
!"#$%&'(%)*("+,-#%,(%./0.12%+3"#4536%7*%8'993-$,:3%.;'+#'(%<-"$$35,(=

!"#$%&'()*+),"-"./01)2,"3"4"!/)56)7+&,"8"*+%"9)'1)0:,
4";)''$+)%:,"<"=+%">+'')%?/*):",".">/'5/*2

+@A;"B%'1$1CC1"*//0".(+'7+DE'$:+,"F$G%?C$6)%,"H?)"I)1?)0(+%&'J
2;BH".(+'7+"K:$)%:)"+%&"@C'$/%"L)%1)0,"L+720$&M),";4,"NK4

:9F;OP;K,"#0C'')(',"#)(M$C7J
&P@Q,"3R($:?,"<)07+%EJ

)I/S"+1"9NF4HA;T4''/:$+1$/%"F$'U,"8)%7+05
J9NF4HA;T4''/:$+1$/%"+%&"V+01%)0"$%"1?)"H0$(+1)0+("9C0)M$/"L(C'1)0"WH9LX

H?)"H9YHAF"D+'1"$/%":/(():1$*)"H?/7'/%"':+11)0$%M"WLHKX"&$+M%/'1$:Z"2):+7)"/V)0+1$/%+(
4CMC'1"[\\\]"B%"^"&)&$:+1)&"'?/1"&+E'"GC'1"/*)0"[\\"C')DC("'?/1'"?+*)"2))%"0):/0&)&"$%
VC0'C$1"/D"2/1?"M)%)0$:"D+'1"$/%"V?E'$:'"'C:?"+'"D+'1"$/%"'+S1//1?"')%'$1$*$1E"+%&":/%D$%)7)%1
1$7),"+%&"'V):$D$:"B/%"LE:(/10/%"F)'/%+%:)"!)+1$%M"WBLF!X"V?E'$:'"$''C)'"$%1)%&)&"1/
:?+(()%M)"+%&"2)%:?7+05"7/&)(":+(:C(+1$/%']"H?)"&$+M%/'1$:"$'"2+')&"/%"1?)"':+11)0$%M"/D
V0/2)"0+&$+1$/%"WZZ\"<!6,"Z\\"5>,"[\\"7'"ME0/10/%X"/DD"1?)"7$:0/':/V$:"D(C:1C+1$/%'"&0$*)%
2E"$/%']"H?)"V0/2)"$'"(+C%:?)&"%)+0"1?)"/C1)0"7$&V(+%)"/D"1?)"1/5+7+5"V(+'7+,"+%&"':+11)0)&
0+&$+1$/%"&)1):1)&"$%"1?)"'+7)"V/(/$&+(":0/''"'):1$/%,"E$)(&$%M"+"D()_$2()"%)+0"2+:5"':+11)0$%M
M)/7)10E]"H?)"LHK"'$M%+("$'"&$'1$%MC$'?)&"D0/7"1?)"2+:5M0/C%&"0+&$+1$/%"2E"7/&C(+1$%M"1?)
V0/2)"0+&$+1$/%"+'"$((C'10+1)&"$%"@$MC0)"Z]"H?)"'$M%+("1/"%/$')"0+1$/"+%&"'E'1)7":/%'10+$%1'
:C00)%1(E"V)07$1"1?)"0):/0&$%M"/D"LHK"'V):10+"$%")+:?"'?/1"+1"CV"1/"Z\\"1$7)"'($:)',"`"7'
+V+01,")+:?"'V):10C7"0)V0)')%1$%M"+"["7'"1)7V/0+("+*)0+M)]

!"#$%&'()$'*+)'",

-%&'()$'*+)'",

.,%$/0#&%1%,&%,)#$%&'()$'*+)'",

2$34567

89"(%#+1

!,=453%>%<;'$%?@AB@C%%<D3-$5"9%D'E35%63(#,$*%F,(%3GH%:35#4#%$,+3%F,(%#3-'(6#H%53-'5636%,(%"%5"(=3
'I%6,#-53$3%#D3-$5"9%-;"((39#%-3($536%"$%>>BCA?%$'%>>BC@B%JKLC%%.;3%93I$%D9'$#%#;'E%$;3%#"+D936
-"9,75"$36%6"$"%,(%$E'%-;"((39#%F>B@CA?%"(6%>>BC@B%JKLHC%236%F7943H%#"+D93#%"53%53-'5636%E;3(
$;3%D5'73%5"6,"$,'(%I5'+%$;3%=*5'$5'(%,#%'(%F'IIHC%%.;3%7"-M=5'4(6%5"6,"$,'(%93:39%,#%3#$,+"$36
I5'+%$;3%6"$"%53-'5636%E;3(%D5'73%,#%'II%F#33%I,$%,(%!"#$%&'(H%"(6%#47$5"-$36%I5'+%$;3%5"6,"$,'(
53-'5636%E;3(%$;3%D5'73%,#%'(%$'%3#$,+"$3%$;3%#D3-$5"9%D'E35%63(#,$*%'I%$;3%#-"$$3536%5"6,"$,'(C
.;3%9"$$35%,#%D9'$$36%,(%$;3%5,=;$%D9'$C



H?)"'V):10+"+0)"&)1):1)&"$%"`\"&$':0)1)"D0)aC)%:E":?+%%)(',"[b"/D"S?$:?":/C(&"2)"')():1)&"D/0"0):/0&$%M]"4
1EV$:+("')1"/D"'V):10+("&+1+"$'"'?/S%"$%"@$MC0)"[,"S?)0)"1?)")DD):1'"/D"'+S1))1?"+%&"D+'1"$/%"V/VC(+1$/%"&):+E"+1
1?)")%&"/D"1?)"+C_$($+0E"?)+1$%M"V)0$/&"+0)"+VV+0)%1]

H?)"LHK"7)+'C0)7)%1'"+0)"'V+1$+((E"(/:+($')&"2E"1?)"/*)0(+V"/D"V0/2)"+%&"0):)$*)0"2)+7
V+11)0%']">$1?"1?)":C00)%1"'E'1)7"1?)"0+&$+("0)'/(C1$/%"$'"1EV$:+((E"Z\":7,"0)'/(C1$/%'"$%"/1?)0
&$0):1$/%'"2)$%M"2)11)0]"H?)"(/:+1$/%"/D"1?)"7)+'C0$%M"*/(C7)":+%"2E"'?$D1)&"2E":?+%M$%M"1?)
V/$%1$%M"&$0):1$/%'"/D"V0/2)"+%&"0):)$*)0"2)+7"V+11)0%'"W':+11)0$%M"M)/7)10EX]"4"M$*)%
':+11)0$%M"M)/7)10E"0)'/(*)'"1?)"7$:0/':/V$:"D(C:1C+1$/%'"S$1?"1?)"S+*)"*):1/0,"Mδ,"S?$:?
'+1$'D$)'"1?)"#0+MM":/%&$1$/%]"@0/7"1?)"0)'C(1$%M"LHK"'V):10+"1?)"'V+1$+((E"(/:+($')&,"ZT8
&$'10$2C1$/%"/D"$/%"*)(/:$1$)'"+(/%M"Mδ":+%"2)"$%D)00)&]"L?+%M)"/D"':+11)0$%M"M)/7)10E
0)&$0):1'"Mδ"+%&"?)%:)"1?)"0)'/(*)&"$/%"*)(/:$1E":/7V/%)%1,"C]"=+0E$%M"1?)"':+11)0$%M
M)/7)10E"1?C'"V)07$1'"1?)"'1C&E"/D"+%$'/10/VE"+%&"'V+1$+("$%?/7/M)%)$1E"/D"1?)"$/%
&$'10$2C1$/%'"+%&"1?)$0"&E%+7$:']"4'"+%")_+7V()"1?$'":+V+2$($1E"$'")_V(/$1)&"1/"10E"1/"($%5"$/%
'+S1//1?"')%'$1$*$1E"1/"$/%"&0$D1"/02$1":(+'']">)"S$(("&$':C''"1?)"0)'C(1'"D0/7"1?)"'7+((
')():1$/%"/D"'?/1'"M$*)%"$%"1?)"1+2()"$%"@$MC0)"b,"S?)0)"0+&$+("0)'/(C1$/%"+%&"0)'/(*)&"*)(/:$1E
:/7V/%)%1"+0)"$((C'10+1)&]

!
:
;#<
#;8
-
6

!,=453%N%<D3-$5"9%D'E35%63(#,$*%'I%53-3,:36%#-"$$3536%5"6,"$,'(%"#%I4(-$,'(#%'I%I53O43(-*%"(6
$,+3C%@B%#D3-$5"%"53%53-'5636%P%+#%"D"5$Q%3"-;%#D3-$54+%53D53#3($,(=%"%N%+#%$3+D'5"9%,($3=5"$,'(
E,$;%D5'73%'(C%%R3I$%$;3%#D3-$5"%"53%':359",6C%R3I$%,(#3$%#;'E#%$,+3%$5"-3#%I5'+%#393-$36%-;"((39#C
2,=;$%"%-'($'45%D9'$%'I%$;3%#D3-$5"9%D'E35%63(#,$*C%S4T,9,"5*%;3"$,(=%FUV&%"(6%&82KH%E"#%'(%$,99
NCN%#3-'(6#C

!"#$%& '()* φ
+,-., /01 0-23°
+,-/. /01 0-23°
+,-// /,, 3/21°
+,-/, /3/ /42/°
+,-4+ /-3 /0,2.°

!,=453%W%R3I$Q%-'($'45%D9'$%'I%393-$5'(%63(#,$*%,(%D9"#+"%+,6D9"(3%"#%I4(-$,'(#%'I%+"X'5%5"6,4#Q
2Q%"(6%$,+3C%<'9,6%#$5",=;$%9,(3%,(6,-"$3#%-3($53%'I%8.<%+3"#45,(=%:'94+3%"(6%D"5"9939%6"#;36
9,(3#%,$#%5"6,"9%3T$3($C%K353%F#;'$%?@A>BH%$;3%:'94+3%,#%,(#,63%74$%(3"5%$;3%393-$5'(%63(#,$*
,(:35#,'(%5"6,4#C%83($5"9Q%"%:3-$'5%6,"=5"+%,(6,-"$,(=%6,53-$,'(%'I%$;3%:39'-,$*%-'+D'(3($Q%4Q
53#'9:36%E,$;%"%=,:3(%#-"$$35,(=%=3'+3$5*C%%:YY%,#%D"5"9939%$'%$;3%+"=(3$,-%I,396Q%D'#,$,:3%,(%$;3
6,53-$,'(%'I%$;3%D9"#+"%-4553($C%φ%Z%∠∠∠∠F4Q%:YYHC%2,=;$Q%$"793%=,:,(=%+"X'5%5"6,4#%'I%#-"$$35,(=
:'94+3%-3($53%"(6%6,53-$,'(%'I%53#'9:3%:39'-,$*%-'+D'(3($%I'5%"%5"(=3%'I%#393-$36%#;'$#C



4%")_+7V()"/D"+"ZT8"*)(/:$1E"&$'10$2C1$/%"$%D)00)&"D0/7"LHK"$'"'?/S%"$%"@$MC0)"`]"B%"1?$'
'?/1"1?)"7)+'C0$%M"*/(C7)"S+'"/%"1?)"?$M?"D$)(&"'$&)"/D"1?)"V(+'7+":)%10)"+%&"GC'1"$%'$&)"1?)
)():10/%"&)%'$1E"'+S1//1?"$%*)0'$/%"0+&$C'"W@$MC0)"b,"()D1X]"H?)"0)'/(*)&"$/%"*)(/:$1E
:/7V/%)%1"$'"%)+0"V)0V)%&$:C(+0"1/"1?)"7+M%)1$:"D$)(&"W@$MC0)"b,":)%10)X]"H?)"+C_$($+0E
?)+1$%M"WI#B"+%&"BLF!X"S+'"'S$1:?)&"/DD"+1"[]["'):/%&',"+D1)0"S?$:?"1?)"D+'1"$/%"V/VC(+1$/%
$'"'))%"1/"&):+E"1/"%/1?$%M"$%"+VV0/_$7+1)(E"1?+%"Z\\"7']"H?$'"$'"$%"M//&"+M0))7)%1"S$1?"1?)
)'1$7+1)&"$/%"'(/S$%M"&/S%"1$7)"&C)"1/")():10/%"&0+M"W`c"7'X]
>$1?"1?)"+:?$)*)&"1)7V/0+("0)'/(C1$/%,"$/%"&E%+7$:'"+''/:$+1)&"S$1?"'+S1))1?"$'"+('/
0)'/(*)&]"H/")'1$7+1)"1?)":?+%M)'"$%"1?)"$/%"V/VC(+1$/%"+1"'+S1))1?"S)"D$1"1?)"$/%"V?+')
'V+:)"&)%'$1E"1$7)"')0$)'"+'"$((C'10+1)&"$%"@$MC0)"c"+%&"0):/0&"1?)"'1)V'"$%"1?)"D$1']"H?)"$/%
V/VC(+1$/%"'+S1//1?"'1)V"+'"+"DC%:1$/%"/D"$/%"*)(/:$1E"$'"+('/"'?/S%"$%"@$MC0)"c,"+'"$'"1?)"'1)V
%/07+($6)&"2E"1?)"V/VC(+1$/%"&)%'$1E]"H?)"(+11)0"M$*)'"1?)"D0+:1$/%+(":?+%M)"$%"V/VC(+1$/%
&)%'$1E"+1"+"M$*)%"*)(/:$1E]"I)M+1$*)"*+(C)'":/00)'V/%&"1/"(/''"/D"$/%']"H?)0)"$'"+"%/1+2()
7+_$7C7"(/''"/D"b\"d"%)+0"$/%"*)(/:$1$)'"/D"Z\e7O']"41"?$M?)0"*)(/:$1$)'"1?)"D0+:1$/%+("(/''
0)&C:)'"1/"%)+0"6)0/,"+%&"+1"(/S)0"*)(/:$1$)'"1?)":?+%M)'"2):/7)"V/'$1$*)]
L?+%M$%M"1?)"':+11)0$%M"M)/7)10E,"1?)"&$'10$2C1$/%"+'"+"DC%:1$/%"/D"*)(/:$1E":/7V/%)%1'"%)+0
V+0+(()("1/"1?)"7+M%)1$:"D$)(&"+0)"0)'/(*)&"+1"+VV0/_$7+1)(E"1?)"'+7)"7+G/0"0+&$C'"W'?/1'
fgcZg"+%&"fgc[fX]"H?)"0)(+1$*)"'+S1//1?"'1)V":C0*)'"D/0"1?)')"1S/"'?/1'"+0)"/*)0(+$)&"1?+1
D0/7"'?/1"fgcZ\"$%"1?)"(/S)0"0$M?1"V(/1"$%"@$MC0)"c]"H?)0)"$'"+"*)0E"%/1+2()"0)&C:1$/%"$%"1?)
'+S1//1?"(/'')'"D0+:1$/%"S?)%"%)+0"V+0+(()("*)(/:$1$)'"+0)"0)'/(*)&]"I/1)"1?+1"$%"'?/1"fgcZg
1?)"M)/7)10E"$'"'C:?"1?+1"1?)"2)+7"$/%"1+$("+VV)+0'"+1"V/'$1$*)"*)(/:$1$)'"S?$()"$%"fgc[f"$1
+VV)+0'"+1"%)M+1$*)"*)(/:$1$)']"H?)":C0*)'"D/0"1?)"1S/"'?/1'")_1)%&"DC01?)'1"$%"1?)"'$&)"S?)0)
1?)"2)+7"1+$("$',"'$%:)"+1"(/S"V/VC(+1$/%"&)%'$1$)'"1?)"C%:)01+$%1E"$%"1?)"D0+:1$/%+(":?+%M)
2):/7)'"(+0M)"+%&"$'"%/1"V(/11)&]"H?)"&+1+"D0/7"1?)')"1?0))"'?/1'"$'":/%'$'1)%"S$1?"+"(/''"/D
D+'1"$/%'"D0/7"*)(/:$1E"'V+:)"$'(+%&'"($*$%M"S$1?$%"+"%+00/S"0+%M)"/D"V$1:?"+%M()'"%)+0
V)0V)%&$:C(+0,"+'"$((C'10+1)&"$%"@$MC0)"e]
@C01?)0"$%D/07+1$/%"/%"S?$:?"$/%"&0$D1"/02$1'"+0)"'C':)V1$2()"1/"'+S1//1?"+:1$*$1E"$'"M+$%)&
D0/7"7)+'C0)7)%1'"+1"/1?)0"V/(/$&+("(/:+1$/%']"B%"'?/1"fgcZZ"1?)"7)+'C0)7)%1"*/(C7)"S+'
+1"1?)"7$&"V(+%),"/%"1?)"(/S"D$)(&"'$&)"/D"1?)":)%10)]"4M+$%"%)+0"1?)"%)"$%*)0'$/%"0+&$C']"B%
1?$'"'?/1"+"%)+0"V)0V)%&$:C(+0"*)(/:$1E":/7V/%)%1"$'"0)'/(*)&"+'"$%"'?/1"fgcZ\]"#C1"C%($5)
1?+1"V0)*$/C'"'?/1,"$%"fgcZZ"S)"D$%&"*)0E"($11()"'+S1//1?"+:1$*$1E"$%"1?)"$/%"*)(/:$1E
&$'10$2C1$/%"+'"&)7/%'10+1)&"2E"1?)"%/07+($')&"'1)V":C0*)"D/0"'?/1"fgcZZ"$%"@$MC0)"c,"2/11/7
0$M?1]"K/,"+"%/1+2()"&$DD)0)%:)"2)1S))%"?$M?"+%&"(/S"D$)(&"'$&)"/D":)%10)]

!,=453%P%<;'$%?@A>BC%&'(%D;"#3%#D"-3%63(#,$*%FD"5$,-93#%D35%4(,$%:'94+3%"(6%4(,$%:39'-,$*%"9'(=
53#'9:36%:39'-,$*%-'+D'(3($H%"#%I4(-$,'(#%'I%:39'-,$*%"(6%$,+3C%R3I$%9'=%-'($'45%D9'$%'I%D;"#3
#D"-3%63(#,$*Q%%5,=;$%$,+3%$5"-3#%'I%63(#,$*%"$%#393-$36%:39'-,$,3#C



B%":/%:(C'$/%,"S?$()"/%(E"+"'7+(("D0+:1$/%"/D"/C0"%)S"&+1+":/C(&"2)"&$':C'')&"?)0),"S)"?/V)
1?)":+V+2$($1$)'"/D"D+'1"$/%"LHK"+0)"&)7/%'10+1$%M"1?)$0"+VV)+(]

23I353(-3#
ZH9YHAF"D+'1"$/%"LHK"?/7)"V+M)h"?11VhOOSSS]0$G%?]%(OC')0'O2$%&'()*OLHK]"!]"#$%&'()*,"-]"./01),
4]"!/)56)7+,"3]";+:?C6+5,".]">/'5/*,"8]"*+%"9)'1)0,"[e1?"9.K"L/%D]"L/%10]"@C'$/%"+%&".(+'7+".?E'$:',
;++'10$:?1,"I)1?)0(+%&',"=/(]"[b3,"V+01"BB,"V^ec,"9.K"WZgggXi""!]"#$%&'()*,"-]"./01),"4]"!/)56)7+,
3]";+:?C6+5,".]">/'5/*,"8]"*+%"9)'1)0,"3]"9M)&+(,"3]"@)'')E,"H]"!CM?)',"!"#$%&'(&)$&**+$&)',&-'.*#$)&,"AW,
Z\c"W[\\ZXi"!]"#$%&'()*,"3/C0%+("/D".(+'7+"+%&"@C'$/%"F)')+0:?]"^e,"f^f"W[\\\Xi"-]"./01),"!]"#$%&'()*,
@]"!/)56)7+,"3]";+:?C6+5,".]">/'5/*,"+%&"8]"=+%"9)'1)0,"F)*$)S"/D"K:$)%1$D$:"B%'10C7)%1'"[N,"ZZ`f"W[\\ZXi
-"./01),"!"#$%&'()*")1"+(],".Z]ZZ\"$/$-]

!,=453%A%<"E$33$;,(=%'I%$;3%,'(%D;"#3%#D"-3%6,#$5,74$,'(C%<;'$%?@A>BC%.'D%93I$Q%D'9*('+,"9%I,$%$'
3T$5"-$%#"E$''$;%#$3DQ%(3="$,:3%I'5%9'##C%.'D%5,=;$Q%#"E$''$;%#$3D%"#%"%I4(-$,'(%'I%:39'-,$*C%V'$$'+
93I$Q%#"E$''$;%#$3D%('5+"9,#36%7*%D;"#3%#D"-3%63(#,$*%$'%=,:3%539"$,:3%#"E$''$;%#$3DC%%V'$$'+%5,=;$Q
539"$,:3%#"E$''$;%#$3D%I'5%I'45%#;'$#%53#'9:,(=%6,II353($%:39'-,$*%-'+D'(3($#%"(6%"$%6,II353($%5"6,"9
9'-"$,'(#Q%#33%!,=453%WC

566

5⊥

7#88%9:;<#=
>?:@#)<$A%8BC):D

!,=453%\%<4==3#$36%#"E$''$;%9'##%53=,'(%'I
:39'-,$*%#D"-3Q%I'5%#D"$,"9%9'-"$,'(#%"$%$;3
+,6D9"(3Q%'(%$;3%;,=;%I,396%#,63%(3"5
D9"#+"%-3($53C%.;3%,(6,-"$36%9'##%53=,'(#
"53%-'(#,#$3($%E,$;%$;3%6"$"%I5'+%#;'$#
?@A>BQ%?@A>@%"(6%?@AN?%E;,-;%53#'9:3
53#D3-$,:39*%$;3%:39'-,$*%6,#$5,74$,'(#%(3"5
D"5"9939%"(6%(3"5%D35D3(6,-49"5%$;3
+"=(3$,-%I,396%F#33%!,=453%WHC


