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#5$(8.2(<U1&*5%&*,8*)&31(,<,;2*-(*&@53/)-,(*3/(*6&*5)-<-V&@*-(*)1&*/%%&%%#
'&()I*(/'&<2*-(*)1&*8,9'*,8*&#/%%&%%'&()A*"#/%%&%%'&()*-%*/(*/%%&%%'&()*K-)1*
/(*,(<-(&*%2%)&'*M&#/%%&%%'&()NA*W/(*'/X&*/%%&%%'&()*',9&*&88-3-&()*-(*)&9'%*
,8*)-'&I*85(@-(;I*/(@*/31-&.&'&()*,8*/%%&%%'&()*,67&3)-.&%A*U1-%*%)5@2*/@,=)&@*
U1-/;/9/7/(Y%*9&%&/931*K-)1*)1&*%)/;&%*,8*@&.&<,='&()*/(@*&./<5/)&A*U1&*(5'#
6&9*,8*%/'=<&%*5%&@*K/%*BZG*%)5@&()%*/(@*BH*)&/31&9%*89,'*%&(-,9*1-;1*%31,,<*
BC* -(*T/)/(;1/9-*/(@*%&(-,9*1-;1*%31,,<* -(*F*T/)/(;1/9-A*U1&* 8-(@-(;%*,8* )1-%*
%)5@2*/9&* )1&*%2%)&'*@&%39-=)-,(I* )1-%*',)-./)-,(/<*&#/%%&%%'&()* -%*'/@&* 89,'*
+24[S* %,8)K/9&I* 6&3/5%&* ,8* )1&* &/%&* ,8* -(%)/<</)-,(* /(@* 5%&* /(@* %'/<<* 1/9@*
@9-.&%* /(@* '&',92* )9/3&%A* $(@* )1-%* /==<-3/)-,(* 3/(* 6&* 5%&@* %-'5<)/(&,5%<2A*
"\=<,9/)-,(* 9&%5<)%* %1,K* )1/)* &88&3)-.&* /%%&%%'&()* 5%-(;* ',)-./)-,(/<* &#
/%%&%%'&()*1/%*/*;,,@*3/)&;,92*,8*]^AZ_*K-)1*/*),)/<*,8*B^^*%)5@&()%*89,'*BZG*
%)5@&()%A*U1&(*)1&*9&%=,(%&*,8*)&/31&9%*5%-(;*',)-./)-,(/<*&#/%%&%%'&()*-%*-(*/*
;,,@*3/)&;,92*FCAC_*K-)1*/*),)/<*,8*]*)&/31&9%*89,'*BH*)&/31&9%I*K1-31*'&/(%*
)1&*)&/31&9Y%*9&%=,(%&*),*%)5@&()*',)-./)-,(*-%*.&92*;,,@*-(*/%%&%%'&()*,9*&./<#
5/)-,(A*U1-%*-%*)1/)*&#/%%&%%'&()*-%*-'=,9)/()*),*5%&*6&3/5%&*-)*3/(*'/X&*-)*&/%-#
&9* 8,9* )&/31&9%* ),*'/X&*/(*/%%&%%'&()*,8* )1&'%&<.&%*6&3/5%&* -)* -%* -(* <-(&*K-)1*
)1&*R(@5%)9-/<*P&.,<5)-,(*HACA*

=%1>+8?$!"#$%%&%%'&()I*+,)-./)-,(I*+24[S*

@! A'(8+?42(,+')

"@53/)-,(*-(*)1&*=9&%&()*.&92*'531*9&`5-9&%*)1&*5%&*,8*)&31(,<,;2*),*-'=9,.&*)1&*
3,'=&)&(3&*,8*-(39&/%-(;*15'/(*9&%,593&%A*6&3/5%&*(,K*-%*)1&*&9/*,8*-(@5%)9-/<*9&.,#
<5)-,(* HACA* a,59* @,'/-(%* ,8* )1&* ^B%)* 3&()592* /9&* <-)&9/32* @-;-)/<* &9/I* :-;1* b9@&9*
U1-(;X-(;* 4X-<<%I* 3,<</6,9/)-,(* %,3-/<* %X-<<%* /(@* =9,@53)-.-)2* -(* )1&* =9,@53)-,(* cBdA*
U1&* =9,;9&%%* ,8* -(8,9'/)-,(* /(@* 3,''5(-3/)-,(* )&31(,<,;2* 1/%* )9/(%8,9'&@* )1&*
)&/31-(;*/(@*<&/9(-(;*=9,3&%%*),K/9@%*/*=,9)/6<&I*%)5@&()#3&()&9&@*/(@*'5<)-#=</)8,9'*
&(.-9,('&()* c^dA*W1/(;&%*/(@* )&31(,<,;-3/<*/@./(3&'&()%* -(*./9-,5%* 8-&<@%I* 8,9*&\#
/'=<&* -(*3,''5(-3/)-,(*/(@* -(8,9'/)-,(* )&31(,<,;2* ),@/2* cDdA*U1&9&8,9&I*@&.&<,=#
'&()* -(* -(8,9'/)-,(* )&31(,<,;2*/(@*3,''5(-3/)-,(* -%* (&&@&@A*U1&*@&.&<,='&()*,8*
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-(8,9'/)-,(*/(@*3,''5(-3/)-,(*)&31(,<,;2*3/(*6&*5%&@*),*%5==,9)*/(@*@&.&<,=*31-<#
@9&(Y%*3,;(-)-.&I*/88&3)-.&*/(@*%,3-/<*%X-<<%*cHdA*"#<&/9(-(;*-%*,(&*,8*)1&'I*&#<&/9(-(;*-%*
/*8,9'*,8*-(8,9'/)-,(*)&31(,<,;2*)1/)*-%*/==<-&@*-(*)1&*8-&<@*,8*&@53/)-,(*-(*)1&*8,9'*
,8* 326&9%=/3&* cFdA* O)-<-V/)-,(* ,8* "#S&/9(-(;* /%* /(* &@53/)-,(/<* )&31(,<,;2* 9&`5-9&%*
@&%-;(I* -(*,9@&9* ),*6&*/6<&* ),*3/992*,5)*&88&3)-.&* <&/9(-(;*/(@* -'=9,.&* <&/9(-(;*,5)#
3,'&%*,8*%)5@&()%*%,*)1/)*<&/9(-(;*,67&3)-.&%*3/(*6&*/31-&.&@*cZdA*R8*-(*<&/9(-(;*)1/)*-%*
6/%&@*,(*@-;-)/<*,9*,(<-(&I*)1&(*)1&9&*'5%)*6&*/*@-%35%%-,(*-(*)1&*9&%&/931*%2%)&'*/%*
K&<<A*U1&(*K&*(&&@*/(*,(<-(&#6/%&@*/%%&%%'&()*,9*"#$%%&%%'&()*-(*=/9)-35</9*&@53/#
)-,(A*U1&*5%&*,8* -(8,9'/)-,(* )&31(,<,;2*/(@*3,'=5)&9%* -(* )1&*K,9<@*,8*&@53/)-,(* -%*
,8)&(*5%&@*/%*/*'&@-5'*,8*<&/9(-(;*/(@*&./<5/)-,(*,8*<&/9(-(;*c]dA*

$%%&%%'&()*-%*/*3,9&*/3)-.-)2*-(*1-;1&9*&@53/)-,(*cGdA*T&3/5%&*6&%-@&%*)&/31-(;*/3#
)-.-)-&%I* )1&* ,)1&9* ',%)* -'=,9)/()* )1-(;* -%* 9&%&/931A* $%%&%%'&()* -%* 5%&@* ),* =9,.-@&*
&./<5/)-,(%*,8* )1&* 9&%5<)%*,8* <&/9(-(;* )1/)*1/.&*6&&(*@,(&*62*%)5@&()%A* &./<5/)-,(* -%*
-()&(@&@*),*X(,K*)1&*`5/<-)2*,8*)&/31-(;*cDCdA*$%%&%%'&()*-%*(,)*,(<2*%&&(*89,'*)1&*
<&/9(-(;*,5)3,'&%*,8*)1&%&*%)5@&()%I*65)*K&*3/(*/<%,*%&&*89,'*31/(;&%*-(*)1&*6&1/.-,9*
,8* %)5@&()%* 3/(*/<%,*',(-),9* %)5@&()*=9,;9&%%* /(@*=9,.-@&* 8&&@6/3X*@59-(;* <&/9(-(;*
)/X&%*=</3&A*R(@,(&%-/*-)%&<8*&./<5/)&%*<&/9(-(;*,5)3,'&%*,(*/.&9/;&*5%-(;*)1&*3,(.&(#
)-,(/<*'&)1,@*,8* )1&*=/=&9#6/%&@* )&%)* c]dA* R(* 3,(.&()-,(/<* /%%&%%'&()%*=,%-)-,(* %)5#
@&()%*/%*9&3-=-&()%*,8*X(,K<&@;&*K1&9&*<&/9(-(;*-%*'&/%59&@*/(@*@,35'&()&@*/)* )1&*
<,K&%)* <&.&<*,8*T<,,'Y%* )/\,(,'2*/%*X(,K<&@;&*/(@*5(@&9%)/(@-(;*cEdA* R(* )1-%*3,(#
.&()-,(/<* '&)1,@* %)-<<* 5%-(;* =/=&9* /(@* %)/)-,(&92* -(* -)%* /%%&%%'&()I* )1&9&8,9&* -)* 9&#
`5-9&%*/*<,(;*)-'&*-(*)1&*/%%&%%'&()*=9,3&%%*/(@*1-;1*3,%)%I*3,(.&()-,(/<*/%%&%%'&()*
9&`5-9&%*=/=&9*/(@*%)/)-,(&92*),*%5==,9)*)1&*/%%&%%'&()*=9,3&%%A*U1-%*-%*-(*/33,9@/(3&*
c]d*3,(.&()-,(/<*./<5/)-,(*-%*<&%%*&88-3-&()*6&3/5%&*-)*9&`5-9&%*',9&*3,%)%I*/(@*-%*<&%%*
&88&3)-.&*-(*)1&*&./<5/)-,(*=9,3&%%*6&3/5%&*-)*9&`5-9&%*/*<,(;&9*)-'&*-(*)1&*/%%&%%'&()*
=9,3&%%A*U1&*K&/X(&%%*,8*)1-%*3/(*6&*,.&93,'&*62*5%-(;*-(8,9'/)-,(*)&31(,<,;2*/(@*
3,'=5)&9%A*4,*)1/)*-)*3/(*31/(;&*)1&*%2%)&'*)1/)*-%*%)-<<*3,(.&()-,(/<*-(*/*3,'=5)&9#
/%%-%)&@*,9*3,'=5)&9-V&@*%2%)&'*-(*)1&*8,9'*,8*/(*&#/%%&%%'&()*c]dA*R(*&#/%%&%%'&()*
(,)*,(<2*@,*)&/31&9%*/3)*/%*&./<5/),9%*65)*%)5@&()%*/<%,*3/(A*4)5@&()%*3/(*/3)*/%*K9-)&9%*
/(@*&./<5/),9%*-(*&#/%%&%%'&()*cBCdA*R(*/@@-)-,(I*/33,9@-(;*),*cBBd*/%%&%%'&()*K-)1*/(*
,(<-(&* %2%)&'* M&#/%%&%%'&()N* 3/(*'/X&* /%%&%%'&()*',9&* &88-3-&()* -(* )&9'%* ,8* )-'&I*
85(@-(;I*/(@*/31-&.&'&()*,8*/%%&%%'&()*,67&3)-.&%A*e1&(*,(<-(&I*-)*3/(*'-(-'-V&*)1&*
<&.&<*,8*%)5@&()*89/5@*-(*3/992-(;*,5)*)1&*&\/'*/(@*9&@53&*)1&*<&.&<*,8*%567&3)-.-)2*-(*
=9,3&%%-(;*@/)/A*

T&%-@&%*6&-(;*5%&@*-(*&./<5/)-(;*,9*&./<5/)-(;*<&/9(-(;*,5)3,'&%*,9*-(*)1&*3,;(-#
)-.&*@,'/-(A*"#/%%&%%'&()*3/(*/<%,*6&*5%&@* -(*/%%&%%'&()%* -(* )1&*/88&3)-.&*@,'/-(I*
/88&3)-.&*@,'/-(%*'5%)*/<%,*6&*/%%&%%&@*6&3/5%&*-(*)1&*&9/*,8*-(@5%)9-/<*9&.,<5)-,(*HAC*
-%*@&'/(@&@*3,<</6,9/)-,(*),*,3359I*1&(3&*)1&*/88&3)-.&*@,'/-(*-(*)1-%*3/%&*',)-./)-,(*
-%* .&92* -'=,9)/()* 8,9* %)5@&()%* -(* )1&-9* @&.&<,='&()* -(* <&/9(-(;A* /<)&9(/)-.&* /%%&%%#
'&()%* -(3<5@&* /88&3)-.&* @,'/-(%* /(@* )&/'* /3)-.-)-&%I* %&<8* /(@* =&&9* &./<5/)-,(I* /(@*
9&8<&3)-,(*)19,5;1*<,;%*/(@*=,9)8,<-,%I* )2=&*,8*/%%&%%'&()*&\/'-(&*%)5@&()%Y* )9/-)%*,8*
31/9/3)&9*cEdA*$33,9@-(;*),*cB^d*',)-./)-,(*1/%*/*85(3)-,(*),*BN*"(3,59/;&*)1&*&'&9#
;&(3&*,8*6&1/.-,9*,9*/3)-,(A*e-)1,5)*',)-./)-,(I*)1&9&*K-<<*(,)*6&*/(2)1-(;*<-X&*<&/9(#
-(;A*^N*+,)-./)-,(*85(3)-,(%*/%*/*;5-@&A*U1-%*'&/(%*@-9&3)-(;*)1&*@&&@*),*/31-&.&*)1&*
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@&%-9&@*;,/<A*DN*+,)-./)-,(*85(3)-,(%*/%*/*@9-.&9I*-)*85(3)-,(%*/%*/(*&(;-(&*8,9*3/9%I*)1&*
%-V&*,8*',)-./)-,(*K-<<*@&)&9'-(&*)1&*%=&&@*,9*%<,K(&%%*,8*/*7,6A*

R(*',)-./)-,(I*&#/%%&%%'&()*-%*5%&@*),*'&/%59&*-(*)1&*8-&<@*,8*/88&3)-.&*@,'/-(%*,8*
%)5@&()%* 62* 5%-(;* )1&* +24[S* /==<-3/)-,(A* $33,9@-(;* ),* cBDdI* J/)/6/%&* %&9.&9*
M+24[SN*-%*/*=9,;9/'*)1/)*3/(*%),9&*</9;&*/',5()%*,8*-(8,9'/)-,(*-(*,9;/(-V&@*8,9#
'/)%*)1/)*/9&*&/%-<2*/33&%%&@*)19,5;1*</(;5/;&%*0:0*=9,;9/''-(;A*U1&9&*/9&*./9-,5%*
4[S* /(@* f,4[S* @/)/6/%&* '/(/;&'&()* %2%)&'%* -(* %&<&3)-(;* )1&* ',%)* /==9,=9-/)&*
%2%)&'*8,9*5%-(;*&#/%%&%%'&()*cBHdA*R(*@&)&9'-(-(;*)1&*@/)/6/%&*),*6&*5%&@*'5%)*6&*-(*
/33,9@/(3&*K-)1* )1&*(&&@%*,8* )1&* /==<-3/)-,(* ),* 6&*'/@&A*4[S* -%* )1&* ,(<2*=9,;9/'*
</(;5/;&* %5==,9)&@* 62* =9,3&@59&%I* 65)* )1&9&* /9&* =</(%* ),* -()9,@53&* /* 89/'&K,9X* ),*
%5==,9)* ,)1&9* </(;5/;&%* -(* )1&* 85)59&A*$33,9@-(;* ),* cBFdI*09,3&%%*J/)/* M4[SN* -%* /(*
/5),'/)-3*-(8,9'/)-,(*=9,3&%%*)1/)*=9,3&%%&%*3,()-(5,5%*@/)/*8<,K%A*U1&9&*/9&*%&.&9/<*
%&9.&9%*)1/)*3/(*-(=5)*@/)/*-(),*/*@/)/6/%&I*-(3<5@-(;*+g4[S*M+2*4)953)59&@*[5&92*
S/(;5/;&NA*

R(*)1&*<&/9(-(;*=9,3&%%I*&%=&3-/<<2*-(*=12%-3%I*%)5@&()*/))-)5@&%*/9&*.&92*-'=,9)/()*
cDHdA*T&3/5%&I*%)5@&()%*K1,*1/.&*)1-%*.-&K*K-<<*1/.&*@-88&9&()*/))-)5@&%I*K-)1*%)5@&()%*
K1,*1/.&*',9&*=,%-)-.&*.-&K%*@59-(;*)1&*<&/9(-(;*=9,3&%%*cDFdA*4,*89,'*)1/)*K&*(&&@*
&./<5/)-,(*,9*/%%&%%'&()I* -(* )1-%* %)5@2* )1/)*K/%*/%%&%%&@*K/%* )1&*',)-./)-,(*,8* %)5#
@&()%A*$%* 8,9*&#/%%&%%'&()*5%-(;*h4"4L$hI*4&%X/* -%*/(*"#$%%&%%'&()*@&.&<,='&()*
%2%)&'*-(*/%%&%%-(;*%)5@&()*',)-./)-,(*)1/)*8,<<,K%*)1&*@&.&<,='&()*,8*HAC*-(@5%)9-/<*
9&.,<5)-,(* -(*&@53/)-,(A*4"4L$* -%*@&.&<,=&@*6/%&@*,(* )1&*+24[S*@/)/6/%&* %&9.&9*
/(@*)1&(*-)*3/(*6&*,=&9/)&@*-(),*4'/9)1=,1(&?',6-<&A*$33,9@-(;*),*cBHdI*/*@/)/6/%&*
%&9.&9*M+24[SN*-%*/*=9,;9/'*)1/)*3/(*%),9&*</9;&*/',5()%*,8*-(8,9'/)-,(*-(*/(*,9;/#
(-V&@*8,9'/)*)1/)*-%*&/%-<2*/33&%%-6<&*)19,5;1*)1&*0:0*=9,;9/''-(;*</(;5/;&A*U1&9&*
/9&* ./9-,5%* 4[S* /(@* f,4[S* @/)/6/%&* '/(/;&'&()* %2%)&'%* -(* 31,,%-(;* )1&* ',%)*
/==9,=9-/)&*%2%)&'*),*5%&*&#/%%&%%'&()*cBFdA*+2%`<*-%*,(&*,8*)1&*%&9.&9%*8,9*-(=5))-(;I*
-(*)1-%*3/%&I*-%*@/)/*,(*',)-./)-,(*8,9*1-;1*%31,,<*%)5@&()%*-(*T/)/(;1/9-A*$33,9@-(;*),*
cBZd*+2%`<*-%*/*;9&/)*),,<*8,9*5%*),*<&/9(*/6,5)*-(*;&(&9/<*6&3/5%&*,8*)1&*&/%&*,8*-(%)/<#
</)-,(*/(@*5%&*/(@*%'/<<*1/9@*@9-.&*/(@*'&',92*)9/3&%A*R)*-%*/<%,*-'=,9)/()*),*9&'&'#
6&9*)1/)*+24[S*/(@*,)1&9*9&</)-,(/<*@/)/6/%&%*/9&*'5<)-#)19&/@&@I*K1-31*'&/(%*)1/)*
)1&2* 3/(*=9,3&%%* @-9&3)-.&%* 89,'*'5<)-=<&* 3<-&()%* %-'5<)/(&,5%<2* cB]dA*$33,9@-(;* ),*
cBGd*W/31-(;*`5&9-&%*/9&*,(&*,8*)1&*6-;;&%)*,8*)1&*/@@-)-,(/<*+24[S*%=&&@%A*4-'=<&*
/(@*.&92*&88&3)-.&*K1&(*/3)-./)&@I*`5&92*3/31-(;*3/5%&%*+24[S*),*%/.&*/*4"S"WU*
`5&92I* /<,(;* K-)1* )1&* 3,99&%=,(@-(;* 9&%5<)%I* -(* '&',92A* +2%`<* 3599&()<2* 1/%* )19&&*
3,''&93-/<* <-3&(%&%* 3/<<&@I* %)/(@/9@I* "()&9=9-%&I* /(@* 3<,5@* K1-31* K-<<* =9,.-@&* /*
3,'6-(/)-,(*,8*/@@-)-,(/<*8&/)59&%*/(@*%5==,9)*/<,(;*K-)1*=9,@53)*5=;9/@&%*cBEdA*R(*
)1&*@&.&<,='&()*,8*%)5@&()*&./<5/)-,(*'&@-/*),*8-(@*,5)*)1&*%3,9&%*,6)/-(&@I*)1&*%3,9&*
'5%)*6&*%),9&@*-(* )1&*@/)/6/%&A*R(*,9@&9*8,9* )1&*%3,9&* ),*6&*%),9&@*-(* )1&*@/)/6/%&I*/*
0:0*%39-=)*-%*(&&@&@*),*%/.&*)1&*%3,9&*),*)1&*+24[S*@/)/6/%&*,(*)1&*%&9.&9*c^CdA*

R(* )1-%*%)5@2I* )1&*'/-(*=9,6<&'%*,9*=9,6<&'%* -(*1-;1*%31,,<*BC* 9,@&()%*/(@*1-;1*
%31,,<%* F* @/2%I* (/'&<2>* J&%39-6&* )1&* ',)-./)-,(* &#/%%&%%'&()* %2%)&'I* -@&()-82* &#
/%%&%%'&()*,8*%)5@&()*',)-./)-,(I*)1&(*)1&*)&/31&9Y%*9&%=,(%&*),*<&/9(-(;*5%-(;*',)-#
./)-,(/<*&#/%%&%%'&()A*
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B! *%(0+?$)

U1-%*%)5@2*/@,=)&@*89,'*)1&*9&%&/931*MU1-/;/9/7/(*i*4&''&<I*BE]HNA* R)*K/%*3/9#
9-&@* ,5)* 62* %)/;&%* (/'&<2* J&.&<,=* M@&.&<,='&()* %)/;&N* /(@* "./<5/)&* M&./<5/)-,(*
%)/;&NA*J&.&<,=*3/99-&@*,5)*)1&*%)/;&*,8*@&.&<,=-(;*/(@*'/X-(;*&#/%%&%%'&()*6/%&@*,(*
)1&*8<,K31/9)*/(@*%),926,/9@*)1/)*/<9&/@2*&\-%)%I*&./<5/)-,(*-%*5%&@*/%*<,(;*/%*),*@&#
%39-6&* )1&*'&/%59&'&()%* 9&8&9&(3&@*39-)&9-/* )1/)*1/.&*1-;1*=,)&()-/<* ),* -(8<5&(3&* )1&*
@&3-%-,(*'/X-(;* )1&*=9,3&%%I* -(* )1-%* %)5@2*5%-(;* /* `5&%)-,((/-9&* 8,9* )1&* -(%)95'&()A*
c^BdA*

•! U1&* J&.&<,='&()* 4)/;&I* /)* )1-%* %)/;&I* )1&* @&.&<,='&()* /(@* '/(58/3)59&* ,8* &#
/%%&%%'&()%* 6/%&@*,(* 8<,K31/9)* /(@* %),926,/9@* /9&* 3/99-&@*,5)A* R(* )1-%* %)/;&I* )1&*
/(/<2%-%*3,(%-%)%*,8*/(*/(/<2%-%*,8*1/9@K/9&*9&`5-9&'&()%*M1/9@K/9&N*/(@*%,8)K/9&*
M%,8)K/9&NA*$(/<2%-%*,8*1/9@K/9&*9&`5-9&'&()%*M:/9@K/9&N*-%*3/99-&@*,5)*),*8-(@*,5)*
/(@*,6)/-(* )1&* ),,<%* )1/)*(&&@* ),*6&* 85<8-<<&@* ),* 95(* )1&* /==<-3/)-,(* ),*@&.&<,=*&#
/%%&%%'&()A* e1-<&* )1&* %,8)K/9&* 9&`5-9&'&()%* /(/<2%-%* -%* @,(&* ),* 8-(@* ,5)* K1/)*
%,8)K/9&*(&&@%*),*6&*=9&=/9&@*%,*)1/)*&#/%%&%%'&()*3/(*6&*@&.&<,=&@A*4,8)K/9&*@&#
%-;(* -%* /* =9,3&%%* )1/)* 3,(%-%)%* ,8* 8,59* @-88&9&()* /))9-65)&%I* (/'&<2* @/)/* %)953)59&I*
%,8)K/9&*/931-)&3)59&I*-()&98/3&*9&=9&%&()/)-,(I*/(@*/<;,9-)1'%A*U1&*@&%-;(*=9,3&%%*
)9/(%</)&%*9&`5-9&'&()%*-(),*=9,;9/'%*@&.&<,=&@*89,'*c^^dA*

•! "./<5/)-,(I*/)*)1-%*%)/;&*/(*,.&9/<<*&./<5/)-,(*-%*3/99-&@*,5)A*".&92*=9,3&%%*)1/)*1/%*
6&&(*=/%%&@*),*=9,@53&*/*=9,@53)*@&.&<,=&@I*/(@*)1/)*3,((&3)%*@&%-;(&9%*/(@*5%&9%*
@-9&3)<2A*T2*3,()/-(-(;*&<&'&()%*,8* 8,9'/)-.&*&./<5/)-,(A*09,@53)*&./<5/)-,(*K/%*
@&.&<,=&@* 6/%&@* ,(* %)5@&()* ',)-./)-,(* `5&%)-,((/-9&%* /(@* )&/31&9* 9&%=,(%&%* ,6#
)/-(&@*c^DdA*

U1-%*%)5@2*5%&@*/*%/'=<&*,8*BH*)&/31&9%*/(@*%)5@&()%*),)/<-(;*BZG*9&%=,(@&()%*89,'*
)K,*1-;1*%31,,<%I*(/'&<2*1-;1*%31,,<%*BC*9,@&()%*/(@*1-;1*%31,,<%*F*3-;/9&))&%*/*@/2A*
U1&*%/'=<-(;*)&31(-`5&*5%&@*K/%*=59=,%-.&*%/'=<-(;*)&31(-`5&A*059=,%-.&*%/'=<-(;*
)&31(-`5&*,(*39-)&9-/*,8*)1&*9&%&/931&9*c^HdA*U1&*39-)&9-/*-(*)1-%*%)5@2*K&9&*1-;1*%31,,<*
%)5@&()%*/(@*8&'/<&*%)5@&()%*K1,*K&9&*9/(X&@*-(*)1&*),=*G*-(*)1&-9*3</%%A*

C! D%$4;($).'?)E,$24$$)

4)5@&()%*3/(*6&*.-&K&@*89,'*)1&*31/9/3)&9-%)-3%*,8*%)5@&()%I*(/'&<2*89,'*%)5@&()*
',)-./)-,(*,9*8&&<-(;*1/==2I*,9*75%)*,9@-(/92*89,'*)1&*%)5@&()A*U1/)*%)5@&()*/))-)5@&%*
3/(*6&*%&&(*89,'*8&&<-(;*1/==2I*5(1/==2I*<-X&*,9*@-%<-X&I*',)-./)&@*,9*5(',)-./)&@A*
$))-)5@&*-%*/*)&9'*)1/)*9&8<&3)%*=<&/%59&I*@-%=<&/%59&*,9*/(*,9@-(/92*8&&<-(;*M(&5)9/<N*,8*
/* =&9%,(* ),K/9@%* %,'&)1-(;* c^FdA* j,3/)-,(/<* <&/9(-(;* K/%* 9&.-&K&@* 89,'* )1&* &#
/%%&%%'&()*5%&@* ),*'&/%59&* %)5@&()*',)-./)-,(A* c^Zd*,(*,(<-(&* <&/9(-(;* /(@* /%%&%%#
'&()*M&#/%%&%%'&()N*1/.&*%&.&9/<*/@./()/;&%I*(/'&<2*<&/9(-(;*-(*<&/9(-(;*%,*)1/)*-)*-%*
',9&*9&89&%1-(;*M89&%1NI*%X-<<%*-(*'/(/;-(;*',9&*3,()&()A*U1&9&8,9&*/(*,(<-(&*/%%&%%#
'&()* ,9* &#/%%&%%'&()* -%* (&&@&@A* "#/%%&%%'&()* )1/)* -%* 5%&@* 5%-(;* +24[S* %,8)K/9&A*
$33,9@-(;*),*cBZd*+2%`<*-%*/*;9&/)*),,<*8,9*5%*),*<&/9(*/6,5)*-(*;&(&9/<*6&3/5%&*,8*)1&*
&/%&*,8*-(%)/<</)-,(*/(@*5%&*/(@*%'/<<*1/9@*@9-.&*/(@*'&',92*)9/3&%A*
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!"#$%!"#$%%&%%'&()*+,)-./)-,(*-(*012%-3%*4567&3)%*8,9*4&(-,9*:-;1*431,,<*

CF@! *+(,-.(,+')

a,9*)1&*9&%5<)%*,8*)1&*',)-./)-,(*`5&%)-,((/-9&I*-)*3/(*6&*%&&(*/%*)1&*)/6<&*6&<,K>*

G.5;%)@F)!P&%5<)%*,8*[5&%)-,((/-9&*8,9*+,)-./)-,(*,8*4)5@&()%*/)*T/)/(;1/9-*4)/)&*:-;1*431,,<*

H.(%:+81) 3(.'?.8?)
E%-,.(,+') *%.') *.I) J)

!"#$%&'() *##+#,-$) ./#'()
^DAC*k*HBAC* j&92*f,)*l,,@* C*

B^AZ* GBAF* BBF*

C*
HBAB*k*FEAC* f,)*l,,@* B* CAZ*
FEAB*k*]]AC* "(,5;1* ^C* BBAE*
]]AB*k*EFAC* l,,@* B^^* ]^AZ*
EFABkBBFAC* j&92*l,,@* ^F* BHAE*

UbU$S* BZG* * * * BCC*
*
R(*)/6<&*^I*-)*K/%*,6)/-(&@*89,'*BZG*9&%=,(@&()%*89,'*%&3,(@/92*%31,,<%*/(@*1/@*

6&&(*=9,3&%%&@*5%-(;*)1&*4044*=9,;9/'I*K-)1*)1&*8,<<,K-(;*9&%5<)%>*4)/(@/9@*J&.-/#
)-,(* B^AZI* +&/(* GBAFHI* +,@&* ]GI* +&@-/(* GBI* +-(-'5'* j/<5&* DGI* /(@* +/\-'5'*
j/<5&*BBFA*U1&*@/)/*K&9&*=9,3&%%&@*5%-(;* )1&*4044*/==<-3/)-,(I* )1&*/))-)5@&*9&%5<)%*
1/.&*/*;,,@*3/)&;,92*,8*]^AZ_*8,9*/*),)/<*,8*B^^*,5)*,8*BZG*%)5@&()%I*&(,5;1*/)*BBAE_*
K-)1*/*),)/<*,8*^C*,5)*,8*BZG*%)5@&()%A*j&92*;,,@*/)*BHAE_*8,9*/*),)/<*,8*^F*,5)*,8*BZG*
%)5@&()%*/(@*f,)*l,,@*/)*CAZ_*8,9*/*),)/<*,8*B*,8*BZG*%)5@&()%A*

CFB! G%.20%8)D%$K+'$%)

a,9*)1&*9&%5<)%*,8*)1&*U&/31&9*P&%=,(%&*[5&%)-,((/-9&I*K&*3/(*%&&*)1&*9&%5<)%*-(*)1&*
)/6<&*6&<,K>*

G.5;%)BF)!P&%5<)%*,8*4)5@&()*S&/9(-(;*P&%,593&%*[5&%)-,((/-9&*/)*)1&*T/)/(;1/9-*4)/)&*:-;1*
431,,<*

H.(%:+81) 3(.'?.8?)
E%-,.(,+') *%.') *.I) J)

!"#$%&'() *##+#,-$) ./#'()
BFAC*k*^]AC* j&92*f,)*l,,@* C*

]ACG* FGAHE* ^G*

C*
^]AB*k*DEAC* f,)*l,,@* B* DAB*
DEAB*k*FBAC* "(,5;1* D* ^BAH*
FBAB*k*ZDAC* l,,@* ]* FCAC*
ZDAB*k*]FAC* j&92*l,,@* H* ^ZAF*

UbU$S* BH* * * * BCC*
*
R(*)/6<&*^I*-)*K/%*,6)/-(&@*89,'*BH*9&%=,(@&()%*89,'*'-@@<&*%31,,<*/(@*1/@*6&&(*

=9,3&%%&@* 5%-(;* )1&* 4044* =9,;9/'I* K-)1* )1&* 8,<<,K-(;* 9&%5<)%>* 4)/(@/9@* J&.-/)-,(*
]ACGI*+&/(*FGAHEI*+,@&*ZDI*+&@-/(*ZCI*+-(-'5'*j/<5&*^GI*/(@*+/\-'5'*j/<5&*
]^A*U1&*@/)/*K&9&*=9,3&%%&@*5%-(;* )1&*4044*/==<-3/)-,(I* )1&* /))-)5@&* 9&%5<)%*1/.&*/*
.&92*;,,@*3/)&;,92*,8*^ZAF_*8,9*/*),)/<*,8*H*,5)*,8*BH*)&/31&9%I*6,)1*/)*FCAC_*K-)1*/*
),)/<*,8*]*,5)*,8*BH*)&/31&9%A*"(,5;1*/)*^BAH_*8,9*/*),)/<*,8*D*,5)*,8*BH*%)5@&()%*/(@*
(,)*;,,@*/)*DAB_*8,9*/*),)/<*,8*B*-(*BH*)&/31&9%A*
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!"#$%!"#$%%&%%'&()*+,)-./)-,(*-(*012%-3%*4567&3)%*8,9*4&(-,9*:-;1*431,,<*

U1&*=9,;9/'*%2%)&'*@&.&<,=&@*-%*4"4L$*)1/)*5%&%*=9,;9/'*</(;5/;&*)1/)*-%*'/@&*
,(*+/39,'&@-/*J9&/'K&/.&9*+m*^CCH*/==<-3/)-,(%*-(*)1&*8,9'*,8*0:0A*O%-(;*0:0*
5%&%* /* %39-=)-(;* </(;5/;&* )1/)* &'6&@%*:U+S* 89,'*K&6*=/;&%A*e1&(* )1&* &./<5/),9*
K/()%* ),* 9&)59(* ),* )1&*@&%)-(/)-,(*=/;&I* )1&*K&6*%&9.&9*&\&35)&%* )1&*0:0*%39-=)* /(@*
9&=</3&%*)1&*9&%5<)%*6/3X*),*)1&*=/;&*c^]dA*

U1&*K,9X*%2%)&'*-(* )1-%*"#$%%&%%'&()* -%* )1&*%)/9)*=/;&I* )1&9&*/9&*D*'/-(*'&(5%I*
(/'&<2* )1&* 1,'&=/;&I* =12%-3%I* /(@* %3-&(3&* '&(5%A* U1&* 1,'&=/;&* '&(5* 3,()/-(%*
-'/;&%*,8*9&%&/931&9%*K1-<&*,6%&9.-(;*)1&*1-;1*%31,,<*-(*T/)/(;1/9-A*b(*)1&*012%-3%*
'&(5*3,()/-(%*D*'&(5%I*(/'&<2*)1&*1,'&*'&(5*),*9&)59(*),*)1&*%)/9)*'&(5I*)1&*',)-#
./)-,(*'&(5*K1-31* 3,()/-(%* `5&%)-,((/-9&%* ,(* %)5@&()%Y*',)-./)-,(* ),K/9@%* =12%-3%*
/(@* )1&* =12%-3%* /))-)5@&* '&(5* )1/)* 3,()/-(%* %)5@&()* =12%-3%* /))-)5@&* `5&%)-,((/-9&%A*
$8)&9*)1&*@/)/*-%*-(=5))&@*62*%)5@&()%*,9*)&/31&9%*,(*&/31*`5&%)-,((/-9&I*)1&(*)1&*@/)/*
K-<<*6&*%),9&@*/5),'/)-3/<<2*,(*)1&*@/)/6/%&*3,()/-(&@*-(*+24[SA*e&*3/(*@-%=</2*)1&*
@/)/*,(*+24[S*-(*,9@-(/92*@/)/*/(@*-(*;9/=1-3/<*8,9'*<-X&*)1&*=-3)59&A*HA*

b(<-(&* /%%&%%'&()* ,9* &#/%%&%%'&()* -%* /* (&K* K/2* ,8* )/X-(;* /(* /%%&%%'&()A* &#
/%%&%%'&()* -%* /(* &88,9)* ),* 9&=</3&* 3,(.&()-,(/<* /%%&%%'&()* -(),* 3,'=5)&9#6/%&@* /%#
%&%%'&()*c]dA*+,)-./)-,(/<*&#/%%&%%'&()*3/(*6&*%&&(*-(-)-/<<2*-(*8-;59&*B>*

*
L,:F)@F! U1&*-(-)-/<*.-&K*,8*)1&*',)-./)-,(/<*&#/%%&%%'&()*

a-;59&* B* %1,K%* )1&* 1,'&=/;&* ,8* )1&* ',)-./)-,(* &#/%%&%%'&()* ,8* %)5@&()%* -(* )1&*
+24[S*=9,;9/'A*
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!"#$%!"#$%%&%%'&()*+,)-./)-,(*-(*012%-3%*4567&3)%*8,9*4&(-,9*:-;1*431,,<*

*
L,:F)BF! J-%=</2*,8*T-,@/)/*,8*+,)-./)-,(*"#$%%&%%'&()*

a-;59&* ^* %1,K%* )1&* 6-,@/)/* ,8* )1&* ',)-./)-,(* &#/%%&%%'&()* ,8* %)5@&()%* -(* )1&*
+24[S*=9,;9/'A*

*
L,:F)CF! J-%=</2*,8*P&%5<)%*89,'*+,)-./)-,(*"#$%%&%%'&()*

a-;59&* D* %1,K%* )1&* 9&%5<)%* ,8* )1&* ',)-./)-,(* &#/%%&%%'&()* ,8* %)5@&()%* K1,* 1/.&*
8-<<&@*,5)*)1&*',)-./)-,(*`5&%)-,((/-9&*-(*)1&*+24[S*=9,;9/'A*
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!"#$%!"#$%%&%%'&()*+,)-./)-,(*-(*012%-3%*4567&3)%*8,9*4&(-,9*:-;1*431,,<*

*
L,:F)MF! l9/=1*,8*9&%5<)%*89,'*',)-./)-,(/<*"#$%%&%%'&()*

a-;59&*HA*$*;9/=1*,8*)1&*9&%5<)%*,8*&#/%%&%%'&()*',)-./)-,(*,8*%)5@&()%*K1,*1/.&*
8-<<&@*,5)*%)5@&()*',)-./)-,(*`5&%)-,((/-9&%*-(*)1&*+24[S*=9,;9/'A*

U1&*5%&*,8*-(8,9'/)-,(*/(@*3,''5(-3/)-,(*)&31(,<,;2*3/(*=9,.-@&*5=@/)&%*-(*)1&*
K,9<@*,8*&@53/)-,(*-(*)1-%*3/%&*&#/%%&%%'&()A*U1&*5%&*,8*-((,./)-.&*RWU#6/%&@*/==<-#
3/)-,(%* 3/(*6&*5%&@* -(* /%%&%%'&()%* cD^dA* cDZd*U1-%* -%* @5&* ),* /* </3X*,8* )95%)* -(* )1&-9*
%567&3)* X(,K<&@;&* 3,'=/9&@* ),* )1&-9* RWU* X(,K<&@;&* /(@* %X-<<%* O)-<-V/)-,(* ,8* &#
/%%&%%'&()*-%*)1&*5%&*,8*RWU*-(*<&/9(-(;*/(@*/%%&%%'&()*3/(*=9,.-@&*3,(.&(-&(3&*8,9*
-)%*5%&9%*M<&3)59&9%*/(@*%)5@&()%NI*&88&3)-.&*89,'*./9-,5%*%-)5/)-,(%*/(@*1/%*/*=,%-)-.&*
-'=/3)*,(* )1&*@&.&<,='&()*,8* %)5@&()%Y* /))-)5@&*/(@*3,(3&=)5/<*5(@&9%)/(@-(;* %X-<<%*
c^GdA*c^Zd*,(*,(<-(&*<&/9(-(;*/(@*/%%&%%'&()*M&#/%%&%%'&()N*1/.&*%&.&9/<*/@./()/;&%I*
(/'&<2* <&/9(-(;* -(* <&/9(-(;* %,* )1/)* -)* -%*',9&* 9&89&%1-(;* M89&%1NI* %X-<<%* -(*'/(/;-(;*
',9&*3,()&()A*U1&9&8,9&*/(*,(<-(&*/%%&%%'&()*,9*&#/%%&%%'&()*-%*(&&@&@A*

"./<5/)-,(*-%*3/99-&@*,5)*K-)1*/*%&9-&%*,8*&'=-9-3/<*)&%)%*-(.,<.-(;*5%&9%*M%)5@&()%*
/(@*)&/31&9%N*,8* )1&*',@&<%* )1/)*1/.&*6&&(*@&.&<,=&@A*/%%&%%'&()* -%*3,(%-@&9&@* -'#
=,9)/()*6&3/5%&*3,'=&)&(32*9&`5-9&%*/(*&./<5/)-,(*'&)1,@* )1/)* -%* )/-<,9&@* ),* -)%*(/#
)59&I* )1/)* -%I* /%%&%%'&()* /3)-.-)-&%* /(@* <&/9(-(;* /3)-.-)-&%* '5%)* 6&* ,8* )1&* %/'&* )2=&*
cDBdA*U1&*9&%5<)%*,8* )1&* )&/31&9Y%*`5&%)-,((/-9&*9&%=,(%&%* ),*%)5@&()*',)-./)-,(*K&9&*
=9,3&%%&@* 5%-(;* )1&* 4044* =9,;9/'I* K-)1* )1&* 8,<<,K-(;* 9&%5<)%>* 4)/(@/9@* J&.-/)-,(*
]ACGI*+&/(*FGAHEI*+,@&*ZDI*+&@-/(*ZCI*+-(-'5'*j/<5&*^GI*/(@*+/\-'5'*j/<5&*
]^A*U1&*@/)/*K&9&*=9,3&%%&@*5%-(;*)1&*4044*/==<-3/)-,(I*/)*/))-)5@-(/<*9&%5<)%*1/.&*/*
.&92*;,,@*3/)&;,92*,8*^ZAF_*8,9*/*),)/<*,8*H*,5)*,8*BH*)&/31&9%I*6,)1*/)*FCAC_*K-)1*/*
),)/<*,8*]*89,'*BH*)&/31&9%A*"(,5;1*/)*^BAH_*8,9*/*),)/<*,8*D*,5)*,8*BH*%)5@&()%*/(@*(,)*
;,,@*/)*DAB_*8,9*/*),)/<*,8*B*-(*BH*)&/31&9%A*a9,'*)1&*9&%5<)%*,8*)1&*)&/31&9Y%*9&%=,(%&*
`5&%)-,((/-9&I*K&*3/(*%&&*)1/)* )1&*)&/31&9* )1-(X%*)1/)*%)5@&()%*1/.&*;,,@*',)-./)-,(*
62*%1,K-(;*/*=&93&()/;&*,8*FCAC_A*U1&*)&/31&9*)1-(X%*1-%*%)5@&()%*1/.&*;,,@*',)-./#
)-,(A* T/%&@* ,(* )1&* 9&%5<)%* ,8* =9,3&%%-(;* )1&* 1-;1* %31,,<* `5&%)-,((/-9&* @/)/* ,(* )1&*
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!"#$%!"#$%%&%%'&()*+,)-./)-,(*-(*012%-3%*4567&3)%*8,9*4&(-,9*:-;1*431,,<*

',)-./)-,(*`5&%)-,((/-9&*-(*/*;,,@*3/)&;,92*K-)1*/*=&93&()/;&*,8*]^AZ_*K-)1*/*),)/<*
,8*B^^*,5)*,8*BZG*%)5@&()%A*a9,'*)1&*9&%5<)%*,8*)1-%*@/)/I*-)*3/(*6&*%/-@*)1/)*%)5@&()%*
/9&* -()&9&%)&@* -(* =/9)-3-=/)-(;* -(* =12%-3%* <&/9(-(;A*U1&* 8-(@-(;%* -(* )1&* 8-&<@* )1/)* /9&*
3/)&;,9-V&@*/%*;,,@*/9&*X(,K(*)1/)*K1&(*=12%-3%*-%*/6,5)*&\=&9-'&()%I*%)5@&()%*/9&*
1/==2*),*-'=<&'&()*-)I*8,9*&\/'=<&I*-''&@-/)&<2*95%1*),*)1&*=12%-3%*</6,9/),92I*%-)*-(*
89,()*,8*)1&*<&%%,(I*/(@*/<K/2%*/%X*/(@*/(%K&9*`5&%)-,(%*K1&(*=9/3)-3-(;*;-.&(*62*/*
=12%-3%* )&/31&9A* R(* /@@-)-,(I* %)5@&()%* /9&*',)-./)&@* ),* <&/9(* -(* 3</%%* 6&3/5%&*,8* )1&*
3,'8,9)/6<&* </6,9/),92* %=/3&* )1/)*'/X&%* %)5@&()%* &/;&9* ),*;,* ),* )1&* </6,9/),92A*T&#
3/5%&*3,'8,9)/6<&*3</%%9,,'%*3/(*;9,K*%)5@&()%Y*%X-<<%*/(@*-(39&/%&*)1&*85(*-(*<&/9(#
-(;*c^EdA*U1&(*K1&(*=12%-3%*<&%%,(%*)/X&*=</3&I*%)5@&()%*<,,X*1/==2*K1&(*)1&2*K,9X*
,(*)1&*`5&%)-,(%*,9*=12%-3%*/%%-;('&()%*;-.&(*62*)1&*)&/31&9A*T&3/5%&*%)5@&()%*1/.&*
/(*-((&9*%=-9-)*)1/)*3/5%&%*%)-'5</)-,(*),*@,*/(2)1-(;A*4)5@&()%*K1,*1/.&*)1&*K-<<-(;#
(&%%*),*<&/9(*=12%-3%*/9&*;&(&9/)&@*89,'*K-)1-(*)1&'%&<.&%*cB^dA*

M! H+'2;4$,+'$)

U1&*9&%5<)%*,8*)1&*%2%)&'*@&%39-=)-,(I*)1-%*',)-./)-,(/<*&#/%%&%%'&()*-%*'/@&*89,'*
+24[S*%,8)K/9&I*6&3/5%&*,8*)1&*&/%&*,8*-(%)/<</)-,(*/(@*5%&*/(@*%'/<<*1/9@*@9-.&*/(@*
'&',92* )9/3&%A* $(@* )1-%* /==<-3/)-,(* 3/(* 5%&* '5<)-#)19&/@&@I* %,* )1/)* =9,3&%%-(;* -(#
%)953)-,(%*89,'*%&.&9/<*%)5@&()%*3/(*6&*5%&@*%-'5<)/(&,5%<2A*"\=<,9/)-,(*9&%5<)%*%1,K*
)1/)* &88&3)-.&* /%%&%%'&()* 5%-(;* ',)-./)-,(/<* &#/%%&%%'&()* 1/%* /* ;,,@* 3/)&;,92* ,8*
]^AZ_*K-)1*/*),)/<*,8*B^^*%)5@&()%*89,'*BZG*%)5@&()%A*U1&(*)1&*9&%=,(%&*,8*)&/31&9%*
5%-(;* )1&* ',)-./)-,(/<* &#/%%&%%'&()* -%* -(* /* ;,,@* 3/)&;,92* FCAC_* K-)1* /* ),)/<* ,8* ]*
)&/31&9%*89,'*BH*)&/31&9%I*K1-31*'&/(%*)1&*)&/31&9Y%*9&%=,(%&*),*%)5@&()*',)-./)-,(*
-(*)1&*&#/%%&%%'&()*-%*.&92*;,,@*-(*/%%&%%'&()*,9*&./<5/)-,(A*U1-%*-%*)1/)*&#/%%&%%'&()*
-%*-'=,9)/()*),*5%&*6&3/5%&*-)*3/(*'/X&*-)*&/%-&9*8,9*)&/31&9%*,9*%)5@&()%*),*'/X&*/(*
/%%&%%'&()*,8*)1&'%&<.&%*6&3/5%&*-)*-%*-(*<-(&*K-)1*)1&*-(@5%)9-/<*9&.,<5)-,(*HACA*

N! #2O'+>;%?:&%'()

U1/(X%*),*)1&*O(-.&9%-)2*,8*Q/'6-*9&3),9*/(@*)1&*J&/(*,8*)1&*O(-.&9%-)2*,8*Q/'6-*
a/35<)2*,8*U&/31&9*U9/-(-(;*/(@*"@53/)-,(*8,9*;9/()-(;*9&%&/931*;9/()%*K-)1*6&;-((&9*
<&3)59&9* 9&%&/931*%X-(* )2=&%I* -(*^CBGA*U1/(X%* ),* )1&*BC*T/)/(;1/9-* %)/)&*1-;1*%31,,<*
=9-(3-=/<%* /(@* )1&* F* T/)/(;1/9-* =56<-3* 1-;1* %31,,<A* $<<* 9&%=,(@&()%I* 6,)1* )&/31&9%I*
/(@* %)5@&()%* K1,* K&9&* K-<<-(;* ),* '/X&* %/'=<&%* -(* )1-%* %)5@2I* )1&* 9&%&/931&9%* %/-@*
)1,5%/(@%*,8*)1/(X%*),*/<<*K1,*1/@*6&&(*-(.,<.&@*-(*)1-%*K9-)-(;A*

P! D%7%8%'2%$)

cBd!U59-'/(I* &)* /<A* M^CB^NA* OL+* U&/31-(;* /(@* S&/9(-(;* W,(;9&%%* ^CBB* a,%)&9-(;* )1&* ^B%)*
W&()592*4X-<<%* )19,5;1*43-&()-8-3*S-)&9/32* /(@*43-&(3&*09,3&%%*4X-<<%A*!%&'$()"* +* ,&')"-*
".(*/$0"1)&%"-*,')$.'$2A*FE*>*BBC*k*BBZA*1))=%>??@,-A,9;?BCABCBZ?7A%6%=9,A^CB^ACEA^FD*

http://www.i-joe.org

https://doi.org/10.1016/j.sbspro.2012.09.253
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c^d!R@9-%I*fAI*:/%1-'I*4A*UA*nAI*4/'%5@-(I*PAI*i*$1'/@A*fA*TA* M^CB]NA* R()&<<-;&()*S&/9(-(;*
+,@&<* 6/%&@* ,(* 4-;(-8-3/()* e&-;1)* ,8* J,'/-(* L(,K<&@;&* W,(3&=)* 8,9* $@/=)-.&* "#
S&/9(-(;A*3.4$%."4)&."-*5&6%."-*&.*7(1".'$*,')$.'$*8.9).$$%).9*3.:&%;"4)&.*<$'0.&-&9=A*
]MHN*>*BHGZ#BHEBA*1))=%>??@,-A,9;?BCABGFB]?-7/%&-)A]AH#^ADHCG*

cDd!$'6-2/9AI*g,(@9-I*4AI*R98/(I*JAI*05)9-I*+I*OAI*n/5%I*+I*$AI*R%</'-I*4A*M^CBENA*"./<5/)-,(*,8*
0/3X&)*U9/3&9*$==<-3/)-,(*"88&3)-.&(&%%*-(*W,'=5)&9*J&%-;(*f&)K,9X-(;*4567&3)A*3.4$%."+
4)&."-* 5&6%."-* &.* 7(1".'$* ,')$.'$* 8.9).$$%).9* 3.:&%;"4)&.* <$'0.&-&9=>* EMBN* >* FH#FEA*
1))=%>??@,-A,9;?BCABGFB]?-7/%&-)AEABAFEDB*

cHd!L9/<&./I*PAI*i*L9/<&.I*jA* M^CBGNA*$(*"./<5/)-,(*,8*U1&*+,6-<&*$==%*8,9*W1-<@9&(*K-)1*
4=&3-/<*"@53/)-,(*f&&@%*T/%&@*,(*U1&*O)-<-)2*a5(3)-,(*+&)9-3%A*3.4$%."4)&."-*5&6%."-*&.*
7(1".'$*,')$.'$*8.9).$$%).9*3.:&%;"4)&.*<$'0.&-&9=A*GMZNI* >*^^ZE#^^]]A*1))=%>??@,-A,9;?*
BCABGFB]?-7/%&-)AGAZAZDCE*

cFd!+,X1)/9V/@&1I*fI*lAI*i*a/;1&-I*+A*M^CBENA*U&31(,<,;-3/<*<&/9(-(;*-(*-()&9#8-9'*3,<</6,9/#
)-,(%>*/*9&.-&K*/(@*9&%&/931*/;&(@/A*3.4$%."4)&."-*5&6%."-*&:*<$'0.&-&9)'"-*?$"%.).9@*3.+
.&1"4)&.*".(*A$1$-&#;$.4I*BBMBNI*>*]G#EZA*1))=%>??@,-A,9;?BCABFCH?-7)<-@A^CBEABCCBGFEE*

cZd!a5I*QA4A*M^CBDN*oRWU*-(*"@53/)-,(>*$*W9-)-3/<*S-)&9/)59&*P&.-&K*/(@*R)%*R'=<-3/)-,(%pA*3.+
4$%."4)&."-*5&6%."-*&:*8(6'"4)&.*".(*A$1$-&#;$.4*62).9*3.:&%;"4)&.*".(*B&;;6.)'"4)&.*
<$'0.&-&9=*C358A3B<D@*EMBNI*>*BB^#B^FA*

c]d!S-(I*gA*4AI*W1&(I*4A*gAI*45I*gA*4AI*i*S/-I*WA*aA*M^CBGNA*$(/<2%-%*,8*%)5@&()%q*<&/9(-(;*%/)-%#
8/3)-,(*-(*/*%,3-/<*3,''5(-)2*%5==,9)&@*3,'=5)&9*=9-(3-=<&%*/(@*=9/3)-3&*3,59%&A*86%"2)"*
5&6%."-* &:* E"40$;"4)'2@* ,')$.'$* ".(* <$'0.&-&9=* 8(6'"4)&.I* FGMDNI* GHEkGFGA*
1))=%>??@,-A,9;?BCAB^E]D?&7'%)&?GBCFG*

cGd!4/1-@5I*:AI*l5(/K/(AI*R(@9-/)5<9/1'-AI*$%)5)-XI*aA*M^CB]NA*J&%/-(*4-%)&'*"*k*$%%&%%'&()*
=/@/*=&'6&</7/9/(*8-%-X/*@-*S0URLA*56%."-*!$.()()H".*I)2)H"*(".*<$H.&-&9)A*DM^NI*>*^ZF#
^]CA*1))=%>??@,-A,9;?BCA^EDCD?7=8)A.D-^AH^^*

cEd!4),@6&9;I*O<8A* M^CB^NA*$*P&%&/931* 9&.-&K* ,8* &#/%%&%%'&()A*722$22;$.4*J*81"-6"4)&.* ).*
K)90$%*8(6'"4)&.I*D]MFNI*>*FEB#ZCHA*1))=%>??@,-A,9;?BCABCGC?C^ZC^EDGA^CBBAFF]HEZ*

cBCd!P,6<&%I* +AI* /(@* T9//)1&(I* 4A* M^CC^NA* b(<-(&* $%%&%%'&()* U&31(-`5&%A* A$-4"* !)* 8#2)-&.*
5&6%."-I*HHMBNI*>*DE#HEA**

cBBd!l,;,5<,5I*$AI*l,5<-I*"AI*l9-;,9-/@,5I*+AI*4/'/9/X,5I*+AI*i*W1-(,5I*JA*^CC]A*$*e&6#
T/%&@* "@53/)-,(/<* 4&))-(;* 45==,9)-(;* R(@-.-@5/<-V&@* S&/9(-(;I* W,<</6,9/)-.&* S&/9(-(;I*
/(@* $%%&%%'&()A* 5&6%."-* &:* 8(6'"4)&."-* <$'0.&-&9=* J* ,&')$4=I* BCMHNI* >* ^H^#^FZA*
1))=%>??@,-A,9;?BCADBBF?BBHE^EDABBHEDBZ*

cB^d!4,9&(%&(I*"A*M^CBDNA*R'=<&'&()/)-,(*/(@*%)5@&()*=&93&=)-,(%*,8*&#/%%&%%'&()*-(*/*W1&'-#
3/<* "(;-(&&9-(;* +,@5<&A* 86%&#$".* 5&6%."-* &:* 8.9).$$%).9* 8(6'"4)&.I* DGM^NI>* B]^#BGFA*
1))=%>??@,-A,9;?BCABCGC?CDCHD]E]A^CB^A]ZCFDD*

cBDd!:-;;-(%I*"A*U*i*L95;</(%X-I*$I*eA*M^CCCNA*E&4)1"4)&."-*,')$.'$*,&')"-*".(*!$%2&."-)4=*
!$%2#$'4)1$2A*O4$>*U/2<,9*i*a9/(3-%A**

cBHd!g/(XI*LA*M^CCENA*/6)-(*L&6%*MN.*A"4"O"2$*A%)1$.*P$O*,)4$*Q2).9*!0#*J*E=2R-A*$5%)9/<#
-/>*4-)&=,-()A*

cBFd!f-2-V/'K-2-)-9/I*WA@/(*S5(@6&9;I*SA*M^CB]NA*0&98,9'/(3&*"./<5/)-,(*b8*4`<*$(@*f,4[S*
J/)/6/%&*+/(/;&'&()*42%)&'%*R(*$*W<5%)&9A*3.4$%."4)&."-*5&6%."-*&:*A"4"O"2$*E"."9$+
;$.4*,=24$;2*C*35AE,*D>*ZMENI*>*B#^HA*1))=%>??@,-A,9;?BCAFB^B?-7@'%A^CB]AEZCB*

cBZd!W1&(I*[AI*i*:%5I*+A*M^CBHNA*A"4"*B&.4).6&62*,R-*!%&'$22A*e/%1-(;),(I*JW>*OA4A*0/)&()*
/(@*U9/@&'/9X*b88-3&A**

cB]d!e&<<-(;I*SA*@/(*U1,'%,(I*SA*M^CBHNA*+24[S*U5),9-/<A*O(-)&@*4)/)&%*,8*$'&9-3/>*0&/9%,(*
"@53/)-,(A*

cBGd!T5<;&9I*TAI*l9&&(%=/(I*QAI*i*e/<<I*JA*M^CCHNA*E=,S?T!K!*A"4"O"2$*7##-)'"4)&.2@*,$'&.(*
8()4)&.A*R(@-/(/>*e-<&2*056<-%1-(;A**

iJOE  Vol. 15, No. 11, 2019
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cBEd!l-<',9&I*QA*eA*M^CCZNA*/$9)..).9*!K!*".(*E=,S?*U*I%&;*V&1)'$*4&*!%&:$22)&."-@*,$'+
&.(*8()4)&.A*O(-)&@*4)/)&%*,8*$'&9-3/>*4=9-(;&9A*

c^Cd!L9,'/((I*aI*+A*M^CBGNA*/$9)..).9*!K!*".(*E=,S?W*I%&;*V&1)'$*4&*!%&:$22)&."-A*$=#
=9&%A*1))=%>??@,-A,9;?BCABCC]?E]G#B#HDC^#ZCHH#G*

c^Bd!45),=,I* :A* M^CB^NA* 0&(;&'6/(;/(* "./<5/%-* 0&'6&</7/9/(* T&96/%-%* +5<)-'&@-/* J&(;/(*
a</%1I* 01=I* J/(* +2%`<A* 56%."-* 3.:&%;"4)H"A* BMBBNA>* B#]A* 1))=%>??@,-A,9;?BCAE]HH?-(8,*
9'/)-X/ABBABAB#]*

c^^d!R.&9%I*LA*4AI*i*T/99,(I*$A*"A*M^CC^NA*E6-4);$()"*!%&X$'4*).*8(6'"4)&.W*A$2)9.).9@*!%&(6'+
).9@*".(*722$22).9A*O4$>*S-69/9-&%*O(<-'-)&@A**

c^Dd!T9/(31I*+I*TA* M^CCENA* 3.24%6'4)&."-*A$2)9.W*<0$*7AA38*7##%&"'0A*O4$>*O(-.&9%-)2*b8*
l&,9;-/A**

c^Hd!:&-(-31I*PI*SAI*+,<&(@/I*QI*JAI*i*P5%%&<<A*M^CC^NA*3.24%6'4)&."-*E$()"*".(*<$'0.&-&9)$2*
:&%*?$"%.).9A*f&K*Q&9%&2A*+&99-<*09&()-3&*:/<<A*

c^Fd!W9&%K&<<I*QI*eA*M^CBFN*Y)2$4*!$.()()H".*$()2)*H$-);"A*g,;2/X/9)/*>*05%)/X/*T&</7/9A*
c^Zd!b6/I*a/),6/I*Q*i*S/K9&(3&I*$</@&7/(/I*$A*M^CBHNA*"88&3)%*b8*l&(@&9*b(*4)5@&()q*$))-)5@&*

U,* 012%-3%* R(* 4&3,(@/92* 431,,<%* R(* b2,* 4)/)&I* f-;&9-/A* 86%&#$".* ,')$.4):)'* 5&6%."->*
BCM]NI*>*DEE#HCHA*

c^]d!l/99-%,(I*JA*PAI*i*j/5;1/(I*fA*JA*M^CCGNA*/-$.($(*-$"%.).9*).*0)90$%*$(6'"4)&.W*I%";$+
N&%H@*#%).')#-$2@*".(*96)($-).$2A*Q,1(*e-<&2*i*4,(%A**

c^Gd!e-<<-/'I*:I*"AI*i*S/(&I*JA*M^CCEN*P$O*A"4"O"2$*7##-)'"4)&.*P)40*!K!*".(*E=,S?@*Z.(*
8()4)&.A*$'&9-3/>*bqP&-<<2A**

c^Ed!T15X5.1/(-I* WAI* L5%59&I* SAI* +5(,@/K/8/I* jAI* 4/(/I* $AI* i* lK-V/(;K&I* RA* M^CBCNA* 09&#
%&9.-3&*U&/31&9%Y*O%&*,8* R'=9,.-%&@*/(@*j-9)5/<*S/6,9/),92*"\=&9-'&()/)-,(* R(*43-&(3&*
U&/31-(;A* 3.4$%."4)&."-* 5&6%."-* &:* 8(6'"4)&.* ".(* A$1$-&#;$.4* 62).9* 3.:&%;"4)&.* ".(*
B&;;6.)'"4)&.*<$'0.&-&9=I*ZMHNI*>*^]#DGA*

cDCd!P/K/)&&*+/1/9/7#41/9'/I*$A*4A*M^CB]NA*O%-(;*R3)*R(*4&3,(@/92*431,,<*43-&(3&*U&/31-(;*
k*e1/)*4)5@&()%*$(@*U&/31&9%*R(*U9-(-@/@*$(@*U,6/;,*4/2A*86%&#$".*5&6%."-*&:*8(6'"+
4)&.*,46()$2I*DM^NI*>*BE]#^BBA**

cDBd!m-(;I*S-85A* M^CBGNA*"./<5/)-,(*,8*012%-3/<*"@53/)-,(*+5<)-'&@-/*U&/31-(;* 8,9*J/)/*$%#
%-'-</)-,(A*3.4$%."4)&."-*5&6%."-*&:*M.-).$*".(*/)&;$()'"-*8.9).$$%).9>*BHMHNA*DC#H^A*

cD^d!P,'&9,I*4AI*l5&(/;/I*+AI*l/93-/#n56-/I*QAI*i*b9@5(/I*0A*M^CBFNA*$5),'/)-3*$%%&%%'&()*
,8*09,;9&%%*O%-(;*P&',)&*S/6,9/),9-&%A*3.4$%."4)&."-*5&6%."-*&:*M.-).$*".(*/)&;$()'"-*
8.9).$$%).9>*BBM^NI*HE#FHA*1))=%>??@,-A,9;?BCADEEB?-7,&A.BB-^AHD]E*

cDDd!L/92,)/X-I* +AI* i* J9-;/%I* $A* M^CBFNA* b(<-(&* /(@* ,)1&9* RWU* $==<-3/)-,(%* 8,9* W,;(-)-.&*
U9/-(-(;* /(@* $%%&%%'&()A* 3.4$%."4)&."-* 5&6%."-* &:* M.-).$* ".(* /)&;$()'"-* 8.9).$$%).9>*
BBM^NI*DZ#H^A*1))=%>??@,-A,9;?BCADEEB?-7,&A.BB-^AHDZC*

cDHd!$%)/<-(-I*L59(-/K/(I*JA*$AI*0&9@/(/I*PAI*i*L59(-/K/(I*eA*M^CBENA*R@&()-8-3/)-,(*$))-)5@&%*
,8* S&/9(&9%* ,(* 012%-3%* 4567&3)%A* 8,<* 5&6%."-* &:* 8(6'"4)&."-* ,')$.'$* ".(* <$'0.&-&9=I*
FMBNI*DE#HGA*1))=%>??@,-A,9;?BCA^ZGFG?&%)A.F-BAG^DB*

cDFd!L59(-/K/(I*JI*$AI*$%)/<-(-AI*i*$(;;9/-(-ISA*M^CBGNA*"./<5/%-*4-X/=*4+0*U&91/@/=*R0$*@-*
L/65=/)&(* +5/9,* Q/'6-A* 56%."-* 3-;)"0* A)("H4)H"W* E$()"* 3-;)"0* !$.()()H".* (".*
!$.9"X"%".>*BEMBNI*B^D#BDEA*1))=%>??@,-A,9;?BCA^H^F^?<=A^CBG.^B(^-]*

cDZd!f/(@/I*bI*$AI*i*e-<57&(;*I*RA*M^CBGNA*U1&*"88&3)-.&(&%%*,8*$(@9,-@#/%%-%)&@*b=)-3/<*J&#
.-3&%* S&/9(-(;* ),* R'=9,.&* 4)5@&()%q* W,(3&=)5/<* O(@&9%)/(@-(A* 56%."-* !$.$-)4)".* (".*
!$;O$-"X"%".*3!7*HM^N*BCF#BBFA*1))=%>??@,-A,9;?BCADCG]C?7==-A.H-^AHCDG*

http://www.i-joe.org
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Q! #4(0+8$)

#$(.;,',* -%* /%%,3-/)&* =9,8&%%,9* /(@*S&/@&9%*l9,5=*P&%&/931*$404* M$))-)5@&*U,#
K/9@%*012%-3%*/(@*43-&(3&*09,3&%%-(;*4X-<<%NA*012%-3%*"@53/)-,(*09,;9/'I*O(-.&9%-#
)/%* Q/'6-I* Q/</(*P/2/* Q/'6-* k*+/A*T5<-/(I*L+*BFI*+&(@/<,* R(@/1I* Q/'6-I* DZDZBI*
R(@,(&%-/A* :&9* 9&%&/931* -()&9&%)* -(3<5@&* "#$%%&%%'&()* /(@* "./<5/)-,(* %=&3-/<<2* -(*
$))-)5@&* U,K/9@%* 012%-3%* /(@* 43-&(3&* 09,3&%%-(;* 4X-<<%* M"'/-<>* /%)/<-(-V/#
X-9r5(7/A/3A-@N*

E>,) #:4$) =48',.>.'* -%* <&3)59&9* /(@* '&'6&9* l9,5=* P&%&/931* $404* M$))-)5@&*
U,K/9@%*012%-3%*/(@*43-&(3&*09,3&%%-(;*4X-<<%NA*012%-3%*"@53/)-,(*09,;9/'I*O(-.&9#
%-)/%*Q/'6-I*Q/</(*P/2/*Q/'6-*k*+/A*T5<-/(I*L+*BFI*+&(@/<,*R(@/1I*Q/'6-I*DZDZBI*
R(@,(&%-/A* :-%* 9&%&/931* -()&9&%)* -(3<5@&* "#$%%&%%'&()* /(@* "./<5/)-,(* %=&3-/<<2* -(*
$))-)5@&* U,K/9@%* 012%-3%* /(@* 43-&(3&* 09,3&%%-(;* 4X-<<%* M"'/-<>*
@K-/;5%AXr5(7/A/3A-@N**

R8,K) 34;,$(,1+* -%* /%%,3-/)&* =9,8&%%,9* /(@* <&/@&9%* ;9,5=* 9&%&/931* $++aS* M$%#
%&%%'&()*/(@*+&/%59&'/(*+&/(-(;85<<*S&/9(-(;NA*"(;<-%1*"@53/)-,(*09,;9/'I*O(-#
.&9%-)/%* Q/'6-I* Q/</(* P/2/* Q/'6-* k* +/A* T5<-/(I* L+* BFI* +&(@/<,* R(@/1I* Q/'6-I*
DZDZBI*R(@,(&%-/A*:-%*9&%&/931*-()&9&%)*-(3<5@&*"#$%%&%%'&()*/(@*"./<5/)-,(*,8*"@5#
3/)-,(/<*4)5@-&%*M"'/-<>*59-=%5<-%)-2,r5(7/A/3A-@N*RJ*43,=5%>*F]BEDFHFZGE*

D.0&.()/%8?.'.*-%*/*;9/@5/)&*%)5@&()*-(*/(@*'&'6&9*l9,5=*P&%&/931*$404*M$)#
)-)5@&*U,K/9@%*012%-3%*/(@*43-&(3&*09,3&%%-(;*4X-<<%NA*43-&(3&*"@53/)-,(*09,;9/'I*
O(-.&9%-)/%* Q/'6-I* Q/</(*P/2/*Q/'6-*k*+/A*T5<-/(I*L+*BFI*+&(@/<,* R(@/1I* Q/'6-I*
DZDZBI*R(@,(&%-/A*:-%*9&%&/931*-()&9&%)*-(3<5@&*"#$%%&%%'&()*/(@*"./<5/)-,(*%=&3-/<#
<2* -(* $))-)5@&* U,K/9@%* 012%-3%* /(@* 43-&(3&* 09,3&%%-(;* 4X-<<%* M"'/-<>* 9/1#
'/)^ZCEE]r;'/-<A3,'N*

34$5,1.'(+* -%* /* @,3),9/<* %)5@&()* -(* ",).,%)* S,9/(@* O(-.&9%-)2I* BC]F* T5@/=&%)I*
L/V-(3V2*OA*^D#^]I*T5@/=&%)I*BC]FI*:5(;/92*M"'/-<>*%5%6-2/(),r3/&%/9A&<)&A15N*

$9)-3<&* %56'-))&@* ^CBE#CH#BBA* P&%56'-))&@* ^CBE#CF#^]A* a-(/<* /33&=)/(3&* ^CBE#CF#^]A* a-(/<* .&9%-,(*
=56<-%1&@*/%*%56'-))&@*62*)1&*/5)1,9%A*
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