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?%(,$*'2&'*:%&(,-*".'*"/*'2$*(1$*:.%(,D*/%$$I(,D7*'"*%$F$,'$%*'2$*"1$&,X**R2$*(-"'"#(1&559F5(D2'$%*4$'$"%(1*/%&1'(",-*&%$*.-$:*'"*

^.&,'(/9* /%$-2E&'$%* '2&'* "%(D(,&'$-* /%"4* '2$* &'4"-#2$%$* W:(%$1'59* "%* (,:(%$1'59Z7* &,:* '2$* (-"'"#(1&559F2$&)($%* /%&1'(",-*

-(4(5&%59*^.&,'(/9*'2$*-(D,&5*"/*?%(,$*%$N$1'$:*/%"4*-$&*(1$7*&,:*'2$%$?9*'2$*&4".,'*"/*(1$*/"%4$:*/%"4*'2&'*-$&E&'$%X*R2$*

U"%%9&,*$'*&5X*W\QPhZ*-'.:9* -2"E -*'2&'7*E('2(,*.,1$%'&(,'($-7*'2$*D$"12$4(1&5*&##%"&12*#%":.1$-*'2$*-&4$*-.%/&1$*/%$-2E&'$%*

/5.S*&-*'2$*?.:D$'*&##%"&12X*PQQ*

U%$-2E&'$%* (,#.'* '"* '2$*<%1'(1*A1$&,* (-*&54"-'* $,'(%$59*1",/(,$:* '"* '2$* .##$%*E&'$%*1"5.4,*&,:*1"4$-* (,* '2$* /"%4* "/*

1",'(,$,'&5* %.,"// 7* (,15.:(,D* /%"4* D5&1($%* 4$5'7* E&'$%-* "/* =&1(/(1* "%(D(,7* )&%(".-* 1"&-'&5* 1.%%$,'-* &,:* #%$1(#('&'(",X*+,*

&::('(",7* / %$-2E&'$%* (,#.'* /%"4* '2$* C%$$,5&,:* (1$* -2$$'*&,:* "'2$%* 4&%(,$* '$%4(,&'(,D* D5&1($%-*2&-* '2%$$*-.?-.%/&1$*

1",'%(?.'(",-V*W(Z*4$5'(,D*/%"4*1&5)$:*(1$?$%D-*WL"",*$'*&5X7*\QPgZ7*W((Z*-.?4&%(,$*4$5'*%&'$-*E2(12*4&9*#%":.1$*&*/%$-2E&'$%*

#5.4$7*E2(12*4&9*"%*4&9*,"'*?$1"4$*,$.'%&559*?."9&,'*?$5"E*'2$*-.%/&1$*W6'%&,$"*$'*&5X7*\QPPZ7*&,:*-.?D5&1(&5*%.,"//X*L$5'*

#5.4$-*'2&'*&%$*&4#5(/($:*?9*-$&-",&5*-.?D5&1(&5*%.,"//7*&%$*4"%$*5(O$59*'"*%$&12*'2$*-.%/&1$X*T$,O(,-*W\QPPZ*%$/$%-*'"*&*4$5'*

#5.4$*(,*'2$*&?-$,1$*"/*-. ?D5&1(&5*%.,"//*&-*b4$5'F:%()$,*1",)$1'(",c7*E2$%$&-*%.,"//*W&,*&::$:*?."9&,19*-".%1$Z*(,1.%-*

b1",)$1'(", F:%()$,*4$5'(,DcX*A)$%&557*'2$*/%$-2E&'$%*/5.S*4&D,('.:$*/%"4*C%$$,5&,:*(,'"*'2$*<%1'(1*L$:('$%%&,$&,*%$4&(,-*

-4&55*1"4#&%$:*'"*'2&'*"/*<%1'(1*%()$%*%.,"//[*/"%*'2$*#$%(":*PhePFPhhQX*;&4?$%*$'*&5X*W\QP\Z*$-'(4&'$*&%".,:*P`d*O43]9%*

/%$-2E&'$%*/5.S*/%"4*@"%'2*&,:*@"%'2$&-'*C%$$,5&,:*(,'"*'2$*<%1'(1*L$:('$%%&,$&,X*C()$,*'2(-*%$D(",*(-*4"-'59*",'"*'2$*PPQ*

1",'(,$,'&5*-2$5)$-*&:N&1$,'*'"*'2$*U%&4*&,:*@&%$-*6'%&('-7*('*(-*5(O$59*'2&'*4.12*"/*'2$*:(-12&%D$*/%"4*,"%'2$%,*C%$$,5&,:*(-*

%&#(:59*$S#"%'$:X*<,"'2$%*d_\*O43]9%*/%"4*G$-'*&,:*6".'2E$-'*C%$$,5&,:*&%$*:(-12&%D$:*(,'"*;&//(,*;&9*&,:*>&?%&:"%*

6$&7*&,:*\ee*O43]9%*/%"4*6".'2$&-'*C%$$,5&,:*(,'"*'2$*+%4(,D$%*?&-(,X*!"4#&%$*'2$-$*,.4?$%-*'"*&*'"'&5*"/*\7ddQ*O43]9%*"/*

1"4?(,$:*<%1'(1*%()$%*%.,"//*")$%*'2$*-&4$*#$%(":*W;& 4?$%*$'*&5X*\QP\Z[*H&(,$*$'*&5X*W\QPaZ7*#%")(:$*,.4?$%-*"/*_hQQ*O43]9%*

n]FPQo*/"%*'2$*#$%(":*Ph`QF\QQQ*&,:*d\QQ*O43]9%**nFPQo*/"%*'2$*#$%(":*\QQQF\QPQ7*(X$X7*&54"-'*'E(1$*&-*5&%D$ZX*

*R2$*.##$%*<%1'(1*A1$&,*2$,1$*(-*12&%&1'$%(I$:*?9*-&5(,('9*)&5.$-*5"E$%*'2&,*'2&'*"/*'2$*(,/5"E*"/*E&'$%-*"/*5&%D$59*<'5&,'(1*

"%(D(,*'2%".D2*'2$*U%&4*6'%&('*&,:*'2$*;&%$,'-*6$&*"#$,(,DX*R2$*%$-.5'*(-*&,*$S'%$4$59*-'%&'(/($:*<%1'(1*A1$&,7*E('2*&*-2&55"E*

-$&-",&5*4(S$:*5&9$%*",*&)$%&D$*5$--*'2&,*PQQ*4*'2(1O*&,:*&*2&5"15(,$*'2&'*(-*'2$*%$-.5'*"/*&55*'2$*(,/5"E-*WL1>&.D25(,*$'*&5X7*

Phhe[*0.:$5-*$'*&5X7*\QQdZX*;$5"E *'2$*2&5"15(,$*-('-*'2$*b<'5&,'(1*5&9$%c7*E2(12*(-*1"4#&%&'()$59*E&%4*&,:*-&5'97*&,:*?$5"E*

'2(-*&%$*'2$*<%1'(1*A1$&,*:$$#*E&'$%-*W<&D&&%:*$'*&5X7*Ph`a[*0.:$5-7*\QP\ZX*p$%'(1&5*/5.S$-*"/*/%$-2E&'$%*&%$*D$,$%&559*5"E*P\Q*

:.$*'"*'2(-*-'%",D*-'%&'(/(1&'(",*&,:*)$%9*5"E*)$%'(1&5*'.%?.5$,'*4(S(,D*]*:(//.-(",*W$XDX7*U$%7*\QQhZX**R2$*%$)($E-*"/*!&%4&1O*

$'*&5X*W\QPeZ*&,:*H&(,$*$'*&5X*W\QPaZ*1",/(%4*'2$*#(1'.%$*&?")$[*2$,1$7*'2$9*4&(,59*1",-(:$%$:*'2$*<%1'(1*/%$-2E&'$%*?.:D$'*

(,* '2$* ,$&%F-.%/&1$*5&9$%-X*R2(-*1.%%$,'* -'.:9*$S#&,:-* ",* '2$(%*E"%O*&,:* :$-1%(?$-* '2$*#%"1$--$-* (4#&1'(,D* '2$* )$%'(1&5*

W%$Z:(-'%(?.'(",*"/*/%$-2E&'$%*'2%".D2".'*'2$*$,'(%$*E&'$%*1"5.4,X*
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%/>+%.&0;.?&'/8/'./08<7-.@'A&0.&0;.$3%B37/#+C.&0;.#3%8&'+.73$8<7-#.@63%6<+C=.DEDE.9/0/939.#+&./'+.+;2+.@A+<<7-C=.'7<;.

&0;.8%+#,.366+%.7'+&0.'/%'3<&$/70#.@?7<&%.F3%8&'+.G&$+%.&0;.,&<7'</0+=."<3+#C=.&0;.-&%9.&0;.#&<$A.!$<&0$/'.-&$+%.

'/%'3<&$/70.@%+;C(.!%+&#.#,&<<7-+%.$,&0.)EEE.9.&%+.%+8+%%+;.$7.&#.#,+<8.&%+&#./0.$,+.$+H$(.IJ.#$&0;#.87%.I+&387%$.JA%+K.

L?M=.L%&0#N67<&%.;%/8$K.IO=.I&%%7-.O&0A70K.O!!=.O&0&;/&0.&%',/6+<&27K.F!L=.F$.!00&.L%732,K.PF=.P/<Q/<$#Q/A.P_Q*

F$%&/$K.FR=.F+>+%0&A&.R+9<A&(     .

<--$--4$,'-* "/* <%1'(1* /%$-2E&'$%* /"%* '2$* \QQQF\QPQ* #$%(":* %$5&'()$* '"* Ph`QF\QQQ* E$%$* 1"4#5$'$:* &-* #&%'* "/* '2$*

G!0=]+<6!]<L<=*<%1'(1*U%$-2E&'$%*69,'2$-(-*W=%"E-$*$'*&5X7*\QPa[*!&%4&1O*$'*&5X7*\QPe[*p(24&*$'*&5X7*\QPaZ*&,:*'2$*

<%1'(1F6.?&%1'(1*A1$&,*U5.S$-*#%"D%&4*WH&(,$*$'*&5X7*\QPaZX*R2$-$*#%"N$1'-*/".,:*'2&'*5(^.(:*/%$-2E&'$%*(,1%$&-$:*?9*\ao*

WaQQQ*O43Z*(,* '2$*;$&./"%'*C9%$[*'2$*;$&./"%'*H(D2*E&-*-'%",D$%*'2&,*,"%4&5*E('2*2(D2$%*-$&*5$)$57*&*:$$#$%*2&5"15(,$7*

-'%",D$%*&,'(1915",(1*/5"E7*&,:*-'%",D$%*R%&,-F#"5&%*B%(/'*W=%"-2.'(,-O9*$'*&5X7*\QQh[*L1=2$$*$'*&5X7*\QQh[*0&?$*$'*&5X7*\QPP[*

H&(,$*$'*&5X7*\QPaZX*H"E$)$%7*$-'(4&'$-*"/*/5.S$-*'2%".D2*'2$*U%&4*6'%&('*&,:*'2$*>&?%&:"%*6$&*E$%$*$('2$%*'""*.,1$%'&(,*"%*
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-2"E(,D*-'&'(-'(1&559*(,-(D,(/(1&,'*12&,D$-7*5$&:(,D*'"*-#$1.5&'(",*E2$'2$%*/%$-2E&'$%*&11.4.5&'$:*(,*'2$*<%1'(1*A1$&,7*(/*

%$5$&-$:*)(&*'2$-$*<%1'(1*D&'$E&9-7*1".5:*-.?-'&,'(&559*(4#&1'*'2$*D5"?&5*"1$&,*")$%'.%,(,D*1(%1.5&'(",*&,:*15(4&'$*W$XDX7*

H&(,$7*\Q\Q[*J2&,D*$'*&5X7*\Q\PZX*+,*'2$-$*-'.:($-7*#%"1$--$-*-.12*&-*'2$*%$:(-'%(?.'(",*"/*/%$-2E&'$%*?$'E$$,*?&-(,-*&,:*PdQ*

)$%'(1&5*%$:(-'%(?.'(",*:.$*'"*'.%?.5$,'*4(S(,D*E$%$*,"'*'&O$,*(,'"*&11".,'7*5$&:(,D*'"*.,1$%'&(,'9*(,*'2(-*-#$1.5&'(",X******

R2$* "?-$%)$:* ;$&./"%'* C9%$* /%$-2$,(,D* (-* (55.-'%&'$:* (,* U(D.%$* \7* E2(12* -2"E-* Phh_F\QPh* &,,.&5* 4$&,* <%1'(1* A1$&,*

/%$-2E&'$%*/%"4*-$)$, *-'&'$F"/ F'2$F&%'*D5"?&5*"1$&,*%$&,&59-$-*WA0<-7*-$$*R&?5$*P*/"%*&*:$-1%(#'(",*"/*'2$*4":$5-*.-$:*(,*

'2(-*-'.:9ZX*6(D,(/(1&,'*/%$-2$,(,D*(,*'2$*;$&./"%'*C9%$*(-*-$$,*(,*\QPQF\QPg*4$&,-*4(,.-*\QQQF\QPQ*4$&,-*(,*-(S*A0<-*

WU(D.%$* \?7* ,"'* (,15.:(,D* <6R3q0P7* .-(,D*'2$* 1"4 4 ",* #$%(":* "/* \QPQF\QPg*/"%* '2$* :(//$%$,1$* 4&#-ZX*H"E$)$%7* '2(-*

/%$-2$,(,D*(-*#&%'59*1"4#$,-&'$:*?9*&*%$:.1'(",*(,*/%$-2E&'$%*(,*'2$*%$-'*"/*'2$*<%1'(1*A1$&,*WU(D.%$*\?71ZX*R2(-*1"4#$,-&'(",*

(,1%$&-$-*(,*\QPQF\QP`*1"4#&%$:*'"*\QQQF\QPQ7*E2(12*/5&''$,-*'2$*'"'&5*<%1'(1*A1$&,*/%$-2E&'$%*'%$,:*E2$,*$S'$,:$:*'"*

\QPh*WU(D.%$*\&ZX*R2(-* (-*12&%&1'$%(-'(1*"/* '2$*1915",(1*4":$*"/*1(%1.5&'(",*WL"%(-",*$'*&5X7*\Q\P[*L"%(-",*$'*&5X7*\QP\[*

6"O"5")7*Phe\ZX*H"E$)$%7*'2$%$*(-*&*-(D,(/(1&,'*-#%$&:*(,*$-'(4&'$-*"/*/%$-2E&'$%*1",'$,'*(,*'2$*;$&./"%'*C9%$*&,:*'2$*%$-'*

"/*'2$*<%1'(1*A1$&,*WU(D.%$*\:Z7*E2(12*#%$)$,'-*&*:$/(,('()$*$-'(4&'$*"/*'2$*:$D%$$*"/*'2(-*1"4#$,-&'(",X*R2$*E(:$*)&%(&?(5('9*PaQ*

(,*UG!*12&,D$*&4",D*'2$*A0<-*(,*'2$*6(?$%(&,*62$5/*6$&-*(-*5(O$59*:.$*'" *'2$*#&.1('9*"/*"?-$%)&'(",-*'2$%$*(,*%$1$,'*9$&%-X*

L"%(-",*$'*&5X*W\Q\PZ*-#$1.5&'$*'2&'*'2$*(,F-('.*"?-$%)&'(",-*2&)$*2&:*&,*(,1%$&-(,D*-#&'(&5*?(&-*'"E&%:*'2$*;$&./"%'*6$&X*R2(-*

2(D25(D2'-*'2$*,$$:*'"*?$*&?5$*'"*$-'(4&'$*'2$*%$:(-'%(?.'(",*"/*/%$-2E&'$%*E2$,*&--$--(,D*12&,D$-*(,*<%1'(1*A1$&,*/%$-2E&'$%7*

&-*E$55*&-*'2$*%$1$,'*%$:.1'(",*(,*'"'&5*<%1'(1*A1$&,*/%$-2$,(,D*%$5&'()$*'"*'2$*\QQQF\QPQ*#$%(":X*

+,*'2(-*%$)($E*E$*&--$--*'"*E2&'*$S'$,'*'2$*\QPQF\QPh*/%$-2E&'$%*?.:D$'*2&-*12&,D$:*%$5&'()$*'"*'2$*\QQQF\QPQ*#$%(":X*R2(-*

-'.:9*(-*,"'*4$&,'*'"*?$* &*1"4#%$2$,-()$*&--$--4$,'*"/*&55*#%"1$--$-*'2&'*1",'%(?.'$*'"*<%1'(1*/%$-2E&'$%X*+,-'$&:7*E$*/"1.-*

",* -#$1(/(1* &-#$1'-* '2&'* #%")(:$* (,-(D2'* (,'"* 2"E* '2$* )&%(&?(5('9* 2&-* 12&,D$:* -(,1$* \QPQ* &,:* '2$* %"5$* "/* #%"1$--$-* ,"'*

1",-(:$%$:*(,*#%$)(".-*&--$--4$,'-X*
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/0;/'&$+#.&<<.X.1Y!#./0'<3;+;(.IC.M/88+%+0'+.@/0.9C."+$-++0.DE)ENDE)S.&0;.DEEENDE)E.9+&0#./0.Z.1Y!#.@07$./0'<3;/02.

!FL[\Y)C(.OC.53<$/ N97;+<.9+&0.78.;/88+%+0'+#.@/0.9C.#,7-0./0.@IC(.MC.!003&<.8%+#,-&$+%.'70$+0$.#+6&%&$+;./0$7.

'70$%/"3$/70#.8%79.I+&387%$.JA%+.@"<3+C.&0;.$,+.%+#$.78.$,+.!%'$/'.1'+&0.@%+;C(.]7-+%.%/2,$.8/23%+.#,7-#.$,+.93<$/N
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*

U&9+. ONJ]1YF>S . *1!5 . J]1YbFDPW . 1Y!FZ . !FY[\Y) . F1M!V(V(D.

c0#$/$3$/70. !L!! * 8M*L$'A//(1$* !L3L6 * 3!LGU * 8,()X*R$S&-*
<.-'(, *

8,()X*
L&%95&,:*

d7%/e70$&<.
Y+#7<3$/70.

QX\ar* QX\ar* QX\ar* QX\ar* QX_r* QX\ar*

P+%$/'&<.
Y+#7<3$/70.

ga*I F5$)$5-* ga*I F5$)$5-* ga*I F5$)$5-* aQ*I F5$)$5-* aQ*I F5$)$5-* aQ*I F5$)$5-*

F3%8&'+.
*<3H+#.

!A03 * !A03 * !A03 * !A03n*G&)$*
U"%1(,D*

!A03 * !A<03d *

!$97#6,+%/'.
*7%'/02.

30< F+,'$%(4* 30< F+,'$%(4* 30< F+,'$%(4* 30< F+,'$%(4*
.,'(5*\QPd*
3!LGU*@G=*
&/'$%*\QPd*

<:N.-'$:*
T0<aa*

L300<\ *

1'+&0 NF+&.
c'+.57;+< .

@3LA_X\F*

>+L\ *

@3LA_X\F*

!+!3 *

@3LA_XPF*

>+L\ *

@3LA_X\F*

>+L\ *

L+RD14* LALa F6+6P*

M!.
P&%/&"<+#.

6+!7*<%1'(1*
6+R7*R7*67*
66H7*66R*

6+!7*R7*67*66R7*
66H*

6+!7*R7*67*66R7*
66H7*%.,"//*

6+!7*R7*67*66R7*
66H*

6+!7*R7*67*
66R7*66H*

R7*67*66R7*
C%$$,5&,:*&,:*
%()$%*%.,"//*

M!.F73%'+#. A+)\:7*
=+AL<67*
3@d7*<p+6A*

A6+6<U)\7*
3@d7*+!A<B67*
<pH007<R607*
<L6037*
<p+6A)_ *

!306<R7 *
!L3L67*
<pH00 *

A6R+<7*A5)\:7*
3@d7*<p+6A*

<0CA7*+R=7*
+!367*s;R7*
!RB *

GAB7*
+!A<B67*
<pH007*
L$'"-&'7*
63p+0+*

Y+8+%+0'+#. 6'"%'"*k*
L&-(,&*
W\QPeZ*

;5"1O5$9*$'*&5X*
W\QPdZ*

C&%%(1*$'*&5X*
W\QPgZ*

J."*$'*&5X*
W\QPhZ*

@D.9$,*$'*
&5X*W\Q\PZ*

!&%'",*$'*&5X*
W\QP`Z*

L&"<+.)4.J<7"&<.7'+&0.%+&0&<A#+#.3#+;./0.$,/#.#$3;AX*R*'$4#$%&'.%$*:&'&7*6*-&5(,('97*66R*-$&*-.%/&1$*

'$4#$%&'.%$7*666*-$&*-.%/&1$*-&5(,('97*66H*-$&*-.%/&1$*2$(D2'7*6+! *-$&F(1$*1",1$,'%&'(",7*6+R*-$&F(1$*'2(1O,$--7*B< *:&'&*

&--(4(5&'(",7*! A03*!""%:(,&'$:*A1$&, F+1$*0$/$%$,1$*3S#$%(4$,'7*! A<03d*!".#5$: FA1$&,*<'4"-#2$%$*0$-#",-$ *PgQ*

3S#$%(4$,'*?. 5O*/5. S*#&%&4 $'$%(I &'(" , *) $%-(" , *dX*
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)()  ! %'$/'.8%+#,-&$+%.+#$/9&$+#.8%79./0N#/$3.&0;.#&$+<</$+.9+&#3%+9+0$#.

)()()  F&$+<</$+.9+&#3%+9+0$#.

<*4&N"%*12&55$,D$*(,*'2$*%$'%($)&5*"/*/%$-2E&'$%*/5.S$-*(,*'2$*<%1'(1*A1$&,*(-*&--"1(&'$:*E('2*'2$*5&1O*"/*&)&(5&?(5('9*"/*(,F

-('.*"?-$%)&'(",-X*B(%$1'*4$&-.%$4$,'-*&%$*,",F2"4"D$,".-*(,*?"'2*'(4$*&,:*-#&1$*&,:*%$59*",*-#&'(&5*&-*E$55*&-*'$4#"%&5*

(,'$%#"5&'(",*%$-.5'(,D*(,*5&%D$*.,1$%'&(,'($-X*R2$*&?(5('9*'"*$-'(4&'$*/%$-2E&'$%*1",'$,'*"/*'2$*<%1'(1*%$D(",*(,:(%$1'59*/%"4*

-&'$55('$*"?-$%)&'(",-*(-*&*4&N"%*?%$&O'2%".D2X*R2$*4$'2":"5"D9*E2(12*$S#5"('-*'2$*-&'$55('$*:$%()$:*"1$&,*4&--*12&,D$*&,:*

-&'$55('$*&5'(4$'$%*:&'&*(-*:$'&(5$:*(,*C(5$-*$'*&5X*W\QP\Z7*L"%(-",*$'*&5X*W\QP\Z7*&,:*<%4('&D$*$'*&5X*W\QPeZX*+'*:$%()$-*/%"4*'2$*

#$%1$#'(",-*WPZ*'2&'*'2$*-$&*-.%/&1$*2$(D2'*12&,D$*W&-*"?-$%)$:*?9*-&'$55('$*&5'(4$'$%-Z*(-*'2$*-.4*"/*'E"*1"4#",$,'-V*4&--*

&::('(",*W"%*5"--Z*&,:*-'$%(1*$S#&,-(",*W"%*1",'%&1'(",Z[*&,:*W\Z*'2&'*"?-$%)&'(",*"/*4&--*12&,D$-*W?9*-&'$55('$*D%&)(4$'%9Z*P`Q*

$,&?5$-*-$#&%&'(",*"/*'2$-$*'E"*1"4#",$,'-X,**<*'E" F5&9$%*4":$5*(-*&--.4$:7*E2$%$*'2$*-$&*-.%/&1$*2$(D2'*&,:*(,'$%/&1$*

:$#'2*&%$*)&%(&?5$7*E2$%$*'2$*.##$%*5&9$%*%$#%$-$,'-*'2$*2&5"15(,$*W&,:*-.%/&1$*4(S$:*5&9$%Z*&,:*'2$*5"E$%*5&9$%*&55*.,:$%59(,D*

E&'$%-X**8##$%*5&9$%*'2(1O,$--*12&,D$-*W#$%*.,('*E&'$%*1"5.4,*&%$&Z*&%$*'2$,*&*/.,1'(",*"/*12&,D$-*(,*-$&*-.%/&1$*2$(D2'*&,:*

E&'$%*1"5.4,*4&--7*E('2*&--.4$:*5&9$%*:$,-('($-[*&,:*12&,D$-*(,*/%$-2E&'$%*1",'$,'*&%$*'2$,*'2$*'2(1O,$--*12&,D$-*-1&5$:*

?9*W,-, refZ7*E('2*%$)$%-$:*-(D,X**C(5$-*$'*&5X*W\QP\Z*&--.4$*6ref*W'2$(%*62Z*$^.&5*'"*_dXg*&,:*.##$%*5&9$%*-&5(,('9*\gXgX**G2(5$*

'2(-*(-*&*)$%9*-(4#5$*4":$57*'2$*"?-$%)$:*-(D,&5-*&%$*-(D,(/(1&,'59*5&%D$%*'2&,*'2$*.,1$%'&(,'97*&-*-2"E,*(,*'2$(%*'2"%".D2*

.,1$%'&(,'9*&--$--4$,'*WC(5$-*$'*&5X*\QP\*6.##5$4$,'&%9*+,/"%4&'(",ZX,

A.%*.,:$%-'&,:(,D*"/*'2$*3&%'2t-*D%&)('9*/($5:*2&-*(4#%")$:*1",-(:$%&?59*:.%(,D*'2$*%$1$,'*:$1&:$7*'2&,O-*'"*'2$*C%&)('9*

0$1")$%9*&,:*!5(4&'$*3S#$%(4$,'*WC0<!3 Z*4(--(",*5&.,12$:*(,*\QQ\X*C0<!3*(-*'2$*",59*-&'$55('$*4(--(",*:$-(D,$:*'"*?$*

:(%$1'59* -$,-('()$* '"* 4&--* 12&,D$-* ?9* 4$&,-* "/* D%&)('9X* R2$* )&%(&?(5('9* (,* -#&'("'$4#"%&5* 12&%&1'$%(-'(1-* "/* '2$* 3&%'2t-*PhQ*

D%&)('&'(",&5*/($5:*%$-.5'(,D*(,*)$%9*-4&55*:$)(&'(",-*(,*'2$*-$#&%&'(",*?$'E$$,*'2$*'E"*-&'$55('$-*"/*'2$*C0<!3*4(--(",*&%$*

4$&-.%$:*E('2*4(1%"4$'$%*#%$1(-(",*&,:*&%$*.-$:* '"* (,/$%* '2$*3&%'2t-*D%&)('9* /($5:7*E2(12*1&,* '2$,*?$* .-$:* '"*$-'(4&'$*

12&,D$-*(,*"1$&,*4&--*W=$%&5'&FU$%%(I*$'*&5X7*\QPd[*<%4('&D$*$'*&5X7*\QPeZX*H$%$*E$*.-$*'2$*5&'$-'*0$5$&-$FQe*D%(::$:*C0<!3*

"1$&,*4&--*#%":.1'-*/%"4*'2$*T$'*=%"#.5-(",*>&?"%&'"%9*WG&'O(,-*$'*&5X7*\QPaZX*6&'$55('$*%&:&%*&5'(4$'$%-*",*'2$*"'2$%*2&,:*

1&,*%$'%($)$*-$&*-.%/&1$*2$(D2'-*(,*'2$*"#$,*"1$&,*E('2*)&%(&?5$*#%$1(-(",*:$#$,:(,D*",*'2$*,.4?$%*"/*/59(,D*&5'(4$'$%-*&,:*

2&)$*?$$,*.,(,'$%%.#'$:*-(,1$*Phh_X*!%9"6&'F\7*5&.,12$:*(,*\QPQ7*(-*&*-&'$55('$*&5'(4$'$%*'2&'*#%")(:$-*1")$%&D$*.#*'"*``r@*

E('2*4.12*?$''$%*-#&'(&5*%$-"5.'(",*'2&,*?$/"%$X*6$)$%&5*-'.:($-*2&)$*.'(5(I$:*'2(-*-".%1$*'"*-'.:9*'2$*-$&*5$)$5*)&%(&?(5('9*"/*

'2$*<%1'(1*WME"O*&,:*L"%(-",7*\QPe7*\QPg[*<%4('&D$*$'*&5X7*\QP`&7*\QP`?[*0"-$*$'*&5X7*\QPh[*0&N*$'*&5X7*\Q\QZX*H"E$)$%7*

1",-'%.1'(,D*#%$1(-$*&5'(4$'$%*:$%()$:*-$&*5$)$5*:&'&*(,*'2$*<%1'(1*A1$&,*(-*-'(55*&*12&55$,D$7*",$*"/*'2$4*(-*'2$*$//$1'*"/*4$5'*

#",:-*:.%(,D*-.44$%*",*'2$*E&)$/"%4-*E2(12*:"4(,&'$*'2$*%$/5$1'$:*-(D,&5X*<*?$''$%*.,:$%-'&,:(,D*"/*'2$*%&:&%*&5'(4$'$%*\QQ*

%$-#",-$*")$%*'2$*:(//$%$,'*(1$*'9#$-*4.-'*?$*D&(,$:*'"*(4#%")$*'2$*^.&,'('9*&,:*^.&5('9*"/*'2$*%&,D$*%$'%($)&5-*(,*'2$*<%1'(1*

A1$&,X**A,$*"/*'2$*",D"(,D*$//"%'-*(-*'2$*1.%%$,'59*",D"(,D*!0uAFR3L=A*#%"N$1'7*/.,:$:*?9*'2$*3.%"#$&,*6#&1$*<D$,19X*
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6&'$55('$-*1&,*4",('"%*-"4$*(4#"%'&,'*#($1$-*"/* '2$*<%1'(1*/%$-2E&'$%*#.II5$X*H$%$7*E$*.-$* '2$*-'&'$F"/ F'2$F&%'*-$&*5$)$5*

#%":.1'*#%":.1$:*&-*#&%'*"/*'2$*%$1$,'59*1",15.:$:*15(4&'$*12&,D$*(,('(&'()$*W!!+Z*#%"N$1'*W6$&*5$)$5*?.:D$'*15"-.%$[*H"%E&'2*

$'*&5X7*\Q\QZ*"/*'2$*3.%"#$&,*6#&1$*<D$,19X*R2(-*<%1'(1*-$&*5$)$5*#%":.1'*WBR8]R8L*6><*%$1"%:[*0"-$*$'*&5X7*\QPhZ*(-*'2$*

/(%-'*",$*E2(12*(,15.:$-*&*#29-(1&5*%$'%&1O$%*W<>36nZ*/"%*%$'%($)(,D*'2$*-#$1.5&%*E&)$/"%4-*/%"4*"#$,*5$&:-*(,*'2$*-$&*1")$%X*

R2$*-$&*-'&'$*?(&-*1"%%$1'$:*.-(,D *<>36n* (4#%")$-*'2$*-$&*5$)$5*$-'(4&'$-*"/*'2$*%$D(",*W=&--&%"*$'*&5X7*\QP`ZX*R2$*5&'$-'*

)$%-(",* W)_XPZ* "/* '2$* BR8]R8L* 6><* %$1"%:* (-* &* 1"4#5$'$* %$#%"1$--(,D* "/* '2$* /"%4$%* BR8* <%1'(1* -$&* 5$)$5* #%":.1'*

W<,:$%-$,*$'*&5X7*\QPeZ*?9*:$:(1&'$:*<%1'(1*%$'%&1O(,DX*R2$*1.%%$,'*-'.:9*'2.-*'&O$-*&:)&,'&D$*"/*'2$*-'&'$F"/ F'2$F&%'*-&'$55('$*

:&'&-$'-*'"*-'.:9*'2$*/%$-2E&'$%*1",'$,'*"/*'2$*%$D(",*/"55"E(,D*C(5$-*$'*&5X*W\QP\Z*&,:*<%4('&D$*$'*&5X*W\QPeZX*\PQ*

U%$-2E&'$%*(-*1&51.5&'$:*.-(,D*'2$*-&'$55('$*4$&-.%$4$,'-*.-(,D*'2$-$*$^.&'(",-V 

** * * * * DUG!*v* !!"!"
!!

<*∑ Dℎ#$
#%& 7*** * * * * WPZ*

D2*v*h*WP*n*
r"

r!"r"
Z*F* D'

r!"r"
*7*** * * * * W\Z*

G2$%$*h*(-*'2$*12&,D$*(,*66H7*D4*(-*'2$*"1$&,*4&--*&,"4&597*@*(-*'2$*,.4?$%*"/*D%(:*1$55-*&,:*<*(-*'2$*D%(:*1$55*&%$&X*R2$*

-&5(,('($-*6P7*&,:*6\*&%$*%$-#$1'()$59*\gXg*&,:*_a7*E2(5$*:$,-('($-*r1*&,:*r2*&%$*PQ\\*&,:*PQ\`*%$-#$1'()$597*(,*.,('-*"/*OD*

4 -3X**

R(4$* -$%($-* /%"4* \QQ\* '"* \QP`* .-(,D* C0<!3F:$%()$:* "1$&,* ?"''"4* #%$--.%$* WA;=Z* &,"4&5($-*

W2''#-V]]#":&&1XN#5X,&-&XD")]C0<!3Z*&,:*-&'$55('$*&5'(4$'$%*:&'&*#%")(:$*(,-(D2'-*(,'"*'2$*%$:(-'%(?.'(",*"/*/%$-2E&'$%*(,*'2$*

<%1'(1*A1$&,*WU(D.%$*_ZX*G2(5$*(,('(&5*%$-.5'-*/%"4*C0<!3*-.DD$-'*&,*")$%&55*A;=*:$1%$&-$*1&.-$:*?9*&*/%$-2$%*<%1'(1*

-.%/&1$*WL"%(-",*$'*&5X7*\QQgZ7*%$-.5'-*",*'2$*,"E F5",D$%*'(4$*-$%($-*-2"E*4"%$*1"4#5$S*(,'$%&,,.&5*)&%(&?(5('97*(,*&D%$$4$,'*\\Q *

E('2*4":$55(,D*:&'&*W$XDX7*:$*;"$%*$'*&5X7*\QP`ZX*U(D.%$*_&*W%$:*5(,$Z*-2"E-*'2&'*/%$-2E&'$%*1",'$,'*(,1%$&-$-*(,*'2$*;$&./"%'*

C9%$*:.%(,D*'2$*'(4$F#$%(":*\QQ\F\QPQ7*/"55"E$:*?9*&*-'&?(5(I(,D*#2&-$*E2$%$*'2$*(,1%$&-$*/5&''$,-*".'X*H"E$)$%7*(,15.:(,D*

/%$-2E&'$%*1",'$,'*".'-(:$*"/*'2$*;$&./"%'*C9%$*W?5.$*5(,$*(,*U(D.%$*_&7*:$/(,$:*&-*'2$*%$D(",*1",'".%$:*(,*U(D.%$*_1Z*%$-.5'-*

(,* &* %$:.1'(",* (,* /%$-2E&'$%* 1",'$,'* :.%(,D* '2$* '(4$F#$%(":* \QPQF\QPe7* (,:(1&'(,D* (,1%$&-$:* 1"4#$,-&'(",* ?$'E$$,*

/%$-2E&'$%*1",'$,'*(,*'2$*;$&./"%'*C9%$*&,:*".'-(:$*'2$*;$&./"%'*C9%$*&/'$%*\QQhX*0&N*$'*&5X*W\Q\QZ*,"'$:*&*-(4(5&%*-(D,&'.%$*

(,* '2$*&5'(4$'$%*:$%()$:*-$&*-.%/&1$*2$(D2'*&,"4&59*&,:* '2$*2&5"-'$%(1*1"4#",$,'*"/* '2$*-$&*-.%/&1$*2$(D2'*&,"4&59*&,:*

&''%(?.'$:*('*'"*'2$*12&,D$*(,*'2$*:"4(,&,'*&'4"-#2$%(1*/"%1(,D*")$%*'2$*<%1'(17*E2(12*12&,D$:*/%"4*'2$*<%1'(1*:(#"5$*#&''$%,*

'"*'2$*<%1'(1*A-1(55&'(",*%$-#$1'()$59*:.%(,D*'2$*'(4$F#$%(":-*#%("%F'"*&,:*&/'$%*\QPQX*R2$-$*%$-.5'-*&%$*̂ .&5('&'()$59*1",-(-'$,'*

E('2*$-'(4&'$-*(,*U(D.%$*\*.-(,D*'2$*"1$&,*%$&,&59-$-X*+,*&::('(",7*U(D.%$*\1*-2"E-*'2&'*'2$*%$D(",-*,"'*(,15.:$:*(,*U(D.%$*_*

4&O$*",59*-4&55*1",'%(?.'(",-*'"*'2$*'(4$*-$%($-*+,*U(D.%$*\X*+'*(-*E$55FO,"E,*'2&'7*E2(5$*'2$*-$&*-.%/&1$*2$(D2'*)&%(&?(5('9*(,*\_Q*
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'2$*; $&./"%'*C9%$*%$D(",*(-*:(1'&'$:*?9*'2$*)&%(&?(5('9*(,*-&5(,('97*'2$*-&4$*(,*'2$*@"%:(1*6$&-*&,:*'2$*;&%$,'-*6$&*(-*1",'%"55$:*

?9*<'5&,'(1*G&'$%*'$4#$%&'.%$*(,*1"4#&%(-",*'"*-&5(,('9*W0&N*$'*&5X7*\Q\QZX*H$,1$*'2$*4$'2":"5"D9*'"*$-'(4&'$*UG!*/%"4*

-$&*-.%/&1$*2$(D2'*:&'&*(-*,"'*%$1"44$,:$:*(,*'2"-$*'E"*%$D(",-X*A.%*-'.:9*(,15.:$:*'2$*%$-'*"/*'2$*<%1'(1*$S15.:(,D*'2$*

!&,&:(&,*<%12(#$5&D"7*@"%:(1*&,:*'2$*;&%$,'-*6$&X**

)()(D c0N#/$3.9+&#3%+9+0$#.

U(D.%$*_?*(,15.:$-*$-'(4&'$-*"/*<%1'(1*/%$-2E&'$%*1",'$,'*/%"4*(,F-('.*29:%"D%&#2(1*"?-$%)&'(",-*W?5&1O*5(,$ZX*R2$*'(4$-$%($-*

"/*/%$-2E&'$%*1",'$,'*/"%*'2$*E2"5$*?&-(,*'"*'2$*_d*(-"2&5(,$*(-*$S'$,:$:*/%"4*0&?$*$'*&5X*W\QPd&ZX*B$'&(5-*"/*'2$*4&##(,D*

#%"1$:.%$*&,:*'2$*:(-'%(?.'(",*"/*29:%"D%&#2(1*-'&'(",-*.,'(5*\QP\*&%$*D()$,*(,*0&?$*$'*&5X*W\QPd&ZX*U.%'2$%*:&'&*(-*?&-$:*",*

'2$* :&'&* -".%1$-*5(-'$:* (,*R&?5$* \X*+,'$%$-'(,D597* '2$*<%1'(1* -&'$55('$*&,:* (,F-('.* '(4$* -$%($-* (,*U(D.%$*_&7?*&%$*%$5&'()$59*

1",-(-'$,'*?$/"%$*\QQh7*?.'*:"*,"'*-2"E*'2$*-&4$*)&%(&?(5('9*&/'$%*\QQhX*R2(-*:(//$%$,1$*4&9*-'$4*/%"4*'2$*5&1O*"/*:&'&*\dQ*

1")$%&D$*(,*'2$*(,F-('.*4$&-.%$4$,'-7*'2$*:(//$%$,'*%$D(",-*.-$:*(,*'2$*'(4$*-$%($-*&,:*'2$*12"(1$*"/*'(4$*#$%(":*/"%*'2$*4$&,*

.-$:*'"*"?'&(,*&,"4&5($-X*R2$*-&'$55('$*'(4$*-$%($-*.-$-*'2$*%$D(",*1",'".%$:*(,*U(D.%$*_1*&,:*'2$*(,F-('.*'(4$*-$%($-*.-$-*

"?-$%)&'(",-*E('2(,*'2$*?&-(,*$S15.:(,D*'2$*-2$5)$-7*(,:(1&'(,D*&*D"":*#&%'*"/*'2$*:(//$%$,1$*&/'$%*\QQh*4&9*?$*:.$*'"*'2$*

1",'%(?.'(",*?9*'2$*%$-'*"/*'2$*?&-(,*".'-(:$*'2$*;$&./"%'*C9%$X*+,*&::('(",7*'2$*&,,.&5*)&5.$-*"/*'2$*(,F-('.*'(4$ *-$%($-*&%$*

?(&-$:*'"E&%:-*'2$*#%("%*'2%$$*9$&%-*,$&%*'2$*$,:*"/*'2$*'(4$-$%($-7*&-*'2$*4&##(,D*&,&59-(-*",59*(,15.:$-*:&'&*.#*'"*\QPa[*

&,:*\QP\7*\QP_*&,:*\QPd*-2"E*-(4(5&%*5$)$5-*&-*\QPaX*R2$*5"1&'(",-*"/*&55*#%"/(5$-*.-$:*?$'E$$,*Phh\*&,:*\QPa*-2"E*'2&'*

'2$%$*&%$*(,'$%&,,.&5*)&%(&'(",-*(,*:&'&*1")$%&D$7*?.'*'2&'*")$%&557*'2$*:$1&:&5*'(4$-1&5$*(-*%$&-",&?59*E$55*1")$%$:*&1%"--*'2$*

<%1'(1*A1$&,*?&-(,*WU(D.%$*_ZX*
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*\aQ*
.

*/23%+.V4.!079&</+#.78.8%+#,-&$+%.'70$+0$.8%79.#&$+<</$+.#+&N#3%8&'+.,+/2,$.;&$&.&0&<A#/#.&0;.JY!O[.1I?.;&$&.&0; .

8%79.7":+'$/>+<A.9&66+;./0N#/$3.,A;%72%&6,/'.7"#+%>&$/70#(.!003&<.9+&0.$/9+.#+%/+#.78.8%+#,-&$+%.'70$+0$.8%79.@!C.

#&$+<</$+.9+&#3%+9+0$#./0.$,+.I+&387%$.JA%+.@%+;C.&0;.!%'$/'.%+2/70.#,7-0./0.@OC.@"<3+C=.&0;.@IC.!%'$/'."&#/0.3#/02.

/0N#/$3.,A;%72%&6,/'.7"#+%>&$/70#.#,7-0./0.@MC.@"<&'QC=./0.30/$#.78.)E3.Q93(.@OC.M/88+%+0'+."+$-++0.DE)ENDE)S.&0;.

DEEDNDE)E.8%+#,-&$+%.'70$+0$.9+&0#.8%79.#&$+<</$+.9+&#3%+9+0$#=./0.30/$#.78.9+$+%#(.@MC.]7'&$/70#.78.#&</0/$A.6%78/<+#.

3#+;.87%.$,+.7":+'$/>+.&0&<A#/#.78.$,+./0N#/$3.;&$&.-/$,.$/9+.;+07$+;."A.'7<7%X*!079&</+#./0.@!=IC.&%+.%+<&$/>+.$7.$,+.

'7%%+#670;/02.9+&0.78.$,+.6+%/7;.DEEVNDEEX./0.+&',.$/9+.#+%/+#.3#/02.&.%+8+%+0'+.6%&'$/'&<.#&</0/$A.78.VZ.&0;.&.<&A+%.

8%79.$,+.#3%8&'+.$7.$,+.VW./#7,&</0+(.L,+.I+&387%$.JA%+.%+2/70.@9&%Q+;.-/$,.$,/'Q."<&'Q.</0+#./0.@OCC./#.;+8/0+;.&#.SEN

`EaU=.)DEN)`E aG(.L,+. $/9+.#+%/+#.&%+.'&<'3<&$+;.3#/02.7"#+%>&$/70#.8%79.$,+.!%'$/'.1'+&0.-/$,.&.-&$+%.;+6$,.;++6+%.\eQ*

$,&0.ZEE.9.&0;.&.'3$N788.&$.`DaU.07%$,.78.$,+.*%&9.F$%&/$.87%.$,+./0N#/$3.+#$/9&$+#=.&0;.$,+.'70$73%+;.%+2/70.#,7-0.

/0.@OC.87%.$,+.#&$+<</$+.+#$/9&$+#(.@IC./#.&0.36;&$+.78.$,+.$/9+.#+%/+#./0.Y&"+.+$.&<(.@DE)W&C=.6&%$<A.#,7-0.6%+>/73#<A./0.

G&02.+$.&<.@DE)TC=.$,+.&;;/$/70&<.;&$&.3#+;./#.</#$+;./0.L&"<+.D(*

 
 

A B 

C D 

In-situ Arctic 
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*

[H6+;/$/70=.
?%7:+'$*

b+&%@#C* ?<&$87%9* F73%'+.fY].7%.'70$&'$*

;$&./"%'*C9%$*
=%"N$1'*

\QP\F
\QP_*

)&%(".-*-2(#-* 2''#V]]EEEXE2"(X$:.]?$&./"%'D9%$]*

@=3A* \QP\F
\QPd*

<(%?"%,$* &,:* (1$F
?&-$:*

/'#V]]#-1X&#5XE&-2(,D'",X$:.]@=3A*B&'&*<%12()$]@=3A*<$%(&5*
!RB-] *

GHA+* \QP\F
\QPa*

+R=* 2''#-V]]:SX:"(X"%D]PQXPQ\h]\QQhT!QQaeeQ*
WR""5$*$'*&5X7*\QPeZ 
*

=6`e* \QPd* 0p*="5&%-'$%,* 2''#V]]:"(X#&,D&$&X:$]PQXPahd]=<@C<3<X`a_ge`*
Wp"D'*$'*&5X7*\QPaZ*

=6`g* \QPd* 0p*="5&%-'$%,* 2''#V]]:"(X#&,D&$&X:$]PQXPahd]=<@C<3<X`a_ggQ*
W0"5"//*$'*&5X7*\QPaZ*

=6hd* \QPa* 0p*="5&%-'$%,* 2''#-V]]:"(X"%D]PQXPahd]=<@C<3<X`ahaa`*
W0&?$*$'*&5X7*\QPeZ*

@<;A6 * \QP_* @<;A6 * 2''#-V]].&/F(&%1X"%D],&?"-]*
(="59&O")*$'*&5X7*\QQ_Z*

L&"<+.D4.F73%'+#.78.#&</0/$A.;&$&.3#+;./0.$,+.7":+'$/>+.&0&<A#/#.$7.;+%/>+.$,+."<&'Q.'3%>+./0.*/23%+.V(.L,+.</#$+;.;&$&.

#73%'+#.&%+.87%.$,+.;&$&.3#+;./0.&;;/$/70.$7.$,+.;&$&.;+#'%/"+;./0.Y&"+.+$.&<(.@DE)W&C.&0;.63"</#,+;./0.Y&"+.+$.&<(.

@DE)W"C(. !""%+>/&$/70#4.cL?.NN.c'+NL+$,+%+;.?%78/<+%=.U?[1.NN.U7%$,.?7<+. [0>/%709+0$&<.1"#+%>&$7%A=.Gd1c.NN.

G77;#.d7<+.1'+&072%&6,/'.c0#$/$3$/70=.U!I1F. NN.U&0#+0.&0;.!930;#+0.I&#/0.1"#+%>&$/70&<.FA#$+9(.*

D O,&02+#./0.!%'$/'.*%+#,-&$+%.F73%'+#.&0;.F/0Q#.

R2$*4"-'*%$1$,'*$-'(4&'$-*"/*<%1'(1*/%$-2E&'$%*-".%1$-*&,:*-(,O-*2&)$*?$$,*:$)$5"#$:*?9*w-'$%2.-*$'*&5X*W\QPhZ7*H&(,$*$'*&5X*\gQ*

W\QPaZ7*=%"E-$*$'*&5X*W\QPaZ7*!&%4&1O*$'*&5X*W\QPeZ7*&,:*p(24&*$'*&5X*W\QPeZX*A,59*w-'$%2.-*$'*&5X*W\QPhZ*1")$%-*&*4"%$*

%$1$,'*#$%(":*'2%".D2*\QPaX*A,$*(--.$*(-*'2&'*,"'*&55*'2$-$*$-'(4&'$-*.-$*'2$*-&4$*%$/$%$,1$*-&5(,('9[*&*:(-1.--(",*"/*/%$-2E&'$%*

)$%-.-*-&5'*'%&,-#"%'-*&,:*%$/$%$,1$*-&5(,('($-*(-*#%")(:$:*(, *;&1",*$'*&5X*W\QPaZ7*612&.$%*&,:*>"-12*W\QPhZ7*&,:*R-.?".12(*

$'*&5X*W\QP`ZX*<,"'2$%*4"%$*%$1$,'*:$)$5"#4$,'*")$%*'2$*5&-'*:$1&:$*(-*'2$*(,15.-(",*"/*/%$-2E&'$%*/5.S$-*/%"4*'2$*C%$$,5&,:*

+1$*62$$'*WC+6Z*&,:*-4&55$%*<%1'(1*D5&1($%-*&,:*(1$*1&#-*WC+!-Z*(,'"*'2$-$*?&-(,-*W;&4?$%*$'*&5X7*\QP\[*;&4?$%*$'*&5X7*\QP [̀*

B.O2")-O"9*$'*&5X7*\QPhZX**
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A?-$%)&'(",-*-.DD$-'*&*5(,O&D$*?$'E$$,* '2$*<%1'(1*A-1(55&'(",*W<AZ*&,:* '2$*@"%'2*<4$%(1&,*W4&(,59*L&1O$,I($*0()$%Z*

%.,"//*#&'2E&9-*Wu&4&4"'"xM&E&(*$'*&5X7*\QQh[*U(12"'*$'*&5X7*\QP_ZX*R2$%$*2&-*?$$,*&*-2(/'*/%"4*&*%&'2$%*:(%$1'*".'/5"E*)(&*

'2$*!&,&:(&,*<%1'(1*<%12(#$5&D"*W!<<Z*(,*'2$*$&%59*\QQQ-*'"*&*,"%'2E&%:*#&'2E&9*(,'"*'2$*;$&./"%'*C9%$*&%".,:*\QQe7*\`Q*

1"(,1(:(,D*E('2*&*12&,D$*'"*&*-'%",D59*#"-('()$*<AX*+,*&::('(",7*/"%*2(D2*<A*(,:(1$-7*%()$%*%.,"//*$,'$%(,D*'2$*3.%&-(&,*

-2$5)$-*(-*4&(,59*'%&,-#"%'$:*(,'"*'2$*!&,&:&*;&-(,7*E2(5$*/"%*5"E*<A*(,:(1$-7*'2$*'%&,-#"%'*(-*4&(,59*'"E&%:-*'2$*U%&4*

6'%&('*?9*&*-'%$,D'2$,$:*'%&,-#"5&%*:%(/'*WL"%(-",*$'*&5X7*\QP\[*<5O(%$*$'*&5X7*\QPaZX*

A?-$%)&'(",-* "/* %.,"//* %&'$-* /"%* 3.%&-(&,* %()$%-* &%$* &)&(5&?5$*-(,1$* Ph_e7* &,:* /"%* @"%'2* <4$%(1&,* %()$%-* -(,1$* Phed*

W62(O5"4&,")*$'*&5X7*\Q\PZX*R2$%$*2&-*?$$,*&*:$15(,$*-(,1$*&?".'*PhhQ*(,*'2$*'"'&5*D&.D$:*&%$&7*?9*yPQo7*(,*6(?$%(&*&,:*

!&,&:&* W62(O5"4&,")* $'* &5X7* \Q\PZ7* :.$* '"* '2$* 15"-.%$* "%* 4"'2?&55(,D* "/* D&.D(,D* -'&'(",-X* * 0$D&%:5$--7* ",59* '2$* 4"-'*

(4#"%'&,'*%()$%-*&%$*D&.D$:V**O,"E5$:D$*"/*,$'*W1",'(,$,'F-1&5$Z*%()$%*:(-12&%D$*%&'$-*%$^.(%$-*$-'(4&'(",*"/*'2$*-.?-'&,'(&5*

.,D&.D$:*%.,"//*/%&1'(",7*'9#(1&559*",$*'2(%:*"/*'2$*'"'&5X*R2$*5",DF'$%47*4.5'(F:$1&:&57*D&.D$:*&,,.&5*4$&,*%.,"//*%&'$-*&%$*

D()$,*?9*62(O5"4&,")*$'*&5X*W\Q\PZ*&-*P`QQ*O43*9%-1*W3.%&-(&7*Ph_eF\QPaZ*&,:*PPaQ*O43*9%-1*W@"%'2*<4$%(1&7*PhedF\QPaZ7*

/"%*&*'"'&5*"/*\haQ*O43*9%-1X**62(O5"4&,")*$'*&5X*W\Q\PZ*&5-"*,"'$*'2$*(,1%$&-$*WE('2*.,1$%'&(,'($-Z*(,*'2$-$*%$1"%:-*&-*\XhzQXd*\hQ*

W3.%&-(&7*.-(,D*Ph_aF\QPa*#$%(":Z*&,:*QXgzQX_*W@"%'2*<4$%(1&7*.-(,D*PhedF\QPa*#$%(":Z*O43*9%-2X*R2$*-(D,(/(1&,'*3.%&-(&,*

'%$,:*(-*"/*"%:$%*Pao*#$%*1$,'.%9X**H"E$)$%7*'2$*E$&O59F-(D,(/(1&,'*@"%'2*<4$%(1&,*'%$,:*")$%*'2$*-2"%'$%*#$%(":*:(-D.(-$-*

&,*&##&%$,'*-(D,&5*"/*4.5'(F:$1&:&5*)&%(&?(5('9*-(4(5&%*'"*'2&'*"?-$%)$:*?9*U5"%(,:"F>"#$I*$'*&5X*W\Q\QZ7*E2"*-.DD$-'*('*'"*?$*

#&%'*"/*'2$*$)(:$,1$*/"%*4.12*E(:$%F&%$&*&'4"-#2$%(1*&,:*"1$&,(1*'$5$1",,$1'(",-X.

D(D ?%+'/6/$&$/70.&0;.!$97#6,+%/'.57/#$3%+.L%&0#67%$.

=%$1(#('&'(",*")$%*'2$*<%1'(1*(-*'2$*4&(,*-".%1$*"/*/%$-2E&'$%*(,'"*'2$*<%1'(1*A1$&,7*E2$,*(,15.:(,D*'2&'*/%"4*('-*#&'2E&9*

'2%".D2*%()$%*:(-12&%D$*/%"4*'2$*5&%D$*1",'(,$,'&5*:%&(,&D$*?&-(,-*WH&(,$*$'*&5X7*\QPa[*6$%%$I$*$'*&5X7*\QQeZX*+,*15(4&'"5"D97*

%()$%* :(-12&%D$*(-*#%$:"4(,&,'59* /%"4*#%$1(#('&'(",* '2".D2*5&,:* -.%/&1$*#%"1$--$-*W$XDX7* '2&E(,D*#$%4&/%"-'7* :$1%$&-(,D*

)$D$'&'(",*'%&,-#(%&'(",Z*4&9*2&)$*-5(D2'*1",'%(?.'(",-*&11"%:(,D*'"*J2&,D*$'*&5X*W\QP_ZX*R2$*'"'&5*1",'(,$,'&5*%.,"//*(,'"*'2$*

<%1'(1*A1$&,*(-*&?".'*QXP*6)*W-$$*R&?5$*P7*H&(,$*$'*&5X7*\QPaZX*R2$*%$4&(,(,D*-".%1$-*&%$*5"E$%7*'2"-$*"/*-(4(5&%*"%:$%*"/*_QQ*

4&D,('.:$* &%$* =%$1(#('&'(",F3)&#"%&'(",* &,:* ;$%(,D* 6'%&('* 5(^.(:* (,/5"EX* +,* &::('(",7* #%$1(#('&'(",*(-* 5&%D$59* :%()$,* ?9*

&'4"-#2$%(1*4"(-'.%$*'%&,-#"%'X**;&-$:*",*&*4&--F1"%%$1'$:*&'4"-#2$%(1*4"(-'.%$*'%&,-#"%'*:&'&-$'7*J2&,D*$'*&5X*W\QP_Z*/".,:*

'2&'*'2$*"?-$%)$:*(,1%$&-$*(,*'2$*3.%&-(&,*<%1'(1*%()$%*:(-12&%D$*E&-*:%()$,*?9*&,*$,2&,1$:*#"5$E&%:*&'4"-#2$%(1*4"(-'.%$*

'%&,-#"%'*(,'"*'2$*%()$%*?&-(,-X**8-(,D*'2$*-&4$*:&'&-$'7*p(55&4(5FA'$%"*$'*&5X*W\QPgZ*&5-"*/".,:*&*1",'(,.&5*$,2&,1$4$,'*"/*

'2$*#"5$E&%:*&'4"-#2$%(1*4"(-'.%$*'%&,-#"%'*&1%"--*eQo@*(,'"*'2$*<%1'(1*A1$&,*/%"4*'2$*PhaQ-*'"*'2$*4(:*\QPQ-X*<,*.#:&'$*

"/*'2$*'%&,-#"%'*.-(,D*30<a*%$&,&59-(-*-2"E-*&*1",'(,.&'(",*"/*'2$*$,2&,1$4$,'*&1%"--*eQo@*WU(D.%$*dZX*@9D&%:*$'*&5X*W\Q\QZ*

&5-"*/".,:*&,*(,1%$&-$*(,*#"5$E&%:*4"(-'.%$*'%&,-#"%'*/%"4*PhghF\QP`*.-(,D*'2$*30<a*:&'&X**+,'$%$-'(,D597*'2$9*&5-"*/".,:*

'2&'*$)&#"%&'(",*-2"E-*&*,$D&'()$*'%$,:*:.$*'"*-.##%$--(",*?9*'2$*2"%(I",'&5*4"(-'.%$*'%&,-#"%'X*
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R2$*5&%D$F-1&5$*&'4"-#2$%(1*1(%1.5&'(",*4&9*#5&9*&*:9,&4(1*:%()(,D*%"5$.(,*'2$*$,2&,1$:*&'4"-#2$%(1*4"(-'.%$*'%&,-#"%'X*<*

-'&'(-'(1&5*&,&59-(-*(,:(1&'$-*&*'$4#"%&559F)&%9(,D*%$5&'(",-2(#*?$'E$$,*'2$*&,,.&5*4"(-'.%$*'%&,-#"%'*&,:*'2$*&,,.&5*4$&,*_PQ*

<%1'(1*A-1(55&'(",*W<A7*R2"4#-",*&,:*G&55&1$7*Phh`Z7*-2"E(,D*&*,$D&'()$*&,:*&*#"-('()$*1"%%$5&'(",*?$/"%$*&,:*&/'$%*\QQQX*

R2$*#"-('()$*#2&-$*"/*'2$*<A*(,:(1&'$-*&*-'%$,D'2$,(,D*"/*'2$*E$-'$%5($-7*'%&,-#"%'(,D*&'4"-#2$%(1*4"(-'.%$*'"*'2$*3.%&-(&,*

1",'(,$,'*&,:*5$&:(,D*'"*&,*(,1%$&-$*(,*#%$1(#('&'(",*")$%*'2$*5&,:4&--*W$XDX7*M%9I2")*&,:*C"%$5('-7*\QPaZX*<,* <A*#"-('()$*

'%$,:*"11.%%$:*#%(4&%(59*/%"4*'2$*5&'$*Ph`Q-*'"*4(:*PhhQ-X*+,*'2$*PhhQ-7*'2$*)&%(&?(5('9*"/*'2$*&'4"-#2$%(1*1(%1.5&'(",*E&-*

4&(,59*12&%&1'$%(I$:*?9*'2$*<AX*H"E$)$%7*&5'2".D2*&*#"-('()$*1"%%$5&'(",*"11.%%$:*?$'E$$,*'2$*'%&,-#"%'*&,:*<A*&/'$%*\QQQ7*

'2$*<A*5&DD$:*'2$*'%&,-#"%'*)&%(&?(5('9*?9*",$*9$&%*:.%(,D*'2$*,$D&'()$*#$&O-*(,*\QQa*&,:*\QPQX*B.%(,D*\QQQF\QPQ7*'2$*<A*

4&(,59*-2"E$:*/5.1'.&'(",-*&,:*E&-*&5-"*(,15(,$:*'"E&%:-*&*,$D&'()$*#2&-$*WU(D.%$*dZX*</'$%*\QPQ7*'2$*<A*&,:*'%&,-#"%'*&%$*

(, F#2&-$7*E('2*&*#"-('()$*'%$,:*&,:*#$&O*#"-('()$*)&5.$-*",*\QPP*&,:*\QPaX*

B.%(,D*'2$*\QQQF\QPQ*'(4$*#$%(":7*'2$*&'4"-#2$%(1*1(%1.5&'(",*-#&'(&5*#&''$%,*2&-*$S#$%($,1$:*&*%&:(1&5*12&,D$*(,*#&%'(1.5&%*

:.%(,D*E(,'$%*-$&-",-7*&-*%$)$&5$:*(,*J2&,D*$'*&5X*W\QQ`ZX*R2(-*12&,D$:*-#&'(&5*#&''$%,7*,&4$:* '2$*<%1'(1*0&#(:*12&,D$*_\Q*

=&''$%,*W<0=Z7*$S2(?('-*&*#%$:"4(,&,'*%"5$*(,*:%()(,D*'2$*#"5$E&%:*4"(-'.%$*'%&,-#"%'*WJ2&,D*$'*&5X7*\QP_ZX*R2(-*:%()(,D*%"5$*

1&,* &5-"* ?$* 4&,(/$-'$:* ?9* &* #"5$E&%:* $S'$,-(",* &,:* (,'$,-(/(1&'(",* "/* '2$* +1$5&,:(1* >"E* (,* '2$* ,$D&'()$* <0=* #2&-$X*

!",-(:$%(,D*'2&'*'$4#"%&5F)&%9(,D*/$&'.%$-*"/*<A*&,:*'2$*-$&-",&5*#%$/$%$,1$*"/*'2$*$4$%D$,1$*"/*'2$*-#&'(&559*'%&,-/"%4$:*

<0=7*'2$*:9,&4(1*:%()(,D*%"5$*"/*'2$*&'4"-#2$%(1*1(%1.5&'(",*,$$:-*'"*?$*/.%'2$%*(,)$-'(D&'$:X*+,*&::('(",7*-9,"#'(1F-1&5$*

&,&59-(-*&5-"*-.DD$-'$:*'2$*#%"#&D&'(",*"/*(,'$,-$*-'"%4-*(,'"*'2$*<%1'(1*#5&9$:*&,*(4#"%'&,'*%"5$*(,*'2$*$,2&,1$:*#"5$E&%:*

4"(-'.%$*'%&,-#"%'*&,:*%$-.5'(,D*(,1%$&-$*(,*#%$1(#('&'(",*W$XDX7*p(55&4(5FA'$%"*$'*&5X7*\QPg[*G$?-'$%*$'*&5X7*\QPhZX*

L. 12*"/*'2$*#%$1(#('&'(",*(,*'2$*<%1'(1*/&55-*&-*-,"E*?.'*#%"N$1'(",-*-2"E*&,*(,1%$&-(,D*&4".,'*"/*%&(,*&-*'2$*15(4&'$*E&%4-*

W;(,'&,N&* \QP`ZX* R2(-* &##$&%-* '"* 2&)$* ?$$,* '$,'&'()$59* "?-$%)$:* (,* C%$$,5&,:7* '2".D2* 4"-'59* (,* -".'2$%,* &,:* E$-'$%,*

C%$$,5&,:*&E&9*/%"4*'2$*1$,'%&5*<%1'(1*A1$&,*WB"95$*$'*&5X7*\QPa[*H&(,$*$'*&5X7*\QPa[*;"(-)$%'*$'*&5X7*\QP`[*A5'-4&,,-*$'*&5X7*

\QPhZ7*E2$%$*1",-$^.$,1$-*/"%*-.%/&1$*4$5'7*-.%/&1$*%.,"//7*&,:*(1$*:9,&4(1-*/%"4*(,1%$&-$:*%&(,/&55*")$%*'2$*(1$*-2$$'*2&)$*__Q*

?$$,*"?-$%)$:*W$XDX7*>$,&$%'-*$'*&5X7*\QPhZX*6(4(5&%597*G$?-'$%*$'*&5X*W\QPhZ*,"'$*&,*(,1%$&-$:*/%$^.$,19*"/*%&(,*",*-$&*(1$X*

8,/"%'.,&'$597*#%$1(#('&'(",*(-*,"'"%(".-59*:(//(1.5'*'"*4$&-.%$7*#&%'(1.5&%59*(,*'2$*-"5(:*#2&-$7*&,:*&-*E('2*"'2$%*"?-$%)&'(",-*

(,*'2$*<%1'(17*%$5(&?5$*"?-$%)&'(",-*"/*#%$1(#('&'(",*&%$*/$E*&,:*/&%*?$'E$$,X*3-'(4&'$-*"/*'2$*#%$1(#('&'(",*/5.S*&%$*'2$%$/"%$*

/"%1$:*'"*%$59*",*4":$5*%$&,&59-(-7*E2(12*2&)$*5&%D$*.,1$%'&(,'($-*W$XDX7*;%"4E(12*$'*&5X7*\QP`Z7*",*(,:(%$1'*4$&-.%$-*-.12*

&-*%()$%*%.,"//7*E2(12*4&9*&5-"*?$*&//$1'$:*?9*D5&1($%*4$5'*"%*",*C@66*:&'&*&,&59-(-*"/*-"5(:*$&%'2*4")$4$,'-*(,*%$-#",-$*

'"*5"1&5(I$:*#%$1(#('&'(",*W$XDX7*;$)(-*$'*&5X7*\QPhZX .



16 
 

16 

*

*

*

*/23%+.W4.L/9+.#+%/+#.78.&003&<.67<+-&%;.&$97#6,+%/'.97/#$3%+.$%&0#67%$.@/0.Q93.A%-1C.&'%7##.XEaU.36;&$+;.3#/02._dQ*

[Y!Z.%+&0&<A#/#.;&$&#+$.87<<7-/02.R,&02.+$.&<(.@DE)VC.&0;.$,+.&003&<.9+&0.!%'$/'.1#'/<<&$/70.@!1C.c0;+H.'70#$%3'$+;.

"A.U1!!.O</9&$+.?%+;/'$/70.O+0$+%.8%79.)TT)NDE)T(.L,+.$%&0#67%$.-&#./0$+2%&$+;.8%79.#3%8&'+.$7.$,+.$76.78.$,+.

&$97#6,+%+.&0;.&<702.XEaU(.

D(V F+&.c'+.

U%$-2E&'$%*-'"%$:*(,*-$&*(1$7*(X$X7*-$&*(1$*)"5.4$7*:$1%$&-$:*?9*%".D259*PQo*/"%*4&S(4.4*-$&*(1$*&,:*dQo*/"%*4(,(4.4*-$&*

(1$*")$%*\QQQF\QPQ*WU(D.%$*aZX*ME"O*W\QP`Z*$S#5&(,$:*'2$*/5&''$,(,D*?9*'2$*#%$:"4(,&,1$*"/*-$&-",&5*(1$X*8-(,D*&*:(//$%$,'*

&##%"&127*>(.*$'*&5X*W\Q\QZ*1",)$%'$:*-$&*(1$*&D$*(,'"*)"5.4$*&,:*&5-"*/".,:*&*:$1%$&-$*(,*-$&*(1$*)"5.4$*")$%*'2$*$,'(%$*

<%1'(1*"/*{dPP|O43*9%-1 *")$%*Ph`dF\QP`7*4"-'*#%",".,1$:*.,'(5*\QPQ[*'2$(%*4",'259*'%$,:*%&,D$-*?$'E$$,*{a_g|O43*9%-1*(,*

L&9*&,:*{\aP| O43*9%-1*(,*6$#'$4?$%X*R2$*:$1%$&-$*(,*-$&*(1$*'2(1O,$--*(-*%$-#",-(?5$*/"%*`Qo*"/*'2(-*'%$,:*(,*E(,'$%*&,:*

aQo*(,*-.44$%X*+,*&::('(",*'"*'2$*D5"?&5*E&%4(,D*$//$1'-7*-$&*(1$*:$1%$&-$*1&,*?$*&''%(?.'$:*'"*(,1%$&-$:*:"E,E&%:*%&:(&'()$*_aQ*

/"%1(,D*&,:*'.%?.5$,'*2$&'*/5.S$-*&--"1(&'$:*E('2*12&,D$-*(,*'2$*&'4"-#2$%(1*1(%1.5&'(",X*+,*#&%'(1.5&%7*-'"%4*&1'()('($-*2&)$*
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W6$%%$I$*$'*&5X7*Ph`hZ7*'&O(,D*PXa*'"*_*9$&%-*'"*'%&)$5*/%"4*'2$*>&#'$)*6$&*'"*U%&4*6'%&('*W=/(%4&,*$'*&5X7*Phhg[*6'$$5$*$'*&5X7*

\QQdZX*R2$*R%&,-F#"5&%*B%(/'*&,:*(1$*:$/"%4&'(",*%&'$-*2&)$*?$$,*"?-$%)$:*'"*?$*&11$5$%&'(,D*-(,1$*'2$*$&%59*\QQQt-*W0&4#&5*
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&,:*(,1%$&-$:*-.%/&1$*4$5'*&,:*%.,"//*'2%".D2*'2$*#$%(":X*+,*'2$*4(:F\QPQ-*&*-$%($-*"/*1""5$%*-.44$%-7*E$''$%*E(,'$%-*&,:*&*
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?"'2*-.%/&1$*&,:*?&-&5*4$5'(,D*&'*'2$*?$:*"/*D5&1($%-*\Z*-.?4&%(,$*4$5'*&'*".'5$'*D5&1($%-*(,*1",'&1'*E('2*'2$*"1$&,7*_Z*&*-"5(:*
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R"*&--$--*'2$*1&5)(,D*&,:*-.?4&%(,$*4$5'(,D*1"4#",$,'-*"/*/%$-2E&'$%*/5.S*/%"4*C%$$,5&,:7*%$4"'$*-$,-(,D*"?-$%)&'(",-*
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/%",'-X* 
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5",DF'$%4*1(%1.5&'(",*&,:*E&'$%*4&--*4",('"%(,D*#%"D%&4*/"%*'2$*<%1'(1*A1$&,7*3"-7*R%&,-&1'(",-7*<4$%(1&,*
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T&,".'7*LX7*>(,:7*6X7*&,:*=&:4&,7*>XV*G$&O$,(,D*"/*1"5:*2&5"15(,$*5&9$%*$S#"-$-*-$&*(1$*'"*"1$&,(1*2$&'*(,*'2$*$&-'$%,*
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&--$--4$,'*"/*<%1'(1*A1$&,*/%$-2E&'$%*1",'$,'*12&,D$-*/%"4*'2$*PhhQ-*'"*\QQeF\QQ`7*B$$#F6$&*0$-X*+7*a`7*Pg_l P`a7*`gQ*

: "(VPQXPQPe]NX:-%X\QPQXP\XQQ\7*\QPPX*
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0.:$5-7*;XV*<%1'(1*A1$&,*1(%1.5&'(",*&,:*)&%(&?(5('9• <:)$1'(",*&,:*$S'$%,&5*/"%1(,D*$,1".,'$%*1",-'%&(,'-*&,:*5"1&5*

#%"1$--$-7*A1$&,*61(X7*`7*\ePl *\`e7*\QP\X*
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