;!24!5>/!=2''(49=75924!)/190/;Nf!5>/!241N!;/?(9;/'/45!9H!5>75!711!)757!4/=/HH7;N!52!H57;5!7!4/:!

H(3/;H5/3!'(H5! B/! 12=711N! 707917B1/! 75! /7=>! 42)/! 75! 5>/! B/Q94494Q! 26! 5>/! 4/:! H(3/;H5/3J! I9Q(;/! F!

911(H5;75/H!5>/!/R/=(5924!26!7!T"*!H(3/;H5/3C!94!:>9=>!42)/H!/R/=(5/!5>/9;!57H[H!74)!3;/37;/!5>/!4/R5!

H(3/;H5/3!BN!/R=>74Q94Q!)757C!3;92;!52!5>/!B7;;9/;!HN4=>;249Y75924J!

G-C0)('8'$'"H(104-25'2F'+'I:!',0.(),4(.'
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#>/! 694/<Q;794! HN4=>;249Y75924! 24! I$$#! =74! B/! /7H91N! 2B5794/)! BN! )/69494Q! H2'/! 62;'! 26! 3;92;95N!

7'24Q!57H[HC!19[/!7!.9;/=5/)!&=N=19=!`;73>!].&`^C!94!:>9=>!H2'/!57H[H!'7N!)/3/4)!24!5>/!;/H(15H!26!

25>/;! 57H[HJ! _>91/! 5>9H! HN4=>;249Y75924! B;/7[H! 24/! 26! 5>/! 7HH('35924H! 26! 5>/! I$$#! '2)/1! ]5>/!

94)/3/4)/4=N!26! 5>/! 57H[H^C! 95! =74!B/!/7H91N! 9'31/'/45/)C!7))94Q!74! 945/;/H594Q! 6/75(;/! 52! 5>/!I$$#!

'2)/1J!I2;!5>9H!;/7H24C!:/!=74!7HH('/!5>75!74! 9'31/'/4575924!26!I$$#!71H2!7112:H!7!I$#! ]I9495/!74)!

$;;/Q(17;!#7H[H^!73319=75924!52!B/!)/312N/)J!!

&!69;H5!I$$#! 9'31/'/4575924C!=711/)!%\SI$$#!]%2'3(575924!\0/;!S/5:2;[!62;!I$$#^C!:7H! 945;2)(=/)! 94!

d@e! 7H! 7! '9))1/:7;/! 62;! 3//;<52<3//;! =2'3(594QJ! %\SI$$#! :7H! )/H9Q4/)! 52! )9H5;9B(5/! 20/;! 5>/!

4/5:2;[! 711! 5>/! 57H[H! 2B5794/)! BN! )/=2'32H95924! 26! 7! I$$#! 3;2B1/'J! &5! 5>/! /4)! 26! 5>/! 57H[H!

=2'3(575924C!5>/!:2;[94Q!42)/H!H3;/7)!5>/!;/H(15H!711!20/;!5>/!4/5:2;[J!!

%\SI$$#! 42)/H! 7;/! H5;(=5(;/)! 7;2(4)! 7! 12Q9=71! 2;9/45/)! ;94QC! H/5! (3! 74)! '7945794/)! BN! 5>/!

523212Q9=71! 17N/;! 26! 5>/! HNH5/'J! T7H9=711NC! /7=>! 42)/! [42:H! 95H! 3;/)/=/HH2;! 74)! H(==/HH2;C! 74)!

=2''(49=75924H! B/5://4! 42)/H! 7;/! 7=>9/0/)! (H94Q! 7! 52[/4! 5>75! =7;;9/H! 5>/! H575/! 26! =2'3(575924!

7;2(4)!5>/!;94QJ!&H!5>/!52[/4!5;70/1HC!95!H3;/7)H!5>/!;/H(15H!26!/0/;N!57H[!H2!5>75!42)/H!=74!62112:!5>/!

3;2Q;/HH924!26!5>/!=71=(1(HJ!#>9H!)966(H924!'/=>749H'!71H2!9'3;20/H!5>/!20/;711!67(15!521/;74=/!26!5>/!

'9))1/:7;/C!7H!74N!42)/!5>75!H52;/H!5>/!57H[H!;/H(15H!9H!7B1/!52!=2'3(5/!5>/!69471!;/H(15!BN!95H!2:4C!2;!

52!;/H57;5!74!/R/=(5924!5>75!:7H!945/;;(35/)J!!

"94=/! =24H5;7945H! 26! 7! Q90/4! 73319=75924! =2(1)! B/! )966/;/45! 74)! H2'/59'/H! 94! =245;7)9=5924! ]67(15!

521/;74=/C! /669=9/4=NC! /5=J^C! %\SI$$#! 266/;H! 5:2! '794! 3;2Q;7''94Q! '2)/1Ha! )9H5;9B(5/)! 74)!

=/45;719Y/)!'2)/J!

#>/! )9H5;9B(5/)!'2)/! 7112:H! 7! >9Q>! 67(15! 521/;74=/! 1/0/1! 94! 5>/! =2'3(575924! H94=/! 57H[! ;/H(15H! 7;/!

)9H5;9B(5/)! 52!/7=>!42)/! 94! 5>/!=2''(495NJ! #>(HC! 7!B;2[/4!=2'3(575924!=74!B/! ;/<17(4=>/)!(H94Q!

71;/7)N!=2'3(5/)! 57H[HJ!I9Q(;/!8!H>2:H! 9462;'75924!/R=>74Q/H! 94! 5>/!=2''(495N! 62;!7!)9H5;9B(5/)!

73319=75924J!&5!69;H5C!5>/!17(4=>/;!H/4)H!5>/!=2'3(594Q!;/?(/H5!52!7!42)/J!#>/!;/?(/H5!9H!3;237Q75/)!

7124Q! 5>/!=2''(495N!BN! 5>/! 52[/4J!.(;94Q!=2'3(575924C! ;/H(15H!26! 94)909)(71! 57H[H!7;/!3;237Q75/)!

7=;2HH! 5>/! =2''(495N! H(=>! 5>75! /7=>! 42)/! =2(1)! 12=711N! H52;/! 711! 94)909)(71! ;/H(15H! ])757! B12=[H^J!

%24=(;;/451N!52!5>/!=2'3(575924HC!9462;'75924!24!5>/!Q12B71!=2'3(575924!9H!/R=>74Q/)!5>;2(Q>!5>/!

52[/4J! &425>/;! 945/;/H594Q! 32945! 6;2'! 5>9H!'2)/! 9H! 5>75! 5>/! 17(4=>/;! 241N! 4//)H! 52! B/! =244/=5/)!

)(;94Q! 5>/! 9495975924!3>7H/J!&5! 5>/!/4)!26! 5>/!=2'3(575924C! 5>/!Q12B71! ;/H(15!=74!B/!;/5;9/0/)! 6;2'!

74N!42)/!94!5>/!=2''(495NJ!
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G-C0)('J'$'=KAG<<;'L-,4)-704(/'62/('

#>/!=/45;719Y/)!'2)/!;/)(=/H!5>/!Q12B71!127)!26!H52;7Q/!H37=/!74)!4/5:2;[!=2''(49=75924C!:95>!5>/!

);7:B7=[!26! ;/)(=94Q! 67(15! 521/;74=/J!#>9H!'2)/! 9H!/H3/=9711N! H(95/)! 62;! 5>/! 945/Q;75924!26!/R5/;471!

73319=75924HC!:>9=>!'747Q/! 5>/'H/10/H! 5>/!)757!H52;7Q/J!I9Q(;/!G!H>2:H! 9462;'75924!/R=>74Q/H! 94!

5>/!=2''(495N!62;!7!=/45;719Y/)!73319=75924J!.(;94Q!=2'3(575924C!;/H(15H!26!94)909)(71!57H[H!7;/!H/45!

52! 5>/! 9495971! 17(4=>/;C!:>9=>! >7H! 5>/! H52;7Q/! 94! =>7;Q/! ])757! B12=[H^J! &H! 94! 5>/! )9H5;9B(5/)!'2)/C!

9462;'75924!24!5>/!Q12B71!=2'3(575924!/021(5924!9H!(3)75/)!5>;2(Q>!5>/!52[/4J!$4!5>/!=7H/!26!7!=;7H>!

24!5>/!17(4=>/;C!37;5971!;/H(15H!:911!B/!B12=[/)!24!5>/!=2'3(594Q!42)/H!(4591!5>/!17(4=>/;!9H!;/H52;/)J!

%245;7;91N!52!5>/!)9H5;9B(5/)!'2)/C!>2:/0/;C!7!=2'3(594Q!42)/!7124/!=74425!;/H52;/!5>/!17H5![42:4!

g=>/=[32945g!7H!95!)2/H!425!H52;/H!5>/!37;5971!;/H(15H!6;2'!5>/!25>/;!42)/HJ!

!

G-C0)('9'$'=KAG<<;'=(54)+B-M(/'62/('

84-48 A"=ED%012%&

-73<,/)(=/! dGe! 9H! 7! 37;711/1! 3;2Q;7''94Q! 37;7)9Q'! H(==/HH6(11N! (H/)! BN! 17;Q/! $45/;4/5! H/;09=/!

3;209)/;H!52!3/;62;'!=2'3(575924H!24!'7HH90/!7'2(45H!26!)757J!&65/;!B/94Q!H5;24Q1N!3;2'25/)!BN!

`22Q1/C! 95!>7H!71H2!B//4! 9'31/'/45/)!BN! 5>/!23/4!H2(;=/!=2''(495N! 5>;2(Q>! 5>/!h7>22i!3;2Z/=5C!

launcher

receiver

launcher
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'7945794/)! BN! 5>/! &37=>/! I2(4)75924! 74)! H(332;5/)! BN! h7>22i! 74)! /0/4! BN! `22Q1/! 95H/16J! #>9H!

'2)/1! 9H! =(;;/451N! Q/5594Q! '2;/! 74)! '2;/! 323(17;! 7H! 7! H21(5924! 62;! ;739)! 9'31/'/4575924! 26!

)9H5;9B(5/)!)757<945/4H90/!73319=75924HJ!!

%2'3(575924H! 24!-73<,/)(=/! )/71!:95>! 379;H! 26! [/N<071(/H! ][Cj^C! 74)! 7!-73<,/)(=/! 71Q2;95>'! ]7!

Z2B^!62112:H!7!5:2<H5/3!3;2=/)(;/a!!

F^ 6+.C! 6;2'! 7! H/5! 26! [/Nk071(/! 379;H! 6;2'! 5>/! 943(5C! 5>/! '73! 6(4=5924! Q/4/;75/H! 7! H/5! 26!

945/;'/)975/!!379;Ha!!][Ff0F^lm][8f08^nf!!

8^ )(/01(C! 6;2'! 5>/! H/5! 26! 945/;'/)975/! 379;HC! 5>/! ;/)(=/! 6(4=5924! '/;Q/H! 711! 945/;'/)975/!

071(/H!7HH2=975/)!:95>!5>/!H7'/!945/;'/)975/![/NC!H2!5>75!][8fm08n^lm][Gf0G^nJ!!

_>/4! 9'31/'/45/)! 24! 7! )9H5;9B(5/)! HNH5/'C! 5>/! 945/;'/)975/! 379;H! 62;! 7! Q90/4! [/N! [8! '7N! B/!

H=755/;/)!7'24Q!H/0/;71!42)/HJ!#>/!9'31/'/4575924!'(H5!5>/;/62;/!Q75>/;!711!379;H!62;!/7=>![/N![8!

H2!5>75!5>/!;/)(=/!6(4=5924!=74!'/;Q/!5>/'!9452!5>/!69471!;/H(15J!!

&))9592471! 6/75(;/H! 5>75! '7N! B/! 9'31/'/45/)! BN! 5>/! -73<,/)(=/! 9'31/'/4575924! 94=1()/! 5>/!

H3195594Q!26!5>/! 943(5!)757!7'24Q!5>/!42)/HC!5>/!H=>/)(194Q!26!5>/! Z2BHo!=2'324/45!57H[HC!74)!71H2!

5>/!;/=20/;N!26!57H[H!>21)!BN!6791/)!42)/HJ!\4/!26!5>/!'2H5!323(17;!-73<,/)(=/!9'31/'/4575924HC!

c7)223C!3;209)/H! 5>/H/! H/;09=/H! 5>;2(Q>!7!)(71! 17N/;/)!7;=>95/=5(;/J! $4)//)C! 57H[H! H=>/)(194Q!74)!

'24952;94Q!9H!7==2'319H>/)!5>;2(Q>!7!'7H5/;<H170/!317562;'!]<+=%>258?)2!!!>57?%>258?)27^C!:>91/!5>/!

)757!'747Q/'/45! 9H!7==2'319H>/)!BN!7!H/=24)!'7H5/;<H170/!317562;'!]@5A)%@+B)!!!C5-5%@+B)7^!

24!523!26!5>/!>9/;7;=>9=71!c.I"!691/<HNH5/'C!7H!911(H5;75/)!94!I9Q(;/!bJ!!

!

_>91/! 5>/! =12H/! =2117B2;75924! B/5://4! 5>/H/! 5:2! 17N/;H! /4H(;/H! Q22)! 3/;62;'74=/! 1/0/1HC! 95! 71H2!

945;2)(=/H! H/0/;71! =24H5;7945H! 74)! 67(15! 521/;74=/! 9HH(/HJ! \4/! 26! 5>/! '2H5! /09)/45! 19'9575924H! 9H!

;/175/)! 52! 5>/! 3;/H/4=/! 26! H94Q1/! 32945H! 26! 6791(;/! 24! 5>/! <+=>258?)2! 74)! 5>/!@5A)@+B)J! $4)//)C!

6791(;/H! 24! >57?% >258?)27! 74)k2;! C5-5% @+B)7! =74! B/! ;/=20/;/)C! B(5! 7! =;7H>/)! <+=>258?)2! 26!

@5A)@+B)!B12=[H!5>/!/459;/!317562;'J!&1H2C!5>/!c7)223!317562;'!)2/H!425!7112:!4/:!42)/H!52!Z294!

5>/! =1(H5/;! )(;94Q! 5>/! /R/=(5924! 26! 7! Z2BJ! #>9H! 19'9575924! 9H! '2H51N! )(/! 52! 5>/! >9/;7;=>9=71!

H5;(=5(;75924!26!5>/!C5-5@+B)7C!:>2H/!;/H5;(=5(;75924!94!5>/!=7H/!26!7! Z294!:2(1)!945;2)(=/!7!424<

G-C0)('N'$'O+/22.'6+,4()$,B+*('+)1D-4(140)('
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4/Q19Q9B1/! 20/;>/7)J! I2;! 94H574=/C! 42! 4/:! 42)/! =74! B/! 94=1()/)! 94! 5>/! =1(H5/;! (41/HH! 5>/!

;/=24H5;(=5924!26!5>/!/459;/!c.I"!5;//J!!

_>91/! H2'/! :2;[H! 19[/!-&*,! dF8e! 5;N! 52! 20/;=2'/! 5>/! 69;H5! 19'9575924! 5>;2(Q>! 5>/! ;/319=75924! 26!

p2B#;7=[/;! 74)! S7'/S2)/C! 5>/;/! 7;/! 6/:! /662;5H! 52! 7112:! 7!'2;/! )N47'9=!'747Q/'/45! 26! 42)/!

021759195NJ!

84-4I .@=$%@%*+3*?&A"=ED%012%&';%/&H..!&

I;2'!5>/!H5;9=5!32945!26!09/:!26!I$$#C!7!-73<,/)(=/!Z2B!=74!B/!/R3;/HH/)!7H!7!5:2!;2(4)H!/R/=(5924a!

24/!>74)194Q!-73! 57H[H! 74)! 7425>/;! >74)194Q!,/)(=/! 57H[HJ! TN! 9'31/'/4594Q!-73<,/)(=/!20/;! 7!

*8*!317562;'!H(=>!7H!%\SI$$#C!:/!=74!945;2)(=/!945/;/H594Q!3;23/;59/H!24!-73<,/)(=/!5>75!7;/!425!

71:7NH!707917B1/!24!=(;;/45!9'31/'/4575924H!19[/!c7)223J!

$'31/'/4594Q!-73<,/)(=/!20/;!%\SI$$#!9H!?(95/!H5;79Q>562;:7;)!74)!=74!/7H91N!'9'9=!5>/!B/>7092;!

26!c7)223J!c/4=/C!)(;94Q!5>/!-73!3>7H/C!H/0/;71!57H[H!7;/!17(4=>/)!7==2;)94Q!5>/!4('B/;!26!943(5!

691/HC!3;2)(=94Q!7! H/5!26! ][#C!j#^!379;HJ! #>/! 52[/4!37HH94Q!'/=>749H'!/4H(;/H! 5>75!711!379;H! ]9J/JC! 5>/!

;/H(15H! 26! /7=>! 57H[^! 7;/! B;27)=7H5/)! 52! 711! =2'3(594Q! 42)/HC! (4)/;! 5>/! g.9H5;9B(5/)g! '2)/J!

#>/;/62;/C!75!5>/!/4)!26!5>/!-73!3>7H/C!/7=>!42)/!=245794H!7!=23N!26!5>/!/459;/!H/5!26!][#C!j#^!379;HJ!

&5!5>/!/4)!26!5>/!69;H5!H5/3C!7!4/:!%\SI$$#!Z2B!9H!17(4=>/)C!(H94Q!7H!943(5!37;7'/5/;!5>/!;/H(15H!6;2'!

5>/!'73!3>7H/J!#>/!4('B/;!26!57H[H!)(;94Q!5>9H!,/)(=/!3>7H/!9H!=71=(175/)!B7H/)!24!5>/!4('B/;!26!

707917B1/! 42)/HJ! \4=/! 7! ;2(4)! H57;5HC! /7=>! 42)/! H57;5H! 7! 57H[! 6;2'! 5>/! H>7;/)! 57H[! 19H5C! 74)!

B;27)=7H5H!95H!;/H(15H!75!5>/!/4)!26!5>/!57H[qH!=2'3(575924J!!

OH94Q! %\SI$$#C! -73<,/)(=/! 71Q2;95>'H! 7;/! H(332H/)! 52! H(332;5! 42)/H! 6791(;/H! 7H! :/11! 7H! 42)/H!

021759195NC! 7112:94Q! 42)/H! 52! )N47'9=711N! 1/70/! 74)! Z294! 5>/! Q;9)J! $4)//)C! 7H! 124Q! 7H! 7! 57H[! 9H! 425!

=2'31/5/)C!25>/;!42)/H!24!5>/!Q;9)!'7N!39=[!95!(3J!$4!5>9H!:7NC!:>/4!7!42)/!6791H!2;!1/70/H!5>/!Q;9)C!

25>/;!42)/H!'7N!;/=20/;!57H[H!2;9Q94711N!57[/4!BN!5>/!=;7H>/)!42)/J!$40/;H/1NC!:>/4!7!42)/!Z294H!5>/!

%\SI$$#!=2''(495NC! 95! ;/=/90/H!7!=23N!26! 5>/!:2;[94Q!)757!74)!'7N!39=[!(3!707917B1/! ]94=2'31/5/^!

57H[H!24!5>/!H>7;/)!57H[!19H5J!#>(HC!%\SI$$#!H>2(1)!266/;!7!'2;/!67(15!521/;745!B/>7092;!5>74!c7)223C!

H(332;594Q!425!241N!42)/H!)9H=244/=5924HC!B(5!71H2!42)/H!];/<^=244/=5924J!!

&H! H575/)! 94! 5>/! 3;2Z/=5! 3174494QC! 5>/! B/Q94494Q! 26! *+,<-&,+! _*8! :2;[H! =24H9H5/)! 24! 5>/!

)/0/123'/45! 26! 7! 3;2525N3/! 26!-73<,/)(=/! 24! 523! 26! %\SI$$#J! #>9H! 3;2525N3/! 26! 5>/!D+2BE+"'-!

73319=75924! H>7;/H! 5>/! H7'/! =2;/! /1/'/45H! 7H! 95H! c7)223! =2(45/;37;5J! $4)//)C! 94! 2;)/;! 52! B/55/;!

=2'37;/!%\SI$$#!H21(5924!:95>!c7)223C!:/!>70/!)/0/123/)!5:2!:2;)!=2(45!73319=75924HC!24/!B7H/)!

24!c7)223! ]47'/)!D+2BE+"'-)2^! 74)!24/!B7H/)!24! %\SI$$#! ]B7H/)!24! 5>/!45;/)B"8)E+'7"A)2!

=17HH^J!T25>!H>7;/!7!H94Q1/!=2;/!9'31/'/4575924C!47'/)!E+"'-)2FG5A;*)!]H//!I9Q(;/!E^J!



"#$%!&'"()!*+,!-&,+! ./0/123'/45!26!7!*8*!-9))1/:7;/!62;!-73<,/)(=/!
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T/=7(H/!c7)223!;/19/H!24!H3/=969=!=17HH/H!52!>74)1/!)757C!:/!5;9/)!52!(H/!5>/!H7'/!24/H!94!%\SI$$#!

9'31/'/4575924C! 7H! 7! :7N! 52! [//3! =2'3759B9195N! :95>! 5>/! c7)223! &*$J! c2:/0/;C! H2'/! 26! 5>/H/!

=17HH/H! :/;/! 522! )/3/4)/45! 24! 944/;! /1/'/45H! 26! c7)223C! 62;=94Q! (H! 52! )/0/123! 2(;! 2:4!

/?(9071/45HC!75!1/7H5!62;!5>/!'2'/45!]94!5>/!4/R5!_*8!57H[H!:/!H>711!;/9462;=/!5>/!=2'3759B9195N!:95>!

c7)223! &*$^J! I2;! 94H574=/C! :/! :/;/! 425! 7B1/! 52! (H/! 5>/! c7)223! H"-;"-E+**)8-+2! =17HHC! 74)! 7!

4"*-#45;!=17HHC!911(H5;75/)!94!I9Q(;/!UC!:7H!)/0/123/)!52!;/317=/!95J!

c7)223!H"-;"-E+**)8-+2! 9H! 74! 945/;67=/! 5>75! Q/4/;719Y/H! 5>/! 67=9195N! 3;209)/)! BN! 5>/! -73<,/)(=/!

6;7'/:2;[!52!=211/=5!)757!2(53(5!BN!/95>/;!5>/!45;;)2!2;!5>/!/)B"8)2C!#I)I! 945/;'/)975/!2(53(5H!2;!

5>/!2(53(5!26!5>/!Z2BJ!&15>2(Q>!95!=74!B/!(H/)!52!H52;/!711!071(/HC!H"-;"-E+**)8-+2! 9'31/'/4575924H!

(H(711N!H52;/!5>/!379;H!94!5/'32;7;N!691/HC!:>9=>!7;/!>74)1/)!BN!5>/!c.I"!17N/;!52!H=755/;!)757!7'24Q!

5>/!=2'3(594Q!42)/HJ!!

$4!5>/!=7H/!26!%\SI$$#C!:/!=74425!;/1N!24!7!H52;7Q/!17N/;C!H2!:/!4//)!7!)757!H5;(=5(;/!5>75!7112:H!5>/!

H52;7Q/!74)!'7493(175924!26!'(159<071(/!379;H!][Cmjqn^J!p707!=245794H!H/0/;71!=17HH/H!62;!=211/=5924HC!7H!

62;! /R7'31/!45;! 2;!J579*#7-C! B(5! 94! 711! =7H/H!241N! 7! H94Q1/! 071(/! 9H! 7112:/)!BN! [/NJ!&4N! 7))9592471!

/1/'/45!H52;/)!:95>!5>/!H7'/![/N!:911!;/317=/!5>/!3;/=/)/45!24/!2;!;79H/!7!=2119H924J!$4!5>/!=7H/!26!

-73<,/)(=/C!>2:/0/;C!H/0/;71!071(/H!:95>!5>/!H7'/![/N!'7N!B/!3;2)(=/)!)(;94Q!5>/!45;!3>7H/!]94!

24/! 2;! H/0/;71! 42)/H^C! 74)! 5>/! H/5! 26! 711! 071(/H! (4)/;! 5>/! H7'/! [/N! H>711! B/! 707917B1/! )(;94Q! 5>/!

,/)(=/!3>7H/J!#>/!4"*-#45;!=17HH!/R5/4)H!5>9H!425924!26!45;C!7H!)/694/)!BN!5>/!>2'24N'2(H!p707!

945/;67=/C! 94!2;)/;!52!7112:!H(=>!'(15931/!)757!;/3;/H/4575924J!$4H5/7)!26![//394Q!Z(H5!24/!071(/!62;!

/7=>!H94Q1/![/NC!4"*-#45;![//3H!7!H'711!%211/=5924C!:>2H/!H9Y/!=74!B/!H/5!7H!7!37;7'/5/;C!7112:94Q!

'(15931/!071(/H!52!B/!=211/=5/)!74)!;/6/;/4=/)!BN!5>/!H7'/![/NJ!#>(HC!4"*-#45;!=17HHC!;/3;/H/45/)!94!

I9Q(;/! UC! 7==/35H!'(15931/! 071(/H! 7HH2=975/)!:95>! 7! H94Q1/! [/NC! 7112:94Q!E+"'-)2FG5A;*)! 52! >74)1/!

'73!74)!;/)(=/!2(53(5H!94)/3/4)/451N!26!c7)223!2;!%\SI$$#!9'31/'/4575924HJ!!

CounterExample

MapReduceBase

<< Hadoop >>

MapReduce
Consumer

<< Confiit >>

Distributed

<< Confiit >>

Mapper
<< Confiit >>

Reducer
<< Confiit >>

WordCounter

<< Hadoop >>

G-C0)('P'$'Q2)/=2054'12)('1B+,,(,'
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!

G-C0)('R'$'S(5()-1'T2)/'12054'+..B-1+4-25'+5/'-4,'%0B4-%+.'1B+,,U'

#>(HC! 74! 9495971! /R7'31/!26!-73,/)(=/!20/;!%\SI$$#!:7H!3;232H/)C!(H94Q!4"*-#45;! H5;(=5(;/!74)!

E+"'-)2FG5A;*)!=2;/!=17HHJ!&H!94)9=75/)!94!5>/!3;/092(H!37;7Q;73>HC!5>9H!69;H5!3;2525N3/!(H/H!%\SI$$#!

.9H5;9B(5/)! '2)/! 74)! 2;Q749Y/H! -73,/)(=/! 24! 7! 5:2! ;2(4)H! /R/=(5924J! \4/! H94Q1/! )966/;/4=/!

B/5://4!5>9H!9'31/'/4575924!74)!5>/!24/!(H94Q!c7)223!;/H9)/H!24!5>/!4//)!52!94)9=75/!5>/!4('B/;!

26! =2'3(594Q! 57H[HC! =711/)!=*+8?7J! $4)//)C! 5>9H! B/>7092;! 9H! 7(52'759Y/)! 24!c7)223C!:>9=>! 5;9/H! 52!

Q(/HH! 5>/! ;/?(9;/)! 4('B/;! 26! -73! 74)! ,/)(=/! 3;2=/HH/HJ! $4! 2(;! 3;2525N3/C! 5>9H! 37;7'/5/;! :7H!

)/694/)! 7H! 52! '9'9=! 5>/! B/>7092;! 26! c7)223C! 9J/JC! BN! H/5594Q! 7! 4('B/;! 26! -73! 57H[H! 52! ;2(Q>1N!

=2;;/H324)! 52! 5>/! 4('B/;! 26! 943(5! 691/H! 74)! 5>/! 4('B/;! 26! ,/)(=/! 57H[H! 52! =2;;/H324)! 52! 5>/!

4('B/;!26!=2'3(594Q!=2;/H!707917B1/!24!5>/!%\SI$$#!;94Q!75!5>/!59'/!,/)(=/!H57;5H!]5>9H!4('B/;!'7N!

07;9/H! 175/;C! )(/! 52! 42)/H! 021759195N^J! #>9H! 0/;N! 69;H5! 3;2525N3/! )/'24H5;75/)! H/0/;71! );7:B7=[H! 24!

2;9Q9471!%\SI$$#C!62;=94Q!(H!52!=24H9)/;!95H!/021(5924J!"/=5924!G!)/5791H!5>/!19'9575924H!:/!>70/!67=/!24!

%\SI$$#C!:>91/!"/=5924!b!945;2)(=/H!/021(5924H!:/!>70/!3/;62;'/)!24!5>9H!317562;'J!!!!

! !



"#$%!&'"()!*+,!-&,+! ./0/123'/45!26!7!*8*!-9))1/:7;/!62;!-73<,/)(=/!

!

-"."/0%(*'%()*+% %*+%

!

I F*"$J,3,&'(&):KH..!&"*0&3+,&>/"B#"2L,&

I4- )<"*?%$'?&'(&):KH..!&

%\SI$$#! :7H! 94959711N! )/0/123/)! 94! 8AAG! dGeJ! #>/! B7H9=! =24=/35! :7H! 52! )/0/123! 7! '9))1/:7;/! 62;!

)9H5;9B(5/)!=2'3(594QC!H5;(=5(;/)!7;2(4)!7! 12Q9=71!;94Q!20/;17N!74)!W-X<,*%!/R=>74Q/H!7'24Q!5>/!

42)/HJ! #>/H/! =>29=/H! :/;/! 71H2! );90/4! BN! 5>/! 945/;/H5! 52! 3;209)/! 7! 19Q>5:/9Q>5! '9))1/:7;/C! 94!

2332H95924! 52! 25>/;! HNH5/'H! 19[/! .$+#! dFeC! :>9=>! :7H! B7H/)! 94! %\,T&! 74)! =2'31/R! 5;//! ;2(594Q!

7'24Q!5>/!42)/HJ!&H!7!=24H/?(/4=/C!%\SI$$#!=;/75/H!74)!'7945794H!95H!2:4!*8*!20/;17N!4/5:2;[!94!

74!755/'35!52![//3!5>/!4/5:2;[!H57=[!75!95H!H5;9=5!'949'('C!:>9=>!=2(1)!425!B/!2B5794/)!96!95!;/19/H!

24!7!G
;)
!37;5!*8*!'9))1/:7;/J!

I2112:94Q!5>/!9495971!)/0/123'/45C!%\SI$$#!H(66/;/)!7!'7Z2;!(3)75/!94!8AAb<8AAUC!:95>!5>/!7))95924!

26! H/0/;71! 6/75(;/H! 19[/! =2'3(575924! '2)/H! ].9H5;9B(5/)C! %/45;719Y/)^C! H74)B2R94QC! /R5/;471!

2BH/;0/;HC!/5=J!#>9H!:2;[!:7H!=24)(=5/)!94!5>/!=245/R5!26!7!I;/4=>!3;2Z/=5!H(332;5/)!BN!5>/!&Sj&,!

7Q/4=N!74)!7!5/457590/!52!=;/75/!7!H57;5(3!=2'374N!dFAeJ!

&11! 5>/H/! 0/;H924H! H>7;/! 7! B7H9=! )/H9Q4! 7;2(4)! 7! 12Q9=71! ;94Q! 74)! 42)/! =2''(49=75924! 5>;2(Q>!

H2=[/5H!74)!W-X<,*%J!_>91/! 5>/;/!:/;/!H2'/!B(Q69R/H!24! 5>/! 62112:94Q!N/7;HC! 5>/!8AAU!0/;H924! 9H!

5>/! B7H/! 26! 5>/! =(;;/45! 0/;H924! 26! %\SI$$#C! 74)! :7H! (H/)! 7H! 5>/! '794! 317562;'! 62;! H/0/;71!

/R3/;9'/45HC!7H!dFVC!VC!EeJ!

I48 M3@3+"+3'*,&'(&):KH..!&B<%*&0%"$3*?&B3+<&A"=ED%012%&=/'#$%@,&

#>/! :2;[H! 24!_*8! 62;! 5>/! *+,<-&,+! 3;2Z/=5! :/;/! 475(;711N! 2;9/45/)! 52:7;)H! %\SI$$#! 7H! 7! *8*!

'9))1/:7;/!H21(5924!62;!-73<,/)(=/J!$4)//)C!7H!H575/)!94!"/=5924!8JFJGC!-73<,/)(=/!74)!I$$#!H>7;/!

H/0/;71!H9'917;959/H!5>75!=74!1/7)!52!7!;739)!3;2525N394Q!26!-73<,/)(=/!73319=75924H!20/;!%\SI$$#J!!

#>/! D+2BE+"'-! 73319=75924! :7H! 5>/4! 3;/37;/)! 74)! :/! H57;5/)! )966/;/45! 5/H5H! 52! /071(75/! 5>/!

6/7H9B9195N!26!-73<,/)(=/!24!7!*8*!4/5:2;[J!"224!/42(Q>C!>2:/0/;C!:/!2BH/;0/)!)966/;/45!3;2B1/'H!

;/175/)!52!5>/!;94Q!H57B9195N!74)!52!5>/!52[/4!37HH94Q!'/=>749H'!5>75!3;/0/45!7!Q22)!/071(75924!26!

5>/! /409;24'/45J! $4)//)C! :>/4! 17(4=>94Q! 5>/! D+2BE+"'-! 73319=75924C! H/0/;71! )9H;(35924H! :/;/!

2BH/;0/)a!

F^ ,94Q!H57B9195N!M!H2'/!42)/H!H9'31N!g);23!2(5g!26!5>/!;94QC!:95>!42!/09)/45!;/7H24!

8^ .757! )966(H924! M)/3/4)94Q! 24! 5>/! 7'2(45! 26! )757! /R=>74Q/)! 7'24Q! 5>/! 42)/HC! )966(H924!

)2/H4q5!:2;[!3;23/;1N!74)!'2H5!)757!:7H!425!/R=>74Q/)!75!711J!

&65/;!940/H59Q75924C!5>/H/!3;2B1/'H!3;20/)!52!B/!;/175/)!52!H2'/!=24=/35924!617:H!26!%\SI$$#C!:>9=>!

:7H!425!3;/37;/)!62;!17;Q/!)757!/R=>74Q/HJ!$4)//)C!:>/4!%\SI$$#!:7H!)/0/123/)!B7=[!94!8AAGC!5>/!

'794! 62=(H! 26!c*%! =2'3(594Q!:7H!24! =2'3(594Q<945/4H90/! 73319=75924HC! ;75>/;! 5>74!)757<945/4H90/!

24/HJ!&H!7!;/H(15C!%\SI$$#!:7H!5/H5/)!241N!:95>!73319=75924H!5>75!;/?(9;/!H/0/;71!>2(;H!26!=71=(1(H!B(5!

3;2)(=/!7!;/17590/1N!H'711!2(53(5J!#>9H! 9H! 5>/!=7H/C! 62;!/R7'31/C!26! 5>/!X74Q62;)qH!3;2B1/'!74)!"&#!

2359'9Y75924J!!

$4!5>/!=7H/!26!X74Q62;)qH!3;2B1/'C!5>/! 943(5! 9H!7!H9'31/!=2'B94752;971! 5;//!5>75!:911!B/!H3195!7'24Q!

5>/!57H[HC!74)!5>/!2(53(5!=24H9H5H!24!5>/!H/?(/4=/H!5>75!695!X74Q62;)qH!;/?(9;/'/45J!&H!5>/!=(;;/45!



"#$%!&'"()!*+,!-&,+! ./0/123'/45!26!7!*8*!-9))1/:7;/!62;!-73<,/)(=/!

!

-"."/0%(*'%()*+% %*5%

;/=2;)!26!X74Q62;)qH!3;2B1/'!9H!X]8C8b^C!5>9H!'/74H!5>75!7!H21(5924!=24H9H5H!24!7!H9'31/!H/?(/4=/!26!

8b! g=212;HgC! :>9=>! >7;)1N! ;/?(9;/! '2;/! 5>74! 7! 6/:! BN5/H! 52! B/! ;/3;/H/45/)J! "9'917;1NC! "&#!

2359'9Y75924! 3;2B1/'H! 7;/! 62=(H/)! 24! 694)94Q! 7! T221/74! H759H697B9195N! H21(5924! ]2;! 5>/! 7BH/4=/! 26!

H21(5924^!62;!7!Q90/4!H/5!26!=17(H/HJ!c/4=/C!5>/!57H[H!;/H(15H!=245794!5>/!195/;71!071(/H!26!5>/!H21(5924HC!

96!74NJ!$4!B25>!=7H/HC!7!;/)(=/)!021('/!26!)757!9H!H/45!7'24Q!5>/!42)/HJ!

&! H9'31/! -73<,/)(=/! 73319=75924! 19[/! D+2BE+"'-C! >2:/0/;C! >7H! 7! H'711! %*O! ;/?(9;/'/45! B(5!

3;2)(=/H!7! 17;Q/!7'2(45!26!)757J! $4)//)C!5>/!945/;'/)975/!)757!B/5://4!'73!74)!;/)(=/!9H! 17;Q/;!

5>74! 5>/! 2;9Q9471! )757! 7H! 95! 94=1()/H! 5>/! g7442575924Hg! 24! 5>/! 4('B/;! 26! 2==(;;/4=/H! 26! 7! :2;)J!

,79H94Q!5>/!)757!H9Y/!52!7!6/:!KT!:7H!/42(Q>!52!20/;127)!5>/!*8*!20/;17NC!:95>!;/H(15!5>75!425!/0/4!b!

'7=>94/H!:/;/!7B1/!52![//3!7!;94QJ!!

$495971!755/'35H!52!=2;;/=5!5>/!*8*!'747Q/'/45!24!%\SI$$#!3;20/)!52!B/!522!>7;)!52!B/!=24)(=5/)J!

c/4=/C! 5>/! H2(;=/! =2)/! 26! %\SI$$#! 3;20/)! 52! B/! 522! =2'31/R! 74)! B7)! )/H9Q4/)! 52! 7112:! 95H!

'7945/474=/J! I2;! 94H574=/C! 7! 3;26(H924! 26! 5>;/7)H! 74)! H2=[/5H! :/;/! (H/)! 52! '747Q/! '/HH7Q/!

37HH94QC!:95>!37;5H!26!5>/!W-X<,*%!'/HH7Q/H!B/94Q!37;H/)!75!)966/;/45!1/0/1H!26!5>/!=2)/!]94H5/7)!26!

(H94Q!/4=73H(175924^J! #>9H! =2'31/R95N!3;/0/45/)!74N! 5/457590/! 52! g31(Qg! 7! G
;)
! 37;5! *8*!20/;17N! 19[/!

*7H5;N! dFUeC! :>9=>! :2(1)! 3;209)/!'2;/! H57B1/! 74)! 3/;62;'94Q! *8*! H/;09=/H! 5>74! 5>/! 2;9Q9471! ;94Q!

523212QN!'747Q/)!BN!%\SI$$#J!

&65/;!H/0/;71!(4H(==/HH6(1!5/457590/!;(4H!(H94Q!%\SI$$#!:95>!241N!7!0/;N!6/:!42)/H!74)!)757H/5HC!:/!

)/=9)/)! 52! 7B74)24! 5>/! 21)! %\SI$$#! 74)! )/0/123! 7! 4/:! 24/! 6;2'! H=;75=>J! &15>2(Q>! /R5;/'/1N!

;7)9=71C!5>9H!)/=9H924!:7H!'259075/)!BN!5>/!'7945/474=/!=2H5!26!5>/!74=9/45!=2)/C!:>9=>!:7H!522!>9Q>!

52!'//5!5>/!3;2Z/=5!;/H2(;=/H!74)!;/?(9;/'/45HJ!#>9H!4/:!*8*!'9))1/:7;/C!=711/)!%12()I$#C!:911!B/!

)/H=;9B/)!94!5>/!4/R5!H/=5924J!

! !
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!

N >%;%$'=@%*+&'(&)$'10H.!O&"&,122%,,'/&('/&):KH..!&

_>/4!5>/!617:H!24!%\SI$$#!:/;/!)/5/=5/)C!5:2!'794!375>H!:/;/!707917B1/a!5;N!52!=2;;/=5!%\SI$$#!2;!

=;/75/!7!4/:!g=1/74/;g!0/;H924!26!5>/!'9))1/:7;/J!#>/!=2H5!52!;/695!%\SI$$#!3;20/)!52!B/!522!>9Q>C!

74)!95H!=2'31/R95N!3;/0/45H!74N!5/457590/!52!g;/317=/g!H2'/!37;5H!26!5>/!=2)/J!

#>/;/62;/C!:/!42:!7;/!:2;[94Q!24!%12()I$#C!7!4/:!I$#!9'31/'/4575924!5>75!79'H!52!H(==//)!%\SI$$#!

:>91/!3;209)94Q!'(=>!B/55/;!'79457947B9195N!74)!61/R9B9195NJ!

N4- >%,3?*&2<'32%,&'(&)$'10H.!&

#>/!)9H=(HH924H! 5>75! 62112:! 5>/!)/=9H924! 52!)/0/123!%12()I$#! 1/7)! 52! 5>/!)/69495924!26! H2'/!)/H9Q4!

;(1/H!5>75!'(H5!Q(9)/!5>9H!)/0/123'/45!74)!6(5(;/!:2;[Ha!

• V#8W!%12()I$#!'(H5!B/!94)/3/4)/45!26!74N!*8*!'9))1/:7;/J!#>9H!=>29=/!7112:H!6(5(;/!:2;[H!

52!5/H5k9'31/'/45!)966/;/45!*8*!20/;17NHC!7)73594Q!5>/;/62;/!52!5>/!/R/=(5924!/409;24'/45!

74)!73319=75924!;/?(9;/'/45HJ!

• V#JW' -2)(17;95N! 9H! /HH/45971J! %12()I$#! '(H5! B/! 7B1/! 52! /0210/! 74)! 7)735! 52! )966/;/45!

H95(75924Hk/409;24'/45H! 5>;2(Q>! 5>/! =2'32H95924!26!4/:!%12()I$#!'2)(1/HJ!%12()I$#! H>711!

7112:! 5>/! (H/;H! 52! g;/317=/g! /1/'/45H! 6;2'! 5>/! %12()I$#! gH57=[g! :95>2(5! 94)(=94Q!

'2)969=75924H!24!5>/!%12()I$#!H2(;=/!=2)/J!

• V#9W!#>/!6(4=592471959/H!26!7!%12()I$#!'2)(1/!'7N!B/! 9'31/'/45/)! 94!)966/;/45!:7NHC!(H94Q!

)966/;/45!71Q2;95>'H!74)!5221HJ!&!H/7'1/HH!945/Q;75924!26!)966/;/45!9'31/'/4575924H!;/?(9;/H!

5>/! (H/! 26! :/11<)/694/)! 945/;67=/H! 5>75! H3/=96N! 711! '/5>2)H! (H/)! 24! 5>/! =2''(49=75924!

B/5://4!'2)(1/HJ!

• V#NW' "5;24Q! =2(3194Q! B/5://4!'2)(1/H! H>711! B/! 7029)/)J! $)/711NC! 5>/! (H/;! H>711! B/! 7B1/! 52!

=2'32H/!5>/!%12()I$#!gH57=[g!5>;2(Q>!7!3;23/;5N!691/!2;!;(459'/!37;7'/5/;HJ!

#>/! ;/?(9;/'/45! d,Fe!=2'/H!)9;/=51N! 6;2'!5>/!2BH/;075924! 5>75!7! ;9Q9)!)/3/4)/4=N!24!7!Q90/4!*8*!

'9))1/:7;/!'7N! B12=[! 6(5(;/! 9'3;20/'/45H! 52! 5>/! HNH5/'J! $4)//)C!:/! H>711! B/! 7B1/! 52! 3;209)/! 7!

=2'3(594Q! 6;7'/:2;[! 5>75! 19/H! 24! 523! 26! 5>/! '2H5! 7)/?(75/! '9))1/:7;/! 62;! 7! Q90/4! /R/=(5924!

/409;24'/45J! &H! 3/;07H90/! 4/5:2;[H! 5/4)! 52! 07;N! 7! 125! 94! 5>/9;! ;/?(9;/'/45H! 74)! =737B91959/HC! 5>/!

4/5:2;[!1/0/1!'(H5!B/!7B1/!52!7BH5;7=5!9'31/'/4575924!H3/=969=959/H!74)!7112:!5>/!(H/!26!74N!H21(5924!

5>75! =2'319/H! :95>! 5>/! /R/=(5924! /409;24'/45J! "2'/! /R7'31/H! 26! 5>9H! 07;97B9195N! 94=1()/! 424<

B;27)=7H594Q!4/5:2;[HC!3;2R9/HC!5(44/194Q!74)!/0/4!5>/!H(332;5!52!H>7;/)<'/'2;N!=2''(49=75924HC!

96!H(332;5/)!BN!5>/!/409;24'/45J!

#>/! ;(1/! d,8e! 9H! 71H2! 7! 3;/;2Q7590/! 52! /4H(;/! 5>/! /021(5924! 74)!'79457947B9195N! 26! 5>/!317562;'J!TN!

;/1N94Q!24!7!'2)(17;!)/H9Q4C!5>/!)966/;/45!'2)(1/H!5>75!=2'32H/!5>/!%12()I$#!H57=[!'7N!B/!;/317=/)!

BN! 4/:!'2)(1/H! 5>75! 3;209)/! 7))9592471! 6/75(;/H! 2;! 5>75! H(332;5! H3/=969=! ;/?(9;/'/45H! 6;2'! 5>/!

/409;24'/45! 2;! 5>/! 73319=75924J! #>9H! ;/?(9;/'/45! 71H2! ;/9462;=/H! 5>/! /R312;752;N! ;21/! 26! %12()I$#C!

7112:94Q!5>/!=2'37;9H24!B/5://4!)966/;/45!'2)(1/HC!71Q2;95>'H!2;!4/5:2;[HJ!



"#$%!&'"()!*+,!-&,+! ./0/123'/45!26!7!*8*!-9))1/:7;/!62;!-73<,/)(=/!

!

-"."/0%(*'%()*+% %*7%

#>/!;/?(9;/'/45!d,Ge!9'32H/H!5>/!4//)!26!:/11<)/694/)!945/;67=/H!62;!/7=>!'2)(1/k1/0/1J!TN!;/1N94Q!

24!945/;67=/H!94H5/7)!26!g>7;)<:9;/)g!;/6/;/4=/HC!:/!425!241N!Q(7;745//!5>/!'2)(17;95N!;/?(9;/)!24!

d,8e!B(5!71H2!3;209)/!5>/!Q;2(4)!62;!;/?(9;/'/45!d,beJ!

I94711NC! 5>/! ;/?(9;/'/45! d,be! H575/H! 5:2! )966/;/45! )/H9Q4! ;(1/HJ! #>/! 69;H5! 24/! 9H! 37;59711N! 7!

=24H/?(/4=/! 26! 5>/! 3;/092(H! ;/?(9;/'/45HC! B(5!'(H5! B/! ;/H575/)! 52! ;/=711! Q22)! )/H9Q4! 3;7=59=/HJ!

$4)//)C! 5>/! 1/HH! =2(3194Q! /R9H5H! 24! 7! =2)/C! 5>/!'2;/! 61/R9B1/! 95! B/=2'/HC! ;/?(9;94Q!'949'71! 2;! 42!

'2)969=75924H!94!5>/!=7H/!26!'2)(1/!;/317=/'/45J!&H!7!)/H9Q4!Q271!711!'2)(1/H!H>711!B/!94)/3/4)/451N!

94H5745975/)! 74)! =2'B94/)C! 74)! 5>/! =2'32H95924! 26! 5>/!'2)(1/H!'7N! B/! Q(9)/)! BN! 5>/! /4)! (H/;!

5>;2(Q>!/R5/;471!5221H!19[/!3;23/;59/H!691/HC!:95>2(5!74N!'2)969=75924!24!5>/!H2(;=/!=2)/J!

N48 .@=$%@%*+3*?&)$'10H.!&P&F/2<3+%2+1/%&

#>/!)/H9Q4!26! %12()I$#! 7;=>95/=5(;/! 62112:H! 5>/! ;/?(9;/'/45H! H575/)! 94! "/=5924! bJFC! /H3/=9711N! d,Fe!

74)!d,8eJ!#>/!7;=>95/=5(;/!:/!3;232H/! 9H! 94H39;/)!24!5>/!H57=[!'2)/1H! 6;2'!#%*k$*!74)!\"$C!74)! 9H!

3;/H/45/)!94!I9Q(;/!DJ!I2;!94H574=/C!:/!)/694/)!62(;!H57=[!17N/;H!5>75!;/3;/H/45!)966/;/45!6(4=59247195N!

17N/;H!(H(711N!62(4)!24!5>/H/!3;252=21H!'2)/1Ha!A(4T2)XC!!)24212BC!:()*-1(!74)!&..B-1+4-25J!

!

!

G-C0)('?'$'=B20/G<;',4+1X'+5/',26('.)2424Y.('62/0B(,'

#>/! A(4T2)X' B+Y()! 9H! ;/H324H9B1/! 62;! 5>/! 945/;67=94Q! :95>! 5>/! (4)/;1N94Q! HNH5/'J! $5H! '794!

;/H324H9B9195N! 9H! 52! 7)735! 52! 5>/! )966/;/45! *8*!'9))1/:7;/H! ]'2H51N! 3;209)/)! 7H! G
;)
! 37;5! 19B;7;9/H^C!

3;209)94Q!'/HH7Q/!/4=73H(175924k)/=73H(175924!74)!7!H/5!26!B7H9=!=2''(49=75924!3;9'9590/H! ]7)'BC!

7)'B&**C!/5=J^J!#>9H!17N/;!71H2!)/71H!:95>!H52;7Q/!H21(5924H!]12=71!691/HC!.c#HC!)757B7H/HC!=12()!H52;7Q/^!

5>75!'7N!B/!266/;/)!52!5>/!(33/;<17N/;HC!74)!9'31/'/45H!B7H9=!H52;7Q/!3;9'9590/H!]2)5BC!12#-)C!B)*)-)C!

/5=J^J!
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!

-"."/0%(*'%()*+% %*8%

#>/!!)24212B' B+Y()! 9H! 5>/! 69;H5! g/45;Ng! 17N/;!26!%12()I$#!'/HH7Q/HJ! $5H! ;21/H! 94=1()/! 5>/!B(66/;94Q!26!

94=2'94Q!'/HH7Q/H!74)!5>/!)/190/;N!26!'/HH7Q/!52!5>/!733;23;975/!(33/;<1/0/1!H/;09=/HJ!I2;!94H574=/C!

7! H/;09=/! gH(BH=;9B/Hg! 52! 5>9H! 17N/;! :95>! 7! (49?(/! 9)/45969/;J! #>9H! 9)/45969/;! :911! B/! (H/)! 52! )9;/=5!

94=2'94Q!'/HH7Q/H!52!5>/!;9Q>5!H/;09=/C!74)!71H2!7112:!5>/!=2''(49=75924!B/5://4!H/;09=/H! 94H9)/!

5>/! H7'/! 42)/J! &H! 5>/! '2)(1/! 6;2'! 5>9H! 17N/;! 317NH! 7! =/45;71! ;21/! 94! 5>/! 20/;711! 6;7'/:2;[! 52!

=244/=5! H/;09=/H! 74)! 12:<1/0/1! '2)(1/HC! 95H! ;21/! =74! B/! =2'37;/)! 52! 5>75! 26! 74! \BZ/=5! ,/?(/H5!

T;2[/;C!2;!H/KJ!

#>/!:()*-1('B+Y()!9H!=2'32H/)!BN!'2H5!26!5>/!H(332;5!H/;09=/H!5>75!=245;9B(5/!52!5>/!/R/=(5924!26!7!

)9H5;9B(5/)!=2'3(594Q!73319=75924J!#>/!'949'71!H/;09=/!'2)(1/!9H!5>/!E+AA"'#-LC!74!7BH5;7=5924!26!

5>/! *8*! 4/5:2;[! ;/H324H9B1/! BN! 5>/! )/312N'/45! 26! 5>/! =2'3(594Q! Z2BH! 74)! 5>/! '747Q/'/45! 26!

42)/H! /0/45H! ]Z29494QC! 1/7094Q^J! &))9592471! H/;09=/H! 94=1()/!,"=A#77#+'! 74)!M#7"5*#$5-#+'! 6;245/4)HC!

:>9=>!7112:!'2;/!61/R9B9195N!24!5>/!(H/!26!5>/!6;7'/:2;[J!\5>/;!H/;09=/H!5>75!=74!B/!=;/75/)!94=1()/!

7!g4/5:2;[!2BH/;0/;gC!:>9=>!5;9/H!52!/H59'75/!5>/!4('B/;!26!42)/H!]74)!=2;/H^!94!5>/!4/5:2;[!]94!7!

*8*!4/5:2;[!95!9H!>7;)!52!>70/!7!)/5/;'949H59=!071(/^J!

I94711NC!7!'794!Z2B!'747Q/;!74)!24/!2;!'2;/!_2;[/;H!=2'32H/!5>/!&..B-1+4-25'Z+Y()J!#>/!4('B/;!

26!D+2?)27!)/3/4)H!24!5>/!42)/H!=737B91959/H!74)!73319=75924!;/?(9;/'/45HJ!_2;[/;H!7;/!'747Q/)!

BN! 7! =17HH! =711/)! >92)5B,+*0)J! +7=>! >92)5B,+*0)! 9H! ;/H324H9B1/! 62;! 24/! Z2B! 94H574=/C! =211/=594Q! 5>/!

37;5971!;/H(15H!6;2'!5>/!)966/;/45!57H[H!/R/=(5/)!BN!5>/!42)/qH!_2;[/;H!2;!BN!25>/;!42)/HC!7H!:/11!7H!

H(''94Q<(3!5>/!57H[H!;/H(15H!52!3;2)(=/!5>/!Z2B!69471!;/H(15!]H9'917;!52!5>/!%2'B94/!3>7H/!24!-73<

,/)(=/^J!

N4I .@=$%@%*+3*?&)$'10H.!&P&H3/,+&=/'+'+J=%&

&!69;H5!3;2525N3/!26!%12()I$#!>7H!B//4!3;2)(=/)!94!/7;1N!p(1N!8AFGJ!I2;!5>9H!69;H5!3;2525N3/C!:/!B7H/)!

5>/!4/5:2;[!17N/;!24!5>/!*8*!19B;7;N!+7HN*7H5;N!dUeC!:>9=>!9H!7!H9'31/!:;733/;!7;2(4)!I;//*7H5;N!74)!

5>/!T(4H>94!.c#!dDe!H52;7Q/!H21(5924J!!

I;//*7H5;N!9H!74!23/4<H2(;=/!9'31/'/4575924!26!5>/!*7H5;N!*8*!20/;17NC!:>9=>!9H!H5;(=5(;/)!7;2(4)!7!

12Q9=71!;94Q!523212QNJ!+7=>!42)/!9H! 9)/45969/)!BN!7!(49?(/![/NC!:95>!7!8
FUA
![/NH37=/!]"c&<F^J!#>/![/N!

'7N! B/! ;74)2'1N! Q/4/;75/)! 2;! 62112:! 7! 3;/)/694/)! 7;;74Q/'/45C! 19[/! :>/4! (H94Q! 5>/!

N:@+B)NBO58-+2L!'/5>2)J!,2(594Q!26!'/HH7Q/H!=74!B/!)24/!:95>!)9;/=5!'/HH7Q/H!]96!24/!)2/H![42:4!

5>/!$.!26!5>/!)/H59475924^!2;!5>;2(Q>!g=12H/H5!'75=>94Qg!;2(594QC!9J/JC!5>/!'/HH7Q/!:911!B/!)/190/;/)!52!

5>/!42)/!:95>!5>/!=12H/H5!$.C!7H!911(H5;75/)!94!I9Q(;/!VJ!!
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!

-"."/0%(*'%()*+% %*9%

!

G-C0)('['$'!+,4)Y')204-5C'6(1D+5-,6'VJW'

_>91/! I;//*7H5;N! 3;209)/H! 711! /1/'/45H! 4/=/HH7;N! 52! /H57B19H>! 7! *8*! 20/;17N! ]74)! /0/4! 7))9592471!

H/;09=/H!19[/!5>/!*&"#!.c#!74)!5>/!"=;9B/!Q;2(3!=2''(49=75924!5221^C!2(;!755/45924!:7H!);7:4!52!7!

=2'31/'/457;N! 19B;7;N! =711/)! +7HN*7H5;N! dUeJ! S25! 241N! +7HN*7H5;N! H9'31969/H! 5>/! 94959719Y75924! 26! 7!

*7H5;N! 4/5:2;[! ]5>;2(Q>! 7! I7r7)/! 3755/;4^C! 95! 71H2! 94=1()/H! 7! )966/;/45! .c#C! =711/)! T(4H>94! dDeJ!

%245;7;91N! 52!'2H5!.c#HC!T(4H>94! 9H! H(332H/)! 52! H(332;5!)757! ;/319=75924C!:>9=>! =74!B/!/R5;/'/1N!

(H/6(1!94!7!0217591/!/409;24'/45!19[/!5>/!3/;07H90/!4/5:2;[HJ!!

I2;! 5>/H/! ;/7H24HC! 5>/! 69;H5! 3;2525N3/! =;/75/)! 7! @)-1+2?&B5;-)2! 74)! 7! ,-+25()&B5;-)2! 7;2(4)!

+7HN*7H5;NC! 7H! 911(H5;75/)! 94! I9Q(;/! @J! &! H/=24)7;N! ,-+25()&B5;-)2! :95>! 12=71! 691/! H52;7Q/!:7H! 71H2!

9'31/'/45/)J!!

#>/! 62112:94Q! 17N/;C! !)24212BC! 9H! ;/3;/H/45/)! 94! I9Q(;/! FAJ! #>/! E+2)H/K! =17HH! 945/;'/)975/H! 5>/!

=2''(49=75924!B/5://4!5>/!25>/;! 17N/;HC!74)! 9H!7HH9H5/)!BN!7!E+2)P")")! =17HHC! ;/H324H9B1/!BN! 5>/!

;/=/35924!26! 94=2'94Q!'/HH7Q/H!74)!5>/!)/190/;N!26! 5>/!'/HH7Q/H!52!5>/!;9Q>5!H/;09=/J! $4H5/7)!26!7!

H9'31/!\BH/;0/;!3755/;4!5>75!425969/H!711!2BH/;0/;H!5>75!H(BH=;9B/)!5>/!?(/(/C!:/!(H/)!74!7HH2=975924!

26!'/HH7Q/! )/190/;N! 74)! Q505I8+'8"22)'-! =17HH/H! 52! 42596N! 241N! 5>/! H/;09=/! 5>75! 9H! =24=/;4/)! BN! 7!

Q90/4! '/HH7Q/J! #>9H! '/=>749H'! 7112:H! 7! B/55/;! 5>;/7)! '747Q/'/45J! $4)//)C! :>/4! E+2)P")")!

)/190/;H!7!'/HH7Q/!52!7!H/;09=/C!95!3(5H!5>/!'/HH7Q/!94!5>/!H/;09=/!2:4!&8-#0)P")")C!:>9=>!9H!7:7[/4!

74)!=74!H57;5!3;2=/HH94Q!5>/!'/HH7Q/J!!

$4!5>/!/R7'31/!6;2'!I9Q(;/!FAC!7!%2''(495N!H/;09=/!>7H!74!7HH2=975/)!&8-#0)P")")C!:>9=>!9H!6/)!BN!

E+2)H/KRSE+2)P")")!:>/4!7!<+=4)775()!7;;90/H!]<+=4)775()!9H!/4=73H(175/)!94H9)/!7!'2;/!Q/4/;9=!

4)775()!2BZ/=5^J!

#>74[H!52!E+2)H/K!74)!E+2)P")")C!H/0/;71!H/;09=/H!'7N!19/!24!523!26!5>/!*;252=21!17N/;J!$4)//)C!24/!

26! 5>/! '794! H/;09=/H! 94! 2(;! 3;2525N3/! 9H! 5>/! E+AA"'#-L! H/;09=/C! :>9=>! 9H! ;/H324H9B1/! BN! 5>/!

'747Q/'/45!26!4/:!Z2BH!74)!5>/!/R=>74Q/!26!57H[H!;/H(15H!7'24Q!5>/!)9H5;9B(5/)!:2;[/;HJ!!

!

d46a1c

Route(d46a1c)

d462ba

d4213f

d13da3

65a1fc

d467c4

d471f1

O 2128 - 1

Figure 2. Routing amessage from

node with key . The
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!

G-C0)('\'$'<6.B(6(54+4-25'2F'+'A(4T2)X'B+Y()'+/+.4()'

!

!

G-C0)('8>']'<54()+14-25'7(4T((5'!)24212B'B(*(B'+5/':()*-1('Z(*(B'
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!

-"."/0%(*'%()*+% %()%

$4! I9Q(;/! FFC! :/! =74! 9)/4596N! 5>/! '794! =2'324/45H! 26! 5>/! E+AA"'#-L! H/;09=/C! 7H! :/11! 7H! H2'/!

/1/'/45H!6;2'!5>/!&3319=75924!17N/;J! $4)//)C!5>/!E+AA"'#-L!H/;09=/!:911!'747Q/!5>/!H(B'9HH924!26!

4/:! Z2BH! BN! 7HH9Q494Q! 7! >92)5B,+*0)! 94H574=/! 52! /7=>! Z2BJ! #>/! &8-#0)P")")! 7HH2=975/)! 52! 5>/!

E+AA"'#-L!H/;09=/!:911!71H2!)/190/;!57H[!'/HH7Q/H!52!5>/!=2;;/H324)94Q!>92)5B,+*0)!]5>/H/!'/HH7Q/H!

=245794!'2H51N!5>/!;/H(15H!6;2'!57H[H!/R/=(5/)!94!)9H5745!'7=>94/H^J!!

_>/4!7!>92)5B,+*0)!9H!H57;5/)C!95!:911!Q/5!5>/!73319=75924!37;7'/5/;H!]=17HH!52!/R/=(5/C!=2''74)<194/!

37;7'/5/;HC!/5=J^!74)!H57;5!7!3221!26!:2;[/;HJ!I2;!5>/!'755/;!26!3/;62;'74=/C!5>/!3221!26!:2;[/;H!9H!

)/694/)!52!695!5>/!4('B/;!26!=2'3(594Q!=2;/H!24!5>/!42)/J!!

\4! 5>/! 3;2525N3/C! 7! H9'31/! g;74)2'g! H=>/)(1/;! 9H! (H/)! 52! 3;/0/45! 711! 42)/H! /R/=(594Q! 5>/! H7'/!

57H[Ha!5>/!57H[!19H5! 9H!H>(661/)!75!/7=>!'7=>94/C!;/H(1594Q!94!7!)966/;/45!57H[!2;)/;!52!/R/=(5/J!I(5(;/!

0/;H924! H>711! 7112:! 5>/! 7))95924! 26! 25>/;! H=>/)(194Q!'/=>749H'HC! 7112:94Q! 62;! /R7'31/! 7! =245/R5<

7:7;/!H=>/)(1/!26!5>/!57H[HJ!

_>91/!5>/!>92)5B,+*0)!9H!;/H324H9B1/!62;!5>/!'794!7)'949H5;75924!26!5>/!Z2B!/R/=(5924C!95!9H!5>/!;21/!26!

5>/!:2;[/;H!52!/R/=(5/!74!73319=75924!=17HH!)/;90/)!6;2'!&;;*#85-#+'N'-)2.58)J!.966/;/45!07;9745H!19[/!

C#7-2#="-)B!74)!E)'-25*#$)B!7;/!7BH5;7=5!=17HH/H!)/;90/)!6;2'!&;;*#85-#+'N'-)2.58)! 5>75!H/5!5>/!B7H9H!

26!/7=>!07;9745!23/;75924J!!

&5!5>/!/4)!26!/7=>!57H[!/R/=(5924C!5>/!H575(H!26!5>/!57H[!9H!(3)75/)!74)!5>/!57H[!;/H(15!9H!B;27)=7H5/)!

52! 5>/! 25>/;! 42)/H! (H94Q! >57?,-5-"74)775()7J! #>9H! /4H(;/H! 5>75! 711! 42)/H! =2117B2;75/! 74)! 7029)!

)(319=75/!:2;[J!"9'917;1NC!;/H(15H!;/=/90/)!6;2'!25>/;!'7=>94/H!:911!(3)75/!5>/!57H[!H575(HJ!_>/4!711!

57H[H! 7;/! )24/C! 5>/!>92)5B,+*0)! =17HH!'7N! =2'3(5/! 5>/! p2B! ;/H(15C!:>9=>!:911! B/! H52;/)! (H94Q! 5>/!

;/H2(;=/H!6;2'!5>/!H52;7Q/!17N/;J!



"#$%!&'"()!*+,!-&,+! ./0/123'/45!26!7!*8*!-9))1/:7;/!62;!-73<,/)(=/!

!
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!

G-C0)('88'$'=26605-4Y':()*-1('+5/'4D('Q2)X(),'

!

N4N 5/'+'+J=%&%;"$1"+3'*&

!

#>/! 69;H5! 3;2525N3/! :7H! 5/H5/)! 94! 3;/37;75924! 62;! 5>/! G*`%$%! =246/;/4=/! dFDeC! 74)! =2'37;/H! 5>/!

3/;62;'74=/!26!%12()I$#!7Q794H5!c7)223C!(H94Q! 5>/!D+2BE+"'-! 73319=75924J!#>/!/R3/;9'/45H!:/;/!

=24)(=5/)!20/;!FU!'7=>94/H!24!5>/!c/192H!=1(H5/;!6;2'!5>/!`;9)qEAAA
F
!4/5:2;[J!+7=>!'7=>94/!6;2'!

5>/!c/192H!=1(H5/;! 9H!=2'32H/)!BN!8!&-.!\35/;24!8DE!8J8`cY!%*OHC!525719Y94Q!b!=2;/H!3/;!42)/J!&!

`9Q7B95!+5>/;4/5!945/;=244/=5H!5>/!42)/HJ!!!!

I2;! 5>/! /R3/;9'/45HC! :/! /071(75/! 5>/! 3/;62;'74=/! 26! B25>! %12()I$#! 74)! c7)223! H21(5924H! :>/4!

07;N94Q!5>/!52571!7'2(45!26!)757!74)!5>/!4('B/;kH9Y/!26!943(5!691/HJ!I2;!/7=>!)757!H9Y/C!:/!'/7H(;/!G!

)966/;/45!943(5!H3195Ha!24/!H94Q1/!691/C!F-T!H3195H!74)!EF8[T!H3195HJ!#>/!;/7H24!62;!H(=>!733;27=>!9H!52!

7471NY/! 5>/! 9'37=5!26! 5>/! 943(5! 691/H!24! 5>/!'73! H5/3! 6;2'!B25>! H21(5924HJ! I2;! 5>/! 943(5!)757C!:/!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
F
!>553akk:::JQ;9)EAAAJ6;!

8
!>553akk:::JQ(5/4B/;QJ2;Qk:9[9k`(5/4B/;Qa#>/s%.s74)s.j.s*;2Z/=5!
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=>2H/!5>/!T"-)'=)2(%:2+Q)8-%,8#)'8)%O#8-#+'%K++?79)*.%EC
U
C!:>9=>!=245794H!'2;/!5>74!8AA!B22[H! 94!

5/R5! 62;'75J!#>/!;/H(15H!3;/H/45/)!24!I9Q(;/H!I9Q(;/!F8I9Q(;/!FGI9Q(;/!Fb!;/3;/H/45!5>/!'/)974!26!

5>/!3/;62;'/)!'/7H(;/H!62;!bC!V!74)!FU!42)/HC!;/H3/=590/1NJ!!

!

G-C0)('8J'$'=B20/G<;'*,'O+/22.'$'N'52/(,'

!

G-C0)('89'$'=B20/G<;'*,'O+/22.'$'['52/(,'

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
8
!>553akk:::JQ(5/4B/;QJ2;Qk:9[9k`(5/4B/;Qa#>/s%.s74)s.j.s*;2Z/=5!
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EAAAA!

FAAAAA!

FEAAAA!

8AAAAA!

8EAAAA!

GAAAAA!

GEAAAA!

bAAAAA!
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!

-"."/0%(*'%()*+% %(+%

!

G-C0)('8N'$'=B20/G<;'*,'O+/22.']'8R'52/(,'

!

_>/4! 7471NY94Q! 5>/! '/7H(;/HC! 5:2! '7Z2;! H=/47;92H! 7;9H/a! 62;! H'711! )757! 021('/HC! 2(;! 3;2525N3/!

2(53/;62;'H!c7)223C!:>91/!c7)223!3/;62;'H!'(=>!B/55/;! 62;! 17;Q/!)757!H/5HJ! $4!5>/!69;H5!H=/47;92C!

5>9H! 9H!'2H51N!)(/!52!%12()I$#! 19Q>5:/9Q>5!'9))1/:7;/J!c2:/0/;C!:>/4!5>/!)757!021('/!7(Q'/45HC!

:/!2BH/;0/!7!>(Q/!3/;62;'74=/!H12:)2:4C!/0/4!96!H2'/59'/H!%12()I$#!H(==//)H!52!3/;62;'!B/55/;!

5>74!c7)223!]7H!94!5>/!=7H/!26!I9Q(;/!FGC!:95>!Ub-T!26!)757^J!!!

$40/H59Q75924!H>2:H!5>75!5>9H!9H!)(/!52!5>/!57H[!(3)75/!3755/;4!(H/)!24!5>/!.9H5;9B(5/)!'2)/C!:>9=>!

20/;127)H! 5>/! 52[/4! 37HH94Q!'/=>749H'H! 74)! =;/75/H! 7! B2551/4/=[J!-2;/! H3/=969=711NC! 5>/! =(;;/45!

9'31/'/4575924! 26! %12()I$#!.9H5;9B(5/)!'2)/! H3;/7)H! ;/H(15H! (H94Q! gH/;09=/g! 17N/;!'/HH7Q/Ha! ! 5>/!

H7'/! '/HH7Q/H! 5>75! 7;/! (H/)! 52! [//3! 42)/H! (3)75/)! 7B2(5! 5>/! 57H[H! =2'31/5924! 7;/! (H/)! 52!

5;74H'95!5>/!57H[H!;/H(15HJ!I2;!H'711!)757!H/5H!5>9H!3;2=/)(;/!32H/H!42!3;2B1/'!B(5!:>/4!5>/!7'2(45!

26!)757!Q;2:HC!5>/!H/;09=/!17N/;!B/=2'/H!20/;127)/)J!&H!7!=24H/?(/4=/C!42)/H!6949H>!BN!=2'3(594Q!

'2H5!26!5>/!57H[H! 12=711N!B/=7(H/!6/:!(3)75/H!7;/!7B1/!52!;/7=>!52!5>/!25>/;!42)/HJ!#>/!;7;/!=7H/H!

:>/;/!57H[H!H(==//)!52!B/!)966(H/)C!7H!94!5>/!=7H/!6;2'!I9Q(;/!FGC!H//'!52!0719)75/!5>/!945/;/H5!26!5>/!

6;7'/:2;[J!!!

N4Q R'B&+'&.@=/';%&>"+"&!/"*,(%/&

&H!5>/!3/;62;'74=/!3;2B1/'!9H!)(/!52!5>/!20/;127)!26!5>/!gH/;09=/g!4/5:2;[C!5>/!H21(5924H!62;!5>9H!

3;2B1/'!37HH/H! BN! 5>/! (H/! 26! H3/=969=! )757! /R=>74Q/! =>744/1HC! =;/75/)! 24<)/'74)! BN! 42)/H! 5>75!

:9H>!52!=2'31/5/!5>/9;!)757!H/5H!765/;!;/=/9094Q!74!(3)75/!'/HH7Q/J!!

I;//*7H5;N!3;232H/H!7!H21(5924! 62;!'7HH90/!)757! 5;74H6/;H!7'24Q!42)/H! 5>;2(Q>! 5>/!(H/!26!3;9075/!

=>744/1H![42:4!7H!&;;*#85-#+',+8?)-7J!&;;*#85-#+',+8?)-7!7;/!/H3/=971!=2''(49=75924!=>744/1H!5>75!

7;/!/H57B19H>/)!24!74!/4)<52</4)!B7H/C!74)!5>75!)2!425! 945/;6/;/!:95>!5>/!'794!H/;09=/!'/HH7Q94QJ!

#>/!/H57B19H>'/45!26!74!&;;*#85-#+',+8?)-!;/?(9;/H!5>/!H/;0/;!H9)/!52!B/!94!7!g7==/35g!'2)/!74)!5>/!

=19/45! H9)/!'(H5! [42:! 5>/! $.! 26! 5>/! H/;0/;! 42)/! ]62;! 94H574=/C! 5>/! *7H5;N!@+B)J5'B*)% 9)/45969/;^J!

&==2;)94Q! 52! *7H5;N! )2=('/4575924C! 5>/! &;;*#85-#+',+8?)-! B/4/695H! 6;2'! *7H5;N! '/=>749H'H! 52!

5;70/;H/!69;/:711H!74)!S&#J!#>/;/62;/C!5>/!7))95924!26!&;;*#85-#+',+8?)-7!;/?(9;/H!7!4/:!3;252=21!52!

A!

FAAAAA!

8AAAAA!

GAAAAA!

bAAAAA!

EAAAAA!

UAAAAA!

DAAAAA!

VAAAAA!

8%' J%' N%' [%' 8R%' 9J%' RN%'

;
-6

(
'^
6
,_
'

`2B06('2F'/+4+'+5+BYM(/'

=25a-4$P8JX'

=25a-4$8%'

=25a-4$b%'

O+/22.$P8JX'

O+/22.$8%'

O+/22.$b%'
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!

-"."/0%(*'%()*+% %(5%

/R=>74Q/! (3)75/H! 7'24Q! 57H[HJ! $4H5/7)! 26! )9;/=51N! B;27)=7H594Q! 5>/! ;/H(15H! 26! /7=>! 57H[C!:/! H>711!

H3195!5>/!(3)75/!94!5:2!H5/3Ha!!

FJ T;27)=7H594Q!5>/!g%\-*X+#+.g!H575(H!26!7!57H[C!7H!:/11!7H!5>/!$.!26!42)/!5>75!>7H!5>/!;/H(15H!

8J &=?(9;94Q!5>/!57H[!;/H(15H!)9;/=51N!6;2'!5>/!gH/;0/;gC!5>;2(Q>!&;;*#85-#+',+8?)-7J!

&H!5>9H!H21(5924!9H!H3/=969=!52!I;//*7H5;N!]/0/4!96!25>/;!*8*!'9))1/:7;/H!H>711!>70/!H9'917;!H21(5924H^C!

:/!7;/! H5911!)/=9)94Q!24!>2:!52! 9'31/'/45! 95!:95>2(5!09217594Q! ;/?(9;/'/45!,FJ!#>/!'794!)9669=(15N!

;/H9)/H! 24! 5>/! 67=5! 5>75! H(=>! H3/=969=! H21(5924!'(H5! B/! =245794/)! 94! 5>/!S/5:2;[! 17N/;C! 94! H395/! 26!

)/7194Q!:95>!57H[H!;/H(15H!]5>75!B/124Q!52!5>/!&3319=75924!17N/;^J!TN!(H94Q!H3/=969=!'/HH7Q/!H9Q475(;/H!

];/?(/H5!'/HH7Q/H^!74)!7112:94Q!12:/;!17N/;H!52!7==/HH!(33/;<17N/;!)757C!:/!'7N!19'95!5>/!9'37=5!26!

5>9H! H21(5924! 74)! [//3! %12()I$#! =2'3759B1/! :95>! ;/?(9;/'/45! ,FJ! $4! 5>/! 4/R5! ://[H! :/! H>711!

/R3/;9'/45!5>9H!H21(5924C!:>9=>!:911!B/!62112:/)!BN!25>/;!B/4=>'7;[HJ!&!=2'37;9H24!:95>!B7H9=!#%*!

H2=[/5H!9H!71H2!32HH9B1/J!

&4!715/;47590/!52!5>9H!H21(5924!71H2!/R9H5HC!37HH94Q!5>;2(Q>!5>/!H52;7Q/!HNH5/'J!$4)//)C!5>/!(H/!26!74!

/R5/;471! H>7;/)!H52;7Q/!'/)9('! 19[/!7!.c#!:911! 7112:!:2;[/;H! 52! H>7;/! 5>/! ;/H(15H!26! 5>/! 57H[HC!711!

:>91/!'949'9Y94Q!5>/!12=71!H52;7Q/!;/?(9;/'/45HJ!#>9H!H21(5924!>2:/0/;!4//)H!52!B/!B/55/;!/071(75/)!

7H! 5>/! (H/! 26! 74! /R5/;471! H52;7Q/! 7))H! 7! 424<4/Q19Q9B1/! 20/;>/7)! 52! 7==/HH! 5>/! )757C! :>9=>! '7N!

092175/!24/!26!5>/!'794!6/75(;/H!26!c7)223C!9J/JC!;/9462;=/!)757!12=7195N!52!H3//)(3!5>/!;/)(=/!3>7H/J!!

#>/;/62;/C!5>/!4/R5!:2;[H!24!%12()I$#!H>711!9'31/'/45!B25>!733;27=>/H!74)!=2'37;/!5>/'J!

! !
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!

Q )'*2$1,3'*,&

$4!5>9H!)2=('/45C!:/!>70/!7471NY/)!5>/!'794!;/?(9;/'/45H!52!)/0/123!7!*8*!'9))1/:7;/!=737B1/!26!

;(4494Q!-73,/)(=/!Z2BHJ!#>9H!7471NH9H!1/7)H!(H!52!)/694/!>2:!-73,/)(=/<B7H/)!73319=75924H!=2(1)!

B/!)/312N/)!24!7!=2'31/5/1N!)9H5;9B(5/)!=2'3(594Q!/409;24'/45C!24/!26!5>/!Q271H!26!5>/!*+,<-&,+!

3;2Z/=5J!

\(;!9495971!/662;5H!52!;(4!-73,/)(=/!=24=/45;75/!24!5>/!%246995!'9))1/:7;/!dGC!EeC!:>2H/!g37;7)9Q'g!

I$$#!=74!/7H91N!7==2''2)75/!5>/!-73,/)(=/!37;7)9Q'J!_>91/!%246995!)/0/123/)!H/0/;71! 945/;/H594Q!

3;23/;59/H!20/;!5>/!N/7;HC!95!3;20/)!52!B/!522!(4;/197B1/!52!H(332;5!5>/!*+,<-&,+!)/0/123'/45HJ!I2;!

5>9H!;/7H24C!:/!)/=9)/)!52!B/Q94!7!4/:!*8*!=2'3(594Q!'9))1/:7;/C!47'/)!%12()I$#J!_>91/!%12()I$#!

9H! 94H39;/)! 24! %246995C! 95! 9H! )/H9Q4/)! 52! B/! '(=>! '2;/! '2)(17;! 74)! 61/R9B1/! 5>75! 95H! 3;/)/=/HH2;C!

7112:94Q! 62;!/R7'31/! 5>/!7))95924!26! 73319=75924<H3/=969=!'2)(1/HC! 74)! 5>/! 94)/3/4)/4=N! 6;2'! 5>/!

*8*!20/;17N!5/=>4212QNJ!!

#>9H!)/190/;7B1/!3;/H/45H!%12()I$#!'794!7;=>95/=5(;/!74)!5>/!)/0/123'/45!)9;/=5924H!];/?(9;/'/45H^!

:/! H/5! 52!/4H(;/! 95H!3;23/;59/HJ!&! 69;H5!3;2525N3/!26!%12()I$#! 9H!3;/H/45/)! 94! 5>9H! ;/32;5C!(H94Q! 5>/!

I;//*7H5;N!dFUe!*8*!20/;17NJ!_/!=24)(=5/)!)966/;/45!3/;62;'74=/!B/4=>'7;[H!7Q794H5!c7)223C!74)!

5>/!;/H(15H!26!5>9H!=2'37;9H24!;79H/!H/0/;71!>945H!52!9'3;20/!%12()I$#!3/;62;'74=/J!I2;!94H574=/C!5>/!

17H5! 37;5! 26! 5>9H! ;/32;5! )9H=(HH/H! 5>/H/! 5/H5H! 74)! =24=1()/H! 5>/! 5/R5! :95>! =2''/45H! 24! 5>/!

3/;62;'74=/! 9HH(/H! 24! 5>/! 69;H5! 3;2525N3/C! :>2H/! H21(5924H! H>711! B/! )/5791/)! 94! 7! H(BH/?(/45!

)/190/;7B1/J!

! !



"#$%!&'"()!*+,!-&,+! ./0/123'/45!26!7!*8*!-9))1/:7;/!62;!-73<,/)(=/!

!

-"."/0%(*'%()*+% %(7%

!

S D%(%/%*2%,&

FJ %7;24!+J!74)!./H3;/Y!IJ! g.$+#a!&! H=717B1/! 5221B2R! 52!B(91)!4/5:2;[!/47B1/)!H/;0/;H!24! 5>/!

Q;9)gJ! $45/;47592471! p2(;471! 26! c9Q>! */;62;'74=/! %2'3(594Q! &3319=75924HC! 8A]G^aGGE<GE8C!

8AAUJ!

8J %7H5;2!-JC!.;(H=>/1!*JC!K/;'7;;/=!&<-J!!74)!,2:H5;24!&JC!g\4/!;94Q!52!;(1/!5>/'!711a!"/;09=/!

)9H=20/;N! 74)! B94)94Q! 94! H5;(=5(;/)! 3//;<52<3//;! 20/;17N! 4/5:2;[HgC! "$`\*"! +(;23/74!

_2;[H>23C!I;74=/C!"/35/'B/;C!8AA8J!

GJ ./74! pJ! 74)! `>/'7:75! "JC! v-73;/)(=/a! H9'31969/)! )757! 3;2=/HH94Q! 24! 17;Q/! =1(H5/;HCw!

%2''(4J!&%-C!021J!EFC!42J!FC!33J!FADMFFGC!8AAVJ!

bJ I!"#$"%& '(& )*"+,%-.&/(& 0#12*,& 34& 5%\SI$$#a! 7!'9))1/:7;/! 62;! 3//;! 52! 3//;! =2'3(594QgJ! $4a!

`;7091207!-C! #74! %C! Xo+=(N/;! *! ]/)H^! >9)% UVVW% #'-)2'5-#+'5*% 8+'.)2)'8)% +'% 8+A;"-5-#+'5*%

78#)'8)%5'B%#-7%5;;*#85-#+'7%XNEE,&%UVVWYJ!XS%"!8UU@J!"3;94Q/;C!T/;194C!33!U@MDV!!

EJ I17(Y7=C!\JC!K;7Z/=[9C!-JC!"5/66/4/1C!XJ&J!g%\SI$$#a!7!'9))1/:7;/!62;!3//;<52<3//;!=2'3(594QgJ!

p2(;471!26!"(3/;=2'3(594QC!"3;94Q/;C!021!EG!4J!FC!p(1N!8AFAC!33J!VU<FA8J!!

UJ >553akk7H5<)/9'J(;0J=75k/7HN37H5;Nk!

DJ >553akk3174/5J(;0J/HkB(4H>94k!

VJ p7911/5! %J! 74)! K;7Z/=[9! -J! g"21094Q! 5>/! X74Q62;)! 3;2B1/'! 94! 37;711/1gJ! $4! $45/;47592471!

"N'32H9('! 24! .9H5;9B(5/)! 74)! *7;711/1! %2'3(594Q! ]$"*.%qAb^C! 37Q/H! VG<<@AC! $+++! "2=9/5N!

*;/HHC!%2;[C!$;/174)C!Z(1J!8AAbJ!

@J K;7Z/=[9! -C! g&4! 2BZ/=5! 2;9/45/)! /409;24'/45! 52! '747Q/! 5>/! 37;711/19H'! 26! 5>/! I$$#!

73319=75924HgJ! $4a! -71NH>[94! jJ! ]/)^! *7;711/1! =2'3(594Q! 5/=>4212Q9/HC! E5>! 945/;47592471!

=246/;/4=/C!*7%#<@@J!XS%"!021!FUU8J!"3;94Q/;C!T/;194C!F@@@J!33!88@M8Gb!

FAJ K;7Z/=[9!-JC!I17(Y7=!\JC!-P;/1!*J*JC!I9)74Y7!"JC!g"57;5<(3!<!$4=(B75/(;!$%&,gC!8AAb!

FFJ X/H19/! `J! j719745a! &! T;9)Q94Q!-2)/1! 62;! *7;711/1! %2'3(575924J! %2''(49=75924H! 26! 5>/! &%-!

GG]V^aFAG<FFFC!F@@A!

F8J -&*,C!>553akk:::J'73;J=2'k!

FGJ -P;/1!*J*JC!K;7Z/=[9!-JC!I17(Y7=!\JC!T29094!"JC!p7911/5!%J!gO5919H75924!)/!17!Q;911/!%\SI$$#!32(;!17!

;PH21(5924! )(! 3;2B1x'/! )/! %7;! "/?(/4=94QgC! _2;[H>23! H(;! 17! ,PH21(5924! *7;711x1/! )/!

*;2B1x'/H! S*<%2'31/5H! ]S*<*&,^C! ,/4=245;/H! 6;74=23>24/H! )(! *7;711P19H'/! ],/4*7;qFU^C!

8AAE!

FbJ *+,<-&,+a! &)73590/! ./312N'/45! 26! -73,/)(=/<B7H/)! &3319=75924H! 20/;! */;07H90/! 74)!

./H[523! `;9)! $46;7H5;(=5(;/HC! *;2Z/=5! *;232H71C! ,/Q92471! *;2Q;7'! "#$%<&'"()! 8AF8! d*+,<!

-&,+!945/;471!)2=('/45e!

FEJ ,/6H!19'9575924H!24!-73,/)(=/!

FUJ ,2:H5;24! &J! 74)! .;(H=>/1! *J! g*7H5;Na! "=717B1/C! )9H5;9B(5/)! 2BZ/=5! 12=75924! 74)! ;2(594Q! 62;!

17;Q/<H=71/! 3//;<52<3//;! HNH5/'HgJ! ! $I$*k&%-! $45/;47592471! %246/;/4=/! 24! .9H5;9B(5/)!

"NH5/'H!*17562;'H!]-9))1/:7;/^C!c/9)/1B/;QC!`/;'74NC!37Q/H!G8@<GEAC!S20/'B/;C!8AAFJ!

FDJ "5/66/4/1!XJ!&JC!I17(Y7=!\JC!"=>:/;54/;!%>7;72!&JC!*955>74!T7;=/12H!*JC!"5/94!TJC!S/H'7=>42:!

"JC! K9;H=>! *94>/9;2! -JC! .97Y! .J! g*+,<-&,+a! &)73590/! ./312N'/45! 26! -73,/)(=/! 20/;!

*/;07H90/! `;9)HgJ! *;2=//)94QH! 26! 5>/! V5>! $45/;47592471! %246/;/4=/! 24! *8*C! *7;711/1C! `;9)C!

%12()!74)!$45/;4/5!%2'3(594Q!]G*`%$%qFG^C!%2'39/Q4/C!I;74=/C!\=52B/;!8V<GA!8AFGJ!
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FVJ "5/66/4/1C! XJ! &JC! p7911/5C! %JC! I17(Y7=C! \JC! K;7Z/=[9C! -J! g$'37=5! 26! 42)/H! )9H5;9B(5924! 24! 5>/!

3/;62;'74=/! 26! 7! *8*! =2'3(594Q! '9))1/:7;/! B7H/)! 24! 09;5(71! ;94QHgJ! *;2=//)94QH! 26! 5>/!

%246/;/4=97!X75942!&'/;9=747!)/!%2'3(57=9y4!)/!&152!,/4)9'9/452!]%X%&,!8AFA^C!`;7'7)2C!

T;7Y91C!8E<8V!&(Q(H5!8AFA!


