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,:9<2-;!7B++-2!6-:9-70*-.!*+!1!0-1.:+1C2-!,:9<B717*:+!7*9-4!.--9!7:!C-!1!6::5!.:2B7*:+F!Y!D!
=*0.7!.*9<2-!1<<0:1,?!C1.-5!:+!1!#M013.!9:5-2!81.!<0:<:.-5!*+!Ib?1+64!#GG$J4! IY?9-5!-7!"G!
12F4!#GG>JF!@?*.!9-7?:5!.B==-0.!=0:9!21,E!:=!1,,B01,3!5B-!7:!1<<0:;*917*:+.!:+!7?-!+B9C-0!""!
:=! 013.! ,:+.*5-0-5! *+! 7?-!9:5-2F! Q+! I\1?9:B54! "D(%J4! 1!9:5-2! C1.-5! :+! 1! ]13! @01,*+64!"#!
C1.-5! :+! *916-!9-7?:54! 71E-.! *+7:! 1,,:B+7!9B27*<2-! 0-=2-,7*:+.4! CB7! :+23! =:0! 7?-! ,1.-! :=!"$!
.701*6?7!0-,71+6B210!7B++-2.F!Q+!I\10*16-!-7!12F4!"DD%J4!7?-!1B7?:0.!B.-!7?*.!9-7?:5!1+5!155.!"%!
5*==01,7*:+!<?-+:9-+:+! *+!:05-0! 7:!1+123P-! 7?-!,:B<2*+6!C-78--+! *+5::0!1+5!:B75::0F! Q+!"&!
IY6B+1:B!-7!12F4!"DD>J4!8:0E.!10-!<B0,?1.-5!C3!,:+.*5-0*+6!,?1+6-.!:=!7B++-2!.-,7*:+.4!CB7!"'!
.7*22! :+23! *+! .701*6?7! 0-,71+6B210! 7B++-2.F!W:8-/-04! 7B++-2.! *+! 0-12! -+/*0:+9-+7.4! .B,?! 1.!"(!
9-70:!:+-.4!,1+!?1/-!+:+!0-,71+6B210!,0:..!.-,7*:+F!UB07?-09:0-4! 7?-3!,1+!C-!,B0/-5F!]13!">!
@01,*+6!*.!+:!2:+6-0!/12*5!8*7?!,B0/-5!.B0=1,-.!.*+,-!7?-!.:B0,-!*916-!*.!+:!9:0-!B+*OB-F!"D!
N:+.-OB-+7234!:+23!1! =-8!.7B5*-.!5-12!8*7?! 7?-!,1.-!:=!+:+M0-,71+6B210!,0:..!.-,7*:+.!1+5!#G!
,B0/-5!7B++-2.F!#"!

@?-! =*0.7! *+7B*7*/-! 1<<0:1,?! =:0! ,B0/-5! .B0=1,-.! ,:+.*.7.! :=! 1! 7-..-2217*:+! :=! 7?-! ,B0/-5!##!
6-:9-703! *+7:!9B27*<2-! <21+10! =1,-7.4! 1.! <0:<:.-5! *+! IN?-+! c! e-+64! "DD'J4! I@:00-.! -7! 12F4!#$!
"DDDJ4!I`101+:8.E*!-7!12F4!"DD>J4!I\1..:+!-7!12F4!#G"GJF!_+=:07B+17-234!7?-!.B0=1,-!,B0/17B0-!*.!#%!
+:7!71E-+!*+7:!1,,:B+7!*+!7?*.!73<-!:=!7-,?+*OB-.F!UB07?-09:0-4!:+-!:=!7?-!91H:0!5018C1,E.!#&!
:=! 7?*.! 1<<0:1,?! *.! 7?-! *9<:..*C*2*73! 7:! *5-+7*=3! 1+! :<7*912! +B9C-0! :=! =1,-7.! =:0! 1! 6*/-+!#'!
7B++-2!,0:..!.-,7*:+!1+5!1!6*/-+!=0-OB-+,3!I\1..:+!-7!12F4!#G"GJF!Q+!IK1+6!c!f1+64!#GG'J4!1!#(!
013M7BC-!701,*+6!9-7?:5!*.!B.-5!7:!.*9B217-!81/-!<0:<1617*+6!*+!,B0/-5!0:15!7B++-2.F!Y+!#>!
1+1237*,12! 0-<0-.-+717*:+! :=! ,B0/-5! .B0=1,-.! *.! <0:<:.-5F!N:9<10*.:+.!8*7?!9-1.B0-9-+7!#D!
0-.B27.! 10-! <-0=:09-5! *+! .701*6?7! 10,?M.?1<-5! 1+5! ,B0/-5! 7B++-2.F! @?-! <1<-0! 21,E.! :=!$G!
*+=:0917*:+F!N:+.-OB-+7234!8-!=:,B.-5!:+!7?-!8:0E.!<0-.-+7-5!*+!I^*51.,12:B!-7!12F4!#GGGJ4!$"!
I^*51.,12:B! -7! 12F4! #GG"JF!Y!]13!V1B+,?*+6! ,:9C*+-5!8*7?! 1! 013M5-+.*73! +:0912*P17*:+! *.!$#!
<0-.-+7-5F!@?-!.B0=1,-!,B0/17B0-!*.!71E-+!*+7:!1,,:B+7F!N:9<10*.:+.!8*7?!9-1.B0-9-+7.!10-!$$!
<-0=:09-5! 0-.<-,7*/-23! *+! 1! .,12-5! 7B++-2! I8*7?! #G! ,9! 0-5B,-5! 5*19-7-0! 5*9-+.*:+4! 1+5!$%!
7?-+! ?*6?-0! =0-OB-+,3! 17! "#G! [WP! =:0! ,:9<-+.17*+6! 7?-! =:09-0J4! 1+5! *+! ,B0/-5! .BC813!$&!
7B++-2.! 17! DGG!\WP! 1+5! ">GG!\WPF! @?-!9-7?:5! <0:/*5-.! 6::5! 0-.B27.! CB7! -;?*C*7.! 78:!$'!
91*+!5-=1B27.L!7?-!6-:9-70*,!.?1<-.!:=!7?-!7B++-2.!10-!+:7!122!=2-;*C2-4!1+5!7?-!,:9<B717*:+!$(!
7*9-!*.!?*6?!5B-!7:!7?-!2106-!+B9C-0!:=!013.! 21B+,?-5!17! 701+.9*..*:+F!@:!:/-0,:9-!7?-.-!$>!
5018C1,E.4!8-!5-/-2:<-5! 1!9-7?:5! 7:!9:5-2! 7?-! -2-,70:916+-7*,!<0:<1617*:+! *+! 7B++-2.!$D!
8*7?! ,B0/-5! 6-:9-7034! -*7?-0! =:0! 7?-! ,0:..! .-,7*:+! :0! 7?-! 91*+! 5*0-,7*:+F! @?-! 91*+!%G!
15/1+716-!:=! 7?*.!+-8!9-7?:5! *.! *7.!C-.7! ,:9<0:9*.-!C-78--+!1,,B01,3!1+5!,:9<B717*:+!%"!
7*9-!=:0!1<<2*,17*:+.!17!&F>![WPF!Q7!*.!<0-.-+7-5!*+!7?-!+-;7!.-,7*:+F!%#!
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?"#@/1,:%#(5#3#6'(63:3&,(%#6'/),+&,(%#2()/0#5('#%(%#'/+&3%:*03'#+'(11#"!

1/+&,(%#3%)#+*'>/)#&*%%/01##!

@?-!1*9!:=! 7?-!5-/-2:<-5!9-7?:5! *.! 7:!9:5-2! 015*:!81/-!<0:<1617*:+! *+!+:+!0-,71+6B210!$!
,0:..!.-,7*:+!1+5!,B0/-5!7B++-2.F!@?-!<0:C2-9!7:!C-!.:2/-5!,:+.*.7.!*+!71E*+6!*+7:!1,,:B+7!%!
7?-!<0-.-+,-!:=!,B0/-5!.B0=1,-.!8?*,?!*+5B,-.!5*/-06-+,-!:=!013.!C3!0-=2-,7*:+!:+!.B0=1,-.F!&!
Y+!151<717*:+!:=!7?-!]13!V1B+,?*+6!7-,?+*OB-!1+5!1!,:00-,7*:+!:+!<17?.!701H-,7:0*-.!?1/-!7:!'!
C-!<-0=:09-5F!(!

@?-!9-7?:5!,:+.*.7.!:=!7?0--!91*+!.7-<.F!U*0.7!.7-<!,:+.*.7.!:=!1+!151<717*:+!:=!1!,21..*,12!]13!>!
V1B+,?*+6! 7-,?+*OB-! =:0! 7?-! ,:+.*5-017*:+! :=! ,B0/-5! .B0=1,-.F! ^-/-2:<9-+7.! :+! -9*..*:+4!D!
0-,-<7*:+!1+5!*+7-0.-,7*:+!C-78--+!013.!1+5!,B0/-5!.B0=1,-.!10-!<-0=:09-5F!)-,:+5!.7-<!*.!7:!"G!
,:00-,7! 7?-! 0-,-*/-5! <17?.! 701H-,7:0*-.! 1=7-0! 7?-! ]13! V1B+,?*+6! .7-<F! Q7! ,:+.*.7.! :=! 1!""!
9*+*9*P17*:+!:=!7?-!<17?.! 2-+67?4!1!,?:*,-!:=!:<7*9*P-5!<17?.!1+5!1+!151<7-5!126:0*7?9!=:0!"#!
7?-! Q5-+7*=*,17*:+! :=! \B27*<2-! ]13.! IQ\]JF! V1.7! .7-<! ,:+.*.7.! *+! 71E*+6! *+7:! 1,,:B+7! 7?-!"$!
5*/-06-+,-!:=!013.!=:0!7?-!Z2-,70*,!U*-25!,12,B217*:+!*+!7?-!<0-.-+,-!:=!,B0/-5!.B0=1,-.F!"%!

K-!,:+.*5-0!=:B0!E*+5.!:=!7B++-2!6-:9-703!-+,:B+7-0-5!*+!:<-017*:+12!,1.-.4!*22B.7017-5!*+!"&!
U*6B0-!"L!"'!

! 7?-!.701*6?7!0-,71+6B210!7B++-2a!"(!
! 7?-!.701*6?7!,*0,B210!7B++-2a!">!
! 7?-!,B0/-5!0-,71+6B210!7B++-2a!"D!
! 7?-!,B0/-5!,*0,B210!7B++-2F!#G!

U:0!7B++-2.!8*7?!,*0,B210!,0:..!.-,7*:+4!1!=2::0!1+5g:0!1!0::=!,1+!C-!155-5!*+!7?-!9:5-2!:=!7?-!#"!
-+/*0:+9-+7!7:!71E-!*+7:!1,,:B+7!10,?M.?1<-5!.-,7*:+.!=:0!-;19<2-F!Y22!7?-.-!,:+=*6B017*:+.!##!
2-15! B.! 7:! ,:+.*5-0! 7?0--! E*+5.! :=! -2-9-+7103! 6-:9-703L! @?-! <21+-! =:0! 7?-! .701*6?7!#$!
0-,71+6B210!7B++-2!1+5!7?-!155*7*:+12!=2::0g0::=4!7?-!,32*+5-0!=:0!7?-!.701*6?7!,*0,B210!7B++-2!#%!
1+5!7?-!8122.!:=! 7?-!,B0/-5!0-,71+6B210!:+-4!1+5!=*+1223! 7?-! 7:0B.!1,,:05*+6!7:! 7?-!,B0/-5!#&!
,*0,B210!7B++-2F!Y22!7?-.-!,:9<:+-+7.!10-!OB150*,.4!8?*,?!*.!*9<:071+7!=:0!7?-!.*9<2*,*73!:=!#'!
*+7-0.-,7*:+!,:9<B717*:+!8*7?!013.F!#(!

?"!"#A34#03*%+;,%:#5('#+*'>/)#1*'53+/1##>!

%$&$&$'()*++*,-'#D!

)*+,-!+:!.'/0*,0*! *+=:0917*:+!:+!<0*/*2-6-5!<0:<1617*:+!5*0-,7*:+! *.! 1/1*21C2-4!8-!,?:.-! 7:!$G!
*9<2-9-+7! 1! ]13! V1B+,?*+6! 7-,?+*OB-! C1.-5! :+! 1! B+*=:09! 5*.70*CB7*:+! :=! 013.! 015*17-5!$"!
=0:9!7?-!701+.9*77-0F!@?-0-!10-!5*==-0-+7!7-,?+*OB-.!7:!:C71*+!1!B+*=:09!5*.70*CB7*:+F!$#!

K-!,:+.*5-0!1!.7:,?1.7*,!\:+7-!N102:!9-7?:5!I^*51.,12:B!-7!12F4!#GGGJ!*+!:05-0!+:7!7:!.E-8!7?-!$$!
0-.B27.F! Q+.7-15! :=! B.*+6! 01+5:9! .-OB-+,-.4! 7?-! 9-7?:5! ,:+.*.7.! *+! B.*+6! OB1.*M01+5:9!$%!
.-OB-+,-.!I\:0:E:==!c!N1=2*.,?4!"DD&J!7:!0-6B21023!,:/-0!122!7?-!.<1,-F!Q+5--54!OB1.*M01+5:9!$&!
.-OB-+,-.! 122:8! 9*+*9*P*+6! 7?-! 5*.,0-<1+,34! 8?*,?! ,:00-.<:+5.! 7:! 1! 9-1.B0-! :=! 7?-! 61<!$'!
C-78--+!1!0-=-0-+,-!.*7B17*:+4!6-+-01223!<-0=-,7!B+*=:09*734!1+5!1!6*/-+!,:+=*6B017*:+F!$(!
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!"!
Figure 1. U:B0!E*+5.!:=!70-17-5!7B++-2.!#!

U*6B0-! #! *22B.7017-.! 7?-! 5*.70*CB7*:+! :=! &"#! 013.! ,:9<B7-5! =0:9! 1! 01+5:9! .-OB-+,-!$!
,:9<10-5! 7:! :+-.! :C71*+-5! =0:9! 78:! OB1.*M01+5:9! .-OB-+,-.4! +19-23! W127:+! IW127:+4!%!
"D'GJ!1+5!W199-0.2-3!IW199-0.2-34!"D'%JF!@?-!W199-0.2-3!.-OB-+,-!122:8.!B.!7:!:C71*+!&!
7?-!C-.7!B+*=:09!5*.70*CB7*:+F!'!

Q+!:05-0!7:!<0:/-!*74!8-!<0-.-+7!*+!U*6B0-!$!7?-!?*.7:6019!:=!7?-!1+62-.!C-78--+!-1,?!013!1+5!(!
*7.!+-10-.7!+-*6?C:0F!):4! 7?-!9:.7!B+*=:09!.-OB-+,-! *.! 7?-!:+-!8?*,?!<0:/*5-.! 7?-!?*6?-.7!>!
<-1E! =:0! 1! 6*/-+! 1+62-! /12B-! *+! *7.! ?*.7:60194! *7! 8*22! 7?-+! 9*+*9*P-! 7?-! 5*.,0-<1+,3F! Q7!D!
1<<-10.!161*+!7?17!7?-!C-.7!:+-!*.!7?-!W199-0.2-3!.-OB-+,-F!@?-0-=:0-4!8-!,?:.-!7:!B.-!*7!7:!"G!
701,-!7?-!013.!015*17-5!=0:9!7?-!701+.9*77-0F!""!

!"#!
Figure 2. N:9<10*.:+!:=!7?-!5*.70*CB7*:+!:=!&"#!013.!17!701+.9*..*:+!C-78--+!7?-!B.-!:=!1!01+5:9!"$!
.-OB-+,-!1+5!#!OB1.*M01+5:9!.-OB-+,-.L!W127:+!1+5!W199-0.2-3!"%!

]1+5:9 W127:+! W199-0.2-3
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!"!

!#!
!$!

Figure 3. W*.7:6019!:=!9*+*9B9!1+62-.!C-78--+!78:!013.!21B+,?-5!17!701+.9*..*:+!%!

%$&$1$'2!#!/"*,-'&!

@?-! ]13! V1B+,?*+6! 7-,?+*OB-! 0-OB*0-.! 1! 0-,-<7*:+! .<?-0-! 7:! 5-7-09*+-! 8?*,?! 013.!'!
,:+70*CB7-!7:!7?-!0-,-*/-5!<:8-0F! Q+5--54!7?-!<0:C1C*2*73!7?17!1!6*/-+!013!9--7.!1!0-,-*/-0!(!
<:*+7!*.!12813.!P-0:F!@?-!0-,-<7*:+!.<?-0-!015*B.4!5-+:7-5!1.!024!5-<-+5.!:+!7?-!<17?!2-+67?!>!
0!1+5!7?-!701+.9*..*:+!1+62-!"!I)-*52!c!]1<<1<:074!"DD%JL!D!

!
$

2

0
0

"
# ! I"J!"G!

@?-! 91*+! 5018C1,E! :=! 1! 0-,-<7*:+! .<?-0-! *.! 7?17! *7! .?:B25! 0-,-*/-! 1! ,:22-,7*:+! :=! 013.!""!
8?-0-1.!1+!:+23!:+-!*.!<0-5*,7-5!C3![-:9-70*,12!X<7*,.F!@?-.-!013.!10-!,122-5!9B27*<2-!013.4!"#!
1.! *22B.7017-5! *+! U*6B0-! %F! Q=! 122! :=! 7?-9! 10-! 155-5! 7:6-7?-0! 7?-! 0-.B27! 8*22! C-! 1+!"$!
:/-0-.7*917*:+!:=!7?-!0-,-*/-5!<:8-0F!@?B.4!*7!*.!+-,-..103!7:!5*.,0*9*+17-!7?-9F!@?*.!,1+!C-!"%!
<-0=:09-5!8*7?!1+!Q5-+7*=*,17*:+!:=!\B27*<2-!]13.!IQ\]J!126:0*7?9!IQ.E1+5-0!c!fB+4!#GG#JF!"&!
N21..*,12! ,0*7-0*1! *+,2B5-! 7?-! +B9C-0! :=! 0-=2-,7*:+.4! 7?-! <17?! 2-+67?! 1+5! 7?-! 701+.9*..*:+!"'!
1+62-F! Q+!,1.-!:=!,B0/-5!.B0=1,-.4!9B27*<2-!013.!10-!9B,?!9:0-!.,177-0-5!1+5!5*.71+7! =0:9!"(!
-1,?!:7?-0F!Y!.<-,*=*,!70-179-+7!:=!7?-!013.!1+5!1+!151<7-5!Q\]!10-!.:!+--5-5!1+5!<0:<:.-5!">!
*+!.-,7*:+!%F#F!"D!
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!"!
Figure 4. Q22B.7017*:+!:=!9B27*<2-!013.!C3!B.*+6!1!0-,-<7*:+!.<?-0-!#!

%$&$3$'4-"!0+!#"*,-'0.56#708!9'+70:.#!'$!

K-!?1/-!.?:8+!7?17!C-.*5-.!<21+10!.B0=1,-.4!C:7?!,32*+50*,12!1+5!7:0:*512!.B0=1,-.!?1/-!7:!%!
C-! 71E-+! *+7:! 1,,:B+7! *+! 7?-! ,:+.*5-0-5! 7B++-2! ,:+=*6B017*:+.F! @?-.-! 6-:9-70*,12! :CH-,7.!&!
C-2:+6!7:!7?-!OB150*,.!=19*23!1+5!,1+!7?B.!C-!-1.*23!-;<0-..-5!*+!1+!1+1237*,12!=:09F!'!

Q+!N107-.*1+!,::05*+17-.4!7?-!-OB17*:+!:=!1!,32*+5-0!8*7?!7?-!1;*12!5*0-,7*:+!12:+6!7?-!3M1;*.!(!
1+5!,-+7-0-5!17!7?-!:0*6*+!*.!6*/-+!C3L!>!

! # # #
#; < 0$ # ! I#J!D!

8*7?!0#!7?-!015*B.!:=!7?-!,32*+5-0F!"G!

Q+! 1! .19-!8134! 7?-! -OB17*:+!:=! 1! 7:0B.! 10:B+5! 7?-! PM1;*.! 1+5! ,-+7-0-5!17! 7?-! :0*6*+! *.! 1.!""!
=:22:8.L!"#!

! # # # # # # # # #I J % I J G" " "; 5 < 2 0 2 ; 5$ $ $ % % $ # ! I$J!"$!

8*7?!2"!1+5!0"!7?-!015*B.-.!:=!7?-!7:0B.F!"%!

@?-!5-=*+*7*:+!:=!1!013!C-*+6!1.!=:22:8.L!"&!

! ; ;; 9 " 9*# $ & 4! !"'!

! 5 55 9 " 9*# $ & 4! I%J!"(!

! < << 9 " 9*# $ & ! !">!

8*7?! I9;=' 95=' 9<J! 7?-! :0*6*+! :=! 7?-! 013! 1+5! I9*;=' 9*5=' 9*<J! 7?-! 5*0-,7*:+! /-,7:0! :=! 7?-! 0134! 7?-!"D!
*+7-0.-,7*:+! :=! 1! 013!8*7?! 1! ,32*+5-0! 1+5! 1! 7:0B.! 2-15.! 7:! 7?-! 0-.:2B7*:+! :=! 0-.<-,7*/-234! 1!#G!
OB15017*,!-OB17*:+!1+5!1+!-OB17*:+!:=!5-60--!%F!#"!

?"-"#B6&,2,C/)#$DA#3%)#5,%30#+;(,+/#(5#+(''/+&/)#'341####!

@?-!.-,7*:+!%F"F#!?1.! .?:8+! 7?17!B.*+6!1! 0-,-<7*:+!.<?-0-! 2-15.! 7:! 71E-!9B27*<2-! 013.! *+7:!#$!
1,,:B+7F!@?-!9B27*<2-!013.!10-!5-7-09*+-5!C3!,21..*,12!Q\]!126:0*7?9.!C1.-5!:+!.*9*210*73!#%!
,0*7-0*:+!1,,:05*+6!7:!6-:9-70*,12!,?101,7-0*.7*,.!:=!7?-!013.F!@?-+4!7?-!,?:*,-!:=!7?-!0-71*+-5!#&!
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013! *.! 01+5:923! 0-12*P-5! 19:+6! 7?-! *5-+7*=*-5! 9B27*<2-! 013.4! 8*7?:B7! 1+3! <?3.*,12!"!
,:+.*5-017*:+.F! ):4! 7?-3! 2-15! 7:! 1! C15! 1<<0:;*917*:+! :=! 7?-! 0-12! 013F! @:! -+?1+,-! 7?*.!#!
1<<0:1,?4!8-!<0:<:.-!?-0-!7:!155!1!,:00-,7*:+!126:0*7?9!:=!7?-!701H-,7:0*-.!:=!9B27*<2-!013.!$!
7?17!91E-.!7?-9!,:+/-06-!7:!7?-!,:00-,7!6-:9-70*,12!:+-F!@?-!19C*6B:B.!,?:*,-!:=!7?-!013!%!
=:0!1!,:00-,7!=*-25!,12,B217*:+!*.!7?B.!1/:*5-5F!&!

%$1$&$'>,00!#"*,-'.?@,0*"A)',:'"A!'/."A+'"0.B!#",0*!+''!

@?-!6-+-012!<0*+,*<2-! *.!1.! =:22:8.F!X+,-!1!013! *.! 21B+,?-5! =0:9!7?-! 701+.9*77-0!B.*+6! 7?-!(!
W199-0.2-3! OB1.*M01+5:9! .-OB-+,-4! *7.! <0:<1617*:+! *.! 0-,B0.*/-23! ,:9<B7-54! C3!>!
,12,B217*+6! *7.! *+7-0.-,7*:+!8*7?! 7?-! ,B0/-5! .B0=1,-.4! B+7*2! *7! 0-1,?-.! 7?-! 0-,-<7*:+! .<?-0-F!D!
Z*7?-0!*7!B+5-06:-.!7?-!=*;-5!91;*9B9!+B9C-0!:=!0-=2-,7*:+.4!:0!*7!6:-.!:B7.*5-!7?-!7B++-2F!"G!
):4!1!,:+70*CB7*/-!013!I1!<17?J4!*$!$!:+-!7?17!?1.!0-1,?-5!7?-!0-,-<7*:+!.<?-0-4!<0-.-+7.!.:9-!""!
6-:9-70*,12!1<<0:;*917*:+.!.*+,-!*7!5:-.!+:7!6:!7?0:B6?!7?-!-;1,7!0-,-*/-0!<:.*7*:+4!1.!*7!?1.!"#!
C--+!-;<21*+-5!*+!.-,7*:+!%F"F#F!_.*+6!7?-!U-0917!S0*+,*<2-4!*+5*,17*+6!7?17!7?-!<17?!=:22:8-5!"$!
C3! 1! 81/-! C-78--+! 78:! <:*+7.! *.! 12813.! 7?-! .?:07-.7! :+-4! 8-! <0:<:.-! 7:! 0-5B,-! 7?-!"%!
6-:9-70*,12! 1<<0:;*917*:+! *+/:2/-5! *+!-1,?!<17?L!@?-! ,:00-,7*:+!126:0*7?9!,:+.*.7.4! =:0!1!"&!
6*/-+! <17?4! *+!9*+*9*P*+6! *7.! 2-+67?! 1..B9*+6! 7?17! *7! 0-1,?-.! 7?-! ,-+7-0! :=! 7?-! 0-,-<7*:+!"'!
.<?-0-F!"(!

K?*2-!7?-!<17?!2-+67?!=B+,7*:+!*.!+:7!2*+-104!8-!<0:<:.-!7:!B.-!7?-!8-22ME+:8+!V-/-+C-06M">!
\10OB1057!126:0*7?9!I\10OB10574!"D'$JF!h-/-07?-2-..4!7?-!126:0*7?9!*.!-==*,*-+7!:+23!*=!7?-!"D!
.7107*+6!<:*+7!I*$!$!7?-!*+*7*12!013J!*.!+-10!7?-!.:2B7*:+F!`3!B.*+6!7?-!]13!V1B+,?*+64!*7!,1+!C-!#G!
1..B9-5! 7?17! 7?-!<17?.!,1B6?7!C3! 7?-! 0-,-<7*:+!.<?-0-!10-!,2:.-! 7:! 7?-!0-12!<17?.!-;*.7*+6!#"!
8*7?!1![-:9-70*,12!X<7*,.!9-1+*+64!*$!$!7?-!.?:07-.7F!@?B.!7?-!0-,-*/-5!013.!0-<0-.-+7!1!6::5!##!
*+*7*12*P17*:+!:=!7?-!126:0*7?9F!@?-!<0*+,*<2-!:=!7?-!V-/-+C-06M\10OB1057!126:0*7?9!,:+.*.7.!#$!
*+!=*+5*+6!7?-!C-.7!<1019-7-0.!:=!1!=B+,7*:+!8?*,?!9*+*9*P-!7?-!9-1+!.OB10-!-00:0!C-78--+!#%!
7?-!,B0/-!7:!1<<0:;*917-!1+5!*7.!-.7*917*:+F!#&!

Y<<2*-5!7:!<0:<1617*:+! *+! 7B++-2.4! 7?-!:CH-,7*/-!C-,:9-.!1!<17?! 2-+67?!9*+*9*P17*:+F!@?-!#'!
,0*7-0*:+!7:!9*+*9*P-!*.!7?-+!7?-!7:712!<17?!2-+67?!e!6*/-+!C3L!#(!
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K*7?! (! 7?-! 701+.9*77-0! <:.*7*:+4! 2! 7?-! 0-,-*/-0! <:.*7*:+! 1+5! FD! 7?-! E7?! *+7-01,7*:+! <:*+7!#D!
<:.*7*:+!:=!7?-!,:+.*5-0-5!<17?4!1.!*22B.7017-5!*+!U*6B0-!&F!$G!

@?-! /-,7:0.! 5-=*+-5! *+! I&J! 5-<-+5! :+! 7?-! ,::05*+17-.! :=! 7?-! *+7-01,7*:+! <:*+7.! 12:+6! 7?-!$"!
<17?F!@?-!*7-017*/-!126:0*7?9!0-OB*0-.!7?-!*+/-0.*:+!:=!1!W-..*1+!9170*;!8?*,?!,:+71*+.!7?-!$#!
<107*12! 5-0*/17*/-.! :=! 7?-! E! ,0*7-0*:+! 7:! 9*+*9*P-! 8*7?! 0-.<-,7! 7:! <1019-7-0.F! @:! E--<!$$!
,:9<B717*:+! 7*9-! 1+5! +B9-0*,12! -00:0.! 0-1.:+1C2-4! 7?-! 9170*;! 5*9-+.*:+.! 1+5! 7?B.! 7?-!$%!
+B9C-0!:=!<1019-7-0.!?1/-! 7:!C-!9*+*9*P-5F!V:,12!<1019-70*,!,::05*+17-.! I7='8J! =0:9!7?-!$&!
6*/-+! ,B0/-5! .B0=1,-! 10-! B.-5! *+.7-15! :=! 62:C12! N107-.*1+! ,::05*+17-.! I;=' 5=' <JF! @?-!$'!
<1019-7-0.!/-,7:0!(),1+!C-!80*77-+!1.L!$(!
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Figure 5. S0*+,*<2-!:=!:<7*9*P17*:+!:=!<17?.!%!

%$1$1$'G.?*9."*,-',:'#,00!#"!9'"0.B!#",0*!+'&!

)*+,-!7?-!V-/-+C-06M\10OB1057!126:0*7?9!*.!1!+B9-0*,12!9-7?:54!*7.!,:+/-06-+,-!,1++:7!C-!'!
6B101+7--5F!):4!8-!?1/-!7:!<0:,--5!7:!1!/12*517*:+!7-.7!:+!7?-!,:00-,7-5!<17?.4!8?*,?!,1+!C-!(!
*+,:?-0-+7!*+!7?-!,1.-!:=!1+!126:0*7?9!5*/-06-+,-F!>!

@?*.! 7-.7!,:+.*.7.! *+!,?-,E*+6! *=! 7?-![-:9-70*,12!X<7*,.! 218.!10-! 0-.<-,7-54! .<-,*=*,1223! 7?-!D!
)+-22M^-.,107-.!:+-.F!U:0!-1,?!0-=2-,7*:+!<:*+74!8-!/-0*=3!*=!7?-!1+62-!:=!0-=2-,7*:+!(0)!-OB12.!"G!
7?-!1+62-!:=!*+,*5-+,-!(*4!1.!*22B.7017-5!*+!U*6B0-!'F!Q=!+:74!7?-!<17?!*.!5*.,105-5F!U:0!*+.71+,-!""!
1+!B+<?3.*,12!<17?!
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! ,:9<B7-5!C3! 7?-!V-/-+C-06M\10OB1057!126:0*7?9!5*==-0-+7! =0:9!"#!
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Figure 6. A12*517*:+!,0*7-0*:+!:=!,:00-,7-5!<17?.!"&!
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013.!,:00-.<:+5*+6!7:!7?-!.19-!,:+70*CB7*:+!1,,:05*+6!7:![-:9-70*,12!X<7*,.F!@?-3!9B.7!C-!">!
*5-+7*=*-5! 1+5!:+23! :+-! 013!?1.! 7:! C-! E-<7F!W:8-/-04! 7?-! ,:00-,7*:+! 7-,?+*OB-!<0-/*:B.23!"D!
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<0-.-+7-5!122:8.!:C71*+*+6!9B27*<2-!013.!/-03!,2:.-!7:!7?-!0-12!<17?4!1+5!,:+.-OB-+723!/-03!"!
,2:.-! 7:!-1,?!:7?-0F!h-/-07?-2-..4!5B-! 7:!+B9-0*,12!-00:0.4! 7?-3!,1++:7!C-!.70*,723!-OB12! 7:!#!
-1,?!:7?-0F!@?B.4!7?-!,?:*,-!:=!7?-!=*+12!013!,1+!C-!5:+-!:+!7?-!C1.-!:=!7?-!0-=2-,7*:+!<:*+7.!$!
2:,12*P17*:+L! Q=! 7?-! 0-=2-,7*:+! <:*+7.! :=! 78:! ,1+5*517-! <17?.! 10-! 17! 1! 6*/-+!91;*912! *+7-0M%!
5*.71+,-4! 7?-!<17?.!10-! ,:+.*5-0-5! 7:!C-!-OB12!1+5!:+-!:=! 7?-! 78:! *.! 0-9:/-54! *7!5:-.!+:7!&!
9177-0!8?*,?F!'!

?"7"#80/+&',+#5,/0)#+30+*03&,(%#(!

Q+! 7?-!,1.-!:=!1!,B0/-5!.B0=1,-4!Z2-,70*,!U*-25!,1+!C-!,:9<B7-5!1=7-0! 0-=2-,7*:+!C3!,21..*,12!>!
9-7?:5.! :=! [-:9-70*,12! X<7*,.! 1.! 2:+6! 1.! 7?-! ,B0/17B0-! 015*B.-.! :=! .B0=1,-.! 10-! 2106-!D!
,:9<10-5!7:!7?-!81/-2-+67?!I`121+*.4!"D>DJF!"G!
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K*7?! .&0! 1+5! .10! 7?-! ,B0/17B0-! 015*B.-.! :=! 7?-! 0-=2-,7-5! 0134! 0! 7?-! 5*.71+,-! C-78--+! 7?-!"$!
,:+.*5-0-5! <:*+7!F! 1+5! 7?-! 0-=2-,7*:+! <:*+7!K4! DL1/60! 8*7?! 0! 7?-! 81/-2-+67?4! 1+5! 2 7?-!"%!
9170*;!:=!5315*,!0-=2-,7*:+!,:-==*,*-+7.F!"&!
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Figure 7. ]-=2-,7*:+!:+!1!,B0/-5!.B0=1,-!"(!

_+2*E-! 7?-!,1.-!:=!<21+10!.B0=1,-.4! 7?-!,B0/17B0-!015*B.-.!:=! 7?-!0-=2-,7-5!013!10-!5*==-0-+7!">!
=0:9!7?:.-!:=!7?-!*+,*5-+7!013F!Q+5--54!7?-!=:22:8*+6!0-217*:+!?:25.!I`121+*.4!"D>DJL!"D!
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K*7?!.&*!1+5!.1*! 7?-!,B0/17B0-!015*B.-.!:=!7?-!*+,*5-+7!013!1+5!:&=1!1!=B+,7*:+!5-<-+5*+6!:+!#!
.&*4!.1*!1+5!7?-!,B0/17B0-!015*B.-.!2&=1!:=!7?-!,B0/-5!.B0=1,-!I`121+*.4!"D>DJF!$!

E"#F/'5('23%+/#3%3041,1#,%#+*'>/)#&*%%/01#%!

@?*.!.-,7*:+!*.!5-5*,17-5!7:!7?-!<-0=:091+,-!1+123.*.!:=!7?-!9-7?:5!<0-.-+7-5!*+!.-,7*:+!%!*+!&!
7B++-2.! <0-.-+7*+6! +:+! 0-,71+6B210! ,0:..! .-,7*:+! 1+5g:0! ,B0/-5! 2:+6*7B5*+12! .-,7*:+F! @?*.!'!
-/12B17*:+! *.! <-0=:09-5! =0:9!9-1.B0-9-+7! 0-.B27.! :C71*+-5! *+! 0-12! 7B++-2! -+/*0:+9-+7.F!(!
S-0=:091+,-.!10-!-/12B17-5!*+!+100:8!C1+5!C3!B.*+6!1!,:9<10*.:+!:=!0-,-*/-5!+100:8!C1+5!>!
<:8-0.F!U*0.7!<107!:=! 7?-! .-,7*:+! *.!5-5*,17-5! 7:!1+123.-.! *+!1! .701*6?7!10,?M.?1<-5! 7B++-2F!D!
)-,:+5!1+5!7?*05!<107.!:=!7?-!.-,7*:+!=:,B.!:+!0-,71+6B210!1+5!,*0,B210!,B0/-5!7B++-2.F!"G!

E"!"#F/'5('23%+/#3%3041,1#,%#3#1&'3,:;&#3'+;G1;36/)#&*%%/0#""!

M$&$&$'>,-:*@70."*,-'"#!

\-1.B0-9-+7.!8-0-!=*0.7!<-0=:09-5!*+!1!.701*6?7!10,?M.?1<-5!7B++-24!7?-!7B++-2!:=!]:B;F!Q7!"$!
,:+.*.7.!:=!1!78:M813!0:15!7B++-2!2:,17-5!*+!Y05j,?-!*+!U01+,-4!1+5!*.!*22B.7017-5!*+!U*6B0-!"%!
>F!@?-!.701*6?7!.-,7*:+!?1.!1!2-+67?!:=!$$#&!9F!@?-!10,?M.?1<-5!,0:..!.-,7*:+!?1.!1!91;*912!"&!
?-*6?7!1+5!8*57?!:=!&F>!9!1+5!>F$!9!0-.<-,7*/-23F!"'!

!"(!
Figure 8. Q22B.7017*:+!:=!7?-!@B++-2!:=!]:B;!">!

@?-! 9-1.B0-9-+7.! 8-0-! <-0=:09-5! 17! &F>! [WPF! @?-! 701+.9*77-0! 81.! 2:,17-5! 17! 1! =*;-5!"D!
<:.*7*:+!17!7?-!,-+7-0!:=!7?-!.-,7*:+4!17!1!?-*6?7!:=!%F>!9F!Q7!,:+.*.7.!:=!1!?:0+!1+7-++1!I"GF"!#G!
5`*!61*+!17!&F>![WPJ4!/-07*,1223!<:210*P-5F!@?-!0-,-*/-0!81.!9:/*+6!12:+6!7?-!2:+6*7B5*+12!#"!
1;*.!:=!7?-!7B++-2!7?1+E.!7:!1!6:ME107!122:8*+6!1!/-03!.9122!1+5!0-6B210!/-2:,*734!,:9<17*C2-!##!
8*7?! 7?-!1,OB*.*7*:+! 017-F! Q7! *.! *22B.7017-5! *+!U*6B0-!DF!@?-!0-,-*/*+6!1+7-++1!81.!/-07*,1223!#$!
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<:210*P-5!1+5!?15!7?-!.19-!,?101,7-0*.7*,.!7?1+!7?-!701+.9*77*+6!:+-F!Q7!81.!2:,17-5!*+!7?-!"!
9*552-!:=!7?-!78:!701,E.4!#F%!9!=0:9!7?-!.*5-81224!17!1!?-*6?7!:=!%F"!9F!U*6B0-!"G!*22B.7017-.!#!
7?-!1+7-++1.!,:+=*6B017*:+!:=!9-1.B0-9-+7.F!$!

!%!
Figure 9. [:ME107!B.-5!17!0-,-<7*:+!&!

!'!
Figure 10. Y+7-++1.!,:+=*6B017*:+!:=!9-1.B0-9-+7.!*+!7?-!@B++-2!:=!]:B;!(!

M$&$1$'>,)/.0*+,-'N!"O!!-'+*)7?."*,-'.-9')!.+70!)!-"'?,++'>!

U*6B0-! ""! <0-.-+7.! 7?-! ,:9<10*.:+! C-78--+! 9-1.B0-9-+7.! 1+5! .*9B217*:+.! *+! 7-09.! :=!D!
+:0912*P-5!0-,-*/-5!<:8-0!IF0J!8*7?!0-.<-,7!7:!7?-!701+.9*77-5!:+-!IF"J4!/-0.B.!7?-!5*.71+,-!"G!
C-78--+!701+.9*77-0!1+5!0-,-*/-0!12:+6!7?-!2:+6*7B5*+12!7B++-2!1;*.!*+!7?-!@B++-2!:=!]:B;F!""!
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5-71*2-5!1+123.*.!*.!<-0=:09-5!*+!7?-!=:22:8*+6F!#!

!$!
Figure 11. N:9<10*.:+!C-78--+!9-1.B0-9-+7.!1+5!.*9B217*:+.!2:..!*+!7?-!@B++-2!:=!]:B;!k!&F>![WP!%!

M$&$3$'P"."*+"*#.?'.-.?5+*+',:'0!+7?"+'&!

)717*.7*,12! 1+123.*.! :=! .2:8! 1+5! =1.7! =15*+6! *.! <-0=:09-5! :+! .*9B217*:+! 1+5!9-1.B0-9-+7!'!
0-.B27.F! @?-!<0:,-5B0-! 7:! -;701,7! 7?-.-!5171! *.! 1.! =:22:8.F! U*0.7! .7-<! ,:+.*.7.! *+! .9::7?*+6!(!
.*6+12.!C3!B.*+6!1!0B++*+6!9-1+F!@?-!8*+5:8l.!2-+67?!*.!%G!0!:+!7?-!=*0.7!&G!94!1+5!"GG!0!>!
-2.-8?-0-4!1,,:05*+6!7:!7?-!2*7-017B0-!IV*-+105!c!^-61BOB-4!"DD>JF!!D!

@?-+4! 7?-! 1+123.*.! :=! .2:8! =15*+6! ,1+!C-!<-0=:09-5!C3! 7?-! ,:9<B717*:+!:=! 7?-!9-1+! 1+5!"G!
.71+5105! 5-/*17*:+! :=! 7?-! -00:0! C-78--+! 9-1.B0-9-+7.! 1+5! .*9B217*:+.F! ]-.B27.! 10-!""!
*22B.7017-5!*+!@1C2-!"F!@?-!.2:8!=15*+6!1+123.*.!?*6?2*6?7.!1!6::5!160--9-+7!C-78--+!0-.B27.!"#!
C:7?!=:0!7?-!9-1+!1+5!7?-!.71+5105!5-/*17*:+F!Q+5--54!7?-!/12B-.!10-!*+!7?-!01+6-!:=!%g'!5`4!"$!
8?*,?!6-+-012234!=0:9!1!<01,7*,12!<:*+7!:=!/*-84!*22B.7017-.!6::5!160--9-+7F!!"%!
!"&!
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E"L MNC &F$&! 'F>'!

Table 1. \-1+!1+5!.71+5105!5-/*17*:+!I*+!5`J!:=!7?-!-00:0!C-78--+!.*9B217*:+.!1+5!9-1.B0-9-+7.!*+!"'!
7?-!@B++-2!:=!]:B;!k!&F>![WP!"(!

)-,:+5!.7-<!,:+.*.7.!:=!1+!1+123.*.!:=!=1.7!=15*+6F!@?-!5171!10-!-;701,7-5!C3!7?-!.9::7?*+6!">!
<0:,-5B0-!1.!1C:/-F!@?-!NB9B217*/-!^-+.*73!UB+,7*:+.!IN^UJ!10-!,:9<B7-5!=0:9!9-1.B0-5!"D!
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1+5! .*9B217-5! 5171! 1+5! 7?-! R:29:6:0:/M)9*0+:/! IR)J! ,0*7-0*:+! *.! 1<<2*-5F! N:9<10*.:+.!"!
8*7?! 7?-:0-7*,12! 5*.70*CB7*:+.! :=! ]132-*6?4! ]*,-4! h1E1619*! 1+5! K-*CB22! 10-! <-0=:09-5F!#!
]-.B27.!10-!6*/-+!*+!@1C2-!#F!Q7!1<<-10.!7?17!7?-!K-*CB22!5*.70*CB7*:+!C-77-0!9*+*9*P-.!7?-!$!
R)! ,0*7-0*:+4! =:0! C:7?! 9-1.B0-9-+7.! 1+5! .*9B217*:+.F! @?*.! .7B53! *.! /-03! B.-=B2! 7:!%!
0-<0:5B,-! .717*.7*,1223! =1.7! =15*+6! /10*17*:+.! *+! :05-0! 7:! 0-12*P-! .7B5*-.! :+! .3.7-9!&!
<-0=:091+,-F!'!

! D/31*'/2/%&1 K,2*03&,(%1

A340/,:; GF##! GF#%!

A,+/ GF##! GF#%!

O3P3:32, GFG&! GFG'!

./,Q*00 R"R7 R"R-

Table 2. R)!,0*7-0*1!:=!7?-!.*9B217*:+.!1+5!9-1.B0-9-+7.!,:9<10-5!7:!7?-:0-7*,12!5*.70*CB7*:+.!*+!7?-!(!
@B++-2!:=!]:B;!k!&F>![WP!>!

Y22!7?-!1+123.*.!,100*-5!:B7!1,,:05*+6!7:!9-1.B0-9-+7!1+5!.*9B217*:+!0-.B27.!2-15.!B.!7:!1!D!
OB*7-! 6::5! 917,?*+6! C-78--+! 9-1.B0-9-+7.! 1+5! .*9B217*:+.! *+! 7-09.! :=! .2:8! 1+5! =1.7!"G!
=15*+6F! @?-! 5-/-2:<-5! 9-7?:5! <0:/*5-.! 6::5! <-0=:091+,-.! *+! 1! .701*6?7! 10,?M.?1<-5!""!
7B++-2F!"#!

UB07?-09:0-4! *7!?1.! 7:!C-!+:7*,-5! 7?17! 0-.B27.!<0-.-+7-5! *+! 7?*.!<107!5:!+:7!5-<-+5!:+! 7?-!"$!
2:,17*:+!*+!7?-!7B++-24!8?*2-!7?-!,0:..!.-,7*:+!*.!.*9*210F!@?*.!E*+5!:=!0-.B27.!,1+!C-!=:B+5!*+!"%!
2*7-017B0-!IV*-+105!-7!12F4!#GG(JF!X+!7?-!:7?-0!?1+54!<:.*7*:+!:=!1+7-++1.!*+!7?-!,0:..!.-,7*:+!"&!
,1+!?1/-!1!C*6!*9<1,7!:+!7?-!0-,-*/-5!<:8-0F!"'!

E"-"#F/'5('23%+/#3%3041,1#,%#+*'>/)#&*%%/01#"(!

M$1$&$'>708!9'0!#".-@7?.0'"7--!?'">!

M$1$&$&$'>,-:*@70."*,-'"D!

\-1.B0-9-+7.! 8-0-! <-0=:09-5! *+! 1! ,B0/-5! 0-,71+6B210! 7B++-2! C3! 1+! YV)@X\M@Q)!!#G!
7-19F!@?-!9-1.B0-9-+7!<0:,-5B0-!*.!1.!=:22:8.F!@?-!701+.9*77-0!*.!2:,17-5!:+!1!.*5-!+-10!#"!
7?-! 7B++-2! 8122F! Q7! *.! ,:++-,7-5! 7:! 7?-! 015*:! 9:5-9! 5-2*/-0*+6! 1! .*6+12! 17! 7?-!!##!
0-OB*0-5!=0-OB-+,3F!@8:!0-,-*/-0.4!.-<1017-5!C3!129:.7!$!94!10-!<21,-5!:+!7?-!701*+!0::=F!#$!
@?-3!10-!,:++-,7-5!7:!1!015*:!9:5-9!<21,-5!*+!7?-!701*+F!@::2.!5-/-2:<-5!C3!YV)@X\M#%!
@Q)! 122:8!B.! 7:! ,1003! :B7! =*-25!9-1.B0-9-+7.! 1+5! 7:! 71E-! *+7:! 1,,:B+7! 1! .*9<2-! .<17*12!#&!
5*/-0.*73! C3! E--<*+6! 7?-! 91;*9B9! 2-/-2! :=! 7?-! 78:! 0-,-*/-0.F! \-1.B0-9-+7.! 8-0-!#'!
<-0=:09-5! 17! &F>! [WPF! @?-! 9-1.B0-9-+7.! ,:+=*6B017*:+! *.! 5-<*,7-5! *+! U*6B0-! "#F! @?-!#(!
,B0/-5! 0-,71+6B210! 7B++-2!?1.! 1! ,B0/17B0-! 015*B.! -OB12! 7:! #DD!94! 1!8*57?!:=! >!9!1+5!1!#>!
?-*6?7!:=!&!9F!#D!
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!"!
Figure 12. Y+7-++1.!,:+=*6B017*:+!:=!9-1.B0-9-+7.!*+!7?-!,B0/-5!0-,71+6B210!7B++-2!#!

M$1$&$1$'>,)/.0*+,-'N!"O!!-'+*)7?."*,-+'.-9')!.+70!)!-"+'$!

U*6B0-! "$! <0-.-+7.! 7?-! ,:9<10*.:+! C-78--+! 9-1.B0-9-+7.! 1+5! .*9B217*:+.! *+! 7?-!%!
,:+=*6B017*:+!:=!U*6B0-!"#4! *+! 7-09.!:=!+:0912*P-5!0-,-*/-5!<:8-0! IF0J!8*7?!0-.<-,7! 7:! 7?-!&!
701+.9*77-5! :+-! IF"J4! /-0.B.! 7?-! 5*.71+,-! C-78--+! 701+.9*77-0! 1+5! 0-,-*/-0! 12:+6! 7?-!'!
2:+6*7B5*+12!7B++-2!1;*.!*+!7?-!,B0/-5!0-,71+6B210!7B++-2F!(!

X+-! 9:0-! 7*9-4! 1! OB*7-! 6::5! ,:+,:051+,-! C-78--+! .*9B217*:+.! 1+5! 9-1.B0-9-+7.! *.!>!
?*6?2*6?7-5F!Y+!1+123.*.!*.!<0-.-+7-5!C-2:8F!D!

!"G!
Figure 13. N:9<10*.:+!C-78--+!9-1.B0-9-+7.!1+5!.*9B217*:+.!*+!7?-!,B0/-5!0-,71+6B210!7B++-2!k!&F>!""!
[WP!"#!
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M$1$&$3$'P"."*+"*#.?'.-.?5+*+',:'0!+7?"+'"!

U:0! 7?-.-! 9-1.B0-9-+7.4! 1+123.*.! :=! =1.7! =15*+6! 81.! +:7! <:..*C2-! C-,1B.-! :=! 7?-! 21E-! :=!#!
9-1.B0-5!5171!I.<17*12!.19<2*+6!60-17-0!7?1+!0g#JF!K-!:+23!<0-.-+7!1!.2:8!=15*+6!1+123.*.4!$!
1.! *7!81.!<-0=:09-5! *+! 7?-! .-,7*:+!&F"F$F!\-1+!1+5! .71+5105!5-/*17*:+!/12B-.!:=! 7?-!-00:0!%!
C-78--+!.*9B217*:+.!1+5!9-1.B0-9-+7.!10-!<0-.-+7-5!*+!@1C2-!$F!Q7!,1+!C-!:C.-0/-5!/12B-.!&!
10:B+5! #! 5`! 8?*,?! 0-<0-.-+7.! 1! OB*7-! 6::5! ,:+,:051+,-! C-78--+! 9-1.B0-9-+7.! 1+5!'!
.*9B217*:+.!*+!7?-!,1.-!:=!7?-!,B0/-5!0-,71+6B210!7B++-2F!(!
!>!

! D/3% H)IJ K&3%)3') )/>,3&,(% H)IJ

E"L MNC #F"&! #F&&!

Table 3. \-1+!1+5!.71+5105!5-/*17*:+!I*+!5`J!:=!7?-!-00:0!C-78--+!.*9B217*:+.!1+5!9-1.B0-9-+7.!*+!D!
7?-!,B0/-5!0-,71+6B210!7B++-2!k!&F>![WP!"G!

M$1$1$'>708!9'#*0#7?.0'"7--!?'""!

M$1$1$&$'>,-:*@70."*,-'"#!

\-1.B0-9-+7.! 8-0-! =*+1223! <-0=:09-5! *+! 1! ,B0/-5! ,*0,B210! 7B++-2F! Y.! =:0! 7?-! ,B0/-5!"$!
0-,71+6B210! 7B++-24! 7?-! 9-1.B0-9-+7.! 8-0-! 12.:! 0-12*P-5! C3! 1+! YV)@X\M@Q)! 7-19F! @?-!"%!
.19-!9-1.B0-9-+7! <0:,-5B0-!81.! =:22:8-5F!\-1.B0-9-+7.!8-0-! <-0=:09-5! 17! &F>! [WPF!"&!
@?-!9-1.B0-9-+7.!,:+=*6B017*:+!*.!5-<*,7-5!*+!U*6B0-!"%F!@?-!,B0/-5!,*0,B210!7B++-2!?1.!1!"'!
,B0/17B0-!015*B.!-OB12!7:!"GGG!9!1+5!1!015*B.!:=!#F'!9F!!"(!

!">!
Figure 14. Y+7-++1.!,:+=*6B017*:+!:=!9-1.B0-9-+7.!*+!7?-!,B0/-5!,*0,B210!7B++-2!"D!

M$1$1$1$'>,)/.0*+,-'N!"O!!-'+*)7?."*,-+'.-9')!.+70!)!-"+'#G!

U*6B0-! "&! <0-.-+7.! 7?-! ,:9<10*.:+! C-78--+! 9-1.B0-9-+7.! 1+5! .*9B217*:+.! *+! 7-09.! :=!#"!
+:0912*P-5!0-,-*/-5!<:8-0!IF0J!8*7?!0-.<-,7!7:!7?-!701+.9*77-5!:+-!IF"J4!/-0.B.!7?-!5*.71+,-!##!
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C-78--+! 701+.9*77-0!1+5!0-,-*/-0!12:+6! 7?-! 2:+6*7B5*+12! 7B++-2!1;*.! *+! 7?-!,B0/-5!,*0,B210!"!
7B++-2F!#!

Q7!1<<-10.!1!0-217*/-!6::5!,:+,:051+,-!C-78--+!.*9B217*:+.!1+5!9-1.B0-9-+7.F!K-!1+123P-!$!
7?-.-!0-.B27.!*+!7?-!=:22:8*+6!.-,7*:+F!%!

!&!
Figure 15. N:9<10*.:+!C-78--+!9-1.B0-9-+7.!1+5!.*9B217*:+.!*+!7?-!,B0/-5!,*0,B210!7B++-2!k!&F>![WP!'!

M$1$1$3$'P"."*+"*#.?'.-.?5+*+',:'0!+7?"+'(!

Y.!=:0!7?-!,B0/-5!0-,71+6B210!7B++-24!1+123.*.!:=!=1.7!=15*+6!81.!+:7!<-0=:09-5!*+!7?*.!,1.-F!>!
\-1+! 1+5! .71+5105!5-/*17*:+!/12B-.! :=! 7?-! -00:0! C-78--+! .*9B217*:+.! 1+5!9-1.B0-9-+7.!D!
10-!<0-.-+7-5!*+!@1C2-!%F!Q7!,1+!C-!:C.-0/-5!/12B-.!10:B+5!'!5`!8?*,?!0-<0-.-+7.!1!0-217*/-!"G!
6::5! ,:+,:051+,-! C-78--+! 9-1.B0-9-+7.! 1+5! .*9B217*:+.! *+! 7?-! ,1.-! :=! 7?-! ,B0/-5!""!
0-,71+6B210!7B++-2F!W:8-/-04!.:9-!5*==-0-+7!C-?1/*:0.!,1+!C-!:C.-0/-5!:+!=-8!10-1.4!.B,?!"#!
1.!C-78--+!&G!1+5!"GG!9!:0!"&G!1+5!#GG!9F!@?-.-!5*==-0-+,-.!10-!5B-!7:!<0:C2-9.!7?17!,1+!"$!
0-91*+!*+!7?-!,:00-,7*:+!126:0*7?9!1+5!2-15!7:!1!C15!-.7*917*:+!:=!7?-!0-,-*/-5!<:8-0F!"%!
!"&!

! D/3% H)IJ K&3%)3') )/>,3&,(% H)IJ

E"L MNC &F$&! 'F>G!

Table 4. \-1+!1+5!.71+5105!5-/*17*:+!I*+!5`J!:=!7?-!-00:0!C-78--+!.*9B217*:+.!1+5!9-1.B0-9-+7.!*+!"'!
7?-!,B0/-5!,*0,B210!7B++-2!k!&F>![WP!"(!

Y!62:C12!0-910E!,1+!C-!155-5!=:0! 7?-!,1.-!:=!,B0/-5!7B++-2.! I8*7?!0-,71+6B210!:0!,*0,B210!">!
,0:..!.-,7*:+JF!Y.!=:0!7?-!,1.-!:=!0-.B27.!<0-.-+7-5!*+!.-,7*:+!&F"4!0-.B27.!10-!+:7!5-<-+5-+7!:=!"D!
7?-! 2:,17*:+! *+! 7?-! 7B++-2!8?*2-! 7?-! ,0:..! .-,7*:+! *.! .*9*210! 1+5! 12.:!8?*2-! 7?-! ,B0/17B0-!#G!
015*B.!*.!7?-!.19-F!Q+!7?*.!,1.-!12.:4!<:.*7*:+!:=!1+7-++1.!*+!7?-!,0:..!.-,7*:+!,1+!?1/-!1!C*6!#"!
*9<1,7!:+!7?-!0-,-*/-5!<:8-0F!##!
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S"#T%3041,1#3%)#),1+*11,(%#"!

\:5-2*+6! :=! 015*:! 81/-! <0:<1617*:+! *+! +:+! 0-,71+6B210! 1+5g:0! ,B0/-5! 7B++-2.! 81.!#!
<0-.-+7-5F! Y! =*0.7! <107! *.! 5-5*,17-5! 7:! 7?-! <0-.-+717*:+! :=! 7?-! 0-OB*0-9-+7.! :=! 8*0-2-..!$!
7-2-,:99B+*,17*:+! .3.7-9.! =:0! 701+.<:07! 1<<2*,17*:+.F!@?-.-! .3.7-9.! 2-15! 7:! 7?-!+--5! =:0!%!
*+5B.70*12! :=! 9:5-2.! 7:! <0-5*,7! 015*:! <0:<1617*:+! *+! <107*,B210! -+/*0:+9-+7.! .B,?! 1.!&!
7B++-2.F!Y.!<0-.-+7-5!*+!5-71*2.!*+!I\1..:+4!#G"GJ4!+:!.B,?!7::2.!10-!910E-7-5!*+!701+.<:07!'!
5:91*+!1+5!.<-,*=*,!7::2.!?1/-!7:!C-!5-/-2:<-5!=:0!701+.<:07!1<<2*,17*:+.!*+!7B++-2.F!(!

)-,:+5!<107!<0-.-+7.!7?-!9-7?:5.!7:!9:5-2!015*:!81/-!<0:<1617*:+!*+!7B++-2.F!@?0--!E*+5.!>!
:=! 9:5-2.! 10-! <0-.-+7-5F! \-7?:5.! C1.-5! :+! 7?-! 9:512! 7?-:03! <0:/*5-! 122! 7?-! 9:5-.!D!
<0:<1617*+6! *+! 7B++-2F! @?-.-! 9-7?:5.! <0:/*5-! 6::5! 0-.B27.! CB7! 10-! 2*9*7-5! 7:! ,1+:+*,12!"G!
6-:9-70*-.4!.B,?!1.!0-,71+6B210!1+5!,*0,B210!.701*6?7!7B++-2.F!):9-!<1<-0.!10-!C1.-5!:+!7?-!""!
-;1,7! 0-.:2B7*:+!:=!\1;8-22d.!-OB17*:+.F!@?-.-!E*+5.!:=! 7-,?+*OB-.!10-!12.:! 2*9*7-5!5B-! 7:!"#!
7?-! ,:9<B717*:+12! ,:9<2-;*73F! U*+12234! =0-OB-+,3! 1.39<7:7*,! 9-7?:5.! C1.-5! :+! 7?-! 013!"$!
,:+,-<7! 2-15.! 7:! 7?-!C-.7! ,:9<0:9*.-!C-78--+!1,,B01,3!1+5!,:9<B717*:+! 7*9-F!W:8-/-04!"%!
7B++-2.!*+!0-12!-+/*0:+9-+7.!,1+!?1/-!+:+M0-,71+6B210!,0:..!.-,7*:+!1+5!,1+!12.:!C-!,B0/-5F!"&!
X+23!1!=-8!.7B5*-.!5-12!8*7?!7?-.-!,1.-.F!"'!

@?-! 5-/-2:<-5! 9-7?:5! *.! <0-.-+7-5! *+! 7?-! 7?*05! <107! 8?-0-! -1,?! .7-<! :=! 7?-! 9-7?:5! *.!"(!
5-71*2-5F!@?*.!:+-!*.!C1.-5!:+!1!]13!V1B+,?*+6!7-,?+*OB-!,:9C*+-5!8*7?!1+!:<7*9*P-5!Q\]!">!
7-,?+*OB-!C1.-5!:+!1!,:00-,7*:+!:=!<17?.!701H-,7:0*-.F!Q7!,:+.*.7.!*+!1!9*+*9*P17*:+!:=!7?-!7:712!"D!
5*.71+,-! :=! 7?-! ,:+.*5-0-5! <17?! *+! :05-0! 7:!91E-! *7! ,:+/-06-! 7:! 7?-! 0-12! :+-4! -;*.7*+6! *+!#G!
[-:9-70*,12! X<7*,.! 9-1+*+6F! @?-! 7-,?+*OB-! *.! C1.-5! :+! 7?-! 8-22ME+:8+! V-/-+C-06M#"!
\10OB1057! 126:0*7?9F! Y! /12*517*:+! :=! ,:9<B7-5! <17?.! 1=7-0! ,:00-,7*:+! *.! 0-12*P-5! C3!##!
/-0*=3*+6! 7?-! 1+62-.! :=! *+,*5-+,-! 1+5! 0-=2-,7*:+F!Y! +-8! Q\]! 126:0*7?9! *.! 12.:! 5-/-2:<-5!#$!
2-15*+6!:+!,:9<10*.:+!:=!0-=2-,7*:+!<:*+7.F!#%!

V1.7!<107!*.!5-/:7-5!7:!7?-!-/12B17*:+!:=!7?-!9-7?:5!*+!7?0--!5*==-0-+7!6-:9-70*-.!:=!7B++-2.L!#&!
7?-! .701*6?7! 10,?M.?1<-5! 7B++-24! 7?-! ,B0/-5! 0-,71+6B210! 7B++-2! 1+5! 7?-! ,B0/-5! ,*0,B210!#'!
7B++-2F!@?*.!-/12B17*:+! *.!<-0=:09-5!=0:9!9-1.B0-9-+7.!0-12*P-5! *+!0-12!-+/*0:+9-+7.4!17!#(!
&F>![WPF!U:0!7?-!,1.-!:=!7?-!.701*6?7!10,?M.?1<-5!7B++-24!1!.2:8!=15*+6!.7B53!81.!0-12*P-5!#>!
1+5!2-15!7:!1!9-1+!1+5!.71+5105!5-/*17*:+!C-78--+!9-1.B0-9-+7.!1+5!.*9B217*:+.!:=!1C:B7!#D!
&M'!5`4!8?*,?!0-<0-.-+7.!1!OB*7-!6::5!160--9-+7!C-78--+!.*9B217*:+.!1+5!9-1.B0-9-+7.F!Y!$G!
=1.7!=15*+6!.7B53!81.!12.:!<-0=:09-5F!@?-!5171!8-0-!-;701,7-5!C3!1!.9::7?*+6!<0:,-5B0-F!$"!
@?-! N^U! 8-0-! ,:9<B7-5! =0:9! 9-1.B0-5! 1+5! .*9B217-5! 5171! 1+5! 7?-! R)! ,0*7-0*:+! 81.!$#!
1<<2*-5F! N:9<10*.:+.! 8*7?! 7?-:0-7*,12! 5*.70*CB7*:+.! :=! ]132-*6?4! ]*,-4! h1E1619*! 1+5!$$!
K-*CB22!8-0-!<-0=:09-5F!Q7!1<<-10-5!7?17!7?-!K-*CB22!5*.70*CB7*:+!C-77-0!9*+*9*P-.!7?-!R)!$%!
,0*7-0*:+4! =:0! C:7?! 9-1.B0-9-+7.! 1+5! .*9B217*:+.F! @?*.! E*+5! :=! .7B53! *.! /-03! B.-=B2! 7:!$&!
0-<0:5B,-! .717*.7*,1223! =1.7! =15*+6! /10*17*:+.! *+! :05-0! 7:! 0-12*P-! .7B5*-.! :+! .3.7-9!$'!
<-0=:091+,-F! U:0! 7?-! ,1.-! :=! ,B0/-5! 0-,71+6B210! 1+5! ,*0,B210! 7B++-2.4! .*9*210! .7B5*-.! :+!$(!
.2:8! =15*+6! 8-0-! 0-12*P-5! 1+5! 2-15! 7:! 1! 9-1+! 1+5! .71+5105! 5-/*17*:+! C-78--+!$>!
9-1.B0-9-+7.! 1+5! .*9B217*:+.! :=! 1C:B7! $M'! 5`4! 8?*,?! 0-<0-.-+7.! 1! 6::5! 160--9-+7! :=!$D!
0-.B27.4!/12*517*+6!7?-!9-7?:5F!%G!
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