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"

R/"*6&)442-8).&

5))" *&,$*)" 1*./" *&(" /GU/.,$/&+-" 1'&^'.$/(" +'" P%.'U/*&" C'$$%&,+6" ./<%)*+,'&-" *&("

#:=PQ3"/+E,1*)"1'$$,++//"a*%+E'.,>*+,'&"SAO9Ip`"8[l[Il8[[AbH""

"

"

"

"
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!8"
"

!(3"./3""

=$2(27/'(%H2/%83"8I")*+./05120"6%7'"

i'"U./N/&+" ,$$%&/O./M/1+,'&"*&(" ^*1,),+*+/"*&*)6-,-" '^" +.*&-U)*&+/(" E%$*&" G/&'<.*^+-7")*+O

'N/./GU./--,&<"$,1/"a),&/"qBBb"_/./"1.'--/("_,+E"+E/",$$%&'(/^,1,/&+"-+.*,&"120:OlOH"j/"^,.-+"

1'&^,.$/("+E*+"+E/"Q*<8OlO"UE/&'+6U/"(,("&'+"*)+/."+E/"UE/&'+6U/"'^"+E/")*+./0"$,1/H"5)+E'%<E"

$6/),&*+,'&"'&-/+-"*^+/."F,.+E7"_,(/-U./*("E6U'$6/),&*+,'&"mSn"_*-"(/+/1+/(",&"*))"'&/"$'&+E"

')(" E'$'>6<'%-" )*+./05120" F.*,&-" *-" N,/_/(" F6" i8" _/,<E+/(" ,$*<,&<" aV,<H" !Db" *&("

1'&^,.$/(" F6" 3D2" ,$$%&')*F/),&<" aV,<H" !C7" CcbH" P)/1+.'&" $,1.'-1'U6" ./N/*)/(" N/.6" ^/_"

$6/),&*+/("*G'&-"aV,<H"!5bH"#$$%&'E,-+'1E/$,-+.6"^'."JV52"*&("#F*!"./N/*)/("*-+.'<),'-,-"

aV,<H"!47"4cb"*&("*1+,N*+/("$,1.'<),*)"1/))-"aV,<H"!P7"Pcb"1'&^,.$,&<"+E/"-+.'&<",&^)*$$*+'.6"

1'&+/G+",&"E'$'>6<'%-")*+./051207"/N/&"+E'%<E"i"*&("D"1/))-"_/./"*F-/&+H"iE/"U./-/.N*+,'&"

'^" +E/-/" *F&'.$*),+,/-" _*-" *--'1,*+/(" _,+E" -/,>%./-" *&(" U./$*+%./" (/*+E" '^" +E/" ('%F)/"

+.*&-</&,1"$,1/"*.'%&("8["_//g-"./^)/1+,&<"+E/"'.,<,&*)"UE/&'+6U/"'^"+E/")*+./0"),&/H"

"

=$2(27/'(%H2/%83"8I"$J)=#"23K"$L)=#"

X%$*&":2C-"_/./",-')*+/("^.'$")*+/.*)"<*&<),'&,1"/$,&/&1/-"'^"+E.//",&(/U/&(/&+"^'/+%-/-"

m!9n"*&("(,^^/./&+,*+/(" %3" &%/(8" ,&+'"Ek2C-H"j/"U./N,'%-)6"(/$'&-+.*+/(" *^+/." )'&<O+/.$" %3"

&%/(8" *$U),^,1*+,'&" a![[" (*6-b" +E*+" E:2C-" 1'&-/.N/(" +E/,." ,$$*+%./" -+*+/" *&(" +E/,."

U.'),^/.*+,N/"*1+,N,+6"/GU./--,&<7"./-U/1+,N/)67"+E/"&/%.*)"-+/$&/--"$*.g/.":/-+,&"a\pHAob"*&("

U.'),^/.*+,'&" $*.g/." },BS" aI8HBob7" *&(" '&)6" ^/_" (,^^/./&+,*+/(" 1/))-" /GU./--,&<" JV52"

aAHBob7" i%?!" a8H!ob7" k),<8" a98HIob" *&(" 58DA" a9HIobHH" 3'./'N/.7" +E/-/" 1/))-" _/./"

$%)+,U'+/&+" *^+/." /&<.*^+$/&+" ,&+'" +E/" *(%)+" (/$6/),&*+/(" &%(/" -U,&*)" 1'.(7" *&(" +E/6"

-%11/--^%))6"./$6/),&*+/("+E/"(/$6/),&*+/("*(%)+"#$%&'('("-U,&*)"1'.("m!9nH""

i'" *N',(" E/+/.'</&/,+6" *$'&<" 1/))" -'%.1/-7" Ek2C-" _/./" (/.,N/(" ^.'$" +E/" %3" &%/(8"

(,^^/./&+,*+,'&" '^" +E/-/" E:2C-7" ,&" +E/" U./-/&1/" '^" U)*+/)/+O(/.,N/(" <.'_+E" ^*1+'." a24JVbH"
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!9"
"

5^+/." +E.//"_//g-7" 1/))"1%)+%./-"_/./" -U/1,^,1*))6"/&.,1E/(" ,&"/*.)6"Ek2C-"F6" ^)%'./-1/&1/O

*1+,N*+/(" 1/))" -'.+,&<" aV5C=b" %-,&<" +E/" k2C" -U/1,^,1" 1/))" $*.g/.7" C4!I[*l24JVQt" m!AnH"

C'&-/0%/&+)67" C4!I[*" U'-,+,N/" 1/))" ^.*1+,'&-" _/./" *))" U'-,+,N/" ^'." C4!I[*l24JVQtH" iE/"

$*M'.,+6" /GU./--/("},BS" arp[ob" *&("k),<8" ar\[obH"3'./'N/." +E/6" -E'_/(" *" +6U,1*)"k2C"

F,U')*." UE/&'+6U/" aV,<H" 85OCbH" #&" 1'&+.*-+7" +E/" C4!I[*" &/<*+,N/" ^.*1+,'&-" (,(" &'+" /GU./--"

24JVQt"'."k),<8"F%+"(,-U)*6/("*"&/%.'&*)"UE/&'+6U/"*&("/GU./--/("+E/",$$*+%./"&/%.'&*)"

$*.g/." i%?!" ar\[ob" aV,<H" 84OVbH" D'+E" ^.*1+,'&-" _/./" (/N',(" '^" JV52d" 1/))-" aÅ[H[!obH"

y%*&+,+*+,N/"QiO2CQ"1'&^,.$/("/&.,1E$/&+"'^"24JVQt"+.*&-1.,U+-" ,&" +E/"C4!I[*"U'-,+,N/"

U'U%)*+,'&-" *&(" '^" +E/" &/%.'&*)" i%M!" *&(" 3*UA" +.*&-1.,U+-" ,&" +E/" C4!I[*" &/<*+,N/"

U'U%)*+,'&-"aV,<H"8JbH"

i'" F/++/." (/^,&/" +E/" C4!I[*dl24JVQtd" -'.+/(" 1/))-7" _/" 1'$U*./(" +E/,." $6/),&'</&,1"

U'+/&+,*)" +'" E:2C-" *^+/." +.*&-U)*&+*+,'&" ,&+'" &/_F'.&" #$%&'('(5120" $,1/H" #&" ),&/" _,+E"

U./N,'%-" -+%(,/-" m!A7" !Bn7" '%." ./-%)+-" ,&(,1*+/(" ^*-+/." $6/),&'</&,1" 1*U*1,+6" '^" Ek2C-"

aC4!I[*dl24JVQtdb" -,&1/" +E/6" U.'(%1/(" /G+/&-,N/" $6/),&" !A" _//g-" U'-+" +.*&-U)*&+*+,'&"

aUH+Hb" _E,)/" E:2C-" U.'(%1/(" $6/),&" '&)6" *+" )*+/." +,$/-" aV,<H" 8XO#bH" 3'./'N/.7" Ek2C-"

+.*&-U)*&+-",&1./*-/("#$%&'('(5120"$,1/"-%.N,N*)"%U"+'"9["_//g-"_E/./*-"E:2C-"+.*&-U)*&+-"

/G+/&(/("-%.N,N*)"'&)6"%U"+'"8A"_//g-"aV,<H"8?bH""

"

A(2I/'K"$J)=#"%6+(8&'")*+./05120"6%7'"*%I'#+23"23K"*87868/%83"

j/"&/G+"/N*)%*+/("+E/"+E/.*U/%+,1"'%+1'$/"'^"E:2C-"*&("Ek2C-",&"+E/"234"$'(/)H"j/"^,.-+"

*--/--/("+E/"/^^/1+-"'^"F'+E"1/))"+6U/-"'&"-%.N,N*)"*&(")'1'$'+,'&"*^+/."F,)*+/.*)"1/))",&M/1+,'&-"

a![A" 1/))-lu)b" .'-+.*))6" +'" +E/" 1'.U%-" 1*))'-%$" '^" U'-+&*+*)" (*6" !" )*+./05120" $,1/H"

=%.U.,-,&<)67" _E,)/" Ek2C-" <.*^+-" ,$U.'N/(" #$%&'('(5120" -%.N,N*)7" +E/6" (,(" &'+" U.')'&<"

),^/-U*&"'^")*+./05120"$,1/7"_E,1E"(,/("U./$*+%./)6"*+"!\HB"s"!H9"_//g-H"#&"1'&+.*-+7"E:2C-"

+.*&-U)*&+-" -,<&,^,1*&+)6" ,&1./*-/(" )*+./05120" $,1/" ),^/" /GU/1+*&16" a987A" s" 8H\" _//g-7"
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For Peer Review

!I"
"

UÅ[H[[!b" 1'$U*./(" +'" %&<.*^+/(" $,1/" a8[H[" s" [HB" _//g-b" aV,<H" 95ODbH" iE,-" N*)%/" _*-"

-+.'&<)6"%&(/./-+,$*+/("(%/"+'"+E/"$%)+,U)/"-*1.,^,1/-"U/.^'.$/("+'"/N*)%*+/"./$6/),&*+,'&"F6"

3Q#"'."/)/1+.'&"$,1.'-1'U6"*^+/."8A"_//g-H"

X6U'$6/),&*+,'&" ,&" )*+./05120" $,1/" ./-%)+-" ,&" U.'<./--,N/" E,&(" ),$F" _/*g&/--" *&("

1'&-/0%/&+)6" )'1'$'+'."(/^/1+-H"j/" +E/./^'./"/N*)%*+/("$'+'."1''.(,&*+,'&"*&("F*)*&1/"F6"

.'+*.'("*--*6H"R&<.*^+/(")*+./05120"$,1/" -E'_/(" ,&1./*-/("F*)*&1/"(/^,1,+-"_,+E"*</" -,&1/"

.'("^*))")*+/&1,/-"(/1./*-/("^.'$"!IHS"s"!H8"-/1"*+"!["_//g-"UH+H"+'"![H\"s"!H["-/1"*+"9["_//g-"

UH+H"2/.^'.$*&1/-"'^"E:2C-O<.*^+/("$,1/"+/&(/("+'"F/",$U.'N/("1'$U*./("+'"%&<.*^+/(")*+.

/05120"$,1/"*+"/N/.6"/GU/.,$/&+*)"+,$/"U',&+"a!AHS"s"!H["-/1"*+"!["_//g-"UH+H"*&("!IH9"s"!HA"

-/1"*+"9["_//g-"UH+Hb7"*&("_/./"-,<&,^,1*&+)6"E,<E/."*+"8A"_//g-"UH+H"a!BH!"s"[H\"-/1"N-"!8HA"s"

[H\"-/1bH"

"

-830./'(6" 7'**" #4(&%&2*" 23K" M%K'#+('2K" 6%0(2/%83" %#" 27$%'&'K" 'N42**>" 9>" 0(2I/'K"

$J)=#"23K"$L)=#"%3")*+./05120"6%7'""

i'" (/1,UE/." _E6" E:2C-" ./-1%/(" )*+./05120" $,1/" ,&" 1'&+.*-+" +'" Ek2C-7" _/" ^,.-+" *&*)6-/("

-%.N,N*)"*&("$,<.*+'.6"U'+/&+,*)-"'^"+E/"<.*^+/("1/))-H"5+"!A"_//g-"UH+H7"F'+E"<.*^+/("1/))"+6U/-"

/G+/&-,N/)6",&N*(/("F.*,&"./<,'&-"*&("$'./"U*.+,1%)*.)6"+E/"I%69(%2"*&("+E/"1'.U%-"1*))'-%$"

a=%UU)/$/&+*.6" 4*+*" V,<H" =!5bH" PN*)%*+,'&" '^" <.*^+/(" 1/))" (/&-,+6" ,&" +E/" 1'.U%-" 1*))'-%$"

,&(,1*+/(" +E*+" +E/" U/.1/&+*</" '^" ,&+/<.*+/(" 1/))-" _*-" -,$,)*." ^'." E:2C-" a8[H8" s" 9H9ob" *&("

Ek2C-"a8SHI"s"AHpob"a=%UU)/$/&+*.6"4*+*"V,<H"=!DbH"3'./'N/.7"F'+E"<.*^+/("1/))"+6U/-"_/./"

*)-'"^'%&(",&"'+E/."_E,+/"$*++/."-+.%1+%./-"-%1E"*-"1/./F/))%$7"-+.,*+%$7"*&+/.,'."1'$$,--%./"

'."')^*1+'.6"F%)F7"*-",))%-+.*+/("^'."E:2C-"a=%UU)/$/&+*.6"4*+*"V,<H"=!Cb7"E,<E),<E+,&<"+E/,."

<./*+"1*U*1,+6"+'"$,<.*+/"*1.'--"+E/"*&+/.,'.OU'-+/.,'."*&("('.-'ON/&+.*)"*G/-"^.'$"+_'".'-+.*)"

,&M/1+,'&"-,+/-H"V%.+E/.$'./7"F'+E"+.*&-U)*&+/("1/))"+6U/-"E*("*"<./*+"1*U*1,+6"+'"-%.N,N/",&"+E/"

234" /&N,.'&$/&+" -,&1/" ,$$%&'E,-+'1E/$,-+.6" ^'." C*-U*-/" 9" ,&(,1*+/(" )'_" .*+/-" '^" 1/))"
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For Peer Review

!A"
"

(/*+E"aÅ[H[!ob"*+"!A"_//g-"UH+H"PG1/))/&+"-%.N,N*)"'^"+E/"<.*^+/("1/))-"_*-"^%.+E/."1'&^,.$/("

F6"+E/"(/+/1+,'&"'^"-%F-+*&+,*)"U'U%)*+,'&-"'^"E:2C-",&")*+./05120"$,1/"+E*+"-%.N,N/("%U"+'"

Ip"_//g-"UH+H"

"

A(2I/'K"$J)=#"23K"$L)=#"62/4('"%3/8"8*%08K'3K(87>/'#"2/"K%II'('3/"(2/'#"

j/" &/G+" *--/--/(" +E/" 1*U*1,+6" '^" <.*^+/(" 1/))-" +'" (,^^/./&+,*+/" ,&+'" '),<'(/&(.'16+/-" *&("

</&/.*+/" ^%&1+,'&*)"$6/),&H"5+"!A"_//g-"UH+H7"Ek2C-"E*("*"$*+%./"$'.UE')'<6"_,+E"$%)+,O

F.*&1E/(" U.'1/--/-" _E,)/" E:2C-" ./$*,&/(" /--/&+,*))6" *-" ,$$*+%./" F,U')*." 1/))-" aV,<H" I5bH"

3'-+" Ek2C-" /GU./--/("52C" aSBHA"s"AHAob" *&("E%$*&":kJkO5" a9pHS"s"![HAob7"_E/./*-"

'&)6"*"^/_"E:2C-"/GU./--/("+E/-/"$*.g/.-"a./-U/1+,N/)6"!AHp"s"IHSo"*&("8H!"s"[H\ob"aV,<H"

I5OCbH" X'_/N/.7" ,&" +E/" E:2C-O<.*^+/(" $,1/7" _E,1E" -%.N,N/(" %U" +'" 9[" _//g-" UH+H7" E:2C-"

</&/.*+/("-,$,)*."U.'U'.+,'&-"'^"52Cd"apSH!"s"8H9ob"*&(":kJkO5d"aA[H8"s"AH9ob"1/))-"*-"

Ek2C-" *+" !A" _//g-" UH+H" aV,<H" ICb7" ,&(,1*+,&<" +E/,." -)'_/." U*1/" F%+" /0%*)" 1*U*1,+6" +'"

(,^^/./&+,*+/",&+'"'),<'(/&(.'16+/-H""

"

A(2I/'K"$J)=#"23K"$L)=#"K%II'('3/%2/'"%3/8"I437/%832*"8*%08K'3K(87>/'#"

=,$,)*.)67"_E,)/"$6/),&"_*-"(/+/1+/(" ,&" +E/"$*M'.,+6" '^" +E/" -+.%1+%./-" 1')'&,>/(" F6" <.*^+/("

Ek2C-" *+" !A" _//g-" UH+H7" _/" '&)6" (/+/1+/(" $6/),&O),g/" (/F.,-" ,&" E:2C-O<.*^+/(" $,1/7"

-%<</-+,&<" '&<',&<" (/$6/),&*+,'&" *-" 'F-/.N/(" ,&" E'$'>6<'%-" %&<.*^+/(" $,1/" aV,<H" A5bH"

C'&-,-+/&+" _,+E" +E/,." -)'_/." (,^^/./&+,*+,'&" ,&+'" $*+%./" '),<'(/&(.'16+/-7" E:2C-" *1E,/N/("

.'F%-+" $6/),&*+,'&" '&)6" *+" 9[" _//g-" UH+H7" _,+E" 3D2d" *./*" ,&" +E/" 1'.U%-" 1*))'-%$" aSBHB" s"

!\HSo" '^" 3D2d" *./*b" ./*1E,&<" -,$,)*." /G+/&-,'&" +'" +E/" '&/" (/+/1+/(" *+" !A" _//g-" UH+" ,&"

Ek2C-O<.*^+/(" *&,$*)-" aBIHS"s" !!H!ob" aV,<H" ADOCbH"5-"3D2d"$6/),&" (/F.,-" 1*&"U/.-,-+" ,&"

)*+./05120"$,1/7"_/"%-/("$%)+,U)/"*UU.'*1E/-"+'"(/$'&-+.*+/" +E*+"$6/),&"_*-"U.'(%1/("F6"

+E/"E%$*&"<.*^+/("1/))-H"V,.-+7"'.+E'<'&*)"N,/_-"'^"3D2d",&+/.*1+,'&-"_,+E"JV2d"<.*^+/("1/))-"
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For Peer Review

!B"
"

./N/*)/("$%)+,U)/"F.*&1E/("U.'1/--/-"/&(,&<",&"i"-E*U/7"*"+6U,1*)"^/*+%./"'^"$6/),&O^'.$,&<"

'),<'(/&(.'16+/-" m!9n" 1'&&/1+,&<" E'-+" *G'&-" aV,<H" A4bH" iE/" $6/),&*+,&<" U'+/&+,*)" '^"

+.*&-U)*&+/("1/))-"_*-" ^%.+E/." ,&N/-+,<*+/("F6" ,$$%&'O/)/1+.'&"$,1.'-1'U6"*+"Ip"_//g-"UH+H"

D)%'J*)" U./1,U,+*+/-7" _E,1E" ./N/*)" JV2" -+*,&,&<7" _/./" ./-+.,1+/(" +'" $6/),&" -+.%1+%./-" *&("

_/./" /G1)%-,N/)6" U./-/&+" ,&" *./*-" 1'&+*,&,&<" JV2d" 1/))-" U.,'." +'" /$F/((,&<H" iE/./^'./7"

(/+/1+,'&" '^" D)%'J*)" U./1,U,+*+/-" F6" /)/1+.'&" $,1.'-1'U6" _,+E,&" $6/),&" _.*UU,&<" '^" E'-+"

*G'&-"N*),(*+/("+E*+"$6/),&"_*-"('&'."(/.,N/("aV,<H"APbH"X,<E/."$*<&,^,1*+,'&",&(,1*+/("+E*+"

+E/" ('&'.O(/.,N/(" $6/),&" _*-" &'.$*))6" 1'$U*1+/(H" V,&*))67" ,$$%&'-+*,&,&<" ^'." +E/"

U*.*&'(*)"U.'+/,&"C*-U."*&("&'(*)":/%.'^*-1,&"./N/*)/("*"E,<E/."(/&-,+6"'^"&'(/-"'^"Q*&N,/."

,&"*./*-"'^"+E/"1'.U%-"1*))'-%$"1'&+*,&,&<"JV2d"1/))-"1'$U*./("+'"*./*-")*1g,&<"JV2d"1/))-"'."

+'"%&<.*^+/("$,1/"aV,<H"AVbH"3'./'N/.7"1'O)*F/),&<"^'."JV2"*&("C*-U."1'&^,.$/("+E/"('&'."

'.,<,&"'^" +E/"U*.*&'(*)"-+.%1+%./-" aV,<H"AJbH"iE/-/"(*+*" ,&(,1*+/"&'(*)" ./1'&-+,+%+,'&"F6" +E/"

<.*+^/("1/))-"*&("E,<E),<E+"+E/"^%&1+,'&*),+6"'^"+E/"('&'.O(/.,N/("$6/),&H"

"

L3*>"0(2I/'K"$J)=#"K8M3.('04*2/'"%3I*2662/%83"%3")*+./05120"6%7'"

4/-U,+/"+E/,."U'+/&+,*)"^'."/^^,1,/&+",&+/<.*+,'&"*&("$6/),&*+,'&7"Ek2C-"^*,)/("+'",$U.'N/"+E/"

-%.N,N*)"'^")*+./05120"$,1/H"j/"+E/./^'./"*-g/("_E/+E/." +E/-/"+_'"<.*^+/("1/))"U'U%)*+,'&-"

$,<E+" (,^^/./&+,*))6" $'(%)*+/" +E/,." E'-+" /&N,.'&$/&+" *&(" ,&" U*.+,1%)*." +E/" ,&^)*$$*+'.6"

F%.(/&"'^")*+./05120"$,1/H"#&(//(7")-),"'N/./GU./--,'&")/*(-"+'",&1./*-/("*-+.'16+'-,-"*&("

$*--,N/" $,1.'<),*)" *1+,N*+,'&7" F'+E" *--'1,*+/(" _,+E" *<<.*N*+/(" 1),&,1*)" -6$U+'$-H" j/"

/GU)'./("$,1.'<),*)"*&("*-+.'16+/"./*1+,N,+6",&")*+./05120"$,1/"F6",$$%&'(/+/1+,'&"'^"#F*!"

*&("JV52"./-U/1+,N/)6H"P&<.*^+$/&+"_,+E"E:2C-"-,<&,^,1*&+)6"./(%1/("F'+E"$,1.'<),*)"aV,<H"

B5b" *&(" *-+.'16+/" aV,<H" BDb" )'*(-" ,&" _E,+/" $*++/." *./*-" ,&" )*+./05120" *-" 1'$U*./(" +'"

%&<.*^+/("$,1/H" iE/" U/.1/&+*</-" '^" +E/" 1'.U%-" 1*))'-%$" )*F/))/(" ^'."JV52" *&(" #F*!" _/./"

I\H!"s"\H!o"*&("9!HA"s"8HIo"./-U/1+,N/)6",&"%&<.*^+/("$,1/7"S9HI"s"!SHIo"*&("9\H["s"\H9o"
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!S"
"

,&"Ek2CO<.*^+/("$,1/"*&("!pHB"s"AH9o"*&("SHp"s"!H8o",&"E:2C-O<.*^+/("$,1/H"iE/-/"(*+*"

,&(,1*+/"./(%1+,'&-",&"*-+.'16+/"*&("$,1.'<),*)" )'*(-"'^"Ç9OI"^')(" ,&"E:2C-O<.*^+/("*&,$*)-"

1'$U*./("+'"%&<.*^+/("*&("Ek2CO<.*^+/("$,1/H""

4,^^/./&+"-E*U/-"*&("U.'1/--".*$,^,1*+,'&-"'^"*-+.'16+/-"*&("$,1.'<),*",&"Ek2C-O"*&("E:2C-O

<.*^+/(" $,1/7" U.'$U+/(" %-" +'" (/^,&/" +E/" *1+,N*+,'&" -+*+/" '^" $,1.'<),*)" 1/))-H" C)*--,1*))6"

*1+,N*+/("a3!O),g/"U.'O,&^)*$$*+'.6b"*&("*)+/.&*+,N/)6"*1+,N*+/("a38O),g/" ./U*,."*--'1,*+/(b"

1/))-"_/./" ,(/&+,^,/("F6"1')'1*),>*+,'&"'^"/,+E/." ,&(%1,F)/"&,+.,1"'G,(/"-6&+E*-/" a,:k=`"3!O

),g/b" '." 5.<,&*-/" a5.<O!`" 38O),g/b" $*.g/.-" ,&" #F*!d" 1/))-" aV,<H" S5bH"jE,)/" %&<.*^+/("$,1/"

_/./" 1E*.*1+/.,>/(" F6" +E/" /G1)%-,N/" U./-/&1/" '^" 3!O+6U/" ,&^)*$$*+'.6" UE/&'+6U/7" F'+E"

Ek2C-"*&("E:2C-"+.*&-U)*&+-"+/&(/("+'"./(%1/"+E/"U/.1/&+*</"'^"#F*!dl,:k=d"3!O),g/"1/))-H"

jE,)/" Ek2C-" -%-+*,&/(" /--/&+,*))6" 3!O),g/" $,1.'<),*)" 1/))" UE/&'+6U/" aIpH!" s" SHIo" '^"

#F*!dl,:k=d"1/))-"N/.-%-"8IHp"s"8HBo"'^"#F*!dl5.<O!d"38O),g/"1/))-b7"_,+E"*")'_"38l3!".*+,'"

a[HA!"s"[H8b7"E:2C-",&(%1/("*"-%F-+*&+,*)"-E,^+"^.'$"3!O),g/"+'"38O),g/"UE/&'+6U/"a38l3!"

.*+,'"v!H9\"s"[H!8b7"_,+E"9AH9"s"!H9o"'^"#F*!dl,:k=d"*&("I\H["s"9HSo"'^"#F*!dl5.<O!d"1/))-b"

aV,<H"SDbH"i'"^%.+E/."N*),(*+/",:k="*&("5.<,&*-/"/GU./--,'&")/N/)-"*-"_/))"*-"'+E/."3!O),g/"

aC4987"C4pB7"C4!Bb"*&("38O),g/"ai<^É7"C48[B7"#<^!b"$*.g/.-7"_/"U/.^'.$/("0%*&+,+*+,N/"

./*)O+,$/"QiO2CQ"'&"C4!!Fd"1/))-7",-')*+/("^.'$"1'.U%-"1*))'-%$"'^"Ek2C-O7"E:2C-O<.*^+/("

$,1/"*&("%&<.*^+/("$,1/H"5&*)6-,-"1'&^,.$/("+E/"+./&("^'."('_&O./<%)*+,'&"'^",:k=",&"F'+E"

E:2C-O"a[HBB"s"[H88b"*&("Ek2C-O<.*^+/("$,1/"a[H!I"s"[H[Bb"*-"_/))"*-"E,<E/."/GU./--,'&"'^"

*.<,&*-/" ,&" E:2C-O<.*^+/(" $,1/" a8BH8A" s" 9H!Ib" 1'$U*./(" +'" Ek2C-O<.*^+/(" $,1/" a!H9I" s"

[HBSb" aV,<H"SCbH" #&"U*.*))/)7" +E/"$'(%)*+,'&"'^" ,:k="'."*.<,&*-/"'F-/.N/(" ,&"E:2C-O<.*^+/("

$,1/"_*-"1'../)*+/("+'"./-%)+-"'F+*,&/("%3"&%/(8"_,+E"U')*.,>/("$,1.'<),*",&+'"+E/"3!O),g/"-+*+/"

F6" #V:{7"*&(" ,&+'" +E/"38O),g/"UE/&'+6U/"F6"#hI"a,:k=]"[H9B"s"[H[S`"5.<,&*-/]"!7[ABH!\"s"

8!HSBb"&'.$*),>/("'&"%&U')*.,-/("$,1.'<),*)"1/))-"aV,<H"S4bH"iE%-"/G'</&'%-"E:2C-"('_&O

Page 22 of 43

ScholarOne Support: (434) 964-4100

Stem Cells

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

!p"
"

./<%)*+/("+E/"E'-+" ,&^)*$$*+'.6"1'&+/G+"$'./"/^^,1,/&+)6" +E*&"Ek2C-"F6"U')*.,>,&<"C4!!Fd"

1/))-"$*,&)6",&+'"*"./U*,."38O),g/"-+*+/H"

"

F$37"33$-#""

2h2!" 'N/./GU./--,'&" /G/.+-" *" +'G,1" <*,&O'^O^%&1+,'&" ./-%)+,&<" ,&" '),<'(/&(.'16+/" (/*+EH"

C%../&+"/&('</&'%-"./U*,."-+.*+/<,/-"*,$"+'"$,&,$,>/"U*+E')'<,1*)"/^^/1+-"'^"$%+*+,'&-"%-,&<"

$,1.'"Q:5" +'" ./(%1/"2)U!"$Q:5")/N/)-" m8pn7"'."1E')/-+/.')" +./*+$/&+" m8\nH"X'_/N/.7"1/))"

-%F-+,+%+,'&"$*6"F/"*&'+E/."U.'$,-,&<"*)+/.&*+,N/"+E/.*U6"^'."234H"

"

2.''^"'^"U.,&1,U)/"^'."1/))OF*-/("+E/.*U6"^'."234"_*-"U.'N,(/("F6"+.*&-U)*&+,&<".'(/&+"C:="

+,--%/" ^.*<$/&+-" ,&" O%6+>" $,1/" m9[n7" *" 234" $'(/)" '^" )*+," </&/" U',&+O$%+*+,'&7" *&(" _*-"

^%.+E/."1'&^,.$/("F6"<.*^+,&<"U%.,^,/("U'U%)*+,'&-"'^" .'(/&+"<),*)"U./1%.-'."1/))-" ,&"$6/),&O

(/^,1,/&+"a$(b".*+-"m9!n"'."-E*g,&<"U%U-"m98nH"5)+E'%<E"+E/-/"-+%(,/-"(/$'&-+.*+/("+E*+"&'&O

*^^/1+/(".'(/&+"U./1%.-'."1/))-"-%.N,N/("*&("(,^^/./&+,*+/("&'.$*))6",&+'"'),<'(/&(.'16+/-" ,&"

+E/" 234" /&N,.'&$/&+7" +E/" F/&/^,+" '^" .'(/&+" :2C-" '." E%$*&" :2C-lk2C-" /&<.*^+$/&+" ,&"

+E/-/"$'(/)-"E*-"&'+"F//&",&N/-+,<*+/(H"3'./'N/.7".*+,'&*)"U.'<./--"_,+E"1/))O+E/.*U6"./0%,./-"

1'$U*.,-'&"'^"(,^^/./&+"1/))" +6U/-"a:2C-"N/.-%-"k2C-b",&" +E/"-*$/"/GU/.,$/&+*)"U*.*(,<$H"

V,&*))67" ,&" N,/_" '^" +E/" 'FN,'%-" (,^^/./&1/-" ,&" F,')'<6" /G,-+,&<" F/+_//&" E%$*&" *&(" .'(/&+"

1/))-7"+E/"/^^,1*16"'^"E%$*&"1/))-",&"*"./)/N*&+"$'(/)"'^"234"E*-"&'+"F//&"(/$'&-+.*+/("F%+"

,-" ./0%,./(" ^'." *UU.'U.,*+/" 1),&,1*)" +.*&-)*+,'&" '^" 1/))" +E/.*U6" ^'." 234H" " #&" +E,-" -+%(67" _/"

*((./--/(" _E/+E/." Ek2C-" '." E:2C-" *./" F/++/." 1*&(,(*+/-" ^'." 234" 1/))OF*-/(" +E/.*U67" F6"

1'$U*.,&<" +E/-/" +_'" U'U%)*+,'&-" ,&" U*.*))/)" *^+/." /&<.*^+$/&+" ,&+'" +E/" &/_F'.&" F.*,&" '^" *"

$'%-/"$'(/)"'^"-/N/./"234H""

)*+./0" $,1/" _/./" F*1g1.'--/(" _,+E" Q*<8OlO" ),++/.$*+/-" +'" U./N/&+" E%$*&" 1/))" ./M/1+,'&H"

5)+E'%<E" U./N,'%-" -+%(,/-" E*N/" (/$'&-+.*+/(" +E/" ,&N')N/$/&+" '^" iO)6$UE'16+/-" ,&"$6/),&"
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!\"
"

(/</&/.*+,'&"m99n"*&(",&"+E/"U/.+%.F*+,'&"'^"./+.'<.*(/"*G'&*)"+.*&-U'.+"*&("*G'&*)"-_/)),&<"

,&" )*+./0" $,1/" m9In7" _/" (,(" &'+" (/+/1+" -,<&,^,1*&+" ,$U.'N/$/&+" '^" -%.N,N*)7" (,-*F,),+67"

,&^)*$$*+,'&" '." $6/),&*+,'&" ,&" )*+./05120" $,1/" 1'$U*./(" +'" &'&O120" ),++/.$*+/-H" C/))-"

<.*^+/(".'-+.*))6"+'"+E/"1'.U%-"1*))'-%$"'^"&/_F'.&"U%U-"$,<.*+/("U.'<./--,N/)6",&+'"*))"F.*,&"

./<,'&-7"_,+E"*"U./^/./&1/"^'."*./*-"1'&+.')),&<"F*)*&1/"*&("$'+'."1''.(,&*+,'&"-%1E"*-"1'.U%-"

1*))'-%$"*&(" I%69(%2H"Q'+*.'("(*+*"-E'_/(" +E*+"$'+'."1''.(,&*+,'&"*&("F*)*&1/"'^"E:2C-O

<.*^+/(")*+./05120"$,1/"_*-"-,<&,^,1*&+)6",$U.'N/("1'$U*./("+'"%&<.*^+/(")*+./05120"$,1/"

*+"8A"_//g-"UH+H7"F%+"_*-",&^/.,'."+'"_,)(O+6U/"Q*<OlO"$,1/H"3'./'N/.7"_E,)/".'("^*))")*+/&1,/-"

'^" )*+./05120" $,1/" (/1./*-/(" _,+E" +,$/" %&+,)" (/*+E7" +E*+" '^" E:2C-O<.*^+/(" $,1/" ./$*,&/("

E,<E/."'N/." +,$/H"iE,-"$,)(" ,$U.'N/$/&+"$,<E+" ./-%)+" ^.'$"&/_)6" ^'.$/("$6/),&7" ,&"*./*-"

,&N')N/(",&")'1'$'+,'&lF*)*&1/7"-%1E"*-"+E/"1/./F/))%$H"2'--,F)67"+.*&-U)*&+,&<"$'./"1/))-"'."

+*.</+,&<" $'./" -,+/-" m!pn" $,<E+" 'U+,$,>/" 1/))" -U./*(,&<" +'" +E/" 1/./F/))%$7" F.*,&-+/$" *&("

-U,&*)"1'.("*&("^%.+E/.",$U.'N/")'1'$'+'."*1+,N,+6"*&("-%.N,N*)H"

"

=/N/.*)"-+%(,/-"E,<E),<E+/("+E*+"+.*&-U)*&+*+,'&"'^"Ek2C-7"(/.,N/("^.'$"^'/+*)"F.*,&"'."^.'$"

,2=7" ,&+'" ,$$%&'(/^,1,/&+" #$%&'('(5120" $'%-/" F.*,&" ,&(%1/(" _,(/-U./*(" $6/),&*+,'&" *&("

/G+/&(/("),^/-U*&"'^"+E/,."E'-+"m!S7"!pnH"=%.U.,-,&<)67"+E,-"_*-"&'+"+E/"1*-/"_E/&"Ek2C-"_/./"

<.*^+/(" ,&+'")*+./05120"$,1/H" #&" -U,+/" '^" +E/"U./-/&1/" '^" /G+/&-,N/" /G'</&'%-"$6/),&*+,'&7"

Ek2C-O<.*^+/("$,1/"(,/("*-"U./$*+%./)6"*-"%&<.*^+/("$,1/"a8["_//g-bH"iE/"^*,)%./"'^"Ek2C-"

+'" U.'$'+/")*+./05120" -%.N,N*)" _*-" &'+" (%/" +'" *&6" U'+/&+,*)" ,&+.,&-,1" (/^/1+" '^" +E/" <.*^+/("

Ek2C-" U'U%)*+,'&H" #&(//(7" +E/-/" E:2C-O(/.,N/(" Ek2C-" _/./" F'&,^,/(" Ek2C-" /GU./--,&<"

k2C-" $*.g/.-" -%1E" *-" 24JVQt" *&(" k),<87" *-" N*),(*+/(" *+" +E/" U.'+/,&" *&(" +.*&-1.,U+,'&*)"

)/N/)-H" =/1'&(7" *^+/." /&<.*^+$/&+" ,&+'" ,$$%&'(/^,1,/&+" #$%&'('(5120" $,1/7" <.*^+/(" Ek2C-"

(,^^/./&+,*+/("-%11/--^%))6",&+'"$6/),&O^'.$,&<"1/))-"*&(",$U.'N/("E'-+"-%.N,N*)7"^.'$"89"+'"

9[" _//g-" aV,<H" 8?b" *-" U./N,'%-)6" ./U'.+/(" m!SnH" 5((,+,'&*))67" +E/,." ^*,)%./" +'" ,$U.'N/" )*+.
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8["
"

/05120"$,1/" -%.N,N*)" (,(" &'+" ./-%)+" ^.'$"/G1/--,N/" 1/))" (/*+E" -,&1/" Ek2C-" (,(" &'+" /GU./--"

C*-U*-/"9"*&("_/./"U./-/&+",&"/0%*)"(/&-,+,/-"+'"E:2C-"*^+/."/&<.*^+$/&+",&"+E/")*+./05120"

1/./F.*)" U*./&1E6$/H" iE/" *F-/&1/" '^" ./-1%/" '^" +E/" )*+./05120" UE/&'+6U/" ,&" -U,+/" '^"

/G'</&'%-" Ek2C-O(/.,N/(" $6/),&*+,'&" E,<E),<E+-" +E/" /G,-+/&1/" '^" *" $*M'." U*+E')'<,1*)"

U.'1/--7" _E,1E" ,-" ),&g/(" U./^/./&+,*))6" +'" ,&^)*$$*+,'&" .*+E/." +E*&" (/$6/),&*+,'&H" iE/"

-,<&,^,1*&1/" '^" +E/" ,&^)*$$*+'.6" U.'1/--" ,-" ./,&^'.1/(" F6" +E/" %&/GU/1+/(" ,$U.'N/$/&+" '^"

E:2C-O<.*^+/("$,1/"-%.N,N*)"%U"+'"'&/"6/*."UH+H7",&"-U,+/"'^"+E/"*F-/&1/"'^"$6/),&*+,'&"*+"!A"

_//g-"UH+H"iE,-"/G+/&(/("-%.N,N*)"^'))'_,&<"E:2C-"+.*&-U)*&+*+,'&"$*6"./-%)+"^.'$"E:2C-O

(/.,N/(",$$%&'$'(%)*+,'&"-,&1/"*-+.'16+/"./*1+,N,+6"*&("$,1.'<),*)"(/&-,+6"_/./"./(%1/("*+"

!A" _//g-" UH+H" Q/(%1+,'&" '^" +E/" ,&^)*$$*+'.6" F%.(/&" *))'_/(" +E/" -)'_" U.'1/--" '^"

(,^^/./&+,*+,'&" '^" E:2C-" ,&+'" '),<'(/&(.'16+/-" +'" U.'1//(" F/6'&(" +E/" '+E/._,-/" ./-+.,1+/("

),^/-U*&"'^"+E/,."E'-+H"iE/"'F-/.N*+,'&"+E*+"E:2C-"*&("Ek2C-"/G+/&("-%.N,N*)"'^"#$%&'('(5120"

$,1/"F%+"+E*+"'&)6"E:2C-",&1./*-/"),^/"/GU/1+*&16"'^")*+./05120"$,1/7"-%<</-+-"+E*+"*"$,)()6"

,&^)*$$*+'.6"UE/&'+6U/"-%1E"*-"#$%&'('("1*&"F/"./-1%/("F6"$6/),&*+,'&"m9An"_E,)/"*"-/N/./"

,&^)*$$*+'.6" 234" UE/&'+6U/" ./0%,./-" /^^,1,/&+" ,$$%&'$'(%)*+,'&" ,&" *((,+,'&" +'" $6/),&"

./-+'.*+,'&H" 3'./'N/.7" +E/" (,^^/./&1/" ,&" -%.N,N*)" F/+_//&" +E/-/" +_'" $'(/)-" E,<E),<E+-" +E/"

),$,+-"'^"+E/"#$%&'('("$'(/)"m8Bn"*&("+E/"&/1/--,+6"+'"%-/"$'./"./)/N*&+"(,-/*-/"$'(/)-7"-%1E"

*-")*+./05120"$,1/7"+'"(/N/)'U"/^^,1,/&+"1/))"+E/.*U6"^'."234H"

R&),g/" ,&" #$%&'('(" $,1/" m!9n7" E:2C-" +.*&-U)*&+/(" ,&+'" )*+./05120" *&,$*)-" (,^^/./&+,*+/("

U./('$,&*&+)6" ,&+'" '),<'(/&(.'16+/-" F%+" +'" *" $,&'." /G+/&+" ,&+'" *-+.'16+/-" '." &/%.'&-7"

-%<</-+,&<"+E*+"(,-/*-/O-U/1,^,1"/&N,.'&$/&+-"*^^/1+"(,^^/./&+,*))6"+E/"^*+/"'^"/G'</&'%-"1/))-H"

iE/./^'./7",+"-//$-"+E*+"+E/.*U/%+,1"-+.*+/<,/-"%-,&<"Ek2C-"_,+E"*-+.'16+/-"'."&/%.'&-"1*&&'+"

F/"/^^,1,/&+",&"234H"#+"*)-'"E,<E),<E+-"+E*+"+E/"$*M'."(,^^/./&1/",&"+E/"./-U/1+,N/"+E/.*U/%+,1"

F/&/^,+-" F/+_//&" E:2C-" *&(" Ek2C-" ./-%)+-"$'./" ^.'$"$/1E*&,-$-" -%1E" *-"$'(%)*+,'&" '^"

,&^)*$$*+,'&".*+E/."+E*&"+E/"$6/),&*+,'&"1*U*1,+,/-"'^"+E/"+_'"U'U%)*+,'&-H"5)+E'%<E"E:2C-"
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8!"
"

./0%,./(" +_,1/"$'./" +,$/" +E*&" Ek2C-" +'" </&/.*+/"$*+%./"'),<'(/&(.'16+/-7" F'+E" 1/))" +6U/-"

_/./"/0%*))6"$6/),&'</&,17"U.'(%1,&<".'F%-+"$6/),&*+,'&",&"+E/,."+*.</+"-,+/-7"*-"N*),(*+/("F6"

,$$%&'(/+/1+,'&"'^"JV2"F6"^)%'./-1/&+"*&("/)/1+.'&"$,1.'-1'U6H"3'./'N/.7"E:2C-"<.*^+/("

,&" &/_F'.&" #$%&'('(5120" $,1/" (,^^/./&+,*+/(" *)'&<" +E/" -*$/" +,$/" ^.*$/" *-" ,&" )*+./05120"

$,1/7",&(,1*+,&<"+E*+"+E/"234"/&N,.'&$/&+"&/,+E/."U./N/&+/("m9[n"&'."(/)*6/("+E/"$*+%.*+,'&"

'^"E/*)+E6"/G'</&'%-"1/))-H"

D'+E" E:2C-" *&(" Ek2C-" $,<.*+/(" _,(/)6" _,+E" *" U./^/./&1/" ^'." _E,+/" $*++/." +.*1g-H"

j,(/-U./*(" _E,+/" $*++/." 1')'&,>*+,'&" F6" +E/" <.*^+/(" 1/))-" -%<</-+-" -+.'&<" 1E/$'*++.*1+,N/"

-,<&*)),&<7" U'--,F)6" $/(,*+/(" N,*" 3!O),g/" $,1.'<),*)" 1/))-" m9Bn" _E,1E" *./" U./-/&+" ,&" )*+.

/05120"_E,+/"$*++/.H"#&+/./-+,&<)67"'&)6"E:2C-"./(%1/("$,1.'<),*)"1/))"&%$F/."*&("*-+.'16+/"

./*1+,N,+67"1'&^,.$,&<"+E/"*&+,O,&^)*$$*+'.6"U.'U/.+,/-"'^":2C-"*-"./N/*)/("*^+/.",&+.*N/&'%-"

'." ,&+.*U*./&1E6$*)" ,&M/1+,'&" m8!7" 8I7" 8An7" *&(" E,<E),<E+,&<" +E*+" +E,-" /^^/1+" ,-" -%-+*,&/("

,../-U/1+,N/"'^"+E/"(,-/*-/",&^)*$$*+'.6"1'&+/G+H"

iE/" U./-/&1/" '^" E:2C-" ,&" )*+./05120" $,1/" _*-" *--'1,*+/(" _,+E" *" -_,+1E" '^" 3!O),g/"

$,1.'<),*)"1/))-"UE/&'+6U/",&+'"38O),g/"*&+,O,&^)*$$*+'.6"1/))-"UE/&'+6U/7"*&("-%<</-+-"+E/"

./)/*-/" '^" ,$$%&'$'(%)*+'.6" ^*1+'.-" *-" 'F-/.N/(" ^'." $'%-/O:2C-" <.*^+/(" ,&" +E/" ,&M%./("

-U,&*)" 1'.(" m8An" '." (%.,&<" /&('</&'%-" ./$6/),&*+,'&" m9BnH" 5)+E'%<E" ,:k=" +.*&-1.,U+"

/GU./--,'&" )/N/)" _*-" )'_/." ,&" Ek2C-O+.*&-U)*&+/(" $,1/" +E*&" ,&" E:2C-O<.*^+/(" $,1/7"

$,1.'<),*)"1/))-"./$*,&/("/--/&+,*))6"3!O),g/H"iE,-"U./-%$*F)6"./-%)+-"^.'$",&-%^^,1,/&16"'."*"

(,^^/./&+"-U/1+.%$"'^"-/1./+/("+.'UE,1"^*1+'.-"*&("16+'g,&/-",&N')N/(",&"38O),g/"U')*.,>*+,'&"

*-" -%<</-+/(" F6" +E/" _/*g" /GU./--,'&" '^" *.<,&*-/" *&(" '+E/." 38O),g/" $*.g/.-H" Q/-1%/" '^"

E:2C-O<.*^+/(")*+./05120"$,1/"1'%)("./-%)+"^.'$"+E/"$'(,^,1*+,'&"'^"3!l38"F*)*&1/".*+E/."

+E*&"+E/"(/1./*-/"'^"$,1.'<),*)"1/))"&%$F/."*-"'F-/.N/(",&"}.*FF/c-"(,-/*-/"m9SnH"iE%-7" +E/"

(,^^/./&+" ./-U'&-/" '^" E:2C-" *&(" Ek2C-" '&" )*+./05120" $,1/" ,&^)*$$*+,'&" E,<E),<E+-" +E/,."

./-U/1+,N/" ,$$%&'$'(%)*+'.6"U.'U/.+,/-" +E.'%<E" +E/,."'_&"-U/1+.%$"'^" -/1./+/("16+'g,&/-H"
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88"
"

4/1,UE/.,&<"E'_"E:2C-"$/(,*+/" +E/" +.*&-,+,'&"^.'$"3!O),g/" +'"38O),g/"UE/&'+6U/" ,&")*+.

/05120" $,1/" 1'%)(" )/*(" +'" +E/" ,(/&+,^,1*+,'&" '^" +E/.*U/%+,1" $')/1%)/-" *&(" ^%.+E/." ,$U.'N/"

234"1/))"+E/.*U6"m9pnH"#&(//(7"*"-+.*+/<6"1'$F,&,&<"UE*.$*1')'<,1*)",$$%&'$'(%)*+,'&"+'"

,$U.'N/" ./1,U,/&+" -%.N,N*)" *&(" ^*-+" *&(" /^^,1,/&+" $6/),&" ./U)*1/$/&+" N,*" 1/))" +E/.*U6" +'"

U./N/&+" *G'&" (6-^%&1+,'&" _'%)(" *UU/*." *-" *&" 'U+,$*)" +E/.*U/%+,1" +./*+$/&+" ^'." 234" *&("

U'--,F)6"'+E/." ,&^)*$$*+'.6"(/$6/),&*+,&<"(,-'.(/.-H" #&(//(7"*)+E'%<E" +E,-" -+%(6"E,<E),<E+-"

+E/"F/&/^,+"'^"E:2C-"+.*&-U)*&+*+,'&",&"*"-/N/./"234"$'(/)7"+E/"'U+,$*)"-+.*+/<6"1'%)("F/"+'"

*11/)/.*+/"+E/"</&/.*+,'&"'^"$6/),&"+'"U.'+/1+"*G'&-"%-,&<"Ek2C-",&"1'$F,&*+,'&"_,+E"+E/"%-/"

'^" ,$$%&'$'(%)*+'.6" (.%<-" +'" ./(%1/" +E/" (/)/+/.,'%-" /^^/1+" '^" ,&^)*$$*+,'&H" k&/" 1'%)("

0%/-+,'&" +E/" ./)/N*&1/" '^" '%." (*+*" '&" $,1.'<),*" UE/&'+6U/" ,&" 234H" #&(//(7" N/.6" ^/_"

E,-+'U*+E')'<,1*)" -+%(,/-" ./U'.+/(" ,&^)*$$*+,'&" ,&" 234" *&(" &'&/" '^" +E/$" (/-1.,F/("

$,1.'<),*)"U')*.,>*+,'&H"5)+E'%<E7" ./1/&+"(*+*" ,&(,1*+/("$,1.'<),*)" *1+,N*+,'&" ,&"*"N*.,/+6"'^"

234"U*+,/&+-7",&1)%(,&<"+E'-/"*^^/1+/("_,+E")-),"(%U),1*+,'&"mAn7"E,-+'U*+E')'<,1*)"(*+*"*./"

,&-%^^,1,/&+"+'",&^/."_E/+E/.",&^)*$$*+,'&"U./1/(/-"'."./-%)+-"^.'$"(/$6/),&*+,'&H"#&"+E/")*++/."

1*-/7" ,+" 1'%)("*<<.*N*+/"234"UE6-,'U*+E')'<6H" #&+/./-+,&<)6" *&(" /N/&"$'./" ./)/N*&+" +'" +E/"

E%$*&"(,-/*-/",-"+E/"/^^/1+"'^"E:2C-"'&"*-+.'16+'-,-"_E,1E",-"1'$$'&)6"(/-1.,F/(",&"234"

m9\nH"5-"*-+.'16+/-"*&("$,1.'<),*"$*6"F/"*1+,N*+/("F6"/*1E"'+E/."mI[OI8n7",+"./$*,&-"U)*%-,F)/"

+E*+"+E/"'F-/.N/("/^^/1+-"'&"$,1.'<),*"*./"$/(,*+/("N,*"*-+.'16+/-"'."N,1/ON/.-*H"

"

A-#7."3$-#"

#&"-%$$*.67"_/"U.'N,(/"+E/"^,.-+"/N,(/&1/"+E*+",$$%&'$'(%)*+,'&7"$6/),&"./U*,."*&("1),&,1*)"

,$U.'N/$/&+"1*&"F/"-%11/--^%))6"*1E,/N/("F6"E:2C-"1/))"+E/.*U6",&"*"$'(/)"'^"-/N/./"234H"

k%." _'.g" E,<E),<E+-" +E/" $*M'." .')/" '^" &/%.',&^)*$$*+,'&" a$,1.'<),*)" *1+,N*+,'&" *&("

*-+.'16+'-,-b",&"(,-/*-/"-/N/.,+6"*&("+E/"),&g"F/+_//&"-%11/--^%)"$'(%)*+,'&"'^"+E,-"U*.*$/+/."

*&(" )*+./0P120" $,1/" ),^/-U*&H" V,&*))6" *&(" %&/GU/1+/()67" _/" ^'%&(" +E*+" /G'</&'%-" E:2C-"
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89"
"

./-+.*,&/(" $'./" /^^,1,/&+)6" +E/" -/N/./" $%.,&/" 234" UE/&'+6U/" F6" U.'N,(,&<" ^,.-+"

,$$%&'$'(%)*+,'&" *&(" -/1'&("$6/),&" ./U*,.H" 5)+E'%<E" ^%+%./" -+%(,/-" -E'%)(" /)%1,(*+/" +E/"

$')/1%)*." *&(" 1/))%)*." /N/&+-" %&(/.)6,&<" ('_&O./<%)*+,'&" '^" &/%.',&^)*$$*+,'&" *&("

&/%.'U.'+/1+,'&"U.'N,(/("F6"E:2C-",&"/GU/.,$/&+*)"2347"'%."U./-/&+"^,&(,&<-"$*6"U*N/"+E/"

_*6" +'" 'U+,$,>/" 1/))OF*-/(" +E/.*U,/-" ^'." $6/),&" (,-'.(/.-" *--'1,*+/(" _,+E" U.'<./--,N/"

,&^)*$$*+,'&H""

"

<7S#-?.(*%1(#/3"

iE/"*%+E'.-"_,-E"+'"+E*&g"+E/"C@2="V)'_"C6+'$/+.6"*&("2#C2="C/))%)*."#$*<,&<"^*1,),+,/-"

'^"+E/"2,+,TO=*)UZ+.,;./"-,+/7"+E/"&/%.',$*<,&<"aCP:#Qb7"1/))",$*<,&<7"E,-+')'<67"1/))"1%)+%./7"

</&'+6U,&<"*&("-/0%/&1,&<7" *&(" .'(/&+"F/E*N,'%."1'./" ^*1,),+,/-"'^" #C3H"iE/"*%+E'."_'%)("

),g/"+'"+E*&g"4.H"i/./-*"j''("'^"+E/":/_"?/.-/6"3/(,1*)"=1E'')"^'."1'$$/&+-7"-%<</-+,'&-"

*&("E/)U"_,+E"/(,+,&<"'^"+E/"$*&%-1.,U+H"

iE,-"_'.g"_*-"-%UU'.+/("F6"+E/"P%.'U/*&"h/%g'+./*+"U.'M/1+"q"V2SOX/*)+EOV8O8![[O8I!B887"

+E/" P%.'U/*&" V'%&(*+,'&" ^'." h/%g'(6-+.'UE,/-" aPh5b" 8[![O[[9CA57" +E/" w#&-+,+%+" U'%." )*"

Q/1E/.1E/" -%." )*" 3'/))/" TU,&,;./" /+" )ÑP&1TUE*)/x" a#Q3Pb7" +E/" w#C3" C*.&'+" #&-+,+%+x7" +E/"

U.'<.*$" w#&N/-+,--/$/&+-" (c5N/&,.x" 5:QO![O#5#XRO[B" *&(" wi.*&-)*+,'&*)" Q/-/*.1E"

#&^.*-+.%1+%./"^'."D,'+E/.*U,/-",&":/%.'-1,/&1/-x"5:QO!!O#:D=O[[!!Ö:/%.5iQ#=H"

"

F$37.-3"2(& -0& 4-/(#/$).& A-#0.$7/3& -0& $#/(2(3/+& iE/" *%+E'.-" (/1)*./" &'" 1'&^),1+" '^"

,&+/./-+H"

"

"
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For Peer Review

8I"
"

!(0(2(#7(3&

!H" D*1E-+/++/."547"j/F-+/."=?7"K*&"P)(,g"h?"'/"2*]"C),&,1*))6"./)/N*&+",&+.'&,1"-U),1,&<"
/&E*&1/." $%+*+,'&" ,&" $6/),&" U.'+/'),U,(" U.'+/,&" )/*(-" +'" U.'<./--,N/" $,1.'<),*" *&("
*-+.'16+/" *1+,N*+,'&" ,&" _E,+/" *&(" <.*6" $*++/." ./<,'&-" '^" +E/" F.*,&H" D"
J'4(8%3I*2662/%83"8[!97"![]!IBH"

8H" D.*()" 37" D*%/." ?7" #&'$*+*" i" '/" 2*]" i.*&-</&,1" h/_,-" .*+-" 'N/./GU./--,&<" +E/"
U.'+/'),U,(" U.'+/,&" </&/]" $6/),&" (/</&/.*+,'&" *&(" ,+-" /^^/1+" '&" i" 1/))O$/(,*+/("
/GU/.,$/&+*)"*%+',$$%&/"/&1/UE*)'$6/),+,-H"?7/2"J'4(8+2/$8*"!\\\7"\SaBb]A\AOB[BH"

9H" i*+*." Ch7" 5UU,g*+)*" =7" D/--/.+" 45" '/" 2*]" #&1./*-/(" 2)U!" </&/" /GU./--,'&" )/*(-" +'"
$*--,N/"$,1.'<),*)"1/))"*1+,N*+,'&"*&(",&^)*$$*+,'&"+E.'%<E'%+"+E/"F.*,&H"?;J"J'4(8"
8[![7"8aIb]/[[[I9H"

IH" J'.$*&"327"J')'$F"3Q7"j*)-E"hP"'/"2*]"=+/.',(O./-U'&-,N/"&/%.')'<,1"./)*U-/-",&"
*"1E,)("_,+E"*"U.'+/'),U,("U.'+/,&O!"$%+*+,'&H"J'4(8*80>"8[[S7"Bpa!Bb]!9[AO!9[SH"

AH" ='%+E_''("C37"V6gg')'(>,/M"D7"4*1E/+"V"'/"2*]"2'+/&+,*)"V'."C/))O$/(,*+/("#$$%&/"
Q/-U'&-/-" #&" 3'%-/" 3'(/)-" k^" 2/),>*/%-O3/.>F*1E/." 4,-/*-/H" Q(2%3" ;7%" 8[!97"
9aIb]!I!SO!IIIH"

BH" 3,$*%)+"C7"J,.*%("J7"C'%.+',-"K"'/"2*]"2.'+/'),U'U.'+/,&"</&/"*&*)6-,-",&"p8"U*+,/&+-"
_,+E" -U'.*(,1" 2/),>*/%-O3/.>F*1E/." 4,-/*-/]" (%U),1*+,'&-7" +E/" $*M'." 1*%-/" '^" +E/"
(,-/*-/7"'.,<,&*+/"$'./"^./0%/&+)6",&"$*)/"</.$"1/))-7"F%+"U',&+"$%+*+,'&-"('"&'+H"iE/"
C),&,1*)"P%.'U/*&":/+_'.g"'&"D.*,&"46-$6/),&*+,&<"4,-/*-/H"?6"D"R46"A'3'/"!\\\7"
BAa8b]9B[O9B\H"

SH" Q/*(E/*("C7"=1E&/,(/."57"J.,^^,+E-" #" '/" 2*]" 2./$*+%./" *../-+" '^"$6/),&" ^'.$*+,'&" ,&"
+.*&-</&,1" $,1/" _,+E" ,&1./*-/(" U.'+/'),U,(" U.'+/,&" </&/" ('-*</H" J'4(83" !\\I7"
!8a9b]Ap9OA\AH"

pH" J'_" 57" V.,/(.,1E" Kh7" ?.H7" h*>>*.,&," Q5]" #&+.*1/))%)*." +.*&-U'.+" *&(" -'.+,&<" '^" +E/"
'),<'(/&(.'16+/"+.*&-$/$F.*&/"U.'+/'),U,("U.'+/,&H"D"J'4(8#7%"1'#"!\\I7"9SaAb]AB9O
AS9H"

\H" ='%+E_''("C37"J*.F/.&"?7"?,*&<"j"'/"2*]"iE/"%&^')(/("U.'+/,&"./-U'&-/"$'(%)*+/-"
(,-/*-/"-/N/.,+6",&"2/),>*/%-O3/.>F*1E/."(,-/*-/H"J'4(83"8[[87"9BaIb]ApAOA\BH"

![H" C)*.g" }7" =*g'_-g," h7" =U/.)/" }" '/" 2*]" J*,+" *F&'.$*),+,/-" *&(" U.'<./--,N/" $6/),&"
(/</&/.*+,'&" ,&" *" &/_" $%.,&/" $'(/)" '^" 2/),>*/%-O3/.>F*1E/." (,-/*-/" _,+E" +*&(/$"
</&'$,1"(%U),1*+,'&H"D"J'4(8#7%"8[!97"99a8\b]!!SppO!!S\\H"

!!H" C./$/.-" V27" 2^/,^^/." Q57" N*&" (/" 2')" i?" '/" 2*]" 5&" ,&+/.-+,+,*)" (%U),1*+,'&" '^" +E/" f"
1E.'$'-'$/" ,&" *"$*)/" *))'_-" UE6-,1*)" ^,&/" $*UU,&<" '^" U.'F/-" ^.'$" +E/" f0!9O088"
./<,'&H"R46"A'3'/"!\pS7"SSa!b]89O8SH"

!8H" J*.F/.&"?@]"2/),>*/%-O3/.>F*1E/."(,-/*-/]"U*+E'</&,1"$/1E*&,-$-"*&(",&-,<E+-",&+'"
+E/" .')/-" '^" U.'+/'),U,(" U.'+/,&" !" ,&" +E/" &/.N'%-" -6-+/$H" D" J'4(8*" ;7%" 8[[A7"
88pa8b]8[!O8[9H"

!9H" D%1E/+"47"J*.1,*"C7"4/F'%G"C"'/"2*]"X%$*&"&/%.*)"U.'</&,+'.-"^.'$"(,^^/./&+"^'/+*)"
^'./F.*,&" ./<,'&-" ./$6/),&*+/" +E/" *(%)+" $'%-/" -U,&*)" 1'.(H" Q(2%3" 8[!!7" !9Ia2+"
Ib]!!BpO!!p9H"

!IH" R1E,(*" :7" CE/&" }7" 4'E-/" 3" '/" 2*]" X%$*&" &/%.*)" -+/$" 1/))-" ,&(%1/" ^%&1+,'&*)"
$6/),&*+,'&" ,&" $,1/" _,+E" -/N/./" (6-$6/),&*+,'&H" ;7%" C(23#*" F'K" 8[!87"
Ia!AAb]!AA.*!9BH"

!AH" =,$" V?7" 31C)*,&" CQ7" =1E*&>" =?" '/" 2*]" C4!I[*" ,(/&+,^,/-" *" U'U%)*+,'&" '^" E,<E)6"
$6/),&'</&,17"$,<.*+,'&O1'$U/+/&+"*&("/^^,1,/&+)6"/&<.*^+,&<"E%$*&"'),<'(/&(.'16+/"
U.'</&,+'."1/))-H"J2/"Q%8/'7$38*"8[!!7"8\a![b]\9IO\I!H"
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For Peer Review

8A"
"

!BH" j,&(./$" 3=7" :%&/-" 3C7" Q*-EF*%$" j}" '/" 2*]" V/+*)" *&(" *(%)+" E%$*&"
'),<'(/&(.'16+/" U.'</&,+'." 1/))" ,-')*+/-" $6/),&*+/" +E/" 1'&</&,+*))6" (6-$6/),&*+/("
F.*,&H"J2/"F'K"8[[I7"![a!b]\9O\SH"

!SH" j*&<"=7"D*+/-" ?7"h,"f" '/" 2*]"X%$*&" ,2=CO(/.,N/("'),<'(/&(.'16+/" U.'</&,+'." 1/))-"
1*&" $6/),&*+/" *&(" ./-1%/" *"$'%-/"$'(/)" '^" 1'&</&,+*)" E6U'$6/),&*+,'&H" ='**" ;/'6"
='**"8[!97"!8a8b]8A8O8BIH"

!pH" j,&(./$" 3=7" =1E*&>" =?7" J%'" 3" '/" 2*]" :/'&*+*)" 1E,$/.,>*+,'&" _,+E" E%$*&" <),*)"
U.'</&,+'." 1/))-" 1*&" F'+E" ./$6/),&*+/" *&(" ./-1%/" +E/" '+E/._,-/" )/+E*))6"
E6U'$6/),&*+/("-E,N/./."$'%-/H"='**";/'6"='**"8[[p7"8aBb]AA9OABAH"

!\H" J')($*&"=57":/(/.<**.("37"j,&(./$"3=]"J),*)"U.'</&,+'."1/))OF*-/("+./*+$/&+"*&("
$'(/),&<"'^"&/%.')'<,1*)"(,-/*-/H";7%'37'"8[!87"99paB![Bb]I\!OI\AH"

8[H" J')($*&"=57"j,&(./$"3=]"C/))"./U)*1/$/&+"+E/.*U6",&"&/%.')'<,1*)"(,-/*-/H")$%*8#"
C(23#"1";87"-83K"Q"Q%8*";7%"8[[B7"9B!a!IS9b]!IB9O!ISAH"

8!H" P,&-+/,&"k7"J.,<'.,*(,-":7"3,>.*1E,O}')"Q"'/"2*]"i.*&-U)*&+/("&/%.*)"U./1%.-'."1/))-"
./(%1/" F.*,&" ,&^)*$$*+,'&" +'" *++/&%*+/" 1E.'&,1" /GU/.,$/&+*)" *%+',$$%&/"
/&1/UE*)'$6/),+,-H"ST+"J'4(8*"8[[B7"!\pa8b]8SAO8pIH"

88H" h*+/.>*" C7" 3/.),&," 57" 4/" V/'" 4" '/" 2*]" ,2=CO(/.,N/(" &/%.*)" U./1%.-'.-" /G/.+" *"
&/%.'U.'+/1+,N/".')/",&",$$%&/O$/(,*+/("(/$6/),&*+,'&"N,*"+E/"-/1./+,'&"'^"h#VH"J2/"
=86643"8[!97"I]8A\SH"

89H" 2)%1E,&'"=7"J.,++,"57"D)/>/."P"'/"2*]"X%$*&"&/%.*)"-+/$"1/))-"*$/),'.*+/"*%+',$$%&/"
/&1/UE*)'$6/),+,-",&"&'&OE%$*&"U.,$*+/-H"?33"J'4(8*"8[[\7"BBa9b]9I9O9AIH"

8IH" 2)%1E,&'" =7" y%*++.,&," 57" D.*$F,))*" P" '/" 2*]" #&M/1+,'&" '^" *(%)+" &/%.'-UE/./-" ,&(%1/-"
./1'N/.6",&"*"1E.'&,1"$'(/)"'^"$%)+,U)/"-1)/.'-,-H"J2/4('"8[[97"I88aB\99b]BppOB\IH"

8AH" C%-,$*&'"37"D,>,*+'"47"D.*$F,))*"P"'/"2*]"i.*&-U)*&+/("&/%.*)"-+/$lU./1%.-'."1/))-"
,&-+.%1+" UE*<'16+/-" *&(" ./(%1/" -/1'&(*.6" +,--%/" (*$*</" ,&" +E/" ,&M%./(" -U,&*)" 1'.(H"
Q(2%3"8[!87"!9Aa2+"8b]IISOIB[H"

8BH" i.*UU"D4]"Q/-1%/"'^"1'&</&,+*)"E6U'$6/),&*+,'&"F6"U.'</&,+'."1/))" +.*&-U)*&+*+,'&H"
='**";/'6"='**"8[[p7"8aBb]A!\OA8[H"

8SH" CEE'."K7"h/"CE*.U/&+,/."i7"h/F'&"="'/"2*]"CE*.*1+/.,>*+,'&"'^"UE/&'+6U/"$*.g/.-"*&("
&/%.'&'+'G,1" U'+/&+,*)" '^" U')*.,-/(" U.,$*.6" $,1.'<),*" ,&" N,+.'H" Q(2%3" Q'$2&" E6643"
8[!97"98]S[OpAH"

8pH" 2.%g'U" i7" PUU)/&" 4D7" :,/&+,/(+" i" '/" 2*]" 2.'</-+/.'&/" *&+*<'&,-+" +E/.*U6" ,&" *"
2/),>*/%-O3/.>F*1E/."$'%-/"$'(/)H"?6"D"R46"A'3'/"8[!I7"\IaIb]A99OAIBH"

8\H" =*E/."J7"Q%(')UE,"V7"C'.+E*)-"}" '/"2*]"iE/.*U6"'^"2/),>*/%-O3/.>F*1E/."(,-/*-/" ,&"
$,1/"F6"^//(,&<"*"1E')/-+/.')O/&.,1E/("(,/+H"J2/"F'K"8[!87"!paSb]!!9[O!!9AH"

9[H" h*1E*U/))/" V7" h*U,/" 27":%--F*%$" ?h" '/" 2*]" #$$%&'E,-+'1E/$,1*)" -+%(,/-" '&" 1.'--O
+.*&-U)*&+*+,'&-"F/+_//&" M,$U67" -E,N/./.7"*&("&'.$*)"&/_F'.&"$,1/H"D"J'4(8#7%"1'#"
!\\[7"8Sa9b]98IO99!H"

9!H" D.%-+)/"k7"?'&/-"}:7"h/*.,-E"Q4"'/"2*]"P$F.6'&,1"-+/$"1/))O(/.,N/("<),*)"U./1%.-'.-]"
*"-'%.1/"'^"$6/),&*+,&<"+.*&-U)*&+-H";7%'37'"!\\\7"8pAaAI8pb]SAIOSABH"

98H" 5.1E/."4Q7"C%(('&"257"h,U-,+>"4" '/" 2*]"36/),&*+,'&"'^" +E/" 1*&,&/" 1/&+.*)" &/.N'%-"
-6-+/$"F6"<),*)"1/))"+.*&-U)*&+*+,'&]"*"$'(/)"^'."./U*,."'^"E%$*&"$6/),&"(,-/*-/H"J2/"
F'K"!\\S7"9a!b]AIOA\H"

99H" #U"Cj7"}.'&/."57"D/&(->%-"3"'/"2*]"#$$%&/"1/))-"1'&+.,F%+/"+'"$6/),&"(/</&/.*+,'&"
*&(" *G'&'U*+E,1" 1E*&</-" ,&" $,1/" 'N/./GU./--,&<" U.'+/'),U,(" U.'+/,&" ,&"
'),<'(/&(.'16+/-H"D"J'4(8#7%"8[[B7"8Ba9!b]p8[BOp8!BH"

9IH" #U" Cj7" }.'&/." 57" J.'E" ?" '/" 2*]" :/%.',&^)*$$*+,'&" F6" 16+'+'G,1" iO)6$UE'16+/-"
,$U*,.-" ./+.'<.*(/" *G'&*)" +.*&-U'.+" ,&" *&" '),<'(/&(.'16+/"$%+*&+"$'%-/H")-8;"L3'"
8[!87"Sapb]/I8AAIH"
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8B"
"

9AH" CE/&"X7"C*F'&"V7"=%&"2"'/"2*]"Q/<,'&*)"*&("(/N/)'U$/&+*)"N*.,*+,'&-"'^"JV52"*&("
*1+,&"$Q:5" )/N/)-" ,&" +E/"C:="'^" M,$U6"*&(" -E,N/./."$%+*&+"$,1/H"D"F8*"J'4(8#7%"
!\\97"Ia8b]p\O\BH"

9BH" 3,.'&" KP7" D'6(" 57" LE*'" ?j" '/" 2*]" 38" $,1.'<),*" *&(" $*1.'UE*</-" (.,N/"
'),<'(/&(.'16+/" (,^^/./&+,*+,'&" (%.,&<" C:=" ./$6/),&*+,'&H" J2/" J'4(8#7%" 8[!97"
!Ba\b]!8!!O!8!pH"

9SH" }'&('"@7"5(*$-"?37"K*&,/."3i"'/"2*]"3*1.'UE*</-"1'%&+/.*1+"(/$6/),&*+,'&" ,&"*"
$'%-/"$'(/)"'^"<)'F',("1/))")/%g'(6-+.'UE6H"D"J'4(8#7%"8[!!7"9!a![b]9B![O9B8IH"

9pH" J%U+*":7"X/&.6"QJ7"=+.'F/."?"'/"2*]":/%.*)"-+/$"1/))"/&<.*^+$/&+"*&("$6/),&*+,'&",&"
+E/"E%$*&"F.*,&H";7%"C(23#*"F'K"8[!87"Ia!AAb]!AA.*!9SH"

9\H" =,$*" 557" 2,/.-'&" CQ7" j')+M/." Qh" '/" 2*]" :/%.'&*)" )'--" ,&" 2/),>*/%-O3/.>F*1E/."
(,-/*-/" (,^^/.-" ,&" N*.,'%-" $%+*+,'&-" '^" +E/" U.'+/'),U,(" U.'+/,&" !H" ?7/2" J'4(8+2/$8*"
8[[\7"!!paIb]A9!OA9\H"

I[H" 5F%(*.*" K7" Q'%G" h7" 4*))/.*1" J" '/" 2*]" 51+,N*+/(" $,1.'<),*" ,$U*,.-" &/%.'<),*)"
,&+/.*1+,'&"F6"'U/&,&<"CGI9"E/$,1E*&&/)-",&"E,UU'1*$U*)"*-+.'16+/-H"A*%2"8[!AH"

I!H" 3*6'" h7" y%,&+*&*" V?7" j/,&/." Xh]" iE/" ,&&*+/" ,$$%&/" -6-+/$" ,&" (/$6/),&*+,&<"
(,-/*-/H"E66438*"1'&"8[!87"8Ipa!b]!S[O!pSH"

I8H" 3*6'"h7"i.*%</."=57"D)*,&"3"'/"2*]"Q/<%)*+,'&"'^"*-+.'16+/"*1+,N*+,'&"F6"<)61'),U,(-"
(.,N/-"1E.'&,1"C:=",&^)*$$*+,'&H"J2/"F'K"8[!I7"8[a![b]!!ISO!!ABH"

"
"

D$%"2(&T(%(#*3]""

D$%"2(&GU&A')2)7/(2$:)/$-#&-0&)*"./&!"#$%&'()&&1$7(U&&

X6U'$6/),&*+,'&"'^"E'$'>6<'%-")*+./05120"$,1/"1'$U*./("+'"_,)(O+6U/"$,1/",-"./N/*)/("F6"

/)/1+.'&"$,1.'-1'U6"V<W7"3Q#"-1*&-"VPW7"*&(",$$%&'E,-+'1E/$,-+.6"^'."3D2"a./(b"VAX&AYWH"

5-+.'16+'-,-" VFX& FYW" *&(" $,1.'<),*)" *1+,N*+,'&" VMX& MYW" *./" (/+/1+/(" ./-U/1+,N/)6" F6" JV52"

a./(b" *&(" #F*!" a./(b" ,$$%&')*F/),&<" a&v9" U/." <.'%UbH" :%1)/," *./" 1'%&+/.-+*,&/(" F6" 4*U,"

aF)%/bH"11]"1'.U%-"1*))'-%$`"^]" I%69(%2`"N]" )*+/.*)"N/&+.,1)/H"=1*)/"F*.-]" a5b"!"u$`"aCOPb"![["

u$`"aCcOPcb"A[["u$H"

"

D$%"2(&ZU&9'(#-/64(&-0&AFGHI)&3-2/(*&7(..3U&&

D'+E"C4!I[*O2P"U'-,+,N/"*&("&/<*+,N/" ^.*1+,'&"_/./"1E*.*1+/.,>/("8IE.-"*^+/." -'.+,&<H"iE/"

U'-,+,N/" ^.*1+,'&" /GU./--/(" V<W" +E/" k2C" $*.g/." 24JVQ" *)UE*7" VPW" +E/" '),<'(/&(.'<),*)"

),&/*</"+.*&-1.,U+,'&"^*1+'."k),<8"*&("VAW"+E/"U.'),^/.*+,'&"$*.g/."},BSH"iE/"&/<*+,N/"^.*1+,'&"

(,("&'+" /GU./--" VFW" 24JVQ"*)UE*"'." VMW"k),<8H" VDW"3'-+" '^" +E,-" U'U%)*+,'&"_*-"&/%.'&*)7"
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8S"
"

/GU./--,&<" i%?#H" =1*)/" F*.-]" A[" u$H& VCW" y%*&+,+*+,N/" QiO2CQ" E,<E),<E+/(" </&/" -/+"

/&.,1E$/&+"'^"F'+E"U'-,+,N/"a<.//&b"*&("&/<*+,N/"a./(b"^.*1+,'&-H"4*+*"a&"v"Ib"*./"U./-/&+/("*-"

N*)%/-"'^" +'+*)" 1/))" U'U%)*+,'&"F/^'./" -'.+,&<" *^+/." &'.$*),>*+,'&"_,+E"C61)'UE,),&"5" )/N/)-H"

V[;=W"X'.,>'&+*)" -/1+,'&-" +E.'%<E" +E/" 1'.U%-"1*))'-%$"'^"*"!A"_//g"')(" -E,N/./.]Q*<"$,1/"

(/$'&-+.*+/("+E*+"V[W"C4!I[*O-'.+/("Ek2C-"$6/),&*+/"$'./"/^^/1+,N/)6"+E*&"V=W"E:2C-H"V\W&

=E,N/./.]Q*<"$,1/"+.*&-U)*&+/("_,+E"C4!I[*O-'.+/("Ek2C-"-%.N,N/("%U"+'"9["_//g-H"3D2",-"

-+*,&/(" ,&" ./(7"JV2d"1/))-" *./" ,&"<.//&H"4*U,d"&%1)/,"*./" ,&"F)%/H"=1*)/"F*.-]" aXO?b"p[["u$`"

aXcO?cb"8[["u$H"

&

D$%"2(&]U&'@9A3&%2)0/(*&1$7(&(N'$5$/&$#72()3(*&.$0(34)#&)#*&.-7-1-/-2&$142-8(1(#/U&

V<W" }*U)*&O3/,/." -%.N,N*)" <.*UE" *&(" VPW" E,-+'<.*$" -E'_,&<" +E/" U/.1/&+*</" '^" E:2C-O"

a&v8Sb7"Ek2C-O<.*^+/("$,1/"a&v!!b"*&("%&<.*^+/("aR<b"$,1/"-%.N,N,&<"a&vSBb"_,+E"*</H"adb"

1'../-U'&(-"+'"$,1/"-*1.,^,1/("^'.",$$%&'1E/$,-+.6"'."/)/1+.'&"$,1.'-1'U6H"VAW"h*+/&16"+'"

^*))"a-/1b"$'&,+'./("F6"*11/)/.*+,&<".'+*.'("*--*6H"Q*<8OlO"$,1/"_/./"%-/("^'."1'&+.')-"a&vBbH"

Q/-%)+-" *./" +E/" $/*&" '^" +E.//" 1'&-/1%+,N/" +/-+-H" iE/" 1%.N/-" '^" Ek2C-O<.*^+/(" $,1/" *&("

%&<.*^+/("$,1/" -+'U" ./-U/1+,N/)6" *+" !A" *&(" 9["_//g-" UH+H" F/1*%-/"'^" +E/,." U./$*+%./"(/*+EH""

P..'." F*.-" ,&(,1*+/" s" =P3H" ÄU" Å" [H[A`" ÄÄUÅ[H[!`" ÄÄÄUÅ[H[[!" N/.-%-" +E/" ,&(,1*+/(" <.'%U-"

%-,&<"=+%(/&+c-"+"+/-+H"

&

D$%"2(&HU&'@9A3&)#*&'E9A3&%$8(&2$3(&/-&1)/"2(&-.$%-*(#*2-76/(3&)0/(2&/2)#34.)#/)/$-#&

$#/-&/'(&7-24"3&7)..-3"1&-0&!"#$%&'()&&1$7(U&

4'%F)/" ,$$%&'E,-+'1E/$,1*)" )*F/),&<" ^'."JV2" a<.//&b" *&("E%$*&" -U/1,^,1":kJkO5" a./(b"

V<W"'."52C"a./(b"VPW" ./N/*)"(,^^/./&+,*+,'&"'^"Ek2C-"a&v9b"*&("E:2C-"a!A"_//g-]"&v9`"9["

_//g-]" &vIb" ,&+'" $*+%./" '),<'(/&(.'16+/-" ,&" )*+./05120" $,1/" a*..'_-bH" :%1)/," *./"

1'%&+/.-+*,&/(" F6" 4*U," aF)%/bH" =1*)/" F*.-" ./U./-/&+" A[" u$H" VAW" y%*&+,^,1*+,'&" '^" +E/"
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8p"
"

U/.1/&+*</"'^"52Cd"'.":kJkO5d"1/))-"'&"+E/"+'+*)"&%$F/."'^"JV2d"1/))-H"4*+*"*./"-E'_&"*-"

$/*&"s"=P3H"ÄU"Å"[H[A`"ÄÄUÅ[H[!`"ÄÄÄUÅ[H[[!"N/.-%-"+E/",&(,1*+/("<.'%U-"%-,&<"=+%(/&+c-"+"

+/-+H"

"

D$%"2(& ^U& 'E9A3& )#*& '@9A3& 42-*"7(& 16(.$#& )#*& 2(3/-2(& #-*(3& -0& !)#8$(2& )0/(2&

/2)#34.)#/)/$-#&$#&!"#$%&'()&&1$7(U&

V<X&PW"X'.,>'&+*)"-/1+,'&-"+E.'%<E"+E/"1'.U%-"1*))'-%$",))%-+.*+,&<"-%F-+*&+,*)"./$6/),&*+,'&"

F6" Ek2C-" *+" !A" _//g-" V<W" *&(" E:2C-" *+" 9[" _//g-" VPWH" VAW" y%*&+,^,1*+,'&" '^" $6/),&"

1'../-U'&(-"+'"+E/"U/.1/&+*</"'^"3D2")*F/))/("*./*"'^"+E/"1'.U%-"1*))'-%$H"a%&<.*^+/(]"&v9`"

Ek2C-]"&v9`"E:2C-]"!A"_//g-"&vA`"9["_//g-"&v9bH"4*+*"*./" -E'_&"*-"$/*&"s"=P3H" VFW"

k.+E'<'&*)"U.'M/1+,'&"'^"E:2C-",&"1'&+*1+"_,+E"$6/),&",&+/.&'(/-"a*..'_-b"*&("VMW"U./-/&1/"

'^" D)%'O<*)" U./1,U,+*+/-" ,&" $6/),&" -E/*+E-" /&_.*UU,&<" *G'&-" (/$'&-+.*+/" ('&'.O(/.,N/("

$6/),&*+,'&H" 3D2" ,-" -+*,&/(" ,&" ./(7" JV2d" 1/))-" *./" ,&" <.//&H" 4*U,d" &%1)/," *./" ,&" F)%/H" VDW"

:'(*)" ./1'&-+,+%+,'&" F6" Ek2C-" *&(" E:2C-O(/.,N/(" '),<'(/&(.'16+/-" ,-" ./N/*)/(" F6"

,$$%&'-+*,&,&<" '^" U*.*&'(*)" C*-U." a./(b" *&(" &'(*)" :/%.'^*-1,&" a<.//&b" U.'+/,&-H" VCW"

#&N')N/$/&+" '^" F'+E" +6U/" '^" <.*^+/(" 1/))-" ,&" &'(*)" ./1'&-+,+%+,'&" ,-" ./U'.+/(" F6"

,$$%&'-+*,&,&<"'^"U*.*&'(*)"C*-U."a./(b"*&("JV2"a<.//&b"U.'+/,&-H"4*U,d"&%1)/,"*./",&"F)%/H""

h'_/."U*&/)-",&"a5b"*&("aDb"*./"E,<E/."$*<&,^,1*+,'&-"'^"+'U"U*&/)-H"11]"1'.U%-"1*))'-%$`"^]"

I%69(%2`"N]")*+/.*)"N/&+.,1)/H"=1*)/"F*.-]"a5ODb"![["u$"E,<E/."U*&/)7"8A"u$")'_/."U*&/)`"a4b"

A[[" u$`" aPb" 8[[" &$`" aVOJb" A" u$H" ÄU" Å" [H[A`" ÄÄUÅ[H[!`" ÄÄÄUÅ[H[[!" N/.-%-" +E/" ,&(,1*+/("

<.'%U-"%-,&<"=+%(/&+c-"+"+/-+H"

"

D$%"2(&_U&["1)#&'@9A3&*-?#;2(%".)/(&1$72-%.$)&)#*&)3/2-76/(&.-)*3U&

V<X&PW"3,1.'<),*)"1/))-"V<W"*&("*-+.'16+/-"VPW")'*("*+"!A"_//g-"UH+H"3,1.'<),*)"1/))-"a#F*!b"*&("

*-+.'16+/-"aJV52b"*./"-+*,&/(",&"./("_E,)/"E%$*&"1/))-"aJV2b"*./",&"<.//&7"4*U,d"&%1)/,"*./"
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8\"
"

,&"F)%/H"h'_/."U*&/)-"'^"a5b"*&("aDb"*./"E,<E/."$*<&,^,1*+,'&-"'^"+'U"U*&/)-H"=1*)/"F*.-]"![["

u$"E,<E/."U*&/)7"8A"u$")'_/."U*&/)H&VAX&FW&y%*&+,^,1*+,'&"'^"$,1.'<),*"VAW"*&("*-+.'16+/"VFW"

(/&-,+,/-" *./" /GU./--/(" *-" +E/" U/.1/&+*</" '^" #F*!" *&(" JV52" )*F/))/(" *./*-" '^" +E/" 1'.U%-"

1*))'-%$"a%&<.*^+/(]"&v9`"Ek2C-]"&v9`"E:2C-]"&v\bH"4*+*"*./"-E'_&"*-"$/*&"s"=P3H"ÄU"Å"

[H[A`"ÄÄUÅ[H[!`"ÄÄÄUÅ[H[[!"N/.-%-"+E/",&(,1*+/("<.'%U-"%-,&<"=+%(/&+c-"+"+/-+H"

"

D$%"2(&`U&["1)#&'@9A3&$#*"7(&)&,Z;.$S(&1$72-%.$).&4'(#-/64(U&

V<W" 3!O),g/" *&("38O),g/" $,1.'<),*" *1+,N*+,'&" -+*+/" *./" ./N/*)/(" F6" 1')'1*),>*+,'&" '^" #F*!d"

1/))-" a<.//&b"_,+E" ,:k="'."5.<,&*-/O!" a./(b" ./-U/1+,N/)6H&4*U,d"&%1)/," *./" ,&"F)%/H"iE/" ^)*+"

$'.UE')'<6" ,&" +E/" %&<.*^+/(" *&(" Ek2C-O<.*^+/(" $,1/" 1'../)*+/-" _,+E" +E/" ,:k=d" 3!O),g/"

*1+,N*+/("-+*+/"_E,)/" +E/"F,U')*."$'.UE')'<6"'^"$,1.'<),*" ,&"E:2C-O<.*^+/("$,1/"1'../)*+/-"

_,+E" +E/" 5.<,&*-/O!" 38O),g/" -+*+/" a%&<.*^+/(]" &v9`" Ek2C-]" &v9`" E:2C-]" &v\bH" =1*)/" F*.-"

./U./-/&+"A["u$H"VPW"Q*+,'"'^"+E/"U/.1/&+*</"'^"#F*!dl5.<O!d"1/))-"a38O),g/b"+'"+E/"U/.1/&+*</"

'^"#F*!dl,:k=d"1/))-"a3!O),g/bH&VA;FW"y%*&+,+*+,N/"./*)O+,$/"QiO2CQ"E,<E),<E+/("$'(%)*+,'&"

'^" 1)*--,1*))6" *1+,N*+/("3!O),g/" *&(" *)+/.&*+,N/)6" *1+,N*+/(" 38O),g/" </&/" /GU./--,'&" '^" VAW"

C4!!Fd" 1/))-" ,-')*+/(" ^.'$" E:2C-O" *&(" Ek2C-O<.*^+/(" $,1/" N/.-%-" C4!!Fd" 1/))-" ^.'$"

%&<.*^+/(" $,1/7" *&(" '^" VFb" %3" &%/(8" #hOIO*+1,N*+/(" '." #V:{O*1+,N*+/("$,1.'<),*)" 1/))" N/.-%-"

%&*1+,N*+/(" $,1.'<),*H" 4*+*" *./" U./-/&+/(" *-" N*)%/-" '^" ./)*+,N/" </&/" /GU./--,'&" *^+/."

&'.$*),>*+,'&"_,+E"J524X")/N/)-H"4*+*"*./" -E'_&"*-"$/*&"s"=P3H"ÄU"Å"[H[A`"ÄÄUÅ[H[!`"

ÄÄÄUÅ[H[[!"N/.-%-"+E/",&(,1*+/("<.'%U-"%-,&<"=+%(/&+c-"+"+/-+H"

"
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!!

!

!

!"#$%&'()'*+,%,-.&%"/,."01'02',3$4.'5467.#89,#':"-&)''
;<60:<&4"1,."01'02'+0:0/<#0$='5467.#89,#':"-&'-0:6,%&3'.0'>"437.<6&':"-&'"='%&?&,4&3'@<'&4&-.%01'

:"-%0=-06<'ABCD'E9F'=-,1='AGCD',13'"::$10+"=.0-+&:"=.%<'20%'EG5'A%&3C'A*D'*HC)'B=.%0-<.0="='AID'IHC',13'
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