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&/3%B/65)'/-10*! 2*-14'&.! 10%! &@101&)%0'=%2! S*! )@%! .5&&%..'B%! 1$$%101-&%! /(! -%D!
S%-%('&'16!0%.'.)1-&%!)01').!'-!)@%!@/.)!$/$561)'/-!/0!S%-%('&'16!'-(%&)'/-!)01').!'-!)@%!
$101.')%!$/$56)1)'/-!YI//6@/5.%!%)!16:!EFFE[:!_-!/)@%0!D/02.+!)@%!@/.)!%B/6B%.!-%D!
2%(%-.%! /0! 1B/'21-&%!4%&@1-'.4.! 1-2! )@%! $101.')%! 0%.$/-2.! '-! K'-2! S*! %B/6B'-,!
-%D! '-(%&)'/-!4%&@1-'.4.:! _-!.5&@!2'0%&)'/-16!&/3%B/65)'/-10*!2*-14'&.+!.%6%&)'B%!
.D%%$.!41*! S%! /S.%0B%2+!D@%0%! .5&&%..'B%! 0%.'.)1-&%! 166%6%.! /0! '-(%&)'B')*! 166%6%.!
1$$%10! '-! )@%! @/.)! /0! $101.')%! $/$561)'/-.! 0%.$%&)'B%6*! 1-2! 01$'26*! ,/! )/! ('a1)'/-!
YI//6@/5.%! %)! 16:! EFFE[:! <! &/-.)1-)! '-&0%1.%! '-! 0%.'.)1-&%! /(! )@%! @/.)! 1-2! '-!
'-(%&)'B')*!/(!)@%!$101.')%!'.!/S.%0B%2!YC5&K6'-,!1-2!X1'-%*!EFFE[!16)@/5,@+!1.!)@'.!
$0/&%..! 0%6'%.! /-! )@%! 10'.16! /(! -%D! S%-%('&'16! 45)1)'/-.+! ')! '.! 1! .6/D! $0/&%..! 1-2!
&@1-,%!41*!/-6*!S%!/S.%0B%2!/B%0!6/-,!$%0'/2.!/(!)'4%!YHS%0)!EFFj[:!

7*&6'&! &/3%B/65)'/-10*! 2*-14'&.! 10'.%! D@%-! )01').! /(! )@%! @/.)3$101.')%!
'-)%01&)'/-! 10%! 5-2%0! -%,1)'B%! (0%o5%-&*32%$%-2%-)! .%6%&)'/-:! _-! 1! -%,1)'B%3
(0%o5%-&*! 2%$%-2%-)! .%6%&)'/-! .*.)%4+! 010%! @/.)! ,%-/)*$%.! @1B%! 1! .%6%&)'B%!
12B1-)1,%+! 1.! )@%*! 10%! 6%..! (0%o5%-)6*! $101.')'=%2! )@1-! &/44/-! @/.)! ,%-/)*$%.:!
A-2%0!-%,1)'B%32%$%-2%-)!.%6%&)'/-+!!@/.)!166%6%.!(/0!0%.'.)1-&%!1-2!$101.')%!166%6%.!
(/0! '-(%&)'B')*!10%! .%6%&)%2! (/0!D@%-! )@%*!10%! 010%+!S5)! .%6%&)%2!1,1'-.)!D@%-! )@%*!
10%! &/44/-:! M%,1)'B%! (0%o5%-&*32%$%-2%-)! .%6%&)'/-! 6%12.! )/! &/3%B/65)'/-10*!
&*&6'-,! /(! @/.)! 1-2! $101.')%! 166%6%.! (/0! 0%.'.)1-&%! 1-2! '-(%&)'B')*:! #5&@! &/3
%B/65)'/-10*!2*-14'&.! 10%! 16./! &166%2!X%2!r5%%-!2*-14'&.+! '-! 0%(%0%-&%! )/! P%D'.!
7100/66p.!<6'&%!'-!I/-2%061-2+!'-!D@'&@!)@%!X%2!r5%%-!.1'2!)/!<6'&%!\!_)!)1K%.!166!*/5!
&1-!05-!)/!.)1*!'-!)@%!.14%!$61&%!]:!

?@%!2%)%04'-'-,! (1&)/0! 6%12'-,!%')@%0! )/!2'0%&)'/-16!&/3%B/65)'/-!/0!&*&6'&16!
&/3%B/65)'/-!'.!)@%!5-2%06*'-,!,%-%)'&!'-)%01&)'/-:!?D/!&61..%.!/(!4/2%6.!/(!,%-%)'&!



! "E!

'-)%01&)'/-! S%)D%%-! @/.).! 1-2! $101.')%.! 10%! &/44/-6*! 5.%2! )/! 2%.&0'S%! &/3
%B/65)'/-10*!2*-14'&.!d!41)&@'-,3166%6%!4/2%6.!Y9<9n!N01-K!"ZZQ[+!!1-2!,%-%3(/03
,%-%! 4/2%6.! YRNRn! ?@/4$./-! W! C502/-+! "ZZE[:! _-! 1! RNR+! )@%! $101.')%! 41*!
0%&/,-'=%!)@%!@/.)!1-2!.5&&%..(566*!'-(%&)!')!'(!/-%!/(!').!6',1-2.!'.!1S6%!)/!0%&/,-'=%!
1)!6%1.)!/-%!/(!)@%!456)'$6%!0%&%$)/0.!/(!)@%!@/.):!#'4'6106*!)@%!0%.'.)1-)!@/.)!-%%2.!
/-6*! )/! 0%&/,-'=%! /-%! /(! )@%! $101.')%! 6',1-2.! )/! 4/5-)! 1! .5&&%..(566! '445-%!
0%.$/-.%:!?@%0%(/0%+!1!,'B%-!$101.')%!,%-/)*$%!'.!1S6%!)/!'-(%&)!1!S0/12!01-,%!/(!@/.)!
,%-/)*$%.+! 16)@/5,@! -/)! 166! /(! )@%4! D')@! )@%! .14%! %(('&'%-&*:! #'4'6106*! @/.)!
,%-/)*$%.!41*!S%!.5.&%$)'S6%!)/!1!610,%!01-,%!/(!$101.')%!,%-/)*$%.!YN01-K!"ZZE[:!
HB'2%-&%!(0/4!-1)5016!@/.)3$101.')%!.*.)%4.!(/0!RNR!4/2%6.!/(!,%-%)'&!'-)%01&)'/-!
10%!41-*!1-2!&/4%!$0'-&'$166*!(0/4!$61-)3$101.')%!.*.)%4.!YN6/0!"Zb"n!?@/4$./-!
1-2!C502/-!"ZZE[:!

_-! 9<9.+! '-(%&)'/-! ,%-%)'&.! 10%! S1.%2! /-! )@%! '2%1! /(! 1! 5-'o5%! 41)&@'-,!
S%)D%%-! %((%&)/0.! 1-2! 0%&%$)/0.+! D@%0%! .5&&%..(56! '-(%&)'/-! 0%o5'0%.! 1! .$%&'('&!
41)&@! S%)D%%-! )@%! $101.')%! 1-2! )@%! @/.)! ,%-/)*$%.! YN01-K! "ZZQ[:! c-6*! 1! .4166!
.5S.%)! /(! @/.)! ,%-/)*$%.! 41*! S%! .5&&%..(566*! '-(%&)%2! S*! 1! $10)'&5610! $101.')%!
,%-/)*$%!YN01-K!"ZZQ[:!_-!&/-)01.)!)/!RNR!4/2%6.+!9<9.!$0%&652%!)@%!%a'.)%-&%!/(!
5-'B%0.16! $101.')%! '-(%&)'B')*! /0! 5-'B%0.16! @/.)! 0%.'.)1-&%! 1-2! )@%*! 6%12! )/! &/3
%B/65)'/-10*!&*&6'-,!/(!166%6%.!(/0!@/.)!0%.'.)1-&%!1-2!$101.')%!'-(%&)'B')*!D')@/5)!)@%!
-%%2! )/! '-B/K%! (50)@%0!4%&@1-'.4.! )/! %a$61'-! )@%! /S.%0B%2! &*&6%.! Y#1.1K'! EFFFn!
<,01D16!1-2!P'B%6*!EFFE[:!H4$'0'&16!.5$$/0)!(/0!)@'.!&61..!/(!4/2%6.!'.!.)'66!.&10&%:!
_-!64#1,+&. !!!!/(! )@'.! )@%.'.+!D%!S5'62!5$/-!$0%B'/5.!D/0K!S*!P5'`&Ka!%)!16:! YEF""+!
EF"E+!EF"Q[!)/!$50.5%!)@%!2%.&0'$)'/-!/(!)@%!,%-%)'&!10&@')%&)50%!/(!0%.'.)1-&%!'-!)@%!
!"#$%&"3/"01+()&"!@/.)3$101.')%!.*.)%4:!I%!$0/25&%2! )@0%%!,%-%)'&!&0/..%.!/(! )@%!
@/.)+! '-!D@'&@!D%!&0/..%2!1!$10%-)!0%.'.)1-)!)/!)D/!&6/-%.!/(!)@%!$101.')'&!S1&)%0'1!
/"01+()&"- )"230"! )/! )@0%%! /)@%0! $10%-).+! )@1)! @12! 2'((%0%-)! $@%-/)*$%.! (/0!
0%.'.)1-&%!)/!)@%.%!)D/!$101.')%!&6/-%.:!c-%!$10%-)!D1.!.5.&%$)'S6%!)/!S/)@!$101.')%!
&6/-%.+! 1-/)@%0! $10%-)! D1.! .5.&%$)'S6%! )/! /-%! S5)! 0%.'.)1-)! )/! )@%! /)@%0! $101.')%!
&6/-%+! 1-2! )@%! 61.)! $10%-)! @12! )@%! /$$/.')%! 0%.'.)1-&%! $@%-/)*$%:! L0%B'/5.6*! )@%!
$0%.%-&%! /(! q2/5S6%! 0%.'.)1-)p! @/.).! '-! -1)50%! D1.! -/)! %a$61'-%2! 1-2! .%%4%2! )/!
&/-)012'&)!)@%!$0/$/.%2!4/2%6!/(!,%-%)'&.!/(!0%.'.)1-&%!(/0!)@'.!.*.)%4!Y.%%!P5'`&Ka!



! "Q!

%)!16+!EF"Q!1-2!64#1,+&.!!!!(/0!2%)1'6.[:!c50!0%.56).!&/-('04!)@%!.5,,%.)'/-!/(!P5'`&Ka!
%)!16:!YEF"Q[+!)@1)!1!9<9!'.!)@%!6'K%6*!5-2%06*'-,!,%-%)'&!4/2%6! '-!)@'.!.*.)%4:!I%!
&/562! (50)@%0! 0%`%&)! /-%! /(! )@%! $0%B'/5.6*! $0/$/.%2! ,%-%)'&! 10&@')%&)50%.! (/0!
0%.'.)1-&%+! 1! /-%! 6/&'! 4/2%6! YP5'`&Ka! %)! 16:! EF"Q[:! ?@%! .%&/-2! $0/$/.%2! ,%-%)'&!
10&@')%&)50%!(/0!0%.'.)1-&%+!1!)D/!6/&'!4/2%6!D')@!)D/!166%6%.!(/0!%1&@!6/&'+!&/562!-/)!
%a$61'-!)@%!%a'.)%-&%!/(!2/5S6%!0%.'.)1-)!@/.).!YP5'`&Ka!%)!16:!EF"Q[:!9/2'(*'-,!)@'.!
4/2%6! )/! '-&/0$/01)%! 1! )@'02! 6/&'! D')@! )D/! 166%6%.! 166/D%2! 5.! )/! %a$61'-! 2/5S6%!
0%.'.)1-&%:! N50)@%04/0%+! 1-2! 4/.)! -/)1S6*+! /50! .)52*! S0'-,.! )@%! ('0.)! %4$'0'&16!
%B'2%-&%! (/0! -%,1)'B%! %$'.)1.'.! S%)D%%-! 6'-K%2! 6/&'+! 1! K%*! 0%o5'0%4%-)! /(! 9<9.:!
!"#$%&"A/"01+()&"! '.! $/..'S6*! )@%! ('0.)! @/.)3$101.')%! .*.)%4! '-! D@'&@! 166! )@%!
&/-2')'/-.! (/0!9<9!1-2!X%2!r5%%-!2*-14'&.!@1B%!S%%-!2%4/-.)01)%2! Y.)0/-,! )/!
%a)0%4%!,%-/)*$%3S*3,%-/)*$%! '-)%01&)'/-.!710'5.!%)!16:!EFF"n!P5'`&Ka!%)!16:!EF""n!
1S.%-&%! /(! &/.).! /(! 0%.'.)1-&%! P'))6%! %)! 16:! EFFE+! 64#1,+&. !7! /(! )@'.! )@%.'.n! .'4$6%!
,%-%)'&.!P5'`&Ka!%)!16:!EF"En!&6/.%6*!6'-K%2!6/&'!P5'`&Ka!%)!16:!EF"Q+!X/5))5!W!HS%0)!'-!
$0%$+!64#1,+&.!!!n!-%,1)'B%!%$'.)1.'.!64#1,+&.!!![:!

I@'6%!9<9.!0%12'6*!6%12!)/!&*&6'-,!/(!@/.)!1-2!$101.')%!166%6%.!(/0!0%.'.)1-&%!
1-2!'-(%&)'B')*!0%.$%&)'B%6*+!D')@/5)!)@%!-%%2!/(!/)@%0!4%&@1-'.4.!41'-)1'-'-,!.5&@!
&*&6%.! YN01-K! "ZZQ[+! RNR! 4/2%6.! 6%12! )/! 2'0%&)'/-16! .%6%&)'/-! Y?@/4$./-! 1-2!
C502/-!"ZZE[:!g/D%B%0+!D@%-!0%.'.)1-&%!'.!1!&/.)6*!)01')+!RNR!4/2%6.!41*!16./!6%12!
)/! &/3%B/65)'/-10*! &*&6%.! 1-2! )@%0%S*!41'-)1'-! $/6*4/0$@'.4! (/0! @/.)! 0%.'.)1-&%!
Y#1.1K'!EFFFn!<,01D16!1-2!P'B%6*!EFFE[:!?@%0%(/0%!4'.'-)%0$0%)1)'/-!/(!)@%!1S.%-&%!
/(!.%6%&)'B%!.D%%$.!/0!&/3%B/65)'/-10*!&*&6%.!1.! '-2'&1)'/-.!/(!1-!5-2%06*'-,!9<9!
41*! 10'.%! D')@/5)! $0'/0! K-/D6%2,%! /(! )@%! $0%.%-&%! /0! 1S.%-&%! /(! &/.).! (/0!
0%.'.)1-&%!)01').:!HB'2%-&%!(/0!&*&6'-,!1-2!&/.).!/(!0%.'.)1-&%!.'456)1-%/5.6*!.5,,%.)!
1-!5-2%06*'-,!RNR:!X%.$%&)'B%6*+!)@%!1S.%-&%!/(!&/.).!(/0!0%.'.)1-&%!.)0%-,)@%-.!)@%!
6'K%6'@//2! /(! 1!9<9:! ?@%0%(/0%! &/.).! /(! 0%.'.)1-&%! 10%! /-%! /(! )@%! K%*! 2'((%0%-&%.!
S%)D%%-!)@%!9<9.!1-2!)@%!RNR.!'-!&*&6'-,!&/3%B/65)'/-10*!@/.)3$101.')%!2*-14'&.:!
_-! 64#1,+&. !7+! D%! &/4$%)%2! $1'0.! /(! @/.).! /(! K-/D-! ,%-%)'&! 10&@')%&)50%! (/0!
0%.'.)1-&%! 1-2! /(! 2'((%0%-)! 0%.'.)1-&%! $@%-/)*$%! Y':%:! .5.&%$)'S6%! /0! 0%.'.)1-)[! '-!
1S.%-&%! /(! )@%! $101.')%! 1-2! 6//K%2! D@%)@%0! )@%! .5.&%$)'S6%! @/.).! @12! 1! (')-%..!
12B1-)1,%!1-2!0%.'.)1-)!@/.).!%-250%2!&/.).!/(!S%'-,!0%.'.)1-):!<.!D%!&/562!-/)!('-2!



! "G!

1-*! %((%&)! /(! )@%! 0%.'.)1-&%! $@%-/)*$%! /-! )@%! /5)&/4%! /(! )@%! &/4$%)')'/-! 1..1*.+!
)@'.!&@1$)%0!2/%.!-/)!S0'-,!%B'2%-&%!)@1)!41*!o5%.)'/-!)@%!&/-&65.'/-.!/(!64#1,+&.
!!!!1-2!&/-&50.!D')@!.%B%016!/)@%0!.)52'%.!)@1)!&/562!-/)!('-2!'-2'&1)'/-.!(/0!&/.).!/(!
0%.'.)1-&%! '-! )@'.!.*.)%4!YP'))6%!1-2!HS%0)!EFFFn!P'))6%!%)!16:!EFFEn!.%%!P1SS8!%)!16:!
EF"F! (/0! 1! 2'.&5..'/-[:!I@'6%! )@%! 1S.%-&%! /(! 1-! /S.%0B1)'/-! '.! -/)! 1! $0//(! /(! )@%!
1S.%-&%! /(! )@%! $@%-/4%-/-! /(! '-)%0%.)+! /-6*! )@0/5,@! )@%! 1&&54561)'/-! /(! .)52'%.!
('-2'-,! -/! %B'2%-&%! &1-! D%! '-&0%1.%! /50! &/-('2%-&%! '-! )@%! 1S.%-&%! /(! )@1)!
$@%-/4%-/-:! _-! 122')'/-! )/! /50! .)52*! 1-2! )@1)! /(! P'))6%! %)! 16:! YEFFE[+!D@'&@! S/)@!
.$%&'('&166*! 6//K%2! (/0! %B'2%-&%! /(! &/.).! /(! 0%.'.)1-&%! '-! )@%! !"#$%&"- 2":%"A
/"01+()&"- )"230"! @/.)3$101.')%! .*.)%4+! (50)@%0! .)52'%.! )@1)! D%0%! -/)! .$%&'('&166*!
6//K'-,!(/0!&/.).!/(!0%.'.)1-&%+!S5)!25%!)/!)@%!2%.',-!/(!)@%'0!%a$%0'4%-).!&/562!@1B%!
/S.%0B%2! '-2'&1)'/-.! &/-.'.)%-)!D')@! &/.).! /(! 0%.'.)1-&%! S5)! 2'2! -/)+! '-&0%1.%! /50!
&/-('2%-&%!)@1)!&/.).!/(!0%.'.)1-&%!)/!/"01+()&"-)"230"!10%!1S.%-)!'-!!"#$%&"-2":%"!
/0!./! 6/D!)@1)!)@%*!10%!5-2%)%&)1S6%!S*!4%1.50'-,!(')-%..!0%61)%2!)01').:!?@%0%(/0%!
/50! .)52*! 16/-,!D')@! /)@%0.+! 2/! -/)! '-B16'21)%! )@%! $0/$/.%2!9<9!5-2%06*'-,! )@%!
,%-%)'&.! /(! 0%.'.)1-&%! '-! )@%! !"#$%&"- 2":%"- G- /"01+()&"- )"230"! @/.)3$101.')%!
.*.)%4:!!

N'-166*+! 64#1,+&. 7! 2%B'1)%.! ./4%D@1)! (0/4! )@%! -/)'/-! /(! @/.)3$101.')%!
.$%&'('&')*+!D@%)@%0!S0/12!/0!('-%+!S5)!5.%.!)@%!q4%&@1-'.)'&!.$%&'('&')*p!/(!)@%!@/.)3
$101.')%! '-)%01&)'/-! S%)D%%-! !@- 2":%"! 1-2! /@- )"230"! )/! %a$6/0%! .)05&)5016!
0%.'.)1-&%! /(! )@%! $101.')%! .$/0%:! _-! )@'.! &@1$)%0+! D%! %a$/.%2! 2/041-)! .$/0%.! )/!
2'((%0%-)!)%4$%01)50%.!1-2!61)%0!6//K%2!D@%)@%0!)@%.%!)0%1)4%-).!@12!1((%&)%2!)@%!
$101.')%p.! 1S'6')*! )/! '-(%&)! )@%!@/.)!S*!%a14'-'-,! )@%! .%B%016! .)%$.!/(! )@%! '-(%&)'/-!
$0/&%..:! M14%6*!D%! 6//K%2!D@%)@%0! )@%! $101.')%! 0%)1'-%2! ').! 1S'6')*! )/! 2%)%&)! )@%!
@/.)! 1-2! 1&)'B1)%! Y.@%22'-,! ').! %a/.$/0'54! 1-2! )@%0%S*! 2%$6/*'-,! ').! $101.$/016!
('S%0.!)@1)!D'66!%-1S6%!')!)/!1))1&@!'-!)@%!-%a)!.)%$[+!D@%)@%0!)%4$%01)50%!'-@'S')%2!
)@%!$101.')%p.!1S'6')*!)/!1))1&@!)/!)@%!@/.)+!1-2!('-166*!D@%)@%0!')!0%41'-%2!'-(%&)'/5.!
S*! 6//K'-,! '(! @/.).! S%&14%! 2'.%1.%2! 1-2! -%D! .$/0%.! D%0%! $0/25&%2:! ?@%! 4/.)!
0%410K1S6%! 0%.56)! D1.! )@1)! )@%! $101.')%! 1$$%10.! )/! S%! )1'6/0%2! )/! 0%.'.)!
)%4$%01)50%.! )@1)! )@%! @/.)! &/562! %-250%! 1-2! .)'66! 0%41'-! $%0(%&)6*! '-(%&)'/5.! Y-/!
%((%&)!1)!166!/-!1-*!/(!)@%!.)%$.!/(!)@%!'-(%&)'/-!$0/&%..!1)!)@%.%!)%4$%01)50%.[!S5)!



! "V!

)@1)!1)!@',@%0!)%4$%01)50%.+!)@%!$101.')%!.)10)%2!)/!.5.)1'-!2141,%.!(0/4!)@%!@%1)!
)0%1)4%-).:!N50)@%04/0%+!D%!%a$6/0%!)@%!0%61)'/-.@'$!S%)D%%-!.)05&)50%+!1.!'-(%00%2!
(0/4!4/2%6! /0,1-'.4.! .5&@! 1.!H"<&**(0- 0(>1&*&0+! 1-2! 0%.'.)1-&%! )/! @%1)! '-! /02%0! )/!
5-2%0.)1-2! S%))%0! )@%! 41`/0! .)%$.! /(! )@%! '-(%&)'/-! $0/&%..! /(! /@- )"230"! 1-2! )@%!
S'/6/,*! /(! )@'.! @',@6*! B'056%-)! 1-2! $/)%-)'166*! B%0*! $0%B16%-)! $101.')%! /(!!"#$%&"-
2":%"-Y#)'0-12%6!1-2!HS%0)!"ZZbn!710'5.!%)!16:!EFF"n!>5-&1-!%)!16:!EFFT[:!



! "T!

8-*,*.
.

?@0/5,@/5)! )@%! &@1$)%0.! /(! )@'.! )@%.'.! .%B%016! .$%&'%.! /(! @/.).! @1B%! S%%-! 5.%2:!
L0'-&'$166*!!"#$%&"-2":%"!D1.!5.%2! '-!64#1,+&*. !!2. !!!2. !7!1-2!7:! _-!64#1,+&. !!:!1!
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P14S0%&@).+!P:!EF"F:!>'..%&)'-,!)@%!,%-%)'&!10&@')%&)50%!/(!@/.)3$1)@/,%-!
.$%&'('&')*:!LP/#!L1)@/,:!Td%"FF"F"Z:!
!
P14S0%&@).+!P:+!#:!N%66/5.+!1-2!;:!7:!m/%661:!EFFT:!7/%B/65)'/-10*!'-)%01&)'/-.!
S%)D%%-!@/.)!1-2!$101.')%!,%-/)*$%.:!?0%-2.!L101.')/6:!EEd"EhT:!
!
P'))6%+!?:!;:+!g:3;:!710'5.+!c:!#1KD'-.K1+!1-2!>:!HS%0):!EFFE:!7/4$%)')'B%-%..!1-2!6'(%3
@'.)/0*!&@101&)%0'.)'&.!/(!>1$@-'1!D')@!0%.$%&)!)/!.5.&%$)'S'6')*!)/!1!S1&)%0'16!
$1)@/,%-:!;:!HB/6:!C'/6:!"VdbZThjFE:!
!
P'))6%+!?:!;:+!1-2!>:!HS%0):!"ZZZ:!<../&'1)'/-.!S%)D%%-!$101.')'.4!1-2!@/.)!,%-/)*$%!
'-!-1)5016!$/$561)'/-.!/(!>1$@-'1!Y705.)1&%1d!7612/&%01[:!;:!<-'4:!H&/6:!Tjd"QGh"GZ:!
!
P'))6%+!?:!;:+!1-2!>:!HS%0):!EFFF:!?@%!&15.%!/(!$101.')'&!'-(%&)'/-!'-!-1)5016!$/$561)'/-.!
/(!>1$@-'1!Y705.)1&%1d!7612/&%01[d!)@%!0/6%!/(!@/.)!,%-%)'&.:!L0/&:!C'/6:!#&':!
ETbdEFQbhGE:!
!
P5'`&Ka+!L:+!N:!C%-3<4'+!P:!9/5)/-+!P:!>5!L1.o5'%0+!1-2!>:!HS%0):!EF"":!76/-'-,!/(!)@%!
5-&56)501S6%!$101.')%!L1.)%50'1!014/.1!1-2!').!>1$@-'1!@/.)!0%B%16.!%a)0%4%!
,%-/)*$%3,%-/)*$%!'-)%01&)'/-.:!H&/6:!P%)):!"Gd"EVhQ":!
!
P5'`&Ka+!L:+!g:!N'%-S%0,+!>:!>5-%15+!1-2!>:!HS%0):!EF"Q:!<!41)&@'-,3166%6%!4/2%6!
%a$61'-.!@/.)!0%.'.)1-&%!)/!$101.')%.:!7500:!C'/6:!EQd"FjVhj:!H6.%B'%0!P)2:!
!
P5'`&Ka+!L:+!g:!N'%-S%0,+!>:!>5-%15+!1-2!>:!HS%0):!EF"E:!X%.'.)1-&%!)/!1!S1&)%0'16!
$101.')%!'-!)@%!&05.)1&%1-!>1$@-'1!41,-1!.@/D.!9%-2%6'1-!.%,0%,1)'/-!D')@!
2/4'-1-&%:!g%0%2')*!YH2'-S[:!"FjdVGbhV":!
!
L0%-)%0+!;:+!7:!91&-%'6+!;:!?:!1!>'&K+!1-2!<:!9:!>5--:!EFFG:!X/6%.!/(!$101.')%.!'-!1-'416!
'-B1.'/-.:!?0%-2.!H&/6:!HB/6:!"ZdQjVhZF:!
!
#1.1K'+!<:!EFFF:!g/.)3$101.')%!&/%B/65)'/-!'-!1!456)'6/&5.!,%-%3(/03,%-%!.*.)%4:!
L0/&:!C'/6:!#&':!ETbdE"jQhj:!
!
#/6)%0+!P:!N:+!>:!m:!L'610.K1+!9:!P:!9&91-5.+!9:!^xS0'K+!;:!L1)/&K1+!I:3N:!g51-,+!1-2!;:!
M/B/)-y:!EF"F:!g/.)!.$%&'('&')*!/(!4'&0/.$/0'2'1!$1)@/,%-'&!)/!)@%!,*$.*!4/)@+!
P*41-)0'1!2'.$10!YP:[d!('%62!.)52'%.!'-!#6/B1K'1:!;:!_-B%0)%S0:!L1)@/6:!"FVd"h"F:!
!
#)'0-12%6+!g:!<:+!1-2!>:!HS%0):!"ZZb:!L0%B16%-&%+!@/.)!.$%&'('&')*!1-2!'4$1&)!/-!@/.)!
(%&5-2')*!/(!4'&0/$101.')%.!1-2!%$'S'/-).!'-!)@0%%!.*4$1)0'&!>1$@-'1!.$%&'%.:!;:!
<-'4:!H&/6:!TTdE"EhEEE:!
!



! EE!

?1*6/0+!P:!g:+!#:!9:!P1)@14+!1-2!9:!H:!;:!I//6@/5.%:!EFF":!X'.K!(1&)/0.!(/0!g541-!
>'.%1.%!H4%0,%-&%:!L@'6/.:!?01-.:!X:!#/&:!P/-2:!C:!C'/6:!#&':!QVTdZjQhZ:!
!
?@/4$./-+!;:!M:+!1-2!;:!;:!C502/-:!"ZZE:!R%-%3(/03,%-%!&/%B/65)'/-!S%)D%%-!$61-).!
1-2!$101.')%.:!M1)50%!QTFd"E"h"EV:!
!
I//6@/5.%+!9:!H:!;:+!;:!L:!I%S.)%0+!H:!>/4'-,/+!C:!7@106%.D/0)@+!1-2!C:!X:!P%B'-:!EFFE:!
C'/6/,'&16!1-2!S'/4%2'&16!'4$6'&1)'/-.!/(!)@%!&/3%B/65)'/-!/(!$1)@/,%-.!1-2!)@%'0!
@/.).:!M1):!R%-%):!QEdVTZhbb:!
!
I/062!g%16)@!c0,1-'=1)'/-:!EFFj:!?@%!,6/S16!S502%-!/(!2'.%1.%d!EFFG!5$21)%:!
R%-%B1+!#D')=%061-2:!
!
I/062!g%16)@!c0,1-'=1)'/-:!EFFF:!?@%!I/062!g%16)@!X%$/0)!EFFF:!R%-%B1+!
#D')=%061-2:!!
!
!



! EQ!

!
!
!
!
!

__:!!
!
!
!
!

#$%&'('&')*!/(!@/.)3$101.')%!'-)%01&)'/-.!/-!1!S0/12!.&16%d!
!

eg/.)301-,%!/(!)@%!4'&0/.$/0'2'54!'()*+,"-.".)"&!(0/4!
1!>1$@-'1!4%)13$/$561)'/-:f!

!
!

78.10!9:;:<:!9%)=,%0+!L%$'`-!P5'`&Ka+!N0'21!C%-3<4'+!>'%)%0!HS%0)!
!
!



! EG!

;<*,&#6,!

!
!"#$%&'()*+! '()*+,"- .".)"&! '.! 1! 4'&0/.$/0'2'1-! $101.')%! /(! >1$@-'1! Y705.)1&%1d!
L@*66/$/21[:!>5%!)/!').!1$$10%-)!@',@!'-(%&)'/-!01)%!1-2!B'056%-&%+!')!'.!%a$%&)%2!)/!
$61*! 1-! '4$/0)1-)! 0/6%! '-! )@%! $/$561)'/-! 2*-14'&.! /(! ').! @/.)! &/445-')*:!
Ha$%0'4%-)16!21)1!/-!').!@/.)!01-,%!10%!-/)!1B1'61S6%:!I%!$0%.%-)!@%0%!1!V3*%10!('%62!
.50B%*!/(!1!Q!.$%&'%.!>1$@-'1!4%)1&/445-')*+!&/4S'-%2!D')@!'-(%&)'/-!)0'16.!5-2%0!
&/-)0/66%2!&/-2')'/-.:!!
,-./'*012&3)#34"56 73)*3)%0+! _-! )/)16! jVG! ('%62! .14$6%.! D%0%! )%.)%2! (/0! )@%!
$0%.%-&%!/(!'@-.".)"&:!c-6*!'-!""!$/$561)'/-.!/(!!@-#(*+F! )@%!$101.')%!D1.!2%)%&)%2+!
-%B%0! '-!!@- 2":%"! /0!!@- *3%:&0#&%"+! 16)@/5,@! )@%! 61)%0! '.! 1! 0%&/02%2! @/.)! /(! )@'.!
$101.')%!1)!/)@%0!$61&%.:!I%!%a$/.%2!&6/-%.!(0/4!B10'/5.!.$%&'%.!/(!>1$@-'1!)/!)@%!
$101.')%:!I%!('-2!)@1)!!"#$%&"-#(*+F!1-2!!@- *3%:&0#&%"!10%!.5.&%$)'S6%! )/!'@-.".)"&:!
?@%! (566*! .%o5%-&%2! &6/-%! /(! )@%! &6/.%6*! 0%61)%2!M/0)@3<4%0'&1-!!@- #(*+F- ")+%"1"-
Y?7c[! D1.! 16./! .5.&%$)'S6%:! _-! &/-)01.)+! $@*6/,%-%)'&166*! 4/0%! 2'.)1-)! >1$@-'1!
.$%&'%.!D%0%!-/)!.5.&%$)'S6%!)/!)@%!$101.')%:!!
8')#5(03')0+!c50!('-2'-,.!0%B%16!)@1)!)D/!/(!)@%!)@0%%!4/.)!(0%o5%-)6*!(/5-2!@/.).!
'-! )@%!>1$@-'1!4%)1$/$561)'/-!/(! )@%! 0/&K!$//6.!/(! )@%!C16)'&! #%1! (0/4!D@'&@! )@%!
$101.')%! /0','-1)%2! 10%! .5.&%$)'S6%! 1-2! S0/12%-! ').! @/.)301-,%! )/! '-&652%!!@- #(*+F-
")+%"1"!1-2!)@%!1.%a516!(/04!/(!!@-#(*+F!(0/4!)@%!C16)'&!#%1!4%)1$/$561)'/-+!D@'&@!
6'K%6*! @1.! /0','-.! '-!M/0)@!<4%0'&1:!I%!2'.&5..! 1! $/..'S6%! 6'-K!/(! @/.)! $@*6/,%-*+!
6/&16!121$)1)'/-!1-2!@/.)3$101.')%!&/3%B/65)'/-!)/!@/.)!.5.&%$)'S'6')*!)/!'@-.".)"&:!



! EV!

!",&-($6,)-"!
!
L101.')%.! 10%! '4$/0)1-)!$61*%0.! '-! %&/6/,'&16! 1-2!%B/65)'/-10*!$0/&%..%.! 1-2!41*!
$61*!1!41`/0!0/6%!'-!.@1$'-,!@/.)!&/445-')'%.!Y9'-&@%661!W!#&/))+!"ZZ"n!g1)&@%0!%)!
16:+! EFFTn! L/56'-+! EFFb[:! X%$%1)%2! '-)%01&)'/-! S%)D%%-! @/.)! 1-2! $101.')%! 10%!
S%6'%B%2! )/! 6%12! )/! )@%! .$%&'16'=1)'/-! /(! )@%! $101.')%! /-! ').! @/.)! Ym1D%&K'+! "ZZjn!
L/56'-+! EFFb[+! D@'&@+! '-! )50-+! 41*! &15.%! .%6%&)'/-! (/0! 0%.'.)1-&%! '-! )@%! @/.):!
#5S.%o5%-)6*! )@%! $101.')%! 41*! %B/6B%! D1*.! )/! &'0&54B%-)! )@%! -/B%6! 0%.'.)1-&%!
4%&@1-'.4.! /(! )@%! @/.)+! )@5.! 0%.56)'-,! '-! 1! &/3%B/65)'/-10*! 104.! 01&%! Ym1D%&K'+!
"ZZjn!<-)/-/B'&.!%)!16:+!EF"Q[:!_(!1!$101.')%!%B/6B%.!'-!1!456)'3@/.)!&/445-')*!')!'.!
%a$%&)%2!)/!%B/6B%!'-!$0/$/0)'/-!/(!)@%!(0%o5%-&*!/(!%-&/5-)%0.+!6%12'-,!)/!2'((%0%-)!
2%,0%%.!/(!121$)1)'/-+! )/!%1&@!@/.)!.$%&'%.:!<!,%-%016'.)!$101.')%! '.!%a$%&)%2!)/!S%!
6%..!121$)%2! )/!1-*!$10)'&5610!@/.)!.'-&%! ')! .$%-2.! 6%..! )'4%!121$)'-,! )/!%1&@!@/.)!
)*$%!1-2!121$)1)'/-.!)@1)!10%!S%-%('&'16!'-!/-%!@/.)!4',@)!-/)!S%!'-!1-/)@%0!@/.):!_-!
&/-)01.)+! 1! .$%&'16'.)!$101.')%!%B/6B'-,!D')@!/-6*!/-%!@/.)! '.!%a$%&)%2! )/!S%!S%))%0!
121$)%2! Ym1D%&K'+! "ZZj[:! c-! )@%! 6%B%6! /(! @/.)! &/445-')'%.+! )@%! %a$6/')1)'/-! /(!
456)'$6%! @/.)! .$%&'%.! 4',@)! S%! 12B1-)1,%/5.! S%&15.%! )@'.! $0%.%-).! 5-.$%&'('&!
$101.')%.!D')@!1!610,%0!1001*!/(!@/.).!)/!$%0.'.)!'-:!?@'.!'.!'4$/0)1-)!250'-,!$%0'/2.!
/(! 1.*-&@0/-*! /(! @/.)! ,%-%01)'/-.! /0! '-! &1.%.! /(! )%4$/010*! /0! $%041-%-)! 6/&16!
%a)'-&)'/-.!/(!'-2'B'2516!@/.)!.$%&'%.!25%!)/!S'/)'&!/0!1S'/)'&!(1&)/0.+!1.!'.!)@%!&1.%!'-!
4%)1$/$561)'/-.!1-2!4%)1&/445-')'%.:!
!
9%)1$/$561)'/-.!10%!2*-14'&!.*.)%4.!D@%0%!6/&16!%a)'-&)'/-.+!(/5-2'-,!%B%-).!1-2!
4',01)'/-! S%)D%%-! $1)&@%.! @1$$%-! 0%,56106*! Yg1-.K'+! "ZZj[:! 956)'3.$%&'%.!
4%)1$/$561)'/-.! 10%! 4%)1&/445-')'%.+! D@'&@! 10%! /(! $10)'&5610! '-)%0%.)! '(! )@%!
2'((%0%-)!.$%&'%.!&1-!.%0B%!1.!@/.)!(/0!)@%!.14%!$101.')%!.$%&'%.:!#'-&%!)@%!@/.)!1-2!
$101.')%!.$%&'%.!&/4$/.')'/-!/(!%1&@!$1)&@!41*!B10*!5-2%0!)@%!'-(65%-&%!/(!.$%&'('&!
&/6/-'=1)'/-3%a)'-&)'/-! 2*-14'&.! /B%0! )'4%+! K-/D6%2,%! /(! )@%! .$%&'('&')*! /(! %1&@!
$101.')%! '.! %..%-)'16! )/! 5-2%0.)1-2! )@%! 6/-,3)%04! %$'2%4'/6/,*! /(! .5&@! 1! .*.)%4:!
C'/)'&! 1-2! 1S'/)'&! (1&)/0.! &1-! 1((%&)! @/.)! 1S5-21-&%! '-! B10'/5.! D1*.+! 6%12'-,! )/!
/&&500%-&%! $%0'/2! 1.*-&@0/-*! /0! 6/&16! %a)'-&)'/-.:! _-! .5&@! &1.%.! $101.')%.! 4',@)!



! ET!

%B/6B%!)/!0%)1'-!./4%!'-(%&)'B')*!)/D102.!/-%!/0!4/0%!16)%0-1)'B%!@/.).!Y':%:!%B/6B%!1!
S0/12%0!@/.)301-,%[:! _-!&1.%!/(!%-B'0/-4%-)166*!)01-.4'))%2!$101.')%.!)@1)!.50B'B%!
$//06*! '-! )@%! %-B'0/-4%-)+! @1B'-,! 1! 610,%0! @/.)301-,%! D/562! (1&'6')1)%! 6/-,3)%04!
$%0.'.)%-&%:!N50)@%04/0%+!'-!4%)13&/445-')'%.+!D@%0%!0%61)%2!@/.)!.$%&'%.!/&&50!'-!
.*4$1)0*! 1-2! $101.')%.! @1B%! 1S5-21-)! /$$/0)5-')'%.! (/0! &0/..3.$%&'%.!
)01-.4'..'/-.+! $101.')%.! 4',@)! S%! %a$%&)%2! )/! %B/6B%! 1! D'2%0! @/.)! 01-,%!
YI//6@/5.%! %)! 16:+! EFF"n! <-)/-/B'&.! %)! 16:+! EF"Q[:! ?1K%-! )/,%)@%0+! $101.')%.! '-!
4%)1&/445-')'%.! D')@! (0%o5%-)! 6/&16! %a)'-&)'/-z&/6/-'=1)'/-! 2*-14'&.! 10%!
%a$%&)%2!)/!@1B%!1!D'2%!@/.)!01-,%:!
!
9'&0/.$/0'2'1! 10%!/S6',1)/0*! '-)01&%665610!$101.')%.! )@1)! '-(%&)! 164/.)! %B%0*!41`/0!
&612%! /(! %5K10*/)%.! '-&652'-,! @541-.! Y91)@'.+! EFFF[:! ?@%'0! @/.)301-,%.! &1-! .$1-!
(0/4! B%0*! D'2%+! '-(%&)'-,! 41-*! .$%&'%.! (0/4! 2'((%0%-)! ,%-%01! /0! &61..%.+! )/! B%0*!
-100/D+! '-(%&)'-,! /-6*! /-%! .$%&'%.! /(! @/.)! Y>'2'%0! %)! 16:+! EFFF+! 1-2! 0%(%0%-&%.!
)@%0%'-n! 91)@'.+! EFFFn! #/6)%0! %)! 16:+! EF"F[:! ?@%! 4'&0/.$/0'2'1-! $101.')%- '()*+,"-
.".)"&! R0%%-+! "ZbG+! D1.! '-')'166*! 2%.&0'S%2! (0/4! )D/! $/$561)'/-.! /(! !"#$%&"-
*3%:&0#&%"!YR0%%-+!"ZbG[!'-!H-,61-2!1-2!@1.!.'-&%!S%%-!0%$/0)%2!)/!'-(%&)!-/)!/-6*!
!@- *3%:&0#&%"! S5)! 16./!!@- #(*+F! '-! H-,61-2! 1-2! 7%-)016! H50/$%! Y#)'0-12%6! W! HS%0)+!
"ZZbn! P'))6%! W! HS%0)+! "ZZZ+! .%%! 16./! :N0'%20'&@! %)! 16! "ZZTd! '-! )@'.! .)52*! &166%2! '@-
?"#$%&"+=! .%%! X%(102)! %)! 16:+! EFFE[:! #)'0-12%6! W! HS%0)! Y"ZZb[! -%B%0! (/5-2! )@%!
$101.')%!/-!.*4$1)0'&!!@-2":%":!'@-.".")&!D1.!16./!/S.%0B%2!)/!/&&50!'-!1!!"#$%&"!
0/&K$//6! 4%)1&/445-')*! Y>:! HS%0)+! 5-$5S6'.@%2! /S.%0B1)'/-.[+! $0/B'2'-,! )@%!
/$$/0)5-')*!)/!)%.)!)@%!$0%2'&)'/-+!)@1)!$101.')%.!'-!1!4%)1&/445-')*!.@/562!%B/6B%!
)/!S%!,%-%016'.).:!!

?@%!!"#$%&"!4%)1&/445-')*!/(!)@%!0/&K!$//6.!/(!)@%!C16)'&!#%1!&/4$0'.%.!!@-
*3%:&0#&%"!9J66%0+!"bjV+!!@-2":%"!#)015.+!"jEF+!1-2!)D/!&612%.!/(!!@-#(*+F!P%*2',+!
"jTF+!/-%!(1&56)1)'B%!$10)@%-/,%-%)'&!1-2!/-%!%a&65.'B%6*!$10)@%-/,%-%)'&!Yg1-.K'!
W!X1-)1+! "ZjQn! C%-,)../-+! "ZjZn! L1`5-%-!W! L1`5-%-+! EFFQn! P%@)/!W!g11,+! EF"F[:!
?@%! $101.')%.! /(! )@'.! 4%)1&/445-')*! @1B%! S%%-! .)52'%2! '-)%-.'B%6*! Y%:,:! R0%%-+!
"ZVbn!<6)%041))!%)!16:+!EFFbn!HS%0)!%)!16:+!EFF"n!^S'-2%-!%)!16:+!EFFj[:!<-!%106'%0!.)52*!
(/&5.'-,! /-! !@- 2":%"! %.)1S6'.@%2! )@1)! )@%! 4'&0/.$/0'2'1! 9"2&*130#3)&?&(2-



! Eb!

1."+)2&%%+%0&0! Y(/04%06*! &166%2! J<130#3)+"- >",+)&[! 1-2! J)?30#3)"- <3**&:"1"! 10%!
.$%&'('&! )/!!@-2":%"+!D@'6%! 1-! 5-2%.&0'S%2!K")003%&"! .$%&'%.! '-(%&)%2! 166!!"#$%&"!
@/.)! .$%&'%.! YHS%0)! %)! 16:+! EFF"[:! #/! (10+!'@- .".)"&!D1.! /-6*! /S.%0B%2! '-! 1!!@- #(*+F!
$/$561)'/-!Y>:!HS%0)+!5-$5S6'.@%2!/S.%0B1)'/-[:!!@-#(*+F!/&&50.!4/0%!010%6*!'-!)@'.!
4%)1$/$561)'/-!)@1-!!@-2":%"+!)@5.!S%'-,!1S6%!)/!'-(%&)!(50)@%0!@/.)!.$%&'%.!4',@)!
S%! S%-%('&'16! (/0! '@- .".)"&p.! 6/-,3)%04! $%0.'.)%-&%:! A.'-,! 1-! /S.%0B1)'/-16! Y('%62!
.50B%*[!1-2!%a$%0'4%-)16!1$$0/1&@!Y'-(%&)'/-!)0'16.[!D%!%a14'-%!)@%!.$%&'('&')*!/(!'@-
.".)"&! )/! )@%! G! .*4$1)0'&! @/.)! )1a1! /(! )@%! 0/&K! $//6!4%)1&/445-')*:! ?/! /S)1'-! 1!
4/0%!&/4$0%@%-.'B%!$'&)50%!/(!)@%!.$%&'('&')*!/(!'@-.".)"&!D%!%a$1-2!)/!'-&652%!@/.)!
&6/-%.!(0/4!/)@%0!0%,'/-.! '-!H50/$%!1-2!16./!(50)@%0!$/)%-)'16!@/.)!.$%&'%.!D')@'-!
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>1$@-'1! $/$561)'/-.! Y"T! /(! D@'&@! D%0%! !@- #(*+F! 1-2! "F! D%0%! !@- *3%:&0#&%"[!
)@0/5,@/5)!&%-)016!H50/$%!1-2!(/5-2!'@-.".)"&!/-6*!'-!/-%!!@-#(*+F-$/$561)'/-!1)!1!
$0%B16%-&%!/(!G:El!YP'))6%!W!HS%0)+!"ZZZ[:!9%2'54!)/!610,%!.&16%!.50B%*.!/(!>1$@-'1!
$101.')%.!'-!/)@%0!&/5-)0'%.!1-2!%B%-!2'((%0%-)!&/-)'-%-).!2'2!-/)!0%B%16!1-*!'()*+,"!
/0!'()*+,"36'K%! $101.')%! YC%-,)../-!W! HS%0)+! "ZZjn!m'66'&K! %)! 16:+! EFFj[! S5)! -/)! 166!
.50B%*.! '-&652%2! .14$6%.! /(!!@- #(*+F! /0!!@- *3%:&0#&%"! Y>5((*! %)! 16:+! EF"Fn!R/0%-!W!
C%-3<4'+!EF"Q[:!!
! c-6*! /-%! .)52*! 0%$/0)%2! '@- .".)"&! (0/4! !@- #(*+F! 1.! D%66! 1.! !@- *3%:&0#&%":!
#)'0-12%6!W!HS%0)!Y"ZZb[!(/5-2!'@-.".)"&! '-!)@0%%!$/-2.!'-!#/5)@%0-!H-,61-2+!D')@!
1B%01,%! $0%B16%-&%.! /(! ""+! EZ! 1-2! Zl! '-! !@- #(*+F! 1-2! F:V+! Q! 1-2! �F:Vl! '-! )@%!
.*4$1)0'&! !@- *3%:&0#&%"! 0%.$%&)'B%6*:! ?@'.! @',@%0! .5.&%$)'S'6')*! /(!!@- #(*+F! )/! )@%!
$101.')%!.%%4.!16./!)/!S%!0%(6%&)%2!'-!/50!%a$%0'4%-).+!D@%0%!"T!/5)!/(!EG!YTT:bl[!
!@-#(*+F! &6/-%.!Y166!/0','-.[!D%0%!.5.&%$)'S6%+!D@'6%!Q!/5)!/(!b! YGQl[!!@- *3%:&0#&%"!
D%0%!.5.&%$)'S6%:!?@'.!4',@)!'-2'&1)%!)@1)!!@-#(*+F-'.!4/0%!6'K%6*!)@%!)10,%)!@/.)!1-2!
!@- *3%:&0#&%"! %')@%0!1-!1&&'2%-)16!@/.)!S*!.$'66/B%0!/0!1-!16)%0-1)'B%!@/.)! )/!D@'&@!
)@%!$101.')%!'.!6%..!121$)%2:!!

#/4%!$101.')%.!D@'6%!S%'-,!41'-6*!121$)%2!)/!1!41`/0!@/.)!/()%-!.@/D!./4%!
2%,0%%! /(! '-(%&)'/5.-%..! )/D102.! 4'-/0! @/.).! YL/56'-+! EFFb[:! 70/..3.$%&'%.!
)01-.4'..'/-! '.! 4/0%! 6'K%6*! )/! @1$$%-! S%)D%%-! &6/.%6*! 0%61)%2! @/.)! .$%&'%.!
Y7@106%.)/-! W! X/S%0)./-+! EFFEn! L%0641-! W! ;1%-'&K%+! EFFQn! #)0%'&K%0! %)! 16:+! EF"Fn!
P/-,2/-! %)! 16:+! EF""[! 1-2! )@5.! '-! 4%)1&/445-')'%.! &/4$/.%2! /(! &6/.%6*! 0%61)%2!
@/.)!.$%&'%.+!$101.')%!.$'66/B%0!(0/4!1!./50&%!@/.)!)/!1-!1&&'2%-)16!@/.)!41*!@1$$%-!
1)!@',@%0!01)%.!)@1-!/)@%0D'.%!%a$%&)%2!25%!)/!)@%!&/4S'-1)'/-!/(!@',@!@/.)!.$%&'%.!
2%-.')'%.! Y6%12'-,! )/! 4/0%! (0%o5%-)! /$$/0)5-')'%.! /(! &0/..3.$%&'%.! )01-.4'..'/-[!
1-2! )/! @',@! $@*.'/6/,'&16! .'4'610')*! Y25%! )/! .4166%0! ,%-%)'&! 2'B%0,%-&%[! S%)D%%-!



! QQ!

@/.).:!?@'.!4/2%6!&/562!%a$61'-!./4%!6%B%6!/(!2%)%&)'/-!/(!'-(%&)'/-.!'-!!@-*3%:&0#&%":!
?@%!/-6*!0%&/02.!D@'&@!.%%4!'-&/-.'.)%-)!D')@! )@'.! '2%1!10%! )@%! ('-2'-,.!/(!R0%%-!
Y"ZbG[+!D@/! .)1)%2! '-! @'.! G36'-%! .$%&'%.! 2%.&0'$)'/-! /(!'@- .".)"&+! )@1)! )@%! $101.')%!
D1.! (/5-2! '-! )D/!$/$561)'/-.!/(!!@- *3%:&0#&%":!g%!2'2!-/)!4%-)'/-!/)@%0!>1$@-'1!
.$%&'%.!'-!)@%.%!$/-2.:!?@5.+!1-!16)%0-1)'B%!%a$61-1)'/-!4',@)!S%!)@1)!)@%!$101.')%!'.!
1S6%! )/!121$)! 6/&166*! )/! )@%!1B1'61S6%!@/.).!D')@'-!1! .4166! .%)!/(! 0%61)%2!@/.).:!w%)+!
1-/)@%0!@*$/)@%.'.!'.!)@1)!R0%%-p.!Y"ZbG[!/0','-16!2%.&0'$)'/-!'.!1!2'((%0%-)!$101.')%!
.$%&'%.:! R'B%-! @'.! B%0*! .@/0)! 2%.&0'$)'/-! 1-2! )@%! (1&)! )@1)! )@%0%! 10%! 41-*! B%0*!
.'4'610!4'&0/.$/0'2'1-!$101.')%.!'-!!"#$%&"+!)@'.!'.!-/)!5-6'K%6*:!_(!./+!)@%-!R0%%-p.!
$101.')%!D/562! 0%41'-+!'@- .".)"&! '-(%&)'-,!!@- *3%:&0#&%"! 1-2! )@%!!@- #(*+F! '-(%&)'-,!
$101.')%! D/562! S%! '@- ?"#$%&"++! D@'&@! D1.! (/04166*! 2%.&0'S%2! S*! N0'%20'&@! %)! 16!
Y"ZZT[:!'@-?"#$%&"+!'.!&500%-)6*!.%%-!1.!1!.*-/-*4!/(!'@-.".)"&!YX%(102)!%)!16!EFFE[:!
#%o5%-&%!21)1!Y"T#!0>M<[!'-2'&1)%!)@1)!)@%!$101.')%!/(!N0'%20'&@!%)!16:+!/)@%0!'./61)%.!
(0/4!#/5)@!H-,61-2!1-2!)@%!$101.')%!'-!)@%!('-'.@!4%)1&/445-')*!10%!)@%!.14%!Y166!
.14$6%2! (0/4!!@- #(*+F[YX%(102)! %)! 16:! EFFEn!>:! HS%0)! 5-$5S6'.@%2!21)1[:! #%o5%-&%!
21)1!10%!-/)!1B1'61S6%!(/0!1!!@-*3%:&0#&%"!2%0'B%2!(/04:!!
!
/$,*3:+%+1&<-#"11+)%-

?@%! $@*6/,%-%)'&! $/.')'/-! /(! )@%! .5.&%$)'S6%! @/.)! &612%.! .@/D.! 1! &6%10! &65.)%0'-,!
YN',50%!"[!D')@!0%.'.)1-&%!'-&0%1.'-,!D')@!,%-%)'&!2'.)1-&%!(0/4!/50!./50&%!@/.)+!1!
.%a516!!@-#(*+F!$/$561)'/-!(0/4!N'-61-2:!_-!/)@%0!.*.)%4.+!@/.).!4/.)!0%61)%2!)/!)@%!
./50&%!@/.)!@1B%!16./!S%%-!(/5-2!4/0%!6'K%6*!)/!S%!.5.&%$)'S6%!YL%0641-!W!;1%-'&K%+!
EFFQn! #)0%'&K%0! %)! 16:+! EF"Fn! P/-,2/-! %)! 16:+! EF""n! 0%B'%D%2! '-! <-)/-/B'&.! %)! 16!
EF"Q[:!g%0%+!$/..'S6%!$0/a'416!&15.%.!'-&652%!)@1)!1!&/44/-!(%1)50%!'4$/0)1-)!(/0!
$101.')%!'-(%&)'/-!D1.!$0%.%-)!S%(/0%!)@%!.%$101)'/-!/(!)@%!L56%a!1-2!)@%!P/-,'.$'-1!
,0/5$.:!?@%!6'-%1,%!6%12'-,!)/!!@-:"*+"1"!4',@)!@1B%!6/.)!)@'.!(%1)50%!S5)!D')@!/-%!!@-
:"*+"1"!&6/-%!D%!@1B%!6'))6%!$/D%0!)/!.5$$/0)!)@'.:!<-!16)%0-1)'B%!%a$61-1)'/-!&/562!
S%!)@1)!.$%&'%.!(0/4!)@%!L56%a!1-2!)@%!P/-,'.$'-1!.5S3&612%.!'-2%$%-2%-)6*!%B/6B%2!
(%1)50%.! 166/D'-,! )@%! $101.')%! )/! '-(%&)! )@%4+! D@'&@! .%%4.! @/D%B%0! 6%..!
$10.'4/-'/5.:!?@%!$1))%0-!.%%-!D')@'-!)@%!!@-#(*+F!&612%!'.!16./!&/-.'.)%-)!D')@!)@%!
1-&'%-)! )01')! @*$/)@%.'.:! ?@%! .%a516! !@- #(*+F! (0/4! N'-61-2+! D@'&@! 0%$0%.%-).! )@%!



! QG!

H50/$%1-! !@- #(*+F! 6'-%1,%+! )@%! 1.%a516! !@- #(*+F! 6'-%1,%! (0/4! N'-61-2+! D@'&@! '.!
S%6'%B%2!)/!@1B%!100'B%2!(0/4!M/0)@3<4%0'&1-!1-&%.)/0.!1()%0!)@%!61.)!'&%31,%!YI102!
%)!16:!"ZZG[!1-2!)@%!&6/.%6*!0%61)%2+!S5)!,%/,01$@'&166*! (10!2'.)1-)!!@-#(*+F-")+%"1"!
(0/4!M/0)@!<4%0'&1! YL(0%-2%0!%)! 16:+! EFFFn!7/6S/50-%!%)! 16:+! EF""[:! _(! )@%!$101.')%!
@1.!').!&%-)%0!/(!/0','-!'-!&%-)016!H50/$%+!')!'.!$0%.541S6*!121$)%2!)/!)@%!H50/$%1-!
!@-#(*+F!6'-%1,%:!_).!1S'6')*!)/!'-(%&)!/)@%0!!@-#(*+F!6'-%1,%.!D/562!)@%-!S%!.5$$/0)'B%!
/(! )@%! @*$/)@%.'.! )@1)! )@%! $101.')%! )1K%.! 12B1-)1,%! /(! 1-! 1-&'%-)! )01')! /(! ').! @/.):!
?@'.!)01')!4',@)!S%!1.!/62!1.!)@%!.$6')!S%)D%%-!)@%!P/-,'.$'-1!1-2!)@%!L56%a!&612%:!
!
K3<"*-"?"#1"1&3%-

I')@'-!)@%!!@-#(*+F-&612%+!)@%!.5.&%$)'S'6')*!(/5-2!D1.!.)0/-,6*!&/-&%-)01)%2!D')@'-!
)@%!&6/-%.!(0/4!)@%!N'--'.@!4%)13$/$561)'/-+!D@'&@!D%0%!166!.5.&%$)'S6%!Y?1S6%!E[:!
?@%.%!,%-/)*$%.!/0','-1)%2!(0/4!2'((%0%-)!$/-2.!6/&1)%2!/-!2'((%0%-)!'.61-2.!D')@'-!
)@%!4%)1$/$561)'/-:!c5).'2%!/(!)@%!('--'.@!4%)13$/$561)'/-!.5.&%$)'S'6')*!D1.!6/D%0!
Y?1S6%!E[!1-2!01)@%0!$1)&@*:!?@'.!$1))%0-!4',@)!'-2'&1)%!6/&16!121$)1)'/-!/(!'@-.".)"&!
)/!').!@/.)!1)!)@%!4%)1$/$561)'/-!6%B%6+!1!D%66!K-/D-!$@%-/4%-/-!'-!2'B%0.%!@/.)3
$101.')%! .*.)%4.! &/-.'2%0%2! 1-! '-2'&1)'/-! /(! &/3%B/65)'/-! Y9/0,1-! W! m/.K%661+!
EF""[:! ?@'.! $@%-/4%-/-! D1.! 16./! (/5-2! '-! /)@%0! 4'&0/.$/0'2'1-! $101.')%.! '-!
>1$@-'1! YHS%0)!"ZZGn!<6)%041))!%)! 16:+! EFFb[:! _)!@1.!S%%-!.5,,%.)%2! )@1)! .$%&'16'.)!
$101.')%.! D')@! .%B%0%! (')-%..! &/-.%o5%-&%.! (/0! )@%'0! @/.).+! .5&@! 1.! '@- .".)"&+! 10%!
4/0%!6'K%6*!)/!S%!6/&166*!121$)%2!YP'B%6*+!"ZZZn!R1-2/-+!EFFE[:!!



! QV!

:+3+&+"6+*.
!
<214/D'&=!#:;:+!L%)05.%K!<:+!7/6S/50-%!;:m:+!g%S%0)!L:>:M:!W!I'))!;:>:#:!YEFFZ[!?@%!
.&16%!/(!2'B%0,%-&%d!<!$@*6/,%-%)'&!1$$01'.16!/(!'-)%0&/-)'-%-)16!166/$1)0'&!
.$%&'1)'/-!'-!1!$1..'B%6*!2'.$%0.%2!(0%.@D1)%0!=//$61-K)/-!,%-5.:!9/6%&5610!
L@*6/,%-%)'&.!1-2!HB/65)'/-!VF+!Qd!GEQ3GQT!
!
<6)%041))+!N:+!g/))'-,%0+!;:I:!W!HS%0)+!>:!YEFFb[!L101.')%.!$0/4/)%!@/.)!,%-%!(6/D!'-!
1!4%)1$/$561)'/-:!HB/65)'/-10*!H&/6/,*!E"d!VT"hVbV!
!
<-)/-/B'&.+!;:+!C//).+!9:+!HS%0)+!>:+!m/.K%661+!C:+!L/..+!9:!W!#122+!C:9:!YEF"Q[!?@%!
/0','-!/(!.$%&'('&')*!S*!4%1-.!/(!-1)5016!.%6%&)'/-d!%B/6B%2!1-2!-/-3@/.)!0%.'.)1-&%!
'-!@/.)3$1)@/,%-!'-)%01&)'/-.:!HB/65)'/-!Tb+!"d!"3Z!
!
C%-,)../-+!;:!Y"ZjZ[!_-)%0.$%&'('&!&/4$%)')'/-!'-&0%1.%.!6/&16!%a)'-&)'/-!01)%!'-!1!
4%)1$/$561)'/-!.*.)%4:!M1)50%!QGFd!TEQT+!b"Q3b"V!
!
C%-,)../-+!;:+!W!HS%0)+!>:!Y"ZZj[!>'.)0'S5)'/-.!1-2!'4$1&).!/(!4'&0/$101.')%.!/-!
>1$@-'1!'-!1!0/&K$//6!4%)1$/$561)'/-:!c%&/6/,'1!""V+!"3Ed!E"QhEE":!
!
7@106%.)/-+!9:!<:!W!X/S%0)./-+!>:!P:!YEFFE[!L0%(%0%-)'16!@/.)!.D')&@'-,!S*!$0'41)%!
6%-)'B'05.%.!&1-!1&&/5-)!(/0!$@*6/,%-%)'&!.'4'610')*!D')@!)@%!$0'41)%!$@*6/,%-*:!
#*.)%41)'&!C'/6/,*!V=-Qd!VEjhQV!
!
7/6S/50-%+!;:m:+!L(0%-2%0+!9:H:+!R'6S%0)+!>:+!%)!16:!YEF""[!?@%!%&/0%.$/-.'B%!,%-/4%!/(!
>1$@-'1!$56%a:!#&'%-&%!QQ"d!VVV3VT"!
!
>'2'%0+!H:#:+!>'2'%0+!L:;:+!#-/D2%-+!m:N:!W!#@1225&K+!;:<:!YEFFF[!9'&0/.$/0'2'/.'.!'-!
414416.:!9'&0/S%.!1-2!_-(%&)'/-!Ed!bFZ3bEF!
!
>5((*+!9:<:+!7v&%0%.+!7:H:+!g166+!#:X:+!?%..'%0+!<:;:+!W!_B%.+!<:X:!YEF"F[!?%4$/016+!.$1)'16+!
1-2!S%)D%%-3@/.)!&/4$10'./-.!/(!$1))%0-.!/(!$101.')'.4!'-!61K%!=//$61-K)/-:!
H&/6/,*!Z"+!""d!QQEEhQ"!
!
HS%0)+!>:!Y"ZZG[:!i'056%-&%!1-2!P/&16!<21$)1)'/-!/(!1!g/0'=/-)166*!?01-.4'))%2!

L101.')%:!#&'%-&%+!ETV+!"FjGh"FjT:!
!
HS%0)+!>:+!^.&@/KK%3X/@0'-,%0+!7:>:!W!710'5.+!g:;:!Y"ZZj[!I')@'-!1-2!S%)D%%-!
$/$561)'/-!B10'1)'/-!(/0!0%.'.)1-&%!/(!>1$@-'1!41,-1!)/!)@%!S1&)%0'16!%-2/$101.')%!
L1.)%50'1!014/.1:!L0/&%%2'-,.!/(!)@%!X/*16!#/&'%)*!P/-2/-!C3C'/6/,'&16!#&'%-&%.!
ETVd!E"Eb3E"QG!
!
HS%0)+!>:+!g/))'-,%0+!;:!I:+!W!L1`5-%-+!i:!_:!YEFF"[!?%4$/016!1-2!.$1)'16!2*-14'&.!/(!
$101.')%!0'&@-%..!'-!1!>1$@-'1!4%)1$/$561)'/-:!H&/6/,*!jE+!"Ed!QG"bhQGQG!



! QT!

!
N6U..-%0+!>:!YEFFF[!>'%!g1$6/$/21!5-2!7612/&%01!9'))%6%50/$1.:!C1&K@5*.!
L5S6'.@%0.:!L$:!GEj!
!
N0'%20'&@+!7:+!I'-2%0+!c:+!#&@1((6%0+!m:!W!X%'-)@16%0+!N:!N:!Y"ZZT[!P',@)!1-2!%6%&)0/-!
4'&0/.&/$%!.)52*!/-!R506%*1!21$@-'1%!.$:!-/B:!Y9'&0/.$/01+!R506%*'21%[+!1!$101.')%!
/(!!"#$%&"-#(*+F!Y705.)1&%1+!L@*66/$/21[:!H50/$%1-!;/50-16!/(!L0/)'.)/6/,*!QE+!"d!
""T3"EE!
!
R1-2/-+!#:!YEFFE[!P/&16!121$)1)'/-!1-2!)@%!,%/4%)0*!/(!@/.)3$101.')%!&/%B/65)'/-:!
H&/6/,*!P%))%0.!V+!Ed!EGThEVT:!!
!
R/0%-+!P:!W!C%-3<4'+!N:!YEF"Q[!H&/6/,'&16!&/00%61)%.!S%)D%%-!&612/&%01-.!1-2!)@%'0!
%-2/$101.')%.!(0/4!$%041-%-)!1-2!01'-!$//6.d!$1))%0-.!'-!&/445-')*!&/4$/.')'/-!
1-2!2'B%0.')*:!g*20/S'/6/,'1!bF"d!"Q3EQ!
!
R0%%-+!;:!Y"ZVb[!L101.')%.!1-2!%$'S'/-).!/(!7612/&%01!'-!0/&K!$//6.!/(!?BO04'--%!
10&@'$%61,/:!<0&@:!#/&:!^//6:!C/):!N%--:!i1-14/!
!
R0%%-+!;:!Y"ZbG[!L101.')%.!1-2!%$'S'/-).!/(!7612/&%01:!?01-.1&)'/-.!/(!)@%!^//6/,'&16!
#/&'%)*!/(!P/-2/-!QEd!G"bhV"V!
!
g1-.K'+!_:!Y"ZZj[!9%)1$/$561)'/-!2*-14'&.:!M1)50%!QZTd!G"3GZ!
!
g1-.K'+!_:!W!X1-)1+!H:!Y"ZjQ[!7/%a'.)%-&%!'-!1!$1)&@*!%-B'0/-4%-)!h!Q!.$%&'%.!/(!
>1$@-'1!'-!0/&K3$//6.:!;/50-16!/(!<-'416!H&/6/,*!VE+!"d!ETQ3EbZ!
!
g1)&@%0+!9:;:+!>'&K+!;:?:<:!W!>5--+!<:9:!YEFFT[!g/D!$101.')%.!1((%&)!'-)%01&)'/-.!
S%)D%%-!&/4$%)')/0.!1-2!$0%21)/0.:!H&/6/,*!P%))%0.!Z+!""d!"EVQ3"Eb"!
!
g%S%0)+!L:>:M:+!I102+!X:>:!W!I%'2%0+!P:;:!Y"Zjj[!76/-16!2'B%0.')*!$1))%0-.!1-2!
S0%%2'-,!.*.)%4!B10'1)'/-!'-!!"#$%&"-#(*+F+!1-!1.%a5163.%a516!&/4$6%a:!HB/65)'/-!
GEd!"FEG3"FQV!
!
m1D%&K'+!?:;:!Y"ZZj[!X%2!r5%%-!4%%).!#1-)1!X/.16'1d!<04.!01&%.!1-2!)@%!%B/65)'/-!
/(!@/.)!.$%&'16'=1)'/-!'-!/0,1-'.4.!D')@!$101.')'&!6'(%.)*6%.:!<4%0'&1-!M1)5016'.)!
"VE+GdTQV3TV"!
!
m'66'&K+!#:7:+!cSS102+!>:;:+!I%.)+!#:<:+!W!P'))6%+!?:;:!YEFFj[!L101.')'.4!1-2!S0%%2'-,!
.*.)%4!B10'1)'/-!'-!M/0)@!<4%0'&1-!$/$561)'/-.!/(!!"#$%&"-#(*+F:!H&/6/,'&16!
X%.%10&@!EQ+!"d!EQVhEGF!
!
m6J)),%-+!C:+!>J64%0!A:+!H-,%6.+!9:!W!X1))%+!g:?:!Y"ZZG[!<>19+!1-!10)'('&'16!
(0%.@D1)%0!(/0!)@%!&56)50%!/(!=//$61-K)/-:!I1)%0!X%.%10&@!EjdbGQ3bGT!
!



! Qb!

P14S0%&@).+!P:+!g16S%0)+!;:+!>501-2+!L:+!R/51,-1+!P:7:+!W!m/%661+!;:7:!YEFFV[!g/.)!
,%-/)*$%!S*!$101.')%!,%-/)*$%!'-)%01&)'/-.!5-2%06*'-,!)@%!0%.'.)1-&%!/(!1-/$@%6'-%!
4/.o5')/%.!)/!/*"023?&(2-8"*<&#")(2:!91610'1!;/50-16!""+!GdQ!
!
P%@)/+!9:!L:+!W!g11,+!7:!X:!YEF"F[:!H&/6/,'&16!2'((%0%-)'1)'/-!S%)D%%-!&/%a'.)'-,!

.%a516!1-2!1.%a516!.)01'-.!/(!!"#$%&"-#(*+F:!;/50-16!/(!<-'416!H&/6/,*+!bZYT[+!
"EG"hVF:!

!
P'))6%+!?:!W!HS%0)+!>:!Y"ZZZ[!<../&'1)'/-.!S%)D%%-!$101.')'.4!1-2!@/.)!,%-/)*$%!'-!
-1)5016!$/$561)'/-.!/(!>1$@-'1!Y705.)1&%1d7612/&%01[:!;/50-16!/(!<-'416!H&/6/,*!Tjd!
"QG3"GZ!
!
P'B%6*+!7:!9:!Y"ZZZ[!9',01)'/-!+!i'056%-&%!+!1-2!)@%!R%/,01$@'&!9/.1'&!/(!<21$)1)'/-!
S*!L101.')%.:!?@%!<4%0'&1-!M1)5016'.)!"VQ+!#Vd!#QGh#Gb!
!
P/-,2/-+!C:+!g12('%62+!;:!>:+!I%S.)%0+!7:!P:+!cSS102+!>:!;:+!W!;',,'-.+!N:!9:!YEF""[!g/.)!
$@*6/,%-*!2%)%04'-%.!B'016!$%0.'.)%-&%!1-2!0%$6'&1)'/-!'-!-/B%6!@/.).:!LP/#!
$1)@/,%-.!b+!Zd!%"FFEETF!
!
P5'`&Ka+!L:+!C%-3<4'+!N:+!9/5)/-+!P:+!L1.o5'%0+!P:!W!HS%0)+!>:!YEF""[!76/-'-,!/(!)@%!
5-&56)501S6%!$101.')%!L1.)%50'1!014/.1!1-2!').!>1$@-'1!@/.)!0%B%16.!%a)0%4%!
,%-/)*$%3,%-/)*$%!'-)%01&)'/-.:!H&/6/,*!P%))%0.!"Gd!"EV3"Q"!
!
91)@'.+!<:!YEFFF[!9'&0/.$/0'2'1d!%4%0,'-,!12B1-&%.!'-!5-2%0.)1-2'-,!)@%!S1.'&!
S'/6/,*!/(!)@%.%!5-'o5%!/0,1-'.4.:!_-)%0-1)'/-16!;/50-16!(/0!L101.')/6/,*!QF+!bd!bZV3
jFG!
!
9'-&@%661+!>:;:+!W!#&/))+!9:H:!Y"ZZ"[:!L101.')'.4d!<!&0*$)'&!2%)%04'-1-)!/(!1-'416!
&/445-')*!.)05&)50%:!?0%-2.!'-!H&/6/,*!W!HB/65)'/-!T+!jd!EVFhG!
!
9/0,1-+!<:>:+!W!m/.K%661+!C:!YEF""[!7/%B/65)'/-!/(!g/.)!1-2!L1)@/,%-:!_-!'+%+1&<0-
"%?-B.3*(1&3%-38-N%8+<1&3(0-!&0+"0+0!YN'0.)!H2'):+!$$:!"Gbh"b"[:!H6.%B'%0!_-&:!
!
L1`5-%-+!i:_:!Y"ZjT[!>'.)0'S5)'/-16!2*-14'&.!/(!>1$@-'1!.$%&'%.!'-!1!0/&K3$//6!

%-B'0/-4%-):!<--16%.!^//6/,'&'!N%--'&'!EQ+!Ed!"Q"h"GF!
!
L1`5-%-+!i:_:!W!L1`5-%-+!_:!YEFFQ[!P/-,3)%04!2*-14'&.!'-!0/&K!$//6!>1$@-'1!
4%)1$/$561)'/-.:!H&/,01$@*!ET+!Td!bQ"3bQj!
!
L%0641-+!#:!;:+!W!;1%-'K%+!;:!YEFFQ[:!HB/65)'/-!/(!456)'$6%!&/4$/-%-).!/(!B'056%-&%!'-!
>0/./$@'613-%41)/2%!1../&'1)'/-.:!HB/65)'/-!Vb+!bd!"VGQh"VV"!
!
L(0%-2%0+!9:H:+!#$')=%+!m:!W!P%@41-+!M:!YEFFF[!956)'36/&5.!%B'2%-&%!(/0!01$'2!
%&/6/,'&166*3S1.%2!.$%&'1)'/-!'-!>1$@-'1:!9/6%&5610!H&/6/,*!Zd!"b"b3"bQV!
!



! Qj!

L/56'-+!X:!YEFFb[!HB/65)'/-10*!%&/6/,*!/(!$101.')%.!YE-2!%2:[:!L0'-&%)/-!A-'B%0.')*!
L0%..+!QGE$!
!
X%(102)+!>:+!71--'-,+!H:!A:+!91)@'.+!<:+!7@%-%*+!#:!<:+!P1(01-&@'3?0'.)%4+!M:!;:!W!HS%0)+!
>:!YEFFE[!#4166!.5S5-')!0'S/./416!>M<!$@*6/,%-*!/(!4'&0/.$/0'2'1!)@1)!'-(%&)!
>1$@-'1!Y705.)1&%1d!7612/&%01[:!L101.')/6/,*!"EGd!Qj"3QjZ!
!
#&@4'23g%4$%6+!L:!YEF""[!HB/65)'/-10*!L101.')/6/,*:!ca(/02!A-'B%0.')*!L0%..+!
ca(/02+!A-')%2!m'-,2/4+!VQT$!
!
#&@56%-S50,+!g:!W!HDS1-K+!;:;:!YEFFG[!>'B%0.')*!1-2!.$%&'('&')*!'-!)@%!'-)%01&)'/-!
S%)D%%-!I"+%3)$">?&1&0-+*+:"%0!1-2!)@%!$1)@/,%-!M+))"1&"-2")<+0<+%0:!C97!
HB/65)'/-10*!C'/6/,*!G+!GZ!
!
#/6)%0+!P:N:+!L'610.K1+!>:m:+!9&91-5.+!9:P:+!^xS0'K+!9:+!L1)/�K1+!;:+!g51-,+!I:3N:!W!
M/B/)-y+!;:!YEF"F[!g/.)!.$%&'('&')*!/(!4'&0/.$/0'2'1!$1)@/,%-'&!)/!)@%!,*$.*!4/)@+!
P*41-)0'1!2'.$10!YP:[d!N'%62!.)52'%.!'-!#6/B1K'1:!;/50-16!/(!_-B%0)%S01)%!L1)@/6/,*!
"FV+!"d!"3"F!
!
#)'0-12%6+!g:!W!HS%0)+!>:!Y"ZZb[!L0%B16%-&%+!@/.)!.$%&'('&')*!1-2!'4$1&)!/-!@/.)!
(%&5-2')*!/(!4'&0/$101.')%.!1-2!%$'S'/-).!'-!)@0%%!.*4$1)0'&!>1$@-'1!.$%&'%.:!
;/50-16!/(!<-'416!H&/6/,*!TT+!Ed!E"E3EEE!
!
#)0%'&K%0+!>:!R:+!?504%66%+!<:!#:+!i/-@/(+!9:!;:+!m5=4'-+!_:!i+!9&701&K%-+!R:!N:+!W!
X5$$0%&@)+!7:!H:!YEF"F[!g/.)!$@*6/,%-*!&/-.)01'-.!&0/..3.$%&'%.!%4%0,%-&%!1-2!
%.)1S6'.@4%-)!/(!01S'%.!B'05.!'-!S1).:!#&'%-&%!QEZ+!VZZEd!TbThTbZ!
!
I102+!X:>:+!C'&K%0)/-+!9:<:+!N'-.)/-+!?:!W!g%S%0)+!L:>:M:!Y"ZZG[!R%/,01$@'&16!&6'-%!'-!
S0%%2'-,!.*.)%4.!1-2!$6/'2*!6%B%6.!'-!H50/$%1-!$/$561)'/-.!/(!!"#$%&"-#(*+F:!
g%0%2')*!bQd!VQE3VGQ!
!
I//6@/5.%+!9:H:;:+!?1*6/0+!P:g:!W!g1*2/-+!>:?:!YEFF"[!L/$561)'/-!S'/6/,*!/(!
456)'@/.)!$1)@/,%-.:!#&'%-&%!EZEd!""FZ3"""E!
!
^S'-2%-+!9:+!g11,+!7:X:!W!HS%0)+!>:!YEFFj[!Ha$%0'4%-)16!%B/65)'/-!/(!('%62!
$/$561)'/-.!/(!>1$@-'1!41,-1!'-!0%.$/-.%!)/!$101.')%!)0%1)4%-):!;/50-16!/(!
HB/65)'/-10*!C'/6/,*!E"d!"FTjh"Fbj!
!



! QZ!

?#<'+.@A.>#14")#.*#B1'+*.3&-B.@@.1--'*.C-$,.-3.DEFG.)".H4)64.#,.'+#*,.-"6+.($&)"%.,4+.
1+&)-(. -3. IFFJ. ,-. IF@K. #". )"3+6,)-".H),4.9:6 ;";&"3. H#*. -<*+&0+(A! N/0! %1&@! *%10! )@%!
!"#$%&"!.$%&'%.!$0%.%-)!'-!1!.14$6%!10%!,'B%-!Y4d!!@-2":%"+!$d!!@-#(*+F!1-2!6d!!@-*3%:&0#&%"[:!
71$')16! L! Y1-2! ,0%*! S1&K,0/5-2[!410K! )@%! .14$6%.! '-!D@'&@! )@%!!@- #(*+F! $/$561)'/-!D1.!
'-(%&)%2:!!L/$561)'/-.!#K166/)@/64%-!QZ!)/!GV!@10S/50%2!)@%!1.%a516!(/04!/(!!@-#(*+F:!<!21.@!
Y3[! '-2'&1)%.! )@1)! %')@%0! -/!!"#$%&"! D%0%! $0%.%-)! 1)! )@%! )'4%! /(! .14$6'-,+! /0! ')! D1.! -/)!
$/..'S6%!)/!)1K%!1!.14$6%+!S%&15.%!)@%!$//6!D1.!20*:!!
!

!*'#"(L9--'2.
&+1&-($6,)-".

IFFJ. IF@F. IF@@. IF@I. IF@K.

N*0,05-2%)3G+!.%a! 3! 3! $! L! $!
N*0,05-2%)!3V+!.%a! $! $! L! $+6! $!
9%61-.KO03T"+!.%a! $! 3! L! $! L!
#K166/)@/64%-3"+!.%a! 4! 3! 4+!6! $+!4+!6! L+!4+!6!
#K166/)@/64%-!3"F+!.%a! 6! 6! 6! 6! 6+!L!
#K166/)@/64%-!3QT+!.%a! L! 3! 3! 3! L!
#K166/)@/64%-!3Qb+!.%a! 3! 3! L! 3! L!
#K166/)@/64%-!3QZ+!1.%a! $! $! L! L! L!
#K166/)@/64%-!3GE+!1.%a! $! $! $! 3! L!
#K166/)@/64%-!3GG+!1.%a! $! 3! L+!4! 4! L!
#K166/)@/64%-!3GV+!1.%a! $+!4! $! L+!4! 4! $+!4!

!



! GF!

?#<'+. IA. M)*,. -3. 4-*,. %+"-,N1+*. C6'-"+*G. ,+*,+(. H),4. "$B<+&. -3. &+1')6#,+*. *6-&+(.
1-*),)0+. 3-&. )"3+6,)-"A. 76/-%.! D')@! O! D%0%! $0/25&%2! S*! .%a516! 0%$0/25&)'/-! '-! )@%!
61S/01)/0*:! 76/-%.! 410K%2! D')@! P. 10%! )@%! &6/-%.! 5.%2! (/0! ,%-/4%! .%o5%-&'-,! S*! )@%!
>1$@-'1!R%-/4%!7/-./0)'54:!!

D. pulex arenata US-TCO § USA 7/8

D. pulex asex FI-FU1-57-a Finland 3/8

FI-SK-44-b Finland 8/8

FI-SYN-4-a Finland 3/8

D. pulex sex DE-S2-2 Germany 0/8

FI-ALB-7-c Finland 4/8

FI-ALO-1-d Finland 8/8

FI-KV1-1-d Finland 7/7

FI-LAG-3-c Finland 8/8

FI-LH-3-c Finland 6/8

FI-M-60-a Finland 8/8

FI-N-69-b Finland 4/8

FI-RO1-6-d Finland 16/16

FR-CON-1 France 2/8

FR-CON-2 France 0/6

FR-CON-3 France 0/8

GB-A23-2 England 3/8

GB-A23-3 England 0/8

GB-A23-7 England 0/8

GB-S8-4 England 0/8

GB-S8-7 England 0/8

GB-S8-9 England 0/8

IR-GG1-2 Iran 5/8

IR-GG1-3 Iran 3/8

IR-GG1-4 Iran 3/8

D. galeata DE-WG2 Germany 0/8

D. longispina CH-BEL-11 Switzerland 3/8

DE-EG-10-4 Germany 8/8

FI-F-6-a Finland 0/16

FI-FS-26-a Finland 1/15

FI-LA-13-c Finland 0/8

FI-N-20-d Finland 0/8

GB-S8-1 England 0/8

D. barbata ZW-BAR Zimbabwe 0/7

D. lumholzi ZW-LUM Zimbabwe 0/6

D. magna DE-G1-06 Germany 0/8

DE-Iinb1 * Germany 0/8

HU-HO-2 Hungary 0/8

FI-AL1-4-4 Finland 0/8

FI-SK-58-2-18-4 Finland 0/8

FI-SP1-2-3 Finland 0/6

FI-Xinb3 * § Finland 0/8

FI-FA-XFA-46 * Finland 0/8

RU-RM1-21 Russia 0/7

OriginGenotypeSpecies

Replicates: 

infected / total

!
!



! G"!

Q)%$&+.@A.R64+B#,)6.>#14")#.14N'-%+"N.-3.,+*,+(.,#S#A!#5.&%$)'S6%!)1a1!10%!@',@6',@)%2!
'-! 210K! ,0%*:! <2`/'-%2! )/! )@%! $@*6/,%-*! '.! 1! 4/.1'&! ,01$@! .@/D'-,! )@%! $0/$/0)'/-! /(!
'-(%&)%2! )/! 5-'-(%&)%2! ,%-/)*$%.+! S61&K! �! '-(%&)%2+! 6',@)! ,0%*! �! 5-'-(%&)%2+! -54S%0.! /(!
'-(%&)%2!/B%0!5-'-(%&)%2!,%-/)*$%.!10%!'-2'&1)%2!)/!)@%!0',@):!Y(/0!1!&/4$6%)%!$@*6/,%-*!/(!
>1$@-'1d!.%%!<214/D'&=!%)!16:+!EFFZ[!
!
!

!
-



! GE!

;6T"-H'+(%+B+",*!
?@%!15)@/0.!D/562!6'K%!)/!)@1-K!7@0'.)/$@!X:!g11,!1-2!;%--'(%0!M:!P/@0!(/0!.14$6'-,!
)@%!/0','-16!'-(%&)%2!@/.)!1-2!;1./-!L:!<-201.+!<--%!7:!X/56'-!1-2!?/S'1.!9:9:!#&@O0!
(/0!@%6$(56!&/44%-).!/-!)@%!41-5.&0'$):!?@%!$0/`%&)!'.!$10)!/(!$0/`%&)!-/:!ZbVEGFFT!
1)! ?BO04'--%! ^//6/,'&16! #)1)'/-! 1-2! D1.! ('-1-&%2! S*! )@%! #D'..! M1)'/-16! #&'%-&%!
N/5-21)'/-:!
!
!
;$,4-&.6-",&)<$,)-"*!
8<0"&6,:=:>:6,-.?%-&1!h!2%.',-%2!1-2!$%0(/04%2!)@%!%a$%0'4%-)+!&/66%&)%2!
61S/01)/0*!21)1+!1-16*=%2!)@%!21)1!1-2!D0/)%!)@%!41-5.&0'$):!
2-43@)6A(3@#$B1+S!h!2%.',-%2!)@%!%a$%0'4%-)+!.5$%0B'.%2!1-2!@%6$%2!'-!)@%!
61S/01)/0*!250'-,!)@%!('0.)!)@'02!/(!)@%!$0/`%&)+!@%6$%2!D0')%!)@%!41-5.&0'$):!
7&3*"6!-)C>D3&+2!h!.50B%*%2!('%62!$/$561)'/-.!1-2!&/66%&)%2!('%62!21)1:!
E3-.-&6FG-&.1+2!h!@%6$%2!D0')%!)@%!41-5.&0'$)+!&/66%&)%2!('%62!21)1+!1-2!$0/B'2%2!
.5$%0B'.'/-:!
!
!
;33)')#,)-"*.
1!^//6/,'&16!_-.)')5)%+!A-'B%0.')*!/(!C1.%6+!C1.%6+!#D')=%061-2:!
S!>%$10)4%-)!/(!H&/6/,*!W!HB/65)'/-10*!C'/6/,*+!A-'B%0.')*!/(!?/0/-)/+!?/0/-)/+!
c-)10'/+!71-121:!
&!>%$10)4%-)!/(!^//6/,*+!R%/0,%!#:!I'.%!N1&56)*!/(!P'(%!#&'%-&%.+!?%6!<B'B!A-'B%0.')*+!
?%6!<B'B+!_.01%6:!
2!?BO04'--%!^//6/,'&16!#)1)'/-+!g1-K/+!N'-61-2:!
!



! GQ!

!
!
!
!
!

___:!
!
!
!
!

?@%!,%-%)'&.!/(!0%.'.)1-&%!'-!!"#$%&"-2":%"!h!/"01+()&"-
)"230"d!

!
e#)0/-,!-%,1)'B%!%$'.)1.'.!1-2!$@*.'&16!6'-K1,%!&/-)0/6!

0%.'.)1-&%!1,1'-.)!1!S1&)%0'16!$101.')%:f!
!
!

78.10!9:;:<:!9%)=,%0+!L%$'`-!P5'`&Ka+!R'6S%0)/!C%-)/+!91@%-201!910'121../5+!>'%)%0!
HS%0)!
!



! GG!

;<*,&#6,.
!

m%*!%B/65)'/-10*!$0/&%..%.! 0%61)%2! )/! '-(%&)'/5.!2'.%1.%.!10%!/()%-!1..54%2! )/!S%!
20'B%-!S*!.$%&'('&!,%-%)'&!10&@')%&)50%.!/(!@/.)!1-2!$101.')%!'-)%01&)'/-.:!?@%0%!@1.!
S%%-!45&@!2%S1)%!1S/5)!)@%!5-2%06*'-,!'-(%&)'/-!,%-%)'&!4/2%6.+!.5&@!1.!,%-%3(/03
,%-%! YRNR[! /0! 41)&@'-,3166%6%! 4/2%6.! Y9<9[+! S%.)! %a$61'-'-,! %B/65)'/-10*!
2*-14'&.! /(! @/.).! 1-2! $101.')%.:! 956)'36/&5.! 9<9! 0%$0%.%-)! 1! .$%&'('&! ,%-%)'&!
10&@')%&)50%! /(! @/.)! 1-2! $101.')%! '-)%01&)'/-.! 1-2! @1B%! S%%-! D'2%6*! 5.%2! '-! )@%!
)@%/0%)'&16!2%B%6/$4%-)!/(!'4$/0)1-)!%B/65)'/-10*!o5%.)'/-.!0%61)%2!)/!1-)1,/-'.)'&!
&/%B/65)'/-+! 41'-)%-1-&%! /(! .%a+! .%a516! .%6%&)'/-! 1-2! .$%&'1)'/-:! g/D%B%0+!
%4$'0'&16! %B'2%-&%! (/0! )@%.%! 4/2%6.! '.! .)'66! %65.'B%:! A.'-,! ,%-%)'&! &0/..%.! D%!
2%.&0'S%! )@%! ,%-%)'&! 10&@')%&)50%! /(! 0%.'.)1-&%! '-! )@%! !"#$%&"A/"01+()&"! @/.)3
$101.')%! .*.)%4!1-2! .@/D! )@1)! 0%.'.)1-&%! '.! S1.%2!/-! (%D! &6/.%6*! 6'-K%2! 6/&'!D')@!
.)0/-,! '-)%01&)'/-.:! I%! $0/B'2%! )@%! ('0.)! %a$%0'4%-)16! %B'2%-&%! (/0! -%,1)'B%!
%$'.)1.'.! S%)D%%-! 0%.'.)1-&%! 6/&'+! 1! K%*! 1..54$)'/-! /(! 9<9:! c50! ('-2'-,.!
&/00/S/01)%.!$0%B'/5.!$@%-/)*$'&!%B'2%-&%!)@1)!!"#$%&"-1-2!/"01+()&"!&/3%B/6B%!1.!
$0%2'&)%2!S*!)@%!X%2!r5%%-!?@%/0*+!)@5.!S0'-,'-,!%B/65)'/-10*!)@%/0*!&6/.%0!)/!0%16!
S'/6/,'&16!.*.)%4.:!



! GV!

!",&-($6,)-"!
!
L101.')%.! 10%! 5S'o5')/5.! 1-2! )@%'0! '-)%01&)'/-!D')@! )@%'0! @/.).! $61*.! 1! .',-'('&1-)!
0/6%! '-! %&/6/,*+! %B/65)'/-! 1-2! 1,0'&56)50%:! g/.)3$101.')%! '-)%01&)'/-.! 1((%&)!
S'/2'B%0.')*! Y%:,:! &@%.)-5)! S6',@)+! <-1,-/.)1K'.! 1-2! g'6641-! "ZZE[+! &/445-')*!
.)05&)50%! Yg1)&@%0! %)! 16:! EFFT[+! -5)0'%-)! &*&6'-,! Y#5))6%! EFFb[+! .$0%12! /(! '-B1.'B%!
.$%&'%.!Y?/0&@'-!%)!16:!EFFQ[+!1-2!'-(%&)'/5.!2'.%1.%.!0%41'-!14/-,!)@%!)D/!6%12'-,!
&15.%.! /(! @541-! 4/0S'2')*! 1-2! 2%1)@.! D/062D'2%! YI/062! g%16)@! c0,1-'=1)'/-!
EFFj[:!?@%!0%61)'/-.@'$!S%)D%%-!$101.')%.!1-2!)@%'0!@/.).!'.!S%6'%B%2!)/!S%!610,%6*!
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<21$)1)'/-!1-2!R%-%3N/03R%-%!7/%B/65)'/-!'-!1!9%)1$/$561)'/-!9/2%6:!L0/&:!X:!#/&:!
C!C'/6:!#&':!ETQd"FFQh"FFZ:!
!
g14'6)/-+!I:!>:!"ZjF:!#%a!B%0.5.!M/-3#%a!B%0.5.!L101.')%:!c'K/.!QVdEjEhEZF:!
!
g14'6)/-+!I:!>:+!X:!<a%60/2+!1-2!X:!?1-%.%:!"ZZF:!#%a516!0%$0/25&)'/-!1.!1-!
121$)1)'/-!)/!0%.'.)!$101.')%.!Y1!0%B'%D[:!L0/&:!M1)6:!<&12:!#&':!A:!#:!<:!jbdQVTThbQ:!
!
g14'6)/-+!I:!>:+!1-2!9:!^5K:!"ZjE:!g%0')1S6%!?05%!N')-%..!1-2!C0',@)!C'02.d!<!0/6%!
(/0!L101.'.)%.s!#&'%-&%!YjF3:![:!E"jdQjGhQjb:!
!
g1)&@%0+!9:!;:+!;:!?:!<:!>'&K+!1-2!<:!9:!>5--:!EFFT:!g/D!$101.')%.!1((%&)!'-)%01&)'/-.!
S%)D%%-!&/4$%)')/0.!1-2!$0%21)/0.:!H&/6:!P%)):!Zd"EVQh"Eb":!
!
;1%-'K%+!;:!"Zbj:!<-!g*$/)@%.'.!?/!<&&/5-)!N/0!)@%!91'-)%-1-&%!c(!#%a!I')@'-!
L/$561)'/-.:!HB/6:!?@%/0*!Qd"Z"h"ZG:!
!
m1D%&K'+!?:!;:!"ZZj:!X%2!r5%%-!9%%).!#1-)1!X/.16'1td!<04.!X1&%.!1-2!)@%!HB/65)'/-!
/(!g/.)!#$%&'16'=1)'/-!'-!c0,1-'.4.!D')@!L101.')'&!P'(%.)*6%.:!<4:!M1):!"VEdTQVhTV":!
!
m%%B%0+!7:!"ZVQ:!L0%.%-)!7/4$/.')'/-!/(!#/4%!#)1-2.!/(!)@%!N/04%0!c1K37@%.)-5)!
N/0%.)!'-!)@%!#/5)@%0-!C65%!X'2,%!9/5-)1'-.:!H&/6/,*!QGdGGhVG:!
!



! VZ!

m%66%*+!;:+!P:!I16)%0+!1-2!;:!?0/D.216%:!EFFV:!7/4$101)'B%!,%-/4'&.!/(!-1)5016!K'66%0!
&%66!0%&%$)/0!,%-%!&65.)%0.:!LP/#!R%-%):!"d"EZhQZ:!
!
m6J)),%-+!C:+!A:!>J64%0+!9:!H-,%6.+!1-2!g:!?:!X1))%:!"ZZG:!<>19+!1-!10)'('&'16!
(0%.@D1)%0!(/0!)@%!&56)50%!/(!=//$61-K)/-:!I1)%0!X%.:!EjdbGQhbGT:!
!
m/-,+!<:+!R:!?@/06%'(../-+!>:!N:!R52S`10)../-+!R:!91../-+!<:!#',502../-+!<:!;/-1.2/))'0+!
R:!C:!I16)%0.+!<:!;/-1.2/))'0+!<:!R*6(1./-+!m:!?:!m0'.)'-../-+!#:!<:!R52`/-../-+!9:!P:!
N0',,%+!<:!g%6,1./-+!A:!?@/0.)%'-.2/))'0+!1-2!m:!#)%(1-../-:!EF"F:!N'-%3.&16%!
0%&/4S'-1)'/-!01)%!2'((%0%-&%.!S%)D%%-!.%a%.+!$/$561)'/-.!1-2!'-2'B'2516.:!M1)50%!
GTbd"FZZh""FQ:!M1)50%!L5S6'.@'-,!R0/5$:!
!
P14S0%&@).+!P:!EF"F:!>'..%&)'-,!)@%!,%-%)'&!10&@')%&)50%!/(!@/.)3$1)@/,%-!
.$%&'('&')*:!LP/#!L1)@/,:!Td%"FF"F"Z:!
!
P14S0%&@).+!P:+!#:!N%66/5.+!1-2!;:!7:!m/%661:!EFFT:!7/%B/65)'/-10*!'-)%01&)'/-.!
S%)D%%-!@/.)!1-2!$101.')%!,%-/)*$%.:!?0%-2.!L101.')/6:!EEd"EhT:!
!
P14S0%&@).+!P:+!;:!g16S%0)+!L:!>501-2+!P:!7:!R/51,-1+!1-2!;:!7:!m/%661:!EFFV:!g/.)!
,%-/)*$%!S*!$101.')%!,%-/)*$%!'-)%01&)'/-.!5-2%06*'-,!)@%!0%.'.)1-&%!/(!1-/$@%6'-%!
4/.o5')/%.!)/!L61.4/2'54!(16&'$1054:!91610:!;:!GdQ:!
!
P15-+!m:+!L:!7/,,'66+!#:!L164%0+!#:!#'4.+!^:!M'-,+!;:!X1,/5..'.+!H:!i/6$'+!M:!I'6./-+!#:!
C%&K+!<:!^'%,6%0+!1-2!<:!i/6=:!EFFT:!?@%!6%5K/&*)%!0%&%$)/0!&/4$6%a!'-!&@'&K%-!'.!
&@101&)%0'=%2!S*!41..'B%!%a$1-.'/-!1-2!2'B%0.'('&1)'/-!/(!'445-/,6/S56'-36'K%!
P/&':!LP/#!R%-%):!Ed%bQ:!
!
P'))6%+!?:!;:+!1-2!>:!HS%0):!EFFF:!?@%!&15.%!/(!$101.')'&!'-(%&)'/-!'-!-1)5016!$/$561)'/-.!
/(!>1$@-'1!Y705.)1&%1d!7612/&%01[d!)@%!0/6%!/(!@/.)!,%-%)'&.:!L0/&:!C'/6:!#&':!
ETbdEFQbhGE:!
!
P'))6%+!?:!;:+!m:!I1))+!1-2!>:!HS%0):!EFFT:!L101.')%3@/.)!.$%&'('&')*d!%a$%0'4%-)16!
.)52'%.!/-!)@%!S1.'.!/(!$101.')%!121$)1)'/-:!HB/65)'/-!YM:!w[:!TFdQ"hj:!
!
P'B%6*+!7:!9:!EF"F:!<!0%B'%D!/(!X%2!r5%%-!4/2%6.!(/0!)@%!$%0.'.)%-&%!/(!/S6',1)%!
.%a516!0%$0/25&)'/-:!;:!g%0%2:!"F"!#5$$6!d#"QhEF:!
!
P'B%6*+!7:!9:+!1-2!9:!N:!>*S21@6:!EFFF:!L101.')%!121$)1)'/-!)/!6/&166*!&/44/-!@/.)!
,%-/)*$%.:!M1)50%!GFVdTbZhTj":!
!
P5'`&Ka+!L:+!N:!C%-3<4'+!P:!9/5)/-+!P:!>5!L1.o5'%0+!1-2!>:!HS%0):!EF"":!76/-'-,!/(!)@%!
5-&56)501S6%!$101.')%!L1.)%50'1!014/.1!1-2!').!>1$@-'1!@/.)!0%B%16.!%a)0%4%!
,%-/)*$%3,%-/)*$%!'-)%01&)'/-.:!H&/6:!P%)):!"Gd"EVhQ":!
!



! TF!

P5'`&Ka+!L:+!>:!>5-%15+!;:!L:!<-201.+!1-2!>:!HS%0):!EF"G:!70/..3.$%&'%.!'-(%&)'/-!)0'16.!
0%B%16!&0*$)'&!$101.')%!B10'%)'%.!1-2!1!$5)1)'B%!$/6*4/0$@'.4!.@10%2!14/-,!@/.)!
.$%&'%.:!HB/65)'/-!YM:!w[:!TjdVbbhjT:!
!
P5'`&Ka+!L:+!g:!N'%-S%0,+!>:!>5-%15+!1-2!>:!HS%0):!EF"Q:!<!41)&@'-,3166%6%!4/2%6!
%a$61'-.!@/.)!0%.'.)1-&%!)/!$101.')%.:!7500:!C'/6:!EQd"FjVhj:!H6.%B'%0!P)2:!
!
P5'`&Ka+!L:+!g:!N'%-S%0,+!>:!>5-%15+!1-2!>:!HS%0):!EF"E:!X%.'.)1-&%!)/!1!S1&)%0'16!
$101.')%!'-!)@%!&05.)1&%1-!>1$@-'1!41,-1!.@/D.!9%-2%6'1-!.%,0%,1)'/-!D')@!
2/4'-1-&%:!g%0%2')*!YH2'-S[:!"FjdVGbhV":!
!
9&7/04'&K+!;:!N:+!1-2!X:!C:!L61)):!"ZjF:!X%&/B%0*!/(!1-!<$$161&@'1-!N/0%.)!N/66/D'-,!
)@%!7@%.)-5)!C6',@)!/0!71)@%0'-%!m%%B%03w/5!I%0%!X',@)t�!<4:!9'26:!M1):!"FGdETGh
EbQ:!
!
c))/+!#:!L:+!1-2!#:!P:!M5'.4%0:!EFFG:!#$%&'%.!'-)%01&)'/-.!1-2!)@%!%B/65)'/-!/(!.%a:!
#&'%-&%!QFGd"F"jhEF:!
!
X!>%B%6/$4%-)!7/0%!?%14:!EF"F:!Xd!<!61-,51,%!1-2!%-B'0/-4%-)!(/0!.)1)'.)'&16!
&/4$5)'-,:!X!N/5-21)'/-!(/0!#)1)'.)'&16!7/4$5)'-,+!i'%--1+!<5.)0'1:!
!
X/5))5+!;:+!C:!;1-.%-+!_:!7/6./-+!P:!>%!9%%.)%0+!1-2!>:!HS%0):!EF"F:!?@%!('0.)3,%-%01)'/-!
>1$@-'1!41,-1!6'-K1,%!41$:!C97!R%-/4'&.!""dVFj:!
!
#161)@8+!9:+!X:!>:!m/5*/.+!1-2!#:!C/-@/%((%0:!EFFj:!?@%!.)1)%!/(!1((1'0.!'-!)@%!K'-,2/4!
/(!)@%!X%2!r5%%-:!?0%-2.!H&/6:!HB/6:!EQdGQZhGV:!
!
#&@56%-S50,+!g:+!1-2!;:!;:!HDS1-K:!EFFG:!>'B%0.')*!1-2!.$%&'('&')*!'-!)@%!'-)%01&)'/-!
S%)D%%-!71%-/0@1S2')'.!%6%,1-.!1-2!)@%!$1)@/,%-!#%001)'1!410&%.&%-.:!C97!HB/6:!
C'/6:!GdGZ:!
!
#45K/D.K'+!7:!#:+!1-2!9:!<:!N:!M//0:!EF"":!X%&/4S'-1)'/-!01)%!B10'1)'/-!'-!&6/.%6*!
0%61)%2!.$%&'%.:!g%0%2')*!YH2'-S[:!"FbdGZThVFj:!M1)50%!L5S6'.@'-,!R0/5$:!
!
#5))6%+!7:!<:!EFFb:!910'-%!B'05.%.3341`/0!$61*%0.!'-!)@%!,6/S16!%&/.*.)%4:!M1):!X%B:!
9'&0/S'/6:!VdjF"h"E:!
!
?@/4$./-+!;:!M:+!1-2!;:!;:!C502/-:!"ZZE:!R%-%3(/03,%-%!&/%B/65)'/-!S%)D%%-!$61-).!
1-2!$101.')%.:!M1)50%!QTFd"E"h"EV:!
!
?/0&@'-+!9:!H:+!m:!>:!P1((%0)*+!<:!L:!>/S./-+!i:!;:!9&K%-='%+!1-2!<:!9:!m50'.:!EFFQ:!
_-)0/25&%2!.$%&'%.!1-2!)@%'0!4'..'-,!$101.')%.:!GE"dTEjhTQF:!
!



! T"!

I%,-%0+!m:!9:+!7:!C%0%-/.+!1-2!L:!#&@4'23g%4$%6:!EFFj:!M/-122')'B%!,%-%)'&!
&/4$/-%-).!'-!0%.'.)1-&%!/(!)@%!0%2!(6/50!S%%)6%!?0'S/6'54!&1.)1-1%54!1,1'-.)!
$101.')%!'-(%&)'/-:!HB/65)'/-!TEdEQj"hZE:!
!
I'6(%0)+!P:+!1-2!L:!#&@4'23g%4$%6:!EFFj:!?@%!,%-%)'&!10&@')%&)50%!/(!.5.&%$)'S'6')*!)/!
$101.')%.:!C97!HB/6:!C'/6:!jd"jb:!
!
I/062!g%16)@!c0,1-'=1)'/-:!EFFj:!?@%!,6/S16!S502%-!/(!2'.%1.%d!EFFG!5$21)%:!
R%-%B1+!#D')=%061-2:!
!
w/5-,+!M:!>:!EFFF:!?@%!,%-%)'&!10&@')%&)50%!/(!0%.'.)1-&%:!7500:!c$'-:!L61-)!C'/6:!
QdEjVhZF:!!
!



! TE!

?#<'+.@A.9+&6+",#%+*.-3.,4+.3-$&.14+"-,N1+*.C-<*+&0+(.#"(.+S1+6,+(G.-3.,4+.@K.
QI.1#"+'*.$*+(.)".,4)*.*,$(NA.7@'3.o510%!)%.).!(/0!)@%!2'((%0%-&%!S%)D%%-!/S.%0B%2!
1-2!%a$%&)%2! &/5-).! 10%! ,'B%-:!Ha$%&)%2!B165%.! '-! &0/..%.!"! 1-2!E! 10%!4%-2%6'1-!
$0/$/0)'/-.+!'-!&0/..!Q!)@%*!D%0%!&16&561)%2!5.'-,!1!.)1)'.)'&!4/2%6!&/4$5)%2!'-!X:!

P F1 F2 (Ntotal) Chi
 2 p-value

replicates RR RS SR SS RR RS SR SS

cross 1 pattern A

SR-parent * RR-parent cross 3 selfed 1 98 76.5 0 23.5 0 75.0 0 25.0 0 0.12 0.81

cross 3 selfed 2 85 76.5 0 23.5 0 75.0 0 25.0 0 0.10 0.81

cross 3 selfed 3 103 74.8 0 25.2 0 75.0 0 25.0 0 0.00 1.00

cross 3 selfed 4 40 77.5 0 22.5 0 75.0 0 25.0 0 0.13 0.86

cross 3-A pooled 326 76.3 0 23.7 0 75.0 0 25.0 0 0.20 0.71

cross 1 pattern B

SR-parent * RR-parent cross 3 selfed 5 98 70.4 0 0 29.6 75.0 0 0 25.0 1.10 0.35

cross 3 selfed 6 105 72.4 0 0 27.6 75.0 0 0 25.0 0.38 0.58

cross 3 selfed 7 94 69.1 0 0 30.9 75.0 0 0 25.0 1.72 0.23

cross 3 selfed 8 96 71.9 0 0 28.1 75.0 0 0 25.0 0.50 0.55

cross 3-B pooled 393 71.0 0 0 29.0 75.0 0 0 25.0 3.37 0.08

cross 2

SS-parent * RR-parent cross 2 selfed 1 102 77.5 0 0 22.5 75.0 0 0 25.0 0.33 0.67

cross 2 selfed 2 104 77.9 0 0 22.1 75.0 0 0 25.0 0.46 0.57

cross 2 pooled 206 77.7 0 0 22.3 75.0 0 0 25.0 0.78 0.41

cross 3

RS-parent * RR-parent cross 1 selfed 1 341 72.7 26.1 0.9 0.3 75.0 23.1 1.8 0.1 4.12 0.22

cross 1 selfed 2 146 71.9 24.0 4.1 0 75.0 23.1 1.8 0.1 4.62 0.21

cross 1 selfed 3 379 73.4 24.5 2.1 0 75.0 23.1 1.8 0.1 1.13 0.75

cross 1 pooled 866 72.6 24.9 2.4 0.1 75.0 23.1 1.8 0.1 2.14 0.51

F2 (%observed) F2 (%expected)

!
!
!
!
?#<'+. IA.V$,6-B+.-3. )"3+6,)-". ,&)#'*.H),4. D. )*-'#,+*. -3.2"0.-(&3"6 &"D'0". #"(.
,4+.W.1#&+",.6'-"+*.$*+(.)".,4)*.*,$(NA._-!&/-)01.)!)/!)@%!$101.')%!&6/-%.!5.%2!)/!
)%.)! )@%! ,%-%)'&! &0/..%.+. )./61)%.! 41*! &/-)1'-! 4/0%! )@1-! /-%! $101.')%! ,%-/)*$%+!
D@'&@! &1-! 0%.56)! '-! 1! 45&@! 4/0%! &/-)'-5/5.! '-(%&)'/-! 01-,%:! _-.5(('&'%-)! .$/0%!
41)%0'16!D1.!1B1'61S6%!(/0!'./61)%!E!)/!%a$/.%!166!@/.)!,%-/)*$%.!Y)@%0%(/0%!)@%!X#3
$10%-)!1-2!>H3R3"FT!D%0%!/4'))%2[:!7%66!%-)0'%.!10%!)@%!-54S%0!/(!'-(%&)%2!1-'416.!
/B%0!)@%!-54S%0!/(!166!)%.)%2!1-'416.:!

Host genotype isolate 1 isolate 2 isolate 3 isolate 4 isolate 5

RR-parent 2/15 9/15 11/16 6/18 0/15

RS-parent 3/11 - 9/14 3/14 0/10

SR-parent 5/14 9/15 5/15 6/18 0/16

SS-parent 4/17 10/13 5/14 5/14 0/8

DE-G1-06 3/11 - 4/13 9/16 1/16

HU-HO-2 2/13 10/15 3/11 10/11 0/11

FI-Kela-18-10 6/12 9/15 2/11 8/12 0/11

Parasite

.



! TQ!

?#<'+. KA. >)&+6,. ,+*,*. 3-&. &+6-B<)"#,)-"5. 6-B1#&)*-". <+,H++". ,4&++. *,$()+*A!
?@'.! D/0K! 1-2! )@1)! /(! P5'`&Ka! %)! 16:! YEF"Q[! 1-2! X/5))5! W! HS%0)! Y'-! $0%$[! 166!
'-B%.)',1)%.!,%-%)'&!&0/..%.!D')@!0%.$%&)!)/!0%.'.)1-&%!)/!/@-)"230":!7/4$10'-,!)@%!
/5)&/4%!/(! )@%!.%6('-,!/(!2/5S6%!@%)%0/=*,/)%.!/(! )@%.%!.)52'%.! '.!1!2'0%&)! )%.)! (/0!
2%)%&)'-,! 0%&/4S'-1)'/-:! R%-/)*$%.! /(! )@%! 2/5S6%! @%)%0=*,/)%.! YN"[+! )@%! 6/&'!
S%)D%%-! D@'&@! 0%&/4S'-1)'/-! 41*! S%! 2%)%&)%2! S*! )@%.%! &0/..%.+! )@%! -54S%0! /(!
0%&/4S'-1-).!(/5-2!1-2!)@%!)/)16!-54S%0!/(!/((.$0'-,!$0/25&%2!10%!'-2'&1)%2:!c-6*!
q&0/..!Qp!(0/4!)@%!$0%.%-)!.)52*!(/5-2!0%&/4S'-1-).:!

expected

Dataset F1 recombinating F2 F2

genotype loci Nrecombinants Ntotal

Cross 1B and 2

This study aaBbCc B-C 0 600

Cross 3

This study AaBbCc A-B & B-C 18 866

Complex crossing scheme

Luijckx et al. (2013) AaBbcc A-B 0 118

QTL Panel 

Routtu & Ebert (in prep) AabbCc A-C 0 800
.

.

.

.

R$11'+B+",#&N. ?#<'+. @A. /-B1#&)*-". -3. ,H-. 1&+0)-$*. C@L'-6$*. #"(. IL'-6)G.
B-(+'*. #"(. ,4+. "+H. CKL'-6)G.B-(+'. 3-&.E"4/)3"L2"0.-(&3". )",+&#6,)-"*A! <! e3e!
.)1-2.! '-! (/0! 1-! 166%6%! )@1)! @1.! -/! '-(65%-&%! /-! )@%! ('-16! $@%-/)*$%:! �! '-2'&1)%.!
4/2%6.!1.!@*$/)@%.'=%2!S*!P5'`&Ka!%)!16:!YEF"Q[:!
Host genotypes Exposure outcome with Infection

parasite genotypes Phenotype

One-Locus Model* Two-Loci Model* Three-Loci Model C1 C19 Abbreviation

w- -  ----C- resistant resistant RR

xx AA-- AA--cc resistant susceptible RS

xy/xz Aa-- Aa--cc resistant susceptible RS

yy/yz aaB- aaB-cc susceptible resistant SR

zz aabb aabbcc susceptible susceptible SS
.

.



! TG!

R$11'+B+",#&N. ?#<'+. IA. R,#,)*,)6#'. ,+*,*. -3. 6&-**. @. $"(+&. ,4&++. ()33+&+",.
+S1+6,#,)-"*A.7@'3.o510%.!D%0%!$%0(/04%2!D')@!EFFF!9/-)%!7106/! .'4561)'/-.! '-!
)@%!./()D10%!X:!NE!%a$%&)%2!B165%.!(/0! q-/!6'-K1,%p!1-2! q(566! 6'-K1,%p!10%!4%-2%6'1-!
$0/$/0)'/-.+!(/0! q/$)'416p!)@%*!D%0%!&16&561)%2!5.'-,!1!.)1)'.)'&!4/2%6!&/4$5)%2!'-!
X:!

F2 (Ntotal) Chi
2 p-value

RR RS SR SS RR RS SR SS

RS-parent RR-parent 866 72.67 24.87 2.37 0.10 75 18.75 4.69 1.56 7.8341 0.0511

RS-parent RR-parent 866 72.67 24.87 2.37 0.10 75 25 0 0 3.35E+13 0.0005

RS-parent RR-parent 866 72.67 24.87 2.37 0.10 75 23.05 1.82 0.12 2.14 0.5112

P F2 (%observed) F2 (%expected)

cross 1: no linkage

cross 1: full linkage

cross 1: optimal

.
.

.

.

R$11'+B+",#&N.?#<'+.KA.7)*$#'.&+1&+*+",#,)-".-3.,4+.,H-.B#,&)6+*.<$)',.)".,4+.
:.B-(+'A!A$$%0!41)0'ad!41)0'a!/(!$/..'S6%!NE!,%-/)*$%.:!P/D%0!41)0'ad!41)0'a!/(!
$@%-/)*$%.! &/00%.$/-2'-,! )/! )@%! 5$$%0! 41)0'a:! R0%%-! 2%-/)%.! 2/5S6%! 0%.'.)1-&%!
YXX[+!*%66/D!0%.'.)1-&%!)/!7"!1-2!.5.&%$)'S'6')*!)/!7"Z!YX#[+!S65%!.5.&%$)'S'6')*!)/!7"!
1-2!0%.'.)1-&%!)/!7"Z!Y#X[!1-2!0%2!2/5S6%!.5.&%$)'S'6')*!Y##[:!

Q

CBa cbA cBa CbA CBA cba cBA Cba

CBa CCBBaa CcBbaA CcBBaa CCBbaA CCBBaA CcBbaa CcBBaA CCBbaa

cbA cCbBAa ccbbAA ccbBAa cCbbAA cCbBAA ccbbAa ccbBAA cCbbAa

cBa cCBBaa ccBbaA ccBBaa cCBbaA cCBBaA ccBbaa ccBBaA cCBbaa

CbA CCbBAa CcbbAA CcbBAa CCbbAA CCbBAA CcbbAa CcbBAA CCbbAa

CBA CCBBAa CcBbAA CcBBAa CCBbAA CCBBAA CcBbAa CcBBAA CCBbAa

cba cCbBaa ccbbaA ccbBaa cCbbaA cCbBaA ccbbaa ccbBaA cCbbaa

cBA cCBBAa ccBbAA ccBBAa cCBbAA cCBBAA ccBbAa ccBBAA cCBbAa

Cba CCbBaa CcbbaA CcbBaa CCbbaA CCbBaA Ccbbaa CcbBaA CCbbaa

CBa cbA cBa CbA CBA cba cBA Cba

CBa RR RR RR RR RR RR RR RR

cbA RR RS RS RR RR RS RS RR

cBa RR RS SR RR RR SR RS RR

CbA RR RR RR RR RR RR RR RR

CBA RR RR RR RR RR RR RR RR

cba RR RS SR RR RR SS RS RR

cBA RR RS RS RR RR RS RS RR

Cba RR RR RR RR RR RR RR RR

Matrix of possible offspring genotypes

Matrix of phenotypes corresponding to offspring genotypes

.
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Q)%$&+. @A. X. /&-**)"%. *64+B+. #""-,#,+(. H),4. &+*)*,#"6+. 1&-3)'+*. -3. E"4/)3"6
D"%)". %+"-,N1+*. #%#)"*,. ,H-. 2"0.-(&3"6 &"D'0". %+"-,N1+*A. H1&@! $%2',0%%!
0%$0%.%-).!1!.54410*!/(!456)'$6%!0%$6'&1)%!&0/..%.!Y_-2'B'2516!0%$6'&1)%!&0/..%.!&1-!
S%!(/5-2!'-!)1S6%!"[:!L@%-/)*$%.!10%!'-2'&1)%2!1.!)D/!@16B%.!/(!1!&'0&6%!D')@!)@%!('0.)!
@16(!0%$0%.%-)'-,!0%.'.)1-&%!)/!/@-)"230"!7"!1-2!)@%!.%&/-2!0%.'.)1-&%!)/!/@-)"230"!
7"Z:! I@')%! 4%1-.! 0%.'.)1-&%+! S61&K! .5.&%$)'S'6')*+! .5&@! )@1)! 1! (566*! S61&K! &'0&6%!
0%$0%.%-).! .5.&%$)'S'6')*! 1,1'-.)! S/)@! 7"! 1-2! 7"Z! Y##[:! g*$/)@%.'=%2! ,%-/)*$%.!
5-2%0!/50!,%-%)'&!4/2%6!Y(/5-2!'-!#5$$6%4%-)10*!?1S6%!"[!10%!6/&1)%2!-%a)!)/!)@%!
@16(!&'0&6%.+!1!6%))%0!'-2'&1)%.!2%)%04'-'-,!166%6%.!1-2!-%5)016!$/.')'/-.!10%!'-2'&1)%2!
S*!1!21.@!Y3[:!
.

77.66 %

0 %

0 %

22.44 %

72.67 %

24.87 %

2.37 %

0.09 %

CCBBaa ccbbaa ccBbaa ccbbAA

76.81 %

0.64 %

22.55 %

0 %

70.95 %

0 %

0 %

29.05 %

CcBbaa CcBBaa CcBbaa CcBbAa

77.6 %

0 %

0 %

22.4 %

F1

F2

CcaaBb

C-----

ccaabb

ccA---

ccaaB-

ccaabb CCaaBB

sel ng

P

CcaaBB CcaaBb

76.31 %

0 %

23.69 %

0 %

70.95 %

0 %

0 %

29.05 %

ccaaBb CCaaBB

sel ng sel ng

72.67 %

24.87 %

2.37 %

0.09 %

CcAaBb

ccAAbb CCaaBB

sel ng

cross 2 cross 3cross 1

n=160

n=46

n=248

n=78

n=279

n=114

n=631

n=1

n=217

n=17

n=28 n=36 n=16n=17
all 100% RR

2 replicates 4 replicates 4 replicates3 replicates

S S

S S

S R

R S

R R

R R

R R R R

R R R R

R R R RR R

R R

R R

R S R SR S

S RS R

S SS S

S R

S R

S S

R S

SS-parent RR-parent RR-parentRR-parent SR-parentRS-parent

F1

F2

P

72.6 %

24.9 %

2.4 %

0.1 %

AaBbCc

AAbbcc aaBBCC

sel ng

cross 3

n=631

n=1

n=217

n=17

n=17

3 replicate crosses

R R

R R

R R

R S

S R

S S

R S

RR-parentRS-parent

genotype % observations
n=total samples across replicate crossesR S

black = susceptible
white = resistant

77.7 %

0 %

0 %

22.3 %

aaBbCc

aabbcc aaBBCC

sel ng

cross 2

n=160

n=46

n=28

2 rep. crosses

S S

S S

S R

R S

R R

R R

R R

SS-parent RR-parent

aaBBCc aaBbCc

76.3 %

0 %

23.7 %

0 %

71.0 %

0 %

0 %

29.0 %

aaBbcc aaBBCC

sel ng sel ng

cross 1

n=248

n=78

n=279

n=114

n=36 n=16

4 rep. crosses 4 rep. crosses

R R

R R R R

R R R R

R S R S

S R

S S

S R

S R

S S

RR-parentSR-parent

left side: infection phenotype to C1
right side: infection phenotype to C19

----C-

aabbcc

A---cc

aaB-cc

.
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166%6%.!(0/4!6/&'!7!1-2!<!1((%&)!)@%!%a$0%..'/-!/(!6/&'!<WC!1-2!C!0%.$%&)'B%6*:!
!

A B C

epistatic interactions

a b c

8.5 cM 23.1 cM

C  A,a,B,b
A  B,b

Epistasis:

Dominance:

B   b
A   a

C   c

.
.

R$11'+B+",#&N.Q)%$&+.@A./4)L*Z$#&+.+*,)B#,+*.3-&.#''.1-**)<'+.6-B<)"#,)-"*.-3.
&+6-B<)"#,)-". &#,+*. <+,H++". ,4+. ;. #"(. [. #"(. ,4+. [. #"(. /. '-6)A.<! 0%2! &0/..!
'-2'&1)%.!)@%!/$)'416!%.)'41)%!(/0!B165%.!/(!0%&/4S'-1)'/-!01)%!"!1-2!0%&/4S'-1)'/-!
01)%!E!)/!%a$61'-!)@%!$0/$/0)'/-.!/(!$@%-/)*$%.!/S)1'-%2!'-!&0/..!Q:!

! .
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?/0/-)/+!?/0/-)/+!c-)10'/+!71-121:!
&!7500%-)!1220%..d!_MX<+!AX"Fbb!A-')8!91)@841)'o5%+!_-(/041)'o5%!%)!R8-/4%+!
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H&/3'445-/6/,*!/(!!"#$%&"!0%.'.)1-&%d!
!

e?@%!&/.)!/(!%B/6B%2!0%.'.)1-&%!'-!)@%!1S.%-&%!/(!)@%!
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$/6*4/0$@'.4!(/0!0%.'.)1-&%:!?@%!&/.)!/(!0%.'.)1-&%!@*$/)@%.'.!$/.').!)@1)!'445-%!
)01').!10%!&/.)6*!)/!%B/6B%+!41'-)1'-!/0!2%$6/*+!1-2!)@5.!0%.'.)1-)!@/.).!D'66!@1B%!1!
2'.12B1-)1,%!'-!)@%!1S.%-&%!/(!)@%!$101.')%:!A.'-,!1!@/.)3$101.')%!.*.)%4!/(!K-/D-!
0%.'.)1-&%!,%-%)'&!10&@')%&)50%+!D%!'-B%.)',1)%2!)@%!$0%.%-&%!/(!1!&/.)!/(!0%.'.)1-&%:!
,-./'*012&3)#34"56 73)*3)%0+! I%! &/66%&)%2! !"#$%&"- 2":%"! @/.).! (0/4! 1! -1)5016!
$/$561)'/-!'-!#D')=%061-2!K-/D-!)/!&/-)1'-!/-6*!)D/!0%.'.)1-&%!$@%-/)*$%.!h!/-%!
)@1)!'.!4/0%!0%.'.)1-)!)/!6/&16!.)01'-.!/(!').!S1&)%0'16!$101.')%!/"01+()&"-)"230"+!1-2!
/-%!)@1)!'.!4/0%!.5.&%$)'S6%!)/!)@%!$101.')%:!I%!$1'0%2!@/.).!/(!/$$/.'-,!0%.'.)1-&%!
$@%-/)*$%! 1-2! &/4$%)%2! )@%4! '-! 4%./3! /0! 4'&0/&/.4.! 5-2%0! .%4'3-1)5016! /0!
&/-)0/66%2! &/-2')'/-.! '-! )@%! 1S.%-&%! /(! )@%! $101.')%:! <()%0! )D/! 4/-)@.! )@%!
$0/$/0)'/-! /(! 0%.'.)1-)! @/.).! D1.! o51-)'('%2:! c50! %a$%0'4%-).! 2'2! -/)! .@/D! 1-*!
'-2'&1)'/-!/(!1!&/.)!/(!0%.'.)1-&%!'-!)@'.!.*.)%4:!
8')#5(03')0+! c50! ('-2'-,.! 2/! -/)! '-2'&1)%! )@1)! 0%.'.)1-&%! '.! 2%)%&)1S6*!
2'.12B1-)1,%/5.! '-!)@%!1S.%-&%!/(!)@%!$101.')%:!?@5.!D%!2/!-/)!)@'-K!)@1)!&/.).!/(!
0%.'.)1-&%!$61*!1!41`/0!0/6%!'-!)@%!41'-)%-1-&%!/(!$/6*4/0$@'.4!(/0!0%.'.)1-&%!1-2!
&/3%B/65)'/-!'-!)@'.!!"#$%&"!$/$561)'/-:!_-!6',@)!/(!/50!0%.56).+!D%!2'.&5..!$5)1)'B%!
.)05&)50%.! /(! 0%.'.)1-&%! ,%-%.! 1-2! '4$6'&1)'/-.! (/0! )@%! ,%-%)'&.! 5-2%06*'-,! @/.)3
$101.')%!&/3%B/65)'/-!'-!)@'.!.*.)%4:!



! b"!

!",&-($6,)-"!
!
A-2%0.)1-2'-,! )@%! 4%&@1-'.4.! /(! &/3%a'.)%-&%! /(! @/.).! 1-2! $101.')%.! 1-2! )@%'0!
&/-.%o5%-&%.! (/0! )@%! %B/65)'/-! /(! 0%.'.)1-&%! 1-2! '-(%&)'B')*! '.! /-%! /(! )@%! &%-)016!
o5%.)'/-.! /(! )@%! %B/65)'/-10*! .)52*! /(! '-(%&)'/5.! 2'.%1.%.:! ?@'.! o5%.)'/-! '.! (10!
0%1&@'-,!D')@!'4$6'&1)'/-.!-/)!/-6*!'-!)@%!('%62.!/(! '445-/6/,*!1-2!%$'2%4'/6/,*+!
S5)!16./!1,0'&56)50%+!%&/6/,*!1-2!&/-.%0B1)'/-!S'/6/,*!YR16B1-'!EFFQn!g52./-!%)!16:!
EFFTn!9/0,1-!1-2!I166!EFFZ[:!I')@!@',@%0!0%$0/25&)'/-!01)%.+!.@/0)%0!,%-%01)'/-!
)'4%.+! 5.5166*! 610,%0! $/$561)'/-! .'=%.! 1-2! @1$6/'2! ,%-/4%.+! $101.')%.! @1B%! )@%!
$/)%-)'16! 12B1-)1,%! /(! 01$'26*! '-&0%1.'-,! )@%! (0%o5%-&*! /(! (1B/01S6%! ,%-/)*$%.! '-!
)@%'0! $/$561)'/-! Yg14'6)/-! %)! 16:! "ZZFn! R1-2/-! 1-2! 9'&@161K'.! EFFE[:!
L/6*4/0$@'.4!(/0!0%.'.)1-&%!'-!)@%!@/.)!$/$561)'/-!1-2!)@%!@',@!0%$0/25&)'/-!01)%!
/(! $101.')%.! 6%12.! )/! )@%! 01$'2! .$0%12! /(! $10)'&5610! '-(%&)'/5.! $101.')%! ,%-/)*$%.!
1S6%!)/! '-(%&)!.5.&%$)'S6%!@/.).!D')@!)@%!&/-.%o5%-&%!/(!)@%'0!%6'4'-1)'/-!(0/4!)@%!
$/$561)'/-+!56)'41)%6*!6%12'-,!)/!)@%!%6'4'-1)'/-!/(!)@%!$101.')%!25%!)/!)@%!1S.%-&%!
/(! .5.&%$)'S6%! @/.).:! R'B%-! )@%.%! 2*-14'&.+! )@%! 41'-)%-1-&%! /(! .5.&%$)'S6%!
,%-/)*$%.!'-!$101.')'=%2!@/.)!$/$561)'/-.!Y710'5.!%)!16:!EFF"n!L/56'-!EFFbn!I/6'-.K1!
1-2!#$11K!EFFZ[+!1$$%10.!$1012/a'&16:!!

?@%! .)1S6%! &/%a'.)%-&%! /(! @/.).! 1-2! $101.')%.! -%&%..')1)%.! )@1)! -%')@%0!
5-'B%0.166*! 0%.'.)1-)! @/.)! ,%-/)*$%.! -/0! 5-'B%0.166*! '-(%&)'/5.! $101.')%! ,%-/)*$%.!
,/! )/! ('a1)'/-! '-! )@%! $/$561)'/-:! ?D/! &/4$%)'-,! @*$/)@%.%.! &1-! %a$61'-! @/D!
$/6*4/0$@'.4! (/0! 0%.'.)1-&%! 1-2! '-(%&)'B')*! &1-! S%!41'-)1'-%2! '-! 1! @/.)3$101.')%!
.*.)%4:!?@%!&/.)!/(!0%.'.)1-&%!@*$/)@%.'.!'.!S1.%2!/-!)012%3/((.!Y#)%10-.!"ZZE[!1-2!
$/.').! )@1)! 0%.'.)1-&%! )01').! 10%! &/.)6*! )/! %B/6B%+! 41'-)1'-! /0! 2%$6/*! Y91*! 1-2!
<-2%0./-! "ZjQ[:! ?@%! &/.).! '-&500%2! S*! 0%.'.)1-)! @/.).! 10%! &/4$%-.1)%2! S*! )@%!
12B1-)1,%!)@1)!0%.'.)1-&%!$0/B'2%.!'-!)@%!$0%.%-&%!/(!)@%!$101.')%:!_-!1S.%-&%!/(!)@%!
$101.')%+! )@%.%! &/.).! S502%-! 0%.'.)1-)! @/.).! &/4$%)'-,! D')@! )@%'0! .5.&%$)'S6%!
&/5-)%0$10).! (/0! 0%./50&%.:! _(! $101.')%! /&&500%-&%! B10'%.! '-! .$1&%! 1-2! )'4%+! /0! '-!
.)0%-,)@+! 0%.'.)1-&%! $/6*4/0$@'.4! &1-! S%! 41'-)1'-%2! '-! )@%! @/.)! $/$561)'/-!



! bE!

D')@/5)!)@%!-%%2!(/0!,%-%)'&!$/6*4/0$@'.4!'-!)@%!$101.')%!$/$561)'/-!Y<,01D16!1-2!
P'B%6*!EFFE[!/0!@/.)3$101.')%!&/3%B/65)'/-10*!2*-14'&.!Y#1.1K'!1-2!R/2(01*!"ZZZ[:!

?@%!.%&/-2!&/44/-6*!$0/$/.%2!4%&@1-'.4! )/!41'-)1'-!$/6*4/0$@'.4! (/0!
0%.'.)1-&%! 1-2! '-(%&)'B')*! '-! @/.)3$101.')%! $/$561)'/-.! '.! &/3%B/65)'/-! S*! -%,1)'B%!
(0%o5%-&*32%$%-2%-)! .%6%&)'/-:! ?@'.! 4%&@1-'.4+! /()%-! 0%(%00%2! )/! 1.! X%2! r5%%-!
2*-14'&.+!$/.').!)@1)!)@%0%!'.!1-!12B1-)1,%!(/0!010%!@/.)!1-2!$101.')%!,%-/)*$%.!)@1)!
0%.56).!'-!1!&/-.)1-)!)50-/B%0!'-!@/.)!1-2!$101.')%!,%-/)*$%.!1-2!$0%B%-).!&/44/-!
,%-/)*$%.!(0/4!,/'-,!)/!('a1)'/-!Y;1%-'K%!"Zbjn!g14'6)/-!"ZjFn!N01-K!"ZZG[:!?@%.%!
2*-14'&.!0%o5'0%! )@1)!@/.)!$/$561)'/-.+!D@'&@!/()%-!@1B%! 6/-,%0!,%-%01)'/-! )'4%.!
1-2! .6/D%0! 45)1)'/-! 01)%.! )@1-! $101.')%.+! ,%-%01)%! ,%-/)*$'&! B10'1)'/-! )@0/5,@!
./4%!4%&@1-'.4! /)@%0! )@1-!45)1)'/-! (0%o5%-)6*! %-/5,@! )/! K%%$! $1&%!D')@! )@%'0!
01$'26*!%B/6B'-,!$101.')%.:!?@5.!)@%!41'-)%-1-&%!/(!$/6*4/0$@'.4!(/0!0%.'.)1-&%!'-!
)@%!@/.)!$/$561)'/-!41*!S%!&/5$6%2!D')@!)@%!41'-)%-1-&%!/(!.%a516!0%$0/25&)'/-!1.!
1! 4%&@1-'.4! /(! &0%1)'/-! /(! ,%-%)'&! 2'B%0.')*! B'1! 0%&/4S'-1)'/-! Yg14'6)/-! "ZjFn!
P'B%6*!EF"F[:!

<.!0%./50&%.!10%!6'4')%2+!)@%'0!'-B%.)4%-)!'-!&/.)6*!)01').!.5&@!1.!0%.'.)1-&%!
41*! &/4%! 1)! )@%! %a$%-.%! /(! /)@%0! )01').! Y#@%62/-! 1-2! i%0@56.)! "ZZT[:! ?@%0%(/0%!
&/.).! /(! 0%.'.)1-&%! .@/562! S%! 2%)%&)1S6%! 1.! -%,1)'B%! ,%-%)'&! &/B10'1-&%.! S%)D%%-!
2'((%0%-)!)01').:!X%./50&%.!166/&1)%2!'-! 6/-,%B')*!/0!(%&5-2')*!@1B%!$0%B'/5.6*!S%%-!
(/5-2! )/! S%! 0%2'0%&)%2! )/D102.! '445-')*! '-! 0%.'.)1-)! 1-'416.! YI%S.)%0! 1-2!
I//6@/5.%!"ZZZn!<@4%2!%)!16:!EFFEn!9&m%1-!%)!16:!EFFj[:!9%1.50'-,!0%$0/25&)'B%!
01)%+!6'(%)'4%!0%$0/25&)'/-+!6/-,%B')*+!/0!1-*!&/4S'-1)'/-!/(!)@%.%!S%)D%%-!0%.'.)1-)!
1-2!.5.&%$)'S6%!@/.).!41*!)@5.!S%!0%B%16'-,!/(!)@%!%a'.)%-&%!/(!&/.).!/(!0%.'.)1-&%:!

?@%!!"#$%&"-2":%"-G-/"01+()&"-)"230"!@/.)3$101.')%!.*.)%4!'.!'2%166*!.5')%2!
(/0! '-B%.)',1)'-,! $/)%-)'16! &/.).! /(! 0%.'.)1-&%! 1.! "[! )@%! @/.)+! !@- 2":%"+! &1-!
0%$0/25&%!&6/-166*!166/D'-,!(/0!0%$6'&1)'/-!1)!)@%!,%-/)*$'&!6%B%6+!E[!0%.'.)1-&%!)/!/@-
)"230"! '.! 1! S'-10*! )01')! Y*%.z-/[! )@1)! &1-!S%! %1.'6*! 2%)%04'-%2!D')@! 1!$@%-/)*$%!
1..1*+!1-2!Q[!)@%!,%-%)'&!10&@')%&)50%!/(!0%.'.)1-&%!D1.!0%&%-)6*!2%.&0'S%2!YP5'`&Ka!
%)! 16:! EF"E+! EF"Q! 1-2! 9%)=,%0! %)! 16:! '-! $0%$[:! <6)/,%)@%0! )@'.! 166/D.! 0%$6'&1)%2!
&/4$%)')'/-! %a$%0'4%-).! )/! S%! &/-25&)%2! S%)D%%-! !@- 2":%"! &6/-%.! /(! 2'((%0'-,!



! bQ!

0%.'.)1-&%! $@%-/)*$%.! )/! 2%)%04'-%! '(! )@%! 4/0%! 0%.'.)1-)! $@%-/)*$%! S%10.! 1!
.',-'('&1-)!&/4$%)')'B%!2'.12B1-)1,%:!!

_-! )@%! $0%.%-)! .)52*! D%! 1))%4$)! )/! 2%)%&)! (')-%..! &/.).! S*! 4%1.50'-,! )@%!
/5)&/4%! /(! &/4$%)')'/-! %a$%0'4%-).!D@%0%! 10)'('&'16! $/$561)'/-.! .)10)%2!D')@! "F!
0%.'.)1-)! @/.)! (%416%.! 1-2! "F! .5.&%$)'S6%! @/.)! (%416%.!D%0%! K%$)! '-! .%4'3-1)5016!
&/-2')'/-.!'-!4%./&/.4.!/0!'-!&/-)0/66%2!&/-2')'/-.!'-!4'&0/&/.4.!(/0!E!4/-)@.:!<)!
)@%!%-2!/(!)@%!%a$%0'4%-)+!166!'-2'B'2516.!'-!%1&@!$/$561)'/-!Y'-&652'-,!$10%-).!1-2!
$10)@%-/,%-%)'&! /((.$0'-,[! D%0%! 1..1*%2! )/! 2%)%04'-%! D@'&@! $@%-/)*$%! /(! %1&@!
$1'0!@12!1!@',@%0!(')-%..:!I%!2'2!-/)!('-2!1-*!'-2'&1)'/-!(/0!)@%!%a'.)%-&%!/(!1!&/.)!/(!
0%.'.)1-&%@!
!
!
=#,+&)#'*.#"(.=+,4-(*!
!
M1(?,-0,01+2-

!"#$%&"- 2":%"+! )@%! @/.)+! '.! 1! (1&56)1)'B%! $10)@%-/,%-%)'&! (0%.@D1)%0!
&05.)1&%1-! YL@*66/$/21d! 7612/&%01[:! #%a516! 0%$0/25&)'/-! '.! %-B'0/-4%-)166*!
'-25&%2+! 1-2! (%416%.! 0%$0/25&%! 1.%a5166*! D@%-! 41'-)1'-%2! '-! /$)'416!
%-B'0/-4%-)16! &/-2')'/-.! Y%:,:! 21*! 6%-,)@+! )%4$%01)50%+! D1)%0! B/654%[:! <.%a516!
0%$0/25&)'/-! &1-! *'%62! 5$! )/! |VF! /((.$0'-,! %B%0*! G! 21*.! Y1)! EF{7[+! 1-2! )'4%! )/!
41)501)'/-!'.!5.5166*!T!)/!"E!21*.!/0!6/-,%0!D@%-!2'%)!'.!0%.)0'&)%2:!!@-2":%"!(%%2.!
S*!('6)%0'-,!$10)'&6%.!/5)!/(!)@%!D1)%0!.5&@!1.!S1&)%0'1!1-2!16,1%:!

/"01+()&"- )"230"+! )@%! $101.')%+! '.! 1! ,0143$/.')'B%! %-2/.$/0%! (/04'-,!
S1&)%0'54!)@1)! '-(%&).!!@-2":%":! _-(%&)'/-!/&&50.!250'-,! ('6)%0!1-2!2%$/.')! (%%2'-,!
D@%-!.$/0%.!/(!)@%!S1&)%0'54!10%!$'&K%2!5$!(0/4!)@%!.%2'4%-)!1-2!'-,%.)%2:!>50'-,!
)@'.! $0/&%..! )@%! .$/0%.! 1&)'B1)%! 1-2! 1))1&@! )/! )@%! &5)'&6%! /(! )@%! .5.&%$)'S6%! @/.).p!
/%./$@1,5.:!_-!0%.'.)1-)!@/.).+!1))1&@4%-)!2/%.!-/)!/&&50!Y>5-%15!%)!16:!EF""[:!<.!
1-! /S6',1)%! %-2/$101.')%+! /@- )"230"! D'66! 0%$0/25&%! &6/-166*! D')@'-! )@%! @/.)! S/2*!
&1B')*!1-2!56)'41)%6*!$0/25&%!-%D!.$/0%.+!1!&/.)6*!$0/&%..!(/0!)@%!@/.)!)@1)!'-25&%.!
&1.)01)'/-!1-2!,',1-)'.4!1-2!%-2.!D')@!@/.)!2%1)@:!<()%0!2%1)@+!)@%!2%&1*'-,!&/0$.%!



! bG!

/(!)@%!@/.)!0%6%1.%.!)@%!.$/0%.!/(!)@%!S1&)%0'54!S1&K!)/!)@%!.%2'4%-):!?@%!.$/0%.!/(!
)@%!S1&)%0'54!&1-!0%41'-!'-(%&)'/5.!'-!)@%!.%2'4%-)!(/0!2%&12%.!Y>%&1%.)%&K%0!%)!16:!
EFFbn!<-201.!%)!16:!'-!$0%$[:!!
!
!
M<)++%&%:-83)-)+0&01"%<+-

I%! &/66%&)%2! @5-20%2.! /(! 6'B%! @/.).! (0/4! P1K%! <%,%6.%%! YGb{QQkEZ�M+! j{V"kGQ�H[!
-%10! N015%-(%62+! #D')=%061-2+! 01'.%2! )@%4! '-2'B'25166*! '-! )@%! 61S+! 1-2! 6%)! )@%4!
0%$0/25&%! $10)@%-/,%-%)'&166*! )/! /S)1'-! './(%416%! 6'-%.:! <66! 6'-%.! D%0%! '-')'166*!
)0%1)%2!D')@!)@%!S0/123.$%&)054!1-)'S'/)'&!)%)01&*&6'-%!)/!&6%10!$/)%-)'16!'-(%&)'/-.!
1-2!)@%-!K%$)!&6/-166*!5-2%0!&/-)0/66%2!&/-2')'/-.!(/0!.%B%016!,%-%01)'/-.!'-!/02%0!
)/!4'-'4'=%!41)%0-16!%((%&).:!_-!122')'/-+!&6/-16!&56)50%.!D%0%!%a14'-%2!0%,56106*!)/!
%-.50%! )@1)! )@%*!D%0%! (0%%!/(! '-(%&)'/-!$0'/0! )/! )@%'0!5.%! '-! %a$%0'4%-).:! L101.')%!
41)%0'16!D1.!/S)1'-%2!(0/4!&%-.&.3!&6/-16!&56)50%.!'-!/50!61S:!#$/0%.!/(!)@%!$101.')%!
&1-! S%! 61S%6%2! D')@! (65/0%.&%-)! 2*%! 1-2+! 1()%0! %a$/.'-,! @/.).! )/! )@%.%! 61S%6%2!
.$/0%.+! (65/0%.&%-&%!4'&0/.&/$*!&1-!S%!5.%2!)/!2%)%&)!1))1&@4%-)!/(!)@%!.$/0%.!)/!
)@%! /%./$@1,5.! /(! .5.&%$)'S6%! @/.).! Y>5-%15! %)! 16:! EF""[:! C*! %a$/.'-,! @/.).! )/!
2'((%0%-)! /@- )"230"! .)01'-.! 61S%6%2! D')@! 2'((%0%-)! &/6/0%2! 2*%.+! ')! '.! $/..'S6%! )/!
.'456)1-%/5.6*! 4%1.50%! @/.)! 0%.'.)1-&%! D')@! 0%.$%&)! )/! 456)'$6%! $101.')%!
,%-/)*$%.:! A.'-,! )@'.! .'4$6%! 1..1*+!D%! &@101&)%0'=%2! )@%! 0%.'.)1-&%! $@%-/)*$%! /(!
%1&@!!@-2":%"! &6/-%!D')@!0%.$%&)! )/! )D/!&6/-16!,%-/)*$%.!/(!/@- )"230"+! &6/-%.!7"!
1-2! 7"Z! YP5'`&Ka! %)! 16:! EF""[:! ?@%.%! )D/! &6/-%.! D%0%! &/66%&)%2! '-! X5..'1! 1-2!
R%041-*!0%.$%&)'B%6*+!1-2!10%!-/)!K-/D-!)/!/&&50!'-!P1K%!<%,6%.%%:!g/D%B%0+!)@%*!
10%!5.%(56! (/0!S0/12! &@101&)%0'=1)'/-!1-2!2'.)'-&)'/-!/(!@/.)! 0%.'.)1-&%!$@%-/)*$%!
Y@%0%1()%0! &166%2! )+0&0131,#+[:! C1.%2! /-! )@'.! 1..1*! )@%0%! 10%! (/50! $/..'S6%! @/.)!
0%.'.)/)*$%.+!*%)!1()%0!$@%-/)*$'-,!)@/5.1-2.!/(! './(%416%!6'-%.!/B%0!)@%!&/50.%!/(!
('B%!*%10.+!/-6*!)D/!/(!)@%.%!0%.'.)/)*$%.!@1B%!%B%0!S%%-!/S.%0B%2!'-!)@%!<%,6%.%%!
$/$561)'/-! Y|bFl! /(! ,%-/)*$%.!D%0%! 7"! W! 7"Z! 0%.'.)1-)n! |QFl!D%0%! 7"! W! 7"Z!
.5.&%$)'S6%n!<-201.!%)!16:!'-!$0%$[:!_-(%&)'/-!%a$%0'4%-).!&@166%-,'-,!!@-2":%"!(0/4!
)@%!<%,6%.%%!D')@! .)01'-.!/(!/@- )"230"! (0/4! )@%! .14%!$/$561)'/-+!@1B%! (/5-2! )@1)!
/-%!/(!)@%.%!)D/!0%.'.)/)*$%.!Y7"!W!7"Z!0%.'.)1-)[!'.!.',-'('&1-)6*!4/0%!0%.'.)1-)!)/!



! bV!

6/&16!/@- )"230"! )@1-! )@%! /)@%0! 0%.'.)/)*$%! Y7"! W! 7"Z! .5.&%$)'S6%[Y<-.%64! EF"Q[:!
?@'.!$/$561)'/-+!&/-)1'-'-,!/-6*!)D/!0%.'.)/)*$%.+!/-%!/(!D@'&@!'.!4/0%!0%.'.)1-)!)/!
6/&16! $101.')%.+! '.! '2%166*! .5')%2! )/! )%.)'-,! &/.).! /(! 0%.'.)1-&%! '-! 1! .*.)%4! )@1)! @1.!
S%%-! &/%B/6B'-,! -1)50166*! (/0! 2%&12%.! /0!4/0%:!g%0%1()%0+!!@-2":%"! &6/-%.! /(! )@%!
4/0%!0%.'.)1-)!$@%-/)*$%!D'66!S%!0%(%00%2!)/!1.!e0%.'.)1-)f+!1-2!&6/-%.!/(!)@%!4/0%!
.5.&%$)'S6%!$@%-/)*$%!D'66!S%!0%(%00%2!)/!1.!e.5.&%$)'S6%f:!
!
!
BF#+)&2+%1"*-0+1(#-

_-!)@0%%!.%$101)%!%a$%0'4%-).!D%!&/4$%)%2!0%.'.)1-)!1,1'-.)!.5.&%$)'S6%!@/.).:!!
"[!_-!<5,5.)!EF"E+!D%!$0%$10%2!Gb!4%./&/.4.!/-!)@%!0//(!/(!)@%!^//6/,'&16!
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)/!'-(%&)!1!D'2%0!01-,%!/(!@/.)!,%-/)*$%.+!16S%')!-/)!166!1.!%(('&'%-)6*+!1.!')!/-6*!-%%2.!
)/!0%&/,-'=%!/-%!14/-,!41-*!@/.)!0%&%$)/0.:!#'4'6106*!@/.).!41*!S%!4/0%!/0! 6%..!
.5.&%$)'S6%! )/! 1! D'2%! 1001*! /(! $101.')%.+! 1-2! 4/5-)'-,! 1-! '445-%! 0%.$/-.%!
0%o5'0%.!/-6*! )@%!0%&/,-')'/-!/(!/-%!14/-,!41-*!$101.')%!%((%&)/0.!YN01-K!"ZZE[:!
HB'2%-&%! (0/4!-1)5016! .*.)%4.! (/0!RNR!2*-14'&.! 10%!-54%0/5.! 1-2! &/4%!4/.)6*!
(0/4! $61-)3$101.')%! .*.)%4.! YN6/0! "Zb"n! ?@/4$./-! 1-2! C502/-! "ZZE[+! D@%0%1.!
%4$'0'&16! %B'2%-&%! (/0! 9<9! 4%&@1-'.4.! '.! .)'66! .$10.%:! 9<9.! 5-2%06'%! )@%!
41'-)%-1-&%! /(! $/6*4/0$@'.4! 1-2! .%a516! 0%$0/25&)'/-! 1.! $0%2'&)%2! S*! )@%! X%2!
r5%%-!)@%/0*!YN01-K!"ZZQ[:!?@%.%!4/2%6.!0%12'6*!6%12!)/!&/3%B/65)'/-10*!&*&6'-,!/(!
166%6%.! (/0! @/.)! 0%.'.)1-&%! 1-2! $101.')%! '-(%&)'B')*! 1-2! $0%&652%! )@%! $/..'S'6')*! /(!
5-'B%0.16!$101.')%!'-(%&)'B')*!/0!5-'B%0.16!@/.)!0%.'.)1-&%:!<6)%0-1)'B%6*+!RNR!4/2%6.!
)%-2!)/! 6%12! )/!2'0%&)'/-16!.%6%&)'/-!D@%0%!166%6%.! (/0!0%.'.)1-&%! '-! )@%!@/.)+!/0! (/0!
'-(%&)'B')*!'-!)@%!$101.')%+!&1-!.D%%$!)@0/5,@!)@%!$/$561)'/-!)/!('a1)'/-!Y?@/4$./-!
1-2!C502/-!"ZZE[:!g/D%B%0+!'(!0%.'.)1-&%!&/4%.!1)!1!&/.)+!)@%!RNR!4/2%6!41*!16./!
41'-)1'-! $/6*4/0$@'.4! (/0! @/.)! 0%.'.)1-&%! 1-2! 6%12! )/! &/3%B/65)'/-10*! &*&6'-,!
Y#1.1K'! EFFFn! <,01D16! 1-2! P'B%6*! EFFE[:! ?@%0%(/0%! '-2'&1)'/-.! /(! &*&6'-,+! .5&@! 1.!
)@%!1S.%-&%!/(!.%6%&)'B%!.D%%$.!YI//6@/5.%!%)!16:!EFFE[+!41*!S%!4'.'-)%0$0%)%2!1.!
%B'2%-&%! (/0! 1-! 5-2%06*'-,! 9<9:! ?1K%-! )/,%)@%0+! %B'2%-&%! (/0! S/)@! &*&6'-,! 1-2!
&/.).! /(! 0%.'.)1-&%!D/562! .5,,%.)! 1-! 5-2%06*'-,!RNR!4/2%6+!D@'6%! )@%! 1S.%-&%! /(!
&/.).!D/562!0%'-(/0&%!)@%!6'K%6'@//2!/(!9<9:!C%&15.%!&/.).!/(!0%.'.)1-&%!10%!/-%!/(!
)@%! K%*! 2'.)'-,5'.@'-,! (%1)50%.! S%)D%%-! RNR! 1-2! 9<9+! )@'.! '.! 1-! %.$%&'166*!
'4$/0)1-)! &@101&)%0'.)'&! (/0! 5-2%0.)1-2'-,! D@'&@! ,%-%)'&! 4%&@1-'.4.! 5-2%06'%!
@/.)3$101.')%! .*.)%4.! 1-2! )@%! )*$%! /(! &/3%B/65)'/-10*! 2*-14'&.! '-B/6B%2!
Y2'0%&)'/-16!.%6%&)'/-+!&/3%B/65)'/-10*!&*&6'-,[:!



! j"!

! C1.%2! /-! %B'2%-&%! /(! &/%B/65)'/-10*! &*&6'-,! '-! -1)5016! $/$561)'/-.! /(! !@-
2":%"!1-2!/@-)"230"!Y>%&1%.)%&K%0!%)!16:!EFFb+!<-201.!%)!16:!'-!$0%$[!1-2!)@%!.'4$6%!
1-2!@',@6*!.$%&'('&!,%-%)'&.!/(!@/.)!0%.'.)1-&%!Y710'5.!%)!16:!EFF"n!P5'`&Ka!%)!16:!EF""+!
EF"Q+!X/5))5!W!HS%0)!'-!$0%$+!9%)=,%0!%)!16:!'-!$0%$[+!)@'.!@/.)3$101.')%!.*.)%4!@1.!
S%%-!$0/$/.%2!1.!/-%!/(!)@%!(%D!2/&54%-)%2!%a14$6%.!/(!9<9!2*-14'&.!YP5'`&Ka!
%)! 16:! EF"Q[:! _-! )@%! $0%.%-)! .)52*! D%! /S.%0B%2! -/! &/.)! /(! 0%.'.)1-&%! '-! 1! .'4$6%!
-1)5016!$/$561)'/-!/(!!@-2":%"!)@1)!D1.!$/6*4/0$@'&!(/0!0%.'.)1-&%:!!?@%.%!('-2'-,.!
0%'-(/0&%!)@%!@*$/)@%.'.!)@1)!!@-2":%"!1-2!/@-)"230"!&/%B/6B%!S1.%2!/-!1!41)&@'-,3
166%6%!4/2%6!6%12'-,!)/!X%2!r5%%-!2*-14'&.:!



! jE!

:+3+&+"6+*!
!
<,01D16+!<:!N:+!1-2!7:!9:!P'B%6*:!EFFE:!_-(%&)'/-!,%-%)'&.d!,%-%3(/03,%-%!B%0.5.!
41)&@'-,3166%6%.!4/2%6.!1-2!166!$/'-).!'-!S%)D%%-:!HB/6:!H&/6:!X%.:!GdbZhZF:!
!
<@4%2+!<:!9:+!#:!P:!C1,,/))+!X:!91'-,/-+!1-2!g:!g502:!EFFE:!?@%!&/.).!/(!4/5-)'-,!1-!
'445-%!0%.$/-.%!10%!0%(6%&)%2!'-!)@%!0%$0/25&)'B%!(')-%..!/(!)@%!4/.o5')/!
<-/$@%6%.!,14S'1%:!c'K/.!ZbdQb"hQbb:!
!
<-.%64+!m:!EF"Q:!g/.)!.$%&'('&')*!'-!1!-1)5016!>1$@-'1!41,-1!3!L1.)%50'1!014/.1!
$/$561)'/-:!A-'B%0.')O)!C1.%6:!
!
710'5.+!g:!;:+!?:!;:!P'))6%+!1-2!>:!HS%0):!EFF":!R%-%)'&!B10'1)'/-!'-!1!@/.)3$101.')%!
1../&'1)'/-d!$/)%-)'16!(/0!&/%B/65)'/-!1-2!(0%o5%-&*32%$%-2%-)!.%6%&)'/-:!HB/65)'/-!
VVd""QThGV:!
!
>%&1%.)%&K%0+!H:+!#:!R1S1+!;:!<:!9:!X1%*41%K%0.+!X:!#)/K.+!P:!i1-!m%0&K@/B%-+!>:!HS%0)+!
1-2!P:!>%!9%%.)%0:!EFFb:!g/.)3$101.')%!eX%2!r5%%-f!2*-14'&.!10&@'B%2!'-!$/-2!
.%2'4%-):!M1)50%!GVFdjbFhQ:!
!
>5-&1-+!<:!C:+!#:!H:!9')&@%66+!1-2!?:!;:!P'))6%:!EFFT:!L101.')%34%2'1)%2!.%6%&)'/-!1-2!)@%!
0/6%!/(!.%a!1-2!2'1$15.%!'-!>1$@-'1:!;:!HB/6:!C'/6:!"Zd""jQhZ:!
!
>5-%15+!>:+!L:!P5'`&Ka+!N:!C%-3<4'+!7:!P1(/0.&@+!1-2!>:!HS%0):!EF"":!X%./6B'-,!)@%!
'-(%&)'/-!$0/&%..!0%B%16.!.)0'K'-,!2'((%0%-&%.!'-!)@%!&/-)0'S5)'/-!/(!%-B'0/-4%-)+!
,%-%)'&.!1-2!$@*6/,%-*!)/!@/.)3$101.')%!'-)%01&)'/-.:!C97!C'/6:!Zd"":!C'/9%2!
7%-)016!P)2:!
!
HS%0)+!>:+!;:!I:!g/))'-,%0+!1-2!i:!_:!L1`5-%-:!EFF":!?%4$/016!1-2!.$1)'16!2*-14'&.!/(!
$101.')%!0'&@-%..!'-!1!>1$@-'1!4%)1$/$561)'/-:!H&/6/,*!jEdQG"bhQGQG:!
!
HS%0)+!>:+!7:!>:!^.&@/KK%3X/@0'-,%0+!1-2!g:!;:!710'5.:!"ZZj:!I')@'-3!1-2!S%)D%%-3
$/$561)'/-!B10'1)'/-!(/0!0%.'.)1-&%!/(!>1$@-'1!41,-1!)/!)@%!S1&)%0'16!%-2/$101.')%!
L1.)%50'1!014/.1:!L0/&:!X:!#/&:!P/-2/-!C!C'/6:!#&':!ETVdE"EbhE"QG:!
!
N156+!N:+!H:!H02(%62%0+!<:3R:!P1-,+!1-2!<:!C5&@-%0:!EFFb:!R�L/D%0!Qd!1!(6%a'S6%!
.)1)'.)'&16!$/D%0!1-16*.'.!$0/,014!(/0!)@%!./&'16+!S%@1B'/016+!1-2!S'/4%2'&16!
.&'%-&%.:!C%@1B:!X%.:!9%)@/2.!QZd"bVhZ":!
!
N6/0+!g:!g:!"Zb":!7500%-)!#)1)5.!/(!)@%!R%-%3N/03R%-%!7/-&%$):!<--5:!X%B:!
L@*)/$1)@/6:!ZdEbVhEZT:!
!
N01-K+!#:!<:!"ZZE:!9/2%6.!/(!$61-)3$1)@/,%-!&/%B/65)'/-:!?0%-2.!R%-%):!jdE"QhE"Z:!
!



! jQ!

N01-K+!#:!<:!"ZZG:!X%&/,-')'/-!1-2!$/6*4/0$@'.4!'-!@/.)3$101.')%!,%-%)'&.:!L@'6/.:!
?01-.:!X:!#/&:!P/-2:!C:!C'/6:!#&':!QGTdEjQhEZQ:!
!
N01-K+!#:!<:!"ZZQ:!#$%&'('&')*!B%0.5.!2%)%&)1S6%!$/6*4/0$@'.4!'-!@/.)3$101.')%!
,%-%)'&.:!L0/&:!C'/6:!#&':!EVGd"Z"hb:!
!
R16B1-'+!<:!L:!EFFQ:!H$'2%4'/6/,*!4%%).!%B/65)'/-10*!%&/6/,*:!?0%-2.!H&/6:!HB/6:!
"jd"QEh"QZ:!
!
R1-2/-+!#:+!1-2!w:!9'&@161K'.:!EFFE:!P/&16!121$)1)'/-+!%B/65)'/-10*!$/)%-)'16!1-2!
@/.)3$101.')%!&/%B/65)'/-d!'-)%01&)'/-.!S%)D%%-!4',01)'/-+!45)1)'/-+!$/$561)'/-!
.'=%!1-2!,%-%01)'/-!)'4%:!;:!HB/6:!C'/6:!"VdGV"hGTE:!
!
g14'6)/-+!I:!>:!"ZjF:!#%a!B%0.5.!M/-3#%a!B%0.5.!L101.')%:!c'K/.!QVdEjEhEZF:!
!
g14'6)/-+!I:!>:+!X:!<a%60/2+!1-2!X:!?1-%.%:!"ZZF:!#%a516!0%$0/25&)'/-!1.!1-!
121$)1)'/-!)/!0%.'.)!$101.')%.!Y1!0%B'%D[:!L0/&:!M1)6:!<&12:!#&':!A:!#:!<:!jbdQVTThbQ:!
!
g52./-+!L:!;:+!<:!L:!>/S./-+!1-2!m:!>:!P1((%0)*:!EFFT:!_.!1!@%16)@*!%&/.*.)%4!/-%!)@1)!
'.!0'&@!'-!$101.')%.s!?0%-2.!H&/6:!HB/6:!E"dQj"hV:!
!
;1%-'K%+!;:!"Zbj:!<-!g*$/)@%.'.!?/!<&&/5-)!N/0!)@%!91'-)%-1-&%!c(!#%a!I')@'-!
L/$561)'/-.:!HB/6:!?@%/0*!Qd"Z"h"ZG:!
!
;%-.%-+!m:!g:+!?:!;:!P'))6%+!<:!#K/0$'-,+!1-2!>:!HS%0):!EFFT:!H4$'0'&16!.5$$/0)!(/0!
/$)'416!B'056%-&%!'-!1!&1.)01)'-,!$101.')%:!LP/#!C'/6:!Gd%"Zb:!
!
m6J)),%-+!C:+!A:!>J64%0+!9:!H-,%6.+!1-2!g:!?:!X1))%:!"ZZG:!<>19+!1-!10)'('&'16!
(0%.@D1)%0!(/0!)@%!&56)50%!/(!=//$61-K)/-:!I1)%0!X%.:!EjdbGQhbGT:!
!
m011'`%B%62+!<:!X:+!1-2!g:!7:!R/2(01*:!"ZZb:!?012%3/((!S%)D%%-!$101.')/'2!0%.'.)1-&%!
1-2!610B16!&/4$%)')'B%!1S'6')*!'-!>0/./$@'61!4%61-/,1.)%0:!M1)50%!QjZdEbjhEjF:!
!
P'))6%+!?:!;:+!g:3;:!710'5.+!c:!#1KD'-.K1+!1-2!>:!HS%0):!EFFE:!7/4$%)')'B%-%..!1-2!6'(%3
@'.)/0*!&@101&)%0'.)'&.!/(!>1$@-'1!D')@!0%.$%&)!)/!.5.&%$)'S'6')*!)/!1!S1&)%0'16!
$1)@/,%-:!;:!HB/6:!C'/6:!"VdbZThjFE:!
!
P'))6%+!?:!;:+!1-2!>:!HS%0):!EFFF:!?@%!&15.%!/(!$101.')'&!'-(%&)'/-!'-!-1)5016!$/$561)'/-.!
/(!>1$@-'1!Y705.)1&%1d!7612/&%01[d!)@%!0/6%!/(!@/.)!,%-%)'&.:!L0/&:!C'/6:!#&':!
ETbdEFQbhGE:!
!
P'B%6*+!7:!9:!EF"F:!<!0%B'%D!/(!X%2!r5%%-!4/2%6.!(/0!)@%!$%0.'.)%-&%!/(!/S6',1)%!
.%a516!0%$0/25&)'/-:!;:!g%0%2:!"F"!#5$$6!d#"QhEF:!
!



! jG!

P5'`&Ka+!L:+!N:!C%-3<4'+!P:!9/5)/-+!P:!>5!L1.o5'%0+!1-2!>:!HS%0):!EF"":!76/-'-,!/(!)@%!
5-&56)501S6%!$101.')%!L1.)%50'1!014/.1!1-2!').!>1$@-'1!@/.)!0%B%16.!%a)0%4%!
,%-/)*$%3,%-/)*$%!'-)%01&)'/-.:!H&/6:!P%)):!"Gd"EVhQ":!
!
P5'`&Ka+!L:+!g:!N'%-S%0,+!>:!>5-%15+!1-2!>:!HS%0):!EF"Q:!<!41)&@'-,3166%6%!4/2%6!
%a$61'-.!@/.)!0%.'.)1-&%!)/!$101.')%.:!7500:!C'/6:!EQd"FjVhj:!H6.%B'%0!P)2:!
!
P5'`&Ka+!L:+!g:!N'%-S%0,+!>:!>5-%15+!1-2!>:!HS%0):!EF"E:!X%.'.)1-&%!)/!1!S1&)%0'16!
$101.')%!'-!)@%!&05.)1&%1-!>1$@-'1!41,-1!.@/D.!9%-2%6'1-!.%,0%,1)'/-!D')@!
2/4'-1-&%:!g%0%2')*!YH2'-S[:!"FjdVGbhV":!
!
91*+!X:!9:+!1-2!X:!9:!<-2%0./-:!"ZjQ:!H$'2%4'/6/,*!1-2!,%-%)'&.!'-!)@%!&/%B/65)'/-!
/(!$101.')%.!1-2!@/.).:!L0/&:!X:!#/&:!P/-2/-!C!E"ZdEj"hQ"Q:!
!
9&m%1-+!m:!1+!7:!L:!w/50)@+!C:!L:!P1==10/+!1-2!<:!R:!7610K:!EFFj:!?@%!%B/65)'/-10*!&/.).!
/(!'445-/6/,'&16!41'-)%-1-&%!1-2!2%$6/*4%-):!C97!HB/6:!C'/6:!jdbT:!
!
9/0%)+!w:+!1-2!L:!#&@4'23g%4$%6:!EFFF:!#50B'B16!(/0!_445-')*d!?@%!L0'&%!/(!_445-%!
#*.)%4!<&)'B1)'/-!(/0!C54S6%S%%!I/0K%0.:!#&'%-&%!YjF3:![:!EZFd""TTh""Tj:!
!
9/0,1-+!H:!X:+!1-2!X:!I166:!EFFZ:!76'41)%!&@1-,%!1-2!$101.')'&!2'.%1.%d!(104%0!
4')',1)'/-s!?0%-2.!L101.')/6:!EVdQFjh"Q:!
!
L/56'-+!X:!EFFb:!HB/65)'/-10*!H&/6/,*!/(!L101.')%.:!L0'-&%)/-!A-'B%0.')*!L0%..+!
L0'-&%)/-+!M%D!;%0.%*+!A-')%2!#)1)%.!/(!<4%0'&1:!
!
X!>%B%6/$4%-)!7/0%!?%14:!EF"F:!Xd!<!61-,51,%!1-2!%-B'0/-4%-)!(/0!.)1)'.)'&16!
&/4$5)'-,:!X!N/5-21)'/-!(/0!#)1)'.)'&16!7/4$5)'-,+!i'%--1+!<5.)0'1:!
!
#1.1K'+!<:!EFFF:!g/.)3$101.')%!&/%B/65)'/-!'-!1!456)'6/&5.!,%-%3(/03,%-%!.*.)%4:!
L0/&:!C'/6:!#&':!ETbdE"jQhj:!
!
#1.1K'+!<:+!1-2!g:!7:!;:!R/2(01*:!"ZZZ:!<!4/2%6!(/0!)@%!&/%B/65)'/-!/(!0%.'.)1-&%!1-2!
B'056%-&%!'-!&/5$6%2!@/.)3$101.')/'2!'-)%01&)'/-.:!L0/&:!X:!#/&:!C!C'/6:!#&':!ETTdGVVh
GTQ:!
!
#@%62/-+!C:!7:+!1-2!#:!i%0@56.):!"ZZT:!H&/6/,'&16!'445-/6/,*d!&/.)6*!$101.')%!
2%(%-&%.!1-2!)012%3/((.!'-!%B/65)'/-10*!%&/6/,*:!?0%-2.!H&/6:!HB/6:!""dQ"bhQE":!
!
#/K16+!X:!X:+!1-2!N:!;:!X/@6(:!"ZZV:!C'/4%)0*d!?@%!L0'-&'$6%.!1-2!L01&)'&%.!/(!#)1)'.)'&.!
'-!C'/6/,'&16!X%.%10&@:!I:!g:!N0%%41-!1-2!7/4$1-*+!M%D!w/0K:!
!
#)%10-.+!#:!7:!"ZZE:!?@%!%B/65)'/-!/(!6'(%!@'.)/0'%.:!ca(/02!A-'B%0.')*!L0%..+!ca(/02:!
!



! jV!

?@/4$./-+!;:!M:+!1-2!;:!;:!C502/-:!"ZZE:!R%-%3(/03,%-%!&/%B/65)'/-!S%)D%%-!$61-).!
1-2!$101.')%.:!M1)50%!QTFd"E"h"EV:!
!
I%S.)%0+!;:!L:+!1-2!9:!H:!;:!I//6@/5.%:!"ZZZ:!7/.)!/(!0%.'.)1-&%d!0%61)'/-.@'$!S%)D%%-!
0%25&%2!(%0)'6')*!1-2!'-&0%1.%2!0%.'.)1-&%!'-!1!.-1'63.&@'.)/./4%!@/.)3$101.')%!
.*.)%4:!L0/&:!X:!#/&:!C!C'/6:!#&':!ETTdQZ"hQZT:!
!
I/6'-.K1+!;:+!1-2!L:!#$11K:!EFFZ:!?@%!&/.)!/(!S%'-,!&/44/-d!%B'2%-&%!(0/4!-1)5016!
>1$@-'1!$/$561)'/-.:!HB/65)'/-!TQd"jZQhZF":!
!
I//6@/5.%+!9:!H:!;:+!;:!L:!I%S.)%0+!H:!>/4'-,/+!C:!7@106%.D/0)@+!1-2!C:!X:!P%B'-:!EFFE:!
C'/6/,'&16!1-2!S'/4%2'&16!'4$6'&1)'/-.!/(!)@%!&/3%B/65)'/-!/(!$1)@/,%-.!1-2!)@%'0!
@/.).:!M1):!R%-%):!QEdVTZhbb:!!



! jT!

?#<'+.@A.R$BB#&N.,#<'+.-3.*$BB+(.&+*$',*.-3.#''.,4&++.+S1+&)B+",*A!
!
Experiment SS RR Total

1) 27 19 46

2) 5 3 8

3) 13 14 27

Total 45 36 81

Percentage 55.56 44.44 100 !
!
!
!
!
Q)%$&+. @A. \S1+&)B+",. @. L. V$,6-B+. -3. 6-B1+,),)-". #**#N*. )". B+*-6-*B*. )".
*+B)L"#,$&#'.6-"(),)-"*A!!
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S1&)%0'16! 2%B%6/$4%-)! YL16/$! %)! 16:! "ZZZn! 91@! %)! 16:! EFFj[:! ?@%! &/-&%-)01)'/-! /(!
&%0)1'-! '/-.+! .5&@!1.!7176E+! '-!./65)'/-!250'-,!.$/0561)'/-!@1.!S%%-! (/5-2!)/!1((%&)!
S/)@!.$/0561)'/-!)'4%!1-2!.$/0%!0%.'.)1-&%!)/!@%1)!'-!I*301)&?&(2-Y91@!%)!16:!EFFj[:!
g%1)! 0%.'.)1-&%! '-! .$/0%.! /(! H@- 0(>1&*&0! @1.! S%%-! .@/D-! )/! S%! &/00%61)%2! )/! &/0%!
2%@*201)'/-+!1!$0/&%..!)@/5,@)!)/!S%!(1B/0%2!S*!@',@%0!&/-&%-)01)'/-.!/(!4'-%016.!
'-! )@%! .$/0%! &/0%! Y#%)6/D! EFFT[:! M/)1S6*! &16&'54! $61*.! 1-! '4$/0)1-)! $10)! '-! )@%!
$0/&%..! 1.! ')! &@%61)%.! 2'$'&/6'-'&! 1&'2! Y>L<[+! 1! &/-)0'S5)'-,! &/4$/5-2! )/!
2%@*201)'/-!0%$0%.%-)'-,!|"Fl!/(!)@%!.$/0%!41..!Y2%!i0'%.!EFFG[:!?@%0%(/0%!%B%-!
.6',@)!2'((%0%-&%.!'-!&16&'54!1-2!.16).!'-!)@%!@/.)!0%10'-,!4%2'54!Y<>19[+!1-2!)@5.!
$/..'S6*!)@%!@/.)!S/2*!&1B')*+!250'-,!.$/0561)'/-!41*!@1B%!1((%&)%2!@%1)!0%.'.)1-&%!
/(! )@%! /@- )"230"! .$/0%.! 5.%2:! N50)@%04/0%+! .)52'%.! /(! B10'/5.! .$%&'%.! /(!H"<&**(0!
(/5-2! )@1)! )%4$%01)50%! 250'-,! .$/0561)'/-! '-(65%-&%2! @%1)30%.'.)1-&%! /(! )@%!
/S)1'-%2! .$/0%.+! D')@! @',@%0! .$/0561)'/-! )%4$%01)50%.! 6%12'-,! )/! @',@%0!
)%4$%01)50%!)/6%01-&%!/(!)@%!.$/0%+!16)@/5,@!)@'.!0%61)'/-.@'$!D1.!-/)!16D1*.!6'-%10!
Y2'.&5..%2! '-! L16/$! %)! 16:! "ZZZ[:! ?@'.! 41*! &/-)0'S5)%! )/! %a$61'-! 2'((%0%-&%.! '-!
1))1&@4%-)!(/5-2!S%)D%%-!)@%!0%.56).!/(!Ha$%0'4%-).!E3G:!N50)@%0!'-B%.)',1)'/-!/(!
@%1)30%.'.)1-&%! /(!/@- )"230"! 5.'-,! 2'((%0%-)! &/-&%-)01)'/-.! /(!4'-%016.! 1-2! /)@%0!
&/4$/5-2.! '-! )@%! @/.)30%10'-,!4%2'54!250'-,! .$/0561)'/-!41*! .@%2! 6',@)! /-! )@%!
B10'1S'6')*! /(! )@%! $0/&%..:! c50! ('-2'-,.! '-2'&1)%! )@%! -%%2! (/0! 4/0%! .)0'-,%-)!
&56)50'-,!$0/)/&/6.!(/0!)@%!$0/25&)'/-!/(!.$/0%.!2%$%-2'-,!/-!)@%!%a$%&)%2!5)'6')*!/(!
)@%!.$/0%.:!

P'))6%! '.! K-/D-! 1S/5)! )@%! 4/6%&5610! 4%&@1-'.4.! )@1)! 166/D! /@- )"230"! )/!
1))1&@! )/! ').! @/.).p! /%./$@1,5.:! A.'-,! %6%&)0/-! 4'&0/.&/$*! >5-%15! %)! 16:! YEF""[!
.@/D%2!)@%!$0%.%-&%!/(!4'&0/('S%0.!/-!)@%!.50(1&%!/(!)@%!1&)'B1)%2!.$/0%p.!2'.&+!)@%!
$101.$/016! $%0'$@%016! ('S%0.! Y$$(+! N',50%! "[+! )@1)! 10%! )@/5,@)! )/! 166/D! .$/0%.! )/!
1))1&@!)/!)@%!&5)'&6%!/(!)@%!@/.)!/%./$@1,5.:!?@%!%a1&)!&/4$/.')'/-!/(!)@%.%!('S%0.!'.!
-/)! K-/D-:! c50! 0%.56).! '-2'&1)%! )@1)! ./4%! &/4$/-%-).! /(! )@%! 1))1&@4%-)!
4%&@1-'.4! 10%! '4$1'0%2! S*! )%4$%01)50%! 1S/B%! Tj{7+! )@'.! 41*! S%! 25%! )/! )@%!



! "FG!

2%-1)501)'/-!/(! &%0)1'-! &/4$/5-2.+! .5&@!1.! )@%!4'&0/('S%0.+! 1-2!D1001-).! (50)@%0!
'-B%.)',1)'/-:!
-

B88+<1-38-$+"1A1)+"1+?-0#3)+0-3%-1$+-#)3*&8+)"1&3%-01+#-7BF#+)&2+%10-V-P-X;-

?@%! 61.)! .)%$! /(! )@%! '-(%&)'/-! $0/&%..! '.! &/44/-6*! 0%(%00%2! )/! 1.! )@%!
$0/6'(%01)'/-! .)%$! /0! '-(%&)'/-! .)%$! S5)! 41*! S%! .5S2'B'2%2! '-! ('B%! (50)@%0! .)%$.!
&/00%.$/-2'-,! )/! 2%B%6/$4%-)16! .)1,%.! /(! )@%! S1&)%0'54:! ?@%.%! .)1,%.! 10%!
,%04'-1)'/-+! $%-%)01)'/-! Y/(! )@%! @/.)[+! /5),0/D)@+! B%,%)1)'B%! ,0/D)@! 1-2!
.$/0561)'/-:!<.!D%!/-6*!.&/0%2! )@%!$0%.%-&%!/0!1S.%-&%!/(!-%D6*!,0/D-!.$/0%.! '-!
@/.).!/-%!4/-)@!1()%0!%a$/.50%+!D%!&1--/)!2'.&0'4'-1)%!S%)D%%-!)@%.%!.)1,%.!1-2!
10%! %((%&)'B%6*! /-6*! 4%1.50'-,! '-(%&)'/-! .5&&%..! Y':%:! '-(%&)%2! /0! -/)! '-(%&)%2[:! _-!
Ha$%0'4%-)!V!1-2!b+!D%!(/5-2!)@1)!.$/0%.!@%1)3)0%1)%2!1)! )%4$%01)50%.!/(!1)! 6%1.)!
TT{!1-2!1S/B%+!2'2!-/)!6%12!)/!'-(%&)'/-!'-!@/.).!YN',50%!G[:!<)!6/D%0!@%1)3)0%1)4%-).!
D%!(/5-2!B10'1)'/-!'-!'-(%&)'/-!.5&&%..!YN',50%!G[n!)@%0%(/0%!2141,%.!S*!@%1)!41*!
160%12*!@1B%!S%%-! '-(6'&)%2!1)! 6/D%0! )%4$%01)50%.:!?@%!41,-')52%!/(! )@%!%((%&)!/-!
)@%!$0/6'(%01)'/-!.)%$!41*!2%$%-2!/-!)@%!6/&16'=1)'/-!/(!)@%!2141,%.!14/-,!.$/0%!
&/4$/5-2.!Y$0/)%'-.!/0!>M<[+!D@%)@%0!.$/0%.!10%!1S6%!)/!0%$1'0!)@%!2141,%.!%106*!
250'-,! ,%04'-1)'/-! Y#%)6/D! "ZZV[! 1-2! /-! 2'((%0%-&%.! /(! .%-.')'B')*! /0! 0%$1'0!
&1$1&')*! S%)D%%-! $101.')%! ,%-/)*$%.:! N50)@%04/0%+! 1-! %((%&)! /(! $101.')%! ,%-/)*$%!
S5)!-/)!@/.)!,%-/)*$%!D1.! (/5-2! '-!%a$%0'4%-)!V!1-2!&/-B%0.%6*!1-!%((%&)!/(!@/.)!
,%-/)*$%!S5)!-/)!$101.')%!,%-/)*$%!D1.! (/5-2! '-!%a$%0'4%-)!b:!<!.)52*!5.'-,! )@%!
.14%! &/4S'-1)'/-! /(! $101.')%! Y7"+! 7"Z[! 1-2! @/.)! ! YgA3gcE+! CH39"F[! ,%-/)*$%.!
2%4/-.)01)%2! )@1)! S/)@! @/.)! 1-2! $101.')%! ,%-/)*$%.! @1B%! 1-! '-(65%-&%! /-! )@%!
$0/6'(%01)'/-! .)%$+! 16)@/5,@! )@%! 0%.$%&)'B%! %((%&).! B10'%2! )%4$/0166*! 250'-,! )@%!
$0/6'(%01)'/-!.)%$!Yg166!1-2!HS%0)!EF"E[:!A-6'K%!)@%!1&)'B1)'/-!1-2!1))1&@4%-)!.)%$.+!
)@%!$0/6'(%01)'/-!.)%$!'.!%a$%&)%2!)/!S%!B%0*!&/4$6%a:!_)!&/4$0'.%.!$@*.'/6/,'&16!1-2!
S'/&@%4'&16! $0/&%..%.! .5&@! 1.! ,%04'-1)'/-+! 0%.54'-,! S1&)%0'16! 4%)1S/6'.4! 1-2!
2%B%6/$4%-)+! ,0/D'-,! )@%! '-(%&)'/-! $%,+! $'%0&'-,! )@%! @/.)! &5)'&6%+! /5),0/D)@+!
B%,%)1)'B%!,0/D)@!1-2!('-166*!.$/0561)'/-:! _)!0%o5'0%.!)01-.&0'$)'/-!1-2!)01-.61)'/-!
)/! /$%01)%! 1.! D%66! 1.! %-=*41)'&! 1&)'B')*! )/! 0%.54%! 250'-,! %106*! ,%04'-1)'/-:!



! "FV!

?@%0%(/0%+!'-!&/4$10'./-!)/!1&)'B1)'/-!1-2!1))1&@4%-)+!45&@!4/0%!B10'1)'/-!'-!)@%!
%((%&).!/(!@%1)!2141,%.!41*!S%!%a$%&)%2!Y1.!/S.%0B%2!'-!Ha$%0'4%-)!V[:!!

g%1)3)0%1)'-,!)@%!.$/0%.!41*!@1B%!K'66%2!)@%!S1&)%0'1!/0!'-@'S')%2!/-%!/(!)@%!
('B%!.)1,%.!/(!)@%!$0/6'(%01)'/-!.)%$:!_-!H"<&**(0!.$:+!')!'.!)@/5,@)!)@1)!$0/)%'-.!%4S%2!
250'-,! .$/0561)'/-! '-! )@%! .$/0%! &/1)!41*! '-')'1)%! )@%! &01&K'-,!/(! )@%! &/1)! )@%0%S*!
.)10)'-,! )@%! ,%04'-1)'/-! $0/&%..! Y>0'K.! "ZZZ[+! )@%! ('0.)! .)1,%! /(! )@%! $0/6'(%01)'/-!
.)%$:!N/66/D'-,!1!.'4'610!4%&@1-'.4!&/1)!$0/)%'-.!/(!/"01+()&"-41*!6/&166*!&01&K!)@%!
&/1)!1-2!'-')'1)%!,%04'-1)'/-+!(/66/D%2!S*!)@%!%a)05.'/-!/(!/"01+()&"p.!'-(%&)'/-!$%,!
)@1)!$%-%)01)%.!').!@/.).!&5)'&6%+!1.!D1.!/S.%0B%2!'-!/@-#+%+1)"%0!YC'02!%)!16:!EFFQ[:!
g%1)3)0%1)'-,! .$/0%.!41*!@1B%!2%-1)50%2!&%0)1'-! &/1)!$0/)%'-.+! )@%0%S*! '-@'S')'-,!
)@%!'-')'1)'/-!/(!,%04'-1)'/-!1-2!$0%B%-)'-,!)@%!$%-%)01)'/-!/(!)@%!@/.):!I@'6%!.$/0%!
@%1)! 0%.'.)1-&%! '-! H"<&**(0- S1&)%0'1! '.! )@/5,@)! )/! S%! 41'-6*! 2%$%-2%-)! /-! D1)%0!
&/-)%-)!/(!)@%!.$/0%!&/0%!YR%0@102)!1-2!910o5'.!"ZjZ[+!.$/0%!>M<!D1.!(/5-2!)/!S%!
$0/)%&)%2! S*! .$%&'('&! $0/)%'-.+! .4166! 1&'23./65S6%! .$/0%! $0/)%'-.! Y!z"3)*$%! #<#L[+!
)@1)!16./!$61*!1!0/6%!'-!0%.'.)1-&%!)/!@%1)!Y#%)6/D!"Zjj[:!#$/0%.!/(!S1&)%0'16!45)1-).!
61&K'-,! )@%.%! $0/)%'-.! D%0%! (/5-2! )/! S%! 4/0%! .%-.')'B%! )/! @%1)! )@1-! D'623)*$%!
.$/0%.! Y91./-! 1-2! #%)6/D! "ZjTn! g1&K%))! 1-2! #%)6/D! "Zjj[:! !z"3)*$%! #<#L! 10%!
@',@6*!1S5-21-)+!&/-.)')5)'-,!Q3Tl!/(! )@%!)/)16!.$/0%!$0/)%'-.!Y#%)6/D!EFFT[+!1-2+!
)/,%)@%0!D')@! #3)*$%! #<#L! YD@'&@!41K%! 5$! 1-/)@%0!|jl!/(! .$/0%! &/0%! $0/)%'-.[+!
)@%'0! 2%,0121)'/-! $0/B'2%.! )@%! .$/0%! D')@! )@%! -%&%..10*! 14'-/! 1&'2.! )/! 0%.54%!
$0/)%'-! .*-)@%.'.! 250'-,! ,%04'-1)'/-! 1-2! /5),0/D)@! Yg1&K%))! 1-2! #%)6/D! "Zjj[:!
g%1)3'-25&%2!2%-1)501)'/-!/(!)@%.%!$0/)%'-.!250'-,!.$/0%!2/041-&*!41*!)@%0%(/0%!
@1B%! 6%2! )/! @%1)3'-25&%2! 2141,%.! )/! )@%! >M<+! &15.'-,! 1! 61)%0! 2*.(5-&)'/-! /(!
S1&)%0'16! 2%B%6/$4%-):! <-/)@%0! $/..'S6%! '-B/6B%4%-)! /(! !z"3)*$%! #<#L! '-!
2%B%6/$4%-)16! '-@'S')'/-!41*!S%! '(! )@%'0!2%,0121)'/-!2'2!-/)! .5&&%%2!S%&15.%! )@%!
%-=*4%.!0%o5'0%2!(/0!)@%!$0/&%..!D%0%!2141,%2!S*!@%1)n!)@%'0!&/-)'-5%2!.1)501)'/-!
/(! )@%! >M<! 41*! @1B%! $0%B%-)%2! )01-.&0'$)'/-! 6%12'-,! )/! 100%.)%2! 2%B%6/$4%-)!
Y#1-&@%=3#161.!%)!16:!"ZZEn!g1*%.!1-2!#%)6/D!EFF"[:!
!
!



! "FT!

B88+<1-38-$+"1A1)+"1+?-0#3)+0-3%-1$+-#)3*&8+)"1&3%-01+#-7BF#+)&2+%1-W;-

I@'6%!Ha$%0'4%-).!V! 1-2!b!@12! .'4'610! 0%.56).+! Ha$%0'4%-)!T!2'2!-/)! *'%62!
)@%!.14%!0%.56).!YN',50%!G[:!_-!Ha$%0'4%-)!T+!'-(%&)'/-!S*!7"Z!D1.!'-@'S')%2!1)!bF{7+!
1.!D1.! %a$%&)%2! 1()%0! )@%! /S.%0B1)'/-.! /(! Ha$%0'4%-)! V! 1-2! 61)%0! &/-('04%2!D')@!
)@/.%! /(! Ha$%0'4%-)! b+! S5)! '-(%&)'/-! S*! 7"! D1.! -/)! '-@'S')%2:! <()%0! $%0(/04'-,!
Ha$%0'4%-)!V+!1.!D%!2'2!-/)!%a$%&)!'-(%&)'/-!)/!S%!$/..'S6%!1()%0!)0%1)'-,!.$/0%.!1)!
TT{7! /0!4/0%+! (/0! Ha$%0'4%-)! T! )@0%%! )0%1)4%-)! )%4$%01)50%.! YVG+! TE! 1-2! bF{7[!
D%0%! &@/.%-! )/! 0%3)%.)! )@%! %((%&)! /(! @%1)3)0%1)'-,! .$/0%.!/-! )@%!$0/6'(%01)'/-! .)%$:!
>5%! )/! )@%! -/'.*! 0%.56).! /(! Ha$%0'4%-)! V! YN',50%! G[! 1-2! )@%! /S.%0B1)'/-! )@1)!
'-(%&)'/-! .5&&%..! '.! 2/.%32%$%-2%-)! YHS%0)! %)! 16:! EFFF[+! D%! 2%&'2%2! )/! $%0(/04!
Ha$%0'4%-)!T!D')@!1!@',@%0!2/.%!/(!)0%1)%2!.$/0%.!1-2!1!@',@%0!0%$6'&1)'/-!Y5.'-,!EF!
'-.)%12! /(! V! @/.).! $%0! @/.)! ,%-/)*$%! a! $101.')%! ,%-/)*$%! a! )%4$%01)50%!
&/4S'-1)'/-.[:! A.'-,! VFpFFF! .$/0%.! '-.)%12! /(! "FpFFF! YHa$%0'4%-).! V! 1-2! b[!D%!
/S)1'-%2! .5&&%..(56! '-(%&)'/-.! D')@! 7"! %B%-! 1()%0! )0%1)'-,! .$/0%.! 1)! bF{7:! ?@%.%!
0%.56).! '-2'&1)%! )@1)! -/)! 166! S1&)%0'1! @12! )@%'0! 1S'6')*! )/! '-(%&)! '-@'S')%2! S*! )@%!
)%4$%01)50%! )0%1)4%-):! A.'-,! 1! @',@%0! 2/.%! /(! .$/0%.!41*! @1B%! 6%12! )/! 1! @',@%0!
14/5-)! /(! 6%..! @%1)32141,%2! .$/0%.! %a$/.%2! )/! )@%! @/.)! '-! )@%! .14%! B/654%! /(!
4%2'54! Y<>19[:! _-! )50-! )@'.!41*! @1B%! 6%12! )/! 1! @',@%0! %-&/5-)%0! 01)%! S%)D%%-!
)@%.%!6%..32141,%2!.$/0%.!1-2!)@%!@/.)!1-2!)@5.!)/!4/0%!'-(%&)'/-.:!<.!7"Z!2'2!-/)!
*'%62!'-(%&)'/-.!1()%0!)0%1)4%-)!1)!bF{7+!D%!.5.$%&)!)@1)!')!D1.!6%..!0%.'.)1-)!)/!@%1)3
'-25&%2!2141,%.:!
-

N0-1$+)+-"-1+2#+)"1()+-"1-4$&<$-0#3)+0-"11"<$->(1-?3-%31-&%8+<1O-

! 7/4$10'-,!1))1&@4%-)!YHa$%0'4%-).!E3G[!1-2!'-(%&)'/-!YHa$%0'4%-)!V!1-2!b+!
%a&652'-,!Ha$%0'4%-)!T!25%!)/!)@%!@',@%0!.$/0%32/.%!5.%2[+!')!1$$%10.!)@1)!1!01-,%!
/(!)%4$%01)50%!)0%1)4%-).!YTT3Tj{7[!41*!'-@'S')!)@%!1S'6')*!/(!/@-)"230"!.$/0%.!)/!
'-(%&)!D@'6%!$0%.%0B'-,!').!1S'6')*!)/!1))1&@!)/!)@%!@/.):!?@'.!.5,,%.).!)@%!$/..'S6%!5.%!
/(!@%1)3)0%1)%2!'-(%&)'/-3'-@'S')%2!/@-)"230"!.$/0%.!1.!$@%-/)*$'&!410K%0.!)/!2%)%&)!
0%.'.)1-&%!$@%-/)*$%!/(!@/.).!D')@/5)!0'.K'-,! '-(%&)'-,! )@%4:! _-! )@%!!@-2":%"!h!/@-
)"230"!@/.)3$101.')%!.*.)%4+!1))1&@4%-)!'.!&/00%61)%2!D')@!'-(%&)'/-!YP5'`&Ka!%)!16:!
EF""[:!C%&15.%!/(!)@%!B10'1S'6')*!/S.%0B%2!'-!)@%!'-(%&)'/-!%a$%0'4%-).!1-2!)@%!.@'()!



! "Fb!

/(! |G{7! S%)D%%-! 1))1&@4%-)! %a$%0'4%-).! (/0! )@%! )%4$%01)50%! /(! '-@'S')'/-! /(!
1))1&@4%-)+! 0%('-%4%-).! /(! )@%! %a$%0'4%-)16! $1014%)%0.! Y)0%1)4%-)! )%4$%01)50%+!
.$/0%! 2/.%+! B/654%! /(! 4%2'54! (/0! @/.)! %a$/.50%! 1-2! 2501)'/-! /(! %a$/.50%[! '.!
0%o5'0%2!S%(/0%!)@%!4%)@/2!41*!S%!.1(%6*!5.%2:!c-&%!0%('-%2+!)@'.!4%)@/2!41*!S%!
5.%(56! (/0! !"#$%&"! 0%.%10&@! 1.! !"#$%&"! '.! 1! .4166! )01-.$10%-)! 1-'416! D')@! (%D!
$@%-/)*$'&!(%1)50%.!5.1S6%!)/!2'.)'-,5'.@!'-2'B'2516!,%-/)*$%.:!A.'-,!&/6/0361S%6%2!
-/-3'-(%&)'B%!.$/0%.!)@1)!10%!%1.'6*!2%)%&)%2!S*!(65/0%.&%-&%!4'&0/.&/$*!D'66!166/D!
)@%!01$'2!2'.&0'4'-1)'/-!/(!!"#$%&"!'-2'B'2516.!S1.%2!/-!)@%'0!0%.'.)1-&%!$@%-/)*$%!
)/!,%-/)*$%.!/(!/@-)"230":!
!
I32#")&03%-4&1$-(##+)-1+2#+)"1()+-*&2&1"1&3%0-38-1$+-$301-

!"#$%&"-2":%"!&1--/)!.50B'B%!4/0%!)@1-!1!(%D!@/50.!1)!1!)%4$%01)50%!/(!Qb{7!1-2+!
)@0/5,@/5)!').!,%/,01$@'&!01-,%+!)@%!@',@%.)!1B%01,%!*%106*!)%4$%01)50%!4%1.50%2!
'.!QF{7!Yw14$/6.K*!%)!16:!EF"G[:!?@%0%(/0%!)@%!0%.56).!0%$/0)%2!'-!)@%!$0%.%-)!.)52*!
'-2'&1)%! )@1)! /@- )"230"! @1.! )@%! $/)%-)'16! )/! 16D1*.! S%! &1$1S6%! /(! 1&)'B1)'/-!
Y1&)'B1)'/-!01)%!/(!"FFl!1)!GF{7[+!&1$1S6%!/(!1))1&@4%-)!Y1))1&@4%-)!01)%!/(!"FFl!
5$!)/!Tb{7[!1-2!S%!'-(%&)'/5.!)@0/5,@/5)!!@-2":%"p.!,%/,01$@'&!01-,%+!1.!/@-)"230"!
.$/0%.!10%!@%1)!0%.'.)1-)!1)!)@%!@',@%.)!)%4$%01)50%.!/(!)@1)!01-,%:!
!
I3%<*(0&3%-

- H-B'0/-4%-)16! .)0%../0.! 41*! .)0/-,6*! 0%25&%! )@%! .50B'B16! /(! /0,1-'.4.:!
#$/0%3(/04'-,!S1&)%0'1!@1B%!&@14$'/-%2!0%.'.)'-,!%-B'0/-4%-)16!.)0%../0.!(/0!6/-,!
$%0'/2.! /(! )'4%! S*! ,0/D'-,! .%B%016! )@'&K! $0/)%&)'B%! 61*%0.! Y>0'K.! "ZZZn! #%)6/D!
EFFQ[+! .)/$$'-,! )@%'0! 4%)1S/6'.4+! $0/)%&)'-,! )@%'0! >M<! S*! .1)501)'-,! ')! D')@!
$0/)%'-.! Y#%)6/D! EFFb[+! 1-2! 2%@*201)'-,! )@%'0! &/0%! )/! 0%.'.)! @',@! )%4$%01)50%.!
Y#%)6/D! EFFT[:! #$/0%.! 10%! )@%! 0%1./-! D@*+! %B%-! D')@! 4/2%0-! $1.)%50'=1)'/-!
)%&@-'o5%.+!(//2!.$/'61,%!1-2!(//2S/0-%!2'.%1.%!0%41'-!/(!@',@!&/-&%0-+!1-2!@541-!
$1)@/,%-.! 6'K%!H"<&**(0-"%1$)"<&0! &1-!0%.'.)!2%&/-)14'-1)'/-!$0/&%250%.:!/"01+()&"-
)"230"+! 1! 0%61)'B%! /(! /)@%0! )*$'&16! .$/0%3(/04%0.! '-! )@%!H"<&**(0AI*301)&?&(2! &612%+!
&1-! .50B'B%! 2%&12%.! '-! $/-2! .%2'4%-)! 1-2! .)'66! S%! '-(%&)'/5.! Y>%&1%.)%&K%0! %)! 16:!
EFFG+!EFFbn!<-201.! %)! 16:! '-!$0%$[:! #)0'K'-,6*+!/@- )"230"! .$/0%.!41*! 0%12'6*! 0%.'.)!



! "Fj!

)%4$%01)50%.!1.!@',@!1.!TF3bF{7!D@'6%! 0%41'-'-,! '-(%&)'/5.:! _-! )@%!$0%.%-)! .)52*+!
D%!%a14'-%2!)@0%%!41`/0!.)%$.!/(!)@%!'-(%&)'/-!$0/&%..!/(!/@-)"230"!1-2!(/5-2!)@%4!
2'((%0%-)'166*! .%-.')'B%! )/! 1! @'.)/0*! /(! )%4$%01)50%+! 0%(6%&)'-,! )@%'0! 5-2%06*'-,!
4%&@1-'.4.:!
!



! "FZ!

.:+3+&+"6+*!
!
<-2%0../-+!<:+!A:!XU--%0+!1-2!L:!H:!R01-54:!"ZZV:!I@1)!$0/S6%4.!2/%.!)@%!(//2!
'-25.)0*!@1B%!D')@!)@%!.$/0%3(/04'-,!$1)@/,%-.!C1&'665.!&%0%5.!1-2!76/.)0'2'54!
$%0(0'-,%-.s!_-):!;:!N//2!9'&0/S'/6:!Ejd"GVhVV:!
!
C'02+!>:!9:+!7:!g:!c$$%041-+!1-2!m:!R:!>1B'%.:!EFFQ:!_-)%01&)'/-.!S%)D%%-!S1&)%0'1!
1-2!$61-)3$101.')'&!-%41)/2%.d!-/D!1-2!)@%-:!_-):!;:!L101.')/6:!QQd"ETZh"EbT:!
!
7@106%.+!P:+!_:!710S/-%+!m:!R:!>1B'%.+!>:!C'02+!9:!C50K%+!C:!X:!m%00*+!1-2!7:!g:!
c$$%041-:!EFFV:!L@*6/,%-%)'&!<-16*.'.!/(!L1.)%50'1!$%-%)01-.!S*!A.%!/(!956)'$6%!
R%-%)'&!P/&':!;:!C1&)%0'/6:!"jbdVbFFhVbFj:!
!
7@%-+!^:!}:+!1-2!>:!I:!>'&K./-:!"ZZj:!X%B'%D!/(!L1.)%50'1!$%-%)01-.d!C'/6/,*+!
H&/6/,*+!1-2!C'/6/,'&16!7/-)0/6!L/)%-)'16:!;:!M%41)/6:!QFdQ"QhGF:!
!
>%!i0'%.+!w:!L:!EFFG:!?@%!X/6%!/(!716&'54!'-!C1&)%0'16!#$/0%!R%04'-1)'/-:!9'&0/S%.!
H-B'0/-:!"Zd"ZZhEFE:!
!
>%&1%.)%&K%0+!H:+!#:!R1S1+!;:!<:!9:!X1%*41%K%0.+!X:!#)/K.+!P:!i1-!m%0&K@/B%-+!>:!HS%0)+!
1-2!P:!>%!9%%.)%0:!EFFb:!g/.)3$101.')%!eX%2!r5%%-f!2*-14'&.!10&@'B%2!'-!$/-2!
.%2'4%-):!M1)50%!GVFdjbFhQ:!
!
>%&1%.)%&K%0+!H:+!7:!P%(%B%0+!P:!>%!9%%.)%0+!1-2!>:!HS%0):!EFFG:!g15-)%2!S*!)@%!$1.)d!
HB'2%-&%!(/0!2/041-)!.)1,%!S1-K.!/(!4'&0/$101.')%.!1-2!%$'S'/-).!/(!>1$@-'1:!
P'4-/6:!c&%1-/,0:!GZd"QVVh"QTG:!
!
>0'K.+!<:!"ZZZ:!C1&'665.!.5S)'6'.!#$/0%!7/1):!9'&0/S'/6:!9/6:!C'/6:!X%B:!TQd"hEF:!
!
>5-&1-+!<:!C:+!#:!H:!9')&@%66+!1-2!?:!;:!P'))6%:!EFFT:!L101.')%34%2'1)%2!.%6%&)'/-!1-2!)@%!
0/6%!/(!.%a!1-2!2'1$15.%!'-!>1$@-'1:!;:!HB/6:!C'/6:!"Zd""jQhZ:!



! ""F!

!
>5-%15+!>:+!1-2!>:!HS%0):!EF"E:!?@%!0/6%!/(!4/56)'-,!'-!$101.')%!2%(%-&%:!L0/&:!C'/6:!
#&':!EbZdQFGZhVG:!
!
>5-%15+!>:+!L:!P5'`&Ka+!N:!C%-3<4'+!7:!P1(/0.&@+!1-2!>:!HS%0):!EF"":!X%./6B'-,!)@%!
'-(%&)'/-!$0/&%..!0%B%16.!.)0'K'-,!2'((%0%-&%.!'-!)@%!&/-)0'S5)'/-!/(!%-B'0/-4%-)+!
,%-%)'&.!1-2!$@*6/,%-*!)/!@/.)3$101.')%!'-)%01&)'/-.:!C97!C'/6:!Zd"":!C'/9%2!
7%-)016!P)2:!
!
>5)K*+!H:!9:+!1-2!X:!9:!#1*0%:!"Zbj:!#/4%!(1&)/0.!1((%&)'-,!'-(%&)'/-!/(!-%41)/2%.!S*!
)@%!S1&)%0'16!.$/0%!$101.')%!C1&'665.!$%-%)01-.:!;:!M%41)/6:!6dEjV:!
!
HS%0)+!>:!EF"":!R%-/4'&.:!<!,%-/4%!(/0!)@%!%-B'0/-4%-):!#&'%-&%!YjF3:![:!QQ"dVQZh
GF:!
!
HS%0)+!>:+!g:!;:!710'5.+!?:!;:!P'))6%+!1-2!H:!>%&1%.)%&K%0:!EFFG:!?@%!%B/65)'/-!/(!
B'056%-&%!D@%-!$101.')%.!&15.%!@/.)!&1.)01)'/-!1-2!,',1-)'.4:!<4:!M1):!"TG!
#5$$6d#"ZhQE:!
!
HS%0)+!>:+!L:!X1'-%*+!?:!9:!H4S6%*+!1-2!>:!#&@/6=:!"ZZT:!>%B%6/$4%-)+!6'(%!&*&6%+!
56)01.)05&)50%!1-2!$@*6/,%-%)'&!$/.')'/-!/(!L1.)%50'1!014/.1!9%)&@-'K/((!"jjjd!
0%2'.&/B%0*!/(!1-!/S6',1)%!%-2/$101.')%!/(!>1$@-'1!41,-1!#)015.:!L@'6/.:!?01-.:!X:!
#/&:!C!C'/6:!#&':!QV"d"TjZh"bF":!
!
HS%0)+!>:+!7:!>:!^.&@/KK%3X/@0'-,%0+!1-2!g:!;:!710'5.:!EFFF:!>/.%!%((%&).!1-2!2%-.')*3
2%$%-2%-)!0%,561)'/-!/(!)D/!4'&0/$101.')%.!/(!>1$@-'1!41,-1:!c%&/6/,'1!"EEdEFFh
EFZ:!
!



! """!

N/.)%0+!#:!;:+!1-2!m:!;/@-.)/-%:!"ZjZ:!?@%!?0',,%0!9%&@1-'.4!/(!C1&)%0'16!#$/0%!
R%04'-1)'/-:!L$:!jZh"Fj!&%!_:!#4')@+!X:!<:!#6%$%&K*+!1-2!L:!#%)6/D+!%2.:!X%,561)'/-!/(!
L0/&10*/)'&!>%B%6/$4%-):!<4%0'&1-!#/&'%)*!(/0!9'&0/S'/6/,*+!I1.@'-,)/-+!>:7:!
!
R%0@102)+!L:+!1-2!X:!H:!910o5'.:!"ZjZ:!#$/0%!?@%04/0%.'.)1-&%!9%&@1-'.4.:!L$:!GQh
TQ!&%!_:!#4')@+!X:!<:!#6%$%&K*+!1-2!L:!#%)6/D+!%2.:!X%,561)'/-!/(!L0/&10*/)'&!
>%B%6/$4%-):!<4%0'&1-!#/&'%)*!(/0!9'&0/S'/6/,*+!I1.@'-,)/-+!>:7:!
!
g1&K%))+!X:!g:+!1-2!L:!#%)6/D:!"Zjj:!L0/$%0)'%.!/(!.$/0%.!/(!C1&'665.!.5S)'6'.!.)01'-.!
D@'&@!61&K!)@%!41`/0!.4166+!1&'23./65S6%!$0/)%'-:!;:!C1&)%0'/6:!"bFd"GFQhG:!
!
g166+!9:!>:+!1-2!>:!HS%0):!EF"E:!>'.%-)1-,6'-,!)@%!'-(65%-&%!/(!$101.')%!,%-/)*$%+!@/.)!
,%-/)*$%!1-2!41)%0-16!%-B'0/-4%-)!/-!2'((%0%-)!.)1,%.!/(!S1&)%0'16!'-(%&)'/-!'-!
>1$@-'1!41,-1:!L0/&:!X:!#/&:!P/-2/-!C'/6:!#&':!EbZdQ"bThjQ:!
!
g1)=+!C:+!1-2!>:!I:!>'&K./-:!"ZZE:!H((%&)!/(!?%4$%01)50%!/-!<))1&@4%-)!+!
>%B%6/$4%-)!+!1-2!_-)%01&)'/-.!/(!L1.)%50'1!$%-%)01-.!/-!9%6/'2/,*-%!10%-10'1!":!;:!
M%41)/6:!EGdV"EhVE":!
!
g1*%.+!7:!#:+!1-2!L:!#%)6/D:!EFF":!<-!�z�3?*$%+!#4166+!<&'23#/65S6%!#$/0%!L0/)%'-!
I@'&@!g1.!i%0*!g',@!<(('-')*!(/0!>M<!L0%B%-).!c5),0/D)@!/(!C1&'665.!.5S)'6'.!
#$/0%.:!;:!C1&)%0'/6:!"jQdETTEhETTT:!
!
_B%.+!<:!X:+!#:!X:!710$%-)%0+!1-2!C:!>%--'.:!"ZZZ:!7/445-')*!'-)%01&)'/-!D%S.!1-2!
=//$61-K)/-!0%.$/-.%.!)/!$61-K)'B/0*!41-'$561)'/-.:!H&/6/,*!jFd"GFVh"GE":!
!
;%-.%-+!m:!g:+!?:!;:!P'))6%+!<:!#K/0$'-,+!1-2!>:!HS%0):!EFFT:!H4$'0'&16!.5$$/0)!(/0!
/$)'416!B'056%-&%!'-!1!&1.)01)'-,!$101.')%:!LP/#!C'/6:!Gd%"Zb:!
!



! ""E!

m%--%2*+!9:!;:+!#:!P:!X%12%0+!1-2!P:!9:!#D'%0&=*-.K':!"ZZG:!L0%.%0B1)'/-!0%&/02.!/(!
4'&0/3/0,1-'.4.d!%B'2%-&%!/(!)@%!)%-1&')*!/(!6'(%:!9'&0/S'/6/,*!"GFdEV"QhEVEZ:!
!
m6J)),%-+!C:+!A:!>J64%0+!9:!H-,%6.+!1-2!g:!?:!X1))%:!"ZZG:!<>19+!1-!10)'('&'16!
(0%.@D1)%0!(/0!)@%!&56)50%!/(!=//$61-K)/-:!I1)%0!X%.:!EjdbGQhbGT:!
!
P5'`&Ka+!L:+!N:!C%-3<4'+!P:!9/5)/-+!P:!>5!L1.o5'%0+!1-2!>:!HS%0):!EF"":!76/-'-,!/(!)@%!
5-&56)501S6%!$101.')%!L1.)%50'1!014/.1!1-2!').!>1$@-'1!@/.)!0%B%16.!%a)0%4%!
,%-/)*$%3,%-/)*$%!'-)%01&)'/-.:!H&/6:!P%)):!"Gd"EVhQ":!
!
91@+!;:3g:+!>:3g:!m1-,+!1-2!;:!?1-,:!EFFj:!H((%&).!/(!4'-%016.!/-!.$/0561)'/-!1-2!@%1)!
0%.'.)1-&%!/(!76/.)0'2'54!.$/0/,%-%.:!_-):!;:!N//2!9'&0/S'/6:!"EjdQjVhZ:!H6.%B'%0!C:i:!
!
91-&@%%+!X:!;:+!9:!R:!C0/.)%0+!<:!;:!#)1,,+!1-2!#:!H:!g'SS.:!"ZZG:!N/04162%@*2%!#/65)'/-!
H((%&)'B%6*!_-1&)'B1)%.!#$/0%.!/(!C1&'665.!1-)@01&'.!/-!)@%!#&/))'.@!_.61-2!/(!
R05'-102:!<$$6:!H-B'0/-:!9'&0/S'/6:!TFdG"TbhG"b":!
!
91./-+!;:!9:+!1-2!L:!#%)6/D:!"ZjT:!H..%-)'16!0/6%!/(!.4166+!1&'23./65S6%!.$/0%!$0/)%'-.!
'-!0%.'.)1-&%!/(!C1&'665.!.5S)'6'.!.$/0%.!)/!Ai!6',@):!;:!C1&)%0'/6:!"Tbd"bGhj:!
!
91)=+!P:!P:+!?:!71S0%01!C%141-+!1-2!L:!R%0@102):!"ZbF:!7@%4'&16!&/4$/.')'/-!/(!
%a/.$/0'54!(0/4!.$/0%.!/(!C1&'665.!&%0%5.:!;:!C1&)%0'/6:!"F"d"ZThEF":!
!
9')&@%66+!#:!H:+!H:!#:!X/,%0.+!?:!;:!P'))6%+!1-2!<:!N:!X%12:!EFFV:!g/.)3$101.')%!1-2!
,%-/)*$%3S*3%-B'0/-4%-)!'-)%01&)'/-.d!)%4$%01)50%!4/2'('%.!$/)%-)'16!(/0!.%6%&)'/-!
S*!1!.)%0'6'='-,!$1)@/,%-:!HB/65)'/-!VZdbFhjF:!
!
9/'0+!<:!EFFT:!g/D!2/!.$/0%.!,%04'-1)%s!;:!<$$6:!9'&0/S'/6:!"F"dVEThQF:!
!



! ""Q!

L16/$+!<:+!L:!9101.+!1-2!#:!7/-2/-:!"ZZZ:!#$/0561)'/-!?%4$%01)50%!1-2!g%1)!
X%.'.)1-&%!/(!C1&'665.!#$/0%.d!<!X%B'%D:!;:!N//2!#1(:!"ZdVbhbE:!
!
L1-2%*+!X:+!<:!?%0!C%%K+!M:!c:!H:!i'.&@%0+!;:!L:!L:!9:!#4%6)+!#:!C056+!1-2!H:!9:!9:!
91-2%0.:!EF"Q:!P'B%!&%66!'41,'-,!/(!,%04'-1)'/-!1-2!/5),0/D)@!/(!'-2'B'2516!
S1&'665.!.5S)'6'.!.$/0%.n!)@%!%((%&)!/(!@%1)!.)0%..!o51-)')1)'B%6*!1-16*=%2!D')@!
#$/0%?01&K%0:!LP/#!c-%!jd%VjZbE:!
!
L/56'-+!X:!EFFb:!HB/65)'/-10*!H&/6/,*!/(!L101.')%.:!L0'-&%)/-!A-'B%0.')*!L0%..+!
L0'-&%)/-+!M%D!;%0.%*+!A-')%2!#)1)%.!/(!<4%0'&1:!
!
X!>%B%6/$4%-)!7/0%!?%14:!EF"F:!Xd!<!61-,51,%!1-2!%-B'0/-4%-)!(/0!.)1)'.)'&16!
&/4$5)'-,:!X!N/5-21)'/-!(/0!#)1)'.)'&16!7/4$5)'-,+!i'%--1+!<5.)0'1:!
!
X%24/-2+!7:+!P:!I:!;:!C1'66'%+!#:!g'SS.+!<:!;:!R:!9/'0+!1-2!<:!9/'0:!EFFG:!_2%-)'('&1)'/-!/(!
$0/)%'-.!'-!)@%!%a/.$/0'54!/(!C1&'665.!1-)@01&'.:!9'&0/S'/6/,*!"VFdQVVhQTQ:!
!
#1-&@%=3#161.+!;:!P:+!9:!P:!#1-)'1,/3P101+!C:!#%)6/D+!9:!>:!#5..41-+!1-2!L:!#%)6/D:!
"ZZE:!L0/$%0)'%.!/(!C1&'665.!4%,1)%0'54!1-2!C1&'665.!.5S)'6'.!45)1-).!D@'&@!61&K!
)@%!$0/)%1.%!)@1)!2%,012%.!.4166+!1&'23./65S6%!$0/)%'-.!250'-,!.$/0%!,%04'-1)'/-:!;:!
C1&)%0'/6:!"bGdjFbh"G:!
!
#1*0%+!X:!9:+!9:!L:!#)100+!>:!I:!>'&K./-+!;:!N:!L0%.)/-!___+!X:!9:!R'S6'-3>1B'.+!R:!X:!M/%6+!
>:!HS%0)+!1-2!R:!I:!C'02:!EFFZ:!N14'6*!i:!L1.)%50'1&%1%!P150%-)!"jZF+!bVT:!L$:!QQZh
QTF!&%!L:!>%!i/.+!R:!9:!R100')*+!>:!;/-%.+!M:!X:!m0'%,+!I:!P52D',+!N:!<:!X1'-%*+!m:3g:!
#&@6%'(%0+!1-2!I:!C:!I@')41-+!%2.:!C%0,%*p.!91-516!/(!#*.)%41)'&!C1&)%0'/6/,*+!E-2!
H2')'/-+!i/654%!?@0%%+!?@%!N'04'&5)%.:!#$0'-,%0:!
!
#&@O0+!7:+!1-2!R:!;%-20')=K*:!EFFG:!g/)!-%D.!(0/4!.544%0!EFFQ:!M1)50%!GQEdVVZh
VTF:!



! ""G!

!
#&@O0+!7:+!L:!P:!i'216%+!>:!PJ)@'+!7:!N0%'+!7:!gOS%06'+!9:!<:!P'-',%0+!1-2!7:!<$$%-=%66%0:!
EFFG:!?@%!0/6%!/(!'-&0%1.'-,!)%4$%01)50%!B10'1S'6')*!'-!H50/$%1-!.544%0!
@%1)D1B%.:!M1)50%!GEbdQQEhQQT:!
!
#&@4'2)+!P:!9:+!P:!9/5)/-+!R:!M/-,+!>:!HS%0)+!1-2!;:!N:!L0%.)/-:!EFFj:!R%-%)'&!1-2!
'445-/6/,'&16!&/4$10'./-!/(!)@%!&612/&%01-!$101.')%!L1.)%50'1!014/.1!D')@!)@%!
-%41)/2%!$101.')%!L1.)%50'1!$%-%)01-.:!<$$6:!H-B'0/-:!9'&0/S'/6:!bGdEVZhTG:!
!
#%)6/D+!L:!EFFb:!_!D'66!.50B'B%d!>M<!$0/)%&)'/-!'-!S1&)%0'16!.$/0%.:!?0%-2.!9'&0/S'/6:!
"Vd"bEhjF:!
!
#%)6/D+!L:!"ZZV:!9%&@1-'.4.!(/0!)@%!L0%B%-)'/-!/(!>141,%!)/!>M<!'-!#$/0%.!/(!
C1&'665.!#$%&'%.:!<--5:!X%B:!9'&0/S'/6:!GZdEZhVG:!
!
#%)6/D+!L:!"Zjj:!#4166+!<&'23#/65S6%!#$/0%!L0/)%'-.!/(!C1&'665.!#$%&'%.d!#)05&)50%+!
#*-)@%.'.+!R%-%)'&.+!N5-&)'/-+!1-2!>%,0121)'/-:!<--5:!X%B:!9'&0/S'/6:!GEdQ"ZhQQj:!
!
#%)6/D+!L:!EFFQ:!#$/0%!,%04'-1)'/-:!7500:!c$'-:!9'&0/S'/6:!TdVVFhVVT:!
!
#%)6/D+!L:!EFFT:!#$/0%.!/(!C1&'665.!.5S)'6'.d!)@%'0!0%.'.)1-&%!)/!1-2!K'66'-,!S*!
012'1)'/-+!@%1)!1-2!&@%4'&16.:!;:!<$$6:!9'&0/S'/6:!"F"dV"GhEV:!
!
#*6B%.)0%+!L:+!H:!7/5)50%3?/.'+!1-2!9:!9/&K:!EFFE:!<!&/661,%-36'K%!.50(1&%!
,6*&/$0/)%'-!'.!1!.)05&)5016!&/4$/-%-)!/(!)@%!C1&'665.!1-)@01&'.!%a/.$/0'54:!9/6:!
9'&0/S'/6:!GVd"TZhbj:!
!
i16%+!L:!N:+!1-2!?:!;:!P'))6%:!EFFZ:!9%1.50'-,!$101.')%!(')-%..!5-2%0!,%-%)'&!1-2!
)@%0416!B10'1)'/-:!g%0%2')*!YH2'-S[:!"FQd"FEhZ:!
!



! ""V!

w14$/6.K*+!P:!w:+!?:!9:!9:!#&@1%0+!1-2!>:!HS%0):!EF"G:!<21$)'B%!$@%-/)*$'&!$61.)'&')*!
1-2!6/&16!121$)1)'/-!(/0!)%4$%01)50%!)/6%01-&%!'-!(0%.@D1)%0!=//$61-K)/-:!L0/&:!X:!
#/&:!P/-2/-!C!C'/6:!#&':!Ej"d"hZ:!!
!



! ""T!

?#<'+.@A.R$BB#&N.-3.+S1+&)B+",*.1+&3-&B+(A..
?@%! B10'/5.! $1014%)%0.! /(! )@%! %a$%0'4%-).! 10%! '-2'&1)%2! .5&@! 1.d! .$/0%! 2/.%+!
-54S%0! /(! 0%$6'&1)%.+! )%4$%01)50%! 01-,%+! 1-2! -54S%0! /(! @%1)3)0%1)4%-).:!
7/00%.$/-2'-,!(',50%.!1-2!)1S6%.!10%!16./!'-2'&1)%2:!
.

Step of the 

infection process Experiment

Quantity of 

spores

Number of 

replicates

Temperature 

range

Number of 

heat-

treatments Figure Table

Activation 1 50'000 10 20-99 5 2 2

Attachment 2 5'000 4 20-99 21 3 3

Attachment 3 5'000 8 68-72 5 3 4

Attachment 4 5'000 8 20, 60-80 8 3 5

Proliferation 5 10'000 5 20-99 21 4 6

Proliferation 6 50'000 20 54, 62, 70 3 4 7

Proliferation 7 10'000 7 20, 60, 66-74, 80 8 4 8 .
.

.

?#<'+.IA.;6,)0#)-".*,+15.*$BB#&N.-3.*,#,)*,)6*.3-&.+S1+&)B+",.@A!
X%.56).!/(!1!,%-%016'=%2! 6'-%10!4/2%6! (/0! )@%!%((%&)!/(! )%4$%01)50%!)0%1)4%-)+!@/.)!
1-2!$101.')%!/-!.$/0%!1&)'B1)'/-:!#',-'('&1-)!#3B165%.!10%!@',@6',@)%2!S*!1.)%0'.K.!/-!
)@%! 0',@):! Y�! $! �! F:FV+! ���! #! �! F:FF"[:! _-)%01&)'/-.! D%0%! -/)! .',-'('&1-)! 1-2! D%0%!
)@%0%(/0%!)1K%-!/5)!/(!)@%!4/2%6:!
!

! H.)'41)%! #)2!H00/0! )!B165%! /A."*(+- !
_-)%0&%$)! ":F"QEbVZ! F:FGVGT"E! EE:EjZ! �F:FFF"! ���!
?%4$%01)50%! 3F:FF"QZET! F:FFFVZFG! 3E:QVZ! F:F"ZQ! �!
g/.)! F:FTFFFFF! F:FQQFTbG! ":j"G! F:Fb""! !
L101.')%! 3F:FGFFFFF! F:FQQFTbG! 3":E"F! F:EEbZ! !
!
!
?#<'+.KA.;,,#64B+",.*,+15.*$BB#&N.-3.*,#,)*,)6*.3-&.+S1+&)B+",.IA!
X%.56).!/(!1!,%-%016'=%2! 6'-%10!4/2%6! (/0! )@%!%((%&)!/(! )%4$%01)50%!)0%1)4%-)+!@/.)!
1-2!$101.')%!/-!.$/0%!1))1&@4%-):!#',-'('&1-)!#3B165%.!10%!@',@6',@)%2!S*!1.)%0'.K.!
/-! )@%! 0',@):! Y���!#-�!F:FF"[:! _-)%01&)'/-.!D%0%!-/)! .',-'('&1-)! 1-2!D%0%! )@%0%(/0%!
)1K%-!/5)!/(!)@%!4/2%6:!
!

! H.)'41)%! #)2!H00/0! )!B165%! /A."*(+- !
_-)%0&%$)! ":ZTQ"jjb! F:Fb"bVEb! Eb:QTF! �F:FFF"- ���!
?%4$%01)50%! 3F:FEFVQFb! F:FFFZjVZ! 3EF:jEG! �F:FFF"- ���!
g/.)! F:FFVZVEG! F:FQV"V"F! F:"TZ! F:jTT! !
L101.')%! F:FFVZVEG! F:FQV"V"F! F:"TZ! F:jTT! !
!



! ""b!

?#<'+.WA.;,,#64B+",.*,+15.*$BB#&N.-3.*,#,)*,)6*.3-&.+S1+&)B+",.KA!
X%.56).!/(!1!,%-%016'=%2! 6'-%10!4/2%6! (/0! )@%!%((%&)!/(! )%4$%01)50%!)0%1)4%-)+!@/.)!
1-2!$101.')%!/-!.$/0%!1))1&@4%-):!#',-'('&1-)!#3B165%.!10%!@',@6',@)%2!S*!1.)%0'.K.!
/-! )@%! 0',@):! Y���!#-�!F:FF"[:! _-)%01&)'/-.!D%0%!-/)! .',-'('&1-)! 1-2!D%0%! )@%0%(/0%!
)1K%-!/5)!/(!)@%!4/2%6:!
!

! H.)'41)%! #)2!H00/0! )!B165%! /A."*(+- !
_-)%0&%$)! V:ZEbTT! ":FbEjZ! V:VEV! �F:FFF"- ���!
?%4$%01)50%! 3F:FjEGT! F:F"VQE! 3V:QjQ! �F:FFF"- ���!
g/.)! F:FbEFE! F:FGEbT! ":TjG! F:FZGE! !
L101.')%! 3F:"bGQG! F:FGEbT! 3G:Fbb! �F:FFF"- ���!
!
!
?#<'+.DA.;,,#64B+",.*,+15.*$BB#&N.-3.*,#,)*,)6*.3-&.+S1+&)B+",.WA!
X%.56).!/(!1!,%-%016'=%2! 6'-%10!4/2%6! (/0! )@%!%((%&)!/(! )%4$%01)50%!)0%1)4%-)+!@/.)!
1-2!$101.')%!/-!.$/0%!1))1&@4%-):!#',-'('&1-)!#3B165%.!10%!@',@6',@)%2!S*!1.)%0'.K.!
/-! )@%! 0',@):! Y���!#! �!F:FF"[:! _-)%01&)'/-.!D%0%!-/)! .',-'('&1-)! 1-2!D%0%! )@%0%(/0%!
)1K%-!/5)!/(!)@%!4/2%6:!
!

! H.)'41)%! #)2!H00/0! )!B165%! /A."*(+- !
_-)%0&%$)! ":VFTjTb! F:FZbF"G! "V:VQE! �F:FFF"- ���!
?%4$%01)50%! 3F:F"bQZZ! F:FF"QbV! 3"E:TVV! �F:FFF"- ���!
g/.)! F:FF"GZQ! F:FGbZVZ! F:FQ"! F:ZbV! !
L101.')%! 3F:FEZbVb! F:FGbZVZ! 3F:TEF! F:VQT! !
!
!
?#<'+.EA.9&-')3+&#,)-".*,+15.*$BB#&N.-3.*,#,)*,)6*.3-&.+S1+&)B+",.DA!
X%.56).!/(!1!,%-%016'=%2! 6'-%10!4/2%6! (/0! )@%!%((%&)!/(! )%4$%01)50%!)0%1)4%-)+!@/.)!
1-2! $101.')%! /-! )@%! '-(%&)'/-! .5&&%..:! #',-'('&1-)! #3B165%.! 10%! @',@6',@)%2! S*!
1.)%0'.K.!/-!)@%!0',@):!Y��!#!�!F:F"+!���!#!�!F:FF"[!
!

! H.)'41)%! #)2!H00/0! )!B165%! /A."*(+- !
_-)%0&%$)! F:VQEGFFj! F:"QGTQ"b! Q:ZVG! �F:FFF"- ���!
?%4$%01)50%! 3F:FFVbEGE! F:FF"Zj"Z! 3E:jjj! F:FFG""! ��!
g/.)! 3F:FEbFjGQ! F:"jZQjbG! 3F:"GQ! F:jjTQT! !
L101.')%! F:TEbFbG"! F:"ZGZGZ"! Q:E"b! F:FF"GE! ��!
?%4$dg/.)! 3F:FFFVQVT! F:FFEbjjj! 3F:"ZE! F:jGbj"! !
?%4$dL101.')%! 3F:FFbjQbG! F:FFEjT"G! 3E:bQZ! F:FFTGj! ��!
g/.)dL101.')%! 3F:QjZFjVE! F:ETjGZQZ! 3":GGZ! F:"Gj"Z! !
?%4$dg/.)dL101.')%! F:FFVQEQj! F:FFQZQjb! ":QVE! F:"bbQV! !
!



! ""j!

?#<'+.^A.9&-')3+&#,)-".*,+15.*$BB#&N.-3.*,#,)*,)6*.3-&.+S1+&)B+",.EA!
X%.56).!/(!1!,%-%016'=%2! 6'-%10!4/2%6! (/0! )@%!%((%&)!/(! )%4$%01)50%!)0%1)4%-)+!@/.)!
1-2! $101.')%! /-! )@%! '-(%&)'/-! .5&&%..:! #',-'('&1-)! #3B165%.! 10%! @',@6',@)%2! S*!
1.)%0'.K.!/-!)@%!0',@):!Y�!#!�!F:FV+!��!#!�!F:F"[!
!

! H.)'41)%! #)2!H00/0! )!B165%! /A."*(+- !
_-)%0&%$)! ":TF""EG! F:TFQbF"! E:TVE! F:FFjb! ��!
?%4$%01)50%! 3F:F"VTVF! F:FFZTVG! 3":TE"! F:"FTb! !
g/.)! F:TjTZEF! F:bZVQEQ! F:jTG! F:QjjZ! !
L101.')%! E:FQjZFQ! F:ZFGTF"! E:EVG! F:FEVG! �!
?%4$dg/.)! 3F:F"""Zj! F:F"EbGb! 3F:jbj! F:QjFj! !
?%4$dL101.')%! 3F:FQQVVb! F:F"GTGT! 3E:EZ"! F:FEQ"! �!
g/.)dL101.')%! 3F:EQ"VjE! ":"b""Fb! 3F:"Zj! F:jGQV! !
?%4$dg/.)dL101.')%! F:FFGEbQ! F:F"jjZF! F:EET! F:jE"Q! !
!
!
?#<'+._A.9&-')3+&#,)-".*,+15.*$BB#&N.-3.*,#,)*,)6*.3-&.+S1+&)B+",.^A!
X%.56).!/(!1!,%-%016'=%2! 6'-%10!4/2%6! (/0! )@%!%((%&)!/(! )%4$%01)50%!)0%1)4%-)+!@/.)!
1-2! $101.')%! /-! )@%! '-(%&)'/-! .5&&%..:! #',-'('&1-)! #3B165%.! 10%! @',@6',@)%2! S*!
1.)%0'.K.!/-!)@%!0',@):!Y�!#!�!F:FV+!��!#!�!F:F"+!���!#!�!F:FF"[!
!

! H.)'41)%! #)2!H00/0! )!B165%! /A."*(+- !
_-)%0&%$)! F:V"QEG"b! F:"QVVQQT! Q:bjb! F:FFFEFb! ���!
?%4$%01)50%! 3F:FFbETTV! F:FFEFV"G! 3Q:VGE! F:FFFVFV! ���!
g/.)! F:GTbEVZQ! F:"bbQGVb! E:TQV! F:FFZ"VF! ��!
L101.')%! 3F:FEVZjVE! F:"ZFVVEj! 3F:"QT! F:jZ"TjE! !
?%4$dg/.)! 3F:FFTFbGb! F:FFETjE"! 3E:ETV! F:FEGbFT! �!
?%4$dL101.')%! F:FF"FGZZ! F:FFEjbVb! F:QTV! F:b"VGbj! !
g/.)dL101.')%! 3F:FEQZTVb! F:EVFGZFT! 3F:FZT! F:ZEQjjG! !
?%4$dg/.)dL101.')%! 3F:FFFjZj"! F:FFQbZ"b! 3F:EQb! F:j"QFG"! !



! ""Z!

Q)%$&+.@:.CM+%+"(.-"."+S,.1#%+G.
!
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! "EF!

Q)%$&+. @A. CQ)%$&+. -". 1&+0)-$*. 1#%+G. =)6&-14-,-%&#14. -3. 2"0.-(&3"6 &"D'0".
*1-&+*. <+3-&+. C;G. #"(. #3,+&. C[G. #6,)0#,)-". C[5. -&)%)"#''N. 3&-B. >$"+#$. +,. #'A.
IF@@GA!!
Y<[!?@%!.$/0%!S%(/0%!1&)'B1)'/-!'.!%-&6/.%2!'-!)@%!%a/.$/0'54!Y%a[:!_)!'.!&/-.)')5)%2!
/(!)D/!41'-!$10).d!)@%!$%0'$@%016!$101.$/016!('S%0.!Y$$([+!1-2!)@%!%-2/.$/0%!'-!)@%!
&%-)%0:! ?@%! %-2/.$/0%! '.! &/-.)')5)%2! S*d! 1! &/1)! Y&)[+! 1-! /5)%0! 4%4S01-%! Y/4[+! 1!
&/0)%a!Y&a[+!1-!'--%0!4%4S01-%!Y'4[!1-2!('-166*!)@%!&/0%!/(!)@%!.$/0%!Y&/[:!YC[!?@%!
.$/0%! 1()%0! 1&)'B1)'/-! D')@! .@%2! %a/.$/0'54! Y%a[! 1-2! 2%$6/*%2! $%0'$@%016!
$101.$/016!('S%0.!Y$$([!D@'&@!10%!5.%2!)/!1))1&@!)/!)@%!@/.)!/%./$@1,5.:!
!
!
!
!
!
!
Q)%$&+.IA.\33+6,.-3.4+#,L,&+#,+(.*1-&+*.-".#6,)0#,)-".C\S1+&)B+",.@GA.
?%4$%01)50%! )0%1)4%-).! Y}31a'.+! '-! 2%,0%%.! 7%6.'5.[! 1-2! $0/$/0)'/-! /(! 0%$6'&1)%2!
@/.).! '-!D@'&@! 1&)'B1)%2! .$/0%.!D%0%! /S.%0B%2! '-! )@%! ,5)! Yw31a'.+! '-! $%0&%-)[! 10%!
'-2'&1)%2:! N566! 6'-%!D')@! 0/5-2! .*4S/6.d! @/.)! ,%-/)*$%!gA3gcE+! 21.@%2! 6'-%!D')@!
.o510%!.*4S/6.d!@/.)!,%-/)*$%!CH39"F+!%4$)*!.*4S/6.d!$101.')%!,%-/)*$%!7"+!('66%2!
.*4S/6.d!$101.')%!,%-/)*$%!7"Z:!?%4$%01)50%.!)@1)!D%0%!-/)!)%.)%2!10%!2%-/)%2!'-!
,0%*:!
!
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! "E"!

Q)%$&+.KA.\33+6,.-3.4+#,L,&+#,+(.*1-&+*.-".#,,#64B+",.C\S1+&)B+",*.ILWGA!
?%4$%01)50%! )0%1)4%-).! Y}31a'.+! '-! 2%,0%%.! 7%6.'5.[! 1-2! $0/$/0)'/-! /(! 0%$6'&1)%2!
@/.).! '-!D@'&@! .$/0%! 1))1&@4%-)!D1.! /S.%0B%2! Yw31a'.+! '-! $%0&%-)[! 10%! '-2'&1)%2:!
N566! 6'-%! D')@! 0/5-2! .*4S/6.d! @/.)! ,%-/)*$%! gA3gcE+! 21.@%2! 6'-%! D')@! .o510%!
.*4S/6.d! @/.)! ,%-/)*$%! CH39"F+! %4$)*! .*4S/6.d! $101.')%! ,%-/)*$%! 7"+! ('66%2!
.*4S/6.d!$101.')%!,%-/)*$%!7"Z:!?%4$%01)50%.!)@1)!D%0%!-/)!)%.)%2!10%!2%-/)%2!'-!
,0%*:!
!
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! "EE!

Q)%$&+.WA.\33+6,.-3.4+#,L,&+#,+(.*1-&+*.-".)"3+6,)-".*$66+**.C\S1+&)B+",*.DL^GA!
?%4$%01)50%!)0%1)4%-).!Y}31a'.+!'-!2%,0%%.!7%6.'5.[!1-2!$0/$/0)'/-!/(!0%$6'&1)%2!
@/.).!'-!D@'&@!'-(%&)'/-!D1.!/S.%0B%2!Yw31a'.+!'-!$%0&%-)[!10%!'-2'&1)%2:!N566!6'-%!
D')@!0/5-2!.*4S/6.d!@/.)!,%-/)*$%!gA3gcE+!21.@%2!6'-%!D')@!.o510%!.*4S/6.d!@/.)!
,%-/)*$%!CH39"F+!%4$)*!.*4S/6.d!$101.')%!,%-/)*$%!7"+!('66%2!.*4S/6.d!$101.')%!
,%-/)*$%!7"Z:!?%4$%01)50%.!)@1)!D%0%!-/)!)%.)%2!10%!D0'))%-!'-!,0%*:!
!
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! "EQ!

;6T"-H'+(%+B+",*!
?@%!15)@/0.!10%! '-2%S)%2! )/!#145%6!L'&@/-+!X/S%0)/!<0S/0%!1-2!m10%-!#56614!(/0!
)@%'0! @%6$(56! &/44%-).! /-! %106'%0! B%0.'/-.! /(! )@%!41-5.&0'$):!I%! )@1-K! <41-21!
X/..! 1-2! ;%1-376152%! I16.%0! (/0! .)1)'.)'&16! &/5-&%6'-,:! ?@'.! D/0K! D1.! 412%!
$/..'S6%!S*!,01-).!(0/4!)@%!#D'..!M1)'/-16!N5-2!1-2!)@%!I%0%-(%6.!N/-2!(0/4!)@%!
N0%'D'66',%!<K12%4'.&@%!R%.%66.&@1()!/(!C1.%6:!
!
!
;$,4-&.6-",&)<$,)-"*!
8<0"&6,:=:>:6,-.?%-&1!h!2%.',-%2!W!$%0(/04%2!166!%a$%0'4%-).+!&/66%&)%2!)@%!21)1+!
1-16*=%2!)@%!21)1+!1-2!D0/)%!)@%!41-5.&0'$):!
H-G"0.3")69I%531+S!h!@%6$%2!2%.',-!)@%!%a$%0'4%-).!W!@%6$%2!$%0(/04!)@%!1&)'B1)'/-!
%a$%0'4%-)+!$0/B'2%2!1!4'&0/$@/)/,01$@!/(!1!-/-31&)'B1)%2!/"01+()&"-)"230"-.$/0%:!
A'&-)?6J'K-&1!h!$%0(/04%2!1!$'6/)!%a$%0'4%-)!)@1)!6%2!)/!)@'.!.)52*!5-2%0!)@%!
.5$%0B'.'/-!/(!>1B'2!>5-%15:!
E";3*6E()-"(1+&!h!$%0(/04%2!1!$'6/)!%a$%0'4%-)!)@1)!6%2!)/!)@'.!.)52*+!$0/B'2%2!1!
4'&0/$@/)/,01$@!/(!1-!1&)'B1)%2!/"01+()&"-)"230"!.$/0%.:!
E3-.-&6FG-&.1!h!$0/B'2%2!.5$%0B'.'/-:!
!
!
;33)')#,)-"*!
1!^//6/,'&16!_-.)')5)%+!A-'B%0.')*!/(!C1.%6+!C1.%6+!#D')=%061-2:!
S!7500%-)!1220%..d!#D'..!?0/$'&16!_-.)')5)%+!A-'B%0.')*!/(!C1.%6+!C1.%6+!#D')=%01-2:!
&!7500%-)!1220%..d!>%$10)4%-)!/(!H-)/4/6/,*+!Q"EV!7/4.)/&K!g166+!7/0-%66!
A-'B%0.')*+!_)@1&1+!M%D!w/0K!"GjVF+!A#<:!
!



! "EG!

!
!
!
!
!

i_:!
!
!
!
!

7/-&652'-,!D/02.!
!

e#54410*!1-2!L%0.$%&)'B%.f!
!
!



! "EV!

g/.)3$101.')%! '-)%01&)'/-.! 10%! )@/5,@)! )/! 5-2%06'%! 41-*! '4$/0)1-)! %B/65)'/-10*!
$@%-/4%-1! .5&@! 1.! )@%! 41'-)%-1-&%! /(! $/6*4/0$@'.4+! )@%! %B/65)'/-! 1-2!
41'-)%-1-&%!/(!.%a516!0%$0/25&)'/-+! 6/&16!121$)1)'/-!/0!416121$)1)'/-+!$/$561)'/-!
2*-14'&.+!&/445-')*!.)05&)50%!1-2!.$%&'1)'/-!Yg14'6)/-!"ZjFn!g14'6)/-!1-2!^5K!
"ZjEn! N01-K! "ZZQn!m1D%&K'! "ZZjn! P'B%6*! "ZZZn!g52./-! %)! 16:! EFFTn! R1-2/-! %)! 16:!
EFFj[:! ?@%! 4%&@1-'.4.! S%@'-2! )@%.%! %B/65)'/-10*! $@%-/4%-1! 0%6*! /-! )@%!
.$%&'('&')*!/(!)@%!'-)%01&)'/-!S%)D%%-!@/.).!1-2!$101.')%.!YP14S0%&@).!EF"F[:!!
! _-! )@'.! )@%.'.! _! @1B%+! D')@! )@%! @%6$! /(! 4*! &/661S/01)/0.! 1-2! )@1)! /(! 4*!
.5$%0B'./0+!%a14'-%2!.%B%016!6%B%6.!/(!'-)%01&)'/-!S%)D%%-!@/.).!1-2!$101.')%.!1-2!
)@%! .$%&'('&')*! /(! )@%.%! '-)%01&)'/-.:! _! %a$6/0%2! )@%! @/.)301-,%! /(! 1! $//06*! .)52'%2!
4'&0/.$/0'2'1-!$101.')%+!'()*+,"-.".)"&+!1-2!D1.!1S6%!)/!%a$1-2!').!K-/D-!01-,%!)/!
'-&652%! )@%! ,%/,01$@'&166*! 2'.)1-)! S5)! $@*6/,%-%)'&166*! 0%61)%2! .$%&'%.! !"#$%&"-
#(*+F- ")+%"1"! 1.!D%66! 1.! )@%! /S6',1)%! .%a516! 6'-%1,%! /(!!-#(*+F:! ?@%! 0%.56).! /(! )@'.!
.)52*! &/-&500%2! D')@! @/.)301-,%! )@%/0*! '-! )@1)! D%! D%0%! 1S6%! )/! .@/D! 1! 0/6%! /(!
$@*6/,%-*! S5)! 16./! 1! 0/6%! /(! 6/&16! 121$)1)'/-! '-! .@1$'-,! )@%! $101.')%p.! @/.)301-,%!
Y<-)/-/B'&.! %)! 16:! EF"Q[:! <.!D%! %a$/.%2! .%B%016! ,%-/)*$%.! /(! 2'((%0%-)! .$%&'%.! /(!
@/.).!)/!)@%!$101.')%+!D%!D%0%!1S6%!)/!.%%!)@1)!'-(%&)'/-!D1.!-/)!1-!'./61)%2!%B%-)!/(!
/-%! .5.&%$)'S6%! ,%-/)*$%! /(! )@%! @/.)! S5)! )@1)! 41-*! /0! 166! )%.)%2! @/.)! ,%-/)*$%.!
D%0%!.5.&%$)'S6%:!C*!)%.)'-,!1!01-,%!/(!,%-/)*$%.!/(!%1&@!.5.&%$)'S6%!@/.)!.$%&'%.+!
(0/4! 2'((%0%-)! ,%/,01$@'&! /0','-.! 1-2! D')@! .5(('&'%-)! 0%$6'&1)'/-+! (50)@%0!
'-(/041)'/-!)/!&/-('04!/50!$0/$/.%2!)10,%)!@/.)!(/0!)@'.!$101.')%!41*!S%!5-&/B%0%2+!
@/.)!,%-/)*$%!B10'1)'/-!(/0!0%.'.)1-&%!)/!)@%!$101.')%!41*!S%!(/5-2+!1-2!)@%!0/6%!/(!
%-&/5-)%0! 01)%! S%)D%%-! @/.)! 1-2! $101.')%!41*! S%! (50@)%0! %a$6/0%2:! <&&/02'-,! )/!
@/.)301-,%! )@%/0*+! )@%! $101.')%!41*! S%! S%))%0! 1)! '-(%&)'-,! @/.).! )@1)! 10%! (/5-2! '-!
.*4$1)0*!)@1-!)@/.%!/5).'2%!/(!)@%!$101.')%p.!2'.)0'S5)'/-:!<.!)@'.!$101.')%!41*!%a%0)!
.)0/-,!.%6%&)'B%!$0%..50%!/-!').!@/.)+!25%!)/!)@%!0%25&)'/-!'-!0%$0/25&)'B%!(5-&)'/-!
1-2!.@/0)%-'-,!/(!)@%!@/.)!6'(%.$1-+!')!'.!.50$0'.'-,!)@1)!('%62!/S.%0B1)'/-.!@1B%!-/)!
(/5-2!)@'.!$101.')%!4/0%!/()%-+!-/0!/S.%0B%2!20141)'&!%$'2%4'&.:!?@%0%(/0%!(50)@%0!
'-B%.)',1)'/-!/(! )@%! '-)%01&)'/-!S%)D%%-! )@%!$101.')%! 1-2! ').!@/.)!41*!%a$61'-! )@%!
61&K!/(!$0%B16%-&%!/S.%0B%2!'-!)@%!('%62:!



! "ET!

! _-!)@%!)@'02!&@1$)%0!/(!)@'.!)@%.'.+!D%!%a14'-%2!)@%!5-%a$61'-%2!%a'.)%-&%!/(!
q2/5S6%!0%.'.)1-)p!!"#$%&"-2":%"-@/.).! (/5-2! '-! ('%62!.50B%*.!YP5'`&Ka!%)!16:!EF"G+!
<-201.!%)!16:! '-!$0%$[:!>/5S6%!0%.'.)1-&%+! '-!)@'.!&1.%+!0%(%0.!)/!)@%!1S'6')*!/(!1!@/.)!
,%-/)*$%! )/! S%! 0%.'.)1-)! )/! )D/! ,%-/)*$%.! /(! )@%! $101.')%! /"01+()&"- )"230":! C*!
&0/..'-,! 1! @/.)! ,%-/)*$%! /(! )@%!2/5S6%! 0%.'.)1-)! $@%-/)*$%!D')@! )@0%%! /)@%0! @/.)!
,%-/)*$%.! 2'.$61*'-,! )@%! )@0%%! /)@%0! $/..'S6%! 0%.'.)1-&%! $@%-/)*$%.! Y-14%6*!
2/5S6%!.5.&%$)'S6%+!.5.&%$)'S6%!)/!/-%!$101.')%!,%-/)*$%!S5)!-/)!)@%!/)@%0+!1-2!B'&%!
B%0.1[! 1-2! )%.)'-,! 166! N"! /((.$0'-,! 1-2! 166! NE! /((.$0'-,! 1,1'-.)! S/)@! $101.')%!
,%-/)*$%.+!D%!D%0%!1S6%!)/!%a$61'-!@/D!2/5S6%!0%.'.)1-&%!'.!'-@%0')%2:!N50)@%04/0%!
D%! &/562! 0%`%&)! 1! $0%B'/5.6*!$0/$/.%2!4/2%6! /(! ,%-%)'&! 10&@')%&)50%!/(! 0%.'.)1-&%!
(/0! )@'.! .*.)%4! 1-2! 4/2'(*! 1-/)@%0! $0/$/.%2! 4/2%6! YP5'`&Ka! %)! 16:! EF"Q[! )/!
'-&/0$/01)%!2/5S6%! 0%.'.)1-&%:!?@%!,%-%)'&.!/(! 0%.'.)1-&%! '-! )@%!!"#$%&"A/"01+()&"!
@/.)3$101.')%!.*.)%4!10%!-/D!%a$61'-%2!S*!1!)@0%%! 6'-K%2! 6/&'!D')@!)D/!166%6%.!$%0!
6/&'! 4/2%6:! ?@'.! &/-.)')5)%.! )@%! ('0.)! 1-'4163$101.')%! %a14$6%! D')@! %B'2%-&%! /(!
'-)%01&)'/-.! S%)D%%-! 6'-K%2! 6/&'! (/0! 0%.'.)1-&%:! HB'2%-&%! (/0! '-)%01&)'/-.! S%)D%%-!
6'-K%2! 0%.'.)1-&%! 6/&'! 10%! 16./! %a)0%4%6*! 010%! '-! $61-)3$101.')%! .*.)%4.!D')@! /-6*!
/-%! 122')'B%! S*! 2/4'-1-&%! '-)%01&)'/-! (/5-2! '-! $61-)! 0%.'.)1-&%! )/! )@%! &5&54S%0!
4/.1'&! B'05.! YC%-!7@1'4!%)! 16:! EFF"[:! N50)@%04/0%+! 1-2!4/.)! .)0'K'-,6*+!D%!D%0%!
1S6%! )/! ,'B%! )@%! ('0.)! %4$'0'&16! $0//(! /(! )@%! %a'.)%-&%! /(! -%,1)'B%! %$'.)1.'.! '-! )@'.!
4/2%6!/(! 0%.'.)1-&%!,%-%)'&.:!M%,1)'B%!%$'.)1.'.! '.! 1!K%*! (%1)50%!/(!9<9.!1-2!@12!
-%B%0!S%%-!%4$'0'&166*!2%4/-.)01)%2!5-)'6!-/D+!/-6*!'-2'0%&)!'-2'&1)'/-.!@12!S%%-!
(/5-2! '-! /)@%0! .*.)%4.! .5&@! 1.! '-! 1! (6/50! S%%)6%34'&0/.$/0'2'54! @/.)3$101.')%!
.*.)%4!YI%,-%0!%)!16:!EFFj[!/0!'-!1!.-1'63)0%41)/2%!@/.)3$101.')%!.*.)%4!Y>*S21@6!
%)!16:!EFFj[:!c50!D/0K!@1.!&/-('04%2!)@%!,0%1)!$/)%-)'16!/(!!"#$%&"-2":%"!)/!.)52*!
%B/65)'/-10*! $@%-/4%-1! )@1)! 0%6*! /-! 9<9.! .5&@! 1.! )@%! 41'-)%-1-&%! /(! ,%-%)'&!
$/6*4/0$@'.4! YN01-K! "ZZQ[! 1-2! )@%! %B/65)'/-! /(! .%a516! 0%$0/25&)'/-! Yg14'6)/-!
"ZjF[:! C5'62'-,! 5$/-! /50! 0%.56).! S*! )%.)'-,! &0/..'-,! .&@%4%.! D')@! 122')'/-16!
$101.')%!,%-/)*$%.!D'66!S%!0%o5'0%2! '-! )@%! (5)50%+!1.! ')!1$$%10.! )@1)!4/0%!$101.')%!
,%-/)*$%.!D')@!2'((%0%-)!@/.)3,%-/)*$%301-,%.!%a'.)!Y>1B'2!>5-%15!W!>'%)%0!HS%0)+!
5-$5S6'.@%2!21)1[:!Ha$61'-'-,!'-@%0')1-&%!/(!0%.'.)1-&%!(/0!122')'/-16!,%-/)*$%.!/(!
)@%!$101.')%!41*! 0%o5'0%!1! (50)@%0!14%-24%-)!/(! )@%! &500%-)!,%-%)'&!10&@')%&)50%!



! "Eb!

4/2%6+!S*!122')'/-!/(! (50)@%0! 6/&'! (/0! '-.)1-&%:!I')@! )@%! &500%-)!4/2%6+! (50)@%0'-,!
)@%! '-B%.)',1)'/-! /(! X%2! r5%%-! 2*-14'&.! .@/562! S%! $/..'S6%+! (/0! %a14$6%! S*!
%a14'-'-,!-%,1)'B%!(0%o5%-&*32%$%-2%-)!&*&6'-,!/(!166%6%.!'-!-1)5016!$/$561)'/-.!/0!
'-!%a$%0'4%-)16!$/$561)'/-.!.%%2%2!D')@!@/.).!/(!K-/D-!0%.'.)1-&%!,%-/)*$%:!!
! _-! )@%! (/50)@!&@1$)%0!/(! )@'.! )@%.'.+! '-(/04%2!S*! )@%! 0%.56).!/(! )@%!$0%B'/5.!
&@1$)%0+!D%!01'.%2!)@%!o5%.)'/-!/(!)@%!%a'.)%-&%!/(!&/.).!/(!0%.'.)1-&%!'-!@/.).!(0/4!1!
-1)5016!$/$561)'/-!/(!)@%!!"#$%&"A/"01+()&"!@/.)3$101.')%!.*.)%4:!_-!)@%!1S.%-&%!/(!
)@%! $101.')%+! D%! &/4$%)%2! @/.).! /(! /$$/.'-,! 0%.'.)1-&%! $@%-/)*$%.! Y%')@%0!
.5.&%$)'S6%! )/! )D/!,%-/)*$%.!/(! )@%!$101.')%!/0! 0%.'.)1-)! )/!S/)@[! '-! %a$%0'4%-)16!
$/$561)'/-.!.)10)%2!D')@!VFl!/(!/-%!@/.)!,%-/)*$%!1-2!VFl!/(!)@%!/)@%0:!I%!&/562!
-/)! ('-2!1-*! '-2'&1)'/-!/(!&/.).!/(!&100*'-,!166%6%.! (/0!0%.'.)1-&%+!1.!0%.'.)1-)!@/.).!
2'2!-/)!2/!D/0.%!)@1-!.5.&%$)'S6%!@/.).!'-!)@%.%!&/4$%)')'B%!.%)5$.:!?@%!%a$%0'4%-)!
D1.! 0%$%1)%2! )@0%%! )'4%.! D')@! 2'((%0'-,! %-B'0/-4%-)16! &/-2')'/-.! Y.%4'3-1)5016!
4%./&/.4.! B.:! 61S/01)/0*! 4'&0/&/.4.+! 1-2! )@0%%! 2'((%0%-)! (%%2'-,! 0%,'4%.[! 1-2!
0%.56).!D%0%!&/-.'.)%-)!)@0/5,@!166!%a$%0'4%-).:!c50!('-2'-,.!&/-&50!D')@!)@/.%!/(!1!
$0%B'/5.!.)52*!)@1)!16./!&/4$%)%2!@/.).!'-!)@%!1S.%-&%!/(!)@%!$101.')%!1-2!&/562!-/)!
('-2!1-*!'-2'&1)'/-!/(!&/.).!YP'))6%!%)!16:!EFFE[:!N50)@%0!.)52'%.!)@1)!&/562!'-2'0%&)6*!
1.K!)@%!o5%.)'/-!/(!)@%!%a'.)%-&%!/(!&/.).!(/0!0%.'.)1-&%!16./!2'2!-/)!('-2!'-2'&1)'/-.!
(/0!.5&@!&/.).!Y.%%!P1SS8!%)!16:!EF"F! (/0!1!2'.&5..'/-[+! )@%0%(/0%! ')! '.!5-6'K%6*! )@1)!
&/.).! %a'.)! (/0! 0%.'.)1-&%! 1,1'-.)! )@%! $101.')%! /@- )"230"! /0! '(! )@%*! %a'.)! )@%*! 10%!
-%,6','S6%! Y1.! )@%*! &/-.'.)%-)6*! &/562! -/)! S%! 2%)%&)%2! /-! @/.)! (')-%..[! 1-2! )@5.!
.@/562!-/)!$61*!1!0/6%!'-!)@%!&/3%B/65)'/-!/(!!"#$%&"-1-2!/"01+()&":!<.!)@%!1S.%-&%!
/(!1!$@%-/4%-/-!'.!@102%0!)/!$0/B%!Y1-2!41*!-%B%0!S%!$%0(%&)6*!$0/B%-[!)@1-!)@%!
%a'.)%-&%! /(! )@%! $@%-/4%-/-+! 0%$%1)%2! %a$%0'4%-).! '-! 2'((%0%-)! &/-2')'/-.+! 5.'-,!
.'4'610!/0!2'((%0%-&%!%a$%0'4%-)16!1$$0/1&@%.! '.! 0%o5'0%2! )/!.1)'.(1&)/0'6*!%a&652%!
)@%!%a'.)%-&%!/(! )@%!$@%-/4%-/-:!?@%0%(/0%! (5)50%!%-2%1B/0.! )/!%a14'-%!&/.).!/(!
0%.'.)1-&%!'-!)@'.!.*.)%4!41*!S%!D1001-)%2!)/!$0/B'2%!4/0%!&/-('2%-&%!1-2!&/-('04!
/50!0%.56).!1-2!)@/.%!/(!/)@%0!.)52'%.:!!
! ?@%! $0%B'/5.! )@0%%! &@1$)%0.! %a14'-%2! B10'/5.! 1.$%&).! /(! @/.)3$101.')%!
'-)%01&)'/-.!$%0)1'-'-,!)/!@/.)3$101.')%!.$%&'('&')*!1-2!)@%'0!&/3%B/65)'/-:!7@1$)%0!i!
)1K%.! 1! 4/0%! 4%&@1-'.)'&+! .)05&)5016+! 1$$0/1&@! 1)! )@%! !"#$%&"A/"01+()&"! @/.)3



! "Ej!

$101.')%!.*.)%4+!S*!%a14'-'-,!)@%!%((%&).!/(!1!@'.)/0*!/(!)%4$%01)50%!/-!)@%!@',@6*!
0%.'.)1-)! )01-.4'..'/-!.)1,%.!/(! )@%!$101.')%+! )@%!.$/0%.:!#$/0%.!/(!/@- )"230"!@1B%!
S%%-!(/5-2!)/!0%41'-!'-(%&)'/5.!(/0!2%&12%.!'-!$/-2!.%2'4%-)!Y>%&1%.)%&K%0!%)!16:!
EFFG+! EFFbn!<-201.! %)! 16:! '-! $0%$[:! #$/0%.! /(! 0%61)%2!S1&)%0'16! $101.')%.! @1B%! 16./!
S%%-! (/5-2! )/! 0%.'.)!%a)0%4%!%-B'0/-4%-)16!1-2!%a$%0'4%-)16! &/-2')'/-.:!<60%12*!
/B%0!"FF!*%10.!1,/!m/&@!2%4/-.)01)%2! )@1)! .$/0%.!/(!H"<&**(0-"%1$)"<&0! 0%41'-%2!
'-(%&)'/5.!1()%0!S/'6'-,!)@%4!Y>0'K.!"ZZZ[:!_-!.%B%016!%a$%0'4%-).!D%!)0%1)%2!.$/0%.!
1)!2'((%0%-)!)%4$%01)50%.!YS%)D%%-!EF{7!1-2!ZZ{7[!1-2!.5S.%o5%-)6*!%a$/.%2!@/.).!
)/! )@%.%! )0%1)%2! .$/0%.:! I%! %a14'-%2! )@0%%! 41'-! .)%$.! Y1&)'B1)'/-+! 1))1&@4%-)+!
$0/6'(%01)'/-[!/(!)@%!'-(%&)'/-!$0/&%..!/(!/"01+()&"! '-!!"#$%&"!)/!2%)%&)!1-!%((%&)!/(!
)@%!)%4$%01)50%!)0%1)4%-).:!c50!0%.56).!'-2'&1)%2!)@1)!1&)'B1)'/-!D1.!-/)!.%-.')'B%!
)/! )@%! )%.)%2! )%4$%01)50%! 01-,%! 1.! .$/0%.! 0%)1'-%2! )@%'0! 1S'6')*! )/! .@%2! )@%'0!
%a/.$/0'54! Y1&)'B1)%[:! _-! &/-)01.)+! )@%! 1))1&@4%-)! .)%$! D1.! '-@'S')%2! 1)! 1!
)%4$%01)50%! /(! Tj{7! 1-2! )@%! $0/6'(%01)'/-! .)%$!D1.! '-@'S')%2! 1)! 1! )%4$%01)50%! /(!
TT{7+!6%1B'-,!1!.4166!01-,%!/(!)%4$%01)50%!1)!D@'&@!'-(%&)'/-!/(!)@%!@/.)!'.!'-@'S')%2!
S5)!0%&/,-')'/-!1-2!1))1&@4%-)!)/!.5.&%$)'S6%!@/.).!'.!-/):!<.!/@-)"230"!.$/0%.!41*!
0%12'6*!0%.'.)!)%4$%01)50%.!1.!@',@!1.!TT{7!S5)!!"#$%&"!@/.).!&1--/)!.50B'B%!4/0%!
)@1-!1!(%D!@/50.!1)!1!)%4$%01)50%!/(!Qb{7!Yw14$/6.K*!%)!16:!EF"G[+!')!1$$%10.!)@1)!/@-
)"230"- '.! 16D1*.! &1$1S6%! /(! 0%&/,-')'/-+! 1&)'B1)'/-+! 1))1&@4%-)+! 1-2! .5&&%..(566*!
'-(%&)'-,! .5.&%$)'S6%! @/.).!D')@'-! )@%! -1)5016! 01-,%! /(! )%4$%01)50%.! 1)!D@'&@! )@%!
@/.).! 6'B%:! _-! )@%! 6',@)!/(!/50!0%.56).!1-2!D')@!)@%!@%6$!/(! )@%!%a)%-.'B%!K-/D6%2,%!
(0/4!)@%!6')%01)50%!/(!2%&12%.!/(!)@%04/0%.'.)1-&%!1-2!.)05&)5016!0%.%10&@!D')@!)@%!
4/2%6!.$/0%3(/04'-,!S1&)%0'1!H@-0(>1&*&0! Y>0'K.!"ZZZn!9/'0!EFFTn!#%)6/D!EFFT[!D%!
2'.&5..! $/..'S6%! .)05&)5016! %a$61-1)'/-.! (/0! 0%.'.)1-&%! 1-2! .%-.')'B')*! )/!
)%4$%01)50%!/(!)@%!2'((%0%-)!.)%$.!/(!)@%!'-(%&)'/-!$0/&%..!/(!/@-)"230":!<.!/@-)"230"-
'.!1-!5-&56)501S6%!S1&)%0'16!$101.')%+!.)05&)5016!1-16*.'.!/(!').!S1&)%0'16!2%B%6/$4%-)!
41*!$0/B%!2'(('&56)+!@/D%B%0!D')@!)@%!0%&%-)!12B1-&%.!'-!%a)01&)'-,!1-2!.%o5%-&'-,!
>M<!(0/4!.$/0%.!/(!/@-)"230"!Y#%S1.)'1-!R*,6'+!;%1-376152%!I16.%0!W!>'%)%0!HS%0)+!
5-$5S6'.@%2! 21)1[+! 1! ('0.)! .)%$! )/D102.! 1! S%))%0! 5-2%0.)1-2'-,! /(! ').! ,%04'-1)'/-!
1-2!2%B%6/$4%-)!41*!S%!)@0/5,@!1!&/4$101)'B%!S'/'-(/041)'&!1$$0/1&@+!6//K'-,!1)!
1--/)1)%2! ,%-%.! K-/D-! )/! S%! '-B/6B%2! '-! )@%.%! $0/&%..%.! '-! 0%61)%2! 1-2! 4/2%6!



! "EZ!

.$/0%3(/04%0.!.5&@!1.!H@-0(>1&*&0!/0!I*301)&?&(2!.$:!N50)@%0!D/0K!'-B/6B%!0%('-'-,!)@%!
%a$%0'4%-)16!&/-2')'/-.!'-!D@'&@!)/!,0/D!1-2!@%1)3)0%1)!.$/0%.!/(!)@%!$101.')%!)/!S%!
1S6%! )/! 5.%! )@%! qD'-2/D! /(! /$$/0)5-')*p! '-! D@'&@! @/.)! '-(%&)'/-! '.! '-@'S')%2! S5)!
1))1&@4%-)! '.!-/):!<))1&@%2!.$/0%.!10%!.@%2!D')@!)@%!/%./$@1,5.!&5)'&6%!D@%-!)@%!
@/.)!4/6).!Y>5-%15!1-2!HS%0)!EF"E[!0%)50-'-,!@/.).!)/!1!&/4$6%)%6*!5-$101.')'=%2!
.)1)%:! ?@'.!D/562! 166/D! )@%! 5.%! /(! .$/0%.! 1.! $@%-/)*$'&!410K%0.! )/! 0%&/,-'=%! )@%!
0%.'.)1-&%! $@%-/)*$%! Y1-2! S*! %a)%-.'/-! ,1)@%0! $10)'16! '-(/041)'/-! /-! 0%.'.)1-&%!
6/&'[!/(!@/.).!D')@/5)!0'.K'-,!6//.'-,!)@%!@/.).!)/!)@%!'-(%&)'/-+!1!4%)@/2!)@1)!41*!S%!
%..%-)'16!D@%-!D/0K'-,!D')@!010%!('%62!.14$6%.:!
!
! ?@%!!"#$%&"34'&0/$101.')%! .*.)%4!@1.! *'%62%2!41-*! '4$/0)1-)! ('-2'-,.! '-!
$1.)!2%&12%.+! 1-2! 0%41'-.!/-%!/(! )@%!S%.)! .*.)%4.! )/! .)52*!4/.)! 1.$%&).!/(!@/.)3
$101.')%!'-)%01&)'/-.:!9/0%!.$%&'('&166*!)@%!!"#$%&"-2":%"!h!/"01+()&"-)"230"!@/.)3
$101.')%!.*.)%4!@1.!S%&/4%!)@%!4/2%6!/(!&@/'&%!)/!.)52*!&/3%B/65)'/-!1-2!.$%&'%.!
'-)%01&)'/-.+! /-! )@%! $@%-/)*$'&! 1.! D%66! 1.! )@%! ,%-%)'&! 6%B%6:! 7/4S'-'-,! &61..'&16!
%B/65)'/-10*! 1-2! ,%-%)'&! 1$$0/1&@%.+! 1.! D%0%! 5.%2! )@0/5,@/5)! )@'.! )@%.'.+! D')@!
4/2%0-!4/6%&5610!1-2!,%-/4'&!1$$0/1&@%.!D'66!166/D!)@%!)@/0/5,@!2%.&0'$)'/-!/(!
)@%!,%-%)'&.!5-2%06*'-,!0%.'.)1-&%!/(!)@%!@/.)!1-2!$/..'S6*!'-(%&)'B')*!/(!)@%!$101.')%:!
?1K'-,! 1!2516!@/.)! 1-2!$101.')%! 1$$0/1&@! '.! %..%-)'16! )/!5-2%0.)1-2!@/.)3$101.')%!
'-)%01&)'/-.+!1-2!)@%!!"#$%&"A/"01+()&"-.*.)%4!/((%0.!)@%!010%!$/..'S'6')*!)@1)!41-*!
/)@%0!.*.)%4.!2/!-/)!@1B%!)/!2/!./:!
!
!



! "QF!

:+3+&+"6+*.
!
<-)/-/B'&.+!;:+!9:!C//).+!>:!HS%0)+!C:!m/.K%661+!9:!L/..+!1-2!C:!9:!#122:!EF"Q:!?@%!
/0','-!/(!.$%&'('&')*!S*!4%1-.!/(!-1)5016!.%6%&)'/-d!%B/6B%2!1-2!-/-@/.)!0%.'.)1-&%!'-!
@/.)3$1)@/,%-!'-)%01&)'/-.:!HB/65)'/-!Tbd"hZ:!
!
C%-!7@1'4+!<:+!X:!7:!R05S%+!9:!P1$'2/)+!9:!;1@-+!1-2!_:!L101-:!EFF":!_2%-)'('&1)'/-!/(!
o51-)')1)'B%!)01')!6/&'!1../&'1)%2!D')@!0%.'.)1-&%!)/!&5&54S%0!4/.1'&!B'05.!'-!
71$.'&54!1--554:!?@%/0:!<$$6:!R%-%):!"FEd"E"Qh"EEF:!
!
>%&1%.)%&K%0+!H:+!#:!R1S1+!;:!<:!9:!X1%*41%K%0.+!X:!#)/K.+!P:!i1-!m%0&K@/B%-+!>:!HS%0)+!
1-2!P:!>%!9%%.)%0:!EFFb:!g/.)3$101.')%!eX%2!r5%%-f!2*-14'&.!10&@'B%2!'-!$/-2!
.%2'4%-):!M1)50%!GVFdjbFhQ:!
!
>%&1%.)%&K%0+!H:+!7:!P%(%B%0+!P:!>%!9%%.)%0+!1-2!>:!HS%0):!EFFG:!g15-)%2!S*!)@%!$1.)d!
HB'2%-&%!(/0!2/041-)!.)1,%!S1-K.!/(!4'&0/$101.')%.!1-2!%$'S'/-).!/(!>1$@-'1:!
P'4-/6:!c&%1-/,0:!GZd"QVVh"QTG:!
!
>0'K.+!<:!"ZZZ:!C1&'665.!.5S)'6'.!#$/0%!7/1):!9'&0/S'/6:!9/6:!C'/6:!X%B:!TQd"hEF:!
!
>5-%15+!>:+!1-2!>:!HS%0):!EF"E:!?@%!0/6%!/(!4/56)'-,!'-!$101.')%!2%(%-&%:!L0/&:!C'/6:!
#&':!EbZdQFGZhVG:!
!
>*S21@6+!9:!N:+!;:!;/K%61+!P:!N:!>%6$@+!C:!m/.K%661+!1-2!7:!9:!P'B%6*:!EFFj:!g*S0'2!(')-%..!
'-!1!6/&166*!121$)%2!$101.')%:!<4:!M1):!"bEdbbEhjE:!
!
N01-K+!#:!<:!"ZZQ:!#$%&'('&')*!B%0.5.!2%)%&)1S6%!$/6*4/0$@'.4!'-!@/.)3$101.')%!
,%-%)'&.:!L0/&:!X:!#/&:!P/-2/-!C!C'/6:!#&':!EVGd"Z"hb:!
!
R1-2/-+!#:+!<:!C5&K6'-,+!H:!>%&1%.)%&K%0+!1-2!?:!>1*:!EFFj:!g/.)3$101.')%!&/%B/65)'/-!
1-2!$1))%0-.!/(!121$)1)'/-!1&0/..!)'4%!1-2!.$1&%:!;:!HB/6:!C'/6:!E"d"jT"hT:!
!
g14'6)/-+!I:!>:!"ZjF:!#%a!B%0.5.!M/-3#%a!B%0.5.!L101.')%:!c'K/.!QVdEjEhEZF:!
!
g14'6)/-+!I:!>:+!1-2!9:!^5K:!"ZjE:!g%0')1S6%!?05%!N')-%..!1-2!C0',@)!C'02.d!<!0/6%!
(/0!L101.'.)%.s!#&'%-&%!YjF3:![:!E"jdQjGhQjb:!
!
g52./-+!L:!;:+!<:!L:!>/S./-+!1-2!m:!>:!P1((%0)*:!EFFT:!_.!1!@%16)@*!%&/.*.)%4!/-%!)@1)!
'.!0'&@!'-!$101.')%.s!?0%-2.!H&/6:!HB/6:!E"dQj"hV:!
!
m1D%&K'+!?:!;:!"ZZj:!X%2!r5%%-!9%%).!#1-)1!X/.16'1td!<04.!X1&%.!1-2!)@%!HB/65)'/-!
/(!g/.)!#$%&'16'=1)'/-!'-!c0,1-'.4.!D')@!L101.')'&!P'(%.)*6%.:!<4:!M1):!"VEdTQVhTV":!
!
P1SS8+!L:+!L:!N:!i16%+!1-2!?:!;:!P'))6%:!EF"F:!#5&&%..(566*!0%.'.)'-,!1!$1)@/,%-!'.!010%6*!
&/.)6*!'-!>1$@-'1!41,-1:!C97!HB/6:!C'/6:!"FdQVV:!C'/9%2!7%-)016!P)2:!



! "Q"!

!
P14S0%&@).+!P:!EF"F:!>'..%&)'-,!)@%!,%-%)'&!10&@')%&)50%!/(!@/.)3$1)@/,%-!
.$%&'('&')*:!LP/#!L1)@/,:!Td%"FF"F"Z:!
!
P'))6%+!?:!;:+!g:3;:!710'5.+!c:!#1KD'-.K1+!1-2!>:!HS%0):!EFFE:!7/4$%)')'B%-%..!1-2!6'(%3
@'.)/0*!&@101&)%0'.)'&.!/(!>1$@-'1!D')@!0%.$%&)!)/!.5.&%$)'S'6')*!)/!1!S1&)%0'16!
$1)@/,%-:!;:!HB/6:!C'/6:!"VdbZThjFE:!
!
P'B%6*+!7:!9:!"ZZZ:!9',01)'/-!+!i'056%-&%!+!1-2!)@%!R%/,01$@'&!9/.1'&!/(!<21$)1)'/-!
S*!L101.')%.:!<4:!M1):!"VQd#QGh#Gb:!
!
P5'`&Ka+!L:+!>:!>5-%15+!;:!L:!<-201.+!1-2!>:!HS%0):!EF"G:!70/..3.$%&'%.!'-(%&)'/-!)0'16.!
0%B%16!&0*$)'&!$101.')%!B10'%)'%.!1-2!1!$5)1)'B%!$/6*4/0$@'.4!.@10%2!14/-,!@/.)!
.$%&'%.:!HB/65)'/-!YM:!w[:!TjdVbbhjT:!
!
P5'`&Ka+!L:+!g:!N'%-S%0,+!>:!>5-%15+!1-2!>:!HS%0):!EF"Q:!<!41)&@'-,3166%6%!4/2%6!
%a$61'-.!@/.)!0%.'.)1-&%!)/!$101.')%.:!7500:!C'/6:!EQd"FjVhj:!H6.%B'%0!P)2:!
!
9/'0+!<:!EFFT:!g/D!2/!.$/0%.!,%04'-1)%s!;:!<$$6:!9'&0/S'/6:!"F"dVEThQF:!
!
#%)6/D+!L:!EFFT:!#$/0%.!/(!C1&'665.!.5S)'6'.d!)@%'0!0%.'.)1-&%!)/!1-2!K'66'-,!S*!
012'1)'/-+!@%1)!1-2!&@%4'&16.:!;:!<$$6:!9'&0/S'/6:!"F"dV"GhEV:!
!
I%,-%0+!m:!9:+!7:!C%0%-/.+!1-2!L:!#&@4'23g%4$%6:!EFFj:!M/-122')'B%!,%-%)'&!
&/4$/-%-).!'-!0%.'.)1-&%!/(!)@%!0%2!(6/50!S%%)6%!?0'S/6'54!&1.)1-1%54!1,1'-.)!
$101.')%!'-(%&)'/-:!HB/65)'/-!TEdEQj"hZE:!
!
w14$/6.K*+!P:!w:+!?:!9:!9:!#&@1%0+!1-2!>:!HS%0):!EF"G:!<21$)'B%!$@%-/)*$'&!$61.)'&')*!
1-2!6/&16!121$)1)'/-!(/0!)%4$%01)50%!)/6%01-&%!'-!(0%.@D1)%0!=//$61-K)/-:!L0/&:!X:!
#/&:!P/-2/-!C!C'/6:!#&':!Ej"d"hZ:!!
!
!
!
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!
!
!
!
!

<$$%-2'&%.!
!
!
!
!

9'&0/$@/)/,01$@.!/(!'()*+,"-.".)"&+!!
<&K-/D6%2,%4%-).+!!
7500'&5654!B')1%!

!
!
!
!



! "QQ

=)6&-14-,-%&#14*.-3.9(&5-I"6;";&"36
-
78.10!9:;:<:!9%)=,%0!W!HB1:!C'%6%0!
-
N%D!4'&0/$@/)/,01$@.!/(!'()*+,"-.".)"&!.$/0%.!10%!1B1'61S6%+!1-2!)@%!/-%.!)@1)!10%!
D%0%! $0/25&%2! 164/.)! EF! *%10.! 1,/:! #'-&%! )@%-+! )@%! o516')*! /(! 4'&0/.&/$'&!
$@/)/,01$@*!@1.! '4$0/B%2!1-2! ./!2'2! )@%!4'&0/.&/$%.:! _! )0'%2! )/!/S)1'-! .&1--'-,!
%6%&)0/-!4'&0/.&/$*!Y#H9[!(/0!.$/0%!.50(1&%!4/0$@/6/,*!1-2!)01-.4'..'/-!%6%&)0/-!
4'&0/.&/$*!Y?H9[!(/0!'-)%0-16!.)05&)50%!4'&0/$@/)/,01$@.+!5-(/0)5-1)%6*!/-6*!#H9!
*'%62%2!,//2!$@/)/,01$@.:!#H9!4'&0/$@/)/,01$@.!D%0%! )1K%-!1)! )@%!A-'B%0.')*!/(!
C1.%6p.! 7%-)%0! (/0!9'&0/.&/$*! Y^9C[!D')@! )@%! @%6$! /(! #H934'&0/.&/$'.)! H:! C'%6%0:!
?@%! &/6/0'=%2! 4'&0/$@/)/,01$@! D1.! &/6/0%2! S*! 7:! 9%)=,%0+! 5.'-,! )@%! ./()D10%!
<2/S%!L@/)/.@/$:!
!

!

!

!



! "QG!

;6T"-H'+(%+B+",*.
.
.
!
?@%!*%10.!/(!0%.%10&@+!/(! 61)%!-',@)!D/0K+!/(!D%%K%-2.!.$%-)! '-! )@%! 61S/01)/0*+!/(! (%D!)/!-/!0%.56).!
1-2!)@%!(05.)01)'/-+!S5)!16./!/(!/&&1.'/-16!.5&&%..%.!1-2!`5S'61)'/-+!&/562!-/)!S%!$/..'S6%!D')@/5)!)@%!
41-*!$%/$6%!)@1)!1)!./4%!$/'-)!/0!1-/)@%0+!/0!(/0!./4%!166!)@0/5,@/5)!)@%!)@%.'.+!@1B%!'-(65%-&%2!/0!
&0/..%2!)@%!2/&)/016!&1-2'21)%p.!$1)@:!?@%.%!$%/$6%!41*!S%!(0'%-2.+!/)@%0!2/&)/016!.)52%-).+!/0!$/.)3
2/&.+!./4%)'4%.!91.)%0!.)52%-).+!/()%-!61S/01)/0*!)%&@-'&'1-.!1-2!/)@%0!$%041-%-)!.)1((!4%4S%0.:!
g%0%1()%0! _!D1-)! )/!.1*!1! (%D!D/02.!1S/5)! )@%.%!$%/$6%+!D@/!$61*%2!1!0/6%! (/0!4%:! _)!41*!1)! )'4%.!
./5-2!1!S')!)//!%4/)'/-16+!S5)!2%%$!2/D-!_p4!1!S',!.%-.')'B%!,5*+!./!)@%0%!*/5!,/:!?@'.!'.!4*!D1*!/(!
.1*'-,!)@1-K.+!-/)!/-6*!(/0!)@%!$%0'/2!/(!)@%!2/&)/01)%+!S5)!16./!S%*/-2:!
!
N'0.)!_!D/562!6'K%!)/!1&K-/D6%2,%!L0/(:!>0:!>'%)%0!HS%0)+!(/0!,'B'-,!4%!1!$/.')'/-!1.!2/&)/016!&1-2'21)%!
1-2! 0%.%10&@! 1..'.)1-)! '-!@'.! ,0/5$:! _! @12! &/4%! )/!@'4+! 1()%0!@1B'-,! 0%12! 1! 0%B'%D!@%!@12!D0'))%-!
*%10.! S%(/0%:! _! .%-)! @'4!4*! 08.548! 1.!D%66! 1.! 1! 6%))%0! /(!4/)'B1)'/-+! %B%-! )@/5,@! )@%0%!D%0%! -/!
$/.')'/-.! 12B%0)'.%2! /0! /$%-! '-! @'.! ,0/5$! 1)! )@%! )'4%:! L0/(:! HS%0)! '-B')%2!4%! )/! &/4%! $0%.%-)!4*!
91.)%0!?@%.'.! 0%.%10&@! 1)! /-%!/(! )@%!^//6/,'&16! _-.)')5)%p.! .%4'-10.! 1-2! )/! ,%)! '-)%0B'%D%2!/-! )@%!
.14%!21*:!<)!)@%!%-2!/(!)@%!$0/&%..!@%!/((%0%2!4%!1!$/.')'/-:!>5%!)/!4*!'4$%-2'-,!4'6')10*!.%0B'&%+!_!
D/562!/-6*!.)10)!/-%!*%10!61)%0+!'-!N%S0510*!EF"F:!!
<.!_!100'B%2!1)!)@%!^//6/,'&16!_-.)')5)%+!_!D1.!,'B%-!1!.%1)!-%a)!)/!M'K615.!qM'K'p!9%@0'-,+!D@/!D1.!1!
41.)%0! .)52%-)! /(! 1-/)@%0! ,0/5$! 6%12%0+! ;%1-376152%!I16.%0:! M'K'+! 1! -1)'B%! (0/4! )@%! 0%,'/-+! .//-!
S%&14%!4*!,5'2%+!-/)!/-6*!'-!)@%!_-.)')5)%+!S5)!16./!'-!6'B'-,!'-!C1.%6:!g%!/$%-%2!@'.!,0/5$!/(!(0'%-2.!
)/! 4%! 1-2! .@/D%2! 4%! 10/5-2:! ?@1-K.! )/! @'4! _! &/562! 1&@'%B%! B%0*! o5'&K! '-)%,01)'/-! 14/-,! )@%!
C%SS'.!Y7')'=%-.!/(!C1.%6[!1-2!.)10)'-,!(0/4!./4%!B%0*!%6%4%-)10*!K-/D6%2,%!/(!')!41-1,%2!)/!6%10-!
.D'..3,%041-! '-! 0%&/02! )'4%:! #//-! 1()%0!M'K'+! _! ,/)! )/! K-/D!>')1!C:! i'=/./:!>')1!D1.! 16./!4*!2%.K!
-%',@S/0!'-!)@%!/(('&%+!61S!41-1,%0!/(!1-/)@%0!0%.%10&@!,0/5$+!.@%!@12!2/-%!@%0!2/&)/016!.)52'%.!D')@!
>'%)%0!HS%0)!)//:!#@%!o5'&K6*!S%&14%!1!B%0*!@%6$(56!&/5-&'6/0!1-2!./50&%!/(!'-(/041)'/-!1S/5)!)@%!61S!
1-2! .&'%-&%+! 1.!D%66! 1.! 6'(%:!>')1!@1.! 1!D/-2%0(566*!/22! &0%1)'B%!4'-2! )@1)! &/4S'-%2!D')@!4*!/D-!
/22-%..! 6%2! 5.! )@0/5,@! 141='-,! '41,'-10*! 12B%-)50%.! 1-2! o5')%! 5-'o5%! /S.%0B1)'/-.! 1S/5)! )@%!
D/062!10/5-2!5.:!I%pB%! .@10%2!41-*!2'.&5..'/-.!/-!41-*! )/$'&.+!$0/S1S6%!/0! '4$0/S1S6%+! 0%16!/0!
5-0%16+! .%0'/5.!/0!&/4'&16:! _!@1B%!%-`/*%2!%B%0*! '-)%01&)'/-!1-2!)0%1.50%! )@%! (1&)! )@1)! _!D1.!.%1)%2!
S%)D%%-! )@%.%! )D/! (5--*! $%0./-.! )@1)! >')1! 1-2! M'K'! 10%:! _! @/$%! )@%*! K%%$! )@%! /22-%..! 1-2! )@%!
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 Cesar Metzger 
 César M. J. A. Metzger 
 
 
 
Education 
 
2010 – 2014 PhD Student 
 Group for Evolutionary Biology, Zoological Institute, University of Basel 
 Thesis Main Topic: Host-parasite interactions in the model system  
 Pasteuria ramosa – Daphnia magna. 
 Supervisor: Prof. Dr. Dieter Ebert 
 
2009 Mandatory active duty in the Swiss Army 
 
2007 – 2009 Master of Science in Evolution and Conservation Biology (M.Sc.) 
 Department of Ecology and Evolution, University of Lausanne 
 Master Thesis: “Testing the Competitive Exclusion Principle using various niche  
  parameters in a native (Natrix maura) and an introduced (N. tessellata) colubrid.” 
  Supervisor: Dr. Philippe Christe 
 Introductive research project: “Local adaptation and color polymorphism distribution 
  in Tawny Owls.” 
  Supervisor: Prof. Dr. Alexandre Roulin 
 
2003 – 2007 Bachelor of Science in Biology (B.Sc.) 
 University of Lausanne, Lausanne, Switzerland.  
 
2003 Studying stay in “Environmental, Population and Organismic Biology” 
January to April University of Colorado, Boulder, CO, USA. 
 
1998 – 2002 Swiss Federal Maturity Diploma (High School) majoring in Sciences 
 Ecole Nouvelle de la Suisse Romande, Lausanne, VD, Switzerland. 
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Complementary Education 
 
2008 Swiss Mammals Identification Course 
November Organizer: Musée Cantonal d’Histoire Naturelle (Sion, Valais, Switzerland),  
 CSCF (Centre Suisse de Cartographie de la Faune) and  
 SSBF (Société Suisse de Biologie de la Faune) 
 
2008 Evolutionary Game Theory: An Introduction 
October to December Reading & Discussion Group 
 Group Leaders: C. Clavien (Sociobiology) & C. Sachse (Philosophy/Epistemology),  
 University of Lausanne 
 
2008 Introduction to Field Animal Experimentation 
April Organizer: Inter-University Doctoral Program in Ecology and Evolution of the 
 Universities of Bern, Fribourg, Geneva, Lausanne and Neuchâtel 
 
 
Professional Experience (science only) 
 
2009-2010 Scientific collaborator 
December to January Section of Conservation Biology, Dept. of Environmental Sciences, University of Basel 
 Project: Establishment of microsatellite markers for Vipera ursinii 
 Supervisor: Dr. Sylvain Ursenbacher 
 
2009 Field Research Assistant 
April to August Group Fumagalli, Dept. Ecology and Evolution, UNIL 
 Laboratoire de Biologie de la Conservation, UNIL 
 Bureau d’études AMAIBACH  
 Project: “Study of the hybrid zone of Triturus c. cristatus and T. c. carnifex in 
 Switzerland” 
 
2007 & 2008 Field Research Assistant 
April to September KARCH – Koordinationsstelle für Amphibien- und Reptilienschutz in der Schweiz  
 Project: “Population dynamics control via experimental alien species removal” &  
 Monitoring of the Natrix maura and N. tessellata populations of the Lavaux.” 
 
2007 Undergraduate Research Assistant to Prof. Dr. Claus Wedekind 
 Testing computer-operated Game Theory experimental setups with humans 
 Department of Ecology and Evolution, University of Lausanne 
 
2003 Undergraduate Laboratory Assistant to Prof. Dr. David A. Chiszar 
February to April Herpetology Lab, Department of Psychology, University of Colorado, USA 
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Teaching Experience (academic) 
 
2013 Zoology “Blockkurs” – Locust Dissection (~7h) 
 Position: Teaching-Assistant 
 3rd year Bachelor of Sciences in Biology Students,  
 Course Leader: Prof. Dr. D. Ebert, University of Basel 
 
2012 Zoology “Blockkurs” – Locust Dissection (~7h) 
 Position: Teaching-Assistant 
 3rd year Bachelor of Sciences in Biology Students,  
 Course Leader: Prof. Dr. D. Ebert, University of Basel 
 
2011 Zoology “Blockkurs” – Undergraduate Research Projects (~60h) 
 Position: Supervisor of a research project (supervising 2 students) 
 3rd year Bachelor of Sciences in Biology Students,  
 Course Leader: Prof. Dr. D. Ebert, University of Basel 
 
2011 Zoology “Blockkurs” – Locust Dissection (~7h) 
 Position: Teaching-Assistant 
 3rd year Bachelor of Sciences in Biology Students,  
 Course Leader: Prof. Dr. D. Ebert, University of Basel 
 
2010 Evolutionary Bioinformatics – Hybrid Course Plenum + Exercises (~6h) 
 Position: Teaching Assistant 
 Master of Sciences in Animal Biology Students,  
 Course Leader: Dr. J.-C. Walser, University of Basel 
 
2010 Introduction into Biology – Tutorial Course (6x 1.5h) 
 Position: Teaching-Assistant/Tutor 
 1st year Bachelor of Sciences in Biology Students,  
 Course Coordinator: Prof. Dr. M. Hall, University of Basel 
 
2010 Zoology “Blockkurs” – Undergraduate Research Projects (~60h) 
 Position: Co-supervisor of a research project (supervising 2 students) 
 3rd year Bachelor of Sciences in Biology Students,  
 Course Leader: Prof. Dr. D. Ebert, University of Basel 
 
2010 Zoology “Blockkurs” – Locust Dissection (~7h) 
 Position: Teaching-Assistant 
 3rd year Bachelor of Sciences in Biology Students,  
 Course Leader: Prof. Dr. D. Ebert, University of Basel 
 
2008 Zoology Practicals (~30h) 
 Position: Teaching-Assistant 
 1st year Bachelor of Sciences in Biology Students,  
 Course Leader: Prof. Dr. T. Kawecki, University of Lausanne 
 
2008 Animal Keeping in a University Animal Keeping Facility (2x 45 minutes) 
 Position: Invited Teaching-Assistant (Keeping of Reptiles) 
 1st year Animal Keeper Trainees, Course Leader: J. Notari, EPSIC & UNIL 
 
2007 & 2008 Swiss Amphibian Fauna Fieldtrips (8 to 10 fieldtrips/year) 
 Position: Organizer and First Assistant 
 1st and 2nd year Bachelor of Sciences in Biology Students,  
 Course Leaders: Dr. A. Maeder (2007) & Prof. Dr. T. Kawecki (2008), UNIL 
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2007 & 2008 Swiss Amphibian Fauna Lecture (45 minutes/year) 
 Position: Invited Lecturer 
 1st and 2nd year Bachelor of Sciences in Biology Students, 
 Course Leaders: Dr. A. Maeder (2007) & Prof. Dr. T. Kawecki (2008), UNIL 
 
 
Professional Affiliations & Services 
 
2012 – 2013 Biology13 Organization Steering Comitee 
 Planification and coordination of the National Symposium in Organismal Biology 
 Host: University of Basel 
 Duration of the Event: 3 Days 
 Target Public: Students (MSc., PhD.), PostDocs and Group Leaders in Evolution,  
 Ecology and Conservation Biology in Switzerland. 
 
2012 Host-Associated Microbiota 2012 
 Member of the organizing committee, co-writer of the grant applications, translator 
 Host: University of Basel 
 Duration of the Event: 3 Days 
 Target Public: Students (MSc., PhD.), PostDocs and Group Leaders in Host-Associated 
 Microbiota Evolution and Ecology research. 
 
2011 Tenure Evaluation Commission – Member of the commission 
 Evaluation of a tenure-track Assistant Professor for promotion to Extraordinarius 
 (Evaluated Professor: Prof. Dr. Walter Salzburger) 
 
2011 – present Swiss Zoological Society – Member of the board 
 Deputy for Student Affairs (Undergraduate, graduate and PhD students) 

 
2011 Professorship Nomination Appellate Commission – Student body 
 delegate (invited position) 
 Nomination of a Full Professor in Evolutionary Botany at the Department of Ecology  
 and Evolution, University of Lausanne 
 (Nominated Professor: Prof. Dr. John Pannell) 
 
2011 – 2014 Doctoral Program in Population Genomics – Member of the Scientific 

Advisory Comitee 
 Deputy for the University of Basel 
 
2011 International Macrostomum Meeting - Helper 
April Helper during the symposium 
 
2010 – 2012 Co-organisator (together with Lucas Marie-Orléach) of the Interaction 

Seminars of the Zoological Institute, University of Basel, Switzerland. 
 1 to 2 hours seminar series taking place every other week during the semester. 

 
2010 – 2011 SymBioSE 2011 – Member of the Committee for Board and Lodging 
   – Member of the Committee for Corporate Design 

 Cooperatively run 10-day european annual biology students (Levels: BSc, MSc and 
PhD) meeting, hosted in Switzerland this year by the University of Basel’s students. 

 
2008 – 2009 Dean commission in charge of motivating candidatures and nominating 

a candidate for the position of Director of the School of Biology – 
Student body delegate (invited position) 
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 Defining conditions for applicants, inviting applicants, reviewing of applications, 
proposition of a candidate to the Faculty of Biology and Medicine of the University of 
Lausanne. (Nominated Director: Prof. Dr. Winship Herr) 

 
2008 Professorship Nomination Commitee – Student body delegate 
 (invited position) 
 Nomination of an Assistant or Associate Professor Tenure-track in Evolutionary Botany  
 at the Department of Ecology and Evolution, University of Lausanne 
 (Nominated Professor: Prof. Dr. John Pannell) 
 
2007 – 2008 Biology Students Association – President 
 LAB (L’Association des étudiants en Biologie), University of Lausanne 
 
2007 Professorship Nomination Commitee – Student body delegate 
 Nomination of an Assistant Professor Tenure-track at the Department of Fundamental  
 Microbiology, University of Lausanne (Nominated Professor: Prof. Dr. Justine Collier) 
 
2007 – 2008 Students Consultative Commission – Master students delegate 
 Ecole de Biologie, Faculté de Biologie et Médecine, University of Lausanne 
 
2006 Professorship Nomination Commitee – Student body delegate 
 Nomination of an Associate Professor Tenure-track at the Department of Molecular  
 Vegetal Biology, University of Lausanne (Nominated Prof.: Prof. Dr. Niko Geldner) 
 
2006 Professorship Nomination Commitee – Student body delegate 
 Nomination of an Associate Professor in Zoology (Prof. Dr. Peter Vogel succession)  
 and an Associate Professor in Behavioral Ecology at the Department of Ecology and  
 Evolution, University of Lausanne  
 (Nominated Professors: Prof. Dr. Tadeusz Kawecki and Prof. Dr. Alexandre Roulin)   
 
2006 – 2007 Students Consultative Commission – Third year bachelor students  
 delegate 
 Commission consultative des étudiants (CCE) Ecole de Biologie, 
 Faculté de Biologie et Médecine, University of Lausanne 
 
2005 – 2007 Biology Students Association – Co-President 
 LAB (L’Association des étudiants en Biologie), University of Lausanne 
 
2005 – 2006 Federation of the Student Associations – Student delegate for Biology 
 FAE (Fédération des Associations d’Etudiants), University of Lausanne 
 
2004 – 2008 Committee Leading the Bachelor of Sciences in Biology Reform –  
 Co-initiator & Student delegate 
 Ecole de Biologie, Faculté de Biologie et Médecine, University of Lausanne 
 
2003 – 2005 Biology Students Association – Member of the committee  
 (Chief of Events) 
 LAB (L’Association des étudiants en Biologie), University of Lausanne 
 
2003 – 2008 Council of the School of Biology – Student delegate 
 Ecole de Biologie, Faculté de Biologie et Médecine, University of Lausanne 
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Symposia attendance 
 
2013 Biology13 
7-8 February Symposium of the Swiss Doctoral Students 
Basel, CH Host: University of Basel 
 Organizer: Swiss Zoological Society, Swiss Botanical Society and  
 Swiss Systematics Society 
 
2012 Host-Associated Microbiota 2012 
12-14 September Workshop and mini-symposium 
Basel, CH Host: University of Basel 
 Organizers: Dr. Marilou Sison-Mangus, Dr. Samuel Pichon, Alexandra Mushegian,  
 César Metzger and Prof. Dr. Dieter Ebert. 
 
2012 Biology12 
8-10 February Symposium of the Swiss Doctoral Students 
Fribourg, CH Host: University of Fribourg 
 Organizer: Swiss Zoological Society, Swiss Botanical Society and  
 Swiss Systematics Society 
 
2011 Biology11 
3-4 February Symposium of the Swiss Doctoral Students 
Zürich, CH Host: University of Zürich 
 Organizer: Swiss Zoological Society, Swiss Botanical Society and  
 Swiss Systematics Society 
 
2010 Swiss-Russian Cladoceran Meeting 
Autumn Swiss-Russian Symposia on Evolution, Ecotox, Ecology and Systematics of Cladoceran 
Fribourg, CH Host: University of Fribourg 
 Organizer: Dr. Christoph Haag & colleagues 
 
2010 DGC meeting 2010 
26-30 March Symposium of the Daphnia Genomics Consortium 
Leuven, B Host: University of Leuven 
 Organizer: DGC meeting 2010 organizing committee. 
 
2010 Biology10 
11-12 February Symposium of the Swiss Doctoral Students 
Neuchâtel, CH Host: University of Neuchâtel 
 Organizer: Swiss Zoological Society, Swiss Botanical Society and  
 Swiss Systematics Society 
 
2009 Biology09 
12-13 February Symposium of the Swiss Doctoral Students 
Bern, CH Host: University of Bern 
 Organizer: Swiss Zoological Society, Swiss Botanical Society and  
 Swiss Systematics Society 
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Publications 
 
Metzger C., Christe P., Ursenbacher S. (2011) Diet variability of two convergent natricine colubrids in an invasive-
native interaction. Mertensiella. (invited contribution) 
 
Metzger C., Ferchaud A.-L., Geiser C., Ursenbacher S. (2011) New Polymorphic Microsatellite Markers of the 
Endangered Meadow Viper (Vipera ursinii) Identified by 454 High-throughput Sequencing: When Innovation meets 
Conservation. Conservation Genetics Resources. 
 
Metzger C., Ursenbacher S. and Christe P. (2009) Testing the competitive exclusion principle using various niche 
parameters in a native (Natrix maura) and an introduced (N. tessellata) colubrid. Amphibia-Reptilia 
 
 
Popular Press 
 
Metzger C. (2010) La Suisse protège ses animaux. 24heures. 228:20. (Newspaper: Guest of the day) 
 
 
Posters 
 
Metzger C., Ursenbacher, S., and Christe, P. (2010) Evaluating the potential for trophic competition between two 
colubrids, one native (Natrix maura) and one invasive (N. tessellata) – Koordinationsstelle der Amphibien- und 
Reptilienschutz der Schweiz (KARCH) – Annual Herpetological Symposium, Goldau (Kanton Schwyz), Switzerland 
 
Metzger C., Ursenbacher, S., and Christe, P. (2009) Trophic regime analysis in two congeneric water-snakes, one 
native and one introduced. – D.Day – University of Lausanne. (Poster – Awarded with the Prize of the Fondation 
Hainard) 
 
 
Talks, Seminars & Conferences 
 
Metzger C. (2013) Genetic architecture of resistance in Daphnia – Research Seminar, Zoological Institute, University 
of Basel, Switzerland. (In-house research seminar) 
 
Metzger C. (2013) Host-range of the microsporidium Gurleya vavrai – Research Seminar, Zoological Institute, 
University of Basel, Switzerland. (In-house research seminar) 
 
Metzger C. (2012) Going for the throat: survival of the stickiest – Interaction Seminar, Zoological Institute, University 
of Basel, Switzerland. (In-house interaction seminar) 
 
Metzger C. (2012) Overview of Research into the Evolution and Biology of Homosexuality – Talk/Lecture, 
Association Frei Denken Uni Basel, University of Basel, Switzerland. 
 
Metzger C., Luijckx P. (2010) Experimental co-evolution by negative frequency-dependent selection under semi-
natural conditions – Interaction Seminar, Zoological Institute, University of Basel, Switzerland. (In-house interaction 
seminar) 
 
Metzger C. (2009) Comparaison des régimes alimentaires de Natrix maura et N. tessellata en sympatrie sur les bords 
du Lac Léman (résultats un an après) – Koordinationsstelle der Amphibien- und Reptilienschutz der Schweiz 
(KARCH) – Annual Herpetological Symposium, Bern, Switzerland. (Invited Talk) 
 
Metzger C. (2009) Testing the Competitive Exclusion Principle using various niche parameters in a native (Natrix 
maura) and an introduced (N. tessellata) colubrid – Zoology Institute, University of Basel. (PhD candidate hiring talk) 
 
Metzger C. (2008) Comparaison des régimes alimentaires de Natrix maura et N. tessellata en sympatrie sur les bords 
du Lac Léman – Koordinationsstelle der Amphibien- und Reptilienschutz der Schweiz (KARCH) – Annual 
Herpetological Symposium, Bern, Switzerland. (Invited Talk) 
 


